
1 

 

 

  

ȾȾȾȱȱȱȺȺȺȼȼȼȴȴȴɋɋɋ   ȬȬȬȶȶȶȾȾȾȴȴȴȮȮȮȹȹȹɇɇɇɁɁɁ   ȽȽȽȴȴȴȽȽȽȾȾȾȱȱȱȸȸȸ   

ȾȾȾȬȬȬȽȽȽ---222000111444    

4455 



2 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠʤ. ɺ.ɸ. ʊʨʘʧʝʟʥʠʢʦʚʘ 

ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

 

 

 

 

 

ʊɽʆʈʀʗ ɸʂʊʀɺʅʓʍ ʉʀʉʊɽʄ 

ʊɸʉ-2014 
 

 
ʄɸʊɽʈʀɸʃʓ ʄɽɾɼʋʅɸʈʆɼʅʆʁ  

ʅɸʋʏʆ-ʇʈɸʂʊʀʏɽʉʂʆʁ ʂʆʅʌɽʈɽʅʎʀʀ  

 

17-19 ʅʆʗɹʈʗ 2014 ʛ., ʄʆʉʂɺɸ 

 

 

ʇʦʜ ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ ʜ.ʪ.ʥ. ɺ.ʅ. ɹʫʨʢʦʚʘ 

 

 

ʅɸʋʏʅʆɽ ʕʃɽʂʊʈʆʅʅʆɽ ʀɿɼɸʅʀɽ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʄʦʩʢʚʘ 

ʀʇʋ ʈɸʅ 
2014 

4455  
 



 

 

ʋɼʂ 007:5197 

ɹɹʂ 22.18:32.81 

  ʊ33 
 

 

ʊʝʦʨʠʷ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ (ʊɸʉ-2014) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯ-
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ʅʘʫʯʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʠʟʜʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʙʦʨʥʠʢʦʤ ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʊɸʉ-2014. ʇʨʠʚʝʜʝʥʳ ʜʦʢʣʘʜʳ ʫʯʝʥʳʭ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ:  

¶ ʙʘʟʦʚʳʝ ʤʦʜʝʣʠ ʠ ʤʝʭʘʥʠʟʤʳ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ; 

¶ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ; 

¶ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ; 

¶ ʤʦʜʝʣʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ; 

¶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

¶ ʬʠʥʘʥʩʦʚʘʷ ʠʥʞʝʥʝʨʠʷ. 

ʀʟʜʘʥʠʝ ʘʜʨʝʩʦʚʘʥʦ ʥʘʫʯʥʳʤ ʨʘʙʦʪʥʠʢʘʤ, ʠʥʞʝʥʝʨʘʤ ʠ ʫʯʘʱʠʤʩʷ ʚʫʟʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫ-

ʶʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʵʢʦʥʦʤʠʢʝ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤ, ʬʠʥʘʥʩʦʚʦʡ ʠʥʞʝʥʝʨʠʠ. 
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¶ ʘʢʘʜʝʤʠʢ ɺʘʩʠʣʴʝʚ ʉ.ʅ. 

¶ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʅʦʚʠʢʦʚ ɼ.ɸ. 

¶ ʜ.ʪ.ʥ., ʧʨʦʬ. ɹʫʨʢʦʚ ɺ.ʅ. 

 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ 
 

È ɹʫʨʢʦʚ ɺ.ʅ. ï ʧʨʝʜʩʝʜʘʪʝʣʴ (ʄʦʩʢʚʘ) 

 

È ɸʙʨʘʤʦʚʘ ʅ.ɸ. (ʄʦʩʢʚʘ) 

È ɸʣʝʩʢʝʨʦʚ ʌ.ʊ. (ʄʦʩʢʚʘ) 

È ɸʰʠʤʦʚ ɸ.ɸ. (ɸʣʤʘʪʳ) 

È ɹʘʨʢʘʣʦʚ ʉ.ɸ. (ɺʦʨʦʥʝʞ) 

È ɺʦʨʦʥʠʥ ɸ.ɸ. (ɺʦʣʛʦʛʨʘʜ) 

È ɻʦʨʛʠʜʟʝ ʀ.ɸ. (ʊʙʠʣʠʩʠ) 

È ɻʫʙʢʦ ʄ.ɺ. (ʄʦʩʢʚʘ) 

È ɽʨʝʰʢʦ ʌ.ʀ. (ʄʦʩʢʚʘ) 

È ɽʨʝʤʝʥʢʦ ʖ.ʀ. (ʉʪʘʨʳʡ 
ʆʩʢʦʣ) 

È ɿʘʩʢʘʥʦʚ ɺ.ɻ. (ʉʘʤʘʨʘ) 

È ɿʘʨʫʙʘ ɺ.ʗ. (ʍʘʨʴʢʦʚ) 

È ʀʨʠʢʦʚ ɺ.ɸ. (ʄʦʩʢʚʘ) 
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È ʅʠʞʝʛʦʨʦʜʮʝʚ ʈ.ʄ. (ʄʦʩʢʚʘ) 

È ʅʦʚʠʢʦʚ ɼ.ɸ. (ʄʦʩʢʚʘ) 

È ʆʨʣʦʚ ɸ.ʀ. (ʄʦʩʢʚʘ) 
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È ʏʭʘʨʪʠʰʚʠʣʠ ɸ.ɻ. (ʄʦʩʢʚʘ) 
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ʇʈɽɼʀʉʃʆɺʀɽ 
 

ɺ ʥʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʚʦʰʣʠ ʜʦʢʣʘʜʳ ʶʙʠʣʝʡʥʦʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ ʊɸʉ-2014, ʧʦʩʚʷʱʝʥʥʦʡ 45-ʣʝʪʠʶ ʪʝʦʨʠʠ ʘʢʪʠʚ-

ʥʳʭ ʩʠʩʪʝʤ ʠ 75-ʣʝʪʠʶ ʝʝ ʦʩʥʦʚʘʪʝʣʷ ï ɺʣʘʜʠʤʠʨʘ ʅʠʢʦʣʘ-

ʝʚʠʯʘ ɹʫʨʢʦʚʘ.  

ʇʦʷʚʠʚʰʠʩʴ ʚ1969 ʛʦʜʫ, ʪʝʦʨʠʷ ʩʪʘʣʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠ-

ʚʘʪʴʩʷ, ʦʪʧʨʘʟʜʥʦʚʘʚ ʩʚʦʝ 5-ʣʝʪʠʝ ʧʝʨʚʦʡ ʰʢʦʣʦʡ, ʧʨʦʰʝʜ-

ʰʝʡ ʚ ʊʙʠʣʠʩʠ. ɼʘʣʴʰʝ ʰʢʦʣʳ ʧʨʦʭʦʜʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝ-

ʛʫʣʷʨʥʦ, ʦʭʚʘʪʠʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʛʝʦʛʨʘʬʠʶ ʉʦʚʝʪʩʢʦʛʦ 

ʉʦʶʟʘ ʦʪ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ (ʃʠʪʚʘ) ʜʦ ʏʝʨʥʦʛʦ ʠ ʂʘʩʧʠʡ-

ʩʢʦʛʦ (ɻʨʫʟʠʷ ʠ ʂʘʟʘʭʩʪʘʥ). ɺ 90-ʭ ʛʦʜʘʭ ʚ ʵʪʦʡ ʮʝʧʦʯʢʝ 

ʦʙʨʘʟʦʚʘʣʩʷ ʨʘʟʨʳʚ ï ʧʦʯʪʠ 10 ʣʝʪ. ɹʳʣʠ ʧʝʨʝʩʪʨʦʡʢʘ, ʨʘʟ-

ʜʝʣ, ʧʝʨʝʜʝʣé ʙr ʣʦ ʥʝ ʜʦ ʥʘʫʯʥʦʛʦ ʦʙʱʝʥʠʷ. ʅʦ 30-ʣʝʪʥʠʡ 

ʶʙʠʣʝʡ ʪʝʦʨʠʠ ʩʳʛʨʘʣ ʙʦʣʴʰʫʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʨʦʣʴ. ɺ 

1999 ʛʦʜʫ ʰʢʦʣʳ ʚʦʟʨʦʜʠʣʠʩʴ ʚ ʚʠʜʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ.  

ɺʩʝ 15 ʣʝʪ ʦʥʠ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʥʦ-

ʷʙʨʷ ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʥʠ 

ɺ.ɸ.ʊʨʘʧʝʟʥʠʢʦʚʘ. ʕʪʦ ʚʨʝʤʷ ʚʳʙʨʘʥʦ ʥʝ ʩʣʫʯʘʡʥʦ, ʠʤʝʥʥʦ 

ʚ ʥʦʷʙʨʝ ʦʪʤʝʯʘʝʪ ʜʝʥʴ ʨʦʞʜʝʥʠʷ ʦʩʥʦʚʘʪʝʣʴ ʪʝʦʨʠʠ ɺʣʘ-

ʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ ɹʫʨʢʦʚ. ʀ 

ʫʞʝ ʪʨʝʪʠʡ ʨʘʟ ʧʨʦʚʦʜʷʪʩʷ 

ʶʙʠʣʝʡʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ï 

ʧʦʩʣʝ 30-ʣʝʪʠʷ ʙʳʣʦ 40-

ʣʝʪʠʝ. 45-ʣʝʪʠʶ ʧʦʩʚʷʱʝʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷ ʵʪʦʛʦ ʛʦʜʘ ï 

ʊɸʉ-2014. ʅʘʜʦ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʫʪʦʯʥʷʪʴ ʚʦʟʨʘʩʪ ʘʚʪʦʨʘ 

ʦʩʥʦʚʘʥʠʡ, ʥʘʚʝʨʥʦʝ, ʥʝʪ ï 

ʦʥ ʧʦʯʪʠ ʪʘʢ ʞʝ ʤʦʣʦʜ, ʢʘʢ ʠ 

ʝʛʦ ʜʝʪʠʱʝ. ʀ ʪʘʢ ʞʝ ʘʢʪʠ-

ʚʝʥ. ɸ ʊɸʉ ʤʦʣʦʜʝʝʪ ʩ ʢʘʞ-

ʜʳʤ ʛʦʜʦʤ, ʧʨʠʦʙʨʝʪʘʷ ʚʩʝ 

ʥʦʚʳʭ ʠ ʥʦʚʳʭ ʩʪʦʨʦʥʥʠʢʦʚ. 

ʉʥʦʚʘ ʨʘʩʰʠʨʷʝʪ ʛʝʦʛʨʘʬʠʶ 

ï ʠ ʟʝʤʥʫʶ ʠ ʥʘʫʯʥʫʶ, ʧʦʷʚ-

ʣʷʶʪʩʷ ʪʨʦʧʠʥʢʠ, ʜʦʨʦʛʠ ʠ 

ʮʝʣʳʝ ʧʨʦʩʧʝʢʪʳ ʚ ʥʦʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚʳʨʦʩʰʠʭ ʠʟ ʝʝ ʢʦʨʥʝʡ. ʆʪʨʘʞʝʥʠʝ ʚʩʝʛʦ ʵʪʦʛʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʥʘʩʪʦʷʱʝʤ ʩʙʦʨʥʠʢʝ, 

ʢʦʪʦʨʳʡ, ʜʫʤʘʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʧʦʜʘʨʢʦʤ ʢ ʟʘʤʝʯʘʪʝʣʴʥʦʤʫ ʜʚʦʡʥʦʤʫ ʶʙʠʣʝʶ. 
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ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ) 
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ʇʨʠʚʦʜʷʪʩʷ ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʠ ʦʙʫʯʘʶʱʝʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʜʝʣʦʚʦʡ ʠʛ-

ʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘʚʳʢʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʫʯʘʩʪʥʠʢʦʚ 

ʩʜʝʣʦʢ ʩʣʠʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ.  

 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʩʜʝʣʢʠ ʩʣʠʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʜʝʣʦʚʘʷ ʠʛʨʘ, ʧʨʝʜʧʦʯʪʝʥʠʷ 

ʫʯʘʩʪʥʠʢʦʚ ʩʜʝʣʢʠ. 

ɺʚʝʜʝʥʠʝ 

ʉʣʠʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʫʢʨʫʧʥʝʥʠʷ ʙʠʟʥʝʩʘ ʟʘ ʩʯʝʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʦʣʥʦʛʦ ʠʣʠ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʘʢʝʪʘ ʘʢʮʠʡ ʜʨʫʛʦʡ ʢʦʤʧʘʥʠʠ[4].  

ɺ ʧʨʦʮʝʩʩʘʭ ʩʣʠʷʥʠʡ ʠ ʧʦʛʣʦʱʝʥʠʡ ʚʳʜʝʣʷʪ ʜʚʘ ʪʠʧʘ ʩʫʙʲʝʢʪʦʚ: ʤʝʥʝʜʞʝʨ ʢʦʤʧʘʥʠʠ ʧʦʢʫʧʘʪʝʣʷ 

ʠ ʤʝʥʝʜʞʝʨ ʢʦʤʧʘʥʠʠ ʧʨʦʜʘʚʮʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʮʝʣʴ ʤʝʥʝʜʞʝʨʘ ʢʦʤʧʘʥʠʠ ʧʦʢʫʧʘʪʝʣʷ ï ʧʨʠʦʙʨʝʩʪʠ 

ʢʦʤʧʘʥʠʶ ʟʘ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. ʎʝʣʴ ʤʝʥʝʜʞʝʨʘ ʢʦʤʧʘʥʠʠ ʧʨʦʜʘʚʮʘ ï ʧʨʦ-

ʜʘʪʴ ʢʦʤʧʘʥʠʶ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ. ʉʪʨʝʤʣʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʩʜʝʣʢʠ ʢ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʬʣʠʢʪʫ, ʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʤʠʠ ʟʘ ʢʦʥ-

ʪʨʦʣʴ ʠʣʠ ʩʢʠʜʢʠ ʟʘ ʙʝʩʢʦʥʪʨʦʣʴʥʦʩʪʴ ʧʨʠ ʩʜʝʣʢʘʭ ʩʣʠʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʘʥʥʳʡ ʬʘʢ-

ʪʦʨ. ʋʯʝʪ ʜʘʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʦʟʤʦʞʝʥ ʙʣʘʛʦʜʘ-

ʨʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʶ ʠʤʠʪʘʮʠʦʥʥʳʭ ʜʝʣʦʚʳʭ ʠʛʨ [2,3]. ʆʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠʤʠʪʘʮʠ-

ʦʥʥʳʭ ʜʝʣʦʚʳʭ ʠʛʨ ʷʚʣʷʶʪʩʷ ʦʙʫʯʘʶʱʠʝ ʠʛʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʭ ʥʘʚʳʢʦʚ. 

ʎʝʣʴʶ ʦʙʫʯʘʶʱʝʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʜʝʣʦʚʦʡ ʠʛʨʳ çʄʝʥʝʜʞʝʨ ʧʦ ʩʣʠʷʥʠʷʤ ʠ ʧʦʛʣʦʱʝʥʠʷʤè ʷʚʣ̫-

ʝʪʩʷ ʦʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʤʝʪʦʜʘʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʫʯʘʩʪʥʠʢʦʚ ʩʜʝʣʦʢ ʩʣʠʷʥʠʡ ʠ ʧʦʛʣʦʱʝʥʠʡ.   

ɺ ʨʦʣʠ ʤʝʥʝʜʞʝʨʦʚ ʢʦʤʧʘʥʠʡ (ʧʦʢʫʧʘʪʝʣʷ ʠ ʧʨʦʜʘʚʮʘ) ʚʳʩʪʫʧʘʶʪ ʠʛʨʦʢʠ (ʦʧʳʪʥʳʝ ʵʢʩʧʝʨʪʳ, 

ʘʩʧʠʨʘʥʪʳ ʠʣʠ ʩʪʫʜʝʥʪʳ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ). ɼʘʣʝʝ ʠʛʨʦ-

ʢʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ  ʤʝʥʝʜʞʝʨʘ ʢʦʤʧʘʥʠʠ ʧʦʢʫʧʘʪʝʣʷ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʀʥʚʝʩʪʦʨʦʤ, ʘ ʠʛʨʦʢʘ, 

ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ ʤʝʥʝʜʞʝʨʘ ʢʦʤʧʘʥʠʠ ʧʨʦʜʘʚʮʘ ï ʂʦʥʪʨʠʛʨʦʢʦʤ. 

ɺ ʠʛʨʝ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʦʪ 2 ʠʛʨʦʢʦʚ ʠ ʦʙʫʯʘʝʤʳʡ ʩʪʫʜʝʥʪ ʠʣʠ ʛʨʫʧʧʘ ʩʪʫʜʝʥʪʦʚ.  

ʋʩʣʦʚʠʷ ʠʛʨʳ ʩʣʝʜʫʶʱʠʝ: ʠʛʨʦʢʘʤ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʦ ʢʦʤʧʘʥʠʠ, ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʠʤʠʪʠʨʦʚʘʪʴʩʷ ʩʜʝʣʢʘ ʩʣʠʷʥʠʷ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ, ʫʩʪʘʚʥʦʡ ʩʪʦʠʤʦʩʪʠ ʦʜʥʦʡ ʘʢʮʠʠ ʢʦʤʧʘʥʠʠ ʠ 

ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ. ʋ ʀʥʚʝʩʪʦʨʘ ʠʤʝʶʪʩʷ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠ-

ʷʤʠ ʠʛʨʳ, ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʢʦʤʧʘʥʠʠ ʂʦʥʪʨʠʛʨʦʢʘ. ɿʘʜʘʯʘ ʠʛʨʦʢʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʜʦʛʦʚʦʨʠʪʴ-

ʩʷ ʦ ʩʜʝʣʢʝ ʩʣʠʷʥʠʷ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʝ ʠ ʩʪʦʠʤʦʩʪʠ ʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʦʙʨʝ-

ʪʘʪʴʩʷ ʫ ʢʦʤʧʘʥʠʠ ʂʦʥʪʨʠʛʨʦʢʘ. 

ɿʘʜʘʯʘ ʦʙʫʯʘʝʤʦʛʦ ʩʪʫʜʝʥʪʘ (ʛʨʫʧʧʳ ʩʪʫʜʝʥʪʦʚ) ï ʦʧʨʦʩʠʪʴ ʠʛʨʦʢʦʚ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʦʪʥʦʰʝʥʠʷ ʢ 

ʨʠʩʢʘʤ ʩʜʝʣʢʠ ʩʣʠʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʜʦʭʦʜʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʦʥʠ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʜʝʣʢʠ, 

ʦʙ ʠʭ ʦʧʳʪʝ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ  ʫʨʦʚʥʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʠʪʷʟʘʥʠʡ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʫʯʘʝʤʳʡ ʩʪʫʜʝʥʪ (ʛʨʫʧʧʘ ʩʪʫʜʝʥʪʦʚ) ʜʦʣʞʝʥ ʩ ʫʯʝʪʦʤ ʨʝʬʣʝʢʩʠʠ I ʨʘʥʛʘ 

ʠʣʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʨʘʟʫʤʥʦʤ ʧʦʚʝʜʝʥʠʠ ʠʛʨʦʢʦʚ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʧʨʝʜʧʦʯʪʝʥʠʡ ʦʙʦʠʭ ʠʛʨʦʢʦʚ. 

ɼʘʣʝʝ ʦʙʫʯʘʝʤʳʡ ʩʪʫʜʝʥʪ (ʛʨʫʧʧʘ ʩʪʫʜʝʥʪʦʚ), ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠʛʨʦʢʦʚ 

ʜʦʣʞʝʥ ʧʦʩʪʨʦʠʪʴ Security Investor Boundary ï ʛʨʘʥʠʮʫ ʜʦʧʫʩʪʠʤʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʜʝʡʩʪʚʠʡ [1] ʩ 

ʮʝʥʥʳʤʠ ʙʫʤʘʛʘʤʠ ʠ ʩ ʫʯʝʪʦʤ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠ-

ʦʙʨʝʪʘʝʤʳʭ ʘʢʮʠʡ ʠ ʠʭ ʩʪʦʠʤʦʩʪʠ ʩ ʫʯʝʪʦʤ ʧʨʝʤʠʠ ʟʘ ʢʦʥʪʨʦʣʴ ʠʣʠ ʩʢʠʜʢʠ ʟʘ ʙʝʩʢʦʥʪʨʦʣʴʥʦʩʪʴ.  

ʉʭʝʤʘ ʦʙʫʯʘʶʱʝʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʜʝʣʦʚʦʡ ʠʛʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʈʠʩ. 1). 
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ˮͤ ͍͔ͫͭͦ ͪ ˴͙͎ͦͤͭͪͪͦ͟
˿͔ͭͯ͒ͤͭ

˽͔͔ͪ͒ͦ͗͡ ͙ͤ  ͔ͦ ͫ͒ ͔͔͟͡
ͫ͡ Ύ͙ͤ Ύ͙ ͙͡  ͙ͦͨ ͎ͦ̈́͡ ͔ͤ Ύ͙

͎̊͊. 1 ˽ ͔ͪ͒ͦ͗͡ ͔͙͔ͤ ͦ ͫ͒ ͔͔͟͡ ͫ͡ Ύ͙ͤ Ύ͙ ͙ ͨͦ ͎ͦ̈́͡ ͔ͤ Ύ͙

͎̊͊. 2 ˽ ͔͔͎͍ͪͦͦͪ·

˴͙ͦ͡;͔͍ͫͭ  ͦͯ͟ ͔ͨͤ͡ ·ͤͻ ͊͟ ͼ͙  ͚͙ ͙ͻ ͼ͔ͤ͊

͎̊͊. 3 ˾ ͔ͯ͘͡Έͭ͊ͭ· ͔ͨ ͔͎͍͍ͪͦͦͪͦ

˸͔ͦ͒͡Έ ͨͪ ͔͒ͨͦ;͔͙͚ͭͤ 
ˮͤ ͍͔ͫͭͦ ͪ͊

˸͔ͦ͒͡Έ ͨͪ ͔͒ͨͦ;͔͙͚ͭͤ
˴͙͎ͦͤͭͪͪͦ͊͟

˨͔͍ͦ͊͡Ύ ͙ͣ ͙ͭ ͼ͙͊ͦͤͤ͊Ύ ͙͎ͪ͊

͎̊͊. 4 ˻ ͨͪͦͫ ˮ͎͍ͪͦͦ͟

˻͋ ;ͯ͊Ό̈́ Ύ͊ ͔͒ ͍ͦ͊͡Ύ ͙ͣ ͙ͭ ͼ͙͊ͦͤͤ͊Ύ ͙͎ͪ͊

˴͙ͦ͡;͔͍ͫͭ  ͦͯ͟ ͔ͨͤ͡ ·ͤͻ ͊͟ ͼ͙  ͚͙ ͙ͻ ͼ͔ͤ͊

͎̊͊. 6 ˽ ͎ͪͦͤͦ͘ ͔ͫͭͯ͒ͤͭ͊ ͦ ͫ͒ ͔͔͟͡ 
ͫ͡ Ύ͙ͤ Ύ͙ ͙͡  ͙ͦͨ ͎ͦ̈́͡ ͔ͤ Ύ͙

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ

͎̊͊. 5 ˽ ͔͙ͦͫͭͪͦͤ  ͔͔͔͚ͣͦ͒͡ ͨͪ ͔͒ͨͦ;͔͙͚ͭͤ ˮ͎͍ͪͦͦ͟

͎̊͊. 5 ˽ ͔͙ͦͫͭͪͦͤ  ͔Security Investor Boundary ˮ ͎͍ͪͦͦ͟

͎̊͊. 7 ˽ ͍͔ͪͦͪ͟  ͊ͪͨ ͔͍͔͔ͨͦ͒͊͊ͭͣ͡  ͔ͪ ͯ͘ Έͭ͊ͭ͊͡

 
ʈʠʩ. 1. ʉʭʝʤʘ ʦʙʫʯʘʶʱʝʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʜʝʣʦʚʦʡ ʠʛʨʳ 

 

ʀʛʨʘ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʫʩʧʝʰʥʦ ʧʨʦʡʜʝʥʥʦʡ, ʝʩʣʠ ʦʙʫʯʘʝʤʳʡ ʩʪʫʜʝʥʪ (ʛʨʫʧʧʘ ʩʪʫʜʝʥʪʦʚ) ʩʜʝʣʘʶʪ 

ʧʨʦʛʥʦʟ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʘʢʮʠʡ ʠ ʠʭ ʩʪʦʠʤʦʩʪʠ ʩ ʫʯʝʪʦʤ ʧʨʝʤʠʠ ʟʘ ʢʦʥʪʨʦʣʴ ʠʣʠ ʩʢʠʜʢʠ ʟʘ 

ʙʝʩʢʦʥʪʨʦʣʴʥʦʩʪʴ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʧʝʨʝʛʦʚʦʨʦʚ ʀʛʨʦʢʦʚ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 10%. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʜʝʣʦʚʦʡ ʠʛʨʳ ʩʪʫʜʝʥʪ ʧʨʠʦʙʨʝʪʘʝʪ ʢʦʤ-

ʧʝʪʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ ʟʘʜʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʦʙʦʩ-

ʥʦʚʘʥʠʷ ʧʨʝʤʠʠ ʟʘ ʢʦʥʪʨʦʣʴ ʠ ʩʢʠʜʢʠ ʟʘ ʙʝʩʢʦʥʪʨʦʣʴʥʦʩʪʴ ʚ ʩʜʝʣʢʘʭ ʩʣʠʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʫʯʘʶʱʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʜʝʣʦʚʘʷ ʠʛʨʘ çʄʝʥʝʜʞʝʨ ʧʦ ʩʣʠʷʥʠʷʤ ʠ ʧʦʛʣʦʱʝʥʠʷʤè, ʧʦʟʚʦʣʷʶʱʘʷ 

ʫʯʝʩʪʴ ʠʥʪʝʨʝʩʳ ʫʯʘʩʪʥʠʢʦʚ ʩʜʝʣʢʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʪʘ-

ʢʠʭ ʧʨʦʬʠʣʝʡ, ʢʘʢ çʕʢʦʥʦʤʠʢʘè, çʌʠʥʘʥʩʳ ʠ ʢʨʝʜʠʪè, çʆʮʝʥʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴè ʠ ʜʨʫʛʠʭ. 
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ɺʚʦʜʠʪʩʷ ʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʧʦʚʝʜʝʥʠʷ ʠʛʨʦʢʦʚ çʜʚʦʡʥʦʡ ʥʘʠʣʫʯʰʠʡ ʦʪʚʝʪè ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʠ. 

ʂʦʥʮʝʧʮʠʷ ʨʘʩʰʠʨʷʝʪ ʠʟʚʝʩʪʥʫʶ ʜʠʥʘʤʠʢʫ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʠʛʨʘʭ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʩʝʪʝʡ. ʀʜʝʷ ʜʚʦʡʥʦʛʦ ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʛʨʳ, ʥʘʟʳʚʘʝʤʦʡ ʠʛʨʦʡ ʩʚʷʟʥʦʩʪʠ ʩ 

ʤʠʥʠʤʫʤʦʤ ʟʘʪʨʘʪ, ʛʜʝ ʢʘʞʜʳʡ ʠʛʨʦʢ ʞʝʣʘʝʪ ʩʚʷʟʘʪʴʩʷ ʩ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʨʫ-

ʛʠʭ ʠʛʨʦʢʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʩʚʷʟʴ. ɺʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʨʘʚʥʦʚʝʩʠʝ ʚ 

ʜʚʦʡʥʳʭ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʘʭ (ʈɼʅ) ʠ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʈɼʅ ʩʠʪʫʘʮʠʡ ʠʛʨʳ ʷʚʣʷʝʪʩʷ 

ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʩʠʪʫʘʮʠʡ ʨʘʚʥʦʚʝʩʥʳʭ ʧʦ ʅʵʰʫ, ʘ ʪʘʢʞʝ, ʯʪʦ ʈɼʅ ʩʝʪʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʷʜ ʭʦ-

ʨʦʰʠʭ ʩʚʦʡʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳʤʠ ʨʘʚʥʦʚʝʩʠʷʤʠ ʅʵʰʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʛʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʝʡ, ʜʚʦʡʥʦʡ ʥʘʠʣʫʯʰʠʡ ʦʪʚʝʪ. 

 

ɺʚʝʜʝʥʠʝ 

ʊʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ad-hoc ʩʝʪʝʡ (ʩʝʪʠ çʢʘʢ ʝʩʪʴè, ʦʜʥʦʨʘʥʛʦʚʳʝ ʩʝʪʠ) 

ʠʩʩʣʝʜʦʚʘʣʩʷ ʚ [4], [8]. ʈʘʥʝʝ ʘʚʪʦʨ rʜʘʥʥʦʡ ʩʪʘʪʴʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʠʛʨʫ, ʚ ʢʦʪʦʨʦʡ ʫʟʣʳ ʠʟʤʝʥʷʶʪ 

ʜʘʣʴʥʦʩʪʴ ʩʚʦʝʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʬʦʨʤʠʨʫʶʪ ʩʚʷʟʴ ʩ ʢʘʞʜʳʤ ʫʟʣʦʤ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʜʘʣʴʥʦʩʪʠ. ɺ [1, 2] 

ʜʣʷ ʵʪʦʡ ʠʛʨʳ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʚʦʡʥʦʤ ʥʘʠʣʫʯʰʝʤ ʦʪʚʝʪʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʤ  rʠʩʩʣʝʜʫʝʤ ʩʣʝʛʢʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʠʛʨʫ, ʛʜʝ ʜʝʡʩʪʚʠʝ ʫʟʣʘ ʥʝ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ, ʘ ʧʦʜ-

ʤʥʦʞʝʩʪʚʦ ʝʛʦ ʩʦʩʝʜʝʡ. 

1. ʆʧʠʩʘʥʠʝ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪ.ʥ. ʠʛʨʘ ʩʚʷʟʥʦʩʪʠ ʩ ʤʠʥʠʤʫʤʦʤ ʟʘʪʨʘʪ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʠʛʨʦʢ ʭʦʯʝʪ ʙʳʪʴ ʩʚʷʟʘʥ 

(ʯʝʨʝʟ ʧʫʪʴ ʚ ʛʨʘʬʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ) ʩ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʠʛʨʦʢʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. ʈʝʙʨʦ (i, j) ʧʦʷʚʣʷʝʪʩʷ ʚ ʛʨʘʬʝ, ʪʦʣʴʢʦ ʝʩʣʠ ʦʙʘ ʠʛʨʦʢʘ i ʠ j ʚʳʨʘʟʠʣʠ ʞʝ-

ʣʘʥʠʝ ʙʳʪʴ ʩʚʷʟʘʥʥʳʤʠ. ɿʘʪʨʘʪʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʙʨʘ (i, j) ʨʘʚʥʳ ʚʝʩʫ wij ʠ ʢʘʞʜʳʡ ʠʟ i ʠ j ʥʝʩʸʪ 

ʠʭ, ʝʩʣʠ ʦʥ ʞʝʣʘʝʪ ʦʙʨʘʟʦʚʘʪʴ ʵʪʦ ʨʝʙʨʦ. ɼʝʡʩʪʚʠʝʤ ʠʛʨʦʢʘ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʝʭ ʨʸʙʝʨ, ʢʦʪʦʨʳʝ 

ʦʥ ʭʦʯʝʪ ʦʙʨʘʟʦʚʘʪʴ. ʃʶʙʦʡ ʧʨʦʬʠʣʴ ʜʝʡʩʪʚʠʡ x ʠʥʜʫʮʠʨʫʝʪ ʛʨʘʬ g(x). ʀʩʩʣʝʜʫʶʪʩʷ ʩʚʦʡʩʪʚʘ ʬʦʨ-

ʤʠʨʫʶʱʠʭʩʷ ʩʝʪʝʡ (ʛʨʘʬʦʚ) ʚ ʠʛʨʝ, ʛʜʝ ʠʛʨʦʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʚʦʡʥʦʡ ʥʘʠʣʫʯʰʠʡ ʦʪʚʝʪ. 

ʄʳ ʧʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʳ ʠʛʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʨʘʚʥʦʚʝʩʥʳʝ ʧʦ ʅʵʰʫ 

ʩʠʪʫʘʮʠʠ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ Q(n
Ŭ
) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ (ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʢʨʳʚʘʶ-

ʱʠʤ ʜʝʨʝʚʦʤ - MST). ʇʦʤʠʤʦ ʵʪʦʛʦ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʨʘʚʥʦʚʝʩʠʷ ʅʵʰʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʝʪʴ ʥʝʩʚʷʟʥʘ. 

ɿʘʪʝʤ ʚʚʦʜʠʤ ʢʦʥʮʝʧʮʠʶ ʨʘʚʥʦʚʝʩʠʷ ʚ ʜʚʦʡʥʳʭ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʘʭ (ʈɼʅ) ʠ ʧʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʩʝʪʠ 

ʈɼʅ (ʩʝʪʴ, ʧʦʣʫʯʠʚʰʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʈɼʅ) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

1. ʉʚʷʟʥʦʩʪʴ; 

2. ʃʶʙʦʡ ʈɼʅ ʧʨʦʬʠʣʴ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ ʅʵʰʘ; 

3. ɽʩʣʠ ʩʝʪʴ ʷʚʣʷʝʪʩʷ ʈɼʅ, ʪʦʛʜʘ ʢʘʞʜʳʡ ʠʛʨʦʢ i ʩʚʷʟʘʥ ʩ ʢʘʞʜʦʡ ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ g
k
 ʛʨʘʬʘ 

g( ,ɲ x-i) ʯʝʨʝʟ ʨʝʙʨʦ (i, j
k
), ʪʘʢ ʯʪʦ: mink k ijij j g

w w
Í

= ; 

4. ɽʩʣʠ ʠʛʨʦʢʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʞʜʘʷ ʩʝʪʴ ʈɼʅ ʷʚʣʷʝʪʩʷ ʧʦʜʛʨʘʬʦʤ ʛʨʘʬʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʩʝʜʩʪʚʘ (Relative Neighbourhood Graph, RNG), ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʚ ʣʠʪʝʨʘ-

ʪʫʨʝ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʦʧʦʣʦʛʠʝʡ [9]; 

5. ʀʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʣʴʥʘʷ ʈɼʅ ʩʝʪʴ ʠʤʝʝʪ ʚʝʨʭʥʶʶ ʦʮʝʥʢʫ ʟʘʪʨʘʪ ʚ 

O(n
Ŭ
) ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʝʪʠ. ʅʦ ʥʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʜʦʩʪʠʞʠʤʘʷ ʚʝʨʭʥʷʷ ʦʮʝʥʢʘ, ʘ ʚʦ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʣʫʯʘʷʭ ʈɼʅ ʩʝʪʴ ʠʤʝʣʘ ʟʘʪʨʘʪʳ ʪʦʣʴʢʦ ʚ O(1) ʨʘʟ ʭʫʞʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʝʪʠ. 
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2. ʆʙʩʫʞʜʝʥʠʝ 

ʂʦʥʮʝʧʮʠʷ ʜʚʦʡʥʦʛʦ ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʬʣʝʢʩʠʚʥʳʭ ʠʛʨ [10]. ʇʦ-

ʭʦʞʠʝ ʤʦʜʝʣʠ ʙʳʣʠ ʥʘʟʚʘʥʳ ʪʘʢʞʝ çk-levelè ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ [3] ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʠʛʨ çʢʦʥʢʫʨʩ ʢʨʘʩʦʪʳè ʠ çʆʭʦʪʘ ʥʘ ʦʣʝʥʷè. 

ɼʚʦʡʥʦʡ ʥʘʠʣʫʯʰʠʡ ʦʪʚʝʪ ʥʝ ʩʚʷʟʘʥ ʥʘʧʨʷʤʫʶ ʩ ʢʦʥʮʝʧʮʠʝʡ ʧʦʧʘʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʘʟʣʠʯ-

ʥʳʤʠ ʢʦʥʮʝʧʮʠʷʤʠ ʢʦʦʧʝʨʘʪʠʚʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʚ ʦʙʰʠʨʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʝʪʝʡ [7]. ɿʘʤʝʪʠʤ, ʯʪʦ ʠʛʨʦʢʠ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ ʥʝ 

ʢʦʦʧʝʨʠʨʫʶʪ ʠ ʚʳʠʛʨʳʰʠ ʥʝ ʪʨʘʥʩʬʝʨʘʙʝʣʴʥʳ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʤ ʢʘʞʝʪʩʷ, ʩʚʷʟʘʥʳ ʩ ʜʚʫʤʷ ʥʘʧʨʘʚʣʝʥʠʷʤʠ. ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʵʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʈɼʅ ʩʝʪʝʡ, ʚʦʧʨʦʩ ʠʭ ʇʘʨʝʪʦ-ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʢʦʚʘ ʪʦʯʥʘʷ ʚʝʨʭʥʷʷ ʦʮʝʥʢʘ ʠʭ 

ʩʪʦʠʤʦʩʪʠ? ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ ʜʚʦʡʥʦʛʦ ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ ʚ ʩʨʘʚʥʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʧʦʠʩʢʘ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʢʨʳʚʘʶʱʠʭ ʜʝʨʝʚʴʝʚ [5, 6]. ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʜʨʫʛʠʝ ʟʘʜʘʯʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʝʡ, ʩ ʢʨʠʪʝʨʠʷʤʠ ʚʢʣʶʯʘʶʱʠʤʠ ʜʣʠʥʫ ʧʫʪʝʡ ʠ ʪ.ʧ. 
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ʆʇʊʀʄɸʃʔʅɸʗ ʂʆʆʈɼʀʅɸʎʀʗ ɺ ʋʉʃʆɺʀʗʍ ʂʆʅʂʋʈɽʅʎʀʀ 

 
ɹʘʨʢʘʣʦʚ ʉ.ɸ. 

(ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʅʦʚʦʩʝʣʴʮʝʚ ɺ.ʀ. 

(ɺʦʨʦʥʝʞʩʢʠʡ ʠʥʩʪʠʪʫʪ ʌʉʀʅ ʈʦʩʩʠʠ) 

ʉʢʦʨʦʙʦʛʘʪʦʚʘ ɼ.ɽ. 

(ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
 

ʉʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ. ʆʧʨʝʜʝʣʷʶʪʩʷ 

ʫʩʣʦʚʠʷ, ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ, 

ʢʦʛʜʘ ʠʩʢʣʶʯʘʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʥʳʝ ʙʘʥʢʨʦʪʩʪʚʘ ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʢ 

ʤʦʥʦʧʦʣʠʟʘʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʦʨʜʠʥʘʮʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʧʪʠʤʘʣʴʥʦʩʪʴ. 

 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʢʦʥʢʫ-

ʨʠʨʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ (1, 2), ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʨʳʥʢʝ ʪʦʚʘʨʦʚ 

ʠ ʫʩʣʫʛ, ʠ ʎʝʥʪʨʘ (3), ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ ʚʝʜʝʪ ʘʥʘʣʦʛʠʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʢʦʦʨʜʠʥʠʨʫ-

ʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʩʫʙʲʝʢʪʦʚ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʭ ʨʝʩʫʨʩʦʚ.  

ʉʣʝʜʫʷ [1], ʬʦʨʤʘʣʠʟʫʝʤ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 

- ɽ1(t), ɽ2(t) ï ʪʝʢʫʱʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ;  

- ɽ3(t) ï ʪʝʢʫʱʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʎʝʥʪʨʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʪʝʭ ʞʝ ʝʜʠʥʠʮʘʭ; 

- r1, r2 ï ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʫʙʲʝʢʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

- r3 ï ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʎʝʥʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʦʨʜʠʥʠʨʫʝʤʳʭ ʩʫʙʲʝʢʪʦʚ;  

- a11 ʠ a22 11 22( 0,1; 0,1)a = a =ï ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʦʛʨʘʥʠʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʟʥʘ-

ʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʫʙʲʝʢʪʦʚ ʚ ʠʥʪʝʨʝʩʘʭ ʩʦʭʨʘʥʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; 

- a12 ʠ a21 12 21( 0,1; 0,1)a = a =ï ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʫʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʚʟʘʠʤʥʦʛʦ ʢʦʥʢʫʨʝʥʪ-

ʥʦʛʦ ʚʣʠʷʥʠʷ;  

- b13 ʠ b23 13 23( 0,1; 0,1)a = a =ï ʫʧʨʘʚʣʝʥʠʷ ʧʨʷʤʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʫʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʎʝʥʪʨʘ;  

- b31 ʠ b32 31 32( 0,1; 0,1)a = a =ï ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʝʥʪʨʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʢʦʦʨʜʠ-

ʥʠʨʫʝʤʳʭ ʩʫʙʲʝʢʪʦʚ.  

ʌʦʨʤʘʣʴʥʦ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

(1) () () () maxmax;max; 321 ½½½½½½½½½
ÍÍÍ UuUuUu

tɽtɽtɽ , 

ʛʜʝ u ï ʤʥʦʞʝʩʪʚʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʫʧʨʘʚʣʝʥʠʡ a11, a22, a12, a21, b13, b23, b31, b32, ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʥʘ ʥʝʢʦʪʦʨʦʤ ʦʛʨʘʥʠʯʠʚʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ U, ʩʚʷʟʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʢʦʪʦʨʳʭ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ 
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(2) 
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;
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ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ  

(3) ,0;0;0 321 >>> EEE  

ʛʜʝ * * *

1 2 3E ; E ; E  ï ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2) ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

1 2 3E (t 0) E (t 0) E (t 0) 0.= = = = = = 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʕʪʘ ʟʘʜʘʯʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʥʘʭʦʞʜʝʥʠʶ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ 

ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (2) ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʣʦʚʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ [2]. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʠʤʝʤ, ʯʪʦ b13 = b23 = ɓʇʂ, b31 = b32 = ɓʆʂ ʠ ɓʆʂ = 1 - ɓʇʂ. ʊʦʛʜʘ ʩʪʘʮʠʦ-

ʥʘʨʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2) ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ: 

(4) 
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ʈʝʰʘʷ (4) ʦʪʥʦʩʠʪʝʣʴʥʦ * * *

1 2 3E ; E ; E, ʧʦʣʫʯʘʝʤ: 

(5) 

* * *1 2 ʆʂ 1 11 1 12 2
1 2 3

ʆʂ ʆʂ ʆʂ ʇʂ

ʂ ʂ r K K
E ;E ;E ,

b +a +a
=- =- =
b b b b

 

[ ] [ ]
ʆʂ 2 1 3 22 21 ʆʂ 1 2 3 11 12

1 2

21 11 12 22

(r r ) r ( ) (r r ) r ( )
K ;K .

1 ( ) 1 ( )

b - + a -a b - + a -a
=- =-

- a -a - a -a
ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ * * *

1 2 3E ; E ; E  ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ: 

(6) 2 1 22 21 1 2 11 12

3 OK 3 OK

r r r r
& .

r r

å õ å õ- a -a - a -a
< <æ ö æ ö
b bç ÷ ç ÷

 

ʇʨʠ 2 1 22 21

3 OK

r r

r

- a -a
²
b

ʧʝʨʚʳʡ ʢʦʥʢʫʨʝʥʪ ʧʨʝʪʝʨʧʝʚʘʝʪ ʙʘʥʢʨʦʪʩʪʚʦ, ʘ ʧʨʠ 
1 2 11 12

3 OK

r r

r

- a -a
²
b

ʚ ʩʦʩʪʦʷʥʠʝ ʙʘʥʢʨʦʪʩʪʚʘ ʧʦʧʘʜʘʝʪ ʚʪʦʨʦʡ ʢʦʥʢʫʨʝʥʪ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʠʩʪʝʤʘ ʨʘʩʧʘʜʘʝʪʩʷ, 

ʧʝʨʝʭʦʜʷ ʠʟ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʦʨʜʠʥʠʨʫʝʤʦʡ ʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ ʫʧʨʘʚʣʷʝʤʫʶ. ɽʩʣʠ 

ʧʨʠ ʵʪʦʤ ʦʢʘʞʝʪʩʷ, ʯʪʦ *

3E 0¢ , ʪʦ ʚ ʟʦʥʫ ʙʘʥʢʨʦʪʩʪʚʘ ʚʭʦʜʠʪ ʠ ʎʝʥʪʨ ï ʩʠʩʪʝʤʘ ʨʘʩʧʘʜʘʝʪʩʷ 

ʧʦʣʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʳʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ: ʫʤʝ-

ʨʝʥʥʘʷ ʮʝʥʪʨʘʣʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʘʷ ʧʫʪʝʤ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ 

(6), ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʨʳʥʢʘ. 
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burjanadze@medinserv.ge, g_javakhadze@eag.ge 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʮʝʣʦ-

ʯʠʩʣʝʥʥʦʛʦ ʣʠʥʡʥʦʛʦ ʧʨʦʛʨʘʤʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥ ʥʘ ʧʨʠʤʝʨʝ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ.   

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʨʦʠʟʚʦʜʩʪʚʘ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʟʘʪʨʘʪʳ. 

 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʦʧʫʩʪʠʤ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʦʚʘʨʳ n  ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʆʙʦʟʥʘʯʠʤ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʦʚʘʨʘ ʢʘʢ ,  1,ix i n= . ʈʘʟʥʳʝ ʪʦʚʘʨʳ ʠʤʝʶʪ ʚʟʘʡʤʦʟʘʚʠʩʠʤʳʝ ʩʝʙʝʩʪʦʠ-

ʤʦʩʪʠ (ʢʦʣʠʯʝʩʪʚʘ, ʩʳʨʴʝ, ʟʘʨʧʣʘʪʳ ʪʨʫʜʷʱʠʭʩʷ, ʜʦʩʪʘʚʢʘ ʠ ʪ.ʜ.), ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ. ɼʣʷ 

ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʪʦʚʘʨʘ ʥʝʟʘʚʠʩʠʤʘ ʠ ʷʚʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʩʭʦʜʳ ʚ ʩʫʤʤʝ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ P. ʆʥʠ ʪʦʞʝ ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦ-

ʣʠʯʝʩʪʚʘ ʪʦʚʘʨʘ, ʠ ʦʪ ʨʷʜʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʤʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʬʠʢ-

ʩʠʨʦʚʘʥʥʳʝ. ʎʝʥʘ i -ʪʦʛʦ ʪʦʚʘʨʘ ʥʘ ʨʳʥʢʝ ʙʫʜʝʪ )1( ii Cx +Ö , ʛʜʝ niCi ,1,0 =>  - ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʠʙʳʣʠ. ʋ ʥʘʩ ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʝ ʩʨʝʜʩʪʚʘ B  ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʵʪʦʤʫ ʢʘʞʜʳʡ i -ʪʳʡ ʪʦʚʘʨ 

ʤʳ ʤʦʞʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 
ir : 

(1)  0,  1, ,  i ir i n r Z² = Í, ( Z  - ʤʥʦʞʝʩʪʚʦ ʮʝʣʳʭ ʯʠʩʝʣ).   

ʗʩʥʦ, ʯʪʦ 

(2) ä
=

¢Ö
n

i

ii Brx
1

.      

ʊʘʢʞʝ, ʠʩʭʦʜʷ ʠʟ ʢʦʥʴʶʥʢʪʫʨʳ ʨʳʥʢʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʪʦʚʘʨʘ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʦʪʨʝʙ-

ʥʦʩʪʠ is ,  

(3) , 1,i ir s i n¢ = .  

ʌʫʥʢʮʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

(4) ä
=

-ÖÖ=
n

i

iii PrCxf
1

  

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʞʜʦʛʦ ʪʦʚʘʨʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ ʧʨʠ ʚʳʰʝʦʪʤʝʯʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. ʊ.ʝ. ʥʘʜʦ ʥʘʡʪʠ ʚʝʢʪʦʨ 
ir , ʯʪʦʙʳ (4) 

ʧʨʠʥʠʤʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʫʩʣʦʚʠʷʭ (1), (2), (3). ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʮʝʣʦ-

ʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʥʠʤ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʤʝʪʦʜ ʜʠʭʦʪʦʤʠʯʝʩʢʦʛʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ([1], [2]). 

ɼʣʷ ʵʪʦʛʦ ʨʝʰʘʝʤ ʟʘʜʘʯʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʩʪʚ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʤʠ B. ʕʪʦ ʟʘʜʘʯʠ ʩ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ ï r1 ʠ r2, ʠ ʦʥʠ ʣʝʛʢʦ ʨʝʰʘʶʪʩʷ ʚ ʤʘʪʨʠʯʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʩʪʨʦʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʦʙʲʝʤʘʤ ʚʳʧʫʩʢʘ ʧʝʨʚʦʛʦ ʪʦʚʘʨʘ, ʩʪʦʣʙʮʳ ï ʚʪʦ-

ʨʦʛʦ, ʚ ʢʣʝʪʢʠ ʤʘʪʨʠʮʳ ʟʘʧʠʩʳʚʘʝʤ ʜʚʘ ʯʠʩʣʘ ï ʟʘʪʨʘʪʳ ʠ ʧʨʠʙʳʣʴ). ɼʘʣʝʝ, ʘʥʘʣʦʛʠʯʥʫʶ ʟʘʜʘʯʫ ʨʝ-

ʰʘʝʤ ʜʣʷ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʪ.ʜ. ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʥʘ ʧʨʠʤʝʨʝ. 

ʇʨʠʤʝʨ. ɼʘʥʥʳʝ ʦ ʩʝʙʝʩʪʦʠʤʦʩʪʠ xi ʠ ʧʨʠʙʳʣʠ xiʩi ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

  

mailto:burjanadze@medinserv.ge
mailto:g_javakhadze@eag.ge
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ʊʘʙʣʠʮʘ 1.  

i 1 2 3 4 
xi 5 10 14 18 

xiʩi 3 6 12 18 

 

ʇʫʩʪʴ B = 28. 

1. ʈʝʰʘʝʤ ʟʘʜʘʯʫ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʦʜʫʢʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 
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ɺʝʨʭʥʠʝ ʯʠʩʣʘ ʚ ʢʣʝʪʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʪʨʘʪʘʤ, ʘ ʥʠʞʥʠʝ ï ʧʨʠʙʳʣʷʤ. ʇʫʩʪʳʝ ʢʣʝʪʢʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʟʘʪʨʘʪʘʤ ʙʦʣʴʰʝ 28. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ʊʘʙʣʠʮʘ 2.  

ɿʘʪʨʘʪʳ 5 10 15 20 25 

ʇʨʠʙʳʣʴ 3 6 9 12 15 

 

ʋʢʘʟʘʥʳ ʪʦʣʴʢʦ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ (ʪʘʢ ʚʘʨʠʘʥʪ ʩ ʟʘʪʨʘʪʘʤʠ 21 ʠ ʧʨʠʙʳʣʴʶ 12 ʜʦʤʠ-

ʥʠʨʫʝʪʩʷ ʚʘʨʠʘʥʪʦʤ ʩ ʟʘʪʨʘʪʘʤʠ 18 ʠ ʪʦʡ ʞʝ ʧʨʠʙʳʣʴʶ). 

2. ʈʝʰʘʝʤ ʟʘʜʘʯʫ ʜʣʷ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʨʦʜʫʢʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ.  

ʊʘʙʣʠʮʘ 3.  

ɿʘʪʨʘʪʳ 14 18 28 

ʇʨʠʙʳʣʴ 12 18 24 

 

3. ʈʝʰʘʝʤ ʟʘʜʘʯʫ ʩ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮ 2 ʠ 3. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. 

ɿʘʪʨʘʪʳ 5 10 14 18 23 28 

ʇʨʠʙʳʣʴ 3 6 12 18 21 24 

 

ʆʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: x2 = 1, 

x4 = 1, ʟʘʪʨʘʪʳ ʨʘʚʥʳ 28, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʙʳʣʴ ï 24.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʋʈʂʆɺ ʀ.ɺ. ʄʀʍʀʅ ʇ.ɺ., ʇʆʇʆʂ ʄ.ɺ., ʇ.ʀ. ʉɽʄɽʅʆɺ ʇ.ʀ., ʃ.ɺ. ʐɽɺʏɽʅʂʆ ʃ.ɺ. ʄʦʜʝʣʠ 

ʠ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʘʥʦʚ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ï ʄ. 2005 (ʅʘʫʯʥʦʝ ʠʟʜʘʥʠʝ / ʀʥʩʪʠʪʫʪ ʇʨʦʙʣʝʤ 

ʋʧʨʘʚʣʝʥʠʷ ʠʤ. ʊʨʘʧʝʟʥʠʢʦʚʘ ʈɸʅ) ï 65ʩ. 

2. ɹʋʈʂʆɺ ɺ.ʅ., ɹʋʈʂʆɺɸ ʀ.ɺ., ɻʆʈɻʀɼɿɽ ʀ.ɸ.,  ɼɾɸɺɸʍɸɼɿɽ ɻ.ʉ., ʍʋʈʆɼɿɽ ʈ.ɸ., ʑɽʇ-

ʂʀʅ ɸ.ɺ. ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ï ʉʠʥʪʝʛ ʄʦʩʢʚʘ ï 2005 ʛ. ï 

205 ʩ. 
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ʕʂʆʅʆʄʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ  
ɹʆʈʔɹʓ ʉ ʇʈɽʉʊʋʇʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʔʖ 

ɹʫʨʢʦʚ ɺ.ʅ. 

(ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʈɸʅ, ʄʦʩʢʚʘ) 
Vlab17@bk.ru 

ɻʦʨʦʰʢʦ ʀ.ɺ. 

(ɸʢʘʜʝʤʠʷ ʫʧʨʘʚʣʝʥʠʷ ʄɺɼ ʈʦʩʩʠʠ) 
garrygo@mail.ru 

ʇʫʟʳʨʝʚ ʉ.ɸ. 

(ʄʦʩʢʦʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄɺɼ ʈʦʩʩʠʠ) 
Vlab17@bk.ru 

 

ʇʨʝʩʪʫʧʥʘʷ ʩʬʝʨʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʨʳʥʦʯʥʳʭ ʧʦʟʠʮʠʡ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʨʝ-

ʩʪʫʧʣʝʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʥʠʢʘʝʪ ʧʦʥʷʪʠʝ ʮʝʥʳ ʧʨʝʩʪʫʧʣʝʥʠʷ. ʎʝʥʘ ʧʨʝʩʪʫʧʣʝʥʠʷ ʜʣʷ ʧʦʢʫ-

ʧʘʪʝʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʠʥʜʠʚʠʜ ʤʦʞʝʪ ʧʦʥʝʩʪʠ, ʩʦʚʝʨʰʘʷ ʧʨʝ-

ʩʪʫʧʣʝʥʠʝ ʠʣʠ ʧʨʠʦʙʨʝʪʘʷ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʧʦʢʫʧʢʠ ʢʨʘʜʝʥʳʭ ʚʝʱʝʡ). ʎʝʥʘ ʧʨʝ-

ʩʪʫʧʣʝʥʠʷ ʜʣʷ ʧʨʦʜʘʚʮʘ ʦʪʨʘʞʘʝʪ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʜʦʭʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʧʨʝʩʪʫʧʥʠʢ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʝʨʰʝʥʠʷ ʧʨʝʩʪʫʧʣʝʥʠʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʜʘʚʮʦʚ ʠ ʧʦʢʫʧʘʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʘ-

ʥʦʚʣʝʥʠʶ ʨʳʥʦʯʥʦʡ (ʨʘʚʥʦʚʝʩʥʦʡ) ʮʝʥʳ ʧʨʝʩʪʫʧʣʝʥʠʷ. ʈʘʙʦʪʘ ʦʨʛʘʥʦʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʨʝʩʪʫʧ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʘʚʥʦʚʝʩʠʷ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ-

ʩʷ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ ʙʦʨʴʙʳ ʩ ʧʨʝʩʪʫʧʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʉʪʘʚʠʪʩʷ ʠ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ ʯʠʩʣʦ ʧʨʝʩʪʫʧʣʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʩʪʫʧʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʧʨʝʩʪʫʧʣʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʨʝʩʫʨʩʦʚ. 

 

ɺʚʝʜʝʥʠʝ 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʧʨʝʩʪʫʧʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʤ ʜʣʷ ʦʪʝ-

ʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʟʘʧʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʞʝ ʩ ʢʦʥʘ 60-ʭ ʛʦʜʦʚ ʜʝʣʘʣʠ ʧʦʧʳʪʢʠ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʧʨʝʩʪʫʧʥʦʩʪʴ ʢʘʢ ʠʥʜʫʩʪʨʠʶ, ʩʚʦʝʦʙʨʘʟʥʫʶ ʦʙʣʘʩʪʴ ʵʢʦʥʦʤʠʢʠ, ʧʨʠʥʦʩʷʱʫʶ ʜʦʭʦʜ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʛʨʘʞʜʘʥ ï ʧʨʝʩʪʫʧʥʠʢʦʚ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʨʘʙʦʪʦʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʠʣʘʩʴ 

ʨʘʙʦʪʘ ɹʝʢʢʝʨʘ (Becker) ñCrime and Punishment: an Economic Approachò, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ 1968 ʛʦʜʫ ʚ 

ʞʫʨʥʘʣʝ ñJournal of Political Economyò ʠ ʧʦʩʚʷʱʝʥʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʧʨʦʙʣʝʤ ʧʨʦʪʠʚʦʜʝʡ-

ʩʪʚʠʷ ʧʨʝʩʪʫʧʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʥʘ ʚʳʟʚʘʣʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʥʘʫʯʥʦʤ ʤʠʨʝ ʠ ʧʨʠʚʝʣʘ 

ʢ ʧʦʷʚʣʝʥʠʶ ʚ 70-ʭ ʮʝʣʦʡ ʩʝʨʠʠ ʧʫʙʣʠʢʘʮʠʡ. ɺ ʠʭ ʯʠʩʣʝ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʨʘʙʦʪʳ ʕʨʣʠʭʘ (Ehrich), 

ɻʠʙʙʩʘ (Gibbs), ʃʦʛʘʥʘ (Logan) ʠ ʜʨʫʛʠʭ ʫʯʝʥʳʭ. ɺ ʦʩʥʦʚʝ ʥʘʰʠʭ ʚʳʚʦʜʦʚ ʙʫʜʝʪ ʣʝʞʘʪʴ ʛʠʧʦʪʝʟʘ ʦ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʧʨʝʩʪʫʧʥʠʢʘ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʠʥʜʠʚʠʜ ʩʦʚʝʨʰʠʪ ʫʛʦʣʦʚʥʦ-ʥʘʢʘʟʫʝʤʦʝ 

ʜʝʷʥʠʝ, ʝʩʣʠ ʚʳʛʦʜʘ ʦʪ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʠʟʜʝʨʞʢʠ ʩ ʥʠʤ ʩʚʷʟʘʥʥʳʝ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦ-

ʩʪʳʝ ʤʦʜʝʣʠ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʝʩʪʫʧʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

1. ʆʜʥʦʩʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ çʉʧʨʦʩ-ʧʨʝʜʣʦʞʝʥʠʝè 

ʌʫʥʢʮʠʷ ʩʦʚʦʢʫʧʥʦʛʦ ʩʧʨʦʩʘ ʩʚʷʟʳʚʘʝʪ ʮʝʥʫ ʧʨʝʩʪʫʧʣʝʥʠʷ P ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʩʪʫʧʣʝʥʠʡ Q. ʇʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʮʝʥʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʩʪʫʧʣʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ: ʨʦʩʪ 

ʮʝʥʳ ʧʨʝʩʪʫʧʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʯʠʩʣʘ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʪ.ʝ. ʬʫʥʢʮʠʷ ʩʧʨʦʩʘ Q = D(P) ʷʚʣʷʝʪʩʷ 

ʫʙʳʚʘʶʱʝʡ ʬʫʥʢʮʠʝʡ ʮʝʥʳ ʧʨʝʩʪʫʧʣʝʥʠʷ.  

ʌʫʥʢʮʠʷ ʩʦʚʦʢʫʧʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ S(P), ʪ.ʝ. ʯʠʩʣʦ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʩʦʚʝʨʰʘʝʤʳʭ ʧʨʝʩʪʫʧʥʠʢʘʤʠ, 

ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʨʳʥʦʯʥʦʡ ʮʝʥʳ ʧʨʝʩʪʫʧʣʝʥʠʷ: ʩ ʨʦʩʪʦʤ ʮʝʥʳ ʯʠʩʣʦ ʧʨʝʩʪʫʧʣʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʝʨʝʩʝʯʝʥʠʝ ʬʫʥʢʮʠʡ ʩʦʚʦʢʫʧʥʦʛʦ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʨʳʥʦʯʥʫʶ (ʨʘʚʥʦʚʝʩʥʫʶ) ʮʝʥʫ 

ʧʨʝʩʪʫʧʣʝʥʠʷ. ʇʨʠ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ ʢʨʠʚʳʝ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʷʤʳʤʠ 

(1) () kPaPD -= , 

(2) () qPbPS += , 

mailto:Vlab17@bk.ru
mailto:Vlab17@bk.ru


ʉʆɼɽʈɾɸʅʀɽ 

20 

 

ʈʳʥʦʯʥʘʷ ʮʝʥʘ ʙʫʜʝʪ ʨʘʚʥʘ 

(3) 
kq

ba
P

+

-
=* , 

ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʩʪʫʧʣʝʥʠʡ ʚ ʨʘʚʥʦʚʝʩʠʠ 

(4) ( ) ( )
kq

bkaq
PSPD

+

-
== ** . 

ʈʘʙʦʪʘ ʦʨʛʘʥʦʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʨʝʩʪʫʧʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʬʫʥʢʮʠʠ ʩʦʚʦ-

ʢʫʧʥʦʛʦ ʩʧʨʦʩʘ ʠ ʬʫʥʢʮʠʠ ʧʨʝʜʣʦʞʝʥʠʷ ʚʣʝʚʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʩʪʫʧʣʝ-

ʥʠʡ. ʈʳʥʦʯʥʘʷ ʮʝʥʘ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʜʝʡʩʪʚʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʧʨʦʩʘ, ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʝʩʣʠ ʜʝʡʩʪʚʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʧʨʝʜʣʦʞʝʥʠʷ. ʇʨʠʤʝʤ, ʯʪʦ ʨʘʙʦʪʘ ʦʨʛʘʥʦʚ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʨʝʩʪʫʧʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ a ʠ b ʧʨʷʤʳʭ ʩʦʚʦ-

ʢʫʧʥʦʛʦ ʩʧʨʦʩʘ ʠ ʩʦʚʦʢʫʧʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ. ɺʦʟʜʝʡʩʪʚʠʝ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʥʘ ʵʪʠ ʧʘʨʘ-

ʤʝʪʨʳ ʧʨʠ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʷʭ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʣʠʥʝʡʥʦʤ ʚʠʜʝ: 

(5) ybxa bDaD == , , 

ʛʜʝ x, y ï ʚʝʣʠʯʠʥʘ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦʚʦʢʫʧʥʦʛʦ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʦʙʲʝʤ ʚʳʜʝʣʝʥʥʳʭ ʩʨʝʜʩʪʚ ʦʛʨʘʥʠʯʝʥ, ʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʚʩʝʭ ʩʨʝʜʩʪʚ ʣʠʙʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦʚʦʢʫʧʥʦʛʦ ʩʧʨʦʩʘ (ʝʩʣʠ kq ba ² ), ʣʠʙʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦ-

ʚʦʢʫʧʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ (ʝʩʣʠ kq ba ¢ ). 

2. ʄʥʦʛʦʩʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ 

ɺ ʤʥʦʛʦʩʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʝʨʝʪʦʢ ʧʨʝʩʪʫʧʥʠʢʦʚ ʤʝʞʜʫ ʩʝʢʪʦʨʘʤʠ ʚ ʩʠʣʫ ʨʳ-

ʥʦʯʥʦʛʦ ʟʘʢʦʥʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʝʩʪʫʧʣʝʥʠʡ ʧʦ ʩʝʢʪʦʨʘʤ. ʇʦʵʪʦʤʫ ʢʨʠʚʳʝ ʩʧʨʦʩʘ ʠ 

ʧʨʝʜʣʦʞʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʦʠʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ( )1-= CPr , ʛʜʝ C ï ʟʘʪʨʘʪʳ 

ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʩʦʚʝʨʰʝʥʠʝ ʧʨʝʩʪʫʧʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʮʝʥʘ ʧʨʝʩʪʫʧʣʝʥʠʷ ʚ i-ʦʤ ʩʝʢʪʦʨʝ ʨʘʚʥʘ 

( )ii CP r+=1 . ʇʨʠʤʝʤ, ʯʪʦ ʩʧʨʦʩ ʷʚʣʷʝʪʩʷ ʦʜʥʦʩʝʢʪʦʨʥʳʤ, ʩ ʬʫʥʢʮʠʝʡ ʩʦʚʦʢʫʧʥʦʛʦ ʩʧʨʦʩʘ  

(6) () rKAPD -= , 

ʘ ʬʫʥʢʮʠʠ ʩʦʚʦʢʫʧʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʩʝʢʪʦʨʦʚ ʠʤʝʶʪ ʚʠʜ: 

(7) () rr iii qbS +=  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦʚʝʩʥʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ  

(8) 
QK

BA

+

-
=*r ,    ʛʜʝ    ää ==

i
i

i
i qQbB , , 

ʘ ʫʨʦʚʝʥʴ ʧʨʝʩʪʫʧʥʦʩʪʠ: 

(9) () ( )
KQ

BKAQ
qbS

i
ii

+

+
=+=ä *rr . 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʦʜʥʦʩʝʢʪʦʨʥʳʤ ʩʣʫʯʘʝʤ ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʠ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʩʨʝʜʩʪʚ ʥʘ ʙʦʨʴʙʫ ʩ ʧʨʝʩʪʫʧʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʨʘʟʚʠʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʊʘʢ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʨʝʩʪʫʧʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʥʪʝʨʝʩʥʳ ʪʘʢʞʝ ʜʠʩʢʨʝʪʥʳʝ ʤʦʜʠ-

ʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʦʱʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ. ʕʪʠ ʠ ʜʨʫʛʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʝ-

ʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʉʃʆɾʅʆʉʊʔ ʄɸʅʀʇʋʃʀʈʆɺɸʅʀʗ  
ʈɽɿʋʃʔʊɸʊʆʄ ɻʆʃʆʉʆɺɸʅʀʗ 

ɺʝʩʝʣʦʚʘ ʖ.ɸ. 

(ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʈɸʅ, ʅʀʋ ɺʐʕ, ʄʦʩʢʚʘ) 
yul-r@mail.ru 

 

ʄʘʥʠʧʫʣʠʨʦʚʘʥʠʝ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʴ ʫ ʠʟʙʠʨʘʪʝʣʝʡ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʜʣʷ ʥʠʭ ʠʩʭʦʜʘ ʛʦʣʦ-

ʩʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʠʩʢʘʞʝʥʠʷ ʩʚʦʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʜʣʷ ʣʶʙʦʡ 

ʥʝʜʠʢʪʘʪʦʨʩʢʦʡ ʧʨʦʮʝʜʫʨʳ ʚʳʙʦʨʘ. ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʧʨʠ-

ʥʷʪʠʷ ʢʦʣʣʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʪʝʧʝʥʠ ʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠ ï ʚʳʷʚʣʝʥʠʝ ʢʣʘʩʩʘ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʤʘʥʠ-

ʧʫʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʩʣʦʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʦ ʦʪʥʦʰʝʥʠʝ 

ʩʚʦʜʠʤʦʩʪʠ ʟʘʜʘʯ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ, NP-ʧʦʣʥʳʝ ʟʘʜʘʯʠ. 

 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʜʫ-

ʨʳ ʛʦʣʦʩʦʚʘʥʠʷ. ʆʜʥʘʢʦ  ʣʶʙʘʷ ʥʝʜʠʢʪʘʪʦʨʩʢʘʷ ʧʨʦʮʝʜʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʩʪʚʫʶʪ ʭʦʪʷ ʙʳ ʪʨʠ ʢʘʥʜʠ-

ʜʘʪʘ, ʧʦʜʚʝʨʞʝʥʘ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʶ ʩʦ ʩʪʦʨʦʥʳ ʠʟʙʠʨʘʪʝʣʝʡ ([3] ʠ [5]), ʪ.ʝ. ʠʟʙʠʨʘʪʝʣʠ, ʜʝʡʩʪʚʫʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ, ʤʦʛʫʪ ʥʘʤʝʨʝʥʥʦ ʠʩʢʘʟʠʪʴ ʩʚʦʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʩ ʮʝʣʴʶ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʜʣʷ 

ʥʠʭ ʨʝʟʫʣʴʪʘʪʘ ʛʦʣʦʩʦʚʘʥʠʷ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʩʪʝʧʝʥʠ ʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠ ʧʨʘʚʠʣ ʛʦʣʦʩʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ [1] 

ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʡ ʚʦʧʨʦʩ: ʥʘʩʢʦʣʴʢʦ ʪʨʫʜʦʝʤʢʘ ʟʘʜʘʯʘ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ? ʇʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ ʜʚʝ ʧʨʦʮʝʜʫʨʳ ʤʘʥʠʧʫʣʠʨʫʝʤʳ ʚ ʦʜʠʥʘʢʦʚʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ. ʆʜʥʘʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʙʨʘʪʴ 

ʩʪʨʘʪʝʛʠʶ ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʚ ʧʝʨʚʦʡ ʧʨʦʮʝʜʫʨʝ, ʥʫʞʥʦ ʩʦʩʪʘʚʠʪʴ ʙʶʣʣʝʪʝʥʴ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʧʨʘʚʠʣʫ. ɸ ʜʣʷ ʜʨʫʛʦʡ ʥʫʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʩʪʘʥʦʚʢʠ ʢʘʥʜʠʜʘ-

ʪʦʚ ʚ ʙʶʣʣʝʪʝʥʝ, ʧʦʪʦʤʫ ʯʪʦ ʥʝʠʟʚʝʩʪʥʦ, ʢʘʢ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʘʨʠʘʥʪ ʧʦʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʛʦʣʦʩʦʚʘ-

ʥʠʷ. ʄʳ ʙʦʣʴʰʝ ʥʝ ʤʦʞʝʤ ʩʯʠʪʘʪʴ ʵʪʠ ʜʚʝ ʧʨʦʮʝʜʫʨʳ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʤʘʥʠʧʫʣʠʨʫʝʤʳʤʠ. ɸ ʥʘ ʚʦ-

ʧʨʦʩ ʦ ʪʨʫʜʦʝʤʢʦʩʪʠ ʟʘʜʘʯʠ ʤʦʞʝʪ ʦʪʚʝʪʠʪʴ ʪʝʦʨʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʊʘʢ, ʧʨʘʚʠʣʘ ʛʦʣʦʩʦʚʘʥʠʷ, ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʘʣʛʦ-

ʨʠʪʤ ʧʦʠʩʢʘ ʩʪʨʘʪʝʛʠʠ, ʩʪʘʣʠ ʩʯʠʪʘʪʴ ʣʝʛʢʦ ʤʘʥʠʧʫʣʠʨʫʝʤʳʤʠ. ɸ ʪʝ ʧʨʘʚʠʣʘ, ʛʜʝ ʧʦʠʩʢ ʤʘʥʠʧʫʣʠ-

ʨʫʶʱʝʡ ʩʪʨʘʪʝʛʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ NP-ʧʦʣʥʳʭ ʟʘʜʘʯ ï ʪʨʫʜʥʦ ʤʘʥʠʧʫʣʠʨʫʝʤʳʤʠ.  

1 ʊʠʧʳ ʟʘʜʘʯ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʠ ʜʣʷ ʢʘʢʦʛʦ 

ʧʨʘʚʠʣʘ ʛʦʣʦʩʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʣʘʩʩ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ.  

1. ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ ï ʟʘʜʘʯʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ (ʀʄ). ɺ ʥʝʡ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʠʤ ʘʛʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʨʝʰʘʝʪ, ʢʘʢʦʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʝʪ ʟʘʷʚʠʪʴ ʧʨʦʮʝʜʫʨʝ, 

ʯʪʦʙʳ ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʠʪʴ ʠʩʭʦʜ ʛʦʣʦʩʦʚʘʥʠʷ ʚ ʣʫʯʰʫʶ ʜʣʷ ʥʝʛʦ ʩʪʦʨʦʥʫ.  

ɺ [4] ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʩʦ ʩʣʫʯʘʡʥʳʤ ʫʩʪʨʘʥʝʥʠʝʤ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʚʳʙʦʨʘ (ʀʄʉʋʄɺ), ʚ ʢʦʪʦʨʦʡ ʠʟʙʠʨʘʪʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʚʦʶ ʦʞʠʜʘʝʤʫʶ ʧʦʣʝʟ-

ʥʦʩʪʴ ʦʪ ʢʘʥʜʠʜʘʪʘ ʠ ʢʦʪʦʨʘʷ ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʯʝʤ ʀʄ. 

2. ʇʨʠ ʢʦʘʣʠʮʠʦʥʥʦʤ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʠ (ʂʄ) ʛʨʫʧʧʘ (ʢʦʘʣʠʮʠʷ) ʠʟ k ʘʛʝʥʪʦʚ ʨʝʰʘʝʪ, ʢʘʢʦʡ ʧʨʦ-

ʬʠʣʴ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʨʝʜʲʷʚʠʪʴ ʧʨʦʮʝʜʫʨʝ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʳʠʛʨʳʰ ʩʚʦʝʛʦ ʣʶʙʠʤʦʛʦ ʢʘʥʜʠʜʘʪʘ. 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʦ NP-ʧʦʣʥʦʪʝ ʀʄ ʥʘʭʦʜʷʪ ʟʜʝʩʴ ʧʨʠʤʝʥʝʥʠʝ, ʪʘʢ ʢʘʢ ʝʩʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʤʘʥʠʧʫ-

ʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ NP-ʧʦʣʥʳʤ, ʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʢʦʘʣʠʮʠʦʥʥʦʡ ʤʦʜʝʣʠ NP-ʧʦʣʥʦʪʘ ʩʦʭʨʘʥʷʝʪʩʷ. 

3. ʉʣʝʜʫʶʱʠʡ ʪʠʧ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ï ʢʦʘʣʠʮʠʦʥʥʦʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʧʨʠ ʚʟʚʝʰʝʥʥʦʤ ʛʦʣʦʩʦ-

ʚʘʥʠʠ (ʂʄɺ). ʀʟʙʠʨʘʪʝʣʠ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʤʝʶʪ ʥʝʦʜʠʥʘʢʦʚʳʡ ʚʝʩ. ʋʩʣʦʞʥʷʷ ʟʘʜʘʯʫ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʤʳ ʠʤʝʝʤ ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦ NP-ʧʦʣʥʦʪʝ ʂʄ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʨʘʚʠʣ ʚ ʪʘʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʙʫʜʝʪ NP-ʧʦʣʥʳʤ. ʂʘʢ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ [2], ʚ ʟʘʜʘʯʝ ʀʄ ʩʣʦʞʥʦʩʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘ ʪʦʣʴʢʦ ʧʦ ʯʠʩʣʫ ʢʘʥʜʠʜʘʪʦʚ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʘ ʧʦ 

ʯʠʩʣʫ ʠʟʙʠʨʘʪʝʣʝʡ. ʇʦʵʪʦʤʫ ʤʥʦʞʝʩʪʚʦ ʢʘʥʜʠʜʘʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʦʡ (ɿʘʜʘʯʘ 
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ʢʦʘʣʠʮʠʦʥʥʦʛʦ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʚʟʚʝʰʝʥʥʦʤ ʛʦʣʦʩʦʚʘʥʠʠ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʯʠʩʣʦ ʢʘʥʜʠʜʘʪʦʚ 

ï ʂʄɺʆ). 

4. ɽʩʣʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʪʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʙʝʜʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʘʥʜʠʜʘʪʘ, 

ʪʦ ʪʘʢʦʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʥʘʟʳʚʘʶʪ ʜʝʩʪʨʫʢʪʠʚʥʳʤ. ʆʥʦ ʚʩʝʛʜʘ ʧʨʦʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ, ʠʤʝʶʱʝʛʦ 

ʮʝʣʴʶ ʧʦʙʝʜʫ ʣʶʙʠʤʦʛʦ ʢʘʥʜʠʜʘʪʘ, ʪ.ʢ. ʯʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ, 

ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʠ ʦʜʠʥ ʠʟ ʢʘʥʜʠʜʘʪʦʚ, ʢʨʦʤʝ c, ʥʝ ʙʳʣ ʚʳʙʨʘʥ. ʊʦ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 1m-  ʟʘʜʘʯʫ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ. 

5. ʅʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʷʷ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʥʘʤʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʧʨʠ ʥʝʧʦʣʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʜʘʞʝ ʧʨʠ ʧʨʦʩʪʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʧʨʝʜʧʦʯʪʝʥʠʡ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʜʠʜʘʪʘ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʪʘʢ ʞʝ ʪʨʫʜʥʘ, ʢʘʢ ʠ ʟʘʜʘʯʘ ʂʄɺ [2]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʦʪʥʦʰʝʥʠʝ ʩʚʦʜʠʤʦʩʪʠ ʟʘʜʘʯ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ. ʇʦʣʠʥʦʤʠʘʣʴʥʦʩʪʴ ʟʘʜʘʯ 

ʥʘʩʣʝʜʫʝʪʩʷ ʧʦ ʩʪʨʝʣʢʘʤ, ʘ NP-ʧʦʣʥʦʪʘ ï ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 
ʈʠʩ. 1. ʊʠʧʳ ʟʘʜʘʯ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ: ʦʪ ʩʣʦʞʥʳʭ ʢ ʧʨʦʩʪʳʤ
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʩʦʥʘʣʘ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠ-

ʷʭ ʧʨʠ ʨʝʰʝʥʠʠ ʠʤʠ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʨʠʩʢʘ. ʇʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʨʦʩʪ ʩʫʚʝʨʝʥʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʵʪʦʤ, ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʬʦʨʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʤʝʥʝʜʞʝʨʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʘʣʴʥʦʚʠʜʥʳʭ ʬʦʨʤʘʭ ʨʘʟʚʠʪʠʷ ʤʦʪʠʚʘʮʠʠ, 

ʢʨʝʘʪʠʚʥʦʩʪʠ ʘʛʝʥʪʦʚ.  

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʜʘʣʴʥʦʚʠʜʥʦʩʪʠ, ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ɺʘʞʥʝʡʰʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʝʦʙʭʦʜʠ-

ʤʳʤʠ ʜʣʷ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ,  ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʪʦʛʦ, ʢʘʢ ʣʶʜʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʚʳʷʚ-

ʣʷʶʪ ʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʩʠʪʫʘʮʠʡ, ʩʪʨʦʷʪ ʦʮʝʥʢʠ, ʬʦʨʤʠʨʫʶʪ 

ʥʦʚʦʝ ʟʥʘʥʠʝ ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚʳʨʘʙʘʪʳʚʘʶʪ ʬʦʨʤʳ ʧʦʚʝʜʝʥʠʷ ʠ ʢʘʢ ʥʦʚʦʝ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʟʥʘʥʥʦ 

çʧʨʠʚʳʯʥʳʤè. ʕʪʦ ʦʟʥʘʯʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝ-

ʥʠʡ, ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʩʦʙʳʭ ʬʦʨʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʦʚʝʨʠʠ, ʩʦʛʣʘʩʦʚʘ-

ʥʠʠ ʠʥʪʝʨʝʩʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʙʣʝʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ  ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩ-

ʪʘʥʠʶ ʚʣʠʷʥʠʷ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤʘʤ ʧʦʚʝʜʝʥʠʷ.  ɼʣʷ ʥʘʫʢʠ ʫʧʨʘʚʣʝʥʠʷ ʵʪʦ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʧʝʨʝʥʝʩʝʥʠʷ ʘʢʮʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʩ ʫʯʝʪʦʤ ʜʫʭʦʚʥʦ ï ʥʨʘʚʩʪʚʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ.  

1. ʇʦʩʪʥʝʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ  
ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʉʫʙʲʝʢʪ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʩ ʬʦʨʤʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʛʝʥ-

ʪʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʘʢʪʠʚʥʦʩʪʠ, ʨʝʘʢʪʠʚʥʦʩʪʠ, ʦʙʱʠʪʝʣʴʥʦʩʪʠ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʠʜʝʘʣ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʠʤ ʚ ʪʝʯʝʥʠʠ ʚʩʝʡ ʝʛʦ 

ʞʠʟʥʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʥʠʤ ʘʛʝʥʪ ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʦʙʦʡ ʮʝʣʠ ʠ ʧʨʦʙʣʝʤʳ, ʚʳʙʠʨʘʝʪ ʟʘʜʘʯʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʠ ʩʨʝʜʩʪʚʘ ʠʭ ʚʳʧʦʣʥʝʥʠʷ  [1]. ʇʨʦʜʚʠʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʠ ʠʥʪʝʨʘʢʪʠʚ-

ʥʦʤ ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʘ. ɺ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʚʝʜʝʥʠʝ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʠʜʝʘʣʘʤ, ʤʠʩʩʠʠ, ʮʝʥʥʦʩʪʷʤ ʠ ʨʝʧʫʪʘʮʠʠ, ʨʘʟʜʝʣʷʝʤʳʤʠ ʚʩʝʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʩʪʦʷʪʝʣʴʩʪʚ 

ʩʦʩʪʦʷʥʠʠ ʜʫʭʦʚʥʦʩʪʠ ʠ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ ʚ ʦʙʱʝʩʪʚʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʳʤ. ʇʨʠ-

ʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʧʦʣʝ ʨʝʬʣʝʢʩʠʠ ʥʘʜ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʯʝʪ ʩʦʦʪʥʝʩʝʥʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʥʠʡ ʦʙ ʦʙʲʝʢʪʝ ʥʝ ʪʦʣʴʢʦ ʩ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʩʨʝʜʩʪʚ ʠ ʦʧʝʨʘʮʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʩ ʮʝʥʥʦʩʪʥʦ-ʮʝʣʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ [1]. ɺ ʧʘʨʘʜʠʛʤʘʭ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʦʮʝʥʢʫ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʜʘʚʘʣʘ ʮʝʨʢʦʚʴ ʠ ʠʩʢʫʩʩʪʚʦ, ʧʨʠ ʩʦʮʠʘʣʠʟʤʝ ï ʢʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ ʧʘʨʪʠʷ. ʆʥʠ ʩʦʟʜʘʚʘʣʠ 

ʠ ʨʝʘʣʠʟʦʚʘʣʠ, ʧʦ ʩʫʪʠ, ʵʚʨʠʩʪʠʯʝʩʢʫʶ ʧʨʦʮʝʜʫʨʫ ʥʝʯʝʪʢʦʡ ʦʮʝʥʢʠ ʜʫʭʦʚʥʦ ï ʥʨʘʚʩʪʚʝʥʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ [2]. ʉʘʤʘ ʵʪʘ ʠʜʝʷ ʷʚ-

ʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʜʫʢʪʠʚʥʦʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʛʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʚʦʙʦʜʥʦʡ ʜʠʩʢʫʩʩʠʠ (ʧʨʠʢʣʘʜʥʘʷ ʵʪʠʢʘ), ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʤʦʞʝʪ ʦʩʚʝʪʠʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝ-

ʥʠʷ [4]. ʎʝʣʴ ï ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʝ (ʩʦʛʣʘʩʦʚʘʥʥʦʝ) ʨʝʰʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʵʪʠʢʠ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʳʭ ʠʜʝʘʣʦʚ.  

2. ʄʦʜʝʣʴ ʩʠʪʫʘʮʠʠ ʚʳʙʦʨʘ ʩʦʪʨʫʜʥʠʢʘ  
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʝʝ ʛʨʫʧʧ 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʤʝʩʪʦ ʧʦʥʷʪʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʧʦʩʪʥʝʢʣʘʩʩʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ï ʩʦʛʣʘʩʠʝ [2]. 
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ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʚ ʚʠʜʝ ʥʝʯʝʪʢʦʛʦ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʩʠʪʫʘʮʠʠ ʚʳʙʦʨʘ. ɺʦʟʤʦʞʥʳʡ 

ʚʘʨʠʘʥʪ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʣʦʞʝʥʦ ʩʪʨʦʠʪʴ ʧʫʪʝʤ ñʧʘʨʘʜʠʛʤʘʣʴʥʦʡ ʧʨʠʚʠʚʢʠò ʠʜʝʡ, ʪʨʘʥʩʣʠʨʫ-

ʝʤʳʭ ʠʟ ʜʨʫʛʠʭ ʥʘʫʢ [1], ʥʘʧʨʠʤʝʨ [3]. 

1. ɸʛʝʥʪʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʚʳʙʦʨ .KkÍ  

2. ʆʢʨʫʞʝʥʠʝ ʚʳʙʦʨʘ: ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʩʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

3. ɺʦʟʤʦʞʥʳʝ ʧʨʠ ʪʘʢʦʤ ʦʢʨʫʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪʳ (ʩʦʦʙʱʝʥʠʝ)  }{ Jj
j

O
j

O ÍÍ : ʥʘʧʨʠʤʝʨ, 

ʘʢʪʫʘʣʴʥʦʩʪʴ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʥʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ é 

4. ɼʦʩʪʫʧʥʳʝ ʘʛʝʥʪʘʤ ʩʧʦʩʦʙʳ ʜʝʡʩʪʚʠʷ   }{ Ii
i

C
i

C ÍÍ . 

5. ʄʦʜʝʣʠ ʩʠʪʫʘʮʠʠ ʚʳʙʦʨʘ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʭ ʘʛʝʥʪʦʚ. 

6. ɿʥʘʯʠʤʦʩʪʴ ʮʝʥʥʦʩʪʝʡ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʘʛʝʥʪʦʚ: ʟʥʘʯʝʥʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çʟʥʘʯʠʤʦʩʪʴ ʮʝʥʪʨʘ ʛʨʘʚʠʪʘʮʠʠ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʘʛʝʥʪʘè, ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜ-

ʣʝʞʥʦʩʪʠ_3  snk (EVk). 

7. ʎʝʥʥʦʩʪʴ ʩʠʪʫʘʮʠʠ ʚʳʙʦʨʘ ʜʣʷ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʘ ʛʨʘ-

ʚʠʪʘʮʠʠ  2   

)(

)(

k
EV

k
sn

Kk

k
EV

k
EV

k
sn

Kk
EV

ä

Í

³ä

Í
=

 
8. ʆʮʝʥʢʘ ʞʝʣʘʪʝʣʴʥʦʩʪʠ ʩʠʪʫʘʮʠʠ ʚʳʙʦʨʘ ʜʣʷ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ  

)(min},{
k

EV
k

sog

Kk
l

Kk
k

EVsog

Í

=Í . 

9. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʝʤʣʝʤʦʛʦ ʧʦ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ (ʟʥʘʯʝʥʠʷ ʣʠʥʛʚʠ-

ʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʫʩʪʫʧʢʘè ʠʣʠ çʩʦʪʨʫʜʥʠʯʝʩʪʚʦè ʠ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ sot(ar)) ʫʨʦʚʥʷ 

ʫʩʪʫʧʢʠ ʠʣʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ )
r

sot(Ŭ

Rr

*Ŭ maxarg

Í

= . ʇʨʘʢʪʠʯʝʩʢʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʦ ʠʟ ʠʥʪʝʨʚʘʣʘ 

)](max),(min[
k

EV
k

sog

Kk
k

EV
k

sog

Kk ÍÍ

 ʠʣʠ ʧʦ ʝʛʦ ʮʝʥʪʨʫ. 

10. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ 
*
Ŭ  ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦ ʮʝʥ-

ʥʦʩʪʷʤ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʭ ʘʛʝʥʪʦʚ  ʩʦʛ
k

EV . 

3. ɸʥʘʣʠʟ ʠ ʩʠʥʪʝʟ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ 

ʆʩʥʦʚʦʡ ʧʦʩʪʨʦʝʥʠʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʩ ʧʩʠʭʦʣʦʛʠ-

ʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʟʛ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [5]:  

1-ʡ ʫʨʦʚʝʥʴ. ʆʢʨʫʞʝʥʠʝ ʠ ʢʦʥʪʝʢʩʪ.  

2ïʡ ʫʨʦʚʝʥʴ. ʇʦʚʝʜʝʥʠʝ: ʜʝʡʩʪʚʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ (ʨʝʘʢʮʠʠ). 

3-ʡ ʫʨʦʚʝʥʴ. ʉʧʦʩʦʙʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ. 

4-ʡ ʫʨʦʚʝʥʴ. ʎʝʥʥʦʩʪʠ.  

5-ʡ ʫʨʦʚʝʥʴ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ. 

6-ʡ ʫʨʦʚʝʥʴ. ɼʫʭʦʚʥʦʩʪʴ. 

ɽʝ ʦʧʠʩʘʥʠʝ ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʥʝʯʝʪʢʦʡ ʥʝʤʦʥʦʪʦʥʥʦʡ ʣʦʛʠʢʠ.  
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 ʆʎɽʅʂɸ ʉʀʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʕʌʌɽʂʊɸ ʇʈʀ ʉʃʀʗʅʀʀ  
ʂʆʄʇɸʅʀʁ ʄɽʊʆɼʆʄ ʄɸʊʈʀʏʅʆʁ ʉɺɽʈʊʂʀ 

ɻʦʣʦʜʢʦʚ ɸ.ɼ. 

(ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʈɸʅ, ʄʦʩʢʚʘ) 
a.golodkov@yandex.ru  

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʨʦʮʝʩʩ ʩʣʠʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʘʥʠʡ. ʅʘ 

ʵʪʫ ʪʝʤʫ ʙʳʣʦ ʥʘʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʥʦ ʚ ʥʠʭ ʥʝ ʫʜʝʣʷʝʪʩʷ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʦʧʨʝʜʝʣʝ-

ʥʠʶ ʬʘʢʪʦʨʦʚ ʠ ʩʪʝʧʝʥʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪ ʩʠʥʝʨʛʠʠ ʧʨʠ ʩʣʠʷʥʠʷʭ ʠ ʧʦʛʣʦʱʝʥʠʷʭ ʢʦʤʧʘʥʠʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʷʚʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʩʠ-

ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʢʦʤʧʘʥʠʡ ʠ ʠʭ ʦʮʝʥʢʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʪʨʠʯʥʦʡ ʩʚʝʨʪʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʣʠʷʥʠʝ ʢʦʤʧʘʥʠʡ, ʤʘʪʨʠʯʥʘʷ ʩʚʝʨʪʢʘ 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʷʚʣʷ-

ʝʪʩʷ ʫʩʠʣʝʥʠʝ, ʤʦʞʥʦ ʜʘʞʝ ʩʢʘʟʘʪʴ - ʫʞʝʩʪʦʯʝʥʠʝ, ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ. ɹʦʨʴʙʘ ʟʘ ʧʦʪʨʝʙʠʪʝʣʷ ʚʝ-

ʜʝʪʩʷ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʵʪʦ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, 

ʪʘʢ ʠ ʚ ʠʭ ʧʨʦʜʚʠʞʝʥʠʠ ʥʘ ʨʳʥʦʢ, ʘʛʨʝʩʩʠʚʥʘʷ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʨʝʢʣʘʤʘ, ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɺʩʝ ʵʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʩʬʝʨʝ, ʥʦ ʠ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ. ʅʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʛʨʘʤʦʪʥʦʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, 

ʫʧʨʘʚʣʝʥʠʝ ʬʠʥʘʥʩʘʤʠ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ ʠ ʪ.ʜ. ʀ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʚʳʰʝ-

ʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʩʣʠʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ 

ʢʦʤʧʘʥʠʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʵʪʫ ʪʝʤʫ, ʥʦ ʥʘ ʥʘʰ ʚʟʛʣʷʜ 

ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʫʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʦʧʨʝʜʝʣʝʥʠʶ ʬʘʢʪʦʨʦʚ ʠ ʩʪʝʧʝʥʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʵʬʬʝʢʪ ʩʠʥʝʨʛʠʠ ʧʨʠ ʩʣʠʷʥʠʷʭ ʠ ʧʦʛʣʦʱʝʥʠʷʭ ʢʦʤʧʘʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʚʳʷʚʣʝʥʠʠ ʦʩʥʦʚʥʳʭ (ʧʦʪʝʥʮʠʘʣʴʥʳʭ) ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʢʦʤʧʘʥʠʡ ʠ ʠʭ ʦʮʝʥʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʘʪʨʠʯʥʦʡ ʩʚʝʨʪʢʠ. 

1. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪ ʩʠʥʝʨʛʠʠ  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ: ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʤʝʩʪʦ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʨʳʥʢʝ, ʤʘʨʢʝʪʠʥʛʦʚʳʝ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ, ʧʦʣʠʪʠʯʝʩʢʠʝ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʨʝʘʣʠʟʘʮʠʶ. (ʨʠʩ. 1.1) 

 

 
 ʈʠʩ. 1.1. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʦ ʢʦʪʦʨʳʤ ʜʘʝʪʩʷ ʵʢʩʧʝʨʪʥʘʷ 

ʦʮʝʥʢʘ. ʅʘʧʨʠʤʝʨ, ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʬʘʢʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ: ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʨʦʜʘʞ, ʦʙʱʠʭ ʨʝʢʣʘʤʥʳʭ 
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ʢʘʤʧʘʥʠʡ, ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʤʘʨʢʝʪʠʥʛʘ ʠʣʠ ʪʦʨʛʦʚʦʛʦ ʩʠʥʝʨʛʠʟʤʘ, ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʨʘʩʰʠ-

ʨʝʥʠʷ ʥʦʤʝʥʢʣʘʪʫʨʳ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ, ʬʘʢʪʦʨʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʛʨʫʧʧʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʘʞ-

ʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʘʥʠʠ. (ʨʠʩ. 1.2) 

 

 
ʈʠʩ. 1.2. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʦʯʝʨʝʜʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ ʚ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ, 

ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʘʪʨʠʯʥʦʡ ʩʚʝʨʪʢʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. ʉʥʘʯʘʣʘ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʝʨʚʳʝ ʜʚʘ ʬʘʢʪʦʨʘ (ʚʣʠʷʶʱʠʝ 

ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ), ʢʦʪʦʨʳʤ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. (ʨʠʩ 1.3) 

 

 
ʈʠʩ. 1.3 

 ʇʨʦʚʦʜʠʪʩʷ ʩʚʝʨʪʢʘ ʤʘʪʨʠʮʳ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʘʪʨʠʮʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʚʝʨʪʢʠ ʧʝʨʚʦʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʬʘʢʪʦʨʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʬʘʢʪʦʨʳ ʠʟ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʩʝ ʚʳʜʝʣʝʥ-

ʥʳʝ ʛʨʫʧʧʳ. 

ʇʦʣʫʯʠʚ ʠʪʦʛʦʚʳʝ ʤʘʪʨʠʮʳ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʛʨʫʧʧʘʤ, ʧʨʦʚʦʜʠʤ ʧʨʦʮʝʜʫʨʳ ʩʚʝʨʪʢʠ ʜʣʷ ʛʨʫʧʧ 

ʘʥʘʣʦʛʠʯʥʫʶ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʜʣʷ ʬʘʢʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʘʣ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʢʦʤʧʘʥʠʠ ʩ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʣʠʷʥʠʷ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʭʦʜʠʪ ʢʦʤʧʘʥʠʷ ʠʣʠ ʥʝʪ, ʤʳ ʚʚʦʜʠʤ ʩʠʩʪʝʤʫ ʦʮʝʥʦʢ ʧʦ 4-

ʙʘʣʴʥʦʡ ʰʢʘʣʝ: 

1 ʙʘʣʣ- ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʢʦʤʧʘʥʠʠ ʥʝʚʳʛʦʜʥʦ 

2 ʙʘʣʣʘ- ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʥʦ ʚʳʛʦʜʘ ʥʝʠʟʚʝʩʪʥʘ 

3 ʙʘʣʣʘ- ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʘʩʪ ʚʳʛʦʜʫ 

4 ʙʘʣʣʘ- ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʯʝʥʴ ʚʳʛʦʜʥʦ 

2. ʇʨʠʤʝʨ ʟʘʜʘʯʠ 

ʄʳ ʠʤʝʝʤ ʧʷʪʴ ʢʦʤʧʘʥʠʡ ʧʨʝʪʝʥʜʝʥʪʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʙʶʜʞʝʪ ʥʘ ʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝ. ʇʦʦʯʝ-

ʨʝʜʥʦ ʧʨʦʚʦʜʠʤ ʤʘʪʨʠʯʥʫʶ ʩʚʝʨʪʢʫ ʢʦʤʧʘʥʠʡ ʧʨʝʪʝʥʜʝʥʪʦʚ. ʅʘʩ ʠʥʪʝʨʝʩʫʶʪ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʦʮʝʥʢʫ ʥʝ ʥʠʞʝ ʪʨʝʭ ʙʘʣʣʦʚ. ʉʥʘʯʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʦʤʧʘʥʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʙʘʣʣʦʤ, ʝʩʣʠ 

ʪʘʢʠʭ ʦʢʘʟʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ, ʚʳʙʠʨʘʝʤ ʪʫʪ, ʥʘ ʢʦʪʦʨʫʶ ʤʳ ʟʘʪʨʘʪʠʤ ʤʝʥʴʰʝ ʬʠʥʘʥʩʦʚ. ɼʘʣʝʝ ʤʳ ʧʨʦ-

ʚʦʜʠʤ ʦʮʝʥʢʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʢʦʤʧʘʥʠʠ ʚʤʝʩʪʝ ʩ ʢʫʧʣʝʥʥʦʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʳ ʧʨʦʜʦʣʞʘʝʤ ʜʦʙʘʚʣʷʪʴ 

ʧʨʝʪʝʥʜʝʥʪʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʠʟʨʘʩʭʦʜʫʝʪʩʷ ʙʶʜʞʝʪ, ʣʠʙʦ ʦʮʝʥʢʠ ʢʦʤʧʘʥʠʡ ʧʨʝʪʝʥʜʝʥʪʦʚ ʥʝ ʙʫ-

ʜʫʪ ʥʘʩ ʫʩʪʨʘʠʚʘʪʴ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʋʈʂʆɺ ɺ.ʅ., ʂʦʥʜʨʘʪʴʝʚ ɺ.ɺ., ʎʳʛʘʥʦʚ ɺ.ɺ, ʏʝʨʢʘʰʠʥ ɸ.ʄ. ʊʝʦʨʠʷ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʄ.: ʅʘʫʢʘ, 1984. ʉ. ï271 ʩ. 
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ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʊɽʆʈʀʗ ʀɽʈɸʈʍʀʏɽʉʂʀʍ  
ʉʀʉʊɽʄ: ʄʆɼɽʃʀ ʀ ʄɽʊʆɼʓ 

ɻʦʨʝʣʠʢ ɺ.ɸ. 

(ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʠʤ. ɸ.ɸ.ɼʦʨʦʜʥʠʮʳʥʘ ʈɸʅ) 

gorelik@ccas.ru 

ɿʦʣʦʪʦʚʘ ʊ.ɺ. 

(ʌʠʥʘʥʩʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʌ, ʄʦʩʢʚʘ) 
tgold11@mail.ru 

 

ɺ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʠʤʝʶʱʠʤʠ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ ʫʩʣʦʚʠʷʭ ʚʥʫʪ-

ʨʠʩʠʩʪʝʤʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɼʣʷ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʣʦ-

ʞʝʥʳ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʛʣʘʩʦʚʘʪʴ ʠʥʪʝʨʝʩʳ ʧʦʜʩʠʩʪʝʤ ʠ ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶ-

ʯʠʪʴ ʨʠʩʢ ʦʪ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʜʝʮʝʥʪʨʘʣʠʟʘʮʠ̫, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʬʘʢʪʦʨʳ, ʦʮʝʥʢʘ ʨʠʩʢʘ. 

 

ɺ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʠʩʪʝʤʘʭ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ. ɸʜʝʢʚʘʪʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʘʥʘʣʠ-

ʟʘ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʫʞʠʪ ʪʝʦʨʠʷ ʠʛʨ. ʈʘʟʚʠʪʠʝ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʶ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ [1, 2] ʠ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ [3, 4]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ ʫʩʣʦʚʠʷʭ ʚʥʫʪʨʠʩʠʩʪʝʤʥʦʡ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ (ʨʠʩʢʘ), ʩʚʷʟʘʥʥʦʡ ʩ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ ʧʦʜʩʠʩʪʝʤ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʜʝʮʝʥʪʨʘʣʠʟʦ-

ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʈʠʩʢ ʚ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʠʣʠ 

ʛʦʤʝʦʩʪʘʟʠʩʘ) ʩʠʩʪʝʤʳ ʠ ʩʥʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ [5, 6]. ʇʦʥʷʪʠʝ ʦʧʪʠʤʘʣʴ-

ʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʮʝʥʪʨʘ) ʜʦʣʞʥʦ ʦʙʲʝʜʠʥʷʪʴ ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʝʛʦ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢ ʜʦʩʪʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʤ 

ʫʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʥʪʝʨʝʩʦʚ ʚʩʝʭ ʝʝ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʠʩʢ ʟʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʥʦ ʠ ʯʪʦ ʩʧʝʮʠʬʠʯʥʦ ʩ ʚʦʟʤʦʞʥʳʤʠ ʥʝʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʜʝʡʩʪʚʠ-

ʷʤʠ ʧʦʜʩʠʩʪʝʤ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʥʘʨʫʰʝʥʠʶ ʛʦʤʝʦʩʪʘʟʠʩʘ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʠʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʠ ʠʭ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. 
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ʌʈɸʂʊɸʃʓ ʀ ʇʆɺʊʆʈʗʖʑʀɽʉʗ ʀɻʈʓ 

ɻʦʨʝʣʦʚ ʄ.ɸ., 

(ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʄʦʩʢʚʘ) 
griefer@ccas.ru 

 

ɺ ʩʪʘʪʝɹ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʨʦʩʪʦʡ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʡ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ ʤʥʦʞʝʩʪʚʦ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʚʳʠʛʨʳʰʝʡ ʦʙʣʘʜʘʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʘʢʪʘʣʳ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʠʛʨʳ, ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʅʵʰʫ. 

 

ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ ʬʨʘʢʪʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚ ʙʳʣʠ ʧʨʠʜʫʤʘʥʳ ʘʥʘʣʠʪʠʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʜʦʢʩʘʣʴ-

ʥʳʭ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʤʦʜʝʣʷʭ ʪʝʦʨʠʠ ʠʛʨ ʪʘʢʠʝ ʧʨʠʤʝʨʳ ʚʦʟʥʠʢʘʶʪ ʝʩʪʝ-

ʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʘʤʳʭ ʥʝʦʞʠʜʘʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʩʦʚʩʝʤ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʝʩʢʦʥʝʯ-

ʥʦʡ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʠʛʨʳ, ʠʟʫʯʘʚʰʝʡʩʷ, ʥʘʧʨʠʤʝʨ, ʚ [2,4]. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʛʨʘ çʩʝ-

ʤʝʡʥʳʡ ʩʧʦʨè, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪʩʷ ʚ ʣʶʙʦʤ ʥʘʯʘʣʴʥʦʤ ʢʫʨʩʝ ʪʝʦʨʠʠ ʠʛʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʠʛʨʫ ʜʚʫʭ ʣʠʮ ʚ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ G = àU, V, g, hð. ɺ ʥʝʡ ʫʯʘʩʪʚʫʶʪ ʜʚʘ 

ʠʛʨʦʢʘ, ʢʦʪʦʨʳʭ ʧʦ ʪʨʘʜʠʮʠʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ. ɿʜʝʩʴ U ʠ V ï ʵʪʦ ʤʥʦʞʝʩʪʚʘ, ʘ g ʠ h 

ï ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʜʝʢʘʨʪʦʚʦʤ ʧʨʦʠʟʚʝʜʝʥʠʠ U ³ V ʠ ʧʨʠʥʠʤʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ R. 

ʌʠʢʩʠʨʫʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ p Í (0,1) ʠ ʥʘ ʦʩʥʦʚʝ ʠʛʨʳ G ʧʦʩʪʨʦʠʤ ʥʦʚʫʶ ʠʛʨʫ 

G
 p
 = àU

 p
, V

 p
, g

 p
, h

 p
ð. 

ʉʪʨʘʪʝʛʠʷʤʠ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʚ ʵʪʦʡ ʠʛʨʝ ʷʚʣʷʶʪʩʷ ʙʝʩʢʦʥʝʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

u
 p
 = (u0,u1, é), ʚ ʢʦʪʦʨʳʭ ut Í U (t = 0,1,é). ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʘʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʙʦʟʥʘʯʠʤ 

U
 p
. ɸʥʘʣʦʛʠʯʥʦ ʩʪʨʘʪʝʛʠʷʤʠ ʚʪʦʨʦʛʦ ʠʛʨʦʢʘ ʷʚʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ v

 p
 = (v0,v1, é), ʛʜʝ vt Í V, 

t = 1,2, é, ʘ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʩʪʨʘʪʝʛʠʡ ʚʪʦʨʦʛʦ ʠʛʨʦʢʘ ʦʙʦʟʥʘʯʘʝʪʩʷ V 
p
. 

ʌʫʥʢʮʠʠ ʚʳʠʛʨʳʰʘ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʠʛʨʦʢʦʚ ʚ ʵʪʦʡ ʠʛʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ 

0

( , ) ( , )p p p t

t t

t

g u v p g u v
¤

=

=ä  ʠ 
0

( , ) ( , )p p p t

t t

t

h u v p h u v
¤

=

=ä . 

ʉʠʪʫʘʮʠʝʡ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʅʵʰʫ ʚ ʠʛʨʝ G ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʘʷ ʧʘʨʘ ʩʪʨʘʪʝʛʠʡ (u
*
,v

*
), ʯʪʦ ʜʣʷ ʣʶʙʳʭ 

ʩʪʨʘʪʝʛʠʡ u Í U ʠ v Í V ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ g(u,v
*
) Ò g(u

*
,v

*
) ʠ h(u

*
,v) Ò h(u

*
,v

*
). ɸʥʘʣʦʛʠʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʅʵʰʫ ʚ ʠʛʨʝ G
p
 . 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʚʝʨʷʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʩʪʨʘʪʝʛʠʠ ( )0 * *

0 1, ,...pu u u=  ʠ ( )0 * *

0 1, ,...pv v v=  ʦʙʨʘʟʫʶʪ ʩʠ-

ʪʫʘʮʠʶ ʨʘʚʥʦʚʝʩʠʷ ʚ ʠʛʨʝ G
 p
, ʪʦ ʧʨʠ ʣʶʙʦʤ t = 0,1, é ʧʘʨʘ ( )* *,t tu v  ʙʫʜʝʪ ʩʠʪʫʘʮʠʝʡ ʨʘʚʥʦʚʝʩʠʷ ʚ ʠʛ-

ʨʝ G. ɺʝʨʥʦ ʠ ʦʙʨʘʪʥʦʝ. ɽʩʣʠ ʧʘʨʳ ( )* *,t tu v  (t = 0,1, é) ʷʚʣʷʶʪʩʷ ʩʠʪʫʘʮʠʷʤʠ ʨʘʚʥʦʚʝʩʠʷ ʚ ʠʛʨʝ G, ʪʦ 

ʩʪʨʘʪʝʛʠʠ ( )0 * *

0 1, ,...pu u u=  ʠ ( )0 * *

0 1, ,...pv v v=  ʦʙʨʘʟʫʶʪ ʩʠʪʫʘʮʠʶ ʨʘʚʥʦʚʝʩʠʷ ʚ ʠʛʨʝ G
p
. ɽʩʣʠ ʚ ʠʛʨʝ G 

ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʠʪʫʘʮʠʡ ʨʘʚʥʦʚʝʩʠʷ, ʪʦ ʥʘ ʰʘʛʝ t ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʣʶʙʫʶ ʠʟ ʥʠʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʪʦʛʦ, ʢʘʢʠʝ ʩʠʪʫʘʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ. ʀ ʵʪʠʤ ʠʩʯʝʨʧʳʚʘʝʪʩʷ ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʩʠʪʫʘʮʠʡ ʨʘʚʥʦʚʝʩʠʷ ʚ ʠʛʨʝ G
p
. 

ʊʝʧʝʨʴ ʧʦʣʦʞʠʤ 
1

3
p= , ʘ ʚ ʢʘʯʝʩʪʚʝ ʠʛʨʳ G ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʛʨʫ çʩʝʤʝʡʥʳʡ ʩʧʦʨè, ʚ ʢʦʪʦ-

ʨʦʡ U =V =  {1,2}, ʘ ʬʫʥʢʮʠʠ ʚʳʠʛʨʳʰʘ ʟʘʜʘʶʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ 

g(1,1) = 0, g(2,2) = 2, g(1,2) = g(2,1) = ï 4, 

h(1,1) = 2, h(2,2) = 0, h(1,2) = h(2,1) = ï 4. 

ɺ ʩʠʣʫ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʚ ʩʠʪʫʘʮʠʠ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʝʨʚʳʡ ʠʛʨʦʢ ʧʦʣʫʯʘʝʪ ʚʳʠʛ-

ʨʳʰ 0 ʠʣʠ 2, ʧʨʠʯʝʤ ʥʘ ʨʘʟʥʳʭ ʰʘʛʘʭ ʚʳʙʦʨ ʠʟ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʠʟʚʦʣʴ-

ʥʦ. ʊʦ ʝʩʪʴ ʨʘʚʥʦʚʝʩʥʳʝ ʚʳʠʛʨʳʰʠ ʚ ʠʛʨʝ G
p
 ï ʵʪʦ ʚʩʝʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʩʫʤʤʳ 

0

1

3
tt

t

a
¤

=

ä , ʛʜʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ at ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 0 ʠʣʠ 2. ɸ ʟʥʘʯʠʪ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʘʢʠʭ ʚʳʠʛʨʳʰʝʡ ï ʵʪʦ ʢʣʘʩʩʠ-

ʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʥʦʝ ʢʘʥʪʦʨʦʚʦ ʤʥʦʞʝʩʪʚʦ. ɽʛʦ ʭʘʫʩʜʦʨʬʦʚʘ ʨʘʟʤʝʨʥʦʩʪʴ ʨʘʚʥʘ log32. 

ʊʦ ʞʝ, ʨʘʟʫʤʝʝʪʩʷ, ʚʝʨʥʦ ʠ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʨʘʚʥʦʚʝʩʥʳʭ ʚʳʠʛʨʳʰʝʡ ʚʪʦʨʦʛʦ ʠʛʨʦʢʘ. 

mailto:griefer@ccas.ru
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ʇʦʩʪʨʦʝʥʥʘʷ ʠʛʨʘ G
p
 ʥʝ ʩʣʠʰʢʦʤ ʠʥʪʝʨʝʩʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʦʪʩʫʪʩʪʚʫʝʪ ʜʠʥʘʤʠʢʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʛʨʦʢʠ ʥʠʯʝʛʦ ʥʝ ʟʥʘʶʪ ʦ ʪʦʤ, ʢʘʢ ʜʝʡʩʪʚʦʚʘʣʠ ʠʭ ʧʘʨʪʥʝʨʳ ʚ ʧʨʦʰʣʦʤ. ʇʦʵʪʦʤʫ 

ʨʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʥʫ ʠʛʨʫ 
* * * * *, , ,p p p p pU V g hG = . 

ʉʪʨʘʪʝʛʠʷʤʠ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʚ ʵʪʦʡ ʠʛʨʝ ʷʚʣʷʶʪʩʷ ʙʝʩʢʦʥʝʯʥʳʝ ʥʘʙʦʨʳ ( )* *0 *1, ,...pu u u= , ʚ ʢʦʪʦ-

ʨʳʭ u*  t ï ʬʫʥʢʮʠʷ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʜʝʢʘʨʪʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ 
1 1

0 0

t t

U V
t t

- -

= =

³Ô Ô  ʚ ʤʥʦʞʝʩʪʚʦ U (t = 0,1, é). 

ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʘʢʠʭ ʥʘʙʦʨʦʚ ʦʙʦʟʥʘʯʠʤ *

pU . ʉʪʨʘʪʝʛʠʷʤʠ ʚʪʦʨʦʛʦ ʠʛʨʦʢʘ ʷʚʣʷʶʪʩʷ ʥʘʙʦʨʳ 

( )* *0 *1, ,...pv v v= , ʛʜʝ v*  t ï ʬʫʥʢʮʠʷ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʪʦ ʞʝ ʜʝʢʘʨʪʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ 
1 1

0 0

t t

U V
t t

- -

= =

³Ô Ô  ʚ ʤʥʦ-

ʞʝʩʪʚʦ V (t = 0,1, é). ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʩʪʨʘʪʝʛʠʡ ʪʘʢʦʛʦ ʚʠʜʘ ʝʩʪʴ *

pV . 

ʌʫʥʢʮʠʠ ʚʳʠʛʨʳʰʘ ʚ ʵʪʦʡ ʠʛʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉ ʧʦʤʦʱʴʶ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ 

 
0 *0 0 *0, ,u u v v= =  

 
* 0 1 0 1( ,..., , ,..., ),t t t tu u u u v v- -=  

 
* 0 1 0 1( ,..., , ,..., ),t t t tv v u u v v- -=  t = 1,2, é 

ʚʳʯʠʩʣʠʤ ʥʘʙʦʨʳ ʫʧʨʘʚʣʝʥʠʡ (u0,u1, é) ʠ (v0,v1, é) ʠ ʧʦʣʦʞʠʤ 
* * *

0

( , ) ( , )p p p t

t t

t

g u v p g u v
¤

=

=ä  ʠ 

* * *

0

( , ) ( , )p p p t

t t

t

h u v p h u v
¤

=

=ä . 

ʉʦʜʝʨʞʘʪʝʣʴʥʦ ʵʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʛʨʦʢʠ ʟʥʘʶʪ ʚʳʙʦʨʳ, 

ʩʜʝʣʘʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ, ʠ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠʛʨʦʢʦʚ ʤʥʦʞʝʩʪʚʦ ʨʘʚʥʦʚʝʩʥʳʭ ʚʳʠʛʨʳʰʝʡ, ʚʦ-

ʦʙʱʝ ʛʦʚʦʨʷ, ʨʘʩʰʠʨʷʝʪʩʷ. ʅʦ ʝʩʣʠ ʚʝʨʥʫʪʴʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʠʛʨʝ çʩʝʤʝʡʥʳʡ ʩʧʦʨè, ʪʦ ʪʘʢʦ-

ʛʦ ʨʘʩʰʠʨʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʋʙʝʜʠʪʴʩʷ ʚ ʵʪʦʤ ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʘ ʤʦʞʥʦ ʠ ʦʧʠʩʘʪʴ ʧʦʣʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʩʠʪʫʘʮʠʡ ʨʘʚʥʦʚʝʩʠʷ ʚ ʠʛʨʝ *

pG  (ʪʝʭʥʠʢʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʦʨʝʤʳ ʥʝ-

ʤʥʦʛʦ ʥʝʩʪʘʥʜʘʨʪʥʘ, ʥʦ ʩʪʨʫʢʪʫʨʘ ʨʘʚʥʦʚʝʩʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʡʜʝʥʥʘʷ ʖ.ɹ. ɻʝʨʤʝʡʝʨʦʤ ʠ ɸ.ʌ. ʂʦʥʦ-

ʥʝʥʢʦ, ʪʨʘʜʠʮʠʦʥʥʘ: ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʟʘʠʤʦʚʳʛʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʝʡʩʪʚʠʡ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʢʘʟʘʥʠʝ ʟʘ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʞʝʩʪʚʘ ʨʘʚʥʦʚʝʩʥʳʭ ʚʳʠʛʨʳʰʝʡ 

ʚʥʦʚʴ ʧʦʣʫʯʠʤ ʢʘʥʪʦʨʦʚʦ ʩʦʚʝʨʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ. 

ʇʦʷʚʣʝʥʠʝ ʩʪʦʣʴ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʳʯʥʦ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʭʘʦʪʠʯʥʦʩʪʠ ʚ ʤʦ-

ʜʝʣʠ [3]. ɺ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʦʠʪ ʧʨʦʚʝʨʷʪʴ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʜʣʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝ-

ʤʳ ʭʘʨʘʢʪʝʨʥʦ ʭʘʦʪʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʴ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ. ʆʜʠʥ ʠʟ ʚʦʟ-

ʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʪʘʢʦʛʦ ʫʪʦʯʥʝʥʠʷ, ʧʨʝʜʣʦʞʝʥ ʚ [1]. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʆʈɽʃʆɺ ʄ.ɸ. ʊʨʠ ʵʪʶʜʘ ʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʛʨʘʭ // ʋʧʨʘʚʣʝʥʠʝ ʙʦʣʴʰʠʤʠ ʩʠʩʪʝʤʘʤʠ, ɺʳʧ. 

20. ʄ.: ʀʇʋ ʈɸʅ, 2008. ʉ. 5ï20. 

2. ʄʋʃɽʅ ʕ. ʊʝʦʨʠʷ ʠʛʨ ʩ ʧʨʠʤʝʨʘʤʠ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. ʄ.: ʄʠʨ, 1985. ï 200 ʩ. 

3. BURNSLEY M. Fractals everywhere. Boston: Academic Press, 1988. ï 426 p. 

4. FUDENBERG D., TIROLE J. Game theory. Cambridge: MIT Press, 1991. ï 579 p. 
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ɿɸɼɸʏʀ ʉʀʅʊɽɿɸ ʆʇʊʀʄɸʃʔʅʓʍ ʄɽʍɸʅʀɿʄʆɺ ɺ ɸʂʊʀɺʅʓʍ ʉʀʉʊɽʄɸʍ 

ɽʥʘʣʝʝʚ ɸ.ʂ. 

(ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʈɸʅ, ʄʦʩʢʚʘ) 
anver.en@gmail.com,  

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ, ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ ʮʝʥʪʨʘ ʠ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʮʝʥʪʨʘ ʦ 

ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝ-

ʥʠʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʠʝʨʘʨʭʠʷ, ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʮʠʧ ʩʦʛʣʘʩʦʚʘ-

ʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ. 

 

ɿʘʜʘʯʘ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʮʝʜʫʨ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʩʪʠ-

ʤʫʣʠʨʦʚʘʥʠʷ) ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ʧʦ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʚ ʦʙʱʝʤ ʚʠʜʝ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [1].  

ɺ ʨʘʙʦʪʘʭ  [2-5] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʩʣʫʯʘʷ 

ʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʮʝʥʪʨʘ, ʠ ʜʦʢʘʟʘʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ [5] ʙʳ-

ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʟʘʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʤʝ ɻʝʨʤʝʡʝʨʘ 

[6]. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ   ʤʝʭʘʥʠʟʤʦʚ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʡ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʦʣʫʯʠʣʠ ʚ [7-9]. 

ɽʩʣʠ ʜʣʷ ʩʣʫʯʘʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʮʝʥʪʨʘ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ [2-9] ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʳ ʠ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʳ, ʪʦ ʜʣʷ ʩʣʫʯʘʷ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʨʝʰʝʥʠʶ ʦʢʘʟʘʣʠʩʴ 

ʜʦʩʪʫʧʥʦ ʪʦʣʴʢʦ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ  ʧʦʜʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʜʝʩʴ ʘʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ (ɸʕ) ʠ 

ʦʜʥʦʛʦ ʮʝʥʪʨʘ (ʎ). ʀʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʎ ʦʙ ɸʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʶʱʝʡʩʷ ʫ ʥʝʛʦ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʘ-

ʨʘʤʝʪʨʘʭ ɸʕ. 

ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʎ ʟʥʘʝʪ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ɸʕ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ-

ʚʝʜʝʥʦ ʚ [10-13]. 

ɼʣʷ ʩʣʫʯʘʷ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʎ, ʢʦʛʜʘ ʦʥ ʟʥʘʝʪ ʪʦʣʴʢʦ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʳ 

ʧʘʨʘʤʝʪʨʘ ɸʕ, ʠ ɸʕ ʩʦʦʙʱʘʝʪ ʝʤʫ ʦʮʝʥʢʫ ʩʚʦʝʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦʣʫʯʝʥ ʨʷʜ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʩʠʥʪʝʟʫ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ [14-18]. ʇʨʠ ʵʪʦʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʯʠʩʣʦ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʭʦʜʷʪ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʦʙʱʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʚʳʧʦʣʥʝʥʠʝ ʥʘʟʥʘʯʘʝʤʦʛʦ ʮʝʥʪʨʦʤ ʧʣʘʥʘ (ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ). 

ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʩʦʩʪʦʷʥʠʝ ɸʕ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʧʣʘʥ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʘʨʘʤʝʪʨ, ʷʚʣʷʶʪʩʷ ʩʢʘʣʷʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ɸʕ ʧʨʝʜʩʪʘʚʠʤʘ ʚ 

ʚʠʜʝ ʬʫʥʢʮʠʠ ʧʦʦʱʨʝʥʠʷ ʟʘ ʚʳʙʦʨ ʟʥʘʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʠʥʫʩ ʬʫʥʢʮʠʷ ʰʪʨʘʬʦʚ ʟʘ ʦʪʢʣʦʥʝʥʠʝ ʩʦ-

ʩʪʦʷʥʠʷ ʦʪ ʧʣʘʥʘ ʠ ʤʠʥʫʩ ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʟʥʘʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ɸʕ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʉʧʝʥʩʘ-ʄʠʨʣʠʩʘ [19]. 

ʆʙʦʙʱʝʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʩʣʫʯʘʡ ʤʦʜʝʣʠ ʩ ʤʥʦʛʦʤʝʨʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʩʪʦʷʥʠʷ, ʧʣʘʥʘ 

ʠ ʧʘʨʘʤʝʪʨʦʚ ɸʕ ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʟʘʜʘʯʠ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷ-

ʱʠʭ ʢ ʫʩʣʦʞʥʝʥʠʶ ʟʘʜʘʯʠ,  ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʥʦʞʝʩʪʚʦ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʧʣʘʥʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʚʳʧʫʢʣʳʤ ʜʘʞʝ ʜʣʷ ʩʠʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ ʰʪʨʘʬʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʝʣʠ-

ʯʠʥʘ ʰʪʨʘʬʘ ʟʘ ʥʝʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ. ʀʤʝʥʥʦ ʜʣʷ ʪʘʢʠʭ ʰʪʨʘʬʦʚ ʚ ʜʘʥʥʦʤ ʜʦ-

ʢʣʘʜʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ [14-18]. ʕʪʦʪ ʧʦʜʭʦʜ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ, ʢʦʛʜʘ ʩʦʩʪʦʷʥʠʷ, ʧʣʘʥʳ ʠ ʧʘʨʘ-

ʤʝʪʨʳ ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʴ, ʨʘʚʥʫʶ ʜʚʫʤ. 
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʩʪʦʡ ʢʨʠʪʝʨʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʡ ʚ ʙʝʟʦʧʘʩʥʳʭ ʩʪʨʘʪʝʛʠʷʭ ʚ ʪʦʯʢʘʭ 

ʨʘʟʨʳʚʘ ʬʫʥʢʮʠʠ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ ʠʛʨʦʢʦʚ ʚ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦʡ ʠʛʨʝ ʜʚʫʭ ʠʛʨʦʢʦʚ. ʇʨʠʚʦʜʷʪʩʷ 

ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʷ ʜʣʷ ʮʝʥʦʚʦʡ ʠʛʨʳ ʜʫʦʧʦʣʠʩʪʦʚ ʚ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʢʫ-

ʨʝʥʮʠʠ ʍʦʪʝʣʣʠʥʛʘ ʠ ʜʣʷ ʩʦʩʪʷʟʘʥʠʷ ʊʘʣʣʦʢʘ ʜʚʫʭ ʠʛʨʦʢʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʘʚʥʦʚʝʩʠʷ ʚ ʙʝʟʦʧʘʩʥʳʭ ʩʪʨʘʪʝʛʠʷʭ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʡ, ʥʝʢʦʦʧʝʨʘʪʠʚ-

ʥʳʝ ʠʛʨʳ. 

ɺʚʝʜʝʥʠʝ 

ʎʝʥʦʚʘʷ ʠʛʨʘ ʚ ʤʦʜʝʣʠ ʍʦʪʝʣʣʠʥʛʘ [5] ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʦʙʭʦʜʠʤʦʤʫ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʚʥʦ-

ʚʝʩʠʷ ʅʵʰʘ ʫʩʣʦʚʠʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʣʫʯʰʝʛʦ ʦʪʚʝʪʘ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʈʝʥʠ [6]. ɸ ʚ ʩʦʩʪʷʟʘʥʠʠ 

ʊʘʣʣʦʢʘ [7] ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʠʛʨʦʢʦʚ ʚʦʦʙʱʝ ʥʝʧʨʝʨʳʚʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʣʝʚʳʭ 

ʬʫʥʢʮʠʡ, ʨʘʚʥʦʚʝʩʠʡ ʅʵʰʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʚ ʤʦʜʝʣʠ ʍʦʪʝʣʣʠʥʛʘ, ʢʦʛʜʘ ʠʛʨʦʢʠ ʚʳʙʠʨʘʶʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʣʠʟʢʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʥʠ ʚ ʩʦʩʪʷʟʘʥʠʠ ʊʘʣʣʦʢʘ ʜʚʫʭ ʠʛʨʦʢʦʚ, ʢʦʛʜʘ ʧʦʢʘʟʘʪʝʣʴ 

ʬʫʥʢʮʠʠ ʫʩʧʝʭʘ ʧʨʝʚʳʰʘʝʪ ʜʚʦʡʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʡ ʅʵʰʘ ʚ ʵʪʠʭ ʤʦʜʝ-

ʣʷʭ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘʨʫʰʝʥʠʝʤ ʫʩʣʦʚʠʷ ʢʚʘʟʠʚʦʛʥʫʪʦʩʪʠ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ. ʅʝʢʚʘʟʠʚʦ-

ʛʥʫʪʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʥʦʛʦʧʠʢʦʚʦʩʪʴ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ (ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʜʚʫʭʧʠʢʦʚʦʩʪʴ). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʠ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʳʚʥʳʤʠ, ʢʦʛʜʘ ʦʥʠ çʧʝʨʝʩʢʘʢʠʚʘʶʪè ʩ ʦʜ-

ʥʦʛʦ ʧʠʢʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʥʘ ʜʨʫʛʦʡ. ʈʘʟʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ ʤʦʛʫʪ ʥʝ ʧʝʨʝʩʝʢʘʪʴ-

ʩʷ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʛʨʘ ʥʝ ʠʤʝʝʪ ʨʘʚʥʦʚʝʩʠʷ ʅʵʰʘ. ʄʳ ʧʦʢʘʞʝʤ, ʯʪʦ ʚ ʪʘʢʠʭ ʠʛʨʘʭ ʩ ʥʝʢʚʘʟʠʚʦʛʥʫ-

ʪʳʤʠ ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʨʘʚʥʦʚʝʩʠʷ ʚ ʙʝʟʦʧʘʩʥʳʭ ʩʪʨʘʪʝʛʠʷʭ (ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʄ.ʀʩʢʘʢʦʚʳʤ ʚ [1]) ʚ ʪʦʯʢʘʭ ʨʘʟʨʳʚʘ ʬʫʥʢʮʠʡ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ, ʠ ʜʦʢʘʞʝʤ ʧʨʦʩʪʦʡ ʢʨʠʪʝʨʠʡ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʜʣʷ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦʡ ʠʛʨʳ ʜʚʫʭ ʠʛʨʦʢʦʚ. 

1. ʈʘʚʥʦʚʝʩʠʷ ʚ ʙʝʟʦʧʘʩʥʳʭ ʩʪʨʘʪʝʛʠʷʭ 

ʂʦʥʮʝʧʮʠʷ ʨʘʚʥʦʚʝʩʠʡ ʚ ʙʝʟʦʧʘʩʥʳʭ ʩʪʨʘʪʝʛʠʷʭ (ʈɹʉ) ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʩʪʦʨʦʞ-

ʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʄ.ʀʩʢʘʢʦʚʳʤ ʚ [1]. ʇʨʠʚʝʜʸʤ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʈɹʉ ʚ ʥʦʚʦʡ ʬʦʨʤʝ ʠʟ [2].  

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʋʛʨʦʟʦʡ ʠʛʨʦʢʘ i ʧʨʦʪʠʚ ʠʛʨʦʢʘ j ʚ ʧʨʦʬʠʣʝ ʩʪʨʘʪʝʛʠʡ s ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ s'i ʪʘʢʘʷ, 

ʯʪʦ  ʠ  . 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʉʪʨʘʪʝʛʠʷ si ʠʛʨʦʢʘ i ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʡ ʚ ʧʨʦʬʠʣʝ ʩʪʨʘʪʝʛʠʡ s, ʝʩʣʠ ʥʠ ʦʜʠʥ ʠʛʨʦʢ j 

ԛ i ʥʝ ʠʤʝʝʪ ʫʛʨʦʟ ʧʨʦʪʠʚ ʠʛʨʦʢʘ i ʚ s. ʇʨʦʬʠʣʴ ʩʪʨʘʪʝʛʠʡ s ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʳʤ ʧʨʦʬʠʣʝʤ, ʝʩʣʠ 

ʚʩʝ ʝʛʦ ʩʪʨʘʪʝʛʠʠ ʙʝʟʦʧʘʩʥʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ɹʝʟʦʧʘʩʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʠʛʨʦʢʘ i ʚ ʙʝʟʦʧʘʩʥʦʤ ʧʨʦʬʠʣʝ s ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ s'i 

ʪʘʢʘʷ, ʯʪʦ  ʠ  ʜʣʷ ʣʶʙʦʡ ʫʛʨʦʟʳ s'j ʠʛʨʦʢʘ j ԛ i ʧʨʦʪʠʚ ʠʛʨʦ-

ʢʘ i ʚ ʧʨʦʬʠʣʝ . 

ʆʧʨʝʜʝʣʝʥʠʝ 4. ɹʝʟʦʧʘʩʥʳʡ ʧʨʦʬʠʣʴ ʩʪʨʘʪʝʛʠʡ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ ʚ ʙʝʟʦʧʘʩʥʳʭ ʩʪʨʘʪʝʛʠʷʭ 

(ʈɹʉ), ʝʩʣʠ ʥʠ ʦʜʠʥ ʠʛʨʦʢ ʥʝ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʙʝʟʦʧʘʩʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

2. ʈɹʉ ʥʘ ʨʘʟʨʳʚʘʭ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʦʧʝʨʘʪʠʚʥʫʶ ʠʛʨʫ ʜʚʫʭ ʣʠʮ ʚ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ 

 ʩ ʨʘʟʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ ʠʛʨʦʢʘ 1. 

                                                 
2
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 14-01-00131-ʘ 
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 ʊʝʦʨʝʤʘ. ʇʫʩʪʴ  ʪʦʯʢʘ ʨʘʟʨʳʚʘ ʬʫʥʢʮʠʠ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ ʠʛʨʦʢʘ 1, ʚ ʢʦʪʦʨʦʡ ʠʛʨʦʢ 

2 ʠʤʝʝʪ ʙʦʣʴʰʠʡ (ʠʣʠ ʥʝ ʤʝʥʴʰʠʡ) ʚʳʠʛʨʳʰ. ɽʩʣʠ ʬʫʥʢʮʠʷ ʥʘʠʣʫʯʰʠʭ ʦʪʚʝʪʦʚ ʠʛʨʦʢʘ 1 ʥʝʧʨʝʨʳʚʥʘ 

ʚ  ʩʣʝʚʘ (ʩʧʨʘʚʘ), ʪʦ s* ʷʚʣʷʝʪʩʷ ʈɹʉ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

¶ ʠʛʨʦʢ 2 ʥʝ ʠʤʝʝʪ ʙʝʟʦʧʘʩʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ s* , 

¶  ʚʦʟʨʘʩʪʘʝʪ (ʫʙʳʚʘʝʪ) ʧʦ  , 

¶  ( ). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʦʬʠʣʴ s* ʙʝʟʦʧʘʩʝʥ ʜʣʷ ʠʛʨʦʢʘ 2, ʪʘʢ ʢʘʢ ʠʛʨʦʢ 1 ʥʝ ʠʤʝʝʪ ʠʟ ʥʝʛʦ ʚʳʛʦʜʥʳʭ ʦʪ-

ʢʣʦʥʝʥʠʡ. ʆʥ ʪʘʢʞʝ ʙʝʟʦʧʘʩʝʥ ʜʣʷ ʠʛʨʦʢʘ 1 ʚ ʩʠʣʫ ʚʳʧʦʣʥʝʥʠʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʩʣʦʚʠʡ. ʉʦʛʣʘʩʥʦ 

ʧʝʨʚʦʤʫ ʫʩʣʦʚʠʶ ʠʛʨʦʢ 2 ʥʝ ʠʤʝʝʪ ʙʝʟʦʧʘʩʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ s*, ʘ ʠʛʨʦʢ 1 ʚʦʦʙʱʝ ʥʝ ʠʤʝʝʪ ʚʳʛʦʜʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ s* ʷʚʣʷʝʪʩʷ ʈɹʉ. ἦ 

 ʇʨʠʚʝʜʸʥʥʳʝ ʫʩʣʦʚʠʷ ʛʘʨʘʥʪʠʨʫʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʈɹʉ ʜʣʷ ʪʘʢʠʭ ʥʝʢʚʘʟʠʚʦʛʥʫʪʳʭ ʠʛʨ, ʢʦʪʦ-

ʨʳʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʪʘʥʜʘʨʪʥʳʤ ʫʩʣʦʚʠʷʤʠ ʪʝʦʨʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ ʅʵʰʘ (ʧʦ-

ʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʝ ʚʢʣʶʯʘʶʪ ʫʩʣʦʚʠʝ ʢʚʘʟʠʚʦʛʥʫʪʦʩʪʠ, ʚʦʟʤʦʞʥʦ ʚ ʥʝʢʦʪʦʨʦʡ ʦʩʣʘʙʣʝʥʥʦʡ ʬʦʨʤʝ). 

ʇʨʠʚʝʜʸʤ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʨʠʤʝʨʳ.  

ʇʨʠʤʝʨ 1. ʄʦʜʝʣʴ ʍʦʪʝʣʣʠʥʛʘ (1929) [5]. ɼʚʘ ʧʨʦʜʘʚʮʘ ʦʜʥʦʨʦʜʥʦʛʦ ʪʦʚʘʨʘ ʨʘʩʧʦʣʘʛʘʶʪ ʤʘʛʘʟʠʥʳ 

ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ a ʠ b ʦʪ ʢʦʥʮʦʚ ʦʪʨʝʟʢʘ ʜʣʠʥʳ l (a+b Ò l, a Ó 0, b Ó 0) ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʮʝʥʳ ʥʘ ʩʚʦʡ 

ʪʦʚʘʨ  ʠ . ʇʦʢʫʧʘʪʝʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʜʦʣʴ ʦʪʨʝʟʢʘ ʠ ʧʦʢʫʧʘʶʪ ʪʦʚʘʨ 

ʫ ʪʦʛʦ ʧʨʦʜʘʚʮʘ, ʮʝʥʘ ʢʦʪʦʨʦʛʦ ʩ ʫʯʝʪʦʤ ʜʦʩʪʘʚʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ. ʎʝʥʘ ʜʦʩʪʘʚʢʠ ʟʘʚʠʩʠʪ ʣʠʥʝʡʥʦ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʘʛʘʟʠʥʘ ʜʦ ʧʦʢʫʧʘʪʝʣʷ ʩ ʝʜʠʥʠʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. ʆʙʦʟʥʘʯʠʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞ-

ʜʫ ʤʘʛʘʟʠʥʘʤʠ ʢʘʢ d = l ï a ï b. ʊʦʛʜʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʠʛʨʦʢʘ 1 ʚ ʮʝʥʦʚʦʡ ʠʛʨʝ: 

 

ʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʚʪʦʨʦʛʦ ʠʛʨʦʢʘ ʩʠʤʤʝʪʨʠʯʥʘ. ʎʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʚʫʭʧʠʢʦʚʳʝ. 

ʇʝʨʚʳʡ ʧʠʢ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠʛʨʦʢʘ 1 ʜʦʩʪʠʛʘʝʪʩʷ ʚ , ʘ ʚʪʦʨʦʡ ʧʠʢ ï ʚ 

. ʌʫʥʢʮʠʷ ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ ʠʛʨʦʢʘ 1 ʧʝʨʝʩʢʘʢʠʚʘʝʪ ʩʦ ʚʪʦʨʦʛʦ ʧʠʢʘ ʥʘ 

ʧʝʨʚʳʡ ʧʨʠ . ʀʛʨʦʢ 2 ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʚʳʠʛʨʳʰ ʚ ʪʦʯʢʝ ʨʘʟʨʳʚʘ , 

ʛʜʝ . ʌʫʥʢʮʠʷ ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ ʠʛʨʦʢʘ 1 ʥʝʧʨʝʨʳʚʥʘ ʧʦ  ʩʣʝʚʘ. ʌʫʥʢʮʠʷ 

 ʚʩʝʛʜʘ ʚʦʟʨʘʩʪʘʝʪ ʧʦ . ʇʦʵʪʦʤʫ ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʪʝʦʨʝʤʳ ʚʳʧʦʣʥʝʥʦ. ʊʨʝʪʴʝ ʫʩʣʦʚʠʝ 

ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʫʩʣʦʚʠʡ:  ʠ . ɺʩʝ ʦʪʢʣʦʥʝ-

ʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʮʝʥʳ ʥʝ ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʠʛʨʦʢʘ 2, ʧʦʩʢʦʣʴʢʫ ʠʛʨʦʢ 1 ʤʦʞʝʪ ʧʝʨʝʩʢʦʯʠʪʴ ʚ ʦʪʚʝʪ ʥʘ 

ʧʝʨʚʳʡ ʧʠʢ ʩʚʦʝʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʧʦʜʨʝʟʘʪʴ ʠʛʨʦʢʘ 2 ʥʘ ʚʩʸʤ ʨʳʥʢʝ. ɺʩʝ ʦʪʢʣʦʥʝʥʠʷ ʠʛʨʦʢʘ 2 ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʮʝʥʳ ʝʤʫ ʥʝ ʚʳʛʦʜʥʳ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʪʨʝʪʴʝ ʫʩʣʦʚʠʝ. ʇʦʵʪʦʤʫ ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʪʝʦ-

ʨʝʤʳ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʪʴʝʛʦ ʫʩʣʦʚʠʷ. ʀʪʘʢ, ʧʦ ʪʝʦʨʝʤʝ ʪʦʯʢʘ ʨʘʟʨʳʚʘ  ʷʚʣʷʝʪʩʷ ʈɹʉ 

ʚ ʮʝʥʦʚʦʡ ʠʛʨʝ ʍʦʪʝʣʣʠʥʛʘ ʥʘ ʦʪʨʝʟʢʝ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ  ʠ 

 ʠʣʠ ʝʩʣʠ ʠʭ ʨʘʩʧʠʩʘʪʴ . ʕʪʦ 

ʩʦʚʧʘʜʘʝʪ ʩ ʦʜʥʠʤ ʠʟ ʩʣʫʯʘʝʚ ʧʦʣʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ [3]. 

ʇʨʠʤʝʨ 2. ʉʦʩʪʷʟʘʥʠʝ ʊʘʣʣʦʢʘ ʜʚʫʭ ʠʛʨʦʢʦʚ (1967) [7]. ɼʚʘ ʠʛʨʦʢʘ ʧʨʠʢʣʘʜʳʚʘʶʪ ʫʩʠʣʠʷ  ʠ , 

ʩʦʨʝʚʥʫʷʩʴ ʟʘ ʝʜʠʥʠʯʥʳʡ ʧʨʠʟ, ʠ ʠʤʝʶʪ ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ:  

 
ʂʦʛʜʘ ʧʦʢʘʟʘʪʝʣʴ ʬʫʥʢʮʠʠ ʫʩʧʝʭʘ , ʚ ʵʪʦʡ ʠʛʨʝ ʥʝʪ ʨʘʚʥʦʚʝʩʠʷ ʅʵʰʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʚʳʝ 

ʬʫʥʢʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʚʫʭʧʠʢʦʚʳʤʠ. ʇʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʜʣʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠʛʨʦʢʘ 

1 ʟʘʜʘʶʪʩʷ ʢʘʢ  ʠ , ʛʜʝ 

 

 ʌʫʥʢʮʠʷ ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ ʠʛʨʦʢʘ 1 çʧʝʨʝʩʢʘʢʠʚʘʝʪè ʩʦ ʚʪʦʨʦʛʦ ʧʠʢʘ ʥʘ ʧʝʨʚʳʡ ʚ 

. ʀʛʨʦʢ 2 ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʚʳʠʛʨʳʰ ʚ ʪʦʯʢʝ ʨʘʟʨʳʚʘ , ʛʜʝ . ʌʫʥʢʮʠʷ ʥʘʠʣʫʯʰʝʛʦ 

ʦʪʚʝʪʘ ʠʛʨʦʢʘ 1 ʥʝʧʨʝʨʳʚʥʘ ʧʦ  ʩʧʨʘʚʘ. ɺ ʠʛʨʝ ʊʘʣʣʦʢʘ  ʚʩʝʛʜʘ ʫʙʳʚʘʝʪ ʧʦ . ʇʦʵʪʦʤʫ 
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ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʪʝʦʨʝʤʳ ʚʳʧʦʣʥʝʥʦ. ʊʨʝʪʴʝ ʫʩʣʦʚʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ  ʧʨʠ 

, ʯʪʦ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ. ɺʩʝ ʦʪʢʣʦʥʝʥʠʷ ʩ ʫʙʳʚʘʥʠʝʤ ʫʩʠʣʠʷ ʥʝ ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʠʛʨʦʢʘ 2 ʢʘʢ 

ʜʦʢʘʟʘʥʦ ʚ [4]. ɺʩʝ ʦʪʢʣʦʥʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʩʠʣʠʷ ʥʝ ʚʳʛʦʜʥʳ ʜʣʷ ʠʛʨʦʢʘ 2, ʧʦʩʢʦʣʴʢʫ 

. ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ʪʝʦʨʝʤʳ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ. ʀʪʘʢ, ʧʦ ʪʝʦʨʝʤʝ ʪʦʯʢʘ ʨʘʟʨʳʚʘ 

 ʷʚʣʷʝʪʩʷ ʈɹʉ ʚ ʩʦʩʪʷʟʘʥʠʠ ʊʘʣʣʦʢʘ ʧʨʠ . 
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ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʩʪʦʛʦ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʨʠʥʠʤʘʶʱʝʡ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʟʥʘʯʝʥʠʡ. 

ʇʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʳʛʦʜʥʳʡ ʜʣʷ ʵʣʝʤʝʥʪʘ ʧʣʘʥ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʟʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚʩʪʨʝʯʥʳʭ ʧʣʘʥʦʚ, ʤʝʭʘʥʠʟʤ ʦʧʝʨʝʞʘʶʱʝʛʦ ʩʘ-

ʤʦʢʦʥʪʨʦʣʷ, ʜʠʩʢʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

ʈʘʩʩʤʦʪʨʠʤ ɸʕ, ʩʦʩʪʦʷʥʠʝ y ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʝʪ n ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ. ʆʙʦʟʥʘʯʠʤ ip  

- ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ i, ( ni ,1= ), 

(1)
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=
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j
ji pF   

ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ ʙʫʜʝʪ ʤʝʥʴʰʝ, 

ʯʝʤ i). 

ʈʘʩʩʤʦʪʨʠ ʬʫʥʢʮʠʶ ʰʪʨʘʬʘ ʟʘ ʦʪʢʣʦʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ j ʦʪ ʧʣʘʥʘ i 
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ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʣʘʥʘ i, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʠʥʠʤʫʤ ʦʞʠʜʘʝʤʦʡ ʚʝʣʠʯʠʥʳ 

ʰʪʨʘʬʘ 

(3)

 

() ( ) ( )ää
+=

-

=

-b+-a=D
n

ij
j

i

j
j pijpjii

1

1

1

.  

                                     

ʆʧʨʝʜʝʣʠʤ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʥʘʡʜʝʤ ʨʘʟʥʦʩʪʴ 

(4) ( ) ()( ) b-b+a=D-+D +11 iFii .    

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʩʪʦʷʥʠʝ i ʙʳʣʦ ʚʳʛʦʜʥʦ ʜʣʷ ɸʕ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦ-

ʚʠʡ 

 () ( ) 01 ¢-D-D ii , 

 ( ) () 01 ²D-+D ii  

ʠʣʠ 

 ( ) 0¢b-b+a iF , 

 ( ) 01 ²b-b+a +iF , 

ʯʪʦ ʣʝʛʢʦ ʩʚʝʩʪʠ ʢ ʥʝʨʘʚʝʥʩʪʚʘʤ 

(5) 1+¢¢ ii FqF ,    

ʛʜʝ 
b+a

b
=q . 

ʇʦʢʘʞʝʤ, ʯʪʦ ʝʩʣʠ niqFi ,1, =¸ , ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ i, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ (5).  

ɿʘʤʝʪʠʤ, ʚʦ-ʧʝʨʚʳʭ, ʯʪʦ (4) ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʝʡ i, ʧʦʩʢʦʣʴʢʫ ʚʩʝ 0>ip . ɼʘʣʝʝ, 

ʝʩʣʠ ( ) b²b+a 1p , ʪʦ ʩʦʩʪʦʷʥʠʝ 1 ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʛʦʜʥʳʤ. ɽʩʣʠ ( ) b<b+a 1p , ʪʦ ʥʘʡʜʝʪʩʷ ʝʜʠʥ-

ʩʪʚʝʥʥʳʡ ʥʦʤʝʨ i, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ (7), ʝʩʣʠ( ) 0²b-b+a nF . ɽʩʣʠ ( ) 0<b-b+a nF , ʪʦ ʩʦʩʪʦʷʥʠʝ n 

ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʛʦʜʥʳʤ. 
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ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʛʦʜʥʦʩʪʠ ʜʣʷ ɸʕ ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʩʦʩʪʦʷʥʠʷ i. ɽʩʣʠ 

qFi ¢ , ʪʦ ʧʨʦʙʣʝʤ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʧʦʩʢʦʣʴʢʫ ɸʕ ʚʳʛʦʜʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʷ, ʥʝ ʤʝʥʴʰʝʛʦ, ʯʝʤ i. 

ʇʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ qFi > . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ iF . 

ʇʫʩʪʴ ʠʤʝʶʪʩʷ m ʤʝʨʦʧʨʠʷʪʠʡ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʠʞʝ-

ʥʠʷ ʩʦʩʪʦʷʥʠʡ, ʥʝ ʤʝʥʴʰʠʭ ʯʝʤ i.  

ʆʙʦʟʥʘʯʠʤ ja  ʵʬʬʝʢʪ ʦʪ j-ʛʦ ʤʝʨʦʧʨʠʷʪʠʷ (ʫʤʝʥʴʰʝʥʠʝ iF  ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ i-ʛʦ ʤʝʨʦʧʨʠʷʪʠʷ), 

jʩ  - ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ j-ʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, mj ,1= . ʆʙʦʟʥʘʯʠʤ ʜʘʣʝʝ 1=jz , ʝʩʣʠ j-ʦʝ ʤʝʨʦʧʨʠʷ-

ʪʠʝ ʚʢʣʶʯʝʥʦ ʚ ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ, 0=jz , ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʆʧʨʝʜʝʣʠʪʴ jz , mj ,1= , ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ  

(6)

 
ä

j
jj zc       

͙ͨͪ ʦʛʨʘʥʠʯʝʥʠʠ 

(7)

 

AqFz i
j

jj =-²äa .     

ʕʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʦ ʨʘʥʮʝ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʠ ʮʝʣʦʯʠʩʣʝʥʥʳʭ jz  ʵʬʬʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʜʠʭʦʪʦʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʦ ʤʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʝʥʷʶʪʩʷ. ɺ 

ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʘʥʝʝ ʥʘʟʥʘʯʝʥʥʦʝ ʧʣʘʥʠʨʫʝʤʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʚʳʛʦʜʥʳʤ ʠʩ-

ʧʦʣʥʠʪʝʣʷʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ çʚʢʣʶʯʠʪʴè ʤʝʭʘʥʠʟʤ ʧʝʨʝʦʮʝʥʢʠ ʧʣʘʥʘ. ʉʫʪʴ ʤʝ-

ʭʘʥʠʟʤʘ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʥʠʪʝʣʠ ʠʤʝʶʪ ʧʨʘʚʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥ ʚ ʩʠʣʫ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘ-

ʮʠʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʝ ʙʳʣʘ ʯʘʩʪʦʡ ʚʚʦʜʠʪʩʷ ʰʪʨʘʬ ʟʘ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ()th , 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʦʤʝʥʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʝʝ ʚʝʣʠʯʠʥʳ, ʧʨʠʯʝʤ ʰʪʨʘʬ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʟʜ-

ʥʝʝ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʬʫʥʢʮʠʠ ʰʪʨʘʬʘ 
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ʛʜʝ i  - ʩʪʘʨʳʡ ʧʣʘʥ, j - ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʧʣʘʥ, T - ʧʣʘʥʠʨʫʝʤʳʡ ʧʝʨʠʦʜ, T¢t¢0 . 
ʀʜʝʷ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ 0=t , ʪʦ ʦʯʝʚʠʜʥʦ, ʰʪʨʘʬ ʨʘʚʝʥ 0, ʝʩ-

ʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ T=t , ʪʦ ʩʪʦʣʴ ʞʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʰʪʨʘʬ ʟʘ ʢʦʨʨʝʢʪʠʨʦʚʢʫ 

ʨʘʚʝʥ ʰʪʨʘʬʫ ʟʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʣʘʥʘ. ʇʦʣʫʯʠʤ ʫʩʣʦʚʠʝ ʚʳʛʦʜʥʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʧʣʘʥ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʥʘ ʦʜʥʫ ʝʜʠʥʠʮʫ ʩʦʩʪʦʷʥʠʷ. 

ɽʩʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ ʧʣʘʥʘ i ʥʘ ʝʜʠʥʠʮʫ, ʪʦ ʩ ʫʯʝʪʦʤ (6) ʧʦ-

ʣʫʯʘʝʤ ʚʳʠʛʨʳʰ ʦʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʨʘʚʥʳʡ ( ) ( ) ()
T

Fi i

t
b+b-tb+a=tD +

+
1, , ʛʜʝ  ()t+1iF - ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʦʤʝʥʪ t. 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʚʦʜʠʪʩʷ, ʝʩʣʠ ( ) ,0, <tDi ʠʣʠ 
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1 .    

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ () 11 ++ =t ii FF , ʪʦ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʝʩʪʝʩʪʚʝʥʥʦ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʧʦʩʢʦʣʴʢʫ  

b+a

b
²+1iF . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ  ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʝʩʣʠ 
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ɽʩʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʦʥʠʞʝʥʠʷ ʧʣʘʥʘ ʥʘ ʝʜʠʥʠʮʫ, ʪʦ ʚʳʠʛʨʳʰ ʦʪ ʢʦʨ-

ʨʝʢʪʠʨʦʚʢʠ ʨʘʚʝʥ 
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ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʝʩʣʠ  

(11)
 b+a

t
a-b

< TFi .   

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʥʝʩʣʦʞʥʦ ʦʙʦʙʱʠʪʴ ʥʘ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʜʚʝ ʠ ʙʦʣʝʝ ʝʜʠʥʠʮʳ ʩʦʩʪʦʷʥʠʷ. 
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ʆʅʊʆʃʆɻʀʏɽʉʂʀʁ ʀ ɸʈʍʀʊɽʂʊʋʈʅʓʁ  
ʀʅɾʀʅʀʈʀʅɻ ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

ʂʦʥʜʨʘʪʴʝʚ ɺ.ɺ., ʇʝʪʨʷʥʠʥ ɽ.ɺ. 

(ʄʦʩʢʦʚʩʢʠʡ ʌʠʟʠʢʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ (ɻʋ)) 
biggroup1@gmail.com, eugene.petryanin@gmail.com 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠʥʞʠʥʠʨʠʥʛʦʚʦʛʦ ʦʧʠʩʘʥʠ ̫ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʧʦʜʭʦʜʳ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʢʩʪʦʚʳʝ ʟʘʧʠʩʠ, ʤʫʣʴʪʠʟʥʘʢʦʚʳʝ ʟʘʧʠʩʠ, ʩʣʦʚʘʨʴ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ, ʛʠʧʝʨ-

ʪʝʢʩʪ, ʩʧʨʘʚʦʯʥʠʢ, wiki, ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʢʦʥʬʠʛʫʨʘʪʦʨ, ʢʦʥʬʠʛʫʨʘʪʦʨ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʪʯʝʪʦʚ, ʦʧʦʨ-

ʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʤʦʜʝʣʠ. 

 

ɺʚʝʜʝʥʠʝ 
 

ʇʨʠʤʝʤ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʥʘʯʘʣʴʥʳʡ ʬʦʨʤʘʪ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʪʝʢʩʪʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʥʘʢʦʚʳʝ ʟʘʧʠʩʠ: 

¶ ɻʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ. 

¶ ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʠʤʚʦʣʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ. 

¶ é 

ʇʨʠʤʝʨʦʤ ʦʧʠʩʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ çʂʦʥʩʪʨʫʢʪʦʨ ʨʝʛʫʣʷʨʥʦʛʦ ʤʝʥʝʜʞʤʝʥ-

ʪʘè [2], ʧʨʝʜʩʪʘʚʣʷʶʱʘ ̫ʩʦʙʦʡ ʦʙʦʙʱʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʢʪʠʢ ʚ ʦʙʣʘʩʪʠ ʤʝʥʝʜʞʤʝʥʪʘ ʠ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʠ ʦʧʠʩʳʚʘʶʪ ʩʫʱʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʩʣʦ-

ʚʘʨʠ, ʩʧʨʘʚʦʯʥʠʢʠ). 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʦʧʠʩʘʥʠʷ ʚ ʜʦʧʦʣʥʝʥʠʠ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʫʱʥʦʩʪʝʡ ʦʙʲʝʢʪʘ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘ-

ʯʠʤʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʩʚʷʟʠ ʩʫʱʥʦʩʪʝʡ. ʊʦ ʝʩʪʴ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʥʦʩʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʢʘʢ ʩʠ-

ʩʪʝʤʳ. 

1. ʆʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ 

¶ ʀʩʭʦʜʥʳʤ ʦʧʠʩʘʥʠʝʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʤʝʤ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ.  

¶ ʌʠʢʩʘʮʠʷ ʚʘʞʥʳʭ ʪʝʨʤʠʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʩʣʦʚʘʨʷ. ʉʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ ʦʙʳʯʥʦ ʨʘʟʤʝ-

ʱʘʝʪʩʷ ʢʘʢ ʚʳʜʝʣʝʥʥʳʡ ʨʘʟʜʝʣ ʚ ʥʘʯʘʣʝ/ʢʦʥʮʝ ʜʦʢʫʤʝʥʪʘ. 

¶ ʌʦʨʤʘʪ ʦʧʠʩʘʥʠʷ ʚ ʬʦʨʤʝ ʛʠʧʝʨʪʝʢʩʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʩ ʩʩʳʣʢʘʤʠ (çʧʨʦʚʘ-

ʣʠʪʴʩʷè) ʥʘ ʪʝʨʤʠʥʳ ʩʣʦʚʘʨʷ. 

¶ ʊʝʤʘʪʠʯʝʩʢʠʝ ʧʦʜʙʦʨʢʠ ʛʠʧʝʨʪʝʢʩʪʘ ʧʦʥʠʤʘʶʪ ʢʘʢ wiki . 

¶ ɽʩʣʠ ʢʘʞʜʦʤʫ ʪʝʨʤʠʥʫ ʩʣʦʚʘʨʷ ʧʨʠʩʚʦʝʥ ʥʦʤʝʨ/ʠʥʜʝʢʩ, ʪʦ ʛʦʚʦʨʷʪ ʦ ʩʧʨʘʚʦʯʥʠʢʝ. ʀʥʜʝʢʩʘʮʠʷ 

ʪʝʨʤʠʥʦʚ ʩʧʨʘʚʦʯʥʠʢʘ ʫʧʨʦʱʘʝʪ ʧʦʠʩʢ, ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʠʝʨʘʨʭʠʯʝʩʢʠ-ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʪʘʢʩʦ-

ʥʦʤʠʠ (çʩʦʩʪʦʠʪ ʠʟè) ʠ ʩʧʨʘʚʦʯʥʠʢʠ. 

¶ ʉʧʨʘʚʦʯʥʠʢʠ ʪʝʨʤʠʥʦʚ ʠ ʧʦʥʷʪʠʡ ʙʝʟ ʠʭ ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʥʠʤʘʶʪ ʢʘʢ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. ʈʘʩʰʠʬ-

ʨʦʚʢʘ ʪʝʨʤʠʥʦʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʧʝʨʪʝʢʩʪʦʚʳʭ ʩʩʳʣʦʢ.  

ʂʣʘʩʩʠʬʠʢʘʪʦʨʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʧʠʩʢʠ ʦʜʥʦʨʦʜʥʳʭ ʪʝʨʤʠʥʦʚ, ʥʘʧʨʠʤʝʨ: 

ʬʫʥʢʮʠʷ, ʧʦʜʬʫʥʢʮʠʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ, ʧʦʜʬʫʥʢʮʠʠ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. ʊʘʢʞʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʤʦ-

ʛʫʪ ʩʦʜʝʨʞʘʪʴ ʪʝʨʤʠʥʳ ʠ ʦʧʠʩʘʥʠʷ ʨʘʟʥʳʭ ʩʫʱʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ: ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʚʢʣʶʯʘʝʪ ʪʠʧʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʮʝʣʝʧʦʣʘʛʘʥʠʝ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ 

(ʬʫʥʢʮʠʠ), ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʟʚʝʥʴʷ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʩʪʝʤʘ ʠʟʤʝʥʝʥʠʡ ʠ ʜʨ. [2]. 
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2. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʦʧʠʩʘʥʠʷ 

ʇʫʩʪʴ ʟʘʜʘʥ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʵʣʝʤʝʥʪʦʚ Ǖ={ai, i I}  ʦʧʠʩʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, I ï ʤʥʦʞʝ-

ʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. ʕʣʝʤʝʥʪʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʪʘʢʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʵʣʝʤʝʥʪʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʅʘʣʠʯʠʝ ʠʥʜʝʢʩʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦ-

ʣʷʝʪ ʠʥʜʝʢʩʠʨʦʚʘʪʴ ʠ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʩʚʷʟʝʡ (i, j) ʵʣʝʤʝʥʪʦʚ, i, j I.  

ɿʥʘʯʠʤʳʝ ʫʯʠʪʳʚʘʝʤʳʝ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʫʢʘʟʘʥʳ ʠ ʦʧʠʩʘʥʳ ʦʧʝʨʘʪʦʨʦʤ ʩʦʦʪʚʝʪ-

ʩʪʚʠʡ Ɋ(ai, aj)=0. ʆʪʩʫʪʩʪʚʠʝ (ʥʝʟʘʜʘʥʥʦʩʪʴ) ʦʧʝʨʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʠʡ Ɋ(ai, aj) ʦʟʥʘʯʘʝʪ ʥʝʩʫʱʝʩʪʚʝʥ-

ʥʦʩʪʴ (ʥʝʫʯʝʪ) ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʫ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ Ǖ ɻʣʝʤʝʥʪʦʚ i ʠ j. 

ɿʘʧʠʩʴ A=(Ǖ, Ǖ), ʟʘʜʘʶʱʘʷ ʦʧʠʩʘʥʠʝ ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ Ǖ ʥʘʟʳʚʘʶʪ 

ʦʧʠʩʘʥʠʝʤ (ʤʘʪʨʠʮʝʡ) ʩʚʷʟʝʡ. ɿʘʧʠʩʴ, ʩʦʜʝʨʞʘʱʫʶ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʵʣʝʤʝʥʪʦʚ Ǖ ʠ ʤʘʪʨʠʮʫ ʩʦʦʪʚʝʪ-

ʩʪʚʠʡ A=(Ǖ, Ǖ) ʥʘʟʳʚʘʶʪ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ (ʘʨʭʠʪʝʢʪʫʨʦʡ) ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝ-

ʤʳ. ɺ ʵʪʦʤ ʦʧʠʩʘʥʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʮʝʣʦʩʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʮʝ-

ʣʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ, ʢʦʤʧʦʥʝʥʪ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ. 

3. ʂʦʥʬʠʛʫʨʘʪʦʨʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʜʝʨʞʘʪ ʠʩʭʦʜʥʳʝ ʟʘʧʠʩʠ, ʟʘʜʘʶʱʠʝ ʚʳʙʨʘʥʥʳʡ ʩʧʦʩʦʙ (ʥʦʪʘ-

ʮʠʶ) ʮʝʣʦʩʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-ʨʘʟʥʦʤʫ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʉʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʟʘʜʘʝʪ ʢʦʥʬʠʛʫʨʘʪʦʨ ʘʨʭʠ-

ʪʝʢʪʫʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʛʝʥʝʨʘʪʦʨ ʦʪʯʝʪʦʚ). 

4 ʇʣʘʪʬʦʨʤʘ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʝʨʚʠʩʦʚ 

ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʦʧʠʩʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʀʊ-ʩʝʨʚʠʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʚʘʥʳ: ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ARIS, ɹʀɻ-ʤʘʩʪʝʨ 

ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ (ɹʠʟʥʝʩ-ʠʥʞʝʥʝʨ, ʆʈɻ-ʤʘʩʪʝʨ), Business Studio ʠ ʜʨ. [3]. ɺʦ ʤʥʦʛʦʤ ʵʪʠ ʨʘʟʨʘʙʦʪ-

ʢʠ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʠʜʝʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ [2] ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʧʝʨʝʡʪʠ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʟʜʘʥʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʦʟʤʦʞʥʳʡ ʩʦʩʪʘʚ ʪʘʢʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʇʣʘʪʬʦʨʤʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ 

 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʪʴ ʩʝʨʚʠʩʳ ʨʘʟʚʠʪʠʷ ʢʦʤʧʝʪʝʥ-

ʮʠʡ ʨʘʙʦʪʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʝʜʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ.  

ɽʱʝ ʦʜʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ï ʵʪʦ ʰʪʘʪʥʦʝ ʪʠʧʦʚʦʝ ʩʦʩʪʘʚʣʝʥʠʝ ʦʧʠʩʘʥʠʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʨʝʜʧʦʩʳʣʢʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʦʨʛʘʥʠʟʘʮʠʡ. ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʦ ʠ ʜʣʷ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 
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[1, 4], ʛʜʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʢʦʧʣʝʥʘ ʦʙʰʠʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʨʝʰʝʥʠʡ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʘʜʘʯ, ʠ ʪʨʝʙʫ-

ʝʪʩʷ ʥʘʨʘʙʦʪʢʘ  ʧʨʦʝʢʮʠʡ ʵʪʠʭ ʨʝʰʝʥʠʡ ʚ ʧʨʠʢʣʘʜʥʳʝ ʧʨʝʜʤʝʪʥʳʝ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ ʟʘ ʫʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʘ: ʀ. ʃʶʙʠʤʮʝʚʫ, ɸ. ʄʝʨʢʫʣʦʚʫ. 
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ɺ ʜʦʢʣʘʜʝ ʧʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʤʦʩʪʴ ʥʝʤʘʥʠʧʫʣʠʨʫʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ ʚ 

ʚʠʜʝ ʦʙʦʙʱʝʥʥʳʭ ʤʝʜʠʘʥʥʳʭ ʩʭʝʤʳ ʜʦʧʦʣʥʝʥʥʳʭ ʧʨʘʚʠʣʦʤ ʜʝʣʝʛʠʨʦʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʤʘʥʠʧʫʣʠʨʫʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʤʝʭʘʥʠʟʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ, ʤʝʭʘʥʠʟʤ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʦʙʦʙʱʝʥʥʳʝ ʤʝʜʠʘʥ-

ʥʳʝ ʩʭʝʤʳ, ʩʤʝʰʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʨʘʚʠʣʦ ʜʝʣʝʛʠʨʦʚʘʥʠʷ. 

 

ɺ ʩʪʘʪʴʝ [4] ,ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʙʦʡ ʥʝʤʘʥʠʧʫʣʠʨʫʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ 

īʤʝʭʘʥʠʟʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ (ʄʇʈʈ) [1] ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʦʙʦʙʱʝʥʥʦʡ 

ʤʝʜʠʘʥʥʦʡ ʩʭʝʤʳ (ʆʄʉ) [6], ʜʦʧʦʣʥʝʥʥʦʡ ʧʨʘʚʠʣʦʤ ʜʝʣʝʛʠʨʦʚʘʥʠ ̫[3,8], ʪ.ʝ. ʥʝʤʘʥʠʧʫʣʠʨʫʝʤʳʤ ʤʝ-

ʭʘʥʠʟʤʦʤ ʩʤʝʰʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ [5]. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʤʝʭʘʥʠʟʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ(ʄʇʈɿ) [2].  

ɿʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʪʘʥʦʚʢʝ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʠ-

ʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʮʝʥʪʨʘ ʠ ʤʥʦʞʝʩʪʚʘ {1,..., }N n=  ʘʛʝʥʪʦʚ. ʋ ʮʝʥʪʨʘ ʠʤʝʶʪʩʷ ʟʘʪʨʘʪʳ  - 
1R +Í , ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ. ʇʨʝʜʧʦʯʪʝʥʠʷ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ i NÍ  ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʘʟʥʘʯʘʝʤʳʭ ʝʤʫ ʟʘʪʨʘʪ [0, ]ix RÍ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʜʥʦʧʠʢʦʚʦʡ ʬʫʥʢʮʠʝʡ  iu : 
1 1

+ , ʩ 

ʪʦʯʢʦʡ ʧʠʢʘ 0it² [7]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʧʦʯʪʝʥʠʷ ʘʛʝʥʪʦʚ ʥʝ ʠʟʚʝʩʪʥʳ ʮʝʥʪʨʫ. ʇʨʠ 
i

i N

Rt
Í

<ä ʠʤʝʝʪ 

ʤʝʩʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʢʨʳʪʠʝ ʟʘʪʨʘʪ.  

ʀʟʚʝʩʪʥʦ [7], ʯʪʦ ʜʣʷ ʵʪʦʡ ʧʦʩʪʘʥʦʚʢʠ ʣʶʙʦʡ ʥʝʤʘʥʠʧʫʣʠʨʫʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘ-

ʪʨʘʪ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʄʇʈɿ. ʃʶʙʦʡ ʄʇʈɿ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

i N" Í  [0, ]R R" Í  ʦʧʨʝʜʝʣʷʶʪʩʷ ( , ) : 2 \ [0, ]i Nq R RÅ , ʪʘʢʠʝ, ʯʪʦ , 2 \NS V" Í Å, [0, ]R R" Í  

1. ( , )i

i S

q S R R
Í

=ä ; 

2. ʝʩʣʠ R R< , ʪʦ i S" Í ( , ) ( , )i iq S R q S R¢ ; 

3. ʝʩʣʠ S VË  ʪʦ ( , ) ( , )i iq S R q V R² ; 

ʘ ʟʘʪʨʘʪʳ R  ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ  ʩʣʝʜʫʶʱʝʤʫ ʠʪʝʨʘʮʠʦʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ:  

ʐʘʛ 0. ɺʩʝ ʘʛʝʥʪʳ ʩʦʦʙʱʘʶʪ 
it, ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ-ʜʠʢʪʘʪʦʨʦʚ 

0K =Å, ʤʥʦʞʝʩʪʚʦ çʥʝʫʜʦ-

ʚʣʝʪʚʦʨʝʥʥʳʭè ʘʛʝʥʪʦʚ ï ʥʝ-ʜʠʢʪʘʪʦʨʦʚ 
0N N= , ʥʝʦʙʭʦʜʠʤʳʝ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʪʨʘʪʳ 

0R R= . 

ʅʦʤʝʨ ʰʘʛʘ l = 1. 

ʐʘʛ l1. 1 1\l l lN N K- -= , 
lK = 1{ : ( , )}i i

l l li N q N Rt -Í ² ,  

ʐʘʛ l2. li K" Í  i ix t= . ɽʩʣʠ 
lK =Å, ʪʦ ʘʣʛʦʨʠʪʤ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ li N" Í 1( , )i i

l lx q N R-= . 

ʐʘʛ l3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʪʨʘʪʳ 1 .
l

i

l l

i K

R R t-

Í

= -ä  ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤ ʰʘʛʫ : l = l + 1. 

ɺ ʜʦʢʣʘʜʝ ʠʟʣʘʛʘʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʣʝʜʫʶʱʠʭ ʢʣʶʯʝʚʳʭ ʪʝʦʨʝʤ. 

ʊʝʦʨʝʤʘ 1. ʃʶʙʦʡ ʄʇʈɿ  ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 

(1) 
:

max{ , min ( , ( ))}i i i

S N i S
x q S R St

Ì Í
= , i NÍ , 

                                                 
3
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 12-07-00365-ʘ 
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ʛʜʝ 
\

( ) j

j N S

R S R t
Í

= -ä ,  ( ) : 2 \ [0, ] [0, ]i Nq R RÅ³   , ʧʨʠʯʝʤ , 2 \NS V" Í Å, ,i S" Í [0, ]z R" Í  

( )iq  ʫʜʦʚʣʝʪʚʦʨʷʶʪ [0, ]z R" Í :  ( , )i

i S

q S z z
Í

=ä ;
( , )

0

iq S z

z

µ
²

µ
;  ʝʩʣʠ S VË  ʪʦ 

\( , ( , )) ( , )i i

V Sq S z Q V z q V z- = , ʛʜʝ ( , ) ( , )j

S

j S

Q V z q V z
Í

=ä . 

 

ʆʧʨʝʜʝʣʠʤ  ʆʄʉ ( )ht :  

(2) ( ) min{ [0, ] |{ | } ( )},j

i i ih z R j N t z L zt= Í Í ¢ Í i NÍ , 

ʛʜʝ  

( )iL z =
( , ) :{ : }

( , ) :{ : # 2}

i

i

z q N R S N i S

z q N R S N i S S

ë û" ² Ì Íî î
ì ü
" < Ì Í Ø ²î îí ý

,  

ʜʦʧʦʣʥʝʥʥʫʶ ʧʨʘʚʠʣʦʤ ʜʝʣʝʛʠʨʦʚʘʥʠʷ ( )t t : 

(3) 
\{ }:

max{ , min ( , ( ))},j i i

i
S N j i S

t q S R St
Ì Í

=   \{ }j N iÍ , i i

it t= . 

 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʄʇʈɿ ( )p t ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ ( ) : 2 \ [0, ] [0, ]i Nq R RÅ³  , 

i NÍ . ʊʦʛʜʘ ʆʄʉ ( )ht, ʜʦʧʦʣʥʝʥʥʘʷ ʧʨʘʚʠʣʦʤ ʜʝʣʝʛʠʨʦʚʘʥʠʷ ( )t t, ʵʢʚʠʚʘʣʝʥʪʥʘ  

ʄʇʈɿ ( )p t. 
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