
1 

 

 

 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʥʠ ʄ.ɸ. ʂʘʨʮʝʚʘ ɸʆ çʅʀʀɺʂ ʠʤʝʥʠ ʄ.ɸ.ʂʘʨʮʝʚʘè 

 

 

 

 

 

 

 

ɹʋʗʅʂʀʅ ɺʀʂʊʆʈ ʄʀʍɸʁʃʆɺʀʏ  

 

 

 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʠʥʪʝʟ ʘʥʩʘʤʙʣʝʡ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 

ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

 

 

 

 

 
 

 

 

ʩʧʝʮʠʘʣʴʥʦʩʪʴ: 2.3.1. çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʪʘʪʠʩʪʠʢʘè ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʫʢʘʤ. 
 

       

 

 

 

 

 

 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

 ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

 

 

 

 

ʄʦʩʢʚʘ 2023 

http://www.spiiras.nw.ru/dissovet/wp-content/uploads/2015/03/05.13.01.pdf
http://www.spiiras.nw.ru/dissovet/wp-content/uploads/2015/03/05.13.01.pdf


2 

 

 

ʆʛʣʘʚʣʝʥʠʝ 

ɺʚʝʜʝʥʠʝéééééééééééééééééééééééééééé. 5 

ɻʃɸɺɸ 1. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ (ʅʉʋ) 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ɸʊʆʅʅʍ) 

1.1. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʤʦʜʝʣʝʡ, ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ɸʊʆʅʅʍééééééééééééééééééééé..ééééé.é 18 

1.2. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʅʉʋ, ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʊʆʅʅʍéé..é..33 

1.3. ʄʝʪʦʜʳ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

éééééééééééééééééééééééééééééééé 34 

ɺʳʚʦʜʳéééééééééééééééééééééééééé..éé 36 

 

ɻʃɸɺɸ 2. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʅʉʋ ɸʊʆʅʅʍ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

2.1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʙʘʟʝ ʨʝʢʫʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ (feed recurent neural networks, FRNN) ʠ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (feed forward neural networks, 

FFNN)ééé.éééééééééééééééééééééééééé37 

 

2.2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ FRNN, FFNN ʠ ʘʜʘʧʪʠʚʥʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

(adaptive neuro-fuzzy inference system, ANFIS) éééééééééééé 53 

https://ru.wikipedia.org/wiki/ANFIS


3 

 

 

2.3. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ FRNN, ANFIS, ʵʢʩʧʝʨʪʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ FFNN ééééééééééééééééééééé 69 

  

ɺʳʚʦʜʳéééééééééééééééééééééééééééé 82 

ɻʃɸɺɸ 3. ʄʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʅʉʋ 

ʜʣʷ ɸʊʆʅʅʍ 

3.1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧʪʠʚʥʳʭ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN ééééééééé. 83 

 

3.2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷééééééééééééééééééééééééé 91 

 

3.3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʥʘ ʙʘʟʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN, ANFIS ééééééééééééééééé.  99 

ɺʳʚʦʜʳéééééééééééééééééééééééééééé 106 

 

ɻʃɸɺɸ 4. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʘ, ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠ ʪʦʯʥʦʩʪʠ ʅʉʋ 

4.1. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʅʉʋ ʯʠʩʣʘ ʩʣʦʝʚ ʠ ʯʠʩʣʘ 

ʥʝʡʨʦʥʦʚééééééééééééééééééééééééééé..107 

4.2. ɺʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʅʉʋ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ 

ʘʢʪʠʚʘʮʠʠéééééééééééééééééééééééééé....121 

4.3. ʅʦʚʳʡ ʧʦʜʭʦʜ ʘʥʘʣʠʟʘ ʣʦʢʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ 

ʟʘʪʫʭʘʥʠʠ ʚʳʩʰʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡéé...éééééééééééééééééééééééééé.. 127 



4 

 

 

ɺʳʚʦʜr ééééééééééééééééééééééééééé.é142 

142éé1142 

ɻʃɸɺɸ 5. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ 

ʧʦ ʘʨʭʠʪʝʢʪʫʨʘʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʘʢʠʭ ʩʠʩʪʝʤ 

5.1. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʅʉʋ 

ʮʠʬʨʦʚʳʤʠ ʩʣʝʜʷʱʠʤʠ ʧʨʠʚʦʜʘʤʠ (ʎʉʇ) ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʩʪʘʥʢʦʚéééééééééééééééééééééééééééé. 143 

 

5.2. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʅʉʋ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ ʨʦʙʦʪʦʚ .....................éééééé. 189 

 

5.3. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʅʉʋ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠééééééééééééééééééé. ...215 

 

ɺʳʚʦʜʳéééééééééééééééééééééééééééé 234 

 

ɿʘʢʣʶʯʝʥʠʝ ééééééééééééééééééééééééé... 235 

 

ʃʠʪʝʨʘʪʫʨʘ......................................................................................................... 237 

 

ʇʨʠʣʦʞʝʥʠʝ 1ééééééééééééééééééééééé........259 

 

ʇʨʠʣʦʞʝʥʠʝ 2ééééééééééééééééééééééé...é. 267 

 

  



5 

 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʨʝʜʲʷʚʣʷʝʪ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ (ɸʊʆʅʅʍ). ʊʘʢʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ: ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ; ʮʠʬʨʦʚʳʝ 

ʩʣʝʜʷʱʠʝ ʧʨʠʚʦʜʳ (ʎʉʇ) ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ; ʤʘʥʠʧʫʣʷʪʦʨʳ ʜʣʷ 

ʨʦʙʦʪʦʚ (ʨʠʩʫʥʢʠ 1.1.1 (ʘ, ʙ, ʚ)). ʄʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʝʣʠʥʝʡʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʊʆʅʅʍ ʥʝʚʦʟʤʦʞʥʦ ʪʦʯʥʦ ʠʟʤʝʨʠʪʴ ʠ ʨʘʩʩʯʠʪʘʪʴ, ʧʦʪʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʣʠʥʝʡʥʳʭ ʤʝʪʦʜʦʚ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʩ 

ʘʜʘʧʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ. 
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(ʚ) 

 

ʈʠʩʫʥʢʠ 1.1.1 (ʘ, ʙ, ʚ) ï ʇʨʠʤʝʨʳ  ɸʊʆʅʅʍ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʩʠʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ 

ʨʘʙʦʪʳ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʥʘʧʳʣʝʥʠʷ 

ʥʘʥʦʩʣʦʝʚ (10ï50 ʥʤ) ʣʠʪʠʷ, ʭʨʦʤʘ, ʥʠʢʝʣʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 
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ʞʘʨʦʧʨʦʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ʀʦʥʠʟʠʨʦʚʘʥʥʘʷ ʧʣʘʟʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʤʝʨʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʦʙʲʝʢʪ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʠ ʥʝʯʝʪʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʝ ʩʣʦʞʥʳ. 

 

ʅʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ɸ. ɸ. ʈʫʭʘʜʟʝ, ɸ. ʌ. ʇʫʟʨʷʢʦʚ, ʉ. ɸ. ʄʫʙʦʷʜʞʘʥ, ɸ. ʌ. ʀʩʘʢʦʚ). ɺ ʧʨʦʮʝʩʩʝ 

ʥʘʧʳʣʝʥʠʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ. ʄʥʦʛʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝʘʜʝʢʚʘʪʥʳ ʨʝʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʩʫ. ʊʘʢ ʢʘʢ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ, ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʫʧʨʘʚʣʝʥʠʶ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʦʡ, 

ʤʘʣʦ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʜʝʨʞʠʚʘʶʱʠʤʠ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʦʡ, ʷʚʣʷʶʪʩʷ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ; ʥʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ; ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʦʜʦʚ, 

ʤʝʪʦʜʠʢ ʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ. ʅʦʚʳʝ ʤʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʟʚʦʣʷʪ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʝʨʭʪʦʯʥʳʝ ʧʨʝʮʠʟʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʟʜʘʶʪʩʷ ʥʘ ʙʘʟʝ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʵʪʠ ʨʝʛʫʣʷʪʦʨʳ ʥʝ ʤʦʛʫʪ ʦʧʝʨʘʪʠʚʥʦ 

ʩʘʤʦʦʙʫʯʘʪʴʩʷ, ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʩʚʦʠ ʩʪʨʫʢʪʫʨʳ, ʚʘʨʴʠʨʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɸʊʆʅʅʍ. ʉʪʘʥʜʘʨʪʥʳʝ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʥʝ ʤʦʛʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʫʧʨʝʞʜʘʶʱʝʝ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ. 
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ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʦʨʠʠ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ (ɻ. ʄ. ʋʣʘʥʦʚ, ɹ. ʅ. ʇʝʪʨʦʚ, ɸ. ɻ. ʀʚʘʭʥʝʥʢʦ, 

ɺ. ɺ. ʉʦʣʦʜʦʚʥʠʢʦʚ). ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʠʥʚʘʨʠʘʥʪʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʚʚʦʜʦʤ ʚ 

ʢʦʥʪʫʨ ɸʊʆʅʅʍ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʟʘʜʘʶʱʠʭ ʠ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʆʜʥʘʢʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

(ʈ. ʄ. ʖʩʫʧʦʚ, ʄ. ɺʫʢʦʙʨʘʪʦʚʠʯ). ʆʩʥʦʚʦʡ ʪʝʦʨʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʌʫʥʢʮʠʠ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʠʟ-ʟʘ ʥʝʪʦʯʥʦʩʪʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʥʝ ʬʦʨʤʘʣʠʟʫʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʙʘʟʝ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʙʲʝʢʪʘ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʟʘʪʨʫʜʥʝʥʦ, ʯʪʦ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

 

ɺ ʮʝʣʦʤ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

(ʦʧʪʠʤʘʣʴʥʳʤ, ʵʢʩʪʨʝʤʘʣʴʥʳʤ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʠ ʪ. ʜ.) ʦʧʠʩʳʚʘʶʪʩʷ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʦʚ ʨʘʩʯʝʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ 



9 

 

 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ɸʊʆʅʅʍ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʚʳʩʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʥʦʚʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʊʝʦʨʠʷ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ, ʥʘʩʯʠʪʳʚʘʶʱʘʷ ʥʝ ʦʜʠʥ ʜʝʩʷʪʦʢ ʣʝʪ, ʧʦʩʪʦʷʥʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʦʥʘ ʧʦʣʫʯʠʣʘ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʮʠʬʨʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʦʚʦʜʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʦʨʠʠ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʦʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʤʠʥʫʷ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ɸʊʆʅʅʍ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʦʨʠʠ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʝʡʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʅʝʡʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʫʯʘʶʪʩʷ 

ʩʪʘʪʠʯʝʩʢʠʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ 

ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ. 

 

ʆʜʥʘʢʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʟʘʤʢʥʫʪʳʝ ʢʦʥʪʫʨʳ 

ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ ʧʦʷʚʠʣʘʩʴ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʦʙʣʝʤʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʚʠʣʘ ʚ ʪʫʧʠʢ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉʣʦʞʥʦ ʙʳʣʦ 

ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʙʦʨʘ ʥʝʡʨʦʥʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʝʨʝʢʨʝʩʪʥʳʤʠ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ, ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳ. ʅʝʡʨʦʥʳ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ ʩʝʪʠ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʯʠʩʣʦ ʩʣʦʝʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʠ ʩʣʦʝʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʈʘʫʩʘïɻʫʨʚʠʮʘ, ʅʘʡʢʚʠʩʪʘïʄʠʭʘʡʣʦʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝ ʛʦʜʷʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ɸʊʆʅʅʍ, ʯʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʪʨʫʜʘʭ ɸ. ɸ. ʂʨʘʩʦʚʩʢʦʛʦ, ɽ. ʇ. ʇʦʧʦʚʘ, 

ɺ. ɺ. ʉʦʣʦʜʦʚʥʠʢʦʚʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʫʞʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʷʤʦʡ ʤʝʪʦʜ ʃʷʧʫʥʦʚʘ. 

ʆʜʥʘʢʦ ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʦʡ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʠʥʦʛʜʘ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ʆʧʨʝʜʝʣʝʥʥʫʶ ʪʨʫʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʨʘʩʯʝʪʳ 

ʜʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ. 

 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʥʝʰʪʘʪʥʳʤ ʩʠʪʫʘʮʠʷʤ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʧʨʝʜʩʢʘʟʳʚʘʷ 

ʙʫʜʫʱʠʝ ʦʪʢʘʟʳ. ʊʘʢʠʝ ʟʘʜʘʯʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ) 

ʤʦʞʥʦ ʨʝʰʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʟʘʤʝʥʠʤʦʡ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ. 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ 

ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʩʝ ʵʪʦ 

ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ.  
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ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʮʝʩʩ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʣʘʩʩʘʤʠ 

ɸʊʆʅʅʍ (ʥʘ ʧʨʠʤʝʨʝ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʚʳʩʦʢʦʪʦʯʥʳʭ ʎʉʇ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʠ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʨʦʙʦʪʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʢʠʥʝʤʘʪʠʢʦʡ). 

 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ ɸʊʆʅʅʍ 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʰʢʦʣʳ 

ʩʠʩʪʝʤ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ (ɸ. ʀ. ɻʘʣʫʰʢʠʥ, ɺ. ɸ. ʊʝʨʝʭʦʚ, ɸ. ɸ. ɾʜʘʥʦʚ, 

ɸ. ʅ. ʈʝʜʴʢʦ), ʘ ʪʘʢʞʝ ʥʘ ʜʦʩʪʠʞʝʥʠʷ ʟʘʨʫʙʝʞʥʳʭ ʰʢʦʣ: ʉʐɸ (ʋ. ʄʘʢʢʣʦʢ, 

ʋ. ʇʠʪʩ, ʌ. ʈʦʟʝʥʙʣʘʪʪ, ʃ. ɿʘʜʝ), ʂʘʥʘʜʳ (ʉ. ʍʘʡʢʠʥ), ʗʧʦʥʠʠ (ʂ. ʍʠʨʘʩʘʚʘ), 

ʂʠʪʘʷ (ʈʦʥʛ-ɼʞʘʥʛɺʘʡ, ɼʞʝʥʛ ɼʘʦ).  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ, 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ:  

ʈʘʟʨʘʙʦʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʘʥʩʘʤʙʣʷ 

(ʅʉʋ ɸʊʆʅʅʍ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ: ʩʠʩʪʝʤʫ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʨʠʪʝʨʠʝʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ; ʈʘʟʨʘʙʦʪʢʘ ʦʙʦʙʱʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ ʩ ʦʙʦʙʱʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʨʝʰʝʥʠʷ;  

ʈʘʟʨʘʙʦʪʢʠ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ. 

ʈʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ, ʘʣʛʦʨʠʪʤʦʚ 

ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 
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ʈʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʘ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʅʉʋ. 

ʈʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ ʩ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʧʦ ʘʨʭʠʪʝʢʪʫʨʘʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʥʝʡʨʦʩʠʩʪʝʤ. 

ʈʝʰʘʝʤʘʷ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ: ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ, ʤʦʜʝʣʝʡ, 

ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ (ʅʉʋ) ɸʊʆʅʅʍ, ʩʦʢʨʘʱʘʶʱʠʭ ʚʨʝʤʷ ʩʠʥʪʝʟʘ, ʧʦʚʳʰʘʶʱʠʭ 

ʪʦʯʥʦʩʪʴ. 

ʅʘʫʯʥʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

(feed forward neural networks, FFNN) ʠ ʘʥʩʘʤʙʣʝʡ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ (feed recurrent neural networks, FRNN). 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN ʠ ʘʜʘʧʪʠʚʥʦʡ ʩʝʪʠ 

ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (adaptive neuro-fuzzy inference system, 

ANFIS);  

ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

 ʩʠʥʪʝʟʘ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ: ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN, ANFIS;  

ʚʳʚʦʜʘ ʪʝʦʨʝʤʳ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʅʉʋ ʩ ʢʨʠʪʝʨʠʝʤ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʦʙʣʘʩʪʷʤ ʣʦʢʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʥʘʣʠʟʦʤ ʟʘʪʫʭʘʥʠʷ 

ʚʳʩʰʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ,  ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʪʝʤ ʯʪʦ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ  ʫʩʪʦʡʯʠʚʦʩʪʠ ʈʘʫʩʘï

ɻʫʨʚʠʮʘ, ʅʘʡʢʚʠʩʪʘïʄʠʭʘʡʣʦʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝ ʛʦʜʷʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ɸʊʆʅʅʍ 
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ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1.ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ ɸʊʆʅʅʍ 

ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʙʦʙʱʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ, ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ; ʩ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʙʘʟʦʚʳʭ ʯʘʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʬʦʨʤʫʣʠʨʦʚʦʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ. 

2.ʄʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ ɸʊʆʅʅʍ ʩ ʘʣʛʦʨʠʪʤʘʤʠ 

ʨʝʰʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʠʥʪʝʟʘ: 

 ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FFNN, 

FRNN, ANFIS. 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʳʭ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

FRNN; 

 ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

3.ʅʦʚʳʡ ʧʦʜʭʦʜ ʘʥʘʣʠʟʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ, ʣʦʢʘʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʅʉʋ. 

4.ʊʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʧʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨ ʅʉʋ ʜʣʷ ɸʊʆʅʅʍ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʚʳʚʦʜʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʧʝʰʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʚ ʨʷʜʝ ʜʦʢʣʘʜʦʚ ʥʘ ʚʝʜʫʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʨʝʘʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʧʨʠ ʦʮʝʥʢʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ, ʠ 

ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, 
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ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʙʦʩʥʦʚʘʥʳ ʧʨʦʚʝʜʝʥʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʦʚʳʝ ʤʝʪʦʜʳ ʜʣʷ ʅʉʋ ʦʙʣʘʜʘʶʪ ʢʦʥʢʫʨʝʥʪʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɸʊʆʅʅʍ ʩ ʜʠʘʛʥʦʩʪʠʢʦʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʚ 

ʦʪʣʠʯʠʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ.  

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʦʪʯʝʪʘʭ ʅʀʆʂʈ ʧʦ ʪʝʤʝ: çʈʘʟʨʘʙʦʪʢʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚè, ʚʳʧʦʣʥʝʥʥʦʡ ʜʣʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʵʥʝʨʛʝʪʠʢʠ ʈʌ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 7410.1003702 ʦʪ 28 ʩʝʥʪʷʙʨʷ 

2007 ʛ.). ʐʠʬʨ ʪʝʤʳ: çʉʪʘʥʦʢè ʈɺʀɾ 2-ʕ44. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʆɸʆ 

çʅʀʀɺʂ ʠʤ. ʄ. ɸ. ʂʘʨʮʝʚʘè, ʘʢʪ ʦ ʚʥʝʜʨʝʥʠʠ ʦʪ 09.11.2010, ʚ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ ʩʦʚʤʝʩʪʥʦ ʩ ʆɸʆ çʅʀʀɺʂ ʠʤ. 

ʄ. ɸ. ʂʘʨʮʝʚʘè. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ 

ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʦʡ ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʄɸʇ 2,3, ʘʢʪ ʦ ʚʥʝʜʨʝʥʠʠ ʦʪ 29.10. 

2010.  

 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ  ʦʪʨʘʞʝʥʳ ʚ ʦʪʯʝʪʘʭ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ çʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘè ʛʨʘʥʪʘ ʧʨʦʝʢʪʘ 

 ̄2.12/1509, ʤʝʨʦʧʨʠʷʪʠʝ 2, ʨʘʟʜʝʣ 2.1, ʧʦʜʨʘʟʜʝʣ 21.2 çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ 

ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʝʭʘʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʥʘ ʙʘʟʝ 

ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʪʠʧʘ ñʍʦʙʦʪòè, ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʝ çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʰʝʡ 

ʰʢʦʣʳ (2009ï2010 ʛʦʜʳ)è, ʘʢʪ ʦ ʚʥʝʜʨʝʥʠʠ ʦʪ 07.03.2011.  
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ɺ ʅʀʀ çʕʣʝʢʪʨʦʧʨʠʚʦʜè ʚʥʝʜʨʝʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʥʘ ʙʘʟʝ 

ʤʝʪʦʜʦʚ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʥʦʛʦʢʦʥʪʫʨʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʘʢʪ ʦ ʚʥʝʜʨʝʥʠʠ ʦʪ 12.09.2007.  

ɺ ʆʆʆ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʬʠʨʤʝ çʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʧʦʟʥʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠè (ʆʆʆ ʅʇʌ çʉɸʋʅʆè) ʚʥʝʜʨʝʥ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʡʨʦʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʧʨʠ ʥʝʧʦʣʥʳʭ ʠ 

ʥʝʪʦʯʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ɸʊʆʅʅʍ, ʘʢʪ ʦ ʚʥʝʜʨʝʥʠʠ ʦʪ 01.03.2013.  

 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʨʷʜʝ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʩʦʚʝʱʘʥʠʡ ʠ ʩʝʤʠʥʘʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʦʚʝʡʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʝʚʨʦʧʝʡʩʢʦʡ ʥʘʫʢʠ ï

2011è (ɹʦʣʛʘʨʠʷ, ʉʦʬʠʷ, 17ï25 ʠʶʥʷ 2011 ʛ.), ʥʘ XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ  ʢʦʥʬʝʨʝʥʮʠʠ çʂʣʶʯʝʚʳʝ ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠè 

(ɹʦʣʛʘʨʠʷ, ʉʦʬʠʷ, 17ï25 ʘʧʨʝʣʷ 2015 ʛ.), ʥʘ XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʙʝʟ ʛʨʘʥʠʮ ï 2015è, ʩʝʢʮʠʠ 

çʄʘʪʝʤʘʪʠʢʘè, çʌʠʟʠʢʘè (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʐʝʬʬʠʣʜ, 30 ʤʘʨʪʘ ï 7 ʘʧʨʝʣʷ 

2015 ʛ.), ʥʘ XVII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʝʡʨʦʢʦʤʧʴʶʪʝʨʳ ʠ 

ʠʭ ʧʨʠʤʝʥʝʥʠʝè (ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʄɻʇʇʋ, 20 ʤʘʨʪʘ 2019 ʛ.), ʥʘ 

III  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʠ 

ʧʨʦʩʚʝʱʝʥʠʝè (ʈʦʩʩʠʷ, ʇʝʥʟʘ, 25 ʤʘʷ 2020 ʛ.), ʥʘ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʤ 

ʛʦʨʦʜʩʢʦʤ ʩʝʤʠʥʘʨʝ ʧʨʠ ʅʘʫʯʥʦʤ ʩʦʚʝʪʝ ʧʦ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷè (ʈʦʩʩʠʷ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

çʉʇʀʀʈɸʅè, 18 ʥʦʷʙʨʷ 2022 ʛ.), ʥʘ II  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ: çɹʀʆʅʀʂɸ-2022è (ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʌɻɹʆʋ ɺʆ çʄɻʊʋ 

ʠʤʝʥʠ. ʅ. ʕ.  ɹʘʫʤʘʥʘ, 23ï24 ʜʝʢʘʙʨʷ 2022 ʛ.) ʠ ʥʘ XII ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
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ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʜʫʩʪʨʠʘʣʴʥʘʷ ʈʦʩʩʠʷ: ʚʯʝʨʘ, ʩʝʛʦʜʥʷ, 

ʟʘʚʪʨʘè (ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ɹʘʰʢʦʨʪʦʩʪʘʥ, ʋʬʘ,è (ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʘʰʢʦʨʪʦʩʪʘʥ, ʋʬʘ, 2 ʤʘʷ 2023 ʛ.) 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʅʉʋ ɸʊʆʅʅʍ:  

ï ʜʣʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ 

FRNN. FFNN 

ï ʜʣʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ FRNN, FRNN, ANFIS. 

ï ʜʣʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ: ʥʘ ʙʘʟʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN); 

ï ʜʣʷ ʪʝʦʨʝʤʳ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʅʉʋ ʩ ʢʨʠʪʝʨʠʝʤ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʦʙʣʘʩʪʷʤ ʣʦʢʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʥʘʣʠʟʦʤ ʟʘʪʫʭʘʥʠʷ 

ʚʳʩʰʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʪʝʤ, ʯʪʦ ʦʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ɸʊʆʅʅʍ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʈʘʫʩʘ ï 

ɻʫʨʚʠʮʘ, ʅʘʡʢʚʠʩʪʘ ï ʄʠʭʘʡʣʦʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. 

 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʪʨʠʜʮʘʪʴ ʚʦʩʝʤʴ 

ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʜʚʘʜʮʘʪʴ ʚʦʩʝʤʴ ʠʟ ʢʦʪʦʨʳʭ - ʚ ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ɺɸʂ, ʚ ʪʦʤ ʯʠʩʣʝ, ʪʨʠ - ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ Scopus ʠ ʩʝʤʴ ʤʦʥʦʛʨʘʬʠʡ. 
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ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʄʘʪʝʨʠʘʣ ʠʟʣʦʞʝʥ ʥʘ 

270 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ 11 ʪʘʙʣʠʮ, 126 ʨʠʩʫʥʢʦʚ ʠ ʩʭʝʤ, ʘ ʪʘʢʞʝ 2 

ʧʨʠʣʦʞʝʥʠʷ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʜʝʨʞʠʪ ʥʘʠʤʝʥʦʚʘʥʠʡ 

150. 
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ɻʃɸɺɸ 1. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ (ʅʉʋ) 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ɸʊʆʅʅʍ) 

1.1. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʤʦʜʝʣʝʡ, ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ɸʊʆʅʅʍ 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ 

ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʥʝʡʨʦʩʝʪʝʚʳʤʠ. ʅʘ ʨʠʩʫʥʢʝ 1.1.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ, ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

(ʦʧʪʠʤʘʣʴʥʦʝ, ʘʜʘʧʪʠʚʥʦʝ, ʵʢʩʪʨʝʤʘʣʴʥʦʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ), 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ [58,66,73,80,81]. 

 

 

 

ʈʠʩʫʥʦʢ 1.1.2 ï ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ 
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ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ 

ɸʊʆʅʅʍ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

 

ɺ ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ ɸ. ɺ. ɺʘʩʠʥʳʤ ʥʘ ʢʘʬʝʜʨʝ ʈʂ-10 ʙʳʣʘ 

ʩʜʝʣʘʥʘ ʨʘʙʦʪʘ: çʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩʣʝʞʝʥʠʷ ʧʨʠʚʦʜʦʚ ʩʠʩʪʝʤ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʚʠʜʝʥʠʷ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡè. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ɺʦʣʴʪʝʨʨʠ: 
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(1.1.1) 

 

ʛʜʝ x  ï ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ; 

y  ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ; 

iw  ï ʚʝʩʘ, ʥʘʟʳʚʘʝʤʳʝ ʷʜʨʘʤʠ ɺʦʣʴʪʝʨʨʠ; 

L  ï ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʯʥʳʭ ʟʘʜʝʨʞʝʢ. 

 

ʇʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ɺʦʣʴʪʝʨʨʠ ʫʜʘʣʦʩʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʦ ʩʪʘʪʠʯʝʩʢʫʶ 

ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ. 

 

ɺ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʤ ɻʊʋ (ʉʪʘʚʨʦʧʦʣʴ) ʈ. ɺ. ʐʠʨʦʢʦʚʳʤ ʙʳʣʘ 

ʩʜʝʣʘʥʘ ʨʘʙʦʪʘ: çʅʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚè. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʥʝʡʨʦʘʜʘʧʪʠʚʥʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʘʩʪʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʡʢʠ ʇʀ ʠ ʇʀɼ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʯʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 
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ʅʘ ʨʠʩʫʥʢʝ 1.1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʘʩʪʘʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ x(t) ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʦʙʲʝʢʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʥʘ ʨʝʢʫʨʨʝʥʪʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. ɺʳʭʦʜʥʳʝ 

ʩʠʛʥʘʣʳ h(t), h(t+1), z(t+1), e(t+1) ʟʘʜʝʨʞʘʥʳ ʥʘ ʦʜʠʥ ʪʘʢʪ. ʉʠʛʥʘʣ e(t+1) 

ʫʯʘʩʪʚʫʝʪ ʚ ʥʘʩʪʨʦʡʢʝ ʠ ʦʙʫʯʝʥʠʠ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  
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(1.1.2)  

 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʘʩʪʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʘʜʝʢʚʘʪʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.1.3 ï ʄʦʜʝʣʴ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʩʪʘʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
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ɺ ʄʌʊʀ (ʄʦʩʢʚʘ) ʉ. ɺ. ʇʘʥʪʝʣʝʝʚʳʤ ʙʳʣʘ ʩʜʝʣʘʥʘ ʨʘʙʦʪʘ: 

çʈʘʟʨʘʙʦʪʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠè. ɺ ʨʘʙʦʪʝ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʪʠʧʘ 

ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 1.1.4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 

 

ʈʠʩʫʥʦʢ 1.1.4 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ 

 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʫʨʘʚʥʝʥʠʷ ɺʘʥ-ʜʝʨ-ʇʦʣʷ: 

0)1( 2

2

2

=+-- x
dt

xd
x

dt

xd
m ,  (1.1.3) 

ʛʜʝ x  ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ. 

ɼʘʥʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʦʧʠʩʳʚʘʝʪ ʨʘʙʦʪʫ LC ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʢʦʪʦʨʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ m. ʈʝʟʫʣʴʪʘʪʳ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʢʘʟʘʣʠ 
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ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʈʫʥʛʝïʂʫʪʘ, ʕʡʣʝʨʘ. 

 

ɺ ɼɺʇʀ ʠʤ. ʂʫʡʙʳʰʝʚʘ (ɺʣʘʜʠʚʦʩʪʦʢ) ɹ. ʉ. ʅʦʪʢʠʥʳʤ ʙʳʣʘ ʩʜʝʣʘʥʘ 

ʨʘʙʦʪʘ: çʉʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʤʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠè. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ 

ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʠʥʚʝʨʩʥʦʛʦ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ, ʙʣʠʟʢʠʭ ʢ ʧʨʦʛʥʦʟʠʨʫ-

ʶʱʝʤʫ ʫʧʨʘʚʣʝʥʠʶ ʩ ʤʦʜʝʣʴʶ. ʇʨʝʜʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʥʘʩʪʨʦʡʢʠ 

ʩʠʩʪʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʰʠʨʦʢʠʤ ʢʣʘʩʩʦʤ ʥʝʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1.1.5 ʦʪʦʙʨʘʞʝʥ ʦʙʱʠʡ ʚʠʜ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʴʶ (ʕʄ). ɸʜʘʧʪʘʮʠʷ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʅʈ), ʢʦʪʦʨʳʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʫʯʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ɸʆ ï ʘʣʛʦʨʠʪʤ 

ʦʙʫʯʝʥʠʷ). ʎʝʣʴʶ ʦʙʫʯʝʥʠʷ ʅʈ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʦʰʠʙʢʠ ʤʝʞʜʫ ʚʳʭʦ-

ʜʦʤ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʠ ʬʘʢʪʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ): 

[] [] []iyiriy -=e   (1.1.4) 

 

ʈʠʩʫʥʦʢ 1.1.5 ï ʆʙʱʠʡ ʚʠʜ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ 

c ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʴʶ 
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ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ []id  ʧʦʩʪʫʧʘʝʪ ʢʘʢ ʥʘ ʅʈ, ʪʘʢ ʠ ʥʘ ʕʄ. ʋʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ [ ]1-iu  ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

[ ] [] [ ] [ ]ää
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ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʥʝ ʫʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ. 

 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʚʳʧʦʣʥʝʥʦ ʟʘʨʫʙʝʞʥʳʤʠ 

ʠʥʞʝʥʝʨʘʤʠ ʠ ʫʯʝʥʳʤʠ ʉʐɸ, ʗʧʦʥʠʠ, ʂʠʪʘʷ. 

ɺ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ Kyashu (ʗʧʦʥʠʷ) ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʘʤʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʙʘʟʝ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʤʝʥʪʦʚ. ʉʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ. ʉʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠ ʛʝʥʝʨʘʪʦʨ ʥʘ ʬʦʪʦʵʣʝʤʝʥʪʘʭ ʠʤʝʶʪ 

ʥʝʣʠʥʝʡʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ.  ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʨʘʙʦʪʘʶʱʘʷ ʚ ʨʝʞʠʤʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʠʤʝʝʪ 

ʢʦʥʩʪʨʫʢʮʠʶ 3-15-1. ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʵʤʫʣʷʮʠʶ ʜʠʥʘʤʠʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ 

ʷʢʦʙʠʘʥʦʤ ʜɤ/ʜD. ʕʪʦʪ ʷʢʦʙʠʘʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʝʩʦʚ ʠ 

ʩʤʝʱʝʥʠʡ ʚʪʦʨʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʷʚʣʷʶʱʝʡʩʷ ʘʜʘʧʪʠʚʥʳʤ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʚʠʜ 6-20-1. ʅʝʡʨʦʨʝʛʫʣʷʪʦʨ 

ʫʧʨʘʚʣʷʝʪ ʩʪʘʪʠʯʝʩʢʠʤʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʩʣʝʜʠʪ ʟʘ ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʢʣʶʯʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ (ʨʠʩʫʥʦʢ1.1.6). ʉʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ 
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ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

  

 

 

 

ʈʠʩʫʥʦʢ 1.1.6 ï ʉʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 1.1.7, 1.1.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʩʠʩʪʝʤ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ 

ʋʥʠʚʝʨʩʠʪʝʪʝ ʊʘʡʚʘʥʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʯʝʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʅʅʉ). 

ʉʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʝʯʝʪʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

(ʅʅʉ). ʇʝʨʚʘʷ ʅʅʉ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʚʪʦʨʘʷ ʅʅʉ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ. ʅʝʡʨʦʨʝʛʫʣʷʪʦʨ ʚʢʣʶʯʝʥ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ: 

 

2))((
2

1
)( kekE =  ,  (1.1.5) 
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ʛʜʝ e (k) ï ʦʰʠʙʢʘ ʩʢʦʨʦʩʪʠ ʠ ʨʘʚʥʘ ɤref(k) ï ɤ(k); 

ɤref(k) ï ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

ɤ(k) ï ʬʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ. 

ɺʝʩʘ ʥʝʡʨʦʥʦʚ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

)()()()()( k
W

in
k

in

D
k

D
k

E
k

W

E

ij

j

jji µ

µ

µ

µ

µ

µ

µ

µ
=

µ

µ w

w  ,  (1.1.6) 

 

ʛʜʝ Wji ï ʚʝʩʘ ʥʝʡʨʦʥʘ i ʠ ʥʝʡʨʦʥʘ j, inj .  

ʂʦʨʨʝʢʪʠʨʦʚʢʘ )(kWjiD  ʚʝʩʘ Wji ʦʧʨʝʜʝʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʨʝʤʣʝʥʠʝʤ ʜʝʣʴʪʳ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ: 

 

)()()( k
W

E
kkW

ji

ji
µ

µ
-=D h ,  (1.1.7) 

 

ʛʜʝ ɖ(k) ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʫʯʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 1.1.7 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ  
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ʉʠʩʪʝʤʳ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʫʜʦʙʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʚʨʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʝʯʝʪʢʠʡ ʢʦʥʪʨʦʣʣʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʅʝʯʝʪʢʠʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ ʩʦʩʪʦʠʪ ʠʟ 

ʤʝʭʘʥʠʟʤʘ ʚʳʚʦʜʘ ʠ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣ. ʆʥ ʧʨʝʦʙʨʘʟʫʝʪ ʦʰʠʙʢʫ ʩʢʦʨʦʩʪʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʄʝʭʘʥʠʟʤ ʚʳʚʦʜʘ ʙʝʨʝʪ 

ʥʝʯʝʪʢʠʝ ʟʥʘʯʝʥʠʷ ʚʚʦʜʦʚ FLC, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʝʯʝʪʢʠʝ ʚʳʚʦʜʳ, 

ʠʩʧʦʣʴʟʫʷ ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʣʦʷ ʩ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʦʡ. ʈʘʙʦʪʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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U

1

1
0

)(
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m

m

 ,  (1.1.8) 

ʛʜʝ Uo ï ʚʳʭʦʜ ʥʝʯʝʪʢʦʡ ʯʘʩʪʠ; 

fjc (xi) ï ʩʪʝʧʝʥʴ ʬʫʥʢʮʠʠ ʯʣʝʥʩʪʚʘ ʚʭʦʜʥʦʛʦ ʤʣʘʜʰʝʛʦ ʩʠʛʥʘʣʘ;  

n ï ʯʠʩʣʦ ʚʳʚʦʜʦʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʅʝʯʝʪʢʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚʢʣʶʯʘʝʪ ʚʭʦʜʥʦʡ ʫʨʦʚʝʥʴ, ʫʨʦʚʝʥʴ ʯʣʝʥʩʪʚʘ, 

ʫʨʦʚʝʥʴ ʧʨʘʚʠʣʘ k ʠ ʫʨʦʚʝʥʴ ʚʳʚʦʜʘ o. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ ʠ ʦʩʥʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʚ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

ɺ ʧʝʨʚʦʤ ʚʭʦʜʥʦʤ ʩʣʦʝ ʢʘʞʜʳʡ ʚʚʦʜ ʠ ʩʝʪʝʚʦʡ ʚʳʚʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʘʢ: 

 

11 xneti = , 

(1.1.9) 

1111 )( iiii netnetfy == , 

 

ʛʜʝ x ʧʨʝʜʩʪʘʚʣʷʝʪ 1-ʡ ʚʚʦʜ ʢ ʫʟʣʫ L. 
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ɺʪʦʨʦʡ ʩʣʦʡ ʠʩʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʯʣʝʥʩʪʚʘ, ʢʦʪʦʨʳʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ 

ʬʫʥʢʮʠʠ Gaussian. ɼʣʷ j-ʛʦ ʫʟʣʘ ʚʚʦʜ ʠ ʩʝʪʝʚʦʡ ʚʳʚʦʜ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ:  

2

22

2

)(

)(

ij

ijj

ij

mx
net

s

-
=  ,  (1.1.10) 

)exp()( 2222

ijijijij netnetfy == , 

 

nj .......1=  (1.1.11) 

 

ʛʜʝ ijm  ʠ ijs  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʝʜʥʝʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʬʫʥʢʮʠʠ; 

Gaussian ʚ ʧʝʨʠʦʜʝ i-ʛʦ ʚʚʦʜʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ
2

ijx ; 

n ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʳʭ 

ʫʟʣʦʚ. 

ɺ ʪʨʝʪʴʝʤ ʩʣʦʝ ʧʨʘʚʠʣʘ ʫʨʦʚʥʷ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ. 

ɼʣʷ ʫʟʣʘ k ʩʝʪʝʚʦʡ ʚʚʦʜ ʠ ʩʝʪʝʚʦʡ ʚʳʚʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ: 

 

Ô=
k

ijki xnet
3

33

,(1.13) 

3333 )( kkki netnetfy ==  ,  (1.1.12) 

ik .......1=  

ʛʜʝ 
3

ijx  ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʚʦʜ ʢ ʢʘʞʜʦʤʫ ʫʟʣʫ ʫʨʦʚʥʷ 3. 

ɺ ʯʝʪʚʝʨʪʦʤ ʩʣʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʚʦʜ ʫʨʦʚʥʷ. 

ʉʝʪʝʚʦʡ ʚʚʦʜ ʠ ʩʝʪʝʚʦʡ ʚʳʚʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ: 

4

4

4

0

4

0 kk xnet ä= w , 

4444 )( kkki netnetfy ==  ,  (1.1.13) 
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ʏʪʦʙʳ ʦʧʠʩʳʚʘʪʴ ʩʝʪʝʚʦʡ ʘʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩ ʬʫʥʢʮʠʝʡ E ʵʥʝʨʛʠʠ:  

22 5,0)(5,0 eyyE d =-= ,  (1.1.14) 

ʛʜʝ
4

dy  ï ʞʝʣʘʝʤʳʡ ʦʪʚʝʪ, y ï ʬʘʢʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʠ e ï ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʞʝʣʘʝʤʳʤ ʦʪʚʝʪʦʤ ʠ ʬʘʢʪʠʯʝʩʢʠʤ ʚʳʚʦʜʦʤ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ  

ʨʠʩʫʥʢʝ 1.1.8. 

 

 

 

 

ʈʠʩʫʥʦʢ 1.1.8 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ 

 

ɻʣʘʚʥʘʷ ʮʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ï ʦʙʝʩʧʝʯʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʌʫʥʢʮʠʷ ʵʥʝʨʛʠʠ ʧʝʨʝʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʝʨʠʦʜ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 
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ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʦʰʠʙʢʠ, ʪʦ ʝʩʪʴ ʧʨʠ:00 'NN =  
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ʛʜʝ R ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʤ ʧʨʘʚʠʣ. 

ʎʝʣʴ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ï ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʚʭʦʜ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʦʰʠʙʢʘ ʤʝʞʜʫ ʞʝʣʘʪʝʣʴʥʦʡ ʠ ʬʘʢʪʠʯʝʩʢʦʡ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʌʫʥʢʮʠʷ ʵʥʝʨʛʠʠ ʧʝʨʝʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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0 5,0)(5,0 =-=   ,  (1.1.18) 

ʛʜʝ ʜʠʘʧʘʟʦʥ ʦʰʠʙʢʠ S* ʚ Eq.  ʩʪʘʥʦʚʠʪʩʷ: 
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ʇʨʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʉʐɸ (ʋʥʠʚʝʨʩʠʪʝʪ ʚ ʅʝʚʘʜʝ, ʦʪʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ), ʇʦʣʴʰʠ (ɺʘʨʰʘʚʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

ʦʪʜʝʣʝʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ), ɼʘʥʠʠ 

(ɸʘʣʙʦʨʛʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ) ʚ 2002 ʛ. 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ: çʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʚ ʧʨʠʚʦʜʘʭ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʥʝʯʝʪʢʠʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠè 

(Andrzej M. Trzynadlowski, Marian P. Kazmierkowski, Pawel Z. Grabowski, 

Michael M. Bech), ʨʠʩʫʥʦʢ 1.1.9. 

ʅʝʡʨʦʫʧʨʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘʤʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ɸɼ) 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (ɻɸ). ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʩ ɻɸ 

ʫʣʫʯʰʘʝʪ ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ɸɼ. 
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ʈʠʩʫʥʦʢ 1.1.9 ï ʉʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ɸɼ 

ɼʣʷ ʩʠʩʪʝʤʳ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʧʦʠʩʢʦʚʳʡ 

ʘʣʛʦʨʠʪʤ, ʦʙʣʘʜʘʶʱʠʡ ʫʜʠʚʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʇʨʠ ʚʳʙʦʨʝ ʨʘʟʤʝʨʘ 

ʰʘʛʘ ʩʢʨʝʱʠʚʘʥʠʷ ʠ ʤʫʪʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʪʘʢ ʢʘʢ 

ʝʛʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʠʤʳʢʘʶʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʫʪʘʮʠʠ. ɽʩʣʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʨʘʟʤʝʨ ʰʘʛʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʤʫʪʘʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤʳ 

ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʢʦ ʠʣʠ 

ʦʯʝʥʴ ʤʘʣʦ. ʅʘ ̑̉̒̔̎̋̆ 1.1.10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ɸɼ ʩ ɻɸ. 
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ʈʠʩʫʥʦʢ 1.1.10 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ  ɸɼ ʩ ɻɸ 

 

ʉʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩ ɻɸ ʠʩʧʦʣʴʟʫʝʪ ʦʙʫʯʘʶʱʠʡ ʧʦʜʭʦʜ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʣʘʚʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʤʝʪʦʜ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩ ɻɸ ʦʙʣʘʜʘʝʪ ʫʣʫʯʰʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ: 

1) ʭʦʨʦʰʠʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʞʝ ʜʣʷ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ 

ʚʨʝʤʝʥʠ ʩʠʩʪʝʤ ï ʙʣʘʛʦʜʘʨʷ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʦʧʝʨʘʪʦʨʫ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ, ʚʭʦʜʷʱʝʤʫ ʚ ʩʦʩʪʘʚ ʧʨʦʮʝʩʩʦʚ ɻɸ; 

2) ʧʨʠʤʝʥʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ; 

3) ʪʦʣʴʢʦ ʦʜʥʘ ʣʫʯʰʘʷ ʭʨʦʤʦʩʦʤʘ ʠʣʠ ʜʚʝ ʣʫʯʰʠʝ ʠʟ ʭʦʨʦʰʠʭ 

ʭʨʦʤʦʩʦʤ ʙʳʣʠ ʩʝʣʝʢʮʠʦʥʠʨʦʚʘʥʳ ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʜʦ ʢʦʥʮʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʷʭ ʫʧʨʦʱʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ; 
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4) ʜʠʩʧʝʪʯʝʨʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʥʝʜʨʝʥʦ ʚ ʨʘʤʢʘʭ ɻɸ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ.  

ʋʯʝʥʳʤʠ ʂʦʨʝʠ (ʦʪʜʝʣ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʣʣʝʜʞʘ Jeonju, 

Chonju) ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ: çʄʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩ 

ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷè, 2003 ʛ., Woo-yong Han, Sang-min Kim, Chang-goo Lee; ʫʯʝʥʳʤʠ 

ʂʠʪʘʷ ʠ ʌʠʥʣʷʥʜʠʠ (ʍʘʨʙʠʥʩʢʠʡ ʀʥʩʪʠʪʫʪ ʊʝʭʥʦʣʦʛʠʠ, ʍʝʣʴʩʠʥʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ ʊʝʭʥʦʣʦʛʠʠ) ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ: çʅʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡè, 2005 ʛ., Xianyi Zhuang, Sheng Qiang. ɺ ʂʦʨʝʝ ʚ 

ʅʘʮʠʦʥʘʣʴʥʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʠʩʪʝʤʘ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ ʥʘ ʙʘʟʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ 

ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, 

ʪʦʢʦʚ ʩʪʘʪʦʨʘ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʪʦ ʝʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ.  

ʇʨʠ ʚʝʢʪʦʨʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠ ʦ ʩʢʦʣʴʞʝʥʠʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʨʦʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʠʟʤʝʥʝʥʠʶ ʠ ʥʘʨʫʰʝʥʠʶ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ. 

ʅʘ ʨʠʩʫʥʢʝ 1.1.11 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩ 

ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ Rr. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ cosɗʝ ʠ 

sinɗʝ ʚ ʩʠʩʪʝʤʝ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʩʢʦʣʴʞʝʥʠʝ. 
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ʈʠʩʫʥʦʢ 1.1.11 ï ʉʠʩʪʝʤʘ  ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ  ʩ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʝʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ Rr 

1.2. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʅʉʋ, ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʊʆʅʅʍ 

ʉʣʘʙʳʤ ʤʝʩʪʦʤ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ ʧʦ ʩʠʩʪʝʤʘʤ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʥʘʣʠʟʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʫʜʝʣʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʠʭʦʜʠʪʩʷ ʦʙʫʯʘʪʴ. ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʝʝ ʩʪʨʫʢʪʫʨʳ, ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʦʙʫʯʝʥʠʝ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ɿʘʜʝʨʞʢʘ ʧʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ [28, 40]. ɺ 

ʨʘʙʦʪʘʭ ʦʪʤʝʯʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʫʜʥʦ ʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ 

ʟʘʜʘʯ ʩ ʥʝʧʦʣʥʦʪʦʡ ʠ ʥʝʪʦʯʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʳʩʦʢʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʮʠʠ 

ʠ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ɸʊʆʅʅʍ, 

ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠ ʥʝʡʨʦʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʥʝʰʪʘʪʥʳʭ 
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ʩʠʪʫʘʮʠʡ. ʀʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ 

ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ 

ʚ ʩʠʩʪʝʤʘʭ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ. ʅʝ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʯʝʩʢʦʡ 

ʪʦʯʥʦʩʪʠ. ʅʝ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ɸʊʆʅʅʍ.  

 

1.3. ʄʝʪʦʜʳ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʠ 

ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ ʥʘ 

ʙʘʟʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ, 

ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥʘ 

ʥʝʡʨʦʘʜʘʧʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʥʘ ʨʠʩʫʥʢʝ 1.3.1, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ ʥʝʡʨʦʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ 

ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ, ʙʣʦʢʘ ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ, ʙʣʦʢʘ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ 

ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ, ʚʳʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʚʘʨʠʡʥʳʝ ʩʠʛʥʘʣʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ 

ʙʣʦʢ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʩʚʷʟʠ ʩ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

 

- ʩʠʥʪʝʟ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ; 

 

- ʩʠʥʪʝʟ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʦʡ; 
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- ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ; 

 

- ʩʠʥʪʝʟ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

 

- ʩʠʥʪʝʟ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ. 

 

  

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.3.1 ï ʅʝʡʨʦʘʜʘʧʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʡʨʦʘʜʘʧʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ɸʊʆʅʅʍ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʡʨʦʧʨʦʛʥʦʟʠʨʫʶʱʠʭ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ; 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʳʭ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ; ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʙʘʟʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʩʘʤʙʣʷ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. 
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ɺʳʚʦʜʳ  

1. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʟʦʨ rʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘʤʠ ʢʘʢ ʚ 

ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ ʨʘʙʦʪʳ 

ɸʊʆʅʅʍ ̫ʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʦʚʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʘʢʪʫʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ, ʫʣʫʯʰʠʪʴ ʠʭ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

 

2. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʥʝʡʨʦʧʨʦʮʝʩʩʦʨʳ. 
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ɻʃɸɺɸ 2. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʅʉʋ ɸʊʆʅʅʍ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

 

2.1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʙʘʟʝ ʨʝʢʫʨʝʥʪʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (feed recurent neural networks, FRNN) ʠ ʥʘ ʙʘʟʝ 

ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (feed forward  

neural networks, FFNN) 

 

ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʜʣʷ ɸʊʆʅʅʍ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʥʝʡʨʦʤʦʜʝʣʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʥʘʜ ʝʝ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʵʪʘʧʦʚ, 

ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ [10,18,22,53,79, 94,117,125,142]: 

- ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

- ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ; 

- ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ; 

- ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʙʘʟʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʜʘʧʪʘʮʠʝʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʩʫʤʤʠʨʦʚʘʥʠʷ. ɺʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʩʫʤʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 
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ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʘʷ ʪʨʫʜʥʦʩʪʴ ʚʳʙʦʨʘ 

ʩʪʨʫʢʪʫʨʳ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. ʂʨʦʤʝ ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʝʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʚʝʢʪʦʨʘ ʚʭʦʜʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

(ʨʝʛʨʝʩʩʦʨʘ). ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʨʝʛʨʝʩʩʦʨʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʧʨʠʦʨʥʳʭ 

ʟʥʘʥʠʷʭ ʦʙ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ ʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʛʨʝʩʩʦʨʘ ʠ ʛʣʫʙʠʥʳ ʨʝʛʨʝʩʩʠʠ, ʪʦ ʝʩʪʴ ʯʠʩʣʘ ʧ ʟʥʘʯʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʛʨʝʩʩʦʨʘ ʚ ʧʨʝʜʳʜʫʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʨʠʚʝʜʝʤ 

ʥʝʩʢʦʣʴʢʦ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʚʳʙʦʨʝ ʨʝʛʨʝʩʩʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʛʨʝʩʩʦʨʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝ ʧʘʨʘʤʝʪʨʳ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥʳ (ʠʣʠ ʦʮʝʥʝʥʳ) ʚ 

ʨʝʞʠʤʝ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɺʳʙʦʨ ʛʣʫʙʠʥʳ ʨʝʛʨʝʩʩʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʠʥʘʤʠʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʵʪʦʤʫ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʧ ʠ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. 

çɺʥʝʰʥʷʷè ʩʪʨʫʢʪʫʨʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʝʛʨʝʩʩʦʨʦʤ ʠ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ. ɸ ʠʤʝʥʥʦ: ʯʠʩʣʦ ʚʭʦʜʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʨʘʚʥʦʝ ʯʠʩʣʫ 

ʥʝʡʨʦʥʦʚ ʚ ʝʝ ʚʭʦʜʥʦʤ ʩʣʦʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʨʝʛʨʝʩʩʦʨʘ; 

ʯʠʩʣʦ ʚʳʭʦʜʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʥʝʡʨʦʥʦʚ ʚ ʝʝ ʚʳʭʦʜʥʦʤ ʩʣʦʝ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ. 

ʇʨʠ ʚʳʙʦʨʝ çʚʥʫʪʨʝʥʥʝʡè ʩʪʨʫʢʪʫʨʳ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʚʝʪʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

¶ ʩʢʦʣʴʢʦ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨ? 

¶ ʢʘʢʦʝ ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʢʘʞʜʦʤ ʩʢʨʳʪʦʤ ʩʣʦʝ? 

¶ ʢʘʢʦʡ ʚʠʜ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ? 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʣʶʙʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ, ʩʦʜʝʨʞʘʱʝʡ 

ʦʜʠʥ ʩʢʨʳʪʳʡ ʩʣʦʡ ʥʝʡʨʦʥʦʚ ʩ ʩʠʛʤʦʠʜʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ ʠ 



39 

 

 

ʚʳʭʦʜʥʦʡ ʩʣʦʡ ʩ ʣʠʥʝʡʥʳʤʠ ʘʢʪʠʚʘʮʠʦʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ɺ ʩʠʣʫ ʧʨʦʩʪʦʪʳ 

ʧʨʠʤʝʥʝʥʠʷ, ʦʙʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠʤʝʥʥʦ ʪʘʢʠʝ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʳ. 

ʏʠʩʣʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʝʡ çʚʭʦʜ-ʚʳʭʦʜè ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ ʧʦʚʳʰʘʝʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʪʦ ʝʩʪʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ), ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʢʘʢ ʥʘ 

ʦʙʫʯʝʥʠʝ ʩʝʪʠ, ʪʘʢ ʠ ʥʘ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʥʘʙʣʶʜʘʝʤʳʤ ʜʘʥʥʳʤ ï ʚʭʦʜʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠ 

ʚʳʭʦʜʥʳʤ ʚʝʣʠʯʠʥʘʤ. ʅʘ ʚʭʦʜ ɸʊʆʅʅʍ ʧʦʜʘʶʪʩʷ ʩʠʛʥʘʣʳ, ʧʦ ʘʣʛʦʨʠʪʤʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʦ 

ʨʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ.  

ʉʠʛʥʘʣʳ, ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʚʭʦʜʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ, ʤʦʛʫʪ 

ʙʳʪʴ ʩʪʫʧʝʥʯʘʪʳʤʠ, ʠʤʧʫʣʴʩʥʳʤʠ, ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ɸʊʆʅʅʍ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʨʝʤʝʥʥʳʝ ʠ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɸʌʏʍ, ʃɸʏʍ, ʃʌʏʍ). ʈʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʗ. ɿ. ʎʳʧʢʠʥʘ, 

ɸ. ʅ. ʂʦʣʤʦʛʦʨʦʚʘ, ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ, ɺ. ʉ. ʇʫʛʘʯʝʚʘ, ɺ. ɺ. ʉʦʣʦʜʦʚʥʠʢʦʚʘ 

[78, 85, 118]. ʕʪʠ ʤʝʪʦʜʳ ʙʳʣʠ ʜʦʚʝʜʝʥʳ ʜʦ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ɼʞ. ɹʝʥʜʘʪʦʤ. ɿʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʥʦʩʪʠ, ʝʩʣʠ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʨʝʘʣʠʟʘʮʠʷʤʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʮʝʩʩʳ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ, ʤʥʦʞʝʩʪʚʦ ɸʊʆʅʅʍ ʠʤʝʶʪ 

ʥʝʣʠʥʝʡʥʳʝ ʥʝʯʝʪʢʠʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ [71]: ʤʝʪʦʜ ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʝʪʦʜ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

http://jre.cplire.ru/mac/mar02/2/text.html#2#2
http://jre.cplire.ru/mac/mar02/2/text.html#3#3
http://jre.cplire.ru/mac/mar02/2/text.html#5#5


40 

 

 

ʢʚʘʜʨʘʪʦʚ, ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ï ʯʘʩʪʦ ʩʚʦʜʷʪʩʷ 

ʢ ʣʠʥʝʘʨʠʟʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʠʙʣʠʞʝʥʥʦʤʫ ʦʧʠʩʘʥʠʶ ʨʘʙʦʪʳ ɸʊʆʅʅʍ (ʨʠʩʫʥʦʢ 2.1.1). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕɺʄ, ʠʤʝʶʱʠʭ ʘʨʭʠʪʝʢʪʫʨʫ ʬʦʥ ʅʝʡʤʘʥʘ, 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʫʶ ʬʫʥʢʮʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʫʤʤʳ. 

ɺʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʦʚ ʩʫʤʤʳ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʙʘʟʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʜʘʧʪʘʮʠʝʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʩʫʤʤʠʨʦʚʘʥʠʷ. ɺʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʩʫʤʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ. 

 

ʈʠʩʫʥʦʢ 2.1.1 ï ʄʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ɸʊʆʅʅʍ 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ɸʊʆʅʅʍ [47, 64, 65]. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʡ. ʇʦʵʪʦʤʫ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʘʰʣʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʠʟʚʝʩʪʝʥ ʪʦʯʥʳʡ ʚʠʜ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʚʭʦʜʘʤʠ ʠ ʚʳʭʦʜʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʦʩʪʦʷʥʥʦ ʚʝʜʫʪʩʷ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʦʚʳʭ 

ʤʦʜʝʣʝʡ ʠ ʦʙʫʯʘʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʜʥʘʢʦ ʤʝʪʦʜʳ ʠ 

ʪʝʦʨʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʢʘ ʦʩʪʘʶʪʩʷ ʩʣʘʙʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤʠ. 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʧʨʠʭʦʜʠʪʩʷ ʟʘʥʠʤʘʪʴʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ [26]. ʅʘ 

ʵʪʘʧʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʳ, ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ. ʇʨʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʨʝʰʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʦʙʫʯʝʥʠʷ ʚʳʙʨʘʥʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: 

ʧʝʨʩʝʧʪʨʦʥʳ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʍʦʧʬʠʣʜʘ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʍʵʤʤʠʥʛʘ, ʩʝʪʠ 

ʨʝʟʦʥʘʥʩʥʦʡ ʪʝʦʨʠʠ ʠ ʪ. ʜ. ʆʜʥʘʢʦ ʜʣʷ ɸʊʆʅʅʍ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʶʪ ʦʪ ʜʦʣʝʡ 

ʩʝʢʫʥʜʳ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʥʝʦʙʭʦʜʠʤʳ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʫʯʝʥʠʷ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʢʫʨʨʝʥʪʥʳʝ ʜʚʫʭʩʣʦʡʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ FFNN ʩ ʧʨʷʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʠʛʥʘʣʘ ʠ ʦʙʨʘʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʰʠʙʢʠ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʚʳʭʦʜʝ ʧʨʦʠʟʚʦʣʴʥʫʶ 

ʤʥʦʛʦʤʝʨʥʫʶ ʬʫʥʢʮʠʶ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʙʦʨʝ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ, 

ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʦʚ. ɽʩʣʠ ʚ ʩʝʪʠ ʩʣʠʰʢʦʤ 

ʤʘʣʦ ʥʝʡʨʦʥʦʚ ʠʣʠ ʩʣʦʝʚ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʥʝ ʩʤʦʞʝʪ ʦʙʫʯʠʪʴʩʷ. ʆʰʠʙʢʘ ʧʨʠ 

ʨʘʙʦʪʝ ʩʝʪʠ ʦʩʪʘʥʝʪʩʷ ʙʦʣʴʰʦʡ, ʘ ʥʘ ʚʳʭʦʜ ʩʝʪʠ ʥʝ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʨʝʟʢʠʝ 
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ʢʦʣʝʙʘʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ (ʨʠʩʫʥʦʢ 2.1.2). ɽʩʣʠ ʥʝʡʨʦʥʦʚ ʠʣʠ 

ʩʣʦʝʚ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʙʫʜʝʪ ʥʠʟʢʠʤ, ʫʚʝʣʠʯʠʪʩʷ ʦʙʲʝʤ 

ʧʘʤʷʪʠ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʝʨʝʦʙʫʯʠʪʩʷ: ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ ʚ ʠʟʫʯʘʝʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ ʰʫʤ ʠʣʠ ʦʰʠʙʦʯʥʳʝ ʜʘʥʥʳʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʦʪ ʚʭʦʜʘ 

ʦʢʘʞʝʪʩʷ ʨʝʟʢʦ ʥʝʣʠʥʝʡʥʦʡ: ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʤʝʥʷʪʴʩʷ ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʥʝʥʠʠ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʫʜʝʪ ʥʝʩʧʦʩʦʙʥʘ ʢ ʦʙʦʙʱʝʥʠʶ. ɺ ʦʙʣʘʩʪʠ, ʛʜʝ ʥʝʪ (ʠʣʠ 

ʤʘʣʦ) ʠʟʚʝʩʪʥʳʭ ʪʦʯʝʢ, ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʙʫʜʝʪ ʩʣʫʯʘʝʥ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤ 

(ʙʫʜʝʪ ʥʝʘʜʝʢʚʘʪʝʥ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ). 

 

ʈʠʩʫʥʦʢ 2.1.2 ï ʆʰʠʙʢʘ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2.1.3. 
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ʈʠʩʫʥʦʢ 2.1.3 ï ʕʪʘʧʳ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩʪʘʪʠʯʝʩʢʠʭ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ 

 

ʇʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʃʝʚʝʥʙʝʨʛʘïʄʘʨʢʚʘʨʜʪʘ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ: 

 

2))((
2

1
)( kekE =  ,  (2.1.1) 

 

ʛʜʝ e (k) ï ʦʰʠʙʢʘ  ɤref(k) ï ɤ(k);  

ɤref(k) ï ʟʘʜʘʥʥʳʡ ʚʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ; 

ɤ(k) ï ʬʘʢʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ. 

ɺʝʩʘ ʥʝʡʨʦʥʦʚ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

https://translated.turbopages.org/proxy_u/en-ru.ru.21dc0879-63da827f-a6099197-74722d776562/en.wikipedia.org/wiki/Levenberg%E2%80%93Marquardt_algorithm
https://translated.turbopages.org/proxy_u/en-ru.ru.21dc0879-63da827f-a6099197-74722d776562/en.wikipedia.org/wiki/Levenberg%E2%80%93Marquardt_algorithm
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ʛʜʝ Wji ï ʚʝʩʘ ʥʝʡʨʦʥʘ i ʠ ʥʝʡʨʦʥʘ j, inj .  

ʂʦʨʨʝʢʪʠʨʦʚʢʘ )(kWjiD  ʚʝʩʘ Wji ʦʧʨʝʜʝʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʨʝʤʣʝʥʠʝʤ ʜʝʣʴʪʳ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ: 

 

)()()( k
W

E
kkW

ji

ji
µ

µ
-=D h ,  (2.1.3) 

 

ʛʜʝ ɖ(k) ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʫʯʝʥʠʷ. 

 

 

ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʚ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʝ 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ: 

 

( )mmn
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mN
w +++ö
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õ
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ç
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+¢¢

+
11

log1 2

,  (2.1.4) 

 

ʛʜʝ n ï ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ; m ï ʨʘʟʤʝʨʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ;  

N ï ʯʠʩʣʦ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ; 

wL  ï ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ.  

ɿʥʘʷ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʯʠʩʣʦ 

ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʳʭ ʩʣʦʷʭ [29]: 

mn

L
L w

+
= .  (2.1.5) 
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ʇʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ (2.1.1), (2.1.2) ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʩʪʦʧʨʦʮʝʥʪʥʫʶ 

ʛʘʨʘʥʪʠʶ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

ʄʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʡʨʦʥʦʚ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʥʝ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ.  ʇʦʵʪʦʤʫ ʚ ʘʣʛʦʨʠʪʤʝ ʦʙʫʯʝʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʙʣʦʢʦʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1.5. 

 

ʈʘʙʦʪʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʥʘ ʙʘʟʝ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

FRNN (ʨʠʩʫʥʦʢ 2.1.4) ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 
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(2.1.6)
 
 

 

ʛʜʝ 0Y ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ;nYY ,......1  ï ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʝ ʥʘ ʦʜʠʥ, ʜʚʘ, n é ʪʘʢʪʦʚ; 

nEE ...1  ï ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ;nWW 1511...  ï ʚʝʩʘ ʧʝʨʚʦʛʦ 

ʩʣʦʷ ʥʝʡʨʦʥʦʚ; B1éBn ï ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ;nRR ...1  ï ʩʠʛʥʘʣʳ 

ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ;'

0Y  ï ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ 
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ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; '

1

'

1... nWW  ï ʚʝʩʘ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
m

B'

1  ï ʩʤʝʱʝʥʠʝ 

ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; sigtan  ï ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, ʠʤʝʶʱʘʷ 

ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ ʬʦʨʤʫ. ʅʘ ʨʠʩ. 2.1.4. ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ 

ʙʘʟʝ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʧʨʷʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʠʛʥʘʣʘ ʠ 

ʦʙʨʘʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʰʠʙʢʠ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ FRNN. 

 

 

. 

 

 

ʈʠʩʫʥʦʢ 2.1.4 ï ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʙʘʟʝ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

FRNN 

 

 

ɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ ʩʨʝʜʝ Matlab Neural 

Network ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.1.5. 
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ʈʠʩʫʥʦʢ 2.1.5  ïɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ ʩʨʝʜʝ  

Matlab Neural Network 

 

ɺ ʘʣʛʦʨʠʪʤʝ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʙʦʨ ʯʠʩʣʘ 

ʥʝʡʨʦʥʦʚ, ʟʘʜʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʧʦʩʣʝ ʵʪʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʤʘʥʜʳ sin(net,p) ʧʨʦʚʦʜʠʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʚʭʦʜʥʦʤ ʩʠʛʥʘʣʝ p, ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʚʳʚʦʜ ʚʝʩʦʚ ʠ ʩʤʝʱʝʥʠʡ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ 

ʦʙʫʯʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʨʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ 

ʩʨʘʚʥʝʥʠʷ ʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʦʙʘʚʣʷʝʪʩʷ ʥʝʡʨʦʥ (ʚ ʘʣʛʦʨʠʪʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʩʘʤʦʥʘʩʪʨʦʡʢʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʯʠʩʣʦʤ ʥʝʡʨʦʥʦʚ) ʠ ʧʨʦʮʝʩʩ 

ʦʙʫʯʝʥʠʷ ʧʦʚʪʦʨʷʝʪʩʷ ʟʘʥʦʚʦ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʈʝʰʠʪʴ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʥʘ 

ʙʘʟʝ ʦʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ 

ʩʦʟʜʘʚʘʪʴ ʘʥʩʘʤʙʣʴ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʜʥʠ ʠʟ ʢʦʪʦʨʳʭ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ 

ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʜʨʫʛʠʝ ʚʳʧʦʣʥʷʶʪ ʨʘʙʦʪʫ 
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ʧʨʦʛʥʦʟʘ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ 

ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ ʥʘ 

ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʪʠʧʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʝ ʦʪʨʝʟʢʠ ʚʨʝʤʝʥʠ, ʩ ʧʝʨʝʥʦʩʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʥʘ ʦʜʥʫ ʩʪʫʧʝʥʴ ʜʘʣʴʰʝ. ʇʦʣʫʯʝʥʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʙʫʜʫʱʝʝ, ʛʜʝ ʚʨʝʤʷ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʢʦʪʦʨʦʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʝʨʳ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ 

ʧʝʨʝʤʝʥʥʫʶ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ (ʨʠʩʫʥʦʢ 2.1.6), ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʠ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʝʨʚʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʧʝʨʝʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ɸʊʆʅʅʍ, ʚʪʦʨʘʷ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ ʧʨʦʚʦʜʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʰʘʛʦʚ ʚʧʝʨʝʜ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʵʪʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʦʰʠʙʢʘ; 

ʝʩʣʠ ʦʥʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʦʦʙʫʯʘʶʪʩʷ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩ ʧʨʦʛʥʦʟʦʤ ʠ 

ʚʳʯʠʩʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [18, 19]. 

 

 

ʈʠʩʫʥʦʢ 2.1.6 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ 

ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 
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ʅʘ ʨʠʩʫʥʢʝ 2.1.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

 

 

 

ʈʠʩʫʥʦʢ 2.1.7 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ  

 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ  ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʩʦʩʪʦʠʪ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ:  

- ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʝʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: 

 

 

1 2 3 4 5

1 0 2 0 3 0 4 0 5 0, , , , ;Y Y Z Y Y Z Y Y Z Y Y Z Y Y Z- - - - -= = = = =
 



51 

 

 

;

;

;

;

;

;

;

;

;

;

;

15157515641553154215311520151015

10107510641053104210311020101010

99759649539429319209109

88758648538428318208108

77757647537427317207107

66756646536426316206106

55755645535425315205105

44754644534424314204104

33753643533423313203103

22752642532422312202102

11751641531421311201101

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

+++++++=

-------------------------------------------

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

 (2.1.7)
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ʛʜʝ 0Y  ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 1Y  ï ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ ʦʜʠʥ ʪʘʢʪ;  51...ɽɽ  ï ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 5311...WW  ï ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 51...BB  ï ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʛʦ 

ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 51...RR  ï ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; '

0Y  ï ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 217213...WW  ï ʚʝʩʘ 

ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; '

21B  ï ʩʤʝʱʝʥʠʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; sigtan  ï

ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, ʠʤʝʶʱʘʷ ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ ʬʦʨʤʫ; 
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- ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ:  
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ʛʜʝ 54321 ,,,, IIIII  ï ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 5
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ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 5511...WW  ï ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 5
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1 ,,,, BBBBB  ï ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 5
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ï ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; ʧʨʦʛʥʦʟI  ï 

ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 5
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1 ,,,, WWWWW  ï ʚʝʩʘ ʚʪʦʨʦʛʦ 

ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
"

1B  ï ʩʤʝʱʝʥʠʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ. 
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2.2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN, FRNN ʠ ʘʜʘʧʪʠʚʥʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (adaptive neuro-fuzzy inference system, ANFIS) 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʥʷʪʠʡ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʥʝʣʴʟʷ ʦʧʠʩʘʪʴ ʚ ʪʝʨʤʠʥʘʭ 

çʩʪʘʥʜʘʨʪʥʦʡè ʜʚʫʟʥʘʯʥʦʡ ʣʦʛʠʢʠ (çʜʘ-ʥʝʪè). ʅʘʠʙʦʣʝʝ ʷʚʥʦ ʵʪʦ ʚʠʜʥʦ ʥʘ 

ʧʨʠʤʝʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʢʣʘʩʩʳ ɸʊʆʅʅʍ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷʤʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (çʤʥʦʛʦè, çʤʘʣʦè, çʧʦʭʦʞʠʡè, çʧʨʠʤʝʨʥʦ ʨʘʚʥʳʡè, 

çʥʘʤʥʦʛʦ ʙʦʣʴʰʝè ʠ ʪ. ʜ.). ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ. 

 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʥʝʪʦʯʥʦʡ, 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ, ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʯʘʩʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʤʚʦʣʴʥʳʤ, 

ʩʠʤʚʦʣʴʥʦ-ʯʠʩʣʦʚʳʤ ʚʠʜʦʤ. 

 ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ 

ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ 

ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʟʘʢʣʶʯʘʪʁʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʥʝʪʦʯʥʦʡ, 

ʥʝʜʦʦʧʨʝʜʝʣʝʥʥʦʡ, ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʠ, ʚʳʨʘʞʝʥʥʦʡ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ); 

- ʚ ʥʘʣʠʯʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ, 

ʧʦʥʷʪʠʡʥʦʤ ʫʨʦʚʥʝ, ʦʪʨʘʞʘʶʱʠʭ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ; 

https://ru.wikipedia.org/wiki/ANFIS
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ʂʨʦʤʝ ʪʦʛʦ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʦʣʝʝ ʧʨʦʩʪʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ, 

ʯʝʤ ʘʥʘʣʦʛʠʯʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʣʠ 

ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ; ʥʝʯʝʪʢʠʝ ʤʦʜʝʣʠ ʙʦʣʝʝ ʧʨʦʩʪʳ ʜʣʷ ʘʧʧʘʨʘʪʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ɸʊʆʅʅʍ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʣʦʞʥʝʥʠʝʤ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʅʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ 

ANFIS, ʚ ʢʦʪʦʨʳʭ ʧʝʨʚʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʳʯʥʳʝ ʚʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, 

ʧʦʩʣʝʜʥʠʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʳʯʥʳʝ ʚʳʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʩʢʨʳʪʳʝ 

ʩʣʦʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʯʝʪʢʠʝ ʧʨʘʚʠʣʘ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʥʝʯʝʪʢʠʭ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣʘʭ if-then, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʟʥʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʥʝʯʝʪʢʠʭ 

ʩʠʩʪʝʤ ʚ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ 

ʩʠʤʚʦʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʭʝʤʘ ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

(ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.2.1.  

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ 

ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ 

ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ  ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʝʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ 

ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ [9, 10, 11, 12, 22].  ʇʝʨʚʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ FFNN 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʧʝʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʊʆʅʅʍ, ʚʪʦʨʘʷ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ ANFIS ʧʨʦʚʦʜʠʪ ʥʝʡʨʦʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ ʚʧʝʨʝʜ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʵʪʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʢʦʥʝʯʥʘʷ ʦʰʠʙʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɽʩʣʠ ʦʥʘ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ, 

ʪʦ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʦʦʙʫʯʘʶʪʩʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʯʠʩʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʘʨʘʤʝʪʨʳ ɸʊʆʅʅʍ. 
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ʈʠʩʫʥʦʢ 2.2.1 ï ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ FFNN,ANFIS 

 

 

ʕʪʘʧʳ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

NEWFF, ANFIS ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2.2. 
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ʈʠʩʫʥʦʢ 2.2.2 ï ɹʣʦʢ-ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʵʪʘʧʦʚ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ  ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʕʪʘʧʳ ʤʝʪʦʜʘ   

 

ʉʠʥʪʝʟ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ɸʊʆʅʅʍ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ FFNN 

(ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 2.1.1 ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʠ 2.1.3, 2.1.6). 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ANFIS. 

ɿʘʜʘʥʠʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ.  

ɼʣʷ ʧʨʠʤʝʨʘ (ʨʠʩʫʥʦʢ 2.2.3) ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʯʝʪʳʨʝʭ ʚʭʦʜʥʳʭ ʠ ʦʜʥʦʡ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

(ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 4/1). 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ 

ʧʨʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 10 

ʧʨʘʚʠʣ ʧʨʦʜʫʢʮʠʡ. 

 

ʈʠʩʫʥʦʢ 2.2.3 ï ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ANFIS (4/1) 
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 ɺʳʙʦʨ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʧʝʨʚʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ1={ çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè} 

T1= (mf1,mf2,mf3}. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʚʪʦʨʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ2={ çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè} 

T2= (mf1,mf2,mf3}. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʪʨʝʪʝʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ3={ çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè}  

T3= (mf1,mf2,mf3}. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʯʝʪʚʝʨʪʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ4={ çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè}  

T4= (mf1,mf2,mf3}. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʚʳʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ5={ çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè}  

T5= (mf1,mf2,mf3}. 

 

ʈʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʤ ʚʳʧʦʣʥʷʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ MATLAB  (fuzzy TECH). ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʦʪʢʨʦʝʤ ʨʝʜʘʢʪʦʨ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʠʭ ʚʳʚʦʜʦʚ (FISEditor). 

 

ʀʩʧʦʣʴʟʫʝʤ ʩʠʩʪʝʤʫ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʄʘʤʜʘʥʠ. ɼʘʣʝʝ 

ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʦʚ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʝʜʘʢʪʦʨʦʤ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (Membership Function Editor). 

ɼʣʷ ʧʝʨʚʦʡ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ çinput1è ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ 4 ʪʝʨʤʘ, 

ʠʟʤʝʥʠʚ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʧʘʨʘʤʝʪʨʳ ʪʨʝʫʛʦʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʦʚ. 



59 

 

 

ɺʠʜ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʨʝʜʘʢʪʦʨʘ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʧʦʩʣʝ ʟʘʜʘʥʠʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.2.4. 

 

 
 

ʈʠʩʫʥʦʢ 2.2.4 ï ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʧʨʘʚʠʣ, ʚʳʙʦʨ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ 

ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

 

ɺʚʝʜʝʤ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʨ1 ʚ ʨʝʜʘʢʪʦʨ FNIS (ʨʠʩʫʥʦʢ 2.2.6 (ʘ, ʙ)). 

ʇʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʉʫʛʝʥʦ ʧʦʩʣʝ ʚʳʟʦʚʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʩʚʦʡʩʪʚ 

ʟʘʜʘʜʠʤ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦ 3 ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʘ, ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʪʠʧʘ ʠʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʝʨʝʤ ʪʨʝʫʛʦʣʴʥʳʝ ʬʫʥʢʮʠʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʟʘʜʘʜʠʤ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ. 
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ʈʠʩʫʥʦʢ 2.2.5 ï ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ 

 

 

(ʘ) 



61 

 

 

 

(ʙ) 

ʈʠʩʫʥʦʢ 2.2.6 ï ɺʚʦʜ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ: ʘ ï ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʨʘʚʠʣʘ; ʙ ï 

ʧʨʦʩʤʦʪʨ ʧʨʘʚʠʣʘ 

 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʛʠʙʨʠʜʥʳʤ ʤʝʪʦʜʦʤ 

ʦʙʫʯʝʥʠʷ ʩ ʫʨʦʚʥʝʤ ʦʰʠʙʢʠ 0, ʘ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ ʟʘʜʘʜʠʤ 

ʨʘʚʥʳʤ 200. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʫʯʝʥʠʷ ʧʦʣʫʯʠʤ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʰʠʙʢʠ ʦʪ ʯʠʩʣʘ ʵʧʦʭ (ʨʠʩʫʥʦʢ 2.2.7). 
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ʈʠʩʫʥʦʢ 2.2.7 ï ɻʨʘʬʠʢ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ 

 

 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʫʯʝʥʠʷ ʜʘʥʥʦʡ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʚʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʛʨʘʬʠʢʘ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʙʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʢʦʥʯʠʣʦʩʴ ʧʦʩʣʝ ʩʝʤʠ ʮʠʢʣʦʚ. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ 

ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʩʪʨʦʝʥʥʦʡ ʥʝʯʝʪʢʦʡ ʛʠʙʨʠʜʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS (4/1) (ʨʠʩʫʥʦʢ 2.2.8). 
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ʈʠʩʫʥʦʢ 2.2.8 ï ʉʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS (4/1) 

 

ʉʣʦʡ 1 Input-ʚʭʦʜʥʦʡ ʩʣʦʡ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʬʘʟʠʬʠʢʘʮʠʠ. 

ʉʣʦʡ 2 Inputmf-ʚʳʭʦʜʳ ʥʝʡʨʦʥʦʚ ʵʪʦʛʦ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʠ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʦʚ. 

ʉʣʦʡ 3 Rule-ʚʳʭʦʜʘʤʠ ʥʝʡʨʦʥʦʚ ʵʪʦʛʦ ʩʣʦʷ ʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ 

ʧʨʝʜʧʦʩʳʣʦʢ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ ʙʘʟʳ ʟʥʘʯʝʥʠʡ ʩʠʩʪʝʤʳ. ɺʩʝ ʥʝʡʨʦʥʳ ʵʪʦʛʦ 

ʩʣʦʷ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ  L- ʥʦʨʤʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʧʝʨʘʮʠʠ çʀè. 

ʉʣʦʡ 4 Outputmf- ʥʝʡʨʦʥʳ ʵʪʦʛʦ ʩʣʦʷ ʚʳʯʠʩʣʷʶʪ ʠ ʬʦʨʤʠʨʫʶʪ ʟʥʘʯʥʠʷ 

ʚʳʭʦʜʦʚ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʣʦʡ 5 Output-ʥʝʡʨʦʥʳ ʜʘʥʥʦʛʦ ʩʣʦʷ ʚʳʧʦʣʥʷʶʪ ʦʧʝʨʘʮʠʶ ʜʝʬʘʟʠʬʠʢʘʮʠʠ. 
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ɼʘʣʝʝ ʧʨʦʚʦʜʠʤ  ʘʥʘʣʠʟ ʧʦʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʩ 

ʛʨʘʬʠʯʝʩʢʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

 

ʅʘ ʨʠʩʫʥʢʘʭ 2.2.9 (ʘ, ʙ, ʚ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

 

 

 

 

 

 

 

 

 

 

 

.  

 

(ʘ) 
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(ʚ) 
 

 

ʈʠʩʫʥʢʠ 2.2.9 (ʘ, ʙ, ʚ) ï ʇʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 
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ɿʘʢʘʥʯʠʚʘʝʤ ʚʳʙʦʨʦʤ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ. 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ɸʊʆʅʅʍ ʠʤʝʝʪ ʚʠʜ:   
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(2.1.1) 

 

ʛʜʝ 
1

1x - ʧʝʨʚʳʡ ʩʝʪʝʚʦʡ ʚʚʦʜ; 1

iy -ʧʝʨʚʳʡ ʩʝʪʝʚʦʡ ʚʳʚʦʜ;  

2

ix - ʚʪʦʨʦʡ ʩʝʪʝʚʦʡ ʚʚʦʜ; 2

ʮy - ʚʪʦʨʦʡ ʩʝʪʝʚʦʡ ʚʳʚʦʜ; ijm  ʠ ijs  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʝʜʥʝʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʬʫʥʢʮʠʠ;       3

ʮx   - ʪʨʝʪʠʡ 

ʩʝʪʝʚʦʡ ʚʚʦʜ; 3

iy - ʪʨʝʪʠʡ ʩʝʪʝʚʦʡ ʚʳʚʦʜ; 4

ix - ʯʝʪʚʝʨʪʳʡ ʩʝʪʝʚʦʡ ʚʚʦʜ; 4

iy - 

ʯʝʪʚʝʨʪʳʡ ʩʝʪʝʚʦʡ ʚʳʚʦʜ; n - ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʳʭ ʫʟʣʦʚ. 
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ʇʨʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ɸʊʆʅʅʍ  ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʢʮʠʶ ʥʝʡʨʦʤʦʜʝʣʠ  ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS  

(ʨʠʩʫʥʦʢ 2.2.10). ɺ ʘʣʛʦʨʠʪʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʘʤʦʥʘʩʪʨʦʡʢʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʯʠʩʣʦʤ ʙʘʟ ʧʨʘʚʠʣ ʠ  ʠʟʤʝʥʝʥʠʝʤ ʰʠʨʠʥʳ ʦʩʥʦʚʘʥʠʡ 

ʪʨʝʫʛʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ. ɽʩʣʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʦ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʦʚʪʦʨʷʝʪʩʷ 

ʟʘʥʦʚʦ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

 

 

 

 ʈʠʩʫʥʦʢ 2.2.10 ï ɸʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS 
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2.3. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ 

ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ FRNN, ANFIS, 

ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ FFNN 

 

ɸʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ 

 

ʉʦ ʚʨʝʤʝʥʝʤ ʦʙʦʨʫʜʦʚʘʥʠʝ ɸʊʆʅʅʍ ʠʟʥʘʰʠʚʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʠʥʦʛʜʘ 

ʠ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʙʦʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

[47],[48].  ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʦʮʝʥʢʘ 

ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʚʳʷʚʣʝʥʠʝʤ ʚʦʟʤʦʞʥʳʭ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ 

ɸʊʆʅʅʍ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʦʜʥʘʢʦ ʥʝ ʫʜʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʘʙʦ ʧʦʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʦʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʩʧʦʟʥʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ  ʩʦʩʪʦʷʥʠʷ 

ɸʊʆʅʅʍ.  

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʨʘʩʧʦʟʥʘʥʠʷ ʙʦʣʴʰʦʛʦ 

ʩʧʝʢʪʨʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ  ɸʊʆʅʅʍ  ʠ ʧʨʝʜʩʢʘʟʘʪʴ  ʘʚʘʨʠʡʥʳʝ  ʨʝʞʠʤʳ. 

 

ʅʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 2.3.1) ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ɸʊʆʅʅʍ:  

ʘʥʘʣʠʟ ʯʘʩʪʦʪʥʳʭ;   

ʬʘʟʦʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ;  

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ;  

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ɸʊʆʅʅʍ ʩ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤʠ 

ʥʝʯʝʪʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩ ʫʯʝʪʦʤ ʠʟʥʦʩʘ ʵʣʝʤʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ  ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʠ ʚʥʝʜʨʝʥʠʝ ʠʭ 

ʩʠʩʪʝʤ r ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʠʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ɸʊʆʅʅʍ.  

 

 

ʈʠʩʫʥʦʢ 2.3.1 ï   ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ɸʊʆʅʅʍ  
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ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ   ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ  

FRNN, ANFIS ʊʘʢʦʡ ʘʥʩʘʤʙʣʴ  ʥʝʡʨʦʥʥʳʭ  ʩʝʪʝʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʠʩʪʝʤʦʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ  ʥʝʡʨʦʩʝʪʝʚʳʤ  ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʠ ʧʨʠʥʷʪʠʝʤ  

ʵʢʩʪʨʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.  

 

ɸʥʩʘʤʙʣʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʨʝʜʩʢʘʟʳʚʶʪ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʘʚʘʨʠʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɸʊʆʅʅʍ ʦʪ ʥʦʨʤʘʣʴʥʳʭ 

ʨʘʙʦʯʠʭ ʟʥʘʯʝʥʠʡ. ɼʘʥʥʳʝ  ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʵʢʩʧʝʨʪʥʫʶ 

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. ɺ ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ   

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʩʦʨʪʠʨʦʚʢʘ ʘʚʘʨʠʡ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ɸʊʆʅʅʍ. ɼʘʣʝʝ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʘ 

ʨʠʩʫʥʢʝ 2.3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ  ʩʠʩʪʝʤʳ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ 

ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
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ʈʠʩʫʥʦʢ 2.3.2 ï ʉʪʨʫʢʪʫʨʘ  ʩʠʩʪʝʤʳ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʷ  

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ  ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ 

ʙʘʟʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʙʣʦʢʦʤ ʩʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʡ  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ  

(ʨʠʩ. 2.3.3). 
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ʈʠʩʫʥʦʢ 2.3.3ï ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʙʣʦʢʦʤ 

ʩʨʘʚʥʝʥʠʷ 

ʉʠʥʪʝʟ ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ (ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 

2.1.1, ʨʠʩʫʥʦʢ 2.1.3). ʉʠʥʪʝʟ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ  ʥʘ ʙʘʟʝ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS (ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 2.2.2, ʨʠʩʫʥʦʢ 2.2.8). 

 

ʕʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ɹʣʦʢïʩʭʝʤʘ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3.4. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʙʠʨʘʝʪʩʷ ʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ɸʊʆʅʅʍ, ʥʘ 

ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʘʝʪʩʷ, ʥʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʧʦʟʥʘʥʠʝ ʘʚʘʨʠʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʥʘ ʧʷʪʦʤ ʵʪʘʧʝ 

ʧʨʦʚʝʨʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ. 
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ʈʠʩʫʥʦʢ 2.3.4ïɹʣʦʢïʩʭʝʤʘ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ  

 

ʅʘ ʨʠʩ.2.3.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ ɸʊʆʅʅʍ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʘʥʩʘʤʙʣʝʡ  ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʫʘʪʦʨʦʚ,. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦʙ ʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ɸʊʆʅʅʍ ʧʨʠʥʠʤʘʝʪ   ʵʢʩʧʝʨʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ,  ʥʘ ʚʭʦʜ, ʢʦʪʦʨʦʡ 

ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣʳ 1X , 2X , 3X , 4X é, ʘ ʥʘ ʚʳʭʦʜʘʭ ʩʥʠʤʘʶʪʩʷ ʩʠʛʥʘʣʳ   ,1Y

,2Y ,3Y ,4Y .......5Y   
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ʈʠʩʫʥʦʢ 2.3.5 ïʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ  ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʠ 

ɸʊʆʅʅʍ ʥʘ ʙʘʟʝ  ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ  

 

ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ  ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ. ʉʦʩʪʘʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ, ʦʪʚʝʪʳ ʥʘ ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʠʥʘʨʥʳʡ 

ʚʠʜ, ʪ.ʝ çɼʘè ʠʣʠ çʅʝʪè. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ç ʚʝʢʪʦʨʘ ʦʧʨʦʩʘ è, ʝʩʣʠ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʩʣʝʜʫʝʪ ʦʪʚʝʪ çɼʘè, ʪʦ ʢʦʤʧʦʥʝʥʪʫ ʚʝʢʪʦʨʘ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 1, 

ʝʩʣʠ   

çʅʝʪè-ʪʦ 0. ʇʨʦʚʦʜʠʪʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ɸʊʆʅʅʍ: 

1.ɽʩʣʠ  1Y =1 - ʚʦʟʤʦʞʥʘʥʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ; 

2.ɽʩʣʠ  2Y =1 -ʚʦʟʤʦʞʥʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ;   
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3.ɽʩʣʠ 3Y =1 -ʚʦʟʤʦʞʥʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʪʨʝʪʴʝʛʦ ʵʣʝʤʝʥʪʘ;   

4. ɽʩʣʠ  4Y =1 -ʚʦʟʤʦʞʥʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʯʝʪʚʝʨʪʦʛʦ ʵʣʝʤʝʥʪʘ;  

5. ɽʩʣʠ 5Y =1 -ʚʦʟʤʦʞʥʳʥʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʧʷʪʦʛʦ ʵʣʝʤʝʥʪʘéé. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʘʙʣʠʮʘ 3.2.1, ʚ ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʚʝʢʪʦʨʘ ʚʭʦʜʘ 1X , 2X , 3X , .......4X  ʠ 

ʜʘʥʥʳʝ ʚʝʢʪʦʨʘ ʚʳʭʦʜʘ 1Y , 2Y , 3Y , 4Y , .......5Y . ɼʘʥʥʳʝ ʚʝʢʪʦʨʘ ʚʳʭʦʜʘ 

ʩʠʛʥʘʣʠʟʠʨʫʶʪ ʦ ʢʦʥʢʨʝʪʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʵʣʝʤʝʥʪʦʚ ɸʊʆʅʅʍ.  

ɼʣʷ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 4/5. ɺ ʪʘʙʣʠʮʝ 

3.2.1. ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ  

 

ʊʘʙʣʠʮʘ 3.3.1 ï ɼʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ɺʭʦʜʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ                            ɺʳʭʦʜʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

1X  2X  3X  4X  1Y  2Y  3Y  4Y  5Y  

0 0 0 0 0 0 0 0 0 

1 0 0 0 1 0 0 0 0 

0 1 0 0 0 0 0 0 0 

1 1 0 0 0 0 0 0 0 

0 0 1 0 0 1 0 0 0 

1 0 1 0 0 0 0 0 0 

0 1 1 0 0 0 0 0 0 

1 1 1 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 

1 0 0 1 0 0 0 0 0 

0 1 0 1 0 0 0 0 0 

1 1 0 1 0 0 0 0 0 

0 0 1 1 0 0 1 0 0 

1 0 1 1 0 0 0 0 0 
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0 1 1 1 0 0 0 0 0 

1 1 1 1 0 0 0 0 1 

 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ  ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ  ʧʦʣʫʯʘʝʤ ʵʢʩʧʝʨʪʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ,  ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ  

ʥʘ ʨʠʩʫʥʢʘʭ 2.3.6 (ʘ, ʙ).  
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(ʘ) 
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.  

 
 

 

 

 

 

 

 

 

 

 

(ʙ) 

 

ʈʠʩʫʥʢʠ 2.3.6 (ʘ, ʙ, ʚ, ʛ)  ï ʉʪʨʫʢʪʫʨʳ ʵʢʩʧʝʨʪʥʦʡ  ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 4/5 ʜʣʷ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ (ʘ, ʙ) ʧʝʨʚʳʡ ʩʣʦʡ ʠʟ 10 

ʥʝʡʨʦʥʦʚ, (ʚ, ʛ) ʚʪʦʨʦʡ ʩʣʦʡ ʠʟ 5 ʥʝʡʨʦʥʦʚ 
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 ʈʘʙʦʪʘ ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ: 
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(2.3.2) 

ʛʜʝ 41...XX -ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 51.....YY - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 101.....EE - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 10411.....WW  

-ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 101.....BB - ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
.

.

101.....RR -ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; '

0Y - 

ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; '

10

'

1.......WW -ʚʝʩʘ ʚʪʦʨʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ;  '

10B  -ʩʤʝʱʝʥʠʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ. 

     ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʘʣʘʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. ʧʦ ʚʭʦʜʘʤ X[ 1X , 2X , 3X ,

4X ] ʠ ʚʳʭʦʜʘʤ Y[ 1Y , 2Y , 3Y , 4Y , 5Y ]. ʅʘ ʨʠʩʫʥʢʝ 2.3.7.  ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ  

ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʦʙʫʯʝʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 
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ʈʠʩʫʥʦʢ 2.3.7ï ɸʣʛʦʨʠʪʤ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʦʙʫʯʝʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ 
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ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ   ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ  ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ  

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ  ʘʥʩʘʤʙʣʷ  ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ FRNN, FFNN.  

 

2. ʈʘʟʨʘʙʦʪʘʥ  ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩ  ʥʝʡʨʦʧʨʦʛʥʦʟʦʤ  

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ  ʙʘʟʝ  ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ FRNN, FFNN, ANFIS. 

 

3. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ 

ʘʥʩʘʤʙʣʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ.  

 

ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʊʆʅʅʍ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʘʚʘʨʠʡʥʳʝ  ʩʠʪʫʘʮʠʠ,  ʧʦʚʳʰʘʷ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ɸʊʆʅʅʍ. 
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ɻʃɸɺɸ 3. ʄʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ  ʅʉʋ ʜʣʷ ɸʊʆʅʅʍ 

 

3.1.ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧʪʠʚʥʳʭ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN 

 

ʈʝʛʫʣʷʪʦʨʳ ï ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ɸʊʆʅʅʍ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ  ʥʝʦʙʭʦʜʠʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘï 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʪ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʚʳʙʦʨʘ ʠ ʚʳʧʦʣʥʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʟʘʚʠʩʠʪ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʚʩʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  ʇʦʵʪʦʤʫ ʚʳʙʦʨ 

ʤʝʩʪʘ ʚʢʣʶʯʝʥʠʷ ʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʩʠʥʪʝʟʘ ʅʉʋ ɸʊʆʅʅʍ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ɸʊʆʅʅʍ ʦʧʨʝʜʝʣʷʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ɺ  ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ  ɸʊʆʅʅʍ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʩʚʦʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʞʝʣʘʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ,  ʠʤʝʶʪ  ʤʘʣʳʡ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʣʦʭʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. ʋʣʫʯʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʨʝʛʫʣʷʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ  ʩʦʟʜʘʶʪʩʷ ʥʘ 

ʙʘʟʝ  ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ, ʵʪʠ ʨʝʛʫʣʷʪʦʨʳ ʥʝ ʤʦʛʫʪ ʦʧʝʨʘʪʠʚʥʦ 

ʩʘʤʦʦʙʫʯʘʪʴʩʷ, ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʩʚʦʠ ʩʪʨʫʢʪʫʨʳ, ʚʘʨʴʠʨʦʚʘʪʴ  ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʠ ʥʝʯʝʪʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  ɸʊʆʅʅʍ. ʉʪʘʥʜʘʨʪʥʳʝ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʥʝ ʤʦʛʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʫʧʨʝʞʜʘʶʱʝʝ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ ʫʣʫʯʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɸʊʆʅʅʍ: 
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ʧʦʚʳʰʝʥʠʝ ʟʘʧʘʩʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʞʝʣʘʝʤʳʭ  ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʜʘʧʪʠʚʥʳʭ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ.  

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤʠ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  (ʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ) 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ  ʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʚʳʙʝʨʘʝʤ ʤʥʦʛʦʩʣʦʡʥʫʶ  

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ FRNN [6,8,10,14,15]. ʇʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ (ʬʦʨʤʫʣʘ 2.1.2). ɸʣʛʦʨʠʪʤ 

ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ. 2.1.5. ʉʪʨʫʢʪʫʨʥʘʷ  ʩʭʝʤʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  

ʜʣʷ ʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.1.1. 

 

 

ʈʠʩʫʥʦʢ 3.1.1ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʙʦʪʫ ʀ -ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ  ʠʤʝʝʪ 

ʚʠʜ: 

 

,1

01

-= ZYY  ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ, 
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https://translated.turbopages.org/proxy_u/en-ru.ru.21dc0879-63da827f-a6099197-74722d776562/en.wikipedia.org/wiki/Levenberg%E2%80%93Marquardt_algorithm
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ʋʨʘʚʥʝʥʠʷ 2-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ,   

(3.1.1) 

                                                                                                                                                    

ʛʜʝ  
00,YX - ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ   

1,Y - ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ ʦʜʠʥ ʪʘʢʪ;  

51...EE - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
5211...WW - ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 
51...RR - ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 
'

0Y - ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
'

51

'

1...WW - ʚʝʩʘ ʚʪʦʨʦʛʦ 

ʩʣʦʷ ʥʝʡʨʦʥʦʚ;   pureline - ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ.   

     ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦʜʝʨʞʠʪ ʚ ʧʝʨʚʦʤ ʚʭʦʜʥʦʤ ʩʣʦʝ 5 ʥʝʡʨʦʥʦʚ ʩ ʬʫʥʢʮʠʷʤʠ 

ʘʢʪʠʚʘʮʠʠ pureline ʠ ʦʜʠʥ ʥʝʡʨʦʥ ʥʘ ʚʳʭʦʜʝ ʩ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ pureline.. 

 

ʅʘ ʨʠʩʫʥʢʝ 3.1.2.  ʠʟʦʙʨʘʞʝʥʘ  ʩʪʨʫʢʪʫʨʥʘʷ  ʩʭʝʤʘ ʦʙʫʯʝʥʠʷ  

ʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ,  

 

ʈʠʩʫʥʦʢ 3.1.2ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʫʯʝʥʠʷ ʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʠʥʪʝʛʨʘʣʴʥʳʤʠ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʇʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ) 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ  ʇʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʚʳʙʝʨʘʝʤ ʤʥʦʛʦʩʣʦʡʥʫʶ 

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ FRNN. ʇʨʠ  ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ (ʬʦʨʤʫʣʘ 2.1.2). ɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.1.5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 3.1.3. 

 

 

ʈʠʩʫʥʦʢ 3.1.3ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ  

 

 

                                      

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʙʦʪʫ  ʇʀ -ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ  ʠʤʝʝʪ 

ʚʠʜ: 

,1

01

-= ZXX  ɺʭʦʜʥʦʡ  ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ, 

,1

01

-= ZYY  ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ, 

https://translated.turbopages.org/proxy_u/en-ru.ru.21dc0879-63da827f-a6099197-74722d776562/en.wikipedia.org/wiki/Levenberg%E2%80%93Marquardt_algorithm
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YpurelineY

WRWRY ʋʨʘʚʥʝʥʠʷ 2-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ,  

                                                                                                     (3.1.2) 

ʛʜʝ  
00,YX - ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 

1X - ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ ʦʜʠʥ ʪʘʢʪ;  

1Y - ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ ʦʜʠʥ ʪʘʢʪ; 

51...EE - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
5311...WW - ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 
51...RR - ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 
'

0Y - ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
'

5

'

1...WW - ʚʝʩʘ ʚʪʦʨʦʛʦ 

ʩʣʦʷ ʥʝʡʨʦʥʦʚ;   pureline - ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ.  ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʩʦʜʝʨʞʠʪ ʚ ʧʝʨʚʦʤ ʚʭʦʜʥʦʤ ʩʣʦʝ 5 ʥʝʡʨʦʥʦʚ ʩ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ pureline ʠ 

ʦʜʠʥ ʥʝʡʨʦʥ ʥʘ ʚʳʭʦʜʝ ʩ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ pureline. ʅʘ ʨʠʩʫʥʢʝ 3.1.4. 

ʠʟʦʙʨʘʞʝʥʘ  ʩʪʨʫʢʪʫʨʥʘʷ  ʩʭʝʤʘ ʦʙʫʯʝʥʠʷ ʇʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 3.1.4 ïʉʪʨʫʢʪʫʨʥʘʷ  ʩʭʝʤʘ  ʦʙʫʯʝʥʠʷ ʇʀ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ 

 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  

(ʇʀɼ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ) 

 

 ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʇʀɼ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʚʳʙʝʨʘʝʤ  ʤʥʦʛʦʩʣʦʡʥʫʶ  

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ FRNN. ʇʨʠ  ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ (ʬʦʨʤʫʣʘ 2.1.2). ɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.1.5. ʅʘ ʨʠʩʫʥʢʝ 3.1.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʇʀɼ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ. ɺ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  ʵʣʝʤʝʥʪ z  ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʟʘʜʝʨʞʢʫ ʩʠʛʥʘʣʘ. ʅʘ ʚʭʦʜʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʜʘʝʪʩʷ n ʟʥʘʯʝʥʠʡ X(z)  ʠ  m 

ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ Y(z) ɺʝʣʠʯʠʥʳ n ʠ m ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʷʜʢʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʨʘʙʦʪʫ  ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 

 

 

https://translated.turbopages.org/proxy_u/en-ru.ru.21dc0879-63da827f-a6099197-74722d776562/en.wikipedia.org/wiki/Levenberg%E2%80%93Marquardt_algorithm
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ʈʠʩʫʥʦʢ 3.1.5 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇʀɼ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʙʦʪʫ  ʇʀɼ -ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ  

ʠʤʝʝʪ ʚʠʜ: 
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ʋʨʘʚʥʝʥʠʷ 1-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ                      
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WRWRY ʋʨʘʚʥʝʥʠʷ 2-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ,   

                                                                                                           (3.1.3) 

ʛʜʝ  
00,YX - ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ;  

1

01

-= ZXX , 
2

02

-= ZXX , ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʝ ʥʘ 1,2 

ʪʘʢʪʘ; 
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,1

01

-= ZYY  ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 

51...EE - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
5411...WW - ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 
51...RR - ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 
'

0Y - ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
'

51

'

1...WW - ʚʝʩʘ ʚʪʦʨʦʛʦ 

ʩʣʦʷ ʥʝʡʨʦʥʦʚ; pureline - ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3.1.6. ʠʟʦʙʨʘʞʝʥʘ  ʩʪʨʫʢʪʫʨʥʘʷ  ʩʭʝʤʘ ʦʙʫʯʝʥʠʷ  

ʇʀɼ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ. 

 

 

 

ʈʠʩʫʥʦʢ 3.1.6 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʫʯʝʥʠʷ ʇʀɼ-ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ 

 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʳ  ʤʦʛʫʪ ʙʳʪʴ  ʨʝʘʣʠʟʦʚʘʥʳ  ʢʘʢ 

ʧʨʦʛʨʘʤʤʥʦ ʪʘʢ ʠ ʘʧʧʘʨʘʪʥʦ, ʦʥʠ  ʣʝʛʢʦ  ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ  ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ, ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ.   
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3.2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɸʊʆʅʅʍ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʠʷ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ  ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʠ  ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʫʨʦʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ  ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ɸʊʆʅʅʍ ʎʉʇ ʪʘʢʠʭ ʢʘʢ ʪʦʢ, ʥʘʧʨʷʞʝʥʠʝ ʷʢʦʨʷ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʠ ʜʨ. [40]. ʅʘ ʚʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʢʘʞʜʦʛʦ ʠʟ ʢʦʥʪʫʨʦʚ ʩʨʘʚʥʠʚʘʶʪʩʷ 

ʩʠʛʥʘʣʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʟʘʜʘʥʥʦʤʫ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʷʤ 

ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ ʜʘʥʥʦʛʦ ʢʦʥʪʫʨʘ, ʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʨʝʛʫʣʷʪʦʨʘ ʩʣʫʞʠʪ 

ʟʘʜʘʶʱʠʤ ʩʠʛʥʘʣʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʥʪʫʨʘ. ʇʦʜʯʠʥʝʥʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʝʢʨʘʩʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʦ ʩʝʙʷ ʧʨʠ ʩʠʥʪʝʟʝ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʥʝʣʠʥʝʡʥʳʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʤʝʪʦʜ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʜʘʝʪ ʞʝʣʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʘʜʘʧʪʠʚʥʳʝ 

ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ   

ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ɸʊʆʅʅʍ 

[27].  

ʇʨʠ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ  ʢʘʞʜʳʡ ʚʥʫʪʨʝʥʥʠʡ 

ʢʦʥʪʫʨ  ʧʦʜʣʝʞʠʪ ʦʧʪʠʤʠʟʘʮʠʠ, ʪ. ʝ. ʪʘʢʦʤʫ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʟʘʜʘʥʥʦʝ ʢʘʯʝʩʪʚʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ [25], [27], [69]. ʅʘ ʨʠʩʫʥʢʝ 3.2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ  ʨʝʛʫʣʠʨʦʚʘʥʠʠ ɸʊʆʅʅʍ ʩ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʠ  

ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʫʨʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʣʠʯʝʩʪʚʫ ʢʦʥʪʨʦʣʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ʈʠʩʫʥʦʢ 3.2.1ï  ʉʪʨʫʢʪʫʨʘ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ɸʊʆʅʅʍ ʩ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʫʨʦʚ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʢʦʥʪʨʦʣʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

 

ʅʝʡʨʦʨʝʛʫʣʷʪʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʚʝʥʘ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɹʣʦʢ- ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 

ʜʚʫʭʢʦʥʪʫʨʥʦʡ  ʥʝʡʨʦʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ [27] 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2.2. ɺ ʩʠʩʪʝʤʝ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ  

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʪʫʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʇʦʜ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʥʘʠʙʦʣʴʰʝʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ 

ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, 

ʫʣʫʯʰʝʥʠʶ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʢʦʥʪʫʨʘ. 

ʊʘʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʠʜʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʢʦ ʚʪʦʨʦʤʫ.   
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ɾʝʣʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʥʘʩʪʨʘʠʚʘʶʪʩʷ  ʥʘ ʤʦʜʫʣʴʥʳʡ ʠ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʢʨʠʪʝʨʠʠ [27]. 

 

ʈʠʩʫʥʦʢ 3.2.2ï  ɹʣʦʢ- ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ    

ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ɸʊʆʅʅʍ  ʩ ʦʙʫʯʘʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.2.3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʚʳʡ ʚʥʫʪʨʝʥʥʠʡ ʪʦʢʦʚʳʡ ʢʦʥʪʫʨ 

ɸʊʆʅʅʍ ʎʉʇ.  

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʪʦʢʦʚʦʛʦ ʢʦʥʪʫʨʘ    

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ 1, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3.2.3. 
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ʈʠʩʫʥʦʢ 3.2.3ï ʇʝʨʚʳʡ ʚʥʫʪʨʝʥʥʠʡ ʪʦʢʦʚʳʡ ʢʦʥʪʫʨ ʎʉʇ 

 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʙʦʪʫ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ 1 ʚ ʪʦʢʦʚʦʤ 

ʢʦʥʪʫʨʝ ʎʉʇ  ʠʤʝʝʪ ʚʠʜ: 
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  (3.2.1) 

ʛʜʝ

 1

01

-= ZXX  -ʚʭʦʜʥʦʡ  ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 

1

01

-= ZYY  -ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 

0Y - ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 1Y - ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ ʦʜʠʥ, ʪʘʢʪ;  ʨʨ ɽɽ 61 ... - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; ʨʨ WW 6311 ... - ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; ʨʨ RR 61 ... - ʩʠʛʥʘʣʳ ʥʘ 

ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; '

0Y - ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ 

ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
ʨʨ

WW 61 ... ¡¡
- ʚʝʩʘ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; pureline-

ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ. 

 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ  ʚʪʦʨʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʢʦʥʪʫʨʘ ʎʉʇ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ 2. ɾʝʣʘʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʦʧʪʠʤʫʤ [ 38 ].  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʙʦʪʫ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ 2 ʚ ʩʢʦʨʦʩʪʥʦʤ 

ʢʦʥʪʫʨʝ ʎʉʇ  ʠʤʝʝʪ ʚʠʜ: 
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                                                                                                             (3.2.2) 

ʛʜʝ

 1

01

-= ZXX -ʚʭʦʜʥʦʡ  ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 

1

01

-= ZYY  -ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 

2

02

-= ZYY -ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 2 ʪʘʢʪʘ; 

0Y - ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 1Y - ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ ʦʜʠʥ, ʪʘʢʪ;   

ʨʩʨʩɽɽ 61 ... - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; ʨʩʨʩWW 6411 ... - ʚʝʩʘ ʧʝʨʚʦʛʦ 

ʩʣʦʷ ʥʝʡʨʦʥʦʚ; ʨʩʨʩRR 61 ... - ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; '

0Y - ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
ʨʩʨʩ

WW 61 ... ¡¡
- ʚʝʩʘ 

ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; pureline-ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ. 

 

 

ɼʚʫʭʢʦʥʪʫʨʥʘʷ  ʥʝʡʨʦʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʎʉʇ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2.4 ʇʘʨʘʤʝʪʨʳ ʎʉʇ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ  ʞʝʣʘʝʤʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʢʦʨʦʩʪʥʦʛʦ ʢʦʥʪʫʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ 

ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ 2 ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ  ʩʢʦʨʦʩʪʥʦʛʦ ʢʦʥʪʫʨʘ. 
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ʈʠʩʫʥʦʢ 3.2.4 ïɼʚʫʭʢʦʥʪʫʨʥʘʷ  ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ɸʊʆʅʅʍ ʎʉʇ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʙʦʪʳ ʎʉʇ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚ ʩʨʝʜʝ ʄɸʊʃɸɹ. 
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ʈʠʩʫʥʦʢ 3.2.5 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʙʦʪʳ ʎʉʇ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʚ 

ʩʨʝʜʝ ʄɸʊʃɸɹ 

 

ʇʦ ʧʝʨʝʭʦʜʥʳʤ ʧʨʦʮʝʩʩʘʤ ʨʘʙʦʪʳ ʎʉʇ ʩ  ʥʝʡʨʦʨʦʨʝʛʫʣʷʪʦʨʘʤʠ  

(ʨʠʩʫʥʦʢ 3.2.5) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʜʚʫʭʢʦʥʪʫʨʥʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ, ʨʘʙʦʪʘʶʱʘʷ ʧʦ ʧʨʠʥʮʠʧʘʤ ʧʦʜʯʠʥʝʥʥʦ-

ʥʝʡʨʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʞʝʣʘʝʤʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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3.3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʥʘ ʙʘʟʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN, ANFIS  

 

ɸʊʆʅʅʍ ʨʘʙʦʪʘʶʪ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. ʕʪʦ ʨʘʙʦʪʘ ʚ 

ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ,  ʚ ʧʦʚʪʦʨʥʦ-ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʨʝʞʠʤʝ, ʢʘʢ ʩ 

ʧʦʩʪʦʷʥʥʦʡ, ʪʘʢ ʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʇʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɸʊʆʅʅʍ ʚ ʵʪʠʭ ʨʝʞʠʤʘʭ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ. ɽʩʣʠ ʠʛʥʦʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʦʙʣʝʤʳ  ʫʭʫʜʰʝʥʠ ̫

ʨʘʙʦʪʳ ɸʊʆʅʅʍ, ʚ ʨʷʜʝ ʩʣʫʯʘʷʭ  ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʨʠʩʫʥʦʢ 3.3.1). 

ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʘʜʘʧʪʠʚʥʳʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʨʳ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ [9], [10], [14], [15]. 

 

 

ʈʠʩʫʥʦʢ 3.3.1. ï ʆʙʣʘʩʪʠ ʩ ʫʩʪʦʡʯʠʚʦʡ ʠ ʥʝʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʦʡ ɸʊʆʅʅʍ 

 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
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ʅʘ ʨʠʩʫʥʢʝ 3.3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ  ʙʣʦʢ-ʩʭʝʤʘ  ʵʪʘʧʦʚ ʩʠʥʪʝʟʘ   

ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ɸʊʆʅʅʍ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS.  

 

ʕʪʘʧʳ ʩʠʥʪʝʟʘ   

 

ʅʝʡʨʦʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ  ʧʘʨʘʤʝʪʨʳ,  ʚʣʠʷʶʱʠʝ ʥʘ 

ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʊʆʅʅʍ (ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ FFNN).  

ʌʦʨʤʠʨʫʝʪʩʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ANFIS,  ʥʘ ʚʭʦʜʝ ʢʦʪʦʨʦʡ ʵʪʠ ʧʘʨʘʤʝʪʨʳ, 

ʘ ʥʘ ʚʳʭʦʜʝ ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʞʝʣʘʝʤʳʝ  ʩʪʘʪʠʯʝʩʢʠʝ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ɸʊʆʅʅʍ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ANFIS. ʩʝʪʠ ʚ ʩʨʝʜʝ ʄɸʊʃɸɹ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  

ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ. 

 
ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ FRNN.  

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʳʯʠʩʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ɸʊʆʅʅʍ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ FRNN, ANFIS.  
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ʈʠʩʫʥʦʢ 3.3.2ï ɹʣʦʢ-ʩʭʝʤʘ ʵʪʘʧʦʚ ʩʠʥʪʝʟʘ    

 

ʅʘ ʨʠʩʫʥʢʝ 3.3.3.ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ  ʩʭʝʤʘ ʩʠʥʪʝʟʘ  ʥʝʡʨʦʥʥʳʤʠ 

ʩʝʪʷʤʠ  FRNN, ANFIS, ʜʣʷ ɸʊʆʅʅʍ. 
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ʈʠʩʫʥʦʢ 3.3.3ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ 

FFNN,ANFIS  ʜʣʷ ɸʊʆʅʅʍ  

 

 

ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʥʘ ʙʘʟʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ɸʊʆʅʅʍ ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ:  

 

ʅʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ FRNN: 

: 

;

;

;

;

;

;

;

;

;

;

;

,.........

11575156415531542153115201510

10107510641053104210311020101010

99759649539429319209109

88758648538428318208108

77757647537427317207107

66756646536426316206106

55755645535425315205105

44754644534424314204104

33753643533423313203103

22752642532422312202102

11751641531421311201101

0

1

1

nn

x

n

nO

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

BWYWYWYWYWYWYWXE

ZYYZXY

+++++++=

-------------------------------------------

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

+++++++=

== --

                                     

 



103 

 

 

,...

);(tan

);(tan

);(tan

);(tan

);(tan

);(tan

);(tan

);(tan

);(tan

);(tan

'

5

'

11

'

0

99

88

77

66

55

44

33

22

11

nn

nn

RWWRY

EsigR

EsigR

EsigR

EsigR

EsigR

EsigR

EsigR

EsigR

EsigR

EsigR

++=

=

------------

=

=

=

=

=

=

=

=

=

                                                              

 
                                      

ʛʜʝ  0Y - ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; nYY ,......1  - ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʝ ʥʘ ʦʜʠʥ, ʜʚʘ é. ʪʘʢʪʦʚ;   

nEE ...1 - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; nWW 1511... - ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; nBB ...1 - ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; nRR ...1 - ʩʠʛʥʘʣʳ ʥʘ 

ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; '

0Y - ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ 

ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; '

1

'

1... nWW - ʚʝʩʘ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
m

B'

1 - ʩʤʝʱʝʥʠʝ 

ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; sigtan -ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, ʠʤʝʶʱʘʷ 

ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ ʬʦʨʤʫ;  
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ʅʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS: 
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ʛʜʝ 
1

1x - ʧʝʨʚʳʡ ʩʝʪʝʚʦʡ ʚʚʦʜ; 1

iy -ʧʝʨʚʳʡ ʩʝʪʝʚʦʡ ʚʳʚʦʜ; 

2

ix - ʚʪʦʨʦʡ ʩʝʪʝʚʦʡ ʚʚʦʜ; 2

ʮy - ʚʪʦʨʦʡ ʩʝʪʝʚʦʡ ʚʳʚʦʜ; ijm  ʠ ijs  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʝʜʥʝʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʬʫʥʢʮʠʠ; 3

ʮx   - ʪʨʝʪʠʡ 

ʩʝʪʝʚʦʡ ʚʚʦʜ; 3

iy - ʪʨʝʪʠʡ ʩʝʪʝʚʦʡ ʚʳʚʦʜ; 4

ix - ʯʝʪʚʝʨʪʳʡ ʩʝʪʝʚʦʡ ʚʚʦʜ; 4

iy - 

ʯʝʪʚʝʨʪʳʡ ʩʝʪʝʚʦʡ ʚʳʚʦʜ; n - ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʳʭ ʫʟʣʦʚ;  
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ʅʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ FRNN: 
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ʋʨʘʚʥʝʥʠʷ 1-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ 
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YpurelineY

WRWRY ʋʨʘʚʥʝʥʠʷ 2-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ,   

 (3.3.2) 

 

ʛʜʝ  
00,YX - ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ;  

1

01

-= ZXX , 
2

02

-= ZXX , ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʝ ʥʘ 1,2 

ʪʘʢʪʘ; 

,1

01

-= ZYY  ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 

51...EE - ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
5411...WW - ʚʝʩʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 
51...RR - ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʘʢʪʠʚʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʥʝʡʨʦʥʦʚ; 
'

0Y - ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
'

51

'

1...WW - ʚʝʩʘ ʚʪʦʨʦʛʦ 

ʩʣʦʷ ʥʝʡʨʦʥʦʚ; pureline - ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ. 
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ɺʳʚʦʜʳ 

1.ʇʨʦʚʝʜʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧʪʠʚʥʳʭ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ FRNN. 

 

2.ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʯʠʥʝʥʥʦ-ʥʝʡʨʦʥʥʦʛʦ  

ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

 

3.ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʛʦ  ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ  ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ FFNN, ANFIS. 

 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʩ ʧʦʜʯʠʥʝʥʥʦ - ʥʝʡʨʦʥʥʳʤ 

ʫʧʨʘʚʣʥʠʝʤ ʧʦʟʚʦʣʷʶʪ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘʤ ʦʧʝʨʘʪʠʚʥʦ ʩʘʤʦʦʙʫʯʘʪʴʩʷ, 

ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʩʚʦʠ ʩʪʨʫʢʪʫʨʳ, ʚʘʨʴʠʨʦʚʘʪʴ  ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʝʣʠʥʝʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɸʊʆʅʅʍ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʩ  

ʘʜʘʧʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ  ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ   ʨʘʙʦʪʳ ɸʊʆʅʅʍ. 
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ɻʃɸɺɸ 4. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʘ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʅʉʋ 

 

4.1.ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʅʉʋ ʯʠʩʣʘ ʩʣʦʝʚ ʠ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ 

 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʟʘʤʢʥʫʪʳʝ ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ 

ɸʊʆʅʅʍ ʧʦʷʚʠʣʘʩʴ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʦʙʣʝʤʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʚʠʣʘ ʚ ʪʫʧʠʢ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉʣʦʞʥʦ ʙʳʣʦ 

ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢʠʝ  ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʙʦʨʘ ʥʝʡʨʦʥʦʚ, 

ʩʚʷʟʘʥʥʳʭ  ʤʝʞʜʫ ʩʦʙʦʡ ʧʝʨʝʢʨʝʩʪʥʳʤʠ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ,  ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳ [20,81,106,145]. ʅʝʡʨʦʥʳ ʤʦʛʫʪ 

ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ ʩʝʪʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʯʠʩʣʦ ʩʣʦʝʚ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʡʩʪʚ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʚʝʩʦʚ ʠ ʩʤʝʱʝʥʠʡ ʢʘʞʜʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ. 

ʏʝʤ ʙʦʣʴʰʝ ʩʣʦʝʚ ʠ ʥʝʡʨʦʥʦʚ, ʪʝʤ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʠʦʜ   

ʢʚʘʥʪʦʚʘʥʠʷ  ʧʦ ʚʨʝʤʝʥʠ ʊ. ʇʨʠ ʵʪʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʘ  

ʢʚʘʥʪʦʚʘʥʠʷ, ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʢʘʟʳʚʘʶʪ 

ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ  

ɺʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ  ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʧʦʷʚʣʝʥʠʶ ʩʦʤʥʦʞʠʪʝʣʷ Tpe- . ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ɸʊʆʅʅʍ.  

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ  ʯʠʩʣʘ ʩʣʦʝʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʠʤʝʨʘ ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ ʚʳʙʝʨʝʤ 

ʎʉʇ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ 
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NET(Dkv(z,mʯʠʩʣʦʩʣʦʝʚ)) ʚ ʢʦʥʪʫʨʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʟʦʙʨʘʞʝʥʘ  ʥʘ ʨʠʩʫʥʢʝ 4.1.1.  

 

 

ʈʠʩʫʥʦʢ 4.1.1ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʊʆʅʅʍ ʎʉʇ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ ʚ ʢʦʥʪʫʨʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ  

 

ʈʘʙʦʪʘ ʎʉʇ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ ʚ ʢʦʥʪʫʨʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ  ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ: 

,1

01

-= ZXX  

 -ʚʭʦʜʥʦʡ  ʩʠʛʥʘʣ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 

,1

01

-= ZYY  

-ʚr ʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 
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-ʫʨʘʚʥʝʥʠʷ 1-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ: 
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-ʫʨʘʚʥʝʥʠʷ 2-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
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-ʫʨʘʚʥʝʥʠʷ 3-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ   ʥʝʡʨʦʥʦʚ; 
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YpurelineY

BWRWRY  

-ʫʨʘʚʥʝʥʠʷ 4-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ. 

ʈʘʙʦʪʘ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

Ůs- nÖ=Ův, -ʫʨʘʚʥʝʥʠʝ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʢʦʨʦʩʪʥʦʤ ʢʦʥʪʫʨʝ ʎʉʇ; 

 

ŮvNET(Dkv(z,mʯʠʩʣʦʩʣʦʝʚ))=ɗ0,-ʫʨʘʚʥʝʥʠʝ  ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ; 

 

ɗ0H(p)= ɗ, -ʫʨʘʚʥʝʥʠʝ ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ; 

 

TU = ʪʠʨʂ ɗ,-ʫʨʘʚʥʝʥʠʝ ʩʠʣʦʚʦʛʦ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 

 

Lʕpiʷ + i R̫ʕ + Eʧʨ,-ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 
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ʫʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ: 

Jʜnʵ p+ Mʪʨ=Mʜʚ, 

Mʪʨ=Kʪʨ* nÖ,  

Mʜʚ=Kʤ* iʷ  , 

Eʧʨ=KE* nÖ, 

                                                                                                       (4.1.1)                                                                                                                                     

ʛʜʝ  n3-ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

Ův -ʦʰʠʙʢʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʢʦʨʦʩʪʥʦʤ ʢʦʥʪʫʨʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ; 

NET(D)-ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ  ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ; 

ɗ0,  -ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ   ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ; 

H(p) -ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ; 

UT -ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʠʣʦʚʦʛʦ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 

i  ̫ -ʪʦʢ ʷʢʦʨʷ ʚ ʮʝʧʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

Eʧʨ - ʕɼʉ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

Mʪʨ -ʤʦʤʝʥʪ ʪʨʝʥʠʷ; 

Mʜʚ -ʚʨʘʱʘʶʱʠʡ  ʤʦʤʝʥʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʦʟʴʤʸʤ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ  ʩʝʨʠʠ 2ʇ ( P=0.6 ʂɺʪ, 

Uʪ=110 ɺ, i =̫7 ɸ) 

Lʕ= 3.1 *10-2 ɻʥ ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʫʤʤʘʨʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʷʢʦʨʥʦʡ ʮʝʧʠ; 

Rʕ= 3.5 ʆʤ  ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʢʦʨʥʦʡ ʮʝʧʠ; 

KE= 8 *10-1 ɺ*c/ʨʘʜ   ï ʢʦʵʬʬʠʮʠʝʥʪ ʕɼʉ; 

KM= 9 *10-1 ʅ*ʤ/ɸ    ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʤʝʥʪʘ; 

ʪʠʨʂ = 1.1  ɺ*c/ʨʘʜ   - ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʩʠʣʦʚʦʛʦ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 

Jʜ= 8 *10-2 ʢɻ*ʤ2         - ʩʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 

ʧʨʠʚʝʜʸʥʥʳʡ ʢ ʚʘʣʫ; 

ʪʨʂ = 1.43 *10-3 ʢɻ*ʤ2/ʩ - ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʥʘ ʚʘʣʫ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 
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ʂʣʯʁʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 4.1.1) ʠʣʣʶʩʪʨʠʨʫʶʪ ʜʠʩʢʨʝʪʥʦʩʪʴ ʧʦ 

ʚʨʝʤʝʥʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ,  

ʥʝʧʨʝʨʳʚʥʦʡ ʯʘʩʪʠ ʩʠʣʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ  ʦʙʨʘʟʫʝʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, ʧʨʠʚʝʜʸʥʥʫʶ ʥʝʧʨʝʨʳʚʥʫʶ ʯʘʩʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, 

ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʠʜ: 

,)(
2

1

Cɺʨɸʨ

ʂ
ʨWʅʊ

++
=   (4.1.2)                              

ʛʜʝ ʂ1 = ʂʄ*ʂʪʠʨ=8.8*10-1 (ʢʛ*ʤ2*ʆʤ) /(ʩ/ʨʘʜ); 

ɸ = L Jɻ = 2.5*10-3 ʆʤ*ʩ*ʢʛ*ʤ2; 

ɺ = JRɻ + ʂʪʨL =ɻ 2.8*10-1 ʢʛ*ʤ2*ʆʤ; 

ʉ = ʂʪʨR  ɻ+ ʂɽʂʄ = 6.4*10-1 (ʆʤ*ʢʛ*ʤ2)/(ʨʘʜ/c); 

 

   ʇʦʜʩʪʘʚʣʷʷ 1ʂ,A, B, C ʚ (4.1.2) ʧʦʣʫʯʠʤ: 

,
2

)(
0101

2

01

1

CpTpʊ

ʂ
ʨWʅʊ

++
=

x
(4.1.3) 

ʛʜʝ 

;01
C

A
T = A

C

C

B

2
01=x

; 

ʉ ʧʦʤʦʱʴʶ Z- ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʥʘʭʦʜʠʤ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʨʘʟʦʤʢʥʫʪʦʤ ʨʝʞʠʤʝ: 

 

)(ʨWʅʊ = NET(Dkv(z,mʯʠʩʣʦʩʣʦʝʚ)) )}.()({ pWpHZ ʅʊ (4.1.4) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ WH(Z) ʚ ɤ ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʤ ʚʠʜʝ 

ʧʨʦʠʟʚʝʜʝʤ ʧʦʜʩʪʘʥʦʚʢʫ: 

.

2
1

2
1

w

w

T

T

z

-

+

=  

                                                                                                                        (4.1.5) 
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ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʦʰʠʙʢʠ ev[nT]  ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ.  

ʉ ʚʳʭʦʜʘ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʨʝʰʝʪʯʘʪʳʡ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ Ū0[nT]  

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʳʭʦʜ ʠʜʝʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʩʠʛʥʘʣ: 

 

),()()()(][*

0 ttnTttnT Tsqdqq =-=                                                              (4.1.6) 

ʛʜʝ n=0,1,2é;)(tTs ,ŭ-ʬʫʥʢʮʠʷ. 

 

ɼʘʣʝʝ ʩʠʛʥʘʣ Ū0
*[nT]  ʧʦʩʪʫʧʘʝʪ ʥʘ ʬʦʨʤʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʵʢʩʪʨʘʧʦʣʷʪʦʨ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʝʡ: 

 

H(p)=Kʠʤ
p

e pT--1
,                                                                                        (4.1.7) 

 

ʛʜʝ Kʠʤ=1 ï ʢʦʬɻʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

ɼʣʷ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʩʣʦʝʚ ʥʝʡʨʦʥʦʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ,  ʠʩʧʦʣʴʟʫʷ 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ: 

])104.1(104.121[

])105.3(105.321[
108.8

1041
105.1)0,(

2222

2233
1

2
2

1
ww

ww

w

w
w

--

--
-

-

Ö+ÖÖ+

Ö-ÖÖ+
ÖÖ

Ö+
Ö=HW

, 

-ʜʣʷ ʯʝʪʳʨʝʭʩʣʦʡʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ (m=4); 

])107.2(107.221[

])107(107.021[
108.8

1071
105.7)0,(

2222

2233
1

2
1

1
ww

ww

w

w
w

--

--
-

-

Ö+ÖÖ+

Ö-ÖÖ+
ÖÖ

Ö+
Ö=HW

 

-ʜʣʷ ʪʨʝʭʩʣʦʡʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ (m=3); 

])105.3(105.321[

])10(1021[
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108.3)0,(
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1
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1

3
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ww
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Ö+ÖÖ+

-Ö+
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+
Ö=HW

 

-ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ (m=2). 
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ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʥʝʡʨʦʫʨʘʚʥʝʥʠʡ ʩʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʠʝ ʩʣʦʞʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ 

ʜʠʥʘʤʠʢʫ ɸʊʆʅʅʍ ʎʉʇ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ ʄɸʊʃɸɹ.    

 

ʅʘ ʨʠʩʫʥʢʘʭ 4.1.2, 4.13, 4.1.4  ʧʨʝʜʩʪʘʚʣʝʥʳ  ʨʝʰʸʪʯʘʪʳʝ ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ nÖ[nT]  ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʚʦʟʜʝʡʩʪʚʠʠ n3[nT], 

ʧʦʢʘʟʘʥʳ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʙʦʪʳ ʎʉʇ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʩʣʦʝʚ  

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ.  

ʈʠʩʫʥʦʢ 4.1.2ï  ɼʚʫʭʩʣʦʡʥʳʡ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ 

 

  

ʈʠʩʫʥʦʢ  4.1.3ï ʊʨʝʭʩʣʦʡʥʳʡ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ  
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ʈʠʩʫʥʦʢ 4.1.4ï ʏʝʪʳʨʝʭʩʣʦʡʥʳʡ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʠʩʫʥʢʠ 4.1.2, 4.1.3, 4.1.4 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʩʣʦʝʚ ʥʝʡʨʦʥʦʚ ʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʎʉʇ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʢʘʟʳʚʘʣʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ  

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘʭ ʜʣʷ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʣʦʝʚ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʩʣʦʡʥʳʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ. ʆʮʝʥʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʦʪ ʟʘʜʘʶʱʝʛʦ ʠ ʚʦʟʤʫʱʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʡ. ɿʥʘʷ  ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ  ʵʣʝʤʝʥʪʦʚ  ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʤʳ 

ʤʦʞʝʤ ʫʧʨʦʱʘʪʴ ʠ ʟʘʤʝʥʷʪʴ ʝʝ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʥʝʡʨʦʥʦʚ, ʯʪʦʙʳ ʚ ʠʪʦʛʝ ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʥʝ ʧʨʝʚʳʰʘʣʘ ʟʘʜʘʥʥʫʶ. ʆʪ ʯʠʩʣʘ 

ʥʝʡʨʦʥʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʦʜʥʘʢʦ ʯʝʤ ʙʦʣʴʰʝ 

ʥʝʡʨʦʥʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪʩʷ ʥʘ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʋʚʝʣʠʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʩ ʨʘʩʯʝʪʦʤ ʚʝʩʦʚ ʠ ʩʤʝʱʝʥʠʡ ʥʝʡʨʦʥʦʚ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ ʨʘʙʦʪʳ ʎʉʇ. 

 



115 

 

 

 ʇʨʦʚʝʜʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ  ʎʉʇ ʧʦ ʫʧʨʘʚʣʷʶʱʝʤʫ ʠ ʚʦʟʤʫʱʘʶʱʝʤʫ 

ʚʦʟʜʝʡʩʪʚʠʷʤ  ʥʘ ʙʘʟʝ  ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ (ʨʠʩʫʥʦʢ 4.1.1), ʥʘ ʢʦʪʦʨʦʡ ʜʚʫʭʩʣʦʡʥʳʡ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ NET(Dkv(z,nʯʠʩʣʦʥʝʡʨʦʥʦʚ)) ʠʤʝʝʪʨʘʟʥʦʝ ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ.   

ʈʘʙʦʪʘ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʥʝʡʨʦʥʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ:  

,1

01

-= ZXX  

-ʚʭʦʜʥʦʡ  ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 
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-= ZYY  

-ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 
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ʫʨʘʚʥʝʥʠʷ 1-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; 
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YpurelineY

BWRWRY  

-ʫʨʘʚʥʝʥʠʷ 2-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ. 

(4.1.8) 

 

ʆʧʨʝʜʝʣʠʤ ʠʤʧʫʣʴʩʥʫʶ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʰʠʙʢʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ  )(tve  ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

nʟ(t), ʥʦ ʠ ʦʪ ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ  nʜ(t).  ʀʤʧʫʣʩɹʥʳʝ ʵʣʝʤʝʥʪʳ (ʨʠʩʫʥʦʢ 

4.1.1) ʟʘʤʳʢʘʶʪʩʷ ʣʠʰʴ ʚ ʜʠʩʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ  t=n T, ʧʦʵʪʦʤʫ 

ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʯʝʨʝʟ ʨʝʰʸʪʯʘʪʳʝ ʬʫʥʢʮʠʠ ʚ ʚʠʜʝ: 
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).()()( nTnnTnnT ʜʟv -=e                                      (4.1.9) 

ʇʨʠʤʝʥʠʚ  z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢ ʫʨʘʚʥʝʥʠʶ (4.9),  ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ʦʰʠʙʢʠ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ: 

)(zve =nʟ(z)-nʜ(z).                                                     (4.1.10) 

ʀʟ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 4.1.1)  ʩʣʝʜʫʝʪ: 

nʜ(z) = en (z)NET(Dkv(z)) z{H(ʨ)Wʥ(p)}.                                     (4.1.11) 

ʇʦʜʩʪʘʚʠʚ (4.1.12) ʚ (4.1.13), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʰʠʙʢʠ: 

.
)}()({))((1

1
)(

pWpHzzDNET
z

ʥkv

v
+

=e  

                                                                                                                        (4.1.12)             

        ɽʩʣʠ ʥʘ ʚʭʦʜ ʎʉʇ ʧʦʜʘʥʦ ʩʪʫʧʝʥʯʘʪʦʝ ʚʦʟʜʝʡʩʪʚʠʝ  

 nʟ(t) =1(t), z-ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʦʡ: 

nʟ(z) = z/(z ï 1),                                                                      (4.1.13) 

ʪʦ ʧʦʜʩʪʘʚʣʷʷ (4.15) ʚ (4.14), ʧʦʣʫʯʠʤ:         

ù
ú

ø
é
ê

è

-+
=

1)}()({)((1

1
)(

z

z

pWpHzzDNET
z

ʥkv
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(4.1.14)    

ʋʩʪʘʥʦʚʠʚʰʫʶʩʷ ʦʰʠʙʢʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ 

ʪʝʦʨʝʤʝ ʦ ʢʦʥʝʯʥʦʤ ʟʥʘʯʝʥʠʠ ʜʠʩʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ: 
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(4.1.15)   
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ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ ʄɸʊʃɸɹ ʧʦʣʫʯʘʝʤ   ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ   

ʨʝʰʝʪʯʘʪʦʡ ʬʫʥʢʮʠʠ  en[nT]  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʚ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ  ʎʉʇ NET(Dkv(z))( ʨʠʩʫʥʢʠ 4.1.5, 4.1.6, 4.1.17).  

 

 

ʈʠʩʫʥʦʢ  4.1.5ï ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʜʠʥʘʤʠʯʝʩʢʦʡ  ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʎʉʇ ʧʨʠ 5 ʥʝʡʨʦʥʘʭ ʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ NET(Dkv(z)) 

 

 

ʈʠʩʫʥʦʢ 4.1.6ï ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʜʠʥʘʤʠʯʝʩʢʦʡ  ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʎʉʇ  ʧʨʠ 10 ʥʝʡʨʦʥʘʭ ʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ NET(Dkv(z)) 
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ʈʠʩʫʥʦʢ 4.1.7ï ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʜʠʥʘʤʠʯʝʩʢʦʡ  ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ  ʧʨʠ 15 ʥʝʡʨʦʥʘʭ ʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ NET(Dkv(z)) 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ  ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ  ʦʰʠʙʢʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʚ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʚʳʟʳʚʘʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʊʦ ʝʩʪʴ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ 

ʜʣʷ ʎʉʇ  ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ  ʢ ʤʠʥʠʤʫʤʫ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ.    

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʎʉʇ  .ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʤʫʱʘʶʱʝʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʧʷʪʴʶ ʥʝʡʨʦʥʘʤʠ ʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ NET(Dkv(z). ʅʘ ʨʠʩʫʥʢʝ 

4.1.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʎʉʇ ʦʪʥʦʩʠʪʝʣʴʥʦ  

ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʄʚʥ.. 

 

ʈʠʩʫʥʦʢ 4.1.8 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ  ʎʉʇ ʦʪʥʦʩʠʪʝʣʴʥʦ  

ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ Mʚʥ 
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ʉʦʩʪʘʚʣʷʶʱʘʷ ʦʰʠʙʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʦʟʤʫʱʘʶʱʠʤ ʤʦʤʝʥʪʦʤ Mʚʥ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4.1.1)  ʧʨʠ n3=0. 

 

-n *

ʜ(NET(Dkv(z)+1)= *J ,    )(* zHJ K ʪʠʨ=Uʪʠʨ,                                   (4.1.16)                                                                                                                                   

-ʄʚʥ )( 21 bpb + + nʜ(a1 p +a 2 p+a 3 )= Uʪʠʨ,                                     (4.1.17) 
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ʇʨʠʤʝʥʠʤ ʢ ʧʦʣʫʯʝʥʥʳʤ ʚʳʨʘʞʝʥʠʷʤ z - ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʠ 

ʜʦʧʫʱʝʥʠʠ, ʯʪʦ Mʚʥʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʜʠʩʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʠ 

ʫʯʠʪʳʚʘʷ ʪʘʢʞʝ nʜ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ nT, ʧʦʣʫʯʠʤ: 

 

}z{(p} (p)W{]1)(([
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=    .                  (4.1.18) 

 

 

ʇʨʠʤʝʥʷʷ ʪʝʦʨʝʤʫ ʦ ʢʦʥʝʯʥʦʤ ʟʥʘʯʝʥʠʠ ʜʠʩʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ Mʚʥ(t)=M0(t), 

ʧʦʣʫʯʠʤ: 
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                                                                                                                      (4.1.19) 

 

ʇʦ ʚʳʨʘʞʝʥʠʶ (4.1.19) ʧʨʠ ʟʘʜʘʥʥʦʤ ʚʦʟʤʫʱʘʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ Mʚʥ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʰʠʙʢʠ. ʅʘ ʨʠʩʫʥʢʝ 4.1.1.9 

2
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ  ʨʝʘʢʮʠʠ ʩʢʦʨʦʩʪʠ  ʚʨʘʱʝʥʠʷ ʎʉʇ ʧʨʠ 

ʩʪʫʧʝʥʯʘʪʦʤ ʜʝʡʩʪʚʠʠ  ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ Mʚʥ  ʩ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ ʠʟ 5 ʥʝʡʨʦʥʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4.1.10 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʭʦʜʥʦʡ 

ʧʨʦʮʝʩʩ ʤʦʤʝʥʪʥʦʡ ʦʰʠʙʢʠ  ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʜʝʡʩʪʚʠʠ  

ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ Mʚʥ ʩ ʪʝʤ ʞʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ. 

 

 

ʈʠʩʫʥʦʢ  4.1.9ï ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʎʉʇ ʧʨʠ 

ʚʥʝʰʥʝʤ ʚʦʟʤʫʱʘʶʱʝʤ ʤʦʤʝʥʪʝ Mʚʥ  ʩ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ ʠʟ 5  ʥʝʡʨʦʥʦʚ 

 

 

ʈʠʩʫʥʦʢ 4.1.10ï ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʤʦʤʝʥʪʥʦʡ ʦʰʠʙʢʠ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʤʫʱʘʶʱʝʤ ʤʦʤʝʥʪʝ Mʚʥ  ʩ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ ʠʟ 10 ʥʝʡʨʦʥʦʚ. 
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4.2.ɺʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʅʉʋ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ 

 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʉʠʛʥʘʣʳ ʦʪ ʥʝʡʨʦʥʦʚ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ F(g), ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ  ʢʘʢ  ʣʠʥʝʡʥʳʝ,   ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʝ. ʊʘʢ 

ʢʘʢ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʳ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚʢʣʶʯʘʶʪʩʷ ʚ ʢʦʥʪʫʨʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ  ʥʝʣʠʥʝʡʥʳʭ 

ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʦʚ ʠ  

ʘʚʪʦʢʦʣʝʙʘʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ  [20]. 

ʇʦʵʪʦʤʫ, ʧʨʝʞʜʝ ʯʝʤ ʚʚʦʜʠʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʘʢʪʠʚʘʮʠʠ  ʚ ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ,  ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ  ʫʩʪʦʡʯʠʚʦʩʪʠ.  ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʣʠʥʝʡʥʦʡ ʩ 

ʥʘʩʳʱʝʥʠʝʤ, ʨʝʣʝʡʥʦʡ (ʧʦʨʦʛʦʚʦʡ), ʨʝʣʝʡʥʦʡ ʩ ʟʦʥʦʡ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʢʚʘʜʨʘʪʠʯʥʦʡ, ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʠ.ʪ.ʧ. ʇʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʢ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ, ʪʘʢ ʠ ʥʘʩʪʨʘʠʚʘʝʤʳʤʠ. ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ 

ʘʢʪʠʚʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.2.1.  

 

 

ʈʠʩʫʥʦʢ 4.2.1ï ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʡ: ʘ - ʧʦʨʦʛʦʚʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ;  

ʙ -ʧʦʨʦʛʦʚʘʷ ʩʤʝʱʝʥʥʘʷ; ʚ -ʩʠʛʤʦʠʜʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ; ʛ -ʣʠʥʝʡʥʘʷ ʩ 

ʥʘʩʳʱʝʥʠʝʤ 

 

ɺʠʜ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.      ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʤʦʜʝʣʠ ʩ ʧʦʨʦʛʦʚʳʤ 

ʵʣʝʤʝʥʪʦʤ - ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʛʠʙʢʦʩʪʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʥʘʩʪʨʦʡʢʝ 
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ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʟʘʜʘʥʥʫʶ ʟʘʜʘʯʫ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʚʳʯʠʩʣʷʝʤʦʛʦ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ  ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʜʦʩʪʠʛʘʝʪ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ, ʪʦ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ, ʠ ʥʝʡʨʦʥ çʥʝ ʩʨʘʙʘʪʳʚʘʝʪè. ʕʪʦ ʟʥʘʯʠʪ, 

ʯʪʦ ʪʝʨʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʘʢʩʦʥʘ) ʜʘʥʥʦʛʦ ʥʝʡʨʦʥʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʥʘ ʚʟʚʝʰʝʥʥʳʭ 

ʚʭʦʜʘʭ ʚ ʩʣʝʜʫʶʱʝʤ ʩʣʦʝ ʥʝʡʨʦʥʦʚ. ʕʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʣʠʰʝʥʘ ʣʠʥʝʡʥʘʷ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ) ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, 

ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. 

ʉʠʛʤʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ 

ʣʠʥʝʡʥʦʡ ʠ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ ʠ ʩʦʭʨʘʥʷʝʪ ʜʦʩʪʦʠʥʩʪʚʘ ʦʙʝʠʭ. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩʦ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ, ʦʥʘ ʥʝʣʠʥʝʡʥʘ, ʠ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʜʝʣʷʪʴ ʚ ʧʦʠʩʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʦʙʣʘʩʪʠ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʚʳʧʫʢʣʳʝ ʠ ʥʝʩʚʷʟʥʳʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʠ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʜʨʫʛʦʤʫ ʙʝʟ ʨʘʟʨʳʚʦʚ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʣʠʥʝʡʥʦʡ 

ʬʫʥʢʮʠʠ. ʆʜʥʘʢʦ ʣʶʙʫʶ ʠʟ ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ 

(ʚʦʟʙʫʞʜʝʥʠʷ) ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʠʙʣʠʞʝʥʥʫʶ. ʋʯʠʪʳʚʘʷ 

ʩʣʦʞʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʪʨʫʜʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʝʝ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʭʦʜʠʪʴ ʢ 

ʙʦʣʝʝ ʛʠʙʢʠʤ ʧʨʦʠʟʚʦʣʴʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʬʫʥʢʮʠʷʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʨʘʟʨʘʙʦʪʘʥ ʢʣʘʩʩ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʦʚ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴ 

ʧʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʯʠ.  

ʇʨʦʚʝʜʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʚ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ  ʨʘʙʦʪʳ ʪʦʢʦʚʦʛʦ ʢʦʥʪʫʨʘ  ʎʉʇ 

(ʨʠʩʫʥʦʢ 4.2.2).  
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ʈʠʩʫʥʦʢ  4.2.2ï ʊʦʢʦʚʳʡ ʢʦʥʪʫʨ  ʎʉʇ ʩ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ 

ʈʘʙʦʪʘ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ NET(Dkv(z, F(g))  ʩ ʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʘʢʪʠʚʘʮʠʠ  F(s) ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

,1

01

-= ZXX  

-ʚʭʦʜʥʦʡ  ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 

,1

01

-= ZYY  

-ʚr ʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 1 ʪʘʢʪ; 
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-ʫʨʘʚʥʝʥʠʷ 1-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ  ʥʝʡʨʦʥʦʚ; 
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-ʫʨʘʚʥʝʥʠʷ 2-ʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ. 

(4.2.1.) 
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ʈʘʙʦʪʘ ʪʦʢʦʚʦʛʦ ʢʦʥʪʫʨʘ ʎʉʇ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

ʫʨʘʚʥʝʥʠʝ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ: 

;BB
B

BB ir
dt

di
Lu +=  

ʫʨʘʚʥʝʥʠʝ ʦʙʤʦʪʢʠ ʷʢʦʨʷ: 

;ʗʗʗ
ʗ

ʗʗ ʝir
dt

di
Lu ++=  

ʫʨʘʚʥʝʥʠʷ ʤʦʤʝʥʪʦʚ ʥʘ ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ:             

,H

m

ʜ MM
dt

d
J -=
w

;ɺʗʤ ʌikʄ=  

,

,

ɺmgʗ

BʌB

ʌke

ikʌ

w=

=

 

 

ʫʨʘʚʥʝʥʠʷ ʩʠʣʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: 

))cos(1( a+= mZ UU ,    

                                                                                                                 

(4.2.2)                                                                                                                                                                                                               

ʛʜʝ BU  ï ʥʘʧʨʷʞʝʥʠʝ ʚ ʦʙʤʦʪʢʝ ʚʦʟʙʫʞʜʝʥʠʷ; 

Bi  ï ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ; 

Br  ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ; 

BL ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ; 

Bʌ  ï ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ; 

ʗU  ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʷʢʦʨʝ; 

ʗi   ï ʪʦʢ ʷʢʦʨʷ; 

ʗʝ  ï ʕɼʉ ʷʢʦʨʷ; 

ʗr  ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʢʦʨʷ; 

ʗL ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʷʢʦʨʷ; 
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Jʜ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ; 

w ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

ʄ ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

HM  ï ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ; 

gk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʕɼʉ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

mk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

mU  ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ; 

a ï ʫʛʦʣ ʧʦʜʞʠʛʘʥʠʷ ʪʠʨʠʩʪʦʨʦʚ. 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ ʄɸʊʃɸɹ ʨʘʙʦʪʳ  ʪʦʢʦʚʦʛʦ ʢʦʥʪʫʨʘ ʎʉʇ ʩ 

ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ ʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ NET(Dkv(z, F(g)) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʝʨʝʭʦʜʥʳʝ  ʧʨʦʮʝʩʩʳ ʩ ʘʚʪʦʢʦʣʝʙʘʥʠʷʤʠ ʪʦʢʘ ʚ 

ʷʢʦʨʝ ɻʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʨʠʩʫʥʦʢ 4.2.3), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ  

ʦʛʨʘʥʠʯʝʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʚ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘʭ. 

 

 

ʈʠʩʫʥʦʢ 4.2.3 ï ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʪʦʢʘ  ʚ ʎʉʇ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʘʢʪʠʚʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ ʄɸʊʃɸɹ  
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ɸʊʆʅʅʍ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ   ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ʩ ʥʫʣʝʚʳʤʠ ʩʤʝʱʝʥʠʷʤʠ. ʅʘ ʨʠʩʫʥʢʝ 4.2.4 ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʪʦʢʘ ʷʢʦʨʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʘʢʪʠʚʘʮʠʠ ʚ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʝ NET(Dkv(z, F(g)), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʪʦʡʯʠʚʳʝ  ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 

 

ʈʠʩʫʥʦʢ 4.2.4ï ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʪʦʢʘ ʚ ʎʉʇ ʩ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ  

ʘʢʪʠʚʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ ʄɸʊʃɸɹ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʳ c ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ  ʪʦʯʥʦʩʪʴ ʚ 

ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʝʥʠʷ ɸʊʆʅʅʍ. 
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4.3. ʅʦʚʳʡ ʧʦʜʭʦʜ ʘʥʘʣʠʟʘ ʣʦʢʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ 

ʟʘʪʫʭʘʥʠʠ ʚʳʩʰʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʣʦʝʚ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ ʚ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʨʘʙʦʪʫ ʢ ʥʝʫʩʪʦʡʯʠʚʳʤ ʨʝʞʠʤʘʤ ʚ 

ɸʊʆʅʅʍ. ʊʦ ʝʩʪʴ, ʨʝʘʣʴʥʳʝ ɸʊʆʅʅʍ ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦʡ ʚʥʝʰʥʝʡ 

ʥʘʛʨʫʟʢʠ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ɸʊʆʅʅʍ   ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʪʦ ʫʞʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʷʤʦʡ ʤʝʪʦʜ ʃʷʧʫʥʦʚʘ ʠ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʣʠʥʝʡʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʜʥʘʢʦ ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʦʡ 

ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʠʥʦʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. 

ʆʧʨʝʜʝʣʝʥʥʫʶ ʪʨʫʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʨʘʩʯʝʪʳ ʜʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

     ʀʟʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʝʨʝʪ ʥʘʯʘʣʦ ʚ 1868 ʛʦʜʫ, 

ʢʦʛʜʘ ɼʞʝʡʤʩ ʂʣʝʨʢ ʄʘʢʩʚʝʣʣ ʠʩʩʣʝʜʦʚʘʣ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤ ʧʫʪʝʤ 

ʣʠʥʝʘʨʠʟʘʮʠʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʧʨʦʚʝʨʢʠ 

ʨʝʰʝʥʠʡ ʤʥʦʛʦʯʣʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ.  ɺ 

1898 ʛʦʜʫ ʃʷʧʫʥʦʚ ʨʘʟʨʘʙʦʪʘʣ ʩʚʦʡ ʧʨʷʤʦʡ ʤʝʪʦʜ, ʚʦ ʤʥʦʛʦʤ 

ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʵʥʝʨʛʠʠ ʥʝʩʚʦʙʦʜʥʳʭ ʩʠʩʪʝʤ ʃʘʛʨʘʥʞʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʜʫʨʳ ʩʦʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʙʳʣʠ ʜʦʩʢʦʥʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʂʨʘʩʦʚʩʢʠʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʠʩʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ʃʷʧʫʥʦʚʘ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʳʟʳʚʘʶʪ ʟʘʪʨʫʜʥʝʥʠʷ ʜʦ 

ʩʠʭ ʧʦʨ.  ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʥʘʣʠʟ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʘʚʥʦ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʦʧʫʣʷʨʥʦʡ ʪʝʦʨʝʤʝ ʈʘʫʩʘ-ɻʫʨʚʠʮʘ 

ʜʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 
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ʢʘʢʠʤʠ ʷʚʣʷʶʪʩʷ ɸʊʆʅʅʍ, ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ  

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʦʙʫʯʘʝʤʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ  ʚ ɝ ʧʨʠʙʣʠʞʝʥʠʠ. ɺ ʵʪʦʤ  ʤʝʪʦʜʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʫʪʝʤ 

ʧʨʦʚʝʨʢʠ, ʤʦʞʝʪ ʣʠ ʪʨʘʝʢʪʦʨʠʷ, ʩʜʚʠʥʫʪʘʷ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʬʘʢʪʦʨʘ, ʚʝʨʥʫʪʴʩʷ ʥʘ ʩʚʦʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ. 

ɽʩʣʠ ʙʳʪʴ ʙʦʣʝʝ ʪʦʯʥʳʤ, ʪʦ ʧʨʠ  ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ  ʤʦʞʥʦ  

ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʣʦʢʘʣʴʥʦ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ. ʕʪʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʡ 

ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʇʦ ʩʫʱʝʩʪʚʫ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʦʜʥʘʢʦ, 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘʤʥʦʛʦ ʧʨʦʱʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʣʶʙʦʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʫʟʣʘ  ʩ ʫʯʝʪʦʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ )0(tʄʚʥ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʢ ʥʫʣʶ 

ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʦ ʚʨʝʤʝʥʥʦʡ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʨʘʝʢʪʦʨʠʷ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ 

ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ.  ʂʨʦʤʝ ʪʦʛʦ, ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ 

ʦʙʣʘʩʪʷʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ,  ʤʦʞʝʪʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʧʫʪʝʤ 

ʧʦʠʩʢʘ ʪʘʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʪʝʨʤʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʨʘʟʣʦʞʝʥʥʳʝ ʚ ʨʷʜ 

ʊʵʡʣʦʨʘ, ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ ʪʝʨʤʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ɝ ʧʨʠʙʣʠʞʝʥʠʠ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʪʝʨʤʦʚ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʠʯʪʦʞʥʦ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʣʠʷʥʠʝʤ ʪʝʨʤʦʚ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ.   
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ʆʙʫʯʘʝʤʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʘʪʨʠʮʫ, 

ʩʧʦʩʦʙʥʫʶ ʦʙʲʝʜʠʥʠʪʴ  ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ.  ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ 

ʯʪʦ, ʦʙʫʯʘʝʤʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʠʟʫʯʝʥʠʷ  ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʶʙʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʫʯʝʥʠʝ  ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʚʦʜʠʪʩʷ ʢʘʢ 

ʤʠʥʠʤʠʟʘʮʠʷ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ L, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [77]. 

,
m

t

mm

L

l
hll
µ

µ
-«                                                       (4.3.1) 

 

ʛʜʝ .ml ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʩʝʪʠ ʠʟʤʝʥʷʝʤʳʡ ʧʘʨʘʤʝʪʨ; h- 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ, ʩʦʦʪʥʝʩʝʥʥʳʡ ʩ ʥʝʙʦʣʴʰʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ;   
m

tL

lµ

µ
 - ʨʘʥʞʠʨʦʚʘʥʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ,  ʚʣʠʷʶʱʘʷ 

ʥʘ  ʠʟʤʝʥʝʥʠʝ L ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷmlʧʨʠʪʦʤ, ʯʪʦ ʦʩʪʘʣʴʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʚ ʵʪʦ ʚʨʝʤʷ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ʌʘʢʪʠʯʝʩʢʠ, ʨʘʥʞʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʦ ʩʫʱʝʩʪʚʫ, ʠʜʝʥʪʠʯʥʳ 

ʪʠʧʠʯʥʳʤ ʯʘʩʪʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ.  ʆʜʥʘʢʦ ʨʘʥʞʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʦʪʯʝʪʣʠʚʳʭ ʠʟʤʝʥʝʥʠʡ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ 

ʨʘʥʞʠʨʦʚʘʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʪʠʧʠʯʥʳʤʠ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ  ʪʦʯʢʝ ʟʨʝʥʠʷ, ʩ ʢʦʪʦʨʦʡ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʫʶ ʬʫʥʢʮʠʶ.  ɺʝʨʭʥʠʡ ʠʥʜʝʢʩ t ʚ (4.3.1) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʨʘʥʞʠʨʦʚʘʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚʝʨʭʥʝʛʦ ʠʥʜʝʢʩʘ ʤʳ ʤʦʞʝʤ ʦʪʣʠʯʠʪʴ ʨʘʥʞʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ 

ʪʠʧʠʯʥʳʭ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ.   

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʬʦʨʤʫʣʠʨʦʚʢʘ L ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ:  ʙʘʟʦʚʦʡ ʯʘʩʪʠ Ec ʠ 

ʨʘʩʰʠʨʝʥʥʦʡ Ex 
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xc EEL g+=
 ,                                                 (4.3.2)

 

ʛʜʝ  g-ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʡ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ
 

 

ʍʘʨʘʢʪʝʨʥʳʤ ʚʳʙʦʨʦʤ Ec ʷʚʣʷʝʪʩʷ ʩʫʤʤʘ ʦʰʠʙʦʢ ʤʝʞʜʫ ʩʝʪʝʚʳʤʠ 

ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʠ ʠʭ ʦʞʠʜʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  ʈʘʩʰʠʨʝʥʥʘʷ ʯʘʩʪʴ 

Exʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʬʫʥʢʮʠʝʡ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʝʪʝʚʦʛʦ ʫʟʣʘ 

hr ʩ ʫʯʝʪʦʤ, ʥʘʧʨʠʤʝʨ, ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ )0(tʄʚʥ .  ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ Ex 

ʩʦʜʝʨʞʠʪ ʧʨʦʠʟʚʦʜʥʳʝ hr, ʛʨʘʜʠʝʥʪ L ʩʦʜʝʨʞʠʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʚʳʝ 

ʨʘʥʞʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ hr, ʥʦ  ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʥʳʭ 

ɼʣʷ  ʨʘʩʯʝʪʘ 
m

tL

l
h
µ

µ
ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʧʨʷʤʫʶ, ʪʘʢ ʠ ʧʦʙʦʯʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ L  ʠml  ʇʨʷʤʘʷ ʩʚʷʟʴ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ
m

L

lµ

µ
. ʇʦʙʦʯʥʘʷ 

ʩʚʷʟʴ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ  ʨʘʟʚʝʨʥʫʪʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʠ ʧʦʤʦʱʠ ʥʠʞʝ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʤʫʣ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ 
m

t L

lµ

µ
 ʠ ),,(1 mtjP l  
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ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʙʦʯʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ L  ʠ mlʚʳʭʦʜ ʩʝʪʝʚʦʛʦ ʫʟʣʘ hr, 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʡ ʥʘ L , ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ 

ʧʝʨʝʤʝʥʥʫʶ ʠ ʨʘʩʯʝʪ 
nm

t L

llµµ

µ2

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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ʛʜʝ Jo ʷʚʣʷʝʪʩʷ ʨʷʜʦʤ ʥʠʞʥʠʭ ʠʥʜʝʢʩʦʚ ʩʝʪʝʚʳʭ ʫʟʣʦʚ, ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʦʮʝʥʢʝ L. )0(tʄʚʥ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ, 

ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʮʝʥʢʘ L. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ),,(1 mtjP l
 ʧʨʦʠʟʚʦʜʥʦʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ

m

j th

lµ

µ )(
, 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ (4.25) ʩ ʫʯʝʪʦʤ nl:  
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ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʊʝʦʨʝʤʘ 1. ʋʩʪʦʡʯʠʚʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʮʝʣʦʤ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘx ʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʠʩʭʦʜʥʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʦʙʫʯʘʝʤʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʫʩʪʦʡʯʠʚʘ ʧʨʠ ʥʘʣʠʯʠʠ  ),( 0txs , 

ʧʨʠ ʢʦʪʦʨʦʤ  ʝʩʣʠ )( 0thD s/ , ʪʦʛʜʘ)( 0thD / 0, tt²"x . ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝʠ ʩʭʦʜʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʥʝʫʩʪʦʡʯʠʚʘ.  ʇʦʣʦʞʠʤ, ʯʪʦ ʠʩʭʦʜʥʘʷ 
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ʪʨʘʝʢʪʦʨʠʷ ʫʩʪʦʡʯʠʚʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠ ʥʘʣʠʯʠʠ  ),( 0txs  ʜʣʷ ʣʶʙʦʛʦ 

t0, ʧʨʠ ʢʦʪʦʨʦʤ  ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ    s¢D )( 0th .  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ )(lim 0tht D¤­ =0, ʛʜʝ )( 0thD =( ))(),.......( 001 thth DD  ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʚʦʟʤʫʱʘʶʱʠʤ ʚʝʢʪʦʨʦʤ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʥʘʯʘʣʴʥʫʶ 

ʪʨʘʝʢʪʦʨʠʶ, ʘ )( 0thD =( ))(),.......( 001 thth DD ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʩʤʝʱʝʥʠʷ ʦʨʙʠʪʳ 

ʤʝʞʜʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʠ ʥʘʨʫʰʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʚʦ ʚʨʝʤʝʥʠ t, 

ʚʳʟʚʘʥʥʦʡ )( 0thD . 

 ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ J   ʜʣʷ ʨʷʜʘ ʥʠʞʥʠʭ ʠʥʜʝʢʩʦʚ ʩʝʪʝʚʳʭ ʫʟʣʦʚ 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ.    ʅʦʨʤʘ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ 

ʦʨʙʠʪʳ )(thD  ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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2))(()(  ,                                            (4.3.7)                                                                           

ʛʜʝ ʨʘʟʣʦʞʝʥʠʝ ʚ ʨʷʜ ʊʝʡʣʦʨʘ  ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʶʙʦʡ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʘ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ, 

ʚʳʟʚʘʥʥʦʛʦ  ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʚʦʟʤʫʱʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʈʘʩʯʝʪ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ  ʦʙʫʯʘʝʤʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ,  ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʨʘʩʯʝʪʘʤ  ʢʘʞʜʦʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʬʘʢʪʦʨʘ )( 0thD . 

 

ʃʦʢʘʣʴʥʘʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʅʘ ʦʩʥʦʚʝ ʧʝʨʚʦʛʦ ʪʝʨʤʘ ʚ (4.3.8) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʠʥʝʡʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʧʨʦʠʟʚʝʜʷ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʥʦʡ 
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ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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       (4.3.9)                                                                                                                                                                      

ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ =
µ

µ
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01 th

th

r

j
{ 1 ʠʣʠ 0}  

ɽʩʣʠ  ¤­tlim 0
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 ʪʦ Jrj Í1, ,  ʪʦʛʜʘ ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʷ 

ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʵʪʦʤ ¤­tlim 0
)(

)(

0

=
µ

µ

th

th

ri

j

t

  ʜʣʷ ʤʘʣʦʛʦ  )( 0thD  

 ɺʦ ʠʟʙʝʞʘʥʠʝ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ  ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʤʝʪʦʜʝ ʘʥʘʣʠʟʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ  ʧʨʠʤʝʥʷʶʪʩʷ  ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ.  

ʆʙʣʘʩʪʠ ʣʦʢʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʃʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʦʙʣʘʩʪʠ  (RLAS) ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʳ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ  

ʪʝʨʤʦʚ ʧʝʨʚʦʛʦ ʨʘʥʛʘ ʥʘʜ ʪʝʨʤʘʤʠ ʚʳʩʰʝʛʦ ʨʘʥʛʘ (ʧʨʠ  ʨʘʟʣʦʞʝʥʠʠ ʠʭ 

ʪʨʘʝʢʪʦʨʠʡ ʚ ʨʷʜ ʊʵʡʣʦʨʘ). 

ʊʝʦʨʝʤʘ 2:ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ  ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʦʙʣʘʩʪʷʤ ʩ ʣʦʢʘʣʴʥʦʡ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʦʙʣʘʩʪʴ, ʛʜʝ ʪʝʨʤʳ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʘʤʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ x ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ, ʯʪʦ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʜʦʣʷ ʪʝʨʤʦʚ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ ʥʠʯʪʦʞʥʦ ʤʘʣʘ. ʇʨʦʠʟʚʦʜʥʘʷ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʚʳʯʠʩʣʷʝʪʩʷ 

ʧʫʪʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ (4.3.8) ʩ ʫʯʝʪʦʤ )( 02 thr : 
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(4.3.10)                                                                                                                                                                                                                                                                                                                                          

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʠʤ, ʠ ʪʨʝʙʫʝʪ  ʣʠʰʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʪʝʨʤʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʝʙʦʣʴʰʦʤx ʨʘʟʤʝʨ 

ʦʙʣʘʩʪʠ RLAS ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʢʘʢ:  

H(n)=
)(...).........(

)(

001

,...., 1 tdhtdh

thd
Max

rnr

r

t

TtJrrr

n

n ËË ,                                                    (4.3.11) 

LASR = )( 0,...., 1
thMax rnTtJrrr n

DËË .                                                                         (4.3.12) 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ (4.3.2) ʠ (4.3.3) ʩʪʘʥʦʚʠʪʩʷ ʫʢʨʝʧʣʝʥʠʝ 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʪʝʨʤʦʚ n-ʦʛʦ ʩʥʠʞʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ 

ʊʝʡʣʦʨʘ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʤʘʢʩʠʤʫʤʘ ʪʝʨʤʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʤʘʢʩʠʤʫʤʘ 

ʪʝʨʤʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʦ ʫʨʦʚʥʷ ʥʠʞʝx: 
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                                              (4.3.13) 

ɼʣʷ ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ x ʨʘʟʤʝʨ LASR  ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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                              (4.3.14) 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ (4.35), ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʙʣʘʩʪʴ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʣʦʢʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ( )
maxLASR  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʨʘʟʤʝʨ ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ ʦʙʣʘʩʪʠ  ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( )
)2(

)1(2
max

HJ

H
RLAS

x
=                                                        (4.3.15) 

ʛʜʝ, x- ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʩʦʦʪʥʝʩʝʥʥʘʷ ʩ ʥʝʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ 

ʛʘʨʘʥʪʠʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ( )
maxLASR . ɼʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʟʥʘʯʝʥʠʝ x 

ʫʩʪʘʥʦʚʣʝʥʦ ʚ 0,01. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʦʙʣʘʩʪʠ ( )
maxLASR ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (4.36) ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ ʦʙʣʘʩʪʠ, ʟʘʚʠʩʷʱʠʤ 

ʦʪx 

ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʈʘʩʩʤʦʪʨʠʤ  ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʨʝʞʠʤʝ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɸʊʆʅʅʍ.  ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ɸʊʆʅʅʍ ʩ ʥʝʣʠʥʝʡʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ   ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.3.1.  
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ʈʠʩʫʥʦʢ  4.3.1ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ɸʊʆʅʅʍ     

 

ʅʘ ʚʳʭʦʜʝ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʦʣʫʯʘʝʪʩʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ )(tv . ʅʝʟʘʚʠʩʠʤʳʡ ʦʪ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨ1lʦʙʥʦʚʣʷʝʪʩʷ ʧʦ ʛʨʘʜʠʝʥʪʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ (4.3.16), ʛʜʝ 1lD  ʦʪʦʙʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʪ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʘ; 1E - ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ (4.3.17); ʚʥʄ - ʥʘʙʦʨ ʤʦʤʝʥʪʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʮʝʥʢʝ11;hE  ʠ 1m, ʠ ʷʚʣʷʶʱʠʭʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʢʦʨʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ:  
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ɼʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʪʝʨʤ 
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ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʇʨʦʚʝʜʝʤ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʦʚʝʨʢʫ  ʤʝʪʦʜʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʘʥʘʣʠʟʝ ʚʳʩʰʠʭ ʧʨʦʠʟʚʦʜʥʳʭ  ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʠʩʧʦʣʴʟʫʷ ʨʝʞʠʤ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ  ʎʉʇ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (ʨʠʩʫʥʦʢ 4.3.2). 

 ʈʠʩʫʥʦʢ 4.3.2ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʨʝʞʠʤʝ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʎʉʇ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢ 
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ʆʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ L ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʙʘʟʦʚʦʡ ʯʘʩʪʠ Ec ʠ 

ʨʘʩʰʠʨʝʥʥʦʡ Ex.  ɼʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ, Ec ʠ Ex ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ (4.3.17) ʠ 

(4.3.18), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ chʠ cmʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʢʦʨʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ 

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʘ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʧʨʦʠʟʚʦʜʥʳʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ  
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ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ (4.3.22, 4.3.23). 

ɼʣʷ ʧʝʨʝʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 



139 

 

 

),,1,(1 ctjP l- ),,2,(1 ctjP l- ),,1,(1 ʚʥʄtjP - ),,2,(1 ʚʥʄtjP - ),,,1,(1 cʚʥʄtjP l-  

ʠ ),,2,(1 cʚʥʄtjP l- ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʨʘʟʤʝʨʘ ʛʨʫʧʧʳ ʩʠʛʥʘʣʦʚ ʚʥʄ . ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʧʨʦʚʦʜʠʪʩʷ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ -g,0, 50, 75 ʠ 100, ʧʨʠ ʤʦʤʝʥʪʝ ʥʘʛʨʫʟʢʠ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʟʥʘʯʝʥʠʠ 20 ʅʤ.  

 ʇʨʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʦʢʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʩʯʝʪʦʤ ʦʙʣʘʩʪʠ RLAS ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ  ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʷʪʴ ʜʝʡʩʪʚʠʡ: 

- ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʦʩʫʱʝʩʪʚʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ;  

- ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʦʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ 

ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʥʄ ʨʘʚʥʳʭ 15 ʠ 25 ʅʤ ʧʨʠ ʟʥʘʯʝʥʠʠ g= 100; 

- ʧʦʩʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ)(tv ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʦʚ ʩ ʫʯʝʪʦʤ ʚʥʄ  (t 0 ), - ʧʨʦʚʝʨʠʪʴ ʩʙʣʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʦʟʤʫʱʘʶʱʠʡ ʬʘʢʪʦʨ 

ʧʝʨʝʜʘʝʪʩʷ ʚʥʄ ʚ ʤʦʤʝʥʪ to. ɽʩʣʠ ʦʪʤʝʯʘʝʪʩʷ  ʩʪʨʝʤʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʢ ʥʫʣʶ 

ʚʦ ʚʨʝʤʝʥʥʦʡ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʨʘʝʢʪʦʨʠʷ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʦʡ; 

- ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ, ʩ 

ʚʦʟʤʦʞʥʳʤ ʚʳʯʠʩʣʝʥʠʝʤ ʦʙʣʘʩʪʠ RLAS ʩ ʧʦʤʦʱʴʶ (4.3.20). 

ʇʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʪʨʦʜʚʠʛʘʪʝʣʷ  ʩ ʚʥʝʰʥʠʤʠ ʚʦʟʤʫʱʘʶʱʠʤʠ ʤʦʤʝʥʪʘʤʠ ʥʘʛʨʫʟʢʠ, 

ʨʘʚʥʳʤʠ 15 ʠ 25 ʅʤ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.3.3, 4.3.4. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʥʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʧʨʠʰʣʠ ʢ ʥʫʣʶ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚʩʝ ʪʨʘʝʢʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʘ ʢʘʞʜʦʤ ʛʨʘʬʠʢʝ ʪʨʘʥʟʠʝʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ 
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ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ H(1)ʠ H(2) ʧʨʠ ʜʚʫʭ ʟʥʘʯʝʥʠʷʭ 

ʚʝʣʠʯʠʥʳ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.3.I. ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ( )
maxLASR (ʚ ʅʤ), ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

(4.39), ʛʜʝ Jʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 1,0, ʪ.ʝ. ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʧʝʨʝʤʝʥʥʘʷ, 

ʧʦʜʚʝʨʞʝʥʥʘʷ ʚʣʠʷʥʠʶ ʚʦʟʤʫʱʘʶʱʝʛʦ ʬʘʢʪʦʨʘ. ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʝ 

ʷʩʥʦ ʚʠʜʥʦ, ʯʪʦ H(1) ʚʩʝʛʜʘ ʙʦʣʴʰʝ H(2) , ʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʪʝʥʜʝʥʮʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʦʤʝʥʪʝ ʥʘʛʨʫʟʢʠ ʚ 25 ʅʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʦʪʤʝʯʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʣʦʢʘʣʴʥʦ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʯʠʩʣʠʚ RLAs\max, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 

ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 4.3.3ï ʇʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʚʥʄ =15ʅʤ 
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ʈʠʩʫʥʦʢ 4.3.4ï ʇʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʚʥʄ =25 ʅʤ 

 

 

 ʊʘʙʣʠʮʘ  4.3.1ïʄʘʢʩʠʤʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ ʧʨʦʠʟʚʦʜʥʳʭ, ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʦʙʣʘʩʪʠ ʣʦʢʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 
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ɺʳʚʦʜʳ 

 

1.ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʘ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʅʉʋ. 

2.ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʯʠʩʣʘ ʩʣʦʝʚ ʠ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ  ʅʉʋ  ɸʊʆʅʅʍ. 

3.ɺʳʷʩʥʝʥʦ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʨʘʙʦʪʳ ɸʊʆʅʅʍ.  

4.ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʣʦʢʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ  ʘʥʘʣʠʟʝ ʟʘʪʫʭʘʥʠʷ ʚʳʩʰʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʯʥʦʩʪʠ ʅʉʋ ɸʊʆʅʅʍ  ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʥʘʫʯʥʦ - ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ   ʩʪʝʥʜʝ ʎʉʇ 

(ʨʠʩʫʥʦʢ 5.1.1). 
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ɻʃɸɺɸ 5. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʅʉʋ ʠ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʘʨʭʠʪʝʢʪʫʨʘʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʘʢʠʭ ʩʠʩʪʝʤ 

 

5.1. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʅʉʋ ʩ 

ʮʠʬʨʦʚʳʤʠ ʩʣʝʜʷʱʠʤʠ ʧʨʠʚʦʜʘʤʠ (ʎʉʇ) ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʧʨʦʛʨʘʤʤʳ ʥʘ ʙʘʟʝ ʤʝʪʦʜʦʚ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʦʪʨʘʞʝʥʳ ʚ ʦʪʯʝʪʘʭ  ʠ ʚʥʝʜʨʝʥʳ: 

 

  ɺ ɺʅʀʀ çʕʣʝʢʪʨʦʧʨʠʚʦʜè- ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʤʥʦʛʦʢʦʥʪʫʨʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ  ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ; 

 

ɺ ʆʆʆ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʬʠʨʤʝ çʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʧʦʟʥʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠè (ʆʆʆ ʅʇʌ ñʉɸʋʅʆò) - ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʥʝʡʨʦʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʧʨʠ ʥʝʧʦʣʥʳʭ ʠ ʥʝʪʦʯʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊʆʅʅʍ.  

  

ʅʘ ʢʘʬʝʜʨʝ ñʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘò ʄɻʊʋ ʠʤ. 

ʅ.ʕ. ɹʘʫʤʘʥʘ  ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ  ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ 

ʩʪʝʥʜ ʎʉʇ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ.5.1.1  [23,25,27,28,30,34,40 ]. 

ʉʪʨʫʢʪʫʨʘ  ʎʉʇ  ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʨʝʭʢʦʥʪʫʨʥʫʶ ʮʠʬʨʦʚʫʶ ʩʣʝʜʷʱʫʶ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʂʦʥʪʫʨʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʟʘʤʳʢʘʶʪʩʷ ʯʝʨʝʟ 

ʤʠʢʨʦ-ʕɺʄ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ ʜʘʪʯʠʢʘ, ʩ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʠ ʫʛʣʝ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ   ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦ-ʕɺʄ, 
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ʧʨʦʛʨʘʤʤʘʪʦʨʘ, ʠʥʪʝʨʬʝʡʩʘ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢʦʜ-ʬʘʟʘ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 

ʠʤʧʫʣʴʩʦʚ, ʩʠʣʦʚʦʛʦ ʙʣʦʢʘ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ, ʠʤʧʫʣʴʩʥʦʛʦ ʜʘʪʯʠʢʘ, ʙʣʦʢʘ ʫʛʦʣ-ʢʦʜ ʩ ʮʠʬʨʦʚʦʡ 

ʠʥʜʠʢʘʮʠʝʡ ʦʙ ʫʛʣʝ ʧʦʚʦʨʦʪʘ ʠ ʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʪʝʥʜʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʳʧʦʣʥʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʥʝʘʚʪʦʥʦʤʥʦʡ ʮʠʬʨʦʚʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʩʨʘʚʥʝʥʠʝ ʟʘʜʘʶʱʝʛʦ ʠ 

ʦʪʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʠʢʨʦ-ʕɺʄ.  

ʋʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʠʟ ʤʠʢʨʦ-ʕɺʄ ʚʳʜʘʝʪʩʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʢʦʜ-ʬʘʟʘ 

ʠ ʜʘʣʝʝ ʯʝʨʝʟ ʩʠʣʦʚʦʡ ʙʣʦʢ  ʧʦʩʪʫʧʘʝʪ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ. 

ʆʰʠʙʢʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʟʘʜʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ  ʤʠʢʨʦ-ʕɺʄ. 

 

ʈʠʩʫʥʦʢ 5.1.1ï ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʩʪʝʥʜ ʎʉʇ   

 

ʄʠʢʨʦ-ʕɺʄ ʠʤʝʝʪ ʤʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ, ʪ.ʝ. ʚʩʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʢʦʥʯʝʥʥʳʭ 
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ʫʩʪʨʦʡʩʪʚ, ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʝʜʠʥʳʡ ʢʘʥʘʣ 

ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ.  ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʎʉʇ ʩ ʤʠʢʨʦ-ʕɺʄ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʤʦʜʫʣʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʢʘʥʘʣʦʤ. 

ʇʘʨʘʣʣʝʣʴʥʳʝ ʢʘʥʘʣʳ ʦʙʤʝʥʘ ʩʚʷʟʳʚʘʶʪ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, 

ʧʘʤʷʪʴ ʠ ʚʩʝ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʠʢʨʦ-ʕɺʄ 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʘ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʚʳʧʦʣʥʷʝʪ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʥ ʩʦʜʝʨʞʠʪ 16 ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ. ʎʝʥʪʨʘʣʴʥʳʡ 

ʧʨʦʮʝʩʩʦʨ ʚʳʧʦʣʥʷʝʪ ʦʜʥʦʘʜʨʝʩʥʳʝ, ʜʚʫʭʘʜʨʝʩʥʳʝ ʢʦʤʘʥʜʳ, ʢʦʤʘʥʜʳ 

ʨʘʩʰʠʨʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. ʆʥ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʘʢ 

ʰʝʩʪʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʝ, ʪʘʢ ʠ 8-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʩʴʤʠ ʤʝʪʦʜʦʚ ʘʜʨʝʩʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʭʨʘʥʠʤʳʭ ʚ ʣʶʙʦʡ ʷʯʝʡʢʝ ʧʘʤʷʪʠ 

ʠʣʠ ʚ ʨʝʛʠʩʪʨʝ. ʆʧʝʨʘʮʠʦʥʥʳʡ ʙʣʦʢ ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʜʨʝʩʦʚ ʢʦʤʘʥʜ ʠ ʦʧʝʨʘʥʜʦʚ, ʣʦʛʠʯʝʩʢʠʝ ʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʭʨʘʥʝʥʠʷ 

ʦʧʝʨʘʥʜʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɹʣʦʢ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʢʦʤʘʥʜ ʥʘ ʦʩʥʦʚʝ ʢʦʜʘ ʧʨʠʥʷʪʦʡ 

ʢʦʤʘʥʜʳ. ɺ ʥʝʤ ʟʘʢʦʜʠʨʦʚʘʥ ʧʦʣʥʳʡ ʥʘʙʦʨ ʤʠʢʨʦʢʦʤʘʥʜ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ 

ʢʦʤʘʥʜ. ɹʣʦʢ ʧʨʝʨʳʚʘʥʠʡ ʦʨʛʘʥʠʟʫʝʪ ʧʨʠʦʨʠʪʝʪʥʫʶ ʩʠʩʪʝʤʫ ʧʨʝʨʳʚʘʥʠʡ. 

ɺʳʧʦʣʥʷʝʪ ʧʨʠʝʤ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʀʥʪʝʨʬʝʡʩʥʳʡ ʙʣʦʢ ʚʳʧʦʣʥʷʝʪ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. ʆʩʫʱʝʩʪʚʣʷʝʪ 

ʘʨʙʠʪʨʘʞ ʧʨʠ ʦʧʝʨʘʮʠʷʭ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ. ɺ ʠʥʪʝʨʬʝʡʩʥʦʤ ʙʣʦʢʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ. ɹʣʦʢ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʩʚʷʟʳʚʘʝʪ ʚʥʫʪʨʝʥʥʶʶ ʤʘʛʠʩʪʨʘʣʴ ʩ 
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ʚʥʝʰʥʝʡ. ɺ ʥʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʫʩʠʣʠʪʝʣʷʤʠ ʧʨʠʝʤʘ ʠ ʚʳʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʦʚʤʝʱʝʥʥʳʝ ʚʳʚʦʜʳ ʘʜʨʝʩʦʚ ʠ ʜʘʥʥʳʭ.  

ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦ-ʕɺʄ, ʠʥʪʝʨʬʝʡʩʘ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

"ʢʦʜ-ʬʘʟʘ", ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ʠʤʧʫʣʴʩʦʚ, ʙʣʦʢʘ ʪʠʨʠʩʪʦʨʦʚ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ, ʜʘʪʯʠʢʦʚ ʪʦʢʘ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ, ʜʚʫʭ ɸʎʇ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ "ʫʛʦʣ-ʢʦʜ", ʪʘʡʤʝʨʘ, ʧʨʦʛʨʘʤʤʘʪʦʨʘ ʠ 

ʥʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʄʠʢʨʦ-ʕɺʄ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʩ ʜʘʪʯʠʢʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ɼʆʉ),  ʨʝʘʣʠʟʫʝʪ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʶ, 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʝ, ʥʝʡʨʦʜʠʘʛʥʦʩʪʠʢʫ. ɸʜʘʧʪʠʚʥʳʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ,r 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʨʘʙʦʪʳ ʎʉʇ. ʂʘʥʘʣ ʩʚʷʟʠ ʩ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʤʠʢʨʦ-ʕɺʄ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʱʫʶ ʰʠʥʫ. ʀʥʪʝʨʬʝʡʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʚʥʝʰʥʠʭ 

ʫʩʪʨʦʡʩʪʚ ʩ ʤʠʢʨʦ-ʕɺʄ, ʜʝʰʠʬʨʠʨʫʝʪ ʘʜʨʝʩʘ ɼʆʉ ʠ ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪʥʳʝ 

ʩʣʫʞʝʙʥʳʝ ʩʠʛʥʘʣʳ. ɼʝʰʠʬʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʨʷʜʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʦʚ ʘʜʨʝʩʘ ʙʣʦʢʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʀʥʪʝʨʬʝʡʩ 

ʠʤʝʝʪ ʜʚʘ ʢʘʥʘʣʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʪ ʤʠʢʨʦ-ʕɺʄ ʚʦ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʠʝʤʘ ʜʘʥʥʳʭ ʩ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʦ ʢʦʤʘʥʜʘʤ ɺɺʆɼ ʠʣʠ ɺʓɺʆɼ ʢ  

ʰʠʥʝ ʢʘʥʘʣʘ ʤʠʢʨʦ-ʕɺʄ ʧʦʜʢʣʶʯʘʶʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ "ʫʛʦʣ-ʢʦʜ" ʦʩʫʱʝʩʪʚʣʷʝʪ ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʜʚʦʠʯʥʦʤ ʢʦʜʝ ʩ ʧʷʪʥʘʜʮʘʪʴʶ 

ʨʘʟʨʷʜʘʤʠ. ʇʦ ʟʘʧʨʦʩʫ ʦʪ ʤʠʢʨʦ-ʕɺʄ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚ ʢʘʥʘʣ 

ʧʨʠʝʤʘ ʜʘʥʥʳʭ ʠʥʪʝʨʬʝʡʩʘ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ "ʢʦʜ-ʬʘʟʘ" ʧʨʝʦʙʨʘʟʫʝʪ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʜʚʦʠʯʥʳʡ ʢʦʜ ʥʘ ʚʳʭʦʜʝ ʤʠʢʨʦ-ʕɺʄ ʚ ʫʧʨʘʚʣʷʶʱʠʝ 

ʠʤʧʫʣʴʩʳ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʢʦʪʦʨʳʭ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʜʚʦʠʯʥʦʤʫ ʢʦʜʫ. 

ʈʘʩʧʨʝʜʝʣʠʪʝʣʠ ʠʤʧʫʣʴʩʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘ ʫʧʨʘʚʣʝʥʠʝ  ʪʠʨʠʩʪʦʨʘʤʠ VDI-VD6. ʊʘʡʤʝʨ ʥʘ  ʦʩʥʦʚʝ 

ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʚʳʜʘʝʪ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʝʤʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚʩʝʭ ʫʟʣʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɸʎʇ ʩʣʫʞʘʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩ 
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ʜʘʪʯʠʢʘ ʪʦʢʘ ʠ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ ʚ ʧʘʨʘʣʣʝʣʴʥʳʡ ʜʚʦʠʯʥʳʡ ʢʦʜ ʠ ʧʝʨʝʜʘʯʠ 

ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʚ ʤʠʢʨʦ-ʕɺʄ. ɹʣʦʢ ʪʠʨʠʩʪʦʨʦʚ ʩʦʩʪʦʠʪ ʠʟ ʪʠʨʠʩʪʦʨʦʚ ʠ 

ʪʨʝʭʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʪʦʨʠʯʥʳʝ ʦʙʤʦʪʢʠ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʷʶʪʩʷ ʚ 

ʪʨʝʭʬʘʟʥʫʶ ʟʚʝʟʜʫ ʩ ʥʫʣʝʚʳʤ ʚʳʚʦʜʦʤ. ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʩʦʛʣʘʩʫʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʪʦʢʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʦʜʥʠʤ ʢʦʥʮʦʤ ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ 

ʢ ʥʫʣʝʚʦʤʫ ʚʳʚʦʜʫ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘ ʜʨʫʛʠʤ - ʢ 

ʠʥʚʝʨʪʦʨʥʦʡ ʠ ʚʳʧʨʷʤʠʪʝʣʴʥʦʡ ʛʨʫʧʧʘʤ ʪʠʨʠʩʪʦʨʦʚ. ʊʘʭʦʛʝʥʝʨʘʪʦʨ ʚʳʜʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ.   ɼʆʉ  ʠʤʧʫʣʴʩʥʦʛʦ ʪʠʧʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ: ʤʝʭʘʥʠʯʝʩʢʫʶ, ʦʧʪʠʯʝʩʢʫʶ ʠ 

ʵʣʝʢʪʨʦʥʥʫʶ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʚʨʘʱʝʥʠʝ ʚʭʦʜʥʦʛʦ 

ʜʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʢʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ. ʆʧʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ 

ʩʚʝʪʦʜʠʦʜ, ʣʠʥʟʫ, ʨʘʩʪʨʦʚʫʶ ʠʥʜʠʢʘʪʦʨʥʫʶ ʧʣʘʩʪʠʥʢʫ ʠ ʨʘʩʪʨʦʚʳʡ ʜʠʩʢ, ʘ 

ʪʘʢʞʝ ʬʦʪʦʜʠʦʜʳ. ʕʣʝʢʪʨʦʥʥʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʫʩʠʣʠʪʝʣʝʡ, ʥʘ ʚʭʦʜʳ 

ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣʳ ʦʪ ʬʦʪʦʜʠʦʜʦʚ. ʕʪʠ ʩʠʛʥʘʣʳ ʠʤʝʶʪ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ: ʠʭ ʘʤʧʣʠʪʫʜʳ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ 

90Á. ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʟʤʝʨʷʝʤʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ, ʘ ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ - ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɼʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʝ ʧʦʚʦʨʦʪʘ ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ ʩʪʝʥʜʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʮʠʬʨʦʚʘʷ ʠʥʜʠʢʘʮʠʷ. ʋʛʦʣ 

ʧʦʚʦʨʦʪʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʩʚʝʪʦʜʠʦʜʘʭ 

ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣʳ ʩ ʜʝʰʠʬʨʘʪʦʨʘ,. ʅʘ 

ʠʥʜʠʢʘʪʦʨʘʭ ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʶʪʩʷ ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʛʣʫ 

ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʜʦʚʦʝ ʟʘʜʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʠʢʨʦ-ʕɺʄ. ʅʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʦʣʴʪʤʝʪʨʘ, ʘʤʧʝʨʤʝʪʨʘ ʠ ʧʦʨʦʰʢʦʚʦʡ ʤʫʬʪʳ, ʩʣʫʞʠʪ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 

ʪʦʢʫ, ʧʨʦʪʝʢʘʶʱʝʤʫ ʚ ʵʣʝʢʪʨʦʮʝʧʠ ʧʦʨʦʰʢʦʚʦʡ ʤʫʬʪʳ. ʅʘ ʨʠʩʫʥʢʝ 5.1.2. 



148 

 

 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ, 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʎʉʇ  ʩ ʪʦʢʦʚʳʤ, ʩʢʦʨʦʩʪʥʳʤ ʠ ʧʫʪʝʚʳʤ ʢʦʥʪʫʨʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 5.1.2 ï ʉʠʩʪʝʤʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʠ  ʥʝʡʨʦʫʧʨʘʚʣʝʥʠ ̫ ʎʉʇ  ʩ 

ʪʦʢʦʚʳʤ, ʩʢʦʨʦʩʪʥʳʤ ʠ ʧʫʪʝʚʳʤ ʢʦʥʪʫʨʘʤʠ 

  

ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʷ ʎʉʇ 

 

ʅʘ ʨʠʩʫʥʢʘʭ: 5.1.3, 5.1.4, 5.1.5, 5.1.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʎʉʇ   

ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ. 

 

ʈʠʩʫʥʦʢ 5.1.3ï ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʎʉʇ 9 ʦʙ/ʤʠʥ 
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ʈʠʩʫʥʦʢ 5.1.4 ï ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʎʉʇ 4 ʦʙ/ʤʠʥ 

 

 

 

ʈʠʩʫʥʦʢ 5.1.5ï ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʎʉʇ 1 ʦʙ/ʤʠʥ 
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ʅʘ ʨʠʩʫʥʢʝ 5.1.6. ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʦʢʘ ʷʢʦʨʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʎʉʇ. 

 

 

ʈʠʩʫʥʦʢ 5.1.6ï ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʦʢʘ ʷʢʦʨʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʎʉʇ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʡʨʦʧʨʦʛʥʦʟʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʎʉʇ ʚ ʩʨʝʜʝ MATLAB  fuzzy TECH 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ  ANFIS 

 

ɼʣʷ ʧʨʦʛʥʦʟʘ  ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜN  

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʘʥʥʳʤʠ ʧʨʠ  ʜʣʠʪʝʣʴʥʦʡ   ʨʘʙʦʪʝ  ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜN .  

(ʨʠʩ. 5.1.7), ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.1.1. 
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ʊʘʙʣʠʮʘ 5.1.1ï ɼʘʥʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

 

ʜN  

(n-9) 

ʜN  

(n-8) 

ʜN  

(n-7) 

ʜN  

(n-6) 

ʜN  

(n-5) 

ʜN  

(n-4) 

ʜN  

(n-3) 

ʜN  

(n-2) 

ʜN  

(n-1) 

ʜN  

(n) 

7 

ʦʙ/ʤʠʥ 

12 

ʦʙ/ʤʠʥ 

6 

ʦʙ/ʤʠʥ 

13 

ʦʙ/ʤʠʥ 

7 

ʦʙ/ʤʠʥ 

14 

ʦʙ/ʤʠʥ 

9 

ʦʙ/ʤʠʥ 

12 

ʦʙ/ʤʠʥ 

8 

ʦʙ/ʤʠʥ 

11 

ʦʙ/ʤʠʥ 

 

 

 

ʈʠʩʫʥʦʢ 5.1.7ï ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜN  ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʝ 

 

ʆʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 5.1.2. ʆʙʲʝʤ ʧʦʣʫʯʝʥʥʦʡ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʨʘʚʝʥ ʩʝʤʠ. 
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ʊʘʙʣʠʮʘ  5.1.2ï  ʆʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ 

5ʜN (n-4) 

ʦʙ/ʤʠʥ 

4ʜN (n-3) 

ʦʙ/ʤʠʥ 

3ʜN (n-2) 

ʦʙ/ʤʠʥ 

2ʜN (n-1) 

ʦʙ/ʤʠʥ 

1ʜN (n) 

ʦʙ/ʤʠʥ 

6ʜN (n+1) 

ʦʙ/ʤʠʥ 

7 12 6 13 7 14 

12 6 13 7 14 9 

6 13 7 14 9 12 

13 7 14 9 12 8 

7 14 9 12 8 11 

 

ɼʘʣʝʝ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ  ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  ANFIS ʚ ʩʨʝʜʝ 

ʄatlab Fuzzy Logic Toolbox.   

ʇʨʦʠʟʚʦʜʠʤ   ʛʝʥʝʨʘʮʠʶ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ  ʪʠʧʘ ʉʫʛʝʥʦ ʩ 

ʧʷʪʴʶ ʚʭʦʜʘʤʠ ʠ ʦʜʥʠʤ ʚʳʭʦʜʦʤ  (ʨʠʩʫʥʦʢ 5.1.8). 
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ʈʠʩʫʥʦʢ 5.1.8ï  ɻʝʥʝʨʘʮʠʷ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ  ʪʠʧʘ ʉʫʛʝʥʦ ʩ ʧʷʪʴʶ 

ʚʭʦʜʘʤʠ ʠ ʦʜʥʠʤ ʚʳʭʦʜʦʤ  
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ɿʘʜʘʝʤ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʦʡ ʧʦ 3 ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʪʝʨʤʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʪʠʧʘ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʝʨʝʤ ʪʨʝʫʛʦʣʴʥʳʝ 

ʬʫʥʢʮʠʠ (ʨʠʩʫʥʦʢ 5.1.9).  

 

 

ʈʠʩʫʥʦʢ 5.1.9ï  ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
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ɺ ʨʝʜʘʢʪʦʨʝ ʧʨʘʚʠʣ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʟʘʜʘʝʤ 243 ʧʨʘʚʠʣʘ  

(ʨʠʩʫʥʦʢ 5.1.10). 

 

 

.  

 

ʈʠʩʫʥʦʢ 5.1.10ï ʈʝʜʘʢʪʦʨ ʧʨʘʚʠʣ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ɿʘʛʨʫʟʠʤ ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣʠʮʳ 5.1.2  (ʨʠʩʫʥʦʢ 5.1.11), 

ʧʦʣʫʯʠʤ: 

 

N= [7 12 6 13 7 14;12 6 13 7 14 9;6 13 7 14 9 12; 13 7 14 9 12 8;7 14 9 12 8 11] 
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N = 

7    12     6    13     7    14 

12     6    13     7    14     9 

6    13     7    14     9    12 

13     7    14     9    12     8 

7    14     9    12     8    11 

 

 

 

ʈʠʩʫʥʦʢ 5.1.11ïʆʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣʠʮʳ 5.1.2 
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ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʛʠʙʨʠʜʥʳʤ ʤʝʪʦʜʦʤ 

ʦʙʫʯʝʥʠʷ ʩ ʫʨʦʚʥʝʤ ʦʰʠʙʢʠ 0, ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ,  ʨʘʚʥʳʤ 500. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʫʯʝʥʠʷ ʧʦʣʫʯʠʤ  ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʢʠ ʦʪ ʯʠʩʣʘ 

ʵʧʦʭ (ʨʠʩʫʥʦʢ 5.1.12). 

  

ʈʠʩʫʥʦʢ 5.1.12ï ɻʨʘʬʠʢ  ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ 

 

 

 

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʤ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ   ANFIS, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.1.13. 
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ʈʠʩʫʥʦʢ 5.1.13ï ʉʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS  

 

 

 

, 

ʅʘ ʨʠʩʫʥʢʝ 5.1.14 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ  ʧʨʦʩʤʦʪʨʘ 

ʧʨʘʚʠʣ.   
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ʈʠʩʫʥʦʢ 5.1.14ï ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʧʨʦʩʤʦʪʨʘ ʧʨʘʚʠʣ 

 

ʅʘ ʨʠʩʫʥʢʘʭ: 5.1.15, 5.1.16, 5.1.17, 5.1.18, 5.1.19 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 
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ʈʠʩʫʥʦʢ  5.1.15 ï ʇʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

input1, input 2 ʠ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ output 

 

 

 

 

 

 

 

 

. 
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ʈʠʩʫʥʦʢ 5.1.16 ï ʇʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

input1, input 3 ʠ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ output 
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ʈʠʩʫʥʦʢ 5.1.17ï ʇʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

input1, input 4 ʠ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ output 
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ʈʠʩʫʥʦʢ 5.1.18ï ʇʦʚʝʨʭʥʦʩʪʴ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

input1, input 5 ʠ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ output 

 

 

ʇʨʦʚʝʜʝʤ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʩ ʥʝʯʝʪʢʠʤ 

ʚʳʚʦʜʦʤ, ʧʦ ʜʘʥʥʳʤ (ʪʘʙʣʠʮʳ 5.1.2) ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ out=evalfis 

(N6)=11  ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʤ Nʜ6(n+1) =9.7503 
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ʀʟ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʜʦʩʪʘʪʦʯʥʫʶ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʘʣʴʥʳʭ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ 

ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS ʜʣʷ ʥʝʡʨʦʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʘʨʘʨʘʤʝʪʨʦʚ ʎʉʇ. 
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 ʉʠʥʪʝʟ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ɸʊʆʅʅʍ ʜʣʷ ʩʢʦʨʦʩʪʥʦʛʦ 

ʢʦʥʪʫʨʘ ʎʉʇ  

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʎʉʇ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʨʝʜʫʢʪʦʨ, 

ʭʦʜʦʚʫʶ ʚʠʥʪʦʚʫʶ ʧʘʨʫ, ʧʝʨʝʤʝʱʘʝʤʳʡ ʫʟʝʣ ʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʠʩ.5.1.19 

ʈʝʘʣʴʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʝʨʝʜʘʯʘʤ ʧʨʠʩʫʱʠ ʟʘʟʦʨʳ ʠ ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʇʨʝʥʝʙʨʝʞʝʥʠʝ ʚʣʠʷʥʠʝʤ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʝʭʘʥʠʟʤʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʧʫʩʪʠʤʳʤ, ʦʩʦʙʝʥʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʚʘʣʫ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʚʳʰʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʷʢʦʨʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʅʝʜʦʧʫʩʪʠʤʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ: ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʨʝʛʫʣʷʪʦʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʙʝʟ ʫʯʝʪʘ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʝ, ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʤʝʭʘʥʠʟʤʘ ï 

ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʟʘʪʫʭʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ. 

 ʋʧʨʦʱʝʥʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʚʝʥʴʝʚ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʚʝʥʘ ʎʉʇ  ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.1.20.  ʅʘ 

ʨʠʩʫʥʢʝ 5.1.20. ʦʙʦʟʥʘʯʝʥʦ: B1 ï ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʚʘʣʳ ʟʚʝʥʘ;j1, j2 ï ʫʛʣʳ 

ʧʦʚʦʨʦʪʘ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʚʘʣʦʚ ʟʚʝʥʘ; L1,2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ 

ʙʝʟ ʠʥʝʨʮʠʦʥʥʦʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ; H1,2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʫʧʨʫʛʦʤ 

ʵʣʝʤʝʥʪʝ;  ï  ʙʝʟ ʠʥʝʨʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʟʘʟʦʨ ʚ 

ʟʘʮʝʧʣʝʥʠʠ; ʕɿ ï ʙʝʟ ʠʥʝʨʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ ʟʘʮʝʧʣʝʥʠʷ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ 

ʯʠʩʣʦʤ.  

 

i =   j2/j1 .    

                                       (5.1.1) 

2,1D



166 

 

 

 
 

 
 

 

ʈʠʩʫʥʦʢ 5.1.19 ï ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ  ʎʉʇ 

 
 

 
ʈʠʩʫʥʦʢ 5.1.20ï ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ 

 

ʅʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʎʉʇ  ʭʘʨʘʢʪʝʨʥʦ ʚʣʠʷʥʠʝ ʩʣʝʜʫʶʱʠʭ  

ʬʘʢʪʦʨʦʚ: 

1) ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ; 

2) ʜʚʠʞʫʱʠʝʩʷ ʤʘʩʩʳ (ʚʘʣʦʚ, ʰʝʩʪʝʨʝʥ ʠ ʜʨ.), ʭʘʨʘʢʪʝʨ ʠʭ ʩʚʷʟʠ ʩ ʷʢʦʨʝʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʞʝʩʪʢʦʩʪʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ; 
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3) ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʩ 

ʯʘʩʪʦʪʘʤʠ ʩʨʝʟʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʧʨʠʚʦʜʘ. 

 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ  ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʥʳʤ ʚʘʣʦʤ ʨʝʜʫʢʪʦʨʘ ʤʫʬʪʦʡ ʩ 

ʩʠʣʴʬʦʥʦʤ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʤ ʦʩʝʚʳʝ ʧʝʨʝʢʦʩʳ. ʅʘ ʚʭʦʜʥʦʤ ʚʘʣʫ 

ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ ʢʦʩʦʟʫʙʳʝ ʰʝʩʪʝʨʥʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʝʪ ʚʨʘʱʝʥʠʝ 

ʟʫʙʯʘʪʦʤʫ ʢʦʣʝʩʫ, ʘ ʚʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʙʦʨʢʫ ʟʘʟʦʨʘ ʚ ʧʝʨʝʜʘʯʝ ʟʘ ʩʯʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʘʨʝʣʴʯʘʪʳʭ ʧʨʫʞʠʥ. 

ʐʘʨʠʢʦʚʘʷ ʚʠʥʪʦʚʘʷ ʧʘʨʘ  ʩʦʦʙʱʘʝʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʘʨʝʪʢʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʟʘʤʢʥʫʪʳʭ ʨʦʣʠʢʦʚʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. ɼʘʪʯʠʢ ʩʢʦʨʦʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʚʭʦʜʥʦʤ ʚʘʣʫ ʨʝʜʫʢʪʦʨʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʮʝʧʠ, ʧʨʠʚʦʜʠʤʘʷ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

 ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 .              (5.1.2) 

ʛʜʝ j - ʫʛʣʦʚʦʝ ʩʤʝʱʝʥʠʝ; 

Mʢʨ ï ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʚʠʥʪʘ ʧʨʠ ʧʦʣʦʞʝʥʠʠ ʢʘʨʝʪʢʠ: 

Cʧʨʘʚʘ L1,2 = 2,02 10-6 [ʢɻ ʩʤ/ ʨʘʜ] 

ɺ ʮʝʥʪʨʝ L1,2 = 2,05 10-6 [ʢɻ ʩʤ/ ʨʘʜ] 

ʉʣʝʚʘ L1,2 = 3,28 10-6 [ʢɻ ʩʤ/ ʨʘʜ] 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʠ ʤʘʩʩ ʚʨʘʱʘʶʱʠʭʩʷ ʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʜʚʠʞʫʱʠʭʩʷ ʜʝʪʘʣʝʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ 

çʞʝʩʪʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡè ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʦʪʦʚʦʡ 

ʪʘʙʣʠʮʝʡ ʝʜʠʥʠʯʥʳʭ ʤʦʤʝʥʪʦʚ ʜʣʷ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ. ɼʣʷ 

ʜʝʪʘʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚʜʦʣʴ ʦʩʠ ʠ 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʟʘʢʨʫʯʠʚʘʥʠʶ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʭʦʜʦʚʦʡ ʚʠʥʪ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ Jʧʨ . ʧʨʠʯʝʤ, ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʨʝʪʢʠ ʚʝʣʠʯʠʥʘ Jʧʨ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ, ʪ.ʢ. 

j

ʢʨM
l =
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ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʢʨʫʯʠʚʘʥʠʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʦʣʴʢʦ ʪʘ ʯʘʩʪʴ ʚʠʥʪʘ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ ʠ ʰʘʨʠʢʦʚʦʡ ʛʘʡʢʦʡ. ʆʪʜʝʣʴʥʘʷ ʯʘʩʪʴ 

ʚʠʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʝʝ ʠʥʝʨʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʞʝʩʪʢʦʝ ʪʝʣʦ. ɼʣʷ ʧʦʜʩʯʝʪʘ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʭʦʜʦʚʦʛʦ ʚʠʥʪʘ ʦʥ ʨʘʟʙʠʚʘʝʪʩʷ ʧʦ ʜʣʠʥʝ ʥʘ ʨʷʜ ʫʯʘʩʪʢʦʚ. ɺʝʣʠʯʠʥʘ 

ʢʘʞʜʦʛʦ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ Jʧʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ,          (5.1.3) 

  

ʛʜʝ Ji ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ; 

i ïr ʡ ʫʯʘʩʪʦʢ ʚʠʥʪʘ; 

j1, j2 ï ʫʛʣʳ ʟʘʢʨʫʯʠʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ i-ʦʛʦ ʫʯʘʩʪʢʘ ʚʠʥʪʘ ʠ ʫʯʘʩʪʢʘ, ʢ 

ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʚʝʜʝʥʠʝ. 

  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʧʠʩʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʷʤʠ 

ʜʚʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʚʝʜʝʥʠʝ ʚʩʝʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʢ ʷʢʦʨʶ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʘʤʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʷʢʦʨʝʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (1 ʚʘʣ) ʠ ʦʩʪʘʣʴʥʳʤʠ ʚʘʣʘʤʠ: 

 

e1=eÖi1/2 ;    J1=JÖi2              (5.1.4) 

                                                                       , 

ʛʜʝ e1 ʠ J1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ 

ʧʝʨʚʦʤʫ ʚʘʣʫ  (ʪʘʙʣʠʮʳ: 5.1.3, 5.1.4). 
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ʊʘʙʣʠʮʘ 5.1.3. 

ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ (ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ) 

 

ʅʘʟʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʇʝʨʝʜʘʪʦʯʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ [ʢɻ ʩʤ ʩ2] 

ʅʘʪʫʨʘʣʴʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ 

ʗʢʦʨʴ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

1 2.05 10-2 2.05 10-2 

ʍʦʜʦʚʦʡ ʚʠʥʪ 

ʇʨʠ ʧʦʣʦʞʝʥʠʠ 

ʢʘʨʝʪʢʠ 

J ʩʣʝʚʘ  

J ʚ ʮʝʥʪʨʝ 

J ʩʧʨʘʚʘ 

  

  

  

  

3.17 

  

  

  

4.2 10-2 

3.25 10-2 

2.2 10-2 

  

  

  

4.2 10-3 

3.25 10-3 

2.2 10-3 

  

 

ʊʘʙʣʠʮʘ 5.1.4. 

  

ʇʨʠʚʝʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

[ʢɻ ʩʤ ʩ2] 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʞʝʩʪʢʦʩʪʠ [ʢɻ 

ʤ/ʨʘʜ] 

ʂʦʵʬʬʠʮʠʝʥ

ʪ 

ʜʝʤʧʬʠʨʦʚʘʥ

ʠʷ [ʢɻ ʩʤ ʩ] 

ɿʘʟʦʨ [ʨʘʜ] 

J1 = 205 10-4 

J1 = 100·400 10-4 

 

L1,2 = 6·24 10-4 

 

H1,2 = 102 

 

Ø1,2 = 0·6 10-3 
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ʈʠʩʫʥʦʢ 5.1.21 ï ɼʚʫʭ ʤʘʩʩʦʚʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ. 

 

  

  ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʥʝʦʙʭʦʜʠʤ ʤʠʥʠʤʘʣʴʥʳʡ 

ʟʘʟʦʨ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʨʘʙʦʪʝ ʚʳʙʦʨ ʟʘʟʦʨʘ ʦʢʘʥʯʠʚʘʝʪʩʷ ʫʧʨʫʛʠʤ ʫʜʘʨʦʤ. 

 

 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ  ʎʉʇ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

5.1.22.  

 

ʈʘʟʨʘʙʦʪʘʝʤ ʩʠʩʪʝʤʫ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʇʀ- 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ  ʩʢʦʨʦʩʪʥʦʛʦ ʢʦʥʪʫʨʘ ʎʉʇ (ʨʠʩʫʥʦʢ 5.1.22), ʢʦʪʦʨʳʡ ʙʫʜʝʪ  

ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʘʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ L12, ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ H12 ʠ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ J2 ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʎʉʇ.  

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʜʠʘʛʨʘʤʤʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʠʩʫʥʢʝ 5.1.22 ʩʢʦʨʦʩʪʥʦʛʦ ʢʦʥʪʫʨʘ ʎʉʇ ʦʪ ʟʥʘʯʝʥʠʷ ʪʘʢʠʭ 

ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ L1.2ʧ, ʢʦʵʬʬʠʮʠʝʥʪʘ 
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ʜʝʤʧʬʠʨʦʚʘʥʠʷ H1.2ʧ, ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ J2ʧ ʠ 

ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʷʪʦʨʘ Kiʩʢ.  

 ʅʝʯʝʪʢʘʷ ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ 3 ʚʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ 

ʦʜʥʫ ʚʳʭʦʜʥʫʶ ʧʝʨʝʤʝʥʥʫʶ 

ɼʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʨʝʜʩʪʘʚʠʤ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ 

(ʪʘʙʣʠʮʘ 5.1.5). 

 

ʊʘʙʣʠʮʘ 5.1.5. 

ʇʝʨʚʘʷ ʚʭʦʜʥʘʷ 

ʧʝʨʝʤʝʥʥʘʷ 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʞʝʩʪʢʦʩʪʠ  

L1.2ʧ 

ɺʪʦʨʘʷ ʚʭʦʜʥʘʷ 

ʧʝʨʝʤʝʥʥʘʷ 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ  

H 1.2ʧ 

ʊʨʝʪʴʷ ʚʭʦʜʥʘʷ 

ʧʝʨʝʤʝʥʥʘʷ 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

               

J2ʧ 

ɺʳʭʦʜʥʘʷ 

ʧʝʨʝʤʝʥʥʘʷ 

ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ  

          Ki ʩʢ 

1 1 1 0.5 

2 2 2 1 

3 3 3 1.5 

4 4 4 2 

5 5 5 2.5 

6 6 6 3 

7 7 7 3.5 

8 8 8 4 

9 9 9 4.5 

10 10 10 5 
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ʈʠʩʫʥʦʢ 5.1.22 ï ʉʢʦʨʦʩʪʥʦʡ ʠ ʪʦʢʦʚʳʡ ʢʦʥʪʫʨʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

 

ʇʨʠʚʝʜʝʤ ʧʘʨʘʤʝʪʨʳ L1.2, H1.2, J2 ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ. ɺ ʢʘʯʝʩʪʚʝ 

ʙʘʟʦʚʳʭ ʝʜʠʥʠʮ ʚʦʟʴʤʝʤ ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

 

L1.2ʧ = L1.2/ L1.2ʥʦʤ                             (5.1.5), 

 

 

H1.2ʧ = H1.2/ H1.2ʥʦʤ               (5.1.6), 

 

 

J2ʧ = J2ʧ/ J2ʥʦʤ  .             (5.1.7) 

 

ʅʘ  ʨʠʩʫʥʢʝ 5.1.23   ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ L12ʧ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ H12ʧ ʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ J2ʧ   

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ.  
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ʈʠʩʫʥʦʢ 5.1.23ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ L12ʧ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ H12ʧ ʠ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ J2ʧ   ɻ ʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ  

ʇʀ- ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ ʧʨʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ 

ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 10 ʧʨʘʚʠʣ ʧʨʦʜʫʢʮʠʡ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

 

ʉʦʭʨʘʥʠʤ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʄɸʊʃɸɹ  ʧʝʨʝʤʝʥʥʦʡ  

ʨ2. 
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ʈʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS  (3/1) 

 

ɿʘʭʦʜʠʤ ʚ ʨʝʜʘʢʪʦʨ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ FIS ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ fuzzy. 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʚʭʦʜʥʳʭ ʠ 

ʦʜʥʦʡ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 3//1) (ʨʠʩʫʥʦʢ 5.1.24). 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ 

ʧʨʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 10 

ʧʨʘʚʠʣ ʧʨʦʜʫʢʮʠʡ. 
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ʈʠʩʫʥʦʢ 5.1.24ï ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ANFIS  (3/1) 

, 

 

 

ɺʳʙʦʨ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʧʝʨʚʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ1={  çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè}  T1= 

(mf1,mf2,mf3}. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʚʪʦʨʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ2={  çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè}  T2= 

(mf1,mf2,mf3}. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʪʨʝʪʝʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ3={  çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè}  T3= 

(mf1,mf2,mf3}. 
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ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʚʳʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʊ4={ çʤʠʥʠʤʘʣʴʥʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè}  

T4= (mf1,mf2,mf3}. 

ʈʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ  ʙʫʜʝʤ ʚʳʧʦʣʥʷʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ MATLAB  (fuzzy TECH). ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʦʪʢʨʦʝʤ ʨʝʜʘʢʪʦʨ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʠʭ ʚʳʚʦʜʦʚ ( FISE ditor) ʠ ʦʧʨʝʜʝʣʠʤ    

 

ʀʩʧʦʣʴʟʫʝʤ ʩʠʩʪʝʤʫ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʄʘʤʜʘʥʠ.  ɼʘʣʝʝ 

ʦʧʨʝʜʝʣʷʝʤ ʬʫʥʢʮʠʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʦʚ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʝʜʘʢʪʦʨʦʤ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (Membership Function Editor) . 

ɼʣʷ ʧʝʨʚʦʡ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ç input1è  ʩʣʝʜʫʝʪ  ʦʧʨʝʜʝʣʠʪʴ 4 

ʪʝʨʤʘ, ʠʟʤʝʥʠʚ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʧʘʨʘʤʝʪʨʳ ʪʨʝʫʛʦʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʦʚ. 

ɺʠʜ ʛʨʘʬʠʯʝʩʢʦʛʦ  ʠʥʪʝʨʬʝʡʩʘ  ʨʝʜʘʢʪʦʨʘ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʧʦʩʣʝ ʟʘʜʘʥʠʷ  ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ  5.1.25. 
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ʈʠʩʫʥʦʢ 5.1.25. ïʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʧʨʘʚʠʣ, ʚʳʙʦʨ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ 

ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

 

ɺʚʝʜʝʤ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ  ʨ2  ʚ ʨʝʜʘʢʪʦʨ FNIS . ʇʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ 

ʩʪʨʫʢʪʫʨʳ ʉʫʛʝʥʦ ʧʦʩʣʝ ʚʳʟʦʚʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʩʚʦʡʩʪʚ ʟʘʜʘʜʠʤ ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦ 3 ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʠʧʘ ʠʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʝʨʘʝʤ ʪʨʝʫʛʦʣʴʥʳʝ ʬʫʥʢʮʠʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʟʘʜʘʜʠʤ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ (ʨʠʩʫʥʦʢ  

5.1.26). 
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ʈʠʩʫʥʦʢ 5.1.26ï ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ   

 

ʅʘ ʨʠʩʫʥʢʝ 5.1.27  ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʰʠʙʢʘ ʦʙʫʯʝʥʠʷ  ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ANFIS. 
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ʈʠʩʫʥʦʢ 5.1 2.27 ï ʆʰʠʙʢʘ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS 

 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʫʯʝʥʠʷ ʜʘʥʥʦʡ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʚʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʛʨʘʬʠʢʘ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʙʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʢʦʥʯʠʣʦʩʴ ʧʦʩʣʝ ʩʝʤʠ ʮʠʢʣʦʚ.     ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ 

ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʩʪʨʦʝʥʥʦʡ ʥʝʯʝʪʢʦʡ  ʛʠʙʨʠʜʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  ANFIS (3/1)  (ʨʠʩʫʥʦʢ 5.1.28). 
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ʈʠʩʫʥʦʢ 5.1.28 ï  ʉʪʨʫʢʪʫʨʘ  ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ANFIS (3/1) 

 

ʉʣʦʡ 1 Input-ʚʭʦʜʥʦʡ ʩʣʦʡ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʬʘʟʠʬʠʢʘʮʠʠ. 

ʉʣʦʡ 2 Inputmf-ʚʳʭʦʜʳ ʥʝʡʨʦʥʦʚ ʵʪʦʛʦ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʠ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʦʚ. 

ʉʣʦʡ 3 Rule-ʚʳʭʦʜʘʤʠ ʥʝʡʨʦʥʦʚ ʵʪʦʛʦ ʩʣʦʷ ʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ 

ʧʨʝʜʧʦʩʳʣʦʢ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ ʙʘʟʳ ʟʥʘʯʝʥʠʡ ʩʠʩʪʝʤʳ. ɺʩʝ ʥʝʡʨʦʥʳ ʵʪʦʛʦ 

ʩʣʦʷ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ  L- ʥʦʨʤʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʧʝʨʘʮʠʠ çʀè. 

ʉʣʦʡ 4 Outputmf- ʥʝʡʨʦʥʳ ʵʪʦʛʦ ʩʣʦʷ ʚʳʯʠʩʣʷʶʪ ʠ ʬʦʨʤʠʨʫʶʪ ʟʥʘʯʥʠʷ 

ʚʳʭʦʜʦʚ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʣʦʡ 5 Output-ʥʝʡʨʦʥʳ ʜʘʥʥʦʛʦ ʩʣʦʷ ʚʳʧʦʣʥʷʶʪ ʦʧʝʨʘʮʠʶ ʜʝʬʘʟʠʬʠʢʘʮʠʠ. 
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ɼʘʣʝʝ ʧʨʦʚʦʜʠʤ ɸʥʘʣʠʟ ʧʦʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʩ 

ʛʨʘʬʠʯʝʩʢʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; 

 

ʅʘ ʨʠʩʫʥʢʘʭ 5.1.29 (ʘ, ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ 

ʚʳʚʦʜʘ. 

 

 

 

 

 

(ʘ) 
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(ʙ) 

ʈʠʩʫʥʢʠ 5.1.29. (ʘ, ʙ) ï ʇʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ʅʘ ʨʠʩʫʥʢʝ.5.1.30  ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʥʳʤ 

ʢʦʥʪʫʨʦʤ ʎʉʇ.  ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʚʳʧʦʣʥʷʝʪ ʥʝʡʨʦʥʥʘʷ  ʩʝʪʴ  

ANFIS. 
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ʈʠʩʫʥʦʢ 5.1.30 ï ʉʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ  ʩʢʦʨʦʩʪʥʳʤ  ʢʦʥʪʫʨʦʤ ʎʉʇ 

ʥʘ ʙʘʟʝ ʘʥʩʘʤʙʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ANFIS, FRNN  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʨʘʙʦʪʳ ʎʉʇ  

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ  ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ  

 

 

ʅʘ ʨʠʩʫʥʢʘʭ 5.1.31 (ʘ, ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ʎʉʇ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʘʤ (ʘ)  ʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘʤ (ʙ) ʧʨʠ 

ʯʘʩʪʦʪʝ ʠ ʚʨʘʱʝʥʠʷ  1 ʦʙ/ʤʠʥ.  

 

 
(ʘ) 

 

 

 
(ʙ) 

ʈʠʩʫʥʢʠ 5.1.31 (ʘ, ʙ) ï ʈʘʙʦʪʘ ʎʉʇ ʩ   ʪʨʘʜʠʮʠʦʥʥʳʤʠ  ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʨʝʛʫʣʷʪʦʨʦʤ (ʘ) ʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʤ (ʙ) ʧʨʠ ʯʘʩʪʦʪʝ ʠ ʚʨʘʱʝʥʠʷ 1 ʦʙ/ʤʠʥ 
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ɸʥʘʣʠʟʠʨʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ (ʨʠʩʫʥʢʠ.5.1.31 (ʘ, ʙ)) ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ  ʤʝʪʦʜʳ  ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʎʉʇ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ  ʥʘ 10% . 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ  

ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʎʉʇ ʜʣʷ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʧʦʜʪʚʝʨʞʜʝʥʳ ʘʢʪʘʤʠ ʚʥʝʜʨʝʥʠʷ:  
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5.2. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʅʉʋ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ ʨʦʙʦʪʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ ʚ ʦʪʯʝʪʘʭ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ òʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷò  ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʧʨʦʝʢʪʘ ˉ2. 12/1509, ʧʨʦʝʢʪʘ ˉ2. 

12/1509,  ʤʝʨʦʧʨʠʷʪʠʝ 2., ʨʘʟʜʝʣ 2.1, ʧʦʜʨʘʟʜʝʣ  21.2 ñʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ 

ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʝʭʘʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʥʘ ʙʘʟʝ 

ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʪʠʧʘ ñʍʦʙʦʪò, ʩʦʛʣʘʩʥʦ   ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʝ ñʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʰʝʡ 

ʰʢʦʣʳ (2009-2010 ʛʦʜʳ)ò, ʘʢʪ ʦ ʚʥʝʜʨʝʥʠʠ ʦʪ 07. 0 3. 2011ʛ. 

 

 ʅʝʡʨʦʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʭʘʪʨʦʥʠʢʠ ʪʨʠʧʦʜʘ  

 

 ʄʝʭʘʥʠʟʤ ʤʝʭʘʪʨʦʥʠʢʠ ʪʨʠʧʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.5.2.1. ʉ ʦʩʥʦʚʘʥʠʝʤ 

ʩʚʷʟʘʥʘ ʥʝʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ AXYZ, ʦʩʴ AX  ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʪʦʯʢʫ 3A , ʦʩʴ AY ʚʝʨʪʠʢʘʣʴʥʘ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ B, ʦʩʴ AZ  

ʜʦʧʦʣʥʷʝʪ ʦʩʠ AX , AY ʜʦ ʧʨʘʚʦʡ ʪʨʦʡʢʠ. ʉ ʧʣʘʪʬʦʨʤʦʡ ʞʝʩʪʢʦ ʩʚʷʟʘʥʘ 

ʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ Bxyz, ʦʩʴ Bx ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ 

3B , ʦʩʴ By  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʣʘʪʬʦʨʤʳ, ʦʩʴ Bz ʜʦʧʦʣʥʷʝʪ ʦʩʠ 

Bx, By  ʜʦ ʧʨʘʚʦʡ ʪʨʦʡʢʠ. ʆʨʠʝʥʪʘʮʠʷ ʧʣʘʪʬʦʨʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʘʤʠ ʕʡʣʝʨʘ j, c (ʨʠʩʫʥʦʢ 5.2.2) [28, 30].  

 



190 

 

 

 

ʈʠʩʫʥʦʢ 5.2.1ï ʄʝʭʘʪʨʦʥʠʢʘ ʪʨʠʧʦʜʘ  

 

 

ʈʠʩʫʥʦʢ 5.2.2ï ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 
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ɼʠʥʘʤʠʢʘ ʪʨʠʧʦʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ [4],5,31]. 

. 

2,332,222,11 coscoscos ggg FFFMghM +++-=
¶¶

,   (5.2.1) 

ä
=

¶¶

+=
3

1
,11,1,1 ),(

2 i
iicF

b
J gcjj ä

=

+
3

1
,22,1,2 ),(

2 i
iicF

b
gcj ä

=

3

1
,33,1,3 ),(

i
iicrF gcj , (,5.2.2) 

ä
=

¶¶

+=
3

1
,11,2,1 ),(

2 i
iicF

b
J gcjc ä

=

+
3

1
,22,2,2 ),(

2 i
iicF

b
gcj ä

=

3

1
,33,2,3 ),(

i
iicF gcjr , (,5.2.3) 

ʛʜʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: constM =  - ʤʘʩʩʘ ʧʣʘʪʬʦʨʤʳ; g  - 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; 321 ,, FFF  - ʫʩʠʣʠʷ, ʨʘʟʚʠʚʘʝʤʳʝ ʧʨʠʚʦʜʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʰʪʘʥʛ; 1,ig , 2,ig , 3,ig  - ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʘ ig, ]3:1[Íi . 

ʇʣʘʪʬʦʨʤʘ, ʢʘʢ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʧʦʣʘʛʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

By, ʪʘʢ ʯʪʦ ʝʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ zx JJ ,  ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ: JJJ zx == . 

ʌʫʥʢʮʠʠ ),(,, cjkjic , ]3:1[,, Íkji  ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʘʙʦʪʘʭ[112 ï 114]. 

ʆʙʦʙʱʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ h , j, c

. 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʅʝʡʨʦʩʝʪʝʚʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʳʧʦʣʥʝʥʘ ʜʣʷ 

ʩʣʫʯʘʷ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ h , j, c ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʇʝʨʝʜʥʠʡ ʠ ʟʘʜʥʠʡ ʬʨʦʥʪʳ ʵʪʦʛʦ 

ʠʤʧʫʣʴʩʘ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʛʣʘʜʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʠ (ʬʫʥʢʮʠʠ ʍʵʚʠʩʘʡʜʘ) ʚʠʜʘ:  

)(21

1
),(

~
stpe

stH
--+

= ,                                (5.2.4) 

ʛʜʝ ʙʦʣʴʰʝʤʫ p  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʥʠʷ ʬʫʥʢʮʠʠ 

ʚ ʪʦʯʢʝ st= .  
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 ɻʦʚʦʨʷ ʙʦʣʝʝ ʩʪʨʦʛʦ, ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ 

)(th , )(tj , )(tc , ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʠʤʧʫʣʴʩʥʦʤʫ ʟʘʢʦʥʫ 

î
î

í

î
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ì

ë

+²+
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+<<++
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+

=
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),6(,
1

),6()3(,

),3(,
1

)(

)(

)(

stq
e

f

stsqf

stq
e

f

tx

stp

stp

  (5.2.5) 

ʛʜʝ f ï ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʘ, q  - ʩʤʝʱʝʥʠʝ.  

 ɼʘʣʝʝ ʥʘʤ ʧʦʥʘʜʦʙʷʪʩʷ ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ (5.2.5). 

ʆʛʨʘʥʠʯʠʤʩʷ ʚʳʨʘʞʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʢʘʟʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʣʷ 

ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʬʨʦʥʪʦʚ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
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-= (,5.2.6).           

]}10:1[),({ 11

Íithi , ]}10:1[),({ 22

Íitij , ]}10:1[),({ 33

Íitic  

ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʤʧʫʣʴʩʥʳʭ 

ʬʫʥʢʮʠʡ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ qspf ,,, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.2.1..  

 

ʊʘʙʣʠʮʘ 5.2.1ïɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʜʣʷ ʪʨʠʧʦʜʘ  

 

ʌʫʥʢʮʠʷ 
321 ,, iii  f  p  s q  

 

 

 

 

)(
1

thi  

 

1 0,00 -1,2 4,0 1,0 

2 0,20 -1,2 4,0 1,0 

3 0,20 -1,8 4,0 1,0 

4 0,08 -2,0 4,0 1,0 

5 0,10 -2,0 4,0 1,0 

6 0,12 -2,0 4,0 1,0 

7 0,14 -2,0 4,0 1,0 

8 0,16 -2,0 4,0 1,0 

9 0,18 -2,0 4,0 1,0 

10 0,20 -2,0 4,0 1,0 

 

 

 

)(
2

tij ,
 

1 0 -1,2 4,0 0,0 

2 /́3 -1,2 4,0 0,0 

3 /́3 -1,8 4,0 0,0 

4 2 /́15 -2,0 4,0 0,0 
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)(
3

tic  5 /́6 -2,0 4,0 0,0 

6 /́5 -2,0 4,0 0,0 

7 7 /́30 -2,0 4,0 0,0 

8 4 /́15 -2,0 4,0 0,0 

9 3 /́10 -2,0 4,0 0,0 

10 /́3 -2,0 4,0 0,0 

 

 ɼʣʷ ʦʪʳʩʢʘʥʠʷ ʫʩʠʣʠʡ ʚ ʰʪʘʥʛʘʭ )(1 tF , )(2 tF , )(3 tF , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʢʘʟʘʥʥʳʤ ʟʘʢʦʥʘʤ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʬʫʥʢʮʠʠ )(
1

thi , )(
2

tij , 

)(
3

tic  ʜʚʘʞʜʳ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦʜʩʪʘʚʠʤ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (5.2.7 ï 5.2.9). ʇʦʣʫʯʝʥʥʳʝ ʚ ʠʪʦʛʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 

IIIIIIi FFFMghM ,2,3,3,2,2,2,2,1,1 coscoscos
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ʛʜʝ ),,( 321 iiiI =  - ʤʫʣʴʪʠʠʥʜʝʢʩ. 

ʅʘ ʨʠʩʫʥʢʝ 5.2.3.ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʜʣʷ ʪʨʠʧʦʜʘ  
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ʘ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
1

thi  

 

ʙ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
2

tij                             ʚ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
3

tic  

ʈʠʩʫʥʦʢ 5.2.3 ï ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʜʣʷ ʪʨʠʧʦʜʘ 3  

 

 ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʫʨʘʚʥʝʥʠʷ (5.2.7-5.2.9) ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ 

ʪʨʝʭ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʫʩʠʣʠʡ 

1 2 3, ,F F Fʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʈʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (5.2.7-5.2.9) ʥʘ ʥʝʢʦʪʦʨʦʡ 

ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʝ D ʦʢʦʥʯʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʶʪ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ )(
1

thi

, )(
2

tij , )(
3

tic , ]10:1[,, 321 Íiii  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

)(,1 tF I , )(,2 tF I , )(,3 tF I  ʚ ʫʟʣʘʭ ʫʢʘʟʘʥʥʦʡ ʩʝʪʢʠ.  
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ʇʦʩʪʨʦʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʫʝʤ MatLab-ʬʫʥʢʮʠʶ 

newnarx (P, T, n, m, N) ʧʘʢʝʪʘ Neural Network Toolbox. ʌʫʥʢʮʠʷ ʩʦʟʜʘʝʪ 

ʜʚʫʭʩʣʦʡʥʫʶ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʫʶ NARX ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

ʧʦ ʚʳʭʦʜʫ.  ʇʘʨʘʤʝʪʨʳ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

ʈ ï ʤʘʪʨʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʘʙʦʨʘ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

)(,1 tF I , )(,2 tF I , )(,3 tF I  ; ʊ ï ʤʘʪʨʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʘʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʳʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ )(
1

thi , )(
2

tij , )(
3

tic ,m, n ï ʯʠʩʣʦ 

ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʧʦ ʚʭʦʜʘʤ ʠ ʚʳʭʦʜʘʤ ʩʝʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; N ï ʯʠʩʣʦ 

ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ ʩʝʪʠ.  

 ʀʩʧʦʣʴʟʫʝʤ ʩʠʛʤʦʠʜʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 

)1(

1
)(

xe
xlogsig

-+
= , (5.2.10) 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ [30]. ɺʠʜ 

ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ ʟʘʜʘʝʤ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷ transferFcn ʩʪʨʫʢʪʫʨʳ 

net.layers{n}. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʚʝʩ ʚʭʦʜʘ ʥʝʡʨʦʥʘ, ʢʦʪʦʨʳʡ ʦʥ 

ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʟʘʜʘʝʤ ʚ ʧʦʣʝ mu_max 

ʩʪʨʫʢʪʫʨʳ net.trainParam. 

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʨʝʘʣʠʟʫʝʤ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

trainlm (net, P, T). ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʚʳʭʦʜʘ ʠʟ ʮʠʢʣʘ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤ 

ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʵʧʦʭ ʦʙʫʯʝʥʠʷ ʠʣʠ ʜʦʧʫʩʪʠʤʦʡ ʦʰʠʙʢʠ 

ʦʙʫʯʝʥʠʷ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʦʩʪʨʦʝʥʥʦʡ NARX ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʠʣʣʶʩʪʨʠʨʫʝʪ  ʨʠʩ.5.2.4, ʛʜʝ jE  - ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ 

ʦʙʫʯʝʥʠʷ (mse) ʧʦ ʢʦʦʨʜʠʥʘʪʝ )(tj , ʘ j  - ʥʦʤʝʨ ʵʧʦʭʠ ʦʙʫʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 5.2.4 ï ʂ ʦʙʫʯʝʥʠʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʝʡ ʪʨʠʧʦʜ 3 

 
 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʩʪʝʤʳ  ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʩʦʚ ʥʝʡʨʦʥʦʚ, ʩ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ. ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʩʷʪʠʢʨʘʪʥʦʝ ʦʙʫʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠʟ ʩʣʫʯʘʡʥʳʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʚʝʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʟʫʣʴʪʘʪʘ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʫʶ 

ʦʰʠʙʢʫ ʦʙʫʯʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʦʯʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʝʪʠ ʩ ʰʝʩʪʴʶ ʥʝʡʨʦʥʘʤʠ ʚ ʩʢʨʳʪʦʤ 

ʩʣʦʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʠʧʦʜʘ 3 ʠʣʣʶʩʪʨʠʨʫʝʪ  

ʨʠʩʫʥʦʢ 5.2.5, ʥʘ ʢʦʪʦʨʦʤ )(tx , )(~ tx  - ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ x, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ (5.2.7-

5.2.9) ʠ ʝʝ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

)}(),(),({)( ttthtx cjÍ .  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʫʧʨʘʚʣʷʶʱʠʝ 
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ʩʠʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ )(1 tF , )(2 tF , )(3 tF  ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʡ (1=k ), 

ʜʚʫʭ  

( 2=k ) ʠ ʪʨʝʭ (3=k ) ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ.  

 

 

 

ʘ) - ʬʫʥʢʮʠʠ )(th , )(
~

th  

 

 

ʙ) ï ʬʫʥʢʮʠʠ )(tj , )(~ tj                              ʚ) ï ʬʫʥʢʮʠʠ )(tc , )(~ tc  

ʈʠʩʫʥʦʢ 5.2.5 ï  ʇʦʛʨʝʰʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʨʠʧʦʜʘ 3 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ:  

-ʚʝʣʠʯʠʥʘ xm  (ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ) ï ʯʠʩʣʦ ʪʝʩʪʦʚʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ )(1 tF , )(2 tF , )(3 tF , ʜʣʷ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
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ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x (ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ 

ʥʘ ʬʨʦʥʪʝ ʠʤʧʫʣʴʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 30%); 

-ʚʝʣʠʯʠʥʘ xn  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x, ʚʳʯʠʩʣʝʥʥʘʷ 

ʥʘ ʤʥʦʞʝʩʪʚʝ ʫʢʘʟʘʥʥʳʭ ʪʝʩʪʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ: 

ä
=

=
x

jx

x

x e
m

a
am

n
1

,

1
;   ]:1[ xMj Ía ;    ä

=

-
=

x

a

aa

a x 1
,

)(

)(~)(1

i ij

ijij

jx
tx

txtx
e . 

 (5.2.11) 

ɿʜʝʩʴ x - ʯʠʩʣʦ ʫʟʣʦʚ xttt ,...,, 21  ʩʝʪʢʠ D, ʥʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ )(1 tF , )(2 tF , )(3 tF  (ʘ ʪʘʢʞʝ ʦʙʦʙʱʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ },,{ cjhxÍ ); )( ij tx
a

 - ʟʥʘʯʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʢʘʟʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʤʥʦʞʝʩʪʚʫ 

xM , ʚ ʫʟʣʝ it  ʩʝʪʢʠ D; xM  - ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʪʝʩʪʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x (ʦʙʱʝʝ 

ʯʠʩʣʦ ʪʘʢʠʭ ʥʦʤʝʨʦʚ, ʦʯʝʚʠʜʥʦ, ʨʘʚʥʦ xm).  

 ʀʥʪʝʛʨʘʣʴʥʳʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʪʨʠʧʦʜʘ 3 ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 5.2.6, ʛʜʝ %100~

x

x
x

M

m
m = . 
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ʘ) ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ 

 

ʙ) ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ 

ʈʠʩʫʥʢʠ 5.2.6 (ʘ, ʙ) ï  ʂ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʪʨʠʧʦʜʘ 3: k- ʯʠʩʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʷʚʰʠʭʩʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, 

 

ʅʝʡʨʦʩʝʪʝʚʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʭʘʪʨʦʥʠʢʠ ʛʝʢʩʘʧʦʜʘ 

 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʢʠ ʛʝʢʩʘʧʦʜʘ 

 

     ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʛʝʢʩʘʧʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.2.7, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 621 ,...,, AAA  - ʥʝʧʦʜʚʠʞʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʦʩʥʦʚʘʥʠʝ; 621 ,...,, BBB  - ʧʦʜʚʠʞʥʘʷ ʧʣʘʪʬʦʨʤʘ; ),( ii BA , ]6:1[Íi  - ʧʦʜʚʠʞʥʘʷ 

ʰʪʘʥʛʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʩʪʝʨʞʥʝʡ ʠ ʘʢʪʠʚʥʦʡ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ (ʧʨʠʚʦʜʘ). ʐʘʨʥʠʨʳ ɻʫʢʘ 621 ,...,, AAA  ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ A, ʘ ʩʬʝʨʠʯʝʩʢʠʝ 

ʰʘʨʥʠʨʳ 621 ,...,, BBB  - ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ rʩ ʮʝʥʪʨʦʤ ʚ 

ʪʦʯʢʝ B [30,31]. 
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ʈʠʩʫʥʦʢ 5.2.7 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʛʝʢʩʘʧʦʜʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ 

ʧʦʜʚʠʞʥʦʩʪʠ: 621 ,...,, AAA  - ʰʘʨʥʠʨʳ ɻʫʢʘ; 621 ,...,, BBB  - ʩʬʝʨʠʯʝʩʢʠʝ 

ʰʘʨʥʠʨʳ  
 

ʉ ʮʝʥʪʨʦʤ ʦʢʨʫʞʥʦʩʪʠ 621 ,...,, AAA  ʞʝʩʪʢʦ ʩʚʷʟʘʥʘ ʥʝʧʦʜʚʠʞʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ AXYZ, ʦʩʴ AX  ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʰʘʨʥʠʨ 3A , ʦʩʴ 

AY ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʦʩʥʦʚʘʥʠʶ ʠ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʭʘʥʠʟʤʘ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ B, ʘ ʦʩʴ AZ  ʦʙʨʘʟʫʝʪ ʩ ʦʩʷʤʠ AX , AY ʧʨʘʚʫʶ 

ʪʨʦʡʢʫ. ɸʥʘʣʦʛʠʯʥʦ, ʩ ʮʝʥʪʨʦʤ ʧʣʘʪʬʦʨʤʳ B  ʩʚʷʟʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

Bxyz, ʦʩʴ Bx ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʰʘʨʥʠʨ 3B , ʦʩʴ By  ʥʘʧʨʘʚʣʝʥʘ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʦʩʥʦʚʘʥʠʶ, ʘ ʦʩʴ Bz ʦʙʨʘʟʫʝʪ ʩ ʦʩʷʤʠ Bx, By  ʧʨʘʚʫʶ ʪʨʦʡʢʫ. 

ʆʨʠʝʥʪʘʮʠʷ ʧʣʘʪʬʦʨʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʘʤʠ 

ʕʡʣʝʨʘ j, c, q (ʨʠʩʫʥʦʢ 5.2.8). 
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ʈʠʩʫʥʦʢ 5.2.8 ï ɺʟʘʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ AXYZ, Bxyz 
 

ɼʠʥʘʤʠʢʘ ʛʝʢʩʘʧʦʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
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 (5.2.12) 
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jijii cF gqcj ,    (5.2.13) 
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jijii cF gqcj ,     (5.2.14) 

=
¶¶

qzJ ( )ä ä
= =

6

1

3

1
,3,, cos),,(

i j
jijii cF gqcj ,    (5.2.15) 

ʛʜʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: BXX= , BYY= , BZZ=  - ʢʦʦʨʜʠʥʘʪʳ 

ʮʝʥʪʨʘ ʧʣʘʪʬʦʨʤʳ (ʪʦʯʢʠ B) ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ AXYZ; constM =  - ʤʘʩʩʘ 

ʧʣʘʪʬʦʨʤʳ; g  - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; xJ , yJ , zJ  - ʧʦʩʪʦʷʥʥʳʝ 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʣʘʪʬʦʨʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ Bxyz; )(tFF ii =  - ʫʩʠʣʠʷ, ʨʘʟʚʠʚʘʝʤʳʝ ʧʨʠʚʦʜʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʰʪʘʥʛ; ji ,g  - ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʘ ig; ),,(,, qcjkjic  - ʠʟʚʝʩʪʥʳʝ 
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ʬʫʥʢʮʠʠ; ]6:1[Íi , ]3:1[, Íkj . ʆʙʦʙʱʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʤʦʜʝʣʠ 

ʤʝʭʘʥʠʟʤʘ  ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ X , Y , Z , j, c, q[4]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʪʨʠʧʦʜʘ , ʥʝʡʨʦʩʝʪʝʚʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʢʩʘʧʦʜʘ ʚʳʧʦʣʥʝʥʘ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ X , Y , Z , j, c, q ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʊʘʢ ʯʪʦ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʤʧʫʣʴʩʥʳʭ ʬʫʥʢʮʠʡ. 

)(
1

tX i , )(
2

tYi , )(
3

tZi , )(
4

tij , )(
5

tic , )(
6

tiq ,   ]10:1[Íji , ]6:1[Íj , 

 ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ qspf ,,, ʫʢʘʟʘʥʥʳʭ ʬʫʥʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 

5.2.2, 5.2.3. ʊʘʙʣʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʨʠʘʥʪʫ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 21=i , 

52=i , 103=i , 54=i , 65=i , 86=i . 

 

ʊʘʙʣʠʮʘ 5.2.2ï ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʢʦʦʨʜʠʥʘʪʳX ,Y ,Z ) 

 

ʌʫʥʢʮʠʷ ji  f p s q 

 

 

 

)(
1

tX i , 

)(
3

tZi  

1 0,00 -1.2 4,0 0,0 

2 0,20 -1.2 4,0 0,0 

3 0,20 -1.8 4,0 0,0 

4 0,08 -2 4,0 0,0 

5 0,10 -2 4,0 0,0 

6 0,12 -2 4,0 0,0 

7 0,14 -2 4,0 0,0 

8 0,16 -2 4,0 0,0 

9 0,18 -2 4,0 0,0 

10 0,20 -2 4,0 0,0 

 

 

 

)(
2

tYi  

1 0,00 -1.2 4,0 1,0 

2 0,20 -1.2 4,0 1,0 

3 0,20 -1.8 4,0 1,0 

4 0,08 -2 4,0 1,0 

5 0,10 -2 4,0 1,0 

6 0,12 -2,0 4,0 1,0 

7 0,14 -2,0 4,0 1,0 

8 0,16 -2,0 4,0 1,0 

9 0,18 -2,0 4,0 1,0 

10 0,20 -2,0 4,0 1,0 
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ʊʘʙʣʠʮʘ 5.2.3ï ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʢʦʦʨʜʠʥʘʪʳqcj ,, ) 

 

ʌʫʥʢʮʠʷ ji  f p s q 

 

 

 

)(
4

tij , 

)(
5

tic  

1 0 -1,2 4,0 0,0 

2 ˊ/3 -1,2 4,0 0,0 

3 /́3 -1,8 4,0 0.0 

4 2 /́15 -2,0 4,0 0,0 

5 /́6 -2,0 4,0 0,0 

6 /́5 -2,0 4,0 0,0 

7 7 /́30 -2,0 4,0 0,0 

8 4 /́15 -2,0 4,0 0,0 

9 3 /́10 -2,0 4,0 0,0 

10 /́3 -2,0 4,0 0,0 

 

 

 

)(
6

tiq  

1 0 -1,2 4,0 0,0 

2 /́6 -1,2 4,0 0,0 

3 /́6 -1,8 4,0 0,0 

4 2 /́15 -2,0 4,0 0,0 

5 /́6 -2,0 4,0 0,0 

6 /́5 -2,0 4,0 0,0 

7 7 /́30 -2,0 4,0 0,0 

8 4 /́15 -2,0 4,0 0,0 

9 3 /́10 -2,0 4,0 0,0 

10 /́3 -2,0 4,0 0,0 

 

ɼʣʷ ʦʪʳʩʢʘʥʠʷ ʫʩʠʣʠʡ ʚ ʰʪʘʥʛʘʭ )(tFi , ]6:1[Íi , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 5.2.2 ʟʘʢʦʥʘʤ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, 

ʜʚʘʞʜʳ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʬʫʥʢʮʠʠ )(
1

tX i , )(
2

tYi , )(
3

tZi , )(
4

tij , )(
5

tic , 

)(
6

tiq  ʧʦ ʚʨʝʤʝʥʠ  ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 

=
¶¶

1iXM ä
=

6

1
,1,, cos

i
IiIiF g , +-=

¶¶

MgYM i2 ä
=

6

1
,2,, cos

i
IiIiF g , =

¶¶

3iZM ä
=

6

1
,3,, cos

i
IiIiF g

,(5.2.16) 

=
¶¶

4ixJ j ( )ä ä
= =

6

1

3

1
,,,,1, cos),,(

i j
IjiIIIjiIi cF gqcj ,    (,5.2.17) 

=
¶¶

5iyJ c ( )ä ä
= =

6

1

3

1
,,,,2, cos),,(

i j
IjiIIIjiIi cF gqcj ,    (,5.2.18) 
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=
¶¶

6izJ q ( )ä ä
= =

6

1

3

1
,,,,3, cos),,(

i j
IjiIIIjiIi cF gqcj ,   (,5.2.19) 

ʛʜʝ ),,,,,( 654321 iiiiiiI =  - ʤʫʣʴʪʠʠʥʜʝʢʩ. 

 

ʘ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
1

tX i                               ʙ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
2

tYi  

 

ʚ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
3

tZi                               ʛ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
4

tij  

 

 

ʜ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
5

tic                               ʝ) - ʚʠʜ ʬʫʥʢʮʠʠ )(
6

tiq  

ʈʠʩʫʥʦʢ 5.2.9 ï ʂ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʜʣʷ ʛʝʢʩʘʧʦʜʘ  
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 ʋʨʘʚʥʝʥʠʷ (2.26-2.29) ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʰʝʩʪʠ ʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʫʩʠʣʠʡ )(tFi  ʚ ʢʘʞʜʳʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʘ ʚʨʝʤʝʥʥʦʡ 

ʩʝʪʢʝ D ʩ ʫʟʣʘʤʠ lttt ,...,, 10 , 00=t , 21==Ttl  ʩ. ʬʦʨʤʠʨʫʝʪ ʦʙʫʯʘʶʱʫʶ 

ʚʳʙʦʨʢʫ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ X , Y , Z , j, 

c, qʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʫʩʠʣʠʡ ʚ ʰʪʘʥʛʘʭ )(tFi ; ]6:1[Íi . ɺʠʜ ʬʫʥʢʮʠʡ 

)(tFi  ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʥʘʙʦʨʘ ʬʫʥʢʮʠʡ )(
1

tX i , )(
2

tYi , )(
3

tZi , )(
4

tij , )(
5

tic , 

)(
6

tiq  ʠʟ ʫʢʘʟʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ.5.2.10, 

ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʝ, ʠʤʝʶʱʝʡ ʰʘʛ =Dt 1 ʩ.  

 

 

                            ʘ) ʬʫʥʢʮʠʷ 1( )F t                                       ʙ) ʬʫʥʢʮʠʷ 2( )F t  
 

 

                          ʚ) ʬʫʥʢʮʠʷ 3( )F t                                    ʛ) ʬʫʥʢʮʠʷ 4( )F t  


