
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ 

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

 

ɯʅʉʊʀʊʋʊ ɸɽʈʆʂʆʉʄɯʏʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

 

ʂʘʬʝʜʨʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ 

 
çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ 629.735.3 

çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

_________ ʆ.ɺ. ɿʙʨʫʮʴʢʠʡ 
(ʧʽʜʧʠʩ)          (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ñ___ò_____________2019 ʨ. 

 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 
 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ (ʩʧʝʮʽʘʣʽʟʘʮʽʾ) 173 çɸʚʽʦʥʽʢʘè 

(ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʪʘ ʢʦʤʧʣʝʢʩʘʤʠ) 

ʥʘ ʪʝʤʫ: ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʥʘʜ̔ʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʥʘ ʩʪʘʜʽ ʾ

ʧʨʦʝʢʪʫʚʘʥʥʷ  

ɺʠʢʦʥʘʚ:  ʩʪʫʜʝʥʪ II ʢʫʨʩʫ, ʛʨʫʧʠ ɺʃ-81ʤʧ 

ʄʘʮʠʧʫʨʘ ɸʥʜʨʽʡ ɻʝʥʥʘʜʽʡʦʚʠʯ  
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) 

 
(ʧʽʜʧʠʩ)

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʅʝʯʠʧʦʨʝʥʢʦ ʆ.ʄ. 
(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

 
(ʧʽʜʧʠʩ)

ʈʝʮʝʥʟʝʥʪ 

 

ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ɸʈɹ, ʜ. ʪ. ʥ., ʧʨʦʬʝʩʦʨ ɸʨʭʠʧʦʚ ʆ.ɻ. 
(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

 
(ʧʽʜʧʠʩ)

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ 

ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

ʉʪʫʜʝʥʪ _____________ 
(ʧʽʜʧʠʩ) 

ʂʠʾʚ ï 2019 ʨʦʢʫ  
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ɯʥʩʪʠʪʫʪ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʂʘʬʝʜʨʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ) ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ (ʩʧʝʮʽʘʣʽʟʘʮʽʷ) ï 173 çɸʚʽʦʥʽʢʘè  
 

(ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʪʘ ʢʦʤʧʣʝʢʩʘʤʠ) 

 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

      ________ ʆ.ɺ. ɿʙʨʫʮʴʢʠʡ 

ç___è___________2019 ʨ. 

 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

ʄʘʡʠʧʫʨʽ ɸʥʜʨʽʶ ɻʝʥʥʘʜʽʡʦʚʠʯʫ  
1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ çɿʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʥʘ ʩʪʘʜʽʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷè, ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ʅʝʯʠʧʦʨʝʥʢʦ ʆʣʝʥʘ ʄʠʢʦʣʘʾʚʥʘ , 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç___è_________ 20__ ʨ. 

ˉ_____ 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ 16 ʛʨʫʜʥʷ 2019 ʨ. 

3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʫʣʴʪʠʢʦʧʪʝʨ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ ʉʂʃɸ. 

    ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʥʘʜʽʡʥʽʩʪʴ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

4. ɺʠʭʽʜʥʽ ʜʘʥʽ: ʢʣʽʤʘʪʠʯʥʘ ʢʘʪʝʛʦʨʽʷ ʚʠʢʦʥʘʥʥʷ ï ʟʘʛʘʣʴʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ï30 Ó ʊ Ò +50) ʦʉ; ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʩʦʪʠ (0 Ó ʅ Ò +500) ʤ; 

ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʩʦʪʠ +ï0,25 ʤ; ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ tʧʧ < 2 ʭʚ.; 

ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦ ʜʚʦʤ ʦʩʷʤ +ï2Á; ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 

ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʈ > 0,95; ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ï 5 ʛʦʜʠʥ; ʢʨʠʪʝʨʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʚʽʜʤʦʚʠ ï 

ʟʨʠʚ ʧʦʣʴʦʪʫ ʽ ʧʘʜʽʥʥʷ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʧʨʠ ʧʦʩʘʜʮʽ. 

5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ: 

5.1 ʆʛʣʷʜ, ʟʦʢʨʝʤʘ ʤʫʣʴʪʠʢʦʧʪʝʨʽʚ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʽ ʚʠʙʽʨ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ. 

5.2 ʉʪʨʫʢʪʫʨʥʘ ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʥʘʜʽʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥ.̫ 

5.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ, ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʟʘ 

ʦʙʨʘʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʾʭ ʘʥʘʣʽʟ. 

5.4. ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʧʽʜʚʠʱʝʥʦʾ 

ʥʘʜʽʡʥʦʩʪʽ. 

5.5. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʝʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʝʨʘ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

6. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ (ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ:  



6.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽ ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʤʫʣʴʪʠʢʦʧʪʝʨʘ. 

6.2. ʉʪʨʫʢʪʫʨʥʘ ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʪʝʨʘ. 

6.3. ɻʨʘʬʽʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ. 

6.4. ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʧʽʜʚʠʱʝʥʦʾ 

ʥʘʜʽʡʥʦʩʪʽ. 

7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ: 

7.1  ɼʦʧʦʚʽʜʴ ʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʟ ʧʫʙʣʽʢʘʮʽʻʶ ʪʝʟ. 

7.2  ʉʪʘʪʪʷ ʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ.  
 

8. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ  

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

- - - - 

9. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ            17.09.2018 ʨ.  

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 

 

ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʊʝʨʤʽʥ 

ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʜʠʩʝʨʪʘʮʽʾ 

ʇʨʠʤʽʪʢʘ 

1 ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʟ 

ʨʦʟʚʠʪʢʫ ʤʫʣʴʪʠʢʦʧʪʝʨʽʚ. 

  

2 ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʟ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʪʝʨʽʚ 

ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

  

3 ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʥʘʜʽʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʪʝʨʘ 

  

4 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʩʢʣʘʜʦʚʠʭ 

ʤʫʣʴʪʠʢʦʧʪʝʨʘ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʥʘʜʽʡʥʦʩʪʽ 

  

5 ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʩʦʢʦʥʘʜʽʡʥʦʛʦ 

ʤʫʣʴʪʠʢʦʧʪʝʨʘ 

  

6 ʆʬʦʨʤʣʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.   

7 ɿʘʭʠʩʪ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ.   

 

ʉʪʫʜʝʥʪ   ɸ.ɻ. ʄʘʮʠʧʫʨʘ 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ʆ.ʄ. ʅʝʯʠʧʦʨʝʥʢʦ 
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ʈɽʌɽʈɸʊ 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻ 109 ʩʪʦʨʽʥʢʠ, ʚ ʥʽʡ ʤʽʩʪʠʪʴʩʷ 77 ʬʦʨʤʫʣ 

41 ʽʣʶʩʪʨʘʮʽʡ, 4 ʪʘʙʣʠʮʴ ʪʘ 19 ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ: ɺ ʜʘʥʠʡ ʯʘʩ ʧʨʠ ʦʩʚʦʻʥʥʽ ʥʦʚʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʯʘʩʥʠʭ 

ʢʚʘʜʨʘʢʦʧʪʝʨʽʚ ʚʣʘʩʥʠʢʠ ʩʪʫʨʙʦʚʘʥʽ ʟʨʦʩʪʘʥʥʷʤ ʚʽʜʤʦʚ ʽ ʣʴʦʪʥʠʭ ʧʨʠʛʦʜ. 

ɺʠʚʯʝʥʥʷ ʽ ʘʥʘʣʽʟ ʣʴʦʪʥʠʭ ʧʨʠʛʦʜ ʽ ʚʠʷʚʣʝʥʥʷ ʾʭ ʧʨʠʯʠʥ ʧʦʢʘʟʫʻ ʱʦ ʟʨʦʩʪʘʥʥʷ ʾʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ ʧʨʠ ʚʠʨʦʙʥʠʯʠʭ ʥʝʜʦʣʽʢʽʚ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʦʣʴʦʪʽʚ ʧʦʤʠʣʦʢ ʚ ʪʝʭʥʽʮʽ ʧʽʣʦʪʫʚʘʥʥʷ ʘʙʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʚʠʨʦʙʥʠʯʽ ʥʝʜʦʣʽʢʠ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʢʣʘʜʘʻʪʴʩʷ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʡʥʠʭ ʣʴʦʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɺʩʝ ʮʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʧʨʘʮʶʚʘʥʥʷ ʘʣʝ ʽ ʮʽ ʟʘʭʦʜʠ ʥʝ 

ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʩʪʘʪʠʩʪʠʢʘ ʚʽʜʤʦʚ ʦʩʦʙʣʠʚʦ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʩʠʩʪʝʤ ʧʦʨʫʰʝʥʥʷ ʨʝʛʫʣʷʨʥʽʩʪʴ ʽ 

ʧʦʣʴʦʪʽʚ ʽ ʣʴʦʪʥʽʤʠ ʧʨʠʛʦʜʘʤʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥ :̫ ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʞʠʪʪʻʚʦʚʘʞʣʠʚʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚ ʫʤʦʚʘʭ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʧʝʨʝʜʧʦʣʴʦʪʥʠʡ ʽ 

ʣʴʦʪʥʦʾ ʧʽʜʛʦʪʦʚʢʠ. 

 

ɿʘʚʜʘʥʥʷ:  

¶ ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʚʘʜʨʘʢʦʧʪʝʨʽʚ ʪʘ 

ʤʫʣʴʪʽʢʦʧʪʝʨʽʚ ʱʝ ʥʘ ʩʪʘʜʽʾ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ: 

       -     ɸʥʘʣʽʟ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

       - ɺʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʫ ʟʙʝʨʝʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. 

        ʅʘʜʽʡʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ: 

- ʄʦʜʝʣʽ ʥʘʜʽʡʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʠʭ ʩʠʩʪʝʤ. 

- ʅʦʨʤʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. 

- ʈʦʟʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʩʠʩʪʝʤ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʚʘʜʨʘʢʦʧʪʝʨ , ʤʫʣʴʪʠʢʦʧʪʝʨ. 
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¤ ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʫʣʴʪʠʢʦʧʪʝʨʫ ʥʘ ʩʪʘʜʽʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: ʜʦ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ ʥʘʣʝʞʠʪʴ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ 

ʥʘʜʽʡʥʦʩʪʽ ʢʚʘʜʨʘʢʦʧʪʝʨʫ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ: ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ. ɺʩʷ ʮʷ ʨʦʙʦʪʘ ʨʦʟʨʦʙʣʝʥʥʘ ʜʣʷ ʪʦʛʦ ʱʦʙ ʥʝ ʚʠʥʠʢʘʣʦ 

ʧʨʦʙʣʝʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʽ , ʟʘʟʜʘʣʝʛʽʜʴ ʧʦʙʘʯʠʪʠ ʧʨʦʙʣʝʤʫ ʪʘ ʚʠʨʽʰʫʚʘʪʠ ʾʾ 

ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ . 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɹʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ,ʥʘʜʽʡʥʽʩʪʴ , ʢʚʘʜʨʦʢʦʧʪʝʨ , 

ʤʫʣʴʪʠʢʦʧʪʝʨ , ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ. 
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ABSTRACT 

The master's thesis is 109 pages, it contains 77 formulas 41 illustrations, 4 tables 

and 19 used source. 

Relevance: Currently, owners of new quadcopter owners are concerned about 

the growth of bounce and flight adventures when developing new and operating 

modern quadcopers. The study and analysis of flight adventures and the identification 

of their causes shows that their growth occurs due to the design and production defects 

of the organization of flight errors in the technique of piloting or operating a 

quadcopter. 

Design deficiencies are mainly laid down in the design of production and serial 

flight tests of the quadcopter. All this requires a lot of refinement, but these measures 

do not always lead to a significant increase in reliability, which is confirmed by the 

statistics of failures of particularly vital systems of disturbance of regularity and flights 

and flight adventures. 

Purpose of the study: The main purpose of this work is to investigate and analyze 

the reliability of vital systems to optimize their tests in terms of batch production, the 

development of methods and means of pre-flight and flight training. 

Task: 

Å Solving the problem of ensuring the reliability of quadcopter and multicopter 

at the design stage: 

       - Analysis of random processes of change of the determining parameter. 

       - Determination of the term of keeping working capacity 

        Reliability of complex technical systems: 

- Reliability models of serial systems. 

- Standardization of reliability of complex systems. 

- Calculation of complex reliability indicators for complex renewable systems. 

Object of study: quadcopter, multicopter. 

Subject of study: ensuring the reliability of the multicopter at the design stage. 

Scientific novelty: the scientific novelty includes the development of 

quadcopter reliability methods at the design stage, equipping the quadcopter with 
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modern barometric altimeters, and the installation of special programs to ensure 

reliability. 

Practical value: Practical value is the development of a security system. All this 

work is designed to avoid problems during operation, to see in advance the problem 

and solve it at the design stage. 

Keywords: Unmanned aerial vehicle, reliability, quadcopter, multicopter, 

reliability. 
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ɿʤʽʩʪ  

ʇʝʨʝʣʽʢ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴééééééééééééééééé.11 

ɺʩʪʫʧéééééééééééééééééééééééééé..12 

ɸʥʘʣʽʪʠʯʥʽʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠéééééééééééééééé..13 

1. ʆʛʣʷʜ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʟʦʢʨʝʤʘ 

ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ, ʽ ʚʠʙʽʨ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ. éééééééééé.14 

    1.1 ʄʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʨʝʭʪʣʠʚʠʭ ʚʽʜʤʦʚ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʽʾ ʚʠʢʠʜʽʚ. ééééééééééééééééééééééééé..14 

  1.2 ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʦʾ ʤʦʜʝʣʽ ʜʠʬʫʟʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ 

ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ. éééééééééééééééééééééé..é..17 

  1.3ʄʝʪʦʜ ʘʥʘʣʽʟʫ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽéééééééééééééééééééééééé..é.19 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ1éééééééééééééééééééé24 

 

2. ʂʨʠʪʝʨʽʾ ʪʘ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʦʙôʻʢʪʽʚéééééééééééééééééééééééééééé...11 

 2.1 ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽéééééééééééééééééé.11 

 2.2 ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽéééééééééééééééééééééééééé11 

 2.3 ʈʽʚʥʷʥʥʷ ʟʚôʷʟʢʫ ʧʦʢʘʟʥʠʢʽʚ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽééééééééééééééééééééééééé...11 

 2.4 ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʥʠʢʽʚ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽéééééééééééééééééééééééééé.11 

 2.5 ʇʦʢʘʟʥʠʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ 

ʟʙʝʨʝʞʫʚʘʥʦʩʪʽéééééééééééééééééééééééééé.11 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2. éééééééééééééééééééé11 

3. ʇʨʠʟʥʘʯʝʥʥʷ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘ ʧʨʠʥʮʠʧ ʜʽʾ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘéééééééééééééééééééééééééé11 

 3.1 ʇʨʠʥʮʠʧ ʜʽʾ ʢʚʘʜʨʦʢʦʧʪʝʨʘéééééééééééééééé11 

 3.2 ʆʧʠʩ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘéééééééééééééééééééééééééé.11 

 3.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʫʭʫ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘéééééééééééééééééééééééééé.11 

 3.4 ʇʨʠʟʥʘʯʝʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘéééééééééééééééé11 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3. ééééééééééééééééééé..11 

4. ʅʘʜʽʡʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤéééééééé éééé11 

 4.1 ʆʩʥʦʚʠ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤééééééééééééé11 

4.2 ʉʠʩʪʝʤʠ ʟ ʨʝʟʝʨʚʫʚʘʥʥʷʤ. ɿʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʩʠʩʪʝʤéééééééééééééééééééééééééééééé11 

4.3 ʄʦʜʝʣʽ ʥʘʜʽʡʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʠʭ 

ʩʠʩʪʝʤéééééééééééééééééééééééééééééé11 

4.4 ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʦʾ 

ʩʠʩʪʝʤʠééééééééééééééééééééééééééééé..11 

4.5 ʅʦʨʤʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤééééééééééé...11 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4. ééééééééééééééééééé..11 

5. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʜʽʘʛʥʦʩʪʠʢʠ ʚʪʨʘʪʠ ʚʠʩʦʪʠ ʧʦʣʴʦʪʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʥʘ ʧʦʯʘʪʢʫ ʡʦʛʦ ʧʘʜʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʠʩʦʪʦʤʽʨʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʘʨʽʾ. ééééééééééééééééé11 

 5.1 ʆʮʽʥʢʘ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ. ʉʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ. ééééééééééééééééééééééé.11 

5.2 ʄʝʪʘ ʨʦʙʦʪʠ ʪʘ ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ. ɸʥʘʣʽʟ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʚʜʘʥʥʷéééééééééééééééééééééééééééé11 

5.3 ʆʧʠʩ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ. ʆʧʠʩ 

ʘʥʘʣʦʛʽʚéééééééééééééééééééééééééééé11 

5.4 ʈʦʟʨʘʭʫʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʝʨʚʠʥʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ. ɺʪʦʨʠʥʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ. ɺʠʤʽʨʶʚʘʣʴʥʘ ʣʘʥʢʘ.éééééééééééééééé11 

5.5 ʄʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʽʟ ʧʨʠʯʠʥʘʤʠ ʧʘʜʽʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɺʠʢʣʶʯʝʥʥʷ 

ʧʘʜʽʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʧʨʠ ʚʪʨʘʪʽ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ.éééééééé....11 

5.6 ʂʚʘʜʨʦʢʦʧʪʝʨ ʟʘʣʝʪʽʚ ʟʘ ʧʝʨʝʰʢʦʜʫ ʧʝʚʥʦʾ ʰʠʨʠʥʠ ʽ ʚʠʩʦʪʠ, ʘʙʦ 

ʚʠʣʝʪʽʚ ʟ ʜʦʧʫʩʪʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʝʨʫʚʘʥʥʷ ʨʘʜʽʦʘʧʘʨʘʪʫʨʠ, ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ 

ʧʦʚʥʽʩʪʶ ʚʪʨʘʯʝʥʦ. éééééééééééééééééééééé....11 

5.7 ɿʘʚʘʜʠ ʚʠʢʨʠʚʣʶʶʪʴ ʽʤʧʫʣʴʩʠ ʚ ʬʨʝʡʤʽ 

ʩʠʛʥʘʣʫéééééééééééééééééééééééééé..é..11 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5. ééééééééééééééééééé11 

6. ʇʨʦʛʨʘʤʥʝ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ. éééééééééééééééééééééééé.11 

 6.1 ʇʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʦʨʜʠʥʘʪééééééééééééééééééééééééééé....11 

 6.2 ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷééééééééééééééééééééééééééé...11 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 6. éééééééééééééééééééé.11 

ɺʠʩʥʦʚʢʠ ééééééééééééééééééééééééé..111 

ʉʧʠʩʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣééééééééééééééééé..111 
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ʉʧʠʩʦʢ ʫʤʦʚʥʠʭ ʩʢʦʨʦʯʝʥʴ ʪʘ ʧʦʟʥʘʯʝʥʴ 

ʃɸ ï ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ; 

ɯɹʈ ð ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ. 

ʊɿ ï ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ; 

ɯɺʄ ï ʽʥʝʨʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ; 

ʎʄ ï ʮʝʥʪʨ ʤʘʩ; 

ʈʆɹɼ ï ʨʝʛʫʣʷʪʦʨ ʦʙʝʨʪʽʚ ʙʝʟʢʦʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ; 

ɼʂʐ ï ʜʘʪʯʠʢ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ; 

ɺʇ ï ʚʠʟʥʘʯʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ; 

ɻʄɻ ð ʛʚʠʥʪʦ-ʤʦʪʦʨʥʘ ʛʨʫʧʘ; 

ʎɹɺ ï ʮʠʬʨʦʚʠʡ ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʚʠʩʦʪʦʤʽʨ 

ʇɼʊ ï ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ ʪʠʩʢʫ  

ʇʇ ï ʧʝʨʚʠʥʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ɺʃ ï ʚʠʤʽʨʶʚʘʣʴʥʘ ʣʘʥʢʘ 

ʅʇ ï ʥʦʨʤʫʶʯʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʉʇʉ ï ʩʠʩʪʝʤʘ ʧʦʚʽʪʨʷʥʠʭ ʩʠʛʥʘʣʽʚ 
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ɺʩʪʫʧ 

ʂʚʘʜʨʦʢʦʧʪʝʨ ʷʢ ʩʢʣʘʜʥʠʡ ʪʝʭʥʽʯʥʠʡ ʦʙôʻʢʪ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʤʽʩʪʠʪʴ: 

1. ɸʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ. 

2. ʊʝʭʥʽʯʥʽ ʟʘʩʦʙʠ. 

3. ʄʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʡ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʙôʻʜʥʘʥʥʽ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɸʧʘʨʘʪʫʨʘ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʩʪʦʩʦʚʘʥʦʶ ʜʣ ̫ ʩʚʦʻʯʘʩʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʡ ʫʩʫʥʝʥʥʷ ʚʽʜʤʦʚ, ʙʫʪʠ ʥʘʜʽʡʥʦʶ. 

ʅʘʜʽʡʥʽʩʪʴ - ʮʝ ̫ʢʽʩʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ ʟʙʝʨʽʛʘʪʠ ʫ ʯʘʩʽ ʫ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʤʝʞʘʭ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʧʦʪʨʽʙʥʽ ʬʫʥʢʮʽʾ ʫ ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʪʘ ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ɺʽʜʤʦʚʘ ʪʝʭʥʽʢʠ ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʽ ʟʙʠʪʢʠ ʟʘʩʦʙʽʚ, ʩʠʣ ʽ ʯʘʩʫ ʯʝʨʝʟ ʨʫʡʥʫʚʘʥʥʷ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʽ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʮʠʤ ʧʨʦʩʪʦʻʤ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʟʙʠʪʢʘʤʠ ʚʽʜ ʥʝʚʠʢʦʥʘʥʠʭ ʟʘʚʜʘʥʴ. ʅʝʜʦʩʪʘʪʥʷ ʥʘʜʽʡʥʽʩʪʴ ʪʝʭʥʽʢʠ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ - ʦʜʥʘ ʟ ʥʘʛʘʣʴʥʠʭ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʣʴ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʫʯʘʩʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ʃɸ) ʟʨʦʩʪʘʻ ʯʝʨʝʟ ʙʝʟʫʧʠʥʥʝ ʾʭ ʫʩʢʣʘʜʥʝʥʥʷ, ʧʦʩʪʽʡʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ 

ʜʽʘʧʘʟʦʥʫ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʃɸ. 

ɺ ʭʦʜʽ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽ 

ʨʦʟʨʘʭʫʥʦʢ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 

ɹʝʟʚʽʜʤʦʚʥʽʩʪʴ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ ʙʝʟʫʧʠʥʥʦ ʟʙʝʨʽʛʘʪʠ ʧʨʘʮʝʟʜʘʪʥʠʡ 

ʩʪʘʥ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʫ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʚʽʜʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʚʜʘʥʥʷ (ʊɿ) ʚʠʩʪʫʧʘʻ ʟʨʠʚ ʧʦʣʴʦʪʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 
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     1. ʆʛʣʷʜ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʟʦʢʨʝʤʘ 

ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ, ʽ ʚʠʙʽʨ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ. 

1.1 ʄʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʨʝʭʪʣʠʚʠʭ ʚʽʜʤʦʚ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ 

ʚʠʢʠʜʽʚ 

 ʄʝʪʦʜ ʚʽʜʦʤʠʡ  ʽʟ ʩʪʘʪʪʽ [1] 

ʆʜʥʠʤ ʟ ʚʠʜʽʚ ʚʽʜʤʦʚ ʻ ʤʝʨʝʭʪʣʠʚʽ ʚʽʜʤʦʚʠ. ʊʘʢʽ ʚʽʜʤʦʚʠ ʩʢʣʘʜʥʦ 

ʧʨʦʛʥʦʟʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘ ʩʚʦʻʶ ʩʫʪʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦʶ 

ʧʨʠʨʦʜʦʶ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʝʨʛʦʜʠʯʥʠʤʠ ʽ ʥʝ ʝʨʛʦʜʠʯʥʠʤʠ, ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʫ 

ʰʠʨʦʢʦʤʫ ʘʙʦ ʚʫʟʴʢʦʤʫ ʨʦʟʫʤʽʥʥʽ. ʄʝʨʝʭʪʣʠʚʽ ʚʽʜʤʦʚʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʘʨʘʤʝʪʨʠʯʥʫ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠʩʪʨʦʶ ʫ ʚʠʧʘʜʢʫ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʜʨʝʡʬʽʚ 

ʧʘʨʘʤʝʪʨʽʚ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʠʭʦʜʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʨʽʚʝʥʴ ʜʦʧʫʩʢʫ 

ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʧʦʚʝʨʥʝʥʥʷ ʚ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʤʝʨʝʭʪʣʠʚʠʭ ʚʽʜʤʦʚ, ʘ 

ʩʘʤʝ ʫ ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʢʽʣʴʢʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʦʜʥʦʛʦ ʚʠʢʠʜʫ. ʆʩʥʦʚʦʶ ʪʘʢʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʚʠʢʠʜʽʚ . ɯʩʥʫʶʯʘ ʪʝʦʨʽʷ ʚʠʢʠʜʽʚ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʽʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ ʧʦʟʘ 

ʜʦʧʫʩʢʦʚʠʤ ʨʽʚʥʝʤ ʪʘ ʧʝʨʝʪʠʥʫ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ʜʦʧʫʩʢʦʚʦʛʦ ʨʽʚʥʷ ʥʘ 

ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ȹt ʪʘ ʧʝʨʝʡʪʠ ʜʦ ʢʽʣʴʢʦʩʪʽ ʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʢʠʜʽʚ . ɺʝʩʴ 

ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʊ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧʽʜ ʽʥʪʝʨʚʘʣʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚ ʢʦʞʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʤʦʞʝ ʩʪʘʪʠʩʴ ʥʝ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʚʠʢʠʜʫ. ʇʽʩʣʷ ʯʦʛʦ ʢʦʞʝʥ ʟ ʽʥʪʝʨʚʘʣʽʚ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʠʢʠʜʫ, ʽ ʧʽʜʨʘʭʦʚʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ, ʚ ʷʢʠʭ 

ʚʽʜʙʫʣʠʩʴ ʚʠʢʠʜʠ. ɺʠʟʥʘʯʝʥʥʷ ʚʠʢʠʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʰʣʷʭʦʤ: 

ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʯʠ ʧʝʨʝʪʠʥʘʚ ʚʠʧʘʜʢʦʚʠʡ ʧʘʨʘʤʝʪʨ ʥʘ ʜʘʥʦʤʫ ʧʨʦʤʽʞʢʫ 

ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ, ʽ, ʷʢʱʦ ʪʘʢ, ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʷʢʘ ʫ ʥʴʦʛʦ ʙʫʣʘ ʰʚʠʜʢʽʩʪʴ 

ʚʧʨʦʜʦʚʞ ʽʥʪʝʨʚʘʣʫ (ʜʦʜʘʪʥʘ - ʧʝʨʝʪʠʥ ʟʥʠʟʫ ʚʚʝʨʭ,  ʚʽʜôʻʤʥʘ - ʟʚʝʨʭʫ ʚʥʠʟ). ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʠʩʢʨʝʪʥʠʭ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʜʦ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʦʪʨʠʤʫʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʠʚʠʤʽʨʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 

ð ʜʣʷ ʜʦʜʘʪʥʠʭ ʚʠʢʠʜʽʚ 

0 0

( ) ( , , )

T

n T v f x v t dvdt

¤

= Ö =Dññ      (1) 

ð ʜʣʷ ʚʽʜôʻʤʥʠʭ ʚʠʢʠʜʽʚ 
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0

0

( ) ( , , )

T

n T v f x v t dvdt
-¤

= Ö =Dññ      (2) 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʢʠʜʽʚ ʥʘ ʧʝʚʥʦʤʫ ʧʨʦʤʽʞʢʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʨʦʟʙʠʚʰʠ ʟʘʛʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʥʘ ʧʽʜ ʽʥʪʝʨʚʘʣʠ ʽ 

ʟʥʘʶʯʠ ʫ ʢʦʞʥʦʤʫ ʟ ʧʽʜ ʽʥʪʝʨʚʘʣʽʚ ʽʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʱʝ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʜʦʧʫʩʢʫ, ʟʥʘʭʦʜʠʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʚʠʢʠʜʽʚ ʫ ʢʦʞʥʦʤʫ 

ʟ ʧʽʜ ʽʥʪʝʨʚʘʣʽʚ ʽ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ: 

( ) [ ] ,  1, 2, ..., .
n

âèê i i

t

t T t P x i n= D Ö >D =ä     (3) 

ɯʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚʠʱʝ ʨʽʚʥʷ ʜʦʧʫʩʢʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ ʥʘ ʽʥʪʝʛʨʘʣ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʽ 

ʚʨʘʭʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

[ ]( ) ( , )iP x t f x t dx

¤

D

>D =ñ      (4) 

ʊʘʢʘ ʟʘʤʽʥʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ ʩʫʤʠ ʜʦ ʽʥʪʝʛʨʘʣʫ. ʆʪʨʠʤʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ: 

0

( ) ( , )

T

ʚʠʢt T f x t dxdt

¤

D

=ññ      (5) 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʚʠʢʠʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʥʦʰʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʢʠʜʽʚ ʜʦ ʾʭ ʢʽʣʴʢʦʩʪʽ: 

( )
( )

( )

ʚʠʢ
ʩʝʨ

t T
t T

n T
=       (6) 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʚʠʢʠʜʽʚ, ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʚʠʢʠʜʫ ʥʘ ʧʨʦʤʽʞʢʫ ʚʽʜ 0 ʜʦ ʊ ʟʘ ʫʤʦʚʠ ʚʽʜʦʤʦʛʦ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʭ ʪʘ ʾʾ ʰʚʠʜʢʦʩʪʽ v ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ. 

ʊʦʙʪʦ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ 

ʧʘʨʘʤʝʪʨʘ: ʟʘ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʪʘ ʰʚʠʜʢʽʩʪʶ ʡʦʛʦ ʟʤʽʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʟʤʽʥ ʫ ʯʘʩʽ. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ, ʷʢ ʧʨʘʚʠʣʦ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʤʽʥ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʦʜʽʚʘʥʴ ʪʘ ʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ, ʷʢ ʟʘ ʟʥʘʯʝʥʥʷʤ, ʪʘʢ ʽ ʟʘ 

ʰʚʠʜʢʽʩʪʶ. ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʜʚʦʤʽʨʥʠʡ ʽʟ ʟʘʣʝʞʥʠʤʠ 

ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʩʧʦʜʽʚʘʥʥʷʤʠ. ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʚʽʜʦʤʦ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʚʦʤʽʨʥʠʡ ʟʘʢʦʥ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʷʢ 
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ʥʝʟʘʣʝʞʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʟʘ ʟʥʘʯʝʥʥʷʤ ʪʘ ʰʚʠʜʢʽʩʪʶ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʝʟʫʣʴʪʫʶʯʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʤʘʻ ʚʠʛʣʷʜ ʧʝʨʝʤʥʦʞʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʦʙʦʭ 

ʦʜʥʦʤʽʨʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ. ɸʣʝ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʟʘ ʰʚʠʜʢʽʩʪʶ ʧʦʙʫʜʫʚʘʪʠ 

ʪʘʢʦʞ ʥʝ ʜʫʞʝ ʧʨʦʩʪʦ, ʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʪʘʪʠʩʪʠʢʘ ʟʤʽʥʠ ʧʨʦʮʝʩʫ ʟʥʽʤʘʻʪʴʩʷ 

ʯʝʨʝʟ ʧʝʚʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʘ ʥʝ ʙʝʟʧʝʨʝʨʚʥʦ, ʮʝ ʚʟʘʛʘʣʽ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ. ʋ 

ʨʽʟʥʠʭ ʜʞʝʨʝʣʘʭ ʚ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʽʚ ʧʨʠʚʦʜʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʧʘʜʢʠ: 1. ɿʘʢʦʥ 

ʨʦʟʧʦʜʽʣʫ ʟʘ ʰʚʠʜʢʽʩʪʶ ʻ ʥʦʨʤʘʣʴʥʠʤ; 2. ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʟʘ ʰʚʠʜʢʽʩʪʶ ʻ 

ʽʜʝʥʪʠʯʥʠʤ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʟʘ ʟʥʘʯʝʥʥʷʤ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʢʦʥʠ 

ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʘ ʪʘ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʝʟʘʣʝʞʥʠʤʠ ʪʦʜʽ 

ʟʘʛʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʤʦʞʥʘ ʨʦʟʧʠʩʘʪʠ ʷʢ ʜʦʙʫʪʦʢ ʜʚʦʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ: 

f(x, v) = f(x)ẗf(v),       (7) 

a ʨʦʟʧʦʜʽʣ ʫ ʯʘʩʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʣʠʚʘʻʪʴʩʷ ʫ ʜʝʷʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʫʻʤʦ: 

f(x, v, t) = f(x, t)ẗf(v, t).      (8) 

ʊʘʢʝ ʩʧʨʦʱʝʥʥʷ ʜʦʟʚʦʣʷʻ, ʟʥʘʶʯʠ ʦʙʠʜʚʘ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ, ʚʠʟʥʘʯʠʪʠ 

ʟʘʛʘʣʴʥʠʡ, ʘʣʝ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʫ ʚʠʟʥʘʯʝʥʽ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ, ʱʦ 

ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʚʝʩʴ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ 

ʟʥʽʤʘʪʠ ʩʪʘʪʠʩʪʠʢʫ ʰʚʠʜʢʦʩʪʽ ʽ ʙʫʜʫʚʘʪʠ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ, ʘʙʦ ʟʥʦʚ 

ʟʨʦʙʠʪʠ ʜʦʧʫʱʝʥʥʷ ʽ ʩʧʨʦʱʝʥʥʷ.  

ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʘʙʦ 

ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʽʜʝʥʪʠʯʥʠʤ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʘ, ʘʙʦ ʥʦʨʤʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ. ɯ ʚ ʧʝʨʰʦʤʫ ʽ ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʜʣʷ 

ʰʚʠʜʢʦʩʪʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʚʚʘʞʘʻʤʦ ʩʪʘʮʽʦʥʘʨʥʠʤ. ʋ ʚʠʧʘʜʢʫ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 

ʧʦʭʽʜʥʫ ʚʽʜ ʨʝʛʨʝʩʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʯʘʩʦʤ: 

( )
( ) .x

v

dm t
m t

dt
=

                                                       
 (9) 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʫʩʢʣʘʜʥʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʣʷʮʽʡʥʦʾ 

ʬʫʥʢʮʽʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʟʤʽʥʠ 
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ʧʘʨʘʤʝʪʨʘ. ʂʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʻ ʜʨʫʛʦʶ ʧʦʭʽʜʥʦʶ ʟʽ ʟʥʘʢʦʤ ç-è 

ʧʦ t ʚʽʜ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ, ʽ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ: 

2

2

2

(0);

( )
( ) ;

(0).

x x x

x
v

v v v

D K

d K
K

dt

D K

ë = =
î
î

=-ì
î
î = =
í

s

t
t

s

      (10) 

ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 

ʆʩʢʽʣʴʢʠ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʥʘʩ ʮʽʢʘʚʠʪʴ ʪʽʣʴʢʠ ʚ ʦʢʦʣʽ ʪʦʯʢʠ Ű = 0, ʤʦʞʥʘ ʥʝ 

ʚʜʘʚʘʪʠʩʷ ʫ ʚʩʽ ʩʢʣʘʜʦʚʽ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ, ʘ ʦʧʠʩʘʪʠ ʾʾ ʣʠʰʝ ʦʛʠʥʘʶʯʦʶ, 

ʚʠʙʨʘʚʰʠ ʙʫʜʴ-ʷʢʠʡ ʚʠʛʣʷʜ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʜʞʝʨʝʣʘʭ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʠʭ 

ʚʠʛʣʷʜʽʚ 

2 2

2 2 2

2

( ) exp( );

( ) exp( );

( ) exp( ).

K a

K a

K a

= -

= -

= -

t s t

t s t

t s t

     (11) 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʴ ʷʢ ʫ ʚʠʧʘʜʢʫ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʘʢ ʽ ʫ ʚʠʧʘʜʢʘʭ 

ʧʨʦʮʝʩʫ ʟ ʧʝʨʽʦʜʠʯʥʦʶ ʩʢʣʘʜʦʚʦʶ ʪʘ ʢʚʘʟʽʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ. ʊʘʢʦʞ ʧʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʭʠʙʢʠ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʤʝʪʦʜʦʤ, 

ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʥʦʩʠʪʴʩʷ ʣʠʰʝ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʚʠʙʨʘʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ, 

ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʪʘ ʽʥʰʠʭ ʚʭʽʜʥʠʭ ʚʝʣʠʯʠʥ ʾʭ ʜʽʡʩʥʠʤ ʟʥʘʯʝʥʥʷʤ. 

ʉʫʪʪʻʚʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʻ ʨʷʜ ʧʨʠʧʫʱʝʥʴ ʽ ʩʧʨʦʱʝʥʴ, ʷʢʽ ʟʤʝʥʰʫʶʪʴ ʪʦʯʥʽʩʪʴ, ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʽ ʨʦʟʨʘʭʫʥʢʠ. 

 

1.2. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʦʾ ʤʦʜʝʣʽ ʜʠʬʫʟʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʜʣ̫ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ  

 ʄʝʪʦʜ ʚʽʜʦʤʠʡ ʟ ʩʪʘʪʪʽ [2] 

ʉʝʨʝʜ ʡʤʦʚʽʨʥʽʩʥʦ-ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤ ʻ ʜʠʬʫʟʽʡʥʠʡ ʥʝʤʦʥʦʪʦʥʥʠʡ ʨʦʟʧʦʜʽʣ (DN-ʨʦʟʧʦʜʽʣ). 

ɸʧʨʽʦʨʥʘ ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ DN-ʨʦʟʧʦʜʽʣʫ (ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ 

ʜʝʛʨʘʜʘʮʽʾ ʦʙôʻʢʪʘ) ʧʦʪʨʝʙʫʻ ʟʥʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʽʜʤʦʚʠ ʦʙôʻʢʪʘ ʽ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 
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ʚʢʘʟʘʥʠʭ ʫʤʦʚ. ʆʩʥʦʚʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ ʪʠʧʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ʜʝʛʨʘʜʘʮʽʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1.1 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ ʪʠʧʦʚʠʭ ʧʨʦʮʝʩʽʚ ʜʝʛʨʘʜʘʮʽʾ 

ɺʠʜ ʨʫʡʥʫʚʘʥʥʷ (ʧʨʦʮʝʩ 

ʜʝʛʨʘʜʘʮʽʾ) 

ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʧʨʦʮʝʩʫ 

ʜʝʛʨʘʜʘʮʽʾ 

ʉʪʘʪʠʯʥʝ ʨʫʡʥʫʚʘʥʥʷ 0,05-0,15 

ɺʪʦʤʘ: 

ʤʘʣʦʮʠʢʣʦʚʘ 

ʙʘʛʘʪʦʮʠʢʣʦʚʘ 

ʢʦʥʪʘʢʪʥʘ 

 

0,15-0,40 

0,40-1,00 

0,40-1,20 

ɿʥʦhʝʥʥʷ: 

ʤʝʭʘʥʦ-ʭʽʤʽʯʥʝ 

ʘʙʨʘʟʠʚʥʝ 

ʩʪʘʨʽʥʥʷ 

 

0,20-0,50 

0,40-1,00 

0,40-1,00 

ɽʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ 

(ʝʣʝʢʪʨʦʣʽʟ, ʤʽʛʨʘʮʽʷ ʟʘʨʷʜʽʚ, 

ʝʣʝʢʪʨʦʜʠʬʫʟʽʷ) 

0,70-1,50 

 

ɼʣʷ ʦʙôʻʢʪʽʚ, ʥʝ ʚʢʣʶʯʝʥʠʭ ʜʦ ʧʨʠʚʝʜʝʥʫ ʪʘʙʣʠʮʶ, ʘʧʨʽʦʨʽ ʚʠʟʥʘʯʘʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʥʘʨʦʙʽʪʢʫ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʜʝʛʨʘʜʘʮʽʾ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʽʜʤʦʚ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʚʘʨʽʘʮʽʾ ð ʫʟʘʛʘʣʴʥʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʧʨʦʮʝʩʽʚ ʜʝʛʨʘʜʘʮʽʾ 

ʦʙôʻʢʪʽʚ, ʷʢʘ ʚ ʤʝʥʰʫ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

(ʨʦʟʤʽʨʽʚ, ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʘ ʽʥʰʠʭ). 

ʇʨʠʡʥʷʪʪʷ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʟ ʚʢʘʟʘʥʦʛʦ ʫ ʪʘʙʣ. 1. 

ʜʽʘʧʘʟʦʥʫ ʜʠʢʪʫʻʪʴʩʷ ʤʽʨʢʫʚʘʥʥʷʤʠ ʟʘʛʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ: ʟʙʽʣʴʰʝʥʥʷ 

ʚʽʜʥʦʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʱʦʜʦ ʩʝʨʝʜʥʴʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʽ ʥʘʚʧʘʢʠ, ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ  

ʚʘʨʽʘʮʽʾ. 
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ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʥʘʨʦʙʽʪʢʫ ʥʘ ʚʽʜʤʦʚʫ (ʤʽʞ ʚʽʜʤʦʚʘʤʠ) 

ʦʙ'ʻʢʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʪʠʤ ʩʘʤʠʤ, ʷʢʱʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʦʙ'ʻʢʪʘ (ʩʠʩʪʝʤʠ), 

ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʥʘʨʦʙʽʪʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ, 

ʦʙʫʤʦʚʣʶʶʯʠʤʠ ʜʝʛʨʘʜʘʮʽʶ ʽ ʚʽʜʤʦʚʫ ʮʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ n ʚʽʜ 0,3 ʜʦ 1,3 ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʩʪʘʥʦʚʠʪʴ 4 %. ʋ ʧʨʘʢʪʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʮʝ ʜʦʩʠʪʴ ʚʠʩʦʢʘ 

ʪʦʯʥʽʩʪʴ. ʆʩʥʦʚʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ DN-ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʨʷʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2, ʧʨʠʯʦʤʫ ʫ ʚʠʨʘʟʽ DN-ʨʦʟʧʦʜʽʣʫ ʧʨʠʩʫʪʥʷ  ʥʦʨʤʦʚʘʥʘ ʬʫʥʢʮʽʷ 

ʃʘʧʣʘʩʘ 

2

2
1

( )
2

x t

x e dt
p-¤

F = ñ       (12) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʘʟ DN-ʨʦʟʧʦʜʽʣʫ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

2

2
( , , ) exp

t t
DN t

t t

m m
mn

nn m n m

å õ å õ- -å õ
=F - F -æ ö æ öæ öæ ö æ öç ÷ç ÷ ç ÷

    (13) 

ʊʘʙʣʠʮʷ 1.2 

ʆʩʥʦʚʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ DN-ʨʦʟʧʦʜʽʣʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ , ʦʟʥʘʯʝʥʥʷ DN-ʨʦʟʧʦʜʽʣ 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ m 

ɼʠʩʧʝʨʩʽʷ 2 2mn 

ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ n 

ɺʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ P(t) 
2

2
exp

t t

t t

m m

nn m n m

å õ å õ- -å õ
F - F -æ ö æ öæ öæ ö æ öç ÷ç ÷ ç ÷

 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ  l(t) 
( )

21

2

( )
2 exp

2

t
t t

t

m
n p m

n m

- è ø-
-é ù
ê ú

 

 

1.3. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ 

ʄʝʪʦʜ [3] ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘʤʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ (ʘʙʦ 

ʩʠʩʪʝʤ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʥʦʛʦ ʦʙôʻʢʪʘ ʘʙʦ 

ʩʠʩʪʝʤʠ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ. 

ɿʘʟʚʠʯʘʡ ʜʣʷ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʫ (ɺʇ) ʦʙôʻʢʪʘ ʫʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʝʷʢʝ 

ʛʨʘʥʠʯʥʝ (ʢʨʠʪʠʯʥʝ) ʟʥʘʯʝʥʥʷ Aʛʨ (ʄʘʣ. 1.3.1), ʫ ʨʘʟʽ ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʛʦ 
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ʧʦʨʫʰʫʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʦʙôʻʢʪʘ. ɺʠʧʘʜʢʦʚʠʡ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ɺʇ ɸ(t) 

ʟʥʘʯʝʥʥʷ ɸʛʨ ʻ ʯʘʩʦʤ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʙôʻʢʪʘ, ʡʦʛʦ ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

0
,

ʛʨ
ʛʨ

A A
t

-
=

Y
 ʜʝ ɸ0 ï ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ɺʇ, Ɋ ï h ʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ɺʇ ʫ ʯʘʩʽ ʟʘ 

ʨʘʭʫʥʦʢ ʬʽʟʠʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʦʙôʻʢʪʘ. ɼʣʷ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ 

ʦʙôʻʢʪʘ ʮʠʤ ʤʝʪʦʜʦʤ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ j ʪʘʢʠʭ ʦʙôʻʢʪʽʚ, 

ʘ ʤʦʤʝʥʪʠ ʚʠʭʦʜʫ ɺʇ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʟʘ ʜʦʧʫʩʢ ʬʽʢʩʫʶʪʴʩʷ ʷʢ ʤʦʤʝʥʪʠ tʛʨj 

ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ j-ʠʤ ʦʙôʻʢʪʦʤ, ʘ ʧʨʦʮʝʩ ʬʽʟʠʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʦʙôʻʢʪʘ 

ʘʧʨʦʢʩʠʤʫʶʪʴ ʧʦʣʶʩʥʦʶ ʚʠʧʘʜʢʦʚʦʶ ʬʫʥʢʮʽʻʶ , ʟʘ ʷʢʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʦʙôʻʢʪʘ. 

 

ʄʘʣ. 1.1. ɺʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ A(t) ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  

ʆʩʢʽʣʴʢʠ ʥʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʪʘʢʠʡ ʞʝ ʜʦʩʣʽʜ ʟ j ʦʙôʻʢʪʘʤʠ, 

ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʾʭ ʯʘʩ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ, ʩʢʦʨʠʩʪʘʡʤʦʩʴ  ʥʦʚʠʤ ʤʝʪʦʜʦʤ, 

ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʣʶʩʥʫ ʚʠʧʘʜʢʦʚʫ ʬʫʥʢʮʽʶ ɸ(t) ʽ 

ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ ʯʘʩʫ tʛʨ, ʜʦʩʣʽʜʞʫʶʯʠ ʣʠʰʝ ʦʜʠʥ ʦʙôʻʢʪ. 

ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʢʨʦʢʽʚ (ʘʙʦ ʘʣʛʦʨʠʪʤ), ʷʢʽ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ 

ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ: 

1) ʟʥʽʤʘʪʠ ʟʤʽʥʝʥʥʷ ʟʥʘʯʝʥʴ ɺʇ A(t) ʫ ʯʘʩʽ; 

2) ʟʘʬʽʢʩʫʚʘʪʠ ʤʦʤʝʥʪ ɺʇ A(t) ʟʘ ʤʝʞʽ ʜʦʧʫʩʢʫ tʛʨ, ʷʢʠʡ ʩʣʫʛʫʻ ʤʽʨʦʶ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ; 
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3) ʧʦʚʪʦʨʠʪʠ ʚʠʢʦʥʘʥʥʷ ʧʧ. 1-3 ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ 

å jtʛʨ, ʜʝ j ï ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (ʤʘʣ. 1.3.2); 

 

ʄʘʣ. 1.2. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʫ  

ʥʘ j-ʠʭ ʧʨʦʤʽʞʢʘʭ ʥʘʨʦʙʽʪʢʫ 

4) ʦʪʨʠʤʘʪʠ ʧʦʣʶʩʥʫ ʚʠʧʘʜʢʦʚʫ ʬʫʥʢʮʽʶ ɸ(t) (ʄʘʣ. 1.2.), ʧʝʨʝʤʽʩʪʠʚʰʠ 

ʢʦʞʥʠʡ jïʠʡ ʛʨʘʬʽʢ ʚ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ; 

5) ʟʘ ʦʪʨʠʤʘʥʦʶ ʧʦʣʶʩʥʦʶ ʬʫʥʢʮʽʻʶ ɸ(t) ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʦʙôʻʢʪʘ, ʜʝ ʟʘʤʽʩʪʴ ʢʽʣʴʢʦʩʪʽ j 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʢʦʨʠʩʪʘʪʠ ʢʽʣʴʢʽʩʪʴ j ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʽʥʪʝʨʚʘʣʽʚ (ʧʨʦʤʽʞʢʽʚ) ʥʘʨʦʙʽʪʢʫ ʦʙôʻʢʪʽʚ. 

ʊʦʙʪʦ ʭʘʨʘʢʪʝʨʥʦʶ ʤʘʣʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, 

ʷʢʘ ʚʠʨʽʟʥʷʻ ʡʦʛʦ ʚʽʜ ʚʽʜʦʤʦʛʦ ʤʝʪʦʜʫ, ʻ ʟʘʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘ 

ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʢʽʣʴʢʽʩʪʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ (ʥʘʨʦʙʽʪʢʫ ʜʦ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʚʽʜʤʦʚʠ). 
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ʄʘʣ. 1.3. ʇʦʣʶʩʥʘ ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ A(t) ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʪʨʠʤʘʥʘ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʚ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ j-ʠʭ ʛʨʘʬʽʢʽʚ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʧʦʣʶʩʥʦʾ ʬʫʥʢʮʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ɺʇ ʦʙʤʝʞʝʥʽ ʥʠʞʥʴʦʶ ʥy  ʽ ʚʝʨʭʥʴʦʶ ʚy  ʤʝʞʘʤʠ: 

ʥ ʚ ( , )YÍ y y ʟʘ ʥ 0,y >  ʚ 0.y >  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʡʜʝʥʦ, ʱʦ ʘʨʛʫʤʝʥʪ Y 

ʤʘʻ ʫʩʽʯʝʥʠʡ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʱʽʣʴʥʽʩʪʴ ʷʢʦʛʦ ʤʘʻ ʚʠʛʣʷʜ 

2

2

( )
( ) ( ) exp ,

22

mc
f cf

SS

y

yy

ë ûY-î î
Y = y = -ì ü

p î îí ý
  

ʜʝ ( )f y  ï ʱʽʣʴʥʽʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ (ʥʝʫʩʽʯʝʥʦʛʦ) ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʘ; ʩ ï 

ʥʦʨʤʫʚʘʣʴʥʠʡ ʤʥʦʞʥʠʢ, ʷʢʠʡ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦʙ ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ 

ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʜʦʨʽʚʥʶʚʘʣʘ ʦʜʠʥʠʮʽ, ʪʦʙʪʦ 
1

2

( ) 1.c f d
y

y

y y=ñ  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʩʪʘʥʦʚʢʠ ,
m

z =
S

y

y

-Y
 ʜʝ my, Sy ï ʚʜ̔ʧʦʚʽʜʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʥʝʫʩʽʯʝʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ɺʇ, ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʪʨʠʤʫʻʤʦ 

2 1

1
,

ʌ( ) ʌ( )
c

z z
=

-
 (14) 
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ʜʝ ( )zF  ï ʥʦʨʤʦʚʘʥʘ ʬʫʥʢʮʽʷ ʃʘʧʣʘʩʘ, 
ʥ

1 ;
m

z
S

y

y

y -
=  

ʚ

2 ,
m

z
S

y

y

-
=
y

 

ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʜʦʩʷʛʥʝʥʥʷ ɺʇ ʟʥʘʯʝʥʥʷ Aʛʨ ʟ ʫʩʽʯʝʥʠʤ 

ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʰʚʠʜʢʦʩʪʽ Y ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʷʣʦʚʠʭ ʤʦʜʝʣʝʡ ʟ 

ʥʫʣʴʦʚʠʤ ʧʦʯʘʪʢʦʚʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ  ʤʘʻ ʚʠʛʣʷʜ: 

2

2

1
( ) [ ( )] exp

22

c
f t f A t

tt

b b
= = - -a

p

ë ûå õ
ì üæ ö
ç ÷í ý

 (15) 

ʟʘ 
1 2,t t t< <  ʜʝ 

1,t  
2t  ï ʤʝʞʽ ʟʤʽʥʠ ʯʘʩʫ {t} ʚʠʭʦʜʫ ɺʇ ʟʘ ʟʥʘʯʝʥʥʷ Aʛʨ, 

p 0

1

B

,
A A

t
G
-

=
y

 
p 0

2

H

,
A

t
A
G
-

=
y

 ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ [ ( )]f A t  ʟʘ ʬʦʨʤʫʣʦʶ (21) 

ʚʽʜʧʦʚʽʜʘʻ ʘʣʴʬʘ-ʨʦʟʧʦʜʽʣʫ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʜʦʨʽʚʥʶʶʪʴ 
ʛʨ 0

;
A A

Sy

-
b=  

,
m

S

y

y

a=  ʘ ʥʦʨʤʫʚʘʣʴʥʠʡ ʤʥʦʞʥʠʢ c ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (20); ʧʨʠ 

ʮʴʦʤʫ ʜʣʷ ʘʣʴʬʘ-ʨʦʟʧʦʜʽʣʫ 

                              1
2

z
t

b
= -a; 2

1

z
t

b
= -a.                                              (16) 

ʅʘ ʧʨʘʢʪʠʮʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʛʨʫʧʠ ʧ 

ʽʜʝʥʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʩʦʢʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʟʘ ʨʘʭʫʥʦʢ ʬʽʟʠʯʥʦʾ 

ʜʝʛʨʘʜʘʮʽʾ (ʟʥʦʰʫʚʘʥʥʷ, ʫʪʦʤʠ, ʟʘʙʨʫʜʥʝʥʥʷ ʪʦʱʦ) ʜʦʮʽʣʴʥʦ ʟʘʤʽʥʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʬʽʟʠʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʧʘʨʘʤʝʪʨʫ ʦʜʥʦʛʦ 

ʪʘʢʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʧ ʧʝʨʽʦʜʽʚ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪ ̔ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʟʦʢʨʝʤʘ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ, ʽ ʙʫʚ ʚʠʙʨʘʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʩʪʘʥʦʚʠʪʠ ʡʦʛʦ 

ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ. 
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2.ʂʨʠʪʝʨʽʾ ʪʘ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʦʙôʻʢʪʽʚ 

ʅʘʜʽʡʥʽʩʪʴ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʠʪʠ ʥʘ ʷʢʽʩʥʦʤʫ ʨʽʚʥʽ (ʚʠʩʦʢʘ, ʥʠʟʴʢʘ, 

ʧʨʠʡʥʷʪʥʘ ʽ ʪ. ʧ.) ï ʧʦʪʨʽʙʥʦ ʚʤʽʪʠ ʦʮʽʥʶʚʘʪʠ ʾʾ ʢʽʣʴʢʽʩʥʦ ʽ ʧʦʨʽʚʥʶʚʘʪʠ 

ʨʽʟʥʽ ʦʙôʻʢʪʠ ʟʘ ʾʭ ʥʘʜʽʡʥʽʩʪʶ. ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʷʪʴʩʷ ʢʨʠʪʝʨʽʾ ʽ ʧʦʢʘʟʥʠʢʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʜʽʡʥʦʩʪʽ. 

ʇʦʢʘʟʥʠʢ ʥʘʜʽʡʥʦʩʪʽ ï ʮʝ ʢʽʣʴʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜʥʦ ʾʯʠ ʜʝʢʽʣʴʢʦʭ 

ʦʜʠʥʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʦʱʦ), ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʦʙôʻʢʪʘ. ʇʦʢʘʟʥʠʢ ʥʘʜʽʡʥʦʩʪʽ ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʧʝʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʘ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ. ʆʜʥʽ 

ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ, ʪʝʨʤʽʥ ʩʣʫʞʙʠ) 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʦʟʤʽʨʥʽʩʪʴ, ʜʝʷʢʽ ʽʥʰʽ (ʥʘʧʨʠʢʣʘʜ, ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ, ʢʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ) ʻ ʙʝʟʨʦʟʤʽʨʥʠʤʠ. 

ʅʠʥʽ ʫ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʡʤʦʚʽʨʥʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ [2; 3; 4]. ʂʦʞʝʥ ʦʙôʻʢʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ 

ʦʜʠʥʠʯʥʠʭ ʽ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʆʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʧʦʨʽʚʥʷʥʥʷ ʦʜʠʥ ʟ 

ʚʘʨʽʘʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʢʨʘʱʠʡ ʚʽʜ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʘ ʟʘ ʦʜʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʽ ʛʽʨʰʠʡ ʟʘ ʽʥʰʠʤ, ʩʝʨʝʜ ʧʦʢʘʟʥʠʢʽʚ ʚʠʙʠʨʘʶʪʴ ʪʦʡ, ʢʦʪʨʠʡ ʫ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʱʦʥʘʡʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʻ ʚʣʘʩʪʠʚʽʩʪʴ 

ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʜʘʻ ʡʦʤʫ ʬʫʥʢʮʽʶ ʢʨʠʪʝʨʽʶ ʥʘʜʽʡʥʦʩʪʽ. ɿʘʟʚʠʯʘʡ ʩʘʤʝ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʥʦʨʤʫʻʪʴʩʷ ʚ ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʽ ʚ ʅʊɼ. ʄʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʽ ʪʘʢʝ: ʥʦʨʤʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʥʘʜʽʡʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ 

ʢʨʠʪʝʨʽʡ ʥʘʜʽʡʥʦʩʪʽ. ʅʝ ʩʣʽʜ ʜʫʤʘʪʠ, ʱʦ ʮʽ ʧʦʥʷʪʪʷ ʟʙʽʛʘʶʪʴʩʷ ʮʽʣʢʦʤ, ʪʦʤʫ 

ʱʦ ʥʦʨʤʫʚʘʪʠʩʷ ʤʦʞʝ ʦʜʠʥ ʧʦʢʘʟʥʠʢ, ʘ ʧʽʜ ʯʘʩ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽʥʰʠʡ. 

ɺʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʘ ʡ ʫʤʦʚ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ 

[7; 36], ʪʦʤʫ ʧʝʨʰ ʥʽʞ ʨʦʟʛʣʷʜʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʧʝʨʝʣʽʢ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʜʽʡʥʦʩʪʽ, ʢʦʨʠʩʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʦʙôʻʢʪʠ ʟʘ ʟʘʟʥʘʯʝʥʠʤʠ ʦʟʥʘʢʘʤʠ. 

ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʦʙôʻʢʪʠ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʚʘ ʢʣʘʩʠ: ʚʠʨʦʙʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʪʽʣʴʢʠ ʦʜʠʥ ʚʘʨʽʘʥʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ (ʥʘʧʨʠʢʣʘʜ ʧʨʠʥʪʝʨ, ʢʘʥʘʣ ʚʠʤʽʨʶʚʘʥʥʷ ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ 

ʪʠʩʢʫ, ʜʝʪʝʢʪʦʨ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʽʥ.), ʽ ʚʠʨʦʙʠ ʟʘʛʘʣʴʥʦʛʦ 
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ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʬʫʥʢʮʽʷ ʷʢʠʭ 

ʫʥʽʚʝʨʩʘʣʴʥʘ (ʥʘʧʨʠʢʣʘʜ, ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʢʦʤʧôʶʪʝʨ, 

ʤʘʛʽʩʪʨʘʣʴ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʽʥ.). 

ʑʦʜʦ ʥʘʷʚʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʽʩʣʷ 

ʚʽʜʤʦʚʠ ʫ ʧʝʨʽʦʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʨʦʟʨʽʟʥʷʶʪʴ 

ʥʝʚʽʜʥʦʚʣʶʚʘʥʽ (ʅɺʆ) ʽ ʚʽʜʥʦʚʣʶʚʘʥʽ (ɺʆ) ʦʙôʻʢʪʠ. 

ɺʽʜʥʦʚʣʶʚʘʥʠʡ ʦʙôʻʢʪ ï ʮʝ ʨʝʤʦʥʪʦʚʥʠʡ ʦʙôʻʢʪ, ʷʢʠʡ ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʪʘ 

ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʽ (ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʟʘʤʽʥʫ) ʟʥʦʚʫ ʟʜʘʪʥʠʡ ʚʠʢʦʥʫʚʘʪʠ 

ʧʦʪʨʽʙʥʽ ʬʫʥʢʮʽʾ ʽʟ ʟʘʜʘʥʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʜʽʡʥʦʩʪʽ. 

ʅʝʚʽʜʥʦʚʣʶʚʘʥʠʡ ʦʙôʻʢʪ ï ʮʝ ʦʙôʻʢʪ, ʨʝʤʦʥʪ ʷʢʦʛʦ ʥʝʤʦʞʣʠʚʠʡ ʯʠ ʥʝ 

ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʟ ʟʘʜʘʥʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʥʘʜʽʡʥʦʩʪʽ. 

ʆʙôʻʢʪ ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ, ʷʢʱʦ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʝʨʝʜʙʘʯʝʥʝ ʅʊɼ ʽ ʪʝʭʥʽʯʥʦ ʤʦʞʣʠʚʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʦ ʛʨʫʧʠ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʦʙôʻʢʪ ʚʽʜʥʦʩʷʪʴ ʪʦʜʽ, ʢʦʣʠ 

ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ ʪʝʭʥʽʯʥʦ ʥʝʤʦʞʣʠʚʠʡ ʯʠ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʡ. ʇʨʠ 

ʮʴʦʤʫ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʦʡ ʩʘʤʠʡ ʦʙôʻʢʪ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʟʘʣʝʞʥʦ ʚʽʜ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʝʪʘʧʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʽ ʚʽʜ-

ʥʦʚʣʶʚʘʥʠʤ, ʽ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʤ. ʊʘʢ, ʜʣʷ ʃɸ, ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʚ ʧʦʣʴʦʪʽ ʥʘ 

ʟʥʘʯʥʽʡ ʚʽʜʜʘʣʽ ʚʽʜ ʨʝʤʦʥʪʥʠʭ ʩʣʫʞʙ, ʮʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʽʥʥʷ ʣʴʦʪʥʦʛʦ 

ʩʢʣʘʜʫ ʫʩʫʚʘʪʠ ʚʽʜʤʦʚʠ ʽ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʥʘ 

ʙʦʨʪʫ ʃɸ, ʚʽʜ ʪʠʤʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ ʪʘ ʽʥ. ɼʣʷ ʘʚʪʦʤʦʙʽʣʷ, 

ʥʘʧʨʠʢʣʘʜ, ʮʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʚʽʜʫ ʚʦʜʽʷ, ʚʽʜʜʘʣʝʥʦʩʪʽ ʚʽʜ ʩʝʨʚʽʩʥʠʭ 

ʮʝʥʪʨʽʚ, ʦʙʤʝʞʝʥʴ ʛʘʨʘʥʪʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʦʱʦ. 

ɼʦ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤ 

ʃɸ (ʧʨʦʩʪʽ ʝʣʝʤʝʥʪʠ), ʥʘʧʨʠʢʣʘʜ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʠʨʦʙʠ, ʟʫʙʯʘʩʪʽ 

ʢʦʣʝʩʘ, ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ ʽ ʪ. ʧ. ʆʙôʻʢʪʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ 

ʝʣʝʤʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʣʽʪʘʢ, ʩʫʧʫʪʥʠʢ, ʝʥʝʨʛʦʜʚʠʛʫʥʥʘ ʫʩʪʘʥʦʚʢʘ, 

ʝʣʝʢʪʨʦʥʥʘ ʘʧʘʨʘʪʫʨʘ ʟʘʟʚʠʯʘʡ ʻ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ, ʷʢʱʦ ʾʭ ʚʽʜʤʦʚʠ 

ʧʦʚôʷʟʘʥʽ ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ ʦʜʥʦʛʦ ʘʙʦ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʤʽʥʝʥʽ. 
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ɿʘʣʝʞʥʦ ʚʽʜ ʤʦʞʣʠʚʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ̔  ʧʦʪʨʝʙʠ ʫ ʥʴʦʤʫ 

(ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʽ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ) ʦʙôʻʢʪʠ 

ʙʫʚʘʶʪʴ ʪʘʢʠʤʠ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʽ ʱʦ ʥʝ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ. 

ʆʙʩʣʫʛʦʚʫʚʘʥʠʡ ʦʙôʻʢʪ ï ʦʙôʻʢʪ, ʜʣʷ ʷʢʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʝʥʦ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʶ ʽ/ʘʙʦ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʶ (ʧʨʦʝʢʪʥʦʶ) ʜʦʢʫʤʝʥʪʘʮʽʻʶ. ʅʝʦʙʩʣʫʛʦʚʫʚʘʥʠʡ ʦʙôʻʢʪ 

ï ʦʙôʻʢʪ, ʜʣʷ ʷʢʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ 

ʜʦʢʫʤʝʥʪʘʮʽʻʶ. 

ʈʝʤʦʥʪʦʧʨʠʜʘʪʥʠʡ (ʨʝʤʦʥʪʦʚʥʠʡ) ʦʙôʻʢʪ ï ʮʝ ʦʙôʻʢʪ, ʨʝʤʦʥʪ ʷʢʦʛʦ 

ʤʦʞʣʠʚʠʡ ʪʘ ʧʝʨʝʜʙʘʯʝʥʠʡ ʥʦʨʤʘʪʠʚʥʦʶ, ʨʝʤʦʥʪʥʦʶ ʽ/ʘʙʦ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʶ (ʧʨʦʝʢʪʥʦʶ) ʜʦʢʫʤʝʥʪʘʮʽʻʶ. ɿʘ ʘʥʘʣʦʛʽʻʶ 

ʥʝʨʝʤʦʥʪʦʧʨʠʜʘʪʥʠʡ (ʥʝʨʝʤʦʥʪʦʚʥʠʡ) ʦʙôʻʢʪ ï ʦʙôʻʢʪ, ʨʝʤʦʥʪ ʷʢʦʛʦ 

ʥʝʤʦʞʣʠʚʠʡ ʯʠ ʥʝʧʝʨʝʜʙʘʯʝʥʠʡ ʜʦʢʫʤʝʥʪʘʮʽʻʶ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙôʻʢʪʠ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʢʣʘʩʠ: 

ï ʦʜʥʦʢʨʘʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ï ʙʝʟʫʧʠʥʥʦʛʦ ʪʨʠʚʘʣʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ï ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʧʦʜʘʶʪʴ ʫ ʜʚʦʭ ʬʦʨʤʘʭ (ʚʠʟʥʘʯʝʥʥʷʭ): 

ï ʩʪʘʪʠʩʪʠʯʥʘ (ʚʠʙʽʨʢʦʚʽ ʦʮʽʥʢʠ); 

ï ʡʤʦʚʽʨʥʽʩʥʘ. 

ʉʪʘʪʠʩʪʠʯʥʽ ʚʠʟʥʘʯʝʥʥʷ (ʚʠʙʽʨʢʦʚʽ ʦʮʽʥʢʠ) ʧʦʢʘʟʥʠʢʽʚ ʦʪʨʠʤʫʶʪʴ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ. ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʦʮ̔ʥʦʢ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʢ Ĕ ʟʚʝʨʭʫ ʥʘʜ ʣʽʪʝʨʥʠʤ ʧʦʟʥʘʯʝʥʥʷʤ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ʁʤʦʚʽʨʥʽʩʥʘ ʬʦʨʤʘ ʧʦʜʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʨʫʯʥʘ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘ ʩʪʘʪʠʩʪʠʯʥʘ ï ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʜʝʢ̫ʦʾ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʪʠʧʥʠʭ 

ʦʙôʻʢʪʽʚ ʦʪʨʠʤʘʥʦ ʢʽʥʮʝʚʫ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʮʽʢʘʚʠʪʴ 

ʜʦʩʣʽʜʥʠʢʘ ï ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ. ʆʪʨʠʤʘʥʽ ʯʠʩʣʘ ʻ ʚʠʙʽʨʢʦʶ ʷʢʦʛʦʩʴ 

ʦʙʩʷʛʫ ʽʟ ʟʘʛʘʣʴʥʦʾ çʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽè, ʱʦ ʤʘʻ ʥʝʦʙʤʝʞʝʥʠʡ ʦʙʩʷʛ 

ʜʘʥʠʭ ʧʨʦ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʦʙôʻʢʪʘ. 
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ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʜʣʷ çʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽè, ʻ 

ʽʩʪʠʥʥʠʤʠ (ʡʤʦʚʽʨʥʽʩʥʠʤʠ) ʧʦʢʘʟʥʠʢʘʤʠ, ʦʩʢʽʣʴʢʠ ʦʙôʻʢʪʠʚʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ ï ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ. 

ʇʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʙʽʨʢʠ ʽ ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʷʢʽʩʴ 

ʚʠʩʥʦʚʢʠ ʧʨʦ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ, ʻ ʚʠʙʽʨʢʦʚʠʤʠ (ʩʪʘʪʠʩʪʠʯʥʠʤʠ) 

ʦʮʽʥʢʘʤʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ (ʚʝʣʠʢʦʾ 

ʚʠʙʽʨʢʠ) ʦʮʽʥʢʠ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʡʤʦʚʽʨʥʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʦʮʽʥʦʢ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ 

ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ (ʦʩʥʦʚʥʽ ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʽ ʚʽʜʦʤʦʩʪʽ ʟ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [2]). 

2.1. ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʅʘʜʽʡʥʽʩʪʴ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʷʢʽʩʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʘ ʘʙʦ ʫʤʦʚ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʽ ʧʨʦʩʪʽ 

(ʦʜʠʥʠʯʥʽ) ʚʣʘʩʪʠʚʦʩʪʽ: 

ï ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ; 

ï ʜʦʚʛʦʚʽʯʥʽʩʪʴ; 

ï ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ; 

ï ʟʙʝʨʝʞʫʚʘʥʽʩʪʴ; 

ï ʛʦʪʦʚʥʽʩʪʴ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʦʜʠʥʠʯʥʽ ʽ ʢʦʤʧʣʝʢʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʩʢʣʘʜʦʚʽ) ʥʘʜʽʡʥʦʩʪʽ. 

ʂʦʤʧʣʝʢʩʥʽ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʽʣʴʢʘ ʦʜʠʥʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʥʘʧʨʠʢʣʘʜ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. 

ʂʦʤʧʣʝʢʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʽʥʦʜʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ, 

ʷʢʱʦ ʚʽʥ ʚʨʘʭʦʚʫʻ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʽ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʦʙôʻʢʪʘ. ɼʦ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʥʘʣʝʞʘʪʴ ʪʘʢʦʞ ʪʘʢʽ ʢʦʝʬʽʮʽʻʥʪʠ: 

ï ʛʦʪʦʚʥʦʩʪʽ; 

ï ʧʨʦʩʪʦʶ (ʥʝʛʦʪʦʚʥʦʩʪʽ); 

ï ʪʝʭʥʽʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

ï ʟʙʝʨʝʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʎʝ ʨʽʟʥʽ ʧʦʥʷʪʪʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʅʝ ʤʦʞʥʘ ʟʚʦʜʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʜʦ ʞʦʜʥʦʾ ʟ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʽʣʴʢʠ ʾʭ 

ʦʙʫʤʦʚʣʝʥʘ ʩʫʢʫʧʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʨʦʟʢʨʠʚʘʻ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʥʘʜʽʡʥʽʩʪʴè. 
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ɹʝʟʚʽʜʤʦʚʥʽʩʪʴ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ ʙʝʟʫʧʠʥʥʦ ʟʙʝʨʽʛʘʪʠ 

ʧʨʘʮʝʟʜʘʪʥʠʡ ʩʪʘʥ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʯʠ ʜʝʷʢʦʛʦ ʥʘʨʦʙʽʪʢʫ. 

ʅʘʨʦʙʽʪʦʢ ï ʮʝ ʪʨʠʚʘʣʽʩʪʴ ʯʠ ʦʙʩʷʛ ʨʦʙʦʪʠ ʦʙôʻʢʪʘ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʚ 

ʙʫʜʴ-ʷʢʠʭ ʥʝʫʙʫʚʥʠʭ (ʥʝʩʧʘʜʘʶʯʠʭ) ʚʝʣʠʯʠʥʘʭ (ʦʜʠʥʠʮʷ ʯʘʩʫ, ʢʽʣʴʢʽʩʪʴ 

ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʢʽʣʦʤʝʪʨʠ ʧʨʦʣʴʦʪʫ, 

ʧʦʣʴʦʪʥʽ ʛʦʜʠʥʠ ʽ ʪ. ʧ.). ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʣʽʪʘʢʽʚ ʥʘʨʦʙʽʪʦʢ ʤʦʞʝ 

ʚʠʤʽʨʶʚʘʪʠʩʷ ʢʽʣʴʢʽʩʪʶ ʟʣʴʦʪʽʚ ʪʘ ʧʦʩʘʜʦʢ, ʢʽʣʦʤʝʪʨʘʞʝʤ ʧʨʦʣʴʦʪʫ; ʜʣʷ 

ʨʝʣʝ ï ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʢʣʶʯʝʥʴ ʥʘ ʜʝʷʢʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʅʘʡʯʘʩʪʽʰʝ 

ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʃɸ (ʘʙʦ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʜʘʥʠʡ 

ʯʘʩ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʥʘʨʦʙʽʪʦʢ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʯʘʩʫ ʽ ʫ ʚʠʧʘʜʢʫ 

ʙʝʟʫʧʠʥʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʚʽʥ ʤʦʞʝ ʟʙʽʛʘʪʠʩʷ ʟ ʢʘʣʝʥʜʘʨʥʠʤ ʯʘʩʦʤ. 

ʅʘʨʦʙʽʪʦʢ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʦʙôʻʢʪ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʩʣʷ 

ʧʝʨʰʦʾ ʞ ʚʽʜʤʦʚʠ, ʟʙʝʨʽʛʘʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʥʘʟʠʚʘʶʪʴ ʥʘʨʦʙʽʪʢʦʤ ʜʦ 

ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ. ʗʢʱʦ ʥʘʨʦʙʽʪʦʢ ʟʙʽʛʘʻʪʴʩʷ ʟ ʢʘʣʝʥʜʘʨʥʠʤ ʯʘʩʦʤ, ʡʦʛʦ 

ʥʘʟʠʚʘʶʪʴ ʯʘʩʦʤ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʯʠ ʯʘʩʦʤ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ. ɼʣʷ 

ʽʥʰʠʭ ʦʙôʻʢʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʥʦʚʣʶʚʘʥʠʭ) ʧʦʨʷʜ ʟ ʥʘʨʦʙʽʪʢʦʤ ʜʦ ʧʝʨʰʦʾ 

ʚʽʜʤʦʚʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʥʘʨʦʙʽʪʦʢ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʽʜʤʦʚʘʤʠ. 

ɼʦʚʛʦʚ̔ʯʥʽʩʪʴ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ ʟʙʝʨʽʛʘʪʠ ʧʨʘʮʝʟʜʘʪʥʠʡ ʩʪʘʥ ʜʦ 

ʥʘʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ. ʋ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟʘʟʚʠʯʘʡ ʚʢʘʟʫʶʪʴ, 

ʷʢʠʡ ʩʪʘʥ ʦʙôʻʢʪʘ ʪʨʝʙʘ ʚʚʘʞʘʪʠ ʛʨʘʥʠʯʥʠʤ. 

ʈʝʤʦʥʪʦʧʨʠʜʘʪʥ̔ʩʪɹ ï ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʡ ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ, 

ʧʽʜʪʨʠʤʢʠ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʩʪʘʥʫ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʤʦʥʪʽʚ ʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʈʝʤʦʥʪʦʧʨʠʜʘʪʥʠʡ ʚʠʨʽʙ, ʱʦ 

ʚʽʜʤʦʚʠʚ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʙʫʪʠ ʧʨʠʩʪʦʩʦʚʘʥʠʤ ʜʦ 

ʢʦʥʪʨʦʣʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘ ʚʩʽʤʘ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʜʝʤʦʥʪʘʞʫ ʽ 

ʤʦʥʪʘʞʫ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ɹʣʠʟʴʢʠʤ ʜʦ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ ʧʦʥʷʪʪʷʤ ʻ ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ (ʜʠʚ. 

ʛʣʘʚʫ 1.2). ɸʣʝ ʮʽ ʜʚʘ ʧʦʥʷʪʪʷ ʥʝ ʪʦʪʦʞʥʽ. ɺʽʜʥʦʚʣʶʚʘʥʽʩʪʴ 

ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʛʦ ʦʙôʻʢʪʘ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʦʙôʻʢʪʘ 

ʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʡ ʫʩʫʥʝʥʥʷ ʚʽʜʤʦʚ, ʘʣʝ ʽ ʚʽʜ ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ 
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ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʦʩʪʘʯʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʜʣʷ ʦʙôʻʢʪʘ. 

ʊʦʙʪʦ, ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʠʡ ʚʠʨʽʙ ʩʪʘʻ ʚʽʜʥʦʚʣʶʚʘʥʠʤ, ʷʢʱʦ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʧʫʩʢʘʶʪʴʩʷ ʚʠʤʫʰʝʥʽ ʧʝʨʝʨʚʠ ʚ ʨʦʙʦʪʽ ʚʩʴʦʛʦ ʚʠʨʦʙʫ ʯʠ 

ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʥʘʷʚʥʽ ʧʦʪʨʽʙʥʘ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʘ 

ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ, ʟʘʧʘʩʥʽ ʯʘʩʪʠʥʠ, ʟʘʩʦʙʠ ʪʘ ʧʨʠʣʘʜʜʷ ʪʝʭʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ, ʻ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ ʚʽʜʧʦʚʽʜʥʦʾ 

ʢʚʘʣʽʬʽʢʘʮʽʾ. ɯʟ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʝ ʢʦʞʥʠʡ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʠʡ ʚʠʨʽʙ ʻ 

ʚʽʜʥʦʚʣʶʚʘʥʠʤ. ɹʽʣʴʰʝ ʪʦʛʦ, ʪʦʡ ʩʘʤʠʡ ʚʠʨʽʙ ʫ ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʷʭ ʤʦʞʝ ʙʫʪʠ 

ʘʙʦ ʚʽʜʥʦʚʣʶʚʘʥʠʤ, ʘʙʦ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʤ. ʇʨʦʪʝ ʥʝ ʢʦʞʝʥ ʚʽʜʥʦʚʣʶʚʘʥʠʡ 

ʚʠʨʽʙ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʠʡ. ʇʨʠʢʣʘʜʦʤ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʽʙ, ʫ ʷʢʦʤʫ ʚʽʜʤʦʚʘ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʨʽʟʢʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʁʦʛʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʙʝʟ ʚʪʨʫʯʘʥʥʷ 

ʧʝʨʩʦʥʘʣʫ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘʢʦʞ ʤʦʞʝ ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ ʯʝʨʝʟ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ 

ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʫ ʯʠ ʟʘʤʽʥʠ ʤʦʜʫʣʷ, 

ʱʦ ʚʽʜʤʦʚʠʚ. 

ʏʘʩ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙôʻʢʪʘ, 

ʥʘʟʠʚʘʶʪʴ ʯʘʩʦʤ ʚʽʜʥʦʚʣʝʥʥʷ. ɺʽʥ ʦʭʦʧʣʶʻ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʚʽʜʤʦʚʠ, ʯʘʩ ʾʾ 

ʣʦʢʘʣʽʟʘʮʽʾ, ʪʨʠʚʘʣʽʩʪʴ ʫʩʫʥʝʥʥʷ ʚʽʜʤʦʚʠ ʰʣʷʭʦʤ ʨʝʤʦʥʪʫ ʯʠ ʟʘʤʽʥʠ 

ʥʝʩʧʨʘʚʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʟʘʧʘʩʥʫ, ʪʨʠʚʘʣʽʩʪʴ ʥʘʣʘʛʦʜʞʝʥʥʷ ʽ ʧʝʨʝʜʧʫʩʢʦʚʦʾ 

ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ʏʘʩ ʫʩʫʥʝʥʥʷ ʚʽʜʤʦʚʠ, ʢʨʽʤ ʯʘʩʫ ʨʝʤʦʥʪʫ ʯʠ 

ʚʣʘʩʥʝ ʟʘʤʽʥʠ, ʦʭʦʧʣʶʻ ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʪʘʚʢʠ ʦʙôʻʢʪʘ, ʱʦ ʚʽʜʤʦʚʠʚ, ʟ ʤʽʩʮʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʨʝʤʦʥʪʥʦʾ ʙʘʟʠ ʽ ʥʘʟʘʜ ʪʘ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʧʦʣʦʤʢʠ 

ʨʝʤʦʥʪʦʚʥʦʛʦ ʦʙôʻʢʪʘ, ʘʙʦ ʯʘʩ ʜʦʩʪʘʚʢʠ ʟʘʧʘʩʥʦʾ ʯʘʩʪʠʥʠ ʟʽ ʩʢʣʘʜʫ ʜʦ ʤʽʩʮʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʫ ʚʠʧʘʜʢʫ ʟʘʤʽʥʠ). 

ɿʙʝʨʝʞʫʚʘʥʽʩʪʴ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ ʙʝʟʫʧʠʥʥʦ ʟʙʝʨʽʛʘʪʠ ʚ 

ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʦʙôʻʢʪʘ 

ʚʠʢʦʥʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ ʧʨʦʪʷʛʦʤ (ʽ ʧʽʩʣʷ) ʟʙʝʨʽʛʘʥʥʷ ʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ɿʙʝʨʝʞʫʚʘʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʦʜʞʝʥʥʷ ʦʙôʻʢʪʘ ʚ 

ʫʤʦʚʘʭ, ʷʢʽ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʘʩʘʤʧʝʨʝʜ, ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʢʦʣʠ ʦʙôʻʢʪ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʽ. 
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ʂʨʽʤ ʪʦʛʦ, ʯʘʩʪʦ ʥʘ ʟʙʝʨʝʞʫʚʘʥʽʩʪʴ ʚʧʣʠʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʦʣʦʛʽʩʪʴ, ʽʥʰʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʘ ʤʝʭʘʥʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʨʦʙʦʯʠʭ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɻʦʪʦʚʥʽʩʪʴ ï ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ ʙʫʪʠ ʟʜʘʪʥʠʤ ʚʠʢʦʥʫʚʘʪʠ ʧʦʪʨʽʙʥʽ 

ʬʫʥʢʮʽʾ ʚ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʯʠ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʯʘʩʫ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʨʝʩʫʨʩʘʤʠ. ʎʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʨʝʤʦʥʪʫ. ʇʦʪʨʽʙʥʽ ʟʦʚʥʽʰʥʽ ʨʝʩʫʨʩʠ, ʱʦ ʥʝ ʥʘʣʝʞʘʪʴ ʜʦ ʨʝʩʫʨʩʽʚ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ (ʥʘʧʨʠʢʣʘʜ, ʥʘʷʚʥʽʩʪʴ ʧʘʣʠʚʘ ʘʙʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ), ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʛʦʪʦʚʥʦʩʪʽ ʦʙôʻʢʪʘ. 

2.2. ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ 

ɼʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʥʘʣʝʞʘʪʴ ʪʘʢʽ: 

ï ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ; 

ï ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚ; 

ï ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ; 

ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʨʦʟʛʣʷʥʝʤʦ ʪʘʢʫ ʩʭʝʤʫ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ʅʝʭʘʡ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦ  ʦʜʥʘʢʦʚʠʭ (ʦʜʥʦʪʠʧʥʠʭ) 

ʦʙôʻʢʪʽʚ. ʋʤʦʚʠ ʚʠʧʨʦʙʫʚʘʥʴ ʽʜʝʥʪʠʯʥʽ, ʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʦʙôʻʢʪʽʚ 

ʧʨʦʚʦʜʷʪʴ ʜʦ ʡʦʛʦ ʚʽʜʤʦʚʠ (ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʢʽʥʯʫʶʪʴʩʷ, ʢʦʣʠ ʚʽʜʤʦʚʠʪʴ 

ʦʩʪʘʥʥʽʡ ʦʙôʻʢʪ, ʪʦʙʪʦ ʢʦʣʠ ʚʽʜʤʦʚʣʷʪʴ ʚʩʽ ʦʙôʻʢʪʠ). 

ɺʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: T = { t1, é, tN}  = { t}  ï ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ 

ʥʘʨʦʙʽʪʢʫ ʦʙôʻʢʪʘ ʜʦ ʚʽʜʤʦʚʠ;  ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʧʨʘʮʝʟʜʘʪʥʠʭ ʥʘ 

ʧʦʯʘʪʦʢ ʚʠʧʨʦʙʫʚʘʥʥʷ (ʽʩʧʠʪʫ) ʟʘ ; ʷʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʫ ʨʘʟʽ ʚʤʠʢʘʥʥʷ 

ʚʽʜʤʦʚʠ ʥʝʤʦʞʣʠʚʽ, ʪʦ  ʜʦʨʽʚʥʶʻ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ: 

N(0) = N;  ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʧʨʘʮʝʟʜʘʪʥʠʭ ʜʦ ʤʦʤʝʥʪʫ ʥʘʨʦʙʽʪʢʫ t; 

 ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ ʜʦ ʤʦʤʝʥʪʫ ʥʘʨʦʙʽʪʢʫ t;  

ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʥʘʨʦʙʽʪʢʫ ;  ï 

ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʥʘʨʦʙʽʪʢʫ. 
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ʆʩʥʦʚʥʦʶ ʜʦʩʣʽʜʞʫʚʘʥʦʶ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ (ʧʦʢʘʟʥʠʢʦʤ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ) ʜʣʷ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʻ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ 

ʚʽʜʤʦʚʠ ʊ. ʗʢʱʦ ʥʘʨʦʙʽʪʦʢ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʯʘʩʫ, ʪʦ ʚʽʥ ʟʙʽʛʘʻʪʴʩʷ 

ʟ ʢʘʣʝʥʜʘʨʥʠʤ ʯʘʩʦʤ ʜʣʷ ʦʙôʻʢʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʘʭ ʦʜʥʦʢʨʘʪʥʦʛʦ ʽ 

ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʽ ʟ ʩʫʤʘʨʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʢʦʥʘʥʠʭ ʮʠʢʣʽʚ ï 

ʜʣʷ ʪʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ ʮʠʢʣʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʗʢʱʦ ʚʽʜʤʦʚʘ 

ʤʦʞʝ ʟʥʝʮʽʥʶʚʘʪʠ ʯʘʩʪʠʥʫ ʥʘʨʦʙʽʪʢʫ, ʪʦ ʚ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʚʢʣʶʯʘʶʪʴ 

ʪʽʣʴʢʠ ʪʫ ʾʾ ʯʘʩʪʠʥʫ, ʷʢʘ ʥʝ ʟʥʝʮʽʥʝʥʘ ʚʽʜʤʦʚʦʶ. ʁʤʦʚʽʨʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʨʦʙʽʪʢʫ   ̔  ̒ʧʦʢʘʟʥʠʢʘʤʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʅɺʆ. ɰʭ 

ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʾʭ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʥʘʩʣʽʜʢʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʟʘ ʜʝʷʢʦʶ ʤʥʦʞʠʥʦʶ ʝʢʟʝʤʧʣʷʨʽʚ ʦʜʥʦʪʠʧʥʠʭ ʦʙôʻʢʪʽʚ, ʘʣʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʧʦʢʘʟʥʠʢ ʥʘʜʽʡʥʦʩʪʽ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙôʻʢʪʘ. 

ʊʦʤʫ ʥʘʜʘʣʽ, ʦʢʨʽʤ ʡʤʦʚʽʨʥʽʩʥʦʛʦ, ʥʘʚʝʜʝʥʝ ʪʘʢʦʞ ʩʪʘʪʠʩʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ, 

ʷʢʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʦʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʰʫʢʘʥʦʾ ʡʤʦʚʽʨʥʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ (ɯɹʈ)  ʻ ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ 

ʦʙôʻʢʪ ʙʫʜʝ ʧʨʘʮʝʟʜʘʪʥʠʡ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʥʘʨʦʙʽʪʢʫ  ʟʘ ʟʘʜʘʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ: 

( ) { }.P t P T t= ²  (17) 

ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ , ʷʢʱʦ ʥʘ ʧʦʯʘʪʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʽʜ 

ʯʘʩ ʚʤʠʢʘʥʥʷ ʦʙôʻʢʪʽʚ ʚʽʜʤʦʚʠ ʥʝʤʦʞʣʠʚʽ, ʽ , ʷʢʱʦ ʧʽʜ ʯʘʩ 

ʚʤʠʢʘʥʥʷ ʚʠʨʽʙ ʤʦʞʝ ʚʽʜʤʦʚʠʪʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʡʤʦʚʽʨʥʽʩʪʴ  

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ ʘʩʠʤʧʪʦʪʠʯʥʦ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ. 

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦ ʚʽʜʤʦʚʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

(0) ( )Ĕ( ) .
(0)

N n t
P t

N

-
=  (18) 

ʆʪʞʝ, ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ (ʝʤʧʽʨʠʯʥʫ ʬʫʥʢʮʽʶ) ɯɹʈ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʬʦʨʤʫʣʦʶ  

ʆʮʽʥʢʫ ɯɹʈ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʢʘʟʥʠʢ ʯʘʩʪʢʠ ʧʨʘʮʝʟʜʘʪʥʠʭ 

ʦʙôʻʢʪʽʚ ʜʦ ʤʦʤʝʥʪʫ ʥʘʨʦʙʽʪʢʫ t. 

T

( )P t

T

(0) 1P =

0 (0) 1P< <

( )P t

( )Ĕ( )
(0)

.
N t

P t
N
=
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ɯʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ (ɯɺ)  ʻ ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʟʘ ʟʘʜʘʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʥʘʨʦʙʽʪʢʫ ʚʽʜʙʫʜʝʪʴʩʷ ʭʦʯʘ ʙ ʦʜʥʘ ʚʽʜʤʦʚʘ: 

( ) { }.Q t P T t= <  (19) 

ɿʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ (1.3), ʬʫʥʢʮʽʶ  ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʬʫʥʢʮʽʶ 

ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʊ. 

ɺʽʜʤʦʚʘ ʽ ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ï ʧʨʦʪʠʣʝʞʥʽ ʧʦʜʽʾ, ʪʦʤʫ 

. (20) 

ʋ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʦʮʽʥʢʘ ɯɺ ʻ ʝʤʧʽʨʠʯʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ 

ʚʽʜʤʦʚ. ɿ ʬʦʨʤʫʣ (1.2) ʪʘ (1.4) ʚʠʧʣʠʚʘʻ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ɯɺ 

. (21) 

ʆʩʢʽʣʴʢʠ , ʪʦ 
( ) ĔĔ( ) 1 1 ( ).
(0)

n t
P t Q t

N
= - = -  

ɼʠʬʝʨʝʥʮʽʘʣ ʬʫʥʢʮʽʾ  ʥʘʟʠʚʘʶʪʴ ʝʣʝʤʝʥʪʦʤ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ, ʚʽʥ ʻ 

ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʚʽʜʤʦʚʘ ʚʽʜʙʫʜʝʪʴʩʷ ʚ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʤʫ ʦʢʦʣʽ ʪʦʯʢʠ 

t: 

( ) { }.dQ t P t T t dt= ¢ < + (22) 

ʋʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʧʦʜʽʾ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʘʥʥʽ ʘʙʦ ʥʝʥʘʩʪʘʥʥʽ 

ʚʽʜʤʦʚʠ ʜʦ ʤʦʤʝʥʪʫ ʥʘʨʦʙʽʪʢʫ t, ʻ ʧʨʦʪʠʣʝʞʥʠʤʠ, ʪʦ ĔĔ( ) ( ) 1.P t Q t+ = ʃʝʛʢʦ 

ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ɯɹʈ ʻ ʩʧʘʜʥʦʶ, ʘ ɯɺ ï ʟʨʦʩʪʘʶʯʦʶ ʬʫʥʢʮʽʻʶ ʥʘʨʦʙʽʪʢʫ: 

ï ʫ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʚʠʧʨʦʙʫʚʘʥʴ  ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʝʟʜʘʪʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʨʽʚʥʶʻ ʾʭ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ  ʘ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʱʦ 

ʚʽʜʤʦʚʠʣʠ , ʪʦʤʫ , Ĕ Ĕ( ) (0) 0;Q t Q= =  

ï ̫ ʢʱʦ ʥʘʨʦʙʽʪʦʢ , ʫʩʽ ʦʙôʻʢʪʠ, ʷʢʽ ʧʦʩʪʘʚʣʝʥʽ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷ, 

ʚʽʜʤʦʚʣʷʪʴ, ʪʦʙʪʦ , ( ) (0),n N¤ =  ʪʦʤʫ   ̔

 

ɻʨʘʬʽʢʠ ɯɹʈ ʪʘ ɯɺ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.2. 

ɻʨʘʥʠʯʥʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ N (ʟʙʽʣʴʰʝʥʥʷ ʚʠʙʽʨʢʠ) 

ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ, ʦʮʽʥʢʠ  ʪʘ  ʩʭʦʜʷʪʴʩʷ ʟʘ ʡʤʦʚʽʨʥʽʩʪʶ 

(ʥʘʙʣʠʞʘʶʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ) ʜʦ   ̔ , ʚʽʜʧʦʚʽʜʥʦ. 

ɿʙʽʞʥʽʩʪʴ ʟʘ ʡʤʦʚʽʨʥʽʩʪʶ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

( )Q t

( )Q t

( ) 1 ( )Q t P t= -

( )Ĕ( )
(0)

n t
Q t

N
=

( ) (0) ( )N t N n t= -

( )Q t

0t=

( ) (0) ,N t N N= =

( ) (0) 0n t n= = Ĕ Ĕ( ) (0) 1P t P= =

t¤

( ) 0N ¤ = Ĕ Ĕ( ) ( ) 0P t P= ¤ =

Ĕ Ĕ( ) ( ) 1.Q t Q= ¤ =

Ĕ( )P t Ĕ( )Q t

( )P t ( )Q t
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ʈʠʩ. 2.1. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʡʤʦʚʽʨʥʦʩʪʝʡ P(t) ʪʘ Q(t) ʥʘ ʚʩʽʡ ʦʩʽ ʥʘʨʦʙʽʪʢʫ t 

ʇʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ɯɹʈ ʚ ʽʥʪʝʨʚʘʣʽ ʥʘʨʦʙʽʪʢʫ 

, ʟʘ ʫʤʦʚʠ, ʱʦ ʦʙôʻʢʪ ʙʝʟʚʽʜʤʦʚʥʦ ʧʨʦʨʦʙʠʚ ʜʦ ʧʦʯʘʪʢʫ t ̔ ʥʪʝʨʚʘʣʫ. 

ɺʠʟʥʘʯʠʤʦ ʮʶ ʡʤʦʚʽʨʥʽʩʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʝʤʫ ʤʥʦʞʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʚʠʜʽʣʠʚʰʠ ʪʘʢʽ ʧʦʜʽʾ: 

A = {ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ʦʙôʻʢʪʘ ʜʦ ʤʦʤʝʥʪʫ t};  

B = {ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ʦʙôʻʢʪʘ ʚ ʽʥʪʝʨʚʘʣʽ };tD  

 {ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ʦʙôʻʢʪʘ ʜʦ ʤʦʤʝʥʪʫ }.t t+D  

ʆʯʝʚʠʜʥʦ, ʱʦ 

 (23) 

ʦʩʢʽʣʴʢʠ ʧʦʜʽʾ A ʪʘ B ʙʫʜʫʪʴ ʟʘʣʝʞʥʠʤʠ. 

ʋʤʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ  ï ʮʝ ɯɹʈ  ʚ ʽʥʪʝʨʚʘʣʽ , 

ʪʦʤʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (1.7), ʦʪʨʠʤʘʻʤʦ 

 (24) 

ʁʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ ʽʥʪʝʨʚʘʣʽ ʥʘʨʦʙʽʪʢʫ  ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʬʦʨʤʫʣʠ (1.8) 
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ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ (ʑʈɺ)  ʻ ʱʽʣʴʥʽʩʪʶ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘʨʦʙʽʪʢʫ ʦʙôʻʢʪʘ ʜʦ ʚʽʜʤʦʚʠ. ʗʢ ʢʦʞʥʠʡ ʧʦʢʘʟʥʠʢ 

ʥʘʜʽʡʥʦʩʪʽ, ʚʦʥʘ ʤʘʻ ʩʪʘʪʠʩʪʠʯʥʝ ʪʘ ʡʤʦʚʽʨʥʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ. 

ʉʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ ʑʈɺ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ 

, ʷʢʽ ʚʽʜʤʦʚʠʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʥʘʨʦʙʽʪʢʫ , ʜʦ ʜʦʙʫʪʢʫ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ  ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʥʘʨʦʙʽʪʢʫ Dt: 

 (25) 

ʆʩʢʽʣʴʢʠ , ʜʝ  ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, 

ʱʦ ʚʽʜʤʦʚʠʣʠ ʜʦ ʤʦʤʝʥʪʫ ʥʘʨʦʙʽʪʢʫ , ʪʦ ʦʮʽʥʢʫ ʑʈɺ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ 

ʚʠʛʣʷʜʽ 

 (26) 

ʜʝ  ï ʦʮʽʥʢʘ ɯɺ ʚ ʽʥʪʝʨʚʘʣʽ ʥʘʨʦʙʽʪʢʫ .tD  

ʉʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʑʈɺ ï ʮʝ çʯʘʩʪʦʪʘè ʚʽʜʤʦʚ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ 

ʟʘ ʦʜʠʥʠʮʶ ʥʘʨʦʙʽʪʢʫ, ʚʽʜʥʝʩʝʥʫ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ. 

ʉʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʨʦʙʦʪʦʶ N ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʫ ʚʽʜʤʦʚ ʷʢ 

ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʟʘ ʫʤʦʚʠ, ʱʦ ʦʙôʻʢʪʠ, ʷʢʽ ʚʽʜʤʦʚʠʣʠ, ʥʝ ʚʽʜʥʦʚʣʶʶʪʴʩʷ: 

 

ʜʝ ( ,  ) ( ) ( )
2 2

t t
n t t n t n t

D D
D D = + - - ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ ʚ 

ʽʥʪʝʨʚʘʣʽ ( ,  ).
2 2

t t
t t
D D
- +  

ɯʤʦʚʽʨʥʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʑʈɺ ʚʠʧʣʠʚʘʻ ʟ ʨʽʚʥʷʥʥʷ (1.10) ʫ ʨʘʟʽ, ʢʦʣʠ 

ʽʥʪʝʨʚʘʣ ʥʘʨʦʙʽʪʢʫ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ, , ̔  ʦʙôʻʤ ʚʠʙʽʨʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, :N¤  

0

Ĕ( ,  ) ( ) 1 ( ) ( )
( ) lim .

( )

t
N

Q t t t dQ t d P t dP t
f t

t dt dt dtD 
D ¤

D +D -
= = = =-

D
 (27) 

ʆʪʞʝ, ʟʛʽʜʥʦ ʟ ʡʤʦʚʽʨʥʽʩʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ, ( ) ( ) ( ).f t Q t P t¡ ¡= =-  

( )f t

( ,  )n t t tD +D [ ,  ]t t t+D

(0)N N=

( ,  )Ĕ( ) .
n t t t

f t
N t

D +D
=

D

( ,  ) ( ) ( )n t t t n t t n tD +D = +D - ( )n t t+D

t t+D

Ĕ( ) ( ) 1 ( ,  )Ĕ Ĕ Ĕ( ) ( ) ( ) ,
n t t n t Q t t t

f t Q t t Q t
N t t t

+D - D +D
= = +D - =

D D D
è ø
ê ú

Ĕ( ,  )Q t t t+D

( ,  )Ĕ( ) ,
n t t

f t
N t

D D
=

D

0tD 
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ʆʩʢʽʣʴʢʠ  ʟʘʚʞʜʠ ʻ ʥʝʩʧʘʜʥʦʶ ʬʫʥʢʮʽʻʶ ʩʚʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʪʦ 

ʟʘʚʞʜʠ ( ) 0.f t ²  

ʆʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʛʨʘʬʽʢʘ  ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1.3. 

 

ʈʠʩ.2.2. ɻʨʘʬʽʢ ʑʈɺ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1.3, ʑʈɺ  ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩʪʦʪʫ ʚʽʜʤʦʚ (ʘʙʦ 

ʟʚʝʜʝʥʫ ɯɺ), ʟ ʷʢʦʶ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʥʘʨʦʙʽʪʢʽʚ 

 ʚʩʽʭ N ʦʙôʻʢʪʽʚ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʚʠʧʘʜʢʦʚʠʡ ʨʦʟʤʽʨ ʥʘʨʦʙʽʪʢʫ T ʜʦ 

ʚʽʜʤʦʚʠ ʦʙôʻʢʪʘ ʮʴʦʛʦ ʪʠʧʫ. ʇʨʠʧʫʩʪʠʤʦ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʥʘʨʦʙʽʪʢʫ  ʚʣʘʩʪʠʚʝ ʥʘʡʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ 

ʦʙôʻʢʪʽʚ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ . ʅʘʚʧʘʢʠ, ʥʘʡʙʽʣʴʰʠʡ 

ʥʘʨʦʙʽʪʦʢ  ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʪʽʣʴʢʠ ʫ ʜʝʢʽʣʴʢʦʭ ʦʙôʻʢʪʽʚ, ʪʦʤʫ ʡ ʯʘʩʪʦʪʘ 

 ʧʦʷʚʠ ʪʘʢʦʛʦ ʥʘʨʦʙʽʪʢʫ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʬʦʥʽ ʙʫʜʝ ʤʘʣʦʶ. 

ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ [f(t)] ʙʫʜʝ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʨʦʟʤʽʨʥʦʩʪʽ 

ʥʘʨʦʙʽʪʢʫ [t], ʪʦʙʪʦ, ʷʢʱʦ ʥʘʨʦʙʽʪʦʢ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʮʠʢʣʘʭ, f(t) ʙʫʜʝ 

ʚʠʤʽʨʶʚʘʪʠʩʴ ʫ  

ɺʽʜʢʣʘʜʝʤʦ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʜʝʷʢʠʡ ʥʘʨʦʙʽʪʦʢ t ʽ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʡ 

ʽʥʪʝʨʚʘʣ ʥʘʨʦʙʽʪʢʫ ʰʠʨʠʥʦʶ dt, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ t. 

ʊʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ ʚʣʫʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘʨʦʙʽʪʢʫ T ʥʘ 

ʝʣʝʤʝʥʪʘʨʥʫ ʜʽʣʷʥʢʫ ʰʠʨʠʥʦʶ  (ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʭ 

ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ) 

{ ( ,  )} { } ( ) ,P T t t dt P t T t dt f t dtÍ + = < < + º  

( )Q t

( )f t

( )f t

1( ,  ..., )Nt t

it

( )if t

jt

( )jf t

1
.

ʮʠʢʣ

dt
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ʜʝ  ï ʝʣʝʤʝʥʪ ɯɺ ʦʙôʻʢʪʘ ʚ ʽʥʪʝʨʚʘʣʽ [ ,  ]t t dt+  (ʛʝʦʤʝʪʨʠʯʥʦ ï ʮʝ ʧʣʦʱʘ 

ʟʘʰʪʨʠʭʦʚʘʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʚʽʜʨʽʟʦʢ dt). 

ɸʥʘʣʦʛʽʯʥʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʣʫʯʝʥʥʷ ʥʘʨʦʙʽʪʢʫ  ʚ ʽʥʪʝʨʚʘʣ  

( , )

{ ( ,  )} ( ) ( ) ,

i k m

tm

k m i i
t t t tk

P T t t f t dt f t dt
Í

Í º ºä ñ  (28) 

ʱʦ ʛʝʦʤʝʪʨʠʯʥʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʧʣʦʱʝʶ ʧʽʜ ʢʨʠʚʦʶ ( ),f t  ʷʢʘ ʩʧʠʨʘʻʪʴʩʷ 

ʥʘ ʜʽʣʷʥʢʫ [ ,  ].k mt t  

ʁʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʪʘ ɯɹʈ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ʑʈɺ. 

ʆʩʢʽʣʴʢʠ ( ) {0 },Q t P T t= < < ʪʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (1.12), ʦʪʨʠʤʘʻʤʦ 

0

( ) {0 } { (0,  )} ( ) .

t

Q t = P <T < t P T t f t dt= Í =ñ  

ʈʦʟʰʠʨʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʚʣʽʚʦ ʪʽʣʴʢʠ ʜʦ ʥʫʣʷ (ʥʝ ʧʝʨʝʪʠʥʘʶʯʠ ʦʙʣʘʩʪʽ 

ʚʽʜôʻʤʥʠʭ ʯʠʩʝʣ) ʚʠʢʣʠʢʘʥʝ ʪʠʤ, ʱʦ ʟʥʘʯʝʥʥʷ T ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʽʜôʻʤʥʠʤ, 

ʪʦʙʪʦ ʟʘʚʞʜʠ 0.T²  

ʆʩʢʽʣʴʢʠ ( ) { },P t P T t= ²  ʪʦ ( ) { } ( ) .

t

P t P t T f t dt

¤

= ¢ <¤ =ñ  ʆʯʝʚʠʜʥʦ, ʱʦ 

 ʻ ʧʣʦʱʝʶ ʧʽʜ ʢʨʠʚʦʶ  ʣʽʚʦʨʫʯ ʚʽʜ t, ʘ  ï ʧʣʦʱʝʶ ʧʽʜ  

ʧʨʘʚʦʨʫʯ ʚʽʜ t. ʆʩʢʽʣʴʢʠ ʚʩʽ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʟʥʘʯʝʥʥʷ 

ʥʘʨʦʙʽʪʢʽʚ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʢʨʠʚʦʶ ( ),f t  ʪʦ 

 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ (ɯʥɺ) ï ʮʝ ʫʤʦʚʥʘ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ ʦʙôʻʢʪʘ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦ ʮʴʦʛʦ 

ʤʦʤʝʥʪʫ ʚʽʜʤʦʚʘ ʥʝ ʚʠʥʠʢʣʘ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ, ʷʢ ʢʦʞʥʠʡ ʧʦʢʘʟʥʠʢ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, ʤʘʻ ʩʪʘʪʠʩʪʠʯʥʝ ʪʘ ʡʤʦʚʽʨʥʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ. 

ʉʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ ɯʥɺ ʟʥʘʭʦʜʷʪʴ ʟ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ 

, ʷʢʽ ʚʽʜʤʦʚʠʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʥʘʨʦʙʽʪʢʫ [ ,  ],t t t+D  ʜʦ ʜʦʙʫʪʢʫ 

ʢʽʣʴʢʦʩʪʽ  ʧʨʘʮʝʟʜʘʪʥʠʭ ʦʙôʻʢʪʽʚ ʫ ʤʦʤʝʥʪ t ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ 

ʥʘʨʦʙʽʪʢʫ :tD  

( )f t dt

T [ ,  ]k mt t

( )Q t ( )f t ( )P t ( )f t

0 0

( ) ( ) ( ) ( ) ( ) 1.

t

t

f t dt f t dt f t dt Q t + P t

¤ ¤

= + = =ñ ñ ñ

( )tl

( ,  )n t t tD +D

( )N t
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 (29) 

ʇʦʨʽʚʥʶʶʯʠ ʚʠʨʘʟʠ (1.9) ʽ (1.13) ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ɯʥɺ ʙʽʣʴʰ ʧʦʚʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʜʽʡʥʽʩʪʴ ʦʙôʻʢʪʘ ʥʘ ʤʦʤʝʥʪ ʥʘʨʦʙʽʪʢʫ t, ʥʽʞ ʑʈɺ, 

ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʫʻ ʯʘʩʪʦʪʫ ʚʽʜʤʦʚ, ʚʽʜʥʝʩʝʥʫ ʜʦ ʬʘʢʪʠʯʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ  ʥʘ ʤʦʤʝʥʪ ʥʘʨʦʙʽʪʢʫ t. 

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʻ ʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʜʦ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʙôʻʢʪʽʚ, ʷʢʽ ʧʨʘʮʝʟʜʘʪʥʽ ʥʘ ʧʝʚʥʦʤʫ (ʨʦʟʛʣʷʥʫʪʦʤʫ) ʚʽʜʨʽʟʢʫ ʯʘʩʫ: 

ʩeʨ

( ,  )
( ) ,

n t t
t

N t

D
l =

D
 ʜʝ cep

2 2
(0) .

2

t t
n t n t

N N

D Då õ å õ
+ + -æ ö æ ö

ç ÷ ç ÷= -  

ɯʤʦʚʽʨʥʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ɯʥɺ ʦʪʨʠʤʘʻʤʦ, ʷʢʱʦ ʧʦʤʥʦʞʠʤʦ ʯʠʩʝʣʴʥʠʢ ʽ 

ʟʥʘʤʝʥʥʠʢ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʚʠʨʘʟʫ (1.13) ʥʘ N: 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (1.5), (1.9) ʪʘ (1.10), ʦʮʽʥʢʫ ɯʥɺ  ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ  ʟʚʽʜʢʠ ʟʘ  ʪʘ  

 

ʄʦʞʣʠʚʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ɯʥɺ l(t) ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.4. 
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t
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ʈʠʩ. 2.3. ɻʨʘʬʽʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ 

ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɯʥɺ 
1

[ ( )] ,
[ ]

t
t

l =  ʜʝ [t] ï ʦʜʠʥʠʮʷ ʚʠʤʽʨʫ ʥʘʨʦʙʽʪʢʫ. 

ʗʢʱʦ ʜʦ ʧʦʯʘʪʢʫ ʧʝʚʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʚʠʨʽʙ ʫʞʝ ʧʨʦʧʨʘʮʶʚʘʚ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ t, ʪʦ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʫʚʦʜʠʪʠ ʫʤʦʚʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʠʨʽʙ ʫʞʝ ʷʢʠʡʩʴ ʯʘʩ ʧʨʦʨʦʙʠʚ ʙʝʟʚʽʜʤʦʚʥʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʚʘʞʘʶʯʠ, ʱʦ ʦʜʥʘ ʟ ʬʫʥʢʮʽʡ ï  

,  ʘʙʦ l(t) ï ʚʽʜʦʤʘ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ P(t, t). ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ ʚ ʽʥʪʝʨʚʘʣʽ (t, t + t) ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʽʜʤʦʚʠ ʥʝ 

ʙʫʜʝ ʚ ʽʥʪʝʨʚʘʣʽ t + t ʟʘ ʫʤʦʚʠ, ʱʦ ʾʾ ʥʝ ʙʫʣʦ ʧʨʦʪʷʛʦʤ ʯʘʩʫ t: 

 (30) 

ʜʝ  ï ʬʫʥʢʮʽʷ (1.1). ɯʥʰʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʚ ʽʥʪʝʨʚʘʣʽ (t, t + t) 

ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ 

 

 (31) 

( ,  ) ln ( ,  ) ln ( ,  ) ( ),
d d

t Q t P t t
dt dt

l t = t =- t =l t+ 

ʜʝ P(t, t) ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (1.15). 

2.3. ʈʽʚʥʷʥʥʷ ʟʚôʷʟʢʫ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ 

ʆʩʢʽʣʴʢʠ ʻ ʦʜʥʦʟʥʘʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʬʫʥʢʮʽʷʤʠ , ,  ʽ ( ),tl  

ʜʦʩʪʘʪʥʴʦ ʟʘʜʘʪʠ ʣʠʰʝ ʦʜʥʫ ʟ ʥʠʭ, ʱʦʙ ʟʘ ʬʦʨʤʫʣʘʤʠ ʟʚôʷʟʢʫ ʟʥʘʡʪʠ ʚʩʽ 

ʽʥʰʽ, ʪʦʙʪʦ ʚ ʩʝʥʩʽ ʧʦʚʥʦʪʠ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʦʙôʻʢʪʘ ʮʽ ʬʫʥʢʮʽʾ 

ʝʢʚʽʚʘʣʝʥʪʥʽ. ɰʭ ʟʥʘʭʦʜʷʪʴ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ 

ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʦʙôʻʢʪʽʚ. 

ʋ ʧʘʨʘʛʨʘʬʽ 1.2.2 ʥʘʚʝʜʝʥʦ ʚʠʨʘʟʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ɯɹʈ ʪʘ ɯɺ ʫ ʬʫʥʢʮʽʾ 

ʑʈɺ ( ).f t  ʆʩʢʽʣʴʢʠ ɯʥɺ l(t) ʻ ʙʽʣʴʰ ʧʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʘʜʽʡʥʦʩʪʽ, 

ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ɯɹʈ P(t) ʯʝʨʝʟ ɯʥɺ. 

( ),P t

( )Q t ( )f t

Ű

Ű

(Ű )
(Ű, ) ( Ű | Ű) exp ɚ( ) ,

(Ű)

t
P t

P t P T t T x dx
P

+å õ+
= > + > = = -æ ö

ç ÷
ñ

( )P t

Ű

Ű

(Ű, ) 1 (Ű, ) 1 exp ɚ( ) ;
t

Q t P t x dx
+å õ

= - = - -æ ö
ç ÷
ñ

( )
( ,  ) ( ,  ) ( ,  ) ;

( )

d d f t
f t Q t P t

dt dt P

t+
t = t =- t =

t

( )P t ( )Q t ( )f t
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ  ʽ ʚʠʨʘʟ 

(1.11) , ʟʘʧʠʰʝʤʦ: 
( )

( ) ( ).
dP t

t P t
dt
=-l  ʈʦʟʜʽʣʠʤʦ ʟʤʽʥʥʽ, 

ʧʦʤʥʦʞʫʶʯʠ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʥʘ , ʦʪʨʠʤʘʻʤʦ  

ɯʥʪʝʛʨʫʶʯʠ ʚʽʜ 0 ʜʦ t ʪʘ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʟʘ  ɯɹʈ ʦʙôʻʢʪʘ , 

ʦʪʨʠʤʘʻʤʦ 
0 0

( )
( ) .

( )

t t
dP t

t dt
P t

=- lñ ñ  

ʆʩʢʽʣʴʢʠ 
0 0

( )
ln ( ) ln ( ),

( )

tt dP t
P t P t

P t
= =ñ  ʪʦ ʨʽʚʥʷʥʥʷ ʟʚôʷʟʢʫ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ 

0

( )
( ) exp ( ) 1 ( ) .

( )

t
f t

P t t dt Q t
t

ë ûî î
= - l = - =ì ü

lî îí ý
ñ  (32) 

ʁʤʦʚʽʨʥʽʩʪʴ  ʦʟʥʘʯʘʻ, ʱʦ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʙʝʟʚʽʜʤʦʚʥʦ 

ʧʨʦʧʨʘʮʶʚʘʚ ʚ ʽʥʪʝʨʚʘʣʽ ʥʘʨʦʙʽʪʢʫ [0,  ],t  ʚʽʜʤʦʚʠʪʴ ʚ ʽʥʪʝʨʚʘʣʽ [ ,  ].t t dt+  

ʈʽʚʥʷʥʥʷ ʟʚôʷʟʢʫ (1.17) ʧʦʢʘʟʫʻ, ʱʦ ʚʩʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ , ( ),Q t  

 ʪʘ l(t) ʨʽʚʥʦʟʥʘʯʥʽ ʫ ʪʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʱʦ ʢʦʣʠ ʚʽʜʦʤʠʡ ʦʜʠʥ ʽʟ ʥʠʭ, 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʥʰʽ. 

2.4. ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ 

ʈʦʟʛʣʷʥʫʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ( ),P t  ( ),Q t   ʪʘ l(t) 

ʧʦʚʥʽʩʪʶ ʦʧʠʩʫʶʪʴ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ ʥʘʨʦʙʽʪʢʫ { }.T t=  ɺʦʜʥʦʯʘʩ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʜʝʷʢʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʥʘʜʽʡʥʦʩʪʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʪʠ 

ʜʝʷʢʽ ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʽʻʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ: ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ 

ʜʦ ʚʽʜʤʦʚʠ, ʜʠʩʧʝʨʩʽʶ ̔  ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʉʂɺ). 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ï ʮʝ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

 (33) 

ʜʝ  ï ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ i-ʛʦ ʦʙôʻʢʪʘ. 

( )
( )

( )

f t
t

P t
l =

( )
( )

dP t
f t

dt
=-

( )

dt

P t

( )
( ) .

( )

dP t
t dt

P t
=-l

0t= (0) 1P =
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( )P t
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N
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ɯʤʦʚʽʨʥʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ʷʚʣʷʻ ʩʦʙʦʶ 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ (ʄʉ) ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ T, ʡʦʛʦ ʚʠʟʥʘʯʘʶʪʴ 

ʷʢ 

0

0

{ } ( ) .T M T tf t dt

¤

= =ñ  (34) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (1.11) ʜʣʷ ʑʈɺ  ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʯʘʩʪʠʥʘʤʠ, ʤʦʞʥʘ ʟʚʝʩʪʠ ʚʠʨʘʟ (1.19) ʜʦ ʚʠʛʣʷʜʫ 

 (35) 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ (0) 1,P =  ( ) 0.P ¤ =  

ɿ ʚʠʨʘʟʫ (1.20) ʚʠʧʣʠʚʘʻ, ʱʦ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ 

ʛʝʦʤʝʪʨʠʯʥʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ  (ʨʠʩ. 1.5). 

 

ʈʠʩ. 2.4. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ  

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʙʽʨʢʠ ʚʠʧʨʦʙʫʚʘʥʴ  ʦʮʽʥʢʘ  ʟʘ 

ʬʦʨʤʫʣʦʶ (1.18) ʟʙʽʛʘʻʪʴʩʷ ʟʘ ʽʤʦʚʽʨʥʽʩʪʶ ʟ ʄʉ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ʟʘ 

ʬʦʨʤʫʣʦʶ (1.20). 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʥʘʨʦʙʽʪʢʫ  ʦʟʥʘʯʘʻ ʤʘʪʝʤʘʪʠʯʥʦ 

ʦʯʽʢʫʚʘʥʠʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʙʪʦ ʫʩʝʨʝʜʥʝʥʠʡ 

ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʞ ʩʪʘʥʦʚʣʷʪʴ ʽʥʪʝʨʝʩ ʪʘʢʽ ʫʤʦʚʥʽ 

ʩʝʨʝʜʥʽ ʥʘʨʦʙʽʪʢʠ: 

( )
( )

dP t
f t

dt
=-

0

0

( )T P t dt
¤

=ñ

( )P t

0T

N¤ 0T

0T
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1) ʩʝʨʝʜʥ̔ʡ ʢʦʨʠʩʥʠʡ ʥʘʨʦʙʽʪʦʢ 0 1t tT ¢  ʟʥʘʭʦʜʷʪʴ ʟʘ ʫʤʦʚʠ, ʱʦ ʟ 

ʜʦʩʷʛʥʝʥʥʷʤ ʥʘʨʦʙʽʪʢʫ t1 ʫʩʽ ʧʨʘʮʝʟʜʘʪʥʽ ʦʙôʻʢʪʠ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʷ, ʟʥʽʤʘʶʪʴ 

ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʪʦʙʪʦ (ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ )  

2) ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʤʘʡʙʫʪʥʴʦʾ ʨʦʙʦʪʠ 0 1t tT >  ï ʾʾ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʦʙôʻʢʪ ʙʝʟʚʽʜʤʦʚʥʦ ʧʨʘʮʶʚʘʚ ʥʘ ʽʥʪʝʨʚʘʣʽ : 

1

0 11
1

1
{ } ( ) .

( )
t t

t

T M T t P t dt
P t

¤

> = - = ñ  

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 0 1
,t tT ¢  0 1t tT >  ʪʘ  ʪʘʢʝ: 

 

ʇʨʠʯʠʥʠ, ʟ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʽ ʧʦʢʘʟʥʠʢʠ: 

1. ɺʠʩʦʢʦʥʘʜʽʡʥʽ ʦʙôʻʢʪʠ (ʝʣʝʤʝʥʪʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʃɸ ʪʦʱʦ) ʟʘʟʚʠʯʘʡ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʤʝʥʰʠʡ ʪʝʨʤʽʥ, ʥʽʞ  (ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ), ʪʦʙʪʦ ʟʘʤʽʥʶʶʪʴʩʷ ʯʝʨʝʟ ʤʦʨʘʣʴʥʝ ʩʪʘʨʽʥʥʷ ʨʘʥʽʰʝ, 

ʥʽʞ ʚʩʪʠʛʘʶʪʴ ʚʠʯʝʨʧʘʪʠ ʥʘʨʦʙʽʪʦʢ 0.T  

2. ʏʘʩʪʦ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʦʙôʻʢʪʽʚ ʧʝʨʽʦʜ ʚʠʧʨʦʙʫʚʘʥʴ ʩʢʦʨʦʯʫʶʪʴ 

(ʧʨʦʚʦʜʷʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦ ʥʘʨʦʙʽʪʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʭ ʤʦʨʘʣʴʥʦʤʫ 

ʩʪʘʨʽʥʥʶ), ʪʦʤʫ  ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʫʤʽʶʪʴ ʷʢ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ, ʱʦ 

ʽʩʥʫʚʘʚ ʙʠ ʚ ʜʽʡʩʥʦʩʪʽ, ʷʢʙʠ ɯɺ ʟʘʣʠʰʘʣʘʩʷ ʪʘʢʦʶ ʩʘʤʦʶ, ʷʢʦʶ ʚʦʥʘ ʙʫʣʘ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɻʨʘʬʽʯʥʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʦʥʷʪʴ 0 1t tT ¢  ʪʘ 0 1t tT >  ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1.6. 

ʉʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʊ0 ̒  ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ 

ʥʘʨʦʙʽʪʢʫ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʊ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ 

ʡʤʦʚʽʨʥʦʩʪʽ (1.6), ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 
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ʗʢʱʦ ʬʫʥʢʮʽʷ  ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʟʘ ʚʩʽʭ 0,t>  ʪʦ ʟ ʚʠʨʘʟʽʚ ʪʘ 
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ʈʠʩ. 2.5. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʦʥʷʪʴ ʩʝʨʝʜʥʴʦʛʦ ʢʦʨʠʩʥʦʛʦ ʥʘʨʦʙʽʪʢʫ 

ʽ ʩʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʤʘʡʙʫʪʥʴʦʾ ʨʦʙʦʪʠ ʚʽʜʧʦʚʽʜʥʦ 

ʗʢʱʦ ʟʘʤʽʥʠʪʠ ʫ ʬʫʥʢʮʽʾ  ʥʘ ( ),dP t-  ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʟʘ ʯʘʩʪʠʥʘʤʠ 

ʽ ʚʨʘʭʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʾ  ʦʪʨʠʤʘʻʤʦ  ɿʚʽʜʩʠ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʧʽʜ 

ʢʨʠʚʦʶ  ʥʘ ʚʩʽʡ ʧʽʚʦʩʽ (0,  ).¤  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʦʙʦʪʦʶ ʜʦ ʚʽʜʤʦʚʠ ʚʩʽʭ  

ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʪʘʢʫ ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ 

ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ:  ʜʝ  ï ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ -̔ʛʦ 

ʦʙôʻʢʪʘ. 

ʉʝʨʝʜʥʽʡ ʟʘʣʠʰʢʦʚʠʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʊ0(t) ʻ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʩʧʦʜʽʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʊ ï t ʟʘ ʫʤʦʚʠ, ʱʦ ʊ > t. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʾ , ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʟʘʣʠʰʢʦʚʦʛʦ 

ʥʘʨʦʙʽʪʢʫ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ 

0

0 0

( ) ( )
( ) ( ,  ) .

( ) ( )

tdQ t P t dt
T tdQ t

P P

¤ ¤ ¤

t

t+
t = t = =

t tñ ñ ñ  (37) 

ɿʘ t = 0 ʬʫʥʢʮʽʷ (1.22) ʟʙʽʛʘʻʪʴʩʷ ʟ ʬʫʥʢʮʽʻʶ (1.21). 

ɺʦʜʥʦʯʘʩ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʥʝ ʤʦʞʝ ʮʽʣʢʦʤ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʦʙôʻʢʪʘ. ʊʘʢ, ʟʘ ʨʽʚʥʠʭ ʩʝʨʝʜʥʽʭ ʥʘʨʦʙʽʪʢʽʚ ʜʦ ʚʽʜʤʦʚʠ  

ʥʘʜʽʡʥʽʩʪʴ ʦʙôʻʢʪʽʚ 1 ʽ 2 ʤʦʞʝ ʜʦʩʠʪʴ ʽʩʪʦʪʥʦ ʨʦʟʨʽʟʥʷʪʠʩʷ (ʨʠʩ. 1.7). 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʟ ʙʽʣʴʰʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ (ʢʨʠʚʘ ʑʈɺ 

 ʥʠʞʯʘ ʽ ʰʠʨʰʘ), ʦʙôʻʢʪ 2 ʤʝʥʰ ʥʘʜʽʡʥʠʡ, ʥʽʞ ʦʙôʻʢʪ 1. 

 

ʈʠʩ. 2.6. ɻʨʘʬʽʢʠ ʑʈɺ ʟʘ ʦʜʥʘʢʦʚʠʭ  ʽ ʨʽʟʥʠʭ ʜʠʩʧʝʨʩʽʡ  

ʊʦʤʫ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʦʙôʻʢʪʘ ʟʘ ʟʥʘʯʝʥʥʷʤ  ʧʦʪʨʽʙʥʦ 

ʪʘʢʦʞ ʟʥʘʪʠ ʽ ʧʦʢʘʟʥʠʢʠ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ T = { t} ʧʦʙʣʠʟʫ 

ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ 0.T  

ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʣʝʞʘʪʴ ʜʠʩʧʝʨʩʽʷ ʽ ʉʂɺ ʥʘʨʦʙʽʪʢʫ ʜʦ 

ʚʽʜʤʦʚʠ. 

ɼʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘʨʦʙʽʪʢʫ: 

ï ʩʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ: 
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ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘʨʦʙʽʪʢʫ: 

ï ʩʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ: 

 ʘʙʦ ; 

ï ʽʤʦʚʽʨʥʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ: 
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ɿʛʽʜʥʦ ʟ ɼʉʊʋ 2680-94 ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʥʘʣʝʞʠʪʴ ʛʘʤʤʘ-

ʚʽʜʩʦʪʢʦʚʠʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʨʦʙʽʪʦʢ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʚʽʜʤʦʚʘ ʦʙôʻʢʪʘ ʥʝ ʚʠʥʠʢʘʻ ʟ ʽʤʦʚʽʨʥʽʩʪʶ g, ʚʠʨʘʞʝʥʦʶ ʫ ʚʽʜʩʦʪʢʘʭ. 

2.5. ʇʦʢʘʟʥʠʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʟʙʝʨʝʞʫʚʘʥʦʩʪʽ 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʢʘʟʥʠʢʠ ʩʢʣʘʜʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ï ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʎʝ 

ʧʦʥʷʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʦʙôʻʢʪʘ. 

ʊʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ï ʥʘʨʦʙʽʪʦʢ ʦʙôʻʢʪʘ ʚʽʜ ʧʦʯʘʪʢʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʙʦ ʧʦʥʦʚʣʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʩʣʷ ʨʝʤʦʥʪʫ ʜʦ ʥʘʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ. 

ʇʦ ʩʫʪʽ, ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ʤʦʞʝ ʙʫʪʠ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʜʦ 

ʩʝʨʝʜʥʴʦʛʦ, ʢʘʧʽʪʘʣʴʥʦʛʦ, ʚʽʜ ʢʘʧʽʪʘʣʴʥʦʛʦ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʩʝʨʝʜʥʴʦʛʦ 

ʨʝʤʦʥʪʫ ʽ ʪ. ʧ. ʗʢʱʦ ʨʝʛʣʘʤʝʥʪʘʮʽʾ ʥʝʤʘʻ, ʪʦ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʨʝʩʫʨʩ ʚʽʜ 

ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ ʚʩʽʭ ʚʠʜʽʚ 

ʨʝʤʦʥʪʽʚ. 

ɼʣ̫ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʧʦʥʷʪʪʷ ʪʝʭʥʽʯʥʦʛʦ ʨʝʩʫʨʩʫ ʽ ʥʘʨʦʙʽʪʢʫ 

ʜʦ ʚʽʜʤʦʚʠ ʟʙʽʛʘʶʪʴʩʷ. 

ʇʨʠʟʥʘʯʝʥʠʡ ʨʝʩʫʨʩ ï ʩʫʤʘʨʥʠʡ ʥʘʨʦʙʽʪʦʢ ʦʙôʻʢʪʘ, ʟ ʜʦʩʷʛʥʝʥʥʷʤ 

ʷʢʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʤʘʻ ʙʫʪʠ ʧʨʠʧʠʥʝʥʘ ʟʛʽʜʥʦ ʟ ʅʊɼ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ 

ʩʪʘʥʫ. 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ ï ʢʘʣʝʥʜʘʨʥʘ ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʟʦʢʨʝʤʘ 

ʟʙʝʨʽʛʘʥʥʷ, ʨʝʤʦʥʪ ʽ ʪ. ʧ.) ʚʽʜ ʾʾ ʧʦʯʘʪʢʫ ʜʦ ʥʘʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʟʛʽʜʥʦ 

ʟ ʅʊɼ. ʆʩʢʽʣʴʢʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʬʘʢʪʠʯʥʦ ʻ ʢʘʣʝʥʜʘʨʥʠʤ ʯʘʩʦʤ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙôʻʢʪʘ, ʪʦ ʚʽʥ ʟʘʚʞʜʠ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʯʘʩʫ 

(ʛʦʜʠʥʠ, ʤʽʩʷʮʽ, ʨʦʢʠ ʪʦʱʦ). 

ɻʨʘʬʽʯʥʦ ʧʨʠʢʣʘʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.8. 

ʇʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩ. 1.8 ʦʟʥʘʯʘʶʪʴ: 

t0 = 0 ï ʧʦʯʘʪʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʘ; 

t1, t5 ï ʤʦʤʝʥʪʠ ʚʽʜʢʣʶʯʝʥʥʷ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʯʠʥ; 

, , ,  ï ʤʦʤʝʥʪʠ ʚʤʠʢʘʥʥʷ ʦʙôʻʢʪʘ; 

,  ï ʤʦʤʝʥʪʠ ʚʠʚʝʜʝʥʥʷ ʦʙôʻʢʪʘ ʜʣʷ ʨʝʤʦʥʪʫ, ʚʽʜʧʦʚʽʜʥʦ, 

ʩʝʨʝʜʥʴʦʛʦ ʽ ʢʘʧʽʪʘʣʴʥʦʛʦ; 

 ï ʤʦʤʝʥʪ ʧʨʠʧʠʥʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʛʽʜʥʦ ʟ ʅʊɼ; 

 ï ʤʦʤʝʥʪ ʚʽʜʤʦʚʠ ʦʙôʻʢʪʘ (ʥʘʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ). 

2t 4t 6t 8t
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ʈʠʩ. 2.7. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʊʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ (ʥʘʨʦʙʽʪʦʢ ʥʘ ʚʽʜʤʦʚʫ) 

 

ʇʨʠʟʥʘʯʝʥʠʡ ʨʝʩʫʨʩ  

ʊʝʨʤʽʥ ʩʣʫʞʙʠ ʦʙôʻʢʪʘ . 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʦʙôʻʢʪʽʚ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʷʢ ʢʨʠʪʝʨʽʡ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ. 

ʁʤʦʚʽʨʥʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʚʦʜʷʪʴ ʪʘʢʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ: ʨʝʩʫʨʩ ʊʨ ï ʩʫʤʘʨʥʠʡ 

ʥʘʨʦʙʽʪʦʢ ʦʙôʻʢʪʘ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʧʝʨʝʭʦʜʫ ʚ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ, 

ʱʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ; ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʊʩʣ ï ʢʘʣʝʥʜʘʨʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʩʣʫʞʙʠ ʦʙôʻʢʪʘ ʚʽʜ ʧʦʯʘʪʢʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʧʝʨʝʭʦʜʫ ʫ 

ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ. ʈʦʟʨʽʟʥʷʶʪʴ ʩʝʨʝʜʥʽʡ, ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʠʡ ʽ ʧʨʠʟʥʘʯʝʥʠʡ 

ʨʝʩʫʨʩʠ (ʪʝʨʤʽʥ ʩʣʫʞʙʠ). ʉʝʨʝʜʥʽʡ ʽ ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʠʡ ʨʝʩʫʨʩʠ (ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ) ï ʮʝ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

ʊʨ (ʘʙʦ ʊʩʣ) ʽ ʢʚʘʥʪʠʣʴ ʟʘ ʨʽʚʥʝʤ ʡʤʦʚʽʨʥʦʩʪʽ ɔ, ʱʦ ʚʠʨʘʞʝʥʠʡ ʫ ʚʽʜʩʦʪʢʘʭ. 

ɿʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʊʨ.ʟ (ʟʘʣʠʰʢʦʚʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʊʩʣ.ʟ) ï ʮʝ ʩʫʤʘʨʥʠʡ 

ʥʘʨʦʙʽʪʦʢ (ʢʘʣʝʥʜʘʨʥʘ ʪʨʠʚʘʣʽʩʪʴ) ʚʽʜ ʤʦʤʝʥʪʫ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʜʦ ʧʝʨʝʭʦʜʫ ʫ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ. ɸʥʘʣʦʛʽʯʥʦ ʚʚʦʜʷʪʴ ʧʦʥʷʪʪʷ ʟʘʣʠʰʢʦʚʦʛʦ 

ʪʝʨʤʽʥʫ ʟʙʝʨʝʞʝʥʥʷ (ʟʙʝʨʽʛʘʥʥʷ) ʊʟʙ.ʟ. ɼʣʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʊʨ.ʟ, ʊʩʣ.ʟ ʽ 

ʊʟʙ.ʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽ ʞ ʩʘʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʽ ʜʣʷ ʊʨ, ʊʩʣ ʽ ʊʟʙ. 

ʇʦʢʘʟʥʠʢʠ ʟʙʝʨʝʞʫʚʘʥʦʩʪʽ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʟʙʝʨʝʞʫʚʘʥʦʩʪʽ 

ʨʦʟʛʣʷʜʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ï ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ, 

ʦʙʫʤʦʚʣʝʥʦʛʦ ʷʢ ʢʘʣʝʥʜʘʨʥʘ ʪʨʠʚʘʣʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʽ/ʯʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʦʙôʻʢʪʘ, ʧʨʦʪʷʛʦʤ ʷʢʦʾ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʦʙôʻʢʪʘ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ. ʗʢ 

ʧʦʢʘʟʥʠʢʠ ʟʙʝʨʝʞʫʚʘʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʝʨʝʜʥʽʡ ʽ ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʠʡ 

ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ. 

3 2 5 4 7 6 10 81TP ( ) ( ) ( ) ( ).t t t t t t t t t= + - + - + - + -

1 3 2 5 4 7 6 9 8ʇP ( ) ( ) ( ) ( ).t t t t t t t t t+= - + - + - + -

10TC t=
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3 ʇʨʠʟʥʘʯʝʥʥʷ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘ ʧʨʠʥʮʠʧ ʜʽʾ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

3.1. ʇʨʠʥʮʠʧ ʜʽʾ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʂʚʘʜʨʦʢʦʧʪʝʨʠ ð ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʤʫʣʴʪʠʢʦʧʪʝʨʽʚ ð ʤʥʦʛʦʨʦʪʦʨʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʪʨʠʤʘʶʪʴʩʷ ʚ ʧʦʚʽʪʨʽ, ʢʝʨʫʶʪʴʩʷ ʽ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʪʽʣʴʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʩʫʯʠʭ ʧʨʦʧʝʣʝʨʽʚ. ʄʫʣʴʪʠʢʦʧʪʝʨʠ (ʜʨʦʥʠ) ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʟʣʽʪ ʽ ʧʦʩʘʜʢʫ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʦʣʽʪ, ʘ ʪʘʢʦʞ ʩʪʘʙʽʣʴʥʦ ʟʘʚʠʩʘʪʠ ʚ 

ʧʦʚʽʪʨʽ. ʂʣʘʩʠʯʥʠʡ ʢʚʘʜʨʦʢʦʧʪʝʨ ʤʘʻ ʭʨʝʩʪʦʧʦʜʽʙʥʫ ʨʘʤʫ, ʥʘ ʢʽʥʮʷʭ ʧʨʦʤʝʥʽʚ 

ʷʢʦʾ ʚʝʨʪʠʢʘʣʴʥʦ ʟʘʢʨʽʧʣʝʥʽ ʤʦʪʦʨʠ. [ 16 ] 

ʇʦʚʽʪʨʷʥʽ ʛʚʠʥʪʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʜʽʘʛʦʥʘʣʴʥʠʭ ʧʨʦʤʝʥʷʭ ʨʘʤʠ, ʩʪʚʦʨʶʶʪʴ 

ʩʫʤʘʨʥʫ ʚʝʨʪʠʢʘʣʴʥʫ ʪʷʛʫ. ʉʠʥʭʨʦʥʥʦ ʨʝʛʫʣʶʶʯʠ ʦʙʦʨʦʪʠ ʜʚʠʛʫʥʽʚ, ʤʦʞʥʘ 

ʟʤʫʩʠʪʠ ʢʚʘʜʨʦʢʦʧʪʝʨ ʧʽʜʥʽʤʘʪʠʩʷ ʚʛʦʨʫ, ʟʘʚʠʩʘʪʠ ʘʙʦ ʦʧʫʩʢʘʪʠʩʷ. 

 

ʄʘʣ. 3.1.1. ɺʝʢʪʦʨʠ ʪʷʛʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʇʨʠ ʥʘʭʠʣʽ ʨʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʝʢʪʦʨʘ ʪʷʛʠ xF  

ʟʤʝʥʰʠʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ 
yF  ʽ ʢʚʘʜʨʦʢʦʧʪʝʨ ʧʦʯʥʝ ʚʪʨʘʯʘʪʠ ʚʠʩʦʪʫ. 

ʊʦʤʫ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʚʠʩʦʪʠ ʧʨʠ ʥʘʭʠʣʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʦʙʝʨʪʠ ʚʩʽʭ ʜʚʠʛʫʥʽʚ 

ʧʦʚʠʥʥʽ ʟʨʦʩʪʠ ʥʘ ʦʜʥʘʢʦʚʫ ʢʦʤʧʝʥʩʫʶʯʫ ʚʝʣʠʯʠʥʫ. 

ɻʚʠʥʪʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʩʪʚʦʨʶʶʪʴ ʦʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʥʘʤʘʛʘʻʪʴʩʷ 

ʨʦʟʚʝʨʥʫʪʠ ʢʚʘʜʨʦʢʦʧʪʝʨ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʣʝʞʥʫ ʦʙʝʨʪʫ ʛʚʠʥʪʘ. ʊʦʤʫ ʚ 

ʢʚʘʜʨʦʢʦʧʪʝʨʽ ʜʚʘ ʛʚʠʥʪʘ ʦʙʝʨʪʘʶʪʴʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʽ ʜʚʘ ð ʧʨʦʪʠ 

ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʽʚʥʦʚʘʞʠʪʠ ʦʙʝʨʪʦʚʽ ʤʦʤʝʥʪʠ. ʗʢʱʦ 
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ʟʙʽʣʴʰʠʪʠ ʦʙʝʨʪʠ ʜʚʠʛʫʥʽʚ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, ʽ ʚ ʨʽʚʥʽʡ 

ʤʽʨʽ ʟʤʝʥʰʠʪʠ ʦʙʝʨʪʠ ʜʚʠʛʫʥʽʚ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʪʦ 

ʩʫʤʘʨʥʘ ʪʷʛʘ ʥʝ ʟʤʽʥʠʪʴʩʷ, ʘʣʝ ʦʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ ʧʝʨʝʩʪʘʥʝ ʙʫʪʠ ʚʨʽʚʥʦʚʘʞʝʥʠʤ 

, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʢʚʘʜʨʦʢʦʧʪʝʨ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʴ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ 

ʩʪʨʽʣʢʠ. ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʦ ʦʙʝʨʪʘʪʠ ʢʚʘʜʨʦʢʦʧʪʝʨ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ. 

ɿʫʧʠʥʠʤʦʩʷ ʜʝʪʘʣʴʥʽʰʝ ʥʘʜ ʩʧʦʩʦʙʘʤʠ ʥʘʭʠʣʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʧʦ ʢʫʪʘʤ 

ʈʠʩʢʘʥʥʷ , ʢʨʝʥʫ, ʪʘʥʛʘʞʫ. 

ʗʢʱʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʠʤʠ ʦʙʝʨʪʠ ʜʚʠʛʫʥʽʚ ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ 

ʧʨʦʤʝʥʷʭ ʢʚʘʜʨʦʢʦʧʪʝʨʘ (ʜʚʠʛʫʥʠ 1 ʽ 3) ʽ ʟʙʽʣʴʰʠʪʠ ʦʙʝʨʪʠ ʜʚʠʛʫʥʽʚ 2 ʽ 4, ʪʦ 

ʢʚʘʜʨʦʢʦʧʪʝʨ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʴ ʥʘʚʢʦʣʦ ʦʩʽ y1 , ʮʝʡ ʧʦʚʦʨʦʪ ʥʘʟʠʚʘʻʪʴʩʷ 

ʈʠʩʢʘʥʥʷ ʤ, ʥʘ ʤʘʣ. 3.1.2 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʽʚ 

ʧʽʜ ʯʘʩ ʈʠʩʢʘʥʥʷ .  

 

ʄʘʣ. 3.1.2. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʽʚ ʧʽʜ ʯʘʩ ʨʠʩʢʘʥʥʷ 

ʇʦʚʦʨʦʪ ʥʘʚʢʦʣʦ ʦʩʽ z1 ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʝʥʦʤ, ʧʦʚʦʨʦʪ ʥʘʚʢʦʣʦ ʦʩʽ x1 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʥʛʘʞʝʤ. 

ʅʘ ʤʘʣ. 3.1.3 ʽ ʥʘ ʤʘʣ. 3.1.4  ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʽʚ ʧʽʜ ʯʘʩ ʢʨʝʥʫ ʽ ʪʘʥʛʘʞʫ ʚʽʜʧʦʚʽʜʥʦ. 
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ʄʘʣ. 3.1.3. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʽʚ ʧʽʜ ʯʘʩ ʢʨʝʥʫ 

 

ʄʘʣ. 3.1.4. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʽʚ ʧʽʜ ʯʘʩ ʪʘʥʛʘʞʫ 

ʆʙʝʨʪʘʤʠ ʜʚʠʛʫʥʽʚ ʢʝʨʫʻ ʩʧʝʮʽʘʣʴʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ð ʧʦʣʴʦʪʥʠʡ ʢʦʥʪʨʦʣʝʨ. ʁʦʛʦ ʟʘʜʘʯʘ ð ʧʦʩʪʽʡʥʦ ʦʧʠʪʫʚʘʪʠ 

ʚʙʫʜʦʚʘʥʽ ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʛʽʨʦʩʢʦʧʠ, ʙʘʨʦʤʝʪʨʠ, ʩʠʛʥʘʣʠ ʚʽʜ ʧʨʠʡʤʘʯʘ ʨʘʜʽʦ 

ʢʝʨʫʚʘʥʥʷ, ʽ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʫʚʘʪʠ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʜʚʠʛʫʥʘ ʦʢʨʝʤʦ. 

3.2. ʆʧʠʩ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʫʣʴʪʘ ʨʘʜʽʦ ʢʝʨʫʚʘʥʥʷ, 

ʧʝʨʝʜʘʪʯʠʢʘ, ʧʨʠʡʤʘʯʘ, ʧʦʣʽʪʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ, ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ ʢʫʪʦʚʠʤ 

ʧʦʣʦʞʝʥʥʷʤ, ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ ʮʝʥʪʨʦʤ 
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ʤʘʩ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʽʥʝʨʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ (ɯɺʄ) (ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʘʢʩʝʣʝʨʦʤʝʪʨ ʪʘ ʜʘʪʯʠʢ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ (ɼʂʐ)), ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ, ʯʦʪʠʨʴʦʭ ʨʝʛʫʣʷʪʦʨʽʚ ʦʙʝʨʪʽʚ ʙʝʟʢʦʣʝʢʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʯʦʪʠʨʴʦʭ ʜʚʠʛʫʥʽʚ ʽ ʯʦʪʠʨʴʦʭ ʧʨʦʧʝʣʝʨʽʚ. 

ʉʠʩʪʝʤʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ ð ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʣʴʪʘ ʨʘʜʽʦ 

ʢʝʨʫʚʘʥʥʷ ʧʽʣʦʪ ʟʘʜʘʻ ʢʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʢʨʝʥʫ 3g, ʪʘʥʛʘʞʫ 3J, ʨʠʩʢʘʥʥʶ 3y, ʘ 

ʪʘʢʦʞ ʩʫʤʘʨʥʫ ʪʷʛʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 3R. ʉʠʛʥʘʣʠ ʟ ʟʘʜʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʧʦʪʽʤ ʢʦʜʫʶʪʴʩʷ ʽ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ 

ʧʝʨʝʜʘʪʯʠʢʘ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʬʘʟʦʚʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʧʦʪʽʤ ʩʠʛʥʘʣʠ 

ʡʜʫʪʴ ʥʘ ʛʝʥʝʨʘʪʦʨ ʯʘʩʪʦʪʠ ʭʚʠʣʽ-ʥʦʩʽʷ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʘʥʪʝʥʫ, ʷʢʘ 

ʧʝʨʝʜʘʻ ʩʠʛʥʘʣʠ ʥʘ ʘʥʪʝʥʫ ʧʨʠʡʤʘʯʘ. ʇʽʩʣʷ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ ʟ ʘʥʪʝʥʠ ʧʨʠʡʤʘʯʘ 

ʩʠʛʥʘʣʠ ʧʽʜʩʠʣʶʶʪʴʩʷ ʥʘ ʣʽʥʽʡʥʦ-ʯʘʩʪʦʪʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ, ʧʽʩʣʷ ʯʦʛʦ ʚʦʥʠ 

ʡʜʫʪʴ ʥʘ ʜʝʪʝʢʪʦʨ, ʜʝ ʚʽʜ ʩʢʣʘʜʦʚʦʾ ʭʚʠʣʽ-ʥʦʩʽʷ ʚʽʜʜʽʣʷʻʪʴʩʷ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ, 

ʧʦʪʽʤ ʩʠʛʥʘʣ ʦʜʥʦʯʘʩʥʦ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʯʦʪʠʨʠ ʟʘʜʘʥʠʭ ʩʠʛʥʘʣʠ: ʩʫʤʘʨʥʫ ʪʷʛʫ ʽ 

ʪʨʠ ʢʫʪʠ ʥʘʭʠʣʫ, ʷʢʽ ʢʦʜʫʶʪʴʩʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʤʦʜʫʣʷʪʦʨʦʤ, ʜʘʣʽ 

ʜʝʢʦʜʫʶʪʴʩʷ, ʽ ʥʘ ʧʦʣʴʦʪʥʠʡ ʢʦʥʪʨʦʣʝʨ ʧʦʪʨʘʧʣʷʶʪʴ ʨʦʟʜʽʣʝʥʽ ʧʦ ʢʘʥʘʣʘʤ 

ʩʠʛʥʘʣʠ. ʅʘ ʚʠʭʦʜʽ ʧʦʣʴʦʪʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʪʷʛʘ 3R, ʢʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʢʨʝʥʫ 3g

, ʪʘʥʛʘʞʫ 3J, ʨʠʩʢʘʥʥʶ 3y  ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʘʚʪʦʤʘʪ ʢʝʨʫʚʘʥʥʷ ʢʫʪʦʚʠʤ 

ʧʦʣʦʞʝʥʥʷʤ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʱʦ ʨʦʟʨʘʭʦʚʫʻ ʧʦʪʨʽʙʥʽ ʪʷʛʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʚʠʢʦʥʘʚʯʦʛʦ ʜʚʠʛʫʥʘ 1 2 3 4,  ,  ,  F F F F  ʽ ʚʠʨʦʙʣʷʻ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʜʣʷ ʯʦʪʠʨʴʦʭ 

ʨʝʛʫʣʷʪʦʨʽʚ ʦʙʝʨʪʽʚ ʙʝʟʢʦʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ (ʈʆɹɼ). ʅʘ ʚʠʭʦʜʽ ʢʦʞʥʦʛʦ ʈʆɹɼ 

ʛʝʥʝʨʫʶʪʴʩʷ ʥʘʧʨʫʛʠ 1 2 3 4,  ,  ,  U U U U  ʜʣʷ ʦʙʤʦʪʦʢ ʜʚʠʛʫʥʽʚ. ɼʚʠʛʫʥʠ ʚʠʨʦʙʣʷʶʪʴ 

ʤʦʤʝʥʪʠ 1 2 3 4,  ,  ,  M M M M , ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʯʦʪʠʨʠ ʧʨʦʧʝʣʝʨʘ. ʇʨʦʧʝʣʝʨʠ 

ʚʠʨʦʙʣʷʶʪʴ ʪʷʛʫ 1 2 3 4,  ,  ,  F F F F  ʽ ʨʝʘʢʪʠʚʥʽ ʤʦʤʝʥʪʠ 
1 2 3 4

1 1 1 1,  ,  ,  y y y yM M M M . ʊʷʛʠ ʽ 

ʨʝʘʢʪʠʚʥʽ ʤʦʤʝʥʪʠ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘ ʤʘʩ (ʎʄ). ʊʘʢ, ʷʢ ʧʨʦʧʝʣʝʨʠ 

2 4

1 1,  y yM M  ʦʙʝʨʪʘʶʪʴʩʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʘ ʤʦʤʝʥʪʠ 
1 3

1 1,  y yM M  ð ʟʘ 

ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʩʫʤʘʪʦʨʽ ʚʽʜ ʤʦʤʝʥʪʽʚ 
2 4

1 1,  y yM M  

ʙʫʜʫʪʴ ʚʽʜʥʽʤʘʪʠʩʷ ʤʦʤʝʥʪʠ 
1 3

1 1,  y yM M . ʉʫʤʘʨʥʠʡ ʤʦʤʝʥʪ 
1yM S

 ʙʫʜʝ ʜʽʷʪʠ ʥʘ 
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ʮʝʥʪʨ ʤʘʩ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʊʷʛʠ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʎʄ, ʜʝ ʚʽʜ ʪʷʛʠ 

ʜʚʠʛʫʥʽʚ 2 4,  F F  ʚʽʜʥʽʤʘʶʪʴʩʷ ʪʷʛʠ 1 3,  F F. ʉʫʤʘʨʥʘ ʪʷʛʘ ʥʘ ʚʠʭʦʜʽ ʩʫʤʘʪʦʨʘ FS ʙʫʜʝ 

ʜʽʷʪʠ ʥʘ ʎʄ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʜʽʾ ʥʘ ʎʄ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʩʫʤʘʨʥʦʾ ʪʷʛʠ FS ʽ ʤʦʤʝʥʪʫ 1yM S
 ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʡʦʛʦ ʢʫʪʠ ʚʽʜʭʠʣʝʥʥʷ  ,Dg 

,DJ Dy; ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ xwD , 
ywD , zwD ; ʢʦʦʨʜʠʥʘʪʠ ,  ,  x y zD D D; ʣʽʥʽʡʥʘ 

ʰʚʠʜʢʽʩʪʴ xVD , 
yVD , zVD . ʣʽʥʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ  xaD , 

yaD , zaD   ʂʦʦʨʜʠʥʘʪʠ ʪʘ 

ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʤʽʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ, ʢʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ð ʟʘ ʜʦʧʦʤʦʛʦʶ ɼʂʐ,  

ʣʽʥʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ  xaD , 
yaD , zaD  ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ɺʽʜ ʙʣʦʢʫ 

ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʩʠʛʥʘʣ ʧʨʦ ʢʦʦʨʜʠʥʘʪʠ , ,hū ɚ  

ʪʘ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ xV ,
yV , zV  ʡʜʝ ʥʘ ʘʚʪʦʤʘʪ ʢʝʨʫʚʘʥʥʷ ʮʝʥʪʨʦʤ ʤʘʩ ɹʇʃɸ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʧʨʦʝʢʮʽʾ ʪʷʛ ʜʚʠʛʫʥʽʚ ʥʘ ʚʽʩʽ x1, y1, z1. ɼʘʣʽ ʮʽ ʩʠʛʥʘʣʠ ʡʜʫʪʴ ʥʘ 

ʧʦʣʴʦʪʥʠʡ ʢʦʤʧôʶʪʝʨ, ʥʘ ʷʢʦʤʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʫʤʘʨʥʘ ʪʷʛʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜôʻʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʩʠʛʥʘʣʘʤʠ ʩʫʤʘʨʥʦʾ 

ʪʷʛʠ 3R, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʟ ʧʫʣʴʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʉʠʛʥʘʣʠ ʧʦʪʦʯʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ xw ,
yw , zw, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ɼʂʐ, ʪʘ 

ʣʽʥʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ  xaD , 
yaD , zaD  ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʡʜʫʪʴ ʥʘ 

ʘʚʪʦʤʘʪ ʢʝʨʫʚʘʥʥʷ ʢʫʪʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ. 

 



50 

 

ʄʘʣ. 3.2.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʅʘ ʤʘʣ. 3.2.1 ʧʦʟʥʘʯʝʥʦ: 1 - ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ, 2 ï ʧʝʨʝʜʘʪʯʠʢ, 3 ï ʧʨʠʡʤʘʯ, 

4 ï ʧʦʣʴʦʪʥʠʡ ʢʦʥʪʨʦʣʝʨ, 5 ð ʘʚʪʦʤʘʪ ʢʝʨʫʚʘʥʥʷ ʢʫʪʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ, 6 ï ʈʆɹɼ1, 7 ï ʈʆɹɼ2, 8 ï ʈʆɹɼ3, 9 ï ʈʆɹɼ4, 10 ï ʜʚʠʛʫʥ 1, 11 

ï ʜʚʠʛʫʥ 2, 12 ï ʜʚʠʛʫʥ 3, 13 ï ʜʚʠʛʫʥ 4, 14 ï ʧʨʦʧʝʣʝʨ 1, 15 ï ʧʨʦʧʝʣʝʨ 2, 16 ï 

ʧʨʦʧʝʣʝʨ 3 , 17 ï ʧʨʦʧʝʣʝʨ 4, 18 ï ʮʝʥʪʨ ʤʘʩ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, 19 ï ʪʨʠʚʽʩʥʠʡ 

ʘʢʩʝʣʝʨʦʤʝʪʨ, 20 ï ʪʨʠʚʽʩʥʠʡ ʛʽʨʦʩʢʦʧ, 21 ï ʥʘʚʽʛʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ, 22 - ʘʚʪʦʤʘʪ ʢʝʨʫʚʘʥʥʷ ʮʝʥʪʨʦʤ ʤʘʩ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 
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3.3. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʫʭʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

 

 

ʄʘʣ. 3.3.1. ɿʝʤʥʘ ʪʘ ʧʦʚôʷʟʘʥʘ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

 ʇʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ 

ʢʦʦʨʜʠʥʘʪ ʎʄ x, y, z, ʧʨʦʝʢʮʽʡ ʰʚʠʜʢʦʩʪʝʡ xV , 
yV , zV , ʢʫʪʽʚ ʢʨʝʥʫ g, ʪʘʥʛʘʞʫ J, 

ʨʠʩʢʘʥʥʷ  y, ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ xw , 
yw , zw  [3]: 

;

;
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( )

( )

( ) ,

x x y z y z

y y z x x z

z z x y x y

J J J

J J J

J J J
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= -ì
î

= -í

w w w

w ww

w ww

     (41) 

ʜʝ xR  , 
yR , zR  ð ʧʨʦʝʢʮʽʾ ʨʽʚʥʦʜʽʶʯʠʭ ʩʠʣ ʪʷʛ 

iF  ʯʦʪʠʨʴʦʭ ʧʨʦʧʝʣʝʨʽʚ 

1 2 3 4R F F F F= + + +; xM  , 
yM , zM  ð ʧʨʦʝʢʮʽʾ ʛʦʣʦʚʥʦʛʦ ʤʦʤʝʥʪʫ ʩʠʣ ʪʷʛ; xJ  , 

yJ , zJ  

ð ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚʽʜʥʦʩʥʦ ʧʦʚôʷʟʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ; m ð 

ʤʘʩʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ; TF = mg ð ʚʘʛʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 

 ʇʨʦʝʢʮʽʾ ʛʦʣʦʚʥʦʛʦ ʤʦʤʝʥʪʫ ʩʠʣ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

1 1 2 3 4

1 2 3 4

1

1 1 2 3 4

2
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y y y y y

z

l
M F F F F

M M M M M

l
M F F F F

ë
= - - + Öî

îî
= - + -ì

î
î = + - - Ö
îí

     (42) 

ʜʝ l ð ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʽʩʽ ʜʚʠʛʫʥʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʢʚʘʜʨʦʢʦʧʪʝʨʘ; 

i

yM  ( 1,4i = ) ð  ʨʝʘʢʪʠʚʥʽ ʤʦʤʝʥʪʠ ʧʨʦʧʝʣʝʨʽʚ, ʧʨʦʧʦʨʮʽʡʥʽ ʩʠʣʽ ʾʭ ʪʷʛ: 

,i

y M iM k F= Ö        (43) 

ʜʝ Mk  ð ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ. 
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3.4. ʇʨʠʟʥʘʯʝʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʚʘʜʨʦʢʦʧʪʝʨʠ (ʜʨʦʥʠ) ð ʢʦʤʧʦʢʪʥʠʡ 

ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʽ ʦʮʽʥʢʠ 

ʥʦʚʠʭ ʽʜʝʡ ʚ ʥʘʫʢʦʤʽʩʪʢʠʭ ʩʬʝʨʘʭ (ʥʘʚʽʛʘʮʽʷ, ʪʝʦʨʽʷ ʢʝʨʫʚʘʥʥʷ ʧʦʣʴʦʪʦʤ, 

ʨʦʙʦʪʦʪʝʭʥʽʢʘ ʪʘ ʽʥ.). ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʟʥʘʡʰʣʠ ʩʚʦʻ ʚʠʟʥʘʥʥʷ ʩʝʨʝʜ ʬʘʭʽʚʮʽʚ 

ʽʥʬʦʨʤʘʪʠʢʠ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚ ʩʠʣʫ ʾʭ ʚʽʜʥʦʩʥʦʾ 

ʜʝʰʝʚʠʟʥʠ ʽ ʧʨʦʩʪʦʪʠ ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʨʦʙʠʪʴ ʾʭ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ 

ʪʝʩʪʦʚʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. ʅʘʡʧʦʧʫʣʷʨʥʽʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʠ 

ʦʪʨʠʤʘʣʠ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʘʝʨʦʟʡʦʤʢʠ. ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʟʚʽʜʢʠ ʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʦʰʫʢʫ ʟʥʠʢʣʠʭ ʣʶʜʝʡ ʥʘ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ. 

ɺ ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʣʠʚʽ ʪʘʢʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ: 

1. ɼʦʩʪʘʚʢʘ ʧʨʦʜʫʢʪʽʚ ʪʘ ʽʥʰʠʭ ʪʦʚʘʨʽʚ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʢʫʧʠʪʠ 

ʪʦʚʘʨʠ ʚ ʤʘʛʘʟʠʥʽ - ʟʘʚʘʥʪʘʞʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʛʨʘʤʫ  ʽ ʟʨʦʙʠʪʠ ʟʘʤʦʚʣʝʥʥʷ. 

ɺʝʣʠʢʽ ʤʘʛʘʟʠʥʠ ʫʩʚʽʜʦʤʣʶʶʪʴ ʧʦʪʝʥʮʽʘʣ ʣʝʛʢʠʭ ʘʚʪʦʥʦʤʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʽ ʟʘʷʚʣʷʶʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣ ̫ʜʦʩʪʘʚʢʠ ʧʦʢʫʧʦʢ 

ʢʣʽʻʥʪʘʤ ʚʞʝ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

2. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʝʜʠʢʘʤʝʥʪʽʚ ʽ ʧʨʝʜʤʝʪʽʚ ʧʝʨʰʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

ʉʪʠʭʽʡʥʽ ʣʠʭʘ ʽ ʚʽʡʥʠ ʚʠʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʜʠʢʘʤʝʥʪʘʤʠ ʪʘ ʧʨʝʜʤʝʪʘʤʠ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʜʦʧʦʤʦʛʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʝʚʦʩʪʷʭ. 

3. ʅʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʢʦʤʘʥʜʘʤ. ɼʫʞʝ ʯʘʩʪʦ 

ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴʥʠʤ ʢʦʤʘʥʜʘʤ ʚʘʞʢʦ ʟʥʘʡʪʠ ʧʦʩʪʨʘʞʜʘʣʠʭ. ɸ ʽʥʦʜʽ ʜʦ 

ʧʦʩʪʨʘʞʜʘʣʠʭ ʩʢʣʘʜʥʦ ʜʽʩʪʘʪʠʩʷ. ʅʘʷʚʥʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʦʯʝʡ ʽ ʚʫʭ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʤʦʞʝ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʨʷʪʫʚʘʣʴʥʠʢʽʚ ʽ ʧʽʜʚʠʱʠʪʠ 

ʰʘʥʩʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʥʘ ʦʪʨʠʤʘʥʥʷ ʜʦʧʦʤʦʛʠ ʪʘ ʚʠʞʠʚʘʥʥʷ. 

4. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʢʦʶ ʧʨʠʨʦʜʦʶ - ʱʝ ʦʜʥʘ ʢʦʨʠʩʥʘ ʩʧʨʘʚʘ, ʷʢʠʤ 

ʤʦʞʫʪʴ ʟʘʡʥʷʪʠʩʷ ʜʨʦʥʠ - ʟʘʭʠʩʪ ʜʠʢʦʾ ʧʨʠʨʦʜʠ ʰʣʷʭʦʤ ʾʾ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʷʚʠ ʣʶʜʠʥʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʞʠʚʘʥʥʷ ʟʥʠʢʘʶʯʠʭ ʚʠʜʽʚ ʪʚʘʨʠʥ. 

5. ɹʦʨʦʪʴʙʘ ʟʽ ʟʣʦʯʠʥʥʽʩʪʶ. ɹʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ ʤʦʞʫʪʴ ʧʦʣʝʛʰʠʪʠ 

ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʟʣʦʯʠʥʽʚ, ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ 
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ʾʭ ʟʘʧʦʙʽʛʘʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʠ "ʢʝʨʦʚʘʥʠʡ" ʤʦʥʽʪʦʨʠʥʛ ʚ ʟʦʥʘʭ ʟ ʚʠʩʦʢʠʤ 

ʢʨʠʤʽʥʦʛʝʥʥʠʤ ʨʠʟʠʢʦʤ. 

6. ʆʭʦʨʦʥʘ ʥʘʮʽʦʥʘʣʴʥʠʭ ʢʦʨʜʦʥʽʚ. ʊʘʢ ʩʘʤʦ ʷʢ ʽ ʧʦʣʽʮʽʷ, ʧʨʠʢʦʨʜʦʥʥʽ 

ʦʨʛʘʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʙʝʟʧʽʣʦʪʥʠʢʠ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʠʪʫʘʮʽʻʶ ʥʘ 

ʢʦʨʜʦʥʽ ʽ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʘʚʩʪʨʘʣʽʡʩʴʢʠʡ ʫʨʷʜ  

ʧʦʩʪʘʚʠʚ ʜʨʦʥʠ ʥʘ ʦʟʙʨʦʻʥʥʷ ʧʨʠʢʦʨʜʦʥʥʠʢʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʢʦʨʜʦʥʽʚ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʧʨʠʥʮʠʧ ʜʽʾ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʧʨʠʟʥʘʯʝʥʥʷ 

ʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɹʫʣʘ ʩʢʣʘʜʝʥʘ ʽ ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʜʦʟʚʦʣʷʻ ʥʘ ʾʾ ʦʩʥʦʚʽ ʩʢʣʘʩʪʠ 

ʩʪʨʫʢʪʫʨʥʫ ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʥʘʜʽʡʥʦʩʪʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 
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ʈʦʟʜʽʣ 4. ʅɸɼɯʁʅɯʉʊʔ ʉʂʃɸɼʅʀʍ ʊɽʍʅɯʏʅʀʍ ʉʀʉʊɽʄ 

1 2.1 ʆʧʠʩ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʂʽʥʝʤʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ 

 

ʈʫʭ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʫʤʦʶ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʎʄ ʪʘ 

ʩʬʝʨʠʯʥʦʛʦ ʨʫʭʫ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʎʄ. ʆʧʠʰʝʤʦ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʥʝʣʽʥʽʡʥʠʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʜʣʷ ʢʫʪʽʚ ʨʠʩʢʘʥʥʷ y, ʪʘʥˇʘʞʫ q ʪʘ ʢʨʝʥʫ g, 

ʢʦʦʨʜʠʥʘʪ ʎʄ x , y , z, ʧʨʦʝʢʮʽʡ ʢʫʪʦʚʠʭ xw , yw , zw   ʪʘ ʣʽʥʽʡʥʠʭ xV , yV , zV  

ʰʚʠʜʢʦʩʪʝʡ.  

 

 

ʈʠʩʫʥʦʢ 2.1 ï ɿʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʟ ʥʝʨʫʭʦʤʦʶ ʉʂ 

 

ʂʚʘʜʨʦʢʦʧʪʝʨ ʨʫʭʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʾ ʽʥʝʨʮʽʡʥʦʾ ʉʂ ʟʚôʷʟʘʥʦʶ ʟ 

ɿʝʤʣʝʶ ʪʘ ʟʘʜʘʥʠʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ ʦʩʷʤʠ , ,x y z, ʱʦ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.1. ɺʽʩʴ z ʩʧʨʷʤʦʚʘʥʘ ʧʨʦʪʠʣʝʞʥʦ ʚʝʢʪʦʨʫ ʩʠʣʠ ʪʷʞʽʥʥʷ. ɿ 

ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ ʟʚôʷʟʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1 1 1, ,x y z  ʟ ʮʝʥʪʨʦʤ ʫ ʎʄ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. 

ɿʘʧʠʰʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʡʥʠʭ 

ʨʽʚʥʷʥʴ [2, 3]. 
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ʇʦʣʦʞʝʥʥʷ ʎʄ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʫ ʥʝʨʫʭʦʤʽʡ ʟʚôʷʟʘʥʽʡ ʟ ʟʝʤʣʝʶ ʩʠʩʪʝʤʦʶ 

ʢʦʦʨʜʠʥʘʪ ʧʦʟʥʘʯʠʤʦ ʷʢ ‚. ʂʫʪʠ ʂʨʠʣʦʚʘ ʧʦʟʥʘʯʠʤʦ ʷʢ h. ɼʣʷ ʦʨʽʻʥʪʘʮʽʾ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚ ʮʽʡ ʞʝ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʪʨʝʙʘ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʭʽʜ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʫʪʽʚ ɽʡʣʝʨʘ. 
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z

x

è ø
é ù=
é ù
é ùê ú

,  
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h q
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è ø
é ù=
é ù
é ùê ú

      (2.1) 

 

ʎʝʥʪʨ ʟʚôʷʟʘʥʦʾ ʉʂ ʩʧʽʚʧʘʜʘʻ ʟ ʎʄ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ɺ ʮʽʡ ʉʂ 1V   ï ʣʽʥʽʡʥʘ 

ʰʚʠʜʢʽʩʪʴ, 1w  ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ.  
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     (2.2) 

 

ʄʘʪʨʠʮʷ ʧʝʨʝʭʦʜʫ ʟ ʟʚôʷʟʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚ ʘʙʩʦʣʶʪʥʫ ʤʘʻ ʚʠʛʣʷʜ: 

 

C C C S S S C C S C S S

R S C S S S C C S S C C S

S C S C C

y q y q j y j y q j y j

y q y q j y j y q j y j

q q j q j

è ø- +
é ù
= + +é ù
é ù-ê ú

   (2.3) 

 

ʜʝ sinS= , cosC= . ʊʘʢ ʷʢ ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ R  ʦʨʪʦʛʦʥʘʣʴʥʘ, ʪʦ 1 TR R- = .  

ʄʘʪʨʠʮʷ ʧʝʨʝʭʦʜʫ ʜʣʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟ ʘʙʩʦʣʶʪʥʦʾ ʉʂ ʜʦ ʉʂ ʟʚôʷʟʘʥʫ 

ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ ʤʘʻ ʚʠʛʣʷʜ: 

 

1 0

0

0

S

W C C S

S C C

j

h j q j

j q j

è ø-
é ù
=é ù
é ù-ê ú

      (2.4) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʤʘʪʨʠʮʶ ʟʘʧʠʰʝʤʦ ʥʘʩʪʫʧʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: 
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1

1Whh w-= ,      (2.5) 

1

1

1

1

0

0

x

y

z

S T C T

C S

S C

C C

j q j q

j j

j j

q q

j w

q w

y w

è ø
é ùè ø è ø
é ùé ù é ù= -é ùé ù é ù
é ùé ù é ùê ú ê ú
é ù
ê ú

,    (2.6) 

1 Whw h= ,      (2.7) 

1

1

1

1 0

0

0

x

y

z

S

C C S

S C C

j

j q j

j q j

w j

w q

w y

è ø-è ø è ø
é ùé ù é ù=é ùé ù é ù
é ù-é ù é ùê ú ê úê ú

,     (2.8) 

x

y

z

S

C C S

C C S

q

y q y

q y y

w y j

w q j

w j q

+

-

è ø-è ø
é ùé ù=é ùé ù
é ùé ùê úê ú

      (2.9) 

ʜʝ ()  tT gq q= . ʄʘʪʨʠʮʷ Wh ʦʙʦʨʦʪʥʘ ʧʨʠ 
( )2 1

,   
2

k
kq j

-
¸ Í . 

ʇʨʠʡʤʝʤʦ ʪʝ, ʱʦ ʢʚʘʜʨʦʢʦʧʪʝʨ ʤʘʻ ʩʠʤʝʪʨʠʯʥʫ ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʪʘ x  ʪʘ y  

ʩʪʨʫʢʪʫʨʫ. ʄʘʪʠʤʝʤʦ ʜʽʘʛʦʥʘʣʴʥʫ ʤʘʪʨʠʮʶ ʪʝʥʟʦʨʘ ʽʥʝʨʮʽʾ, ʱʦ ʤʘʻ ʚ ʩʦʙʽ ʣʠʰʝ 

ʛʦʣʦʚʥʽ ʮʝʥʪʨʘʣʴʥʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ. 

 

0 0

0 0

0 0

xx

yy

zz

J

J J

J

è ø
é ù=
é ù
é ùê ú

      (2.10) 

 

ɺ ʷʢʦʤʫ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʧʦ ʦʩʷʤ ʜʦʨʽʚʥʶʶʪʴ:  

 

  

2
2

2
2

2
2

5

2
4

5

s s
xx yy m

s s
zz m

M R
J J l M

M R
J l M

= = +

= +

     (2.11) 

ʜʝ sR   ï ʨʘʜʽʫʩ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, sM  ï ʤʘʩʘ ʮʝʥʪʨʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, mM  ï ʤʘʩʘ ʥʘ ʢʽʥʮʷʭ ʧʨʦʤʝʥʶ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, l  ï ʚʽʜʩʪʘʥʴ 

ʚʽʜ ʎʄ ʜʦ ʚʽʩʽ ʜʚʠʛʫʥʘ. 
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ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ -̔ʛʦ ʜʚʠʛʫʥʘ ʧʨʠʡʤʝʤʦ ʟʘ ɻiw . ʎʷ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʩʪʚʦʨʶʻ 

ʧʽʜʡʦʤʥʫ ʩʠʣʫ, ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ iF. ʈʘʟʦʤ ʟ 

ʢʫʪʦʚʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʦʙʝʨʪʘʥʥʷ ʛʚʠʥʪʘ ʩʪʚʦʨʶʻ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘʚʢʦʣʦ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ʽ-ʛʦ ʛʚʠʥʪʘ 1i
M . 

ʇʽʜʡʦʤʥʽ ʩʠʣʠ ʪʘ ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ ʛʚʠʥʪʽʚ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ ʢʚʘʜʨʘʪʫ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʦʙʝʨʪʘʥʥʷ. ɺʠʨʘʟʠ ʜʣʷ ʤʦʤʝʥʪʽʚ ʪʘ ʩʠʣʠ ʪʷʛʠ ʥʘʩʪʫʧʥʽ: 

 

( )

( )

( )

( )

2 2

3 4

2 2

2 1

2 2 2 2

1 2 3 4

2 2 2 2

1 1 2 3 4

T ɻ ɻ

T ɻ ɻ

ɻ ɻ ɻ ɻ

T T ɻ ɻ ɻ ɻ

M C l

M C l

M b

F C

j

q

y

w w

w w

w w w w

w w w wä

ë = -
î
î = -î
ì

= - - + +î
î

= + + +îí

    (2.12) 

 

ʜʝ TC  ï ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʤʘʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʙʫʜʦʚʠ ʛʚʠʥʪʘ ʪʘ ʱʽʣʴʥʦʩʪʽ ʧʦʚʽʪʨʷ, b  ï ʢʦʝʬʽʮʽʻʥʪ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʜʚʠʛʫʥʽʚ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʪʘʣʘ. 

ʄʘʶʯʠ ʧʽʜʡʦʤʥʽ ʩʠʣʠ ʯʦʪʠʨʴʦʭ ʜʚʠʛʫʥʽʚ, ʦʪʨʠʤʘʻʤʦ ʩʫʤʘʨʥʫ ʪʷʛʫ TF ä, ʱʦ 

ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʽ 1z  ʟʚôʷʟʘʥʽʡ ʟ ʉʂ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ 1M   ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʧʦ ʢʫʪʘʤ ʢʨʝʥʫ ʪʘʥˇʘʞʫ ʪʘ ʨʠʩʢʘʥʥʶ ʚ ʟʚ'ʷʟʘʥʽʡ 

ʉʂ Mj, Mq ʪʘMy. 

4 4
2

1

1 1

T i T ɻi

i i

F F C wä

= =

= =ä ä ,  1

1

0

   0T

T

F

Fä

è ø
é ù
=
é ù
é ùê ú

    (2.13)

( )

( )

( )

2 2

2 1
1

2 2

1 1 4 3

2 2 2 2
1

1 2 3 4

T ɻ ɻ

T ɻ ɻ

ɻ ɻ ɻ ɻ

C lM

M M C l

M b

j

q

y

w w

w w

w w w w

è ø-è øé ù
é ùé ù= = -é ùé ù
é ùé ùê ú - - + +

ê ú

    (2.14)  
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2 2.2 ʆʧʠʩ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ 

 

ʈʦʟʛʣʷʜʘʻʤʦ ʢʚʘʜʨʦʢʦʧʪʝʨ ʷʢ ʪʚʝʨʜʝ ʪʽʣʦ. ʆʧʠʰʝʤʦ ʜʠʥʘʤʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʷʥʴ ʅʴʶʪʦʥʘ-ɽʡʣʝʨʘ. 

 

1mV F=        (2.15) 

 

ʋ ʟʚôʷʟʘʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʩʠʣʘ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʩʠ 1mV  

ʪʘ ʮʝʥʪʨʦʙʽʞʥʦʾ ʩʠʣʠ ( )1mVw³  ʙʫʜʝ ʨʽʚʥʘ ʩʫʤʘʨʥʽʡ ʪʷʛʠ ʜʚʠʛʫʥʽʚ 1TF ä ʪʘ ʩʠʣʠ 

ʪʷʞʽʥʥʷ 1ʉʊF . 

 

( )1 1 1 1 1T ʉʊmV mV F Fw ä+ ³ = + ,     (2.16) 

0

0ʉʊF

mg

è ø
é ù=
é ù
-é ùê ú

      (2.17) 

 

ɺ ʟʚôʷʟʘʥʽʡ ʉʂ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

()

() ()

() ()
1

cos

ʉʊ

mgsin

F mgsin cos

mgcos

q

j q

j q

è ø
é ù
= -é ù
é ùê ú

     (2.18) 

 

ɺ ʘʙʩʦʣʶʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʙʽʞʥʘ ʩʠʣʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʫʣʷ. ʊʦʤʫ 

ʥʘ ʢʚʘʜʨʦʢʦʧʪʝʨ ʜʽʻ ʣʠʰʝ ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʠʣʘ ʪʘ ʥʘʧʨʷʤ ʽ ʩʠʣʘ ʪʷʛʠ. 

 

1 1T ʉʊm F Fx ä= - ,     (2.19) 

0

0

1

T

C S C S S
F

S S C

x

y C S g

Cz
m

C

y q j y j

y q j y j

q j

ä

è ø+è ø è ø
é ùé ù é ù= - -é ùé ù é ù
é ùé ù é ùê ú ê úê ú

    (2.20) 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʜʦʧʦʚʥʠʤʦ 

ʨʽʚʥʷʥʥʷ ʩʠʣʦʶ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʫʧʨʦʪʠʚʫ. 



60 

 

0 0 0
1

0 0 0

1 0 0

Ax

T

Ay

Az

C S C S S F x
F

g S S C C S F y
m m

z C

y

C F z

x y q j y j

y q j y j

q j

ä

è ø+è ø è ø è øè ø
é ùé ù é ù é ùé ù=- + - -é ùé ù é ù é ùé ù
é ùé ù é ù é ùé ùê ú ê ú ê úê úê ú

  (2.21) 

 

ʜʝ AxF , AyF , AzF  ï ʩʠʣʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʫʧʨʦʪʠʚʫ ʚ ʘʙʩʦʣʶʪʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ.   

ɼʣʷ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʟʘʢʦʥ ʤʘʻ ʚʠʛʣʷʜ: 

 

dL
M

dt
=        (2.22) 

 

ʜʝ L  ï ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ, M  ï ʤʦʤʝʥʪ ʟʦʚʥʽʰʥʽʭ ʩʠʣ.  

 

ʋ ʟʚôʷʟʘʥʽʡ ʉʂ ʢʫʪʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ ʽʥʝʨʮʽʾ 1L Jw=  ʪʘ ( )1 1Iw w³  ʜʦʨʽʚʥʶʶʪʴ 

ʟʦʚʥʽʰʥʴʦʤʫ ʤʦʤʝʥʪʫ M . 

 

( )1 1 1J J Mw w w+ ³ =,      (2.23) 

1 1

1

1 1 1

1 1

x xx x

y yy y

z zz z

J

J J M

J

w w

w w w

w w

-

å õè ø è ø
æ öé ù é ù= - ³ +æ öé ù é ù
æ öé ù é ùê ú ê úç ÷

,     (2.24) 
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,    (2.25) 

( )

( )

1 2 3 41

1 1 2 3 4

1 2 3 4

1 1 1 1 1

/ 2

/ 2

ʊ ʊ ʊ ʊ

ʊ ʊ ʊ ʊ

ʈ ʈ ʈ ʈ

Z Z Z Z

F F F F lM

M F F F F l

M M M M M

j

q

y

- +

è ø- - + Öè ø
é ùé ù
= - Öé ùé ù
é ùé ù -ê úé ú

+ -
ùê     

(2.26)

 

ʜʝ iZM  ( (1,4))i =   ï ʨʝʘʢʪʠʚʥʽ ʤʦʤʝʥʪʠ ʜʚʠʛʫʥʽʚ. 

ʈʝʘʢʪʠʚʥʠʡ ʤʦʤʝʥʪ ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʽʡ ʩʠʣʠ ʪʷʛʠ: 

 

 iʈ

Z M iM k FÖ=       (2.27) 
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ʜʝ Mk   ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ. 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʘ ʪʷʛʠ ʙʫʜʝ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [4]:  

 

1 11 1
1

4 4 cos45 4 sin45 4

T

M

M MF M
F

l l K

j yqä= + + +     (2.28) 

1 11 1
2

4 4 cos45 4 sin45 4
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M MF M
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l l K

j yqä= + - +     (2.29) 

1 11 1
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4 4 cos45 4 sin45 4
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M

M MF M
F

l l K

j yqä= + - +     (2.30) 

1 11 1
4

4 4 cos45 4 sin45 4

T

M

M MF M
F

l l K

j yqä= + + +     (2.31) 

 

ʂʫʪʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʘʙʩʦʣʶʪʥʽʡ ʉʂ ï ʮʝ ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ ʢʫʪʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʟʽ ʟʚôʷʟʘʥʽʡ ʉʂ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʽ ʤʘʪʨʠʮʝʶ 1Wh
- . 

 

( )1 1

1
d W dW

W
dt dt

h h

h

w w
h w

- -

-= = + ,     (2.32) 
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  (2.33) 

ʄʘʻʤʦ ʥʘʩʪʫʧʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚ ʘʙʩʦʣʶʪʥʽʡ ʉʂ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ: 
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,   (2.34) 
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,     (2.35) 
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ɿʘʧʠʰʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʷʢ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 
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3 2.3 ʈʽʚʥʷʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʦʙôʻʢʪʦʤ 

 

ʆʧʠʰʝʤʦ ʧʝʨʝʭʽʜʥʽʡ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʚʰʠ ʜʣʷ ʮʴʦʛʦ ʧʦʣʽʥʦʤ 

ɹʘʪʪʝʨʚʦʨʜʘ [5], ʱʦ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

2 2

0 0( ) 1.411421b p p pw w= + +       (2.40)

  

ʇʨʠʡʤʝʤʦ, ʱʦ ʢʫʪʠ ʂʨʠʣʦʚʘ, ʣʽʥʽʡʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʣʽʥʽʡʥʽ ʧʨʠʩʢʦʨʝʥʥʷ ʨʽʚʥʽ 

ʥʫʣʶ. ʃʽʥʝʘʨʠʟʫʻʤʦ ʪʨʝʪʽʡ ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ (2.34) ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʥʘ ʚʠʩʦʪʽ ʟz . 

 

z u=         (2.41)

 ʜʝ 

  T Az
F F

u C C g
m m

q j
ä= - -       (2.42)

  

ʑʦʙ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʢʘʞʝʤʦ, ʱʦ 1 2( )z ʟ zu c z z c z=- - -, ʜʝ 1zc , 

1zc   ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ ɹʘʪʪʝʨʚʦʨʜʘ. 

 

ɹʘʞʘʥʘ ʪʷʛʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

 

() ()
1 2( (

s

))

co

Az z H z
Tɹ

m g F c z z c z
F

cosj q

- - - -
=      (2.43)

 
ʇʨʠʡʤʝʤʦ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʎʄ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʜʥʽʡ ʚʠʩʦʪʽ, 

ʪʦʙʪʦ 0z= , 0z= . ʊʘʢʦʞ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʢʫʪ ʨʠʩʢʘʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʷʢʱʦ 

ʚʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʚʦʨʦʪ ʉʂ, ʪʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʮʴʦʛʦ ʢʫʪʘ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʨʽʚʥʠʤ ʥʫʣʶ. 

ɹʘʞʘʥʝ ʣʽʥʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

 

1 2( )ɹ x ʟ xx c x x c x=- - -        (2.44)
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1 2( )ɹ y ʟ yy c y y c y=- - -        (2.45)

  

ʜʝ ʟx , ʟy  ï  ʙʘʞʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʎʄ. 

ɿ ʤʘʪʨʠʮʽ (2.32)  ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʤʘʻʤʦ ʚʠʨʘʟʠ ʜʣʷ ʢʨʝʥʘ ʪʘ ʪʘʥˇʘʞʫ. 

 

ɹ Ax
ɹ

Az

x F
arctg

g F
q

å õ-
= æ ö

-ç ÷
       (2.46)

 
)c( os( )ɹ Ay

ɹ

Az

y F
arctg

g F

q
f

-å õ
= æ ö

-ç ÷
      (2.47) 

1 2(( )ɹ x ʟM J c cj j jj j j- - -=       (2.48) 

1 2(( )ɹ y ʟM J c cq q qq q q- - -=       (2.49) 

1 2(( )ɹ z ʟM J c cy y yy y y- - -=       (2.50) 

 

ʂʫʪ ɹy  ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʚʦʨʦʪʽʚ ʟʘʜʘʻʪʴʩʷ ʚʨʫʯʥʫ. ɺ ʧʦʯʘʪʢʦʚʦʤʫ ʪʘ 

ʢʽʥʮʝʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʨʽʚʥʽ ʥʫʣʶ. 

ʇʽʜʩʪʘʚʠʤʦ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʫ ʩʠʩʪʝʤʫ (2.11). ɺʠʨʘʟʠʤʦ ʙʘʞʘʥʫ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʫ 

ʤʘʪʨʠʮʽ (2.51). 
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     (2.51) 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ ʤʘʶʪʴ ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ 
1

2 1.41421ʇi

ʇi

t
c

t
=  , 

2
1

1
ʇ

i

ʇi

t
c

t

å õ
=æ ö
ç ÷

, 

1 2.9ʇt =  ʭʚ, ʜʝ ʇit  ï ʨʝʘʣʴʥʠʡ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, c , 1

ʇt  - ʦʪʨʠʤʘʥʠʡ ʯʘʩ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. ʏʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʊɿ ʽ ʻ 

ʤʝʥʰʠʤ ʟʘ 5 ʭʚ. 
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ɹʫʜʝʤʦ ʤʘʪʠ ʥʘʩʪʫʧʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ: 
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,   (2.52) 
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       (2.54) 

 

4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘ ʦʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʷʢ ʟʘ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʪʘʢ ʽ ʟʘ ʜʠʥʘʤʽʢʦʶ ʪʘ ʾʭ ʟʚôʷʟʦʢ ʟ 

ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ. ɺʠʟʥʘʯʝʥʦ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʩʢʣʘʜʘʻ 

1 2.9ʇt =  ʭʚ ʪʘ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʊɿ. 
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4.1. ʆʩʥʦʚʠ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ 

ɿʘʚʜʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ: ʟʥʘʭʦʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟ 

ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʥʝʨʝʟʝʨʚʦʚʘʥʦʾ (ʦʩʥʦʚʥʦʾ) ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘ ʜʘʥʠʤʠ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʾʾ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

(ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ) ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʥʘʜʽʡʥʦʩʪʽ. 

ʄʝʪʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ: 

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʧʽʜ ʯʘʩ 

ʩʠʥʪʝʟʫ ʚʠʩʦʢʦʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ; 

- ʜʦʩʷʛʪʠ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʥʘʷʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʟ'ʷʩʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽ ʜʦʮʽʣʴʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ (ʷʢ ʟ ʪʝʭʥʽʯʥʦʛʦ, ʪʘʢ ʽ ʟ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʩʧʝʢʪʫ) ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʠʥʪʝʟʫ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ɸʥʘʣʽʟ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʝʪʘʧʽʚ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ. 

2. ʈʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʥʘʜʽʡʥʦʩʪʽ (ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ), ʱʦ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʽʟʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ (ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ 

ʙʣʦʢʠ ʚʢʣʶʯʝʥʽ, ʫ ʯʦʤʫ ʧʦʣʷʛʘʻ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʩʢʣʘʩʪʠ ʧʝʨʝʣʽʢ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʨʘʚʥʦʾ ʩʠʩʪʝʤʠ ʪʦʱʦ) ʽ ʚʠʙʦʨʽ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʜʽʡʥʦʩʪʽ. 

3. ʉʢʣʘʜʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʧʦʚ'ʷʟʫʻ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʩʪʝʤʠ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ, ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ. 

4. ɺʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʢʦʨʝʢʪʫʚʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʽ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ. 

ʇʝʨʝʣʽʢʠ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʩʠʩʪʝʤ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ (ʪʘʙʣ. 4.1). 
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ʊʘʙʣʠʮʷ 4.1 

ʉʢʣʘʜ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʊʠʧ ʩʠʩʪʝʤʠ ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ 

 

ʉʠʩʪʝʤʠ 

ʟ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ 

ʉʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ 0cT  

ɯɹʈ ʜʦ ʟʘʜʘʥʦʛʦ ʥʘʨʦʙʽʪʢʫ c( )P t  

ɯʥɺ ʜʦ ʟʘʜʘʥʦʛʦ ʥʘʨʦʙʽʪʢʫ c( )tl  

ʑʈɺ ʜʦ ʟʘʜʘʥʦʛʦ ʥʘʨʦʙʽʪʢʫ c( )f t  

 

ʉʠʩʪʝʤʠ 

ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ 

ʉʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ 0cT  

ɯɹʈ ʜʦ ʟʘʜʘʥʦʛʦ ʥʘʨʦʙʽʪʢʫ c( )P t  

ʂʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ ʛ.cK  

ʂʦʝʬʽʮʽʻʥʪ ʦʧʝʨʘʪʠʚʥʦʾ ʛʦʪʦʚʥʦʩʪʽ oʧ.ʛ.cK  

ʇʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ c( )tw  

 

ʉʪʨʫʢʪʫʨʘ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ï ʮʝ ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʘʙʦ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʮʝ ʛʨʘʬʽʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ 

ʩʠʩʪʝʤʠ (ʧʨʘʮʝʟʜʘʪʥʠʡ/ʥʝʧʨʘʮʝʟʜʘʪʥʠʡ) ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ 

(ʧʨʘʮʝʟʜʘʪʥʠʡ/ʥʝʧʨʘʮʝʟʜʘʪʥʠʡ). 

ɿʘ ʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ ʧʽʜʨʦʟʜʽʣʷʶʪʴ ʥʘ ʪʘʢʽ: 

- ʩʠʩʪʝʤʘ ʙʝʟ ʨʝʟʝʨʚʫʚʘʥʥʷ (ʦʩʥʦʚʥʘ ʩʠʩʪʝʤʘ); 

- ʩʠʩʪʝʤʠ ʟ ʨʝʟʝʨʚʫʚʘʥʥʷʤ. 

ɼʣʷ ʪʠʭ ʩʘʤʠʭ ʩʠʩʪʝʤ ʤʦʞʫʪʴ ʙʫʪʠ ʩʢʣʘʜʝʥʽ ʨʽʟʥʽ ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ 

ʥʘʜʽʡʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ (ʪʘʙʣ. 4.2). 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʾʾ ʩʪʨʫʢʪʫʨʥʦʾ 

ʩʭʝʤʠ ʥʘʜʽʡʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʜʽʦʜʽʚ 1VD  ʪʘ 2VD  

(ʜʠʚ. ʪʘʙʣ. 4.2) ʧʨʠ ʚʽʜʤʦʚʽ ʪʠʧʫ çʢ.ʟ.è ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘʜʽʡʥʦʩʪʽ ï ʮʝ 

ʧʦʩʣʽʜʦʚʥʝ ʟôʻʜʥʘʥʥʷ (ʩʠʩʪʝʤʘ ʚʚʘʞʘʻʪʴʩʷ ʥʝʧʨʘʮʝʟʜʘʪʥʦʶ ʧʨʠ ʚʽʜʤʦʚʽ ʦʜʥʦʛʦ ʟ 

ʜʽʦʜʽʚ). ɺʦʜʥʦʯʘʩ, ʜʣʷ 1VD  ʪʘ 2VD  ʫ ʨʘʟʽ ʚʽʜʤʦʚʠ ʪʠʧʫ çʦʙʨʠʚè ʩʪʨʫʢʪʫʨʘ 

ʥʘʜʽʡʥʦʩʪʽ ï ʮʝ ʪʝʞ ʧʘʨʘʣʝʣʴʥʝ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ (ʩʠʩʪʝʤʘ ʧʨʘʮʝʟʜʘʪʥʘ, ʜʦʢʠ 

ʧʨʘʮʝʟʜʘʪʥʠʡ ʭʦʯʘ ʙ ʦʜʠʥ ʜʽʦʜ). ɸ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 1C  

ʽ 2C  ʧʨʠ ʚʽʜʤʦʚʽ ʪʠʧʫ çʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷè (çʢ.ʟ.è), ʪʦʙʪʦ ʷʢʱʦ ʚʽʜʙʫʜʝʪʴʩʷ 

ʧʨʦʙʽʡ ʦʜʥʦʛʦ ʟ ʥʠʭ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘʜʽʡʥʦʩʪʽ ï ʮʝ ʧʘʨʘʣʝʣʴʥʝ ʟôʻʜʥʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ. 
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ʊʘʙʣʠʮʷ 4.2 

ʇʨʠʢʣʘʜʠ ʩʢʣʘʜʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʥʘʜʽʡʥʦʩʪʽ 

ɽʣʝʢʪʨʦʥʥʘ ʧʨʠʥʮʠʧʦʚʘ 

ʩʭʝʤʘ 

ʊʠʧ ʚʽʜʤʦʚʠ ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘʜʽʡʥʦʩʪʽ 

 

çʢ.ʟ.è 
 

çʦʙʨʠʚè 

 

 

çʢ.ʟ.è 

 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ ï ʬʦʨʤʘʣʴʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ: 

ï ʤʝʪʦʜʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ; 

ï ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʘ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ; 

ï ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʢʦ-ʡʤʦʚʽʨʥʽʩʥʠʭ ʤʝʪʦʜʽʚ; 

ï ʥʘ ʦʩʥʦʚʽ ʜʝʜʫʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ (ʪʘʢ ʟʚʘʥʦʛʦ çʜʝʨʝʚʘ ʚʽʜʤʦʚè). 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʝʪʘʧʦʤ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʡ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

ʇʦ-ʧʝʨʰʝ, ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʩʘʤʝ ʪʽ ʚʠʜʠ ʚʽʜʤʦʚ, ʷʢʽ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ʇʦ-ʜʨʫʛʝ, ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ 

ʝʣʝʢʪʨʠʯʥʽ ʟ'ʻʜʥʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʧʘʡʢʦʶ, ʩʪʠʩʢʦʤ ʘʙʦ ʟʚʘʨʶʚʘʥʥʷʤ, ʘ ʪʘʢʦʞ 

ʰʪʝʧʩʝʣʴʥʽ ʟ'ʻʜʥʘʥʥʷ ʪʘ ʽʥ., ʦʩʢʽʣʴʢʠ ʥʘ ʾʭ ʯʘʩʪʢʫ ʜʦʚʦʜʠʪʴʩʷ ʚʽʜ 10 ʜʦ 50 % 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ. 

ʇʦ-ʪʨʝʪʻ, ʥʝʤʘʻ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, 

ʪʦʤʫ ʜʦʚʦʜʠʪʴʩʷ ʘʙʦ ʽʥʪʝʨʧʦʣʶʚʘʪʠ ʧʦʢʘʟʥʠʢʠ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ 

ʘʥʘʣʦʛʽʚ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʨʦʟʨʘʭʫʥʦʢ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ: 

1. ʅʘ ʩʪʘʜʽʾ ʩʢʣʘʜʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʝʢʪʦʚʘʥʫ ʩʠʩʪʝʤʫ, ʢʦʣʠ ʾʾ 

ʩʪʨʫʢʪʫʨʘ ʥʝʚʠʟʥʘʯʝʥʘ, ʨʦʙʣʷʪʴ ʧʦʧʝʨʝʜʥʻ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʚʠʭʦʜʷʯʠ ʟ 

ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʩʠʩʪʝʤ ʽ 

ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

2. ʉʢʣʘʜʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, 

ʟʘʜʘʥʠʤʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ (ʥʦʤʽʥʘʣʴʥʠʭ) ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 



69 

3. ʆʩʪʘʪʦʯʥʠʡ (ʢʦʝʬʽʮʽʻʥʪʥʠʡ) ʨʦʟʨʘʭʫʥʦʢ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʽʾ 

ʟʘʚʝʨʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʝʢʪʫ, ʢʦʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʽ ʚʽʜʦʤʽ ʚʩʽ ʤʦʞʣʠʚʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʢʦʨʝʢʪʫʶʪʴ ʧʦʢʘʟʥʠʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ (ʯʘʩʪʦ ʫʙʽʢ ʾʭ ʟʤʝʥʰʝʥʥʷ) ʪʘ ʦʙʠʨʘʶʪʴ ʩʧʦʩʽʙ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ï ʚʥʦʩʷʪʴ ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ. 
 

4.2 ʉʠʩʪʝʤʠ ʟ ʨʝʟʝʨʚʫʚʘʥʥʷʤ. ɿʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤ 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤ ʙʝʟ ʨʝʟʝʨʚʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. ʋ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʙʝʟ ʨʝʟʝʨʚʫʚʘʥʥʷ ʥʽʢʦʣʠ ʥʝ 

ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʟ 

ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʟ ʨʝʟʝʨʚʫʚʘʥʥʷʤ ï ʮʝ ʩʠʩʪʝʤʘ ʟ ʥʘʜʤʽʨʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ, ʪʦʙʪʦ ʟ 

ʨʝʟʝʨʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ, ʷʢ ̔ʻ ʥʘʜʣʠʰʢʦʚʠʤʠ ʩʪʦʩʦʚʥʦ ʤʽʥʽʤʘʣʴʥʦ ʧʦʪʨʽʙʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚ ʦʩʥʦʚʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʘʣʝ ʚʠʢʦʥʫʶʪʴ ʪʽ ʩʘʤʽ ʬʫʥʢʮʽʾ, ʱʦ ʡ 

ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ. 

ʋ ʩʠʩʪʝʤʘʭ ʟ ʨʝʟʝʨʚʫʚʘʥʥʷʤ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʪʠ, ʧʦʢʠ ʜʣʷ 

ʟʘʤʽʥʠ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ,  ̒ʚ ʥʘʷʚʥʦʩʪʽ ʨʝʟʝʨʚʥʽ. 

ʉʪʨʫʢʪʫʨʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ (ʨʠʩ. 4.1) ʤʦʞʝ ʙʫʪʠ ʟʘʛʘʣʴʥʠʤ (ʩʠʩʪʝʤʘ 

ʨʝʟʝʨʚʫʻʪʴʩʷ ʚʮʽʣʦʤʫ) ʪʘ ʧʦʝʣʝʤʝʥʪʥʠʤ (ʨʝʟʝʨʚʫʶʪʴʩʷ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʯʠ ʛʨʫʧʠ 

ʝʣʝʤʝʥʪʽʚ). 

ɿʘ ʚʠʜʦʤ ʨʝʟʝʨʚʫʚʘʥʥʷ ʙʫʚʘʻ: 

ʧʘʩʠʚʥʠʤ (ʥʘʚʘʥʪʘʞʝʥʠʤ) ï ʨʝʟʝʨʚʥʽ ʝʣʝʤʝʥʪʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘʨʽʚʥʽ ʟ 

ʦʩʥʦʚʥʠʤʠ (ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʽ ʚ ʨʦʙʦʪʫ); ʥʘʚʘʥʪʘʞʝʥʠʡ ʨʝʟʝʨʚ ʥʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ 

ʥʘʟʠʚʘʶʪʴ çʛʘʨʷʯʠʤè; 

ʘʢʪʠʚʥʠʤ (ʥʝʥʘʚʘʥʪʘʞʝʥʠʤ) ï ʨʝʟʝʨʚʥʽ ʝʣʝʤʝʥʪʠ ʚʚʦʜʷʪʴ ʫ ʨʦʙʦʪʫ ʪʽʣʴʢʠ 

ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʝʟʝʨʚʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ); ʥʝʥʘʚʘʥʪʘʞʝʥʠʡ 

ʨʝʟʝʨʚ ʥʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ çʭʦʣʦʜʥʠʤè. 

 
  ʘ          ʙ 

ʈʠʩ. 4.2.1. ʉʪʨʫʢʪʫʨʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ: ʘ) ï ʟʘʛʘʣʴʥʝ, ʙ) ï ʧʦʝʣʝʤʝʥʪʥʝ 

(ʨʦʟʜʽʣʴʥʝ) 

ʋ ʨʘʟʽ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʟʝʨʚʥʽ ʝʣʝʤʝʥʪʠ ʚʠʪʨʘʯʘʶʪʴ ʩʚʽʡ 

ʨʝʩʫʨʩ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʥʘʨʦʙʽʪʢʽʚ ʜʦ ʚʽʜʤʦʚʠ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ 

ʦʩʥʦʚʥʠʭ ol  ʽ ʨʝʟʝʨʚʥʠʭ pl  ʝʣʝʤʝʥʪʽʚ ʦʜʥʘʢʦʚʘ o p( ).l =l 

ɿʘ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʽ ʨʝʟʝʨʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʯʘʩʪʦ ʫʤʦʚʥʝ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ (ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ) ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʝʟʜʘʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝ 

ʩʪʘʚʘʣʘ ʤʝʥʰʦʶ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦ ʧʦʪʨʽʙʥʦʾ. 
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ʈʽʟʥʦʚʠʜʦʤ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʻ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟ ʧʦʣʝʛʰʝʥʠʤ 

ʨʝʟʝʨʚʦʤ, ʢʦʣʠ ʨʝʟʝʨʚʥʽ ʝʣʝʤʝʥʪʠ ʪʘʢʦʞ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʘʣʝ 

ʤʝʥʰʠʤ, ʥʽʞ ʦʩʥʦʚʥʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʨʝʟʝʨʚʥʠʭ ʝʣʝʤʝʥʪʽʚ pl  ʥʠʞʯʘ, ʥʽʞ 

ʚ ʦʩʥʦʚʥʠʭ o,l  ʪʦʙʪʦ o p.l >l 

ɿʘ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʟʝʨʚʥʽ ʝʣʝʤʝʥʪʠ ʥʝ ʧʽʜʜʘʶʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʶ, ʪʦʤʫ ʾʭ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʡ ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ 

ʚʽʜʤʦʚʠʪʠ ʟʘ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʨʝʟʝʨʚʽ, ʪʦʙʪʦ ʜʦ ʤʦʤʝʥʪʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʨʝʟʝʨʚʥʠʭ ʝʣʝʤʝʥʪʽʚ p 0.l =  

ʇʨʠʢʣʘʜʠ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.2. 

 
       ʘ           ʙ 

 

ʈʠʩ. 4.2.2 ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫ: ʘ) ï ʨʫʯʥʦʛʦ (ʥʝʘʚʪʦʤʘʪʠʯʥʦʛʦ) 

ʧʝʨʝʤʠʢʘʥʥʷ; ʙ) ï ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʤʠʢʘʥʥʷʤ 
 

ʈʝʟʝʨʚʥʽ ʝʣʝʤʝʥʪʠ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʨʦʙʦʪʫ ʪʽʣʴʢʠ ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʦʩʥʦʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʇʝʨʝʤʠʢʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʚʨʫʯʥʫ (ʥʘʧʨʠʢʣʘʜ, ʟʘʤʽʥʘ ʽʥʩʪʨʫʤʝʥʪʘ ʘʙʦ 

ʦʩʥʘʱʝʥʥʷ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ) ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦ (ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʘʪʠʯʥʝ 

ʚʢʣʶʯʝʥʥʷ ʨʝʟʝʨʚʥʠʭ ʤʘʰʠʥ ʪʘ ʝʣʝʤʝʥʪʽʚ ʫ ʙʦʨʪʦʚʠʭ ʤʝʨʝʞʘʭ ʣʽʪʘʢʽʚ ʽ 

ʚʝʨʪʦʣʴʦʪʽʚ). 

ʈʽʟʥʦʚʠʜʦʤ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʻ ʢʦʚʟʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʢʦʣʠ ʪʦʡ 

ʩʘʤʠʡ ʨʝʟʝʨʚʥʠʡ ʝʣʝʤʝʥʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʟʘʤʽʥʠ ʢʦʞʥʦʛʦ (ʙʫʜʴ-

ʷʢʦʛʦ) ʟ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ. 

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʜʚʘ ʭʘʨʘʢʪʝʨʥʠʭ ʚʠʜʠ ʨʝʟʝʨʚʫʚʘʥʥʷ (ʨʠʩ. 4.3), ʪʦ 

ʦʯʝʚʠʜʥʦ, ʱʦ ʟʘ ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʽ ʨʝʟʝʨʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʥʝʥʘʚʘʥʪʘʞʝʥʠʡ ʨʝʟʝʨʚ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʥʘʜʽʡʥʽʩʪʴ. ɸʣʝ ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ ʪʽʣʴʢʠ 

ʪʦʜʽ, ʢʦʣʠ ʚʚʝʜʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʨʦʙʦʪʫ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʘʙʩʦʣʶʪʥʦ 

ʥʘʜʽʡʥʦ, ʪʦʙʪʦ ɯɹʈ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ ʨʝʟʝʨʚʫ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 1,0. ɺʠʢʦʥʘʥʥʷ 

ʮʽʻʾ ʫʤʦʚʠ ʯʘʩʪʦ ʧʦʚ'ʷʟʘʥʝ ʟʽ ʟʥʘʯʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʘʙʦ ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʪʨʫʜʥʦʱʘʤʠ. 
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ʈʠʩ. 4.2.3 ʇʨʠʢʣʘʜʠ ʥʘʚʘʥʪʘʞʝʥʦʛʦ (ʘ) ʽ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ (ʙ) ʨʝʟʝʨʚʫ 

 

ʇʦʟʥʘʯʠʤʦ: n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ; m ï 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (ʦʩʥʦʚʥʠʭ); r  ï 

ʢʽʣʴʢʽʩʪʴ ʨʝʟʝʨʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʂʨʘʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪ̔ ʦʜʥʦʪʠʧʥʠʭ ʨʝʟʝʨʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ r n m= - ʜʦ ʢʽʣʴʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ: .
n m r

k
m m

-
= =  

ʇʨʠʢʣʘʜ ʩʠʩʪʝʤʠ ʟʘ ʫʤʦʚ 1,m=  2,r =  ʧ = 3, ʢʦʣʠ 
3 1

2,
1

k
-

= =  ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 4.2.4 

 
ʈʠʩ. 4.4. ʇʨʠʢʣʘʜ ʩʠʩʪʝʤʠ ʟ ʢʨʘʪʥʽʩʪʶ ʨʝʟʝʨʚʫʚʘʥʥʷ k = 2 

ʂʨʘʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʮʽʣʠʤ ʯʠʩʣʦʤ, ʷʢʱʦ 1,m=  ʘʙʦ ʜʨʦʙʦʚʠʤ, 

ʷʢʱʦ ,m n m> -  ʪʦʙʪʦ .m r>  
 

ʆʩʥʦʚʥʽ ʩʠʩʪʝʤʠ (ʆʉ) ï ʮʝ ʥʘʡʧʨʦʩʪʽʰʽ ʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʚʽʜʤʦʚʘ 

ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʧʨʠʯʠʥʷʻ ʚʽʜʤʦʚʫ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ʌʘʢʪʠʯʥʦ ʦʩʥʦʚʥʘ ʩʠʩʪʝʤʘ ʮʝ 

ʩʠʩʪʝʤʘ ʙʝʟ ʨʝʟʝʨʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

4.3. ʄʦʜʝʣʽ ʥʘʜʽʡʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʠʭ ʩʠʩʪʝʤ 

ʉʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ ʧʦʩʣʽʜʦʚʥʦʶ, ʷʢʱʦ ʚʽʜʤʦʚʘ ʙʫʜʴ-ʷʢʦʛʦ ʾʾ ʝʣʝʤʝʥʪʘ 

ʩʧʨʠʯʠʥʷʻ ʚʽʜʤʦʚʫ ʩʠʩʪʝʤʠ, ʘ ʜʣʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʙʫʪʠ 

ʧʨʘʮʝʟʜʘʪʥʠʤʠ ʚʩʽ ʾʾ ʝʣʝʤʝʥʪʠ. ʄʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʦʜʝʣʝʡ ʥʘʜʽʡʥʦʩʪʽ ʾʾ ʝʣʝʤʝʥʪʽʚ ʽ ʜʝʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʧʫʱʝʥʴ ʧʨʦ ʾʭ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ. ʆʩʥʦʚʥʘ ʩʠʩʪʝʤʘ ʟʘʚʞʜʠ ʧʦʩʣʽʜʦʚʥʘ. 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʾ (ʦʩʥʦʚʥʦʾ) ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʫʤʦʚʠ, 

ʢʦʣʠ ʚʩʽ n ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 4.5). 

 
ʈʠʩ. 4.5. ʉʪʨʫʢʪʫʨʘ ʧʦʩʣʽʜʦʚʥʦʾ ʩʠʩʪʝʤʠ 

ɺʠʧʘʜʢʦʚʠʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʧʦʩʣʽʜʦʚʥʦʾ ʩʠʩʪʝʤʠ 

{ } {}c 1
1,

min ,  ...,  min .n i
i n

T T T T
=

= =  
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ʆʜʥʠʤ ʽʟ ʮʝʥʪʨʘʣʴʥʠʭ ʧʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʻ 

ʧʠʪʘʥʥʷ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʘʙʦ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʦʜʥʽʻʾ ʚʽʜ ʽʥʰʦʾ ʷʢ 

ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ (ʟʘʟʚʠʯʘʡ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʚʦʥʠ ʥʝʟʘʣʝʞʥʽ). ʅʝʟʘʣʝʞʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʘʚʠʣ 

ʪʘ ʧʨʠʡʦʤʽʚ ʨʦʟʨʦʙʢʠ ʝʣʝʢʪʨʠʯʥʠʭ, ʛʽʜʨʘʚʣʽʯʥʠʭ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ 

ʩʭʝʤ. ɼʦ ʥʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʨʦʟʚôʷʟʦʢ, ʥʝʟʘʣʝʞʥʠʭ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʙʣʦʢʫʚʘʥʴ, ʟʘʧʦʙʽʞʥʠʭ ʢʣʘʧʘʥʽʚ ʪʘ ʽʥʰʠʭ. ɺʠʤʦʛʘ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜʤʦʚ ï ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʚ ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʽ ʥʘ ʨʦʟʨʦʙʢʫ 

ʩʠʩʪʝʤ. 

ɿ ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜʤʦʚ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʜʘʻʪʴʩʷ 

ʥʝ ʟʘʚʞʜʠ, ʽ ʪʦʜʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʟʘʣʝʞʥʦʩʪʽ ʜʚʦʭ ʪʠʧʽʚ: ʩʪʦʭʘʩʪʠʯʥʘ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʧʝʚʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʩʠʩʪʝʤʠ ʚʣʠʚʘʻ ʢʽʣʴʢʽʩʪʴ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʾʭ ʩʪʘʥ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʤʽʥʠ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʜʨʫʛʦʤʫ 

ʚʠʧʘʜʢʫ ʚʽʜʤʦʚʘ ʦʜʥʦʛʦ ʽʟ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʝʤʠʥʫʯʝ ʩʧʨʠʯʠʥʷʻ ʚʽʜʤʦʚʫ 

ʥ̔ʰʦʛʦ ʝʣʝʤʝʥʪʘ ʘʙʦ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ (ʥʝʛʘʡʥʦ ʯʠ ʩ ʜʝʷʢʦʶ ʟʘʪʨʠʤʢʦʶ). ʊʦʜʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʪʘʢ ʟʚʘʥʽ ʢʘʩʢʘʜʥʽ ʚʽʜʤʦʚʠ (ʘʚʘʨʽʾ), ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ çʝʬʝʢʪʫ ʜʦʤʽʥʦè. 

ɺ ʤʦʜʝʣʽ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʦ ʙʫʪʠ ʚʢʘʟʘʥʦ ʪʘʢʦʞ 

ʩʪʘʥ ʫʩʽʭ ʾʾ ʝʣʝʤʝʥʪʽʚ ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʦʜʥʦʛʦ ʟ ʥʠʭ. ʂʨʘʡʥʽʤʠ ʚʠʧʘʜʢʘʤʠ ʻ ʪʘʢʽ: 

ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʚʠʤʠʢʘʶʪʴʩʷ ʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ʩʪʘʥ 

ʟʙʝʨʝʞʝʥʥʷ; ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʘ ʽʥʰʽ ʥʝ ʚʠʤʠʢʘʶʪʴʩʷ ʽ ʟʙʝʨʽʛʘʶʪʴ ʪʽ ʞ 

ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ, ʱʦ ʡ ʧʨʠ ʧʨʘʮʝʟʜʘʪʥʽʡ ʩʠʩʪʝʤʽ. ʇʨʦʤʽʞʥʠʤʠ ʻ ʚʠʧʘʜʢʠ, 

ʢʦʣʠ ʜʝʷʢʽ ʘʙʦ ʚʩʽ ʧʨʘʮʝʟʜʘʪʥʽ ʝʣʝʤʝʥʪʠ ʧʝʨʝʚʦʜʷʪʴ ʫ ʧʦʣʝʛʰʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. 

ʊʦʜʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʘ ʚ ʧʦʣʝʛʰʝʥʦʤʫ ʨʝʞʠʤʽ ʧoʣ.peʞl  ʟʤʝʥʰʠʪʴʩʷ 

ʜʦ ʚʝʣʠʯʠʥʠ ï oë.peæ ,Kll = l ʜʝ Kl ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʣʝʛʰʝʥʥʷ ʨʝʞʠʤʫ; l ï ɯʥɺ 

ʝʣʝʤʝʥʪʘ ʚ ʧʦʚʥʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʩʪʘʥʽ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʢʨʝʤʦ, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʟʚʠʯʘʡ ʨʝʞʠʤʠ ʝʣʝʤʝʥʪʽʚ 

ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ ʨʦʙʣʷʪʴ ʦʜʥʘʢʦʚʠʤʠ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʽ ʧʨʘʚʠʣ ʨʦʙʦʪʠ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʩʠʩʪʝʤʠ, ʘʙʦ ʟ 

ʫʯʘʩʪʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ʋ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʫ ʩʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʩʠʩʪʝʤʦʶ ʟ 

ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʘ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʚʘʞʘʶʪʴ ʧʦʜʘʥʥʷʤ 

ʣʦʛʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʧʦʜʽʾ ɸ (ʚʽʜʤʦʚʘ ʩʠʩʪʝʤʠ) ʚʽʜ ʩʢʣʘʜʦʚʠʭ 

ʧʦʜʽʡ iA  (ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ) ʘʙʦ ʜʦʜʘʪʢʦʚʦʾ ʧʦʜʽʾ A  (ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ) 

ʚʽʜ ʩʢʣʘʜʦʚʠʭ ʧʦʜʽʡ iA  (ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ʝʣʝʤʝʥʪʽʚ). 

ɿʚôʷʟʦʢ ʤʽʞ ʚʢʘʟʘʥʠʤʠ ʧʦʜʽʷʤʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʟʘʩʦʙʘʤʠ ʘʣʛʝʙʨʠ ʣʦʛʽʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʡ ʦʙôʻʜʥʘʥʥʷ (ʣʦʛʽʯʥʘ ʩʫʤʘ) ʽ ʧʝʨʝʪʠʥʫ ʧʦʜʽʡ (ʣʦʛʽʯʥʠʡ 

ʜʦʙʫʪʦʢ). ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʩʣʽʜʦʚʥʦʾ ʩʠʩʪʝʤʠ ʣʦʛʽʯʥʠʡ ʟʚôʷʟʦʢ 

ʤʘʻ ʚʠʛʣʷʜ 

1 2 ... ;nA A A A= Ù Ù Ù 1 2 ... .nA A A A= Ø Ø Ø (44) 

ɿʘʤʽʩʪʴ ʧʦʜʽʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʽʥʜʠʢʘʪʦʨʠ ʧʦʜʽʡ ï ʙʫʣʴʦʚʽ ʟʤʽʥʥʽ ix, ʷʢʽ 

ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ç1è, ʷʢʱʦ ʧʦʜʽʷ ʚʽʜʙʫʣʘʩʷ, ʪʘ ç0è, ʷʢʱʦ ʥʝ ʚʽʜʙʫʣʘʩʷ. ɼʣʷ 

ʦʧʠʩʫ ʣʦʛʽʢʠ ʚʽʜʤʦʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʽʥʜʠʢʘʪʦʨʠ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 
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(ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʩʪʘʥʫ) ʘʙʦ ʽʥʜʠʢʘʪʦʨʠ ʚʽʜʤʦʚ (ʥʝʧʨʘʮʝʟʜʘʪʥʦʛʦ ʩʪʘʥʫ). ɺ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʽʥʜʠʢʘʪʦʨ 1,ix =  ʷʢʱʦ i-ʡ ʝʣʝʤʝʥʪ ʧʨʘʮʝʟʜʘʪʥʠʡ, ʪʘ 0,ix =  

ʷʢʱʦ ʥʝʧʨʘʮʝʟʜʘʪʥʠʡ. ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʽʥʜʠʢʘʪʦʨ 1,iy =  ʷʢʱʦ ʝʣʝʤʝʥʪ 

ʥʝʧʨʘʮʝʟʜʘʪʥʠʡ, ʽ 0,iy =  ʷʢʱʦ ʧʨʘʮʝʟʜʘʪʥʠʡ. ʆʯʝʚʠʜʥʦ, ʱʦ ʽʥʜʠʢʘʪʦʨʠ ʟʚôʷʟʘʥʽ 

ʚʽʜʥʦʰʝʥʥʷʤ .i ix y=  ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʜʠʢʘʪʦʨʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʡ 

ʢʦʥ'ʶʥʢʮʽʾ ʪʘ ʜʠʟ'ʶʥʢʮʽʾ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ, ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʟʘʣʝʞʥʦʩʪʷʤ (4.1) 

1 2 1 2( ,  ,  ...,  ) ... ;n nF x x x x x x= Ø Ø Ø 

1 2 1 2( ,  ,  ...,  ) ... .n nG y y y y y y= Ù Ù Ù 
(45) 

ʌʫʥʢʮʽʶ F ʫ ʚʠʨʘʟʽ (4.2) ʥʘʟʠʚʘʶʪʴ ʣʦʛʽʯʥʦʶ ʬʫʥʢʮʽʻʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʩʠʩʪʝʤʠ, ʘ ʬʫʥʢʮʽʶ G ï ʣʦʛʽʯʥʦʶ ʬʫʥʢʮʽʻʶ ʥʝʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʌʫʥʢʮʽʾ 

ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʦʧʝʨʘʮʽʻʶ ʣʦʛʽʯʥʦʛʦ ʟʘʧʝʨʝʯʝʥʥʷ, ʪʦʤʫ 

1 2 ... ;nF y y y= Ø Ø Ø 1 2 ... .nG x x x= Ù Ù Ù (46) 

ʄʝʪʦʜ ʦʧʠʩʫ ʣʦʛʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʝʙʨʠ ʧʦʜʽʡ (ʘʙʦ ʘʣʛʝʙʨʠ 

ʣʦʛʽʢʠ), ʘʥʘʣʦʛʽʯʥʦ ʚʠʨʘʟʫ (4.3), ʫʥʽʚʝʨʩʘʣʴʥʠʡ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʨʘʟʠʪʠ ʙʫʜʴ-ʷʢʽ ʩʢʣʘʜʥʽ ʣʦʛʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʤʦʚ ʩʠʩʪʝʤʠ ʚʽʜ ʚʽʜʤʦʚ 

ʝʣʝʤʝʥʪʽʚ. ɸʣʝ ʚʽʥ ʥʝ ʟʘʚʞʜʠ ʥʘʦʯʥʠʡ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʡ ʽʥʰʽ ʤʝʪʦʜʠ. 

ɻʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʦʧʠʩʫ ʣʦʛʽʯʥʠʭ ʟʚôʷʟʢʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʘʙʦ ʩʪʨʫʢʪʫʨʥʦ ʾʩʭʝʤʠ ʥʘʜʽʡʥʦʩʪʽ, ʢʦʣʠ ʟ 

ʢʦʞʥʠʤ ʧʨʘʮʝʟʜʘʪʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟʽʩʪʘʚʣʷʶʪʴ ʦʜʠʥ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʝʣʝʤʝʥʪ 

ʣʘʥʮʶʛʘ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ (ʟ ʥʫʣʴʦʚʠʤ ʦʧʦʨʦʤ, ʪʦʙʪʦ ʚʽʜʤʦʚʘ ʪʠʧʫ 

çʢ.ʟ.è), ʘ ʥʝʧʨʘʮʝʟʜʘʪʥʦʤʫ ʝʣʝʤʝʥʪʫ ï ʦʜʠʥ ʝʣʝʤʝʥʪ ʣʘʥʮʶʛʘ ʟ ʥʫʣʴʦʚʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ (ʟ ʥʝʩʢʽʥʯʝʥʥʠʤ ʦʧʦʨʦʤ, ʪʦʙʪʦ ʚʽʜʤʦʚʘ ʪʠʧʫ çʦʙʨʠʚè). ɿ 

ʧʨʘʮʝʟʜʘʪʥʠʤ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ ʟʽʩʪʘʚʣʷʶʪʴ ʧʨʦʚʽʜʥʠʡ ʩʪʘʥ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʣʘʥʮʶʛʘ. ʆʙʨʠʚ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʣʘʥʮʶʛʘ ʚʚʘʞʘʶʪʴ ʚʽʜʤʦʚʦʶ ʩʠʩʪʝʤʠ. ʇʝʨʝʪʠʥ 

ʧʦʜʽʡ ʫ ʟʘʣʝʞʥʦʩʪʽ (4.1) ʚʽʜʧʦʚʽʜʘʻ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʠʩʪʝʤʽ ʟ ʧʦʩʣʽʜʦʚʥʠʤ 

ʟôʻʜʥʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʦʷʩʥʶʻ ʥʘʟʚʫ ʟôʻʜʥʘʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 4.2, 

ʧʦʩʣʽʜʦʚʥʝ ʟôʻʜʥʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʥʘʜʽʡʥʦʩʪʽ ʟʦʚʩʽʤ ʥʝ ʦʟʥʘʯʘʻ 

ʦʙʦʚôʷʟʢʦʚʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟôʻʜʥʘʥʥʷ. 

ʄʦʞʝ ʙʫʪʠ ʪʘʢ, ʱʦ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʩʪʦʷʪʴ ʧʦʨʷʜ ʚ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʪʨʫʢʪʫʨʥʽʡ 

ʩʭʝʤʽ ʥʘʜʽʡʥʦʩʪʽ, ʚʟʘʛʘʣʽ ʥʝ ʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟôʻʜʥʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʷʢ ʫ ʢʦʥʪʫʨʽ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʨʝʟʠʩʪʦʨʠ (1 2,  R R), ʢʦʥʜʝʥʩʘʪʦʨʠ (1 2,  C C ) 

ʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 1Tp  (ʨʠʩ. 4.6). ʂʨʽʤ ʪʦʛʦ, ʚ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ ʜʦʧʫʩʢʘʶʪʴʩʷ 

ʙʫʜʴ-ʷʢʽ ʧʝʨʝʩʪʘʥʦʚʢʠ ʝʣʝʤʝʥʪʽʚ ʫ ʤʝʞʘʭ ʧʦʩʣʽʜʦʚʥʦʛʦ ʣʘʥʮʶʛʘ (ʚʥʘʩʣʽʜʦʢ 

ʢʦʤʫʪʘʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ), ʯʦʛʦ ʥʝ ʤʦʞʥʘ ʨʦʙʠʪʠ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʩʭʝʤʽ. 
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ʈʠʩ. 4.6. ʇʨʠʢʣʘʜ ʩʢʣʘʜʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʾ ʩʭʝʤʠ ʥʘʜʽʡʥʦʩʪʽ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ 

ɻʨʘʬʽʯʥʠʡ ʩʧʦʩʽʙ ʟʘ ʚʩʽʻʾ ʩʚʦʻʾ ʥʘʦʯʥʦʩʪʽ ʚʩʝ ʞ ʥʝ ʫʥʽʚʝʨʩʘʣʴʥʠʡ. ʋ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʥʝ ʚʜʘʻʪʴʩʷ ʟʽʩʪʘʚʠʪʠ ʟ ʩʠʩʪʝʤʦʶ ʥʽʷʢʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ 

ʥʘʜʽʡʥʦʩʪʽ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʽʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʡ 

ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʷʢʱʦ ʟ ʾʾ 

ʜʦʧʦʤʦʛʦʶ ʚʜʘʻʪʴʩʷ ʧʨʘʚʠʣʴʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʣʦʛʽʢʫ ʚʽʜʤʦʚ ʩʠʩʪʝʤʠ. ʗʢʱʦ ʞ ʥʝ 

ʚʜʘʻʪʴʩʷ, ʪʦ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʟʘʧʠʩʫ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ F ʘʙʦ G. 
 

4.4. ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ 

ʧʦʩʣʽʜʦʚʥʦʾ ʩʠʩʪʝʤʠ 

ʅʝʭʘʡ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʧʦʩʣʽʜʦʚʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʦʤʘ ʬʫʥʢʮʽʷ 

ʨʦʟʧʦʜʽʣʫ ʥʘʨʦʙʽʪʢʫ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ( ),iF t  i = 1, 2, é, n, ʘ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ 

ï ʥʝʟʘʣʝʞʥʽ ʧʦʜʽʾ. ʊʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʤʥʦʞʝʥʥʷ ʥʝʟʘʣʝʞʥʠʭ ʧʦʜʽʡ 

c 1 2
1 1

( ) ( ) ( ... ) ( ) (1 ( )).
n n

n i i
i i

P t P A P A A A P A F t
= =

= = Ø Ø Ø = = -Ô Ô  (47) 

ɺʠʨʘʟʠʤʦ ʽʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʯʝʨʝʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (1.14). ʊʦʜʽ 

c c
11 0 0 0

( ) exp ( ) exp ( ) exp ( ) ,

t t tn n

i i
ii

P t x dx x dx x dx
==

å õ å õ å õ
= - l = - l = - læ ö æ ö æ ö

æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

äÔ ñ ñ ñ  (48) 

ʜʝ c
1

( ) ( )
n

i
i

x x
=

l = lä  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʩʠʩʪʝʤʠ. ʌʦʨʤʫʣʘ (4.5) ʩʧʨʘʚʝʜʣʠʚʘ 

ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ. 

ʗʢʱʦ ʫ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʪʦʙʪʦ 

( ) 1 exp( ),i iF t t= - -l ʪʦ ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʻ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʩʚʦʾʭ ʝʣʝʤʝʥʪʽʚ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʪʘ ɯʥɺ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ 

c
c c( ) 1 ( ) 1 ;

t
Q t P t e

-l
= - = -  c

1

.
n

i
i=

l = lä  (49) 

ɯʟ ʬʦʨʤʫʣ (4.6) ʚʠʧʣʠʚʘʻ, ʱʦ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʦʩʥʦʚʥʦʾ 

ʩʠʩʪʝʤʠ o.cT  ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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1

o.c
c 01 02 0

1 1 1 1
... ,

n

T
T T T

-
å õ

= = + + +æ ö
l ç ÷

 (50) 

ʜʝ 0 1i iT = l ï ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ i-ʛʦ ʝʣʝʤʝʥʪʘ. ʗʢʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ 

ʨʽʚʥʦʥʘʜʽʡʥʽ, ʪʦ 0
o.c .

T
T

n
=  

ɿ ʮʽʻʾ ʬʦʨʤʫʣʠ ʚʠʜʥʦ, ʱʦ ʨʽʚʥʦʥʘʜʽʡʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʝ ʛʘʨʘʥʪʫʻ 

ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʾʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʡ ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ, 

ʦʩʢʽʣʴʢʠ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʾʾ ʚʽʜʤʦʚʠ ʟʤʝʥʰʫʻʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ 

ʢʽʣʴʢʦʩʪʽ ʾʾ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʉʠʩʪʝʤʘ ʟʙʝʨʽʛʘʻ ʚʠʜ ʨʦʟʧʦʜʽʣʫ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ʽ ʜʣʷ ʜʝʷʢʠʭ 

ʥʝʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ. ʊʘʢ, ʜʣʷ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ 

c
11

( ) exp( ( ) ) exp ( ) exp[ ( ) ],
n n

m m m
i i

ii

P t t t t
==

å õ
= - l = - l = - læ ö

ç ÷
äÔ   

ʜʝ l ï ʧʘʨʘʤʝʪʨ ʨʦʟʧʦʜʽʣʫ ʥʘʨʦʙʽʪʢʫ ʩʠʩʪʝʤʠ ʜʦ ʚʽʜʤʦʚʠ, 

1

1

.
n m

m
i

i=

å õ
l= læ ö
ç ÷
ä  

ɿʚʽʜʩʠ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ 

o.c. 1 1

1 1 0

1
1

1 1 1
1 .

1n nm m
m
i m

i i i

m
T

m

T= =

å õ
G +æ ö

å õ ç ÷= G + = =æ ö
l ç ÷

å õ å õ
læ ö æ ö

ç ÷ ç ÷
ä ä

 
(51) 

ʗʢʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ ʦʜʥʘʢʦʚʽ, ʪʦ 0 0,iT T=  ʽ ʪʦʜʽ 0o.c. 1
.

m

T
T

n

=  

ɼʣʷ ʨʦʟʧʦʜʽʣʫ ʈʝʣʝʷ (ʧʨʠ 2m= ) ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ 

ʩʧʘʜʘʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʢʦʨʝʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʟ ʢʽʣʴʢʦʩʪʽ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

ɿʘ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ʚ ʽʥʪʝʨʚʘʣʽ [a, b] ɯɹʈ 

ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʽ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʾʾ ʚʽʜʤʦʚʠ ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ 

c

0,  ;

( ) ,  ;

1,  .

t a

t a
P t a t b

b a

t b

<ë
î-î
= ¢ ¢ì

-î
>îí

 o.c .
1

b na
T

n

+
=
+

 (52) 

ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝ ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ ʢʦʤʧʘʢʪʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʬʦʨʤʫʣʠ 

ʪʠʧʫ (4.8) ʘʙʦ (4.9), ʨʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ʧʨʦʚʦʜʷʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʾ ʧʨʦʮʝʜʫʨʠ ʟʘ ʬʦʨʤʫʣʦʶ (1.18). ʗʢʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ 

ʨʦʟʧʦʜʽʣ ʥʘʨʦʙʽʪʢʫ ʟʽ ʟʨʦʩʪʘʶʯʦʶ ʬʫʥʢʮʽʻʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ, ʪʦ ʟʘʤʽʩʪʴ 

ʯʠʩʣʦʚʦʾ ʧʨʦʮʝʜʫʨʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠʙʣʠʟʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʜʘʻ ʚʝʨʭʥʶ B

o.c
T  
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ʽ ʥʠʞʥʶ H

o.c
T  ʦʮʽʥʢʠ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ: 

B

o.c

1

01

1
,

n

ii

T
T

-

=

å õ
=æ ö
ç ÷
ä  

H

o.c 0
( )

min .i
i

T T=  ɺ ʦʪʨʠʤʘʥʠʭ ʬʦʨʤʫʣʘʭ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ (ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʥʘʯʝʥʥʷ ɯʥɺ ʽ ʩʝʨʝʜʥʽʡ 

ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ) ʚʽʜʦʤʽ. 

ʗʢʱʦ ʜʦʩʪʦʚʽʨʥʠʭ ʜʘʥʠʭ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʨʘʥʥʽʭ 

ʩʪʘʜʽʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ) ʥʝʤʘʻ, ʪʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʝʨʝʜʥʴʦʛʨʫʧʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ɯɹʈ ʩʠʩʪʝʤʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

c
1

( ) exp ,
r

i i
i

P t t n
=

å õ
= - læ ö

ç ÷
ä  

   53) 

ʜʝ il ï ʩʝʨʝʜʥʴʦʛʨʫʧʦʚʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ i-ʾ ʛʨʫʧʠ; in  ï 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ i-ʾ ʛʨʫʧʠ; r ï ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ. ʇʨʠ ʮʴʦʤʫ ʛʨʫʧʠ ʤʦʞʫʪʴ 

ʥʘʣʝʞʘʪʠ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ʅʘ ʟʘʚʝʨʰʘʣʴʥʠʭ ʩʪʘʜʽʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ 

ʫʪʦʯʥʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʬʦʨʤʫʣʘʤʠ (4.6) ʽ (4.7). 

ɼʦʩʽ ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣʘʭ ʜʣʷ ɯɹʈ ʜʦʧʫʩʢʘʣʦʩʷ, ʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ 

ʧʨʘʮʶʶʪʴ ʥʝʧʝʨʝʨʚʥʦ ʚʽʜ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʦ ʾʾ ʟʘʢʽʥʯʝʥʥʷ. ʅʘʩʧʨʘʚʜʽ 

ʯʘʩʪʦ ʙʫʚʘʻ ʪʘʢ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ (0, t) ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʨʽʟʥʫ ʪʨʠʚʘʣʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (ʨʽʟʥʠʡ ʥʘʨʦʙʽʪʦʢ). ʊʦʜʽ ʟʘʤʽʩʪʴ ʚʠʨʘʟʫ (4.4) ʪʨʝʙʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ 

H Hc
11

( ) ( ( )) exp ( ) ,
n r

i i i i
ii

P t P t t t t
==

å õ
= = - læ ö

ç ÷
äÔ  (54) 

ʜʝ 
H

( )it t  ï ʩʫʤʘʨʥʠʡ ʥʘʨʦʙʽʪʦʢ i-ʛʦ ʝʣʝʤʝʥʪʘ ʚ ʽʥʪʝʨʚʘʣʽ (0, t). ʗʢʱʦ ʝʣʝʤʝʥʪ ʥʝ 

ʚʢʣʶʯʘʚʩʷ ʚ ʨʦʙʦʪʫ ʜʦ ʤʦʤʝʥʪʫ t, ʪʦ 
H

( )it t  = 0. ʋ ʨʘʟʽ ʚʢʣʶʯʝʥʥʷ ʝʣʝʤʝʥʪʘ ʡʦʛʦ 

ʥʘʨʦʙʽʪʦʢ ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ ʯʘʩʫ ʨʦʙʦʪʠ. ʗʢʱʦ ʧʽʩʣʷ ʮʴʦʛʦ ʝʣʝʤʝʥʪ ʥʘ ʜʝʷʢʠʡ 

ʯʘʩ ʚʠʤʠʢʘʻʪʴʩʷ, ʪʦ ʥʘʨʦʙʽʪʦʢ ʟʥʦʚʫ ʥʝ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʥʝ ʟʤʽʥʶʻʪʴʩʷ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʬʫʥʢʮʽʷ 
H

( )it t  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʜʨʽʟʢʽʚ, ʷʢʽ ʯʝʨʛʫʶʪʴʩʷ ʟ ʧʦʩʪʽʡʥʠʤʠ ʽ 

ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʶʯʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʘʨʦʙʽʪʢʫ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʧʦʷʚʫ ʫ ʬʫʥʢʮʽʾ ɯɹʈ 

ʩʠʩʪʝʤʠ (4.11) ʪʦʯʦʢ ʟʣʘʤʫ ʚ ʤʦʤʝʥʪʠ ʚʠʤʢʥʝʥʥʷ ʽ ʚʤʠʢʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. 

ʆʩʢʽʣʴʢʠ ʧʦʜʽʾ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʻ 

ʥʝʟʘʣʝʞʥʠʤʠ, ʪʦ 

ʘ) ɯɹʈ ʆʉ 

c 1
1

( ) ( ) ... ( ) ( );
n

n i
i

P t P t P t P t
=

= Ö Ö =Ô  

ʙ) ɯɺ ʆʉ 

c c
1

( ) 1 ( ) 1 ( ).
n

i
i

Q t P t P t
=

= - = -Ô  

ɼʣʷ ʽʜʝʥʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʆʉ, ʢʦʣʠ 1( ) ( ) ( ),nP t P t P t= =  ʤʘʻʤʦ 

- ɯɹʈ: c( ) ( );nP t P t=  



77 

- ɯɺ: c( ) 1 ( ).nQ t P t= -  

ʆʩʢʽʣʴʢʠ ʥʘ ʜʽʣʷʥʮʽ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʯʘʩʪʦ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ( ) exp( ),i iP t t= -l 

ʜʝ const,il =  ʪʦ ɯɹʈ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ c
11

( ) exp( ) exp .
n n

i i
ii

P t t t
==

å õ
= -l = - læ ö

ç ÷
äÔ  

ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʚʥʷʥʥʷ ʟʚ'ʷʟʢʫ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʦʩʥʦʚʥʦʾ 

ʩʠʩʪʝʤʠ ʘʥʘʣʦʛʽʯʥʦ ʨʽʚʥʷʥʥʶ (1.17), ʪʦʙʪʦ 

(c c

0

( ) exp ) ,

t

P t t dt
ë ûî î

= - lì ü
î îí ý
ñ  

ʽ ʚʚʘʞʘʪʠ, ʱʦ c c
1

( ) exp( ) exp ,
n

i
i

P t t t
=

å õ
= -l = - læ ö

ç ÷
ä  ʦʪʨʠʤʘʻʤʦ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʨʦʙʽʪʢʫ, ɯʥɺ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ɯʥɺ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

c 1
1

( ) ( ) ... ( ) ( ).
n

n i
i

t t t t
=

l =l + +l = lä  

ɼʣʷ n ʽʜʝʥʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 1( ) ( ) ( ) ( ),i nt t t tl =l =l =l ʪʦʜʽ 

c
1

( ) ( ).( )
n

i
i

t n tt
=

l = = llä  

ʇʦʢʘʟʥʠʢʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʆʉ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʨʦʙʽʪʢʫ ʜʦ 

ʚʽʜʤʦʚʠ ʢʦʞʥʦʛʦ ʟ n ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʷʢʠʭ ( ) exp( ),i iP t t= -l ʜʝ const,il =  

ʚʠʟʥʘʯʘʶʪʴ: 

1) ʜʣʷ ʥʝʽʜʝʥʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʣʠ 1 2( ) ( ) ... ( ) :nt t tl ¸l ¸ ¸l 

ï  ɯɹʈ ʩʠʩʪʝʤʠ c c
11

( ) ( ) exp exp( );
n n

i i
ii

P t P t t t
==

å õ
= = - l = - læ ö

ç ÷
äÔ  

ï  ɯɺ ʩʠʩʪʝʤʠ c c c( ) 1 ( ) 1 ;exp( )Q t P t t= - = --l  

ï  ɯʥɺ ʩʠʩʪʝʤʠ c
1

;
n

i
i=

l = lä  

ï  ʑʈɺ ʩʠʩʪʝʤʠ cc c c

( )
( ) exp( );

dP t
f t

dt
t=- =l -l  

ï  ʄʉ ʥʘʨʦʙʽʪʢʫ ʩʠʩʪʝʤʠ ʜʦ ʚʽʜʤʦʚʠ 0c
c

1 01

1 1 1
.

1n n

i
i ii

T

T= =

= = =
l å õ

l æ ö
ç ÷

ä ä

 

2) ʜʣʷ ʽʜʝʥʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʣʠ 1 2
0

1
( ) ( ) ... ( ) :nt t t

T
l =l = =l =l= 
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ï  ɯɹʈ ʩʠʩʪʝʤʠ 
0

c( ) exp( ) exp ;
nt

T
P t nt

å õ
æ ö
ç ÷

= - l =  

ï  ɯɺ ʩʠʩʪʝʤʠ 
0

c ;( ) 1 exp( ) 1 exp
nt

T
Q t nt

å õ
æ ö
ç ÷

= - - l = -  

ï  ɯʥɺ ʩʠʩʪʝʤʠ 
0

c ;
n

T
nl = l= 

ï  ʑʈɺ ʩʠʩʪʝʤʠ c c cc

( )
exp( )( ) exp( );

dP t
t

dt
f t n n t=l -l ==- l - l  

ï  ʄʉ ʥʘʨʦʙʽʪʢʫ ʩʠʩʪʝʤʠ ʜʦ ʚʽʜʤʦʚʠ 

0c c c c
c0 0 0

1
( ) exp( ) exp( )T P t dt t dt t

¤¤ ¤

= = - l =- - l =
lñ ñ  

[ ]
c c c

01 1 1
exp( ) exp(0) (0 1) .

1 T

n n
=- ¤ - =- - = =
l l l

=
l

 

ʆʪʞʝ, ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ʢʦʞʥʦʛʦ ʟ n ʝʣʝʤʝʥʪʽʚ 

ʨʦʟʧʦʜʽʣ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ʆʉ ʪʘʢʦʞ ʧʽʜʢʦʨʷʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʘʞʣʠʚʽ ʚʠʩʥʦʚʢʠ: ʥʘʜʽʡʥʽʩʪʴ ʆʉ ʤʝʥʰʘ ʚʽʜ 

ʥʘʜʽʡʥʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ; ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣɹʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʥʘʜʽʡʥʽʩʪʴ 

ʆʉ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧ ʨʽʚʥʦʥʘʜʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ 1000,   ( ) 0,99i in P t P= = =  

ʦʪʨʠʤʘʻʤʦ ʜʣʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ 3
c( ) 10 ,iP

P t
n

-= <  ʪʦʙʪʦ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ 

ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ ʫ 1000 ʨʘʟʽʚ ʤʝʥʰʠʡ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʢʦʞʥʦʛʦ ʟ 

ʝʣʝʤʝʥʪʽʚ. 

 

4.5. ʅʦʨʤʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ 

ʋ ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʽ (ʊɿ) ʥʘ ʨʦʟʨʦʙʢʫ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʃɸ) ʟʘʟʚʠʯʘʡ ʚʢʘʟʫʶʪʴ ʫʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ. ʇʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʥʘʟʠʚʘʶʪʴ ʥʦʨʤʫʚʘʥʥʷʤ ʥʘʜʽʡʥʦʩʪʽ, ʘ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ï 

ʥʦʨʤʘʤʠ ʥʘʜʽʡʥʦʩʪʽ. 

ʅʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʊɿ ʚʢʘʟʫʶʪʴ ʣʠʰʝ ɯɹʈ ʚʩʽʻʾ 

ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ Pʩ3. ʇʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʝʣʝʤʝʥʪʠ ʟ 

ʚʽʜʦʤʦʶ ʥʘʜʽʡʥʽʩʪʶ, ʪʘʢ ʽ ʝʣʝʤʝʥʪʠ, ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʷʢʠʭ ʤʦʞʥʘ ʩʫʜʠʪʠ ʣʠʰʝ ʟʘ 

ʾʭ ʘʥʘʣʦʛʘʤʠ (ʧʨʦʪʦʪʠʧʘʤʠ). ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʥʘʧʝʨʝʜ ʦʮʽʥʠʪʠ ʥʘʜʽʡʥʽʩʪʴ 
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ʝʣʝʤʝʥʪʽʚ, ʷʢʫ ʥʘʜʘʣʽ ʫʪʦʯʥʶʶʪʴ ʫ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʩʠʩʪʝʤʠ ʪʘ ʝʣʝʤʝʥʪʽʚ. 

ʅʦʨʤʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ï ʧʨʦʮʝʩ ʙʘʛʘʪʦʝʪʘʧʥʠʡ, ʚʽʥ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʽʻʨʘʨʭʽʾ 

çʩʠʩʪʝʤʘïʝʣʝʤʝʥʪè, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʜʝʷʢʠʡ ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʃɸ ʤʦʞʝ 

ʚʭʦʜʠʪʠ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ (ʝʣʝʤʝʥʪʦʤ) ʫ ʩʠʩʪʝʤʫ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷ ʽ ʚʦʜʥʦʯʘʩ 

ʩʘʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʷʢʦʾ ʩʫʢʫʧʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʷʢʘ ʻ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʠʭ ʩʠʩʪʝʤʦʶ. 

ɺʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʥʠʞʥʴʦʾ ʤʝʞʽ ɯɹʈ ʩʠʩʪʝʤʠ 

ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʥʘʨʦʙʽʪʢʫ, ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʯʠ ʫ 

ʚʠʛʣʷʜʽ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ɯɺ ʘʙʦ ɯʥɺ. ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦʙ 

ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʪʦʤʫ, ʱʦ ʚʠʩʫʥʫʪʽ ʚʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ 

ʚʠʢʦʥʘʪʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʤʧʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, 

ʨʦʙʣʷʪʴ ʧʨʠʙʣʠʟʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘʜʽʡʥʦʩʪʽ, ʚ ʷʢʦʤʫ ʥʦʨʤʫʶʪʴ ʧʦʢʘʟʥʠʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʽ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ. ɺʠʤʦʛʠ ʜʦ 

ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʫʶʪʴ ʟ ʪʘʢʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ: ʫʩʽ ʝʣʝʤʝʥʪʠ ʦʜʥʘʢʦʚʦ 

ʥʘʜʽʡʥʽ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʧʦʩʪʽʡʥʽ, ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦʩʣʽʜʦʚʥʝ. 

ʅʘʜʽʡʥʽʩʪʴ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʨʽʟʥʘ, ʪʦʤʫ ʧʨʠʧʫʱʝʥʥʷ ʨʦʙʣʷʪʴ ʟ 

ʤʝʪʦʶ ʚʩʪʘʥʦʚʠʪʠ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʜʝʷʢʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʝʣʝʤʝʥʪʘ .l ʈʦʟʨʘʭʫʥʦʢ 

ɯʥɺ ʧʨʦʚʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʦʶ c
c3

0c

1
ln ,P

n nT

l
l= = <-  ʜʝ c3P  ï ʧʦʪʨʽʙʥʝ (ʟʘʜʘʥʝ) 

ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ; ʧ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ. 

ʇʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʧʘʨʘʪʫʨʠ ʥʝ ʟʘʚʞʜʠ ʩʣʽʜ ʚʠʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʽ 

ʝʣʝʤʝʥʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ, ʟʘʟʚʠʯʘʡ, ʙʽʣʴʰ ʜʦʨʦʛʽ ʽ ʤʦʞʫʪʴ ʤʘʪʠ ʙʽʣʴʰʽ ʚʘʛʫ ʽ 

ʛʘʙʘʨʠʪʠ, ʥʽʞ ʤʝʥʰ ʥʘʜʽʡʥʽ ʝʣʝʤʝʥʪʠ. ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʽʜʤʦʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʦʨʽʻʥʪʫʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʽʚ. ʑʦʙ ʧʦʣʝʛʰʠʪʠ 

ʚʠʙʽʨ, ʫ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʽ ʥʘ ʬʽʨʤʘʭ-ʚʠʨʦʙʥʠʢʘʭ ʨʦʙʣʷʪʴ ʩʧʨʦʙʠ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʝʣʝʤʝʥʪʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʽʜʤʦʚ. ʊʘʢ, ʫ ʉʐɸ ʚʚʝʜʝʥʦ ʯʦʪʠʨʠ 

ʢʣʘʩʠ ʝʣʝʤʝʥʪʽʚ, ʚʽʜ ʧʝʨʰʦʛʦ (ʚʠʱʦʛʦ) ʜʦ ʯʝʪʚʝʨʪʦʛʦ (ʥʠʞʯʦʛʦ), ʘ ʥʘ ʬʽʨʤʽ RCA 

(ʪʘʢʦʞ ʉʐɸ) ï ʩʽʤ ʢʣʘʩʽʚ, ʚʽʜ ʧʝʨʰʦʛʦ (ʚʠʱʦʛʦ) ʜʦ ʩʴʦʤʦʛʦ (ʨʠʥʢʦʚʦʛʦ, ʘʙʦ 

ʥʠʞʯʦʛʦ). ʋ ʟʚôʷʟʢʫ ʟ ʚʝʣʠʢʦʶ ʚʘʞʣʠʚʽʩʪʶ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʷʢ ʃɸ ʚ 

ʮʽʣʦʤʫ, ʪʘʢ ʽ ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʩʠʩʪʝʤʠ ʦʢʨʝʤʦ, ʜʣʷ ʾʭ ʨʦʟʨʦʙʢʠ ʚʠʙʠʨʘʶʪʴ ʝʣʝʤʝʥʪʠ, 

ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʚʠʱʦʛʦ ʢʣʘʩʫ. 

ʗʢʱʦ ʧʨʦʝʢʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʃɸ ʩʢʣʘʜʘʻʪʴʩʷ ʟ k ʧʨʠʩʪʨʦʾʚ ʟ ʦʨʽʻʥʪʦʚʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ  ʚ i-ʤʫ ʧʨʠʩʪʨʦʾ (i = 1, 2, é, k), ʪʦ ʥʦʨʤʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (4.4) ʟʘ  ʪʦʙʪʦ 

 

ʜʝ  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ i-ʛo ʧʨʠʩʪʨʦʶ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʩʝʨʝʜʥʴʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʢʣʘʩʫ ʽ ʛʨʫʧʠ,  ʇʽʜ ʯʘʩ 

ʜʝʪʘʣʽʟʘʮʽʾ ʩʢʣʘʜʫ ʽ ʨʦʟʙʠʪʪʷ ʝʣʝʤʝʥʪʽʚ ʥʘ ʢʣʘʩʠ ʽ ʛʨʫʧʠ ʨʦʟʨʘʭʫʥʦʢ  

ʧʨʦʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (4.10):  ʜʝ 


