
 
 



 
 



 
ʉʂʃɸɼ ʈɽɼɸʂʎɯʁʅʆɰ ʂʆʃɽɻɯɰ Vɯ ʄɯɾʅɸʈʆɼʅʆɰ ʅɸʋʂʆɺʆ-ʊɽʍʅɯʏʅʆɰ 

WEB-ʂʆʅʌɽʈɽʅʎɯɰ çʂʆʄʇʆɿʀʎɯʁʅɯ  ʄɸʊɽʈɯɸʃʀè 
 
ʉʚʽʜʝʨʩʴʢʠʡ ɺ.ɸ.     ʜ.ʪ.ʥ., ʧʨʦʬ. ʟʘʚ. ʢʘʬʝʜʨʠ ʍʊʂʄ, 

ʍʊʌ, ʅʊʋʋ çʂʇɯè 
ʇʻʪʫʭʦʚ ɸ.ɼ.      ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ  

ʍʊʂʄ, ʍʊʌ, ʅʊʋʋ çʂʇɯè 
ʄʢ̔ʫʣʴʦʥʦʢ ɯ. ʆ.      ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʤ.  
       ʧʝʨʰʦʛʦ ʧʨʦʨʝʢʪʦʦʨʘ ʅʊʋʋ çʂʇɯè  
ʗʭʥʦ ʆ.ʄ.       ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚ. ʢʘʬʝʜʨʠ ʇɻʄ,  

ʄʄɯ ʅʊʋʋ çʂʇɯè  
ʏʝʨʥʷʢ ʃ.ʇ.       ʜ.ʪ.ʥ., ʩ.ʥ.ʩ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ  
       ʍʊʂʄ, ʍʊʌ, ʅʊʋʋ çʂʇɯè  
ʂʨʫʛʣʠʮʴʢʘ ɺ.ʗ.     ʢ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ   
       ʍʊʂʄ, ʅʊʋʋ çʂʇɯè 
ʊʢʘʯ ʅ.ʆ.      ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ  
       ʍʊʂʄ, ʍʊʌ, ʅʊʋʋ çʂʇɯè 
ʊʦʢʘʨʯʫʢ ɺ.ɺ.     ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ  

ʍʊʂʄ, ʍʊʌ, ʅʊʋʋ çʂʇɯè 
ɻʣʫʭʦʚʩʴʢʠʡ ɺ.ɺ.     ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ  

ʍʊʂʄ, ʍʊʌ, ʅʊʋʋ çʂʇɯè 
ʇʘʱʝʥʢʦ ɭ.ʆ.     ʜ.ʪ.ʥ., ʩ.ʥ.ʩ.,      
       ɯʅʄ ʅɸʅ ʋʢʨʘʾʥʠ 
ʐʫʤʩʢʠʡ ɺ.ʇ.      ʜ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ɯʍɺʉ ʅɸʅ ʋʢʨʘʾʥʠ   
ʂʦʣʦʩʦʚ ɸ.ɭ.      ʜ.ʪ.ʥ., ʧ.ʥ.ʩ. ʢʘʬʝʜʨʠ  

ʍʇʉʄ, ɯʍʌ, ʅʊʋʋ çʂʇɯè  
ʉʘʚʝʣʴʻʚʘ ʅ.ɺ.      ʢ.ʪ.ʥ., ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ  
       ʅɼɯ çɽʣʘʩʪʠʢè 
ʊʦʜʦʩʽʡʯʫʢ ʊ.ʊ.      ʜ.ʭ.ʥ., ʩ.ʥ.ʩ.  

ɯʍɺʉ ʅɸʅ ʋʢʨʘʾʥʠ   
 
 
ɺ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ 
ʋʢʣʘʜʘʯʽ: ʄʝʣʴʥʠʢ ʃ.ɯ., ʇʘʭʦʤʦʚʘ ɺ.ʄ. 
ɼʠʟʘʡʥ ʦʙʢʣʘʜʠʥʢʠ: ʆʩʴʤʘʢʦʚ ʆ.ɻ. 
 
 

ɿʙʽʨʢʘ ʤʘʪʝʨʽʘʣʽʚ Vɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ WEB-ʢʦʥʬʝʨʝʥʮʽʾ 
çʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠè  

(ʪʨʘʚʝʥʴ 2012 ʨ) ʋʢʣʘʜʘʯʽ: ʄʝʣʴʥʠʢ ʃ.ɯ., ʇʘʭʦʤʦʚʘ ɺ.ʄ. 219 ʩ. 
 
 
 
ɿʙʽʨʢʘ ʤʽʩʪʠʪʴ ʤʘʪʝʨʽʘʣʠ ʜʦʧʦʚʽʜʝʡ, ʚ ʷʢʠʭ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʝʪʦʜʠ, ʨʦʟʨʦʙʢʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 
ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 
 

ʅʘʢʣʘʜ 120 ʧʨʠʤʽʨʥʠʢʽʚ 
(ʩ) ʋʩʽ ʧʨʘʚʘ ʘʚʪʦʨʽʚ ʟʘʭʠʱʝʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʴʢʠ ʟ ʧʠʩʴʤʦʚʦʾ ʟʛʦʜʠ ʘʚʪʦʨʽʚ, 2012 

 

http://ci.kpi.ua/node/25
http://www.pgm.kpi.ua/index.php?option=com_datsogallery&Itemid=64&func=detail&catid=2&id=26
http://htkm.xtf.kpi.ua/prepodavateli/persona
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ʉʝʢʮʽʷ ˉ1 

ʂʆʄʇʆɿʀʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ ʅɸ ʆʉʅʆɺɯ ʊʋɻʆʇʃɸɺʂʀʍ ʅɽʄɽʊɸʃɯʏʅʀʍ ɯ 

ʉʀʃɯʂɸʊʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

(ʄɸʊɽʈɯɸʃʀ, ʊɽʍʅʆʃʆɻɯɰ, ʆɹʃɸɼʅɸʅʅʗ, ɺʀʈʆɹʀ) 

 

1 ɿʘʨʝʤʙʘ ʆ.ɯ., 

ɻʣʘʜʠʰʝʚʩʴʢʠʡ ʈ.ɭ. 

ɿʘʤʽʱʝʥʥʷ Cu/Fe ʫ ʩʪʨʫʢʪʫʨʽ ʩʧʦʣʫʢʠ 

Sr8Ca6Cu24O41 

12 

 

2 ʂʣʶʯʥʠʢʦʚʘ ʅ.ɺ. ʀʩʣʝʜʦʚʘʥʠʝ  ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʩʚʦʡʩʪʚʘ 

ʢʝʨʘʤʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʪʘ 

 

 

14 

3 ʏʚʝʨʝʥʯʫʢ ɸ.ɯ.,  

ʇʦʥʘ ʆ.ʄ. 

ɼʦ ʧʠʪʘʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʠʭʦʜʫ NʘA 

ʮʝʦʣʽʪʫ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟ ʤʝʪʘʢʘʦʣʽʥʽʪʫ 

 

17 

4 ʃʦʤʘʯʝʥʢʦ ɼ.ɺ.  ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʦʤʦʣʘ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ 

ʩ ʜʦʙʘʚʢʦʡ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʝʟʦʨʮʠʥʘ 

 

 

19 

5 ɻʣʫʭʦʚʩʴʢʠʡ ɯ.ɺ., 

ɻʣʫʭʦʚʩʴʢʠʡ ɺ.ɺ,  

ɼʘʰʢʦʚʘ ʊ.ʉ.  

ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ  ʧʨʝʩʫʚʘʥʥʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʚôʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦ-

ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ 

 

 

21 

6 ɻʣʫʭʦʚʩʢʠʡ ɺ.ɺ., 

ɻʣʫʭʦʚʩʢʠʡ ʀ.ɺ,  

ɼʘʰʢʦʚʘ ʊ.ʉ.  

ʊʝʭʥʦʣʦʛʠʠ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ 

ʦʪʭʦʜʘʤʠ 

 

 

27 

7 ɻʣʫʭʦʚʩʢʠʡ ʀ.ɺ., 

ɻʣʫʭʦʚʩʢʠʡ ɺ.ɺ,  

ɼʘʰʢʦʚʘ ʊ.ʉ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ 

 

 

32 

8 ɼʦʨʦʛʘʥʴ ʅ.ʆ., 

ʏʝʨʥʷʢ ʃ.ʇ.   

ʉʢʣʘʜ ʽ ʢʦʘʛʫʣʷʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ 

ʰʣʘʤʫ 

 

37 

9 ɻʦʨʙʠʢ ʇ.ʇ.,  

ɼʫʙʨʦʚʠʥ ʀ.ɺ., 

ʌʠʣʦʥʝʥʢʦ ʄ.ʅ.,  

ʂʘʰʠʥ ɻ.ʅ.   

ʇʦʣʳʝ ʥʘʥʦʩʬʝʨʳ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ï 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʜʣʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

 

 

41 

10 ʂʫʭʘʨʝʥʢʦ ʉ.ɸ.  ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ  ʩ ʨʘʟʣʠʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ  

 

 

43 

11 ʇ̔ ʩʢʘʯ ʃ. ɺ.,  

Oʣʝʢʩʝʶʢ ɯ. ɼ.,  

ʇʘʨʘʩʶʢ O. ɺ.  

ʆʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  ʩʢʣʘʜʫ 

ʝʚʪʝʢʪʠʯʥʠʭ ʪʦʯʦʢ ʚ ʩʠʩʪʝʤʘʭ Ag8B
IV

X6ïA
II
X  

 

 

45 

12 ɻʦʣʦʚʢʦ ʃ.ʌ., 

ʉʦʨʦʯʝʥʢʦ ɺ.ɻ.,  

ʃʫʪʘʡ ɸ.ʄ.,  

ɻʦʥʯʘʨʫʢ ʆ.ʆ., 

ʂʘʛʣʷʢ ʆ.ɼ.  

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʩʧʽʢʘʥʥʷ 

ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

 

 

 

 

47 

13 ɻʦʣʦʚʢʦ ʃ.ʌ.,  

ʉʦʨʦʯʝʥʢʦ ɺ.ɻ.,  

ʃʫʪʘʡ ɸ.ʄ.,  

ɻʦʥʯʘʨʫʢ ʆ.ʆ.,  

ʂʘʛʣʷʢ ʆ.ɼ.  

ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʨʘʟʠʚʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

 

 

 

50 

14 ʉʝʤʽʨʷʛʽʥ ʉ.ɺ.,  

ʊʦʢʘʨʯʫʢ ɺ.ɺ., 

ʉʦʢʦʣʴʮʦʚ ɺ.ʖ.   

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʚ 

ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

 

56 
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15 ɻʦʣʦʚʢʦ ʃ.ʌ.,  

ɻʦʥʯʘʨʫʢ ʆ.ʆ.,  

ʃʫʪʘʡ ɸ.ʄ.,  

ʂʣʶʯʥʠʢʦʚ ʖ.ɺ.   

ɺʣʠʷʥʠʝ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ 

ʩʪʨʫʢʪʫʨʫ ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ 

 

 

 

58 

16 ʊʫʨʛʫʥʦʚ ʊ.ʐ.,  

ʊʦʢʘʨʯʫʢ ɺ.ɺ.   

ɺʣʠʷʥʠʝ ʚʠʜʘ ʘʢʪʠʚʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʥʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʣʝʛʯʝʥʦʛʦ 

ʪʘʤʧʦʥʘʞʥʦʛʦ ʮʝʤʝʥʪʘ 

 

 

61 

17 ʊʦʢʘʨʯʫʢ ɺ.ɺ.,  

ʉʦʢʦʣʴʮʦʚ ɺ.ʖ.,  

ʐʧʽʣʝʨ ɻ.ʉ.   

ɺʧʣʠʚ ʩʪʘʥʫ ʢʨʝʤʥʝʟʝʤʫ ʥʘ ʡʦʛʦ ʨʝʘʢʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ 

 

 

64 

18 ɹʦʥʜʘʨ ʆ.ʆ.,  

ɻʨʝʯʘʥʶʢ ɺ.ɻ.   

ɺʧʣʠʚ ʚʽʜʭʦʜʽʚ ʧʘʧʝʨʦʚʦ-ʢʘʨʪʦʥʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʠʭ 

ʚôʷʞʫʯʠʭ 

 

 

 

67 

19 ʐʠʥʢʝʚʠʯ ɽ.ʉ.,  

ʃʫʮʢʠʥ ɽ.ʉ.,  

ʂʦʡʯʝʚ ɸ.ɸ.,  

ɼʦʮʝʥʢʦ ʖ.ɺ.,  

ʊʳʤʥʷʢ ɸ.ɹ 

ʆʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

 

 

69 

20 ʂʨʫʛʣʠʮʴʢʘ ɺ.ʗ.,  

ʇʘʭʦʤʦʚʘ ɺ.ʄ.,  

ʆʩʴʤʘʢʦʚ ʆ.ɻ.,  

ʈʦʤʘʥʯʫʢ ɺ.ʉ. 

ɺʧʣʠʚ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ 

 

 

 

72 

21 ɹʫʣʘʥʘ ʆ.ɺ.,  

ʂʫʱ ʃ.ɯ.    

ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʮʝʤʝʥʪʥʠʭ ʩʠʨʦʚʠʥʥʠʭ 

ʩʫʤʽʰʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ 

 

 

74 

22 ɹʫʣʘʥʘ ʆ.ɺ.,  

ʂʫʱ ʃ.ɯ.    

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʛʽʧʩ ï ʝʢʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘ 

 

76 

23 ʅʫʜʯʝʥʢʦ ʃ.ɸ.,  

ʉʚʠʜʝʨʩʢʠʡ ɺ.ɸ.   

ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʳʣʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ 

 

79 

24 ɻʦʣʦʚʢʦ ʃ.ʌ.,  

ʉʦʨʦʯʝʥʢʦ ɺ.ɻ.,  

ʃʫʪʘʡ ɸ.ʄ.,  

ɻʦʥʯʘʨʫʢ ʆ.ʆ.,  

ʂʘʛʣʷʢ ʆ.ɼ.   

ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʣʘʟʝʨʥʦʤʫ ʩʧʽʢʘʥʥʽ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʥʘʜʪʚʝʨʜʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ  

 

 

 

 

81 

25 ʇʨʠʤʘʯʝʥʢʦ ɺ.ɺ., 

ʄʘʨʪʳʥʝʥʢʦ ɺ.ɺ.,  

ɹʘʙʢʠʥʘ ʃ.ɸ.,  

ʉʘʚʠʥʘ ʃ.ʂ.   

ʆʧʳʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʛʥʝʫʧʦʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 

ʇɸʆ çʋʂʈʅʀʀʆ ʠʤʝʥʠ ɸ.ʉ. ɹʝʨʝʞʥʦʛʦè  ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʋʢʨʘʠʥʳ 

 

 

 

84 

26 ɯʚʘʱʝʥʢʦ ɯ. ɸ.,  

ɼʘʥʠʣʶʢ ɯ. ɺ.,  

ʆʣʝʢʩʝʶʢ ɯ. ɼ.    

ʇʨʦʝʢʮʽʷ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʢʚʘʟʽʧʦʪʨʽʡʥʦʾ 

ʩʠʩʪʝʤʠ Ag2Se ï Ga2Se3 ï In2Se3 

 

 

87 

27 ɼʘʰʢʦʚʘ ʊ.ʉ.  

ɻʣʫʭʦʚʩʴʢʠʡ ɯ.ɺ.,. 

ɻʣʫʭʦʚʩʴʢʠʡ ɺ.ɺ,    

ʅʝʦʨʛʘʥʽʯʥʽ ʚôʷʞʫʯʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʭʦʜʽʚ ʪʝʧʣʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

 

 

89 

28 ɺʘʨʰʘʚʝʮ ʇ.ɻ., 

ʃʝʚʘʥʜʦʚʩʢʘʷ ʅ.ʌ., 

ʆʛʦʨʦʜʥʠʢ ʀ.ɺ.  

ʇʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʠʨʧʠʯʘ  

 

91 

29 ʊʢʘʯ ʅ.ʆ.,  

ʉʦʣʦʜʢʘ ʆ.ɺ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʚʽʪʯʠʟʥʷʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

 

95 
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30 ʁʝʢʘʥʽ ɸ.,  

ʉ̔ ʢʦʨʩʴʢʠʡ ʆ.ʆ.,  

ɿʝʤʣʷʥʦʡ ɯ.ɺ., 

ʄʠʨʦʥʶʢ ʆ.ɺ.,  

ʉʚʽʜʝʨʩʴʢʠʡ ɺ.ɸ.  

ʈʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʢʦʬʘʨʙʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʦʣʽʥʽʚ 

 

 

 

 

97 

31 ʇ̔ ʰʢʘʣʦ ʄ.ʄ.  ʇʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʧʦʥʠʞʝʥʦʾ ʩʝʨʝʜʥʴʦʾ 

ʛʫʩʪʠʥʠ 

 

 

99 

2 ʇʦʥʘ ʄ.ɻ., 

ɹʦʨʦʚʝʮʴ ɿ.ɯ.,  

ʂʦʙʨʠʥ ʆ.ɺ.   

ʉʠʥʪʝʟ ʰʪʫʯʥʦʛʦ ʚʦʣʘʩʪʦʥʽʪʫ ʯʝʨʝʟ ʩʪʘʜʽʶ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 

 

 

100 

33 Luong Duc Long,  

Tokarchuk V.V.   

Cements with non-traditional mineralogical 

composition 

 

101 

34 ʍʘʨʯʝʥʢʦ ʆ.ʆ.   

 

ɻʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ ʷʢ ʥʘʧʦʚʥʶʚʘʯʽ 

ʩʠʣʽʢʘʪʥʦʾ ʬʘʨʙʠ 

 

102 

35 ʃʦʙʘʥʦʚ ʆ. ʖ., 

ʉʚʽʜʝʨʩʴʢʠʡ ɺ. ɸ.    

ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ 

ʥʘ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

 

104 

 

 

ʉʝʢʮʽʷ ˉ2 

ʂʆʄʇʆɿʀʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ ʅɸ ʆʉʅʆɺɯ ʇʆʃɯʄɽʈɯɺ 

(ʄɸʊɽʈɯɸʃʀ, ʊɽʍʅʆʃʆɻɯɰ, ʆɹʃɸɼʅɸʅʅʗ, ɺʀʈʆɹʀ) 

 

36 ʉ̔ ʜʦʨʦʚ ɼ.ɽ.,  

ʉʽʚʝʮʴʢʠʡ ɺ.ɯ.,  

ʂʦʣʦʩʦʚ ʆ.ɭ.,  

ɼʫʜʘʨ ɾ.ʆ.    

ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʣʽʝʪʠʣʝʥ-

ʧʦʣʽʧʨʦʧʠʣʝʥʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ 

 

 

 

106 

37 ʉ̔ ʜʦʨʦʚ ɼ.ɽ.,  

ʂʦʣʦʩʦʚ ʆ.ɭ.,  

ʉʝʨʙʽʥ ɺ.ʇ.,  

ʂʨʠʚʦʰʝʻʚ ɺ.ʉ.,  

ʉʦʢʦʣʴʩʴʢʠʡ ʆ.ʃ.,  

ɼʫʜʘʨ ɾ.ʆ.   

ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʧʘʢʫʚʘʥʥʽ, ʪʘ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʚʘʨʶʚʘʥʦʩʪʽ 

 

 

 

 

 

108 

38 ʂʦʣʦʩʦʚ ʆ.ɭ.,  

ʉʽʚʝʮʴʢʠʡ ɺ.ɯ.,  

ʉʝʨʙʽʥ ɺ.ʇ.,  

ʂʨʠʯʢʦʚʩʴʢʘ ʃ.ɸ.   

ʊʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

 

 

110 

39 ʉʽʚʝʮʴʢʠʡ ɺ.ɯ.,  

ʂʦʣʦʩʦʚ ʆ.ɭ.,  

ʂʨʠʚʦʰʝʻʚ ɺ.ʉ.,  

ʂʫʰʥʽʨ ʄ.ʉ.,  

ʆʣʝʢʩʠʰʝʥ ɺ.ʆ.,  

ɯʚʽʮʴʢʠʡ ɯ.ɯ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʠʭ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʚʠʨʦʙʽʚ ʝʢʩʪʨʫʟʽʡʥʠʤ ʤʝʪʦʜʦʤ 

 

 

 

 

 

112 

40 ɻʝʨʮʠʢ ʆ.ʄ.,  

ʂʦʚʙʫʟ ʄ.ʆ., 

ɹʦʡʯʠʰʠʥ ʃ.ʄ., 

ʉʝʥʴʢʽʚ ʅ.ʇ.   

ʂʘʪʘʣʽʪʠʯʥʽ ʷʚʠʱʘ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ 

ʤʝʪʘʣʦʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

 

 

 

114 

41 ɼʦʤʥʽʯʝʥʢʦ ʈ.ɻ.   ɺʦʜʦʨʦʟʯʠʥʥʽ ʝʧʦʢʩʠʜʥʽ ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ  

116 

42 ʆʛʘʨ ɻ.ʆ.,  

ʐʝʚʯʫʢ ʆ.ʄ.,  

ʊʦʢʘʨʝʚ ɺ.ʉ.  

ʌʦʪʦʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ-ʢʦ-ʤʘʣʝʾʥʦʚʠʡ ʘʥʛʽʜʨʠʜ 

ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʙʝʥʟʦʾʥʫ 

 

 

118 
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43 ʎʚʠʨʢʫʥ ɽ.ɸ.,  

ʕʙʠʯ ʖ.ʈ.,  

ɿʳʙʘʡʣʦ ʉ.ʅ.,  

ʇʦʣʦʟ ɸ.ʖ.  

ʆʮʝʥʢʘ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʪʨʝʪʠʯʥʳʭ 

ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʚ ʘʥʘʵʨʦʙʥʳʭ ʢʣʝʝʚʳʭ 

ʢʦʤʧʦʟʠʮʠʷʭ 

 

 

 

120 

44 ʇʘʱʝʥʢʦ ɽ.ɸ.,  

ʃʘʞʝʚʩʢʘʷ ʆ.ɺ.,  

ʏʝʨʥʝʥʢʦ ɸ.ʅ.  

ɺʦʟʥʶʢ ɸ.ʆ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʪʚʝʨʞʜʝʥʠʷ ʵʧʦʢʩʠʜʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʤʠ 

ʤʝʪʘʣʣʦʚ 

 

 

 

122 

45 ʄʠʭʘʣʴʯʫʢ ɺ.ʄ.,  

ɾʠʣʴʮʦʚʘ ʉ.ɺ.,  

ʃʳʛʘ ʈ.ʀ.,  

ʃʫʛʦʚʘʷ ɸ.ɸ.,  

ɻʫʨʪʦʚʦʡ ɼ.ɺ.   

ʕʧʦʢʩʠʜʥʦ-ʩʠʣʦʢʩʘʥʦʚʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʠ ʵʪʦʢʩʠʩʠʣʘʥʦʚ 

 

 

 

 

124 

46 ɾʦʚʪʫʥ ʆ.ɺ.,  

ɻʦʨʙʘʥʴ ɯ.ɸ.,  

ɼʟʶʙʘ ʈ.ʂ.,  

ʂʫʭʘʨʝʥʢʦ ʃ.ʄ.   

ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʽʚ  

 

 

126 

47 ʃʫʢʘʰʝʚ ɺ.ʂ.,  

ʆʥʜʘ ɺ.ʀ.,  

ɺʝʨʝʥʠʯ ɸ.ɸ.    

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥʳ ʥʘʩʳʱʝʥʠʷ ʚ 

ʛʨʘʥʫʣʘʭ ʥʠʪʨʘʪʦʚ ʮʝʣʣʶʣʦʟʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʭ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘʤʠ 

 

 

128 

48 ʆʛʝʥʢʦ ɺ.ʄ.,  

ɼʫʙʨʦʚʠʥʘ ʃ.ɺ.,  

ʅʘʙʦʢʘ ʆ.ɺ.  

ʋʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ 

ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ ʩ ʭʣʦʨʠʜʦʤ ʥʠʢʝʣʷ ʚ 

ʤʘʪʨʠʮʝ  

 

 

 

131 

49 ɹʨʠʯʢʘ ʉ.ʗ.,  

ʂʦʪʝʣ ʃ.ʖ.,  

ɹʨʠʯʢʘ ɸ.ɺ.   

ɸʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʚ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

 

 

133 

50 ʉʽʨʝʥʢʦ ɻ.ʆ.,  

ʉʦʣʪʠʩ ʃ.ʄ.,  

ʉʚʽʜʝʨʩʴʢʠʡ ɺ.ʇ.   

ɺʧʣʠʚ ʩʢʣʘʜʫ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʢʦʤʧʨʝʩʦʨʘ ʙʝʟ ʤʘʱʝʥʥʷ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

 

 

135 

51 ʇʦʣʪʦʨʘʮʴʢʘ ʅ.ɺ.,  

ɻʦʨʻʣʦʚ ɹ.ʄ.  

ʅʝʤʦʥʦʪʦʥʥʘ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʷ ʢʦʤʧʦʟʠʮʽʡ 

ʧʦʣʽʝʬʽʨʥʦʾ ʩʤʦʣʠ ʟ ʜʦʣʦʤʽʪʦʤ ʪʘ 

ʥʘʥʦʢʨʝʤʥʝʟʝʤʦʤ 

 

 

138 

52 ʇʳʞʦʚʘ ɽ.ɼ.,  

ʉʘʚʝʣʴʝʚʘ ʅ.ɺ.,  

ʇʦʜʥʝʙʝʩʥʳʡ ɸ.ʇ.,  

ɻʨʠʥʴʢʦ ʀ.ʅ.  

ɺʣʠʷʥʠʝ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ 

 

 

 

140 

53 ʇʦʜʥʝʙʝʩʥʳʡ ɸ.ʇ.,  

ɾʫʢʦʚʩʢʘʷ ʅ.ɺ., 
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ɿɸʄɯʑɽʅʅʗ Cu/Fe ʋ ʉʊʈʋʂʊʋʈɯ ʉʇʆʃʋʂʀ Sr8Ca6Cu24O41 

 
ɼʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʯʘʩʪʢʦʚʦʛʦ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʢʫʧʨʫʤʫ ʫ ʩʪʨʫʢʪʫʨʽ ʩʧʦʣʫʢʠ Sr8Ca6Cu24O41 ʘʪʦʤʘʤʠ 

ʬʝʨʫʤʫ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʧʦʨʦʰʢʦʚʦʾ ʜʠʬʨʘʢʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʧʦʣʦʞʝʥʥʷʭ ʘʪʦʤʽʚ ʢʫʧʨʫʤʫ 

ʩʧʦʣʫʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʝ ʤʽʩʪʠʪʠ ʣʠʰʝ ʦʜʠʥ ʘʪʦʤ ʬʝʨʫʤʫ ʥʘ ʬʦʨʤʫʣʴʥʫ ʦʜʠʥʠʮʶ. ɻʨʘʥʠʯʥʠʡ ʩʢʣʘʜ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Sr8Ca6Cu23FeO41 ʤʘʻ ʪʘʢʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʩʠʤʚʦʣ ʇʽʨʩʦʥʘ oS316, 

ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ ʉʩʩm, ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ a = 1,1383(1), b = 1,2956(1), c = 2,7410(2) ʥʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʜʧʨʦʚʽʜʥʠʢ, ʢʫʧʨʘʪ, ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ 

 

ʉʧʦʣʫʢʠ ʩʝʨʽʾ [M2Cu2O3]m[CuO2]n ʻ ʩʢʣʘʜʥʠʤʠ ʢʫʧʨʘʪʘʤʠ ʽʟ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʩʧʦʨʽʜʥʝʥʠʤʠ ʜʦ ʩʪʨʫʢʪʫʨ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ. ʇʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʧʝʨʰʦʛʦ 

ʧʨʝʜʩʪʘʚʥʠʢʘ ʮʽʻʾ ʩʝʨʽʾ ʫ 1988 ʨʦʮʽ [1] ʽ ʜʦ ʩʴʦʛʦʜʥʽ ʮʽ ʩʧʦʣʫʢʠ ʨʦʟʛʣʷʜʷʶʪʴ ʷʢ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʜʧʨʦʚʽʜʥʠʢʠ. ʉʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ ʮʽʻʾ ʩʝʨʽʾ ʻ ʨʦʤʙʽʯʥʠʤʠ. ɺʦʥʠ ʤʘʶʪʴ 

ʰʘʨʫʚʘʪʠʡ ʭʘʨʘʢʪʝʨ ʽ ʫʪʚʦʨʝʥʽ ʪʨʴʦʤʘ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʘʪʦʤʥʠʭ ʰʘʨʽʚ. ɼʚʘ ʟ ʥʠʭ ʤʽʩʪʷʪʴ 

ʚʠʢʣʶʯʥʦ ʘʪʦʤʠ Cu ʪʘ O, ʪʦʜʽ ʷʢ ʪʨʝʪʽʡ ʪʠʧ ʰʘʨʽʚ ï ʣʠʰʝ ʘʪʦʤʠ M (ʷʢ ʧʨʘʚʠʣʦ Ca ʪʘ Sr). 

ʐʘʨʠ ʩʢʣʘʜʫ Cu2O3 (ʧʦʙʫʜʦʚʘʥʽ ʽʟ ʟʠʛʟʘʛʦʧʦʜʽʙʥʠʭ ʣʘʥʮʶʞʢʽʚ ʢʚʘʜʨʘʪʽʚ CuO4) ʧʦʜʽʙʥʽ ʜʦ 

ʰʘʨʽʚ, ʱʦ ʧʨʠʩʫʪʥʽ ʫ ʪʘʢ ʟʚʘʥʠʭ ñʜʨʘʙʠʥʢʦʚʠʭò ʢʫʧʨʘʪʘʭ [2], ʯʝʨʛʫʶʪʴʩʷ ʟ ʰʘʨʘʤʠ ʩʢʣʘʜʫ 

CuO2 (ʧʦʙʫʜʦʚʘʥʽ ʟ ʦʜʠʥʘʨʥʠʭ ʧʨʷʤʠʭ ʣʘʥʮʶʞʢʽʚ ʢʚʘʜʨʘʪʽʚ CuO4). ɼʚʘ ʪʠʧʠ ʰʘʨʽʚ 

ʯʝʨʛʫʶʪʴʩʷ ʚʟʜʦʚʞ ʥʘʧʨʷʤʫ ʫʢʣʘʜʢʠ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ [010]) ʪʘ ʨʦʟʜʽʣʝʥʽ 

ʪʨʝʪʽʤ ʪʠʧʦʤ ʰʘʨʫ, ʱʦ ʤʽʩʪʠʪʴ ʨʷʜʠ ʘʪʦʤʽʚ M. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ m/n ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 5/7, 

7/10 ʘʙʦ 9/13, ɦ ʦ ʚʽʜʧʦʚʽʜʘʻ ʩʢʣʘʜʘʤ M10Cu17O29, M14Cu24O41 ʪʘ M18Cu31O53, ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʡʩʪʘʙʽʣʴʥʽʰʠʤʠ ʻ ʩʧʦʣʫʢʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ m/n = 7/10.  

ʂʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʧʦʣʫʢ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʩʝʨʽʾ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ 

ʰʣʷʭʦʤ ʷʢ ʢʦʤʧʦʟʠʪʥʫ ʥʝʩʧʽʚʚʠʤʽʨʥʫ ʚʟʜʦʚʞ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ [001], ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʚʟʘʻʤʥʦʧʨʦʥʠʢʘʶʯʠʭ ʧʽʜʢʦʤʽʨʦʢ M2Cu2O3 ʪʘ CuO2. ʇʘʨʘʤʝʪʨʠ 

ʢʦʤʽʨʢʠ a ʪʘ b ʻ ʦʜʥʘʢʦʚʠʤʠ ʜʣʷ ʦʙʦʭ ʧʽʜʢʦʤʽʨʦʢ, ʪʦʜʽ ʷʢ ʧʘʨʘʤʝʪʨ ʩ1 ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʧʽʜʢʦʤʽʨʢʫ CuO2, ʘ ʧʘʨʘʤʝʪʨ ʩ2 ï ʧʽʜʢʦʤʽʨʢʫ M2Cu2O3. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ m/n = 7/10 ʟʥʘʯʝʥʥʷ 

ʩ = 10ʩ1 = 7ʩ2. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ c1/c2 ʻ ʟʥʘʯʝʥʥʷʤ ʚʝʢʪʦʨʘ ʤʦʜʫʣʷʮʽʾ (q) ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʾ 

ʥʝʩʧʽʚʚʠʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ.  

ʉʧʦʣʫʢʘ Sr8Ca6Cu24O41 ʻ ʥʘʡʚʽʜʦʤʽʰʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʩʝʨʽʾ [M2Cu2O3]m[CuO2]n 

([(Sr0,57Ca0,43)2Cu2O3]7[CuO2]10). ʅʘʰʽ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʚ ʦʩʥʦʚʥʦʤʫ 

ʥʘ ʩʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʪʠʩʢʫ ʫ ʩʪʨʫʢʪʫʨʽ ʮʽʻʾ ʩʧʦʣʫʢʠ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʫ ʧʦʣʦʞʝʥʥʷ M 

ʘʪʦʤʽʚ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʩʧʨʠʷʣʦ ʫʱʽʣʴʥʝʥʥʶ ʰʘʨʽʚ ʫ ʩʪʨʫʢʪʫʨʽ [3,4] ʽ ʻ ʩʧʨʠʷʪʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʷʚʠ ʥʘʜʧʨʦʚʽʜʥʦʩʪʽ. ʆʜʥʘʢ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʧʦʣʦʞʝʥʥʽ ʢʫʧʨʫʤʫ, ʱʦ ʽ ʩʪʘʣʦ ʧʨʝʜʤʝʪʦʤ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʂʝʨʘʤʽʯʥʽ ʟʨʘʟʢʠ ʩʢʣʘʜʫ Sr8Ca6Cu24-xFexOz (x = 1-4) ʩʠʥʪʝʟʦʚʘʥʦ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʾ ʨʝʘʢʮʽʾ ʫ ʜʚʽ ʩʪʘʜʽʾ ʧʨʠ 1190 ʂ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʽʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʢʘʨʙʦʥʘʪʽʚ Ca ʽ Sr ʪʘ ʦʢʩʠʜʽʚ Cu ʪʘ Fe. ɿ ʤʝʪʦʶ ʨʦʟʢʣʘʜʫ 

ʢʘʨʙʦʥʘʪʽʚ ʩʫʤʽʰ ʥʘʛʨʽʚʘʣʠ ʥʘ ʧʦʚʽʪʨʽ ʚʧʨʦʜʦʚʞ 24 ʛʦʜ. ʉʪʫʧʽʥʴ ʪʝʨʤʦʣʽʟʫ ʢʘʨʙʦʥʘʪʽʚ 

ʩʪʘʥʦʚʠʚ ʙʽʣʴʰʝ 99 ʤʘʩ.%. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʤʽʰ ʦʢʩʠʜʽʚ 

ʧʨʝʩʫʚʘʣʠ ʫ ʪʘʙʣʝʪʢʠ. ɿʘʚʝʨʰʘʣʴʥʦʶ ʩʪʘʜʽʻʶ ʩʠʥʪʝʟʫ ʙʫʣʦ ʩʧʽʢʘʥʥʷ ʪʘʙʣʝʪʦʢ ʥʘ ʧʦʚʽʪʨʽ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1190 ʂ ʚʧʨʦʜʦʚʞ ʜʦʙʠ. 

ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʢʫʧʨʫʤʫ ʫ ʩʪʨʫʢʪʫʨʽ ʩʧʦʣʫʢʠ 

Sr8Ca6Cu24O41 ʘʪʦʤʘʤʠ ʽʥʰʦʛʦ 3d-ʝʣʝʤʝʥʪʫ, ʘ ʩʘʤʝ ʬʝʨʫʤʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʧʦʣʦʞʝʥʥʽ 

ʘʪʦʤʽʚ ʢʫʧʨʫʤʫ ʩʧʦʣʫʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʝ ʤʽʩʪʠʪʠ ʣʠʰʝ ʦʜʠʥ ʘʪʦʤ ʬʝʨʫʤʫ ʥʘ 

ʬʦʨʤʫʣʴʥʫ ʦʜʠʥʠʮʶ. ɻʨʘʥʠʯʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Sr8Ca6Cu23FeO41 ʤʘʻ ʪʘʢʽ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʩʠʤʚʦʣ ʇʽʨʩʦʥʘ oS316, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ ʉʩʩm, 
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ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ a = 1,1383(1), b = 1,2956(1), c = 2,7410(2) ʥʤ. ʋʪʦʯʥʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʈʽʪʚʝʣʴʜʘ ʥʘ ʦʩʥʦʚʽ ʤʘʩʠʚʽʚ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʦʨʦʰʢʦʚʠʭ 

ʜʘʥʠʭ (ʜʠʬʨʘʢʪʦʤʝʪʨ HZG-4a, Cu KŬ ʧʨʦʤʽʥʥʷ, RB = 8,42). 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʬʝʨʫʤʫ ʫ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʣʠ ʬʦʨʤʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʬʘʟ SrFeO3 (Pm-3m) ʪʘ CuO (C2/c), ʚʤʽʩʪ ʷʢʠʭ ʟʘʢʦʥʦʤʽʨʥʦ ʟʨʦʩʪʘʚ (8,02 ʪʘ 

4,12 ʤʘʩ. %, 15,16 ʪʘ 6,47 ʤʘʩ. %, 21,76 ʪʘ 9,30 ʤʘʩ. % ʜʣʷ ʭ = 2, 3 ʪʘ 4, ʚʽʜʧʦʚʽʜʥʦ). 

ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʜʦʜʘʪʢʦʚʦʾ ʬʘʟʠ SrFeO3 ʫ ʟʨʘʟʢʘʭ ʚʢʘʟʫʻ ʥʘ ñʚʠʤʠʚʘʥʥʷò ʘʪʦʤʽʚ 

ʩʪʨʦʥʮʽʶ ʟʽ ʩʢʣʘʜʫ ʦʩʥʦʚʥʦʾ ʬʘʟʠ (ʢʫʧʨʘʪʫ). ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʽ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ b 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʢʫʧʨʘʪʫ (Sr,Ca)14Cu23FeO41 ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʟʥʘʯʝʥʥʷ x (ʨʠʩ. 1), ʪʘʢ 

ʷʢ ʩʘʤʝ ʮʝʡ ʧʘʨʘʤʝʪʨ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʦ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʪʦʤʽʚ Sr/Ca ʫ 

ʢʫʧʨʘʪʥʽʡ ʬʘʟʽ. 

 

 
ʈʠʩ 1. ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʢʫʧʨʘʪʫ (Sr,Ca)14Cu23FeO41 ʫ ʟʨʘʟʢʘʭ 

Sr8Ca6Cu24-xFexOz (x = 1-4). ɼʣʷ ʥʝʟʘʤʽʱʝʥʦʛʦ ʟʨʘʟʢʘ (ʭ = 0) ʧʘʨʘʤʝʪʨʠ ʢʦʤʽʨʢʠ ʚʟʷʪʦ ʟ [3] 

 

ʇʦʜʽʙʥʫ ʢʘʨʪʠʥʫ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʘʪʦʤʽʚ Cu ʫ ʩʪʨʫʢʪʫʨʽ ʩʧʦʣʫʢʠ 

Sr8Ca6Cu24O41 ʘʪʦʤʘʤʠ Ni [4], ʦʜʥʘʢ ʪʦʜʽ ʟʽ ʩʢʣʘʜʫ ʦʩʥʦʚʥʦʾ ʢʫʧʨʘʪʥʦʾ ʬʘʟʠ ñʚʠʤʠʚʘʚʩʷò 

ʢʘʣʴʮʽʡ, ʷʢʠʡ ʚʢʣʶʯʘʚʩʷ ʜʦ ʩʢʣʘʜʫ ʜʦʜʘʪʢʦʚʦʾ ʬʘʟʠ (Sr,Ca)NiO2. 
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1. McCarron E.M., Subramanian M.A., Calabrese J.C., Harlow R.L. The incommensurate 

strucutre of (Sr14-xCax)Cu24O41 (0 < x ~ 8). A superconductor byproduct // Mater. Res. Bull.- 

1988.- Vol. 23.- P. 1355-1365.  

2. Hiroi Z., Azuma M., Takano M., Bando Y. A new homologous series Srn-1Cun+1O2n found in 

the SrO-CuO system treated under high pressure // J. Solid State Chem.- 1991.- Vol. 95.- 

P. 230-238.  

3. ʈʦʤʘʥʽʚ ʆ.ɯ., ɸʢʩʝʣʴʨʫʜ ʃ.ɻ., ɼʘʚʠʜʦʚ ɺ.ʄ., ɻʣʘʜʠʰʝʚʩʴʢʠʡ ʈ.ɭ. ɺʧʣʠʚ ʯʘʩʪʢʦʚʦʛʦ 

ʟʘʤʽʱʝʥʥʷ Sr(Ca) ʥʘ Y, Pb ʘʙʦ Bi ʥʘ ʩʪʽʡʢʽʩʪʴ ʪʘ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʧʦʣʫʢʠ 

(Sr8Ca6)Cu24O41 // ʋʢʨ. ʭʠʤ. ʞʫʨʥ.- 2006.- ʊ. 72, ˉ. 8.- ʉ. 67-73. 

4. ɿʘʨʝʤʙʘ ʆ.ɯ., ɻʣʘʜʠʰʝʚʩʴʢʠʡ ʈ.ɭ. ɺʧʣʠʚ ʯʘʩʪʢʦʚʠʭ ʟʘʤʽʱʝʥʴ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʧʦʣʫʢ ʩʝʨʽʾ M2Cu2O3-CuO2 // ɺʽʩʥ. ʥʘʮ. ʫʥ-ʪʫ ñʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘò, ʉʝʨ. ʝʣʝʢʪʨʦʥʽʢʘ.- 2007.- ɺʠʧ. 592.- ʉ. 17-24.  
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ʅ.ɺ. ʂʃʖʏʅʀʂʆɺɸ, ʢ.ʪ.ʥ. 

ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ.ʐʫʭʦʚʘ, ʈʦʩʩʠʷ, ʛ. ɹʝʣʛʦʨʦʜ 

 

ʀʉʃɽɼʆɺɸʅʀɽ  ɺʃʀʗʅʀʗ ɺʃɸɾʅʆʉʊʀ ʅɽʄɽʊɸʃʃʀʏɽʉʂʆʁ 

ʉʆʉʊɸɺʃʗʖʑɽʁ ʅɸ ʉɺʆʁʉʊɺɸ ʂɽʈɸʄʆʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʂʆʄʇʆɿʀʊɸ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʝʨʘʤʦʤʝʪʘʣʣʠʯʝʢʠʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʘʥʦʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʢʘʦʣʠʥʠʪʦʚʳʭ ʛʣʠʥ . 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣ, ʛʣʠʥʳ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʞʝʩʪʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚ ʚʠʜʫ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʠ 

ʭʨʫʧʢʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʠʟʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʤʘʯʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʩʦʚʤʝʱʝʥʠʝ  ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʥʝ 

ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʤʝʪʘʣʣʘ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʥʫʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʦʥʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʫʶʪ ʢʨʫʧʥʳʝ ʛʨʘʥʫʣʳ ʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʬʨʘʢʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ, ʦʪʭʦʜʳ  ʩʪʝʢʦʣʴʥʦʡ ʠ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺʦ ʚʩʝʭ ʢʦʤʧʦʟʠʪʘʭ ʚʳʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ ʠʭ 

ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ 

ʩʚʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ, ʨʘʩʪʚʦʨʝʥʠʷ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʩʝʡ, ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʝʨʝʜʘʶʪʩʷ ʥʘʛʨʫʟʢʠ. 

ʇʨʦʯʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩ ʩʦʝʜʠʥʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʠ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʚʦʜʠʪʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ (ʩʣʘʙʳʭ ʠʣʠ ʧʨʦʯʥʳʭ) ʤʝʞʜʫ ʘʪʦʤʘʤʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ. ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʩʫʞʜʝʥʠʷʤ 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʪʦʧʦʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ, ʧʨʦʪʝʢʘʶʱʫʶ ʚ 

ʜʚʝ ʩʪʘʜʠʠ: 

1. ʉʪʘʜʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. 

2. ʉʪʘʜʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʵʥʝʨʛʠʠ 

ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ, ʚʝʣʠʯʠʥʦʡ ʧʣʦʱʘʜʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʯʥʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʩ 

ʜʨʫʛʦʡ ï ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʥʘʯʘʣʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʨʫʧʢʠʭ ʧʨʦʩʣʦʝʢ, ʩʧʦʩʦʙʥʳʭ ʩʥʠʟʠʪʴ ʧʨʦʯʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʘ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʠʟʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʤʘʯʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ɹʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠʤʝʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ 

ʧʨʝʜʚʘʨʷʝʪʩʷ ʩʤʘʯʠʚʘʥʠʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ [1, ʩ.83] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʘʩʪʦ ʩʤʘʯʠʚʘʥʠʝ 

ʧʨʝʜʚʘʨʷʝʪ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʜʨʫʛ ʢ ʜʨʫʛʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺ ʭʦʜʝ ʩʤʘʯʠʚʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ ʨʘʩʧʣʘʚʘ ʩ ʛʨʘʥʫʣʘʤʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʬʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ) 

ʛʨʫʧʧʳ ʘʪʦʤʦʚ ʞʠʜʢʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʦʧʘʜʘʷ ʚ ʩʬʝʨʫ ʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʪʚʝʨʜʦʡ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʤʠʥʠʤʫʤʦʤ ʚʝʣʠʯʠʥʳ ʤʝʞʬʘʟʥʦʡ ʵʥʝʨʛʠʠ. 

ɽʩʣʠ ʧʨʦʮʝʩʩ ʩʤʘʯʠʚʘʥʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʫʯʘʩʪʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʨʘʪʠʤʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʷʚʣʝʥʠʝ ʦʙʨʘʪʠʤʦʛʦ ʩʤʘʯʠʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʤʘʣʦʧʨʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [4, 

ʩ. 93]. 

ɺ ʨʘʙʦʪʝ [2, ʩ. 43] ʜʣʷ ʦʮʝʥʢʠ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʧʦʢʦʷʱʝʡʩʷ ʢʘʧʣʠ, 

ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʧʨʦʩʪʦʪʘ, ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʧʨʦʩʪʘʷ ʬʦʨʤʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɿʘ ʢʨʠʪʝʨʠʡ ʩʤʘʯʠʚʘʥʠʷ 

ʧʨʠʥʠʤʘʶʪ ʚʝʣʠʯʠʥʫ ʢʨʘʝʚʦʛʦ ʫʛʣʘ Ŭ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʵʥʝʨʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʫʨʘʚʥʝʥʠʝʤ ʖʥʛʘ ʜʣʷ ʞʠʜʢʦʡ ʢʘʧʣʠ, ʣʝʞʘʱʝʡ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ : 

 

cos Ŭ = (E2ïE3)/E1, 

 

ʛʜʝ ɽ1, ɽ2, ɽ3 ï ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ ï 

ʛʘʟ, ʪʚʝʨʜʦʝ ʪʝʣʦ ï ʛʘʟ, ʪʚʝʨʜʦʝ ʪʝʣʦ ï ʞʠʜʢʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʨʘʩʪʝʢʘʥʠʷ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʧʦ ʪʚʝʨʜʦʤʫ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʪʝʣʫ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʫʛʦʣ ʙʳʣ ʤʝʥʴʰʝ 90Ü, ʪʦ ʝʩʪʴ 

 

ɽ1 cos Ŭ > 0 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʘʯʠʚʘʥʠʝ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʡ ʬʘʟʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʥʝʨʛʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɺʝʣʠʯʠʥʘ ʵʪʠʭ ʵʥʝʨʛʠʡ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɸʥʘʣʠʟ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʨʘʩʧʣʘʚʘʤʠ ʨʘʟʣʠʯʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ, ʦʣʦʚʘ, ʩʚʠʥʮʘ ʠ ʠʭ ʩʧʣʘʚʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ ʠʟʫʯʝʥʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʢʝʨʘʤʠʢʘ, ʤʨʘʤʦʨ, ʛʨʘʥʠʪ, ʩʪʝʢʣʦ) ʚ ʢʘʯʝʩʪʚʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʣʠʥʠʩʪʳʭ ʤʘʩʩ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʛʣʠʥʠʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʧʦʩʦʙʥʘ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ ʠʟʜʝʣʠʷ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʪʝʢʘʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʩ ʟʘʜʘʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʝ, 

ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʜʝʰʝʚʠʟʥʫ ʧʨʠʤʝʥʷʝʤʳʭ ʛʣʠʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʢʩʠʜʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʜʘʪʴ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʤʝʪʘʣʣʘ, ʪʘʢ ʢʘʢ ʘʣʶʤʠʥʠʡ ʚ 

ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʪʝʭʥʦʣʦʛʠʯʝʥ, ʭʦʨʦʰʦ ʚʦʩʧʨʠʥʠʤʘʝʪ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ, 

ʧʦʟʚʦʣʷʝʪ ʠʟʜʝʣʠʶ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʠ ʠʟʛʠʙʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ. ʍʦʪʷ ʘʣʶʤʠʥʠʡ ʤʘʣʦʧʨʦʯʝʥ, ʥʦ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 

ʧʨʦʯʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ ʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʡ ʚʝʩ.  
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ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, ʥʘʧʦʣʥʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʧʦʚʳʰʝʥʥʳʭ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʣʫʯʰʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʙʳʣʦ 

ʦʪʜʘʥʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʘʣʶʤʠʥʠʶ, ʪ.ʢ. ʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚ, ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʧʦʜʘʪʣʠʚʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. 

ʇʦʣʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʩʧʣʘʚʦʚ, ʫʧʨʦʯʥʷʶɦ ʠʭʩʷ 

ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʜʠʩʧʝʨʩʠʦʥʥʦ-ʪʚʝʨʜʝʶʱʠʭ ʩʠʩʪʝʤ 

ʧʨʠʨʦʜʦʡ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ ʠ ʩʪʝʧʝʥʴʶ ʥʘʧʦʣʥʝʥʠʷ. ɸʢʪʠʚʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʥʘʧʦʣʥʠʪʝʣʝʤ ʠ ʩʦʟʜʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʜʦʩʪʠʛʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʘʛʨʝʚʘ ʠ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ.  

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʢʘʦʣʠʥʠʪʦʚʳʭ ʛʣʠʥ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʥʘ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʪʘ. ʂʦʤʧʦʟʠʪ ʧʦʣʫʯʘʣʠ 

ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʞʠʛʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 600-

1200 Áʉ. 

ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʬʦʨʤʦʚʘʥʠʷ ʦʪ ʚʣʘʞʥʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʜʘʚʣʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʠʷ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʩʣʦʝʥʠʝ 

ʦʙʨʘʟʮʘ ʟʘ ʩʯʝʪ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʩʣʝ ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʝʛʦ ʠʟ ʬʦʨʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʪʦʥʢʦʤʦʣʦʪʫʶ ʛʣʠʥʫ ʚʚʦʜʠʣʘʩʴ ʚʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

20-100
ʦ
ʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ 

ʪʝʤʧʝʨʘʪʫʨ 60-80
ʦ
ʉ. ʇʨʦʥʠʢʘʷ ʚ ʧʦʨʳ, ʘ ʪʘʢʞʝ ʚ ʤʝʩʪʘ ʩ ʜʝʬʝʢʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʛʣʠʥʠʩʪʳʭ 

ʯʘʩʪʠʮ, ʛʦʨʷʯʘʷ ʚʦʜʘ ʣʝʛʯʝ ʦʙʨʘʟʫʝʪ ʛʠʜʨʘʪʥʳʝ ʦʙʦʣʦʯʢʠ, ʠ ʨʘʩʢʣʠʥʠʚʘʶʱʠʝ ʜʝʡʩʪʚʠʝ 

ʚʦʜʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʛʣʠʥʠʩʪʳʭ 

ʤʘʩʩ. ʇʦʚʳʰʝʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʘʢʪʦʚ 

ʯʘʩʪʠʮ, ʨʘʟʜʝʣʸʥʥʳʭ ʚʦʜʥʳʤʠ ʧʣʸʥʢʘʤʠ, ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ. ʇʨʠ ʵʪʦʤ 

ʩʢʦʣʴʞʝʥʠʝ ʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ (ʚ ʚʠʜʫ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʚʦʜʥʳʭ ʧʣʸʥʦʢ 

ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ) ʦʙʣʝʛʯʘʣʦʩʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʘʩʩʳ ʧʦʚʳʰʘʣʦʩʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʣʫʯʰʘʶʪʩʷ ʬʦʨʤʦʚʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʩʩ.  

ʇʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʩʳʨʴʷ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʪʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʨʝʱʠʥ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʝ ʠ ʦʙʞʠʛʝ ʟʘ ʩʯʝʪ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴʶ ʤʠʛʨʘʮʠʠ ʚʦʜʳ. 
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ɸ.ɯ. ʏɺɽʈɽʅʏʋʂ, ʆ.ʄ. ʇʆʅɸ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʘ, ʤ. ʃʴʚʽʚ 
 

ɼʆ ʇʀʊɸʅʅʗ ʂɯʃʔʂɯʉʅʆɰ ʆʎɯʅʂʀ ɺʀʍʆɼʋ NʘA ʎɽʆʃɯʊʋ ʉʀʅʊɽɿʆɺɸʅʆɻʆ ɿ 

ʄɽʊɸʂɸʆʃɯʅɯʊʋ 
 

ɺ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʙʫʚ ʦʜʝʨʞʘʥʠʡ ʮʝʦʣʽʪ ʪʠʧʫ NaA ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʢʘʦʣʽʥʦʚʦʾ ʩʠʨʦʚʠʥʠ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʢʦʤʧʣʝʢʩ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʘʣʫ ʛʣʠʥʠʩʪʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɿʘ ʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ NaA 

ʮʝʦʣʽʪʫ ʧʨʠ ʩʠʥʪʝʟʽ ʟ ʤʝʪʘʢʘʦʣʽʥʽʪʫ ʟʘ  ʚʠʟʥʘʯʝʥʥʷʤ ʽʩʪʠʥʥʦʾ ʛʫʩʪʠʥʠ ʪʘ ʚʽʜʥʦʩʥʦʛʦ ʧʨʠʨʦʩʪʫ ʤʘʩʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ, ʤʝʪʘʢʘʦʣʽʥ, ʘʜʩʦʨʙʝʥʪ, ʮʝʦʣʽʪ NaA 
 

ɼʝʜʘʣʽ ʰʠʨʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʟʥʘʭʦʜʷʪʴ ʦʢʨʝʤʠʡ 

ʢʣʘʩ ʢʘʨʢʘʩʥʠʭ ʚʦʜʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ï ʮʝʦʣʽʪʽʚ RxOyĿAl2O3ĿnSiO2ĿmH2O, ʚ ʷʢʠʭ  R 

ʧʨʝʜʩʪʘʚʣʷʻ ʧʝʨʝʚʘʞʥʦ ʦʜʥʦ- ʯʠ ʜʚʦʚʘʣʝʥʪʥʽ ʢʘʪʽʦʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ 

ʢʦʤʧʝʥʩʘʮʽʾ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʘʣʶʤʦʢʠʩʥʝʚʠʭ ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʛʨʫʧ. ʋʥʽʢʘʣʴʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʢʘʨʢʘʩʫ ʮʝʦʣʽʪʥʠʭ ʤʽʥʝʨʘʣʽʚ ʧʨʦʷʚʣʷʶʪʴʩʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʘʷʚʥʽʩʪʶ 

ʤʦʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʽʢʨʦʧʦʨ, ʦʙôʻʤ ʷʢʠʭ ʩʪʨʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʪʠʧʫ ʮʝʦʣʽʪʥʦʛʦ 

ʤʽʥʝʨʘʣʫ. ɿʘʚʜʷʢʠ ʨʦʟʚʠʥʫʪʽʡ ʧʦʨʠʩʪʦʩʪʽ ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ ʽ 

ʚʭʦʜʘʤʠ (ʚʽʢʥʘʤʠ) ʚ ʮʽ ʧʦʨʦʞʥʠʥʠ ʟʽ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʚʠʩʦʢʽʡ ʧʠʪʦʤʽʡ 

ʧʦʚʝʨʭʥʽ ʮʝʦʣʽʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʘʢʪʠʚʥʽ ʩʝʣʝʢʪʠʚʥʽ ʘʜʩʦʨʙʝʥʪʠ. ʄʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʽʚ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʯʝʨʝʟ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʾʭ ʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ ʪʘ 

ʟʜʘʪʥʽʩʪʶ ʜʦ ʚʠʙʽʨʢʦʚʦʛʦ ʦʙʤʽʥʫ, ʘ ʪʘʢʦʞ ʪʝʨʤʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ.  

ʉʝʨʝʜ ʧʨʠʨʦʜʥʠʭ ʽ ʰʪʫʯʥʠʭ ʤʽʥʝʨʘʣʽʚ ʛʨʫʧʠ ʮʝʦʣʽʪʽʚ ʥʘʡʙʽʣʴʰʠʡ ʧʨʘʢʪʠʯʥʠʡ 

ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʠʥʪʝʪʠʯʥʽ ʮʝʦʣʽʪʠ ʪʠʧʽʚ ɸ, ʍ ʪʘ Y. ʇʨʠʨʦʜʥʽ ʮʝʦʣʽʪʠ ʥʘʡʯʘʩʪʽʰʝ ʻ 

ʧʦʣʽʬʘʟʥʠʤʠ ʪʘ ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʤʽʰʦʢ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʦʪʨʠʤʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʽʚ. 

ʂʣʘʩʠʯʥʦʶ ʻ ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʮʝʦʣʽʪʽʚ ʟ ʛʽʜʨʦʛʝʣʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʘʤʦʨʬʥʫ 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʫ ʩʫʤʽʰ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ, ʧʨʠʛʦʪʦʚʘʥʠʭ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʘʛʝʥʪʽʚ ʟ ʣʫʛʦʤ ʪʘ ʧʦʜʘʣʴʰʦʶ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʮʝʦʣʽʪʥʦʾ ʬʘʟʠ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʮʝʦʣʽʪʽʚ ʚ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚʠʩʫʚʘʻʪʴʩʷ ʚʠʤʦʛʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʜʝʰʝʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ, ʷʢʘ ʯʘʩʪʦ ʟʘʜʦʚʽʣʴʥʷʻʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ 

ʜʦʩʪʫʧʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʦʰʠʨʝʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʠʥʪʝʟʫ ʮʝʦʣʽʪʫ ʧʨʠʨʦʜʥʠʭ 

ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ, ʟʦʢʨʝʤʘ ʢʘʦʣʽʥʽʪʫ, ʧʨʦʪʝ ʨʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʜʦ ʢʽʥʮʷ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ, ʘ ʚʠʭʽʜ ʧʨʦʜʫʢʪʫ ʦʩʪʘʪʦʯʥʦ ʥʝ ʻ ʧʨʦʛʥʦʟʦʚʘʥʠʤ. 

ɼʣʷ ʩʠʥʪʝʟʫ ʮʝʦʣʽʪʫ NaA, ʚ ʷʢʦʤʫ ʤʦʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ ʦʢʩʠʜʽʚ SiO2/Al 2O3 ʨʽʚʥʝ 2, 

ʥʘʫʢʦʚʠʡ ʽ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʦʜʫʢʪ ʜʝʛʽʜʨʘʪʘʮʽʾ ʢʘʦʣʽʥʽʪʫ ï ʤʝʪʘʢʘʦʣʽʥʽʪ           

(Al 2O3 Ā 2SiO2) ʟ ʚʢʘʟʘʥʠʤ ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʠʣʽʢʘʪʥʦʾ ʪʘ ʘʣʶʤʽʥʘʪʥʦʾ 

ʩʢʣʘʜʦʚʠʭ. ʄʝʪʘʢʘʦʣʽʥʽʪ, ʷʢ ʧʨʦʜʫʢʪ ʜʝʛʽʜʨʘʪʘʮʽʾ ʢʘʦʣʽʥʽʪʫ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ, ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽʩʪʶ ʯʝʨʝʟ ʟʥʘʯʥʫ ʨʦʟʧʦʨʷʜʢʦʚʘʥʽʩʪʴ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʽʜʚʠʱʝʥʦʶ ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 873 ï 1223 ʂ.  

ʊʝʨʤʦʘʢʪʠʚʘʮʽʷ ʩʠʨʦʚʠʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʚʠʧʘʣʦʤ ʟʙʘʛʘʯʝʥʦʛʦ 

ʛʣʫʭʽʚʝʮʴʢʦʛʦ ʢʘʦʣʽʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 873, 973, 1073, 1173 ʂ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʟ 

ʚʠʪʨʠʤʢʘʤʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʛʦʜʠʥ. ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ 

ʛʦʪʫʚʘʣʠ ʟʤʽʰʫʚʘʥʥʷʤ ʤʝʪʘʢʘʦʣʽʥʫ ʟ ʨʦʟʯʠʥʦʤ ʣʫʛʫ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʦʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Na2O:Al2O3:SiO2:H2O ʨʽʚʥʦʛʦ 2,4:1:2:70 ʚʽʜʧʦʚʽʜʥʦ. ɺʠʭʦʜʷʯʠ ʟʽ ʩʢʣʘʜʫ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʮʝʦʣʽʪʫ Na12[(AlO 2)12(SiO2)12]Ŀ27H2O ʨʦʣʴ ʥʘʜʣʠʰʢʫ ʣʫʛʫ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʢʘʪʽʦʥʫ Al
3+ 
ʚ ʯʝʪʚʝʨʥʽʡ ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ  ʩʫʪʪʻʚʠʤ ʚʧʣʠʚʦʤ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ ʢʘʨʢʘʩʫ ʥʦʚʦʫʪʚʦʨʝʥʦʾ ʬʘʟʠ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ʉʠʥʪʝʟ NaA ʮʝʦʣʽʪʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʚʦʩʪʘʜʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʷʢʘ ʥʘ ʧʦʯʘʪʢʦʚʽʡ 

ʩʪʘʜʽʾ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʜʩʠʥʪʝʟʘʮʽʡʥʫ ʚʠʪʨʠʤʢʫ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ., ʽ 
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ʧʦʜʘʣʴʰʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʫ ʦʙʨʦʙʢʫ ʧʨʠ 266 ʂ ʪʨʠʚʘʣʽʩʪʶ 24 ʛʦʜ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʩʠʥʪʝʟʫ ʦʜʝʨʞʘʥʠʡ ʤʘʪʝʨʽʘʣ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʚʩʷ, ʚʽʜʤʠʚʘʚʩʷ ʚʽʜ ʥʘʜʣʠʰʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʣʫʛʫ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʅ ʪʘ ʚʠʩʫʰʫʚʘʚʩʷ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʧʨʠ  393 ʂ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʚʠʷʚʣʝʥʦ ʥʘʙʽʨ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʟ d/n= 1,229; 0,871; 0,711; 0,551; 0,417; 0,371; 0,329; 0,298; 0,262 

ʥʤ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʬʘʟʽ NaA ʮʝʦʣʽʪʫ, ʘ ʪʘʢʦʞ ʤʘʣʦʽʥʪʝʥʩʠʚʥʽ ʣʽʥʽʾ ʟ d/n= 0,425; 0,334; 0,245 

ʥʤ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʤʽʰʢʘʤ ʢʚʘʨʮʫ, ʱʦ ʟʘʣʠʰʠʚʩʷ ʫ ʚʠʭʽʜʥʦʤʫ ʢʘʦʣʽʥʽ ʧʽʩʣʷ 

ʟʙʘʛʘʯʝʥʥʷ. ʏʝʨʝʟ ʽʥʝʨʪʥʽʩʪʴ ɓ-ʢʚʘʨʮʫ ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʚʦʜʠ ʽ ʣʫʛʽʚ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʥʝʚʝʣʠʢʠʡ ʚʤʽʩʪ, ʧʨʠ ʨʦʟʛʣʷʜʽ ʧʠʪʘʥʴ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʩʠʥʪʝʟʽ 

ʮʝʦʣʽʪʽʚ ʡʦʛʦ ʚʧʣʠʚʦʤ ʫʤʦʚʥʦ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʇʨʠ ʦʮʽʥʮʽ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ ʮʝʦʣʽʪʫ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʽʜʟʥʘʯʘʶʪʴ ʪʨʫʜʥʦʱʽ 

ʪʘ ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʟʥʘʯʝʥʴ ʡʦʛʦ ʚʠʭʦʜʫ ʧʨʠ ʩʠʥʪʝʟʽ. ʇʨʷʤʽ ʤʝʪʦʜʠ ʢʽʣʴʢʽʩʥʦʾ 

ʦʮʽʥʢʠ ʚʠʭʦʜʫ ʮʝʦʣʽʪʫ ʧʨʠ ʩʠʥʪʝʟʽ ʥʝʚʽʜʦʤʽ ʟʘ ʚʠʥʷʪʢʦʤ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʥʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʠʤ. ɺʠʭʦʜʷʯʠ ʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʈʌɸ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʫʩʪʠʥʫ ʩʠʥʪʝʟʦʚʘʥʦʾ ʧʨʦʙʠ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ 

ʽʩʪʠʥʥʦʾ ʛʫʩʪʠʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʩʠʩʪʝʤʽ ʟʘ ʘʜʠʪʠʚʥʦʶ ʟʘʣʝʞʥʽʩʪʶ:  

ɟ3 =ɟ1Ā(1-ʭ) +ɟ2Āʭ 

ʜʝ ɟ1 ï ʽʩʪʠʥʥʘ ʛʫʩʪʠʥʘ ʤʝʪʘʢʘʦʣʽʥʽʪʫ, ʛ/ʩʤ
3
; 

ɟ2 ï ʽʩʪʠʥʥʘ ʛʫʩʪʠʥʘ ʯʠʩʪʦʛʦ ʮʝʦʣʽʪʫ Naɸ, ʛ/ʩʤ
3
, (1,99 ʛ/ʩʤ

3
) 

ʭ ï ʤʘʩʦʚʘ ʜʦʣʷ ʚʤʽʩʪʫ NaA ʮʝʦʣʽʪʫ ʚ ʩʫʤʽʰʽ 

ɟ3 ï ʽʩʪʠʥʥʘ ʛʫʩʪʠʥʘ ʩʠʥʪʝʟʦʚʘʥʦʾ ʩʫʤʽʰʽ, ʛ/ʩʤ
3
; 

(1-ʭ) ï ʤʘʩʦʚʘ ʜʦʣʷ ʚʤʽʩʪʫ ʤʝʪʘʢʘʦʣʽʥʽʪʫ ʚ ʩʫʤʽʰʽ 

ɿ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʨʘʞʘʻʤʦ ʚʤʽʩʪ NaA ʮʝʦʣʽʪʫ ʚ ʩʠʥʪʝʟʦʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ: 

21

31

rr

rr

-

-
=x  

 

ʊʘʙʣʠʮʷ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʭʦʜʫ NaA ʮʝʦʣʽʪʫ ʟʘ ʽʩʪʠʥʥʦʶ ʛʫʩʪʠʥʦʶ ʪʘ ʚʽʜʥʦʩʥʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʧʘʣʫ ʢʘʦʣʽʥʫ, ʂ 873 973 1073 1173 

ɯʩʪʠʥʥʘ ʛʫʩʪʠʥʘ ʤʝʪʘʢʘʦʣʽʥʽʪʫ, ʛ/ʩʤ
3
 (ɟ1) 2,44 2,442 2,439 2,46 

ɯʩʪʠʥʥʘ ʛʫʩʪʠʥʘ ʩʠʥʪʝʟʦʚʘʥʦʾ ʩʫʤʽʰʽ, ʛ/ʩʤ
3
 (ɟ3) 2,15 2,14 2,1 2,16 

ɺʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ , % 28,4 30,7 30,9 29,2 

ɺʠʭʽʜ ʮʝʦʣʽʪʫ: 

 - ʟʘ ʛʫʩʪʠʥʦʶ 

 - ʟʘ ʚʽʜʥʦʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ 

 

64,4 

72,6 

 

66,8 

78,3 

 

75,5 

78,3 

 

63,8 

74,5 
 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʙʣʠʮʽ, ʧʽʩʣʷ ʩʠʥʪʝʟʫ ʛʫʩʪʠʥʘ ʧʨʦʙ ʟʘʢʦʥʦʤʽʨʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʫʪʚʦʨʝʥʥʷ ʮʝʦʣʽʪʥʦʾ ʬʘʟʠ, ʽʩʪʠʥʥʘ ʛʫʩʪʠʥʘ ʷʢʦʾ ʻ ʟʥʘʯʥʦ 

ʤʝʥʰʦʶ ʚʽʜ ʤʝʪʘʢʘʦʣʽʥʽʪʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʜʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʘʢʪʠʚʘʮʽʾ 

ʢʘʦʣʽʥʫ ʜʦ 1073 ʂ ʦʙʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʚʠʭʦʜʫ ʮʝʦʣʽʪʫ ʚ ʭʦʜʽ ʩʠʥʪʝʟʫ ʟ 64,4 % ʜʦ 75,5 %, 

ʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʘʣʫ ʢʘʦʣʽʥʫ ʜʦ 1173 ʂ ʟʤʝʥʰʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʮʝʦʣʽʪʦʫʪʚʦʨʝʥʥʷ. 

ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʮʝʦʣʽʪʫ ʟ ʤʝʪʘʢʘʦʣʽʥʫ ʧʦʣʷʛʘʻ ʚ ʧʨʠʻʜʥʘʥʥʽ ʜʦ ʩʠʣʽʢʘʪʥʦʾ ʪʘ 

ʘʣʶʤʽʥʘʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ Na2O ʽ ʩʪʨʫʢʪʫʨʥʦʾ ʚʦʜʠ. ʄʝʪʘʢʘʦʣʽʥ ʧʨʠ ʚʢʘʟʘʥʠʭ 

ʫʤʦʚʘʭ ʥʝ ʨʝʛʽʜʨʘʪʫʻʪʴʩʷ, ʘ ʟʚôʷʟʫʻ ʥʘ ʧʦʚʝʨʭʥʽ ʣʠʰʝ ʤʦʣʝʢʫʣʷʨʥʫ ʚʦʜʫ, ʷʢʘ ʣʝʛʢʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʩʫʰʽʥʥʽ ʜʦ 393 ʂ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʩʪʫʧʽʥʴ ʮʝʦʣʽʪʦʫʪʚʦʨʝʥʥʷ ʯʝʨʝʟ 

ʦʮʽʥʢʫ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʤʘʩʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʘʩʠ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʧʦʨʦʰʢʫ. ʇʨʠ ʮʴʦʤʫ 

ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʩʣʷ ʩʠʥʪʝʟʫ ʨʝʪʝʣʴʥʝ ʧʨʦʤʠʚʘʥʥʷ ʧʨʦʙʠ ʪʘ ʾʾ ʧʨʦʩʫʰʫʚʘʥʥʷ ʜʦ 

ʚʠʜʘʣʝʥʥʷ ʬʽʟʠʯʥʦ ʟʚôʷʟʘʥʦʾ ʚʦʜʠ.  

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ., ʚʠʷʚʣʝʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʧʨʠ ʩʠʥʪʝʟʽ ʻ ʜʝʱʦ ʤʝʥʰʠʤ ʚʽʜ 

ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʦʛʦ (39,2 %), ʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʚʠʭʦʜʫ ʮʝʦʣʽʪʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʘʣʫ ʢʘʦʣʽʥʫ ʢʦʨʝʣʶʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʟʘ 

ʛʫʩʪʠʥʦʶ. 
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ʋɼʂ 666.9:691.31 

 

ɼ.ɺ. ʃʆʄɸʏɽʅʂʆ, ʢʘʥʜ.ʪʝʭʥ .ʥʘʫʢ. 

ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ,  

ʛ. ɹʝʣʛʦʨʦʜ 

 

ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʇʆʄʆʃɸ ʐʃɸʂʆʇʆʈʊʃɸʅɼʎɽʄɽʅʊɸ  

ʉ ɼʆɹɸɺʂʆʁ ʅɸ ʆʉʅʆɺɽ ʆʊʍʆɼɸ ʇʈʆʀɿɺʆɼʉʊɺɸ ʈɽɿʆʈʎʀʅɸ 

 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʟʦʨʮʠʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʦʪʤʝʯʝʥʦ ʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʪʚʝʨʜʝʥʠʷ ʚ ʚʦʟʨʘʩʪʝ 2 ʠ 28-ʤʠ ʩʫʪʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʠʥʪʝʥʩʠʬʠʢʘʪʦʨ ʧʦʤʦʣʘ,  ʦʪʭʦʜ ʨʝʟʦʨʮʠʥʘ.  

 

ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʮʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʟʘʪʨʘʪʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʟʘʪʨʘʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 15 % ʦʪ ʚʩʝʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʵʪʠʭ ʠʟʜʝʨʞʝʢ ʚ ʤʠʨʦʚʦʡ ʮʝʤʝʥʪʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʤʦʣʘ. ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ). ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʟʦʨʮʠʥʘ (ɼʈ-3), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʨʪʣʘʜʥʮʝʤʝʥʪʘ ʠ ʝʛʦ 

ʦʪʜʝʣʴʥʳʭ ʢʣʠʥʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ [1, 2]. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʜʘʥʥʦʡ ʜʦʙʘʚʢʠ ʥʘ ʧʨʦʮʝʩʩʳ ʠʟʤʝʣʴʯʝʥʠʷ 

ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʣʠʥʢʝʨʘ ʠ ʰʣʘʢʘ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʣʠʥʢʝʨ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ çɹʝʣʛʦʨʦʜʩʢʠʡ ʮʝʤʝʥʪè, ʛ. ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ ʠ 

ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ ʆɸʆ çɸʟʦʚʩʪʘʣʴè ʛ. ʄʘʨʠʫʧʦʣʴ, ʋʢʨʘʠʥʘ ʚ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ: ʢʣʠʥʢʝʨ/ʰʣʘʢ = 50/50; 40/60; 30/70. ʂʨʦʤʝ ʵʪʦʛʦ ʚʚʦʜʠʣʦʩʴ 5 % ʛʠʧʩʘ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʭʚʘʪʳʚʘʥʠʷ ʮʝʤʝʥʪʘ, ʠʩʭʦʜʷ ʠʟ ʥʦʨʤ ɻʆʉʊ. ʉʦʛʣʘʩʥʦ 

ʨʦʩʩʠʡʩʢʦʤʫ ɻʆʉʊ 31108-2003, ʢʦʪʦʨʳʡ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥ ʩ ʝʚʨʦʧʝʡʩʢʠʤ ʩʪʘʥʜʘʨʪʦʤ 

ʢʘʯʝʩʪʚʘ EN-197.1 ʮʝʤʝʥʪ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʤʘʨʢʠʨʫʝʪʩʷ ʢʘʢ  ʎʝʤ III/A. ʀʥʪʝʥʩʠʬʠʢʘʪʦʨ 

ʧʦʤʦʣʘ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʟʦʨʮʠʥʘ ʚʚʦʜʠʣʩʷ ʚ ʢʦʣʠʯʝʩʪʚʘʭï 0,015 0,03; 

0,045 % ʦʪ ʤʘʩʩʳ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʢʣʠʥʢʝʨʘ ʠ ʰʣʘʢʘ.  

ʋʚʝʣʠʯʝʥʠʝ ʪʦʥʢʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʦʣʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʯʥʦʩʪʴ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʥʘʯʘʣʴʥʳʝ ʩʨʦʢʠ, ʪʘʢ ʠ ʚ ʦʪʜʘʣʝʥʥʳʡ ʧʝʨʠʦʜ ʪʚʝʨʜʝʥʠʷ. ɺ ʪʘʙʣ. 1. 

ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʦʙʘʚʢʦʡ ɼʈ-3. 

 

ʊʘʙʣʠʮʘ 1. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʤ
2
/ʢʛ) ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ 

ʜʦʙʘʚʢʦʡ ɼʈ-3 
 

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʡ  

ʢʣʠʥʢʝʨ/ʰʣʘʢ 

ʂʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ ɼʈ-3,  

ʤʘʩʩ. % 

0 0,015 0,03 0,045 

50/50 247,1 265,1 282,3 284,6 

40/60 239,5 254,3 267,3 265,3 

30/70 221,5 224,3 231,9 245,9 

 

ɼʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʟʦʨʮʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʧʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦ 

ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʢʠ ʦʪ 0,015 %  ʜʦ 0,03 
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ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʨʘʟʤʦʣʦʩʧʦʩʦʙʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʢʠ ʫʞʝ ʥʝ ʜʘʝʪ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʰʣʘʢʘ. ɸ ʠʤʝʥʥʦ, ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʜʦʤʝʥʥʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʰʣʘʢʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 50 % ʧʨʠʨʦʩʪ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 37,5 ʤ
2
/ʢʛ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʰʣʘʢʘ ʜʦ 70% 

ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 24 ʤ
2
/ʢʛ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʙʳʣʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʳ ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 230-250 

ʤ
2
/ʢʛ. 

 

ʊʘʙʣʠʮʘ 2. ʇʨʦʯʥʦʩʪʴ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʥʘ ʩʞʘʪʠʝ (ʄʇʘ) 
 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʡ 

ʢʣʠʥʢʝʨ/ʰʣʘʢ 

ʂʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ ɼʈ-3, ʤʘʩʩ. % 

0 0,015 0,03 0,045 

2  

ʩʫʪ. 

28 

ʩʫʪ. 

2 

ʩʫʪ. 

28 

ʩʫʪ. 

2  

ʩʫʪ. 

28 

ʩʫʪ. 

2  

ʩʫʪ. 

28 

ʩʫʪ. 

50/50 2,1 27,4 4,0 29,0 5,5 33,9 5,5 34,1 

40/60 1,6 21,0 2,6 23,5 4,0 26,5 4,0 26,4 

30/70 1,1 15,0 2,4 19,1 3,8 21,2 3,7 21,5 

 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʰʣʘʢʘ ʚ ʮʝʤʝʥʪʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʰʣʘʢʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʤ ʢʣʠʥʢʝʨʦʤ. ʇʨʠ 

ʠʟʤʝʣʯɹʝʥʠʠ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʜʦʙʘʚʢʦʡ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʟʦʨʮʠʥʘ 

ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʐʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʳ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ ʜʦʙʘʚʢʠ, ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʧʨʦʯʥʦʩʪʴ ʚ ʥʘʯʘʣʴʥʳʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʚ ʥʘʯʘʣʴʥʳʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ. ʇʨʠʨʦʩʪ ʧʨʦʯʥʦʩʪʠ 

ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʰʣʘʢʘ 50-70%, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʦʙʘʚʢʠ 0,04%, ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʦʢʦʣʦ 5-7 ʄʇʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʦʙʘʚʢʠ ʦʪ 0,03 ʜʦ 0,045 % ʧʦʢʘʟʘʪʝʣʠ ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʥɹʦ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ  ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʘ 

ʨʝʟʦʨʮʠʥʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ 

ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʤʝʥʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʰʣʘʢʘ 

(ʜʦ 15%). ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʰʣʘʢʘ ʚ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʦʤʦʣʘ ʥʝʤʥʦʛʦ ʩʚʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʜʦʙʘʚʢʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʮʝʤʝʥʪʘ, ʘ ʥʝ ʰʣʘʢʘ. ʅʘʨʷʜʫ ʩ 

ʵʪʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʧʦʩʣʝ 2-ʭ ʠ 28-ʤʠ ʩʫʪʦʢ 

ʪʚʝʨʜʝʥʠʷ. 
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ɯ.ɺ.ɻʃʋʍʆɺʉʔʂʀʁ, ʢ.ʪ.ʥ., ɺ.ɺ.ɻʃʋʍʆɺʉʔʂʀʁ, ʢ.ʪ.ʥ., ʊ.ʉ.ɼɸʐʂʆɺɸ, ʘʩʠʩʪʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ɺʇʃʀɺ ʇɸʈɸʄɽʊʈɯɺ  ʇʈɽʉʋɺɸʅʅʗ ʅɸ ɺʃɸʉʊʀɺʆʉʊɯ ɺʀʈʆɹɯɺ ʅɸ ʆʉʅʆɺɯ 

ɺôʗɾʋʏʀʍ ʂʆʅʊɸʂʊʅʆ-ʂʆʅɼɽʅʉɸʎɯʁʅʆɻʆ ʊɺɽʈɼɯʅʅʗ 
 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʝʩʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʚôʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ. 

 

ɺ'ʷʞʫʯʠʤʠ ʢʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʣʽʢʘʪʥʽ ʜʠʩʧʝʨʩʥʽ 

ʩʠʩʪʝʤʠ ʘʤʦʨʬʥʦʾ ʪʘ ʥʝʩʪʘʙʽʣʴʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʢʦʥʜʝʥʩʫʶʪʴʩʷ ʚ ʤʦʤʝʥʪ 

ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʾʭʥʽʤʠ ʯʘʩʪʢʘʤʠ ʫ ʚʦʜʦʩʪʽʡʢʽ ʢʘʤʝʥʝʧʦʜʽʙʥʽ ʪʽʣʘ ʟʥʘʯʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʷʢʫ ʚʦʥʠ ʟʜʘʪʥʽ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢ ʥʘ ʧʦʚʽʪʨʽ, ʪʘʢ ʽ ʫ ʚʦʜʽ [1]. ʄʝʭʘʥʽʟʤ ʢʦʥʪʘʢʪʥʦ-

ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʦʛʦ ʢʘʤʝʥʝʧʦʜʽʙʥʦʛʦ ʪʽʣʘ ʧʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʤʽʢʨʦʯʘʩʪʢʘʤʠ ʨʝʯʦʚʠʥʠ ʘʤʦʨʬʥʦʾ ʘʙʦ ʥʝʩʪʘʙʽʣʴʥʦʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʝʟ ʟʤʽʥʠ ʡʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʽʟʠʯʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʷʚʠʱ. ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʤʽʮʥʠʭ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʯʘʩʪʢʘʤʠ ʪʘʢʠʭ 

ʚ'ʷʞʫʯʠʭ ʧʨʠ ʾʭ ʢʦʥʜʝʥʩʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʨʠʢʣʘʩʪʠ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ (ʧʨʝʩʫʚʘʥʥʷ).  

ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʚ'ʷʞʫʯʠʭ ʥʝ ʟʚ'ʷʟʘʥʘ ʟʽ ʩʪʨʦʢʘʤʠ ʪʫʞʘʚʣʝʥʥʷ. ʇʨʦʮʝʩ ʪʚʝʨʜʽʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʠʪʪʻʚʦ ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʯʘʩʪʢʘʤʠ ʪʘʢʠʭ ʚôʷʞʫʯʠʭ. 

ʅʘʜʘʣʽ ʤʽʮʥʽʩʪʴ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʟʨʦʩʪʘʻ ʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʪʘ ʫ ʚʦʜʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʠʩʢʽʚ ʧʨʝʩʫʚʘʥʥʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʩʪʽʥʦʚʠʭ 

ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʚ'ʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʧʨʦʮʝʩʽʚ ʧʨʝʩʫʚʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʦʧʠʣʴʩʴʢʠʤ ʈ.ʗ ʪʘ ʽʥ. [2] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʽʚ ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʧʨʝʩʫʚʘʥʥʽ ʢʝʨʘʤʽʯʥʠʭ ʧʦʨʦʰʢʽʚ. ʅʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʫʱʽʣʴʥʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʫ ʥʘʧʨʷʤʢʫ ʜʽʾ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ ʪʘ 

ʟʘʧʦʚʥʝʥʥʷ ʚʝʣʠʢʠʭ ʧʦʨ. ɼʝʬʦʨʤʘʮʽʷ ʯʘʩʪʠʥʦʢ ʧʨʠ ʮʴʦʤʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʫʚʘʥʥʷ  ʯʘʩʪʠʥʦʢ. ʇʣʦʱʘ ʢʦʥʪʘʢʪʽʚ ʤʽʞ 

ʯʘʩʪʢʘʤʠ ʧʦʨʦʰʢʫ ʟʤʽʥʶʻʪʴʩʷ ʥʝʟʥʘʯʥʦ, ʘ ʤʽʮʥʽʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʟʢʦʶ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ, ʯʘʩʪʠʥʢʠ ʧʦʨʦʰʢʫ ʚʞʝ ʥʝ ʤʦʞʫʪʴ ʚʽʣʴʥʦ 

ʧʝʨʝʤʽʱʘʪʠʩʷ ʚ ʧʦʨʠ, ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʽʚ. ʉʧʦʯʘʪʢʫ ʩʢʦʣʶʶʪʴʩʷ 

ʚʩʽ ʫʩʪʫʧʠ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ (ʪʝʥʜʽʪʥʘ ʜʝʬʦʨʤʘʮʽʷ), ʧʦʪʽʤ ʦʩʪʘʥʥʽ ʧʽʜ ʜʽʻʶ ʩʠʣʠ 

ʩʪʠʩʢʘʥʥʷ ʟʘʪʽʢʘʶʪʴ ʫ ʧʦʨʠ (ʧʨʫʞʥʘ ʪʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʾ). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ 

ʧʨʝʩʫʚʘʥʥʷ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʟʨʦʩʪʘʻ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʧʦʨʦʰʢʫ. ʇʨʠ ʮʴʦʤʫ, ʟʤʽʥʶʻʪʴʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ 

ʩʢʣʘʜ ʧʦʨʦʰʢʫ ï  ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʠʩʣʦ ʟʝʨʝʥ ʟʘ ʨʘʭʫʥʦʢ ʜʨʦʙʣʝʥʥʷ ʪʘ ʟ'ʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ 

ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ ʟʘ ʨʘʭʫʥʦʢ ʨʫʡʥʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ ʥʘʧʨʫʛ ʫ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ [2]. 

ɸʥʘʣʦʛʽʯʥʽ ʧʦʣʦʞʝʥʥʷ, ʱʦʜʦ ʧʨʦʮʝʩʽʚ ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʧʨʠ ʫʱʽʣʴʥʝʥʥʽ ʧʦʨʦʰʢʽʚ, 

ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʨʦʙʦʪʘʭ ʂʫʥʽʥʘ ʅ.ʌ., ʖʨʯʝʥʢʦ ɹ.ɼ., ɹʝʨʝʞʥʦʛʦ ɸ.ʉ. ʪʘ ʽʥʰʠʭ [3-5].  

ʊʝʭʥʦʣʦʛʽʷ ʧʨʝʩʫʚʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟ 

ʚʠʟʥʘʯʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʱʦʜʦ ʾʭ ʤʽʮʥʦʩʪʽ ʪʘ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʧʨʝʩʫʚʘʥʥʽ ʟʨʫʯʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʤʘʪʝʤʘʪʠʯʥʠʤʠ 

ʚʠʨʘʟʘʤʠ (ʨʽʚʥʷʥʥʷʤʠ ʧʨʝʩʫʚʘʥʥʷ), ʷʢʽ ʨʦʟʢʨʠʚʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʪʠʩʢʦʤ ʪʘ ʛʫʩʪʠʥʦʶ ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʮʴʦʤʫ ʤʘʪʝʨʽʘʣʫ (ɔ ï P). ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ 

ʧʨʝʩʫʚʘʥʥʷ, ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʨʦʰʢʫ ʘʙʦ ʛʨʫʧʠ ʩʧʦʨʽʜʥʝʥʠʭ ʧʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʧʦʨʦʰʢʽʚ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ  ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʽʚ ʧʨʝʩʫʚʘʥʥʷ [2,3].  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩʠ ʧʨʝʩʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʨʽʚʥʷʥʥʷ ʧʨʝʩʫʚʘʥʥʷ [2-4]. ɼʣʷ ʧʦʨʦʰʢʦʚʠʭ ʤʘʩ, ʷʢʽ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ɹʝʨʝʞʥʦʛʦ 

ɸ.ʉ., ʘ ʜʣʷ ʤʝʪʘʣʽʯʥʠʭ ʧʦʨʦʰʢʽʚ ï ʬʦʨʤʫʣʘ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɹʘʣʴʰʝʥʠʤ ʄ.ʖ. 

ʆʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ɹʝʨʝʞʥʦʛʦ ɸ.ʉ. ʤʘʻ ʚʠʛʣʷʜ:  

ʇ = a ï b Ā lg P ,                                                                 (1) 

ʜʝ:  ʇ ï ʧʦʨʠʩʪʽʩʪʴ, %; a ʪʘ b ï ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʥʦʛʦ 

ʧʦʨʦʰʢʫ; P ï ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ, ʢʛ/ʩʤ
2
. 

ɹʘʣʴʰʠʥʠʤ ʄ.ʖ. ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ  ʢʽʣʴʢʽʩʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʛʫʩʪʠʥʠ ʦʪʨʠʤʘʥʦʛʦ ʟʨʘʟʢʘ ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ: 

                            lgʈ = ï m lg ɓ + lgʈmax ,                                                                                        (2)  

ʜʝ: ʈ ï ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ; ʈmax ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ  ʧʨʝʩʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ 

ʧʦʨʠʩʪʽʩʪʴ ʟʨʘʟʢʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ; m ï ʧʦʩʪʽʡʥʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʧʨʠʨʦʜʫ ʤʘʪʝʨʽʘʣʫ; ɓ ï ʚʽʜʥʦʩʥʠʡ  ʦʙôʻʤ ʟʨʘʟʢʫ.  

ɿ ʨʽʚʥʷʥʴ ʧʨʝʩʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʽʥʦʟʝʤʥʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʨʽʚʥʷʥʥʷ ʍʝʢʝʣʷ (Heckel) [3, 6]. ʈʽʚʥʷʥʥʷ ʚʠʨʘʞʘʻ 

ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ ʪʠʩʢʫ.  

                                   ln [1/(1 ï ɟ)] = kĀP + ɸ,                                                           (3) 

ʜʝ: ɟ ï ʚʽʜʥʦʩʥʘ ʛʫʩʪʠʥʘ ʧʨʠ ʪʠʩʢʫ P; P ï ʧʨʠʢʣʘʜʝʥʠʡ ʪʠʩʢ; ɸ ʪʘ k ï ʢʦʥʩʪʘʥʪʠ. 

ɿ ʥʘʚʝʜʝʥʠʭ ʨʽʚʥʷʥʴ ʧʨʝʩʫʚʘʥʥʷ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʻ 

ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʥʠʢʘ ʧʨʝʩʫʚʘʥʥʷ ï 

ʛʫʩʪʠʥʠ (ʚʽʜʥʦʩʥʦʾ ʛʫʩʪʠʥʠ, ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʽʥ.) ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʫ ʩʚʦʾʡ 

ʙʽʣʴʰʦʩʪʽ, ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʾʭ ʦʙʨʦʙʢʠ, ʘ ʩʘʤʝ ʨʝʞʠʤʘʤʠ ï ʚʠʧʘʣʫ ʯʠ 

ʩʧʽʢʘʥʥʷ (ʜʣʷ ʢʝʨʘʤʽʯʥʠʭ ʽ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ) ʘʙʦ ʘʚʪʦʢʣʘʚʥʦʾ ʦʙʨʦʙʢʠ (ʜʣʷ ʩʠʣʽʢʘʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ). ʊʦʤʫ, ʚ ʙʽʣʴʰʦʩʪʽ ʨʽʚʥʷʥʴ ʧʨʝʩʫʚʘʥʥʷ, ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʧʨʝʩʫʚʘʥʥʽ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʥʘʡʰʣʦ ʚʽʜʦʙʨʘʞʝʥʥʷ. 

ʄʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʧʨʝʩʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʧʦ ʤʽʨʽ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʶ ʫʱʽʣʴʥʝʥʥʷ. ʅʘ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʬʘʢʪʦʨʠ: 

ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ, ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʽ ʛʦʣʦʚʥʝ ï ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʦʨʦʰʢʫ [1-3,5]. ɼʣʷ ʚôʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ 

ʪʚʝʨʜʽʥʥʷ ʧʨʦʮʝʩ ʧʨʝʩʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʫʱʽʣʴʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʧʦʨʦʰʢʫ ʬʘʟʦʚʠʭ ʢʦʥʪʘʢʪʽʚ [1]. ʇʨʠ ʮʴʦʤʫ, ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ 

ʢʦʥʪʘʢʪʽʚ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʤʽʮʥʽʩʪʴ, ʚʦʜʦʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ.).  

ɿ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʧʨʝʩʫʚʘʥʥʷ ʚʽʜ ʪʠʩʢʫ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ. 

ʊʘʢ, ʜʣʷ ʤʘʣʦ ʧʦʨʠʩʪʦʾ ʢʝʨʘʤʽʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʤʧʽʨʠʯʥʝ ʨʽʚʥʷʥʥʷ: 

                       ů = ů0
 
(1 ï Ů) 

m 

,                                                                 (4) 

ʜʝ ů ï ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ; ů0 ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ, ʤʘʪʝʨʽʘʣʫ ʦʪʨʠʤʘʥʦʛʦ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ 

ʜʦ e = 0; e  ï ʜʦʣʷ ʧʦʨʠʩʪʦʩʪʽ ʚ ʦʙôʻʤʽ ʤʘʪʝʨʽʘʣʫ; m ï ʢʦʝʬʽʮʽʻʥʪ.  

ɹʝʣʦʫʩʦʚʠʤ ɸ.ɸ. [3] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʦʨʤʫʣʘ: 

 
ʘʙʦ 

                                                         

 
ʜʝ: ů ï ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʄʇʘ; ʈ ï ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ, ʄʇʘ; ʈ0 ï ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ 

ʧʨʝʩʫʚʘʥʥʷ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʘ 0,2 ʄʇʘ; ů0 ï ʧʦʯʘʪʢʦʚʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʪʠʩʢʫ 

0,2 ʄʇʘ; Ŭ ï ʢʦʥʩʪʘʥʪʘ. 

ʆʩʢʽʣʴʢʠ, ʩʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʠʨʦʙʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʚôʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦ-

ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʻ ʫʪʚʦʨʝʥʥʷ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʷ ʚ ʷʢʦʤʫ ʾʭ ʤʽʮʥʽʩʪʴ ʪʘ ʧʦʚʥʘ 

ʚʦʜʦʩʪʽʡʢʽʩʪʴ ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʨʝʩʫʚʘʥʥʷ, ʙʝʟ ʧʦʩʣʽʜʫʶʯʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ů ï ʈ ʜʣʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ  [2-4] ʧʨʦʮʝʩ ʧʨʝʩʫʚʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʭʦʜʠʪʴ ʚ 

ʪʨʠ ʩʪʘʜʽʾ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʪʚʝʨʜʽʥʥʷ ʢʦʥʪʘʢʪʥʦ-

ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʚôʷʞʫʯʠʭ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ, ʻ ʜʨʫʛʘ ʩʪʘʜʽʷ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ, ʧʨʠ 

ʷʢʽʡ ʨʦʙʦʪʘ ʟʘʪʨʘʯʝʥʘ ʥʘ ʫʱʽʣʴʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʦ ʟʘʜʘʥʦʾ ʱʽʣʴʥʦʩʪʽ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ, 

ʦʩʢʽʣʴʢʠ ʧʦʚʥʽʩʪʶ ʧʨʠʧʘʜʘʻ ʥʘ ʫʱʽʣʴʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ 

ʽʥʪʝʨʚʘʣʽʚ ʪʘʢʦʾ ʟʦʥʠ ʜʦʟʚʦʣʠʪʴ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʝʨʝʜʥʴʦʾ 

ʛʫʩʪʠʥʠ, ʚʠʟʥʘʯʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʦʙʦʯʠʡ ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʨʦʙʽʚ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʠʩʢʽʚ ʧʨʝʩʫʚʘʥʥʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʚʠʨʦʙʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚ'ʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʚ ʷʢʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʩʠʩʪʝʤ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʥʘ ʟʨʘʟʢʘʭ ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʘʧʥʘ ʪʘ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ ʊɽʉ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ. ʊʘʢ ʜʣʷ ʩʫʤʽʰʽ 1 ʮʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʘʻ 1:2, ʜʣʷ ʩʫʤʽʰʽ 2 ï 1:4  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ 

ʩʫʤʽʰʝʡ 1 ʪʘ 2 ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ ʚ ʟʚʠʯʘʡʥʽʡ (ʘ) ʪʘ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

(ʙ). ʍʘʨʘʢʪʝʨ ʢʨʠʚʠʭ ʚ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʙʣʠʟʴʢʽ ʜʦ ʧʨʷʤʠʭ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ (ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ  R
2 
= 0,9985 ): 

ʜʣʷ ʩʫʤʽʰʽ 1  y1 = 0,113x + 3,012                                     (7) 

    ʜʣʷ  ʩʫʤʽʰʽ 2   y2 = 0,085x + 3,098                                   (8) 

 

    ʘ     ʙ 

 
ƄƄƄ ʩʫʤʽʰ 1,   ï ï ï ʩʫʤʽʰ 2 

ʈʠʩ. 1. ɿʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʟʨʘʟʢʽʚ ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ ʚ ʟʚʠʯʘʡʥʽʡ (ʘ) ʪʘ 

ʣʦʛʘʨʠʬʤʽʯʥʽʡ  ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ (ʙ) 

 

ɺʠʟʥʘʯʝʥʽ ʨʽʚʥʷʥʥʷ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 
ʘʙʦ 

  

ʜʝ: ɔ  ï ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ; ʈ ï ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ, ʄʇʘ; ʈ0 ï ʤʽʥʽʤʘʣʴʥʠʡ ʪʠʩʢ 

ʧʨʝʩʫʚʘʥʥʷ; ɔ0 ï ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʟʨʘʟʢʽʚ ʧʨʠ ʈ0; Ŭʧʨ ï ʧʦʩʪʽʡʥʘ ʧʨʝʩʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʩʫʤʽʰʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ɼʣʷ ʩʫʤʽʰʽ 2 ʧʦʩʪʽʡʥʘ ʧʨʝʩʫʚʘʥʥʷ (Ŭʧʨ)  ʤʘʻ ʟʥʘʯʝʥʥʷ 0,085, ʘ ʜʣʷ ʩʫʤʽʰʽ 1 ï 0,113.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ'ʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ 

ʪʚʝʨʜʥʝʥʥʷ, ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʧʣʘʥʽ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʟʥʘʯʝʥʴ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ, ʦʜʝʨʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʟʨʘʟʢʽʚ 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʩʫʤʽʰʝʡ 1 ʪʘ 2  ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ. ɸʥʘʣʽʟ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʫʻ, ʱʦ 

ʚʦʥʠ ʥʦʩʷʪʴ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ. 

ʊʘʢ ʜʣʷ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʩʫʤʽʰʽ 2 ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʛʣʷʜ:  

ů2 = 0,3788 ʈ + 0,875  (ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ  R
2  

= 0,9927)         (12) 

ʜʣʷ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʩʫʤʽʰʽ 1:  

ů 1 = 0,2975 ʈ + 1,45  (ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ  R
2
= 0,9966)           (13) 

ʜʝ: ů ï ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʄʇʘ; ʈ ï ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʟʨʘʟʢʽʚ, ʄʇʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʚʝʜʝʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ (12) ʪʘ (13) ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. 

ɸʥʘʣʽʟ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ, ʟʘʣʝʞʥʦʩʪʽ ů ï 

ʈ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʾʭ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʩʧʽʚʧʘʜʘʥʥʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ. 

 

      ʘ             ʙ 

 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʦʩʪʽ ʥʘʯʘʣʴʥʦʾ (ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʨʝʩʫʚʘʥʥʷ) ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʟʨʘʟʢʽʚ ʚʽʜ 

ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ (ʘ) ʪʘ  ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʽʥʥʷ (ʙ) 

 

ʇʨʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʧʨʝʩʫʚʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʽʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʤʝʞʘʭ ʽʩʥʫʶʯʠʭ ʜʣʷ ʥʠʭ ʤʘʨʦʢ, ʘ ʩʘʤʝ ʚʽʜ ʄ75 ʜʦ ʄ300 ʽ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʟʘʜʘʥʠʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʩʝʨʝʜʥʴʦʶ ʛʫʩʪʠʥʦʶ, ʚʦʜʦʧʦʛʣʠʥʝʥʥʷʤ ʪʘ ʽʥ.).  

ʉʫʪʪʻʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚʠʨʦʙʽʚ ʟ ʚôʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ, ʻ 

ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʫ ʯʘʩʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʨʦʙʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʘʚʪʦʢʣʘʚʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ. ɺʠʟʥʘʯʝʥʥʷ ʮʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʘ ʩʘʤʝ ʟʤʽʥʫ ʤʽʮʥʦʩʪʽ ʚ ʯʘʩʽ ʪʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʪʚʝʨʜʽʥʥʷ ʤʘʻ  ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. ʊʘʢ, ʥʘ ʨʠʩ. 2 ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʣʝʞʥʽʩʪʴ  ů ï ʈ  ʜʣʷ ʟʨʘʟʢʽʚ ʫ ʚʽʮʽ 28 ʜʽʙ. 

ʂʨʽʤ ʮʴʦʛʦ, ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʤʘʪʠʤʫʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʜʫ ɔʨï ů. ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʣʠʚʦ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 
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ʚʩʪʘʥʦʚʣʝʥʽ ʨʘʥʽʰʝ ʟʘʣʝʞʥʦʩʪʽ  ɔ ï ʈ ʪʘ ů ï ʈ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʜʽʚ ʜʦʩʣʽʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʘʙʦ ʚʠʟʥʘʯʘʥʥʷ ʪʘʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʘ ʜʘʥʠʤʠ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʟʨʘʟʢʽʚ ʚʽʜ ʾʭ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, 

ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʨʝʩʫʚʘʥʥʷ. ɺʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʶʪʴ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʾʭ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʥʴ. ɼʣʷ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʩʫʤʽʰʽ 2 ʮʷ 

ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʚʠʛʣʷʜ: 

ɔ2 = 14,642Āů + 1310,7  (ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ  R
2
 = 0,9974),           (16) 

ʘ  ʜʣʷ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʩʫʤʽʰʽ 1:  

ɔ1  = 8,1971Āů + 1596,5  (ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ  R
2
 = 0,975)              (17)  

ɻʨʘʬʽʯʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʨʽʚʥʷʥʴ ɔ ï ů  ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.  

 

 

 
ʈʠʩ. 3. ɿʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʟʨʘʟʢʽʚ ʚʽʜ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚʠʧʨʦʙʫʚʘʥʠʭ 

ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʨʝʩʫʚʘʥʥʷ  

 

ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʽʜ 

ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ ʧʨʝʩʫʚʘʥʥʷ ï ʚʽʜ 

20,0 ʜʦ 100,0 ʄʇʘ. ɺʢʘʟʘʥʠʡ ʜʽʘʧʘʟʦʥ ʪʠʩʢʽʚ ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʪ.ʯ. ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʰʪʫʯʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʚ 

ʪʝʭʥʦʣʦʛʽʾ  ʛʽʧʝʨʧʨʝʩʫʚʘʥʥʷ). ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʪʽʥʦʚʠʭ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʚôʷʞʫʯʠʭ ʢʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤ.  

ʗʢ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʨʘʥʽʰʝ, ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠ 

ʧʨʝʩʫʚʘʥʥʽ ʧʨʦʭʦʜʠʪʴ ʪʨʠ ʩʪʘʜʽʾ. ɿ ʘʥʘʣʽʟʫ ʨʦʙʽʪ [2-4,6], ɦ ʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ 

ʪʠʩʢʽʚ ʥʘ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ 

ʧʨʝʩʫʚʘʥʥʷ, ʻ ʜʨʫʛʘ ʩʪʘʜʽʷ, ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʧʨʠ ʷʢʽʡ ʧʨʦʭʦʜʠʪʴ ʟʘ ʨʘʭʫʥʦʢ  ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ. ɿ ʽʩʥʫʶʯʠʭ ʨʽʚʥʷʥʴ ʧʨʝʩʫʚʘʥʥʷ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʠʪʠ ʚʢʘʟʘʥʽ 

ʧʨʦʮʝʩʠ  ʧʨʝʩʫʚʘʥʥʷ ʥʘ ʧʝʚʥʽ  ʩʪʘʜʽʾ, ʻ ʨʽʚʥʷʥʥʷ ʍʝʢʝʣʷ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʥʷ ʍʝʢʝʣʷ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ.  

ʅʘ ʨʠʩ. 4  ʧʨʠʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ  ʚʽʜʥʦʩʥʦʾ ʛʫʩʪʠʥʠ ʟʨʘʟʢʽʚ ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʟʥʘʯʝʥʥʷ  ʩʢʣʘʜʦʚʠʭ ʨʽʚʥʷʥʥʷ ʍʝʢʝʣʷ ʩʪʘʥʦʚʣʷʪʴ: Ŭ ï 14
0 
60', k = 0,2608,  ɸ = 1,63, 

ʚʠʭʽʜ ʪʠʩʢʫ  (Py) = 1/k = 1/0,2608 = 3,834, ɟo  = 0,332, ɟB = 1,308.  

ɿʥʘʯʝʥʥʷ ʚʠʭʦʜʫ ʪʠʩʢʫ ʈʫ  ʤʘʻ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʠʟʴʢʠʡ  ʦʧʽʨ ʜʽʾ ʪʠʩʢʫ, 

ʽ ʜʦʙʨʝ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʣʝʛʢʠʡ ʩʪʠʩʢ ʤʘʪʝʨʽʘʣʫ.  ɿ ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʧʦʯʠʥʘʶʯʠ  ʟ  ʪʠʩʢʫ 

32 ʄʇʘ ʽʩʥʫʻ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʛʫʩʪʠʥʠ ʟʨʘʟʢʽʚ ʚʽʜ ʧʨʠʢʣʘʜʝʥʠʭ 

ʪʠʩʢʽʚ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʫʱʽʣʴʥʝʥʥʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʨʦʭʦʜʠʪʴ ʟʘ ʨʘʭʫʥʦʢ  ʧʣʘʩʪʠʯʥʦʾ 



 26  

ʜʝʬʦʨʤʘʮʽʾ. ʇʘʨʘʤʝʪʨ ɟo ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʯʘʪʦʢ ʬʘʟʠ ʫʱʽʣʴʥʝʥʥʷ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʟʘ ʨʘʭʫʥʦʢ  

ʧʝʨʝʙʫʜʦʚʠ ʪʘ ʬʨʘʛʤʝʥʪʘʮʽʾ ʯʘʩʪʦʢ, ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʦʤʝʥʪ, ʢʦʣʠ ʜʽʷ ʪʠʩʢʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʏʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ɟ0, ʪʠʤ ʙʽʣʴʰʘ ʩʪʫʧʽʥʴ ʫʧʘʢʦʚʢʠ. 

 
ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʛʫʩʪʠʥʠ ʟʨʘʟʢʽʚ ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʍʝʢʝʣʷ 

 

ʃʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʨʽʚʥʷʥʥʷ  ʍʝʢʝʣʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ  ʜʣʷ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʪʠʩʢʫ ʚʠʱʝ 32,0 ʄʇʘ. ɺ ʜʽʘʧʘʟʦʥʽ ʚʠʙʨʘʥʠʭ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʪʠʩʢʽʚ ʧʨʝʩʫʚʘʥʥʷ  ʜʦ 100,0 ʄʇʘ  ʚʦʥʘ ʤʘʻ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ. ʊʘʢʠʤ, ʯʠʥʦʤ ʫ ʚʠʙʨʘʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʠʟʥʘʯʝʥʦ ʪʽʣʴʢʠ ʜʚʽ ʟʦʥʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ʍʝʢʝʣʷ ï ʟʦʥʫ ɸ ʪʘ ʧʦʯʘʪʦʢ 

ʟʦʥʠ ɺ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʽʚ ʧʨʝʩʫʚʘʥʥʷ ʷʢʽ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʽʥʝʮʴ ʟʦʥʠ ɺ ʪʘ ʧʦʯʘʪʦʢ 

ʟʦʥʠ  ʉ ï ʟʦʥʠ ʜʽʾ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʝ ʛʨʘʬʽʯʥʝ ʨʽʚʥʷʥʥʷ ʍʝʢʝʣʷ  ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʟʨʘʟʢʽʚ ʚʽʜ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʟʘ 

ʬʦʨʤʫʣʦʶ (10).  

ʆʪʨʠʤʘʥʽ ʜʘʥʥʽ ʜʣʷ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʽʶ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

(ʟʦʥʘ ɺ), ʜʣʷ  ʜʦʩʣʽʜʥʠʭ  ʩʫʤʽʰʝʡ  ʟʥʘʭʦʜʠʪʴʩʷ  ʚ ʽʥʪʝʨʚʘʣʽ  ʪʠʩʢʽʚ ʚʽʜ 32,0 ʄʇʘ ʜʦ      

158,0 ʄʇʘ. ɿʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʚʠʱʝ ʚʢʘʟʘʥʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʚ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʧʨʠ ʷʢʠʭ ʫʱʽʣʴʥʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʟʘ ʨʘʭʫʥʦʢ ʨʫʡʥʫʚʘʥʥʷ 

ʯʘʩʪʦʢ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʜʦʩʣʽʜʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ ʚôʷʞʫʯʠʭ 

ʢʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʝʬʝʢʪʠʚʥʦʾ ʜʽʾ ʪʠʩʢʽʚ (ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʫʱʽʣʴʥʝʥʥʽ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʫ ʫʧʘʢʦʚʢʫ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ), ʽʩʥʫʻ ʤʝʞʘ ʨʦʙʦʯʠʭ ʪʠʩʢʽʚ ʚ 

ʽʥʪʝʨʚʘʣʽ ʚʽʜ 40 ʜʦ 150 ʄʇʘ.   
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ɺ.ɺ. ɻʃʋʍʆɺʉʂʀʁ, ʢ.ʪ.ʥ., ʀ.ɺ. ɻʃʋʍʆɺʉʂʀʁ, ʢ.ʪ.ʥ., ʊ.ʉ.ɼɸʐʂʆɺɸ, ʘʩʩʠʩʪʝʥʪ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʂʠʝʚ 
 

ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸʑɽʅʀʗ ʉ ʈɸɼʀʆɸʂʊʀɺʅʓʄʀ ʆʊʍʆɼɸʄʀ 
 

ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʠ ʦʧʨʦʙʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʚʝʨʞʜʝʥʠʷ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʦʪʭʦʜʦʚ (ɾʈʆ), ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʠ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʦʪʚʝʨʞʜʝʥʠʷ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʦʪʭʦʜʦʚ ʠ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʠʪʠʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʷʞʫʱʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ.     
 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʦʙʨʘʱʝʥʠʶ 

ʩ  ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ (ʈɸʆ) ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ 

ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ ʙʳʣʠ ʦʪʣʦʞʝʥʳ [1], ʥʘ ɸʕʉ ʋʢʨʘʠʥʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ, ʦʙʱʠʡ ʦʙʲʝʤ ʢʦʪʦʨʳʭ 

ʦʮʝʥʠʚʘʝʪʩʷ 37,5 ʠ 31,2 ʪʳʩ. ʤ
3
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]. ʆʩʦʙʳʝ ʩʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɾʈʆ), ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʭʨʘʥʠʣʠʱʘʭ 

ɸʕʉ ʚ ʚʠʜʝ ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ ʦʪ 200 ʜʦ 600 ʛ/ʣ, ʠʣʠ ʚ ʚʠʜʝ ʩʦʣʝʚʦʛʦ 

ʧʣʘʚʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʝʡ. ʂʨʦʤʝ ʈɸʆ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ɸʕʉ, 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [3], ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʈɸʆ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʟʦʥʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸɽʉ [4]. ʉʣʦʞʠʚʰʘʷʩʷ 

ʩʠʪʫʘʮʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʪʚʝʨʞʜʝʥʠʷ ɾʈʆ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʠ - 

ʦʨʛʘʥʠʟʘʮʠʶ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʠ ʥʘʢʦʧʣʝʥʥʳʭ 

ɾʈʆ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʢ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʜʦʣʞʥʘ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʠ ʦʙʲʝʤʘʤʠ 

ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʤʧʘʫʥʜʦʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʱʝʥʠʷ ʩ ʈɸʆ ï ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʠ 

ʟʘʭʦʨʦʥʝʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʚʝʨʞʜʝʥʠʷ ɾʈʆ ʥʠʟʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘʟʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʙʠʪʫʤʠʨʦʚʘʥʠʷ, ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʝʥʠʷ ɾʈʆ ʚ 

ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʠ ʦʩʪʝʢʣʦʚʳʚʘʥʠʝ ʈɸʆ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʦʪʚʝʨʞʜʝʥʠʷ 

ʧʝʨʚʳʭ ʪʨʝʭ ʪʝʭʥʦʣʦʛʠʡ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 1:5:9 [5]. ʆʜʥʘʢʦ, ʚʳʩʦʢʘʷ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ 

ʙʠʪʫʤʠʨʦʚʘʥʥʳʭ ʈɸʆ, ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ ʧʨʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ, ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʠ ʟʘʭʦʨʦʥʝʥʠʠ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʊʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʝʥʠʷ ʈɸʆ ʚ ʧʦʣʠʤʝʨʥʫʶ 

ʤʘʪʨʠʮʫ, ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠʩʧʦʣʥʝʥʠʶ, ʙʣʠʟʢʘ ʢ ʪʝʭʥʦʣʦʛʠʠ ʙʠʪʫʤʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ, 

ʚ ʥʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʜʦʨʦʛʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʙʠʪʫʤʠʨʦʚʘʥʠʷ ʠ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʩʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ. ʄʝʪʦʜ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ, ʚ ʩʠʣʫ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʥʝʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦ ʩʪʦʠʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʦʩʪʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʚʳʩʦʢʦ ʘʢʪʠʚʥʳʭ ʈɸʆ.  

ɺʚʝʜʝʥʠʝ ɾʈʆ ʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʫʶ ʤʘʪʨʠʮʫ (ʤʝʪʦʜ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ) ʥʘʟʳʚʘʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʦʪʚʝʨʞʜʝʥʠʷ ʈɸʆ. ɼʘʥʥʦʝ ʤʥʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʪʥʦʩʠʪʝʣʥɹʦʡ ʧʨʦʩʪʦʪʦʡ ʤʝʪʦʜʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ  ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʥʝ ʪʦʣʴʢʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʥʦ ʠ ʧʨʦʙʣʝʤʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʟʘʪʚʦʨʝʥʠʠ ʮʝʤʝʥʪʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʩʦʣʝʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʣʠʙʦ 

ʩʫʩʧʝʥʟʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʚ ʦʙʳʯʥʦʡ ʧʨʘʢʪʠʢʝ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ 

(ʣʠʙʦ ʟʘʧʨʝʱʝʥʳ) ʜʣʷ ʚʚʝʜʝʥʠʷ ʚ ʮʝʤʝʥʪ. ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʡ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ɾʈʆ ʩʚʦʜʠʪʩʷ 

ʢ ʨʘʟʙʘʚʣʝʥʠʶ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ 100-150 ʛ/ʣ, ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 400-600 ʛ/ʣ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʭ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʮʝʤʝʥʪʦʤ ʧʨʠ 

ʨʘʩʪʚʦʨʦʮʝʤʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ (ʈ/ʎ) 0,7 [5, 6]. 
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ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʘʫʥʜʦʚ (ʜʦ 8 ʄʇʘ, ʧʨʠ ʪʨʝʙʫʝʤʳʭ 10 

ʄʇʘ) ʠ ʠʭ ʚʳʩʦʢʘʷ ʚʳʱʝʣʘʯʠʚʘʝʤʦʩʪʴ (10
-2 
ï 10

-3 
ʛ/ʩʤ

2
Ŀʩʫʪʢʠ), ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ,  ʚʚʦʜʠʤʳʝ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʘʫʥʜʦʚ  ʢʘʢ ʧʦ ʫʜʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʥʝ ʚʳʰʝ 3,7Ŀ10
-6 
ɹʢ/ʢʛ), ʪʘʢ ʠ ʧʦ ʫʩʣʦʚʠʷʤ ʭʨʘʥʝʥʠʷ. 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ʠ ʮʝʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʠʠ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ ʦʪ 100 ʜʦ 600 ʛ/ʣ, 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʫʩʣʦʚʠʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ 1ʤ
3
 ʨʘʩʪʚʦʨʘ 

ɾʈʆ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʢʦʤʧʘʫʥʜʘ ʧʨʠʥʷʪʳ ʨʘʩʯʝʪʥʳʝ, 

ʙʝʟ ʫʯʝʪʘ ʦʙʲʝʤʦʚ ʚʦʚʣʝʯʝʥʥʦʛʦ  ʚʦʟʜʫʭʘ, ʢʦʥʪʨʘʢʮʠʠ ʠ ʫʩʘʜʢʠ ʪʚʝʨʜʝʶʱʝʛʦ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ. 

 

ʊʘʙʣʠʮʘ 1. ʆʙʲʝʤʥʳʝ  ʠ ʮʝʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʦʣʦʛʠʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ɾʈʆ 

ʧʨʠ  ʈ/ʎ = 0,7 

ʇʦʢʘʟʘʪʝʣʴ 
ɽʜ.  

ʠʟʤ. 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ, ʢʛ/ʤ
3 

100 150 400 600 

ʂʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʚ 1 ʤ
3
 ʨʘʩʪʚʦʨʘ ʢʛ 100 150 400 600 

ʆʙʲʝʤ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʝʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʜʦ 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ 100  ʢʛ/ʤ
3
 

ʤ
3
 1 1,5 4,0 6,0 

ʂʦʣʠʯʝʩʪʚʦ ʮʝʤʝʥʪʘ ʜʣʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ 

ʧʨʠ ʈ/ʎ = 0,7 
ʪ 1,43 2,14 5,71 8,57 

ʈʘʩʯʝʪʥʳʡ ʦʙʲʝʤ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ 
ʤ

3
 1,45 2,18 5,81 8,72 

ʉʦʣʝʩʦʜʝʨʞʘʥʠʝ 1ʤ
3
 ʮʝʤʝʥʪʥʦʛʦ ʢʦʤʧʘʫʥʜʘ ʢʛ 69,0 

ʄʘʩʩʦʚʦʝ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʘʫʥʜʘ ʤʘʩ.% 4,1 

ʉʪʦʠʤʦʩʪʴ ʮʝʤʝʥʪʘ ʜʣʷ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ 
ʛʨʥ. 286 428 1142 1714 

ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ  ʨʘʟ 1,45 2,18 5,81 8,72 

ʉʪʦʠʤʦʩʪʴ ʮʝʤʝʥʪʘ ʜʣʷ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ 

1ʢʛ ʩʦʣʝʡ 
ʛʨʥ. 2,86 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ɾʈʆ 

ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 600 ʛ/ʣ ʦʙʲʝʤ ʢʦʤʧʘʫʥʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 8,7 ʨʘʟʘ  ʧʨʠ 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʠ ʢʦʤʧʘʫʥʜʘ 4 ʤʘʩ. %. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʮʝʤʝʥʪʘ ʜʣʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ 

1ʤ
3
 ɾʈʆ ʩʦʩʪʘʚʣʷʝʪ 1,7 ʪʳʩ. ʛʨʥ. ʇʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ɾʈʆ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 400 ʛ/ʣ 

ʦʙʲʝʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 5,8 ʨʘʟʘ, ʘ ʩʪʦʠʤʦʩʪʴ ʮʝʤʝʥʪʘ ʜʣʷ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1,1 ʪʳʩ. ʛʨʥ.   

ʆʙʦʙʱʘʷ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʧʨʠ ʚʩʝʡ ʢʘʞʫʱʝʡʩʷ ʝʝ ʧʨʦʩʪʦʪʝ, ʥʝ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʥʘ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ɾʈʆ.  

ʅʘʣʠʯʠʝ ʩʦʣʝʡ ʚ ʚʦʜʝ ʟʘʪʚʦʨʝʥʠʷ ʮʝʤʝʥʪʘ, ʚʚʠʜʫ ʠʭ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʧʨʦʮʝʩʩʳ ʪʚʝʨʜʝʥʠʷ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ ʮʝʤʝʥʪʠʨʫʝʤʳʭ ɾʈʆ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʨʘʩʪʚʦʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ 

ʨʘʟʙʘʚʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʆʜʥʘʢʦ ʙʦʣʝʝ ʚʘʞʥʳʤ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʢʦʤʧʘʫʥʜʘ ʷʚʣʷʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʣʥʦʡ ʛʠʜʨʘʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʮʝʤʝʥʪʘ ʦʢʦʣʦ 75% ʚʦʜʳ 

ʟʘʪʚʦʨʝʥʠʷ ʧʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʢʦʤʧʘʫʥʜʘ ʦʩʪʘʝʪʩʷ ʚ ʥʝʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʳʩʦʢʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʠ ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʘʫʥʜʘ ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʢʦʤʧʘʫʥʜʝ. ʇʨʠ ʵʪʦʤ ʣʶʙʳʝ ʧʦʧʳʪʢʠ ʩʥʠʟʠʪʴ ʚʳʱʝʣʘʯʠʚʘʝʤʦʩʪʴ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚʨʷʜ ʣʠ ʦʢʘʞʫʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʥʘʜ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʝʣʴʟʷ ʦʞʠʜʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ. 
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ʆʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ɾʈʆ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʷʞʫʱʠʝ (ʮʝʤʝʥʪʳ), ʪʚʝʨʜʝʶʱʠʝ ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ [7]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʮʝʤʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʜʳ ʟʘʪʚʦʨʝʥʠʷ ʧʨʠ ʠʭ ʪʚʝʨʜʝʥʠʠ. ʂʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ 

ʚʷʞʫʱʠʝ ʠʣʠ ʚʷʞʫʱʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ (ɺʂʊ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʠʥʝʨʘʣʴʥʳʝ 

ʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ, ʢʦʪʦʨʳʝ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 40-200 ʄʇʘ 

ʦʙʨʘʟʫʶʪ ʢʘʤʥʝʚʠʜʥʦʝ ʚʦʜʦʩʪʦʡʢʦʝ ʪʝʣʦ ʩ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʩʞʘʪʠʠ 20-100 ʄʇʘ ʠ ʩ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ 3-5%. ʂʦʤʧʘʫʥʜʳ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʚʷʞʫʱʠʭ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʚʦʜʝ, 

ʘʥʘʣʦʛʠʯʥʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʶ ʧʨʦʯʥʦʩʪʴ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʆʪʩʫʪʩʪʚʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘʩʳʱʝʥʥʳʭ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʮʝʤʝʥʪʘ, ʧʨʠ ʵʪʦʤ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʠʛʨʘʶʪ ʨʦʣʴ ʠʥʝʨʪʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. ʆʪʩʫʪʩʪʚʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ ʪʚʝʨʜʝʥʠʠ ʵʪʠʭ 

ʚʷʞʫʱʠʭ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʠʭ ʢʦʤʧʘʢʪʠʨʫʶʱʫʶ ʝʤʢʦʩʪʴ, ʘ ʚʳʩʦʢʠʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʦʛʦ ʢʦʤʧʘʫʥʜʘ (ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ 20-

100 ʄʇʘ), ʤʦʛʫʪ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʛʦ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʙʘʨʴʝʨʥʳʭ ʩʠʩʪʝʤ [8]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʚ 

ʚʠʜʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤ (ʙʝʟʚʦʜʥʳʭ ʩʠʣʠʢʘʪʦʚ), ʧʦʣʫʯʘʝʤʳʝ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʷʞʫʱʠʝ ʠ ʢʦʥʛʣʦʤʝʨʘʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʘʥʘʣʦʛʠʯʥʳ ʧʨʠʨʦʜʥʳʤ 

ʤʠʥʝʨʘʣʘʤ (ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʠ ʛʠʜʨʦʘʣʶʤʦʩʠʣʠʢʘʪʳ), ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʠʟʤʝʥʥʦʩʪʴ ʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʭʨʘʥʝʥʠʷ ʠ ʠʭ 

ʚʳʩʦʢʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ɾʈʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʚʦʜʳ ʦʪʚʝʨʞʜʘʝʤʦʛʦ 

ʨʘʩʪʚʦʨʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚʷʞʫʱʝʛʦ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʩ ʚʜrʝʣʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 500 ʜʦ 900
0
ʉ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʦʪʚʝʨʞʜʝʥʠʷ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʪʨʠʪʠʡʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʧʘʫʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ɺʂʊ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʳ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 400 

ʠ 600 ʛ/ʣ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʘʫʥʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚ̫ʞʫʱʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 400 ï 600 ʛ/ʣ 

 ʇʦʢʘʟʘʪʝʣʴ ɽʜ. ʠʟʤ. 

ʇʨʠ ʩʦʣʝʩʦʜʝʨʞʘʥʠʠ 

ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ 

400 ʛ/ʣ 600 ʛ/ʣ 

ʆʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ɾʈʆ ʚ ʢʦʤʧʘʫʥʜʝ ʦʙ. % 45 40 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ:    

- ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ ʄʇʘ 37,6 34,3 

- ʧʦʩʣʝ 28 ʩʫʪʦʢ ʪʚʝʨʜʝʥʠʷ ʚ ʚʦʜʝ ʄʇʘ 58,4 59,7 

- ʧʦʩʣʝ 28 ʩʫʪʦʢ ʪʚʝʨʜʝʥʠʷ ʥʘʜ ʚʦʜʦʡ ʄʇʘ 71,4 54,0 

- ʧʦʩʣʝ 25 ʮʠʢʣʦʚ ʧʦʧʝʨʝʤʝʥʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

(ʤʠʥʫʩ 15
0
ʉ) ʠ ʦʪʪʘʠʚʘʥʠʷ (ʧʣʶʩ 25

0
ʉ) 

ʄʇʘ 73,4 81,4 

- ʧʦʩʣʝ 50 ʮʠʢʣʦʚ ʧʦʧʝʨʝʤʝʥʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

(ʤʠʥʫʩ 15
0
ʉ) ʠ ʦʪʪʘʠʚʘʥʠʷ (ʧʣʶʩ 25

0
ʉ) 

ʄʇʘ 75,2 58,4 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ ʧʦʩʣʝ 28 ʩʫʪʦʢ ʪʚʝʨʜʝʥʠʷ ʚ ʚʦʜʝ % 2,5 2,0 

ʇʣʦʪʥʦʩʪʴ ʢʛ/ʤ
3
 1980 2120 

ʆʙʲʝʤ ʢʦʤʧʘʫʥʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ 1 ʤ
3
 ɾʈʆ ʤ

3 
2,2 2,5  
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ʠ ʮʝʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʠʠ ʦʪʚʝʨʞʜʝʥʠʷ 

ɾʈʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʷʞʫʱʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʢʫʙʦʚʳʭ 

ʦʩʪʘʪʢʦʚ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 400 ʠ 600 ʛ/ʣ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʫʩʣʦʚʠʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ 1ʤ
3
 ʨʘʩʪʚʦʨʘ ɾʈʆ.  

 

ʊʘʙʣʠʮʘ 3. ʆʙʲʝʤʥʳʝ  ʠ ʮʝʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʦʣʦʛʠʠ ʦʪʚʝʨʞʜʝʥʠʷ ɾʈʆ 

ʚʷʞʫʱʠʤʠ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ 
ɽʜ.  

ʠʟʤ. 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
 

ʜʣʷ ɾʈʆ ʩ 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ, 

ʢʛ/ʤ
3 

ʜʣʷ ʪʨʠʪʠʡ 

ʩʦʜʝʨʞʘʱʠʭ 

ʨʘʩʪʚʦʨʦʚ
 

400 600 

ʂʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʚ ʨʘʩʪʚʦʨʝ ʢʛ 400 600 - 

ʂʦʣʠʯʝʩʪʚʦ ɺʂʊ ʜʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ʪ 2,0 1,3 3,0 

ʆʙʲʝʤ ʢʦʤʧʘʫʥʜʘ ʧʦʩʣʝ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ɾʈʆ 
ʤ

3
 1,6  1,8 2,0 

ʉʦʣʝʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʘʫʥʜʘ ʤʘʩ.% 15 30 - 

ɼʦʣʷ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 
ʤʘʩ.% 90 - 96 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʦʤʧʘʫʥʜʘ 
0
ʉ 500 - 900 

ʉʪʦʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ɺʂʊ ʜʣʷ 

ʦʪʚʝʨʞʜʝʥʠʷ 1 ʤ
3
 ʨʘʩʪʚʦʨʘ* 

ʛʨʥ. 700 700 1000 

ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ (ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ) 
ʨʘʟ 1,8 1,8 2,0 

ʉʪʦʠʤʦʩʪʴ ɺʂʊ ʜʣʷ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ 

1 ʢʛ ʩʦʣʝʡ* 
ʛʨʥ. 1,75 0,75 - 

ʇʨʦʯʥʦʩʪʴ ʢʦʤʧʘʫʥʜʘ ʧʨʠ ʩʞʘʪʠʠ ʄʇʘ 20 - 40 20 - 40 90 

ʆʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʚ ʢʦʤʧʘʫʥʜʝ ʧʦʩʣʝ 

ʦʪʚʝʨʞʜʝʥʠʷ ʪʨʠʪʠʡʩʦʜʝʨʞʘʱʠʭ 

ʨʘʩʪʚʦʨʦʚ 

ʦʙ. % - - ~ 45-50 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʤ ʢʦʤʧʘʫʥʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 60-80% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʲʝʤʦʤ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʢʫʙʦʚʦʛʦ 

ʦʩʪʘʪʢʘ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 400 ʛ/ʣ ʦʙʲʝʤ ʢʦʤʧʘʫʥʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 571%, ʪ.ʝ. ʚ 5,7 

ʨʘʟʘ, ʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ɾʈʆ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 600 ʛ/ʣ 

ʩʦʩʪʘʚʣʷʝʪ 872%.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʥʘ ʖʞʥʦ-ʋʢʨʘʠʥʩʢʦʡ ɸʕʉ ʧʨʠ 

ʦʪʚʝʨʞʜʝʥʠʠ  ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ï ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 400 

ʛ/ʣ (ʍɾʆ ï 2, ʝʤʢʦʩʪʠ TW10BO2 ʠ TW10BO3). ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʚʳʱʝʣʘʯʠʚʘʝʤʦʩʪʠ 

ʢʦʤʧʘʫʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ɻʆʉʊ 29114 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.  

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʢʦʤʧʘʫʥʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʚʷʞʫʱʠʭ ʚʩʝʛʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ 

ʘʥʘʣʦʛʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʪʝʢʣʦʚʘʥʥʳʭ ʦʪʭʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900-

1150
0
ʉ [6]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʙʣʫʯʝʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʷʞʫʱʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ɾʈʆ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 
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ʊʘʙʣʠʮʘ 4. ʉʢʦʨʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʫʢʣʠʜʘ, ʢʛ/ʤ
2
ʩʫʪʢʠ 

ʈʘʜʠʦ-

ʥʫʢʣʠʜ 

 ̄

ʦʙʨʘʟʮʘ 

ʇʝʨʠʦʜ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʩʫʪ. 

1 ʩʫʪʢʠ 3 ʩʫʪʦʢ 7 ʩʫʪʦʢ 10 ʩʫʪʦʢ 14 ʩʫʪʦʢ 

Co 
60

 
10 2,16*10

-3
 - 3,5*10

-5
 2,8*10

-5
 1,5*10

-5 

11 5,3*10
-4

 - 1,3*10
-6

 1,48*10
-5

 - 

Cs 
134

 
10 - 5,2*10

-4
 2,5*10

-5
 1,14*10

-4
 1,10*10

-4 

11 - 2,08*10
-4

 6,1*10
-5

 4,0*10
-5

 3,3*10
-5 

Cs 
137 10 3,36*10

-4
 5,3*10

-4
 2,2*10

-5
 1,24*10

-4
 9,5*10

-5
 

11 - 1,77*10
-4

 7,9*10
-5

 6,8*10
-5

 3,9*10
-5

 

 

ʊʘʙʣʠʮʘ 5. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʦʙʨʘʟʮʦʚ ʚʷʞʫʱʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 

ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ɺʷʞʫʱʝʝ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 

ʥʝ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ,  

ʜʦʟʘ 6,6 *10
3
 ʨʘʜ 

ɺʂʊ 66,2 76,3 

ɺʂʊ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 72,8 74,1 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴ ʪʨʠʪʠʡʩʦʜʝʨʞʘʱʠʝ ɾʈʆ 

ʚ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʘʫʥʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʠ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 1:1 ʧʦ ʦʙʲʝʤʫ. ʇʦʣʫʯʘʝʤʳʝ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʤʧʘʫʥʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 1,5 ï 2,0 ʪ/ʤ
3
 ʠ ʧʨʝʜʝʣʦʤ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ 40 ï 90 ʄʇʘ. 
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çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʂʠʝʚ 
 

ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀʄʄʆɹʀʃʀɿɸʎʀʀ ʆʇɸʉʅʓʍ ʆʊʍʆɼʆɺ 
 

ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʱʝʥʠʷ ʩ ʦʧʘʩʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʧʨʘʢʪʠʢʝ ʦʙʨʘʱʝʥʠʷ ʩ ʦʧʘʩʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʭ ʭʨʘʥʝʥʠʷ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ. 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ï ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʬʠʟʠʯʝʩʢʠʝ ʠʣʠ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʦʪʭʦʜʦʚ c ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʚʦʟʤʦʞʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʦʧʘʩʥʳʭ 

(ʪʦʢʩʠʯʥʳʭ) ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʄʝʪʦʜʳ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʭʦʜʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ [1-4]: 

ï ʍʠʤʠʯʝʩʢʘʷ ʬʠʢʩʘʮʠʷ, ʢʦʛʜʘ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ, ʭʠʤʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʩʪʘʙʠʣʴʥʳʝ, ʥʝ ʪʦʢʩʠʯʥʳʝ ʬʦʨʤʳ. 

ï ʄʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʝ, ʢʦʛʜʘ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ ʬʠʟʠʯʝʩʢʠ ʟʘʙʣʦʢʠʨʦʚʘʥʳ ʚ 

ʩʪʨʫʢʪʫʨʝ ʪʚʝʨʜʦʡ ʤʘʪʨʠʮʳ; 

ï ʄʘʢʨʦʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ, ʢʦʛʜʘ ʤʝʞʜʫ ʦʧʘʩʥʳʤʠ ʦʪʭʦʜʘʤʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ 
ʩʦʟʜʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ. ɺ ʋʢʨʘʠʥʝ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ï ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ [5].  

ɼʚʘ ʧʝʨʚʳʭ ʚʠʜʘ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ï ʧʨʦʮʝʩʩʘ 

ʆʪʚʝʨʞʜʝʥʠʷ/ʉʪʘʙʠʣʠʟʘʮʠʷ (Solidification/Stabilisation) [1,4]. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʦʜʘʤ, ʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠ ʩʥʠʞʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʦʧʘʩʥʦʩʪʴ ʦʪʭʦʜʦʚ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʷ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʪʭʦʜʘʭ ʚ 

ʩʪʘʙʠʣʴʥʳʝ, ʥʝ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ, ʠʣʠ ʥʝʪʦʢʩʠʯʥʳʝ ʬʦʨʤʳ. ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ 

ʦʪʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ.  

ʆʪʚʝʨʞʜʝʥʠʝ ï ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʦʜʘʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʥʢʘʧʩʫʣʠʨʦʚʘʪʴ ʦʪʭʦʜʳ, 

ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʪʚʝʨʜʳʡ ʤʘʪʝʨʠʘʣ. ʕʪʦʪ ʤʝʪʦʜ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚʢʣʶʯʘʝʪ ʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʧʘʩʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʦʪʭʦʜʘʭ ʠ ʩʚʷʟʫʶʱʠʤ 

ʤʘʪʝʨʠʘʣʦʤ. ʇʨʦʜʫʢʪʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʤʦʥʦʣʠʪʥʳʝ ʙʣʦʢʠ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ 

ʯʘʩʪʠʮʳ, ʠʣʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʤʠ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʩʯʠʪʘʶʪʩʷ çʪʚʝʨʜʳʤʠè. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʫʤʝʥʴʰʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʪʭʦʜʘʭ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʵʪʦʤ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʦʧʘʩʥʳʭ 

ʦʪʭʦʜʦʚ ʩʧʝʮʠʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʷʞʫʱʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ) ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʥʝʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʣʠ ʩʚʷʟʳʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʭʦʜʦʚ ʚ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ, ʧʨʦʯʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ. 

ɼʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ 

ʦʪʭʦʜʦʚ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʦʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʦʪʭʦʜʦʚ, ʘ 

ʪʘʢʞʝ ʧʨʠʨʦʜʦʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ 

ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʷʞʫʱʠʝ ʚʝʱʝʩʪʚʘ ʛʠʜʨʘʪʘʮʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ï 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʧʫʮʮʦʣʘʥʦʚʳʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʠ ʜʨ. [1-4].  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʨʦʮʝʩʩ ʦʪʚʝʨʞʜʝʥʠʷ ʦʪʭʦʜʦʚ ʚʷʞʫʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʧʨʠʚʦʜʠʪ ʢ ʩʚʷʟʳʚʘʥʠʶ ʪʦʢʩʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʭʦʜʦʚ ʚ ʪʚʝʨʜʦʡ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʝ, 
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ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʤʫ ʠʭ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʦʡ. ʂʦʣʠʯʝʩʪʚʦ 

ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ, ʥʘʟʥʘʯʘʶʪʩʷ ʠʟ ʨʘʩʯʝʪʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ.  

ʄʝʪʦʜ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʪʦʥʦʚ, 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ, ʢʝʨʘʤʠʢʠ). ʅʘʧʨʠʤʝʨ, ʢ ʤʝʪʦʜʘʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʩʧʦʣʟɹʦʚʘʥʠʝ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʊʕʉ, 

ʦʪʚʘʣʴʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʰʣʘʢʦʚ, ʦʪʭʦʜʦʚ ɻʆʂ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʙʝʪʦʥʥʳʭ 

ʩʤʝʩʝʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʤʝʪʦʜʘ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʷʞʫʱʠʭ ʛʠʜʨʘʪʘʮʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʷʚʣʷʶʪʩʷ [1-4]: 

1.  ʇʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ ʧʦʣʠʛʦʥʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʘʩʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʢʣʘʜʠʨʫʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʛʦʥʘʭ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʪʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ, 

ʧʦʜʜʝʨʞʘʥʠʝ ʥʘʜʣʝʞʘʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʠʛʦʥʦʚ. 

ʆʪʚʝʨʞʜʝʥʠʝ/ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʧʝʨʝʜ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʟʘʭʦʨʦʥʝʥʠʝʤ ʚʦ ʤʥʦʛʦʤ 

ʩʥʠʤʘʝʪ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ.  

2. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʟʦʣ ʠ ʰʣʘʢʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ. ʆʜʥʠʤ ʠʟ 

ʤʝʪʦʜʦʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʧʘʩʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʕʪʦʪ ʤʝʪʦʜ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʡ  ʜʣʷ ʦʪʭʦʜʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʦʩʢʦʣʴʢʫ, ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʪʭʦʜʘʭ, ʥʘʧʨʠʤʝʨ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʧʝʨʝʭʦʜʷʪ ʚ 

ʦʢʩʠʜʥʫʶ ʬʦʨʤʫ ʠ ʦʩʪʘʶʪʩʷ ʚ ʟʦʣʝ ʠ ʰʣʘʢʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʟʦʣʦʰʣʘʢʦʚʳʭ 

ʦʩʪʘʪʢʘʭ ʥʘ 2 ï 3 ʧʦʨʷʜʢʘ (ʘ ʠʥʦʛʜʘ ʠ ʙʦʣʝʝ) ʚʳʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʳʭ ʦʪʭʦʜʘʭ. ʇʦʵʪʦʤʫ, ʭʦʪʷ 

ʤʝʪʦʜ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʦʪʭʦʜʦʚ (ʜʦ 60ï

70%), ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʝʱʝ ʙʦʣʝʝ ʦʧʘʩʥʳʝ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʭʦʜʳ ʚ ʚʠʜʝ 

ʟʦʣʳ ʠ ʰʣʘʢʦʚ, ʪʨʝʙʫʶʱʠʝ ʠʭ ʦʪʚʝʨʞʜʝʥʠʷ  ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ. 

3. ʇʝʨʝʚʦʜ ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʜʫʢʪʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ.  

4. ʉʘʥʘʮʠʷ ʪʝʨʨʠʪʦʨʠʡ çʩʪʘʨʳʭè ʧʦʣʠʛʦʥʦʚ ʧʦ ʟʘʭʦʨʦʥʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ.  

5. ʆʪʚʝʨʞʜʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʈɸʆ. ʎʝʤʝʥʪʠʨʦʚʘʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ï 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʞʠʜʢʠʭ ʠʣʠ ʪʚʝʨʜʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ ʠʭ ʩ 

ʮʝʤʝʥʪʦʤ ʠʣʠ ʮʝʤʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʪʚʝʨʜʝʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʤʘʩʩʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʠʣʠ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʙʫʩʣʦʚʣʝʥʦ, ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʝʢʦʪʦʨʳʤʠ ʪʦʢʩʠʯʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʪʭʦʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʩʪʦʡʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʦʪʚʝʨʞʜʝʥʥʳʭ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚʳʙʦʨ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʪʘʢʞʝ 

ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ [1]:  

ʘ) ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʳʚʘʪʴ ʩʚʦʙʦʜʥʫʶ ʚʦʜʫ ʚʣʘʞʥʳʭ ʦʪʭʦʜʦʚ;  

ʙ) ʠʥʢʘʧʩʫʣʷʮʠʠ ʯʘʩʪʠʮ ʦʪʭʦʜʦʚ ʩʦʟʜʘʥʠʝʤ ʚʦʢʨʫʛ ʥʠʭ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʢʨʳʪʠʡ;  

ʚ) ʭʠʤʠʯʝʩʢʠ ʩʥʠʞʘʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʦʧʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʭʦʜʦʚ; 



 34  

ʛ) ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʫʤʝʥʴʰʝʥʠʶ ʪʦʢʩʠʯʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʦʧʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʪʭʦʜʦʚ.  

ʇʨʦʮʝʩʩ ʆʪʚʝʨʞʜʝʥʠʷ/ʉʪʘʙʠʣʠʟʘʮʠʷ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʩʨʘʟʫ, ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ 

ʮʝʤʝʥʪʘ, ʚʦʜʳ ʠ ʦʪʭʦʜʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʙʫʜʝʪ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴʩʷ ʧʨʦʮʝʩʩʘʤʠ ʛʠʜʨʘʪʘʮʠʠ 

ʮʝʤʝʥʪʘ. ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʛʠʜʨʘʪʘʮʠʠ 

ʮʝʤʝʥʪʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʥʝʢʦʪʦʨʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʦʩʪʘʚʝ ʦʪʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʢʦʨʨʦʟʠʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ ʠ ʧʦʧʘʜʘʥʠʶ 

ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʪʭʦʜʘʭ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ ʛʠʜʨʘʪʘʮʠʠ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʭʦʜʦʚ ʚ ʩʠʩʪʝʤʝ ʮʝʤʝʥʪ ï ʦʪʭʦʜ ï ʚʦʜʘ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʩʨʝʜʘ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ: ʟʥʘʯʝʥʠʝ ʨʅ, ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ ʠʣʠ 

ʱʝʣʦʯʴ (ʠʟʤʝʥʝʥʠʝ ʨʅ) ʠʣʠ ʢʦʥʢʨʝʪʥʳʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʩʫʣʬɹʠʜʳ ʠ ʜʨ. 

ʇʨʦʮʝʩʩʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʘʪʘʮʠʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʪʭʦʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

ï ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʛʠʜʨʦʢʩʠʜʦʚ, 

ʩʠʣʠʢʘʪʦʚ ʠ ʩʦʣʝʡ ʢʘʣʴʮʠʷ; 

ï ʭʠʤʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʭʦʜʦʚ ʚ ʧʨʦʜʫʢʪʳ ʛʠʜʨʘʪʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʚ ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʢʘʣʴʮʠʷ.  

ï ʧʦʛʣʦʱʝʥʠʝ ʠʦʥʦʚ ʠ ʠʭ ʘʜʩʦʨʙʮʠʷ, ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʘʪʘʮʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʦʪʭʦʜʦʚ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ,  ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 % ʦʪ ʤʘʩʩʳ 

ʮʝʤʝʥʪʘ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʚʳʩʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʧʨʠ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠ ʵʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʷʞʫʱʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʚʷʟʳʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʭʦʜʦʚ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʠʣʠʢʘʪʥʳʝ ʠ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ  ʩʦʝʜʠʥʝʥʠʷ, ʘ ʩʘʤʠ ʚʷʞʫʱʠʝ ʚ ʩʠʣʫ ʩʚʦʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʝʝ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

ʂ ʪʘʢʠʤ ʚʷʞʫʱʠʤ ʤʘʪʝʨʠʘʣʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʰʣʘʢʦʱʝʣʦʯʥʳʝ ʚʷʞʫʱʠʝ (ʱʝʣʦʯʥʳʝ 

ʮʝʤʝʥʪʳ) [6], ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ 

ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [5,7]: 

ï ʩʚʷʟʳʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʦʪʭʦʜʦʚ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʠʣʠʢʘʪʥʳʝ ʠ 
ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ;  

ï ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʮʝʦʣʠʪʥʳʭ ʬʘʟ ï ʪʠʧʘ ʘʥʘʣʴʮʠʤʘ, 

ʚʳʩʪʫʧʘʶɦ ʠʭ ʚ ʨʦʣʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʪ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʱʝʤʣʝʥʠʝ ʚ ʩʚʦʝʡ 3-ʭ 

ʤʝʨʥʦʡ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʨʝʰʝʪʢʝ ʪʦʢʩʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʭʦʜʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ;  

ï ʚʳʩʦʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠʟʜʝʣʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʦʪʭʦʜʦʚ; 

ï ʚ ʰʣʘʢʦʱʝʣʦʯʥʳʭ ʙʝʪʦʥʘʭ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʛʨʫʥʪʦʚ ʠʣʠ ʟʦʣʦʰʣʘʢʦʚʳʭ 
ʦʪʭʦʜʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʧʦʣʥʠʪʝʣʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 500 ï 1800 ʢʛ ʥʘ ʤ
3
 ʙʝʪʦʥʘ, ʘ ʦʪʭʦʜʦʚ I ʠ II ʢʣʘʩʩʘ 

ʦʧʘʩʥʦʩʪʠ ʜʦ 50 ʢʛ ʥʘ ʤ
3
, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 10 % ʦʪ ʤʘʩʩʳ ʱʝʣʦʯʥʦʛʦ ʮʝʤʝʥʪʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʰʣʘʢʦʱʝʣʦʯʥʳʭ ʮʝʤʝʥʪʦʚ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʩʦʜʝʨʞʘʱʠʭ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 
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ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ 

ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʱʝʣʦʯʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʣʘʢʦʱʝʣʦʯʥʳʭ ʙʝʪʦʥʦʚ ʩ 

ʚʚʝʜʝʥʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚ ʰʣʘʤʦʚ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʩʪʘʥʦʚʠʣʠ [5]: 

ï ʪʝʭʥʦʣʦʛʠʷ ʫʪʠʣʠʟʘʮʠʠ ʰʣʘʤʦʚ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʦʜʦʤ ʠʭ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʚ ʰʣʘʢʦʱʝʣʦʯʥʳʝ ʙʝʪʦʥʳ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʩʦʦʨʫʞʝʥʠʷ ʛʨʫʧʧʳ ɸ ï ʬʫʥʜʘʤʝʥʪʥʳʝ ʙʣʦʢʠ ʠ ʜʦʨʦʞʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘ ʪʘʢʞʝ ʩʦʦʨʫʞʝʥʠʡ ʛʨʫʧʧʳ ɹ ʠ ɺ ï ʛʨʘʞʜʘʥʩʢʦʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ï ʰʣʘʢʦʱʝʣʦʯʥʳʝ ʙʝʪʦʥʳ, ʚ ʢʦʪʦʨʳʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʦʪʭʦʜʳ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʴʶ ʫʩʚʦʝʥʠʷ ʧʨʠ ʥʘʢʦʞʥʦʤ, ʚʥʫʪʨʠʢʠʰʝʯʥʦʤ, ʠʥʛʘʣʷʮʠʦʥʥʦʤ ʠ ʧʘʨʝʥʪʝʨʘʣʴʥʦʤ 

ʚʚʝʜʝʥʠʠ. ɺ ʦʩʪʨʦʤ, ʧʦʜʦʩʪʨʦʤ ʠ ʭʨʦʥʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʣʘʢʦʱʝʣʦʯʥʳʝ ʙʝʪʦʥʳ ʩ ʜʦʙʘʚʢʦʡ ʰʣʘʤʦʚ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʱʝʩʪʚʘʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʨrʘʞʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʘʩʥʦʩʪʠ ʚʝʱʝʩʪʚ (ɻʆʉʊ12.1.007ï76) ʦʪʥʦʩʷʪʩʷ ʢ 4 ʢʣʘʩʩʫ 

ʦʧʘʩʥʦʩʪʠ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ï ʰʣʘʢʦʱʝʣʦʯʥʳʝ ʙʝʪʦʥʳ, ʚ ʢʦʪʦʨʳʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʳ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝ 

ʚʳʜʝʣʷʶʪ ʚ ʧʦʙʫʞʜʘʶʱʫʶ ʩʨʝʜʫ (ʚʦʟʜʫʭ, ʚʦʜʫ) ʟʥʘʯʠʤʳʭ ʚ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ʚʝʱʝʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʱʝʥʠʷ ʩ ʦʧʘʩʥʳʤʠ ʦʪʭʦʜʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ï ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʙʣʦʢʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʪʚʝʨʜʦʡ ʤʘʪʨʠʮʳ. 

ʂʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ, 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʂʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʠʭ 

ʩʚʷʟʳʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʩʚʷʟʦʢ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʜʦʩʪʦʡʢʠʝ ʤʘʪʝʨʠʘʣʳ ï 

ʢʦʤʧʘʫʥʜʳ, ʦʙʣʘʜʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʯʪʦ ʜʦʣʞʥʦ ʠʩʢʣʶʯʠʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʪʭʦʜʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʇʦʣʫʯʝʥʥʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʢʦʤʧʘʫʥʜʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʟʘʭʦʨʦʥʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʠʣʠ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳ ʚ ʨʘʟʣʠʯʥʳʝ ʙʘʨʴʝʨʥʳʝ ʩʠʩʪʝʤʳ.  

ʅʘ ʢʘʬʝʜʨʝ ʍʊʂʄ ʅʊʋʋ çʂʇʀè ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ 

ʦʪʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʷʞʫʱʠʭ ʢʦʥʪʘʢʪʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ. ʊʘʢʠʝ 

ʚʷʞʫʱʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʣʠʢʘʪʥʳʝ ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʘʤʦʨʬʥʦʡ ʠ ʥʝʩʪʘʙʠʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʥʜʝʥʩʠʨʫʶʱʠʝʩʷ ʚ ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʪʘʢʪʦʚ 

ʤʝʞʜʫ ʩʣʘʛʘʶʱʠʤʠ ʠʭ ʯʘʩʪʠʮʘʤʠ ʚ ʚʦʜʦʩʪʦʡʢʠʝ ʢʘʤʥʝʧʦʜʦʙʥʳʝ ʪʝʣʘ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʦʚʳʰʘʪʴ ʢʘʢ ʥʘ ʚʦʟʜʫʭʝ, ʪʘʢ ʠ ʚ ʚʦʜʝ [6]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʪʘʢʠʭ ʚʷʞʫʱʠʭ ʦʪ ʠʟʚʝʩʪʥʳʭ ʚʷʞʫʱʠʭ ʛʠʜʨʘʪʘʮʠʦʥʥʦʛʦ 

ʪʚʝʨʜʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ ʢʦʥʜʝʥʩʘʮʠʷ ʚ ʢʘʤʥʝʧʦʜʦʙʥʳʝ ʚʦʜʦʩʪʦʡʢʠʝ ʪʝʣʘ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʙʲʝʤʘ ʪʚʝʨʜʦʡ ʬʘʟʳ ʯʘʩʪʠʮ 

ʚʷʞʫʱʝʛʦ, ʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʩʘʤ 

ʧʨʦʮʝʩʩ ʪʚʝʨʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦ, ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʚʷʞʫʱʝʡ ʩʠʩʪʝʤʝ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʧʨʝʩʩʦʚʘʥʠʷ). 

ʆʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚʷʞʫʱʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʚʷʞʫʱʠʝ [5], ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʤʝʩʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʛʠʜʨʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʚ ʚʦʜʦʩʪʦʡʢʠʡ ʢʘʤʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚ ʤʦʤʝʥʪ ʧʨʠʣʦʞʝʥʠʷ 

ʢ ʩʠʩʪʝʤʝ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʧʨʝʩʩʦʚʘʥʠʷ). ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ, ʪʘʢʠʝ ʚʷʞʫʱʠʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʛʠʜʨʘʪʥʳʭ ʜʠʩʧʝʨʩʠʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʦʷʚʣʷʶʱʠʭ ʢʦʥʪʘʢʪʥʳʝ ʚʷʞʫʱʠʝ ʩʚʦʡʩʪʚʘ, 
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ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʢʨʳʪʘ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʩʦʣʷʤʠ (ʤʳʣʘʤʠ) ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʚʷʞʫʱʝʛʦ ʚ ʚʦʜʦʩʪʦʡʢʠʡ ʢʘʤʝʥʴ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʦʚʳʭ 

ʢʦʥʪʘʢʪʦʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʷʞʫʱʝʛʦ, ʢʘʧʠʣʷʨʥʦ-ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʢʦʪʦʨʦʛʦ ʟʘʧʦʣʥʝʥʦ ʛʠʜʨʦʬʦʙʥʳʤʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʚʷʞʫʱʠʭ ʢʦʥʪʘʢʪʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʜʣʷ ʢʦʤ-

ʧʘʢʪʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʚʷʟʳʚʘʥʠʷ ʢʘʢ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʦʢʩʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʭʦʜʦʚ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʝ, 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʛʨʘʥʫʣ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ (> 30 

ʄʇʘ) ʠ ʧʦʣʥʦʡ ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʩʨʘʟʫ ʧʦʩʣʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʉʦʩʪʘʚʳ ʚʷʞʫʱʠʭ, 

ʧʦʜʙʠʨʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʭʦʜʦʚ ʠ ʠʭ ʧʝʨʝʚʦʜ ʩ I-II ʢʣʘʩʩʘ 

ʦʧʘʩʥʦʩʪʠ  ʚ ʚʦʜʦʩʪʦʡʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ) IV ʢʣʘʩʩʘ 

ʦʧʘʩʥʦʩʪʠ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʩʘʤʠʭ ʚʷʞʫʱʠʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʥʫʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

ï ʚʤʝʩʪʦ ʯʘʩʪʠ ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 250-500 ʢʛ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʘ. 

ï ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʠʛʦʥʘʭ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʙʘʨʴʝʨʥʳʭ ʩʠʩʪʝʤ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʨʝʜʧʨʠ̫ ʪʠʷʭ, ʧʦʣʫʯʘʶʱʠʭ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʢʘʩʘʝʪʩʷ ʦʪʭʦʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʥʘʧʨʠʤʝʨ, ʰʣʘʤʳ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [8]), ʦʪʭʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʥʝʬʪʝʰʣʘʤʳ [9]) ʠ 

ʜʨʫʛʠʝ. ʅʘ ʪʝʭʥʦʣʦʛʠʶ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʦʧʘʩʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ  ʤʝʪʦʜʦʤ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ  ʥʦʨʤʘʪʠʚʥʘʷ ʠ 

ʧʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʧʦʣʫʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. 
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ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʢʠ ʩʢʣʘʜʫ ʩʠʨʦʚʠʥʥʦʾ 

ʩʫʤʽʰʽ ʟʘ ʟʘʜʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʩʠʯʝʥʥʷ, ʩʠʣʽʢʘʪʥʦʛʦ ʪʘ ʛʣʠʥʦʟʝʤʥʦʛʦ 

ʤʦʜʫʣʽʚ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʢʣʽʥʢʝʨʫ ʧʦʚǋʷʟʫʻʪʴʩʷ ʟ ʧʨʦʛʥʦʟʥʠʤ 

ʫʪʚʦʨʝʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ ʽ ʢʽʥʮʝʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚôʷʞʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʦʨʷʜ ʟ 

ʮʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʢʨʦʛʦ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʩʪʘʜʽʷʭ ʧʽʜʛʦʪʦʚʢʠ 

ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ʚʠʤʘʛʘʻ ʫʨʘʭʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʥʦʛʦ ʰʣʘʤʫ, ʚ ʥʘʧʨʷʤʢʫ ʯʦʛʦ  ʚʠʢʦʥʘʥʘ ʧʦʜʘʥʘ  ʨʦʙʦʪʘ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʠ ʩʠʨʦʚʠʥʥʽ ʩʫʤʽʰʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʣʦʛʦ ʮʝʤʝʥʪʫ, 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷʤʠ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ 

ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʚʤʽʩʪʫ ʙʘʨʚʥʠʭ ʦʢʩʠʜʽʚ [1,2]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʚʠʤʦʛ   

ʚ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʟʙʘʛʘʯʝʥʽ ʤʘʪʝʨʽʘʣʠ ʨʦʜʦʚʠʱ ʋʢʨʘʾʥʠ: ʥʦʚʛʦʨʦʜ-ʩʽʚʝʨʩʴʢʫ ʢʨʝʡʜʫ, 

ʢʘʦʣʽʥ, ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʪʘ ʛʽʜʨʦʢʩʠʜ ʘʣʶʤʽʥʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ɺɸʊ çʄʠʢʦʣʘʾʚʩʴʢʠʡ 

ʛʣʠʥʦʟʝʤʥʠʡ ʟʘʚʦʜè (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʂʦʤʧʦ- 

ʥʝʥʪʠ  

ɺʤʽʩʪ ʦʢʩʠʜʽʚ, ʤʘʩ. % 

SiO2 Al 2O3 Fe2O3 CaO MgO SO3 ɺ.ʧ.ʧ ʉʫʤʘ  

ʂʨʝʡʜʘ  0,01 1,30 0,15 55,0 0,34 - 43,20 100,0 

ʂʘʦʣʽʥ  48,41 37,14 0,33 0,32 0,22 0,25 13,33 100,00 

ʛʽʜʨʦʢʩʠʜ  

ʘʣʶʤ̔ʥ̔  ʁ

ɻɼ-00 

- 65,0 - - - - 35,0 100,0 

ʇʽʩʦʢ  

ʢʚʘʨʮʦʚʠʡ 

99,60 0,20 0,05 - - - 0,15 100,0 

 

ʉʢʣʘʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʨʦʚʠʥʥʠʭ ʩʫʤʽʰʝʡ (ʪʘʙʣ. 2) ʧʨʠ 

ʦʜʥʘʢʦʚʦʤʫ ʟʘ ʚʠʜʦʤ ʪʘ ʚʤʽʩʪʦʤ ʢʘʨʙʦʥʘʪʥʦʤʫ  ʢʦʤʧʦʥʝʥʪʽ ʪʘ ʨʽʟʥʠʭ ʛʣʠʥʦʟʝʤʚʤʽʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʙʣʠʟʴʢʽ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ (ʪʘʙʣ. 3), ʧʨʦʪʝ ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʢʽʣʴʢʽʩʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʦʢʩʠʜʽʚ ʦʙʫʤʦʚʣʶʶʪʴ ʨʽʟʥʠʮʶ ʚ ʯʠʩʣʘʭ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʩʠʯʝʥʥʷ ʂʅ, 

ʩʠʣʽʢʘʪʥʦʛʦ n ʽ ʛʣʠʥʦʟʝʤʥʦʛʦ ʨ ʤʦʜʫʣʽʚ ʢʣʽʥʢʝʨʫ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ  0,76; 3,37; 

22,40 ʜʣʷ ɸʄ  ʧʨʦʪʠ 0,87; 3,39; 27,0 ʜʣʷ ɸʄ5.        

 

ʊʘʙʣʠʮʷ 2. ʉʢʣʘʜʠ ʩʠʨʦʚʠʥʥʠʭ ʩʫʤʽʰʝʡ 

ʂʦʜ  

ʩʫʤʽʰʽ 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʘʩ.% 

ʢʨʝʡʜʘ  

ʄʄʉ 1 

ʛʽʜʨʦʢʩʠʜ 

ʘʣʶʤ̔ʥ̔  ʁ

ɻɼ-00 

ʂʘʦʣʽʥ ʂʉ-1 ʇʽʩʦʢ ʢʚʘʨʮʦʚʠʡ 

ɸʄ 79,9 4,6 - 15,5 

ɸʄ5 80,1 - 8,5 11,4 
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ʊʘʙʣʠʮʷ 3. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʢʣʽʥʢʝʨʘ 

ʂʦʤʧʦʥʝʥʪʠ ɺʤʽʩʪ ʦʢʩʠʜʽʚ, ʤʘʩ. % 

SiO2 Al 2O3 Fe2O3 CaO MgO SO3 ɺ.ʧ.ʧ ʉʫʤʘ  

ʉʠʨʦʚʠʥʥʘ ʩʫʤʽʰ 

ɸʄ5 

15,23 4,33 0,16 44,14 0,29 0,02 35,83 100,0 

 ʂʣʽʥʢʝʨ ɸʄ5 23,73 6,75 0,25 68,79 0,45 0,03 - 100,0 

ʉʠʨʦʚʠʥʥʘ ʩʫʤʽʰ 

ɸʄ 

15,14 4,30 0,19 43,96 0,27 - 36,14 100,0 

ʂʣʽʥʢʝʨ ɸʄ 23,71 6,73 0,30 68,84 0,42 - - 100,0 
 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʧʨʦʙ ʜʦʩʣʽʜʥʠʭ ʩʫʤʽʰʝʡ, ʧʨʦʚʝʜʝʥʠʡ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʜʽʬʨʘʢʪʦʤʝʪʨʫ ɼʈʆʅ-3, ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʨʦʚʠʥʥʠʭ ʩʫʤʽʰʝʡ. 

ʆʯʝʚʠʜʥʦ (ʨʠʩ. 1,3), ʱʦ ʚʦʥʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʷʢʽʩʥʠʤ ʚʤʽʩʪʦʤ: ʽ ʢʽʣʴʢʽʩʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʧʦʨʦʜʦʫʪʚʦʨʶʶʯʠʭ ʤʽʥʝʨʘʣʽʚ. ʉʠʨʦʚʠʥʥʘ ʩʫʤʽʰ ɸʄ5 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʢʘʣʴʮʠʪ-ʢʚʘʨʮ-ʢʘʦʣʽʥʽʪ, ʘ ʩʫʤʽʰ ɸʄ ï ʩʠʩʪʝʤʦʶ ʢʘʣʴʮʠʪ-

ʢʚʘʨʮ. ʇʨʠ ʮʴʦʤʫ ʩʧʽʚʧʦʩʪʘʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʠʭ ʨʝʬʣʝʢʩʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʽʜʥʦʩʥʦ ʤʝʥʰʠʡ ʚʤʽʩʪ ʢʚʘʨʮʫ ʚ ʩʫʤʽʰʽ ɸʄ5. 

   

ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʧʨʦʙʠ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ɸʄ5. 
 

                    ʇʦʟʥʘʯʝʥʥʷ:   ʭ ʢʘʣʴʮʠʪ,  v ʢʚʘʨʮ,   + ʢʘʦʣʽʥʽʪ 
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ʈʠʩ. 2. ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʧʨʦʙʠ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ɸʄ. 
 

                    ʇʦʟʥʘʯʝʥʥʷ:   ʭ ʢʘʣʴʮʠʪ,  v ʢʚʘʨʮ   

 

ʉʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʽ ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʥʦʛʦ ʰʣʘʤʫ  

ʄʝʪʦʶ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʣʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʘʛʫʣʷʮʽʡʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʽʥʝʨʘʣʴʥʠʭ ʜʠʩʧʝʨʩʽʡ - ʮʝʤʝʥʪʥʦʛʦ ʰʣʘʤʫ [3,4].  

ɼʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚʦʜʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣʦ (ʪʘʙʣ. 4-

6), ʱʦ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʚʠʪʢʫ ʜʝʬʦʨʤʘʮʽʡ ï ʰʚʠʜʢʦʾ ʝʣʘʩʪʠʯʥʦʾ Ů0ô, ʧʦʚʽʣʴʥʦʾ ʝʣʘʩʪʠʯʥʦʾ  

Ů2ô ̔ ʧʣʘʩʪʠʯʥʦʾ Ů1ôŰ ʧʨʦʙʠ ʰʣʘʤʫ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ IV-ʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʪʠʧʫ, ʢʦʣʠ 

Ů1ôŰ > Ů0ô > Ů2ô. ʈʘʟʦʤ ʟ ʪʠʤ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʢʽʣʴʢʽʩʥʠʭ ʟʥʘʯʝʥʥʷʭ ʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚʢʘʟʘʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʜʝʬʦʨʤʘʮʽʾ.  

 

ʊʘʙʣʠʮʷ 4. ʉʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧʨʦʙ ʮʝʤʝʥʪʥʦʛʦ ʰʣʘʤʫ 

ʂʦʜ 

ʧʨʦʙʠ 

(ʚʦʣʦ- 

ʛʽʩʪʴ, 

ʤʘʩ.% ) 

ʤʦʜʫʣʴ 

ʰʚʠʜ- 

ʢʦʾ 

ʝʣʘʩʪʠʯ-

ʥʦʾ 

ʜʝʬʦʨ-

ʤʘʮʽʾ 

ɽ1Ā10
-4

,  

ʇʘ   

ʄʦʜʫʣʴ 

ʧʦʚʽʣʴ-

ʥʦʾ ʝʣʘʩ-

ʪʠʯʥʦʾ 

ʜʝʬʦʨ-

ʤʘʮʽʾ  

ɽ2Ā10
-4

,  

ʇʘ 

ʫʤʦʚ-

ʥʘ  

ʩʪʘʪʠ-

ʯʥʘ 

ʤʝʞʘʧ

ʣʠʥ-

ʥʦʩʪʽ  

Pk1, 

ʇʘ 

ʥʘʡʙʽʣʴ-

ʰʘ 

ʧʣʘʩ-

ʪʠʯʥʘ   

ʚǋʷʟ- 

ʢʽʩʪʴ    

ɖ1Ā10
-2

 , 

ʇʘĀʩ 

ʝʣʘʩ -

ʪʠʯ-

ʥʽʩʪʴ    

ɚ 

ʩʪʘʪʠʯ-

ʥʘ 

ʧʣʘʩ-

ʪʠʯ-

ʥʽʩʪʴ  

1

1

h

kP
Ā10

2 

ʩ
-1

 

ʧʝʨʽʦʜ   

ʽʩʪʠʥ-

ʥʦʾ 

ʨʝʣʘʢ-

ʩʘʮʽʾ    

ɗ1, ʩ 

ʫʤʦʚ- 

ʥʠʡ 

ʤʦʜʫʣʴ 

ʜʝʬʦʨ- 

ʤʘʮʽʾ 

EŮĀ10
-3

, 

ʝʨʛ/ʩʤ
3
 

ɸʄ5  

(37,4) 
63,4 218,1 0,77 12,10 0,23 0,06 25 1,18 

ɸʄ  

(36,9) 
22,0 32,92 0,30 4,22 0,40 0,07 32 0,41 

 

ʊʘʢ ʰʣʘʤ ɸʄ5 ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʰʣʘʤʫ ɸʄ ʤʝʥʰʠʤ ʨʦʟʚʠʪʢʦʤ Ů0ô ̔ Ů2ô, Ů1ôŰ, ʱʦ 

ʜʦʨʽʚʥʶʶʪʴ 0,32Ā10
8
, 0,09Ā10

8
, 1,66Ā10

8
 ʧʨʦʪʠ ʚʽʜʧʦʚʽʜʥʦ 0,91Ā10

8
, 0,61Ā10

8
, 47,39Ā10

8
. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʘʦʣʽʥʫ ʂʉ-1 ʷʢ ʛʣʠʥʦʟʝʤʚʤʽʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʟʘʤʽʩʪʴ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ 

ɻɼ-00  ʰʣʘʤ ɸʄ5 ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ɸʄ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʰʚʝʜʽʚʩʴʢʦʾ ɖ1 ʽ 
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ʙʽʥʛʘʤʽʚʩʴʢʦʾ ɖm
ʍ
 ʚôʷʟʢʦʩʪʽ ʪʘ ʫʤʦʚʥʦʛʦ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ EŮ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʨʦʩʪʘʥʥʷ 

ʯʠʩʣʘ ʽ ʤʽʮʥʦʩʪʽ ʢʦʥʪʘʢʪʽʚ ʯʘʩʪʠʥʦʢ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʧʨʠ ʾʭ ʦʜʥʘʢʦʚʽʡ ʟʘʛʘʣʴʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʟʙʽʣʴʰʝʥʥʷ ʩʪʘʪʠʯʥʦʾ Pk1 ʽ ʜʠʥʘʤʽʯʥʦʾ ʈʢ2 ʤʝʞʽ 

ʧʣʠʥʥʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 5. ʈʦʟʚʠʪʦʢ ʜʝʬʦʨʤʘʮʽʡ ʚ ʧʨʦʙʘʭ ʮʝʤʝʥʪʥʦʛʦ ʰʣʘʤʫ 

ʂʦʜ 

ʩʫʤʽʰʽ 

 

ʍʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʽʽ 
ʂʦʝʬʽʮʽʝʥʪ 

ʩʪʽʡʢʦʩʪʽ 

Ů0ô/C 

ʉʪʨʫʢʪʫʨʥʦ- 

ʤʝʭʘʥʽʯʥʠʡ 

ʪʠʧ 

ʰʚʠʜʢʘ 

ʝʣʘʩʪʠʯʥʘ  Ů0ôĀ 

10
8
 

ʧʦʚʽʣʴʥʘ 

ʝʣʘʩʪʠʯʥʘ  

Ů2ôĀ 10
8
 

ʧʣʘʩʪʠʯʥʘ  

Ů1ôŰĀ 10
8
 

ɸʄ5 0,32 0,09 16,53 0,03 IV  

ɸʄ 0,91 0,61 47,39 0,03 IV  

 

ʊʘʙʣʠʮʷ 6.ʈʝʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʙ ʮʝʤʝʥʪʥʦʛʦ ʰʣʘʤʫ 

ʂʦʜ ʧʨʦʙʠ 

(ʚʦʣʦʛʽʩʪʴ, ʤʘʩ.%) 

ʫʤʦʚʥʘ  

ʜʠʥʘʤʽʯʥʘ  

ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ  

ʈʢ2, ʇʘ 

ʥʘʡʤʝʥʰʘ  

ʧʣʘʩʪʠʯʥʘ 

ʚǋʷʟʢʽʩʪʴ    

ɖm
ʍ
Ā10

-2
, ʇʘĿʩ 

ʜʠʥʘʤʽʯʥʘ  

ʧʣʘʩʪʠʯʥʽʩʪʴ  

ɊĀ10
4
, ʩ

-1
 

ɸʄ5 (37,4) 3,83 1,05 0,036 

AM (36,9) 3,32 0,34 0,098 

 

ʇʝʨʝʚʘʞʥʠʡ ʨʦʟʚʠʪʦʢ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ  Ů1ôŰ, ʦʩʦʙʣʠʚʦ ʚ ʚʠʧʘʜʢʫ ʩʫʤʽʰʽ ɸʄ,  

ʚʢʘʟʫʻ ʥʘ ʜʦʙʨʫ ʧʣʠʥʥʽʩʪʴ ʧʨʦʙ ʰʣʘʤʫ. ʇʨʠ ʮʴʦʤʫ ʩʪʽʡʢʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʂʫ = Ů0ô / C (ʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ), ʩʪʘʥʦʚʠʪʴ  0,03 ʜʣʷ ʦʙʦʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʙ ʰʣʘʤʽʚ. 

 

ɺʠʩʥʦʚʢʠ 

1. ʇʘʨʘʤʝʪʨʠ ʢʦʘʛʫʣʷʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʣʘʤʫ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʩʢʣʘʜʫ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʤʦʢʨʠʤ ʽ ʢʦʤʙʽʥʦʚʘʥʠʤ 

ʩʧʦʩʦʙʘʤʠ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʮʝ ʥʘʙʫʚʘʻ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʽʣʦʛʦ ʮʝʤʝʥʪʫ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʚ 

ʩʢʣʘʜʽ ʨʽʟʥʦʚʠʜʘʤʠ ʛʣʠʥʦʟʝʤʚʤʽʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. 

2. ʉʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  ʰʣʘʤʫ ʷʢ ʚʦʜʥʦʾ ʜʠʩʧʝʨʩʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʽʤʽʢʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ, ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʙʘʛʘʯʝʥʦʛʦ ʢʘʦʣʽʥʫ ʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ 2SiO2ĀAl 2O3Ā2H2O ʫ ʩʠʨʦʚʠʥʥʽʡ ʩʫʤʽʰʽ ʙʽʣʦʛʦ ʮʝʤʝʥʪʫ 

ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʯʠʩʣʘ ʪʘ ʤʽʮʥʦʩʪʽ ʢʦʥʪʘʢʪʽʚ ʯʘʩʪʠʥʦʢ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

 

1. ʈʦʷʢ ʉ.ʄ., ʈʦʷʢ ɻ.ʉ. ʉʧʝʮʠʘʣʴʥʳʝ ʮʝʤʝʥʪʳ. ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1983. -277ʩ. 

2. ɿʫʙʝʭʠʥ ɸ.ʇ., ɻʦʣʦʚʘʥʦʚʘ ʉ.ʇ., ʂʠʨʩʘʥʦʚ ʇ.ɺ. ɹʝʣʳʡ ʧʦʨʪʣʘʥʜ-ʮʝʤʝʥʪ. ʈʦʩʪʦʚ ʥ/ɼ,: 

ʈʦʩʪʦʚʩʢʠʡ ʛʦʩ. ʫʥ-ʪ, 2004. - 263 ʩ.  

3. ʈʝʛʫʣʠʨʦʚʘʥʠʝ  ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʩʳʨʴʝʚʳʭ ʮʝʤʝʥʪʥʳʭ ʰʣʘʤʦʚ. / 

ʇʘʱʝʥʢʦ ɸ.ɸ., ʂʨʫʛʣʠʮʢʠʡ ʅ.ʅ., ʏʝʨʝʜʥʠʯʝʥʢʦ ʃ.ʉ., ʈʫʜʝʥʢʦ ʀ.ʌ./ ï ʂ.: ɺʠʱʘ 

ʰʢʦʣʘ, 1973. - 67 ʩ.  

4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʜʠʩʧʝʨʩʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʦʜ ʦʙʱ. ʨʝʜ. ʂʨʫʛʣʠʮʢʦʛʦ 

ʅ.ʅ. / ʅʠʯʠʧʦʨʝʥʢʦ ʉ.ʇ., ʂʨʫʛʣʠʮʢʠʡ ʅ.ʅ., ʇʘʥʘʩʝʚʠʯ ɸ.ɸ., ʍʠʣʴʢʦ ɺ.ɺ. ï ʂ.: 

ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1974. ï 246 ʩ.  
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ʇ.ʇ. ɻʆʈɹʀʂ, ʧʨʦʬ., ʀ.ɺ. ɼʋɹʈʆɺʀʅ, ʢ.ʭ.ʥ., ʄ.ʅ. ʌʀʃʆʅɽʅʂʆ, ʢ.ʬʠʟ.-ʤʘʪ.ʥ., 

 ɻ.ʅ. ʂɸʐʀʅ, ʢ.ʬʠʟ.-ʤʘʪ.ʥ. 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤ. ɸ.ɸ. ʏʫʡʢʦ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʋʢʨʘʠʥʳ 

ʫʣ. ɻʝʥʝʨʘʣʘ ʅʘʫʤʦʚʘ 17, 03164, ʂʠʝʚ-164 

 

ʇʆʃʓɽ ʅɸʅʆʉʌɽʈʓ ʆʂʉʀɼɸ ʂʈɽʄʅʀʗ ï ʇɽʈʉʇɽʂʊʀɺʅʓʁ ʅɸʇʆʃʅʀʊɽʃʔ 

ɼʃʗ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 
ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʧʦʣʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʤʠʢʨʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ 

ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʪʝʪʨʘʭʣʦʨʠʜʘ ʢʨʝʤʥʠʷ ʚ ʧʘʨʘʭ ʚʦʜʳ ʠʣʠ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʝʣʴ 

ʘʵʨʦʟʦʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʪʝʪʨʘʭʣʦʨʠʜʘ ʢʨʝʤʥʠʷ ʚ 

ʠʥʜʠʬʬʝʨʝʥʪʥʳʭ ʛʠʜʨʦʬʦʙʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʳʭ ʥʘʥʦʩʬʝʨ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʠ ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʧʦʣʳʝ ʥʘʥʦʩʬʝʨʳ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʢʘʞʜʦʛʦ ʠʟ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʥʘʧʦʣʥʠʪʝʣʠ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʟʜʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʤʦʞʝʪ ʧʨʠʜʘʪʴ ʢʦʤʧʦʟʠʪʫ ʝʱʝ ʨʷʜ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʫʩʪʦʪʳ ʚ ʧʦʣʳʭ ʯʘʩʪʠʮʘʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʚʚʝʜʝʥʠʷ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʨʫʰʘʪʴ ʩʚʷʟʫʶʱʝʝ ʠʣʠ ʜʦʣʞʥʳ 

ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʤʠʢʨʦʩʬʝʨʳ ʠʟ ʩʪʝʢʣʘ ʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʚʳʧʫʩʢ ʩʬʝʨ ʠʟ ʜʨʫʛʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʧʦʪʦʤʫ 

ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʠ ʨʝʛʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʦʣʦʯʢʠ 

ʧʦʣʳʭ ʩʬʝʨ, ʢʦʥʪʨʦʣʴ ʝʝ ʪʦʣʱʠʥʳ ʠ ʧʦʨʠʩʪʦʩʪʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʳʭ ʥʘʥʦʩʬʝʨ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʭ ʩʠʥʪʝʟʘ ʠʟ 

ʨʘʩʪʚʦʨʘ ʜʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʦʣʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦʣʦʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʥʮʠʧʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʯʝʢ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʝʱʝʩʪʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʬʘʟ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʈʝʘʢʮʠʷ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʠʣʠ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʯʘʩʪʠʮ ʝʛʦ 

ʧʨʝʢʫʨʩʦʨʘ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʫʶʪ ʦʙʦʣʦʯʢʫ.  

ʆʙʳʯʥʦ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʚʦʜʷʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʞʠʜʢʦʩʪʴ - ʛʘʟ 

ʠʣʠ ʧʘʨ ʠ ʞʠʜʢʦʩʪʴ ï ʞʠʜʢʦʩʪʴ. 

ʂʘʢ ʠʩʭʦʜʥʳʡ ʨʝʘʢʪʠʚ ʜʣʷ ʩʠʥʪʝʟʘ ʩʬʝʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥ (ɼʄʍʉ), 

ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʝʪ ʩ ʧʘʨʘʤʠ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ʕʪʦ 

ʩʦʝʜʠʥʝʥʠʝ ʫʜʦʙʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʩʫʱʝʩʪʚʫʝʪ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʫʩʪʦʡʯʠʚʳʡ ʘʵʨʦʟʦʣʴ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ 

ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʤ ʫʛʣʝʨʦʜʝ ʠ ʛʝʧʪʘʥʝ. ʕʪʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʦʣʞʥʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ 

ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʯʝʢ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠ ʩʦʟʜʘʥʠ ̫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʝʥʘʩʳʱʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ, ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ ʚʥʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʵʨʦʟʦʣʷ. 
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ʈʘʩʪʚʦʨʠʪʝʣʝʤ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʘʵʨʦʟʦʣʷ, ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʭʣʦʨʩʠʣʘʥʘʤ ʠ ʠʤʝʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʫ  ʁʠʣʠ ʟʥʘʯʠʪʝʣʴʥʫ  ʁʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ 

ʥʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʡ ʠʣʠ ʙʳʪʴ ʙʝʟʚʦʜʥʦʡ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʧʪʘʥ ʠ 

ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 0 - 40 ʦʙ. % 

(ʯʝʨʝʟ 5 %).  

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʣʠʟ ʜʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʵʨʦʟʦʣʷ. ɼʚʠʞʫʱʘʷ ʩʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʩʪʦʪʳ ï ʨʘʜʠʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʜʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʧʣʠ ʩ ʟʘʨʦʞʜʝʥʠʝʤ ʠ ʩʣʝʜʫʶʱʠʤ ʨʘʟʨʘʩʪʘʥʠʝʤ ʯʘʩʪʠʮ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʦʡ ʛʠʜʨʦʦʢʠʩʠ 

ʢʨʝʤʥʠʷ. ʀʟʣʠʰʝʢ ʧʘʨʦʚ ʚʦʜʳ ʥʘ ʛʨʘʥʠʮʝ ʘʵʨʦʟʦʣʴʥʦʡ ʯʘʩʪʠʯʢʠ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʣ ʢ 

ʛʠʜʨʦʣʠʟʫ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʦʙʲʝʤʝ ʢʘʧʣʠ, ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʨʦʩʪ ʧʨʝʢʨʘʱʘʣʩʷ. ʊʘʢ ʢʘʢ ʦʙʲʝʤʥʘʷ ʯʘʩʪʴ 

ʜʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 40%, ʪʦ ʛʝʣʷ ʛʠʜʨʦʦʢʠʩʠ ʢʨʝʤʥʠʷ ʭʚʘʪʘʣʦ ʪʦʣʴʢʦ ʥʘ 

ʧʦʩʪʨʦʝʥʠʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʣʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ 

ʧʨʠʚʦʜʠʣʠ ʢ ʢʦʘʛʫʣʷʮʠʠ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʣʦʷ ʛʠʜʨʦʦʢʠʩʠ ʢʨʝʤʥʠʷ ʠ ʝʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʶ.  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ 

ʜʝʢʘʥʪʘʮʠʠ ʩ ʧʨʦʤʳʚʘʥʠʝʤ ʘʮʝʪʦʥʦʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ (ʦʛʨʘʥʠʯʝʥʠʷ) ʘʛʣʦʤʝʨʘʮʠʠ. 

ʆʩʪʘʪʢʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʚʣʘʛʠ ʫʜʘʣʷʣʠ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ         

3Ŀ10
-3 

 ʂ/ʩ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 500 ʂ ʧʨʠ ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 10
2
 ʇʘ. ʅʘ ʆʞʝ-ʩʧʝʢʪʨʘʭ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʤʝʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʣʠʥʠʡ ʭʣʦʨʘ ʩʣʘʙʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʕʪʠ ʣʠʥʠʠ ʠʩʯʝʟʘʣʠ ʪʦʣʴʢʦ ʧʨʠ ʦʪʞʠʛʝ ʦʙʨʘʟʮʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʚ 

ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 623 - 773 ʂ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʥʳʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ 

ʤʘʪʝʨʠʘʣ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʨʠʩ.1). ɼʠʘʤʝʪʨ ʩʬʝʨ (d) ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 20 ʥʤ ʜʦ 500 ʥʤ ʧʨʠ ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ ~ 1/10 d. ʅʝʢʦʪʦʨʳʝ ʩʬʝʨʳ ʠʤʝʶʪ 

ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʥʳʝ ʩʪʝʥʢʠ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ 

ʚʥʫʪʨʝʥʥʠʝ ʧʫʩʪʦʪʳ. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʄʍʉ ʚ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʣʦ 

ʢ ʨʦʩʪʫ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʧʦʣʦʩʪʥʳʭ 

ʩʬʝʨ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʉɼʄʍʉ å     

40 ʦʙ.% ʧʨʦʠʩʭʦʜʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ 

ʯʘʩʪʠʯʝʢ. ʈʘʟʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʥʘ 

ʬʨʘʢʮʠʠ ʧʦ ʜʠʘʤʝʪʨʫ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʢ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʠʟ 

ʘʵʨʦʟʦʣʷ, ʪʘʢ ʠ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʥʘ 

ʢʦʥʝʯʥʳʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ. 

 

 

ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʣʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʈʕʄ (1, 2, 3 - ʧʦʣʳʝ ʩʬʝʨʳ ʩ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʥʳʤʠ ʩʪʝʥʢʘʤʠ)  

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʣʳʝ ʯʘʩʪʠʯʢʠ Sʽʆ2 ʤʦʛʫʪ ʟʘʭʚʘʪʳʚʘʪʴ ʛʘʟʦʦʙʨʘʟʥʫʶ ʠʣʠ ʞʠʜʢʫʶ ʬʘʟʳ ʩʨʝʜʳ ʨʝʘʢʪʦʨʘ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʚʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ  ʚ 

ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʥʦʩʠʪʝʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  
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ʉ.ɸ. ʂʋʍɸʈɽʅʂʆ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʀʥʩʪʠʪʫʪ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ɺ.ʅ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʉʊɽʂʃʆʆɹʈɸɿʋʖʑʀʍ ʉʀʉʊɽʄ  

ʉ ʈɸɿʃʀʏʅʆʁ ʊɽʄʇɽʈɸʊʋʈʆʁ ʊʈɸʅʉʌʆʈʄɸʎʀʀ  

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩ ʧʦʨʦʰʢʘʤʠ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʉʊʄ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʨʝʛʫʣʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʪʝʢʣʘʭ ʠ ʜʠʬʬʫʟʠʶ ʢʘʪʠʦʥʦʚ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʪʘʢʪʘ ʩʪʝʢʦʣ, ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʠ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʢʣʘ,ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʜʠʬʬʫʟʠʷ, ʧʦʨʦʰʢʠ ʉʊʄ, ʢʦʤʧʦʟʠʪʳ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʩʤʝʩʠ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʠ ʩʚʠʥʮʦʚʦʮʠʥʢʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʪʝʢʦʣ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʪʳ ʠ 

ʥʘʥʦʩʠʪʴ ʩʪʝʢʣʦʧʦʢʨʳʪʠʷ ʥʘ ʧʦʨʦʰʢʠ ʘʣʤʘʟʘ ʠ cBN ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʪʝʭ ʞʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʯʪʦ ʠ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʩʚʠʥʮʦʚʦʛʦ 

ʩʪʝʢʣʘ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʪʘʢʠʝ ʞʝ ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʫ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʜʠʬʬʫʟʠʦʥʥʳʭ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʝʢʣʘʭ ʠ ʠʭ ʩʤʝʩʷʭ ʨʘʟʣʠʯʥʳʡ. 

ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʠʬʬʫʟʠʠ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 

ʢʘʪʠʦʥʦʚ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ,  ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʪʝʢʦʣ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʪʘʙʣʝʪʢʠ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʠ 

ʚʳʩʦʪʦʡ 5ï8 ʤʤ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ ʩʪʝʢʦʣ ʩʠʩʪʝʤʳ Na2OïCaOïB2O3ïTiO2ïSiO2 ʨʘʟʤʝʨʦʤ 

~ 200 ʤʢʤ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʩʣʦʡʢʝ ʠʟ ʩʪʝʢʣʘ ʩʠʩʪʝʤʳ PbOïZnOïB2O3ïSiO2 (ʨʠʩ. 1, ʘ). 

ʉʦʦʪʥʦʰʝʥʠʝ  ʦʙʲʝʤʦʚ ʯʘʩʪʠʮ ʠ ʧʨʦʩʣʦʡʢʠ ʩʦʩʪʘʚʣʷʣʦ 1:5. ʊʘʢʦʡ ʚʳʙʦʨ ʩʦʦʪʥʦʰʝʥʠʷ 

ʦʙʲʝʤʦʚ ʧʦʟʚʦʣʷʣ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʨʫʰʝʥʠʝ ʯʘʩʪʠʮ ʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʦʣ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʩʪʝʢʦʣ. 

ɿʦʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʝʢʣʘ ʩʠʩʪʝʤʳ Na2OïCaOïB2O3ïTiO2ïSiO2 ʩʦ ʩʪʝʢʣʦʤ 

ʩʠʩʪʝʤʳ PbOïZnOïB2O3ïSiO2 ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 ʉ̄ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, ʙ.  

 

  

 

ʈʠʩ. 1. ʈʕʄïʠʟʦʙʨʘʞʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʯʘʩʪʠʮ ʩʪʝʢʣʘ ʩʠʩʪʝʤʳ Na2OïCaOï

B2O3ïTiO2ïSiO2 ʠ ʧʨʦʩʣʦʡʢʠ ʩʪʝʢʣʘ 

ʩʠʩʪʝʤʳ  PbOïZnOïB2O3ïSiO2 (ʘ) ʠ 

ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʥʠʤʠ (ʙ)  

ʘ ʙ  

 

ʀʟ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ ʠ ʚ ʯʘʩʪʠʮʘʭ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʠ ʚ 

ʧʨʦʩʣʦʡʢʝ ʩʚʠʥʮʦʚʦʮʠʥʢʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʠʬʬʫʟʠʷ 

ʢʘʪʠʦʥʦʚ Na
+
, Si

4+
 ʠʟ ʱʝʣʦʯʥʦʛʦ ʩʪʝʢʣʘ ʠ Pb

2+
, Zn

2+
 ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʩʪʝʢʣʘ. ʀʩʩʣʝʜʦʚʘʣʘʩʴ 

ʟʦʥʘ ʰʠʨʠʥʦʡ 15ï20 ʤʢʤ. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʥʘʪʨʠʷ ʠ ʢʨʝʤʥʠʷ ʤʦʥʦʪʦʥʥʦ ʧʘʜʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʩʭʦʜʥʦʤ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʤ ʨʘʩʧʣʘʚʝ ʩʪʝʢʣʘ ʜʦ 
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ʥʫʣʷ ʚ ʩʚʠʥʮʦʚʦʤ ʩʪʝʢʣʝ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʧʦʩʪʦʷʥʥʘ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʳ ʚ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʤ ʩʪʝʢʣʝ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʧʦʪʦʢʘ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ ʠ 

ʢʨʝʤʥʠʷ, ʥʝ ʠʟʤʝʥʷʶʱʝʛʦ ʩʫʤʤʳ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʤ 

ʩʪʝʢʣʝ, ʠ ʧʦʪʦʢʘ ʥʝʤʦʩʪʠʢʦʚʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʩʫʤʤʳ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʚ ʩʚʠʥʮʦʚʦʤ ʩʪʝʢʣʝ. ɺ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʝ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʠ ʩʚʠʥʮʦʚʦʮʠʥʢʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʦʣ, ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʣʘ ʩʠʩʪʝʤʳ PbOïZnOïB2O3ïSiO2, ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʪʠʧʘ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʠʥʪʝʥʩʠʚʥʘʷ ʚʟʘʠʤʦʜʠʬʬʫʟʠʷ ʱʝʣʦʯʥʦʛʦ ʠ ʩʚʠʥʮʦʚʦʛʦ 

ʢʘʪʠʦʥʦʚ ʠ ʜʠʬʬʫʟʠʷ ʥʝʤʦʩʪʠʢʦʚʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʟʤʝʥʝʥʠʶ ʩʫʤʤʳ  

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʦʚ ʚ ʢʘʞʜʦʤ ʠʟ ʩʪʝʢʦʣ. ɼʠʬʬʫʟʠʷ ʥʝʤʦʩʪʠʢʦʚʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʜʝʩʷʪʢʠ 

ʨʘʟ ʩʣʘʙʝʝ ʚʟʘʠʤʦʜʠʬʬʫʟʠʠ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ ʠ ʩʚʠʥʮʘ. ɼʠʬʬʫʟʠʷ ʢʘʣʴʮʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʦʙʣʘʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʤʝʩʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʩʠʜʥʳʭ ʩʪʝʢʦʣ ʨʘʟʚʠʚʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ 

ʠʦʥʥʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ: ʦʜʠʥ ʥʘʧʨʘʚʣʝʥ ʦʪ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʚʛʣʫʙʴ ʯʘʩʪʠʮʳ 

ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ, ʘ ʜʨʫʛʦʡ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʦʪ 

ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʩʪʝʢʦʣ ʚ ʨʘʩʧʣʘʚ ʩʚʠʥʮʦʚʦʮʠʥʢʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ. 

ɼʚʠʛʘʪʝʣʴʥʦʡ ʩʠʣʦʡ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʝʩʪʴ ʩʪʨʝʤʣʝʥʠʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ 

ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ.  

ɺʟʘʠʤʥʘʷ ʜʠʬʬʫʟʠʷ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʛʨʘʥʠʮʝ ʩʪʝʢʦʣ ʚ ʦʢʩʠʜʥʳʭ 

ʩʠʩʪʝʤʘʭ Na2OïCaOïB2O3ïTiO2ïSiO2 ʠ PbOïZnOïB2O3ïSiO2 ʥʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 

500 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʚ ʩʠʩʪʝʤʝ ʩʪʝʢʦʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ï ʣʘʨʩʝʥʠʪʘ (PbZnSiO4), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʀʥʪʝʥʩʠʚʥʳʝ ʦʪʨʘʞʝʥʠʷ ʣʘʨʩʝʥʠʪʘ: 4,84; 4,16; 3,92; 3,73; 3,43; 

3,14; 3,01; 2,69; 2,50; 2,23; 2,13; 1,93; 1,88Ö10
ï10

 ʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʦ 510 ʉ̄ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʩʚʠʥʮʦʚʦʮʠʥʢʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ. ɸ 

ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʝʥʠʷ 

ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ (600 ʉ̄) ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʙʦʣʝʝ 

ʪʫʛʦʧʣʘʚʢʦʛʦ ʩʪʝʢʣʘ ʚ ʣʝʛʢʦʧʣʘʚʢʦʤ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʪʝʢʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʧʩʝʚʜʦʢʦʤʧʦʟʠʪʳ ʩ ʚʳʩʦʢʦʡ 

ʩʤʘʯʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʘʤ ʠ ʢʫʙʦʥʠʪʫ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʳʰʝ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʩʪʝʢʣʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʫʜʝʨʞʘʥʠʷ ʉʊʄ ʚ ʩʪʝʢʣʦʤʘʪʨʠʮʝ. 

ʉʚʷʟʴ ʈbïO ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʘʙʘʷ, ʯʝʤ ʩʚʷʟʴ SiïO. ʇʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʚʷʟʠ ʈbïO 

ʨʘʟʨʳʚʘʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠ ʧʦʵʪʦʤʫ ʧʨʦʯʥʦʩʪʴ ʩʚʠʥʮʦʚʦʮʠʥʢʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʦʯʥʦʩʪʴ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʤʝʥʴʰʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʜʚʫʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ (ʥʘʧʨʠʤʝʨ, Ca
2+
). ɹʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʟʤʷʛʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʤʘʣʦʡ ʧʨʦʯʥʦʩʪʴʶ ʩʚʷʟʠ ʈbïO. ʊʦʣʴʢʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʯʥʳʭ ʩʚʷʟʝʡ SiïO ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʪʝʢʣʘ, ʯʪʦ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʩʤʝʩʝʡ ʩʚʠʥʮʦʚʦʮʠʥʢʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʠ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʪʝʢʦʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʦʚʦʮʠʥʢʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʠ ʥʘʪʨʠʡʪʠʪʘʥʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʦʣ ʩ 

ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʨʝʛʫʣʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʪʝʢʣʘʭ ʠ ʜʠʬʬʫʟʠʶ ʢʘʪʠʦʥʦʚ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʪʘʢʪʘ ʩʪʝʢʦʣ, ʤʦʞʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʠ ʥʘ 200ï250 Üʉ 

ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʥʝʩʝʥʠʷ ʩʪʝʢʣʦʧʦʢʨʳʪʠʡ ʥʘ 

ʧʦʨʦʰʢʠ ʉʊʄ. 
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ʆɼɽʈɾɸʅʅʗ ʂʆʄʇʆɿʀʊʅʀʍ ʄɸʊɽʈɯɸʃɯɺ  

ʉʂʃɸɼʋ ɽɺʊɽʂʊʀʏʅʀʍ ʊʆʏʆʂ ɺ ʉʀʉʊɽʄɸʍ Ag8B
IV

X6ïA
II
X 

 
ʇʦʙʫʜʦʚʘʥʦ ʬʘʟʦʚʽ ʜʽʘʛʨʘʤʠ ʧʝʨʝʨʽʟʽʚ ʢʚʘʟʽʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ Ag2XïA

II
XïB

IV
X2, ʷʢʽ ʫʪʚʦʨʝʥʽ ʩʧʦʣʫʢʘʤʠ 

ʨʦʜʠʥʠ ʘʨˇʽʨʦʜʠʪʫ Ag8B
IV

X6 i A
II
X (A

II  
ï Zn, Cd; B

IV 
ï Si, Ge, Sn; X ï S, Se). ɼʣʷ ʮʠʥʢʦʚʤʽʩʥʠʭ ʧʝʨʝʨʽʟʽʚ 

ʭʘʨʘʢʪʝʨʥʘ ʝʚʪʝʢʪʠʯʥʘ ʚʟʘʻʤʦʜʽʷ. ʉʝʨʝʜ ʢʘʜʤʽʻʚʤʽʩʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʷʢ ʧʝʨʠʪʝʢʪʠʯʥʠʡ (Ag8Si(Ge)S6ïCdS, 

Ag8SiSe6ïCdSe) ʪʘʢ ʽ ʝʚʪʝʢʪʠʯʥʠʡ (Ag8SnS6ïCdS, Ag8Ge(Sn)Se6ïCdSe) ʪʠʧ ʚʟʘʻʤʦʜʽʾ. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʧʨʘʚʣʝʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʨʦʟʧʣʘʚʫ ʩʢʣʘʜʫ ʪʦʯʢʠ 

ʝʚʪʝʢʪʠʢʠ.  

Kʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ, ʭʘʣʴʢʦʛʝʥʽʜʠ, ʝʚʪʝʢʪʠʯʥʽ ʩʧʣʘʚʠ, ʟʦʥʥʘ ʧʣʘʚʢʘ, ʥʘʧʨʘʚʣʝʥʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

 

ʍʘʣʴʢʦʛʝʥʽʜʠ Ag8B
IV

X6 (B
IV 
ï Si, Ge, Sn; X ï S, Se), ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʨʦʜʠʥʠ 

ʘʨˇʽʨʦʜʠʪʽʚ, ʚʦʣʦʜʽʶʪʴ ʽʦʥʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʜʣʷ ʬʦʪʦʝʣʝʢʪʨʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʽʦʥʩʝʣʝʢʪʠʚʥʠʭ 

ʩʝʥʩʦʨʽʚ, ʬʦʪʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʟʦʙʨʘʞʝʥʥʷ. ɺʽʜʦʤʽ ʫʩʽ ʢʦʤʙʽʥʘʮʽʾ ʮʠʭ 

ʩʧʦʣʫʢ. ʇʨʘʢʪʠʯʥʦ ʜʣʷ ʚʩʽʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʦ ʢʦʥʛʨʫʝʥʪʥʠʡ ʪʠʧ ʫʪʚʦʨʝʥʥʷ. ɼʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʚʠʱʝ ʷʢʠʭ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʽʩʥʫʶʪʴ ʤʦʜʠʬʽʢʘʮʽʾ, ʱʦ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʢʫʙʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʟ ʚʠʩʦʢʦʶ ʽʦʥʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ Ag
+
-ʽʦʥʽʚ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚ ʷʢʦʩʪʽ ʪʚʝʨʜʠʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʘʞʣʠʚʠʤ, ʷʢʱʦ ʥʝ ʦʩʥʦʚʥʠʤ, ʻ ʦʜʥʦʯʘʩʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʚʠʩʦʢʠʭ 

ʽʦʥʥʦʾ ʽ ʝʣʝʢʪʨʦʥʥʦʾ ʩʢʣʘʜʦʚʠʭ ʧʨʦʚʽʜʥʦʩʪʽ. ɺ ʮʴʦʤʫ ʘʩʧʝʢʪʽ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ, ʜʝ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʙʽʥʘʨʥʽ ʭʘʣʴʢʦʛʝʥʽʜʠ ʪʠʧʫ 

A
II
X (A

II 
ï Zn, Cd, Hg). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʽʯʥʦʛʦ, ʨʝʥʪˇʝʥʦʬʘʟʦʚʦʛʦ ʪʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ  ʘʥʘʣʽʟʽʚ  ʧʦʙʫʜʦʚʘʥʦ  ʬʘʟʦʚʽ  ʜʽʘʛʨʘʤʠ  ʩʠʩʪʝʤ Ag8B
IV

X6ïA
II
X [1].  ɼʣʷ 

ʮʠʥʢʦʚʤʽʩʥʠʭ ʧʝʨʝʨʽʟʽʚ ʭʘʨʘʢʪʝʨʥʘ 

ʝʚʪʝʢʪʠʯʥʘ ʚʟʘʻʤʦʜʽʷ. ʉʝʨʝʜ ʢʘʜʤʽʻʚʤʽʩʥʠʭ 

ʧʝʨʝʨʽʟʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʷʢ ʧʝʨʠʪʝʢʪʠʯʥʠʡ 

(Ag8Si(Ge)S6ïCdS, Ag8SiSe6ïCdSe) ʪʘʢ ʽ 

ʝʚʪʝʢʪʠʯʥʠʡ (Ag8SnS6ïCdS, Ag8Ge(Sn)Se6ï

CdSe) ʪʠʧ ʚʟʘʻʤʦʜʽʾ. ʊʦʙʪʦ ʽʟ 13 ʚʠʚʯʝʥʠʭ 

ʩʠʩʪʝʤ 10 ʻ ʝʚʪʝʢʪʠʯʥʦʛʦ ʽ 3 

ʧʝʨʠʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ. ʇʦʙʫʜʦʚʘʥʽ ʜʽʘʛʨʘʤʠ 

ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʨʘʚʣʝʥʦʶ 

ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʨʦʟʧʣʘʚʽʚ ʩʢʣʘʜʫ 

ʝʚʪʝʢʪʠʯʥʠʭ ʪʦʯʦʢ, ʷʢʽ, ʚ ʟʘʛʘʣʴʥʦʤʫ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ, ʩʪʝʨʞʥʝʚʦʛʦ 

ʘʙʦ ʛʣʦʙʫʣʷʨʥʦʛʦ ʪʠʧʽʚ. ʎʷ ʩʠʩʪʝʤʘ ʻ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʦʶ ʽ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʠʤ ʚʧʣʠʚʦʤ 

ʩʢʣʘʜʥʠʢʽʚ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ [2].  ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʽʙʨʘʥʠʡ ʝʚʪʝʢʪʠʯʥʠʡ 

ʩʧʣʘʚ ʩʠʩʪʝʤʠ Ag8SnSe6ïZnSe (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʌʘʟʦʚʘ ʜʽʘʛʨʘʤʘ  

ʢʚʘʟʽʙʽʥʘʨʥʦʛʦ ʧʝʨʝʨʽʟʫ Ag8SnSe6ïZnSe 
 

ʆʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʣʦʩʴ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: ʥʘʧʨʘʚʣʝʥʦʶ 

ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʨʦʟʧʣʘʚʫ ʪʘ ʟʦʥʥʦʶ ʧʣʘʚʢʦʶ. ɺ ʦʙʦʭ ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 
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ʧʦʧʝʨʝʜʥʴʦ ʚʠʛʦʪʦʚʣʝʥʽ ʩʧʣʘʚʠ, ʩʠʥʪʝʟ ʷʢʠʭ ʧʨʦʚʦʜʠʚʩʷ ʽʟ ʚʠʩʦʢʦʯʠʩʪʠʭ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ 

(ʯʠʩʪʦʪʦʶ ʥʝ ʤʝʥʰʝ 99,99 ʤʘʩ. %). ʈʦʟʨʘʭʦʚʘʥʽ ʾʭ ʢʽʣʴʢʦʩʪʽ ʟʘʚʘʥʪʘʞʫʚʘʣʠʩʴ ʚ ʢʚʘʨʮʦʚʽ 

ʘʤʧʫʣʠ, ʚʘʢʫʫʤʫʚʘʣʠʩʴ ʜʦ 0,13 ʇʘ ʪʘ ʚʽʜʧʘʶʚʘʣʠʩʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʫ 

ʩʪʘʥʦʚʠʣʘ 1170 K. ʅʘ ʝʪʘʧʽ ʚʠʪʨʠʤʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʜʘʪʢʦʚʦ 

ʧʨʦʚʦʜʠʣʘʩʷ ʧʨʠʤʫʩʦʚʘ ʛʦʤʦʛʝʥʽʟʘʮʽʷ ʰʣʷʭʦʤ ʦʙʝʨʪʘʥʥʷ ʚ ʨʦʪʘʮʽʡʥʽʡ ʧʝʯʽ ʧʨʦʪʷʛʦʤ 

ʰʝʩʪʠ ʛʦʜʠʥ. ʇʽʩʣʷ ʩʠʥʪʝʟʫ ʩʧʣʘʚʠ ʧʝʨʝʛʨʫʞʘʣʠʩʷ ʚ ʢʚʘʨʮʦʚʽ ʢʦʥʪʝʡʥʝʨʠ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʜʽʘʤʝʪʨʦʤ 6 ʤʤ, ʚʘʢʫʫʤʫʚʘʣʠʩʴ ʪʘ ʟʘʧʘʶʚʘʣʠʩʴ. ʅʘʧʨʘʚʣʝʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʰʣʷʭʦʤ ʦʧʫʩʢʘʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʚ ʜʚʦʟʦʥʥʽʡ ʧʝʯʽ ʽʟ ʩʪʘʙʽʣʴʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʨʦʬʽʣʝʤ ʽʟ 

ʰʚʠʜʢʽʩʪʶ ʨʦʩʪʫ 0,42 ʤʤ/ʛʦʜ. ɻʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʬʨʦʥʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʢʣʘʜʘʚ 

2 K/ʤʤ. ɿʦʥʥʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʮʽ ʽʟ ʨʫʭʦʤʦʶ ʟʦʥʦʶ (20 ʤʤ/ʛʦʜ). 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2. ʈʠʩ. 2 a ʜʝʤʦʥʩʪʨʫʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ 

ʩʧʦʥʪʘʥʥʦ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʩʧʣʘʚʫ, ʘ ʨʠʩ. 2 ʙ, ʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʦʥʥʦ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʪʘ ʥʘʧʨʘʚʣʝʥʦ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʩʧʣʘʚʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʚʠʜʥʦ, ʚ 

ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʚʠʧʘʜʢʘʭ ʤʘʻ ʤʽʩʮʝ ʚʧʦʨʷʜʢʦʚʘʥʝ ʨʦʟʤʽʱʝʥʥʷ ʧʣʘʩʪʠʥ ZnSe ʚ ʤʘʪʨʠʮʽ 

Ag8SnSe6. ʊʦʚʱʠʥʘ ʧʣʘʩʪʠʥʦʢ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʧʣʘʩʪʠʥʢʠ ʻ ʪʦʥʰʠʤʠ, ʘ 

ʧʨʠ ʧʦʚʽʣʴʥʽʰʦʤʫ ʧʝʨʝʤʽʚʱʝʥʥʽ ʚʦʥʠ ʪʦʚʩʪʽʰʽ ʽ ʧʝʨʝʨʚʥʽ. ɿʛʽʜʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʧʨʠʚʝʜʝʥʽʡ 

ʚ ʨʦʙʦʪʽ [2], ʧʝʨʰʫ ʟ ʥʠʭ, ʦʜʝʨʞʘʥʫ ʟʦʥʥʦʶ ʧʣʘʚʢʦʶ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʥʦʨʤʘʣʴʥʦʾ 

ʧʣʘʩʪʠʥʯʘʩʪʦʾ ʝʚʪʝʢʪʠʢʠ, ʘ ʦʜʝʨʞʘʥʫ ʥʘʧʨʘʚʣʝʥʦʶ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʨʦʟʧʣʘʚʫ ï ʜʦ ʝʚʪʝʢʪʠʢ 

ʽʟ ʨʦʟʽʨʚʘʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. 
 

ʘ

 

ʙ

 

ʚ

 

ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʰʣʽʬʽʚ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Ag8SnSe6ïZnSe ʩʢʣʘʜʫ ʪʦʯʢʠ 
ʝʚʪʝʢʪʠʢʠ (37 ʤʦʣ. % ZnSe) ³ 378: (a) ʩʧʦʥʪʘʥʥʦ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʠʡ ʩʧʣʘʚ; (ʙ) ʟʦʥʥʦ 
ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʠʡ ʩʧʣʘʚ (|| ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʟʦʥʠ); (ʚ) ʥʘʧʨʘʚʣʝʥʦ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʠʡ 
ʩʧʣʘʚ (|| ʦʩʽ ʨʦʩʪʫ) 

 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ ʚʽʜʤʽʯʝʥʘ ʧʦʛʘʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʝʚʪʝʢʪʠʯʥʽ ʩʧʣʘʚʠ ʚʦʣʦʜʽʶʪʴ ʧʽʜʚʠʱʝʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʚʠʭʽʜʥʠʤʠ ʘʨˇʽʨʦʜʠʪʘʤʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʽ ʾʭ ʙʽʣʴʰʦʾ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʇʣʘʩʪʠʥʠ ʩʧʦʣʫʢ A
II
X ʚ ʝʚʪʝʢʪʠʯʥʦʤʫ ʩʧʣʘʚʽ ʙʫʜʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʫʢʨʽʧʣʶʶʯʫ (ʘʨʤʫʶʯʫ) 

ʨʦʣʴ ʚ ʤʘʪʨʠʮʽ ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʙʫʜʦʚʘʥʦ ʬʘʟʦʚʽ ʜʽʘʛʨʘʤʠ ʧʝʨʝʨʽʟʽʚ Ag8B
IV

X6ïA
II
X ʢʚʘʟʽʧʦʪʨʽʡʥʠʭ 

ʩʠʩʪʝʤ Ag2XïA
II
XïB

IV
X2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʻ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ. 

ɽʚʪʝʢʪʠʯʥʽ ʪʦʯʢʠ ʮʠʭ ʜʽʘʛʨʘʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʧʨʘʚʣʝʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʨʦʟʧʣʘʚʽʚ ʯʠ ʟʦʥʥʫ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ ʩʧʣʘʚʽʚ. 
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ĭʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

"ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ", ʤ. ʂʠʾʚ 

Įɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ. ʄ. ɹʘʢʫʣʷ 

 

ɺʀɿʅɸʏɽʅʅʗ ʆʇʊʀʄɸʃʔʅʀʍ ʈɽɾʀʄɯɺ ʉʇɯʂɸʅʅʗ ɸɹʈɸɿʀɺʅʀʍ 

ʂʆʄʇʆɿʀʊɯɺ ɯɿ ʅɸɼʊɺɽʈɼʀʍ ʄɸʊɽʈɯɸʃɯɺ ɯʅʉʊʈʋʄɽʅʊɸʃʔʅʆɻʆ 

ʇʈʀɿʅɸʏɽʅʅʗ 

 
ʇʦʚʽʜʦʤʣʷʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʙʛʦʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʩʧʽʢʘʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ 

ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ, ʥʘʜʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʢʦʤʧʦʟʠʪʠ. 

 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʪʚʦʨʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ 

ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ  ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʪʘ ʫʤʦʚʠ ʾʭ ʩʧʽʢʘʥʥʷ.  

ʃʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ: ʚʟʘʻʤʦʜʽʶ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʽ ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʟʠʪʫ (ʟʝʨʥʘʤʠ ʅʊʄ ʪʘ  ʤʝʪʘʣʝʚʠʤʠ ʯʘʩʪʢʘʤʠ  

ʧʦʨʦʰʢʦʚʦʾ ʩʫʤʽʰʽ ʟʚôʷʟʢʠ), ʡʦʛʦ ʧʦʛʣʠʥʘʥʥʷ; ʥʘʛʨʽʚʘʥʥʷ ʟʝʨʝʥ ʅʊʄ ʪʘ ʤʦʞʣʠʚʝ 

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʧʣʘʚʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʨʦʰʢʦʚʦʾ ʩʫʤʽʰʽ; ʟʤʦʯʫʚʘʥʥʷ 

ʨʦʟʧʣʘʚʦʤ ʟʝʨʝʥ ʅʊʄ ʪʘ ʫʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʷʭ  ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ, ʜʠʬʫʟʽʡʥʽ 

ʪʘ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʛʨʘʥʠʮʷʭ çʟʝʨʥʦ ʅʊʄ ï ʧʣʽʚʢʘ - ʟʚôʷʟʢʘè, ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʨʦʟʧʣʘʚʫ ʟʚôʷʟʢʠ.  

ʗʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʻ ʤʽʮʥʽʩʪʴ 

ʩʘʤʠʭ ʟʝʨʝʥ ʅʊʄ ʪʘ ʤʽʮʥʽʩʪʴ ʾʭ ʟʯʝʧʣʝʥʥʷ ʟʽ ʟʚôʷʟʢʦʶ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʛʦʣʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ  ʧʘʨʘʤʝʪʨʘʤʠ  ʧʨʦʮʝʩʫ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʷʢʦʩʪʽ ʢʦʤʧʦʟʠʪʫ,  ʥʘʦʯʥʦʩʪʽ ʽ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʽʩʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝʯʽʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʨʠ ʩʧʽʢʘʥʥʽ ʢʦʤʧʦʟʠʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʡʦʛʦ ʩʭʝʤʘʪʠʟʦʚʘʥʫ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ɰʾ ʩʪʨʫʢʪʫʨʥʠʤ ʩʪʨʠʞʥʝʤ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʽʢʘʥʥʷ, ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ  

ʩʧʦʯʘʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʨʦʟʧʣʘʚʣʷʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʯʘʩʪʢʘ 

ʧʝʨʝʬʝʨʽʡʥʦʾ ʢʨʘʡʢʠ ʢʦʨʧʫʩʫ ʽʥʩʪʨʫʤʝʥʪʘ, ʧʦʪʽʤ ʧʦʩʫʤʽʰ ʟʚ'ʷʟʫʶʯʦʛʦ, ʚ ʨʦʟʧʣʘʚ ʷʢʦʾ 

ʧʨʠʤʫʩʦʚʦ ʟʘʥʫʨʶʶʪʴʩʷ ʟʝʨʥʘ  ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʧʽʢʘʥʥʷ, ʟʤʝʥʰʠʪʠ ʪʝʨʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʝʨʥʘ ʅʊʄ,  ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʪʠ ʥʦʤʝʥʢʣʘʪʫʨʫ ʤʦʞʣʠʚʠʭ ʟʚ'ʷʟʦʢ.  

ʅʘ ʨʠʩ. 2 ʽ 3 ʧʦʢʘʟʘʥʽ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʽʚ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʽ  ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ ʟ  ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʉʆ2 ʽ 

YAG:Nd ʣʘʟʝʨʽʚ  ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 10,6 ʽ 1,06 ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ.  
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ʄʝʭʘʥʽʟʤ ʩʧʽʢʘʥʥʷ  ʘʙʨʘʟʠʚʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʠʟ ʅʊʄ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʃʘʟʝʨʥʠʡ 

ʧʨʦʤʽʥʴ 

ʊʝʨʤʽʯʥʝ 

ʜʝʬʦʨʤʫʚʘʥʥʷ 

ɿ
ʚ
Ŀ
ʷ
ʟ
ʢ
ʘ

 

ʅʘ ʦʩʥʦʚʽ  Cu 

ʅʘ ʦʩʥʦʚʽ Fe 

ʅʘ ʦʩʥʦʚʽ Ni 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ  ʜʦʙʘʚʢʠ 

ʉʠʥʪʝʪʠʯʥʠʡ  

ʘʣʤʘʟ 

ʂʫʙʽʯʥʠʡ 

ʥʽʪʨʠʜ ʙʦʨʫ 

ʄʽʮʥʽʩʪʴ 

ʅʊʄ 

ʄʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ 

ʅʊʄ  ʽʟ  

ʟʚ'ʷʟʢʦʶ 

ɿʥʦʩʦ-

ʩʪʽʡʢʽʩʪʴ   

ʢʦʤʧʦʟʠʪʫ 

ʂʦʝʬʽʮʽʻʥʪ  

ʪʝʨʪʪʷ 

ʟʚ'ʷʟʢʠ 

ɿʙʽʣʴʰʝʥʥʷ  

ʟʤʦʯʫʚʘʥʦʩʪʽ 

ɿʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦ-

ʧʨʦʚʽʜʥʦʩʪʽ 

ɿʥʠʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ  

ʪʝʨʪʪʷ 

 
ʈʠʩ.1. ʉʭʝʤʘ ʤʝʭʘʥʽʟʤʫ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

 

ʐʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʂʅɹ [ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ -10,6 ʤʢʤ; ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ - (0,2-2,5)Ŀ10
4
 ɺʪ/ʩʤ

2
, ʯʘʩ  ʜʽʾ - 0,2-0,3 ʩ, 

ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ - 0,8-2,0 ʤ/ʭʚ.], ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʾʭ 

ʥʘʛʨʽʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 1000 ï 1500 Áʉ, ʷʢʝ ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʫʡʥʽʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʟʝʨʥʘ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟ ʧʨʠʥʮʠʧʦʚʦ ʚʠʩʦʢʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʪʠ ʢʫʙʦʥʽʪʚʤʽʱʫʶʯʽ ʢʦʤʧʦʟʠʪʠ 

ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʦʨʤʠ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚ'ʷʟʦʢ; ʩʪʚʦʨʠʪʠ  ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʦʨʪʫʚʘʥʥʷ ʪʘ 

ʣʘʟʝʨʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʂʅɹ. 

 

 
ʈʠʩ. 2. ʆʙʣʘʩʪʴ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʣʘʟʝʨʥʦʛʦ  ʩʧʽʢʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ 

ʽʟ ʅʊʄ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  ɚ=10,6 ʤʢʤ. 
 

ʇʨʠ ʩʧʽʢʘʥʥʽ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʰʣʽʬʫʚʘʣʴʥʠʭ 

ʧʦʨʦʰʢʽʚ ʩʠʥʪʝʪʠʯʥʠʭ ʘʣʤʘʟʽʚ ɸʉ125 ï ɸʉ200  ʟʝʨʥʠʩʪʽʩʪʶ 400/315 ï 500/400; ʧʦʨʦʰʢʽʚ 

ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ  ʂɺ  200/160 -  250/200)  ʤʦʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʘʟʝʨʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢ ʧʦʪʫʞʥʠʭ ʉʆ2 ʣʘʟʝʨʽʚ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 10,6 ʤʢʤ, ʪʘʢ ʽ ʚʦʣʦʢʦʥʥʠʭ ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 0,9 ï 1,07 ʤʢʤ, ʟ ʧʦʪʫʞʥʽʩʪʶ ʚʠʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  1 ï 3 ʢɺʪ. ɼʣʷ 

ʦʜʝʨʞʘʥʥʷ ʛʦʤʦʛʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ, ʟʤʝʥʰʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʣʘʟʝʨʥʽ ʧʫʯʢʠ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ ʟʦʥʽ ʬʦʢʫʩʫʚʘʥʥʷ (ʤʘʢʩʠʤʫʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ - ʫ ʬʨʦʥʪʽ,  ʤʝʥʰʘ  ï ʫ "ʭʚʦʩʪʽ"), ʧʨʦʚʦʜʠʪʠ ʢʦʤʙʽʥʦʚʘʥʝ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʦʚʝ 

ʩʧʽʢʘʥʥʷ ʚ ʫʤʦʚʘʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʬʦʨʤʫʶʯʦʾ ʤʘʪʨʠʮʽ.  
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ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʣʘʟʝʨʥʦʛʦ  

ʩʧʽʢʘʥʥʷ ʨʽʟʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ=1,06 ʤʢʤ. 

 

 
 

ʈʠʩ.3. ʆʙʣʘʩʪʴ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʣʘʟʝʨʥʦʛʦ  ʩʧʽʢʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ 

ʽʟ ʅʊʄ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ=1,06 ʤʢʤ. 
 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʜʠʘʧʘʟʦʥ ʟʤʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʧʽʢʘʥʥʷ ʽ ʜʣʷ  

ɚ=1,06 ʤʢʤ ʪʘʢʦʞ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ. ʇʨʦʮʝʩ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʜʝʱʦ ʤʝʥʰʠʭ ʥʘ 20-40% 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʊʨʝʙʘ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʫ ʚʠʢʦʨʠʩʦʚʫʚʘʣʠʩʴ 

ʟʝʨʥʘ ʂʅɹ ʧʦʧʝʨʝʜʥʴʦ ʚʢʨʠʪʽ ʧʣʽʚʢʦʶ ʥʽʢʝʣʷ, ʷʢʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʣʘ ʪʝʨʤʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ.   

ʋ ʷʢʦʩʪʽ ʟʚ'ʷʟʫʶʯʦʛʦ ʢʦʤʧʦʟʠʪʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ  

ʜʠʩʧʝʨʩʥʽʩʪʶ  40 ï 60 ʤʢʤ ʷʢ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ  (80 % Cu+20 % Sn), ɹʨ010, ʇɻ-19ʄ-01, ʪʘʢ ʽ 

ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ (ʇʉ12ʅɺʂ) ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʰʘʨʫ,  

ʤʽʮʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ  ʫʪʨʠʤʘʥʥʷ ʟʝʨʝʥ ʅʊʄ ʫ ʟʚôʷʟʮʽ, ʘ  ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʣʘʟʝʨʥʦʤʫ ʩʧʽʢʘʥʥʽ,  ʚʠʢʣʶʯʝʥʥʷ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ 

ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʫ  ʜʦ ʡʦʛʦ  ʩʢʣʘʜʫ ʜʦʮʽʣʴʥʦ ʜʦʜʘʚʘʪʠ ʘʢʪʠʚʥʽ ʜʦʙʘʚʢʠ 

(Ni, Co), ʘ ʪʘʢʦʞ ʜʦʤʽʰʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ  (Cu, Ti). 

ʇʦʨʦʰʢʦʚʫ ʩʫʤʽʰ ʢʦʤʧʦʟʠʪʫ ʜʦʮʽʣʴʥʦ ʧʦʜʘʚʘʪʠ ʧʣʘʚʥʦ, ʙʝʟ ʧʫʣʴʩʘʮʽʡ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʟʦʥʫ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜ ʢʫʪʦʤ 45Á ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʧʨʦʤʽʥʶʻʪʴʩʷ, ʚ ʩʣʽʜ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ, ʪʦʙʪʦ ʚ ʚʘʥʥʫ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ.  ɺʠʪʨʘʪʠ 

ʧʦʨʦʰʢʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʟʦʚʘʥʽ ʽ ʨʝʛʫʣʴʦʚʘʥʽ ʚ ʤʝʞʘʭ 0,1 ï 0,5 ʛ/ʩ. ʅʝ ʚʠʪʨʘʯʝʥʠʡ ʚ 

ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʧʦʨʦʰʦʢ ʥʝʦʙʭʽʜʥʦ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʜʘʣʷʪʠ ʽʟ ʟʦʥʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʦʙʣʘʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʩʧʽʢʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ  ʢʦʤʧʦʟʠʪʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  ɚ=1,06 ʤʢʤ.  ɿʘʩʪʦʩʫʚʘʥʥʷ  ʪʘʢʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ  ʩʧʽʢʘʥʥʷ. ʋ 

ʚʠʧʘʜʢʫ ʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ ʟʦʥʘ ʨʝʞʠʤʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʘʻ  ʽʱʝ 

ʙʽʣʴʰʦʶ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ. ʆʩʪʘʥʥʻ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʪʝʨʤʽʯʥʦʛʦ  ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʙʨʘʟʠʚʥʽ ʟʝʨʥʘ ʽʟ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ.  ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʨʝʞʠʤʠ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ: ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ  Wʨ=(0,4-4,2)Ŀ10
4 
ɺʪ/ʩʤ

Į
; ʯʘʩ 

ʚʟʘʻʤʦʜʽʾ  ʜʦʮʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠ ʫ ʤʝʞʘʭ 0,1 ï 0,3 ʩ. ɺʠʪʨʘʪʠ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ - ʫ ʤʝʞʘʭ 10 Ñ2 

ʣ/ʭʚ.; ʦʧʪʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʥʘʥʝʩʝʥʦʛʦ ʰʘʨʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʠʩʢʦʚʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ ʦʜʠʥ ʦʙʝʨʪ 0,3 ï 0,5 ʤʤ.   
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ʃ.ʌ.ɻʆʃʆɺʂʆĭ, ʧʨʦʬ., ɺ.ɻ.ʉʆʈʆʏɽʅʂʆĮ, ʢ.ʪ.ʥ., ɸ.ʄ.ʃʋʊɸʁĭ, ʢ.ʪ.ʥ.,  

ʆ.ʆ. ɻʆʅʏɸʈʋʂĭ, ʘʩ., ʆ.ɼ. ʂɸɻʃʗʂĭ, ʘʩ. 

ĭʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

"ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ", ʤ. ʂʠʾʚ 

Įɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ. ʄ. ɹʘʢʫʣʷ 

 

ɺʀɿʅɸʏɽʅʅʗ ɺʇʃʀɺʋ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʃɸɿɽʈʅʆɻʆ 

ʉʇɯʂɸʅʅʗ ʅɸ ɺʃɸʉʊʀɺʆʉʊɯ ɸɹʈɸɿʀɺʅʀʍ ʂʆʄʇʆɿʀʊɯɺ ɯɿ ʅɸɼʊɺɽʈɼʀʍ 

ʄɸʊɽʈɯɸʃɯɺ 

 
ʇʦʚʽʜʦʤʣʷʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʧʽʢʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʅʊʄ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʱʽʣʴʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ ʽ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ, ʥʘʜʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʢʦʤʧʦʟʠʪʠ. 

 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ  ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ  ʥʘ ʷʢʽʩʪʴ  ʢʦʤʧʦʟʠʪʽʚ ʽʟ 

ʅʊʄ ʽ ʾʭ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʦʢʨʝʤʘ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʥʘʧʨʷʤʢʫ ʧʦʜʘʯʽ ʧʦʨʦʰʢʦʚʦʾ 

ʩʫʤʽʰʽ ʚ ʟʦʥʫ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʩʭʝʤʘ ʧʦʜʘʯʽ 

ʧʦʨʦʰʢʫ ʚ ʩʣʽʜ ʨʫʭʫ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʫ, ʷʢʘ ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦʶ, ʪʘʢ ʷʢ ʟʤʝʥʰʫʶʪʴʩʷ  

ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʽ ʚʠʪʨʘʪʠ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʪʘʢʽʡ ʩʭʝʤʽ ʧʦʜʘʯʽ ʧʦʨʦʰʢʫ 

ʦʧʪʠʤʘʣʴʥʠʡ ʢʫʪ ʧʦʜʘʯʽ ʽ ʨʦʟʤʽʨ ʬʘʢʝʣʫ ʧʦʨʦʰʢʫ ʚ ʢʨʘʪʝʨʽ ʚʘʥʥʠ ʨʦʟʧʣʘʚʫ ʧʨʘʢʪʠʯʥʦ 

ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʶʪʴ ʥʝʧʨʦʜʫʢʪʠʚʥʽ ʡʦʛʦ ʚʠʪʨʘʪʠ. ʆʢʨʽʤ ʚʢʘʟʘʥʦʛʦ, ʩʧʝʯʝʥʠʡ ʰʘʨ 

ʢʦʤʧʦʟʠʪʫ ʤʘʻ ʙʽʣʴʰ ʛʦʤʦʛʝʥʥʫ ʩʪʨʫʢʪʫʨʫ, ʦʩʢʽʣʴʢʠ ʧʣʘʚʥʦ ʧʦʩʪʫʧʘʶʯʠʡ ʧʽʜʽʛʨʽʪʠʡ 

ʧʦʨʦʰʦʢ ʙʝʟʧʝʨʝʨʚʥʦ ʟʘʭʦʧʣʶʻʪʴʩʷ ʨʫʭʦʤʠʤ ʧʦʪʦʢʦʤ  ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʧʣʘʚʣʝʥʠʤ 

ʤʝʪʘʣʦʤ ʥʘ ʧʦʚʝʨʭʥʽ, ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʙʽʣʴʰ ʛʣʠʙʠʥʥʽ ʰʘʨʠ, ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʽ ʧʦʪʽʤ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. 

ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʧʽʢʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ ʟ ʤʽʥʽʤʘʣʴʥʦ 

ʤʦʞʣʠʚʦʶ ʱʽʣʴʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ  ʨʫʭʫ 

ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ  ʚʽʜʥʦʩʥʦ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ.  ʗʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʘʥʽʰʝ, ʂʅɹ ʤʘʻ 

ʚʠʩʦʢʫ ʧʦʛʣʠʥʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʦʤʦ, ʱʦ 

ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  ɚ = 1,06 ʤʢʤ ʢʨʘʱʝ ʧʦʛʣʠʥʘʻʪʴʩʷ  ʤʝʪʘʣʘʤʠ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʩʢʘʟʘʥʦʛʦ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʽʟʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ.  

ʃʘʟʝʨʥʝ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʽʚ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʣʘʟʝʨʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ "ʃɸʊʋʉ 31" (ʉʆ2 ï ʣʘʟʝʨ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ  ɚ=10,6 ʤʢʤ) ʽ ʣʘʟʝʨʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ  ʥʘ ʙʘʟʽ Nd:YAG-ʣʘʟʝʨʽ çDY044è ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ   ɚ=1,06 ʤʢʤ . 

ʃʘʟʝʨʥʝ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʣʘʟʝʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

"ʃɸʊʋʉ 31". 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ  ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  ɚ = 10,6 ʤʢʤ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʠʙʨʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʘʭ  ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʘʤʦʬʣʶʩʫʶʯʽ  ʧʦʨʦʰʢʠ  ʥʘ 

ʥʽʢʝʣʝʚʽʡ ʦʩʥʦʚʽ ʇʉ12ʅ-ɺʂ.  ʋʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʢʘʥʥʷ ʚʘʣʠʢʠ ʤʘʶʪʴ ʨʽʚʥʦʤʽʨʥʫ 

ʧʦʚʝʨʭʥʶ ʽ ʩʪʘʙʽʣʴʥʫ ʛʝʦʤʝʪʨʽʶ (ʨʠʩ. 1.). ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʟʘʛʘʣʴʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʤʦʥʦʪʦʥʥʦʛʦ ʫʙʫʚʘʥʥʷ ʰʠʨʠʥʠ  ʽ ʪʦʚʱʠʥʠ ʚʘʣʠʢʘ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ  ʚʽʜʥʦʩʥʦʛʦ 

ʨʫʭʫ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʚʽʜʥʦʩʥʦ ʟʨʘʟʢʘ.  
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ʈʠʩ. 1. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ   

ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʇɻ-12ʅ-01, ʍʊʅ 23 ʪʘ ʇʉ-12ʅ-ɺʂ. ʈ=800 ɺʪ; =2 ʤʤ;  

V=0.6;1.0;1.1;1.2 ʤ/ʭʚ 

 

ʃʘʟʝʨʥʝ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʣʘʟʝʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʥʘ 

ʙʘʟ̔  Nd:YAG-ʣʘʟʝʨ ̔çDY044è. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ  ʩʧʽʢʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘʩʪʫʧʥʽ: ʈ=300-1000 ɺʪ; =3 ʤʤ;  V=0,1-

1,0 ʤ/ʭʚ., ʚʠʪʨʘʪʠ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ ʘʨʛʦʥʫ 2-20 ʣ/ʭʚ.. ʅʘ ʨʠʩ. 2 ï 4 ʧʦʢʘʟʘʥʽ ʚʩʪʘʥʦʚʣʝʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʩʧʝʯʝʥʠʭ ʰʘʨʽʚ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜ  ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ 

ʨʫʭʫ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ. ʅʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ,  ʷʢʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ 

ʣʘʟʝʨʥʦʤʫ ʦʧʨʦʤʽʥʶʚʘʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  ɚ=10,6 ʤʢʤ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʝʱʦ ʽʥʰʽ  

ʧʦʨʦʰʢʦʚʽ ʢʦʤʧʦʟʠʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʤʝʥʰʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ. 

 
ʈʠʩ. 2. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ   

ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ɹʨ010.  ʈ = 300 ɺʪ;  = 3 ʤʤ; ʰʘʨ ʧʦʢʨʠʪʪʷ 50ʭ3ʭ0,7 ʤʤ  

 

 
ʈʠʩ. 3. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ   

ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʇɻ-12ʅ-01.  ʈ = 700 ɺʪ;  = 3 ʤʤ; ʰʘʨ ʧʦʢʨʠʪʪʷ 50ʭ3ʭ0,7 ʤʤ  

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2 ï 4 ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʪʫʛʦʧʣʘʚʢʦʶ ʽʟ 

ʧʦʨʽʚʥʶʚʘʥʠʭ ʟʚ'ʷʟʦʢ ʻ ʟʚôʷʟʢʘ ʇɻ-12ʅ-01, ʷʢʘ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ 1450 ęʉ.  
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ʉʧʽʢʘʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʚʘʣʠʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ  

ʧʦʨʷʜʢʫ 0,2 - 0,6 ʤ/ʭʚ. ʽ ʜʝʱʦ ʟʙʽʣʴʰʝʥʠʭ ʟʥʘʯʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ  Wp=(2,48-

3,54)Ŀ10į ɺʪ/ʩʤĮ. ɿ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʟʤʝʥʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ  ʣʘʟʝʨʥʝ 

ʩʧʽʢʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ ʘʨʛʦʥʫ  ʧʨʠ ʚʠʪʨʘʪʽ ʦʩʪʘʥʥʴʦʛʦ ʚ ʤʝʞʘʭ ʚʽʜ 7 ʜʦ 20 ʣ/ʭʚ. ɿʥʘʡʰʣʦ 

ʩʚʦʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʽ ʪʝ, ʱʦ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʷ 1,06 ʤʢʤ ʢʨʘʱʝ  

ʧʦʛʣʠʥʘʻʪʴʩʷ ʤʝʪʘʣʘʤʠ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʝʞʠʤʘʤʠ ʧʨʠ ʩʧʽʢʘʥʥʽ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 10,6 ʤʢʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʘʣʠʢʽʚ ʩʪʘʙʽʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

 

 
ʈʠʩ. 4. ɺʧʣʠʚ  ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ   

ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʇʉ-12ʅ-ɺʂ. ʈ=500 ɺʪ; =3 ʤʤ; ʰʘʨ ʧʦʢʨʠʪʪʷ 50ʭ3ʭ0,7 ʤʤ  
 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ  

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ (ʨʠʩ. 5).  

 
ʈʠʩ. 5. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ  ʚʘʣʠʢʽʚ ʢʦʤʧʦʟʠʪʫ  ʇɻ-12ʅ-01 (ʟʙʽʣʴʰʝʥʥʷ ʭ 32).   ɜ =  0,1 - 

0,6 ʤ/ʭʚ., dʧ = 3 ʤʤ.  ʈ = 500 ɺʪ. ʆʙʨʦʙʢʘ ʧʦ ʩʪʨʽʣʮʽ. ɺʠʪʨʘʪʠ  ʘʨʛʦʥʫ 7 ʣ/ʭʚ 
 

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʦ ʰʣʽʬʠ ʢʦʤʧʦʟʠʪʫ ʇɻ-12ʅ-01, ʷʢʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ  ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʢʠ.  

              
         ʘ)                                    ʙ) 

ʈʠʩ. 6. ʐʣʽʬʠ ʢʦʤʧʦʟʠʪʫ ʇɻ-12ʅ-01: ʘ) ɜ = 0,1 ʤ/ʭʚ.; dʧ = 3 ʤʤ; ʈ= 300 ɺʪ; 

ʙ) ɜ = 0,1 ʤ/ʭʚ.; dʧ = 3 ʤʤ; ʈ= 500 ɺʪ. ɿʙʽʣʴʰʝʥʥʷ - ʭ100 
 

ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʚʘʣʠʢʽʚ ʇʉ-12ʅ-ɺʂ,   

ʷʢʽ  ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ɜ = 0,1 -  0,6 ʤ/ʭʚ., dʧ  = 3 ʤʤ ʽ ʧʦʪʫʞʥʦʩʪʽ ʈ = 500 ɺʪ. ʆʙʨʦʙʢʘ ʧʦ 

ʩʪʨʽʣʮʽ. ɺʠʪʨʘʪʠ ʘʨʛʦʥʫ 7 ʣ/ʭʚ. ɿʙʽʣʴʰʝʥʥʷ ʭ32. ɺʘʣʠʢ ʤʘʻ ʩʪʘʙʽʣʴʥʫ ʛʝʦʤʝʪʨʽʶ, ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʨʦʩʪʘʻ ʟʦʥʘ ʣʝʛʫʚʘʥʥʷ, 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʪʨʽʱʠʥʠ, ʧʦʨʠ  ʽ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʽ (ʨʠʩ.6). 
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                                                   ʘ)                                                                          ʙ) 

ʈʠʩ. 7. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʚʘʣʠʢʽʚ ʇʉ-12ʅ-ɺʂ ï ʘ; ʰʣʽʬ 

ʢʦʤʧʦʟʠʪʫ ʇʉ-12ʅ-ɺʂ, ʷʢʠʡ ʦʪʨʠʤʘʥʦ ʧʨʠ ʈ = 300 ɺʪ; ɜ =  0,1 ʤ/ʭʚ.; dʧ = 3 ʤʤ. ɺʠʪʨʘʪʠ 

ʘʨʛʦʥʫ 7 ʣ/ʭʚ. ɿʙʽʣʴʰʝʥʥʷ ï ʭ100  ï ʙ 

 

ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʽ ʢʦʤʧʦʟʠʪʠ  ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ, ʟʦʢʨʝʤʘ  ɹʨ010 ʽ ʇɻ-19ʄ-01, ʷʢʽ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʣʘʟʝʨʥʦʤʫ ʩʧʽʢʘʥʥʽ. ʅʘ ʨʠʩ. 3.29 ʽ 3.30 ʧʨʝʜʩʪʘʚʣʝʥʽ ʰʣʽʬʠ ʮʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʉʧʽʢʘʥʥʷ  ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜʙʫʚʘʣʦʩʷ ʧʨʠ  ʟʥʘʯʥʦ ʤʝʥʰʽʡ  ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʽ  Wp = 1,06 ʭ 10į ɺʪ/ʩʤĮ ʽ ʰʚʠʜʢʦʩʪʽ   ʦʙʨʦʙʢʠ     ɜ = 0,1 ʤ/ʭʚ.   ʫ   ʧʦʨʽʚʥʷʥʥʽ  ʟ  

ʢʦʤʧʦʟʠʪʘʤʠ ʇɻ-12ʅ-01 ʽ  ʇʉ-12ʅ-ɺʂ.  

           
                                                   ʘ)                                                                      ʙ) 

ʈʠʩ. 8. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʫ ʢʦʤʧʦʟʠʪʫ   ɹʨ010. ʈʝʞʠʤʠ ʩʧʽʢʘʥʥʷ:  

ʈ=300 ɺʪ,  ɜ = 0,1 - 0,5 ʤ/ʭʚ., dʧ = 3 ʤʤ. ʆʙʨʦʙʢʘ ʧʦ ʩʪʨʽʣʮʽ. ɿʙʽʣʴʰʝʥʥʷ ïʭ32. ʐʣʽʬʠ 

ʢʦʤʧʦʟʠʪʫ  ɹʨ010: ʘ ï  ɜ = 0,2 ʤ/ʭʚ.; dʧ = 3 ʤʤ; ʈ = 300 ɺʪ; ʙ ï ɜ = 0,1 ʤ/ʭʚ.; dʧ = 3 ʤʤ; ʈ= 

500 ɺʪ. ɺʠʪʨʘʪʠ ʘʨʛʦʥʫ 7 ʣ/ʭʚ. ɿʙʽʣʴʰʝʥʥʷ -  ʭ100 
 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ  ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ  ʚʨʘʭʦʚʫʶʯʽ 

ʟʥʘʯʥʦ ʤʝʥʰʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ  ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ  ʧʦʨʦʰʢʠ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ, ʟʦʢʨʝʤʘ, 

ʢʦʤʧʦʟʠʪʠ ɹʨ010 ʪʘ  ʇɻ-19ʄ-01. ʋ ʚʠʧʘʜʢʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʣʴʰ ʟʥʦʩʦʩʪʽʡʢʦʛʦ  ʢʦʤʧʦʟʠʪʫ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ  ʩʘʤʦʬʣʶʩʫʶʯʽ ʧʦʨʦʰʢʠ ʇʉ-12ʅ-ɺʂ, ʷʢʽ ʧʨʠ ʣʘʟʝʨʥʦʤʫ 

ʦʧʨʦʤʽʥʶʚʘʥʥʽ ʫʪʚʦʨʶʶʪʴ ʚ ʤʘʪʨʠʮʽ ʽʥʩʪʨʫʤʝʥʪʫ ʪʫʛʦʧʣʘʚʢʽ ʢʘʨʙʽʜʠ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʦʤʧʦʟʠʪʽʚ  ʇɻ-12ʅ-01, ʇʉ-12ʅ-ɺʂ, ɹʨ010, ʇɻ-19ʄ-01, ʇɻ-ʇʅ6, ʍʊʅ23, ʟʦʢʨʝʤʘ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʅʘ ʨʠʩ. 9 ï 13 ʧʨʝʜʩʪʘʚʣʝʥʽ  

ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʦʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʠ  ʣʘʟʝʨʥʦʤʫ ʩʧʽʢʘʥʥʽ ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 10,6 ʤʢʤ  ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʫ ʮʝʥʪʨʽ ʟʬʦʨʤʦʚʘʥʦʛʦ 

ʚʘʣʠʢʘ ʽ ʚ ʟʦʥʽ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʧʽʜ ʥʠʤ; ʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ʢʦʤʧʦʟʠʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʣʘʟʝʨʥʦʤʫ ʦʧʨʦʤʽʥʶʚʘʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 1,06 ʤʢʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʪʨʴʦʭ 

ʪʦʯʢʘʭ: ʮʝʥʪʨ ʚʘʣʠʢʘ, ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ ʧʽʜ ʚʘʣʠʢʦʤ (ʟʦʥʘ ʟËʻʜʥʘʥʥʷ   ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʟ 

ʢʦʤʧʦʟʠʪʦʤ), ʘ ʪʘʢʦʞ ʫ ʟʦʥʽ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ.  

ʗʢ ʚʠʜʥʦ ʽʟ ʛʨʘʬʽʢʽʚ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʱʝ, ʚʧʣʠʚ  ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ  ʚ ʦʩʥʦʚʥʦʤʫ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʦʨʦʰʢʦʚʦʾ ʩʫʤʽʰʽ.  

ʄʘʢʩʠʤʘʣʴʥʫ ʪʚʝʨʜʽʩʪʴ 16000 ʄʇʘ ʤʘʻ ʢʦʤʧʦʟʠʪ  ʇʉ-12ʅ-ɺʂ. ʇʦ ʛʣʠʙʠʥʽ ʚʘʣʠʢʘ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ  ʧʣʘʚʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ, ʩʪʨʫʢʪʫʨʘ ʧʝʨʰʦʛʦ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ 

ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʨʫʢʪʫʨʫ  ʧʽʜʢʣʘʜʢʠ ï ʩʪʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ, ʱʦ ʩʚʽʜʯʽʪʴ  ʧʨʦ ʚʠʩʦʢʫ 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʟʦʥʠ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʟËʻʜʥʘʥʥʷ ʧʝʨʰʦʛʦ ʰʘʨʫ ʢʦʤʧʦʟʠʪʫ ʟ ʦʩʥʦʚʦʶ.  
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʩʘʤʦʬʣʶʩʫʶʯʦʛʦ ʧʦʨʦʰʢʫ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʪʘʢʦʞ ʟʘ 

ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʧʨʠ ʡʦʛʦ ʩʧʽʢʘʥʥʽ  ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 
 

 
ʈʠʩ.9. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʢʦʤʧʦʟʠʪʫ ʇɻ-

12ʅ-01. ʋʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ:  ɚ = 10,6 ʤʢʤ: ʈ = 800 ɺʪ, dʧ = 2 ʤʤ 
 

  
ʈʠʩ. 10. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʇɻ-12ʅ-01. 

ʋʤʦʚʠ  ʝʢʩʧʝʨʠʤʝʥʪʫ:  ʜʣʷ ɚ = 1,06 ʤʢʤ: ʈ = 700 ɺʪ, dʧ = 3 ʤʤ 
 

 
ʈʠʩ. 11. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʍʊʅ23. 

ʋʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ: ɚ = 10,6 ʤʢʤ, ʈ = 700 ɺʪ, dʧ = 2 ʤʤ 
 

 
ʈʠʩ. 12. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʇʉ-12ʅ-ɺʂ. 

ʋʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ: ɚ = 10,6 ʤʢʤ, ʈ = 700 ɺʪ, dʧ = 2 ʤʤ 
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ʈʠʩ.13. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʇʉ-12ʅ-ɺʂ. 

ʋʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ: ɚ = 1,06 ʤʢʤ, ʈ = 1000 ɺʪ, dʧ = 3 ʤʤ 
 

ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʄʄʆ-

1600. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʤʧʦʟʠʪʠ ʥʘ ʥʽʢʝʣʝʚʽʡ  ʽ ʟʘʣʽʟʥʽʡ ʦʩʥʦʚʽ ʤʘʶʪʴ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʫ 

ʛʦʤʦʛʝʥʥʫ ʩʪʨʫʢʪʫʨʫ. ʋ ʩʬʦʨʤʦʚʘʥʠʭ ʰʘʨʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʽʣʷʥʢʠ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʨʘʚʣʝʥʽʩʪʶ, ʷʢʽ ʧʦʜʽʙʥʽ ʤʘʨʪʝʥʩʠʪʥʠʤ ʛʦʣʢʘʤ.  ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʝʚʪʝʢʪʠʯʥʽ 

ʣʦʢʘʣʴʥʽ ʜʽʣʷʥʢʠ ʟ ʜʠʩʧʝʨʩʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɿʤʽʮʥʶʶʯʽ ʬʘʟʠ ʽ  ɔ ï ʬʘʟʘ ʦʨʽʻʥʪʦʚʘʥʽ ʫ 

ʥʘʧʨʷʤʢʫ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ. ɺʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ 

ʰʘʨʽ, ʷʢʘ ʨʦʟʨʘʭʦʚʘʥʘ ʧʦ ʪʦʚʱʠʥʽ ʢʨʠʩʪʘʣʽʚ ʟʤʽʮʥʶʶʯʦʾ ʬʘʟʠ, ʩʢʣʘʣʘ ʧʨʠʙʣʠʟʥʦ 

5Ŀ10
4
é10

5
 ęʉ/ʩ.  ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʰʘʨʽʚ  ʚʘʨʽʶʻʪʴʩʷ ʫ ʤʝʞʘʭ 6000 ï 16000 ʄʇʘ. ʊʚʝʨʜʽʩʪʴ 

ʟʬʦʨʤʦʚʘʥʠʭ ʰʘʨʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟ ʟʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ, ʟʨʦʩʪʘʥʥʷʤ ʜʦʣʽ ʙʽʣʴʰ ʪʚʝʨʜʦʾ ʝʚʪʝʢʪʠʢʠ ʽ ʪʚʝʨʜʦʩʪʽ ʤʘʪʨʠʮʽ. ʊʚʝʨʜʽʩʪʴ ʧʣʘʚʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦ ʛʣʠʙʠʥʽ ʢʦʤʧʦʟʠʪʫ ʽ ʩʢʣʘʜʘʻ ʫ ʟʦʥʽ  ʨʦʟʧʣʘʚʫ ʜʣʷ   ʇʉ-12ʅ-ɺʂ - 5000 

ʄʇʘ, ʧʨʠ ʪʚʝʨʜʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ 11000 ʄʇʘ. ɺʠʭʽʜʥʠʡ ʩʧʣʘʚ ʤʘʻ ʥʝʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʜʣʷ ʷʢʦʾ ʭʘʨʘʢʪʝʨʥʘ ʣʽʢʚʘʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʨʦʟʧʣʘʚ, ʽ ʥʘʷʚʥʽʩʪʴ ʚ 

ʤʽʞʜʝʥʜʨʽʪʥʠʭ  ʦʙʣʘʩʪʷʭ ʽ ʦʙôʻʤʘʭ ʩʘʤʠʭ ʜʝʥʜʨʠʪʽʚ ʤʽʣʢʠʭ ʚʢʣʶʯʝʥʴ ʢʘʨʙʽʜʥʠʭ ʬʘʟ. 

ʄʽʞʢʨʠʩʪʘʣʽʯʥʠʡ ʧʨʦʩʪʽʨ ʟʙʘʛʘʯʝʥʠʡ ʭʨʦʤʦʤ ʽ ʪʠʪʘʥʦʤ. ɺʦʣʴʬʨʘʤ ʽ ʢʦʙʘʣʴʪ ʫ ʙʽʣʴʰʦʩʪʽ 

ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʦʩʷʭ ʜʝʥʜʨʠʪʽʚ.  ʉʧʦʩʪʝʨʽʛʘʻʤʽ ʚ ʤʽʞʜʝʥʜʨʽʪʥʠʭ ʦʙʣʘʩʪʷʭ ʚʠʜʽʣʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʢʘʨʙʽʜʠ ʪʠʧʫ ʄʝʉ   ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ.  ɼʦʩʠʪʴ ʨʽʟʢʝ ʨʦʟʭʦʜʞʝʥʥʷ ʫ 

ʩʢʣʘʜʽ ʚʢʘʟʘʥʠʭ ʚʢʣʶʯʝʥʴ ʚʢʘʟʫʻ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ  ʦʙʣʘʩʪʽ ʾʭ  ʚʟʘʻʤʥʦʾ 

ʨʦʟʯʠʥʥʦʩʪʽ.  ʇʝʨʝʭʽʜʥʘ ʟʦʥʘ ʤʘʻ  ʟʥʘʯʥʦ ʙʽʣʴʰ ʜʠʩʧʝʨʩʥʫ ʩʪʨʫʢʪʫʨʫ, ʩʢʣʘʜ ʷʢʦʾ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʥʽ ʧʦ ʛʣʠʙʠʥʽ, ʥʽ ʧʦ  ʦʙôʻʤʫ. ʎʝ ʩʚʽʜʯʠʪʴ  ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʟʚôʷʟʢʫ 

ʨʦʟʧʣʘʚʫ ʢʦʤʧʦʟʠʪʫ ʟ ʦʩʥʦʚʦʶ ʧʨʠ ʩʧʽʢʘʥʥʽ ʧʝʨʰʦʛʦ ʰʘʨʫ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʫʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʩʪʨʫʢʪʫʨʠ,  ʤʘʶʪʴ 

ʧʽʜʚʠʱʝʥʫ ʪʚʝʨʜʽʩʪʴ.  

ʊʘʢʠʤ ʯʠʥʦʤ  ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ  

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʣʘʟʝʨʥʦʤʫ ʩʧʽʢʘʥʥʽ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʩʠʥʪʝʪʠʯʥʠʭ ʘʣʤʘʟʽʚ ʽ ʢʫʙʽʯʥʦʛʦ 

ʥʽʪʨʠʜʫ ʙʦʨʫ  ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, ʥʽʢʝʣʶ ʽ ʩʠʩʪʝʤʠ  "Cu+Sn". ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʣʘʟʝʨʥʦʤʫ 

ʩʧʽʢʘʥʥʽ ʝʥʝʨʛʽʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʙʨʝ ʧʦʛʣʠʥʘʻʪʴʩʷ (60 - 70 %) ʘʙʨʘʟʠʚʥʠʤʠ 

ʟʝʨʥʘʤʠ ʂʅɹ ʽ ʤʝʪʘʣʝʚʠʤʠ ʢʦʤʧʦʟʠʪʘʤʠ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ  

ʟʝʨʝʥ ʂʅɹ (ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ 1,6-2,0 ʭ10
3
 ɺʪ/ʩʤ

2
), ʷʢʽ ʥʝ ʧʨʠʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪʠ ʾʭ 

ʤʽʮʥʦʩʪʽ, ʜʦʩʪʘʪʥʽ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʱʽʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟʝʨʝʥ ʂʅɹ ʟʽ 

ʟʚôʷʟʢʘʤʠ ʚʘʞʣʠʚʦ ʚ ʩʢʣʘʜ ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʚʝʜʝʥʥʷ ʘʢʪʠʚʥʠʭ ʜʦʤʽʰʦʢ, ʪʘ ʜʦʤʽʰʦʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ʋɼʂ 666.946 

 

ʉ.ɺ.ʉɽʄɯʈʗɻɯʅ
1
, ʢ.ʪ.ʥ. ɺ.ɺ.ʊʆʂɸʈʏʋʂ

2
, ʢ.ʪ.ʥ., ɺ.ʖ.ʉʆʂʆʃʔʎʆɺ

2
, ʽʥʞʝʥʝʨ  

1
ɼʦʥʙʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ, ʤ.ɸʣʯʝʚʩʴʢ,  

2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ.ʂʠʾʚ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɯɼʍʆɼɯɺ ɺʋɻʃɽɺʀɼʆɹʋɺɸʅʅʗ ɺ ʎɽʄɽʅʊʅɯʁ 

ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

 

ɺʩʽ ʽʩʥʫʶʯʽ ʩʧʦʩʦʙʠ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʧʦʚ'ʷʟʘʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʚʘʣʽʚ 

ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ɿʘ ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ ʚ ʋʢʨʘʾʥʽ ʱʦʨʽʯʥʦ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʘʣʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʤʘʡʞʝ ʥʘ 40 ʤʣʥ. ʤ
3
. ɿʘʛʘʣʦʤ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʥʘʭʦʜʠʪʴʩʷ 

ʙʽʣʴʰʝ 1000 ʪʝʨʠʢʦʥʽʚ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʧʦʥʘʜ 6000 ʛʝʢʪʘʨʽʚ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ: ʚʠʚʝʜʝʥʥʷ ʽʟ ʦʙʦʨʦʪʫ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʝʤʝʣʴ ʪʘ ʟʘʩʤʽʪʯʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʽ ʩʦʣʷʤʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʝʨʝʨʦʙʢʘ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʩʠʪʫʘʮʽʶ, 

ʱʦ ʩʢʣʘʣʘʩʷ. 

ʇʦʨʦʜʥʘ  ʤʘʩʘ,  ʱʦ  ʟʥʘʭʦʜʠʪʴʩʷ  ʚ ʪʝʨʠʢʦʥʘʭ, ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʫʛʽʣʣʷ (ʜʦ  

20 ʤʘʩ.%), ʟʘʣʽʟʘ (ʜʦ ʤʘʩ.7 %) ʪʘ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ (ʜʦ 200 ʛ ʥʘ ʪʦʥʫ). ʊʘʢʠʡ ʩʢʣʘʜ 

ʧʦʨʽʜ ʨʦʙʠʪʴ ʾʭ ʜʦʩʪʘʪʥʴʦ ʮʽʢʘʚʠʤʠ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦʾ ʧʝʨʝʨʦʙʢʠ, ʘʣʝ ʮʝʡ ʧʨʦʮʝʩ 

ʩʪʨʠʤʫʻʪʴʩʷ  ʪʠʤ  ʬʘʢʪʦʨʦʤ, ʱʦ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʟʘʣʠʰʘʻʪʴʩʷ ʜʦ 

80 % ʧʦʨʦʜʠ. ʋʪʠʣʽʟʘʮʽʷ ʚʽʜʚʘʣʽʚ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʦʜʥʦʯʘʩʥʦ ʮʽʣʠʡ ʨʷʜ ʝʢʦʥʦʤʽʯʥʠʭ, 

ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʽʜʭʦʜʠ ʚʽʜʚʘʣʽʚ ʜʦʟʚʦʣʷʶʪʴ ʟʘʤʽʥʠʪʠ ʯʘʩʪʠʥʫ ʪʨʘʜʠʮʽʡʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʷʢʘ ʧʦʩʪʽʡʥʦ ʜʦʨʦʞʯʘʻ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʤʦʞʣʠʚʘ ʟʘʤʽʥʘ ʩʠʨʦʚʠʥʥʠʤ ʤʘʪʝʨʽʘʣʘʤ, 

ʟʘʧʘʩʠ ʷʢʠʭ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʴʰʫʶʪʴʩʷ. ʈʦʟʨʦʙʢʘ ʪʝʨʠʢʦʥʽʚ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʦʙʦʯʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʚʠʚʽʣʴʥʷʶʪʴʩʷ ʚ ʟʚ'ʷʟʢʫ ʟ ʟʘʢʨʠʪʪʷʤ ʰʘʭʪ ʫ ʨʝʛʽʦʥʽ. 

ɸʣʝ ʥʘʡʛʦʣʦʚʥʽʰʝ ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʟ ʦʪʚʘʣʽʚ ʪʘ 

ʪʝʨʠʢʦʥʽʚ; ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʠʞʝʥʥʶ ʷʢʦʩʪʽ ʟʝʤʝʣʴ ʟʘ ʨʘʭʫʥʦʢ ʧʠʣʦʚʠʭ ʟʘʥʦʩʽʚ ʟ ʚʽʜʚʘʣʽʚ; 

ʚʠʚʽʣʴʥʝʥʥʷ ʟʝʤʝʣʴ, ʱʦ ʟʘʡʤʘʶʪʴ ʪʝʨʠʢʦʥʠ ʪʘ ʣʽʢʚʽʜʘʮʽʷ ʦʯʘʛʽʚ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʫ ʩʚʽʪʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʚʘʣʴʥʠʭ ʧʦʨʽʜ ʚ ʷʢʦʩʪʽ 

ʩʠʨʦʚʠʥʠ ʪʘ ʧʘʣʠʚʘ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʾʭ 

ʫʪʠʣʽʟʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʚ ʈʦʩʽʾ ʚʽʜʭʦʜʠ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʚʚʘʞʘʶʪʴʩʷ ʢʦʨʠʩʥʠʤʠ 

ʢʦʧʘʣʠʥʘʤʠ. ɺ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʦʨʽʣʽ ʧʦʨʦʜʠ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʠʩʪʠʭ ʜʦʙʘʚʦʢ ʪʘ ʥʘʷʚʥʦʩʪʽ ʛʣʠʥʠʩʪʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʯʘʩʪʢʦʚʦ 

ʚʠʧʘʣʝʥʘ. ʊʘʢʽ ʧʦʨʦʜʠ ʤʽʩʪʷʪʴʩʷ ʚ ʩʪʘʨʠʭ ʪʝʨʠʢʦʥʘʭ ʽ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʨʦʜʥʴʦʛʦ ʚʠʧʘʣʫ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʧʫʩʢ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʽʮʠʪʫ ʪʨʘʜʠʮʽʡʥʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʪʘʢʠʭ ʮʝʤʝʥʪʽʚ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʪʘ ʟʦʣʠ-

ʚʠʥʦʩʫ.  

ʊʦʤʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʩʠʣʽʢʘʪʦʚʤʽʱʫʶʱʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʽʚ 

ʩʪʘʻ ʚʩʝ ʘʢʪʫʘʣʴʥʽʰʦʶ. ʆʜʥʘʢ, ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʪʘʢʠʭ ʧʦʨʽʜ ʫ ʥʠʭ ʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ: 

ʧʨʠ ʚʚʝʜʝʥʽ ʾʭ ʚ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʮʝʤʝʥʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʙʦʨʫ 

ʤʽʮʥʦʩʪʽ ʚ ʨʘʥʥʽ ʩʪʨʦʢʠ ʪʚʝʨʜʥʝʥʥʷ.  

ʆʜʥʽʻʶ ʟ ʜʦʙʘʚʦʢ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʰʠʨʠʪʠ ʩʠʨʦʚʠʥʥʫ ʙʘʟʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʥʽʚʝʣʶʚʘʪʠ ʝʬʝʢʪ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʽʚ ʚ ʨʘʥʥʽ ʩʪʨʦʢʠ 

ʪʫʞʘʚʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʭʦʜʠ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʪʘ ʚʫʛʣʝʟʙʘʛʘʯʝʥʥʷ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʣʠʰʢʠ ʧʦʨʦʜʠ ʧʽʩʣʷ ʟʙʘʛʘʯʝʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʪʝʨʠʢʦʥʽʚ. ʍʽʤʽʯʥʠʡ  ʩʢʣʘʜ  ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʦʢʩʠʜʽʚ (ʤʘʩ.%) 
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ʢʨʝʤʥʽʶ (ʜʦ 65), ʘʣʶʤʽʥʽʶ (ʜʦ 20) ʪʘ ʟʘʣʽʟʘ (ʜʦ 7). ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʽ ʚʽʜʭʦʜʠ ʷʢ 

ʧʦʪʝʥʮʽʡʥʫ ʜʦʙʘʚʢʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ. ʇʨʦʮʝʩ ʧʝʨʝʨʦʙʢʠ ʚʽʜʚʘʣʽʚ 

ʧʝʨʝʜʙʘʯʘʻ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʠʣʫʯʝʥʥʷ ʟ ʥʠʭ ʟʘʣʠʰʢʽʚ ʚʫʛʽʣʣʷ. ʇʨʠ ʚʝʣʠʢʦʤʫ ʚʤʽʩʪʽ ʟʘʣʽʟʘ 

ʧʨʦʚʦʜʷʪʴ ʽ ʚʠʣʫʯʝʥʥʷ ʟʘʣʽʟʘ. ʇʨʠ ʮʴʦʤʫ, ʧʨʦʚʦʜʷʪʴ ʧʦʤʽʨʥʠʡ ʚʠʧʘʣ ʧʦʨʦʜʠ.  

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʽʜʭʦʜʽʚ ʪʘ, ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʽ ʟʦʣʠ-

ʚʠʥʦʩʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.1. 

 

ʊʘʙʣʠʮʷ 1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʽʜʭʦʜʽʚ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʜʦʙʘʚʦʢ 

 

ɹʫʣʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ  ʚʽʜʭʦʜʽʚ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʧʽʩʣʷ ʧʝʨʝʨʦʙʢʠ ʪʘ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ 

(ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʠʡ ʰʣʘʢ ʽ ʟʦʣʘ-ʚʠʥʦʩ)  ʥʘ  ʚʣʘʩʪʠʚʦʩʪʽ  ʟʤʽʰʘʥʠʭ  ʮʝʤʝʥʪʽʚ ʟ           

50 ʤʘʩ.% ʜʦʙʘʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.2. 

 

ʊʘʙʣʠʮʷ 2. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʣʦʢʣʽʥʢʝʨʥʠʭ ʮʝʤʝʥʪʽʚ 

ɺʠʜ 

ʜʦʙʘʚʢʠ 
ʅɻ, % 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ,  

ʛ - ʭʚ 

ʄʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʧʨʠ ʩʪʠʩʢʫ, 

ʄʧʘ, ʫ ʚʽʮʽ, ʜʽʙ. 

ʧʦʯʘʪʦʢ ʟʘʢʽʥʯʝʥʥʷ 1 3 28 

ʐʣʘʢ 27,6 1 - 02 1 - 41 4,3 5,8 6,1 

ɿʦʣʘ 30,6 0 - 59 1 - 30 3,3 3,6 5,3 

ɺʽʜʭʦʜʠ 32,4 0 - 20 1 - 04 4,4 4,1 5,1 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʚʽʜʭʦʜʽʚ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʪʪʻʚʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʯʘʩʫ ʧʦʯʘʪʢʫ ʪʫʞʘʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ, ʜʝʱʦ ʤʝʥʰʝ, ʩʪʨʦʢʽʚ ʡʦʛʦ ʪʫʞʘʚʣʝʥʥʷ. 

ʄʦʞʣʠʚʦ ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʯʪʦ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʢʣʘʜʘʥʥʷ ʛʣʠʥʠʩʪʦʾ 

ʩʢʣʘʜʦʚʦʾ ʚʽʜʭʦʜʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʢʪʠʚʥʠʭ ʘʣʶʤʽʥʘʪʽʚ ʪʘ ʥʘʷʚʥʽʩʪʶ ʧʽʜʚʠʱʝʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʣʫʞʥʠʭ ʦʢʩʠʜʽʚ ʚ ʚʽʜʭʦʜʘʭ. ʎʝ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʤʘʪʝʨʽʘʣʠ ʟ ʪʝʨʤʦʘʢʪʠʚʦʚʘʥʠʤʠ ʚʽʜʭʦʜʘʤʠ 

ʚʫʛʣʝʟʙʘʛʘʯʝʥʥʷ ʫ ʚʽʮʽ 1 ʜʦʙʠ ʤʘʶʪʴ ʤʽʮʥʽʩʪʴ, ʷʢʘ ʩʧʽʚʩʪʘʚʥʘ ʟ ʤʽʮʥʽʩʪʶ ʟʨʘʟʢʽʚ ʟ 

ʛʨʘʥʫʣʴʦʚʘʥʠʤ ʜʦʤʝʥʥʠʤ ʰʣʘʢʦʤ, ʫ ʚʽʮʽ 3 ʜʽʙ ʜʝʱʦ ʚʽʜʩʪʘʶʪʴ ʚʽʜ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʟ  

ʛʨʘʥʫʣʴʦʚʘʥʠʤ ʜʦʤʝʥʥʤ ʰʣʘʢʦʤ, ʘʣʝ ʤʘʶʪʴ ʤʽʮʥʽʩʪʴ ʜʝʱʦ ʚʠʱʫ, ʥʽʞ ʫ ʟʨʘʟʢʽʚ ʟ ʜʦʙʘʚʢʦʶ 

ʟʦʣʠ-ʚʠʥʦʩʫ. ʋ ʚʽʮʽ 28 ʜʽʙ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʟ ʪʝʨʤʦʘʢʪʠʚʦʚʘʥʦʶ ʜʦʙʘʚʢʦʶ ʚʽʜʭʦʜʽʚ 

ʚʫʛʣʝʟʙʘʛʘʯʝʥʥʷ ʙʣʠʟʴʢʘ ʜʦ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʟʦʣʦʶ, ʘʣʝ ʚʽʜʩʪʘʻ ʚʽʜ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟ 

ʛʨʘʥʫʣʴʦʚʘʥʠʤ ʜʦʤʝʥʠʤ ʰʣʘʢʦʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʽʜʭʦʜʠ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʧʽʩʣʷ ʪʝʨʤʦʘʢʪʠʚʘʮʽʾ ʩʫʪʪʻʚʦ 

ʧʨʠʩʢʦʨʶʶʪʴ ʧʨʦʮʝʩʠ ʪʫʞʘʚʣʝʥʥʷ, ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʟʘʤʽʥʽ ʯʘʩʪʠʥʠ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʮʠʤʠ ʚʽʜʭʦʜʘʤʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʮʝʤʝʥʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʟʘʤʽʥʘ 15 % ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʚʽʜʭʦʜʘʤʠ 

ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ  ʧʦʢʨʘʱʫʶʻ  ʤʽʮʥʽʩʪʴ  ʮʝʤʝʥʪʽʚ  ʚ  ʨʘʥʥʽ ʩʪʨʦʢʠ ʪʫʞʘʚʽʥʥʷ ʤʘʡʞʝ ʥʘ  20 

%.ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʭʦʜʠ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʪʘ ʚʫʛʣʝʟʙʘʛʘʯʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʷʢʦʩʪʽ ʜʦʙʘʚʢʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ. 

 

 

 

 

 

ɼʦʙʘʚʢʘ ɺʤʽʩʪ ʦʢʩʠʜʽʚ, ʤʘʩ.% 

SiO2 Al 2O3 Fe2O3 CaO MgO R2O ɯʥʰʽ 

ʐʣʘʢ 37,9 6,8 1,3 41,0 7,7 1,8 3,5 

ɿʦʣʘ 54,5 23,7 6,6 9,3 2,1 2,3 1,5 

ɺʽʜʭʦʜʠ 57,3 22,7 7,4 1,3 1,8 6,4 3,1 
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ʋɼʂ 621.375 

 

ʃ.ʌ.ɻʆʃʆɺʂʆ, ʧʨʦʬ.,ɸ.ɸ.ɻʆʅʏɸʈʋʂ,ʘʩʩ., ɸ.ʅ.ʃʋʊɸʁ,ʩʪ. ʧʨʝʧ., 

ʖ.ɺ.ʂʃʖʏʅʀʂʆɺ, ʜʦʮ.. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

ñʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ'', ʛ. ʂʠʝʚ 

 

ɺʃʀʗʅʀɽ ʃɸɿɽʈʅʆɻʆ ʅɸɻʈɽɺɸ ʅɸ ʌɸɿʆɺʓʁ ʉʆʉʊɸɺ ʀ ʉʊʈʋʂʊʋʈʋ 

ʂʋɹʀʏɽʉʂʆɻʆ ʅʀʊʈʀɼɸ ɹʆʈɸ 

 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚ ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ ʧʦʩʣʝ 

ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʝʤ Nd:YAG- ʣʘʟʝʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʚʨʝʤʝʥʝʤ ʦʙʨʘʙʦʪʢʠ. 

 

ɺʚʝʜʝʥʠʝ. ʂʫʙʠʯʝʩʢʠʡ ʥʠʪʨʠʜ ʙʦʨʘ (ʂʅɹ) ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʂʅɹ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʩʧʝʢʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʛʨʝʚʘ. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʛʨʝʚʘ ʠʤʝʝʪ ʨʷʜ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʥʦ 

ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʙʝʩʢʦʥʪʘʢʪʥʦ ʚʚʦʜʠʪʴ ʵʥʝʨʛʠʶ ʚ ʤʘʪʝʨʠʘʣ ʠ ʩʪʨʦʛʦ ʝʝ 

ʜʦʟʠʨʦʚʘʪʴ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʩʚʝʨʭʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʝʚ 

ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʬʦʨʤʠʨʦʚʘʪʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ 

ʩʪʨʫʢʪʫʨʳ. ʃʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʩʦʜʝʨʞʘʱʠʭ ʂʅɹ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʟʝʨʥʘʤʠ 

ʂʅɹ. ʆʙʣʫʯʝʥʠʝ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʂʅɹ ( cBN) ʚ ʜʨʫʛʠʝ ʬʘʟʳ 

ʩʠʩʪʝʤʳ B ï N, ʠʟʤʝʥʷʪʴ ʩʫʙʩʪʨʫʢʪʫʨʫ ʟʝʨʝʥ, ʬʦʨʤʠʨʦʚʘʪʴ ʦʢʠʩʣʳ. ɺ ʩʠʩʪʝʤʝ B ï N ʢʨʦʤʝ 

cBN ʠʟʚʝʩʪʥʳ  ʬʘʟʳ hBN, rBN, wBN, B50N2, B13N2. ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʧʝʨʚʳʭ ʜʚʫʭ ʬʘʟ 

ʧʦʜʦʙʥʳ ʛʨʘʬʠʪʫ,ʪʚʝʨʜʦʩʪʴ ʚʶʨʮʠʪʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ (wBN) ʥʠʞʝ ʪʚʝʨʜʦʩʪʠ ʢʫʙʠʯʝʩʢʦʡ 

ʬʘʟʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʬʘʟ ʤʘʣʦʚʝʨʦʷʪʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʂʅɹ 

ʚʘʞʥʝʡʰʝʝ ʫʩʣʦʚʠʝ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ  ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʂʅɹ ʠʟʣʫʯʝʥʠʝʤ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ɚ=1,06 ʤʢʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʐʣʠʬʧʦʨʦʰʦʢ ʂʅɹ ʤʘʨʢʠ ʂɺ250/200 

ʨʘʟʤʝʱʘʣʩʷ ʥʘ ʛʨʘʬʠʪʦʚʦʡ ʧʦʜʣʦʞʢʝ ʠ  ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʦʙʣʫʯʝʥʠʷ (ʨʠʩ.1) 

ʥʘ ʣʘʟʝʨʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʥʘ ʙʘʟʝ Nd:YAG - ʣʘʟʝʨʘ çDY044è. ʈʝʞʠʤʳ 

ʦʙʨʘʙʦʪʢʠ: ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʈ= 300é1000ɺʪ, ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ V= 0,1é1,0ʤ/ʤʠʥ, 

ʜʠʘʤʝʪʨ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ d0=3ʤʤ, ʨʘʩʭʦʜ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʘʨʛʦʥʘ 7ʣ/ʤʠʥ. 

     
ʈʠʩ.1. ʉʭʝʤʘ ʧʨʷʤʦʛʦ ʦʙʣʫʯʝʥʠʷ ʟʝʨʝʥ ʂʅɹ 
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ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ ï 4 ʚ 

ʬʠʣʴʪʨʦʚʘʥʥʦʤ CuKŬ ʠʟʣʫʯʝʥʠʠ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʨʝʞʠʤʝ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʰʘʛʦʤ 0,05
0
 ʠ ʵʢʩʧʦʟʠʮʠʝʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ  

3ʩʝʢ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʰʣʠʬ ʧʦʨʦʰʢʘ ʤʘʨʢʠ ʂɺ250/200 ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.   

 

 

 

 
 

ʈʠʩ.2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʘ ʤʘʨʢʠ ʂɺ250/200 ʦʙʣʫʯʝʥʥʦʛʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʤʦʱʥʦʩʪʷʭ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʢʦʨʦʩʪʷʭ ʦʙʨʘʙʦʪʢʠ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʨʠʩ.2 

 

 
 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʬʘʟʳ cBN ʩʦʜʝʨʞʠʪ 6 ʣʠʥʠʡ ʠʟ ʢʦʪʦʨʳʭ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʠʢʩʠʨʫʶʪʩʷ ʜʚʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʦʪʨʘʞʝʥʠʷ ʩ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʠʥʜʝʢʩʘʤʠ 111 ʠ 220. ʇʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 100% ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʥʳʤ ʧʣʦʩʢʦʩʪʷʤ ʩ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ d=2,087¡ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʦʜ ʫʛʣʦʤ 2ɗ=43,36
0
. ɽʛʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʧʦʨʦʰʢʝ. ɺ ʩʦʩʪʘʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʰʢʦʚ ʚʭʦʜʠʣ ʛʨʘʬʠʪ, ʩʣʫʞʠʚʰʠʡ ʧʦʜʣʦʞʢʦʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠ ʯʘʩʪʴ 

ʤʘʢʩʠʤʫʤʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʚʳʝ ʜʚʘ ʧʨʠʥʘʜʣʝʞʘʪ ʵʪʦʡ ʬʘʟʝ. ʉʦʧʦʩʪʘʚʣʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʫʢʘʟʘʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʠʩʭʦʜʥʦʤ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʨʦʰʢʘʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʢʣʶʯʝʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʧʨʠ ʈ=300ɺʪ ʥʝ ʠʟʤʝʥʷʝʪ ʢʦʣʠʯʝʩʪʚʦ cBN ʚ ʧʦʨʦʰʢʝ. ʇʨʠʯʝʤ ʧʨʠ 

V=0,1ʤ/ʤʠʥ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʦʪʨʘʞʝʥʠʝ ʧʦʜ ʫʛʣʦʤ 2ɗ=42,44
0
 ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʚʶʨʮʠʪʥʦʡ 

ʬʘʟʝ BN ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʙʣʫʯʝʥʠʠ ʧʨʠ ʫʢʘʟʘʥʥʦʤ ʨʝʞʠʤʝ ʧʨʠʚʦʜʠʪ ʢ ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

wBNŸhBN. ɸʥʘʣʦʛʠʯʥʦʝ ʬʘʟʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʠ ʧʨʠ ʈ=500ɺʪ, ʥʦ ʧʨʠ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʇʨʠʯʠʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʢʫʙʠʯʝʩʢʫʶ ʠ ʚʶʨʮʠʪʥʫʶ ʬʘʟʳ ʥʠʪʨʠʜʘ ʙʦʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʦʛʣʦʱʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʵʪʠʤʠ ʬʘʟʘʤʠ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʨʘʟʣʠʯʥʳʤ ʮʚʝʪʦʤ. 

ʋʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ (ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ) ʧʨʠ 

ʈ=500ɺʪ ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʦ ʈ=800ɺʪ ʧʨʠʚʦʜʠʪ ʢ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʂʅɹ. 
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ʋɼʂ 691.542 

 

ʊ.ʐ.ʊʋʈɻʋʅʆɺ, ʠʥʞʝʥʝʨ, ɺ.ɺ.ʊʆʂɸʈʏʋʂ, ʢ.ʪ.ʥ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʂʠʝʚ 

 

ɺʃʀʗʅʀɽ ɺʀɼɸ ɸʂʊʀɺʅʆʁ ʄʀʅɽʈɸʃʔʅʆʁ ɼʆɹɸɺʂʀ ʅɸ ʌʀɿʀʂʆ-

ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʆɹʃɽɻʏɽʅʆɻʆ ʊɸʄʇʆʅɸɾʅʆɻʆ ʎɽʄɽʅʊɸ 

 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʦʙʱʝʥʠʷ ʧʣʘʩʪʦʚ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʩʢʚʘʞʠʥ, ʥʝʦʙʭʦʜʠʤʳ  ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʙʣʝʛʯʝʥʥʳʝ ʪʘʤʧʦʥʘʞʥʳʝ ʮʝʤʝʥʪʳ. ʊʨʝʙʦʚʘʥʠʷ 

ɼʉʊʋ ɹ ɺ.2.7-88-99 ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʠʰʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ ʧʦ ʟʘʧʦʣʥʝʥʠʶ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʘʤʧʦʥʘʞʥʳʤ ʮʝʤʝʥʪʦʤ, ʥʦ ʧʨʠ ʵʪʦʤ, 

ʥʝ ʛʘʨʘʥʪʠʨʫʷ ʩʦʟʜʘʥʠʷ ʥʘʜʝʞʥʦʡ ʢʨʝʧʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʙʣʝʛʯʝʥʥʳʭ ʪʘʤʧʦʥʘʞʥʳʭ ʮʝʤʝʥʪʦʚ, ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɼʉʊʋ ɹ ɺ.2.7-88-99 (ʪʘʙʣ.1), ʧʨʦʯʥʦʩʪʴ ʦʙʣʝʛʯʝʥʥʦʛʦ 

ʪʘʤʧʦʥʘʞʥʦʛʦ ʮʝʤʝʥʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 1 ʄʇʘ ʥʘ ʠʟʛʠʙ, ʦʜʥʘʢʦ ʵʪʦ ʟʥʘʯʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʟʘʥʠʞʝʥʥʳʤ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ  ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʣʝʛʯʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʛʠʜʨʘʪʘʮʠʠ ʢʣʠʥʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʮʝʤʝʥʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ 

ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʣʝʛʯʘʶʱʠʭ ʜʦʙʘʚʦʢ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʩʠʣʠʢʘʪʥʦʛʦ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ.2. 

 

ʊʘʙʣʠʮʘ 1. ʊʨʝʙʦʚʘʥʠʷ ɼʉʊʋ ɹ ɺ.2.7-88-99 

 

ʎʝʤʝʥʪ ɟ, ʛ/ʩʤ
3
 ɺ, ʤʣ 

ɺʨʝʤʷ ʟʘʛʫʩʪʝʚʘʥʠʷ ʇʨʦʯʥʦʩʪʴ 

ʊ-ʨʘ, Áʉ ɺʩ ʄʠʥʫʪ 
ʏʝʨʝʟ, 

ʯʘʩ 
ʊ-ʨʘ, Áʉ 

ʀʟʛʠʙ, 

ʢʛĿʩ/ʩʤĮ 

ʇʎʊ III-ʆʙ 5-100 1,50 Ñ 0,04 Ó 7,5 75 30 Ó 90 48 75 Ó 10 

 

ʊʘʙʣʠʮʘ 2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ 

 

 

ʇʦʤʠʤʦ ʧʨʦʯʥʦʩʪʠ ʚʘʞʥʝʡʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʦʙʣʝʛʯʝʥʥʳʭ ʪʘʤʧʦʥʘʞʥʳʭ 

ʮʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʚʦʜʦʦʪʜʝʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʩʝ ʦʙʣʝʛʯʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ɺ/ʊ ʦʪʥʦʰʝʥʠʝʤ. ɿʘʯʘʩʪʫʶ ʠʤʝʥʥʦ ʧʘʨʘʤʝʪʨ 

ʚʦʜʦʦʪʜʝʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʚʦʜʠʤʦʡ ʜʦʙʘʚʢʠ. ɺʦʜʦʦʪʜʝʣʝʥʠʝ 

ɼʦʙʘʚʢʘ Na2O MgO Al 2O3 SiO2 S K2O CaO TiO2 Fe2O3 H2O ʚ.ʧ.ʧ. 

ɹʝʥʪʦʥʠʪ 0.0 1.50 10.51 64.18 0.0 1.50 1.44 0.42 3.26 3.18 16.18 

ʂʨʝʤʥʠʝʚʘʷ 

ʧʳʣʴ 
2.35 1.81 3.38 81.63 0.26 1.75 0.90 0.00 1.64 2.63 5.26 

ʊʨʝʧʝʣ 0.43 1.40 8.04 69.07 0.0 1.02 1.49 0.28 1.79 3.53 16.47 

ʄʝʪʘʢʘʦʣʠʥ 0.0 0.0 39.8 52.6 0.0 0.1 1.0 1.5 1.9 0.0 2 

ʊʘʫʨʠʪ 1.30 1.36 16.05 62.66 0.0 3.35 0.41 0.69 4.18 1.39 9.72 

ʐʘʤʦʪʥʘʷ 

ʧʳʣʴ 
0.0 0.0 39.7 48.5 0.1 0.5 0.5 1.4 1.1 0.0 7.1 
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ʟʘʚʠʩʠʪ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʠʩʪʠʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ (ʪʘʙʣ.3), ʘ ʪʘʢʞʝ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʜʦʙʘʚʢʠ. 

 

ʊʘʙʣʠʮʘ 3. ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ 

 

ɼʦʙʘʚʢʘ ɹʝʥʪʦʥʠʪ 
ʂʨʝʤʥʠʝʚʘʷ 

ʧr ʣʴ 
ʊʨʝʧʝʣ ʄʝʪʘʢʘʦʣʠʥ 

ʐʘʤʦʪʥʘʷ 

ʧʳʣʴ 
ʊʘʫʨʠʪ 

ʀʩʪʠʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

2,30 2,20 2,40 2,60 2,40 2,50 

 

ʉ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʜʦʙʘʚʢʘʤʠ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩʦʩʪʘʚʳ ʦʙʣʝʛʯʝʥʥʳʭ 

ʪʘʤʧʦʥʘʞʥʳʭ ʮʝʤʝʥʪʦʚ ʧʣʦʪʥʦʩʪʴʶ 1,53 ʛ/ʩʤ
3 
ʜʣʷ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘ ʦʩʥʦʚʝ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʪʘʤʧʦʥʘʞʥʦʛʦ ʇʎʊ I-100 ɿʜʦʣʙʫʥʦʚʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ (ʪʘʙ.4).  

 

ʊʘʙʣʠʮʘ 4. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʇʎʊ III-ʆʙ 5-100 

 

ʉʦʩʪʘʚ % ɺ/ʮ 
ɟ, 

ʛ/ʩʤ
3
 

D, 

cʤ 

ɺ, 

 ʤʣ 

ɺʨʝʤʷ 

ʟʘʛʫʩʪʝʚʘʥʠʷ 
ʉʭʚʘʪʳʚʘʥʠʝ, ʯʘʩ-ʤʠʥ 

ʊ-ʨʘ, 

Áʉ 
ɺʩ ʄʠʥʫʪ 

ʊ-ʨʘ, 

Áʉ 
ʅʘʯʘʣʦ ʆʢʦʥʯʘʥʠʝ 

ʇʎʊ I-100 90 

0,9 1,53 25 4 75 30 130 75 2-30 2-55 

ɹʝʥʪʦʥʠʪ 10 

ʇʎʊ I-100 90 

0,9 1,53 25 4 75 30 155 75 3-00 3-15 
ʂʨʝʤʥʠʝʚʘʷ 

ʧʳʣʴ 
10 

ʇʎʊ I-100 80 

0,9 1,52 25 5 75 30 125 75 2-30 2-50 

ʊʨʝʧʝʣ 20 

ʇʎʊ I-100 70 

0,9 1,53 25 6 75 30 130 75 2-30 3-00 

ʄʝʪʘʢʘʦʣʠʥ 30 

ʇʎʊ I-100 70 

0,9 1,53 25 6 75 30 255 75 5-40 6-30 

ʊʘʫʨʠʪ 30 

ʇʎʊ I-100 90 

0,9 1,53 25 6 75 30 180 75 3-20 3-50 
ʐʘʤʦʪʥʘʷ 

ʧʳʣʴ 
10 
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ʂʦʣʠʯʝʩʪʚʦ ʚʚʦʜʠʤʦʡ ʦʙʣʝʛʯʘʶʱʝʡ ʜʦʙʘʚʢʠ ʧʦʜʙʠʨʘʣʦʩʴ ʧʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʧʦʢʘʟʘʪʝʣʴ ʚʦʜʦʦʪʜʝʣʝʥʠʷ), ʪʘʢʞʝ ʠʟʤʝʨʷʣʠʩʴ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʝʢʘʝʤʦʩʪʠ (ʪʝʢʫʯʝʩʪʴ), ʚʨʝʤʝʥʠ ʟʘʛʫʩʪʝʚʘʥʠʷ, ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ, 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ (ʪʘʙʣ.5) ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʪʘʙʣ.6). 

 

ʊʘʙʣʠʮʘ 5. ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʇʎʊ III -ʆʙ 5-100 ʩ ʜʦʙʘʚʢʘʤʠ ʯʝʨʝʟ 48 ʯʘʩʦʚ, ʢʛʩ/ʩʤ
2 

 

ɼʦʙʘʚʢʘ 

ʊ-ʨʘ, Áʉ 
ɹʝʥʪʦʥʠʪ 

ʂʨʝʤʥʠʝʚʘʷ 

ʧʳʣʴ 
ʊʨʝʧʝʣ ʄʝʪʘʢʘʦʣʠʥ ʊʘʫʨʠʪ 

ʐʘʤʦʪʥʘʷ 

ʧʳʣʴ 

40 Áʉ 17 20 14 14 14 12 

75 Áʉ 20 27 25 24 20 16 

 

ʊʘʙʣʠʮʘ 6. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʇʎʊ III -ʆʙ 5-100 ʩ ʜʦʙʘʚʢʘʤʠ 

 

ɼʦʙʘʚʢʘ ɹʝʥʪʦʥʠʪ 
ʂʨʝʤʥʠʝʚʘʷ 

ʧʳʣʴ 
ʊʨʝʧʝʣ ʄʝʪʘʢʘʦʣʠʥ ʊʘʫʨʠʪ 

ʐʘʤʦʪʥʘʷ 

ʧʳʣʴ 

ʊ-ʨʘ, Áʉ 22 75 22 75 22 75 22 75 22 75 22 75 

ɖ Ŀ10Ėį, ʇʘ*ʩ 14,5 12 15,5 10,5 6 8,4 13,8 10,2 17,8 13,2 11 7,3 

Ű0, ʇʘ 7 6,5 6 4,0 1 1.2 5,6 4,6 5,7 4,8 2,2 2,3 

 

ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʚʦʜʦʦʪʜʝʣʝʥʠʷ (ɺ), ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.4, ʚʩʝ ʜʦʙʘʚʢʠ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ: 

¶ ʩ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʢʫʜʘ ʚʭʦʜʠʪ ʙʝʥʪʦʥʠʪ ʠ ʢʨʝʤʥʠʝʚʘʷ 

ʧʳʣ,ɹ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʦʙʘʚʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 %; 

¶ ʩ ʥʠʟʢʦʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʪʘʢʘʦʣʠʥ, 
ʪʘʫʨʠʪ ʠ ʰʘʤʦʪʥʫʶ ʧʳʣʴ, ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʦʙʘʚʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 30 %. 

ʊʨʝʧʝʣ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ 20 %). 

ɺʩʝ ʩʦʩʪʘʚʳ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʜʦʙʘʚʢʘʤʠ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ɼʉʊʋ ɹ ɺ.2.7-88-99. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʨʝʤʝʥʠ ʟʘʛʫʩʪʝʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʪʘʤʧʦʥʘʞʥʳʝ ʩʦʩʪʘʚʳ ʩ ʪʘʫʨʠʪʦʤ ʠ ʰʘʤʦʪʥʦʡ ʧʳʣʴʶ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ 

ʫʛʣʝʨʦʜʘ (ʪʘʫʨʠʪ) ʠ ʘʣʶʤʠʥʘʪʦʚ (ʰʘʤʦʪʥʘʷ ʧʳʣʴ) ʚ ʠʭ ʩʦʩʪʘʚʝ.  ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫ ʩʦʩʪʘʚʦʚ ʩ ʜʦʙʘʚʢʦʡ ʢʨʝʤʥʠʝʚʦʡ ʧʳʣʠ, ʯʪʦ ʩʚʷʟʘʥʦ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʘʥʥʦʡ ʜʦʙʘʚʢʠ ʚ ʩʤʝʩʠ (ʚʳʰʝ ʢʣʠʥʢʝʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ), ʘ 

ʪʘʢʞʝ ʘʢʪʠʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʤʦʨʬʥʦʛʦ SiO2 ʩ Ca(OH)2, ʚʳʜʝʣʷʶʱʠʤʩʷ ʧʨʠ 

ʛʠʜʨʘʪʘʮʠʠ ʢʣʠʥʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʝʤʥʠʝʚʘʷ ʧʳʣʴ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʙʘʚʢʦʡ ʜʣʷ 

ʦʙʣʝʛʯʝʥʥʳʭ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʡ ʙʝʥʪʦʥʠʪʦʚʳʡ 

ʧʦʨʦʰʦʢ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʜʦʙʘʚʢʘ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʠʟʛʠʙʝ ʦʙʨʘʟʮʦʚ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʨʝʤʷ ʟʘʛʫʩʪʝʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʤʝʜʣʠʪʝʣʝʡ 

ʩʭʚʘʪʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʫʣʫʯʰʝʥʥʳʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʪʘʤʧʦʥʘʞʥʳʤ. 
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ʋɼʂ 666.946 

 

ɺ.ɺ.ʊʆʂɸʈʏʋʂ, ʢ.ʪ.ʥ., ɺ.ʖ.ʉʆʂʆʃʔʎʆɺ, ɻ.ʉ.ʐʇɯʃɽʈ, ʽʥʞʝʥʝʨʠ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ, ʤ. ʂʠʾʚ 

 

ɺʇʃʀɺ ʉʊɸʅʋ ʂʈɽʄʅɽɿɽʄʋ ʅɸ ʁʆɻʆ ʈɽɸʂʎɯʁʅʋ ɿɼɸʊʅɯʉʊʔ 

 

ʉʠʣʽʢʘʪʠ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʚʠʨʦʙʽʚ. 

ʎʽ ʩʧʦʣʫʢʠ ʧʨʠʩʫʪʥʽ ʚ ʥʠʭ ʫ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʪʘ ʘʤʦʨʬʥʦʤʫ ʘʙʦ ʩʢʣʦʚʠʜʥʦʤʫ ʩʪʘʥʽ. ɺ 

ʩʠʣʽʢʘʪʘʭ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʢʠʩʥʝʚʽ ʩʧʦʣʫʢʠ ʢʨʝʤʥʽʶ, ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʠ 

ʩʢʣʘʜʘʶʪʴ ʽʟʦʣʴʦʚʘʥʽ ʘʙʦ ʟʚ'ʷʟʘʥʽ  ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ ʟʘʛʘʣʴʥʽ ʘʪʦʤʠ ʢʠʩʥʶ ʪʝʪʨʘʝʜʨʠʯʥʽ 

ʛʨʫʧʠ [SiO4]
4- 
, ʦʩʦʙʣʠʚʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʟʚ'ʷʟʢʫ Si ï O ʪʘ Si ï O ï Si. ɿʚ'ʷʟʦʢ Si ï O ʻ 

ʢʦʚʘʣʝʥʪʥʦ-ʽʦʥʥʠʤ ʟ ʧʝʨʝʚʘʞʘʶʯʝʶ ʜʦʣʝʶ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʟʚ'ʷʟʢʫ ʟ 

ʢʠʩʥʝʤ ʘʪʦʤ ʢʨʝʤʥʽʶ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʦʾ 4 ʛʽʙʨʠʜʥʽ sp
3 
ï ʦʨʙʽʪʘʣʽ, ʷʢʽ ʫ ʧʨʦʩʪʦʨʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʝʪʨʘʻʜʨʫ. ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʟʚ'ʷʟʢʫ Si ï O ï Si ʘʪʦʤ ʢʠʩʥʶ ʚʽʜʜʘʻ ʜʣʷ 

ʟʚ'ʷʟʢʫ ʟ ʜʨʫʛʠʤ ʘʪʦʤʦʤ ʢʨʝʤʥʽʶ ʩʚʽʡ ʜʨʫʛʠʡ ʥʝʩʧʘʨʝʥʠʡ ʝʣʝʢʪʨʦʥ ʥʘ 2ʨ-ʦʨʙʽʪʘʣʽ. 

ʆʩʢʽʣʴʢʠ ʨʽʟʥʽ ʨ-ʦʨʙʽʪʘʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʧʽʜ ʢʫʪʦʤ 90
0 
ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʢʫʪ ʟʚ'ʷʟʢʫ 

Si ï O ï Si ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʙʫʪʠ ʧʨʷʤʠʤ. ɸʣʝ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʫʪ 

ʟʚ'ʷʟʢʫ ʥʝ ʩʢʣʘʜʘʻ 90
0
, ʘ ʟʤʽʥʶʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ ʢʨʝʤʥʝʟʝʤʫ ʚʽʜ 120 ʜʦ 180

0
. 

ʊʘʢʘ ʙʫʜʦʚʘ ʩʠʣʽʢʘʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʩʢʣʘʜʽ ʩʠʣʽʢʘʪʠ ʤʘʶʪʴ ʨʽʟʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʚ ʪ.ʯ. ʽ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʢʨʝʤʥʝʟʝʤʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ. ʇʨʠ ʮʴʦʤʫ, ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʢʨʝʤʥʝʟʝʤʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʧʦʜʽʙʥʠʭ 

ʩʠʩʪʝʤ.  

ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʢʨʝʤʥʝʟʝʤʚʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ 

ʚʠʚʯʘʣʘʩʴ ʥʘ ʧʨʠʢʣʘʜʽ ʢʨʝʤʥʝʟʝʤʫ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʽ ʘʤʦʨʬʥʦʛʦ. ʂʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʝʟʝʤ 

ʩʢʣʘʜʘʚʩʷ ʟ ɓ-ʢʚʘʨʮʫ, ʘʤʦʨʬʥʠʡ ʢʨʝʤʥʝʟʝʤ ï ʟ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʦʪʨʠʤʫʚʘʚʩʷ ʰʣʷʭʦʤ ʦʙʝʟʚʦʜʥʝʥʥʷ ʢʨʝʤʥʝʛʝʣʶ. 

ʆʮʽʥʢʘ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʨʝʤʥʝʟʝʤʚʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʩʪʘʥʫ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʚʠʚʯʝʥʥʽ ʨʝʘʢʮʽʡ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʢʨʝʤʥʝʟʝʤ ï ʮʝʤʝʥʪ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʪʘ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʥʘ ʬʽʟʠʢʦ ï 

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʟʤʽʰʘʥʽ ʚôʷʞʫʯʽ, ʱʦ ʤʽʩʪʷʪʴ ʚʽʜ 10 ʜʦ 

90 (ʯʝʨʝʟ ʢʦʞʥʽ 10) ʤʘʩʦʚʠʭ % ʜʦʙʘʚʦʢ. ɺ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʟʨʘʟʢʠ ʽʟ 

ʙʝʟʜʦʙʘʚʦʯʥʦʛʦ ʮʝʤʝʥʪʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʽʮʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠʩʴ ʥʘ ʟʨʘʟʢʘʭ 20ʭ20ʭ20 

ʤʤ, ʱʦ ʪʚʝʨʜʽʣʠ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʘ ʧʨʦʪʷʟʽ 1, 3 ʪʘ 28 ʜʽʙ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦʙʘʚʦʢ ʧʦ ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʻ ʥʘ ʥʦʨʤʘʣʴʥʫ ʛʫʩʪʠʥʫ ʪʘ 

ʪʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʮʝʤʝʥʪʽʚ. ʊʘʢ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʚ 

ʩʢʣʘʜʽ ʚôʷʞʫʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʚʽʜ 25,0 ʜʦ 

26,0 %, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʧʨʠ ʚʚʝʜʝʥʥʽ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʨʽʩʪ 

ʚʦʜʦʧʦʪʨʝʙʠ ï ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʜʦʙʘʚʢʠ ʚʽʜ 10 ʜʦ 90 ʤʘʩ. % ʥʦʨʤʘʣʴʥʘ ʛʫʩʪʠʥʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 28,0 ʜʦ 59,0 %. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʚʠʩʦʢʦʶ ʧʦʛʣʠʥʘʶʯʦʶ ʟʜʘʪʥʽʩʪʴ 

ʩʘʤʦʾ ʜʦʙʘʚʢʠ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʙʝʟʚʦʜʥʠʡ ʛʝʣʴ 

ʢʨʝʤʥʝʢʠʩʣʦʪʠ. ɺʧʣʠʚ ʜʦʙʘʚʦʢ ʥʘ ʪʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʥʝ ʥʦʩʠʪʴ ʥʘʩʪʽʣʴʢʠ ʷʩʢʨʘʚʦ 

ʚʠʨʘʞʝʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʚ ʩʢʣʘʜ ʚôʷʞʫʯʦʛʦ ʜʦʙʘʚʦʢ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʤʦʥʦʪʦʥʥʝ ʧʦʜʦʚʞʝʥʥʷ ʯʘʩʫ ʷʢ ʧʦʯʘʪʢʫ, ʪʘʢ ʽ ʢʽʥʮʷ ʪʫʞʘʚʽʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʽʟ 

ʟʤʝʥʰʝʥʥʷʤ ʜʦʣʽ ʮʝʤʝʥʪʫ ʚ ʩʢʣʘʜʽ ʚôʷʞʫʯʦʛʦ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʜʦʙʘʚʦʢ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʚʽʜʤʽʯʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ: 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʜʦʙʘʚʢʠ ʜʦ 70 %  ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʪʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʦ ʟ ʚʠʩʦʢʦʶ ʧʦʛʣʠʥʘʶʯʦʶ ʟʜʘʪʥʽʩʪʶ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʽ ʬʦʨʤʫʚʘʥʥʷʤ ʧʨʠ 
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ʮʴʦʤʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʛʝʣʶ ʢʨʝʤʥʝʢʠʩʣʦʪʠ, ʱʦ ʟʥʠʞʫʻ ʨʫʭʣʠʚʽʩʪʴ ʪʽʩʪʘ; ʜʝʷʢʝ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʫʞʘʚʽʥʥʷ ʚ ʩʢʣʘʜʘʭ, ʱʦ ʤʽʩʪʷʪʴ 80 ʽ 90 % ʜʦʙʘʚʢʠ ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ ʧʦʚôʷʟʘʥʦ 

ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʮʝʤʝʥʪʫ ʚ ʩʢʣʘʜʽ ʚôʷʞʫʯʦʛʦ. 

ʈʽʟʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʽ ʚʧʣʠʚ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʪʘ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʥʘ ʤʽʮʥʽʩʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʽʚ. 

ʏʝʨʝʟ 1 ʜʦʙʫ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʧʨʠ ʚʩʽʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʦʙʘʚʢʠ ʚʠʱʝ, ʥʽʞ ʫ ʮʝʤʝʥʪʽʚ ʟ 

ʜʦʙʘʚʢʦʶ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ (ʜʠʚ.ʨʠʩ.1), ʧʨʦʪʝ ʰʚʠʜʢʽʩʪʴ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ 

ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʜʦʙʘʚʢʠ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʟʥʘʯʥʦ ʚʠʱʝ. ɹʽʣʴʰʝ 

ʪʦʛʦ, ʚʚʝʜʝʥʥʷ 10 ʤʘʩ. % ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʤʽʮʥʽʩʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʝʟʜʦʙʘʚʦʯʥʠʤ ʮʝʤʝʥʪʦʤ, ʱʦ ʩʪʘʥʦʚʠʪʴ 8,2 %, ʚ ʪʦʡ 

ʯʘʩ, ʷʢ ʪʘʢʘ ʞ ʢʽʣʴʢʽʩʪʴ ʜʦʙʘʚʢʠ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʥʘ 33 %. 
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ʈʠʩ.1. ɺʧʣʠʚ ʢʨʠʩʪʘʣʽʯʥʦʛʦ (1) ʽ ʘʤʦʨʬʥʦʛʦ (2) ʢʨʝʤʥʝʟʝʤʫ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ 

ʛʽʜʨʘʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʫ ʚʽʮʽ 1 ʜʦʙʘ 

 

ʏʝʨʝʟ 3 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ ʢʘʨʪʠʥʘ ʤʘʣʦ ʟʤʽʥʶʻʪʴʩʷ: ʰʚʠʜʢʽʩʪʴ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʟʨʘʟʢʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʢʠ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʚ ʩʢʣʘʜʽ ʚôʷʞʫʯʦʛʦ 

ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʫ ʮʝʤʝʥʪʽʚ ʟ ʢʨʠʩʪʘʣʽʯʥʠʤ ʢʨʝʤʥʝʟʝʤʦʤ (ʨʠʩ.2).       
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ʈʠʩ. 2 ɺʧʣʠʚ ʢʨʠʩʪʘʣʽʯʥʦʛʦ (1) ʽ ʘʤʦʨʬʥʦʛʦ (2) ʢʨʝʤʥʝʟʝʤʫ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ 

ʛʽʜʨʘʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʫ ʚʽʮʽ 3 ʜʽʙ 

 

ɺʽʜʤʽʯʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʧʨʠ ʙʽʣʴʰ ʪʨʠʚʘʣʦʤʫ ʪʚʝʨʜʥʝʥʥʽ (28 ʜʽʙ, ʨʠʩ.3), 

ʧʨʠ ʮʴʦʤʫ ʥʘ ʩʝʙʝ ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʜʦʙʘʚʦʢ ʜʦ 40 ʤʘʩ. % ʚʽʜʩʪʘʚʘʥʥʷ 

ʤʽʮʥʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚôʷʞʫʯʦʛʦ ʟ ʘʤʦʨʬʥʠʤ ʢʨʝʤʥʝʟʝʤʦʤ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʫ ʨʝʰʪʠ 

ʩʢʣʘʜʽʚ. 

ɺʽʜʤʽʯʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʙʽʣʴʰ ʩʠʣʴʥʦʛʦ ʚʧʣʠʚʫ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʥʘ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ, ʘʣʝ ʧʦʟʘ ʩʫʤʥʽʚʦʤ ʮʝʡ ʚʠʜ ʜʦʙʘʚʢʠ ʤʘʻ ʙʽʣʴʰʫ ʭʽʤʽʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ, ʥʽʞ ʢʚʘʨʮʝʚʠʡ ʧʽʩʦʢ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʊʘʢʘ 

ʧʦʚʝʜʽʥʢʘ ʟʤʽʰʘʥʠʭ ʚôʷʞʫʯʠʭ ʤʦʞʝ ʙʫʪʠ ʚʠʟʚʘʥʘ, ʧʦ-ʧʝʨʰʝ, ʚʝʣʠʢʦʶ ʭʽʤʽʯʥʦʶ ʤʽʮʥʽʩʪʶ 

ʟʝʨʝʥ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʽʮʥʽʩʪʶ ʯʘʩʪʦʯʦʢ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ (ʯʠʩʪʝ 
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ʤʝʭʘʥʽʯʥʝ ʟʤʽʮʥʝʥʥʷ ʩʠʩʪʝʤʠ); ʧʦ-ʜʨʫʛʝ, ʟ ʚʠʩʦʢʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ: 

ʚʚʝʜʝʥʘ ʚ ʩʫʩʧʝʥʟʽʶ ʚʦʜʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʢʨʝʤʥʝʟʝʤʠʩʪʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʛʽʜʨʘʪʘʮʽʾ ʢʣʽʥʢʝʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʟʨʦʩʪʢʫ 

(ʩʪʨʫʢʪʫʨʥʠʡ ʬʘʢʪʦʨ). ɺʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʚʧʣʠʚ ʪʝʨʤʽʥʽʚ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ 

(ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʫʪʚʦʨʝʥʴ) ʚ ʧʦʨʽʚʥʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʬʽʟʠʢʦïʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʚôʷʞʫʯʠʭ 

ʱʦ ʚʠʚʯʘʶʪʴʩʷ. 

 

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70 80 90

% ʤʘʩ.

ʄʇʘ

ʂʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʝʟʝʤɸʤʦʨʬʥʠʡ ʢʨʝʤʥʝʟʝʤ

 
 

ʈʠʩ. 3. ɺʧʣʠʚ ʢʨʠʩʪʘʣʽʯʥʦʛʦ (1) ʽ ʘʤʦʨʬʥʦʛʦ (2) ʢʨʝʤʥʝʟʝʤʫ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ 

ʛʽʜʨʘʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʫ ʚʽʮʽ 28 ʜʽʙ 

 

ɺʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʘʤʠ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʪʘ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ, ʧʨʦʚʦʜʠʣʠʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʪʨʴʦʭ ʩʢʣʘʜʽʚ: 

ʢʦʥʪʨʦʣʴʥʦʛʦ (ʙʝʟʜʦʙʘʚʦʯʥʦʛʦ) ʮʝʤʝʥʪʫ ʽ ʟʤʽʰʘʥʠʭ ʚôʷʞʫʯʠʭ, ʱʦ ʤʽʩʪʷʪʴ 40 % 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʽ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ.  

ʋʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

1. ʇʨʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʜʦʙʘʚʢʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʪʘ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʫ, ʟʙʝʨʽʛʘʶʪʴʩ ̫ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʚʣʘʩʪʠʚʽ ʧʨʦʮʝʩʘʤ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ ʙʝʟʜʦʙʘʚʦʯʥʦʛʦ ʮʝʤʝʥʪʫ. 

2. ɺʚʝʜʝʥʥʷ ʜʦʙʘʚʦʢ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʭʽʤʽʟʤ ʧʨʦʮʝʩʫ ʛʽʜʨʘʪʘʮʽʾ; ʚʟʘʻʤʦʜʽʷ ʟʝʨʝʥ ʢʚʘʨʮʦʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʟ ʧʨʦʜʫʢʪʘʤʠ 

ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʇʨʦʪʝ ʚʠʩʦʢʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʟʝʨʝʥ 

ʟʥʠʞʫʻ ʧʦʨʫʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚʽʜ ʜʽʾ ʜʦʙʘʚʢʠ ʽ ʤʽʮʥʽʩʪʴ ʢʘʤʝʥʶ ʚ ʮʽʣʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʟʘʜʦʚʽʣʴʥʦʶ. 

3. ɸʤʦʨʬʥʠʡ ʢʨʝʤʥʝʟʝʤ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ, ʧʨʠ ʮʴʦʤʫ ʬʦʨʤʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʛʝʣʝʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʥʝ ʥʘʜʘʻ ʤʽʮʥʦʩʪʽ 

ʢʘʤʝʥʶ ʚ ʤʝʞʘʭ ʪʝʨʤʽʥʽʚ ʪʚʝʨʜʽʥʥʷ, ʱʦ ʚʠʚʯʘʣʠʩʷ. ɯʤʦʚʽʨʥʦ, ʩʠʥʪʝʟ ʤʽʮʥʦʩʪʽ ʥʘʜʘʣʽ ʤʦʞʝ 

ʘʙʦ ʡʪʠ ʧʦ ʥʘʨʦʩʪʘʶʯʽʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʛʝʣʶ 

(ʥʘ ʢʦʨʠʩʪʴ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʩʚʽʜʯʠʪʴ ʟʥʠʞʝʥʥʷ ʪʝʤʧʽʚ ʚʽʜʩʪʘʚʘʥʥʷ ʤʽʮʥʽʩʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʴʦʛʦ ʢʘʤʝʥʶ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʥʥʽʤʠ ʪʝʨʤʽʥʘʤʠ 

ʛʽʜʨʘʪʘʮʽʾ), ʘʙʦ ʤʽʮʥʠʡ ʢʘʤʽʥʴ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʽʡ ʨʦʟʚʠʪʦʢ ʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʢʘʨʢʘʩʫ, ʪʦʙʪʦ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʽʥʥʷ.  ɺʠʷʩʥʝʥʥʷ 

ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

4. ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʜʽʻʶ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʜʦʙʘʚʢʠ, ʱʦ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʤʽʮʥʽʩʪʴ 

ʯʘʩʪʠʥʦʢ (ʤʝʭʘʥʽʯʥʝ ʟʤʽʮʥʝʥʥʷ ʧʦ ʪʠʧʫ ʢʚʘʨʮʝʚʦʛʦ ʧʽʩʢʫ),  ̔ʚʝʣʠʢʫ ʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ 

ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʘʢʦʶ ʚʠʩʦʢʦʶ, ʷʢ ʫ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ 

ʬʦʨʤʫʚʘʥʥʶ ʤʽʮʥʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʘʨʢʘʩʫ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʚʠʥʠʢʘʻ ʽʥʪʝʨʝʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʯʘʩʪʢʦʚʦ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʘʤʦʨʬʽʟʦʚʘʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ.  
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ʆ.ʆ. ɹʆʅɼɸʈ, ʢ.ʪ.ʥ., ɺ.ɻ. ɻʈɽʏɸʅʖʂ, ʧʨʦʬ.. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʋʢʨʘʾʥʘ, ʤ.ʂʠʾʚ 
 

ɺʇʃʀɺ ɺɯɼʍʆɼɯɺ ʇɸʇɽʈʆɺʆ-ʂɸʈʊʆʅʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ ʅɸ 

ɽʂʉʇʃʋɸʊɸʎɯʁʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɺʀʈʆɹɯɺ ʅɸ ʆʉʅʆɺɯ 

ɻɯʇʉʆʎɽʄɽʅʊʅʆɿʆʃʔʅʀʍ ɺôʗɾʋʏʀʍ 
 

ɼʦʩʣʽʜʞʝʥʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʣʽʥʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʫʩʘʜʢʫ 

ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʠʭ ʚôʷʞʫʯʠʭ ʟ ʚʤʽʩʪʦʤ ʚʽʜʭʦʜʽʚ ʧʘʧʝʨʦʚʦ-ʢʘʨʪʦʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʠʭ ʚôʷʞʫʯʠʭ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʚʦʣʦʛʽʩʪʶ ʥʝʦʙʭʽʜʥʦ ʟʘʭʠʱʘʪʠ ʾʭ ʧʦʚʝʨʭʥʶ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʨʦʙʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 200 
0
ʉ. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʪʝʨʽʘʣʠ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʜʦ 30% ʚʢʣʶʯʥʦ 

ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʽʚ ʪʘ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʩʢʦʧʫ 

(ʜʦ 50%) ï ʜʦ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʷʢʦʩʪʽ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʪʘʢ ʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʙʭʽʜʥʝ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʧʽʜʚʠʱʝʥʠʭ ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʦʤʫ, 

ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ɼʉʊʋ ɹɺ.2.7-42-97, ʚʠʟʥʘʯʘʻʤʦ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʣʽʥʽʡʥʫ 

ʪʝʤʧʝʨʘʪʫʨʥʫ ʫʩʘʜʢʫ. ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ  ʚʠʟʥʘʯʘʣʠ ʥʘ ʟʨʘʟʢʘʭ ï ʢʫʙʘʭ ʟ ʜʦʚʞʠʥʦʶ ʨʝʙʨʘ 70 

ʤʤ. ɺʠʛʦʪʦʚʣʷʣʠ ʧʦ 3 ʟʨʘʟʢʠ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʆʙʫʭʽʚʩʴʢʦʛʦ ʂʇʂ ʪʘ ɾʠʜʘʯʽʚʩʴʢʦʛʦ  

ʎʇʂ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʤʘʪʝʨʽʘʣʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʽʚ 

ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʦʛʦ ʚôʷʞʫʯʦʛʦ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʨʽʟʥʠʭ ʟʘʚʦʜʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙ. 1 ʪʘ 2. 
 

ʊʘʙʣʠʮʷ 1. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʆʙʫʭʽʚʩʴʢʦʛʦ ʂʇʂ 

 ̄ ʅʘʟʚʘ ʟʨʘʟʢʽʚ 
ɺʤʽʩʪ ʩʢʦʧʫ, 

% ʤʘʩ. ʚôʷʞ. 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ,  

ʢʛ/ʤ
3
 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ, 

% 

ʂʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

1 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 10,0 1150 40,0 

2 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 20,0 1060 48,0 

3 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 30,0 950 55,0 

ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

4 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 40,0 600 73,0 

5 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 50,0 550 83,0 

6 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 60,0 480 88,0 
 

ʊʘʙʣʠʮʷ 2. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ɾʠʜʘʯʽʚʩʴʢʦʛʦ ʎʇʂ 

ˉ  ʅʘʟʚʘ ʟʨʘʟʢʽʚ 
ɺʤʽʩʪ ʩʢʦʧʫ, 

% ʤʘʩ. ʚôʷʞ. 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ, 

ʢʛ/ʤ
3
 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ,

% 

ʂʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

1 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 10,0 1150 35,0 

2 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 20,0 1060 42,0 

3 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 30,0 950 47,0 

ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

4 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 40,0 600 70,0 

5 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 50,0 550 75,0 

6 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 60,0 480 82,0 
 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʫ ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽʡ ʚôʷʞʫʯʽʡ ʩʠʩʪʝʤʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʤʽʩʪʫ ʩʢʦʧʫ, ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʞʝʥʠʭ ʚʠʜʘʭ ʩʢʦʧʫ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʽʚ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʟʨʦʩʪʘʥʥʷ. ʆʯʝʚʠʜʥʦ, ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʝ ʚʩʽ ʚʦʣʦʢʥʠʩʪʽ ʯʘʩʪʠʥʢʠ ʮʝʣʶʣʦʟʠ 

ʦʙʚʦʣʽʢʘʶʪʴʩʷ ʚôʷʞʫʯʠʤ ʽ ʫ ʚôʷʞʫʯʽʡ ʩʠʩʪʝʤʽ ʟʥʘʭʦʜʷʪʴʩʷ ʢʦʥʛʣʦʤʝʨʘʪʠ ʯʘʩʪʠʥʦʢ ʩʢʦʧʫ, 

ʷʢʽ ʘʜʩʦʨʙʫʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʣʦʢʦʥ ʮʝʣʶʣʦʟʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʢʦʧʫ ʩʧʦʚʽʣʴʥʶʶʪʴʩʷ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʚôʷʞʫʯʦʛʦ. ʉʧʦʚʽʣʴʥʝʥʥʷ ʛʽʜʨʘʪʘʮʽʾ ʚôʷʞʫʯʦʛʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʽʚ ʛʽʜʨʘʪʥʠʭ 
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ʥʦʚʦʫʪʚʦʨʝʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʨʦʩʪʘʻ ʽ ʧʦʨʠʩʪʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ɺʩʽ ʚʢʘʟʘʥʽ ʬʘʢʪʦʨʠ ʽ 

ʦʙʫʤʦʚʣʶʶʪʴ ʧʽʜʚʠʱʝʥʝ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʚʠʨʦʙʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʘ, ʦʩʦʙʣʠʚʦ, ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ ʥʝʦʙʭʽʜʥʦ ʟʘʭʠʱʘʪʠ ʧʦʚʝʨʭʥʶ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʚʦʣʦʛʠ.  

ɿ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʚʠʟʥʘʯʘʣʠ ʣʽʥʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʫʩʘʜʢʫ ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ 

ʩʢʦʧʫ ʆʙʫʭʽʚʩʴʢʦʛʦ ʂʇʂ ʪʘ ɾʠʜʘʯʽʚʩʴʢʦʛʦ  ʎʇʂ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʫʩʘʜʢʠ ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʛʦʪʫʚʘʣʠ ʟʨʘʟʦʢ ʢʚʘʜʨʘʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟ ʨʦʟʤʽʨʦʤ ʩʪʦʨʦʥʠ (40Ñ1) ʤʤ ʪʘ ʜʦʚʞʠʥʦʶ (100Ñ2) ʤʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ  

ʛʽʧʩʦʮʝʤʝʥʪʦʟʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 3 ʪʘ 4. 
 

ʊʘʙʣʠʮʷ 3. ʃʽʥʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʫʩʘʜʢʘ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʆʙʫʭʽʚʩʴʢʦʛʦ ʂʇʂ 

ˉ  ʅʘʟʚʘ ʟʨʘʟʢʽʚ 
ɺʤʽʩʪ ʩʢʦʧʫ, 

% ʤʘʩ. ʚôʷʞ. 

ʃʽʥʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʫʩʘʜʢʘ, % ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, 
0
ʉ: 

200  300 

ʂʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

1 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 10,0 0,7 0,7 

2 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 20,0 1,1 1,2 

3 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 30,0 1,3 1,3 

ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

4 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 40,0 1,3 1,4 

5 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 50,0 1,4 1,4 

6 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 60,0 1,7 1,7 
 

ʊʘʙʣʠʮʷ 4. ʃʽʥʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʫʩʘʜʢʘ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ɾʠʜʘʯʽʚʩʴʢʦʛʦ ʎʇʂ 

ˉ  ʅʘʟʚʘ ʟʨʘʟʢʽʚ 
ɺʤʽʩʪ ʩʢʦʧʫ, 

% ʤʘʩ. ʚôʷʞ. 

ʃʽʥʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʫʩʘʜʢʘ, % 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, 
0
ʉ: 

200  300 

ʂʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

1 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 10,0 0,5 0,5 

2 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 20,0 0,8 0,8 

3 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 30,0 1,0 1,0 

ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

4 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 40,0 1,1 1,2 

5 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 50,0 1,3 1,4 

6 ɻʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽ 60,0 1,5 1,6 
 

ʃʽʥʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʫʩʘʜʢʘ ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʠʭ ʟʨʘʟʢʽʚ, ʜʦ 300 
0
ʉ ʚʢʣʶʯʥʦ, 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,5-1,7%, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʩʢʦʧʫ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʩʢʦʧʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʚʠʜʫ, ʚ ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʽʡ ʚôʷʞʫʯʽʡ ʩʠʩʪʝʤʽ ʚʽʜʤʽʯʘʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʣʽʥʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʫʩʘʜʢʠ ʧʨʠ ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʧʨʠʩʫʪʥʽʩʪʶ ʚ ʩʠʩʪʝʤʽ ʢʦʥʛʣʦʤʝʨʘʪʽʚ ʽʟ ʚʦʣʦʢʦʥ ʩʢʦʧʫ, ʷʢʽ ʘʜʩʦʨʙʫʶʪʴ ʷʢ ʥʘ ʧʦʚʝʨʭʥʽ, ʪʘʢ 

ʽ ʚʩʝʨʝʜʠʥʽ ʚʦʜʫ.  

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʽʚ ʧʨʦʪʷʛʦʤ 8 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 200 ʘʙʦ 300 
0
ʉ ʚʦʜʘ ʽʟ 

ʧʦʚʝʨʭʥʽ ʩʢʦʧʫ ʪʘ ʚʥʫʪʨʽʰʥʴʦʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʤʘʪʝʨʽʘʣ ʫʱʽʣʴʥʶʻʪʴʩʷ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʩʘʜʢʘ ʟʨʘʟʢʘ.  ʋʩʘʜʢʘ ʟʨʘʟʢʽʚ ʧʨʦʭʦʜʠʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 200 
0
ʉ, ʘ ʧʦʪʽʤ ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʦʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 300 

0
ʉ, 

ʪʦʙʪʦ ʟʨʘʟʦʢ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʧʦ ʨʦʟʤʽʨʘʭ ʪʘ ʚ ʦʙôʻʤʽ. ɸʣʝ ʧʨʠ ʚʠʪʨʠʤʫʚʘʥʥʽ ʟʨʘʟʢʽʚ 

ʛʽʧʩʦʮʝʤʝʥʪʥʦʟʦʣʴʥʦʛʦ ʚôʷʞʫʯʦʛʦ ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 300 
0
ʉ ʥʘ ʧʨʦʪʷʟʽ 8 

ʛʦʜʠʥ, ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʟ ʚʤʽʩʪʦʤ ʩʢʦʧʫ ʦʙʦʭ ʟʘʚʦʜʽʚ, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 200 
0
ʉ. 
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ɽ.ʉ. ʐʀʅʂɽɺʀʏ, ɽ.ʉ. ʃʋʎʂʀʅ, ɸ.ɸ. ʂʆʁʏɽɺ, ʖ.ɺ. ɼʆʎɽʅʂʆ, ɸ.ɹ. ʊʓʄʅʗʂ  

ʆʜʝʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʋʢʨʘʠʥʘ, ʛ. ʆʜʝʩʩʘ 

 

ʆʎɽʅʂɸ ɸʂʊʀɺʅʆʉʊʀ ʀɿɺɽʉʊʂʆɺʆ-ʂʈɽʄʅɽɿɽʄʀʉʊʓʍ ɼʀʉʇɽʈʉʅʓʍ 

ʉʀʉʊɽʄ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆ-ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 
ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʚʢʣʘʜʦʚ ʚ ʢʦʤʧʣʝʢʩʥʫʶ ʘʢʪʠʚʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʝʸ ʚʠʜʦʚ ʠ ʩʧʦʩʦʙʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʤʧʣʝʢʩʥʘʷ ʘʢʪʠʚʘʮʠʷ, 

ʜʠʩʧʝʨʩʥʳʝ ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʝ ʩʠʩʪʝʤʳ, ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ 

ʪʚʝʨʜʝʥʠʷ. 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʠʟʚʝʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʘʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚʷʞʫʱʠʭ ʠ ʠʭ ʢʠʥʝʪʠʢʠ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʘʢʪʠʚʘʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʘʚʪʦʢʣʘʚʥʳʤ ʩʠʣʠʢʘʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ 

ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʦʟʜʘʥʠʶ ʞʝʣʘʝʤʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ. ʋʩʣʦʚʠʝ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʚʝʩʪʠ ʚ ʩʦʩʪʘʚʘʭ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʧʨʝʚʘʣʠʨʫʶʱʝʤ ʚʣʠʷʥʠʠ 

ʥʘ ʩʚʦʡʩʪʚʘ ʩʠʣʠʢʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ. ʈʘʥʴʰʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ 

ʨʝʮʝʧʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʪʦʙʝʨʤʦʨʠʪʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠʟʚʝʩʪʠ, ʚʧʣʦʪʴ ʜʦ 

ʧʦʣʥʦʛʦ ʝʝ ʩʚʷʟʳʚʘʥʠʷ ʧʨʠ ʉ/SÒ1. ɺ ʪʦʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ 

ʤʘʪʝʨʠʘʣʘ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʠʣʣʝʙʨʘʥʜʠʪʦʚ 

ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʚʳʩʦʢʫʶ ʤʦʨʦʟʦ-, ʚʦʟʜʫʭʦ- ʠ ʢʘʨʙʦʥʠʟʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʠ ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʠʥʝʨʘʣʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʪʨʝʙʫʝʤʳʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1-3]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ 

ʷʚʣʷʶʪʩʷ ʨʘʟʤʝʨʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʥʝ 

ʪʦʣʴʢʦ ʪʦ, ʢʘʢʠʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʨʦʩʪʦʢ, ʥʦ ʨʘʟʤʝʨ 

ʵʪʠʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚʠʜ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʥʠʤʠ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʢʪʠʚʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʮʠʢʣ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ 

ʩʧʦʩʦʙʦʚ ʘʢʪʠʚʘʮʠʠ: ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʩʤʝʩʠʪʝʣʷ-ʘʢʪʠʚʘʪʦʨʘ,  ʭʠʤʠʯʝʩʢʘʷ ï ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ,  

ʭʝʤʦʘʢʪʠʚʘʮʠʷ ï ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʅ ʩʨʝʜʳ ʉ/S>1, ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ï ʟʘ 

ʩʯʝʪ ʵʢʟʦʪʝʨʤʠʠ ʥʝʛʘʰʝʥʦʡ ʤʦʣʦʪʦʡ ʠʟʚʝʩʪʠ ʠ ʊɺʆ [1-3]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʚ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʥʘʯʠʤʦʩʪʠ ʵʬʬʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʘʢʪʠʚʘʮʠʠ ʠ ʦʮʝʥʝʥ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʥʦʡ ʘʢʪʠʚʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʦʚʝʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ 

[4, 5]. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʢʪʠʚʘʮʠʠ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʠʟ ʰʝʩʪʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʯʝʪʳʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ 

ʞʝ 24-ʪʦʯʝʯʥʦʤʫ ʧʣʘʥʫ ʚʠʜʘ "ʪʨʝʫʛʦʣʴʥʠʢʠ ʥʘ ʢʫʙʝ" ʪʠʧʘ MTQ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʦʤ ʚʷʞʫʱʝʤ: ʠʟʚʝʩʪʠ ï (25Ñ5)%, ʘʢʪʠʚʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ 
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ï (25Ñ5)%, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ï (50Ñ10)% ʦʪ ʤʘʩʩʳ ʩʫʭʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 1). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʳ ʯʝʪʳʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʪʁ ʚʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ [6]. ɸʢʪʠʚʥʦʩʪʴ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 

ʢʦʣʠʯʝʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʤʛ/ʛ (ʪʘʙʣ. 1.). 

 

ʘ) ʙ) ʚ) 

 
   

          ʈʠʩ. 1. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ : 

ʘ ï ʟʘʤʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ ʥʘ ʪʨʝʧʝʣ ʘʤʦʨʬʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ; 

ʙ ï ʘʢʪʠʚʘʮʠʠ ʪʨʝʧʝʣʘ; 

ʚ - ʘʢʪʠʚʘʮʠʠ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ 

 

ʊʘʙʣʠʮʘ 1. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʘʢʪʠʚʘʮʠʠ 

 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʚʟʘʤʝʥ 

ʛʘʰʝʥʥʦʡ ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʘ ʰʝʩʪʠʬʘʢʪʦʨʥʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʧʦʩʪʘʚʣʝʥʳ 

ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʣʘʥʫ ʪʠʧʘ "ʪʨʝʫʛʦʣʴʥʠʢʠ ʥʘ ʢʫʙʝ" ï MTQ [4]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ɺʠʜ ʘʢʪʠʚʘʮʠʠ ʩ ʫʯʝʪʦʤ 

ʧʨʠʨʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ 

ʌʘʢʪʦʨʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʘʢʪʠʚʥʦʩʪʴʶ ʜʠʩʧʝʨʩʥʳʭ 

ʩʠʩʪʝʤ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ 

min max 

ʍʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ 

ʟʘʤʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʚʘʨʮʘ ʥʘ ʪʨʝʧʝʣ ʘʤʦʨʬʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

2.13 2.93 

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʘʮʠʷ 

ʘʢʪʠʚʘʮʠʷ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ 
1.37 1.63 

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʘʮʠʷ 

ʘʢʪʠʚʘʮʠʷ ʪʨʝʧʝʣʘ 
1.18 1.34 

ʍʝʤʦʘʢʪʠʚʘʮʠʷ 

ʟʘʤʝʥʘ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʥʘ 

ʥʝʛʘʰʝʥʫʶ ʠ ʧʦʚʳʰʝʥʠʝ 

ʉ/S ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ 

1.1 1.2 

ʊʝʨʤʦʘʢʪʠʚʘʮʠʷ  
ʵʢʟʦʪʝʨʤʠʷ ʥʝʛʘʰʝʥʦʡ 

ʠʟʚʝʩʪʠ 
2.2 14.4 
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ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʦʤ ʚʷʞʫʱʝʤ: ʠʟʚʝʩʪʠ ï (25Ñ5)%, ʘʢʪʠʚʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ 

ï (25Ñ5)%, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ï (50Ñ10)% ʦʪ ʤʘʩʩʳ ʩʫʭʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 2). 

 

 
 

          ʈʠʩ. 2. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʩʠʣʠʢʘʪʥʳʭ ʙʝʪʦʥʦʚ  ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʥʳ ʛʘʰʝʥʥʦʡ ʠʟʚʝʩʪʠ ʥʝʛʘʰʝʥʫʶ 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʮʝʥʢʘ ʚʢʣʘʜʦʚ ʚ ʢʦʤʧʣʝʢʩʥʫʶ ʘʢʪʠʚʘʮʠʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʝʝ ʚʠʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʘʢʪʠʚʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

 

1. ʐʠʥʢʝʚʠʯ ɽ.ʉ. ʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ // ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩé ʜ.ʪ.ʥ. /05.23.05 ï 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ. ï ʆʜʝʩʩʘ, 2008. ï 32ʩ. 

2. ʐʠʥʢʝʚʠʯ ɽ.ʉ., ʉʠʜʦʨʦʚʘ ʅ.ɺ., ʃʫʮʢʠʥ ɽ.ʉ. ʠ ʜʨ. ʉʳʨʴʝʚʘʷ ʩʤʝʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʧʦʩʦʙ ʝʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ɼʝʢʣʘʨʘʮʠʦʥʥʳʡ ʧʘʪʝʥʪ ˉ 64603 ɸ 7 C04B28/20 ʋʢʨʘʠʥʘ // ʦʧʫʙʣ. 16.02.04ʛ. 

3. ʐʠʥʢʝʚʠʯ ɽ.ʉ. ʂʦʤʧʣʝʢʩʥʘʷ ʘʢʪʠʚʘʮʠʷ ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ ʜʠʩʧʝʨʩʥʳʭ 

ʩʠʩʪʝʤ ʢʘʢ ʦʩʥʦʚʘ ʧʦʣʫʯʝʥʠʷ ʩʠʣʠʢʘʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ/ ɽ.ʉ. 

ʐʠʥʢʝʚʠʯ / ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ / ʄʽʞʚʽʜʦʤʯʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ: 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ. ï ʂʠʾʚ: ʅɼɯɹʂ, 2009. ï ʉ. 244-250. 

4. ɺʦʟʥʝʩʝʥʩʢʠʡ ɺ.ɸ. ʕɺʄ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɺ.ɸ. 

ɺʦʟʥʝʩʝʥʩʢʠʡ, ʊ.ɺ. ʃʷʰʝʥʢʦ, ʗ.ʇ. ʀʚʘʥʦʚ, ʀ.ʀ. ʅʠʢʦʣʦʚ. ʂ.: ɹʫʜʠʚʵʣʴʥʠʢ, 1989. ï 

240 ʩ. 

5. ʃʷʰʝʥʢʦ ʊ.ɺ. ʆʙʦʙʱʘʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʝʡ ʩʚʦʡʩʪʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ // ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ: ʉʙ. ʪʨ. 

ʆɻɸʉɸ. ï ʆʜʝʩʩʘ, 1996. ï ʉ. 172-186. 

6. ʐʠʥʢʝʚʠʯ ɽ.ʉ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʦʚ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʘʢʪʠʚʘʮʠʠ ʥʘ ʩʚʦʡʩʪʚʘ 

ʠʟʚʝʩʪʢʦʚʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʣʠʢʘʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ/ ɽ.ʉ. 

ʐʠʥʢʝʚʠʯ, ɽ.ʉ. ʃʫʮʢʠʥ, ɻ.ɻ. ɹʦʥʜʘʨʝʥʢʦ, ɸ.ɸ. ʂʦʡʯʝʚ ʠ ʜʨ./ ɺʽʩʥʠʢ ʆɼɸɹɸ. ï ʆʜʝʩʘ, 

2009. ï ˉ34.ï ʉ.215-219. 
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ɺ.ʗ. ʂʈʋɻʃʀʎʔʂɸ, ɺ.ʄ. ʇɸʍʆʄʆɺɸ, ʆ.ɻ. ʆʉʔʄɸʂʆɺ, ɺ.ʉ. ʈʆʄɸʅʏʋʂ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 
 

ɺʇʃʀɺ ɸʃʖʄʆʉʀʃɯʂɸʊʅʆɻʆ ʅɸʇʆɺʅʖɺɸʏɸ ʅɸ ʌɯɿʀʂʆ-ʄɽʍɸʅɯʏʅɯ 

ɺʃɸʉʊʀɺʆʉʊɯ ɿɸʍʀʉʅʀʍ ʇʆʂʈʀʊʊɯɺ 
 

ɺʠʟʥʘʯʝʥʦ ʜʽʶ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʥʘ ʟʤʽʥʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʅʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʩʪʫʧʝʥʶ ʥʘʧʦʚʥʝʥʥʷ ʮʝʦʣʽʪʫ ʥʘ ʤʽʮʥʽʩʥʽ ʧʦʢʘʟʥʠʢʠ.  
 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʚʦʜʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʘʣʶʤʽʥʽʶ (ʤʦʥʪʤʦʨʠʣʦʥʽʪ, 

ʢʘʦʣʽʥʽʪ, ʧʘʣʠʛʦʨʩʴʢʽʪ) ʷʢ ʥʘʧʦʚʥʶʚʘʯʽʚ ʩʽʣʽʮʽʻʦʨʛʘʥʽʯʥʠʭ ʣʘʢʽʚ  ʜʦʟʚʦʣʠʣʦ ʦʜʝʨʞʘʪʠ 

ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [1]. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʚʠʩʥʦʚʢʠ, ʟʨʦʙʣʝʥʽ ʱʦʜʦ ʧʽʜʩʠʣʶʶʯʦʛʦ ʚʧʣʠʚʫ 

ʥʘʧʦʚʥʶʚʘʯʽʚ, ʚʚʝʜʝʥʠʭ ʚ ʧʦʣʽʤʝʨʠ, ʪʘʢʠʭ ʷʢ ʧʦʣʽʤʝʪʠʣ-, ʧʦʣʽʬʝʥʽʣ-, 

ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥʦʚʽ ʣʘʢʠ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʚʠʚʯʝʥʥʷ 

ʩʠʩʪʝʤ ʢʣʠʥʦʧʪʠʣʦʣʽʪʠ - ʩ̔ ʣʽʮʽʻʦʨʛʘʥʽʯʥʽ ʣʘʢʠ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʘʤʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʜʝʷʢʽ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʨʝʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʠʩʪʝʤ, ʥʘʧʦʚʥʝʥʠʭ ʢʣʠʥʦʧʪʠʣʦʣʽʪʘʤʠ, ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʠʩʝʨʩʥʠʭ ʩʠʩʪʝʤ ʫ ʙʽʢ ʾʭ ʧʦʢʨʘʱʝʥʥʷ [2]. ʅʘ ʪʘʢʽ ʩʠʩʪʝʤʠ ʚʧʣʠʚʘʻ ʢʽʣʴʢʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʡʦʛʦ ʧʨʠʨʦʜʘ, ʧʘʨʘʤʝʪʨʠ ʧʨʦʚʝʨʭʥʽ ʪʘ ʽʥ. ʍʘʨʘʢʪʝʨ ʚʠʭʽʜʥʦʾ ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʤʦʞʥʘ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʨʝʛʫʣʶʚʘʪʠ 

ʾʭ ʧʽʜʩʠʣʶʚʘʣʴʥʫ ʜʽʶ. ʏʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʷʚʣʷʶʪʴʩʷ ʥʽʙʠ ʚʫʟʣʘʤʠ ʩʪʨʫʢʪʫʨʥʦʾ 

ʩʽʪʢʠ (ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʟ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʧʦʣʽʤʝʨʫ), ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʥʫ 

ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ. ɺʦʥʠ ʟʤʝʥʰʫʶʪʴ ʟʘʛʘʣʴʥʫ ʜʝʬʦʨʤʦʚʘʥʽʩʪʴ ʽ ʟʤʽʥʶʶʪʴ ʫʤʦʚʠ ʨʦʟʚʠʪʢʫ ʷʢ 

ʝʣʘʩʪʠʯʥʠʭ, ʪʘʢ ʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʡ. ʇʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʦʙôʻʤʥʠʭ 

ʥʘʧʦʚʥʝʥʥʷʭ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʚʠʩʦʢʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ 

ʟʘʭʠʩʥʦʾ ʧʣʽʚʢʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʦʢʨʘʱʝʥʥʷʤ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʇʽʜʩʠʣʶʚʘʣʴʥʘ ʜʽʷ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ, ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʩʽʣʽʮʽʻʦʨʛʘʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʘʤʠ, ʪʘʢ ʽ ʚʽʜ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ 

ʚ ʧʦʣʽʤʝʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [3].  

ʅʘʷʚʥʽʩʪʴ ʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʷʭ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʷ 1. ɿʘʣʝʞʥʽʩʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ 

ʚʤʽʩʪʫ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ 
ɺʤʽʩʪ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ, 

% 

ɺʥʫʪʨʽʰʥʽ ʥʘʧʨʫʛʠ , 

ʇʘ 

ʄʽʮʥʽʩʪʴ ʥʘ ʫʜʘʨ, 

ʅĀʤ 

ʊʚʝʨʜʽʩʪʴ,, 

ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʴ 

0 0,11 1,9 0,50 

10 0,14 1,8 0,52 

20 0,12 1,8 0,55 

40 0,06 2,9 0,58 

50 0,05 2,9 0,58 

60 0,07 2,5 0,55 

80 0,15 1,0 0,50 

100 0,23 0,1 0,45 
 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʫʜʘʨʥʫ ʤʽʮʥʽʩʪʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʨʫʡʥʫʶʪʴʩʷ ʟʘʭʠʩʥʽ 

ʧʣʽʚʢʠ ʟ ʤʽʢʨʦʪʨʽʱʠʥʘʤʠ ʽ ʧʝʨʝʥʘʧʨʫʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʫʜʘʨ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ 

ʥʘʧʦʚʥʝʥʥʷ ʽ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʤʽʮʥʦʩʪʽ ʧʨʠ 40-50%-ʤʫ ʚʤʽʩʪʽ ʚ ʧʦʢʨʠʪʪʽ 
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ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʻ ʥʘʩʣʽʜʢʦʤ ʬʦʨʤʫʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ  ʘʨʤʦʚʘʥʦʛʦ ʢʘʨʢʘʩʫ 

ʽʟ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ, ʥʘ ʷʢʦʤʫ, ʷʢ ʥʘ ʤʘʪʨʠʮʽ, ʦʨʽʻʥʪʫʻʪʴʩʷ ʪʘ ʩʪʨʫʢʪʫʨʫʻʪʴʩʷ  

ʧʦʣʽʤʝʨ; ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʡ 

ʧʝʨʝʭʽʜ ʚ ʦʜʥʦʨʽʜʥʠʡ ʩʪʘʥ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʫ ʯʝʨʝʟ ʘʜʩʦʨʙʮʽʶ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʧʦʣʽʤʝʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ. 

ʅʘʷʚʥʽʩʪʴ ʚ ʧʨʠʩʫʪʥʽʭ ʟʨʘʟʢʘʭ ʜʚʦʭ ʚʠʜʽʚ ʧʦʚʝʨʭʦʥʴ (ʤʝʪʘʣʝʚʦʾ ʧʽʜʢʣʘʜʢʠ ʪʘ 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ) ʟ ʨʽʟʥʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ ʝʥʝʨʛʽʷʤʠ ʚʠʟʥʘʯʘʻ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʽʤʝʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʥʠʤʠ. ʄʽʛʨʘʮʽʷ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʧʽʜʪʚʝʨʜʞʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ 

ʦʩʪʘʥʥʽʭ ʚ ʧʦʣʽʤʝʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʝʥʰʝʥʥʷ ʤʽʞʬʘʟʥʦʛʦ ʥʘʪʷʛʫ  ʥʘ ʤʝʞʽ 

ʨʦʟʜʽʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʾ. ɿʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʛ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʣʘʢʦʚʦʤʫ ʧʦʢʨʠʪʪʽ ʜʦ ʢʨʠʪʠʯʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʽ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʫʜʘʨʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘʭʠʩʥʠʭ ʧʣʽʚʦʢ ʧʨʠ 

ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʘʧʦʚʥʶʚʘʯʘ. 

ʉʪʫʧʽʥʴ ʥʘʧʦʚʥʝʥʥʷ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʣʘʢʽʚ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤ ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʪʚʝʨʜʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʆʩʢʽʣʴʢʠ ʪʚʝʨʜʽʩʪʴ 

ʟʘʭʠʩʥʠʭ ʧʣʽʚʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʾʭ ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ ʦʧʽʨ ʧʨʦʥʠʢʥʝʥʥʶ ʚ ʥʠʭ ʪʚʝʨʜʦʛʦ 

ʪʽʣʘ, ʟʙʽʣʴʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʚ ʧʦʢʨʠʪʪʽ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʚʠʢʣʠʢʘʥʦ 

ʟʤʽʥʦʶ ʱʽʣʴʥʦʩʪʽ ʫʧʘʢʦʚʢʠ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʥʘʩʠʯʝʥʥʷʤ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ  

ʚʢʣʶʯʝʥʥʷʤʠ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ, ʥʽʞ ʦʩʢʣʷʥʽʣʘ ʧʦʣʽʤʝʨʥʘ ʤʘʪʨʠʮʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʟʤʽʮʥʶʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʚ ʧʨʦʰʘʨʢʘʭ ʟʘ ʨʘʭʫʥʦʢ 

ʫʪʚʦʨʝʥʥʷ ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʱʦ ʩʬʦʨʤʦʚʘʥʘ ʽʟ ʛʦʤʦʛʝʥʥʦʛʦ 

ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 50%-ʤʫ ʚʤʽʩʪʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʚ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʧʦʢʨʠʪʪʽ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʩʽ 

ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʫʤʦʚʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʧʨʠ  

ʥʘʧʦʚʥʝʥʥʽ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʚ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʧʦʢʨʠʪʪʽ  

ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʪʚʝʨʜʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʚ ʪʚʝʨʜʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʥʘʭʦʜʠʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ ʦʧʽʨ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ, ʘ 

ʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʤʽʞ ʚʠʭʽʜʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʟʥʠʞʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʧʦʩʣʘʙʣʝʥʥʷʤ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚôʷʟʢʫ 

ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʫ ʟ ʯʘʩʪʠʥʢʘʤʠ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʧʨʠ ʧʦʥʠʞʝʥʥʽ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ 

ʧʦʣʽʤʝʨʫ ʚ ʢʦʤʧʦʟʠʮʽʾ [1].  

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʽʣʽʮʽʻʦʨʛʘʥʽʯʥʠʭ 

ʣʘʢʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤ ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘ ʟʥʘʯʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʥʘ ʫʜʘʨ, ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʛ  ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ 

ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥ ï ʤʽʥʝʨʘʣ. ɿʽ ʟʤʽʥʦʶ ʧʦʚʝʨʭʥʽ ʪʘ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʤ, ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʽ 

ʨʝʟʫʣʴʪʫʶʯʽ ʥʘʩʣʽʜʢʠ ʪʘʢʠʭ ʚʟʘʻʤʦʜʽʡ. ɺʠʚʯʝʥʥʷ ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʽʣʽʮʽʻʦʨʛʘʥʽʯʥʠʭ ʣʘʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʚʤʽʱʫʶʪʴ ʢʣʠʥʦʧʪʠʣʦʣʽʪ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʦʢ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʥʘʧʦʚʥʶʚʘʯ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ 

ʧʦʩʠʣʶʶʯʦʾ ʜʽʾ ʰʣʷʭʦʤ ʥʘʧʨʘʚʣʝʥʦʾ ʟʤʽʥʠ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʤʽʥʝʨʘʣʫ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ʈɽɸʂʎɯʁʅɸ ɿɼɸʊʅɯʉʊʔ ʎɽʄɽʅʊʅʀʍ ʉʀʈʆɺʀʅʅʀʍ ʉʋʄɯʐɽʁ ɺ ɿɸʃɽɾʅʆʉʊɯ 

ɺɯɼ ʇʈʀʈʆɼʀ ʂɸʈɹʆʅɸʊʅʆɻʆ ʂʆʄʇʆʅɽʅʊʋ 

 
ʈʦʟʛʣʷʥʫʪʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʮʝʤʝʥʪʥʠʭ ʩʠʨʦʚʠʥʥʠʭ ʩʫʤʽʰʝʡ ʧʨʠʨʦʜʠ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʡʦʛʦ  ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ, ʩʪʨʫʢʪʫʨʘ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. 

 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ  ʢʣʽʥʢʝʨʦʫʪʚʦʨʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʭʽʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʽ 

ʚʠʧʘʣʶʚʘʥʽʩʪʶ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʪʘ 

ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʜʠʩʧʝʨʩʥʦʩʪʽ, ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʥʝʦʙʭʽʜʥʦʛʦ ʩʢʣʘʜʫ ʩʠʨʦʚʠʥʥʫ ʩʫʤʽʰ 

ʩʢʣʘʜʘʶʪʴ ʟ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʢʘʨʙʦʥʘʪʥʦʛʦ, ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ (ʫʤʦʚʥʦ ʛʣʠʥʠʩʪʦʛʦ) 

ʪʘ ʢʦʨʠʛʫʶʯʠʭ ʜʦʙʘʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ, ʧʽʩʣʷ 

ʚʠʧʘʣʫ ʜʦ ʩʧʽʢʘʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ʧʝʚʥʦʛʦ ʩʢʣʘʜʫ, ʦʪʨʠʤʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ, ʱʦ ʚʤʽʱʫʻ ʧʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʚʠʩʦʢʦʦʩʥʦʚʥʠʭ ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ. ʉʘʤʝ 

ʥʘʷʚʥʽʩʪʴ ʚʠʩʦʢʦʦʩʥʦʚʥʠʭ ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʟʘʙʝʟʧʝʯʫʻ ʛʽʜʨʘʚʣʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʠʧʘʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ï ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ. ʇʽʜ ʧʝʚʥʠʤ ʩʢʣʘʜʦʤ ʩʠʨʦʚʠʥʥʦʾ 

ʩʫʤʽʰʽ ʨʦʟʫʤʽʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʫ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʩʥʦʚʥʠʭ 

ʦʢʩʠʜʽʚ (CaO, SiO2, Al2O3, Fe2O3) ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ. ʇʨʦʪʝ 

ʨʦʟʰʠʨʝʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʮʝʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʜʝʷʢʠʤ ʚʤʽʩʪʦʤ ʜʦʤʽʰʦʢ. ɯ ʭʦʯʘ ʚʽʜʦʤʦ ʧʨʦ 

ʧʝʨʝʚʘʞʥʠʡ ʚʧʣʠʚ,  ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ,   ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʨʦʚʠʥʥʦʾ 

ʩʫʤʽʰʽ, ʢʘʨʙʦʥʘʪʥʠʡ ʢʦʤʧʦʥʝʥʪ ʤʦʞʝ ʪʘʢʦʞ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʯʘʪʢʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ. 

ʅʘ ʷʢʽʩʪʴ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʚʧʣʠʚʘʶʪʴ ʩʪʨʫʢʪʫʨʘ, ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʾʭ ʫ ʤʘʩʽ ʩʠʨʦʚʠʥʠ. ʇʨʠʜʘʪʥʽʩʪʴ ʢʘʨʙʦʥʘʪʥʦʛʦ ʽ ʛʣʠʥʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ  ʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʷʚʣʝʥʘ ʣʠʰʝ ʚ ʾʭ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ. ʊʦʤʫ ʧʨʠ ʘʥʘʣʽʟʽ ʧʨʠʜʘʪʥʦʩʪʽ ʩʠʨʦʚʠʥʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ  ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʢʦʥʢʨʝʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʨʦʚʠʥʥʦʾ 

ʩʫʤʽʰʽ. ʄʦʞʣʠʚʠʡ ʚʤʽʩʪ MgO, SO3, Na2O, K2O ʽ P2ʆ5 ʫ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʦʜʘʭ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʽʧʩʦʤ ʪʘ ʽʥʰʠʤʠ ʩʫʣʴʬʘʪʘʤʠ, ʩʧʦʣʫʢʘʤʠ ʤʘʛʥʽʶ (ʤʘʛʥʝʟʠʪʦʤ, ʜʦʣʦʤʽʪʦʤ), 

ʣʫʛʦʚʤʽʩʥʠʤʠ ʩʧʦʣʫʢʘʤʠ (ʧʦʣʴʦʚʠʤʠ ʰʧʘʪʘʤʠ ʪʘ ʽʥ.) ʦʙʤʝʞʫʻʪʴʩʷ.  ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʠʜʘʪʥʽ ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ ʧʨʠ ʚʤʽʩʪʽ ʉʘʆ ð 40-56 %. ɹʘʞʘʥʦ, ʱʦʙ 

ʩʫʤʘ Na20 ʽ ʂ20 ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 1,0 %, ʘ ʚʤʽʩʪ S03, MgO ʙʫʚ ʥʝ ʚʠʱʠʡ 1,0 % ʽ 5,0 % 

ʚʽʜʧʦʚʽʜʥʦ [1].  

ɿʘʛʘʣʴʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʮʝʤʝʥʪʥʦʾ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ʻ ʩʪʘʣʠʡ 

ʩʢʣʘʜ ʽ ʚʤʽʩʪ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʙʘʞʘʥʠʭ ʜʦʤʽʰʦʢ. 

ʂʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ, ʪʦʙʪʦ ʫʪʚʦʨʝʥʥʷ, ʩʢʣʘʜʝʥʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʢʘʨʙʦʥʘʪʘʤʠ 

ʢʘʣʴʮʽʶ, ʤʘʛʥʽʶ ʽ ʫ ʤʝʥʰʽʡ ʤʽʨʽ ʟʘʣʽʟʘ, ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʚ ʟʝʤʥʽʡ ʢʦʨʽ, ʩʢʣʘʜʘʶʯʠ ʙʽʣʴʰʝ 

15 % ʾʾ ʤʘʩʠ. ʎʝ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʨʽʟʥʽ ʚʘʧʥʷʢʠ, ʤʝʨʛʝʣʽ ʽ ʤʘʨʤʫʨʠ, ʘ ʪʘʢʦʞ ʪʨʘʚʝʨʪʠʥʠ, 

ʚʘʧʥʷʥʘ ʛʘʞʘ, ʞʠʣʴʥʽ ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ, ʢʘʨʙʦʥʘʪʠʪʠ, ʢʘʨʙʦʥʘʪʥʽ ʧʽʩʢʠ ʪʘ ʽʥʰʽ 

ʫʪʚʦʨʝʥʥʷ. 

ɼʣʷ ʚʥʝʩʝʥʥʷ ʫ ʮʝʤʝʥʪʥʫ ʩʠʨʦʚʠʥʥʫ ʩʫʤʽʰ ʉʘʆ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʚʠʜʠ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ: ʚʘʧʥʷʢʠ, ʢʨʝʡʜʘ, ʯʝʨʝʧʘʰʥʠʢʠ, ʚʘʧʥʷʢʦʚʽ ʪʫʬʠ ʪʘ 

ʤʝʨʛʝʣʽ (ʧʨʠʨʦʜʥʽ ʩʫʤʽʰʽ ʚʘʧʥʷʢʽʚ ʽ ʛʣʠʥʠ) ʫ ʚʠʛʣʷʜʽ ʤʽʥʝʨʘʣʽʚ ʢʘʣʴʮʠʪʫ, ʘʨʘʛʦʥʽʪʫ ʽ 

ʜʦʣʦʤʽʪʫ. ʍʦʯʘ ʫʩʽ ʮʽ ʨʽʟʥʦʚʠʜʠ ʧʨʠʨʦʜʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 
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ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʘʣʝ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ, 

ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʾʭ ʨʽʟʥʘ. ʅʘʡʙʽʣʴʰ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽ ʦʜʥʦʨʽʜʥʽ 

ʘʤʦʨʬʥʽ (ʧʨʠʭʦʚʘʥʦ ʢʨʠʩʪʘʣʽʯʥʽ) ʧʦʨʦʜʠ ï ʢʨʝʡʜʘ, ʯʝʨʝʧʘʰʥʠʢ ʽ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʽ 

ʚʘʧʥʷʢʠ, ʽ ʟʚʠʯʘʡʥʦ ʤʝʨʛʝʣʽ, ʚ ʷʢʠʭ ʪʽʩʥʠʡ ʢʦʥʪʘʢʪ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʛʣʠʥʠ ʽ ʚʘʧʥʷʢʫ 

ʟʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʩʫʤʽʰʝʡ [1,2].  

ʂʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ ʚ ʦʩʥʦʚʥʦʤʫ ʦʩʘʜʦʚʦʛʦ ʛʝʥʝʟʠʩʫ. ʇʨʦʪʝ ʤʦʞʫʪʴ ʙʫʪʠ  

ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʽ ʧʦʨʦʜʠ, ʩʬʦʨʤʦʚʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʩʫʧʫʪʥʽʭ ʜʦʤʽʰʦʢ ʢʚʘʨʮʫ, 

ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ, ʤʫʩʢʦʚʽʪʫ, ʬʣʦʛʦʧʽʪʫ, ʜʽʦʧʩʠʜʫ, ʜʦʣʦʤʽʪʫ ʽ ʪ. ʧ. ʊʘʢʽ ʛʨʫʙʦʜʠʩʧʝʨʩʥʽ 

ʩʠʨʦʚʠʥʥʽ ʩʫʤʽʰʽ ʟʘʟʚʠʯʘʡ ʻ ʤʝʥʰ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʤʠ.          

ʇʦʜʽʙʥʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ ʢʘʨʙʦʥʘʪʘʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʧʠʣʦʚʠʥʦʩʫ.  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʽ ʩʪʫʧʽʥʴ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʥʦʩʪʽ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʻ ʦʜʥʠʤ 

ʽʟ ʚʘʞʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʪʝʨʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʜʫʞʝ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʽ ʧʦʨʦʜʠ ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʩʦʮʽʘʮʽʾ 900 Üʉ, ʪʦʜʽ ʷʢ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʽ 

ʘʙʦ ʘʤʦʨʬʥʽ ï 700 Üʉ [2]. ɰʭ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʽ ʛʨʫʙʦʟʝʨʥʠʩʪʽʩʪʴ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ 

ʥʘ ʧʦʤʝʣ, ʜʦ ʥʠʭ ʩʢʣʘʜʥʽʰʝ ʧʽʜʽʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʪʘʢ ʷʢ 

ʚʦʥʠ ʫʞʝ ʟʙʘʛʘʯʝʥʽ ʢʨʝʤʝʥʠʩʪʦʶ ʨʝʯʦʚʠʥʦʶ. 

ʅʘʡʤʝʥʰ ʙʘʞʘʥʽ ʜʣʷ ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʘʧʥʷʢʠ ʟ ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʶ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʥʘʧʨʠʢʣʘʜ, ʤʘʨʤʫʨʠ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʥʽʣʽ ʚʘʧʥʷʢʠ. ʇʨʠ 

ʧʦʜʨʽʙʥʝʥʥʽ ʪʘʢʠʭ ʧʦʨʽʜ ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʢʨʽʤ ʪʦʛʦ, 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʩʧʽʢʘʥʥʷ ʢʣʽʥʢʝʨʫ. ʆʢʨʝʤʥʽʣʽ ʚʘʧʥʷʢʠ, ʚ ʷʢʠʭ ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ ʧʨʦʩʦʯʝʥʽ 

ʚʦʜʥʠʤ ʢʨʝʤʥʝʟʝʤʦʤ, ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʤʽʮʥʽʩʪʴ ʽ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ  ʧʦʜʨʽʙʥʝʥʥʶ ʯʝʨʝʟ 

ʦʢʨʝʤʽ ʚʢʣʶʯʝʥʥʷ ʽ ʧʨʦʰʘʨʢʠ, ʚ ʷʢʠʭ Siʆ2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʭʘʣʮʝʜʦʥʦʤ. 

ɺʽʜʦʤʦ, ʱʦ ʢʚʘʨʮ ʻ ʥʘʡʤʝʥʰ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤ, ʜʝʱʦ ʙʽʣʴʰʫ ʘʢʪʠʚʥʽʩʪʴ ʤʘʶʪʴ ʭʘʣʮʝʜʦʥ 

ʪʘ ʦʧʘʣ.  

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʤʦʜʠʬʽʢʘʮʽʾ Siʆ2  - ʪʨʠʜʠʤʽʪ ʽ ʢʨʠʩʪʘʣʦʙʘʣʽʪ ï ʱʝ ʙʽʣʴʰ 

ʘʢʪʠʚʥʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʠʤ ʟʥʠʞʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʧʨʠ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʧʫʰʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʤʘʪʝʨʽʘʣʫ. ʇʦʣʴʦʚʽ ʰʧʘʪʠ ʪʘʢʦʞ 

ʤʘʶʪʴ ʥʠʟʴʢʫ ʘʢʪʠʚʥʽʩʪʴ[1]. 

ɸʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʩʠʨʦʚʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʣʦʤʽʪʠʟʦʚʘʥʠʤʠ 

ʚʘʧʥʷʢʘʤʠ. ʊʘʢʽ ʚʘʧʥʷʢʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ (ʤʘʛʥʝʟʠʪ ï 500 - 700 

Üʉ, ʜʦʣʦʤʽʪ ï 600 - 900 Üʉ, ʪʦʜʽ ʷʢ ʢʘʣʴʮʠʪ 900 - 1100 Üʉ), ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ MgO, ʉʘʆ ʽ ʟʥʠʞʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʦʮʝʩʠ ʩʧʽʢʘʥʥʷ ʽ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ  MgO ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʦ ʽʥʪʝʥʩʠʚʥʽʰʝ, ʥʽʞ ʉʘʆ [2]. 

ɺʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1200 - 1300 Üʉ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʤʝʨʪʚʦ ʚʠʧʘʣʝʥʠʡ ʄgʆ, ʱʦ ʨʝʘʛʫʻ ʟ 

ʚʦʜʦʶ ʣʠʰʝ ʧʨʠ ʜʫʞʝ ʪʦʥʢʦʤʫ ʧʦʤʝʣʽ, ʽ ʧʨʦʮʝʩ ʡʦʛʦ ʛʘʩʽʥʥʷ ʤʦʞʝ ʨʦʟʧʦʯʘʪʠʩʷ ʚ ʫʞʝ 

ʟʘʪʚʝʨʜʽʣʦʤʫ ʚʠʨʦʙʽ, ʚʠʢʣʠʢʘʶʯʠ ʥʝʙʝʟʧʝʯʥʽ ʜʝʬʦʨʤʘʮʽʾ. 

ɿʘʛʽʧʩʦʚʘʥʽ ʚʘʧʥʷʢʠ ʽʟ-ʟʘ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʢʣʘʜʫ ʛʽʧʩʫ (ʧʦʚʥʠʡ ʨʦʟʢʣʘʜ ʧʨʠ 

1495 Üʉ) ʟʥʠʞʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʩʫʤʽʰʝʡ, ʪʘʢ ʷʢ ʚʽʣʴʥʠʡ ʉʘʆ ʟʘʧʽʟʥʦ ʟôʷʚʣʷʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʪʝʨʤʽʥʫʚʘʥʥʷ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ.  

ʆʪʞʝ, ʧʨʠʜʘʪʥʽʩʪʴ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʠʪʘʥʴ, ʱʦ ʚʠʪʽʢʘʶʪʴ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʮʝʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ  ʚ ʜʘʥʦʤʫ ʨʘʡʦʥʽ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 
 

ʄʆɼʀʌɯʂʆɺɸʅʀʁ ɻɯʇʉ ï ɽʂʆʃʆɻɯʏʅʀʁ ʄɸʊɽʈɯɸʃ ɼʃʗ ɹʋɼɯɺʅʀʎʊɺɸ 
 

ʃʶʜʩʪʚʦʤ ʥʘʢʦʧʠʯʝʥʠʡ ʚʝʣʠʯʝʟʥʠʡ ʜʦʩʚʽʜ ʫ ʩʬʝʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʪʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ ʥʘ ʩʴʦʛʦʜʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʽʣʴʢʠ ʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʩʥʦʚʥʠʤ  ʟ ʧʨʠʥʮʠʧʽʚ ʨʦʟʚʠʪʢʫ ʷʢʠʭ ʻ ʧʨʠʥʮʠʧ ʚʠʨʽʰʝʥʥʷ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʚʜʘʥʴ. 

ʆʙʤʝʞʝʥʽ ʟʘʧʘʩʠ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʟʤʫʰʫʶʪʴ ʟʘʜʫʤʘʪʠʩʴ ʧʨʦ 

ʨʦʟʚʠʪʦʢ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʣʽʧʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʠʥʠ. 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʠʭ ʻ ʛʽʧʩ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʽʧʩʦʚʠʭ ʚ'ʷʞʫʯʠʭ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʤʘʻ ʪʠʩʷʯʦʣʽʪʥʶ ʽʩʪʦʨʽʶ, ʱʦ ʧʦʯʘʣʘʩʷ ʱʝ 

ʜʦ ʥʘʰʦʾ ʝʨʠ. ʎʝʡ ʙʫʜʽʚʝʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʉʪʘʨʦʜʘʚʥʴʦʤʫ 

ɭʛʠʧʪʽ, ʇʝʨʩʽʾ, ʈʠʤʽ, ɻʨʝʮʽʾ ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʟʙʝʨʝʛʣʦʩʷ ʜʦ 

ʥʘʰʠʭ ʜʥʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ ʛʽʧʩʫ  ʟʫʤʦʚʣʝʥʦ ʩʫʢʫʧʥʽʩʪʶ 

ʧʦʟʠʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʪʘʤʘʥʥʠʭ ʣʠʰʝ ʮʽʡ ʛʨʫʧʽ ʚ'ʷʞʫʯʠʭ. ɿʦʢʨʝʤʘ ʮʝ ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʝʬʦʨʤʘʮʽʾ ʟʩʽʜʘʥʥʷ, ʰʚʠʜʢʠʡ ʥʘʙʽʨ ʤʽʮʥʦʩʪʽ, ʭʦʨʦʰʽ ʪʝʧʣʦ- ʽ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ, ʙʽʦʩʪʽʡʢʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʤʽʰʝʡ  ʦʨʽʻʥʪʦʚʘʥʝ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʨʦʙʽʪ, ʚʘʞʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ 

ʧʘʨʦʧʨʦʥʠʢʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʛʽʧʩʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʙʽʣʴʰ ʥʽʞ ʫ ʧ'ʷʪʴ 

ʨʘʟʽʚ ʥʠʞʯʝ ʚʘʨʪʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘ ʪʦʥʥʫ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʽʧʩʫ 

ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʚ 6 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ. 

ʉʫʯʘʩʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʛʽʧʩʦʚʠʭ ʚ'ʷʞʫʯʠʭ ʽ ʚʠʨʦʙʽʚ ʟ ʥʠʭ - ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ. ɺʠʨʦʙʠ ʟ ʛʽʧʩʫ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʦʣʝʛʰʝʥʠʡ ʚʘʨʽʘʥʪ ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʽ ʧʝʨʝʛʦʨʦʜʦʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʫ 

ʪʝʭʥʽʯʥʦʤʫ ʘʩʧʝʢʪʽ - ʷʢ ʪʝʧʣʦ ʪʘ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. ɼʦʩʠʪʴ ʰʠʨʦʢʦ ʛʽʧʩ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʟʜʦʙʣʶʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ: ʰʪʫʢʘʪʫʨʢʠ, ʰʧʘʢʣʽʚʢʠ, ˇʨʫʥʪʦʚʢʠ, ʢʣʝʾ, 

ʩʘʤʦʚʠʨʽʚʥʶʶʯʽ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʽ ʩʫʤʽʰʽ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʧʽʜʣʦʛ ʪʘ ʽʥ. 

ʇʨʦʪʝ, ʥʘʨʷʜʫ ʟ ʧʦʟʠʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʚʠʨʦʙʘʤ ʟ ʛʽʧʩʫ ʚʣʘʩʪʠʚʘ ʥʠʟʴʢʘ ʤʽʮʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʬʘʢʪʦʨ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʽʧʩʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ, ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ 

ʨʽʟʢʦ ʟʚʫʞʫʻʪʴʩʷ. 

ʇʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʤʦʞʥʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʫ ʚ'ʷʞʫʯʝ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʘʨʢʘʩʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʪʚʝʨʜʥʝʥʥʷ. 

ɻʽʜʨʘʪʘʮʽʷ ʛʽʧʩʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ -  ʮʝ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʥʘʧʽʚʛʽʜʨʘʪʫ ʽ 

ʚʠʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʨʦʟʯʠʥʫ ʜʽʛʽʜʨʘʪʫ. ɯʟ  ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ ʪʘ ʾʭ ʟʨʦʩʪʘʥʥʷʤ ʚ 

ʻʜʠʥʠʡ ʢʘʨʢʘʩ, ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʦʜʥʦʨʽʜʥʘ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʛʽʧʩʦʚʦʛʦ 

ʢʘʤʝʥʶ. ʂʨʠʩʪʘʣʠ ʜʚʫʚʦʜʥʦʛʦ ʛʽʧʩʫ ʤʘʶʪʴ ʚʠʧʘʜʢʦʚʫ ʦʨʽʻʥʪʘʮʽʶ ʽ ʫʪʚʦʨʶʶʪʴ ʪʨʠʚʠʤʽʨʥʫ 

ʨʝʰʽʪʢʫ. ʋ ʧʨʦʮʝʩʽ ʟʨʦʱʝʥʥʷ ʽ ʧʝʨʝʧʣʝʪʽʥʥʷ ʢʨʠʩʪʘʣʽʚ ʜʽʛʽʜʨʘʪʫ, ʛʽʧʩʦʚʘ ʩʫʤʽʰ ʧʦʩʪʫʧʦʚʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʢʘʤʝʥʝʧʦʜʽʙʥʝ ʪʽʣʦ. ʋ ʟʘʪʚʝʨʜʽʣʦʤʫ, ʘʣʝ ʱʝ ʚʦʣʦʛʦʤʫ ʛʽʧʩʽ, 

ʧʨʦʜʦʚʞʫʶʪʴ ʧʨʦʪʽʢʘʪʠ ʧʨʦʮʝʩʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ - ʨʦʟʯʠʥʝʥʥʷ ʯʘʩʪʠʥʠ ʨʝʯʦʚʠʥʠ ʚ 

ʤʽʞʢʨʠʩʪʘʣʽʯʥʠʭ ʢʦʥʪʘʢʪʘʭ ʽ ʫʢʨʫʧʥʝʥʥʷ ʢʨʠʩʪʘʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʧʫʰʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ. 
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ʅʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʧʣʠʚʘʻ ʧʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʟʘʪʚʝʨʜʽʣʠʭ ʟʨʘʟʢʽʚ. ɿʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ ʚ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ  

ʟʨʦʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʩʪʨʫʢʪʫʨʥʫ ʤʽʮʥʽʩʪʴ. 

ʂʦʨʠʛʫʚʘʪʠ ʬʦʨʤʫʶʯʫ ʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʥʫ ʯʦʛʦ ʢʘʨʢʘʩʫ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ʊʘʢʽ ʨʝʯʦʚʠʥʠ ʘʢʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʛʽʜʨʘʪʘʮʽʾ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʛʽʧʩʦʚʦʛʦ ʢʘʤʝʥʶ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʚʠʭʽʜʥʠʭ ʩʫʤʽʰʝʡ ʪʘʢ ʽ ʛʦʪʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ. 

ʐʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʛʽʧʩʦʚʠʭ ʚ'ʷʞʫʯʠʭ ʚʽʜʢʨʠʚʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʽʚ. ʎʝʦʣʽʪʠ ʻ ʘʣʶʤʦʩʠʣʽʢʘʪʘʤʠ ʟ ʪʝʪʨʘʝʜʨʠʯʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʢʘʨʢʘʩʦʤ, 

ʱʦ ʚʢʣʶʯʘʻ ʧʦʨʦʞʥʠʥʠ, ʟʘʡʥʷʪʽ ʚʝʣʠʢʠʤʠ ʢʘʪʽʦʥʘʤʠ ʽ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ ʩʚʦʙʦʜʦʶ ʨʫʭʫ. ʎʝʡ ʬʘʢʪʦʨ ʦʙʫʤʦʚʣʶʻ ʢʘʪʽʦʥʥʠʡ 

ʦʙʤʽʥ ʽ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʦʙʦʨʦʪʥʫ ʜʝʛʽʜʨʘʪʘʮʽʶ [1]. 

ɺ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʽʚ ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤʠ 

ʟʘʧʘʩʘʤʠ ʩʠʨʦʚʠʥʠ ʪʘ ʾʾ ʷʢʽʩʪʶ. ɿ ʙʝʟʣʽʯʽ ʚʽʜʦʤʠʭ ʮʝʦʣʽʪʽʚ ʪʽʣʴʢʠ ʰʽʩʪʴ ʤʽʥʝʨʘʣʽʚ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʠʤʠ ʟʘʧʘʩʘʤʠ ʽ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʎʝ ʢʣʽʥʦʧʪʽʣʦʣʽʪ, ʤʦʨʜʝʥʽʪ, ʝʨʽʦʥʽʪ, ʰʘʙʘʟʠʪ, ʬʝʨʨ'ʻʨʠʪ, ʬʽʣʣʽʧʩʠʪ [2]. 

ʗʢ ʥʘʧʦʚʥʶʚʘʯʽ ʮʝʦʣʽʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʧʘʧʝʨʦʚʽʡ ʽ ʛʫʤʦʚʽʡ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʧʝʮʽʘʣʴʥʠʭ ʙʝʪʦʥʽʚ, ʷʢ ʩʠʨʦʚʠʥʘ ʜʣʷ ʩʠʥʪʝʟʫ 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʜʦʤʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʽʥʝʨʘʣʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ, ʰʣʘʢʦʣʫʞʥʠʭ ʚ'ʷʞʫʯʠʭ, ʷʢ ʜʦʙʘʚʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʘʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʤʽʮʥʽʩʪʴ, ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ, ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʝʦʣʽʪʦʚʠʭ ʪʫʬʽʚ ʷʢ ʘʢʪʠʚʥʦʾ ʤʽʥʝʨʘʣʴʥʦʾ  ʜʦʙʘʚʢʠ ʫ 

ʩʢʣʘʜʽ ɻʎʇɺ [3]. 

ʋ ʜʘʥʦʤʫ ʧʨʦʝʢʪʽ ʷʢ ʤʦʜʠʬʽʢʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʮʝʦʣʽʪʠ ʫʢʨʘʾʥʩʴʢʠʭ ʨʦʜʦʚʠʱ: 

ʤʦʨʜʝʥʽʪ ʃʽʧʯʘʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʘʥʘʣʴʮʠʤ ɼʫʣʦʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʢʣʽʥʦʧʪʽʣʦʣʽʪ 

ʉʦʢʠʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. 

ʄʦʨʜʝʥʽʪ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʫ ʧʨʠʨʦʜʽ ʚʠʩʦʢʦʢʨʝʤʥʝʟʝʤʠʩʪʠʭ 

ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʦʚʠʭ ʤʽʥʝʨʘʣʽʚ. 

ʉʪʨʫʢʪʫʨʘ ʤʦʨʜʝʥʽʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʘʥʮʶʛʽʚ, ʩʧʦʣʫʯʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʘʪʦʤʘʤʠ ʢʠʩʥʶ. 

ʂʦʞʥʠʡ ʪʝʪʨʘʝʜʨ ʚʭʦʜʠʪʴ ʧʨʠʥʘʡʤʥʽ ʚ ʦʜʥʝ ʟ ʧ'ʷʪʠʯʣʝʥʥʠʭ ʢʽʣʝʮʴ ʢʘʨʢʘʩʘ. ɺʠʩʦʢʘ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʝʥʝʨʛʝʪʠʯʥʦ ʩʪʘʙʽʣʴʥʠʭ ʧ'ʷʪʠʯʣʝʥʥʠʭ 

ʢʽʣʝʮʴ ʚ ʢʘʨʢʘʩʽ. ɼʣʷ ʜʠʬʫʟʽʾ ʤʘʣʝʥʴʢʠʭ ʤʦʣʝʢʫʣ ʫ ʮʝʦʣʽʪʽ ʻ ʜʚʦʚʠʤʽʨʥʘ ʩʠʩʪʝʤʘ ʢʘʥʘʣʽʚ, 

ʧʨʦʪʝ ʜʠʬʫʟʽʷ ʙʽʣʴʰʠʭ ʤʦʣʝʢʫʣ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʟʘ ʩʠʩʪʝʤʦʶ ʧʘʨʘʣʝʣʴʥʠʭ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʢʘʥʘʣʽʚ. 

ɸʥʘʣʴʮʠʤ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʧʨʠʨʦʜʽ ʜʫʞʝ ʯʘʩʪʦ ʽ ʫ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ. ʎʝʡ ʮʝʦʣʽʪ - 

ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʚʫʟʴʢʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ ʟ ʩʠʩʪʝʤʦʶ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʥʝʧʝʨʝʩʽʯʥʠʭ ʢʘʥʘʣʽʚ. 

ʄʽʥʝʨʘʣʠ ʢʣʽʥʦʧʪʽʣʦʣʽʪʦʚʦʛʦ ʨʷʜʫ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʚ ʧʨʠʨʦʜʽ ʮʝʦʣʽʪʘʤʠ. ɿʛʽʜʥʦ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʚ ʢʣʽʥʦʧʪʽʣʦʣʽʪʽ ʢʨʝʤʥʽʻʚʠʡ ʽ ʘʣʶʤʽʥʽʻʚʠʡ ʪʝʪʨʘʝʜʨʠ ʟʚ'ʷʟʘʥʽ ʚ ʰʘʨʠ 

ʟʘʚʪʦʚʰʢʠ 0,9 ʥʤ. ʎʽ ʰʘʨʠ ʟ'ʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʘʪʦʤʘʤʠ ʢʠʩʥʶ ʚ ʧʣʦʱʠʥʽ ʩʠʤʝʪʨʽʾ ʽ 

ʫʪʚʦʨʶʶʪʴ ʪʨʠʚʠʤʽʨʥʠʡ ʢʘʨʢʘʩ [4].  

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ, ʱʦ ʤʽʩʪʷʪʴ ʮʝʦʣʽʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 1. 
 

ʊʘʙʣʠʮʷ 1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʮʝʦʣʽʪʦʚʠʭ ʤʽʥʝʨʘʣʽʚ 

ʄʽʥʝʨʘʣ Si/Al ɺ.ʧ.ʚ SiO2 Fe2O3 TiO2 ɸl2O3 CaO MgO ʂ2O Na2O Ɇ 

ʉa-ʢʣʽʥʦʧʪʽʣʦʣʽʪ 5,4 7,46 70,97 0,68 0,15 13,10 3,44 0,68 2,64 0,39 99,5 

Na-ʢʣʽʥʦʧʪʽʣʦʣʽʪ 5,9 8,64 69,26 1,97 0,11 11,72 1,52 0,64 1,51 4,13 99,5 

ɸʥʘʣʴʮʠʤ 5,9 4,40 73,94 1,87 0,09 12,49 0,60 0,59 1,80 3,62 99,5 

ʄʦʨʜʝʥʽʪ 5,5 8,51 69,66 1,31 0,09 12,50 3,82 0,43 1,43 1,76 99,5 
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ɸʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʩʪʨʦʚʦʛʦ ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 

ʊɽʉʃɸ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 2-3 ʥʤ (ʭ 100), ʧʦʢʘʟʘʚ, ʱʦ ʚʚʝʜʝʥʥʷ ʷʢ ʧʨʠʨʦʜʥʠʭ, ʪʘʢ ʽ 

ʜʝʛʽʜʨʘʪʦʚʘʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʛʽʧʩʦʚʦʛʦ 

ʢʘʤʝʥʶ. ɼʦʙʘʚʢʘ ʮʝʦʣʽʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʱʽʣʴʥʠʭ ʜʨʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʨʦʩʪʘʻ ʩʫʤʘʨʥʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ. ɿʙʽʣʴʰʝʥʥʷ ʪʦʯʦʢ ʜʦʪʠʢʫ ʤʽʞ 

ʢʨʠʩʪʘʣʘʤʠ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʤʽʮʥʦʛʦ ʢʘʨʢʘʩʘ ʡ ʟʥʠʞʫʻ ʧʦʨʠʩʪʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ʉʣʽʜ 

ʪʘʢ ʩʘʤʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʦʙʘʚʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʟ ʜʦʙʘʚʢʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʧʽʜʪʚʝʨʜʠʣʠ ʾʭ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ. ʄʝʞʘ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʥʝʥʥʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʮʝʦʣʽʪʫ, ʦʩʦʙʣʠʚʦ ʫ ʙʽʣʴʰ ʧʽʟʥʽ 

ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ, ʭʦʯʘ ʚʽʜʦʤʦ, ʱʦ ʛʽʜʨʘʪʘʮʽʷ ʛʽʧʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ  ʧʨʦʪʷʛʦʤ 

2-ʭ ʛʦʜʠʥ. ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʟʤʽʥʠ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʠʩʫʰʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʦʚʽʪʨʷʥʦʤʫ ʟʙʝʨʽʛʘʥʥʽ.  

ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʤʦʨʜʝʥʽʪ, ʢʽʣʴʢʽʩʪʴ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 3% ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʡʦʛʦ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʽ ʜʦ 1,5% - ʚ ʜʝʛʽʜʨʘʪʽʨʦʚʘʥʥʦʤʫ ʚʠʛʣʷʜʽ. ʗʢʱʦ ʚ 2-ʭ ʛʦʜʠʥʥʦʤʫ 

ʚʽʮʽ ʤʽʮʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 3,5 ʄʇʘ, ʱʦ ʪʨʦʭʠ ʚʠʱʝ ʛʽʧʩʦʚʠʭ (3ʄʇʘ), ʪʦ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʪʚʝʨʜʥʝʥʥʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʥʝʥʥʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 18 ʄʇʘ ʧʨʦʪʠ 7,5 ʄʇʘ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ 

ʇʨʠ ʪʚʝʨʜʥʝʥʥʽ ʫ ʚʦʜʽ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʟ  ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʽʚ ʟʥʘʯʥʦ ʚʠʱʝ ʫ ʚʩʽ 

ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ʇʨʦʪʝ  ʷʢʱʦ ʫ 1-ʜʦʙʦʚʦʤʫ ʚʽʮʽ ʧʦʢʘʟʥʠʢʠ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚ 3 ï 4 ʨʘʟʠ 

ʪʦ ʚ 28-ʤʠ ʜʦʙʦʚʦʤʫ ï ʣʠʰʝ ʚ 1,5 ï 2 ʨʘʟʠ.  

ʇʨʠ ʚʠʩʫʰʫʚʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʟʨʘʟʢʽʚ (60ęʉ) ʤʽʮʥʽʩʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ 

ʜʦʩʷʛʘʻ 32 ʄʇʘ (ʛʽʧʩʦʚʽ ʟʨʘʟʢʠ ï 19 ʄʇʘ).  

ʆʪʞʝ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʧʨʠʨʦʜʥʠʭ ʽ 

ʜʝʛʽʜʨʘʪʦʚʘʥʠʭ ʮʝʦʣʽʪʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʛʽʧʩʫ, ʱʦ  ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʧʩʦʚʠʭ ʚ'ʷʞʫʯʠʭ ʪʘ ʚʠʨʦʙʽʚ ʟ ʥʠʭ. 

ʆʢʨʽʤ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʜʘʚʘʥʥʷ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ 

ʮʝʦʣʽʪʦʚʦʛʦ ʨʷʜʫ ʚ ʩʠʨʦʚʠʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʦʥʦʤʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʽʧʩʫ.   

ʂʨʽʤ ʮʴʦʛʦ, ʮʝʦʣʽʪ - ʮʝ ʯʫʜʦʚʠʡ ʧʨʠʨʦʜʥʠʡ ʠʦʥʦʦʙʤʽʥʥʠʢ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ 

ʧʨʦʮʝʩʠ ʩʦʨʙʮʽʾ ʪʘ ʬʽʣʴʪʨʘʮʽʾ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʽʦʥʦʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ ʮʝʦʣʽʪʽʚ ʥʘʚʽʪʴ ʾʭ 

ʥʝʚʝʣʠʢʘ ʜʦʙʘʚʢʘ ʫ ʚʠʨʦʙʠ ʟ ʛʽʧʩʫ ʘʙʦ ʩʫʭʽ ʩʫʤʽʰʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʪʠ ʝʬʝʢʪʫ 

ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʽʚ ʫʢʨʘʾʥʩʴʢʠʭ ʨʦʜʦʚʠʱ ʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʛʽʧʩʫ  ʨʦʟʰʠʨʶʻ ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʢʦʥʦʤʠʪʠ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ ʝʥʝʨʛʦʥʦʩʽʾ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʠʬʽʢʘʮʽʾ ʛʽʧʩʫ ʥʝ ʻ ʝʥʝʨʛʦ- ʪʘ 

ʨʝʩʫʨʩʦʻʤʢʠʤ, ʦʩʢʽʣʴʢʠ ʮʝ ʤʦʞʣʠʚʦ ʥʘ ʙʘʟʽ ʫʞʝ ʽʩʥʫʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ 

ʛʽʧʩʦʚʠʭ ʚ'ʷʞʫʯʠʭ ʪʘ ʚʠʨʦʙʽʚ ʰʣʷʭʦʤ ʥʝʟʥʘʯʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

 

1. ʎʠʮʠʰʚʠʣʠ, ɻ.ɺ. ɸʜʩʦʨʙʮʠʦʥʥʳʝ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 
ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʪ [ʊʝʢʩʪ]. / ɻ.ɺ. ʎʠʮʠʰʚʠʣʠ; ʠʥ-ʪ. ʬʠʟ. ʠ ʦʨʛ. 

ʍʠʤʠʠ. ï ʊʙʠʣʠʩʠ: ʄʝʮʥʠʝʨʝʙʘ, 1979. ï 45ʩ. 

2. ʗʢʦʙʩ, ʇ. ʂʘʨʙʦʥʠʡʠʦʥʥʘʷ ʷʢʪʠʚʥʦʩʪʴ ʮʝʦʣʠʪʦʚ [ʊʝʢʩʪ]. / ʇ. ʗʢʦʙʩ; ʇʝʨ. ʩ ʘʥʛʣ ʄ.: 

ʍʠʤʠʷ, 1983. ï 144 ʩ. 

3. ʆʚʯʘʨʝʥʢʦ, ɻ.ʀ .ʎʝʦʣʠʪʩʦʜʝʞʘʱʠʝ ɻʎʇɺ ʚʝʱʝʩʪʚʘ [ʊʝʢʩʪ]. / ɻ.ʀ ʆʚʯʘʨʝʥʢʦ, ɸ.ʅ 

ʉʚʠʨʠʜʦʚ, ɸ.ɺ ɻʨʝʙʝʥʢʠʥ.// ʇʨʠʨʦʜʥʳʝ ʮʝʦʣʠʪʳ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ï 

ʅʦʚʦʩʠʙʠʨʩʢ: 1990. ï ʉ. 65-66. 

4. ɹʨʝʢ, ɼ. ʎʝʦʣʠʪʦʚʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʪʘ [ʊʝʢʩʪ]. /ɼ. ɹʨʝʢ; ʇʝʨ. ʩ ʘʥʛʣ. ʄ.: ʄʠʨ, 1976. 

ï 785 ʩ. 
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ʃ.ɸ.ʅʋɼʏɽʅʂʆ, ɺ.ɸ. ʉɺʀɼɽʈʉʂʀʁ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʂʠʝʚ 

 

ɺʃʀʗʅʀɽ ʉʆʉʊɸɺɸ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʇʓʃʀ ʅɸ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʇʓʃɽʇʆɼɸɺʃɽʅʀʗ 

 
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʳʣʠ, ʦʮʝʥʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʤʘʯʠʚʘʪʝʣʷ ɼɹ 

(ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʡ ʵʬʠʨ ʜʠʪʨʝʪʙʫʪʠʣʬʝʥʦʣʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʇɸɺ. 

 

ʇʳʣʴ ï ʵʪʦ ʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʘʩʪʠʮ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʘ ʠ ʦʙʣʘʜʘʶʱʘʷ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʧʳʣʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʜʦʣʝʡ ʤʢʤ ʜʦ 100ʤʢʤ. ʇʦ ʨʘʟʤʝʨʘʤ 

ʯʘʩʪʠʮʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʨʫʙʳʝ (ʦʪ 10 ʜʦ 100ʤʢʤ), ʟʘʤʝʪʥʳʝ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʠ 

ʦʩʝʜʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ; ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ (ʦʪ 0,25 ʜʦ 10 ʤʢʤ), ʚʠʜʠʤʳʝ ʚ 

ʦʙʳʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʤʠʢʨʦʩʢʦʧʳ ʠ ʦʩʝʜʘʶʱʠʝ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʚʦʟʜʫʭʝ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ; ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ (ʤʝʥʝʝ 0,25 ʤʢʤ), ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ, ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʝʜʘʶʱʠʝ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʚʦʟʜʫʭʝ. ɼʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʩ ʯʘʩʪʠʮʘʤʠ 

ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,1 ʤʢʤ ʥʘʟʳʚʘʶʪʩʷ ʜʳʤʘʤʠ [1]. 

ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʣʘʚʣʠʚʘʝʤʦʡ ʧʳʣʠ ʪʘʢʠʝ ʢʘʢ: ʜʠʩʧʝʨʩʥʦʩʪʴ ï ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʳʣʝʚʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʧʣʦʪʥʦʩʪʴ ï ʚʘʞʥʳʡ ʬʠʟʠʯʝʩʢʠʡ 

ʧʘʨʘʤʝʪʨ ʯʘʩʪʠʮ ʧʳʣʠ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ; 

ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʳʣʝʡ ʠ ʠʭ ʘʙʨʘʟʠʚʥʦʩʪʴ ï ʫʯʠʪʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʩʣʠʧʘʝʤʦʩʪʠ ʠ ʠʟʥʦʩʫ; ʚʣʘʞʥʦʩʪʴ ï ʚʣʠʷʥʠʝ ʥʘ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʳʣʠ. ʇʦʚʳʰʝʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʧʳʣʠ ʯʘʩʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʝ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ, ʪ. ʝ. ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ 

ʚʣʘʛʫ ʠʟ ʚʦʟʜʫʭʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʤʦʢʨʦʤ ʩʧʦʩʦʙʝ ʦʯʠʩʪʢʠ ʥʦ, 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʚʦʡʩʪʚʘ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʯʘʩʪʠʮ. ʇʦ ʭʘʨʘʢʪʝʨʫ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʚʦʜʦʡ ʚʳʜʝʣʷʶʪ ʪʨʠ ʛʨʫʧʧʳ ʧʳʣʝʡ: 

- ʛʠʜʨʦʬʠʣʴʥʳʝ ï ʭʦʨʦʰʦ ʩʤʘʯʠʚʘʝʤʳʝ (ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʩʠʣʠʢʘʪʳ, ʤʠʥʝʨʘʣʳ); 

- ʛʠʜʨʦʬʦʙʥʳʝ ï ʧʣʦʭʦ ʩʤʘʯʠʚʘʝʤʳʝ (ʛʨʘʬʠʪ, ʫʛʦʣʴ, ʩʝʨʘ ʠ ʜʨ.) 

- ʘʙʩʦʣʶʪʥʦ ʛʠʜʨʦʬʦʙʥʳʝ ï ʥʝʩʤʘʯʠʚʘʝʤʳʝ (ʧʘʨʘʬʠʥ, ʪʝʬʣʦʥ, ʞʠʨʳ). 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʤʦʢʨʦʤ ʩʧʦʩʦʙʝ ʦʯʠʩʪʢʠ ï ʛʠʜʨʦʦʙʝʟʧʳʣʠʚʘʥʠʠ (ʧʳʣʝʧʦʜʘʚʣʝʥʠʠ) 

ʪʦ ʩʫʱʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʤʘʯʠʚʘʥʠʠ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ, ʪ. ʝ. ʚ ʦʨʦʰʝʥʠʠ ʧʳʣʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʧʳʣʝʚʦʛʦ ʘʵʨʦʟʦʣʷ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʚʳʧʘʜʝʥʠʝ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʠʟ ʘʵʨʦʟʦʣʷ (ʧʨʠ ʦʨʦʰʝʥʠʠ ʚʠʪʘʶʱʝʡ ʧʳʣʠ) ʠ ʧʨʝʜʫʧʨʝʞʜʘʝʪ 

ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʚʦʟʜʫʭ ʨʘʥʝʝ ʦʙʨʘʟʦʚʘʥʥʳʭ ʠ ʦʩʝʚʰʠʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. 

ɺʦʜʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʦʨʦʰʝʥʠʷ, ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʠʣʠ 

ʠʣʠʩʪʳʭ ʯʘʩʪʠʮ, ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʢʠʩʣʦʪʥʦʡ ʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʚ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ [2]. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʚʟʚʝʩʠ ʚ ʚʦʜʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 50 ʤʣ/ʣ. 

ʇʨʠʤʝʥʝʥʠʝ ʟʘʰʣʘʤʦʚʘʥʦʡ ʚʦʜʳ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʥʝ ʩʥʠʟʠʪʴ, ʥʦ, ʥʘʦʙʦʨʦʪ ʟʘʤʝʪʥʦ 

ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʟʘʧʳʣʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʇʨʠ ʫʣʘʚʣʠʚʘʥʠʠ ʧʳʣʠ ʧʨʠ ʧʦʤʦʱʠ ʚʦʜʷʥʦʛʦ ʪʫʤʘʥʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʨʘʟʤʝʨ ʢʘʧʝʣʴ, ʠʟ ʢʦʪʦʨʳʭ ʦʥ ʩʦʩʪʦʠʪ. ʅʘʠʙʦʣʴʰʠʡ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʡ ʵʬʬʝʢʪ ʧʦʣʫʯʝʥ 

ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʩʨʝʜʥʝʤ ʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʘʚʝ ʪʫʤʘʥʘ (ʪʘʙʣ.). 

ʇʨʠ ʦʯʝʥʴ ʪʦʥʢʦʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʚʦʜʳ (ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʤʝʥʴʰʝ 10-15 ʤʢ) 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʪ.ʢ. ʚʝʩʴʤʘ ʤʝʣʢʠʝ ʢʘʧʝʣʴʢʠ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʠ ʣʝʛʢʦ ʠʩʧʘʨʷʶʪʩʷ [3]. 
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ʊʘʙʣʠʮʘ. ʉʨʝʜʥʠʡ ʜʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʪʫʤʘʥʘ 

 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʪʫʤʘʥʘ, ʤʢ 

 

<10 10-20 20-40 40-50 50-60 

ʉʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ, % 

 

6,3 22,8 51,2 17,3 2,4 

 

ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʝʤ ʚʳʰʝ ʟʘʧʳʣʝʥʥʦʩʪʴ, ʪʝʤ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʦʰʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚʩʪʨʝʯʠ ʧʳʣʠʥʦʢ ʩ ʢʘʧʝʣʴʢʘʤʠ ʚʦʜʳ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʙʦʣʝʝ ʯʘʩʪʦ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʧʫʪʝʤ ʦʨʦʰʝʥʠʷ ʞʠʜʢʦʩʪʴʶ 

(ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ) ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

1- ʩʙʣʠʞʝʥʠʝ ʢʘʧʣʠ ʩ ʯʘʩʪʠʮʝʡ; 

2- ʘʜʛʝʟʠʷ ʯʘʩʪʠʮʳ ʢ ʢʘʧʣʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ; 

3- ʨʘʩʪʝʢʘʥʠʝ ʞʠʜʢʦʩʪʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ; 

4- ʚʳʪʷʛʠʚʘʥʠʝ ʯʘʩʪʠʮʳ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʝʝ ʚʛʣʫʙʴ ʢʘʧʣʠ. 

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʯʝʪʳʨʝʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ 2-ʷ, 3-ʷ ʠ 4-ʷ ʩʪʘʜʠʠ ʟʘʚʠʩʷʪ ʦʪ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʩʤʘʯʠʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ. 

ɺʣʠʷʥʠʝ ʩʤʘʯʠʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʘʣʦʩʴ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʬʠʢʩʠʨʦʚʘʣʩʷ ʩʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ 

ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ. ɿʘʯʘʩʪʫʶ ʚʪʦʨʫʶ, ʪʨʝʪʴʶ ʠ ʯʝʪʚʝʨʪʫʶ ʩʪʘʜʠʠ ʦʙʲʝʜʠʥʷʶʪ ʚ ʝʜʠʥʫʶ 

ʩʪʘʜʠʶ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʝ ʢʘʢ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʯʘʩʪʠʮ ʚʛʣʫʙʴ ʢʘʧʣʠ. 

ɼʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʚʛʣʫʙʴ ʢʘʧʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʞʠʜʢʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ 

ʩʤʘʯʠʚʘʥʠʝ ʠ ʨʘʩʪʝʢʘʥʠʝ ʞʠʜʢʦʩʪʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ. 

ʏʝʤ ʤʝʥʴʰʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʯʘʩʪʠʮʳ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʠʜʫʪ 2, 3 ʠ 4 

ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ. ʉʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʚʚʝʜʝʥʠʝʤ ʚ ʚʦʜʫ ʇɸɺ. ʉʥʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʇɸɺ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʇɸɺ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ-ʛʘʟ. 

ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʇɸɺ, ʚʚʦʜʠʤʳʤ ʚ ʚʦʜʫ: 

ʇɸɺ ʥʝ ʪʦʣʴʢʦ ʜʦʣʞʥʳ ʩʥʠʞʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 3-ʡ ʩʪʘʜʠʠ 

ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ ï 

ʪʚʝʨʜʦʝ ʪʝʣʦ, ʯʪʦʙʳ ʥʝ ʤʝʥʝʝ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 4-ʶ ʩʪʘʜʠʶ ʧʨʦʮʝʩʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʢʠʥʝʪʠʢʘ ʩʤʘʯʠʚʘʥʠʷ ʠ ʧʦʜʙʦʨ ʇɸɺ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʪʠʤʘʣʴʥʦʡ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʃʫʯʰʠʤ ʩʨʝʜʠ ʇɸɺ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ, ʦʢʘʟʘʣʩʷ ʩʤʘʯʠʚʘʪʝʣʴ ɼɹ ï 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʡ ʵʬʠʨ ʜʠʪʨʝʪʙʫʪʠʣʬʝʥʦʣʘ. 

ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ɼɹ, ʩʥʠʞʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʟʘ ʩʦʪʳʝ ʜʦʣʠ ʩʝʢʫʥʜʳ ʩ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʩ ʢʘʧʣʝʡ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ɼɹ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚʛʣʫʙʴ ʢʘʧʣʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

 

1. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʙʦʨʴʙʝ ʩ ʧʳʣʴʶ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. - ʄ.: 1982. ï 

250 ʩ. 

2. ʉʘʯʢʦʚ ɸ.ʌ. ɹʦʨʴʙʘ ʩ ʧʳʣʴʶ ʧʨʠ ʚʟʨʳʚʥʳʭ ʠ ʧʦʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪʘʭ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʳʨʘʙʦʪʢʘʭ. ʉʙ. ʪʨʫʜʦʚ ʢ 25 ï ʣʝʪʠʶ ʅʀʀʆʇ ɿʆʃʆʊʆ. ʀʟʜ. ʆɹʊʀ, ʚʳʧ. 17, ʄ., 1957. 

ï 74 ʩ. 
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ʃ.ʌ.ɻʆʃʆɺʂʆĭ, ʜ. ʪ. ʥ., ʧʨʦʬ., ɺ.ɻ.ʉʆʈʆʏɽʅʂʆĮ, ʢ.ʪ.ʥ., ɸ.ʄ.ʃʋʊɸʁĭ,  

ʆ.ʆ. ɻʆʅʏɸʈʋʂĭ, ʘʩ., ʆ.ɼ. ʂɸɻʃʗʂĭ, ʘʩ. 

ĭʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

"ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ", ʤ. ʂʠʾʚ 

Įɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ. ʄ. ɹʘʢʫʣʷ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʌɯɿʀʂʆ-ʍɯʄɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʇʈʀ ʃɸɿɽʈʅʆʄʋ ʉʇɯʂɸʅʅɯ 

ʂʆʄʇʆɿʀʊɯɺ ɯɿ ʅɸɼʊɺɽʈɼʀʍ ʄɸʊɽʈɯɸʃɯɺ ɯʅʉʊʈʋʄɽʅʊɸʃʔʅʆɻʆ 

ʇʈʀɿʅɸʏɽʅʅʗ  

 
ʇʦʚʽʜʦʤʣʷʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʣʘʟʝʨʥʦʤʫ ʩʧʽʢʘʥʥʽ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʽʜʫ ʙʦʨʘ (ʂʅɹ), ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʦʧʪʠʤʘʣʴʥʽ ʾʭ ʟʥʘʯʝʥʥʷ ʪʘ ʫʤʦʚʠ ʩʧʽʢʘʥʥʷ.   

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:ʩʧʽʢʘʥʥʷ, ʽʥʩʪʨʫʤʝʥʪ, ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʢʫʙʽʯʥʠʡ ʥʽʪʨʠʜ ʙʦʨʫ. 

 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʬʽʟʠʢʦ - ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ,  ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʧʨʠ ʣʘʟʝʨʥʦʤʫ ʩʧʽʢʘʥʥʽ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʯʘʩ 

ʥʘʛʨʽʚʘʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʟʥʘʭʦʜʷʪʴʩʷ  ʚ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ, ʩʢʣʘʜʦʚʠʤʠ ʧʦʨʦʰʢʦʚʦʾ ʩʫʤʽʰʽ ʪʘ 

ʫʤʦʚʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ. ʂʽʥʮʝʚʦʶ ʤʝʪʦʶ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ 

ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʫ ʢʦʤʧʦʟʠʪʘ ʟʘʜʘʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʄʽʞ ʦʩʪʘʥʥʽʤʠ ʽʩʥʫʻ ʦʧʦʨʷʜʢʦʚʘʥʠʡ ʟʚ'ʷʟʦʢ. ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʮʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʪʨʠʤʘʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʝʢʪʥʦ-ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʣʘʟʝʨʥʦʤʫ ʩʧʽʢʘʥʥʽ 

ʢʦʤʧʦʟʠʪʽʚ, ʘ ʪʘʢʦʞ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʨʦʟʧʦʜʽʣ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʠʩʧʝʨʩʥʽʩʪʴ ʽ ʾ ʛʦʤʦʛʝʥʥʽʩʪʴ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʧʽʢʘʥʥʽ ʢʦʤʧʦʟʠʪʽʚ 

ʨʽʟʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ  ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ɺʠʚʯʘʚʩʷ ʚʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʧʦʨʦʰʢʦʚʽ ʩʫʤʽʰʽ, ʷʢʽ ʤʘʣʠ ʨʽʟʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ: ʇɻ-12ʅ-01 (Fe ï 2,0 5,0; Niï 74,4 86,6; C ï 0,3 0,6; Cr ï 

8,0 14,0; B ï 1,7 2,8;Si ï 1,2 3,2 ), ʍʊʅ ï 23 (Fe ï ʦʩʥʦʚʘ; Niï 6,0 8,0; Cr ï 20,0 20,5; Ti 

ï 2,4 2,5;B ï 2,5 2,6), ʇʉ-12ʅ-ɺʂ (65 %  ʇɻ-10ʅ-01, 35 % WC), ɹʨ010 (Sn ï 10 %, ʨʝʰʪʘ 

Cu). 

ɼʣʷ ʢʦʞʥʦʾ ʩʫʤʽʰʽ ʙʫʣʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʚʽ ʧʘʨʪʽʾ ʟʨʘʟʢʽʚ, ʥʘ ʦʜʥʽʡ ʟ ʷʢʠʭ ʧʦʨʦʰʢʦʚʽ 

ʩʫʤʽʰʽ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʶ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʣʝʣʴʥʦ, ʟ ʚʽʜʩʪʘʥʥʶ 5 ʤʤ, ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʜʦʨʽʞʦʢ, ʰʠʨʠʥʘ ʷʢʠʭ ʙʫʣʘ ʩʧʽʚʨʦʟʤʽʨʥʦʶ ʟ ʟʦʥʦʶ ʬʦʢʫʩʫʚʘʥʥʷ ʧʨʦʤʝʥʷ, ʥʘ ʽʥʰʽʡ ï ʥʘ 

ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʫʪʚʦʨʶʚʘʚʩʷ ʩʫʮʽʣʴʥʠʡ ʰʘʨ ʧʦʢʨʠʪʪʷ.  

ʇʦʚʝʨʭʥʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʨʦʟʤʽʨʘʤʠ 80ʭ50ʭ6 ʤʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ  ʩʪʘʣʽ 30 ʟʽ 

ʟʚʦʣʦʞʝʥʠʤʠ ʩʧʝʮʽʘʣʴʥʠʤ ʣʘʢʦʤ ʧʦʨʦʰʢʦʚʠʤʠ ʩʫʤʽʰʘʤʠ ʧʽʜʜʘʚʘʣʠʩʴ ʣʘʟʝʨʥʦʤʫ 

ʦʧʨʦʤʽʥʝʥʥʶ.  

ɺʠʟʥʘʯʘʣʠʩʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ  ʣʘʟʝʨʥʦʛʦ  ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ 

ʩʫʤʽʰʘʤʠ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʟʠʪʫ. 

ʆʙʨʦʙʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʝʤ YAG:Nd - ʣʘʟʝʨʘ çDY044è, ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ  

çROFIN-SINARè ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 1,06 ʤʢʤ,  ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʝʤ ʉʆ2 ʣʘʟʝʨʘ ʃʘʪʫʩ 31 ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 10,6 ʤʢʤ, ʥʘ ʧʦʚʽʪʨʽ ʪʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ, ʘʨʛʦʥʫ (ʚʠʪʨʘʪʘ 

ʦʩʪʘʥʥʴʦʛʦ ʟʤʽʥʶʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 2 ï 20 ʣ/ʭʚ.).  

ʆʙʨʦʙʢʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʝʤ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʦʥʦʛʦ ʜʠʘʧʘʟʦʥʫ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 

ʚʘʨʽʶʚʘʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʤʝʞʘʭ ʈ = 0,3é3  ʢɺʪ, ʰʚʠʜʢʦʩʪʽ 

ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ - V = 0,04é3 ʤ/ʭʚ, ʚʝʣʠʯʠʥʽ 

ʨʦʟʬʦʢʫʩʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ȹF = +30é+45 ʤʤ, ʧʨʠ ʬʦʢʫʩʥʽʡ ʚʽʜʩʪʘʥʽ ʣʽʥʟʠ 300 ʤʤ.  
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ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʩʪʘʥʦʚʠʣʘ , ʯʘʩ ʦʙʨʦʙʢʠ 

ï (0,06 ï 4,5) ʩ.   

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʠ 10,6 ʤʢʤ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ 

ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʥʘ ʨʽʚʥʽ 800 ɺʪ, ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʟʤʽʥʶʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 

, ʯʘʩ ʦʙʨʦʙʢʠ ï (0,15 ï 0,45) ʩ.   

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʛʨʽʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ 

ʰʚʠʜʢʦʩʪʽ  ʣʘʟʝʨʥʝ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʪʦʯʢʠ 

ʩʪʘʨʪʫ ʽ ʟʫʧʠʥʢʠ  ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʟʘ ʤʝʞʘʤʠ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʫ ʥʘ ʚʽʜʩʪʘʥʽ 40 ʤʤ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʷʣʠ ʰʣʽʬʠ, 

ʧʽʜʜʘʚʘʣʠ ʾʭ ʪʨʘʚʣʝʥʥʶ ʚ ʪʨʠʧʨʦʮʝʥʪʥʦʤʫ  ʨʦʟʯʠʥʽ  ʽ ʚʠʚʯʘʣʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʣʦʢʘʣʴʥʦʛʦ ʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, 

ʧʨʦʚʦʜʠʣʠ ʤʘʢʨʦ ï ̔  ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ.  

ɼʣʷ  ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʫʤʦʚ  ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʅʊʄ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ  ʥʝʦʙʭʽʜʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ  ʢʦʤʧʦʟʠʪʽʚ.  

ʇʨʠ ʧʦʧʘʜʘʥʥʽ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʥʘ ʧʦʚʝʨʭʥʶ ʤʘʪʝʨʽʘʣʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʨʠʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʚʽʜʙʠʪʦʛʦ ʽ ʧʦʛʣʠʥʝʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  ɺʽʜʙʠʪʘ ʯʘʩʪʠʥʘ, ʷʢ ʧʨʘʚʠʣʦ,  ʙʝʟʧʦʚʦʨʦʪʥʦ ʚʪʨʘʯʘʻʪʴʩʷ, ʜʨʫʛʘ ï ʧʨʦʥʠʢʘʻ 

ʥʘ ʥʝʚʝʣʠʢʫ ʛʣʠʙʠʥʫ ʤʘʪʝʨʽʘʣʫ ʽ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʧʝʨʝʭʦʜʠʪʴ ʫ ʪʝʧʣʦ. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʮʠʭ 

ʯʘʩʪʦʢ  ʚʠʟʥʘʯʘʻʪʴʩʷ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ R = I - A, ʜʝ R ʽ ɸ  - ʚʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʽ  

ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʚʠʤʽʨʫ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʛʣʠʥʫʪʦʾ ʤʘʪʝʨʽʘʣʦʤ ʨʦʟʨʦʙʣʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʪʦʣʠʢ 4, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʦʨʦʪʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ 5 ʫ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 15Ü, ʽ ʧʨʠʡʤʘʯ ʚʽʜʙʠʪʦʛʦ 

ʧʨʨʦʤʝʥʷ 1. ʆʩʪʘʥʥʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ ʢʦʤʫʪʘʮʽʾ 2 ʟ'ʻʜʥʘʥʠʡ ʽʟ  ʧʨʠʣʘʜʦʤ, ʱʦ 

ʘʥʘʣʽʟʫʻ, 3. ʗʢ  ʧʨʠʡʤʘʯ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʪʦʜʽʦʜ, ʩʠʛʥʘʣ ʟ ʷʢʦʛʦ 

ʯʝʨʝʟ ʣʘʥʮʶʞʦʢ ʧʦʨʽʚʥʷʥʥʷ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʦʩʮʠʣʦʛʨʘʬʘ. ʈʦʟʛʦʨʪʢʘ ʦʩʮʠʣʦʛʨʘʬʘ 

ʟʘʩʠʥʭʨʦʥʽʟʦʚʘʥʘ ʽʟ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʫʣʷʪʦʨʦʤ 6 ʣʘʟʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ 

ʦʜʝʨʞʘʥʥʷ ʧʨʷʤʦʛʦ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʦʧʨʦʤʽʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʪʦʣʠʢ 

ʬʽʢʩʫʻʪʴʩʷ ʚ ʧʦʣʦʞʝʥʥʽ "0". ʇʨʠ ʮʴʦʤʫ ʚʝʨʪʠʢʘʣʴʥʘ ʨʦʟʛʦʨʪʢʘ ʦʩʮʠʣʦʛʨʘʬʘ ʥʘʩʪʨʦʻʥʝ ʪʘʢ, 

ʱʦ ʫ ʚʠʧʘʜʢʫ ʦʧʨʦʤʽʥʝʥʥʷ ʜʟʝʨʢʘʣʘ ʟ 100%-ʡ ʚʽʜʙʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʨʠ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ ʦʜʝʨʞʫʻʤʦ ʩʠʛʥʘʣ ʟ ʘʤʧʣʽʪʫʜʦʶ ɺ. 

ʇʨʠ ʮʴʦʤʫ ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʦʮʽʥʶʻʪʴʩʷ ʷʢ, 

 
ʜʝ - ʝʥʝʨʛʽʷ ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ, ɼʞ;  - ʝʥʝʨʛʽʷ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ, ɼʞ. 
 

 
 

ʈʠʩ. 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʛʣʠʥʫʪʦʾ ʤʘʪʝʨʽʘʣʦʤ 
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ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ  ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʫʮʽʣʴʥʠʭ, ʘ ʥʘ ʨʠʩ.3 - 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 1,06 ʤʢʤ ʚ   

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ.  
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ɸ) ʨʽʟʥʠʭ ʩʫʮʽʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʽʾ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 1,06 ʤʢʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ  ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ : 1 

ï ʤʽʜʴ, ʧʝʨʰʠʡ ʽʤʧʫʣʴʩ; 2 ï ʤʽʜʴ, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ; 3 ï ʮʠʨʢʦʥʽʡ, ʧʝʨʰʠʡ ʽʤʧʫʣʴʩ; 4 ï 

ʮʠʨʢʦʥʽʡ, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ; 5 ï ʩʪʘʣʴ 65 ɻ, ʧʝʨʰʠʡ ʽʤʧʫʣʴʩ; 6 ï ʩʪʘʣʴ 65 ɻ, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ; 

7 ï ʂʅɹ ʤʘʨʢʠ ʂɺ 250/200, ʧʝʨʰʠʡ ʽʤʧʫʣʴʩ; 8 ï ʂʅɹ ʤʘʨʢʠ ʂɺ 250/200, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ. 

 
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ɸ) ʨʽʟʥʠʭ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʾʭ 

ʪʝʤʧʝʨʘʪʫʨʠ: 1 ï ʤʽʜʴ, ʧʝʨʰʠʡ ʽʤʧʫʣʴʩ; 2 ï ʤʽʜʴ, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ; 3 ï ʮʠʨʢʦʥʽʡ, ʧʝʨʰʠʡ 

ʽʤʧʫʣʴʩ; 4 ï ʮʠʨʢʦʥʽʡ, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ; 5 ï ʟʘʣʽʟʦ, ʧʝʨʰʠʡ ʽʤʧʫʣʴʩ; 6 ï ʟʘʣʽʟʦ, ʜʨʫʛʠʡ 

ʽʤʧʫʣʴʩ; 7- ʂʅɹ ʤʘʨʢʠ ʂɺ 250/200, ʧʝʨʰʠʡ ʽʤʧʫʣʴʩ; 8 ï ʂʅɹ, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ;  9 ï ʥʽʢʝʣʴ, 

ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ; 10 ï ʢʦʙʘʣʴʪ, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ 

 

ʇʨʦʚʝʜʝʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʥʘʣʽʟ   ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ  ʧʦʢʘʟʘʚ, ʱʦ ʧʝʚʥʘ 

ʯʘʩʪʢʘ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (14%, ʧʨʠ ʪʦʚʱʠʥʽ ʩʧʝʯʝʥʦʛʦ ʰʘʨʫ  >0,4 ʤʤ ʽ  60 

% ʧʨʠ ʤʘʣʽʡ ʪʦʚʱʠʥʽ < 0,3ʤʤ) ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩ ʥʘʛʨʽʚʘʥʥʷ ʽ ʦʧʣʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʦʩʥʦʚʠ, (60 ï 70%) ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʽ ʦʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʚʠʪʨʘʪʠ), 15 ï 20 % ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʝʧʨʦʜʫʢʪʠʚʥʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʠʚʘʥʥʷ ʽ ʥʝʟʨʽʚʥʷʥʥʦ ʤʘʣʦ ʥʘ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (6 ï 

10 %), ʨʘʜʽʘʮʽʡʥʝ  ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (1 ï 2%) ʽ ʢʦʥʚʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ (3 ï 5%). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʧʽʢʘʥʥʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʟʨʦʩʪʘʶʪʴ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʧʦʨʦʰʢʫ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ ʧʨʠ ʣʘʟʝʨʥʦʤʫ 

ʬʦʨʤʫʚʘʥʥʽ ʘʙʨʘʟʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʟʘʭʠʩʪʫ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʚʽʜ 

ʧʨʷʤʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʣʷʭʦʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʥʝʩʝʥʥʷ 

ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʤʘʻ ʧʽʜʚʠʱʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʡʦʛʦ 

ʚʽʜʙʠʪʪʷ. 
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ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʟʚ'ʷʟʢʘ 

ʢʦʤʧʦʟʠʪʫ ʟʽ ʩʧʣʘʚʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ,  ʤʘʻ  ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʫ ʩʪʨʫʢʪʫʨʫ. ɺʽʜʤʽʯʘʻʪʴʩʷ 

ʟʥʘʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʢʨʠʩʪʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ ʍʊʅ)  ʟʤʽʮʥʶʶʯʠʭ ʬʘʟ (Tiɺ2, 

Crɺ2) ʽ ʝʚʪʝʢʪʠʢʠ. ɺ ʦʧʣʘʚʣʝʥʠʭ ʰʘʨʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʽʣʷʥʢʠ ʧʽʜʚʠʱʝʥʦʛʦ ʪʨʘʚʣʝʥʥʷ, 

ʧʦʜʽʙʥʽ  ʤʘʨʪʝʥʩʠʪʥʠʤ ʛʦʣʢʘʤ. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʝʚʪʝʢʪʠʯʥʽ ʣʦʢʘʣʴʥʽ ʜʽʣʷʥʢʠ. 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ  ʩʪʨʫʢʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʟʤʽʥʶʻʪʴʩʷ ʧʣʘʚʥʦ, ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʡ ʩʪʘʥʦʚʠʪʴ 4500 ï 7500 ʄʇʘ. ʊʚʝʨʜʽʩʪʴ  ʟʚ'ʷʟʦʢ ʩʧʝʯʝʥʠʭ  ʰʘʨʽʚ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ  ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʨʦʩʪʦʤ 

ʯʘʩʪʢʠ ʙʽʣʴʰʝ ʪʚʝʨʜʦʾ ʝʚʪʝʢʪʠʢʠ ʡ ʪʚʝʨʜʦʩʪʽ ʤʘʪʨʠʮʽ. 

ɼʣʷ ʟʚ'ʷʟʦʢ ʟ ʇʉ12ʅɺʂʉ1 ʭʘʨʘʢʪʝʨʥʝ ʪʘʢʦʞ ʨʽʟʥʦʤʘʥʽʪʪʷ ʩʪʨʫʢʪʫʨ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʪʫʧʝʥʝʤ ʜʠʩʧʝʨʩʥʦʩʪʽ ʽ ʪʚʝʨʜʽʩʪʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʽʚ ʦʧʨʦʤʽʥʝʥʥʷ, 

ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 6000 ï 10000 ʄʇʘ. 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚ'ʷʟʦʢ ʢʦʤʧʦʟʠʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʣʘʟʝʨʥʠʤ ʩʧʽʢʘʥʥʷʤ 

ʚʠʚʯʘʣʠʩʴ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ. ʅʘʡʙʽʣʴʰʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʠʷʚʠʣʦ ʧʦʢʨʠʪʪʷ ʍʊʅ, ʱʦ 

ʤʘʻ ʤʝʥʰʫ ʪʚʝʨʜʽʩʪʴ ʽʟ ʧʦʨʽʚʥʶʚʘʥʠʭ ʟʚ'ʷʟʦʢ. ɺʦʥʦ ʢʨʘʱʝ ʧʨʘʮʶʻ ʷʢ ʧʨʠ ʤʘʣʠʭ, ʪʘʢ ʽ 

ʚʝʣʠʢʠʭ  ʧʠʪʦʤʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 
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ɺ.ɺ. ʇʈʀʄɸʏɽʅʂʆ, ʜ.ʪ.ʥ., ɺ.ɺ. ʄɸʈʊʓʅɽʅʂʆ, ʢ.ʪ.ʥ., ʃ.ɸ. ɹɸɹʂʀʅɸ,  

ʢ.ʪ.ʥ., ʃ.ʂ. ʉɸɺʀʅɸ, ʢ.ʪ.ʥ. 

ʇɸʆ çʋʂʈɸʀʅʉʂʀʁ ʅɸʋʏʅʆ-ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ ʀʅʉʊʀʊʋʊ ʆɻʅɽʋʇʆʈʆɺ 

ʀʄɽʅʀ ɸ.ʉ. ɹɽʈɽɾʅʆɻʆè, ʋʢʨʘʠʥʘ, ʛ. ʍʘʨʴʢʦʚ 
 

ʆʇʓʊ ʇʈʆʀɿɺʆɼʉʊɺɸ ʀ ʇʈʀʄɽʅɽʅʀʗ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʆɻʅɽʋʇʆʈʆɺ, 

ʈɸɿʈɸɹʆʊɸʅʅʓʍ ɺ ʇɸʆ çʋʂʈʅʀʀʆ ʀʄɽʅʀ ɸ.ʉ. ɹɽʈɽɾʅʆɻʆè ɼʃʗ 

ʇʈɽɼʇʈʀʗʊʀʁ ʋʂʈɸʀʅʓ 
 

ɺ ʇɸʆ çʋʂʈɸʀʅʉʂʀʁ ʅɸʋʏʅʆ-ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ ʀʅʉʊʀʊʋʊ ʆɻʅɽʋʇʆʈʆɺ ʀʄɽʅʀ ɸ.ʉ. 

ɹɽʈɽɾʅʆɻʆè ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʨʝʘʢʮʠʦʥʥʦʩʧʝʯʝʥʥʳʭ ʚ 

ʩʨʝʜʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʦʛʥʝʫʧʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʢʦʨʫʥʜʘ ʥʘ ʩʚʷʟʢʘʭ ʠʟ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ, 

ʦʢʩʠʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʠ ʩʠʘʣʦʥʘ, ʘ ʪʘʢʞʝ ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʭ ʠʟʜʝʣʠʡ ʥʘ ʛʣʠʥʦʟʝʤʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ ʠ 

ʤʫʣʣʠʪʦʢʦʨʫʥʜʦʚʳʭ ʠʟʜʝʣʠʡ ʩ ʜʦʙʘʚʢʦʡ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʘʝʤʳʭ ʩʧʝʢʘʥʠʝʤ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. 

ʀʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠʥʩʪʠʪʫʪʦʤ ʠʟʜʝʣʠʷ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʩʚʦʡʩʪʚ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʦʛʥʝʫʧʦʨʥʳʝ ʠʟʜʝʣʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ, ʩʪʝʢʦʣʴʥʦʡ  ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʦʛʥʝʫʧʦʨʳ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʢʦʨʫʥʜ, ʤʫʣʣʠʪ, ʩʚʷʟʢʘ, ʥʠʪʨʠʜ 

ʢʨʝʤʥʠʷ, ʦʢʩʠʥʠʪʨʠʜ ʢʨʝʤʥʠʷ, ʩʠʘʣʦʥ, ʨʝʘʢʮʠʦʥʥʦʝ ʩʧʝʢʘʥʠʝ 

 

ʇʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, 

ʵʨʦʟʠʠ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʪ.ʝ. ʚ ʦʩʦʙʦʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʟʚʝʩʪʥʳʝ ʦʢʩʠʜʥʳʝ 

ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʰʘʤʦʪʥʳʝ, ʤʫʣʣʠʪʦʢʦʨʫʥʜʦʚʳʝ ʠ ʜʨ.) ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʬʫʪʝʨʦʚʦʢ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʇɸʆ çʋʂʈɸʀʅʉʂʀʁ ʅɸʋʏʅʆ-ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ ʀʅʉʊʀʊʋʊ 

ʆɻʅɽʋʇʆʈʆɺ ʀʄɽʅʀ ɸ.ʉ. ɹɽʈɽɾʅʆɻʆè ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʨʝʘʢʮʠʦʥʥʦʩʧʝʯʝʥʥʳʭ ʦʙʦʞʞʝʥʥʳʭ ʚ ʩʨʝʜʝ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʦʛʥʝʫʧʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʢʦʨʫʥʜʘ ʥʘ ʩʚʷʟʢʘʭ ʠʟ 

ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ, ʦʢʩʠʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʠ ʩʠʘʣʦʥʘ, ʘ ʪʘʢʞʝ ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʭ ʠʟʜʝʣʠʡ ʥʘ 
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ʛʣʠʥʦʟʝʤʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ ʠ ʤʫʣʣʠʪʦʢʦʨʫʥʜʦʚʳʭ ʠʟʜʝʣʠʡ ʩ ʜʦʙʘʚʢʦʡ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, 

ʧʦʣʫʯʘʝʤʳʭ ʩʧʝʢʘʥʠʝʤ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ɺ ʠʥʩʪʠʪʫʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʦʩʚʦʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʛʥʝʫʧʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʣʝʜʫʶʱʠʭ 

ʩʦʩʪʘʚʦʚ: 

ð ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʠʟʜʝʣʠʷ ʥʘ ʥʠʪʨʠʜʢʨʝʤʥʠʝʚʦʡ ʩʚʷʟʢʝ; 

ð ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʠʟʜʝʣʠʷ ʥʘ ʦʢʩʠʥʠʪʨʠʜʢʨʝʤʥʠʝʚʦʡ ʩʚʷʟʢʝ; 

ð ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʠʟʜʝʣʠʷ ʥʘ ʩʠʘʣʦʥʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ; 

ð ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʠʟʜʝʣʠʷ ʥʘ ʛʣʠʥʦʟʝʤʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ; 

ð ʢʦʨʫʥʜʦʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʠʟʜʝʣʠʷ ʥʘ ʩʠʘʣʦʥʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ; 

ð ʢʦʨʫʥʜʦʚʳʝ ʠʟʜʝʣʠʷ ʥʘ ʩʠʘʣʦʥʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ; 

ð ʤʫʣʣʠʪʦʢʦʨʫʥʜʦʚʳʝ ʠʟʜʝʣʠʷ ʩ ʜʦʙʘʚʢʦʡ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʂʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʠʟʜʝʣʠʷ ʥʘ ʥʠʪʨʠʜʢʨʝʤʥʠʝʚʦʡ, ʦʢʩʠʥʠʪʨʠʜʢʨʝʤʥʠʝʚʦʡ ʠ 

ʩʠʘʣʦʥʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʘʭ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʰʝʣʦʯʝʡ, ʨʘʩʧʣʘʚʘ ʰʣʘʢʘ, ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʬʫʨʤʝʥʥʦʡ ʟʦʥʳ, 

ʟʘʧʣʝʯʠʢʦʚ, ʨʘʩʧʘʨʳ, ʥʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʝʡ ʰʘʭʪʳ ʜʦʤʝʥʥʦʡ ʧʝʯʠ, ʚ ʪʝʨʤʠʯʝʩʢʠʭ ʠ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʝʯʘʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʧʦ ʚʳʧʣʘʚʢʝ ʘʣʶʤʠʥʠʷ ʠ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʨʘʩʧʣʘʚʘʤʠ ʜʨʫʛʠʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ [1]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠʥʩʪʠʪʫʪʦʤ 

ʠʟʜʝʣʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ SiC- ʙʦʣʝʝ 70,0 %, ʘʟʦʪʘ ð ʙʦʣʝʝ 6 %, ʦʪʢʨʳʪʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ ð ʜʦ 18,0%, ʢʘʞʫʱʝʡʩʷ ʧʣʦʪʥʦʩʪʴʶ ð ʙʦʣʝʝ 2,56 ʛ/ʩʤ
3
, ʧʨʝʜʝʣʦʤ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ð ʙʦʣʝʝ 120 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ʨʘʟʤʷʛʯʝʥʠʷ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ 0,2 ʄʇʘ - ʙʦʣʝʝ 1700 
ʦ
ʉ [2]. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʟʘ ʨʫʙʝʞʦʤ ʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʋʢʨʘʠʥʳ ʥʘʰʣʠ 

ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʦʛʥʝʫʧʦʨʳ ʥʘ ʛʣʠʥʦʟʝʤʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʘʙʨʘʟʠʚʦʫʩʪʦʡʯʠʚʦʩʪʴʶ [1-4]. 

ʂʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʠʟʜʝʣʠʷ ʥʘ ʛʣʠʥʦʟʝʤʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʛʥʝʧʨʠʧʘʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʘʭ ʤʝʪʘʣʣʫʨʛʠʠ (ʚʠʟʠʨʥʳʝ 

ʩʪʘʢʘʥʳ, ʯʝʭʣʳ ʠ ʪ. ʜ.), ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʢʫʧʦʣʘ ʰʘʭʪʳ ʠ ʢʦʣʦʰʥʠʢʘ, ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ 

ʢʦʣʦʰʥʠʢʦʚʦʛʦ ʛʘʟʘ ʠ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ, ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʧʝʯʘʭ 
ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʠʟʜʝʣʠʡ ʚ ʢʘʯʝʩʪʚʝ ʬʫʪʝʨʦʚʢʠ ʙʦʢʦʚʳʭ ʠ ʩʚʦʜʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʝʯʝʡ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʙʣʦʢʦʚ, ʧʣʠʪ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʙʘʣʦʢ 

ʧʝʨʝʢʨʳʪʠʷ. ʕʪʘ ʧʨʦʜʫʢʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ SiC ð ʙʦʣʝʝ 82,0%, Al2O3 ð 

2,0-2,6 %, ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ð ʜʦ 18,0%, ʢʘʞʫʱʝʡʩʷ ʧʣʦʪʥʦʩʪʴʶ ð 2,50-2,54 ʛ/ʩʤ
3
, 

ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ð ʙʦʣʝʝ 70 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ʨʘʟʤʷʛʯʝʥʠʷ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ 0,2 ʄʇʘ -  1550 
ʦ
ʉ [5-6]. 

ʂʦʨʫʥʜʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʩʠʘʣʦʥʦʚʦʡ ʩʚʷʟʢʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʚʳʩʦʢʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ, ʨʘʩʧʣʘʚʫ ʤʝʪʘʣʣʘ, ʢʦʨʨʦʟʠʠ 

ʱʝʣʦʯʘʤʠ [7-8]. ʂʦʨʫʥʜʦʚʳʝ ʠ ʢʦʨʫʥʜʦʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ ʦʛʥʝʫʧʦʨʳ ʥʘ 

ʩʠʘʣʦʥʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʩʪʠʪʫʪʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʬʫʪʝʨʦʚʢʠ 

ʵʣʝʤʝʥʪʦʚ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʨʘʩʧʣʘʚʘʤʠ ʤʝʪʘʣʣʘ, ʰʣʘʢʘ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʱʠʪʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʘʢʘʥʘʭ ʛʦʨʥʘ, ʰʣʘʢʦʚʳʭ ʧʦʷʩʘʭ ʯʫʛʫʥʦʚʦʟʥʳʭ ʢʦʚʰʝʡ, ʚ ʪ.ʯ. ʤʠʢʩʝʨʥʦʛʦ ʪʠʧʘ, ʙʦʡʥʳʝ 

ʧʣʠʪʳ ʚ ʜʥʠʱʝ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʳʭ ʢʦʚʰʝʡ, ʧʝʨʝʛʦʨʦʜʢʠ ʚ ʧʨʦʤʢʦʚʰʘʭ, ʚʢʣʘʜʳʰʠ ʧʣʠʪ 

ʜʣʷ ʙʝʩʩʪʦʧʦʨʥʦʡ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʠ ʜʨ. ʕʪʠ ʦʛʥʝʫʧʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 1600
ʦ
ʉ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʧʣʘʚʘʤʠ ʰʣʘʢʘ ʠ ʯʫʛʫʥʘ. ʆʛʥʝʫʧʦʨʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Al2O3 ð 60-80 %, ʘʟʦʪʘ ð ʙʦʣʝʝ 5,0 %, ʦʪʢʨʳʪʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ ~ 16,0-18 %, ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ~ 120-175 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʥʘʯʘʣʘ ʨʘʟʤʷʛʯʝʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 0,2 ʄʇʘ ð 1700 
ʦ
ʉ, ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʨʘʩʧʣʘʚʘʤ 

ʯʫʛʫʥʘ ʠ ʰʣʘʢʘ [9-10]. 

ɼʣʷ ʬʫʪʝʨʦʚʢʠ ʧʝʨʝʜʚʠʞʥʳʭ ʯʫʛʫʥʦʚʦʟʥʳʭ ʤʠʢʩʝʨʥʳʭ ʢʦʚʰʝʡ (ʜʣʷ ʰʣʘʢʦʚʦʛʦ 

ʧʦʷʩʘ, ʩʪʝʥ ʠ ʟʦʥʳ ʧʘʜʝʥʠʷ ʩʪʨʫʠ ʤʝʪʘʣʣʘ, ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʜʥʠʱʘ, ʮʠʣʠʥʜʨʘ) 
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ʧʨʠʤʝʥʷʶʪʩʷ ʤʫʣʣʠʪʦʢʦʨʫʥʜʦʚʳʝ ʠʟʜʝʣʠʷ ʩ ʜʦʙʘʚʢʦʡ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʠʥʩʪʠʪʫʪʦʤ ʦʛʥʝʫʧʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ SiC- ʥʝ ʤʝʥʝʝ 7,0%, Al2O3 ð ʥʝ 

ʤʝʥʝʝ 80 %, ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ð ʜʦ 18,0%, ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ð ʙʦʣʝʝ 

80 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ʨʘʟʤʷʛʯʝʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 0,2 ʄʇʘ ð 1700 
ʦ
ʉ [11-13]. 

ʀʟʛʦʪʘʚʣʠʚʘʝʤʘʷ ʠʥʩʪʠʪʫʪʦʤ ʧʨʦʜʫʢʮʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʩʚʦʡʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʨʦʚʥʶ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ. 
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ɯ. ɸ. ɯɺɸʑɽʅʂʆ, ʜʦʮ., ɯ. ɺ. ɼɸʅʀʃʖʂ, ʘʩʧʽʨʘʥʪ, ɯ. ɼ. ʆʃɽʂʉɽʖʂ, ʧʨʦʬ. 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʪʘ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ɺʦʣʠʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤ. ʃʝʩʽ ʋʢʨʘʾʥʢʠ, ʋʢʨʘʾʥʘ, ʤ. ʃʫʮʴʢ 

 

ʇʈʆɽʂʎɯʗ ʇʆɺɽʈʍʅɯ ʃɯʂɺɯɼʋʉʋ  

ʂɺɸɿɯʇʆʊʈɯʁʅʆɰ ʉʀʉʊɽʄʀ Ag2Se ï Ga2Se3 ï In2Se3 

 
ɺʧʝʨʰʝ ʧʦʙʫʜʦʚʘʥʘ ʧʨʦʝʢʮʽʷ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʩʠʩʪʝʤʠ Ag2Se ï Ga2Se3 ï In2Se3 ʫ ʧʦʚʥʦʤʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. ɺʩʪʘʥʦʚʣʝʥʽ ʦʙʣʘʩʪʽ ʧʝʨʚʠʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʽʥʘʨʥʠʭ, ʪʝʨʥʘʨʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʬʘʟ, ʷʢʽ ʽʩʥʫʶʪʴ ʚ ʩʠʩʪʝʤʘʭ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʫ. ɺʠʟʥʘʯʝʥʽ ʦʙʣʘʩʪʽ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʩʧʦʣʫʢ. ɺʩʪʘʥʦʚʣʝʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʪʽʢʘʥʥʷ ʥʦʥʚʘʨʽʘʥʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʚʘʟʽʧʦʪʨʽʡʥʽʡ 

ʩʠʩʪʝʤʽ Ag2Se ï Ga2Se3 ï In2Se3, ʢʦʦʨʜʠʥʘʪʠ ʥʦʥʚʘʨʽʘʥʪʥʠʭ ʪʦʯʦʢ, ʟʦʢʨʝʤʘ ʧʦʪʨʽʡʥʠʭ ʝʚʪʝʢʪʠʢ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ, ʥʦʥʚʘʨʽʘʥʪʥʽ ʧʨʦʮʝʩʠ, ʝʚʪʝʢʪʠʯʥʽ ʪʦʯʢʠ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʭʘʣʴʢʦʛʝʥʽʜʠ 

 

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʻ ʧʦʰʫʢ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʦʚʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʢʦʤʧʦʟʠʮʽʡʥʽ, ʷʢʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʉʝʨʝʜ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ 

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʠʥʪʝʟ ʩʧʣʘʚʽʚ ʩʢʣʘʜʫ ʝʚʪʝʢʪʠʯʥʠʭ ʪʦʯʦʢ ʻ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʩʠʪʴ ʧʨʦʩʪʠʤ, ʟʘʙʝʟʧʝʯʫʻ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ ʤʽʞ ʤʘʪʨʠʮʝʶ ʪʘ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ ʦʢʩʠʜʥʠʭ ʧʣʽʚʦʢ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʘ  ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʦʨʽʻʥʪʘʮʽʾ ʢʨʠʩʪʘʣʽʪʽʚ. ɿ ʤʝʪʦʶ ʟʥʘʭʦʜʞʝʥʥʷ ʩʢʣʘʜʽʚ ʝʚʪʝʢʪʠʯʥʠʭ ʪʦʯʦʢ ʥʘʤʠ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ Ag2Se ï Ga2Se3 ï In2Se3 ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ 

(ʈʌɸ), ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʄʉɸ), ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʦ-

ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ɼʊɸ). ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ 

[1-4] ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʧʨʦʝʢʮʽʷ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 1). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʚʘʟʽʙʽʥʘʨʥʠʤʠ ʻ ʩʠʩʪʝʤʠ: Ag9GaSe6 ï AgInSe2, AgGaSe2 ï AgInSe2, 

AgGaSe2 ï AgIn5Se8, Ga2Se3 ï AgIn5Se8, AgIn5Se8 ï ɔ1, ʜʝ ɔ1 ï ʦʢʨʝʤʠʡ ʩʢʣʘʜ, ʬʘʟʠ ʟʤʽʥʦʛʦ 

ʩʢʣʘʜʫ (Ga1-xInx)2Se3, 0.57ÒxÒ0.97, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ Ga2Se3-In2Se3. ʇʨʠ ʜʘʥʦʤʫ 

ʩʢʣʘʜʽ ʬʘʟʘ ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ, ʪʦʤʫ ʧʝʨʝʨʽʟ AgIn5Se8 ï ɔ1 ʻ ʢʚʘʟʽʙʽʥʘʨʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʋ ʩʠʩʪʝʤʽ Ga2Se3-In2Se3 ʢʨʽʤ ʪʦʛʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʱʝ ʦʜʥʘ ʬʘʟʘ ɔ2 ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ            

(Ga1-xInx)2Se3, 0.32ÒxÒ0.42, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʦʾʜʥʦʶ ʨʝʘʢʮʽʻʶ ɔ1+ŭªɔ2 ʧʨʠ 

1120ʂ, ʜʝ ŭ-ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ Ga2Se3. ʂʚʘʟʽʙʽʥʘʨʥʽ ʩʠʩʪʝʤʠ 

(ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ ʥʘ ʨʠʩ. 1) ʨʦʟʙʠʚʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʫ ʢʚʘʟʽʧʦʪʨʽʡʥʫ ʩʠʩʪʝʤʫ ʥʘ ʪʘʢʽ 

ʧʽʜʩʠʩʪʝʤʠ: Ag2Se ï Ag9GaSe6 ï AgInSe2, Ag9GaSe6 ï AgGaSe2 ï AgInSe2, AgGaSe2 ï 

AgIn5Se8 ï AgInSe2, AgGaSe2 ï Ga2Se3 ï AgIn5Se8, Ga2Se3 ï AgIn5Se8 ï ɔ1 , In2Se3 ï 

AgIn5Se8 ï ɔ1 . ʇʫʥʢʨʠʪʥʠʤʠ ʣʽʥʽʷʤʠ (ʨʠʩ. 1) ʧʦʢʘʟʘʥʽ ʧʦʣʽʪʝʨʤʽʯʥʽ ʧʝʨʝʨʽʟʠ, ʱʦ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʨʦʪʽʢʘʥʥʷ ʤʦʥʦʚʘʨʽʘʥʪʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʢʦʦʨʜʠʥʘʪ ʥʦʥʚʘʨʽʘʥʪʥʠʭ ʪʦʯʦʢ. 

ʇʨʦʝʢʮʽʷ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʣʽʚ ʧʝʨʚʠʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ Ŭ-ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ Ag2Se, ɓ-ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ Ag9GaSe6, Ů-ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ 

ʦʩʥʦʚʽ AgGaSe2, Ů¡-ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ɺʊʄ-AgInSe2, ŭ-ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

Ga2Se3, ɝ-ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ɺʊʄ-AgIn5Se8, ɖ-ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ɺʊʄ- 

In2Se3, ɢ-ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ AgIn11Se17 ʪʘ ɔ1-ʬʘʟʠ. 

ʎʽ ʦʙʣʘʩʪʽ ʧʝʨʚʠʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʜʽʣʝʥʽ ʤʦʥʦʚʘʨʽʘʥʪʥʠʤʠ ʢʨʠʚʠʤʠ ʪʘ 

ʥʦʥʚʘʨʽʘʥʪʥʠʤʠ ʪʦʯʢʘʤʠ ʧʦʜʚʽʡʥʠʭ ʪʘ ʧʦʪʨʽʡʥʠʭ ʥʦʥʚʘʨʽʘʥʪʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ.1. 
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ʈʠʩ. 1 ʇʨʦʝʢʮʽʷ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʢʚʘʟʽʧʦʪʨʽʡʥʦʾ ʩʠʩʪʝʤʠ Ag2Se ï Ga2Se3 ï In2Se3 

 

ʊʘʙʣʠʮʷ 1. ʍʘʨʘʢʪʝʨ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʽʢʘʥʥʷ ʥʦʥʚʘʨʽʘʥʪʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʢʦʦʨʜʠʥʘʪʠ ʥʦʥʚʘʨʽʘʥʪʥʠʭ ʪʦʯʦʢ ʢʚʘʟʽʧʦʪʨʽʡʥʦʾ ʩʠʩʪʝʤʠ Ag2Se ï Ga2Se3 ï In2Se3 

 

ʅʦʥʚʘʨʽʥʪʥʘ 

ʪʦʯʢʘ 
ʈʝʘʢʮʽʷ ʊ, ʂ ʉʢʣʘʜ, ʤʦʣ. % 

Ag2Se Cʘ2Se3 In 2Se3 

e1 L ª Ŭ + b 1024 95 5 --- 

e2 L ª ɓ + Ů 1001 80 20 --- 

e3 L ª Ů + ŭ 1105 38 62 --- 

e4 L ª a + Ů 930 75 --- 25 

e5 L ª Ů' + ɝ 1060 50 --- 50 

e6 L ª ɝ + ɢ 1063 14 --- 86 

e7 L ª ɖ+ ɔ1 1133 --- 10 90 

e8 L ª ɔ1+ ŭ 1150 --- 70 30 

e9 L ª ɓ + Ů 960 85 9 6 

e10 L ª Ů + Ů¡ 1030 50 11 39 

e11 L ª Ů + ɝ 998 33 24 43 

e12 L ª ɝ + ɔ1 1053 12 6 82 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ.1 

ʅʦʥʚʘʨʽʥʪʥʘ 

ʪʦʯʢʘ 
ʈʝʘʢʮʽʷ ʊ, ʂ ʉʢʣʘʜ, ʤʦʣ. % 

Ag2Se Cʘ2Se3 In 2Se3 

m1 Ů¡ ª L  + Ů 945 73 --- 27 

p1 L + ɖ ª   ɢ 1077 12 --- 88 

p2 L + ŭ ª ɝ 1115 11 36 53 

E1 L ª a + ɓ + e 913 79 2 19 

E2 L ª ɝ + Ů + Ů¡ 983 40 15 45 

U1 L + ŭ ª Ů + ɝ 1018 29 30 41 

U2 L + ŭ ª ɝ + ɔ1 1058 8 19 73 

U3 L + ɖ ª ɢ + ɔ1 1060 8 6 86 

 

ʃʽʪʝʨʘʪʫʨʘ: 

 

1. ʂʨʠʭʦʚʝʮʴ ʆ.ɺ. ʌʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʽ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 
ʪʘ ʧʨʦʤʽʞʥʠʭ ʬʘʟ ʫ ʩʠʩʪʝʤʘʭ Ag2Seïɺ

ɯɯɯ
2Se3ïʉ

IV
Se2 (B

III  
ï Ga, In; ʉ

IV
 ï Ge, Sn) : ɼʠʩ. 

ʢʘʥʜ. ʭʽʤ. ʥʘʫʢ: 02.00.01 / ʆ. ɺ. ʂʨʠʭʦʚʝʮʴ ï ʃʫʮʴʢ: ɺʝʞʘ, 2000. ï C. 52-54.
 

2. ʇʘʣʘʪʥʠʢ ʃ. ʉ. ʀʩcʣʝʜʦʚʘʥʠʝ ʩʧʣʘʚʦʚ (AgInSe2 )3(1-x)ī(In2Se3)2x / ʃ. ʉ. ʇʘʣʘʪʥʠʢ, ɽ. ʀ. 

ʈʦʛʘʯʝʚʘ // ʂʨʠʩʪʘʣʦʛʨʘʬʠʷ, 1966. ī T. 11, ˉ 2. ï C. 191-195.
 

3. ʇʦʣʫʯʝʥʠʷ, ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʠ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ AgInSe2 / ʄ. ʖ. ʈʠʛʘʥ, ɺ. 

ʀ.ʊʢʘʯʝʥʢʦ, ʅ. ʇ. ʉʪʘʩʶʢ, ʃ. ʊ. ʅʦʚʠʢʦʚʘ // ɺʳʩʦʢʦʯʠʩʪʳʝ ʚʝʱʝʩʪʚʘ, 1991. ī ˉ 4. ï 

C.172-176. 
4. ʋʪʦʯʥʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʩʠʩʪʝʤʽ Ga2Se3 ï In2Se3 / ɯ. ɼ. ʆʣʝʢʩʝʶʢ, ɯ. ɸ. 

ɯʚʘʱʝʥʢʦ, ʃ. ɼ. ɻʫʣʘʡ, ɯ. ɺ. ɼʘʥʠʣʶʢ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ɺʅʋ, ʭʽʤʽʯʥʽ ʥʘʫʢʠ, 2010. ī 

ˉ 16. ï C.42-50. 
 

 

 

 

 

 

 

ʋɼʂ 666.973.6 

 

ʊ.ʉ.ɼɸʐʂʆɺɸ, ʘʩʠʩʪʝʥʪ, ɯ. ɺ.ɻʃʋʍʆɺʉʔʂʀʁ, ʢ.ʪ.ʥ., ɺ.ɺ.ɻʃʋʍʆɺʉʔʂʀʁ, ʢ.ʪ.ʥ.,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ʅɽʆʈɻɸʅɯʏʅɯ ɺôʗɾʋʏɯ ʅɸ ʆʉʅʆɺɯ ɺɯɼʍʆɼɯɺ ʊɽʇʃʆɺʀʍ ɽʃɽʂʊʈʆʉʊɸʅʎɯʁ 

 
ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʨʦʟʨʦʙʢʠ ʥʝʦʨʛʘʥʽʯʥʠʭ ʚôʷʞʫʯʠʭ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʪʦʥʥʘʞʥʠʭ ʚʽʜʭʦʜʽʚ 

ï ʟʦʣʦʰʣʘʢʽʚ ʊɽʉ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ɿʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ ʻ 

ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʟʘʜʘʯʝʶ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ. ʋ ʛʘʣʫʟʽ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʮʷ ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ 

ʦʩʥʦʚʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʚ'ʷʞʫʯʦʛʦ ï ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʟʘʛʘʣʴʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʷʢʦʛʦ 

ʜʦʨʽʚʥʶʻ 7500 ʄɼʞ ʥʘ ʪʦʥʥʫ, ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʫʯʝʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʙʘʛʘʪʦʪʦʥʥʘʞʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ 

ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʽʩʥʫʶʯʠʤ ʩʚʽʪʦʚʠʤ 

ʪʝʥʜʝʥʮʽʷʤ, ʻ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʩʢʣʘʜʽ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ, 
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ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʽʚ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʘʛʘʪʦʪʦʥʥʘʞʥʠʤʠ 

ʚʽʜʭʦʜʘʤʠ ʽʥʰʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʱʦ ʟʥʘʡʰʣʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʜʽʶʯʠʭ ʚ ʋʢʨʘʾʥʽ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʘʭ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʽʩʥʫʻ ʛʨʫʧʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ 

ʧʝʨʝʜʙʘʯʝʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ. ɿʫʤʦʚʣʝʥʦ ʮʝ ʪʠʤ, ʱʦ ʜʦ ʪʝʧʝʨ ʥʝ 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʦʞʣʠʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʙ ʾʭ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʷʢʦʩʪʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʚ'ʷʞʫʯʠʭ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦ 

ʮʽʻʾ ʛʨʫʧʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʟʦʣʦʰʣʘʢʦʚʽ ʚʽʜʭʦʜʠ ʪʝʧʣʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʪʚʝʨʜʽ ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʪʘ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʡʦʛʦ ʤʽʥʝʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʙʽʣʴʰʦʩʪʽ ʟʦʣʦʰʣʘʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʢʣʘ (60ï90 ʤʘʩ. %), ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʮʴʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʇʠʪʦʤʘ ʚʘʛʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʫ ʟʘʛʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʡ ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 40%. ɺʽʜʩʫʪʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ 

ʚʢʘʟʘʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʽʜʭʦʜʫ ʦʙʫʤʦʚʣʶʻ ʟʥʘʯʥʽ ʨʦʟʤʽʨʠ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʚʘʣʽʚ, ʧʣʦʱʘ 

ʷʢʠʭ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʘʢ, ʟʘ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʋʢʨʘʾʥʠ, ʦʙôʻʤʠ ʫʪʚʦʨʝʥʥʷ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʊɽʉ ʱʦʨʽʯʥʦ ʩʢʣʘʜʘʶʪʴ ʧʦʥʘʜ 8,8 ʤʣʥ. 

ʪʦʥʥ, ʘ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʚʘʣʘʭ ʊɽʉ 

ʩʢʣʘʜʘʻ ʧʦʥʘʜ 390 ʤʣʥ. ʪʦʥʥ. ʈʽʚʝʥʴ ʫʪʠʣʽʟʘʮʽʾ ʮʠʭ ʚʽʜʭʦʜʽʚ ʚ ʋʢʨʘʾʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 16%. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʮʝʡ ʧʦʢʘʟʥʠʢ ʫ ʪʘʢʠʭ ʢʨʘʾʥʘʭ ʷʢ ʌʨʘʥʮʽʷ ʪʘ ʅʽʤʝʯʯʠʥʘ ʩʢʣʘʜʘʻ ï 70%, ʘ ʫ 

ʌʽʥʣʷʥʜʽʾ ï ʙʽʣʷ 90%. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʪʚʝʨʜʦʛʦ 

ʧʘʣʠʚʘ ʩʪʘʻ ʧʠʪʘʥʥʷʤ ʥʝ ʪʽʣʴʢʠ ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʽ ʧʨʦʙʣʝʤʦʶ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʊɽʉ ʚ ʷʢʦʩʪʽ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʚ'ʷʞʫʯʦʛʦ, ʜʦʟʚʦʣʠʪʴ 

ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʙʫʜʝ ʩʧʨʠʷʪʠ ʟʤʝʥʰʝʥʥʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘ ʩʚʦʾʤ ʭʽʤʽʯʥʠʤ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʪʘ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʟʦʣʦʰʣʘʢʦʚʽ 

ʚʽʜʭʦʜʠ ʊɽʉ ʽʜʝʥʪʠʯʥʽ ʧʨʠʨʦʜʥʠʤ ʤʽʥʝʨʘʣʴʥʠʤ ʩʠʨʦʚʠʥʥʠʤ ʧʨʦʜʫʢʪʘʤ ʽ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʰʠʨʦʢʦʾ 

ʥʦʤʝʥʢʣʘʪʫʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ. 

ʇʨʦʜʫʢʪʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʤʽʥʝʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʚʝʨʜʦʛʦ 

ʧʘʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʪʘ ʘʤʦʨʬʥʠʤʠ ʥʦʚʦʫʪʚʦʨʝʥʥʷʤʠ. ʆʩʪʘʥʥʽ, ʻ ʥʘʡʙʽʣʴʰ 

ʘʢʪʠʚʥʦʶ, ʟ ʭʽʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʩʢʣʘʜʦʚʦʶ ʟʦʣʦʰʣʘʢʽʚ, ʽ ʷʢʽ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʟʜʘʪʥʽ ʜʦ 

ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤʘʭ. 

ɸʤʦʨʬʥʽ ʥʦʚʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟʦʣʦʰʣʘʢʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʻʜʥʘʥʽ ʫ 

ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

- ʥʝ ʧʦʚʥʽʩʪʶ ʜʝʛʽʜʨʘʪʦʚʘʥʽ ʪʘ ʯʘʩʪʢʦʚʦ ʘʤʦʨʬʽʟʦʚʘʥʽ ʛʣʠʥʠʩʪʽ ʩʧʦʣʫʢʠ ʟ ʟʘʣʠʰʢʘʤʠ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ, ʱʦ ʟʜʘʪʥʽ ʜʦ ʨʝʛʽʜʨʘʪʘʮʽʾ; 

- ʘʤʦʨʬʽʟʦʚʘʥʘ ʪʘ ʩʣʘʙʦ ʩʧʝʯʝʥʘ ʨʝʯʦʚʠʥʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʤʽʰʽ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʪʘ ʛʣʠʥʦʟʝʤʫ; 

- ʩʧʝʯʝʥʘ ʪʘ ʯʘʩʪʢʦʚʦ ʦʩʢʣʦʚʘʥʘ ʨʝʯʦʚʠʥʘ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘʜʫ. 

ʇʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚʢʘʟʘʥʠʭ ʛʨʫʧ ʨʝʯʦʚʠʥ ʧʨʠ ʩʠʥʪʝʟʽ ʚôʷʞʫʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʾʭ ʟʜʘʪʥʽʩʪʶ ʚʟʘʻʤʦʜʽʾ ʟ ʛʽʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʽʶ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʪʘ ʛʽʜʨʦʘʣʶʤʦʩʠʣʽʢʘʪʽʚ, ʱʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʾʭ 

ʨʦʟʯʠʥʥʽʩʪʶ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʯʠʥʥʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʨʦʩʪʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʨʅ 

ʪʘ ʚʠʜʦʤ ʘʢʪʠʚʥʠʭ  ʜʦʙʘʚʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʢʘʪʘʣʽʟʘʪʦʨʘ ʜʝʩʪʨʫʢʮʽʾ  

ʚʠʭʽʜʥʠʭ ʩʪʨʫʢʪʫʨ ʟʦʣʦʰʣʘʢʽʚ. ɼʽʷ ʜʦʙʘʚʦʢ ʘʢʪʠʚʘʪʦʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ SiïOïSi, AlïOïAl, SiïOïAl ʘʤʦʨʬʽʟʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʦʣʦʰʣʘʢʽʚ 

ʪʘ ʧʝʨʝʭʦʜʫ ʧʨʦʜʫʢʪʽʚ ʮʽʻʾ ʜʝʩʪʨʫʢʮʽʾ ʫ ʢʦʣʦʾʜʥʫ ʬʘʟʫ, ʟ ʧʦʩʣʽʜʫʶʯʦʶ ʾʭ ʫʯʘʩʪʶ ʚ ʩʠʥʪʝʟʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʪʘ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ. 
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ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʢʘʟʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩ ʪʚʝʨʜʽʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʚôʷʞʫʯʠʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʪʘ 

ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʦʣʦʰʣʘʢʽʚ, ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʚôʷʞʫʯʽ ʩʠʩʪʝʤʠ ʪʘ ʚʠʨʦʙʠ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʚ'ʷʞʫʯʦʛʦ, ʷʢʝ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ. 

 

ʊʘʙʣʠʮʷ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʥʘ ʦʩʥʦʚʽ ʟʦʣʦʰʣʘʢʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʜ. ʚʠʤʽʨʫ ɿʥʘʯʝʥʥʷ 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʫ ʚʽʮʽ 28 ʜʽʙ ʄʇʘ 22,4 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʫ ʚʽʮʽ 90 ʜʽʙ ʄʇʘ 25,6 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʫ ʩʫʭʦʤʫ ʩʪʘʥʽ ʢʛ/ʤ
3 

1450 
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ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ 

ʊɽʉ ʤʦʞʣʠʚʦ ʦʪʨʠʤʫʚʘʪʠ ʛʽʜʨʘʚʣʽʯʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʚ'ʷʞʫʯʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʧʦ ʚʦʜʦʩʪʽʡʢʦʩʪʽ. 

 

 

 

 

 

 

 

ʋɼʂ 666.714 

 

ʇ.ɻ. ɺɸʈʐɸɺɽʎ
1
, ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ, ʅ.ʌ. ʃɽɺɸʅɼʆɺʉʂɸʗ

1
, ʢ.ʪ.ʥ., 

ʀ.ɺ. ʆɻʆʈʆɼʅʀʂ
2
, ʢ.ʪ.ʥ., ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ  

1
 ʊʆɺ çʌʘʩʘʜè, ʛ. ʂʠʝʚ 

2
 ʊʆɺ çʇʦʨʮʝʢʩè, ʛ.ʂʠʝʚ 

 

ʇʆɺʓʐɽʅʀɽ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ʉɺʆʁʉʊɺ ʂʀʈʇʀʏɸ 

 
ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ ï ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʳʩʦʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ çʜʫʪʠʢʘè ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ. 

 

ʈʘʟʚʠʪʠʝ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʋʢʨʘʠʥʝ ʧʦʩʪʘʚʠʣʦ ʧʝʨʝʜ ʥʘʮʠʦʥʘʣʴʥʳʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ  ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩ-ʪʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʠ ʤʤʠʨʦʚʦʤ ʨʳʥʢʘʭ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʢʠʨʧʠʯʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ [1-3]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʩʳʨʴʷ ʠ ʵʢʩʧʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʡ 

ʉʳʨʴʝʚʘʷ ʙʘʟʘ  ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʦʩʥʦʚʥʦʤ, 

ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʩʪʥʦʛʦ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʩʳʨʴʷ. ʊʘʢʠʝ 

ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ ʛʣʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʤʦʪʤʦʨʠʣʣʦʥʠʪʘ, 

ʩʚʦʙʦʜʥʦʛʦ ʢʚʘʨʮʘ, ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ɺʨʝʜʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʛʣʠʥʘʭ ʷʚʣʷʶʪʩʷ 

ʪʘʢʞʝ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ï ʩʫʣʴʬʘʪʳ ʠ ʭʣʦʨʠʜʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ.  

ʉʦʜʝʨʞʘʥʠʝ ʉʘʉʆ3 ʚ ʢʠʨʧʠʯʥʦʡ ʛʣʠʥʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 25 ʤʘʩ.%, ʧʨʠ ʵʪʦʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʣʠʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʝʙʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʢʘʨʙʦʥʘʪʘ  

ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʩʣʫʯʘʝ ʢʨʫʧʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʧʦʩʣʝ ʦʙʞʠʛʘ ʛʣʠʥʳ ʠ 

ʨʘʟʣʦʞʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʦʩʪʘʚʰʠʝʩʷ ʦʢʩʠʜʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʧʦʛʣʦʱʘʶʪ ʚʣʘʛʫ ʠʟ 
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ʚʦʟʜʫʭʘ, ʦʙʨʘʟʫʷ ʛʠʜʨʦʢʩʠʜʳ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʦʙʲʝʤʝ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʘʥʦʚʷʪʩʷ 

ʬʘʢʪʦʨʦʤ ʨʘʟʨʫʰʝʥʠʷ ʠʟʜʝʣʠʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʨʤʠʥʦʤ çʜʫʪʠʢè. 

ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʚʢʣʶʯʝʥʠʡ ʛʣʠʥʫ ʠʟʤʝʣʴʯʘʶʪ ʜʦ 

ʢʨʫʧʥʦʩʪʠ ʟʝʨʝʥ ʥʝ ʙʦʣʝʝ 0,5 ʤʤ - ʠʟʚʝʩʪʴ ʚ ʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʦʙʞʠʛʝ ʦʙʨʘʟʫʝʪ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʪʝʨʷʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʜʨʘʪʠʨʦʚʘʪʴʩʷ.  

ʆʙʨʘʟʦʚʘʥʠʶ ʚʳʩʦʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ: 

- ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʢʣʘʜʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʮʝʤʝʥʪʝ, 
ʟʘʧʦʣʥʠʪʝʣʝ, ʚʦʜʝ ʟʘʪʚʦʨʝʥʠʷ, ʜʦʙʘʚʢʘʭ-ʫʩʢʦʨʠʪʝʣʷʭ ʪʚʝʨʜʝʥʠʷ ʠ 

ʧʨʦʪʠʚʦʤʦʨʦʟʥʳʭ ʜʦʙʘʚʢʘʭ, ʢʠʨʧʠʯʝ); 

- ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʩʣʝʜʩʪʚʠʝ ʘʪʤʦʩʬʝʨʥʳʭ 
ʦʩʘʜʢʦʚ; 

- ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ ʠʟ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚʩʣʝʜʩʪʚʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʭ ʬʘʢʪʦʨʦʚ; 

- ʧʦʥʠʞʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʳʩʦʣʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʠʮʝʚʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ  

ʥʘʠʙʦʣʝʝ  ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʢʝʨʘʤʠʯʝʩʢʫʶ ʤʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ ʙʘʨʠʷ. ʉʫʪʴ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʷʟʳʚʘʥʠʠ ʨʘʩʪʚʦʨʠʤʳʭ ʩʝʨʥʦʢʠʩʣʳʭ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʛʣʠʥʝ, ʚ ʥʝʨʘʩʪʚʦʨʠʤʫʶ ʩʦʣʴ ʩʝʨʥʦʢʠʩʣʦʛʦ 

ʙʘʨʠʷ, ʯʪʦ ʫʩʪʨʘʥʷʝʪ ʜʠʬʬʫʟʠʶ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʣʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʳʨʮʘ ʚ ʧʨʦʮʝʩʩʝ 

ʩʫʰʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʷʚʣʝʥʠʝ ʚʳʩʦʣʦʚ ʠ ʧʷʪʝʥ ʥʘ ʣʠʮʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʞʞʝʥʥʦʛʦ ʢʠʨʧʠʯʘ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʚʳʩʦʣʘʤʠ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʷʭ ʷʚʣʷʝʪʩʷ 

ʥʘʥʝʩʝʥʠʝ ʥʘ ʣʠʮʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʚʝʞʝʩʬʦʨʤʦʚʘʥʥʦʛʦ ʩʳʨʮʘ, ʨʘʟʣʠʯʥʳʭ ʧʣʝʥʦʢ ï 

ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʜʥʘʢʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʤʘʣʦʟʘʩʦʣʝʥʥʳʭ ʛʣʠʥ, ʩʦʜʝʨʞʘʱʠʭ ʥʝ ʙʦʣʝʝ 0,1 % SO3, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʩʦʣʠ, ʦʩʪʘʶʱʠʝʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʠʟʜʝʣʠʡ ʧʦʩʣʝ ʩʫʰʢʠ ʠ ʦʙʞʠʛʘ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʣʘʜʢʠ ʙʫʜʫʪ ʤʠʛʨʠʨʦʚʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʡ ʠ ʧʦʨʪʠʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʳ. 

ɺʳʩʦʣʳ ʥʘ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʘʢ ʟʘ ʩʯʝʪ ʱʝʣʦʯʝʡ ʮʝʤʝʥʪʘ, 

ʜʦʙʘʚʦʢ, ʪʘʢ ʠ ʩʦʣʝʡ, ʠʤʝʶʱʠʭʩʷ ʚ ʢʠʨʧʠʯʝ. 

ʉʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʢʠʨʧʠʯʘ 

ʊʆɺ çʌʘʩʘʜè ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ 

ʢʘʨʙʦʥʘʪʦʚ ʣʠʮʝʚʦʛʦ ʢʠʨʧʠʯʘ ʚ ʩʪʝʥʝ ʠ ʦʪʜʝʣʴʥʳʭ ʠʟʜʝʣʠʷʭ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʜʨʦʬʦʙʠʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ [4]. ɻʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʝ ʞʠʜʢʦʩʪʠ: ñʌʘʩʘʜ-1ò, òʌʘʩʘʜ-2ò, 

ñʌʘʩʘʜ-3ñ, ñʌʘʩʘʜ-4ñ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʚ ʋʢʨʘʠʥʝ ʠ  ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʙʦʨʴʙʳ ʩ ʚʳʩʦʣʘʤʠ ʠ ʜʫʪʠʢʦʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʝʨʝʜʝʣʘʭ. 

ʊʘʢ ʩʦʩʪʘʚ ñʌʘʩʘʜ-2òʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʞʠʜʢʠʤ ʦʯʠʩʪʠʪʝʣʝʤ 

ʬʘʩʘʜʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ɼʘʥʥʳʡ ʦʯʠʩʪʠʪʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʚʳʩʦʣʦʚ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʯʠʩʪʠʪʝʣʴ  ñʌʘʩʘʜ-2 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, 

ʢʘʢ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʚʜʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 25-50%. ɺ 

ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʦʩʪʘʪʢʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʩʤʳʪʴ ʚʦʜʦʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʩʦʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʠʜʨʦʬʦʙʠʟʘʮʠʶ ʧʨʦʧʠʪʢʦʡ 

ʩʦʩʪʘʚʦʤ çʌʘʩʘʜ-1è. 

ʇʨʦʧʠʪʢʠ çʌʘʩʘʜ-1è ʠ çʌʘʩʘʜ-3è ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʫʣʴʪʨʘʪʦʥʢʠʭ ʚʦʜʥʳʭ 

ʘʢʨʠʣʦʚʳʭ ʜʠʩʧʝʨʩʠʠ, ʙʘʢʪʝʨʠʮʠʜʘ ʠ ʜʨʫʛʠʭ ʜʦʙʘʚʦʢ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʥʘʨʫʞʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʨʘʙʦʪ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʢʘʧʠʣʣʷʨʥʫʶ ʜʠʬʬʫʟʠʶ ʩʦʣʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʥʫʪʨʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʟʜʘʝʪʩʷ ʧʘʨʦʧʨʦʥʠʮʘʝʤʘʷ ʧʣʝʥʢʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʚʳʭʦʜʫ 

ʩʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʣʘʛʠ ʚʦ ʚʥʫʪʨʴ ʠʟʜʝʣʠʷ. 
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ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʘʷ ʧʨʦʧʠʪʢʘ ñʌʘʩʘʜ-4ò, 

ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʠʣʩʠʣʠʢʦʥʘʪʘ ʢʘʣʠʷ ʠ ʜʨʫʛʠʭ ʩʧʝʮʜʦʙʘʚʦʢ ʩ ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʝʥʠʝʤ. ʇʨʝʧʘʨʘʪ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ 

ʧʦʛʨʫʞʝʥʠʷ ʪʝʧʣʦʛʦ ʢʠʨʧʠʯʘ (ʧʘʣʝʪʘ) ʚ ʚʘʥʥʫ,  ʟʘʧʦʣʥʝʥʥʫʶ ʨʘʩʪʚʦʨʦʤ. 

 ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʧʠʪʢʠ ñʌʘʩʘʜ-4ò ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʵʬʬʝʢʪ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʜʝʡʩʪʚʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʫʤʝʥʴʰʝʥʠʷ ʚʳʩʦʣʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʦʩʪʘʥʦʚʢʠ ʢʘʧʠʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ: ʩʥʠʞʝʥʠʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ, ʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʠ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʧʨʦʧʠʪʦʢ 

"ʌʘʩʘʜ-1" ʠ "ʌʘʩʘʜ-4" ʥʘ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʢʠʨʧʠʯʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʘ çʌʘʩʘʜ-1è ʩʦʦʪʚʝʪʩʪʚʫʝʪ 50%     

(ʨʠʩ. 1).         

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʮʳ  ʢʠʨʧʠʯʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

o ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ - 7,7 ʤʘʩ.%;  

o ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ - 12,6 ʄʇʘ;  

o ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ -3,0 ʄʇʘ 

o ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ - 0,9. 

ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʘ çʌʘʩʘʜ-4è ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2,9% (ʨʠʩ. 2). ʇʨʠ  

ʵʪʦʤ ʦʙʨʘʟʮʳ  ʢʠʨʧʠʯʘ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

- ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ -10 ʤʘʩ.% 

- ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ -10,0 ʄʇʘ 

- ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ ï 1,02. 
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ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ cʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ  ɿɸʆ"ʉɹʂ" ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʨʠʣʦʚʦʡ ʜʠʩʧʝʨʩʠʠ.

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ

ɺʦʜʦʧʦʛʣʘʱʝʥʠʝ, %

ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʄʇʘ

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ  ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ 

ʷʚʣʷʝʪʩʷ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ. ʈʦʩʪ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ çʌʘʩʘʜ -4è ʩʚʷʟʘʥ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ 

ʢʠʨʧʠʯʘ.  

ʄʝʞʜʫ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʠ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ. ʊʘʢ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ "ʉɹʂ" ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʧʠʪʢʘ 

ʢʠʨʧʠʯʝʡ  ʤʝʪʠʣʩʠʣʠʢʦʥʘʪʦʤ ʢʘʣʠʷ (ʌʘʩʘʜ-4) ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʫʧʣʦʪʥʝʥʠʶ ʠʭ 

ʩʪʨʫʢʪʫʨʳ, ʫʤʝʥʴʰʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʠ ʘʜʛʝʟʠʦʥʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ. 

 

ɺʳʚʦʜʳ 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ 

ʧʦʟʚʦʣʷʝʪ  ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ çʜʫʪʠʢʘè  ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʘʭ. 

ʇʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʩʳʨʴʝ ʠ ʧʦʷʚʣʝʥʠʠ ʥʘ 

ʢʠʨʧʠʯʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʦʣʦʚ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʯʠʩʪʢʠ ʬʘʩʘʜʦʚ 

ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚ çʌʘʩʘʜ-2è.  

ɻʠʜʨʦʬʦʙʠʟʘʮʠʷ ʩʪʝʥʳ ʩʦʩʪʘʚʘʤʠ ʌʘʩʘʜ-1, ʌʘʩʘʜ-3 ʠʣʠ ʌʘʩʘʜ-4 ʧʦʟʚʦʣʷʝʪ 

ʙʣʦʢʠʨʦʚʘʪʴ ʚʳʭʦʜ ʩʦʣʝʡ ʥʘ ʢʠʨʧʠʯʥʫʶ ʢʣʘʜʢʫ ʠʟ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ.  
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4. ɻʠʜʨʦʬʦʙʠʟʘʮʠʷ / ʇʘʱʝʥʢʦ ɸ.ɸ., ɺʦʨʦʥʢʦʚ ʄ.ɻ, ʄʠʭʘʡʣʝʥʢʦ ʃ.ɸ., ʂʨʫʛʣʠʮʢʘʷ ɺ.ʗ., 

ʃʘʩʩʢʘʷ ɽ.ɸ.  ï ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1973. ï 239 ʩ. 
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ʈʠʩ.2 ɿʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ ɿɸʆ "ʉɹʂ" ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʠʣʩʠʣʠʢʦʥʘʪʘ ʢʘʣʠʷ

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ

ɺʦʦʜʧʦʛʣʦʱʝʥʠʝ,%

ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʄʇʘ

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ
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ʅ.ʆ. ʊʂɸʏ, ʆ.ɺ. ʉʆʃʆɼʂɸ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè, ʤ. ʂʠʾʚ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɻʈɸʅʋʃʆʄɽʊʈʀʏʅʆɻʆ ʉʂʃɸɼʋ ɺɯʊʏʀɿʅʗʅʀʍ 

ʂɸʈɹʆʅɸʊʅʀʍ ʅɸʇʆɺʅʖɺɸʏɯɺ 

 

ʆʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʧʽʛʤʝʥʪʦʚʘʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʨʽʚʥʦʤʽʨʥʠʭ ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʢ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʅʝʦʙʭʽʜʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʩʬʦʨʤʦʚʘʥʽ ʟ ʧʽʛʤʝʥʪʦʚʘʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʫʤʦʚʠ ʧʝʚʥʦʛʦ ʩʪʫʧʝʥʶ ʜʠʩʧʝʨʩʥʦʩʪʽ ʯʘʩʪʦʢ ʧʽʛʤʝʥʪʫ ʪʘ 

ʥʘʧʦʚʥʶʚʘʯʘ. ʄʝʪʦʶ ʜʘʥʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʪʯʠʟʥʷʥʠʭ 

ʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ɺ ʷʢʦʩʪʽ ʦʙ`ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʘʨʙʦʥʘʪʥʽ ʥʘʧʦʚʥʶʚʘʯʽ 

ʚʽʪʯʠʟʥʷʥʠʭ ʨʦʜʦʚʠʱ ʧʦʟʥʘʯʝʥʽ ʷʢ ʍʆ (ʟʨʘʟʦʢ ʭʽʤʽʯʥʦ ʦʩʘʜʞʝʥʦʾ ʢʨʝʡʜʠ), ʄʄʉ-2 ɺ, 

ʄʄʉ-2 ʉ ʪʘ ʄʄʉ-2 ʅʉ, ʜʝ ʄʄʉ-2 ï ʤʘʨʢʘ ʢʨʝʡʜʠ, ʘ ʣʽʪʝʨʠ ɺ, ʉ ʪʘ ʅʉ ʚʢʘʟʫʶʪʴ ʥʘ 

ʨʦʜʦʚʠʱʝ ʢʨʝʡʜʠ.  

ʋ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʡ ʘʥʘʣʽʟ. 

ʈʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʝʥʥʷ. [1] 

ɼʠʬʝʨʝʥʮʽʡʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟʘ ʬʨʘʢʮʽʷʤʠ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. S ʦʟʥʘʯʘʻ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʚ ʤʢʤ, W ï ʚʤʽʩʪ ʬʨʘʢʮʽʾ ʚ ʤʘʩʦʚʠʭ %. 
 

 
ʈʠʩ. 1. ɼʜʠʬʝʨʝʥʮʽʡʥʽ ʢʨʠʚʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʢʘʨʙʦʥʘʪʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ  

 

ɯʥʪʝʛʨʘʣʴʥʘ ʢʨʠʚʘ ʧʦʢʘʟʫʻ ʩʫʤʘʨʥʠʡ ʚʘʛʦʚʠʡ ʚʤʽʩʪ ʯʘʩʪʦʢ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʚ 

ʜʠʩʧʝʨʩʽʾ. ɯʥʪʝʛʨʘʣʴʥʽ ʢʨʠʚʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.  
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ʈʠʩ. 2. ɯʥʪʝʛʨʘʣʴʥʽ ʢʨʠʚʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʢʘʨʙʦʥʘʪʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ  

 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ.1 ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʢʨʠʚʠʭ ʚʠʜʥʦ, ʱʦ ʥʘʧʦʚʥʶʚʘʯʽ ʄʄʉ-2 ʉ, 

ʄʄʉ-2 ʅʉ ʪʘ ʦʩʘʜʞʝʥʘ ʢʨʝʡʜʘ ʤʘʶʪʴ ʜʫʞʝ ʩʭʦʞʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ, ʽʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʚʤʽʩʪʦʤ ʬʨʘʢʮʽʾ 5 ʤʢʤ. ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2 ʢʨʠʚʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʧʦʣʽʜʠʩʧʝʨʩʥʽʩʪʴ 

ʥʘʧʦʚʥʶʚʘʯʽʚ. ʅʘʡʙʽʣʴʰ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʻ ʄʄʉ-2 ɺ, ʱʦ ʤʘʻ 

ʚʤʽʩʪ ʦʩʥʦʚʥʦʾ ʬʨʘʢʮʽʾ ʜʦ 60%. ɿʨʘʟʢʠ ʄʄʉ-2 ʉ, ʄʄʉ-2 ʅʉ ʪʘ ʍʆ ʤʘʶʪʴ ʜʫʞʝ ʥʠʟʴʢʠʡ 

ʩʪʫʧʽʥʴ ʧʦʣʽʜʠʩʧʝʨʩʥʦʩʪʽ, ʽʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʾ ʬʨʘʢʮʽʾ, ʱʦ ʧʝʨʝʚʠʱʫʻ 80%. ʅʠʟʴʢʘ ʩʪʫʧʽʥʴ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʩʪʽ ʜʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʢʦʤʧʦʟʠʮʽʷʭ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʪʦʥʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʪʘ ʨʦʙʠʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʙʽʣʴʰ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ. ɿʨʘʟʦʢ 

ʄʄʉ-2 ɺ ʻ ʥʘʡʙʽʣʴʰ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ ʩʝʨʝʜ ʥʘʚʝʜʝʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʘ ʨʘʟʦʤ ʽʟ ʪʠʤ ʽ 

ʥʘʡʙʽʣʴʰ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤ. ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʦʩʥʦʚʥʦʾ ʬʨʘʢʮʽʾ ʜʘʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʻ 

ʤʝʥʴʰʠʤ ʟʘ 5 ʤʢʤ. ɺʽʜʦʤʦ, ʱʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʜʠʩʧʝʨʩʥʦʩʪʽ ʧʽʛʤʝʥʪʽʚ ʟʨʦʩʪʘʶʪʴ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʷʢʦʩʪʽ, ʪʘʢʽ ʷʢ ʧʦʢʨʠʚʥʘ ʟʜʘʪʥʽʩʪʴ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʯʠʩʪʦʪʘ ʢʦʣʴʦʨʫ, 

ʧʽʜʚʠʱʫʶʪʴʩʷ ʙʣʠʩʢ, ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ.[2] 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʝʨʝʜ ʥʘʚʝʜʝʥʠʭ ʟʨʘʟʢʽʚ 

ʥʘʧʦʚʥʶʚʘʯʽʚ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʻ ʜʦʩʠʪʴ ʧʨʦʛʥʦʟʦʚʘʥʠʤ, ʱʦ ʩʪʚʦʨʶʻ 

ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ ʩʠʩʪʝʤʘʭ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʦʚʥʶʚʘʯʽʚ. ɿʨʘʟʦʢ ʄʄʉ-2 ɺ ʤʘʻ ʙʽʣʴʰʫ 

ʧʦʣʽʜʠʩʧʝʨʩʥʽʩʪʴ, ʦʜʥʘʢ ʤʝʥʴʰʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʮʴʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʙʽʣʴʰʫ ʘʜʩʦʨʙʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘ ʙʽʣʴʰ ʱʽʣʴʥʫ 

ʫʧʘʢʦʚʢʫ ʯʘʩʪʠʥʦʢ ʮʴʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʧʦʢʨʠʪʪʽ.  

 

ʃʽʪʝʨʘʪʫʨʘ: 

 

1. ʅʘʫʤʦʚ ɺ. ʅ., ʂʦʨʦʣʝʚ ɼ. ɺ. ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʫʩʧʝʥʟʠʡ: ʄʝʪʦʜʠʯʝʩʢʠʝ 

ʫʢʘʟʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ. - ʉʇʙ.: ɻʆʋ ɺʇʆ ʉʇʙɻʊʀ(ʊʋ), 2005. - 30 ʩ. 

2. ɽʨʤʠʣʦʚ ʇ.ʀ. ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ï ʄ.: ʍʠʤʠʷ, 1971. ï 300 ʩ. 
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ɸ. ʁɽʂɸʅɯ, ʆ.ʆ. ʉɯʂʆʈʉʔʂʀʁ, ɯ.ɺ. ɿɽʄʃʗʅʆʁ, ʆ.ɺ. ʄʀʈʆʅʖʂ,  

ɺ.ɸ. ʉɺɯɼɽʈʉʔʂʀʁ 

ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè, ʤ. ʂʠʾʚ 

 

ʈɽʆʃʆɻɯʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʃɸʂʆʌɸʈɹʆɺʀʍ  

ʄɸʊɽʈɯɸʃɯɺ ʅɸ ʆʉʅʆɺɯ ʂɸʆʃɯʅɯɺ 

 

ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʦʣʽʥʽʚ ʥʘ 

ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʾʭ ʚʦʜʥʠʭ ʜʠʩʧʝʨʩʽʡ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʠʭ ʣʘʪʝʢʩʽʚ.  

ʈʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʽ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʪʽʢʘʥʥʷ ʥʘ ʧʽʜʢʣʘʜʮʽ ʪʘ ʚôʷʟʢʽʩʪʴ ʧʽʜ ʯʘʩ ʥʘʥʝʩʝʥʥʷ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʧʣʠʚʘʶʪʴ ʧʨʠʨʦʜʘ ʪʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʨʝʮʝʧʪʫʨʽ ʬʘʨʙʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʘʦʣʽʥʠ, ʷʢʽ ʚʽʜʦʤʽ ʩʚʦʻʶ ʟʜʘʪʥʽʩʪʶ ʫʪʚʦʨʶʚʘʪʠ ʫ ʚʦʜʥʠʭ ʜʠʩʧʝʨʩʽʷʭ 

ʤʽʮʥʽ ʢʦʘʛʫʣʷʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ [1] ʧʨʦʩʷʥʽʚʩʢʦʛʦ ʂʉ-1 ʪʘ ʇ-2, ʛʣʫʭʦʚʝʮʴʢʦʛʦ ʂʉ-1 ʪʘ 

ʙʽʣʦʙʘʣʢʽʚʩʴʢʦʛʦ ʂʅɺ-1. 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʦʣʽʥʽʚ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ (ʪʘʙʣ. 1). 

ʇʨʦʩʷʥʽʚʩʴʢʠʡ ʢʘʦʣʽʥ ʤʘʨʢʠ ʂʉ-1 ʚ ʜʘʥʦʤʫ ʨʷʜʽ ʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʠʤ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʦʜʠ ʪʘ ʚʦʣʦʜʽʻ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʽ, ʧʽʩʣʷ 

ʛʣʫʭʦʚʝʮʴʢʦʛʦ ʂʉ-1, ʥʘʡʤʝʥʰʠʤ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ. ɹʽʣʦʙʘʣʢʽʚʩʴʢʠʡ ʂʅɺ-1 ʪʘ 

ʧʨʦʩʷʥʽʚʩʴʢʠʡ ʇ-2 ʢʘʦʣʽʥʠ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʘʶʪʴ ʥʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʪʘ 

ʥʘʡʙʽʣʴʰʠʡ ʨʦʟʤʽʨ ʯʘʩʪʦʢ. ʅʘʡʙʽʣʴʰ ʩʧʦʨʽʜʥʝʥʠʤ ʜʦ ʨʽʜʢʦʾ ʚʦʜʠ ʚʠʷʚʣʷʻʪʴʩʷ 

ʧʨʦʩʷʥʽʚʩʴʢʠʡ ʢʘʦʣʽʥ, ʘ ʥʘʡʤʝʥʰ ʩʧʦʨʽʜʥʝʥʠʤ ï ʙʽʣʦʙʘʣʢʽʚʩʴʢʠʡ. 

 

ʊʘʙʣʠʮʷ 1 ɺʣʘʩʪʠʚʦʩʪʽ ʢʘʦʣʽʥʽʚ 

 

 

ʂʘʦʣʽʥ 

ʇʠʪʦʤʘ 

ʧʦʚʝʨʭʥʷ ʤ2/ʛ 

ʉʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʯʘʩʪʦʢ, 

ʤʢʤ 

ʂʫʪ 

ʟʤʦʯʫʚʘʥʥʷ 

ʚʦʜʦʶ, ʛʨʘʜ. 

ʄʘʩʣʦʻʤʥʽʩ

ʪʴ ʛ/100ʛ 

ʇʨʦʩʷʥʽʚʩʴʢʠʡ ʂʉ-1 1,60 1,6 43 44 

ʇʨʦʩʷʥʽʚʩʴʢʠʡ  ʇ-2 1,32 1,9 49 41 

ɹʽʣʦʙʘʣʢʽʚʩʴʢʠʡ ʂʅɺ-1 1,33 1,8 59 39 

ɻʣʫʭʦʚʝʮʴʢʠʡ ʂʉ-1 1,59 1,6 47 41 
 

ʇʦʚʥʽ ʨʝʦʣʦʛʽʯʥʽ ʢʨʠʚʽ (ʨʠʩ.) ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʷʢ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʪʘʢ ʽ 

ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʧʦʣʽʤʝʨʫ Ucar 450. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʣʽʤʝʨʫ ʜʦ ʤʽʥʝʨʘʣʴʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʮʝʧʪʫʨʘʭ ʩʢʣʘʜʘʻ 70:30. ʊʘʢʦʞ ʫ ʷʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʚ ʨʝʮʝʧʪʫʨʫ 

ʜʦʜʘʚʘʣʘʩʷ ʚʦʜʘ ʫ ʢʽʣʴʢʦʩʪʽ 50% ʚʽʜ ʜʠʩʧʝʨʩʽʾ ʧʦʣʽʤʝʨʫ. 

ʈʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ (ʪʘʙʣ. 2) ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʦʣʽʥʽʚ ʫʪʚʦʨʶʚʘʪʠ ʢʦʘʛʫʣʷʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʦʾ ʤʽʮʥʦʩʪʽ. ʇʦʨʽʚʥʶʶʯʠ 

ʩʪʘʪʠʯʥʽ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʢʘʦʣʽʥʽʚ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ 

ʢʦʘʛʫʣʷʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʫ ʧʨʦʩʷʥʽʚʩʴʢʠʭ ʢʘʦʣʽʥʽʚ ʤʘʨʦʢ ʂʉ-1 ʪʘ ʇ-2 

ʙʽʣʴʰʝ ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʛʣʫʭʦʚʝʮʴʢʦʛʦ ʂʉ-1 ʪʘ ʙʽʣʦʙʘʣʢʽʚʩʴʢʦʛʦ ʂʅɺ-1 ʯʝʨʝʟ ʙʽʣʴʰ 

ʨʦʟʚʠʥʝʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʢʨʘʱʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʚʦʜʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʘ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʟʩʫʚʫ ʢʦʤʧʦʟʠʮʽʾ ʩʪʘʶʪʴ ʙʽʣʴʰ ʨʫʭʦʤʠʤʠ, ʜʠʥʘʤʽʯʥʘ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʟ ʣʘʪʝʢʩʦʤ.  

ɺ ʜʘʥʠʭ ʨʝʮʝʧʪʫʨʘʭ ʚôʷʟʢʽʩʪʴ ʣʘʪʝʢʩʫ ʟʥʘʯʥʦ ʚʠʱʝ ʚʽʜ ʚôʷʟʢʦʩʪʽ ʣʘʢʦʬʘʨʙʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ (ʪʘʙʣ. 2).  
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ʊʘʙʣʠʮʷ 2 ʈʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʉʪʫʧʽʥʴ ʥʘʧʦʚʥʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡ 

ʉʪʘʪʠʯʥʘ 

ʤʝʞʘ 

ʪʝʢʫʯʦʩʪʽ 

ʈʢ1, ʇʘ 

ɼʠʥʘʤʽʯʥʘ 

ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 

ʈʢ2, ʇʘ 

ʉʪʘʪʠʯʥʘ 

ʚôʷʟʢʽʩʪʴ ɖ0, 

ʇʘ*ʩ 

ɼʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ ɖʭ, 

Ā103 ʇʘ*ʩ 

ʃʘʪʝʢʩ Ucar 450 

50% ʜʠʩʧʝʨʩʽʷ 2,3 10,8 20,6 13,15 

ʂʘʦʣʥ̔ ʧʨʦʩʷʥʽʚʩʴʢʠʡ ʂʉ-1 

30% 3,6 11,05 0,18 8,8 

ʂʘʦʣʥ̔ ʧʨʦʩʷʥʽʚʩʴʢʠʡ ʇ-2 

30% 3,45 9,26 0,13 5,4 

ʂʘʦʣʥ̔ ʙʽʣʦʙʘʣʢʽʚʩʴʢʠʡ ʂʅɺ-1 

30% 0,64 9,9 0,26 9,6 

ʂʘʦʣʥ̔ ʛʣʫʭʦʚʝʮʴʢʠʡ ʂʉ-1 

30% 0,81 4,12 0,07 5,8 
 

 

ɼʦʩʷʛʪʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʤʦʞʥʘ ʟʤʝʥʰʫʶʯʠ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʥʠʢʘ (ʚʦʜʠ) ʚ ʨʝʮʝʧʪʫʨʽ ʬʘʨʙʠ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʬʘʨʙʠ. 
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1 ï ʛʣʫʭʦʚʝʮʴʢʠʡ ʢʘʦʣʽʥ ʂʉ-1; 2 ï ʧʨʦʩʷʥʽʚʩʴʢʠʡ ʢʘʦʣʽʥ ʇ-2; 

3 ï ʙʽʣʦʙʘʣʢʽʚʩʴʢʠʡ ʢʘʦʣʽʥ ʂʅɺ-1; 4 ï ʧʨʦʩʷʥʽʚʩʴʢʠʡ ʢʘʦʣʽʥ ʂʉ-1; 

5 ï ʜʠʩʧʝʨʩʽʷ ʣʘʪʝʢʩʫ Ucar 450 

ʈʠʩ. ʈʝʦʣʦʛʽʯʥʽ ʢʨʠʚʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 
 

ʆʪʞʝ ʤʦʞʥʘ ʟʘʢʣʶʯʠʪʠ, ʱʦ ʬʘʨʙʠ ʟ ʢʘʦʣʽʥʦʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʤʽʮʥʽ ʢʦʘʛʫʣʷʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʦʛʦ ʣʘʪʝʢʩʫ ʪʘ 

ʚʦʜʠ, ʷʢʽ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɻʘʨʥʽ 

ʪʠʢʩʦʪʨʦʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʨʙʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʣʝʛʰʫʶʪʴ ʧʨʦʮʝʩ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ 

ʪʘ ʟʘʧʦʙʽʛʘʶʪʴ ʩʪʽʢʘʥʥʶ ʬʘʨʙʠ ʟ ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʥʘʭʠʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ. 
 

ʃʽʪʝʨʘʪʫʨʘ: 
 

1. ʂʨʫʛʣʠʮʢʠʡ ʅ.ʅ. // ʆʩʥʦʚ rʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʏ. 1 ï ʂ. : ɺʠʱʘ ʰʢ., 1975. - 

267ʩ. 
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ʋɼʂ 666.911.34 

ʄ.ʄ. ʇɯʐʂɸʃʆ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

 çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ 
 

ʇʈʆɹʃɽʄʀ, ʑʆ ɺʀʅʀʂɸʖʊʔ ʇʈʀ ʉʊɺʆʈɽʅʅɯ ʅɯɿɼʈʖɺɸʊʀʍ ɹɽʊʆʅɯɺ 

ʇʆʅʀɾɽʅʆɰ ʉɽʈɽɼʅʔʆɰ ɻʋʉʊʀʅʀ 
 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʝʦʨʽʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʟʘʪʚʦʨʝʥʥʷ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʩʝʨʝʜʠʥʽ ʧʦʨ.  ʇʨʦʚʦʜʠʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʤʝʪʦʜʠʢʠ ʦʪʨʠʤʘʥʥʷ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʧʦʥʠʞʝʥʦʾ 

ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ. 

 

ɿʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʶʚʘʥʥʷ ʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʞʠʪʣʦʚʠʭ ʽ ʩʫʩʧʽʣʴʥʠʭ 

ʙʫʜʽʚʝʣʴ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʉʅɼ. ʈʽʯʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ 

ʦʧʘʣʶʚʘʥʥʷ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ ʧʣʦʱʽ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚ ʢʨʘʾʥʘʭ ʩʭʽʜʥʦʾ ʽ 

ʮʝʥʪʨʘʣʴʥʦʾ ɭʚʨʦʧʠ (ʚ ʪ.ʯ. ʚ ʋʢʨʘʾʥʽ) ʫ 1,7 ʨʘʟ ʧʝʨʝʚʠʱʫʶʪʴ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ 

ʟʘʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʜʠʮʽʡʥʠʭ 

ʦʛʦʨʦʜʞʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʋʢʨʘʾʥʽ, ʥʦʨʤʘʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʙʫʚ ʟʙʽʣʴʰʝʥʠʡ ʙʽʣʴʰ ʥʽʞ ʚ 3 ʨʘʟʠ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʚʠʭ 

ʩʪʘʥʜʘʨʪʽʚ, ʚ ʜʘʥʠʡ ʯʘʩ ʩʢʣʘʜʘʻ 2,8 (ʤ
2
ʂ)/ɺʪ.  

ʊʘʢʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʟʘʭʠʩʪʫ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʦʜʥʦʰʘʨʦʚʽ ʩʪʽʥʠ ʟ 

ʣʝʛʢʦʛʦ ʙʝʪʦʥʫ ʘʙʦ ʮʝʛʣʠ. ʊʦʤʫ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʩʦʚʠʡ 

ʧʝʨʝʭʽʜ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥʦʚʠʭ ʧʦʢʨʠʪʪʽʚ 

ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʘʙʦ ʜʚʦʰʘʨʦʚʠʭ ʩʪʽʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʩʢʣʘʣʘʩʷ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʻ ʛʘʟʦʙʝʪʦʥ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʤʘʨʢʦʶ ʟʘ 

ʩʝʨʝʜʥʴʦʶ ʛʫʩʪʠʥʦʶ. ʇʨʦʪʝ, ʷʢʱʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʥʽʟʜʨʶʚʘʪʠʭ ʛʘʟʦʙʝʪʦʥʽʚ ʟ ʤʘʨʢʘʤʠ 

ɼ600 ï ɼ700 ʩʫʪʪʻʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʫʜʥʦʱʽʚ ʥʝ ʚʠʥʠʢʘʻ, ʪʦ ʚ ʨʘʟʽ ʦʪʨʠʤʘʥʥʷ ʙʝʪʦʥʽʚ 

ɼ500 ʽ ʥʠʞʯʝ, ʚʠʥʠʢʘʻ ʨʷʜ ʧʨʦʙʣʝʤ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙʤʝʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʩʧʫʯʫʚʘʥʥʷ 

ʩʫʤʽʰʽ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʚʦʜʦʪʚʝʨʜʦʛʦ ʚʽʜʥʦʰʝʥʥʷ.  

ʊʘʢʦʞ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʟʥʠʞʫʻʪʴʩʷ ʤʘʨʦʯʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʱʦ 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʧʝʨʝʚʦʜʠʪʴ ʡʦʛʦ ʚ ʢʣʘʩ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʟ ʚ ʚʽʜʧʦʚʽʜʥʦʶ ʤʘʨʢʦʶ ʟʘ 

ʩʝʨʝʜʥʴʦʶ ʛʫʩʪʠʥʦʶ.  

ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʥʽʟʜʨʶʚʘʪʦʛʦ ʙʝʪʦʥʫ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʠʭ ʩʫʤʽʰʝʡ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʚʦʜʦʪʚʝʨʜʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʽ ʧʦʥʠʞʝʥʫ ʨʫʭʣʠʚʽʩʪʴ ʛʦʪʦʚʦʾ 

ʩʫʤʽʰʽ.  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʧʣʦʚʦʣʦʛʦʾ 

ʦʙʨʦʙʢʠ ʩʧʫʯʝʥʦʛʦ ʤʘʩʠʚʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʪʚʝʨʜʽʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ʦʙʤʝʞʝʥʥʷ ʧʨʦʮʝʩʫ ʩʧʫʯʫʚʘʥʥʷ 

ʩʫʤʽʰʽ ʧʨʠ ʥʠʟʴʢʠʭ ʚʦʜʦʪʚʝʨʜʠʭ ʚʽʜʥʦʰʝʥʥʷʭ ʪʘ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ 

ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʤʘʨʢʦʶ ɼ500 ʪʘ ʥʠʞʯʝ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʚʠʩʫʥʫʪʘ ʪʝʦʨʽʷ, ʟʛʽʜʥʦ ʷʢʦʾ, ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ 

ʩʧʫʯʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʚ ʚʥʫʪʨʽʰʥʽ ʧʦʨʠ ʨʽʜʠʥʠ ʟʘʪʚʦʨʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʧʘʨʠ. ʊʝʦʨʽʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʧʦʨ ʤʽʩʪʠʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ 

ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʧʦʨ,  ʽ ʥʝʜʦʩʪʘʯʘ ʚʦʜʠ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʴʦʾ ʚʦʣʦʛʠ 

ʩʠʩʪʝʤʠ.   



 100  

 ʆʩʦʙʣʠʚʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʥʽʟʜʨʶʚʘʪʦʛʦ ʙʝʪʦʥʫ ʧʦʣʷʛʘʻ 

ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʙʦʯʠʭ ʩʫʤʽʰʝʡ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʚʦʜʦʪʚʝʨʜʦʤʫ ʚʽʜʥʦʰʝʥʥʽ,  ʘ ʮʝ  ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ. 

 ɺʠʢʦʥʘʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʧʣʦʚʦʣʦʛʦʾ ʦʙʨʦʙʢʠ 

ʩʧʫʯʝʥʦʛʦ ʤʘʩʠʚʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʪʚʝʨʜʽʥʥʷ   

ʇʨʠ ʥʝʜʦʩʪʘʯʽ ʚ ʩʠʩʪʝʤʽ ʚʦʣʦʛʠ ʚʦʥʘ ʚʪʨʘʯʘʻ ʩʚʦʶ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʧʦʛʽʨʰʫʻ ʽ ʩʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ ʩʧʫʯʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʩʫʤʽʰʽ. ʇʨʦʪʝ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʦʨʠʩʪʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʮʝʥʪ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʧʘʨʠ ʫ ʚʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʧʦʨ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʪʚʝʨʜʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʽʰʽ.   

ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʥʘʙʫʚʘʻ ʥʘ ʦʩʪʘʥʥʽʭ ʩʪʘʜʽʷʭ ʩʧʫʯʫʚʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ, ʱʦ 

ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʧʦʨ.  ʇʨʦʪʝ ʥʘʚʽʪʴ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʪʚʝʨʜʦʛʦ  

ʚʽʜʥʦʰʝʥʥʷ  ʟʘʧʦʙʽʛʘʻ ʜʦʩʷʛʥʝʥʥʶ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʛʫʩʪʦʪʠ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʩʥʫʻ ʧʝʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʮʝʥʪʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʽʜʜʽʣʝʥʦʾ ʚ ʧʦʨʠ ʚʦʣʦʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ.  ʊʘʢ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ 25ʉ̄ ʽ ʟʘʛʘʣʴʥʦʛʦ 

ʚʦʜʦʚʤʽʩʪʫ 34,67 ʛ ʥʘ 100 ʛ ʩʫʭʦʾ ʩʫʤʽʰʽ, ʧʨʠ ʛʫʩʪʦʪʽ ʟʨʘʟʢʘ 467 ʛ/ʩʤ
3
 ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ 

ʩʢʣʘʜʘʻ 20,7%. ʇʨʠ ʨʽʚʥʠʭ ʫʤʦʚʘʭ, ʘʣʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 29ʉ̄ ï 17,53%.  

ɿʛʽʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʜʘʥʠʤ, ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ 

ʩʧʫʯʫʚʘʥʥʷ, ʪʦʤʫ ʜʘʥʝ ʷʚʠʱʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʠʨʦʚʠʥʥʦʾ 

ʩʫʤʽʰʽ. 
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ʄ.ɻ. ʇʆʅɸ, ʜʦʮ., ɿ.ɯ. ɹʆʈʆɺɽʎʔ, ʜʦʮ., ʆ.ɺ. ʂʆɹʈʀʅ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʘ, ʤ. ʃʴʚʽʚ 
 

ʉʀʅʊɽɿ ʐʊʋʏʅʆɻʆ ɺʆʃɸʉʊʆʅɯʊʋ 

ʏɽʈɽɿ ʉʊɸɼɯʖ ɻɯɼʈʆʊɽʈʄɸʃʔʅʆɰ ʆɹʈʆɹʂʀ 
 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʩʠʥʪʝʟʫ ʚʦʣʘʩʪʦʥʽʪʫ ʯʝʨʝʟ ʩʪʘʜʽʶ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʫ ʬʦʨʤʽ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ, ʚʦʣʘʩʪʦʥʽʪ. 

 

ʊʨʘʜʠʮʽʡʥʦ ʜʣʷ ʩʠʥʪʝʟʫ ʚʦʣʘʩʪʦʥʽʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʪʚʝʨʜʦʬʘʟʦʚʦʛʦ 

ʩʧʽʢʘʥʥʷ ʩʫʤʽʰʽ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ ʪʘ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ, ʥʘʡʯʘʩʪʽʰʝ ʫ ʬʦʨʤʽ ʢʨʝʡʜʠ. 

ʅʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʘʩ ʻ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʫ ʚʦʣʘʩʪʦʥʽʪʫ, ʟʥʘʯʥʽ 

ʟʘʪʨʘʪʠ ʥʘ ʨʦʟʤʝʣʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʚʠʭʽʜ ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʰʪʫʯʥʦʛʦ ʚʦʣʘʩʪʦʥʽʪʫ ʥʘ 

ʦʩʥʦʚʽ ʢʨʝʤʥʝʟʝʤʫ ʪʘ ʛʘʰʝʥʦʛʦ ʚʘʧʥʘ ʯʝʨʝʟ ʩʪʘʜʽʶ ʫʪʚʦʨʝʥʥʷ ʧʨʠ ʘʚʪʦʢʣʘʚʫʚʘʥʥʽ 

ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʫ ʬʦʨʤʽ ʛʽʜʨʦʩʠʣʽʢʘʪʫ ʢʘʣʴʮʽʶ ʚʦʣʘʩʪʦʥʽʪʦʚʦʛʦ ʩʢʣʘʜʫ (ʉSʅ) ʟ 

ʧʦʜʘʣʴʰʠʤ ʡʦʛʦ ʚʠʧʘʣʦʤ. ʇʽʜ ʚʧʣʠʚʦʤ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʨʦʟʯʠʥʥʽʩʪʴ SiO2, ʱʦ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ SiO2 ʪʘ ʉʘ(ʆʅ)2 ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʪʦʙʝʨʤʦʨʠʪʫ 11,3 ¡. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʪʫʧʝʥʷ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ SiO2 ʥʘ ʧʨʠʢʣʘʜʽ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ ʪʘ 

ʚʽʜʭʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʨʝʤʝʥʶ ʥʘ ʧʨʦʮʝʩʠ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʘʚʪʦʢʣʘʚʫʚʘʥʥʷ ʪʘ ʚʠʧʘʣʫ ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʽʟʥʠʤʠ 

ʬʦʨʤʘʤʠ SiO2 ʪʘ ʛʽʜʨʦʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʦʮʽʥʶʚʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʝʧʨʦʨʝʘʛʦʚʘʥʦʛʦ ʉʘ(ʆʅ)2 ʚ ʘʚʪʦʢʣʘʚʦʚʘʥʽʡ ʧʨʦʙʽ ʟʘ ʪʨʠʣʦʥʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʨʦʟʧʦʨʷʜʢʦʚʘʥʦʾ ʬʦʨʤʠ SiO2 ʩʧʨʠʷʻ ʙʽʣʴʰ ʧʦʚʥʦʤʫ 

ʫʪʚʦʨʝʥʥʶ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʦ ʪʘ ʭʘʨʘʢʪʝʨʦʤ 

ʢʨʠʚʠʭ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠ ʘʚʪʦʢʣʘʚʫʚʘʥʥʽ ʤʘʩ ʥʘ ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʽʯʥʦʛʦ 

SiO2 ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʢʚʘʨʮʦʤ ʽ ʛʘʰʝʥʠʤ ʚʘʧʥʦʤ ʧʨʦʭʦʜʠʪʴ ʣʠʰʝ ʯʘʩʪʢʦʚʦ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʚʽʣʴʥʦʛʦ ʉʘ(ʆʅ)2 ʚ ʘʚʪʦʢʣʘʚʦʚʘʥʠʭ ʧʨʦʙʘʭ ʟʘ 

ʥʘʷʚʥʽʩʪʶ ʥʘ ʢʨʠʚʽʡ Dʊɸ ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 550 Áʉ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʶ ʚʪʨʘʪʦʶ ʤʘʩʠ ʥʘ ʢʨʠʚʽʡ TG ʽ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʉʘ(ʆʅ)2 ʜʠʬʨʘʢʮʽʡʥʠʤʠ 

ʤʘʢʩʠʤʫʤʘʤʠ ʟ d/n = 0.492, 0.310, 0.263 ʥʤ, ʘ ʪʘʢʦʞ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʠʣʦʥʦʤʝʪʨʠʯʥʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ. 

ʂʨʽʤ ʮʴʦʛʦ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʩʠʩʪʝʥʮʽʾ ʨʝʘʛʫʶʯʦʾ ʩʫʤʽʰʽ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʧʨʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽʡ ʦʙʨʦʙʮʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʘʚʪʦʢʣʘʚʫʚʘʥʥʽ 

ʤʘʩ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʜʣʷ ʟʨʘʟʢʽʚ ʫ 

ʚôʷʟʢʦʪʝʢʫʯʦʤʫ ʩʪʘʥʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʧʨʝʩʦʚʘʥʠʤʠ ʧʨʦʙʘʤʠ ʟ ʚʦʣʦʛʽʩʪʶ 6 ï 8 %. ʇʨʠ 

ʮʴʦʤʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʛʦ ʚʠʭʦʜʫ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʜʣʷ 

ʨʦʟʧʫʰʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʪʨʽʙʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʤʝʥʰʝ ʯʘʩʫ, ʥʽʞ ʜʣʷ ʱʽʣʴʥʦʾ. 

ʇʨʠ ʚʠʧʘʣʽ ʘʚʪʦʢʣʘʚʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʧʨʦʭʦʜʠʪʴ ʧʦʩʣʽʜʦʚʥʘ ʜʝʛʽʜʨʘʪʘʮʽʷ ʛʽʜʨʦʩʠʣʽʢʘʪʫ 

ʚ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʫ ʬʦʨʤʽ ɓ-

ʚʦʣʘʩʪʦʥʽʪʫ. ʋʤʦʚʦʶ ʦʪʨʠʤʘʥʥʷ ʚʦʣʘʩʪʦʥʽʪʫ ʻ ʚʠʧʘʣ ʤʘʩʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʘʚʪʦʢʣʘʚʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 840 Áʉ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʦʤʫ ʧʨʦʷʚʣʝʥʥʷ 

ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʢʨʠʚʽʡ Dʊɸ ʧʨʠ 820 ï 880 Áʉ, ʷʢʠʡ ʟʘ ʜʘʥʠʤʠ ʈʌɸ ʧʦʚôʷʟʘʥʠʡ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ɓ-CS. 

ʅʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʦʣʘʩʪʦʥʽʪʫ ʚʧʣʠʚʘʻ ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ SiO2. 

ɹʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʫʪʚʦʨʝʥʥʷ ʚʦʣʘʩʪʦʥʽʪʫ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ 

ʢʨʝʤʥʝʟʝʤʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʘʤʦʨʬʥʦʛʦ SiO2, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʢʣʘʚʫʚʘʥʥʷ ʩʫʤʽʰʽ 

ʚ ʩʪʘʥʽ ʚôʷʟʢʦʪʝʢʫʯʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ. 
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CEMENTS WITH NON-TRADITIONAL MINERALO GICAL COMPOSITION 
 

Due to the usual rising of energy cost, it gets greater importance to find ways of 

obtaining binding with high performance as well as minimal material and energy costs. The 

problem of expanding the base of cementôs industry raw material may be partly solved by 

using non-traditional natural materials and industrial wastes. One of the ways used to get 

binders at temperatures of 100-150 Á C which is lower than when burning conventional 

Portland cement clinker is to obtain sulfated binders. The structure of sulfated clinkers, 

depending on the composition of raw mixtures, may include calcium sulfo-silicates, calcium 

sulfo-aluminates and calcium sulfo-ferrites. The mixturesô compositions of raw materials that 

are used for the acquirement of such binders shifts to non-traditional domain of cementsô 

existence. The compositions with a high content of aluminates and ferrites were examined. 

The use of raw materials rich in aluminates gives the possibility to obtain binders that 

are located in the region between Portland and aluminous cements. The introduction of 

calcium sulfate in such compositions with high content of aluminate leads to the formation of 

large amounts of calcium sulfo-aluminate. With a further shift in the composition of 

aluminous cementôs clinker the mono-calcium aluminate is also formed. In general, cements 



 102  

with such compositions have strength from 30 to 50 MPa, depending on the composition of 

the raw mix. In this case, an increase in strength properties is noticed when the content of 

calcium sulfate in the raw mixtures is increased. The optimal value, in the study of 

composition, can be considered the introduction of up to 5 wt. % of calcium sulfate. 

However, the situation changes a little bit while burning the compositions with low 

content of aluminates and high content of iron. The study of the clinker phase composition 

allowed us to establish the presence of Alite, Belite, tetra-calcium aluminoferrite (perhaps 

depending on the composition and the presence of dicalcium ferrite) and calcium sulfo-

silicate. 

In the produced clinker there is large number of intermediate phases, which forms a film 

on the surface of the crystals. Alite crystals are located between sulfo-silicate crystals and an 

intermediate substance and they are characterized by fine-grained and streak structure. 

It should be noted that the sulfated clinker with a high iron content are characterized by 

more slow setting of strength in the early stages of hardening in comparison with the kinetics 

of sulfated clinker hardening that has high aluminum content. However, by 28 days of 

solidification, the strength of cement, depending on the composition of the raw mixture 

reaches35-45 MPa. 

It should also be noted that sulfated cements with high iron content tend to more quick 

strength gaining while steaming; in this case, the strength of the samples is even higher than 

samples that were stored for 28 days in water. 

Thus it is possible to obtain sulfated cements with non-traditional mineralogical 

composition either with high aluminum content or with high iron content in the raw mixtures. 

In this case, the temperature of burning of these compounds is 1250 - 1300 
o
C. And the 

resulting clinker has strength up to 30-50 MPa. Therefore they may easily replace ordinary 

Portland cement in building. 
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ʆ.ʆ. ʍɸʈʏɽʅʂʆ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè, ʤ. ʂʠʾʚ 
 

ɻɯɼʈʆʉʀʃɯʂɸʊʀ ʂɸʃʔʎɯʖ ʗʂ ʅɸʇʆɺʅʖɺɸʏɯ ʉʀʃɯʂɸʊʅʆɰ ʌɸʈɹʀ 
 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦ ʩʠʥʪʝʟʦʚʘʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʫ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ 
ʩʠʣʽʢʘʪʥʦʾ ʬʘʨʙʠ. ʇʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʢʘ ʩʢʣʘʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʩʠʣʽʢʘʪʥʦʾ ʬʘʨʙʠ ʫ ʚʠʛʣʷʜʽ ʛʦʪʦʚʦʾ 

ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʟʦʚʥʽʰʥʽʤ 

ʚʠʛʣʷʜʦʤ ʧʦʢʨʠʪʪʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʣʽʢʘʪʥʘ ʬʘʨʙʘ, ʩʠʣʽʢʘʪ ʥʘʪʨʽʶ, ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ 
 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʙʽʣʴʰʽʩʪʴ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʢʦʤʧʦʟʠʮʽʷʤʠ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʝʯʦʚʠʥʠ 

(ʦʨʛʘʥʽʯʥʽ ʨʦʟʯʠʥʥʠʢʠ ʪʘ ʽʥ.), ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ, ʟ ʧʦʟʠʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʩʘʥʽʪʘʨʥʠʭ ʚʠʤʦʛ 

ʙʝʟʧʝʢʠ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʩʠʣʽʢʘʪʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ï ʩʠʣʽʢʘʪʥʽ ʬʘʨʙʠ [1]. ʊʘʢʽ ʬʘʨʙʠ ʻ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤʠ, ʥʝ ʤʽʩʪʷʪʴ ʥʝʙʝʟʧʝʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʥʘ ʤʽʥʝʨʘʣʴʥʫ 

ʧʦʚʝʨʭʥʶ ʫʪʚʦʨʶʶʪʴ ʧʘʨʦʧʨʦʥʠʢʥʽ ʪʘ ʧʦʞʝʞʦʙʝʟʧʝʯʥʽ ʧʦʢʨʠʪʪʷ. 

ɼʦ ʥʝʚʠʨʽʰʝʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʣʽʢʘʪʥʠʭ ʬʘʨʙ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʬʘʨʙʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʾʭ ʚʠʧʫʩʢ ʫ ʚʠʛʣʷʜʽ 
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ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘ ʟʥʘʯʥʫ ʚʘʨʪʽʩʪʴ ʙʽʣʦʛʦ ʧʽʛʤʝʥʪʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʪʘ ʮʠʥʢʦʚʠʭ ʙʽʣʠʣ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʢʣʘʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʩʠʣʽʢʘʪʥʦʾ ʬʘʨʙʠ ʫ 

ʚʠʛʣʷʜʽ ʛʦʪʦʚʦʾ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ, ʪʘ ʟʘʤʽʥʫ ʪʨʘʜʠʮʽʡʥʠʭ ʙʽʣʠʭ 

ʧʽʛʤʝʥʪʽʚ ʥʘ ʤʝʥʰ ʜʦʨʦʛʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʦʪʨʠʤʫʚʘʪʠ ʬʘʨʙʠ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ, 

ʟʘʙʝʟʧʝʯʠʚʰʠ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʧʦʢʨʠʪʪʷ. 

ɿʜʘʪʥʽʩʪʴ ʨʽʜʢʦʛʦ ʩʢʣʘ ʜʦ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʡʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʥʴʦʤʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʉʆ2, ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʪʨʠʚʠʤʽʨʥʠʭ ʧʦʣʽʤʝʨʽʚ ʟ ʩʠʣʦʢʩʘʥʦʚʠʤʠ ʣʘʥʢʘʤʠ. ʋʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʚ ʩʠʩʪʝʤʽ 

ʣʽʤʽʪʫʻʪʴʩʷ ʣʫʞʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʽʡ ʧʨʦʪʽʢʘʻ ʨʝʘʢʮʽʷ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ, ʷʢ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʟʯʠʥʫ 

ʩʠʣʽʢʘʪʫ ʥʘʪʨʽʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʦʾ ʬʘʨʙʠ ʙʽʣʴʰʝ 3 ʤʽʩʷʮʽʚ. ɺ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʯʦʚʠʥʠ ʟ ʧʦʣʷʨʥʠʤʠ ʛʨʫʧʘʤʠ, ʷʢʽ ʚ ʭʦʜʽ ʨʝʘʢʮʽʾ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ 

ʤʦʩʪʠʢʘ, ʱʦ ʟôʻʜʥʫʻ ʤʦʣʝʢʫʣʠ. 

ɺ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʙʽʣʦʛʦ ʧʽʛʤʝʥʪʫ ʚ ʜʦʩʣʽʜʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʥʪʝʟʦʚʘʥʽ ʚʦʜʥʽ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʪʠʧʫ CSH (B). 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʻ ʚʚʝʜʝʥʥʷ ʨʦʟʯʠʥʫ ʉʘʉl2 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʦʟʯʠʥ ʩʠʣʽʢʘʪʽʚ ʥʘʪʨʽʶ (ʨʽʜʢʦʛʦ ʩʢʣʘ) ʟ ʦʪʨʠʤʘʥʥʷʤ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʫ 

ʚʠʛʣʷʜʽ ʙʽʣʦʛʦ ʦʩʘʜʫ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʦʪʨʠʤʘʥʥʷ ʧʦʨʦʰʢʫ ʛʽʜʨʦʩʠʣʽʢʘʪʫ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʜʦʜʘʪʢʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ï ʧʨʦʤʠʚʢʫ ʚʽʜ ʣʫʛʽʚ, ʩʫʰʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʥʮʝʚʦʾ ʚʘʨʪʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʛʽʜʨʦʩʠʣʽʢʘʪʫ ʢʘʣʴʮʽʶ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʶ ʦʙʨʦʙʢʦʶ 

ʩʫʤʽʰʽ ʪʘʢʠʭ ʜʦʩʪʫʧʥʠʭ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʚʘʧʥʦ ʪʘ ʧʽʩʦʢ. ʗʢ ʚʽʜʦʤʦ [2], ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʘʚʪʦʢʣʘʚʥʽʡ ʦʙʨʦʙʮʽ ʧʽʱʘʥʦ-ʚʘʧʥʷʥʦʾ ʩʫʤʽʰʽ ʫʪʚʦʨʶʶʪʴʩʷ ʛʽʜʨʦʩʠʣʽʢʘʪʠ 

ʢʘʣʴʮʽʶ ʷʢʽ ʤʘʶʪʴ ʙʽʣʠʡ ʢʦʣʽʨ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ 

ʘʤʦʨʬʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʢʨʝʤʥʝʟʝʤʫ, ʪʘʢʠʭ ʷʢ ʦʧʦʢʘ ʘʙʦ ʪʨʝʧʝʣ, ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʧʨʠ ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 90Ñ5 
0
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ʪʠʩʢʫ. ʉʪʨʫʢʪʫʨʘ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʮʴʦʤʫ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʰʘʨʫʚʘʪʫ ʬʦʨʤʫ, ʱʦ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʽʜʚʠʱʫʻ 

ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʦʢʨʠʪʪʽʚ. 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʧʦʧʝʨʝʜʥʴʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʨʦʟʯʠʥ ʩʠʣʽʢʘʪʫ ʥʘʪʨʽʶ 

ʩʫʤʽʰ ʥʝʦʙʭʽʜʥʦ ʜʠʩʧʝʨʛʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʾ ʩʫʩʧʝʥʟʽʾ. 

ɺʽʜʦʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ [3] ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʨʦʣʴ ʷʢʠʭ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʚʦʜʦʥʝʨʦʟʯʠʥʥʠʭ ʩʠʣʽʢʘʪʽʚ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʫʪʚʦʨʶʶʪʴ ʥʘ ʧʽʜʢʣʘʜʮʽ ʪʚʝʨʜʽ ʪʘ  

ʤʽʮʥʽ ʧʣʽʚʢʠ; ʦʢʩʠʜʠ ʪʘ ʛʽʜʨʦʢʩʠʜʠ ʤʽʜʽ ʧʦʢʨʘʱʫʶʪʴ ʜʝʢʦʨʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʦʟʠʮʽʡ, ʧʽʜʚʠʱʫʶʪʴ ʾʭ ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʉʧʦʣʫʢʠ ʢʘʣʴʮʽʶ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʜʦʙʘʚʦʢ ʦʩʘʜʞʫʶʯʦʛʦ ʪʠʧʫ.  
ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʩʠʣʽʢʘʪʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢ ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ, 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʟ ʜʦʩʪʫʧʥʦʾ ʩʠʨʦʚʠʥʠ, ʟʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʶ ʪʝʭʥʦʣʦʛʽʻʶ.  
 

ʃʽʪʝʨʘʪʫʨʘ: 
 

1. ɻʆʉʊ 18958-73 ʂʨʘʩʢʘ ʩʠʣʠʢʘʪʥʘʷ. 

2. ɹʫʪʪ ʖ.ʄ., ʈʘʰʢʦʚʠʯ ʃ.ʅ. ʊʚʝʨʜʝʥʠʝ ʚʷʞʫʱʠʭ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ï ʄ.: 

ʉʪʨʦʡʠʟʜʘʪ. 1965. ï 223 ʩ. 

3. ʇʘʩʝʯʥʠʢʦʚ ʖ.ɺ. ʉʠʥʪʝʟ ʦʢʨʘʰʝʥʥʳʭ ʛʠʜʨʦʩʠʣʠʢʘʪʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠʟ ʞʠʜʢʦʛʦ 
ʩʪʝʢʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʷʤʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʢʨʝʤʥʝʟʝʤʘ: ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʥʘʫʢ, ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ: ʩʧʝʮ. 05.17.11 çʊʝʭʥʦʣʦʛʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ, 

ʩʠʣʠʢʘʪʥʳʭ ʠ ʪʫʛʦʧʣʘʚʢʠʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚè/ ʖ.ɺ. ʇʘʩʝʯʥʠʢʦʚ. ï ʊʦʤʩʢ, 

1998. ï 21 ʩ. 



 104  

ʋɼʂ 666.973.6. 
 

ʆ. ʖ. ʃʆɹɸʅʆɺ, ʘʩʧʽʨʘʥʪ., ɺ. ɸ. ʉɺɯɼɽʈʉʔʂʀʁ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 
 

ɺʇʃʀɺ ʄʆɼʀʌɯʂɸʎɯɰ ʇʆɺɽʈʍʅɯ ʅɯɿɼʈʖɺɸʊʀʍ ɹɽʊʆʅɯɺ ʅɸ ɰʍ ʌɯɿʀʂʆ-

ʄɽʍɸʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 
 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʧʨʦʩʦʯʝʥʥʷ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʢʦʤʧʦʟʠʮʽʷʤʠ ʥʘ ʦʩʥʦʚʽ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʘʟʦʙʝʪʦʥ, ʛʽʜʨʦʬʦʙʽʟʘʮʽʷ, ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʤʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ, ʧʨʦʩʦʯʫʚʘʯ. 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʚôʷʞʫʯʠʭ ʨʝʯʦʚʠʥ. ɰʭ ʚʩʽʭ ʦʙôʻʜʥʫʻ ʦʜʠʥ ʥʝʜʦʣʽʢ ï ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʧʦʨʠʩʪʽʩʪʴ (ʚʽʜ ʥʘʡʤʝʥʰ ʧʦʨʠʩʪʦʛʦ ʜʦ ʥʘʡʙʽʣʴʰ ʧʦʨʠʩʪʠʭ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ) [1].  

ɼʣʷ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʪʦ ʢʣʽʤʘʪʠʯʥʽ 

ʬʘʢʪʦʨʠ, ʘʛʨʝʩʠʚʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʨʽʟʥʦʛʦ ʨʦʜʫ ʚʠʥʠʢʘʶʯʽ ʥʘʧʨʫʛʠ ʪʦʱʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʽ ʪʘ ʧʨʦʩʦʯʫʶʯʽ ʢʦʤʧʦʟʠʮʽʾ. ɿʦʢʨʝʤʘ ʧʨʦʩʦʯʫʚʘʯʽ ʥʝ ʣʠʰʝ 

ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʜʽʾ ʚʠʱʝ ʥʘʟʚʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʘ ʟʜʘʪʥʽ ʟʤʽʥʶʚʘʪʠ (ʧʦʢʨʘʱʫʚʘʪʠ) 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ ʧʨʦʩʦʯʝʥʥʷ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ, ʚʠʨʦʙʥʠʮʪʚʦ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʩʦʯʫʶʯʠʭ ʢʦʤʧʦʟʠʮʽʡ ʫ ʩʚʽʪʽ ʪʘ ʚ ʋʢʨʘʾʥʽ ʟʦʢʨʝʤʘ, ʙʫʜʝ ʥʝʚʧʠʥʥʦ 

ʟʨʦʩʪʘʪʠ.  

ɿʥʘʯʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʧʨʦʩʦʯʫʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʻ ʚʝʣʠʢʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʧʦʩʦʙʽʚ ʾʭ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʦʙôʻʢʪʫ: ʧʝʥʟʣʝʤ, ʧʫʣʴʚʝʨʠʟʘʪʦʨʦʤ, 

ʟʘʥʫʨʝʥʥʷ ʫ ʻʤʥʽʩʪʴ ʟ ʧʨʦʩʦʯʫʚʘʯʝʤ ʥʘ ʜʝʷʢʠʡ ʯʘʩ, ʧʨʦʩʦʯʝʥʥʷ ʚ ʘʚʪʦʢʣʘʚʘʭ, ʧʨʦʩʦʯʝʥʥʷ 

ʚʘʢʫʫʤʦʚʘʥʦʛʦ ʚʠʨʦʙʫ. ɿʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʥʝ 

ʧʦʪʨʝʙʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʅʘ ʚʝʣʠʯʠʥʫ ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʧʣʠʚʘʻ ʩʢʣʘʜ 

ʧʨʦʩʦʯʫʚʘʯʘ ʪʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʚ ʨʦʟʯʠʥʥʠʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʜʽʡʩʥʶʶʪʴ ʩʘʤʝ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ) [2]. 

ʅʘʡʯʘʩʪʽʰʝ ʫ ʩʢʣʘʜʽ ʧʨʦʩʦʯʫʚʘʯʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʣʢʽʣʩʠʣʽʢʦʥʘʪʠ, ʘʣʢʽʣʩʠʣʦʢʩʘʥʠ, 

ʩʠʣʘʥʠ ʟ ʨʽʟʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ, ʾʭ ʢʦʤʙʽʥʘʮʽʾ, ʘ ʪʘʢʦʞ ʩʠʣʽʢʦʥ.  

ʗʢ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʽ ʢʦʤʧʦʥʝʥʪʠ ʚ ʪʘʢʠʭ ʧʨʦʩʦʯʫʚʘʯʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʟʦʢʨʝʤʘ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʠ ʨʦʟʛʘʣʫʞʝʥʦʾ ʘʙʦ ʮʠʢʣʦʣʽʥʽʡʥʦʾ 

ʩʪʨʫʢʪʫʨʠ: ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥʠ, ʧʦʣʽʤʝʪʠʣʩʠʣʦʢʩʘʥʠ, ʧʦʣʽʬʝʥʽʣʩʠʣʦʢʩʘʥʠ, 

ʧʦʣʽʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥʠ. ɼʫʞʝ ʯʘʩʪʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʘʜʛʝʟʽʾ ʪʘ ʽʥʰʠʭ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʮʽʡ, ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʤʘʩʣʦ- ʪʘ ʙʝʥʟʦʩʪʽʡʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʩʠʭʘʥʥʷ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʜʠʬʽʢʫʶʪʴ ʦʨʛʘʥʽʯʥʠʤʠ 

ʧʦʣʽʤʝʨʘʤʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʣʢʽʜʥʽ ʪʘ ʝʧʦʢʩʠʜʥʽ ʩʤʦʣʠ, ʧʦʣʽʝʬʽʨʠ ʟ 

ʥʘʩʠʯʝʥʠʭ ʪʘ ʥʝʥʘʩʠʯʝʥʠʭ ʜʠʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʧʦʣʽʘʢʨʠʣʘʪʠ, ʝʪʠʣʮʝʣʶʣʦʟʫ. ʂʽʣʴʢʽʩʪʴ 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 10 ʜʦ 50 % ʧʦ ʤʘʩʽ.  

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ  ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʦʙʝʪʦʥʫ  ʧʽʩʣʷ 

ʡʦʛʦ ʧʨʦʩʦʯʝʥʥʷ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʪʘ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʩʦʯʫʶʯʦʾ ʢʦʤʧʦʟʠʮʽʾ. 
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ɼ.ɽ. ʉɯɼʆʈʆɺ, ʢ.ʪ.ʥ., ʜʦʮ., ɺ.ɯ.ʉɯɺɽʎʔʂʀʁ, ʢ.ʪ.ʥ., ʧʨʦʬ., ʆ.ɭ.ʂʆʃʆʉʆɺ, ʜ.ʪ.ʥ., ɾ.ʆ. ɼʋɼɸʈ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ɿʄɯʅɸ ʂʆɽʌɯʎɯɭʅʊʋ ʊɽʇʃʆʇʈʆɺɯɼʅʆʉʊɯ ʇʆʃɯɽʊʀʃɽʅ-ʇʆʃɯʇʈʆʇʀʃɽʅʆɺʆɰ 

ʂʆʄʇʆɿʀʎɯɰ ʇʈʀ ɿɺɸʈʖɺɸʅʅɯ 

 
ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʣʽʚʢʠ ʟ ʧʦʣʽʝʪʠʣʝʥ-ʧʦʣʽʧʨʦʧʠʣʝʥʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʫ ʧʨʦʮʝʩʽ 

ʪʝʨʤʽʯʥʦʛʦ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʜʝʪʘʣʝʡ. 

ʆʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʝʥʢʠ ʠʟ ʧʦʣʠʵʪʠʣʝʥ-ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʩʚʘʨʢʠ ʜʝʪʘʣʝʡ.  

The factor of heat conductivity for polyethylene-polipropilen composition is defined applied to the welding process. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʚʘʨʶʚʘʥʥʷ, ʧʦʣʽʤʝʨ, ʧʣʽʚʢʘ, ʢʦʤʧʦʟʠʮʽʷ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʘʨʢʘ, ʧʦʣʠʤʝʨ, ʧʣʝʥʢʘ, ʢʦʤʧʦʟʠʮʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

Keywords: welding, polymer, composition, heat conductivity 

 

ɿʚʘʨʶʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ï ʥʝʩʪʘʣʠʡ ʪʝʧʣʦʚʠʡ ʧʨʦʮʝʩ, ʫʩʢʣʘʜʥʝʥʠʡ ʥʘʷʚʥʽʩʪʶ 

ʬʽʟʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚʽʜ ʪʚʝʨʜʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʜʦ ʚò̫ ʟʢʦ-ʪʝʢʫʯʦʛʦ ʽ ʟʥʦʚʫ ʜʦ ʪʚʝʨʜʦʛʦ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ [1]. 

ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʬʽʟʠʯʥʦʤʫ ʧʝʨʝʭʦʜʽ ʪʝʨʤʦʧʣʘʩʪʽʚ ʩʫʪʪʻʚʦ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [2, 3]. ʋ ʩʪʘʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ (293 ʂ), ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʣʽʝʪʠʣʝʥʫ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ ʜʦʨʽʚʥʶʻ 0,34Ñ0,02 ɺʪ/(ʤĿʂ), ʧʦʣʽʝʪʠʣʝʥʫ 

ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ï 0,43Ñ0,01 ɺʪ/(ʤĿʂ), ʧʦʣʽʧʨʦʧʠʣʝʥʫ ï 0,19Ñ0,03 ɺʪ/(ʤĿʂ).  

ʇʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʜʦ ʩʪʘʥʫ ʨʦʟʧʣʘʚʫ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʮʠʭ 

ʪʝʨʤʦʧʣʘʩʪʽʚ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʷ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʪʨʠ ʨʘʟʠ. ʊʘʢʽ ʩʫʪʪʻʚʽ ʟʤʽʥʠ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʽʚ ʧʨʠ ʬʽʟʠʯʥʠʭ ʧʝʨʝʭʦʜʘʭ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʟʚʘʨʶʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ʽ ʧʘʢʫʚʘʥʴ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʝʢʩʪʨʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ [4] ʤʦʞʫʪʴ ʙʫʪʠ 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʨʤʽʯʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ, 

ʟʦʢʨʝʤʘ, ʧʣʽʚʢʦʚʠʭ ʧʘʢʫʚʘʥʴ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʷʢ ʜʣʷ ʝʪʘʧʫ 

ʧʨʦʛʨʽʚʘʥʥʷ ʟʦʥʠ ʟʚʘʨʶʚʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʝʪʘʧʫ ʾʾ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʮʝʩʫ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʜʚʦʭ 

ʧʦʣʽʝʪʠʣʝʥ-ʧʦʣʽʧʨʦʧʠʣʝʥʦʚʠʭ ʧʣʽʚʦʢ ʟ ʤʘʩʦʚʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʢʘʟʘʥʠʭ ʧʦʣʽʤʝʨʽʚ 9:1 

ʪʦʚʱʠʥʦʶ ʧʦ 0,6 ʤʤ ʢʦʞʥʘ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʚʽʜ ʯʘʩʫ ʦʭʦʣʦʜʞʝʥʥʷ ʟʚʘʨʶʚʘʥʦʛʦ ʚʠʨʦʙʫ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʚʘʨʶʚʘʥʥʷ ʰʘʨʽʚ, ʨʠʩ. 1. 

ɿʘ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜʙʫʚʘʣʘʩʴ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʚʨʶʚʘʥʠʭ 

ʧʣʽʚʦʢ ʟ 456 ʂ ʜʦ 335 ʂ. 

ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 1) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʘʻ ʭʘʨʘʢʪʝʨʥʠʡ ʤʽʥʽʤʫʤ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʫ ʟʽ ʩʪʘʥʫ ʨʦʟʧʣʘʚʫ ʜʦ ʩʪʘʥʫ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʗʢ ʽ 

ʦʯʽʢʫʚʘʣʦʩʷ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʤʽʥʶʻʪʴʩʷ ʚ 3,46 ʨʘʟʽʚ (ʚʽʜ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 0,0879 ɺʪ/(ʤĿʂ) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 3,043 ɺʪ/(ʤĿʂ). 

ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʥʠ ʟʚʘʨʶʚʘʥʥʷ (ʧʽʩʣʷ ʚʽʜʚʝʜʝʥʥʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʦʥʠ ʟʚʘʨʶʚʘʥʥʷ ʚʠʨʦʙʫ ʩʢʣʘʣʦ 0,1465 ɺʪ/(ʤĿʂ), ʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʣʦʱʠʥʽ 

ʟʚʘʨʶʚʘʥʥʷ - 0,155 ɺʪ/(ʤĿʂ). ɺ ʤʦʤʝʥʪ ʯʘʩʫ, ʢʦʣʠ ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʷ ʤʘʣʘ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʙʣʠʟʴʢʫ ʜʦ 350 ʂ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʘʣʦ 0,3 ɺʪ/(ʤ 

ʂ), ʪʦʜʽ ʷʢ ʫ ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ ʚʦʥʦ ʙʫʣʦ ʤʝʥʰʠʤ ʥʘ 24% ʠ ʩʢʣʘʜʘʣʦ 0,22 ɺʪ/(ʤĿʂ). ʊʘʢʘ 

ʨʦʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ, 

ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʥʝʚʝʣʠʢʫ ʪʦʚʱʠʥʫ ʟʚʘʨʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʟʫʤʦʚʣʝʥʘ ʟʤʽʥʦʶ ʬʽʟʠʯʥʦʛʦ 

ʩʪʘʥʫ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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ʈʠʩ. 1. ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʦʰʘʨʦʚʦʛʦ 

ʟʚʘʨʶʚʘʥʦʛʦ ʚʠʨʦʙʫ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʪʝʧʣʦʚʽʜʜʘʯʽ 50 ɺʪ/(ʤ
2
Ŀʂ) 

 

ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʽʣʶʩʪʨʫʶʪʴ, ʷʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʨʦʙʫ ʫ 

ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ ʧʣʽʚʦʢ, ʘ ʪʘʢʦʞ ʽ ʚ ʩʝʨʝʜʥʽʭ ʰʘʨʘʭ ʧʦ ʪʦʚʱʠʥʽ ʧʣʽʚʦʢ ʪʘ ʧʦʙʣʠʟʫ ʚʽʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ. ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʟʦʥ ʤʘʪʝʨʽʘʣʫ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʧʽʩʣʷ 1,5 ʩ, ʪʦʜʽ ʷʢ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ ʚ ʮʽʡ ʯʘʩ ʚʽʥ ʩʢʣʘʜʘʻ 

ʙʽʣʷ 70% ʚʽʜ ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʇʽʢ ʬʽʟʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʚô̫ ʟʢʦ-ʪʝʢʫʯʦʛʦ ʽ ʟʥʦʚʫ ʜʦ ʪʚʝʨʜʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ 

ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,45 ï 0,75 ʩ ʟ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ 

ʦʭʦʣʦʜʞʝʥʥʷ. 
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ɼ.ɽ. ʉɯɼʆʈʆɺ, ʢ.ʪ.ʥ., ʜʦʮ., ʆ.ɭ.ʂʆʃʆʉʆɺ, ʜ.ʪ.ʥ., ʧʨʦʚ.ʥʘʫʢ. ʩʧʽʚʨ., ɺ.ʇ.ʉɽʈɹɯʅ, ʜ.ʪ.ʥ., 

ʧʨʦʬ., ɺ.ʉ.ʂʈʀɺʆʐɽɭɺ, ʢ.ʪ.ʥ., ʜʦʮ., ʆ.ʃ.ʉʆʂʆʃʔʉʔʂʀʁ, ʢ.ʪ.ʥ., ʜʦʮ., ɾ.ʆ. ɼʋɼɸʈ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ʇʆʃɯʄɽʈʅɯ ʄɸʊɽʈɯɸʃʀ, ʑʆ ɿɸʉʊʆʉʆɺʋʖʊʔʉʗ ʋ ʇɸʂʋɺɸʅʅɯ, ʊɸ ɰʍ 

ɿɼɸʊʅɯʉʊʔ ɼʆ ɿɺɸʈʖɺɸʅʆʉʊɯ 
 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʝʬʝʢʪʠʚʥʽ  ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 

ʧʘʢʫʚʘʣʴʥʠʭ ʧʣʽʚʦʢ ʽ ʩʪʨʽʯʦʢ  ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʫʧʘʢʫʚʘʥʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʚʘʨʶʚʘʥʥʷ, ʧʣʽʚʢʘ, ʫʧʘʢʫʚʘʥʥʷ, ʧʦʣʽʤʝʨ  

 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʽʚʢʦʚʦʾ ʧʦʣʽʤʝʨʥʦʾ ʫʧʘʢʦʚʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟ ʧʦʣʽʝʪʠʣʝʥʫ, 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʧʦʣʽʩʪʠʨʦʣʫ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ ʪʘ ʽʥʰʽ ʧʣʽʚʢʠ.  

ɿʘ ʟʜʘʪʥʽʩʪʶ ʜʦ ʟʚʘʨʶʚʘʥʥʷ ʚʩʽ ʚʽʜʦʤʽ ʧʦʣʽʤʝʨʠ ʤʦʞʣʠʚʦ ʨʦʟʜʽʣʠʪʠ ʥʘ 4 ʛʨʫʧʠ.  

ʇʝʨʰʘ ʛʨʫʧʘ ï ʥʝʦʨʽʻʥʪʦʚʘʥʽ ʪʝʨʤʦʧʣʘʩʪʠ ʟ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʚ'ʷʟʢʦʾ ʪʝʯʽʾ ʟʥʘʯʥʦ 

ʤʝʥʰʦʶ, ʥʽʞ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ, ʟ ʰʠʨʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʚ'ʷʟʢʦʪʝʢʫʯʦʛʦ ʩʪʘʥʫ, ʚ'ʷʟʢʽʩʪʶ ʨʦʟʧʣʘʚʫ (10
2 
ï 10

5
) ʇʘȚʩ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʟʚʘʨʶʚʘʥʥʷ. ʎʽ ʪʝʨʤʦʧʣʘʩʪʠ ʜʦʙʨʝ ʟʚʘʨʶʶʪʴʩʷ. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʾʭ ʟʚʘʨʶʚʘʥʥʷ 

ʤʦʞʣʠʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʣʝʞʠʪʴ ʚ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ: ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʢʫʯʦʩʪʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʪʨʫʢʮʽʾ.  

ɼʦ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʥʘʡʢʨʘʱʝ ʟʚʘʨʶʶʪʴʩʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʣʽʦʣʝʬʽʥʠ ï  

ʧʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʛʦ ʽ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʧʦʣʽʧʨʦʧʽʣʝʥ. ʎʽ ʧʦʣʽʤʝʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʚ'ʷʟʢʦʾ ʪʝʯʽʾ (46 ï 53) ʢɼʞ/ʤʦʣʴ, ʤʘʶʪʴ ʜʦʩʠʪʴ ʥʠʟʴʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʢʫʯʦʩʪʽ (120 ï 160) Áʉ, ʰʠʨʦʢʠʡ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʚ'ʷʟʢʦʪʝʢʫʯʦʛʦ ʩʪʘʥʫ 

(ʙʽʣʴʰʠʡ ʟʘ 50 ÁC) ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ ʚ'ʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ. 

ɼʨʫʛʘ ʛʨʫʧʘ ï ʪʝʨʤʦʧʣʘʩʪʠ ʟ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʚ'ʷʟʢʦʾ ʪʝʯʽʾ, ʷʢʘ ʙʣʠʟʴʢʘ ʜʦ ʝʥʝʨʛʽʾ 

ʨʫʡʥʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʘʢʨʦʤʦʣʝʢʫʣʠ, ʟ ʚʫʟʴʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʚ'ʷʟʢʦʪʝʢʫʯʦʛʦ ʩʪʘʥʫ (ʤʝʥʴʰʠʤ ʟʘ 50ÁC) ʘʙʦ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʦʶ ʚ'ʷʟʢʽʩʪʶ ʨʦʟʧʣʘʚʫ      

(10
7
ï10

8
) ʇʘĀʩ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʽ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʟ ʫʩʽʭ ʚʽʜʦʤʠʭ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʩʽ ʮʽ ʤʘʪʝʨʽʘʣʠ ʧʦʛʘʥʦ ʟʚʘʨʶʶʪʴʩʷ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʚʣʝʥʥʷʤ ʧʦʪʨʽʙʥʦ ʚ ʢʦʞʥʦʤʫ 

ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ ʚʠʰʫʢʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʪʘ ʩʧʦʩʦʙʠ. ʎʷ ʛʨʫʧʘ 

ʪʝʨʤʦʧʣʘʩʪʽʚ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ. ɼʦ ʥʝʾ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ, 

ʧʦʣʽʚʽʥʽʣʽʜʝʥʭʣʦʨʠʜ, ʧʝʥʪʘʧʣʘʩʪ, ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ, ʜʝʷʢʽ ʬʪʦʨʦʧʣʘʩʪʠ ʽ ʽʥ. 

ʊʨʝʪʷ ʛʨʫʧʘ ï ʮʝ ʪʝʨʤʦʧʣʘʩʪʠ, ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʚ'ʷʟʢʦʾ ʪʝʯʽʾ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 

ʝʥʝʨʛʽʶ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ, ʘ ʪʘʢʦʞ ʪʝʨʤʦʧʣʘʩʪʠ, ʚ'ʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʷʢʠʭ ʩʢʣʘʜʘʻ          

(10
11
ï10

12
) ʇʘȚʩ. ʎʽ ʪʝʨʤʦʧʣʘʩʪʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʚʝʜʝʥʽ ʫ ʚ'ʷʟʢʦʪʝʢʫʯʠʡ ʩʪʘʥ, ʪʦʤʫ 

ʤʦʞʣʠʚʽʩʪʴ ʟʚʘʨʶʚʘʥʥʷ ʾʭ ʧʣʘʚʣʝʥʥʷʤ ʧʨʘʢʪʠʯʥʦ ʚʠʢʣʶʯʝʥʘ. ʋʪʚʦʨʝʥʥʷ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ 

ʪʘʢʠʭ ʪʝʨʤʦʧʣʘʩʪʽʚ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʮʴʦʛʦ ʢʦʥʪʘʢʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʶ 

ʜʝʬʦʨʤʘʮʽʻʶ ʤʘʪʝʨʽʘʣʫ. ɼʠʬʫʟʽʡʥʝ ʟʚʘʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʪʨʠʚʘʣʦʛʦ ʢʦʥʪʘʢʪʫ 

ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʟ'ʻʜʥʫʶʪʴʩʷ. 

ʏʝʪʚʝʨʪʘ ʛʨʫʧʘ ï ʨʝʘʢʪʦʧʣʘʩʪʠ ʽ ʚʫʣʢʘʥʽʟʘʪʠ. ʎʝ ʧʦʣʽʤʝʨʠ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʟ'ʻʜʥʘʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ. ɺʦʥʠ ʟʚʘʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʤʦʣʝʢʫʣ ʧʦʣʽʤʝʨʽʚ, ʷʢʘ ʩʧʨʦʚʦʢʦʚʘʥʘ ʥʘʛʨʽʚʘʥʥʷʤ, ʪʠʩʢʦʤ ʯʠ ʚʚʝʜʝʥʥʷʤ ʫ ʟʦʥʫ 

ʟʚʘʨʶʚʘʥʥʷ ʟʰʠʚʘʶʯʦʛʦ ʘʛʝʥʪʘ. ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʘʢʫʚʘʣʴʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʪʘ ʤʝʪʦʜʠ ʾʭ ʟʚʘʨʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʜʘʣʽ. 

ʇʦʣʽʧʨʦʧʽʣʝʥʦʚʘ ʧʘʢʫʚʘʣʴʥʘ ʧʣʽʚʢʘ (ʇʇ) ï ʮʝ ʧʦʣʽʤʝʨʥʘ ʦʙʤʦʪʫʚʘʣʴʥʘ ʧʣʽʚʢʘ, ʷʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʜʣʷ ʫʧʘʢʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʫ. ʆʜʥʠʤ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ 

ʤʝʪʦʜʽʚ ʟôʻʜʥʘʥʥʷ ʇʇ ʧʣʽʚʢʠ ʻ ʟʚʘʨʶʚʘʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ 3 ʩʧʦʩʦʙʠ ʟʚʘʨʶʚʘʥʥʷ ʇʇ. 

http://uk.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82&action=edit&redlink=1
http://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B7%D0%BF%D0%BB%D0%B0%D0%B2
http://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%82%D0%B5%D1%80%D0%B2%D0%B0%D0%BB
http://uk.wikipedia.org/w/index.php?title=%D0%9F%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD&action=edit&redlink=1
http://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%B5%D1%82%D0%B8%D0%BB%D0%B5%D0%BD
http://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%BF%D1%80%D0%BE%D0%BF%D1%96%D0%BB%D0%B5%D0%BD
http://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%B2%D1%96%D0%BD%D1%96%D0%BB%D1%85%D0%BB%D0%BE%D1%80%D0%B8%D0%B4
http://uk.wikipedia.org/w/index.php?title=%D0%9F%D0%BE%D0%BB%D1%96%D0%B2%D1%96%D0%BD%D1%96%D0%BB%D1%96%D0%B4%D0%B5%D0%BD%D1%85%D0%BB%D0%BE%D1%80%D0%B8%D0%B4&action=edit&redlink=1
http://uk.wikipedia.org/w/index.php?title=%D0%9F%D0%B5%D0%BD%D1%82%D0%B0%D0%BF%D0%BB%D0%B0%D1%81%D1%82&action=edit&redlink=1
http://uk.wikipedia.org/w/index.php?title=%D0%9F%D0%BE%D0%BB%D1%96%D0%B5%D1%82%D0%B8%D0%BB%D0%B5%D0%BD%D1%82%D0%B5%D1%80%D0%B5%D1%84%D1%82%D0%B0%D0%BB%D0%B0%D1%82&action=edit&redlink=1
http://uk.wikipedia.org/w/index.php?title=%D0%A4%D1%82%D0%BE%D1%80%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82&action=edit&redlink=1
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ʋ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʟʜʘʪʥʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʜʦ ʟʚʘʨʶʚʘʥʥʷ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. 

 

ʊʘʙʣʠʮʷ 1. ɿʜʘʪʥʽʩʪʴ ʧʦʣʽʤʝʨʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʧʣʽʚʦʢ ʜʦ ʟʚʘʨʶʚʘʥʥʷ* 

ʇʦʣʽʤʝʨʥʘ 

ʧʣʽʚʢʘ 

ʄʝʪʦʜʠ ʟʚʘʨʶʚʘʥʥʷ 

ʊʝʨʤʦʢʦʥʪʘʢʪʥʠʡ 

 
ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ 

ʊʝʨʤʦ-

ʽʤʧʫʣʴʩʥʠʡ 

ʉʪʨʫʤʘʤʠ 

ʚʠʩʦʢʦʾ 

ʯʘʩʪʦʪʠ 

ʇɽɺʊ, ʇɽʅʊ ɿ ʆ ɿ ʅ 

ʇʇ ɿ ɿ ɿ ʅ 

ʇɽʊʌ ʅ ʆ ʆ ʅ 

ʇɺʍ ɿ ʆ ʆ ɿ 
ʇʨʠʤʽʪʢʘ*: ɿ ï ʟʜʘʪʥʘ ʜʦ ʟʚʘʨʶʚʘʥʥʷ, ʅ ï ʥʝ ʟʜʘʪʥʘ ʜʦ ʟʚʘʨʶʚʘʥʥʷ, ʆ ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʚʘʨʶʚʘʥʥʷ 

ʦʙʤʝʞʝʥʘ. 

 

ʅʘʡʷʢʽʩʥʽʰʠʤ ʜʣʷ ʇʇ ʻ ʤʝʪʦʜ ʧʦʣʽʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ. ʂʽʥʮʽ ʜʝʪʘʣʝʡ, ʱʦ 

ʟ'ʻʜʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ (ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʙʦ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ), ʥʘʛʨʽʚʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʜʘʣʽ ʚʦʥʠ ʧʨʠʪʠʩʢʘʶʪʴʩʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʟ ʥʝʦʙʭʽʜʥʠʤ ʟʫʩʠʣʣʷʤ. ɺʠʢʦʥʘʥʠʡ 

ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʰʦʚ ʜʦʩʪʘʪʥʴʦ ʤʽʮʥʠʡ ʽ ʜʦʩʷʛʘʻ ʧʨʠʙʣʠʟʥʦ   (80ï90) % ʤʽʮʥʦʩʪʽ ʙʘʟʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʟʚʘʨʶʚʘʪʠ ʧʣʽʚʢʫ ʙʫʜʴ-ʷʢʦʾ ʪʦʚʱʠʥʠ. 

ɼʨʫʛʠʡ ʩʧʦʩʽʙ ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʫʯʥʦʛʦ ʝʢʩʪʨʫʜʝʨʘ. ɿʚʘʨʶʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʥʝʩʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʧʨʠʩʘʜʢʦʚʠʡ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʡ ʜʨʽʪ), ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʚ ʛʚʠʥʪʦʚʦʤʫ ʢʘʥʘʣʽ ʝʢʩʪʨʫʜʝʨʘ. 

ʈʫʯʥʠʡ ʝʢʩʪʨʫʜʝʨ ï ʘʧʘʨʘʪ, ʚ ʷʢʦʤʫ ʥʝʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʨʽʚʥʦʤʽʨʥʠʡ ʪʠʩʢ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʰʚʘ. ʐʦʚ, ʚʠʢʦʥʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʦʛʦ 

ʝʢʩʪʨʫʜʝʨʘ, ʤʘʻ ʛʽʨʰʫ ʷʢʽʩʪʴ. 

ʊʨʝʪʽʡ ʩʧʦʩʽʙ ï ʟʚʘʨʶʚʘʥʥʷ ʧʽʩʪʦʣʝʪʦʤ ʟ ʛʘʨʷʯʠʤ ʧʦʚʽʪʨʷʤ (ʬʝʥʦʤ). ʂʦʥʩʪʨʫʢʮʽʷ 

ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʱʦ 

ʥʘʛʨʽʚʘʻʪʴʩʷ, ʘʣʝ ʨʫʯʥʝ ʢʝʨʫʚʘʥʥʷ ʦʧʝʨʘʮʽʷʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʷʢʦʩʪʽ 

ʟʚʘʨʥʦʛʦ ʰʚʘ. ʇʦʣʽʝʩʪʝʨʦʚʘ ʧʘʢʫʚʘʣʴʥʘ ʧʣʽʚʢʘ (ʇɽʊ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʚôʷʟʢʠ 

ʚʘʥʪʘʞʽʚ ʩʝʨʝʜʥʴʦʾ ʚʘʛʠ ʪʘ ʚʘʞʢʠʭ ʚʘʥʪʘʞʽʚ ʧʨʠ ʾʭʥʴʦʤʫ ʩʢʣʘʜʫʚʘʥʥʽ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ. 

ɿôʻʜʥʘʥʥʷ ʇɽʊ ʩʪʨʽʯʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʶʚʘʥʥʷ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʤʽʮʥʽʩʪʴ ʰʚʘ (ʟʫʩʠʣʣʷ ʥʘ ʨʦʟʨʠʚ ʩʢʣʘʜʘʻ 80 ï 85 % ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ). ɿʚʘʨʶʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʥʦʛʦ ʪʝʨʪʷ ʨʽʟʥʠʭ 

ʰʘʨʽʚ ʩʪʨʽʯʢʠ (ʚʽʙʨʦʟʚʘʨʶʚʘʥʥʷ).  

ɺʽʙʨʦʟʚʘʨʶʚʘʥʥʷ ʧʘʢʫʚʘʣʴʥʦʾ ʩʪʨʽʯʢʠ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʯʝʨʝʟ ʥʝʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʦʛʦ ʧʨʠ ʮʴʦʤʫ ʰʚʘ, ʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ ʟʘ +5 Üʉ. 

ʋ ʘʚʪʦʤʘʪʠʯʥʠʭ ʤʘʰʠʥʘʭ ʜʣʷ ʧʘʢʫʚʘʥʥʷ ʚ ʧʦʣʽʝʩʪʝʨʦʚʫ ʩʪʨʽʯʢʫ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʪʝʨʤʦʟʚʘʨʶʚʘʥʥʷ, ʱʦ ʚʠʢʣʶʯʘʻ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʽʟ-ʟʘ 

ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʘʢʦʚʫʚʘʪʠ ʧʨʦʜʫʢʮʽʶ ʚ 

ʥʝʦʧʘʣʶʚʘʥʠʭ ʮʝʭʘʭ. ʇʣʽʚʢʠ ʟ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (ʇɽɺʊ, ʇɽʅʊ) ï 

ʮʝ ʧʦʰʠʨʝʥʘ ʨʽʟʥʦʚʠʜʥʽʩʪʴ ʧʘʢʫʚʘʣʴʥʦʾ ʧʣʽʚʢʠ. ɺʦʥʠ ʧʣʘʩʪʠʯʥʽ, ʟʣʝʛʢʘ ʤʘʪʦʚʽ ʪʘ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʶ ʜʦ ʜʽʾ ʭʽʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʦʜʦ- ʽ ʛʘʟʦʥʝʧʨʦʥʠʢʥʽ. ɻʫʩʪʠʥʘ ʇɽɺʊ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ (0,916 ï 0,935) ʛ/ʩʤ
3
. ʇɽʅʊ-ʧʣʽʚʢʠ ʣʝʛʢʦ ʟʚʘʨʶʶʪʴʩʷ ʪʝʧʣʦʚʦʶ 

ʟʚʘʨʢʦʶ ʽ ʫʪʚʦʨʶʶʪʴ ʤʽʮʥʽ ʰʚʠ. 

ʇʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (ʇɽʊʌ). ʇʦʣʽʝʬʽʨʥʽ ʧʣʽʚʢʠ ʞʦʨʩʪʢʽ ʪʘ ʜʦʩʠʪʴ ʤʽʮʥʽ, ʪʦʤʫ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʟʚʘʨʥʦʛʦ ʰʚʘ ʇɽʊʌ-ʧʣʽʚʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʥʘʥʝʩʝʥʠʤ ʥʘ ʥʝʾ 

ʇɽɺʊ. ʂʨʽʤ ʟʚʘʨʶʚʘʥʥʷ, ʢʦʤʙʽʥʘʮʽʷ ʟ ʇɽɺʊ ʟʘʙʝʟʧʝʯʫʻ ʤʘʪʝʨʽʘʣʫ ʙʽʣʴʰ ʚʠʩʦʢʽ ʙʘʨ'ʻʨʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʱʦʜʦ ʜʽʾ ʚʦʜʠ ʪʘ ʾʾ ʧʘʨʽʚ. ʇɽʊʌ-ʧʣʽʚʢʠ ʟʥʘʯʥʦ ʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ ʨʦʟʨʠʚʫ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ, ʥʽʞ ʧʣʽʚʢʠ ʟ ʧʦʣʽʦʣʝʬʽʥʽʚ.  
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ʆ.ɭ.ʂʆʃʆʉʆɺ, ʜ.ʪ.ʥ., ʧʨʦʚ.ʥʘʫʢ. ʩʧʽʚʨ., ɺ.ɯ.ʉɯɺɽʎʔʂʀʁ, ʢ.ʪ.ʥ., ʧʨʦʬ.,  

ɺ.ʇ.ʉɽʈɹɯʅ, ʜ.ʪ.ʥ., ʧʨʦʬ.,  ʃ.ɸ.ʂʈʀʏʂʆɺʉʔʂɸ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ʊɽʍʅʆʃʆɻɯʏʅɯ ɿɸʉɸɼʀ ʇʈʆʎɽʉɯɺ ɺʀɻʆʊʆɺʃɽʅʅʗ ʈɽɸʂʊʆʇʃɸʉʊʀʏʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁʅʀʍ ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 
ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʣʝʥʥʷ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʘʨʤʦʚʘʥʠʭ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ  ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʋɿ-ʢʘʚʽʪʘʮʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʮʝʩ, ʧʨʦʩʦʯʝʥʥʷ, ʝʧʦʢʩʠʜʥʘ ʢʦʤʧʦʟʠʮʽʷ, ʥʘʧʦʚʥʶʚʘʯ, ʫʣʴʪʨʘʟʚʫʢ 

 

ʇʨʦʮʝʩ ʧʨʦʩʦʯʝʥʥʷ ʻ ʙʘʟʦʚʠʤ ʧʨʦʮʝʩʦʤ ʦʜʝʨʞʘʥʥʷ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʚʠʨʦʙʽʚ ʥʘ ʙʘʟʽ ʘʨʤʦʚʘʥʠʭ ʚʦʣʦʢʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ (ɺʅ). ʇʨʠ ʮʴʦʤʫ ʨʫʰʽʡʥʠʤʠ ʩʠʣʘʤʠ 

ʧʨʦʮʝʩʫ ʧʨʦʩʦʯʫʚʘʥʥʷ  ̒ ʢʘʧʽʣʷʨʥʝ ʚʩʤʦʢʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʣʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʦʩʦʯʫʚʘʣʴʥʠʡ ʨʦʟʯʠʥ ʽ ʧʨʠʩʢʦʨʶʶʯʠʡ ʡʦʛʦ ʨʫʭ ʚʩʝʨʝʜʠʥʫ ɺʅ. ʎʠʤ ʩʠʣʘʤ 

ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʦʧʽʨ ʪʝʯʽʾ ʧʨʦʩʦʯʫʚʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʚ ʧʦʨʘʭ ɺʅ ʽ ʧʦʚʝʨʭʥʝʚʝ ʥʘʪʷʛʥʝʥʥʷ 

ʧʨʦʩʦʯʫʚʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʱʝ ʦʜʥʫ ʦʩʦʙʣʠʚʽʩʪʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʩʦʯʫʚʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʙʘʟʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, ʷʢʽ ̒ 

ʚ'ʷʟʢʦʪʝʢʫʯʠʤʠ, ʪʘʢ ʟʚʘʥʠʤʠ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤʠ (ʘ ʩʘʤʝ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʠʤʠ) ʨʽʜʠʥʘʤʠ.  

ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʦʜʝʨʞʘʥʥʷ  ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʂʄ) ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʽʡ  ʤʦʞʣʠʚʦʩʪʽ 

ʥʘʧʨʘʚʣʝʥʦʾ ʟʤiʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣiʤʝʨʫ ʽ ʢʽʥʮʝʚʦʛʦ ʇʂʄ ʟʘ ʨʘʭʫʥʦʢ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ (ʋɿ) 

ʤʦʜʠʬʽʢʘʮʽʾ. ʇʦʧʝʨʝʜʥʴʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤiʥʠ  ʬiʟʠʯʥʦʾ (ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ) 

ʩʪʨʫʢʪʫʨʠ  ʦʣʽʛʦʤʝʨʫ ʽ ʧʦʣiʤʝʨʥʦʛʦ ʟʚ'ʷʟʫʶʯʦʛʦ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ.  ʇʨʠ ʟʜʽʡʩʥʝʥʥʽ ʋɿ-

ʦʙʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ  ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʝʬʝʢʪʠʚʥʠʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ  ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʘʩ ʋɿ-ʦʙʨʦʙʢʠ. ʊʦʤʫ ʟ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʜʦʮʽʣʴʥʠʤ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʋɿ-ʦʙʨʦʙʢʠ. 

ʆʩʢʽʣʴʢʠ ʧʨʦʩʦʯʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʨʦʟʯʠʥʦʤ ʟʚ'ʷʟʫʶʯʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʚʠʪʽʩʥʝʥʥʷ ʧʦʚʽʪʨʷ ʟ ʧʦʨ ʽ ʢʘʧʽʣʷʨʽʚ ɺʅ ʽ ʟʘʤʽʥʫ ʡʦʛʦ ʟʚ'ʷʟʫʶʯʠʤ, ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʦʜʠʥ ʟ ʧʨʠʢʣʘʜʽʚ ʢʘʧʽʣʷʨʥʠʭ ʷʚʠʱ. ʇʨʠ ʮʴʦʤʫ ʋɿ ʻ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʪʠʩʥʝʥʷ ʧʦʚʽʪʨʷ ʟ ʧʦʨ ɺʅ ʽ ʧʨʦʥʠʢʥʝʥʥʷ ʪʫʜʠ ʧʦʣʽʤʝʨʥʦʛʦ (ʝʧʦʢʩʠʜʥʦʛʦ) 

ʟʚ'ʷʟʫʶʯʦʛʦ (ɽɿ) ʟʘ ʨʝʞʠʤʽʚ ʢʘʚʽʪʘʮʽʾ.  

ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ  

(ɽʇ) ʥʘ ʦʩʥʦʚʽ  ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ (ɽʂ)  ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʋɿ-ʢʘʚʽʪʘʮʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽɿ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʪʚʝʨʜʽʣʠʭ ʚʠʨʦʙʽʚ ɽʇ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʟʘʦʱʘʜʞʝʥʥʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʷʢ 

ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʚ ʷʢʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʄʝʪʘ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʣʘ ʫ ʚʠʨʽʰʝʥʥʽ ʩʣʽʜʫʶʯʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʘʜʘʯ: 

¶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʧʝʨʝʚʽʨʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɿ-

ʤʦʜʠʬʽʢʘʮʽʾ ʚ ʙʘʟʦʚʠʭ ʧʨʦʮʝʩʘʭ ʦʜʝʨʞʘʥʥʷ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ (ɽʇ) ʪʘ ʚʠʨʦʙʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ; 

¶ ʬʽʟʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥ ̔ʩʪʨʫʢʪʫʨʠ ʘʨʤʫʶʯʠʭ ʚʦʣʦʢʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ (ɺʅ) ʷʢ 

ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʠʭ ʪʽʣ, ʱʦ ʧʨʦʩʦʯʫʶʪʴʩʷ ɽɿ; 

¶ ʜʦʩʣʽʜʞʝʥʥʽ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ ʧʨʦʩʦʯʫʚʘʥʥʷ ʘʨʤʫʶʯʠʭ ɺʅ  ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤʠ 

ʨʽʜʠʥʘʤʠ ʟʘ ʫʤʦʚ çʚʽʣʴʥʦʛʦè ʧʨʦʩʦʯʫʚʘʥʥʷ ʽ ʋɿ-ʧʨʦʩʦʯʫʚʘʥʥʷ; 

¶ ʜʦʩʣʽʜʞʝʥʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʪʚʝʨʜʽʣʠʭ ɽʂ, ʦʜʝʨʞʫʚʘʥʠʭ ʋɿ-

ʤʦʜʠʬʽʢʘʮʽʻʶ ʟʘ ʢʘʚʽʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ; 
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¶ ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʦʙʦʢ ʫ ʭʽʤʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʦʤʫ ʽ ʩʧʝʮʽʘʣʴʥʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ ʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʋʢʨʘʾʥʠ, ʚʢʣʶʯʘʶʯʠ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʘ ʙʘʟʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʪʘ ʨʝʘʣʽʟʫʶʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ  ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʚʠʨʦʙʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʜʫʪʴ ʫʜʦʩʢʦʥʘʣʝʥʽ ʙʘʟʦʚʽ 

ʧʨʦʮʝʩʠ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ (ʇʂʄ) ʟʘ ʨʘʭʫʥʦʢ ʥʘʧʨʘʚʣʝʥʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʾ ʬʽʟʠʯʥʦʾ  ʤʦʜʠʬʽʢʘʮʽʾ ʇʂʄ ʫ ʚʠʛʣʷʜʽ ʋɿ ʷʢ ʥʘ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ, ʪʘʢ ʽ 

ʥʘ ɺʅ. ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʘʜʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ  

ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ɽʇ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʘʚʽʪʘʮʽʡʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʜʦʟʚʦʣʷʪʴ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽɿ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʪʚʝʨʜʽʣʠʭ 

ʚʠʨʦʙʽʚ ɽʇ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ. ʎʝ ʟʫʤʦʚʣʝʥʦ   

ʧʽʜʚʠʱʝʥʥʷʤ ʚʥʘʩʣʽʜʦʢ ʋɿ-ʤʦʜʠʬʽʢʘʮʽʾ ʥʘ (30 ï 50)% ʟʤʦʯʫʚʘʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʝʧʦʢʩʠʜʥʦʾ 

ʤʘʪʨʠʮʽ ʽ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʛʦʤʦʛʝʥʽʟʘʮʽʾ, ʱʦ ʙʫʜʝ ʩʧʨʠʷʪʠ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʽ ʷʢʽʩʥʦʤʫ 

ʧʨʦʩʦʯʫʚʘʥʥʶ,  ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷʤ ʘʜʛʝʟʽʾ ʟʘʪʚʝʨʜʽʣʠʭ ɽʇ ʜʦ ʧʦʚʝʨʭʥʽ  ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ  ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ (20 ï 30)% ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʯʘʩʫ  ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʪʚʝʨʜʽʣʠʭ ɽʇ ʫ 

(2 ï 2,5) ʨʘʟʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʡʜʫʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʣʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʥʠʭ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ.  

ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʽʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʘʧʨʦʙʦʚʘʥʽ ʫ ʜʝʢʽʣʴʢʦʭ ʩʫʤʽʞʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʦʢʨʝʤʘ, ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ 

ʛʘʣʫʟʽ (ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʜʝʪʘʣʝʡ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʽʟ 

ʥʘʤʦʪʦʯʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ), ʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ (ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʥʘʩʝʣʝʥʠʭ 

ʛʣʠʙʠʥʥʦʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʩʬʝʨʠʯʥʠʭ ʙʣʦʢʽʚ ʧʣʘʚʫʯʦʩʪʽ), ʭʽʤʽʯʥʦʾ ʽ ʜʝʨʝʚʦʦʙʨʦʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʧʨʦʮʝʩ ʧʨʦʩʦʯʫʚʘʥʥʷ ʜʝʨʝʚʠʥʠ ʚôʷʟʢʠʤʠ ʨʽʜʠʥʘʤʠ), ʫ ʤʝʜʠʯʥʽʡ ʛʘʣʫʟʽ 

(ʦʜʝʨʞʘʥʥʷ ʚʫʛʣʝʢʦʤʧʦʟʠʪʥʠʭ ʽʤʧʣʘʥʪʘʥʪʽʚ ʪʘ ʝʥʜʦʧʨʦʪʝʟʽʚ), ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ  

ʪʘ ʽʥ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʚʠʛʣʷʜʽ ʪʝʭʥʽʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʦʬʦʨʤʣʝʥʥʷ ʽ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʙʘʟʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʧʦʣʽʤʝʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ, ʘ ʪʘʢʦʞ ʙʘʟʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʇʂʄ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʫʯʘʩʥʦʛʦ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʧʦʣʽʤʝʨʧʝʨʝʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʇʂʄ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʥʠʭ. 
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ɺ.ɯ.ʉɯɺɽʎʔʂʀʁ, ʢ.ʪ.ʥ., ʧʨʦʬ., ʆ.ɭ.ʂʆʃʆʉʆɺ, ʜ.ʪ.ʥ., ʧʨʦʚ.ʥʘʫʢ.ʩʧʽʚʨ., 

ɺ.ʉ.ʂʈʀɺʆʐɽɭɺ, ʢ.ʪ.ʥ., ʜʦʮ., ʄ.ʉ. ʂʋʐʅɯʈ, ɺ.ʆ.ʆʃɽʂʉʀʐɽʅ, ɯ.ɯ.ɯɺɯʎʔʂʀʁ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 
 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ɿʄɯʐʋɺɸʅʅʗ ʊɸ ʌʆʈʄʋɺɸʅʅʗ 

ɺʀʉʆʂʆʇʆʈʀɿʆɺɸʅʀʍ ʊɽʈʄʆʇʃɸʉʊʀʏʅʀʍ ɺʀʈʆɹɯɺ ɽʂʉʊʈʋɿɯʁʅʀʄ 

ʄɽʊʆɼʆʄ 
 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʘʩʧʝʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʧʨʠ ʝʢʩʪʨʫʟʽʾ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ ʪʘ 

ʬʦʨʤʫʚʘʥʥʽ ʚʠʨʦʙʽʚ ʟ ʥʠʭ, ʟʦʢʨʝʤʘ,  ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʤʝʪʦʜʫ ʝʢʩʪʨʫʟʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʠʭ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʟʤʽʰʫʚʘʥʥʷ, ʝʢʩʪʨʫʟʽʷ, ʪʝʨʤʦʧʣʘʩʪ, ʧʦʨʦʫʪʚʦʨʶʚʘʯʽ, ʪʝʧʣʦʽʟʦʣʷʮʽʷ 
 

ɺ ʋʢʨʘʾʥʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ, ʥʘ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʣʦʚʠʭ 

ʨʽʚʥʦʮʽʥʥʠʭ ʧʨʠʤʽʱʝʥʴ ʚʪʨʘʯʘʻʪʴʩʷ ʚ 2 ʨʘʟʠ ʙʽʣʴʰʝ ʧʘʣʠʚʘ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʥʝʨʘʮʽʦʥʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʪʝʧʣʘ ʷʚ ʫ ʤʝʨʝʞʘʭ, ʪʘʢ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʙʫʜʽʚʣʷʭ.  

ɿʘʪʚʝʨʜʞʝʥʥʷ ʥʦʚʠʭ ʥʦʨʤ ʧʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʶ ʚ ʋʢʨʘʾʥʽ ʟʘʛʦʩʪʨʠʣʠ ʧʠʪʘʥʥʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʙʫʪʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ.  

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʙʣʦʢʠ ʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ. 

ɿʛʽʜʥʦ ʦʮʽʥʦʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ 1 ʤ
3
 ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʶ ʙʽʣʷ 

1,5 ʪ ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ ʚ ʨʽʢ. ɺ ʜʘʥʠʡ ʯʘʩ ʙʽʣʷ  50% ʦʙôʻʤʽʚ ʪʘʢʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʋʢʨʘʾʥʽ ʽʤʧʦʨʪʫʻʪʴʩʷ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʩʫʨʩʦ-ʪʘ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ. 

ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʽʥʦʧʦʣʽʤʝʨʽʚ, ʤʘʻ ʥʠʟʢʫ ʧʨʠʥʮʠʧʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ, 

ʚʠʢʣʠʢʘʥʠʭ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʚʝʜʝʥʥʷ ʥʠʟʴʢʦʚôʷʟʢʠʭ ʩʧʽʥʶʚʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʟ ʚʫʟʴʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʢʠʧʽʥʥʷ ʚ ʚʠʩʦʢʦʚôʷʟʢʠʡ ʨʦʟʧʣʘʚ ʧʦʣʽʤʝʨʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ. ɿʘ 

ʮʠʭ ʫʤʦʚ ʣʽʤʽʪʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʧʽʥʶʶʯʦʛʦ ʘʛʝʥʪʘ 

ʚ ʨʦʟʧʣʘʚʽ ʧʦʣʽʤʝʨʫ ʟʘ ʫʤʦʚ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ  ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʦʾ 

ʢʦʤʽʨʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ  ʚʠʨʦʙʽʚ.  

ʋ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ  ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʩʠ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʝʢʩʪʨʫʟʽʾ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʽʚ ʟ ʧʦʨʦʫʪʚʦʨʶʚʘʯʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ  ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʶ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ ʤʝʪʦʜʦʤ 

ʝʢʩʪʨʫʟʽʡʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʨʝʩʫʨʩʦ-ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʦʬʦʨʤʣʝʥʥʷ  ʧʨʦʮʝʩʫ ʧʨʠʛʦʪʫʚʘʥʥʷ  ʩʧʽʥʝʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʟʘʜʘʥʠʤʠ ʟʚʫʢʦ-ʪʘ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʟʧʝʨʝʨʚʥʠʤ ʝʢʩʪʨʫʟʽʡʥʠʤ ʤʝʪʦʜʦʤ. ʈʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʷʢʽ ʟʘʭʠʱʝʥʽ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ. 

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʦʙʽʪ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʘʩʧʝʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʧʨʠ ʝʢʩʪʨʫʟʽʾ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʮʥʠʭ ʚʠʨʦʙʽʚ 

ʟ ʥʠʭ.  

ʋ ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ ʢʦʞʥʘ ʨʝʮʝʧʪʫʨʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ  

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʪʝʨʤʦʧʣʘʩʪʽʚ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 
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ʦʙʣʘʜʥʘʥʥʷ ʡ ʨʝʞʠʤʽʚ ʧʝʨʝʨʦʙʢʠ, ʟʘ ʷʢʠʭ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʦʜʥʦʨʽʜʥʘ ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʚʽʜʬʦʨʤʦʚʘʥʠʭ ʩʧʽʥʝʥʠʭ ʣʠʩʪʦʚʠʭ ʙʣʦʢʽʚ ʽ ʥʝʦʙʭʽʜʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʪʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʷʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ, ʪʘʢ ʽ 

ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʝʢʩʪʨʫʟʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ  ʤʦʜʝʣʶʚʘʥʥʽ ʟʤʽʥʠ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧʽʥʶʚʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʚ ʨʦʟʧʣʘʚʽ 

ʧʦʣʽʤʝʨʫ ʚ ʟʦʥʘʭ ʾʭ ʚʚʝʜʝʥʥʷ, ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ 

ʨʽʚʥʷʥʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ ʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ 

ʨʝʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʝʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽʟ ʜʦʙʦʨʫ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʨʦʙʢʠ ʪʘ  ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʝʢʩʪʨʫʟʽʡʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʾ ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʥʦʧʦʣʽʤʝʨʥʠʭ 

ʚʠʨʦʙʽʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʪʘʢʦʞ   ʽʜʝʷ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʨʘʭʫʚʘʥʥʷ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ  ʝʬʝʢʪʫ ʨʦʟʯʠʥʝʥʥʷ ʨʦʟʧʣʘʚʽʚ  ʧʦʣʽʤʝʨʫ ʪʘʢʠʤʠ  

ʩʧʽʥʶʚʘʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ,  ʷʢ ʛʘʣʘʛʝʥʦʧʦʭʽʜʥʽ ʪʘ ʧʘʨʘʬʽʥʦʚʽ ʚʫʛʣʝʚʦʜʥʽ, ʪʘʢ ʷʢ ʾʭ ʚʤʽʩʪ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʽ ʨʝʞʠʤʠ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʥʫ ʚôʷʟʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʪʦ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʚʘʣʘ ʫʩʽ ʮʽ ʬʘʢʪʦʨʠ.  

ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʦʮʝʩʠ ʢʦʤʧʘʫʥʜʫʚʘʥʥʷ, ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʩʦʢʦʧʦʨʠʟʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʝʢʩʪʨʫʟʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʧʝʨʽʦʜʠʯʥʠʭ ʤʝʪʦʜʽʚ ʙʣʦʯʥʦʛʦ ʪʘ ʙʽʩʝʨʥʦʛʦ ʩʧʽʥʶʚʘʥʥʷ, ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʝʘʣʽʟʘʮʽʶ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ, ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʦʟʫʚʘʥʥʷ ʩʧʽʥʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʟʦʥʽ ʟʤʽʰʫʚʘʥʥʷ 

ʝʢʩʪʨʫʜʝʨʘ ʟʘ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ.  

ʇʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ  ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʜʦʟʦʚʘʥʦʛʦ ʥʘʩʠʯʝʥʥʷ 

ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʩʧʽʥʶʚʘʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ, ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʽʥʪʝʥʩʠʚʥʦʛʦ ʾʭ  

ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʚ ʨʦʟʧʣʘʚʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʤʦʚ ʧʦʩʣʽʜʫʶʯʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ  

ʧʦʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʚʫʢʦʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʚʠʨʦʙʽʚ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʧʦʨʠʟʘʮʽʾ ʚʠʨʦʙʽʚ  ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚôʷʟʢʦʩʪʝʡ ʟʤʽʰʫʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ,  ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʰʚʠʜʢʽʩʥʦʛʦ 

ʨʝʞʠʤʫ ʾʭ ʪʝʯʽʾ  ʚ ʢʘʥʘʣʘʭ ʝʢʩʪʨʫʟʽʡʥʦ-ʬʦʨʤʫʶʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ 

ʪʦʱʦ.  

ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʤ ʝʢʩʪʨʫʟʽʡʥʠʤ 

ʤʝʪʦʜʦʤ ʩʧʽʥʝʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ  ʽʟ ʜʦʩʪʘʪʥʽʤ ʨʽʚʥʝʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ 

ʷʢʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ ʪʘ ʽʟʦʣʷʮʽʾ 

ʪʝʧʣʦʪʨʘʩ ʜʦʟʚʦʣʷʪʴ  ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚ 

ʢʦʤʫʥʘʣʴʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʝʥʝʨʛʝʪʠʮʽ. 
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ʆ.ʄ. ɻɽʈʎʀʂ
1
, ʢ.ʭ.ʥ, ʄ.ʆ. ʂʆɺɹʋɿ

1
, ʢ.ʭ.ʥ., ʃ.ʄ. ɹʆʁʏʀʐʀʅ

1
, ʢ.ʭ.ʥ.,  

ʅ.ʇ. ʉɽʅʔʂɯɺ
2
, ʢ.ʭ.ʥ. 

1
ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʋʢʨʘʾʥʘ, ʤ.ʃʴʚʽʚ 

2
ʃʴʚʽʚʩʴʢʠʡ ʤʝʜʠʯʥʠʡ ʽʥʩʪʠʪʫʪ, ʋʢʨʘʾʥʘ, ʤ.ʃʴʚʽʚ 

 

ʂɸʊɸʃɯʊʀʏʅɯ ʗɺʀʑɸ ɺ ʇʈʆʎɽʉɯ ʉʊɺʆʈɽʅʅʗ ʄɽʊɸʃʆʇʆʃɯʄɽʈʅʀʍ 

ʂʆʄʇʆɿʀʎɯʁ 
 

ɺ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʝʪʘʣ-ʧʦʣʽʤʝʨ ʥʘ ʧʦʚʝʨʭʥʽ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʫ 

Fe73,1Cu1,0Nb3,0Si6,5B7,4 ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʤʽʞ Cu ʽ ʛʝʪʝʨʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʦʣʽʛʦʧʝʨʦʢʩʠʜʦʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʛʝʥʝʨʫʶʪʴʩʷ ʡʦʥʠ Cu
2+

. ɺ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʩʣʽʜʞʝʥʦ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ Cu
2+

 

ʥʘ ʪʝʨʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʛʝʪʝʨʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʦʣʽʛʦʧʝʨʦʢʩʠʜʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʫ ʚʮʽʣʦʤʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʣʽʛʦʧʝʨʦʢʩʠʜʠ, ʜʝʨʠʚʘʪʦʛʨʘʬʽʷ, ʢʘʪʘʣʽʟ. 

 

ʄʝʪʘʣʝʚʦ-ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʾ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʦʙʣʠʚʦʾ ʤʽʮʥʦʩʪʽ, ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ [1-3]. ʅʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʤʝʪʘʣʝʚʠʤ ʥʘʧʦʚʥʶʚʘʯʘʤ ʚʣʘʩʪʠʚʘ 

ʚʠʩʦʢʦʨʦʟʚʠʥʫʪʘ ʧʦʚʝʨʭʥʷ, ʷʢʘ ʽ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʨʝʘʢʪʦʨʘ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʝʪʘʣʫ ʟ 

ʧʦʣʽʤʝʨʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɺ ʧʨʦʮʝʩʽ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʨʦʟʯʠʥʽʚ ʧʦʣʽʤʝʨʽʚ ʧʝʨʰʦʶ 

ʩʪʘʜʽʻʶ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʢʨʠʪʪʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʜʩʦʨʙʮʽʶ ʽ ʘʜʛʝʟʠʚʥʝ 

ʧʨʠʱʝʧʣʝʥʥʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʜʦ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʧʦʣʽʤʝʨʫ, ʾʭʥʴʦʾ ʢʦʥʬʦʨʤʘʮʽʾ [4]. 

ɿ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʢʨʠʪʴ, ʟʜʘʪʥʠʭ ʜʦ ʩʢʣʝʶʚʘʥʥʷ, ʚʠʙʨʘʥʦ 

ʦʣʽʛʦʧʝʨʦʢʩʠʜʠ (ʆʇ) ʥʘ ʦʩʥʦʚʽ ʚʽʥʽʣʘʮʝʪʘʪʫ, 2-ʪʨʝʪʙʫʪʠʣ-ʧʝʨʦʢʩʠ-2-ʤʝʪʠʣ-5ʛʝʢʩʝʥʫ-3 ʽ 

ʤʘʣʝʾʥʦʚʦʛʦ ʘʥʛʽʜʨʠʜʫ ʪʘ ʤʝʣʦʢʦʤʧʣʝʢʩʠ (ʆʄʂ) ʟ ʢʦʦʨʜʠʥʦʚʘʥʠʤʠ ʡʦʥʘʤʠ Cu
2+

 (0,30 ʪʘ 

0,85 %) (ʦʣʽʛʦʧʝʨʦʢʩʠʜʠ ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ ʢʘʬʝʜʨʽ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè). ʅʘʷʚʥʽʩʪʴ ʧʝʨʦʢʩʠʜʥʦʾ ʛʨʫʧʠ ʟʘʙʝʟʧʝʯʫʻ ʟʰʠʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʘʜʩʦʨʙʦʚʘʥʠʭ ʰʘʨʽʚ, ʾʭ ʘʜʛʝʟʽʶ. ɺ ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ ʧʦʣʽʤʝʨʫ ʟ ʤʝʪʘʣʝʚʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʥʘʧʨʠʢʣʘʜ, ʘʤʦʨʬʥʠʤʠ ʤʝʪʘʣʝʚʠʤʠ ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, ʟʦʢʨʝʤʘ, 

Fe73,1Cu1,0Nb3,0Si6,5B7,4 [5], ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʦʢʠʩʥʝʥʥʷ ʤʝʪʘʣʫ, ʛʝʥʝʨʫʶʪʴʩʷ ʢʘʪʽʦʥʠ, 

ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʫʪʴ ʢʘʪʘʣʽʟʫʚʘʪʠ ʧʦʚʝʨʭʥʝʚʽ ʨʝʘʢʮʽʾ ʪʝʨʤʦʜʠʩʦʮʽʘʮʽʾ ïʆ-ʆ- ʛʨʫʧ ʽ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʥʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʣʽʛʦʤʝʨʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʪʝʨʤʦʜʠʩʦʮʽʘʮʽʾ ïʆ-ʆ- ʛʨʫʧ, ʢʘʪʘʣʽʟʦʚʘʥʠʭ ʡʦʥʘʤʠ ʧʝʨʝʤʽʥʥʦʾ 

ʚʘʣʝʥʪʥʦʩʪʽ (ʢʦʦʨʜʠʥʦʚʘʥʽ ʡʦʥʠ Cu
2+

) ʟʘʩʪʦʩʦʚʘʥʦ ʜʝʨʠʚʘʪʦʛʨʘʬʽʶ. 

ɿʛʽʜʥʦ ʢʽʥʝʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʦʮʝʩʫ ʪʝʨʤʦʜʠʩʦʮʽʘʮʽʾ ʥʝʢʦʦʨʜʠʥʦʚʘʥʦʛʦ 

ʦʣʽʛʦʧʝʨʦʢʩʠʜʫ (ʪʘʙʣʠʮʷ) ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ (408·483) ʂ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʥʘ 

ʪʨʴʦʭʢʨʘʪʥʘ ʚʪʨʘʪʘ ʤʘʩʠ, ʘ ʝʢʟʦʝʬʝʢʪ ʮʽʻʾ ʜʽʣʷʥʢʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʯʦʪʠʨʠ ʩʪʘʜʽʾ. 

ɺʠʟʥʘʯʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʢʩʠʤʫʤʽʚ ʚʠʜʽʣʝʥʠʭ ʧʽʢʽʚ 420 ʂ, 429,6 ʂ, 445,4 ʂ ʽ 450 ʂ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʽ ʧʨʦʮʝʩʠʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ. 

ʆʩʥʦʚʥʘ ʩʪʘʜʽʷ ʚ ʽʥʪʝʨʚʘʣʽ (393·428,6) ʂ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ 

n=0,024 ʤʛ/ʩ ʟ ʚʪʨʘʪʦʶ (18-20) % ʧʦʯʘʪʢʦʚʦʾ ʤʘʩʠ ʦʣʽʛʦʧʝʨʦʢʩʠʜʫ. 

ʆʯʝʚʠʜʥʦ ʨʫʡʥʫʚʘʥʥʷ ïʆ-ʆ- ʟʚô̫ ʟʢʫ ʟ ʚʠʢʠʜʦʤ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʨʽʟʥʠʤ ʤʘʨʰʨʫʪʘʤʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʩʪʫʧʘʻ ʧʦʚʽʣʴʥʽʰʘ ʩʪʘʜʽʷ n=0,011 ʤʛ/ʩ ʟ ʚʪʨʘʪʦʶ 

14,4 % ʧʦʯʘʪʢʦʚʦʾ ʤʘʩʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʯʘʩʪʢʦʚʦʶ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʻʶ ʪʨʝʪʴʦʾ 

ʩʢʣʘʜʦʚʦʾ ʦʣʽʛʦʧʝʨʦʢʩʠʜʫ, ʘ ʩʘʤʝ ʤʘʣʝʾʥʦʚʦʛʦ ʘʥʛʽʜʨʠʜʫ. 

ɺʚʝʜʝʥʥʷ ʚ ʤʦʣʝʢʫʣʫ ʦʣʽʛʦʧʝʨʦʢʩʠʜʫ ʢʦʦʨʜʠʥʫʶʯʦʛʦ ʡʦʥʫ Cu
2+

 ʯʽʪʢʦ ʟʤʽʥʶʻ 

ʭʘʨʘʢʪʝʨ ʪʝʨʤʦʛʨʘʤ. ʋ ʚʠʧʘʜʢʫ ʚʤʽʩʪʫ ʚ ʆʄʂ 0,30 % Cu
2+

 ʱʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʝʥʜʦʪʝʨʤʽʯʥʠʡ 

ʧʽʢ ʧʨʠ 403 ʂ ʽ ʙʽʤʦʜʘʣʴʥʽʩʪʴ ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʽʢʽʚ 419 ʪʘ 423 

ʂ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʜʚʦʩʪʘʜʽʡʥʦʩʪʽ ʨʦʟʢʣʘʜʫ ʧʝʨʦʢʩʠʜʥʠʭ ʛʨʫʧ ʧʨʠ ʪʘʢʦʤʫ 

ʚʤʽʩʪʽ Cu
2+
. ʆʜʥʘʢ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 423 ʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʘʚʠʥʦʧʦʜʽʙʥʘ ʜʝʩʪʨʫʢʮʽʷ ʟ 

ʚʪʨʘʪʦʶ ʤʘʩʠ 21 % ʽʟ ʰʚʠʜʢʽʩʪʶ n=0,35 ʤʛ/ʩ. 



 115  

 

ʊʘʙʣʠʮʷ . ʈʝʟʫʣʴʪʘʪʠ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʆʇ 

ʆʣʽʛʦʧʝʨʦʢʩʠʜ m0, 

ʤʛ 
DT, 

ʂ 

Dm, 

ʤʛ 

Dm, 

% 

n, 

ʤʛ/ʩ 

mt, 

ʤʛ/ʂ 

mf, 

% 

mr, 

% 

ʆʇ 50 

323·393 4,1 8,2 0,010 0,053 

40,6°2 59,4°4 393·429 9,0 18,3 0,024 0,260 

429·483 7,2 14,4 0,011 0,180 

ʆʄʂ 

(0,30 % Cu
2+

) 
100 

403·419 8,0 8,0 0,017 0,500 
29,0°2 71,0°2 

419·420 21,0 21,0 0,350 10,50 

ʆʄʂ 

(0,85 % Cu
2+

) 
50 

331·412 3,1 6,2 0,003 0,207 
54,2°2 45,8°4 

412·413 24,4 48,8 0,800 12,2 
 

m0 ï ʧʦʯʘʪʢʦʚʘ ʤʘʩʘ ʟʨʘʟʢʘ; 

Dm ï ʚʪʨʘʪʘ ʤʘʩʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ DT; 

n - ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʤʘʩʠ; 

mt ï ʚʪʨʘʪʘ ʤʘʩʠ ʥʘ ʛʨʘʜʫʩ; 

mf ï ʧʦʚʥʘ ʚʪʨʘʪʘ ʤʘʩʠ ʟʨʘʟʢʘ ʜʦ 473 ʂ, %. 

 

ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʢʦʦʨʜʠʥʫʶʯʦʛʦ ʡʦʥʫ ʜʦ 0,85 % Cu
2+
, ʧʨʘʢʪʠʯʥʦ, ʥʽʚʝʣʶʻ 

ʜʚʦʩʪʘʜʽʡʥʽʩʪʴ ʪʝʨʤʦʜʠʩʦʮʽʘʮʽʾ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʠʪʪʻʚʦʾ ʚʪʨʘʪʠ ʤʘʩʠ 50% ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ 

ʽʟ ʰʚʠʜʢʽʩʪʶ 0,85 ʤʛ/ʩ ʧʨʠ 412 ʂ. 

ʆʪʞʝ, ʧʨʠ ʚʤʽʩʪʽ 0,30 % Cu
2+

 ʚ ʦʣʽʛʦʧʝʨʦʢʩʠʜʽ ʥʝ ʚʩʽ ʛʨʫʧʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ 

ʽʥʜʫʢʮʽʡʥʠʤ ʚʧʣʠʚʦʤ ʡʦʥʫ ʤʝʪʘʣʫ ʟʤʽʥʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ, ʘ ʧʨʠ ʚʤʽʩʪʽ 0,85 % Cu
2+

 

ʜʝʩʪʨʫʢʮʽʷ ʆʄʂ, ʧʨʘʢʪʠʯʥʦ, ʦʜʥʦʩʪʘʜʽʡʥʘ ʟʘ ʨʘʭʫʥʦʢ ʦʜʥʘʢʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ïʆ-ʆ- 

ʟʚôʷʟʢʽʚ ʽ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʤʘʣʝʾʥʦʚʦʛʦ ʘʥʛʽʜʨʠʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʚʝʨʭʥʝʚʠʭ ʦʣʽʛʦʤʝʨʥʠʭ ʧʦʢʨʠʪʴ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠʨʦʜʫ ʘʜʩʦʨʙʘʪʫ ʽ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ, ʟʜʘʪʥʦʾ ʢʘʪʘʣʽʟʫʚʘʪʠ ʨʦʟʢʣʘʜ 

ʦʣʽʛʦʧʝʨʦʢʩʠʜʫ. 
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ʋɼʂ 667.6 

 

ʈ.ɻ. ɼʆʄʅɯʏɽʅʂʆ 

ɼɿ ʃʫʛʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ɺʆɼʆʈʆɿʏʀʅʅɯ ɽʇʆʂʉʀɼʅɯ ʃɸʂʆʌɸʈɹʆɺɯ ʄɸʊɽʈɯɸʃʀ 
 

ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ 

ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʦʨʛʘʥʦʨʦʟʯʠʥʥʠʭ ʩʠʩʪʝʤ ʜʦ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʫ ʮʽʣʦʤʫ ʨʷʜʽ ʛʘʣʫʟʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʥʝʚʧʠʥʥʦ ʟʨʦʩʪʘʶʪʴ ʧʦʪʨʝʙʠ ʚ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʷʭ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ. ʉʝʨʝʜ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ 

ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽʩʪʴ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʪʘ ʙʫʜʦʚʦʶ ʧʦʣʽʤʝʨʽʚ, ʥʘʷʚʥʽʩʪʶ ʧʽʛʤʝʥʪʽʚ, ʥʘʧʦʚʥʶʚʘʯʽʚ, 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ, ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʥʝʩʝʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʝʢʦʥʦʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ 

ʋʢʨʘʾʥʽ ʚʠʥʠʢʣʘ ʥʠʟʢʘ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʚʠʱʝʥʦʾ ʷʢʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʻ ʩʪʚʦʨʝʥʥʷ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʤʫ ʚʠʙʦʨʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʘʤʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʟʫʤʦʚʣʶʻ ʧʦʷʚʫ ʥʠʟʢʠ ʘʢʪʫʘʣʴʥʠʭ 

ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʧʨʦʜʫʢʮʽʾ, ʟʦʢʨʝʤʘ, ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʩʦʢʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʢʨʠʪʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺ ʫʩʴʦʤʫ ʩʚʽʪʽ ʚʠʩʫʚʘʶʪʴʩʷ ʜʫʞʝ 

ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʣʘʢʦʬʘʨʙʦʚʠʭ ʪʦʚʘʨʽʚ. ɼʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʻ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʷʢʽ ʥʝ 

ʤʽʩʪʷʪʴ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʦʜʦʨʦʟʯʠʥʥʽ ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 8% 

ʨʠʥʢʫ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 37% ʨʠʥʢʫ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʬʘʨʙʫʚʘʥʥʷ 

ʢʦʥʩʝʨʚʥʦʾ ʪʘʨʠ ʪʘ ʧʣʘʩʪʤʘʩ, 23% ʨʠʥʢʫ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʝʨʝʚʘ, 36% ʨʠʥʢʫ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 68% ʨʠʥʢʫ ʩʝʨʽʡʥʠʭ ʘʚʪʦʝʤʘʣʝʡ ʪʘ 90% 

ʨʠʥʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ.   

ʅʘ ʧʦʯʘʪʢʫ 1970-ʭ ʨʦʢʽʚ ʫ ʘʚʪʦʤʦʙʽʣʽʙʫʜʽʚʥʠʮʪʚʽ ʟôʷʚʠʣʠʩʴ ˇʨʫʥʪʦʚʢʠ,  ʷʢʽ 

ʥʘʥʦʩʠʣʠʩʴ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷʤ. ʇʦʪʽʤ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚʦʜʦʨʦʟʯʠʥʥʽ ʰʧʘʢʣʽʚʢʠ ʪʘ 

ʙʘʟʠʩʥʽ ʝʤʘʣʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʦʜʦʨʦʟʯʠʥʥʽ 

ʤʘʪʝʨʽʘʣʠ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʜʘʥʦʾ ʛʘʣʫʟʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʌʦʨʤʫʚʘʥʥʷ ʩʧʦʞʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʜʽʾ 

ʨʦʟʨʦʙʢʠ ʪʘ ʛʘʨʘʥʪʫʶʪʴʩʷ ʨʝʪʝʣʴʥʠʤ ʜʦʪʨʠʤʘʥʥʷʤ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʨʝʮʝʧʪʫʨʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʫʤʦʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʉʦʮʽʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʫʤʦʚʣʶʻ ʾʭ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʫʩʧʽʣʴʥʦ ʥʝʦʙʭʽʜʥʠʤ ʧʦʪʨʝʙʘʤ, ʜʦʮʽʣʴʥʽʩʪʴ ʟʙʫʪʫ ʪʘ ʩʧʦʞʠʚʘʥʥʷ, ʚʠʟʥʘʯʘʻ 

ʥʘʙʽʨ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. ʃʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʜʽʘʥʦʚʠʭ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ 

ʟʥʘʡʰʣʠ ʥʘʡʙʽʣʴʰʝ ʧʨʦʤʠʩʣʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ.   

ʌʫʥʢʮʽʡʥʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʩʧʦʞʠʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʘ 

ʦʙʫʤʦʚʣʶʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. ɽʧʦʢʩʠʜʥʽ ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʟʘʚʜʷʢʠ 

ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ, ʭʽʤʽʯʥʦʩʪʽʡʢʠʭ, ʘ ʪʘʢʦʞ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʩʫʜʦʙʫʜʽʚʥʠʮʪʚʘ, ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʜʝʟʘʢʪʠʚʫʻʤʠʭ. ɺʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʽ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʜʘʪʥʽʩʪʴ ʟʘʭʠʱʘʪʠ ʧʦʬʘʨʙʦʚʘʥʫ 

ʧʦʚʝʨʭʥʶ ʚʽʜ ʨʫʡʥʽʚʥʦʛʦ ʚʧʣʠʚʫ ʯʠʥʥʠʢʽʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʦʣʦʛʠ, ʪʝʤʧʝʨʘʪʫʨʠ, 

ʛʘʟʽʚ, ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʽ ʪ. ʜ.) ʘʙʦ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ (ʙʝʥʟʠʥʫ, ʤʘʩʣʘ, ʢʠʩʣʦʪ ʪʘ ʽʥ.).   
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ɿʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʻʤʦʜʽʾ ʥʘ 

ʤʝʞʽ ʧʣʽʚʢʘ ï ʤʝʪʘʣ.  

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʢʽʣʴʢʽʩʥʦʶ ʦʮʽʥʢʦʶ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʦʩʪʽ ʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ 

ʤʘʶʪʴ ʥʠʟʴʢʫ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʴ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʋʌ - ʪʘ 

ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ, ʽ ʥʝʚʠʩʦʢʫ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. ʄʘʣʘ ʩʚʽʪʣʦʩʪʽʡʢʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʧʽʜ ʚʧʣʠʚʦʤ ʩʚʽʪʣʘ 

ʧʦʚ'ʷʟʘʥʝ ʽʟ ʧʨʦʮʝʩʘʤʠ ʜʝʩʪʨʫʢʮʽʾ ʣʘʥʮʶʛʽʚ ʤʦʣʝʢʫʣ. 

ʃʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʚʠʷʚʣʷʶʪʴ ʚʠʩʦʢʫ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʨʦʟʯʠʥʥʠʢʽʚ, ʚʠʩʦʢʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 

ʚʽʜʤʽʥʥʫ ʘʜʛʝʟʽʶ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʦʢʨʠʪʪʽʚ. 

ɽʧʦʢʩʠʜʥʠʤ ʧʦʢʨʠʪʪʷʤ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ ʘʜʛʝʟʽʷ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʚ ʩʪʨʫʢʪʫʨʽ 

ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʪʘ ʙʽʣʴʰʦʩʪʽ ʟʘʪʚʝʨʜʞʫʚʘʯʽʚ ʚʽʣʴʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ʉʧʨʘʚʘ 

ʚ ʪʦʤʫ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʤʽʮʥʽʩʪʶ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚ`ʷʟʢʫ ʤʝʪʘʣʫ ʟ ʧʦʣʽʤʝʨʦʤ ʚʽʜ ʚʤʽʩʪʫ ʚ 

ʦʩʪʘʥʥʴʦʤʫ ʘʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʤʘʻ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʝʢʩʪʨʝʤʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʚʠʪʨʠʤʫʚʘʪʠ ʚʧʣʠʚ ʤʝʭʘʥʽʯʥʠʭ 

ʯʠʥʥʠʢʽʚ ï ʪʚʝʨʜʽʩʪʶ ʧʦʢʨʠʪʪʽʚ, ʤʽʮʥʽʩʪʶ ʧʣʽʚʢʠ ʜʦ ʫʜʘʨʫ, ʝʣʘʩʪʠʯʥʽʩʪʶ ʧʦʢʨʠʪʪʽʚ ʜʦ 

ʟʛʠʥʘʥʥʷ. 

ʇʦʙʫʜʦʚʘ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʊʩ ï ʊʦ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡ 

ʜʦʟʚʦʣʠʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʚ ʟʘʜʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʘ 

ʩʢʣʘʜ ʟʚôʷʟʫʶʯʦʛʦ. 

ɺʘʞʣʠʚʦʶ ʪʝʭʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʻ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ï 

ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʥʝ ʟʤʽʥʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ɺʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʧʦʣʽʤʝʨʫ, ʪʦʙʪʦ ʤʽʮʥʽʩʪʶ ʭʽʤʽʯʥʠʭ ʟʚ`ʷʟʢʽʚ ʚ ʡʦʛʦ 

ʤʦʣʝʢʫʣʽ. ʊʝʨʤʦʩʪʽʡʢʽʩʪʴ ʝʧʦʢʩʠʜʽʚ ʩʢʣʘʜʘʻ å 200Áʉ. 

ʇʽʜʚʠʱʝʥʥʶ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʪʘ ʫʧʦʚʽʣʴʥʝʥʥʶ ʧʨʦʮʝʩʫ ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʦʾ 

ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʧʨʠʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢ ʘʣʶʤʽʥʽʻʚʘ 

ʧʫʜʨʘ, ʘʟʙʝʩʪ, ʩʢʣʦʚʦʣʦʢʥʦ, ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ, ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ï 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. 

ʇʦʢʘʟʥʠʢʠ ʥʝʰʢʽʜʣʠʚʦʩʪʽ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʶʪʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʟʨʫʯʥʽʩʪʴ ʾʭ ʩʧʦʞʠʚʘʥʥʷ, ʟ ʽʥʰʦʛʦ - ʝʢʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʧʦʢʩʠʜʥʽ ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɰʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ, ʭʽʤʽʯʥʦʩʪʽʡʢʠʭ, ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʽ ʚʠʩʦʢʽ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʜʘʪʥʽʩʪʴ ʟʘʭʠʱʘʪʠ ʧʦʬʘʨʙʦʚʘʥʫ ʧʦʚʝʨʭʥʶ 

ʚʽʜ ʨʫʡʥʽʚʥʦʛʦ ʚʧʣʠʚʫ ʯʠʥʥʠʢʽʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʦʣʦʛʠ, ʪʝʤʧʝʨʘʪʫʨʠ, ʛʘʟʽʚ, 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʽ ʪ. ʜ.) ʘʙʦ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ (ʙʝʥʟʠʥʫ, ʤʘʩʣʘ, ʢʠʩʣʦʪ ʪʘ ʽʥ.). 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʨʦʙʢʦʶ ʩʧʦʩʦʙʽʚ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʎʽ ʥʘʧʨʷʤʠ ʻ ʥʘʫʢʦʚʠʤ 

ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ. 
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ɻ.ʆ. ʆɻɸʈ, ʆ.ʄ. ʐɽɺʏʋʂ, ɺ.ʉ. ʊʆʂɸʈɽɺ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ Ăʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò, ʋʢʨʘʾʥʘ, ʤ.ʃʴʚʽʚ 

 

ʌʆʊʆʇʆʃɯʄɽʈʅɯ ʂʆʄʇʆɿʀʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ ʅɸ ʆʉʅʆɺɯ 

ʄɽʊʀʃʄɽʊɸʂʈʀʃɸʊ-ʂʆ-ʄɸʃɽɰʅʆɺʀʁ ɸʅɻɯɼʈʀɼ ɿ ʇʈʀʑɽʇʃɽʅʀʄʀ 

ʌʈɸɻʄɽʅʊɸʄʀ ɹɽʅɿʆɰʅʋ 

 
ɺ ʨʦʙʦʪʽ ʦʧʠʩʫʻʪʴʩʷ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʬʦʪʦʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʦʛʦ 

ʤʘʢʨʦʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (ʄʌɯ) ʥʘ ʦʩʥʦʚʽ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ-ʢʦ-ʤʘʣʝʾʥʦʚʠʡ ʘʥʛʽʜʨʠʜ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʙʝʥʟʦʾʥʫ. ɼʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʬʦʪʦʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʥʝʥʘʩʠʯʝʥʠʭ 

ʧʦʣʽʝʩʪʝʨʽʚ ʪʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʝʬʝʢʪʠʚʥʫ ʩʪʨʫʢʪʫʨʫʶʯʫ ʘʢʪʠʚʥʽʩʪʴ ʄʌɯ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʤʝʨʥʠʡ ʬʦʪʦʽʥʽʮʽʘʪʦʨ, ʬʦʪʦʧʦʣʽʤʝʨʥʘ ʢʦʤʧʦʟʠʮʽʷ. 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʷʢʽ ʙ 

ʰʚʠʜʢʦ ʦʪʚʝʨʜʞʫʚʘʣʠʩʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʘʣʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʙʝʨʽʛʘʣʠ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. ʎʷ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ ʪʘ ʪʚʝʨʜʥʫʪʴ ʧʨʠ ʦʧʨʦʤʽʥʶʚʘʥʥʽ 

ʢʚʘʨʮʦʚʦʶ ʣʘʤʧʦʶ ʘʙʦ ʣʘʟʝʨʦʤ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʧʦʣʽʤʝʨʥʽ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ, ʷʢʽ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʊʘʢ ʧʦʨʷʜ ʟ ʽʥʽʮʽʶʶʯʠʤʠ ʚʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ, ʘʜʩʦʨʙʮʽʡʥʽ, ʟʘʛʫʱʫʶʯʽ 

ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʢʦʨʠʩʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʧʦʚʥʝʥʠʭ ʬʦʪʦʢʦʤʧʦʟʠʮʽʡ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʩʪʦʤʘʪʦʣʦʛʽʾ, ʜʣʷ ʧʦʣʽʤʝʨʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʦʥʴ, ʩʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʽʚ, ʦʬʩʝʪʥʠʭ 

ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ, ʪʦʱʦ.  

ʇʦʣʽʤʝʨʥʽ ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ ï ʮʝ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʧʨʠʱʝʧʣʝʥʽ 

ʯʠ ʚʥʫʪʨʽʰʥʴʦʣʘʥʮʶʛʦʚʽ ʭʨʦʤʦʬʦʨʠ, ʷʢʽ ʧʨʠ ʘʙʩʦʨʙʮʽʾ ʩʚʽʪʣʘ ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ ʘʢʪʠʚʥʽ 

ʯʘʩʪʠʥʢʠ, ʱʦ ʤʦʞʫʪʴ ʽʥʽʮʽʶʚʘʪʠ ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʯʠ ʧʝʨʝʭʨʝʩʥʝ ʟʚôʷʟʫʚʘʥʥʷ ʤʦʥʦ- ʯʠ 

ʤʫʣʴʪʠʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʥʦʤʝʨʽʚ ʽ ʦʣʽʛʦʤʝʨʽʚ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʤʘʢʨʦʬʦʪʦï

ʽʥʽʮʽʘʪʦʨʠ, ʷʢʽ ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ ʘʢʪʠʚʥʽ ʯʘʩʪʠʥʢʠ ʟʘ ʚʽʣʴʥʦ-ʨʘʜʠʢʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʣʽʪʝʨʘʪʫʨʽ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʪʠʧʠ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʠʭ ʤʘʢʨʦʬʦʪʦï

ʽʥʽʮʽʘʪʦʨʽʚ: ʪʘʢʽ, ʱʦ ʟʜʘʪʥʽ ʜʦ ʪʘʢ ʟʚʘʥʦʾ çʬʦʪʦʬʨʘʛʤʝʥʪʘʮʽʾè (I ʪʠʧ), ʪʘ ʛʽʜʨʦʛʝʥ 

ʚʽʜʱʝʧʣʶʶʯʽ ʭʨʦʤʦʬʦʨʠ (Iɯ ʪʠʧ). ʇʨʠʢʣʘʜʘʤʠ ʤʘʢʨʦʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ ɯ ʪʠʧʫ ʻ ʧʦʣʽʤʝʨʠ, ʷʢʽ 

ʥʝʩʫʪʴ ʫ ʙʽʯʥʦʤʫ ʣʘʥʮʶʛʫ ʤʝʪʠʣʦʚʠʡ ʝʪʝʨ ʙʝʥʟʦʾʥʫ ʽ ʧʦʣʽʤʝʨʥʽ ʪʨʠʭʣʦʨʦ- ʽ Ŭ-ʘʤʽʥʦ-

ʘʮʝʪʦʬʝʥʦʥʠ. ɹʽʣʴʰʽʩʪʴ ʤʘʢʨʦʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ II ʪʠʧʫ ʙʘʟʫʶʪʴʩʷ ʥʘ ʙʝʥʟʦʬʝʥʦʥʽ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ. ʊʘʢʦʞ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘʧʨʷʤ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʽʥʽʮʽʘʪʦʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʛʨʫʧʠ ʪʽʦʢʩʘʥʪʦʥʫ, ʘʥʪʨʘʭʽʥʦʥʫ, 

ʢʘʤʬʦʨʦʭʽʥʦʥʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʣʘʜʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʟ ʩʠʥʪʝʟʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʤʘʢʨʦï

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (ʄʌɯ) ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʦʧʦʣʽʤʝʨʫ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ-ʢʦ-

ʤʘʣʝʾʥʦʚʠʡ ʘʥʛʽʜʨʠʜ (ʄʄɸ-ʄɸ) ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʙʝʥʟʦʾʥʫ (ʨʠʩ.1). 
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ʧʨʠʱʝʧʣʝʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʙʝʥʟʦʾʥʫ (ʄʌɯ) 
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ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʚʝʜʝʥʥʷ ʙʝʥʟʦʾʥʫ ʫ ʩʪʨʫʢʪʫʨʫ ʄʄɸ-ʄɸ ʨʝʘʢʮʽʻʶ 

ʧʦʣʽʤʝʨʘʥʘʣʦʛʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʘʮʠʣʶʚʘʥʥʷ ʩʧʠʨʪʽʚ 

ʘʥʛʽʜʨʠʜʘʤʠ ʽ ʜʦʩʣʽʜʞʝʥʦ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʝʬʝʢʪʠʚʥʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʮʽʻʾ ʨʝʘʢʮʽʾ ʻ 4-ʜʦʜʝʮʠʣʙʝʥʟʝʥ-ʩʫʣʴʬʦʥʘʪʥʘ ʢʠʩʣʦʪʘ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʚʚʦʜʠʪʠ ʜʦ 15% ʣʘʥʦʢ ʙʝʥʟʦʾʥʫ. ɿʦʢʨʝʤʘ, ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʄʌɯ, ʱʦ ʤʽʩʪʠʚ 15 % ʙʝʥʟʦʾʥʫ. 

ʌʦʪʦʽʥʽʮʽʶʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʄʌɯ ʦʮʽʥʶʚʘʣʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ 

ʙʝʥʟʦʾʥʦʤ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʬʦʪʦʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʝʩʪʝʨʥʦʾ ʩʤʦʣʠ ʇɽ-246 ʪʘ ʦʣʽʛʦʝʩʪʝʨʘʢʨʠʣʘʪʫ ʊɻʄ-3. ɺʤʽʩʪ ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ ʩʪʘʥʦʚʠʚ 

2,6 ʽ 4,8 % ʤʘʩ. ʜʣʷ ʙʝʥʟʦʾʥʫ; 2,0 ʽ 4,8 % ʤʘʩ. ʜʣʷ ʄʌɯ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʚ 

ʜʝʷʢʽ ʟ ʢʦʤʧʦʟʠʮʽʡ ʜʦʜʘʚʘʣʠ ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨ ʝʦʟʠʥ ʅ ʚ ʢʽʣʴʢʦʩʪʽ 1,5 % ʤʘʩ. ʂʽʥʝʪʠʢʫ 

ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʠʟʥʘʯʝʥʥʷʤ ʚʤʽʩʪʫ ʛʝʣʴ-ʬʨʘʢʮʽʾ ʫ ʢʦʤʧʦʟʠʮʽʾ (ʨʠʩ. 2, ʘ). ʂʨʽʤ 

ʪʦʛʦ ʚʠʤʽʨʷʣʠ ʧʦʚʝʨʭʥʝʚʫ ʪʚʝʨʜʽʩʪʴ ʧʣʽʚʦʢ ʟʘʪʚʝʨʜʞʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤʫ 

ʧʨʠʣʘʜʽ ʄ-3 (ʨʠʩ. 2, ʙ), ʷʢʘ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʠʩ. 2. ʂʽʥʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʤʽʩʪʫ ʛʝʣʴ-ʬʨʘʢʮʽʾ (ʘ) ʪʘ ʪʚʝʨʜʦʩʪʽ ʧʣʽʚʦʢ ʟʘ ʄ-3 (ʙ) ʫ 

ʬʦʪʦʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʚʽʜ ʯʘʩʫ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 
 

ɿ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʠʭ ʢʽʥʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʤʽʩʪʫ ʛʝʣʴ-ʬʨʘʢʮʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ (ʨʠʩ. 2, ʘ) ʚʠʪʽʢʘʻ, ʱʦ ʧʨʠʱʝʧʣʝʥʥʷ ʙʝʥʟʦʾʥʫ ʜʦ ʤʘʢʨʦʣʘʥʮʶʛʽʚ ʄʄɸ-ʄɸ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʦʪʦʽʥʽʮʽʶʚʘʥʥʷ. ʊʘʢ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ, ʧʨʠ 

ʦʜʥʘʢʦʚʦʤʫ ʤʘʩʦʚʦʤʫ ʚʤʽʩʪʽ ʙʝʥʟʦʾʥʫ ʽ ʄʌɯ ʫ ʢʦʤʧʦʟʠʮʽʾ, ʻ ʚʠʱʦʶ ʜʣʷ ʧʦʣʽʤʝʨʥʦʛʦ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʬʘʢʪʠʯʥʠʡ ʚʤʽʩʪ ʣʘʥʦʢ ʙʝʥʟʦʾʥʫ ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ 

ʤʘʡʞʝ ʚ 7 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʫ ʧʝʨʰʦʤʫ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ, ʘʣʝ ʡ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ 

ʟʘʪʚʝʨʜʽʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʛʝʣʴ-ʬʨʘʢʮʽʾ (ʙʣʠʟʴʢʦ 70%) ʫ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʜʦʩʷʛʘʚʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ ʫ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʾ ʄʌɯ ʫ ʢʽʣʴʢʦʩʪʽ 4,8 %, ʘ ʙʝʥʟʦʾʥ ʟʘ ʮʠʭ ʫʤʦʚ 

ʟʘʙʝʟʧʝʯʫʚʘʚ ʪʽʣʴʢʠ ʙʽʣʷ 50%. ɺʚʝʜʝʥʥʷ ʫ ʢʦʤʧʦʟʠʮʽʶ ʝʦʟʠʥʫ ʅ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ 

ʰʚʠʜʢʽʩʪʴ ʟʘʪʚʝʨʜʽʚʘʥʥʷ, ʪʦʙʪʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʙʝʥʟʦʾʥʫ ʟ ʧʦʣʽʤʝʨʥʠʤ ʣʘʥʮʶʛʦʤ ʥʝ ʟʘʚʘʞʘʻ 

ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʦʤ.  

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʪʝ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ (ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ) ʧʽʜʚʠʱʠʪʠ ʧʦʚʝʨʭʥʝʚʫ ʪʚʝʨʜʽʩʪʴ ʧʣʽʚʦʢ ʟʘʪʚʝʨʜʞʝʥʠʭ 

ʢʦʤʧʦʟʠʮʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʧʦʟʠʮʽʷʤʠ ʟ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʤ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ 

ʙʝʥʟʦʾʥʦʤ (ʨʠʩ. 2, ʙ), ʧʨʠ ʯʦʤʫ ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʻ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ, ʥʽʞ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ 

ʛʝʣʴ-ʬʨʘʢʮʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʧʦʢʘʟʘʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʬʦʪʦʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʙʝʥʟʦʾʥʫ, ʟʚ'ʷʟʘʥʦʛʦ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʫ ʚʠʜʽ ʄʌɯ. 

ʇʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʽʥʽʮʽʶʚʘʥʥʷ ʽ ʧʦʢʨʘʱʫʶʪʴʩʷ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʪʚʝʨʜʞʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. 
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ɽ.ɸ. ʎɺʀʈʂʋʅ, ʖ.ʈ. ʕɹʀʏ, ʧʨʦʬ., ʉ.ʅ. ɿʓɹɸʁʃʆ, ʢ.ʪ.ʥ., ɸ.ʖ. ʇʆʃʆɿ, ʢ.ʪ.ʥ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʚʳʩʰʝʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ çʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʋʢʨʘʠʥʘ, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
 

ʆʎɽʅʂɸ ʕʃɽʄɽʅʊʆʆʈɻɸʅʀʏɽʉʂʀʍ ʊʈɽʊʀʏʅʓʍ ɸʃʂʆʂʉʀɸʄʀʅʆɺ ɺ 

ɸʅɸʕʈʆɹʅʓʍ ʂʃɽɽɺʓʍ ʂʆʄʇʆɿʀʎʀʗʍ 
 

ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʘ ʚ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʘʤʠʥʘʭ ʥʘ ʠʭ ʧʘʨʘʤʝʪʨʳ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʠ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʘ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʵʨʦʙʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʝ ʘʣʢʦʢʩʠʘʤʠʥʳ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʵʥʝʨʛʠʷ, ʢʣʝʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ 
 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʥʠʷ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʘʥʘʵʨʦʙʥʳʭ ʩʦʩʪʘʚʦʚ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɸʥʘʵʨʦʙʥʳʝ 

ʢʣʝʝʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʨʦʩʪʳ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʥʝ ʪʨʝʙʫʶʪ ʜʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ʦʩʦʙʳʭ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʘʤ, ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, 

ʭʠʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʠ ʩʪʦʡʢʠ ʢ ʚʣʠʷʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʘʥʘʵʨʦʙʥʳʭ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʠʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

( ) ʦʪʚʝʨʞʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʨʝʙʫʝʤʫʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʡ, 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʢʦʤʧʣʝʢʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʉ ʫʯʝʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʱʠʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ 

ʦʪʚʝʨʞʜʝʥʠʷ ʘʥʘʵʨʦʙʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ï ʧʝʨʦʢʩʠʜʥʳʭ (ʛʠʜʨʦʧʝʨʦʢʩʠʜʥʳʭ) ʠʥʠʮʠʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ [(ʤʝʪ)ʘʢʨʠʣʘʪʦʚ] ʠ ʫʩʢʦʨʠʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ ï ʪʨʝʪʠʯʥʳʭ ʘʤʠʥʦʚ.  

ʉ ʦʧʨʝʜʝʣʝʥʠʝʤ ʘʜʛʝʟʠʠ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʷʚʣʝʥʠʷ ʧʨʠ ʩʢʣʝʠʚʘʥʠʠ ʩʫʙʩʪʨʘʪʦʚ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʚʝʨʞʜʘʶʱʠʭ ʩʠʩʪʝʤ ï ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʠʠ ʢʦʛʝʟʠʠ. 

ʆʮʝʥʢʫ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʯʝʪʥʦʛʦ ʤʝʪʦʜʘ ʘʪʦʤʥʳʭ 

ʠʥʢʨʝʤʝʥʪʦʚ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ɸ.ɸ. ɸʩʢʘʜʩʢʠʤ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʞʥʝʡʰʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʊʘʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʪʨʝʪʠʯʥʳʭ 

ʘʤʠʥʦʚ (ʢʨʝʤʥʠʡ, ʪʠʪʘʥ, ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʘʣʢʦʢʩʠʘʤʠʥʦʚ)ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤ ʪʦʥʥʘʞʥʳʤ ʧʝʨʦʢʩʠʜʥʳʤ-ʦʪʚʝʨʜʠʪʝʣʝʤ ï ʧʝʨʦʢʩʠʜʦʤ ʙʝʥʟʦʠʣʘ 

ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʋʢʨʘʠʥʝ ʦʣʠʛʦʵʬʠʨʘʢʨʠʣʘʪʘ ʄɻʌ-9.  

ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʠʥʢʨʝʤʝʥʪʦʚ 

ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʦʛʦ ʦʙʲʝʤʘ ʘʪʦʤʦʚ ʙʦʨʘ, ʪʠʪʘʥʘ ʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤʠ 

ʘʪʦʤʘʤʠ. ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʠʥʢʨʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʘʣʢʦʢʩʠ- ʠ 

ʘʤʠʥʦʘʣʢʦʢʩʠʙʦʨʘʪʦʚ, ʘʤʠʥʦʘʣʢʦʢʩʠʪʠʪʘʥʘʪʦʚ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ (ʪʘʙ.) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʘ ʫ ʘʪʦʤʘ ʙʦʨʘ 

ʧʘʨʘʤʝʪʨ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʩʦʝʜʠʥʝʥʠʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʠʤʙʘʪʥʦ, 

ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʘ 

ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ ʚ ʩʦʩʪʘʚ ʪʨʠʘʣʢʦʢʩʠ-, ʘʤʠʥʦʘʣʢʦʢʩʠʙʦʨʘʪʦʚ(ʨʠʩ.1). ʋʚʝʣʠʯʝʥʠʝ ʞʝ 
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ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʘ ʫ ʘʪʦʤʘ ʪʠʪʘʥʘ, ʥʘʦʙʦʨʦʪ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʘʤʝʪʨʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʘʤʠʥʦʘʣʢʦʢʩʠʪʠʪʘʥʘʪʦʚ(ʪʘʙʣ.). 
 

ʊʘʙʣʠʮʘ. ʈʘʩʯʝʪʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʠʘʣʢʦʢʩʠʙʦʨʘʪʦʚ ʠ 

ʘʤʠʥʦʘʣʢʦʢʩʠʪʠʪʘʥʘʪʦʚ 

ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ɺʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʳ

ʡ ʦʙʴʝʤ, 

¡
 3
 

ʕʬʬʝʢʪʠʚ

-ʥʘʷ 

ʤʦʣʴʥʘʷ 

ʵʥʝʨʛʠʷ 

ʢʦʛʝʟʠʠ, 

ɼʞ/ʤʦʣʴ 

ʇʘʨʘʤʝʪʨ 

ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʠ, 

(ʄɼʞ/ʤ
3
)
1/

2
 

ʇʦʚʝʨʭʥʦ

-ʩʪʥʘʷ 

ʵʥʝʨʛʠʷ, 

ʤɼʞ/ʤ
2
 

 B(OCH3)3  102,5  13885,5   15,00   18,20 

B(OC2H5)3  153,8  22007,1  15,41  22,00 

B(OC3H7)3    205,1  30128,7  15,62  24,86 

B(OC4H9)3    256,4  38250,3  15,74  27,20 

 (H3CO)3Ti[OCH2CH2N(CH3)2]  204,1  71565,6  24,13  59,25 

(H7C3O)3Ti[OCH2CH2N(CH3)2]   306,7  87808,5  21,80  55,41 

(H9C4O)3Ti[OCH2CH2N(CH3)2]   358,0  95930,1  21,09  54,61 

(H13C6O)Ti(OC4H9)2[OCH2CH2N(CH3)2]  395,2  101344,6  20,63  54,01 

(H27C13O)Ti(OC4H9)2[OCH2CH2N(CH3)2]   514,9  120295,0  19,69  53,74 

(H9C4O)2Ti [OCH2CH2N(CH3)2]2   369,7  101178,9  21,32  56,37 
 

ʇʨʦʯʥʦʩʪʴ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʠ ʉʪ.3 ʠ ʉʪ.20 ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʦʪʨʳʚʝ ʟʘʚʠʩʠʪ 

ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚʚʦʜʠʤʳʭ ʚ ʘʥʘʵʨʦʙʥʳʝ ʢʦʤʧʦʟʠʮʠʠ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʠ ʚʳʨʘʞʘʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (ʨʠʩ.2). 

ʇʨʠ ʵʪʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʘʤʠʥʦʘʣʢʦʢʩʠʪʠʪʘʥʘʪʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʫʤʝʥʴʰʝʥʠʷ ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʘ ʫ ʘʪʦʤʘ ʪʠʪʘʥʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʝ ʜʦ ʪʨʝʭ. 

 , ʤɼʞ/ʤ
2
                                                                         , ʄʇʘ 

 
            ʤɼʞ/ʤ

2
 

        ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ              ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ             

ʵʥʝʨʛʠʠ  ʦʪ ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʘ (Al ʉ1-ʉ5) ʚ      ʘʤʠʥʦʘʣʢʦʢʩʠʪʠʪʘʥʘʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ  

ʜʠ(ʘʣʢʦʢʩʠʘʤʠʥʦʝʪʦʢʩʠ)ʙʦʨʘʪʘʭ                      ʦʪʨʳʚʝ () ʩʢʣʝʝʥʥʳʭ ʧʨʠ 20 
0
ʉ ʩʪʘʣʴʥʳʭ  

                                                                            ʦʙʨʘʟʮʦʚ: 1 ï ʉʪ.3;  2 ï ʉʪ.20 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʚʣʠʷʝʪ 

ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʘʥʘʵʨʦʙʥʳʭ 

ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʜʦʡʪʠ ʢ ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʚ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʚʨʝʤʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʋɼʂ 621.921:547.639 

 

ɽ.ɸ. ʇɸʑɽʅʂʆ, ʜ.ʪ.ʥ., ʆ.ɺ. ʃɸɾɽɺʉʂɸʗ, ʢ.ʪ.ʥ., ɸ.ʅ. ʏɽʈʅɽʅʂʆ, ɸ.ʆ. ɺʆɿʅʖʂ  

ʀʥʩʪʠʪʫʪ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʆʊɺɽʈɾɼɽʅʀʗ ʕʇʆʂʉʀɼʅʓʍ ʆʃʀɻʆʄɽʈʆɺ, 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ʂʆʄʇʃɽʂʉɸʄʀ ʄɽʊɸʃʃʆɺ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʚʝʨʞʜʝʥʠʷ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʘʤʠʥʦʢʦʤʧʣʝʢʩʘʤʠ ʤʝʪʘʣʣʦʚ, ʠʟʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ɼʊɸ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʦʣʠʛʦʤʝʨʳ, ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ, ʦʪʚʝʨʞʜʝʥʠʝ 

 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʢʣʦʥʥʳʭ ʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʪʠʤʳʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʧʝʨʝʩʪʨʦʡʢʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʟʦʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʧʦʢʩʠʜʥʳʝ ʦʣʠʛʦʤʝʨʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʢʦʚʘʣʝʥʪʥʫʶ ʩʝʪʢʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ. 

ɸʤʠʥʦʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʪʘʣʣʦʚ ʚʚʦʜʠʣʠʩʴ ʚ ʩʦʩʪʘʚ ʵʧʦʢʩʠʜʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 5ï20 ʤʦʣ. %. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʬʠʢʩʠʨʫʶʪ ʦʙʱʝʝ ʧʦʚʳʰʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ.  

ʅʘʩ ʠʥʪʝʨʝʩʦʚʘʣʠ ʜʚʘ ʘʩʧʝʢʪʘ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʧʦʣʥʦʪʘ ʠʭ ʚʭʦʞʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʦʣʠʛʦʤʝʨʘ ʠ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ. 

ʀʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʚʷʟʠ NïH ʚ 

ʩʦʩʪʘʚʝ ʘʤʠʥʦʛʨʫʧʧ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʜʚʠʛ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʣʦʩʳ ~3300 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʚʦʙʦʜʥʳʤ ʘʤʠʥʦʛʨʫʧʧʘʤ), ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʪʝʪʨʘʘʤʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʦʣʠʛʦʤʝʨʘʭ. ʇʨʠ ʵʪʦʤ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʩʦʩʪʘʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʦʣʠʛʦʤʝʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʪʚʝʨʜʠʪʝʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʛʠʜʨʠʜʳ, ʘ ʪʘʢʞʝ 

ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʘʤʠʥʳ, ʚʩʪʫʧʘʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʧʦʢʩʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʨʘʟʨʫʰʘʶʪ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʝ ʬʨʘʛʤʝʥʪʳ ʫʞʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʦʪʚʝʨʞʜʝʥʠʷ. ʕʪʦ 

ʥʘʨʫʰʘʝʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠʩʭʦʜʥʦʛʦ ʦʣʠʛʦʤʝʨʘ ʠ ʦʙʨʘʟʫʶʱʝʡʩʷ 

ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ. ʕʬʬʝʢʪʠʚʥʳʤ ʦʪʚʝʨʜʠʪʝʣʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʢʘʟʘʣʩʷ 2-ʵʪʠʣ,4-

ʤʝʪʠʣʠʤʠʜʘʟʦʣ. 

ʇʨʦʮʝʩʩ ʦʪʚʝʨʞʜʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ 2-ʵʪʠʣ-4-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʦʤ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʘʤʠ ɼʊɸ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘ ʚʩʝʭ ʢʨʠʚʳʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʵʢʟʦʵʬʬʝʢʪ, ʥʘʭʦʜʷʱʠʡʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 383ï433 ʂ ʠ ʦʪʨʘʞʘʶʱʠʡ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʪʚʝʨʞʜʝʥʠʷ ʦʣʠʛʦʤʝʨʘ. ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʛʨʘʤʤʘʤ, ʚʠʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʢʨʳʪʠʷ ʵʧʦʢʩʠʜʥʳʭ 

ʮʠʢʣʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʠʦʥʘ Ni
2+

 ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ. ʕʢʟʦʧʠʢ ʜʣʷ 

ʦʣʠʛʦʤʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʦʥʳ Cu
2+
, ʩʤʝʱʝʥ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʦʨʤʳ ʵʢʟʦʧʠʢʦʚ ɼʊɸ ʚ ʦʙʣʘʩʪʠ 373ï473 ʂ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʦʞʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ 

ʦʣʠʛʦʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʡ ʧʝʨʝʛʠʙ ʚ ʦʙʣʘʩʪʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ çʧʣʝʯʘè ʥʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ 

ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʦʪʚʝʨʞʜʝʥʠʷ ʦʣʠʛʦʤʝʨʦʚ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ʧʨʦʪʝʢʘʝʪ ʜʨʫʛʦʡ ʧʨʦʮʝʩʩ, ʚʦʟʤʦʞʥʦ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ. ʌʦʨʤʘ ʢʨʠʚʳʭ ɼʊɸ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 
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ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ, ʦʙʨʘʟʮʳ 

ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ 20 ʂ ʥʠʞʝ ʧʦʣʦʞʝʥʠʷ 

ʤʘʢʩʠʤʫʤʦʚ ʢʨʠʚʳʭ ɼʊɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʪʚʝʨʞʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʨʘʩʢʨʳʪʳʭ ʵʧʦʢʩʠʜʥʳʭ 

ʮʠʢʣʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ 850ï860 ʩʤ
-1

, 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʩʚʷʟʝʡ ʉïʆ ʚ 

ʩʦʩʪʘʚʝ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ (ʨʠʩ.).  

 

 

ʈʠʩ. ʀʂ-ʩʧʝʢʪʨʳ ʧʨʦʜʫʢʪʦʚ 

ʥʝʛʣʫʙʦʢʦʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʚʝʨ-

ʞʜʝʥʠʷ ʦʣʠʛʦʤʝʨʘ ʕɼ-24, ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʳʤʠ ʧʨʦʠʟ-

ʚʦʜʥʳʤʠ Ni
2+

. ʇʦʣʦʩʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʉïʆ ʚ ʩʦʩʪʘʚʝ 

ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ. ʊʦʪʚ. = 373 ʂ; ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʚʝʨʞʜʝʥʠʷ, ʤʠʥ.: 1 ï 20; 

2 ï 40; 3 ï 120; 4 ï 240 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ 

çʥʝʜʦʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭè ʩʠʩʪʝʤ ʤʝʪʦʜʦʤ ɼʊɸ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚʪʦʨʦʡ, ʧʘʨʘʣʣʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʣʠʛʦʤʝʨʘʭ ʧʨʠ ʠʭ 

ʦʪʚʝʨʞʜʝʥʠʠ. ʅʘ ʢʨʠʚʳʭ ɼʊɸ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʣʝʞʘʱʝʤ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʫʤʘ 

ʵʢʟʦʵʬʬʝʢʪʘ ʦʪʚʝʨʞʜʝʥʠʷ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʦʣʠʛʦʤʝʨʘ. 

ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ 

ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʚʷʟʫʶʱʠʭ ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ʟʘ ʩʯʝʪ ʨʘʩʢʨʳʪʠʷ ʵʧʦʢʩʠʜʥʳʭ ʮʠʢʣʦʚ. 

ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʦʣʦʩʳ ~ 3300 ʩʤ
-1

 ʥʘ ʀʂ-ʩʧʝʢʪʨʘʭ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʘʤʠʥʦʛʨʫʧʧʘʤ 

ʚ ʩʦʩʪʘʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʣʠʛʦʤʝʨʘ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʳʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʬʠʢʩʠʨʫʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʦʝ ʨʘʟʜʚʦʝʥʠʝ ʧʦʣʦʩʳ ~ 3300 ʩʤ
-1
. ɼʣʷ ʥʝʢʦʪʦʨʦʡ ʜʦʣʠ 

ʘʤʠʥʦʛʨʫʧʧ ʯʘʩʪʦʪʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʤʝʱʘʶʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, 

ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʭ ʚʳʭʦʜʝ ʠʟ ʩʦʩʪʘʚʘ ʪʝʪʨʘʘʤʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʧʦʣʦʩʳ 1720 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʦʣʠʛʦʤʝʨʘ ʜʚʝ ʘʤʠʥʦʛʨʫʧʧʳ ʠʟ ʯʝʪʳʨʝʭ, ʚʭʦʜʠʚʰʠʭ ʚ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʟʘʤʝʱʘʶʪʩʷ ʜʨʫʛʠʤʠ ʜʦʥʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ï ʢʘʨʙʦʥʠʣʴʥʳʤʠ. ʇʦʩʣʝʜʥʠʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʨʠʚʠʪʦʛʦ ʢ ʠʩʭʦʜʥʦʤʫ ʵʧʦʢʩʠʜʥʦʤʫ ʦʣʠʛʦʤʝʨʫ 

ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʕʇʈ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ 

ʦʪʚʝʨʞʜʝʥʠʠ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʢʦʤʧʣʝʢʩʘʤʠ ʤʝʪʘʣʣʦʚ, 

ʧʦʤʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʢʠ ʟʘ ʩʯʝʪ ʨʘʩʢʨʳʪʠʷ ʵʧʦʢʩʠʜʥʳʭ ʮʠʢʣʦʚ, ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ 

ʪʝʪʨʘʘʤʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʭʝʣʘʪʥʫʶ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʙʨʘʟʠʚʥʳʭ ʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʜʚʫʭʫʨʦʚʥʝʚʳʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʦʙʨʘʪʠʤʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʚ ʧʝʨʝʤʝʥʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ. 
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ɺ.ʄ. ʄʀʍɸʃʔʏʋʂ, ʜ.ʭ.ʥ., ʧʨʦʬ., ʉ.ɺ. ɾʀʃʔʎʆɺɸ, ʈ.ʀ. ʃʓɻɸ, ʢ.ʭ.ʥ., ɸ.ɸ. ʃʋɻʆɺɸʗ, 

ɼ.ɺ. ɻʋʈʊʆɺʆʁ 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ, ʛ. ɼʦʥʝʮʢ 

 

ʕʇʆʂʉʀɼʅʆ-ʉʀʃʆʂʉɸʅʆɺʓɽ ʂʆʄʇʆɿʀʊʓ ʅɸ ʆʉʅʆɺɽ ʕʇʆʂʉʀɼʅʓʍ ʉʄʆʃ 

ʀ ʕʊʆʂʉʀʉʀʃɸʅʆɺ 

 
ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʳ ʵʧʦʢʩʠʜʥʦ-ʩʠʣʦʢʩʘʥʦʚʳʝ ʢʦʤʧʦʟʠʪʳ ʘʥʛʠʜʨʠʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʘʤʠʥʥʦʛʦ 

ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʢʘʪʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʦʪ 0,5 ʜʦ 3 ʤʘʩ% SiO2 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʘ: ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ, ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, 

ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢ ʪʨʫʜʥʦʩʢʣʝʠʚʘʝʤʳʤ ʘʣʶʤʠʥʠʝʚʳʤ ʠ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʘʤ, ʩʪʦʡʢʦʩʪʠ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʳ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ-16. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ 

ʟʘʱʠʪʳ ʩʧʣʘʚʘ ʵʧʦʢʩʠʜʥʦ-ʩʠʣʦʢʩʘʥʦʚʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʘʤʠʥʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 80,1 ï 97,5 %. 

 

ʕʧʦʢʩʠʜʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʥʘʧʦʣʥʝʥʥʳʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤ ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ, 

ʜʘʚʥʦ ʟʘʥʷʣʠ ʩʚʦʶ ʥʠʰʫ ʩʨʝʜʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʧʦʣʥʠʪʝʣʴ ʩʬʦʨʤʠʨʦʚʘʥ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ. 

ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ çʩʥʠʟʫ ʚʚʝʨʭè ʦʙʨʘʟʫʶʱʠʝʩʷ ʯʘʩʪʠʮʳ ʥʘʠʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʘ ʠʭ ʚʳʩʦʢʦʨʘʟʚʠʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʩʚʦʡʩʪʚ ʦʪʚʝʨʞʜʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ SiO2 ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʘʣʢʦʢʩʠʜʳ ʢʨʝʤʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʟʦʣʝʡ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠʤʝʥʷʶʪ ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʳ ï ʩʦʝʜʠʥʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʘʣʢʦʢʩʠ-ʛʨʫʧʧ ʟʘʤʝʱʝʥʳ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʨʘʜʠʢʘʣ ʠʣʠ 

ʜʨʫʛʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʯʘʩʪʠʮʳ ʩʠʣʦʢʩʘʥʦʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ 

ʬʦʨʤʠʨʦʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʠ 3-ʛʣʠʮʠʜʦʢʩʠʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ ʚ 

ʨʘʟʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʯʨʝʟʤʝʨʥʦʛʦ ʫʢʨʫʧʥʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʟʦʣʷʭ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʶ ʵʪʦʢʩʠʩʠʣʘʥʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʟʦʣʝʡ ʩ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʦʡ (ʦʩʥʦʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʢʦʤʧʦʟʠʪʦʚ) ʠ ʧʦʚʳʰʘʝʪ ʚʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʟʦʣʠ ʥʝ ʪʝʨʷʶʪ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ 

ʩʤʦʣ ʨʘʟʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ (ʜʠ- ʠʣʠ ʪʨʠʵʧʦʢʩʠʜʥʳʝ ʦʣʠʛʦʤʝʨʳ) ʧʨʠʤʝʥʷʣʠ 

ʘʥʛʠʜʨʠʜʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʦʪʚʝʨʞʜʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʫʩʢʦʨʠʪʝʣʷ ʦʩʥʦʚʥʦʡ ʧʨʠʨʦʜʳ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʟʦʣʝʡ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ 

ʥʘʧʦʣʥʠʪʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ SiO2, ʧʦʣʫʯʝʥʥʳʝ in situ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, 

ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʤʠʢʨʦʤʝʪʨʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʚʚʝʜʝʥʥʳʭ ʵʪʦʢʩʠʩʠʣʘʥʦʚ, ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʟʦʣʝʡ, ʩʦʦʪʥʦʰʝʥʠʷ 

ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʠ ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʟʦʣʝʡ ʚ 

ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʪʦʢʩʠʩʠʣʘʥʦʚ (ʦʪ 0,5 ʜʦ 3 ʤʘʩ% SiO2) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʟʨʳʚ, ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ, 

ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʢ ʪʨʫʜʥʦʩʢʣʝʠʚʘʝʤʳʤ ʘʣʶʤʠʥʠʝʚʳʤ ʠ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʘʤ, 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʡ, ʢʣʝʝʚ 
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ʛʦʨʷʯʝʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʟʘʣʠʚʦʯʥʳʭ ʢʦʤʧʘʫʥʜʦʚ ʠ ʛʝʨʤʝʪʠʢʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʛʠʜʨʠʜʦʚ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʨʜʠʪʝʣʝʡ 

ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ ʩʪʘʨʝʥʠʷ ï ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʦʢʠʩʣʝʥʠʶ, 

ʨʘʜʠʘʮʠʠ ʠ ʜʨ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʢʦʨʠʪʝʣʝʡ ʘʥʛʠʜʨʠʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʧʨʠ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʝ 

ʵʧʦʢʩʠʜʥʦ-ʩʠʣʦʢʩʘʥʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, Fe(acac)3, Co(acac)3, Ni(acac)2 ʠ Cr(acac)3. ʆʥʠ  

ʵʬʬʝʢʪʠʚʥʦ ʫʩʢʦʨʷʶʪ ʧʨʦʮʝʩʩ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʘʛʨʝʛʘʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʠʩʪʝʤ. ʇʨʠʨʦʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪʚʝʨʞʜʝʥʠʷ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ 

ʤʝʪʘʣʣʘ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ, ʘ ʚʦʟʤʦʞʥʦ ʠ ʤʝʭʘʥʠʟʤ, ʦʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʜʦʩʪʠʛʘʝʤʦʡ ʧʦʣʥʦʪʝ ʦʪʚʝʨʞʜʝʥʠʷ, ʛʫʩʪʦʪʝ ʩʰʠʚʢʠ, ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ 

ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ. ʄʝʪʦʜʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʧʦʢʩʠʜʥʳʝ ʧʦʣʠʤʝʨʳ ʠ ʵʧʦʢʩʠʜʥʦ-ʩʠʣʦʢʩʘʥʦʚʳʝ 

ʢʦʤʧʦʟʠʪʳ, ʦʪʚʝʨʞʜʝʥʥʳʝ ʘʥʛʠʜʨʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʛʫʩʪʦʪʘ ʩʰʠʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʫʩʢʦʨʠʪʝʣʷ 

ʦʪʚʝʨʞʜʝʥʠʷ ʠ  ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ Ni(acac)2, Co(acac)3, Fe(acac)3, Cr(acac)3. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʩʠʣʦʢʩʘʥʦʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ in situ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʞʫʟʣʦʚʳʭ ʮʝʧʝʡ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʥʘʣʠʯʠʷ ʚ 

ʩʠʩʪʝʤʝ ʥʘʧʦʣʥʠʪʝʣʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʫʩʪʦʪʘ ʩʰʠʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪʚʝʨʞʜʝʥʠʷ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʭʨʦʤʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʪʚʝʨʜʠʪʝʣʝʡ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʤʠʥʳ ʨʘʟʣʠʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ʂʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʜʠʵʧʦʢʩʠʜʘ ʠ ʜʚʫʭ ʦʪʚʝʨʜʠʪʝʣʝʡ 

(ʧʦʣʠ(ʦʢʩʠʧʨʦʧʠʣʝʥ)ʪʨʠʘʤʠʥʘ (ʇʆʇʊɸ) ʠ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʥʦʛʦ ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥʘ 

(ʋʇ-0633ʄ)), ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺʚʝʜʝʥʠʝ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣʦʢʩʘʥʦʚʳʭ ʯʘʩʪʠʮ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʛʫʩʪʦʪʳ ʩʝʪʢʠ ʧʦʣʠʤʝʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʘʜʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ 

ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʦʩʪʠ, ʧʠʢʠ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

SiO2 1 ʠ 4,5 ʤʘʩʩ.% ʚ ʩʣʫʯʘʝ ʇʆʇʊɸ, ʠ 1 ʠ 3 ʤʘʩʩ.% ʚ ʩʣʫʯʘʝ ʋʇ-0633ʄ. ʇʨʠ ʵʪʦʤ, ʚʳʭʦʜ 

ʟʦʣʴ-ʬʨʘʢʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣ 4 %. 

ʕʧʦʢʩʠʜʥʦ-ʩʠʣʦʢʩʘʥʦʚʳʝ ʢʦʤʧʦʟʠʪʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ ʚ ʧʣʘʥʝ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ. ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʠʟʫʯʝʥʳ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ (10 ʤʢʤ) ʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ-16. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʵʧʦʢʩʠʜʥʦ-

ʩʠʣʦʢʩʘʥʦʚʳʝ ʧʦʢʨʳʪʠʷ ʢʘʪʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʘʤʠʥʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʚʳʰʘʶʪ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʜʣʦʞʢʠ ʦʪ 0,250 ʢʆʤĀʩʤ
2
 ʜʣʷ ʥʝʧʦʢʨʳʪʦʡ ʧʣʘʩʪʠʥʳ 

ʜʦ 0,396 ï 9,95 ʢʆʤĀʩʤ
2
 ʠ ʜʣʷ ʧʦʢʨʳʪʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ. ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʢʦʨʨʦʟʠʠ Icorr ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 1 - 

6 ʤʘʩʩ. % ʩʥʠʞʘʶʪʩʷ ʜʦ 2,51Ā10
-6

 ï 6,31Ā10
-5

 ɸĀʩʤ
-2

 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ IÁcorr= 1,00Ā10
-4

 ɸĀʩʤ
-2

. 

ʉʨʘʚʥʝʥʠʝ ʧʘʩʩʠʚʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʠʙʨʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ʘʤʠʥʥʦʛʦ 

ʦʪʚʝʨʞʜʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʦʪʣʠʯʥʫʶ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʵʧʦʢʩʠʜʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʦʪʚʝʨʞʜʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠ(ʦʢʩʠʧʨʦʧʠʣʝʥ)ʪʨʠʘʤʠʥʘ, ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

ʢʦʨʨʦʟʠʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʧʠʪʪʠʥʛʦʚʦʡ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ  

ʙʦʣʝʝ, ʯʝʤ ʥʘ 100 ʤɺ. ʕʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʤʝʥʴʰʝʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʧʦʢʨʳʪʦʛʦ ʩʫʙʩʪʨʘʪʘ ʢ ʢʦʨʨʦʟʠʠ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ 

ʩʧʣʘʚʘ ɼ-16 ʜʘʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʩʦʩʪʘʚʠʣʘ 80,1 ï 97,5 %. 
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ʆ.ɺ. ɾʆɺʊʋʅ, ɯ.ɸ. ɻʆʈɹɸʅʔ, ʈ.ʂ. ɼɿʖɹɸ, ʃ.ʄ. ʂʋʍɸʈɽʅʂʆ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ʂʆʄʇʆɿʀʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ ʅɸ ʆʉʅʆɺɯ ʇʆʃɯʄɽʈɯɺ 

 
ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʧʣʽʚʢʠ ʤʝʪʦʜʦʤ ʩʦʝʢʩʪʨʫʟʽʾ.  

 

ʉʦʝʢʩʪʨʫʟʽʷ - ʮʝ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʟ 

ʩʝʙʝ ʢʦʤʙʽʥʘʮʽʶ ʟ ʜʝʢʽʣʴʢʦʭ ʧʦʣʽʤʝʨʥʠʭ ʰʘʨʽʚ, ʟʘ ʦʜʠʥ ʮʠʢʣ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʤʦʞʥʘ ʨʦʙʠʪʠ ʚʝʣʠʯʝʟʥʠʡ ʘʩʦʨʪʠʤʝʥʪ ʧʣʽʚʦʢ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ 

ʰʣʷʭʦʤ ʟʚʠʯʘʡʥʦʾ ʦʜʥʦʰʘʨʦʚʦʾ ʝʢʩʪʨʫʟʽʾ. ʄʝʪʦʜ ʩʦʝʢʩʪʨʫʟʽʾ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʣʷʪʠ ʪʘʢ ʟʚʘʥʽ 

çʙʘʨ'ʻʨʥʽ ʧʣʽʚʢʠè ʽʟ ʟʘʜʘʥʠʤʠ ʙʘʨ'ʻʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʟʥʠʭ ʛʘʟʽʚ ʽ 

ʨʽʜʠʥ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʣʽʚʮʽ ʥʝʦʙʭʽʜʥʫ ʭʽʤʽʯʥʫ ʽ ʤʝʭʘʥʽʯʥʫ ʩʪʽʡʢʽʩʪʴ, ʫʩʘʜʦʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʤʽʮʥʽʩʪʴ ʥʘ ʫʜʘʨ, ʧʨʦʢʦʣ ʽ ʨʦʟʜʠʨʘʥʥʷ, ʩʢʣʝʶʻʤʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʯʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʝʣʘʩʪʠʯʥʽʩʪʴ ʘʙʦ ʞʦʨʩʪʢʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ 

ʟʙʝʨʽʛʘʪʠ ʩʤʘʢʦʚʽ ʷʢʦʩʪʽ ʽ ʘʨʦʤʘʪ ʫʧʘʢʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʝʢʩʪʨʫʟʽʡʥʠʭ ʧʣʽʚʦʢ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽ ʞ ʪʠʧʠ ʝʢʩʪʨʫʜʝʨʽʚ, 

ʱʦ ʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʦʜʥʦʨʽʜʥʠʭ ʧʣʽʚʦʢ (ʟʚʠʯʘʡʥʦ ʞ, ʟ ʧʦʚʥʽʩʪʶ ʽʥʰʠʤ ʨʽʰʝʥʥʷʤ ʛʦʣʦʚʦʢ 

ʝʢʩʪʨʫʜʝʨʽʚ). ɺ ʧʨʦʮʝʩʽ ʩʦʝʢʩʪʨʫʟʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʤʽʥʽʤʫʤ ʜʚʘ, ʘʣʝ ʯʘʩʪʽʰʝ ʙʽʣʴʰʝ 

ʯʠʩʣʦ ʝʢʩʪʨʫʜʝʨʽʚ, ʟʘʙʝʟʧʝʯʝʥʠʭ ʩʧʽʣʴʥʦʾ ʛʦʣʽʚʢʦʶ. ʉʪʨʫʤʝʥʽ ʨʽʟʥʠʭ ʧʣʘʩʪʤʘʩ ʟ'ʻʜʥʫʶʪʴʩʷ 

ʚ ʬʽʣʴ'ʻʨʘʭ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʢʽʥʮʝʚʫ ʯʘʩʪʠʥʫ ʛʦʣʦʚʢʠ, ʨʽʜʰʝ - ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ 

ʛʦʣʦʚʢʠ. ʇʦʜʽʙʥʦ ʷʢ ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʩʦʝʢʩʪʨʫʟʽʦʥʥʽ ʧʣʽʚʢʠ ʚʠʨʦʙʣʷʶʪʴʩʷ 

ʷʢ ʧʦ ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʪʨʫʟʽʾ ʟ ʨʦʟʜʫʚʘʥʥʷʤ, ʪʘʢ ʽ ʰʣʷʭʦʤ ʝʢʩʪʨʫʟʽʾ ʧʣʦʩʢʠʭ ʧʣʽʚʦʢ. ʉʭʝʤʠ 

ʦʙʦʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʨʠʩ. 1 ʽ ʨʠʩ. 2 

 

 

 

 

ʈʠʩ.1. ʉʭʝʤʘ ʣʽʥʽʾ ʜʣʷ ʩʦʝʢʩʪʨʫʟʽʾ ʟ 

ʨʦʟʜʫʚʘʥʥʷʤ 1 ï ʩʢʨʫʯʫʚʘʥʥʷ ʛʦʪʦʚʦʾ 

ʧôʷʪʠ ʩʣʦʡʥʦʾ ʩʦʝʢʩʪʨʫʟʽʦʥʥʦʾ ʧʣʽʚʢʠ, 

2 ï ʦʙʨʽʟʢʘ ʢʨʘʾʚ ʨʫʢʘʚʘ, 3 ï ʧʨʠʪʠʩʢʥʽ 

ʨʦʣʠʢʠ, 4 ï ʥʘʧʨʷʤʥʽ ʨʦʣʠʢʠ,5 ï ʨʫʢʘʚ 

 ʈʠʩ.2. ʉʭʝʤʘ ʣʽʥʽʾ ʜʣʷ ʩʦʝʢʩʪʨʫʟʽʾ ʧʣʦʩʢʦʾ 

ʧʣʽʚʢʠ 
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ʟ ʧʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʚʘʥʠʤ ʪʠʩʢʦʤ, 6 ï  

ʛʦʣʽʚʢʘ ʨʦʟʜʫʚʘʥʥʷ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ 

ʇʨʦʮʝʩ ʩʦʝʢʩʪʨʫʟʽʾ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʚ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʟʚ'ʷʟʫʻ 

ʚʟʘʻʤʥʦ ʥʝʧʦʻʜʥʫʚʘʥʽ ʧʦʣʽʤʝʨʠ. ʋ ʧʽʜʩʫʤʢʫ ʚʠʨʦʙʥʠʯʘ ʣʽʥʽʷ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠʩʷ ʟ 

ʙʽʣʴʰʦʛʦ ʯʠʩʣʘ ʝʢʩʪʨʫʜʝʨʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʧʣʽʚʢʠ, ʥʽʞ ʮʝ ʦʙʫʤʦʚʣʝʥʦ 

ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʤʝʨʽʚ, ʫʟʷʪʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ. ʆʜʥʽʻʶ ʟ ʽʩʪʦʪʥʠʭ 

ʧʝʨʝʚʘʛ ʚʠʨʦʙʥʠʮʪʚʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʽʚʦʢ ʤʝʪʦʜʦʤ ʩʦʝʢʩʪʨʫʟʽʾ ʻ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʽʩʪʦʪʥʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʙʘʨ'ʻʨʥʦʩʪʽ ʧʨʠ ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʪʦʚʱʠʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʧʣʽʚʢʘʤʠ, ʦʜʝʨʞʫʚʘʥʠʤʠ ʰʣʷʭʦʤ ʣʘʤʽʥʫʚʘʥʥʷ.  

ɻʥʫʯʢʽ ʩʦʝʢʩʪʨʫʟʠʦʥʥʽ ʧʣʽʚʢʠ ʥʘʡʯʘʩʪʽʰʝ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ-, ʧ'ʷʪʠ-, ʘ 

ʪʘʢʦʞ ʩʝʤʠʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟ'ʷʚʠʣʠʩʷ ʩʝʤʠʰʘʨʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʚ ʷʢʠʭ ʜʦ 

ʧôʷʪʠ ʩʣʦʡʥʦʾ ʩʦʝʢʩʪʨʫʟʽʦʥʥʦʾ ʧʣʽʚʢʠ ʰʣʷʭʦʤ ʣʘʤʽʥʫʚʘʥʥʷ ʜʦʜʘʶʪʴʩʷ ʰʘʨʠ ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʧʣʽʚʦʢ, ʥʘʧʨʠʢʣʘʜ: ʧʣʽʚʢʠ OPP, PET, BOPʈ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʧʦʚʥʝʥʽ ʨʝʚʝʨʩʠʚʥʠʤ ʪʝʢʩʪʦʤ, 

ʪʦʙʪʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʽʞ ʰʘʨʘʤʠ. ʋ ʨʘʟʽ ʩʦʝʢʩʪʨʫʟʽʡʥʠʭ ʧʣʽʚʦʢ ʟʘ ʫʯʘʩʪʶ ʰʘʨʫ 

ʩʦʧʦʣʠʤʝʨʘ EVOH ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 7 ʤʢʤ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʦʙʝʨʽʛʘʥʥʷ ʡʦʛʦ ʚʽʜ 

ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʣʦʛʠ ʧʨʦʥʠʢʥʽʩʪʴ ʧʦ ʢʠʩʥʶ ʟʥʠʞʫʻʪʴʩʷ ʥʘʚʽʪʴ ʥʠʞʯʝ 1 ʩʤ
3
/ʤ

2
 ʭ 24 ʛʦʜ. ʭ 

0,1 ʄʈʘ (ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ 50% ʽ ʪʝʤʧʝʨʘʪʫʨʽ 23 ʉ). ɿʙʽʣʴʰʝʥʥʷ ʙʘʨ'ʻʨʥʦʩʪʽ ʧʦ 

ʢʠʩʥʶ ʩʦʝʢʩʪʨʫʟʽʡʥʠʭ ʧʣʽʚʦʢ ʟ ʰʘʨʘʤʠ PA, ʙʝʟ ʫʯʘʩʪʽ ʩʦʧʦʣʽʤʝʨʘ EVOH, ʜʦʩʷʛʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʰʘʨʫ PA. ʇʨʦʥʠʢʥʽʩʪʴ ʧʦ ʢʠʩʥʶ ʥʘ ʨʽʚʥʽ 10 ʩʤ
3
/ʤ

2
 ʭ 24 ʛʦʜ. ʭ 0,1 ʄʈʘ 

ʧʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʜʦʩʷʛʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʪʦʚʱʠʥʽ ʰʘʨʫ PA ʙʣʠʟʴʢʦ 60 ʤʢʤ. 

ʄʝʪʦʜʦʤ ʩʦʝʢʩʪʨʫʟʽʾ ʚʠʨʦʙʣʷʶʪʴʩʷ ʪʘʢʦʞ ʩʪʨʝʪʯ ʧʣʽʚʢʠ, ʚ ʷʢʠʭ ʩʝʨʝʜʥʽʡ ʰʘʨ ʟ 

ʣʽʥʽʡʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ, ʘ ʚ ʜʘʥʠʡ ʯʘʩ ʪʘʢʦʞ ʟ ʤʝʪʘʣʣʦʮʝʥʦʚʠʭ 

ʧʦʣʽʝʪʠʣʝʥʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʠʣʴʥʦʤʫ ʨʦʟʪʷʛʫʚʘʥʥʽ, ʘ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ - 

ʜʦʩʪʘʪʥʻ ʟʯʝʧʣʝʥʥʷ, ʟʘʨʘʜʠ ʟʘʭʠʩʪʫ ʚʘʥʪʘʞʥʦʾ ʦʜʠʥʠʮʽ ʘʙʦ ʞ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʙʛʦʨʪʢʠ ʥʘ 

ʧʨʦʜʫʢʪʽ. 

ɼʦ ʩʦʝʢʩʪʨʫʟʽʾ ʚʽʜʥʦʩʷʪʴ ʪʘʢʦʞ ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʘʢʫʚʘʣʴʥʽ ʧʣʽʚʢʠ, ʷʢ ʛʥʫʯʢʽ, ʪʘʢ ʽ 

ʞʦʨʩʪʢʽ, ʷʢʽ ʻ ʢʦʤʧʦʟʠʪʘʤʠ ʧʦʣʽʦʣʝʬʽʥʽʚ ʟ ʤʽʥʝʨʘʣʴʥʦʶ ʩʠʨʦʚʠʥʦʶ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʚʘʧʥʷʢʫ ʘʙʦ ʜʦʣʦʤʽʪʽ, ʷʢʠʤʠ ʦʩʦʙʣʠʚʦ ʙʘʛʘʪʘ ʟʝʤʣʷ. ʇʦʯʘʪʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʽʜ ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ çɽʢʦʣʽʥè ʰʚʝʜʩʴʢʦʶ ʬʽʨʤʦʶ çEcolean ABè ʩʪʘʣʦ ʚʠʨʘʟʦʤ 

ʧʨʘʛʥʝʥʥʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʧʘʢʦʚʢʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʮʽ ʤʘʪʝʨʽʘʣʠ ʚʠʨʦʙʣʷʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʘʩʦʨʪʠʤʝʥʪʽ, 

ʧʨʠʟʥʘʯʝʥʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ ʫʧʘʢʦʚʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. ɿʘʨʘʟ ʯʘʩʪʢʘ ʤʽʥʝʨʘʣʽʚ ʫ 

ʩʢʣʘʜʽ ɽʢʦʣʽʥ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʩʦʨʪʠʤʝʥʪʫ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 30 ʜʦ 60%.  

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʯʘʩʪʢʘ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, ʱʦʙ ʫ 

ʧʽʜʩʫʤʢʫ ʜʦʩʷʛʪʠ 45-56%. ʅʘʩʪʽʣʴʢʠ ʚʠʩʦʢʘ ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ɽʢʦʣʽʥ ʧʨʠʚʝʣʘ ʜʦ ʪʦʛʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʤʽʱʝʥʥʷ ʥʠʤʠ ʽʥʰʠʭ ʚʠʜʽʚ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʙʝʨʽʛʘʻʪʴʩʷ 30-60% ʜʝʬʽʮʠʪʥʦʛʦ ʚʠʢʦʧʥʦʛʦ ʩʠʨʦʚʠʥʠ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʥʘʬʪʠ. ʇʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʫʧʘʢʦʚʦʢ ʟ ʝʢʦʣʽʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʤʘʪʝʨʽʘʣʽʚ ʽ ʫʧʘʢʦʚʦʢ 

ʟ ɽʢʦʣʽʥ ʤʝʥʰʝ ʥʘ 30-70%. 

ʄʝʪʦʜ ʩʦʝʢʩʪʨʫʟʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʧʣʽʚʢʠ ʻ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, 

ʥʽʞ ʽʥʰʽ ʤʝʪʦʜʠ. ʇʝʨʝʚʘʛʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʙʘʨ'ʻʨʥʦʩʪʽ ʧʨʠ ʟʥʘʯʥʦ 

ʤʝʥʰʽʡ ʪʦʚʱʠʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʧʣʽʚʢʘʤʠ, ʦʜʝʨʞʫʚʘʥʠʤʠ ʰʣʷʭʦʤ 

ʣʘʤʽʥʫʚʘʥʥʷ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʝʪʦʜ ʩʦʝʢʩʪʨʫʟʽʾ ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʽʰʠʤ, ʥʽʞ ʽʥʰʽ ʤʝʪʦʜʠ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʨʤʦʫʩʘʜʦʯʥʠʭ ʧʣʽʚʦʢ. 
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ɺ.ʂ. ʃʋʂɸʐɽɺ, ʜ.ʪ.ʥ., ɺ.ʀ. ʆʅɼɸ, ɸ.ɸ. ɺɽʈɽʅʀʏ 

ʐʦʩʪʢʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʫʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʋʢʨʘʠʥʘ, ʛ. ʐʦʩʪʢʘ 

 

ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʆɹʈɸɿʆɺɸʅʀʗ ɿʆʅʓ ʅɸʉʓʑɽʅʀʗ ɺ ɻʈɸʅʋʃɸʍ 

ʅʀʊʈɸʊʆɺ ʎɽʃʃʖʃʆɿʓ ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʀʍ ʇʃɸʉʊʀʌʀʂɸʊʆʈɸʄʀ 

 
ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʛʨʘʥʫʣ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʘʪʦʚ ʮʝʣʣʶʣʦʟʳ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʩʳʱʝʥʠʝ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʥʠʪʨʘʪʳ ʮʝʣʣʶʣʦʟʳ, 

ʢʘʤʬʦʨʘ, ʜʠʙʫʪʠʣʬʪʘʣʘʪ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʧʨʠʝʤʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʥʘʩʳʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʧʦʣʠʤʝʨʥʳʤ 

ʠʟʜʝʣʠʷʤ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʪʴ ʠʤ ʥʝʦʙʭʦʜʠʤʳʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʥʝʨʛʦʘʢʪʠʚʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʥʠʪʨʘʪʦʚ ʮʝʣʣʶʣʦʟʳ [1]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʪʨʘʪ ʮʝʣʣʶʣʦʟʳ ʩʦ ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ ɔ=2,64 ʚ 

ʚʠʜʝ ʛʨʘʥʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʣʘʢʦʚʳʤ ʩʧʦʩʦʙʦʤ [2], ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʝʩʢʦʡ. 

ʋ ʛʨʘʥʫʣ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʬʠʙʨʠʣʣʷʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʜʠʬʬʫʟʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʪʨʘʪʮʝʣʣʶʣʦʟʥʳʝ ʛʨʘʥʫʣʳ ʩ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ɟʛ=1300 ʢʛ/ʤ
3
, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʘʪʴ ʫʩʪʦʡʯʠʚʫʶ ʟʦʥʫ 

ʥʘʩʳʱʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʩʧʠʨʪʦʚʳʝ 

ʨʘʩʪʚʦʨʳ ʢʘʤʬʦʨʳ ʠ ʜʠʙʫʪʠʣʬʪʘʣʘʪʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʥʘʚʝʩʢʫ ʛʨʘʥʫʣ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 0,315-04 ʤʤ ï 25%; 

0,4-0,63 ʤʤ ï 75% ʧʦʤʝʱʘʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʚ 

ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʤʦʜʫʣʝ 1:2 (ʩʦʦʪʥʦʰʝʥʠʠ ʛʨʘʥʫʣ 

ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ ʢ ʨʘʩʪʚʦʨʫ). ʇʨʠ ʵʪʦʤ ʢʨʦʤʝ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʢʘʢ ʚʨʝʤʷ ʥʘʩʳʱʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʦʛʨʘʥʠʯʠʚʘʣʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ, ʧʨʠʤʝʥʷʝʤʦʤ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʇʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʛʨʘʥʫʣ ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ ʥʘʩʳʱʝʥʠʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʛʨʘʥʫʣʳ ʦʪʜʝʣʷʣʠ ʦʪ 

ʨʘʩʪʚʦʨʘ ʠ ʩʫʰʠʣʠ. ɺʳʩʫʰʝʥʥʳʝ ʛʨʘʥʫʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ 

ʚ ʥʠʭ ʟʦʥʳ ʥʘʩʳʱʝʥʠʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʛʦʪʦʚʠʣʠ ʩʨʝʟʳ ʥʘʩʳʱʝʥʥʳʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʛʨʘʥʫʣ ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ ʠ ʧʦʤʝʱʘʣʠ ʧʦʜ ʤʠʢʨʦʩʢʦʧ, ʩʥʘʙʞʝʥʥʳʡ 

ʚʠʜʝʦʢʘʤʝʨʦʡ ʩ ʚʳʭʦʜʦʤ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ. ʀʟʤʝʥʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʦʟʚʦʣʷʣʦ 

ʚʠʟʫʘʣʴʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʟʦʥʫ. 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ ʨʠʩʫʥʢʘʭ ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʛʨʘʥʫʣ 

(ʫʚʝʣʠʯʝʥʠʝ 45 ʨʘʟ), ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʩʳʱʝʥʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʳʱʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʦʤʝʥʪʫ ʥʘʩʳʱʝʥʠʷ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʣʠʤʝʨʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʩʨʝʟʳ ʛʨʘʥʫʣ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʘʤʬʦʨʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50
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ʘ      
Ű=10 ʤʠʥ Ű=30 ʤʠʥ Ű=60 ʤʠʥ Ű=90 ʤʠʥ Ű=120 ʤʠʥ 

ʙ      
Ű=10 ʤʠʥ Ű=30 ʤʠʥ Ű=60 ʤʠʥ Ű=90 ʤʠʥ Ű=120 ʤʠʥ 

ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʛʨʘʥʫʣ ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ 

ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘʤʠ ʩ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʢʘʤʬʦʨʳ 1% (ʘ); 15% (ʙ) 
 

ɸʥʘʣʠʟ ʵʪʠʭ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʢʘʤʬʦʨʳ ʚ 

ʨʘʩʪʚʦʨʝ 1% ʠ ʜʘʞʝ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 120 ʤʠʥ (ʨʠʩ. 1ʘ) ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʟʦʥʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʢʘʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʤʬʦʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʪʝʢʣʦʚʘʥʠʝ ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʘʤʬʦʨʳ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʛʨʘʥʫʣʘʭ ʧʦʷʚʣʷʝʪʩʷ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʟʦʥʘ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʥʘʭʦʞʜʝʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ ʚ 

ʨʘʩʪʚʦʨʝ (ʨʠʩ. 1ʙ). 

ɸʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʦʜʝʥʳ ʠ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʥʘʩʳʱʝʥʠʷ ʛʨʘʥʫʣ ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ ʜʠʙʫʪʠʣʬʪʘʣʘʪʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

ʘ      

Ű=10 ʤʠʥ Ű=30 ʤʠʥ Ű=60 ʤʠʥ Ű=90 ʤʠʥ Ű=120 ʤʠʥ 

ʙ      

Ű=10 ʤʠʥ Ű=30 ʤʠʥ Ű=60 ʤʠʥ Ű=90 ʤʠʥ Ű=120 ʤʠʥ 

ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʛʨʘʥʫʣ ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ 

ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘʤʠ ʩ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʜʠʙʫʪʠʣʬʪʘʣʘʪʘ 1% (ʘ); 15% (ʙ) 
 

ʀʟ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʩʨʝʟʦʚ ʛʨʘʥʫʣ, ʥʘʩʳʱʝʥʥʳʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 50
0
ʉ, ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʷʭ ʚʳʜʝʨʞʢʠ ʥʠʪʨʘʪʮʝʣʣʶʣʦʟʥʳʭ ʛʨʘʥʫʣ ʚ 

ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʜʠʙʫʪʠʣʬʪʘʣʘʪʘ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʟʦʥʳ ʠʜʝʥʪʠʯʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʡ ʟʦʥʳ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʛʨʘʥʫʣ ʚ 

ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʢʘʤʬʦʨʳ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʪʦʣʱʠʥʘ ʟʦʥʳ 

ʥʘʩʳʱʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʥʘʩʳʱʝʥʠʠ ʨʘʩʪʚʦʨʦʤ 

ʢʘʤʬʦʨʳ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʕʪʦ ʷʚʣʝʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʨʘʟʣʠʯʠʝʤ 

ʠʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʦʣʱʠʥʫ ʟʦʥʳ ʥʘʩʳʱʝʥʠʷ 

ʜʠʙʫʪʠʣʬʪʘʣʘʪʦʤ, ʘʥʘʣʦʛʠʯʥʫʶ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʢʘʤʬʦʨʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʞʠʤʳ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʛʨʘʥʫʣ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʘʤʠ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʠʙʫʪʠʣʬʪʘʣʘʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70
0
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ʘ      

Ű=10 ʤʠʥ Ű=30 ʤʠʥ Ű=60 ʤʠʥ Ű=90 ʤʠʥ Ű=120 ʤʠʥ 

ʙ      

Ű=10 ʤʠʥ Ű=30 ʤʠʥ Ű=60 ʤʠʥ Ű=90 ʤʠʥ Ű=120 ʤʠʥ 

ʚ      

Ű=10 ʤʠʥ Ű=30 ʤʠʥ Ű=60 ʤʠʥ Ű=90 ʤʠʥ Ű=120 ʤʠʥ 

ʛ      

Ű=10 ʤʠʥ Ű=30 ʤʠʥ Ű=60 ʤʠʥ Ű=90 ʤʠʥ Ű=120 ʤʠʥ 

ʈʠʩ. 3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʛʨʘʥʫʣ ʥʠʪʨʘʪʘ ʮʝʣʣʶʣʦʟʳ ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ 

ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘʤʠ ʩ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʜʠʙʫʪʠʣʬʪʘʣʘʪʘ 1% (ʘ); 5% (ʙ); 10% 

(ʚ); 15% (ʛ) 
 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʩʳʱʝʥʠʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʥʠʪʨʘʪʦʚ ʮʝʣʣʶʣʦʟʳ ʧʨʦʚʦʜʠʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70
0
ʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʦʣʴʢʦ ʧʨʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʚ ʨʘʩʪʚʦʨʝ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʤ 60 ʤʠʥ. ɿʘ ʵʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʫʝʪʩʷ ʟʦʥʘ ʥʘʩʳʱʝʥʠʷ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ. ʇʨʝʚʳʰʝʥʠʝ ʚʳʰʝ 

ʫʢʘʟʘʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʚʳʨʘʚʥʠʚʘʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʚ ʦʙʲʝʤʝ ʥʠʪʨʘʪʮʝʣʣʶʣʦʟʥʦʡ ʛʨʘʥʫʣʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ 

ʥʘʩʳʱʝʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʥʠʪʨʘʪʦʚ ʮʝʣʣʶʣʦʟʳ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʪʨʘʪʘʤ ʮʝʣʣʶʣʦʟʳ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʛʨʘʥʫʣʘʭ ʥʠʪʨʘʪʦʚ ʮʝʣʣʶʣʦʟʳ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʦʥʘ ʥʘʩʳʱʝʥʠʷ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʠʧʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʩʳʱʝʥʠʷ. 
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ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ.ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

 

ʋɻʃɽʈʆɼʉʆɼɽʈɾɸʑʀʁ ʂʆʄʇʆɿʀʎʀʆʅʅʓʁ ʄɸʊɽʈʀɸʃ, ʇʆʃʋʏɽʅʅʓʁ 

ʂɸʈɹʆʅʀɿɸʎʀɽʁ ʇʆʃʀɺʀʅʀʃʀɼɽʅʌʊʆʈʀɼɸ ʉ ʍʃʆʈʀɼʆʄ ʅʀʂɽʃʗ ɺ 

ʄɸʊʈʀʎɽ  

 
ʂʘʨʙʦʥʠʟʘʮʠʝʡ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ ʚ ʤʘʪʨʠʮʝ ʠʟ ʧʠʨʦʛʝʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ 

ʥʠʢʝʣʷ ʧʦʣʫʯʝʥ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʩʪʦʚ ʠʟ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ, ʧʦʢʨʳʪʳʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ ʫʛʣʝʨʦʜʦʤ. ɺʦ ʚʨʝʤʷ ʢʘʨʙʦʥʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Ni
2+ 

ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ, ʢʦʪʦʨʳʡ ʢʘʪʘʣʠʟʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʧʫʯʢʦʚ ʚʦʣʦʢʦʥ. 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʢʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʛʣʦʱʝʥʠʝ ʙʝʥʟʦʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ, ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʢʘʨʙʦʥʠʟʘʮʠʷ, 

ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʨʝʜʳ ʘʜʩʦʨʙʝʥʪʦʚ ʠ ʤʝʤʙʨʘʥ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʨʠʩʪʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʜʫʢʪʘʤʠ ʧʠʨʦʣʠʟʘ ʥʝʢʦʪʦʨʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʣʠ ʢʘʨʙʦʥʠʟʘʮʠʝʡ 

ʨʘʟʣʠʯʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʯʝʪʘʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʳ ʩ ʥʘʥʝʩʝʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʩʣʦʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣ ï ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʦʣʠ ʤʝʪʘʣʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʘʨʙʦʥʠʟʘʮʠʝʡ 

ʧʨʝʢʫʨʩʦʨʦʚ ʫʛʣʝʨʦʜʘ. ɿʘʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʚ ʫʛʣʝʨʦʜ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤ, ʯʪʦ ʫʛʣʝʨʦʜʥʘʷ ʦʙʦʣʦʯʢʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʭʨʘʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ [1-2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʡ ʧʦʨʠʩʪʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ 

ʥʠʢʝʣʷ, ʚʚʝʜʝʥʥʳʭ ʚ ʧʦʨʠʩʪʫʶ ʢʦʤʧʦʟʠʪ-ʤʘʪʨʠʮʫ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʡ 

(ʧʠʨʦʛʝʥʥʳʡ) ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ɸ-50 (ʨʘʟʤʝʨ ʯʘʩʪʠʮ Ò80 ʥʤ, Sʫʜ.=50 ʛ/ʤ
2
). ʇʨʝʢʫʨʩʦʨʦʤ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʷʚʣʷʣʩʷ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ (ʇɺɼʌ), ʩ ʨʘʩʪʚʦʨʦʤ ʢʦʪʦʨʦʛʦ ʚ ʩʤʝʰʠʚʘʣʠ 

ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ. ʈʘʩʪʚʦʨʠʪʝʣʝʤ ʩʣʫʞʠʣ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ 

ʥʠʢʝʣʷ ʩʦʩʪʘʚʣʷʣʘ 0,4 ʤʘʩ.% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʇɺɼʌ. ʂʘʨʙʦʥʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 750 ʠ 

950
ʦ
ʉ ʚ ʧʦʪʦʢʝ ʘʨʛʦʥʘ. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʦʚ, ʠʭ ʧʨʝʧʘʨʠʨʦʚʘʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [3], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʘʚ 

ʠ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ ʨʘʥʝʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʇɺɼʌ, 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʦʛʦ ʚ ʤʘʪʨʠʮʝ ʠʟ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

ʆʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʩʤʝʩʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʝʨʥʦʡ ʠ ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ (5 ʢʘʧʝʣʴ H2SO4 ʠ 1 ʤʣ HF), 

ʚr ʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ ʠ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʪʘʪʢʘ ʛʦʪʦʚʠʣʠ ʜʠʩʧʝʨʩʠʠ ʚ 

ʘʮʝʪʦʥʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEM100CX-ɯɯ.  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʦʟʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʢʨʳʪʳʭ ʩʣʦʝʤ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ 

ʫʛʣʝʨʦʜʘ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʯʠʩʪʦʛʦ ʇɺɼʌ (ʨʠʩ.1ʘ) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ 



 132  

(ʨʠʩ.1b). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʢʘʨʙʦʥʠʟʘʪ ʯʠʩʪʦʛʦ ʇɺɼʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʞʫʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʩʝʛʤʝʥʪʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 80 ʥʤ ʠ ʪʦʣʱʠʥʦʡ ʜʦ 3 ʥʤ, ʪ.ʝ. 

ʷʚʣʷʝʪʩʷ ʩʣʝʧʢʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣ 

ʧʨʦʘʜʩʦʨʙʠʨʦʚʘʥ ʧʦʣʠʤʝʨ. ɺ ʢʘʨʙʦʥʠʟʘʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ, 

ʢʨʦʤʝ ʪʘʢʠʭ ʞʝ ʩʬʝʨʠʯʝʩʢʠʭ ʩʝʛʤʝʥʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦʣʦʢʥʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʪʦʣʱʠʥʦʡ 

ʜʦ 20 ʥʤ ʠ ʜʣʠʥʦʡ ʜʦ 1,5 ʤʢʤ, ʩʦʙʨʘʥʥʳʝ ʚ ʞʛʫʪʳ ʪʦʣʱʠʥʦʡ ʜʦ 300 ʥʤ. ʇʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʨʙʦʥʠʟʘʮʠʠ ʜʦ 950 Áʉ ʥʝ ʧʨʦʠʟʚʝʣʦ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʤʦʨʬʦʣʦʛʠʶ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʇɺɼʌ. 
 

  
 

ʈʠʩ.1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʇʕʄ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʘʨʙʦʥʠʟʘʮʠʠ 

ʇɺɼʌ ʚ ʧʦʨʠʩʪʳʭ ʤʘʪʨʠʮʘʭ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ: a) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ ʙʝʟ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ, b) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NiCl2 
 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ, ɼʈʆʅ-3ʄ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪ, 

ʧʦʣʫʯʝʥʥʳʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʇɺɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ, ʩʦʜʝʨʞʠʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ (ɻʎʂ) ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ.  

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʞʫʱʘʷʩʷ 

ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʠ ʧʦʛʣʦʱʝʥʠʝ ʙʝʥʟʦʣʘ (ʪʘʙʣ.).  

 

ʊʘʙʣʠʮʘ. ʉʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ 

ʉʚʦʡʩʪʚʦ ʉʦʩʪʘʚ  ʢʦʤʧʦʟʠʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ  ʢʘʨʙʦʥʠʟʘʮʠʠ 

ʇɺɼʌ, 

750Áʉ 

ʇɺɼʌ ʩ NiCl2, 

750Áʉ 

ʇɺɼʌ ʩ NiCl2, 

950Áʉ 

ʂʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 0,46 0,56 0,61 

ʇʦʛʣʦʱʝʥʠʝ ʙʝʥʟʦʣʘ, ʤʣ/ʛ 1,15 1,05 ʤʣ/ʛ 0,47 

 

ʊʘʢ, ʠʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ ʚ ʇɺɼʌ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʘʞʫʱʝʡʩʷ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʙʝʥʟʦʣʘ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʣʦʢʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʜʦ 950Áʉ ʝʱʝ ʙʦʣʴʰʝ ʫʧʣʦʪʥʷʝʪ ʢʦʤʧʦʟʠʪ (ʚʦʟʤʦʞʥʦ, ʟʘ ʩʯʝʪ 

ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʩʧʝʢʘʥʠʷ ʯʘʩʪʠʮ ʢʨʝʤʥʝʟʝʤʥʦʡ ʤʘʪʨʠʮʳ). 

 

ʃʠʪʝʨʘʪʫʨʘ: 

 

1. ʉʦʣʜʘʪʦʚ ɸ.ʇ., ʈʦʜʠʦʥʦʚʘ ʀ.ɸ., ʐʢʦʣʴʥʠʢʦʚ ɽ.ʀ., ʇʘʨʝʥʘʛʦ ʆ.ʇ., ɺʦʣʢʦʚ ɺ.ɺ. ɾʫʨʥ. 
ʬʠʟ. ʭʠʤ. 2004. ʊ.78. N9. ʉ.1659-1664. 

2. ʏʝʩʥʦʢʦʚ ɺ.ɺ., ɹʫʷʥʦʚ ʈ.ɸ. ʋʩʧʝʭʠ ʭʠʤʠʠ.-2000.- ʊ.69, ˉ7.- ʉ.675-692. 

3. ɼʫʙʨʦʚʠʥʘ ʃ.ɺ., ʆʛʝʥʢʦ ɺ.ʄ., ʅʘʙʦʢʘ ʆ.ɺ., ɼʠʤʘʨʯʫʢ ɺ.ɸ., ɿʘʫʣʠʯʥʳʡ ʗ.ɺ.,       

ʍʠʞʫʥ ʆ.ʖ. ʅʝʦʨʛ. ʤʘʪ. ï 2008. ï ʊ.44, ˉ 7. ï ʉ. 799ï807. 
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ʋɼʂ 544.16 

 

ʉ.ʗ. ɹʈʀʏʂɸ, ʢ.ʭ.ʥ.,  ʃ.ʖ. ʂʆʊɽʃ, ɸ.ɺ. ɹʈʀʏʂɸ, ʢ.ʭ.ʥ. 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ  

ʠʤ. ɸ.ɸ. ʏʫʡʢʦ ʅɸʅ ʋʢʨʘʠʥʳ, ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ 

 

ɸʃʖʄʆʉʀʃʀʂɸʊʅʓɽ ʅɸʅʆʊʈʋɹʂʀ ɺ ʇʆʃʀʄɽʈʅʓʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃɸʍ 

 
ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʠʥʪʝʟʝ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʪʨʫʙʢʠ, ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʛʘʣʣʦʠʟʠʪ, ʠʤʦʛʦʣʠʪ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

ʇʨʠʨʦʜʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʛʘʣʣʦʠʟʠʪ (ɻʅʊ) ʠ ʠʤʦʛʦʣʠʪ (ʀʤʅʊ), 

ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʝʥ ʭʠʤʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ Al 2Si2O5(OH)4 ʠ (OH)3Al 2O3SiOH, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʤʝʶʪ ʯʘʩʪʠʮʳ ʩ ʪʨʫʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɻʘʣʣʦʠʟʠʪ ʩʦ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʝʪʦʢ ï ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʠ 

ʘʣʶʤʦʛʠʜʨʦʢʩʠʣʢʠʩʣʦʨʦʜʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʚ ʝʜʠʥʳʡ ʩʣʦʡ. 

ʀʤʦʛʦʣʠʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʩʦʩʪʦʷʪ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʝʟʝʤʥʳʭ ʪʝʪʨʘʵʜʨʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʝʜʠʥʝʥʳ ʩ ʘʣʶʤʦʛʠʜʨʦʢʩʠʣʢʠʩʣʦʨʦʜʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ʋʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʘʣʣʦʠʟʠʪʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩʦʩʪʘʚʣʷʝʪ 50-60 ʤ
2
/ʛ, ʘ ʠʤʦʛʦʣʠʪʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ï 

200-500 ʤ
2
/ʛ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1000 ʤ

2
/ʛ [1, 2]. 

ʅʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʣʣʦʠʟʠʪʦʚ ʨʘʟʤʝʱʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʣʦʢʩʘʥʦʚʳʝ 

ʛʨʫʧʧʳ, ʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ï ʘʣʶʤʠʥʦʣʴʥʳʝ. ɺʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʦʛʦʣʠʪʦʚ, ʥʘʧʨʦʪʠʚ, 

ʩʦʩʪʦʠʪ ʠʟ ʘʣʶʤʠʥʦʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ɺ ʜʝʬʝʢʪʘʭ ʩʪʨʫʢʪʫʨʳ ʠ ʥʘ ʩʣʦʤʘʭ 

ʥʘʥʦʪʨʫʙʦʢ ʬʦʨʤʠʨʫʶʪʩʷ ʩʠʣʘʥʦʣʴʥʳʝ ʠ ʘʣʶʤʠʥʦʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ʀʤʅʊ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʘʣʣʦʠʟʠʪʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɻʣʠʥʳ ʠ ʮʝʦʣʠʪʳ ʜʘʚʥʦ ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʤʝʜʠʮʠʥʝ, ʘʜʩʦʨʙʮʠʠ, ʢʘʪʘʣʠʟʝ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʤʝʨʦʚ ʠ ʜʨʫʛʠʭ 

ʩʬʝʨʘʭ. ɸʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʘʢʪʠʚʥʦ ʪʝʩʪʠʨʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʫʣʫʯʰʘʶʪ ʠʭ ʩʚʦʡʩʪʚʘ. ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʧʦʣʠʤʝʨ ʦʙʳʯʥʦ ʤʦʜʠʬʠʮʠʨʫʶʪ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʩʨʦʜʩʪʚʘ. ɻʣʠʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʦʜʠʬʠʮʠʨʫʶʪ ʩʠʣʘʥʘʤʠ ʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʚʠʚʢʘ ʦʨʛʘʥʦʩʠʣʦʢʩʘʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʜʝʬʝʢʪʘʭ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ, ʢʨʘʷʭ ʘʣʶʤʦʩʠʣʠʢʘʪʘ ʩ 

ʫʯʘʩʪʠʝʤ Si-OH, Al -OH ʛʨʫʧʧ ʠ ʘʣʶʤʠʥʦʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʦʣʦʩʪʷʭ ʪʨʫʙʦʢ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘʧʦʣʥʝʥʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʛʘʣʣʦʠʟʠʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʧʨʦʧʠʣʝʥʦʤ. ʅʘʥʦʨʘʟʤʝʨʥʦʩʪʴ 

ʥʘʥʦʪʨʫʙʦʢ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʫʣʫʯʰʘʣʠʩʴ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʜʣʠʥʝʥʥʦʡ ʬʦʨʤʦʡ ʥʘʧʦʣʥʠʪʝʣʷ. ʉʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʦʟʠʪʳ ʧʦʣʠʧʨʦʧʠʣʝʥ ʠ 

ʥʝʡʣʦʥ, ʥʘʧʦʣʥʝʥʥʳʝ ʛʘʣʣʦʠʟʠʪʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʪʠʚʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ, ʯʝʤ ʠʩʭʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʙʘʨʴʝʨʘ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʚʦʩʧʣʘʤʝʥʝʥʠʶ. ʀʟ 

ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʦʣʫʯʘʣʠ ʧʣʝʥʢʠ, ʥʘʧʦʣʥʝʥʥʳʝ ɻʅʊ. ʅʘʧʦʣʥʠʪʝʣʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʣ ʩʢʦʨʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʠʚʘʣ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

ʇʨʠʨʦʜʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʩʠʣʘʥʦʤ ʠ ʚʥʝʜʨʷʣʠ ʚ 

ʤʘʪʨʠʮʫ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʘʣʩʷ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʦʙʨʘʪʠʤʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʩʤʦʣʳ. ʋʜʘʣʦʩʴ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʵʧʦʢʩʠʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʩ ʫʣʫʯʰʝʥʥʦʡ ʚ 
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ʯʝʪʳʨʝ ʨʘʟʘ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ. ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 

50%. ʂʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʫʶ ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥʦʚʫʶ ʨʝʟʠʥʫ ʛʦʪʦʚʠʣʠ ʠʟ ʩʫʩʧʝʥʟʠʠ ɻʅʊ ʠ 

ʧʦʣʠʤʝʨʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʈʝʟʠʥʫ ʚʫʣʢʘʥʠʟʠʨʦʚʘʣʠ ʧʨʠ 150Áʉ ʠ ʧʦʣʫʯʘʣʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʝʪʘʢʨʠʣʘʪʘ 

ʮʠʥʢʘ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʪʘ ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥ/ɻʅʊ ʤʝʞʜʫ ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʟʥʠʢʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʚ ʪʨʠ ʨʘʟʘ. 

ʉʠʥʪʝʟʠʨʦʚʘʣʠ ʥʘʥʦʢʦʤʧʦʟʠʪ ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʜʠʝʥ/ɻʅʊ. ʄʘʪʝʨʠʘʣ ʧʨʦʷʚʣʷʣ 

ʫʣʫʯʰʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʫʤʝʥʴʰʘʣʘʩʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʩʧʣʘʤʝʥʝʥʠʶ. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʦʚ ʩʦ çʩʢʚʦʟʥʦʡè ʧʨʦʰʠʚʢʦʡ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ. ɺʝʨʦʷʪʥʦ, 

ʤʝʞʜʫ ʛʘʣʣʦʠʟʠʪʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ ʧʦʣʠʤʝʨʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʢʦʚʘʣʝʥʪʥʦ-ʠʦʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʣʦʠʟʠʪʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʣʫʯʠʣʠ ʙʫʤʘʛʫ, ʢʦʪʦʨʘʷ 

ʠʤʝʣʘ ʧʦʚʳʰʝʥʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʝʯʘʪʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʪʘʢʞʝ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʘʢʨʠʣʘʪ/ɻʅʊ ʠ ʧʦʣʠʩʪʠʨʝʥ/ɻʅʊ. 

ʀʤʦʛʦʣʠʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʭʦʨʦʰʦ ʜʠʩʧʝʨʛʠʨʫʶʪʩʷ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ ʟʘ 

ʩʯʝʪ ʚʥʝʰʥʠʭ ʘʣʶʤʠʥʦʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʚ ʛʠʜʨʦʬʦʙʥʦʡ ʩʨʝʜʝ ʧʣʦʭʦ. ʀʤʅʊ 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʜʚʫʭʦʩʥʦʚʥʳʤʠ ʬʦʩʬʦʢʩʠʪʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘʤʠ ʠ ʚʚʦʜʠʣʠ ʚ ʧʦʣʠʤʝʨ. 

ʋʜʘʣʦʩʴ ʫʣʫʯʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʜʦ 50%. ʉʠʥʪʝʟʠʨʦʚʘʣʠ 

ʧʨʦʟʨʘʯʥʳʝ ʛʠʙʨʠʜʥʳʝ ʧʣʝʥʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʤʦʛʦʣʠʪʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠ(n-ʬʝʥʠʣʝʥʘ). ɺ ʋʌ ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʥʘʙʣʶʜʘʣʩʷ 

ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʧʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʧʦʣʠʤʝʨʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ/ʠʤʦʛʦʣʠʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ 

ʫʚʝʣʠʯʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʙʨʠʜʥʳʝ ʧʣʝʥʢʠ 

ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ/ʠʤʦʛʦʣʠʪ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʣʩʷ 

ʤʦʜʫʣʴ ʵʣʘʩʪʠʯʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ/ʠʤʦʛʦʣʠʪ ʠ ʵʥʟʠʤ/ʠʤʦʛʦʣʠʪ ʠʟ ʠʤʦʛʦʣʠʪʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʣʠʥʝʥʥʘʷ ʬʦʨʤʘ, ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʴ ʛʘʣʣʦʠʟʠʪʥʳʭ ʠ ʠʤʦʛʦʣʠʪʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʩʠʥʪʝʟʝ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ɻ.ʆ. ʉɯʈɽʅʂʆ
1
, ʜ.ʪ.ʥ., ʃ.ʄ. ʉʆʃʊʀʉ

1
, ɺ.ʇ. ʉɺɯɼɽʈʉʔʂʀʁ

2
, ʢ.ʪ.ʥ. 

1
ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ, ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ 

2
ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

 

ɺʇʃʀɺ ʉʂʃɸɼʋ ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʊʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ʅɸ ʊɽʈʊʗ ʊɸ 

ɿʅʆʐʋɺɸʅʅʗ ɺ ʋʄʆɺɸʍ ʂʆʄʇʈɽʉʆʈɸ ɹɽɿ ʄɸʑɽʅʅʗ ɺʀʉʆʂʆɻʆ ʊʀʉʂʋ 
 

ɺʠʷʚʣʝʥʦ ʪʘ ʚʠʚʯʝʥʦ ʷʚʠʱʝ ʚʧʣʠʚʫ ʩʪʘʣʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʨʦʮʝʩʠ ʟʥʦʰʫʚʘʥʥʷ, ʪʝʨʪʷ ʪʘ 

ʟʤ̔ʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʚʝʨʰʠʥ ʪʘ ʩʝʨʝʜʥʴʦʾ ʢʨʠʚʠʥʠ ʫ ʚʝʨʰʠʥʘʭ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʪʝʨʤʦʪʨʠʚʢʠʭ 

ʧʦʣʽʤʝʨʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʩʬʝʨʠʯʥʠʤʠ ʪʘ ʚʦʣʦʢʥʠʩʪʠʤʠ ʜʠʩʧʝʨʩʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʫ 

ʢʦʤʧʨʝʩʦʨʘʭ ʙʝʟ ʤʘʱʝʥʥʷ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. ʇʨʦʚʽʜʥʘ ʨʦʣʴ ʫ ʮʠʭ ʷʚʠʱʘʭ ʥʘʣʝʞʠʪʴ: ʛʝʦʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʧʨʠʨʦʜʽ ˇʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʠʩʢʫ ˇʘʟʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʝʨʭʥʽ 

ʩʧʨʷʞʝʥʠʭ ʧʘʨ ʪʝʨʪʷ. 

 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʪʦʤʫ, ʱʦʙʠ ʜʦʩʣʽʜʠʪʠ ʟʥʦʰʫʚʘʥʥʷ, ʪʝʨʪʷ ʪʘ ʟʤʽʥʫ 

ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʢʘʨʙʦʧʣʘʩʪʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʪʨʠʚʢʠʭ ʧʦʣʽʤʝʨʽʚ ʪʘ ʩʬʝʨʠʯʥʠʭ ʽ 

ʚʦʣʦʢʥʠʩʪʠʭ ʜʠʩʧʝʨʩʽʡʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʭʝʤʦ-ʤʝʭʘʥʦ-ʘʢʪʠʚʘʮʽʡʥʦʶ 

(ʍʄɸ) ʪʝʭʥʦʣʦʛʽʻʶ, ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʟʨʘʟʢʽʚ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʩʪʝʥʜʽ-ʢʦʤʧʨʝʩʦʨʽ 2ʈʂ-1,5/220ɹʉ, ʚʠʷʚʠʪʠ ʧʨʠ ʮʴʦʤʫ ʚʧʣʠʚ ʪʠʩʢʫ ˇʘʟʫ (ʨʦʙʦʯʦʛʦ ʪʽʣʘ), 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʥʘ ʮʽ ʧʨʦʮʝʩʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʚ ʫʤʦʚʘʭ ʩʪʘʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʾʭ ʧʦʩʪʽʡʥʠʤ ʪʠʩʢʦʤ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʧʦʜʘʚʘʚʩʷ ʚʽʜ ʨʝʩʠʚʝʨʘ (ʚʽʩʽʤ ʟʨʘʟʢʽʚ) ʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʽʥʥʠʤ ʪʠʩʢʦʤ ʧʦʚʽʪʨʷ, ʷʢʝ ʩʪʠʩʢʘʣʦʩʷ ʜʦʩʣʽʜʥʠʤ ʩʪʫʧʝʥʝʤ 

ʢʦʤʧʨʝʩʦʨʘ (ʚʽʩʽʤ ʟʨʘʟʢʽʚ ʪʘ ʧʦʨʰʥʝʚʝ ʫʱʽʣʴʥʝʥʥʷ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ ʚʠʟʥʘʯʘʣʘʩʷ ʪʝʨʤʦʧʘʨʘʤʠ, ʷʢʽ 

ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ~ 1,5 ʤʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ. ʆʭʦʣʦʜʞʝʥʥʷ ʚʪʫʣʢʠ ʮʠʣʽʥʜʨʘ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʭʦʣʦʜʥʦʶ ʚʦʜʦʶ. ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ʚʽʜʩʪʘʥʽ ~ 1,5 ʤʤ, ʥʘ 3Ñ0,5 ʂ. 

ʎʷ ʧʦʧʨʘʚʢʘ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʈʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʣʽʥʜʨʽʚ ʢʦʤʧʨʝʩʦʨʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʩʪʘʥʥʽʭ ʩʪʫʧʝʥʽʚ ʩʢʣʘʜʘʻ 342-360 ʂ. ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʟʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʮʠʣʽʥʜʨʘ ʢʦʤʧʨʝʩʦʨʽʚ 2ʈʂ-1,5/220ɹʉ, 2ɻʇ-1,5/220 ʪʘ 2ɻʇ-5/220 ʜʦʨʽʚʥʶʚʘʣʘ 

395-405, 407-423 ʪʘ 378-398 ʂ ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʘ ʚʠʙʨʘʥʘ ʚ ʤʝʞʘʭ  

318-358 ʂ. 

ʈʦʟʨʘʭʫʥʢʠ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʧʦ ʧʦʨʰʥʝʚʦʤʫ ʫʱʽʣʴʥʝʥʥʶ ʜʣʷ ɯɯɯ ʩʪʫʧʝʥʷ ʢʦʤʧʨʝʩʦʨʘ  

2ʈʂ-1,5/220ɹʉ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʧʦʨʰʥʝʚʝ ʢʽʣʴʮʝ ʩʢʣʘʜʘʻ 

0,7 ʄʇʘ. ʅʘ Vɯ ʩʪʫʧʝʥʽ ʢʦʤʧʨʝʩʦʨʘ 2ʐʃʂ-1420 ʟ ʢʽʥʮʝʚʠʤ ʪʠʩʢʦʤ 32 ʄʇʘ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʧʝʨʰʦʤʫ ʪʘ ʦʩʪʘʥʥʴʦʤʫ ʢʽʣʴʮʷʭ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 1,8 ʽ 3,4 ʄʇʘ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʝʣʠʯʠʥ ʮʠʭ ʧʝʨʝʧʘʜʽʚ ʪʠʩʢʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʦʨʰʥʝʚʦʛʦ 

ʫʱʽʣʴʥʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ɯɯɯ ʩʪʫʧʝʥʷ ʢʦʤʧʨʝʩʦʨʘ 2ʈʂ-1,5/220ɹʉ ʧʨʦʚʦʜʠʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʠʩʢʫ 

ʧʦʚʽʪʨʷ 1,0-2,8 ʄʇʘ. ʇʦʨʽʚʥʷʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʟʨʘʟʢʽʚ ʪʝʨʪʷ ʚ 

ʫʤʦʚʘʭ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʧʠʪʦʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 1-3
 
ʄʇʘ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʜʽʡʩʥʝʥʦ ʟʘ ʩʠʤʧʣʝʢʩ-ʩʫʤʦʚʘʥʠʤ ʧʣʘʥʦʤ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ. 

ʇʦʣʽʤʝʨʥʽ ʟʨʘʟʢʠ ʪʘ ʧʦʨʰʥʝʚʽ ʢʽʣʴʮʷ ʧʽʩʣʷ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠʧʨʘʮʴʦʚʫʚʘʣʠ ʚ 

ʢʦʤʧʨʝʩʦʨʽ ʥʘ ʤʝʪʘʣʝʚʦʤʫ ʢʦʥʪʨʪʽʣʽ. ʄʝʪʘʣʝʚʝ ʢʦʥʪʨʪʽʣʦ ʽʟ ʩʪʘʣʽ 30ʍ13 ʰʣʽʬʫʚʘʣʠ ʪʘ 

ʧʦʣʽʨʫʚʘʣʠ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ Ra0 = 

0,25Ñ0,05 ʤʢʤ. ʇʨʦʬʽʣʦˇʨʘʤʠ ʤʽʢʨʦʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʟʥʽʤʘʣʠ ʧʽʩʣʷ 300 ʢʤ ʰʣʷʭʫ 

ʪʝʨʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʬʽʣʦʤʝʪʨʘ-ʧʨʦʬʽʣʦˇʨʘʬʘ ɺʕʀ çʂʘʣʠʙʨè ʤʦʜʝʣʽ ç201è ʪʘ ʤʦʜʝʣʽ 

ç252è. ɼʣʷ ʦʜʥʦʛʦ ʥʘʧʨʷʤʢʫ ʟʥʽʤʘʣʠ 50-60 ʙʘʟʦʚʠʭ ʜʦʚʞʠʥ ʧʦʬʽʣʦˇʨʘʤ ʜʣʷ ʧʦʣʽʤʝʨʥʦʛʦ 

ʟʨʘʟʢʘ ʪʘ ʧʦʨʰʥʝʚʦʛʦ ʢʽʣʴʮʷ. ɼʣʷ ʽʟʦʪʨʦʧʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʬʽʣʦˇʨʘʤʫ ʟʥʽʤʘʣʠ ʧʽʜ ʢʫʪʦʤ 

~45
0
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ʪʝʨʪʷ. ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʙʫʣʠ ʦʜʥʘʢʦʚʠʤʠ ʚ 

ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ. ʇʨʦʬʽʣʦˇʨʘʤʠ ʦʙʨʦʙʣʷʣʠʩʷ ʟʘ ʤʝʪʦʜʦʤ ʄʅʂ: ʟʥʘʭʦʜʠʣʠ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ Ra, ʱʽʣʴʥʽʩʪʴ ʥʫʣʽʚ D0 ʽ ʱʽʣʴʥʽʩʪʴ 

ʝʢʩʪʨʝʤʫʤʽʚ Dextr. ɺʠʤʽʨʷʥʘ Ra ʽ ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘ ʧʨʦʬʽʣʦˇʨʘʤʘʤʠ D0 (ʜʣʷ ʤʦʜʝʣʽ ç252è D0 

ʚʠʤʽʨʷʥʘ) ʙʫʣʠ ʩʪʘʪʠʩʪʠʯʥʦ ʨʽʚʥʽ. 

ɺʝʣʠʢʠʡ ʦʙôʻʤ ʚʠʙʦʨʢʠ ʽ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʾʾ ʧʦ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟʘʙʝʟʧʝʯʠʣʠ 

ʨʽʚʝʥʴ ʚʤʽʩʪʫ ʜʦʚʛʦʭʚʠʣʴʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʝʢʪʨʫ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʥʽʩʪʴ ʤʦʤʝʥʪʽʚ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ. ɻʨʘʥʠʮʷ ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʠʭ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʫ ʜʽʣʷʥʮʽ ʤʘʣʠʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʩʧʝʢʪʨʫ ʙʫʣʘ ʦʙʤʝʞʝʥʘ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʥʝ ʧʝʨʝʙʽʣʴʰʫʚʘʣʘ ʫ 2-3 ʨʘʟʠ 

ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ. ʇʘʨʘʤʝʪʨ ʰʠʨʦʢʦʩʤʫʛʘʩʪʦʩʪʽ Ŭ ʙʫʚ ʙʽʣʴʰʝ 1,8, ʪʦʙʪʦ ʪʽʻʾ ʚʝʣʠʯʠʥʠ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ çʙʽʣʦʛʦ ʰʫʤʫè. 

ɼʦʩʣʽʜʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ. 

ɼʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʚʠʩʦʪ ʚʝʨʰʠʥ ʪʘ ʢʨʠʚʠʥ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʩʪʘʣʦʤʫ ʽ ʟʤʽʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʩʪʫʧʝʥʽ ʢʦʤʧʨʝʩʦʨʘ 2ʈʂ-1,5/220 ɹʉ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʙʝʟ ʤʘʱʝʥʥʷ ʮʠʣʽʥʜʨʘ, ʢʦʣʠ ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʥʝʩʝʥʠʭ ʰʘʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʨʪʽʣʘ ʫʪʨʫʜʥʝʥʦ. 

ʋ ʨʦʣʽ ʤʘʪʝʨʽʘʣʽʚ ʟʨʘʟʢʽʚ ʪʘ ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʢʽʣʴʮʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʦʟʠʪʠ ʥʘ 

ʦʩʥʦʚʽ ʘʨʦʤʘʪʠʯʥʦʛʦ ʧʦʣʽʘʤʽʜʫ ʬʝʥʽʣʦʥ ʉ-2 (ɸʇɸ) + 20% ˇʨʘʬʽʪʦʚʘʥʦʛʦ ʟʘ 2623 ʂ ʚʦʣʦʢʥʘ 

ʛʽʜʨʘʪʮʝʣʶʣʦʟʥʦʾ (ɻʎ) ʪʢʘʥʠʥʠ (ʊɻʅ-2ʤ) (ʤʘʪʝʨʽʘʣ ʛʨʘʬʝʣʦʥ-20), ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ 

(ʇʊʌɽ) + 20% ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ (ʤʘʪʝʨʽʘʣ ʌ4ʂ20), ʇʊʌɽ + 20% ʢʘʨʙʦʥʽʟʦʚʘʥʦʛʦ ʟʘ 

1123 ʂ ʚʦʣʦʢʥʘ ʟ ɻʎ ʪʢʘʥʠʥʠ (ʋʊʄ-8) (ʤʘʪʝʨʽʘʣ ʬʣʫʙʦʥ-15/20). 

ʄʽʢʨʦˇʝʦʤʝʪʨʽʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʽ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ, ʥʘʚʘʥʪʘʞʝʥʠʭ ʩʪʘʣʠʤ ʽ 

ʟʤʽʥʥʠʤ ʪʠʩʢʦʤ, ʫ ʧʨʦʮʝʩʽ ʪʝʨʪʷ ʟʘʟʥʘʻ ʨʽʟʥʠʭ ʟʤʽʥ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʾ 

ʢʨʠʚʠʥʠ ʧʦʚʝʨʭʦʥʴ ʫ ʚʝʨʰʠʥʘʭ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʚʠʩʦʪ ʚʝʨʰʠʥ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʽʩʣʷ 

200 ʛʦʜ. ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʘ ʜʣʷ ʚʩʽʭ ʤʘʪʝʨʽʘʣʽʚ ʢʨʠʚʠʥʠ ʪʘ ʚʠʩʦʪʠ ʚʝʨʰʠʥ ʟʤʽʥʶʶʪʴʩʷ 

ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʨʠ ʟʤʽʥʥʦʤʫ ʪʠʩʢʫ, ʥʽʞ ʧʨʠ ʩʪʘʣʦʤʫ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʽ ʟʤʽʥʠ 

ʢʨʠʚʠʥ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʟʤʽʥʥʦʤʫ ʪʠʩʢʫ ʜʣʷ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ 

ʇʊʌɽ + 20% ʢʦʢʩʫ, ʧʦʪʽʤ ʜʣʷ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ɸʇɸ + 20% ʊɻʅ-2ʤ ʽ ʫ 5-6 ʨʘʟʽʚ ʤʝʥʰʽ 

ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʣʷ ʢʦʤʧʦʟʠʪʫ ʇʊʌɽ + 20% ʋʊʄ-8. ʇʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʤʽʥʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ɸʇɸ + 20% ʊɻʅ-2ʤ, ʧʦʪʽʤ ʇʊʌɽ + ʢʦʢʩ ʽ 

ʫ 3-8 ʨʘʟʽʚ ʤʝʥʰʽ ʜʣʷ ʇʊʌɽ + 20% ʋʊʄ-8. ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʠʪʠ ʤʝʥʰʫ 

ʘ̌ʟʦʱʽʣʴʥʽʩʪʴ ʧʦ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ɸʇɸ+20% ʊɻʅ-2ʤ, ʇʊʌɽ + 20% ʢʦʢʩʫ, ʥʽʞ ʇʊʌɽ + 20% ʋʊʄ-8. ʈʘʟʦʤ ʟ ʪʠʤ ʜʣʷ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʩʝʨʝʜʥʽ ʢʨʠʚʠʥʠ ʧʦʚʝʨʭʥʽ ʫ ʚʝʨʰʠʥʽ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʽ ʪʝʨʪʷ ʟʤʝʥʰʫʶʪʴʩʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʚʝʨʰʠʥ ʧʦʢʘʟʘʣʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʤʽʥʠ ʩʧʦʩʪʝʨʽ-

ʛʘʶʪʴʩʷ ʧʨʠ ʟʤʽʥʥʦʤʫ ʪʠʩʢʫ ʜʣʷ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ʇʊʌɽ + 20% ʢʦʢʩʫ, 

ʧʦʪʽʤ ʜʣʷ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ʇʊʌɽ + 20% ʋʊʄ-8 ʽ ʱʝ ʤʝʥʰʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʣʷ 

ʢʦʤʧʦʟʠʪʫ ɸʇɸ + 20% ʊɻʅ-2ʤ. ʇʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʤʘʢʩʠʤʘʣʴʥʽ ʟʤʽʥʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʜʣʷ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ʇʊʌɽ + ʢʦʢʩ, ʧʦʪʽʤ ʇʊʌɽ + 20% ʋʊʄ-8 ʽ ɸʇɸ + 20% ʊɻʅ-2ʤ. 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʢʽʣʝʮʴ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʙʽʣʴʰʦʶ ʤʽʨʦʶ, ʥʽʞ ʟʨʘʟʢʽʚ ʪʝʨʪʷ, ʥʘʚʘʥʪʘʞʝʥʠʭ ʷʢ ʩʪʘʣʠʤ, ʪʘʢ ʽ ʟʤʽʥʥʠʤ 

ʪʠʩʢʦʤ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʙʽʣʴʰ ʧʦʚʥʠʤ ʚʠʚʝʜʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʽʟ ʟʦʥʠ 

ʪʝʨʪʷ ʢʽʣʴʮʷ, ʥʽʞ ʟʨʘʟʢʽʚ.  

ɹʝʟʨʦʟʤʽʨʥʘ ʢʨʠʚʠʥʘ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʢʽʣʝʮʴ ʽ ʟʨʘʟʢʽʚ ʟ ʢʦʤʧʦʟʠʪʫ ʇʊʌɽ + 20% 

ʋʊʄ-8 ʽ ɸʇɸ + 20% ʊɻʅ-2ʤ ʧʽʩʣʷ 200 ʛʦʜ. ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʘ ʟʤʝʥʰʠʣʘʩʷ ʫ 1,3-1,5 ʪʘ 

6,5-7,5 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ ʢʦʤʧʦʟʠʪʘʤ. ˆʨʘʜʽʻʥʪ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ ʟ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ 

ʇʊʌɽ + 20% ʋʊʄ-8 ʟʤʝʥʰʠʚʩʷ ʫ 2,5-4, ʘ ɸʇɸ + 20% ʊɻʅ-2ʤ ʫ 8-8,5 ʨʘʟʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʫʱʽʣʴʥʝʥʴ ʟ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʇʊʌɽ + 20% 

ʋʊʄ-8 ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʘ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʬʦʨʤʫʻʪʴʩʷ ʟ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʟ ʤʘʣʦʶ ʢʨʠʚʠʥʦʶ, ʤʽʣʢʠʤ ʢʨʦʢʦʤ ʽ ʤʘʣʠʤ 

ˇʨʘʜʽʻʥʪʦʤ ʧʦʚʝʨʭʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʊʦʤʫ ʫʱʽʣʴʥʝʥʥʷ ʟ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ 
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ʩʧʨʦʤʦʞʥʽ ʦʙʣʷʛʘʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʽ ʢʦʥʪʨʪʽʣʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ˇʘʟʦʱʽʣʴʥʽʩʪʴ. 

ʇʦʚʝʨʭʥʽ ʪʝʨʪʷ ʩʪʘʣʴ-ʢʘʨʙʦʧʣʘʩʪʠʢ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʍʄɸ-ʪʝʭʥʦʣʦʛʽʻʶ, ʩʠʣʴʥʦ ʘʥʽʟʦʪʨʦʧʥʽ 

ʽ ʥʘʚʽʪʴ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʢʦʚʟʘʥʽ (700-40000 ʛʦʜ.) ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʚʥʦʚʘˇʦʚʘ ʰʦʨʩʪʢʽʩʪʴ. 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʟʥʦʰʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʽ ʧʦʨʰʥʝʚʦʛʦ ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʢʘʟʘʚ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʣʽʥʜʨʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ ʟʨʦʩʪʘʻ. ɼʣʷ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʷʢ ʽ ʜʣʷ ʚʠʩʦʢʦʛʦ, ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʤʽʥʦʨʘʥʪʥʠʡ ʨʷʜ: ʌ4ʂ20 > ʛʨʘʬʝʣʦʥ-20 > ʬʣʫʙʦʥ-15/20. 

ʇʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʧʽʜʚʠʱʝʥʠʭ ʪʠʩʢʘʭ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʛʨʘʬʝʣʦʥ-20 ʽ ʤʽʥʦʨʘʥʪʥʠʡ ʨʷʜ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʟʥʦʰʫʚʘʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: ʛʨʘʬʝʣʦʥ-20 > ʌ4ʂ20 > ʬʣʫʙʦʥ-15/20. ʄʘʪʝʨʽʘʣʠ ʟʘ ʜʚʦʤʘ 

ʬʘʢʪʦʨʘʤʠ (ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ) ʤʦʞʥʘ ʧʨʦʨʘʥʞʫʚʘʪʠ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʟʥʦʰʫʚʘʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ: (ɸʇɸ + ʊɻʅ-2ʤ) > (ʇʊʌɽ + ʢʦʢʩ) > (ʇʊʌɽ + ʋʊʄ-8). 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʷʢʝ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʽʟ 

ʤʘʪʝʨʽʘʣʫ ʌ4ʂ20, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʦʨʰʥʝʚʦʛʦ 

ʢʽʣʴʮʷ ʽʟ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʜʠʩʧʝʨʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʙʽʣʴʰ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʽʟ 

ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʣʽʥʜʨʘ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʥʦʰʫʚʘʥʥʷ ʧʦʨʰʥʝʚʠʭ 

ʫʱʽʣʴʥʝʥʴ ʽʟ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ. 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʟʥʦʰʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʪʝʨʪʷ ʽ ʧʦʨʰʥʝʚʦʛʦ ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʚʽʜ ʪʠʩʢʫ ʧʦʢʘʟʘʚ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʟʨʘʟʢʽʚ ʪʝʨʪʷ ʚ 

ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʚʠʱʫʻ ʚ 1,2 ʨʘʟʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ, ʥʘʚʘʥʪʘʞʝʥʠʭ ʩʪʘʣʠʤ ʪʠʩʢʦʤ. 

ɺʧʣʠʚ ʜʠʥʘʤʽʯʥʦʛʦ ʪʘ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʨʠʨʦʜʠ ˇʘʟʫ ʥʘ ʧʨʦʮʝʩʠ 

ʟʥʦʰʫʚʘʥʥʷ. 

ɺʧʣʠʚ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʠʨʦʜʠ ʩʪʠʩʥʝʥʦʛʦ ˇʘʟʫ ʥʘ ʟʥʦʰʫʚʘʥʥʷ 

ʧʦʣʽʤʝʨʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʜʠʩʧʝʨʩʥʠʤʠ ʪʘ ʚʦʣʦʢʥʠʩʪʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ 

ʢʦʤʧʨʝʩʦʨʘʭ ʙʝʟ ʤʘʱʝʥʥʷ (ʪʘʙʣ.). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʦʨʰʥʝʚʠʭ 

ʫʱʽʣʴʥʝʥʴ ʽʟ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʚʦʣʦʢʥʠʩʪʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʬʣʫʙʦʥ-20) ʧʽʜ ʯʘʩ 

ʩʪʠʩʢʘʥʥʷ ʧʦʚʽʪʨʷ ʽ ʩʫʭʦʛʦ ʛʝʣʽʶ ʚʽʜʧʦʚʽʜʥʦ ʚ 3 ʽ 6 ʨʘʟ ʤʝʥʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʟʥʦʰʫʚʘʥʥʷ ʫʱʽʣʴʥʝʥʥʷ ʽʟ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʜʠʩʧʝʨʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʌ4ʂ20). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʽʟʥʠʭ ˇʘʟʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

ʤʘʪʝʨʽʘʣʠ ʟ ʚʦʣʦʢʥʠʩʪʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʙʽʣʴʰ ʟʥʦʩʦʩʪʽʡʢʽ, ʥʽʞ ʟ ʜʠʩʧʝʨʩʥʠʤʠ, ʧʨʠʯʦʤʫ 

ʚʝʣʠʯʠʥʘ ʝʬʝʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ˇʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 

ʊʘʙʣʠʮʷ. ʐʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʪʝʨʤʦʪʨʠʚʢʠʭ ʧʦʣʽʤʝʨʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʩʬʝʨʠʯʥʠʤʠ 

ʪʘ ʚʦʣʦʢʥʠʩʪʠʤʠ ʜʠʩʧʝʨʩʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʢʦʤʧʨʝʩʦʨʽ 2ʈʂ-

1,5/220ɹʉ ʙʝʟ ʤʘʱʝʥʥʷ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

ʋ
ʱ
ʽ
ʣ
ʴ
ʥ
ʝ
ʥ
ʥ
ʷ
 

ʧ
ʦ
ʨ
ʰ
ʥ
ʝ
ʚ
ʦ
ʾ
 
ʛ
ʨ
ʫ
ʧ
ʠ

 

ɻ
ʘ
ʟ
,
 
ʱ
ʦ
 

ʩ
ʪ
ʠ
ʩ
ʢ
ʘ
ʻ
ʪ
ʴ
ʩ
ʷ

 

ʄ
ʘ
ʪ
ʝ
ʨ
ʽ
ʘ
ʣ
 

ʫ
ʱ
ʽ
ʣ
ʴ
ʥ
ʝ
ʥ
ʥ
ʷ

 

ʏ
ʘ
ʩ
 
ʚ
ʠ
ʧ
ʨ
ʦ
ʙ
ʫ
ʚ
ʘ
ʥ
ʴ
,
 

ʛ
ʦ
ʜ
.

 

ʈʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ 

J, 

ʤʢʤ/ʛʦʜ. 

ʈ
ʝ
ʩ
ʫ
ʨ
ʩ
 
ʨ
ʦ
ʙ
ʦ
ʪ
ʠ
,
 

ʛ
ʦ
ʜ
.

 

ʪʠʩʢ ʛʘʟʫ, ʄʇʘ 

ʊʅ, 

ʂ 
v , 

ʤ/ʩ 
ʨʚ ʨʥ ȹʨmax 

ʂʦʤʧʨʝʩʦʨ 2ʈʂ-1,5/220ɹʉ (ʅɺʆ çʃʝʥʅɯɯʭʽʤʤʘʰè, ʤ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

ʇʦʨʰʝʥʴ 

IV ʩʭʽʜʮʷ 
ʧʦʚʽʪʨʷ 

ʌ4ʂ20 

ʛʨʘʬʝʣʦʥ-20 

ʬʣʫʙʦʥ-

15/20 

200 

200 

200 

7 

7 

7 

20 

20 

20 

18,4 

18,4 

18,4 

393 

393 

393 

1,2 

1,2 

1,2 

1,30 

0,68 

0,19 

1150 

2200 

8330 
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ʋɼʂ 544.723; 536.5 

 

ʅ.ɺ. ʇʆʃʊʆʈɸʎʔʂɸ, ɹ.ʄ. ɻʆʈɭʃʆɺ 

ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʅɸʅ ʋʢʨʘʾʥʠ ʽʤ. ʆ.ʆ.ʏʫʡʢʘ, ʤ. ʂʠʾʚ 

 

ʅɽʄʆʅʆʊʆʅʅɸ ʊɽʈʄʆɼɽʉʊʈʋʂʎɯʗ ʂʆʄʇʆɿʀʎɯʁ ʇʆʃɯɽʌɯʈʅʆɰ ʉʄʆʃʀ   

ɿ ɼʆʃʆʄɯʊʆʄ ʊɸ ʅɸʅʆʂʈɽʄʅɽɿɽʄʆʄ 

 
ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʧʦʚʥʝʥʥʷ ʧʦʣʽʝʬʽʨʥʦʾ ʩʤʦʣʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʜʦʣʦʤʽʪʫ ʚʝʜʝ ʜʦ ʧʦʷʚʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʩʤʫʛʠ ʜʝʩʪʨʫʢʮʽʽ, ʘ ʚʚʝʜʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ ʩʧʨʠʯʠʥʷʻ ʥʝʤʦʥʦʪʦʥʥʫ ʟʤʽʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʠʟʴʢʦ- 

ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʫ ʟ ʨʦʩʪʦʤ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʩʪʨʫʢʮʽʷ, ʪʝʨʤʦʜʝʩʦʨʙʮʽʷ, ʤʘʩ-ʩʧʝʢʪʨʠ, ʥʘʥʦʯʘʩʪʠʥʢʠ 

 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʨʽʟʥʦʶ ʧʨʠʨʦʜʦʶ ʧʦʚʝʨʭʥʝʚʠʭ 

ʮʝʥʪʨʽʚ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘ ʪʝʨʤʽʯʥʫ ʜʝʩʪʨʫʢʮʽʶ ʩʪʠʨʦʣʚʤʽʩʪʥʦʾ ʧʦʣʽʝʬʽʨʥʦʾ ʩʤʦʣʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʥʽ ʤʝʪʦʜʦʤ ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʪʝʨʤʦʜʝʩʦʨʙʮʽʾ ʟ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʶ ʨʝʻʩʪʨʘʮʽʻʶ ʣʝʪʢʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 25 хʉ Ò ʊ Ò 850 хʉ. 
ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʝʬʽʨʥʦʾ ʩʤʦʣʠ ʤʘʨʢʠ ʇʅ-

690-21M, ʥʘʧʦʚʥʝʥʦʾ ʯʘʩʪʠʥʢʘʤʠ ʜʦʣʦʤʽʪʫ CaMg(CO3)2 ʜʦ 30 ʤʘʩ % ʟ ʜʠʩʧʝʨʩʥʽʩʪʶ 40-100 

ʥʤ ʪʘ ʢʨʝʤʥʝʟʝʤʫ ɸ-300 ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 10 ʥʤ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0.5; 1; 1.5 %.  

ʄʘʩ-ʩʧʝʢʪʨʠ ʣʝʪʢʠʭ ʬʨʘʛʤʝʥʪʽʚ ʢʦʤʧʦʟʠʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʜʫʢʪʠ ʜʝʩʪʨʫʢʮʽʾ 

ʧʦʣʽʝʬʽʨʥʠʭ ʣʘʥʮʶʛʽʚ ʟ 15 Ò m/z Ò71 (m, z ï ʤʘʩʘ, ʟʘʨʷʜ ʬʨʘʛʤʝʥʪʫ), ʟʦʢʨʝʤʘ ʉʆʅ (m/z 29), 

ʉʆʆʅ (45), ʉʆʆʉ (56) ʽ ʉʅ3ʉʆʆʉ (71), ʪʘ ʩʪʠʨʦʣʴʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʟʚôʷʟʢʽʚ ï ʬʨʘʛʤʝʥʪʠ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ ʉ6ʅ6 ʟ m/z = 76-80, ʩʪʠʨʦʣʫ ʉ6ʅ6ʉʅʉʅ2 ʟ m/z = 102-105 ʪʘ ʩʫʤʽʰʝʡ 

ʩʪʠʨʦʣʫ ʽ ʧʦʣʽʝʬʽʨʥʠʭ ʣʘʥʮʶʛʽʚ ʟ m/z> 106 (ʨʠʩ.1). 

 
ʈʠʩ. 1. ʄʘʩ-ʩʧʝʢʪʨʠ ʧʦʣʽʝʬʽʨʥʦʾ ʩʤʦʣʠ ʥʘʧʦʚʥʝʥʦʾ ʜʦʣʦʤʽʪʦʤ (ʘ) ʪʘ ʜʦʣʦʤʽʪʦʤ ʽ 0,5 

(ʙ), 1 (ʚ), 1,5 (ʛ) % ʢʨʝʤʥʝʟʝʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~ 310 
ʦ
ʉ 
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ʆʩʦʙʣʠʚʽʩʪʶ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʫ ʻ ʥʝʤʦʥʦʪʦʥʥʘ ʟʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʭʦʜʫ 

ʧʨʦʜʫʢʪʽʚ ʜʝʩʪʨʫʢʮʽʾ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ ʢʦʤʧʦʟʠʮʽʾ ʩʤʦʣʠ ʟ ʜʦʣʦʤʽʪʦʤ ʥʘʥʦʢʨʝʤʥʝʟʝʤʦʤ. 

ʊʘʢ, ʧʨʠ ʚʝʜʝʥʥʽ 1 % ʯʘʩʪʠʥʦʢ SiO2 ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʩʪʨʫʢʮʽʾ ʨʽʟʢʦ ʩʧʘʜʘʻ 

(ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʩʪʝ), ʘ ʟ ʨʦʩʪʦʤ ʚʤʽʩʪʫ SiO2 ʜʦ 1.5 % ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʩʪʨʫʢʮʽʾ 

ʧʦʣʽʝʬʽʨʥʠʭ ʣʘʥʮʶʛʽʚ ʧʦʩʠʣʶʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʪʘʢʦʛʦ ʢʦʤʧʦʟʠʪʫ ʤʝʥʰʝ ʥʽʞ 

ʾʾ ʟʥʘʯʝʥʥʷ ʚ ʚʠʭʽʜʥʠʭ ʟʨʘʟʢʘʭ.  

ʉʧʝʢʪʨ ʪʝʨʤʦʜʝʩʦʨʙʮʽʾ ʧʨʦʜʫʢʪʽʚ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʫ ʥʘʧʦʚʥʝʥʦʛʦ ʯʘʩʪʠʥʢʘʤʠ 

ʜʦʣʦʤʽʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʩʤʫʛʘʤʠ ʜʝʩʪʨʫʢʮʽʾ, ʧʨʠʯʦʤʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʩʤʫʛʘ 

ʧʨʠ 520- 700 
ʦ
ʉ, ʟôʷʚʣʷʻʪʴʩʷ ʧʽʩʣʷ ʥʘʧʦʚʥʝʥʥʷ ʩʤʦʣʠ CaMg(CO3)2 (ʨʠʩ. 2). ɺʚʝʜʝʥʥʷ 

ʢʨʝʤʥʝʟʝʤʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʦʭ ʩʤʫʛ ʜʝʩʪʨʫʢʮʽʾ, ʾʭ ʬʦʨʤʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʦʨʙʮʽʾ (ʨʠʩ. 3).  

 

  
ʈʠʩ. 2. ʊʝʨʤʦʛʨʘʤʠ ʬʨʘʛʤʝʥʪʽʚ 

ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʝʬʽʨʥʦʾ ʩʤʦʣʠ, ʥʘʧʦʚʥʝʥʦʾ 

ʜʦʣʦʤʽʪʦʤ 

 

ʈʠʩ. 3. ʊʝʨʤʦʛʨʘʤʠ ʬʨʘʛʤʝʥʪʽʚ 

ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʝʬʽʨʥʦʾ ʩʤʦʣʠ, ʥʘʧʦʚʥʝʥʦʾ 

ʜʦʣʦʤʽʪʦʤ ʪʘ 1 % ʢʨʝʤʥʝʟʝʤʫ 

 

ʆʙʠʜʚʽ ʩʤʫʛʠ ʟʘ ʥʘʧʦʚʥʝʥʥʷ ʟʤʽʱʫʶʪʴʩʷ ʚ ʙʽʢ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʗʩʢʨʘʚʦ ʝʬʝʢʪ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʽʤʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʠ 1% ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ SiO2, ʢʦʣʠ 

ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʨʷʜʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʉʆ, 

ʉ6ʅ6ʉʅʉʅ2. ʉʪʘʙʽʣʽʟʘʮʽʷ ʧʦʣʽʤʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʤʽʩʪʫ 

ʯʘʩʪʠʥʦʢ SiO2, ʪʘʢ ʷʢ ʟʤʝʥʰʝʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ 0.5 % ʚʝʜʝ ʜʦ ʧʦʩʠʣʝʥʥʷ 

ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʝʬʽʨʥʠʭ ʣʘʥʮʶʛʽʚ ʧʨʠ ʜʝʱʦ ʩʣʘʙʰʦʤʫ ʟʨʦʩʪʘʥʥʽ ʨʫʡʥʫʚʘʥʥʷ 

ʧʦʧʝʨʝʯʥʠʭ ʟʚôʷʟʢʽʚ.   

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʽʢʫ ʧʨʠ ʚʚʝʜʝʥʽ 

ʢʨʝʤʥʝʟʝʤʫ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯ ʥʝʤʦʥʦʪʦʥʥʦ ʟʤʽʥʶʻ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ 

ʧʦʣʽʤʝʨʫ ʥʘ ʤʽʞʬʘʟʥʽʡ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ ʪʘ ʜʦʣʦʤʽʪʫ. ʍʽʤʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʘʪʦʤʘʤʠ ʧʦʣʽʤʝʨʫ ʪʘ ʘʢʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʻ ʤʘʣʦʡʤʦʚʽʨʥʠʤ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʦʚʥʝʥʥʷ ʧʦʣʽʝʬʽʨʥʦʾ ʩʤʦʣʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʜʦʣʦʤʽʪʫ ʩʪʠʤʫʣʶʻ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʜʝʩʪʨʫʢʮʽʶ ʧʦʣʽʤʝʨʫ. ɺʚʝʜʝʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘʥʦʢʨʝʤʥʝʟʝʤʫ 

ʥʝʤʦʥʦʪʦʥʥʦ ʟʤʽʥʶʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʠʟʴʢʦ- ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʽʢʽʚ ʜʝʩʪʨʫʢʮʽʾ. ʇʨʠ 

ʮʴʦʤʫ ʝʬʝʢʪ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʽʤʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʧʦʣʽʤʝʨʫ) ʤʘʻ 

ʤʽʩʮʝ ʚ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ SiO2 -  ʙʣʠʟʴʢʦ ~ 1 %.  ʂʦʥʮʝʥʪʨʘʮʽʡʥʠʡ 

ʝʬʝʢʪ ʥʘʧʦʚʥʝʥʥʷ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʝʤʦʥʦʪʦʥʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘ 

ʤʽʞʬʘʟʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʢʦʤʧʦʟʠʪʘʭ.  
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ʋɼʂ 678.842 

 

ɽ.ɼ. ʇʓɾʆɺɸ, ʅ.ɺ. ʉɸɺɽʃʔɽɺɸ, ɸ.ʇ. ʇʆɼʅɽɹɽʉʅʓʁ, ʀ.ʅ. ɻʈʀʅʔʂʆ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ çʕʣʘʩʪʠʢè, ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ 

 

ɺʃʀʗʅʀɽ ɸɻʈɽʉʉʀɺʅʆʁ ʉʈɽɼʓ ʅɸ ʉʊʆʁʂʆʉʊʔ 

ʉʀʃʀʂʆʅʆɺʓʍ ʈɽɿʀʅ  

 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʫʧʣʦʪʥʠʪʝʣʷ ʩ ʫʯʝʪʦʤ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʥʝʥʘʧʨʷʞʝʥʥʳʭ ʨʝʟʠʥ ï ʵʪʦ ʥʘʙʫʭʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ; ʜʣʷ ʥʘʧʨʷʞʝʥʥʳʭ ʨʝʟʠʥ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʩʪʘʪʦʯʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ, ʤʥʦʛʦʢʨʘʪʥʳʝ ʠʟʛʠʙ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʜʠʨʫ ʠ ʜʨ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʠʥ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ ʊʇ-22. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʧʦʚʝʜʝʥʠʷ ʨʝʟʠʥ, 

ʧʦʤʠʤʦ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʩʦʩʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʭ ʩʪʦʡʢʦʩʪʠ. 

ʌʘʢʪʦʨʘʤʠ, ʫʤʝʥʴʰʘʶʱʠʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʞʠʜʢʠʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ 

ʷʚʣʷʶʪʩʷ: ʧʣʦʭʦʝ ʩʤʘʯʠʚʘʥʠʝ ʩʨʝʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʠʥʳ, ʥʘʣʠʯʠʝ ʧʣʦʭʦ ʩʤʘʯʠʚʘʝʤʳʭ 

ʩʨʝʜʦʡ ʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʥʘʣʠʯʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ï ʩʝʪʢʠ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. 

ʇʫʪʝʤ ʚʚʝʜʝʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʨʝʟʠʥ ʥʘ 30-

50%, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʫʩʪʦʪʳ ʩʝʪʢʠ ʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʛʨʝʩʩʠʚʦʫʩʪʦʡʯʠʚʳʭ ʨʝʟʠʥ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʠʣʠʢʦʥʦʚʳʡ ʢʘʫʯʫʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʚʦʜʘ çʇʦʣʴʩʢʠʝ 

ʩʠʣʠʢʦʥʳè (ʇʦʣʴʰʘ). 

ʀʟ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʚʫʣʢʘʥʠʟʫʶʱʠʭ ʘʛʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʝʨʝʢʠʩʠ 

2,4-ʜʠʭʣʦʨʙʝʥʟʦʠʣʘ (ʨʝʟʠʥʳ ʜʣʷ ʥʝʬʦʨʤʦʚʳʭ ʠʟʜʝʣʠʡ) ʠ 2,5-ʜʠʤʝʪʠʣ-2,5-ʜʠ (t-

ʙʫʪʠʣʧʝʨʦʢʩʠʛʝʢʩʘʥ) ʠ ʧʝʨʦʢʩʠʤʦʥ F-40 (ʨʝʟʠʥʳ ʜʣʷ ʬʦʨʤʦʚʳʭ ʠʟʜʝʣʠʡ). 

ɻʘʤʤʘ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʢʨʘʩʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʵʨʦʩʠʣʦʤ ʤʘʨʢʠ ɸ-300,  ʧʠʛʤʝʥʪʦʤ 

ʢʨʘʩʥʳʤ ʞʝʣʝʟʦʦʢʠʩʥʳʤ ʠ ʪʠʪʘʥʦʚʳʤʠ ʙʝʣʠʣʘʤʠ. 

ʈʝʟʠʥʳ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʞʠʜʢʠʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʛʫʩʪʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ï ʩʝʪʢʫ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ, ʪ.ʝ. 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʅʦʨʤʘ 

ʐʠʬʨ r

1 2 3 4 5 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 

ʅʝ ʤʝʥʝʝ 

6,0 

8,3 8,2 8,9 8,1 8,9 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 

ʧʨʠ ʨʘʟʨʳʚʝ, % 

ʅʝ ʤʝʥʝʝ 

300 

513 650 586 524 706 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ, 

ʫʩʣ.ʝʜ. 

56-70 66 56 67 63 55 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʠʛʤʝʥʪʘ ʢʨʘʩʥʦʛʦ ʞʝʣʝʟʦʦʢʠʩʥʦʛʦ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʯʥʦʩʪʠ ʩʠʣʠʢʦʥʦʚʦʡ ʨʝʟʠʥʳ (ʨʝʮʝʧʪʫʨʘ 4). ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʦʢʩʠʤʦʥʘ F-40 ʚ ʢʘʯʝʩʪʚʝ 

ʚʫʣʢʘʥʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʪʠʪʘʥʦʚʳʭ ʙʝʣʠʣ, ʢʘʢ ʥʘʧʦʣʥʠʪʝʣʷ, ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʧʨʦʯʥʦʡ ʩʠʣʠʢʦʥʦʚʦʡ ʨʝʟʠʥʳ (ʨʝʮʝʧʪʫʨʘ 2). 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2  ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʐʠʬʨʳ ʩʤʝʩʝʡ 

1 2 3 4 5 

ɸʛʨʝʩʩʠʚʥʘʷ ʩʨʝʜʘ - ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ ʊʇ-22 

ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʊʇ-22 ʧʨʠ (150Ñ1)Áʉ ʚ 

ʪʝʯʝʥʠʝ (24Ñ2)ʯ, %: 

- ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

- ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ 

- ʪʚʝʨʜʦʩʪʠ 

- ʤʘʩʩʳ, % 

-    ʦʙʲʝʤʘ, % 

 

 

 

-21 

-41 

-23 

19,0 

25,9 

 

 

 

-40 

-48 

-12 

20,5 

27,5 

 

 

 

-21 

-42 

-22 

19,3 

26,7 

 

 

 

-12 

-41 

-29 

19,1 

26,4 

 

 

 

-14 

-39 

-24 

23,1 

30,6 

ʇʦʢʘʟʘʪʝʣʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ   ʊʇ-22 

ʧʨʠ (150Ñ1)Áʉ ʚ ʪʝʯʝʥʠʝ (24Ñ2)ʯ: 

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʜʠʨʫ, ʢʅ/ʤ 

- ʢʦʻʬʬʠʮʠʝʥʪ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʧʦ 

ʵʣʘʩʪʠʯʝʩʢʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʧʨʠ ʤʠʥʫʩ (50Ñ1,5)Áʉ 

- ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʟʛʠʙʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ 

- ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʩʪʘʪʦʯʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʩʞʘʪʠʠ ʥʘ 20% ʧʨʠ 

(200Ñ2)Áʉ ʚ ʪʝʯ. (24 -2) ʯ,% 

 

15 

 

 

 

0,77 

ʨʘʟʨʫʰ. ʚ 

ʟʘʞʠʤʘʭ 

 

 

65 

 

17 

 

 

 

0,72 

 

33237 

 

 

82 

 

21 

 

 

 

0,75 

 

33237 

 

 

77 

 

16 

 

 

 

0,78 

 

33237 

 

 

72 

 

16 

 

 

 

0,73 

 

33237 

 

 

100 

 

ɺ ʪʫʨʙʠʥʥʦʤ ʤʘʩʣʝ ʊʇ-22 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150
0
ʉ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʜʘʶʪ ʥʝʬʦʨʤʦʚʳʝ ʨʝʮʝʧʪʫʨʳ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫ ʬʦʨʤʦʚʦʡ 

ʨʝʮʝʧʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʫʣʢʘʥʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ 2,5-ʜʠʤʝʪʠʣ-2,5-ʜʠ (t-

ʙʫʪʠʣʧʝʨʦʢʩʠ)ʛʝʢʩʘʥʘ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʬʦʨʤʦʚʦʤʫ 

ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʨʘʟʮʫ. ɺʦʟʜʝʡʩʪʚʠʝ ʩʨʝʜʳ ʥʘ ʨʝʟʠʥʫ ʦʮʝʥʠʚʘʝʪʩʷ ʪʘʢʞʝ ʩʪʝʧʝʥʴʶ 

ʥʘʙʫʭʘʥʠʷ. ɺ ʪʫʨʙʠʥʥʦʤ ʤʘʩʣʝ ʊʇ-22 ʠʩʩʣʝʜʫʝʤʳʝ ʩʠʣʠʢʦʥʦʚʳʝ ʨʝʟʠʥʳ ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳʝ ʤʘʩʩʦʚʫʶ ʠ ʦʙʲʝʤʥʫʶ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ. ɺʦʟʜʝʡʩʪʚʠʝ ʊʇ-22 ʥʘ 

ʩʠʣʠʢʦʥʦʚʳʝ ʨʝʟʠʥʳ ʩʥʠʞʘʝʪ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʢ ʨʘʟʜʠʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʟʛʠʙʘ ʚ 

(4,5-4,7) ʨʘʟ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʚʦʟʜʝʡʩʪʚʠʝ ʊʇ-22 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 50
0
ʉ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ, ʪ.ʝ. 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʠ ʨʘʟʤʝʨʳ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʫ ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ ʥʝ ʫʭʫʜʰʘʝʪʩʷ. ɺʘʨʴʠʨʫʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʠʛʤʝʥʪʦʚ ʠ ʚʫʣʢʘʥʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʫʣʫʯʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʛʨʝʩʩʠʚʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʣʠʢʦʥʦʚʦʡ ʨʝʟʠʥʳ. 
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ʋɼʂ  678.84 

 

ɸ.ʇ. ʇʆɼʅɽɹɽʉʅʓʁ, ʢ.ʵʢ.ʥ., ʅ.ɺ. ɾʋʂʆɺʉʂɸʗ, ɽ.ʖ. ʀʃʔʀʅɸ,  

ɸ.ʅ. ɽɺɼʆʂʀʄɽʅʂʆ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ çʕʣʘʩʪʠʢè, ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ 

 

ɺʃʀʗʅʀɽ ʆʂʉʀɼɸ ʍʈʆʄɸ ʅɸ ʉɺʆʁʉʊɺɸ ʉʀʃʀʂʆʅʆɺʓʍ ʂʆʄʇʆɿʀʎʀʁ 

ʍʆʃʆɼʅʆɻʆ ʆʊɺɽʈɾɼɽʅʀʗ 

 
ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʦʢʩʠʜʘ ʭʨʦʤʘ,  ʥʘ ʩʪʦʡʢʦʩʪʴ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʢ 

ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ, ʘ ʪʘʢ ʞʝ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ ʩʠʣʠʢʦʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʦ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 2-5 ʤʘʩʩ. ʯ. ʥʘ 100 ʤʘʩʩ. ʯ. ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʘʫʯʫʢʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʩʠʜ ʭʨʦʤʘ ʫʣʫʯʰʘʝʪ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʣʠʢʦʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʭʦʣʦʜʥʦʛʦ 

ʦʪʚʝʨʞʜʝʥʠʷ. 

 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ 

ʵʣʘʩʪʦʤʝʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʤʦʨʦʟʦ- ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʭʦʨʦʰʫʶ 

ʵʣʘʩʪʠʯʥʦʩʪʴ, ʚʳʩʦʢʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʪʤʝʯʘʶʪʩʷ ʘʪʤʦʩʬʝʨʦ- , ʚʣʘʛʦ- ʠ 

ʦʟʦʥʦʩʪʦʡʢʦʩʪʴʶ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ. 

ʅʘʨʷʜʫ ʩ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʟʠʥʘʤʠ ʛʦʨʷʯʝʡ ʚʫʣʢʘʥʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣʠʢʦʥʦʚʳʭ ʢʘʫʯʫʢʦʚ ʚʩʝ ʰʠʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʦʟʠʮʠʠ 

ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʦʨʛʘʥʠʣʩʠʣʦʢʩʘʥʦʚ. ʕʪʠ 

ʢʦʤʧʦʟʠʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ, 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʝ ʠ ʪ.ʜ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʟʠʥʘʭ ʛʦʨʷʯʝʡ 

ʚʫʣʢʘʥʠʟʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ [1].  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ, ʢʘʢ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʢʘʫʯʫʢʘ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʣʠʢʦʥʦʚʳʭ 

ʢʦʤʧʦʟʠʮʠʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʢʩʠʜʘ 

ʭʨʦʤʘ ʧʦ ɻʆʉʊ 2912 [2], ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ, ʦʙʣʘʜʘʶʱʠʡ  ʚʳʩʦʢʦʡ ʫʢʨʳʚʠʩʪʦʩʪʴʶ, ʩʚʝʪʦ-, ʪʝʨʤʦ- ʠ ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʨʠʡʥʳʡ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʳʡ ʢʘʫʯʫʢ ʉʂʊʅ ʥʘʧʦʣʥʝʥʥʳʡ 

ʢʨʝʤʥʝʟʝʤʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʚ ʢʦʪʦʨʳʡ ʚʚʦʜʠʣʠ ʦʢʩʠʜ ʭʨʦʤʘ ʚ ʨʘʩʯʝʪʝ 1-10 ʤʘʩʩ. ʯ. ʥʘ 

100 ʤʘʩʩ. ʯ. ʢʘʫʯʫʢʘ. 

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʝ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʘʩʩ. ʯ. ʥʘ               

100 ʤʘʩʩ. ʯ. ʢʘʫʯʫʢʘ ʉʂʊʅ, ʚ ʪʝʯʝʥʠʝ 3-5 ʩʫʪʦʢ ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʘʩʪʳ ʦʙʨʘʟʫʝʪʩʷ 

ʪʨʫʜʥʦʧʝʨʝʤʝʰʠʚʘʝʤʳʡ ʦʩʘʜʦʢ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʙʨʘʣʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʫʶ ʢʦʤʧʦʟʠʮʠʶ, ʥʝ 

ʩʦʜʝʨʞʘʱʫʶ ʦʢʩʠʜ ʭʨʦʤʘ. 

ʇʨʠ ʦʪʚʝʨʞʜʝʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʣʦʚʦʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʇʝʥʪʘ-21ʇ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʇʝʥʪʘ-91è ʈʦʩʩʠʷ, ʚ ʢʦʣʠʯʝʩʪʚʝ 5 ʤʘʩʩ. ʯ. ʥʘ 100 ʤʘʩʩ. ʯ. 

ʧʘʩʪʳ. ʕʪʦʪ ʢʘʪʘʣʠʟʘʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʫʩʣʦʚʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ 

ʩʠʣʠʢʦʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʘ ʪʘʢ ʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʦʪʚʝʨʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʇʦʩʣʝ ʦʪʚʝʨʞʜʝʥʠʷ ʩʠʣʠʢʦʥʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ         

20-25 Üʉ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪʦʢ ʜʦ ʧʦʣʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ 

ʠʩʧʳʪʘʥʠʷ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 21751 [3] ʥʘ 
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ʦʙʨʘʟʮʘʭ I ʪʦʣɦʠʥʦʡ 2 ʤʤ, ʧʦ ʪʚʝʨʜʦʩʪʠ ʐʦʨʘ ɸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 263 [4] ʠ ʥʘ 

ʩʪʦʡʢʦʩʪʴ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 Üʉ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʧʦ ɻʆʉʊ 

9.024 [5]. ʈʝʟʫʣʴʪʘʪʳ  ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.  

 

ʊʘʙʣʠʮʘ 1. ʈʝʮʝʧʪʫʨʳ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʥʪʨʦʣʴʥʳ

ʡ 

ʦʙʨʘʟʝʮ 

ʆʙʨʘʟʮʳ 

1 2 3 4 5 

ʇʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʳʡ 

ʢʘʫʯʫʢ ʉʂʊʅ 

100 100 100 100 100 100 

ʂʨʝʤʥʝʟʝʤʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ 25 25 25 25 25 25 

ʆʢʩʠʜ ʭʨʦʤʘ Cr2ʆ3 - 1 2 3 5 10 

ʇɽʅʊɸ-21ʇ ʥʘ 100 ʤ.ʯ. ʧʘʩʪʳ 5 5 5 5 5 5 

ɺʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ, ʯʘʩ 24 24 24 24 24 24 

ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ (f0), ʄʇʘ 2,3 2,4 2,3 2,2 2,0 1,9 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ (Ů0), 

% 

95 110 105 100 95 90 

ʊʚʝʨʜʦʩʪʴ ʐʦʨʘ ɸ (HSh0), 

ʫʩʣ.ʝʜ. 

45 48 48 52 55 55 

ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʟʘ ʨʝʞʠʤʦʤ 250Üʉʭ72ʯ 

ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ (f1), ʄʇʘ 1,4 1,8 2,1 2,1 1,8 1,7 

ʀʟʤʝʥʝʥʠʷ (ȹf), % -39,1 -25,0 -8,7 -4,5 -10,0 -10,5 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ (Ů1), 

% 

70 85 90 90 85 75 

ʀʟʤʝʥʝʥʠʷ (ȹŮ), % -26,3 -22,7 -14,3 -10,0 -10,5 -16,7 

ʊʚʝʨʜʦʩʪʴ ʐʦʨʘ ɸ (HSh1), 

ʫʩʣ.ʝʜ. 

65 62 59 58 60 59 

ʀʟʤʝʥʝʥʠʷ (ȹHSh), % +30,8 +29,2 +22,9 +11,5 +9,1 +7,3 

 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣ. 1 ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ  ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

250 Üʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1-3. 

ɸʥʘʣʠʟ ʜʠʘʛʨʘʤʤʘʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ  ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʫ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʫʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ 

ʨʘʟʨʳʚʝ ʚʳʰʝ, ʘ ʪʚʝʨʜʦʩʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʦʢʩʠʜʘ 

ʭʨʦʤʘ.  ʇʨʠ ʵʪʦʤ, ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ 

ʟʘʚʠʩʷʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʅʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠʜʘ ʭʨʦʤʘ ʙʦʣʝʝ 5 ʤʘʩʩ. ʯ. ʥʘ 100 ʤʘʩʩ. ʯ. ʢʘʫʯʫʢʘ ʚʠʜʠʤʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚʳʧʘʜʝʥʠʝʤ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʦʩʘʜʦʢ. 
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʐʦʨʘ ɸ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʩʪʘʨʝʥʠʷ ʧʦ ʨʝʞʠʤʫ 250Üʉʭ72 ʯ ʧʨʠ ʨʘʟʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠʜʘ ʭʨʦʤʘ Cr2ʆ3 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʧʦ ʨʝʞʠʤʫ 250Üʉ ʭ 72 ʯ ʧʨʠ ʨʘʟʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠʜʘ ʭʨʦʤʘ Cr2ʆ3 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʩʪʘʨʝʥʠʷ ʧʦ ʨʝʞʠʤʫ 250Üʉ ʭ 72 ʯ ʧʨʠ ʨʘʟʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠʜʘ ʭʨʦʤʘ Cr2ʆ3 
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ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʫʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʩʠʣʠʢʦʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ.  

ʋʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 6433.2 [6], ʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ï ʧʦ ɻʆʉʊ 6433.3 [7]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʊʠʧ ʢʦʤʧʦʟʠʮʠʠ ʋʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʆʤĿʩʤ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʢɺ/ʤʤ 

ʂʦʥʪʨʦʣʴʥʳʡ 

ʦʙʨʘʟʝʮ 

2,41Ŀ10
14 

16,52 

1 1,89Ŀ10
15 

17,79 

2 4,05Ŀ10
15 

19,77 

3 6,29Ŀ10
15 

22,63 

4 7,15Ŀ10
15 

20,81 

5 5,71Ŀ10
15 

17,41 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 2 ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ ʨʝʮʝʧʪʫʨʝ 

ʢʦʤʧʦʟʠʮʠʡ. 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ ʨʝʮʝʧʪʫʨʝ ʦʙʨʘʟʮʦʚ ʦʧʳʪʥʳʭ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʡ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ. ʀʟ ʛʨʘʬʠʢʘ  ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʦʢʩʠʜʘ ʭʨʦʤʘ ʜʦ 5 ʤʘʩʩ. ʯ. ʫʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʢʦʤʧʦʟʠʮʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʦʢʩʠʜʘ ʭʨʦʤʘ Cr2ʆ3 ʚ ʨʝʮʝʧʪʫʨʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ. ʀʟ 

ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ  ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ ʜʦ 3 ʤʘʩʩ. ʯ. ʥʘ 100 ʤʘʩʩ. ʯ. 

ʢʘʫʯʫʢʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ 

ʭʨʦʤʘ Cr2ʆ3 
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ʇʦʩʣʝʜʫʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚʝʨʦʷʪʥʦ, ʢʘʢ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʩʚʷʟʘʥʦ ʩ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʝʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ ʨʝʮʝʧʪʫʨʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʥʘʧʦʣʥʝʥʥʦʡ 

ʢʨʝʤʥʝʟʝʤʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʩʦʩʪʘʚʣʷʝʪ 2-5 ʤʘʩʩ. ʯ. ʥʘ 100 ʤʘʩʩ. ʯ. ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʘʫʯʫʢʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʩʠʜ ʭʨʦʤʘ, ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʚʫʣʢʘʥʠʟʘʪʦʚ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʭʦʣʦʜʥʦʛʦ 

ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʪʦʨʘ.   

ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʪʦʨʘ ʩʢʦʨʝʝ ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʢʨʝʪʥʦʡ ʨʝʮʝʧʪʫʨʳ ʢʦʤʧʦʟʠʮʠʡ ʠ ʪʠʧʘ ʦʩʥʦʚʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʙʦʣʴʰʠʭ 

ʜʦʟʘʭ ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʚʳʧʘʜʝʥʠʝ ʪʨʫʜʥʦʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʦʩʘʜʢʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʛʝʨʤʝʪʠʢʦʚ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ. 
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ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ Cr2ʆ3 
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ʋɼʂ 678.046 

 

ʃ.ʇ. ɼʈɽɹɽɿʆɺɸ
1
, ʅ.ʀ. ʇɸʉʔʂʆ

1
, ʅ.ɺ. ʉɸɺɽʃʔɽɺɸ

1
, ɸ.ʇ. ʇʆɼʅɽɹɽʉʅʓʁ

1
,  

ʃ.ɸ. ʇʆʃʀʑʋʂ
1
, ʉ. ʄʀʑɽʅʂʆ

1
, ʆ.ɻ. ʆʉʔʄɸʂʆɺ

2 

1 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ çʕʣʘʩʪʠʢè, ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ 

2
 ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

Ăʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʛ. ʂʠʝʚ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʈɽɿʀʅ ʅɸ ʆʉʅʆɺɽ ʂɸʋʏʋʂʆɺ ʆɹʑɽɻʆ 

ʅɸɿʅɸʏɽʅʀʗ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʊɸʋʈʀʊɸ çʊʉ-ɼè 

 
ʇʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ï ʪʘʫʨʠʪʘ çʊʉ-ɼè ʚ ʨʝʮʝʧʪʫʨʘʭ ʨʝʟʠʥ ʥʘ 

ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʜʦʟʠʨʦʚʢʘʭ ʚʟʘʤʝʥ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʇ-803, ʢʘʦʣʠʥʘ, 

ʩʘʞʠ ʙʝʣʦʡ ɹʉ-50. ʇʦʣʫʯʝʥʥʳʝ ʚʫʣʢʘʥʠʟʘʪʳ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʝʨʠʡʥʳʤ ʨʝʟʠʥʘʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

 

ʅʘʧʦʣʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ 

ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ. ɺʚʝʜʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʦʚ 

(ʨʘʟʙʘʚʣʝʥʠʶ ʧʦʣʠʤʝʨʘ), ʩʥʠʞʘʷ ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. ʅʘʧʦʣʥʝʥʠʝ ʧʦʣʠʤʝʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʣʠʷʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ. ʋʩʠʣʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝʤ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʟʠʥʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ. ɻʦʨʥʦ-ʭʠʤʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ 

çʂʦʢʩʫè ʠʟ ʂʘʟʘʭʩʪʘʥʘ ʧʨʝʜʣʘʛʘʝʪ ʥʦʚʳʡ ʚʠʜ ʵʢʦʥʦʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ ʜʣʷ ʨʝʟʠʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʪʘʫʨʠʪ ʊʉ-ɼ. 

ʊʘʫʨʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʡ  ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʬʘʟʳ ʫʛʣʝʨʦʜʘ ʚ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʩʦʩʪʘʚʝ ʩʠʣʠʢʘʪʦʚ ʠ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʚʦʜʳ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʘʫʨʠʪʘ. 

 

ʊʘʙʣʠʮʘ 1.  ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʘʫʨʠʪʘ ʤʘʨʢʠ ʊʉ-ɼ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ  

ɺʥʝʰʥʠʡ ʚʠʜ ʄʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʥʝʧʳʣʷʱʠʡ 

ʧʦʨʦʰʦʢ ʦʪ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʜʦ ʯʝʨʥʦʛʦ 

ʮʚʝʪʘ 

ɼʠʩʧʝʨʩʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ, % 

ʦʪ 0 ʜʦ 10 ʤʠʢʨʦʥ 

ʦʪ 0 ʜʦ 20 ʤʠʢʨʦʥ 

 

75 

25 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ, % 3,5-10 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʜʚʫʦʢʠʩʠ ʢʨʝʤʥʠʷ, % 50-85 

ʋʜʝʣʴʥʳʡ ʚʝʩ, ʛ/ʩʤ
3
 2,5 

ʈʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ 6-9 

ʉʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ       20 ʤʢʤ, % 97-99 

 

ʆʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʫʨʠʪʘ ʷʚʣʷʶʪʩʷ ʟʘʢʨʳʪʳʝ ʧʦʣʳʝ ʛʣʦʙʫʣʳ 

ʨʘʟʤʝʨʦʤ ʜʦ 20 ʥʤ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʤʝʞʛʣʦʙʫʣʷʨʥʳʭ ʧʫʩʪʦʪ. ʉʚʷʟʳʚʘʥʠʶ 

ʫʛʣʝʨʦʜʥʦʡ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʬʘʟ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʩʳʱʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ: ʢʝʪʦʥʳ, ʘʣʴʜʝʛʠʜʳ ʠ 
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ʩʣʦʞʥʳʝ ʵʬʠʨʳ. ʆʥʠ ʚʳʩʪʫʧʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚ ʨʦʣʠ ʧʨʠʨʦʜʥʳʭ ʇɸɺ, ʥʦ ʠ 

ʘʜʛʝʟʠʡʥʦʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ. 

ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʟʘʤʝʥʠʪʴ ʪʘʢʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ, 

ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʇ-803, ʙʝʣʘʷ ʩʘʞʘ ɹʉ-50 ʥʘ ʙʦʣʝʝ ʜʝʰʝʚʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʪʘʫʨʠʪ 

ʊʉ-ɼ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʇʨʠ ʚʳʙʦʨʝ ʨʝʮʝʧʪʫʨ ʨʝʟʠʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʪʘʫʨʠʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʠʥʳ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʕʪʦ ʢʠʩʣʦʪʦ-ʱʝʣʦʯʝʩʪʦʡʢʠʝ ʨʝʟʠʥʳ, ʚʘʢʫʫʤʥʳʝ ʠ ʜʨʫʛʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʫʨʠʪʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʘʫʯʫʢʘʭ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʠʟʦʧʨʝʥʦʚʳʡ (ʉʂʀ-3), ʙʫʪʘʜʠʝʥ-ʤʝʪʠʣʩʪʠʨʦʣʴʥʳʡ (ʉʂʄʉ-30 ɸʈʂʄ-15), ʙʫʪʘʜʠʝʥʦʚʳʡ 

(ʉʂɼ). ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʳʭ ʨʝʟʠʥ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ 

ʪʘʫʨʠʪʦʤ ʊʉ-ɼ.  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʨʝʟʠʥʘʭ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʘ ʉʂʄʉ-30 ɸʈʂʄ-15 

ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʟʘʤʝʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʊʋ-ʇ-803 (ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ 9,45 ʛʨʥ) ʥʘ 

20 ʤʘʩ.ʯ. ʪʘʫʨʠʪʘ, ʧʨʠ ʵʪʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʩʪʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʩʝʨʠʡʥʳʭ, ʘ ʨʝʟʠʥʦʚʳʝ ʩʤʝʩʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʣʷʶʪʩʷ, ʪʘʢ ʢʘʢ ʩʪʦʠʤʦʩʪʴ 1 ʢʛ ʪʘʫʨʠʪʘ 

ʜʦ 5 ʛʨʥ ʟʘ 1 ʢʛ (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2. ʉʚʦʡʩʪʚʘ ʨʝʟʠʥ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʘ ʉʂʄʉ-30 ɸʈʂʄ-15 

ʇʦʢʘʟʘʪʝʣʠ ʉʝʨʠʡʥʘʷ 

ʨʝʟʠʥʘ 

0-1 0-2 0-3 

ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ  

5,9 

 

6,2 

 

6,1 

 

5,9 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ, % 508 394 470 712 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʫʜʣʠʥʝʥʠʝ, % 27 22 26 26 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ ɸ, ʫʩʣ.ʝʜ. 67 68 68 49 

0-1 ï ʟʘʤʝʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʊʋʇ-803 ʥʘ 10 ʤʘʩ.ʯ. ʪʘʫʨʠʪʘ 

0-2  - ʟʘʤʝʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʊʋʇ-803 ʥʘ 20 ʤʘʩ.ʯ. ʪʘʫʨʠʪʘ 

0-3  - ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʊʋʇ-803 ʥʘ ʪʘʫʨʠʪ 

 

ɺ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʷʭ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ ʉʂʀ ʠ ʉʂɼ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʯʘʩʪʠʯʥʘʷ 

ʟʘʤʝʥʘ ɹʉ-50 ʥʘ ʪʘʫʨʠʪ ʦʪ 10  ʜʦ 25 ʤʘʩ.ʯ., ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʣʷʶʪʩʷ 

ʨʝʟʠʥʦʚʳʝ ʩʤʝʩʠ (ʩʪʦʠʤʦʩʪʴ ɹʉ-50 ï 16 ʛʨʥ ʟʘ 1 ʢʛ) (ʪʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3 ʉʚʦʡʩʪʚʘ ʨʝʟʠʥ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ ʉʂʀ ʠ ʉʂɼ 

ʇʦʢʘʟʘʪʝʣʠ ʉʝʨʠʡʥʘʷ 

ʨʝʟʠʥʘ 

0-4 0-5 0-6 

ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ  

9,1 

 

10,4 

 

9,1 

 

11,1 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ, % 492 567 550 608 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʫʜʣʠʥʝʥʠʝ, % 4 4 8 12 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ ɸ, ʫʩʣ.ʝʜ. 66 58 57 53 

0-4 ï ʟʘʤʝʥʘ ʩʘʞʠ ʙʝʣʦʡ ɹʉ-50 ʥʘ 10 ʤʘʩ.ʯ. ʪʘʫʨʠʪʘ 

0-5  - ʟʘʤʝʥʘ ʩʘʞʠ ʙʝʣʦʡ ɹʉ-50 ʥʘ 25 ʤʘʩ.ʯ. ʪʘʫʨʠʪʘ 

0-6  - ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʩʘʞʠ ʙʝʣʦʡ ɹʉ-50 ʥʘ ʪʘʫʨʠʪ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʷʷ ʚ ʨʝʮʝʧʪʫʨʘʭ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ï ʪʘʫʨʠʪʘ ʊʉ-ɼ ʚ ʜʦʟʠʨʦʚʢʝ 20 

ʤʘʩ.ʯ. ʥʘ 100 ʤʘʩ.ʯ. ʢʘʫʯʫʢʘ ʚʟʘʤʝʥ  ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʇ-803 ʠ ʦʪ 10 ʜʦ 25 ʤʘʩ.ʯ. ʥʘ 

100 ʤʘʩ.ʯ. ʢʘʫʯʫʢʘ ʚʟʘʤʝʥ ɹʉ-50 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʫʣʢʘʥʠʟʘʪʳ ʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘ ʫʨʦʚʥʝ ʩʝʨʠʡʥʳʭ ʨʝʟʠʥ, ʥʦ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʝʟʠʥ. 
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ʋɼʂ 677.4-486.32      

 

ʀ.ɸ.ɹʋʈʊʅɸʗ 
1
, ʢ.ʪ.ʥ., ʆ.ʆ.ɻɸʏɽʏʀʃɸɼɿɽ 

2
, ʢ.ʬ-ʤ.ʥ. ,ʃ.ʀ.ʈʋɾʀʅʉʂɸʗ 

1
 ʢ.ʪ.ʥ. 

1
 ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʂʠʝʚ 
2
 ɼʇ çɻʨʫʟʠʥʦ-ʋʢʨʘʠʥʩʢʠʡ ɼʦʤè, ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ 

 

ɺʊʆʈɸʗ "ɾʀɿʅʔ" ʐʀʅ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʜʝʣʝʥʠʷ ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʤʝʤʙʨʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʠʨʦʣʠʟʥʘʷ ʞʠʜʢʦʩʪʴ, ʢʦʤʧʦʥʝʥʪʘ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ, ʢʦʤʧʦʥʝʥʪʘ ʜʠʟʝʣʴʥʦʡ 

ʬʨʘʢʮʠʠ, ʤʝʤʙʨʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʝʨʚʦʧʦʨʘʮʠʷ   

  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʩʤʝʩʠ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟ ʦʪʨʘʙʦʪʘʚʰʠʭ ʩʚʦʡ ʨʝʩʫʨʩ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ, ʠʟʜʝʣʠʡ  ʙʳʪʦʚʦʛʦ, ʧʠʱʝʚʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ ʠ 

ʪ.ʜ. 

ʀʟ ʚʩʝʭ ʚʠʜʦʚ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʦʙʲʝʤʥʳʤ ʜʣʷ ʩʙʦʨʘ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʠʟʥʦʰʝʥʥʳʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ. ɽʞʝʛʦʜʥʦ, ʪʦʣʴʢʦ ʚ ʋʢʨʘʠʥʝ, 

ʦʪʧʨʘʚʣʷʝʪʩʷ ʚ ʫʪʠʣʴ ʚ ʩʨʝʜʥʝʤ 5-7 ʤʣʥ. ʰʠʥ, ʧʨʠʯʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʞʜʳʝ 12 ʤʝʩʷʮʝʚ ʚʦʟʨʘʩʪʘʝʪ  ʥʘ 100-200 ʪʳʩ.[1]. ʋʪʠʣʠʟʘʮʠʝʡ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʨʘʟʚʝ, ʯʪʦ ʫʩʣʦʚʥʦ. ʇʨʝʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʰʠʥ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ, ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʶʪ ʨʝʟʠʥʦʚʳʡ ʧʦʨʦʰʦʢ ʠ ʢʨʦʰʢʫ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʪʝʨʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠʟʥʦʰʝʥʥʳʭ ʰʠʥ, ʠʤʝʥʥʦ ʠʟ ʩʪʘʨʳʭ ʰʠʥ ʩ ʧʦʤʦʱʴʶ ʧʠʨʦʣʠʟʘ ʧʦʣʫʯʘʶʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ ʧʠʨʦʣʠʟʥʫʶ ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʞʠʜʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʢʘʢ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ, ʪʘʢ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʨʘʟʦʨʚʘʥʥʳʤʠ ʩʚʷʟʷʤʠ (ʧʨʝʜʝʣʴʥʳʝ ʠ ʥʝʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʤʠ 

ʜʨʫʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʧʨʠ ʚʫʣʢʘʥʠʟʘʮʠʠ ʢʘʫʯʫʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʠʥʳ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʨʝʟʠʥʦʚʳʭ ʠʟʜʝʣʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʠʨʦʣʠʟʘ ʧʦʟʚʦʣʷʝʪ, ʚʦ-ʧʝʨʚʳʭ, 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʦʪʨʘʙʦʪʘʚʰʠʝ ʠʟʜʝʣʠʷ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʣʫʯʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʪʦʨʠʯʥʳʝ 

ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʚ ʚʠʜʝ ʛʘʟʘ ʠ ʩʣʦʞʥʦʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ - ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ. 

ʆʙʳʯʥʦ, ʧʠʨʦʣʠʟʥʫʶ ʞʠʜʢʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʚʠʜʝ ʪʦʧʣʠʚʘ (ʧʠʨʦʪʦʧʣʠʚʦ). ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʢʘʢ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ 

ʚʳʰʝ, ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʤʦʣ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ, ʤʘʩʣʘ ʠ ʪ.ʜ. ʀʤʝʝʪ ʚʠʜ ʛʫʩʪʦʡ, ʯʝʨʥʦʡ, ʩʤʦʣʷʥʠʩʪʦʡ ʞʠʜʢʦʩʪʠ, ʧʦ ʩʚʦʝʡ 

ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʟʘʤʝʥʷʶʱʝʡ ʢʦʪʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ʉʚʦʡʩʪʚʘ ʧʠʨʦʣʠʟʥʦʡ 

ʞʠʜʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. ʆʜʥʘʢʦ, ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʜʝʣʝʥʠʝ ʠʟ 

ʧʦʣʫʯʘʝʤʦʡ ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʬʨʘʢʮʠʡ), ʢʦʪʦʨʳʝ ʧʦ 

ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʦʯʝʥʴ ʙʣʠʟʢʠ ʙʝʥʟʠʥʦʚʦʡ ʠ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʚ ʩʣʫʯʘʝ ʥʠʟʢʠʭ ʟʘʪʨʘʪ ʥʘ ʝʝ ʨʘʟʜʝʣʝʥʠʝ 

ʥʘ ʙʝʥʟʠʥʦʚʫʶ ʠ ʜʠʟʝʣʴʥʫʶ ʬʨʘʢʮʠʠ ʦʯʝʚʠʜʥʦ ʢʦʤʤʝʨʯʝʩʢʠ ʦʯʝʥʴ ʚʳʛʦʜʥʘʷ ʟʘʤʢʥʫʪʘʷ 

ʩʭʝʤʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ (ʧʠʨʦʣʠʟ) - ʧʦʣʫʯʝʥʠʝ ʧʠʨʦʣʠʟʥʦʡ 

ʞʠʜʢʦʩʪʠ - ʚʳʜʝʣʝʥʠʝ ʙʝʥʟʠʥʦʚʦʡ ʠ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʡ ʠʟ ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘʚʝʜʝʥʳ ʚ ʪʘʙʣ..  
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ʊʘʙʣʠʮʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ  

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʄʝʪʦʜ 

ʠʩʧʳʪʘʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ 

1 2 3 4 

1.  ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20Üʉ ɻʆʉʊ 3900-85 3
949ʢʛ ʤ 

2. ɺʷʟʢʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʨʠ 20 ʉ̄ ɻʆʉʊ 33-82 3,7551 ʩʉʪ 

3. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ɻʆʉʊ 2477-85 0,1 %ʤʘʩʩ 

4. ʉʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ɻʆʉʊ 6370 0,03 %ʤʘʩʩ 

5. ʂʠʩʣʦʪʥʦʩʪʴ, ʤʛ ʂʆʅ ʥʘ 1 ʛ ɻʆʉʊ 59-85 ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

6. ʁʦʜʥʦʝ ʯʠʩʣʦ, ʛ ʡʦʜʘ ʥʘ 100ʛ ʪʦʧʣʠʚʘ ɻʆʉʊ 2070 127,8 ʛ 

7. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ ʠ 

ʱʝʣʦʯʝʡ 

ɻʆʉʊ 6307-75 ʆʪʩʫʪʩʪʚʫʝʪ 

8. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ ɻʆʉʊ 6356-75 28 ʉ̄ 

9. ʂʦʢʩʫʝʤʦʩʪʴ 10% ʦʩʪʘʪʢʘ ɻʆʉʊ 19932-75 0,95 %ʤʘʩʩ 

10. ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ɻʆʉʊ 1461-75 0,038 %ʤʘʩʩ 

11. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ ɻʆʉʊ 20287-82 33 ʉ-  ̄

12. ʀʩʧʳʪʘʥʠʝ ʥʘ ʤʝʜʥʦʡ ʧʣʘʩʪʠʢʝ ɻʆʉʊ 6321-78 ɺʳʜʝʨʞʠʚʘʝʪ 

13. ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ ʩʝʨʳ  

ʠʩʭʦʜʥʘʷ ʧʠʨʦʣʠʟʥʘʷ ʞʠʜʢʦʩʪʴ 

ʬʨʘʢʮʠʷ ʢʦʥʝʮ ʢʠʧʝʥʠʷ 215 ʉ̄ 

ʬʨʘʢʮʠʷ 215ʉ 360 ʉ¯ ·  ̄

  

0,808 % ʤʘʩʩ 

0,481 % ʤʘʩʩ 

0,81 % ʤʘʩʩ 

14. ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ 

ɹʝʥʟʠʥ (ʢʦʥʝʮ ʢʠʧʝʥʠʷ 215 ʉ̄) 38> %  

ɼʠʟʪʦʧʣʠʚʦ (215ʉ 354 ʉ¯ · )̄ 57< %  

ɻʆʉʊ 2147-82 ʥ.ʢ. 87 ʉ̄ 

10% -  157 ʉ̄ 

20% -  178 ʉ̄ 

30% -  198 ʉ̄ 

40% -  219 ʉ̄ 

50% -  248 ʉ̄ 

60% -  285 ʉ̄ 

70% -  311 ʉ̄ 

80% -  348 ʉ̄ 

ʢ.ʢ. 89% - 

354 ʉ̄ 

ʦʪʛʦʥ. 95% 

ʦʩʪ.ʠ ʧʦʪ. 5% 

15.  ʆʢʪʘʥʦʚʦʝ ʯʠʩʣʦ: 

ʙʝʥʟ. ʬʨʘʢʮʠʷ, ʥ. ʢ. - 150 ʉ̄ 

 

ʙʝʥʟ. ʬʨʘʢʮʠʷ, ʥ. ʢ. - 215 ʉ̄ 

  

88 (ʤʦʪ.) 

91 (ʠʩʩ.) 

88 (ʤʦʪ.) 

92 (ʠʩʩ.) 

16.  ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ: ʬʨʘʢʮʠʷ 215ʉ 354 ʉ¯ ·  ̄  40 

 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʚʘʧʦʨʘʮʠʦʥʥʦʛʦ (ʤʝʤʙʨʘʥʥʦʛʦ) ʨʘʟʜʝʣʝʥʠʷ 

ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ. ʉʭʝʤʘ ʠ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʠʞʝ. 
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ʇʦʟʥʘ-
ʯʝʥʥʷ
  ʧʦʟ.

ʅʘʡʤʝʥʫʚʘʥʥʷ ʂʽʣ. ʇʨʠʤʽʪʢʘ

1,2

3,4

5,6

7,8

9,10

11,12

ʤʝʤʙʨʘʥʥʳʝ ʘʧʧʘʨʘʪʳ

ʝʤʢʦʩʪʠ ʩ ʨʫʙʘʰʢʦʡ

ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ

ʢʦʥʜʝʥʩʘʪʦʨʳ-ʭʦʣʦʜʠʣʴʥʠʢʠ

ʝʤʢʦʩʪʠ

ʢʘʣʦʨʠʬʝʨʳ

13 ʪʝʨʤʦʩʪʘʪ

2

2

2

2

2

2

1

2

2

H1, H2

K1, K2

ʥʦʩʦʩʳ

ʢʦʤʧʨʝʩʩʦʨʳ

B1- B29

ɻʂ

ɹ

ɼ

O

ʚʝʥʪʠʣʠ

ʛʘʟʦʚʳʡ ʢʦʥʜʝʥʩʘʪ

ʙʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ

ʜʠʟʝʣʴʥʘʷ ʬʧʘʢʮʠʷ

ʦʩʪʘʪʦʢ

ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ

ʃʽʪʝʨ ɻʨʘʬʽʯʥʝ

ʅʘʡʤʝʥʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʚ

           ʪʨʫʙʦʧʨʦʚʦʜʽ

ʛʦʨʷʯʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ

ʭʦʣʦʜʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ

ʧʘʨʳ

29

T

P

F

L

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ

ʠʟʤʝʨʝʥʠʝ ʜʘʚʣʝʥʠʷ

ʠʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ

ʠʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ

8

2

4

2

ʈʠʩ.. ɸʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʦ ʤʝʤʙʨʘʥʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ 
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ʀʩʭʦʜʥʘʷ ʧʠʨʦʣʠʟʥʘʷ ʞʠʜʢʦʩʪʴ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʝʤʢʦʩʪʴ 3, ʠʟ ʢʦʪʦʨʦʡ ʥʘʩʦʩʦʤ 
1H  

ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 5, ʛʜʝ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʜʘʝʪʩʷ ʚ 

ʤʝʤʙʨʘʥʥʳʡ ʘʧʧʘʨʘʪ 1. ʀʟ ʤʝʤʙʨʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʠʨʦʣʠʟʥʘʷ ʞʠʜʢʦʩʪʴ ʦʧʷʪʴ ʩʣʠʚʘʝʪʩʷ ʚ 

ʝʤʢʦʩʪʴ 3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ. 

ɺ ʤʝʤʙʨʘʥʥʦʤ ʘʧʧʘʨʘʪʝ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ ʧʝʨʚʘʧʦʨʘʮʠʠ (ʠʩʧʘʨʝʥʠʝ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʫ), ʪ.ʝ. ʙʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ  ʜʠʬʬʫʥʜʠʨʫʝʪ ʯʝʨʝʟ ʩʪʝʥʢʠ ʤʝʤʙʨʘʥ ʠ ʚʳʭʦʜʠʪ ʚ 

ʚʠʜʝ  ʧʘʨʦʚʦʡ ʬʘʟʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ,ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ "ʭʚʦʩʪʦʚ" ʜʨʫʛʠʭ ʬʨʘʢʮʠʡ. 

ʇʘʨʳ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʫʥʦʩʷʪʩʷ  ʠʟ ʤʝʤʙʨʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʨʝʩʩʦʨʘ 1K , ʢʦʪʦʨʳʡ ʧʦʜʘʝʪ ʚ ʤʝʤʙʨʘʥʥʳʡ ʘʧʧʘʨʘʪ ʛʘʟʦʧʘʨʦʚʫʶ ʩʤʝʩʴ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʚ ʢʘʣʦʨʠʬʝʨʝ 11. ʀʟ ʤʝʤʙʨʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʘʨʳ ʧʦʩʪʫʧʘʶʪ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢ-ʢʦʥʜʝʥʩʘʪʦʨ 7, ʚ ʢʦʪʦʨʦʤ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʠ ʦʭʣʘʞʜʘʶʪʩʷ, ʠ ʢʦʥʜʝʥʩʘʪ 

ʩʪʝʢʘʝʪ ʚ ʝʤʢʦʩʪʴ 9. ʅʝʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʧʘʨʳ ʠʟ ʝʤʢʦʩʪʠ 9, ʧʨʦʡʜʷ ʢʘʣʦʨʠʬʝʨ 11, 

ʩʥʦʚʘ ʧʦʩʪʫʧʘʶʪ ʚ ʤʝʤʙʨʘʥʥʳʡ ʘʧʧʘʨʘʪ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʳ ʮʠʨʢʫʣʠʨʫʶʪ ʧʦ 

ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ. ʀʟ ʝʤʢʦʩʪʠ 9 ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʪʙʠʨʘʝʪʩʷ ʙʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ. 

ɿʘʪʝʤ ʦʪʙʝʥʟʠʥʝʥʥʘʷ ʧʠʨʦʣʠʟʥʘʷ ʞʠʜʢʦʩʪʴ ʠʟ ʝʤʢʦʩʪʠ 3 ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ 

1H ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʚ ʝʤʢʦʩʪʴ 4. ʀʟ ʝʤʢʦʩʪʠ 4  ʦʥʘ ʥʘʩʦʩʦʤ 2H  ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 6, ʛʜʝ 

ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʜʘʝʪʩʷ ʚ ʤʝʤʙʨʘʥʥʳʡ ʘʧʧʘʨʘʪ 2, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ. ʇʨʦʮʝʩʩ ʚ ʤʝʤʙʨʘʥʥʦʤ ʘʧʧʘʨʘʪʝ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʩʧʦʩʦʙʫ. 

ʇʘʨʳ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʢʦʤʧʨʝʩʩʦʨʦʤ 2K  ʫʥʦʩʷʪʩʷ ʠʟ ʤʝʤʙʨʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢ-ʢʦʥʜʝʥʩʘʪʦʨ 8. ʇʦʣʫʯʝʥʥʳʡ ʢʦʥʜʝʥʩʘʪ  ʧʦʩʪʫʧʘʝʪ ʚ ʝʤʢʦʩʪʴ 10. 

ʅʝʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʧʘʨʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʨʝʩʩʦʨʘ 2K  ʯʝʨʝʟ ʢʘʣʦʨʠʬʝʨ 12, ʩʥʦʚʘ 

ʧʦʩʪʫʧʘʶʪ ʚ ʤʝʤʙʨʘʥʥʳʡ ʘʧʧʘʨʘʪ 2. ʀʟ ʝʤʢʦʩʪʠ 10 ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʪʙʠʨʘʝʪʩʷ ʜʠʟʝʣʴʥʘʷ 

ʬʨʘʢʮʠʷ.  

ʄʝʤʙʨʘʥʥʳʝ ʘʧʧʘʨʘʪʳ 1,2, ʝʤʢʦʩʪʠ 3,4, ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ 5,6 ʦʙʦʛʨʝʚʘʶʪʩʷ ʛʦʨʷʯʠʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʪʝʨʤʦʩʪʘʪʘ 13. 

ʈʘʩʭʦʜʳ ʨʝʛʫʣʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʝʡ 1 29B B- .  

ɺ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʤʝʨʝʥʠʝ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, 

ʫʨʦʚʥʷ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʫʯʪʝʥʳ ʥʘʰʠ "ʥʦʫ-ʭʘʫ", ʧʦʟʚʦʣʷʶʱʠʝ ʚʝʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (50ʉ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʧʦʣʫʧʨʦʜʫʢʪʦʚ. 

ʉ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʥʘʰʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʟʜʝʣʝʥʠʷ 

ʤʳ ʧʦʟʥʘʢʦʤʠʤ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

 

1. ʋʣʷʥʠʮʢʠʡ ɼ. ʃʶʙʠʪʝʣʠ ʨʝʟʠʥʳ. //ɺʣʘʩʪʴ ʜʝʥʝʛ.-2011.-ˉ47 (330).- ʩ.22-27. 

2. ɹʫʨʪʥʘ ɯ.ɸ., ɻʘʯʝʯʽʣʘʜʟʝ ʆ.ʆ., ʇʨʦʭʦʨʦʚ ʉ.ɸ., ʄʽʪʽʥ ɸ.ɺ. ʉʧʦʩʽʙ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ 

ʢʠʩʣʠʭ ʛʫʜʨʦʥʽʚ. ʇʘʪʝʥʪ ʥʘ ʚʠʥʘʭʽʜ ˉ 79212. 25.05.2007. ɹʶʣ. 7. 
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ʋɼʂ 621.763:678.73 

 

ɾ.ɺ. ʇɸʈʍʆʄʏʋʂ, ʇ.ɺ. ʈʋɼɽʅʂʆ 

ʉʫʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ, ʛ. ʉʫʤʳ 

 

ɺʆɿʄʆɾʅʆʉʊʔ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺʊʆʈʀʏʅʆɻʆ ʀɿʄɽʃʔʏɽʅʅʆɻʆ 

ʋɻʃɽʇʃɸʉʊʀʂɸ ʇʈʀ ʌʆʈʄʀʈʆɺɸʅʀʀ ʋɻʃɽʌʊʆʈʆʇʃɸʉʊʆɺʆɻʆ 

ʂʆʄʇʆɿʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ 
 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟʜʝʣʠʡ ʩ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʝʨʚʠʯʥʦʝ ʠʩʭʦʜʥʦʝ ʩʳʨʴʸ ʧʫʪʝʤ ʟʘʤʝʥʳ 

ʠʩʭʦʜʥʦʛʦ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ ʥʘ ʯʘʩʪʴ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʪʦʨʦʧʣʘʩʪʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʫʣʫʯʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʟʘ 

ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʠʟʜʝʣʠʷ, ʨʘʩʰʠʨʠʪʴ ʙʘʟʫ 

ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʠ ʫʪʨʘʪʠʚʰʠʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ 

ʮʝʥʥʦʩʪʴ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʬʪʦʨʦʧʣʘʩʪ-4, ʫʛʣʝʧʣʘʩʪʠʢ, ʚʪʦʨʠʯʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ. 

 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʦʧʣʘʩʪʘ-4 ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ: ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʙʦʣʴʰʠʥʩʪʚʫ ʠʟʚʝʩʪʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ, ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʬʪʦʨʦʧʣʘʩʪʘ-4 ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʟʘʛʦʪʦʚʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʥʘ ʦʪʭʦʜʳ ʚ ʚʠʜʝ ʩʪʨʫʞʢʠ ʜʦ 50% ʤʘʩʩʳ ʠʩʭʦʜʥʦʡ 

ʟʘʛʦʪʦʚʢʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʣʠʯʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝ ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʦʪʭʦʜʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʠʣʠ 

ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʭʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ, ʚ 

ʠʟʤʝʣʴʯʝʥʠʠ ʩʪʨʫʞʢʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʠ ʚʚʝʜʝʥʠʝ ʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʤʘʪʨʠʮʝʡ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ-4 ʠ ʫʛʣʝʚʦʣʦʢʥʠʩʪʳʤ 

ʥʘʧʦʣʥʠʪʝʣʝʤ.  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʚʦʜʠʤʦʛʦ ʚ ʧʝʨʚʠʯʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ.  

ʇʝʨʚʠʯʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʛʦʪʦʚʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, 

ʧʝʨʝʜ ʩʤʝʰʝʥʠʝʤ ʋɺ, ʥʘʧʦʣʥʠʪʝʣʴ - ʫʛʣʝʨʦʜʥʫʶ ʪʢʘʥʴ ʚ ʚʠʜʝ ʭʦʣʩʪʘ ʨʘʟʨʝʟʘʣʠ ʥʘ ʢʫʩʢʠ 

ʨʘʟʤʝʨʦʤ 1Ĭ1ʩʤ ʠ ʠʟʤʝʣʴʯʘʣʠ ʥʘ ʤʝʣʴʥʠʮʝ ʄʈʇ-2 (ʚʨʝʤʷ ʠʟʤʝʣʴʯʝʥʠʷ Ű  = 15ʤʠʥ., ʯʠʩʣʦ 

ʦʙʦʨʦʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʝʣʴʥʠʮʳ n = 7000 ʦʙ/ʤʠʥ.). ʊʘʢʦʡ ʨʝʞʠʤ ʧʦʜʛʦʪʦʚʢʠ ʋɺ 

ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʭʨʘʥʷʣʩʷ ʚʦ ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  

ʇʦʨʦʰʦʢ ʬʪʦʨʦʧʣʘʩʪʘ-4-ʆ, ɻʆʉʊ 10007-80, ʧʨʦʠʟʚʦʜʩʪʚʘ ʋʨʘʣʴʩʢʦʛʦ 

ʇʆ çɻʘʣʦʛʝʥè, ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʚʟʷʪ ʠʟ ʦʜʥʦʡ ʧʘʨʪʠʠ (ˉ 594). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʜ ʩʤʝʰʝʥʠʝʤ ʧʦʨʦʰʦʢ ʨʘʟʨʳʭʣʷʣʩʷ ʠ ʧʨʦʩʫʰʠʚʘʣʩʷ. ʅʘʩʳʧʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʨʦʰʢʘ ʬʪʦʨʦʧʣʘʩʪʘ-4, ɟʥ - 0,45ʛ/ʩʤį. 

ʉʤʝʰʝʥʠʝ ʠʥʛʨʝʜʠʝʥʪʦʚ ʧʝʨʚʠʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ) 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʀʥʛʨʝʜʠʝʥʪʳ ʢʦʤʧʦʟʠʮʠʠ ʧʨʦʩʫʰʠʚʘʣʠʩʴ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ  ʧʨʠ t = 105 ęʉ, ʚ 

ʪʝʯʝʥʠʠ 1 ʯʘʩʘ. 

ʂʦʤʧʦʟʠʮʠʷ ʟʘʜʘʚʘʣʘʩʴ ʚ ʚʝʩʦʚʦʡ ʧʨʦʧʦʨʮʠʠ 20% ʋɺ ʥʘʧʦʣʥʠʪʝʣʷ ʠ 80% ʌ-4-ʆ ʜʣʷ 

ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘʚʝʩʢʫ ʬʪʦʨʦʧʣʘʩʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʨʳʭʣʷʣʠ ʠ ʟʘʩʳʧʘʣʠ ʚ 

ʩʤʝʩʠʪʝʣʴʥʳʡ ʙʫʥʢʝʨ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʨʳʭʣʝʥʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʚ ʪʨʠ ʩʪʘʜʠʠ ʯʝʨʝʟ 

ʦʜʥʫ ʤʠʥʫʪʫ. ʉʫʤʤʘʨʥʳʡ ʚʝʩ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʰʠʚʘʝʤʳʭ ʚ ʩʤʝʩʠʪʝʣʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʨʘʚʥʦʡ 100 Ñ 2ʛ. 
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ʈʝʞʠʤ ʩʤʝʰʝʥʠʷ - ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʨʦʙʠʣʢʠ  n = 500 ʤʠʥ1-, ʚʨʝʤʷ 

ʩʤʝʰʝʥʠʷ Ű  = 15ʤʠʥ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʨʫʞʢʘ ʧʦʣʠʤʝʨʥʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʩʥʦʚʦʡ ʬʪʦʨʦʧʣʘʩʪ-4 ʠ ʫʛʣʝʚʦʣʦʢʥʠʩʪʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ (ʩʨʝʜʥʷʷ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ɟʥ = 0,13-0,15 ʛ/ʩʤį). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟ 

ʩʪʨʫʞʢʠ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʙʘʨʘʙʘʥʥʦʛʦ ʦʪʜʝʣʠʪʝʣʷ ʫʜʘʣʷʣʠʩʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ  ʚʢʣʶʯʝʥʠʷ.  

ʅʘʚʝʩʢʫ ʩʪʨʫʞʢʠ (100ʛ.) ʠʟʤʝʣʴʯʘʣʠ ʚ ʤʝʣʴʥʠʮʝ ʄʈʇ-2 (ʚʨʝʤʷ ʠʟʤʝʣʴʯʝʥʠʷ 

Ű = 15ʤʠʥ., ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʨʦʙʠʣʢʠ ʧ =7000 ʦʙ./ʤʠʥ.).  

ʀʟʤʝʣʴʯʝʥʥʳʡ ʚʪʦʨʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʩʦʚʳʭ ʧʨʦʧʦʨʮʠʷʭ ʚʚʦʜʠʣʠ ʚ 

ʢʦʤʧʦʟʠʮʠʶ ʥʘ ʩʪʘʜʠʠ ʩʤʝʰʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ ʚʪʫʣʦʢ ʧʦ 

ɻʆʉʊ 12015-66 ʠ ɻʆʉʊ 12019-66 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚ 

 

ʄʘʨʢʘ 

ʫʛʣʝʧʣʘʩʪʠʢʘ 

 

ʉʦʩʪʘʚ, ʤʘʩ. % ʉʚʦʡʩʪʚʘ 

ʌ-4 ʋɺ ɺʪʦʨʠʯʥʳʡ 

ʫʛʣʝʧʣʘʩʪʠʢ 

ʇʨʦʯʥʦʩʪʴ 

ʧʨʠ 

ʨʘʟʨʳʚʝ, 

ʄʇʘ 

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ, 

% 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ, 

ɯ Ŀ 10
-6

 ʤʤ
3
/ʅĿʤ 

ʇʊʌʕ80/20 80 20 - 16 60 80 

ʇʊʌʕ72/18/10 75 15 15 12 7 85 

ʇʊʌʕ64/16/20 70 15 20 11 6 88 

ʇʊʌʕ56/14/30 65 15 20 10 5 90 

ʇʊʌʕ48/12/40 60 20 20 7,5 4 210 

ʇʊʌʕ40/10/50 55 20 25 4,3 - - 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ 

ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʧʦʣʠʤʝʨʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʠʟʤʝʥʷʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʚʦʡʩʪʚʘ ʠʤʝʝʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠ ʚʚʝʜʝʥʠʠ 10-15% ʤʘʩʩʳ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ. 
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ʂ.ɺ. ɹɽʈʃɸɼʀʈ, ʇ.ɺ. ʈʋɼɽʅʂʆ 

ʉʫʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ, ʛ. ʉʫʤʳ 

 

 ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺɸʃʔʎɽɺɸʅʀʗ ɺ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʄ ʇʈʆʎɽʉʉɽ 

ʀɿʄɽʃʔʏɽʅʀʗ ɺʊʆʈʀʏʅʆɻʆ ʋɻʃɽʇʃɸʉʊʀʂɸ  

 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʤʘʪʨʠʮʝʡ ʬʪʦʨʦʧʣʘʩʪ-4 ʠ ʫʛʣʝʚʘʣʦʢʥʠʩʪʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʬʪʦʨʦʧʣʘʩʪ-4, ʫʛʣʝʧʣʘʩʪʠʢ, ʚʪʦʨʠʯʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ. 

 

ʇʦ ʤʝʨʝ  ʚʦʟʨʘʩʪʘʥʠʷ ʩʪʦʠʤʦʩʪʠ ʩʳʨʴʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʨʝʩʫʨʩʦʚ ʧʨʦʙʣʝʤʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʘʩʧʝʢʪʳ:   

 - ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ;  

 -  ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʨʝʙʫʝʪ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ, 

ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩʥʠʞʘʝʪ ʵʪʠ ʟʘʪʨʘʪʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʤʢʥʫʪʳʭ ʦʙʦʨʦʪʦʚ ʩʳʨʴʷ. 

ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪʭʦʜʦʚ ʬʪʦʨʦʧʣʘʩʪʘ ʠ ʝʛʦ ʢʦʤʧʦʟʠʮʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ ʠʟʤʝʣʴʯʝʥʠʷ - ʧʦʨʦʰʢʫ: ʝʛʦ 

ʜʠʩʧʝʨʩʥʦʩʪʠ, ʯʠʩʪʦʪʝ ʠ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ, ʤʦʨʬʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʪ 50 ʜʦ 200 ʤʢʤ ʜʣʷ ʤʘʪʨʠʮʳ ʬʪʦʨʦʧʣʘʩʪ-4 (ʇʊʌʕ). 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚʣʠʷʝʪ ʥʘ ʦʙʘ 

ʢʦʤʧʦʥʝʥʪʘ ʬʪʦʨʦʧʣʘʩʪ-4 ʠ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ (ʋɺ), ʩʦʩʪʘʚʣʷʶʱʠʭ  ʝʛʦ ʩʦʩʪʘʚ. ʇʨʠ 

ʵʪʦʤ  ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʫʞʝ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʚʦʟʜʝʡʩʪʚʠʶ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʦʨʤʘʮʠʡ  ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʧʨʦʮʝʩʩʝ 

ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʷʤ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʠ ʠʟʫʯʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʘʣʴʮʝʚʘʥʠʷ ʩʪʨʫʞʢʠ ʚʪʦʨʠʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʜ ʠʟʤʝʣʴʯʝʥʠʝʤ ʠ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚʪʦʨʠʯʥʦʛʦ ʠʥʛʨʝʜʠʝʥʪʘ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʤʝʣʴʥʠʮʝ ʄʈʇ-2 (n = 9000 ʦʙ/ʤʠʥ, Ű = 15 ʤʠʥ) ʠ 

ʜʚʫʭ ʩʪʘʜʠʡʥʦʛʦ, ʧʨʦʢʘʪʢʘ ʤʘʪʝʨʠʘʣʘ ʚ ʜʚʫʭʚʘʣʢʦʚʳʭ  ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʘʣʴʮʘʭ ʤʦʜʝʣʠ ʃ-16 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʚ ʤʝʣʴʥʠʮʝ ʄʈʇ-2 (n = 9000 ʦʙ/ʤʠʥ, Ű = 10 ʤʠʥ).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʧʨʦʠʟʚʦʜʠʣʠ  ʬʦʪʦʩʲʝʤʢʫ ʨʘʩʩʝʚʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʨʝʜʤʝʪʥʦʤ ʩʪʦʣʝ 

ʤʠʢʨʦʩʢʦʧʘ.ʇʦʣʫʯʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çImage Pro PluSè.  

ʇʨʠ  ʚʘʣʴʮʝʚʘʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʧʨʫʛʦʡ, ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʡ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʚʪʦʨʠʯʥʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ: 

ʤʘʪʝʨʠʘʣ ʫʧʣʦʪʥʷʝʪʩʷ, ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ, ʜʠʩʧʝʨʛʠʨʫʝʪʩʷ ʠ ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʦʤʝʥʪʘ ʥʘʭʦʞʜʝʥʠʷ ʚ ʟʘʟʦʨʝ ʜʦ ʤʦʤʝʥʪʘ 

ʚʳʭʦʜʘ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʤʝʞʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʘ, 

ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʷʜ ʤʝʭʘʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʢʘʢ ʚ ʤʘʪʝʨʠʘʣʝ ʤʘʪʨʠʮʳ - 

ʇʊʌʕ, ʪʘʢ ʠ ʥʘʧʦʣʥʠʪʝʣʷ - ʋɺ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʨʠʝʥʪʘʮʠʷ ʢʣʫʙʢʦʦʙʨʘʟʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʯʘʩʪʠʯʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʦʯʝʥʴ ʜʣʠʥʥʳʭ ʮʝʧʝʡ, 

ʦʢʠʩʣʝʥʠʝ ʧʦʣʠʤʝʨʘ ʢʠʩʣʦʨʦʜʦʤ. ʅʘʧʦʣʥʠʪʝʣʴ - ʋɺ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʜʠʩʧʝʨʛʠʨʫʝʪʩʷ 

ʠ ʯʘʩʪʠʯʥʦ  ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʢʘʪʢʠ. 
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ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 1, 2),  ʚʘʣʴʮʝʚʘʥʠʝ 

ʧʨʠ ʜʚʫʭʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠʟʤʝʣʴʯʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʩʩʦʚʫʶ ʜʦʣʶ  ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʚ ʤʝʣʴʥʠʮʝ ʄʈʇ-2.  

 

   
 

ʈʠʩ. 1. ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʜʥʦʩʪʘʜʠʡʥʦʤ 

ʨʝʞʠʤʝ ʠʟʤʝʣʴʯʝʥʠʷ 

 

 

 
 

ʈʠʩ. 2. ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʜʚʫʭʩʪʘʜʠʡʥʦʤ  

ʨʝʞʠʤʝ ʠʟʤʝʣʴʯʝʥʠʷ 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ ʧʨʠ ʚʘʣʴʮʝʚʘʥʠʠ ʤʦʞʥʦ, ʠʟʤʝʥʷʷ ʨʘʟʥʦʩʪʴ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ 

(ʬʨʠʢʮʠʠ) ʚʘʣʢʦʚ, ʚʝʣʠʯʠʥʫ ʟʘʟʦʨʘ ʤʝʞʜʫ ʚʘʣʢʘʤʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʥʳʭ ʧʨʦʭʦʜʦʚ ʯʝʨʝʟ 

ʟʘʟʦʨ. ɽʩʣʠ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʦʛʨʝʚʘ ʚʘʣʢʦʚ ʧʨʠ ʚʘʣʴʮʝʚʘʥʠʠ ʚ ʜʘʣʴʥʝʡʰʝʤ, 

ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʱʝʥʠʷ  ʚʘʣʴʮʝʚʘʥʠʷ ʩ 

ʧʦʜʩʫʰʠʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. 
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ʉ.ɺ. ɹɽʍ, ʄ.ʉ. ʂʋʐʅɯʈ, ʆ.ʉ. ʉɸʍɸʈʆɺ, ʜ-ʨ. ʪʝʭ. ʥʘʫʢ, ʧʨʦʬ., 

ɺ.ɯ. ʉɯɺɽʎʔʂʀʁ, ʢ.ʪ.ʥ., ʧʨʦʬ., ʆ.ʃ. ʉʆʂʆʃʔʉʔʂʀʁ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ.ʂʠʾʚ 

 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ɿʄɯʐʋɺɸʅʅʗ ɺ ʂʆɸʂʉɯɸʃʔʅʆʄʋ 

ɿɸɿʆʈɯ 

 
ɿʤʽʰʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʻ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʟʘʜʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʠʢʣʘʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʧʦʣʽʤʝʨʥʘ ʚ ʟʤʽʰʫʚʘʣʴʥʽʡ ʟʦʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʤʽʰʫʚʘʥʥʷ, ʢʦʘʢʩʽʘʣʴʥʠʡ ʟʘʟʦʨ, ʧʦʣʽʤʝʨʠ  

 

ʇʨʦʮʝʩʠ ʟʤʽʰʫʚʘʥʥʷ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʢʦʤʧʦʟʠʮʽʡ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʨʦʙʠ ʪʘ ʜʝʪʘʣʽ, ʪʦʤʫ-ʱʦ ʷʢʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ 

ʚʠʨʦʙʫ. ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʷʢʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢ 

ʥʘʢʦʧʠʯʝʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ, ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʪʘ ʽʥ. ʗʢ ʧʨʘʚʠʣʦ, ʮʽ 

ʧʦʢʘʟʥʠʢʠ ʻ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʽ ʥʝ ʟʘʚʞʜʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ. 

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ, 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ).  

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ ʚ ʢʦʘʢʩʽʘʣʴʥʦʤʫ ʟʘʟʦʨʽ ʤʽʞ 

ʦʙʝʨʪʦʚʠʤ ʪʘ ʥʝʨʫʭʦʤʠʤ ʮʠʣʽʥʜʨʘʤʠ ʟʘ ʨʽʟʥʠʭ ʚʠʪʨʘʪ ʧʦʣʽʤʝʨʥʠʭ ʨʽʜʠʥ ʧʨʠ ʪʝʯʽʾ ʚʟʜʦʚʞ 

ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʪʘ ʟʥʘʯʝʥʥʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʣʽʤʝʨʽʚ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʝʬʝʢʪʠʚʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʰʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʨʽʜʠʥ ʚʟʜʦʚʞ ʢʦʘʢʩʽʘʣʴʥʦʛʦ 

ʟʘʟʦʨʫ, ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʣʽʤʝʨʫ ʟʘʜʘʚʘʣʠʩʷ ʮʠʢʣʽʯʥʦ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ ʚ ʨʽʟʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʏʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʚʝʜʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʚ 

ʢʦʘʢʩʽʘʣʴʥʠʡ ʟʘʟʦʨ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʚʟʘʻʤʦʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʦʣʽʤʝʨʽʚ ʥʘ ʚʭʦʜʽ ʚ ʢʦʘʢʩʽʘʣʴʥʠʡ ʟʘʟʦʨ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʚʘʨʽʘʥʪʽ ʜʠʩʧʝʨʛʦʚʘʥʠʡ 

ʤʘʪʝʨʽʘʣ ʚʚʦʜʠʪʴʩʷ ʙʽʣʷ ʥʝʨʫʭʦʤʦʛʦ ʮʠʣʽʥʜʨʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʰʫʚʘʥʥʷ ʚ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ. ʇʦʯʘʪʢʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʭʦʜʽ ʚ 

ʢʦʘʢʩʽʘʣʴʥʠʡ ʟʘʟʦʨ ʧʨʠʡʤʘʻʤʦ ʨʽʚʥʦʶ 100, ʜʠʩʧʝʨʛʫʶʯʦʛʦ ï ʥʫʣʶ. ɺʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥ 

ʚʚʘʞʘʻʤʦ ʣʽʥʽʡʥʠʤʠ. ɼʽʘʤʝʪʨ ʚʥʫʪʨʽʰʥʴʦʛʦ  ʮʠʣʽʥʜʨʘ ï 72ʤʤ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʮʠʣʽʥʜʨʘ ï 

90ʤʤ. ɼʦʚʞʠʥʘ ʨʦʙʦʯʦʛʦ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʮʠʣʽʥʜʨʘʤʠ ʩʢʣʘʜʘʻ 300ʤʤ. ʐʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʮʠʣʽʥʜʨʫ ï 16 ʨʘʜ/ʩ. ʐʚʠʜʢʽʩʪʴ ʦʩʴʦʚʦʾ ʧʦʜʘʯʽ ʨʽʜʠʥ ʚ 

ʢʦʘʢʩʽʘʣʴʥʠʡ ʟʘʟʦʨ ʩʢʣʘʜʘʻ 0.1 ʤ/ʩ. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʭʦʜʠʪʴ ʚ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ  ʧʦʣʽʤʝʨʽʚ ʚ ʨʽʟʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ.  

 

 
 

ʈʠʩ. 1. ɻʝʦʤʝʪʨʽʷ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ. 
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ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʜʠʩʧʝʨʩʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢʠ ʾʾ ʟʤʽʥʠ ʧʦ ʜʦʚʞʠʥʽ 

ʢʘʥʘʣʫ ʚ ʧʣʦʱʠʥʽ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʩʝʨʝʜʠʥʽ ʰʘʨʫ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦʙʪʦ ʥʘ 

ʨʘʜʽʫʩʽ Rs (ʜʠʚ. ʨʠʩ. 1.), ʤ. 

 

 
 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ ʧʨʠ 

ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʚôʷʟʢʦʩʪʝʡ: 1:10; 1:1; 1:0,1, ʜʝ 1 ï  ʚôʷʟʢʽʩʪʴ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ  

 

ɿʘ ʢʨʠʪʝʨʽʡ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ ʧʨʠʡʤʘʻʤʦ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʢʨʠʚʦʾ. ɿ ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚôʷʟʢʦʩʪʝʡ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʜʦ 

ʜʠʩʧʝʨʛʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 1:10, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ ʟʤʽʰʫʚʘʥʥʷ. ɺʞʝ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʦʜʥʘʢʦʚʠʭ ʟʘ ʚôʷʟʢʽʩʪʶ ʤʘʪʝʨʽʘʣʽʚ ʟʤʽʰʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 50ʤʤ ʜʘʣʽ ʧʦ 

ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ. ɸ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʣʠ ʜʠʩʧʝʨʛʫʶʯʠʡ ʤʘʪʝʨʽʘʣ ʤʝʥʰ ʚôʷʟʢʠʡ 

ʟʘ ʜʠʩʧʝʨʛʦʚʘʥʠʡ, ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʤʽʰʽ ʚ ʢʦʘʢʩʽʘʣʴʥʦʤʫ ʟʘʟʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʧʦʚʽʣʴʥʦ (ʨʠʩ. 2, ʢʨʠʚʘ 3). 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ ʚ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚʘʭ, ʚʟʜʦʚʞ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʟ ʨʽʟʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʦʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʢʨʽʧʣʶʶʪʴ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʟʤʽʰʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʜʠʩʧʝʨʛʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʙʽʣʴʰ ʚôʷʟʢʠʡ ʟʘ ʜʠʩʧʝʨʛʫʶʯʠʡ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

 

1.  ʉʝʜʦʚ ʃ.ʀ. ʄʝʭʘʥʠʢʘ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ï ʄ.: ʅʘʫʢʘ, ʪ.1 (ʪ.2) ï 1970, 492 (568) ʩ. 
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ɺ.ɯ. ʉɯɺɽʎʔʂʀʁ, ʢ.ʪ.ʥ., ʧʨʦʬ., ɼ.ɼ. ʈʗɹɯʅɯʅ, ʢ.ʪ.ʥ., ʜʦʮ.,  

ʆ.ʃ. ʉʆʂʆʃʔʉʔʂʀʁ, ʢ.ʪ.ʥ., ʜʦʮ., ɸ.ɺ. ʂʋɿʅɭʎʆɺ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ.ʂʠʾʚ 

 

ɯʅɺɸʈɯɸʅʊʅɯ ʂʈʀɺɯ ʊɽʏɯɰ ɼʃʗ ʇʆʃɯɽʊʀʃɽʅʋ ɺʀʉʆʂʆɰ ɻʋʉʊʀʅʀ 

 
ɻʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʛʽʜʨʘʚʣʽʮʽ ʜʣʷ ʦʮʽʥʢʠ ʦʧʦʨʫ ʽ ʨʦʟʨʘʭʫʥʢʫ ʢʘʥʘʣʽʚ ʥʝʢʨʫʛʣʦʾ 

ʬʦʨʤʠ. ɸʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʨʝʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʥʦʩʥʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʘʥʘʣʽʚ. ʄʝʪʦʶ ʜʘʥʦʾ ʧʫʙʣʽʢʘʮʽʾ ʻ ʦʮʽʥʢʘ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʚ ʢʘʥʘʣʘʭ ʥʝʢʨʫʛʣʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʝʪʠʣʝʥ, ʢʨʠʚʘ ʪʝʯʽʾ, ʪʝʯʽʷ ʚ ʢʘʥʘʣʽ 

 

ʇʠʪʘʥʥʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ, ʷʢ ʘʜʝʢʚʘʪʥʦʛʦ ʩʧʦʩʦʙʫ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʥʘʣʽʚ ʥʝʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʦ ʢʨʫʛʣʠʭ ʢʘʥʘʣʽʚ 

ʧʨʠ ʪʝʯʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ, ʟʦʢʨʝʤʘ ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ, ʷʚʣʷʻ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ 

ʽʥʪʝʨʝʩ ʫ ʟʚôʷʟʢʫ ʽʟ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʪʘʢʠʭ ʢʘʥʘʣʽʚ ʫ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ 

ʽʟ ʧʦʣʽʤʝʨʽʚ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʽ ʜʣʷ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʇʨʠ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʥʝʢʨʫʛʣʠʭ ʢʘʥʘʣʽʚ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʘʙʦ ʧʨʠʟʤʘʪʠʯʥʠʭ ʢʘʥʘʣʽʚ ʩʢʣʘʜʥʦʛʦ ʧʨʦʬʽʣʶ ʚʠʟʥʘʯʘʶʪʴ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʦʧʦʨʫ ʮʠʭ 

ʢʘʥʘʣʽʚ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʾʤ ʟʘ ʦʧʦʨʦʤ ʢʘʥʘʣʦʤ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʫ ʷʢʦʤʫ ʟʘ 

ʨʘʜʽʫʩ ʧʨʠʡʤʘʻʪʴʩʷ çʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩè ɻR , ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʧʣʦʱʽ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ S ʢʘʥʘʣʫ ʜʦ ʟʤʦʯʝʥʦʛʦ ʧʝʨʠʤʝʪʨʫ c [1]: 

c
=

S
Rɻ .      (1) 

ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʥʷʪʪʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ, ʪʦ ʩʝʨʝʜʥʻ ʟʘ ʧʝʨʠʤʝʪʨʦʤ 

ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʘʙʦ, ʽʥʘʢʰʝ, ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʥʘ ʩʪʽʥʮʽ ʢʘʥʘʣʫ 

L

RP ɻ
R

ÖD
=t ,            (2) 

ʪʦʙʪʦ ʩʝʨʝʜʥʻ ʟʘ ʧʝʨʠʤʝʪʨʦʤ ʮʠʣʽʥʜʨʠʯʥʦʛʦ (ʧʨʠʟʤʘʪʠʯʥʦʛʦ) ʢʘʥʘʣʫ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ [1] 

ʜʦʨʽʚʥʶʻ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ PD  ʥʘ ʜʽʣʷʥʮʽ ʢʘʥʘʣʫ ʜʦʚʞʠʥʦʶ L  ʽ ʧʨʦʧʦʨʮʽʡʥʦ ʛʽʜʨʘʚʣʽʯʥʦʤʫ 

ʨʘʜʽʫʩʫ. 

ʈʽʚʥʷʥʥʷ (2) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ 

ʨʫʭʘʶʪʴʩʷ ʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʥʘʣʘʭ, ʟʦʢʨʝʤʘ, ʧʨʠ ʨʫʩʽ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ [1]. 

ʋ ʨʝʦʣʦʛʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʚʝʣʠʯʠʥʘ 
Rt  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʢʨʠʚʦʾ ʪʝʯʽʾ, ʷʢʘ ʻ ʛʨʘʬʽʯʥʠʤ ʚʠʨʘʟʦʤ ʟʘʣʝʞʥʦʩʪʽ )( RR ɻf=t . ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ 

22 ɻ

R
R

Q
ɻ

p
= ,       (3) 

ʜʝ Qï ʦʙô̒ ʤʥʽ ʚʠʪʨʘʪʠ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʮʝʡ ʩʧʦʩʽʙ ʤʘʻ 

ʩʝʥʩ ʪʽʣʴʢʠ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʫ ʢʘʥʘʣʽʚ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴ ʟʘ ʦʧʦʨʦʤ, ʧʝʨʝʨʽʟʠ 

ʛʝʦʤʝʪʨʠʯʥʦ ʙʣʠʟʴʢʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦʮʽʣʴʥʦʶ ʻ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʘʜʽʫʩʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʫ ʢʘʥʘʣʘʭ ʥʝʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʣʷ ʢʘʥʘʣʽʚ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʚ ʨʦʙʦʪʽ [1] ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʝʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʢʨʠʚʠʭ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ, 
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ʦʪʨʠʤʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʫʪʦʯʥʝʥʠʡ ʨʘʜʽʫʩ ʢʘʥʘʣʫ RR , ʷʢʠʡ 

ʫʤʦʚʥʦ ʥʘʟʚʘʥʦ ʨʝʦʣʦʛʽʯʥʠʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʘʭ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʩʫʤʽʨʥʠʭ ʽʟ ʧʨʦʤʠʩʣʦʚʠʤʠ, ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʤʽʥʥʠʭ ʢʘʥʘʣʽʚ, 

ʨʦʟʤʽʨʠ ʷʢʠʭ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣ. 1 . 

 

ʊʘʙʣʠʮʷ 1. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʥʘʣʽʚ 

 

ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʢʘʥʘʣʫ 
2ʭ32 4ʭ32 8ʭ32 16ʭ32 32ʭ32 

ɺʠʩʦʪʘ ʅ, ʤʤ 2 3,95 8,1 15,83 31,83 

ʐʠʨʠʥʘ ɺ, ʤʤ 32,3 32,05 32, 31,99 32,1 

ɺʝʣʠʯʠʥʘ ɺ/ʅ 16,15 8,114 3,951 2,021 1,01 

ɻR , ʤʤ 0,942 1,76 3,23 5,3 7,99 

 

ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʘʜʽʫʩʽʚ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (1). 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʚʽʩʢʦʟʠʤʝʪʨ ʩʪʘʣʠʭ ʰʚʠʜʢʦʩʪʝʡ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʫʩʪʘʣʝʥʠʡ ʧʦʪʽʢ ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʪʝʯʽʾ ʫ ʢʘʥʘʣʘʭ ʽʟ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʨʦʟʤʽʨʘʤʠ, ʷʢʽ ʬʘʢʪʠʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʛʦʣʦʚʦʢ ʯʝʨʚôʷʯʥʠʭ ʤʘʰʠʥ [1]. 

ɼʣʷ ʚʽʩʢʦʟʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʫʛʣʽ ʢʘʥʘʣʠ. ʗʢʱʦ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ ʥʝ ʚʠʷʚʣʷʻ ʧʨʠʩʪʽʥʥʠʭ ʝʬʝʢʪʽʚ, ʪʦ ʢʨʠʚʽ ʪʝʯʽʾ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ 

ʢʨʫʛʣʠʭ ʢʘʥʘʣʘʭ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ, ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʜʥʘ ʥʘ ʦʜʥʫ ʽ ʧʨʘʢʪʠʯʥʦ ʻ ʽʥʚʘʨʽʘʥʪʥʠʤʠ 

ʚʽʜʥʦʩʥʦ ʜʽʘʤʝʪʨʫ ʢʘʥʘʣʫ. 

ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʘʥʘʣʽʚ ʽʟ ʧʝʨʝʨʽʟʦʤ ʥʝ ʢʨʫʛʣʦʾ ʬʦʨʤʠ ʧʦʚʠʥʥʦ ʙʫʣʦ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʾʭ 

ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʥʦʩʥʦ ʚʝʣʠʯʠʥʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ. 

ʇʝʨʝʚʽʨʢʘ ʮʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʜʣʷ ʪʠʧʦʚʦʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ, 

ʟʦʢʨʝʤʘ, ʨʦʟʧʣʘʚʫ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʤʘʨʢʠ ʇ-4020-ʕʂ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 150
0
ʉ ʪʘ 

190
0
ʉ. ʈʦʟʧʣʘʚ ʮʴʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʻ ʩʚʦʛʦ ʨʦʜʫ ʝʪʘʣʦʥʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʦʣʦʛʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʷʢʦʛʦ ʜʦʩʪʘʪʥʴʦ ʚʽʜʦʤʽ ʪʘ ʦʧʠʩʘʥʽ ʫ ʣʽʪʝʨʘʪʫʨʽ [1]. ɺʽʥ ʧʦʚʦʜʠʪʴ 

ʩʝʙʝ ʷʢ ʪʠʧʦʚʘ ʥʝʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ, ʱʦ ʧʽʜʢʦʨʷʻʪʴʩʷ ʩʪʝʧʝʥʝʚʦʤʫ ʟʘʢʦʥʫ. ʂʨʠʚʽ ʪʝʯʽʾ 

ʨʦʟʧʣʘʚʫ ʮʴʦʛʦ ʧʦʣʽʤʝʨʫ ʽʥʚʘʨʽʘʥʪʥʽ ʚʽʜʥʦʩʥʦ ʜʽʘʤʝʪʨʫ ʢʘʥʘʣʫ. ɼʣʷ ʥʴʦʛʦ ʥʝ ʭʘʨʘʢʪʝʨʥʘ 

ʘʥʦʤʘʣʴʥʘ ʨʝʦʣʦʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʥʘ ʤʝʞʽ ʟʽ ʩʪʽʥʢʦʶ ʢʘʥʘʣʫ ʘʙʦ ʚ ʦôʙʻʤʥʠʭ ʰʘʨʘʭ ʧʦʪʦʢʫ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʥʴʦʛʦ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʪʦʮʽ 

ʨʦʟʧʣʘʚʫ ʧʨʠ ʡʦʛʦ ʪʝʯʽʾ ʫ ʧʨʷʤʦʢʫʪʥʦʤʫ ʢʘʥʘʣʽ [1]. 

ɿʘ ʬʦʨʤʫʣʘʤʠ (2) ʽ (3) ʜʣʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʫ ʪʘʙʣ. 1 ʢʘʥʘʣʽʚ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʢʦʥʩʠʩʪʝʥʪʥʽ ʢʨʠʚʽ ʪʝʯʽʾ, ʧʦʙʫʜʦʚʘʥʽ ʫ ʢʦʥʩʠʩʪʝʥʪʥʠʭ ʟʤʽʥʥʠʭ ʈʝʡʥʝʨʘ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʫ ʨʝʦʣʦʛʽʯʥʦʤʫ ʘʩʧʝʢʪʽ [1] ʢʦʥʩʠʩʪʝʥʪʥʘ ʟʤʽʥʥʘ 
ɻRt  ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʦʶ ʬʫʥʢʮʽʻʶ 

ʢʦʥʩʠʩʪʝʥʪʥʦʾ ʟʤʽʥʥʦʾ 
ɻRɻ . ɯ ʮʶ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʪʝʯʽʾ ʨʽʜʠʥʠ ʢʨʽʟʴ ʙʫʜʴ-

ʷʢʠʡ ʢʘʥʘʣ ʙʫʜʴ-ʷʢʦʛʦ ʧʝʨʝʨʽʟʫ.  

ʂʦʥʩʠʩʪʝʥʪʥʽ ʢʨʠʚʽ ʪʝʯʽʾ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʥʝʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʚʽʜʥʦʩʥʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ, ʷʢʫ ʥʝʤʦʞʣʠʚʦ ʧʦʷʩʥʠʪʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʦʚʝʜʽʥʢʠ 

ʝʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʧʨʠʩʪʽʥʥʦʤʫ ʰʘʨʽ ʘʙʦ ʫ ʦʙôʻʤʥʠʭ ʰʘʨʘʭ ʧʦʪʦʢʫ. ʊʦʙʪʦ ʧʦʥʷʪʪʷ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʥʝ ʜʘʻ ʟʤʦʛʠ ʦʪʨʠʤʘʪʠ ʜʣʷ ʢʘʥʘʣʽʚ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʚʝʣʠʯʠʥʠ 

ɻRt  ʽ 
ɻRɻ , ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʠʣʠ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʢʦʥʩʠʩʪʝʥʪʥʠʭ ʢʨʠʚʠʭ ʪʝʯʽʾ ʚʽʜʥʦʩʥʦ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʘʥʘʣʽʚ, ʪʦʙʪʦ 
ɻRt  ʥʝ ʻ ʦʜʥʦʟʥʘʯʥʦʶ ʬʫʥʢʮʽʻʶ 

ɻRɻ . ʈʦʟʚô̫ ʟʘʥʥʷ 
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ʮʽʻʾ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ ʨʦʙʦʪʽ [1] ʽ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 

ʢʘʥʘʣʫ, ʷʢʠʡ ʙʠ ʪʘʢʦʞ ʟʘʣʝʞʘʚ ʽ ʚʽʜ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʫ. ʊʘʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʤʦʞʝ ʙʫʪʠ ʨʘʜʽʫʩ ʢʘʥʘʣʫ RR , ʷʢʠʡ ʫʤʦʚʥʦ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʨʝʦʣʦʛʽʯʥʠʤ. 

ʈʝʦʣʦʛʽʯʥʠʡ ʨʘʜʽʫʩ  ʜʣʷ ʽ-ʛʦ ʢʘʥʘʣʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʨʽʚʥʷʥʥʷ: 

n

R

X
ɻiRi

ɻi

RR 33232

32³

³³ =
t

t
,         (4) 

 

ʜʝ 
32³ɻiR  ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ -̔ʛʦ ʢʘʥʘʣʫ; 

32

32

ln

ln

³

³t=
Ri

Ri

ɻd

d
n  ï ʣʦʛʘʨʠʬʤʽʯʥʘ ʧʦʭʽʜʥʘ ʘʙʦ 

ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʨʠʚʠʭ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʥʘ ʩʪʽʥʮʽ ʢʘʥʘʣʫ ʚʽʜ 

ʝʬʝʢʪʠʚʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ; Xt  ï ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 32³Riɻ  ʥʘ 

ʢʨʠʚʽʡ ʪʝʯʽʾ ʢʘʥʘʣʫ 2ʭ32; 
32³tRi

 ï ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʽ-ʛʦ ʢʘʥʘʣʫ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʨʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʢʨʠʚʦʾ ʪʝʯʽʾ -̔ʛʦ ʢʘʥʘʣʫ ʥʘ ʢʨʠʚʽʡ ʪʝʯʽʾ ʢʘʥʘʣʫ 2ʭ32 ʥʘ ʙʘʟʽ ʪʘʢʠʭ 

ʚʠʭʽʜʥʠʭ ʚʝʣʠʯʠʥ: ʢʦʥʩʠʩʪʝʥʪʥʠʭ ʢʨʠʚʠʭ ʪʝʯʽʾ -̔ʛʦ ʢʘʥʘʣʫ ʽ ʢʘʥʘʣʫ 2ʭ32, ʦʙËʻʤʥʦʾ ʚʪʨʘʪʠ 

Q, ʜʦʚʞʠʥ ʢʘʥʘʣʽʚ, ʛʽʜʨʘʚʣʽʯʥʠʭ 
32³ɻʽɻ  ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ 32³RiR  ʨʘʜʽʫʩʽʚ -̔ʛʦ ʢʘʥʘʣʫ. 

ʇʦʨʷʜʦʢ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʪʘʢʠʡ. 

1. ɿʘ ʬʦʨʤʫʣʦʶ (3) ʚʠʟʥʘʯʘʻʤʦ ʝʬʝʢʪʠʚʥʠʡ ʛʨʘʜʽʻʥʪ ʰʚʠʜʢʦʩʪʽ: 

3
32232

³p
=

³

ɻi

R
R

Q
ɻ

ɻi
. 

 

2. ʇʦ ʢʨʠʚʽʡ ʪʝʯʽʾ ʜʣʷ ʢʘʥʘʣʫ 2ʭ32 ʚʠʟʥʘʯʘʻʤʦ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ Xt . 

3. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 
3232 ³³

t=t
Rʽɻʽ RR , ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʽʚʥʷʥʥʷ (4) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʥʘ ʢʘʥʘʣʫ 2ʭ32: 

 
n

Rʽ

ɻʽ
XR

R

R
ɻi

3

32

32

32 öö
÷

õ
ææ
ç

å
t=t

³

³

³
. 

 

4. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʚʦʾ ʪʝʯʽʾ ʜʣʷ ʢʘʥʘʣʫ 2ʭ32 ʟʥʘʭʦʜʠʤʦ ʚʝʣʠʯʠʥʫ 
32³RʽRɻ  ʽ 

ʧʝʨʝʚʽʨʷʻʤʦ ʾʾ ʚʝʣʠʯʠʥʫ ʟʘ ʬʦʨʤʫʣʦʶ ʨʦʙʦʪʠ [1]: 

 

n

X

R

RR
ɻʽ

ɻʽRʽ
ɻɻ

t

t
= ³

³³

32

3232

. 

 

ɺʝʣʠʯʠʥʘ ŰRʛ ʽʭ32 = ŰRR ʽʭ32  ʪʘ ɻ RR ʽʭ32  ʥʘʣʝʞʘʪʴ ʜʦ ʢʨʠʚʦʾ ʪʝʯʽʾ ʢʘʥʘʣʫ 2ʭ32 ʽ ʥʘʙʫʚʘʶʪʴ 

ʩʝʥʩʫ ʩʝʨʝʜʥʴʦʛʦ ʟʘ ʧʝʨʠʤʝʪʨʦʤ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ -̔ʛʦ ʢʘʥʘʣʫ. ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʨʠʚʽ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ 

ʧʦʣʽʤʝʨʽʚ, ʱʦ ʨʫʭʘʶʪʴʩʷ  ʫ ʧʨʷʤʦʢʫʪʥʠʭ ʢʘʥʘʣʘʭ, ʩʪʘʶʪʴ ʽʥʚʘʨʽʘʥʪʥʠʤʠ ʚʽʜʥʦʩʥʦ ʨʦʟʤʽʨʽʚ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ. 

ɺ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʣʷ ʟʚʝʜʝʥʥʷ ʢʨʠʚʦʾ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ 

ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʤʘʨʢʠ ʇ-4020-ʕʂ, ʥʝʽʥʚʘʨʽʘʥʪʥʦʾ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ 4ʭ32, ʜʦ ʽʥʚʘʨʽʘʥʪʥʦʛʦ ʚʠʜʫ. 

 

 

 



 162  

ʊʘʙʣʠʮʷ 2. ʇʘʨʘʤʝʪʨʠ ʪʝʯʽʾ ʧʦʣʽʝʪʠʣʝʥʫ ʤʘʨʢʠ ʇ-4020-ʕʂ ʫ ʢʘʥʘʣʽ 4ʭ32 ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ=170
0
ʉ 

 

ɻʽʜʨʘʚʣʽʯʥʠʡ 

ʨʘʜʽʫʩ, 

4 32ɻR ³ ,ʩʤ 

ʈʝʦʣʦʛʽʯʥʠʡ 

ʨʘʜʽʫʩ, 

4 32RR ³ , ʩʤ 

32³
t

ɻʽR , 

ʅ/ʤ
2
 

ʍt , 

ʅ/ʤ
2
 

32³ɻʽRɻ , 

ʩ
-1 

32³RʽRɻ , 

ʩ
-1

 
n  

0, 176 0,1496 1,6 1,3 7,4 12,08 0,4245 

0, 176 0,1489 2,6 2,1 21 34,73 0,4245 

0,176 0,1469 3,15 2,5 31,5 54,3 0,4245 

0,176 0,1477 4,5 3,6 70 118,44 0,4245 

0,176 0,1477 6,25 5 142,5 241,11 0,4245 

0,176 0,1471 8,8 7 300 514,2 0,4245 

0,176 0,1444 10,8 8,6 500 905 0,3839 

0,176 0,1425 12,75 10 760 1431,1 0,3839 

0,176 0,139 15,75 12 1225 2490,4 0,3839 

 

ʅʘ ʨʠʩʫʥʢʫ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦʢʘʟʘʥʽ ʢʨʠʚʽ ʪʝʯʽʾ ʜʣʷ ʢʘʥʘʣʽʚ 2ʭ32 ʪʘ 4ʭ32 ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 170
0
ʉ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʽʚ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʽʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʜʘʥʠʤʠ. 

                                            ʇ-4020-ʕʂ  ʊ= 170
0
ʉ    ʂʘʥʘʣ 4ʭ32 

 
ʈʠʩ. ʂʦʥʩʠʩʪʝʥʪʥʽ ʢʨʠʚʽ ʪʝʯʽʾ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʤʘʨʢʠ ʇ-4020-ʕʂ ʜʣʷ 

ʢʘʥʘʣʽʚ 2ʭ32 ʪʘ 4ʭ32 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 170
0
ʉ: ʢʨʠʚʽ ʪʝʯʽʾ ī ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ; ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ 

ʜʣʷ 170
0
ʉ - ƶ. 

 

ʇʦʥʷʪʪʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʽʚ ʥʝʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʪʝʯʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ 

ʨʽʜʠʥʠ ʥʝ ʜʘʻ ʟʤʦʛʠ ʦʪʨʠʤʘʪʠ ʚʝʣʠʯʠʥʠ 
ɻRt  ʪʘ 

ɻRɻ , ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ ʙ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ 

ʢʦʥʩʠʩʪʝʥʪʥʠʭ ʢʨʠʚʠʭ ʪʝʯʽʾ ʚʽʜʥʦʩʥʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʘʥʘʣʫ. ʊʦʜʽ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʥʷʪʪʷ ʨʝʦʣʦʛʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʜʘʻ ʟʤʦʛʫ ʧʦʙʫʜʦʚʠ ʢʨʠʚʠʭ ʪʝʯʽʾ ʧʦʣʽʤʝʨʽʚ ʚ ʢʘʥʘʣʘʭ 

ʜʦʚʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʭʦʯʘ ʙ ʜʣʷ ʦʜʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ 

ʢʘʥʘʣʫ.  

 

ʃʽʪʝʨʘʪʫʨʘ: 

 

1. ʉʽʚʝʮʴʢʠʡ ɺ. ɯ., ʉʘʭʘʨʦʚ ʆ. ʉ., ʉʦʢʦʣʴʩʴʢʠʡ ʆ. ʃ., ʈʷʙʽʥʽʥ ɼ. ɼ. çʇʨʠʩʪʽʥʥʽ ʝʬʝʢʪʠ ʚ 

ʧʨʦʮʝʩʘʭ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚè ī ʂ.: ʅʊʋʋ çʂʇɯè, 2009. ī 140ʩ. 
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ʉ.ɸ. ʂʈʀɺʂʆ, ɼ.ɼ. ʈʗɹɯʅɯʅ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ.ʂʠʾʚ 

 

ʄɸʊɽʄɸʊʀʏʅʀʁ ʆʇʀʉ ʅɸʇʈʋɾɽʅʔ ʇʆʃɯʄɽʈɯɺ ɺ ʂɺɸɼʈɸʊʅʀʍ ʂɸʅɸʃɸʍ 
 

ʇʨʠʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʧʨʦʬʽʣʽʚ ʰʚʠʜʢʦʩʪʽ ʦʪʨʠʤʘʥʥʽ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ, ʛʨʘʜʽʻʥʪʠ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʧʦʣʦʚʠʥʠ ʦʩʽ ʪʘ ʧʦʣʦʚʠʥʠ ʜʽʘʛʦʥʘʣʽ ʢʚʘʜʨʘʪʥʦʛʦ ʢʘʥʘʣʫ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ 

ʥʘʧʨʫʞʝʥʴ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʜʽʻʥʪʘʤ ʰʚʠʜʢʦʩʪʽ.   

 

ʈʽʟʥʽ ʧʣʘʩʪʤʘʩʠ ʧʨʦʷʚʣʷʶʪʴ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʚ ʢʘʥʘʣʘʭ. ʊʘʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʟʫʤʦʚʣʝʥʘ ʷʢ ʤʦʣʝʢʫʣʷʨʥʦʶ ʪʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʶ  

ʩʪʨʫʢʪʫʨʘʤʠ, ʪʘʢ ʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʥʘʣʫ. ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ 

ʨʫʭʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʘʨʪʦ ʧʨʦʚʦʜʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʟ ʚʽʜʦʤʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʦʣʽʝʪʠʣʝʥ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ ʇ-2010-ɺ ʥʝ ʧʨʦʷʚʣʷʻ 

ʧʦʜʽʙʥʠʭ ʝʬʝʢʪʽʚ, ʘ ʢʨʠʚʘ ʪʝʯʽʾ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ʆʩʚʘʣʴʜʘ-ʜʝ-ɺʽʣʷ [1]. 

ʇʨʦʬʽʣʽ ʰʚʠʜʢʦʩʪʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʪʽʥʥʠʭ ʘʥʦʤʘʣʽʡ 

(ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʨʦʟʰʘʨʫʚʘʥʥʷ), ʟʦʢʨʝʤʘ ʜʦʟʚʦʣʷʶʪʴ  ʦʪʨʠʤʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʧʦ 

ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ [2], ʱʦ ʩʪʘʥʦʚʠʪʴ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʚ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʎʽʣʣʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʘʭʫʥʦʢ ʛʨʘʜʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʪʘ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʦʬʽʣʽʚ ʰʚʠʜʢʦʩʪʽ ʢʘʥʘʣʽʚ ʫ ʬʫʥʢʮʽʾ [3] 

ʜʣʷ ʧʦʣʽʝʪʠʣʝʥʫ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ ʇ-2010-ɺ ʢʘʥʘʣʫ 32ʭ32 ʤʤ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʾ ʧʨʦʬʽʣʽʚ ʰʚʠʜʢʦʩʪʝʡ V 

ʚ ʢʘʥʘʣʽ ʜʣʷ ʧʦʣʦʚʠʥʠ ʦʩʽ (ʢʨʠʚʘ 1) ʪʘ ʧʦʣʦʚʠʥʠ ʜʽʘʛʦʥʘʣʽ (ʢʨʠʚʘ 2) ʢʘʥʘʣʫ ʧʦʣʽʝʪʠʣʝʥʫ 

ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ ʇ-2010-ɺ ʟʘ ʚʠʪʨʘʪʠ Q=20ʩʤ3/ʩ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊ=150C̄, ʱʦ ʦʪʨʠʤʘʥʦ 

ʟʘʚʜʷʢʠ ʘʧʨʦʢʩʠʤʦʚʘʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʠʜʫV=f(Q), ʧʨʠ 

ir =const, ʜʝ ir  - ʙʝʟʨʦʟʤʽʨʥʘ ʚʽʜʩʪʘʥʴ. ɹʝʟʨʦʟʤʽʨʥʽ ʚʽʜʩʪʘʥʴ ʧʦ ʧʦʣʦʚʠʥʽ ʜʽʘʛʦʥʘʣʽ ʩʢʣʘʜʘʣʠ 

0,955, 0,9, 0,85, 0,8, 0,625, 0,6, 0,4, 0,2, 0 ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʷʢ ir /( / 2)iL L= , ʜʝ L=45,2 ʩʤ. 

ɹʝʟʨʦʟʤʽʨʥʽ ʚʽʜʩʪʘʥʴ ʧʦ ʧʦʣʦʚʠʥʽ ʦʩʽ ʩʢʣʘʜʘʣʠ 0,95, 0,9, 0,8, 0,6, 0,4, 0,2, 0 ʪʘ 

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ir /( / 2)iH H= , ʜʝ H=32,1ʤʤ. 

ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʧʦʣʦʚʠʥʽ ʦʩʽ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ 

ʬʫʥʢʮʽʻʶ 5-ʛʦ ʧʦʨʷʜʢʫ: 

 
5 4 3 21 2 3 4 5 6i i i i i iV p r p r p r p r p r p= Ö + Ö + Ö + Ö + Ö +

,                            (1) 

 

ʇʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʧʦʣʦʚʠʥʽ ʜʽʘʛʦʥʘʣʽ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʽʥʪʝʨʧʦʣʷʮʽʻʶ ʢʫʙʽʯʥʠʤ 

çʩʧʣʘʡʥʦʤè. ʊʘʢʠʡ ʧʽʜʭʽʜ ʙʫʚ ʦʙʨʘʥʠʡ ʯʝʨʝʟ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʴ ʦʪʨʠʤʫʚʘʥʠʭ 

ʬʫʥʢʮʽʻʶ ʚʠʜʫ (1) ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʬʽʣʽ ʰʚʠʜʢʦʩʪʽ 

ʚ ʧʝʨʝʚʘʞʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥʪʝʨʧʦʣʷʮʽʻʶ, ʪʘʢ ʷʢ ʬʫʥʢʮʽʷ ʚʠʜʫ 

(1) ʧʨʠ ʩʢʣʘʜʥʦʤʫ ʧʨʦʬʽʣʽ ʜʘʻ ʥʘʙʣʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʫ ʪʦʯʢʘʭ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ.  

ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʠʚʝʜʝʥʽ ʨʦʟʨʘʭʦʚʘʥʽ ʛʨʘʜʽʻʥʪʠ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʦʪʨʠʤʘʥʠʤ ʬʫʥʢʮʽʷʤ 

ʧʨʦʬʽʣʽʚ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʧʦʣʦʚʠʥʠ ʦʩʽ (ʢʨʠʚʘ 1) ʪʘ ʧʦʣʦʚʠʥʠ ʜʽʘʛʦʥʘʣʽ (ʢʨʠʚʘ 2) ʜʣʷ ʢʘʥʘʣʫ 

32ʭ32. 

ʅʘ ʨʠʩʫʥʢʫ 3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʧʦʜʽʣʠ ʥʘʧʨʫʞʝʥʴ ʧʦ ʧʦʣʦʚʠʥʽ ʜʽʘʛʦʥʘʣʽ (ʢʨʠʚʘ 2) ʪʘ 

ʧʦʣʦʚʠʥʽ ʦʩʽ (ʢʨʠʚʘ 1) ʢʘʥʘʣʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʝʢʩʪʨʝʤʫʤʫ ʟʩʫʚʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʪʦʮʽ, ʘ ʥʝ ʥʘ ʩʪʽʥʮʽ ʢʘʥʘʣʫ, ʦʧʠʩʫʚʘʥʠʭ ʚ ʣʽʪʝʨʘʪʫʨʽ. ʇʨʠ ʜʘʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʪʨʝʤʫʤ ʥʘʧʨʫʞʝʥʴ ʧʦ ʜʽʘʛʦʥʘʣʽ ʟôʷʚʣʷʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 0,26 ( / 2)LÖ . 
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ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʦʧʠʩʫ ʢʨʠʚʦʾ ʪʝʯʽʾ ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʆʩʚʘʣʴʜʘ-ʜʝ-ɺʽʣʷ ʟ 

ʢʦʥʩʠʩʪʝʥʮʽʻʶ ʂ=0,91 ʪʘ ʽʥʜʝʢʩʦʤ ʪʝʯʽʾ n=0,44. 

 

 
 

ʈʠʩ. 3. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ ʚ ʢʘʥʘʣʽ 32ʭ32ʤʤ 

 

 

ʃʽʪʝʨʘʪʫʨʘ: 

 

1. ʏʝʨʥʦʙʳʣʴʩʢʠʡ, ʀ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ/ ʀ.ʀ. ʏʝʨʥʦʙʳʣʴʩʢʠʡ, ɼ.ɼ. ʈʷʙʠʥʠʥ, ʖ.ɸ. 

ɾʜʘʥʦʚ, ʃ.ɸ. ʀʚʘʥʦʚʘ//ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. ï 1973. ï ˉ5. ï ʉ. 15ï18.  

2. ʈʷʙʠʥʠʥ, ɼ.ɼ. ʆʩʦʙʝʥʦʩʪʠ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʘ ʧʦʣʠʤʝʨʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʘʥʘʣʘʭ/ɼ.ɼ. 
ʈʷʙʠʥʠʥ, ʆ.ʄ. ʗʭʥʦ, ʅ.ʇ. ʊʦʥʢʦʥʦʛ, ɺ.ʅ. ʊʠʤʢʦʚ, ɺ.ʅ. ʆʤʝʣʴʯʝʥʢʦ//ʍʠʤʠʯʝʩʢʦʝ 

ʤʘʰʠʥʦʩʪʦʝʥʠʝ. ï 1982. ï ˉ5. ï ʉ 40ï43. 

3. ʂʨʠʚʢʦ, ʉ.ɸ. ʇʨʦʬʽʣʽ ʰʚʠʜʢʦʩʪʝʡ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʦʣʽʝʪʠʣʝʥʫ ʫ ʧʨʷʤʦʢʫʪʥʦʤʫ 

ʢʘʥʘʣʽ/ʉ.ɸ. ʂʨʠʚʢʦ, ɼ.ɼ. ʈʷʙʽʥʽʥ//ʇʨʦʤʠʩʣʦʚʘ ʛʽʜʨʘʚʣʽʢʘ ʪʘ ʧʥʝʚʤʘʪʠʢʘ. ï 2011. ï ˉ4 

(34). ï ʉ. 26ï29 

 

 

 

ʈʠʩ. 2. ɻʨʘʜʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʚ ʢʘʥʘʣʽ ʈʠʩ. 1. ʇʨʦʬʽʣʽ ʰʚʠʜʢʦʩʪʽ ʚ ʢʘʥʘʣʽ 
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ɼ.ʆ. ɹʋɼʗ, ʃ.ɯ. ʄɽʃʔʅʀʂ, ʢ.ʪ.ʥ., ʆ.ʆ. ɺɸʉʀʃʔɭɺɸ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ʉʊʈʋʄʆʇʈʆɺɯɼʅɯ ʂʆʄʇʆɿʀʎɯɰ ʅɸ ʆʉʅʆɺɯ ɺʋɻʃɽʎɽɺʀʍ 

ʅɸʇʆɺʅʖɺɸʏɯɺ ɯ ɽʇʆʂʉʀɼʅʆɻʆ ɿɺËʗɿʋʖʏʆɻʆ 

 
ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʪʝʨʤʦʨʦʟʰʠʨʝʥʦʛʦ 

ʛʨʘʬʽʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʢʦʤʧʦʟʠʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ, ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʡ ʛʨʘʬʽʪ, ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, 

ʧʝʨʢʦʣʷʮʽʡʥʠʡ ʧʝʨʝʭʽʜ. 

 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʦʚʥʶʚʘʯʘ [1-3]. ɹʽʣʴʰʽʩʪʴ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʜʽʝʣʝʢʪʨʠʢʘʤʠ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟʨʦʩʪʘʶʪʴ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʝʧʦʢʩʠʜʥʽ ʩʤʦʣʠ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʟʚ'ʷʟʫʶʯʠʭ. ɿʘʚʜʷʢʠ 

ʢʦʤʧʣʝʢʩʫ ʮʽʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ï ʯʫʜʦʚʦʶ ʘʜʛʝʟʽʻʶ ʜʦ ʙʽʣʴʰʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʤʝʪʘʣʽʚ, ʙʝʪʦʥʫ, ʩʢʣʘ, ʛʨʘʥʽʪʫ ʪʘ ʽʥ.) ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʭʦʨʦʰʠʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʽʥʽʤʘʣʴʥʦʶ ʫʩʘʜʢʦʶ ʚ ʧʨʦʮʝʩʽ ʦʪʚʝʨʜʞʝʥʥʷ, 

ʚʽʜʩʫʪʥʦʩʪʶ ʚ ʾʭ ʩʢʣʘʜʽ ʛʨʫʧ, ʷʢʽ ʣʝʛʢʦ ʦʤʠʣʶʶʪʴʩʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ [4-5]. 

ʉʝʨʝʜ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʦʥʢʦ- ʽ ʩʝʨʝʜʥʴʦʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʦʩʠʪʴ ʰʠʨʦʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʚʫʛʣʝʮʝʚʽ ʥʘʧʦʚʥʶʚʘʯʽ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʣʠʢʘʶʪʴ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʱʝ ʡ 

ʪʦʤʫ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʙʘʛʘʪʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʽʚ (ʚʠʩʦʢʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ) ʽ, ʨʘʟʦʤ ʟ ʪʠʤ, ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʥʠʟʴʢʘ ʧʠʪʦʤʘ ʚʘʛʘ, ʢʦʨʦʟʽʡʥʘ 

ʩʪʽʡʢʽʩʪʴ, ʽʥʝʨʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʙʘʛʘʪʴʦʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʡʤʘʻ ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʡ ʛʨʘʬʽʪ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʛʣʠʙʦʢʦʾ 

ʪʝʨʤʦʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʛʨʘʬʽʪʫ [6]. 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʚʝʜʝʥʥʷ ʚ 

ʝʧʦʢʩʠʜʥʽ ʩʤʦʣʠ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽʚ ï ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʥʘʥʦʘʣʤʘʟʽʚ [7-9]. 

ʇʨʠʢʣʘʜʥʠʡ ʽʥʪʝʨʝʩ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʦʣʽʧʰʝʥʥʷʤ ʨʷʜʫ ʤʝʭʘʥʽʯʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʥʝʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ (ʜʦ 2 ʤ.ʯ.) ʥʘʥʦʯʘʩʪʦʢ. 

ʇʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʱʝ ʜʘʣʝʢʘ ʚʽʜ ʟʘʚʝʨʰʝʥʥʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ 

ʮʝ: ʚʝʣʠʯʠʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘʧʦʚʥʶʚʘʯʘ, ʦʙôʻʤʥʠʡ ʚʤʽʩʪ ʧʨʦʚʽʜʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ 

ʚ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ, ʬʦʨʤʘ ʽ ʨʦʟʤʽʨ ʡʦʛʦ ʯʘʩʪʠʥʦʢ, ʢʦʥʪʘʢʪʥʽ ʷʚʠʱʘ ʚ ʧʨʦʚʽʜʥʽʡ ʬʘʟʽ, 

ʥʘʷʚʥʽʩʪʴ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʧʦʣʽʤʝʨ-ʥʘʧʦʚʥʶʚʘʯ, ʩʪʨʫʢʪʫʨʘ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʝʞʠʤʠ ʪʘ 

ʽʥʰʽ ʯʠʥʥʠʢʠ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʟʜʽʡʩʥʶʶʪʴ ʚʧʣʠʚ ʥʘ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʾ. ɸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʡʦʛʦ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟ ʨʽʟʥʦʶ ʥʘʩʠʧʥʦʶ ʛʫʩʪʠʥʦʶ, ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʘ ʪʘʢʦʞ ʟ ʨʽʟʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ.  

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (ɺʅʊ) ʽ 

ʪʝʨʤʦʨʦʟʰʠʨʝʥʦʛʦ ʛʨʘʬʽʪʫ (ʊʈɻ) ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ 

ʚʫʛʣʝʮʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ.  

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɺʅʊ, ʊʈɻ ʽ ʊʈɻ, ʷʢʠʡ ʧʨʦʡʰʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʧʦʜʨʽʙʥʝʥʥʷ ʚ 

ʘʮʝʪʦʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 
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ʊʘʙʣʠʮʷ. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ 

 

ʇʘʨʘʤʝʪʨʠ ɺʅʊ ʊʈɻ ʊʈɻ ʟ ʋɿ 

ʧʦʜʨʽʙʥʝʥʥʷʤ 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ, ʛ/ʩʤ
3
 0,0431 0,006 0,061 

ɯʩʪʠʥʥʘ ʧʠʪʦʤʘ ʤʘʩʘ, ʛ/ʩʤ
3
 0,267 0,55 1,243 

ɿʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ, % 70,46 94,35 44,26 

ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʧʦʚʝʨʭʥʷ, ʤ
2
/ʛ: 

ʟʘ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʶ 

ʧʦ ʟʤʦʯʫʚʘʥʥʶ ʚʦʜʦʶ 

ʧʦ ʟʤʦʯʫʚʘʥʥʶ ʙʝʥʟʦʣʦʤ 

 

18,5 

132,9 

45,2 

 

60,2 

43,1 

13,7 

 

6,3 

71,2 

27,6 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ɺʅʊ ʽ 

ʊʈɻ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2. 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʣʦʛʘʨʠʬʤʫ ʦʙôʻʤʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ɺʅʊ. 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʣʦʛʘʨʠʬʤʫ ʦʙôʻʤʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʊʈɻ. 
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ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ɺʅʊ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʢʦʤʧʦʟʠʪʽʚ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʾʭ ʧʨʦʚʽʜʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʧʨʦʪʽʢʘʥʥʷ, ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʚʤʽʩʪʽ ɺʅʊ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚ ʝʧʦʢʩʠʜʥʽʡ ʤʘʪʨʠʮʽ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʽ ʥʝ ʫʪʚʦʨʶʶʪʴ ʩʽʪʢʫ, ʷʢʘ 

ʧʨʦʚʦʜʠʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ɺʅʊ ʚʦʥʠ ʧʦʯʠʥʘʶʪʴ ʚʟʘʻʤʦʜʽʷʪʠ 

ʦʜʥʘ ʟ ʦʜʥʦʶ, ʫʪʚʦʨʶʶʯʠ ʩʽʪʢʫ, ʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʫ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʽʟʦʣʷʪʦʨʘ ʜʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ ʚʨʝʰʪʽ ʨʝʰʪ ʜʦ ʧʨʦʚʽʜʥʠʢʘ. ʇʝʨʢʦʣʷʮʽʡʥʠʡ ʧʝʨʝʭʽʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

ʚʤʽʩʪʽ ɺʅʊ ʙʣʠʟʴʢʦ 1 ʤʘʩ. %. 

ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʊʈɻ ʪʘʢʦʞ ʦʧʠʩʫʻʪʴʩʷ 

ʧʝʨʢʦʣʷʮʽʡʥʦʶ ʤʦʜʝʣʣʶ. ɽʧʦʢʩʠʜʥʽ ʢʦʤʧʦʟʠʪʠ ʥʘʧʦʚʥʝʥʽ ʊʈɻ ʤʘʶʪʴ ʜʦʩʠʪʴ ʥʠʟʴʢʽ 

ʧʦʨʦʛʠ ʧʨʦʪʽʢʘʥʥʷ ʽ ʧʝʨʢʦʣʷʮʽʡʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ (ʙʣʠʟʴʢʦ 5 ʤʘʩ. % ʊʈɻ). 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʊʈɻ ʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʝʧʦʢʩʠʜʥʽ ʢʦʤʧʦʟʠʮʽʾ ʟ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʙʦ ʚʚʝʜʝʥʥʷ ɺʅʊ ʚ 

ʢʽʣʴʢʦʩʪʷʭ ʙʽʣʴʰʝ 2,5 ʤʘʩ. % ʙʫʜʝ ʥʝʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʥʠʞʝʥʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ.  
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ɼ.ʆ. ɹʋɼʗ, ʃ.ɯ. ʄɽʃʔʅʀʂ, ʢ.ʪ.ʥ., ʆ.ʆ. ɺɸʉʀʃʔɭɺɸ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ʄɽʍɸʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʂʆʄʇʆɿʀʊɯɺ ʅɸ ʆʉʅʆɺɯ ɺʋɻʃɽʎɽɺʀʍ 

ʅɸʅʆʊʈʋɹʆʂ ɯ ɽʇʆʂʉʀɼʅʆɻʆ ɿɺËʗɿʋʖʏʆɻʆ 

 
ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ 

ʞʦʨʩʪʢʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʚʠʛʠʥʽ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʽʥʜʫʩʪʨʽʾ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʥʠʭ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽʚ [1-2]. 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʤʘʪʝʨʽʘʣʠ ʟ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʚʘʞʘʶʪʴʩʷ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ (ɺʅʊ) 

[2-3]. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʟʘʤʽʥʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʥʦʚʽ ð ʙʽʣʴʰ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʪʠʤʫʣʶʻ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ, 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʨʦʟʨʦʙʢʫ ʚʠʨʦʙʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ.  

ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ ɺʅʊ (ʜʦ 2 ʤʘʩ. %) ʟʜʽʡʩʥʶʶʪʴ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʤʝʭʘʥʽʯʥʽ, ʝʣʝʢʪʨʠʯʥʽ, ʪʝʧʣʦʬʽʟʠʯʥʽ ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ [4-5]. ɺʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʽʛʨʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɺʅʊ, ʾʭ ʨʦʟʧʦʜʽʣ ʽ ʦʨʽʻʥʪʘʮʽʷ ʚ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ 

ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ɺʅʊ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʝʣʠʢʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʦ ʥʘʧʦʚʥʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ɺʅʊ, 

ʧʠʪʘʥʥʷ ʟʤʽʮʥʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʧʨʠ ʾʭ ʤʘʣʦʤʫ ʚʤʽʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ɺʅʊ (ʜʦ 2 ʤʘʩ. 

%) ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʯʠʱʝʥʽ 

ʙʘʛʘʪʦʰʘʨʦʚʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ. ɺ ʷʢʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʟʚËʷʟʫʶʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʝʧʦʢʩʠʜʥʫ ʩʤʦʣʫ ɽɼ-20. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ɻʆʉʊ 11262-80 ʪʘ ɻʆʉʊ 4648-71 

ʥʘ ʧʨʷʤʦʢʫʪʥʠʭ ʟʨʘʟʢʘʭ ʨʦʟʤʽʨʦʤ 70Ĭ15Ĭ3 ʤʤ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʠʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ ʪʘ ʧʨʠ ʚʠʛʠʥʽ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

 
 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ (1) ʪʘ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʚʠʛʠʥʽ (2) ʚʽʜ 

ʚʤʽʩʪʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 
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ʉʧʦʩʪʝʨʽʛʘʻʤʦ ʟʙʽʣʴʰʝʥʥʷ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ ʪʘ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʚʠʛʠʥʽ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ɺʅʊ ʜʦ 0,5 ʽ 0,75 ʤʘʩ. % ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʚʚʝʜʝʥʥʽ ɺʅʊ ʚ 

ʝʧʦʢʩʠʜʥʫ ʤʘʪʨʠʮʶ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʤʘʻ ʚʠʩʦʢʫ ʝʥʝʨʛʽʶ, 

ʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʚʽʜʤʽʥʥʫ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʚ ʦʙôʻʤʽ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ. ɾʦʨʩʪʢʽ ʯʘʩʪʠʥʢʠ ɺʅʊ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʧʦʢʩʠʜʥʦʾ ʤʘʪʨʠʮʽ, 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʨʦʟʪʷʛʫʶʪʴʩʷ. ʆʙʣʘʩʪʽ ʧʦʣʽʤʝʨʘ, ʷʢʽ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʧʨʠ 

ʧʨʠʢʣʘʜʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʟʥʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽ ʨʦʟʪʷʛʫʶʯʽ ʥʘʧʨʫʞʝʥʥʷ, ʥʽʞ ʧʦʣʽʤʝʨ 

ʫ ʦʙôʻʤʽ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ɺʅʊ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʥʘʧʨʫʛʠ ʚʽʜ ʤʘʪʨʠʮʽ ʜʦ 

ʥʘʧʦʚʥʶʚʘʯʘ ʥʘʩʪʽʣʴʢʠ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʡʦʛʦ ʚʥʝʩʦʢ ʚ ʟʙʽʣʴʰʝʥʥʽ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʫ 

ʧʦʯʠʥʘʻ ʢʦʥʢʫʨʫʚʘʪʠ ʟʽ ʟʥʠʞʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʤʘʪʨʠʮʽ, ʯʝʨʝʟ ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʥʘʧʨʫʛ ʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʜʝʬʝʢʪʠ. ʇʨʠ ʮʴʦʤʫ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʫ ʧʦʯʠʥʘʻ ʟʥʠʞʫʚʘʪʠʩʴ. 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ (ʨʠʩʫʥʦʢ 2) ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ɺʅʊ. ʊʘʢʦʞ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʜʝʬʝʢʪʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʟʤʽʨ ʪʘ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʪʨʽʱʠʥ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ 

ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʽʜ ʧʨʠʢʣʘʜʝʥʦʶ ʥʘʧʨʫʛʦʶ. ʇʨʠ ʚʤʽʩʪʽ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʙʽʣʴʰʝ 1,5 ʤʘʩ. %, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʚʠʥʠʢʘʻ ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ, ʷʢʘ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʥʘʚʽʪʴ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʟʤʝʥʰʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʾ, ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʚʽʜ ʤʘʪʨʠʮʽ. ɺʽʨʦʛʽʜʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʢʨʫʧʥʠʭ ʜʝʬʝʢʪʽʚ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ, ʨʦʟʦʩʝʨʝʜʞʝʥʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ 

ʚ ʦʙôʻʤʽ ʤʘʪʨʠʮʽ. 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

 

ʄʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʻ ʚʘʞʣʠʚʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʣʠʟʴʢʦ 0,5 ï 0,75 ʤʘʩ. % ɺʅʊ ʧʨʦʷʚʣʷʶʪʴ ʟʥʘʯʥʠʡ ʟʤʽʮʥʶʶʯʠʡ ʝʬʝʢʪ, ʱʦ 

ʩʢʣʘʜʘʻ 30 ï 35%. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʊʆʈʀʅʅʀʍ ʊɽʈʄʆʇʃɸʉʊɯɺ ʇʈʀ ɺʀɻʆʊʆɺʃɽʅɯ 

ɽʂʉʊʈʋɿɯʁʅʀʍ ʇɯʅʆʇʆʃɯʄɽʈɯɺ 

 
ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʽʥʝʥʠʭ ʧʦʣʽʤʝʨʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ 

ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʚʪʦʨʠʥʥʠʭ ʧʦʣʽʤʝʨʽʚ.  ʇʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʧʦʜʘʥʦ ʪʝʭʥʽʯʥʽ ʧʨʦʧʦʟʠʮʽʾ, ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʽʥʝʥʠʭ ʧʦʣʽʤʝʨʽʚ ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʩʪʨʫʟʽʷ, ʚʪʦʨʠʥʥʽ ʧʦʣʽʤʝʨʠ, ʧʽʥʦʧʦʣʽʤʝʨʠ 

 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʤʘʩʰʪʘʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʘʩʦʨʪʠʤʝʥʪʫ ʧʝʨʝʨʦʙʣʶʚʘʥʠʭ ʧʦʣʽʤʝʨʽʚ ʽ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʫʪʠʣʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ 

ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʽʚ,  ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʥʦʚʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʽ 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. ʇʨʠ ʮʴʦʤʫ ʤʘʡʞʝ ʢʦʞʥʠʡ ʧʦʣʽʤʝʨ ʯʠ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʪʝʨʤʦʧʣʘʩʪ 

ʧʦʪʨʝʙʫʶʪʴ ʧʝʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʡ ʨʝʞʠʤʽʚ 

ʧʝʨʝʨʦʙʢʠ, ʟʘ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʘ ʷʢʽʩʪʴ ʚʠʨʦʙʽʚ. ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʮʝ ʧʠʪʘʥʥʷ ʥʘʙʫʚʘʻ ʧʽʜ ʯʘʩ ʦʜʝʨʞʘʥʥʷ ʡ 

ʧʝʨʝʨʦʙʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ ʜʣʷ  ʪʘʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʽʥʶʚʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʷʢ: ʭʣʘʜʦʥʠ, ʙʫʪʘʥ ʪʘ 

ʧʝʥʪʘʥ, ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʣʝʛʢʠʭ ʧʽʥ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡ ʪʝʨʤʦʧʣʘʩʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʚʪʦʨʠʥʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ. ɺʽʜʧʨʘʮʴʦʚʘʥʦ ʨʷʜ ʨʝʮʝʧʪʫʨ ʪʘ ʜʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʩʧʽʥʶʚʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʽʟʦʙʫʪʘʥʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʫ 

ʷʢʦʩʪʽ ʥʫʢʣʝʟʽʘʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʽʥʦʚʠʨʦʙʽʚ, ʟʦʢʨʝʤʘ ʧʨʠ 141,4 Áʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʜʦʚʽʣʴʥʘ 

ʩʫʮʽʣʴʥʘ ʩʪʨʫʢʪʫʨʘ. ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʯʘʩʪʢʘ ʥʫʢʣʝʟʽʘʪʫ ʩʢʣʘʜʘʻ 1 ï 2 % TiO2, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ï ʜʦ 0,5 %, ʦʩʢʽʣʴʢʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʧʨʠʩʫʪʥʽ ʫ 

ʚʪʦʨʠʥʥʽʡ ʩʠʨʦʚʠʥʽ, ʻ ʜʦʜʘʪʢʦʚʠʤʠ ʮʝʥʪʨʘʤʠ ʧʦʨʦʫʪʚʦʨʝʥʴ. 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʤʽʮʥʦʩʪʽ, ʫʷʚʥʦʾ 

ʛʫʩʪʠʥʠ ʪʘ ʣʽʥʽʡʥʦʾ ʫʩʘʜʢʠ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ʽʟ ʜʦʜʘʚʘʥʥʷʤ ʚʪʦʨʠʥʥʠʭ ʧʦʣʽʤʝʨʽʚ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʦʜʷʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʙʣʝʥʥʷ ʚʪʦʨʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ ʟ ʦʯʠʱʝʥʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʜʦ 7 %, ʯʠʩʪʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʜʦ 25 % ʽʟ 

ʟʘʜʦʚʽʣʴʥʠʤʠ ʩʧʦʞʠʚʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʭ ʷʢ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʫʷʚʥʘ ʛʫʩʪʠʥʘ, 

ʣʽʥʽʡʥʘ ʫʩʘʜʢʘ ʪʦʱʦ. 

ɺ ʮʽʣʦʤʫ ʟʘ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʥʘʩʪʫʧʥʝ: 

- ʷʢʽʩʪʴ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʤʘʻ ʙʫʪʠ ʟʘʜʦʚʽʣʴʥʦʶ (ʷʢʽʩʥʝ ʩʦʨʪʫʚʘʥʥʷ, ʦʯʠʱʝʥʥʷ), 
ʦʩʢʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʙʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʧʽʥʦʫʪʚʦʨʝʥʥʷ 

ʪʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʨʦʟʨʠʚʠ ʢʦʤʽʨʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ; 

- ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʜʘʯʽ, ʚʪʦʨʠʥʥʫ ʩʠʨʦʚʠʥʫ ʚʘʨʪʦ ʧʦʜʘʚʘʪʠ ʥʘ ʝʢʩʪʨʫʟʽʶ 

ʫ ʚʠʛʣʷʜʽ ʛʨʘʥʫʣ (ʨʦʟʤʽʨʠ ʩʧʽʚʨʦʟʤʽʨʥʽ ʟ ʨʦʟʤʽʨʘʤʠ ʛʨʘʥʫʣ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ), ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʦʜʘʯʽ ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʽʚ. 

- ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʥʠʞʯʫ ʚôʷʟʢʽʩʪʴ ʱʦ ʧʦʪʨʝʙʫʻ ʢʦʨʠʛʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

- ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʟʘ ʨʘʭʫʥʦʢ ʜʦʤʽʰʦʢ ʫ ʥʽʡ, ʤʦʞʣʠʚʽ ʽʥʪʝʥʩʠʚʥʽ 
ʜʠʩʠʧʘʪʠʚʥʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʪʫʞʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʧʽʥʝʥʠʭ ʧʦʣʽʤʝʨʽʚ; 

- ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʩʠʨʦʚʠʥʠ ʽʟ ʚʪʦʨʠʥʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ 

ʜʦʤʽʰʦʢ ʚ ʥʽʡ, ʘ ʦʪʞʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʨʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʜʦʤʽʰʦʢ (ʜʦ 1 %); 
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- ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʽʥʦʚʠʨʦʙʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 

ʥʝʦʙʭʽʜʥʦ ʚʞʠʪʠ ʰʣʷʭʽʚ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʨʦʟʧʣʘʚʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ 

ʧʦʣʽʤʝʨʫ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʪʦʥʢʽ ʧʣʽʚʢʠ ʨʦʟʧʣʘʚʫ. ʇʨʠ ʦʜʝʨʞʘʥʥʽ ʣʝʛʢʦʾ ʧʽʥʠ ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ 

ʨʦʟʧʣʘʚʫ ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʟʨʠʚʫ ʩʪʽʥʦʢ ʢʦʤʽʨʦʢ ʪʘ ʧʦʢʨʘʱʫʻ ʩʘʤʠʤ ʩʧʽʥʶʚʘʥʥʷ ʧʦʣʽʤʝʨʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʨʦʟʧʣʘʚʫ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ ʚʠʨʦʙʽʚ. ɯʩʥʫʶʪʴ 

ʨʽʟʥʽ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʨʦʟʧʣʘʚʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʧʽʜʙʦʨʦʤ ʩʪʘʙʽʣʽʟʫʶʯʠʭ 

ʜʦʙʘʚʦʢ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʚʪʦʨʠʥʥʦʛʦ ʧʦʣʽʤʝʨʫ ʜʦʜʘʚʘʥʥʷ 
ʫ ʢʦʤʧʦʟʠʮʽʶ ʣʽʥʽʡʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ, ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʨʦʟʧʣʘʚʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʫ 

ʩʪʨʫʢʪʫʨʫ ʚʠʨʦʙʫ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʦʶ. ʇʨʠ 

ʧʝʨʝʨʦʙʮʽ ʢʦʤʧʦʟʠʮʽʡ ʽʟ ʚʪʦʨʠʥʥʠʤ ʧʦʣʽʩʪʠʨʦʣʦʤ ʤʽʮʥʽʩʪʴ ʨʦʟʧʣʘʚʫ ʤʦʞʥʘ ʟʘʜʦʚʽʣʴʥʦ 

ʧʽʜʚʠʱʠʪʠ ʜʦʜʘʚʘʥʥʷʤ ʫʜʘʨʦʤʽʮʥʦʛʦ ʧʦʣʽʩʪʠʨʦʣʫ; 

- ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʤʽʨʦʢ ʫ ʨʦʟʧʣʘʚ ʧʦʣʽʤʝʨʫ ʥʝʦʙʭʽʜʥʦ 

ʚʚʦʜʠʪʠ ʥʫʢʣʝʟʽʘʪʠ ï ʮʝʥʪʨʠ ʫʪʚʦʨʝʥʥʷ ʢʦʤʽʨʦʢ. ʋ ʷʢʦʩʪʽ ʥʫʢʣʝʟʽʘʪʽʚ ʟʘʜʦʚʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʨʝʯʦʚʠʥʠ: ʢʨʝʡʜʘ, ʪʘʣʴʢ, ʜʠʦʢʠʩ ʪʠʪʘʥʫ, 4-ʜʠʬʝʥʽʣ 

ʢʘʨʙʦʥʦʚʘ ʢʠʩʣʦʪʘ, ʪʠʤʽʥ, ʜʠʙʝʥʟʠʣʽʜʝʥ ʩʦʨʙʽʪʦʣ (DBS), ʙʝʥʟʦʥʘʪ ʥʘʪʨʽʶ, ʪʦʱʦ;  

- ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʧʦʣʽʤʝʨʽʚ ʥʘʡʢʨʘʱʠʤ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʽ ʮʽʥʘ-ʷʢʽʩʪʴ ʻ 

ʪʘʣʴʢ (1,5 % ʤʘʩ.), ʧʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʠʟʚʝʣʦ ʜʦ 

ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʚʠʨʦʙʫ: ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʢʨʫʧʥʽ ʢʦʤʽʨʢʠ, ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ï ʯʠʩʝʣʴʥʽ ʨʦʟʨʠʚʠ ʢʦʤʽʨʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʧʽʥ 

ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʦʜʝʨʞʘʥʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʠʦʢʠʩʫ ʪʠʪʘʥʫ (1,1 %). 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʽʚ ʢʦʤʽʨʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʪʨʘʪʠ 

ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʦʪʝ ʚʚʝʜʝʥʥʷ ʡʦʛʦ ʚ ʧʝʚʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʟ ʧʦʣʽʤʝʨʦʤ ʫ 

ʟʦʥʫ ʧʦʜʘʯʽ ʚʠʢʣʠʢʘʻ ʨʷʜ ʫʩʢʣʘʜʥʝʥʴ: ʟʜʘʪʥʽʩʪʴ ʧʨʦʩʠʧʘʪʠʩʴ ʤʽʞ ʛʨʘʥʫʣʘʤʠ, ʥʘʣʠʧʘʥʥʷ 

ʩʪʽʥʢʘʭ ʧʨʠʩʪʨʦʶ ʧʦʜʘʯʽ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ, ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʧʦʧʝʨʝʜʥʴʦ (ʥʘ 

ʜʦʜʘʪʢʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ï ʛʨʘʥʫʣʷʪʦʨʽ) ʦʜʝʨʞʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʪ: ʛʨʘʥʫʣʠ ʟ ʢʦʤʧʦʟʠʮʽʾ 

ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʧʦʣʽʤʝʨʫ ʦʩʥʦʚʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ (ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʌʆʇ ʈʦʤʘʥʶʢ, ʤ. ʆʜʝʩʘ) 

ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʜʦʟʫʚʘʪʠ ʊʽʆ2 ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʤʦʞʥʘ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʤʠʩʣʦʚʠʡ ʩʫʧʝʨʢʦʥʮʝʥʪʨʘʪ ʥʘ ʦʩʥʦʚʽ ʣʽʥʽʡʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ. 

ʇʨʠ ʦʜʝʨʞʘʥʽ ʩʧʽʥʝʥʠʭ ʧʦʣʽʤʝʨʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʪʦʨʠʥʥʠʭ ʧʦʣʽʤʝʨʽʚ ʧʨʦʮʝʩ ʩʪʘʨʽʥʥʷ 

ʧʽʥʦʚʠʨʦʙʫ (ʟʤʝʥʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʩʧʽʥʶʚʘʥʥʷ, ʱʦ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʜʠʬʫʟʽʾ ʩʧʽʥʶʚʘʣʴʥʦʛʦ ʘʛʝʥʪʘ) ʻ ʙʽʣʴʰ ʩʫʪʪʻʚʠʤ, ʥʽʞ ʜʣʷ 

ʧʝʨʚʠʥʥʠʭ ʚʠʨʦʙʽʚ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʮʴʦʤʫ ʽʩʥʫʻ ʨʷʜ ʤʦʜʠʬʽʢʫʚʘʣʴʥʠʭ ʜʦʤʽʰʦʢ. ʋ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʧʨʦʚʘʜʞʝʥʽ ʜʦʮʽʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ: 

ʩʪʝʘʨʠʣʩʪʝʘʜʘʤʽʜʫ ʘʙʦ ʤʦʥʦʩʪʝʘʨʘʪ ʛʣʠʮʝʨʠʥʫ. ʇʨʦʤʠʩʣʦʚʽʩʪʴ ʚʠʧʫʩʢʘʻ ʜʝʢʽʣʴʢʘ ʤʘʨʦʢ 

ʤʦʥʦʩʪʝʘʨʘʪʫ ʛʣʽʮʝʨʠʥʫ, ʩʝʨʝʜ ʷʢʠʭ GMS, ʷʢʠʡ ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʦʥʦʩʪʝʘʨʘʪʫ ʽ 

ʷʚʣʷʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʝʬʝʢʪʠʚʥʠʤ ʘʥʪʠʩʪʘʪʠʯʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ. 

ʆʪʞʝ, ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʧʽʥʦʧʦʣʽʤʝʨʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʫ 

ʢʦʤʧʦʟʠʮʽʶ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʥʫʢʣʝʟʽʘʪ, ʤʦʜʠʬʽʢʘʪʦʨ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʘ 

ʟʘʜʦʚʽʣʴʥʘ ʨʝʮʝʧʪʫʨʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ: ʊʽʆ2 ï 1,1 % (ʤʘʩ.), 

ʤʦʥʦʩʪʝʘʨʘʪʫ ʛʣʽʮʝʨʠʥʫ ï ʜʦ 7 % (ʤʘʩ.). 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʌʆʈʄʋɺɸʅʅʗ ʇɯʅʆʇʆʃɯʄɽʈɯɺ 

 
ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʦʪʚʦʨʽʚ ʬʦʨʤʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʝʢʩʪʨʫʟʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʽʥʦʧʦʣʽʤʝʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʜʝʾ ʧʦʩʪʫʧʦʚʦʾ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʝʨʝʪʠʥʫ: ʚʽʜ 

ʧʝʨʝʪʠʥʫ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʜʦ ʢʨʫʛʣʦʛʦ ʧʝʨʝʪʠʥʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ çʽʜʝʘʣʴʥʦʛʦè ʩʧʽʥʶʚʘʥʥʷ. ʇʦʜʘʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʬʦʨʤʫʚʘʣʴʥʠʭ ʦʪʚʦʨʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʽʥʝʥʠʭ ʧʨʦʬʽʣʽʚ ʢʚʘʜʨʘʪʥʦʛʦ 

ʪʘ ʪʨʠʢʫʪʥʦʛʦ ʧʝʨʝʪʠʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʥʦʧʦʣʽʤʝʨ, ʩʧʽʥʶʚʘʥʥʷ, ʝʢʩʪʨʫʟʽʷ, ʬʦʨʤʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ 

 

ʗʢʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ ʝʢʩʪʨʫʜʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʬʽʣʶ 

ʦʪʚʦʨʫ ʬʦʨʤʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ: ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʪʠʥ ʢʘʥʘʣʫ ʛʦʣʦʚʢʠ ʥʘ ʚʠʭʦʜʽ ʧʦʚʠʥʝʥ 

ʤʘʪʠ ʪʘʢʫ ʬʦʨʤʫ, ʱʦʙ ʦʜʝʨʞʘʥʠʡ ʚʠʨʽʙ ʤʘʚ ʚʢʘʟʘʥʽ ʨʦʟʤʽʨʠ ʧʽʩʣʷ ʨʦʟʙʫʭʘʥʥʷ ʝʢʩʪʨʫʜʘʪʫ, 

ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʚʠʭʦʜʫ ʤʘʪʝʨʽʘʣʫ ʽʟ ʛʦʣʦʚʢʠ, ʢʦʣʠ ʧʝʨʝʩʪʘʻ ʜʽʷʪʠ ʦʙʤʝʞʫʶʯʠʡ 

ʚʧʣʠʚ ʩʪʽʥʦʢ ʢʘʥʘʣʫ [1].  

ʇʨʠ ʦʜʝʨʞʘʥʽ ʩʧʽʥʝʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʬʦʨʤʘ ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʚʠʭʽʜʥʦʾ ʱʽʣʠʥʠ 

ʬʦʨʤʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ ʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʩʧʽʥʶʚʘʥʥʷ b, ʷʢʠʡ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ 

ʩʧʽʥʶʚʘʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʬʦʨʤʫʚʘʣʴʥʽʡ ʛʦʣʦʚʮʽ, 

ʪʦʱʦ. ɯ, ʷʢʱʦ ʜʣʷ ʢʨʫʛʣʦʛʦ ʪʘ ʪʨʫʙʥʦʛʦ ʧʝʨʝʪʠʥʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʥʝ ʚʠʢʣʠʢʘʻ 

ʟʥʘʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ, ʪʦ ʜʣʷ ʧʨʦʬʽʣʽʚ ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʢʨʫʛʣʠʭ, ʮʷ ʟʘʜʘʯʘ ʚʠʤʘʛʘʻ 

ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ. 

ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʚʠʭʽʜʥʦʾ ʱʽʣʠʥʠ ʩʧʨʷʤʦʚʘʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʧʦʰʫʢ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʚʠʨʦʙʫ ʚ ʥʘʩʣʽʜʦʢ ʨʦʟʙʫʭʘʥʥʷ ʝʢʩʪʨʫʜʘʪʫ 

ʪʘ ʥʝʧʨʠʜʘʪʥʽ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʟʘ ʫʤʦʚʠ ʟʥʘʯʥʦʾ ʟʤʽʥʠ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʚʥʘʩʣʽʜʦʢ 

ʩʧʽʥʶʚʘʥʥʷ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʨʦʟʤʽʨʽʚ ʬʦʨʤʠ ʚʠʭʽʜʥʦʾ ʱʽʣʠʥʠ 

ʬʦʨʤʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʧʨʠ ʝʢʩʪʨʫʟʽʡʥʽʡ ʧʝʨʝʨʦʙʮʽ ʩʧʽʥʝʥʠʭ ʧʦʣʽʤʝʨʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ  ʚʢʘʟʘʥʦʾ  ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʜʝʾ 

ʧʦʩʪʫʧʦʚʦʾ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʝʨʝʪʠʥʫ: ʚʽʜ ʧʝʨʝʪʠʥʫ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʟ ʧʣʦʱʝʶ F0 ʜʦ 

ʢʨʫʛʣʦʛʦ ʧʝʨʝʪʠʥʫ ʧʣʦʱʝʶ F¤, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ çʽʜʝʘʣʴʥʦʛʦè ʩʧʽʥʶʚʘʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (ʩʧʽʥʶʚʘʥʥʷ) ʟʘ ʨʝʘʣʴʥʠʭ ʫʤʦʚ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ [2]: 
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  (1)

 

ʜʝ r ï ʛʫʩʪʠʥʘ ʩʧʽʥʶʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʢʛ/ʤ3; ʄ ï ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ 

ʩʧʽʥʶʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ; t ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʽʜʠʥʠ, ʉ; ʨ ï 

ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, ʇʘ; ʨf ï ʪʠʩʢ ʩʧʽʥʶʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʫ ʟʘʤʢʥʝʥʽʡ ʢʦʤʽʨʮʽ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ, ʇʘ. 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʨf ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜʭʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ [3], ʟʘ 

ʷʢʦʶ ʪʠʩʢ ʫ ʢʦʤʽʨʮʽ ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʫʤʦʚʦʶ ʤʽʮʥʦʩʪʽ ʦʜʠʥʠʯʥʦʾ ʩʬʝʨʠʯʥʦʾ 

ʙʫʣʴʙʘʰʢʠ: 

[]
r

S
p f

s2
<

, 

ʜʝ Sï ʪʦʚʱʠʥʘ ʢʦʤʽʨʢʠ, ʤ; rï ʨʘʜʽʫʩ ʢʦʤʽʨʢʠ, ʤ; s ï ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ, ʇʘ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʩʧʽʥʶʚʘʥʥʷ ʟʘ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚ bÐ ʧʦʢʣʘʜʝʥʦ, ʱʦ ʫ 

ʨʽʚʥʷʥʥʽ (1) ʨf=ʨ. 

 ʆʪʞʝ ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʟʘ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚ (ʢʦʣʦ), ʩʪʘʥʦʚʠʪʴ, ʤ
2
: 

   

0

2FF ¤¤=b , 

 

ʜʝ F0 ï ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʚʠʭʽʜʥʦʾ ʱʽʣʠʥʠ, ʤ
2
. 

 

ɸ ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʩʧʽʥʶʚʘʥʥʷ, ʤ
2
: 

 

  

0

2FF lʨ b=  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʨʦʟʚôʷʟʫʚʘʪʠ ʧʨʷʤʫ ʟʘʜʘʯʫ: ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʶ ʧʝʨʝʪʠʥʫ, 

ʷʢʠʡ ʙʫʜʝ ʫʪʚʦʨʝʥʠʡ ʟʘ ʟʘʜʘʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʱʽʣʠʥʠ. ɿʚʦʨʦʪʥʘ ʟʘʜʘʯʘ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʘʪʠ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʬʦʨʤʫʚʘʣʴʥʦʛʦ ʦʪʚʦʨʫ ʟʘ ʟʘʜʘʥʠʤ ʧʨʦʬʽʣʝʤ.  

ʈʦʟʚôʷʟʦʢ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʢʦʥʪʫʨʦʤ ʧʝʨʝʪʠʥʫ ʦʪʚʦʨʫ ʪʘ ʢʦʣʘ ʉiDi ʨʦʟʙʠʪʦ ʥʘ n ʯʘʩʪʠʥ; ʧʦʻʜʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ 

ʨʦʟʙʠʪʪʷ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʨʦʙʫ (ʧʨʦʤʝʥʽ, ʟʘ ʷʢʠʤʠ ʟʘʤʽʨʷʥʦ 

ʚʽʜʩʪʘʥʽ, ʚʠʭʦʜʷʪʴ ʽʟ ʮʝʥʪʨʘ ʤʘʩ ʬʽʛʫʨ ï ʪʦʯʢʘ ʆ (ʨʠʩʫʥʦʢ 1 ʘ). ʂʦʥʬʽʛʫʨʘʮʽʷ ʧʝʨʝʪʠʥʫ ʽʟ 

ʧʣʦʱʝʶ Fʨ, ʷʢʠʡ ʫʪʚʦʨʠʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʥʶʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʪʦʤʫ ʽʟ ʦʙʯʠʩʣʝʥʠʭ 

ʧʨʦʬʽʣʽʚ, ʫ ʷʢʦʛʦ ʧʣʦʱʘ ʟʙʽʛʘʪʠʤʝʪʴʩʷ ʽʟ ʦʙʯʠʩʣʝʥʦʶ. ʋ ʧʨʦʛʨʘʤʥʽʡ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʦʩʪʫʧʦʚʠʭ ʥʘʙʣʠʞʝʥʴ: ʷʢʱʦ ʨʦʟʨʘʭʦʚʘʥʘ ʧʣʦʱʘ 

ʦʙʯʠʩʣʶʚʘʥʦʛʦ ʧʝʨʝʪʠʥʫ ʩʪʘʻ ʙʽʣʴʰʦʶ ʟʘ ʢʽʥʮʝʚʫ, ʧʨʦʪʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʟʙʽʛʫ ʽʟ ʟʘʜʘʥʦʶ 

ʪʦʯʥʽʩʪʶ ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʢʽʚ n ʟʤʝʥʰʫʻʪʴʩʷ ʘ ʨʦʟʨʘʭʫʥʦʢ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʢʨʦʢʫ. 

 

 
 

ʘ) ʙ) 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ: 

ʘ ï ʧʨʷʤʘ ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʦʬʽʣʶ ʟʘ ʟʘʜʘʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʦʪʚʦʨʫ 

ʦʪʚʦʨʦʤ;  

ʙ  ï ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʦʪʚʦʨʫ ʟʘ ʟʘʜʘʥʠʤ ʧʝʨʝʪʠʥʦʤ ʚʠʨʦʙʫ 

 

ʈʦʟʚôʷʟʦʢ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚʽʜʨʽʟʢʠ ɸiBi, 

ʦʙʤʝʞʝʥʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʢʦʣʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʽʜʝʘʣʴʥʦʛʦ ʩʧʽʥʶʚʘʥʥʷ, ʘ ʟ ʽʥʰʦʛʦ 

ʙʦʢʫ ʟʘʜʘʥʠʤ ʢʦʥʪʫʨʦʤ ʩʧʽʥʝʥʦʛʦ ʚʠʨʦʙʫ ʪʨʝʙʘ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʠʪʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪ k: 

ɸǋiBǋi= kÖ ɸiBi. ʆʙʯʠʩʣʠ ʧʣʦʱʫ ʬʽʛʫʨʫ, ʦʜʝʨʞʘʥʫ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʧʦʻʜʥʘʥʥʽ ʪʦʯʦʢ Bǋi.  
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ɺʘʨʽʶʶʯʠ ʢʦʝʬʽʮʽʻʥʪʦʤ k ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʠ ʬʽʛʫʨʘ ʥʝ ʤʘʪʠʤʝ ʧʣʦʱʫ:  

 
2

0 lpFF b=

  

ʇʨʠʢʣʘʜʠ ʨʦʟʚôʷʟʢʽʚ ʪʘʢʦʾ ʟʘʜʘʯʽ ʦʜʝʨʞʘʥʽ ʜʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʪʘ ʪʨʠʢʫʪʥʦʛʦ ʧʝʨʝʪʠʥʫ 

ʚʠʨʦʙʫ ʧʨʠ ʧʦʜʚʽʡʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʧʣʦʱʽ ʧʝʨʝʪʠʥʫ ʚʠʨʦʙʫ ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ (bl
2
=2) 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2 (ʮʠʬʨʘʤʠ ʚʢʘʟʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʤʽʥʠ ʧʣʦʱʽ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ 

ʧʝʨʝʪʠʥʫ b
2
). ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʬʦʨʤʠ ʚʠʨʦʙʫ 

ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ: ʧʨʦʮʝʩ ʚʽʜʪʚʦʨʝʥʦ ʟʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ ʪʘ ʦʙʤʝʞʝʥʦʤʫ ʦʙôʻʤʽ ʚʠʨʦʙʫ (ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʝʢʩʪʨʫʟʽʾ), ʧʨʦʪʝ ʷʢʽʩʥʘ ʢʘʨʪʠʥʘ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ ʜʘʥʠʡ ʧʽʜʭʽʜ ʧʨʠʜʘʪʥʠʤ ʜʦ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ  (ʨʠʩʫʥʦʢ 3). 

 

 

 
ʈʠʩ. 2. ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʶ ʩʧʽʥʝʥʦʛʦ ʚʠʨʦʙʫ: 

1 ï ʧʨʦʬʽʣʴ ʬʦʨʤʫʚʘʣʴʥʦʛʦ ʦʪʚʦʨʫ;  

2 ï ʧʨʦʬʽʣʴ ʩʧʽʥʝʥʦʛʦ ʚʠʨʦʙʫ;  

3 ï ʧʨʦʬʽʣʴ ʟʘ ʫʤʦʚʠ çʽʜʝʘʣʴʥʦʛʦè ʩʧʽʥʶʚʘʥʥʷ 

 

 
 

ʈʠʩ. 3. ɿʤʽʥʘ ʬʦʨʤʠ ʚʠʨʦʙʫ ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ 

 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʻ ʧʨʦʩʪʠʤ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ ʪʘ ʜʦʟʚʦʣʷʻ ʽʟ ʜʦʩʪʘʪʥʴʦʶ 

ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʘʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʬʦʨʤʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠ 

ʝʢʩʪʨʫʟʽʡʥʦʤʫ ʚʠʛʦʪʦʚʣʝʥʽ ʧʦʛʦʥʘʞʥʠʭ ʧʽʥʦʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ʟʘ ʟʘʜʘʥʠʤ ʧʨʦʬʽʣʝʤ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

 

1. ʄʠʢʘʵʣʠ ɺ. ʕʢʩʪʨʫʟʠʦʥʥʳʝ ʛʦʣʦʚʢʠ ʜʣʷ ʧʣʘʩʪʤʘʩʩ ʠ ʨʝʟʠʥʳ: ʂʦʥʩʪʨʫʢʮʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ / ʇʝʨ. ʉ ʘʥʛʣ. ʷʟ.; ʇʦʜ ʨʝʜ.. ɺ.ʇ.ɺʦʣʦʜʠʥʘ. ï ʉʇʙ.: ʇʨʦʬʝʩʩʠʷ, 

2007. ï 472 ʩʪʨ. 

2. ʕʥʮʠʢʣʦʧʝʜʠʷ ʧʦʣʠʤʝʨʦʚ / ʇʦʜ ʨʝʜ. ɺ. ɸ. ʂʘʨʛʠʥ -  ʊ.1 ʄ.: ʉʦʚʝʪʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ, 

1977 ï 1224 ʩ. 

3. ʃʫʢʘʰʦʚʘ ɺ.ɺ. ɽʢʩʪʨʫʟʽʷ ʧʽʥʦʧʦʣʽʤʝʨʽʚ: ʤʦʥʦʛʨʘʬʽʷ // ɺ.ɺ. ʃʫʢʘʰʦʚʘ, 

ɯ.ʆ. ʄʽʢʫʣʴʦʥʦʢ, ʃ.ɹ. ʈʘʜʯʝʥʢʦ. - ʂ.: ʅʊʋʋ çʂʇʀè.- 2011.-222 ʩ.  
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ʃ.ʀ. ʈʋɾʀʅʉʂɸʗ, ʢ.ʪ.ʥ; ɸ.ɸ. ʌʆʄɽʅʂʆɺɸ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʂʠʝʚ 

 

ʇʆʃʀʄɽʈʅʓɽ ʅʆʉʀʊɽʃʀ ʄʀʂʈʆʌʃʆʈʓ ɺ ɸʅɸʕʈʆɹʅʓʍ ɹʀʆʌʀʃʔʊʈɸʍ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʘʥʘʵʨʦʙʥʦʛʦ ʙʠʦʬʠʣʴʪʨʘ ʩ ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʥʦʩʠʪʝʣʝ 

ʙʠʦʧʣʝʥʢʦʡ. ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʥʦʩʠʪʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʦʣʠʩʪʠʨʦʣ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʧʦʣʠʧʨʦʧʠʣʝʥ, ʧʦʣʠʵʪʠʣʝʥ ʠ ʜʨʫʛʠʝ ʪʝʨʤʦʧʣʘʩʪʳ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʦʩʠʪʝʣʷʤ ʤʠʢʨʦʬʣʦʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʝ ʥʦʩʠʪʝʣʠ ʤʠʢʨʦʬʣʦʨʳ, ʙʠʦʧʣʝʥʢʘ, ʘʥʘʵʨʦʙʥʳʡ ʙʠʦʨʝʘʢʪʦʨ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʝʨʝʜ ʩʙʨʦʩʦʤ ʩʪʦʢʦʚ ʚ ʢʘʥʘʣʠʟʘʮʠʦʥʥʫʶ ʩʝʪʴ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʘʥʘʵʨʦʙʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʩʪʦʢʦʚ ʧʦ ʍʇʂ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʘʥʘʵʨʦʙʥʳʭ ʙʠʦʨʝʘʢʪʦʨʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʘʢʪʠʚʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʨʝʘʢʪʦʨʝ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʨʷʜʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʩʠʪʝʣʝʡ ʤʠʢʨʦʬʣʦʨʳ ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ ʫʜʝʨʞʘʥʠʷ ʙʠʦʤʘʩʩʳ (ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʷ ʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ) ʠ ʧʦʚʳʰʝʥʠʷ ʝʝ ʘʢʪʠʚʥʦʩʪʠ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [1], ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʠʤʝʝʪ 

ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʦʩʠʪʝʣʷ ʤʠʢʨʦʬʣʦʨʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ  ʥʦʩʠʪʝʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʙʘʭʨʦʤʠʩʪʦʡ ʪʢʘʥʠ ʧʦʟʚʦʣʷʝʪ ʚ 4 ʨʘʟʘ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʧʦ ʙʠʦʛʘʟʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʩʠʪʝʣʝʤ ʠʟ ʛʨʘʥʫʣ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. 

ɼʣʷ ʫʜʝʨʞʘʥʠʷ ʙʠʦʤʘʩʩʳ ʚ ʙʠʦʨʝʢʪʦʨʘʭ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʥʦʩʠʪʝʣʠ, 

ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʤʘʪʝʨʠʘʣʫ ʥʦʩʠʪʝʣʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

- ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʙʠʦʧʣʝʥʢʠ, ʥʝ ʚʳʟʳʚʘʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʠʭ ʨʦʩʪʘ ʠ ʤʝʪʘʙʦʣʠʟʤʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʩ ʩʫʙʩʪʨʘʪʦʤ, ʧʨʦʜʫʢʪʘʤʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʘ ʪʘʢ ʞʝ ʭʠʤʠʯʝʩʢʘ ̫ʩʪʦʡʢʦʩʪʴ ʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ; 

- ʚʳʩʦʢʘ ̫ ʧʦʨʠʩʪʦʩʪʴ, ʫʜʝʣʴʥʘ ̫ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʥʘʠʣʫʯʰʫ  ʁʘʜʩʦʨʙʮʠʠ ʢʣʝʪʦʢ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʧʨʠ ʯʝʤ ʨʘʟʤʝʨ ʧʦʨ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʪ.ʝ. 1-4ʤʢʤ, ʪʘʢ ʢʘʢ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʨʘʟʤʝʨʘ 

ʧʦʨ ʙʠʦʧʣʝʥʢʘ ʦʙʨʘʟʫʝʪʩʷ ʩʫʛʫʙʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʜʝʣʘʷ ʙʝʩʧʦʣʝʟʥʳʤ ʝʛʦ 

ʤʠʢʨʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʥʦʩʠʪʝʣʷ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʨʠʩʢʘ ʟʘʠʣʠʚʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʰʝ 90%; 

- ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʤʘʩʩʳ ʥʘ ʥʦʩʠʪʝʣʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʥʦʩʠʪʝʣʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʝʪʢʘ, 

ʢʘʧʨʦʥʦʚʳʝ ʚʦʣʦʢʥʘ, ʧʝʥʴʢʘ, ʩʪʝʢʣʦʚʦʣʦʢʥʦ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ, 

ʦʜʥʘʢʦ ʧʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ[2]. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʨʝʘʢʪʦʨʘʭ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʧʦʣʫʯʠʣʠ ʥʦʩʠʪʝʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ ʚ ʚʠʜʝ ʢʦʣʝʮ, ʚʦʣʦʢʦʥ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʘʷ ʟʘʛʨʫʟʢʘ), ʧʣʦʩʢʠʭ ʠ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ, ʪʨʫʙ, ʩʝʪʦʢ 

(ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʟʘʛʨʫʟʢʘ) ʠ ʜʨ. ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʥʦʩʠʪʝʣʠ ʠʟ 

ʧʦʣʠʩʪʠʨʦʣʘ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ. ʅʘ  ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʪʠʧʳ ʥʦʩʠʪʝʣʝʡ ʤʠʢʨʦʬʣʦʨʳ ʚ ʘʥʘʵʨʦʙʥʳʭ ʙʠʦʨʝʘʢʪʦʨʘʭ.  

 
      ʘ            ʙ               ʚ                                  ʛ 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʟʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: ʘ ï Flocor È; ʙ ï Cloisonyle È; ʚ ï Bioflow 30, Raushert È; Bioflow 9, 

Raushert È 
 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʙʠʦʨʝʘʢʪʦʨʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʥʘʵʨʦʙʥʳʭ 

ʙʠʦʨʝʘʢʪʦʨʦʚ ʧʦ ʙʠʦʛʘʟʫ. ʊʘʢ, ʧʨʠ ʤʝʟʦʬʠʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʙʠʦʨʝʘʢʪʦʨʝ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 1Áʉ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʜʳ ʧʨʦʪʝʢʘʝʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʟʘʛʨʫʟʢʦʡ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʟʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ ʣʠʩʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʙʠʦʨʝʘʢʪʦʨʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʣʦʞʝʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʙʠʦʨʝʘʢʪʦʨʘ ʩ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʥʝʧʦʜʚʠʞʥʳʭ 

ʥʦʩʠʪʝʣʷʭ ʤʠʢʨʦʬʣʦʨʦʡ. 

 
ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʙʠʦʨʝʘʢʪʦʨʘ ʩ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ 

ʥʝʧʦʜʚʠʞʥʳʭ ʥʦʩʠʪʝʣʷʭ ʤʠʢʨʦʬʣʦʨʦʡ: 

ʉɺ ï ʩʪʦʯʥʘʷ ʚʦʜʘ; ʆɺ ï ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ; ɹɻ ï ʚʳʭʦʜ ʙʠʦʛʘʟʘ; ʅ ï ʙʣʦʢʠ ʥʦʩʠʪʝʣʝʡ; 

ʊʆ ï ʪʝʧʣʦʦʙʤʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; ʀ ï ʩʧʫʩʢ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʠʣʘ. 
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ʉʪʦʯʥʘʷ ʚʦʜʘ ʦʯʠʱʘʝʪʩʷ, ʧʦʩʪʫʧʘʷ ʚ ʢʘʞʜʫʶ ʠʟ ʩʝʢʮʠʡ ʩʥʠʟʫ ʠ ʚʦʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ 

ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʟʘʛʨʫʟʢʫ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘ ʥʝʡ ʤʠʢʨʦʬʣʦʨʦʡ. ʄʝʞʜʫ ʩʝʢʮʠʷʤʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʝʨʝʪʦʢʠ,  ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʛʨʘʶʪ ʨʦʣʴ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʈʘʟʜʝʣʝʥʠʝ ʨʝʘʢʪʦʨʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʧʦʧʫʣʷʮʠʠ ʧʦ ʜʣʠʥʝ ʨʝʘʢʪʦʨʘ ʈʝʘʢʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʝʪ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 2-ʭ ʩʪʫʧʝʥʯʘʪʳʡ ʘʥʘʵʨʦʙʥʳʡ ʧʨʦʮʝʩʩ ʩ ʘʮʝʪʦʛʝʥʝʟʦʤ ʚ 

ʧʝʨʚʦʡ ʩʝʢʮʠʠ ʠ ʤʝʪʘʥʦʛʝʥʝʟʦʤ ʚ ʢʦʥʮʝ ʨʝʘʢʪʦʨʘ. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʘʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ 

ʘʢʪʠʚʥʦʡ ʙʠʦʤʘʩʩʝ ʣʫʯʰʝ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʟʘʣʧʦʚʳʤ ʥʘʛʨʫʟʢʘʤ [1].  

 

ʃʠʪʝʨʘʪʫʨʘ: 
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ʇ.ɺ. ʃʖʊʀʁ, ʢ.ʪ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

 

ɺʀɻʆʊʆɺʃɽʅʅʗ ɼɺʆʐɸʈʆɺʀʍ ɯ ʊʈʀʐɸʈʆɺʀʍ ɼɽʈɽɺʀʅʅʆ-ʇʆʃɯʄɽʈʅʀʍ 

ʇʃʀʊ ʇʆʃʆʉʂʀʄ ʉʇʆʉʆɹʆʄ  

 
ʋ ʮʽʡ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʚʦʰʘʨʦʚʠʭ ʽ ʪʨʠʰʘʨʦʚʠʭ 

ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʠʭ ʧʣʠʪ ʧʣʦʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʩʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʠʭ ʧʣʠʪ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʣʠʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ 

ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʪʘ ʚʦʜʦʩʪʽʡʢʦʩʪʽ. ʊʨʠʰʘʨʦʚʽ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʽ ʧʣʠʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʜʝʱʦ ʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʩʪʘʪʠʯʥʦʛʦ ʟʛʠʥʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʜʚʦʰʘʨʦʚʠʤʠ, ʘ 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʥʘʙʨʷʢʘʥʥʷ ʟʘ ʪʦʚʱʠʥʦʶ ʪʘʢʠʭ ʧʣʠʪ ʻ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ. ʆʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʧʦʚʥʦʮʽʥʥʦ ʤʦʞʫʪʴ ʟʘʤʽʥʠʪʠ ʩʪʨʫʞʢʦʚʽ ʪʘ ʚʦʣʦʢʥʠʩʪʽ ʧʣʠʪʠ ʚ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ. ʆʢʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʧʣʠʪʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʽ ʧʣʠʪʠ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʩʪʘʪʠʯʥʦʛʦ ʟʛʠʥʘʥʥʷ, 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʥʘʙʨʷʢʘʥʥʷ ʟʘ ʪʦʚʱʠʥʦʶ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʑʦʨʽʯʥʦ ʚ ʋʢʨʘʾʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʙʣʠʟʴʢʦ 1,5 ʤʣʨʜ ʪʦʥʥ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʟ ʷʢʠʭ 8,5% (ʧʦʥʘʜ 12,7 ʤʣʥ ʪʦʥʥ) ï ʧʦʣʽʤʝʨʥʽ. ɹʣʠʟʴʢʦ 77% 

ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʚʠʢʠʜʘʶʪʴʩʷ ʥʘ ʟʚʘʣʠʱʘ ʧʽʩʣʷ ʦʜʥʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟ ʷʢʠʭ 

ʧʦʥʘʜ 50% ï ʮʝ ʧʘʢʫʚʘʣʴʥʽ ʚʽʜʭʦʜʠ, ʘ ʨʝʰʪʘ ï ʧʣʘʩʪʠʢʦʚʘ ʪʘʨʘ, 80% ʷʢʦʾ ʩʪʘʥʦʚʣʷʪʴ 

ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʥʽ ʧʣʷʰʢʠ [1,2]. ʋ ʧʨʦʮʝʩʽ ʜʝʨʝʚʦʦʙʨʦʙʢʠ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

2,8-3,0 ʤʣʥ ʤ
3
 ʜʝʨʝʚʠʥʥʠʭ ʚʽʜʭʦʜʽʚ ʥʘ ʨʽʢ. ʆʢʨʽʤ ʪʦʛʦ, ʚ ʋʢʨʘʾʥʽ ʥʝʨʝʥʪʘʙʝʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 0,8-1,0 ʤʣʥ ʤ
3
 ʜʨʦʚ, ʩʶʜʠ ʞ ʤʦʞʥʘ ʜʦʜʘʪʠ ʱʝ 1,0-1,2 ʤʣʥ ʤ

3
 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʘ ʥʝ ʟʘʜʽʷʥʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʝʨʝʚʠʥʥʠʭ ʧʣʠʪ [3].  

ʆʪʞʝ, ʝʬʝʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʨʝʚʠʥʥʠʭ ʪʘ ʧʦʣʽʤʝʨʥʠʭ 

ʚʽʜʭʦʜʽʚ ʻ ʥʘʛʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʚʽʜ ʡʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʙʫʜʝ ʟʘʣʝʞʘʪʠ 

ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʢʨʘʾʥʽ. ɿʘʭʦʨʦʥʝʥʥʷ ʘʙʦ ʚʠʚʝʟʝʥʥʷ ʥʘ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ï ʤʘʣʦʧʨʠʜʘʪʥʽ 

ʟʘʭʦʜʠ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ. ɰʭ ʩʧʘʣʶʚʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷʤ 
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ʘʪʤʦʩʬʝʨʠ ʦʪʨʫʡʥʠʤʠ ʛʘʟʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʚʽʜʚʦʜʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ ʽ ʟʥʘʯʥʦʶ ʢʦʨʦʟʽʻʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʦʤʫ 

ʦʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫʪʠʣʽʟʘʮʽʾ ʜʝʨʝʚʠʥʥʠʭ ʽ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʻ ʾʭ 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʷʭʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʚʝʩʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʠʰʘʨʦʚʠʭ ʜʝʨʝʚʠʥʥʦ-

ʧʦʣʽʤʝʨʥʠʭ ʧʣʠʪ ʧʣʦʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʩʫʚʘʥʥʷ.  

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ: ʧʦʜʨʽʙʥʝʥʽ ʚʽʜʭʦʜʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ ʪʘ 

ʜʝʨʝʚʠʥʠ ʟʤʽʰʘʥʠʭ ʧʦʨʽʜ, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1. ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʜʝʨʝʚʠʥʥʦʾ ʩʪʨʫʞʢʠ ʪʘ ʧʦʜʨʽʙʥʝʥʠʭ ʚʽʜʭʦʜʽʚ 

ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ 

 

ʏʘʩʪʠʥʢʠ 
ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ  

-/5 5/4 4/2 2/1 1/0,63 0,63/0,315 0,315/0 

ʇʦʜʨʽʙʥʝʥʽ ʜʝʨʝʚʠʥʥʽ ʚʽʜʭʦʜʠ 4,75 12,2 15,79 40,28 15,67 9,13 2,18 

ʇʦʜʨʽʙʥʝʥʽ ʚʽʜʭʦʜʠ 

ʪʝʨʤʦʟʙʽʞʥʦʾ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ 

ʧʣʽʚʢʠ 

9,53 3,04 53,14 32,45 1,83 0 0 

 

ɺʠʛʦʪʦʚʣʷʣʠ ʜʚʦʰʘʨʦʚʽ (ʨʠʩ. 1,ʘ) ʪʘ ʪʨʠʰʘʨʦʚʽ (ʨʠʩ. 1,ʙ) ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʽ ʧʣʠʪʠ 

ʪʦʚʱʠʥʦʶ 8 ʤʤ ʧʣʦʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʩʫʚʘʥʥʷ ʫ ʛʘʨʷʯʦʤʫ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ ʟʘ ʪʘʢʠʭ 

ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʝʩʫʚʘʥʥʷ: ʪʠʩʢ ï 3,5 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ ï 180Áʉ, ʪʨʠʚʘʣʽʩʪʴ ï 8,0 

ʭʚ, ʪʠʩʢ ʜʦʧʨʝʩʫʚʘʥʥʷ (ʦʭʦʣʦʜʞʝʥʥʷ) ï 1,5 ʄʇʘ. ɿʦʚʥʽʰʥʽʤʠ ʰʘʨʘʤʠ ʚʠʩʪʫʧʘʤʠ 

ʧʦʜʨʽʙʥʝʥʽ ʚʽʜʭʦʜʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ, ʚʥʫʪʨʽʰʥʽʤ ʰʘʨʦʤ ï ʩʫʤʽʰ ʜʝʨʝʚʠʥʥʠʭ 

ʚʽʜʭʦʜʽʚ ʪʘ ʧʦʜʨʽʙʥʝʥʽ ʚʽʜʭʦʜʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʽʾ 60:40. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʽʷ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʠʭ ʧʣʠʪ: ʘ) ʜʚʦʰʘʨʦʚʽ; ʙ) ʪʨʠʰʘʨʦʚʘ:  

1 ï ʧʦʜʨʽʙʥʝʥʽ ʚʽʜʭʦʜʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ; 2 ï ʩʫʤʽʰ ʜʝʨʝʚʠʥʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ 

ʧʦʜʨʽʙʥʝʥʽ ʚʽʜʭʦʜʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ  

 

ʂʨʠʪʝʨʽʷʤʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʠʭ ʧʣʠʪ ʦʙʨʘʥʦ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ: 

ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʩʪʘʪʠʯʥʦʛʦ ʟʛʠʥʘʥʥʷ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʥʘʙʨʷʢʘʥʥʷ ʟʘ ʪʦʚʱʠʥʦʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʛʣʷʜʘʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʦʪʨʠʤʘʥʠʭ ʧʣʠʪ, ʥʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʪʘ ʚʦʜʦʩʪʽʡʢʦʩʪʽ (ʪʘʙʣ. 2).  
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ʊʘʙʣʠʮʷ 2. ɺʣʘʩʪʠʚʦʩʪʽ ʜʚʦʰʘʨʦʚʠʭ ʪʘ ʪʨʠʰʘʨʦʚʠʭ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʠʭ ʧʣʠʪ 

ʇʦʢʘʟʥʠʢʠ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ 

ʃʠʯʢʫʚʘʥʥʷ ʰʘʨʦʤ ʧʦʜʨʽʙʥʝʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ 

ʧʦʣʽʝʪʠʣʝʥʫ 

ʜʚʦʩʪʦʨʦʥʥʻ ʦʜʥʦʩʪʦʨʦʥʥʻ 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʩʪʘʪʠʯʥʦʛʦ 

ʟʛʠʥʘʥʥʷ, ʄʇʘ 

13,2 10,3/10,0 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ, % 7,4 19,6 

ʅʘʙʨʷʢʘʥʥʷ, % 5,4 13,3 

 

*ʇʨʠʤʽʪʢʘ. ɿʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʩʪʘʪʠʯʥʦʛʦ ʟʛʠʥʘʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʧʨʠʢʣʘʜʘʥʥʷʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʩʪʦʨʦʥʠ ʣʠʯʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʯʠʩʝʣʴʥʠʢ) ʘʙʦ ʟʽ ʩʪʦʨʦʥʠ ʜʝʨʝʚʠʥʥʦ-

ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ (ʟʥʘʤʝʥʥʠʢ). 

 

ɿʦʢʨʝʤʘ, ʪʘʢʽ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʽ ʧʣʠʪʠ ʤʦʞʫʪʴ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʩʪʨʫʞʢʦʚʠʤʠ ʪʘ 

ʚʦʣʦʢʥʠʩʪʠʤʠ ʧʣʠʪʘʤʠ ʪʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʤʽʥʠʪʠ ʾʭ ʥʘ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʚ ʽʥʰʠʭ ʩʬʝʨʘʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʦʚʥʽʰʥʽ ʰʘʨʠ ʦʪʨʠʤʘʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 

ʥʝ ʚʦʣʦʜʽʶʪʴ ʘʜʛʝʟʽʻʶ ʜʦ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʮʝʤʝʥʪʫ ʪʘ ʧʽʩʢʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʘ ʩʘʤʝ ʷʢ ʦʧʘʣʫʙʢʫ ʧʽʜ ʙʝʪʦʥʫʚʘʥʥʷ. ʆʢʨʽʤ ʪʦʛʦ, ʪʘʢʽ 

ʤʘʪʝʨʽʘʣʠ ʻ ʥʝʪʦʢʩʠʯʥʠʤʠ, ʱʦ ʻ ʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʾʭ ʥʘʜ ʩʪʨʫʞʢʦʚʠʤʠ ʧʣʠʪʘʤʠ, ʷʢʽ ʚ 

ʧʨʦʮʝʩʽ ʧʨʝʩʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʜʽʣʷʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, 

ʟʦʢʨʝʤʘ ʬʦʨʤʘʣʴʜʝʛʽʜ, ʷʢʠʡ ʻ ʢʘʥʮʝʨʦʛʝʥʥʦʶ ʨʝʯʦʚʠʥʦʶ ʽ ʚʠʢʣʠʢʘʻ ʨʘʢʦʚʽ ʟʘʭʚʦʨʶʚʘʥʥʷ.  

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ ʧʽʜʚʠʱʝʥʫ ʚʦʜʦʩʪʽʡʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʠʭ 

ʧʣʠʪ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʚ ʘʛʨʝʩʠʚʥʠʭ (ʚʦʣʦʛʠʭ ʪʘ ʥʘʚʽʪʴ ʤʦʢʨʠʭ) 

ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ ʻ ʥʝʤʦʞʣʠʚʠʤ ʜʣʷ ʩʪʨʫʞʢʦʚʠʭ ʪʘ ʚʦʣʦʢʥʠʩʪʠʭ ʧʣʠʪ ʪʘ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʪʨʠʰʘʨʦʚʽ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʽ ʧʣʠʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ ʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʩʪʘʪʠʯʥʦʛʦ ʟʛʠʥʘʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʜʚʦʰʘʨʦʚʠʤʠ, ʘ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʥʘʙʨʷʢʘʥʥʷ ʪʘʢʠʭ ʧʣʠʪ ʻ ʟʥʘʯʥʦ 

ʤʝʥʰʠʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʪʨʠʰʘʨʦʚʽ ʧʣʠʪʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʙʽʣʴʰ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʽʟ ʟʥʘʯʥʦ ʚʠʱʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʟʛʠʥ. ʑʝ ʦʜʥʽʻʶ ʟ ʙʘʛʘʪʴʦʭ ʧʝʨʝʚʘʛʘʭ 

ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ 

ʚʠʪʨʘʪʠ ʥʘ ʩʠʨʦʚʠʥʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʆʢʨʽʤ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʪʘ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʦʪʨʠʤʘʥʠʡ ʤʘʪʝʨʽʘʣ ʩʧʨʠʷʻ ʡ 

ʫʪʠʣʽʟʘʮʽʾ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ, ʥʘʢʦʧʠʯʝʥʥʷ ʷʢʠʭ ʥʝʩʝ ʥʝʛʘʪʠʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ. 

ʊʦʤʫ ʤʦʞʥʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʥʠʭ 

ʪʘ ʜʝʨʝʚʠʥʥʠʭ ʚʽʜʭʦʜʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʪʘ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʄ.ʇ. ʐɺɽɼ ʢ.ʪ.ʥ., ɺ.ɸ.ʈʋɼɸʂʆɺɸ, ɭ.ʄ.  ɺʆʎɽʍʆɺʉʔʂɸ, ɼ.ʄ. ʐɺɽɼ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ɺʀɻʆʊʆɺʃɽʅʅʗ ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʎɯʁ ʅɸ ʆʉʅʆɺɯ ɹɯʆʇʆʃɯʄɽʈɯɺ 

 
ɺ ʟʚôʷʟʢʫ ʟ ʥʝʟʘʜʦʚʽʣʴʥʠʤ ʩʪʘʥʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʦʙʤʝʞʝʥʽʩʪʶ ʜʞʝʨʝʣ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ 

ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ  ʙʽʦʨʦʟʢʣʘʜʫ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʜʝʰʝʚʠʭ ʚʠʜʽʚ 

ʩʠʨʦʚʠʥʠ  ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʦʣʽʤʝʨʽʚ ʻ ʢʨʦʭʤʘʣʴ. ɸʚʪʦʨʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʨʦʭʤʘʣʶ ʪʘ ʩʝʚʽʣʝʥʫ ʫ ʚʽʜʥʦʰʝʥʥʽ 1:1 (ʤʘʩ.) 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʾ, ʙʽʦʧʦʣʽʤʝʨ, ʙʽʦʜʝʩʪʨʫʢʮʽʷ, ʨʝʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ʤʘʩʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʚʠʥʠʢ 

ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ: ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʽʣʴʢʠ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʩʧʦʞʠʚʘʥʥʷ, ʘ ʧʦʪʽʤ ʧʽʜʜʘʶʪʴʩʷ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʪʘ ʙʽʦʣʦʛʽʯʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʜʽʻʶ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘ ʦʮʽʥʢʘʤʠ ʬʘʭʽʚʮʽʚ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʥʘʧʨʷʤʦʤ ʻ 

ʨʦʟʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚ, ʦʜʝʨʞʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʫ 

ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʜʞʝʨʝʣʘ ʩʠʨʦʚʠʥʠ ʜʣʷ ʩʠʥʪʝʟʫ ʧʦʣʽʤʝʨʽʚ ʩʪʘʶʪʴ ʦʙʤʝʞʝʥʠʤʠ. 

ʅʘʨʘʟʽ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʽʚ, ʟʜʘʪʥʠʭ ʜʦ ʙʽʦʨʦʟʢʣʘʜʫ. ʋ ʧʘʢʫʚʘʣʴʥʽʡ ʛʘʣʫʟʽ ʧʦʰʠʨʝʥʽ ʧʣʽʚʢʠ ʥʘ 

ʦʩʥʦʚʽ ʮʝʣʶʣʦʟʠ, ʭʽʪʠʥʫ ʪʘ ʭʠʪʦʟʘʥʘ, ʞʝʣʘʪʠʥʫ, ʧʦʣʽʧʝʧʪʠʜʽʚ. ɿʨʽʩ ʽʥʪʝʨʝʩ ʜʦ ʢʨʦʭʤʘʣʶ, 

ʷʢ ʜʦ ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʜʝʰʝʚʠʭ ʚʠʜʽʚ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʣʘʩʪʠʢʽʚ. ʆʜʥʘʢ, ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʪʘʢʽ 

ʚʠʨʦʙʠ ʥʝ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚʝʣʠʢʠʤʠ ʧʘʨʪʽʷʤʠ, ʪʘ ʚʚʘʞʘʶʪʴʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʠʤʠ. ʇʨʦʪʝ, ʟ 

ʦʛʣʷʜʫ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ, ʚʠʨʦʙʠ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʡʤʫʪʴ ʚʽʜʧʦʚʽʜʥʫ ʥʽʰʫ ʫ 

ʨʠʥʢʫ ʧʘʢʫʚʘʣʴʥʠʭ ʚʠʨʦʙʽʚ.  

ʋ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ ʢʨʦʭʤʘʣʴ ʥʝ ʧʨʠʜʘʪʥʠʡ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, ʪʦʤʫ ʡʦʛʦ 

ʧʝʨʝʨʦʙʢʘ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ (ʝʢʩʪʨʫʜʝʨʘʭ, ʧʨʝʩʘʭ) ʤʦʞʣʠʚʘ 

ʪʽʣʴʢʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ. ʆʩʢʽʣʴʢʠ ʢʨʦʭʤʘʣʴ ʻ ʪʠʧʦʚʠʤ ʛʽʜʨʦʬʽʣʴʥʠʤ 

ʧʦʣʽʤʝʨʦʤ, ʚʽʥ ʤʦʞʝ ʤʽʩʪʠʪʠ ʜʦ 30-40 % ʟʚ'ʷʟʘʥʦʾ ʚʦʣʦʛʠ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʜʫ ʷʢ ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʭ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʢʨʦʭʤʘʣʶ. ʊʘʢʦʛʦ 

ʨʦʜʫ ʧʣʘʩʪʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʧʣʠʚʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʧʨʫʛ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʨʦʭʤʘʣʶ. 

ʏʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʯʠʩʪʦʛʦ ʢʨʦʭʤʘʣʶ, ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ 

ʢʦʤʧʦʟʠʮʽʾ ʢʨʦʭʤʘʣʶ ʟ ʨʽʟʥʠʤʠ ʩʠʥʪʝʪʠʯʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ. ʊʘʢʽ ʢʦʤʧʦʟʠʮʽʾ ʚʜʘʣʦ 

ʧʦʻʜʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʽ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʣʘʩʪʠʚʽ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʟʽ ʟʜʘʪʥʽʩʪʶ ʜʦ ʙʽʦʜʝʩʪʨʫʢʮʽʾ, ʦʙʫʤʦʚʣʝʥʦʾ ʥʘʷʚʥʽʩʪʶ ʚ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʾ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʣʽʤʝʨʫ - ʢʨʦʭʤʘʣʶ. 

ɸʚʪʦʨʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʢʨʦʭʤʘʣʶ. ʄʝʪʦʜʦʤ ʜʚʦʯʝʨʚôʷʯʥʦʾ ʝʢʩʪʨʫʟʽʾ ʚʠʛʦʪʦʚʣʝʥʽ ʩʪʨʝʥʛʠ ʪʘ ʛʨʘʥʫʣʠ 

ʩʧʽʚʧʦʣʽʤʝʨʫ ʩʝʚʽʣʝʥʫ ʽʟ ʢʨʦʭʤʘʣʝʤ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 (ʟʘ ʤʘʩʦʶ). 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʮʝʩʫ ʧʝʨʝʨʦʙʢʠ ʪʘʢʦʾ ʢʦʤʧʦʟʠʮʽʾ ʻ ʤʦʞʣʠʚʝ çʩʧʽʥʶʚʘʥʥʷè 

ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʝʨʝʨʦʙʢʠ ʚʠʱʝ 150ʉ̄, ʦʙʫʤʦʚʣʝʥʝ ʥʘʷʚʥʽʩʪʶ ʟʚ'ʷʟʘʥʦʾ 

ʚʦʣʦʛʠ ʚ ʢʨʦʭʤʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʦʜʝʨʞʘʥʦ ʪʚʝʨʜʠʡ ʤʘʪʝʨʽʘʣ ʟʽ ʩʧʽʥʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʇʨʠ 

ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʫ ʤʝʞʘʭ 130̄ ʉ) ʦʪʨʠʤʘʥʽ ʝʣʘʩʪʠʯʥʽ ʛʣʘʜʢʽ ʩʪʨʝʥʛʠ ʟ 

ʤʦʥʦʣʽʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʨʦʙʢʠ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʚʽʜʯʫʪʥʠʭ ʚʪʨʘʪ ʷʢʦʩʪʽ ʚʠʨʦʙʫ. 
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ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʝʨʝʨʦʙʢʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʝʜʝʥʽ ʨʝʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʾ ʤʝʪʦʜʦʤ ʢʘʧʽʣʷʨʥʦʾ 

ʚʽʩʢʦʟʠʤʝʪʨʽʾ. ʋ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʦʪʨʠʤʘʥʽ ʤʦʥʦʣʽʪʥʽ ʟʨʘʟʢʠ. 

ʇʦʢʘʟʥʠʢ ʪʝʢʫʯʦʩʪʽ ʨʦʟʧʣʘʚʫ ʩʪʘʥʦʚʠʪʴ 0,5 ʛ/10 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 130 ʉ̄, ʱʦ 

ʧʜ̔ʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʧʝʨʝʨʦʙʢʠ ʜʘʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ. 

ɽʬʝʢʪʠʚʥʘ ʚ'ʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 100 ʜʦ 130 ʉ̄ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʘʥʦʚʠʪʴ: 

m = 19356 ʇʘÖʩ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 115 ʉ̄;
 

m = 32233 ʇʘÖʩ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 130 ʉ̄. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 140 ʉ̄ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʽʥʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʮʴʦʤʫ 

ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʚʽʜ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʥʦʩʠʪʴ ʩʪʝʧʝʥʝʚʠʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ 

ʪʝʤʧʝʨʘʪʫʨʠ 140 ʉ̄ ʦʪʨʠʤʘʥʘ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʚ'ʷʟʢʦʩʪʽ, ʇʘÖʩ: 

m = 1408,7g
2,1

.  

ʄʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʦʭʤʘʣʶ ʽʟ 

ʟʘʜʦʚʽʣʴʥʠʤʠ ʩʧʦʞʠʚʯʠʤʠ ʷʢʦʩʪʷʤʠ ʜʦʟʚʦʣʷʻ ʯʘʩʪʢʦʚʦ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʟʘʦʱʘʜʞʝʥʥʷ 

ʩʠʥʪʝʪʠʯʥʠʭ ʧʣʘʩʪʠʢʽʚ ʪʘ ʻ ʧʨʠʚʘʙʣʠʚʦʶ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. 

ʆʩʢʽʣʴʢʠ ʜʦʪʝʧʝʨ ʥʝ ʚʠʨʽʰʝʥʦ ʧʨʦʙʣʝʤʫ ʜʝʩʪʨʫʢʮʽʾ ʩʠʥʪʝʪʠʯʥʦʛʦ ʟʘʣʠʰʢʫ, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʧʦʣʽʤʝʨʫ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʩʪʨʫʢʮʽʾ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʧʦʰʫʢ 

ʰʣʷʭʽʚ ʚʧʣʠʚʫ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

 

 

 

 

 

 

 

ʋɼʂ 678.842 

 

ʃ.ɸ. ʄɽʃʔʅʀʂ
1
, ɽ.ɸ. ɹʆɻɸʊʓʈɽʅʂʆ

1
, ʅ.ɻ. ʇʋʇʂʆɺɸ

1
, 

ɸ.ʇ. ʇʆɼʅɽɹɽʉʅʓʁ
1
, ʆ.ɻ. ʆʉʔʄɸʂʆɺ

2
  

1 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ çʕʣʘʩʪʠʢè, ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ, 

2 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè ʛ. ʂʠʝʚ 

 

ʀɿʋʏɽʅʀɽ ʉɺʆʁʉʊɺ ʉʀʃʆʂʉɸʅʆɺʓʍ ʈɽɿʀʅ, 

ʇʆʃʋʏɽʅʅʓʍ ʈɸɼʀɸʎʀʆʅʅʆʁ ɺʋʃʂɸʅʀɿɸʎʀɽʁ 

 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʝʮʝʧʪʫʨʳ ʥʘ ʩʚʦʡʩʪʚʘ ʩʠʣʦʢʩʘʥʦʚʳʭ ʨʝʟʠʥ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʨʘʜʠʘʮʠʦʥʥʦʡ ʚʫʣʢʘʥʠʟʘʮʠʠ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʠʟʜʝʣʠʷ ʠʟ ʩʠʣʦʢʩʘʥʦʚʦʡ ʨʝʟʠʥʳ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʝʝ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ ʩʠʣʦʢʩʘʥʦʚʘʷ ʨʝʟʠʥʘ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʚʫʣʢʘʥʠʟʘʮʠʠ, ʯʪʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʝʣʘʝʪ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʚʳʛʦʜʥʳʤ. 

ʇʨʦʙʣʝʤʘ ʪʨʫʜʦʝʤʢʦʡ ʚʫʣʢʘʥʠʟʘʮʠʠ ʩʠʣʦʢʩʘʥʦʚʳʭ ʨʝʟʠʥ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʩʰʠʚʘʥʠʷ ʩʠʣʦʢʩʘʥʦʚʦʛʦ ʢʘʫʯʫʢʘ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʚʦʜʠʣʠʩʴ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ 

ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʷ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [1, 2]. 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʝʮʝʧʪʫʨʳ ʥʘ ʩʚʦʡʩʪʚʘ 

ʩʠʣʦʢʩʘʥʦʚʳʭ ʨʝʟʠʥ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʨʘʜʠʘʮʠʦʥʥʦʡ ʚʫʣʢʘʥʠʟʘʮʠʠ. ʈʘʜʠʘʮʠʦʥʥʦʝ 

ʦʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʵʣʝʢʪʨʦʥʦʚ ʀʃʋ-6 ʜʦʟʦʡ 5 ʄʨʘʜ. ʌʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʫʣʢʘʥʠʟʘʪʦʚ ʠʣʣʶʩʪʨʠʨʫʝʪ ʪʘʙʣʠʮʘ. 

 

ʊʘʙʣʠʮʘ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʚʫʣʢʘʥʠʟʘʪʦʚ 

ʩʠʣʦʢʩʘʥʦʚʳʭ ʨʝʟʠʥ 

ʇʦʢʘʟʘʪʝʣʠ 

ʐʠʬʨʳ ʨʝʟʠʥ 

1 2 3 4 5 6 

 

1. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, % 

250 

215 

797 

388 

323 

208 

195 

210 

152 

210 

356 

300 

2. ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʄʇʘ 
4,3 

5,2 

6,9 

6,5 

5,4 

4,9 

1,8 

1,2 

1,3 

1,4 

4,9 

5,5 

3. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, % 0 0 0 0 0 0 

4. ʊʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ, ʫ.ʝ. 61 40 65 41 42 44 

5. ʂʦʵʬʬʠʮʠʝʥʪ ʩʪʘʨʝʥʠʷ ʧʨʠ 200
0
ʉ:       

- ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʫʜʣʠʥʝʥʠʶ 0,86 0,49 0,64 1,08 1,38 0,84 

- ʧʦ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ  1,21 0,94 0,91 0,67 1,08 1,12 

ʇʨʠʤʝʯʘʥʠʝ. ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʠ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʘʥʳ ʜʦ 

ʩʪʘʨʝʥʠʷ (ʯʠʩʣʠʪʝʣʴ) ʠ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ (ʟʥʘʤʝʥʘʪʝʣʴ). 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʤʝʩʴ ʢʘʫʯʫʢʘ ʩ 

ʥʘʧʦʣʥʠʪʝʣʝʤ ʘʵʨʦʩʠʣʦʤ (ʰʠʬʨ 1) ʜʦʙʘʚʢʠ ʅɼ-8 (ʰʠʬʨ 2) ʧʦʚʳʰʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʠ ʧʨʦʯʥʦʩʪʴ ʨʘʜʠʘʮʠʦʥʥʳʭ ʚʫʣʢʘʥʠʟʘʪʦʚ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʣʫʯʰʝʥʠʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʩʠʣʘ ʚ ʢʘʫʯʫʢʝ ʠ ʫʩʠʣʝʥʠʝʤ ʝʛʦ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ. 

ʊʚʝʨʜʦʩʪʴ ʧʘʜʘʝʪ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʅɼ-8. ʋʤʝʥʴʰʘʝʪʩʷ 

ʪʘʢʞʝ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʩʪʘʨʝʥʠʠ ʧʨʝʦʙʣʘʜʘʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ, ʘ ʅɼ-8 

ʩʧʦʩʦʙʩʪʚʫʝʪ  ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʧʦʣʠʤʝʨ-ʥʘʧʦʣʥʠʪʝʣʴ ʟʘ ʩʯʝʪ 

ʣʫʯʰʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʩʠʣʘ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʧʝʨʝʢʠʩʠ (ʰʠʬʨ 3) ʦʙʨʘʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʧʝʨʝʯʥʳʝ ʩʚʷʟʠ, 

ʧʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʚʫʣʢʘʥʠʟʘʮʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʤʝʥʴʰʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʠ ʫʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ. ʊʘʢ ʢʘʢ ʩʪʘʨʝʥʠʝ 

ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʧʨʠ ʚʫʣʢʘʥʠʟʘʮʠʠ  (ʚ ʤʦʤʝʥʪ ʦʙʣʫʯʝʥʠʷ), ʪʦ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʈʝʟʠʥʳ ʰʠʬʨʦʚ 4 ʠ 5 ʠʤʝʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʙʝʣʫʶ ʩʘʞʫ, ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʯʝʥʴ ʥʠʟʢʠʝ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʝʨʝʢʠʩʥʳʭ 

ʚʫʣʢʘʥʠʟʘʪʦʚ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʙʝʣʘʷ ʩʘʞʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʵʨʦʩʠʣʘ, 

ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʫʩʠʣʠʚʘʶʱʠʤ ʥʘʧʦʣʥʠʪʝʣʝʤ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʫ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʚʫʣʢʘʥʠʟʘʪʦʚ ʩ ʙʝʣʦʡ ʩʘʞʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ. ʕʪʦ 

ʚʳʟʚʘʥʦ ʪʝʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʱʝʣʦʯʠ ʚ ʙʝʣʦʡ ʩʘʞʝ ʠʜʝʪ ʜʝʩʪʨʫʢʮʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʩʰʠʚʢʠ. 

ɺ ʨʝʟʠʥʝ ʰʠʬʨʘ 6 ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʠʬʝʥʠʣʩʠʣʘʥʜʠʦʣ (ɼʌʉɼ). ʉʨʘʚʥʝʥʠʝ ʝʝ ʩ ʨʝʟʠʥʦʡ ʰʠʬʨʘ 2, ʛʜʝ ʚʚʝʜʝʥ ʧʨʦʜʫʢʪ ʅɼ-8, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʟʠʥʘ ʩ ɼʌʉɼ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʝʤ 

ʨʝʟʠʥʘ ʩ ʅɼ-8. ɼʌʉɼ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʘʢʪʠʚʥʦʡ ʘʥʪʠʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ ʜʦʙʘʚʢʦʡ, ʧʦʵʪʦʤʫ 

ʨʝʟʠʥʘ ʩ ɼʌʉɼ ʧʦʩʣʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʚʫʣʢʘʥʠʟʘʮʠʠ ʧʦ ʩʚʦʡʩʪʚʘʤ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʨʝʟʠʥʝ 

ˉ1, ʛʜʝ ʥʝʪ ʜʦʙʘʚʦʢ. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʠʥʘ ʰʠʬʨʘ 3, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʤʝʝʪ ʧʦʢʘʟʘʪʝʣʠ, ʙʣʠʟʢʠʝ ʢ ʪʘʢʦʚʳʤ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʚʫʣʢʘʥʠʟʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʚʫʣʢʘʥʠʟʘʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʩʠʣʦʢʩʘʥʦʚʳʝ 

ʨʝʟʠʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; ʦʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʮʝʧʪʫʨʳ ʨʝʟʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʠʟʜʝʣʠʡ. 
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ɺ.ɯ. ʉɯɺɽʎʔʂʀʁ, ʢ.ʪ.ʥ., ʧʨʦʬ., ɼ.ɼ. ʈʗɹɯʅɯʅ, ʢ.ʪ.ʥ., ʜʦʮ., 

ʆ.ʃ. ʉʆʂʆʃʔʉʔʂʀʁ, ʢ.ʪ.ʥ., ʜʦʮ., ɯ.ʄ. ʇʀɻɸ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 

 

ʇʆʐʋʂ ʂʈʀɺʆɰ ʊɽʏɯɰ ʇʆʃɯʄɽʈʋ ɼʃʗ ʇʈʗʄʆʂʋʊʅʆɻʆ ʂɸʅɸʃʋ 

 
ʂʨʠʚʽ ʪʝʯʽʾ ʧʦʣʽʤʝʨʽʚ, ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʣʽʤʝʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʶʪʴ 

ʤʝʪʦʜʘʤʠ ʢʘʧʽʣʷʨʥʦʾ ʚʽʩʢʦʟʠʤʝʪʨʽʾ ʥʘ ʢʨʫʛʣʠʭ ʘʙʦ ʧʣʦʩʢʦʱʽʣʠʥʥʠʭ ʢʘʥʘʣʘʭ. ʋ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ ʷʢ ʘʜʝʢʚʘʪʥʠʡ ʩʧʦʩʽʙ ʧʝʨʝʭʦʜʫ ʚʽʜ ʢʘʥʘʣʽʚ ʥʝʢʨʫʛʣʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʜʦ ʢʨʫʛʣʠʭ ʢʘʥʘʣʽʚ, ʱʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʝʯʽʾ ʧʦʣʽʤʝʨʽʚ ʚ ʥʝʢʨʫʛʣʠʭ ʢʘʥʘʣʘʭ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʽʜʢʦ, ʽ ʢʨʠʚʽ ʪʝʯʽʾ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʽʥʚʘʨʽʘʥʪʥʠʤʠ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʧʦʰʫʢʫ ʢʨʠʚʠʭ ʪʝʯʽʾ ʧʦʣʽʤʝʨʽʚ, ʥʝʽʥʚʘʨʽʘʥʪʥʠʭ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʘʜ̔ʫʩʫ ʢʘʥʘʣʫ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʩʢʦʟʠʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝʢʨʫʛʣʠʭ ʢʘʥʘʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʠʚʽ ʪʝʯʽʾ, ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʚʽʩʢʦʟʠʤʝʪʨʽʷ, ʧʦʣʽʩʪʠʨʦʣ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʘʥʘʣʽʚ ʷʢ ʩʧʦʩʦʙʫ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʢʘʥʘʣʽʚ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʦ ʢʨʫʛʣʠʭ ʢʘʥʘʣʽʚ ʧʨʠ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ 

ʧʦʣʽʤʝʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʠʚʠʭ ʪʝʯʽʾ, ʷʢʽ ʥʝʽʥʚʘʨʽʘʥʪʥʽ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ 

ʢʘʥʘʣʫ [1]. ɼʣʷ ʧʦʰʫʢʫ ʢʨʠʚʠʭ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ, ʷʢʽ ʥʝʽʥʚʘʨʽʘʥʪʥʽ ʚʽʜʥʦʩʥʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʦʣʦʛʽʯʥʫ ʟʤʽʥʥʫ, ʷʢʫ 

ʫʤʦʚʥʦ ʥʘʟʠʚʘʶʪʴ ʨʝʦʣʦʛʽʯʥʠʤ ʨʘʜʽʫʩʦʤ ʽ ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ [1]. ʈʦʟʨʘʭʫʥʦʢ ʧʨʷʤʦʢʫʪʥʠʭ ʢʘʥʘʣʽʚ ʧʨʠ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ 

ʷʚʣʷʻ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʫ ʟʚôʷʟʢʫ ʽʟ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʪʘʢʠʭ ʢʘʥʘʣʽʚ  ʫ 

ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʧʦʣʽʤʝʨʽʚ ʪʘ ʽʥʰʠʭ ʧʨʦʮʝʩʘʭ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ɼʣʷ ʚʠʧʘʜʢʽʚ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ ʚ ʢʨʫʛʣʠʭ ʽ ʧʣʦʩʢʦʱʽʣʠʥʥʠʭ ʢʘʥʘʣʘʭ ʚ ʨʦʙʦʪʽ 

[2] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʽʩʪʠʥʥʦʾ ʢʨʠʚʦʾ ʪʝʯʽʾ ʧʦʣʽʤʝʨʽʚ 

ʟʘ ʥʝʽʥʚʘʨʽʘʥʪʥʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʥʘ ʩʪʽʥʢʘʭ ʢʨʫʛʣʦʛʦ ʽ ʧʣʦʩʢʦʱʽʣʠʥʥʦʛʦ ʢʘʥʘʣʽʚ ʚʽʜ 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʽ ʽʩʪʠʥʥʫ ʢʨʠʚʫ ʪʝʯʽʾ ʟʘ ʥʝʽʥʚʘʨʽʘʥʪʥʠʤʠ ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʢʘʥʘʣʽʚ ʟʘʣʝʞʥʦʩʪʷʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʷʢʽ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʟʚʠʯʘʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʪʠʧʫ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʇɺʍ. 

ɼʣʷ ʢʘʥʘʣʽʚ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʚ ʨʦʙʦʪʽ [1] ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʝʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʢʨʠʚʠʭ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ, 

ʦʪʨʠʤʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʫʪʦʯʥʝʥʠʡ ʨʘʜʽʫʩ ʢʘʥʘʣʫ RR , ʷʢʠʡ 

ʫʤʦʚʥʦ ʥʘʟʚʘʥʦ ʨʝʦʣʦʛʽʯʥʠʤ [1]. ʈʦʟʤʽʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʥʘʣʽʚ  ʙʫʣʠ ʚʠʙʨʘʥʽ ʩʫʤʽʨʥʠʤʠ 
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ʽʟ ʧʨʦʤʠʩʣʦʚʠʤʠ. ɺʠʩʦʪʫ ʧʨʷʤʦʢʫʪʥʠʭ ʢʘʥʘʣʽʚ ʙʫʣʦ ʚʠʙʨʘʥʦ 2 ʤʤ, 4 ʤʤ, 6 ʤʤ, 8 ʤʤ, 16ʤʤ 

ʪʘ 32 ʤʤ, ʘ ʰʠʨʠʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʽ ʜʦʨʽʚʥʶʻ 32 ʤʤ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʦʣʦʛʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ RR  ʜʣʷ ʧʦʰʫʢʫ ʢʨʠʚʠʭ ʪʝʯʽʾ ʧʦʣʽʤʝʨʽʚ, 

ʥʝʽʥʚʘʨʽʘʥʪʥʠʭ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ ʽʥʚʘʨʽʘʥʪʥʦʛʦ ʚʠʜʫ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʢʘʧʽʣʷʨʥʦʾ ʚʽʩʢʦʟʠʤʝʪʨʽʾ ʧʨʠ ʛʽʜʨʘʚʣʽʯʥʦʤʫ 

ʨʦʟʨʘʭʫʥʢʫ ʢʘʥʘʣʽʚ ʟ ʥʝʢʨʫʛʣʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚ`ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʢʨʠʚʠʭ ʪʝʯʽʾ ʧʦʣʽʤʝʨʽʚ, ʥʝʽʥʚʘʨʽʘʪʥʠʭ ʚʽʜʥʦʩʥʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ, ʟʛʽʜʥʦ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ 32³GiR  ʦʪʨʠʤʘʻʤʦ ʢʨʠʚʽ ʪʝʯʽʾ 

ʧʦʣʽʤʝʨʽʚ, ʥʝʽʥʚʘʨʽʘʥʪʥʽ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʽʚ. ɼʨʫʛʠʡ ʝʪʘʧ ʧʨʦʚʦʜʠʪʴʩʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʦʣʦʛʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ 32³RiR  ʽ ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʦʰʫʢʦʤ  ʢʨʠʚʠʭ ʪʝʯʽʾ, 

ʥʝʽʥʚʘʨʽʘʥʪʥʠʭ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʽʚ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ [1] ʨʦʟʨʘʭʦʚʫʻʤʦ ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʨʘʜʽʫʩ32³GiR , ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʥʘ ʩʪʽʥʮʽ ʢʘʥʘʣʫ
32³GiRt  ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʛʨʘʜʽʻʥʪ ʟʩʫʚʫ

32³G
G

iR . 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʘʣʛʦʨʠʪʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ.  

1. ɼʣʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ 32³GiR  ʚʠʟʥʘʯʘʻʤʦ ʝʬʝʢʪʠʚʥʠʡ ʛʨʘʜʽʻʥʪ ʰʚʠʜʢʦʩʪʽ  

32³G
G

iR . 

2. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ  
32³G

G
iR , ʥʘ ʢʨʠʚʽʡ ʪʝʯʽʾ ʢʘʥʘʣʫ 

322³  ʟʥʘʭʦʜʠʤʦ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ xt. 

3. ɿʥʘʭʦʜʠʤʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʥʘ ʩʪʽʥʮʽ -̔ʛʦ ʢʘʥʘʣʫ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 

3232 ³³
t=t
Rʽɻʽ RR : 

n

Ri

i
xR

R

R
i

3

32

32

32 öö
÷

õ
ææ
ç

å
=

³

³G

³G
tt , 

 

ʜʝ n ï ʽʥʜʝʢʩ ʪʝʯʽʾ.  

4. ɺʽʜʤʽʯʘʻʤʦ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ 
3232 ³³

t=t
Rʽɻʽ RR  ʥʘ ʢʨʠʚʽʡ ʪʝʯʽʾ  ʢʘʥʘʣʫ 

2Ĭ32. 

5. ɺʝʣʠʯʠʥʫ ʝʬʝʢʪʠʚʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ 
32RiR ³

G  ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʨʠʚʦʾ ʪʝʯʽʾ 2Ĭ32 ʽ ʧʝʨʝʚʽʨʷʻʤʦ ʾʾ ʚʝʣʠʯʠʥʫ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʦʙʦʪʠ [1]  

n

x

R

RR
i

iRi t

t
32

3232

³G

³G³
G=G , 

6. ʐʫʢʘʥʘ ʪʦʯʢʘ ʢʦʥʩʠʩʪʝʥʪʥʦʾ ʢʨʠʚʦʾ ʪʝʯʽʾ -̔ʛʦ ʢʘʥʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ ʪʦʯʢʘ 

ʧʝʨʝʪʠʥʫ ʧʨʷʤʠʭ, ʦʜʥʘ ʟ ʷʢʠʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʦʩʽ ʝʬʝʢʪʠʚʥʠʭ ʛʨʘʜʽʻʥʪʽʚ 

ʰʚʠʜʢʦʩʪʽ ʫ ʪʦʯʮʽ   
32³

G
ɻiR  , ʘ ʜʨʫʛʘ ʧʨʷʤʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʦʩʽ ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ ʫ 

ʪʦʯʮʽ 
32³GiRt . 

ɺ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʣʷ ʧʦʰʫʢʫ ʢʨʠʚʦʾ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʫʜʘʨʦʤʽʮʥʦʛʦ 

ʧʦʣʽʩʪʠʨʦʣʫ, ʥʝʽʥʚʘʨʽʘʥʪʥʦʾ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ 328³ . 
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ʊʘʙʣʠʮʷ. ʇʘʨʘʤʝʪʨʠ ʪʝʯʽʾ ʫʜʘʨʦʤʽʮʥʦʛʦ ʧʦʣʽʩʪʠʨʦʣʫ ʤʘʨʢʠ ʋʇ-1ʃɸ ʫ ʢʘʥʘʣʽ 328³  

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 150 C̄  
 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʧʣʘʚʫ T, 

C̄  

ɻʽʜʨʘʚʣʽʯʥʠʡ 

ʨʘʜʽʫʩ328³GR , 

ʩʤ 

ʈʝʦʣʦʛʽʯʥʠʡ 

ʨʘʜʽʫʩ328³RR , 

ʩʤ 

328³GRt , 

2ʩʤ
ʥ  

xt, 

2ʩʤ
ʥ  

328³G
GR , 

1-ʩ  

328³
G

RR , 

1-ʩ  

n 

150 

0,323 

0,323 

0,323 

0,323 

0,323 

0,323 

0,323 

0,323 

0,1565 

0,1546 

0,1629 

0,165 

0,1506 

0,1574 

0,1517 

0,151 

4,5 

5,2 

7,4 

9 

10,02 

10,5 

11,5 

12,3 

2,13 

2,43 

3,65 

4,5 

5,2 

5,42 

6 

6,4 

8 

12 

38 

70 

100 

120 

160 

200 

70,24 

109,36 

297,16 

524,3 

985,5 

1210,8 

1556,8 

1946 

0,3443 

0,3443 

0,3443 

0,3443 

0,2867 

0,2867 

0,2867 

0,2867 
 

ʅʘ ʨʠʩʫʥʢʫ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦʢʘʟʘʥʽ ʢʦʥʩʠʩʪʝʥʪʥʽ ʢʨʠʚʽ ʪʝʯʽʾ ʜʣʷ ʢʘʥʘʣʽʚ 322³  

ʪʘ 328³  ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 150C̄, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʽʚ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʽʟ 
ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ. 

 
 

 
 

ʈʠʩ. ʂʦʥʩʠʩʪʝʥʪʥʽ ʢʨʠʚʽ ʪʝʯʽʾ ʫʜʘʨʦʤʽʮʥʦʛʦ ʧʦʣʽʩʪʠʨʦʣʫ ʤʘʨʢʠ ʋʇ-1ʃɸ ʜʣʷ ʢʘʥʘʣʽʚ 

322³  ʪʘ 328³  ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 150 C̄: ʢʨʠʚʽ ʪʝʯʽʾ ï ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ; ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʣʷ 

150 C̄  - ƴ 
 

ʅʘʚʝʜʝʥʠʡ ʤʝʪʦʜ ʧʦʰʫʢʫ ʢʨʠʚʠʭ ʪʝʯʽʾ, ʥʝʽʥʚʘʨʽʘʥʪʥʠʭ ʚʽʜʥʦʩʥʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʘʜʽʫʩʫ ʢʘʥʘʣʫ, ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʟʧʣʘʚʫ ʫʜʘʨʦʤʽʮʥʦʛʦ ʧʦʣʽʩʪʠʨʦʣʫ ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʽʩʢʦʟʠʤʝʪʨʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʦʨʽʚ ʧʨʷʤʦʢʫʪʥʠʭ ʢʘʥʘʣʽʚ ʜʦʚʽʣʴʥʦʛʦ 

ʧʝʨʝʪʠʥʫ. 
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ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʋʢʨʘʾʥʘ, ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 
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ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʦʦʙʨʦʙʢʠ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʤʦʣʠ 

ɽɼ-20 ʥʘ ʟʘʚʝʨʰʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʾʭ ʪʨʠʚʠʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʝʞʠʤ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟ ʧʦʩʪʫʧʦʚʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 80 ʜʦ 100
ʦ
ʉ. ʈʦʟʨʦʙʣʝʥʦ ʥʘʧʦʚʥʝʥʠʡ 

ʢʘʨʙʽʜʦʤ ʢʨʝʤʥʽʶ ʟʥʦʩʦʩʪʽʡʢʠʡ ʝʧʦʢʩʠʜʥʠʡ ʢʦʤʧʦʟʠʪ, ʷʢʠʡ ʟʘ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ 

ʧʦʩʪʫʧʘʻʪʴʩʷ ʝʧʦʢʩʠʜʥʦʤʫ ʢʦʤʧʦʟʠʪʫ Silaplate (ʂʘʥʘʜʘ). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ ɽɼ-20, ʇɽʇɸ, ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʪʝʨʤʦʦʙʨʦʙʢʘ, ʛʘʟʦʘʙʨʘʟʠʚʥʝ 

ʟʥʦʰʫʚʘʥʥʷ 

 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʧʝʨʝʨʦʙʢʦʶ ʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʘʙʨʘʟʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʛʽʨʥʠʯʦʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, 

ʢʦʣʴʦʨʦʚʦʾ ʽ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʷʜʫ ʽʥʰʠʭ 

ʛʘʣʫʟʝʡ, ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ. ɸʥʘʣʽʟ 

ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʪʝʨʤʽʥ ʨʦʙʦʪʠ ʚʝʣʠʢʦʾ ʛʨʫʧʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚ ʮʠʭ 

ʫʤʦʚʘʭ ʜʫʞʝ ʤʘʣʠʡ ʽ ʩʪʘʥʦʚʠʪʴ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʨʦʙʦʯʠʭ ʟʤʽʥ (ʣʦʧʘʪʢʠ ʜʨʦʙʦʤʝʪʽʚ, 

ʧʦʚʦʨʦʪʥʽ ʢʦʣʽʥʘ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʫ, ʨʦʙʦʯʽ ʢʦʣʝʩʘ ʛʨʫʥʪʦʚʠʭ ʥʘʩʦʩʽʚ ʪʘ ʽʥ.). 

ɾʦʨʩʪʢʽʩʪʴ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʪʝʥʜʝʥʮʽʻʶ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘ ʦʪʞʝ, ʥʘʚʘʥʪʘʞʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ, ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʧʦʪʨʝʙʫʻ ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ. ʇʦʜʘʣʴʰʝ ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʝʧʦʢʩʠʜʥʠʭ, ʚʠʤʘʛʘʻ ʚʠʭʦʜʫ ʥʘ 

ʥʦʚʠʡ, ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʾʭ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʟʥʦʩʦʩʪʽʡʢʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿ ʮʠʭ ʧʦʟʠʮʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʜʞʝʥʥʷ ʻ ʚʠʧʨʘʚʜʘʥʠʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʠʩʦʢʠʭ ʤʽʮʥʦʩʥʠʭ, 

ʘʜʛʝʟʽʡʥʠʭ, ʟʥʦʩʦʩʪʽʡʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʬʘʢʪʠʯʥʠʭ ʩʢʣʘʜʘʭ 

ʟʥʦʩʦʩʪʽʡʢʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟʥʘʡʰʣʘ ʙʘʛʘʪʦʪʦʥʥʘʞʥʘ ʝʧʦʢʩʠʜʥʘ ʜʽʘʥʦʚʘ ʩʤʦʣʘ ɽɼ-20, ʷʢʫ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠ ʾʾ ʦʪʚʝʨʜʞʝʥʥʽ (20
ʦ
ʉ) ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥʦʤ (ʇɽʇɸ ï   

10 ʤʘʩ.ʯ.). 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʦʪʚʝʨʜʞʝʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʧʣʠʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʽ ʨʝʞʠʤʠ 

ʾʭ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʫ ʩʪʘʥʽ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʥʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ ʟʰʠʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ ʤʘʪʨʠʮʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʮʴʦʛʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʪʝʨʤʦʦʙʨʦʙʢʠ ʢʦʤʧʦʟʠʪʽʚ (ʦʩʥʦʚʥʠʡ 

ʧʨʦʮʝʩ ʦʪʚʝʨʜʞʝʥʥʷ: 20
ʦ
ʉĬ24 ʛʦʜ) ʥʘ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʦʪʚʝʨʜʞʝʥʥʷ  (ʟʘ ʚʤʽʩʪʦʤ ʟʦʣʴ-

ʬʨʘʢʮʽʾ) ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʥʝʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʨʠ ʛʘʟʦʘʙʨʘʟʠʚʥʦʤʫ ʟʥʦʰʫʚʘʥʥʽ 

(ʘʙʨʘʟʠʚ ï ʨʽʯʢʦʚʠʡ ʧʽʩʦʢ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ 0,5-0,9 ʤʤ, ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʯʘʩʪʦʢ 76 ʤ/ʩ) 

ʧʽʜ ʢʫʪʘʤʠ ʘʪʘʢʠ ʘʙʨʘʟʠʚʫ 15, 30, 45, 60, 90
ʦ
 ʟʛʽʜʥʦ ɻʆʉʊ 23.201-78. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʦʙʨʦʙʢʠ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜ 60 ʜʦ 

120
ʦ
ʉ ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ ʾʭ ʦʪʚʝʨʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʧʦʚʥʦ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʟʦʣʴ-ʬʨʘʢʮʽʾ ʜʦ 2%. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʦʙʨʦʙʢʠ 

(140
ʦ
ʉ) ʥʝʜʦʮʽʣʴʥʝ ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʚʥʝʩʢʫ ʜʝʩʪʨʫʢʮʽʾ ʚ ʧʨʦʮʝʩ ʜʦʦʪʚʝʨʜʞʝʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʟʦʣʴ-ʬʨʘʢʮʽʾ (ʜʦ 4%), ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ. ɼʘʥʽ ʟʦʣʴ-ʛʝʣʴ ʘʥʘʣʽʟʫ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ. 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ (ʤʝʪʦʜ ɹʦʢʩʘ-ʋʽʣʩʦʥʘ) ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʦʩʪʫʧʦʚʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 80 ʜʦ 100
ʦ
ʉ. ʇʨʠ 

ʮʴʦʤʫ ʚʨʘʭʦʚʫʚʘʣʠ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʚ ʪʘʢʠʭ 

ʫʤʦʚʘʭ ʚʠʨʦʙʽʚ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʫ ʪʦʚʱʠʥʫ ʪʘ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ (ʛʽʜʨʦʮʠʢʣʦʥʠ, ʧʽʩʢʦʚʽ 

ʥʘʩʘʜʢʠ ʪʘ ʽʥ.). 

ʈʦʟʨʦʙʣʝʥʦ ʥʘʧʦʚʥʝʥʠʡ ʢʘʨʙʽʜʦʤ ʢʨʝʤʥʽʶ, ʱʦ ʤʘʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʟʘ ʰʢʘʣʦʶ 

ʄʦʦʩʘ, ʟʥʦʩʦʩʪʽʡʢʠʡ ʝʧʦʢʩʠʜʥʠʡ ʢʦʤʧʦʟʠʪ, ʷʢʠʡ ʪʝʨʤʦʦʙʨʦʙʣʶʻʪʴʩʷ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤ ʽ ʟʘ ʦʩʥʦʚʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ 

ʟʥʘʯʥʦ ʜʦʨʦʞʯʦʤʫ ʨʝʤʦʥʪʥʦʤʫ ʝʧʦʢʩʠʜʥʦʤʫ ʢʦʤʧʦʟʠʪʫ Silaplate ʬʽʨʤʠ Wear Solution Inc., 

ʂʘʥʘʜʘ (ʪʘʙʣʠʮʷ), ʤʘʻ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʛʘʟʦʘʙʨʘʟʠʚʥʦʤʫ 

ʟʥʦʰʫʚʘʥʥʽ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʘʪʘʢʠ ʘʙʨʘʟʠʚʫ (ʨʠʩʫʥʦʢ) ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʤ ʟʥʦʰʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʽ. 

 

ʊʘʙʣʠʮʷ. ɺʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʟʥʦʩʦʩʪʽʡʢʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ɽʧʦʢʩʠʜʥʠʡ 

ʢʦʤʧʦʟʠʪ, ʢʨʘʾʥʘ 

ʨʦʟʨʦʙʥʠʢ 

ʄʽʮʥʽʩʪʴ ʧʨʠ 

ʨʦʟʪʷʛʫʚʘʥʥʽ, 

ʄʇʘ 

ʄʽʮʥʽʩʪʴ 

ʧʨʠ 

ʩʪʠʩʥʝʥʥʽ, 

ʄʇʘ 

ʄʽʮʥʽʩʪʴ 

ʧʨʠ 

ʩʪʘʪʠʯʥʦʤʫ 

ʟʛʠʥʽ, ʄʇʘ 

ʋʜʘʨʥʘ 

ʚô̫ ʟʢʽʩʪʴ 

ʟʘ ʐʘʨʧʽ, 

ʢɼʞ/ʤĮ 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ, 

ʩʤ
3
/ʢʛ 

Silaplate, ʂʘʥʘʜʘ 16,4 96,8 49,8 3,6 13,23 

ɼʦʩʣʽʜʥʠʡ ʟ 

ʢʘʨʙʽʜʦʤ 

ʢʨʝʤʥʽʶ, ʋʢʨʘʾʥʘ 

15,7 136,9 45,8 4,4 13,18 

 

ʘ)      ʙ) 

  

    
 

ʈʠʩ. ɺʧʣʠʚ ʢʫʪʘ ʘʪʘʢʠ ʘʙʨʘʟʠʚʫ (Ŭ) ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ (I), ʚʽʜʥʦʩʥʫ ʜʦ 

ʩʪʘʣʽ ʉʪ.3 ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ (ɺɿ) ʪʘ ʩʪʨʫʢʪʫʨʫ (Ĭ100) ʤʘʢʩʠʤʘʣʴʥʦ ʟʥʦʰʝʥʦʛʦ (ʢʫʪ ʘʪʘʢʠ 45
ʦ
) 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ: ʘ) ï ʥʘ ʦʩʥʦʚʽ ɽɼ-20 ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ; ʙ) ï Silaplate ʬʽʨʤʠ Wear Solution Inc., ʂʘʥʘʜʘ 

 

7
8 
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ɸ. ɸ. ɻʈʋɹʉʔʂʀʁ, ʖ. ɺ. ɻʋʉɸʈʔ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ çɽʣʘʩʪʠʢè, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ 

 

ʇʈʆɹʃɽʄʀ ɺʀɿʅɸʏɽʅʅʗ ʗʂɯʉʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʂʆʄʇʆɿʀʊɯɺ ʅɸ 

ʆʉʅʆɺɯ ʇʆʃɯʄɽʈɯɺ 

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʧʦʣʽʤʝʨʥʦʾ ʛʘʣʫʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʥʝ ʪʽʣʴʢʠ 

ʫ ʩʪʚʦʨʝʥʥʽ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘ ʪʘʢʦʞ ʫ ʚʠʟʥʘʯʝʥʥʽ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʋʢʨʘʾʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʰʣʷʭʫ ɭʚʨʦʽʥʪʝʛʨʘʮʽʾ ʽ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʩʬʝʨʽ ʚʩʝ ʯʘʩʪʽʰʝ 

ʣʫʥʘʶʪʴ ʪʘʢʽ ʪʝʨʤʽʥʠ ʷʢ çʛʦʤʦʛʝʥʥʽʩʪʴè, çʥʝʚʠʟʥʘʯʝʥʽʩʪʴè, çʧʨʝʮʠʟʽʡʥʽʩʪʴè ʽ ʪ.ʜ.  

ʆʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ 

çʧʦʣʽʤʝʨʥʘ ʤʘʪʨʠʮʷ ï ʜʠʩʧʝʨʩʽʡʥʘ ʬʘʟʘè ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʻ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ. ʉʠʩʪʝʤʘʪʠʯʥʽ ʯʠ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʢʣʘʜʝʥʽ ʷʢ 

ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʫ ʢʦʞʥʦʤʫ ʽʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʦʢʨʝʤʦ.  ʊʦʤʫ 

ʚʘʞʣʠʚʠʤ ʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ ʫ ʭʦʜʽ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʈʦʟʛʣʷʜʘʶʯʠ ʙʫʜʴ-ʷʢʫ ʷʢʽʩʥʫ ʚʝʣʠʯʠʥʫ ʯʠ ʧʘʨʘʤʝʪʨ, ʱʦ ʦʧʠʩʫʻ ʜʦʚʽʣʴʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝʦʙʭʽʜʥʦ ʟʚʘʞʘʪʠ ʥʘ ʪʝ, ʱʦ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ ()y  ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʝ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
 

eBmy ++= , 
 

ʜʝ  m- ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ; B - ʤʦʞʣʠʚʘ ʩʠʩʪʝʤʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚ ʫʤʦʚʘʭ 

ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ; e- ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʚ ʫʤʦʚʘʭ ʢʦʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʽʚ ʚ ʫʤʦʚʘʭ 

ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ. 

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʙʫʜʴ-ʷʢʝ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ()y  ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʝ 

ʨʽʚʥʷʥʥʷʤ, ʱʦ ʧʦʚôʷʟʫʻ ʡʦʛʦ ʽʟ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ: 
 

( )nxxxxfy 2321 ,,=
 

 

ʉʧʨʠʡʤʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʚʠʱʝʟʘʟʥʘʯʝʥʽʡ ʬʦʨʤʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ 

ʰʠʨʦʢʦ ʘʥʘʣʽʟʫʚʘʪʠ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʬʘʢʪʦʨʫ. ɺʝʣʠʯʠʥʘ (ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ic ) ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʷʢ: 
 

i

i
x

y
c
µ

µ
=

 
 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʯʘʩʫ, ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʢʣʘʜʫ 

ʢʦʤʧʦʟʠʪʫ ʪʘ ʽʥʰʠʭ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʘʜʝʢʚʘʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ 

ʫ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʚʘʪʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘ ʚʠʤʦʛʘʤʠ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʘ 

ʪʘʢʦʞ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʚʧʣʠʚʘʪʠ ʥʘ ʥʝʙʘʞʘʥʽ ʬʘʢʪʦʨʠ, 

ʟʤʝʥʰʫʶʯʠ ʾʭʥʽʡ ʚʧʣʠʚ ʯʠ ʚʟʘʛʘʣʽ ʾʭ ʥʽʚʝʣʶʚʘʪʠ. 
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ʄ.ʄ. ʗʎʀʐʀʅ, ʢ.ʭ.ʥ., ʖ.ʄ. ɻʈʀʅɼɸ, ʘʩʧ., ʆ.ɺ. ʈɽʐɽʊʅʗʂ, ʜ.ʭ.ʥ., 

ʅ.ʗ. ɼʋʄɸʅʏʋʂ, ʢ.ʙ.ʥ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʋʢʨʘʾʥʘ, ʤ. ʃʴʚʽʚ  
 

ʍ-ʇʈʆʄɽʅɽɺʀʁ ʌɸɿʆɺʀʁ ɸʅɸʃɯɿ ɽʃɽʂʊʈʆʇʈʆɺɯɼʅʆɻʆ ʄɸɻʅɯʊʅʆɻʆ  

ʂʆʄʇʆɿʀʎɯʁʅʆɻʆ ʄɸʊɽʈɯɸʃʋ ʅɸ ʆʉʅʆɺɯ ʇʆʃɯɸʅɯʃɯʅʋ 
 

ʉʠʥʪʝʟʦʚʘʥʦ ʽ ʜʦʩʣʽʜʞʝʥʦ ʤʽʥʝʨʘʣ-ʧʦʣʽʤʝʨʥʠʡ ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʛʦ ʤʽʥʝʨʘʣʫ ʢʨʝʤʥʝʟʝʤ-

ʛʣʘʫʢʦʥʽʪʫ ʪʘ ʧʦʣʽʘʥʽʣʽʥʫ ʟʘ ʨʽʟʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʦʚʝʜʝʥʠʡ ʍ-ʧʨʦʤʝʥʝʚʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ 

ʧʽʜʪʚʝʨʜʠʚ ʢʦʤʧʦʟʠʪʥʠʡ ʭʘʨʘʢʪʝʨ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʤʽʥʝʨʘʣʫ ʫ ʢʦʤʧʦʟʠ-

ʮʽʡʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʫ ʥʴʦʤʫ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʠʪʦʤʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʫ ʧʦʣʽʤʝʨʥʫ 

ʤʘʪʨʠʮʶ ʤʽʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʜʘʥʥʷ ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʘʤ ʧʦʣʽʘʥʽʣʽʥ-

ʤʽʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʘʥʽʣʽʥ, ʢʨʝʤʥʝʟʝʤ-ʛʣʘʫʢʦʥʽʪ, ʢʦʤʧʦʟʠʪ, ʍ-ʧʨʦʤʝʥʝʚʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ, 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ 
 

ʆʢʨʽʤ ʤʝʪʘʣ-ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʩʴʦʛʦʜʥʽ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʧʦʣʽʤʝʨ-

ʤʽʥʝʨʘʣʴʥʽ ʢʦʤʧʦʟʠʪʠ, ʢʦʣʠ ʜʠʩʧʝʨʩʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʠʩʪʫʧʘʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʧʦʣʽʤʝʨ 

(ɽʇʇ) ʟ ʩʠʩʪʝʤʦʶ ʩʧʨʷʞʝʥʠʭ p-ʟʚôʷʟʢʽʚ, ʘ ʜʠʩʧʝʨʩʥʦʶ ʬʘʟʦʶ (ʥʘʧʦʚʥʶʚʘʯʝʤ) - ʜʨʽʙʥʦ-

ʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ ʧʨʠʨʦʜʥʦʛʦ (ʤʽʥʝʨʘʣʴʥʦʛʦ) ʧʦʭʦʜʞʝʥʥʷ. ɿʦʢʨʝʤʘ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʦʣʽʘʥʽʣʽʥ-ʤʽʥʝʨʘʣʴʥʽ ʢʦʤʧʦʟʠʪʠ, ʜʝ ʷʢ ʥʘʧʦʚʥʶʚʘʯ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ SiO2 [1], SiO2/g-

Fe2O3 [2], ʤʦʥʪʤʦʨʠʣʦʥʽʪ [3], ʚʝʨʤʽʢʫʣʽʪ [4], ʢʘʦʣʽʥʽʪ [5] ʪʦʱʦ. ʆʜʥʘʢ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʚʤʽʩʪ ʧʦʣʽʤʝʨʫ ʫ 

ʥʴʦʤʫ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ ʧʦʥʘʜ 40 % ʤʘʩ. ɼʦ ʽʥʰʠʭ ʥʝʜʦʣʽʢʽʚ ʪʘʢʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ ʤʦʞʥʘ ʪʘʢʦʞ ʚʽʜʥʝʩʪʠ ʟʤʝʥʰʝʥʥʷ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʾʭʥʴʦʾ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʢʦʤʧʦʟʠʪʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʤʽʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʬʝʨʦ-

ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɺʦʜʥʦʯʘʩ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʣʽʘʥʽʣʽʥ (ʇɸʥ) ʯʘʩʪʦ ʩʪʘʶʪʴ ʜʞʝʨʝʣʦʤ 

ʥʦʚʠʭ ʩʠʥʝʨʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʥʝ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʤʘʪʝʨʽʘʣʘʭ [3]. ʊʦʤʫ 

ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʝ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʠʪʠ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʡ ʤʘʛʥʽʪʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝ-

ʨʽʘʣ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʘʥʽʣʽʥʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʤʽʥʝʨʘʣʫ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ 

ʤʦʛʣʦ ʙ ʩʪʘʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʦʟʠʪʫ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʚʣʘʩʪʠʚʦʾ ʇɸʥ ʙʝʟ 

ʜʦʜʘʪʢʽʚ, ʥʘʜʘʥʥʷ ʡʦʤʫ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʽʜʚʠʱʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ (ʢʨʠʩʪʘʣʽʯ-

ʥʦʩʪʽ) ʇɸʥ ʪʘ ʟʜʝʰʝʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʝ ʟʘʚʜʘʥʥʷ ʙʫʣʦ ʥʘʤʠ ʚʠʨʽʰʝʥʝ ʰʣʷʭʦʤ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʷʢ ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʠʨʦʜʥʦʛʦ ʤʽʥʝʨʘʣʫ ʢʨʝʤʥʝʟʝʤ-ʛʣʘʫʢʦʥʽʪʫ (ʂʟɻ) ï ʛʣʠʥʠʩʪʦʛʦ 

ʤʽʥʝʨʘʣʫ ʢʣʘʩʫ ʩʠʣʽʢʘʪʽʚ, ʛʨʫʧʠ ʛʽʜʨʦʩʣʶʜ. ʂʨʝʤʥʝʟʝʤ-ʛʣʘʫʢʦʥʽʪ ʚʠʨʽʟʥʷʻʪʴʩʷ ʮʽʣʠʤ ʢʦʤʧ-

ʣʝʢʩʦʤ ʫʥʽʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʩʦʨʙʝʥʪ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʨʘʜʽʦ-

ʥʫʢʣʽʜʽʚ ʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ.  

ʅʘʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʂʟɻ (ʨʦʜʦʚʠʱʝ ɸʜʘʤʽʚʩʴʢʝ-2 ʍʤʝʣʴʥʠʮʴʢʦʾ ʦʙʣ.) ʪʘʢʦʛʦ 

ʩʢʣʘʜʫ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʦʢʩʠʜʠ, °1,0 % ʤʘʩ.): SiO2 - 69,5; FeO ï 2,5; ɸl2O3 ï 6,3; Fe2O3 ï 

4,1; MgO ï 1,9; K2O - 1,5, Na2ʆ - 1,4; H2O - 12,8. ʉʠʥʪʝʟʦʚʘʥʦ ʟʨʘʟʢʠ ʢʦʤʧʦʟʠʪʽʚ ʫ ʷʢʠʭ 

ʤʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʇɸʥ : ʂʟɻ ʩʪʘʥʦʚʠʣʦ 8:1; 4:1; 2:1; 1:1; 1:2 ʪʘ 1: 4. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʡ ʧʦʨʦʰʦʢ ʂʟɻ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʤʽʥʝʨʘʣʫ 0,01ï

20 ʤʢʤ. ɿʨʘʟʢʠ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʠʥʪʝʟʫʚʘʣʠ ʟʛʽʜʥʦ ʟ ʦʧʠʩʘʥʠʤʠ ʨʘʥʽʰʝ ʤʝʪʦʜʠ-

ʢʘʤʠ ʰʣʷʭʦʤ ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ ʘʥʽʣʽʥʫ ʫ 0,5 ʄ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʅ2SO4 ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʤʽʢʨʦʩʫʩʧʝʥʟʽʾ ʤʽʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ [6]. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ ʨʝʻʩʪʨʫ-

ʚʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʨʦʥ-3 ʟ ʉu Ka ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ (l=1,54 ¡). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʚʠʚʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʦʜʝʨʞʘʥʠʭ ʢʦʤʧʦ-

ʟʠʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʘʩʪʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ-ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘ ʈɽʄʄɸ-102-

02 ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʧʨʦʙʠ ʦʙôʻʤʦʤ 10 ʤʢʣ ʥʘ ʛʨʘʬʽʪʦʚʠʡ ʩʪʝʨʞʝʥʴ (ʪʦʚʱʠʥʘ ï 0,5 ʩʤ, 

ʜʽʘʤʝʪʨ ï 0,5 ʩʤ). ʇʨʠʩʢʦʨʶʚʘʣʴʥʘ ʥʘʧʨʫʛʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩʪʘʥʦʚʠʣʘ 30 ʢɺ, ʪʠʩʢ ʫ 
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ʈʠʩ. 1. ʍ-ʧʨʦʤʝʥʝʚʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʽʚ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʽʞ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ ʇɸʥ : ʂʟɻ, ʱʦ ʩʪʘʥʦʚʠʪʴ: 8 : 1 (ʘ); 4 : 1 (ʙ); 2 : 1 (ʚ); 1 : 1 (ʛ); 1 : 2 (ʜ); 1 : 4 (ʝ) 
 

ʢʘʤʝʨʽ ï 1,3Ŀ10
ï4

 ʇʘ. ʉɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʫʚʘʣʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜ 10500 ʜʦ 17000 

ʨʘʟʽʚ. ʇʠʪʦʤʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ 

ʌʘʨʘʜʝʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20
ʦ
ʉ ʫ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʥʘʧʨʫ-

ʞʝʥʽʩʪʶ ʚʽʜ 80 ʜʦ 840 ʢɸÖʤ
-1

 ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,5 %.  

ʍ-ʧʨʦʤʝʥʝʚʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦ-

ʛʦ ʤʘʪʝʨʽʘʣʫ ʇɸʥ-ʂʟɻ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. ɼʣʷ ʧʦʨʽʚʥʷʣʴ-

ʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʤʠ ʪʘʢʦʞ ʦʪʨʠʤʘʥʦ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʚʠʭʽʜ-

ʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʪʫ, ʘ ʩʘʤʝ ʂʟɻ ʪʘ ʇɸʥ (ʨʠʩ. 2). 

ʍʘʨʘʢʪʝʨ ʥʘʚʝʜʝʥʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤ ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʤʧʦ-

ʟʠʪʥʠʡ ʭʘʨʘʢʪʝʨ ʟʨʘʟʢʽʚ, ʱʦ ʷʩʢʨʘʚʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ 

ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʇɸʥ/ʂʟɻ 1:1 ʘʙʦ 1:2 ʪʘ 1:4 

(ʨʠʩ. 1, ʛ-ʝ). ɼʚʘ ʧʽʢʠ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʠ 2q= 

~20,0
ʦ
 ʪʘ 2q=~24,9

ʦ
 ʥʘʣʝʞʘʪʴ ʇɸʥ, ʘ ʜʚʘ ʽʥʪʝʥʩʠʚʥʠʭ ʧʽ-

ʢʠ ʧʨʠ 2q=~20,6
ʦ
 ʪʘ 2q=~26,5

ʦ
 - ʢʨʝʤʥʝʟʝʤ-ʛʣʘʫʢʦʥʽʪʫ ʫ 

ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 2, ʚ-ʝ). ɺʦʜʥʦʯʘʩ 
ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʂʟɻ ʫ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʘʤʦʨʬʥʦʛʦ ʛʘʣʦ ʫ ʤʝʞʘʭ ʟʥʘʯʝʥʴ 2q  
ʚʽʜ 10 ʜʦ 35

ʦ
, ʱʦ ʟʘʩʚʽʜʯʫʻ ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʷ ʚʧʦʨʷʜʢʦ-

ʚʘʥʦʩʪʽ ʇɸʥ ʥʘ ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʥʝʨʘʣʴ-

ʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ. 

 ʅʘʤʠ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʧʠʪʦʤʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ. ʗʢ 

ʩʚʽʜʯʘʪʴ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 3), ʟʨʘʟʦʢ ʤʽʥʝʨʘʣʫ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʤʘʛʥʽʯʝʥʽʩʪʶ, ʪʦʜʽ ʷʢ ʚʠʭʽʜʥʠʡ ʇɸʥ ʻ 

ʥʝʤʘʛʥʽʪʥʠʤ. ɺʚʝʜʝʥʥʷ ʫ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ ʤʽʥʝʨʘʣʴ-

ʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʇɸʥ / ʂʟɻ 2:1) 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʂʟɻ ʫ ʢʦʤ-
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ʈʠʩ. 2. ʍ-ʧʨʦʤʝʥʝʚʽ ʜʠ-

ʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ ʚʠʭʽʜ-

ʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʪʫ: 

ʂʟɻ (ʘ) ʪʘ ʇɸʥ (ʙ) 
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ʧʦʟʠʪʽ - ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʟʨʘʟʢʽʚ 

(ʧʨʘʢʪʠʯʥʦ ʜʦ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʩʘʤʦʛʦ ʤʽʥʝʨʘʣʫ). 

ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʇɸʥ 

ʥʘ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʢʘʭ ʤʽʥʝʨʘʣʫ ʚʽʜʪʚʦ-

ʨʶʻ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʫ ʤʦʨʬʦʣʦʛʽʶ (ʨʠʩ. 4) ʽ 

ʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʨʽʟʥʦʾ 

ʪʦʚʱʠʥʠ ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʩʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʇɸʥ : ʂʟɻ ʫ ʚʠʭʽʜʥʽʡ ʧʦʣʽʤʝʨʠʟʘʮʽʡ-

ʥʽʡ ʩʫʤʽʰʽ. 

ʊʦʞ ʷʢ ʩʚʽʜʯʘʪʴ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʩʠʥʪʝʟʦʚʘʥʠʡ ʢʦʤʧʦʟʠʪʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʻʜ-

ʥʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʘʥʽʣʽʥʫ ʪʘ ʧʨʠʨʦʜʥʦʛʦ 

ʤʽʥʝʨʘʣʫ ʢʨʝʤʥʝʟʝʤ-ʛʣʘʫʢʦʥʽʪʫ, ʱʦ ʨʦʙʠʪʴ 

ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ-

ʩʘʤʧʝʨʝʜ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʧʽʛʤʝʥʪʫ-ʜʦ-

ʜʘʪʢʘ ʜʦ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʴ ʤʝʪʘʣʽʚ ʽ 

ʩʧʣʘʚʽʚ, ʥʘʧʦʚʥʶʚʘʯʘ ʜʦ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʴ (ʝʢʨʘʥʽʚ) ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶ-

ʚʘʥʥʷ ʪʦʱʦ. 

  

ʘ ʙ 

 
 ʈʠʩ. 4. ʉɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʂʟɻ (ʘ) ʪʘ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʟʽ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ ʇɸʥ : ʂʟɻ, ʱʦ ʩʪʘʥʦʚʠʪʴ 1 : 1 (ʙ) 
 

ʃʽʪʝʨʘʪʢʨʘ 
 

1. Li X. Surface modification of nano-SiO2 particles using polyaniline / Xingwei Li, Gengchao 

Wang, Xiaoxuan Li // Surf. Coat. Technol. - 2005. - Vol. 197, Is. 1. - P. 56ï 60.  

2. Synthesis and electromagnetic properties of polyaniline-coated silica/maghemite nanopar-

ticles / Tar-Hwa Hsieh, Ko-Shan Ho, Xiaotao Bi [et al.] // Eur. Polym. J. ï 2009. ï Vol. 45, 

Is. 3. ï P. 613ï620.  

3. Binitha N. N. Polyaniline/Pillared Montmorillonite Clay Composite Nanofibers / N. Naraya-

nan Binitha, Sankaran Sugunan // J. Appl. Polym. Sci. - 2008. - Vol. 107. - P. 3367ï3372.  

4. Liu P. Preparation and characterization of conducting polyaniline/silica nanosheet 

composites / Peng Liu // Curr. Op. Sol. Stat. Mater. Sci. ï 2008. ï Vol. 12, Is 1. ï ʈ. 9ï13.  

5. Conducting polyaniline/kaolinite composite: Synthesis, characterization and temperature 

sensing properties / Neslig¿l Gonca Duran, Meral Karakēĸla, Levent Aksu, Mehmet Sa­ak // 

Mater. Chem. Phys. - 2009. - Vol. 118, Is. 1. - P. 93ï98.  

6. ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʘʥʽʣʽʥʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʛʣʘʫʢʦʥʽʪʫ / ʗʮʠʰʠʥ ʄ., ɻʨʠʥʜʘ ʖ., ʂʫʥʴʢʦ ɸ., 

ʂʫʣʠʢ ʖ. // ɺʽʩʥʠʢ ʃʴʚʽʚ. ʫʥ-ʪʫ. ʉʝʨʽʷ. ʭʽʤ. - 2010. - ɺʠʧ. 51. - ʉ. 395-406. 
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ʅʘʧʨʫʞʝʥʽʩʪʴ, ʢɸÖʤ
-1

2

 
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʟʨʘʟʢʽʚ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʂʟɻ (1); 

ʇɸʥ (2)) ʪʘ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ (ʧʨʠ 

ʤʘʩʦʚʦʤʫ ʩʧʽʚʽʜʥʦʰʝʥʥʽ ʇɸʥ / ʂʟɻ - 2:1 

(3), 1:1 (4), 1:2 (5), 1:4 (6)) ʚʽʜ ʥʘʧʨʫʞʝ-

ʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 
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ʋɼʂ 674.093.26 

ʆ. ɭ. ʉɽʈɻɸʅ, ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ, ʤ. ʃʴʚʽʚ 
 

ɺʇʃʀɺ ʈɽɾʀʄɯɺ ʇʈɽʉʋɺɸʅʅʗ ʅɸ ʉʊʋʇɯʅʔ ʉʇʈɽʉʋɺɸʅʅʗ ʌɸʅɽʈʀ 

ɿ ɹɽʈɽɿʆɺʆɻʆ ʊɸ ɺɯʃʔʍʆɺʆɻʆ ʐʇʆʅʋ 
 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʝʩʫʚʘʥʥʷ (ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʪʨʠʚʘʣʽʩʪʴ ʧôʻʟʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʢʠ ʪʘ ʚʠʪʨʘʪʘ ʢʣʝʶ) ʥʘ ʩʪʫʧʽʥʴ ʩʧʨʝʩʫʚʘʥʥʷ ʬʘʥʝʨʠ ʟ ʙʝʨʝʟʦʚʦʛʦ ʪʘ 

ʚʽʣʴʭʦʚʦʛʦ ʰʧʦʥʫ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʨʝʩʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʬʘʥʝʨʠ, ʷʢʘ ʙ 

ʟʘ ʪʦʚʱʠʥʦʶ ʚʽʜʧʦʚʽʜʘʣʘ ʩʪʘʥʜʘʨʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʘʥʝʨʘ, ʧʘʢʝʪ ʰʧʦʥʫ, ʩʪʫʧʽʥʴ ʩʧʨʝʩʫʚʘʥʥʷ, ʨʝʞʠʤ ʧʨʝʩʫʚʘʥʥʷ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʠʪʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʘʥʝʨʠ ʻ ʾʾ ʪʦʚʱʠʥʘ. ʅʘ 

ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʘʥʝʨʠ ʧʦ ʪʦʚʱʠʥʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʧʣʠʚʘʻ ʚʝʣʠʯʠʥʘ ʩʧʨʝʩʫʚʘʥʥʷ. 

ʗʢ ʚʽʜʦʤʦ, ʜʝʨʝʚʠʥʘ ʻ ʧʨʫʞʥʦ-ʚʷʟʢʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʇʽʜ ʚʧʣʠʚʦʤ ʜʽʶʯʦʾ ʥʘ ʥʝʾ ʩʠʣʠ 

ʚʦʥʘ ʥʝʤʠʥʫʯʝ ʜʝʬʦʨʤʫʻʪʴʩʷ. ʋ ʧʨʦʮʝʩʽ ʩʢʣʝʶʚʘʥʥʷ ʬʘʥʝʨʠ ʛʘʨʷʯʠʤ ʩʧʦʩʦʙʦʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʧʣʘʩʪʠʯʥʽ. ɺʝʣʠʯʠʥʫ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, 

ʚʠʨʘʞʝʥʫ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʪʦʚʱʠʥʠ ʧʘʢʝʪʘ ʰʧʦʥʫ ʥʘʟʠʚʘʶʪʴ ʩʧʨʝʩʫʚʘʥʥʷʤ 

ʬʘʥʝʨʠ. ɺʝʣʠʯʠʥʘ ʩʧʨʝʩʫʚʘʥʥʷ ʢʣʝʻʥʦʾ ʰʘʨʫʚʘʪʦʾ ʜʝʨʝʚʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ 

(ʧʦʨʦʜʠ ʜʝʨʝʚʠʥʠ, ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʨʝʩʫʚʘʥʥʷ ʧʘʢʝʪʘ, ʡʦʛʦ ʚʦʣʦʛʦʩʪʽ, 

ʚʠʪʨʘʪʠ ʢʣʝʶ ʪʘ ʽʥ.) ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʩʠʨʦʚʠʥʠ ʥʘ ʦʜʠʥʠʮʶ 

ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʾʾ ʩʦʙʽʚʘʨʪʦʩʪʽ. ʊʦʤʫ ʧʦʰʫʢ ʤʝʪʦʜʽʚ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ ʟʤʝʥʰʠʪʠ 

ʚʪʨʘʪʠ ʜʝʨʝʚʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʬʘʢʪʦʨʫ ʻ ʙʝʟʟʘʧʝʨʝʯʥʦ ʚʘʞʣʠʚʠʤ. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʘʥʝʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʣʴʭʦʚʦʛʦ ʰʧʦʥʫ ʟʘ ʨʝʞʠʤʽʚ ʧʨʝʩʫʚʘʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ʙʝʨʝʟʦʚʦʾ ʬʘʥʝʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʩʧʨʝʩʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʝʨʝʚʠʥʘ ʚʽʣʴʭʠ ʜʝʱʦ 

ʧʦʩʪʫʧʘʻʪʴʩʷ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʙʝʨʝʟʦʚʽʡ (ʪʘʙʣ.). 
 

ʊʘʙʣʠʮʷ. ʊʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʨʝʚʠʥʠ ʙʝʨʝʟʠ ʪʘ ʚʽʣʴʭʠ [1, 2, 3] 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 
ʇʦʨʦʜʘ ʜʝʨʝʚʠʥʠ 

ɹʝʨʝʟʘ ɺʽʣʴʭʘ 

ʑʽʣʴʥʽʩʪʴ, ʢʛ/ʤ
3
 (W=12%) 640 525 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ, ʄʇʘ ʧʨʠ 

-ʨʦʟʪʷʛʫ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ 

-ʨʦʟʪʷʛʫ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ 

-ʩʢʦʣʶʚʘʥʥʽ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ ʚ ʥʘʧʨʷʤʽ: 

ʘ) ʨʘʜʽʘʣʴʥʦʤʫ 

ʙ) ʪʘʥʛʝʥʪʘʣʴʥʦʤʫ 

-ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʟʛʠʥʽ 

 

137 

11,1 

 

9,02 

10,9 

109,5 

 

97 

7,2 

 

7,97 

9,80 

78,9 

ʉʪʘʪʠʩʪʠʯʥʘ ʪʚʝʨʜʽʩʪʴ, ʅ/ʤʤ
2
 

-ʪʦʨʮʝʚʘ 

-ʨʘʜʽʘʣʴʥʘ 

-ʪʘʥʛʝʥʪʘʣʴʥʘ 

 

46,3 

35,9 

32,1 

 

39,2 

26,5 

28,2 

ʂʦʝʬʽʮʽʻʥʪ ʦʙôʻʤʥʦʛʦ ʚʩʠʭʘʥʥʷ, % 0,56-0,65 <0,45 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʟʛʠʥʽ, ɻʇʘ 14,2 9,33 
 

ʇʨʦʚʝʜʝʥʽ ʧʦʰʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ 

ʚʠʨʽʰʝʥʥʽ ʧʦʩʪʘʚʣʝʥʦʛʦ ʧʠʪʘʥʥʷ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʬʘʥʝʨʠ ʥʘ ʦʩʥʦʚʽ 

ʚʽʣʴʭʦʚʦʛʦ ʪʘ ʙʝʨʝʟʦʚʦʛʦ ʰʧʦʥʫ. ɸ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʞʠʤʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʘʢʦʾ ʬʘʥʝʨʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʨʝʞʠʤʽʚ ʧʨʝʩʫʚʘʥʥʷ ʥʘ ʩʪʫʧʽʥʴ ʩʧʨʝʩʫʚʘʥʥʷ ʬʘʥʝʨʠ 

ʟ ʙʝʨʝʟʦʚʦʛʦ ʪʘ ʚʽʣʴʭʦʚʦʛʦ ʰʧʦʥʫ. 
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ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʛʦʪʦʚʣʷʣʠ ʧôʷʪʠʰʘʨʦʚʫ ʬʘʥʝʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʣʴʭʦʚʦʛʦ ʪʘ ʙʝʨʝʟʦʚʦʛʦ ʰʧʦʥʫ. ʈʦʟʤʽʨʠ ʣʠʩʪʽʚ ʰʧʦʥʫ 500Ĭ500Ĭ1,5 ʤʤ, ʚʦʣʦʛʽʩʪʴ 4-6%. 

ʃʠʩʪʠ ʰʧʦʥʫ ʩʢʣʝʶʚʘʣʠ ʢʣʝʻʤ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʘʤʽʜʦʬʦʨʤʘʣʴʜʝʛʽʜʥʦʾ ʩʤʦʣʠ ʤʘʨʢʠ ʂʌʉ-01-

ʄʋʋ. ʗʢ ʟʘʪʚʝʨʜʞʫʚʘʯ ʜʦ ʢʘʨʙʘʤʽʜʦʬʦʨʤʘʣʴʜʝʛʽʜʥʦʾ ʩʤʦʣʠ ʜʦʜʘʚʘʣʠ ʪʝʭʥʽʯʥʠʡ ʘʣʶʤʽʥʽʡ 

ʩʫʣʴʬʘʪ Al2(SO4)3 ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʢʽʣʴʢʽʩʪʶ 1,0% ʚʽʜ ʤʘʩʠ ʩʤʦʣʠ.  

ʇʘʢʝʪʠ ʰʧʦʥʫ ʬʦʨʤʫʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʠʤ ʚʘʨʽʘʥʪʦʤ ʢʦʤʙʽʥʫʚʘʥʥʷ: ʙ-ʚ-ʙ-ʚ-ʙ (ʙ - ʣʠʩʪʠ 

ʙʝʨʝʟʦʚʦʛʦ ʰʧʦʥʫ(60%), ʚ - ʣʠʩʪʠ ʚʽʣʴʭʦʚʦʛʦ ʰʧʦʥʫ(40%)). 

ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʤʘʣʠ: ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ ï 1,0 ʄʇʘ, 1,4 ʄʇʘ, 1,8 ʄʇʘ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʩʫʚʘʥʥʷ ï 115, 130, 145Üʉ; ʪʨʠʚʘʣʽʩʪʴ ʧôʻʟʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ï 6, 8, 10 ʭʚ; 

ʚʠʪʨʘʪʘ ʢʣʝʶ ï 120, 135, 150 ʛ/ʤ
2
.  

ʊʦʚʱʠʥʫ ʰʧʦʥʫ ʪʘ ʬʘʥʝʨʠ ʟʘʤʽʨʶʚʘʣʠ ʫ ʯʦʪʠʨʴʦʭ ʪʦʯʢʘʭ ʟ ʪʦʯʥʽʩʪʶ Ñ0,01. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʩʧʨʝʩʫʚʘʥʷ ʬʘʥʝʨʠ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʧʦʻʜʥʘʥʥʷʤ ʙʝʨʝʟʦʚʠʭ ʪʘ 

ʚʽʣʴʭʦʚʠʭ ʣʠʩʪʽʚ ʰʧʦʥʫ ʚʽʜ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʪʨʘʪʠ ʢʣʝʶ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʝʩʫʚʘʥʥʷ 6 ʭʚ. 

    

ʘ)    ʙ)     ʚ) 
 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʩʧʨʝʩʫʚʘʥʥʷ ʬʘʥʝʨʠ ʟ ʙʝʨʝʟʦʚʦʛʦ ʪʘ ʚʽʣʴʭʦʚʦʛʦ ʰʧʦʥʫ ʚʽʜ ʪʠʩʢʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʩʫʚʘʥʥʷ: ʘ) ï ʚʠʪʨʘʪʘ ʢʣʝʶ 120 ʛ/ʤ
2
; ʙ) ï 135 ʛ/ʤ

2
; ʚ) ï 150 ʛ/ʤ

2
 

 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 115 ʜʦ 130Üʉ 

ʩʧʨʝʩʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʩʝʨʝʜʥʴʤʫ ʥʘ 8-15%, ʪʦʜʽ ʷʢ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 130 - 

145Üʉ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʜʦʩʷʛʘʻ ʧʦʨʷʜʢʫ 33-40%. ʅʘʡʽʥʪʝʥʩʠʚʥʽʰʝ ʟʙʽʣʴʰʝʥʥʷ 

ʩʧʨʝʩʫʚʘʥʥʷ ʧʘʢʝʪʘ ʰʧʦʥʫ (ʧʦʨʷʜʢʫ 46-52%) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʽʜʥʷʪʪʽ ʪʠʩʢʫ ʚʽʜ 1,4 ʜʦ 1,8 

ʄʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 115 ʜʦ 130Üʉ ʧʨʠ ʚʠʪʨʘʪʽ ʢʣʝʶ 120-135 ʛ/ʤ
2
. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʩʫʚʘʥʥʷ ʪʘ ʚʠʪʨʘʪʠ ʢʣʝʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʭʦʯ ʽ ʤʝʥʰʘ, ʦʜʥʘʢ ʚʝʣʠʯʠʥʘ 

ʩʧʨʝʩʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰʘ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʨʠʤʢʠ ʧʘʢʝʪʘ ʰʧʦʥʘ ʧʽʜ ʪʠʩʢʦʤ ʥʘ ʚʝʣʠʯʠʥʫ 

ʩʧʨʝʩʫʚʘʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʥʘʩʪʫʧʥʽ 

ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ.2). 

ɸʥʘʣʽʟ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʘʚ, ʱʦ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʧʨʝʩʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʧʨʝʩʫʚʘʥʥʷ 6-8 ʭʚ. ʊʦʜʽ ʷʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʜʦ 10 ʭʚ ʧʨʠ ʪʠʩʢʫ 

1,0 ʪʘ 1,4 ʄʇʘ ʩʧʨʝʩʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ: ʽʥʪʝʥʩʠʚʥʽʰʝ ʧʨʠ ʪʠʩʢʫ 1,0 ʄʇʘ, ʪʘ ʟ ʤʝʥʰʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʠ 1,4 ʄʇʘ. ɿʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʜʦ 10 ʭʚ ʧʨʠ ʪʠʩʢʫ 1,8 ʄʇʘ ʩʫʪʪʻʚʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʩʧʨʝʩʫʚʘʥʥʷ ʥʝ ʚʧʣʠʚʘʻ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ 1,0 ʪʘ 1,4 ʄʇʘ 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʚʦʭʩʪʦʨʦʥʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʢʣʝʻʚʠʤ ʰʘʨʦʤ ʪʘ ʧʦʚʝʨʭʥʷʤʠ, 

ʷʢʽ ʩʢʣʝʶʶʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʧʨʦʥʠʢʥʝʥʥʶ ʢʣʝʶ ʫ ʧʦʨʠ ʜʝʨʝʚʠʥʠ ʥʘ 

ʥʝʦʙʭʽʜʥʫ ʛʣʠʙʠʥʫ. ɿʘʧʦʚʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʨʦʞʥʠʥ ʫ ʜʝʨʝʚʠʥʽ ʰʧʦʥʫ (ʩʫʜʠʥʠ, ʧʦʨʠ, 

ʧʦʨʦʞʥʠʥʠ ʢʣʽʪʠʥ) ʧʝʨʝʰʢʦʜʞʘʻ ʩʪʠʩʥʝʥʥʶ ʚʠʩʦʪʠ ʚʠʩʪʫʧʽʚ ʽ ʟʤʝʥʰʝʥʥʶ ʦʙôʻʤʫ 

ʧʦʨʦʞʥʠʥ ʧʨʠ ʧʨʝʩʫʚʘʥʥʽ. ɸ ʪʨʠʚʘʣʦʩʪʽ ʧʨʝʩʫʚʘʥʥʷ 10 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 115Üʉ ʻ 
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ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʘʢʽʥʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʢʣʝʻʥʦʤʫ ʰʘʨʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʚʝʣʠʯʠʥʘ ʩʧʨʝʩʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

   

ʘ)    ʙ)     ʚ) 
 

ʈʠʩ. 2. ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʧôʻʟʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʘʢʝʪʘ ʟ ʙʝʨʝʟʦʚʦʛʦ ʪʘ ʚʽʣʴʭʦʚʦʛʦ 

ʰʧʦʥʫ ʥʘ ʩʧʨʝʩʫʚʘʥʥʷ ʬʘʥʝʨʠ: ʘ) ï ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ 1,0 ʄʇʘ; ʙ) ï 1,4 ʄʇʘ; ʚ) ï 1,8 ʄʇʘ 
 

ʆʪʞʝ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʧʘʢʝʪʘ ʰʧʦʥʫ ʟ ʙʝʨʝʟʦʚʦʛʦ ʪʘ 

ʚʽʣʴʭʦʚʦʛʦ ʰʧʦʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʨʙʘʤʽʜʦʬʦʨʤʘʣʴʜʝʛʽʜʥʦʛʦ ʢʣʝʶ ʻ ʪʠʩʢ 1,8 ʄʇʘ ʧʨʠ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʝʩʫʚʘʥʥʷ 8-10 ʭʚ, ʪʝʤʧʝʨʘʪʫʨʽ ï 130-145Üʉ ʪʘ ʚʠʪʨʘʪʽ ʢʣʝʶ - 150 ʛ/ʤ
2
. ʏʠʤ 

ʙʽʣʴʰʽ ʪʠʩʢ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʩʫʚʘʥʥʷ, ʪʠʤ ʙʽʣʴʰʘ ʙʫʜʝ ʚʝʣʠʯʠʥʘ ʩʧʨʝʩʫʚʘʥʥʷ. 
 

ʃʽʪʝʨʘʪʫʨʘ: 
 

1. ɺʘʥʠʥ ʉ. ʀ. ɼʨʝʚʝʩʠʥʦʚʝʜʝʥʠʝ / ɺʘʥʠʥ ʉ. ʀ. ï [3-ʝ ʠʟʜ.]. - ʄ. ïʃ.: ɻʦʩʣʝʩʙʫʤʠʟʜʘʪ, 

1949. - 581 ʩ. 

2. ʋʛʦʣʝʚ ɹ. ʅ. ɼʨʝʚʝʩʠʥʦʚʝʜʝʥʠʝ ʠ ʣʝʩʥʦʝ ʪʦʚʘʨʦʚʝʜʝʥʠʝ: [ʫʯʝʙʥʠʢ ʜʣʷ ʩʝʨʝʜ. ʧʨʦʬ. 
ʦʙʨʘʟʦʚʘʥʠʷ] / ɹʦʨʠʩ ʅʘʫʤʦʚʠʯ ʋʛʦʣʝʚ. ï [2-ʝ ʠʟʜ., ʩʪʝʨ.]. - ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ñɸʢʘʜʝʤʽʷò, 2006. ï 272 ʩ. 

3. ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ ʧʦ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʝ / [ʧʦʜ ʨʝʜ. ɺ. ɺ. ʂʠʩʣʦʛʦ]. ï ɽʢʘʪʝʨʠʥʙʫʨʛ: 

ɹʨʠʟ, 1995. ï 346 ʩ. 
 

 

 

 

ʋɼʂ 678.7:551.763 
 

ʊ.ʉ. ɹʆɾɽʅʂʆ, ʉ.ɼ. ʇɽʊʈɽʅʂʆ, ʢ.ʭ.ʥ., ɺ.ɸ. ʉɺɯɼɽʈʉʔʂʀʁ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 
 

ɺʇʃʀɺ ʂʆʅʎɽʅʊʈɸʎɯɰ ʂʈɽʁɼʆɺʆɰ ɼʆɹɸɺʂʀ ʅɸ ʆʉʅʆɺʅɯ ʄɽʍɸʅɯʏʅɯ 

ɺʃɸʉʊʀɺʆʉʊɯ ʇʃɯɺʆʂ ʅɸ ʆʉʅʆɺɯ ʇʆʃɯʆʃɽʌɯʅɯɺ ɺʀʉʆʂʆɻʆ ʊɸ ʅʀɿʔʂʆɻʆ 

ʊʀʉʂʋ 
 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʇɽɺʊ) ʪʘ ʧʦʣʽʝʪʠʣʝʥʫ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (ʇɽʅʊ). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʦʣʝʬʽʥʠ, ʇɽɺʊ, ʇɽʅʊ, ʢʨʝʡʜʦʚʘ ʜʦʙʘʚʢʘ, ʢʨʝʡʜʘ, ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ 

ʨʦʟʨʠʚʽ, ʤʽʮʥʽʩʪʴ ʧʨʠ ʨʦʟʨʠʚʽ. 
 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʨʠʥʢʫ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʮʽʥ ʥʘ ʧʦʣʽʤʝʨʥʫ ʩʠʨʦʚʠʥʫ ʪʘ ʧʦʪʨʝʙʫʻ, ʥʘ ʨʷʜʫ ʟ ʛʘʨʘʥʪʫʚʘʥʥʷʤ ʩʧʦʞʠʚʯʠʭ 



 195  

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʮʠʭ 

ʧʨʦʜʫʢʪʽʚ.  

ɻʣʦʙʘʣʴʥʘ ʽ ʚʥʫʪʨʽʰʥʴʦ-ʫʢʨʘʾʥʩʴʢʘ ʢʨʠʟʠ ʘʢʪʠʚʽʟʫʚʘʣʠ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʪʦʚʘʨʽʚ ʽ 

ʾʭ ʫʧʘʢʦʚʢʠ ï ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʮʽʥʽ. 

ɺ ʣʘʥʮʶʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʤʝʨʥʦʾ ʫʧʘʢʦʚʢʠ: ʤʘʪʝʨʽʘʣ-ʪʝʭʥʦʣʦʛʽʷ-ʦʙʣʘʜʥʘʥʥʷ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʰʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘʡʚʘʞʣʠʚʽʰʫ ʨʦʣʴ, ʪʘʢ ʷʢ ʚ ʾʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʮʽʥʘ 

ʩʠʨʦʚʠʥʠ ʜʦʩʷʛʘʻ 80 %.  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʟʤʫʰʫʻ ʚʠʨʦʙʥʠʢʽʚ ʰʫʢʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩʫ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʷʢ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʩʠʨʦʚʠʥʠ, ʷʚʣʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ,  ʪʦʤʫ ʯʠʩʣʽ ʧʦʣʽʦʣʝʬʽʥʽʚ, ʥʘʧʦʚʥʝʥʠʭ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ, ʜʦʩʠʪʴ ʜʝʰʝʚʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʟʘʤʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʠʭ çʯʠʩʪʠʭè ʧʦʣʽʤʝʨʽʚ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ ʷʚʣʷʻʪʴʩʷ ʢʨʝʡʜʘ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ. 

ʂʨʝʡʜʘ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʽ ʩʝʨʝʜʥʴʦʜʠʩʧʝʨʩʥʠʭ ʬʨʘʢʮʽʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʧʦʣʽʦʣʝʬʽʥʽʚ. ɺ ʢʽʣʴʢʦʩʪʽ ʜʦ 80 % ʡʦʛʦ ʚʚʦʜʷʪʴ, ʥʘʧʨʠʢʣʘʜ, ʚ ʇʇ, ʇɽ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʤʘʩʦʚʠʭ ʤʝʙʣʽʚ ʽ ʧʣʽʚʦʢ. ʅʝʜʦʣʽʢ ʢʨʝʡʜʠ ï 

ʛʽʜʨʦʬʽʣʴʥʽʩʪʴ ʽ ʥʘʷʚʥʽʩʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʚʦʜʠ [1].  

ɻʦʣʦʚʥʘ ʨʦʣʴ ʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ï ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʅʘʧʦʚʥʶʚʘʯʽ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʾ ʢʨʝʡʜʠ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ 

ʚʠʨʦʙʥʠʮʪʚʘʭ ʟʘ ʨʘʭʫʥʦʢ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʢʨʝʡʜʦʚʠʭ ʢʘʨôʻʨʽʚ ʚ ʋʢʨʘʾʥʽ ʽ ʚ 

ʙʣʠʞʥʴʦʤʫ ʟʘʨʫʙʽʞʞʽ (ʡʜʝʪʴʩʷ ʧʨʦ ɹʽʣʛʦʨʦʜʩʴʢʽ ʢʘʨôʻʨʠ ʚ ʈʦʩʽʡʩʴʢʽʡ ʬʝʜʝʨʘʮʽʾ), ʽ 

ʟʨʫʯʥʦʩʪʽ ʧʦʩʪʘʯʘʥʴ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʊʫʨʝʯʯʠʥʠ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʚʽʜʥʦʩʥʦʾ ʜʝʰʝʚʠʟʥʠ 

ʩʠʨʦʚʠʥʠ [2]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ, ʽ ʪʦʤʫ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʜʦʟʚʦʣʷʪʴ ʧʨʦʚʦʜʠʪʠ ʥʘʫʢʦʚʦ-ʦʩʥʦʚʘʥʽ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʠʨʦʙʽʚ, ʱʦ ʽ ʷʚʣʷʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʧʣʽʚʢʠ ʟ ʇɽɺʊ ʪʘ ʇɽʅʊ ʟ ʨʽʟʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʧʦʚʥʝʥʥʷ ʢʨʝʡʜʦʚʦʶ ʜʦʙʘʚʢʦʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʾ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʫʢʘʚʥʦʾ ʧʣʽʚʢʠ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊ ʥʘ ʤʘʰʠʥʽ 

ʈʀʇ-10 ʜʣʷ ʦʜʥʦʦʩʴʦʚʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ [3]. 

ʅʘ ʨʠʩʫʥʢʘʭ 1 ʪʘ 2 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ 

ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʇɽɺʊ ʪʘ ʇɽʅʊ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʦʚʦʾ 

ʜʦʙʘʚʢʠ (ʚʤʽʩʪ ʢʨʝʡʜʠ ʪʫʨʝʮʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ OmyacarbÈ 1T-KA ~80% ʤʘʩʠ). 

 
 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ ʜʣʷ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʇɽɺʊ ʪʘ 

OmyacarbÈ 1T-KA 
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ ʜʣʷ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʇɽʅʊ ʪʘ 

OmyacarbÈ 1T-KA 
 

ɿ ʨʠʩʫʥʢʫ 1 ʪʘ 2 ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʢʨʝʡʜʦʚʠʭ ʜʦʙʘʚʦʢ ʚ ʇɽɺʊ ʪʘ ʇɽʅʊ 

ʜʦ 10-15 % ʥʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʚ 

ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3 ʪʘ 4 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʇɽɺʊ ʪʘ ʇɽʅʊ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʦʚʦʾ 

ʜʦʙʘʚʢʠ. 

 
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ ʜʣʷ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʇɽɺʊ ʪʘ  OmyacarbÈ 1T-KA 

 
 

ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ ʜʣʷ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʇɽʅʊ ʪʘ OmyacarbÈ 1T-KA 
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ɿ ʨʠʩʫʥʢʫ 3 ʪʘ 4 ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʢʨʝʡʜʦʚʠʭ ʜʦʙʘʚʦʢ ʚ ʇɽɺʊ ʪʘ ʇɽʅʊ 

ʜʦ 10 % ʥʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ ʧʦʧʝʨʝʯʥʦʤʫ 

ʥʘʧʨʷʤʢʘʭ. 
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SYNTHESIS, AUTO-ASSEMBLING AND PHOTO CROSS-LINKING OF THE 

AMPHIPHILE DIBLOCK COPOLYMERS 
 

In this paper the process of the single electron transfer living radical polymerization is described, leading to the 

well-defined block-copolymers capable to jamming in the concentrated solutions. Obtained samples are studied by 

the techniques of static light scattering, spectrofluorimetry and their rheological properties are investigated.  

Keywords: block-copolymers, jamming, micelles, rheological properties  
 

Itôs well known that the amphiphile block-copolymers undergo a self-assembling in the solutions 

with concentration beyond critical micellar concentration (CMC). Then, when the concentration of the 

micelles becomes high (typically 150-200 g/L) these solutions are capable to jamming ï they form a gel 

because of the interpenetration of the ñarmsò of micelles. This gel has a body-centered crystalline lattice 

but if we try to get this lattice with the star-polymers, we couldnôt because of the absence of the dynamic 

exchange between the micelles and its absence in the stars. This work shows a possibility to get such 

lattice with star-polymer, which are a product of reticulation of the cores of micelles. 

The polymer was obtained from a commercial poly(ethylene oxide) of Mn=5000 g/mol by a single 

electron transfer living radical polymerization (SET-LRP) with hydroxyethyl acrylate. A kinetic plot of 

this polymerization is presented below. 

 
Figure 1. Kinetical plots of the synthesis of the block-copolymer. 

 

Then, this copolymer was functionalized by methacryloyl chloride to bring a hydrophobic 

character to the HEA block and an unsaturated group. A jamming of the solutions of these 

polymers has occured at the concentration about 150 g/L. 
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To determine a critical micellar concentration a technique of spectrofluorimetry was used. 

The determination is shown below. 

 

Figure 2. Determination of the critical micellar concentration by the spectrofluorimetry 

technique 
 

From the plot the one can notice that the CMC decreases by the factor 10 with the 

increasing of hydrophobic units by factor 3. Using these data we know that for the determination 

of the aggregation number by static light scattering we can descend down to 0,1 g/mol.  

 

Figure 3. Determination of the aggregation number by the light scattering technique. 
 

The aggregation number extrapolated to zero concentration was determined. We can see 

itôs linear growth wih the degree of polymerization (see a plot below): 

 
Figure 4. Dependence of the aggregation number on the degree of polymerization of the 

hydrophobic block. 
 

There is a signature in a rheological behavior of the jamming and cristallization ï itôs a fall 

in the storage modulus Gô. The rheological tests have shown the difference between micelles and 

stars ï we can see from the plot below that for the micelles Gô fall instanly while for the stars itôs 

more smooth. 
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Figure 5. Rheological behaviour of the micelles and star-polymers. 

 

It means that the cristallization of micelles is easier than those of stars because of presence 

of the dynamic exchange of unimers between the micelles. 

Also we can demonstrate a formation of the base-centered cubic lattice by X-rays 

diffraction: 

 

Figure 6. Evidence of the crystallization investigated by the Small Angle X-Ray 

Scattering. 

 

So we have demonstrated for the first time that the crystallization can occur with the star-polymers 

obtained from the micelles. This phenomenon is supposed to be due to the capability of adaptation of the 

aggregation number by the micelles that leads to the favorable conditions for crystallization. 
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ɸ.ʉ. ʄɽʈʂʋʃʆɺɸ, ʊ.ʉ. ɹʆɾɽʅʂʆ, ʉ. ɼ. ʇɽʊʈɽʅʂʆ, ʢ.ʭ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ 
 

ɺʇʃʀɺ ʂʈɽʁɼʆɺʀʍ ɼʆɹɸɺʆʂ ʅɸ ɼɽʌʆʈʄɸʎɯʖ ʊɸ ʄʆɼʋʃʔ ʇʈʋɾʅʆʉʊɯ 

ʇʆʃɯɽʊʀʃɽʅʆɺʀʍ ʇʃɯɺʆʂ 
 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʢʨʝʡʜʦʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʧʣʽʚʦʢ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʨʠ ʨʦʟʪʷʛʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʝʪʠʣʝʥ, ʢʨʝʡʜʘ, ʢʘʨʙʦʥʘʪʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʜʝʬʦʨʤʘʮʽʷ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʟʩʽʜʘʥʥʷ.  
 

ʋ ʯʠʩʣʽ ʯʠʩʣʝʥʥʠʭ ʚʠʤʦʛ ʜʦ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʧʣʽʚʦʢ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ 

ʧʝʨʝʚʽʨʢʘ ʬʘʢʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʝʭʘʥʽʯʥʠʭ, ʬʽʟʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ ʟʨʫʯʥʫ, ʷʢʽʩʥʫ ʽ 

ʧʨʦʜʫʢʪʠʚʥʫ ʦʙʨʦʙʢʫ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʷʢʽʩʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ.  

ʈʝʣʘʢʩʘʮʽʡʥʽ ʷʚʠʱʘ ʚ ʧʦʣʽʤʝʨʘʭ - ʮʝ ʟʤʽʥʘ ʩʪʘʥʫ ʧʦʣʽʤʝʨʥʠʭ ʪʽʣ ʚ ʯʘʩʽ, ʦʙʫʤʦʚʣʝʥʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚ ʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʈʝʣʘʢʩʘʮʽʡʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ 
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ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʽ ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʛʥʫʯʢʦʩʪʽ ʣʘʥʮʶʛʘ. ʗʚʠʱʝ ʤʝʭʘʥʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʚ ʧʦʣʽʤʝʨʘʭ 

ʚʧʝʨʰʝ ʦʧʠʩʘʥʦ ɺʝʙʝʨʦʤ ʱʝ ʚ 1835 ʨʦʮʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʚʟʫʯʦʩʪʽ ʰʦʚʢʦʚʠʭ ʥʠʪʦʢ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫʷʚʣʝʥʴ ʧʨʦ ʮʝ ʷʚʠʱʝ ʧʨʠʚʝʣʘ ʜʦ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʤʝʭʘʥʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʘʤʦʨʬʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʨʦʜʦʶ ʣʘʥʦʢ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʣʘʥʮʶʛʫ, ʾʭ ʨʦʟʤʽʨʘʤʠ, ʬʦʨʤʦʶ, ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʻʶ. ʃʘʥʮʶʛ 

ʧʦʣʽʝʪʠʣʝʥʫ ʟʚʠʯʘʡʥʦ ʟʘʢʨʫʯʫʻʪʴʩʷ ʽ ʟʛʦʨʪʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʦʚʠʭ ʥʘʧʨʷʤʢʘʭ ʧʦʜʽʙʥʦ 

ʚʦʣʦʢʥʘʤ ʚ ʜʞʛʫʪʽ. ʄʘʢʨʦʤʦʣʝʢʫʣʘ ʤʦʞʝ ʣʝʛʢʦ ʜʝʬʦʨʤʫʚʘʪʠʩʷ, ʚʠʷʚʣʷʶʯʠ ʛʥʫʯʢʽʩʪʴ. 

ʃʘʥʮʶʛ ʧʦʣʽʝʪʠʣʝʥʫ ʤʽʮʥʠʡ, ʪʦʤʫ ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦ ʜʦʚʞʠʥʠ ʣʘʥʮʶʛʘ ʜʦʩʠʪʴ 

ʚʝʣʠʢʝ.  

ʈʝʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʚ'ʷʟʢʦ-ʧʨʫʞʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʷʢ ʧʦʩʣʽʜʦʚʥʦ, ʪʘʢ ʽ ʧʘʨʘʣʝʣʴʥʦ ʟ'ʻʜʥʘʥʠʭ ʧʨʫʞʥʽʭ ʽ ʚ'ʷʟʢʠʭ ʣʘʥʦʢ. ʆʩʦʙʣʠʚʽʩʪʴ ʧʦʚʝʜʽʥʢʠ 

ʪʘʢʦʛʦ ʧʦʣʽʤʝʨʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʥʘʧʨʫʛʠ, ʟʚʘʥʦʛʦ ʤʝʞʝʶ 

ʚʠʤʫʰʝʥʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ, ʧʦʜʘʣʴʰʝ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʻ 

ʥʝʧʨʦʧʦʨʮʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ. ʎʝ ʷʚʠʱʝ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʚʟʫʯʽʩʪʶ ʤʘʪʝʨʽʘʣʫ. 

ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʽ ʧʦʷʚʦʶ ʧʦʚʟʫʯʦʩʪʽ ʻ ʨʝʣʘʢʩʘʮʽʷ ʥʘʧʨʫʞʝʥʴ - ʤʠʤʦʚʽʣʴʥʘ ʟʤʽʥʘ 

ʥʘʧʨʫʞʝʥʴ ʫ ʯʘʩʽ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʜʝʬʦʨʤʘʮʽʾ. 

ʅʘ ʜʽʘʛʨʘʤʽ ʨʦʟʪʷʛʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʻ ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʥʘʧʨʫʛ ʽ 

ʜʝʬʦʨʤʘʮʽʡ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʯʝʨʝʟ ʧʨʦʷʚʠ ʚ'ʷʟʢʦ-ʧʨʫʞʥʠʭ ʨʝʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʣʽʤʝʨʫ, ʷʢʠʡ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʪʦʤʫ ʱʦ ʻ ʬʽʟʠʯʥʦʶ 

ʢʦʥʩʪʘʥʪʦʶ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ ʞʦʨʩʪʢʽʩʪʴ ʽ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʠʪʷʞʢʠ, ʤʘʻ 

ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʧʨʫʛʠ, ʥʝ ʻ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʜʫʞʝ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ʋʥʽʢʘʣʴʥʽʩʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʾ ʙʫʜʦʚʠ ʧʦʣʽʤʝʨʥʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʚ ʥʠʭ ʧʨʫʞʥʠʭ ʽ ʚ'ʷʟʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʘʛʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʪʘʢʠʭ ʨʝʯʦʚʠʥ 

ʧʽʜ ʜʽʻʶ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʡʦʛʦ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʽ ʚ'ʷʟʢʦʾ ʪʝʯʽʾ. ʊʘʢ ʧʨʦʮʝʩ 

ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʘʙʩʦʣʶʪʥʦ ʧʨʫʞʥʦʛʦ ʪʽʣʘ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʟʘʢʦʥʦʤ ɻʫʢʘ ʽ 

ʟʦʙʨʘʞʘʪʠʩʷ ʢʨʠʚʦʶ. 

ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʩʽʜʘʥʥʷ ʧʣʽʚʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʥʘʧʦʚʥʝʥʥʷ ʾʾ ʢʨʝʡʜʦʚʦʶ ʜʦʙʘʚʢʦʶ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʙʫʜʦʚʘʥʦ 

ʛʨʘʬʽʢ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʟʩʽʜʘʥʥʷ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ:  

1 ï ʧʦʟʜʦʚʞʥʻ ʟʥʘʯʝʥʥʷ ʟʩʽʜʘʥʥʷ; 2 ï ʧʦʧʝʨʝʯʥʝ ʟʥʘʯʝʥʥʷ ʟʩʽʜʘʥʥʷ 
 

ʋ ʭʦʜʽ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʧʦʚʝʜʽʥʢʘ ʢʨʠʚʦʾ ʨʦʟʪʷʛʫ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ 

ʧʣʽʚʦʢ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʦʚʥʝʥʥʷ ʧʦʣʽʝʪʠʣʝʥʫ ʢʨʝʡʜʦʚʦʶ ʜʦʙʘʚʢʦʶ. ɹʫʣʠ ʦʪʨʠʤʘʥʽ 2 

ʢʨʠʚʽ ʧʨʦʮʝʩʫ ʨʦʟʪʷʛʫ ʧʣʽʚʢʠ, ʦʜʥʘ ʟ ʷʢʠʭ ï ʯʠʩʪʠʡ ʧʦʣʽʝʪʠʣʝʥ, ʘ ʜʨʫʛʘ ï ʟ ʜʦʜʘʚʘʥʥʷʤ 

10% ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ( ʨʠʩ. 2). 
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ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʨʦʟʪʷʛʫ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʧʣʽʚʦʢ 
 

ɿ ʨʠʩʫʥʢʫ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʥʘʧʨʫʛ ʽ ʜʝʬʦʨʤʘʮʽʡ ʦʜʥʽʻʾ 

ʢʨʠʚʦʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʦʾ. ʂʨʠʚʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʧʦʚʥʝʥʠʡ ʧʦʣʽʝʪʠʣʝʥ ʙʽʣʴʰ 

ʢʨʫʪʘ. ʎʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʧʨʦʚʽʚʰʠ ʜʦʪʠʯʥʽ ʜʦ ʮʠʭ ʧʨʦʧʦʨʮʽʡʥʠʭ ʜʽʣʷʥʦʢ. ʊʘʢ ʷʢ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ 

ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʘʮʽʡ, ʜʣʷ ʥʘʧʦʚʥʝʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʙʫʜʝ ʙʽʣʴʰʠʤ. 

ʊʦʙʪʦ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʨʦʟʪʷʛʫʚʘʥʥʶ ʧʨʠ ʧʨʫʞʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʙʫʜʝ ʙʽʣʴʰʝ ʽ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʘʢʽ ʧʣʽʚʢʠ ʧʦʚʦʜʠʪʠʤʫʪʴ ʩʝʙʝ ʢʨʘʱʝ. 

ʉʘʤʝ ʮʷ ʧʨʷʤʦʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʥʘʧʨʫʛ ʽ ʜʝʬʦʨʤʘʮʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʟʚʦʨʦʪʥʽ ʜʝʬʦʨʤʘʮʽʾ ʽ ʨʝʣʘʢʩʘʮʽʡʥʽ ʧʨʦʮʝʩʠ. ʇʽʩʣʷ ʾʾ ʧʨʦʭʦʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʶʪʴ 

ʥʝʟʚʦʨʦʪʥʠʤʠ. 
 

ʃʽʪʝʨʘʪʫʨʘ: 
 

1. ʈʝʦʣʦʛʠʷ. ʂʦʥʮʝʧʮʠʠ, ʤʝʪʦʜʳ, ʧʨʠʣʦʞʝʥʠʷ: / ɸ. ʗ. ʄʘʣʢʠʥ, ɸ. ʀ. ʀʩʘʝʚ - ʄʦʩʢʚʘ, 

ʇʨʦʬʝʩʩʠʷ, 2007.- 560 ʩ; 

2. ɺʠʥʦʛʨʘʜʦʚ ɻ.ɺ., ʄʘʣʢʠʥ ɸ.ʗ. ʈʝʦʣʦʛʠʷ ʧʦʣʠʤʝʨʦʚ. - ʄ., 1977. 440 ʩ. 

3. ʊʘʛʝʨ ɸ. ɸ. ʌʠʟʠʢʦ-ʭʠʤʠʷ ʧʦʣʠʤʝʨʦʚ. -  ʄ.:ʍʠʤʠʷ, 1968, 545 ʩ. 
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ɸ.ʉ. ʄɽʈʂʋʃʆɺɸ, ʊ. ʉ. ɹʆɾɽʅʂʆ, ʉ. ɼ. ʇɽʊʈɽʅʂʆ, ʢ.ʭ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ.ʂʠʾʚ 
 

ʄɽʍɸʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʇʃɯɺʆʂ ʅɸ ʆʉʅʆɺɯ ʇʆʃɯɽʊʀʃɽʅʋ ɺʀʉʆʂʆɻʆ 

ʊʀʉʂʋ, ʅɸʇʆɺʅɽʅʆɻʆ ʂʈɽʁɼʆʖ 
 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʤʽʩʪʫ ʢʨʝʡʜʦʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʝʪʠʣʝʥ, ʢʨʝʡʜʘ, ʢʘʨʙʦʥʘʪʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʨʦʟʨʠʚʽ, ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ.  

 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʽʣʴʰʝ 200 ʚʠʜʽʚ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʧʦʣʽʤʝʨʽʚ. ɯ ʮʝ ʯʠʩʣʦ ʟ ʢʦʞʥʠʤ 

ʨʦʢʦʤ ʟʨʦʩʪʘʻ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʻ ʢʨʝʡʜʘ. ʂʨʝʡʜʘ ï ʩʚʽʪʣʠʡ ʥʘʧʦʚʥʶʚʘʯ. ʇʦʣʽʤʝʨʥʽ 

ʢʦʤʧʦʟʠʮʽʾ, ʚ ʩʢʣʘʜ ʷʢʠʭ ʚʭʦʜʠʪʴ ʢʨʝʡʜʘ, ʟʘʙʘʨʚʣʶʶʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʠʡ ʢʦʣʽʨ. ʂʨʝʡʜʘ 

ʷʚʣʷʻʪʴʩʷ ʥʝ ʪʦʢʩʠʯʥʠʤ, ʥʝ ʧʽʜʩʠʣʶʶʯʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʧʽʜʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ 
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ʩʠʣʫʚʘʥʥʷ ʧʦʣʽʝʪʠʣʝʥʫ, ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʨʝʡʜʠ ʚ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʥʠʞʫʻ ʜʠʤʦʚʠʜʽʣʝʥʥʷ. 

ʂʨʝʡʜʘ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦ- ʽ ʩʝʨʝʜʥʴʦʜʠʩʧʝʨʩʥʠʭ ʬʨʘʢʮʽʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʥʘʧʦʚʥʝʥʥʷ ʧʦʣʽʝʪʠʣʝʥʽʚ. ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘʩʪʤʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʾ ʢʨʝʡʜʠ 

ʧʦʢʨʘʱʫʻ ʦʢʨʝʤʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʧʽʜʚʠʱʫʻ ʪʚʝʨʜʽʩʪʴ, ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, 

ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ, ʟʥʠʞʫʻ ʭʨʫʧʢʽʩʪʴ, ʟʙʽʣʴʰʫʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʈʦʣʴ ʤʽʥʝʨʘʣʴʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ ʧʦʣʽʤʝʨʥʽʡ ʢʦʤʧʦʟʠʮʽʾ ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʝʭʘʥʽʯʥʦʛʦ ʽ 

ʩʧʝʮʠʬʽʯʥʦʛʦ ʟʚôʷʟʢʽʚ ʟ ʧʦʣʽʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ, ʘʣʝ ʽ ʚ ʩʪʚʦʨʝʥʥʽ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚ ʜʣʷ ʧʝʨʝʨʦʙʢʠ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ ʷʚʣʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ï ʩʫʧʝʨʢʦʥʮʝʥʪʨʘʪʽʚ (ʚʠʩʦʢʦʥʘʧʦʚʥʝʥʠʭ 

ʧʦʣʽʦʣʝʬʽʥʽʚ ʜʦ 87% ʤʘʩʠ). ʇʨʠ ʮʴʦʤʫ ʚʠʜʽʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʧʝʨʝʚʘʛʠ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ: 

- ʧʽʜʚʠʱʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʫ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʫʢʘʚʘ 

ʧʣʽʚʢʠ ʧʨʠ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟ ʇɽ; 

- ʧʦʢʨʘʱʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʧʣʽʚʦʢ ʽ ʨʦʟʢʨʠʚʘʥʥʷ ʧʘʢʝʪʽʚ ʟ ʇɽ; 

- ʛʘʨʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʥʝʩʝʥʥʷ ʜʨʫʢʫ; 

- ʟʤʝʥʰʝʥʥʷ ʫʩʘʜʢʠ ʽ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʚʠʨʦʙʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʾʭ 

ʣʠʪʪʷʤ ʧʽʜ ʪʠʩʢʦʤ; 

- ʧʦʢʨʘʱʝʥʥʷ ʘʥʪʠʬʽʙʨʠʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʠʪʦʢ 

ʟ ʇʇ; 

- ʧʽʜʚʠʱʝʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʽ ʟʤʝʥʰʝʥʠʡ ʮʠʢʣ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʣʠʪʪʷʤ ʧʽʜ 

ʪʠʩʢʦʤ; 

- ʤʽʥʽʤʘʣʴʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʨʦʟʢʣʘʜʽ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʽʚ, 

ʾʭ ʙʽʦʜʝʛʨʘʜʘʮʽʷ; 

- ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʨʦʙʽʚ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʚʥʦʾ ʤʘʩʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʝʡʜʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ - ʚʽʜʥʦʩʥʝ 

ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʚ ʧʣʽʚʢʘʭ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʩʫʧʝʨʢʦʥʮʝʥʪʨʘʪʽʚ - ʧʣʽʚʢʘ ʣʝʛʰʝ ʟʚʘʨʶʻʪʴʩʷ ʽ ʤʽʮʥʽʩʪʴ ʰʚʘ ʚʠʱʝ, ʯʝʨʝʟ ʪʝ ʱʦ ʫ ʢʨʝʡʜʠ 

ʭʦʨʦʰʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʨʫʢʘʚʘ ʧʨʠ ʨʫʢʘʚʥʽʡ ʝʢʩʪʨʫʟʽʾ ʚʠʱʝ, ʨʫʢʘʚ 

ʨʽʚʥʦʤʽʨʥʽʰʝ ʦʭʦʣʦʜʞʫʻʪʴʩʷ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɸ ʷʢʱʦ 

ʢʦʥʮʝʥʪʨʘʪ ʚʠʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʾ ʢʨʝʡʜʠ, ʪʦ ʧʨʦʟʦʨʽʩʪʴ ʧʣʽʚʢʠ ʤʘʡʞʝ ʥʝ 

ʟʥʠʞʫʻʪʴʩʷ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1 ʪʘ 2 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʽ ʧʣʽʚʦʢ ʪʘ ʾʭ ʚʽʜʥʦʩʥʦʛʦ 

ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʘ ʢʨʝʡʜʦʚʦʛʦ 

ʩʫʧʝʨʢʦʥʮʝʥʪʨʘʪʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʨʝʡʜʠ 80% ʚʽʜ ʤʘʩʠ. 

 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʽ ʚʽʜ ʚʤʽʩʪʫ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ 
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ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʚʝʜʝʥʥʷ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ ʚ ʧʦʣʽʤʝʨʥʫ  ʤʘʪʨʠʮʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʤʦʥʦʣʽʪʥʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ  ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ. 

ʄʽʮʥʽʩʪʴ ʚʩʽʭ ʟʨʘʟʢʽʚ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʥʠʞʯʘ ʥʽʞ ʫ ʯʠʩʪʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ. ɯ 

ʯʠʤ ʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʥʘʧʦʚʥʝʥʥʷ, ʪʠʤ ʤʝʥʰʘ ʤʽʮʥʽʩʪʴ. 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʚʽʜ ʚʤʽʩʪʫ ʢʨʝʡʜʦʚʦʾ ʜʦʙʘʚʢʠ 

 

ʇʨʠ ʥʘʧʦʚʥʝʥʥʽ ʧʦʣʽʝʪʠʣʝʥʫ ʜʦ 40 % ʢʨʝʡʜʦʚʦʶ ʜʦʙʘʚʢʦʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ, ʧʽʢ ʷʢʦʛʦ ʧʨʠʧʘʜʘʻ ʥʘ 10 %. ɿ ʧʦʜʘʣʴʰʠʤ 

ʥʘʧʦʚʥʝʥʥʷʤ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. 
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3. ʍʠʤʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʢ ʧʦʣʠʤʝʨʘʤ (ʩʧʨʘʚʦʯʥʠʢ). ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʄ.: ʍʠʤʠʷ, 1981. 

ï 264 ʩ. 
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ʈ.ɺ. ʄɯʃʆʎʔʂʀʁ, ʆ.ɸ. ʂʈɸʄɸʈɽʅʂʆ,  

ʆ.ɺ. ʄʀʈʆʅʖʂ ʢ.ʪ.ʥ., ɺ.ɸ. ʉɺɯɼɽʈʉʔʂʀʁ ʜ.ʪ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 
 

ʈɽʆʃʆɻɯʗ ʈʆɿʏʀʅɯɺ ɻɯɼʈʆʂʉʀɽʊʀʃʎɽʃʖʃʆɿʀ 
 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʨʝʦʣʦʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʨʦʟʯʠʥʽʚ ʰʠʨʦʢʦʚʞʠʚʘʥʦʛʦ ʟʘʛʫʩʥʠʢʘ 

ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʶʣʦʟʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʨʽʚʥʷ ʨʅ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚʦʜʥʠʭ ʜʠʩʧʝʨʩʽʡ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʧʨʦʤʠʩʣʦʚʦʛʦ ʣʘʪʝʢʩʫ.  
 

ɿʘʛʫʩʥʠʢʠ ʚ ʩʢʣʘʜʽ ʚʦʜʥʦʜʠʩʧʝʨʩʽʡʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʜʘʥʥʷ ʮʠʤ ʥʘʧʽʚʧʨʦʜʫʢʪʘʤ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʚ ʮʽʡ ʷʢʦʩʪʽ ʩʧʦʣʫʢʘʤʠ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ 

ʩʢʣʘʜʥʽ ʝʬʽʨʠ ʮʝʣʶʣʦʟʠ, ʟʦʢʨʝʤʘ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʶʣʦʟʘ (ɻɽʎ). ʆʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʨʝʛʫʣʶʚʘʪʠ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʚ 
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ʪʦʡ ʞʝ ʯʘʩ, ʧʠʪʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʮʴʦʛʦ ʟʘʛʫʩʥʠʢʘ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʽʾ ʻ 

ʥʦʩʠʪʴ ʚʘʞʢʦʧʨʦʛʥʦʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʶʣʦʟʠ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʨʦʟʯʠʥ ɻɽʎ/ʜʠʩʧʝʨʩʽʷ ʧʦʣʽʤʝʨʘ. 

ɺ ʷʢʦʩʪʽ ʦʙô̒ ʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʠʡ ʧʦʣʽʤʝʨ ʪʠʧʫ ɻɽʎ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 

40 000 ʪʘ ʩʠʥʪʝʪʠʯʥʠʡ ʣʘʪʝʢʩ ʙʫʪʘʜʽʻʥ-ʩʪʠʨʦʣʴʥʦʛʦ ʪʠʧʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʦʤʝʪʨʫ Rheotest II .  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʽʚ ɻɽʎ ʟʤʽʥʶʶʪʴʩʷ ʥʝ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʪʘʙʣ.), ʟʥʘʯʝʥʥʷ ʤʝʞ ʪʝʢʫʯʦʩʪʽ 

ʜʦʩʷʛʘʶʪʴ ʫʤʦʚʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʚʤʽʩʪʽ ʮʴʦʛʦ ʧʦʣʽʤʝʨʫ ʥʘ ʨʽʚʥʽ 0,75-0,8 ʤʘʩ. % ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʯʠʥʫ.  

 

ʊʘʙʣʠʮʷ. ɿʘʣʝʞʥʽʩʪʴ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʪʢʝʨʠʩʪʠʢ ʨʦʟʯʠʥʽʚ ɻɽʎ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ɻɽʎ, ʤʘʩ. % 0,32 0,75 1,00 

ʉʪʘʪʠʯʥʘ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʈʢ1, ʇʘ 0,05 0,21 0,55 

ʉʪʘʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ ɖ0, ʤʇʘĀʩ 7,80 27,11 76,60 

ɼʠʥʘʤʽʯʥʘ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʈʢ2, ʇʘ 0,44 2,59 2,98 

ɼʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ɖ
ʭ
, ʤʇʘĀʩ 0,80 2,20 10,00 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʯʠʥʠ ɻɽʎ ʚʠʷʚʣʷʶʪʴ ʨʅ-ʩʝʣʝʢʪʠʚʥʫ ʧʦʚʝʜʽʥʢʫ. ɺʟʘʻʤʦʜʽʷ ɻɽʎ 

ʟ ʚʦʜʦʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷ ʨʅ ʚʠʱʝ 6,5, 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʨʅ=9,0, ʧʽʩʣʷ ʯʦʛʦ ʮʷ ʤʽʮʥʽʩʪʴ 

ʟʤʝʥʰʫʻʪʴʩʷ. ɼʘʥʠʡ ʬʘʢʪ ʜʦʙʨʝ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʷʜʦʤ ʟʥʘʯʝʥʴ ʜʠʥʘʤʽʯʥʦʾ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ: 

1,80; 2,59; 2,80; 2,32; 1,95 ʜʣʷ ʨʅ 7,0; 8,0; 9,0; 10,0; 11,0 ʚʽʜʧʦʚʽʜʥʦ.  

ʇʨʠ ʚʚʝʜʝʥʥʽ ʚ ʨʦʟʯʠʥ ɻɽʎ ʣʘʪʝʢʩʫ (ʙʫʣʦ ʟʘʤʽʥʝʥʦ 25 % ʨʽʜʢʦʾ ʬʘʟʠ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʛʫʩʥʠʢʘ 0,75 ʤʘʩ. %) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʈʢ1 ʜʦ 0,53 ʇʘ; ɖ0  ʜʦ 98,77 

ʤʇʘĀʩ,  ʈʢ2 ʜʦ 3,05 ʇʘ; ɖ
ʭ 

 ʜʦ 10,67 ʤʇʘĀʩ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʝ ʟʤʽʮʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚ 

ʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʻ ʩʧʨʠʷʪʣʠʚʠʤ ʝʬʝʢʪʦʤ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ: ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʩʪʽʡʢʽʩʪʴ ʥʘʥʝʩʝʥʦʛʦ ʰʘʨʫ ʜʦ ʟʪʽʢʘʥʥʷ ʟ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪ 

ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʚ ʥʴʦʤʫ ʧʽʛʤʝʥʪʽʚ 

ʪʘ ʥʘʧʦʚʥʶʚʘʯʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʝʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʯʠʥʽʚ ʟʘʛʫʩʥʠʢʘ ʚ ʩʢʣʘʜʽ ʣʘʢʦʬʘʨʙʦʚʠʭ ʩʠʩʪʝʤ, ʪʘ ʚʠʟʥʘʯʝʥʦ ʤʝʞʽ ʾʭ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ. 
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ʆ.ɸ. ʂʈɸʄɸʈɽʅʂʆ, ʈ.ɺ. ʄɯʃʆʎʔʂʀʁ,  

ʆ.ɺ. ʄʀʈʆʅʖʂ ʢ.ʪ.ʥ., ɺ.ɸ. ʉɺɯɼɽʈʉʔʂʀʁ ʜ.ʪ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 
 

ʈɽʆʃʆɻɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɿɸɻʋʉʅʀʂɯɺ ɺ ʇʈʀʉʋʊʅʆʉʊɯ ʇʆɺɽʈʍʅɽɺʆ-

ɸʂʊʀɺʅʀʍ ʈɽʏʆɺʀʅ 
 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʨʝʦʣʦʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʣʶʣʦʟʥʦʛʦ ʪʘ ʢʩʘʥʪʘʥʦʚʦʛʦ ʟʘʛʫʩʥʠʢʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʩʫʪʥʦʩʪʽ ʇɸʈ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʤʽʥʘ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʯʠʥʽʚ 

ʥʦʩʠʪʴ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʤʦʥʦʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ.   
 

ɿʘʛʫʩʥʠʢʠ ʚ ʩʢʣʘʜʽ ʣʘʢʦʬʘʨʙʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʚʦʜʥʽʡ ʦʩʥʦʚʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤ. ɿʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʦʩʪʽ ʦʩʪʘʥʥʽʭ, ʝʬʝʢʪ 

ʚʽʜ ʚʚʝʜʝʥʥʷ ʟʘʛʫʩʥʠʢʘ ʻ ʢʽʣʴʢʽʩʥʦ ʚʘʞʢʦʧʨʦʛʥʦʟʦʚʘʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ 
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ʤʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʪʠʧʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʟʘʛʫʩʥʠʢʽʚ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ 

ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʛʫʩʥʠʢʽʚ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʙô̒ ʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʣʶʣʦʟʫ (ɻɽʎ) ʪʘ ʢʩʘʥʪʘʥʦʚʫ ʢʘʤʽʜʴ 

(ʂʂ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʦʤʝʪʨʘ Rheotest II. ɺʨʘʭʦʚʫʶʯʠ ʨʅ-

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘʛʫʩʥʠʢʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʅ  ʨʦʟʯʠʥʽʚ = 7,0. ɺ 

ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʣʽʘʢʨʠʣʘʪ ʥʘʪʨʽʶ. ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʨʦʟʯʠʥʽʚ ʟʘʛʫʩʥʠʢʽʚ ï 3 ʤʘʩ. %. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʶʣʦʟʥʠʡ ʟʘʛʫʩʥʠʢ ʚʠʷʚʣʷʻ ʥʝʤʦʥʦʪʦʥʥʫ ʟʤʽʥʫ 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʇɸʈ ʚ ʩʠʩʪʝʤʽ (ʨʠʩ.). ʋ ʚʠʧʘʜʢʫ 

ʢʩʘʥʪʘʥʦʚʦʛʦ ʟʘʛʫʩʥʠʢʘ ʮʷ ʟʤʽʥʘ ʤʦʥʦʪʦʥʥʘ. ɺʮʽʣʦʤʫ, ʤʽʮʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʨʦʟʯʠʥʫ 

ʟʘʛʫʩʥʠʢʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ ʇɸʈ.  

 
 

ʈʠʩ. ʈʝʦʣʦʛʽʯʥʽ ʢʨʠʚʽ ʨʦʟʯʠʥʽʚ ʟʘʛʫʩʥʠʢʽʚ: ʘ ï ɻɽʎ; ʙ ï ʂʂ; 

1 ï ʙʝʟ ʇɸʈ; 2 ï 0,2 % ʇɸʈ; 3 - 1,0 % ʇɸʈ 

 

ʇʨʠ ʮʴʦʤʫ, ʩʪʫʧʽʥʴ ʪʠʢʩʦʪʨʦʧʥʦʩʪʽ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʢʩʘʥʪʘʥʦʚʦʛʦ ʟʘʛʫʩʥʠʢʘ 

ʟʤʽʥʶʻʪʴʩʷ ʪʘʢʦʞ ʥʝʤʥʦʥʪʦʥʥʦ: ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʥʘ ʜʦʩʷʛʘʻ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʇɸʈ 0,2 %.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʚʝʜʝʥʥʷ ʇɸʈ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʟʘʛʫʩʥʠʢʽʚ. ʆʧʪʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʦʛʦ ʇɸʈ ʚ ʩʠʩʪʝʤʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ  0,4-0,6 ʤʘʩ. %.   

 
 

 

 

ʋɼʂ 678.027.3 
 

ɸ. ʆ. ʂʃɭʑʆɺɸ, ʆ.ʄ. ʐʅʀʈʋʂ, ɺ.ɺ. ɹɸʉɸʃʂɽɺʀʏ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ", ʤ. ʂʠʾʚ 
 

ʂʋʊʆɺɸ ʂɯʃʔʎɽɺɸ ɻʆʃʆɺʂɸ ʊɸ ɽʂʉʊʈʋɿɯʗ ɯ ʉʇɯʅʖɺɸʅʅʗ ʇʃɯɺʂʀ 
 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʚ ʟʦʥʽ ʢʫʪʦʚʦʾ ʢʽʣʴʮʝʚʦʾ ʛʦʣʦʚʢʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʧʽʥʶʚʘʯʘ ʥʘ ʧʨʦʮʝʩ ʭʽʤʽʯʥʦʛʦ ʩʧʽʥʶʚʘʥʥʷ, ʡʦʛʦ ʩʪʫʧʽʥʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʧʽʥʶʚʘʥʥʷ, ʧʣʽʚʢʘ, ʧʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʘʟʦʜʽʢʘʨʙʦʥʘʤʠʜ,  ʝʢʩʪʨʫʟʽʷ, ʢʫʪʦʚʘ 

ʢʽʣʴʮʝʚʘ ʛʦʣʦʚʢʘ, ʢʨʫʛʣʦʛʨʘʤʠ. 

 

ʇʽʥʦʧʣʘʩʪʠ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʝ ʨʠʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ, 

ʚʽʙʨʦʟʘʭʠʩʥʦʛʦ, ʧʘʢʫʚʘʣʴʥʦʛʦ, ʧʘʨʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʽ ʚ ʮʠʭ 

 ͊  ͋
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ʥʘʧʨʷʤʢʘʭ ʩʧʽʥʝʥʽ ʧʣʽʚʢʠ. ʉʧʽʥʶʚʘʥʥʷ ʜʘʻ ʪʘʢʦʞ ʟʤʦʛʫ ʥʘʙʣʠʟʠʪʠʩʴ ʜʦ ʧʨʠʩʢʦʨʝʥʦʾ 

ʫʪʠʣʽʟʘʮʽʾ ʧʣʽʚʦʢ ʫ ʟʚôʷʟʢʫ ʟ ʾʭ ʨʦʟʚʠʥʫʪʦʶ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ. ɼʽʶʯʽ ʪʝʭʥʦʣʦʛʽʾ 

ʦʜʝʨʞʘʥʥʷ ʟʚʠʯʘʡʥʠʭ ʝʢʩʪʨʫʟʽʡʥʠʭ ʨʫʢʘʚʥʠʭ ʧʣʽʚʦʢ ʷʚʣʷʶʪʴʩʷ ʨʝʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʾʭ 

ʭʽʤʽʯʥʦʛʦ ʩʧʽʥʶʚʘʥʥʷ.  

ʍʽʤʽʯʥʝ ʩʧʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʯʦʚʠʥ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʪʝʧʣʦʚʦʾ 

ʦʙʨʦʙʢʠ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʟ ʚʠʣʫʯʝʥʥʷʤ ʛʘʟʽʚ (ʨʠʩ. 1). ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʽʥʠ ʨʽʚʥʦʤʽʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʝʦʙʭʽʜʥʦ ʩʫʚʦʨʦ ʜʦʜʝʨʞʫʚʘʪʠʩʷ ʷʢ ʭʦʨʦʰʦʾ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʧʦʨʦʬʦʨʫ ʫ 

ʧʦʣʽʤʝʨʽ, ʪʘʢ ʽ ʚʠʪʨʠʤʫʚʘʪʠ ʜʣʷ ʚʩʽʡ ʤʘʩʠ ʨʦʟʧʣʘʚʫ ʦʜʥʘʢʦʚʽ ʫʤʦʚʠ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ, 

ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ ʩʧʽʥʶʚʘʯʘ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ ʧʨʠ 

ʟʘʜʘʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʽʥʶʚʘʯʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʙʣʝʤʥʦʶ ʩʪʘʻ ʟʦʥʘ ʢʫʪʦʚʦʾ 

ʝʢʩʪʨʫʟʽʡʥʦʾ ʛʦʣʦʚʢʠ, ʱʦ ʾ ʩʪʘʣʦ ʤʝʪʦʶ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʇɽɺʊ) 

ʤʘʨʢʠ 15813-020 (ɻʆʉʊ 16337-77) ʘʟʦʜʽʢʘʨʙʦʥʘʤʠʜʦʤ (ɸɼʂɸ) ʤʘʨʢʠ 204680-8 ʟ ʨʦʟʤʽʨʦʤ 

ʯʘʩʪʦʢ 3,5 ʤʤ, ʥʘ ʝʢʩʪʨʫʜʝʨʽ ʯʝʨʚ'ʷʯʥʦ-ʜʠʩʢʦʚʦʤʫ (ɽʏɼ) ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʨʫʢʘʚʥʦʾ ʧʣʽʚʢʠ. 

ʆʧʪʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʨʽʡ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ɸɼʂɸ, ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 205
ʦ
ʉé215

ʦ
ʉ.  

 

 
ʈʠʩ. 1. ʈʝʘʢʮʽʷ ʨʦʟʢʣʘʜʘʥʥʷ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʫ 

 

ʆʩʥʦʚʥʠʡ ʛʘʟ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ ï ʘʟʦʪ. ʄʘʪʝʨʽʘʣ ʥʝ ʨʦʟʢʣʘʜʘʻʪʴʩʷ 

ʧʦʚʥʽʩʪʶ ʜʦ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʫʪʚʦʨʶʻʪʴʩʷ 35% ʛʘʟʫ, 40% 

ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʽ 25% ʩʫʙʣʽʤʘʪʫ. ɻʘʟ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 65% ʘʟʦʪʫ, 32% ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

ʽ 3% ʽʥʰʠʭ ʛʘʟʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʤʽʘʢ ʽ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ. ʋ ʧʨʦʮʝʩʽ ʨʦʟʢʣʘʜʘʥʥʷ ʞʦʚʪʠʡ ʚ 

ʩʚʦʾʡ ʦʩʥʦʚʥʽʡ ʬʦʨʤʽ ɸɼʂɸ ʫʪʚʦʨʶʻ ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ ʙʽʣʦʛʦ ʢʦʣʽʨʫ. 

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2. ɿ ʭʘʨʘʢʪʝʨʫ 

ʢʨʠʚʠʭ ʚʠʜʥʦ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ ʽ ʚʠʭʽʜ ʛʘʟʫ 

ʟʨʦʩʪʘʻ, ʽʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ ʩʢʦʨʦʯʫʻʪʴʩʷ.  
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʦʜʫ ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʫ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʨʦʰʢʫ ɸɼʂɸ  

ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ 3,5 ʤʢʤ : 1- 230 ʉ, 2- 220 ʉ, 3 ï 210 ʉ, 4-200ʉ 

 

ʈʦʟʧʣʘʚ ʩʫʤʽʰʽ ʇɽɺʊ ʽ ɸɼʂɸ ʛʦʪʫʻʪʴʩʷ ʥʘ ɽʏɼ ʽ ʧʽʜ ʪʠʩʢʦʤ ʧʦʜʘʻʪʴʩʷ ʚ ʬʦʨʤʫʶʯʫ 

ʛʦʣʦʚʢʫ, ʩʭʝʤʘ ʢʦʪʨʦʾ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. ʎʝ ʢʫʪʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʙʦʢʦʚʠʤ ʚʚʝʜʝʥʥʷʤ 

ʨʦʟʧʣʘʚʫ. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʛʦʣʦʚʦʢ ʪʘʢʦʛʦ ʪʠʧʫ ï ʨʽʟʥʘ ʜʦʚʞʠʥʘ ʰʣʷʭʫ ʨʦʟʧʣʘʚʫ ʚʽʜ 

ʚʭʦʜʫ ʜʦ ʢʽʣʴʮʝʚʦʛʦ ʬʦʨʤʫʶʯʦʛʦ ʢʘʥʘʣʫ. ʅʘ ʜʽʣʷʥʮʽ, ʢʦʪʨʘ ʙʣʠʞʯʝ ʜʦ ʚʭʦʜʫ, ʪʦʚʱʠʥʘ 

ʨʫʢʘʚʘ ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʦʶ. ɿʩʫʚ ʤʘʪʨʠʮʽ 2 ʨʝʛʫʣʶʚʘʣʴʥʠʤʠ ʛʚʠʥʪʘʤʠ 7 ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʟʘʟʦʨʫ ʤʽʞ ʜʦʨʥʦʤ ʽ ʤʘʪʨʠʮʝʶ ʥʘ ʚʭʦʜʽ ʨʦʟʧʣʘʚʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ. ʆʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʟʤʽʥʘ ʪʦʚʱʠʥ ʨʫʢʘʚʘ. ɸʣʝ ʜʦʩʷʛʥʫʪʠ 

ʥʝʦʙʭʽʜʥʦʾ ʨʽʚʥʦʪʦʚʱʠʥʥʦʩʪʽ ʨʫʢʘʚʘ ʥʘ ʚʠʭʦʜʽ ʟ ʛʦʣʦʚʢʠ ʻ ʧʨʦʙʣʝʤʦʶ. ɯʥʰʠʡ ʥʝʜʦʣʽʢ ï ʫ 

ʟʦʥʽ ʟʣʠʪʪʷ ʜʚʦʭ ʯʘʩʪʠʥ ʧʦʪʦʢʫ ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʠʢʫʚʘʣʴʥʠʡ ʰʦʚ, ʷʢʽ ʻ ʩʣʘʙʢʠʤ ʤʽʩʮʝʤ 

ʨʫʢʘʚʘ. ʈʽʟʥʦʪʦʚʱʠʥʥʽʩʪʴ ʟʘʛʦʪʦʚʢʠ ʨʫʢʘʚʘ ʽ ʜʘʣʽ ʨʫʢʘʚʘ, ʨʽʟʥʠʡ ʰʣʷʭ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ 

ʧʦʪʦʢʫ ʫʩʢʣʘʜʥʷʶʪʴ ʫʤʦʚʠ ʩʧʽʥʝʥʥʷ ʧʣʽʚʦʢ, ʟʤʽʥʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʧʦʪʦʢʫ. 
 

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʢʫʪʦʚʦʾ ʛʦʣʦʚʢʠ ʟ ʙʦʢʦʚʠʤ ʚʚʝʜʝʥʥʷʤ ʨʦʟʧʣʘʚʫ: 1 ï ʜʦʨʥ; 2 ï ʤʘʪʨʠʮʷ; 

3 ï ʢʽʣʴʮʝ; 4 ï ʢʦʨʧʫʩ; 5 ï ʜʦʨʥʦʫʪʨʠʤʫʚʘʯ; 6 ï ʨʝʰʽʪʢʘ; 7 ï ʨʝʛʫʣʶʚʘʣʴʥʽ ʛʚʠʥʪʠ; ʊ ï 

ʬʦʨʤʫʶʯʠʡ ʟʘʟʦʨ; ʄ ï ʜʠʬʫʟʦʨʥʠʡ ʢʘʥʘʣ 

 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦ ʟʦʥʘʭ ɽʏɼ, 
ʦ
ʉ: ʟʘʚʘʥʪʘʞʝʥʥʷ ï 

135; ʧʣʘʚʣʝʥʥʷ ʽ ʩʪʠʩʢʫʚʘʥʥʷ ï 180; ʛʦʤʦʛʝʥʽʟʘʮʽʾ ï 222; ʛʦʣʦʚʢʘ ï 225. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʯʝʨʚ'ʷʢʘ/ʜʠʩʢʘ, ʭʚ.
-1

 ï 36. ɼʽʘʤʝʪʨ ʬʦʨʤʫʶʯʦʛʦ ʟʘʟʦʨʫ, ʤʢʤ ï é.,  ʡʦʛʦ ʚʝʣʠʯʠʥʘ, ʤʢʤ ï é. 

ɺʠʩʦʪʘ ʣʽʥʽʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʤ ï 340. 

ʉʪʫʧʽʥʴ ʩʧʽʥʝʥʥʷ ʧʦʣʽʤʝʨʫ ʤʦʞʥʘ ʚʘʨʽʶʚʘʪʠ ʟʤʽʥʶʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ɸɼʂɸ. ɹʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,3; 0,5; 0,7; 1,0; 2,0%% (ʪʘʙʣʠʮʷ).  
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ʄʘʶʯʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʢʽʣʴʮʝʚʽ ʮʠʣʽʥʜʨʠʯʥʽ ʚ ʧʝʨʝʨʽʟʽ 

ʬʦʨʤʫʶʯʽʡ ʢʘʥʘʣ, ʧʣʽʚʢʦʚʠʡ ʨʫʢʘʚ, ʟʥʘʶʯʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʚ ʢʫʪʦʚʠʭ ʛʦʣʦʚʢʘʭ 

ʟ ʙʦʢʦʚʠʤ ʚʚʝʜʝʥʥʷʤ ʨʦʟʧʣʘʚʫ, ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʨʫʛʣʦʛʨʘʤ.  

 

ʊʘʙʣʠʮʷ.  ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ 
ʂʦʥʮʝʥʪʨʘʮʽʷ ɸɼʂɸ, %% 0 0,3 0,5 0,7 1,0 2,0 

ʉʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ, ʤʢʤ 83 271 150 173 208 450 

ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ɽʏɼ, ʭʚ 2,5 2,0 3,0 4,5 4,0 4,0 

ʐʚʠʜʢʽʩʪʴ ʧʨʠʡʦʤʫ ʨʫʢʘʚʘ, ʩʤ/ʭʚ 201 202 191 197 201 326 

ʉʪʫʧʽʥʴ ʩʧʽʥʝʥʥʷ ʟʘ ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ 0 2,25 0,79 1,08 1,50 4,39 

ʉʪʫʧʽʥʴ ʩʧʽʥʝʥʥʷ ʟʘ ʦʙôʻʤʦʤ  0 - 0,48 0,77 1,32 - 

 

ɺʠʜ ʢʨʫʛʣʦʛʨʘʤ (ʨʠʩ. 4) ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʦʜʽʣʫ ʨʦʟʧʣʘʚʫ ʥʘ ʚʠʭʦʜʽ ʟ ʬʦʨʤʫʶʯʦʛʦ 

ʟʘʟʦʨʫ. ʉʝʢʪʦʨ 1 ʽ 7 ʥʘ ʢʨʫʛʣʦʛʨʘʤʘʭ ʫʪʚʦʨʶʶʪʴ ʚʽʩʴ, ʚʟʜʦʚʞ ʷʢʦʾ ʨʦʟʤʽʱʝʥʠʡ ɽʏɼ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʜʣʷ ʯʠʩʪʦʛʦ ʇɽɺʊ ʪʘ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡ ʟ 0,3; 0,5; 0,7; 1,0 ʪʘ 2% ɸɼʂɸ.  

ʅʘ ʢʨʫʛʣʦʛʨʘʤʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʠʢ ʚ ʩʝʢʪʦʨʽ 2, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʨʦʟʪʘʰʦʚʘʥʦʶ ʚ 

ʥʴʦʤʫ ʟʦʥʦʶ "ʟʘʩʪʦʶ", ʚ ʢʦʪʨʽʡ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ, ʯʠʤ ʟʘ ʧʝʨʠʤʝʪʨʦʤ ʚʩʪʠʛʘʚ ʩʧʨʘʮʶʚʘʪʠ 

ʧʦʨʦʬʦʨ, ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʰʣʷʭ ʫ ʥʝʾ ʩʘʤʠʡ ʜʦʚʛʠʡ, ʘ ʪʦʤʫ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʚ ʮʽʻʾ ʟʦʥʽ 

ʬʦʨʤʫʚʘʣʘʩʴ ʥʘʡʙʽʣʴʰʘ.  

 

 
 

 
 

ʈʠʩ. 4. ʂʨʫʛʣʦʛʨʘʤʠ ʪʦʚʱʠʥ ʧʣʽʚʦʢ ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ɸɼʂɸ, %%: 1 ï 0; 2 ï 

0,3;  3 ï 0,5; 4 ï 0,7; 5 ï 1,0; 6 ï 2,0 
 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʩʧʽʥʝʥʥʷ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʤʽʩʪʫ ʧʦʨʦʬʦʨʫ. 
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ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʩʧʽʥʶʚʘʥʥʷ ʧʣʽʚʢʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ɸɼʂɸ 
 

ɺʠʭʦʜʷʯʠ ʟ ʟʘʣʝʞʥʦʩʪʽ, ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʙʣʠʟʴʢʘ ʜʦ 1% ʧʦʨʦʬʦʨʫ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʢʦʪʨʽ ʥʠʞʯʝ 1%, ʱʝ ʚʽʜʩʫʪʥʻ ʨʽʚʥʦʤʽʨʥʝ ʩʧʽʥʶʚʘʥʥʷ ʇɽɺʊ ʟ-ʟʘ ʤʘʣʦʛʦ 

ʨʦʟʤʽʨʫ ʽ ʢʽʣʴʢʦʩʪʽ ʫʪʚʦʨʝʥʠʭ ʧʫʭʠʨʮʽʚ, ʘ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ 1% ʧʦʨʦʬʦʨ ʧʦʯʠʥʘʻ 

ʟʣʠʧʘʪʠʩʷ ʫ "ʬʣʦʢʫʣʠ", ʢʦʪʨʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦʨʦʬʦʨʫ, 

ʩʪʚʦʨʶʶʪʴ ʦʪʚʦʨʠ ʚ ʧʣʽʚʮʽ, ʢʦʪʨʽ ʩʫʪʪʻʚʦ ʟʥʽʞʫʶʪʴ ʤʽʮʥʽʩʪʴ ʽ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʷʢʽʩʪʴ ʧʣʽʚʢʠ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʣʽʪʝʨʘʪʫʨʘ ʟ 

http://plastichelper.ru/syre/vspenivateli/107?start=1; ʚʠʟʥʘʯʝʥʦʾ ʤʘʨʢʠ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ, ʩʧʽʥʶʚʘʯʘ, ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʢʠ, ʢʦʥʩʪʨʫʢʮʽʷ ʢʫʪʦʚʦʾ ʛʦʣʦʚʢʠ ʟ 

ʙʦʢʦʚʠʤ ʚʚʝʜʝʥʥʷʤ ʨʦʟʧʣʘʚʫ; ʚʠʢʦʥʘʥʽ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʽ ʜʦʩʣʝʜʞʝʥʥʷ ʟ ʦʪʨʠʤʘʥʥʷ 

ʨʫʢʘʚʥʦʾ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ ʟ ʨʽʟʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʧʦʨʦʬʦʨʘ; ʚʠʟʥʘʯʠʣʠ 

ʦʧʪʠʤʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʧʽʥʶʶʯʫʛʦ ʘʛʝʥʪʘ, ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʧʦʚʝʜʽʥʢʫ ʨʦʟʧʣʘʚʫ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʥʽ ʬʦʨʤʫʶʯʦʾ ʛʦʣʦʚʢʠ ʽ ʩʪʫʧʽʥʴ ʩʧʽʥʶʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʘʥʘʣʫ ʽ ʨʫʢʘʚʘ.  

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʠʪʽʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʛʦʣʦʚʢʠ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʩʧʽʥʶʚʘʥʥʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʨʫʢʘʚʘ.  
 

ʃʽʪʝʨʘʪʫʨʘ: 
 

1. ʂʦʤʧʘʥʠʷ ʆʧʪʠʥʘ. ʍʠʤʠʯʝʩʢʦʝ ʚʩʧʝʥʠʚʘʥʠʝ ʪʝʨʤʦʧʣʘʩʪʦʚ [Eʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

ʢʦʤʧʘʥʠʷ ʆʧʪʠʥʘ ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://plastichelper.ru/syre/vspenivateli/107?start=1 

2. Norteʭ. ɺʩʧʝʥʠʚʘʶʱʠʡ ʘʛʝʥʪ ADC (ʇʦʨʦʬʦʨ) [Eʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] Norteʭ  ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: http://www.nortex-chem.ru/basic_chem/104 
 

 

 

 

ʋɼʂ 678:544.431.12 
 

ɺ.ɺ. ɹɸʉɸʃʂɽɺʀʏ, ʆ.ʄ. ʐʅʀʈʋʂ,  ɺ.ɸ. ʉɺɯɼɽʈʉʔʂʀʁ, ʜ.ʪ.ʥ., ɸ.ɼ. ʇɭʊʋʍʆɺ, ʜ.ʪ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʂʠʾʚ 
 

ɺʇʃʀɺ ɼʆɼɸʊʂɯɺ ɯ ʋʄʆɺ ʇɽʈɽʈʆɹʂʀ ʅɸ ʊɽʈʄʆʋʉɸɼʂʋ ʇʃɯɺʆʂ ɿ 

ʇʆʃɯɽʊʀʃɽʅʋ ɺʀʉʆʂʆɻʆ ʊʀʉʂʋ 
 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʠ ʽ ʩʠʣʘʥʦʚʦʛʦ ʜʦʜʘʪʢʫ ʪʘ ʫʤʦʚ 

ʧʝʨʝʨʦʙʢʠ ʥʘ ʪʝʨʤʦʫʩʘʜʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʦʢ ʛʨʫʧʦʚʦʛʦ ʧʘʢʫʚʘʥʥʷ ʟ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʫʧʦʚʝ ʧʘʢʫʚʘʥʥʷ, ʪʝʨʤʦʫʩʘʜʢʦʚʘ ʧʣʽʚʢʘ, ʧʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʩʪʫʧʝʥʴ ʪʘ 

ʟʫʩʠʣʣʷ ʫʩʘʜʢʠ, ʢʨʝʡʜʘ, ʟʰʠʚʘʶʯʠʡ ʘʛʝʥʪ. 
 

ʆʜʥʽʻʶ ʟ ʛʘʣʫʟʝʡ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʱʦ ʙʫʨʭʣʠʚʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ, ʻ 

ʽʥʜʫʩʪʨʽʷ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʚʧʝʨʰʝ ʟ ʪʠʤ, ʱʦ ʧʘʢʫʚʘʥʥʷ ʩʪʘʣʦ 

http://plastichelper.ru/syre/vspenivateli/107?start=1
http://plastichelper.ru/syre/vspenivateli/107?start=1
http://www.nortex-chem.ru/basic_chem/104
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ʥʝʚʽʜóʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ ʽ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʢʦʪʨʘ ʫʧʘʢʦʚʫʻʪʴʩʷ, ʟʨʫʯʥʦʩʪʽ ʾʾ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʧʦʣʽʧʰʝʥʥʷ ʪʦʚʘʨʥʦʛʦ ʚʠʛʣʷʜʫ, ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʯʥʦʩʪʽ ʫ ʩʪʘʥʽ 

ʚʽʜʭʦʜʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɿʥʘʯʥʠʤ ʧʦʧʠʪʦʤ ʢʦʨʠʩʪʫʶʪʴʩʷ ʪʝʨʤʦʫʩʘʜʢʦʚʽ ʧʣʽʚʢʠ ʛʨʫʧʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʘʢʫʚʘʥʥʷ ʚʘʞʢʠʭ ʫʧʘʢʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʇɽɺʊ). ʆʜʥʘʢ 

ʟʚʠʯʘʡʥʽ ʧʣʽʚʢʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʝʪʠʣʝʥʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʪʦʚʩʪʦʩʪʽʥʥʽ, ʤʘʪʝʨʽʘʣʦʻʤʥʽ. 

ʅʘ ʾʭ ʟʤʽʥʫ ʧʦʚʠʥʥʽ ʧʨʠʭʦʜʠʪʠ ʥʦʚʽ ʧʦʢʦʣʽʥʥʷ ʇɽɺʊ-ʢʦʤʧʦʟʠʮʽʡ ʟ ʫʜʦʩʢʦʥʘʣʝʥʠʤʠ 

ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʝʥʰʦʶ ʚʘʨʪʽʩʪʶ.  

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʥʘʧʦʚʥʝʥʘ ʢʨʝʡʜʦʶ ʢʦʤʧʦʟʠʮʽʷ [1], ʷʢʘ ʚ 

ʧʝʚʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ, ʘʣʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʥʝʚʽʜʦʤʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʝʨʤʦʫʩʘʜʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʇɽɺʊ. ɿʥʠʞʝʥʥʷ 

ʩʪʷʛʫʶʯʠʭ ʟʫʩʠʣʴ ʧʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʢʦʤʧʝʥʩʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʣʽʚʢʠ.  

ɺʽʜʦʤʦ, ʱʦ ʪʝʨʤʦʫʩʘʜʢʘ ʧʣʽʚʦʢ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʜʘʪʥʽʩʪʶ ʦʢʨʝʤʠʭ ʩʝʛʤʝʥʪʽʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʽʤʝʨʽʚ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʧʨʠ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ ʘʙʦ ʚʠʪʷʛʫʚʘʥʥʽ ʧʦʣʽʤʝʨʽʚ ʧʨʠ 

ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫ ʥʘʧʨʷʤʢʫ ʥʘʡʙʽʣʴʰʠʭ ʟʩʫʚʥʠʭ ʟʫʩʠʣʴ ʽ ʟʘʣʠʰʘʪʠʩʷ ʚ 

ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʧʦʣʽʤʝʨʫ ʟ ʚ'ʷʟʢʦʪʝʢʫʯʦʛʦ ʩʪʘʥʫ ʚ ʪʚʝʨʜʠʡ [2]. ʇʨʠ 

ʧʦʚʪʦʨʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʪʘʢʠʭ ʧʣʽʚʦʢ ʨʫʭʣʠʚʽʩʪʴ ʚʠʪʷʛʥʫʪʠʭ ʩʝʛʤʝʥʪʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ʽ 

ʜʝʬʦʨʤʦʚʘʥʠʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʭ ʫʪʚʦʨʝʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʙʽʣʴʰ ʩʪʽʡʢʽ ʢʦʥʬʦʨʤʘʮʽʾ, ʟʫʤʦʚʣʶʶʯʠ ʪʠʤ ʩʘʤʠʤ 

ʟʤʝʥʰʝʥʥʷ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʧʣʽʚʢʠ. ʆʩʢʽʣʴʢʠ ʪʝʨʤʽʯʥʘ ʫʩʘʜʢʘ ʧʣʽʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʯʘʩʽ, 

ʘ ʰʚʠʜʢʽʩʪʴ ʾʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʦ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ ʚ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʦʤʝʥʪ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʽ ʩʪʫʧʝʥʽ ʫʩʘʜʢʠ ʚ ʨʽʟʥʠʭ ʣʦʢʘʣʴʥʠʭ 

ʜʽʣʷʥʢʘʭ ʧʣʽʚʢʠ [3]. ɺ ʫʤʦʚʘʭ ʧʘʢʫʚʘʥʥʷ ʩʪʫʧʽʥʴ ʫʩʘʜʢʠ ʦʙʤʝʞʫʻʪʴʩʷ ʦʧʦʨʦʤ ʧʘʢʫʻʤʦʛʦ 

ʦʙôʻʢʪʘ, ʪʦʙʪʦ ʫʩʘʜʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʚ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʽ ʚ ʟʦʥʘʭ ʦʧʦʨʫ ʤʦʞʣʠʚʝ ʯʘʩʪʢʦʚʝ 

ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʢʠ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʾʭ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʝʣʘʢʩʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʤʘʪʝʨʽʘʣʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʫʩʘʜʢʠ ʧʣʽʚʢʠ, ʦʢʨʝʤʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʾʾ ʽʩʥʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ ʥʘ ʙʘʟʽ ʯʝʨʚóʷʯʥʦ-ʜʠʩʢʦʚʦʛʦ 

ʝʢʩʪʨʫʜʝʨʘ (ɽʏɼ) ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʨʫʢʘʚʥʦʾ ʧʣʽʚʢʠ. ɺʠʙʽʨ ʜʠʩʢʦʚʦʛʦ ʝʢʩʪʨʫʜʝʨʘ 

ʧʦʚóʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʛʦʤʦʛʝʥʽʟʘʮʽʶ ʩʫʤʽʰʽ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʝʢʩʪʨʫʜʝʨʘ: ʜʽʘʤʝʪʨ ʯʝʨʚ'ʷʢʘ 45 ʤʤ, ʜʽʘʤʝʪʨ ʜʠʩʢʘ 120 ʤʤ, ʜʽʘʤʝʪʨ ʬʦʨʤʫʶʯʦʾ ʬʽʣʴ'ʻʨʠ 90 

ʤʤ, ʢʦʥʩʪʨʫʢʮʽʡʥʘ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʫ 0,6 ʤʤ ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʨʝʛʫʚʘʥʥʷ ʡʦʛʦ ʧʦ ʧʝʨʠʤʝʪʨʫ, 

ʜʽʘʤʝʪʨ ʨʫʢʘʚʘ ʜʦ 190 ʤʤ. ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ ʧʣʽʚʢʠ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʥʘ 

ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʰʪʫʯʥʦ ʢʦʨʝʛʫʚʘʣʘʩʴ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʬʦʨʤʫʶʯʦʛʦ ʟʘʟʦʨʫ ʧʦ ʡʦʛʦ ʧʝʨʠʤʝʪʨʫ.  

ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʇɽɺʊ 15803-020; 

ʩʫʧʝʨʢʦʥʮʝʥʪʨʘʪ ʂʇɻ-0012 ï ʩʫʤʽʰ ʢʨʝʡʜʠ (ʤʘʨʤʫʨʫ) ʟ ʃʇɽɺʊ UL814 (HYUNDAI  Seetec, 

ʂʦʨʝʷ) ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 80/20 ʚʽʜʧʦʚʽʜʥʦ; ʟʰʠʚʘʶʯʠʡ ʘʛʝʥʪ ʇʝʥʪʘ-1002. 

ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʚʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʢʘʟʘʥʠʭ 

ʇɽɺʊ ʽ ʢʨʝʡʜʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʚʝʣʠʯʠʥʫ ʫʩʘʜʢʠ ʧʣʽʚʢʠ. ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ 

ʧʣʽʚʢʠ ʦʪʨʠʤʫʚʘʣʠ ʟʘ ʜʚʦʭ ʨʝʞʠʤʽʚ, ʷʢʽ ʜʘʣʽ ʥʘ ʛʨʘʬʽʢʘʭ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʽʥʜʝʢʩʘʤʠ 1 ʽ 2. 

ʈʝʞʠʤ 1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘ ʟʦʥʘʤʠ ɽʏɼ, 
ʦ
C: I ï 135; II ï 160; ʜʠʩʢ ï 175; ʛʦʣʦʚʢʘ ï 185; 

ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚ'ʷʢʘ/ʜʠʩʢʘ ï 0,5 ʩ
-1
; ʰʚʠʜʢʦʩʪʽ ʚʽʜʚʦʜʫ ʨʫʢʘʚʘ 1,4 ʤ/ʭʚ.; ʰʠʨʠʥʽ 

ʨʫʢʘʚʘ ʫ ʩʢʣʘʜʝʥʦʤʫ ʚʠʛʣʷʜʽ 380 ʤʤ. ʅʘ ʨʠʩʫʥʢʘʭ 1, 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ G ʪʘ ʤʘʩʠ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʧʣʽʚʢʠ m ʚʽʜ ʩʪʫʧʝʥʶ ʥʘʧʦʚʥʝʥʥʷ 

ʢʨʝʡʜʦʶ ʢʦʤʧʦʟʠʮʽʾ. ʄʘʻʤʦ ʤʘʡʞʝ ʨʽʚʥʦʤʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʧʨʠʯʦʤʫ ʩʫʜʷʯʠ ʟ ʚʝʣʠʯʠʥʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ R
2
, ʨʝʞʠʤ 2 (ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 

ʟʦʥʘʤʠ ɽʏɼ, 
ʦ
ʉ: I ï 135; II  ï 165; ʜʠʩʢ ï 190; ʛʦʣʦʚʢʘ ï 188; ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 
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ʯʝʨʚ'ʷʢʘ/ʜʠʩʢʘ 0,5 ʩ
-1

; ʰʚʠʜʢʽʩʪʴ ʚʽʜʚʦʜʫ ʨʫʢʘʚʘ 2,1 ʤ/ʭʚ.; ʰʠʨʠʥʘ ʨʫʢʘʚʘ ʫ ʩʢʣʘʜʝʥʦʤʫ 

ʚʠʛʣʷʜʽ 400é420 ʤʤ.) ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʝʢʩʪʨʫʜʝʨʘ: ʟʤʝʥʰʝʥʥʷ 

ʧʫʣʴʩʘʮʽʡ, ʧʦʢʨʘʱʝʥʥʷ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ ʪʘ ʡʦʛʦ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʠʭʦʜʫ ʟ ʬʦʨʤʫʶʯʦʾ 

ʛʦʣʦʚʢʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʣʦʩʷ ʥʘ ʧʦʢʨʘʱʝʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʧʣʽʚʢʠ. ɸʥʘʣʦʛʽʯʥʠʡ 

ʚʠʩʥʦʚʦʢ ʽ ʟʘ ʜʘʥʠʤʠ ʨʠʩʫʥʢʫ 2, ʜʝ ʨʝʞʠʤ ʧʝʨʰʠʡ ï m1, ʜʨʫʛʠʡ ï m2. 

 

 
 

ʈʠʩ. 1. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ (G) ɽʏɼ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʨʠ ʥʘʧʦʚʥʝʥʥʷ ʢʦʤʧʦʟʠʮʽʾ 

 

 
 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʤʘʩʠ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʧʣʽʚʢʠ (m) ʚʽʜ ʤʽʨʠ ʥʘʧʦʚʥʝʥʥʷ ʢʦʤʧʦʟʠʮʽʾ 

 

ɼʣʷ ʧʣʽʚʦʢ ʢʦʞʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʙʫʜʫʚʘʣʘʩʴ ʢʨʫʛʣʦʛʨʘʤʘ, ʚʠʟʥʘʯʘʣʠʩʷ ʜʽʣʷʥʢʠ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʧʣʽʚʢʠ ʟ ʨʽʟʥʦʶ ʪʦʚʱʠʥʦʶ, ʱʦʙ ʚʠʷʚʠʪʠ ʩʧʽʣʴʥʽ ʟʦʥʠ (ʟʦʥʠ ʦʜʥʘʢʦʚʽ ʧʦ 

ʪʦʚʱʠʥʽ) ʜʣʷ ʷʢʠʭ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ. 

ʇʣʽʚʢʘ ʦʪʨʠʤʘʥʘ ʟʘ ʨʝʞʠʤʦʤ 1 ʤʘʻ ʧʨʦʛʥʦʟʦʚʘʥʫ ʨʽʟʥʦʪʦʚʱʠʥʥʽʩʪʴ ʜʣʷ ʚʩʽʭ 

ʢʦʤʧʦʟʠʮʽʡ. ʊʦʚʱʠʥʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʦʣʠʚʘʣʘʩʴ ʚ ʤʝʞʘʭ ʚʽʜ 50 ʤʢʤ ʜʦ 165 ʤʢʤ. ʎʽ 

ʦʙʩʪʘʚʠʥʠ ʜʦʟʚʦʣʠʣʠ ʟ ʜʝʷʢʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʣʽʚʢʠ (ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʽ, ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʪʘ ʚʽʣʴʥʫ ʫʩʘʜʢʫ) ʧʝʚʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʪʦʚʱʠʥ ʪʘ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ.  
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ɺʠʜ ʢʨʫʛʣʦʛʨʘʤʠ (ʨʠʩ.3) ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʦʜʽʣʫ ʨʦʟʧʣʘʚʫ ʥʘ ʚʠʭʦʜʽ ʟ ʬʦʨʤʫʶʯʦʛʦ 

ʟʘʟʦʨʫ. ʉʝʢʪʦʨ 1 ʽ 7 ʥʘ ʢʨʫʛʣʦʛʨʘʤʽ ʫʪʚʦʨʶʶʪʴ ʚʽʩʴ, ʚʟʜʦʚʞ ʷʢʦʾ ʨʦʟʤʽʱʝʥʠʡ ʝʢʩʪʨʫʜʝʨ 

(ʙʽʣʷ ʩʝʢʪʦʨʘ 1). ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʜʣʷ ʯʠʩʪʦʛʦ ʇɽɺʊ ʪʘ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡ ʟ 2,5; 5; 7,5; 15 

ʪʘ 20% ʚʤʽʩʪʦʤ ʥʘʧʦʚʥʶʚʘʯʘ. ʅʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʣʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʾʾ ʫʩʘʜʢʠ, ʱʦ ʙʽʣʴʰʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʦʚʩʪʠʭ ʧʣʽʚʦʢ ʧʦʜʦʚʞʫʻ ʯʘʩ (ʟʥʠʞʫʻ ʰʚʠʜʢʽʩʪʴ) ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʪʠʤ ʩʘʤʠʤ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʠʣʝʥʥʷ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʟʚʦʨʦʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʧʦʣʽʤʝʨʽ [4]. 

ʋʩʘʜʢʫ ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ɻʆʉʊ 25951-83 ʚ ʧʦʚʽʪʨʷʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 180Áʉ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʩʧʦʩʪʝʨʽʛʘʻʤʦ 

ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʫʩʘʜʢʠ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ. ɿʤʝʥʰʝʥʥʷ ʫʩʘʜʢʠ ʧʦʚóʷʟʘʥʝ ʟ ʧʦʷʚʦʶ 

ʘʜʛʝʟʽʡʥʠʭ ʟʚóʷʟʢʽʚ ʤʽʞ ʤʘʪʨʠʮʝʶ ʪʘ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʪʝʨʤʦʦʙʨʦʙʢʠ 

(ʦʭʦʣʦʜʞʝʥʥʷ ʨʫʢʘʚʘ, ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ) ʯʘʩʪʦʯʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʦʙʤʝʞʫʶʪʴ ʨʫʭʣʠʚʽʩʪʴ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʟʘ ʨʘʭʫʥʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʾʭ ʜʝʬʦʨʤʘʮʽʾ, ʫʪʚʦʨʝʥʥʷ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ ʪʘ 

ʚʠʥʠʢʥʝʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡʥʦʾ ʩʽʪʢʠ ʟ ʤʝʥʰʠʤ ʚʽʜʩʦʪʢʦʤ ʚʽʣʴʥʦʛʦ ʦʙóʻʤʫ. ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ 

ʟʥʠʞʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʦʙʪʦ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʥʘʰʦʛʦ ʧʦʣʽʤʝʨʫ 

ʚʠʟʥʘʯʘʻ ʜʚʘ ʧʨʦʪʠʜʽʶʯʠʭ ʬʘʢʪʦʨʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʦʚʥʶʚʘʯʘ ʡʦʛʦ 

ʯʘʩʪʠʥʢʠ ʧʦʯʠʥʘʶʪʴ ʚʠʪʽʩʥʷʪʠʩʷ ʚ ʘʤʦʨʬʥʽ ʦʙʣʘʩʪʽ ʢʦʤʧʦʟʠʮʽʾ, ʦʙʤʝʞʫʶʯʠ ʨʫʭʣʠʚʽʩʪʴ 

ʤʘʢʨʦʣʘʥʮʶʛʽʚ ʽ ʟʤʝʥʰʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ 

ʧʦʨʷʜʦʢ ʙʽʣʴʰʝ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʨʠʮʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʦʙʣʘʩʪʝʡ, ʱʦ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ, ʽ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʦʚʥʶʚʘʯʘ ʚʠʱʝ 5%. 

ʉʧʘʜ ʧʦʧʝʨʝʯʥʦʾ ʫʩʘʜʢʠ, ʷʢʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʣʽ ʧʦʜʦʚʞʥʴʦʾ (ʨʠʩ. 4), 

ʧʦʚóʷʟʘʥʠʡ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʨʦʟʜʫʚʫ ʟ 2,82 

ʜʦ 2,52. 
 

 
 

ʈʠʩ. 3. ʂʨʫʛʣʦʛʨʘʤʘ ʧʣʽʚʦʢ ʢʦʤʧʦʟʠʮʽʡ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʥʘʧʦʚʥʶʚʘʯʘ (ʨʝʞʠʤ 2) 
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ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʧʦʜʦʚʞʥʴʦʾ ʽ ʧʦʧʝʨʝʯʥʦʾ ʫʩʘʜʢʠ (ʋ, %) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʡʜʠ  
 

ɼʣʷ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʝʨʤʦʫʩʘʜʢʦʚʦʾ ʧʣʽʚʢʠ, ʚʠʨʦʙʣʝʥʦʶ 

ʊʆɺ çʉʘʥ ʈʝʡè ʽ ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʇɸʊ ʂɿɹʅ çʈʦʩʠʥʢʘè ʜʣʷ ʛʨʫʧʦʚʦʛʦ ʧʘʢʫʚʘʥʥʷ 

ʧʣʷʰʦʢ ʟ ʥʘʧʦʷʤʠ. ʇʦʟʜʦʚʞʥʷ ʪʘ ʧʦʧʝʨʝʯʥʘ ʫʩʘʜʢʘ ʧʣʽʚʢʠ ʩʪʘʥʦʚʠʪʴ 60,8 ʽ 11,8% 

ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʥʘ ʞ ʥʘʤʠ ʧʣʽʚʢʘ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʩʪʫʧʝʥʷʭ ʥʘʧʦʚʥʝʥʥʷ (ʜʦ 10%) ʤʘʻ 

ʧʦʜʽʙʥʽ ʚʝʣʠʯʠʥʠ ʫʩʘʜʢʠ ʪʘ ʤʽʮʥʽʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʪʝʨʤʦʫʩʘʜʢʦʚʦʛʦ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɹʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʪʘʢʦʞ ʫʩʘʜʢʦʚʘ ʧʦʚʝʜʽʥʢʘ ʧʣʽʚʢʠ ʊʆɺ çʉʘʥ ʈʝʡè ʚ ʧʨʦʮʝʩʽ 

ʫʧʘʢʦʚʢʠ ʷʢ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʫʩʘʜʢʠ ʛʘʙʘʨʠʪʘʤʠ ʧʘʢʫʥʢʘ, ʪʘʢ ʽ ʧʨʠ ʟʥʷʪʪʽ ʦʙʤʝʞʝʥʴ. 

ʊʦʚʱʠʥʘ ʚʠʭʽʜʥʦʾ ʧʣʽʚʢʠ ʩʪʘʥʦʚʠʣʘ 62é75 ʤʢʤ, ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʫʩʘʜʮʽ ʚ ʪʝʨʤʦʪʫʥʝʣʽ  

ʪʦʚʱʠʥʘ ʥʘ ʚʠʭʦʜʽ ʩʢʣʘʣʘ 75é90 ʤʢʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʣʴʥʦʾ ʫʩʘʜʢʠ ʷʢ ʚʠʭʽʜʥʦʾ ʧʣʽʚʢʠ, 

ʪʘʢ ʽ ʧʽʩʣʷ ʾʾ ʫʩʘʜʢʠ ʚ ʪʝʨʤʦʪʫʥʝʣʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʫʩʘʜʢʠ ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

(ʧʦʟʜʦʚʞʥʷ ʫʩʘʜʢʘ ʚ ʨʽʜʠʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 60,8 ʪʘ 60,9%, ʧʦʧʝʨʝʯʥʘ ï 12,5 ʪʘ 11,1%). 

ʊʦʚʱʠʥʘ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʧʦʚʥʦʾ ʫʩʘʜʢʠ ʩʢʣʘʜʘʻ 223 ʽ 204 ʤʢʤ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʪʫʧʝʥʽʚ ʫʩʘʜʢʠ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʧʘʢʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ 

ʧʣʽʚʮʽ ʟʙʝʨʽʛʩʷ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʫʩʘʜʢʦʚʠʭ ʩʪʷʛʫʶʯʠʭ ʟʫʩʠʣʴ (ʜʦ 80%). ʎʝ ʧʨʠʤʫʩʦʚʘ 

ʤʽʨʘ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʧʨʦʮʝʩʫ: ʜʦʧʫʩʪʠʤʠʡ (ʢʨʠʪʠʯʥʠʡ) ʦʧʽʨ ʧʘʢʫʥʢʘ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʙʝʨʝʞʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʷʢ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʫ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘʧʦʚʥʝʥʦʾ 10% ʢʨʝʡʜʠ ʟ ʚʤʽʩʪʦʤ ʟʰʠʚʘʶʯʦʛʦ ʘʛʝʥʪʫ 

2%, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟʘ ʨʝʞʠʤʦʤ 2, ʦʪʨʠʤʘʣʠ ʜʦʚʦʣʽ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʫʩʘʜʢʠ (66,6% 

ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʽ ʪʘ 24,5% ʚ ʧʦʧʝʨʝʯʥʦʤʫ). ʇʨʦʪʝ ʤʘʣʠ ʧʨʦʙʣʝʤʠ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ 

ʨʫʢʘʚʘ, ʡʦʛʦ ʚʠʪʷʛʫʚʘʥʥʷʤ ʧʨʠ ʰʠʨʠʥʽ ʧʦʣʦʪʥʘ 275 ʤʤ. ʊʦʤʫ ʙʫʣʘ ʟʙʽʣʴʰʝʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚóʷʢʘ ʧʽʜʥʷʣʠ ʜʦ 42 ʭʚ
-1
, ʘ ʰʚʠʜʢʽʩʪʴ ʚʠʪʷʛʫʚʘʥʥʷ 

ʨʫʢʘʚʘ ʜʦ 1,7 ʤ/ʭʚ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʧʦʪʨʽʙʥʘ ʰʠʨʠʥʘ ʧʦʣʦʪʥʘ ï 420 ʤʤ. 

ʋʩʘʜʢʘ ʩʪʘʥʦʚʠʪʴ: ʧʦʚʟʜʦʚʞʥʷ ï 62%, ʧʦʧʝʨʝʯʥʘ ï 38,8%. ɿʙʽʣʴʰʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʫʩʘʜʢʠ 

ʧʦʚóʷʟʘʥʝ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ ʨʦʟʜʫʚʫ ʨʫʢʘʚʘ. 
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3. ɻʨʠʛʦʨʦʚ ɸ.ʆ. ɺʣʠʷʥʠʝ ʧʣʝʥʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʢʨʘʰʝʥʥʳʭ ʧʣʝʥʦʢ ʠʟ ʇʕɺɼ / ɸ.ʆ. ɻʨʠʛʦʨʦʚ, ɺ.ɹ. ʋʟʜʝʥʩʢʠʡ, ʈ.ʇ. ʂʦʟʳʨʴ. 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://plastinfo.ru/information/articles/155/. 

4. ʂʦʤʧʘʥʠʷ "ʆʨʠʝʥʪʘʣ ʇʨʦ". ʊʝʨʤʦʫʩʘʜʦʯʥʳʝ ʧʣʝʥʢʠ: ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 
ʩʧʦʩʦʙʥʦʩʪʴ ʧʣʝʥʦʢ ʢ ʫʩʘʜʢʝ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://plastinfo.ru/information/articles/163/. 

http://plastinfo.ru/information/articles/155/
http://plastinfo.ru/information/articles/163/
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ʈ.ɺ. ɹʈʀɻʀʅɽʎʔ 

ʅʘʮʽʦʥʘʣʴʥʠʡ  ʪʝʭʥʽʯʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ò, ʤ. ʂʠʾʚ 
 

       ʌɯɿʀʂʆ-ʊɽʍʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʉʋʄɯʐɽʁ  

ʇʆʃɯʆʈɻɸʅʆʉʀʃʆʂʉɸʅɯɺ ɯ ɽʇʆʂʉʀɼɯɺ. 
 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʤʽʰʝʡ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ ʽ ʝʧʦʢʩʠʜʽʚ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʢʽʣʴʢʽʩʥʽ ʽ ʷʢʽʩʪʥʽ ʟʤʽʥʠ ʮʠʭ ʧʦʣʽʤʝʨʽʚ ʜʦʟʚʦʣʷʶʪʴ  ʥʘʧʨʘʚʣʝʥʦ  ʨʝʛʫʣʶʚʘʪʠ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʫʤʽʰʝʡ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

Kʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʠ, ʝʧʦʢʩʠʜʠ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

 

ɺʽʜʦʤʦ, ʱʦ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ (ʧʦʢʨʠʪʪʷ, ʛʨʫʥʪʽʚʢʠ, ʝʤʘʣʽ, 

ʢʦʤʧʘʫʥʜʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʢʦʤʧʦʟʠʪʠ, ʪʦʱʦ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʆʜʥʘʢ ʮʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʠʟʴʢʫ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʥʝʜʦʩʪʘʪʥʶ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʽʜ ʜʽʻʶ ʜʝʩʪʨʫʢʪʠʚʥʠʭ 

ʬʘʢʪʦʨʽʚ (ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨ). 

ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʝʧʦʢʩʠʜʽʚ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʟʦʢʨʝʤʘ,  

ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥʘʤʠ (ʇʄʌʉ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʦʭ ʩʠʩʪʝʤʘʭ ɽɼ-20-

ʂʆ-921 ʪʘ ɽɼ-20-ʂʆ-08. 

ʆʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʧʨʠ ʫʜʘʨʽ ʽ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʚʽʣʴʥʠʭ ʧʣʽʚʦʢ ʽʟ ʩʫʤʽʰʽ ʚʽʜʤʽʯʝʥʠʭ 

ʧʦʣ̔ʤʝʨʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʟʦʥ ʧʦʢʨʘʱʝʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʚ ʩʠʩʪʝʤʘʭ  ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʘʢʩʘʥ-ʝʧʦʢʩʠʜ. ʎʝ ʜʦ 15 ʪʘ ʧʽʩʣʷ 80 ʤʘʩ.% ɽɼ-

20. 

ɺ ʧʨʦʤʽʞʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʣʽʚʢʠ ʤʘʶʪʴ ʚʠʩʦʢʽ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ (2.0 ï 3.2 ʤʘʩ.% ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʇʄʌʉ ʧʨʦʪʠ 0.8 ʤʘʩ.% ʫ ʚʠʭʽʜʥʽʡ ʂʆ-921). ʄʽʮʥʽʩʪʴ ʥʘ ʫʜʘʨ 

ʩʢʣʘʜʘʻ ʜʦ 15ʢʛ*ʩʤ ʧʨʠ 40-60 ʢʛ*ʩʤ ʫ ʚʠʭʽʜʥʠʭ ʧʦʣʽʤʝʨʽʚ. ɺʩʝ ʮʝ ʷʚʣʷʻʪʴʩʷ ʩʚʽʜʯʝʥʥʷʤ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʙʽʣʴʰ ʧʫʭʢʦʾ ʩʪʨʫʢʪʫʨʠ ʩʫʤʽʰʽ ʧʦʣʽʤʝʨʽʚ ʚ ʜʘʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. 

ɻʽʜʨʦʬʦʙʥʽʩʪʴ ʧʣʽʚʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʢʽʣʴʢʽʩʪʶ ʇʄʌʉ ʚ ʩʠʩʪʝʤʽ, ʭʦʯʘ 

ʚʚʝʜʝʥʥʷ 15-20 ʤʘʩ. % ʦʩʪʘʥʥʴʦʛʦ ʟʙʽʣʴʰʫʻ ʛʽʜʨʦʬʦʙʥʽʩʪʴ ʚʠʭʽʜʥʦʾ  ɽɼ-20 (ʢʨʘʻʚʠʡ ʢʫʪ 

ʟʤʦʯʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʧʨʠʙʣʠʟʥʦ ʥʘ 20 ʛʨʘʜʫʩʽʚ). 

ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʢʨʝʤʥʽʡʦʨʛʥʽʯʥʠʭ  ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʢʘʟʘʥʦ 

ʥʘʷʚʥʽʩʪʴ  ʧʦʢʨʘʱʝʥʥʷ ʧʨʠ ʚʤʽʩʪʽ ʇʄʌʉ 3-7 ʤʘʩ.% ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʟʛʠʥ ʪʘ 7-12 

ʤʘʩ.% ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʩʪʠʩʢ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʽʮʥʶʶʯʠʡ ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ ʚʧʣʠʚ 

ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʤʠ 

ʤʽʮʥʦʩʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʠʭ ʇʄʌʉ ʩʪʦʩʦʚʥʦ ʝʧʦʢʩʠʜʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʠʩʪʝʤʽ ʝʧʦʢʩʠʜ- 

ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʚ ʩʠʩʪʝʤʽ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ 

ʦʙʣʘʩʪʽ ʚʤʽʩʪʫ ʧʦʣʽʤʝʨʽʚ ʪʘ ʦʮʽʥʠʪʠ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, 

ʛʽʜʨʦʬʦʙʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʪʘ ʫʜʘʨ, ʟʛʠʥ ʽ ʩʪʠʩʢ) ʢʦʤʧʘʫʥʜʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 
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ʈ.ɺ. ɹʈʀɻʀʅɽʎʔ 

ʅʘʮʽʦʥʘʣʴʥʠʡ  ʪʝʭʥʽʯʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ò,ʤ. ʂʠʾʚ 

 

ɽʂʉʇʃʋɸʊɸʎɯʁʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʇʆʃɯʄɽʈʅʀʍ ʇʆʂʈʀʊʊɯɺ ʉʀʉʊɽʄʀ 

ʇʆʃɯʄɽʊʀʃʌɽʅɯʃʉʀʃʆʂʉɸʅ-ʉʊʀʈʆʃɸʂʈʀʃɸʊ. 

 
ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʠʩʪʝʤʠ ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥ 

(ʇʄʌʉ) - ʩʪʠʨʦʣʘʢʨʠʣʘʪ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʪʘʥʥʽʭ ʤʦʞʣʠʚʦ ʩʫʪʪʻʚʦ ʧʦʣʽʧʰʠʪʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

Kʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʣʽʤʝʨʥʽ ʧʦʢʨʠʪʪʷ, ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥ, ʩʪʠʨʦʣ 

ʘʢʨʠʣʘʪ 

 

ʃʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʷʢʽʩʥʦ ʾʭ ʧʦʟʠʮʽʦʥʫʻ ʩʝʨʝʜ ʽʥʰʠʭ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʜʣʷ ʥʠʭ ʧʨʠʪʘʤʘʥʥʽ ʜʝʷʢʽ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ (ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʢʨʽʧʣʝʥʥʷ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝʚʠʩʦʢʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʝʜʦʩʪʘʪʥʷ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ 

ʜʝʷʢʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʪʦʱʦ). 

ʆʜʠʥ ʽʟ ʰʣʷʭʽʚ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ ʻ ʤʦʜʠʬʽʢʘʮʽʷ ʾʭ ʦʨʛʘʥʽʯʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ, 

ʟʦʢʨʝʤʘ ʩʪʠʨʦʣʘʢʨʠʣʘʪʘʤʠ. ʅʘʷʚʥʽʩʪʴ ʚ ʦʩʪʘʥʥʴʦʤʫ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʜʘʻ 

ʧʽʜʩʪʘʚʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʫʪʪʻʚʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʇʄʌʉ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʙʨʘʥʽ ʤʝʭʘʥʽʯʥʽ ʩʫʤʽʰʽ ʇʄʌʉ ʪʘ ʩʪʠʨʦʣ ʘʢʨʠʣʘʪʫ ʚ ʷʢʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʟʤʽʥʶʚʘʣʦʩʴ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 90:10 ʜʦ 10:90 ʤʘʩ. % ʟ ʢʨʦʢʦʤ 10 

ʤʘʩ. %. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʇʄʌʉ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʪʚʝʨʜʽʩʪʴ 

ʧʦʢʨʠʪʪʽʚ (ʚʽʜ 0,06 ʫʤ. ʦʜʠʥʠʮʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʨʠʣʫ ʚ ʩʫʤʽʰʽ 10 ʤʘʩ. % ʜʦ 0,29 ʫʤ. 

ʦʜʠʥʠʮʴ ʧʨʠ ʚʤʽʩʪʽ ʦʩʪʘʥʥʴʦʛʦ 90 ʤʘʩ. %). 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʜʛʝʟʽʾ ʪʘ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʛʠʥʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʭʘʥʽʯʥʠʭ ʩʫʤʽʰʝʡ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʦʩʪʘʥʥʽ ʟʽ ʚʤʽʩʪʦʤ 10 ʪʘ 20 ʤʘʩ. % ʩʪʠʨʦʣʘʢʨʠʣʘʪʥʦʛʦ ʩʧʽʚʧʦʣʽʤʝʨʫ, ʷʢ ʽ 

ʚʠʭʽʜʥʽ ʇʄʌʉ, ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʘʜʛʝʟʽʾ (1 ʙʘʣ) ʪʘ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʛʠʥʽ 

(1 ʤʤ). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚ ʤʽʩʪʫ ʤʦʜʠʬʽʢʘʪʦʨʘ  ʧʦʯʠʥʘʶʯʠ ʟ 30 ʤʘʩ. % ʧʦʛʽʨʰʫʻʪʴʩʷ ʘʜʛʝʟʽʷ 

ʜʦ ʧʽʜʢʣʘʜʢʠ (ʜʦ 2 ʙʘʣʽʚ) ʪʘ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ  ʧʦʢʨʠʪʪʷ ʧʨʠ ʟʛʠʥʽ (> 12 ʤʤ). 

ɺʝʣʠʯʠʥʘ ʨʦʟʨʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʤʦʜʠʬʽʢʘʪʦʨʘ. ɺʽʜʤʽʯʝʥʦ ʜʚʘ ʤʘʢʩʠʤʫʤʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʩʪʠʨʦʣʘʢʨʠʣʘʪʥʦʛʦ 

ʩʧʽʚʧʦʣʽʤʝʨʫ  (30 ʪʘ 80 ʤʘʩ. %), ʢʦʣʠ ʨʦʟʨʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʥʦ > 1000  ʪʘ 

> 2000 ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʇʄʌʉ. 

ʂʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʧʦʢʨʠʪʪʽʚ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʢʨʠʣʘʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 81-85 ʛʨʘʜʫʩʽʚ ʽ ʯʽʪʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʥʝ 

ʚʽʜʩʣʽʜʞʫʻʪʴʩʷ. 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ 48 ʛʦʜʠʥ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ 

ʚʦʜ̔ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʠʨʦʣ ʘʢʨʠʣʘʪʥʦʛʦ ʩʧʽʚʧʦʣʽʤʝʨʫ   ʟʨʦʩʪʘʻ ʚʽʜ 1.95 ʤʘʩ. % (ʚʠʭʽʜʥʦʛʦ 

ʇʄʌʉ) ʜʦ 6.05 ʤʘʩ. % ʚ ʩʫʤʽʰʽ ʟ 90 ʤʘʩ. % ʤʦʜʠʬʽʢʘʪʦʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʦʮʽʥʠʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʘʢʩʘʥʫ ʚʽʜ ʚʤʽʩʪʫ ʤʦʜʠʬʽʢʘʪʦʨʘ ʩʪʠʨʦʣʘʢʨʠʣʦʚʦʛʦ ʩʧʽʚʧʦʣʽʤʝʨʫ. 
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ʊ.ɸ. ʂɸʈɸɺɸɭɺ
1
, ɯ.ɺ. ɿɽʄʃʗʅʆʁ

2
, ʆ.ʆ. ʉɯʂʆʈʉʔʂʀʁ

2 

1
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ʇʆʂʈʀɺʅɯʉʊʔ ɺʆɼʅʆ-ɼʀʉʇɽʈʉɯʁʅʀʍ ʌɸʈɹ ʅɸ ʆʉʅʆɺɯ ɺɯʊʏʀɿʅʗʅʀʍ 

ʂɸʈɹʆʅɸʊʅʀʍ ʅɸʇʆɺʅʖɺɸʏɯɺ 

 

ʋ ʜʦʧʦʚʽʜʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʨʠʚʥʦʩʪʽ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ 

ʬʘʨʙ ʥʘ ʦʩʥʦʚʽ ʚʽʪʯʠʟʥʷʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ.  

ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʠʥʢʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʋʢʨʘʾʥʘ ʚʦʣʦʜʽʻ ʜʦʩʪʘʪʥʽʤʠ ʟʘʧʘʩʘʤʠ 

ʢʘʨʙʦʥʘʪʽʚ ʷʢ ʤʽʥʝʨʘʣʴʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʯʘʩʥʠʭ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ 

ʬʘʨʙ. ʆʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ ʋʢʨʘʾʥʽ ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʟʨʦʩʪʘʶʪʴ, ʘ ʾʭ ʚʘʨʪʽʩʪʴ ʙʽʣʴʰ ʥʽʞ ʫ 2 ʨʘʟʠ ʥʠʞʯʘ ʚʽʜ ʟʘʢʦʨʜʦʥʥʠʭ ʘʥʘʣʦʛʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʧʨʠʚʘʙʣʠʚʠʤ.[1]. 

ʍʦʯʘ ʧʨʠʨʦʜʥʘ ʢʨʝʡʜʘ ʦʩʘʜʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʷ ʷʢ ʥʘʧʦʚʥʶʚʘʯ 

ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ, ʛʫʤʠ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʪʝ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʦʜʥʦ-

ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʽʪʯʠʟʥʷʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʽ.  

ɺ ʦʨʛʘʥʽʯʥʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘʭ, ʱʦ ʤʘʶʪʴ ʙʣʠʟʴʢʠʡ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ  ʧʦʢʘʟʥʠʢ 

ʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ, ʚʦʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʘʶʪʴ ʧʦʢʨʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʻ ʧʨʦʟʦʨʠʤʠ. ʋ ʚʦʜʥʦ-

ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙʘʭ, ʧʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʽ ʟʘʤʽʱʝʥʥʷ ʧʦʨ ʧʦʚʽʪʨʷʤ, ʥʘʧʦʚʥʶʚʘʯʽ 

ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʧʦʢʨʠʚʥʽʩʪʴ ʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʩʘʤʦʩʪʽʡʥʦ ʷʢ ʧʽʛʤʝʥʪʠ [2].  

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʨʠʚʥʦʩʪʽ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ ʽʟ ʨʽʟʥʠʤ 

ʩʪʫʧʝʥʝʤ ʥʘʧʦʚʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʨʝʡʜʠ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʨʦʙʥʠʢʽʚ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʽ ʬʘʨʙʠ ʥʘ ʦʩʥʦʚʽ ʚʽʪʯʠʟʥʷʥʠʭ 

ʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʢʨʠʚʥʽʩʪʴ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ 

ʬʘʨʙ ʟ ʨʽʟʥʦʶ ʦʙôʻʤʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʧʦʚʥʶʚʘʯʘ. 

ɿʘ ʧʨʦʚʝʜʝʥʠʤʠ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʜʠʩʧʝʨʩʥʦʩʪʽ (ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ), ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʙʽʣʠʟʥʠ, ʤʘʩʣʦʻʤʥʦʩʪʽ ʻ 

ʢʘʨʙʦʥʘʪʥʽ ʥʘʧʦʚʥʶʚʘʯʽ ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ "ʉʣʦʚôʷʥʩʴʢʠʡ ʢʨʝʡʜʦ-ʚʘʧʥʷʥʠʡ ʟʘʚʦʜ" (ʤʘʨʢʘ 

ʄʄʉ-2), ɿɸʊ "ʅʦʚʛʦʨʦʜ-ʉʽʚʝʨʩʴʢʠʡ ʟʘʚʦʜ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ" (ʄʄʉ-1), ʘ ʪʘʢʦʞ 

ʭʽʤʽʯʥʦ ʦʩʘʜʞʝʥʘ ʢʨʝʡʜʘ ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ "ʈʝʘʢʪʠʚ". ʉʘʤʝ ʮʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʢʘʨʙʦʥʘʪʥʽ ʥʘʧʦʚʥʶʚʘʯʽ ʨʦʟʨʦʙʣʝʥʠʭ ʥʘʤʠ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ.  

ʇʦʢʨʠʚʥʽʩʪʴ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʠʪʨʘʪʫ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʧʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ 1ʤ
2
 ʧʦʚʝʨʭʥʽ ʽ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʛ/ʤ

2
 

ʘʙʦ ʣ/ʤ
2
. ʎʝʡ ʧʦʢʘʟʥʠʢ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʇʦʢʨʠʚʥʽʩʪʴ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʢʨʠʪʪʷ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʦʨʥʦ-ʙʽʣʦʾ ʰʘʭʦʚʦʾ ʜʦʰʢʠ ʟʛʽʜʥʦ ʟ ɻʆʉʊ 8784-75 [3]. ʇʦʢʨʠʚʥʽʩʪʴ ʇ 

(ʛ/ʤ
2
) ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

S

m
ʇ 01m -
=      (1), 

ʜʝ m0 ï ʤʘʩʘ ʥʝʟʘʬʘʨʙʦʚʘʥʦʾ ʧʣʘʩʪʠʥʠ, 

     m1 ï ʤʘʩʘ ʧʣʘʩʪʠʥʠ ʟ ʥʘʥʝʩʝʥʦʶ ʽ ʚʠʩʫʰʝʥʦʶ ʬʘʨʙʦʶ, 

     S ï ʧʣʦʱʘ ʩʢʣʷʥʦʾ ʧʣʘʩʪʠʥʠ, ʤ
2
. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʨʠʚʥʦʩʪʽ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʥʘʧʦʚʥʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.. 
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ʈʠʩ. ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʨʠʚʥʦʩʪʽ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ ʚʽʜ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʧʦʢʨʠʚʥʽʩʪʴ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ ʻ ʨʽʟʥʦʶ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 207 ʜʦ 826 ʛ/ʤ
2
. ʅʘʡʚʠʱʫ ʧʦʢʨʠʚʥʽʩʪʴ 

ʤʘʶʪʴ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʽ ʬʘʨʙʠ ʥʘ ʦʩʥʦʚʽ ʭʽʤʽʯʥʦ ʦʩʘʜʞʝʥʦʾ ʢʨʝʡʜʠ ʊʆɺ "ʈʝʘʢʪʠʚ", ʘ 

ʥʘʡʥʠʞʯʫ ï ʥʘ ʦʩʥʦʚʽ ʉʣʦʚôʷʥʩʴʢʦʛʦ ʢʨʝʡʜʦ-ʚʘʧʥʷʥʦʛʦ ʟʘʚʦʜʫ. ʌʘʨʙʠ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ 

ʅʦʚʛʦʨʦʜ-ʉʽʚʝʨʩʴʢʦʛʦ ʟʘʚʦʜʫ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ. ʅʘʡʥʠʞʯʘ ʧʦʢʨʠʚʥʽʩʪʴ ʫ 

ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʉʣʦʚôʷʥʩʴʢʦʛʦ ʂɺɿ ï 838 ʛ/ʤ
2
 ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ 

30%, ʘ ʥʘʡʚʠʱʘ ʫ ʅʦʚʛʦʨʦʜ-ʉʽʚʝʨʩʴʢʦʛʦ ʟʘʚʦʜʫ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï 207 ʛ/ʤ
2
 ʧʨʠ 

ʥʘʧʦʚʥʝʥʥʽ 65%. ɼʘʥʽ ʱʦʜʦ ʧʦʢʨʠʚʥʦʩʪʽ ʢʦʨʝʣʶʶʪʴ ʟ ʜʠʩʧʝʨʩʥʽʩʪʶ ʥʘʧʦʚʥʶʚʘʯʽʚ: ʯʠʤ 

ʚʠʱʘ ʜʠʩʧʝʨʩʥʽʩʪʴ (ʥʠʞʯʠʡ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ), ʪʠʤ ʚʠʱʫ ʧʦʢʨʠʚʥʽʩʪʴ ʤʘʶʪʴ 

ʬʘʨʙʠ ʥʘ ʾʭ ʦʩʥʦʚʽ.  

ʇʦʢʨʠʚʥʘ ʟʜʘʪʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʾ ʢʨʝʡʜʠ ʦʩʘʜʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʧʨʠ ʚʤʽʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʤʽʞ 50% ʽ 60%, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʟʥʠʞʝʥʥʽ 

ʚʠʪʨʘʪʠ ʬʘʨʙʠ ʟ 795 ʜʦ 348 ʛ/ʤ
2
 ʫ ʚʠʧʘʜʢʫ ʥʘʧʦʚʥʶʚʘʯʘ ʄʄʉ-2 ʉʣʦʚôʷʥʩʴʢʦʛʦ ʢʨʝʡʜʷʥʦ-

ʚʘʧʥʷʥʦʛʦ ʟʘʚʦʜʫ, ʪʘ ʟ 751 ʜʦ 258 ʛ/ʤ
2
 ʜʣʷ ʥʘʧʦʚʥʶʚʘʯʘ ʄʄʉ-1 ʅʦʚʛʦʨʦʜ-ʉʽʚʝʨʩʴʢʦʛʦ 

ʟʘʚʦʜʫ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʢʨʠʚʥʘ ʟʜʘʪʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʭʽʤʽʯʥʦ 

ʦʩʘʜʞʝʥʦʾ ʢʨʝʡʜʠ ʟʨʦʩʪʘʻ ʥʝ ʪʘʢ ʩʪʨʽʤʢʦ, ʪʘ ʩʧʘʜʘʻ ʧʨʠ ʩʪʫʧʝʥʽ ʥʘʧʦʚʥʝʥʥʷ 65%.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʨʠʚʥʦʩʪʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʨʝʮʝʧʪʫʨ ʚʦʜʥʦ-ʜʠʩʧʝʨʩʽʡʥʠʭ ʬʘʨʙ ʥʘ ʦʩʥʦʚʽ ʚʽʪʯʠʟʥʷʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ.  
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