
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʖɾʅʓʁ ʌɽɼɽʈɸʃʔʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊè 

ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

ʀʛʥʘʪʴʝʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

 

 

 

 

ʄʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

 

 

 

 

2.3.1 ï çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʪʘʪʠʩʪʠʢʘè (ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ) 

 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ  

ʜ.ʪ.ʥ. ɺʠʥʦʛʨʘʜʦʚ ɻʝʥʥʘʜʠʡ ʇʘʚʣʦʚʠʯ 
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ɺɺɽɼɽʅʀɽ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʦʩʪʘʶʪʩʷ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʩʧʨʘʚʠʪʴʩʷ ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʪʦʣʴʢʦ ʯʝʣʦʚʝʢ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘ ʠʤʝʥʥʦ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʡ ʠʣʠ ʥʝʯʝʪʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʬʫʥʢʮʠʠ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʩʧʦʩʦʙʥʦʩʪʷʭ ʢ 

ʦʙʫʯʝʥʠʶ, ʟʘʧʦʤʠʥʘʥʠʶ, ʘʥʘʣʠʟʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʥʷʪʠʝʤ ʧʨʘʚʠʣʴʥʳʭ 

ʨʝʰʝʥʠʡ. ʉʦʢʨʘʱʝʥʠʝ çʚʨʝʤʝʥʠ ʞʠʟʥʠè ʠ ʩʣʦʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʨʦʜʠʣʦ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʷʜ ʧʨʦʙʣʝʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʘʢʠʤʠ ʠʭ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ: çʩʣʘʙʘʷ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴè; ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ; ʥʝʧʦʣʥʦʪʘ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʘʜʝʢʚʘʪʥʦʝ 

ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʣʝʤʳʝ ʩʨʦʢʠ; ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ 

ʚʨʝʤʝʥʠ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ çʚʨʝʤʝʥʝʤ 

ʞʠʟʥʠè ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʢʦʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʣʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ 

ʜʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʌʝʣʴʜʙʘʫʤʘ ʥʘ ʥʦʚʦʡ ʦʩʥʦʚʝ [1, 2]. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʴ 

ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʦʧʝʨʠʨʫʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ. ɽʩʣʠ ʥʝʚʦʟʤʦʞʥʦ ʜʘʪʴ 

ʪʦʯʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ ʠ ʢʨʠʪʝʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʪʝʨʤʠʥʘʭ, ʵʪʦʪ ʧʦʜʭʦʜ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠʤʝʥʠʤʳʤ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʧʦʜʦʙʥʳʤʠ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʦ ʫʧʨʘʚʣʷʝʪ ʯʝʣʦʚʝʢ-ʦʧʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʩʪʘʥʦʚʢʝ ʥʝʧʦʣʥʦʡ ʠ ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʝʤ 

ʦʧʝʨʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʝʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤʠ 

ʧʦʥʷʪʠʷʤʠ. ʇʦʵʪʦʤʫ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʯʝʣʦʚʝʢʘ ʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʛʦʜʥʷ ʦʜʥʦ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʢʪʫʘʣʴʥʳʤ ʚ ʧʨʦʙʣʝʤʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʳʧʦʣʥʷʪʴ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʦʙʨʝʪʝʥʠʝʤ, ʘʥʘʣʠʟʦʤ, ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ 

ʦʧʝʨʠʨʦʚʘʪʴ ʟʥʘʥʠʷʤʠ, ʥʘʢʦʧʣʝʥʥʳʤʠ ʯʝʣʦʚʝʢʦʤ-ʦʧʝʨʘʪʦʨʦʤ ʠʣʠ ʩʘʤʦʡ ʩʠʩʪʝʤʦʡ 

ʚ ʭʦʜʝ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. 

ɺʩʝ ʵʪʦ ʦʧʨʝʜʝʣʷʪ ʨʷʜ ʧʨʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ʩʦʟʜʘʥʠʝ ʧʨʠʙʦʨʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʢʘʢ ʯʝʣʦʚʝʢ ʢ ʦʙʫʯʝʥʠʶ, ʨʘʟʥʦʛʦ ʨʦʜʘ ʦʙʱʝʥʠʶ 

(ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ), ʨʘʟʫʤʥʳʤ ʨʘʩʩʫʞʜʝʥʠʷʤ, ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʝʡ ʠ ʪʨʝʙʫʝʤʦʤʫ 

ʧʦʚʝʜʝʥʠʶ. ɺʦʟʥʠʢʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʷʜ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʢ ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʩʪʨʝʤʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʦʙʲʝʢʪʦʚ ʪʝʭʥʠʢʠ; 

- ʙʳʩʪʨʘʷ ʩʤʝʥʘ ʥʦʤʝʥʢʣʘʪʫʨʳ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ; 

- ʩʦʢʨʘʱʝʥʠʝ çʚʨʝʤʝʥʠ ʞʠʟʥʠè ʪʝʭʥʦʣʦʛʠʡ, ʦʙʲʝʢʪʦʚ ʪʝʭʥʠʢʠ ʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʮʝʩʩʦʚ ʚʳʧʫʩʢʘ 

ʦʙʲʝʢʪʦʚ ʪʝʭʥʠʢʠ ʠ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʚ ʨʘʤʢʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʮʝʣʴʶ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʧʨʠʤʝʥʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʟʘʜʘʯʘʭ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʫʯʥʦ-

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ: 

- ʨʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʦʙʲʝʢʪʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ; 
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- ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʨʝʙʫʝʤʳʭ ʢʨʠʪʝʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ; 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ (ʨʘʟʨʘʙʦʪʢʦʡ) ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ; 

- ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʨʘʟʨʘʙʦʪʢʫ) ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʩ ʮʝʣʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʯʝʣʦʚʝʢʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ 

ʠ ʘʥʘʣʠʟʦʤ ʟʥʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʣʦʭʦ 

ʬʦʨʤʘʣʠʟʫʝʤʳʤʠ ʠ ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ (ʢʣʘʩʩʠʯʝʩʢʠʝ) ʥʝ ʧʨʠʤʝʥʠʤʳ, ʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʟʘʪʨʫʜʥʝʥʦ. 

ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʛʣʘʚʥʫʶ ʧʨʘʛʤʘʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʨʝʘʣʠʟʘʮʠʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʜʦʣʞʥʳ 

ʷʚʣʷʪʴʩʷ: 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (ʨʘʟʨʘʙʦʪʢʘ) ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʝʨʠʨʫʶʱʠʭ ʟʥʘʥʠʷʤʠ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʚ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʳ, ʧʦʜʭʦʜʳ ʠ 

ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɸʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʷʪ ʪʘʢʠʝ ʢʨʫʧʥʝʡʰʠʝ ʤʠʨʦʚʳʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʢʘʢ 

Cognitive Pilot, IBM, Google, CloudMinds, Affectiva, Oracle, Microsoft, Yandex, 

Hewlett-Packard, EMC ʠ ʜʨ. ʇʦʵʪʦʤʫ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʨʘʩʩʫʞʜʝʥʠʡ ʯʝʣʦʚʝʢʘ ʠ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʥʘʫʢʠ, ʚʘʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. 
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ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ 642 ʦʪ 01.12.2016 ʛ. (ʨʝʜ. ʦʪ 

15.03.2021 ʛ.) çʆ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʚ ʙʣʠʞʘʡʰʠʝ 10 ï 15 ʣʝʪ ʧʨʠʦʨʠʪʝʪʘʤʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʪʝ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʥʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʦʟʜʘʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʈʦʩʩʠʠ ʥʘ ʚʥʝʰʥʝʤ 

ʨʥrʢʝ, ʠ ʦʙʝʩʧʝʯʘʪ ʧʝʨʝʭʦʜ ʢ ʧʝʨʝʜʦʚʳʤ ʮʠʬʨʦʚʳʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ, ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ 

ʠ ʩʧʦʩʦʙʘʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɺ ʈʦʩʩʠʠ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʭʦʜʘ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʦʩʣʦʞʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʤʝʪʦʜʦʚ 

ʥʘʩʪʨʦʡʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʶʱʠʭʩʷ ʢʣʶʯʝʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ ʧʫʪʝʤ ʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʚʨʝʤʝʥʥʳʭ, ʬʠʥʘʥʩʦʚʳʭ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʱʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʳʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʠʭ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʠ 

ʥʝʡʨʦʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʊʝʥʜʝʥʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʩʚʷʟʘʥʘ ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʘʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ ʦʪʨʘʙʦʪʢʝ 

ʩʠʛʥʘʣʦʚ ʟʘʜʘʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʤʫʱʝʥʠʷʤ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ 

ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʝʥʠʷ ʦʪʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʨʠʤʝʥʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ 

ʥʝʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩʦ ʩʣʘʙʦ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ, ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʚʥʝʰʥʠʭ ʩʠʪʫʘʮʠʷʭ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʩʣʦʞʠʣʘʩʴ ʠʟ-ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʥʝʜʦʚʝʨʠʠ ʢ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʚʚʠʜʫ ʠʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʘ 

ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʩʫʪʩʪʚʠʷ 

ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʳʣʦ 

ʩʚʷʟʘʥʦ ʩ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʘʢ: 

1) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʤ, ʟʘʜʘʶʱʠʤ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

(ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʘʚʢʘʤʠ ʨʝʛʫʣʷʪʦʨʦʚ); 

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚʥʝʰʥʝʛʦ ʤʠʨʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

ʨʦʙʘʩʪʥʳʭ, ʠʥʚʘʨʠʘʥʪʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʲʝʢʪʘʤʠ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʪ.ʧ. (ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʟʘʚʠʩʠʪ ʦʪ ʘʜʝʢʚʘʪʥʦʩʪʠ ʬʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ ʝʝ ʨʝʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ); 

3) ʩʦʟʜʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʳʝ ʜʘʥʥʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʘʢʦʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʠʟʤʝʥʝʥʠʶ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʥʠʭ ï ʩʦʟʜʘʪʴ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʘʮʠʠ, 

ʩʧʦʩʦʙʥʳʡ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʠ 

ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʦʢʘʟʘʣʘʩʴ ʥʝʨʝʘʣʠʟʫʝʤʦʡ, 

ʧʦʵʪʦʤʫ ʩʧʝʢʪʨ ʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʙʳʣ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʪʨʝʙʦʚʘʣ ʚʢʣʶʯʝʥʠʷ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ ʚ ʢʦʥʪʫʨ ʩʘʤʦʥʘʩʪʨʦʡʢʠ. 
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ʆʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʵʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʭʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʩʣʦʞʥʳʤʠ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɸ ʦʧʝʨʘʪʦʨ 

ʩ ʵʪʠʤʠ ʟʘʜʘʯʘʤʠ ʩʧʨʘʚʣʷʝʪʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʦʧʝʨʠʨʫʝʪ 

ʜʘʥʥʳʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ, ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ ʜʨʫʛʦʡ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ), ʦʙʣʘʜʘʝʪ ʙʘʟʠʨʫʶʱʠʤʠʩʷ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʟʥʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʟʥʘʥʠʡ ʧʫʪʝʤ 

ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʚʳʚʦʜʦʚ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʠ ʜʝʣʘʝʪ ʯʝʣʦʚʝʢʘ ʙʝʩʢʦʥʝʯʥʦ 

ʩʧʦʩʦʙʥʳʤ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ï çʫʥʠʚʝʨʩʘʣʴʥʳʤ ʫʧʨʘʚʣʷʶʱʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤè ʜʣʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ. 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʥʘ ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʥʘʜʝʞʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʦʩʪʠ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ï ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʨʦʙʘʩʪʥʦʩʪʴʶ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʥʝʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ ï 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʙʦʙʱʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʢʦʤʧʣʝʢʩʘ ʨʝʰʝʥʠʡ ʧʦ ʧʦʩʪʨʦʝʥʠʶ 

ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʩʪʝʤ ʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ inline, 

ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʛʨʫʟʠʪʴ ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʯʝʣʦʚʝʢʘ, 

ʚʟʷʚ ʥʘ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʦʙʲʝʢʪʦʤ ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʵʣʝʤʝʥʪʳ ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ 
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ʥʦʚʦʛʦ ʫʨʦʚʥʷ ï ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ, ʧʦʜʦʙʥʦ ʯʝʣʦʚʝʢʫ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʨʘʙʦʪʘʶʪ ʚ 

ʨʝʘʣʴʥʦʤ ʤʠʨʝ, ʦʧʝʨʠʨʫʷ ʩʦ ʟʥʘʥʠʷʤʠ ʦʙ ʵʪʦʤ ʨʝʘʣʴʥʦʤ ʤʠʨʝ. 

ʉʪʝʧʝʥʴ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚʥʝʩʣʠ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ 

ʫʯʸʥʳʝ ʢʘʢ ɺ. ɸ. ɹʝʩʝʢʝʨʩʢʠʡ, ʀ. ʅ. ɺʦʟʥʝʩʝʥʩʢʠʡ, ʀ. ɸ. ɺʳʰʥʝʛʨʘʜʩʢʠʡ, 

ɸ. ʈ. ɻʘʡʜʫʢ, ɻ. ɼʞʝʡʤʩ, ʅ. ɽ. ɾʫʢʦʚʩʢʠʡ, ɸ. ʉ. ʂʣʶʝʚ, ɸ. ɸ. ʂʦʣʝʩʥʠʢʦʚ, 

ɸ. ɸ. ʂʨʘʩʦʚʩʢʠʡ, ɼ. ʂ. ʄʘʢʩʚʝʣʣ, ʀ. ɺ. ʄʠʨʦʰʥʠʢ, ɺ. ʆ. ʅʠʢʠʬʦʨʦʚ, 

ɼ. ɸ. ʅʦʚʠʢʦʚ, ɽ. ʇ. ʇʦʧʦʚ, ɺ. ɻ. ʉʨʘʛʦʚʠʯ, ɸ. ʉʪʦʜʦʣʘ, ɸ. ɸ. ʌʝʣʴʜʙʘʫʤ, 

ɸ. ʃ. ʌʨʘʜʢʦʚ, ʈ. ʌʠʣʠʧʩ, ɻ. ɺ. ʑʠʧʘʥʦʚ, ʠ ʜʨ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʟʘʥʠʤʘʶʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʨʘʟʚʠʪʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʀʥʪʝʨʝʩ ʤʠʨʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʪʝʨʤʠʥʳ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʤʥʦʛʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʧʨʦʮʝʩʩʳ ʧʨʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʪʫʘʮʠʷʭ. 

ʉʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʪʦʭʘʩʪʠʯʥʦʩʪʴ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʵʣʝʤʝʥʪʘʤʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʚʝʜʝʥʠʷ, ʠʤʝʶʱʠʤ ʢʦʥʝʯʥʫʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʠ ʜʠʩʢʨʝʪʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʚʝʜʝʥʠʷ, ʠʤʝʶʱʠʤ ʤʘʣʦʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ 

ʥʘ ʩʦʙʳʪʠʷ, ʯʪʦ ʥʝ ʢʨʠʪʠʯʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ. ʈʝʰʝʥʠʝ ʥʦʚʳʭ ʟʘʜʘʯ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʘʥʘʣʠʟʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠʟʚʣʝʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʯʝʪʘ ʦʧʳʪʘ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʥʝʝ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ 

ʠ ʟʘ ʨʫʙʝʞʦʤ ʚʥʝʩʣʠ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʘʢ ɸ. ʅ. ɸʚʝʨʢʠʥ, 

ɸ. ɺ. ɸʣʝʢʩʝʝʚ, ʈ. ɸ. ɸʣʠʝʚ, ʀ. ɿ. ɹʘʪʳʨʰʠʥ, ʃ. ʉ. ɹʝʨʰʪʝʡʥ, ɸ. ʌ. ɹʣʠʰʫʥ, 

ɸ. ʅ. ɹʦʨʠʩʦʚ, ɺ.ɺ. ɹʦʨʠʩʦʚ, ɺ. ʅ. ɺʘʛʠʥ, ʌ. ɼ. ɺʘʩʩʝʨʤʘʥ, ʅ. ɺʠʥʝʨ, 

ɻ. ʇ. ɺʠʥʦʛʨʘʜʦʚ, ɻ. ʉ. ɺʦʨʦʥʢʦʚ, ɸ. ɺ. ɻʘʚʨʠʣʦʚ, ʊ. ɸ. ɻʘʚʨʠʣʦʚʘ, ɺ. ʇ. ɻʣʘʜʫʥ, 

ʈ. ʖ. ɻʦʣʫʙʦʚ, ʄ. ʀ. ɼʣʠ, ɸ. ʖ. ɼʦʨʦʛʦʚ, ɼ. ɼʶʙʫʘ, ɸ. ʇ. ɽʨʝʤʝʝʚ, ɸ. ɸ. ɾʜʘʥʦʚ, 

ɺ. ɽ. ɾʫʢʦʚʠʥ, ʃ. ɿʘʜʝ, ɸ. ɺ. ʂʦʣʝʩʥʠʢʦʚ, ɸ. ɽ. ʂʦʣʦʜʝʥʢʦʚʘ, ʉ. ʂ. ʂʦʨʦʚʠʥ, 

ʊ. ʂʦʭʦʥʝʥ, ɸ. ɻ. ʂʨʘʚʝʮ, ɺ. ɺ. ʂʨʫʛʣʦʚ, ʆ. ʇ. ʂʫʟʥʝʮʦʚ, ɺ. ɺ. ʂʫʨʝʡʯʠʢ, 

ɺ. ʄ. ʂʫʨʝʡʯʠʢ, ɸ. ʖ. ʃʝʚʠʘʪʦʚ, ʃ. ʉ. ʃʦʤʘʢʠʥʘ ʖ. ɸ. ʃʶʙʘʨʩʢʠʡ, 

ʀ. ʄ. ʄʘʢʘʨʦʚ, ʕ. ʄʘʤʜʘʥʠ, ʃ. ʄʝʜʩʢʝʨ, ɸ. ʅ. ʄʝʣʠʭʦʚ, ʄ. ʃʠ ʄʠʥʩʢʠ, 

ɸ. ʉ. ʅʘʨʠʥʴʷʥʠ, ɻ. ʉ. ʆʩʠʧʦʚ, ɹ. ʅ. ʇʝʪʨʦʚ, ʅ. ɺ. ʇʦʟʠʥ, ʕ. ɺ. ʇʦʧʦʚ, 

ɼ. ɸ. ʇʦʩʧʝʣʦʚ, ɸ. ʇʨʘʜ, ɺ. ʐ. ʈʫʙʘʰʢʠʥ, ʄ. ʈʫʙʝʥʩ, ɻ. ɺ. ʈʳʙʠʥʘ, ʄ. ʉʫʛʝʥʦ, 

ʊ. ʊʘʢʘʛʠ, ʉ. ɺ. ʋʣʴʷʥʦʚ, ɼ. ɸ. ʋʦʪʝʨʤʘʥ, ɺ. ʉ. ʌʘʡʥ, ɺ. ʀ. ʌʠʥʘʝʚ, ɺ. ʂ. ʌʠʥʥ, 

ʂ. ʍʠʨʦʪʘ, ɺ. ʌ. ʍʦʨʦʰʝʚʩʢʠʡ, ʗ. ɿ. ʎʧrʢʠʥ, ʂ. ʕ. ʐʝʥʥʦʥ, ʈ. ʗʛʝʨ, 

ɸ. ɽ. ʗʥʢʦʚʩʢʘʷ ʠ ʜʨ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʟʜʘʶʪʩʷ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʦʜʝʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʘ, ʦʙʦʙʱʝʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʦʙʦʙʱʝʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʟʥʘʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʦʙʱʝʥʠʷ ʜʘʥʥʳʭ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ 

ʤʦʜʝʣʝʡ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ: ʦʪʩʫʪʩʪʚʠʝʤ ʪʠʧʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʠʥʪʝʛʨʘʮʠʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ, ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ; 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʝʤʘʥʪʠʢʦʡ ʵʪʠʭ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ; ʩʧʝʮʠʬʠʢʦʡ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ 

ʨʝʰʝʥʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʨʘʙʦʪʘ ʢʘʢ ʩ ʯʝʪʢʠʤʠ, ʪʘʢ ʠ ʩ ʥʝʯʝʪʢʠʤʠ ʟʥʘʥʠʷʤʠ, ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 
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ʇʨʦʙʣʝʤʘʤʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ʈʦʩʩʠʠ, ʢʘʢ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʙʣʘʩʪʠ 

ʟʥʘʥʠʡ, ʠʩʩʣʝʜʦʚʘʣʠ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʅ. ʇ. ɹʫʩʣʝʥʢʦ, ɸ. ʅ. ʄʝʣʠʭʦʚʘ, 

ɼ. ɸ. ʇʦʩʧʝʣʦʚʘ ï ɺ. ɹ. ʊʘʨʘʩʦʚʘ, ɺ. ʅ. ɺʘʛʠʥʘ ï ɸ. ʇ. ɽʨʝʤʝʝʚʘ, ɻ. ɺ. ʈʳʙʠʥʦʡ, 

ʅ. ɻ. ʗʨʫʰʢʠʥʦʡ, ɺ. ʌ. ʇʦʥʦʤʘʨʝʚʘ ï ɸ. ɺ. ʂʦʣʝʩʥʠʢʦʚʘ. 

ʈʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɸ. ɺ. ɻʘʚʨʠʣʦʚʘ, 

ɸ. ɺ. ʂʦʣʝʩʥʠʢʦʚʘ [2 ï 8] ʧʨʝʜʣʦʞʠʚʰʠʭ ʩʦʝʜʠʥʠʪʴ ʠ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʟʥʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʳ, ʠ ʟʥʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʬʦʨʤʘʣʠʟʘʮʠʷ 

ʥʝʚʦʟʤʦʞʥʘ, ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʯʝʪʘ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʜʦʩʪʦʠʥʩʪʚ ʨʘʟʥʳʭ 

(ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ/ʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ) ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʦʧʠʩʳʚʘʶʪ ʃ. ʄʝʜʩʢʝʨ [9 ï 11], ɻ. ʉ. ʆʩʠʧʦʚ [12 ï 17]. 

ʋʯʝʥʳʤʠ ɺ. ʅ. ɺʘʛʠʥʳʤ ʠ ɸ. ʇ. ɽʨʝʤʝʝʚʳʤ [18 ï 24] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʚʠʜʝ ʩʝʤʠʦʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʀʩʢʫʩʩʪʚʝʥʥʫʶ ʛʠʙʨʠʜʠʟʘʮʠʶ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʠʩʩʣʝʜʦʚʘʣ ʍ. ʉ. ɺʠʪʩʝʥʭʘʫʟʝʥ [25]. 

ʇʨʦʙʣʝʤ rʛʠʙʨʠʜʠʟʘʮʠʠ ʦʙʦʙʱʝʥʳ ʚ ʨʘʙʦʪʘʭ S. Goonatilake ʠ S. Khebbal 

[26 ï 27], ʀ. ɸ. ʂʠʨʠʢʦʚʘ [28, 7, 8], ɻ. ɺ. ʈʳʙʠʥʦʡ [29], ɺ. ɹ. ʊʘʨʘʩʦʚʘ [30], 

ʅ. ɻ. ʗʨʫʰʢʠʥʦʡ [31, 32], ʀ. ɿ. ɹʘʪʳʨʰʠʥʘ [32, 60], ɸ. ʅ. ɹʦʨʠʩʦʚʘ [33]. 

ʐʢʦʣʘ ʅ. ʇ. ɹʫʩʣʝʥʢʦ [34, 35] ʚʥʝʩʣʘ ʩʪʦʭʘʩʪʠʯʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʟʥʘʥʠʷ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦ-ʜʠʩʢʨʝʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʣʦʞʠʚ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ï ʛʠʙʨʠʜʳ, ʥʘʟʚʘʥʥʳʝ ʘʛʨʝʛʘʪʦʤ ʠ 

ʘʛʨʝʛʘʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʆʩʥʦʚʥʳʝ ʪʨʫʜ r ɹ. ʅ. ʇʝʪʨʦʚʘ [36 ï 39] ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʪʝʦʨʠʠ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʤʩʷ ʩʠʩʪʝʤʘʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʙʣʝʤʘʤ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʫʱʠʤʠʩʷ 

ʦʙʲʝʢʪʘʤʠ. 
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ʊʨʫʜʳ ʈ. ɸ. ɸʣʠʝʚʘ [40 ï 47] ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʥʚʘʨʠʘʥʪʥʳʭ ʫʩʣʦʚʠʡ ʤʥʦʛʦʤʝʨʥʳʭ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ, ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʭ, 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ, ʥʝʯʸʪʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ; ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʡ ʥʝʯʸʪʢʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʠʟʫʯʝʥʠʷ ʥʝʯʸʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʥʝʯʸʪʢʦʛʦ 

ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ; ʩʦʟʜʘʥʠʝ ʪʝʦʨʠʠ 

ʦʙʦʙʱʝʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʇʨʝʜʣʦʞʠʣ ʢʨʠʪʝʨʠʠ ʠ ʧʨʘʚʠʣʘ ʜʠʥʘʤʠʯʥʳʭ ʩʠʩʪʝʤ 

ʩʪʦʡʢʦʩʪʠ ɿʘʜʝ-ɸʣʠʝʚʘ. 

ʊʨʫʜʳ ʉ. ɺ. ʋʣʴʷʥʦʚʘ [36, 37, 47 ï 53] ʧʦʩʚʷʱʝʥʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ 

ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʧʝʨʝʤʝʥʥʦʡ (ʩʣʫʯʘʡʥʦʡ) ʩʪʨʫʢʪʫʨʦʡ; 

ʢʚʘʥʪʦʚʳʤ ʚʳʯʠʩʣʝʥʠʷʤ ʠ ʘʣʛʦʨʠʪʤʘʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʚ 

ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʫʧʨʘʚʣʝʥʠʷ. 

ɸ. ʅ. ʄʝʣʠʭʦʚ ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʚ ʩʪʨʘʥʝ ʥʘʯʘʣ ʟʘʥʠʤʘʪʴʩʷ ʧʨʦʙʣʝʤʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʉʦʟʜʘʥʥʘʷ ʠʤ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʟʘʥʠʤʘʣʘʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʘʚʪʦʤʘʪʦʚ, ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ, 

ʧʦʣʫʯʠʚʰʠʤʠ ʚʩʝʤʠʨʥʫʶ ʠʟʚʝʩʪʥʦʩʪʴ [54 ï 55]. 

ɼ. ɸ. ʇʦʩʧʝʣʦʚʳʤ [56 ï 59, 62] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠ ̫ ʠ ʤʦʜʝʣʴ 

çʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷè, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʣʘʩʩʘ ʙʦʣʴʰʠʭ (ʠʣʠ 

ʩʣʦʞʥʳʭ) ʩʠʩʪʝʤ, ʛʜʝ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʠʣʠ ʥʝʚʦʟʤʦʞʥʘ. 

ɸ. ʅ. ɸʚʝʨʢʠʥʳʤ [60 ï 69] ʨʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧ r ʥʦʚʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʷʛʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʩʦʟʜʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ, 

ʨʦʙʘʩʪʥʳʭ ʥʝʡʨʦ-ʛʝʥʝʪʠʢʦ-ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʝʪʦʜʦʣʦʛʠʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʉʨʝʜʠ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʥʝʡʨʦʥʥʳʭ ʠ ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ) ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 
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University, Institute in Sheffield, ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ɺʎ ʉʆ ʈɸʅ (ʂʨʘʩʥʦʷʨʩʢ), 

ʅʀʀ ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ ʠʤ. ɸ. ɹ. ʂʦʛʘʥʘ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè 

ʠʤ. ɺ. ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ), Stanford University, Carnegi-Mellon University, 

ʀʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɸ. ʂ. ɸʡʣʘʤʘʟʷʥʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʫʯʝʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʦʩʥʦʚʥʦʤ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʨʘʟʥʳʭ 

ʧʦʜʭʦʜʦʚ, ʥʘʧʨʠʤʝʨ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ, ʥʝʡʨʦʩʝʪʝʡ, ʵʚʦʣʶʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʄʝʪʦʜʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʭʦʨʦʰʦ ʧʨʠʤʝʥʠʤʳ ʧʨʠ ʠʟʚʝʩʪʥʦʤ 

ʭʘʨʘʢʪʝʨʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʜʥʘʢʦ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʭʘʨʘʢʪʝʨʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʝʨʝʤʝʥʥʳʭ, ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʬʦʨʤʘʣʠʟʘʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʘ 

ʪʦʣʴʢʦ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ / ʠʣʠ ʠʟʚʝʩʪʥʦʤ ʧʦʨʷʜʢʝ 

ʤʦʜʝʣʝʡ. 

ɼʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʯʝʪʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʠʪʫʘʮʠʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʪʝʦʨʠʷ ʥʝʯʝʪʢʠʭ 

ʤʥʦʞʝʩʪʚ ʠ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ. ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʯʝʪʢʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʜʥʘʢʦ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ 

ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʦʭʚʘʪʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ. 

ʅʝʡʨʦʥʥʳʝ ʠ ʥʝʡʨʦʥʝʯʝʪʢʠʝ ʩʝʪʠ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʫʜʥʦʬʦʨʤʘʣʠʟʫʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, 

ʦʜʥʘʢʦ ʪʨʝʙʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 
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ʦʪʩʫʪʩʪʚʠʝ ʣʦʛʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʦʚ ʟʘʪʨʫʜʥʷʝʪ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʩʠʩʪʝʤʥʳʤʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʰʴ 

ʬʨʘʛʤʝʥʪʘʨʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʩʧʝʮʠʬʠʢʦʡ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ 

ʧʨʦʮʝʩʩʘʤʠ ʩ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʥʘʡʪʠ ʪʨʝʙʫʝʤʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʌʘʢʪʦʨʘʤʠ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʤʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ, 

ʷʚʣʷʶʪʩʷ: ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ; ʠʟʤʝʥʝʥʠʝ ʩʠʪʫʘʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʘʟ ʧʨʘʚʠʣ ʠ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʦʙʫʯʝʥʠʝʤ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʘʚʠʣʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʠ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʩʠʥʪʝʟʘ) ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʨʦʙʘʩʪʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ, ʪʘʢ ʢʘʢ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʧʦʣʥʦʡ 

ʙʘʟʳ ʟʥʘʥʠʡ, ʠʩʢʣʶʯʘʶʱʝʡ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʠʪ 

ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʩ 
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ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʘʟ ʟʥʘʥʠʡ. 

ʆʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʨʦʙʘʩʪʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ̫ ʚʣʷʶʪʩʷ ʤʝʪʦʜʳ, ʤʦʜʝʣʠ, ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ PI-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʘ  

(intelligent PI-FUZZY-controller), PID-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ 

(intelligent PD-FUZZY-controller) / PD- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʤʠʩʷ ʙʘʟʘʤʠ 

ʟʥʘʥʠʡ. ɼʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠ ʨʝʰʝʥʠʝ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʝʰʝʥʠʷ ʨʷʜʘ ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ: 

1) ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ; 

2) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ 

ʦʩʥʦʚʝ PI-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʘ; 

3) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ 

ʦʩʥʦʚʝ PID-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ / PD- ʠ  

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ; 

4) ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ; 

5) ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʘʚʠʣ; 

6) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ; 

7) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ; 
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8) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʥʘ ʦʩʥʦʚʝ  

PI-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʘ; 

9) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʥʘ ʦʩʥʦʚʝ  

PID-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ; 

10) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʥʘ ʦʩʥʦʚʝ PI-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ  

IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʘ; 

11) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʥʘ ʦʩʥʦʚʝ PID-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPD-

FUZZY-ʨʝʛʫʣʷʪʦʨʘ / PD- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ; 

12) ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʘʩʪʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚ. ʆʩʥʦʚʦʡ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠʟ ʜʘʥʥʳʭ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʥʘʜʝʞʥʦ ʫʧʨʘʚʣʷʪʴ ʦʙʲʝʢʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʦʙʲʝʢʪʠʚʥʳʝ ʟʥʘʥʠʷ ʦ ʝʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʚʥʝʰʥʠʭ 

ʩʠʪʫʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʦʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ: 

1) ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʚ ʚʠʜʝ ʥʘʫʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

2) ʈʘʟʨʘʙʦʪʘʥ r ʥʦʚʝr ʤʝʪʦʜ r ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ  

(PI-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʘ, PID-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ  

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ) ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʵʢʩʧʝʨʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʠ ʥʘʜʝʞʥʦ ʫʧʨʘʚʣʷʪʴ ʦʙʲʝʢʪʦʤ, 
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ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʚʥʝʰʥʠʭ ʩʠʪʫʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

3) ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ, ʦʩʥʦʚʫ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʜʚʫʭʵʪʘʧʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʦʚ, ʠʩʢʣʶʯʘʷ ʧʨʠʚʣʝʯʝʥʠʝ ʵʢʩʧʝʨʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʞʝʣʘʝʤʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

4) ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ 

ʩʠʩʪʝʤ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʨʝʛʫʣʷʪʦʨʦʚ, ʠʩʢʣʶʯʘʶʱʠʡ ʫʯʘʩʪʠʝ ʵʢʩʧʝʨʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʟʳ ʧʨʘʚʠʣ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʪʨʫʜʦʸʤʢʦʩʪʴ ʧʨʠ ʝʛʦ ʩʠʥʪʝʟʝ, ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ, ʚʳʨʘʞʘʶʱʠʭʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʜʫʙʣʠʨʫʶʱʠʭʩʷ ʠʣʠ, ʯʪʦ ʙʦʣʝʝ ʢʨʠʪʠʯʥʦ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʜʨʫʛ ʜʨʫʛʫ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ. 

5) ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʙʘʟʘ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʵʪʘʣʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠ 

ʵʪʦʤ ʨʘʟʨʘʙʦʪʘʥʘ ʫʥʠʢʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʨʝʜʫʢʮʠʠ ʙʘʟʳ ʧʨʘʚʠʣ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʝʝ ʠʟʙʳʪʦʯʥʦʩʪʠ ʧʫʪʝʤ ʥʝ ʠʩʢʣʶʯʝʥʠʷ, ʘ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʘʚʠʣ. 

6) ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʠʟʤʝʨʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʟʚʦʣʷʶʱʠʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʩʦʟʜʘʚʘʪʴ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʧʨʦʚʝʨʢʠ ʧʦʣʥʦʪʳ ʙʘʟ ʧʨʘʚʠʣ, ʝʝ ʨʝʜʫʮʠʨʦʚʘʥʠʝʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʛʝʥʝʨʘʮʠʝʡ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʚʠʜʝ  

FIS-ʩʪʨʫʢʪʫʨʳ (fuzzy inference system). 

7) ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, 
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ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʙʘʟʫ ʟʥʘʥʠʡ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

(ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʙʘʟʫ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʘʚʠʣ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʚʝʣʠʯʠʥʫ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʦʰʠʙʢʠ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʨʦʙʘʩʪʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʩʨʝʜʘʭ 

MatLab ʠ Simulink. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʚʝʜʝʥʳ ʜʦ ʫʨʦʚʥʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ: ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʙʝʟ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʘʢʝʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʘʧʨʠʤʝʨ ʧʘʢʝʪʳ FuzzyControl++, 

NeuroSystems. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʳ: 

1) ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ 

ʩʠʩʪʝʤ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʇʀ, ʇʀɼ ʨʝʛʫʣʷʪʦʨʦʚ. 

2) ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

3) ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʠʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

4) ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʠʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʤʫʪʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ r ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʪʘʢ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʵʬʬʝʢʪʠʚʥʦ ʟʘʤʝʥʠʪʴ ʚ ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʝʥʠʷ 
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ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʝʛʦ ʨʘʤʢʘʭ ʤʝʪʦʜʦʚ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ, 

ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ, ʵʢʩʧʝʨʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʨʘʶʪʩʷ ʥʘ ʪʨʝʙʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ 

ʦʪʯʝʪʦʚ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʘʪʘʭ ʚ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʦʚʳʤʠ ʥʘʫʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʚʳʥʦʩʠʤʳʤʠ 

ʥʘ ʟʘʱʠʪʫ, ʷʚʣʷʶʪʩʷ: 

1) ʄʝʪʦʜʦʣʦʛʠʷ ʚ ʚʠʜʝ ʥʘʫʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʠ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè). 

2) ʄʝʪʦʜ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ PI-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧ. 14 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢè). 

3) ʄʝʪʦʜ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ PID-ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧ. 14 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 
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ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢè). 

4) ɸʣʛʦʨʠʪʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭʵʪʘʧʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠ ̫ʵʢʩʧʝʨʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʝʰʪʘʪʥʳʭ 

ʩʠʪʫʘʮʠʷʭ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 4 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʈʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘè, ʧ. 10 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè). 

5) ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʩ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, 

ʠʩʢʣʶʯʘʶʱʠʡ ʫʯʘʩʪʠʝ ʵʢʩʧʝʨʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʟʳ ʧʨʘʚʠʣ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 4 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʈʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘè, ʧ. 10 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè). 

6) ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʙʘʟʘ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʵʪʘʣʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʫʥʠʢʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʨʝʜʫʢʮʠʠ ʙʘʟʳ ʧʨʘʚʠʣ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʝʝ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʧʫʪʝʤ ʥʝ ʠʩʢʣʶʯʝʥʠʷ, ʘ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʘʚʠʣ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 4 

ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè). 
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7) ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʙʘʟʫ ʟʥʘʥʠʡ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʠʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧ. 4 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʙʝʩʧʝʯʝʥʘ 

ʜʝʪʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʙʣʠʢʘʮʠʡ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʢʦʨʨʝʢʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʙʦʨʦʤ ʦʩʥʦʚʥʳʭ ʜʦʧʫʱʝʥʠʡ 

ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʟʘʜʘʯ, 

ʩʦʯʝʪʘʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʤʠʪʘʮʠʦʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʩʪʨʦʛʦʩʪʴʶ ʬʦʨʤʘʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ 

ʣʦʛʠʯʝʩʢʠʭ ʘʨʛʫʤʝʥʪʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʳ 

ʥʘ ʠʟʚʝʩʪʥʳʭ ʧʦʥʷʪʠʷʭ ʠ ʧʦʜʭʦʜʘʭ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ. 

ʀʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ 

ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠʪʦʛʘʤʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʤʦʜʝʣʝʡ, ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ, 

ʯʪʦ ʦʪʤʝʯʝʥʦ ʚ ʘʢʪʘʭ ʦʙ ʠʭ ʚʥʝʜʨʝʥʠʠ (ʠʩʧʦʣʴʟʦʚʘʥʠʠ). 

ʈʝʘʣʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ (ʠʩʧʦʣʴʟʦʚʘʥʳ) ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ: 

- ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʥʘʫʯʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ ʠ (ʠʣʠ) ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʄʠʥʠʩʪʝʨʩʪʚʫ ʦʙʨʘʟʦʚʘʥʠʷ 
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ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʨʦʝʢʪ ʩ ʇɸʆ çɻʨʘʥʠʪè ˉ ʇʏ0708-11/2017-09. 

ʊʝʤʘ ï ʈʘʟʨʘʙʦʪʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʪʨʝʥʠʨʦʚʢʠ ʉɺʏ-ʧʨʠʙʦʨʦʚ. ʉʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ: 2017-

2019ʛʛ.; 

- ʧʨʦʝʢʪʘ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʢʦʥʢʫʨʩʘ ʥʘ ʨʘʟʚʠʪʠʝ ʢʦʦʧʝʨʘʮʠʠ 

ʨʦʩʩʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ ʚ ʮʝʣʷʭ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ (11 ʦʯʝʨʝʜʴ, ʰʠʬʨ 2019-218-11). ʇʨʦʝʢʪ ʩ ɸʆ çʊʅʀʀʉè. ˉ ʍɼ/19-

25-ʈʊ. ʊʝʤʘ ï ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʨʘʙʦʪʢʠ ʩʝʣʴʭʦʟʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ. 

ʉʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ: 2019-2021ʛʛ.; 

- ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 ̄18-38-00711. ʊʝʤʘ ï ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ 

ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ. ʉʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ: 2018-2019ʛʛ.; 

- ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʢʦʥʢʫʨʩʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʪʠʧʝʥʜʠʠ 

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2019-2021 ʛʦʜʘʭ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ 

ʘʩʧʠʨʘʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ: çʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʚʢʣʶʯʘʷ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷè. ʅʦʤʝʨ ʩʪʠʧʝʥʜʠʠ ʉʇ-208.2019.5. ʊʝʤʘ ï ʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ 

ʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ. ʉʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ: 

2019-2021ʛʛ; 

- ʧʨʦʝʢʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʫʩʪʘʥʦʚʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʥʘʩʪʨʦʡʢʝ ʣʠʥʠʠ ʘʜʨʝʩʥʦʡ ʧʦʜʘʯʠ ʙʝʪʦʥʘ. ɼʦʛʦʚʦʨ ˉ 49 ʦʪ 6.11.2019ʛ. ʊʝʤʘ ï 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʩʪʨʦʡʢʝ 
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ʣʠʥʠʠ ʘʜʨʝʩʥʦʡ ʧʦʜʘʯʠ ʙʝʪʦʥʘ ʥʘ ɸʆ çʂʂʇɼè, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ. ʉʨʦʢʠ 

ʚʳʧʦʣʥʝʥʠʷ: 2019-2021ʛʛ; 

- ʧʨʦʝʢʪʘ ʚ ʨʘʤʢʘʭ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʘ) ʧʝʨʝʭʦʜ ʢ ʧʝʨʝʜʦʚʳʤ 

ʮʠʬʨʦʚʳʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ, ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʩʧʦʩʦʙʘʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè (ʅʦʤʝʨ ʛʦʩʟʘʜʘʥʠʷ FENW-2020-0022). ʊʝʤʘ ï 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ʉʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ: 2020-2023ʛʛ.; 

- ʧʨʦʝʢʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɸʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

çʎʝʥʪʨʧʨʦʛʨʘʤʤʩʠʩʪʝʤè; 

- ʧʨʦʝʢʪʘ ʆʆʆ çɼɽʎʀʄɸè ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ ʧʦʣʝʪʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʇʀʆ) ʚ ʈʌ. 

ʊʘʢʞʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʖʞʥʦ-

ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. 

ʇʣʘʪʦʚʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʘʣʴʥʳʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʰʝʥʠʡ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʠʟʜʝʣʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʯʘʩʪʠ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʝʟʝʥʪʘʮʠʠ ʥʘ ʪʝʤʫ: çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʘʣʦʥʥʳʭ 

ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡè ʥʘ ʟʘʩʝʜʘʥʠʠ ʥʘʫʯʥʦ-ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʳ ʆɸʆ ʊʂɿ çʂʨʘʩʥʳʡ 

ʢʦʪʝʣʴʱʠʢè, ʛ. ʊʘʛʘʥʨʦʛ, ʧʦʩʚʷʱʝʥʥʦʤʫ ʨʘʟʨʘʙʦʪʢʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʩʠʩʪʝʤʳ 
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ʤʦʥʠʪʦʨʠʥʛʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʛʥʦʟʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʇʦʣʫʯʝʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ X ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʪ ʪʝʦʨʠʠ ʢ ʧʨʘʢʪʠʢʝè (ʏʝʙʦʢʩʘʨʳ, 2016), 

XXVIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ 

ʥʘʫʢʠè (ʄʦʩʢʚʘ, 2016), ʍIV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʠ ʫʧʨʘʚʣʝʥʠʝè (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2016), ʂʦʥʛʨʝʩʩʝ ʧʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ 

ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ çIS&ITô17è (ɼʠʚʥʦʤʦʨʩʢʦʝ, 2017), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ 2017è (ʄʦʩʢʚʘ, 2017), ʂʦʥʛʨʝʩʩʝ ʧʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ çIS&ITô18è 

(ɼʠʚʥʦʤʦʨʩʢʦʝ, 2018), 17-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʚ 

ʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʝ ʠ ʵʢʦʥʦʤʠʢʝè (ʅʦʚʦʯʝʨʢʘʩʩʢ, 2018), ʍLIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʥʘʫʢʠè (ʄʦʩʢʚʘ, 2018), 

Conference on Emerging Imaging and Sensing Technologies for Security and Defence 

III; and Unmanned Sensors, Systems, and Countermeasures çSPIE Security + Defenceè, 

(Berlin, Germany, 2018), ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʢʦʥʛʨʝʩʩʝ 

çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï 2019è (çʀʉ&ʀʊ-

2019è, çIS&ITô19è) (ɼʠʚʥʦʤʦʨʩʢʦʝ, 2019), Creativity in Intelligent Technologies and 

Data Science Third Conference, CIT&DS 2019 (Volgograd, 2019), Conference on 

Artificial Intelligence and Machine Learning in Defense Applications çSPIE Security + 

Defenceè (Strasbourg, France, 2019), 9th Computer Science On-line Conference 2020 

çArtificial Intelligence and Bioinspired Computational Methodsè, ʄʝʞʜʫʥʘʨʦʜʥʦʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʢʦʥʛʨʝʩʩʝ çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ï 2020è (ɼʠʚʥʦʤʦʨʩʢʦʝ, 2020), Online Conference on Artificial  

Intelligence and Machine Learning in Defense Applications çSPIE Security + Defence, 



 

28 

2020è, 70-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʥʘʫʢʠè (ʄʦʩʢʚʘ, 2020), 10th Computer Science On-line Conference 2021 

çArtificial  Intelligence in Intelligent Systemsè (Czech Republic, 2021), Creativity in 

Intelligent Technologies & Data Science in 2021 ï CIT&DS 2021 (Volgograd, 2021), 

82-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ 

ʥʘʫʢʠè (ʄʦʩʢʚʘ, 2021), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠè (ʉʘʨʘʪʦʚ, 2021), XV 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʠʥʥʦʚʘʮʠʠè (ʉʘʨʘʪʦʚ, 2021), II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ: ʥʦʚʳʝ ʚʳʟʦʚʳ ʩʦʚʨʝʤʝʥʥʦʩʪʠè (ʉʘʨʘʪʦʚ, 2021), III 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʨʘʥʠʮʳ ʟʥʘʥʠʡ: 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʚ ʥʘʫʢʝè (ʉʘʨʘʪʦʚ, 2025). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 70 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 20 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ 

ɺɸʂ ʈʌ, 16 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Scopus (ʠʟ ʥʠʭ ʜʚʝ ʩʪʘʪʴʠ ʚ 

ʞʫʨʥʘʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Q 2), 10 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web of 

Science, 4 ʤʦʥʦʛʨʘʬʠʠ (ʦʜʥʘ ʚ ʠʟʜʘʪʝʣʴʩʪʚʝ ʌʠʟʤʘʪʣʠʪ, ʦʜʥʘ ʤʦʥʦʛʨʘʬʠʷ 

ʢʦʣʣʝʢʪʠʚʥʘʷ). ʇʦʣʫʯʝʥʳ 8 ʉʚʠʜʝʪʝʣʴʩʪʚ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʅʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ɺ ʨʘʙʦʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʩʦʠʩʢʘʪʝʣʶ 

ʧʨʠʥʘʜʣʝʞʠʪ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʙʣʝʤʳ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʜʝʡ, 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ʠ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʚ ʚʠʜʝ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʛʨʘʤʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦ ʠʥʠʮʠʘʪʠʚʝ, ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ, ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ. 
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 280 ʩʪʨʘʥʠʮ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ ʚʚʝʜʝʥʠʝ, ʰʝʩʪ ɹ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟ 227 ʥʘʠʤʝʥʦʚʘʥʠʡ, 136 ʨʠʩʫʥʢʦʚ, 24 ʪʘʙʣʠʮ rʠ ʧʨʠʣʦʞʝʥʠ.̫ 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʝʥ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʨʦʚʦʛʦ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʚ 

ʚʠʜʝ ʥʘʫʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʞʝʣʘʝʤʦʛʦ ʨʦʙʘʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʧʦʣʫʯʘʪʴ ʞʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʢʘʯʝʩʪʚʦʤ. ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʚʠʜʳ 

ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʘ ʥʘʧʨʘʚʣʝʥʘ, ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʠʛʘʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʳ ʪʝ ʝʝ ʚʠʜʳ, ʢʦʪʦʨʳʝ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʝʥ ʪʠʧ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ: ʤʝʪʦʜ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʤʝʪʦʜ 

ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ PID- ʠ  

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʜʚʫʭʵʪʘʧʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʠ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩ ʢʣʘʩʩʠʯʝʩʢʠʭ 

PI-, PID-ʨʝʛʫʣʷʪʦʨʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥʳ 
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ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ, PID- ʠ IPD-

FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ / PD- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʘʧʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʚʳʧʦʣʥʝʥ r ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ 

ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʨʘʩʩʤʦʪʨʝʥʦ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʩ ʧʦʤʦʱʴʶ  

PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ, PID- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ 

ʫʧʨʘʚʣʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ ʧʦʤʦʱʴʶ PD- ʠ 

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ, PID- ʠ  

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ 

ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʦʜʨʦʙʥʳʡ 

ʮʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

ʨʝʛʫʣʷʪʦʨʦʚ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʚ ʨʘʤʢʘʭ 



 

31 

ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʳ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ, ʦʧʪʠʤʠʟʘʮʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʧʨʦʚʝʜʝʥʦ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʘʣʛʦʨʠʪʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʤʫʪʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʟʥʘʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʨʘʟʚʠʪʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʦʚ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʰʝʩʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʝʜʝʥ r ʦʧʠʩʘʥʠ ̫ ʧʨʦʝʢʪʘ ʧʦ 

ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʙʦʪʢʠ ʩʝʣʴʭʦʟʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʦʝʢʪʘ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʩʪʨʦʡʢʝ 

ʣʠʥʠʠ ʘʜʨʝʩʥʦʡ ʧʦʜʘʯʠ ʙʝʪʦʥʘ. ɺ ʧʝʨʚʦʤ ʧʨʦʝʢʪʝ ʦʙʲʝʢʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʳʣ 

ʢʦʤʧʣʝʢʩ ʧʘʩʪʝʨʠʟʘʮʠʠ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʦʤ ʧʘʩʪʝʨʠʟʘʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʧʦʪʦʢʝ, ʚʦ ʚʪʦʨʦʤ ï 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʦʧʝʨʘʪʦʨʦʚ ʧʨʷʤʦʡ ʠ ʢʦʣʴʮʝʚʦʡ ʣʠʥʠʡ ʘʜʨʝʩʥʦʡ ʧʦʜʘʯʠ ʙʝʪʦʥʘ. ɺ 

ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʚʦʜʳ ʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʝʥʦ ʚʦʟʤʦʞʥʦʝ ʥʘʫʯʥʦʝ ʠ 

ʧʨʠʢʣʘʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ. 

ɺ ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʢʦʧʠʠ ʘʢʪʦʚ ʦ ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ.  
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1. ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʈɸɿʈɸɹʆʊʂʀ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʉʀʉʊɽʄ 

ʋʇʈɸɺʃɽʅʀʗ 

 

1.1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 

ʅʘʫʯʥʳʝ ʠʟʳʩʢʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʷʚʣʷʶʪʩʷ çʣʠʜʠʨʫʶʱʠʤʠè ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʚʷʟʠ ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʠʥʪʝʨʝʩʦʤ ʢ ʪʝʭʥʦʣʦʛʠʷʤ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʦʟʨʘʩʪʘʝʪ. ʂʘʢ ʙʳʣʦ 

ʫʢʘʟʘʥʦ ʨʘʥʝʝ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠʭ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ) ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ 

ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʠʪʫʘʮʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʧʨʠʤʝʥʠʤʳ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʀ ʝʩʣʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʩʪʦʭʘʩʪʠʯʥʦʩʪʴʶ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʦ ʚ ʜʨʫʛʠʭ, ʙʝʟ ʝʝ ʫʯʝʪʘ ʧʦʣʫʯʝʥʠʝ 

ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ 

ʚ ʫʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʟʚʘʥ ʛʠʙʨʠʜʥʳʤ, ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ [70]. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘ ʢʘʢ ʩ ʯʝʪʢʠʤʠ, ʪʘʢ ʠ ʩ 

ʥʝʯʝʪʢʠʤʠ ʟʥʘʥʠʷʤʠ, ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [3, 71 ï 76]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʷʪ ɹ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʳ, ʠ ʟʥʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʬʦʨʤʘʣʠʟʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ, ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʯʝʪʘ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʜʦʩʪʦʠʥʩʪʚ 

ʨʘʟʥʳʭ (ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ/ʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ) ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʃ. ʄʝʜʩʢʝʨ [9 ï 11] ʧʝʨʚʳʤ ʚ ʩʚʦʠʭ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʧʨʝʜʣʦʞʠʣ ʧʨʠʤʝʥʷʪʴ 

ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɻ. ʉ. ʆʩʠʧʦʚ [12] ʧʨʝʜʣʦʞʠʣ ʢʣʘʩʩ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʩ ʜʠʩʢʨʝʪʥʦʡ ʯʘʩʪʴʶ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʥʘʥʠʷʭ. ɼʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ 

ʫʨʘʚʥʝʥʠʷ: 
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S(t+1) = (ÇFj(t)Çű(S(i), U(i), RD), RS),   (1.1) 

ʛʜʝ Ç ï ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʙʝʨʸʪʩʷ ʧʦ ʚʩʝʤ j Ò t+1 ʠ ʚʩʝʤ i Ò t; 

U(i) ï ʥʝʢʦʪʦʨʳʡ ʬʘʢʪ (ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʚ), ʜʦʙʘʚʣʷʝʤʳʡ ʚ ʩʦʩʪʦʷʥʠʝ S(i), ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝʤ; RS ʠ RD ï ʢʦʤʧʦʥʝʥʪʳ ʙʘʟʳ ʧʨʘʚʠʣ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʘʚʠʣʘ 

ʟʘʤʳʢʘʥʠʷ ʠ ʧʝʨʝʭʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʬ ʠ ű ï ʧʨʦʮʝʜʫʨʳ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʘʚʠʣ ʠʟ ʤʥʦʞʝʩʪʚ RS ʠ RD ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉ ʢʘʞʜʳʤ ʧʨʘʚʠʣʦʤ 

ʠʟ ʤʥʦʞʝʩʪʚʘ RD ʩʚʷʟʘʥʦ ʜʝʡʩʪʚʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʠʣʠ 

ʜʝʡʩʪʚʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ DB1, é, DBn ʙʘʟʳ ʜʘʥʥʳʭ DB. ʇʨʘʚʠʣʘ ʠʟ RS ʥʝ 

ʠʟʤʝʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʦʥʠ ʠʟʤʝʥʷʶʪ ʟʥʘʥʠʷ ʦ ʥʝʡ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʧʦʜʭʦʜʷʱʝʡ ʪʝʦʨʠʝʡ ʠʟʫʯʘʝʤʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺʳʯʠʩʣʝʥʠʷ 

ʥʘʯʠʥʘʶʪʩʷ ʩ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ, ʧʦ ʩʫʱʝʩʪʚʫ, ʝʩʪʴ ʟʘʤʳʢʘʥʠʝ 

ʥʘʯʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

çʛʦʪʦʚʳè ʬʘʢʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʨʘʚʠʣʘ RS. ʇʨʦʮʝʩʩ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ RS ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠ ʠʩʯʝʨʧʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʘʚʠʣ ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ DB. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ ï ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʬ(S) = S. ʉ ʪʘʢʠʤ çʩʪʘʙʠʣʠʟʠʨʦʚʘʚʰʠʤʩʷè ʩʦʩʪʦʷʥʠʝʤ S 

ʨʘʙʦʪʘʝʪ ʧʨʦʮʝʜʫʨʘ ű, ʧʨʠʤʝʥʷʶʱʘʷ ʧʨʘʚʠʣʘ RD ʢ Si. ʇʦʩʣʝ ʧʝʨʝʚʦʜʘ ʤʦʜʝʣʠ ʠʟ 

ʩʦʩʪʦʷʥʠʷ S(t) ʚ ʩʦʩʪʦʷʥʠʝ S(t+1), ʢ ʧʦʩʣʝʜʥʝʤʫ ʩʥʦʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ 

ʟʘʤʳʢʘʥʠʷ ʬ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʩʧʦʩʦʙʥʘ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʩʨʝʜʳ, ʫʩʪʦʡʯʠʚʘ ʢ ʘʧʨʠʦʨʥʦʡ ʧʦʣʥʦʪʝ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ. ʉʦʩʪʦʷʥʠʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʯʘʩʪʦ ʥʝ ʠʤʝʶʪ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ, ʘ ʟʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ 

ʟʘʤʢʥʫʪʳʡ ʚʠʜ, ʪʘʢ ʠ ʟʘʜʘʚʘʪʴʩʷ ʤʥʦʞʝʩʪʚʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠʣʠ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ 

ʠ ʩʚʷʟʝʡ. 

ʋʯʝʥʳʤʠ ɺ. ʅ. ɺʘʛʠʥʳʤ ʠ ɸ. ʇ. ɽʨʝʤʝʝʚʳʤ [18] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʚʠʜʝ ʩʝʤʠʦʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤ rʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: 

SS = <M, R(M), F(M), F(SS)>,    (1.2) 
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ʛʜʝ M = {Mi} ï ʤʥʦʞʝʩʪʚʦ ʬʦʨʤʘʣʴʥʳʭ ʠʣʠ ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʦʧʨʝʜʝʣʸʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʫʥʢʮʠʠ; R(M) ï ʬʫʥʢʮʠʷ ʚʳʙʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʜʝʣʠ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʜʝʣʝʡ ʚ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ; 

F(M) = { F(Mi)} ï ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ; F(SS) ï ʬʫʥʢʮʠʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦ ʩʠʩʪʝʤʳ SS, ʝʸ ʙʘʟʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ M, R(M), F(M) ʠ, 

ʚʦʟʤʦʞʥʦ, ʩʘʤʦʡ F(SS). 

ʇʦʠʩʢ ʨʝʰʝʥʠʷ ʚ ʨʘʤʢʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʦʜʝʣʠ Mi ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʨʘʚʠʣʘʤʠ ʤʦʥʦʪʦʥʥʦʛʦ ʠʣʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʠ ʥʝʯʸʪʢʦʛʦ 

ʚʳʚʦʜʘ. ʄʦʜʝʣʴ (1.2) ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʠʚʥʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʠ ʧʘʨʘʣʣʝʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ. 

ʍ. ʉ. ɺʠʪʩʝʥʭʘʫʟʝʥ [25] ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʧʦʣʫʯʠʣ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩ 

ʢʦʥʪʠʥʫʘʣʴʥʦ-ʜʠʩʢʨʝʪʥʳʤ ʧʦʚʝʜʝʥʠʝʤ. ʆʥ ʧʨʝʜʣʦʞʠʣ Hw-ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʦʡ 

ʩʠʩʪʝʤʳ: 

Hw = <M, W, f, d, w, J>,     (1.3) 

ʛʜʝ M, W ï ʢʦʥʝʯʥʳʝ ʤʥʦʞʝʩʪʚʘ ʮʝʣʳʭ ʯʠʩʝʣ (ʜʠʩʢʨʝʪʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ 

ʠ ʚʳʭʦʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); f : M ³ Rn ­ Rn ï ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʧʝʨʝʭʦʜʘ ʦʪ 

ʜʚʫʭ ʘʨʛʫʤʝʥʪʦʚ; R ï ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ; Rn ï ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʥʝʧʨʝʨʳʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʟʤʝʨʥʦʩʪʠ n; d : M ³ J ­ M ï ʜʠʩʢʨʝʪʥʘʷ ʬʫʥʢʮʠʷ 

ʧʝʨʝʭʦʜʘ, ʚʳʯʠʩʣʷʶʱʘʷ ʦʯʝʨʝʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʦʩʪʦʷʥʠʷ, 

ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʦʩʪʦʷʥʠʷ ʜʦʩʪʠʛʣʦ ʦʜʥʦʛʦ ʠʟ 

ʧʝʨʝʭʦʜʥʳʭ ʤʥʦʞʝʩʪʚ; w : M ­ W ï ʬʫʥʢʮʠʷ ʚʳʭʦʜʘ ʠ J Í P(Rn) ï ʤʥʦʞʝʩʪʚʦ 

ʧʝʨʝʭʦʜʥʳʭ ʤʥʦʞʝʩʪʚ. ɻʠʙʨʠʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʢʪʦʨ 

(m, x) Í M ³ Rn. ʇʝʨʝʭʦʜ ʠʟ ʜʠʩʢʨʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ mi ʚ ʜʠʩʢʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ mj 

ʩʨʘʙʘʪʳʚʘʝʪ, ʢʦʛʜʘ ʥʝʧʨʝʨʳʚʥʦʝ ʩʦʩʪʦʷʥʠʝ x ʜʦʩʪʠʛʘʝʪ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ Jij ʚ 

Rn. 

ɼʦʩʪʦʠʥʩʪʚʦʤ Hw-ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ 

ʛʠʙʨʠʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʜʣʷ ʠʤʠʪʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʧʦʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ, 

ʢʦʤʙʠʥʠʨʫʷ ʧʣʘʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ x ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 
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ʟʥʘʥʠʷʤʠ, ʩʦ ʩʢʘʯʢʘʤʠ ʟʥʘʯʝʥʠʡ m ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʟʥʘʥʠʡ ʬʫʥʢʮʠʝʡ d. ʆʜʥʘʢʦ Hw-ʤʦʜʝʣʴ ʥʝ ʫʯʠʪʳʚʘʝʪ ʘʚʪʦʥʦʤʥʳʝ 

ʠʣʠ ʫʧʨʘʚʣʷʝʤʳʝ ʩʢʘʯʢʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ. 

ʐʢʦʣʦʡ ʅ. ʇ. ɹʫʩʣʝʥʢʦ [34] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʛʨʝʛʘʪ ʚ ʚʠʜʝ ʬʦʨʤʘʣʴʥʦʡ 

ʩʭʝʤ rʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɸʛʨʝʛʘʪ ʠʤʝʝʪ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ 

ʢʦʥʪʘʢʪʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʜʨʫʛʠʤ 

ʘʛʨʝʛʘʪʘʤ. ʆʥ ʚʦʩʧʨʠʥʠʤʘʝʪ ʚʭʦʜʥʳʝ x(t) ʩʠʛʥʘʣʳ, ʚʳʜʘʝʪ ʚʳʭʦʜʥʳʝ y(t) ʩʠʛʥʘʣʳ 

ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ z(t). ʌʦʨʤʘʣʴʥʦ ʘʛʨʝʛʘʪ An ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

An = <T, X, Y, Z, ZY, H, U, G> ,    (1.4) 

ʛʜʝ T ï ʤʥʦʞʝʩʪʚʦ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ; X, Y, Z ï ʤʥʦʞʝʩʪʚʘ ʚʭʦʜʥʳʭ, ʚʳʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʠ ʩʦʩʪʦʷʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; x(t) Í X, y(t) Í Y, z(t) Í Z; ZY ï ʩʠʩʪʝʤʘ 

ʧʦʜʤʥʦʞʝʩʪʚ Z; H ï ʤʥʦʞʝʩʪʚʦ ʩʦʙʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ h(t) Í H; U, G ï ʦʧʝʨʘʪʦʨʳ 

ʧʝʨʝʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʛʨʝʛʘʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʩʦʙʳʭ (ʤʦʤʝʥʪʳ ʧʦʣʫʯʝʥʠʷ x(t) ʠ ʚʳʜʘʯʠ y(t)) 

ʠ ʥʝ ʦʩʦʙʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʀʟ ʦʩʦʙʳʭ ʩʦʩʪʦʷʥʠʡ ʘʛʨʝʛʘʪ ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʢʘʯʢʦʤ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʧʝʨʘʪʦʨʦʤ U. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʪʘʢʞʝ ʩʣʫʯʘʡʥʳʡ ʦʧʝʨʘʪʦʨ G ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ZY ʠ 

ʟʥʘʯʝʥʠʝ ʚʳʜʘʚʘʝʤʦʛʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʪʝʨʤʠʥʘʭ ʘʛʨʝʛʘʪʘ, ʢʘʢ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʩʠʩʪʝʤʘʤʠ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ. ɽʩʣʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ ʦʪʜʝʣʴʥʳʡ, ʘʚʪʦʥʦʤʥʳʡ ʘʛʨʝʛʘʪ, ʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ ʥʘ ʧʦʜʩʠʩʪʝʤʳ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʘʛʨʝʛʘʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ: 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; R ï ʦʧʝʨʘʪʦʨ ʩʦʧʨʷʞʝʥʠʷ (ʦʜʥʦʫʨʦʚʥʝʚʦʛʦ ʠʣʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ). 
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1.2. ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ 

 

ʋʯʠʪʳʚʘʷ ʩʪʝʧʝʥʴ ʨʠʩʢʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩʣʦʞʥʳʤ ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ 

ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ, ʤʠʨʦʚʦʝ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʧʦʩʪʦʷʥʥʦ 

ʧʨʝʜʣʘʛʘʝʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʨʦʙʘʩʪʥʦʩʪʴʶ. 

ɺ ʨʘʙʦʪʝ [77] ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʠʟʚʣʝʯʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʊʘʢʘʛʠ ï ʉʫʛʝʥʦ ʠʟ ʜʘʥʥʳʭ. ɸʨʭʠʪʝʢʪʫʨʘ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʠ ʫʧʨʦʩʪʠʪʴ 

ʠʭ. ʇʦʚʳʰʘʝʪʩʷ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʠʤʝʝʪ ʢʘʩʢʘʜʥʫʶ ʪʦʧʦʣʦʛʠʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʦʛʥʦʟʠʨʫʝʤʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʫʨʦʚʥʝ, ʙʳʪʴ ʫʯʪʝʥʥʳʤ ʚ 

ʚʳʭʦʜʥʦʡ ʯʘʩʪʠ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ. ʇʨʝʜʣʦʞʝʥʳ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʚʳʙʦʨʘ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ. 

ʄʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʯʝʪʢʫʶ ʙʘʟʫ ʧʨʘʚʠʣ, ʨʘʩʩʤʦʪʨʝʥ ʚ 

ʨʘʙʦʪʝ [78]. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʨʠʤʝʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (ɻɸ). 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʞʝ ʥʘʙʦʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʘʙʦʪʝ [77]. ʏʪʦʙʳ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ 

ʪʦʯʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ, ʧʨʠʤʝʥʝʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [77]. ɼʦʢʘʟʘʥʦ ʩʦʢʨʘʱʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʩ ʚʦʩʴʤʠ ʜʦ ʪʨʝʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʨʘʙʦʪʝ [79]. ʆʪʣʠʯʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʥʝʯʝʪʢʦʛʦ 
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ʨʝʛʫʣʷʪʦʨʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ ʪʘʢʞʝ ʥʝ 

ʧʨʠʤʝʥʷʝʪʩʷ. 

ʄʝʪʦʜ, ʦʪʣʠʯʥʳʡ ʦʪ ʠʟʚʝʩʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [80]. ʄʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʦʙʫʯʝʥʠʝ. ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʢʣʘʩʪʝʨʥʳʤ ʘʥʘʣʠʟʦʤ. 

ʅʘʫʯʥʳʡ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʬʫʥʢʮʠʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʨʦʤʦʩʦʤ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʨʘʩʩʤʦʪʨʝʥ 

ʚ ʥʘʫʯʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʙʦʪʳ [81]. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʧʨʠ ʩʠʥʪʝʟʝ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʨʘʙʦʪʝ [82] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨ rʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʘ ʩʯʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʨʤ-

ʤʥʦʞʝʩʪʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʃʇ) ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʢ ʙʦʣʝʝ 

ʧʨʦʩʪʦʤʫ ʚʠʜʫ. ɼʘʣʝʝ ʧʨʦʚʝʨʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ɽʩʣʠ ʧʦʣʫʯʝʥʥʳʡ ʥʦʚʳʡ ʚʠʜ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ 

ʥʝʩʢʦʣʴʢʦ ʦʜʠʥʘʢʦʚʳʭ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʦʙʲʝʜʠʥʷʶʪʩʷ. 

ɺ ʨʘʙʦʪʝ [83] ʨʝʘʣʠʟʦʚʘʥ ʥʦʚʳʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ. ʇʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʙʦʪʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ (ʇʀɼ, ʇʀ, ʇɼ ʠ ʜʨ.). ʆʩʥʦʚʥʘʷ 

ʠʜʝʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ɺʳʙʦʨʢʘ 

ʠʤʝʝʪ ʚʠʜ ʚʭʦʜ-ʚʳʭʦʜ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʝʝ ʧʦʤʦʱʴʶ 

ʪʨʝʥʠʨʦʚʢʘ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʊʘʢʘʛʠ ï ʉʫʛʝʥʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʤʝʪʦʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ (ʵʢʩʧʝʨʪʘ) ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʨʤ-

ʤʥʦʞʝʩʪʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ɺ ʨʘʙʦʪʝ [84] ʧʨʝʜʣʦʞʝʥ ɻɸ, ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʪʴ ʙʘʟʫ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʪʦʜʘ ʦʪ ʘʥʘʣʦʛʦʚ 

[88 ï 91, 96] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʪʨʠʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ 

ʩʪʝʧʝʥʴ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ. ʇʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʤʝʪʨʠʢʠ 
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ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʩʣʘʛʘʝʤʳʭ ʬʫʥʢʮʠʠ ʦʮʝʥʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʨʝʰʝʥʠʡ ʜʝʣʘʝʪ 

ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ. 

ɺ ʨʘʙʦʪʝ [85] ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɽʛʦ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʦʙʲʝʜʠʥʝʥʠʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʘʚʠʣ, ʪ.ʝ. ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʝ 

ʯʘʩʪʠ ʫʩʣʦʚʠʷ ʠ ʨʘʟʥʳʝ ʟʘʢʣʶʯʝʥʠʷ. ʄʝʪʦʜ ʥʠʢʘʢ ʥʝ ʫʣʫʯʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʚ ʯʝʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʝʛʦ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ. 

ɺ ʨʘʙʦʪʝ [86] ʧʨʠʚʝʜʝʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʘʥʘʣʠʟʦʤ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʥʘ ʦʩʥʦʚʝ ɻɸ. ʄʝʪʦʜ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ ʩʧʦʩʦʙʦʚ ʢʦʜʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʫʯʘʝʤʳʭ 

ʭʨʦʤʦʩʦʤ. ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʤʝʪʦʜʝ ʩʧʦʩʦʙ ʢʦʨʨʝʢʮʠʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʘʚʠʣ ʩʭʦʞ 

ʩ ʠʟʣʦʞʝʥʥʳʤ ʚ [85] ʠ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. 

ɺ ʨʘʙʦʪʝ [87] ʧʨʠʚʝʜʝʥ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʨʝʰʝʥʠʡ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ. ʇʝʨʚʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʦʰʠʙʢʠ ʤʦʜʝʣʠ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʞʝʣʘʝʤʳʤ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤʠ. ʕʪʦ ʜʝʣʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝ ʥʘʣʠʯʠʷ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʞʝʣʘʝʤʦʤ ʢʘʯʝʩʪʚʝ 

ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʚʳʨʘʞʘʝʤʦʤ ʚ ʚʠʜʝ ʢʦʥʢʨʝʪʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʥʘʩʪʨʦʡʢʠ ʪʝʨʤ-ʤʥʦʞʝʩʪʚ ʃʇ, 

ʜʝʣʘʷ ʝʛʦ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʤ. 

ɺ ʨʘʙʦʪʝ [88] ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʠʩʢʘ ʠ ʫʜʘʣʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʀʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʢʘʞʜʦʤʫ ʧʨʘʚʠʣʫ ʥʘʟʥʘʯʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʝʩ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʝʧʝʥʴ ʝʛʦ 

ʦʰʠʙʦʯʥʦʩʪʠ (ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ). ʇʨʠ ʘʥʘʣʠʟʝ ʙʘʟʳ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ 

ʫʢʘʟʘʥʥʳʡ ʚʝʩ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʠʤ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʨʘʚʠʣʘ ʫʜʘʣʷʶʪʩʷ. 

ɺ ʨʘʙʦʪʝ [89] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʠʥʮʠʧ ʫʜʘʣʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʘʚʠʣ ʩʭʦʞ ʩ 
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ʠʟʣʦʞʝʥʥʳʤ ʚ [88]. ʊʘʢʞʝ ʤʝʪʦʜ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʦʙʲʝʜʠʥʷʪʴ 

ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʘʚʠʣʘ ʩʭʦʞʠʝ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɺ ʨʘʙʦʪʝ [90] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʠʟ ʥʘʙʦʨʘ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ, 

ʢʦʨʨʝʢʪʥʦʩʪʴʶ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʣʦʛʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ. ʂʘʢ ʠ ʚ ʨʘʙʦʪʘʭ [88, 89] ʦʧʪʠʤʠʟʘʮʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʝʩʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʠʤʝʥʫʝʤʦʛʦ ʠʥʜʝʢʩʦʤ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʝʨʫ 

ʦʪʣʠʯʠʷ ʧʨʘʚʠʣ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. 

ɺ ʨʘʙʦʪʝ [91] ʨʘʩʩʤʦʪʨʝʥʘ ʛʠʙʨʠʜʥʘʷ ʢʦʥʮʝʧʮʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʦʧʳʪʘ ʠ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ ʦ ʧʦʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʧʦʜʭʦʜʘ 

ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ï ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʦʡ. 

ɺ ʨʘʙʦʪʝ [92] ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʛʦ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʛʦʩʷ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. ʅʦʚʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʣʫʯʰʘʝʪ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʤʝʥʴʰʘʝʪ ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʚʭʦʜ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣʳ ʦʰʠʙʢʠ ʠ 

ʦʪʢʣʦʥʝʥʠʷ, ʘ ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʧʝʨʝʤʝʥʥʳʝ. ʇʦʣʫʯʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʦʙʲʝʢʪʦʤ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʦʡ ʙʘʟʳ 

ʧʨʘʚʠʣ. 

ʃʦʛʠʢʘ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʥʝʯʝʪʢʦʛʦ  

ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [93]. ʇʨʠʤʝʥʷʝʪʩʷ ʣʦʛʠʢʘ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ. ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʄʘʤʜʘʥʠ ʩ ʫʯʝʪʦʤ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʚʳʧʦʣʥʷʝʤʦʡ ʧʨʠ ʚʣʠʷʥʠʠ ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʠʟʤʝʨʷʝʤʦʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʣʶʙʦʡ ʬʦʨʤʳ. 
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ɺ ʨʘʙʦʪʝ [94] ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʪʨʦʡʢʘ ʥʝʯʝʪʢʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʙʫʯʝʥʠʷ ʠʣʠ ʘʜʘʧʪʘʮʠʠ ʨʝʛʫʣʷʪʦʨʘ ʚ 

ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [95] ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʝʨʥʫʪʳʤ ʤʘʷʪʥʠʢʦʤ ʥʘ 

ʪʝʣʝʞʢʝ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʳ ʇʀɼ- ʠ 

ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨʳ. ɼʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠ ̫ʩʣʦʞʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʄʝʪʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʙʘʟʳ 

ʧʨʘʚʠʣ ʜʣʷ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʣʴʥʳʭ ʠ ʜʚʦʠʯʥʦ-ʢʦʜʠʨʦʚʘʥʥʳʭ 

ʩʚʷʟʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [96]. ɸʜʘʧʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʬʘʟʳ: ʧʝʨʚʘʷ ʬʘʟʘ ʩʚʷʟʘʥʘ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʚʪʦʨʘʷ ʬʘʟʘ, ʥʘʟʳʚʘʝʤʘʷ ʬʘʟʦʡ ʠʟʫʯʝʥʠʷ ʠ 

ʩʦʢʨʘʱʝʥʠʷ ʧʨʘʚʠʣ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪ ʥʝʯʝʪʢʠʝ ʧʨʘʚʠʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʝʡ. 

ɼʘʣʝʝ ʠʟʙʳʪʦʯʥʳʝ ʧʨʘʚʠʣʘ ʫʜʘʣʷʶʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʠʭ ʚʩʝʭ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʩʝʢʚʝʥʪʦʚ ʚ ʥʦʣʴ ʠ ʦʙʲʝʜʠʥʝʥʠʷ çʢʦʥʬʣʠʢʪʫʶʱʠʭè ʧʨʘʚʠʣ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʇʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʬʘʟʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤ ʠ ʜʚʦʠʯʥʦ-

ʢʦʜʠʨʦʚʘʥʥʳʤ ʩʚʷʟʘʥʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʫʯʝʥʠʝʤ ʠ ʩʦʢʨʘʱʝʥʠʝʤ ʙʘʟʳ ʧʨʘʚʠʣ 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ɺ ʨʘʙʦʪʘʭ [97 ï 103] ʦʧʠʩʘʥʘ ʥʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [104] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʥʝʯʝʪʢʠʭ 

ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʀɼ- ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʚ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʠʤʝʥʷʝʤʦʡ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʚʝʜʝʥʠʝʤ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʝʛʫʣʷʪʦʨʦʚ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 
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ɺ ʨʘʙʦʪʝ [105] ʨʝʘʣʠʟʦʚʘʥʘ ʛʠʙʨʠʜʥʘʷ ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ. ʌʫʥʢʮʠ ʁ ʢʦʤʧʝʥʩʘʮʠʠ 

ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʨʝʘʣʠʟʫʝʪ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ. 

ɸʜʘʧʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʠʤʝʶʱʠʡ ʛʠʙʨʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʝ  

ʇʀɼ-ʥʝʯʝʪʢʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʘʭ [106, 107]. 

ʀʜʝʷ ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʩʪʨʦʡʢʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʦʛʦ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʥʝʯʝʪʢʦʛʦ ʧʨʝʜʠʢʪʦʨʘ (ʧʨʝʜʩʢʘʟʘʪʝʣʷ). 

ɸʜʘʧʪʠʚʥʘ ̫ ʥʘʩʪʨʦʡʢʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʥʝʣʠʥʝʡʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [108]. ʈʝʛʫʣʠʨʦʚʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ 

ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʠʟʤʝʨʝʥʥʳʭ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʚ ʨʘʙʦʪʝ [109]. ʅʦ ʜʣʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. 

ʈʦʙʘʩʪʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʥʦʚʳʤʠ ʥʝʯʝʪʢʠʤʠ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [110]. ʇʨʝʜʣʦʞʝʥ ʥʘʙʦʨ 

ʥʦʚʳʭ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʣʘʤʠ ʜʣʷ 

ʥʘʜʝʞʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʠʣʠ ʥʝʦʞʠʜʘʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʃʷʧʫʥʦʚʘ ʠ ʢʦʥʮʝʧʮʠʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʚʭʦʜʦʚ ʠ ʤʥʦʞʝʩʪʚʦʤ ʚʳʭʦʜʦʚ (MIMO). ʕʪʘ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʠʝ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʠʥʘʤʠʢʝ ʦʰʠʙʦʢ ʩʠʩʪʝʤʳ, ʠ ʚʭʦʜʳ, ʢʦʪʦʨʳʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʰʠʙʦʢ ʚʩʝʛʜʘ ʠʤʝʶʪ ʟʥʘʢʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʟʥʘʢʘʤ ʩʦʩʪʦʷʥʠʡ ʦʰʠʙʦʢ, ʯʪʦ ʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʨʝʛʫʣʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʩ ʧʦʤʦʱʴʶ 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ çʝʩʣʠ-ʪʦè. ʕʪʦʪ ʤʝʪʦʜ ʫʩʪʦʡʯʠʚ ʢʘʢ ʢ 
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ʥʝʤʦʜʝʣʠʨʦʚʘʥʥʳʤ ʫʩʣʦʚʠʷʤ, ʪʘʢ ʠ ʢ ʥʝʦʞʠʜʘʥʥʳʤ ʩʠʛʥʘʣʘʤ ʧʦʤʝʭ ʚʦ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʩʫʱʝʩʪʚʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ. 

ʈʦʙʘʩʪʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʠʣʠʥʝʡʥʳʭ ʠʥʪʝʨʚʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʊʘʢʘʛʠ ï ʉʫʛʝʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [111]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʥʪʝʨʚʘʣʴʥʳʭ ʠ ʧʦʣʠʣʠʥʝʡʥʳʭ ʠʥʪʝʨʚʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʝʯʝʪʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʷʥʠʷ ʊʘʢʘʛʠ ï ʉʫʛʝʥʦ, ʚʳʨʘʞʝʥʥʘʷ ʚ 

ʬʦʨʤʝ ʠʥʪʝʨʚʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʜʝʞʥʳʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ 

ʨʝʛʫʣʷʪʦʨ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ ʠʥʪʝʨʚʘʣʴʥʳʤʠ ʠ ʧʦʣʠʣʠʥʝʡʥʳʤʠ ʠʥʪʝʨʚʘʣʴʥʳʤʠ 

ʤʦʜʝʣʷʤʠ. ʅʘ ʦʩʥʦʚʝ ʫʩʣʦʚʠʷ ʥʫʣʝʚʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʪʘʢʞʝ ʚʳʚʦʜʷʪʩʷ ʫʩʣʦʚʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʦʙʘʩʪʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʟʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʩ ʜʚʫʤʷ ʤʘʩʩʘʤʠ, ʧʨʫʞʠʥʦʡ ʠ ʜʝʤʧʬʝʨʦʤ ʩ ʧʦʣʠʣʠʥʝʡʥʳʤʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɺ ʨʘʙʦʪʝ [112] ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʥʣʘʡʥ-ʥʘʩʪʨʦʡʢʘ ʥʝʯʝʪʢʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʜʝʞʥʦʛʦ ʨʘʩʰʠʨʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʦʚʳʡ ʦʥʣʘʡʥ-ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʜʝʞʥʦʛʦ ʨʘʩʰʠʨʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʯʝʪʢʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʄʘʤʜʘʥʠ. ʅʘʜʝʞʥʳʡ ʨʘʩʰʠʨʝʥʥʳʡ 

ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʷʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʣʶʙʦʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʨʝʛʫʣʷʪʦʨ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ ʫʧʨʘʚʣʝʥʠʷ. ʅʝʯʝʪʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʥʘʩʪʨʦʝʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʨʤr ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ, ʯʪʦʙʳ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʙʦʯʠʤ ʫʩʣʦʚʠʷʤ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪʩʷ 

ʬɻʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʟʘʜʘʯʝ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʡ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʝʪʦʜʘ ʜʣʷ ʦʥʣʘʡʥ-ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʯʝʪʢʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 

ʈʦʙʘʩʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʛʠʙʨʠʜʥʦʛʦ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʝʪʢʠʭ ʇɼ- ʠ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʚ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʢʦʥʪʫʨʝ 



 

43 

ʢʘʩʢʘʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʝ [113]. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ 

ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʚʳʩʦʢʦʥʝʣʠʥʝʡʥʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʵʣʝʢʪʨʦʤʦʙʠʣʷ 

(HEV), ʠʤʝʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʦʡ 

(ETCS) ʚ ʢʦʥʪʫʨʝ ʢʘʩʢʘʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɸʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʢʦʥʪʫʨʝ ʢʘʩʢʘʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʣʠʥʝʡʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʥʝʯʝʪʢʦʛʦ ʇɼ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ (FOFPD) ʠ ʥʝʯʝʪʢʦʛʦ ʇʀ 

ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ (FOFPI). ʕʪʠ ʨʝʛʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʥʝʯʝʪʢʠʤʠ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʫʩʠʣʝʥʠʝʤ ʠ ʠʤʝʪʁ ʘʜʘʧʪʠʚʥʫʶ ʧʨʠʨʦʜʫ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʘʥʘʣʦʛʠ, ʥʝʯʝʪʢʠʝ ʇɼ- ʠ ʥʝʯʝʪʢʠʝ ʇʀ-ʨʝʛʫʣʷʪʦʨʳ ʨʝʘʣʠʟʫʶʪʩʷ ʧʫʪʝʤ ʩʦʭʨʘʥʝʥʠʷ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʪʦʨʘ ʧʦʨʷʜʢʘ ʠ ʠʥʪʝʛʨʘʪʦʨʘ ʚ ʨʝʛʫʣʷʪʦʨʘʭ FOFPD ʠ 

FOFPI. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʛʫʣʷʪʦʨʳ FOPD ʠ FOPI ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʦʚ 

ʥʝʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʦʙʳʯʥʳʭ ʇɼ- ʠ ʇʀ-ʨʝʛʫʣʷʪʦʨʘʭ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ LabVIEW ʦʪ 

National Instruments ʠ ʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ FOFPD, FPD, FOPD ʠ ʇɼ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʠ FOFPI, FPI, FOPI ʠ ʇɼ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ HEV. ɸʚʪʦʨʘʤʠ ʧʨʠʤʝʥʝʥ 

ʤʥʦʛʦʮʝʣʝʚʦʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʫʩʠʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʘ 

ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ (IAE), ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʪʨʦʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʣʘʩʴ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ, ʧʦʜʘʚʣʝʥʠʷ 

ʧʦʤʝʭ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʜʝʣʠ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ 

FOFPD ʠ FOFPI ʧʨʝʚʦʩʭʦʜʠʪ ʦʩʪʘʣʴʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʚ ʩʝʨʚʦʧʨʠʚʦʜʝ, ʥʦʨʤʘʪʠʚʥʦʡ 

ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʩʨʝʜʝ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʝ ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ HEV. 

ɺ ʨʘʙʦʪʝ [114] ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʨʦʙʘʩʪʥʘʷ ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ. ɺ ʧʨʦʚʝʜʝʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨ ʧʨʝʜʣʦʞʠʣ ʧʦʜʭʦʜ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʥʝʯʝʪʢʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʜʣʷ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ, ʚ ʢʦʪʦʨʦʤ ʤʦʜʝʣʴ 
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ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (NN) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝʣʠʥʝʡʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ (NMTD). ɿʘʪʝʤ ʜʣʷ ʜʠʥʘʤʠʢʠ ʤʦʜʝʣʠ NN 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ (LDI) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʦʩʪʦʷʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ LDI ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʦʙʘʩʪʥʘʷ ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʬʬʝʢʪʘ 

ʦʰʠʙʦʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ NMTD ʠ ʤʦʜʝʣʴʶ NN. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʝʩʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʥʝ ʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ 

NMTD, ʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʚʦʜʠʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ NMTD. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ NMTD ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʛʣʘʞʠʚʘʥʠʷ. ɸʚʪʦʨ ʧʦʣʫʯʘʝʪ ʩʪʨʦʛʠʡ ʧʨʦʛʥʦʟ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʦʟʤʫʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʫʩʪʦʡʯʠʚʦʡ çʨʘʩʩʣʘʙʣʝʥʥʦʡè ʩʠʩʪʝʤʳ. 

ʈʦʙʘʩʪʥʳʡ ʥʘʜʝʞʥʳʡ ʘʜʘʧʪʠʚʥʳʡ ʥʝʡʨʦʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪʦʚ 

ʩ ʥʝʯʝʪʢʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ ʚ ʨʘʙʦʪʝ [115]. ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʧʦʜʭʦʜ 

ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʘʜʘʧʪʠʚʥʦʤʫ ʥʝʡʨʦʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠ ʁ ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪʦʚ 

(RWANC) ʩ ʘʣʛʦʨʠʪʤʦʤ ʦʙʫʯʝʥʠʷ ʪʠʧʘ ʇʀ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ RWANC 

ʩʦʩʪʦʠʪ ʠʟ ʚʝʡʚʣʝʪ-ʥʝʡʨʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʢʦʤʧʝʥʩʘʮʠʠ. 

ɺʝʡʚʣʝʪ-ʥʝʡʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʠʜʝʘʣʴʥʦʤʫ 

ʨʝʛʫʣʷʪʦʨʫ, ʘ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʢʦʤʧʝʥʩʘʮʠʠ ʩ ʩʠʩʪʝʤʦʡ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʜʨʝʙʝʟʛʘ ʦʙʳʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʢʦʣʴʟʷʱʝʤ 

ʨʝʞʠʤʝ. ɺ RWANC ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ, 

ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʭʘʦʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩʪʘʣʦ ʥʦʚʳʤ 

ʠʟʫʯʘʝʤʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʥʞʝʥʝʨʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʧʦʩʢʦʣʴʢʫ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ 

ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʦʞʥʦʝ, ʰʫʤʥʦʝ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ RWANC ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʭʘʦʪʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ 

RWANC ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʘ 
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ʩʭʦʜʠʤʦʩʪʴ ʦʰʠʙʢʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʩʢʦʨʝʥʘ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ ʘʜʘʧʪʘʮʠʠ ʪʠʧʘ ʇʀ. 

ɿʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʨʦʙʘʩʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʨʘʢʝʪ ʨʝʰʘʝʪʩʷ ʘʚʪʦʨʦʤ ʚ ʨʘʙʦʪʝ [116]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʥʝʯʝʪʢʘʷ ʤʦʜʝʣʴ ʊʘʢʘʛʠ ï ʉʫʛʝʥʦ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝʣʠʥʝʡʥʦʡ 

ʜʠʥʘʤʠʢʠ ʩʘʤʦʥʘʚʦʜʷʱʝʡʩʷ ʨʘʢʝʪʳ-ʮʝʣʠ. ʅʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʊʘʢʘʛʠ ï 

ʉʫʛʝʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥ ʫʩʪʦʡʯʠʚʳʡ ʮʠʬʨʦʚʦʡ ʨʝʛʫʣʷʪʦʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʢʝʪʦʡ ʩ 

ʮʝʣʴʶ ʧʝʨʝʭʚʘʪʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʤʘʥʝʚʨʠʨʫʶʱʝʡ ʮʝʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʫʩʣʦʚʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʠʬʨʦʚʳʭ 

ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ. 

ɺ ʨʘʙʦʪʝ [117] ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʫʣʫʯʰʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʤ 

ʚʝʨʪʦʣʝʪʦʤ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʉʠʥʪʝʟʠʨʦʚʘʥ ʘʜʘʧʪʠʚʥʳʡ ʥʝʯʝʪʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʙʦʨʦʤ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʛʝʥʝʨʘʮʠʠ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ, ʘ ʪʘʢʞʝ ʥʝʯʝʪʢʠʭ ʨʘʩʩʫʞʜʝʥʠʡ. 

ʋʣʫʯʰʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʭʦʜʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʣʦʢʘʣʴʥʳʭ ʨʝʰʝʥʠʷʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʜʘʧʪʠʚʥʳʡ ʢʨʦʩʩʦʚʝʨ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʤʫʪʘʮʠʠ ʧʨʠʥʷʪʳ 

ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ 

ʧʨʠʤʝʥʝʥ ʧʨʝʜʣʦʞʝʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʘʜʘʧʪʠʚʥʳʡ ʥʝʯʝʪʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʦʙʣʘʜʘʝʪ ʣʫʯʰʠʤ 

ʫʧʨʘʚʣʷʶʱʠʤ ʵʬʬʝʢʪʦʤ ʠ ʟʘʱʠʪʦʡ ʦʪ ʧʦʤʝʭ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʡ ʇʀɼ-ʨʝʛʫʣ̫ʪʦʨ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʫʣʫʯʰʝʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ ʚ ʧʨʝʜʤʝʪʥʦʡ 
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ʦʙʣʘʩʪʠ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʘʚʠʣʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʛʝʥʝʨʠʨʫʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʨʦʙʘʩʪʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʘʪʨʘʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [118]. ɸʚʪʦʨʳ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʦʙʣʝʤʫ ʧʦʩʪʨʦʝʥʠʷ ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʟʘʪʨʘʪ ʜʣʷ ʢʣʘʩʩʘ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʦ ʥʦʨʤʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤ ʢʘʢ ʚ 

ʤʘʪʨʠʮʘʭ ʩʦʩʪʦʷʥʠʡ, ʪʘʢ ʠ ʚ ʠʩʭʦʜʥʳʭ ʤʘʪʨʠʮʘʭ. ʅʝʯʝʪʢʘʷ ʤʦʜʝʣʴ ʊʘʢʘʛʠ ï ʉʫʛʝʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ. ɿʘʪʝʤ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʟʘʪʨʘʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʭʝʤʳ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ (PDC) ʠ çʢʫʩʦʯʥʦʡè ʬʫʥʢʮʠʠ 

ʃʷʧʫʥʦʚʘ (PLF) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʠʤʦʩʪʠ 

ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʟʘʜʘʯʫ 

ʣʠʥʝʡʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ (LMI) ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʨʠʤʝʨʘ. 

ɺ ʨʘʙʦʪʝ [119] ʘʚʪʦʨʘʤʠ ʨʝʘʣʠʟʦʚʘʥ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʟʘʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ (ʩʦʩʪʘʚʥʘʷ) 

ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʇʀɼ- ʠ ʇʀɼ-ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʞʠʜʢʦʩʦʣʝʚʦʛʦ ʨʝʘʢʪʦʨʘ. ʆʪʤʝʯʝʥʘ 

ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʢʫʯʝʩʪʴʶ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʦʣʝʚʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʞʠʜʢʦʩʦʣʝʚʦʤ ʨʝʘʢʪʦʨʝ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʩʣʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ (ʩʦʩʪʘʚʥʘʷ) ʤʦʜʝʣʴ. 

ɺʦ-ʧʝʨʚʳʭ, ʥʝʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʞʠʜʢʦʩʦʣʝʚʦʛʦ ʨʝʘʢʪʦʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʭʟʦʥʥʦʡ ʤʦʜʝʣʴʶ. ɿʘʪʝʤ ʥʝʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʣʠʥʝʘʨʠʟʫʝʪʩʷ 

ʤʝʪʦʜʦʤ ʣʠʥʝʘʨʠʟʘʮʠʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʩ ʦʜʥʠʤ ʚʭʦʜʦʤ ʠ 

ʦʜʥʠʤ ʚʳʭʦʜʦʤ. ʏʪʦʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʇʀɼ-ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʨʝʛʫʣʷʪʦʨ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʦʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
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ʧʝʨʝʢʣʶʯʘʷʩʴ ʤʝʞʜʫ ʥʝʯʝʪʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʇʀɼ-ʫʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʠʘʧʘʟʦʥʦʤ ʦʰʠʙʦʢ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʮʝʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʜʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʳʰʝ, ʯʝʤ ʫ ʦʙʳʯʥʦʛʦ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ ʠʣʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʈʦʙʘʩʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʥʘʫʯʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ [120]. ʅʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʦʡʯʠʚʳʭ ʠ 

ʨʦʙʘʩʪʥʳʭ ʩʠʩʪʝʤ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ. ʀʥʜʝʢʩʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʥʝʯʝʪʢʠʭ 

ʧʨʘʚʠʣ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʦʚ 

ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʨʘʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʝʨʫ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʩ ʧʨʠʜʘʥʠʝʤ ʝʡ ʨʦʙʘʩʪʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠ ̫ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʟʫʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʘʪʪʨʘʢʪʦʨʘʤʠ, ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [121] ʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʥʝʣʠʥʝʡʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʢʦʪʦʨʘʷ ʣʠʥʝʘʨʠʟʫʝʪʩʷ ʚʦʢʨʫʛ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʡ ʨʘʙʦʯʝʡ 

ʪʦʯʢʠ, ʯʪʦʙʳ ʦʭʚʘʪʠʪʴ ʚʩʶ ʜʠʥʘʤʠʢʫ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʜʚʠʞʝʥʠʡ. ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʨʘʟʨʘʙʦʪʘʥ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ. ɼʘʥʥʳʝ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ, ʚʢʣʶʯʘʷ ʩʠʛʥʘʣʳ ʦʰʠʙʦʢ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʦʚʝʜʝʥʠʝ, ʘ ʪʦʯʥʝʝ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʠ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ, ʣʠʙʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʳ ʨʘʟʨʘʙʦʪʯʠʢʫ. ɼʘʣʝʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʙʳʪʴ ʥʝʚʦʩʧʨʠʠʤʯʠʚʳʤ ʢ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ 

ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʥʝʯʝʪʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [122]. ɸʚʪʦʨʳ ʠʩʩʣʝʜʫʶʪ ʨʦʙʘʩʪʥʦʝ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʚ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʊʘʢʘʛʠ ï 

ʉʫʛʝʥʦ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ 

ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʛʦ 

ʤʘʪʨʠʯʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʜʣʷ ʩʣʫʯʘʷ, ʝʩʣʠ ʚ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʢʠ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ, ʢʦʛʜʘ ʚ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʚʦʟʤʫʱʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʝʥ rʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʨʦʙʘʩʪʥʦʛʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʢʦʛʜʘ 

ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʚʦʟʤʫʱʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʚʥʝʰʥʠʝ ʧʦʩʪʦʷʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ. 

ʉʠʩʪʝʤʘ ʧʨʠʚʦʜʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʘʜʘʧʪʠʚʥʳʤ ʥʝʯʝʪʢʠʤ 

ʣʦʛʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [123]. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ 

ʘʜʘʧʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʘʥ ʥʘ ʪʝʦʨʠʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ ʙʝʩʩʝʥʩʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʫʣʴʪʠʩʢʘʣʷʨʥʘʷ ʤʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʜʘʧʪʠʚʥʳʡ 

ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʠʡ ʦʪʢʣʠʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʪʦʯʝʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʧʨʠʚʦʜʘ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [124]. 

ʀʟʥʘʯʘʣʴʥʦ ʪʨʝʭʬʘʟʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɽʩʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʣʘ, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʡʨʦʩʝʪʴ. 
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ɺ ʨʘʙʦʪʝ [125] ʨʘʟʨʘʙʦʪʘʥ ʘʜʘʧʪʠʚʥʳʡ ʥʝʯʝʪʢʠʡ ʧʨʦʛʥʦʟʥʳʡ ʨʝʛʫʣʷʪʦʨ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʝʩʪʝʟʠʠ. ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʚʝʜʝʥʠʷ 

ʘʥʝʩʪʝʟʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʝʪʢʠʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʎʝʣʴ 

ʢʦʥʪʨʦʣʷ ï ʧʦʜʜʝʨʞʘʥʠʝ ʫʨʦʚʥʷ ʛʠʧʥʦʟʘ ʧʘʮʠʝʥʪʘ ʥʘ ʜʦʣʞʥʦʤ ʠ ʙʝʟʦʧʘʩʥʦʤ 

ʫʨʦʚʥʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʨʝʘʣʠʟʦʚʘʥʘ ʘʜʘʧʪʠʚʥʘʷ ʤʦʜʝʣʴ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ ʠ ʧʦʟʚʦʣʷʶʱʘʷ 

ʠʥʬʫʟʠʠ ʣʝʢʘʨʩʪʚʘ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʝʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʘʮʠʝʥʪʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [126]. ɸʚʪʦʨʘʤʠ 

ʧʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ (ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ), 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʠʥʪʝʟʝ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ 

ʟʥʘʥʠʡ ʠ ʦʧʳʪʘ ʦʧʝʨʘʪʦʨʦʚ ʨʝʘʢʪʦʨʘ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʦʤʦʛʘʶʱʝʡ ʦʧʝʨʘʪʦʨʘʤ ʚ 

ʜʠʩʧʝʪʯʝʨʩʢʦʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʛʫʣʷʪʦʨʘ ʦʪ ʟʥʘʥʠʡ 

ʵʢʩʧʝʨʪʦʚ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʥʝʯʝʪʢʠʭ 

ʧʨʘʚʠʣ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʤ ʧʨʠʚʦʜʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘ ʦʩʥʦʚʝ 

ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʨʘʙʦʪʝ [127]. ʉʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘʛʨʫʟʢʠ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʠʟʤʝʥʷʷ ʧʨʘʚʠʣʘ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɺʳʙʨʘʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʪʨʫʢʪʫʨʝ ANFIS ʩ ʛʠʙʨʠʜʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʥʘʩʪʨʦʡʢʠ, ʩʦʯʝʪʘʶʱʠʤ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʠ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. 

ʈʝʛʫʣʷʪʦʨ ʥʝʯʝʪʢʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʚ ʨʘʙʦʪʝ [128]. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʥʝʯʝʪʢʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʙʫʯʘʶʱʠʡʩʷ ʨʝʛʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʟʘʧʘʟʜʳʚʘʶʱʠʤʠ, ʥʝʣʠʥʝʡʥʳʤʠ ʠ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʈʝʛʫʣʷʪʦʨ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʩʚʦʠ ʥʝʯʝʪʢʠʝ ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʝʥʠʷ, 



 

50 

ʠʩʧʦʣʴʟʫʷ ʚʥʝʰʥʶʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʨʦʮʝʩʩʘ ʚʦ ʚʨʝʤʷ ʦʥʣʘʡʥ-

ʫʧʨʘʚʣʝʥʠʷ, ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʥʝʯʝʪʢʠʝ ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʦ, ʠʩʧʦʣʴʟʫʷ 

ʩʚʦʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠ ʁʠʟ ʧʨʝʜʳʜʫʱʠʭ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʝʤʫ ʙʳʪʴ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ, ʯʝʤ ʦʙʳʯʥʳʡ ʨʝʛʫʣʷʪʦʨ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʠ 

ʥʝʯʝʪʢʠʡ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʡʩʷ ʨʝʛʫʣʷʪʦʨ. 

ɺ ʨʘʙʦʪʝ [129] ʨʘʟʨʘʙʦʪʘʥ ʘʜʘʧʪʠʚʥʳʡ ʛʠʙʨʠʜʥʳʡ ʥʝʯʝʪʢʦ-ʥʝʡʨʦʥʥʳʡ 

ʨʝʛʫʣʷʪʦʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ 

ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. ɺ ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʡ ʥʝʯʝʪʢʠʡ 

ʨʝʛʫʣʷʪʦʨ ʠ ʜʚʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʈʘʙʦʪʘ ʧʝʨʚʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʘʜʘʧʪʠʚʥʦʡ ʦʮʝʥʢʝ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʜʣʷ ʦʥʣʘʡʥ-ʩʙʦʨʘ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ. 

ɼʣʷ ʨʘʟʚʠʪʠʷ ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʯʝʪʢʦ-ʥʝʡʨʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʪʦʨʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʶ 

ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚʪʦʨʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʥʥʦʛʦ ʜʝʬʘʟʟʠʬʠʢʘʪʦʨʘ. 

ʈʝʘʣʠʟʦʚʘʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʰʘʛʦʚʦʛʦ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. ɺr ʭʦʜʥʳʝ ʜʘʥʥʳʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʛʦ 

ʜʝʬʘʟʟʠʬʠʢʘʪʦʨʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʥʝʯʝʪʢʫ  ʁʪʝʭʥʠʢʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʜʦʩʪʠʯʴ ʣʫʯʝhʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [130] ʨʘʟʨʘʙʦʪʘʥ ʇɼ-ʧʦʜʦʙʥʳʡ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʡʩʷ ʥʝʯʝʪʢʠʡ 

ʨʝʛʫʣʷʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʠʩʢʣʶʯʠʪʴ ʩʪʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ. ɸʚʪʦʨʳ 

ʧʨʝʜʣʦʞʠʣʠ ʇɼ-ʧʦʜʦʙʥʳʡ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʡʩʷ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ (self-tuning 

fuzzy controller ï STFC), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʘʩʪʨʦʡʢʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʤʝʪʦʜ ʥʘʩʪʨʦʡʢʠ, ʚʢʣʶʯʘʶʱʠʡ 

ʵʪʘʧ ʧʨʷʤʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʵʪʘʧ ʢʦʩʚʝʥʥʦʡ ʥʘʩʪʨʦʡʢʠ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʡ 

ʩʪʘʜʠʠ ʧʨʷʤʦʡ ʥʘʩʪʨʦʡʢʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʦʪʢʣʠʢʠ ʩʠʩʪʝʤʳ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʛʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 
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ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʦʚ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʕʪʘʧ ʢʦʩʚʝʥʥʦʡ ʥʘʩʪʨʦʡʢʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩʣʦʞʥʳʤ ʦʙʲʝʢʪʦʤ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ 

ʦʰʠʙʢʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇɼ-ʧʦʜʦʙʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʧʦʵʪʦʤʫ ʥʘʩʪʨʦʡʢʘ ʙʘʟ r

ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʅʦʚʳʝ ʛʠʙʨʠʜʥʳʝ ʘʜʘʧʪʠʚʥʳʝ ʥʝʡʨʦʥʝʯʝʪʢʠʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [131]. ɸʚʪʦʨʳ 

ʨʝʘʣʠʟʫʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʛʠʙʨʠʜʠʟʘʮʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʘʜʘʧʪʠʚʥʳʭ ʥʝʡʨʦʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʮʝʣʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʨʦʙʦʪʦʤ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʣʠʥʝʡʥʦʩʪʠ, 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʭʦʜʳ ʵʪʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʰʠʙʦʢ ʪʝʢʫʱʝʛʦ 

ʧʦʣʦʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ. ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʢʘʟʳʚʘʝʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ. 

ɺ ʨʘʙʦʪʝ [132] ʧʨʝʜʣʦʞʝʥ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʝ 

ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʪʝʣʝʩʢʦʧʘ. ʈʘʟʨʘʙʦʪʘʥ 

ʥʝʯʝʪʢʠʡ ʘʜʘʧʪʠʚʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʘ ʦʩʠ ʪʝʣʝʩʢʦʧʘ ʜʣʷ 

ʩʣʝʞʝʥʠʷ ʟʘ ʢʦʩʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʝʪ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʠʩʧʦʣʴʟʫʷ ʵʚʦʣʶʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʨʝʛʫʣʷʪʦʨ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʚʳʩʦʢʦʪʦʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʞʠʤʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ ʤʥʦʛʦʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʝ ʩ 

ʥʝʣʠʥʝʡʥʳʤ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʩʣʝʞʝʥʠʷ ʟʘ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. 

ɺ ʨʘʙʦʪʝ [133] ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʦʛʨʘʤʤʫ ʥʘ ʦʩʥʦʚʝ MATLAB ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 
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ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʡ ʥʝʯʸʪʢʦʡ ʤʦʜʝʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʛʫʣʷʪʦʨ 

ʜʣʷ ʣʠʥʝʡʥʳʭ MIMO-ʩʠʩʪʝʤ ʩ ʯʘʩʪʠʯʥʦ ʠʟʚʝʩʪʥʦʡ ʜʠʥʘʤʠʢʦʡ. ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʰʘʛʦʚʫʶ ʧʨʦʮʝʜʫʨʫ ʩʠʥʪʝʟʘ ʥʝʯʸʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ 

ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʩʪʨʦʛʦʛʦ ʢʨʠʪʝʨʠʷ ʘʙʩʦʣʶʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ, ʧʨʠʤʝʥʠʤʦʛʦ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ ʥʝʣʠʥʝʡʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ 

ʩʚʦʡʩʪʚʝʥʥʳ ʘʜʘʧʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ. 

ɺ ʨʘʙʦʪʝ [134] ʨʘʟʨʘʙʦʪʘʥ ʥʘʜʝʞʥʳʡ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʥʘ 

ʇʃʀʉ ʜʣʷ ʧʨʠʚʦʜʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʯʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʝʥʴʰʠʝ ʧʫʣʴʩʘʮʠʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ 

ʫʩʪʨʘʥʝʥʠʝ ʧʠʢʦʚʳʭ ʚʳʙʨʦʩʦʚ ʩ ʭʦʨʦʰʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʠ ʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʥʝʯʝʪʢʦʝ ʠ ʧʨʷʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʤʝʥʪʦʤ. ɺ ʦʩʥʦʚʫ 

ʨʝʛʫʣʷʪʦʨʘ ʟʘʣʦʞʝʥʘ ʩʪʨʘʪʝʛʠʷ ʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʝʢʪʦʨʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʩʪʘʪʦʨʘ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʈʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʟʨʘʙʦʪʘʥ ʚ ʩʨʝʜʝ 

MATLAB/Simulink ʠ ʠʩʧʳʪʘʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʭʦʜʥʳʭ/ʚʳʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʩʦʟʜʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʦʪʦʪʠʧ ʥʘ ʙʘʟʝ 

ʧʣʘʪʳ Altium Nano Board 3000, ʦʩʥʘʱʝʥʥʦʡ Xilinx Spartan ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʃʀʉ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʫʶ ʠ ʥʘʜʝʞʥʫʶ ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʛʘʨʤʦʥʠʢ 

ʥʘ ʚʭʦʜʝ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠʚʦʜʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʧʨʠʢʣʘʜʥʫʶ ʦʙʣʘʩʪʴ ʪʘʢʞʝ ʧʝʨʝʚʝʣʠ ʩʚʦʠ ʥʘʫʯʥʳʝ ʠʟʳʩʢʘʥʠʷ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [135], ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ. 
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ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʥʝʣʠʥʝʡʥʦʡ ʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʜʠʥʘʤʠʢʦʡ (ʪʘʢʦʡ ʢʘʢ ʠʟʤʝʥʝʥʠʝ 

ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʦʚʝʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʭʦʞʜʝʥʠʷʤ ʤʝʞʜʫ ʞʝʣʘʝʤʦʡ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʢ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʨʫʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ), ʧʨʠʤʝʥʝʥ ʥʦʚʳʡ 

ʘʣʛʦʨʠʪʤ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʠʥʪʝʛʨʠʨʫʝʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʥʘʯʘʣʘ ʦʙʫʯʘʝʪʩʷ ʜʣʷ ʟʘʭʚʘʪʘ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʦʙʠʣʷ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʫʯʝʥʥʘʷ ʩʝʪʴ ʦʙʲʝʜʠʥʷʝʪʩʷ ʩ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ çʩʪʨʘʪʝʛʠʠè ʫʧʨʘʚʣʝʥʠʷ. ɺʳʭʦʜʥʦʡ 

ʩʣʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʦʧʪʠʤʠʟʠʨʫʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʮʝʥʘʨʠʝʚ ʚʦʞʜʝʥʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʘʤʦʦʙʫʯʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʝʩʘ. 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʣʫʯʰʠʣʦʩʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʧʨʠ ʫʩʢʦʨʝʥʠʠ, 

ʜʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʥʘ 

ʩʣʦʞʥʳʝ ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʩʪʦʷʥʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ɼʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ʚʥʝʜʨʝʥʠʷ) ʜʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ 

[136]. ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʩʱʸʪʦʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʟʘ ʩʯʸʪ 

ʢʦʨʨʝʢʮʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʙʝʩʱʸʪʦʯʥʦʤ ʜʚʠʛʘʪʝʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ. ɼʘʪʯʠʢ 

ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʪʨʘʥʟʠʩʪʦʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʢʩʧʝʨʪʥʳʝ ʟʥʘʥʠʷ, ʘ ʩʦʟʜʘʥʥʘʷ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʥʝʯʸʪʢʘʷ ʩʠʩʪʝʤʘ ʦʪʚʝʯʘʝʪ ʟʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʝʢʮʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ ʥʝʯʸʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
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ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʫʭʟʦʥʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʨʘʩʩʤʦʪʨʝʥʦ ʚ 

ʨʘʙʦʪʝ [137]. ʀʟʦʣʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʝʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʝʨʴʝʟʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʯʘʩʪʦʪʳ ʠʟ-ʟʘ ʠʭ ʥʠʟʢʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʠʝ ʩʝʪʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʚʳʨʘʙʦʪʢʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʧʦʪʨʝʙʣʝʥʠʝʤ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʠʩʪʝʤʳ 

ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʜʚʫʭʟʦʥʥʳʤʠ ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ. ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʥʝʣʠʥʝʡʥʳʡ ʘʜʘʧʪʠʚʥʳʡ 

ʨʝʛʫʣʷʪʦʨ ʩ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʴʶ ANFIS, ʩʧʦʩʦʙʥʳʡ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʨʘʙʦʯʠʤ ʧʘʨʘʤʝʪʨʘʤ ʜʣʷ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʜʚʫʭʟʦʥʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʩʙʦʷʭ (ʥʝʙʦʣʴʰʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʳ ʠ ʥʘʛʨʫʟʢʠ) ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠ ʩʙʨʦʩʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʥʘʛʨʫʟʢʠ). 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʩʮʝʥʘʨʠʷʭ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʨʝʛʫʣʷʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʫʯʰʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʵʣʝʢʪʨʦʤʦʙʠʣʷ (ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ) ʩ ʧʦʤʦʱʴʶ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʦʩʥʦʚʝ ANFIS 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ [138]. ʆʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʨʦʙʥʦʛʦ 

ʧʦʨʷʜʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʤʫʨʘʚʴʠʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʨʝʛʫʣʷʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʤʫʱʝʥʠʷʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʝʙʫʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʵʣʝʢʪʨʦʤʦʙʠʣʷ. ʉʠʩʪʝʤʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʳ ʚ 

MATLAB/Simulink. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [139] ʨʘʟʨʘʙʦʪʘʥ ʦʧʪʠʤʠʟʘʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ 

ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʇʃɸ), 
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ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. ʉʤʦʜʝʣʠʨʦʚʘʥ, ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʪʠʧʦʚʦʡ ʥʝʯʝʪʢʠʡ 

ʨʝʛʫʣʷʪʦʨ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ-

ʕʡʣʝʨʘ. ɿʘʪʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʎʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ɹʇʃɸ ʧʦʪʨʝʙʣʷʣ ʥʘʠʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʥʘʭʦʜʠʪ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʩʠʣʝʥʠʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʝʢʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʩʨʝʜʝ MATLAB/Simulink. ʈʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʣʝʜʫʶʱʠʭ ʫʣʫʯʰʝʥʠʷʭ: 

ʚ ʦʜʥʠʭ ʟʘʜʘʯʘʭ ʦʰʠʙʢʘ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʩʥʠʟʠʣʘʩʴ ʥʘ 30%, ʚ ʜʨʫʛʠʭ 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʯʪʦ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʙʝʟ 

ʥʘʩʪʨʦʝʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʛʫʣʷʪʦʨʘ. 

ɺ ʨʘʙʦʪʝ [140] ʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʫʶ 

ʦʧʪʠʤʠʟʘʮʠʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʘ ʚ ʘʜʘʧʪʠʚʥʳʭ ʬʘʩʘʜʘʭ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʥʝʚʥʳʤ ʩʚʝʪʦʤ ʠ ʚʠʟʫʘʣʴʥʳʤ ʢʦʤʬʦʨʪʦʤ ʚ ʦʬʠʩʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʟʘʪʝʥʝʥʠʷ ʯʘʩʪʦ ʥʝ ʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʝʥʝʥʠʝʤ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʡ ʦʧʪʠʤʠʟʠʨʫʝʪ ʚʠʟʫʘʣʴʥʳʡ 

ʢʦʤʬʦʨʪ ʩ ʧʦʤʦʱʴʶ ʩʫʨʨʦʛʘʪʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʘʣʘʥʩ ʤʝʞʜʫ ʫʤʝʥʴʰʝʥʠʝʤ ʙʣʠʢʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ, 

ʦʧʪʠʤʠʟʠʨʫʷ ʢʦʥʬʠʛʫʨʘʮʠʶ ʬʘʩʘʜʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ 

ʧʦʜʭʦʜʦʚ, ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʦʙʱʘʝʤʘʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʀʀ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʘʧʪʠʚʥʦʛʦ ʬʘʩʘʜʘ, ʧʨʝʜʣʘʛʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʝ 

ʨʝʰʝʥʠʝ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʥʝʚʥʳʤ ʩʚʝʪʦʤ ʠ ʢʦʤʬʦʨʪʦʤ. 
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ʄʝʪʦʜ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʠʥʪʝʨʥʝʪ-ʮʝʥʪʨʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [141]. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʄʝʪʦʜ ʦʙʲʝʜʠʥʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʤʦʜʝʣʴ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʟʜʫʭʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʴʶʪʝʨʥʳʭ ʟʘʣʦʚ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ ʥʘ 

ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʫʥʪʠʨʫʶʱʝʛʦ 

ʬʠʣʴʪʨʘ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [142]. ɻʘʨʤʦʥʠʠ ʪʦʢʘ, 

ʩʦʟʜʘʚʘʝʤʳʝ ʥʝʣʠʥʝʡʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʦʢʘʟʳʚʘʶʪ ʜʝʩʪʨʫʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʢʦʪʦʨʦʝ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʚʳʟʳʚʘʝʪ ʩʝʨʴʸʟʥʳʝ 

ʧʨʦʙʣʝʤʳ ʚʦ ʚʩʝʡ ʩʝʪʠ. ɸʢʪʠʚʥʳʡ ʬʠʣʴʪʨ ʤʦʱʥʦʩʪʠ (ɸʌʄ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʣʫʯʰʠʭ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʣʠ ʫʩʪʨʘʥʝʥʠʷ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. ʆʜʥʘʢʦ, ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ 

ʬʠʣʴʪʨʦʚ, ʪʦʯʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʠʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʯʥʘʷ ʠ ʦʧʪʠʤʘʣʴʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʫʧʨʘʚʣʝʥʠʷ ɸʌʄ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʠ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɸʚʪʦʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʫʥʪʠʨʫʶʱʝʛʦ 

ʘʢʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʤʦʱʥʦʩʪʠ (ʉɸʌʄ) ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ 

ʫʧʨʘʚʣʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʦʡ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʭʦʜʷʱʝʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʦʤ ʩʠʩʪʝʤʳ ʉɸʌʄ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʨʝʟʦʥʘʥʩʥʳʡ ʨʝʛʫʣʷʪʦʨ (ʇʈ), ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʩ 

ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (ɻɸ). ʇʈ-ʨʝʛʫʣʷʪʦʨ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʦʯʥʦʛʦ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʪʦʢʦʚ ʠ ʙʳʩʪʨʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʩʠʩʪʝʤʦʡ ʉɸʌʄ. 

ɺ ʮʝʣʦʤ, ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʠ ʧʦʜʭʦʜʷʱʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʩʥʠʞʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʥʘʜʝʞʥʦʡ, 
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ʙʳʩʪʨʦʡ, ʪʦʯʥʦʡ, ʛʠʙʢʦʡ, ʩʪʘʙʠʣʴʥʦʡ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʢʦʤʧʝʥʩʘʮʠʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʨʝʜʝ MATLAB/Simulink, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠ ʧʨʦʚʝʨʝʥʳ ʚ ʨʝʘʣʴʥʦʤ ʉɸʌ ʥʘ ʙʘʟʝ 

ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʎʉʇ). ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʪʦʢʘ ʩʝʪʠ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥ, ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ 

ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʇʈ. 

ʉʠʩʪʝʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʛʫʣʷʪʦʨʘ ʩ ʚʦʟʚʨʘʪʥʳʤ ʜʚʠʞʝʥʠʝʤ ɹʇʃɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ 

[143]. ʋʧʨʘʚʣʝʥʠʝ ʩ ʚʦʟʚʨʘʪʥʳʤ ʜʚʠʞʝʥʠʝʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʜʨʦʥʘʭ, 

ʧʦʩʢʦʣʴʢʫ ʫʯʠʪʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʫʩʪʦʡʯʠʚʦ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʩ ʚʦʟʚʨʘʪʥʳʤ ʜʚʠʞʝʥʠʝʤ ʜʣʷ 

ʤʥʦʛʦʨʦʪʦʨʥʦʛʦ ʜʨʦʥʘ. ɸʚʪʦʥʘʩʪʨʦʡʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʘʧʧʘʨʘʪʘ, ʦʧʪʠʤʠʟʠʨʫʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʤʠʥʠʤʠʟʠʨʫʷ ʚʨʝʤʷ 

ʥʘʨʘʩʪʘʥʠʷ ʩʠʛʥʘʣʘ, ʥʦ ʥʝ ʚʳʟʳʚʘʷ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʥʝʥʫʞʥʦʤʫ 

ʨʘʩʭʦʜʫ ʵʥʝʨʛʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʦʙʨʘʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʦʰʠʙʢʠ ʙʳʣʘ ʦʙʫʯʝʥʘ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ, ʫʯʠʪʳʚʘʶʱʝʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ 

ʩʠʩʪʝʤʳ. ɹʘʟʘ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʢʦʤʙʠʥʘʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʵʪʠʤ 

ʫʩʣʦʚʠʷʤ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʩʧʳʪʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʘʜʝʢʚʘʪʥʦ ʥʘʩʪʨʦʝʥ 

ʠ ʨʝʘʣʠʟʫʝʤ, ʩ ʦʞʠʜʘʝʤʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʜʣʷ 95% ʪʝʩʪʦʚ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʠ ʚʨʝʤʝʥʝʤ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ, ʥʘʩʪʨʦʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɺ ʨʘʙʦʪʝ [144] ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʢʚʘʥʪʦʚʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʜʣʷ ʰʝʩʪʠʩʦʯʣʝʥʝʥʥʦʡ 
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ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʨʫʢʠ. ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʥʘʠʣʫʯʰʝʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʩʩʯʠʪʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʨʦʙʦʪʘʭ-

ʤʘʥʠʧʫʣʷʪʦʨʘʭ, ʦʜʥʘʢʦ ʢʚʘʥʪʦʚʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʪʘʙʠʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʷ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [145] ʧʨʝʜʣʦʞʝʥ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʛʣʦʙʘʣʴʥʦʡ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ɻʊʄʄ) ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʦʤ ʟʘʪʝʥʝʥʠʠ. ʇʨʦʙʣʝʤʘ ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʠʢʦʚ 

ʤʦʱʥʦʩʪʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʢʦʨʨʝʢʪʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʥʝʨʛʦʦʪʜʘʯʠ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʘʜʘʧʪʠʚʥʫʶ ʥʝʡʨʦ-ʥʝʯʸʪʢʫʶ ʩʠʩʪʝʤʫ ʚʳʚʦʜʘ (ANFIS) ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. ANFIS ʵʬʬʝʢʪʠʚʥʦ ʤʦʜʝʣʠʨʫʝʪ ʥʝʣʠʥʝʡʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʣʛʦʨʠʪʤ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʨʘʩʯʸʪʥʦʡ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʚ ANFIS. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʥʝʣʠʥʝʡʥʦʤʫ ʠ ʠʟʤʝʥʷʶʱʝʤʫʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦʚʝʜʝʥʠʶ DC/DC 

SEPIC-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʣʫʯʰʝʥʥʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʧʦʚʳʰʝʥʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʘʣʠʟʘʮʠʷ 

ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʨʝʜʝ MATLAB/Simulink. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʧʦʚʳʰʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʦʪʢʣʠʢʘ ʘʜʘʧʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʚ ʨʘʙʦʪʝ [146] ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ (ʦʧʪʠʤʘʣʴʥʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ) ʘʜʘʧʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʷʤʦʛʦ 
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ʪʠʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʕʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʥʝ ʫʭʫʜʰʘʝʪ 

ʩʚʦʡʩʪʚʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʘʜʘʧʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʜʦʙʘʚʣʷʷ ʣʠʰʴ 

ʘʚʪʦʥʦʤʥʳʡ ʵʪʘʧ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʧʦʣʥʷʝʤʳʡ ʟʘ ʨʘʟʫʤʥʦʝ ʚʨʝʤʷ 

ʚʳʯʠʩʣʝʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʲʝʢʪʘ ʚ ʩʪʘʪʴʝ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʫʶ ʦʰʠʙʢʫ ʩʣʝʞʝʥʠʷ, ʙʦʣʝʝ ʙʳʩʪʨʫʶ ʜʠʥʘʤʠʢʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʠ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʫʯʰʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ ʞʝ ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʵʤʧʠʨʠʯʝʩʢʠ. 

ʄʥʦʛʦʤʝʨʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʟʤʝʱʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ [147]. ʉ ʨʘʟʚʠʪʠʝʤ ʦʙʣʘʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʣʘʩʪʝʨʘʤʠ ʢʦʥʪʝʡʥʝʨʦʚ, ʪʘʢʠʝ ʢʘʢ 

Kubernetes, Swarm ʠ Mesos. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʠʨʦʚʘʥ ʢ 

ʦʙʣʘʯʥʦʤʫ ʢʦʥʪʝʢʩʪʫ ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʠʷʤ ʚ ʜʠʟʘʡʥʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʛʝʥʝʨʘʮʠʠ ʥʘʯʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʰʠʪʴ ʩʣʦʞʥʫʶ 

ʟʘʜʘʯʫ ʨʘʟʤʝʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʦʙʣʘʯʥʳʭ ʩʨʝʜʘʭ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʛʠʙʢʘʷ ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʜʣʷ 

ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩ ʧʨʝʜʠʢʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [148]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʛʠʙʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʝʡ ʜʣʷ ʛʠʙʨʠʜʥʳʭ 

ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʮʠʢʣʘ ʚʦʞʜʝʥʠʷ. 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʘʩʪʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʝʛʦ ʩʠʥʪʝʟʘ ʧʦʢʘʟʘʣ 

ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʨʘʟʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 



 

60 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʠ, ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤ r ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʩʠʥʪʝʟʝ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʦʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʜʦʧʦʣʥʝʥʠʷ ʠ 

ʨʘʩʰʠʨʝʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʘʟ ʧʨʘʚʠʣ ʚ ʨʝʘʣʴʥʦʤ ʨʝʞʠʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʭʦʜʥʳʭ ʚʳʙʦʨʦʢ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʅʝʡʨʦʩʝʪʴ ʤʦʞʝʪ ʦʙʫʯʘʪʴʩʷ, ʥʦ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʨʝʘʣʴʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ʝʩʪʴ ʨʠʩʢ ʥʝʜʦʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʠʭ ʚʝʩʦʚ ʠ 

ʥʝʜʦʩʪʠʞʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʟʚʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʜʘʣʝʝ ï ʉɸʋ) ʠʣʠ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʛʠʙʨʠʜʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʇʀ- 

ʠʣʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ ʠ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʧʦʚʳʰʝʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩʦ ʩʣʘʙʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʯʝʪʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʩʦʟʜʘʥʠʶ ʙʘʟʳ ʧʨʘʚʠʣ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʝʝ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʅʝʯʝʪʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʩʧʦʩʦʙʥʳ ʥʘʜʝʣʠʪʴ ʩʠʩʪʝʤʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʨʦʙʘʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʧʪʠʤʘʣʴʥʘʷ ʙʘʟʘ ʟʥʘʥʠʡ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʚʠʜʝ ʧʨʘʚʠʣ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʡ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʚ 

ʥʝʢʦʪʦʨʦʤ ʨʦʜʝ ʪʚʦʨʯʝʩʢʠʡ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʵʢʩʧʝʨʪʦʚ, ʢʦʪʦʨʳʝ 

ʭʦʨʦʰʦ ʟʥʘʶʪ ʩʚʦʡʩʪʚʘ ʠ ʧʦʚʝʜʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 
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ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʝʩʪʴ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʠʜʘ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʝʫʛʦʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʪʝʨʤʦʚ ʚ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 7. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʳ 

ʧʨʘʚʠʣ ʵʢʩʧʝʨʪʦʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʫ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʭʦʜʥʳʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʩ ʦʜʠʥʥʘʜʮʘʪʴʶ 

ʪʝʨʤʘʤʠ, ʪʦ ʧʦʣʥʘʷ ʙʘʟʘ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ 11Ĭ11 = 121 ʧʨʘʚʠʣʦ. 

ɼʣʷ ʵʢʩʧʝʨʪʘ ʙʫʜʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩʦʩʪʘʚʠʪʴ ʪʘʢʫʶ ʙʘʟʫ ʧʨʘʚʠʣ ʠ ʥʝ ʦʰʠʙʠʪʴʩʷ. 

ɺʦ-ʚʪʦʨʳʭ, ʙʘʟʘ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʚʦʡʩʪʚʫ ʧʦʣʥʦʪʳ. 

ʕʢʩʧʝʨʪʫ ʪʨʝʙʫʝʪʩʷ ʚʥʠʤʘʪʝʣʴʥʦ ʩʦʩʪʘʚʣʷʪʴ ʙʘʟʫ ʧʨʘʚʠʣ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ 

ʜʫʙʣʠʨʫʶʱʠʭ ʧʨʘʚʠʣ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʝʝ ʠʟʙʳʪʦʯʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʠ, ʯʪʦʙʳ ʚ ʙʘʟʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʧʨʘʚʠʣʘ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʫʩʣʦʚʠʝʤ ʷʜʨʘ (ʘʥʪʝʮʝʜʝʥʪʦʤ) ʠ ʨʘʟʥʳʤ ʟʘʢʣʶʯʝʥʠʝʤ ʷʜʨʘ (ʢʦʥʩʝʢʚʝʥʪʦʤ), ʵʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʜʦʧʫʩʢʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʦʣʥʳʭ ʙʘʟ ʧʨʘʚʠʣ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʩʠʪʫʘʮʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ 

ʙʘʟʝ ʧʨʘʚʠʣ ʥʝ ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʧʨʘʚʠʣʘ ʜʣʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʪʤʝʯʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʞʝʣʘʝʤʦʛʦ ʨʦʙʘʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʠʭ ʙʘʟ ʟʥʘʥʠʡ. 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʧʦʣʫʯʘʪʴ 

ʞʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ 

ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʚʥʝʰʥʠʭ ʩʠʪʫʘʮʠʷʭ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ. 
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1.3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʤʩʷ 

ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʩ ʠʭ ʧʦʤʦʱʴʶ ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚʦʟʤʫʱʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ 

ʤʦʜʝʣʝʡ, ʥʘʜʝʣʝʥʥʳʭ ʘʜʘʧʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʝʜʠʥʷʪʴ 

ʬʦʨʤʘʣʠʟʫʝʤʳʝ ʠ ʥʝʬʦʨʤʘʣʠʟʫʝʤʳʝ ʟʥʘʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ 

ʨʦʙʘʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʚʥʝʰʥʠʭ 

ʩʠʪʫʘʮʠʷʭ. 

ʇʦʜ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴʶè ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʦ ʧʦʥʠʤʘʪʴ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʟʥʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʪʦʯʥʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʜʝʥʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʧʦʣʥʳʭ ʠ ʥʝʪʦʯʥʳʭ 

ʜʘʥʥʳʭ. ʇʦʜ çʥʝʪʦʯʥʦʩʪʴʶè ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʝʨʘʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʚʚʝʜʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʣʦʞʝʥʥʳʭ ɼʞ. ʉʘʨʠʜʠʩʦʤ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

1. ʅʘʣʠʯʠʝ ʩʝʥʩʦʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʩʨʝʜʳ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʧʨʝʨʳʚ-

ʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 
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ʟʥʘʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʌʦʨʤʠʨʫʝʤʳʝ 

ʟʥʘʥʠʷ ï ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʥʝʰʥʝʤ ʤʠʨʝ ʠ ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʮʝʣʝʡ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʆʪʢʨʳʪʦʩʪʴ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ɺʳʧʦʣʥʝʥʠʝ 

ʚʪʦʨʦʛʦ ʧʨʠʥʮʠʧʘ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʮʝʩʩ 

ʧʨʠʦʙʨʝʪʝʥʠʷ, ʧʦʧʦʣʥʝʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʟʥʘʥʠʡ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟ-

ʜʝʣʝʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ (ʦʧʳʪʘ) ʥʘ ʜʚʝ ʯʘʩʪʠ: ʧʦʩʪʦʷʥʥʳʝ (ʧʨʦʚʝʨʝʥʥʳʝ) ʟʥʘʥʠʷ, ʢʦ-

ʪʦʨʳʤʠ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʠ ʧʦʩʪʦʷʥʥʦ ʧʦʣʴʟʫʝʪʩʷ, ʠ ʚʨʝʤʝʥʥʳʝ (ʧʨʦʚʝʨʷʝʤʳʝ) ʟʥʘ-

ʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʩʚʦʝʛʦ ʧʦʚʝʜʝʥʠʷ ʚʦ ʚʥʝʰʥʝʤ ʤʠʨʝ ʩʠ-

ʩʪʝʤʘ ʤʦʞʝʪ ʣʠʙʦ ʦʪʙʨʘʩʳʚʘʪʴ ʟʥʘʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʣʠʙʦ ʧʝʨʝʚʦʜʠʪʴ ʠʭ ʚ ʟʥʘʥʠʷ 

ʧʝʨʚʦʛʦ ʪʠʧʘ. ɺʦʟʤʦʞʝʥ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʩʦ ʟʥʘʥʠʷʤʠ ʧʝʨʚʦʡ ʯʘʩʪʠ. 

3. ʅʘʣʠʯʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʠ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʨʝʜʳ ʠ ʦʮʝʥʢʠ ʨʦʙʘʩʪʥʦʩʪʠ ʫʧʨʘʚ-

ʣʝʥʠʷ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʥʘʧʨʘʚʣʝʥ ʠʩʢʣʶʯʝʥʠʝ ʠʟʣʠʰʥʝʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. 

4. ʅʘʣʠʯʠʝ ʫ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ IPDI (ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ). ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʦʧʨʝʜʝʣʷʝʪ ʩʣʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʨʝʜʳ ʩ ʮʝʣʴʶ ʢʦʤʧʝʥʩʘ-

ʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʥʘʥʠʡ ʦ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʝʜʝʥʠʠ ʩʨʝʜʳ ʧʫ-

ʪʝʤ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

5. ʉʦʭʨʘʥʝʥʠʝ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʩʚʷʟʝʡ ʦʪ ʚʳʩʰʠʭ ʫʨʦʚʥʝʡ ʢ ʥʠʟʰʠʤ ʚ 

ʠʝʨʘʨʭʠʠ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʞʠʚʫʯʝʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʚʝʜʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʦʧʨʝʜʝʣʷʶʪ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʛʝʥʪ ʚ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ 

ʩʠʩʪʝʤʘʭ (FIPA). 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʤʝʪʦʜʦʣʦʛʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʚʫʭ ʩʨʝʟʘʭ ï ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʤ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʘ, ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʡ ʮʝʣʠ. ʂʘʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʜʣʷ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

1.3.1. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʚʝʜʝʥʥʘʷ ʪʨʘʢʪʦʚʢʘ ʧʦʥʷʪʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ, ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʙʦʣʴʰʦʤ ʠ ʚ ʤʘʣʦʤ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʠ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʥʝʡ ʤʝʪʦʜʳ ʠ ʩʦʭʨʘʥʷʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.1. 

 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɹʘʟʦʚʳʝ ʫʨʦʚʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ 

ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʘ ʦʩʥʦʚʫ ʚʟʷʪʳ ʤʝʪʦʜʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʧʦʩʦʙ ʢʦʤʙʠʥʠʨʦʚʘʥʠ ̫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʞʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ 
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ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʚ ʨʘʙʦʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʠʭ çʛʣʫʙʦʢʦʤè ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʚʥʫʪʨʠʩʠʩʪʝʤʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʠʧʦʚʳʭ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʫʣʷʪʦʨʦʚ (ʇʀ-, ʇɼ-, ʇʀɼ). ʂʣʘʩʩʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʟʥʘʥʠʡ) ʦ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʩʣʝʜʫʶʱʝʤ 

ʵʪʘʧʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ 

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ, 

ʥʦ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʚʥʝʰʥʠʭ 

ʩʠʪʫʘʮʠʷʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʦʮʝʜʫʨʫ ʦʙʫʯʝʥʠʷ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʛʦ 

ʘʜʘʧʪʠʚʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʦʣʦʛʠ ̫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʥʘʫʯʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʝʪʦʜʦʚ. 

ʆʙʱʠʡ ʚʠʜ ʥʘʫʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.2 [149 ï 155]. 
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ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ, ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʠʟʤʝʨʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʠʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʙʣʦʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

ʉʠʥʪʝʟ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ [156 ï 165]. 

ʇʨʦʮʝʜʫʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʄʘʤʜʘʥʠ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʯʝʪʳʨʝ ʵʪʘʧʘ ʩ ʦʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ, 

ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʦʜʝʣʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʜʫʨʘ ʬʘʟʟʠʬʠʢʘʮʠʠ, ʘ ʥʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʧʨʘʚʠʣ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ. 

ʊʦ ʝʩʪʴ ʥʘ ʵʪʘʧʝ ʬʘʟʟʠʬʠʢʘʮʠʠ ʢʘʞʜʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʠʛʥʘʣʘ 

ʵʪʘʣʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʤʦʜʝʣʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ) ʩʪʘʚʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʡ ʪʝʨʤʘ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʚʚʦʜʠʪʩʷ ʥʝʯʝʪʢʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʩʠʛʥʘʣʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʨʝʛʫʣʷʪʦʨʦʤ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ: ʦʪʢʣʦʥʝʥʠʝ ʩʠʩʪʝʤʳ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʦʪʢʣʦʥʝʥʠʷ, ʠʥʪʝʛʨʘʣ ʦʪʢʣʦʥʝʥʠʷ ʠ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʣʷ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʙʘʟʝ ʧʨʘʚʠʣ ʩʠʩʪʝʤʳ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ. 

ɼʘʣʝʝ ʚ ʙʣʦʢʝ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʥʝʯʸʪʢʠʭ 

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʚ ʚʠʜʝ: (i): Q, P, A Ý B, S, F, N, ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʙʘʟʳ ʧʨʘʚʠʣ ʟʘʧʠʩʳʚʘʶʪʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʚʠʜʘ çɽʉʃʀ ï ʊʆè. (i) ï ʠʤʷ 

ʥʝʯʸʪʢʦʡ ʧʨʦʜʫʢʮʠʠ; Q ï ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʥʝʯʸʪʢʦʡ ʧʨʦʜʫʢʮʠʠ; P ï ʫʩʣʦʚʠʝ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʷʜʨʘ ʥʝʯʸʪʢʦʡ ʧʨʦʜʫʢʮʠʠ; A Ý B ï ʷʜʨʦ ʥʝʯʸʪʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ 



 

68 

ʢʦʪʦʨʦʤ A ï ʫʩʣʦʚʠʝ ʷʜʨʘ; B ï ʟʘʢʣʶʯʝʥʠʝ ʷʜʨʘ; ç Ý è ï ʟʥʘʢ ʣʦʛʠʯʝʩʢʦʛʦ 

ʩʣʝʜʦʚʘʥʠʷ; S ï ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ 

ʟʘʢʣʶʯʝʥʠʷ ʷʜʨʘ; F ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʝʯʸʪʢʦʡ ʧʨʦʜʫʢʮʠʠ; N ï 

ʧʦʩʪʫʩʣʦʚʠʷ ʧʨʦʜʫʢʮʠʠ.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦʣʫʯʝʥʥʳʝ ʥʝʯʸʪʢʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ (ʫʩʝʯʸʥʥʳʝ ʧʦ 

ʚʳʩʦʪʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ) ʦʙʲʝʜʠʥʷʶʪʩʷ ʚʤʝʩʪʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ 

ʥʝʯʸʪʢʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ (ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ) ʜʣʷ 

ʧʝʨʝʤʝʥʥʦʡ ʚʳʚʦʜʘ ʨʝʰʝʥʠʷ. ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʝʨʘʮʠʠ çmaxè 

(ʤʘʢʩʠʤʫʤ) ʠʣʠ çsumè (ʩʫʤʤʘ). 

ʇʨʠ ʢʦʤʧʦʟʠʮʠʠ çmaxè ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʥʝʯʸʪʢʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʢʘʢ ʧʦʪʦʯʝʯʥʳʡ ʤʘʢʩʠʤʫʤ ʧʦ ʚʩʝʤ ʧʦʣʫʯʝʥʥʳʤ ʥʝʯʸʪʢʠʤ 

ʧʦʜʤʥʦʞʝʩʪʚʘʤ (ʥʝʯʸʪʢʘʷ ʣʦʛʠʢʘ çʀʃʀè). ʇʨʠ ʢʦʤʧʦʟʠʮʠʠ çsumè 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʥʝʯʸʪʢʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʢʘʢ ʧʦʪʦʯʝʯʥʘʷ ʩʫʤʤʘ ʧʦ 

ʚʩʝʤ ʧʦʣʫʯʝʥʥʳʤ ʥʝʯʸʪʢʠʤ ʧʦʜʤʥʦʞʝʩʪʚʘʤ. 

ɺ ʙʣʦʢʝ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʥʝʯʸʪʢʠʡ ʥʘʙʦʨ ʚʳʚʦʜʦʚ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʯʸʪʢʦʝ 

ʯʠʩʣʦ, ʪ.ʝ. ʜʣʷ ʢʘʞʜʦʡ ʚʳʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩʪʘʚʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʳʯʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʘʧ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʩʯʠʪʘʝʪʩʷ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʚʳʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥʳ ʠʪʦʛʦʚʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʝ ʥʝʢʦʪʦʨʦʛʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ 

ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ [166 ï 169]. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʦʙʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʫʯʘʶʱʠʭ ʠ ʧʨʦʚʝʨʦʯʥʳʭ ʜʘʥʥʳʭ ʪʝʭ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʦʮʝʜʫʨʝ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʆʙʫʯʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʩ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʩʣʝ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 

ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʄʘʤʜʘʥʠ, ʧʨʦʚʝʨʦʯʥʳʤʠ ï ʜʘʥʥʳʝ ʩ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʦʙʫʯʝʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʡʨʦʩʝʪʠ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʦʙʲʝʢʪʦʤ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʚʥʝʰʥʠʭ ʩʠʪʫʘʮʠʷʭ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, 

ʠʪʝʨʘʮʠʦʥʥʦʩʪʠ ʠ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʩʣʫʯʘʡʥʳʤ ʦʰʠʙʢʘʤ ʧʨʦʮʝʩʩʘ ʝʛʦ ʩʠʥʪʝʟʘ, 
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ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʥʦʚʦʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʄʘʤʜʘʥʠ, ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʚʥʫʪʨʠʩʠʩʪʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʘʟʦʚʳʭ ʫʨʦʚʥʝʡ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

(ʢʦʤʙʠʥʠʨʫʝʤʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ). 

1.3.2. ɺʠʜʳ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʣʠʥʝʡʥʳʤʠ 

ʠʣʠ ʥʝʣʠʥʝʡʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʜʘʥʥʳʝ ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ ʮʝʣʝʚʳʤʠ, ʥʘ ʢʦʪʦʨʳʝ 

ʥʘʧʨʘʚʣʝʥʘ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʦʣʦʛʠʷ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.3. 

 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʟʘʧʘʟʜʳʚʘʥʠʝ 

ʧʦ ʫʧʨʘʚʣʝʥʠʶ, ʧʦ ʚʳʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ, ʧʦ ʠʟʤʝʨʝʥʠʶ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 
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ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʧʝʨʚʦʛʦ, 

ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʩ ʘʧʨʦʙʘʮʠʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʧʦ ʚʳʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʧʨʘʚʣʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. 

1.3.3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. ʅʘ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʦʙʲʝʢʪʦʤ ʚʣʠʷʝʪ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʥʘʣʠʯʠʠ 

ʪʘʢʠʭ ʩʚʝʜʝʥʠʡ ʢʘʢ: 

- ʮʝʣʴ ʫʧʨʘʚʣʝʥʠʷ; 

- ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ; 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ; 

- ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʫʩʣʦʚʠʷ). 

ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, 

ʦʜʥʘʢʦ ʜʣʷ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʣʫʯʠʪʴ ʫʢʘʟʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʚʩʝʛʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʥʘʧʨʠʤʝʨ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ, ʟʘʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʭ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. 

ɼʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ, ʪ.ʝ. 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʩʚʝʜʝʥʠʡ ʦ ʩʨʝʜʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ), ʪʦʯʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ (ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ) ʠ ʪ.ʜ. 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʧʦʣʥʦʪʦʡ ʠ / ʠʣʠ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʙʲʝʤ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪ ʚʠʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ (ʨʘʟʨʘʙʦʪʘʪʴ) ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ [170 ï 174], ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʪʝʨʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ ʠʣʠ ʫʭʫʜʰʝʥʠʶ 

ʪʦʯʥʦʩʪʠ ʝʝ ʨʘʙʦʪʳ. 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʷʜ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʧʨʝʜʣʘʛʘʝʪʩʷ [175] 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ (ʚ ʨʘʟʚʠʪʠʝ / ʜʦʧʦʣʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ), 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1.4. 

 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 

 

ʂ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤ, ʚʳʟʚʘʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʦʪʥʦʩʷʪʩʷ 

ʦʩʥʦʚʥʳʝ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ. 

ʂ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʥʝʧʦʣʥʦʪʘ ʠʣʠ 

ʥʝʪʦʯʥʦʩʪʴ ʠʣʠ ʥʝʠʟʚʝʩʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ). 

ʇʨʠ ʩʠʥʪʝʟʝ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʘʚʠʣʦ 

ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴ ʦʪ 

ʨʝʘʣʴʥʳʭ ʥʘ ʧʨʘʢʪʠʢʝ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ (ʧʨʠʯʠʥʘʤʠ): 

- ʥʝʠʟʚʝʩʪʥʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʥʦ ʠʟʚʝʩʪʝʥ ʜʠʘʧʘʟʦʥ ʝʛʦ ʠʟʤʝʥʝʥʠʷ; 

- ʥʝʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʨʝʜʩʪʚ ʢʘʢ ʪʘʢʦʚʳʭ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ; 
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- ʥʝʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ / ʠʣʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʲʝʢʪʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʨʘʩʯʝʪʘʭ (ʠʟ-ʟʘ ʜʦʧʫʱʝʥʠʡ); 

- ʥʝʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʣʘ ʫʞʝ ʚ ʭʦʜʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ (ʚʳʭʦʜ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʥʷʪʳʝ 

ʠʥʪʝʨʚʘʣʳ ʩ ʫʯʝʪʦʤ ʜʦʧʫʱʝʥʠʡ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʥʝʠʟʚʝʩʪʥʳʤ (ʥʝʪʦʯʥʳʤ) ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪʩʷ 

ʧʦʩʪʦʷʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ 

ʧʘʨʘʤʝʪʨʦʚ: 

- ʥʝʠʟʚʝʩʪʥʳʝ (ʥʝʪʦʯʥʳʝ) ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʧʦ 

ʤʦʜʫʣʶ; 

- ʧʘʨʘʤʝʪʨʳ ï ʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʝʥ ʠʣʠ 

ʥʝʠʟʚʝʩʪʝʥ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʂ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ɼʘʥʥʳʡ ʚʠʜ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥ ʥʝʧʦʣʥʦʪʦʡ ʟʥʘʥʠʡ ʦ 

ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʚʳʨʘʞʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ 

ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ ʧʦʨʷʜʢʘ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

[171, 172]. 

ɽʩʣʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʠʤʝʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʩʦʩʪʦʷʥʠʷ, ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʠʣʠ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʪʦʛʜʘ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ [171, 172]. 

ʉʠʛʥʘʣʴʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 1.4 ʦʪʥʝʩʝʥʘ ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤ, 

ʚʳʟʚʘʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʚʠʜ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʂ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤ, ʚʳʟʚʘʥʥʳʤ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʦʪʥʦʩʷʪʩʷ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [170]. 
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ʂ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʮʝʣʠ ʦʪʥʦʩʷʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ 

ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʮʝʣʝʡ (ʝʩʣʠ ʜʦʧʫʱʝʥʳ ʦʰʠʙʢʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʧʦʜʩʠʩʪʝʤʳ), ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʩʪʠʯʴ ʛʣʦʙʘʣʴʥʦʡ ʮʝʣʠ (ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʙʫʝʤʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ) [170]. ɼʘʥʥʳʡ ʚʠʜ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦʜʚʠʞʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ [173]. 

ʆʪʜʝʣʴʥʦ ʚʳʜʝʣʝʥʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʢʦʛʜʘ ʧʦʣʫʯʠʪʴ 

ʘʜʝʢʚʘʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʣʠ ʩʣʦʞʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ, ʠ ʜʣʷ ʵʪʦʡ ʮʝʣʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʵʢʩʧʝʨʪʦʚ ʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʠʤʠ 

ʟʥʘʥʠʷʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʟʥʘʥʠʷ ʦʙ ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ, ʝʛʦ ʩʚʦʡʩʪʚʘʭ ʠ / ʠʣʠ 

ʭʘʨʘʢʪʝʨʝ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʊʘʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʜʦʣʞʥʳ 

ʫʩʪʨʘʥʷʪʴ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʜʥʘʢʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʚʦʟʥʠʢʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʦʪ ʟʥʘʥʠʡ ʠ ʦʧʳʪʘ ʵʢʩʧʝʨʪʘ 

ʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʭʚʘʪʠʪʴ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ. ʊʘʢ ʢʘʢ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʫ ʟʥʘʥʠʡ, ʚʳʨʘʞʝʥʥʫʶ ʚ ʚʠʜʝ ʧʨʘʚʠʣ, 

ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʡ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, 

ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʪʘʢʦʡ ʙʘʟʳ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʵʢʩʧʝʨʪʘ. 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʦʥʷʪʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʤʦʛʫʪ ʙʳʪʴ ʥʝʦʜʥʦʟʥʘʯʥʳʤʠ ʠ ʨʘʩʧʣʳʚʯʘʪʳʤʠ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʘʚʠʣ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʚʠʜʘ, ʢʦʣʠʯʝʩʪʚʘ, ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ. 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣ, ʠʩʢʣʶʯʘʶʱʝʛʦ ʦʰʠʙʢʠ, 
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ʦʧʨʝʜʝʣʷʝʤʳʝ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʜʘʥʥʳʭ ʚ ʙʘʟʝ ʧʨʘʚʠʣ, ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʦʝ 

ʫʧʨʘʚʣʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʣʠ ʝʝ ʧʦʣʥʦʝ ʫʩʪʨʘʥʝʥʠʝ (ʢʦʤʧʝʥʩʘʮʠʶ). 

1.3.4. ʂʦʤʧʝʥʩʘʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʚʳʟʚʘʥʥʳʭ ʚʥʝʰʥʠʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.5. 

 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʂʦʤʧʝʥʩʘʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 

 

ɼʦʩʪʠʛʘʝʪʩʷ ʜʘʥʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʟʘ ʩʯʝʪ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʧʦʜʭʦʜʘ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʦʨʠʠ 

ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʯʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʜʘʣʴʥʝʡʰʠʤ 
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ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ ʨʝʰʝʥʠ ̫ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʚʠʜʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 

ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʦʤ, ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟ ʫʯʘʩʪʠʷ ʵʢʩʧʝʨʪʘ. 

ʆʩʥʦʚʦʡ ʪʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ 

ʟʥʘʥʠʡ. 

1.3.5. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ. ʈʝʛʫʣʷʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ 

ʥʘʟʥʘʯʝʥʠʶ, ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ, ʨʦʜʫ ʜʝʡʩʪʚʠʷ, ʚʠʜʫ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʡ, ʚʠʜʫ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦ ʟʘʢʦʥʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʉʪʨʫʢʪʫʨʥʦ ʜʘʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6 ʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ ʘʚʪʦʨʘ [176]. 

 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ 
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ʋʯʠʪʳʚʘʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

(ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ), ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʧʦ ʟʘʢʦʥʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʰʠʨʝʥʘ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.7. 

 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʀʟʤʝʥʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, 

ʯʪʦ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [177]. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, 
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ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʝʛʫʣʷʪʦʨʳ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʘʟ 

ʟʥʘʥʠʡ ʜʣʷ ʪʘʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

 

1.4. ɺʳʚʦʜʳ 

 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʦʡ ʛʣʘʚʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 

ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʤʝʪʦʜʦʚ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʚʳʨʘʞʝʥʥʳʭ ʙʘʟʦʚʳʤʠ ʫʨʦʚʥʷʤʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʩ 

ʛʣʫʙʦʢʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʥʘʫʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʚ. 

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʢʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʘ 

ʥʘʧʨʘʚʣʝʥʘ, ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʙʲʝʢʪʦʤ, ʦʧʨʝʜʝʣʝʥʳ ʪʠʧʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ.  

ʇʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥ ʪʠʧ ʨʝʛʫʣʷʪʦʨʦʚ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ. 
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2. ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʆɺ ʋʇʈɸɺʃɽʅʀʗ ʊɽʍʅʀʏɽʉʂʀʄʀ 

ʆɹʒɽʂʊɸʄʀ ʉ ʇʆʄʆʑʔʖ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʈɽɻʋʃʗʊʆʈʆɺ 

 

2.1. ɸʣʛʦʨʠʪʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʵʢʩʧʝʨʪʘ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ 

 

ʆʩʥʦʚʦʡ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʪʦʜʦʚ ̫ ʚʣʷʝʪʩʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʭr ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, 

ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤ rʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʨʝʘʣʠʟʫʝʤʦʡ ʩ ʧʦʤʦʱʴ ʁ

PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ (intelligent PI-FUZZY-controller) ʠ PID- ʠ IPD-

FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ (intelligent PD-FUZZY-controller) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʫʧʨʘʚʣʝʥʠ ̫ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɼʣʷ ʦʙʫʯʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʞʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ 

ʜʚʫʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

2.1.1. ʈʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ 

ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ PI(PID)- ʠ 

IPI(IPD)-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ. ʆʙʱʠʡ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʵʢʩʧʝʨʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʕʪʘʧʳ ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʭʦʜʘ 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ

ʇʝʨʚʳʡ ʵʪʘʧ ʛʠʙʨʠʜʠʟʘʮʠʠ ʨʝʛʫʣʷʪʦʨʦʚ

ɺʪʦʨʦʡ ʵʪʘʧ ʛʠʙʨʠʜʠʟʘʮʠʠ ʨʝʛʫʣʷʪʦʨʦʚ

ɾʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ
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ʇʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʚʫʭʵʪʘʧʥʫʶ ʛʠʙʨʠʜʠʟʘʮʠʶ ʨʝʛʫʣʷʪʦʨʦʚ, 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ 

ʥʘʜʝʞʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʚ ʩʣʫʯʘʝ 

ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʢʣʘʩʩʠʯʝʩʢʠʡ ʠ ʥʝʯʝʪʢʠʡ 

ʨʝʛʫʣʷʪʦʨʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʇʦ ʜʘʥʥʳʤ, ʩʥʷʪʳʤ ʩ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʙʘʟʘ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʚ [149] ʛʠʙʨʠʜʥʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʡʨʦ-ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʫʯʠʪʴ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʫʶ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʙʘʟʫ ʧʨʘʚʠʣ ʠ ʜʘʥʥʳʝ ʩ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʬʘʢʪʘ 

ʧʝʨʝʦʙʫʯʝʥʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʠʚʣʝʢʘʪʴ ʵʢʩʧʝʨʪʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ 

ʧʨʘʚʠʣ, ʪʘʢ ʢʘʢ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦʬʦʨʤʘʣʠʟʫʝʤʦʡ ʜʣʷ ʵʢʩʧʝʨʪʘ ʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʟʘʚʠʩʠʪ ʦʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ. 

ɽʩʣʠ ʧʦʣʫʯʝʥʦ ʞʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʛʠʙʨʠʜʠʟʘʮʠʠ, 

ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ, ʠ ʦʙʫʯʝʥʠʝ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʦʤʦʱʴʶ 

ʥʝʡʨʦʩʝʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʞʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʞʝ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʧʦʚʝʜʝʥʠʠ ʦʙʲʝʢʪʘ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ, ʘ ʪʘʢʞʝ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʚʥʝʰʥʠʭ ʩʠʪʫʘʮʠʷʭ. 

2.1.2. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʵʢʩʧʝʨʪʘ ʦʧʨʝʜʝʣʝʥ ʧʨʝʜʣʦʞʝʥʥʳʤ ʛʠʙʨʠʜʥʳʤ ʧʦʜʭʦʜʦʤ ʠ ʧʦʰʘʛʦʚʦ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 2.2 [154, 155]. 

 



 

80 

 

 
 

ʈʠʩʫʥʦʢ 2.2 ï ɸʣʛʦʨʠʪʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ 

 

ʂʣʘʩʩʠʯʝʩʢʠʡ 

(ʇɼ, ʇʀ, ʇʀɼ) 

ʨʝʛʫʣʷʪʦʨ

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʥʝʯʸʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʄʘʤʜʘʥʠ

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ 

ʧʨʦʮʝʜʫʨʘ 

ʬʘʟʟʠʬʠʢʘʮʠʠ

ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʙʘʟʳ ʧʨʘʚʠʣ

ʅʝʯʝʪʢʠʡ 

ʚʳʚʦʜ

ʇʨʦʮʝʜʫʨʘ 

ʘʢʪʠʚʠʟʘʮʠʠ

ʂʦʤʧʦʟʠʮʠʷ 

(ʧʨʦʮʝʜʫʨʘ 

ʘʢʢʫʤʫʣʷʮʠʠ)

ʇʨʦʮʝʜʫʨʘ 

ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ

ʇʝʨʚʳʡ ʵʪʘʧ ʛʠʙʨʠʜʠʟʘʮʠʠ ʨʝʛʫʣʷʪʦʨʦʚ

ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ

ɿʘʧʫʩʢ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ

ɿʘʧʠʩʴ ʠ ʩʦʭʨʘʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʦʚ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ

ɻʝʥʝʨʘʮʠʷ ʩʠʩʪʝʤʳ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ

ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʙʘʟʳ ʧʨʘʚʠʣ

ʇʨʦʮʝʜʫʨʘ

ʬʘʟʟʠʬʠʢʘʮʠʠ

ʇʨʦʮʝʜʫʨʘ 

ʘʛʨʝʛʠʨʦʚʘʥʠʷ

ʇʨʦʮʝʜʫʨʘ 

ʘʢʪʠʚʠʟʘʮʠʠ

ʂʦʤʧʦʟʠʮʠʷ 

(ʧʨʦʮʝʜʫʨʘ 

ʘʢʢʫʤʫʣʷʮʠʠ)

ʇʨʦʮʝʜʫʨʘ 

ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ 

ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʥʝʡʨʦ-ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ

ʆʧʨʝʜʝʣʝʥʠʝ ʠʟ ʟʘʧʠʩʘʥʥʳʭ ʠ ʩʦʭʨʘʥʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʨʝʛʫʣʷʪʦʨʦʚ ʦʙʫʯʘʶʱʠʭ ʠ ʧʨʦʚʝʨʦʯʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ

ɺʪʦʨʦʡ ʵʪʘʧ ʛʠʙʨʠʜʠʟʘʮʠʠ ʨʝʛʫʣʷʪʦʨʦʚ

ɿʘʧʠʩʴ ʠ ʩʦʭʨʘʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ

ʆʙʫʯʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ

ʀʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ

ɺʦʟʤʫʱʘʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ

ʀʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ

ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ
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ɸʣʛʦʨʠʪʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʦʩʥʦʚʘ ʘʣʛʦʨʠʪʤʘ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʜʝʣʝ 5 ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʨʘʤʢʘʭ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨʳ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʐʘʛ 1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʐʘʛ 2. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ. 

ʐʘʛ 3. ɿʘʧʫʩʢ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ çʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ Ÿ ʦʙʲʝʢʪ 

ʫʧʨʘʚʣʝʥʠʷè ʜʣʷ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʩ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʐʘʛ 4. ʏʪʝʥʠʝ ʜʘʥʥʳʭ (ʦʪʢʣʦʥʝʥʠʝ, ʠʥʪʝʛʨʘʣ ʦʪʢʣʦʥʝʥʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʣ 

ʦʪʢʣʦʥʝʥʠʷ, ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ) ʩ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʟʘʧʠʩʴʶ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ 

ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʬʘʡʣ. 

ʐʘʛ 5. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʬʘʟʟʠʬʠʢʘʮʠʠ [149], ʧʨʠ ʢʦʪʦʨʦʡ 

ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʠʟ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʰʘʛʝ 4, ʩʪʘʚʷʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘʤʠ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʩʦʟʜʘʶʪʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʪʝʨʤʦʚ. ɺʭʦʜʥʳʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʥʥʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʣʦʚ ʦʪʢʣʦʥʝʥʠʷ, ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ 

ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʪʢʣʦʥʝʥʠʷ, ʚʳʭʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ï ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʣʘ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʐʘʛ 6. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʦʮʝʜʫʨʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʇʀ-, ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʦʚ [178]. 

ʐʘʛ 7. ʅʝʯʝʪʢʠʡ ʚʳʚʦʜ ʠʣʠ ʥʘʭʦʞʜʝʥʠʝ ʩʪʝʧʝʥʝʡ ʠʩʪʠʥʥʦʩʪʠ (ʫʨʦʚʥʝʡ 

çʦʪʩʝʯʢʠè) ʜʣʷ ʧʨʝʜʧʦʩʳʣʦʢ (çCondition ˉ1è, çCondition ˉ2è, é, 

çCondition ˉNè) ʢʘʞʜʦʛʦ ʠʟ ʧʨʘʚʠʣ. 
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ʐʘʛ 8. ʇʨʦʮʝʜʫʨʘ ʘʢʪʠʚʠʟʘʮʠʠ, ʠʣʠ ʥʘʭʦʞʜʝʥʠʝ ʫʩʝʯʸʥʥʦʡ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠʟ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʯʸʪʢʦʡ ʢʦʤʧʦʟʠʮʠʠ: 

- min ï ʘʢʪʠʚʘʮʠʷ: m'(y) = min{ ci, m(y)};  

- prod ï ʘʢʪʠʚʘʮʠʷ: m'(y) = ci, m(y); 

- average ï ʘʢʪʠʚʘʮʠʷ: m'(y) = 0,5(ci+m(y)). 

ɺ ʧʨʠʚʝʜʸʥʥʳʭ ʤʝʪʦʜʘʭ ʤʥʦʞʝʩʪʚʦ ʉ = (ʩ1, ʩ2, é, ʩq) ï ʤʥʦʞʝʩʪʚʦ ʩʪʝʧʝʥʝʡ 

ʠʩʪʠʥʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʘʚʠʣ; q ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʟʘʢʣʶʯʝʥʠʡ 

(çConclusion ˉ1è, çConclusion ˉ2è, é, çConclusion ˉNè) ʚ ʙʘʟʝ ʧʨʘʚʠʣ;  

Õ(x) ï ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʥʝʢʦʪʦʨʦʡ 

ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʟ ʫʥʠʚʝʨʩʫʤʘ Y. 

ʐʘʛ 9. ʂʦʤʧʦʟʠʮʠʷ ʠʣʠ ʦʙʲʝʜʠʥʝʥʠʝ ʥʘʡʜʝʥʥʳʭ ʫʩʝʯʸʥʥʳʭ ʬʫʥʢʮʠʡ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʥʝʯʸʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʜʣʷ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʐʘʛ 10. ʇʨʦʮʝʜʫʨʘ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ (ʧʨʠʚʝʜʝʥʠʝ ʢ ʯʸʪʢʦʩʪʠ) ʚʳʭʦʜʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ʅʘ ʵʪʘʧʝ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʤʝʪʦʜ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ (2.1, 2.2) ʠʣʠ ʤʝʪʦʜ ʙʠʩʩʝʢʪʨʠʩʳ ʧʣʦʱʘʜʠ (2.3). 
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ʐʘʛ 11. ɿʘʧʫʩʢ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ çʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ Ÿ ʦʙʲʝʢʪ 

ʫʧʨʘʚʣʝʥʠʷè ʠ çʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ Ÿ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷè ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ 

ʟʘʧʠʩʴʶ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʦʚ (ʦʪʢʣʦʥʝʥʠʝ, ʠʥʪʝʛʨʘʣ ʦʪʢʣʦʥʝʥʠʷ, 
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ʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪʢʣʦʥʝʥʠʷ, ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʨʝʛʫʣʷʪʦʨʘ) ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʐʘʛ 12. ʆʧʨʝʜʝʣʝʥʠʝ ʠʟ ʟʘʧʠʩʘʥʥʳʭ ʠ ʩʦʭʨʘʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʛʫʣʷʪʦʨʦʚ 

ʦʙʫʯʘʶʱʠʭ ʠ ʧʨʦʚʝʨʦʯʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ. ɿʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʝʝ 

ʧʝʨʝʦʙʫʯʝʥʠʷ, ʘ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, 

ʬʦʨʤʠʨʫʶʪ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ. 

ʐʘʛ 13. ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʛʝʥʝʨʘʮʠʝʡ ʩʠʩʪʝʤʳ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ. 

ʐʘʛ 14. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ. ɹʘʟʘ ʧʨʘʚʠʣ 

ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʪʦʣʴʢʦ ʚ ʬʦʨʤʝ: ʝʩʣʠ çʇʨʝʜʧʦʩʳʣʢʘ 1è ʠ 

çʇʨʝʜʧʦʩʳʣʢʘ 2è, ʪʦ çɿʘʢʣʶʯʝʥʠʝ 1è, ʛʜʝ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ 

ʥʝʢʦʪʦʨʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. 

ʐʘʛ 15. ʇʨʦʮʝʜʫʨʘ ʬʘʟʟʠʬʠʢʘʮʠʠ (ʚʚʝʜʝʥʠʝ ʥʝʯʸʪʢʦʩʪʠ) ʚʭʦʜʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ʇʨʦʮʝʜʫʨʘ ʬʘʟʟʠʬʠʢʘʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʮʝʜʫʨʦʡ ʬʘʟʟʠʬʠʢʘʮʠʠ ʚ 

ʘʣʛʦʨʠʪʤʝ ʄʘʤʜʘʥʠ. 

ʐʘʛ 16. ʇʨʦʮʝʜʫʨʘ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠʣʠ ʥʘʭʦʞʜʝʥʠʝ ʫʨʦʚʥʝʡ çʦʪʩʝʯʢʠè ʜʣʷ 

ʚʩʝʭ ʧʨʘʚʠʣ ʥʝʯʸʪʢʠʭ ʧʨʦʜʫʢʮʠʡ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʪʝʧʝʥʝʡ ʠʩʪʠʥʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷ min ï ʢʦʥʲʶʥʢʮʠʠ. 

ʐʘʛ 17. ʇʨʦʮʝʜʫʨʘ ʘʢʪʠʚʠʟʘʮʠʠ ʧʦʜʟʘʢʣʶʯʝʥʠʡ ʚ ʥʝʯʸʪʢʠʭ ʧʨʘʚʠʣʘʭ 

ʧʨʦʜʫʢʮʠʡ. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʝʡ ʠʩʪʠʥʥʦʩʪʠ ʚʩʝʭ ʟʘʢʣʶʯʝʥʠʡ 

ʧʨʘʚʠʣ ʥʝʯʸʪʢʠʭ ʧʨʦʜʫʢʮʠʡ; ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʸʪ ʦʙʳʯʥʳʭ (ʥʝ ʥʝʯʸʪʢʠʭ) 

ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʉ = (ʩ1, ʩ2, é, ʩq) ʠ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ W = (w1, w2, é, wq), 

ʛʜʝ q ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣ ʠʟ ʙʘʟʳ ʧʨʘʚʠʣ. 

ʐʘʛ 18. ʂʦʤʧʦʟʠʮʠʷ (ʧʨʦʮʝʜʫʨʘ ʘʢʢʫʤʫʣʷʮʠʠ) ʠʣʠ ʦʙʲʝʜʠʥʝʥʠʝ ʥʘʡʜʝʥʥʳʭ 

ʫʩʝʯʸʥʥʳʭ ʬʫʥʢʮʠʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʥʝʯʸʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʜʣʷ 

ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ɼʘʥʥʘʷ 
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ʧʨʦʮʝʜʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʜʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. 

ʐʘʛ 19. ʇʨʦʮʝʜʫʨʘ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʚ ʬʦʨʤʫʣʝ (2.4): 
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ʛʜʝ n ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʧʨʘʚʠʣ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʡ, ʫ ʢʦʪʦʨʳʭ ʚ 

ʧʦʜʟʘʢʣʶʯʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʳʭʦʜʥʘʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ. 

ʐʘʛ 20. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ 

ʉʫʛʝʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ/ʠʣʠ ʛʠʙʨʠʜʥʳʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. 

ʐʘʛ 21. ʇʨʦʚʝʨʢʘ ʩʦʭʨʘʥʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʪʫʘʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ (ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ/ʠʣʠ ʧʦʷʚʣʝʥʠʝ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ). 

 

2.2. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ PI-, PID-

ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʉ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʛʦ 

ʠʟ ʩʠʛʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʯʪʦʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʥʘ 98 % ʠ ʧʨʠʚʝʩʪʠ ʢ ʥʫʣʶ ʨʠʩʢ 

ʦʰʠʙʦʢ [178]. 
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ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʠ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʘʛʦʚ. 

ʐʘʛ 1. ɿʘʜʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʠʥ ʪʝʨʤ-ʤʥʦʞʝʩʪʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ (ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ). 

ʐʘʛ 2. ɿʘʜʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʯʠʩʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʢʘʞʜʦʡ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʐʘʛ 3. ɿʘʜʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʪʝʧʝʥʝʡ ʧʝʨʝʢʨʳʪʠʷ ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʨʦʮʝʜʫʨʘ ʟʘʜʘʥʠʷ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʳʪʠʷ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʪʝʧʝʥʴ ʧʝʨʝʢʨʳʪʠʷ ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ 

 

ʐʘʛ 4. ɺʳʧʦʣʥʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʪʝʨʤ-ʤʥʦʞʝʩʪʚ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʦʮʝʜʫʨʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.4. 

ʐʘʛ 5. ʉʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ. 

ʐʘʛ 6. ʇʦʣʫʯʝʥʠʝ i-ʡ ʩʪʨʦʢʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. 

ʐʘʛ 7. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʤ ʧʨʠʥʘʜʣʝʞʘʪ ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ q, ñɗdt (d(ɗ)/dt), Ui-ʡ ʩʪʨʦʢʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.5. 

 

ɺʝʣʠʯʠʥʘ ʧʝʨʝʢʨʳʪʠʷ ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ
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ʈʠʩʫʥʦʢ 2.4 ï ʈʝʟʫʣʴʪʘʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ  

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʤ ʧʨʠʥʘʜʣʝʞʘʪ  

ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ q, ñɗdt (d(ɗ)/dt), Ui-ʡ ʩʪʨʦʢʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʷ  

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 
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ʐʘʛ 8. ɻʝʥʝʨʘʮʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʥʘ ʦʩʥʦʚʝ ʥʦʤʝʨʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʚ ʩʣʫʯʘʝ ʧʦʧʘʜʘʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ q, ñɗdt (d(ɗ)/dt), U ʚ ʜʚʝ ʠ ʙʦʣʝʝ ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʟʜʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʘʚʠʣ). 

ʐʘʛ 9. ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠ ̫ ʪʝʢʫʱʠʭ ʧʨʘʚʠʣ ʚ ʙʘʟʝ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʫʙʣʠʨʦʚʘʥʠʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʦʙʘʚʣʝʥʠʝ ʪʝʢʫʱʠʭ ʧʨʘʚʠʣ ʚ ʙʘʟʫ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɽʩʣʠ 

ʜʫʙʣʠʨʦʚʘʥʠʝ ʦʙʥʘʨʫʞʝʥʦ, ʪʦ ʧʨʘʚʠʣʘ ʟʘʥʦʩʷʪʩʷ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʭʨʘʥʠʣʠʱʝ. 

ʐʘʛ 10. ʇʨʦʚʝʨʢʘ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ɽʩʣʠ ʧʨʦʚʝʨʢʘ ʟʘʚʝʨʰʝʥʘ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʪʦ ʝʩʪʴ ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʘʥʥʳʝ ʝʱʝ 

ʩʫʱʝʩʪʚʫʶʪ, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʰʝʩʪʦʡ ʰʘʛ. 

ʐʘʛ 11. ʉʦʭʨʘʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʙʘʟʳ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ) ʚ ʬʘʡʣʝ ʥʝʯʝʪʢʦʡ 

ʤʦʜʝʣʠ ç*.fisè. 

ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [178] ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʤʝʥʝʝ ʟʘʚʠʩʠʤʘ ʦʪ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʘ (ʘ ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʟʥʘʥʠʷ ʵʢʩʧʝʨʪʘ 

ʥʝ ʪʨʝʙʫʶʪʩʷ). 

ʇʨʦʮʝʜʫʨʘ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʤʝ [179] ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʇʀ, ʇʀɼ 

ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʥʝʯʝʪʢʠʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʇʀ, ʇʀɼ ʨʝʛʫʣʷʪʦʨʘʤʠ ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ: 

- ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʀ, ʇʀɼ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʚʠʜʝ ʚʭʦʜ-

ʚʳʭʦʜ; 

- ʚʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤ-ʤʥʦʞʝʩʪʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ); 

- ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ. 
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ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ. ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʠ ʪʝʢʩʪʦʚʦʤ 

ʚʠʜʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʙʘʟʘ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

 

2.3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʥʘ ʦʩʥʦʚʝ PI- ʠ IPI -FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ɸʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʚ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʞʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʝ ʜʚʫʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʊʦ ʝʩʪʴ, ʤʝʪʦʜ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ PI- ʠ IPI-

FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʜʚʫʭ ʵʪʘʧʦʚ. 

ʕʪʘʧ 1. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [149] ʛʠʙʨʠʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ (ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ ñɗdt ʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ U ʥʘ ʦʙʲʝʢʪ ʩʣʫʞʘʪ ʠʩʭʦʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʤʦʜʝʣʠ ʩ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ). ʕʪʠ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ 

ʠʟ ʩʠʛʥʘʣʦʚ ʩʦʭʨʘʥʷʪʁʩʷ ʚ ʬʘʡʣ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.6 ʠ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʕʪʘʧ 2. ʉʪʨʦʠʪʩʷ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʪʝʣʠ ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʝ ʠʥʪʝʛʨʘʣʘ ʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʝʝ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʘ ʧʦʢʘʟʘʪʝʣʠ 

ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʝ ʠʥʪʝʛʨʘʣʘ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʬʦʨʤʠʨʫʶʪ ʦʙʫʯʘʶʱʫʶ 

ʚʳʙʦʨʢʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʜʚʫʤʷ ʵʪʘʧʘʤʠ, ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦʣʥʦʮʝʥʥʘʷ ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʞʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʥʝ ʟʘʚʠʩʝʪʴ ʦʪ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʘ ʚ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʦʜʝʣʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 2.6 [178], ʚ ʢʦʪʦʨʦʡ ʫʧʨʘʚʣʝʥʠʝ ʦʙʲʝʢʪʦʤ (ʜʚʠʛʘʪʝʣʴ ʧʨʠʚʦʜʘ ʢʣʘʧʘʥʘ) 

ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠ ʩ ʧʦʤʦʱʴʶ PI-ʨʝʛʫʣʷʪʦʨʘ ʠ ʩ ʧʦʤʦʱʴʶ  

IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʘ. 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ɻʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚ MATLAB 

 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ MATLAB, 

ʫʜʦʙʥʳʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʦ ʨʘʙʦʪʘʪʴ ʩ ʤʘʪʨʠʮʘʤʠ ʨʝʘʣʴʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ ʠ ʪʘʙʣʠʮʘʤʠ ʧʦʠʩʢʘ, ʘ ʪʘʢʞʝ 

ʚʢʣʶʯʘʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʝʯʸʪʢʠʭ ʤʥʦʞʝʩʪʚ. 
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ʀʟ ʨʠʩʫʥʢʘ 2.6 ʚʠʜʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, 

ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ ñɗdt ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ U ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʳʡ ʬʘʡʣ FBD1.mat ʚ ʙʣʦʢʝ çɺʳʛʨʫʟʢʘ ʩʠʛʥʘʣʦʚè ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ 

ʵʪʘʧʘ ʠ FBD2.mat ʚ ʙʣʦʢʝ çɺʳʛʨʫʟʢʘ ʩʠʛʥʘʣʦʚ ʅʈè ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ. 

ɿʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ɗ, ñɗdt ʠ U ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʦʨʷʜʢʝ: ʧʝʨʚʫʶ ʩʪʨʦʢʫ ʤʘʪʨʠʮʳ ʦʙʨʘʟʫʶʪ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ; ʚʪʦʨʘʷ ʩʪʨʦʢʘ ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ çʋʧʨʘʚʣʝʥʠʝè; ʪʨʝʪʴʷ ʩʪʨʦʢʘ 

ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ çʆʪʢʣʦʥʝʥʠʝè, ʯʝʪʚʝʨʪʘʷ ʩʪʨʦʢʘ ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʷ 

ʩʠʛʥʘʣʘ çʀʥʪʝʛʨʘʣ ʦʪʢʣʦʥʝʥʠʷè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ (k+1) ³ N, ʛʜʝ k ï ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ, ʘ N ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʝ ʵʪʠ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ. 

ʄʘʪʨʠʮʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ ñɗdt ʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ U, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1 ï ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

1 2 3 4 5 6 

1 0 0,221000000000000 1 0 0,1416500000000 

0,98344990000000 0,0079545191750000 0,226132171588375 0,985239100000000 0,007960845275000 0,2171406430632 

0,93955060000000 0,0156617773000000 0,224946946516500 0,943927750000000 0,015692401375000 0,2181954940661 

0,87606595000000 0,0229348509000000 0,218953585194500 0,883590175000000 0,023012417512500 0,2060253523279 

0,79956167500000 0,0296440149875000 0,209459766736188 0,811031725000000 0,0297973270625000 0,2030762473962 

0,71548525000000 0,0357075973750000 0,197579135349375 0,730757350000000 0,0359682774250000 0,1929169977682 

0,62826175000000 0,0410833521750000 0,184242950903375 0,646920550000000 0,0414798836250000 0,1780562738348 

0,54138970000000 0,0457607279000000 0,170212728029500 0,563211550000000 0,0463194056000000 0,1673630244340 

0,45755290000000 0,0497537825500000 0,156097120617750 0,481962700000000 0,0504978661000000 0,1553473043602 

0,37870030000000 0,0530950412250000 0,142362786853625 0,405122950000000 0,0540425983500000 0,1346836572645 

0,30618977500000 0,0558301524875000 0,129360258773688 0,334832950000000 0,0569976773750000 0,1203163895212 

0,24085202500000 0,0580134632875000 0,117333174457687 0,272083150000000 0,0594204055000000 0,1117893124996 

0,18308642500000 0,0597042009375001 0,106435241960937 0,216809650000000 0,0613711043250000 0,1013953076468 

0,13297285000000 0,0609634618250001 0,096751625166625 0,168740875000000 0,0629088254375001 0,0678289951876 

0,09031960000000 0,0618518391250001 0,088306913833125 0,129218725000000 0,0640940182375001 0,0670018718522 

0,05474327500000 0,0624275936625001 0,081080754772062 0,098658550000000 0,0650003434500001 0,0664238697061 

0,02574865000000 0,0627454158500001 0,075024136164250 0,075047500000000 0,0656911419500001 0,0660049708788 

0,00269672500000 0,0628554991375001 0,070051302771937 0,056836000000000 0,0662155927750001 0,0657118744748 

ï0,0150355249999 0,0628028850375001 0,066074336941437 0,042809950000000 0,0666117803250001 0,0655039985754 

ï0,0281350249999 0,0626274072125001 0,062985444444812 0,032010850000000 0,0669092104250001 0,0653553978396 

ï0,0372567499999 0,0623634678250002 0,060677890196625 0,023719825000000 0,0671307193375001 0,0652491083574 

ï0,0430397000000 0,0620402851500001 0,059042741390750 0,017361775000000 0,0672939274875001 0,0651734551615 

ï0,0460749500000 0,0616821971000002 0,057976263845500 0,012489400000000 0,0674124775250001 0,0651168697040 

ï0,0469056500000 0,0613089487750002 0,057380239746375 0,008767225000000 0,0674968570375001 0,0650744290176 

  



 

91 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.1 ï ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

1 2 3 4 5 6 

ï0,0460270249999 0,0609361717125002 0,057162497217312 0,005939650000000 0,0675551653500001 0,0650456945795 

ï0,0438544249999 0,0605758950875001 0,057244536146687 0,003783025000000 0,0675936646625001 0,0650247764723 

ï0,0407712499999 0,0602368572250001 0,057551280983624 0,002153575000000 0,0676171554625001 0,0650090657098 

ï0,0370810250000 0,0599251525875002 0,058022387084187 0,000939475000000 0,0676293199875001 0,0649974118586 

ï0,0330393499999 0,0596445512750002 0,058605532808874 2,89000000001094e 0,0676330097750001 0,0649887005548 

ï0,0288538999999 0,0593969623000002 0,059256931441499 ï0,00064204999999 0,0676303974250000 0,0649822975818 

ï0,0247004000000 0,0591828249750001 0,059938233197374 ï0,00113727499999 0,0676231443375000 0,0649775801939 

ï0,0207066499999 0,0590013405500002 0,060620311657749 ï0,00148872499999 0,0676125604625001 0,0649742367991 

ï0,0169525250000 0,0588508556125001 0,061283687426812 ï0,00174432499999 0,0675995803375001 0,0649718075445 

ï0,0135178999999 0,0587291736000001 0,061908280928000 ï0,00190407499999 0,0675849547875000 0,0649702902452 

ï0,0104347249999 0,0586335787625001 0,062484030307562 ï0,00201589999999 0,0675692669000001 0,0649692285859 

ï0,0077030000000 0,0585612754750002 0,063007846399874 ï0,00206382500000 0,0675529240375000 0,0649687737025 

ï0,0053546749999 0,0585093083625002 0,063469402565562 ï0,00209577499999 0,0675362536875001 0,0649684704848 

ï0,0033577999999 0,0584747380250002 0,063872511717624 ï0,00209577499999 0,0675194874875001 0,0649684704848 

ï0,0016963999999 0,0584547608500002 0,064217606339249 ï0,00206382500000 0,0675028331125002 0,0649687737025 

ï0,0003544999999 0,0584467968750002 0,064505366046874 ï0,00203187499999 0,0674864023875002 0,0649690769505 

0,00071582500000 0,0584484258875002 0,064743707930687 ï0,00199992500000 0,0674702751875001 0,0649693802288 

0,00151457500000 0,0584575072375002 0,064930266572437 ï0,00193602500000 0,0674545313875001 0,0649699868761 

0,00210565000000 0,0584721239250002 0,065077045587124 ï0,00188809999999 0,0674392109250001 0,0649704419410 

0,00250502500000 0,0584906704625002 0,065185801386062 ï0,00182419999999 0,0674243297750001 0,0649710488002 

0,00274465000000 0,0585117091000002 0,065262006205499 ï0,00177627499999 0,0674099039125001 0,0649710488002 

0,00285647500000 0,0585341535375002 0,065311520633937 ï0,00171237499999 0,0673959652875001 0,0649715040241 

0,00285647500000 0,0585570852125001 0,065336860134812 ï0,00164847499999 0,0673824899375001 0,0649715040241 

0,00279257500000 0,0585797453125001 0,065347777645312 ï0,00160054999999 0,0673694858500001 0,0649721110953 

0,00264880000000 0,0586015667250001 0,065340116031124 ï0,00153664999999 0,0673569370500001 0,0649727182877 

0,00248905000000 0,0586221341000001 0,065327538230499 ï0,00148872499999 0,0673448435375001 0,0649731737615 

0,00228137500000 0,0586412078125001 0,065302718507812 ï0,00142482499999 0,0673331893375001 0,0649737811661 

0,00205772500000 0,0586585961625001 0,065272505984562 ï0,00137689999999 0,0673219425000001 0,0649742367991 

0,00185005000000 0,0586742192750002 0,065243873348874 ï0,00132897499999 0,0673111110125001 0,0649748444159 

0,00162640000000 0,0586880931250002 0,065209777303124 ï0,00128105000000 0,0673006629250001 0,0649753002082 

0,00141872500000 0,0587002336875002 0,065177296449687 ï0,00123312499999 0,0672905822625001 0,0649757560687 

0,00121105000000 0,0587107448000001 0,065143015053999 ï0,00118519999999 0,0672808690250001 0,0649762119975 

0,00103532500000 0,0587197382875002 0,065114117632687 ï0,00115324999999 0,0672715152250002 0,0649766679947 

0,00087557500000 0,0587273659125002 0,065087241408312 ï0,00110532499999 0,0672624729375002 0,0649771240601 

0,00073180000000 0,0587337554750002 0,065062527599874 ï0,00107337499999 0,0672537581375002 0,0649774281417 

0,00060400000000 0,0587390986750002 0,065040188035875 ï0,00104142499999 0,0672453308875002 0,0649778843211 

0,00049217500000 0,0587434594125001 0,065020293325812 ï0,00099349999999 0,0672371991750002 0,0649781884787 

0,00039632500000 0,0587470134125002 0,065003037645812 ï0,00096154999999 0,0672293470250002 0,0649784926666 

0,00031645000000 0,0587498884750002 0,064988562214875 ï0,00092959999999 0,0672217664500002 0,0649789490055 

 

ʆʪʦʙʨʘʞʝʥʥʳʝ ʚ 4 ï 6 ʩʪʦʣʙʮʘʭ (ʩ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ) ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ: ɗ, ñɗdt, U) ʷʚʣʷʶʪʩʷ ʦʙʫʯʘʶʱʠʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ. 

ʆʪʦʙʨʘʞʝʥʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ 1 ï 3 ʩʪʦʣʙʮʘʭ (ʩ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ) ï ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʝʝ ʧʝʨʝʦʙʫʯʝʥʠʷ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʦʜʝʣʠ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ (ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ) 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʠ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʷʚʣʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʥʝʡʨʦʥ. 

ʉʪʨʫʢʪʫʨʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʥʝʡʨʦʥʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.7. 
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ʈʠʩʫʥʦʢ 2.7 ï ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʥʝʡʨʦʥ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʳʨʘʞʝʥʠʷ: 

1

,
n

i i

i

s x bw
=

= +ä       (2.5) 

( ),y f s=        (2.6) 

ʛʜʝ ɤi ï ʚʝʩ ʫʤʥʦʞʠʪʝʣʷ (i Í {1,2, é, n}): b ï ʟʥʘʯʝʥʠʝ ʩʤʝʱʝʥʠʷ; xi ï ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ʚʭʦʜʘ ʠʣʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (i Í {1,2, é, n}); s ï ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʦʚʘʥʠʷ; 

y ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʘ; f ï ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʘ (ʥʝʢʦʪʦʨʦʝ ʣʠʥʝʡʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ). 

ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʠ ʟʘʛʨʫʟʢʠ ʦʙʫʯʘʶʱʠʭ ʠ ʧʨʦʚʝʨʦʯʥʳʭ ʜʘʥʥʳʭ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. ʇʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ ʦʙʫʯʘʶʱʠʭ 

ʠ ʧʨʦʚʝʨʦʯʥʳʭ ʜʘʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.8, ʘ ï ʙ. 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 2.8 ï ɿʘʛʨʫʟʢʘ ʬʘʡʣʦʚ ʩ ʦʙʫʯʘʶʱʠʤʠ ʠ ʧʨʦʚʝʨʦʯʥʳʤʠ ʜʘʥʥʳʤʠ: 

ʘ ï ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ; ʙ ï ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ 

. . .

.
 
.
 
.

b

ɤ   1 ɤ 2 ɤ n

s y

x 1

x 2

x n

×. . . f



 

93 

ɺʠʜ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS ʪʠʧʘ ʉʫʛʝʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.9. 

 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS 

 

ʆʙʫʯʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʦʚʝʜʝʥʦ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʛʠʙʨʠʜʥʳʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ [70]. ʄʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʪʠʧ ʦʙʫʯʝʥʠʷ, ʚʳʧʦʣʥʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʩʪʨʦʡʢʠ ʚ ʨʝʜʘʢʪʦʨʝ 

ANFIS ʧʘʢʝʪʘ MATLAB . ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.10. 

 

 

 

ʈʠʩʫʥʦʢ 2.10 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʤ ʤʝʪʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.11. 



 

94 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ʅʘ ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ ʢʘʞʜʦʛʦ ʠʟ ʨʠʩʫʥʢʦʚ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ 

ʧʨʦʚʝʨʢʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ, ʘ ʥʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ ï ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ. ʀʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 2.10 ʚʠʜʥʦ, ʯʪʦ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʙʫʯʝʥʠʝ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʪʨʝʪʴʝʤ ʰʘʛʝ ʧʦʩʣʝ ʜʚʫʭ ʮʠʢʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʠʟ 

ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʧʘʢʝʪʘ MATLAB : 

Start training ANFIS... 

1 4,30425e-005 0,0232574 

2 4,69149e-005 0,0223501 

Designated epoch number reached --> ANFIS training completed at epoch 2. 
 

ɻʨʘʬʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.11 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʧʨʠʤʝʥʷʷ 

ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʦʙʫʯʝʥʠʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʪʘʢʞʝ 

ʥʘ ʪʨʝʪʴʝʤ ʰʘʛʝ. 

Start training ANFIS... 

1 0,00116236 0,0132888 

2 0,00146074 0,013326 

Designated epoch number reached --> ANFIS training completed at epoch 2. 
 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ [149] ʛʠʙʨʠʜʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ 
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ʚʳʚʦʜʘ ʚ ʚʠʜʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʇʀ- ʠ ʇʀ-FUZZY-

ʨʝʛʫʣʷʪʦʨʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʙʘʟʳ 

ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʩ ʧʨʠʜʘʥʠʝʤ 

ʨʦʙʘʩʪʥʳʭ ʩʚʦʡʩʪʚ. 

 

2.4. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʥʘ ʦʩʥʦʚʝ PID- ʠ IPD-FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʇʦʜʦʙʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.3 ʤʝʪʦʜʫ, ʦʩʥʦʚʦʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʇʨʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʘʧʪʠʚʥʘʷ 

ʩʠʩʪʝʤʘ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʦʪʣʠʯʥʘ ʦʪ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ 

ʠ ʚʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ PID- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʫʧʨʘʚʣʝʥʠ.̫ ɼʣʷ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʞʝ 

ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʜʚʫʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʦʪ ʤʝʪʦʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ 

ʧʦʜʨʘʟʜʝʣʝ 2.3, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ PID- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʯʝʪʢʦʡ 

ʤʦʜʝʣʠ ʚʭʦʜʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʜʚʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ: ʩʠʛʥʘʣ 

ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪʢʣʦʥʝʥʠʷ. ɺʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ 

ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ (ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ). ʊʦ ʝʩʪʴ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [149] ʛʠʙʨʠʜʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ (ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, ʜʠʬʬʝʨʝʥʮʠʘʣʘ 

ʦʪʢʣʦʥʝʥʠʷ q# ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ U ʥʘ ʦʙʲʝʢʪ ʩʣʫʞʘʪ ʠʩʭʦʜʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʤʦʜʝʣʠ ʩ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ). 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʪʨʦʠʪʩʷ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʪʝʣʠ ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ 
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ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʝʝ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʘ ʧʦʢʘʟʘʪʝʣʠ 

ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʬʦʨʤʠʨʫʶʪ ʦʙʫʯʘʶʱʫʶ 

ʚʳʙʦʨʢʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʦʜʝʣʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [180], ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 2.12, ʚ ʢʦʪʦʨʦʡ ʫʧʨʘʚʣʝʥʠʝ ʦʙʲʝʢʪʦʤ (ʢʘʥʘʣ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʧʦʪʦʢʘ) ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠ ʩ ʧʦʤʦʱʴʶ  

PID-ʨʝʛʫʣʷʪʦʨʘ ʠ ʩ ʧʦʤʦʱʴʶ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ. 

 

 

 

ʈʠʩʫʥʦʢ 2.12 ï ɻʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚ MATLAB 

 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʪʢʣʦʥʝʥʠʷ q# ʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ U ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʬʘʡʣ FBD1.mat ʚ ʙʣʦʢʝ 

çɺʳʛʨʫʟʢʘ ʩʠʛʥʘʣʦʚè ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʠ FBD2.mat ʚ ʙʣʦʢʝ çɺʳʛʨʫʟʢʘ 

ʩʠʛʥʘʣʦʚ ʅʈè ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ. 
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ʄʘʪʨʠʮʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʠʛʥʘʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, ʜʠʬʬʝʨʝʥʮʠʘʣʘ 

ʦʪʢʣʦʥʝʥʠʷ q# ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ U, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.2. 

ʊʘʙʣʠʮʘ 2.2 ï ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

1 2 3 4 5 6 

1,0000 0,6667 17,7333 1,0000 0,6667 4,5572 
1,0000 0,0000 8,5500 1,0000 0,0000 5,3905 
1,0000 0,0000 9,5000 1,0000 0,0000 5,3905 
1,0000 0,0000 10,4500 1,0000 0,0000 5,3905 
0,5611 ï0,2926 3,4078 0,8872 ï0,0752 5,1179 
0,1462 ï0,2766 0,8351 0,7016 ï0,1238 3,1075 
ï0,1679 ï0,2094 ï0,5422 0,5112 ï0,1269 0,8226 
ï0,5079 ï0,2266 ï3,7086 0,3265 ï0,1231 0,8226 
ï0,6751 ï0,1115 ï3,7905 0,1540 ï0,1150 0,8226 
ï0,6878 ï0,0085 ï2,9689 0,0397 ï0,0762 0,7669 
ï0,6347 0,0354 ï2,5265 0,0099 ï0,0199 0,7569 
ï0,4879 0,0978 ï0,9959 0,0087 ï0,0008 0,7963 
ï0,3049 0,1220 0,3860 0,0076 ï0,0007 0,7953 

ï0,1467 0,1055 1,1233 0,0080 0,0002 0,7978 
ï0,0140 0,0884 1,7952 0,0092 0,0008 0,8005 
0,0714 0,0569 1,9933 0,0096 0,0002 0,7995 
0,1014 0,0200 1,7425 0,0094 ï0,0001 0,7986 
0,0955 ï0,0040 1,4260 0,0092 ï0,0001 0,7983 
0,0641 ï0,0209 1,0055 0,0090 ï0,0002 0,7980 
0,0205 ï0,0290 0,5912 0,0087 ï0,0002 0,7977 
ï0,0180 ï0,0257 0,3515 0,0085 ï0,0001 0,7976 
ï0,0445 ï0,0176 0,2423 0,0083 ï0,0001 0,7974 
ï0,0559 ï0,0076 0,2607 0,0082 ï0,0001 0,7973 
ï0,0515 0,0029 0,4018 0,0080 ï0,0001 0,7971 
ï0,0363 0,0101 0,5856 0,0078 ï0,0001 0,7970 
ï0,0160 0,0136 0,7677 0,0077 ï0,0001 0,7969 
0,0046 0,0137 0,9216 0,0076 ï0,0001 0,7968 
0,0209 0,0109 1,0139 0,0075 ï0,0001 0,7967 
0,0305 0,0064 1,0424 0,0073 ï0,0001 0,7965 
0,0330 0,0017 1,0203 0,0072 ï0,0001 0,7965 
0,0294 ï0,0024 0,9608 0,0071 ï0,0001 0,7964 
0,0217 ï0,0051 0,8859 0,0070 ï0,0001 0,7963 
0,0125 ï0,0062 0,8154 0,0070 ï0,0000 0,7963 
0,0037 ï0,0059 0,7613 0,0069 ï0,0000 0,7962 

ï0,0031 ï0,0045 0,7304 0,0068 ï0,0000 0,7961 

ï0,0071 ï0,0027 0,7237 0,0068 ï0,0000 0,7961 
ï0,0083 ï0,0008 0,7349 0,0067 ï0,0000 0,7960 
ï0,0073 0,0007 0,7579 0,0066 ï0,0000 0,7960 

ï0,0049 0,0016 0,7846 0,0066 ï0,0000 0,7959 
ï0,0020 0,0019 0,8078 0,0065 ï0,0000 0,7959 
0,0006 0,0017 0,8243 0,0065 ï0,0000 0,7958 
0,0024 0,0012 0,8318 0,0064 ï0,0000 0,7958 
0,0033 0,0005 0,8305 0,0064 ï0,0000 0,7957 
0,0031 ï0,0001 0,8231 0,0064 ï0,0000 0,7958 
0,0024 ï0,0005 0,8133 0,0063 ï0,0000 0,7957 
0,0012 ï0,0008 0,8023 0,0063 ï0,0000 0,7957 
0,0000 ï0,0008 0,7936 0,0063 ï0,0000 0,7957 
ï0,0009 ï0,0006 0,7885 0,0063 ï0,0000 0,7956 
ï0,0015 ï0,0004 0,7866 0,0062 ï0,0000 0,7956 
ï0,0017 ï0,0001 0,7876 0,0062 ï0,0000 0,7956 
ï0,0015 0,0001 0,7915 0,0062 ï0,0000 0,7956 
ï0,0011 0,0003 0,7955 0,0062 ï0,0000 0,7955 
ï0,0006 0,0003 0,7992 0,0061 ï0,0000 0,7955 
ï0,0001 0,0003 0,8029 0,0061 ï0,0000 0,7955 
0,0003 0,0002 0,8043 0,0061 ï0,0000 0,7955 
0,0005 0,0001 0,8044 0,0061 0,0000 0,7955 
0,0005 0,0000 0,8042 0,0061 ï0,0000 0,7954 
0,0005 ï0,0000 0,8027 0,0061 0,0000 0,7955 
0,0003 ï0,0001 0,8008 0,0060 ï0,0000 0,7954 
0,0001 ï0,0001 0,7997 0,0060 0,0000 0,7955 
ï0,0000 ï0,0001 0,7989 0,0060 ï0,0000 0,7954 
ï0,0001 ï0,0001 0,7981 0,0060 0,0000 0,7954 
ï0,0002 ï0,0000 0,7983 0,0060 ï0,0000 0,7954 
ï0,0002 0,0000 0,7987 0,0060 0,0000 0,7954 
ï0,0001 0,0000 0,7994 0,0060 0,0000 0,7954 
ï0,0001 0,0000 0,7996 0,0060 ï0,0000 0,7953 
ï0,0000 0,0000 0,8004 0,0060 0,0000 0,7954 
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ɿʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ɗ, q# ʠ U ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʧʝʨʚʘ ̫ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ ï ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ; ʚʪʦʨʘʷ ï ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ çʋʧʨʘʚʣʝʥʠʝè; ʪʨʝʪʴʷ ï ʟʥʘʯʝʥʠʷ 

ʩʠʛʥʘʣʘ çʆʪʢʣʦʥʝʥʠʝè; ʯʝʪʚʝʨʪʘʷ ï ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ çɼʠʬʬʝʨʝʥʮʠʘʣ 

ʦʪʢʣʦʥʝʥʠʷè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ (k+1) ³ N, ʛʜʝ k ï ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ, ʘ N ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʝʥʳ ʠʟʤʝʨʝʥʠʷ. 

ʆʪʦʙʨʘʞʝʥʥʳʝ ʚ 4 ï 6 ʩʪʦʣʙʮʘʭ (ʩ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ) ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ: ɗ, q#, U) ʷʚʣʷʶʪʩʷ ʦʙʫʯʘʶʱʠʤʠ ʜʘʥʥʳʤʠ, ʦʪʦʙʨʘʞʝʥʥʳʝ ʚ 1 ï 3 

ʩʪʦʣʙʮʘʭ (ʩ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ) ï ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ. 

ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʠ ʟʘʛʨʫʟʢʠ ʦʙʫʯʘʶʱʠʭ ʠ ʧʨʦʚʝʨʦʯʥʳʭ ʜʘʥʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.13, ʘ ï ʙ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ 

ʚʳʚʦʜʘ. 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 2.13 ï ɿʘʛʨʫʟʢʘ ʬʘʡʣʦʚ ʩ ʦʙʫʯʘʶʱʠʤʠ ʠ ʧʨʦʚʝʨʦʯʥʳʤʠ ʜʘʥʥʳʤʠ: 

ʘ ï ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ; ʙ ï ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ 
 

ɺʠʜ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS ʪʠʧʘ ʉʫʛʝʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.14. 

 



 

99 

 

 

ʈʠʩʫʥʦʢ 2.14 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS 

 

ʆʙʫʯʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʦʚʝʜʝʥʦ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʛʠʙʨʠʜʥʳʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ [70]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2.15. 

 

 

ʈʠʩʫʥʦʢ 2.15 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʤ ʤʝʪʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.16. 
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ʈʠʩʫʥʦʢ 2.16 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ʅʘ ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ ʢʘʞʜʦʛʦ ʠʟ ʨʠʩʫʥʢʦʚ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ 

ʧʨʦʚʝʨʢʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ, ʘ ʥʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ ï ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ. ʀʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 2.15 ʚʠʜʥʦ, ʯʪʦ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʙʫʯʝʥʠʝ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʪʨʝʪʴʝʤ ʰʘʛʝ ʧʦʩʣʝ ʜʚʫʭ ʮʠʢʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʠʟ 

ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʧʘʢʝʪʘ MATLAB : 

Start training ANFIS... 

1 0,175092 1,87848 

2 0,167762 1,8593 

Designated epoch number reached --> ANFIS training completed at epoch 2. 

 

ɻʨʘʬʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.16, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʧʨʠʤʝʥʷʷ 

ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʦʙʫʯʝʥʠʝ ʪʘʢʞʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 

ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʰʘʛʘ. 

Start training ANFIS... 

1 0,165412 1,86914 

2 0,165412 1,8702 

Designated epoch number reached --> ANFIS training completed at epoch 2. 
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2.5. ɺʳʚʦʜʳ 

 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʦʜʭʦʜʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ 

ʜʚʫʭʵʪʘʧʥʫʶ ʛʠʙʨʠʜʠʟʘʮʠʶ ʨʝʛʫʣʷʪʦʨʦʚ, ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦ-ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʠʤʝʥʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥrʝ ʤʝʪʦʜ 

ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ PI- ʠ  

IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʤʝʪʦʜ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ PID- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ PI(PID)- ʠ IPI(IPD)-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʦʙʘʩʪʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʘ ʚ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʞʝʣʘʝʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ 

ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʩ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ PI-, PID-ʨʝʛʫʣʷʪʦʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʨʫʜʦʸʤʢʦʩʪʴ ʠ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ 

ʧʨʠ ʩʠʥʪʝʟʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ, PID- ʠ  

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ 

ʚʳʚʦʜʘ ʠ ʚʳʧʦʣʥʝʥʥʳʤ ʦʙʫʯʝʥʠʝʤ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʚ ʚʠʜʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ 

PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ, PID- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. 
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3. ʈɽɸʃʀɿɸʎʀʗ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

ʊɽʍʅʀʏɽʉʂʀʄʀ ʆɹʒɽʂʊɸʄʀ 

 

3.1. ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ, ʩ ʧʦʤʦʱʴʶ PI- ʠ IPI -FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʩ ʧʦʤʦʱʴʶ ʇʀ- ʠ ʇʀ-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʷʚʣʷʪʁʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.3 ʤʝʪʦʜʘ 

ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʇʀ- ʠ  

ʇʀ-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʧʨʝʜʧʦʣʘʛʘʪʁ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ. 

ʕʪʘʧ 1. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʀ- ʠ ʇʀ-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʙʘʟʘ ʧʨʘʚʠʣ ʜʣʷ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʕʪʘʧ 2. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ 

ʚʳʚʦʜʘ ʚ ʚʠʜʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʇʀ- ʠ ʇʀ-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʪʝʣʠ ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʝ ʠʥʪʝʛʨʘʣʘ ʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʝʝ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʘ ʧʦʢʘʟʘʪʝʣʠ 

ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʝ ʠʥʪʝʛʨʘʣʘ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʬʦʨʤʠʨʫʶʪ ʦʙʫʯʘʶʱʫʶ 

ʚʳʙʦʨʢʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ. 

ʕʪʘʧ 3. ɻʝʥʝʨʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ Cyʛʝʥʦ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʦʙʫʯʝʥʠʝʤ. 

ʕʪʘʧ 4. ʀʥʪʝʛʨʘʮʠʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤ rʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ Cyʛʝʥʦ 

ʚ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ SIMULINK ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʚ ʩʣʫʯʘʝ 

ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ: 
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- ʚʚʦʜʠʪʩʷ ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ; 

- ʠʟʤʝʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.6. 

ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.1. 

 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ 

 

ɺ ʩʭʝʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʪʩ ̫ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʜʥʠʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʡ PI-ʨʝʛʫʣʷʪʦʨ, ʘ ʚʪʦʨʳʤ ï ʥʝʯʝʪʢʠʡ 

ʨʝʛʫʣʷʪʦʨ. 

ʅʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʩʪʫʧʘʝʪ ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʀʥʬʦʨʤʘʮʠʷ ʩ ʚʭʦʜʦʚ ʠ 

ʚʳʭʦʜʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʬʘʡʣ 

çFBD.matè. 



 

104 

ʄʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤ çPI-ʨʝʛʫʣʷʪʦʨè ʠ çʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷè ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.2 ʠ ʨʠʩʫʥʢʝ 3.3. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ çʇʀ-ʨʝʛʫʣʷʪʦʨè 

 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ çʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷè 

 

ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.4. 

ɺ ʩʭʝʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʧʦʜʩʠʩʪʝʤʘʭ ʫʯʘʩʪʢʠ ʠʟʤʝʥʝʥʠʷ 

ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʦʪʤʝʯʝʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ, ʘ ʠʤʝʥʥʦ: 

- ʚʚʝʜʝʥʦ ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ; 

- ʠʟʤʝʥʝʥʳ ʜʣʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʜʚʠʛʘʪʝʣʷ ʧʘʨʘʤʝʪʨʳ ʂʜʚ, ʘ ʪʘʢʞʝ 

ʂʨʝʛ. 
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ʈʠʩʫʥʦʢ 3.4 ï ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʣʫʯʘʝ  

ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ 

 

ʄʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤ çPI-ʨʝʛʫʣʷʪʦʨè ʠ çʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷè ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.5 ʠ ʨʠʩʫʥʢʝ 3.6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ çPI-ʨʝʛʫʣʷʪʦʨè ʩ ʠʟʤʝʥʝʥʠʝʤ ʂʨʝʛ 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ çʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷè ʩ ʠʟʤʝʥʝʥʠʝʤ ʂʜʚ 
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ʄʘʪʨʠʮʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ ñɗdt ʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ U, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʘʙʣʠʮʝ 3.1. 

ʊʘʙʣʠʮʘ 3.1 ï ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

1 2 3 4 5 6 

2,00000305000000 0 0,025600039040000 2,00000647600000 0 0,0264500000000000 

1,96703065000000 0,015909398225000 0,026196193806400 1,76040109600000 0,045929144580000 0,0238373621716196 

1,87958350000000 0,031326239275000 0,026063548113600 1,28664273400000 0,082688631285000 0,0206611244145567 

1,75310942500000 0,045878058037500 0,025375996354400 0,803863738000000 0,107653088793000 0,0158685839463651 

1,60064402500000 0,059306251212500 0,024283843597600 0,423229666000000 0,122125865325000 0,0121703922514835 

1,43306627500000 0,071447881787500 0,022915912754400 0,173086318000000 0,128993196933000 0,0076815658222264 

1,25917840000000 0,082218481950000 0,021379466364800 0,054234046000000 0,131528189817000 0,0075755898290529 

1,08594550000000 0,091596581300000 0,019762283603200 0,00311156199999996 0,132128131653000 0,0075407554078514 

0,91870322500000 0,099609784637500 0,018134427496800 ï0,0172140439999999 0,131919192738000 0,0075278801640177 

0,76133350000000 0,106322415300000 0,016549703379200 ï0,0238002740000001 0,131409688299000 0,0075249637441582 

0,61653610000000 0,111825011600000 0,015048462822400 ï0,0244338860000000 0,130823691885000 0,0075247074297553 

0,48597242500000 0,116225356862500 0,013658869879200 ï0,0226497680000000 0,130255961838000 0,0075254295646805 

0,37045720000000 0,119641083000000 0,012398881472000 ï0,0200319499999999 0,129742922511000 0,0075264914379198 

0,27015017500000 0,122193568062500 0,011278310596000 ï0,0172640660000001 0,129295386993000 0,0075278491133666 

0,18468392500000 0,124003303487500 0,010300165663200 ï0,0146295740000000 0,128913096837000 0,0075294886203228 

0,11330762500000 0,125186307712500 0,0094622612936000 ï0,0122285179999999 0,128591299953000 0,0075309903006534 

0,05503082500000 0,125851434387500 0,0087588863608000 ï0,0101109200000000 0,128323668558000 0,0075323206340610 

0,00862345000000 0,126098631100000 0,0081806925504000 ï0,0082601060000000 0,128103741477000 0,0075334879506918 

ï0,02719250000000 0,126017821125000 0,0077170765520000 ï0,0066260540000000 0,127925574429000 0,0075345221285954 

ï0,05375892499999 0,125688368262500 0,0073559413288000 ï0,0052254380000000 0,127783656657000 0,0075354112474840 

ï0,07236979999999 0,125179084825000 0,0070851279887999 ï0,0040082360000000 0,127673244408000 0,0075361859523001 

ï0,08428715000000 0,124548447300000 0,0068922251071999 ï0,0029577739999999 0,127590094149001 0,0075368560474320 

ï0,09070910000000 0,123845203400000 0,0067650165375999 ï0,0020407039999998 0,127530537600001 0,0075374422017790 

ï0,09270597499999 0,123108979112500 0,0066923381831999 ï0,0012403519999999 0,127491465060000 0,0075379546336495 

ï0,09123627500000 0,122371277137500 0,0066639374167999 ï0,0005567179999999 0,127470058623000 0,0075383929861816 

ï0,08714667499999 0,121656291612500 0,0066705252231999 2,68719999999556eï0 0,127463958918000 0,0075387676645986 

ï0,08120397500000 0,120981850637500 0,0067034275607999 0,00054376600000005 0,127471098369000 0,0075390998886632 

ï0,07401522499999 0,120360366787500 0,0067556685943999 0,00099396399999995 0,127489709532000 0,0075393895257063 

ï0,06609162499999 0,119799587937500 0,0068212008279999 0,00137746599999999 0,127518241725000 0,0075396364598967 

ï0,05786450000000 0,119303659600000 0,0068947686143999 0,00171094599999999 0,127555336017000 0,0075398513397662 

ï0,04966932500000 0,118873580212500 0,0069721417736000 0,00199440399999995 0,127599858576000 0,0075400341007593 

ï0,04176169999999 0,118508071775000 0,0070499668336000 0,00224451400000003 0,127650783951000 0,0075401954468457 

ï0,03431735000000 0,118204059100000 0,0071257977024000 0,00246127600000001 0,127707245094000 0,0075403353456800 

ï0,02748004999999 0,117957268875000 0,0071975205680000 0,00264469000000001 0,127768508349000 0,0075404537691961 

ï0,02131369999999 0,117762557150000 0,0072639882976000 0,00281143000000006 0,127833915093001 0,0075405614648070 

ï0,01586622499999 0,117614292737500 0,0073242270552000 0,00294482200000001 0,127902940095001 0,0075406476472756 

ï0,01113762499999 0,117506708662500 0,0073778677544000 0,00306154000000003 0,127975058124000 0,0075407230758872 

ï0,00712789999999 0,117434085875000 0,0074245443760000 0,00316158400000000 0,128049852330000 0,0075407877430662 

ï0,00378912499999 0,117390889037500 0,0074645160984000 0,00326162799999996 0,128126980896000 0,0075408524232492 

ï0,00105739999999 0,117371926275000 0,0074982685616000 0,00332832400000005 0,128206110342000 0,0075408955505976 

0,001099225000000 0,117372437037500 0,0075259060504000 0,00339502000000003 0,128286957210000 0,0075409386837286 

0,002744650000000 0,117388124050000 0,0075479714592000 0,00346171600000000 0,128369321412000 0,0075409818226432 

0,003958750000000 0,117415257150000 0,0075652484576000 0,00351173800000004 0,128452977849000 0,0075410141806254 

0,004805425000000 0,117450497562500 0,0075783412840000 0,00356175999999997 0,128537751444000 0,0075410465418620 

0,005316625000000 0,117491145512500 0,0075874861128000 0,00359510799999996 0,128623533816000 0,0075410681178280 

0,005572225000000 0,117534860662500 0,0075935555624000 0,00362845600000006 0,128710133214000 0,0075410896952409 

0,005620150000000 0,117579734000000 0,0075970408960000 0,00364513000000000 0,128797441257000 0,0075411004844899 

0,005492350000000 0,117624279850000 0,0075982559904000 0,00367847799999999 0,128885424597000 0,0075411220640731 

0,005252725000000 0,117667395937500 0,0075979482200000 0,00369515200000004 0,128973916494000 0,0075411328544075 

0,004933225000000 0,117708203637500 0,0075964703128000 0,00371182599999997 0,129062875263000 0,0075411436451036 

0,004549825000000 0,117746135837500 0,0075939904536000 0,00372850000000002 0,129152267556000 0,0075411544361615 

0,004134475000000 0,117780857062500 0,0075908961320000 0,00374517399999996 0,129242010003000 0,0075411652275813 

0,003703150000000 0,117812167625000 0,0075873790480000 0,00376184800000001 0,129332019234000 0,0075411760193629 

0,003271825000000 0,117840027587500 0,0075836411256000 0,00376184800000001 0,129422303586000 0,0075411760193629 

0,002856475000000 0,117864524812500 0,0075798924680000 0,00377852199999995 0,129512863059000 0,0075411868115065 

0,002473075000000 0,117885843012500 0,0075763493128000 0,00377852199999995 0,129603547587000 0,0075411868115065 

0,002105650000000 0,117904117975000 0,0075728158704000 0,00379519600000000 0,129694457214001 0,0075411976040119 

0,001786150000000 0,117919653225000 0,0075697205264000 0,00379519600000000 0,129785541918001 0,0075411976040119 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.1 ï ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

1 2 3 4 5 6 

0,001482625000000 0,117932720337500 0,0075666717016000 0,00379519600000000 0,129876626622002 0,0075411976040119 

0,001243000000000 0,117943566925000 0,0075642986832000 0,00381187000000005 0,129967886403002 0,0075412083968792 

0,001019350000000 0,117952552425000 0,0075620110352000 0,00381187000000005 0,130059371283001 0,0075412083968792 

0,000827650000000 0,117959908475000 0,0075600280624000 0,00381187000000005 0,130150856163001 0,0075412083968792 

0,000667900000000 0,117965890675000 0,0075583661232000 0,00381187000000005 0,130242341043000 0,0075412083968792 

0,000540100000000 0,117970722675000 0,0075570395312000 0,00381187000000005 0,130333825923000 0,0075412083968792 

0,000444250000000 0,117974660075000 0,0075560646448000 0,00381187000000005 0,130425310803000 0,0075412083968792 

0,000364375000000 0,117977886587500 0,0075552487416000 0,00382854399999999 0,130517037455999 0,0075412191901085 

0,000300475000000 0,117980530012500 0,0075546000008000 0,00382854399999999 0,130608922511999 0,0075412191901085 

0,000252550000000 0,117982766075000 0,0075541296688000 0,00382854399999999 0,130700807567999 0,0075412191901085 

0,000220600000000 0,117984674650000 0,0075538428576000 0,00382854399999999 0,130792692623999 0,0075412191901085 

0,000204625000000 0,117986367562500 0,0075537467240000 0,00382854399999999 0,130884577679999 0,0075412191901085 

0,000188650000000 0,117987932675000 0,0075536424112000 0,00382854399999999 0,130976462735999 0,0075412191901085 

0,000188650000000 0,117989441875001 0,0075537390000000 0,00382854399999999 0,131068347791999 0,0075412191901085 

0,00018865000000 0,117990951075001 0,0075538355888000 0,00382854399999999 0,131160232847998 0,0075412191901085 

0,00018865000000 0,117990951075001 0,0075538355888000 0,00382854399999999 0,131252117903998 0,0075412191901085 

0,00018865000000 0,117992460275001 0,0075539321776000 0,00382854399999999 0,131344002959998 0,0075412191901085 

0,00018865000000 0,117993969475001 0,0075540287664000 0,00382854399999999 0,131435888015998 0,0075412191901085 

0,00018865000000 0,117995478675001 0,0075541253552000 0,00382854399999999 0,131527773071998 0,0075412191901085 

0,00020462500000 0,117997043787501 0,0075544300024000 0,00382854399999999 0,131619658127998 0,0075412191901085 

0,00020462500000 0,117998680787501 0,0075545347703999 0,00382854399999999 0,131711543183998 0,0075412191901085 

0,00020462500000 0,118000317787501 0,0075546395383999 0,00382854399999999 0,131803428239998 0,0075412191901085 

0,00022060000000 0,118002010700001 0,0075549523647999 0,00382854399999999 0,131895313295998 0,0075412191901085 

0,00022060000000 0,118003775500001 0,0075550653119999 0,00382854399999999 0,131987198351997 0,0075412191901085 

0,00022060000000 0,118005540300001 0,0075551782591999 0,00382854399999999 0,132079083407997 0,0075412191901085 

0,00022060000000 0,118007305100001 0,0075552912063999 0,00382854399999999 0,132170968463997 0,0075412191901085 

0,00022060000000 0,118009069900001 0,0075554041535999 0,00382854399999999 0,132262853519997 0,0075412191901085 

0,00022060000000 0,118010834700000 0,0075555171007999 0,00382854399999999 0,132354738575997 0,0075412191901085 

0,00022060000000 0,118012599500000 0,0075556300479999 0,00382854399999999 0,132446623631997 0,0075412191901085 

0,00020462500000 0,118014324362500 0,0075555359591999 0,00382854399999999 0,132538508687997 0,0075412191901085 

0,00020462500000 0,118015961362500 0,0075556407271999 0,00382854399999999 0,132630393743997 0,0075412191901085 

0,00020462500000 0,118017598362500 0,0075557454951999 0,00382854399999999 0,132722278799997 0,0075412191901085 

0,00018865000000 0,118019227375000 0,0075556452719999 0,00382854399999999 0,132814163855996 0,0075412191901085 

0,00018865000000 0,118020736575000 0,0075557418607999 0,00382854399999999 0,132906048911996 0,0075412191901085 

0,00018865000000 0,118022245775000 0,0075558384495999 0,00382854399999999 0,132997933967996 0,0075412191901085 

0,00017267500000 0,118023683087500 0,0075557259575999 0,00382854399999999 0,133089819023996 0,0075412191901085 

0,00017267500000 0,118025064487500 0,0075558143671999 0,00382854399999999 0,133181704079996 0,0075412191901085 

0,00015670000000 0,118026437900000 0,0075556977855999 0,00382854399999999 0,133273589135996 0,0075412191901085 

0,00015670000000 0,118027691500000 0,0075557780159999 0,00382854399999999 0,133365474191996 0,0075412191901085 

0,00015670000000 0,118028945100000 0,0075558582463999 0,00382854399999999 0,133457359247996 0,0075412191901085 

0,00014072500000 0,118030110837500 0,0075557283735999 0,00382854399999999 0,133549244303995 0,0075412191901085 

0,00014072500000 0,118031236637500 0,0075558004247999 0,00382854399999999 0,133641129359995 0,0075412191901085 

0,00012475000000 0,118032354450000 0,0075556674847999 0,00382854399999999 0,133733014415995 0,0075412191901085 

0,00012475000000 0,118033352450000 0,0075557313567999 0,00382854399999999 0,133824899471995 0,0075412191901085 

0,00012475000000 0,118034350450000 0,0075557952287999 0,00382854399999999 0,133916784527995 0,0075412191901085 

0,00010877500000 0,118035324487500 0,0075556530871999 0,00382854399999999 0,134008669583995 0,0075412191901085 

0,00010877500000 0,118036194687500 0,0075557087799999 0,00382854399999999 0,134100554639995 0,0075412191901085 

0,00010877500000 0,118037064887500 0,0075557644727999 0,00382854399999999 0,134192439695995 0,0075412191901085 

0,00010877500000 0,118037935087500 0,0075558201655999 0,00382854399999999 0,134284324751995 0,0075412191901085 

9,28000000001eï05 0,118038685475000 0,0075556637103999 0,00382854399999999 0,134376209807994 0,0075412191901085 

9,28000000001eï05 0,118039427875000 0,0075557112239999 0,00382854399999999 0,134468094863994 0,0075412191901085 

9,28000000001eï05 0,118040170275000 0,0075557587375999 0,00382854399999999 0,134559979919994 0,0075412191901085 

9,28000000001eï05 0,118040912675000 0,0075558062511999 0,00382854399999999 0,134651864975994 0,0075412191901085 

7,68250000000eï05 0,118041535262500 0,0075556416167999 0,00382854399999999 0,134743750031994 0,0075412191901085 

7,68250000000eï05 0,118042149862500 0,0075556809511999 0,00382854399999999 0,134835635087994 0,0075412191901085 

7,68250000000eï05 0,118042764462500 0,0075557202855999 0,00382854399999999 0,134927520143994 0,0075412191901085 

7,68250000000eï05 0,118043379062500 0,0075557596199999 0,00382854399999999 0,135019405199994 0,0075412191901085 

7,68250000000eï05 0,118043993662500 0,0075557989543999 0,00382854399999999 0,135111290255994 0,0075412191901085 

6,08500000001eï05 0,118044488450000 0,0075556261407999 0,00382854399999999 0,135203175311993 0,0075412191901085 

6,08500000001eï05 0,118044975250000 0,0075556572959999 0,00382854399999999 0,135295060367993 0,0075412191901085 

6,08500000001eï05 0,118045462050000 0,0075556884511999 0,00382854399999999 0,135386945423993 0,0075412191901085 

6,08500000001eï05 0,118045948850000 0,0075557196063999 0,00382854399999999 0,135478830479993 0,0075412191901085 

6,08500000001eï05 0,118046435650000 0,0075557507615999 0,00382854399999999 0,135570715535993 0,0075412191901085 

6,08500000001eï05 0,118046922450000 0,0075557819167999 0,00382854399999999 0,135662600591993 0,0075412191901085 

4,48750000000eï05 0,118047369312501 0,0075556060359999 0,00382854399999999 0,135754485647993 0,0075412191901085 

4,48750000000eï05 0,118047728312500 0,0075556290119999 0,00382854399999999 0,135846370703993 0,0075412191901085 

4,48750000000eï05 0,118048087312500 0,0075556519879999 0,00382854399999999 0,135938255759993 0,0075412191901085 

4,48750000000eï05 0,118048446312500 0,0075556749640000 0,00382854399999999 0,136030140815992 0,0075412191901085 
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3.2. ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ, ʩ ʧʦʤʦʱʴʶ PID- ʠ IPD-FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʩ ʧʦʤʦʱʴʶ PID- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʷʚʣʷʪʁʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.4 ʤʝʪʦʜʘ 

ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ PID- ʠ  

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʧʨʝʜʧʦʣʘʛʘʪʁ ʚʳʧʦʣʥʝʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʧʦʜʨʘʟʜʝʣʝ 3.1 ʵʪʘʧʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ PID- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʘʟʳ ʧʨʘʚʠʣ ʜʣʷ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʚ ʚʠʜʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ PID- ʠ  

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʪʝʣʠ ʦʪʢʣʦʥʝʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʝʝ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʘ 

ʧʦʢʘʟʘʪʝʣʠ ʦʪʢʣʦʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʬʦʨʤʠʨʫʶʪ 

ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ. 

ʅʘ ʪʨʝʪʴʝʤ ʠ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʘʭ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ 

ʚʳʚʦʜʘ ʪʠʧʘ Cyʛʝʥʦ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʝ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ 

SIMULINK ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʚ ʩʣʫʯʘʝ 

ʜʝʡʩʪʚʠʷ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (10 % ʦʪ ʚʝʣʠʯʠʥʳ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʥʘ 

ʩʪʘʨʪʝ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.12. 

ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.7. 
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ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ  

ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ 

 

ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʠʪ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʜʥʠʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ PID-ʨʝʛʫʣʷʪʦʨ, ʘ ʚʪʦʨʳʤ ï ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ. 

ʅʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʩʪʫʧʘʝʪ ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʀʥʬʦʨʤʘʮʠʷ ʩ ʚʭʦʜʦʚ ʠ 

ʚʳʭʦʜʘ PID-ʨʝʛʫʣʷʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʬʘʡʣ. 

ʄʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤ çPID-ʨʝʛʫʣʷʪʦʨè ʠ çʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷè ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.8 ʠ ʨʠʩʫʥʢʝ 3.9 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ çPID-ʨʝʛʫʣʷʪʦʨè 
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ʈʠʩʫʥʦʢ 3.9 ï ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ çʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷè 

 

ɺʭʦʜʥʳʤʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ 

ʩʠʛʥʘʣʳ ʦʪʢʣʦʥʝʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʪʢʣʦʥʝʥʠʷ. ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ 

ʠʟʤʝʥʝʥʠ ̫ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.10. 

 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʣʫʯʘʝ  

ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ 

 

ʋʯʘʩʪʦʢ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʜʝʡʩʪʚʠʷ ʚʦʟʤʫʱʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʘʨʪʝ ʦʪʤʝʯʝʥ ʧʫʥʢʪʠʨʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ. 

ʄʘʪʨʠʮʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʠʛʥʘʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, ʜʠʬʬʝʨʝʥʮʠʘʣʘ 

ʦʪʢʣʦʥʝʥʠʷ q# ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ U, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.2. 
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ʊʘʙʣʠʮʘ 3.2 ï ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

1 2 3 4 5 6 

1 0,666666666666667 13,3761333333333 1 0,666666666666667 4,55720165814288 

1 0 3,17940400000000 1 0 5,39054815283367 

1 0 3,27200800000000 1 0 5,39054815283367 

1 0 3,36461200000000 1 0 5,39054815283367 

0,670081964000000 ï0,21994535733333 ï0,971087503510340 0,887588736000000 ï0,0749408426666667 5,12122353932397 

0,437283006000000 ï0,15519930533333 ï0,639127547655798 0,702197166000000 ï0,123594380000000 3,11720383696281 

0,334169520000000 ï0,06874232399999 0,412678588516921 0,511858598000000 ï0,126892378666667 0,82261302685575 

0,230685412000000 ï0,06898940533333 0,115584303705317 0,327143816000000 ï0,123143188000000 0,82261302685575 

0,235906348000000 0,003480624000000 1,27180685335231 0,154514534000000 ï0,115086188000000 1,82261302685575 

0,286198142000000 0,033527862666666 1,91497112674882 0,039670056000000 ï0,0765629853333333 1,76703464100187 

0,304987066000000 0,012525949333333 1,67619830446617 0,009407964000000 ï0,0201747280000000 1,75595781953036 

0,317604328000000 0,008411508000000 1,68047020799409 0,008279984000000 ï0,00075198666666668 1,79589520489709 

0,305019294000000 ï0,00839002266666 1,41113661967940 0,007200346000000 ï0,00071975866666666 1,79490422177007 

0,262736158000000 ï0,02818875733333 1,00133157756777 0,007522626000000 0,000214853333333339 0,80743040656245 

0,219663436000000 ï0,02871514800000 0,882586451750224 0,008795632000000 0,000848670666666680 0,80017378201518 

0,180699784000000 ï0,02597576800000 0,823130659489065 0,009182368000000 0,000257823999999962 0,79916080562491 

0,149470852000000 ï0,02081928800000 0,821605865299536 0,009085684000000 ï6,4455999999972eï05 0,79830760733590 

0,132567266000000 ï0,01126905733333 0,929885065083706 0,008940658000000 ï9,6683999999994eï05 0,79808925727605 

0,124139644000000 ï0,00561841466666 1,00296874375826 0,008698948000000 ï0,00016114000000004 0,79769986117209 

0,118870366000000 ï0,00351285200000 1,03045264010821 0,008473352000000 ï0,00015039733333329 0,79750325911803 

0,114551814000000 ï0,00287903466666 1,03771238429564 0,008263870000000 ï0,00013965466666669 0,79732247927409 

0,107703364000000 ï0,00456563333333 1,00083248426606 0,008086616000000 ï0,00011816933333334 0,79719872956023 

0,097922166000000 ï0,00652079866666 0,949984733815054 0,007925476000000 ï0,00010742666666666 0,79706549545579 

0,086851848000000 ï0,00738021199999 0,911104097222217 0,007780450000000 ï9,6683999999995eï05 0,79694811169465 

0,075588162000000 ï0,00750912400000 0,881867020812436 0,007651538000000 ï8,5941333333321eï05 0,79684658384752 

0,065484684000000 ï0,00673565200000 0,869149326685528 0,007522626000000 ï8,5941333333320eï05 0,79671967353992 

0,057379342000000 ï0,00540356133333 0,870378094481113 0,007409828000000 ï7,5198666666646eï05 0,79663399655794 

0,051094882000000 ï0,00418963999999 0,874737458731429 0,007313144000000 ï6,4456000000046eï05 0,79656418630824 

0,046196226000000 ï0,00326577066666 0,878380059563910 0,007200346000000 ï7,5198666666646eï05 0,79642770717752 

0,042119384000000 ï0,00271789466666 0,878340771236531 0,007119776000000 ï5,3713333333297eï05 0,79639916333860 

0,038300366000000 ï0,00254601199999 0,872928658815965 0,007023092000000 ï6,4456000000046eï05 0,79627852435751 

0,034465234000000 ï0,00255675466666 0,864293763852231 0,006942522000000 ï5,3713333333298eï05 0,79622457350781 

0,030581760000000 ï0,00258898266666 0,854820655273219 0,006861952000000 ï5,3713333333371eï05 0,79614520145821 

0,026794970000000 ï0,00252452666666 0,846783063157679 0,006797496000000 ï4,2970666666623eï05 0,79610712637168 

0,023233776000000 ï0,00237412933333 0,840428032958438 0,006733040000000 ï4,2970666666697eï05 0,79604362195218 

0,020075432000000 ï0,00210556266666 0,836829217581387 0,006668584000000 ï4,2970666666622eï05 0,79598011231664 

0,017336052000000 ï0,00182625333333 0,834416386180222 0,006620242000000 ï3,2228000000023eï05 0,79595791723368 

0,014999522000000 ï0,00155768666666 0,832846245056903 0,006571900000000 ï3,2228000000023eï05 0,79591028187770 

0,012985272000000 ï0,00134283333333 0,831240456435358 0,006523558000000 ï3,2228000000023eï05 0,79586264358716 

0,011196618000000 ï0,00119243600000 0,829160141581603 0,006475216000000 ï3,2227999999949eï05 0,79581500236178 

0,009552990000000 ï0,00109575199999 0,826539559876821 0,006426874000000 ï3,2228000000023eï05 0,79576735820128 

0,008038274000000 ï0,00100981066666 0,824004863772415 0,006394646000000 ï2,1485333333348eï05 0,79576104974506 

0,006636356000000 ï0,00093461200000 0,821517504229608 0,006346304000000 ï3,2227999999949eï05 0,79568794474390 

0,005331122000000 ï0,00087015600000 0,819037439988764 0,006314076000000 ï2,1485333333348eï05 0,79568163840987 

0,004170914000000 ï0,00077347199999 0,817388294061237 0,006281848000000 ï2,1485333333348eï05 0,79564987159256 

0,003123504000000 ï0,00069827333333 0,815653511236805 0,006265734000000 ï1,0742666666674eï05 0,79565945256835 

0,002205006000000 ï0,00061233199999 0,814391430819092 0,006233506000000 ï2,1485333333348eï05 0,79560221892004 

0,001399306000000 ï0,00053713333333 0,813231899134649 0,006201278000000 ï2,1485333333274eï05 0,79557044884053 

0,000706404000000 ï0,00046193466666 0,812351164046804 0,006185164000000 ï1,0742666666674eï05 0,79558003357070 

7,79580000001eï05 ï0,00041896400000 0,811110803732660 0,006169050000000 ï1,0742666666674eï05 0,79556414879253 

ï0,00046991799999 ï0,00036525066666 0,810230483150607 0,006136822000000 ï2,1485333333348eï05 0,79550690476636 

ï0,00095333799999 ï0,00032228000000 0,809335571964627 0,006120708000000 ï1,0742666666674eï05 0,79551649250056 

ï0,00140452999999 ï0,00030079466666 0,808165263129560 0,006104594000000 ï1,0742666666674eï05 0,79550060641738 

ï0,00177515200000 ï0,00024708133333 0,807703013090660 0,006088480000000 ï1,0742666666674eï05 0,79548472000793 

ï0,00211354599999 ï0,00022559599999 0,806810008631333 0,006072366000000 ï1,0742666666674eï05 0,79546883327219 

ï0,00240359799999 ï0,00019336799999 0,806202930268244 0,006056252000000 ï1,0742666666674eï05 0,79545294621015 

ï0,00266142199999 ï0,00017188266666 0,805504163223671 0,006040138000000 ï1,0742666666600eï05 0,79543705882180 

ï0,00287090399999 ï0,00013965466666 0,805098783379619 0,006040138000000 0 0,79546253908794 

ï0,00304815799999 ï0,00011816933333 0,804609175958361 0,006024024000000 ï1,0742666666674eï05 0,79542117110714 

ï0,00319318399999 ï9,6683999999eï05 0,804204127718944 0,006007910000000 ï1,0742666666674eï05 0,79540528306614 

ï0,00330598199999 ï7,5198666666eï05 0,803886623103079 0,006007910000000 0 0,79543076548746 

ï0,00340266599999 ï6,4456000000eï05 0,803443357429515 0,005991796000000 ï1,0742666666674eï05 0,79538939469882 

ï0,003483235999 ï5,371333333eï05 0,803041625236446 0,005991796000000 0 0,79541487819777 

ï0,003531577999 ï3,222799999eï05 0,802899207867685 0,005975682000000 ï1,0742666666674eï05 0,79537350600514 

ï0,003579919999 ï3,222800000eï05 0,802420709201686 0,005975682000000 0 0,79539899058178 

ï0,003612147999 ï2,148533333eï05 0,802154022996085 0,005959568000000 ï1,0742666666674eï05 0,79535761698510 

ï0,003612147999 0 0,802151128277360 0,005959568000000 0 0,79538310263946 
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3.3. ʋʧʨʘʚʣʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ 

ʧʦʤʦʱʴʶ PD- ʠ IPD-FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʈʝʘʣʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ 

ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ PD- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʚʢʣʶʯʘʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʘʥʘʣʦʛʠʯʥʳʭ ʵʪʘʧʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʦʜʨʘʟʜʝʣʘʭ 3.1, 3.2. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʫʜʥʘ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ (ʛʠʙʨʠʜʠʟʘʮʠʷ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʴʢʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ). 

ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.11. 

 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʅʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʩʪʫʧʘʝʪ ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣ DataPoints.mat. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʜʥʘ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ: 

() dyyy KKHa =++ #####
1 , 

ʛʜʝ y ï ʫʛʦʣ ʢʫʨʩʘ; d ï ʫʛʦʣ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷ; Ka ,1  ï ʢʦʵʬʬʠʮʠʝʥʪʳ; ()yH  ï 

ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʚʠʜʘ 

() ybyay ##+= 3H , 
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ʛʜʝ ba,  ï ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʕʪʦ ʠʟʚʝʩʪʥʘʷ ʤʦʜʝʣʴ [181, 182], ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʨʘʟʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʪ.ʢ. 

ʦʩʪʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [183]: K = 0,05; a1 = 3,4; 

Ŭ = 1,06; ɓ = 1,24. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦ ʫʛʣʳ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷ 

ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ Ñ35Á ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷ ʦʛʨʘʥʠʯʝʥʘ ʠ 

ʧʨʠʥʷʪʘ 2,33Á/ʩʝʢ. ʕʪʠ ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʇʨʘʚʠʣ ʤʦʨʩʢʦʛʦ ʈʝʛʠʩʪʨʘ [184], ʚ ʢʦʪʦʨʳʭ 

ʫʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ ʨʫʣʴ ʠʟ ʧʦʣʦʞʝʥʠʷ ï35Á ʚ ʧʦʣʦʞʝʥʠʝ +30Á ʜʦʣʞʝʥ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʟʘ ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ 28 ʩʝʢʫʥʜ. 

ɺ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ̫ʤʦʜʝʣ ɹʠʤʝʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ 

ʨʠʩʫʥʢʝ 3.12. 

 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ʌʨʘʛʤʝʥʪ ʩ ʢʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ 

ʦʙʲʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 3.13. 

 

 

 

ʈʠʩʫʥʦʢ 3.13 ï ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ 
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ɺʭʦʜʥʳʤʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ 

ʩʠʛʥʘʣʳ ʦʪʢʣʦʥʝʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʪʢʣʦʥʝʥʠʷ, ʚʳʭʦʜʥʦʡ ï ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ʄʘʪʨʠʮʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʠʛʥʘʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ q, 

ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʪʢʣʦʥʝʥʠʷ q# ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ U, ʧʦʣʫʯʝʥʥʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.3. 

ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʟʥʘʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʦʢʨʘʱʝʥʥʦʤ ʚʠʜʝ ʚʚʠʜʫ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʟʘ ʩʯʝʪ ʚʳʙʨʘʥʥʦʛʦ ʰʘʛʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ (ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʩʠʥʪʝʟʝ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, 

ʨʘʟʨʘʙʦʪʢʝ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ). 

ʊʘʙʣʠʮʘ 3.3 ï ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

1 2 3 4 5 6 

0,523598775598299 0 0 0,523598775598299 0 0 

0,523598775598299 0 0,0407237674367837 0,523598775598299 0 0,0407237674367837 

0,523598215713594 ï5,59884704487423eï06 0,0814475348735674 0,523598215713594 ï5,5988470448742eï06 0,0814475348735674 

0,523593559656583 ï4,65605701160943eï05 0,122171302310351 0,523593559656583 ï4,6560570116094eï05 0,122171302310351 

0,523578071222368 ï0,000154884342142836 0,162895069747135 0,523578071222368 ï0,00015488434214283 0,162895069747135 

0,523361429139037 ï0,00113205354641210 0,254218788271808 0,523361490483187 ï0,00113144010491339 0,239880677237455 

0,523187980955014 ï0,00173448184023206 0,253198805324505 0,523188626880332 ï0,00172863602855400 0,239880677237455 

0,522940654444519 ï0,00247326510495194 0,251931024666397 0,522943466592728 ï0,00245160287604018 0,239880677237455 

0,522607949758102 ï0,00332704686416774 0,250442973379440 0,522615488574067 ï0,00327978018661135 0,239880677237455 

0,522180384891702 ï0,00427564866400165 0,248761336829402 0,522195917284860 ï0,00419571289207221 0,239880677237455 

0,485858841995968 ï0,0291015605121242 0,192459207237258 0,486593534869732 ï0,0289181208963457 0,228728813099625 

0,482842578593412 ï0,0301626340255623 0,189336848392158 0,483586387416255 ï0,0300714745347769 0,231915059996148 

0,479722534008921 ï0,0312004458449083 0,186199839298712 0,480464313302311 ï0,0312207411394350 0,235101306892671 

0,476501076693245 ï0,0322145731567669 0,183049994699417 0,477227522012734 ï0,0323679128957677 0,238287553789194 

0,473180609406589 ï0,0332046728665530 0,179889022370013 0,473876027683188 ï0,0335149432954635 0,233508183444410 

0,451315901741088 ï0,0386291781800291 0,160774534252707 0,451387001196695 ï0,0402523106859543 0,219170072410057 

0,447371270505290 ï0,0394463123579769 0,157576777730850 0,447254480858518 ï0,0413252033817685 0,219170072410057 

0,443347415233433 ï0,0402385527185739 0,154378915405630 0,443016009078600 ï0,0423847177991776 0,217576948961796 

0,408600911197174 ï0,0456894720273804 0,128922938238435 0,405457133755407 ï0,0503587401788935 0,196866344134398 

0,403974734361416 ï0,0462617683575867 0,125771899554687 0,400329064605497 ï0,0512806914991015 0,192086973789614 

0,399293700110835 ï0,0468103425058053 0,122630854052448 0,395110959026588 ï0,0521810557890873 0,187307603444829 

0,394560162526044 ï0,0473353758479106 0,119500671562777 0,389805182013711 ï0,0530577701287766 0,182528233100045 

0,389776456774563 ï0,0478370575148085 0,116382200628202 0,384414269785815 ï0,0539091222789551 0,177748862755261 

0,384944898397447 ï0,0483155837711591 0,113276269118221 0,378940900020716 ï0,0547336976509943 0,174562615858738 

0,380067782651115 ï0,0487711574633254 0,110183684764340 0,373387844692366 ï0,0555305532834943 0,169783245513954 

0,375147383898427 ï0,0492039875268768 0,107105235626750 0,367757876006579 ï0,0562996868578769 0,129059478077170 

0,370185955043892 ï0,0496142885453565 0,104041690503010 0,362054328187710 ï0,0570354781886817 0,0883357106403866 

0,286971240516287 ï0,0533071378597072 0,0576089636368923 0,267882816809764 ï0,0571076947689791 ï0,0516609137943791 

0,281634114595131 ï0,0533712592115554 0,0548990397743812 0,262228813668126 ï0,0565400314163739 ï0,0500677903461177 

0,222998455950502 ï0,0529473835699473 0,0268783212897611 0,204156210090926 ï0,0495917055666928 ï0,0421021731048107 

0,217717113083795 ï0,0528134286670640 0,0245031546894008 0,199260534233399 ï0,0489567585752648 ï0,0421021731048107 

0,212450634404646 ï0,0526647867914898 0,0221580567508829 0,194427893375129 ï0,0483264085827034 ï0,0436952965530721 

0,207200460401759 ï0,0525017400288741 0,0198432941356790 0,189657849248490 ï0,0477004412663901 ï0,0500677903461177 

0,0468373370739402 ï0,0403700122950490 ï0,0397582285227404 0,0637772357546865 ï0,0280018753948746 ï0,0405090496565493 

0,0428497665095161 ï0,0398757056442417 ï0,0409412370717521 0,0610241775325838 ï0,0275305822210270 ï0,0389159262082879 

0,0389121078454335 ï0,0393765866408258 ï0,0420923634953523 0,0583177254733491 ï0,0270645205923464 ï0,0389159262082879 

0,0350248187661726 ï0,0388728907926089 ï0,0432117495188318 0,0556572870539035 ï0,0266043841944563 ï0,0389159262082879 

0,0311883336366967 ï0,0383648512947593 ï0,0442995446831465 0,0530422827746224 ï0,0261500427928113 ï0,0389159262082879 

0,0274030637373666 ï0,0378526989933004 ï0,0453559061733541 0,0504721719546581 ï0,0257011081996422 ï0,0389159262082879 

0,0236693975023712 ï0,0373366623499544 ï0,0463809986474244 0,0479464472646100 ï0,0252572469004819 ï0,0373228027600266 

ï0,0371076331480446 ï0,0270793448548168 ï0,0601846103908407 0,00759695905207347 ï0,0178639045066931 ï0,0405090496565493 

ï0,0397606001206740 ï0,0265296697262940 ï0,0606289158351478 0,00584693528504832 ï0,0175002376702516 ï0,0405090496565493 

ï0,0423586309635142 ï0,0259803084284027 ï0,0610468391776643 0,00413328867992890 ï0,0171364660511941 ï0,0405090496565493 

ï0,0782280885384450 ï0,0168424552446800 ï0,0644059013804702 ï0,0194290108464635 ï0,0109493384083825 ï0,0484746668978563 

ï0,0872579027707140 ï0,0137854994026509 ï0,0640770709678913 ï0,0252402537891889 ï0,00878565290989952 ï0,0500677903461177 

ï0,0885866988795132 ï0,0132879610879921 ï0,0639546564188601 ï0,0260829758251987 ï0,00842722036009769 ï0,0500677903461177 

ï0,0898661105896823 ï0,0127941171016910 ï0,0638138226663685 ï0,0268898914799263 ï0,00806915654727569 ï0,0341365558635038 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.3 ï ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

ï0,0910965171615255 ï0,0123040657184315 ï0,0636549077584232 ï0,0276612918651427 ï0,00771400385216392 ï0,0341365558635038 

ï0,0922783074062685 ï0,0118179024474308 ï0,0634782501215527 ï0,0283984430426798 ï0,00737151177537143 ï0,0341365558635038 

ï0,0756868607229925 0,0103328478182885 ï0,0209787639112864 ï0,0175342151971171 0,00754125066839695 ï0,0293571855187196 

ï0,0746459238203167 0,0104093690267582 ï0,0203508578002802 ï0,0167678120747468 0,00766403122370307 ï0,0277640620704582 

ï0,0693421549551706 0,0107249504965445 ï0,0172669073327879 ï0,0128018371811678 0,00798937648330500 0,0343677524117360 

ï0,0682646533923612 0,0107750156280939 ï0,0166621852147137 ï0,0120084474368699 0,00793389744297879 0,0359608758599974 

ï0,0671825682919062 0,0108208510045504 ï0,0160617871372077 ï0,0112238379854808 0,00784609451389140 0,0359608758599974 

0,0147107752489842 0,00393427339234420 0,0133022127612141 ï0,00063002966517278 4,72218757485710eï05 0,0375539993082588 

0,0150932507713401 0,00382475522355819 0,0133192764857918 ï0,00063887168462772 ï8,8420194549465eï05 ï0,0031697681285249 

0,0154648270701538 0,00371576298813792 0,0133318258064987 ï0,00066204655940993 ï0,00023174874782205 ï0,0309503089669810 

0,0183284833878005 0,00276265009891086 0,0132529229735125 ï0,00097598656094877 ï9,8838686068969eï05 ï0,0309503089669810 

0,0185945102017033 0,00266026813902864 0,0132241091718673 ï0,00097384470797268 2,14185297608971eï05 0,00977345846980269 

0,0205415853407274 0,00177634116977132 0,0128043037879858 ï0,00081555223142937 ï8,9226198990433eï05 ï0,0031697681285249 

0,0217303056713352 0,000968408879203908 0,0121315536070383 ï0,00111274743878986 ï0,00016012358478256 ï0,0309503089669810 

0,0218186823327915 0,000883766614563353 0,0120433884447550 ï0,00111780419528618 ï5,0567564963133eï05 ï0,0309503089669810 

0,0218987014202307 0,000800190874391538 0,0119527911589528 ï0,00111076125158593 7,04294370024172eï05 0,00977345846980269 

0,0208474188142420 ï0,00122813576751035 0,00829003739013945 ï0,00113113603241444 ï1,6049875783963eï06 0,0375539993082588 

0,0146096926669601 ï0,00220970912942930 0,00371546920179708 ï0,00161777357020354 6,74669400901884eï06 ï0,0309503089669810 

0,0125803306604841 ï0,00228076052776971 0,00261261515878587 ï0,00132563406833941 0,000183704626922632 0,0375539993082588 

0,0123518797020049 ï0,00228450958479232 0,00249506013377749 ï0,00131948025783590 6,15381050350639eï05 0,0375539993082588 

0,0121231325788908 ï0,00228747123114159 0,00237858255223437 ï0,00132710022339955 ï7,6199655636433eï05 ï0,0031697681285249 

0,00983585889409977 ï0,00227635870910681 0,00127712696095770 ï0,00165846216128640 ï9,6150975634756eï05 ï0,0309503089669810 

0,00960871532414120 ï0,00227143569958566 0,00117367302857065 ï0,00165608664470618 2,37551658022195eï05 ï0,0309503089669810 

0,00938212856832565 ï0,00226586755815550 0,00107149287224330 ï0,00164074731208508 0,000153393326211004 0,00977345846980269 

0,00759682355247215 ï0,00219954452709392 0,000301253430106235 ï0,00134931969213281 0,000199404993589392 0,0375539993082588 

0,00737795228054394 ï0,00218871271928212 0,000211017706272414 ï0,00134160862648858 7,71106564423363eï05 0,0375539993082588 

0,00716021665700028 ï0,00217735623543658 0,000122151882670639 ï0,00134768389568485 ï6,0752691962706eï05 ï0,0031697681285249 

0,00694366795208146 ï0,00216548704918829 3,46624489080635eï05 ï0,00136828246434861 ï0,00020598568663765 ï0,0309503089669810 

0,00672835624140222 ï0,00215311710679234 ï5,1444647203914eï05 ï0,00140112210683163 ï0,00032839642483018 ï0,0309503089669810 

0,00505601193232208 ï0,00203755224950752 ï0,00068999692081180 ï0,00166425211817756 ï8,1870815559215eï05 ï0,0309503089669810 

0,00485389123760383 ï0,00202120694718255 ï0,00076348133979944 ï0,00166045957012939 3,79254804816487eï05 0,00977345846980269 

0,00465344342407215 ï0,00200447813531679 ï0,00083555223073856 ï0,00164427397395528 0,000161855961741120 0,0375539993082588 

0,00330013237075444 ï0,00187759052221681 ï0,00130048902510116 ï0,00148119686467174 4,83962571418140eï05 0,0375539993082588 

0,00311431240200943 ï0,00185819968745005 ï0,00136127317900589 ï0,00148871721091659 ï7,5203462448492eï05 ï0,0031697681285249 

0,00136846363190801 ï0,00165047084406122 ï0,00189271032887003 ï0,00178012322440846 ï4,3835714570450eï05 ï0,0309503089669810 

0,00120560922203561 ï0,00162854409872404 ï0,00193832553395171 ï0,00177246936054742 7,65386386103462eï05 0,00977345846980269 

0,00104496444073499 ï0,00160644781300623 ï0,00198259683216609 ï0,00175237813238194 0,000200912281654864 0,0375539993082588 

ï1,6457145381232eï05 ï0,00144783142420168 ï0,00225551790959424 ï0,00156148941784895 8,81743593172946eï05 0,0375539993082588 

ï0,00015892919362203 ï0,00142472048240805 ï0,00228932587344255 ï0,00156504222221388 ï3,5528043649257eï05 ï0,0031697681285249 

ï0,00029908157214775 ï0,00140152378525715 ï0,00232186616879214 ï0,00158192729752760 ï0,00016885075313721 ï0,0309503089669810 

ï0,00133604698365319 ï0,00121388923391530 ï0,00253778083751150 ï0,00181921645598282 ï0,00012304478215430 ï0,0309503089669810 

ï0,00145507705696635 ï0,00119030073313153 ï0,00255938201660232 ï0,00182082540780215 ï1,6089518193318eï05 ï0,0309503089669810 

ï0,00157174793235448 ï0,00116670875388136 ï0,00257982391236462 ï0,00181055787712492 0,000102675306772326 0,00977345846980269 

ï0,00251592955080315 ï0,000955433113037918 ï0,00271365996466658 ï0,00158407747187816 ï1,6975620188430eï05 ï0,0031697681285249 

ï0,00260914979934035 ï0,000932202485371958 ï0,00272319308490026 ï0,00159914881411782 ï0,00015071342239658 ï0,0309503089669810 

ï0,00334499860449766 ï0,000727132975901768 ï0,00276476733595212 ï0,00182303569707543 ï3,0265920547556eï07 ï0,0309503089669810 

ï0,00341548834637651 ï0,000704897418788431 ï0,00276472761339803 ï0,00181120685910507 0,000118288379703513 0,00977345846980269 

ï0,00395213293553565 ï0,000511180853253190 ï0,00272649425727541 ï0,00157133646859720 ï2,6242240969143eï06 ï0,0031697681285249 

ï0,00400117800076005 ï0,000490450652244068 ï0,00271830270765021 ï0,00158498464302204 ï0,00013648174424840 ï0,0309503089669810 

ï0,00432107333457865 ï0,000331173147045671 ï0,00262751704410141 ï0,00179786154926409 ï9,3727048041669eï05 ï0,0309503089669810 

ï0,00435228679239808 ï0,000312134578194234 ï0,00261322997589281 ï0,00179656759506808 1,29395419601330eï05 ï0,0309503089669810 

ï0,00438161677194882 ï0,000293299795507407 ï0,00259833803572631 ï0,00178342481960381 0,000131427754642699 0,00977345846980269 

ï0,00456432026254305 ï0,000133375784928669 ï0,00243944827135458 ï0,00153217520393067 9,63358561700822eï06 ï0,0031697681285249 

ï0,00457599151756871 ï0,000116712550256581 ï0,00241929034300615 ï0,00154460696538439 ï0,00012431761453712 ï0,0309503089669810 

ï0,00458601926964553 ï0,000100277520768133 ï0,00239868282027200 ï0,00156833797585965 ï0,00023731010475258 ï0,0309503089669810 

ï0,00461214352628658 8,25577672669553eï06 ï0,00224298395649392 ï0,00174808081553801 ï8,2285609914745eï05 ï0,0309503089669810 

ï0,00460986195730806 2,28156897852383eï05 ï0,00221926668806575 ï0,00174565143327787 2,42938226013845eï05 ï0,0309503089669810 

ï0,00460614831223738 3,71364507067984eï05 ï0,00219522022708314 ï0,00173138187777622 0,000142695555016559 0,00977345846980269 

ï0,00452777505481750 0,000143020975534869 ï0,00199252331898846 ï0,00147238480713585 0,000144619653017486 0,0375539993082588 

ï0,00451225847057879 0,000155165842387062 ï0,00196608168082265 ï0,00147036956279534 2,01524434051414eï05 0,0375539993082588 

ï0,00449555168445670 0,000167067861220893 ï0,00193943488789458 ï0,00148231732912851 ï0,00011947766333175 ï0,0031697681285249 

ï0,00424014665838968 0,000282036748083803 ï0,00163605008656790 ï0,00186361638007249 ï2,2234148963074eï05 ï0,0309503089669810 

ï0,00421104151694440 0,000291051414452737 ï0,00160782129528252 ï0,00185278107750642 0,000108353025660701 0,00977345846980269 

ï0,00391239327369108 0,000361678999235560 ï0,00135211723964895 ï0,00159112817406715 3,75678709707561eï05 0,0375539993082588 

ï0,00387555514887106 0,000368381248200267 ï0,00132369581173156 ï0,00160111589714307 ï9,9877230759215eï05 ï0,0031697681285249 

ï0,00383806920762597 0,000374859412450856 ï0,00129530538350240 ï0,00162558717848016 ï0,00024471281337090 ï0,0309503089669810 

ï0,00343239630020309 0,000427669808967801 ï0,00101491318596861 ï0,00195460757804999 2,47967290589735eï06 ï0,0309503089669810 

ï0,00338921708981976 0,000431792103833262 ï0,00098739519585047 ï0,00194137804617445 0,000132295318755471 0,00977345846980269 

ï0,00298533953806146 0,000459994054942126 ï0,00074608079657919 ï0,00166047952547366 5,74795478558432eï05 0,0375539993082588 

ï0,00293912178766675 0,000462177503947059 ï0,00072008632697079 ï0,00166850266174712 ï8,0231362734606eï05 ï0,0031697681285249 

ï0,00270538688705924 0,000470410357128470 ï0,00059298672909014 ï0,00186126372676720 ï0,00046467975876152 ï0,0325434324152424 

ï0,00246882569941564 0,000474381856190309 ï0,00047111969421997 ï0,00200374347952215 ï9,9903712460491eï05 ï0,0309503089669810 

ï0,00194827958088395 0,000469599141496024 ï0,00022394479566606 ï0,00169083690785277 7,36568215797817eï05 0,0375539993082588 

ï0,00139819766872828 0,000446365478997679 9,03465327309295eï06 ï0,00201363357869178 3,47735586392339eï05 ï0,0309503089669810 

ï0,00100955415262627 0,000419108445723904 0,000156809104247708 ï0,00169732289902458 0,000209686334534664 0,0375539993082588 

ï0,00096798920909879 0,000415649435274723 0,000171769096206731 ï0,00168859154641932 8,73135260526237eï05 0,0375539993082588 

ï0,00092677789770034 0,000412113113984480 0,000186436117072868 ï0,00169365431254420 ï5,0627661248858eï05 ï0,0031697681285249 
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3.4. ɺʳʚʦʜʳ 

 

ʊʨʝʪʴʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚʦ 

ʚʪʦʨʦʡ ʛʣʘʚʝ ʤʝʪʦʜʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʦʩʥʦʚʘʥʘ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣ ̫ʫʧʨʘʚʣʝʥʠ ̫ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ ʛʠʙʨʠʜʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ PI- ʠ IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʛʠʙʨʠʜʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ 

PID- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ. ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʧʦʣʫʯʝʥʳ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʥʷʝʤʳʭ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʭʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʤʦʜʝʣʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ. 

ʅʝʫʩʪʦʡʯʠʚʳʡ ʥʝʣʠʥʝʡʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴ  ʁ ʩʫʜʥʘ. ʄʦʜʝʣʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʚ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ 

ʦʙʲʝʢʪʘ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥ ʛʠʙʨʠʜʥʳʡ ʨʝʛʫʣʷʪʦʨ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʫʯʝʥʳ 

ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ 

(PD- ʠ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ) ʚ ʦʜʠʥʘʢʦʚʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 
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4. ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻʀɹʈʀɼʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

 

4.1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ PI- ʠ IPI -FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʦʙʫʯʝʥʠʷ 

ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʢʦʤʙʠʥʘʮʠʠ 

ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩ ʧʦʤʦʱʴʶ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ FIS, ʧʦʣʫʯʝʥʥʘ ̫ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʛʠʙʨʠʜʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ [185]. 

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʠʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘʜʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʘ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʪʠʧ ï ʪʨʝʫʛʦʣʴʥʳʡ, ʢʦʣʠʯʝʩʪʚʦ ï ʧʷʪʴ). 

 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ʉʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.2, ʘ ï ʛ. 

ʇʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʩʤʦʪʨʘ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʩ ʮʝʣʴʶ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʧʦʣʫʯʝʥʥʦʡ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.3, ʘ ï ʙ. 
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ʘ  

ʙ 

 
ʚ 

 
ʛ 

 

ʈʠʩʫʥʦʢ 4.2 ï ʉʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS ʪʠʧʘ ʉʫʛʝʥʦ: 

ʘ ï ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; ʙ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʦʥʝʥʠʷ; ʚ ï 

ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ; ʛ ï ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  

ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.3 ï ʇʦʣʫʯʝʥʥʳʝ ʧʨʘʚʠʣʘ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

ʪʠʧʘ ʉʫʛʝʥʦ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʠʩʪʝʤʝ SIMULINK ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.4. 
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ʈʠʩʫʥʦʢ 4.4 ï ʄʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʠʩʪʝʤʝ SIMULINK 

 

ɺʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʦʪʢʣʦʥʝʥʠʷ ʠ ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ ʚʳʨʘʞʝʥʳ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ Input MF ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.5. 

 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ɺʠʜ ʧʦʜʩʠʩʪʝʤʳ Input MF (Input1) 
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ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʨʘʞʝʥ ʧʦʜʩʠʩʪʝʤʦʡ Output 

MF ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.6. 

 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ɺʠʜ ʧʦʜʩʠʩʪʝʤʳ Output MF (output) 

 

ʇʨʦʮʝʜʫʨʘ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʚʳʨʘʞʝʥʘ ʧʦʜʩʠʩʪʝʤʦʡ Defuzzification1 ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.7. 
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ʈʠʩʫʥʦʢ 4.7 ï ɺʠʜ ʧʦʜʩʠʩʪʝʤʳ Defuzzification1 

 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.6, ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.8. 

 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

 

ɼʣʷ ʦʙʱʝʛʦ ʘʥʘʣʠʟʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.9. 
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ʈʠʩʫʥʦʢ 4.9 ï ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʩʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ Cyʛʝʥʦ, 

ʷʚʣʷʶʱʝʡʩʷ ʤʦʜʝʣʴʶ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʟʘʪʨʘʪ ʜʣʷ ʝʛʦ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

(ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʝʣʠʯʠʥʳ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʯʠʩʣʫ ʢʦʣʝʙʘʥʠʡ, ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ). 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʝʜʝʥʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ: ʚʝʣʠʯʠʥʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ (s, %); ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ (tʨʝʛ, ʩ); ʯʠʩʣʫ ʢʦʣʝʙʘʥʠʡ (n); ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ 

(t1max, ʩ). 

ʎʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 4.1. 

ʊʘʙʣʠʮʘ 4.1 ï ʎʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ 
PI-ʨʝʛʫʣʷʪʦʨ 

IPI-FUZZY-ʨʝʛʫʣʷʪʦʨ 

(ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ) 

s, % 10 0 

tʨʝʛ, ʩ 0,3 0,2 

n 1 0 

t1max, ʩ 0,18 0,2 (ʩʦʚʧʘʜʘʝʪ ʩ tʨʝʛ) 
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4.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ PID- ʠ IPD-FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʦʙʫʯʝʥʠʷ 

ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʢʦʤʙʠʥʘʮʠʠ 

ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩ ʧʦʤʦʱʴʶ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ FIS, ʧʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʛʠʙʨʠʜʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 4.10 ʧʨʠʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘʜʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʘ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʪʠʧ ï ʪʨʝʫʛʦʣʴʥʳʡ, ʢʦʣʠʯʝʩʪʚʦ ï ʧʷʪʴ). 

 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ʉʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.11, ʘ ï ʛ. 

ʇʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʩʤʦʪʨʘ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʩ ʮʝʣʴʶ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʧʦʣʫʯʝʥʥʦʡ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.12, ʘ ï ʙ. 
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ʘ 

ʙ 

ʚ 
ʛ 

 

ʈʠʩʫʥʦʢ 4.11 ï ʉʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS ʪʠʧʘ ʉʫʛʝʥʦ: 

ʘ ï ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; ʙ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʦʥʝʥʠʷ;  

ʚ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʪʢʣʦʥʝʥʠʷ; ʛ ï ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  

ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.12 ï ʇʦʣʫʯʝʥʥʳʝ ʧʨʘʚʠʣʘ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

ʪʠʧʘ ʉʫʛʝʥʦ 

 

ʉʪʨʫʢʪʫʨʥʦ ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʠʩʪʝʤʝ SIMULINK ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝʡʨʦʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ) ʘʙʩʦʣʶʪʥʦ ʦʜʠʥʘʢʦʚʘ 

ʩ ʤʦʜʝʣʴʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4.4. ʇʦʜʩʠʩʪʝʤʳ Input MF ʠ ʧʦʜʩʠʩʪʝʤʘ 

Output MF ʦʜʠʥʘʢʦʚʳ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 4.5 ʠ 
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ʨʠʩʫʥʢʝ 4.6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʮʝʜʫʨʘ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ, ʚʳʨʘʞʝʥʥʘ̫ 

ʧʦʜʩʠʩʪʝʤʦʡ Defuzzification1, ʦʜʠʥʘʢʦʚʘ ʩ ʧʨʦʮʝʜʫʨʦʡ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4.7. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2.12, ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 4.13. 

 

 

 

ʈʠʩʫʥʦʢ 4.13 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

 

ɼʣʷ ʦʙʱʝʛʦ ʘʥʘʣʠʟʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.14. 

 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 
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ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʝʜʝʥʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ [186]: ʚʝʣʠʯʠʥʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ (s, %); ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ (tʨʝʛ, ʩ); ʯʠʩʣʫ ʢʦʣʝʙʘʥʠʡ (n); ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ 

(t1max, ʩ). ʎʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 4.2. 

ʊʘʙʣʠʮʘ 4.2 ï ʎʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ 
PID-ʨʝʛʫʣʷʪʦʨ 

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨ 

(ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ) 

s, % 0 0 

tʨʝʛ, s 32 13 

n 3 0 

t1max, s 10 13 

 

4.3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʩ ʧʦʤʦʱʴʶ PI- ʠ  

IPI -FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʩʤʦʪʨʠʤ 

ʛʠʙʨʠʜʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ PI- ʠ  

IPI-FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ [187], ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 3.4. ɺʚʦʜʠʪʩʷ 

ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʠʟʤʝʥʷʶʪʩʷ ʂʜʚ ʠ ʂʨʝʛ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʯʝʪʳʨʝ 

ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʛʝʥʝʨʠʨʫʝʤ ʩʠʩʪʝʤʫ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

ʇʨʦʮʝʜʫʨʘ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.15. 

 

 

 

ʈʠʩʫʥʦʢ 4.15 ï ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
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ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʚʭʦʜʥʳʭ ʃʇ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʳʙʨʘʥʳ ʧʦ ʧʷʪʴ ʛʘʫʩʩʦʚʳʭ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 4.16. 

 

 

 

ʈʠʩʫʥʦʢ 4.16 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʙʫʯʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ 

ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ ʨʘʚʥʦ 40. ʇʦʩʣʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʨʝʜʫ SIMULINK ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.17. 

 

 

 

ʈʠʩʫʥʦʢ 4.17 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ ˉ 1 
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ʀʟ ʨʠʩʫʥʢʘ 4.17 ʚʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

PI-ʨʝʛʫʣʷʪʦʨʘ ʚʳʰʝ, ʯʝʤ ʩ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʫʶ ʩʪʘʜʠʶ ʦʙʫʯʝʥʠʷ. ʊʘʢʞʝ ʚʳʙʨʘʥʳ ʧʦ ʧʷʪʴ ʪʨʝʫʛʦʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʚʭʦʜʥʳʭ ʃʇ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.18. 

 

 

 

ʈʠʩʫʥʦʢ 4.18 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʨʝʜʫ SIMULINK ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.19. 

 

 

 

ʈʠʩʫʥʦʢ 4.19 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩ rʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ  ̄2 
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ʀʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 4.19 ʚʠʜʥʦ, ʯʪʦ ʫʞʝ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʢʘʯʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʩ  

PI-ʨʝʛʫʣʷʪʦʨʦʤ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʪʴʶ ʠ ʯʝʪʚʝʨʪʫʶ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ. ʅʘ ʜʘʥʥʳʭ ʩʪʘʜʠʷʭ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʙʨʘʥʳ ʧʦ ʧʷʪʴ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʬʦʨʤʳ 

ʜʣʷ ʢʘʞʜʦʡ ʚʭʦʜʥʦʡ ʃʇ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʦʮʝʜʫʨʘ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.20. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

ʥʘ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.21, ʘ ï ʙ. 

 

 

 

ʈʠʩʫʥʦʢ 4.20 ï ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ʘ 
 

ʙ 

 

ʈʠʩʫʥʦʢ 4.21 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ: 

ʘ ï ʪʨʝʪʴʷ ʩʪʘʜʠʷ ʦʙʫʯʝʥʠʷ; ʙ ï ʯʝʪʚʝʨʪʘʷ ʩʪʘʜʠʷ ʦʙʫʯʝʥʠʷ 
 

ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ 

ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʨʝʜʫ SIMULINK ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.22, ʘ ï ʙ. 
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ʘ  
ʙ 

 

ʈʠʩʫʥʦʢ 4.22 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʡ ʦʙʫʯʝʥʠʷ: 

ʘ ï ʪʨʝʪʴʷ ʩʪʘʜʠʷ ʦʙʫʯʝʥʠʷ; ʙ ï ʯʝʪʚʝʨʪʘʷ ʩʪʘʜʠʷ ʦʙʫʯʝʥʠʷ 
 

ʀʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 4.22 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʧʝʮʠʝʚʠʜʥʳʭ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʷʭ ʦʙʫʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ 

ʞʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʉʛʝʥʝʨʠʨʦʚʘʥʥʘ ̫ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.23, ʘ ï ʛ. 

 

 
ʘ  

ʙ 

 
ʚ 

 
ʛ 

 

ʈʠʩʫʥʦʢ 4.23 ï ʉʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (FIS) ʪʠʧʘ ʉʫʛʝʥʦ: 

ʘ ï ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; ʙ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʦʥʝʥʠʷ; 

ʚ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ; ʛ ï ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  

ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 
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ɺʠʜ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨ rʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 4.24. 

 

 

 

ʈʠʩʫʥʦʢ 4.24 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS 

 

ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.25. 

 

 

 

ʈʠʩʫʥʦʢ 4.25 ï ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 
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ʀʟ ʨʠʩʫʥʢʘ 4.25 ʚʠʜʥʦ, ʯʪʦ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ [0; 3] 

ʠ [0; 0,07], ʘ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ï [ï1,5; 1], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ, ʩʥʷʪʳʤ ʩ 

ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʘʜʢʘʷ, ʥʝ ʩʦʜʝʨʞʠʪ ʨʘʟʨʳʚʦʚ ʠ ʦʜʥʦʟʥʘʯʥʘ ʥʘ ʚʩʝʡ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʝʜʝʥʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ [186]: ʚʝʣʠʯʠʥʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ (s, %); ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ (tʨʝʛ, ʩ); ʯʠʩʣʫ ʢʦʣʝʙʘʥʠʡ (n); ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ 

(t1max, ʩ). 

ʎʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 4.3. 

ʊʘʙʣʠʮʘ 4.3 ï ʎʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ 
PI-ʨʝʛʫʣʷʪʦʨ 

IPI-FUZZY-ʨʝʛʫʣʷʪʦʨ 

(ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ) 

s, % 10 0,9 

tʨʝʛ, ʩ 0,3 0,18 

n 2 0 

t1max, ʩ 0,18 0,24 

 

4.4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʩ ʧʦʤʦʱʴʶ PID- ʠ  

IPD-FUZZY -ʨʝʛʫʣʷʪʦʨʦʚ 

 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʩʤʦʪʨʠʤ 

ʛʠʙʨʠʜʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ PID- ʠ IPD-

FUZZY-ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 3.10. 

ʅʘ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʜʝʡʩʪʚʫʝʪ ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ (10 % ʦʪ 

ʚʝʣʠʯʠʥʳ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʥʘ ʩʪʘʨʪʝ. 

ʇʨʦʮʝʜʫʨʘ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʩʪʝʤʳ 

ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.26. 
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ʈʠʩʫʥʦʢ 4.26 ï ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʚʭʦʜʥʳʭ ʃʇ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʳʙʨʘʥʳ ʧʦ ʧʷʪʴ 

ʪʨʝʫʛʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.27. 

 

 

 

ʈʠʩʫʥʦʢ 4.27 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ʆʙʫʯʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʚʳʧʦʣʥʷʣʦʩʴ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʛʠʙʨʠʜʥʳʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʘ ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ ʨʘʚʥʦ 40. ʉʝʪʴ ʦʙʫʯʘʝʪʩʷ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʰʘʛʘ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʠʟ MATLAB  (ANFIS training completed at epoch 2): 

ANFIS info: 
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Number of nodes: 75 

Number of linear parameters: 25 

Number of nonlinear parameters: 30 

Total number of parameters: 55 

Number of training data pairs: 67 

Number of checking data pairs: 67 

Number of fuzzy rules: 25 

 

Start training ANFIS 

 

1 0,260673 1,19931 

2 0,260637 1,1991 

 

Designated epoch number reached --> ANFIS training completed at epoch 2. 

 

ʉʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.28, ʘ ï ʛ. 

 

 
ʘ  

ʙ 

 
ʚ 

 
ʛ 

 

ʈʠʩʫʥʦʢ 4.28 ï ʉʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (FIS) ʪʠʧʘ ʉʫʛʝʥʦ: 

ʘ ï ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; ʙ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʦʥʝʥʠʷ; 

ʚ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʪʢʣʦʥʝʥʠʷ; ʛ ï ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  

ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

 

ɺʠʜ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 4.29. 
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ʈʠʩʫʥʦʢ 4.29 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS 

 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.10 ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.30. 

 

 

 

ʈʠʩʫʥʦʢ 4.30 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 
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ɼʣʷ ʦʙʱʝʛʦ ʘʥʘʣʠʟʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.31. 

 

 

 

ʈʠʩʫʥʦʢ 4.31 ï ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʝʜʝʥʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ [186]: ʚʝʣʠʯʠʥʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ (s, %); ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ (tʨʝʛ, ʩ); ʯʠʩʣʫ ʢʦʣʝʙʘʥʠʡ (n); ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ 

(t1max, ʩ). 

ʎʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 4.4. 

ʊʘʙʣʠʮʘ 4.4 ï ʎʠʬʨʦʚʦʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ 
PID-ʨʝʛʫʣʷʪʦʨ 

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨ 

(ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ) 

s, % 1 0 

tʨʝʛ, s 60,4 72 

n 3 0 

t1max, s 100 80 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ  

IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʦʤ ʤʦʥʦʪʦʥʥʳʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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4.5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ PD-ʨʝʛʫʣʷʪʦʨ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ Kp = 0,4891, Kd = 1,5523, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʳʡ 

ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʧʨʠ ʟʘʜʘʥʠʠ ʢʫʨʩʦʚʦʛʦ ʫʛʣʘ ʚ 30Á [188, 189]. ʇʝʨʝʭʦʜʥʦʡ 

ʧʨʦʮʝʩʩ (ʫʛʦʣ ʢʫʨʩʘ ʩʫʜʥʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.32. 

 

 

ʈʠʩʫʥʦʢ 4.32 ï ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʩ PD-ʨʝʛʫʣʷʪʦʨʦʤ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʠʣʘ 

45ʩ, ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ï 25%. ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ [156, 162 ï 165], ʜʘʥʥʳʝ ʩ  

PD-ʨʝʛʫʣʷʪʦʨʘ ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʫʛʣʘ ʢʫʨʩʘ ʩʫʜʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʩʣʠ ʟʘʜʘʪʴ ʧʦ 35 ʪʝʨʤʦʚ ʜʣʷ ʚʭʦʜʥʳʭ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ çʦʪʢʣʦʥʝʥʠʝè ʠ çʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪʢʣʦʥʝʥʠè̫ ʠ 35 

ʪʝʨʤʦʚ ʜʣʷ ʚʳʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʫʛʦʣ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷè, ʪʦ 

ʙʫʜʝʪ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʝʛʫʣʷʪʦʨ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʤ ʩʠʩʪʝʤʝ ʩ  
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PD-ʨʝʛʫʣʷʪʦʨʦʤ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 4.33. 

 

 

 

ʈʠʩʫʥʦʢ 4.33 ï ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʩ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩ 35 ʪʝʨʤʘʤʠ ʜʣʷ 

ʢʘʞʜʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

 

ɺʳʩʦʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʥʝʯʝʪʢʠʝ 

ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʘʧʧʨʦʢʩʠʤʘʪʦʨʘʤʠ, ʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʨʤʦʚ ʧʝʨʝʤʝʥʥʳʭ ʜʝʣʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʠʟ-ʟʘ 

ʚʳʩʦʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʧʨʘʚʣʷʶʱʝʤʫ ʨʝʛʫʣʷʪʦʨʫ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʣʩʷ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʩ ʧʷʪʴʶ ʪʝʨʤʘʤʠ ʫ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʣʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çʦʪʢʣʦʥʝʥʠʝè. 

2. ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪʢʣʦʥʝʥʠʷè. 

3. ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çʫʛʦʣ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷè. 

4. ʆʧʪʠʤʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ ʘʛʨʝʛʠʨʦʚʘʥʠʷ, ʘʢʪʠʚʠʟʘʮʠʠ, ʘʢʢʫʤʫʣʷʮʠʠ, 

ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʄʘʤʜʘʥʠ. 

5. ʆʧʪʠʤʠʟʘʮʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ. 
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ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ga ʧʘʢʝʪʘ MatLab 

2021a, ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʟʘʜʘʥʥʳʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʄʝʪʦʜʳ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʦʮʝʜʫʨʳ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʛʣʘʚʝ 5 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʪʝʨʠʡ ʤʠʥʠʤʫʤʘ ʩʫʤʤʳ 

ʢʚʘʜʨʘʪʘ ʦʰʠʙʢʠ: 

()
2

1

n

ii
J e

=
=ä ,     (4.1) 

ʛʜʝ ei ï ʦʰʠʙʢʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ i-ʤ ʦʪʩʯʝʪʝ, n ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ. 

ɺ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʝʩʦʚ ʙʘʟʳ ʧʨʘʚʠʣ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʦʡ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ [190, 191]. ʆʧʪʠʤʠʟʘʮʠʷ ʚʝʩʦʚ 

ʙʘʟʳ ʧʨʘʚʠʣ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.34, ʘ ï ʙ. 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.34 ï ʆʧʪʠʤʠʟʘʮʠʷ ʚʝʩʦʚ: 

ʘ ï ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ 15 ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʟʘʜʘʥʥʳʝ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ; ʙ ï ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʯʝʨʝʟ 50 ʧʦʢʦʣʝʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çʦʪʢʣʦʥʝʥʠʝè ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.35, ʘ ï ʙ. 



 

140 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.35 ï ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʭʦʜʥʦʡ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʦʪʢʣʦʥʝʥʠʝè: 

ʘ ï ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʡ çʦʪʢʣʦʥʝʥʠʝè;  

ʙ ï ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʦʪʢʣʦʥʝʥʠʝè 

ʯʝʨʝʟ 50 ʧʦʢʦʣʝʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪʢʣʦʥʝʥʠʷè ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʛʨʘʬʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.36, ʘ ï ʙ. 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.36 ï ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʭʦʜʥʦʡ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪʢʣʦʥʝʥʠʷè: 

ʘ ï ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʡ çʜʠʬʬʝʨʝʥʮʠʘʣ 

ʦʪʢʣʦʥʝʥʠʷè; ʙ ï ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

çʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪʢʣʦʥʝʥʠʷè ʯʝʨʝʟ 50 ʧʦʢʦʣʝʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 
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ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝè ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʛʨʘʬʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.37, ʘ ï ʙ. 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.37 ï ʆʧʪʠʤʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʭʦʜʥʦʡ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝè: 

ʘ ï ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʡ çʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝè; ʙ ï ɿʥʘʯʝʥʠʷ ʮʝʥʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʡ çʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝè ʯʝʨʝʟ 75 ʧʦʢʦʣʝʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.38 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠʩʭʦʜʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

 

ʈʠʩʫʥʦʢ 4.38 ï ʇʘʨʘʤʝʪʨʳ ʠʩʭʦʜʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ: 

ʘ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʦʥʝʥʠʷ; ʙ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣ 

ʦʪʢʣʦʥʝʥʠʷ; ʚ ï ʪʝʨʤʳ ʚʭrʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ; ʛ ïʧʘʨʘʤʝʪʨʳ 
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ʅʘ ʨʠʩʫʥʢʝ 4.39 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. 

 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

 

ʈʠʩʫʥʦʢ 4.39 ï ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ: 

ʘ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʦʥʝʥʠʷ; ʙ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣ 

ʦʪʢʣʦʥʝʥʠʷ; ʚ ï ʪʝʨʤʳ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ; ʛ ïʧʘʨʘʤʝʪʨʳ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.40 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʠʩʭʦʜʥʦʛʦ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.40 ï ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʳ ʧʨʘʚʠʣ: 

ʘ ï ʦʧʪʠʤʠʟʘʮʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʠʩʭʦʜʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ; ʙ ï ʦʧʪʠʤʠʟʘʮʠʷ ʙʘʟʳ ʧʨʘʚʠʣ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 
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ʅʘ ʨʠʩʫʥʢʝ 4.41 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.41 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠʩʭʦʜʥʦʛʦ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ  

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ: 

ʘ ï ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʩ ʠʩʭʦʜʥʳʤ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ; ʙ ï ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʩ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʙʝʟ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʩ ʧʷʪʴʶ ʪʝʨʤʘʤʠ ʜʣʷ ʢʘʞʜʦʡ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʝ ʦʙʝʩʧʝʯʠʚʘʣ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.41, ʘ; 

- ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 24ʩ ʠ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʝʥʝʝ 15% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ PD-ʨʝʛʫʣʷʪʦʨʦʤ (ʩʤ. ʨʠʩʫʥʦʢ 4.32 ʠ ʨʠʩʫʥʦʢ 4.41, ʙ); 

- ʜʣʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪʢʣʦʥʝʥʠʷè ʠ çʫʛʦʣ 

ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷè ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʤʦʚ ʜʦ ʜʚʫʭ ʠ ʪʨʝʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. ʨʠʩʫʥʦʢ 4.39, ʙ, ʚ); 

- ʠʟ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʧʨʘʚʠʣʦ ˉ 4 ʠ ʧʨʘʚʠʣʦ ˉ 6 (ʩʤ. 

ʨʠʩʫʥʦʢ 4.40, ʙ). 

ʇʦʩʣʝ ʩʠʥʪʝʟʘ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʤʘʪʨʠʮʘ ʟʥʘʯʝʥʠʡ ʩ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʩ ʩʠʛʥʘʣʦʚ ʦʪʢʣʦʥʝʥʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʪʢʣʦʥʝʥʠʷ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠ)̫. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ANFIS ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʥʝʣʠʥʝʡʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠʟ ʥʦʚʦʡ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ 

ʦʙʫʯʘʶʱʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ, ʘ ʟʥʘʯʝʥʠʷ ʠʟ ʚʪʦʨʦʡ ʤʘʪʨʠʮʳ (ʩ 
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ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ) ï ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʬʘʢʪʘ ʝʝ ʧʝʨʝʦʙʫʯʝʥʠʷ [192]. 

ʆʙʫʯʘʶʱʠʝ ʠ ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 4.42. 

 

 
ʘ 

 
ʙ 

 

ʈʠʩʫʥʦʢ 4.42 ï ɿʘʛʨʫʟʢʘ ʬʘʡʣʦʚ ʩ ʦʙʫʯʘʶʱʠʤʠ ʠ ʧʨʦʚʝʨʦʯʥʳʤʠ ʜʘʥʥʳʤʠ: 

ʘ ï ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ; ʙ ï ʧʨʦʚʝʨʦʯʥʳʝ ʜʘʥʥʳʝ 

 

ʆʙʫʯʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʦʚʝʜʝʥʦ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ ï ʛʠʙʨʠʜʥʳʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʦʤ 

ʫʙʳʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. 

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʬʘʡʣʦʚ ʩ ʦʙʫʯʘʶʱʠʤʠ ʠ ʧʨʦʚʝʨʦʯʥʳʤʠ ʜʘʥʥʳʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ FIS-ʩʪʨʫʢʪʫʨʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʫʯʝʥʠʝʤ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʚ SIMULINK. 

ʇʨʦʮʝʜʫʨʘ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ FIS-ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.43. ɼʣʷ ʢʘʞʜʦʡ ʠʟ 

ʚʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʳʙʨʘʥʳ ʧʦ ʧʷʪʴ 

ʪʨʝʫʛʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʚʳʙʨʘʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ). 
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ʈʠʩʫʥʦʢ 4.43 ï ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.44. 

 

 

 

ʈʠʩʫʥʦʢ 4.44 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʙʫʯʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ. ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ ʨʘʚʥʦ 40. ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʨʝʜʫ 

SIMULINK ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 4.45. 
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ʈʠʩʫʥʦʢ 4.45 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ 

 

ʀʟ ʨʠʩʫʥʢʘ 4.45 ʚʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IPD-

FUZZY-ʨʝʛʫʣʷʪʦʨʘ (ʥʘ ʛʨʘʬʠʢʝ Neyro-controller) ʚʳʰʝ, ʯʝʤ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʦʜʥʘʢʦ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.46. 

 

 

 

ʈʠʩʫʥʦʢ 4.46 ï ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʫʶ ʩʪʘʜʠʶ ʦʙʫʯʝʥʠʷ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦ ʧʷʪʴ 

ʪʨʝʫʛʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʩ ʠʟʤʝʥʝʥʥʳʤ ʪʠʧʦʤ) ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʚʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ. ʇʨʦʮʝʜʫʨʘ 

ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ FIS-

ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.47. 
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ʈʠʩʫʥʦʢ 4.47 ï ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʈʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.48. 

 

 

 

ʈʠʩʫʥʦʢ 4.48 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.49. 
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ʈʠʩʫʥʦʢ 4.49 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ 

 

ʀʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4.49 ʚʠʜʥʦ, ʯʪʦ ʫʞʝ ʥʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 4.50. 

 

 

 

ʈʠʩʫʥʦʢ 4.50 ï ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ʅʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʧʨʦʚʝʜʝʤ ʦʙʫʯʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʤʝʪʦʜʦʤ ʫʙʳʚʘʥʠʷ 

ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ (backpropa). ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ. 

ʈʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.51. 
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ʈʠʩʫʥʦʢ 4.51 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.52. 

 

 

 

ʈʠʩʫʥʦʢ 4.52 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ 

 

ʀʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4.52 ʚʠʜʥʦ, ʯʪʦ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʴ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦʩʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.53. 
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ʈʠʩʫʥʦʢ 4.53 ï ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʝʜʝʥʘ ʝʱʝ ʦʜʥʘ ʩʪʘʜʠʷ 

ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʤ ʤʝʪʦʜʦʤ. ʈʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 4.54. 

 

 

 

ʈʠʩʫʥʦʢ 4.54 ï ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ 
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ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.55. 

 

 

 

ʈʠʩʫʥʦʢ 4.55 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ 

 

ʀʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4.55 ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ, 

ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʶʪ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦʩʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.56. 

 

 

 

ʈʠʩʫʥʦʢ 4.56 ï ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ʉʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ IPD-FUZZY-ʨʝʛʫʣʷʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ 

ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4.55, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.57. 
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ʈʠʩʫʥʦʢ 4.57 ï ʉʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (FIS) ʪʠʧʘ ʉʫʛʝʥʦ: 

ʘ ï ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; ʙ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʦʥʝʥʠʷ; 

ʚ ï ʪʝʨʤʳ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʦʥʝʥʠʷ; ʛ ï ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  

ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

 

ɺʠʜ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 4.58. 

 

 

 

ʈʠʩʫʥʦʢ 4.58 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS 






























































































































































































































