
 

 
 

 
-  2020. 11. 1 
ʋʯʨʝʜʠʪʝʣʴ ï ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ 

(455000, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣ., ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʧʨ. ʃʝʥʠʥʘ, ʜ. 38) 

ʈʝʜʢʦʣʣʝʛʠʷ: 

ʇʨʝʜʩʝʜʘʪʝʣʴ:  

ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ ʆ.ʅ. ʊʫʣʫʧʦʚ 

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ: 

ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ ʆ.ʉ. ʃʦʛʫʥʦʚʘ 

ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʨʝʜʘʢʪʦʨr:  

ʜʦʮ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ ʉ.ʄ. ɸʥʜʨʝʝʚ 

ʢʘʥʜ. ʠʩʪ. ʥʘʫʢ ʆ.ɸ. ɻʦʣʫʙʝʚʘ 

ʜʦʮ., ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ ʅ.ɺ. ʂʫʟʥʝʮʦʚʘ 

ʜʦʮ., ʢʘʥʜ. ʠʩʪ. ʥʘʫʢ ʅ.ʅ. ʄʘʢʘʨʦʚʘ 

ʜʦʮ., ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ ɽ.ɸ. ʄʦʩʢʚʠʥʘ 

ʜʦʮ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ɽ.ɻ. ʅʝʰʧʦʨʝʥʢʦ 

ʜʦʮ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʅ.ɸ. ʆʩʠʥʮʝʚ 

ʜʦʮ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʂ.ɻ. ʇʠʚʦʚʘʨʦʚʘ 

 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ:  

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉ.ɺ. ʇʳʭʪʫʥʦʚʘ 

ʈʝʜʘʢʪʦʨ: ʅ.ʇ. ɹʦʷʨʦʚʘ 

ʊʝʭʥʠʯʝʩʢʠʡ  

ʨʝʜʘʢʪʦʨ: ʊ.ɺ. ʃʝʦʥʪʝɹʚʘ 

 

É ʌɻɹʆʋ ɺʆ çʄɻʊʋ  
ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, 2020 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ:  
455000, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣ., 

 ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʧʨ. ʃʝʥʠʥʘ, 38, 
ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè. 

ʊʝʣ. (3519) 29-84-63.  
E-mail: pio@magtu.ru 

ɸʜʨʝʩ ʠʟʜʘʪʝʣʷ: 
455000, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣ., 

ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʧʨ. ʂ.ʄʘʨʢʩʘ, 45/2, 
ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, 

ʠʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ. 

ɸʜʨʝʩ ʪʠʧʦʛʨʘʬʠʠ:  
455000, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣ., 

 ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʧʨ. ʃʝʥʠʥʘ, 38, 
ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, 
ʫʯʘʩʪʦʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʦʣʠʛʨʘʬʠʠ. 

ʉʚʝʜʝʥʠʷ ʦ ʞʫʨʥʘʣʝ ʨʘʟʤʝʱʘʶʪʩʷ  
ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʈʀʅʎ, ɺʀʅʀʊʀ  

ʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

16+, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ  
ʟʘʢʦʥʦʤ ˉ436-ʌɿ ʦʪ 29.12.10. 

ɺʳʭʦʜ ʚ ʩʚʝʪ 28.08.2020 ʛ. ɿʘʢʘʟ 220. 
ʊʠʨʘʞ 500 ʵʢʟ. ʎʝʥʘ ʩʚʦʙʦʜʥʘʷ. 

 

ɻʦʛʦʪʠʥ ɸ.ɸ., ʊʘʨʘʙʘʝʚ ɸ.ʉ. 
ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ 
ʦʪʭʦʜʦʚ ʚ ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʨʴʝʨʘ  ʠ ʜʦʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ........................................................................................................ 3 

ʉʘʡʤʘʛʘʥʙʝʪʦʚʘ ʅ.ʂ., ʉʝʨʠʢ ɾ.ʉ., ɸʥʜʨʝʝʚʘ ʆ.ʉ., ɽʩʪʘʫʦʚʘ ɾ.ʂ., ɼʝʛʦʜʷ ɽ.ʖ. 
ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘʱʝʥʠʷ ʭʨʦʤʦʚʳʭ ʨʫʜ   
ʖʞʥʦ-ʂʝʤʧʠʨʩʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ........................................................................ 6 

ɻʨʫʰʦ-ʅʦʚʠʮʢʘʷ ɸ.ɺ., ʇʦʣʷʢʦʚʘ ʄ.ɸ. 
S-ʦʙʨʘʟʥʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ  çʧʨʦʠʟʚʦʜʩʪʚʦ 
ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘè .............................................................................. 10 

ɹʠʛʝʝʚ ɺ.ɸ., ʉʳʯʢʦʚ ɸ.ɹ., ʀʩʘʝʚ ʄ.ʂ. 
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʢʘʣʴʮʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ  
ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ....................................................................................................... 17 

ɸʥʮʫʧʦʚ ɸ.ɺ. (ʤʣ.), ɸʥʮʫʧʦʚ ɸ.ɺ., ɸʥʮʫʧʦʚ ɺ.ʇ., ʃʷʰʝʚʘ ʖ.ʉ. 
ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʣʘʚʥʳʭ ʣʠʥʠʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 
ʩʪʘʥʦʚ ............................................................................................................................... 21 

ʄʘʭʦʪʢʠʥʘ ɽ.ʉ., ʐʫʙʠʥʘ ʄ.ɺ. 
ʀʟʚʣʝʯʝʥʠʝ ʚʘʥʘʜʠʷ ʠʟ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ .............................................................. 26 

ɺʜʦʚʠʥ ʂ.ʅ., ʌʝʦʢʪʠʩʪʦʚ ʅ.ɸ., ʆʚʯʠʥʥʠʢʦʚʘ ʄ.ɺ. 
ʊʝʭʥʦʣʦʛʠʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʷʟʫʶʱʠʭ  ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ  
ʚ ʣʠʪʴʝ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ ............................................................................... 29 

ʈʦʞʢʦʚ ɻ.ʂ. 
ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʣʠʙʨʦʚʢʠ ʚʘʣʢʦʚ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʧʦʪʦʯʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ................................................................................................................... 32 

ʉʤʠʨʥʦʚ ɸ.ʅ., ʂʨʳʣʦʚʘ ʉ.ɸ., ʉʳʩʦʝʚ ɺ.ʀ., ɾʫʩʫʧʦʚʘ ɾ.ʉ., ʅʠʢʠʬʦʨʦʚʘ ɺ.ʄ. 
ɺʣʠʷʥʠʝ ʤʘʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʷ ʥʘ ʚʳʭʦʜ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʜʫʢʪʦʚ 
ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ............................................................................................................... 37 

ʉʳʯʢʦʚ ɸ.ɹ., ɸʪʘʥʛʫʣʦʚʘ ɻ.ʗ.,  ɸʛʫʪʠʥ ɻ.ɺ. 
ʋʧʨʦʯʥʝʥʠʝ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ ʥʘ ʢʣʘʩʩ ʧʨʦʯʥʦʩʪʠ 600 ʄʇʘ .................................. 42 

ʈʫʙʮʦʚ ɺ.ʖ., ʂʫʨʦʯʢʠʥ ɺ.ɺ., ʐʝʚʯʝʥʢʦ ʆ.ʀ. 
ʂʨʠʪʝʨʠʠ ʦʪʜʝʣʝʥʠʷ ʧʝʨʝʤʳʯʢʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʰʘʨʦʚ ................................................ 46 

ʇʣʘʪʦʚ ʉ.ʀ., ɼʝʤʘ ʈ.ʈ., ʃʘʪʳʧʦʚ ʆ.ʈ. 
ʅʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʞʘʪʠʡ ʚ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ ʢʣʝʪʝʡ ʥʘ ʩʪʘʥʝ 
2000 ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ................................................................................................... 49 

ʅʘʫʤʦʚ ʉ.ɺ., ʇʘʥʦʚ ɼ.ʆ., ɸʨʪʝʤʦʚ ɸ.ʆ., ʀʛʥʘʪʦʚʘ ɸ.ʄ., ʐʝʢʰʝʝʚ ʄ.ɸ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʢʘʨʙʠʜʘ SiC  
ʧʨʠ ʧʦʤʦʱʠ ʧʣʘʟʤʝʥʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ .................................................................. 53 

ɾʫʨʙʘ ɸ.ɻ., ʅʘʫʤʦʚ ʉ.ɺ., ɹʝʣʠʥʠʥ ɼ.ʉ., ʄʦʨʛʫʥʦʚ ɺ.ɸ., ɸʨʪʝʤʦʚ ɸ.ʆ. 
ʈʝʤʦʥʪ ʚʦʦʨʫʞʝʥʠʷ, ʚʦʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠ ʧʦʤʦʱʠ ʩʚʘʨʢʠ  
ʧʦʜ ʬʣʶʩʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 
ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ........................................................................................................ 59 

ɻʘʚʨʠʣʦʚʘ ʀ.ɺ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʠʩʢʦʚ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʢʦʤʧʴʶʪʝʨʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ..................... 62 

ʃʝʜʥʦʚ ɸ.ɺ., ɹʘʨʘʙʣʠʥ ɸ.ʉ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤʳ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʠ ʠʟʤʝʨʝʥʠʷ ʚʝʩʘ ʠ ʜʣʠʥʳ 
ʟʘʛʦʪʦʚʦʢ ʥʘ ʄɿ çʕʣʝʢʪʨʦʩʪʘʣʴ ʊʶʤʝʥʠè ................................................................... 65 

ISSN 2306-8493 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʚʘʥʦʚʘ ɸ.ɺ., ʄʠʭʘʡʣʦʚʘ ʋ.ɺ., ɹʘʨʘʥʢʦʚʘ ʀ.ʀ. 
ʋ̫ ʟʚʠʤʦʩʪʠ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ........................................................................... 68 

ʇʠʰʥʦʛʨʘʝʚ ʈ.ʉ.,  ʂʝʣʝʭʩʘʰʚʠʣʠ ʈ.ʈ., ʂʝʣʝʭʩʘʰʚʠʣʠ ʀ.ʉ. 
ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʰʣʘʢʘ ʧʨʠ ʩʣʠʚʝ ʩʪʘʣʠ  ʠʟ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ 
ʧʝʯʠ .................................................................................................................................. 73 

ʐʤʘʥʸʚ ɼ.ɽ., ʂʦʢʦʨʠʥ ʀ.ɼ., ʈʷʙʯʠʢʦʚʘ ɽ.ʉ., ʈʷʙʯʠʢʦʚ ʄ.ʖ. 
ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʣʴʥʦʡ ʧʦʣʦʩʳ ʥʘ ʚʳʭʦʜʝ 
ʦʪʜʝʣʝʥʠʷ ʦʭʣʘʞʜʝʥʠʷ ................................................................................................... 78 

ʉʪʘʨʢʦʚʘ ɽ.ʉ., ʀʚʘʥʦʚʘ ʉ.ɺ., ɺʘʨʘʢʩʠʥʘ ɽ.ɸ., ʂʘʨʪʘʚʮʝʚ ʉ.ɺ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ  
ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʝʯʘʭ ʩʪʘʣʠ ʧʝʨʝʜ ʧʨʦʢʘʪʢʦʡ .......................................................... 82 

ɼʫʙʦʚʠʢ ɸ.ʆ., ɻʘʟʠʟʦʚʘ ʆ.ɺ. 
ɸʥʘʣʠʟ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʠʩʧʳʪʘʥʠʡ ʧʦʜʩʪʘʥʮʠʡ 110/10 ʢɺ .......................................... 87 

ɽʬʠʤʦʚʘ ɺ.ɸ., ɺʘʨʛʘʥʦʚʘ ɸ.ɺ. 
ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʦʫʟʝʨʦʚ  
ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 6-10 ʢɺ ................................................... 91 

ʅʠʢʦʣʘʝʚ ɸ.ɸ., ʊʫʣʫʧʦʚ ʇ.ɻ., ɸʥʫʬʨʠʝʚ ɸ.ɺ. 
ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʫʤʤʘʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʫʛ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʘʜʠʡ ʧʣʘʚʢʠ  
ʚ ʜʫʛʦʚʦʡ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ................................................................................... 95 

ɺʦʣʢʦʚʘ ɽ.ɸ., ʂʫʟʴʤʠʥʘ ɼ.ɺ. 
ʇʝʨʝʨʘʙʦʪʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ ............................................................................. 99 

ɻʫʥ ʀ.ɻ., ɺʘʭʠʪʦʚ ɸ.ʈ., ʉʪʦʣʷʨʦʚ ʌ.ɸ. 
ʆʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ ʥʘʨʫʞʥʳʭ  ʠ ʚʥʫʪʨʝʥʥʠʭ 
ʨʫʣʝʚʳʭ ʥʘʢʦʥʝʯʥʠʢʦʚ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ................. 101 

ʄʝʜʷʥʠʢ ʅ.ʃ., ʇʦʥʦʤʘʨʝʚ ɸ.ʇ., ɹʘʩʢʦʚ ɺ.ɸ., ʂʫʪʘʩʝʝʚʠʯ ʇ.ʉ.,  
ʌʠʣʘʨʝʪʦʚ ʇ.ɸ.,  ʅʠʢʠʪʠʥʘ ɸ.ɽ., ɻʦʣʠʢʦʚ ʄ.ɸ. 
ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʞʘʚʯʠʥʳ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ  ʠ ʟʘʨʫʙʝʞʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʦʡ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ....................... 106 

ɺʘʡʩʢʨʦʙʦʚʘ ɽ.ʉ., ʐʘʛʠʥʘ ɽ.ɺ., ʄʠʭʝʝʚʘ ɸ.ɸ. 
ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ  ʥʘ ʦʩʥʦʚʝ  
ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ................................................................................. 110 

ɿʷʙʣʠʮʝʚʘ ʄ.ɸ., ɼʦʜʦʥʦʚʘ ʅ.ɸ. 
ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʧʦʚʳʰʘʶʱʠʭ ʘʜʘʧʪʠʚʥʳʝ 
ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʚʦ ʚʨʝʤʷ ʩʪʨʝʩʩʘ ................................................................... 113 

ɼʦʣʤʘʪʦʚʘ ʀ.ɸ., ɿʘʡʮʝʚʘ ʊ.ʅ., ʈʷʙʦʚʘ ɺ.ʌ., ɻʦʨʝʣʠʢ ʆ.ɺ. 
ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʚʠʪʘʤʠʥʦʚ ................................................................................... 116 

ʂʘʜʯʝʥʢʦ ʉ.ʀ., ʈʷʟʘʥʦʚʘ ʃ.ʉ., ʊʦʨʰʠʥʘ ʆ.ɸ., ʇʫʨʰʝʚʘ ɸ.ɺ. 
ʆʙʨʘʪʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʜʘʯʠ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʛʨʘʬʘʭ ..................................... 120 

ɸʙʨʘʤʦʚʘ ʊ.ɺ. 
ʋʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʧʘʨʘʤʝʪʨʘ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʥʝʯʝʪʢʦʤʫ ʜʝʨʝʚʫ ʨʝʰʝʥʠʡ ...................................... 126 

ʄʦʩʢʚʠʥʘ ɽ.ɸ., ɻʠʙʘʜʘʪʦʚʘ ʃ.ʈ. 
ʂ ʚʦʧʨʦʩʫ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʩʪʨʝʩʩʦʚ ʫ ʰʢʦʣʴʥʠʢʦʚ ....................... 128 

ɹʝʣʦʚ ɺ.ʂ. 
ʄʠʢʨʦʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʬʨʘʢʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʯʝʥʠʡ 
ʝhʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ......................................................................................... 130 

ɼʘʚʳʜʦʚ ɸ.ʇ., ɿʣʳʜʥʝʚʘ ʊ.ʇ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʚ ʢʦʦʨʜʠʥʘʪʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʚʫʭ ʬʦʪʦʥʦʚ  
ʚ ʟʘʧʫʪʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ............................................................................................... 135 

 

 



  2020.  

3 

ʋɼʂ 622.02; 622.23; 622.34; 622.06 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʉʍɽʄ ʇʈʀ ʉʆɺʄɽʑɽʅʀʀ ʇʈʆʎɽʉʉɸ 
ʉʂʃɸɼʀʈʆɺɸʅʀʗ ʆʊʍʆɼʆɺ ɺ ɺʓʈɸɹʆʊɸʅʅʆɽ ʇʈʆʉʊʈɸʅʉʊɺʆ ʂɸʈʔɽʈɸ  
ʀ ɼʆʈɸɹʆʊʂʀ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʇʆɼɿɽʄʅʓʄ ʉʇʆʉʆɹʆʄ 

ɻʦʛʦʪʠʥ ɸ.ɸ.
1
, ʊʘʨʘʙʘʝʚ ɸ.ʉ.

2
 

1ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 
2ʆʆʆ çʋʨʘʣɻʝʦʇʨʦʝʢʪè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʩʦʚʤʝʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʚ ʚʳʨʘ-
ʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʨʴʝʨʘ ʠ ʜʦʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ; ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ 
ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʚ ʯʘʰʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʨʴʝʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʜʦʨʘʙʦʪʢʠ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ, ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ, ʩʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʦʪ-

ʭʦʜʦʚ ʚ ʯʘʰʝ ʢʘʨʴʝʨʘ, ʩʦʚʤʝʱʝʥʠʝ ʜʦʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ.  
 
 
ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʛʦʨʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʝʪ, ʧʨʠ ʵʪʦʤ ʦʪʤʝ-
ʯʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ ʟʝʤʝʣʴ ʜʣʷ ʨʘʟʤʝ-
ʱʝʥʠʷ ʦʪʚʘʣʦʚ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʦʱʘʜʠ ʟʝʤʣʠ ʧʦʜ ʭʚʦ-

ʩʪʦʭʨʘʥʠʣʠʱʘ ʪʦʣʴʢʦ ʚ ʋʨʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʟʘʥʠ-
ʤʘʶʪ ʙʦʣʝʝ 503,7 ʛʘ ʠ ʠʤʝʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥ-
ʜʝʥʮʠʷ ʢ ʠʭ ʫʚʝʣʠʯʝʥʠʶ, ʧʨʠ ʝʞʝʛʦʜʥʦʤ ʧʨʠʨʦʩʪʝ 
ʪʝʢʫʱʠʭ ʦʪʭʦʜʦʚ ʜʦ 15 ʤʣʥ ʪ ʭʚʦʩʪʦʚ [1]. 
ɺʦʧʨʦʩ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ 

ʘʢʪʫʘʣʝʥ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-
ʮʠʠ. ʊʘʢ ʢʘʢ ʝʤʢʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʭʚʦʩʪʦʭʨʘ-
ʥʠʣʠʱ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ ʠʩʯʝʨʧʘʥʳ, ʘ ʚʳ-
ʜʝʣʝʥʠʝ ʟʝʤʝʣʴ ʧʦʜ ʥʦʚʳʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 
ʟʘʪʨʫʜʥʝʥʦ, ʥʘʟʨʝʣʘ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʳʩ-
ʢʘʥʠʷ ʝʤʢʦʩʪʝʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʦʙʦʛʘ-
ʱʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-
ʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʢʘʨʴʝʨʦʚ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʚʠʜʦʚ ʢʦʥʩʠʩʪʝʥʮʠʡ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ: 
1. ʊʝʢʫʱʠʝ ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ.  
2. ɺ ʚʠʜʝ ʢʝʢʘ ʬʠʣʴʪʨʘʮʠʠ (çʩʫʭʠʝè).  
3. ʉʛʫʱʝʥʥʳʝ ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ ʚ ʚʠʜʝ ʧʘʩ-

ʪʳ (çʧʦʣʫʩʫʭʠʝè). 
ʇʦʤʠʤʦ ʧʨʦʙʣʝʤʳ ʠʟʳʩʢʘʥʠʷ ʟʝʤʝʣʴ ʧʦʜ ʭʚʦ-

ʩʪʦʭʨʘʥʠʣʠʱʘ ʥʘ ʨʫʜʥʠʢʘʭ ʈʦʩʩʠʠ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʢʨʳʪʳʤ ʠ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʘʤʠ 
ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʦʪʨʘʙʦʪʢʦʡ ʦʭʨʘʥʥʳʭ ʮʝ-
ʣʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʥʝ ʢʘʨʴʝʨʘ.  
ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʨʫʜʥʠʢʦʚ ʗʢʫ-

ʪʠʠ, ʢ ʧʨʠʤʝʨʫ, ʨʫʜʥʠʢʠ çʄʠʨè, çɸʡʭʘʣè, çʋʜʘʯ-
ʥʳʡè, ʥʘ ʢʦʪʦʨʳʭ ʦʩʪʘʚʣʝʥʳ ʢʠʤʙʝʨʣʠʪʦʚʳʝ çʧʦ-
ʪʦʣʦʯʠʥʳè, ʨʘʟʜʝʣʷʶʱʠʝ ʦʪʢʨʳʪʳʝ ʛʦʨʥʳʝ 
ʨʘʙʦʪʳ ʦʪ ʧʦʜʟʝʤʥʳʭ. 

                                                      
Ò ɻʦʛʦʪʠʥ ɸ.ɸ., ʊʘʨʘʙʘʝʚ ɸ.ʉ., 2020 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʩʭʝʤ ʧʦ ʨʘʟʤʝ-
ʱʝʥʠʶ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʚ ʯʘʰʝ ʦʪʨʘʙʦʪʘʥʥʳʭ 
ʢʘʨʴʝʨʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʪʨʘʙʦʪʢʦʡ ʦʭʨʘʥʥʳʭ 
ʮʝʣʠʢʦʚ (çʧʦʪʦʣʦʯʠʥʳè) (ʨʠʩ. 1). 
ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʩʭʝʤʳ ʚʦʟʤʦʞʥʳ ʚ 

ʩʣʫʯʘʝ ʪʱʘʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʛʨʘʥʫ-
ʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʛʨʫʞʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʩʭʝʤʝ çʘè ʦʩʫʱʝʩʪʚʣ̫-

ʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʯʘʰʠ ʢʘʨʴʝʨʘ ʢʝʢʦʤ, ʦʭʨʘʥʥʳʡ ʮʝ-
ʣʠʢ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʚʦʩʭʦʜʷʱʝʡ ʩʭʝʤʝ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʩʣʦʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ. ʅʘ ʩʭʝʤʝ 
çʙè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʯʘʰʠ ʢʘʨʴʝʨʘ ʢʝ-
ʢʦʤ, ʦʭʨʘʥʥʳʡ ʮʝʣʠʢ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʢʘʤʝʨʥʦʡ ʩʠ-
ʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ. ʅʘ ʩʭʝʤʝ çʚè ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʯʘʰʠ ʢʘʨʴʝʨʘ 
ʩʛʫʱʝʥʥʳʤʠ ʭʚʦʩʪʘʤʠ ʦʙʦʛʘʱʝʥʠʷ (ʧʘʩʪʘ ʩ ʩʦʜʝʨ-
ʞʘʥʠʝʤ ʪʚʝʨʜʦʛʦ 70%), ʦʭʨʘʥʥʳʡ ʮʝʣʠʢ ʦʪʨʘʙʘʪʳ-
ʚʘʝʪʩʷ ʧʦ ʚʦʩʭʦʜʷʱʝʡ ʩʭʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦ-
ʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʩ ʯʘʩʪʠʯʥʳʤ 
ʦʩʪʘʚʣʝʥʠʝʤ ʦʭʨʘʥʥʦʛʦ ʮʝʣʠʢʘ. ʅʘ ʩʭʝʤʝ çʛè ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʯʘʰʠ ʢʘʨʴʝʨʘ ʩʛʫʱʝʥʥʳ-
ʤʠ ʭʚʦʩʪʘʤʠ ʦʙʦʛʘʱʝʥʠʷ, ʦʭʨʘʥʥʳʡ ʮʝʣʠʢ ʦʪʨʘʙʘ-
ʪʳʚʘʝʪʩʷ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩ 
ʟʘʢʣʘʜʢʦʡ ʠ ʯʘʩʪʠʯʥʳʤ ʦʩʪʘʚʣʝʥʠʝʤ ʦʭʨʘʥʥʦʛʦ ʮʝ-
ʣʠʢʘ. ʅʘ ʩʭʝʤʝ çʜè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ 
ʯʘʰʠ ʢʘʨʴʝʨʘ ʩʢʘʣʴʥʦʡ ʧʦʨʦʜʦʡ, ʟʘʪʝʤ ʪʝʢʫʱʠʤʠ 
ʭʚʦʩʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʘʷ ʦʪʢʘʯʢʘ 
ʚʦʜʳ ʧʦ ʜʨʝʥʘʞʥʳʤ ʩʢʚʘʞʠʥʘʤ ʚ ʜʨʝʥʘʞʥʳʝ ʚʳ-
ʨʘʙʦʪʢʠ, ʦʭʨʘʥʥʳʡ ʮʝʣʠʢ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʚʦʩ-
ʭʦʜʷʱʝʡ ʩʭʝʤʝ ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʩʣʦʝʚʦʡ ʩʠʩʪʝʤʳ 
ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʦʩʪʘʚʣʝʥʠʝʤ ʦʭʨʘʥʥʦ-
ʛʦ ʮʝʣʠʢʘ. ʅʘ ʩʭʝʤʝ çʝè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʦʣʥʝ-
ʥʠʝ ʯʘʰʠ ʢʘʨʴʝʨʘ ʩʢʘʣʴʥʦʡ ʧʦʨʦʜʦʡ, ʟʘʪʝʤ ʪʝʢʫ-
ʱʠʤʠ ʭʚʦʩʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʘʷ 
ʦʪʢʘʯʢʘ ʚʦʜʳ ʧʦ ʜʨʝʥʘʞʥʳʤ ʩʢʚʘʞʠʥʘʤ ʚ ʜʨʝʥʘʞ-
ʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʦʭʨʘʥʥʳʡ ʮʝʣʠʢ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ 
ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ. 
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ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʪʨʘʙʦʪʢʠ ʦʭʨʘʥʥʳʭ ʮʝʣʠʢʦʚ ʚ ʜʥʝ ʢʘʨʴʝʨʦʚ

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʩʭʝʤ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ 
ʦʙʦʩʥʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʟʤʝʨʦʚ 
ʮʝʣʠʢʘ, ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʤʦʱʥʦ-
ʩʪʠ ʠ ʛʨʘʥʩʦʩʪʘʚʘ ʩʣʦʷ ʦʪʩʝʚʘ ʠ ʪ.ʜ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɿʫʙʢʦʚ ɸ.ɸ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʩʩʠʚʦʚ ʠʟ ʦʪʭʦʜʦʚ 
ʦʙʦʛʘʱʝʥʠʷ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝ ʧʨʠ ʦʪʢʨʳʪʦ-ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʜʥʦ-
ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʜʠʩ. é ʢʘʥʜ. ʪʝʭʥ. 
ʥʘʫʢ: 25.00.22 / ɿʫʙʢʦʚ ɸʨʪʝʤ ɸʥʘʪʦʣʴʝʚʠʯ. ʄʘʛ-
ʥʠʪʦʛʦʨʩʢ, 2013. 160 ʩ. 

2. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʚ ɻʣʘʚʥʦʤ ʢʘʨʴʝ-
ʨʝ ɺʳʩʦʢʦʛʦʨʩʢʦʛʦ ɻʆʂʘ / ɺ.ʊ. ɿʦʪʝʝʚ, ʆ.ɺ. ɿʦʪʝ-
ʝʚ, ʊ.ʂ. ʂʦʩʪʝʨʦʚʘ, ʉ.ʅ. ʊʘʛʠʣʴʮʝʚ, ɺ.ɺ. ʆʩʣʘʤʝʥ-
ʢʦ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ɻʦʨʥʳʡ ʞʫʨʥʘʣ. 1995. ˉ5. 
ʉ.111ï121. 

3. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʘʜʢʠ ʋʯʘʣʠʥʩʢʦʛʦ ʢʘʨʴ-
ʝʨʘ ʩʛʫʱʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ / ʆ.ɺ. ɿʦʪʝʝʚ, ɺ.ʅ. ʂʘʣʤʳʢʦʚ, ɸ.ɸ. ɻʦʛʦʪʠʥ, 
ɸ.ɽ. ɿʫʙʢʦʚ, ʀ.ʍ. ɸʭʤʝʜʲʷʥʦʚ, ɸ.ɸ. ɿʫʙʢʦʚ, ɼ.ɸ. 
ɹʦʥʜʘʨʝʥʢʦ // ʂʦʤʧʣʝʢʩʥʦʝ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ: ʩʙ. ʥʘʫʯ. ʪʨ. ʄʘʛʥʠʪʦ-
ʛʦʨʩʢ: ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, 2013. ʉ.44ï47. 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʭʨʘʥʥʦʛʦ ʮʝʣʠʢʘ ʚ ʜʥʝ ʋʯʘʣʠʥʩʢʦ-
ʛʦ ʢʘʨʴʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʠ 
ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ / ɺ.ʅ. ʂʘʣʤʳʢʦʚ, 
ɸ.ɸ. ɻʦʛʦʪʠʥ, ʀ.ɸ. ʇʳʪʘʣʝʚ, ɺ.ɸ. ɸʥʛʝʣʦʚ, ɸ.ɸ. 
ɿʫʙʢʦʚ, ʆ.ɺ. ɿʦʪʝʝʚ // ʇʨʦʙʣʝʤʳ ʦʩʚʦʝʥʠʷ ʥʝʜʨ ʚ 
ʍʍI ʚʝʢʝ ʛʣʘʟʘʤʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: 10-ʷ ʤʝʞʜʫʥʘʨ. 
ʥʘʫʯ. ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʄ.: 
ʀʇʂʆʅ ʈɸʅ, 2013. ʉ.79ï81. 

5. ʂʘʣʤʳʢʦʚ ɺ.ʅ., ɻʦʛʦʪʠʥ ɸ.ɸ., ɿʫʙʢʦʚ ɸ.ɸ. ʆʙʦʩ-
ʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʛʫʱʸʥʥʳʭ ʦʪ-
ʭʦʜʦʚ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʝʨʝʜʝʣʘ ʜʣʷ ʟʘʢʣʘʜʢʠ ʋʯʘ-
ʣʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ // 70ï̫  ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 
ʢʦʥʬʝʨʝʥʮʠʷ. ʄʘʛʥʠʪʦʛʦʨʩʢ: ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦ-
ʩʦʚʘ, 2012. ʊ.1. ʉ.100ï102. 
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6. ʂʘʣʤʳʢʦʚ ɺ.ʅ. ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 
ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʘʜʢʠ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʋʯʘʣʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ ʦʪʭʦʜʘʤʠ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ 

ʧʝʨʝʜʝʣʘ / ɺ.ʅ. ʂʘʣʤʳʢʦʚ, ʆ.ɺ. ɿʦʪʝʝʚ, ɸʥ.ɸ. ɿʫʙ-
ʢʦʚ, ɸ.ɸ. ɻʦʛʦʪʠʥ, ɸ.ɸ. ɿʫʙʢʦʚ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. 
ɻʦʨʥʳʡ ʞʫʨʥʘʣ. 2013. ˉ 7. ʉ.4ï9. 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ 

ɻʦʛʦʪʠʥ ɸʣʝʢʩʝʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ. E-mail: gogotin80@mail.ru. 

ʊʘʨʘʙʘʝʚ ɸʥʜʨʝʡ ʉʝʨʛʝʝʚʠʯ ï ʠʥʞʝʥʝʨ, ʆʆʆ çʋʨʘʣɻʝʦʇʨʦʝʢʪè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ. E-mail: 
ferrum1992@mail.ru. 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʆɹʆɻɸʑɽʅʀʗ ʍʈʆʄʆɺʓʍ ʈʋɼ  
ʖɾʅʆ-ʂɽʄʇʀʈʉɸʁʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʉʘʡʤʘʛʘʥʙʝʪʦʚʘ ʅ.ʂ.
1
, ʉʝʨʠʢ ɾ.ʉ.

1
, ɸʥʜʨʝʝʚʘ ʆ.ʉ.

2
, ɽʩʪʘʫʦʚʘ ɾ.ʂ.

2
, ɼʝʛʦʜʷ ɽ.ʖ.

2
  

1ɼʦʥʩʢʦʡ ɻʆʂ ï ʬʠʣʠʘʣ ɸʆ çʊʅʂ Ăʂʘʟʭʨʦʤòè, ʛ. ʍʨʦʤʪʘʫ, ʂʘʟʘʭʩʪʘʥ 
2ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʦʙʦʛʘʱʝʥʠʷ ʭʨʦʤʦʚʳʭ ʨʫʜ ʖʞʥʦ-ʂʝʤʧʠʨʩʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ɼʦʥ-
ʩʢʦʤ ɻʆʂʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʦʛʘʱʝʥʠʝ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ ʧʦ ʨʘʟʚʝʨʥʫʪʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 
ʩʭʝʤʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʦʪʩʘʜʢʠ, ʪʷʞʝʣʦʩʨʝʜʥʦʡ ʠ ʚʠʥʪʦʚʦʡ ʩʝʧʘʨʘʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢ-
ʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʝʪʩʷ ʜʦʦʙʦʛʘʱʝʥʠʝ ʰʣʘʤʦʚʳʭ ʭʚʦʩʪʦʚ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʮʝʣʝʩʦ-
ʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʵʬʬʝʢ-
ʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʰʣʘʤʠʩʪʳʭ ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʠ ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʦʦʙʦʛʘʱʝʥʠʷ ʥʘ 
ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʩʪʦʣʘʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʦʛʘʱʝʥʠʝ, ʭʨʦʤʦʚʳʝ ʨʫʜʳ, ʭʨʦʤʠʪ, ʚʠʥʪʦʚʘʷ ʩʝʧʘʨʘʮʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʪʦʣʘʭ. 
 
 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ, ʧʝʨʝʨʘʙʘ-
ʪʳʚʘʶʱʠʭ ʨʫʜʳ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ, ʜʦʣʞʥʳ ʩʦ-
ʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʢʨʘʱʝʥʠʷ 
ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʥ-
ʮʝʥʪʨʘʪʦʚ, ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʳʨʴʷ, 
ʫʩʪʨʘʥʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [1]. ʆʜʥʦ-
ʚʨʝʤʝʥʥʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʛʘʪʠ-
ʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ 
ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫ-
ʯʝʥʠʝ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-
ʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ 
ʠʩʭʦʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ.  
ʂʘʟʘʭʩʪʘʥ ʘʢʪʠʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪ ʠ ʨʘʟʚʠʚʘ-

ʝʪ ʛʦʨʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʟʘʥʠʤʘʝʪ ʚʪʦʨʫʶ 
ʧʦʟʠʮʠʶ ʚ ʤʠʨʝ ʧʦ ʦʙʲʝʤʘʤ ʜʦʙʳʯʠ ʭʨʦʤʦʚʳʭ 
ʨʫʜ, ʧʦ ʤʘʩʰʪʘʙʘʤ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ̫ʚʣʷʝʪʩʷ 
ʢʨʫʧʥʳʤ ʵʢʩʧʦʨʪʝʨʦʤ ʭʨʦʤʦʚʳʭ ʨʫʜ, ʧʨʦʜʫʮʝʥ-
ʪʦʤ ʠ ʧʦʩʪʘʚʱʠʢʦʤ ʬʝʨʨʦʭʨʦʤʘ ʟʘ ʨʫʙʝʞ [2]. ɽʛʦ 
ʚʢʣʘʜ ʚ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʚʘʨʥʳʭ ʭʨʦʤʦ-
ʚʳʭ ʨʫʜ ʩʦʩʪʘʚʣʷʝʪ 15-20%. ɺ ʯʘʩʪʥʦʩʪʠ, ɸʆ 
çʊʅʂ Ăʂʘʟʭʨʦʤòè ʷʚʣ̫ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 
ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʭʨʦʤʦʚʦʡ ʨʫʜʳ ʠ ʬʝʨ-
ʨʦʩʧʣʘʚʦʚ ʩ ʫʥʠʢʘʣʴʥʦʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʦʡ ʠ ʩʘʤʳʤ 
ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ; ʟʘʥʠʤʘʝʪ 2-ʝ 
ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʦʙʲʸʤʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʩʪʘʚʦʢ 
ʭʨʦʤʦʚʳʭ ʩʧʣʘʚʦʚ ʠ 1-ʝ ʤʝʩʪʦ ï ʧʦ ʢʘʯʝʩʪʚʫ ʭʨʦ-
ʤʦʚʦʡ ʨʫʜʳ (ʨʠʩ.1, 2) [3]. 
ɺ ʩʦʩʪʘʚ ɸʆ çʊʅʂ çʂʘʟʭʨʦʤè ʚʭʦʜʠʪ ɼʦʥʩʢʦʡ 

ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʡ ʢʦʤʙʠʥʘʪ, ʧʝʨʝʨʘʙʘʪʳʚʘʶ-

                                                      
Ò ʉʘʡʤʘʛʘʥʙʝʪʦʚʘ ʅ.ʂ., ʉʝʨʠʢ ɾ.ʉ., ɸʥʜʨʝʝʚʘ ʆ.ʉ., ɽʩʪʘʫʦʚʘ ɾ.ʂ., 
ɼʝʛʦʜʷ ɽ.ʖ., 2020 

ʱʠʡ ʭʨʦʤʦʚʳʝ ʨʫʜʳ ʖʞʥʦ-ʂʝʤʧʠʨʩʘʡʩʢʦʛʦ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷ [4].  
ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʟʘʧʘʩʦʚ ʭʨʦʤʦʚʳʭ ʨʫʜ ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʂʝʤʧʠʨʩʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʣʠ-
ʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Cr2O3 
(ʜʦ 50%), ʘ ʤʘʩʩʦʚʘ ̫ʜʦʣ̫ ʞʝʣʝʟʘ ʠ ʚʨʝʜʥʳʭ ʧʨʠ-
ʤʝʩʝʡ (ʬʦʩʬʦʨʘ, ʩʝʨʳ, ʢʨʝʤʥʝʟʝʤʘ) ʥʝʚʝʣʠʢʘ. ʆʩ-
ʥʦʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʭʨʦʤʠʪ 
ʠ ʤʘʛʥʦʭʨʦʤʠʪ (ʛʨʫʧʧʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ), ʥʝʨʫʜ-
ʥʤr ï ʩʝʨʧʝʥʪʠʥʠʪ. ʇʦ ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 
ʨʫʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʢʨʘʧʣʝʥʥʠʢʠ ʟʝʨʝʥ ʭʨʦʤ-
ʰʧʠʥʝʣʠʜʦʚ ʚ ʩʝʨʧʝʥʪʠʥʠʪʝ ʨʘʟʥʦʡ ʛʫʩʪʦʪʳ.  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʦʛʘʱʝʥʠʷ 

ʭʨʦʤʦʚʳʭ ʨʫʜ ʖʞʥʦ-ʂʝʤʧʠʨʩʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʷ ʥʘ ɼʦʥʩʢʦʤ ɻʆʂʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʦʛʘ-
ʱʝʥʠʝ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ ʧʦ ʨʘʟʚʝʨʥʫʪʦʡ 
ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʭʝʤʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 
ʦʪʩʘʜʢʠ, ʪʷʞʝʣʦʩʨʝʜʥʦʡ ʠ ʚʠʥʪʦʚʦʡ ʩʝʧʘʨʘʮʠʡ 
[5]. ʇʨʘʢʪʠʢʘ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ 
ʧʦ ʢʣʘʩʩʫ 10-160 ʤʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʷʞʝ-
ʣʦʩʨʝʜʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʠ ʩʦ-
ʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 70%, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʪ-
ʩʘʜʦʯʥʳʭ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʫʜʝ 
ʢʨʫʧʥʦʩʪʴʶ 10-0 ʤʤ, ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 30%. ʇʨʠ 
ʵʪʦʤ ʧʨʦʤʧʨʦʜʫʢʪ ʦʪʩʘʜʦʯʥʦʡ ʤʘʰʠʥʳ ʧʦʩʣʝ 
ʦʙʝʩʰʣʘʤʣʠʚʘʥʠʷ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʠʥʪʦʚʳʝ ʩʝʧʘʨʘ-
ʪʦʨʳ, ʛʜʝ ʧʦʩʣʝ ʩʝʧʘʨʘʮʠʠ ʰʣʘʤʦʚʳʝ ʭʚʦʩʪʳ ʩ 
ʚʳʩʦʢʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Cr2O3 (ʜʦ 30,0%) ʪʨʘʥʩ-
ʧʦʨʪʠʨʫʁ ʪʩʷ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ.  
ɼʣʷ ʜʦʠʟʚʣʝʯʝʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ ʠʟ ʙʦʛʘʪʳʭ 

ʰʣʘʤʦʚʳʭ ʭʚʦʩʪʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦʩʪʘʚʣʝʥ ʚʦ-
ʧʨʦʩ ʜʦʨʘʙʦʪʢʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʢʫʱʝʡ ʩʭʝʤʳ 
ʦʙʦʛʘʱʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʨʦ-
ʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Cr2O3, ʨʘʚʥʦʡ 
51,0% ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʝʜʥʝʥʠʠ ʭʚʦʩʪʦʚ.  
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ʈʠʩ. 1. ʇʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʊʅʂ Ăʂʘʟʭʨʦʤòè 

 

ʈʠʩ. 2. ɼʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʭʨʦʤʦʚʳʭ ʨʫʜ ɸʆ çʊʅʂ Ăʂʘʟʭʨʦʤñè 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʙʦʛʘʱʝʥʠʷ ʰʣʘʤʦʚʳʭ 
ʭʚʦʩʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʣʠʥʠʩʪʦ-ʩʣʶʜʠʩʪʳʭ 
ʘʛʨʝʛʘʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʦʩʥʦʚʥʘʷ 
ʯʘʩʪʴ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ 
ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ rʭʚʦʩʪʦʚ ʚʠʥʪʦʚʦʡ ʩʝʧʘʨʘʮʠʠ 
(ʧʠʪʘʥʠʷ ʛʠʜʨʦʢʣʘʩʩʠʬʠʢʘʪʦʨʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʚ 
ʪʘʙʣʠʮʝ (ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʙʦʚʘʥʠʷ ʟʘ 2017 ʛʦʜ).  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
ʰʣʘʤʦʚʳʭ ʭʚʦʩʪʦʚ 

g,%
g ʦʪ 

ʠʩʭ,ʪ/ʯ
ɓ,% e% ʄʝ, ʪ/ʯ

0,70 0,06 8,0 0,02 0,005

4,26 0,38 7,1 0,07 0,027

15,00 1,34 11,7 2,01 0,157

23,03 2,06 29,7 29,54 0,613

57,01 5,10 44,4 68,36 2,267

100,0 8,95 34,30 100,0 3,07

43,0 3,85 20,9 31,6 0,80

57,0 5,10 44,4 68,4 2,27

100,0 8,95 34,3 100,0 3,07

+1

ʂʣʘʩʩ ʢʨʫʧʥʦʩʪʠ, ʤʤ

ʧʠʪʘʥʠʝ ʛʠʜʨʦʢʣʘʩʩʠʬ.ˉ1

-1+0,5

-0,5+0,16

-0,16+0,071

-0,071

ʀʪʦʛʦ

+ 0,071 ʤʤ

- 0,071 ʤʤ

ʀʪʦʛʦ  

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦ-
ʛʦ ʘʥʘʣʠʟʦʚ ʰʣʘʤʦʚʳʭ ʭʚʦʩʪʦʚ ʚ ʪʘʙʣʠʮʝ ʧʦʢʘʟʳ-
ʚʘʶʪ ʚʳʩʦʢʫʶ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʦʢʩʠʜʘ ʭʨʦʤʘ 
ɓ=44,4% ʚ ʢʣʘʩʩʝ -0,071 ʤʤ. ɺʳʚ̫ʣʝʥʦ, ʯʪʦ ʜʘʥ-
ʥʳʡ ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ -0,071 ʤʤ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦ-
ʦʙʦʛʘʪʠʤʳʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ 
ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠ ʝʛʦ ʠʟʚʣʝʯʝʥʠʝ ʧʦʟʚʦʣʠʪ 
ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʪʦʚʘʨʥʳʡ ʧʨʦʜʫʢʪ. ʇʨʠ 
ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ 
ʜʘʥʥʦʤ ʧʨʦʜʫʢʪʝ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ 
ʰʣʘʤʠʩʪʳʭ ʛʣʠʥʠʩʪʦ-ʩʣʶʜʷʥʳʭ ʯʘʩʪʠʮ ʚ ʭʚʦʩʪʳ. 
ʂʨʫʧʥʳʝ ʢʣʘʩʩʳ +0,5 ʤʤ ʩʦʜʝʨʞʘʪ ʤʝʥʝʝ 10% ʦʢ-
ʩʠʜʘ ʭʨʦʤʘ ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʷʪʴ ʚ ʭʚʦʩʪʳ. 
ʏʘʩʪʠʮʳ ʢʨʫʧʥʦʩʪʴʶ -0,5+0,071 ʤʤ ʪʨʝʙʫʶʪ ʜʦ-
ʧʦʣʥʠʪʝʣɹʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ.  
ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʰʣʘʤʦʚʳʭ ʭʚʦʩʪʦʚ ʩ ʧʦʚʳh ʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʛʣʠʥʠʩʪʦ-ʩʣʶʜʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ, ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 
ʩʭʝʤʝ ʧʨʝʜʣʦʞʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 
ʧʨʦʮʝʩʩʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʵʬ-
ʬʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʰʣʘʤʠʩʪʳʭ ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʠ 
ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʦʦʙʦʛʘʱʝʥʠʷ ʥʘ ʢʦʥ-
ʮʝʥʪʨʘʮʠʦʥʥʳʭ ʩʪʦʣʘʭ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʦʛʘʱʝʥʠʷ ʭʨʦʤʦʚʳʭ ʨʫʜ ʩ ʜʦʦʙʦʛʘʱʝʥʠʝʤ ʰʣʘʤʦʚʳʭ ʭʚʦʩʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʩʪʦʣʘʭ 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʦʡ ʩʭʝʤʝ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʦʙʦ-
ʛʘʪʠʪʝʣʴʥʘʷ ʦʧʝʨʘʮʠʷ. ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 
ʚʦʩʴʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʘʤʝʨʘʭ 
ʠ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʜʝʣʷʪʴ ʤʠʥʝʨʘʣʳ, ʦʪ-
ʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʬʦʨʤʝ ʠ ʧʣʦʪʥʦʩʪʠ, 
ʘ ʪʘʢʞʝ ʢʨʫʧʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʰʣʘʤʣʝʥʥʳʡ 
ʧʨʦʜʫʢʪ ʧʦʩʣʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚ-
ʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʛʘʪʳʤ ʧʦ ʦʢʩʠʜʫ ʭʨʦʤʘ ʠ ʦʜ-
ʥʦʨʦʜʥʳʤ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 
ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 
ʦʙʝʩʰʣʘʤʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ 
ʩʪʦʣʘʭ ʠ ʧʦʣʫʯʝʥʠʷ ʭʨʦʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʤʘʩ-
ʩʦʚʦʡ ʜʦʣʝʡ ʦʢʩʠʜʘ ʭʨʦʤʘ 51,0%, ʦʪʚʝʯʘʶʱʝʛʦ 
ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʢʘʪʳʰʝʡ ʩ ʫʧʨʦʯ-
ʥʷʶʱʠʤ ʦʙʞʠʛʦʤ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʛʘʱʝʥʠʷ ʰʣʘʤʦʚʳʭ ʭʚʦʩʪʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʥʮʝʥʪʨʘʪʘ ʢʨʫʧʥʦ-
ʩʪʴʶ 0-3 ʤʤ ʥʘ 10-10,5 %.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʤʳʟʠʥʘ ʅ.ɺ., ɽʩʪʘʫʦʚʘ ɾ.ʂ., ʄʠʛʨʘʥʦʚʘ ʕ.ʅ. ʉʦ-
ʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʢʘʪʳʰʝʡ ï 
ʟʘʣʦʛ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠ̫ ʪʠʠ 
ɸʆ çʊʅʂ Ăʂʘʟʭʨʦʤñè ɼʦʥʩʢʦʛʦ ʛʦʨʥʦ-
ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝ-
ʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ: ʪʝ-
ʟʠʩʳ ʜʦʢʣʘʜʦʚ 78-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʄʘʛʥʠʪʦʛʦʨʩʢ: ʀʟʜ-ʚʦ 
ʄʘʛʥʠʪʦʛʦʨʩʢ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, 
2020. ʊ.1. ʉ. 67. 

2. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ çʆ ʩʦʩʪʦʷʥʠʠ ʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʡ-
ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2012 ʛʦʜʫè ʦʪ 11 ʘʧʨʝʣʷ 2014 ʛʦ-
ʜʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 
https://nedradv.ru/nedradv.ru/ 

3. ɽnergyprom.kz - ʧʨʦʝʢʪ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʵʢʦʥʦʤʠʢʠ 
ʂʘʟʘʭʩʪʘʥʘ ʚ ʬʦʨʤʘʪʝ ʨʵʥʢʠʥʛʦʚ, 10 ʩʝʥʪʷʙʨʷ 2019 
ʛ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
http://www.energyprom.kz/ru/a/monitoring/kazahstan-
vhodit-v-trojku-mirovyh-liderov-po-dobyche-hromita-
i-zanimaet-1-e-mesto-po-zapasam-rudy 

4. ʍʨʦʤʪʘʫ. ɼʦʥʩʢʦʡ ɻʆʂ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 
ʞʫʨʥʘʣ çɻʣʦʙʫʩè, 27 ʩʝʥʪʷʙʨʷ 2019. ʈʝʞʠʤ ʜʦʩʪʫ-
ʧʘ: https://www.vnedra.ru/glavnaya-tema/hromtau-
donskoj-gok-8502/ 

https://nedradv.ru/nedradv.ru/
http://www.energyprom.kz/ru/a/monitoring/kazahstan-vhodit-v-trojku-mirovyh-liderov-po-dobyche-hromita-i-zanimaet-1-e-mesto-po-zapasam-rudy
http://www.energyprom.kz/ru/a/monitoring/kazahstan-vhodit-v-trojku-mirovyh-liderov-po-dobyche-hromita-i-zanimaet-1-e-mesto-po-zapasam-rudy
http://www.energyprom.kz/ru/a/monitoring/kazahstan-vhodit-v-trojku-mirovyh-liderov-po-dobyche-hromita-i-zanimaet-1-e-mesto-po-zapasam-rudy
https://www.vnedra.ru/glavnaya-tema/hromtau-donskoj-gok-8502/
https://www.vnedra.ru/glavnaya-tema/hromtau-donskoj-gok-8502/
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5. ɼʝʛʦʜʷ ɽ.ʖ., ʐʘʚʘʢʫʣʝʚʘ ʆ.ʇ., ɸʥʜʨʝʝʚʘ ʆ.ʉ. ʇʦ-
ʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʛʘʱʝʥʠʷ ʭʨʦʤʩʦʜʝʨ-
ʞʘʱʠʭ ʨʫʜ ʥʘ ʆʌ ɼʦʥʩʢʦʛʦ ɻʆʂʘ // ɸʢʪʫʘʣʴʥʳʝ 
ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʦʙʨʘʟʦ-

ʚʘʥʠʷ: ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ 78-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯ-
ʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʄʘʛʥʠʪʦʛʦʨʩʢ:  
ʀʟʜ-ʚʦ ʄʘʛʥʠʪʦʛʦʨʩʢ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪʘ ʠʤ. ɻ.ʀ. ʅʦ-
ʩʦʚʘ, 2020. ʊ.1. ʉ. 54. 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ 

ʉʘʡʤʘʛʘʥʙʝʪʦʚʘ ʅʫʨʩʫʣʫ ʂʘʨʤʘʢʙʘʝʚʥʘ ī ʠʥʞʝʥʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ɼʦʥʩʢʦʡ ɻʆʂ ī ʬʠʣʠʘʣ ɸʆ 
çʊʅʂ Ăʂʘʟʭʨʦʤñè, ʛ. ʍʨʦʤʪʘʫ, ʂʘʟʘʭʩʪʘʥ. E-mail: nurslu.saimaganbetova@erg.kz 

ʉʝʨʠʢ ɾʘʡʥʘʛʫʣʴ ʉʝʨʠʢʢʳʟʳ ī ʠʥʞʝʥʝʨ-ʦʙʦʛʘʪʠʪʝʣʴ, ɼʦʥʩʢʦʡ ɻʆʂ ï ʬʠʣʠʘʣ ɸʆ çʊʅʂ 
Ăʂʘʟʭʨʦʤñè, ʛ. ʍʨʦʤʪʘʫ, ʂʘʟʘʭʩʪʘʥ. E-mail: jaina_mg@mail.ru 

ɸʥʜʨʝʝʚʘ ʆʢʩʘʥʘ ʉʝʨʛʝʝʚʥʘ ï ʩʪʫʜ. ʛʨ. ɻɼ-16-4, ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ. 

ɽʩʪʘʫʦʚʘ ɾʘʥʩʘʷ ʂʫʘʥʳʰʢʳʟʳ ï ʩʪʫʜ. ʛʨ. ɻɼ-16-4, ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ. 

ɼʝʛʦʜʷ ɽʣʝʥʘ ʖʨʴʝʚʥʘ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ. E-mail: magur@mail.ru 
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ʋɼʂ 621.771  

S-ʆɹʈɸɿʅɸʗ ʄʆɼɽʃʔ ʈɸɿɺʀʊʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ  
çʇʈʆʀɿɺʆɼʉʊɺʆ ɻʆʈʗʏɽʂɸʊɸʅʆɻʆ ʉʊɸʃʔʅʆɻʆ ʇʈʆʂɸʊɸè 

ɻʨʫʰʦ-ʅʦʚʠʮʢʘʷ ɸ.ɺ., ʇʦʣʷʢʦʚʘ ʄ.ɸ.  

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘ-
ʪʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ S-ʦʙʨʘʟʥʫʶ ʢʨʠ-
ʚʫʶ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ. ʇʨʠʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʛʦʨʷʯʝʢʘ-
ʪʘʥʦʛʦ ʧʨʦʢʘʪʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦ-
ʣʦʛʠʠ. ʆʪʤʝʯʝʥʳ ʠʩʪʦʨʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʠʣʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ 
ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʩʣʝʜʫʝʪ ʦʧʠʩʘʪʴ ʩʝʤʝʡʩʪʚʦʤ S-ʦʙʨʘʟʥʳʭ ʢʨʠʚʳʭ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʧʦʷʚʣʝʥʠʷ 
çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʳʚʦʚè ʚ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʥʦʛʦʣʝʪʥʶʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʠ ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʪʩʷ ʰʠʨʦʢʦʡ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʴʶ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʳ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʦʟʚʦʣʷʶʪ 
ʧʦʣʫʯʘʪʴ ʧʨʦʢʘʪ ʩ ʦʩʦʙʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʧʨʦʠʟʚʦʜʠʤʦʡ ʠʟ ʥʠʭ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘè, ʯʪʦ ʷʚ-
ʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʛʦʨʷʯʝʢʘʪʘʥʳʡ ʧʨʦʢʘʪ, S-ʦʙʨʘʟʥʘʷ ʢʨʠʚʘʷ, ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʨʘʟʨʳʚ, ʩʪʘʥ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ.  
 
 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʶ-

ʙʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝ-
ʩʢʦʡ ʩʠʩʪʝʤʦʡ. ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢ-
ʮʠʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʧʦʢʘʟʘʪʝʣʠ ʦʙʝʩʧʝ-
ʯʠʚʘʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʧʦʢʘʟʘʪʝʣʠ, ʦʪʥʦ-
ʩʷʱʠʝʩʷ ʢ ʤʝʪʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʦʤʫ 
ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʠʥʩʪʨʫʤʝʥʪʫ, ʢʦʣʠʯʝʩʪʚʫ ʦʧʝʨʘ-
ʮʠʡ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʪʨʘʪ ʥʘ 
ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [1, 2]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝ-
ʥʠʷ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʥʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʫʨʦʚʥʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ.  
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʜʫʢʮʠʠ ʷʚ-

ʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʝʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 
ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩ ʧʝʨʠʦ-
ʜʠʯʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʨʝʤʝʥʝʤ ʩʫʱʝʩʪʚʦʚʘ-
ʥʠʷ ʪʠʧʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ ʦʪ ʝʸ ʟʘʤʳʩʣʘ 
ʜʦ ʫʪʠʣʠʟʘʮʠʠ ʠʣʠ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʠʟʜʝ-
ʣʠʷ ʦʪ ʤʦʤʝʥʪʘ ʟʘʚʝʨh ʝʥʠʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ 
ʫʪʠʣʠʟʘʮʠʠ [3]. ɸʥʘʣʦʛʠʯʥʦ ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ 
ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʝʭʥʦ-
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ʣʦʛʠʡ (ʨʠʩ. 1) [4]. ʕʪʦ ʦʪʨʘʞʘʝʪ ʩʫʱʥʦʩʪʴ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʭʦʜʝ ʩʤʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʫʢʣʘʜʦʚ, ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ 
ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʴʥʳʭ ʩʠʣ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

 

ʈʠʩ. 1. ʌʘʟʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʝʭʥʦʣʦʛʠʡ [4] 

S-ʦʙʨʘʟʥʘʷ ʢʨʠʚʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʠʩʪʝʤ ʠ ʦʙʲʝʢʪʦʚ ʚ 
ʙʠʦʣʦʛʠʠ, ʪʝʭʥʠʢʝ, ʵʢʦʥʦʤʠʢʝ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ [5]. ɼʘʥʥʳʡ ʚʠʜ ʢʨʠʚʦʡ ʠʣʣʶʩʪʨʠʨʫʝʪ 
ʜʝʡʩʪʚʠʝ ʟʘʢʦʥʘ ʫʙʳʚʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʚʦ-

ʣʶʮʠʦʥʥʦʛʦ ʩʦʚʝʨh ʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ [6]. ɿʘʢʦʥ 
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ʦʪʨʘʞʘʝʪ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʥʘ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ 
ʮʠʢʣʘ. ʂʦʛʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʢʘʶʪ ʚʩʶʜʫ, ʪʦ ʜʘʣʴʥʝʡʰʝʝ ʠʭ 
ʜʚʠʞʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʵʚʦʣʶʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ 

ʦʪʜʘʯʘ ʦʪ ʥʠʭ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʚʦʝʤʫ 
ʥʠʞʥʝʤʫ ʧʨʝʜʝʣʫ. ʉʦ ʚʨʝʤʝʥʝʤ ʢʘʞʜʦʝ ʧʦʩʣʝʜʫʶ-

ʱʝʝ ʧʦʢʦʣʝʥʠʝ, ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʤʦʜʝʣʴ ʥʘʯʠ-
ʥʘʝʪ ʧʨʠʥʦʩʠʪʴ ʚʩʝ ʤʝʥʴʰʠʝ ʧʨʠʨʦʩʪʳ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʚʥʝʜʨʝʥʠʝ ʝʩʣʠ ʥʝ 
ʚʦʟʨʘʩʪʘʶʪ, ʪʦ ʠ ʥʝ ʫʤʝʥʴʰʘʶʪʩʷ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʥʝʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʤʧʝʨʘʪʠʚ: ʚʩʷʢʦʝ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʢʠ ʥʝ 

ʙʝʩʧʨʝʜʝʣʴʥʦ, ʥʝ ʤʦʞʝʪ ʜʘʪʴ ʙʦʣʴʰʝ ʪʦʛʦ, ʯʪʦ ʚ 
ʥʝʤ ʟʘʢʣʶʯʝʥʦ (ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ). ʅʘ ʵʪʦʡ 
ʩʪʘʜʠʠ ʧʦ ʤʝʨʝ ʚʩʝ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-
ʥʠʝ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠʣʠ ʜʘʞʝ ʥʝʚʦʟ-
ʤʦʞʥʳʤ, ʪ.ʝ. ʥʘʩʪʫʧʘʝʪ ʧʨʝʜʝʣ ʨʦʩʪʘ ʨʝʟʫʣʴʪʘʪʠʚ-

ʥʦʩʪʠ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʠʥ-
ʮʠʧ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʢʣʘʜʳʚʘʝʪʩʷ ʦʙʲʝʢʪʠʚʥʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʥʘ ʥʦʚʦʤ ʧʨʠʥʮʠ-
ʧʝ ʜʝʡʩʪʚʠʷ, ʧʝʨʝʭʦʜʘ ʥʘ ʩʣʝʜʫʶɦ ʫ ʁS-ʦʙʨʘʟʥʫʶ 

ʢʨʠʚʫʶ ʨʘʟʚʠʪʠʷ. ʊʘʢʠʝ ʢʨʠʚʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷ-
ʶʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʝʜʝʣʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦ-

ʩʪʘ, ʢʦʛʜʘ çéʚʦ ʚʨʝʤʝʥʥʦʤ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʧʨʦ-
ʩʣʝʞʠʚʘʝʪʩʷ ʨʷʜ S-ʦʙʨʘʟʥʳʭ ʢʨʠʚʳʭè [7]. 

ʇʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝ-
ʩʢʠʭ ʩʠʩʪʝʤ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʧʠʩʘʪʴ ʚ ʚʠʜʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S-ʦʙʨʘʟʥʳʭ 
ʢʨʠʚʳʭ (ʨʠʩ. 2) [8]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ 

ʵʚʦʣʶʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʟ 
ʨʠʩ. 2 ʚʠʜʥʳ ʟʦʥʳ (ŭtʪʨ1, ŭtʪʨ2, ŭtʪʨ3), ʢʦʪʦʨʳʝ ʧʨʠ-
ʥʷʪʦ ʥʘʟʳʚʘʪʴ çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʟʨʳʚʘʤʠè. 

ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʚ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ, ʫʞʝ 
ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦ-

ʪʦʨʳʝ ʧʦ ʤʝʨʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʙʫʜʫʪ ʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʳ ʠ ʙʫʜʫʪ ʧʨʠʥʦʩʠʪʴ ʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠ-
ʩʪʝʤʦʡ. ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʦ ʤʦʤʝʥʪʝ ʧʝʨʝʭʦʜʘ ʥʘ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʪʦʚʘʨʳ, ʦʨʛʘ-
ʥʠʟʘʮʠʠ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ 

ʨʝʰʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-
ʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ [8]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ 
ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʧʨʦʠʟʚʦʜʩʪʚʦ 

ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘè. ʂʘʢ ʠʟʚʝʩʪʥʦ, 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʨʷʯʝʢʘ-

ʪʘʥʦʡ ʣʠʩʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 
ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ: ʥʘʛʨʝʚ ʩʣʷʙʘ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ 
ʧʝʯʘʭ, ʩʙʠʚ ʦʢʘʣʠʥʳ, ʧʨʦʢʘʪʢʘ ʚ ʯʝʨʥʦʚʦʡ ʠ ʯʠ-

ʩʪʦʚʦʡ ʛʨʫʧʧʝ ʢʣʝʪʝʡ, ʨʝʛʫʣʠʨʫʝʤʦʝ ʦʭʣʘʞʜʝʥʠʝ 

ʥʘ ʦʪʚʦʜʷʱʝʤ ʨʦʣʴʛʘʥʛʝ, ʩʤʦʪʢʘ ʠ ʤʘʨʢʠʨʦʚʢʘ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʨʷʯʝʢʘʪʘʥʳʡ ʣʠʩʪ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʦʣʫʧʨʦʜʫʢʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 
ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ, ʪʘʢ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʝʡ [9-

12]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʦʙʦʠʭ ʩʣʫʯʘ-
ʷʭ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʪʦʣʱʠʥʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʢʦʪʦʨʘʷ ʥʘʨʷʜʫ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʩʨʝʜʠ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ ʠ ʦʪ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩʪʘʥʘ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ. 

 

ʈʠʩ. 2. ʎʝʧʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʳʚʦʚ [8] 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʳ ʚ ʧʨʦʢʘʪʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʧʨʦʩ ʥʘ 
ʪʦʣʩʪʦʣʠʩʪʦʚʫʶ ʰʠʨʦʢʦʬʦʨʤʘʪʥʫʶ ʧʨʦʜʫʢʮʠʶ 
ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʏʪʦʙʳ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʡ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʦʙʨʘ-
ʪʠʤʩʷ ʢ ʢʦʥʮʝʧʮʠʠ S-ʦʙʨʘʟʥʦʡ ʢʨʠʚʦʡ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʣʦʞʝʥʠʷʤʠ ʨʝ-
ʩʫʨʩʦʚ ʚ ʪʝʭʥʦʣʦʛʠʶ ʠʣʠ ʧʨʦʮʝʩʩ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʡ ʵʪʠʤ ʚʣʦʞʝʥʠʷʤ çʦʪʜʘʯʝʡè (ʧʦʚʳʰʝʥʠʝʤ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʠ ʪ. ʧ.) [13]. ɺ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʨʝʩʫʨʩʦʤ ʷʚʣʷ-
ʝʪʩʷ ʚʨʝʤʷ, ʘ ʠʤʝʥʥʦ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʢʘʪʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. çʆʪʜʘʯʝʡè ʩʣʫʞʠʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟ-

ʤʝʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʦʢʘʪʘ ʚ ʢʘʞʜʳʡ ʠʟ ʧʝʨʠʦʜʦʚ 
ʚʨʝʤʝʥʠ (ʨʠʩ. 3).  

ʅʘ ʣʶʙʦʡ S-ʦʙʨʘʟʥʦʡ ʢʨʠʚʦʡ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠ-
ʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʧʝʨʠʦʜʘʤ ʚʨʝʤʝʥʠ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ. ʅʘ ʧʝʨʚʦʤ 
ʫʯʘʩʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʦʞʜʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 
ʢʨʠʚʦʡ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦʷʚʣʝ-

ʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫ-
ʱʝʩʪʚʣʝ̫ʪʩʷ ʪʘ ʠʣʠ ʠʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 
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ʈʠʩ. 3. ʃʦʛʠʩʪʠʯʝʩʢʘʷ S-ʦʙʨʘʟʥʘʷ ʢʨʠʚʘʷ (ʚ ʩʢʦʙʢʘʭ 
ʫʢʘʟʘʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʰʠʨʠʥʘ 

ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʘ, ʤʤ) 

ɸʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ 
ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ 
ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʪʘʥʦʚ ʛʦ-
ʨʷʯʝʡ ʧʨʦʢʘʪʢʠ [14-17]. ʊʘʢʦʡ ʪʦʯʢʦʡ ʟʘʨʦʞʜʝʥʠʷ 
S-ʦʙʨʘʟʥʦʡ ʢʨʠʚʦʡ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
çʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘè 
ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʧʨʦʢʘʪʥʳʭ 
ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʤʠ ʙʳʣʠ ʨʝʟʥʳʝ ʩʪʘʥʳ, ʧʣʶ-
ʱʠʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʢʘʪʘʣʴʥʳʝ ʩʪʘʥʢʠ (ʪʦʯʢʘ A, 
ʢʨʠʚʘʷ S1) (ʩʤ. ʨʠʩ. 3). ʊʘʢ ʥʘʟʳʚʘʝʤʳʝ ʨʝʟʥʳʝ 
ʩʪʘʥʳ ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʣʢʦ-
ʩʦʨʪʥʦʛʦ ʞʝʣʝʟʘ ʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʥʝʩʣʦʞʥʫʶ 
ʢʦʥʩʪʨʫʢʮʠʶ. ʉʪʘʥ ʩʦʩʪʦʷʣ ʠʟ ʨʘʤʳ ʚʳʩʦʪʦʡ 1 İ 
ʘʨʰʠʥʘ, ʫʢʨʝʧʣʝʥʥʦʡ ʚ ʜʝʨʝʚʷʥʥʦʡ ʢʦʣʦʜʝ, ʠ ʜʚʫʭ 
ʢʚʘʜʨʘʪʥʳʭ ʚʘʣʠʢʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʩʘʞʠʚʘʣʠʩʴ 
ʨʝʟʥʳʝ ʜʠʩʢʠ. ɺʘʣʠʢʠ ʧʨʠʚʦʜʠʣʠʩʴ ʚ ʜʚʠʞʝʥʠʝ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʢʦʣʝʩʦʤ. ɼʠʩʢʠ ʜʝʣʘʣʠʩʴ ʠʟ ʞʝ-
ʣʝʟʘ ʩʦ ʩʪʘʣʴʥʦʡ ʥʘʚʘʨʢʦʡ ʠ ʠʤʝʣʠ ʥʘʩʝʯʢʫ. ɺʘʣʠ-
ʢʠ ʩ ʥʘʩʘʞʝʥʥʳʤʠ ʥʘ ʥʠʭ ʜʠʩʢʘʤʠ ʜʝʡʩʪʚʦʚʘʣʠ 
ʢʘʢ ʜʠʩʢʦʚʳʝ ʧʠʣʳ, ʨʘʟʨʝʟʘʷ ʧʦʣʦʩʫ ʞʝʣʝʟʘ ʚ ʛʦ-
ʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʧʨʫʪʢʠ ʟʘʜʘʥʥʦʡ ʰʠʨʠʥʳ. 
ʂʦʣʠʯʝʩʪʚʦ ʜʠʩʢʦʚ, ʥʘʩʘʞʠʚʘʝʤʳʭ ʥʘ ʚʘʣʠʢʠ, 
ʦʧʨʝʜʝʣʷʣʦʩʴ ʨʘʟʤʝʨʦʤ ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʫʪʢʦʚ. 
ʇʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʟʥʳʤʠ ʩʪʘʥʘʤʠ ʩʪʘʣʠ 

ʧʦʷʚʣʷʪʴʩʷ ʧʣʶʱʠʣʴʥʳʝ ʤʘʰʠʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʧʦʣʦʩʦʚʦʛʦ ʞʝʣʝʟʘ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜ-
ʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʨʠʤʠʪʠʚʥʳʡ ʩʪʘʥ ʜʫʦ ʩ ʛʣʘʜʢʠʤʠ 
ʚʘʣʢʘʤʠ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʜʚʠʞʝʥʠʝ ʚʦʜʦʥʘʣʠʚʥʳʤʠ 
ʢʦʣʝʩʘʤʠ. ʅʘ ʤʥʦʛʠʭ ʟʘʚʦʜʘʭ ʧʨʠʤʝʥʷʣʠʩʴ ʢʦʤ-
ʙʠʥʠʨʦʚʘʥʥʳʝ ʨʝʟʥʦ-ʧʣʶʱʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʛʜʝ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʣʦʩ 
ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʨʘʙʦʯʠʤʠ. ʇʦʣʦʩʳ, ʧʦʜʚʝʨʛʘʚʰʠʝ-
ʩʷ ʨʝʟʢʝ, ʥʘʛʨʝʚʘʣʠʩʴ ʚ ʧʝʯʘʭ, ʟʘʪʝʤ ʨʘʙʦʯʠʡ ʧʦ 
ʦʜʥʦʡ ʩʚʝʨʭʫ ʟʘʭʚʘʪʳʚʘʣ ʢʣʝʱʘʤʠ ʠ ʚʳʙʨʘʩʳʚʘʣ 
ʠʭ ʥʘ ʧʦʣ ʦʜʥʫ ʟʘ ʜʨʫʛʦʡ. ɼʨʫʛʦʡ ʨʘʙʦʯʠʡ ʚʧʫʩʢʘʣ 
ʧʦʣʦʩʫ ʚ ʧʣʶʱʠʣʴʥʳʝ ʚʘʣʢʠ. ʇʨʠʥʠʤʘʣ ʧʦʣʦʩʫ 
ʧʦʜʤʘʩʪʝʨʴʝ, ʠ ʦʥ ʞʝ ʚʧʫʩʢʘʣ ʝʸ ʚ ʨʝʟʥʳʝ ʚʘʣʢʠ. 
ʂʘʢ ʪʦʣʴʢʦ ʧʨʫʪʴʷ ʚʳʭʦʜʠʣʠ ʠʟ ʚʘʣʢʦʚ, ʜʚʦʝ ʨʘʙʦ-

ʯʠʭ ʧʦʜʭʚʘʪʳʚʘʣʠ ʢʨʶʯʴʷʤʠ ʠ ʨʘʟʥʦʩʠʣʠ ʠʭ ʥʘ 
ʚʝʨʩʪʘʢʠ ʜʣʷ ʧʨʘʚʢʠ ʠ ʩʚʷʟʢʠ.  
ɺ ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʩʣʝ 

ʚʦʡʥʳ 1812 ʛ. ʫʚʝʣʠʯʠʣʦʩʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʠʩʪʦʚʦ-
ʛʦ ʞʝʣʝʟʘ. ʇʨʠʤʝʥʷʣʠ ʢʘʢ ʜʚʫʭʢʦʣʝʩʥʳʝ ʣʠʩʪʦ-
ʧʨʦʢʘʪʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʪʘʢ ʠ ʦʜʥʦʢʦʣʝʩʥʳʝ ʫʩʪʘ-
ʥʦʚʢʠ ʩ ʤʘʭʦʚʠʢʦʤ. ʇʨʦʢʘʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 
ʩʦʩʪʦʷʣʠ ʠʟ ʯʝʨʥʦʚʦʡ ʢʘʪʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʠʣʠ 
ʠʥʘʯʝ ʯʝʨʥʦʚʦʡ ʢʣʝʪʠ, ʠ ʪʨʸʭ ʯʠʩʪʦʚʳʭ ʢʣʝʪʝʡ. 
ʆʪʜʝʣʢʘ ʣʠʩʪʦʚʦʛʦ ʞʝʣʝʟʘ ʙʳʣʘ ʚʘʞʥʝʡʰʝʡ ʯʘ-
ʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʢʣʶʯʘʣʘ ʚ 
ʩʝʙʷ ʤʥʦʛʦʢʨʘʪʥʳʡ ʥʘʛʨʝʚ (ʧʦ 6-8 ʨʘʟ ʚ ʪʝʯʝʥʠʝ 5-
7 ʯʘʩʦʚ) ʠ ʧʨʦʙʠʚʢʫ ʧʘʯʝʢ (ʧʦ 45-60 ʣʠʩʪʦʚ) ʧʦʜ 
ʤʦʣʦʪʘʤʠ ʟʘ 200-300 ʫʜʘʨʦʚ. 
ʄʝʪʘʣʣʫʨʛʠʷ ʚ ʈʦʩʩʠʠ ʚʦʟʥʠʢʣʘ ʩ ʧʦ̫ ʚʣʝʥʠʝʤ 

ʧʝʨʚʦʛʦ ʟʘʚʦʜʘ ʩ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʦʡ, ʧʦʩʪʨʦʝʥʥʦʛʦ 
ʥʘ ʨ. ʊʫʣʠʮʝ ʚ 1632 ʛ. ʋʞʝ ʢ ʢʦʥʮʫ XVII  ʚʝʢʘ ʚ 
ʊʫʣʴʩʢʦ-ʂʘʰʠʨʩʢʦʤ ʨʘʡʦʥʝ ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʩʝʤʴ 
ʟʘʚʦʜʦʚ. ʂ ʥʘʯʘʣʫ XIX  ʚʝʢʘ ʧʦ ʚʩʝʡ ʈʦʩʩʠʠ ʩʫʱʝ-
ʩʪʚʦʚʘʣʦ 170 ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ, ʧʨʦʠʟʚʦ-
ʜʠʚʰʠʭ 150 ʪʳʩ. ʪ ʯʫʛʫʥʘ ʚ ʛʦʜ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʥ-
ʩʠʚʥʦ ʨʘʟʚʠʪʠʝ ʤʝʪʘʣʣʫʨʛʠʠ ʰʣʦ ʥʘ ʋʨʘʣʝ, ʛʜʝ ʟʘ 
ʩʪʦʣʝʪʠʝ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʦʢʦʣʦ 90 ʟʘʚʦʜʦʚ. ɺʦʟ-
ʥʠʢʰʠʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʟʘʚʦʜʳ ʥʝ ʦʙʣʘʜʘʣʠ 
ʯʝʪʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʧʨʝʜʩʪʘʚʣʷʣʠ 
ʩʦʙʦʡ ʝʜʠʥʳʡ ʧʨʦʮʝʩʩ ʢʨʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦ-
ʪʦʨʳʡ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʧʝʨʝʨʘʙʦʪʢʫ ʯʫʛʫʥʘ ʚ ʞʝʣʝ-
ʟʦ ʠ ʝʛʦ ʦʪʢʦʚʢʫ ʚ ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʦʬʠʣʴ.  
ɺ ɽʚʨʦʧʝ ʜʘʚʥʦ ʥʘʯʘʣʦʩʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʪʘʥʦʚ ʜʫʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ 
ʚʘʣʢʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʫʦ-ʨʝʚʝʨʩʠʚʥʳʭ ʩʪʘʥʦʚ, ʘ 
ʪʘʢʞʝ ʧʦʷʚʠʣʠʩʴ ʤʥʦʛʦʢʣʝʪʴʝʚʳʝ ʩʪʘʥʳ ʪʨʠʦ ʜʣʷ 
ʧʨʦʢʘʪʢʠ ʤʝʣʢʦ- ʠ ʢʨʫʧʥʦʩʦʨʪʥʦʛʦ ʤʝʪʘʣʣʘ, ʚ 
ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʣʩʪʦʣʠʩʪʦʚʦʛʦ ʞʝʣʝʟʘ. ɼʘʣʴʥʝʡ-
ʰʝʤʫ ʨʘʟʚʠʪʠʶ ʧʨʦʢʘʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʩʩʦʚʦʡ 
ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʧʨʦʜʫʢʪ ʩʧʦʩʦʙ-
ʩʪʚʦʚʘʣʦ ʧʦʷʚʣʝʥʠʝ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ 
ʙʝʩʩʝʤʝʨʦʚʩʢʠʤ ʠ ʤʘʨʪʝʥʦʚʩʢʠʤ ʩʧʦʩʦʙʘʤʠ. ɺʚʝ-
ʜʝʥʠʝ ʙʣʶʤʠʥʛʦʚ ʠ ʩʣʷʙʠʥʛʦʚ ʷʚʠʣʦʩʴ ʥʘʠʙʦʣʝʝ 
ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʢʦʥʮʘ XIX  
ʚʝʢʘ.  
ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠ-
ʯʝʥʠʝʤ ʰʠʨʠʥʳ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʘ ʜʦ 2400-
3000 ʤʤ (ʫʯʘʩʪʦʢ Bʉ, ʢʨʠʚʘʷ S1 ʥʘ ʨʠʩ. 3), ʯʪʦ 
ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʦʚ ʪʨʠʦ. 
ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠ-
ʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ, ʩʦʚʝʨʰʝʥʩʪʚʫ-
ʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ 
ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʝʨʚʳʭ ʪʦʣʩʪʦʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ, ʧʦ-
ʷʚʠʚʰʠʝʩʷ ʚ ʈʦʩʩʠʠ ʚ ʢʦʥʮʝ XIX  ï ʥʘʯʘʣʝ XX ʚʝ-
ʢʘ. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʤʝʨʳ ʛʦʨʷʯʝʢʘʪʘʥʦ-
ʛʦ ʧʨʦʢʘʪʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʥʘ 
ʧʝʨʚʳʭ ʪʦʣʩʪʦʣʠʩʪʦʚʳʭ ʩʪʘʥʘʭ.  
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ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʚʳʭ ʪʦʣʩʪʦʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ ʠ ʨʘʟʤʝʨʳ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʘ 

ʉʪʘʥ ɼʣʠʥʘ ʙʦʯʢʠ, ʤʤ ʄʘʪʝʨʠʘʣ ʚʘʣʢʦʚ ʏʠʩʣʦ ʦʙ/ʤʠʥ 
ʈʘʟʤʝʨʳ ʣʠʩʪʘ 

ʊʦʣʱʠʥʘ, ʤʤ ʐʠʨʠʥʘ, ʤʤ ɼʣʠʥʘ, ʤ 

ʊʨʠʦ 820/620/820 2750 ʏʫʛʫʥ 66 8-20 1000-2300 ʜʦ 10 

ʊʨʠʦ 820/550/820 2800 ɿʘʢʘʣʝʥʥʳʡ ʯʫʛʫʥ 60-70 4-32 1400-2400 ʜʦ 13 

ʊʨʠʦ 860/630/860 2800 ɿʘʢʘʣʝʥʥʳʡ ʯʫʛʫʥ 52 6-30 1200-2400 ʜʦ 9 

ʊʨʠʦ 900/650/900 3000 ɿʘʢʘʣʝʥʥʳʡ ʯʫʛʫʥ 82 6-32 1000-2500 ʜʦ 12 

ʊʨʠʦ 920/700/920 2800 ɿʘʢʘʣʝʥʥʳʡ ʯʫʛʫʥ 75 6-100 1000-2400 ʜʦ 12 

ɼʫʦ-ʨʝʚʝʨʩʠʚʥʳʡ 980 3540 ʉʪʘʣʴ 60 12-34 1200-3000 6-12 

 
ɺ 1897 ʛ. ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʪʦʣʩʪʦʣʠʩʪʦʚʦʡ ʩʪʘʥ 

ʩʠʩʪʝʤʳ ʪʨʠʦ 820/550/820 (ʜʠʘʤʝʪʨ ʙʦʯʢʠ ʚʝʨʭ-
ʥʠʭ ʠ ʥʠʞʥʠʭ ʚʘʣʢʦʚ ï 820 ʤʤ, ʩʨʝʜʥʠʭ ï 550), 
ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʠ ʦʜʥʦʡ ʰʝʩʪʝʨʝʥ-
ʥʦʡ ʢʣʝʪʝʡ. ɺ ʜʝʡʩʪʚʠʝ ʩʪʘʥ ʧʨʠʚʦʜʠʣʩʷ ʩ ʧʦʤʦ-
ʱʴʶ ʧʘʨʦʚʦʡ ʤʘʰʠʥʳ ʤʦʱʥʦʩʪʴʶ 1200 ʣ.ʩ. ɺ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʣʩʪʦʣʠʩʪʦʚʦʛʦ ʞʝʣʝʟʘ ʶʞʥʘʷ ʤʝ-
ʪʘʣʣʫʨʛʠʷ ʟʘʥʷʣʘ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʧʦʣʦʞʝʥʠʝ, ʚʚʦ-
ʜʷ ʤʦʱʥʳʝ ʩʪʘʥʳ ʪʨʠʦ ʃʘʫʪʘ. ʉʪʘʥʳ ʜʣʷ ʪʦʣʩʪʦ- ʠ 
ʩʨʝʜʥʝʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʦʙʣʘʜʘʣʠ ʨʘʟʥʳʤ ʜʠʘ-
ʤʝʪʨʦʤ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ, ʦʪ 650/500/650 ʜʦ 
900/750/900 ʤʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʘʟʥʳʤʠ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ.  
ɿʘʚʦʜ ʠʤ. ɼʟʝʨʞʠʥʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ 
ʶʛʘ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʣ ʧʦʣʥʳʤ ʤʝʪʘʣ-
ʣʫʨʛʠʯʝʩʢʠʤ ʮʠʢʣʦʤ. ʅʘ ʟʘʚʦʜʝ ʪʦʣʩʪʫʶ ʣʠʩʪʦ-
ʚʫʶ ʩʪʘʣʴ ʧʦʣʫʯʘʣʠ ʥʘ ʩʪʘʥʝ ʪʨʠʦ ʃʘʫʪʘ (ʙʦʣʴʰʦʝ 
ʪʨʠʦ) 860/630/860. ʉʪʘʥ ʠʤʝʣ ʦʜʥʫ ʨʘʙʦʯʫʶ ʠ ʦʜ-
ʥʫ ʰʝʩʪʝʨʝʥʥʫʶ ʢʣʝʪʴ, ʜʚʘ ʵʣʝʢʪʨʦʤʦʪʦʨʘ ʬʠʨʤʳ 
ʉʠʤʝʥʩ-ɻʘʣʴʩʢʝ ʤʦʱʥʦʩʪʴʶ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 
900 ʣ.ʩ. ʠ ʦʙʩʣʫʞʠʚʘʣʩʷ ʜʚʫʤʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤʠ 
ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʧʝʯʘʤʠ. ʊʦʣʩʪʦʣʠʩʪʦʚʦʡ ʩʪʘʥ 
820/620/820 ʥʘ ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʟʘʚʦʜʝ ʠʤ. ɸʥ-
ʜʨʝʝʚʘ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʨʘʙʦʯʠʭ ʠ ʜʚʫʭ ʰʝʩʪʝʨʝʥ-
ʥʳʭ ʢʣʝʪʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʜʥʫ ʣʠʥʠʶ. ʂʘʞ-
ʜʘʷ ʠʟ ʨʘʙʦʯʠʭ ʢʣʝʪʝʡ ʧʨʦʢʘʪʳʚʘʣʘ ʣʠʩʪʳ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʆʙʝ ʢʣʝʪʠ ʧʨʠʚʦʜʠʣʠʩʴ ʦʪ ʘʩʠʥ-
ʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʤʦʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʤʦʱ-
ʥʦʩʪʴʶ 2000 ʣ.ʩ. ʉʪʘʥ ʦʙʩʣʫʞʠʚʘʣʩʷ ʪʨʝʤʷ ʥʘʛʨʝ-
ʚʘʪʝʣʴʥʳʤʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʧʝʯʘʤʠ. ʅʘ 
ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʟʘʚʦʜʝ ʚ 
1902 ʛ. ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʪʘʥ ʪʨʠʦ ʃʘʫʪʘ 
900/650/900, ʩʦʩʪʦʷɦʠʡ ʠʟ ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʢʣʝʪʠ ʠ 
ʦʜʥʦʡ ʰʝʩʪʝʨʝʥʥʦʡ. ʉʪʘʥ ʧʨʠʚʦʜʠʣʩʷ ʚ ʜʝʡʩʪʚʠʝ 
ʵʣʝʢʪʨʦʤʦʪʦʨʦʤ ʤʦʱʥʦʩʪʴʶ 2000 ʣ.ʩ., ʦʙʩʣʫʞʠ-
ʚʘʣʩʷ ʪʨʝʤʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤʠ ʧʝʯʘʤʠ: ʦʜʥʘ ʧʝʯʴ 
ʉʠʤʝʥʩʘ ʠ ʜʚʝ ʤʝʪʦʜʠʯʝʩʢʠʝ. ʅʘ ʂʠʨʦʚʩʢʦʤ ʤʘ-
ʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʟʘʚʦʜʝ (çʂʨʘʩʥʳʡ ʧʫʪʠʣʦ-
ʚʝʮè) ʚ 1914 ʛ. ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʪʦʣʩʪʦʣʠʩʪʦʚʦʡ 
ʩʪʘʥ 980. ʉʪʘʥ ʜʫʦ-ʨʝʚʝʨʩʠʚʥʳʡ ʠʤʝʣ ʨʘʙʦʯʫʶ 
ʢʣʝʪʴ ʠ ʦʜʥʫ ʰʝʩʪʝʨʝʥʥʫʶ ʢʣʝʪʴ, ʧʨʠʚʦʜʠʣʩʷ ʚ 
ʜʝʡʩʪʚʠʝ ʦʪ ʦʪʜʝʣʴʥʦʡ ʧʘʨʦʚʦʡ ʤʘʰʠʥʳ ʯʝʨʝʟ ʨʝ-
ʜʫʢʪʦʨ ʤʦʱʥʦʩʪʴʶ 6000 ʣ.ʩ. ʉʪʘʥ ʦʙʩʣʫʞʠʚʘʣʩʷ 
ʜʚʫʤʷ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʧʝʯʘʤʠ. 

ʀʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʚ 
ʈʦʩʩʠʠ ʧʦʩʣʝ ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ 1917 ʛ. ʚ 
ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʨʘʩʰʠʨʝʥʠʠ ʩʦʨ-
ʪʘʤʝʥʪʘ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʧʨʦʜʫʢʮʠʠ: ʙʳʣʦ ʦʩʚʦʝʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʣʴʩʦʚ ʠ ʧʨʦʬʠʣʝʡ ʚʦʝʥʥʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ, ʟʘʪʝʤ ʥʘʯʘʣʦʩʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʦ-
ʚʝʣʴʥʦʛʦ ʞʝʣʝʟʘ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠʩʴ ʩʪʘʥʳ ʜʫʦ 
ʠ ʪʨʠʦ, ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʝʡ, ʘ ʚ ʜʝʡ-
ʩʪʚʠʝ ʩʪʘʥʳ ʧʨʠʚʦʜʠʣʠ ʛʠʜʨʦʪʫʨʙʠʥʳ, ʧʘʨʦʚʳʝ 
ʤʘʰʠʥʳ ʠ ʵʣʝʢʪʨʦʤʦʪʦʨʳ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟ-
ʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʦʩʪʝʧʝʥʥʦʝ ʠʩʯʝʨʧʘʥʠʝ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʠ-
ʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʚ ʪʦʪ ʧʝʨʠʦʜ 
ʚʨʝʤʝʥʠ ʩʪʘʥʦʚ ʜʫʦ ʠ ʪʨʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥ-
ʥʦʡ ʟʘʤʝʜʣʝʥʠʝ ʨʘʟʚʠʪʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʩʥʠʞʝ-
ʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. S-ʦʙʨʘʟʥʘʷ ʢʨʠʚʘʷ, 
ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʷʯʝʡ ʧʨʦ-
ʢʘʪʢʠ ʩ ʤʦʤʝʥʪʘ ʝʝ ʟʘʨʦʞʜʝʥʠʷ, ʜʦʩʪʠʛʘʝʪ ʚʝʨʭʥʝ-
ʛʦ ʧʨʝʜʝʣʘ (ʫʯʘʩʪʦʢ CD, ʢʨʠʚʘʷ S1 ʥʘ ʨʠʩ. 3).  
ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʨʷʯʝʢʘ-

ʪʘʥʦʛʦ ʧʨʦʢʘʪʘ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʥʪʝʥʩʠʚʥʳʤ 
ʨʘʟʚʠʪʠʝʤ ʪʷʞʝʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʧʦʩʣʝ 
ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ. ʕʪʦʪ ʵʪʘʧ ʷʚʠʣʩʷ ʤʦʱʥʳʤ 
ʩʪʠʤʫʣʦʤ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʧʨʦʢʘʪʘ. ʉʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʤʘʰʠʥʦʩʪʨʦʠ-
ʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʪʨʝʙʦʚʘʣʩʷ ʪʦʣʩʪʳʡ ʣʠʩʪ ʜʣʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʢʦʨʧʫʩʦʚ 
ʤʦʨʩʢʠʭ ʩʫʜʦʚ, ʪʨʫʙ ʠ ʨʘʟʣʠʯʥʳʭ ʩʪʘʣʴʥʳʭ ʢʦʥ-
ʩʪʨʫʢʮʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʠʭ ʪʦʣʩʪʳʭ ʣʠʩʪʦʚ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʚʘ-
ʨʦʯʥʳʭ ʨʘʙʦʪ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ 
ʩʪʘʥʳ ʥʝ ʤʦʛʣʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʩʪʳʤ 
ʣʠʩʪʦʤ ʥʝʦʙʭʦʜʠʤʦʡ ʰʠʨʠʥʳ. ʉ ʵʪʠʤ ʩʚʷʟʘʥʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʨʷʜʘ ʪʠʧʦʚʳʭ ʩʪʘʥʦʚ ʢʚʘʨʪʦ 2800. 
ʉʪʘʥʳ ʩʦʚʝʨʰʝʥʥʦʛʦ ʪʠʧʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʢʘʪʢʫ 
ʣʠʩʪʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʦʙʞʘʪʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩʦ ʩʪʘʥʘʤʠ ʜʫʦ ʠ ʪʨʠʦ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʟʚʦʣʷ-
ʶʪ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʮʠʶ ʩ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʨʘʟʤʝʨʘ-
ʤʠ ʧʦ ʰʠʨʠʥʝ. ʅʦʚʘʷ S-ʦʙʨʘʟʥʘʷ ʢʨʠʚʘʷ ʚ ʧʦʣʥʦʡ 
ʤʝʨʝ ʦʧʠʩʳʚʘʝʪ ʵʪʘʧ ʟʘʨʦʞʜʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ 
ʧʨʦʢʘʪʘ (ʢʨʠʚʘʷ S2 ʥʘ ʨʠʩ. 3).  
ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʦʣʩʪʦʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʣʩʪʦʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 

ʉʪʘʥ 
ʉʢʦʨʦʩʪʴ 
ʧʨʦʢʘʪʢʠ, ʤ/ʩ 

ʈʘʟʤʝʨʳ ʣʠʩʪʘ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 
ʪ/ʛʦʜ ʊʦʣʱʠʥʘ, ʤʤ ʐʠʨʠʥʘ, ʤʤ ɼʣʠʥʘ, ʤ 

ʂʚʘʨʪʦ 2800 ʜʦ 5 4-50 1500-2600 ʜʦ 20 800-1000 ʪʳʩ.  

ʂʚʘʨʪʦ 3600 ʜʦ 6 5-50 2000-3200 ʜʦ 28 1700 ʪʳʩ.  

ʂʚʘʨʪʦ 5000 ɼʦ 5 8-160 2000-4850 ʜʦ 24 ʩʚ. 1,5 ʤʣʥ.  

      

ʇʝʨʚʳʡ ʩʪʘʥ 2800 ʙʳʣ ʧʫʱʝʥ ʚ 1955 ʛ. ʥʘ 
ʂʦʤʤʫʥʘʨʩʢʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʟʘʚʦʜʝ, ʘ ʚʪʦʨʦʡ 
ï ʚ 1960 ʛ. ʥʘ ʆʨʩʢʦ-ʍʘʣʠʣʦʚʩʢʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝ-
ʩʢʦʤ ʢʦʤʙʠʥʘʪʝ. ɼʣʠʥʘ ʙʦʯʢʠ ʚʘʣʢʦʚ ʫ ʪʘʢʠʭ ʩʪʘ-
ʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 2800 ʤʤ. ʉʪʘʥ ʢʚʘʨʪʦ 2800 ʩʦʩʪʦʠʪ 
ʠʟ ʪʨʝʭ ʢʣʝʪʝʡ: ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʣʝʪʠ, ʛʜʝ ʧʨʦʠʩʭʦ-
ʜʠʪ ʦʙʞʘʪʠʝ ʩʣʷʙʘ ʧʦ ʙʦʢʦʚʳʤ ʛʨʘʥʷʤ ʠ ʨʘʟʣʘʤʳ-
ʚʘʥʠʝ ʦʢʘʣʠʥʳ ʥʘ ʦʩʥʦʚʥʳʭ ʰʠʨʦʢʠʭ ʛʨʘʥʷʭ; ʛʦ-
ʨʠʟʦʥʪʘʣʥɹʦʡ ʯʝʨʥʦʚʦʡ ʢʣʝʪʠ, ʛʜʝ ʚ ʨʝʚʝʨʩʠʚʥʦʤ 
ʨʝʞʠʤʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʢʘʪʢʘ ʜʦ ʥʝʢʦʪʦʨʦʡ ʧʨʦ-
ʤʝʞʫʪʦʯʥʦʡ ʪʦʣʱʠʥʳ; ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʯʠʩʪʦʚʦʡ 
ʢʣʝʪʠ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠ-
ʢʘʣʴʥʳʝ ʚʘʣʢʠ, ʛʜʝ ʨʝʚʝʨʩʠʚʥʦʡ ʧʨʦʢʘʪʢʦʡ ʬʦʨ-
ʤʠʨʫʶʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʣʠʩʪʘ. ʅʘ ʤʥʦ-
ʛʠʭ ʩʪʘʥʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦʩʣʝ 1965 ʛ., ʯʠʩʪʦʚʘʷ 
ʢʣʝʪʴ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʘʣʢʠ, ʪʘʢ 
ʢʘʢ ʠʜʝʶ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʘʣʢʦʚ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʥʳʭ ʢʨʦʤʦʢ ʠ ʩʦʢʨʘʱʝʥʠʷ ʙʦʢʦʚʦʡ 
ʦʙʨʝʟʠ ʥʘ ʣʠʩʪʝ ʜʦ ʢʦʥʮʘ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ 
[17].  
ʄʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʣʠʩʪʘ ʜʦʩʪʠʛʘʣʘʩʴ 2600 

ʤʤ ʠ ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʰʠʨʠʥʦʡ ʙʦʯʢʠ ʚʘʣʢʦʚ, ʚ ʪʦ 
ʚʨʝʤʷ ʢʘʢ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʪʨʝ-
ʙʦʚʘʣʠʩʴ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʣʠʩʪʳ. ʇʨʦʠʩʭʦʜʠʪ 
ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʛʨʘʬʠʯʝʩʢʠ ʦʪʨʘʞʝʥʦ ʥʘ 
ʢʨʠʚʦʡ S2, ʫʯʘʩʪʦʢ EF (ʩʤ. ʨʠʩ. 3). ɺ 1973 ʛ. ʥʘ ʟʘ-
ʚʦʜʝ çɸʟʦʚʩʪʘʣʴè ʙʳʣ ʧʦʩʪʨʦʝʥ ʪʦʣʩʪʦʣʠʩʪʦʚʦʡ 
ʩʪʘʥ 3600, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʜʥʫ ʚʝʨʪʠʢʘʣʴʥʫʶ 
ʢʣʝʪʴ ʠ ʜʚʝ ʯʝʪʳʨʝʭʚʘʣʢʦʚʳʝ ʢʣʝʪʠ ʩ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʤʠ ʚʘʣʢʘʤʠ [18]. ɼʣʷ ʥʘʛʨʝʚʘ ʩʣʷʙʘ ʠʤʝʶʪ-
ʩʷ ʯʝʪʳʨʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʝʯʠ, ʘ ʜʣʷ ʥʘʛʨʝʚʘ ʩʣʠʪ-
ʢʦʚ ï ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʢʦʣʦʜʮʳ. ʅʘ ʩʪʘʥʝ 
ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦ-
ʢʦʚ ʤʝʪʘʣʣʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢ ʜʣʷ ʦʪʜʝʣʢʠ 
ʧʣʠʪ (ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʚ ʯʝʨʥʦʚʦʡ ʢʣʝʪʠ ʧʣʠʪʳ ʠ 
ʪʦʣʩʪʳʝ ʣʠʩʪʳ ʧʨʦʭʦʜʷʪ ʧʨʦʣʝʪ ʟʘʤʝʜʣʝʥʥʦʛʦ 
ʦʭʣʘʞʜʝʥʠʷ) ʠ ʧʨʦʢʘʪʢʘ ʪʦʥʢʠʭ ʣʠʩʪʦʚ ʚ ʯʠʩʪʦʚʦʡ 
ʢʣʝʪʠ [17].  
ʆʩʚʦʝʥʠʝ ʛʘʟʦ- ʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʙʳʯʠ 
ʛʘʟʘ ʠ ʥʝʬʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦ-
ʚʘʥʠʷ ʠ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʦ- ʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ 
ʷʚʠʣʦʩʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʩʚʦʝʥʠʷ ʛʦʨʷʯʝʡ ʧʨʦ-

ʢʘʪʢʠ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ ʙʦʣʴʰʦʡ ʰʠʨʠʥʳ. ʈʘʟʚʠʪʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʨʷʯʝ-
ʢʘʪʘʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘè ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʯʘ-
ʩʪʦʢ GH ʢʨʠʚʦʡ S2 (ʩʤ. ʨʠʩ. 3). ʇʝʨʚʳʡ ʚ ʉʉʉʈ 
ʂʦʣʧʠʥʩʢʠʡ (ʀʞʦʨʩʢʠʡ) ʩʪʘʥ ʢʚʘʨʪʦ 5000 ʙʳʣ ʧʦ-
ʩʪʨʦʝʥ ʚ 1985 ʛ. ɺ 2000 ʛ. ʚʳʢʫʧʣʝʥ ʆɸʆ çʉʝʚʝʨ-
ʩʪʘʣʴè. ʆʩʥʦʚʥʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʩʪʘʥʘ ʩʪʘʣʦ 
ʧʦʣʫʯʝʥʠʝ ʧʨʦʢʘʪʘ ʜʣʷ ʪʨʫʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
[19]. ɼʣʷ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʷʪʴ 
ʚʠʜʦʚ ʧʝʯʝʡ: ʤʝʪʦʜʠʯʝʩʢʠʝ, ʢʦʣʦʜʮʳ, ʢʘʤʝʨʥʳʝ 
(ʜʣʷ ʪʷʞʝʣʳʭ ʩʣʠʪʢʦʚ), ʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʜʣʷ ʣʝʛʠ-
ʨʦʚʘʥʥʳʭ ʤʘʨʦʢ) ʠ ʠʥʜʫʢʮʠʦʥʥʳʝ ʚʘʢʫʫʤʥʳʝ (ʜʣʷ 
ʩʧʝʮʩʧʣʘʚʦʚ). ɼʣʷ ʧʨʦʢʘʪʢʠ ʣʠʩʪʦʚ ʩʪʘʥ ʦʙʦʨʫʜʦ-
ʚʘʥ ʯʝʨʥʦʚʦʡ ʠ ʯʠʩʪʦʚʦʡ ʢʣʝʪʴʶ ʪʠʧʘ ʢʚʘʨʪʦ. 
ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʘʥʘ, ʧʦʤʠʤʦ ʚʥʫʰʠʪʝʣʴʥʳʭ ʨʘʟ-
ʤʝʨʦʚ, ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʭ ʚʠʜʦʚ ʩʧʦʩʦʙʘ 
ʧʨʦʢʘʪʢʠ [20]: ʥʦʨʤʘʣʴʥʘʷ ʧʨʦʢʘʪʢʘ, ʢʦʥʪʨʦʣʠʨʫ-
ʝʤʘʷ ʧʨʦʢʘʪʢʘ ï ʥʦʨʤʠʨʫʶɦ ʘʷ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ 
ʧʨʦʢʘʪʢʘ ï ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʢʘʪʢʘ.  
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʳʚ (ʢʨʠʚʳʝ S1 ʠ S2 ʥʘ 

ʨʠʩ. 3) ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʘʨʜʠʥʘʣʴʥʦʡ 
ʧʝʨʝʩʪʨʦʡʢʠ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʦʨʷʯʝʢʘ-
ʪʘʥʦʛʦ ʪʦʣʩʪʦʣʠʩʪʦʛʦ ʧʨʦʢʘʪʘ ʚ ʮʝʣʦʤ. ʇʨʦʢʘʪʥʳʝ 
ʣʠʩʪʦʚʳʝ ʩʪʘʥʳ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ: ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʣʝʪʝʡ ʠ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ 
ʧʦʟʚʦʣʠʣʦ ʧʦʷʚʠʪʴʩʷ ʥʘ ʩʚʝʪ ʩʪʘʥʘʤ ʩ ʦʧʪʠʤʘʣʴ-
ʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʙʦʣʴʰʠʤʠ ʩʪʝʧʝʥʷʤʠ ʦʙʞʘ-
ʪʠʡ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ. 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʦʨʷʯʝʢʘʪʘʥʳʡ ʧʨʦʢʘʪ ʩ 
ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ: 
ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ, ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥ-
ʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʭʣʘʜʦʩʪʦʡʢʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ 
ʜʨ. ʋʯʘʩʪʦʢ GH ʢʨʠʚʦʡ S2, ʦʪʨʘʞʘʶɦ ʠʡ ʨʘʟʚʠʪʠʝ 
ʩʠʩʪʝʤʳ ʠ ʜʦʩʪʠʞʝʥʠʝ ʝʝ ʟʨʝʣʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʧʝʨʠʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʝʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʧʨʦʢʘʪʘ ʠ ʨʘʩʰʠʨʝʥʠʶ ʝʛʦ ʩʦʨʪʘʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, 
ʛʦʨʷʯʝʢʘʪʘʥʳʡ ʩʪʘʣʴʥʦʡ ʧʨʦʢʘʪ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʥʘ 
ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʘʥʝ 5000, ʠʤʝʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʝ 
ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ 
ʚ ʪʘʙʣ. 3.  
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʫʙʥʳʭ 
ʩʪʘʣʝʡ 

ɺʠʜʳ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ 

ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʇʨʝʜʝʣ  
ʪʝʢʫʯʝʩʪʠ, 
ʅ/ʤʤĮ 

ɺʨʝʤʝʥʥʦʝ  
ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʅ/ʤʤĮ 

ʈʉ D (ʈʉ ɸ, ʈʉ ɺ) 235 400 

PC D32 (PC E32, D32) 315 440 

PC D40 (PC E40) 390 510 

ʂ52 375 510 

ʂ55 400 515 

ʂ56 430 525 

ʂ60 500 565 

X60 315 495 

X60ME 435 520 

X65 450 510 

X65ME 470 535 

X70 505 545 

X70ME 505 570 

L450M 460 510 

L450ME 470 535 

L485M 515 570 

L485ME 485 590 

ɸɹ2-1 (ɸɹ2-2) 590 640 

MAGSTRONG W600 590 650 

MAGSTRONG W700 700 750 

MAGSTRONG W900 900 950 

MAGSTRONG H400 1000 1250 

MAGSTRONG H450 1100 1400 

MAGSTRONG H500 1200 1500 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʫʚʝʨʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʫʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 
ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝ-
ʥʠʷ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝ-
ʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʧʨʝʜʝʣʦʚ ʠʭ ʧʨʘʢʪʠ-
ʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʪʦʪ ʧʝʨʠʦʜ 
ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʦʯʝʨʝʜʥʦʡ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʡ ʩʢʘʯʦʢ. ʀ ʝʩʣʠ ʧʦʩʪʨʦʝʥʠʝ S-
ʦʙʨʘʟʥʦʡ ʢʨʠʚʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ 
ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠ-
ʩʪʝʤʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 
ʪʦʯʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʫʨʦʚʝʥʴ ʠʭ ʩʦʚʝʨ-
ʰʝʥʩʪʚʘ, ʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠ-
ʪʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʆʜ-
ʥʘʢʦ ʟʥʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʧʦʟʚʦʣʷʝʪ 
ʦʧʨʝʜʝʣʠʪʴ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʚ 
ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʜʦʩʪʠʛʥʝʪ ʤʘʢʩʠʤʫʤʘ, ʠ ʧʝʨʝʭʦʜ ʢ 
ʥʦʚʦʤʫ ʵʪʘʧʫ ʝʝ ʨʘʟʚʠʪʠʷ ʩʪʘʥʝʪ ʦʯʝʚʠʜʥʳʤ ʠ 
ʥʝʠʟʙʝʞʥʳʤ. 
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ʋɼʂ 669.18 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ʂɸʃʔʎʀɽɺʓʍ ʄɸʊɽʈʀɸʃʆɺ  
ɼʃʗ ʈɸʉʂʀʉʃɽʅʀʗ ʀ ʃɽɻʀʈʆɺɸʅʀʗ ʉʊɸʃʀ  

ɹʠʛʝʝʚ ɺ.ɸ., ʉʳʯʢʦʚ ɸ.ɹ., ʀʩʘʝʚ ʄ.ʂ. 

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠ .̫ ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʝʛʦ ʤʘ-
ʪʝʨʠʘʣʘ ʧʨʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʩ ʮʝʣʴʶ ʝʝ ʨʘʩʢʠʩʣʝʥʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʨʘʟʣʠʚ-
ʢʝ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʕʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʯʠʩʪʦʡ 
ʩʪʘʣʠ ʠ ʟʥʘʯʠʪʝʣʥɹʦʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʝʪʘʣʣʘ.  
ʇʨʦʚʝʜʝʥ ʪʘʢʞʝ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʚʦʣʦʢ ʩ ʨʘʟʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. ʇʦʢʘʟʘʥʘ ʚʳ-

ʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʩ ʬʘʢʪʠʯʝʩʢʠ 100% ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʫʩʚʦʝʥʠʷ ʢʘʣʴʮʠʷ, ʩʥʠʞʘʝʪʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʥʘ ʫʩʪʘ-
ʥʦʚʢʝ ʧʝʯʴ-ʢʦʚʰ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴ, ʚʥʝʧʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʨʘʩʢʠʩʣʝʥʠʝ, ʨʘʬʠʥʠʨʦʚʘʥʠʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ, ʥʝ-

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʢʘʯʝʩʪʚʦ, ʧʦʨʦʰʢʦʚʘʷ ʧʨʦʚʦʣʦʢʘ, ʩʠʣʠʢʦʢʘʣʴʮʠʡ, ʬʝʨʨʦʢʘʣʴʮʠʡ, ʧʨʦʚʦʣʦʢʘ ʩ 
ʢʘʣʴʮʠʝʚʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ.  

 
 
ɺ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʦʩʪʘʪʦʯʥʦ 

ʜʘʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʰʠʨʦʢʦʛʦ ʤʘ-
ʨʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʝʝ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ 
(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʫʩʪʘʥʦʚʢʝ-ʘʛʨʝʛʘʪʝ ʧʝʯʴ-
ʢʦʚʰ) ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʕʪʠ 
ʤʘʪʝʨʠʘʣʳ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 
ʜʣʷ ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ ʬʫʥʢʮʠʠ: 
1. ʇʦʣʫʯʝʥʠʝ ʙʝʣʳʭ ʨʘʬʠʥʠʨʦʚʦʯʥʳʭ ʰʣʘʢʦʚ 

ʧʨʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʧʝʯʴ-ʢʦʚʰ 
(ʋʇʂ ʠʣʠ ʘʛʨʝʛʘʪ ʧʝʯʴ-ʢʦʚʰ -ɸʇʂ) ʜʣʷ ʛʣʫʙʦʢʦʛʦ 
ʨʘʩʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ, ʩʥʠʞʝʥʠʷ ʚ ʩʪʘʣʠ ʩʦʜʝʨʞʘ-
ʥʠʷ ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ, ʧʝʨʝʚʦʜʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʚʢʣʶʯʝʥʠʡ (ʅɺ) ʚ ʧʦʢʨʦʚʥʦʡ ʰʣʘʢ [1-4]. 
2. ʉʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʦʟʠ-

ʨʦʚʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʤʘʰʠʥʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠ-
ʪʴʷ ʟʘʛʦʪʦʚʦʢ (ʄʅʃɿ) ʥʘʩʪʳʣʝʡ, ʩʦʩʪʦʷʱʠʭ ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʦʢʠʩʣʦʚ ʘʣʶʤʠʥʠʷ ï Al2O3, 
ʢʦʪʦʨʳʝ (ʥʘʩʪʳʣʠ) ʧʝʨʝʢʨʳʚʘʶʪ ʨʘʟʣʠʚʦʯʥʳʝ ʩʪʘ-
ʢʘʥʳ (ʷʚʣʝʥʠʝ ʠʭ ʟʘʨʘʩʪʘʥʠʷ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝ-
ʢʨʘʱʝʥʠʶ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ [3, 5]. 
3. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡʩʷ ʩʪʘ-

ʣʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʝ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʚʢʣʶʯʝʥʠʡ (ʅɺ). ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʅɺ ʟʘʢʣʶʯʘ-
ʝʪʩʷ ʚ ʠʟʤʝʣʴʯʝʥʠʠ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʯʘʩʪʠʯʥʦʤ 
ʠʟʤʝʥʝʥʠʠ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʝʝ ʙʣʘʛʦ-
ʧʨʠʷʪʥʦʛʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʪʘʣʠ [1-3, 6, 7]. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʥʷʪʠʝ ʯʠʩʪʦʪʳ ʩʪʘʣʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʡ 
ʚʨʝʜʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʝʨʳ, 
ʬʦʩʬʦʨʘ, ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʝʤ ʟʘʨʷʟʥʝʥʥʦ-
ʩʪʠ ʤʝʪʘʣʣʘ ʅɺ. ʉʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʩʪʘʣʠ ʧʦ ʚʳʰʝ-
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ʫʢʘʟʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ 
ʩʪʘʥʜʘʨʪʦʚ, ʟʘʢʘʟʯʠʢʦʚ, ʥʘʟʥʘʯʝʥʠʷ ʤʝʪʘʣʣʦʧʨʦ-
ʜʫʢʮʠʠ.  
ʉʪʘʣʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷɦ ʠʡ ʠʟ ʩʪʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʠ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ɿʘʛʨʷʟʥʝʥʥʦʩʪʴ ʩʪʘ-
ʣʠ ʅɺ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 
ʬʦʨʤʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʢʣʯʁʝʥʠʡ ʧʦ ʩʝʯʝʥʠʶ, ʠʭ 
ʢʦʣʠʯʝʩʪʚʘ, ʩʚʦʡʩʪʚ ʅɺ ï ʜʝʬʦʨʤʠʨʫʶʱʠʝʩʷ ʠʣʠ 
ʥʝʜʝʬʦʨʤʠʨʫʶʱʠʝʩʷ. ɺ ʩʪʘʣʷʭ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 
ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʨʘʟʫʶʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʦʢʠʩʣʳ ʤʘʨʛʘʥʮʘ, ʢʨʝʤʥʠʷ, ʢʘʣʴʮʠʷ ʠ 
ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʦʪʜʘ-
ʯʠ ʚ ʩʪʘʣʴ ʢʘʣʴʮʠʷ ʠʟʤʝʣʴʯʘʶʪʩʷ ʠ ʢʦʘʛʫʣʠʨʫʶʪ-
ʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ ʠʭ 
ʚʩʧʣʳʚʘʥʠʷ ʚ ʰʣʘʢʦʚʳʡ ʧʦʢʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦ-
ʜʫʚʢʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠʭ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ 
ʫʜʘʣʠʪʴ ʠʟ ʨʘʩʧʣʘʚʘ. ʂʘʣʴʮʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʞʝʣʝʟʫ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʠʪʘʥʦʤ, ʤʘʨʛʘʥʮʝʤ, ʢʨʝʤʠ-
ʝʤ, ʩʝʨʦʡ, ʬʦʩʬʦʨʦʤ, ʦʙʦʛʘʱʝʥʠʝ ʢʦʪʦʨʳʤʠ ʛʨʘ-
ʥʠʮ ʟʝʨʥʘ ʚʳʟʳʚʘʝʪ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʝ ʦʭʨʫʧʯʠ-
ʚʘʥʠʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʤʝʪʘʣʣʘ [1-3]. 
ʂʘʣʴʮʠʡ, ʘʜʩʦʨʙʠʨʫʷʩʴ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠ ʥʝʡʪʨʘʣʠʟʫʝʪ ʜʝʡʩʪʚʠʝ ʚʳʰʝʫʢʘ-
ʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʜʠʬʠʮʠʨʫʷ ʬʦʨʤʫ ʩʦʝʜʠʥʝ-
ʥʠʡ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʯʠʩʪʦ-
ʪʫ ʩʪʘʣʠ ʧʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʷʤ [1, 2]. 
ʇʨʠ ʧʝʨʝʜʦʟʠʨʦʚʢʝ ʦʪʜʘʯʠ ʢʘʣʮɹʠʷ ʚ ʩʪʘʣʴ ʥʘ 

ʋʇʂ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʛʣʦʙʫʣʷʨ-
ʥʳʭ ʅɺ, ʥʘʧʨʠʤʝʨ, ʩʠʣʠʢʘʪʦʚ ʭʨʫʧʢʠʭ ʚ ʢʘʣʴʮʠʝ-
ʚʦʡ ʦʙʦʣʦʯʢʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʜʝʬʦʨʤʠʨʫʶ-
ʱʠʤʠʩʷ ʅɺ, ʫʭʫʜʰʘʶʱʠʤʠ ʢʘʯʝʩʪʚʦ ʩʪʘʣʠ ʠ ʝʝ 
ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪ-
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ʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠʠ ʦʪʜʘʯʠ ʢʘʣʴʮʠʡʩʦ-
ʜʝʨʞʘʱʝʡ ʧʨʦʚʦʣʦʢʠ ʥʘ ʋʂʇ [3] .  
ɺʚʝʜʝʥʠʝ ʚ ʩʪʘʣʴ, ʨʘʩʢʠʩʣʝʥʥʫʶ ʘʣʶʤʠʥʠʝʤ, 

ʢʘʣʴʮʠʷ ʠ ʝʛʦ ʦʢʠʩʣʝʥʠʝ ʚ ʉʘʆ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚ-
ʣʝʥʠʶ ʘʣʶʤʠʥʘʪʦʚ ʢʘʣʴʮʠʷ, ʯʘʱʝ ʚʩʝʛʦ ʚ ʛʣʦʙʫ-
ʣʷʨʥʦʤ ʚʠʜʝ. ɸʣʶʤʠʥʘʪʳ ʢʘʣʴʮʠʷ ʠʤʝʶʪ ʪʝʤʧʝ-
ʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʜʦ 1400Áʉ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʞʠʜʢʦʤ 
ʩʦʩʪʦʷʥʠʠ ʚʦ ʚʨʝʤʷ ʨʘʟʣʠʚʢʠ. ʅʘ ʵʪʦʤ ʵʬʬʝʢʪʝ 
ʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʨʘʟʣʠʚʘʝʤʦʩʪʠ 
ʠ ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ.  
ɺ ʨʘʙʦʪʝ [8] ʘʚʪʦʨ ʫʪʚʝʨʞʜʘʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʠʩʢʣʶʯʝʥʠʠ ʘʣʶʤʠʥʠʷ ʠʟ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨ-
ʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʢʠʩʣʠʪʝʣʷ ʩ ʫʯʝʪʦʤ ʢʦʤʧʣʝʢʩʥʦ-
ʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʣʶʤʠʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ 
ʩʪʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʳʭ ʥʝʜʝʦʨʤʠʨʫʶʱʠʭʩʷ 
ʅɺ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʩʪʳʣʝʡ ʧʨʠ ʨʘʟʣʠʚʢʝ. ɺ ʨʘ-
ʙʦʪʘʭ [1-3] ʥʦʨʤʠʨʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʪʘʣʠ ʘʣʶ-
ʤʠʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʟʣʠʚʘʝʤʦʩʪʠ 
ʩʪʘʣʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʝ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʝʨʨʦʩʧʣʘʚʳ ʠ ʜʦʙʘʚʢʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʋʇʂ ʧʨʠ ʚʥʝʧʝʯʥʦʡ 
ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ 
ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ï ʵʪʦ ʦʪʜʘʯʘ ʪʘʢʠʭ ʚ 
ʚʠʜʝ ʢʫʩʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʣʠʯʥʦʡ ʬʨʘʢʮʠʠ, ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʫʩʚʦʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ, ʚ ʣʫʯ-
ʰʝʤ ʩʣʫʯʘʝ, 30-40 %; ʚʦ ʚʪʦʨʦʤ ï ʚ ʚʠʜʝ ʧʦʨʦʰ-
ʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʚʦʝʥʠʷ ʨʘʩʪʝʪ 
ʜʦ 90-95 %), ʧʦʜʘʚʘʝʤʦʡ ʚ ʨʘʩʧʣʘʚ ʚ ʩʪʘʣʝʨʘʟʣʠ-
ʚʦʯʥʦʤ ʢʦʚʰʝ ʧʨʠ ʧʦʤʦʱʠ ʪʷʥʫʱʠʭ ʨʦʣʠʢʦʚ 
(ʪʨʘʡʙʝʨʦʚ). ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʪʨʘʡʙ-ʘʧʧʘʨʘʪʳ ʜʣʷ 
ʧʦʜʘʯʠ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦ- 
ʜʚʫʭ-, ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʨʫʯʴʝʚʳʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 
ʢʦʣʠʯʝʩʪʚʘ ʨʫʯʴʝʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦʝ 
ʧʦʚʳʰʝʥʠʝ ʦʪʜʘʯʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʨʦʰʢʦʚʳʭ ʧʨʦ-
ʚʦʣʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʠʣʠ ʦʜʥʦʚʨʝ-
ʤʝʥʥʦ, ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ.  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝ-
ʥʠʷ ʧʨʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʨʦʰʢʦʚʦʡ ʢʘʣʴʮʠʡ-
ʩʦʜʝʨʞʘʱʝʡ ʧʨʦʚʦʣʦʢʠ. ʀʩʪʦʨʠʯʝʩʢʠ ʚ ʧʝʨʚʫʶ ʦʯʝ-
ʨʝʜʴ ʙʳʣʘ ʦʩʚʦʝʥʘ ʧʨʦʚʦʣʦʢʘ, ʩʦʜʝʨʞʘʱʘʷ 
ʩʠʣʠʢʦʢʘʣʴʮʝʚʘʷ ʧʦʨʦʰʢʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʪʠʧʘ SiCa-
30 (30 % ʢʘʣʴʮʠʷ) ʩʦ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠʟ ʥʠʟʢʦ-
ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʪʠʧʘ 08. ɼʠʘʤʝʪʨ ʪʘʢʦʡ ʧʨʦʚʦ-
ʣʦʢʠ ʩʦʩʪʘʚʣʷʝʪ ʫ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 14-16 ʤʤ.  
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʟʚʦ-

ʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʛʦ 
ʢʘʣʴʮʠʷ, ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʯ ʪʝʭʥʦʣʦʛʠʠ. ʋʩʣʦʚʠʷ 
ʨʘʟʣʠʚʘʝʤʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 
ʢʘʣʴʮʠʷ ʚ ʧʨʦʤʢʦʚʰʝ ʥʘ ʫʨʦʚʥʝ 0,0015 ï 0,0025%, 
ʵʪʠ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫ-
ʨʳ, ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʟʣʠʚʘ-
ʝʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʧʨʦʤʢʦʚʰʝ ʜʝʣʘʶʪ 
ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 0,0005%.  
ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʧʦʩʣʝ ʦʪʜʘʯʠ ʥʘ 

ɸʇʂ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʩʪʨʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʘʚʣʠ-
ʚʘʝʪʩʷ ʥʘ ʦʪʤʝʪʢʝ 0,0045-0,005%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʧʨʠ ʨʘʟʣʠʚʢʝ 
0,0025-0,0030%. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʘ ʦʪ-
ʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʦʪʜʘʯʠ ʢʘʣʴʮʠʷ ʚ ʩʪʘʣʴ. 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʡ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 
ʧʝʨʝʭʦʜ ʥʘ ʧʦʨʦʰʢʦʚʫʶ ʧʨʦʚʦʣʦʢʫ ʩ ʙʦʣʴʰʠʤ ʩʦ-
ʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ. ʅʘʧʨʠʤʝʨ, ʵʬʬʝʢʪʠʚʥʦ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʧʦʨʦʰʢʦʚʘʷ ʢʘʣʴʮʠʝʚʘʷ ʧʨʦʚʦʣʦʢʘ ʪʠ-
ʧʘ FeCa-40 (40% ʢʘʣʴʮʠʷ). ʇʨʦʚʝʜʝʥʦ ʪʘʢʞʝ 
ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʧʨʦʚʦʣʦʢʠ, 
ʩʦʜʝʨʞʘʱʝʡ 100% ʢʘʣʴʮʠʷ. ʂʨʦʤʝ ʧʨʝʠʤʫʱʝʩʪʚ 
ʪʘʢʦʡ ʧʨʦʚʦʣʦʢʠ, ʩʫʱʝʩʪʚʫʝʪ ʫ ʥʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ 
ʥʝʜʦʩʪʘʪʦʢ ï ʵʪʦ ʩʢʣʦʥʥʦʩʪʴ ʢʘʣʴʮʠʷ ʢ ʚʟʨʳʚʫ. 
ʇʦʨʦʰʢʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ FeCa, 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʆɸʆ çʉʝʚʝʨʩʪʘʣʴè, ʇɸʆ 
çʄʄʂè, ʄɿ ɹʘʣʘʢʦʚʦ, ʂʄʂ, ɸʙʠʥʩʢʠʡ ʕʄɿ, 
ɸʰʠʥʩʢʠʡ ʄɿ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 
ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʚ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦ-

ʢʝ ʢʘʣʴʮʠʡ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ, 
ʥʘʧʨʠʤʝʨ: ʩʠʣʠʢʦʢʘʣʴʮʠʡ ʤʘʨʢʠ ʉʂ30, ʢʘʣʴʮʠʡ 
ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ, ʢʘʣʴʮʠʡ ʠʥʞʝʢʮʠʦʥʥʳʡ, ʘ ʪʘʢ-
ʞʝ ʚ ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ Ca ʩ ʨʘʟʣʠʯʥʳʤʠ 
ʜʦʙʘʚʢʘʤʠ.  
ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ 

ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʝʡ ʧʨʦʚʦʣʦʢʠ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷ-
ʶʪʩʷ ʉʠʣʠʢʦʢʘʣʴʮʠʡ ʉʂ-30 ʠ ʌʝʨʨʦʢʘʣʴʮʠʡ 
(ʩʤʝʩʴ ʢʘʣʴʮʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʩʦ ʩʪʘʣʴʥʦʡ 
ʜʨʦʙʴʶ 60/40 ʠʣʠ 70/30 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʜʠʘʤʝʪʨ 
ʧʨʦʚʦʣʦʢʠ ï 14 ʤʤ. 
ʇʨʦʚʦʣʦʢʘ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʉʂ-30 ʦʙʳʯʥʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʥʘ ʪʨʫʙʥʳʭ ʤʘʨʢʘʭ ʩʪʘʣʠ, ʛʜʝ ʥʝʪ 
ʞʝʩʪʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʢʨʝʤʥʠʶ ʠʣʠ ʛʜʝ ʥʫʞʥʦ 
ʧʦʣʫʯʘʪʴ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʝʤʥʠʷ. ɺ ʧʨʦʚʦʣʦʢʝ 
ʬʝʨʨʦʢʘʣʴʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʣʴʮʠʡ ʤʝʪʘʣʣʠʯʝ-
ʩʢʠʡ (Ca > 98,5 %) ʠ ʩʪʘʣʴʥʘʷ ʜʨʦʙʴ, ʝʸ ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʚʩʝʭ ʩʪʘʣʷʭ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʝʩ-
ʢʘʣʴʮʠʝʚʳʭ, ʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʫʩʚʦʝʥʠʷ ʵʪʠʭ ʜʚʫʭ 
ʥʘʧʦʣʥʠʪʝʣʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ 
ʥʘ ʦʜʥʦʡ ʤʘʨʢʝ ʩʪʘʣʠ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʚʦʣʦʢʘ ʩ 
ʥʘʧʦʣʥʠʪʝʣʝʤ ʉʂ-30 ʫʩʚʘʠʚʘʝʪʩʷ ʣʫʯʰʝ. ʕʪʦ ʦʙʲ-
ʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʉʂ-30 ʢʘʣʴʮʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʷ-
ʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʢʨʝʤʥʠʝʤ ʠ ʚʦ ʚʨʝʤʷ ʚʚʝʜʝʥʠʷ 
ʚ ʨʘʩʧʣʘʚ ʦʥ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦ-
ʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝ-
ʥʠʷ, ʜʨʫʛʠʤ ʦʙʲʷʩʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʪʘʣʴʥʘʷ ʜʨʦʙʴ, 
ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʢʠʩʣʠʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʜʨʦʙʠ ʩʪʘʣʴ ʥʘʩʳ-
ʱʘʝʪʩʷ ʚʨʝʜʥʳʤʠ ʧʨʠʤʝʩʷʤʠ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʵʪʠʭ ʧʨʦʚʦʣʦʢ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʣʦʯʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʩʪʘʣʴʥʘʷ ʣʝʥʪʘ ʰʠʨʠʥʦʡ 0,35-0,45 ʤʤ ʠʟ ʩʪʘʣʠ 
08ʖ ʠʣʠ 08ʢʧ. 
ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʪʝʭʥʦʣʦʛʠ ̫ʚʥʝʧʝʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. 
ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷɦ ʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ 
ʧʨʦʚʦʣʦʢʘ ʩ ʢʘʣʴʮʠʝʚʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ.  
ʅʘʧʨʠʤʝʨ, ʥʘ ʩʤʝʥʫ ʧʨʦʚʦʣʦʢʝ ʩ ʥʘʧʦʣʥʠʪʝ-

ʣʝʤ ʬʝʨʨʦʢʘʣʴʮʠʡ ʧʨʠʰʣʘ ʧʨʦʚʦʣʦʢʘ ʩ ʥʘʧʦʣʥʠ-
ʪʝʣʝʤ ʢʘʣʴʮʠʡ ʠʥʞʝʢʮʠʦʥʥʳʡ (Ca > 99 %) ʜʠʘ-
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ʤʝʪʨʦʤ 11 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ 
0,8 ʤʤ. ɼʘʥʥʘʷ ʧʨʦʚʦʣʦʢʘ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘ-
ʧʦʣʥʝʥʠʷ ʦʪ 22 ʜʦ 27,7% ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ 
1 ʧʦʛʦʥʥʦʤ ʤʝʪʨʝ ʧʨʦʚʦʣʦʢʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 69 ʜʦ 
97 ʛʨʘʤʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʕʪʘ 
ʧʨʦʚʦʣʦʢʘ ʧʦʣʥʦʩʪʴʶ ʨʝʰʘʝʪ ʚʦʧʨʦʩ ʚʦʟʤʦʞʥʦʛʦ 
ʧʦʧʘʜʘʥʠʷ ʚ ʨʘʩʧʣʘʚ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʦʪ ʩʪʘʣʴ-
ʥʦʡ ʜʨʦʙʠ, ʥʦ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʡ ʧʨʦ-
ʚʦʣʦʢʠ ʧʦʢʘ ʝʱʝ ʥʝʩʦʚʝʨʰʝʥʥʘ. ʅʝʜʦʩʪʘʪʢʦʤ ɻʪʦʡ 
ʧʨʦʚʦʣʦʢʠ ʷʚʣʷʝʪʩʷ ʤʘʩʩʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ 
ʝʝ ʧʦʛʦʥʥʦʤ ʤʝʪʨʝ. ɺʚʠʜʫ ʥʠʟʢʦʡ ʤʘʩʩʳ 1 ʧʦʛʦʥ-
ʥʦʛʦ ʤʝʪʨʘ (ʦʢʦʣʦ 350 ʛ) ʧʨʦʪʠʚ 420 ʛ ʫ FeCa 
(60/40), ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʧʣʘʚ ʢʘʣʴʮʝʚʦʡ 
ʧʨʦʚʦʣʦʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ 
ʨʠʩʢ ʢʠʧʝʥʠʷ ʢʘʣʴʮʠʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʞʠʜʢʦʛʦ 
ʤʝʪʘʣʣʘ, ʯʪʦ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʩʠʣʴʥʳʡ ʧʠ-
ʨʦʵʬʬʝʢʪ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʧʣʝʩʢ ʩʪʘʣʠ ʠʟ ʩʪʘ-
ʣʝʨʘʟʣʠʚʦʯʥʦʛʦ ʢʦʚʰʘ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ 1 ʤ 
ʧʨʦʚʦʣʦʢʠ ʠʟ ʢʘʣʴʮʠʝʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ 8-26 ʛ 
ʤʝʥʴʰʝ, ʯʝʤ ʚ FeCa (60/40) ʧʨʦʚʦʣʦʢʠ, ʯʪʦ ʫʚʝʣʠ-
ʯʠʚʘʝʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ.  
ʂʘʣʴʮʠʡ ʠʥʞʝʢʮʠʦʥʥʳʡ ī ʵʪʦ ʢʘʣʴʮʠʝʚʳʡ 

ʩʪʝʨʞʝʥʴ, ʢʦʪʦʨʳʡ ʟʘʢʘʪʳʚʘʶʪ ʚ ʩʪʘʣʴʥʫʶ ʦʙʦʣʦʯ-
ʢʫ. ʂʘʣʴʮʠʡ ʚ ʚʠʜʝ ʩʪʝʨʞʥʷ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʧʣʦ-
ʱʘʜʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʣʴʮʠʝʤ ʛʨʘ-
ʥʫʣʠʨʦʚʘʥʥʳʤ. ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʩʪʘʣʴ ʦʥ 
(Ca) ʥʝ ʤʦʞʝʪ ʨʘʩʪʚʦʨʠʪʴʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʠ ʧʨʦ-
ʜʦʣʞʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʤʝʨʝ ʨʘʩʪʚʦʨʝʥʠʷ, ʘ ʧʨʦʚʦ-
ʣʦʢʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʚʚʦʜʝ ʚ ʩʪʘʣʴ ʧʦʚʪʦʨʷʝʪ 
ʪʨʘʝʢʪʦʨʠʶ ʥʠʩʭʦʜʷʱʝʡ ʧʘʨʘʙʦʣʳ. ɺʩʣʝʜʩʪʚʠʝ 
ʫʢʘʟʘʥʥʦʛʦ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘ-
ʩʪʠ ʘʛʨʝʛʘʪʘ ʢʦʚʰ-ʧʝʯʴ ʢʘʣʴʮʠʝʚʳʡ ʩʪʝʨʞʝʥʴ ʤʦ-
ʞʝʪ ʧʨʦʜʦʣʞʠʪʴ ʜʚʠʞʝʥʠʝ ʠ ʫʡʜʝʪ ʚ ʰʣʘʢ, ʯʪʦ ʦʙʫ-
ʩʣʦʚʠʪ ʥʠʟʢʦʝ ʫʩʚʦʝʥʠʝ ʢʘʣʴʮʠʷ ʩʪʘʣʴʶ.  
ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʚʦʣʦʢʠ ʩ 

ʥʘʧʦʣʥʠʪʝʣʝʤ FeCa ʜʠʘʤʝʪʨʦʤ 14 ʤʤ ʠ ʧʦʨʦʰʢʦ-
ʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 11 ʤʤ ʩ Ca ʤʝʪʘʣʣʠʯʝ-
ʩʢʠʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 
14 ʤʤ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʢʘʣʴʮʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 
(Ca > 98,5%) ʠ ʪʦʣʱʠʥʦʡ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ 
0,8 ʤʤ. ʇʦʩʣʝʜʥʷʷ ʧʨʦʚʦʣʦʢʘ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 
ʟʘʧʦʣʥʝʥʠʷ 23-28% ʠ ʩʦʜʝʨʞʠʪ ʢʘʣʴʮʠʷ ʦʪ 105 ʜʦ 
130 ʛ ʥʘ ʤʝʪʨ, ʯʪʦ ʙʦʣʴʰʝ ʯʝʤ ʚ FeCa (60/40) ʥʘ 
10-15 ʛ, ʘ ʤʘʩʩʘ 1 ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʧʨʦʚʦʣʦʢʠ ʩʦ-
ʩʪʘʚʣʷʝʪ 456 ʛ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʦʚʘʷ ʧʨʦʚʦʣʦʢʘ 
ʛʣʫʙʞʝ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʨʘʩʧʣʘʚ. ɺʩʝ ʵʪʦ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʩʚʦʝʥʠʷ ʢʘʣʴʮʠʷ ʠ ʩʥʠʞʝʥʠ ʁ
ʚʨʝʤʝʥʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ. ʇʨʠ ʧʨʦʚʝ-
ʜʝʥʠʠ ʦʧʳʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʇɸʆ çʄʄʂè ʙʳʣʦ 
ʚʳʷʚʣʝʥʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ 
ʧʨʦʚʦʣʦʢʠ ʦʥʘ ʥʝ ʨʘʟʨʳʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʪʦʣ-
ʩʪʦʡ ʦʙʦʣʦʯʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʨʨʦʢʘʣʴʮʠʝʚʦʡ 
ʧʨʦʚʦʣʦʢʦʡ. ʋʩʚʦʝʥʠʝ ʢʘʣʴʮʠʷ ʚ ʤʝʪʘʣʣʝ ʫʚʝʣʠ-
ʯʠʣʦʩʴ ʥʘ 13% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ FeCa (60/40) ʠ ʥʘ 
10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʰʢʦʚʦʡ ʢʘʣʴʮʠʝʚʦʡ ʧʨʦ-
ʚʦʣʦʢʦʡ ʜʠʘʤʝʪʨʦʤ 11 ʤʤ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 
ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʦʚʦʣʦʢʠ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʉʂ-30 ʪʦʞʝ ʤʦ-
ʜʝʨʥʠʟʠʨʦʚʘʣʠʩʴ. ɹr ʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ ʧʨʦʚʦʣʦʢʠ ʩ ʥʦʚʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʉʂ40 
(ʢʘʣʴʮʠʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ + ʬʝʨʨʦʩʠʣʠʮʠʡ 65) 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʂ30 ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 
ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʧʨʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ. 
ʇʨʠ ʵʪʦʤ ʫʩʚʦʝʥʠʝ ʢʘʣʴʮʠʷ ʠʟ ʥʦʚʦʛʦ ʚʠʜʘ ʧʨʦʚʦ-
ʣʦʢʠ ʥʦʩʠʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 
ɺ ʤʠʨʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʣʠʢʦʢʘʣʴʮʠʝʚʦʛʦ ʧʦʨʦʰʢʦʚʘʷ 
ʧʨʦʚʦʣʦʢʠ ʤʘʨʢʠ ʉʂɿ0 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 
ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʚʚʦʜʘ ʢʘʣʴʮʠʷ ʚ 
ʩʪʘʣʴ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 
ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʧʣʘʚʝ (30 % ʉʘ ʠ 60 % Si) ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʯʝʪʘʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦ-
ʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʚʦʝʥʠʝ ʢʘʣʴʮʠʷ. ʉʣʝ-
ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʣʠʢʦʢʘʣʴ-
ʮʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ ʙʦʣʝʝ 30 % ʨʝʟʢʦ 
ʚʦʟʨʘʩʪʘʶʪ ʨʘʩʭʦʜʳ ʠ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜ-
ʥʦʩʪʠ ʩ ʦʪʜʝʣʝʥʠʝʤ ʬʝʨʨʦʩʧʣʘʚʘ ʦʪ ʰʣʘʢʘ, ʧʦʵʪʦ-
ʤʫ ʚʩʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 
ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʩʠʣʠʢʦʢʘʣʴʮʠʷ 
ʤʘʨʢʠ ʉʂ30. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ 
ʩʚʷʟʠ ʩ ʤʝʥʷʶʱʝʡʩʷ ʢʦʥʲʶʥʢʪʫʨʦʡ ʥʘ ʨʳʥʢʝ ʬʝʨ-
ʨʦʩʧʣʘʚʦʚ ʠ ʠʟʤʝʥʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ ʧʦʷʚʠ-
ʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʥʘʟʳʚʘʝʤʦʛʦ 
ʠʥʦʛʜʘ ʩʠʣʠʢʦʢʘʣʴʮʠʡ ʉʂ40 [2]. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ 
ʧʦʣʫʯʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʤʝʰʝʥʠʝʤ ʧʦʨʦʰʢʦʚ 
ʩʠʣʠʢʦʢʘʣʴʮʠʷ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʷ. ɺ ʧʨʦ-
ʮʝʩʩʝ ʚʚʦʜʘ ʧʨʦʚʦʣʦʢʠ ʦʙʨʘʟʫʝʪʩʷ ʩʧʣʘʚ ʠ ʥʝʦʙ-
ʭʦʜʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʬʝʨʨʦʩʧʣʘʚʝ ʜʦ-
ʩʪʠʛʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 
ʞʠʜʢʦʛʦ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʨʘʩʧʣʘʚʘ. ʊʘʢʘʷ 
ʧʨʦʚʦʣʦʢʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʤʝʪʘʣʣʫʨʛʠ-
ʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ.  
ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʂ40 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʩʧʣʘʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 40 % 
ʉʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʤʝʨʝ ʚʭʦʞʜʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ 
ʧʨʦʚʦʣʦʢʠ ʚ ʞʠʜʢʠʡ ʤʝʪʘʣʣ. ʇʨʠ ʵʪʦʤ ʧʨʦʪʝʢʘʝʪ 
ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʣʴʮʠʷ, 
ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʥʘʛʨʝʚ, 
ʨʘʩʪʚʦʨʝʥʠʝ, ʠʩʧʘʨʝʥʠʝ, ʜʠʩʩʦʮʠʘʮʠʷ, ʬʘʟʦʚʳʡ 
ʧʝʨʝʭʦʜ ʠ ʪ.ʜ.) ʢʘʢ ʚʥʫʪʨʠ ʧʨʦʚʦʣʦʢʠ, ʪʘʢ ʠ ʚ ʣʦ-
ʢʘʣʴʥʦʤ ʤʝʩʪʝ ʚʚʦʜʘ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʨʘʩʧʣʘʚ, ʯʪʦ 
ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʝ ʨʝʘʢʮʠʠ. ʇʦʨʦʰʢʦʚʘʷ 
ʧʨʦʚʦʣʦʢʘ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʉʂ40 ʦʪʣʠʯʘʝʪʩʷ ʧʦ-
ʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ ʚ ʧʦʛʦʥʥʦʤ ʤʝʪ-
ʨʝ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʩʚʦʝʥʠʝʤ ʢʘʣʴʮʠʷ (ʥʘ 15-
30%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʣʠʢʦʢʘʣʴʮʠʝʤ ʉʂ30. ʇʦ-
ʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 
ʢʘʣʴʮʠʷ ʚ ʤʝʪʘʣʣʝ ʨʘʩʭʦʜ ʧʨʦʚʦʣʦʢʠ ʉʂ40 ʤʝʥʴ-
ʰʝ ʚ 1,4-1,6 ʨʘʟʘ, ʯʝʤ ʧʨʦʚʦʣʦʢʠ ʉʂ30. ʕʪʦ ʦʙʫ-
ʩʣʦʚʣʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʟʘʪʨʘʪ ʧʦʪʨʝ-
ʙʠʪʝʣʷ ʧʨʠ ʟʘʢʫʧʢʝ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʠ 
ʮʝʣʳʡ ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ (ʩʥʠ-
ʞʝʥʠʝ ʢʨʘʥʦʚʦʛʦ ʚʨʝʤʝʥʠ, ʩʦʢʨʘʱʝʥʠʝ ʚʩʧʦʤʦʛʘ-
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ʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʫʤʝʥʴʰʝʥʠʝ 
ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ, ʧʦʪʝʨʴ ʪʝʧʣʘ ʠ ʧʨ.). 
ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʚ ʧʨʦʚʦʣʦʢʝ ʉʂ30 ʧʨʠ 

ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʉʘ 30% ʥʝʢʦʪʦʨʘʷ ʝʛʦ ʯʘʩʪʴ 
ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ, ʚ ʪ.ʯ. ʢʦʤʧʣʝʢʩ-
ʥʳʭ (ʠʥʦʛʜʘ ʜʦ 10-15% ʘʙʩ.). ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʫʩʣʦʚʠʷʭ ʵʪʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚʩʣʝʜ-
ʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʟʘʯʘʩʪʫʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦ-
ʚʝʜʝʥʠ ̫ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ-
ʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦ ʫʩʚʦʝʥʠʶ 
ʢʘʣʴʮʠʷ ʧʨʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʘ ʧʦ-
ʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ ʢʘʢ ʩ ʥʘʧʦʣʥʝʥʠʝʤ ʉʂ30, 
ʪʘʢ ʠ ʉʂ40. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʚʦʝʥʠʷ ʢʘʣʴʮʠʷ, 
ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʧʨʠ 
ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 
ʥʦʚʳʝ ʩʦʩʪʘʚʳ ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʚʦʣʦʢ (ʘʥʘʣʦʛʠ 
ʉʂ30 ʠ ʉʂ40) ʩ ʥʘʧʦʣʥʝʥʠʝʤ ʬʝʨʨʦʩʠʣʠʮʠʝʤ ʠ 
ʢʘʣʴʮʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ (ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ 
ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚ ʥʘʧʦʣʥʠʪʝʣʝ ʥʝ ʤʝʥʝʝ 30 ʠ 40% 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʃʫʯʰʝʝ ʫʩʚʦʝʥʠʝ ʥʦʚʦʡ ʧʨʦʚʦ-
ʣʦʢʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 
ʨʘʩʧʣʘʚʘ FeSi65 ʠ ʢʘʣʴʮʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ (40%), 
ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʚʝʜʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʚ 
ʢʦʚʰ, ʚʳʰʝ, ʯʝʤ ʫ ʉʂ 30, ʥʘ 150Áʉ. ʊʘʢʞʝ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʧʨʦʚʦʣʦʢʠ ʷʚ-
ʣʷʝʪʩʷ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ (ʜʦ 0,15%), 
ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʧʨʠ ʦʙʨʘ-
ʙʦʪʢʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʦʜʥʦʤ ʠʟ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʤʘʨʦʢ ʪʠʧʘ 
32ɻ2, 13ʍʌɸ, 20 ʥʦʚʦʛʦ ʚʠʜʘ ʧʨʦʚʦʣʦʢʠ ʉʂ40 ʚ 
ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʦʚʦʣʦ-
ʢʦʡ (ʦʙʳʯʥʳʡ ʉʂ40 ʥʘ ʙʘʟʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʴ-
ʮʠʷ ʠ ʩʠʣʠʢʦʢʘʣʴʮʠʷ ʉʂ30), ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʘʨʘʣ-
ʣʝʣʴʥʳʭ ʢʦʚʰʝʡ ʦʜʥʦʡ ʧʣʘʚʢʠ (ʚʳʧʫʩʢ ʚ 2 ʢʦʚʰʘ) 
ʧʦʢʘʟʘʣʦ ʧʦʚʳʰʝʥʥʦʝ ʫʩʚʦʝʥʠʝ ʢʘʣʴʮʠʷ: ʧʝʨʝʜ 
ʦʪʜʘʯʝʡ ʢʦʚʰʘ ʥʘ ʨʘʟʣʠʚʢʫ ʥʘ 20-25% ʦʪʥ., ʧʦ ʛʦ-
ʪʦʚʦʤʫ ʤʝʪʘʣʣʫ ï 15-20% ʦʪʥ.  

ɺʳʚʦʜʳ 

1. ʈʘʩʩʤʦʪʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʥʝ-
ʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʝʡ ʧʦ-
ʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʩʪʘʣʠ ʧʫʪʝʤ ʝʝ ʛʣʫʙʦʢʦʛʦ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʤʦʜʠʬʠ-
ʮʠʨʦʚʘʥʠʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʩʥʠʞʝ-
ʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʪʘʢʘʥʘʭ-
ʜʦʟʘʪʦʨʘʭ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʝ. 
2. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʦʨʦʰʢʦʚʦʡ 

ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʝʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʪʠʧʘ 
ʉʂ30, ʉʂ40, ʘ ʪʘʢʞʝ ʩ ʢʘʣʴʮʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ. 
ʇʨʦʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ ʠ ʜʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩ 
ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʣʴʮʠʝʤ.  
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ʋɼʂ 531.43/46 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ɻʃɸɺʅʓʍ ʃʀʅʀʁ 
ʐʀʈʆʂʆʇʆʃʆʉʅʓʍ ʉʊɸʅʆɺ 

ɸʥʮʫʧʦʚ ɸ.ɺ. (ʤʣ.)
1
, ɸʥʮʫʧʦʚ ɸ.ɺ.

2
, ɸʥʮʫʧʦʚ ɺ.ʇ.

1
, ʃʷʰʝʚʘ ʖ.ʉ.

1
  

1ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʙʦʪʳ ʜʝʡʩʪʚʫʶʱʠʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʪʘʥʦʚ ʩ ʧʦʟʠʮʠʡ ʵʢʦʥʦ-
ʤʠʯʝʩʢʦʡ ʢʠʙʝʨʥʝʪʠʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʣʘʚʥʳʭ ʣʠʥʠʡ ʟʘ ʩʯʝʪ ʨʘʩʯʝʪʥʦʡ ʦʮʝʥʢʠ ʠ ʧʨʦʜʣʝʥʠʷ ʦʞʠʜʘʝ-
ʤʦʛʦ ʨʝʩʫʨʩʘ ʥʠʟʢʦʥʘʜʝʞʥʳʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʪʝʧʝʥʥʳʭ ʦʪʢʘʟʦʚ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʢʠʥʝʪʠ-
ʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʂʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʠʚʘʪʴ 
ʦʞʠʜʘʝʤʳʡ ʫʨʦʚʝʥʴ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʝʩʫʨʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʝʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʴ 
ʜʝʡʩʪʚʫʶʱʠʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʪʘʥʦʚ, ʥʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝ-
ʰʝʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʠʟʢʦʥʘʜʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʥʠʞʝʥʠʷ ʧʨʦʩʪʦʝʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 
ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝ-
ʤʳʭ ʩʪʘʥʦʚ ʥʘ ʩʪʘʜʠʠ ʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʘʚʥʳʝ ʣʠʥʠʠ, ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʪʘʥ; ʥʠʟʢʦʥʘʜʝʞʥʳʝ 

(ʨʝʩʫʨʩʥʳʝ) ʵʣʝʤʝʥʪʳ; ʧʨʦʝʢʪʥʘʷ ʦʮʝʥʢʘ (ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ); ʦʞʠʜʘʝʤʳʡ ʨʝʩʫʨʩ; ʛʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʴ; ʧʦʚʳʰʝʥʠʝ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

 

 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʣʦʞʥʳʭ ʤʝʭʘʥʠ-
ʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʣʝʢʩʳ ʦʩ-
ʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʣʘʚʥʳʭ ʣʠʥʠʡ (ɻʃ) ʯʠʩʪʦ-
ʚʳʭ ʢʣʝʪʝʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʪʘʥʦʚ (ʐʉ), ʷʚʣʷʝʪʩʷ 
ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘ-
ʤʝʪʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ [1-4]. 
ɽʛʦ ʚʝʣʠʯʠʥʫ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʦʟʤʦʞʥʦʡ ʯʘʩʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ,ʪ/ʯ,q  

ʥʘ ʛʦʜʦʚʦʡ ʬʦʥʜ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

,ʯ/ʛʦʜrʊ  [5-6]: 

rʊqQ Ö= .   (1) 

ɺ ʫʩʣʦʚʠʠ (1) 
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-=--= ä
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iNOMPREMKr ʊʊʊʊʊʊ
1

, (2) 

ʛʜʝ Kʊ  ī ʢʘʣʝʥʜʘʨʥʳʡ ʛʦʜʦʚʦʡ ʬʦʥʜ ʚʨʝʤʝʥʠ ʧʨʠ 

365 ʜʥʷʭ ʚ ʛʦʜʫ; 27ʩʫʪʈɽʄʊ =  ī ʩʫʤʤʘʨʥʳʝ ʛʦʜʦ-

ʚʳʝ ʧʨʦʩʪʦʠ ʩʪʘʥʘ ʥʘ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ 
ʠ ʢʘʧʠʪʘʣʴʥʳʝ ʨʝʤʦʥʪʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʠʟ 

ʦʧʳʪʘ ʨʘʙʦʪʳ ʩʪʘʥʘ; Pʊ  ī ʧʨʦʩʪʦʠ ʩʪʘʥʘ ʧʦ ʨʘʟ-

ʣʠʯʥʳʤ (i -ʤ) ʧʨʠʯʠʥʘʤ; 

                                                      
Ò ɸʥʮʫʧʦʚ ɸ.ɺ. (ʤʣ.), ɸʥʮʫʧʦʚ ɸ.ɺ., ɸʥʮʫʧʦʚ ɺ.ʇ.,  

ʃʷʰʝʚʘ ʖ.ʉ., 2020 

(365 27) 24ʯ 8112ʯNOM K REMʊ ʊ ʊ= - = - Ö = ī ʥʦ-

ʤʠʥʘʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʯʘʩʦʚ ʩʪʘʥʘ ʚ ʛʦʜʫ. 

ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʧʨʦʩʪʦʝʚ ʩʪʘʥʘ ä
=

=

=
ki

i

iP ʊʊ
1

, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʝʚʘʣʦʢ ʨʘʙʦ-

ʯʠʭ ʚʘʣʢʦʚ (1=i ), ʦʧʦʨʥʳʭ ʚʘʣʢʦʚ (2=i ), ʧʨʦ-
ʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʊʆ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 
ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʰʘʨʥʠʨʦʚ 
ʋʐ, ʧʦʜʰʠʧʥʠʢʦʚ, ʟʫʙʯʘʪʳʭ ʤʝʭʘʥʠʟʤʦʚ 

( mi ,...,5,4,3= ), ʥʘʩʪʨʦʝʢ ʠ ʧʝʨʝʩʪʨʦʝʢ ʩʪʘʥʘ 

( 1+=mi ), ʧʨʠʝʤʦʢ ʠ ʩʜʘʯ ʩʤʝʥ (2+=mi ) ʠ 

ʜʨʫʛʠʭ ʨʘʙʦʪ (kmi ...,,3+= ), ʦʧʨʝʜʝʣʷʶʪ ʦʙʳʯ-

ʥʦ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʠʷ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʩʪʘʥʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʟʥʘʯʝʥʠʝ Pʊ  ʥʘ 

ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʪʘʥʝ ʥʘʟʥʘʯʘʶʪ ʪʦʣʴʢʦ ʠʟ 
ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 

(0,7...1,3) (612...1138)ʯP ʂʊ ʊ= Ö = . ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʩʥʠʞʝʥʠʝ ʢʘʞʜʦʛʦ ʯʘʩʘ ʧʨʦʩʪʦʝʚ Pʊ  ʟʘ ʩʯʝʪ ʧʨʦ-

ʜʣʝʥʠʷ ʨʝʩʫʨʩʘ ʣʶʙʦʛʦ i -ʛʦ ɻʣʝʤʝʥʪʘ ʤʦʞʝʪ ʧʨʠ-
ʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʪʘʥʘ ʠ 
ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠ̫ ʪʠʷ. 
ɺ ʵʪʦʤ ʧʣʘʥʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʥʘʨʦʜʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ-
ʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʥʦʡ ʦʮʝʥʢʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
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ʥʦʩʪʠ ʐʉ ʚ ʬʫʥʢʮʠʠ ʩʫʤʤʘʨʥʳʭ ʥʘʨʘʙʦʪʦʢ ʜʦ 
ʦʪʢʘʟʘ ʥʘʠʤʝʥʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ (ʥʠʟʢʦʥʘʜʝʞ-
ʥʳʭ, ʨʝʩʫʨʩʥʳʭ) i -ʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʠ ʜʣʠʪʝʣʴ-
ʥʦʩʪʠ ʠʭ ʛʦʜʦʚʳʭ ʧʨʦʩʪʦʝʚ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 
ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʡ 
ʚʘʨʠʘʥʪ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʛʣʘʚʥʳʭ ʣʠʥʠʡ 

ɺ ʦʩʥʦʚʫ ʨʝʰʝʥʠʷ ʦʟʚʫʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ 
ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʙʘʟʦʚʳʝ ʠʜʝʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 
ʠʩʩʣʝʜʦʚʘʥʠʶ, ʘʥʘʣʠʟʫ ʠ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘ-
ʙʦʪʘʭ [7, 8]. ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʠʩʪʝʤʫ çʧʨʦʢʘʪʥʳʡ ʩʪʘʥ 
ï ʧʦʣʦʩʘè ʩ ʧʦʟʠʮʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʠʙʝʨʥʝʪʠʢʠ 
[7], ʘʚʪʦʨ ʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʝʝ. ʀʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝ-
ʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (1) ʧʨʝʦʙʨʘʟʫʝʪ ʛʦ-

ʜʦʚʦʝ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ,ʯ/ʛʦʜrʊ  (ʢʘʢ ʨʘʟʥʦʩʪʴ ʥʦʤʠ-

ʥʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʦʚ ʚ ʛʦʜʫ ʠ ʢʦʣʠʯʝʩʪʚʘ 
ʯʘʩʦʚ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʥʘ ʧʨʦʩʪʦʠ, ʩʤ. (2)) ʚ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʪʦʥʥ ʚ ʛʦʜ , ʪ/ʛʦʜ,Q  ʫʤʥʦʞʝ-

ʥʠʝʤ ʝʛʦ ʥʘ ʯʘʩʦʚʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ,ʪ/ʯq  

(ʨʠʩ. 1, ʘ). 
ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʝʪʴ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʨʝ-

ʩʫʨʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ī ʨʘʙʦʯʠʝ ʚʘʣʢʠ (1=i ) ʠ ʠʩʩʣʝ-

ʜʦʚʘʪʴ ʚʨʝʤʷ 1=iʊ , ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʘ 

ʠʭ ʧʝʨʝʚʘʣʢʠ, ʪʦ ʧʦ ʪʦʤʫ ʞʝ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʤʫ 
ʧʨʠʥʮʠʧʫ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʢʘʪʘʥ-
ʥʳʭ ʪʦʥʥ ʚ ʛʦʜ , ʪ/ʛʦʜ,Q  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʦ 

ʚ çʦʪʨʠʮʘʪʝʣʴʥʦʝè ʛʦʜʦʚʦʝ ʚʨʝʤʷ ʧʝʨʝʚʘʣʦʢ ʨʘʙʦʯʠʭ 

ʚʘʣʢʦʚ 1,ʯ/ʛʦʜiʊ= , ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ 

Qfʊi Ö=- =1 ,   (3) 

ʛʜʝ 111 ]/[/ === == iii QtQTf  ī ʧʝʨʝʜʘʪʦʯʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʮʝʧʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
(ʨʠʩ. 1, ʙ), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʜʦʣʶ ʚʨʝʤʝʥʠ ʧʝ-
ʨʝʚʘʣʦʢ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʧʨʦʢʘʪʘ, 

ʯ/ʪ [7]; 1=it  ī ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʦʷ ʩʪʘʥʘ ʥʘ ʦʜ-

ʥʫ ʧʝʨʝʚʘʣʢʫ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ, ʯ; 
.

1][ =iQ  ī ʢʦʣʠʯʝ-

ʩʪʚʦ ʤʝʪʘʣʣʘ, ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʞʜʫ ʧʝʨʝʚʘʣʢʘ-
ʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʩʫʨʩ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ ʚ ʪʦʥʥʘʭ 
ʩʦʛʣʘʩʥʦ ɻʆʉʊ 27.002 [9].  

ʉʦʚʤʝʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ (1) ʠ (3) 
ʧʦʣʫʯʘʝʤ ʟʘʚʠʩʠʤʦʩʪʴ [7]: 
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ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ ʥʘ ʨʠʩ. 1, 
ʚ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʜʚʫʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ q  ʠ f , ʩʦʝʜʠʥʝʥʥʳʭ ʧʦ 

ʩʭʝʤʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʋʯʠʪʳʚʘʷ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ f , ʫʨʘʚʥʝʥʠʝ (4) 
ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʠʩʢʦʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

.
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 (5) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʩʫʨʩ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ ʚ ʯʘʩʘʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ qQt iir /][ 11 === , ʟʘʚʠ-

ʩʠʤʦʩʪʴ (5) ʜʣʷ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ ʐʉ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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ʇʦʜʦʙʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨ-
ʥʳʭ ʩʭʝʤ ʥʘ ʨʠʩ. 1, ʚ ʠ ʫʨʘʚʥʝʥʠʡ (4) - (6) ʤʦʞʥʦ 
ʧʦʚʪʦʨʠʪʴ ʜʣʷ ʜʨʫʛʠʭ ʨʝʩʫʨʩʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

ʦʧʦʨʥʳʭ ʚʘʣʢʦʚ (2=i ), ʰʘʨʥʠʨʦʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʰʧʠʥʜʝʣʝʡ (3=i ), ʧʦʜh ʠʧʥʠʢʦʚʳʭ ʦʧʦʨ (4=i ), 

ʟʫʙʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʡ (5=i ) ʠ ʪʘʢ ʜʘʣʝʝ ʜʣʷ 

ki ...,,6= .  

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) 
ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ ʥʝʛʦ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥ-

ʜʝʢʩʘ i  (ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʷ 1=i ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʯʪʦ ʦʥʦ ʦʪʚʝʯʘʝʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠ ʩʚʷʟʳ-

ʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ Q  ʦʩʥʦʚ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʐʉ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʩʫʨʩʦʤ 

irt  ʠʩʩʣʝʜʫʝʤʦʛʦ ʥʠʟʢʦʥʘʜʝʞʥʦʛʦ i -ʛʦ ʵʣʝʤʝʥʪʘ 

ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ it  ʝʛʦ ʝʜʠʥʠʯʥʦʛʦ ʧʨʦʩʪʦʷ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ.  

 

ʈʠʩ. 1. ʉʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʐʉ [7] 
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ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʝʜʠʥʠʯʥʳʭ it  ʠ ʛʦʜʦʚʳʭ iʊ 

ʧʨʦʩʪʦʝʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʝʤʦʥʪʘ) ʪʝʭ ʠʣʠ 
ʠʥʳʭ i -ʭ ʥʠʟʢʦʥʘʜʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝ̫ʪʩʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʧʝʨʘʮʠʡ ʊʆʠʈ [3] ʠ ʚ ʧʨʦ-

ʝʢʪʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q  ʧʦ ʫʩʣʦ-

ʚʠʶ (6) ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪ-
ʨʦʚ, ʪʦ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʨʝʩʫʨʩʘ irt  ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ʅʠʞʝ 
ʧʨʝʜʩʪʘʚʣʝʥ ʘʚʪʦʨʩʢʠʡ ʚʘʨʠʘʥʪ ʝʝ ʨʝʰʝʥʠʷ. 

ʄʦʜʝʣʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʝʧʝʥʥʳʭ ʦʪʢʘʟʦʚ 
ʥʠʟʢʦʥʘʜʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ  

ɼʣʷ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʨʝʩʫʨʩʘ irt  i -ʭ ʵʣʝ-

ʤʝʥʪʦʚ ɻʃ ʐʉ ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʠ ʠʭ ʧʘʨʘʤʝʪʨʠ-
ʯʝʩʢʠʭ ʦʪʢʘʟʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦ-
ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʠʭ ʧʦʩʪʨʦʝʥʠʠ, ʥʘ 
ʥʘʰ ʚʟʛʣʷʜ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʙʘʟʦʚʳʭ 
ʫʨʘʚʥʝʥʠʡ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʠ-
ʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ [10-13] ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʩʥʦʚʦ-
ʧʦʣʘʛʘʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜ-
ʭʦʜʘ: ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʦʯʥʦʩʪʠ 
ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʵʥʝʨʛʦʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʠʟ-
ʥʘʰʠʚʘʥʠʷ ʫʟʣʦʚ ʪʨʝʥʠʷ [14-17]. 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠ-

ʷʤ ʧʦʩʪʝʧʝʥʥʳʭ ʦʪʢʘʟʦʚ i -ʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʧʦ ʣʶʙʦʤʫ ʢʨʠʪʝʨʠʶ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦ-
ʩʪʠ (ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʩʞʘʪʠʠ, ʠʟʛʠʙʝ, ʢʨʫʯʝʥʠʠ, 
ʩʣʦʞʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʠ ʠ ʜʨ.) ʩʦʛʣʘʩʥʦ [10, 11, 13] ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ: 
ī ʩʠʩʪʝʤʫ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʮʝʥʢʠ: 
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(7) 

ī ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝ-
ʤʫ (7) ʧʘʨʘʤʝʪʨʦʚ, ʦʪʨʘʞʘʶʱʠʝ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ 
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ i -ʡ ʜʝʪʘʣʠ. 

ʇʘʨʘʤʝʪʨʳ, ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ 
(7), ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ [11, 13, 14]. 

jiʝu" ī ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝ-

ʥʠʡ (ʜʝʬʝʢʪʦʚ) ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 
ʤʘʪʝʨʠʘʣʘ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ i -ʡ ʠʩʩʣʝʜʫʝʤʦʡ ʜʝʪʘʣʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʨʦʢʘʪʢʠ j -ʡ ʧʘʨʪʠʠ ʧʦʣʦʩ. 

jiʝu  ī ʪʝʢʫʱʘʷ ʩʫʤʤʘʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʜʝʬʝʢʪʦʚ, ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʣʦʢʘʣʴʥʦʤ ʥʘʠʙʦʣʝʝ 
ʥʘʧʨʷʞʝʥʥʦʤ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ, ʛʜʝ ʜʝʡʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʯʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ jis , ʧʦʩʣʝ 

ʧʨʦʢʘʪʢʠ ʧʘʨʪʠʡ ʧʦʣʦʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ ʧʝʨ-

ʚʦʡ ʜʦ ʪʝʢʫʱʝʡ j -ʡ. 

)/( jjjjjj VhbGt ÖÖÖÖ= r  ī ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʢʘʪʢʠ j -ʡ ʧʘʨʪʠʠ ʧʦʣʦʩ ʤʘʩʩʦʡ jG  ʩ ʧʦʧʝ-

ʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ jj hb Ö , ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ 

jr, ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʦʢʘʪʢʠ jV . 

istrk  ī ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ [11]. 

k , h  ī ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ ʠ ʧʦʩʪʦʷʥʥʘʷ 
ʇʣʘʥʢʘ. 

0ieu  ʠ *ieu  ī ʥʘʯʘʣʴʥʦʝ ʠ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘ-

ʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʢʨʳʪʦʡ ʵʥʝʨʛʠʠ ʜʝʬʝʢʪʦʚ tieu  

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ i -ʛʦ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥ-
ʥʦ [14]. 

( )jii TU ,0s¡  ī ʥɻʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʝʬʝʢʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ jiT  ʠ ʥʘʧʨʷʞʝʥʠʠ 

ji0s  ( ji0s  ī ʩʨʝʜʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʠʣʠ ʰʘʨʦʚʘʷ 

ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ; jiT  ī ʪʝʢʫʱʘʷ (j -ʷ) 

ʩʨʝʜʥʷʷ ʧʦ ʜʝʬʦʨʤʠʨʫʝʤʦʤʫ ʦʙʲʝʤʫ ʪʝʤʧʝʨʘʪʫʨʘ 
ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʘ) [13, 14]. 

0
jiVA  ī ʨʘʙʦʪʘ ʰʘʨʦʚʦʛʦ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 

(ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ) ji0s  [13, 14]. 

P
irt  ī ʨʘʩʯʝʪʥʳʡ ʨʝʩʫʨʩ ʠʩʩʣʝʜʫʝʤʦʛʦ i -ʛʦ 

ʵʣʝʤʝʥʪʘ. 
*
Pj  ī ʥʦʤʝʨ ʧʘʨʪʠʠ ʧʦʣʦʩ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

ʧʨʝʜʝʣʴʥʦʡ ī ( 1* +Pj )-ʡ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʢʦ-

ʪʦʨʦʡ ʧʨʦʠʟʦʡʜʝʪ ʦʪʢʘʟ i -ʛʦ ʵʣʝʤʝʥʪʘ. 

iPk  ī ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʨʝʤʷ ʧʘʫʟ 

ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʧʨʠ ʧʨʦʢʘʪʢʝ. 
ɸʣʛʦʨʠʪʤʠʟʘʮʠʷ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʠ ʦʪ-

ʢʘʟʦʚ ʦʧʨʝʜʝʣʠʪ ʤʝʪʦʜʠʢʫ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 
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ʨʝʩʫʨʩʘ 
P
irt  ʣʁ ʙʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ i -ʛʦ ʵʣʝʤʝʥʪʘ 

ɻʃ ʐʉ ʧʦ ʪʨʝʙʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʧʨʦʯʥʦʩʪʠ. 
ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ 

ʥʘʠʤʝʥʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ i -ʭ ʫʟʣʦʚ ʪʨʝʥʠʷ ɻʃ 

ʐʉ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʙʘʟʦʚʦʤ ʫʨʘʚʥʝʥʠʠ ʵʥʝʨʛʦ-
ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʠʟʥʘʰʠʚʘʥʠʷ ʪʨʠʙʦʩʦ-
ʧʨʷʞʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʠʭ ʠʟʥʘʰʠʚʘʥʠʷ 

ijy , ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ [13, 15]:  

ī ʩʠʩʪʝʤʫ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ: 
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     (8) 

ī ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʚʭʦ-
ʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ (8) ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 
ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʧʨʠ 
ʝʛʦ ʠʟʥʘʰʠʚʘʥʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝ-
ʥʠʷ. 
ʇʘʨʘʤʝʪʨʳ, ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ 

(8), ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ [11, 13, 14, 15, 18]. 

ijy  ʠ jiy  ī ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ i -ʛʦ ʩʦʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʦʢʘʪʢʝ j -ʡ ʧʘʨʪʠʡ 

ʧʦʣʦʩ ʠ ʝʛʦ ʪʝʢʫʱʠʡ ʩʫʤʤʘʨʥʳʡ ʠʟʥʦʩ. 
*
ia  ʠ 1n ī ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ ʠ ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʚʥʝʰʥʝʡ ʵʥʝʨʛʠʠ. 

iTiai AA /* =a  ī ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ 

ʧʣʦʱʘʜʠ ʪʨʝʥʠʷ iTA  ʠʟʥʘʰʠʚʘʝʤʦʛʦ ʪʨʠʙʦʵʣʝ-

ʤʝʥʪʘ ʥʦʤʠʥʘʣʴʥʦʡ ʧʣʦʱʘʜʴ ʁʢʦʥʪʘʢʪʘ iaA . 

in ī ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʚʥʝʰʥʝʡ ʵʥʝʨ-

ʛʠʠ ʪʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʤʘʪʝʨʠʘʣʘ ʠʟ-
ʥʘʰʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ [13, 15, 18]. 

ʫ
jimehf  ī ʤʝʭʘʥʠʯʝʩʢʘ ̫ʩʦʩʪʘʚʣʷʶʱʘ ̫ʢʦʬɻ-

ʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘ ̫ʩʦʛʣʘʩʥʦ [13, 15].  

jip  ï ʩʨʝʜʥʝʝ (ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ) ʥʦʤʠʥʘʣʴ-

ʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʢʦʥʪʘʢʪʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʩʦʧʨʷ-

ʞʝʥʠʠ ʧʨʠ ʧʨʦʢʘʪʢʝ j -ʡ ʧʘʨʪʠʡ ʧʦʣʦʩ. 

iskV  ï ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ i -ʛʦ ʩʦʧʨʷʞʝʥʠʷ. 

*ieu  ï ʢʨʠʪʠʯʝʩʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʟʥʘʰʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ 
[14]. 

I
irt  ï ʨʘʩʯʝʪʥʳʡ ʨʝʩʫʨʩ ʠʩʩʣʝʜʫʝʤʦʛʦ i -ʛʦ ʫʟ-

ʣʘ ʪʨʝʥʠʷ.  
*
Ij  - ʥʦʤʝʨ ʧʘʨʪʠʠ ʧʦʣʦʩ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

ʧʨʝʜʝʣʴʥʦʡ ī ( 1* +Ij )-ʡ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʢʦ-

ʪʦʨʦʡ ʧʨʦʠʟʦʡʜʝʪ ʦʪʢʘʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʟʣʘ.  
ɸʣʛʦʨʠʪʤʠʟʘʮʠʷ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʠ ʦʪʢʘ-

ʟʘ ʫʟʣʦʚ ʪʨʝʥʠʷ ʦʧʨʝʜʝʣʠʪ ʤʝʪʦʜʠʢʫ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʨʝʩʫʨʩʘ 
I
irt  ʣʶʙʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ i -ʛʦ ʪʨʠ-

ʙʦʩʦʧʨʷʞʝʥʠʷ ɻʃ ʐʉ ʧʦ ʢʨʠʪʝʨʠʶ ʝʛʦ ʠʟʥʦʩʦ-
ʩʪʦʡʢʦʩʪʠ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʦʙʱʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʟʘ-
ʢʣʶʯʠʪʴ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ (6) - (8) ʠ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ: 
ï ʚʳʧʦʣʥʠʪʴ ʧʨʦʛʥʦʟʥʫʶ ʦʮʝʥʢʫ ʨʝʩʫʨʩʘ ʚʩʝʭ 

ʥʘʠʤʝʥʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʳʭ 
ʧʨʠʚʦʜʦʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʪʘʥʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩ-
ʥʦʛʦ ʩʪʘʥʘ; 
ï ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʧʦʩʦʙʦʚ ʧʨʦʜʣʝʥʠʷ ʨʝʩʫʨʩʘ irt  ʥʠʟʢʦʥʘʜʝʞʥʳʭ 

ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʠ ʚʳʙʠʨʘʪʴ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʧʪʠ-
ʤʘʣʴʥʳʝ (ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ) ʨʝʰʝʥʠʷ. 
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ʀɿɺʃɽʏɽʅʀɽ ɺɸʅɸɼʀʗ ʀɿ ɾɽʃɽɿʆʈʋɼʅʆɻʆ ʉʓʈʔʗ 

ʄʘʭʦʪʢʠʥʘ ɽ.ʉ., ʐʫʙʠʥʘ ʄ.ɺ.  

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ.ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʣʫʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʤʠʨʝ. ɼʘʥʳ ʦʩʥʦʚ-
ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʟʘʧʘʩʳ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʖʞʥʦʛʦ ʋʨʘʣʘ. ʈʘʩʩʤʦʪ-
ʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚr -
ʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʨʫʜ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʧʳʪʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ 
ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʤʝʨʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ 
ʚʘʥʘʜʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚ 
ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʘʥʘʜʠʡ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʘʷ ʨʫʜʘ, ʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʦʙʞʠʛ, ʩʪʝʧʝʥʴ ʠʟ-

ʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ, ʠʣʴʤʝʥʠʪ, ʤʘʛʥʝʪʠʪ.  

 
ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ. ʆʩʥʦʚ-
ʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʚʘʥʘʜʠʡʩʦʜʝʨ-
ʞʘʱʠʝ ʰʣʘʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘ-
ʣʠ (ʦʢʦʣʦ 71% ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʘʥʘʜʠʷ). 
ʀʟ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʟʦʣʘ, ʢʘʪʘʣʠʟʘʪʦʨʳ, ʦʪ-
ʭʦʜʳ ʦʪ ʩʞʠʛʘʥʠʷ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʙʨʦʩʥʳʝ 
ʚʦʜʳ ʠ ʪ.ʜ.) ʠʟʚʣʝʢʘʝʪʩʷ ʦʢʦʣʦ 12% ʚʘʥʘʜʠʷ ʚ ʤʠ-
ʨʝ. ʀʟ ʧʝʨʚʠʯʥʦʡ ʨʫʜʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦ-
ʜʫʢʪʘ ʧʦʣʫʯʘʶʪ ʧʨʠʤʝʨʥʦ 17% ʦʪ ʤʠʨʦʚʦʛʦ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ʚʘʥʘʜʠʷ [1, 2].  
ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʝʨʨʦʚʘʥʘʜʠʷ ʠ ʜʨʫʛʠʭ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 
ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʥʘ ɿʝʤʣʝ ʪʠʪʘʥʦʤʘʛʥʝʪʠ-
ʪʦʚʘʷ ʨʫʜʘ. ɻʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʠʪʘʥʦʤʘʛʥʝʪʠ-
ʪʦʚʳʭ ʨʫʜ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʋʨʘʣʝ (ʂʫʩʠʥʩʢʦʝ, ʂʦ-
ʧʘʥʩʢʦʝ, ʄʝʜʚʝʜʸʚʩʢʦʝ). ʕʪʠ ʨʫʜʳ ʩʦʜʝʨʞʘʪ ʚ 
ʩʨʝʜʥʝʤ ʦʪ 14,0 ʜʦ 22,2% ʞʝʣʝʟʘ, ʚ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫ-
ʝʪ ʪʠʪʘʥ ʠ ʚʘʥʘʜʠʡ. ʇʦ ʦʮʝʥʢʘʤ ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ 
ʠʣʴʤʝʥʠʪʦʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 428 
ʤʣʥ ʪ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ TiO2 ī 7,06%, Fe ī 
14,95%, V2O5 ī 0,11%). ɿʘʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʪʠʪʘ-
ʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʦʮʝʥʝʥʳ ʚ 109,7 ʤʣʥ. ʪ (ʩʨʝʜ-
ʥʝʝ ʩʦʜʝʨʞʘʥʠʝ TiO2 ī 6,34%, Fe ī 22,20%, V2O5 ī 
0,25%). ʉʫʤʤʘʨʥʳʝ ʟʘʧʘʩʳ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʪʠʪʘ-
ʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʨʘʚʥʳ 537,7 ʤʣʥ ʪ (ʩʨʝʜʥʝʝ ʩʦ-
ʜʝʨʞʘʥʠʝ Fe ī 16,43%, V2O5 ī 0,14%) [3, 4]. 
ɺʢʨʘʧʣʸʥʥʦʩʪʴ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʚ ʨʫʜʘʭ ʤʦ-

ʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ʊʠʪʘʥʠʩʪʳʝ ʞʝʣʝʟʥʳʝ ʨʫʜʳ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʥʢʫʶ 
ʚʢʨʘʧʣʸʥʥʦʩʪʴ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʚʦ ʚʤʝʱʘʶʱʠʭ 
ʧʦʨʦʜʘʭ ʠ ʩʦʜʝʨʞʘʪ ʦʪ 15 ʜʦ 17% ʦʙʱʝʛʦ ʞʝʣʝʟʘ. 
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ʀʣʴʤʝʥʠʪ, ʤʘʛʥʝʪʠʪ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ ʷʚʣʷʶʪʩʷ 
ʛʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʄʝʜʚʝʜʸʚʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʊʝʢʩʪʫʨʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʫʜʳ 
ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 
ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʩʧʦʩʦʙʦʚ ʧʨʠ 
ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜʳ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘ-
ʪʦʚ ʠʣʠ ʠʟʚʣʝʯʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  
ʈʫʜʳ ʄʝʜʚʝʜʸʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʛʦ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʖʞʥʦʛʦ ʋʨʘʣʘ, ʧʨʝʜ-
ʧʦʣʘʛʘʝʪʩʷ ʚʦʚʣʝʯʴ ʚ ʦʩʥʦʚʥʦʡ ʩʳʨʴʝʚʦʡ ʧʦʪʦʢ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʛʣʦʰʠʭʪʳ ʇɸʆ çʄʄʂè. ʊʠʪʘʥʦ-
ʤʘʛʥʝʪʠʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʙʝʟ ʠʟʚʣʝʯʝʥʠʷ 
ʚʘʥʘʜʠʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ ʥʘ 
ʫʨʘʣʴʩʢʠʭ ʟʘʚʦʜʘʭ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ 
ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʚʘʥʘʜʠʷ ʠʟ ʨʫʜʥʦʛʦ ʤʘ-
ʪʝʨʠʘʣʘ. ʆʙʳʯʥʦ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 
ʫʯʸʪʦʤ ʦʪʥʦʩʠʪʝʣʥɹʳʭ ʢʦʣʠʯʝʩʪʚ ʚʘʥʘʜʠʷ, ʪʠʪʘʥʘ, 
ʞʝʣʝʟʘ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚ ʄʝʜʚʝʜʸʚ-
ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɹʳʣ ʧʨʦʚʝʜʸʥ ʨʝʥʪʛʝʥʦʬʣʫʦ-
ʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʝ-
ʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ 
(ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ) 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, % 

Feʦʙʱ. SiO2 CaO MgO TiO2 V2O5 MnO Al 2O3 

18,0-
19,0 

37,3-
38,1 

7,25-
7,47 

5,51-
5,64 

4,95-
5,37 

0,25 0,14- 
0,16 

12,8 -
13,2 

ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 
ʤʘʪʝʨʠʘʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʩʠʜʳ ʬʦʩʬʦʨʘ (0,06%) 
ʠ ʮʠʥʢʘ (0,02%).  
ʇʦ ʩʦʜʝʨʞʘʥʠʶ TiO2 ʜʘʥʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʨʝʜʥʝʪʠʪʘʥʠʩʪʳʤ 
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(5ï9% ʦʢʩʠʜʘ ʪʠʪʘʥʘ (IV)) [5]. ɺʘʥʘʜʠʡ ʯʘʩʪʦ ʩʚʷ-
ʟʘʥ ʩ ʪʠʪʘʥʦʤ, ʦʪʜʝʣʷʝʤʳʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ 
ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʚʘʥʘʜʠʷ, ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʨʫ-
ʜʳ. ʇʨʠʯʸʤ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʚ ʨʫʜʝ 
ʟʘʪʨʫʜʥʷʝʪ ʠʟʚʣʝʯʝʥʠʝ ʚʘʥʘʜʠʷ [6, 7]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʜʦʙʳʯʘ ʪʠ-

ʪʘʥʦʤʘʛʥʝʪʠʪʦʚ ʩʚʷʟʘʥʘ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʩʦʜʝʨʞʘʱʝ-
ʛʦʩʷ ʚ ʥʠʭ ʚʘʥʘʜʠʷ (ʖɸʈ, ʂʅʈ). ɺ ʮʝʣʦʤ ʪʝʭʥʦʣʦ-
ʛʠʷ ʧʨʦʮʝʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʜʨʦʙʣʝʥʠʷ ʨʫʜʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʦʙʞʠʛʘ ʩ ʜʦʙʘʚʢʘʤʠ, ʧʝʨʝʚʦʜʷʱʠʤʠ ʚʘ-
ʥʘʜʠʡ ʚ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʱʝʣʘʯʠʚʘʥʠʷ 
ʨʘʩʪʚʦʨʦʚ ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʥʠʭ ʚʘʥʘʜʠʷ 
ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [8, 9]. ɺʦʟʤʦʞʥʦ ʵʢʩʪʨʘʛʠ-
ʨʦʚʘʥʠʝ ʨʫʜʳ ʩʝʨʥʦʡ ʠʣʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʧʨʠ-
ʤʝʥʠʣʠ ʨʘʟʣʠʯʥʳʝ ʧʨʠʝʤʳ ʨʘʟʣʦʞʝʥʠʷ ʪʠʪʘʥʦ-
ʤʘʛʥʝʪʠʪʦʚʦʡ ʨʫʜʳ [10]. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠ-
ʤʝʥʪʦʚ ʧʨʠʤʝʥʠʣʠ ʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 
ʨʫʜʳ. ʀʟ ʧʦʤʦʣʦʪʦʛʦ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʛʦʪʦ-
ʚʠʣʠ ʦʙʨʘʟʮʳ ʤʘʩʩʦʡ 10 ʛ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʦʪʘʣʠ 
ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ï 20 ʠ 30%. ʇʦʩʣʝ ʩʫ-
ʪʦʯʥʦʡ ʚʳʜʝʨʞʢʠ ʨʫʜʳ ʚ ʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʚʝ-
ʣʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʟʘʪʝʤ ʦʩʘʜʢʠ ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩ-
ʪʚʦʨʦʚ ʠ ʦʪʧʨʘʚʠʣʠ ʥʘ ʘʥʘʣʠʟ.  
ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʧʨʠʤʝʥʠʣʠ ʪʝʭʥʦʣʦ-

ʛʠʶ, ʚʢʣʶʯʘʶʱʫʶ ʦʙʞʠʛ ʨʫʜʳ ʩ ʢʘʨʙʦʥʘʪʦʤ 
ʥʘʪʨʠʷ [11, 12]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʧʨʠʛʦʪʦʚʠʣʠ ʥʘʚʝʩʢʠ ʠʟʤʝʣʴʯʸʥʥʦʡ ʨʫʜʳ ʤʘʩʩʦʡ 
10 ʛ, ʜʦʙʘʚʠʣʠ ʢ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʦ 5 ʛ Na2CO3. 
ʋʩʨʝʜʥʝʥʥʫʶ ʧʨʦʙʫ ʥʘʛʨʝʣʠ ʚ ʧʝʯʠ (ʥʘʛʨʝʚ 1ʯ 10 

ʤʠʥ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 850ʉ̄ ʠ ʚʳʜʝʨʞʘʣʠ ʧʨʠ ʵʪʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ ʦʜʠʥ ʯʘʩ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʦʙʦʞ-
ʞʸʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪʧʨʘʚʠʣʠ ʥʘ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 
ʚʦʜʦʡ. ʇʨʦʮʝʩʩ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ 

ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 55-57̄ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ 30 
ʤʠʥ. ɿʘʪʝʤ ʦʩʘʜʢʠ ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩʪʚʦʨʦʚ ʠ ʦʪʧʨʘ-
ʚʠʣʠ ʥʘ ʘʥʘʣʠʟ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʧʝʨ-
ʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 
ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, % 

ʆʙʨʘʟʝʮ 
ˉ1 

(20%) 

Feʦʙʱ. SiO2 CaO MgO TiO2 V2O5 MnO Al 2O3 

16,9 40,0 6,67 3,49 4,94 0,18 0,16 9,26 

ʆʙʨʘʟʝʮ 
ˉ2 

(30%) 
14,5 41,2 8,47 5,01 ʥ.ʦ. 0,20 0,21 12,0 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʸʪʘʤ, ʩʪʝʧʝʥʴ 
ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʚʦʨ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦ-
ʩʪʘʚʠʣʘ 28 ʠ 20%.  
ʉʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʪʦʨʦʡ 

ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʚʦʜʥʦʛʦ 
ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, % 

ʆʙʨʘʟʝʮ 
ˉ1 

Feʦʙʱ. SiO2 CaO MgO TiO2 V2O5 MnO Al 2O3 

17,7 35,5 7,55 3,32 4,88 0,18 0,17 10,2 

ʆʙʨʘʟʝʮ 
ˉ2 

17,3 35,8 7,66 3,19 4,48 0,18 0,18 10,1 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ 
ʪʘʢʞʝ ʥʝʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʠʣʘ ʧʦ ʧʝʨʚʳʤ ʧʨʝʜʚʘʨʠ-
ʪʝʣʴʥʳʤ ʨʘʩʯʸʪʘʤ 28%. 
ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʪʠʪʘʥʦʤʘʛʥʝ-
ʪʠʪʦʚ ʄʝʜʚʝʜʸʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʝʨʦʷʪʥʳ-
ʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʚʘ-
ʥʘʜʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʫʜʥʦ 
ʚʩʢʨʳʚʘʝʤʳʭ ʤʠʥʝʨʘʣʦʚ ʚʘʥʘʜʠʷ; ʥʠʟʢʦʝ ʩʦʜʝʨ-
ʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʩʦʧʫʪ-
ʩʪʚʫʶʱʠʝ ʧʨʠʤʝʩʠ. ɼʣʷ ʧʦʚʳʰʝʥʠ ̫ʩʪʝʧʝʥʠ ʠʟ-
ʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 
ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʦʙʘʚʦʢ, ʧʝʨʝʚʦʜʷʱʠʭ ʚʘ-
ʥʘʜʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʟ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ 
ʩʦʩʪʦʥ̫ʠʷ ʚ ʦʢʩʠʜ ʚʘʥʘʜʠʷ (V). 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦ-
ʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 
ʪʦʤ, ʯʪʦ ʚʳʙʨʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʨʘʙʦʪʢʠ ʪʠ-
ʪʘʥʦʤʘʛʥʝʪʠʪʦʚʦʡ ʨʫʜʳ ʄʝʜʚʝʜʸʚʩʢʦʛʦ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʧʨʠ ʢʦʤʧʣʝʢʩ-
ʥʦʤ ʧʦʜʭʦʜʝ ʢ ʦʩʚʦʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
ʇʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʤʦʞʥʦ 
ʜʦʩʪʠʛʘʪʴ, ʧʨʠʤʝʥʷʷ ʜʦʙʘʚʢʠ, ʧʝʨʝʚʦʜʷʱʠʝ ʚʘʥʘ-
ʜʠʡ ʠʟ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʦʥ 
ʥʘʭʦʜʠʪʩʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ, ʚ ʦʢʩʠʜ ʚʘ-
ʥʘʜʠʷ (V). ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ 
ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʳ ʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ ʨʫʜ ʜʘʥʥʦ-
ʛʦ ʪʠʧʘ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʦʢ-
ʩʠʜʘ ʚʘʥʘʜʠʷ (V), ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʬʝʨʨʦʚʘ-
ʥʘʜʠʷ.  
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ʊɽʍʅʆʃʆɻʀʗ ʌʆʈʄʆʆɹʈɸɿʆɺɸʅʀʗ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʉɺʗɿʋʖʑʀʍ  
ʅɸ ɺʆɼʅʆʁ ʆʉʅʆɺɽ ɺ ʃʀʊʔɽ ʇʆ ɺʓʇʃɸɺʃʗɽʄʓʄ ʄʆɼɽʃʗʄ 

ɺʜʦʚʠʥ ʂ.ʅ., ʌʝʦʢʪʠʩʪʦʚ ʅ.ɸ., ʆʚʯʠʥʥʠʢʦʚʘ ʄ.ɺ.  

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ.ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʝʤʥʝʟʦʣʴʥʳʭ ʩʚʷʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 
ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ ʜʣʷ ʣʠʪʴʷ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ. ʂʨʝʤʥʝʟʦʣʴʥʳʝ ʩʚʷʟʫʁ ʱʠʝ 
ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ, ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʩʚʷʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʩʠʣʠʢʘʪʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʨʠʤʝʥʝʥʠʝ ʢʨʝʤʥʝʟʦʣʴ-
ʥʳʭ ʩʚʷʟʫʶʱʠʭ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʪʣʠʚʢʠ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʨʘʟ-
ʤʝʨʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʚʷʟʫʶʱʠʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʚ ʣʠʪʴʝ ʧʦ 
ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʚʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦ-
ʩʪʨʦʝʥʠʷ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʝ ʩʚʷʟʫʶʱʠʝ, ʢʨʝʤʥʝʟʦʣʴʥʳʝ ʩʚʷʟʫʶʱʠʝ, ʩʫʩʧʝʥʟʠʷ, ʢʝʨʘʤʠʯʝʩʢʘʷ ʬʦʨʤʘ, 

ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʪʣʠʚʢʘ, ʣʠʪʴʝ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ. 
 
 
ɺ ʤʠʨʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʦʪʣʠʚʦʢ ʩʧʝʮʠʘʣʥɹʳʤʠ ʩʧʦʩʦʙʘʤʠ ʣʠʪʴʷ, 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 
ʦʪʣʠʚʦʢ ʚ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʬʦʨʤʘʭ, ʟʘ ʩʯʝʪ ʨʷʜʘ 
ʧʨʝʠʤʫʱʝʩʪʚ: ʧʦʚʳʰʝʥʥʦʝ ʢʘʯʝʩʪʚʦ, ʯʠʩʪʦʪʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ; ʫʣʫʯʰʝʥʥʘʷ 
ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʦʪʣʠʚʦʢ; ʧʦʣʫʯʝʥʠʝ ʦʪʣʠʚʦʢ 
ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʨʠʧʫʩʢʘʤʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ 
ʦʙʨʘʙʦʪʢʫ. 
ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦ-

ʢʫʶ ʪʦʯʥʦʩʪʴ ʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ, ʷʚʣʷʝʪʩʷ ʣʠʪʴʝ ʧʦ 
ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ (ʃɺʄ) ʚ ʢʝʨʘʤʠʯʝʩʢʠʝ 
ʬʦʨʤʳ. ʆʪʣʠʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩʧʦʩʦʙʦʤ ʣʠʪʴʷ ʧʦ 
ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ, ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯ-
ʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʳ ʢ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ 
ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝ ʪʨʝʙʫʶʪ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʣʠʚʦʢ 
ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟ-
ʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʥʫ ʁ
ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ [1]. 
ʆʪ ʢʘʯʝʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ ʟʘʚʠʩʠʪ ʢʘ-

ʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʦʪʣʠʚʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʘʷ ʠ ʨʘʟʤʝʨʥʘʷ ʪʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʰʝʨʦ-
ʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʘʤʦʡ ʢʝʨʘʤʠʯʝ-
ʩʢʦʡ ʬʦʨʤʳ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ 
ʩʚʷʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʠʭ ʧʨʠʛʦ-
ʪʦʚʣʝʥʠʷ [1, 2]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʪʣʠʚʦʢ ʩʧʦʩʦʙʦʤ ʃɺʄ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʧʦʨʪʦʟʘ-

                                                      
Ò ɺʜʦʚʠʥ ʂ.ʅ., ʌʝʦʢʪʠʩʪʦʚ ʅ.ɸ., ʆʚʯʠʥʥʠʢʦʚʘ ʄ.ɺ., 2020 

ʤʝʱʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙ-
ʣʘʜʘʶʱʠʭ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʝ ʧʦʚʳ-
ʰʘʶʱʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʪʣʠʚʦʢ. 
ɿʘ ʨʫʙʝʞʦʤ ʫʞʝ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʦʨʛʘʥʦʤʠʥʝ-

ʨʘʣʴʥʳʭ ʩʚʷʟʫʶʱʠʭ ʠ ʧʝʨʝʰʣʠ ʥʘ ʢʨʝʤʥʝʟʦʣʴ-
ʥʳʝ, ʢʦʪʦʨʳʝ ʚʳʧʫʩʢʘʶʪʩʷ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʤʘʨ-
ʢʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʚʦʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʫʣʫʯʰʘʝʪ 
ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 
ʧʨʠʛʘʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʯʘʩʪʳʤ ʜʝʬʝʢʪʦʤ ʧʨʠ ʧʦʣʫ-
ʯʝʥʠʠ ʦʪʣʠʚʦʢ ʚ ʵʪʠʣʩʠʣʠʢʘʪʥʳʭ ʬʦʨʤʘʭ. ʅʘʨʷʜʫ 
ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ 
ʩʚʷʟʫʶʱʠʭ ʩʦʢʨʘʱʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ, 
ʩʥʠʞʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ ʧʨʦʮʝʩʩʦʤ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʩʠʣʠʢʘʪʘ. ʇʨʠ 
ʧʝʨʝʭʦʜʝ ʥʘ ʚʦʜʥʦʝ ʩʚʷʟʫʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘ-
ʥʦʚʠʪʩʷ ʧʦʞʘʨʦ-, ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʳʤ ʠ ʵʢʦʣʦʛʠʯ-
ʥʳʤ [3].  
ʉ ʮʝʣʴʶ ʟʘʤʝʥʳ ʠʤʧʦʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 
ʧʨʦʤʳʣhʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʳ ʢʨʝʤʥʝʟʦʣʴʥʳʝ 
ʩʚʷʟʫʶʱʠʝ ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ ʤʘʨʢʠ ɺʊ. ʉʚʷʟʫʶ-
ʱʠʝ ɺʊ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʤʘʪʝʨʠʘ-
ʣʘʤʠ, ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʃɺʄ ʥʝ ʪʨʝ-
ʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʉʫʩʧʝʥʟʠʠ ʥʘ 
ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʚʷʟʫʶʱʠʭ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʞʠʚʫ-
ʯʝʩʪʴʶ, ʠʭ ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʙʝʟ ʧʦʪʝʨʠ ʩʚʦʡʩʪʚ ʚ ʪʝ-
ʯʝʥʠʝ ʚʦʩʴʤʠ ʠ ʙʦʣʝʝ ʤʝʩʮ̫ʝʚ.  
ʂʨʝʤʥʝʟʦʣʠ ï ʢʦʣʣʦʠʜʥʳʝ ʜʠʩʧʝʨʩʠʠ ʜʚʫʦʢʠʩʠ 

ʢʨʝʤʥʠʷ ʚ ʚʦʜʝ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʦʢʠʩʷʤʠ 
ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʩʠʣʘʥʦʣʴʥʳʝ 
ʛʨʫʧʧʳ ſ Si ð ʆʅ, ʢʦʪʦʨʳʝ ʧʦʣʠʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʯʥʳʭ ʩʠʣʦʢʩʘʥʦʚʳʭ ʩʚʷʟʝʡ, 
ʥʘʧʨʠʤʝʨ ſ Si ð O ð Si ſ; ʧʝʨʝʟʘʨʷʞʘʶʪʩʷ ʚ ʚʦʜʝ, 
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ʧʦʜʢʠʩʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ʂʨʝʤʥʝʟʦʣʠ, ʨʘʟ-
ʙʘʚʣʝʥʥʳʝ ʚʦʜʦʡ ʜʦ 3,5-6 % SiO2, ʚ ʩʦʯʝʪʘʥʠʠ ʩ 
ʚʦʜʥʦʩʧʠʨʪʦʚʳʤʠ ʵʪʠʣʩʠʣʠʢʘʪʥʳʤʠ ʩʚʷʟʫʶʱʠʤʠ 
ʧʨʠ ʩʦʚʤʝʱʝʥʥʦʤ ʩʧʦʩʦʙʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥ-
ʟʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʦʯʥʦʩʪʴ ʦʙʦʣʦ-
ʯʝʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʕʊʉ 40 ʠ ʠʩ-
ʢʣʶʯʠʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʦʧʘʩʥʳʝ 
ʞʠʜʢʦʩʪʠ (ʨʘʩʪʚʦʨʠʪʝʣʠ). 
ʂʨʝʤʥʝʟʦʣʷʤʠ ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʢʦʣʣʦʠʜ-

ʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘʥʦʯʘʩʪʠʮ SiO2 ʜʚʫʦʢʠʩʠ ʘʤʦʨʬ-
ʥʦʛʦ ʢʨʝʤʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʅʘʭʦ-
ʜʷʱʠʝʩʷ ʚ ʚʦʜʝ ʘʤʦʨʬʥʳʝ ʯʘʩʪʠʮʳ SiO2 ʠʤʝʶʪ 
ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʏʘ-
ʩʪʠʮʳ ʨʘʩʪʚʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʣʦʥʥʳ ʢ ʦʩʘ-
ʞʜʝʥʠʶ. ʆʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʠ ʟʘ ʩʯʝʪ ʚʦʟ-
ʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ [3, 4].  
ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ 
ʢʦʥʮʝʥʪʨʘʮʠʷ SiO2 ʩʦʩʪʘʚʣʷʝʪ ʦʪ 22 ʜʦ 30%, ʘ 
ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʪ 7 ʜʦ 16 ʥʤ.  
ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʧʦʣʥʠʪʝʣʝʤ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʫʩʧʝʥʟʠʠ ʩʣʫʞʘʪ ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʝʣʢʦʡ 
ʬʨʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʧʨʠʛʦʪʦʚ-
ʣʝʥʠʷ ʩʫʩʧʝʥʟʠʡ ʚʳʙʨʘʥ ʙʝʣʳʡ ʵʣʝʢʪʨʦʢʦʨʫʥʜ 
ʤʘʨʢʠ 25ɸ. ʕʣʝʢʪʨʦʢʦʨʫʥʜ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʢ-
ʩʠʜ ʘʣʶʤʠʥʠʷ, ʭʠʤʠʯʝʩʢʠ ʩʪʦʝʢ, ʥʝ ʦʙʨʘʟʫʝʪ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʦʢ ʧʠʪʪʠʥʛʘ (ʚʢʣʶʯʝʥʠʡ ʚʝ-
ʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʳ ʤʝʪʘʣʣʘ ʠ ʬʦʨʤʳ) [5]. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʢʠ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʨʠʛʦʪʦʚ-
ʣʝʥʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʫʩʧʝʥʟʠʠ ʠ ʥʘʥʝʩʝʥʠʷ ʝʝ ʥʘ 
ʤʦʜʝʣʴʥʳʡ ʙʣʦʢ. ʉʫʩʧʝʥʟʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʜʦʩʪʘ-
ʪʦʯʥʫʶ ʧʣʦʪʥʦʩʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʯʥʦʛʦ ʢʘʨʢʘʩʘ 
ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ.  
ɿʝʨʥʘ ʦʜʥʦʡ ʬʨʘʢʮʠʠ ʠʣʠ ʙʣʠʟʢʠʝ ʧʦ ʨʘʟʤʝ-

ʨʘʤ ʥʝ ʩʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʣʦʪʥʫʶ ʠʭ ʫʧʘʢʦʚʢʫ. 
ɼʣʷ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʣʠ-
ʯʝʩʪʚʦʤ ʢʨʫʧʥʦʡ ʠ ʤʝʣʢʦʡ ʬʨʘʢʮʠʡ ʜʦʣʞʥʦ ʙʳʪʴ 
ʪʘʢʠʤ, ʯʪʦʙʳ ʧʫʩʪʦʪʳ ʤʝʞʜʫ ʢʨʫʧʥʳʤʠ ʟʝʨʥʘʤʠ 
ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʙʦʣʝʝ ʤʝʣʢʠʤʠ. 
ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʚʳʙʨʘʥʳ ʬʨʘʢ-

ʮʠʠ ʥʘʧʦʣʥʠʪʝʣʷ: F1200 ʠ F360. 
ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʩʧʝʥʟʠʠ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʛʦʤʦʛʝʥʥʫʶ, ʦʜʥʦʨʦʜ-
ʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʤʝʩʠ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʷ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʩʧʝʥʟʠʠ ʚ ʪʝʯʝ-
ʥʠʝ ʥʝ ʤʝʥʝʝ 20 ʯ.  
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʦʡ ʦʙʦʣʦʯʢʦ-

ʚʦʡ ʬʦʨʤʳ ʞʝʣʘʪʝʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʝʝ 
ʦʩʥʦʚʳ ʠ ʥʘʧʦʣʥʠʪʝʣʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʛʥʝʫʧʦʨʥʳʡ 
ʤʘʪʝʨʠʘʣ. ʊʘʢ ʢʘʢ ʤʘʪʝʨʠʘʣʦʤ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʩʫʩ-
ʧʝʥʟʠʠ ʚʳʙʨʘʥ ʙʝʣʳʡ ʵʣʝʢʪʨʦʢʦʨʫʥʜ, ʪʦ ʤʘʪʝʨʠʘ-
ʣʦʤ ʦʩʥʦʚʳ-ʦʙʩʳʧʢʠ ʜʣʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ ʪʘʢ-
ʞʝ ʙʫʜʝʪ ʙʝʣʳʡ ʵʣʝʢʪʨʦʢʦʨʫʥʜ ʤʘʨʢʠ 25ɸ ʢʨʫʧʥʳʭ 
ʬʨʘʢʮʠʡ ï ʰʣʠʬʟʝʨʥʦ ʬʨʘʢʮʠʠ F60 ï ʦʙʩʳʧʢʘ ʧʝʨ-
ʚʦʛʦ ʩʣʦʷ, F36 ï ʦʙʩʳʧʢʘ ʚʪʦʨʦʛʦ ʩʣʦʷ, F30 ï ʦʙ-
ʩʳʧʢʘ ʪʨʝʪʴʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩʣʦʝʚ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʣʦʯʢʠ ʚʢʣʶʯʘʝʪ: ʩʤʘʯʠʚʘ-
ʥʠʝ ʩʫʩʧʝʥʟʠʝʡ ʙʣʦʢʦʚ ʤʦʜʝʣʝʡ, ʦʙʩʳʧʢʫ ʙʣʦʢʦʚ 
ʟʝʨʥʠʩʪʳʤ ʦʛʥʝʫʧʦʨʦʤ, ʩʫʰʢʫ ʬʦʨʤ. ʇʨʠ ʧʨʦʚʝ-
ʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʥʘʥʝʩʝʥʠʶ ʦʛʥʝʫʧʦʨʥʦʛʦ ʧʦʢʨʳ-
ʪʠʷ ʚʷʟʢʦʩʪʴ ʩʫʩʧʝʥʟʠʠ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʠ-
ʣʘ 75 ʩ, ʘ ʧʦʩʣʝʜʫʶɦ ʠʭ ʩʣʦʝʚ ï 45 ʩ. 
ʅʘʥʝʩʝʥʠʝ ʩʫʩʧʝʥʟʠʠ ʥʘ ʤʦʜʝʣʴʥʳʡ ʙʣʦʢ ʧʨʦ-

ʚʦʜʠʣʦʩʴ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ 
ʣʠʥʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ. ɼʣʷ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʝʨʘʤʠʢʠ ʪʨʝʙʦʚʘʣʦʩʴ 
ʥʘʥʝʩʪʠ 6 ʩʣʦʝʚ ʦʛʥʝʫʧʦʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʤʦ-
ʜʝʣʴʥʳʝ ʦʙʨʘʟʮʳ. 
ɿʘʪʚʝʨʜʝʚʘʥʠʝ ʚʦʜʥʳʭ ʩʚʷʟʫʶʱʠʭ ʩʠʩʪʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʠ 
ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʢʦʘʛʫʣʷʮʠʠ ʯʘʩʪʠʮ SiO2. ɺ 
ʩʦʩʪʦʷʥʠʠ ʛʝʣʷ ʦʥʠ ʟʘʢʫʧʦʨʠʚʘʶʪ ʦʛʥʝʫʧʦʨʥʳʝ 
ʯʘʩʪʠʮʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʫʩʧʝʥʟʠʠ.  
ʉʫʰʢʘ ʩʣʦʝʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʚ ʩʫʰʠʣʴʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʛʜʝ ʧʦʪʦʢʘʤʠ 
ʚʦʟʜʫʭʘ ʦʪ ʧʦʚʦʨʦʪʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ 
ʦʙʜʫʚ ʙʣʦʢʘ ʩʦ ʚʩʝʭ ʝʛʦ ʩʪʦʨʦʥ. ʂʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴ-
ʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 
ʚʣʘʞʥʦʡ ʦʙʦʣʦʯʢʦʚʦʡ ʬʦʨʤʳ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʩʫʰʢʠ. ɺʚʠʜʫ ʯʫʚʩʪʚʠʪʝʣʴ-
ʥʦʩʪʠ ʧʝʨʚʳʭ ʩʣʦʝʚ ʜʣʷ ʜʝʣʠʢʘʪʥʦʡ ʩʫʰʢʠ ʨʘʟ-
ʣʠʯʥʳʭ ʯʘʩʪʝʡ ʬʦʨʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 
ʣʠʰʴ ʫʤʝʨʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. ʉʢʦ-
ʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ ʩʦʩʪʘʚʠʣʘ 
40 ʦʙ/ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʦʤʝʱʝʥʠʠ ʩʫʰʢʠ ʩʣʦʝʚ 

25̄ʉ. ʉʫʰʢʘ ʢʘʞʜʦʛʦ ʩʣʦʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳ-
ʪʠʷ ʩʦʩʪʘʚʠʣʘ 1 ʯ. ʋʜʘʣʝʥʠʝ ʚʦʩʢʦʚʦʛʦ ʩʦʩʪʘʚʘ 
ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʙʦʡʣʝʨʢʣʘʚʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʘʨʘ 8 
ʙʘʨ. ʇʨʦʢʘʣʢʘ ʬʦʨʤʳ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʝʯʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 900ʉ̄.  
ʇʨʦʯʥʦʩʪʴ ʦʙʦʣʦʯʢʦʚʳʭ ʬʦʨʤ ʦʮʝʥʠʚʘʶʪ ʠʩ-

ʧʳʪʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʠʟʛʠʙʝ. ɿʥʘ-
ʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʳʨʳʭ ʠ ʧʨʦʢʘʣʝʥʥʳʭ ʢʝʨʘʤʠʯʝ-
ʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʣʝʜʫʶʱʠʝ: 
ī ʧʨʦʯʥʦʩʪʴ ʩʳʨʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 38 

ʜʦ 50 ʢʛʩ/ʩʤ
2
; 

ī ʧʨʦʯʥʦʩʪʴ ʧʨʦʢʘʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʝ̫ʪ 
ʦʪ 55 ʜʦ 68 ʢʛʩ/ʩʤ

2
. 

ʆʪʣʠʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʪʴʝʤ ʚ ʢʝʨʘʤʠʯʝʩʢʠʝ 
ʬʦʨʤʳ ʩ ʫʢʘʟʘʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʠʤʝʣʠ ʰʝʨʦʭʦʚʘ-
ʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 4 ʜʦ 6,3 ʤʢʤ. ʋʜʘʣʷʝʤʦʩʪʴ ʢʝ-
ʨʘʤʠʢʠ ʚʦ ʚʨʝʤʷ ʚʳʙʠʚʢʠ ʦʪʣʠʚʦʢ ʠʟ ʬʦʨʤ ʫʜʦ-
ʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ. ɼʝʬʝʢʪʳ ʚ ʦʪʣʠʚʢʘʭ 
ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʛʘ-
ʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʨʠ ʚʳ-
ʙʨʘʥʥʳʭ ʬʨʘʢʮʠʷʭ ʤʘʪʝʨʠʘʣʘ ʦʙʩʳʧʢʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʬʦʨʤ ʜʣʷ ʣʠʪʴʷ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ ʠʟ 
ʩʫʩʧʝʥʟʠʡ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʝʟʦʣʴʥʳʭ ʩʚʷʟʫʶʱʠʭ 
ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʚʢʠ, ʘ ʪʘʢ-
ʞʝ ʩʦʢʨʘʱʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʩʥʠʞʘʷ 
ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 
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ʆʇʊʀʄʀɿɸʎʀʗ ʂɸʃʀɹʈʆɺʂʀ ɺɸʃʂʆɺ ʅɸ ʆʉʅʆɺɽ ʄʋʃʔʊʀʇʆʊʆʏʅʆɻʆ 
ɺʓʏʀʉʃʀʊɽʃʔʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ʈʦʞʢʦʚ ɻ.ʂ.  

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʣʠʙʨʦʚʢʠ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ 
ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠ ̫ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-
ʚʘʥʥʦʛʦ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ, ʤʫʣʴʪʠʧʦʪʦʯʥʦʩʪʴ, OptimPass, ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ, ʦʧ-

ʪʠʤʠʟʘʮʠʷ, ʢʘʣʠʙʨʦʚʢʘ ʚʘʣʢʦʚ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
 
 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʨʝʰʝ-
ʥʠʝ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʙʝʟ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʩʥʦʚ-
ʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʏʘʩʪʦ 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʥʮʠʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʥʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ, ʠ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 
ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ [1, 2]. 
ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʣʠʙʨʘ 

ʩʦʨʪʦʧʨʦʢʘʪʥʦʡ ʢʣʝʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʙʦʨʝ ʚʩʝʭ ʚʦʟ-
ʤʦʞʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦ-
ʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʪʳʩʷʯ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʪʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [3, 4]. ʄʦʱʥʦ-
ʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʤʦʛʫʪ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʧʦ-
ʜʦʙʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʛʨʘʤʦʪʥʦ 
ʥʘʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [1-4]. 
ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʬʦʨʤʳ ʚʳʪʷʞʥʳʭ ʢʘʣʠʙʨʦʚ ʩʦʨʪʦʚʳʭ ʢʣʝʪʝʡ ʧʦ 
ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʫʤʘ ʚʳʪʷʞʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʢʘʬʝʜʨʝ ʪʝʭʥʦʣʦʛʠʡ ʦʙ-
ʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʤ. 
ɻ.ʀ. ʅʦʩʦʚʘè ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ çOptimPassè. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 
ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʘ ʥʘ ʨʠʩ. 2 
ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ [5]. 
ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʚʝʨʩʠʷ ʇʆ çOptimPassè ʙʳʣʘ 

ʥʘʧʠʩʘʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʚʳ-
ʯʠʩʣʝʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʕɺʄ. 
ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʣʦ ʨʘʙʦʪʫ. 
ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 
ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʨʘʟʙʠʝʥʠʠ ʯʝʪʚʝʨʪʠ ʢʘ-
ʣʠʙʨʘ ʥʘ ʰʝʩʪʴ ʪʦʯʝʢ, ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 
ʥʘʩʯʠʪʳʚʘʶʪʩʷ ʩʦʪʥʠ ʪʳʩʷʯ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʸʪ ʦʜ-
ʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʣʠʙʨʘ ʟʘʥʠʤʘʣ ʦʢʦʣʦ ʥʝʜʝʣʠ 
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ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʕɺʄ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ [5]: 
ī ʕɺʄ ʪʠʧʘ IBM PC (ʠʣʠ ʩʦʚʤʝʩʪʠʤʘʷ) ʩ ʦʧʝ-

ʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Microsoft Windows (XP,7,8) 
ʨʘʟʨʷʜʥʦʩʪʴʶ 64 ʙʠʪ; 
ī ʤʥʦʛʦʷʜʝʨʥʳʡ ʎʇ (CPU) c ʪʘʢʪʦʚʦʡ ʯʘʩʪʦ-

ʪʦʡ ʩʚʳʰʝ 3 ɻɻʮ; 
ī ʦʙʲʸʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʚʳʜʝʣʷʝʤʦʡ ʜʣʷ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, ʥʝ ʙʦʣʝʝ 64 ʄɹ; 
ī ʦʙʲʸʤ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʇɿʋ (HDD ʠʣʠ 

SSD) ʥʝ ʤʝʥʝʝ 16 ʄɹ. 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʪʦʯʝʢ (ʢʦʦʨʜʠʥʘʪʥʳʝ 

ʵʣʝʤʝʥʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʢʘʣʠʙʨʘ) ʜʦʩʪʠʛʥʫʪʴ ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ 
ʫʜʘʚʘʣʦʩʴ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ï ʨʘʩʯʸʪʳ ʟʘʥʠʤʘʣʠ 
ʜʦ ʪʨʸʭ ʤʝʩʷʮʝʚ, ʘ ʨʝʟʫʣʴʪʘʪ ʧʦ ʩʚʦʝʡ ʪʦʯʥʦʩʪʠ ʥʝ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʚ ʪʳʩʷʯʠ ʨʘʟ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤʠ ʦʙ-
ʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʢʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʚ 2014 ʛʦʜʫ 
ʚʳʜʝʣʠʣ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧ-
ʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 
ʫʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʧʨʦʜʫʢʪʘ [5, 6]: 
ī ʠʩʧʦʣʴʟʦʚʘʥʠʝ SIMD-ʠʥʩʪʨʫʢʮʠʡ; 
ī ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʛʠʩʪʨʦʚ ʠ 

ʧʝʨʝʭʦʜ ʥʘ 64-ʙʠʪʥʫʶ ʧʣʘʪʬʦʨʤʫ ʠ ʆʉ; 
ī ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʚʳʯʠʩʣʝʥʠʡ; 
ī ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ ʚ 

ʨʘʩʯʝʪʘʭ; 
ī ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

JAVA ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩrʦʢʦʡ ʢʨʦʩʩ-
ʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ. 
ʇʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʜʝʷ 

ʨʘʩʧʘʨʘʣʣʝʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʉʫʪʴ ʧʦʜʦʙʥʦʡ 
ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʧʦʠʩʢʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚ 
ʧʦʠʩʢʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 
ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʧʦ-
ʪʦʢʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʞʜʦʤʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ 
ʧʦʪʦʢʫ ʚʳʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ ʚʳʯʠʩʣʝ-
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ʥʠʡ, ʘ ʠʤʝʥʥʦ ʨʘʩʯʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʚʘʨʠʘʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʪʠʣʠʟʠʨʦ-
ʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʘ (ʠʣʠ, 
ʚ ʧʝʨʩʧʝʢʪʠʚʝ, ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ), ʪʘʢ ʢʘʢ 
ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʤʝʞʲʷʜʝʨʥʦʤ ʦʙʤʝʥʝ ʠʥ-
ʬʦʨʤʘʮʠʝʡ. ʂʘʞʜʳʡ ʧʦʪʦʢ ʚʳʧʦʣʥʷʝʪ ʩʦʙʩʪʚʝʥ-
ʥʫʶ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʟʘʜʘʯʫ. ʀ ʣʠʰʴ ʧʦʩʣʝ ʦʢʦʥ-
ʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʝʡ ʟʘʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ 
ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦ-
ʪʦʢʦʚ ʠ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ [6, 7].  

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ 
ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘʨʘʱʠ-
ʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʷʜʝʨ ʠ ʧʦʪʦʢʦʚ ʚ ʧʨʦʮʝʩʩʦʨʘʭ ʥʝ 
ʧʨʠʥʦʩʠʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʢʦʥʦʤ ɸʤʜʘʣʘ, ʢʦ-
ʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʨʦʩʪʦʤ 
ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʦʢʦʚ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʱʝʡ ʜʦʣʝ ʧʘʨʘʣʣʝʣʠʟʤʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ 
(ʨʠʩ. 3). 

 

ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʨʘʤʤʳ çOptimPassè 
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ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ çOptimPassè 

 
ʈʠʩ. 3. ɿʘʢʦʥ ɸʤʜʘʣʘ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʫʩʦʚʝʨh ʝʥʩʪʚʦʚʘʥʥʦʡ 
ʚʝʨʩʠʠ ʇʆ çOptimPassè ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʜʦ 64 ʚr-
ʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ (ʨʠʩ. 4), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 
ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ï ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ 
ʢʘʣʠʙʨʦʚʢʠ ʥʘ 32-ʧʦʪʦʯʥʦʤ ʩʝʨʚʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 
30 ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʦʜʥʦʧʦʪʦʯʥʦʤ ʠʩʧʦʣʥʝʥʠʠ 
ʘʣʛʦʨʠʪʤʘ. 
ʇʦʤʠʤʦ ʩʢʦʨʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʦʜʠʪʴ 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʦʠʩʢ ʚʩʝʭ ʚʦʟ-
ʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʘʣʠʙʨʦʚʢʠ ʚʘʣʢʦʚ ʜʣʷ ʟʘʜʘʥ-
ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ. 
ʅʘʧʨʠʤʝʨ, ʚ ʭʦʜʝ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 
ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ  
2 233 014 ʨʝʰʝʥʠʡ (ʨʠʩ. 5), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦ-
ʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʞʝʩʪʚʘ 
ʚʘʨʠʘʥʪʦʚ ʢʘʣʠʙʨʦʚʢʠ ʚʘʣʢʦʚ.  
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ʈʠʩ. 4. ʋʪʠʣʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʩʝʨʚʝʨʘ 

 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʤʝʱʝʥʥʦʛʦ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ ʚ ʧʘʨʝ ʢʘʣʠʙʨʦʚ ʦʪ ʧʣʦʱʘʜʠ ʥʝʨʘʚʥʦʦʩʥʦʛʦ ʩʝʯʝʥʠʷ 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʙʦʣʴʰʦʡ 
ʤʘʩʩʠʚ ʜʘʥʥʳʭ ï ʩʚʳʰʝ 57 ɻʠʛʘʙʘʡʪ, ʢʦʪʦʨʳʡ 
ʥʫʞʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ. ʅʘ ʜʘʥʥʳʡ ʤʦ-
ʤʝʥʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 
ʘʥʘʣʠʟʘ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
çʚʪʦʨʦʡ ʚʦʣʥʳè ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩ 
ʮʝʣʴʶ ʦʪʳʩʢʘʥʠʷ ʬʦʨʤʳ ʢʘʣʠʙʨʘ, ʧʦʣʥʦʩʪʴʶ ʫʜʦ-
ʚʣʝʪʚʦʨʷʶʱʝʛʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 
ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ. 
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ʋɼʂ 622.7:622.794.42:622.742 

ɺʃʀʗʅʀɽ ʄɸʈʆʏʅʆʁ ʉʊʈʋʂʊʋʈʓ ʋɻʃʗ ʅɸ ɺʓʍʆɼ ʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂʋ 
ʇʈʆɼʋʂʊʆɺ ʇʆʃʋʂʆʂʉʆɺɸʅʀʗ 

ʉʤʠʨʥʦʚ ɸ.ʅ., ʂʨʳʣʦʚʘ ʉ.ɸ., ʉʳʩʦʝʚ ɺ.ʀ., ɾʫʩʫʧʦʚʘ ɾ.ʉ., ʅʠʢʠʬʦʨʦʚʘ ɺ.ʄ. 

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʧʦʣʫʢʦʢʩʦʚʘ-
ʥʠʷ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʜʘʥʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʞʠʜʢʠʭ 
ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʪʝʧʝʥʠ ʢʘʨʙʦ-
ʥʠʟʘʮʠʠ ʫʛʦʣʴʥʦʡ ʤʘʩʩʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʢʦʢʩʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʤʦʣʷʥʳʭ ʠ ʧʘʨʦʛʘʟʦ-
ʚʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʘʥʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʟʨʝ-
ʣʦʩʪʠ ʫʛʣʝʡ ʚ ʩʦʩʪʘʚʝ ʠʭ ʩʤʦʣ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʙʠʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʚʠʜʝ ʥʘʬʪʘʣʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʢʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠ ʜʦʣʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʣʠ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʤʘʨʢʘ ʫʛʣʷ, ʧʦʣʫʢʦʢʩʦʚʘʥʠʝ, ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʘʨʦʤʘʪʠ-

ʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. 

ɺʚʝʜʝʥʠʝ 

 
ʆʧʨʝʜʝʣʷʶʱʠʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘ-

ʯʝʩʪʚʝʥʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʘ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʫʛʦʣʴʥʦʡ ʰʠʭʪʝ 
ʜʣʷ ʢʦʢʩʦʚʘʥʠʷ. ʄʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʰʠʭʪʳ ʚʢʣʶʯʘ-
ʝʪ ʩʧʝʢʘʶʱʠʝ (ɻɾ, ɾ), ʢʦʢʩʫʁ ʱʠʝ (ʂɾ, ʂ, ʆʉ, 
ʂʆ) ʠ ʦʪʦʱʘʶʱʠʝ (ʂʉ, ʂʉʅ) ʢʦʤʧʦʥʝʥʪʳ [1]. 
ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʫʛʦʣʴʥʳʭ ʰʠʭʪ ʥʝʦʙʭʦʜʠʤʦ ʨʘ-
ʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʚ ʥʘʣʠʯʠʠ 
ʫʛʦʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʠʭ ʩʧʝʢʘʶʱʠʡ, ʢʦʢʩʫʶʱʠʡ, ʘ 
ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ɹʘʟʦʚʳʤʠ ʢʦʤʧʦ-
ʥʝʥʪʘʤʠ ʢʦʢʩʦʚʦʡ ʰʠʭʪʳ ʷʚʣʷʶʪʩʷ ʫʛʣʠ ʤʘʨʦʢ ɾ 
ʠ ʂ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʠ ʫʛʣʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯ-
ʥʠʢʦʤ ʞʠʜʢʠʭ ʥʝʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ 
ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʤʘʩʩʳ, ʚʣʠʷʶʱʝʡ 
ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʢʦʢʩʘ ʠ ʜʘʣʝʝ ï 
ʢʘʯʝʩʪʚʘ ʢʦʢʩʘ.  
ʇʦʣʫʢʦʢʩʦʚʘʥʠʝ ʫʛʣʷ ï ʵʪʦ ʩʧʦʩʦʙ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʛʣʷ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ 500-
550ÁC ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ 
ʧʨʦʮʝʩʩʘ ʷʚʣʷʪʁʩʷ: ʧʦʣʫʢʦʢʩ ʩ ʚʳʭʦʜʦʤ 50-70% 
ʦʪ ʤʘʩʩʳ ʠʩʭʦʜʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʝʨʚʠʯʥʘʷ ʩʤʦʣʘ ï  
5-25%, ʛʦʨʶʯʠʡ ʛʘʟ ʠ ʧʦʜʩʤʦʣʴʥʘʷ ʚʦʜʘ. ʇʦʩʢʦʣʴ-
ʢʫ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘ ʫʛʦʣʴʥʦʤ ʨʳʥʢʝ 
ʈʦʩʩʠʠ ʥʘʨʘʩʪʘʝʪ ʜʝʬʠʮʠʪ ʢʦʢʩʫʶʱʠʭʩʷ ʤʘʨʦʢ 
ʫʛʣʝʡ, ʪʦ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ ʥʝʭʚʘʪʢʠ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʠ ʮʝʥʥʳʭ ʢʦʢʩʫʶʱʠʭʩʷ ʤʘʨʦʢ ʫʛʣʝʡ ʜʣʷ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ʢʦʢʩʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 
ʝʛʦ ʢʘʯʝʩʪʚʝ. 
ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʩʧʝʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʜʝʬʠʮʠʪʥʳʭ ʤʘ-

                                                      
Ò ʉʤʠʨʥʦʚ ɸ.ʅ., ʂʨʳʣʦʚʘ ʉ.ɸ., ʉʳʩʦʝʚ ɺ.ʀ., ɾʫʩʫʧʦʚʘ ɾ.ʉ., 
ʅʠʢʠʬʦʨʦʚʘ ɺ.ʄ., 2020 

ʨʦʢ ʫʛʣʝʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʦʱʝʥʥʦ-ʩʧʝʢʘʶʱʠʭʩʷ ï 
ʆʉ), ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʠʟʫʯʝʥʠʷ ʧʦʟʚʦʣʠʪ 
ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʛʘ-
ʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʫʭʫʜʰʘʶʱʝʡʩʷ ʩʳʨʴʝʚʦʡ ʙʘ-
ʟʳ ʢʦʢʩʦʚʘʥʠʷ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥ  rʤʘʨʢʠ ʫʛʣʝʡ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ ʨʘʟ-
ʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ: ʆʉ, ʂʉ, ʂ, ɾ, ʘ 
ʪʘʢʞʝ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ ʂʉ+ʂʆ+ʂʆʉ ʠ ɾ+ɻɾ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʫʛʣʝʡ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʷʤʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ 
ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʵʪʘʣʦʥʥʦʡ ʰʠʭʪʳ [2]. 
ʅʘʧʨʠʤʝʨ, ʵʪʘʣʦʥʥʘʷ ʰʠʭʪʘ ʠʟ ʫʛʣʝʡ ʂʫʟʥʝʮʢʦʛʦ 
ʙʘʩʩʝʡʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʤʫ ʩʦʩʪʘʚʫ ʧʦ 
ʤʘʨʢʘʤ: ɾ ï 30%, ɻɾ ï 9%, ʂ ï 18%, ʂʆ ï 17% ʠ 
ʂʉ ï 26%. ʕʪʘ ʰʠʭʪʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ: Ro = 1,158; 
SR = 0,192%; Vt = 66%; V
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= 26,5%; y = 18 ʤʤ ʠ ʜʨ. 

ʀʟ ʙʘʟʦʚʦʡ ʵʪʘʣʦʥʥʦʡ ʰʠʭʪʳ ʧʦʣʫʯʘʶʪ ʚ ʫʟʢʦʢʘ-
ʤʝʨʥʳʭ ʧʝʯʘʭ ʧʨʠ ʧʝʨʠʦʜʝ ʢʦʢʩʦʚʘʥʠʷ 17 ʯ ʢʦʢʩ ʩ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʄ25 > 89; ʄ10 < 7,5; CSR >60 ʠ  
ʉRI <30 (ʧʨʠ ʤʦʢʨʦʤ ʪʫʰʝʥʠʠ ʢʦʢʩʘ). ʇʨʠ ʵʪʦʤ 
ʠʪʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ CSR ʠ ʉRI ʢʦʢʩʘ 
ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʟʘʢʫʧʦʯʥʦʡ 
ʮʝʥʳ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʢʦʤʧʦ-
ʥʝʥʪʘʤʠ ʵʪʦʡ ʰʠʭʪʳ. 
ʊʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʛʣʝʡ ʧʨʦʚʦʜʠʣʩʷ ʩʪʘʥ-

ʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ (ɻʆʉʊ 11022-95, ɻʆʉʊ ʈ 
52917-2008, ɻʆʉʊ 6382-2001, ɻʆʉʊ 1186-87), ʘ 
ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʙ 
ʫʛʣʷ ʧʦ ɻʆʉʊ ʈ 55662-2013. 
ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ 

ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 3168-93 (ʀʉʆ 
647:1974). ɼʣʷ ʵʪʦʛʦ ʧʨʦʙʫ ʫʛʣʷ (100 ʛ, ʬʨʘʢʮʠʷ 
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0,25ï1 ʤʤ) ʧʦʤʝʱʘʣʠ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ, ʛʜʝ ʚ ʪʝ-
ʯʝʥʠʝ 10ï15 ʤʠʥ ʧʨʦʚʦʜʠʣʠ ʝʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ 

ʥʘʛʨʝʚ ʜʦ 250ʉ̄. ɿʘʪʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 5ʉ̄/ʤʠʥ 

ʥʘʛʨʝʚʘʣʠ ʜʦ 520ʉ̄, ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. 
ɸʥʘʣʠʟ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝ-

ʪʦʜʦʤ ʛʘʟʦʘʜʩʦʨʙʮʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʛʘʟʦ-
ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ çʍʨʦʤʘʪʵʢ ʂʨʠ-
ʩʪʘʣʣ 5000è ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʩʘʜʦʯʥʦʡ ʢʦʣʦʥʢʠ 

HayeSepQ ʜʣʠʥʦʡ 3 ³ 2 ʤʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ CO2 ʠ 

ʥʘʩʘʜʦʯʥʦʡ ʢʦʣʦʥʢʠ NaX ʜʣʠʥʦʡ 3 ³ 2 ʤʤ ʩ ʧʨʝʜ-

ʢʦʣʦʥʢʦʡ Carboxen ʜʣʠʥʦʡ 0,5 ³ 2 ʤʤ ʜʣʷ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-
ʥʦʩʠʪʝʣʷ ʜʣʷ ʢʦʣʦʥʢʠ HayeSepQ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝ-
ʣʠʡ (15 ʤʣ/ʤʠʥ), ʜʣʷ ʢʦʣʦʥʦʢ NaX ʠ Carboxen ï 
ʘʨʛʦʥ (20 ʤʣ/ʤʠʥ). ʆʙʲʝʤ ʚʚʦʜʠʤʦʡ ʛʘʟʦʚʦʡ ʧʨʦ-
ʙʳ ʩʦʩʪʘʚʣʷʣ 1 ʤʣ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʭʦʜʘ ʢʦʤ-
ʧʦʥʝʥʪʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠʩʧʦʣʴʟʦ-
ʚʘʣʠ ʜʝʪʝʢʪʦʨʳ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʆʙʨʘʙʦʪʢʫ 
ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤ-
ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʍʨʦʤʘʪʵʢɸʥʘʣʠʪʠʢè [3, 4]. ɼʣʷ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʚʝʨʦʯ-
ʥʳʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʩʤʝʩʠ. ʂʘʞʜʦʝ ʭʨʦʤʘʪʦʛʨʘ-
ʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʪʨʠʞʜʳ, ʘ ʨʝ-
ʟʫʣʴʪʘʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 
ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʤʘʭʦʚ ʠ ʫʩʨʝʜʥʣ̫ʠʩʴ. 
ɸʥʘʣʠʟ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʢʘʤʝʥʥʦ-

ʛʦ ʫʛʣʷ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝ-
ʩʢʦʤ ʢʦʤʧʣʝʢʩʝ çʍʨʦʤʘʪʵʢ ʂʨʠʩʪʘʣʣ 5000è, 
ʦʩʥʘʱʝʥʥʦʤ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ ZB5-ms (5% 
ʬʝʥʠʣʘʨʠʣʝʥʘ / 95% ʜʠʤʝʪʠʣʧʦʣʠʩʠʣʦʢʩʘʥʘ), ʚ 
ʨʝʞʠʤʝ ʣʠʥʝʡʥʦʛʦ ʥʘʛʨʝʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 6 

0
ʉ/ʤʠʥ 

ʦʪ 40 ʜʦ 320ʉ̄. ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʧʨʠʤʝ-
ʥʷʣʠ ʘʟʦʪ (ʈ = 100 ʢʇʘ). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʥʘ-
ʣʠʟʘ ʩʦʩʪʘʚʣʷʣʘ 60 ʤʠʥ. 
ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ ʧʨʦʚʦ-

ʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʙʩʦʣʶʪʥʦʡ ʢʘ-
ʣʠʙʨʦʚʢʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʤʝʩʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 
ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ). ɺʝʱʝʩʪʚʘ, 
ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʤʝʩʠ, ʠʜʝʥʪʠ-
ʬʠʮʠʨʦʚʘʣʠʩʴ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤ 
ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʭ 
ʩʦʜʝʨʞʘʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʤʝʪʦʜʦʤ ʥʦʨʤʘʣʠʟʘʮʠʠ 
ʧʣʦʱʘʜʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ 
ʢʦʢʩʦʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ 
ʫʛʣʝʡ ʩʧʝʢʘʶʱʠʭʩʷ ʤʘʨʦʢ ɻɾ, ɾ, ʂɾ, ʧʦʵʪʦʤʫ 
ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʭ ʟʘʤʝʥʝ ʚ ʰʠʭʪʝ, 
ʥʘʧʨʠʤʝʨ ʥʘ ʥʝʬʪʷʥʳʝ ʩʧʝʢʘʶʱʠʝ ʜʦʙʘʚʢʠ ʪʠʧʘ 
ʛʫʜʨʦʥʘ [2]. ʅʘ ʩʦʭʨʘʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ 
ʢʦʢʩʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʝʬʠʮʠʪ ʞʠʨ-
ʥʳʭ ʠ ʢʦʢʩʦʚʳʭ ʫʛʣʝʡ. ʂʦʢʩʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜ-
ʧʨʠʷʪʠʷ ʧʦʣʫʯʘʶʪ ʫʛʦʣʥɹʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, ʛʜʝ ʧʦʜ 

ʦʜʥʦʡ ʤʘʨʢʦʡ ʧʨʦʭʦʜʠʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʛʣʝʡ, ʟʘ-
ʯʘʩʪʫʶ ʩʦʚʤʝʩʪʥʦ ʥʝ ʢʦʢʩʫʝʤʳʭ [5]. ʇʨʠ ʵʪʦʤ 
ʢʦʥʮʝʥʪʨʘʪ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥ ʪʘʢ, ʯʪʦ ʝʛʦ 
ʧʣʘʩʪʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʪʝʭʥʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʥʦʡ ʤʘʨ-
ʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʢʘʯʝʩʪʚʘ ʢʦʢʩʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ ʫʨʦʚʥʝ 
ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʰʠʭʪʳ [1, 2, 
5]. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʫʥʠʚʝʨʩʘʣʴʥʳʝ 
ʭʠʤʠʢʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʰʠʭʪʳ ʜʣʷ 
ʢʦʢʩʦʚʘʥʠʷ (ʧʦʢʘʟʘʪʝʣʴ ʦʪʨʘʞʝʥʠʷ ʚʠʪʨʠʥʠʪʘ Ro, 
ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ V
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, ʩʫʤʤʘ ʦʪʦʱʘʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪ ×ʆʂ, ʪʦʣɦ ʠʥʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʋ), 
ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʧʪʠ-
ʤʫʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʦ-
ʩʪʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʢʘʯʝʩʪʚʘ ʢʦʢʩʘ ʄ10 (ʤʠʥʠʤʠ-
ʟʘʮʠʷ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʄ10, ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 
ʩʪʦʠʤʦʩʪʴ ʰʠʭʪʳ ʠ ʢʦʣʝʙʘʥʠʝ ʄ10) [6-8]. 
ʇʦʣʫʯʝʥʠʝ ʧʦʣʫʢʦʢʩʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʰʘʛʦʤ 

ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʛʣʫʙʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 
ʫʛʣʝʡ ʚ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ. 
ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʫʛʣʷ ʥʘ ʪʚʝʨʜʳʡ ʧʦʣʫ-
ʢʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ ʠ ʛʦʨʶʯʠʝ ʣʝʪʫʯʠʝ ʛʘʟʳ ʜʣʷ 
ʩʞʠʛʘʥʠʷ ʠʣʠ ʜʘʣʴʥʝʡʰʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘ-
ʙʦʪʢʠ ʜʦʣʞʥʦ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ [2]. 
ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʨʘʮʠʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝ-
ʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ 
ʥʘʤʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʡ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩ-
ʩʝʡʥʘ. ʇʝʨʝʯʝʥʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʨʦʢ ʫʛʣʝʡ 
(ʢʦʤʧʦʥʝʥʪʦʚ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʄʘʨʢʘ ʫʛʣʷ, 
ʢʦʤʧʦʥʝʥʪ 

ʊʝʭʥʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ X, 

ʤʤ 
Y, 
ʤʤ 

R0, 
% 
×ʆʂ, 

% A
d
, 

% 
V

d
,  

% 
S, 
% 

ʆʉ 8,75 19,71 0,32 24,5 12,0 1,26 42,25 

ʂʉ+ʂʆ+ʂʆʉ 9,80 19,70 0,40 34,0 11,0 1,16 40,00 

ʂʉ 9,70 19,73 0,40 32,0 11,0 1,21 41,00 

ʂ 9,80 22,10 0,40 0,0 23,0 1,27 16,00 

ɾ 9,00 34,71 0,50 18,5 30,0 0,90 11,00 

ɾ+ɻɾ 8,50 35,32 0,44 31,0 9,0 0,84 11,00 

 
ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʢʘʟʘʪʝʣʴ ʦʪʨʘʞʝʥʠʷ ʚʠʪʨʠʥʠʪʘ Rʦ ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʤʝʪʘʤʦʨʬʠʟ-
ʤʘ ʫʛʣʝʡ, ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚ ʨʷʜʫ ʤʝʪʘʤʦʨʬʠʟ-
ʤʘ ʫʛʣʝʡ ʩʚʷʟʘʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʫʚʝʣʠʯʝʥʠ-
ʝʤ ʩʪʝʧʝʥʠ ʘʨʦʤʘʪʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʠ 
ʨʦʩʪʦʤ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʩʪʠ ʷʜʝʨ ʩʪʨʫʢʪʫʨʥʳʭ 
ʝʜʠʥʠʮ ʤʘʢʨʦʤʦʣʝʢʫʣ ʫʛʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʦʩʥʦʚ-
ʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʛʣʝʡ 
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ʥʘʠʙʦʣʝʝ ʪʝʩʥʘʷ ʩʚʷʟʴ ʩʫʱʝʩʪʚʫʝʪ ʤʝʞʜʫ ʧʦʢʘʟʘ-
ʪʝʣʷʤʠ Ro ʠ V

d
 [9, 10]. ʇʦʢʘʟʘʪʝʣʴ ʦʪʨʘʞʝʥʠʷ ʚʠʪ-

ʨʠʥʠʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʢʘʨʙʦʥʠʟʘʮʠʠ 
ʫʛʦʣʴʥʦʡ ʤʘʩʩʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ ʠʩʩʣʝʜʦ-
ʚʘʥʥʳʭ ʫʛʣʝʡ ʦʪ 0,84 (ɾ+ɻɾ) ʜʦ 1,27 (ʆʉ) ʧʨʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʤʝʥʴʰʝʥʠʠ ʟʥʘʯʝʥʠʡ ʚʭrʦʜʘ 
ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ (V

d
) ʦʪ 35,3 (ɾ+ɻɾ) ʜʦ 19,73 

(ʜʣʷ ʆʉ) (ʨʠʩ.1).  

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ V
d  

ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʦʪʨʘʞʝʥʠʷ ʚʠʪʨʠʥʠʪʘ R0 

ʉʦʜʝʨʞʘʥʠʝ ʦʪʦʱʘʶʱʠʭ (ʬʶʟʝʥʠʟʠʨʦʚʘʥʥʳʭ) 
ʢʦʤʧʦʥʝʥʪʦʚ ʫʛʣʷ (ɆʆK) ʩʦʛʣʘʩʥʦ ɻʆʉʊ 25543 - 
88 ʪʘʢʞʝ ʚʭʦʜʠʪ ʚ ʧʝʨʝʯʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝ-
ʣʷʶʱʠʭ ʤʘʨʢʫ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 
ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʛʣʝʡ ɆʆK 
ʚʦʟʨʘʩʪʘʝʪ ʦʪ 11 (ʜʣʷ ɾ ʠ ɾ+ɻɾ) ʜʦ 42,25 % ʜʣʷ 
ʤʘʨʢʠ ʆʉ) ( ʨʠʩ. 2). 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʦʪʦʱʘʶʱʠʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ×ʆʂ ʦʪ ʩʪʝʧʝʥʠ ʢʘʨʙʦʥʠʟʘʮʠʠ 
(ʤʝʪʘʤʦʨʬʠʟʤʘ) ʫʛʦʣʴʥʦʡ ʤʘʩʩʳ R0 

ɼʘʥʥʳʝ ʦ ʚʳʭʦʜʝ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.  
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʪʘʜʠʠ ʤʝʪʘʤʦʨ-

ʬʠʟʤʘ ʫʛʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʢʦʢʩʘ 
(ʨʠʩ. 3) ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʤʦʣʷʥʳʭ (ʨʠʩ. 4) ʠ ʧʘ-
ʨʦʛʘʟʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦ-
ʣʫʢʦʢʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʨʢʝ ʫʛʣʷ ʆʉ, ʘ ʩʤʦʣʳ ʠ 
ʧʘʨʦʛʘʟʦʚʳʭ ʜʣʷ ʤʘʨʢʠ ʫʛʣʷ ɾ+ɻɾ. ʉʦʩʪʘʚ ʛʘʟʦ-

ʚʦʡ ʬʘʟʳ ʚ ʨʷʜʫ ʠʩʩʣʝʜʫʝʤʳʭ ʫʛʣʝʡ ʤʝʥʷʝʪʩʷ ʥʝ-
ʟʥʘʯʠʪʝʣʴʥʦ. ɼʣʷ ʚʩʝʭ ʤʘʨʦʢ ʫʛʣʝʡ ʠ ʩʤʝʩʝʡ ʚ ʩʦ-
ʩʪʘʚʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ 
ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʪʘʥ (52,56ï56,90 ʦʙ.%). ʀʟ ʦʩʪʘʣʴ-
ʥʳʭ ʛʘʟʦʚ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 
ʚʦʜʦʨʦʜʘ (13,90ï20,15 ʦʙ.%) ʠ ʵʪʘʥʘ (9,90ï15,02 
ʦʙ.%). 

ʊʘʙʣʠʮʘ 2 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ 

ʄʘʨʢʘ ʫʛʣʷ 
V

d
, 

% 
R0, 
% 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ  
ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ, % 

sK TsK WsK GsK 

ʆʉ  19,7 1,26 93,089 0,63 0,625 5,660 

ʂʉ+ʂʆ+ʂʆʉ 19,7 1,16 91,420 2,33 1,100 5,150 

ʂʉ 19,7 1,21 92,681 1,09 0,700 5,529 

ʂ 22,1 1,27 90,413 3,44 0,900 5,247 

ɾ+ɻɾ 35,3 0,84 86,803 4,08 3,400 6,640 

 

 

ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʧʦʣʫʢʦʢʩʘ ʦʪ ʧʦʢʘʟʘʪʝʣʷ 
ʦʪʨʘʞʝʥʠʷ ʚʠʪʨʠʥʠʪʘ R0 

 
ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʩʤʦʣʳ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ  

ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʦʪʨʘʞʝʥʠʷ ʚʠʪʨʠʥʠʪʘ R0 

ʉʤʦʣʘ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʩʣʦʞʥʫʶ ʩʤʝʩʴ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʢʘʢ ʠʥʜʠʚʠʜʫ-
ʘʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʪʘʢ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ. ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ

*
 ʩʤʦʣ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ 

                                                      
* ɼʝʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʛʨʫʧʧʳ ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʨʦʤʘʪʠ-
ʯʝʩʢʠʭ ʷʜʝʨ ʚ ʤʦʣʝʢʫʣʝ. 
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ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʥʦʨʤʠʨʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3 

ʊʘʙʣʠʮʘ 3 

ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʩʤʦʣʳ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ 

ɻʨʫʧʧʘ  
ʫʛʣʝʚʦʜʦʨʦ-
ʜʦʚ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 
ʚ ʩʤʦʣʘʭ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ  
ʠʟ ʫʛʣʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʨʦʢ, 

 % ʢ ʩʫʤʤʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ  
ʩʦʝʜʠʥʝʥʠʡ 

ɾ+ɻɾ ʂ ʂʉ ʂʉ+ʂʆ+ʂʆʉ ʆʉ 

ɸʣʠʬʘʪʠʯʝ-
ʩʢʠʝ ʫʛʣʝʚʦ-
ʜʦʨʦʜʳ 
(ʚ ʪʦʤ ʯʠʩʣʝ 
ʮʠʢʣʠʯʝ-
ʩʢʠʝ) 

19,69 16,87 17,33 15,73 18,57 

ʄʦʥʦʘʨʦʤʘ-
ʪʠʯʝʩʢʠʝ ʫʛ-
ʣʝʚʦʜʦʨʦʜʳ  

20,08 7,52 4,08 11,38 3,47 

ɹʠʘʨʦʤʘʪʠ-
ʯʝʩʢʠʝ ʫʛʣʝ-
ʚʦʜʦʨʦʜʳ 
(ʥʘʬʪʘʣʠʥ ʠ 
ʝʛʦ ʛʦʤʦʣʦ-
ʛʠ) 

18,59 31,27 32,69 27,39 32,53 

ʇʦʣʠʘʨʝʥʳ,  
ʩʦʜʝʨʞʘɦ ʠʝ 
3-5 ʙʝʥʟʦʣʴ-
ʥʳʭ ʢʦʣʝʮ 

3,87 8,24 9,26 9,32 7,06 

ɻʝʪʝʨʦʮʠʢ-
ʣʠʯʝʩʢʠʝ 
ʩʦʝʜʠʥʝʥʠʷ 
(ʬʝʥʦʣʳ ʠ 
ʜʨ.) 

37,77 36,09 36,65 36,18 38,36 

 
ɺ ʩʦʩʪʘʚ ʩʤʦʣ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ ʚʭʦʜʷʪ ʘʣʠʬʘ-

ʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝ-
ʥʳ ʥ-ʘʣʢʘʥʳ (ʜʝʢʘʥ, ʜʦʜʝʢʘʥ, ʫʥʜʝʢʘʥ, ʪʨʠʜʝʢʘʥ ʠ 
ʜʨ.), ʥ-ʘʣʢʝʥʳ (ʥʦʥʝʥ ʠ ʜʨ.) ʠ ʮʠʢʣʦʘʣʢʘʥʳ 
(ʵʪʠʣʮʠʢʣʦʛʝʢʩʘʥ, ʪʨʝʪ-ʙʫʪʠʣʮʠʢʣʦʛʝʢʩʘʥ ʠ ʜʨ.), ʘ 
ʪʘʢʞʝ ʘʣʠʬʠʮʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʮʠʩ-
ʜʝʢʘʣʠʥ). 
ɺ ʨʷʜʫ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʨʦʢ ʫʛʣʝʡ ʠ ʠʭ ʩʤʝʩʝʡ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ R0 ʢʦʣʠʯʝʩʪʚʦ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝ-
ʚʦʜʦʨʦʜʦʚ ʩʥʠʞʘʝʪʩʷ.  
ɺ ʩʦʩʪʘʚʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʤʦʣ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʥʦ-, ʙʠ- ʠ 
ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 
ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʥʦʘʨʝʥʦʚ ʠʤʝʝʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 20,08 
(ɾ+ɻɾ) ʜʦ 3,47 (ʆʉ) ʦʪ ʩʫʤʤʳ ʚʩʝʭ ʠʜʝʥʪʠʬʠʮʠ-
ʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʨʝʜʠ ʤʦʥʦʘʨʝʥʦʚ ʦʙʥʘ-
ʨʫʞʝʥʳ ʠʥʜʘʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʘ ʪʘʢʞʝ ʪʝʪʨʘ-
ʣʠʥ. ɹʠʘʨʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʬʪʘʣʠʥʦʤ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʩ ʤʝʪʠʣʥɹʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʙʠʬʝʥʠʣʦʤ ʠ 

ʝʛʦ ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʤʠ ʛʦʤʦʣʦʛʘʤʠ. ʀʭ ʩʦʜʝʨʞʘ-
ʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 18,59 (ɾ+ɻɾ) ʜʦ 35,53 
(ʆʉ). 
ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʠʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 3-5 ʙʝʥ-

ʟʦʣʴʥʳʭ ʢʦʣʝʮ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 3,87 (ɾ+ɻɾ) ʜʦ 
9,32 (ʂʉ+ʂʆ+ʂʆʉ). 

ɺʳʚʦʜʳ  

ʇʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ ʢʘ-
ʤʝʥʥʳʭ ʫʛʣʝʡ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʆʧʨʝʜʝʣʝʥʳ 
ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʨʦʢ (ʢʦʤʧʦʥʝʥ-
ʪʦʚ) ʫʛʣʝʡ ʠ ʚʳʭʦʜʳ ʠʟ ʥʠʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʢʦʢʩʦ-
ʚʘʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʷ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʢʦʢʩʘ ʧʨʠ ʫʤʝʥʴ-
ʰʝʥʠʠ ʩʤʦʣʷʥʳʭ ʠ ʧʘʨʦʛʘʟʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 
ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʢʦʢʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʤʘʨʢʝ ʫʛʣʷ ʆʉ, ʘ ʩʤʦʣʳ ʠ ʧʘʨʦʛʘʟʦʚʳʭ ʜʣʷ ʤʘʨʢʠ 
ʫʛʣʷ ɾ+ɻɾ. ɼʣʷ ʚʩʝʭ ʤʘʨʦʢ ʫʛʣʝʡ ʠ ʩʤʝʩʝʡ ʚ ʩʦ-
ʩʪʘʚʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ 
ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʪʘʥ, ʚʦʜʦʨʦʜ ʠ ʵʪʘʥ. ɼʘʥʥʳʝ ʭʨʦ-
ʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʩ 
ʨʦʩʪʦʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ ʫʛʣʝʡ ʚ ʩʦʩʪʘʚʝ ʠʭ 
ʩʤʦʣ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʙʠʘʨʦʤʘʪʠʯʝ-
ʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʚʠʜʝ ʥʘʬʪʘʣʠʥʦʚ ʩ ʨʘʟʣʠʯ-
ʥʳʤʠ ʘʣʢʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠ ʜʦʣʠ ʢʦʥʜʝʥ-
ʩʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʋʇʈʆʏʅɽʅʀɽ ʌɸʉʆʅʅʆɻʆ ʇʈʆʂɸʊɸ ʅɸ ʂʃɸʉʉ ʇʈʆʏʅʆʉʊʀ 600 ʄʇʘ 

ʉʳʯʢʦʚ ɸ.ɹ.
1
, ɸʪʘʥʛʫʣʦʚʘ ɻ.ʗ.

2
,  ɸʛʫʪʠʥ ɻ.ɺ.

1
  

1ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 
2ʆɸʆ çʄʄʂ-ʄɽʊʀɿè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʠʯʝʩʢʦ-

ʛʦ ʫʧʨʦʯʥʝʥʠʷ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ 600 ʄʇʘ (ʧʦ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ). 
ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʘ ʚʳʩʦʢʦʪʦʯʥʘʷ ʘʜʝʢʚʘʪʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʦʪʧʫʩʢʘ 
(ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʠ ʦʧʨʝʜʝʣʷʶʪ ʢʣʘʩʩ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʘ) ʦʪ ʪʦʣʱʠʥʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦ-
ʢʘʪʘ ʠ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ.  
ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʘ-

ʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ ʰʠʨʦʢʦʛʦ ʤʘʨʦʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʤʝʨʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʠ ʥʘʟʥʘʯʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʣʘʩʩ ʧʨʦʯʥʦʩʪʠ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ ʥʘ ʫʨʦʚʥʝ 350-590 (600) ʄʇʘ. 
ʇʨʦʮʝʩʩ ʧʨʝʨʚʘʥʥʦʡ ʟʘʢʘʣʢʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫ-

ʨʫ ʧʨʦʢʘʪʘ (ʦʪ ʠʛʦʣʴʯʘʪʦʛʦ ʬʝʨʨʠʪʘ ʠ ʙʝʡʥʠʪʘ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ HV = 1767-2600, ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ 
ʦʭʣʘʞʜʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʟʢʦʤ ʢʣʘʩʩʝ ʧʨʦʯʥʦʩʪʠ ʜʦ ʩʪʨʫʢʪʫʨ ʦʪʧʫʱʝʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ,  
HV = 2937-3500, ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʣʘʩʩʝ ʧʨʦʯʥʦʩʪʠ 600 ʄʇʘ). 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʩʦʥʥʳʡ ʧʨʦʢʘʪ, ʪʝʨʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʧʨʝʨʚʘʥʥʘʷ ʠ ʧʨʝʨʳʚʠʩʪʘʷ ʟʘʢʘʣʢʘ ʩ 

ʩʘʤʦʦʪʧʫʩʢʦʤ, ʢʣʘʩʩ ʧʨʦʯʥʦʩʪʠ, ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ. 
 
 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦ-
ʛʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ï ʪʝʨʤʠʯʝʩʢʦʡ 
ʧʨʘʚʢʠ (ʊʋ-ʊʇ) ʬʘʩʦʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʨʘʟʨʘʙʦʪʢʘ 
ʢʦʪʦʨʦʡ ʙʳʣʘ ʥʘʯʘʪʘ ʝʱʝ ʚ 70-ʝ ʛʦʜʳ ʜʚʘʜʮʘʪʦʛʦ 
ʚʝʢʘ [1, 2].  
ʉʝʡʯʘʩ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʘ ʥʘ ʥʦʚʳʝ ʚʠʜʳ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʪʘʢʠʝ 
ʢʘʢ ʩʫʜʦʚʳʝ, ʪʨʫʙʥʳʝ ʧʨʦʬʠʣʠ, ʧʨʦʬʠʣʠ ʜʣʷ ʚʘ-
ʛʦʥʦʩʪʨʦʝʥʠʷ ʠ ʪ.ʧ. ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚ ʧʨʦʢʘʪʝ ʧʦ-
ʚʳʰʝʥʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʩʯʝʪ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫ-
ʨ .r ʈr ʥʦʢ ʪʨʝʙʫʝʪ ʧʦʩʪʘʚʦʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʘʩʦʥ-
ʥʦʛʦ ʧʨʦʢʘʪʘ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ ʜʦ 600 (590) ʄʇʘ 
ʙʝʟ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʚʘ-
ʥʘʜʠʝʤ ʠ/ʠʣʠ ʥʠʦʙʠʝʤ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʚʳʰʝʫʢʘ-
ʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʧʨʝʜʩʪʘʚʣʝʥr ʚ ʨʘʙʦʪʘʭ [3-16]. 
ɺ ɻʪʠʭ ʨʘʙʦʪʘʭ ʧʨʦʚʝʜʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ 

ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝ-
ʥʠʷ ʥʘ ʦʩʥʦʚʥʦʤ ʩʦʨʪʘʤʝʥʪʝ ʬʘʩʦʥʥʳʭ ʧʨʦʬʠʣʝʡ, 
ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ (ʩʢʦʨʦ-
ʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʨʘʩʭʦʜʘ ʠ ʜʘʚʣʝʥʠʷ ʦʭʣʘʜʠʪʝʣʷ 
ʚʦʜʳ, ʢʦʣʠʯʝʩʪʚʘ ʩʝʢʮʠʡ ʦʭʣʘʞʜʝʥʠʷ, ʧʦʨʷʜʢʘ ʠʭ 
ʚʢʣʶʯʝʥʠʷ ʠ ʪ.ʧ.) ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʦ-
ʢʘʪʘ.  
ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤ r ʫʩʢʦʨʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ 

                                                      
Ò ʉʳʯʢʦʚ ɸ.ɹ., ɸʪʘʥʛʫʣʦʚʘ ɻ.ʗ.,  ɸʛʫʪʠʥ ɻ.ɺ., 2019 

ʦʭʣʘʞʜʝʥʠʷ (ʋɺʆ) ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ (ʥʘ ʧʨʠʤʝ-

ʨʝ ʨʘʚʥʦʧʦʣʦʯʥʦʛʦ ʫʛʦʣʢʘ 90³90³7 ʤʤ) ʠʟ ʥʠʟʢʦ-
ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 09ɻ2ʉ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʝ ʨʝʞʠʤʳ ʋɺʆ ʘʜʝʢʚʘʪʥʳ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ 
ʫʧʨʦʯʥʝʥʠʷ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 1). 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʬʘʩʦʥʥʦʤ ʧʨʦʢʘʪʝ ʟʘʜʘʥʥʦ-

ʛʦ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝ-
ʙʫʝʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʦʪʧʫʩʢʘ (tʩʦʪ), ʢʦʪʦʨʘʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʘʤʠ ʋɺʆ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ tʧʦʚ ʵʣʝʤʝʥʪʦʚ ʧʨʦʬʠʣʷ, ʝʛʦ 
ʪʦʣʱʠʥʳ h ʠ ʚʨʝʤʝʥʠ Ű ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 
ʈʘʩʯʝʪʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʚʝ-

ʜʝʥʘ ʥʠʞʝ: 

tʩʦʪ = 176 + 7,8h+ 1,01tʧʦʚ ï 0,75Űʦʭʣ, R
2
= 0,508;  

R = 0,71; F = 67477, n= 61, 

ʛʜʝ R
2 
ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ; R ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʠʮʠʠ; F ï ʢʨʠʪʝʨʠʡ 
ʌʠʰʝʨʘ; n ï ʦʙʲʝʤ ʚʙrʦʨʢʠ. 

ʋʨʘʚʥʝʥʠʝ ʘʜʝʢʚʘʪʥʦ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ, ʩʫ-
ʱʝʩʪʚʝʥʥʦ ʣʠʥʝʡʥʦ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʬʘʢʪʦʨʘʭ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʧʦ ʢʨʠʪʝʨʠ ʁʉʪʴʶʜʝʥʪʘ, 
ʚʢʣʘʜ ʬʘʢʪʦʨʦʚ ʚ ʬʫʥʢʮʠʶ ʦʪʢʣʠʢʘ ʩʦʩʪʘʚʠʣ: 
ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦʩʣʝ ʦʭʣʘ-
ʞʜʝʥʠʷ tʧʦʚ ï 67%, ʪʦʣʱʠʥʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʫʯʘʩʪʢʘ 
ʧʨʦʬʠʣʷ h ï 32,6%, ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ Űʦʭʣ ï 0,4%. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 
ʨʝʛʨʝʩʩʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦ-
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ʟʠʨʫʶʱʝʛʦ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʨʝʩʫʨʩʘ ʧʨʠ ʋɺʆ ʧʦ 
ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʘʣʢʠ ʩ ʩʘʤʦʦʪʧʫʩʢʦʤ ʩ ʧʨʝʜʧʨʦʢʘʪ-
ʥʦʛʦ ʥʘʛʨʝʚʘ (ʧʨʝʨʚʘʥʥʦʝ ʠʣʠ ʧʨʝʨʳʚʠʩʪʦʝ ʦʭʣʘ-
ʞʜʝʥʠʝ). 
ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ, ʧʦʢʘʟʳʚʘ-

ʶʱʘʷ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ 
ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ (ʥʘ ʧʨʠʤʝʨʝ ʨʘʚʥʦʧʦʣʦʯʥʦʛʦ 

ʫʛʦʣʢʘ 90³90³7 ʤʤ ʠʟ ʩʪʘʣʠ 09ɻ2ʉ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 
ʨʘʩʯʝʪʥʳʤʠ, ʘ ʪʘʢʞʝ ʨʝʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʬʘʢʪʘ 
ʦʪ ʨʘʩʯʝʪʘ. 

ʇʦ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ ʤʝʪʘʣʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʢʣʘʩʩʘʤ ʧʨʦʯʥʦʩʪʠ 350ï400 ʄʇʘ ʧʦʩʣʝ ʫʧʨʦʯʥʝʥʠʷ, 
ʚ ʛʦʨʷʯʝʢʘʪʘʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʪʘʣʣ ʦʪʚʝʯʘʝʪ ʢʣʘʩʩʫ 
ʧʨʦʯʥʦʩʪʠ 290 ʄʇʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʦʯʥʝʥʠʷ ʨʘ-
ʚʝʥ 1,21ï1,38, ʘ ʦʪʥʦʰʝʥʠʝ ůʪ/ůʚ = 0,70-0,76 ʚʳʰʝ 
ʦʙʳʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ ï 0,66. 
ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʞʠʤʳ ʋɺʆ, ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʳʪʥʦʛʦ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ, 
ʦʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ 
ʦʪ ʨʘʩʯʝʪʥʳʭ, ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ.  

 

ʈʠʩ. 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ (ʄʇʘ) ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʫʛʦʣʢʦʤ 90³90³7 

ʈʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ 

ʇʨʦʬʠʣʝʨʘʟʤʝʨ 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 
ɺʨʝʤʷ 

ʦʭʣʘʞʜʝʥʠʷ 
Ű, ʩ 

ʇʨʝʜʝʣ  
ʪʝʢʫʯʝʩʪʠ ůʪ, 
ʄʇʘ 

ʈʘʟʥʠʮʘ 
ʬʘʢʪ-
ʧʨʦʛʥʦʟ 
ȹůʚ, ʄʇʘ 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ, HV, 
ʄʇʘ/ʩʪʨʫʢʪʫʨʘ ʥʘʛʨʝʚʘ 

å ʧʦʚʝʨʭ-
ʥʦʩʪʠ 

å ʩʘʤʦʦʪ-
ʧʫʩʢʘ 

90³90³7 1050 550 700 2 370 -30 
2100-ɹ ʚʝʨʭ. + 
ʌ ʠʛʦʣʴʯ 

90³90³7 1050 700 750 1,5 350 -20 
1837-ɹ ʚʝʨʭ. + 
ʌ ʠʛʦʣʴʯ. 

90³90³7 1050 650 650 4 415 +5 
2590- ɹ ʥʠʞʥ.(ʨʝʝʯʥ.) 

+ʌ ʠʛʦʣʴʯ 

90³90³7 1050 650 700 2 365 -5 
1847-ɹ ʚʝʨʭ. + 
ʌ ʠʛʦʣʴʯ 

90³90³7 1050 695 740 2 360 -10 
1767-ɹ ʚʝʨʭ. + 
ʌ ʠʛʦʣʴʯ 

ʇʨʠʤʝʯʘʥʠʝ. ʌ ï ʬʝʨʨʠʪ, ɹʥʠʞʥ. ï ʥʠʞʥʠʡ ʙʝʡʥʠʪ, ɹʚʝʨʭ. ï ʚʝʨʭʥʠʡ ʙʝʡʥʠʪ, ʌʠʛʦʣʴʯ. ï ʠʛʦʣʴʯʘʪʳʡ ʬʝʨʨʠʪ. 
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ɼʣʷ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ 600 ʄʇʘ (ʧʦ ʧʨʝʜʝʣʫ 
ʪʝʢʫʯʝʩʪʠ) ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʦʪʧʫʩʢʘ ʜʦʣʞʥʘ ʙʳʪʴ 
ʥʘ ʫʨʦʚʥʝ 600-650

ʦ
ʉ. ʊʦʛʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʨʝʤʷ ʦʭʣʘ-
ʞʜʝʥʠʷ ʤʝʪʘʣʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ 
ʫʯʘʩʪʢʘ ʧʨʦʬʠʣʷ.  

ʊʘʢ, ʜʣʷ ʫʛʦʣʢʘ 125³125³16 ʤʤ (16 ʠ 28 ʤʤ ï 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʣʱʠʥʘ ʧʦʣʢʠ ʠ ʧʨʠʤʝʨʥʘʷ ʪʦʣ-
ʱʠʥʘ ʚʝʨʰʠʥʳ ʫʛʦʣʢʘ) ʨʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ tʧʦʚ.ʩʨ. = 300

ʦ
ʉ ʧʨʠ ʚʨʝʤʝʥʠ 

ʦʭʣʘʞʜʝʥʠʷ Űʦʭʣ= 3-5 ʩ; ʘ ʜʣʷ ʫʛʦʣʢʘ 40³40³4 ʤʤ 
(4 ʠ 7 ʤʤ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʣʱʠʥʳ ʧʦʣʢʠ ʠ 
ʚʝʨʰʠʥʳ ʫʛʦʣʢʘ): tʧʦʚ.ʩʨ. = 430

ʦ
ʉ ʧʨʠ ʪʦʤ ʞʝ ʚʨʝ-

ʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʤʝʪʘʣʣʘ. ʅʘ ʙʘʟʝ ʨʘʩʯʝʪʦʚ, ʧʨʠ-
ʤʝʨ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʰʝ, ʩʦʩʪʘʚʣʷʝʪʩʷ ʨʝ-
ʞʠʤʥʘʷ ʢʘʨʪʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 
ʧʨʦʮʝʩʩʦʤ ʋɺʆ-ʫʧʨʦʯʥʝʥʠʷ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ 
ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘ ʟʘʜʘʥʥʳʡ ʢʣʘʩʩ ʧʨʦʯʥʦ-
ʩʪʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠ ʥʘʙʦʨʝ ʦʧʨʝʜʝʣʝʥʥʦ-
ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ 
ʧʨʦʚʝʜʝʥʠʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʩʯʝʪʥʦʡ ʨʝʛʨʝʩʩʠʦʥ-
ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘ-
ʙʦʪʝ [17]. 
ʅʘ ʨʠʩ. 1 ʠ ʚ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʫʧʨʦʯʥʝʥʠʷ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ, 
ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣ-
ʣʘ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʠʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ 
ʟʥʘʯʝʥʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʧʨʠʤʝʨʝ 
ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʘ ʤʠʥʫʩ  
16 ʄʇʘ (ʦʪ ʤʠʥʫʩ 30 ʜʦ ʧʣʶʩ 5 ʄʇʘ) ʠʣʠ ʧʦ-
ʛʨʝʰʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʩʦʩʪʘʚʠʣʘ ʤʠʥʫʩ 4,3%. ʄʠʢ-
ʨʦʪʚʝʨʜʦʩʪʴ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʧʳʪʥʦʛʦ ʧʨʦʢʘʪʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʨʫʛ ʜʨʫʛʫ ʠ ʪʝʨʤʠʯʝʩʢʠ ʫʧʨʦʯ-
ʥʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʧʦʪʦʢʝ ʩʦʨʪʦʚʳʭ ʩʪʘʥʦʚ. ɺ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 
ʩʦʩʪʘʚʣʷʝʪ 1767-2590 ʄʇʘ (ʩ ʨʦʩʪʦʤ ʧʨʝʜʝʣʘ ʪʝ-
ʢʫʯʝʩʪʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦ-
ʩʪʠ), ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 
ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʠʛʦʣʴʯʘʪʳʡ ʬʝʨʨʠʪ, ʚʝʨʭʥʠʡ ʠ 
ʥʠʞʥʠʡ ʙʝʡʥʠʪ (ʜʣʷ ʙʦʣʝʝ ʧʨʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʩʦ-
ʦʪʚʝʪʩʪʚʫʝʪ ʠ ʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ï 
ʥʠʞʥʠʡ ʙʝʡʥʠʪ).  
ʅʘ ʨʠʩ. 1 ʠ ʚ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʞʠʤʳ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʦʢʘʪʘ (ʪʝʤʧʝʨʘʪʫʨʘ 
ʥʘʯʘʣʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 1050

ʦ
ʉ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʘʤʦʦʪʧʫʩʢʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 650-750
 ʦ
ʉ, ʘ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 550-700
ʦ
ʉ, ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 1,5-4 ʩ). ʋʢʘʟʘʥʥʳʝ ʨʝʞʠʤʳ ʦʙʫʩʣʦʚʠʣʠ 
ʧʦʣʫʯʝʥʠʝ ʧʨʦʢʘʪʘ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ 350-400 
ʄʇʘ. ʇʨʠ ʵʪʦʤ ʯʝʤ çʞʝʩʪʯʝè ʨʝʞʠʤʳ ʫʧʨʦʯʥʝ-
ʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʦʯʥʦʩʪʴ ʤʝʪʘʣʣʘ. 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʦʡʩʪʚ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ 

ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ 600 ʄʇʘ, ʢʘʢ ʫʞʝ ʟʜʝʩʴ ʦʪʤʝʯʘ-
ʣʦʩʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʦʪʧʫʩʢʘ ʜʦʣʞʥʘ ʙʳʪʴ, ʨʘʚ-
ʥʦʡ ʧʨʠʤʝʨʥʦ 650

ʦ
ʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʨʘʩʯʝʪʫ 300-430
ʦ
ʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʨʦʬʠʣʷ, ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʜʦʣʞ-
ʥʦ ʫʚʝʣʠʯʠʪʴʩʷ ʜʦ 3-5 ʩ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʦʢʘʪʘ (ʨʠʩ. 
2) ʪʘʢʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘʯʠʥʘʪʁ ʧʨʝʦʙʣʘʜʘʪʴ ʙʦʣʝʝ 
ʥʘʧʨʷʞʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʙʝʡʥʠʪ ʥʠʞʥʠʡ ʠ 
ʜʘʞʝ ʦʪʧʫʱʝʥʥʳʡ ʤʘʨʪʝʥʩʠʪ (ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ HV 
2937-3500) ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʚʘʟʠʢʦʤʧʦʟʠʪʥʦʡ, 
ʧʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʪʘʣʣʦ-
ʧʨʦʢʘʪʫ, ʫʧʨʦʯʥʝʥʥʦʤʫ ʧʦ ʩʭʝʤʝ ʧʨʝʨʚʘʥʥʦʡ 
ʠ/ʠʣʠ ʧʨʝʨʳʚʠʩʪʦʡ ʟʘʢʘʣʢʠ ʩ ʩʘʤʦʦʪʧʫʩʢʦʤ.  

 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ ʢʣʘʩʩʘ 
ʧʨʦʯʥʦʩʪʠ 600 ʄʇʘ 

ɺʳʚʦʜʳ  

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʋɺʆ-ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ 
ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʥʘ ʤʝʪʘʣʣʝ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 09ɻ2ʉ, ʥʝʣʝ-
ʛʠʨʦʚʘʥʥʦʡ ʚʘʥʘʜʠʝʤ.  

2. ʇʦʩʪʝʧʝʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦ-
ʛʥʦʟʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʘ 
ʧʦʩʣʝ ʋɺʆ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 
ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘ-
ʯʝʥʠʡ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ (ʩʦ ʩʨʝʜʥʠʤ ʦʪʢʣʦʥʝʥʠ-
ʝʤ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʧʦ ʧʨʦʬʠʣʝʨʘʟʤʝʨʘʤ ʥʘ 
ʫʨʦʚʥʝ - ʤʠʥʫʩ 16 ʄʇʘ ʠʣʠ 4 %). 
3. ʉʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʤʘʩʩʠʚʘ ʦʧʳʪ-

ʥʦʡ ʚʳʙʦʨʢʠ ʨʘʩʩʯʠʪʘʥʦ ʘʜʝʢʚʘʪʥʦʝ ʨʝʘʣʴʥʦʤʫ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʫʨʘʚ-
ʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʦʪʧʫʩʢʘ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ, ʪʦʣ-
ʱʠʥʳ ʦʭʣʘʞʜʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʬʠʣʷ, ʚʨʝʤʝʥʠ 
ʦʭʣʘʞʜʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʋɺʆ:  

tʩʦʪ = 176 + 7,8h + 1,01tʧʦʚ ï 0,75Űʦʭʣ,  
R

2 
= 0,508; R = 0,71; F = 67477, n = 61. 
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ʋɼʂ 62-436.1 

ʂʈʀʊɽʈʀʀ ʆʊɼɽʃɽʅʀʗ ʇɽʈɽʄʓʏʂʀ ʇʈʀ ʇʈʆʂɸʊʂɽ ʐɸʈʆɺ 

ʈʫʙʮʦʚ ɺ.ʖ.
1
, ʂʫʨʦʯʢʠʥ ɺ.ɺ.

1
, ʐʝʚʯʝʥʢʦ ʆ.ʀ.

2
 

1ɸʆ çɽɺʈɸɿ-ʅʊʄʂè, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ  
2ʅʊʀ(ʬ)ʋʨʌʋ, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʧʨʦʢʘʪʢʠ ʰʘʨʦʚ ʩ ʥʝʧʨʝʨʳʚʥʦʠʟʤʝʥʷʶʱʠʤʩʷ ʰʘʛʦʤ ʠ 
ʧʦʩʪʦʷʥʥʦʡ ʰʠʨʠʥʦʡ ʨʝʙʦʨʜʳ, ʧʨʦʠʟʚʝʜʸʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ Deform-3D. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʝʨʚʦʡ çʧʦʣʦʚʠʥʢʠè ʠ ʧʨʦʮʝʩʩʫ ʦʪʜʝʣʝʥʠʷ ʧʝʨʝʤʳʯʢʠ. ɺ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʝʬʦʨ-
ʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʥʳ ʨʘʟʨʷʞʝʥʠʷ. ɺ ʭʘʨʘʢ-
ʪʝʨʝ ʦʪʜʝʣʝʥʠʷ ʧʝʨʝʤʳʯʢʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʷ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʭʦʜʠʤʦʩʪʠ ʩ ʨʝʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʢʘʪʢʠ, ʚʧʣʦʪʴ ʜʦ ʛʝʦʤʝʪʨʠʠ 
ʧʦʣʫʯʝʥʥʦʡ ʧʦʣʦʚʠʥʢʠ. ɼʣʷ ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʳʪʥʘʷ ʧʨʦʢʘʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʢʦʤʧʣʝʢʪʝ ʚʘʣ-
ʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ 5-ʢʦʦʨʜʠʥʘʪʥʦʤ ʦʙʨʘʙʘʪʳʚʘʶʱʝʤ ʮʝʥʪʨʝ ʠʟ ʪʝʭ ʞʝ 3D-ʤʦʜʝʣʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦ-
ʠʟʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʛʨʘʤʤʝ Deform-3D. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʘʨʦʧʨʦʢʘʪʥʳʡ ʚʘʣʦʢ, 3D-ʤʦʜʝʣʴ, Deform-3D, ʜʝʬʦʨʤʘʮʠʠ, ʢʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝ-

ʥʠʷ, ʧʦʣʦʚʠʥʢʘ, ʧʝʨʝʤʳʯʢʘ. 
 
 
ʋʯʠʪʳʚʘʷ ʚʝʩʴ ʦʙʲʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ 
ʨʘʙʦʪ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʰʘ-
ʨʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩ ʦʪʜʝʣʝʥʠʷ ʧʦʣʦʚʠʥʦʢ ʫ 
ʰʘʨʦʚ, ʘ ʩʘʤʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ çʛʠʨ-
ʣʷʥʜʳè [1-3], ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʨʝʘʣʠʩʪʠʯʥʦʡ 
ʤʦʜʝʣʠ ʧʨʦʢʘʪʢʠ ʰʘʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 
ʥʘʧʨʘʚʣʝʥʠʝʤ. 
ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʤʫ-

ʣʷʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʰʘʨʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦ-
ʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Deform-3D. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 
ʚʘʣʢʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 3D-ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦ-
ʪʘʥʥʳʝ ʜʣʷ ʦʧʳʪʘ [4, 5] ʩ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶ-
ʱʠʤʩʷ ʰʘʛʦʤ ʩʦʛʣʘʩʥʦ ʚʳʚʝʜʝʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 
ʚʘʣʢʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʰʠʨʠʥʦʡ ʨʝʙʦʨʜʳ ʚ ʧʨʦ-
ʛʨʘʤʤʝ SolidWorks 2018 Professional, ʧʦ ʢʦʪʦʨʳʤ 
ʥʘ 5-ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʪʘʥʢʝ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʩʘʤʠ 
ʚʘʣʢʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʦʢʘʪʢʘ. 
ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʘʣʢʦʚ, ʜʣʷ 
ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʣrʘ ʚʳʙʨʘʥʘ ʠʟ ʪʝʭ, ʧʦ 
ʢʦʪʦʨʳʤ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ, 
ʩʦʛʣʘʩʥʦ ʨʝʞʠʤʘʤ ʥʘʩʪʨʦʡʢʠ, ʚʦ ʚʨʝʤʷ ʦʧʳʪʥʦʡ 
ʧʨʦʢʘʪʢʠ [5]: 

- ʚʝʨʪʠʢʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʚʘʣʢʦʚ ɓ=3Á; 

- ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʘʣʢʘʤʠ ʥʘ 
ʚʭʦʜʝ 697 ʤʤ; 

- ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʘʣʢʘʤʠ ʥʘ 
ʚʭrʦʜʝ 698 ʤʤ; 

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʚʦʜʢʘʤʠ 125 ʤʤ; 

- ʩʢʦʨʦʩʪʴ ʧʨʦʢʘʪʢʠ 45 ʦʙ/ʤʠʥ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʛʦʪʦʚʢʠ 1040Áʉ. 

                                                      
Ò ʈʫʙʮʦʚ ɺ.ʖ., ʂʫʨʦʯʢʠʥ ɺ.ɺ., ʐʝʚʯʝʥʢʦ ʆ.ʀ., 2020 

ʂʨʦʤʝ ʵʪʦʛʦ, ʩ ʫʩʣʦʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣ-
ʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ 
ʨʘʩʯʝʪʘ ʚ ʩʚʷʟʠ ʩ ʧʦʪʨʝʙʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʘ ʙʳʣʠ ʟʘ-
ʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

- ʜʣʠʥʘ ʟʘʛʦʪʦʚʢʠ 1 ʤ (ʚʤʝʩʪʦ 6, ʠʩʧʦʣʴʟʫʝ-
ʤʦʡ ʧʨʠ ʦʧʳʪʥʦʡ ʧʨʦʢʘʪʢʝ); 

- ʜʠʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ 120 ʤʤ (ʩʨʝʜʥʝʝ ʟʥʘʯʝ-
ʥʠʝ ʠʟ ʧʦʣʷ ʜʦʧʫʩʢʘ ʥʘ ʟʘʛʦʪʦʚʢʫ); 

- ʚʝʣʠʯʠʥʘ ʩʝʪʢʠ 60000 ʵʣʝʤʝʥʪʦʚ; 

- ʯʠʩʣʦ ʰʘʛʦʚ 300 (ʩ ʫʯʝʪʦʤ ʧʝʨʝʩʪʨʦʝʥʠʷ 
ʩʝʪʢʠ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ ʜʦʩʪʠʛʣʦ 391). 
ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʦʙʞʘʪʠʡ ʠ ʧʨʦʮʝʩʩʘ ʦʪʜʝʣʝʥʠʷ ʧʝʨʝ-
ʤʳʯʢʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʝʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘ-
ʶʱʠʝ ʧʨʠ ʧʨʦʢʘʪʢʝ ʰʘʨʦʚ (ʨʠʩ. 1). 
ʉʦʛʣʘʩʥʦ ʨʠʩ. 1, ɸ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝ-

ʬʦʨʤʘʮʠʡ ʚʦʟʥʠʢʘʶʪ ʥʝ ʩʦ ʩʪʦʨʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ 
ʚʘʣʢʦʚ ʚ ʟʦʥʝ ʚʨʝʟʢʠ ʨʝʙʦʨʜʳ, ʘ ʩʦ ʩʪʦʨʦʥʳ ʩʚʦ-
ʙʦʜʥʦʛʦ ʢʦʥʮʘ ʟʘʛʦʪʦʚʢʠ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʢʝ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʚ 
ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʜʨʫʛʠʤ ʩʣʦʚʦʤ, ʦʙʨʘʟʦʚʘʥʥʘʷ 
ʧʦʣʦʚʠʥʢʘ ʫʪʷʛʠʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʝʨʝʤʳʯʢʠ. ʄʘʢ-
ʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟ-
ʥʠʢʘʶʱʠʝ ʚ ʜʘʥʥʦʡ ʟʦʥʝ, ʜʦʩʪʠʛʘʶʪ 45,3 ʤʤ. ɿʥʘ-
ʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʦʩʪʠʛʘʶʪ -44,9 
ʠ -41,6 ʤʤ, ʩʦʛʣʘʩʥʦ ʨʠʩ. 1, B ʠ ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ ʢʨʘʝ-
ʚʦʡ ʟʦʥʝ ʧʦʣʦʚʠʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʷʞʝʥʠʝ ʠ ʚʤʝ-
ʩʪʦ ʦʙʞʘʪʠʡ ʤʝʪʘʣʣ ʠʩʧʳʪʳʚʘʝʪ ʨʘʩʪʷʞʝʥʠʝ. ʇʦʩʣʝ 
ʦʪʜʝʣʝʥʠʷ ʧʦʣʦʚʠʥʢʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
ʥʘʧʨʷʞʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 0,05 ʤʤ, ʠ ʵʪʦ 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʲʷʩʥʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʦʪʩʫʪʩʪʚʠʝ 
ʨʘʟʨʷʞʝʥʠʡ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ. 
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ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʪʜʝʣʝʥʠʝ ʧʦʣʦʚʠʥʢʠ 
ʧʨʦʠʩʭʦʜʠʪ ʥʘ 247 ʰʘʛʝ (ʨʠʩ. 2, B). ʆʩʥʦʚʥʳʤ 
ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʧʦʣʦʚʠʥʢʠ ʠʣʠ ʰʘʨʦʚ 
ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʷʚʣʷʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʜʠʘʤʝʪ-
ʨʦʚ ʚʘʣʢʦʚ [6] ʠ ʤʦʤʝʥʪ ʩʢʨʫʯʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦ-
ʟʜʘʶʪ ʪʘʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 
ʨʘʟʨʫʰʝʥʠʝ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʪʘʣʣʘ 
ʠ ʨʦʩʪ ʜʠʩʣʦʢʘʮʠʠ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʪʜʝʣʝʥʠʝʤ ʤʝ-
ʪʘʣʣʘ. ʂʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ, ʢʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, 
ɸ, ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʝʪ ʧʨʠ ʫʪʦʥʴʰʝʥʠʠ ʧʝʨʝʤʳʯʢʠ 
ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 6,43, ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘ-

ʯʝʥʠʷ 15,1 (ʨʠʩ. 2, B) ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʧʦʣʦ-
ʚʠʥʢʠ. 
ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʘʣʴ ʠʟ ʨʷ-

ʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʠʢʣʘʜʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʧʨʦ-
ʛʨʘʤʤʳ (ʘʥʘʣʦʛ ʩʪʘʣʠ 60ɻ). ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
ʜʣʷ ʧʨʦʢʘʪʢʠ ʰʘʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʣʠ ʐ-2, ʐ-
2ʍ, ʐ-3, ʐ-3ɻ, ʐ-3ʈ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʥʠʟʢʠʡ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʨʘʟʨʫh ʝʥʠʷ 6é8. ʇʨʠ ʚʦʟʤʦʞʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʵʪʠʭ ʩʪʘʣʝʡ ʚ ʤʦʜʝʣʠ ʦʪʜʝʣʝʥʠʝ 
ʧʦʣʦʚʠʥʢʠ ʧʨʦʠʟʦʰʣʦ ʙʳ ʝʱʝ ʥʘ 245 ʰʘʛʝ. 

 

ʈʠʩ. 1. ɼʝʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʢʘʪʢʝ ʰʘʨʦʚ 

 

ʈʠʩ. 2. ʂʨʠʪʝʨʠʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʧʝʨʝʤʳʯʢʠ 
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ʅʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʘ ʧʦʣʦʚʠʥʢʘ, ʧʦʣʫʯʝʥʥʘʷ 
ʦʧʳʪʥʦʡ ʧʨʦʢʘʪʢʦʡ ʥʘ ʚʘʣʢʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 
ʪʝʭ ʞʝ 3D-ʤʦʜʝʣʝʡ ʧʨʠ ʧʦʤʦʱʠ 5-ʢʦʦʨʜʠʥʘʪʥʦʛʦ 
ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʮʝʥʪʨʘ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʠ-
ʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʂʘʢ ʚʠʜʥʦ, ʧʦʣʦʚʠʥʢʘ ʠʤʝʝʪ 
ʬʦʨʤʫ ʚʦʛʥʫʪʦʡ ʯʘʰʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʧʦʩʪʘ-
ʚʠʤʦʩʪʴ ʩ ʵʬʬʝʢʪʦʤ ʨʘʟʨʷʞʝʥʠʷ ʦʩʝʚʦʡ ʧʦʣʦʩʪʠ, 
ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʦʚʠʥʢʠ (ʨʠʩ. 1, ɸ, B), ʘ ʧʦ-
ʣʫʯʝʥʥʘʷ ʧʦʣʦʚʠʥʢʘ ʧʦ ʬʦʨʤʝ ʠʜʝʥʪʠʯʥʘ ʧʦʣʦ-
ʚʠʥʢʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2, A, ʧʦʣʫʯʝʥʥʦʡ ʥʘ 
245 ʰʘʛʝ, ʠ ʜʦʢʘʟʳʚʘʝʪ ʚʳʰʝʦʧʠʩʘʥʥʳʡ ʢʨʠʪʝʨʠʡ 
ʨʘʟʨʫʰʝʥʠʷ. 
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ʅɽʁʈʆʉɽʊɽɺɸʗ ʄʆɼɽʃʔ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʆɹɾɸʊʀʁ ɺ ʏʀʉʊʆɺʆʁ ɻʈʋʇʇɽ 
ʂʃɽʊɽʁ ʅɸ ʉʊɸʅɽ 2000 ɻʆʈʗʏɽʁ ʇʈʆʂɸʊʂʀ*  

ʇʣʘʪʦʚ ʉ.ʀ., ɼʝʤʘ ʈ.ʈ., ʃʘʪʳʧʦʚ ʆ.ʈ.  

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʙʞʘʪʠʡ) 
ʩʪʘʥʘ 2000 ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʇɸʆ çʄʄʂè. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʬʘʢ-
ʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʙʦʨ ʦʙʞʘʪʠʡ ʚ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ ʩʪʘʥʘ. ʅʘ ʦʩʥʦʚʝ ʮʝʭʦʚʦʡ ʙʘʟʳ ʫʯʝʪʘ ʜʘʥʥʳʭ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʢʘʪʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʙʫʯʝʥʘ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ 
ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʚ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ ʢʣʝʪʝʡ ʩʪʘʥʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ, ʦʙʞʘʪʠʝ, ʯʠʩʪʦʚʘʷ ʛʨʫʧʧʘ ʢʣʝʪʝʡ. 
 

 
ɺʚʝʜʝʥʠʝ 

ʐʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʪʘʥʳ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʷʚ-
ʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ ʰʠʨʦʢʦ-
ʧʦʣʦʩʥʳʡ ʩʪʘʥ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ (ʐʉɻʇ) 2000 
ʇɸʆ çʄʄʂè ʟʘ 2019 ʛʦʜ ʧʨʦʠʟʚʝʣ 6 ʤʣʥ ʪ ʛʦʨʷ-
ʯʝʢʘʪʘʥʳʭ ʧʦʣʦʩ. ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʦʛʦ ʩʪʘʥʘ 
ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʚ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝ: ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; ʧʦʚʳʰʝ-
ʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʢʘʪʘ (ʧʦ ʛʝʦʤʝʪʨʠʠ 
ʠ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ), ʫʪʦʥʝʥʠʝ ʧʨʦʢʘʪʘ, 
ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ, 
ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʨʦʜʥʦʩʪʠ ʩʦʨʪʘʤʝʥʪʘ (ʧʦ ʤʘʨʢʘʤ 
ʩʪʘʣʠ ʠ ʧʦ ʛʝʦʤʝʪʨʠʠ ʧʦʣʦʩ) ʚ ʦʜʥʦʡ ʧʨʦʢʘʪʥʦʡ 
ʢʦʤʧʘʥʠʠ (ʧʨʦʢʘʪʢʘ ʦʪ ʟʘʚʘʣʢʠ ʠ ʜʦ ʧʝʨʝʚʘʣʢʠ ʨʘ-
ʙʦʯʠʭ ʚʘʣʢʦʚ ʚ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ ʢʣʝʪʝʡ ʩʪʘʥʘ). 
ɼʘʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʦ-
ʚʦʚʚʝʜʝʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʊʘʢ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝ-
ʤʷ (ʩ 2000 ʛʦʜʦʚ) ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʩʦ-
ʟʜʘʥʠʶ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ [1]. ʊʘʢ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʐʉɻʇ 2000 
ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚ 
ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʣʠʥʠʶ ʩʪʘ-
ʥʘ, ʘ ʪʘʢʞʝ ʟʘʧʫʩʪʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʧʪʠʤʠ-
ʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʠʩʪʦʯʥʠʢʠ 
ʦʰʠʙʦʢ ʠʣʠ ʩʙʦʝʚ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʠ ʫʩʪʨʘʥʠʪʴ 
ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ 
ʟʘʤʝʪʥʦ ʵʢʦʥʦʤʠʪʩʷ ʚʨʝʤʷ ʠ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʦʩʥʦʚʘ 
ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʩʣʦʞʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 
ʤʘʨʰʨʫʪʳ ʤʦʞʥʦ ʙʳʩʪʨʦ ʨʘʩʩʯʠʪʘʪʴ, ʧʨʦʪʝʩʪʠʨʦ-
ʚʘʪʴ ʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʩ ʤʠʥʠʤʫʤʦʤ ʟʘʪʨʘʪ ʠ 
ʫʩʠʣʠʡ. 

                                                      
Ò ʇʣʘʪʦʚ ʉ.ʀ., ɼʝʤʘ ʈ.ʈ., ʃʘʪʳʧʦʚ ʆ.ʈ., 2020 
*ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 
ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʧʨʦʝʢʪ ˉ FZRU-2020-0011) 

ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ çʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʪʦʪʠʧʠʨʦ-
ʚʘʥʠʠè ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ, ʦʜʥʦ ʠʟ ʢʦ-
ʪʦʨʳʭ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢ, ʦʜʥʦʡ ʠʟ 
ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʥʳʭ ʦʙ-
ʞʘʪʠʡ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ ʢʣʝʪʝʡ 
ʐʉɻʇ 2000. 
ʆʧʨʝʜʝʣʷʶʪ ʯʘʩʪʥʳʝ ʦʙʞʘʪʠʷ ʚ ʯʠʩʪʦʚʳʭ ʢʣʝ-

ʪʷʭ ʦʙʳʯʥʦ ʧʦ ʟʘʛʨʫʟʢʝ ʛʣʘʚʥʳʭ ʧʨʠʚʦʜʦʚ (ʤʝʪʦʜ 
ʀʤʘʠ [2]), ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦ-
ʵʬʬʠʮʠʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 
[3-5]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʜʙʦʨʘ 
ʯʘʩʪʥʳʭ ʦʙʞʘʪʠʡ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝ-
ʣʝʡ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ, ʦʩʦ-
ʙʝʥʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, ʢʘʢ ʫʜʦʙʥʳʡ ʠʥ-
ʩʪʨʫʤʝʥʪ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ 
ʜʘʥʥʳʭ [6]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʦʢʘʪʥʦʤ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦ-
ʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ [7, 8], 
ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʠʝʤʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ 
[9] ʠ ʪ.ʧ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ɺ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ (ʢʦʣʠ-
ʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʢʣʝʪʝʡ, ʪʦʣʱʠʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦ-
ʛʦ ʧʨʦʢʘʪʘ (ʪʦʣʱʠʥʘ ʧʦʣʦʩʳ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʯʝʨ-
ʥʦʚʦʡ ʛʨʫʧʧʳ ʢʣʝʪʝʡ), ʯʘʩʪʥʳʝ ʦʙʞʘʪʠʷ) 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʦʙʱʝʥʥʦ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʥʝʡʨʦʥ-
ʥʳʝ ʩʝʪʠ. ʆʙʫʯʝʥʠʝ ʠ ʧʦʩʪʨʦʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ çPyTorchè 
ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
çPythonè. 
ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʙʘʟ ʜʘʥʥʳʭ ʫʯʝʪʘ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʐʉɻʇ 2000 ʇɸʆ çʄʄʂè. 
ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʳʙʦʨʢʝ ʩʦʙʨʘʥʥʦʡ ʟʘ 
ʧʝʨʠʦʜ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚ ʜʚʘ ʛʦʜʘ ʨʘʙʦʪʳ 
ʩʪʘʥʘ (01.01.2017-01.01.2019 ʛʛ.).  
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ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʢʘʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʞʘʪʠʡ 
ʙʳʣʠ ʚʟʷʪʳ ʘʣʛʦʨʠʪʤʳ [3-5]. ʇʦ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪ-
ʤʘʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʞʘʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘ-
ʣʘ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʩʢʘʪʘ 
hp ʠ ʯʠʩʣʦ ʘʢʪʠʚʥʳʭ ʢʣʝʪʝʡ Nʢʣ ʚ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ. 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʩʫʤʤʘʨʥʦʛʦ ʦʙʞʘʪʠʷ ʩʫʤh  ʩ ʧʦʤʦʱʴʶ ʦʙʫʯʝʥ-

ʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣɦ ʠʥʳ 
ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʩʢʘʪʘ hb ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦ-
ʨʠʪʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1. 
ʉʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʭʦʜʥʦ-
ʛʦ ʩʣʦʷ (4 ʥʝʡʨʦʥʘ), ʦʜʥʦʛʦ ʩʢʨʳʪʦʛʦ ʩʣʦ̫ (9 
ʥʝʡʨʦʥʦʚ) ʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ, ʩʦʜʝʨʞʘʱʝʛʦ 2 
ʥʝʡʨʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʠʩʧʦʣʴ-
ʟʦʚʘʣʘʩʴ ʬʫʥʢʮʠʷ çReLuè (ʪʘʙʣ. 1). 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʥʳʭ ʦʙʞʘʪʠʡ ʚ ʯʠʩʪʦʚʳʭ 

ʛʨʫʧʧʘʭ ʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʚ ʨʘ-

ʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʤʝ-
ʪʦʜʳ [2-5]. 
ɼʣʷ ʨʘʩʯʝʪʘ ʨʝʞʠʤʘ ʦʙʞʘʪʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝ ʀʤʘʠ (1): 
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ʥʠʷ ʤʦʱʥʦʩʪʠ ʛʣʘʚʥʳʭ ʧʨʠʚʦʜʦʚ; 

  iW  ï ʤʦʱʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʦʢʘʪʢʠ ʚ i-ʡ 

ʢʣʝʪʠ. 

 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʩʢʘʪʘ hp ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ:  

s0 ï ʙʘʟʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʄʇʘ, ʜʣʷ ʫʩʣʦʚʠʷ ɝ = 1 c
-1
, Ů = 0,1, t = 1000ÁC; 

p p/L b Lb=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʯʢʠ ʚʘʣʢʘ, ʛʜʝ bp ï ʰʠʨʠʥʘ ʧʦʣʦʩʳ, ʤʤ;  

Lp ï ʜʣʠʥʘ ʙʦʯʢʠ ʨʘʙʦʯʝʛʦ ʚʘʣʢʘ, ʤʤ, bf  ï ʰʠʨʠʥʘ ʧʨʦʢʘʪʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʳ ʢʣʝʪʝʡ, ʤʤ;  
N ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩ ʧʨʦʢʘʪʢʠ ʢʣʝʪʝʡ 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
ɺʭʦʜʥʦʡ ʩʣʦʡ: 4 ʥʝʡʨʦʥʘ 
ʉʢʨrʪʳʡ ʩʣʦʡ: 11 ʥʝʡʨʦʥʦʚ 
ɺʳʭʦʜʥʦʡ ʩʣʦʡ: 2 ʥʝʡʨʦʥʘ 

ɸʢʪʠʚʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ Relu 

ʈʝʞʠʤ ʦʙʫʯʝʥʠʷ çʦʙʫʯʝʥʠʝ ʧʦ ʰʘʛʘʤè 

ʉʪʝʧʝʥʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ, % 98,1 

ʉʪʝʧʝʥʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʤʥʦʞʝʩʪʚʘ, % 92,5 

ʉʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ, % 4,7 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ, % 19,1 
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ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʯʘʩʪʥʳʭ ʦʙʞʘʪʠʡ ʚ 
ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ ʢʣʝʪʝʡ ʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ ʛʦʨʷʯʝʡ 
ʧʨʦʢʘʪʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʥʥʦʡ ʩʝ-
ʪʠ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 
ʉʝʪʴ, ʚʭʦʜʷʱʘʷ ʚ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʞʘ-

ʪʠʡ ʚ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ ʢʣʝʪʝʡ, ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʦ-
ʛʦ ʩʣʦʷ (4 ʥʝʡʨʦʥʘ), ʩʢʨʳʪʦʛʦ ʩʣʦʷ (11 ʥʝʡʨʦʥʦʚ) 
ʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ, ʩʦʜʝʨʞʘʱʝʛʦ 1 ʥʝʡʨʦʥ (ʪʘʙʣ. 2). 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʦ-
ʣʫʯʝʥ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦ-
ʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʜʙʠʨʘʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʯʘʩʪ-
ʥʳʝ ʦʙʞʘʪʠʷ ʥʘ ʐʉɻʇ 2000 ʇɸʆ çʄʄʂè. 
ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ ʧʨʠ ʨʘʩʯʝʪʝ ʦʙʞʘʪʠʡ ʩʦʩʪʘ-

ʚʠʣʘ 0,053, ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ï 8,9%. 
ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ï 0,07 (ʪʘʙʣ. 3). 

 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʞʘʪʠʡ ʚ ʯʠʩʪʦʚʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʢʣʝʪʷʭ ʩʪʘʥʘ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ: 
h1i ï ʟʘʟʦʨ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʚʘʣʢʘʤʠ ʚ i-ʡ ʢʣʝʪʠ; im ï ʢʦʵʬʬʠʮʠʝʥʪ ʀʤʘʠ; 

bWi ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʛʣʘʚʥʳʭ ʧʨʠʚʦʜʦʚ;  
Wi ï ʤʦʱʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʦʢʘʪʢʠ ʚ i-ʡ ʢʣʝʪʠ 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
ɺʭʦʜʥʦʡ ʩʣʦʡ: 8 ʥʝʡʨʦʥʦʚ 
ɺʳʭʦʜʥʦʡ ʩʣʦʡ: 7 ʥʝʡʨʦʥʦʚ 
ʉʢʨʳʪʳʡ ʩʣʦʡ: 11 ʥʝʡʨʦʥʦʚ 

ɸʢʪʠʚʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ Relu 

ʈʝʞʠʤ ʦʙʫʯʝʥʠʷ çʦʙʫʯʝʥʠʝ ʧʦ ʰʘʛʘʤè 

ʉʪʝʧʝʥʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ, % 96,1 

ʉʪʝʧʝʥʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʤʥʦʞʝʩʪʚʘ, % 91,5 

ʉʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ, % 6,3 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ, % 12,4 

ʊʘʙʣʠʮʘ 3 

ʇʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʯʘʩʪʥʳʭ ʦʙʞʘʪʠʡ ʚ ʯʠʩʪʦʚʦʡ ʛʨʫʧʧʝ ʢʣʝʪʝʡ ʐʉɻʇ 2000 

ʅʦʤʝʨ  ʢʣʝʪʠ ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ Ůʄɽ 
ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ 
ʦʰʠʙʢʘ Ůʄɸʈɽ, % 

ʉʪʘʥʜʘʨʪʥʦʝ  
ʦʪʢʣʦʥʝʥʠʝ ů 

7 0,053 6,3 0,07 

8 0,021 4,9 0,04 

9 0,028 7,1 0,05 

10 0,034 8,9 0,06 

11 0,014 7,7 0,03 

12 0,016 5,6 0,04 

13 0,016 4,7 0,02 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʇʆʃʋʏɽʅʀʗ 
ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʄʀʅɽʈɸʃʔʅʆɻʆ ʉʓʈʔʗ 
ʋʈɸʃʔʉʂʆɻʆ ʈɽɻʀʆʅɸ ʀ ʂɸʈɹʀɼɸ SIC ʇʈʀ ʇʆʄʆʑʀ ʇʃɸɿʄɽʅʅʆɻʆ 
ɻʈɸʅʋʃʀʈʆɺɸʅʀʗ*  
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1
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1
, ɸʨʪʝʤʦʚ ɸ.ʆ.

2
, ʀʛʥʘʪʦʚʘ ɸ.ʄ.

2
, ʐʝʢʰʝʝʚ ʄ.ɸ.

3
 

1ʅʀʋ çɹʝʣɻʋè, ʛ. ɹʝʣʛʦʨʦʜ 
2ʌɻɹʆʋ ɺʆ çʇʅʀʇʋè, ʛ. ʇʝʨʤʴ 
3ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʢʘʯʝ-
ʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʚʘʨʦʯʥʦʛʦ ʧʣʘʚʣʝʥʦʛʦ 
ʬʣʶʩʘ ʠʣʠ ʰʠʭʪʳ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚʦʟʜʝʡʩʪʚʠʷ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʩʳʨʴʝʤ ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʢʘʨʙʠʜʦʚ ʢʨʝʤʥʠʷ, ʦʙʣʘ-
ʜʘʶʱʠʭ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʦʢʩʠʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʦʩʦʙʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ 
ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʩʚʘʨʥʦʛʦ ʰʚʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʣʘʟʤʝʥʥʘʷ ʜʫʛʘ, ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, 

ʋʨʘʣʴʩʢʠʡ ʨʝʛʠʦʥ, ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ, ʩʚʘʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. 
 
 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʡ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʩʚʘʨʦʯʥʦʛʦ ʬʣʶʩʘ ʚʳʩʦʢʦʛʦ 
ʢʘʯʝʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ, ʭʠʤʠʯʝʩʢʠʤ 
ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʦʝʥʠʝʤ ʟʝʨʝʥ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 
ʚʘʨʴʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʠ ʪʝʭʥʦ-
ʣʦʛʠ ̫ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠ-
ʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 
ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠ-
ʨʦʚʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ, ʧʨʦʩʪʦʪʦʡ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ ʠ ʦʩʥʘʩʪʢʠ, ʣʝʛʢʦʡ ʧʝʨʝʥʘʣʘʜʢʦʡ ʧʦʜ ʨʘʟ-
ʣʠʯʥʳʝ ʟʘʜʘʯʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ, 
ʧʦʣʫʯʘʷ ʧʨʠ ʵʪʦʤ ʢʦʥʝʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚʳʩʦʢʦʛʦ 
ʢʘʯʝʩʪʚʘ [1-4]. 
ʀʟʚʝʩʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʦʙʨʘʙʦʪʢʝ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʦʡ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣ. 1. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʧʣʘʟʤʝʥ-
ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʠʟ ʨʫʪʠʣʘ, 
ʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʛʣʠʥʳ ʠ ʜʨʫʛʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳ-
ʨʴʷ ʨʘʟʣʠʯʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʨʦʰʢʦʚ [5-9]. 
ʆʧʠʩʘʥʥʳʝ ʩʧʦʩʦʙʳ ʭʦʪʴ ʠ ʧʦʟʚʦʣʷʶʪʩʷ ʧʦʣʫʯʘʪʴ 
ʨʘʟʣʠʯʥʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʘʥʫʣʳ ʬʫʥʢ-
ʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʫʣ 
ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠʩ-
ʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ 
ʫʩʪʨʦʡʩʪʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʨʙʠʜ 
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ʢʨʝʤʥʠʷ, ʢʘʨʙʠʜʳ ʪʠʪʘʥʘ, ʭʨʦʤʘ, ʚʦʣʴʬʨʘʤʘ ʠ 
ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʥʝ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ ʩʦ-
ʭʨʘʥʷʪʩɹʷ ʚ ʦʙʲʝʤʝ ʛʨʘʥʫʣ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩʳ ʦʙ-
ʨʘʟʦʚʘʥʠʷ ʩʘʤʠʭ ʛʨʘʥʫʣ ʧʨʦʭʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳ-
ʩʦʢʠʭ ʜʣʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʚʦʟʤʦʞʥʦ ʪʝʨʤʠ-
ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʘʨʙʠʜʦʚ. 
ʀʟʫʯʠʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝ-

ʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʷʚʠʣʠ ʦʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ 
(ʧʣʘʟʤʝʥʥʘʷ ʜʫʛʘ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 
ʧʦʣʫʯʘʪʴ ʩʚʘʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʜʫ-
ʛʦʚʦʡ ʩʚʘʨʢʠ ʠ ʥʘʧʣʘʚʢʠ ʧʦʜ ʬʣʶʩʦʤ. ʊʝʭʥʦʣʦʛʠʷ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ ʧʨʷ-
ʤʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʰʠʭʪʫ ʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʩ 
ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʧʣʘʚʣʝʥʳʭ ʩʚʘʨʦʯʥʳʭ 
ʬʣʶʩʦʚ, ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʝʨʝʥ, ʬʨʘʢʮʠʦʥʥʦ-
ʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ [10, 11]. 
ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʚʣʝʥʳʭ ʩʚʘʨʦʯʥʳʭ ʬʣʶ-

ʩʦʚ ʩʫʱʝʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʢ ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʚʦʟ-
ʤʦʞʥʦʩʪʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠ ʣʝʛʠʨʦʚʘʪʴ ʢʦʤʧʦ-
ʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚ ʩʚʷʟʠ ʩ ʧʣʘʚʢʦʡ ʰʠʭʪʳ ʚ 
ʛʘʟʦʧʣʘʤʝʥʥʳʭ ʠ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʝʯʘʭ. ɺ ʪʦ ʞʝ 
ʚʨʝʤʷ ʧʨʠ ʧʣʘʟʤʝʥʥʦʤ ʛʨʘʥʫʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʳ 
ʦʧʣʘʚʣʝʥʠʷ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 
ʧʨʦʪʝʢʘʶʪ ʟʘ ʜʦʣʠ ʩʝʢʫʥʜʳ ʠ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 
ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʯʘʩʪʠ-
ʮʳ ʢʘʨʙʠʜʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʦʣʴ 
ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ. 
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ʊʘʙʣʠʮʘ 1 

ʀʟʚʝʩʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʦʙʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʦʡ 

ʊʝʭʥʦʣʦʛʠʷ ʆʧʠʩʘʥʠʝ ʇʨʦʜʫʢʮʠ  ̫

ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʜʠʩ-
ʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʜʠ-
ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ 
ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʧʨʠ 
ʧʦʤʦʱʠ ʥʠʟʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʦʡ ʧʣʘʟʤ  r

ɻʝʥʝʨʘʪʦʨ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ ʠʥʠʮʠʠʨʫʝʪ ʧʦʪʦʢ ʥʠʟʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ. ɿʘʪʝʤ ʚ ʧʣʘʟʤʝʥʥʳʡ ʨʝʘʢʪʦʨ ʚʚʦʜʷʪ ʧʦʨʦʰ-
ʢʦʦʙʨʘʟʥʦʝ ʩʳʨʴʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 2 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦ-
ʮʝʩʩʘ 2500-3000ÜC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
ʧʣʘʚʣʝʥʠʷ, ʠʩʧʘʨʝʥʠʷ ʠ ʩʫʙʣʠʤʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟʦʚʘʷ ʬʘʟʘ SiO2, 
ʢʦʪʦʨʘʷ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʝʘʢʪʦʨʘ 
ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʢʠ 

ʇʦʨʦʰʦʢ ʥʘ ʦʩʥʦʚʝ 
SiO2 

ʇʣʘʟʤʝʥʥʳʡ ʤʝʪʦʜ ʧʦ-
ʣʫʯʝʥʠʷ ʤʠʢʨʦʩʬʝʨ ʥʘ 
ʦʩʥʦʚʝ ʟʦʣʦʰʣʘʢʦʚʳʭ 
ʦʪʭʦʜʦʚ 

ʆʙʨʘʙʦʪʢʘ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʦʠʟʚʦ-
ʜʠʪʩʷ ʥʘ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʤ ʩʪʝʥʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦʩʬʝʨ ʠ 
ʤʠʢʨʦʰʘʨʠʢʦʚ. ʇʦʜʘʯʘ ʩʳʨʴʷ ʚ ʦʙʣʘʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʦʡ 
ʩʪʨʫʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʜʦʟʘʪʦʨʘ ʧʦ ʤʘʛʠʩʪʨʘʣʷʤ ʢ 
ʠʥʞʝʢʪʦʨʘʤ 

ʄʠʢʨʦʩʬʝʨ  r

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 
ʧʣʘʟʤʘ ʚ ʪʝʭʥʦʣʦʛʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʝʢʣʦ-
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝ-
ʨʠʘʣʦʚ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʠʥʪʝʥʩʠʚʥʳʡ ʥʘʛʨʝʚ ʠ ʧʣʘʚʣʝʥʠʝ ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʰʠʭʪʳ ʩ ʟʘʧʦʣ-
ʥʝʥʠʝʤ ʨʘʩʧʣʘʚʦʤ ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ 

ʉʪʝʢʣʦʢʨʠʩʪʘʣʣʠ-
ʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʋʪʠʣʠʟʘʮʠʷ ʪʝʭʥʦʛʝʥ-
ʥʳʭ ʦʪʭʦʜʦʚ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʪʝʨ-
ʤʠʯʝʩʢʦʡ ʧʣʘʟʤ  r

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʢʦʥ-
ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤ ʩ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤ ʪʫʛʦʧʣʘʚʢʠʤ 
ʩʠʣʠʢʘʪʩʦʜʝʨʞʘʱʠʤ ʤʘʪʝʨʠʘʣʦʤ (ʟʦʣʳ ɻʈʕʉ ʠ ʈʂ), ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʧʣʘʚ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩ ʧʦʩʣʝʜʫʶ-
ʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ 

ɿʦʣʘ, ʤʠʥʝʨʘʣʥɹʦʝ 
ʚʦʣʦʢʥʦ ʥʘ ʦʩʥʦʚʝ 
ʟʦʣ  r

ʇʣʘʟʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 
ʧʦʣʫʯʝʥʠʷ ʙʘʟʘʣʴʪʦʚʦ-
ʛʦ ʚʦʣʦʢʥʘ 

ʈʘʩʧʣʘʚʣʝʥʠʝ ʙʘʟʘʣʴʪʦʚʦʡ ʰʠʭʪʳ ʧʦʪʦʢʦʤ ʨʘʙʦʯʝʛʦ ʛʘʟʘ, ʥʘʛʨʝʪʦʛʦ 
ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 4000ÁC ʩ ʧʦʤʦʱʴʶ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ, ʩ ʧʦʩʣʝʜʫʶ-
ʱʠʤ ʨʘʟʜʫʚʘʥʠʝʤ ʨʘʩʧʣʘʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ 

ɹʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢ-
ʥʦ 

ʉʠʥʪʝʟ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 
ʧʦʨʦʰʢʦʚ ʜʠʦʢʩʠʜʘ 
ʮʠʨʢʦʥʠʷ ʠ ʢʦʤʧʦʟʠ-
ʮʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚ 
ʪʝʨʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ 
ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʣʘʟ-
ʤʦʪʨʦʥʘ 

ʉʠʥʪʝʟ ʥʘʥʦʧʦʨʦʰʢʦʚ ʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʦʩʫɦ ʝʩʪʚʣʝʥ 
ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʳʨʴʷ ʩʦ ʩʪʨʫʝʡ ʢʠʩʣʦʨʦʜʥʦ-ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʳ 
(30 ʦʙ. % ʆ2). ɺ ʦʙʲʝʤʝ ʨʝʘʢʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʠ ʭʠʤʠʯʝ-
ʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠ-
ʝʤ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʆʙʨʘʟʦ-
ʚʘʚʰʠʝʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʩʪʝʥʢʘʭ ʨʝʘʢʪʦʨʘ ʠ ʥʘ 
ʬʠʣʴʪʨʝ 

ʇʦʨʦʰʦʢ ʥʘ ʦʩʥʦʚʝ 
ZrO2 

 
ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦ-

ʣʫʯʝʥʠʝ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʢʩʠʜʥʦ-
ʩʠʣʠʢʘʪʥʦʡ ʦʩʥʦʚʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʨʙʠʜʘ ʢʨʝʤ-
ʥʠʷ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʜʝʥʪʠ-
ʬʠʢʘʮʠʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʩʦʩʪʘʚʝ ʛʨʘʥʫʣ ʩʚʘ-
ʨʦʯʥʦʛʦ ʧʣʘʚʣʝʥʦʛʦ ʬʣʶʩʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 
ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʤʠʢʨʦʟʦʥ-
ʜʦʚʳʤ ʘʥʘʣʠʟʦʤ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʛʨʘʥʫʣ ʩʚʘʨʦʯʥʦʛʦ ʬʣʶʩʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʣʘʟʤʝʥ-
ʥʳʤ ʛʨʘʥʫʣʠʨʦʚʘʥʠʝʤ. 
ʈʘʟʣʠʯʥʳʝ ʢʘʨʙʠʜʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʤʦʜʠʬʠʮʠʨʫʷ ʝʛʦ 
ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘ-
ʪʦʤ ʠʟʦʙʨʝʪʝʥʠʷ [12] ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦ-
ʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘ 
ʩʯʝʪ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 
ʩʝʨʜʝʯʥʠʢʘ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʩʧʣʦʰʥʦʛʦ ʩʝ-
ʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʩʦʜʝʨʞʘ-
ʱʝʛʦ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʘʢʪʠʚʠʨʫʶʱʝʛʦ 
ʬʣʶʩʘ, ʢʘʨʙʠʜʦʚ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 
ʥʘʧʣʘʚʢʠ ʧʦʢʨʳʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 
ʚ ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʷʥʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪ-
ʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʘʛʨʝʩ-
ʩʠʚʥʳʭ ʩʨʝʜʘʭ ʚ ʫʩʣʦʚʠʷʭ ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʛʘ-
ʟʦʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʡ. ʂʘʨʙʠʜ ʭʨʦʤʘ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʛʘʪʫʨʳ Fe-Cr-B-Al -Si ʦʙʝʩʧʝʯʠ-
ʚʘʝʪ ʧʨʠ ʥʘʧʣʘʚʢʝ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘ-
ʮʠʠ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʧʝʨʝʭʦʜ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 
ʚ ʥʘʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʝ ʝʛʦ 
ʣʝʛʠʨʦʚʘʥʠʝ [13]. 
ʆʩʦʙʳʤ ʩʧʨʦʩʦʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʬʪʝʜʦʙʳ-

ʚʘʶʱʝʤ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʩʝʢʪʦʨʘʭ, ʚ 
ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʴʟʫʶʪʩʷ ʩʚʘ-
ʨʦʯʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʧʨʦʚʦʣʦʢʠ, ʛʜʝ ʠʟʚʝʩʪʥʦ ʰʠ-
ʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʝʸ ʰʠʭʪʳ. 
ɺʚʝʜʝʥʠʝ ʚ ʰʠʭʪʫ ʚʤʝʩʪʦ ʛʨʘʬʠʪʘ ʢʘʨʙʠʜʘ ʢʨʝʤ-
ʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʠ ʩʪʘʙʠʣʴʥʦʤʫ 
ʫʩʚʦʝʥʠʶ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪ-
ʩʷ ʥʘ ʫʧʨʦʯʥʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʩʧʣʘʚʘ. 
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ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʫʩʪʫʧʘʶʱʠʡ ʪʦʣʴʢʦ ʢʘʨʙʠʜʫ ʙʦ-
ʨʘ. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ 
ʙʦʨʠʜʘ ʭʨʦʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʥʘʧʣʘʚ-
ʣʝʥʥʳʡ ʤʝʪʘʣʣ ʩ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ 
ʩʠʩʪʝʤʳ SiC-CrB ʟʘ ʩʯʝʪ ʠʭ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠ-
ʤʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠ-
ʜʘʶʱʠʝ ʩʧʣʘʚʫ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ ʧʨʠ ʢʘʯʝ-
ʩʪʚʝʥʥʦʤ ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʨʙʠʜ 
ʢʨʝʤʥʠʷ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʝʥʠʷ ʜʫʛʠ, 
ʚʳʩʦʢʫʶ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ ʚʘʥʥʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʣʘʚʢʠ. ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ 
ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 18-30% ʧʦʟʚʦʣʷʝʪ 
ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣ-
ʣʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʝʛʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʙʝʟ 
ʩʥʠʞʝʥʠʷ ʩʚʘʨʦʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ ʠ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ [14]. ʇʨʠʤʝʥʝʥʠʝ ʢʘʨ-
ʙʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚʦʟʤʦʞʥʦ ʠ ʚ ʪʘʢʠʭ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʢʘʢ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʣʶʩʘʭ 
[15]. 
ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʣʘʟʤʝʥʥʦʤʫ ʛʨʘʥʫʣʠʨʦʚʘ-

ʥʠʶ ʩʚʘʨʦʯʥʦʛʦ ʬʣʶʩʘ ʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʩ 
ʢʘʨʙʠʜʦʩʦʜʝʨʞʘʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 
ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ ʚʦʟʜʫʰʥʦ-
ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʬʠʨʤʳ HyperTherm Powermax 
45. ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʧʝ-
ʨʝʥʘʣʘʜʠʪʴ ʜʣʷ ʧʨʦʮʝʩʩʘ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ ʠ ʧʦʟʚʦ-
ʣʷʝʪ ʧʨʦʛʨʘʤʤʥʳʤ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʧʣʦʚʣʦ-

ʞʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
ʜʫʛʠ. 
ʉ ʮʝʣʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʨʘʥʫʣ ʧʣʘʟʤʝʥʥʳʤ 

ʛʨʘʥʫʣʠʨʦʚʘʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʦʨʥʳʝ ʧʦʨʦʜʳ 
ʦʢʩʠʜʥʦ-ʩʠʣʠʢʘʪʥʦʡ ʦʩʥʦʚʳ ʛʘʙʙʨʦʠʜʥʦʡ ʛʨʫʧʧʳ 
ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʪʘʙʣ. 2). ʊʘʢʦʝ ʤʠʥʝʨʘʣʥɹʦʝ 
ʩʳʨʴʝ ʠʤʝʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ 
ʰʣʘʢʦʚʦʡ ʦʩʥʦʚʳ ʧʣʘʚʣʝʥʦʛʦ ʬʣʶʩʘ ʠ ʥʠʟʢʦʝ ʩʦ-
ʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ [16]. ʊʘʢʠʝ ʛʦʨʥʳʝ 
ʧʦʨʦʜʳ ʛʘʙʙʨʦʠʜʥʦʡ ʛʨʫʧʧʳ, ʢʘʢ ʛʦʨʥʙʣʝʥʜʠʪ, 
ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʧʣʘʚʢʦʩʪʴʶ, ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝ-
ʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦ ʭʠʤʠʯʝ-
ʩʢʦʤʫ ʠ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ (SiC ʟʝʨʥʠʩʪʦʩʪʴʶ 
F60, 0,2-0,3 ʤʤ). 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʰʣʘʢʦʚʘʷ ʦʩʥʦʚʘ ʩʤʝʰʠʚʘ-

ʣʘʩʴ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ (15-20 ʤʘʩʩ. % SiC), ʩ 
ʤʝʣʦʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʦʩʥʦʚʥʦʩʪʠ 
ʰʣʘʢʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʞʠʜʢʠʤ ʩʪʝʢʣʦʤ ʜʣʷ ʩʚʷʟʳ-
ʚʘʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʧʣʠʪ, ʢʦʪʦ-
ʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʦʮʝʩʩʫ ʧʣʘʟ-
ʤʝʥʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ 
ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʧʣʠʪ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ 
ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʯʘʩʪʠʮʳ SiC (ʩʚʝʪʣʳʝ 
ʪʦʯʢʠ). ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Na ʦʙʫʩʣʦʚʣʝʥʦ 
ʥʘʣʠʯʠʝʤ ʥʘʪʨʠʝʚʦʛʦ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ. ʀʟʚʝʩʪʥʦ, 
ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʦʚ Na2O ʠ K2O ʢʘʢ ʱʝʣʦʯ-
ʥʳʭ ʤʝʪʘʣʣʦʚ ʩʥʠʟʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʟʤʝʥʥʦʛʦ 
ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ [10]. 

ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʛʘʙʨʦʠʜʥʦʡ ʛʨʫʧʧ  r

ʄʘʪʝʨʠʘʣ 
ʆʢʩʠʜʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʘʩʩ. % 

Na2O MgO Al 2O3 SiO2 K2O CaO TiO2 Cr2O3 Fe2O3+FeO 

ɻʦʨʥʙʣʝʥʜʠʪ 4,01 8,09 22,39 34,92 0,87 8,72 1,06 0,78 19,15 

 

 

 

 

ʘ ʙ 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʜʦ ʧʣʘʟʤʝʥʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ:  
ʘ ï ʚʢʣʶʯʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ; ʙ ï ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

 

ʩʦʩʪʘʚ, ʘʪ. %: 
ʉ ï 30,21 
O ï 33,43 
Na ï 3,64 

Si ï 32,72 


































































































































































