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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 519.8 

 

ɸʃɻʆʈʀʊʄ ʈɽʂʆʅʉʊʈʋʂʎʀʀ ʀɿʆɹʈɸɾɽʅʀʗ ʇʆ ɽɻʆ ʈɸɼʆʅʆɺʉʂʆʄʋ ʆɹʈɸɿʋ 
 

 ʃ.ʋ. ɹʘʭʪʠʝʚʘ1, ɻ.ʈ. ʃʘʪʳʧʦʚʘ2 
1 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨʘʥʪ 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʥʘ ʦʩ-

ʥʦʚʝ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ ʝʛʦ ʧʨʦʝʢʮʠʷʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʦʝʢʮʠʷ, ʦʙʨʘʟ. 

 

ʇʨʦʙʣʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʝʛʦ ʧʨʦʝʢʮʠʷʤ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ï 

ʜʠʘʛʥʦʩʪʠʢʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʘʧʧʘʨʘʪʫʨʦʡ (ʥʘʧʨʠʤʝʨ, ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʪʦʤʦʛʨʘʬʘʤʠ), ʟʘʯʘʩʪʫʶ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʜʦʨʦʛʦʚʠʟʥʳ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʠ 

ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʮʝʣʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʧʦ ʝʛʦ ʧʨʦʝʢʮʠʷʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʨʦʩʪʝʡʰʠʤ ʘʣʛʦʨʠʪʤʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʈʘʜʦʥʘ ʷʚʣʷʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ. ʌʦʨʤʫʣʘ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ ʠʤʝʝʪ ʚʠʜ [4] 

 

                                                         

 

ʛʜʝ  ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ,  ï ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʝʢʮʠʠ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

(ʧʦʣʫʯʝʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʘʧʧʘʨʘʪʥʳʤ ʧʫʪʝʤ ʧʨʠ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ). ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ 

ʧʨʦʝʢʮʠʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ [1, 3, 5]. 

ʇʫʩʪʴ ʬʫʥʢʮʠʷ  ï ʠʥʪʝʛʨʠʨʫʝʤʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʫʥʢʮʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʣʦʩʢʦʩʪʠ  

ʧʨʷʤʫʶ  , ʫʨʘʚʥʝʥʠʝ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʠʜ 

 

          (1) 

 

ʛʜʝ  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʜʦ ʵʪʦʡ ʧʨʷʤʦʡ,  ï ʫʛʦʣ ʤʝʞʜʫ ʧʨʷʤʦʡ ʠ ʦʩʴʶ . 

ʀʥʪʝʛʨʠʨʫʷ ʬʫʥʢʮʠʶ  ʚʜʦʣʴ ʧʨʷʤʦʡ , ʧʦʣʫʯʠʤ ʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʬʫʥʢʮʠʠ ʆʙʲʝʜʠʥʠʚ ʠʥ-

ʪʝʛʨʘʣʳ ʚʜʦʣʴ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʨʷʤʳʭ s, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʨʷʤʳʤ p, ʥʘʭʦʜʠʤ ʧʨʦʝʢʮʠʶ ʬʫʥʢʮʠʠ  

ʧʨʠ ʧʦʚʦʨʦʪʝ ʣʠʥʠʠ  ʥʘ ʫʛʦʣ  ʇʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʈʘʜʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ , ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʠʜ 

 

                                        (2) 

 

ʠʣʠ 

 

          (3) 

 

ʛʜʝ  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ. 

ɼʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʦʨʤʫʣ (2) ʠ (3) ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʩʢʨʝʪʥʫʶ ʬʦʨʤʫ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʈʘʜʦʥʘ.  

ʇʫʩʪʴ ʟʘʜʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʤʝʨʦʤ , ʚ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ  ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝ-

ʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, . ʆʧʝʨʘʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʫʣʝ ʟʘʤʝʥʷʝʪʩʷ ʦʧʝʨʘ-

ʮʠʝʡ ʩʫʤʤʠʨʦʚʘʥʠʷ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʣʷ  ʫʛʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ  ʩ ʰʘʛʦʤ 

                                                           
É ɹʘʭʪʠʝʚʘ ʃ.ʋ., ʃʘʪʳʧʦʚʘ ɻ.ʈ. / Bakhtiyeva L.U., Latypova G.R., 2017 
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. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʚʠʜʝ  ʟʥʘʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ  ʩ ʰʘʛʦʤ 

. ɺʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʦʢʨʫʞʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʩʪʨʦʷʪʩʷ ʧʨʦʝʢʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɽʛʦ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʘʧʘʟʦʥ  ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʮʠʡ,  ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʨʘʟʙʠʝʥʠʷ ʚʜʦʣʴ ʧʨʦʝʢʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʨʘʜʦʥʦʚʩʢʦʛʦ ʦʙʨʘʟʘ ʧʨʠ 

. 

 

 
 

ʈʠʩʫʥʦʢ 1. 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʠʚʰʝʝʩʷ ʠʟʦʙ-

ʨʘʞʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʨʘʟʤʳʪʳʤ, ʢʦʥʪʫʨʳ ʥʝʯʝʪʢʠʤʠ, ʧʣʦʭʦ ʚʠʜʥʦ ʜʝʪʘʣʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 2. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʤʝʥʠʤ ʘʣʛʦʨʠʪʤ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʧʨʦ-

ʝʢʮʠʠ [2, 5]. ɽʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʦʨʤʫʣ  

 

                                                         

                                                               

 

ʛʜʝ  ʠ  ï ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, |v| ï ʬʠʣʴʪʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦ ʧʨʦʝʢʮʠʷʤ  ʚʦʩʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

1) ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʜʦʥʦʚʩʢʦʛʦ ʦʙʨʘʟʘ  ʚʳʯʠʩʣʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ; 

2) ʬʫʥʢʮʠʶ  ʫʤʥʦʞʠʪʴ ʥʘ ; 

3) ʚʳʯʠʩʣʠʪʴ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ  ʠ ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʝʢʮʠʠ u(p,ɗ); 

4) ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʬʫʥʢʮʠʶ  ʧʦ ʫʛʣʫ , ʚʦʩʩʪʘʥʦʚʠʚ ʠʩʭʦʜʥʫʶ ʬʫʥʢʮʠʶ. 

ʇʨʠ ʜʠʩʢʨʝʪʥʳʭ ʜʘʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʝʢʮʠʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʷʤʦʛʦ 
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ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ɿʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʝʢʮʠʡ  ʠ ʪʦʯʝʢ ʨʘʟʙʠʝʥʠʷ ʚʜʦʣʴ ʧʨʦʝʢʮʠʠ  

ʙʝʨʫʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʧʨʷʤʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʈʘʜʦʥʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʠʩʢʨʝʪʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ .  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʧʨʦʝʢʮʠʠ. ʇʨʠ ʧʨʠ-

ʤʝʥʝʥʠʠ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʯʝʪʢʠʤ, ʯʝʤ ʧʨʠ ʘʣʛʦʨʠʪʤʝ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʮʠ-

ʨʦʚʘʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʋɼʂ 53:51 

 

ɽɼʀʅʉʊɺɽʅʅʆʉʊʔ ʈɽʐɽʅʀʁ ʆɼʅʆʁ ʈɸɿʅʆʉʊʅʆʁ  

ɿɸɼɸʏʀ ɼʃʗ ʋʈɸɺʅɽʅʀʁ ʉɺʆɹʆɼʅʆʁ ʂʆʅɺɽʂʎʀʀ 
 

 ʇ.ɹ. ɹʝʡʩʝʙʘʡ1, ɽ. ɸʢʞʠʛʠʪʦʚ2, ʄ.ʐ. ʊʠʣʝʧʠʝʚ3, ɸ.ɹ. ɸʨʫʦʚʘ4 

1, 2, 3, 4 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʩʪʘʥʘ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʦʣʥʦʩʪʴʶ ʥʝʷʚʥʘʷ ʠʪʝʨʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʪʘʮʠʦ-

ʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʜʝʝ çʩʣʘʙʦʡ ʩʞʠʤʘʝʤʦʩʪʠè. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʨʘʟʥʦʩʪʥʘʷ 

ʟʘʜʘʯʘ (1)-(3) ʧʨʠ ʤʘʣʳʭ Gr , Pr ʠ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ ʩ ʤʘʣʳʤʠ ʥʝʛʘʪʠʚʥʳʤʠ ʥʦʨʤʘʤʠ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 
ʨʝʰʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʷʚʥʘʷ ʠʪʝʨʘʮʠʦʥʥʘʷ ʩʭʝʤʘ, ʩʣʘʙʘʷ ʩʞʠʤʘʝʤʦʩʪʴ, ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʨʘʟ-

ʥʦʩʪʥʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ, ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʢʦʥʚʝʢʪʠʚʥʳʝ ʩʣʘʛʘʝʤʳʝ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʦʙʣʘʩʪʠ },1   ,10{ NxD =¢¢= aa , ʛʜʝ Nï ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʘ ʨʘʟʥʦʩʪ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ  

 

),(
||

)(, xf
g

gGr
upgraduuL hhuh

C
C

C
CCC

C +-D=+ q        (1) 

,0=udiv
C

        (2) 

)(
Pr

1
)(, xguL hh +D= qqq

C
.       (3) 

 

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ Nmu
m

,1, =  ʦʧʨʝʜʝʣʝʥʳ ʚ ʫʟʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʪʦʢ 

 

( )( ){ },1,1,0,,,0,,...,,2/1,...,, 1121, =-=¸=+= +- MhMlmkMlhlhlhlhlhlhlD mkNmmmhm  

 

ʘ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʟʣʘʭ ʩʝʪʢʠ 

 

( ){ }.,0,1,0,,...,, 21 NkMlhlhlhlD kNh =-==  

 

ʈʘʟʥʦʩʪʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ (1)-(3) ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʦʧʝ-

ʨʘʪʦʨʳ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʩʦ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ ʪʦʯʥʦʩʪʠ [1]. 

q,,
,

huh
LL C  ï ʨʘʟʥʦʩʪʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʣʘʛʘʝʤʳʭ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ 

 

( )( ) 0,, ,, == qqqhuh LuuL
CC

C .       (4) 

 

ʅʘ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʥʠʤʘʶʪ ʦʜʥʦʨʦʜʥʳʝ 

ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, ʪ.ʝ. 
 

.0||
,

== µµ hhm DDmu q        (5) 

 

ʇʨʠʚʝʜʝʤ ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʥʦʩʪʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ (1)-(3), (5). 

ɽʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʡ 

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ ʨʘʟʥʦʩʪʥʳʝ ʦʧʝʨʘʪʦʨʳ uhL C
, , q,hL  ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳ, ʪʦ ʜʣʷ ʨʝʰʝʥʠʷ u

C
 ʠ 

q ʨʘʟʥʦʩʪʥʦʡ ʟʘʜʘʯʠ (1)-(3), (5) ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ 

                                                           
É ɹʝʡʩʝʙʘʡ ʇ.ɹ., ɸʢʞʠʛʠʪʦʚ ɽ., ʊʠʣʝʧʠʝʚ ʄ.ʐ., ɸʨʫʦʚʘ ɸ.ɹ. / Beisebay P.B., Akzhigitov Ye., Tilepiyev M.Sh., Aruova A.B., 2017 
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+¢Ð gRafuh
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ʋʤʥʦʞʘʷ ʩʢʘʣʷʨʥʦ ʥʘ u
C

 ʩʦʦʪʥʦʰʝʥʠʝ (1) ʚ ( )mhDL ,2  ʩ ʫʯʝʪʦʤ ʪʦʞʜʝʩʪʚ (4), ʧʦʣʫʯʠʤ 

( ) ( )11
Pr

--
+¢Ð gGrfuh

CC
. 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (3) ʠʤʝʝʤ ( )qq ,
Pr

1 2
gh =Ð . 

ʆʪʩʶʜʘ ʧʦ ʘʥʘʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʳʜʫʱʝʡ ʦʮʝʥʢʠ ʫʩʪʘʥʦʚʠʤ, ʯʪʦ 
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q
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ 

 

( )
,Pr

1-
¢Ð ghq         (6) 

( ) ( )
,

11 --
+¢Ð gRafuh

CC
            (7) 

 

ɽʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ j
d

j hÐ¢
0

1
, ʪʦ ʠʤʝʝʤ ʦʮʝʥʢʫ ʜʣʷ ʨʝʰʝʥʠʷ u

C
 ʠ q, 

ʪʦ ʝʩʪʴ ʠʟ ʥʝʨʘʚʝʥʩʪʚ (6) ʠ (7) ʧʦʣʫʯʠʤ 
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,Pr

1
1
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d
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( ) ( )1

0
1

0

1
--

+¢ g
Ra

fu
dd

CC
. 

 

ɺʳʷʩʥʠʤ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʨʘʟʥʦʩʪʥʦʡ ʟʘʜʘʯʠ (1)-(3), (5). 

ʊʝʦʨʝʤʘ 2. ɽʩʣʠ ʬʫʥʢʮʠʡ f
C

, g  ʠ ʯʠʩʣʘ Gr , Pr ʪʘʢʠʝ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʩʪʦʷʥ-

ʥʳʭ 321 ,, ccc  ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ 1e ʠ 2e ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʨʘʚʝʥʩʪʚʘ 
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ʪʦ ʨʘʟʥʦʩʪʥʘʷ ʟʘʜʘʯʘ (1)-(3), (5) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ʇʦ ʫʩʣʦʚʠʶ ʪʝʦʨʝʤʳ ʧʨʘʚʳʝ ʯʘʩʪʠ ʨʘʟʥʦʩʪʥʦʡ ʟʘʜʘʯʠ (1)-(3) f
C

, g  ʠ ʯʠʩʣʘ Pr,Gr  ʪʘʢʦʚʳ, ʯʪʦ 1e ʠ 

2e ʤʦʞʝʤ ʧʦʜʦʙʨʘʪʴ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚ 

 

0,0 >> ba .         (8) 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ (8) ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʥʦʨʤ 
( ) ( )11

,
--

gf
C

 ʠ ʯʠʩʣʘʭ 

Pr,Gr  ʠ ʨʘʚʥʦʩʠʣʴʥʳ ʫʩʣʦʚʠʷʤ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪ-

ʩʷ ʥʝ ʫʣʫʯʰʘʝʤʳʤʠ [2-5]. 
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ʕʃɽʄɽʅʊɸʈʅʓɽ ʇɽʈɽʅʆʉʏʀʂʀ ʕʅɽʈɻʀʀ 
 

 ɹ.ʊ. ʋʪʝʣʙʘʝʚ1, ʕ.ʅ. ʉʫʣʝʡʤʝʥʦʚ2, ɸ.ɹ. ʋʪʝʣʙʘʝʚʘ3 

1, 3 ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ),  
2 ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɿʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʚ ʩʪʘʪʴʝ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʮʠʢʣʘ ʂʘʨʥʦ. ʊʨʘʥʩʧʦʨʪ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè. ʊʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʧʫʣʴʩʘʮʠʡ (v) ʵʪʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʦ ʬʦʨʤʫʣʝ: 

 T = 0,959Ā10-11Āv, ʛʜʝ 0,959Ā10-11ʂĀʩ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʥʩʪʘʥʪʦʡ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ 

ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ çʢʦʤʙʠʥʘʮʠʠè ʩ ʜʨʫʛʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦ-

ʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʠ ʠ ʵʥʝʨʛʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʠʷ, çʭʠʤʠʯʝʩʢʠʡ ʠʥʜʠʚʠʜè, çʪʝʧʣʦʪʨʦʥè, ʬʦʪʦʥ, ʵʣʝʢʪʨʦʥ, ʪʝʤʧʝʨʘʪʫʨʘ, ʮʠʢʣ 

ʂʘʨʥʦ.  

 

ɺʚʝʜʝʥʠʝ 

ʇʦ ʦʙʱʝʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ [2, 4, 6, 16] ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ ʪʝʧʣʦʪʳ ʠ ʨʘʙʦʪʳ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʞʜʫ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʝʜʠ-

ʥʠʯʥʳʤ ʯʘʩʪʠʮʘʤ ʤʠʢʨʦʩʠʩʪʝʤʳ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʪʠʨʘʝʪʩʷ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʪʝʧʣʦʪʦʡ ʠ ʨʘʙʦʪʦʡ. ʆʜʥʘʢʦ, ʨʘʟʣʠʯ-
ʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝ-

ʩʢʦʤ ʫʨʦʚʥʝ [11, 13, 19, 24, 25]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʦʡ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʢʦʤʧʣʝʢʩʝ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ ʚ [10-13, 18, 19, 21, 22] ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè. ʇʨʠ ʵʪʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè, ʥʘ ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ, ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʦʪʳ, ʩʚʝʪʘ ʠ ʜʨ. ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʚʝʨʰʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʜʨ. ʚʠʜʦʚ ʨʘʙʦʪ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʥʝʨʛʠʷ ʚ ʚʠʜʝ ʨʘʙʦʪʳ ʧʝʨʝʜʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ ʜʚʠʞʝ-

ʥʠʝʤ ʯʘʩʪʠʮ, ʘ ʪʝʧʣʦʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʝʧʣʦ-

ʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʵʥʪʨʦʧʠʝʡ, ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝʤ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʧʦʛʣʦʱʝʥʥʳʭ ʠʣʠ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ çʢʦʤʙʠʥʘʮʠʝʡè ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ çʭʠʤʠʯʝʩʢʦʛʦ 

ʠʥʜʠʚʠʜʘè [12, 15, 23]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ (ʭʠʤʠʯʝʩʢʘʷ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʜʨ.) ʠʣʠ 

ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʦʪʳ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘ-

ʥʠʷ ʧʨʦʮʝʩʩʘ [3]. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

çʪʝʧʣʦʪʨʦʥʦʚè ʠ ʨʦʣʴ çʪʝʧʣʦʪʨʦʥʦʚè ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʘ ʂʘʨʥʦ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʝ ʪʝʧʣʦʪʳ ʚ ʧʦ-

ʣʝʟʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʢ ʩʠʩʪʝʤʝ ʠʟ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʵʥʪʨʦʧʠʠ 

ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʵʥʪʘʣʴʧʠʠ ʠʣʠ çʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷè. ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʇʦʛʣʦʱʝʥʥʘʷ ʩʠʩʪʝʤʦʡ ʪʝʧʣʦʪʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʠ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʝʶ ʚʥʝʰʥʝʡ ʨʘʙʦʪʳè. ʀ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘ-

ʤʠʢʠ ʚʳʛʣʷʜʠʪ: 

 

Q = æU+W ʠ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʠʟʤʝʥʝʥʠʷ ŭQ = dU+ ŭW 
 

ʛʜʝ Q ï ʧʦʛʣʦʱʝʥʥʘʷ ʪʝʧʣʦʪʘ, æU ï ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, W ï ʩʦʚʝʨʰʝʥʥʘʷ ʚʥʝʰʥʷʷ ʨʘʙʦʪʘ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʦʚʝʨʰʝʥʠʷ ʚʥʝʰʥʝʡ ʨʘʙʦʪʳ, ʪʝʧʣʦʪʘ ʧʦʣʥʦʩʪʴʶ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨ-

ʛʠʠ, ʪ.ʝ.: 
 

Q = æU ʠ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʠʟʤʝʥʝʥʠʷ ŭQ = dU. 

                                                           
É ʋʪʝʣʙʘʝʚ ɹ.ʊ., ʉʫʣʝʡʤʝʥʦʚ ʕ.ʅ., ʋʪʝʣʙʘʝʚʘ ɸ.ɹ. / Utelbayev B.T., Suleimenov E.N., Utelbayeva A.B., 2017 
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ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʠʣʠ ʪʝʣʦ ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦʩʦʩʪʘʚʣʷʶʱʠʭ (ʘʪʦʤʳ, ʤʦʣʝʢʫʣʳ, ʵʣʝʤʝʥʪʘʨ-

ʥʳʝ ʯʘʩʪʠʮʳ), ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʝ ʜʚʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʀʥʦʛʜʘ ʧʦʜ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʵʥʝʨʛʠʶ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʵʥʝʨʛʠʶ ʪʝʧʣʦʚʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʤʦʣʝʢʫʣʳ, ʥʝ ʟʘʜʘʚʘʷʩʴ ʩʫʱʥʦʩʪʴʶ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʤ ʩʘʤʦʡ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ. ɺ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʦʙʦʩʥʦʚʘʥʥʘʷ ʥʘʤʠ ʥʦʚʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ï ʧʝʨʝʥʦʩʯʠʢ ʪʝʧʣʦʪʳ çʪʝʧʣʦʪʨʦʥè [10-13, 15, 

18, 19, 21, 22] ʚʥʦʩʠʪ ʷʩʥʦʩʪʴ ʚ ʧʦʥʷʪʠʝ çʧʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠè ʠ ʧʦʟʚʦʣʷʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʥʘ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʫʨʦʚʥʷʭ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝ-

ʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʤʠʢʨʦʷʚʣʝʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʧʦʥʠ-

ʤʘʥʠʷ ʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʠʢʨʦʦʙʲʝʢʪʘʭ. ʇʝʨʝʜʘʯʘ ʠ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʚ çʭʠʤʠʯʝʩʢʦʤ ʠʥʜʠʚʠʜʝè 

[25] ï ʵʣʝʤʝʥʪʘʨʥʦʤ ʟʚʝʥʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ï ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ 

[23]. ɺʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʩʠʩʪʝʤʫ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʷʝʪ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʇʨʠ ʧʝʨʝʜʘʯʝ 

ʪʝʧʣʦʪʳ ʢ ʩʠʩʪʝʤʝ, ʝʩʣʠ ʩʪʨʫʢʪʫʨʘ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè ʥʝ ʥʘʨʫʰʘʝʪʩʷ, ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ (Q) ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ (æU) ʠ ʯʘʩʪʠʯʥʦʝ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ, ʩʚʝʪʘ ʠ ʜʨ. ʧʨʦʷʚʣʝʥʠʡ 

ʩʠʩʪʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ:  

 

Q = æU +ʪʝʧʣʦʪʘ+ʩʚʝʪ + ʜʨ. 

 

ɼʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ: 

 

ŭQ = dU + çʪʝʧʣʦʪʨʦʥʳè+ ʬʦʪʦʥʳ + ʜʨ. ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ.r 

 

ʊʝʧʣʦʪʘ ʠ ʨʘʙʦʪʘ ʷʚʣʷʶʪʩʷ ʬʦʨʤʘʤʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʭʘʨʘʢʪʝʨʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʝ-

ʨʝʥʦʩʯʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʪʝʧʣʦʪʳ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ 

ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʛʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʘ ʨʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʠʭ ʢʦʣʣʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʥʦʝ 

ʜʚʠʞʝʥʠʝ (ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʤʘʩʩʠʚʥʳʭ ʪʝʣ ʠ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥ-

ʥʝʡ ʵʥʝʨʛʠʠ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ). ʅʘʨʷʜʫ ʩ ʭʘʨʘʢʪʝʨʦʤ ʜʚʠʞʝʥʠʷ, ʧʨʠʨʦʜʘ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʫ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ: ʥʘʙʦʨ ʦʧʪʠʯʝʩʢʠʭ ʬʦʪʦʥʦʚ ï ʩʚʝʪ ʠ ʥʘʙʦʨ çʪʝʧʣʦʪʨʦʥʦʚè - 

ʪʝʧʣʦʪʫ ʠ ʪ.ʧ. ʇʦʛʣʦʱʝʥʠʝ ʪʝʧʣʦʪʳ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴʶ (ʩʨ) ʚʝʱʝʩʪʚʘ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʝʝ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ï ʜʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʈ0
 =1 ,01Ā105ʇʘ) ʚʳʨʘʞʘʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʫʨʘʚ-

ʥʝʥʠʝʤ ʚ ʚʠʜʝ: 

 

ʩʨ = ʘ + bT + cô/T2 

 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘ, b ʠ cô ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠ [16]. ʇʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʠ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ ʟʥʘʯʝʥʠʡ 

ʘ, b ʠ cô [3] ʨʘʩʩʯʠʪʘʣʠ ʵʥʪʘʣʴʧʠʶ ʠʣʠ çʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝè ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (ʪʘʙʣʠʮʘ 

1). ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʜʘʥʥʳʤʠ ʪʘʙ-

ʣʠʮʳ ʇ4 ʚ [9]. ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʦʪ ʤʘʩʩʳ ʢ ʵʥʝʨʛʠʠ [3] ʠ ʟʘʜʘʚʘʷʩʴ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝ-

ʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʩʩʯʠʪʘʣʠ ʤʘʩʩʳ çʪʝʧʣʦʪʨʦʥʦʚè ʥʘ ʝʜʠʥʠʮʫ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʢʦʣʠʯʝʩʪʚʦ çʪʝʧ-

ʣʦʪʨʦʥʦʚè, ʧʝʨʝʜʘʥʥʳʭ ʢ ʚʦʜʷʥʦʤʫ ʧʘʨʫ. ʇʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (ʈ0
 =1 ,01Ā105ʇʘ) 

ʜʣ̫ ʤʦʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʨʘʩʩʯʠʪʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ çʪʝʧʣʦʪʦʨʦʥʦʚè, ʛʜʝ ʦʙʲʝʤ ʧʘʨʘ ʦʧʨʝʜʝʣʷʣʩʷ ʠʟ ʨʘʚʝʥʩʪʚʘ  

V =RT/ʈ0. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʝʨʝʜʘʚʘʝʤʳʝ çʪʝʧʣʦʪʨʦʥʳè (ʠʣʠ ʢʦʤʙʠʥʘʮʠʠ ʬʦʪʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ, çʪʝʧʣʦʪʨʦʥʦʚè) 

ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè [13, 23], ʧʨʠ-

ʜʘʚʘʷ ʠʤ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʤʧʫʣʴʩ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʠʟʤʝ-

ʥʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤ ʠʤʧʫʣʴʩʦʤ ʠ ʩʦʟʜʘʝʪʩʷ ʢʘʞʫʱʝʝʩʷ ʚʧʝʯʘʪʣʝʥʠʝ ʦʙ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʠʭ ʚ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʷʭ. ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʚʝʱʝʩʪʚʦ, 

ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè ʠʟʤʝʥʷʝʪʩʷ, ʠ ʚʳʜʝʣʷʶʱʠʝʩʷ çʪʝʧʣʦʪʨʦʥʳè 

ʧʦʛʣʦʱʘʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʟʜʘʚʘʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʪʝʧʣʦʪʳ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʤʦʣʝʢʫʣ. ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʝʩʣʠ çʪʝʧʣʦʪʨʦʥè ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣ, ʪʦ ʥʘ ʧʝʨʚʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʚʟʛʣʷʜ 

ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʠʞʝʥʠʷʤʠ ʤʦʣʝʢʫʣ. ɺ ʨʝʘʣʴʥʦʩʪʠ çʪʝʧʣʦʪʨʦʥʳè (çʪʝʧ-

ʣʦʪʨʦʥʳè ʠ ʜʨ.) ʚʣʠʷʶʪ ʥʘ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʠʟʤʝʥʷʝʪ ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ [13]. ʇʦ ʬʦʨʤʫʣʝ T = 0,959Ā10-11Āv, ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʚ [20], ʜʣʷ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ çʪʝʧʣʦʪʨʦʥʦʚè (ʪʘʙʣʠʮʘ 1). ʀʟ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪ 400ʂ ʜʦ 2000ʂ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ çʪʝʧʣʦʪʨʦʥʦʚè (v) ʠʟʤʝʥʷʝʪʩʷ ʦʪ 4,1Ā1013 ʜʦ 20,85Ā1013ɻʮ ʚ 5 ʨʘʟ, ʧʨʠ ʵʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʝʧʣʦʪʨʦʥʦʚ ʩ(ʊ) ʠʟʤʝʥʷʝʪʩʷ ʦʪ 3,24Ā10-4 ʜʦ 3,98Ā10-4 ʤʦʣʴ/ʤ3 ʚ 1,2ʨʘʟʘ. ʕʪʦ ʨʘʩʢʨʳʚʘʝʪ ʬʠʟʠʯʝ-

ʩʢʠʡ ʩʤʳʩʣ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

[20]. 
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ʊʘʙʣʠʮʘ 1 

ʀʟʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʚʝʣʠʯʠʥ ʩʠʩʪʝʤʳ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 
ʊ,ʂ  ʉʨ, 

ɼʞ/ʤʦʣʴĀʂ 

 æʅ, 

ɼʞ/ʤʦʣʴ 

*m(ʊ)Ā1013ʢʛ/ʤʦʣʴ n(ʊ), 

ʤʦʣʴ 

 v Ā10-13, 

ɻʮ 

VĀ102, ʤ3 ʩ(ʊ)Ā104, 

ʤʦʣʴ/ʤ3 

400 35,26 14104 1,57 0,107 4,17 3,3 3,24 

500 35,48 17740 1,97 0,135 5,21 4,1 3,29 

600 36,51 21908 2,44 0,167 6,25 4,9 3,41 

700 37,56 26294 2,92 0,199 7,30 5,7 3,49 

800 38,62 30896 3,43 0,234 8,34 6,6 3,54 

900 39,67 35103 3,90 0,266 9,38 7,4 3,60 

1000 40,44 40800 4,54 0,310 10,42 8,2 3,78 

1500 44,61 62400 6,94 0,474 15,64 12,3 3,85 

2000 46,56 86160 9,59 0,656 20,85 16,46 3,98 

 

ʇʨʠʤʝʯʘʥʠʝ: *  m(ʊ) ï ʤʘʩʩʘ çʪʝʧʣʦʪʨʦʥʘè , n(ʊ) ï ʢʦʣʠʯʝʩʪʚʦ çʪʝʧʣʦʪʨʦʥʘè. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʪʳ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʥʘʙʦʨʘ ʯʘʩʪʠʮ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʘʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ (ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʧʘʨʦʚʳʝ 

ʪʫʨʙʠʥʳ ʠ ʜʨ.). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ, ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠ ʜʨ. ʚ ʤʘʩʰʪʘʙʝ çʭʠ-

ʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʚʩʝʭ ʵʪʠʭ ʨʘʙʦʪ ʭʘʨʘʢʪʝʨʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ (ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ) ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

(ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʥʦʚ, ʧʦʢʘʟʘʥʥʦʝ ʄ. ʌʘʨʘʜʝʝʤ [14]).  

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʥʝʨʛʠʝʡ ʠʟʚʥʝ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʠʩʭʦʜʥʳʭ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè ʨʝʘʛʠ-

ʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʚ ʜʨʫʛʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢ ʚʳʛʦʜ-

ʥʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʕʪʦ ʠ ʝʩʪʴ ʧʨʦʷʚʣʝʥʠʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʛʦ ʧʨʠʥʮʠʧʘ ʀ. ʇʨʠʛʦʞʠʥʘ [5] ï 

çʥʝʨʘʚʥʦʚʝʩʥʳʝ ʧʨʦʮʝʩʩʳ ʩʣʫʞʘʪ ʠʩʪʦʯʥʠʢʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠè. ɺʳʜʝʣʷʶʱʠʝʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ 

ʧʨʠʜʘʚʘʷ ʠʤʧʫʣʴʩ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʘʤ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè ʧʦʚʳʰʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʩʪʝʤʳ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʪʝʧʣʦʪʳ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʦ ʚ ʧʨʠʥʮʠʧʝ ʮʠʢʣʘ ʂʘʨʥʦ. ʇʨʠ ʥʝʨʘʚʥʦʚʝʩ-

ʥʦʤ ʧʨʦʮʝʩʩʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʝ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʚʳʨʘʞʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ: 

 

dU = dE + ŭW + ŭQ1 + ʜʨ. 

 

ʛʜʝ dE ï ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ (ʪʝʧʣʦʪʳ), ʧʦʜʘʥʥʦʡ ʠʟʚʥʝ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ; ŭW ï ʭʠʤʠ-

ʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè; ŭQ1 ï ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ ʪʝʧʣʦʪʘ, ʚʳ-

ʜʝʣʷʝʤʘʷ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʧʨʦʮʝʩʩʝ, ʜʨ. ï ʜʨʫʛʠʝ ʚʠʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ. ɺ 

ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʩʣʘʛʘʝʤʦʝ ŭQ1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʫʶ ʪʝʧʣʦʪʫ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʝʢʦʤ-

ʧʝʥʩʠʨʦʚʘʥʥʘʷ ʪʝʧʣʦʪʘ ʵʪʦ ʪʝʧʣʦʪʘ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ: 

 

ȹɛ = ɛ (ʢʦʥʝʯʥʦʝ) - ɛ (ʠʩʭʦʜʥʦʝ) 

 

ʛʜʝ ɛ ï ʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʨʝʘʛʠʨʫʶʱʠʭ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ çʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮè ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʧʨʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʟʘʚʠʩʠʪ ʘʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʠ 

ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʚʨʘʱʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝ-

ʘʢʮʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʚʳ-

ʰʝʩʢʘʟʘʥʥʦʛʦ, ʯʪʦ ʩʦ ʚʩʝʡ ʦʯʝʚʠʜʥʦʩʪʴʶ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧ ʮʠʢʣʘ ʂʘʨʥʦ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʣʩʷ ʠʟʥʘ-

ʯʘʣʴʥʘ ʥʘ ʪʝʦʨʠʠ çʪʝʧʣʦʨʦʜʘè [7, 17]. ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤ ʧʨʦʮʝʩʩ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʤʳʡ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʈ, V ʠ ʊ, ʚʟʘʠʤʦʩʚʷʟʴ ʢʦʪʦʨʳʭ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʄʝʥʜʝʣʝʝ-

ʚʘ-ʂʣʘʧʝʡʨʦʥʘ ʚ ʚʠʜʝ ʈV = nRʊ. ʀʟʤʝʥʝʥʠʝ ʣʶʙʦʛʦ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʚʣʠʷʝʪ ʥʘ ʜʨʫʛʠʝ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʦʪʳ ʜʣʷ ʩʦ-

ʚʝʨʰʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ. ɼʣʷ ʤʥʦʛʠʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʪʳ ʷʚʣʷʝʪʩʷ ʭʠʤʠ-

ʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʛʦʨʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɻʦʨʝʥʠʶ ʫʛʣʝʚʦʜʦʨʦʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ï ʉ-ʅ ʠ ʆ-ʆ ʩ ʧʝʨʝʭʦʜʦʤ ʠʭ ʚ ʜʨʫʛʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ [20]. ʇʨʠ ʪʘʢʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ çʪʝʧʣʦʪʨʦʥʦʚè ʠ ʜʨ. ʀʩʧʫʩʢʘʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʚʝʨʰʝʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʪ.ʝ. ʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʚ ʫʧʦʨʷ-

ʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè. ʅʘ ʈ ï V ʜʠʘʛʨʘʤʤʝ, ʠʟʦʙʨʘʞʘʶʱʝʡ ʮʠʢʣ ʂʘʨʥʦ (ʨʠʩʫ-

ʥʦʢ 1), ʧʦ ʣʠʥʠʠ ɸɺ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʠʜʝʪ ʥʘʢʦʧʣʝʥʠʝ ʪʝʧʣʦʪʳ, ʪ.ʝ. çʪʝʧʣʦʪʨʦʥʦʚè. 

ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ ʦʪ V0 ʜʦ V1 ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʦʪ ʈ0 ʜʦ ʈ1 ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʩʪʚʫ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ çʪʝʧʣʦʪʨʦʥʦʚè, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʈ1 ʠ V1 
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ʧʦʩʪʫʧʣʝʥʠʝ çʪʝʧʣʦʪʨʦʥʦʚè ʧʨʝʢʨʘʱʘʝʪʩʷ (ʪʝʧʣʦ ʥʝ ʧʦʜʘʝʪʩʷ) ʠ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʦʪ V2 ʜʦ V3 ʠ 

ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʪ ʈ1 ʜʦ ʈ2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʧʫʣʴʩʠʨʫʶʱʠʭ çʪʝʧʣʦʪʨʦʥʦʚè, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ. ʋʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ çʪʝʧʣʦʪʨʦʥʦʚè ʧʦ ʬʦʨʤʫʣʝ  

T = 0,959Ā10-11Āv ʦʪ 20,85Ā1013ɻʮ ʜʦ 4,17Ā1013ɻʮ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʩʪʝ-

ʤʳ ʦʪ ʊ1 ʜʦ ʊ2, ʠ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ (ʣʠʥʠʷ ɺʉ). ʇʦ ʜʘʥʥʳʤ [1], ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʥ-

ʮʝ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʧʦʩʣʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 2000ʂ ʠ 400ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 2000ʂ ʜʦ 400ʂ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʈV ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʝʤ ʄʝʥʜʝʣʝʝʚʘ-ʂʣʘʧʝʡʨʦʥʘ ʚ 5 ʨʘʟʘ (ʈ1V1: ʈ2V2 = 2000 : 400), ʪ.ʝ. ʧʦ ʠʟʦʪʝʨʤʝ ʉD ʠʜʝʪ ʫʤʝʥʴʰʝʥʠʝ 

ʦʙʲʝʤʘ ʦʪ V2 ʜʦ V3. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ ʢʦʥʮʝʥʪʨʘʮʠʷ çʪʝʧʣʦʪʨʦʥʦʚè ʚʦʟʨʘʩʪʘʝʪ, ʦʜʥʘʢʦ ʟʘ ʩʯʝʪ ʦʭʣʘʞʜʝ-

ʥʠʷ ʪʝʧʣʦʪʘ ʩʠʩʪʝʤʳ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʦʮʝʩʩ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʡ ʪʝʧ-

ʣʦʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʦʪʝʨʤʫ. ʋʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʦʪ V3 ʜʦ V0 ʠ ʨʦʩʪʘ ʜʘʚʣʝʥʠʷ ʦʪ ʈ3 ʜʦ ʈ0 ʟʘ ʩʯʝʪ ʘʜʠʘʙʘʪʠʯʝ-

ʩʢʦʛʦ ʩʞʘʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʠʡ çʪʝʧʣʦʪʨʦʥʦʚè ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʈ0V1, ʪ.ʝ. ʈ0V1 

=RT1 ʠʣʠ ʈ0V1 =RĀ0,959Ā10-11Āv. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 400ʂ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʠ çʪʝʧʣʦʪʨʦʥʘè ʩʦʩʪʘʚ-

ʣʷʝʪ 4,57Ā1013 ɻʮ ʘ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ ʧʨʠ 600ʂ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ çʪʝʧʣʦʪʨʦʥʦʚè 5,21Ā1013ɻʮ. 

 

 
 

ʈʠʩ. 1. ʎʠʢʣ ʂʘʨʥʦ ʥʘ ʈ-V ʜʠʘʛʨʘʤʤʝ 

 

ɼʘʥʥʳʡ ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦ ʣʠʥʠʠ ɺʉ ʧʨʠʚʦʜʠʪ ʢ ʠʟʚʣʝʯʝʥʠʶ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʠ ʤʝʥʴʰʝʡ 

ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ, ʯʪʦʙʳ ʧʦʨʰʝʥʴ ʜʦʩʪʠʛ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦ ʣʠʥʠʷʤ ʉD ʠ DA. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʝ-

ʚʨʘʱʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʳ ʘʥʘʣʦʛʠʯʥʳʝ ʠʣʠ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʠʢʣʦʤ ʂʘʨʥʦ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ çʪʝʧʣʦʪʨʦʥʦʚè ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡʩʷ ʩʠʣʦʡ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʥʝʨʘʚʥʦʚʝʩʥʳʡ ʧʨʦʮʝʩʩ. ʇʨʠʥʷʪʦ, ʯʪʦ ʜʣʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʢʦ-

ʨʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʥʪʨʦʧʠʠ ʠ ʧʦʥʷʪʠʝ ʵʥʪʨʦʧʠʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ [2, 5]. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʮʠʢʣ ʂʘʨʥʦ ʨʘʩʩʤʦʪʨʝʥ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʵʥʪʨʦʧʠʡʥʳʭ ʚʝʣʠʯʠʥ ʥʘ T-S ʜʠʘʛʨʘʤʤʝ. ʅʘ ʵʪʦʡ ʜʠʘʛʨʘʤ-

ʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ1 (ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ) ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ ʵʥʪʨʦʧʠʠ ʦʪ S1 ʜʦ S2. ɼʘʥʥʳʡ ʧʨʦ-

ʮʝʩʩ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ 

ʚʳʜʝʣʝʥʠʝ çʪʝʧʣʦʪʨʦʥʦʚè ʠʟ çʢʦʤʙʠʥʘʮʠʡè ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè. ʋʚʝʣʠʯʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʘ çʪʝʧʣʦʪʨʦʥʦʚè ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʪʝʧʣʦʪʳ ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʵʥʪʨʦ-

ʧʠʠ. ʆʜʥʘʢʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ çʪʝʧʣʦʪʨʦʥʦʚè ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʪ.ʝ. ʧʫʣʴʩʘʮʠʷ 

ʠʭ ʥʝ ʤʝʥʷʝʪʩʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ T = 0,959Ā10-11Āv ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʧʨʦʪʝʢʘʥʠʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʂʦʛʜʘ ʧʦʩʪʫʧʣʝʥʠʝ çʪʝʧʣʦʪʨʦʥʦʚè ʧʨʝʢʨʘʪʠʪʩʷ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʘʜʠʘʙʘ-

ʪʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʥʠʞʘʝʪʩʷ ʦʪ ʊ1 ʜʦ ʊ2. ɸʜʠʘʙʘʪʥʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʟʳʚʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʈV ʥʘ T1/T2 ʨʘʟʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʪʨʦ-

ʧʠʠ ʦʪ S2 ʜʦ S1. ʆʜʥʘʢʦ, ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʜʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʢ ʨʦʩʪʫ ʩʦʫʜʘʨʝʥʠʡ ʠ ʫʚʝ-

ʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ çʪʝʧʣʦʪʨʦʥʦʚè, ʘ ʠʤʝʥʥʦ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʊ2 ʜʦ ʊ1. 
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ʈʠʩ. 2. ʎʠʢʣ ʂʘʨʥʦ ʥʘ T-Sʜʠʘʛʨʘʤʤʝ 
 

ʕʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʥʘ ʤʠʢʨʦ- ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʶʪ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʚʨʘ-

ʱʝʥʠʷ ʪʝʧʣʦʪʳ ʚ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ. ʂʘʢ ʧʨʠ ʛʦʨʝʥʠʠ ʪʦʧʣʠʚʘ, ʪʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʧʨʦʮʝʩʩ ʠʜʝʪ ʩ ʫʯʘʩʪʠʝʤ ʵʣʝʢʪʨʦʥʦʚ, ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʚʳʜʝʣʝʥʠʝʤ ʦʛʨʦʤ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʩʚʝʪʘ ʠ ʜʨ., ʭʦʪʷ ʚ ʷʚʥʦʤ ʚʠʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʧʘʩ ʪʝʧʣʦʪʳ ʠ ʩʚʝʪʘ ʚ ʠʩʭʦʜʥʳʭ ʚʝʱʝ-

ʩʪʚʘʭ. ʅʘʧʨʠʤʝʨ, ʩʤʝʩʴ ʙʝʥʟʠʥʘ ʠ ʚʦʟʜʫʭʘ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʩʦʜʝʨʞʠʪ ʪʝʧʣʦʪʳ ʠ ʩʚʝʪʘ. ʇʨʠ ʘʢʪʠʚʘʮʠʠ 

ʤʦʣʝʢʫʣ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚ [3], ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʧʝʨʝʭʦʜʷʪ ʚ ʜʨʫʛʦʝ ʩʦʩʪʦʷ-

ʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ (ʪʝʧʣʦʪʘ, ʩʚʝʪ ʠ ʜʨ.). ʇʦʛʣʦ-

ʱʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʬʦʪʦʩʠʥʪʝʟʘ. ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʝʨʝʥʦʩʯʠʢʠ ʪʝʧʣʦʪʳ ï 

çʪʝʧʣʦʪʨʦʥʳè ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ï ʦʙʨʘʟʫʶʪ çʢʦʤʙʠʥʘʮʠʠè, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè [8]. ʏʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ çʪʝʧʣʦʪʨʦʥʦʚè ʠ ʜʨ. ʚ çʢʦʤʙʠʥʘ-

ʮʠʠè ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʭ ʧʫʣʴʩʘʮʠʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠʟʥʘʥʠʝ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ 

ʷʚʣʷʝʪʩʷ ʧʦʪʦʢʦʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʠ ʠ ʵʥʝʨʛʠʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦʪ ʟʘʢʦʥ ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ ʟʨʝʥʠʷ. 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘʤʠ 

ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʮʠʢʣʘ ʂʘʨʥʦ.  

ʊʨʘʥʩʧʦʨʪ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ (ʪ.ʝ. ʵʥʝʨʛʠʷ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠ-

ʜʦʚè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʨʠʥʮʠʧʦʤ ʀ. ʇʨʠʛʦʞʠʥʘ ï çʥʝʨʘʚʥʦʚʝʩʥʳʝ ʧʨʦʮʝʩʩʳ ʩʣʫʞʘʪ 

ʠʩʪʦʯʥʠʢʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠè.  

ɺʩʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʚʝʱʝʩʪʚʘ, ʪ.ʝ. ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʝʨʫ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʧʨʦʷʚʣʝʥʠ-

ʷʭ. ʊʝʧʣʦʪʘ, ʩʚʝʪ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʜʨ. ʢʘʢ ʬʦʨʤʘ ʧʝʨʝʜʘʯʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʧʝʨʝʥʦʩʷʪʩʷ çʪʝʧʣʦʪʨʦʥʘʤʠè, 

ʬʦʪʦʥʘʤʠ ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʊʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʧʫʣʴʩʘʮʠʡ (v) ʵʪʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʧʦ ʬʦʨʤʫʣʝ: T = 0,959Ā10-11Āv, ʛʜʝ 

0,959Ā10-11ʂĀʩ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʥʩʪʘʥʪʦʡ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè ʦʧʠʩʳʚʘʝʪʩʷ ʵʥʪʨʦʧʠʝʡ. 

ʕʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ (çʪʝʧʣʦʪʨʦʥʳè, ʵʣʝʢʪʨʦʥʳ, ʬʦʪʦʥʳ ʠ ʜʨ.) ʦʨʛʘʥʠʟʫʶʪ çʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʚʠʜʳè 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʩʠʩʪʝʤʳ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʘʨ-

ʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ çʢʦʤʙʠʥʘʮʠʠè ʩ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʠ ʠ ʵʥʝʨʛʠʠ.  

ʅʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʩʦʟʜʘʥʠʠ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ ʩ ʫʯʝ-

ʪʦʤ ʤʠʢʨʦ- ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ.  
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Abstract. The proposition that energy flow is in fact a flow of the corresponding elementary particles is pre-

sented in the article on the example of Carnot cycle. Elementary particles transport in particular leads to formation of 

new ñchemical individualsò. Thermal state of a system is characterized by temperature and determined by ripple fre-

quency (v) of these elementary particles according to the formula: T = 0,959Ā10-11Āv, where 0,959Ā10-11ʂĀʩ is the tem-

perature constant. At the same time, elementary particles can form various ñcombinationsò with other structural ele-

ments in accordance with the law of conservation of matter and energy. 
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ɺʆɿʄʆɾʅʆʉʊʀ ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ɸɼɸʇʊɸʎʀʀ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ɿɼɸʅʀʁ 
 

 ɸ.ɺ. ɻʨʷʟʥʦʚʘ, ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʘ ʘʨʭʠʪʝʢʪʫʨʳ 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɽʢʘʪʝʨʠʥʙʫʨʛ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʦʮʠʫʤʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʚʘʨʪʠʨʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʪʨʝʙʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʜʫʭʦʚʥʳʝ. ʊʚʦʨʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʘʤʦ-

ʨʝʘʣʠʟʘʮʠʷ, ʨʘʟʚʠʪʠʝ ʩʧʦʩʦʙʥʦʩʪʝʡ ï ʚʘʞʥʝʡʰʘʷ ʯʘʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʈʘʟʚʠʪʠʝ ʤʘʪʝʨʠʘʣʴ-

ʥʦʡ ʠ ʜʫʭʦʚʥʦʡ ʩʬʝʨʳ ʜʦʣʞʥʳ ʩʦʧʨʦʚʦʞʜʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɸʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ 

ʢʚʘʨʪʠʨ ʚ ʤʘʩʩʦʚʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝ ʠʤʝʝʪ ʛʠʙʢʦʩʪʠ ʠ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ. 

ɼʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʨʦʮʝʩʩʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩʦ 

ʩʪʘʪʠʯʥʦʩʪʴʶ ʞʠʣʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʚʘʨʪʠʨ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʥʦʦʙʨʘʟʠʷ ʞʠʣʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʪʠʣʴ çʃʦʬʪè ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʚ ʞʠ-

ʣʳʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʨʪʠʨʘ, ʪʚʦʨʯʝʩʪʚʦ, ʛʠʙʢʦʩʪʴ ʬʫʥʢʮʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʨʘʜʠʮʠʦʥʥʦʝ ʤʘʩʩʦʚʦʝ ʞʠʣʴʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʞʠʟʥʝʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʳʪʦʚʳʭ ʬʫʥʢʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʫʢʨʳʪʠʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʝʜʳ, ʩʥʘ, ʚʦʩʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ɺ ʩʪʨʫʢʪʫʨʝ ʢʚʘʨʪʠʨʳ ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʜʦʚʘʷ ʠʣʠ ʛʘʨʜʝʨʦʙʥʘʷ, ʥʦ ʥʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʩʪʘ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʠ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʅʝʪ ʩʧʝʮʠʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʟʘʨʷʜʢʠ, ʤʦʣʠʪʚʳ, ʤʝʜʠʪʘʮʠʠ ʠʣʠ ʠʥʳʭ ʟʘʥʷʪʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦ-

ʚʦʜʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʘʙʦʪʫ ʥʘʜ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʯʝʣʦʚʝʢʘ. ɺ ʪʝʯʝʥʠʝ ʞʠʟʥʠ ʪʦʣʴʢʦ ʚ ʜʝʪ-

ʩʢʦʤ ʚʦʟʨʘʩʪʝ ʝʩʪʴ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʚʦʨʯʝʩʢʦʡ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʯʝʨʝʟ ʠʛʨʫ. ʄʠʨ ʬʘʥʪʘʟʠʠ ʨʝʙʝʥʢʘ ʙʝʟ-

ʛʨʘʥʠʯʝʥ, ʢʘʢ ʠ ʙʝʟʛʨʘʥʠʯʥʳ ʬʦʨʤʳ ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʉ ʚʦʟʨʘʩʪʦʤ ʪʚʦʨʯʝʩʢʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʝʛʦ ʨʦʜ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʳʙʨʘʥʥʘʷ ʧʨʦʬʝʩʩʠʷ ʥʝ 

ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ çʠʟʦʙʨʝʪʘʪʝʣʴʩʪʚʘè. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʣʠʯʥʦʩʪʠ ʥʘʡʪʠ ʩʚʦʝ ʭʦʙʙʠ, ʫʚʣʝʯʝʥʠʝ, ʣʶʙʠ-

ʤʦʝ ʟʘʥʷʪʠʝ. ʅʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘʟʘʜ ʜʣʷ ʯʘʩʪʠ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʪʘʢʠʤ çʦʙʲʝʢʪʦʤè ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʳʣ ʘʚʪʦʤʦʙʠʣʴ. ʄʝʣʢʠʡ ʨʝʤʦʥʪ, ʩʝʨʚʠʩʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʣʝʛʢʠʡ ʪʶʥʠʥʛ ʧʨʠ ʜʝʬʠʮʠʪʝ ʟʘʧʯʘʩʪʝʡ ʠ ʨʘʩʭʦʜ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʩʝʨʴʝʟʥʦʝ ʟʘʥʷʪʠʝ ʜʣʷ ʘʚʪʦʣʶʙʠʪʝʣʷ. ʋ ʞʝʥʩʢʦʡ ʯʘʩʪʠ ʥʘʩʝʣʝʥʠʷ ï ʢʫʣʠʥʘʨʠʷ ʠ ʨʫʢʦʜʝʣʠʝ. 

ʅʦ ʨʘʟʚʠʪʠʝ ʘʚʪʦʩʝʨʚʠʩʘ, ʨʳʥʢʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʧʨʝʜʤʝʪʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʨʝʚʝʣʦ ʞʠʟʥʝʥʥʳʡ ʫʢʣʘʜ ʥʘʩʝ-

ʣʝʥʠʷ ʥʘ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ, ʠ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʥʘʨʘʩʪʘʶʪ. ʈʘʟʚʠʪʠʝ ʨʳʥʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ 

ʩʜʝʨʞʠʚʘʝʪʩʷ ʛʘʙʘʨʠʪʘʤʠ ʢʫʭʥʠ ʠ ʚʘʥʥʦʡ ʢʦʤʥʘʪʳ ʚ ʤʘʩʩʦʚʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʝ ʧʨʝʜʳʜʫʱʝʛʦ ʧʝʨʠʦʜʘ. ʂʚʘʨʪʠ-

ʨʳ, ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʚ ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʠ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʪʦʚʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ, 

ʪʘʢ ʠ ʢʚʘʨʪʠʨʳ 80-ʭ ʛʦʜʦʚ ʥʝ ʛʦʪʦʚʳ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʩʫʜʦʤʦʝʯʥʳʭ, ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ-ʘʚʪʦʤʘʪʦʚ ʠ ʜʨʫʛʦʡ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ. ʅʦʚʦʩʪʨʦʡʢʠ ʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʪʝʭʥʠʯʝʩʢʦʡ çʥʘʩʳʱʝʥʥʦʩʪʠè ʢʚʘʨʪʠʨʳ ʩʝ-

ʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ. ʅʦ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʥʘ ʩʢʦʣʴʢʦ ʦʥʠ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳ. ʇʦ ʧʨʦʰʝʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʨʘʟʚʠʪʠʝ ʙʳʪʦʚʳʭ ʛʘʜʞʝʪʦʚ ʤʦʞʝʪ ʦʙʦʛʥʘʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʚʘʨʪʠʨʘ ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʦʝ ʞʠʣʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʝʪ ʩʪʘʪʠʯʥʫʶ ʧʣʘʥʠʨʦʚʦʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʥʝ ʤʦʞʝʪ ʛʠʙʢʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʟʠʜʝʥʪʦʚ, ʧʦʷʚʣʝʥʠʝ ʤʘʣʝʥʴʢʠʭ ʜʝʪʝʡ ʠʣʠ ʞʠʚʦʪʥʳʭ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʠʟʤʝʥʝʥʠʷ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʬʫʥʢʮʠʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʬʦʨʤʳ ʠʣʠ ʩʪʨʫʢʪʫʨʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ. ɼʣʷ ʞʠ-

ʣʠʱʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʟʚʝʩʪʥʘ ʧʝʨʤʘʥʝʥʪʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʬʦʨʤʘ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʧʨʦʮʝʩ-

ʩʘʤʠ. ɾʠʣʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʥʦ ʥʘʠʤʝʥʝʝ ʛʠʙʢʘʷ ʠ ʪʨʘʥʩ-

ʬʦʨʤʠʨʫʝʤʘʷ (ʈʠʩ. 1.)  

 

                                                           
É ɻʨʷʟʥʦʚʘ ɸ.ɺ. / Gryaznova A.V., 2017 
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ʈʠʩ. 1. ʇʣʘʥʠʨʦʚʢʘ ʢʚʘʨʪʠʨ ʚ 9-ʵʪʘʞʥʦʤ ʜʦʤʝ ʩʝʨʠʠ I-ʃɻ-602. ɸʨʭʠʪʝʢʪʦʨʳ: ɸ.ɺ. ʐʧʨʠʮ, ɸ.ɻ. ɿʫʣʴʬʫʛʘʨʦʚ, ɺ.ɺ. ɻʠʨʙʘʩʦʚ 

 

ʀʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʨʝʟʝʨʚʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʝʥʷʪʴ ʥʘʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʨʘʱʠ-

ʚʘʪʴ ʤʦʱʥʦʩʪʠ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʠʥʞʝʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʤʤʫ-

ʥʠʢʘʮʠʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ ʧʦʟʚʦʣʷʣʠ ʛʠʙʢʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʩʤʝ-

ʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʩʣʠʷʥʠʠ ʩʪʦʣʴ ʨʘʟʥʳʭ ʪʠʧʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ: ʞʠʣʦʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ 

ʟʜʘʥʠʷ, ʧʦʷʚʠʣʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ çʃʦʬʪè (ʈʠʩ. 2, 3).  

 

      
 

ʈʠʩ. 2. ɻʦʩʪʠʥʘʷ ʚ ʩʪʠʣʝ çʃʦʬʪè  

http://prostoloca.ru/stil-loft-v-interere 

ʈʠʩ. 3. ʂʘʙʠʥʝʪ ʚ ʩʪʠʣʝ çʃʦʬʪè 

 

ɸʢʪʫʘʣʴʥʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʠʣʴ çʃʦʬʪè ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʝ ʟʜʘʥʠʝ ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʞʠʣʴʷ. ʀʜʝʷ çʞʠʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʟʜʘʥʠʠè ʧʝʨʝʩʪʘʣʘ ʙʳʪʴ ʘʙʩʫʨʜʥʦʡ. 

ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʚʥʫʪʨʝʥʥʝʡ ʛʦʪʦʚʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʟʤʝʥʠʪʴ ʧʨʠʚʳʯʥʳʝ ʛʘʙʘʨʠʪʳ ʞʠʣʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʧʨʦʠʟʚʝʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ, çʚʳʡʪʠè ʟʘ ʨʘʤʢʠ ʞʠʣʳʭ ʷʯʝʝʢ. ɺʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʠʧʘ ʞʠʣʴʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʵʢʩʢʣʶʟʠʚʥʦʩʪʴ. ɾʠʣʴʝ ʚ ʩʪʠʣʝ çʃʦʬʪè ʥʝ ʧʨʝ-

ʚʨʘʪʠʪʩʷ ʚ ʤʘʩʩʦʚʫʶ ʟʘʩʪʨʦʡʢʫ, ʥʦ ʧʦʟʚʦʣʠʪ ʝʛʦ ʧʦʪʨʝʙʠʪʝʣʷʤ ʨʝʘʣʠʟʦʚʘʪʴ ʦʜʥʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʯʝʣʦʚʝʢʘ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɺʳʚʦʜʳ. 1. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʢʚʘʨʪʠʨʳ, ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  

2. ɺʳʷʚʣʝʥʠʝ ʪʝʥʜʝʥʮʠʡ ʦʙʲʝʤʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʢʚʘʨʪʠʨ ʚ ʤʘʩʩʦʚʦʤ ʠʥʜʫʩʪʨʠ-

ʘʣʴʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

3. ʋʪʚʝʨʞʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʚʦʨʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʣʠʯʥʦʩʪʠ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʠʧʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʞʠʣʴʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʦʟʜʘʥʠʠ ʛʘʨʤʦ-

ʥʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʚʘʨʪʠʨʳ  
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POSSIBILITIES OF FUNCTIONAL ADAPTATION OF FACTORY BUILDINGS  
 

A.V. Gryaznova, Student of Architecture Faculty 

Ural State University of Architecture and Art (Yekaterinburg), Russia 

 

Abstract. The purpose of this research work is identification of new societyôs needs for apartment space for-

mation, need for additional structural elements. The needs of the person can be divided conditionally into biological, 

social and spiritual. The creative activity, self-realization, development of abilities is the most important part of per-

sonôs activity. The development of the material and spiritual sphere has to accompany the historical process. The archi-

tectural planning treatment of apartments in mass industrial housing has no flexibility and development dynamics. The 

dynamically changing processes of personôs activity are at odds with static character of apartmentsô space. One of the 

possible variants of diversity of living space is the loft style and possibility of reconstruction of factory buildings in res-

idential buildings. 

Keywords: apartment, creativity, function flexibility, production, dynamics of processes. 
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ʋɼʂ 72.036 

 

ɸʈʍʀʊɽʂʊʋʈʅɸʗ ɹʀʆʅʀʂɸ ʂɸʂ ʂʆʄʇʆʅɽʅʊ ʉʆɿɼɸʅʀʗ  

ʀɻʈʆɺʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ ɺ ɻʆʈʆɼʉʂʆʁ ʉʈɽɼɽ 
 

 ɻ.ɻ. ɻʨʷʟʥʦʚʘ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɽʢʘʪʝʨʠʥʙʫʨʛ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠ.̫ ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʧʨʠʝʤʳ ʠ ʩʧʦʩʦʙʳ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʦʪʢʨʳʪʳʭ ʛʦʨʦʜʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠʛʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦ ʚʥʫʪʨʠ ʜʚʦ-

ʨʦʚʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʠ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʜʝʪʝʡ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ɹʠʦʥʠʢʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʳ ʠ ʵʣʝ-

ʤʝʥʪʳ ʞʠʚʦʡ ʧʨʠʨʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʝʘʪʠʚʥʦʡ ʩʘʤʦʙʳʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ ʠ ʟʘʧʦʤʠʥʘʶʱʝʛʦʩʷ ʦʙ-

ʨʘʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʥʠʢʘ, ʠʛʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʨʘʟ. 

 

ʆʨʛʘʥʠʟʘʮʠʷ ʦʪʢʨʳʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʦʜʥʘ ʠʟ ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʘʨʭʠʪʝʢʪʦʨʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘʠʣʫʯʰʠʭ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʠ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʜʝʪʩʢʦʛʦ ʠʛʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ. ɺʦʟʚʦʜʠʤʳʝ ʚ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛʝ ʩʦʚʨʝʤʝʥʥʳʝ ʞʠʣʳʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʘʶʪ ʚ 

ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʥʝ ʪʦʣʴʢʦ ʫʜʦʙʥʳʝ ʧʘʨʢʠʥʛʠ, ʟʦʥʳ ʦʪʜʳʭʘ, ʙʣʘʛʦʫʩʪʨʦʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʥʦ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ 

ʤʝʩʪʘ ʜʣʷ ʠʛʨʳ ʜʝʪʝʡ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʇʨʠ ʙʣʠʞʘʡʰʝʤ ʨʘʩʩʤʦʪʨʝʥʠʠ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʵʪʦ ʥʘʙʦʨ 

ʠʛʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʠʤʝʶʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʦʙʨʘʟʥʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ. ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʨʝʚʷʥ-

ʥʳʭ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʉʣʦʞʥʝʝ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʪʩʢʦʛʦ ʠʛʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʚ ʞʠʣʳʭ ʨʘʡʦʥʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʍʍ ʚʝʢʝ. ʀʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝʪ ʮʝ-

ʣʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʵʣʝʤʝʥʪʦʚ ï ʤʝʪʘʣʣ. ʆʧʨʝʜʝʣʷʶʱʠʡ ʢʨʠʪʝʨʠʡ ʠʭ ʩʦʟʜʘʥʠʷ ï ʘʥʪʠʚʘʥ-

ʜʘʣʴʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʷʤʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ï ʠʛʨʘ ʜʝʪʝʡ ï ʧʦʨʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝ ʭʘʨʘʢ-

ʪʝʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʪʘʢʠʤ ʢʘʢ ʚʳʛʫʣ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʠʣʠ ʦʪʜʳʭ ʜʨʫʛʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ. 

ʄʥʦʛʠʝ ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ ʫʪʨʘʪʠʣʠ ʩʚʦʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʩʪʝʪʠʯʝʩʢʠʡ ʦʙʨʘʟ. 

ʇʨʦʝʢʪ çʆʨʛʘʥʠʟʘʮʠʷ ʦʪʢʨʳʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè ʠʤʝʝʪ ʚʘʨʠʘʥʪʳ ʪʝʤʘʪʠʢʠ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʛʫʣʦʯʥʘʷ 

ʟʦʥʘ ʚʜʦʣʴ ʨʝʢʠ ʠʣʠ ʚ ʧʘʨʢʝ, ʚʥʫʪʨʠ ʜʚʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʣʠ ʠʛʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʩʣʝʜʥʷʷ ʪʝʤʘ ʥʘʠʙʦ-

ʣʝʝ ʧʦʥʷʪʥʘ ʩʪʫʜʝʥʪʘʤ ʧʦ ʩʚʦʝʤʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ. ʇʦʠʩʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʬʫʥʢ-

ʮʠʠ ʠʛʨʦʚʦʡ ʧʣʦʱʘʜʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʩʪʘʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʦʥ ʩ ʫʯʝʪʦʤ ʠʭ ʥʘʟʥʘʯʝʥʠʷ, ʧʦ-

ʠʩʢ ʥʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʣʠ ʩʦʚʤʝʱʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʀʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʮʝʧʦʯʢʠ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʩʮʝʥʘʨʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʩʧʨʠʷʪʠʷ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʛʘʙʘʨʠʪʳ ʧʣʦʱʘʜʢʠ 

ʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʪʦʯʥʷʶʪʩʷ ʨʘʟʤʝʨʳ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʝʩʪ ʦʪʜʳʭʘ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʵʨ-

ʛʦʥʦʤʠʢʠ ʠ ʤʘʩʰʪʘʙʥʦʩʪʠ. ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʛʨʫʧʧʦʡ 

ʣʶʜʝʡ. ʈʘʙʦʪʘ ʥʘʜ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʭʝʤ ʩʦʭʨʘʥʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʷʚʣʝʥʠʶ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʘ, ʯʫʚʩʪʚ ʠ ʵʤʦʮʠʡ ʧʦʪʨʝʙʠʪʝʣʷ. ʈʘʟʚʠʪʠʝ ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ 

ʦʙʲʝʢʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʝʩʪʠ ʚ ʟʘʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ çʧʦʣʝ 

ʠʟʤʝʥʝʥʠʡè ʦʙʨʘʟʘ. ɺʘʨʠʘʥʪʳ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ:  

ï ʛʝʦʤʝʪʨʠʟʘʮʠʷ: ʧʨʷʤʦʫʛʦʣʴʥʘʷ, ʪʨʝʫʛʦʣʴʥʘʷ, ʨʘʜʠʘʣʴʥʦ-ʢʦʣʴʮʝʚʘʷ, ʢʨʠʚʦʣʠʥʝʡʥʘʷ, ʩʤʝʰʘʥʥʘʷ; 

ï ʘʥʘʣʦʛʠ: ʧʨʠʨʦʜʥʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ, ʘʥʪʨʦʧʦʤʦʨʬʥʳʝ, ʙʠʦʤʦʨʬʥʳʝ; 

ï ʮʚʝʪʦʚʦʝ ʨʝʰʝʥʠʝ: ʘʭʨʦʤʘʪʠʯʝʩʢʠʡ, ʭʨʦʤʘʪʠʯʝʩʢʠʡ, ʨʦʜʩʪʚʝʥʥʦ-ʢʦʥʪʨʘʩʪʥʳʡ, ʢʦʥʪʨʘʩʪʥʳʡ, ʨʦʜ-

ʩʪʚʝʥʥʳʡ; 

ï ʤʘʪʝʨʠʘʣ, ʝʛʦ ʪʝʢʩʪʫʨʘ ʠ ʬʘʢʪʫʨʘ; 

ï ʚʦʩʧʨʠʷʪʠʝ ʦʙʲʝʢʪʘ: ʩʪʘʪʠʯʝʩʢʦʝ, ʜʠʥʘʤʠʯʝʩʢʦʝ, ʩʠʣʫʵʪʥʦʝ, ʚ ʦʩʥʦʚʥʳʭ ʯʣʝʥʝʥʠʷʭ, ʜʝʪʘʣʷʭ ʠ ʵʣʝʤʝʥ-

ʪʘʭ. 

ʀʟʤʝʥʝʥʠʝ ʟʘʤʳʩʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʨʘʙʦʯʠʤ ʧʨʠʝʤʦʤ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʬʦʨʤʳ ʠ ʩʦʜʝʨʞʘʥʠʷ, ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʚʥʝʰʥʝʡ ʚʠʟʫʘʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʲʝʢʪʘ, ʚʳʩʪʫʧʘʶʱʝʡ ʢʘʢ ʬʦʨʤʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʪʠʣʠʪʘʨ-

ʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ. ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʳʝ ʚʘʨʠʘʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʘʨʠʘʥʪʘʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʮʠʷʤʠ ʠʟʦʙʨʘʞʝʥʠʡ: ʧʣʘʥʳ, ʬʘʩʘ-

ʜʳ, ʚʦʟʤʦʞʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ. 

ɺ ʭʦʜʝ ʢʫʨʩʦʚʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʦʝʢʪ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʪʩʢʦʛʦ ʠʛʨʦʚʦ-

ʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʪʝʤʫ: çɺ ʛʦʩʪʷʭ ʫ ʤʫʨʘʚʴʷè, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʛʨʳ, ʥʦ ʠ ʩʦʟʜʘʥʠʝ ʷʨʢʦʛʦ, ʟʘʧʦʤʠʥʘʶʱʝʛʦʩʷ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʘ (ʈʠʩ. 1, 2). 

                                                           
É ɻʨʷʟʥʦʚʘ ɻ.ɻ. / Gryaznova G.G., 2017 
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ʈʠʩ. 1. ʌʦʪʦ ʘʚʪʦʨʘ                                                                  ʈʠʩ. 2. ʌʦʪʦ ʘʚʪʦʨʘ 

 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʙʠʦʥʠʢʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʠʟʚʝʜʝʥʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʝʪʠ ʧʦʧʘʜʘʶʪ ʚ ʬʘʥʪʘʩʪʠʯʝʩʢʠʡ ʤʘʢʨʦʤʠʨ. ɺ-ʪʨʝʪʴʠʭ, ʘʢʪʠʚʥʳʡ 

ʩʠʣʫʵʪ ʛʣʘʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʫʞʠʪ ʦʨʠʝʥʪʠʨʦʤ ʩ ʜʘʣʴʥʠʭ ʪʦʯʝʢ ʚʦʩʧʨʠʷʪʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʰʘ-

ʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʠʜʝʦ ʵʢʦʣʦʛʠʠ; ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟ-

ʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʨʛʦʥʦʤʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʝʩʥʦʛʦ, ʟʘʧʦʤʠ-

ʥʘʶʱʝʛʦʩʷ ʦʙʨʘʟʘ. 

ɹʣʘʛʦʜʘʨʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʙʠʦʥʠʢʝ, ʠʛʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʦ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʧʦʜʦʙʥʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʪʴ ʷʨʢʠʡ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʦʙʨʘʟ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ 

ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ ʫ ʨʝʙʝʥʢʘ. ʆʙʨʘʟ ʬʦʨʤʳ ʰʠʨʦʢʦ ʨʘʩʢʨʳʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʦʪʚʝ-

ʯʘʝʪ ʥʦʨʤʘʤ ʵʨʛʦʥʦʤʠʢʠ, ʥʝ ʧʦʜʘʚʣʷʷ ʩʦʙʦʡ ʦʩʥʦʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ï ʩʦʟʜʘʥʠʝ ʠʛʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦ-

ʨʦʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ.  
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ʇʆɼʍʆɼʓ ʂ ʈɽʐɽʅʀʖ ʇʈʆɹʃɽʄ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ ʉʆɺʄɽʉʊʀʄʆʉʊʀ 

ʈɸɼʀʆʕʃɽʂʊʈʆʅʅʓʍ ʉʈɽɼʉʊɺ ʀ ʉʀʉʊɽʄ ɺ ʉʆɺʈɽʄɽʅʅʆʁ ʈɸɼʀʆʆɹʉʊɸʅʆɺʂɽ 
 

 ʄ.ʅ. ʀʤʘʥʢʫʣ1, ɾ.ɼ. ʄʘʥʙʝʪʦʚʘ2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʠ IMT ʨʘʩʰʠʨʷʶʪ ʢʨʫʛ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ). ʈʘʩ-

ʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʕʄʉ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ IMT. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʚʝʨʩʠʷ; ʨʝʬʘʨʤʠʥʛ; ʢʦʛʥʠʪʠʚʥʦʝ ʨʘʜʠʦ; ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʦʩʪʫʧ ʢ ʩʧʝʢʪʨʫ. 

 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʢʘʩʘʶʱʠʭʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʩʬʝʨʳ ʠʭ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʈʏʆ) ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ 

ʩʨʝʜʩʪʚ (ʈʕʉ). ʕʄʉ ʈʕʉ ï ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʧʨʠʟʚʘʥʥʦʝ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʠ ʩʦʚʤʝʩʪ-

ʥʫʶ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʦʛʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʚʳʟʳʚʘʶʱʠʤ ʧʨʦʙʣʝʤʫ ʕʄʉ, ʩʣʫʞʘʪ ʧʦʤʝʭʠ ʤʝʞʜʫ ʩʨʝʜʩʪʚʘʤʠ. ɿʘʜʘʯʫ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʧʦʤʝʭ 

ʤʦʞʥʦ ʨʝʰʘʪʴ ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʣʫʯʝʥʠʡ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʠʝʤʥʠʢʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʈʕʉ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʤʝʞʜʫ 

ʩʨʝʜʩʪʚʘʤʠ. ɸʥʪʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙ-

ʩʪʘʥʦʚʢʠ (ʕʄʆ) ʈʕʉ. ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʚʳʜʝʣʷʪʴ ʨʘʜʠʦʚʦʣʥʳ, ʧʨʠʭʦʜʷʱʠʝ ʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʟʘʜʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʕʄʆ. ɼʣʷ ʫʤʝʥʴʰʝ-

ʥʠʷ ʚʟʘʠʤʥʳʭ ʚʣʠʷʥʠʡ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ ʧʦʤʠʤʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʘʥʪʝʥʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʭ ʧʦʣʷʨʠʟʘʮʠ-

ʦʥʥʳʝ ʠ ʯʘʩʪʦʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʪʝʭʥʦʣʦʛʠʠ MIMO (Multi-input Multi-output) ʧʦʚʳʰʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʥʪʝʥʥ, ʧʦʟʚʦʣʷʶʱʠʭ ʛʝʥʝʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟ-

ʣʫʯʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ. 

ʊʝʢʫʱʠʝ ʧʨʠʥʮʠʧʳ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪ ʤʝʞʜʫ ʩʣʫʞʙʘʤʠ ʠʩʯʝʨʧʘʣʠ ʩʝʙʷ. 

ɽʜʠʥʦʛʦ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʈʏʉ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʊʝʭʥʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝ-

ʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʜʠʦʢʘʥʘʣʘʭ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʣʦʩʳ ʨʘʜʠʦʯʘʩʪʦʪ [3]. ʃʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪ ʪʨʝʙʫʶʪ 

ʦʛʨʦʤʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʢʦʥʚʝʨʩʠʶ [1]. ʂʦʥʚʝʨʩʠʷ ʈʏʉ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʮʝʣʝʡ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʯʘʩʪʦʪ ʠʣʠ ʧʦʣʦʩ ʯʘʩʪʦʪ. ʕʄʉ ʩʚʷʟʘʥʘ ʩ ʵʢʦʣʦʛʠʝʡ. 

ʇʨʦʙʣʝʤʘ ʕʄʉ ʦʙʦʩʪʨʷʝʪʩʷ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʯʠʥ: ʨʦʩʪ ʯʠʩʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʠʭ ʈʕʉ; ʫʚʝ-

ʣʠʯʝʥʠʝ ʟʘʛʨʫʟʢʠ ʜʠʘʧʘʟʦʥʦʚ ʨʘʜʠʦʯʘʩʪʦʪ; ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʪʝʣʝʚʠʜʝʥʠʷ; ʫʚʝʣʠʯʝʥʠʝ 

ʫʨʦʚʥʷ ʧʦʤʝʭ ʠ ʪ.ʜ. ʅʘ ʦʙʱʫʶ ʕʄʆ, ʩʦʟʜʘʚʘʝʤʫʶ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʥʘʢʣʘʜʳʚʘʝʪʩʷ 

ʬʦʥ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚ ʢʣʠʝʥʪʩʢʦʛʦ ʫʨʦʚʥʷ ʩʝʪʝʡ. ʇʦʠʩʢʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ (ʈʏʈ) ʜʣʷ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ IMT (International Mobile Telecommunication) ʨʘʩʰʠʨʠʣ 

ʩʚʦʠ ʛʨʘʥʠʮʳ ʠ ʧʦʧʘʣ ʚ ʦʙʣʘʩʪʠ ʥʝʣʠʮʝʥʟʠʦʥʥʦʛʦ ʈʏʉ, ʚ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʙʣʠʞʥʝʛʦ ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ SDR (Short Range Device), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʜʘʯʠ Wi-Fi. ʅʝʣʠʮʝʥʟʠʦʥ-

ʥʳʡ ʈʏʉ ʠʤʝʝʪ ʥʝʧʨʝʜʩʢʘʟʫʝʤʫʶ ʠ ʙʳʩʪʨʦ ʤʝʥʷʶʱʫʶʩʷ ʕʄʆ, ʧʦʵʪʦʤʫ ʥʝʚʦʟʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯ. ʕʚʦʣʶʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʝʟʢʠʡ ʨʦʩʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʨʳʥʢʝ ʫʩʣʫʛ, ʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʩʪʨʷʝʪ ʠ ʫʩʣʦʞʥʷʝʪ ʧʨʦʙʣʝʤʳ ʕʄʉ ʠʟ-ʟʘ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʧʝʮʠʬʠʢʠ, ʤʝʥʷʶʱʝʡ ʧʦʜʭʦʜʳ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ ʕʄʉ. ɺ ʩʝʪʷʭ 4G/5G ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʥʮʠʧʳ. ɺ 4G ʧʦʷʚʠʣʠʩʴ ʤʝʭʘʥʠʟʤʳ 

SON (Self-Organizing Networks), ʘ ʚ 5G ʙʫʜʝʪ ʚʥʝʜʨʷʪʴʩʷ ʬʫʥʢʮʠʦʥʘʣ çʉʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʥʝʜʞʝʨʘè [5]. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʝʪʝʡ 4G (HetNet) ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʜʥʦʡ ʩʦʪʝ ʙʘʟʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ (ɹʉ) ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ (ʤʘʢʨʦ / ʤʠʢʨʦ / ʧʠʢʦ / 

ʬʝʤʪʦ). ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ 5G ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩʝʪʝʡ ʨʘʜʠʦʜʦʩʪʫʧʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 5G/4G/Wi-Fi ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʫʣʴʪʠʜʠʘʧʘʟʦʥʥʦʩʪʴʶ, 

ʤʥʦʛʦʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ (2G/GSM (Global System for Mobile Communications), 3G/HSPA (High Speed Packet Ac-

cess), 4G/LTE (Long Term Evolution), ʤʥʦʛʦʫʨʦʚʥʝʚʦʩʪʴʶ (macro, metro, femto). B ʦʪʣʠʯʠʝ ʦʪ OFDM (Orthogonal 

Frequency-Division Multiplexing)-ʤʦʜʫʣʷʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʪʝʭʥʦʣʦʛʠʠ LTE, ʤʝʪʦʜ ʤʦʜʫʣʷʮʠʠ ʦʜʥʦʡ ʥʝʩʫʱʝʡ 

SCM (Single-Carrier Modulation) ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʝ ʚʥʝʧʦʣʦʩʥʳʭ ʧʦʤʝʭ [2]. 

ʆʙʝʩʧʝʯʝʥʠʝ ʕʄʉ ʈʕʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʟʘʜʘʯʫ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʭ ʧʨʠʝʤʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʠʘʧʘʟʦʥʝ 800-900 ʄɻʮ ʜʦʧʫʩʢʘʝʪʩʷ ʨʘʙʦʪʘ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʪʦʨʦʚ ʪʨʘʥ-

ʢʠʥʛʦʚʳʭ ʠ ʩʦʪʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʕʄʉ ʥʘʨʷʜʫ ʩ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʥʝ ʧʦʟʚʦ-

ʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʫʯʝʩʪʴ ʚʘʨʴʠʨʫʝʤʳʝ ʫʩʣʦʚʠʷ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʈʕʉ ʠ ʥʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʨʝʞʠ-

ʤʦʚ ʨʘʙʦʪʳ ʥʦʚʳʭ ʨʘʜʠʦʩʠʩʪʝʤ (MIMO-CDD (Code Division Duplex), CoMP (Coordinated Multi-Point), 
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Beamforming, CRS (Cognitive Radio Systems)).  

ɺʦ ʤʥʦʛʠʭ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʨʦʚʦʜʷʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

çʙʝʣʳʭ ʧʷʪʝʥè (ʧʨʦʙʝʣʦʚ) ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʜʠʦʯʘʩʪʦʪ. ʉʠʩʪʝʤʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʥʘ ʙʘʟʝ ʵʪʠʭ ʧʨʦʙʝʣʦʚ, ʥʘʟʳʚʘ-

ʶʪʩʷ ʢʦʛʥʠʪʠʚʥʳʤ ʨʘʜʠʦ (ʂʈ). ʋʩʪʨʦʡʩʪʚʘ WSD (White Space Device) ʠʩʧʦʣʴʟʫʶʪ ʪʨʝʙʫʝʤʫʶ ʢʦʛʥʠʪʠʚʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ (ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʢʘʥʘʣʘ ʠ/ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʣʦʢʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʜʨ.), ʥʝ ʦʢʘʟʳ-

ʚʘʷ ʚʨʝʜʥʳʭ ʧʦʤʝʭ ʥʘ ʟʘʱʠʱʘʝʤʳʝ ʨʘʜʠʦʩʣʫʞʙʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʣʫʛʠ ʚ ʢʦʛʥʠʪʠʚʥʳʭ ʩʝʪʷʭ ʩʚʷʟʠ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʪʝʨʤʠʥʘʣ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʪʦʢʦʣʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʥʪʝʨʬʝʡʩʦʚ ʨʘʜʠʦʜʦʩʪʫʧʘ [8]. ʊʝʨʤʠʥʘʣʳ SDR (Software Defined Radio) ʠʤʝʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʥʜʘʨʪʘʭ ʨʘʜʠʦʩʚʷʟʠ. ʇʨʠʥʮʠʧʳ SDR ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠ ʥʘ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ ɹʉ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʠ ʚʥʝʜʨʝʥʠʠ CRS ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʝʨʝʭʦʜʝ ʢ ʥʦʚʦʤʫ ʨʝʞʠʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʩʪʫʧʦʤ ʢ ʈʏʉ, ʘ ʠʤʝʥʥʦ: ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ 

DSA (Dynamic Spectrum Access) [7]. ʇʨʠ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʚʷʟʠ ʩʠʩʪʝʤʘ CRS ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʢʘʥʠʨʫʝʪ ʯʘ-

ʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʥʘ ʩʣʫʯʘʡ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʠ ʧʨʠ ʠʭ ʦʙʥʘʨʫʞʝʥʠʠ ʩʨʘʟʫ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʜʨʫʛʠʝ 

ʯʘʩʪʦʪʳ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʦʨʦʥʝ ʘʙʦʥʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʘʢʪʫʘʣʴ-

ʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʩʪʘʥʦʚʢʝ ʚ ʟʦʥʝ ʧʦʢʨʳʪʠʷ. 

ʈʝʬʘʨʤʠʥʛ ï ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʯʘʩʪʦʪ ʦʪ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʘʤ ʜʨʫʛʦʡ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʥʝʝ ʚʳʜʝʣʝʥʥʳʭ ʧʦʣʦʩ ʨʘʜʠʦʯʘʩʪʦʪ (ʥʘʧʨʠʤʝʨ, ʜʣʷ GSM) ʜʨʫʛʦʡ ʙʦ-

ʣʝʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ (ʥʘʧʨʠʤʝʨ, LTE). ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʤʝʨʳ ʚ ʦʜʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʤʦʛʫʪ ʩʦʚʤʝʱʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ. ʈʝʬʘʨʤʠʥʛ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʕʄʉ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʈʕʉ 

ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʈʏʈ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʘʧʘ-

ʟʦʥʘʭ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. ʉʝʛʦʜʥʷ ʝʩʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʬʦʥʜʘ ʩʧʝʢʪʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʨʝʬʘʨʤʠʥʛʘ. ʈʝʬʘʨʤʠʥʛ ʈʏʉ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʫʩʣʦʚʠʡ ʩʦʚʤʝʩʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ 

ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʩʤʝʞʥʳʭ ʧʦʣʦʩʘʭ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ʅʦʚʳʝ ʨʘʜʠʦʪʝʭʥʦʣʦʛʠʠ IMT 4G/5G ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʬʘʢʪʦ-

ʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʴ ʕʄʉ [4]: ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʨʘʜʠʦʠʥʪʝʨʬʝʡʩʳ ʩ ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʜʠʦʜʦʩʪʫʧʘ, 

ʥʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʣʦʞʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʜʠʦʩʝʪʠ; ʜʠʥʘ-

ʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʜʠʦʣʠʥʠʠ ʚ ʚʠʜʝ ʘʜʘʧʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ, ʧʦʨʷʜʢʘ ʤʦʜʫʣʷ-

ʮʠʠ ʠ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʤʦʱʥʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʜʠʦʨʝ-

ʩʫʨʩʦʚ, ʩʘʤʦ-ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʜʠʦʩʝʪʠ; ʚ ʨʘʜʠʦʩʝʪʷʭ ʩ ʥʦʚʳʤʠ ʨʘʜʠʦʠʥʪʝʨʬʝʡʩʘʤʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʈʏʉ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʩʧʝʢʪʨʘ ʟʘ ʩʯʝʪ ʦʙʲ-

ʝʜʠʥʝʥʠʷ ʝʛʦ ʬʨʘʛʤʝʥʪʦʚ ʠʟ ʨʘʟʥʳʭ ʧʦʣʦʩ ʠ ʜʠʘʧʘʟʦʥʦʚ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʧʣʘʥʦʚʦʩʪʠ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ, ʠʜʝʥʪʠ-

ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʜʣʷ ʩʠʩʪʝʤ IMT. ʂʘʞʜʘʷ ʠʟ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʦʩ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʕʄʉ. 

ʊʝʭʥʦʣʦʛʠʷ LAA (License Assisted Access) ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʣʠʮʝʥʟʠʨʫʝʤʳʝ ʯʘʩʪʦʪʳ (ʥʘʧʨʠ-

ʤʝʨ, Wi-Fi) ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʤʝʰʘʪʴ ʝʛʦ ʨʘʙʦʪʝ. ʇʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʛʝʦʣʦʢʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʜʦʩʪʫʧʘ LSA (Licensed Shared Access) [6]. 

ɺʥʝʜʨʝʥʠʝ LSA ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʠ ʩʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʪʠʟʳ ʕʄʉ. LSA ʧʦʟʚʦʣʷʝʪ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʕʄʉ ʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʚʳʜʘʯʠ ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪ.  

ʉʝʛʦʜʥʷ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʕʄʉ ʧʨʠʥʠʤʘʶʪ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ, ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʬʬʝʢʪʠʚ-

ʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʕʄʉ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʛʣʫʙʦʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʱʝʡ ʕʄʆ. ʉʝʛʦʜʥʷ ʦʩʚʘʠʚʘʶʪʩʷ ʥʦʚʳʝ 

ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʨʘʥʝʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʣʦʩʳ/ʫʯʘʩʪʢʠ ʈʏʉ, ʠʟʤʝʥʷʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʂʈ ʠ ʜʨ.). ʆʩʦʙʝʥʥʦʩʪʴ CRS ï ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʯʘʩʪʦʪʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʨʝʩʫʨʩʫ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʜʠʦʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʤʥʦʛʦʢʨʘʪʥʦ ʜʣʷ ʠʟʤʝʥʷʶʱʝʡʩʷ ʨʘʜʠʦʩʨʝʜʳ. ɺ ʥʠʭ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥ-

ʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʠʟ ʥʠʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʷ.  
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ʋɼʂ 519 
 

ɸʃɻʆʈʀʊʄʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ  

ɹɽɿʆʇɸʉʅʆʉʊʀ ʅɸ ʆʉʅʆɺɽ ʊɸɹʃʀʎ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ 
 

 ɸ.ɺ. ʂʘʙʫʣʦʚ1, ɸ.ɸ. ɺʘʨʠʩʦʚ2 
1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʳ, 

2 ʥʘʫʯʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 
1 ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ (ʊʘʰʢʝʥʪ), 

2 ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʋʟʙʝʢʠʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʚʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʘʙʣʠʮʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʝʪʴ ʇʝʪʨʠ, ʤʦʜʝʣʴ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ, ʩʠʩʪʝʤʘ, ʫʛʨʦʟʳ. 
 

ɹʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʦʩʪʠ ʠʣʠ ʥʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʜʝʞʥʦ ʟʘʱʠʪʠʪʴʩʷ ʦʪ ʥʝʝ. ʆʧʘʩ-

ʥr ʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʪʘʢʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʯʨʝʚʘʪʦ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ, ʜʝʩʪʨʫʢʪʠʚ-

ʥʳʤ, ʫʱʝʤʣʷʶʱʠʤ ʠʥʪʝʨʝʩʳ ʣʠʯʥʦʩʪʠ ʠʣʠ ʩʪʨʘʥʳ ʠ ʪ.ʜ. ʨʝʟʫʣʴʪʘʪʦʤ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʱʝʩʪʚʘ, ʛʦʩʫʜʘʨʩʪʚʘ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʫʛʨʦʟ, ʣʠʙʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʪʘʢʦʚʳʭ, ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʩʬʝʨ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʦʣʠʪʠʢʠ, ʵʢʦʥʦʤʠʢʠ, ʥʘʫʢʠ, ʪʝʭʥʦʩʬʝʨʳ, ʩʬʝʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʫʣʴ-

ʪʫʨʳ, ʚʦʝʥʥʦʛʦ ʜʝʣʘ, ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦʟʥʘʥʠʷ ʠ ʪ.ʜ.) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʘʩʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʧʨʠʯʝʤ ʢʘʢ ʚʥʝʜʨʝʥʠʶ, ʪʘʢ ʠ ʠʟʚʣʝʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʀɹ) ʪʨʝʙʫʝʪ ʚʳʜʝʣʷʪʴ ʝʝ ʩʫʙʲʝʢʪʳ, ʩʨʝʜʩʪʚʘ ʠ 

ʦʙʲʝʢʪʳ, ʧʨʠʥʮʠʧʳ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʪʦʯʥʠʢʠ ʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʧʘʩʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ.  

ʕʚʦʣʶʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʊ) ʩʚʷʟʘʥʘ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʳ ʟʘʨʦʞʜʝʥʠʷ, ʘʜʘʧʪʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʦʧʨʝʜʝʣʷʝʪ ʤʝʪʦʜʦʣʦʛʠʶ ʠ ʧʨʠʥʮʠ-

ʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʀʊ. ʇʨʠʥʮʠʧ ʤʦʜʝʣʠʨʫʝʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʠʙʝʨ-

ʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʨʠʥʮʠʧ ʩʚʷʟʥʦʩʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʙʲʝʢʪ ʟʘʱʠʪʳ 

ʢʦʤʧʣʝʢʩʥʦ, ʦʙʲʝʜʠʥʷʷ ʦʙʲʝʢʪ ʟʘʱʠʪʳ, ʚʥʝʰʥʶʶ ʩʨʝʜʫ, ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠ ʫʛʨʦʟʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʠ ʫʯʠʪʳ-

ʚʘʷ ʚʟʘʠʤʦʩʚʷʟʠ: ʠʩʪʦʯʥʠʢ ʫʛʨʦʟʳ ï ʬʘʢʪʦʨ (ʫʷʟʚʠʤʦʩʪʴ) ï ʫʛʨʦʟʘ (ʜʝʡʩʪʚʠʝ) ï ʧʦʩʣʝʜʩʪʚʠʷ (ʘʪʘʢʘ). 

ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʠʤʦʡ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ 

ʫʷʟʚʠʤʦʩʪʝʡ ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʘʥʘʣʠʟʘ ʟʘʱʠʱʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʪʘʙʣʠʮ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʊʌ) ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʩʝʪʝʡ ʇʝʪʨʠ [2]. ʉ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʊʌ ʧʨʦʚʦʜʠʪʩʷ ʦʙʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ, ʠ ʚʳʷʚʣʷʶʪʩʷ ʝʝ ʥʝʜʦʩʪʘʪʢʠ.  

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʠʢʪʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʉɿʂʀ).  

ʇʦʩʪʨʦʝʥʠʝ ʉɿʂʀ ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ), ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʜʝʣʴ ʥʘʨʫʰʠʪʝʣʷ ʠ ʤʦʜʝʣʴ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʂʀ), ʘ ʪʘʢʞʝ 

ʩʦʩʪʘʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʉɿʂʀ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʉɿʂʀ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʂʀ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ 

ʙʘʟʝ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʊʌ [2] ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʊʌ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʦʙʳʪʠʡʥʦʤ ʫʨʦʚʥʝ. ʆʧʨʝʜʝʣʷʶʪʩʷ, ʢʘʢʠʝ ʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ 

ʚ ʩʠʩʪʝʤʝ, ʢʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʵʪʠʤ ʜʝʡʩʪʚʠʷʤ ʠ ʢʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠʤʝʪ ʩʠʩʪʝʤʘ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʜʝʡʩʪʚʠʷ. ɺʳʧʦʣʥʝʥʠʝ ʩʦʙʳʪʠʡʥʦʡ ʤʦʜʝʣʠ ʚ ʊʌ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ 

ʤʦʞʝʪ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʚ ʢʘʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʝʙʳʚʘʣʘ ʠʣʠ ʥʝ ʧʨʝʙʳʚʘʣʘ ʩʠʩʪʝʤʘ, ʢʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʠʥʮʠʧʝ ʥʝ 

ʜʦʩʪʠʞʠʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʊʌ={X, Y, A, O, Ū, T, U, S, F, P} ï ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɸʉʋ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʀʉ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʶʙʦʛʦ ʚʠʜʘ ʫʛʨʦʟ ʢ ʀʉ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ (ʀʈ), ʛʜʝ  

Y ï ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟ Y {Oj};  

X ï ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʛʨʦʟ X {Ai};  

A ï ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʛʨʦʟ; 

ʆ ï ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʫʛʨʦʟ; 

Ū ï ʢʦʦʨʜʠʥʘʪʳ ʤʝʞʜʫ çAiè ʠ çOjè; 

ʊ ï ʚʨʝʤʷ (ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ); 
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U ï ʚʥʝʰʥʷʷ ʚʦʟʜʝʡʩʪʚʠʝ (ʥʘ Ūij{A i,Oj});  

S ï ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ (ʧʝʨʝʭʦʜ ʩ ʦʜʥʦʛʦ Ūij ʥʘ ʜʨʫʛʫʶ Ūi+n, j+m); 

F(t) ïʬʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʪʘʙʣʠʮʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ; 

P ï ʤʥʦʞʝʩʪʚʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ, ʚʳʚʦʜʘ ʠ ʫʧʨʘʚʣʝʥʠʷ; 

Z ï ʤʥʦʞʝʩʪʚʦ ʧʨʠʚʠʣʝʛʠʡ. 

ɽʩʣʠ  ʠ ʬʫʥʢʮʠʷ,  ʪʦ ʪʘʢʘʷ ʪʘʙʣʠʮʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʡ 

(ʩʪʘʮʠʦʥʘʨʥʦʡ). ʌʫʥʢʮʠʷ F(t), ʟʘʜʘʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʪʘʙʣʠʮʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʫʧʨʘʚ-

ʣʝʥʠʷ ʘʛʨʝʛʘʪʥʦʡ ʩʠʩʪʝʤʦʡ ʠʣʠ ʬʫʥʢʮʠʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ. 

ɺ ʢʘʞʜʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʧʠʩʘʥʠʝ ʊʌ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʘʨʢʠʨʦʚʘʥʥʦʡ ʩʝʪʠ ʇʝʪʨʠ:  
 

 
 

ʛʜʝ P, D, I, O ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʥʦʞʝʩʪʚʘ ʧʦʟʠʮʠʡ (ʩʦʩʪʦʷʥʠʡ), ʦʧʝʨʘʮʠʡ (ʧʝʨʝʭʦʜʦʚ), ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʩʦʩʪʦʷʥʠʡ;  ï ʬʫʥʢʮʠʷ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʤʥʦʞʝʩʪʚʦ ʧʦʟʠʮʠʡ ʚ ʤʥʦʞʝʩʪʚʝ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ N: 
 

 
 

ʂʘʞʜʘʷ ʤʘʨʢʠʨʦʚʢʘ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʚʝʢʪʦʨ  ʟʜʝʩʴ 

 ɺʝʢʪʦʨ  ʦʧʨʝʜʝʣʷʝʪ ʜʣʷ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ  ʩʝʪʠ ʢʦʣʠʯʝʩʪʚʦ ʬʠʰʝʢ, ʪ.ʝ. ʜʣʷ 

 ʚʳʧʦʣʥʷʝʪʩʷ . 

ʀʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ,  ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʝʪʴ ʇʝʪʨʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʮʠʢʣʘʤʠ (ʊʎ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʥʝʜʝʣʠʤʳʡ ʵʣʝʤʝʥʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ ʧʨʠʥʷʪʦ ʨʘʙʦʯʝʝ ʤʝʩʪʦ (ʈʄ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʝʰʝʥʠʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʛʨʦʟ. ʆʙʦʟʥʘʯʠʤ ʝʛʦ ʯʝʨʝʟ , ʘ ʤʥʦʞʝʩʪʚʦ ʈʄ ï 

ʯʝʨʝʟ A. ʂʘʞʜʦʝ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʨʘʙʦʪʥʠʢʦʚ, ʨʘʙʦʪʥʠʢʘ ʧʣʶʩ ʤʘʰʠʥʳ ʠʣʠ ʤʘʰʠʥʳ. ʂʘʞʜʦʝ 

 ʠʤʝʝʪ ʚʭʦʜʳ ʭ ʠ ʚʳʭʦʜʳ y, ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ. ʅʘ Z ʚʭʦʜʳ ʧʝʨʝʜʘʶʪʩʷ ʩʠʛʥʘʣʳ (ʠʥʬʦʨʤʘʮʠʷ) ʠʣʠ ʤʘʪʝ-

ʨʠʘʣʳ ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʦʚ, ʚʝʱʝʩʪʚ (ʞʠʜʢʠʭ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʭ) ʠ ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ ʚʭʦʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʛʥʘʣʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʫʧʨʘʚʣʷʶʱʠʤʠ (g). ɺ ʢʘʯʝʩʪʚʝ ʤʘʰʠʥ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ. ʄʘʰʠʥʳ 

ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʨʫʜʠʷ ʪʨʫʜʘ, ʘ ʠʥʬʦʨʤʘʮʠʷ, ʤʘʪʝʨʠʘʣʳ ï ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʤʝʪʦʚ ʪʨʫʜʘ. 

ʈʘʙʦʯʝʝ ʤʝʩʪʦ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʛʨʝʛʘʪʫ ʅ.ʇ. ɹʫʩʣʝʥʢʦ [1]. ʂʘʞʜʦʤʫ  ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ d. ʄʥʦʞʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ D. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚʦ ʚʨʝʤʝʥʠ ʠ ʠʤʝʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. ʄʥʦʞʝʩʪʚʦ Ŭ ʩʦʝʜʠʥʷʝʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʫʛʘʤʠ ʠ ʦʙʨʘʟʫʝʪ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʝʪʴ 

ʩ ʧʦʪʦʢʘʤʠ (ʠʤʝʶʪʩʷ ʚ ʚʠʜʫ ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʥʳʝ, ʣʶʜʩʢʠʝ ʧʦʪʦʢʠ ʠ ʪ.ʜ.). 

ʊʘʢ, ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʘʶʪ ʈʄ, ʩʧʦ-

ʩʦʙʥʳʝ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ (ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʧʝʨʝʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʜ.), ʘ ʜʫʛʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʪʦʢʘʤ ʤʝʞʜʫ ʵʪʠʤʠ ʤʝʩʪʘʤʠ. ʊʘʢʫʶ ʩʝʪʴ ʥʘʟʦʚʝʤ R-ʩʝʪʴʶ. 

ɺ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʪʨʫʢʪʫʨʘ ʩʝʪʠ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ: ʩʪʘʨʳʝ ʜʫʛʠ ʠ ʚʝʨʰʠʥʳ 

ʘʥʥʫʣʠʨʫʶʪʩʷ, ʘ ʥʦʚʳʝ ʜʦʙʘʚʣʷʶʪʩʷ. ʊʘʢʠʝ ʩʝʪʠ ʥʘʟʦʚʝʤ ʩʠʪʫʘʮʠʦʥʥʳʤʠ ʠʣʠ RC-ʩʝʪʷʤʠ. ʇʨʠ ʨʝʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʣʘʩʩʘ ʟʘʜʘʯ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ  ʥʘ ʢʘʞʜʦʤ Ŭ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʘ ʠʟ ʧʨʠʧʠʩʘʥʥʳʭ ʝʤʫ ʦʧʝʨʘʮʠʡ. ʇʦʵʪʦʤʫ ʧʦʩʪʨʦ-

ʝʥʠʝ ʩʘʤʦʡ ʩʝʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʧʠʩʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩʝʪʴ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ ʥʝʠʟʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1.1).  
 

 
 

ʈʠʩ. 1.1. ʊʌ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 
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ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʪʘʙʣʠʮʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʠ Rï,RC ʩʝʪʠ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪʩʷ ʚ ʚʠʜʝ ʊʌ. ʅʘ ʵʪʦʡ ʩʝʪʠ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʝʪʠ ʚʦ ʚʨʝʤʝʥʠ. 

ɺʦʩʧʦʣʴʟʫʷʩʴ ʩʠʩʪʝʤʘʤʠ ʜʝʡʩʪʚʠʡ ʩʝʪʝʡ ʇʝʪʨʠ, ʤʳ ʩʦʟʜʘʜʠʤ ʙʣʦʢ ʩʭʝʤʫ ʉʂɿʀ (ʨʠʩ. 1.2) ʠ ʛʠʙʨʠʜʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʩʝʪʝʡ ʇʝʪʨʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʀɹ.  

ɺ ʙʣʦʢ ʩʭʝʤʝ ʦʩʥʦʚʥʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʫʛʨʦʟ çYè, ʧʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʛʨʦʟʳ çOjè ʦʥʘ 

ʧʨʦʚʝʨʷʝʪʩʷ ʦʙʱʝʤ ʘʨʭʠʚʝ (ʇ+ʀ) ʧʨʦʩʤʦʪʨʝʥʥʳʭ ʫʛʨʦʟ. ɽʩʣʠ ʫʛʨʦʟʳ ʪʘʢʦʛʦ ʚʠʜʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ, ʦʥʠ 

ʩʨʘʟʫ ʥʦʨʤʘʣʠʟʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ çPijFè. ɽʩʣʠ ʫʛʨʦʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʚʳʝ, ʪʦʛʜʘ ʦʥʘ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠ ʚʳʯʠʩʣʷʝʪʩʷ çY, Pij, Uij,Tij, Oj, Aiè. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʘ Y+Z ʠ ʘʥʘʣʠʟ ʧʨʠʚʠʣʝʛʠʠ Zk ʫʛʨʦ-

ʟʳ ʥʝ ʦʙʥʘʨʫʞʘʪʩʷ, ʪʦʛʜʘ ʦʥʘ ʧʝʨʝʩʤʘʪʨʠʚʘʶʪʩʷ Y+ Zk. ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʘʨʭʠʚ ʧʨʦʧʫʱʝʥʥʳʭ ʫʛʨʦʟ 

(ʇ). ɽʩʣʠ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʚʳʯʠʩʣʝʥʠʠ ʫʛʨʦʟʘ ʦʙʥʘʨʫʞʘʪʩʷ, ʪʦ ʪʦʛʜʘ ʜʝʡʩʪʚʠʷ ʙʫʜʝʪ ʠʜʪʠ ʧʦ ʙʣʦʢ ʩʭʝʤʝ ˉ1, ʇʨʦ-

ʜʦʣʞʝʥʠʝ. ɿʜʝʩʴ ʧʦʩʣʝ ʚʩʝʭ ʰʘʛʦʚ ʫʛʨʦʟʘ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʘʨʭʠʚ ʜʣʷ ʙʳʩʪʨʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʫʛʨʦʟ. 

 

 
 

ɹʣʦʢ ʩʭʝʤʘ ˉ 1 
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ɹʣʦʢ ʩʭʝʤʘ ˉ 1 (ʇʨʦʜʦʣʞʝʥʠʝ) 
 

ʈʠʩ. 1.2. ɹʣʦʢ ʩʭʝʤʘ ʉʂɿʀ 
 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʞʝʩʪʚʦ ʫʛʨʦʟ çOYè, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʡ çA iè ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʷ ʫʛʨʦʟ. ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʊʌ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ ʙʳʣʦ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʤʠʥʠ-

ʤʫʤ 3 ʚʭʦʜʘ: ʩʘʤʘ ʫʛʨʦʟʘ; ʩʧʦʩʦʙʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʥʥʦʡ ʫʛʨʦʟʳ; ʧʨʠʚʠʣʝʛʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘ-

ʮʠʠ (ʥʘʧʨʠʤʝʨ ï ʩʠʩʪʝʤʥʳʡ, ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ).  

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʝʡʩʪʚʠʷ ʚ ʷʯʝʡʢʝ (A2 O2) ʧʦ ʬʦʨʤʫʣʝ ɗij={Y,P ij,Uij,Tij,Oj,Ai,Zk} ʩʦʩʪʦʷʥʠʝ ʫʛʨʦʟʳ ʤʝ-

ʥʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʚʦʝʡ ʩʫʱʥʦʩʪʠ ʠ ʩʢʨʠʧʪʘ ʢʦʜʘ, ʧʦʩʣʝ ʵʪʦʛʦ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʜʨʫʛʫʶ ʷʯʝʡʢʫ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ 

(A3 O3). ʇʝʨʝʭʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (Sij) F.  

  

ʊʘʙʣʠʮʘ 1 
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ʇʦʩʣʝ ʚʩʝʡ ʦʙʨʘʙʦʪʢʠ ʫʛʨʦʟʘ ʚʳʚʦʜʷʪʩʷ ʠʟ ʪʘʙʣʠʮʳ, ʪ.ʝ. ʫʥʠʯʪʦʞʘʝʪʩʷ ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʘʨʭʠʚ. ʇʨʠ ʵʪʦʤ 

ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʙʣʦʢ ʩʭʝʤʘ ˉ1 ʷʚʣʷʝʪʩʷ ʛʠʙʢʦʡ ʠ ʚʩʝʛʜʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʠ 

ʙʝʩʢʦʥʝʯʥʦ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ. ʕʪʦ ʦʪʨʘʟʠʪʩʷ ʠ ʥʘ ʊʌ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦ ʜʦʧʦʣʥʷʪʩʷ ʥʦʚʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ. ʕʪʠ ʞʝ ʜʝʡʩʪʚʠʷ ʚ ʩʝʪʷʭ ʇʝʪʨʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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Abstract. In this article the new way of providing complex information security system in algorithmic model of 

information security on the basis of the functioning table is considered. 

Keywords: functioning tables, Petri net, model, algorithmic model, security, system, threats. 



ISSN 2308-4804. Science and world. 2017. ˉ 6 (46). Vol. I. 

 

 

33 

 

ʋɼʂ 577.4:677.198 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸɹʆʊʓ ɺʉʇʆʄʆɻɸʊɽʃʔʅʆɻʆ  

ʆɹʆʈʋɼʆɺɸʅʀʗ ɼʃʗ ʇɽʈɽʈɸɹʆʊʂʀ ʊʈʀʂʆʊɸɾʅʓʍ ʆʊʍʆɼʆɺ 
 

 ʆ.ʖ. ʂʘʜʥʠʢʦʚʘ1, ɻ.ʂ. ɸʣʪʳʥʙʘʝʚʘ2 
1, 2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʈʫʜʥʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʦʪʭʦʜʦʚ ʰʚʝʡʥʦ-ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʨʘʚʣʝʥʠʝ 

ʦʰʠʙʦʢ ʠ ʩʦʢʨʘʱʘʝʪ ʠʟʜʝʨʞʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ. ʆʩʫʱʝʩʪʚʣʝʥ ʨʘʩʯʝʪ ʥʘʛʨʫʟʦʢ, ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʥʘ ʨʘʤʫ, ʨʘʩʯʝʪ ʧʥʝʚʤʦʮʠʣʠʥʜʨʦʚ, ʚʳʙʦʨ ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ʠ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʷʞʘ, ʤʘʣʦʦʪʭʦʜʥʳʝ ʠ ʙʝʟʦʪʭʦʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʨʷʞʠ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʷʞʠ. 

 

ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʦ-ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʦʙʦʨʫʜʦʚʘʥʠʷ [2]. 

ʉʦʚʤʝʱʝʥʠʝ ʚ ʦʜʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʚʫʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʘʪʝʥʪʦʚ 

[3, 4] ï ʨʦʩʧʫʩʢʘ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʡ (ʩʨʳʚʦʚ) ʚʝʨʭʥʝʛʦ ʪʨʠʢʦʪʘʞʘ, ʧʨʦʧʘʨʠʚʘʥʠʷ ʠ ʩʫʰʢʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʧʨʷʞʠ ʧʦʟʚʦʣʠʣʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʠʢʦʪʘʞʥʳʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʫʶ 

ʤʘʰʠʥʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʡ, ʧʝʨʝʭʦʜʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ [2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʦʚʦʡ ʤʘʰʠʥʝ ʩʠʩʪʝʤʳ ʧʥʝʚʤʦʧʨʠʚʦʜʘ, ʚʢʣʶʯʘʶʱʝʡ ʧʥʝʚʤʦʮʠʣʠʥʜʨʳ, ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴ ʠ ʢʦʤʧʨʝʩʩʦʨ, ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʰʠʨʠʥʳ ʇ-ʦʙʨʘʟʥʦʡ ʨʘʤʳ 

ʤʘʰʠʥʳ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʩʨʳʚʘ ʜʣʷ ʨʦʩʧʫʩʢʘ), ʥʦ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝ-

ʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. 

ʉʚʦʡʩʪʚʘ ʥʠʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʥʦʚʦʡ ʤʘʰʠʥʝ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘ-

ʰʠʥʝ çʄʝʭʘʥʠʯʝʩʢʦʝ ʠʩʧʳʪʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ çʄʀʄ-9ʃʈ-010è ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ: ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ, ʨʘʟʨʳʚʥʦʝ 

ʫʜʣʠʥʝʥʠʝ; ʥʘʧʨʷʞʝʥʠʝ [1]. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʥʠʪʠ ʥʘ ʨʘʟʨʳʚ ʧʦʣʫʯʝʥʳ ʜʠʘʛʨʘʤʤʳ çʩʠʣʘ-ʧʝʨʝʤʝʱʝʥʠʝè, ʧʦ ʢʦ-

ʪʦʨʳʤ ʦʧʨʝʜʝʣʝʥ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠʩʧʳʪʫʝʤʦʡ ʥʠʪʠ ʥʘ ʨʘʟʨʳʚ ʠ ʨʘʩʩʯʠʪʘʥʘ ʬʘʢʪʠʯʝʩʢʘʷ ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʥʠʡ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʳʚʘ, ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʳʚʫ: 

 

ůmax = Pmax / Fʩʝʯ = 0,03/0,36 = 0,083 ʢʅ/ʤʢʨ ʤ.    (1) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ (40,0 ʪʝʢʩ), ʦʧʳʪʥʳʡ ʠ ʢʦʥ-

ʪʨʦʣʴʥʳʡ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʜʝʣʴʥʦʡ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ (21,2ʩʅ/ʪʝʢʩ) ʠ ʫʜʣʠ-

ʥʝʥʠʷ (17,0 %), ʠ ʢʨʫʪʢʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʫʪʢʠ ï 37,4 %). ʀʩʩʣʝʜʫʝʤʘʷ ʥʠʪʴ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤ ʰʚʝʡʥʦ-ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʇ-ʦʙʨʘʟʥʦʡ ʨʘʤʳ ʢ ʦʩʥʦʚʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʦʩʫʱʝʩʪʚ-

ʣʝʥ ʨʘʩʯʝʪ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʝ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ ʧʥʝʚʤʦʮʠʣʠʥʜʨʦʚ, ʚʳʙʦʨ ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ʠ 

ʢʦʤʧʨʝʩʩʦʨʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʡ ʫʯʘʩʪʦʢ ʚ ʤʘʰʠʥʝ ï ʵʪʦ ʤʝʩʪʦ ʢʨʝʧʣʝʥʠʷ 

ʨʘʤʳ ʢ ʦʩʥʦʚʥʦʤʫ ʢʦʨʧʫʩʫ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʙʳʣ ʦʩʫʱʝʩʪʚ-

ʣʝʥ ʧʦʜʙʦʨ ʩʝʯʝʥʠʷ ʨʘʤʳ ʠʟ ʙʨʫʩʘ ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ ʧʦʜʦʙʨʘʥ ʜʠʘʤʝʪʨ ʝʛʦ ʧʦʨʰʥʷ (ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʛʠʣʴʟʳ ʮʠʣʠʥʜʨʘ) 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʟʚʠʚʘʝʤʦʝ ʮʠʣʠʥʜʨʦʤ ʫʩʠʣʠʝ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʥʝʛʦ ʥʘʛʨʫʟʦʢ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳ-

ʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʦʩʧʫʩʢʘ ʠʟʜʝʣʠʡ ʚʝʨʭʥʝʛʦ ʪʨʠʢʦʪʘʞʘ ʠ ʦʙʦʩʥʦʚʘʥʳ ʤʝ-

ʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʧʨʦʩʪʦʝʚ. 

ʆʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʘʚʘ-

ʨʠʡʥʳʭ ʦʪʢʘʟʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʩʦʙʨʘʥʥʳʤ ʧʦ ʦʪʯʝʪʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʟʘ 2016 ʛʦʜ. 

ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʜʯʠʥʝʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʦʚʝʨʢʠ ʩʦʛʣʘʩʠʷ ʤʝʞʜʫ ʵʤʧʠʨʠʯʝʩʢʠʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʫ 1. 
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ ɢ2 ʇʠʨʩʦʥʘ 

ˉ ʠʥʪʝʨʚʘʣʘ m F(t) p(t) p(t)*n ɢ2 

ɢ2*  

(ʪʘʙʣʠʯʥʦʝ 

ʟʥʘʯʝʥʠʝ) 

0,8 
 

0,015243 
   

<9,2 

23,558333 46,00 0,363861 0,348618 41,83412 0,414841 

46,316667 26,00 0,589063 0,225202 27,02426 0,038821 

69,075 14,00 0,734541 0,145477 17,45729 0,684692 

91,833333 15,00 0,828517 0,093976 11,27717 1,228988 

137,35 8,00 0,92844 0,099924 11,99083 1,328241 

182,86 6,00 0,970135 0,041694 5,003289 0,198556 

273,91 5,00 0,994801 0,024666 2,959972 1,405998 

ʉʫʤʤʘ ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ ʧʦ ʠʥʪʝʨʚʘʣʘʤ × ɢ2 5,300137 

 

ɺʳʧʦʣʥʠʚ ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʠʚ ʛʠʩʪʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʩʦʛʣʘʩʠʷ ʤʝʞʜʫ ʵʤʧʠʨʠʯʝʩʢʠʤ ʠ ʚʳʙʨʘʥ-

ʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʩʦʛʣʘʩʠʷ ʇʠʨʩʦʥʘ, ʚʳʯʠʩʣʝʥʘ ʦʮʝʥʢʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʠʭ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʛʨʘʥʠʮ ʧʨʠ ʟʘʜʘʥʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

ɺʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ: ʩʨʝʜʥʝʡ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ, ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʦʡ ʥʘʨʘʙʦʪʢʠ ʜʦ 

ʦʪʢʘʟʘ, ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʳ ʜʣʷ ʨʦʩʧʫʩʢʘ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʡ ʚʝʨʭʥʝʛʦ ʪʨʠʢʦʪʘʞʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʩʪʨʘʥʝʥʠʠ ʠʟʚʠʪʦ-

ʩʪʠ ʥʠʪʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʦʪʥʘ ʙʝʟ ʝʛʦ ʧʝʨʝʥʘʚʝʰʠʚʘʥʠʷ ʩ ʦʜʥʦʡ ʤʘʰʠʥʳ ʥʘ 

ʜʨʫʛʫʶ. 

ʇʦʣʫʯʝʥʥʦʝ ʧʦʣʦʪʥʦ, ʩʦʯʝʪʘʶʱʝʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʯʝʩʪʚʦ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʠʟʜʝʣʠʡ, ʘ ʚʥʝʜʨʝʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩ-

ʧʝʯʠʪʴ ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʠ ʨʝʘʣʠʟʘʮʠʶ ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʊʈʀʂʆʊɸɾʅʆɻʆ  

ʇʆʃʆʊʅɸ ʀɿ ʇʆɺʊʆʈʅʆ ʀʉʇʆʃʔɿʋɽʄʆʁ ʇʈʗɾʀ 
 

 ʆ.ʖ. ʂʘʜʥʠʢʦʚʘ1, ɹ.ɸ. ʐʘʣʜʳʢʦʚʘ2 
1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 2 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʈʫʜʥʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʢʘʯʝʩʪʚʦ ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʧʦʚʪʦʨʥʦ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʧʨʷʞʠ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʣʦʢʦʥ ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ. ʀʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʷʞʘ, ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʣʦʪʥʘ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʚʷʟʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʚʷʟʘʥʠʷ, ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʪʝʣʴʥʦʤ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʤʘʰʠʥ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʣʘʜʦʢ ʚ ʠʭ ʨʘʙʦʪʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʪʭʦʜʦʚ 

[4]. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ [3] ʠ ʤʘʣʦʦʪʭʦʜ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [2], ʩʦʭʨʘʥʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ.  

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 2-ʭ ʚʘʨʠʘʥʪʘʭ:  

ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʪʥʘ ʠʟ ʧʝʨʚʠʯʥʦʡ ʥʠʪʠ. 

ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʪʥʘ ʠʟ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʷʞʠ ʧʦʩʣʝ ʨʦʩʧʫʩʢʘ ʙʨʘʯ-

ʥʳʭ ʜʝʪʘʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʚʷʟʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʣʘʜʦʢ ʚ ʨʘʙʦʪʝ ʤʘʰʠʥ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʪʥʘ ʩʪʘʥʜʘʨʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʟ ʦʙʱʝʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ 2 ʧʘʨʪʠʠ ʧʦ 100 ʰʪ. 

ʉʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʘʨʪʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʧʝʨʚʠʯʥʦʡ ʥʠʪʠ [1]. ɺʩʝ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʠʥʪʝʨʚʘʣʴʥʳʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʜʠʩʢʨʝʪʥʳʡ ʚʘʨʠʘ-

ʮʠʦʥʥʳʝ ʨʷʜʳ (ʪʘʙʣʠʮʳ 1, 2). ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʷʜʘ ʦʧʨʝʜʝʣʠʣʠ ʯʘʩʪʦʪʫ, ʥʘʢʦʧʣʝʥʥʫʶ ʯʘʩʪʦʪʫ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ ʠ ʥʘʢʦʧʣʝʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ. 

 

ʊʘʙʣʠʮʘ 1 

ʀʥʪʝʨʚʘʣʴʥʳʡ ʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
 355-360 360-365 365-370 370-375 375-380 380-385 

ʏʘʩʪʦʪʘ, ni  8 5 24 11 45 7 

ʅʘʢʦʧʣʝʥʥʘʷ ʯʘʩʪʦʪʘ, ʥʘʢ

in  8 13 37 48 93 100 

ʏʘʩʪʦʪʘ, wi = 
n

ni  0,08 0,05 0,24 0,11 0,45 0,07 

ʅʘʢʦʧʣʝʥʥʘʷ ʯʘʩʪʦʪʘ, 
ʥʘʢ

iw  
0,03 0,13 0,37 0,48 0,93 1 

 

ʊʘʙʣʠʮʘ 2 

ɼʠʩʢʨʝʪʥʳʡ ʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ɺʘʨʠʘʥʪʳ ʭi 357,5 362,5 367,5 372,5 377,5 382,5 

ʏʘʩʪʦʪʘ, ni 8 5 24 11 45 7 

ʏʘʩʪʦʪʘ, wi = 
n

ni  
0,08 0,05 0,24 0,11 0,45 0,07 

ʅʘʢʦʧʣʝʥʥʘʷ ʯʘʩʪʦʪʘ 

n

n
w

ʥʘʢ
iʥʘʢ

i =  

0,03 0,13 0,37 0,48 0,93 1 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʚʳʙʦʨʦʯʥʦʡ ʩʨʝʜʥʝʡ, ʜʠʩʧʝʨʩʠʠ, ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʘʩʠʤʤʝʪʨʠʠ, ʵʢʩʮʝʩʩʘ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ ʪʘʙʣʠʮʘ 3. 
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ʊʘʙʣʠʮʘ 3 

ʈʘʩʯʝʪʥʘʷ ʪʘʙʣʠʮʘ 

ix  in  iu  in
iu  

in iu 2 
in iu 3 

in iu 4 
in iu +1)4 

357,5 8 -3 -24 72 -216 648 128 

362,5 5 -2 -10 20 -40 80 5 

367,5 24 -1 -24 24 -24 24 0 

372,5 11 0 0 0 0 0 11 

377,5 45 1 45 45 46 45 720 

382,5 7 2 14 28 56 112 567 

Ɇ 100 -3 1 189 -179 909 1431 

 

ʊʦʛʜʘ ʚʳʙʦʨʦʯʥʘʷ ʩʨʝʜʥʷʷ ʨʘʚʥʘ 6,372=x , ʜʠʩʧʝʨʩʠʷ ï 25,47=ʚD , ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ï 87,6ºʚs , ʘʩʠʤʤʝʪʨʠʷ ï 109.0-=A , ʵʢʩʮʝʩʩ ï 263.0-=E . ɺʳʙʦʨʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʩʠʤʤʝʪʨʠʠ 

ɸ ʠ ʵʢʩʮʝʩʩʘ ɽ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʫʣʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ ʫʪʨʦʝʥʥʳʝ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 

ʀʩʧʦʣʴʟʫʷ ʢʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ ʇʠʨʩʦʥʘ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ Ŭ=0,05, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʪʥʘ ʠʟ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʷʞʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʝʤ ʦ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ. ɹʳʣʠ ʥʘʡʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ (in¡) ʠ ʩʨʘʚʥʝʥʳ ʩ ʵʤʧʠʨʠʯʝʩʢʠʤʠ (in ). 

ʈʘʩʯʝʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʳ 4 ʠ 5. 

 

ʊʘʙʣʠʮʘ 4 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ 

i 
ʠʥʪʝʨʚʘʣʳ 

ii xx --1  

ʵʤʧʠʨʠ-

ʯʝʩʢʠʝ 

ʯʘʩʪʦʪʳ 

in   
ʚ

ʚi xx
t

s

-
= -1

1
 

ʚ

ʚi xx
t

s

-
=2

 )( 1tF  
 

)( 2tF  
 )()( 12 tt

pi

F-F=

=
 

ʪʝʦʨʝʪ. 

ʯʘʩʪʦʪʳ 

ii pnn Ö=¡  

1 355-360 8 -2,5603 -1,8329 -0,4948 -0,4664 0,0284 3 

2 360-365 5 -1,8329 -1,1056 -0,4664 -0,3665 0,0999 10 

3 365-370 24 -1,1056 -0,3782 -0,3665 -0,1480 0,2185 22 

4 370-375 11 -0,3782 0,3491 -0,1480 0,1368 0,2848 28 

5 375-380 45 0,3491 1,0765 0,1368 0,3599 0,2231 22 

6 380-385 7 1,0765 1,8039 0,3599 0,4641 0,1042 10 

  100      95 

 

ʊʘʙʣʠʮʘ 5 

ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʯʘʩʪʦʪ 

i in  
in¡ ii nn ¡-  ( )2ii nn ¡-  

( )

i

ii

n

nn

¡

¡-
2

 2

in  
n

ni

¡

2

 

1 8 3 5 25 8,33 64 21,33 

2 5 10 -5 25 2,5 25 2,5 

3 24 22 2 4 0,18 576 26,18 

4 11 28 -17 289 10,32 121 4,32 

5 45 22 23 529 24,05 2025 92,05 

6 7 10 -3 9 0,9 49 4,9 

Ɇ 100 95   46,28  151,28 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʧʦʣʦʪʥʘ ʠʟ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʠʪʠ ʙʳʣʠ ʥʘʡʜʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʚʳʙʦʨʦʯʥʘʷ 

ʩʨʝʜʥʷʷ 341=x , ʜʠʩʧʝʨʩʠʷ 73,38=ʚD , ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 22,6ºʚs , ʘʩʠʤʤʝʪʨʠʷ 

101.0-=A , ʵʢʩʮʝʩʩ 122.0-=E . 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʪʥʘ ʠʟ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʷʞʠ ʩʦʛʣʘʩʫ-

ʶʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ. ʉʨʘʚʥʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ (in ) ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ (in¡) ʯʘʩʪʦʪ ʪʘʢ-

ʞʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʣʠʟʢʦ ʢ ʥʦʨʤʘʣʴʥʦʤʫ. 

ɺʳʧʦʣʥʝʥʥʦʝ ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʵʤʧʠʨʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʚʳʧʦʣʥʠʪʴ ʧʨʦʚʝʨʢʫ ʩʦʛʣʘʩʠʷ ʤʝʞʜʫ ʵʤʧʠʨʠʯʝʩʢʠʤ ʠ ʚʳʙʨʘʥʥʳʤ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʩʦʛʣʘʩʠʷ ʇʠʨʩʦʥʘ, ʚʳʯʠʩʣʠʪʴ ʦʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʠʭ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʛʨʘʥʠʮ ʧʨʠ ʟʘʜʘʥʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʨʷʞʫ ʪʝʤʧʝʨʘʪʫʨʥʦ-
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ʚʣʘʞʥʦʩʪʥʦʡ ʩʨʝʜʦʡ ʩ ʮʝʣʴʶ ʩʥʷʪʠʷ ʠʟʚʠʪʦʩʪʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʷʞʠ, ʧʨʠ 100-1150ʉ ʠ ʥʝ ʙʦʣʝʝ 25 ʤʠ-

ʥʫʪ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʝʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ, ʜʦʧʫʩʢʘʝʤʳʭ ɻʆʉʊʦʤ. ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ 

ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠʟ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʷʞʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ. 
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ʇʈʆɹʃɽʄʓ ʊʈʋɼʆʋʉʊʈʆʁʉʊɺɸ ɺʓʇʋʉʂʅʀʂʆɺ ɺʋɿʆɺ ʀ ʆɹɿʆʈ 

ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʇʆɼɹʆʈɸ ʂɸɼʈʆɺ 
 

 ɺ.ɸ. ʂʘʨʠʤʦʚʘ1, ɾ.ʉ. ɸʭʤʝʜʦʚ2 
1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, 

2 ʤʘʛʠʩʪʨʘʥʪ 1 ʢʫʨʩʘ ʬʘʢʫʣʴʪʝʪʘ çʂʦʤʧʴʶʪʝʨʥʳʡ ʠʥʞʠʥʠʨʠʥʛè 

ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄʫʭʘʤʤʘʜʘ ɸʣ-ʍʦʨʘʟʤʠʡ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʸʥ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʦʜʙʦʨʘ ʢʘʜʨʦʚ ʦʨʛʘ-

ʥʠʟʘʮʠʷʤʠ-ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ ʠʟ ʯʠʩʣʘ ʚʳʧʫʩʢʥʠʢʦʚ ɺʋɿʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʤʝʪʦʜʳ ʧʦʜʙʦʨʘ ʢʘʜʨʦʚ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʜʙʦʨʘ ʢʘʜʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʋɿ, ʚʳʧʫʩʢʥʠʢʠ, ʢʘʜʨʳ, ʤʝʪʦʜʳ, ʧʦʜʙʦʨ, ʧʝʨʩʦʥʘʣ. 

 

ɼʣʷ ʵʢʦʥʦʤʠʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ, ʯʪʦʙʳ ʚʳʧʫʩʢʥʠʢʠ ʚʳʩʰʠʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʥʘʰʣʠ ʩʚʦʸ ʤʝʩʪʦ ʚ ʦʙʱʝʩʪʚʝ ʠ ʥʘʯʘʣʠ ʨʘʙʦʪʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʴʶ, ʚʥʦʩʷ ʪʝʤ ʩʘʤʳʤ ʚʢʣʘʜ ʚ ʬʦʨʤʘʣʴʥʳʡ ʩʧʝʢʪʨ ʵʢʦʥʦʤʠʢʠ. ʕʪʫ ʟʘʜʘʯʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ 

ʜʚʫʭ ʩʪʦʨʦʥ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʳʙʦʨ ʤʝʩʪʘ ʨʘʙʦʪʳ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʚʳʧʫʩʢʥʠʢʘ ɺʋɿʘ, ʩ ʜʨʫʛʦʡ 

ï ʨʘʙʦʪʦʜʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʢʘʜʨʳ, ʦʪʚʝʯʘʶʱʠʝ ʚʩʝʤ ʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʦʜʙʦʨʘ ʢʘʜʨʦʚ ʦʨʛʘʥʠʟʘʮʠʷʤʠ-

ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ ʠʟ ʯʠʩʣʘ ʚʳʧʫʩʢʥʠʢʦʚ ɺʋɿʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʟʘʨʫʙʝʞʥʳʭ ʠ 

ʨʦʩʩʠʡʩʢʠʭ ʘʚʪʦʨʦʚ. 

ɺ ʨʘʙʦʪʝ [5] ʦʪʤʝʯʝʥʘ ʟʥʘʯʠʤʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʧʫʩʢʥʠʢʘ ʪʨʫʜʦʫʩʪʨʦʠʪʴʩʷ 

(employable) ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʩʪʘʞʠʨʦʚʢʠ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. 

ʅʘʩʨʝʪʜʠʥʦʚʘ ʄ.ʄ. [3] ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʥʣʘʡʥ-ʦʧʨʦʩʘ ʩ ʩʘʡʪʘ çɸʥʢʝʪʝʨè, ʦʪʤʝʯʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦ-

ʙʣʝʤʘ ʦʪʩʫʪʩʪʚʠʷ ʚ ɺʋɿʘʭ ʧʨʦʛʨʘʤʤʳ ʧʦʤʦʱʠ ʚʳʧʫʩʢʥʠʢʘʤ. ɸʚʪʦʨ ʚʳʜʝʣʷʝʪ ʧʨʦʙʣʝʤʫ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʛʨʘʤʤʳ 

ʧʦʤʦʱʠ ʚʳʧʫʩʢʥʠʢʘʤ, ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʥʘ ʨʘʙʦʪʫ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʧʨʠ 

ʠʭ ʥʘʣʠʯʠʠ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʱʫʪʠʤʳʡ ʦʪʪʦʢ ʤʦʣʦʜʝʞʠ ʚ ʩʬʝʨʫ ʪʝʥʝʚʦʡ ʵʢʦ-

ʥʦʤʠʢʠ.  

çɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʘʪʴ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʥʠʢʦʚ, ʨʘʟʚʠʚʘʶʪʩʷ ʠ 

ʦʪʢʨʳʚʘʶʪʩʷ ʮʝʥʪʨʳ ʟʘʥʷʪʦʩʪʠ ʧʨʠ ɺʋɿʘʭ, ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʪʨʘʥʠʯʢʠ ʥʘ ʨʘʙʦʪʥʳʭ ʩʘʡʪʘʭ ʦ ʚʘʢʘʥ-

ʩʠʷʭ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʚʳʧʫʩʢʥʠʢʦʚ ɺʋɿʦʚ. ʅʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʤʘʣʝʥʴʢʠʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʠʩʧʨʘʚʣʝʥʠʶ ʩʠ-

ʪʫʘʮʠʠè [1]. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚʳʧʫʩʢʥʠʢʦʚ (ʥʘ ʦʩʥʦʚʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʘʢʘʥʩʠʡ, ʨʘʟʤʝʱʸʥʥʳʭ ʥʘ ʩʘʡʪʘʭ ʨʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ishkop.uz, olx.uz ʠ ʜʨʫʛʠʭ), ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʦʜʘʪʝʣʠ ʚ ʚʳʧʫʩʢʥʠʢʘʭ ɺʋɿʦʚ ʮʝʥʷʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ: 

¶ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ, ʫʨʦʚʝʥʴ ʧʨʦʬʝʩ-
ʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, ʥʘʚʳʢʦʚ; 

¶ ʥʘʣʠʯʠʝ ʦʧʳʪʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʧʦʚʳʰʘʶʱʝʛʦ ʫʨʦʚʝʥʴ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ 
ʠ ʥʘʚʳʢʦʚ; 

¶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʚʦʩʧʦʣʥʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʩʚʦʠʭ ʟʥʘʥʠʡ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦ-
ʩʪʠ ʢ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ, ʚ ʠʭ ʦʙʱʝʡ ʵʨʫʜʠʮʠʠ, ʚ ʨʘʟʥʦʩʪʦʨʦʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʠʤʠ ʟʥʘʥʠʡ. 

ʊʦ ʝʩʪʴ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ-ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ɺʋɿʘʤʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦ-

ʙʣʝʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʧʫʩʢʥʠʢʦʚ ɺʋɿʦʚ. ʀʟʫʯʠʚ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ: ʫʯʝʙʥʫʶ ʧʨʦ-

ʛʨʘʤʤʫ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ɺʋɿʘʭ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʧʨʝʜʧʨʠʷ-

ʪʠʷʤʠ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʶʪʩʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʘʜʨʳ ʜʣʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ; ʵʪʘ ʫʯʝʙʥʘʷ ʧʨʦ-

ʛʨʘʤʤʘ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʪʝʥʜʝʥʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʧʦʣʠʪʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ɺʋɿʘʭ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʚʘ, ʯʪʦʙʳ ʚʳʧʫʩʢʥʠʢʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʝ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʘʜʨʳ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ɺʋɿʦʚ, ʘ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʩʫʙʲʝʢʪʳ, ʩʧʦ-

ʩʦʙʥʳʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʙʠʟʥʝʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʴʶ. 

ʀʟʫʯʠʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʳ ʧʦʜʙʦʨʘ ʢʘʜʨʦʚ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ:  

¶ ʩʦʙʝʩʝʜʦʚʘʥʠʝ ʩ ʢʘʥʜʠʜʘʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʨʝʩʩ-ʠʥʪʝʨʚʴʶ, ʢʝʡʩ-ʠʥʪʝʨʚʴʶ, ʛʨʫʧʧʦʚʦʝ ʠʥʪʝʨʚʴʶ ʠ ʪ.ʜ.; 
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¶ ʧʨʦʚʝʜʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʦʮʝʥʢʠ ʠ ʨʘʟʚʠʪʠʷ. 

ɸʥʘʣʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʱʠʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʢʠ ʢʘʥʜʠʜʘʪʦʚ ʧʨʠ ʞʠʚʦʤ ʦʙʱʝʥʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʩʝʤ ʠʤ ʧʨʠʩʫʱʘ ʪʨʫʜʦʸʤʢʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʯʝʣʦʚʝʯʝ-

ʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʚʥʝʜʨʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ) ʧʦʜʙʦʨʘ ʢʘʜʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʜʙʦʨʘ ʧʝʨʩʦʥʘʣʘ. 

ɺ ʨʘʙʦʪʝ ʉʦʨʦʢʠʥʘ ɸ.ʉ. ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘʸʤʱʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝ-

ʣʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ. ɼʘʣʝʝ ʘʚʪʦʨ ʧʦʢʘʟʳʚʘʝʪ ʤʝʪʦʜʠʢʫ ʧʝʨʝʚʦʜʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʩʢʦʨʠʥʛʦʚʫʶ ʢʘʨʪʫ. ɸʥʘʣʦʛʠʯʥʦ ʟʘʜʘʯʫ ʧʦʜʙʦʨʘ ʢʘʜʨʦʚ ʤʦʞʥʦ ʨʝʰʠʪʴ ʪʘʢ, ʢʘʢ ʵʪʦ 

ʜʝʣʘʝʪʩʷ ʚ ʩʢʦʨʠʥʛʦʚʳʭ ʤʦʜʝʣʷʭ. ɺ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ: ʧʦʣ, ʩʝ-

ʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʚʦʟʨʘʩʪ, ʜʦʣʞʥʦʩʪʴ, ʦʙʱʠʡ ʩʪʘʞ ʨʘʙʦʪʳ ʠ ʩʪʘʞ ʨʘʙʦʪʳ ʥʘ ʧʦʩʣʝʜʥʝʤ ʤʝʩʪʝ [4, ʩ. 4]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʢʦʨʠʥʛʦʚʳʭ ʤʦʜʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ, ʨʝʛʨʝʩʩʠʷ ʠ ʜʨʫʛʠʝ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʝʜʣʘʛʘʝʤʦʡ ʀʉ, ʧʦ ʘʥʘʣʦʛʠʠ, ʚʳʧʫʩʢʥʠʢ 

ɺʋɿʘ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʢʘʢ çʧʦʜʭʦʜʷʱʠʡè, ʣʠʙʦ çʥʝ ʧʦʜʭʦʜʷʱʠʡè ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ɿʜʝʩʴ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʦʪ-

ʜʝʣʘ ʢʘʜʨʦʚ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ. çʅʝ ʧʦʜʭʦʜʷʱʠʤʠè ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʨʘʙʦʪʥʠʢʦʚ, ʯʝʡ 

ʩʪʘʞ ʨʘʙʦʪʳ ʩʦʩʪʘʚʠʣ ʤʝʥʝʝ ʜʚʫʭ ʣʝʪ, çʧʦʜʭʦʜʷʱʠʤʠè ï ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʤʦʜʝʣʴ ʙʠ-

ʥʘʨʥʦʛʦ ʚʳʙʦʨʘ.  

ɻʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʥʘʤ ʙʫʜʝʪ ʜʘʚʘʪʴ ʤʦʜʝʣʴ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʚʳʙʦʨʘ, ʛʜʝ ʪʘʢʠʭ ʢʣʘʩʩʦʚ ʚʦʟ-

ʤʦʞʥʦ ʙʦʣʝʝ ʜʚʫʭ, ʥʘʧʨʠʤʝʨ: çʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʡ ʢʘʥʜʠʜʘʪè, çʧʦʜʭʦʜʷʱʠʡ ʢʘʥʜʠʜʘʪè, çʧʦʜʭʦʜʷʱʠʡ ʩ 

ʫʩʣʦʚʠʝʤ ʙʝʟʫʧʨʝʯʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʨʦʢʘè, çʥʝ ʧʦʜʭʦʜʷʱʠʡè. 

ʆʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʩʣʝʜʫʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩ ʫʯʸʪʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʘʢʦʛʦ 

ʤʝʪʦʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʘʢ ʨʝʛʨʝʩʩʠʷ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ çʧʦʜʭʦʜʷʱʠʭè ʠ çʥʝ 

ʧʦʜʭʦʜʷʱʠʭè ʢʘʥʜʠʜʘʪʦʚ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. ɽʩʣʠ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʜʙʦʨʘ ʢʘʜʨʦʚ ʪʘʢʠʝ ʤʝ-

ʪʦʜʳ, ʢʘʢ ʜʝʨʝʚʴʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʣʠ ʙʘʡʝʩʦʚʫ ʩʝʪʴ, ʪʦ ʚ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʩʣʝʜʫʝʪ ʚʢʣʶʯʠʪʴ ʬʘʢʪʠʯʝʩʢʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ çʧʦʜʭʦʜʷʱʠʭè ʠ çʥʝ ʧʦʜʭʦʜʷʱʠʭè ʢʘʥʜʠʜʘʪʫʨ. 

ʂʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʙʠʥʘʨʥʦʛʦ ʚʳʙʦʨʘ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʀʉ? ʇʨʝʜʩʪʘʚʠʤ 

ʬʘʢʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʢʨʝʪʥʦʤ ʚʳʧʫʩʢʥʠʢʝ ʚʫʟʘ ʢʘʢ ʚʝʢʪʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ . ɺʟʚʝʰʝʥʥʘʷ 

ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ Y, ʢʦʪʦʨʘʷ 

ʧʨʠʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ: 0, ʝʩʣʠ ʚʳʧʫʩʢʥʠʢ çʥʝ ʧʦʜʭʦʜʠʪè ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʪʥʠʢʘ ʜʣʷ ʦʨʛʘ-

ʥʠʟʘʮʠʠ, ʠ 1, ʝʩʣʠ çʧʦʜʭʦʜʠʪè. ʇʨʠ ʵʪʦʤ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʫʜʫʪ ʨʘʟʥʳʤʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘ-

ʥʠʟʘʮʠʠ. ʊʝʧʝʨʴ ʟʘʜʘʯʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʚʳʨʘʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ Y = 

1, ʢʘʢ ʬʫʥʢʮʠʶ ʦʪ , ʪʦ ʝʩʪʴ: 

 

. 

 

ɺ ʢʘʯʝʩʪʚʝ F ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ [6, ʩ. 6]. ɼʘʣʝʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʚʳʧʫʩʢʥʠʢʫ ɺʋɿʘ ʩʧʠʩʦʢ ʦʨʛʘʥʠʟʘʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ F(X) = 1, ʠʟ ʢʦʪʦʨʳʭ ʦʥ ʩʘʤ ʜʝʣʘʝʪ 

ʚʳʙʦʨ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ (ʧʨʝʜʣʘʛʘʝʤʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ, ʦʙʨʘʟʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʥʘʚʳʢʠ, ʫʤʝʥʠʷ ʠ ʧʨ.) ʦ ʢʦʥʢʨʝʪʥʦʡ ʚʘʢʘʥʩʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʢ ʚʝʢʪʦʨ ʬʘʢʪʦʨʦʚ , ʠ ʨʝʰʠʪʴ 

ʚʳʰʝʦʧʠʩʘʥʥʫʶ ʟʘʜʘʯʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ-ʨʘʙʦʪʦʜʘʪʝʣʷ, ʚʳʜʘʚ HR-ʤʝʥʝʜʞʝʨʫ ʩʧʠʩʦʢ ʩʦʠʩʢʘʪʝʣʝʡ, 

ʜʣʷ ʢʦʪʦʨʳʭ . 

ɺ ʨʘʙʦʪʝ [2] ʜʣʷ ʟʘʜʘʯʠ ʧʦʜʙʦʨʘ ʧʝʨʩʦʥʘʣʘ ʘʚʪʦʨ ʧʨʠʤʝʥʷʝʪ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. ʇʨʝʜʣʘʛʘ-

ʝʤʘʷ ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʫʙʲʝʢʪʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʨʝʰʘʝʪ ʟʘʜʘʯʫ 

ʘʧʨʠʦʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘ çʧʨʠʛʦʜʥʳʭè ʠ çʥʝ ʧʨʠʛʦʜʥʳʭè ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ. ɸʚʪʦʨ ʚʳʜʝʣʷʝʪ 

ʦʜʠʥʥʘʜʮʘʪʴ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ:  

1. ʧʦʣ,  

2. ʚʦʟʨʘʩʪ,  

3. ʥʘʣʠʯʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ,  

4. ʧʨʦʬʠʣʴ ʦʙʨʘʟʦʚʘʥʠʷ, 

5. ʩʪʘʞ,  

6. ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʣ ʢʘʥʜʠʜʘʪ,  

7. ʢʦʣʠʯʝʩʪʚʦ ʥʘʚʳʢʦʚ ʠ ʦʙʷʟʘʥʥʦʩʪʝʡ, 

8. ʟʥʘʥʠʝ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ, 

9. ʟʥʘʥʠʝ ʧʨʦʯʠʭ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, 

10. ʫʨʦʚʝʥʴ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, 

11. ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʝʪʝʥʜʫʝʪ ʢʘʥʜʠʜʘʪ. 



ISSN 2308-4804. Science and world. 2017. ˉ 6 (46). Vol. I. 

 

 

40 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʶʪ: 

1. ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʦʜʙʦʨʘ ʠ ʦʪʙʦʨʘ ʢʘʜʨʦʚ, 

2. HR-ʤʝʥʝʜʞʝʨʫ ʜʝʣʘʪʴ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʝ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʨʝʰʝʥʠʷ. 
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Abstract. The review of the scientific works devoted to the issues of recruitment from among university gradu-

ates is provided in this article. The existing staffing methods by various organizations are considered. The analysis of 

the solution of recruitment issues based on the methods of data mining is carried out. 
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ʀʅʅʆɺɸʎʀʆʅʅɸʗ ʇɽʊɽʃʔʅɸʗ ɿɸɻʈʋɿʂɸ ALTA BIOLOAD 
 

 ʄ.ʄ. ʇʫʢʝʤʦ1, ɽ.ɺ. ɸʣʝʢʩʝʝʚ2 

1 ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ çɺʦʜʦʦʪʚʝʜʝʥʠʝ ʠ ɺʦʜʥʘʷ ʕʢʦʣʦʛʠʷè, ʯʣʝʥ ʕʊʉ ʈɸɺɺ, 
2 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸɽʅ, ʧʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ 

ʌɻɹʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʘʵʨʦʙʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ 

ʦʯʠʩʪʢʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʝʜʣʦʞʝʥ ʧʫʪʴ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʘʪʝʨʠʘʣʘ ʥʦʩʠʪʝʣʷ ʙʠʦʧʣʝʥʢʠ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ 

ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ (IFAS-ʧʨʦʮʝʩʩ). ʈʘʩʩʤʦʪʨʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ-ʥʦʩʠʪʝʣʷ (ʙʠʦʟʘʛʨʫʟʢʠ) ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʝʛʦ 

ʩʚʦʡʩʪʚʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʈʌ ʤʘʪʝʨʠʘʣʦʤ ʥʦʩʠʪʝ-

ʣʝʤ (ʝʨʰʦʚʦʡ ʟʘʛʨʫʟʢʦʡ) ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʟʘʛʨʫʟʢʘ, ʤʘʪʝʨʠʘʣ ʥʦʩʠʪʝʣʴ, ʙʠʦʧʣʝʥʢʘ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

IFAS-ʧʨʦʮʝʩʩ. 

 

ʈʘʟʜʝʣ 1. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʝʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʙʠʦʟʘʛʨʫʟʢʠ Alta BioLoad 

ʇʝʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʙʠʦʟʘʛʨʫʟʢʘ Alta BioLoad ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʆʉ ʩ ʙʠʦʮʝʥʦʟʦʤ, ʟʘʢʨʝʧʣʝʥʥʦʤ ʥʘ ʥʦʩʠʪʝʣʝ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʆʉ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʆʉ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʤʘʭ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʆʉ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʚʦʜʳ 

ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʚ ʈʌ ʚ ʛʦʜ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʩʙʨʘʩʳʚʘʝʪʩʷ 11`310 ʤʣʥ.ʤ3 ʥʝ 

ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ [1]. ʅʝ ʤʘʣʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʬʘʢʪʦʨ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ. 

ʇʦʩʢʦʣʴʢʫ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʩʝʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʟʥʦʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʧʦ ʦʮʝʥʢʝ ʈʦʩʩʪʘʪʘ, ʠʟʥʦʩ ʮʝʥ-

ʪʨʘʣʠʟʦʚʘʥʥʳʭ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʢʦʥʝʮ 2015ʛ. ʩʦʩʪʘʚʣʷʝʪ ʯʫʪʴ ʙʦʣʴʰʝ 43 %) [4], ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ 

ʦʙʠʣʴʥʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ʛʨʫʥʪʦʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʨʘʟʨʫʰʝʥʥʦʤ ʠ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘ-

ʥʘʣʠʟʘʮʠʦʥʥʳʝ ʩʝʪʠ ʘʢʪʠʚʥʦ ʠʥʬʠʣʴʪʨʫʶʪ ʛʨʫʥʪʦʚʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʆʉ ʚʦʟʨʘʩʪʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʞʝ ʚ ʤʦʤʝʥʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʙʘʚʣʝʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʈʝʟʢʦʝ 

ʧʦʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʆʉ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʧʨʠ ʧʦʤʦʱʠ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʝʛʦ ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ ʘʢʪʠʚ-

ʥʦʛʦ ʠʣʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʘʢʪʠʚʥʳʡ ʠʣ ʚʳʤʳʚʘʝʪʩʷ ʠʟ ʘʵʨʦʪʝʥʢʦʚ ʠ ʚʪʦʨʠʯʥʳʭ ʦʪ-

ʩʪʦʡʥʠʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʯʝʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʚ ʘʵʨʦʪʝʥʢʘʭ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʵʪʠʤ, ʫʤʝʥʴʰʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʢʫ ʧʠʪʘʥʠʷ ʠ ʥʘʨʫʰʘʝʪ ʩʣʦʞʠʚʰʠʡʩʷ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʚ ʆʉ, ʯʪʦ ʪʘʢ ʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ [5]. ɺʳʰʝʦʧʠʩʘʥ-

ʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʥʘ ʠʩʧʨʘʚʥʳʭ ʧʦʣʥʦ-ʩʧʣʘʚʥʳʭ ʩʝʪʷʭ, ʪʘʢ ʢʘʢ ʦʙʠʣʴʥʳʝ ʦʩʘʜʢʠ ʚʥʦʩʷʪ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʦʙʲʝʤʳ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʆʉ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʯʠʩʪʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʧʨʠ ʧʦʤʦʱʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʙʠʦʮʝʥʦʟʘ ʥʘ ʥʦʩʠʪʝʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʟʘʛʨʫʟʢʠ ʩ ʧʦ-

ʚʳʰʝʥʥʦʡ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ ʦʙʲʝʤʫ (ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʙʠʦʟʘʛʨʫʟʢʠ 2000 ʤ2/ʤ3 ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʦʙʲʝʤ ʠ 3400 ʤ2/ʤ3 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ ʙʠʦ-

ʟʘʛʨʫʟʢʠ). ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʙʠʦʮʝʥʦʟ ʥʝ ʧʦʜʚʝʨʞʝʥ ʚʳʤʳʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʪʘʙʠʣʝʥ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘ-

ʚʫ ʙʣʘʛʦʜʘʨʷ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʨʠʢʩʘ ʙʠʦʧʣʝʥʢʠ [7]. ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʵʪʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʙʠʦʧʣʝʥʢʠ 

ʩʧʦʩʦʙʥʳ ʧʦʢʘʟʳʚʘʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʙʝʜʥʳʭ ʩʪʦʢʘʭè, ʪ.ʝ. ʩʪʦʢʘʭ ʩ ʥʠʟʢʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʯʠʩʪʢʠ ʩ ʧʦʤʦʱʴʶ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʙʠʦʮʝʥʦʟʘ ʚʦʟʤʦʞʥʦ 

ʧʦʜʥʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʦ 15-27 ʛ/ʣ, ʯʪʦ ʙʦʣʴʰʝ ʯʝʤ ʚ ʦʙʳʢʥʦʚʝʥʥʳʭ ʘʵʨʦʪʝʥʢʘʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ 13 ʨʘʟ (ʦʙʳʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʚ ʘʵʨʦʪʝʥʢʘʭ 2-4 ʛ/ʣ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʆʉ ʪʘʢʞʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʝ ʨʝ-

ʟʫʣʴʪʘʪ ʪʘʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘʟʳʚʘʶʪ IFAS-ʧʨʦʮʝʩʩ, ʪ.ʝ. ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʯʠʩʪʢʠ ʙʠʦʧʣʝʥʢʦʡ ʠ ʘʢʪʠʚʠʨʦ-

ʚʘʥʥʳʤ ʠʣʦʤ. ʊʝʭʥʦʣʦʛʠʷ IFAS ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʠʣʘ, ʠ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥ-

ʩʠʬʠʮʠʨʦʚʘʪʴ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. 

                                                           
É ʇʫʢʝʤʦ ʄ.ʄ., ɸʣʝʢʩʝʝʚ ɽ.ɺ. / Pukemo M.M., Alekseyev Ye.V., 2017 
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ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʠʦʧʣʝʥʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʚʳʩʦʢʦʫʩʪʦʡʯʠʚʳʝ ʘʢʪʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʭʦʨʦʰʦ 

ʧʝʨʝʥʦʩʷʱʠʝ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʪʦʚʳʭ ʪʦʢʩʠʥʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʟʘʱʠʪʳ ʦʪ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʙʠʦʮʝʥʦ-

ʟʘ ʩ ʪʦʢʩʠʢʘʥʪʘʤʠ ʤʘʪʨʠʢʩʦʤ ʙʠʦʧʣʝʥʢʠ [6]. 

ɹʠʦʧʣʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʫʶ ʜʝʛʨʘʜʘʮʠʶ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʪʘʢ ʢʘʢ ʙʠʦʮʝʥʦʟ, 

ʩʪʨʝʤʷʩʴ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʚʳʛʦʜʝ, ʚʳʩʪʨʘʠʚʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʪʨʦʬʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʤʝʪʘʙʦʣʠʪʳ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʷʚʣʷʶʪʩʷ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʪʨʦʬʥʦʛʦ ʫʨʦʚʥʷ. ʇʦ ʨʘʟʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʆʉ ʤʫ-

ʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʙʠʦʧʣʝʥʢʠ ʦʙʨʘʟʫʶʪ ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʜʦ 4-ʭ ʪʨʦʬʥʳʭ ʫʨʦʚʥʝʡ. 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʚʦʜʷʪ ʢ ʵʬʬʝʢʪʫ ʘʜʘʧʪʘʮʠʠ ʩʦʦʙʱʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ. ʉʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʠʦʧʣʝʥʢʠ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʥʝʰʥʠʝ ʢʦʣʝ-

ʙʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʚʥʫʪʨʝʥʥʠʤʠ ʨʝʟʝʨʚʘʤʠ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʷ ʘʵʨʦʪʝʥʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʆʉ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʧʨʠ ʧʦʤʦʱʠ ʦʪʢʨʝʧʣʝʥʥʦʛʦ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʝʛʦ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʘʜʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʚʥʦʚʴ ʩʪʨʦʷʱʠʭʩʷ ʆʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦ-

ʛʦ ʙʠʦʮʝʥʦʟʘ ʥʘ ʧʝʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʟʘʛʨʫʟʢʝ. 

 

ʈʘʟʜʝʣ 2. ʂʦʥʩʪʨʫʢʮʠʷ ʧʝʪʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ Alta BioLoad. 

ɹʠʦʟʘʛʨʫʟʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʪʨʫʙʫ ʩ ʟʘʜʘʥʥʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʬʦʨʤʦʚʢʠ ʠ ʚʷʟʢʠ, ʪʨʝʭʩʣʦʡʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʉʭʝʤʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʪʝʣʴʥʦʡ ʙʠʦʟʘʛʨʫʟʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 1. 

ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʚʳʧʦʣʥʝʥ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ. ɺʥʝʰʥʠʡ ʩʣʦʡ ʚʳʧʦʣʥʝʥ ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʥʠʪʝʡ. 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʨʝʟʘ ʙʠʦʟʘʛʨʫʟʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 2.  

 

 
 

ʈʠʩʫʥʦʢ 1. 3D ï ʵʩʢʠʟ-ʤʦʜʝʣʴ ʩʝʯʝʥʠʷ ʧʝʪʝʣʴʥʦʡ ʙʠʦʟʘʛʨʫʟʢʠ. 

ʩʣʦʡ ˉ1 ï ʚʥʫʪʨʝʥʥʠʡ ʧʦʨʠʩʪʳʡ ʩʣʦʡ, ʩʣʦʡ ˉ2 ï ʧʝʨʝʭʦʜʥʳʡ çʤʝʤʙʨʘʥʥʳʡè ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʡ,  

ʩʣʦʡ ˉ3 ï ʨʘʙʦʯʘʷ çʧʦʚʝʨʭʥʦʩʪʴè ʜʣʷ ʧʨʠʢʨʝʧʣʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʙʠʦʤʘʩʩʳ 
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ʈʠʩʫʥʦʢ 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʧʝʪʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ 
 

ɽʜʠʥʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʢʘʩʩʝʪʳ, ʢʦʪʦʨʳʝ ʙʣʦʯʥʦ ʤʦʥʪʠʨʫʶʪʩʷ ʚ 

ʘʵʨʠʨʫʝʤʳʡ ʢʘʥʘʣ ʢʦʥʪʘʢʪʥʦʛʦ ʙʠʦʨʝʘʢʪʦʨʘ. ʆʙʱʠʡ ʚʠʜ ʢʘʩʩʝʪʳ ʠʟ ʪʨʝʭ ʝʜʠʥʠʯʥʳʭ ʤʦʜʫʣʝʡ ʠ ʠʟʦʙʨʘʞʝʥʠʝ 

ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʠʦʟʘʛʨʫʟʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 3 ʠ ʈʠʩʫʥʢʝ 4.  
 

 

 
ʈʠʩʫʥʦʢ 3. ʂʘʩʩʝʪʘ ʩ ʪʨʝʤʷ ʝʜʠʥʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʧʝʪʝʣʴʥʦʡ ʙʠʦʟʘʛʨʫʟʢʠ ʚ ʩʙʦʨʝ 

ʈʠʩʫʥʦʢ 4. ʌʦʪʦʛʨʘʬʠʠ ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʝʪʝʣʴʥʦʡ 

ʙʠʦʟʘʛʨʫʟʢʠ, 1 ï ʚʠʜ ʩʙʦʢʫ, 2 ï ʦʙʱʠʡ ʚʠʜ, 3 ï ʚʠʜ ʩʚʝʨʭʫ 
 

ʈʘʟʜʝʣ 3. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʟʘʛʨʫʟʢʠ Alta BioLoad ʩ ʝʨʰʦʚʦʡ ʟʘʛʨʫʟʢʦʡ 

C ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʛʨʫʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚʳʷʩʥʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴ-

ʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʟʘʛʨʫʟʢʠ Alta BioLoad ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʪʝʥʜʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʙʠʦʧʣʝʥʢʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʣʫʦʨʝʩ-

ʮʝʥʪʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ʬʨʘʢʪʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʙʠʦʧʣʝʥʦʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ ʟʘʛʨʫʟʢʠ ʙʠʦʨʝʘʢʪʦʨʘ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʙʠʦʧʣʝʥʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʧʨʠʨʦʩʪʫ 


