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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 514.75 
 

ʆ ʌʆʈʄɽ ʇʆɺɽʈʍʅʆʉʊʀ ʉʓʇʋʏɽɻʆ ɺɽʑɽʉʊɺɸ,  

ʃɽɾɸʑɽɻʆ ʅɸ ɻʆʈʀɿʆʅʊɸʃʔʅʆʁ ʇʃʆʉʂʆʉʊʀ 
 

 ɸ.ʇ. ɹʣʠʥʦʚ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʌɻɹʆʋ ɺʆ ʈɻɸʋ-ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʳʧʫʯʝʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʛʜʘ ʠʟʚʝʩʪʝʥ ʝʛʦ ʢʦʥʪʫʨ ʥʘ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʥʪʫʨ.  
 

ʇʨʠ ʚʳʛʨʫʟʢʝ ʩʳʧʫʯʝʛʦ ʚʝʱʝʩʪʚʘ (ʟʝʨʥʘ, ʧʝʩʢʘ ʠ ʪ.ʧ.) ʩ ʧʦʤʦʱʴʶ, ʥʘʧʨʠʤʝʨ, ʧʦʜʚʠʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʩʢʘ (ʪʘʢ ʜʘʣʝʝ ʫʩʣʦʚʥʦ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʣʶʙʦʝ ʩʳʧʫʯʝʝ ʚʝʱʝʩʪʚʦ) 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʣʠʥʝʡʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [1] ʩ ʧʦʩʪʦʷʥʥʳʤ ʜʣʷ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʫʛʣʦʤ ɔ ʤʝʞʜʫ ʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʦʩʥʦʚʘʥʠʷ (ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʜʘʯʘ ʦ ʬʦʨʤʝ ʢʦʪʣʦʚʘʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ 

ʧʨʠ ʟʘʜʘʥʥʦʤ ʢʦʥʪʫʨʝ ʚ ʩʳʧʫʯʝʤ ʛʨʫʥʪʝ ʩʠʤʤʝʪʨʠʯʥʘ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ). 

ʇʫʩʪʴ ʛʨʘʥʠʮʝʡ ʧʝʩʢʘ ʥʘ ʦʧʦʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʘʷ ʟʘʤʢʥʫʪʘʷ ʣʠʥʠʷ L, ʘ ʦʙʣʘʩʪʴ G, ʦʛʨʘʥʠ-

ʯʝʥʥʘʷ ʵʪʦʡ ʣʠʥʠʝʡ, ʦʜʥʦʩʚʷʟʥʘ ʠ ʟʚʸʟʜʥʘ. (ɿʚʸʟʜʥʦʩʪʴ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ G ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʢʘ ʆ, 

ʪʘʢʘʷ, ʯʪʦ ʣʶʙʦʡ ʣʫʯ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʥʝʸ ʚ ʧʣʦʩʢʦʩʪʠ G, ʧʝʨʝʩʝʢʘʝʪ L ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʪʦʯʢʝ.) 

ʈʘʩʧʦʣʦʞʠʤ ʚ ʪʦʯʢʝ ʆ ʥʘʯʘʣʦ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ xyz, ʥʘʧʨʘʚʠʚ ʦʩʴ z ʧʦ ʚʝʨʪʠʢʘʣʠ ʚʚʝʨʭ. 

ʋʨʘʚʥʝʥʠʝ ʣʠʥʠʠ L ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ , ʛʜʝ ʫʛʦʣ Ŭ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʦʩʠ ʭ (ʩʤ. ʨʠʩ. 

1.) ʉʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʩʢʘ ʧʨʝʜʩʪʘʚʠʤ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʫʩʘ-ʚʝʢʪʦʨʘ  ʚ ʧʨʦʝʢʮʠʷʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʘʨʘ-

ʤʝʪʨʦʚ Ŭ ʠ l , ʪ.ʝ.  l ï ʜʣʠʥʘ ʦʙʨʘʟʫʶʱʝʡ ʦʪ ʦʧʦʨʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʩʢʘ ʧʦʣʫʯʘʝʪʩʷ ʜʚʠʞʝʥʠʝʤ ʣʫʯʘ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʛʦ ʩʢʦʣʴʟʠʪ ʧʦ 

ʣʠʥʠʠ L, ʦʙʨʘʟʫʷ ʫʛʦʣ ɔ ʩ ʚʝʨʪʠʢʘʣʴʶ ʚ ʧʣʦʩʢʦʩʪʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʢ ʣʠʥʠʠ L ʚ ʪʦʯʢʝ ʚʳʭʦʜʘ ʣʫʯʘ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ 

G. ʇʨʠ ʧʦʣʥʦʤ ʦʙʭʦʜʝ ʢʦʥʪʫʨʘ L ʧʝʨʝʩʝʯʝʥʠʝ ʪʘʢʠʭ ʣʫʯʝʡ ʦʙʨʘʟʫʝʪ ʣʠʥʠʶ ʛʨʝʙʥʷ ɻ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʝʩʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ xz. ʇʨʠ ʫʩʣʦ-

ʚʠʠ, ʯʪʦ ʢʘʩʘʪʝʣʴʥʦ ʢ ʢʦʥʪʫʨʫ L ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʠ ʫ ʪʦʣʴʢʦ ʚ ʪʦʯʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ L ʩ ʦʩʴʶ ʭ (ʥʘ ʨʠ-

ʩʫʥʢʝ ʪʦʯʢʠ a ʠ b). ɻʨʝʙʝʥʴ ɻ ʙʫʜʝʪ ʣʝʞʘʪʴ ʚ ʧʣʦʩʢʦʩʪʠ xz.  

ɺ ʩʠʣʫ ʵʪʦʡ ʩʠʤʤʝʪʨʠʠ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʣʴʢʦ ʜʣʷ y Ó 0 (a Ò x Ò b) ʠʣʠ 

ʜʣʷ 0 Ò Ŭ Ò ˊ. ɻʣʘʜʢʦʩʪʴ ʣʠʥʠʠ L, ʟʘʜʘʚʘʝʤʦʡ ʬʫʥʢʮʠʝʡ y = f(x) ʥʘ ʦʪʨʝʟʢʝ [a , b], ʚ ʪʦʯʢʘʭ a ʠ b ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʂʦʦʨʜʠʥʘʪʳ ʣʶʙʦʡ ʪʦʯʢʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʩʢʘ ɸ (x, y, z) ʧʦʣʫʯʠʤ, ʩʣʦʞʠʚ ʚʝʢʪʦʨʳ 

 ʠ , ʛʜʝ ,  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ , ʪ.ʝ. yL = f(xL)   

ʇʫʩʪʴ ʪʦʯʢʘ  ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʝʢʮʠʶ ʪʦʯʢʠ ɸ ʥʘ ʧʣʦʩʢʦʩʪʴ xʫ. ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸ  ɺ ʩʣʝʜʫʝʪ, ʯʪʦ 
 

                                                                (1) 
 

ɸ ʪʘʢ ʢʘʢ ʪʦʯʢʘ   ʣʝʞʠʪ ʥʘ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʫʨʫ L  ʚ ʪʦʯʢʝ ɺ, ʪ.ʝ. ʥʘ ʧʨʷʤʦʡ 
 

 ,                                                       (2) 

 

ʂʦʤʙʠʥʠʨʫʷ (1) ʠ (2) ʧʦʣʫʯʠʤ 
 

                                                                    (3) 
 

ɿʜʝʩʴ ʟʥʘʢ ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʫʩʣʦʚʠʶ  ʧʨʠ . 

ʇʦʜʩʪʘʥʦʚʢʘ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʭ ʚ (2) ʦʧʨʝʜʝʣʷʝʪ ʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʦʨʜʠʥʘʪ x, y, z ʪʦʯʢʠ ɸ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ , 

ʫʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ 
 

. 
 

ʋʨʘʚʥʝʥʠʝ ʣʠʥʠʠ ʛʨʝʙʥʷ ɻ ʧʦʣʫʯʠʤ, ʝʩʣʠ ʚ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʠ ʚ (2) ʧʦʣʦʞʠʤ ʫſ0 . ʊʦʛʜʘ ʫʨʘʚʥʝ-

ʥʠʝ (2) ʧʨʠʤʝʪ ʚʠʜ , ʨʘʟʨʝʰʘʷ ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ x ʧʦʣʫʯʠʤ . ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ 

ʟʥʘʯʝʥʠʝ x ʚ (3) , ʧʦʣʫʯʠʤ .  

                                                           
É ɹʣʠʥʦʚ ɸ.ʇ. / Blinov A.P., 2016 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ ʛʨʝʙʥʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ  
 

 
 

ʛʜʝ  - ʧʨʦʙʝʛʘʝʪ ʦʪʨʝʟʦʢ [a , b]. 

ʇʈʀʄɽʈ. ʇʫʩʪʴ ʢʦʥʪʫʨ L ʦʙʨʘʟʦʚʘʥ ʧʝʨʝʩʝʯʝʥʠʝʤ ʧʘʨʘʙʦʣ 
 

, 
 

ʛʜʝ  - ʬʦʢʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ. 

ʇʦ ʩʚʦʡʩʪʚʫ ʧʘʨʘʙʦʣ ʣʫʯ, ʧʦʩʣʘʥʥʳʡ ʠʟ ʬʦʢʫʩʘ (ʟʜʝʩʴ ʦʥ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʆ), ʦʪʨʘʞʘʝʪ-

ʩʷ ʦʪ ʧʘʨʘʙʦʣʳ ʧʘʨʘʣʣʝʣʴʥʦ ʝʸ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ï ʦʩʠ ʫ. ʊʦ ʝʩʪʴ ʣʫʯ ʚʳʰʝʜʰʠʡ ʠʟ ʪʦʯʢʠ ʆ ʧʦʜ ʫʛʣʦʤ Ŭ ʢ ʦʩʠ x 

ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʥʦʨʤʘʣʠ ʢ L ʢʘʢ . (ɿʜʝʩʴ ʢʘʢ ʠ ʚʳʰʝ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʯʘʩʪʴ ʢʦʥ-

ʪʫʨʘ L ʧʨʠ ʫ Ó 0 ʜʣʷ ʚʝʪʚʠ ʢʨʠʚʦʡ .)  

ʊʘʢ ʢʘʢ ,  ʠ  , ʪʦ 
 

,  
 

ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʥʦʨʤʘʣʴʥʦʡ ʢ L  ʚ ʪʦʯʢʝ ɺ 
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ʋɼʂ 66.974.434, 538.956 

 

ɼɺʀɾɽʅʀɽ ɸʊʆʄʆɺ ɿʆʃʆʊɸ ɺ ɺʆɼɽ  

ʇʈʀ ʈɽʃɸʂʉɸʎʀʆʅʅʓʍ ɺʓʅʋɾɼɽʅʅʓʍ ʂʆʃɽɹɸʅʀʗʍ 
 

 ʅ.ɺ. ɽʨʸʤʠʥʘ1, ʅ.ʉ. ʂʦʩʪʶʢʦʚ2 
1 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

2 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʠʟʦʙʨʝʪʘʪʝʣʴ ʈʌ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ (ɹʣʘʛʦʚʝʱʝʥʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɽʩʣʠ ʩʯʠʪʘʪʴ ʦʙʣʘʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʚʝʣʠʯʠʥʦʡ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʩʩʦʮʠʘʪʘʤʠ ʚʦʜʳ, ʘ 

ʘʪʦʤʳ ʟʦʣʦʪʘ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʝʞʜʫ ʥʠʤʠ, ʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘ-

ʩʪʦʪʘʭ ʤʦʞʥʦ ʠʟʚʣʝʢʘʪʴ ʠʟ ʚʦʜʳ ʘʪʦʤʳ ʟʦʣʦʪʘ. ʇʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʝʦʨʠʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʜʣʷ ʨʘʩʯʝʪʘ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʟʦʣʦʪʘ nD

 

ʚ ʚʦʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʘ, ʟʦʥʘ ʨʝʣʘʢʩʘʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʟʦʣʦʪʘ, ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ. 

 

ɿʦʣʦʪʦ ʚ ʧʨʠʨʦʜʝ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʦʜʝʨʞʠʪʩʷ ʚ ʚʦʜʝ ʨʝʢ, ʤʦʨʝʡ, ʚ ʨʘʩ-

ʪʝʥʠʷʭ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʦʣʦʪʘ ʚ ʚʦʜʝ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ ʜʦʩʪʠʛʘʝʪ 4-10 ʤʛ ʥʘ ʪʦʥʥʫ, ʧʦʚʳʰʘʷʩʴ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝ-

ʩʪʘʭ ʜʦ 15-18 ʤʛ ʥʘ ʪʦʥʥʫ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʦʣʦʪʘ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʜʦ 10-20 ʤʣʥ. ʪ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʥʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ [3, ʉ. 463]. 

ʀʟ ʪʚʝʨʜʳʭ ʧʦʨʦʜ ʟʦʣʦʪʦ ʠʟʚʣʝʢʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʚʦʜʝ ʦʥʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʦ ʥʘ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ ʠ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʨʪʠʥʘ ʙʣʠʟʢʘ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʪʚʝʨʜʦʤʫ ʪʝʣʫ ʩ ʧʨʠ-

ʤʝʩʥʳʤʠ ʠʦʥʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʤʝʩʪʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʙʘʨʴʝʨʘ-

ʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʚ ʪʝʦʨʠʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ [2, ʉ. 53]. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʘʪʨʠʮʫ ï ʚʦʜʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʘʩʩʦʮʠʘʪʳ, ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ ʠʟ 5 ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʶʱʠʭ ʦʙʱʠʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ, ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʤʦʣʝ-

ʢʫʣʘʤʠ 4Ā10-10 ʤ, ʠ ʝʩʣʠ ʘʪʦʤʳ ʟʦʣʦʪʘ ʩʯʠʪʘʪʴ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʫʩʪʦʡʯʠʚʳʭ ʧʦʣʦʞʝʥʠʷʭ ʤʝʞʜʫ ʵʪʠʤʠ ʘʩʩʦ-

ʮʠʘʪʘʤʠ ʚʦʜʳ, ʪʦ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ ʨʝʣʘʢʩʘʮʠʠ ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʝ [2, ʉ. 67], ʩʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʟʦʣʦʪʘ nD

 

ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 
tieEE w

0=  ʚʦʟʥʠʢʘʝʪ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

 

( )
( )

( ) ( )

2 2
00 0

2 22 2 2 2 2 2 2 2 2 2
0 0 0

1 2

2 4 4

qE qE b
n i

m mib b b

w w w

w w w w w w w w w

å õ-
æ öD = Ö = -
æ ö- + æ ö- + - +
ç ÷

              (1) 

 

ʛʜʝ q ï ʚʘʣʝʥʪʥʦʩʪʴ (ʟʘʨʷʜ); m ï ʤʘʩʩʘ ʘʪʦʤʘ; ɽ0 ï ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʳʥʫʞʜʘʶʱʝʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ 

ʯʘʩʪʦʪʦʡ ɤ; ɤ0 ï ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ; b ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ b ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 
t

1
2 =b , ʚ ʩʣʫʯʘʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʛʜʝ Ű ï ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʚʦʜʳ, Ű=9,22Ā10-12 ʩ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, b=5,4Ā1010 ʩ-1. 

ʆʙʣʘʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʩʩʦʮʠʘʪʘʤʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟ 5 ʤʦʣʝʢʫʣ ʩʦʩʪʘʚʣʷʝʪ ʪʨʝʪʴ ʚʩʝʭ ʤʦʣʝʢʫʣ ʚʦʜʳ [1, ʉ 

98]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʟʦʥʳ ʨʝʣʘʢʩʘʮʠʠ R ʤʦʞʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ R=4Ā10-10 ʤ ʠ ʜʘʝʪ ʥʘʙʦʨ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ɤ0, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ: 

 

2
2
0 3

0 Au

q

R m
w

pe e¤
= ,               (2) 

 

ʛʜʝ 12
0 8,85 10e -= Ö  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ; 2632,7 10Aum -= Ö  ʢʛ.ï ʤʘʩʩʘ ʘʪʦʤʘ Au. 

 

 

 

 

 

                                                           
É ɽʨʸʤʠʥʘ ʅ.ɺ., ʂʦʩʪʶʢʦʚ ʅ.ʉ. / Eriomina N.V., Kostyukov N.S., 2016 
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ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʦʨʤʫʣʝ ʪʝʦʨʠʠ ʚʳʥʫʞʜʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩ ʟʘʪʫʭʘʥʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʳ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ Au ʚ ʚʦʜʝ 
1 R, ʤ 4Ā10-10 4Ā10-9 4Ā10-8 4Ā10-7 4Ā10-6 4Ā10-5 4Ā10-4 4Ā10-3 

2 2
0w  

0,55Ā1024 5,5Ā1020 0,55Ā1018 5,5Ā1014 0,55Ā1012 5,5Ā108 0,55Ā106 5,5Ā102 

3 
0w, ʩ

-1 7,4Ā1011 2,34Ā1010 7,4Ā108 2,34Ā107 7,4Ā105 2,34Ā104 7,4Ā102 2,34Ā10 

4 

t

1
2 =b , c-1 10,8Ā1010 10,8Ā1010 10,8Ā1010 10,8Ā1010 10,8Ā1010 10,8Ā1010 10,8Ā1010 10,8Ā1010 

5 ȹn, ʤ-3 6,12Ā10-18 ɽ0 1,93Ā10-16 ɽ0 6,12Ā10-15 ɽ0 1,93Ā10-13 ɽ0 6,12Ā10-12 ɽ0 1,93Ā10-10 ɽ0 6,12Ā10-9 ɽ0 1,93Ā10-7 ɽ0 

 

* ɽ0 ï ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ (ɺ). 

 

ɼʣʷ ʦʙʣʘʩʪʠ ʨʝʣʘʢʩʘʮʠʠ 104 10R -= Ö ʤ ʠ 80ʚʦʜʳe =  ʩʦʙʩʪʚʝʥʥʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 

ʘʪʦʤʘ Au, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (2) ʨʘʚʥʘ: 

 
38

2 24
0 12 30 26

2,56 10
0,55 10

3,14 8,85 10 80 64 10 32,7 10
w

-

- - -

Ö
= = Ö

Ö Ö Ö Ö Ö Ö Ö
. 

11
0 7,4 10w= Ö  ʩ-1. 

 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ b ʠ 
2
0w  ʚ ʬʦʨʤʫʣʫ (1) ʜʣʷ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ȹn, ʧʦʣʫʯʠʤ ʧʨʠ ʢʦ-

ʣʝʙʘʥʠʷʭ ʚ ʨʝʣʘʢʩʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʣʘʢʩʘʮʠʠ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
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2
24 2 20 2
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w

w w

ø
ù
ù
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    (3) 

 

ʇʨʠʤʝʨ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʩʣʫʯʘʷ 
104 10R -= Ö ʤ ʧʨʠʚʝʜʝʥ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩ. 1, ʧʨʠʤʝʨ ʨʝʣʘʢʩʘ-

ʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ 74 10R -= Ö ʤ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (1) ʠ ʤʥʠʤʦʡ (2) ʯʘʩʪʝʡ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ nD  ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ 104 10R -= Ö ʤ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (1) ʠ ʤʥʠʤʦʡ (2) ʯʘʩʪʝʡ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ nD  ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ 74 10R -= Ö ʤ. 
 

ʈʝʣʘʢʩʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 
 

t

1
2 =b ; Űʚʦʜ=r9,22Ā10-12 ʩ; 2b=5,4Ā1010 c-1. 

 

ɺ ʦʙʣʘʩʪʠ ʜʠʩʧʝʨʩʠʠ ʠʟ ʬʦʨʤʫʣʳ (3) ʠʤʝʝʤ: 
 

ʧʨʠ ɤ~ɤ0 
19 6

26 10

1,6 10 4.53 10
0 0 0

2 32,7 10 10,8 10

qE E E
n

bmw ww

- -

-

Ö Ö
D = = =

Ö Ö Ö
, 

ʧʨʠ 0w w=    
64,53 10

0

0

E
n

w

-Ö
D = ʤ-3. 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʚ ʚʦʜʝ (nD ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʦʥʳ 

ʢʦʣʝʙʘʥʠʡ R  ʦʪ 104 10-Ö  ʜʦ 34 10-Ö  ʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʘ Au ʚ ʚʦʜʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʚʦʜʳ 102 10,8 10b= Ö c-1 ʠ 129,22 10t -= Ö ʩ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɹʫʜʝʤ ʠʤʝʪʴ ʨʝ-

ʟʦʥʘʥʩʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʦʣʴʢʦ ʧʨʠ ʯʘʩʪʦʪʝ ʚʳʰʝ 1110 ʩ. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʢʦʣʝʙʘʥʠʷ ʠʤʝʶʪ ʨʝʣʘʢʩʘʮʠ-

ʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. 
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GOLD ATOMS MOTION AT THE RELAXATIONAL FORCED OSCILLATIONS  
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Abstract. If we assume that the relaxation area of the distance between the associates of water, and gold atoms 

positioned between them, under the influence of an electric field at certain frequencies we can extract gold atoms from 

the water. Applicability of the theory of forced oscillations for calculation of dislocating of gold atoms nD in water 

under the influence of alternating-current electric field is shown. 
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ʗɺʃɽʅʀɽ ɼʀʕʃɽʂʊʈʀʏɽʉʂʆʁ ʇʆʃʗʈʀɿɸʎʀʀ  

ɺ ɹɽʉʂʆʅɽʏʅʆ ʈɸɿɹɸɺʃɽʅʅʓʍ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ 
 

 ɸ.ɸ. ʇʦʪʘʧʦʚ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʦ ʦʙʲʷʩʥʝʥʠʝ ʥʝʦʙʳʯʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʜʠʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʣʝʞʘ-

ʱʠʭ ʚ ʦʩʥʦʚʝ ʷʚʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʦʙʣʘʩʪʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʷʝʤʳʝ ʚ ʨʘʩ-

ʪʚʦʨʝ ʜʠʧʦʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʛʝʥʝʨʠʨʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʧʦ-

ʣʷʨʠʟʫʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʥʠʟʦʪʨʦʧʠʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʘ ʠ ʚʦʟʤʫʱʝʥʠʶ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʏʘʩʪʦʪʳ ʛʝʥʝʨʠʨʫʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʷʭ ʜʠʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʫʟʥʘʚʘʥʠʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʤʦʣʝʢʫʣ-ʨʝʮʝʧʪʦʨʦʚ ʚ ʨʘʤ-

ʢʘʭ ʩʠʩʪʝʤʳ ʇʨʦʛʨʘʤʤʥʦʛʦ ʈʝʛʫʣʠʨʦʚʘʥʠʷ ʆʨʛʘʥʠʟʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʘ, ʙʝʩʢʦʥʝʯʥʦ ʨʘʟʙʘʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʛʦʤʝʦʧʘʪʠʷ, ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʤʠʢʨʦʯʘ-

ʩʪʠʮ, ʜʠʧʦʣʴʥʳʡ ʦʩʮʠʣʣʷʪʦʨ. 
 

ʀʝʨʘʨʭʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʫʙʘʪʦʤʥʦʛʦ, ʘʪʦʤʥʦʛʦ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʫʨʦʚʥʝʡ [6, 8, 11, 12]. ʉʫʱʝʩʪʚʝʥʥʦʡ ʜʣʷ ʥʘʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʦʙʷʟʘʥʘ ʪʝʧʣʦʚʦʤʫ ʜʚʠʞʝʥʠʶ ʤʠʢʨʦʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ [9, 10].  

ɺʝʱʝʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ (ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ) ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʤʦʣʝʢʫʣ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʪʝʨʤʦʩʪʘʪʘ) ʚ ʵʥʝʨʛʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʤʠʢʨʦʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ, ʬʦʨʤʠʨʫʷ 

ʪʝʤ ʩʘʤʳʤ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʝʱʝʩʪʚʘ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ ʥʘ ʘʪʦʤʥʦʤ, ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ. ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦ-

ʯʘʩʪʠʮʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʫʨʦʚʥʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʘʣʘʥʩʘ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʤʠʢʨʦʯʘʩʪʠʮ, ʪʘʢ ʯʪʦ ʢʘʞʜʘʷ ʤʠʢʨʦʯʘʩʪʠʮʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʥʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ. ʕʥʝʨʛʠʷ ʩʚʷʟʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʝʱʝʩʪʚʘ ʥʘ ʚʩʝʭ ʝʛʦ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʠ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʚʝʱʝʩʪʚʝ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ. ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 

 ʚʝʱʝʩʪʚʘ ʠ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʱʝʩʪʚʘ ʥʘ ʘʪʦʤʥʦʤ , ʤʦʣʝʢʫʣʷʨ-

ʥʦʤ  ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʤ  ʫʨʦʚʥʷʭ. ʕʪʠ ʵʥʝʨʛʠʠ  =   ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʝʱʝ-

ʩʪʚʦ, ʢʘʢ ʚ ʩʪʘʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ [9, 10].  

ʇʦ ʩʫʪʠ, ʪʘʢʦʝ ʧʦʥʠʤʘʥʠʝ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʤʠʢʨʦʯʘʩʪʠʮ ʩʚʦʜʠʪʩʷ ʢ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʧʮʠʠ ʢʦʣʝʙʘʥʠʡ ʦʩ-

ʮʠʣʣʷʪʦʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʥʘ ʫʧʨʫʛʦ 

ʩʚʷʟʘʥʥʳʝ ʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʭ ʧʨʠʚʝʜʝʥʥʫʶ ʤʘʩʩʦʡ m, ʜʝʡʩʪʚʫʝʪ ʚʦʟʚʨʘʱʘʶʱʘʷ ʩʠʣʘ F, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʠʭ ʩʤʝ-

ʱʝʥʠʶ x ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʠ ʦʪʩʯʝʪʘ, ʪʘʢ ʯʪʦ  ʛʜʝ ʢ  ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ. ʕʪʘ ʩʠʣʘ ʩʦ-

ʛʣʘʩʥʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ , ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ  ʛʜʝ 

,  ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ. ʕʥʝʨʛʠʷ ʢʦʣʝʙʣʶʱʝʡʩʷ ʯʘʩʪʠʮʳ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [9]. 

 

 
 

ʇʦʜʩʪʘʥʦʚʢʘ ʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠʩʭʦʜʥʳʭ ʚʝʣʠʯʠʥ   ʜʘʝʪ  ɸʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ  ʢʦʣʝʙʣʶʱʠʭʩʷ ʤʠʢʨʦʯʘʩʪʠʮ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ  ʢʦʪʦʨʦʝ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʣʝʜʫʝʪ ʠʟ ʫʨʘʚʥʝ-

ʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ  
 

 
 

ʛʜʝ ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʵʥʝʨʛʠʠ ʤʝʞʯʘʩʪʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚʳʩʪʫʧʘʝʪ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ  (ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ɸ), 

ʢʦʪʦʨʘʷ ʧʨʦʙʝʛʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʟʥʘʯʝʥʠʷ ʦʪ ʥʫʣʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ . 

ɹʣʘʛʦʜʘʨʷ ʫʧʨʫʛʠʤ ʤʝʞʯʘʩʪʠʯʥʳʤ ʩʚʷʟʷʤ, ʣʶʙʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʝʨʝʜʘʝʪʩʷ ʩʚʦʠʤ ʙʣʠʞʘʡʰʠʤ ʩʦʩʝʜʷʤ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʥʦʩʷʪ ʩʣʫʯʘʡʥʳʡ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʡ ʭʘʨʘʢʪʝʨ ʠ ʠʭ ʤʦʞʥʦ 

ʫʧʦʜʦʙʠʪʴ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʯʘʩʪʠʮ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ  
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ɸ2 (ɸ  ʘʤʧʣʠʪʫʜʘ) ʢʦʣʝʙʘʥʠʡ ʤʠʢʨʦʯʘʩʪʠʮ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʪʝʧʣʦʚʳʤ ʧʦʣʝʤ ʪʝʨʤʦʩʪʘʪʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ 

ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ [9, 10].  

ʊʘʢ ʯʪʦ, ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʠʢʨʦʯʘʩʪʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ (ʤʦʣʝʢʫʣ, ʘʪʦ-

ʤʦʚ, ʵʣʝʢʪʨʦʥʦʚ) ʩʦʚʝʨʰʘʶʪ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ɸ ʠ ʯʘʩʪʦʪʦʡ , ʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚʝʱʝʩʪʚʘ ʟʘʜʘʝʪʩʷ ʵʥʝʨʛʠʝʡ . ʂʦʣʝʙʘʥʠʷ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʠ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝ-

ʥʠʠ ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʘʨʤʦʥʠʯʝʩʢʠʝ. 

ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʣʷʨʥʳʭ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʦʤʦʣʝ-

ʢʫʣ. ʆʩʦʙʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʦʪʚʦʜʠʪʩʷ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ ʚʦʜʳ. ʄʦʣʝʢʫʣʳ ʚʦʜʳ 

ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʠʭ ʫʛʦʣʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʚʳʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʪʝʤ 

ʩʘʤʳʤ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʦʪʥʦʡ ʚʦʜʳ. ʂʚʘʟʠʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜʳ ʧʨʠʜʘʝʪ ʩʚʦʡʩʪʚʘʤ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʘʨʘʢʪʝʨʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ [13, 14]. 

ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʦʣʷʨʥʦʩʪʴ ʨʘʩʪʚʦʨʷʝʤʳʭ ʚ 

ʨʘʩʪʚʦʨʝ ʤʦʣʝʢʫʣ (ʙʠʦʤʦʣʝʢʫʣ). ɼʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʠʦʤʦʣʝʢʫʣ ʭʘʨʘʢʪʝʨʥʘ ʝʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʩʚʷʟʘʥ-

ʥʘʷ ʩ ʷʚʣʝʥʠʝʤ ʩʦʣʴʚʘʪʘʮʠʠ. ʆʥʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʦʣʴʚʘʪʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʙʠʦʤʦʣʝʢʫʣʳ, ʦʢʨʫʞʝʥʥʳʝ ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʦʡ ʠʟ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ. ɺ ʧʦʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ ʩ ʙʠʦʤʦʣʝʢʫʣʦʡ 

ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜʳ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʧʨʠʥʠʤʘʝʪ ʩʪʨʫʢʪʫʨʫ, ʙʣʠʟʢʫʶ ʢ ʤʦʥʦʤʝʨʥʦʡ ʚʦʜʝ. ʆʥʘ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʚʦʜʳ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʘʥʥʳʝ ʧʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ Ů å 3, ʪʦʛʜʘ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʚʦʜʳ ʨʘʚʥʘ Ů å 80. ʉʦʧʨʷʞʝʥʠʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ (ʧʦʚʝʨʭʥʦʩʪʥʦʡ) ʩʪʨʫʢ-

ʪʫʨʳ ʚʦʜʳ ʩ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ (ʦʙʲʝʤʥʦʡ) ʩʪʨʫʢʪʫʨʦʡ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʡ ʚʦʜʥʦʡ ʧʨʦʩʣʦʡʢʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʤʦ-

ʣʝʢʫʣʳ. ʇʝʨʝʭʦʜʥʘʷ ʦʙʣʘʩʪʴ ʟʘʥʠʤʘʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʤʝʥʝ 3-4 ʰʘʨʦʚʳʭ ʩʣʦʝʚ [5, 13, 14]. ʊʘʢ ʯʪʦ ʚʦʜʥʳʡ ʨʘʩ-

ʪʚʦʨ ʙʠʦʤʦʣʝʢʫʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʠʟ ʧʦʣʷʨʥʳʭ ʩʦʣʴʚʘʪʦʥʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʥʠʤʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʨʘʪʠʤʩʷ ʢ ʦʙʲʷʩʥʝʥʠʶ çʘʥʦ-

ʤʘʣʴʥʦʛʦè ʧʦʚʝʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʠʦʤʦʣʝʢʫʣ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʠ 

ʩʚʝʨʭʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1, 2, 15, 16]. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʠ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʟʘʷʚʣʝʥʠʷ, ʩʜʝʣʘʥʥʦʛʦ ʘʢʘ-

ʜʝʤʠʢʦʤ ʈɸʅ ɸ.ʀ. ʂʦʥʦʚʘʣʦʚʳʤ, ʦʙ ʦʪʢʨʳʪʠʠ ʥʦʚʦʛʦ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ çʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʚʳʩʦʢʦʨʘʟʙʘʚʣʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʘʩʰʪʘʙʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ 

(ʥʘʥʦʘʩʩʦʮʠʘʪʦʚ)è [3]. ʉʘʤ ʬʘʢʪ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʝʩʦʤʥʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠ ʟʘʩʣʫʞʠʚʘʶʱʠʤ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʍʦʪʷ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʦʪʢʨʳʪʠʷ ʛʠʧʦʪʝʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʚʝʩʴʤʘ ʩʦʤʥʠʪʝʣʴʥʦʡ; ʢʨʠʪʠʯʝʩʢʠ ʦʥʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [5].  

ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʬʬʝʢʪʘ ʂʦʥʦʚʘʣʦʚʘ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʦ ʧʨʠʨʦʜʝ ʠ ʤʝʭʘʥʠʟʤʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʊʝʦʨʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘ-

ʮʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʘʧʨʦʙʠʨʦʚʘʥʘ [4, 7]. ʇʨʠʨʦʜʘ ʷʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʬʦʨʤʘʮʠʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʤʠʢʨʦʯʘʩʪʠʮ ʠ ʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʳʩʪʫʧʘʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

 ʠʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ , ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝʤ . ɼʠʵʣʝʢ-

ʪʨʠʯʝʩʢʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚʦʜʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [4, 7] 
 

 
 

ʛʜʝ  ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ,  ʦʨʠʝʥʪʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ, , ʛʜʝ p ï ʜʠʧʦʣʴ-

ʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣ, ʢʊ ï ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ; ʤʦʣʝʢʫʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ. 

ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʘ, ʥʘʨʷʜʫ ʩ ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ɽ ʜʝʡʩʪʚʫʝʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʚʥʫʪʨʝʥʥʝʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ [6, 8, 11, 12]. ʇʦʥʷʪʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʪʝʦʨʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʢʘʢ ʧʘʨʘ-

ʤʝʪʨ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʨʘʩʩʯʠʪʳʚʘʝʤʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ ʚʝʱʝʩʪʚʘ. ɺ ʩʠʣʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʵʬʬʝʢʪʳ ʤʝʞʤʦʣʝʢʫ-

ʣʨ̫ʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ, ʠ ʧʦʧʨʘʚʢʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʝ ʧʦʣʝ ʚ ʨʘʩʯʝʪʘʭ 

ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʘ. ʇʦʥʷʪʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʪʝʧʣʦʚʦʤ 

ʜʚʠʞʝʥʠʠ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʚʦʟʙʫʞʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ ʥʘ ʢʘʞʜʦʤ ʠʟ ʝʛʦ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ [9, 10]. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʣʷ ʥʘʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ. 

ʂʦʣʝʙʣʶʱʘʷʩʷ ʤʦʣʝʢʫʣʘ ʛʝʥʝʨʠʨʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʥʘʧʦʜʦʙʠʝ ʜʠʧʦʣʷ ɻʝʨʮʘ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [9, 10] 
 

 
 

ʛʜʝ ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ,   ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʚʝʢʪʦʨʘ 
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ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ;  ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʜʠʧʦʣʷ ;  ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʪʦʯʢʫ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷ,  ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ.  

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʨʘʚʥʝʥʠʷ (4) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʜʠʧʦʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʧʨʦʠʩʭʦ-

ʜʠʪ ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ (ʦʜʥʦʛʦ ʠʟ ʧʦʣʶʩʦʚ ʜʠʧʦʣʷ), ʢʦʪʦʨʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʦʣʥʳ. ɿʜʝʩʴ ʚʝʢʪʦʨʳ  ʠ  ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳ, ʘ ʚʝʣʠʯʠʥʘ  

ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʤʧʣʠʪʫʜʫ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʠʩʭʦʜʷʱʝʡ ʠʟ ʮʝʥʪʨʘ ʦʩʮʠʣʣʷʪʦʨʘ. ʇʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʝ ʟʘʚʠʩʠʪ ʦʪ 

ʫʛʣʘ ʥʘʙʣʶʜʝʥʠʷ , ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ =0 ʠ ʤʠʥʠʤʫʤʘ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʣʝʢʫ-

ʣʳ,  = /2, ʪ.ʝ. ʠʟʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦ ʚʜʦʣʴ ʦʩʠ ʤʦʣʝʢʫʣʳ.  

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʥʦʩ ʵʥʝʨ-

ʛʠʠ ʥʘ ʫʜʘʣʝʥʥʳʝ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʨʘʩʩʪʦʷʥʠʷ. ʆʥʦ ʠʤʝʝʪ ʚʠʜ ʨʘʩʭʦʜʷʱʝʡʩʷ ʚʦʣʥʳ, ʚʝʢʪʦʨ ʝ ʢʦʪʦ-

ʨʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʥʘʧʨʘʚʣʝʥʠʶ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʙʠʦʤʦʣʝʢʫʣ (ʜʘʣʝʝ 

ʩʦʣʴʚʘʪʦʥʦʚ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʪʦʯʝʯʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʧʨʘʚʝʜʣʠʚ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʚʦʣʥ ʦʪʜʝʣʴʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ. ʊʘʢ ʯʪʦ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʩʦʣʴʚʘʪʦʥʘʤʠ ʢʦʣʝʙʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ 

ʚʠʜʝ ʥʝʟʘʚʠʩʠʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʦʣʥ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʣʝʡ  ʦʪʜʝʣʴʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʦʢʨʫʞʘʶ-

ʱʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʦʣʷʨʠʟʫʶʪʩʷ ʥʘʧʦʜʦʙʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ 

ɽ ʧʦ (3). ʆʪʣʠʯʠʝ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʷʨʠʟʫʶʱʝʛʦ ʧʦʣʷ ʚʳʩʪʫʧʘʝʪ ʥʝ ʚʥʝʰʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ɽ, 

ʘ ʚʥʫʪʨʝʥʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ , ʩʦʟʜʘʚʘʝʤʳʝ ʜʠʧʦʣʴʥʳʤʠ ʦʩʮʠʣʣʷʪʦʨʘʤʠ-ʩʦʣʴʚʘʪʦʥʘʤʠ. ɺ ʜʘʥʥʦʤ ʧʨʦʮʝʩ-

ʩʝ ʧʦʣʷʨʠʟʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʚʩʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ.  

ʇʨʠ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʝ ʙʠʦʤʦʣʝʢʫʣʳ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ. ʀʥʜʫʮʠʨʫʝʤʳʝ ʧʦʣʷʤʠ  ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ  ʤʦʣʝʢʫʣ ʚʦʜʳ ʪʘʢʞʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʳ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʨʘʚʥʦʤʝʨʥʦ, ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʦʜʳ. ʉʦʟʜʘʚʘʝʤʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʷʨʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʫʩʨʝʜʥʷʝʪʩʷ, ʪʘʢ 

ʯʪʦ ʚ ʩʫʤʤʝ ʦʥʘ ʨʘʚʥʘ ʥʫʣʶ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ ʩʚʦʝʦʙʨʘʟʥʘʷ ʛʘʩʷʱʘʷ çʠʥʪʝʨʬʝʨʝʥ-

ʮʠʷè ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ , ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʷʨʠʟʘʮʠʷ (ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʣʷʭ ʝ) ʥʝ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʚʦ çʚʥʝʰʥʶʶè ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʧʦ (3). 

ʊʘʢ ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚʝʜʫʪ ʩʝʙʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʧʦʣʥʝ ʧʨʝʜʩʢʘʟʫʝʤʦ, ʤʦʥʦʪʦʥʥʦ ʠʟʤʝʥʷʷʩʴ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʩʪʚʦʨʦʚ ʟʘʢʦʥʦʤʝʨʥʦ 

ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʩʪʳʤ ʟʘʤʝʱʝʥʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ. ʕʪʦʡ ʦʙʣʘʩʪʠ ʨʘʩʪʚʦʨʘ 

ʩ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʨʷʜʢʘ (10-2 ï 10-3)ʄ. 

ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʣʴʚʘʪʦʥʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʭʘʨʘʢʪʝʨ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘʯʠʥʘʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩʦʣʴʚʘʪʦʥʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʘ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʦʡ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʦʙʲʝʤʝ ʚʦʜʳ ʚʦʟʥʠʢʘʶʪ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʯʠʩʪʦʡ ʚʦʜʳ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴ ʢʚʘʟʠʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʦʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʚʦʜʦʡ, ʩʚʷʟʘʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʤʦʣʝʢʫʣ, ʠ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʚʦʜʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʦʙʲʷʩʥʠʪʴ ʘʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʠʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ [5].  

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʴʚʘʪʦʥʦʚ ʚ ʦʙʲʝʤʝ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʙ-

ʣʘʩʪʝʡ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʝʡ ʝ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʶʪ ʥʝʩʢʦʤʧʝʥʩʠ-

ʨʦʚʘʥʥʳʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ, ʜʘʶʱʠʝ ʦʪʣʠʯʥʫʶ ʦʪ ʥʫʣʷ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʧʦʣʷʨʠʟʘʮʠʶ 

ʨʘʩʪʚʦʨʘ. ʉʣʝʜʫʝʪ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʪʘʢʘʷ çʦʩʪʘʪʦʯʥʘʷè ʧʦʣʷʨʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʨʘʩ-

ʪʚʦʨʝ ʚʦʟʥʠʢʘʝʪ ʙʝʟ ʫʯʘʩʪʠʷ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʟʘʪʨʫʜʥʝʥʦ ʚ ʩʚʷʟʠ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʴʚʘʪʦ-

ʥʦʚ ʚ ʚʦʜʝ. ʉʪʝʧʝʥʴ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʴʚʘʪʦʥʦʚ ʥʝʧʨʝʜʩʢʘʟʫʝʤʘ ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦ-

ʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʚʨʝʤʝʥʠ ʠʭ ʚʳʜʝʨʞʢʠ.  

ɺ ʦʙʣʘʩʪʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʣʴʚʘʪʦʥʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝ-

ʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ, ʠ ʩʚʦʡʩʪʚʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʩʪʘʥʦʚʷʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ ʬʫʥʢʮʠʝʡ 

ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʚʦʜʳ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʦʡ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʯʠʩʪʦʡ ʚʦʜʳ ʧʦ (3) 
 

 
 

ʛʜʝ  ʠ  ʪʝʥʟʦʨʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʨʘʩʪʚʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʈʘʟʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ɽ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʝ 

ʥʝ ʩʦʚʧʘʜʘʶʪ, ʠ ʩʦʟʜʘʚʘʝʤʳʝ ʵʪʠʤʠ ʧʦʣʷʤʠ ʧʦʣʷʨʠʟʘʮʠʠʠ ʩʪʘʥʦʚʷʪʩʷ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʚʦʣʥʦ-

ʚʦʛʦ ʚʝʢʪʦʨʘ ʢ = ʢɽ ⱷ ʢʝ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʝ. 

ʆʧʠʩʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʨʝʟʢʦ ʫʩʣʦʞʥʷʝʪʩʷ ʠʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʜʠʧʦʣʝʡ-ʩʦʣʴʚʘʪʦʥʦʚ. ʅʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʘʞʝʥ ʩʘʤ ʬʘʢʪ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠ-

ʟʘʮʠʠ ʨʘʩʪʚʦʨʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠ ʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʜʠʧʦʣʴʥʳʤʠ ʩʦʣʴʚʘʪʦʥʘʤʠ. 
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ʇʦʣʫʯʝʥ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʙʣʘʛʦʜʘʨʷ ʜʝʡʩʪʚʠʶ ʧʦʣʝʡ ʝ ʜʠʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ 

ʚʢʣʘʜʦʤ  ʦʪ ʩʦʙʩʪʚʝʥʥʦ ʜʠʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ ʩ ʧʣʦʪʥʦʩʪʴʶ  ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʱʥʦʩʪʠ ʵʬʬʝʢʪʘ ʚʥʫʪʨʝʥʥʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʧʨʝʜʝʣʴʥʳʡ 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʠʪʩʷ ʦʜʥʘ ʙʠʦʤʦʣʝʢʫʣʘ (ʦʜʠʥ ʩʦʣʴʚʘʪʦʥ). ʉʦʟʜʘʚʘʝʤʦʝ ʝʶ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʝ 

ʧʦʣʷʨʠʟʫʝʪ ʦʢʨʫʞʘʶʱʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʪʘʢ ʯʪʦ ʫ ʥʠʭ ʚʦʟʥʠʢʘʶʪ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ  

= ʝ, ʛʜʝ   ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ,   ʵʬʬʝʢʪʠʚʥʘʷ ʦʨʠʝʥʪʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝ-

ʤʦʩʪʴ ʚʦʜʳ, , ʛʜʝ ʠʩʚ  ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʚʦʜʳ.  

ʈʘʩʩʯʠʪʘʪʴ ʧʦʣʷʨʠʟʘʮʠʶ ʧʦ (5) ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʠʧʦʣʝʡ . ʅʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʥʘ ʧʦʣʷʨʠʟʘʮʠʶ, ʠ = ʝ. ɻʝʥʝʨʘʪʦʨʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʝ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʠʪʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʢʊ. 

ʇʦʵʪʦʤʫ ʵʥʝʨʛʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʚʥʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣ, ʪʘʢ ʯʪʦ ʠ = 

ʝ = ʢʊ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʊ  4,1Ŀ10-21 ɼʞ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʘʷ ʵʥʝʨʛʠʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʚʦʟʤʫ-

ʱʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʝʤʦʝ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ʠʩʚ 17 ʢɼʞ/ʤʦʣʴ 3Ŀ10-

20 ɼʞ [13, 14]. ʇʨʠ ʵʪʦʤ ʚʦʟʤʫʱʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʨʘʚʥʳʤ ʠ/ʠʩʚ  0,15.  

ɺʥʝʩʝʥʠʝ ʚ ʨʘʩʪʚʦʨ ʝʱʝ ʦʜʥʦʡ ʙʠʦʤʦʣʝʢʫʣʳ (ʩʦʣʴʚʘʪʦʥʘ) ʧʨʠʚʦʜʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʦʟʤʫʱʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ, ʘ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʥʜʫʮʠʨʫʝʤʳʝ ʜʠʧʦʣʴ-

ʥʳʝ ʤʦʤʝʥʪʳ ʚʦʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʤʝʞʜʫ ʩʦʣʴʚʘʪʦʥʘʤʠ, ʠʤʝʶʪ ʨʘʟʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ. 

ʊʘʢ ʯʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʟʤʫʱʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʦʩʪʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʧʨʝʞʥʝʤ ʦʜʥʦʯʘʩʪʠʯʥʦʤ 

ʫʨʦʚʥʝ. ʉʠʪʫʘʮʠʷ ʦʩʪʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʩʦʣʴʚʘʪʦʥʦʚ ʚ 

ʚʦʜʝ, ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʙʠʦʤʦʣʝʢʫʣ ʢʦʤʧʝʥ-

ʩʠʨʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʛʘʩʷʱʝʡ çʠʥʪʝʨʬʝʨʝʥʮʠʝʡè ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʜʠʧʦʣʝʡ ʚʦʜʳ. ɼʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʵʥʝʨʛʠʠ ʚʦʟʤʫʱʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʦʣʦʯʢʠ ʩʦʣʴʚʘʪʦʥʦʚ ʥʘʯʠʥʘʶʪ ʧʝʨʝʢʨʳʚʘʪʴʩʷ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʚʦʟʤʫʱʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ (ʠ/ʠʩʚ = 0,15), ʚʳʟʚʘʥʥʦʝ ʧʦʣʷʨʠʟʘʮʠʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩʦ 

ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʝ ʩʦʣʴʚʘʪʦʥʦʚ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʟʤʫʱʝʥʠʷ-

ʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ 

ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ ʨɽʢʊ.  

ɺʦʟʤʫʱʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝʥʝʥʠʷʤ ʝʛʦ ʬʠʟʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ , ʪʘʢ ʯʪʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠ/ʠʩʚ = . ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʫʱʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ, ʢʦʪʦʨʦʝ ʚʳʟʚʘʥʦ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʚʦʜʝ ʜʠʧʦʣʴʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ (ʩʦʣʴʚʘʪʦʥʘʤʠ). ʀ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ  ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʦʙʣʘʩʪʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʵʣʝʢʪʨʦ-ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ  ʪʝʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ 

ʠʟʤʝʨʷʣʠʩʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʠʦʤʦʣʝʢʫʣ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ [1, 

2, 15, 16]. ʅʘʜʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ çʘʥʦʤʘʣʴʥʦʝè ʧʦʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʠʟʠʯʝ-

ʩʢʠʭ ʚʝʣʠʯʠʥ ʩʚʷʟʘʥʦ ʩ ʷʚʣʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʜʠʧʦʣʴʥʳʤʠ ʩʦʣʴʚʘʪʦʥʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʷʚʣʝʥʠʠ ʚʥʫʪʨʝʥʥʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦ-

ʨʦʚ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʩʦʟʜʘʚʘʝʤʳʝ ʜʠʧʦʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘ-

ʤʠ (ʩʦʣʴʚʘʪʦʥʘʤʠ) ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʧʦʣʷʨʠʟʫʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʩʦʟʜʘʶʪ ʚ ʨʘʩʪʚʦʨʝ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʥʝʨʝʛʫʣʷʨʥʦʤ ʧʦʚʝʜʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ.  

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʜʳ ʚʣʠʷʥʠʝ ʩʣʘʙʳʭ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʭʘʨʘʢʪʝʨ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʙʳʯʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʧʦʣʝʡ ɽ, ʠ ʠʭ ʜʝʡʩʪʚʠʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

ʀʤʝʶʱʠʝʩʷ ʦʪʨʳʚʦʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʢʨʘʥʠʨʦʚʘʥʠʶ ʷʯʝʡʢʠ ʩ ʨʘʩʪʚʦʨʦʤ ʦʪ ʚʥʝʰʥʠʭ ʧʦʣʝʡ 

[1, 2, 15, 16] ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ ʦʙ ʦʧʨʝʜʝʣʷʶʱʝʤ ʚʣʠʷʥʠʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʫʩʣʦʚʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ ʘʛʣʦʤʝʨʘʮʠʠ ʤʦʣʝʢʫʣ (ʵʬʬʝʢʪʘ ʂʦʥʦʚʘʣʦʚʘ). ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʝʩʪʴ ʩʦʤʥʝʥʠʷ ʚ ʪʦʤ, 

ʯʪʦ ʚʥʝʰʥʠʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʬʬʝʢʪʘ. 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʦʙʣʘʩʪʠ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʨʘʟʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʩʚʷʟʘʥʦ ʥʝ ʩ ʬʘʢʪʦʨʦʤ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʥʦ ʩ ʫʩʣʦʚʠʷʤʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ ʨʘʩʪʚʦʨʦʚ.  

ɻʠʧʦʪʝʟʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʩʦʣʴʚʘʪʦʥʦʚ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [5] ʦʙʲʷʩʥʝʥʠʝʤ ʛʦʤʝʦʧʘʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ.  
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʦ (1), ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʦʟʥʠʢʘʶʪ ʫʧʨʫʛʠʝ ʚʥʫʪ-

ʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ , ʢʦʪʦʨʳʝ ʠʥʜʫ-

ʮʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ  ʤʠʢʨʦʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʩʪʫʧʘ-

ʶʪ ʚ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʦʚ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʦʣʥ ʠ  ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (4).  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ  ʣɻʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ  ʤʝʞʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʩʚʷʟʝʡ, ʠ ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʩʤʝʱʝʥʠʶ ʭ ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʚʦʡ ʥʘʢʘʯʢʠ 

ʢʊ ʤʦʣʝʢʫʣ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ (2) 
 

 
 

ʛʜʝ  ï ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʤʦʣʝʢʫʣ.  

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʨʷʜʫ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʩ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ 

ʯʘʩʪʦʪʦʡ . ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ  ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʠ ʩʚʦʠʤ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʝʤ ʦʙʷʟʘʥʘ ʩʤʝʱʝʥʠʷʤ  ʘʪʦʤʦʚ ʥʘ ʣʠʥʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʚ ʧʨʦʮʝʩʩʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ. ʏʘʩʪʦʪʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  
 

 
 

ʛʜʝ  ï ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʢʦʣʝʙʣʶʱʠʭʩʷ ʘʪʦʤʦʚ ʥʘ ʣʠʥʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ. 

ʏʘʩʪʦʪʳ  ʠ  ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʙʠʦʤʦʣʝʢʫʣ ʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ. ʀʜʝʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʤʦʣʝʢʫʣ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʧʠʩʳʚʘʝʪʩʷ ʚ 

ʩʠʩʪʝʤʫ ʇʨʦʛʨʘʤʤʥʦʛʦ ʈʝʛʫʣʠʨʦʚʘʥʠʷ ʆʨʛʘʥʠʟʤʘ (ʇʈʆ) ɹ.ɸ. ʅʝʡʤʘʥʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʝʛʦʜʥʷʰʥʝʛʦ 

ʧʦʥʠʤʘʥʠʷ ʩʫʱʥʦʩʪʠ ʛʦʤʝʦʧʘʪʠʠ. ʉʦʛʣʘʩʥʦ ʇʈʆ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʤʘ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʨʛʘʥʠʟʤ ʧʦ-

ʛʨʫʞʝʥ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʦʝ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʦʨʛʘʥʠʟ-

ʤʦʤ. ʃʝʢʘʨʩʪʚʦ, ʢʘʢ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʟʘʧʫʩʢʘʝʪ ʟʘʱʠʪʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʠʚ ʚʨʝʜʦʥʦʩʥʳʭ 

ʤʠʢʨʦʙʦʚ [8, 11]. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʫʟʥʘʚʘʥʠʷ ʣʝʞʠʪ ʵʚʦʣʶʮʠʦʥʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʟʤʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ [5]. ʇʨʠʨʦʜʘ ʣʝʯʝʙʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʚʝʨʭʤʘʣʳʭ ʜʦʟ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ʤʦʣʝʢʫʣ ʣʝʯʝʙʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʠ ʤʦʣʝʢʫʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʮʝʧʪʦʨʦʚ ʦʨʛʘʥʠʟʤʘ.  

ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ  ʠ  ʙʠʦʤʦʣʝʢʫʣ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʦ-

ʩʠʪʝʣʷ ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʚʣʷʝʪʩʷ ʘʜʨʝʩʘʪʫ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʦʪ ʙʠʦʤʦʣʝʢʫʣ (ʤʦʣʝʢʫʣ ʣʝʯʝʙʥʦʛʦ ʧʨʝʧʘʨʘʪʘ) ʢ ʤʦʣʝʢʫʣʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʨʝʮʝʧʪʦʨʘ ʦʨʛʘʥʠʟʤʘ. çʋʟʥʘʚʘʥʠʝè ʨʝʮʝʧʪʦʨʘʤʠ çʥʫʞʥʳʭè ʙʠʦʤʦʣʝʢʫʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʙʠʨʘʪʝʣʴʥʦʤ 

(ʠʥʪʝʥʩʠʚʥʦʤ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʙʠʦʤʦʣʝʢʫʣ ʠ 

ʤʦʣʝʢʫʣ ʨʝʮʝʧʪʦʨʘ ʜʘʥʥʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʀʟ ʜʘʥʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʤʝʦʧʦʣʷʨʥʦʛʦ 

ʵʬʬʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʠʣʦʩʴ ʥʝ ʤʝʥʝʝ ʦʜʥʦʡ çʘʢʪʠʚʥʦʡè ʤʦʣʝʢʫʣʳ.  

ɺʦʣʥʦʚʦʡ ʧʦʜʭʦʜ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ.  

ɺʓɺʆɼʓ 

1. ɼʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʣʴʚʘʪʦʥʳ; ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʥʠ ʛʝʥʝʨʠʨʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ. 

2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʨʘʩʪʚʦʨʝ ʩʦʟʜʘʝʪʩʷ ʚʥʫʪʨʝʥʥʝʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʧʦ-

ʣʝ, ʭʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ.  

ɺ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ,  ʧʦʨʷʜʢʘ (10-2ï10-3) ʄ, ʭʘʨʘʢʪʝʨ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩʦʣʴʚʘʪʦʥʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠ ʧʦʣʷʨʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʜʠʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ ʫʩʨʝʜʥʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʧʦʣʝʡ; ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʳ ʚʝʜʫʪ ʩʝʙʷ ʟʘʢʦʥʦʤʝʨʥʦ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦ.  

ɺ ʙʝʩʢʦʥʝʯʥʦ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ (10-3 ʄ) ʭʘʨʘʢʪʝʨ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩʦʣʴʚʘʪʦʥʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʣʴʚʘʪʦʥʳ ʥʘʭʦʜʷʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ; ʧʨʠ ʵʪʦʤ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʣʴʚʘʪʦʥʘ-

ʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʝʡ ʦʪ-

ʜʝʣʴʥʳʭ ʩʦʣʴʚʘʪʦʥʦʚ, ʠ ʚʟʘʠʤʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ) ʨʘʩ-

ʪʚʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʦʩʪʠʛʘʝʪ ʚ ʨʘʩʪʚʦʨʝ ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ-ʩʦʣʴʚʘʪʦʥʘ! 
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ʄʦʣʝʢʫʣʷʨʥʦʝ ʧʦʣʝ ʜʠʧʦʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʦʢʘʟʳʚʘʝʪ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʚʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ çʘʥʦʤʘʣʴʥʦʤè ʧʦʚʝʜʝʥʠʠ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

3. ʏʘʩʪʦʪʳ ʛʝʥʝʨʠʨʫʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʜʠʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʫʟʥʘʚʘʥʠʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʤʦʣʝʢʫʣ-ʨʝʮʝʧʪʦʨʦʚ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ 

ʇʨʦʛʨʘʤʤʥʦʛʦ ʈʝʛʫʣʠʨʦʚʘʥʠʷ ʆʨʛʘʥʠʟʤʘ. 
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THE PHENOMENON OF DIELECTRIC POLARIZATION  

IN INFINITELY DILUTE AQUEOUS SOLUTIONS  
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Abstract. The unusual behaviour of concentration dependences of aqueous solutions of dipole molecules at 

high and ultrahigh dilution is explained basing on the ideas of the dielectric polarization phenomenon. At infinite dilu-

tion under the influence of thermal energy, the dipole molecules, diluted in solution, generate electric fields, which po-

larize water molecules that leads to anisotropy of solutionôs structure and its energy state perturbation. The frequency 

of electrical oscillation generated contains the information about the structural peculiarities of dipole molecules and 

performs the detection function of complementary receptor molecule within the framework of Organismôs Program 

Regulation system.  

Keywords: water, infinitely dilute solutions, homeopathy, elastic vibrations of microparticles, dipole oscillator. 
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ʉʀʅʊɽɿ ʉɽʃɽʅʀɼɸ ʉʋʈʔʄʓ ʉɺʀʅʎɸ (PbSb2Se4) ɻʀɼʈʆʊɽʈʄɸʃʔʅʓʄ ʄɽʊʆɼʆʄ 
 

 ɸ.ʄ. ɻʘʨʘʝʚ1, ʈ.ʗ. ɻʫʣʠʝʚ2, ɸ.ɹ. ʈʟʘʝʚʘ3 
3 ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʅʘʭʯʳʚʘʥʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ 

(PbSb2Se4) ʠʟ ʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʩʫʨʴʤʳ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʩʦʣʴ ʢʘʣʠʡʘʥʪʠʤʦʥʠʣʪʘʨʪʨʘʪ, ʘ ʜʣʷ ʩʚʠʥʮʘ ʩʦʣʴ ʘʮʝʪʘʪ ʩʚʠʥʮʘ (II). ʂʘʢ ʩʝʣʝʥʠʟʠʨʫʶʱʠʡ ʨʝʘʛʝʥʪ 

ʙʝʨʸʪʩʷ ʩʝʣʝʥʝʩʫʣʴʬʘʪ ʥʘʪʨʠʷ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʵʪʠʣʝʥʛʣʠʢʦʣʴ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 443 ʂ, ʧʦʩʣʝ 15 ʯʘʩʦʚʦʛʦ 

ʩʠʥʪʝʟʘ ʧʦʣʫʯʘʝʪʩʷ ʭʣʦʧʴʝʚʠʜʥʳʡ ʦʩʘʜʦʢ. ɺʳʧʦʣʥʝʥʳ ʭʠʤʠʯʝʩʢʠʡ, ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ, ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʥʘʥʦ ʠ ʤʠʢʨʦʧʘʣʦʯʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʝʥʠʜ ʩʫʨʴʤʳ ʩʚʠʥʮʘ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ, ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʪʝʨʤʦʛʨʘʬʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ, ʥʘʥʦ ʠ ʤʠʢʨʦʧʘʣʦʯʢʠ. 

 

ʉʦʝʜʠʥʝʥʠʷ ʪʨʦʡʥʳʭ ʩʝʣʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ ʧʨʠʚʣʝʢʘʶʪ ʢ ʩʝʙʝ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʝ, ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ. ʕʪʦ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝ-

ʨʘʤʠ ʯʘʩʪʠʮ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʦʚ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ 

ʩʠʥʪʝʟʘ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʪʦʠʪ ʚ ʨʷʜʫ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [1]. 

ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ ɸɺʍ2 ʠ ɸɺ2ʍ4 (X = S, Se, ʊʝ) ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʢʣʘʩʩʫ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʧʣʘʚʳ ʤʝʪʘʣʣʦʚ ʠʣʠ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʨʘʞʝʥʥʳʤʠ ʪʝʨʤʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʋ ʪʝʨʤʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʠ ʦʩʥʦʚʥʳʭ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ (ʪʝʨʤʦʵʣʝʢʪʨʦʛʝ-

ʥʝʨʘʪʦʨ), ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʜʦ ʪʳʩʷʯ ʛʨʘʜʫʩʦʚ) [2]. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʝʣʝʥʠʜ ʩʫʨʴʤʳ ʩʚʠʥʮʘ (PbSb2Se4) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʪʦʣʴʢʦ ʘʤʧʫʣʴʥʳʤ ʤʝʪʦʜʦʤ [3]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦ ʠ ʤʠʢʨʦʯʘʩʪʠʮʳ PbSb2Se4, ʜʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ ʘʤʦʨʬʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʩʝʣʝ-

ʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ ʠʟ ɻʪʠʣʝʥʛʣʠʢʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʤʦʨʬʦʣʦʛʠʶ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʉʤʝʩʴ ʢʘʣʠʡʘʥʪʠʤʦʥʠʣʪʘʨʪʨʘʪʘ ʩ ʘʮʝʪʘʪʦʤ ʩʚʠʥʮʘ (II) ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ ʠ ʢ ʩʤʝʩʠ ʧʨʠʙʘʚʣʷʝʪʩʷ 

ʢʘʢ ʩʝʣʝʥʠʟʠʨʫʶʱʠʡ ʨʝʘʛʝʥʪ ʩʝʣʝʥʦʩʫʣʴʬʘʪ ʥʘʪʨʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʦʩʫʜʘ ʚ ʪʝʬʣʦʥʦʚʦʤ ʢʶʚʝʪʝ ʧʦʤʝʱʘʝʪʩʷ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʝʯʴ Speedwave four BERGHOF (ɻʝʨʤʘʥʠʷ). ʇʨʦʙʘ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʧʨʠ 433 ʂ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʝʯʠ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʬʠʣʴʪʨʫʝʪʩʷ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʝʪʩʷ ʨʘʟʙʘʚʣʝʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʫʣʴʪʨʘʯʠʩʪʦʡ ʚʦʜʦʡ, ʥʘʢʦʥʝʮ, ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, ʚʳʩʫʰʠʚʘʝʪʩʷ ʧʨʠ 333-343ʂ ʚ ʚʘʢʫʫʤʝ. 

ɺʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 88-90 %. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (453-473 ʂ) ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦ-

ʨʷʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ (ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʝ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʩ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʨʝʘʢʪʠʚʘʤʠ. ʉʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (ʩʦʦʪʥʦʰʝʥʠʝ Ag : Sb : Se) ʦʧʨʝʜʝʣʝʥ ʩ ʜʝʨʠʚʘʪʦʛʨʘʬʦʤ NETZSCH STA 449F349F3 (ɻʝʨʤʘʥʠʷ) ʠ ʭʠʤʠʯʝ-

ʩʢʠʤ ʘʥʘʣʠʟʦʤ. ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ ʠʟʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠ-

ʬʨʘʢʪʦʤʝʪʨʘ D2 PHASER ñBrukerò (CuKŬ ʠʟʣʫʯʝʥʠʝ 2ɗ, (ɚ = 1,54056 ¡, 10-70 ʛʨʘʜʫʩʦʚ). ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ TM 3000 (Hitachi, ʗʧʦʥʠʷ). ʆʧʪʠʯʝʩʢʦʝ ʧʦ-

ʛʣʦʱʝʥʠʝ ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ U-5100 (Hitachi) ʠ ʨʘʩʩʯʠʪʘʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʥʘ 

ʦʩʥʦʚʝ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʡ ʩʥʠʤʘʣʩʷ ʠʟ ʜʠʩʧʝʨʩʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʭʘʣʴʢʦʛʝʥʠʜʳ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʪʝʭʠʦʤʝʪʨʠʷʤʠ (Pb6 Sb6Se17, PbSb2Se4 ʠ ʜʨ.). ʆʙʨʘʟʮʳ, ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ (ʩʝʣʝʥʠʜʘ ʩʫʨʴ-

ʤʳ ʩʚʠʥʮʘ), ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ ʚ ʧʨʠʙʦʨʝ NETZSCH 
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STA 449F39. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʨʦʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝ-

ʨʘʪʫʨʳ 293-1923 ʂ ʧʨʦʠʟʦʰʣʦ 10-11 % ʧʦʪʝʨʠ ʤʘʩʩʳ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʘʟʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʩʝ-

ʣʝʥʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʚ ʦʙʨʘʟʮʝ (ʧʨʠ ʧʨʦʤʳʚʘʥʠʠ ʦʩʘʜʢʘ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʨʅ ʩʨʝʜʳ ʠʟʙʳʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʝʣʝʥʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʛʠʜʨʦʣʠʟʫʝʪʩʷ). ʅʘ ʜʨʫʛʦʡ ʢʨʠʚʦʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ) ʧʦʷʚʣʝʥʠʷ ʧʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ (552 ʂ) ʩʝʣʝʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ. ʊʦ ʞʝ (ʦʜʠʥʘʢʦʚʦʝ) ʟʥʘʯʝʥʠʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʧʠʢʦʚ ʥʘ ʢʨʠʚʦʡ ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʦ ʧʣʘʚʠʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ. 

ʈʘʩʯʸʪʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʨʘʬʠʢʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦ ʤʘʩʩʝ (ʧʦ ʚʝʩʫ) ʚʤʝʩʪʝ ʩ ʩʚʠʥʮʦʤ ʠ 

ʩʫʨʴʤʦʡ ʢ ʩʝʣʝʥʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 59,00 : 41.00. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʮʫ ʥʘ ʬʦʨʤʫʣʝ ʈbSb2Se4. ɼʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʝʪ 840,4 ʂ. 
 

 
 

ʈʠʩ. 1. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ  

ʘʥʘʣʠʟʳ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʈbSb2Se4, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 433ʂ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ 
 

ʉʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ ʪʘʢ ʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʨʝʟʫʣʴʪʘ-

ʪʳ ʘʥʘʣʠʟʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ 

ʆʙʨʘʟʮʳ, 

ʈbSbSe2, ʤʛ 

ʊʝʤʧ-ʨ, 

ʂ 

Koʤʧʦʥʝʥʪʳ, % 

ʈb Sb Se 

ʪʝʦʨ. ʧʨʘʢ. ʪʝʦʨ. ʧʨʘʢ. ʪʝʦʨ. ʧʨʘʢ. 

142,6 453 38,6 38,1 45,3 44,9 58,7 58,1 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʈbSb2Se4. 
 

 
 

ʈʠʩ. 2. ʐʪʨʠʭʜʠʘʛʨʘʤʤʘ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ 
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ɺ ʰʪʨʠʭʜʠʘʛʨʘʤʤʝ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʦʣʦʞʝʥʠʝ ʧʨʦʷʚʣʷʶʱʠʭ ʧʠʢʦʚ ʧʦʣʥʦ-

ʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʘʤ (PDF 00-012-8379). ʀʟʫʯʘʣʠʩʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʣʫʯʝʥʠʝ, ʚʳʨʘʩʪʘʥʠʝ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʠ ʩʥʠʤʘʣʠʩʴ ʠʟʦʙʨʘʞʝʥʠʷ 

ʵʪʠʭ ʯʘʩʪʠʮ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʨʠʩʫʥʦʢ 3-4, ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ TM-3000 Hitachi). 

 

          
ʘ                                                                                                           ʚ 

 

ʈʠʩ. 3. ʅʘʥʦ ʠ ʤʠʢʨʦʪʨʫʙʢʠ ʈbSb2Se4, ʧʦʣʫʯʝʥʥʳʝ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 433ʂ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ: ʘ ï ʫʚʝʣʠʯʝʥʠʝ 5,0 Õʤ, ʚ ï ʫʚʝʣʠʯʝʥʠʝ 10 Õʤ 

 

          
ʘ                                                                                                   ʚ 

 
ʈʠʩ. 4. ʅʘʥʦ ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʈbSb2Se4, ʧʦʣʫʯʝʥʥʳʝ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 443 ʂ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ: ʘ ï ʫʚʝʣʠʯʝʥʠʝ 10 Õʤ, ʚ ï ʫʚʝʣʠʯʝʥʠʝ 5,0 Õʤ 

 

ʀʟ ʠʟʦʙʨʘʞʝʥʠʷ 3 ʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 433 ʂ ʤʠʢʨʦʪʨʫʙʢʠ ʙʳʣʠ ʧʘʣʦʯʢʠ, ʜʠʘʤʝʪʨ 

ʠ ʜʣʠʥʘ ʤʝʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 370-750 ʥʤ, ʠ 5-10 Õʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (443 ʂ) ʠʟʤʝʥʷʝʪʩʷ ʬʦʨ-

ʤʘ ʠ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ (ʠʟʦʙʨʘʞʝʥʠʝ 4 ʘ, ʚ). ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦ ʠ ʤʠʢʨʦʯʘʩʪʠʮ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʦʪ ʞʠʜʢʦʡ ʬʘʟʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʵʪʠʣʝʥʛʣʠʢʦʣʴʥʦʡ ʩʨʝʜʝ ʚ ʥʘʯʘʣʝ ʨʝʘʢʮʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Pb(CH3COO)2 Sb 3+ ʠ Se2- ʦʙʨʘʟʫʝʪʩʷ ʦʩʘʜʦʢ 

ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ (ʨH=10). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ ʦʩʘʞʜʘʝʪʩʷ ʭʣʦʧ-

ʯʘʪʳʡ ʦʩʘʜʦʢ ʯʸʨʥʦʛʦ ʮʚʝʪʘ. ʇʦʩʣʝ ʧʨʦʤʳʚʘʥʠʷ ʦʩʘʜʢʘ ʩʣʘʙʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʫʣʴʪʨʘʯʠʩʪʦʡ ʚʦ-

ʜʦʡ, ʠ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, ʩʫʰʘʪ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 333-343 ʂ. ʇʨʠʛʦʪʦʚʣʝʥ ʨʘʩʪʚʦʨ ʥʘʥʦ ʠ ʤʠʢʨʦʩʦ-

ʝʜʠʥʝʥʠʡ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 3,44Ț 10-4 ʤʦʣ/ʣ, ʠ ʩʥʷʪ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝ-

ʥʠʷ ʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ U -5100 Hitachi. ʇʦ ʩʧʝʢʪʨʫ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ 

ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ (Ŭhɜ)2-f (hɜ). ʊʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʧʝʢʪʨʘ ʩ ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʦʪʥʦʰʝʥʠʠ: 
 

)( 00 Eghv
hv

A
-=a  
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ʈʘʩʯʸʪʦʤ ʧʦ ʫʨʘʚʥʝʥʠʶ ʠ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭʩʷ ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʝʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ (ɽg0 

=0,95 ʝv) ʦʙʨʘʟʮʘ (ʨʠʩʫʥʦʢ 5). 

 

 

 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ (Ŭhɜ)2 ʦʪ f (hɜ) 

 

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʦʝʜʠʥʝʥʠʷ ʩʝʣʝʥʠʜʘ ʩʫʨʴʤʳ ʩʚʠʥʮʘ ʦʙʣʘʜʘʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ 

ʩʚʦʡʩʪʚʘʤʠ. 
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SYNTHESIS OF PbSb2Se4 COMPOUND BY SOLVOTERMAL METHOD  
 

A.ʄ. Qaraev1, R.Ya. Guliyev2, A.B. Rzayeva3 
3 Candidate of Chemistry, Associate Professor 

Natural Resources Institute, Nakhchivan branch of the Azerbaijan National Academy of Sciences, Azerbaijan 

 

Abstract. In this research work the conditions of subsidence of nano- and microparticles of lead antimony 

selenide (PbSb2Se4) from the ethyleneglycol solutions are investigated. For formation of nanoparticles as a precursor of 

antimony we used salt antimony potassium tartrate, and for lead ï salt lead acetate (II). As selenide reagent, the sodium 

selenosulfate and solvent ethylene glycol were used. At the temperature of 443 K, after 15-hours syntheses there is the 

flocculated sludge. Chemical, thermographic, radiographic and morphological analyses of lead antimony selenide are 

carried out, and it is established that compound crystals are presented in the form of nano- and microwands. 

Keywords: lead antimony selenide, hydrothermal method, chemical analysis, thermographic analysis, radio-

graphic analysis, nano- and microwands. 
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ʋɼʂ 546.881 

 

ʇʆʃʋʏɽʅʀɽ ɺɸʅɸɼʀʗ ʇʈʀ ʇɽʈɽʈɸɹʆʊʂɽ ɿʆʃʔʅʆɻʆ  

ʆʉʊɸʊʂɸ ʆʊ ʉɾʀɻɸʅʀʗ ʄɸɿʋʊɸ ʑɽʃʆʏʅʓʄ ʉʇʆʉʆɹʆʄ 
  

 ɻ.ɸ. ʂʘʜʳʨʦʚʘ, 

ʃʝʥʢʦʨʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɸʟʝʨʙʘʡʜʞʘʥʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʤʘʟʫʪʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʝʜʢʦʛʦ ʥʘʪʨʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʦʙʞʠʛʘ ʜʣʷ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʦʙʞʠʛʘ, ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʱʝʣʦʯʠ, ʫʩʣʦʚʠʷ ʧʨʦʤʳʚʘʥʠʷ ʠ ʜʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʘ, ʦʩʪʘʪʦʢ, ʚʘʥʘʜʠʡ, ʤʘʟʫʪ, ʱʝʣʦʯʠ, ʨʘʩʪʚʦʨʳ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʶ ʮʝʥʥʳʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʟ ʦʪʭʦʜʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʨʘʩʰʠʨʠʪʴ ʩʳʨʴʝ-

ʚʫʶ ʙʘʟʫ. ʂ ʦʪʭʦʜʘʤ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʦʪʥʦʩʠʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʦʣʴʥʳʡ ʦʩʪʘʪʦʢ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʤʘʟʫʪʦʚ ʠ ʩʦʜʝʨʞʘʱʠʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɺ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʠʤʝʶʪʩʷ ʢʨʫʧʥʳʝ ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʐʠʨʚʘʥʩʢʘʷ, ɹʘʢʠʥʩʢʘʷ 

ʊʕʉ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʩʞʠʛʘʶʪ ʦʛʨʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʟʫʪʘ. ɿʦʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ, ʦʩʪʘʶʪʩʷ ʥʝʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʤʠ ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʥʦʩʷʪ ʥʝʧʦʧʨʘʚʠʤʳʡ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [1, 3]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣ ʚʟʷʪ ʟʦʣʴʥʳʡ ʦʩʪʘʪʦʢ ʠʟ ɹʘʢʠʥʩʢʦʡ ʊʕʉ, ʠʤʝʶʱʠʡ ʩʣʝʜʫ-

ʶʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʤʘʩ.%):V2O5-22.65, Fe2O3-16.40, SiO2-14.54, A2O3-9.80, Niʆ-3.4, Cr2O3-2.34, 

Na2O-2.5, K2O-3.80, Caʆ-5.90, Mgʆ-3.92,Soʙ-ɦ6.85 ʥʝʜʦʞʦʛ-7.9. ʆʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʜʦ 

10000ʉ ʩʦʩʪʘʚʣʷʣʘ 14-15 %. 

ʂʘʢ ʚʠʜʥʦ, ʩʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʚ ʟʦʣʴʥʦʤ ʦʩʪʘʪʢʝ ɹʘʢʠʥʩʢʦʡ ʊʕʉ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ 

ʝʛʦ ʠʟʚʣʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [4, 5] ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ, ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʤʘʟʫʪʘ, ʠʩʧʦʣʴʟʫʶʪ ʭʣʦʨʦʚʦʟʛʦʥʦʯʥʳʡ ʩ ʅʉl, ʱʝʣʦʯʥʦʡ, ʢʠʩʣʦʪʥʳʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

(ʜʚʘ ʧʦʩʣʝʜʥʠʭ) ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʚʘʥʘʜʠʷ. ʊʘʢ, ʝʛʦ ʧʷʪʠ- ʠ ʯʝʪʳʨʝʭʚʘ-

ʣʝʥʪʥʳʝ ʬʦʨʤʳ ʨʘʩʪʚʦʨʷʶʪʩʷ ʢʘʢ ʚ ʱʝʣʦʯʥʳʭ, ʪʘʢ ʠ ʚ ʢʠʩʣʳʭ, ʘ ʥʠʟʢʦʚʘʣʝʥʪʥʳʝ ʬʦʨʤʳ ï ʪʦʣʴʢʦ ʚ ʢʠʩʣʳʭ ʨʘʩ-

ʪʚʦʨʘʭ. ʇʨʠ ʵʪʦʤ ʚʘʥʘʜʠʡ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʷʚʣʷʝʪ ʘʤʬʦʪʝʨʥʳʝ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʦʩʪʘʚʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʱʝʣʦʯʥʦʡ, ʢʠʩʣʦʪʥʳʡ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʝʛʦ ʚ ʨʘʩ-

ʪʚʦʨ, ʘ ʪʘʢʞʝ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʉl2, ʅʉl ʢʘʢ ʚʦʟʛʦʥʦʯʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʚʘʥʘʜʠʷ ʠʟ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ 

ʱʝʣʦʯʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠ ʢʘʯʝʩʪʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʘʥʘʜʠʷ ï ʨʘʩʪʚʦʨʘ NaOH. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʦʪ ʩʧʦʩʦʙ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʦʪʜʝʣʠʪʴ ʤʘʩʩʫ ʠʟ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʵʣʝ-

ʤʝʥʪʦʚ ʛʨʫʧʧʳ R(OH)2, R(OH)3 (R=Fe, Ti, Ni, Cr, Ca, Mg,ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʚ ʪʚʝʨʜʦʤ ʦʩʪʘʪʢʝ, ʘ ʚʘʥʘʜʠʡ- 

ʚ ʚʠʜʝ VO3
+ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʚʣʝʢʘʝʤʦʩʪʴ ʚʘʥʘ-

ʜʠʷ. 

 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ NaOH ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʩʳʨʦ-

ʛʦ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NaOH ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ (t-80-900C) 

 (ʢʨʦʤʝ ʦʧʳʪʦʚ 6-7) ʚʨʝʤʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 2 ʯ: ʩʦʦʪʥʦʰʝʥʠʝ ʊɾ= 1:10 ʢʦʣʠʯʝʩʪʚʦ ʥʘʚʝʩʢʠ-5-5.0004 
ˉ ʦʧʳʪʘ ʂʦʥʮʝʥʪʨʘʮʠʷ NaOH ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ, % 

(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) 

1 5.0 32.0 

2 10.0 3970 

3 15.0 43.42 

4 20.0 43.55 

5 25.0 42.90 

6 ʍʦʣʦʜʥʘʷ ʚʦʜʘ 0.80 

7 ɻʦʨʷʯʘʷ ʚʦʜʘ 35.00 
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ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʠ ʦʪ 5 ʜʦ 15 % ʠʟʚʣʝʢʘʝʤʦʩʪʴ ʚʘʥʘʜʠʷ 

ʚ ʨʘʩʪʚʦʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 43.5 % (ʦʧʳʪʳ 3,4), ʘ ʜʘʣʴʥʝʡʰʝʝ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ (ʦʧʳʪ 6), ʠ ʛʦʨʷʯʝʡ (80-900ʉ, ʦʧʳʪ 7), ʧʦ-

ʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʛʦʨʷʯʝʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʧʦʯʪʠ 35 % ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʩʦʩʪʘʚʝ ʟʦʣʳ ʚʘʥʘʜʠʷ ʠʟʚʣʝʢʘʝʪʩʷ ʚ ʨʘʩ-

ʪʚʦʨ (ʦʧʳʪ 7), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʚʣʝʢʘʝʪʩʷ ʚʩʝʛʦ 0.80 % (ʦʧʳʪ 6). ʇʦ ʥʘʰʝʤʫ ʤʥʝ-

ʥʠʶ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʚʣʝʢʘʝʤʦʩʪʴ ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʚʦʨ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʚʘʥʘʜʠʷ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ ʚʳʩʰʝʤ ʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʵʪʦʤʫ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʉ ʮʝʣʴʶ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʳʨʦʤ ʟʦʣʴʥʦʤ ʦʩʪʘʪʢʝ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʜʦʙʘʚʢʦʡ 0.5 ʛ NaNO3 ʚ ʢʘʯʝ-

ʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ ʠ ʦʙʞʠʛʦʤ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʘʪʝʤ ʧʨʦʚʝʜʝʥʦ ʛʦʨʷʯʝʝ ʚʳʱʝʣʘ-

ʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʤ NaOH ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 80-90 0ʉ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʦʧʳʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʩʳʨʦʛʦ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ 

(ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ: ʢʦʥʮʝʥʪʨʘʮʠʠ NaOH-10%, ʩʦʦʪʥʦʰʝʥʠʝ ʊɾ= 1:10, 

 ʚʨʝʤʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 2 ʯ, ʦʙʞʠʛʘ-3ʯ t- ʚʳʱʝʣʘʯʠʚʘʥʠʷ-89-900C) 
ˉ ʦʧʳʪʘ ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ, 0C ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ, % 

(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) 

1 500 51.00 

2 550 56.55 

3 600 89.09 

4 650 92.94 

5 700 92.98 

6 750 92.99 

7 800 92.86 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ. 2, ʚʠʜʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʩʳʨʦʛʦ 

ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʜʦ 700 0ʉ ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʚʦʨ ʜʦ 93 % (ʦʧʳʪʳ 1-5), ʘ ʜʘʣʴʥʝʡ-

ʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 800 0ʉ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʝʛʦ ʠʟʚʣʝʯʝʥʠʷ (ʦʧʳʪʳ 6, 7). 

ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩʳʨʦʛʦ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʧʨʠ 

650-7000ʉ ʩ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ ʚʘʥʘʜʠʡ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 5-ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʩʪʚʦʨʦʤ 

NaOH ʦʙʨʘʟʫʝʪ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʝ ʚʘʥʘʜʠʷ NaVʆ3, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʝʛʦ ʠʟʚʣʝʯʝʥʠʷ ʚ 

ʨʘʩʪʚʦʨ.  

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ (650-7000ʉ) ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʳʨʦʤ 

ʟʦʣʴʥʦʤ ʦʩʪʘʪʢʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʞʠʛʘ ʩ ʜʦʩʪʫʧʦʤ ʚʦʟ-

ʜʫʭʘ ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʘ. 

ʀʟ ʜʘʥʥʳʭ ʦʧʳʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 3, ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ 

ʦʪ 0.5 ʜʦ 2.0 ʯ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʧʦʚʳʰʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʧʦʯʪʠ 97 % (ʦʧʳʪʳ 1-4), ʘ ʜʘʣʴʥʝʡʰʝʝ ʧʦ-

ʚʳʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʞʠʛʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ. 

 

ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʦʩʪʘʪʢʘ  

ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʨʘʩʪʚʦʨʦʤ ʝʜʢʦʛʦ ʥʘʪʨʘ 
ˉ ʦʧʳʪʘ ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ, 0C ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ, % 

(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) 

1 0.5 80.71 

2 1.0 90.0 

3 1.5 95.64 

4 2.0 96.65 

5 2.5 96.85 

6 3.0 97.00 

  

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ 

ʧʨʠ ʱʝʣʦʯʥʦʤ ʤʝʪʦʜʝ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʝʛʦ ʩʣʝʜʫʝʪ ʧʦʜʚʝʨʛʘʪʴ 1.5-2-ʯʘʩʦʚʦʤʫ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʦʙʞʠʛʫ, 

ʧʦʩʣʝ ʯʝʛʦ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʝ. 

ɼʘʣʝʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʠ ʥʘ ʠʟʚʣʝʢʘʝʤʦʩʪʴ ʚʘʥʘʜʠʷ ʠʟ ʦʙʦʞʞʝʥʥʦʛʦ ʟʦʣʴʥʦ-

ʛʦ ʦʩʪʘʪʢʘ (ʪʘʙʣ. 4) 
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ʊʘʙʣʠʮʘ 4 

ɺʣʠʷʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ 
ˉ ʦʧʳʪʘ ʂʦʥʮʝʥʪʨʘʮʠʷ NaOH ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ, % 

(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) 

1 2.5 68.45 

2 5.0 89.64 

3 10.0 96.85 

4 15.0 96.90 

5 20.0 96.70 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ.4, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ NaOH ʦʪ 2.5 ʜʦ 10 % ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʚʣʝʯʝ-

ʥʠʝ ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʚʦʨ ʦʪ 68 ʜʦ 96 %, ʘ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʦ 20 %) ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʟʚʣʝʯʝʥʠʝ 

ʚʘʥʘʜʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʘʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʱʝʣʦʯʠ ʩʦʩʪʘʚʣʷʝʪ 10 %. 

ɺ ʪʘʙʣ. 5. ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʪʚʝʨʜʦʛʦ (ʦʙʦʞʞʝʥʥʦʛʦ ʟʦʣʴʥʦʡ ʦʩʪʘ-

ʪʦʢ) ʢ ʞʠʜʢʦʤʫ (10%-ʥʳʡ ʨʘʩʪʚʦʨ NaOH) ï ʊ:ɾ ʥʘ ʠʟʚʣʝʢʘʝʤʦʩʪʴ ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʚʦʨ. 

 

ʊʘʙʣʠʮʘ 5 

ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʊ:ɾ ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʚʦʨ 
 ˉ ʦʧʳʪʘ ʉʦʦʪʥʦʰʝʥʠʝ ʊ:ɾ ʂʦʣʠʯʝʩʪʚʘ 10% -ʥʦʛʦ ʨʘʩʪʚʦʨʘ  

NaOH, ʤʣ 

ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ,  

%(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) 

 1 1:10  50.0 97.10 

 2 1:8 40.0 97.20 

 3 1:6 30.0 96.90 

 4 1:5 25.0 97.10 

 5 1:4 20.0 92.30 

 6 1:3 15.0 69.50 

  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 5, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 10 %- ʥʦʛʦ ʨʘʩʪʚʦʨʘ NaOH ʩʦʦʪʥʦʰʝ-

ʥʠʝ ʊ:ɾ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 1:5. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʚʦʨ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 

96-97 %. ɼʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʊ:ɾ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʨʘʩ-

ʪʚʦʨ (ʦʧʳʪʳ 5, 6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʝʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʠʟʚʣʝʢʘʝʤʦʩʪʴ ʚʘʥʘʜʠʷ ʠʟ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʩʞʠʛʘʥʠʷ ʤʘʟʫʪʘ, ʧʨʝʜʣʦʞʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʱʝʣʦʯʥʦʛʦ ʩʧʦ-

ʩʦʙʘ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʯʴ 94-96 % ʚʘʥʘʜʠʷ ï 5 ʦʢʩʠʜʘ ʚ ʨʘʩʪʚʦʨ. 
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THE EXTRACTION OF VANADIUM DURING THE PROCESSING  

OF ASH FROM BLACK MINERAL OIL BURNING BY THE ALKALINE METHOD  
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Abstract. The influence of some kinetic factors (concentration of alkali, temperature, period of solution, burn-

ing condition) on extraction of vanadium out of burning product of black oil by alkali method was researched. It was 

determined, that yield of vanadium to solvent is 94-9 6% at optimum condition. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 669.273:622.772:662.346.3 

 

ɸʅɸʃʀɿ ʍʀʄʀʏɽʉʂʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ  

ʄʀʅɽʈɸʃʆɺ ɸʃʖʄʀʅʀʗ ʀ ʀʍ ʕʅɽʈɻʆʇʃʆʊʅʆʉʊʀ 
 

 ɽ.ɺ. ɹʦʛʘʪʳʨʝʚʘ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʘʬʝʜʨʘ çʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʠ ʟʦʣʦʪʦè, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʠʉè (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʦʚʣʝʯʝʥʠʝ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʨʘʩʪʘʶ-

ʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʈʦʩʩʠʠ ʚ ʘʣʶʤʠʥʠʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʦʧʣʦʪʥʦ-

ʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʡʩʪʚʠʶ ʢʠʩʣʦʪ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ʇʦʢʘ-

ʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʶʤʠʥʠʡ, ʤʠʥʝʨʘʣʳ, ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʴ, ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

 

ɺ ʮʝʣʦʤ ʩʧʨʦʩ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ ʥʘ ʘʣʶʤʠʥʠʝʚʫʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʚʢʣʶʯʘʷ ʘʣʶʤʠ-

ʥʠʝʚʳʝ ʦʪʣʠʚʢʠ, ʚʦʟʨʘʩʪʝʪ ʢ 2020 ʛʦʜʫ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʚʘʨʠʘʥʪʫ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʚ 1,9 ʨʘʟʘ ʠ ʩʦʩʪʘʚʠʪ ʥʝ ʤʝ-

ʥʝʝ 1340 ʪʳʩ. ʪ. ʉʦʛʣʘʩʥʦ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘ 

ʛʣʘʚʥʦʡ ʝʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʶ ʥʘ ʦʩʥʦʚʝ ʫʩʢʦʨʝʥʥʦʛʦ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʦʪʨʘʩʣʠ, ʧʦʚʳʰʝʥʠʷ ʝʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʩʫʨ-

ʩʦ- ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ ʩʳʨʴʝʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʈʘʟʚʠʪʠʝ ʛʣʠʥʦʟʝʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʜʦʣʞʥʦ ʠ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʠʩ-

ʪʦʯʥʠʢʠ ʩʳʨʴʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪ ʪʝʭ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʟʚʠʚʘʣʘʩʴ ʠ 

ʨʘʟʚʠʚʘʝʪʩʷ ʤʠʨʦʚʘʷ ʛʣʠʥʦʟʝʤʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʦ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʤ ʦʙʲʝʤʝ ʩʪʘʥʫʪ ʚʦ-

ʚʣʝʢʘʪʴʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʙʦʢʩʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ ʠ ʉʝʚʝʨʥʦʡ ʆʥʝʛʠ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ. ʈʝʛʫ-

ʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʤʠʥʝʨʘʣʦʚ) ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʙʣʝʤ ʭʠʤʠʠ, ʠʤʝʶʱʝʡ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʠ ʥʝʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ (ɽʘʪ), ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʘʙʦʪʦʡ ʨʘʟʨʳʚʘ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷ-

ʟʝʡ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʦʤʦʚ: 
 

)(
298

)(
298

)(
298

)(ʘʪ ʍʦʅiMʦʅkiX
k

MoʅiX
k
ʄɽ DÖ+DÖ+D-= . (1) 

 

ʂʦʥʮʝʧʮʠʷ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ ʧʨʠʤʝʥʠʤʘ ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʩ ʣʶʙʳʤ ʪʠʧʦʤ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. 

ʕʥʝʨʛʠʷ ʘʪʦʤʠʟʘʮʠʠ ʨʘʚʥʘ ʩʫʤʤʝ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʘ ʠ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʪʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʦʤʦʚ [10]. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦ-

ʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʝʜʠʥʠʮʝ 

ʦʙʲʝʤʘ ï ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ (ɽV). 

ɺ ʨʘʙʦʪʝ [10] ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʰʢʘʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʝʨʨʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦ ʄ.ɻ. ɹʝʨʛʝʨʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ (ʪʘʙʣʠʮʘ 1) ʠ ʧʦʢʘʟʘʥʘ ʙ·ʣʴʰʘʷ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʦʚ. 
 

ʊʘʙʣʠʮʘ 1 

ʆʙʦʙʱʝʥʥʘʷ ʰʢʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ  

ʪʝʨʨʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ [10] 
ʆʮʝʥʢʘ ɻʨʫʧʧʘ ɽV, ʢɼʞ/ʩʤ3 ʕʪʘʣʦʥʥʳʝ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ 

ɺʝʩʴʤʘ ʥʠʟʢʘʷ I 84 ʆʣʠʚʠʥ  

ʅʠʟʢʘʷ II  87 ɻʠʧʝʨʩʪʝʥ, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ 

ʉʨʝʜʥʷʷ III  90 ʕʧʠʜʦʪ, ʩʬʝʥ, ʠʣʴʤʝʥʠʪ 

ɺʳʩʦʢʘʷ IV 92 ɸʥʜʘʣʫʟʠʪ, ʢʠʘʥʠʪ, ʩʪʘʚʨʦʣʠʪ 

ɺʝʩʴʤʘ ʚʳʩʦʢʘʷ V 97 ʄʦʥʘʮʠʪ, ʪʫʨʤʘʣʠʥ, ʮʠʨʢʦʥ 

                                                           
É ɹʦʛʘʪʳʨʝʚʘ ɽ.ɺ. / Bogatyreva Ye.V., 2016 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʭʠ-

ʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʠʥʠʷ ʠ ʜʨʫʛʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʠʥʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʠʥʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʄʠʥʝʨʘʣ ʌʦʨʤʫʣʘ -Dʅʦ298, ʢɼʞ/ʤʦʣʴ ɽŬʪ , ʄɼʞ/ʤʦʣʴ 

ʅʝʬʝʣʠʥ Na[AlSiO4] 2105,9 [9] 3991,9 

ʂʘʣʠʦʬʠʣʠʪ ʂ[AlSiO4] 2120,0 [18] 3987,0 

ɸʣʫʥʠʪ  KAl 2(SO4)2(OH)6 5168,8 [9] 11269,8 

ʂʘʦʣʠʥʠʪ Al 4[Si4O10](OH)8 8132,4 [9] 17486,4 

ʇʠʨʦʬʠʣʣʠʪ Al 2[Si4O10](OH)2 5648,5 [9] 11540,5 

ʕʛʠʨʠʥ NaFeSi2O6 2591,1 [9] 5514,1 

ʄʘʛʥʝʪʠʪ FeFe2O4 2227,3 [3] 4474,3 

ʊʠʪʘʥʦʤʘʛʥʝʪʠʪ 

(ʫʣʴʚʠʪʦʚʳʡ ʤʘʛʥʝʪʠʪ) [2] 

 

TiFe2O4 

 

1487,7 

 

3788,7 

 

ʇʨʠʤʝʯʘʥʠʝ: 1) ʵʥʪʘʣʴʧʠʷ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʤʝʪʦʜʠʢʝ [9]; 

         2) ʚ ʨʘʩʯʝʪʝ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ [13]. 

 

ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʘʤʦʡ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʘʪʦʤʠʟʘʮʠʠ ʦʙʣʘʜʘʶʪ 

ʥʝʬʝʣʠʥ, ʢʘʣʠʦʬʠʣʣʠʪ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʢʘʦʣʠʥʠʪ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ, ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʠʥʠʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʢʠʩʣʦʪʘʭ (ʪʘʙʣʠʮʘ 3).  

 

ʊʘʙʣʠʮʘ 3 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʠʥʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

 ̄ ʄʠʥʝʨʘʣ r, ʛ/ʩʤ3 

ʕʥʝʨʛʠʷ ʘʪʦʤʠʟʘʮʠʠ ʉʍ ʢʘʪʠ-

ʦʥʦʚ ɸ (g) 

ʉʨʝʜʥʷʷ 

ʉʍ ʢʘʪʠ-

ʦʥʦʚ ɸ 

(g) 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ 

ʚ ʢʠʩʣʦʪʘʭ 

ɽŬʪ, 

ʄɼʞ/ʤʦʣʴ 

ʘʪɽ , 

ʢɼʞ/ 

(ʤʦʣʴ.ʘʪʦʤ) 

ɽV, 

ʢɼʞ/ʩʤ3 

1 ʅʝʬʝʣʠʥ 2,6 [11] 3,99 570 73,1 gNa=4,6 4,6 ʨʘʩʪʚʦʨʠʤ ʚ ʅʉl [4, 16, 17] 

2 ʂʘʣʠʦʬʠʣʠʪ 2,5 [18] 3,99 570 63,1 gK=3,2 3,2 ʨʘʩʪʚʦʨʠʤ [12] 

3 ɸʣʫʥʠʪ 2,6-2,8 [11] 11,27 451 75,7-81,5 
gK=2,9 

gAl=49,7 
34,1 

ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ HCl [16] 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ H2SO4[4] 

4 ʂʘʦʣʠʥʠʪ 2,6 [11] 17,49 514 86,8 gAl=49,7 49,7 ʥʝ ʨʘʩʪʚʦʨʠʤ [4] 

5 ɹʠʦʪʠʪ 2,7-3,3 [6] 11,84 [20] 538 62,2-76,0 
gK=2,9 

gFe=19,2 
15,1 

ʨʘʩʪʚʦʨʠʤ ʚ ʅʉl [17] 

ʨʘʟʣʘʛʘʝʪʩʷ [4] 

6 ɸʥʦʨʪʠʪ 2,75 [7] 7,98 [20] 614 78,9 gCa=11,9 11,9 ʨʘʩʪʚʦʨʠʤ ʚ ʅʉl [12, 17] 

7 ɸʣʴʙʠʪ 2,6 [7] 8,15 [20] 627 80,9 gNa=5,0 5,0 ʥʝ ʨʘʩʪʚʦʨʠʤ [4] 

8 ʄʠʢʨʦʢʣʠʥ 2,6 [5] 8,15 [20] 627 76,2 gK=3,0 3,0 

ʥʝ ʨʘʩʪʚʦʨʠʤ (ʢʨʦʤʝ ʧʣʘ-

ʚʠʢʦʚʦʡ) [21], 

ʩ ʪʨʫʜʦʤ ʨʘʩʪʚʦʨʠʤ ʚ 

H2SO4 [4] 

9 ʇʠʨʦʬʠʣʣʠʪ 2,7-2,9 [11] 11,54 577 86,1-92,5 gAl=49,7 49,7 

ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʅʉl [12, 

16], ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʢʠʩʣʦ-

ʪʘʭ [4] 

10 
ʄʫʩʢʦʚʠʪ 

(ʩʝʨʠʮʠʪ) 
2,8-3,1 [11] 12,00 [20] 571 84,0-93,0 

gK=2,9 

gAl=49,7 
34,1 

HF ʠ H2SO4 ʧʨʠ ʥʘʛʨʝʚʘ-

ʥʠʠ [19] ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ 

ʢʠʩʣʦʪʘʭ [4] 

11 ʕʛʠʨʠʥ 3,4-3,6 [11] 5,51 551 81,1-85,9 
gNa=4,6 

gFe=47,3 
26,0 

ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʅʉl [16], 

ʩʣʘʙʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʅʉl 

[4] 

12 ʄʘʛʥʝʪʠʪ 4,8-5,2 [11] 4,47 639 92,5-100,2 gFe=50,3 50,3 
ʨʘʩʪʚʦʨʠʤ ʚ ʅʉl ʩ ʪʨʫʜʦʤ 

[17] 

13 

ʊʠʪʘʥʦʤʘʛʥʝʪʠʪ 

(ʫʣʴʚʠʪʦʚʳʡ ʤʘʛʥʝ-

ʪʠʪ) 

4,9-5,2 [15] 3,79 541 82,9-88,0 gFe=20,4 20,4 
ʥʝʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʅʉl [21] 
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ɺʠʜʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʳ ʩ ɽV ʤʝʥʝʝ 80 ʢɼʞ/ʩʤ3 ʨʘʩʪʚʦʨʠʤʳ ʚ ʢʠʩʣʦʪʘʭ (ʥʝʬʝʣʠʥ, ʢʘʣʠʦʬʠʣʣʠʪ, ʘʣʫʥʠʪ, 

ʙʠʦʪʠʪ, ʘʥʦʨʪʠʪ). ʀʟ ʵʪʦʛʦ ʨʷʜʘ ʚʳʧʘʜʘʶʪ: 

ï ʤʠʢʨʦʢʣʠʥ, ʜʣʷ ʢʦʪʦʨʦʛʦ ɽV=76,2 ʢɼʞ/ʩʤ3 ʠ ʧʦ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʦʥ ʣʠʙʦ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʢʠʩʣʦʪʘʭ 

ʢʨʦʤʝ ʧʣʘʚʠʢʦʚʦʡ [14], ʣʠʙʦ ʨʘʩʪʚʦʨʠʤ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʩ ʪʨʫʜʦʤ [4]; 

ï ʧʠʨʦʬʠʣʣʠʪ, ʜʣʷ ʢʦʪʦʨʦʛʦ ɽV=86,1-92,5 ʢɼʞ/ʩʤ3 ʠ ʧʦ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʦʥ ʣʠʙʦ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ HCl 

[12, 16], ʣʠʙʦ ʨʘʩʪʚʦʨʠʤ ʚ ʢʠʩʣʦʪʘʭ [4]. 

ʄʠʥʝʨʘʣʳ ʩ ɽV ʙʦʣʝʝ 80 ʢɼʞ/ʩʤ3 ʠʤʝʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʢʠʩʣʦʪʘʭ: 

ï ʥʝʨʘʩʪʚʦʨʠʤʳ (ʢʘʦʣʠʥʠʪ, ʤʫʩʢʦʚʠʪ); 

ï ʨʘʩʪʚʦʨʷʶʪʩʷ ʩʣʘʙʦ (ʘʣʴʙʠʪ, ʵʛʠʨʠʥ, ʤʘʛʥʝʪʠʪ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʩʚʝʜʝʥʠʡ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʚ ʢʠʩʣʦʪʘʭ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʜʠʥ ʤʠʥʝʨʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʘʷ 

ʩʪʦʡʢʦʩʪʴ ʤʠʥʝʨʘʣʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʟʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʫʩʪʦʡʯʠʚʦʩʪʠ) ʤʠʥʝʨʘʣʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʳ: 

ï ʩʨʝʜʥʠʝ ʘʪʦʤʥʳʝ ʵʥʝʨʛʠʠ ʘʪʦʤʠʟʘʮʠʠ ï ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ; 

ï ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʉʍ) ʢʘʪʠʦʥʦʚ ɸ (g), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʝʨʫ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʦʪʨʳʚʘʝʤʦʛʦ (ʯʘʱʝ ʚʘʣʝʥʪʥʦʛʦ) ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʦʤ ʠ ʷʚʣʷʶʪʩʷ ʤʝʨʦʡ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ (ʢʠʩʣʦʪʥʦ-

ʱʝʣʦʯʥʳʭ) ʩʚʦʡʩʪʚ ʠʦʥʦʚ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʠʦʥʦʚ (ig) ʠʩʧʦʣʴʟʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ (2): 

 

i

n
i r

I
=g ,                    (2) 

 

ʛʜʝ In ï n-ʡ ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ [8]; ir  ï ʨʘʜʠʫʩ ʢʘʪʠʦʥʘ ʩ ʚʘʣʝʥʪʥʦʩʪʴʶ n+ (ʚ ʨʘʩʯʝʪʝ ʧʦ ɻʦʣʴʜʰʤʠʜʪʫ) [8]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 3) ʥʘʥʝʩʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʠʩʣʦʪʘʤ (ʘ) ʠ 

ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ (ʙ) ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [1]. 
 

 
 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʠʩʣʦʪʘʤ (ʘ) ʠ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ (ʙ) ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ,  

ʛʠʜʨʦʢʩʠʜʦʚ, ʩʠʣʠʢʘʪʦʚ ʦʪ ʘʪɽ  ʠ iɔ (ʥʫʤʝʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʤʠʥʝʨʘʣʘ ʚ ʪʘʙʣʠʮʝ 3) 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʠʥʠʷ ʠʟ ʪʘʙʣʠʮʳ 3 ʠ ʟʥʘʯʝ-

ʥʠʡ ʠʭ ʵʥʝʨʛʦʧʣʦʪʥʦʩʪʠ ʩ ʧʦʣʷʤʠ ʜʠʘʛʨʘʤʤ (ʨʠʩʫʥʦʢ 1). ʅʘʙʣʶʜʘʝʤʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʥʘ (ʨʠʩʫʥʢʝ 1) 

ʚʝʨʦʷʪʥʦ ʚʦʟʥʠʢʣʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʙʲʝʢʪʘʤʠ ʙʳʣʠ ʤʠʥʝʨʘʣʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ. 
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ʇʈʆʎɽʉʉ ʀʅɼʀɺʀɼʋɸʃʀɿɸʎʀʀ  

ʂʆʅʊʈʆʃʔʅʆ-ʀɼɽʅʊʀʌʀʂɸʎʀʆʅʅʓʍ ɿʅɸʂʆɺ ï RFID-ʄɽʊʆʂ 
 

 ʈ.ʐ. ɾʘʬʷʨʦʚ1, ʉ.ʄ. ɻʦʣʷʢʦʚ2 
1 ʩʪʫʜʝʥʪ 1-ʛʦ ʛʦʜʘ ʦʙʫʯʝʥʠʷ ʤʘʛʠʩʪʨʘʪʫʨʳ, 

2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʀʊ ʠ ʆʇ 

ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦ ʚʚʝʜʝʥʠʶ ʦʙʷʟʘʪʝʣʴʥʦʡ ʤʘʨʢʠʨʦʚʢʠ 

ʠʟʜʝʣʠʡ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʤʝʭʘ ʩʦʛʣʘʩʥʦ ʇʦʩʪʘʥʦʚʣʝʥʠʶ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ787 ʥʘ ʨʘʙʦ-

ʯʠʭ ʤʝʩʪʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʠʤʧʦʨʪʝʨʦʚ ʠ ʨʦʟʥʠʯʥʳʭ ʧʨʦʜʘʚʮʦʚ ʠʟʜʝʣʠʡ. ɿʘʪʨʦʥʫʪʳ ʚʦʧʨʦʩʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʩʠʩʪʝʤʝ ʤʘʨʢʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʜʝʪʘʣʠ ʥʘʥʝʩʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʟʥʘʢʠ ʠʟʜʝʣʠʡ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʀʉ çʄʘʨʢʠʨʦʚʢʘè, ʢʦʥʪʨʦʣʴʥʳʝ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʟʥʘʢʠ, ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʫʯʝʪ ʪʦʚʘʨʦʚ 

 

ʇʦ ʦʮʝʥʢʝ ʵʢʩʧʝʨʪʦʚ, ʥʘ ʨʳʥʢʝ ʩʪʨʘʥ ɽɸʕʉ, ʜʦʣʷ ʢʦʥʪʨʘʬʘʢʪʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʤʝʭʘ ʜʦʭʦʜʠʪ ʜʦ 85 %. 

ɼʦʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʭʦʚʳʭ ʠʟʜʝʣʠʡ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5 % ʨʳʥʢʘ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʤʧʦʨʪ ʠʟ ʂʠʪʘʷ, ɻʨʝʮʠʠ, ʊʫʨʮʠʠ ʠ ʀʪʘʣʠʠ [2]. 

ʇʨʝʜʦʪʚʨʘʪʠʪʴ ʚʚʦʟ ʠ ʧʨʦʜʘʞʫ ʢʦʥʪʨʘʙʘʥʜʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʤʝʭʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽɸʕʉ ʧʨʠʟʚʘʥʘ ɻʦʩʫ-

ʜʘʨʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çʄʘʨʢʠʨʦʚʢʘè, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʦʙʦʨʦʪʘ ʠʟʜʝʣʠʡ ʠʟ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʤʝʭʘ, ʦʙʷʟʘʥʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʚʝʜʝʥʠʷ ʦ ʤʘʨʢʠʨʦʚʢʝ ʠʟʜʝʣʠʡ. ʊʦʚʘʨʳ ʤʘʨʢʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʪʨʦʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʟʥʘʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʪʝʭʥʦʣʦʛʠʠ RFID (Radio Frequency IDentification, 

ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʦʚʘʨʦʚ), ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʭ ʙʝʩʢʦʥʪʘʢʪʥʳʤ 

ʩʧʦʩʦʙʦʤ. 

ɼʣʷ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ çʄʘʨʢʠʨʦʚʢʘè, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ. ʇʨʦʮʝʩʩ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʚʢʣʶʯʘʝʪ: 

1. ʇʦʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ (ʕʎʇ) ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ; 

2. ʇʨʠʦʙʨʝʪʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï RFID-ʩʯʠʪʳʚʘʪʝʣʝʡ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ RFID-ʤʝʪʦʢ; 

3. ʈʝʛʠʩʪʨʘʮʠʷ RFID-ʤʝʪʦʢ, ʥʘ ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʠʟʜʝʣʠʠ ʠʟ 

ʤʝʭʘ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ ʥʘʣʦʛʦʚʦʡ ʩʣʫʞʙʳ, ɸʆ çɻʦʟʥʘʢè, ʘ ʪʘʢʞʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ GS1; 

4. ʆʧʠʩʴ ʦʩʪʘʪʢʦʚ ʥʝ ʧʨʦʤʘʨʢʠʨʦʚʘʥʥʳʭ ʪʦʚʘʨʦʚ; 

5. ɿʘʢʘʟ ʢʦʥʪʨʦʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʟʥʘʢʦʚ (ʂʠɿ) - RFID-ʤʝʪʦʢ; 

6. ʀʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʂʠɿ ʩ ʧʦʤʦʱʴʶ RFID-ʩʯʠʪʳʚʘʪʝʣʝʡ; 

7. ʅʘʥʝʩʝʥʠʝ RFID-ʤʝʪʦʢ ʥʘ ʠʟʜʝʣʠʝ ʠʟ ʤʝʭʘ [1]. 

ʇʨʦʭʦʞʜʝʥʠʝ ʚʩʝʭ ʵʪʘʧʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʠʩʪʝʤʝ, ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ ʪʦʨʛʦʚʘʷ ʪʦʯʢʘ 

ʠʤʝʝʪ ʧʨʘʚʦ ʧʨʦʜʘʚʘʪʴ ʪʝ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʤʘʨʢʠʨʦʚʘʥʳ. ʀ ʪʝʤ ʩʘʤʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʠʤʧʦʨʪʝʨʳ 

ʠʟʜʝʣʠʡ ʠʟ ʤʝʭʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʬʘʢʪ ʚʚʦʟʘ ʠʟʜʝʣʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʠ, ʘ ʧʨʦʜʘʚʮʳ ʠʟʜʝʣʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʬʘʢʪ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠ ʠʭ ʧʨʦʜʘʞʠ ʢʦʥʝʯʥʳʤ ʧʦʢʫʧʘʪʝʣʷʤ. ʇʦʢʫʧʘʪʝʣʴ ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪʬʦʥʘ ʧʦʣʫʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʣʝʜʠʪʴ ʚʝʩʴ ʧʫʪʴ ʠʟʜʝʣʠʷ, ʫʜʦʩʪʦʚʝʨʷʷʩʴ, ʯʪʦ ʧʨʠʦʙʨʝʪʘʝʤʳʡ ʪʦʚʘʨ ʥʝ ʢʦʥʪʨʘʬʘʢʪ. ɿʘ ʪʝʤ ʞʝ 

ʩʣʝʜʠʪ ʠ ʥʘʣʦʛʦʚʘʷ ʩʣʫʞʙʘ. 

ʆʪʩʫʪʩʪʚʠʝ RFID-ʤʝʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʰʪʨʘʬʥʳʤ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʠ ʫʛʦʣʦʚʥʳʤ ʩʘʥʢʮʠʷʤ [3]. ʅʝʩʤʦʪ-

ʨʷ ʥʘ ʩʘʥʢʮʠʠ, ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʠʜʝʪ ʩʣʦʞʥʦ ʠ ʪʨʫʜʦʝʤʢʦ. ɻʣʘʚʥʘʷ ʩʣʦʞʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘ-

ʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʠ ï ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʩʠʩʪʝʤʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʜʝʡʩʪʚʠʡ. 

ʈʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ çɸʈʄ ʠʥ-

ʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʂʠɿè, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʩʫʱʝʩʪʚʠʪʴ ʨʷʜ ʬʫʥʢʮʠʡ: 

1. ʉʯʠʪʳʚʘʥʠʝ TID (ʠʟ ʙʘʥʢʘ ʧʘʤʷʪʠ TID) RFID-ʤʝʪʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʂʠɿ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ SGTIN-96 ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʥʠʢʘʣʴʥʦʛʦ ʩʝʨʠʡʥʦʛʦ ʥʦʤʝʨʘ TID RFID-ʤʝʪʢʠ. 

3 ɿʘʧʠʩʴ SGTIN-96 ʚ ʧʘʤʷʪʴ (ɽʈʉ) RFID-ʤʝʪʢʠ ʂʠɿ ʠ ʙʣʦʢʠʨʦʚʢʘ ʜʘʥʥʦʛʦ ʙʘʥʢʘ ʧʘʤʷʪʠ RFID-ʤʝʪʢʠ ʦʪ 

ʧʝʨʝʟʘʧʠʩʠ. 

4. ʆʪʙʨʘʢʦʚʢʘ ʂʠɿ, ʯʪʝʥʠʝ/ʟʘʧʠʩʴ RFID-ʤʝʪʦʢ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʘ. 

5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʘʡʣʘ ʦʪʯʝʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ SGTIN-96 ʠ TID ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʂʠɿ. 

6. ɿʘʛʨʫʟʢʘ ʬʘʡʣʘ ʦʪʯʝʪʘ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʫʯʝʪʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʩʚʝʨʢʠ TID ʩ ʜʘʥʥʳʤʠ, ʭʨʘʥʷʱʠʤʠʩʷ ʚ 

ʙʘʟʝ ʮʝʥʪʨʘʣʴʥʦʡ ʫʯʸʪʥʦʡ ʩʠʩʪʝʤʳ, ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʂʠɿ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ GlobalLocationNumber (GLN) ï ʫʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʥʘʩʪʨʦʡʢʘʭ (ʨʠʩ. 1). 

 

                                                           
É ɾʘʬʷʨʦʚ ʈ.ʐ., ɻʦʣʷʢʦʚ ʉ.ʄ. / Zhafyarov R.Sh., Golyakov S.M., 2016 
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ʈʠʩ. 1. ʅʘʩʪʨʦʡʢʘ çɸʈʄ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʂʠɿè 

 

ʀʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʂʠɿ ʩʦʩʪʦʠʪ ʚ ʟʘʧʠʩʠ ʚ ʧʘʤʷʪʴ RFID-ʤʝʪʢʠ ɽʈʉ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ ʬʦʨʤʘʪʝ SGTIN-

96 ʩ ʧʦʤʦʱʴʶ RFID-ʩʯʠʪʳʚʘʪʝʣʷ. 

ɺ ʦʢʥʝ çGTINè (GlobalTradeItemNumber ï ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʜ ʤʘʨʢʠʨʦʚʢʠ ʠ ʫʯʝʪʘ ʪʦʚʘʨʘ) ʦʩʥʦʚʥʦʛʦ 

ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ GTIN, ʧʨʠʩʚʦʝʥʥʳʡ ʠʩʧʦʣʴʟʫʝʤʳʤ ʂʠɿ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʂʠɿ ʢʣʠʢʥʫʪʴ ʟʥʘʯʦʢ çɿʘʧʠʩʴ ʤʝʪʦʢ ʂʠɿè. 

ɺʳʙʨʘʚ ʥʫʞʥʳʝ ʂʠɿ ʧʦ ʥʘʟʚʘʥʠʶ ʧʨʦʜʫʢʮʠʠ ʠ ʪʠʧʫ ʂʠɿ, ʧʦʜʥʝʩʪʠ ʠʭ ʢ ʘʥʪʝʥʥʝ RFID-ʩʯʠʪʳʚʘʪʝʣʷ. 

ʇʨʠ ʫʩʧʝʰʥʦʡ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ ʧʘʤʷʪʴ ɽʈʉ RFID-ʤʝʪʦʢ ʂʠɿ ʩʪʨʦʢʠ ʩ ʜʘʥʥʳʤʠ ʧʦ ʚʳʧʦʣʥʝʥʥʳʤ ʟʘʧʠʩʷʤ ʙʫʜʫʪ 

ʧʦʜʩʚʝʯʝʥʳ ʟʝʣʸʥʳʤ ʮʚʝʪʦʚ ʠ ʚ ʢʦʣʦʥʢʝ çʉʦʩʪʦʷʥʠʝè ʪʘʙʣʠʮʳ ʧʦʷʚʠʪʩʷ ʟʘʧʠʩʴ çɿʘʧʠʩʘʥʦè. 

ʇʦʩʣʝ ʟʘʧʠʩʠ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʦ ʂʠɿ ʚ ʙʣʦʢʝ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ ʥʘ ʟʝʣʸʥʦʤ ʬʦʥʝ ʙʫ-

ʜʝʪ ʟʘʧʠʩʴ çɹʣʦʢ ʫʩʧʝʰʥʦ ʟʘʧʠʩʘʥè (ʨʠʩ. 2). [4] 

 

 
 

ʈʠʩ. 2. ʀʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʂʠɿ 
 

ʇʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ RFID-ʤʝʪʦʢ ʥʘ ʦʩʥʦʚʝ ʇʇ çɸʈʄ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ 

ʂʠɿè ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ çʄʘʨʢʠʨʦʚʢʘè. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ RFID-ʤʝʪʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʜʫʨʫ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʢʘʞʜʦʤʫ ʧʨʝʜʧʨʠʷʪʠʶ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦ ʜʣʷ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɾʘʬʷʨʦʚ, ʈ.ʐ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ çʄʘʨʢʠʨʦʚʢʘè. / ʈ.ʐ. ɾʘʬʷʨʦʚ // ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ ʌʦʨʫʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ï www.forum-nauka.ru (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 1.11.2016 ʛ.). 

2. ʆʙʷʟʘʪʝʣʴʥʦʝ ʯʠʧʠʨʦʚʘʥʠʝ ʰʫʙ ʚ ɽɸʕʉ ʧʦʩʪʘʚʠʣʦ ʨʳʥʦʢ ʥʘ ʧʘʫʟʫ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://xn--b1ae2adf4f.xn--

p1ai/economics/business/36623-obyazatelynoe-chipipovanie-shub-v-eaes-postavilo-pynok-na-pauzu.html, (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15 ʩʝʥ-

ʪʷʙʨʷ 2016 ʛ.); 

3. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 11.08.2016 N 787 "ʆ ʨʝʘʣʠʟʘʮʠʠ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʚʚʝʜʝʥʠʶ ʤʘʨʢʠ-
ʨʦʚʢʠ ʪʦʚʘʨʦʚ ʢʦʥʪʨʦʣʴʥʳʤʠ (ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤʠ) ʟʥʘʢʘʤʠ ʧʦ ʪʦʚʘʨʥʦʡ ʧʦʟʠʮʠʠ "ʇʨʝʜʤʝʪʳ ʦʜʝʞʜʳ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ 

ʦʜʝʞʜʝ ʠ ʧʨʦʯʠʝ ʠʟʜʝʣʠʷ, ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʤʝʭʘ"; 

4. https://www.nalog.ru/rn37/taxation/mark/m_2016/,(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15 ʩʝʥʪʷʙʨʷ 2016 ʛ.); 
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ʋɼʂ 677.027.4.677.027 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ,  

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʀ ʉʊʈʋʂʊʋʈʅʓʍ ʉɺʆʁʉʊɺ ʊɽʂʉʊʀʃʔʅʓʍ  

ʄɸʊɽʈʀɸʃʆɺ, ʆʊɹɽʃɽʅʅʓʍ ʇʆɼ ɺʆɿɼɽʁʉʊɺʀɽʄ ʉɺʏ-ʀɿʃʋʏɽʅʀʁ 
 

 ʈ.ʊ. ʂʘʣʜʳʙʘʝʚ1, ɾ.ʋ. ʄʳʨʭʘʣʳʢʦʚ2, ʅ.ɽ. ɹʦʪʘʙʘʝʚ3, ɻ.ʖ. ʂʘʣʜʳʙʘʝʚʘ4, ɻ.ʂ. ɽʣʜʠʷʨ5, ʂ. ʂʫʨʙʝʥʦʚʘ6 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭ/ʙ ʪʨʠʢʦʪʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʙʝʣʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʉɺʏ-ʠʟʣʫʯʝʥʠʡ. ʇʨʦʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʭʣʦʧʯʘʪʦʙʫ-

ʤʘʞʥʦʛʦ ʪʨʠʢʦʪʘʞʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʜʝʣʴʥʦʡ ʚʘʨʢʦʡ ʠ ʦʪʙʝʣʢʦʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʩʥʦʚʳʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʧʨʦʮʝʩʩʘʭ 

ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʣʝ ʉɺʏ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʙʝʣʢʘ, ʉɺʏ-ʠʟʣʫʯʝʥʠʝ, ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ, ʨʘʟʜʝʣʴʥʘʷ ʚʘʨʢʘ, ʩʦʨʙʮʠʷ. 

 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ 

ʧʨʦʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭ/ʙ ʪʨʠʢʦʪʘʞʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʦʪʙʝʣʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʉɺʏ ʠʟʣʫʯʝʥʠʡ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ, ʭʘ-

ʨʘʢʪʝʨʥʘʷ ʜʣʷ ʮʝʣʣʶʣʦʟʳ-1, ʉʂ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʤʝʪʦʜʫ ʉʝʛʘʣʘ [2], ʜʣʷ ʪʨʠʢʦʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʪʙʝʣʢʦʡ, ʩʦʩʪʘʚʣʷʝʪ 65,4-69,7 % ʩ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ ʦʪʙʝʣʢʠ (10-60 ʤʠʥ.). ɼʣʷ ʦʙʨʘʟʮʦʚ ʪʨʠʢʦ-

ʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʪʙʝʣʝʥʥʦʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ-ʠʟʣʫʯʝʥʠʡ (5-15 ʤʠʥ.) ʉʂ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝ-

ʧʝʥʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 69,4-70,7 % (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʜʝʣʴʥʦʡ ʚʘʨʢʦʡ ʠ ʦʪʙʝʣʢʦʡ 

(ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ) (ɸ ï ʪʨʘʜʠʮʠʦʥʥʦ (30 ʤʠʥ); ɹ ï ʪʨʘʜʠʮʠʦʥʥʦ (60 ʤʠʥ); ɺ ï ʉɺʏ (5 ʤʠʥ)) 
 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʱʘʜʷʱʠʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʪʨʠʢʦʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʉɺʏ ʦʪʙʝʣʢʝ, ʢʦʛʜʘ 

ʟʘ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʦʩʪʠʛʘʶʪʩʷ ʪʝ ʞʝ ʠ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʉʂ [3]. 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʪʨʠʢʦʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʨʘʜʠ-

ʮʠʦʥʥʦʡ ʦʪʙʝʣʢʦʡ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ ʠʟʣʫʯʝʥʠʡ (ʪʘʙʣʠʮʘ 1, 2).  

                                                           
É ʂʘʣʜʳʙʘʝʚ ʈ.ʊ., ʄʳʨʭʘʣʳʢʦʚ ɾ.ʋ., ɹʦʪʘʙʘʝʚ ʅ.ɽ., ʂʘʣʜʳʙʘʝʚʘ ɻ.ʖ., ɽʣʜʠʷʨ ɻ.ʂ., ʂʫʨʙʝʥʦʚʘ ʂ. /  

Kaldybaev R.T., Myrkhalykov Zh.U., Botabaev N.Ye., Kaldybaeva G.Yu., Yeldiyar G.K., Kurbenova K., 2016 
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ʊʘʙʣʠʮʘ 1 

ʉʦʨʙʮʠʷ ʧʘʨʦʚ ʚʦʜʳ ʦʙʨʘʟʮʦʚ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ (ʭ/ʙ ʊʨ.),  

ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ 

ʆʙʨʘʟʝʮ ʭ/ʙ ʊʨ. ˉ1 

ʚʘʨʢʘ ï ʪʨʘʜ. ʦʪʙʝʣʢʘ ï 

ʪʨʘʜ. 10 ʤʠʥ. 

ʭ/ʙ ʊʨ. ˉ2 

ʚʘʨʢʘ ï ʪʨʘʜ. ʦʪʙʝʣʢʘ ï 

ʪʨʘʜ. 60 ʤʠʥ. 

ʭ/ʙ ʊʨ. ˉ3 

ʚʘʨʢʘ ï ʉɺʏ ʦʪʙʝʣʢʘ 

ï ʉɺʏ. 5 ʤʠʥ. 

ʭ/ʙ ʊʨ. ˉ4 

ʚʘʨʢʘ ï ʉɺʏ ʦʪʙʝʣʢʘ 

ï ʉɺʏ. 15 ʤʠʥ. 

ʆʪʥ. ʚʣ, % ʉʦʨʙʮʠʷ, % 

10 0,93 1,4 1,52 1,22 

30 2,14 2,8 3,33 2,84 

50 2,92 3,6 5,04 4,32 

65 3,93 4,6 7,21 6,05 

80 5,37 6,4 10,12 8,72 

90 6,61 8,17 13,65 11,44 

100 11,12 15,79 19,44 15,62 

 

ʊʘʙʣʠʮʘ 2 

ʉʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ,  

ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ 
ʆʙʨʘʟʝʮ ʭ/ʙ ʊʨ. ˉ1 ʭ/ʙ ʊʨ. ˉ2 ʭ/ʙ ʊʨ. ˉ3 ʭ/ʙ ʊʨ.ˉ4 

ʍʤ, ʛ/ʛ. 0,0204 0,0241 0,0307 0,0274 

Sʫʜ., ʤ2/ʛ. 71,641 84,67 108,102 0,6379 

W0 , ʩʤ3/ʛ. 0,110 0,158 0,194 0,156 

rʢ, ɸ0. 30,7 37,3 35,8 32,4 

ʉʂ, ( %). 69,7 65,4 69,8 70,7 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʪʙʝʣʢʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʩ 10 ʤʠʥ. ʜʦ 60 ʤʠʥ., ʩʦʨʙʮʠ-

ʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ ʚʦʟʨʘʩʪʘʝʪ (ʧʨʠ 65 % ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʩ 3,9 % ʜʦ 4,7 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ (71,6 ʤ2/ʛ.; 0,11 ʩʤ3/ʛ.; 30,7 ɸ0; ʠ 84,7 ʤ2/ʛ.; 0,158 ʩʤ3/ʛ.; 3,78 ɸ0), 

ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʩʦʨʙʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʨʘʟʨʳʭʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʪʨʠʢʦʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʉʂ). ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ-

ʠʟʣʫʯʝʥʠʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʪʨʠʢʦʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦ-

ʩʪʠ (6-7,2 %) ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (96,4-108,1 ʤ2/ʛ) ʠ ʦʙʲʝʤʘ ʧʦʨ (0,156-0,184 ʩʤ3/ʛ), ʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʪʨʘ-

ʜʠʮʠʦʥʥʦʡ ʦʪʙʝʣʢʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʤʷʛʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ, ʫʚʝʣʠʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʦʪʙʝʣʢʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ-ʠʟʣʫʯʝʥʠʡ ʩ 5 ʤʠʥ. ʜʦ 15 ʤʠʥ. ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʟʥʘʯʝʥʠʡ ʩʦʨʙʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝʤ ʉʂ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʪʨʠʢʦ-

ʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭ/ʙ 

ʪʨʠʢʦʪʘʞʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʦʪʙʝʣʝʥʥʦʛʦ ʭ/ʙ 

ʪʨʠʢʦʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʦʙʨʘʥʳ ʮʝʣʣʶʣʦʟʥʳʝ ʚʦʣʦʢʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʜ ʨʘʩʪʨʦʚʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʠ ʦʧʪʠʯʝ-

ʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ [1]. 

ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʦʪʙʝʣʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʥʝʦʜʥʦʨʦʜʥʳʝ 

ʧʦ ʪʦʣʱʠʥʝ ʠ ʠʟʚʠʪʦʩʪʠ ʭʣʦʧʢʦʚʳʝ ʚʦʣʦʢʥʘ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʝʯʝʥʠʷ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ (ʨʠʩʫʥʦʢ 2).  

 

  
ʘ) ʙ) 
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ʚ) ʛ) 

 

ʈʠʩ. 2. ʈʕʄ ï ʩʥʠʤʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʜʝʣʴʥʦʡ ʚʘʨʢʦʡ ʠ ʦʪʙʝʣʢʦʡ (ʪʨʘʜʠʮʠʦʥʥʳʡ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ ) ʦʙʨʘʟʮʦʚ ʭ/ʙ 

ʪʨʠʢʦʪʘʞʘ (ʘ ï ʦʪʙʝʣʢʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ H2O2 ï 4 % ʦʪ ʤʘʩʩʳ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 0ʉ,  

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ.; ʙ ï ʦʪʙʝʣʢʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ H2O2 ï 4 % ʦʪ ʤʘʩʩʳ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ, ʪʝʤʧʝʨʘʪʫʨʝ  

100 0ʉ, ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ.; ʚ ï ʦʪʙʝʣʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ ʠʟʣʫʯʝʥʠʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ H2O2 ï 4 % ʦʪ ʤʘʩʩʳ ʭ/ʙ 

ʪʨʠʢʦʪʘʞʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ, ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ.; ʛ ï ʦʪʙʝʣʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ ʠʟʣʫʯʝʥʠʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

H2O2 ï 4 % ʦʪ ʤʘʩʩʳ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ, ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ) 
 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ, ʠʭ ʦʙʨʘʙʘʪʳʚʘʣʠ ʢʘʜʦʢʩʝʥʦʤ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʦʥʠ 

ʩʠʣʴʥʦ ʥʘʙʫʭʘʶʪ ʠ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ, ʦʩʦʙʝʥʥʦ ʪʨʠʢʦʪʘʞʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʪʙʝʣʝʥʥʳʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʨʠ 60 ʤʠʥ., ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʨʳʭʣʝʥʠʝ ʠ ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ (ʉʂ) (ʨʠʩʫʥʦʢ 3). 
 

  
ʘ) ʙ) 

  
ʚ) ʛ) 

  
ʜ) ʝ) 

 

ʈʠʩ. 3. ʆʧʪʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ ʪʨʠʢʦʪʘʞʥʦʛʦ ʭ/ʙ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʜʝʣʴʥʦʡ ʚʘʨʢʦʡ ʠ ʦʪʙʝʣʢʦʡ  

ʚ ʧʨʦʭʦʜʷʱʝʤ (ʘ, ʚ, ʛ, ʝ) ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ (ʙ, ʜ) ʩʚʝʪʝ (ʘ, ʙ ï ʦʪʙʝʣʢʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ H2O2 ï 4 %  

ʦʪ ʤʘʩʩʳ ʭ/ʙ ʤʘʪʝʨʠʘʣʘ, ʪʝʤʧʝʨʘʪʫʨʝ 100 0ʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ.; ʚ ï ʪʦ ʞʝ ʩʘʤʦʝ, ʪʦʣʴʢʦ ʦʙʨʘʙʦʪʘʥʦ ʢʘʜʦʢʩʝʥʦʤ;  

ʛ, ʜ ï ʦʪʙʝʣʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ H2O2 ï 4 % ʦʪ ʤʘʩʩʳ ʭ/ʙ ʤʘʪʝʨʠʘʣʘ, ʪʝʤʧʝʨʘʪʫʨʝ  

100 0ʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ.; ʝ ï ʪʦ ʞʝ ʩʘʤʦʝ, ʪʦʣʴʢʦ ʦʙʨʘʙʦʪʘʥʦ ʢʘʜʦʢʩʝʥʦʤ) 
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ʆʮʝʥʢʘ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʪʨʠʢʦʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʥʘʙʫʭʘʥʠʶ ʚ ʢʘʜʦʢʩʝʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ. 
 

 
 

ʈʠʩ. 4. ʀʂ- ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʭ/ʙ ʪʨʠʢʦʪʘʞʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ  

(ʘ ï ʉɺʏ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅ2ʆ2 2 % ʦʪ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ; ʙ ï ʉɺʏ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅ2ʆ2 4 % ʦʪ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ; 

 ʚ ï ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅ2ʆ2 4 % ʦʪ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ) 
 

ʅʘ ʦʩʥʦʚʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʚʳʷʚʣʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ (ʨʠʩʫʥʦʢ 4).  

ɺʳʚʦʜ: 

ɺ ʦʙʱʝʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ ʠʟʣʫʯʝʥʠʡ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʪʙʝʣʢʫ ʪʨʠʢʦ-

ʪʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʪʨʘʪʠʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʤʝʥʴʰʝ ʧʦʚʨʝʞʜʝʥʳ 

ʠʣʠ ʘʥʘʣʦʛʠʯʥʳ ʦʙʨʘʟʮʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ.  
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THE STUDY OF THE PHYSICAL AND MECHANICAL, PHYSICAL AND CHEMICAL,  

AND STRUCTURAL PROPERTIES OF TEXTILE MATERIALS BLEACHED  

UNDER THE INFLUENCE OF MICROWAVE RADIA TION  
 

R.T. Kaldybaev1, Zh.U. Myrkhalykov 2, N.Ye. Botabaev3, G.Yu. Kaldybaeva4, G.K. Yeldiyar5, K. Kurbenova6 

M. Auezov South Kazakhstan State University, Republic of Kazakhstan 
 

Abstract. Dielectric heating is a powerful and versatile way to increase the efficiency of almost any 

technological processes based on heat and humidity treatment of textile materials. In this study the structural, physico-

chemical and physico-mechanical studies of cotton knitted materials, bleached with conventional methods and under 

the influence of microwave radiation are carried out. The radiographic and sorption studies of samples of cotton 

knitted fabrics obtained by separate boiling and bleaching are conducted. Conducted researches justify the possibility 

of replacing the conventional methods of thermal influence on the textile material in the processes of chemical 

treatment by processing materials in a microwave field. 

Keywords: bleaching, microwave radiation, conventional methods, separate boiling, sorption. 


