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ʌʠʟʠʢʘ 
ʋɼʂ 669.01(075)  

 
ɺʃʀʗʅʀɽ ʄɽʍɸʅʀʏɽʉʂʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ɺ ʇʈʆʎɽʉʉɽ ʆʉɸɾɼɽʅʀʗ  

ʅɸ ʉʆʉʊɸɺ ʀ ʉʊʈʋʂʊʋʈʋ ʊʆʃʉʊʆʉʃʆʁʅʓʍ  
ʕʃɽʂʊʈʆɻɸʃʔɺɸʅʆʄɽʍɸʅʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ ɾɽʃɽɿɸ  

 
ʆ.ɺ. ɻʦʨʦʞʘʥʢʠʥʘ 

 
ʊʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʞʝʣʝʟʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʨʠ ʨʝʤʦʥʪʝ ʠʟʥʦʰʝʥʥʳʭ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʚʘʣʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʤʦʞʥʦ ʙʫʜʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʦ 60 - 70 % ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ, ʥʝ ʠʤʝʶʱʠʭ ʨʘʟʨʫʰʝʥʠʡ.  

ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʯʝʪʢʠʝ ʠ 
ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʣʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʭ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ 
ʟʘʜʘʚʘʝʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʩʘʞʜʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʦ ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʥʘ 
ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʘʝʤʳʭ ʪʦʣʩʪʦʩʣʦʡʥʳʭ (1,5 ï 1,8 ʤʤ) ʧʦʢʨʳʪʠʡ ʞʝʣʝʟʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ 
ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʥʘʥʝʩʝʥʠʷ ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʦʤʝʭʘʥʠʯʝʩʢʠʭ (ʕɻʄ) ʧʦʢʨʳʪʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʜʝʪʘʣʝʡ 
ʩ ʕɻʄ ʧʦʢʨʳʪʠʷʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʪʦʣʩʪʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʩʪʘʣʠ 30, ʧʦʣʫʯʝʥʥʳʝ 
ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ (ʕɻ) ʠ ʕɻʄ ʞʝʣʝʟʥʝʥʠʷ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʩʘʞʜʝʥʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ 
ʦʩʘʞʜʘʝʤʦʛʦ ʩʣʦʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʣʩʪʦʩʣʦʡʥʦʝ ʕɻʄ ʧʦʢʨʳʪʠʝ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 
ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥʫ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ (ʚʦʜʦʨʦʜ - 0,0043%, ʩʝʨʘ - 0,0021%). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʚʳʛʣʘʞʠʚʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʫʤʝʥʴʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʦʢʠʩʣʦʚ ʠ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʜʦʨʦʜʘ), ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʦʪʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʞʝʣʝʟʥʳʝ ʧʦʢʨʳʪʠʷ ʧʦʚʳʰʝʥʥʦʡ ʪʦʣʱʠʥʳ (1,5 ï 1,8 ʤʤ). ɺʥʫʪʨʝʥʥʷʷ 
ʩʪʨʫʢʪʫʨʘ ʕɻʄ ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʠʪ ʠʟ ʫʣʴʪʨʘʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ ~ 10-6-10-7 ʤʤ. ʕʪʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ 
ʟʝʨʝʥ ʚ ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʕɻ ʧʦʢʨʳʪʠʷʭ (~10-5-10-6ʤʤ) ʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ ʟʝʨʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 
ʞʝʣʝʟʘ (~10-3ʤʤ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʪʨʘʥʷʝʪ ʩʣʦʠʩʪʦʩʪʴ ʠ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʫ 
ʧʦʢʨʳʪʠʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʡ, ʧʣʦʪʥʦʡ, ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʠ ʫʤʝʥʴʰʘʝʪ ʛʫʩʪʦʪʫ ʩʝʪʢʠ ʪʨʝʱʠʥ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʫ ʕɻ 
ʧʦʢʨʳʪʠʷ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʦʤʝʭʘʥʠʯʝʩʢʦʝ ʞʝʣʝʟʥʝʥʠʝ, ʪʦʣʩʪʦʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ, ʩʪʨʫʢʪʫʨʘ 

 
1 ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ 

ʙʦʣʴʰʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 
ʚʘʣʦʚ (ʜʠʘʤʝʪʨʦʤ 200-500 ʤʤ, ʜʣʠʥʦʡ ʜʦ 3000-
5000 ʤʤ ʠ ʙʦʣʝʝ), ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʠʟʥʦʩ ʠ 
ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ: ʚʘʣʳ ʤʦʱʥʳʭ ʩʫʜʦʚʳʭ 
ʠ ʣʦʢʦʤʦʪʠʚʥʳʭ ʜʠʟʝʣʝʡ, ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ, 
ʙʫʤʘʛʦʜʝʣʘʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʤʘʰʠʥ. ʀʭ 
ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʠ ʨʝʤʦʥʪʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ 
ʯʠʩʣʘ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ. ɼʦ 70 % ʠʟʥʦʰʝʥʥʳʭ 
ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʚʘʣʦʚ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʚʪʦʨʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 
0,9-1,2 ʤʤ, ʠ ʠʤʝʶʱʠʡ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʥʝ 
ʤʝʥʝʝ 200-250 ʄʇʘ.  

 ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʚʳʧʦʣʥʷʝʪʩʷ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 
ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʩʫʜʦʚʳʭ ʠ 
ʪʝʧʣʦʚʦʟʥʳʭ ʤʦʱʥʳʭ ʜʠʟʝʣʝʡ ʩ ʦʩʪʘʪʦʯʥʳʤ 
ʨʝʩʫʨʩʦʤ ʧʦ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʝʪʦʜʘʤʠ 
ʥʘʧʳʣʝʥʠʷ, ʥʘʧʣʘʚʢʦʡ, ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʤ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ, ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ 

                                                             
ɻʦʨʦʞʘʥʢʠʥʘ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ - ɺɻʊʋ, ʩʪʘʨʰʠʡ ʧʨʝ-
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ʦʩʘʞʜʝʥʠʝʤ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʣʠʙʦ ʥʝ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʫʞʥʫʶ ʪʦʣʱʠʥʫ 
ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʣʦʷ, ʣʠʙʦ ʧʨʠʚʦʜʷʪ ʢ 
ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʢʦʨʦʙʣʝʥʠʶ ʠ ʪʨʫʜʥʦ 
ʫʩʪʨʘʥʠʤʦʡ ʧʦʚʦʜʢʝ ʜʝʪʘʣʝʡ. ʇʦʵʪʦʤʫ, ʧʨʠ 
ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʧʦʩʦʙʦʚ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʣʝʥʯʘʪʳʭ 
ʚʘʣʦʚ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ 
ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʨʝʤʦʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʭ 
ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʧʦʚʳʰʝʥʠʝ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ [1]. 

ɺʥʝʚʘʥʥʳʡ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʠʯʝʩʢʠʤ  ʞʝʣʝʟʥʝʥʠʝʤ ʚ 
ʧʨʦʪʦʯʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʛʣʘʞʠʚʘʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ 
ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 
ʥʝʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (40 ï 50 0ʉ). ʕʪʦ 
ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʢʦʨʦʙʣʝʥʠʝ ʠ ʧʦʚʦʜʢʫ ʜʝʪʘʣʝʡ, 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʪʦʣʱʠʥʫ (1,5 ï 1,8 
ʤʤ), ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ (600 - 650 HV) ʠ ʥʠʟʢʫʶ 
ʰʝʨʦʭʦʚʘʪʦʩʪʴ (Rʘ = 0,63 ï 1,25 ʤʢʤ), 
ʦʙʫʩʣʘʚʣʠʚʘʶʱʫʶ ʤʘʣʳʡ ʧʨʠʧʫʩʢ ʥʘ 
ʰʣʠʬʦʚʘʥʠʝ  ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʣʦʷ. ʄʝʪʦʜ 
ʠʤʝʝʪ ʥʝʚʳʩʦʢʠʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʙʳʩʪʨʫʶ 
ʦʢʫʧʘʝʤʦʩʪʴ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 
ʧʨʠʝʤʣʝʤʦʛʦ ʥʝʜʦʨʦʛʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ  
ʭʣʦʨʠʩʪʦʛʦ ʞʝʣʝʟʘ.  

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ 
ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʯʝʪʘʥʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 
ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 
ʘʢʪʠʚʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ. ɺ 
ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʧʦʢʨʳʪʠʡ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ 
ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ ʠ ʦʩʘʜʢʦʤ ʙʦʣʴʰʦʡ 
ʪʦʣʱʠʥʳ (ʧʦʨʷʜʢʘ 2,0 ʤʤ)  ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ  
ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ (ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʘʭ ʦʩʘʞʜʝʥʠʷ).  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ 
ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 
ʵʣʝʢʪʨʦʣʠʟʘ ʧʦʢʨʳʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʘʢʪʠʚʠʨʦʚʘʥʠʶ 
(ʚʳʛʣʘʞʠʚʘʥʠʶ) ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʚʠʜʝ ʙʨʫʩʢʘ 
ʠʟ ʤʠʥʝʨʘʣʦʢʝʨʘʤʠʢʠ ʩ ʧʦʣʠʨʦʚʘʥʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 
ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ 
ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ "ʛʘʣʴʚʘʥʦʤʝʭʘʥʠʯʝʩʢʦʝ 
ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʘ" [2], ʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 
ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʦ-
ʤʝʭʘʥʠʯʝʩʢʦʝ ʞʝʣʝʟʥʝʥʠʝ (ʕɻʄɾ). 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʦ ʚʣʠʷʥʠʝ 
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 
ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ 
ʧʦʣʫʯʘʝʤʳʭ ʪʦʣʩʪʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʞʝʣʝʟʘ, 
ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ 
ʨʝʞʠʤʦʚ ʥʘʥʝʩʝʥʠʷ ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ (ʕɻʄ) ʧʦʢʨʳʪʠʡ ʠ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʜʝʪʘʣʝʡ ʩ ʕɻʄ 
ʧʦʢʨʳʪʠʷʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʚʳʙʨʘʥʳ ʪʦʣʩʪʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʙʨʘʟʮʘʭ 
ʠʟ ʩʪʘʣʠ 30, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 
ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ (ʕɻ) ʠ ʕɻʄ 
ʞʝʣʝʟʥʝʥʠʷ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʩʘʞʜʝʥʠʠ ʠ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʦʩʘʞʜʘʝʤʦʛʦ ʩʣʦʷ.  

ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 
ʭʣʦʨʠʩʪʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʩʣʝʜʫʶʱʝʡ ʨʝʮʝʧʪʫʨʳ: 
ʞʝʣʝʟʦ ʭʣʦʨʠʩʪʦʝ ʯʝʪʳʨʝʭʚʦʜʥʦʝ FeCl2 Ț4H2O 
ï 350 ʢʛ/ʤ3; ʨʝʛʫʣʷʪʦʨ ʢʠʩʣʦʪʥʦʩʪʠ ʜʦ ʫʨʦʚʥʷ 
ʨʅ = 1 ï ʢʠʩʣʦʪʘ ʩʦʣʷʥʘʷ HCl. ʕɻʄɾ 
ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 
ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ [3].  

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷʣʠ 
ʧʣʘʩʪʠʥʳ ʠʟ ʤʠʥʝʨʘʣʦʢʝʨʘʤʠʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʨʝʞʠʤ ʦʩʘʞʜʝʥʠʷ ʩ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ ʠ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʘʢʪʠʚʘʮʠʠ; ʧʦʣʫʯʠʣʠ ʜʚʝ ʜʝʪʘʣʠ ʩ ʧʦʢʨʳʪʠʝʤ. 
ɿʘʪʝʤ ʦʪ ʢʘʞʜʦʡ ʜʝʪʘʣʠ ʙʳʣ ʦʪʨʝʟʘʥ ʦʙʨʘʟʝʮ 

ʨʘʟʤʝʨʘʤʠ ʧʨʠʤʝʨʥʦ 22ʭ22ʭ3 ʤʤ ʠ ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʣʩʷ (ʨʠʩ. 1).  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʕɻʄ ʧʦʢʨʳʪʠʷ ʠ ʦʩ-
ʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʷʣʩʷ ʢʫʣʦʥʦʤʝʪʨʠʯʝ-
ʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ ʵʢʩʧʨʝʩʩ-
ʘʥʘʣʠʟʘʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʣʠ ʧʨʦʮʝʥʪ 
ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ ʩʝʨʳ. ʈʝʟʫʣʴ-
ʪʘʪʳ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
 
 
 
 
 
 
 
 
 
 
 
ʈʠʩ. 1. ʌʨʘʛʤʝʥʪʳ ʰʣʠʬ-ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʤʘʢʝʪʦʚ 
ʜʝʪʘʣʝʡ 
 

ʕʣʝʢʪʨʦʛʘʣʴʚʘʥʦʤʝʭʘʥʠʯʝʩʢʦʝ 
ʞʝʣʝʟʥʝʥʠʝ (ʕɻʄɾ) 

ʍʠʤʠʯʝʩʢʠʡ 
ʵʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ, % 
ʦʩʥʦʚʘ, 
ʩʪʘʣʴ 30 

ʧʦʢʨʳʪʠʝ 

ʋʛʣʝʨʦʜ (ʉ) 0,223 0,086 
ɺʦʜʦʨʦʜ (ʅ) 0,0042 0,0043 

ʉʝʨʘ (S) 0,0088 0,0021 
 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʢʨʳʪʠʠ ʩʦʩʪʘʚ-
ʣʷʝʪ 0,086%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ 
ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʠ 08 (ʜʦʵʚʪʝʢʪʦʠʜʥʘʷ ʤʘʣʦʫʛʣʝ-
ʨʦʜʠʩʪʘʷ ʩʪʘʣʴ), ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ 
ʧʫʪʝʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʕɻʄ ʧʦʢʨʳʪʠʠ 
ʢʨʘʡʥʝ ʤʘʣʦ (0,004 ï 0,005%), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫ-
ʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʚʦʜʦʨʦʜʘ 
(0,0042%) ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʩʪʘʣʴ 30), ʧʦ-
ʣʫʯʝʥʥʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʕʪʦ ʤʦʞʥʦ 
ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʚʦʜʦʨʦʜ-
ʥʳʝ ʘʪʦʤʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʘʝʤʦʛʦ ʧʦʢʨʳ-
ʪʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʫʜʘ-
ʣʷʶʪʩʷ ʚʳʛʣʘʞʠʚʘʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʵʪʦ-
ʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʥʠʟʢʦʝ ʩʦ-
ʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʧʦʣʫʯʠʚʰʝʤʩʷ ʧʦʢʨʳʪʠʠ 
ʟʘʚʠʩʠʪ ʠʤʝʥʥʦ ʦʪ ʵʪʦʛʦ. ɺ ʕɻ ʧʦʢʨʳʪʠʠ ʙʝʟ 
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦ-
ʨʦʜʘ ʧʦ ʜʘʥʥʳʤ [4] ʙʦʣʴʰʝ, ʠ ʩʦʩʪʘʚʣʷʝʪ 0,0098 
ï 0,01%, ʯʪʦ ʧʦʚʳʰʘʝʪ ʭʨʫʧʢʦʩʪʴ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʨʳ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ, 
ʯʝʤ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ. 
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ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʟʫʯʘʝʤʦʛʦ 
ʧʦʢʨʳʪʠʷ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨ-
ʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 
ʤʠʢʨʦʩʢʦʧʝ ʩʝʨʠʠ EVO. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 
ʘʥʘʣʠʟʘ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʠʟʫʯʘʝʤʦʛʦ 
ʞʝʣʝʟʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʙʦʛʘʱʝʥʳ ʨʘʟʣʠʯʥʳʤʠ 
ʧʨʠʤʝʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʭʣʦʨʦʤ, ʪʘʢ ʢʘʢ ʚ 
ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʞʝʣʝʟʘ ʠʟ ʨʘʩʪʚʦʨʘ 
ʭʣʦʨʠʩʪʦʛʦ ʞʝʣʝʟʘ, ʫʯʘʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ 
ʙʘʟʦʚʳʡ ʢʦʤʧʦʥʝʥʪ, ʥʦ ʠ ʵʣʝʤʝʥʪʳ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ (ʪʘʢʠʝ, ʢʘʢ ʚʦʜʦʨʦʜ, 
ʭʣʦʨ ʠ ʜʨʫʛʠʝ). ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʘ ʚ ʧʦʢʨʳʪʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 
ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʨʝʱʠʥ (ʨʠʩ. 2). 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

ʈʠʩ. 2. ʅʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʕɻʄ ʧʦʢʨʳʪʠʷ. 
ʃʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ 
ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʤ ʤʠʢʨʦʘʥʘʣʠʟʝ ʠ 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʢʨʳʪʠʠ: ʞʝʣʝʟʦ, ʭʣʦʨ, 
ʫʛʣʝʨʦʜ 

 
ɿʜʝʩʴ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ ʚ ʧʦʢʨʳʪʠʠ ʧʨʠ-

ʙʣʠʞʝʥʥʦ ʜʦʩʪʠʛʘʝʪ 2-4 %. 
ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʪʦʤʳ 

ʣʶʙʳʭ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʢʘʧʣʠʚʘʶʪʩʷ ʚ 
ʤʝʩʪʘʭ ʩ ʤʠʢʨʦʜʝʬʝʢʪʘʤʠ ʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ 
ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ.  ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʨʘʥʠʮʳ 
ʟʝʨʝʥ ʠ ʚʢʣʶʯʝʥʠʷ ʩʣʫʞʘʪ ʥʝʧʨʝʦʜʦʣʠʤʳʤ 
ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ 
(ʣʠʥʝʡʥʳʭ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ). ʇʨʠ ʙʦʣʴʰʦʤ 
ʩʢʦʧʣʝʥʠʠ ʜʠʩʣʦʢʘʮʠʡ ʵʪʠ ʟʦʥʳ ʩʪʘʥʦʚʷʪʩʷ 
ʥʝʩʧʦʩʦʙʥʳʤʠ ʢ ʧʣʘʩʪʠʯʝʩʢʦʤʫ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʚʦʟʤʦʞʥʦ 
ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ.   

ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʠʢʨʦʘʥʘʣʠʟʦʤ 
ʦʙʨʘʟʮʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʠʢʠ ʩʦʜʝʨʞʘʥʠʷ 
ʞʝʣʝʟʘ ʠ ʭʣʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ: ʚ 
ʦʙʣʘʩʪʠ ʤʠʢʨʦʪʨʝʱʠʥʳ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʘ 
ʤʘʢʩʠʤʘʣʴʥʦ (ʧʠʢ ʭʣʦʨʘ ʥʘ ʨʠʩ. 2), ʘ 
ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʤʠʥʠʤʘʣʴʥʦ. ʋʛʣʝʨʦʜ 

ʨʘʩʧʦʣʦʞʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦ, ʩ 
ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʨʘʡʦʥʝ ʧʠʢʘ 
ʭʣʦʨʘ. ʊʦ ʝʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 
ʪʨʝʱʠʥʳ ʚ ʧʦʢʨʳʪʠʠ ʦʙʦʛʘʱʘʶʪʩʷ ʭʣʦʨʦʤ ʠ 
ʦʙʝʜʥʷʶʪʩʷ ʞʝʣʝʟʦʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʩʘʞʜʝʥʠʠ 
ʩʥʠʞʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʣʦʨʘ 
ʠ ʞʝʣʝʟʘ, ʪʘʢ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 
ʫʜʘʣʷʝʪ ʦʙʨʘʟʫʶʱʠʝʩʷ ʛʠʜʨʦʦʢʠʩʠ ʭʣʦʨʘ, ʠ ʚ 
ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʕɻʄ ʧʦʢʨʳʪʠʠ ʞʝʣʝʟʘ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 
ʤʝʥʴʰʝ, ʯʝʤ ʚ ʕɻ ʧʦʢʨʳʪʠʠ. ɺ ʩʣʫʯʘʝ ʕɻ 
ʧʦʢʨʳʪʠʷ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʙʫʜʝʪ ʙʦʣʝʝ ʩʠʣʴʥʘʷ, ʪʘʢ ʢʘʢ 
ʛʠʜʨʦʦʢʠʩʠ ʭʣʦʨʘ ʥʝ ʫʜʘʣʷʶʪʩʷ ʠ 
ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʜʝʬʝʢʪʦʚ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ 
(ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ) ʚ ʩʝʯʝʥʠʠ ʪʦʣʩʪʦʩʣʦʡʥʦʛʦ 
ʕɻʄ ʠ ʕɻ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ 
ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʛʨʘ-
ʬʠʯʝʩʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ɸʣʴʪʘʤʠ 
ʄɽʊ 1ʉ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ 
ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʣʦʨʠʩʪʳʭ, 
ʩʫʣʴʬʘʪʥʳʭ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʞʝʣʝʟʘ, 
ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ 
ʩʪʨʫʢʪʫʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʢʣʶʯʝʥʠʝʤ 
ʛʠʜʨʦʦʢʠʩʝʡ ʨʅ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ 
ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ. ʉʣʦʠʩʪʘʷ 
ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ 
ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʯʝʨʝʜʫʶʱʝʛʦʩʷ 
ʦʙʝʜʥʝʥʠʷ ʧʨʠʢʘʪʦʜʥʦʛʦ ʩʣʦʷ ʠʦʥʘʤʠ ʙʦʣʝʝ 
ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣ 
ʚʳʜʝʣʝʥʠʷ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ 
ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʘ. 

ʉ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʚʩʣʝʜʩʪʚʠʝ ʫʩʠ-
ʣʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 
ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʠʦʥʘʤ ʤʝ-
ʪʘʣʣʦʚ ʥʘ ʢʘʪʦʜʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʬʦʨʤʠʨʫʶʪʩʷ 
ʩʣʦʠ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʠʜʨʦʦʢʠʩʝʡ. ʅʘ 
ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʠ ʧʦʣʠʢʨʠʩʪʘʣ-
ʣʦʚ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 
ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʠʜʨʦʦʢʠʩʝʡ. ʅʘʣʠʯʠʝ 
ʩʣʦʠʩʪʦʩʪʠ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, 
ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ 
ʫʭʫʜʰʘʶʪ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʘʜʢʦʚ, 
ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʱʠʪʥʳʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ 
ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ɸʣʴʪʘʤʠ ʄɽʊ 1ʉ  
ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʩʣʦʠʩʪʦʩʪʠ ʕɻ 
ʧʦʢʨʳʪʠʡ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ. 
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3 ʘ). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʕɻʄ ʪʦʣʩʪʦʩʣʦʡʥʳʭ 
ʞʝʣʝʟʥʳʭ ʧʦʢʨʳʪʠʡ ʩʣʦʠʩʪʦʩʪʴ ʥʝ 
ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ (ʨʠʩ. 3 ʙ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ,  ʧʦ 
ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʪʝʤ, ʯʪʦ ʚʳʛʣʘʞʠʚʘʶʱʠʡ 
ʠʥʩʪʨʫʤʝʥʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠ ʠʥʪʝʥʩʠʚʥʦ 
ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʨʠʩʪʘʣʣʳ 
ʧʦʢʨʳʪʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ  ʧʝʨʝʤʝʰʠʚʘʥʠʶ 
ʵʣʝʢʪʨʦʣʠʪʘ ʫ ʢʘʪʦʜʘ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦʤʫ 
ʦʯʠʱʝʥʠʶ ʧʨʠʢʘʪʦʜʥʦʛʦ ʩʣʦʷ ʦʪ ʛʠʜʨʦʦʢʠʩʝʡ, 
ʯʪʦ ʫʩʪʨʘʥʷʝʪ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 
ʩʣʦʝʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʠʜʨʦʦʢʠʩʝʡ. 
ʇʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʚʳʛʣʘʞʠʚʘʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠʚʦʜʠʪ ʢ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʕɻʄ ʧʦʢʨʳʪʠʷ. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
         ʘ) ʭ1000                             ʙ) ʭ1000 
ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ ʥʘ ʤʠʢʨʦ-

ʰʣʠʬʝ ʘ) -  ʕɻ ʞʝʣʝʟʥʝʥʠʝ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟ-
ʜʝʡʩʪʚʠʷ; ʙ) ï ʕɻʄ ʞʝʣʝʟʥʝʥʠʝ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ 
ʚʦʟʜʝʡʩʪʚʠʝʤ 

 
ʇʦʣʫʯʝʥʥʳʝ ʕɻʄ ʠ ʕɻ ʞʝʣʝʟʥʝʥʠʝʤ 

ʪʦʣʩʪʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʪʨʝʱʠʥʳ (ʠʣʠ 
ʧʦʨʳ) ʢʘʢ ʩʚʷʟʘʥʥʳʝ, ʪʘʢ ʠ ʥʝ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ 
ʩʦʙʦʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʭʘʨʘʢʪʝʨ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʟʘʚʠʩʠʪ, 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʥʘʣʠʯʠʷ ʚ ʥʠʭ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ (ʯʘʩʪʠʮ 
ʛʠʜʨʦʦʢʠʩʝʡ, ʭʣʦʨʘ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 
ʚʝʱʝʩʪʚ, ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʩʧʘʜʘ). ʊʘʢʞʝ ʧʨʠ 
ʩʦʦʩʘʞʜʝʥʠʠ ʩ ʤʝʪʘʣʣʦʤ ʧʨʠʤʝʩʥʳʭ ʚʝʱʝʩʪʚ 
ʪʨʝʱʠʥʳ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʶʪ ʚ ʤʝʩʪʘʭ 
ʩʢʦʧʣʝʥʠʷ ʚʢʣʶʯʝʥʠʡ. ʇʦʩʣʝʜʥʠʝ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ 
ʟʝʨʝʥ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʩʚʷʟʠ ʤʝʞʜʫ 
ʟʝʨʥʘʤʠ ʠ ʢ ʠʥʪʝʨʢʨʠʩʪʘʣʣʠʪʥʦʤʫ 
ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʦʩʘʜʢʘ [5].  

ɺʢʣʶʯʝʥʠʝ ʚ ʧʦʢʨʳʪʠʷ ʇɸɺ ʠ ʛʠʜʨʦʦʢʠ-
ʩʝʡ ʦʩʘʞʜʘʝʤʳʭ ʤʝʪʘʣʣʦʚ, ʚʳʟʳʚʘʝʪ ʨʘʟʚʠʪʠʝ 
ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʩʘʜʢʦʚ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʥʠʭ 

ʧʨʦʜʦʣʴʥʳʭ ʠ ʚʦʣʦʩʦʚʠʜʥʳʭ ʪʨʝʱʠʥ. ʇʨʠ ʨʘʟ-
ʣʦʞʝʥʠʠ ʛʠʜʨʠʜʥʳʭ ʬʘʟ, ʥʘʧʨʠʤʝʨ ʛʠʜʨʠʜʘ 
ʥʠʢʝʣʷ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ, ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʧʦʷʚ-
ʣʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʩʧʠʨʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʕɻʄ 
ʞʝʣʝʟʥʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ 
ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ: ʪʘʢ ʢʘʢ ʟʘ ʩʯʝʪ 
ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʛʣʘʞʠʚʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 
ʩʣʦʠʩʪʦʩʪʠ ʚ ʧʦʢʨʳʪʠʠ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʪʦ ʠ 
ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʪʘʢʞʝ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʆʢʦʣʦ 
ʧʦʧʝʨʝʯʥʳʭ ʪʨʝʱʠʥ, ʠʤʝʶʱʠʭʩʷ ʚ ʧʦʢʨʳʪʠʠ, 
ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ ʠ ʜʨʫʛʠʭ 
ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʚʦʜʦʨʦʜʘ ʚ 
ʧʦʢʨʳʪʠʠ ʢʨʘʡʥʝ ʤʘʣʦ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 
ʚʣʠʷʝʪ ʥʘ ʪʘʢʦʝ ʩʚʦʡʩʪʚʦ, ʢʘʢ ʭʨʫʧʢʦʩʪʴ. ɺ 
ʦʙʱʝʤ ʩʣʫʯʘʝ ʛʫʩʪʦʪʘ ʩʝʪʢʠ ʪʨʝʱʠʥ (ʪʦ ʝʩʪʴ 
ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 
ʧʦʚʝʨʭʥʦʩʪʠ) ʙʦʣʴʰʝ ʫ ʕɻ ʧʦʢʨʳʪʠʷ ʙʝʟ 
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʕɻ ʠ ʕɻʄ ʧʦʢʨʳʪʠʷ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʪʝʧʝʥʴʶ ʜʠʩʧʝʨʩʥʦʩʪʠ, 
ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʨʘʟʤʝʨʝ ʟʝʨʝʥ. 
ɼʠʩʧʝʨʩʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ 
ʧʦʢʨʳʪʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʦʩʘʞʜʘʝʤʦʛʦ 
ʤʝʪʘʣʣʘ ʠ ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʦʣʠʟʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ 
ʢʨʠʩʪʘʣʣʠʪʦʚ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ 
ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ 
ʩʢʦʨʦʩʪʴʶ ʠʭ ʨʦʩʪʘ, ʥʘ ʢʘʪʦʜʝ ʬʦʨʤʠʨʫʶʪʩʷ 
ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʣʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ 
ʦʩʘʜʢʠ. ʇʦ ʜʘʥʥʳʤ [5] ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʞʝʣʝ-
ʟʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʩʦʢʠʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ 
ʢʘʪʦʜʘ ʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʜʝʣʝʥʠʷ ʥʘ ʢʘʪʦʜʝ 
ʚʦʜʦʨʦʜʘ, ʧʨʠʯʝʤ ʜʦʣʷ ʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ 
ʚʝʣʠʢʘ (ʜʦ 85 %). ɺʳʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʠʟʘʮʠʠ ʢʘʪʦʜʘ ʟʘ ʩʯʝʪ 
ʜʝʩʦʨʙʮʠʠ ʠʥʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʩ ʝʛʦ 
ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ 
ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ 
ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʨʦʜʳʰʝ-
ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʳʜʝʣʷʶʱʠʡʩʷ 
ʚʦʜʦʨʦʜ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʟʘʨʦʜʳʰʘʭ 
("ʙʘʨʴʝʨ"), ʧʨʝʧʷʪʩʪʚʫʷ ʠʭ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʩʪʫ. 
ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 
ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʩʘʜʢʘ. 

ʕɻʄ ʧʦʢʨʳʪʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʜʨʫʛʠʝ ʨʘʟ-
ʤʝʨʳ ʟʝʨʝʥ ʚ ʩʚʷʟʠ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ, 
ʢʦʪʦʨʘʷ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʦʣʫʯʝʥʠʝ ʤʝʣʢʦ-
ʟʝʨʥʠʩʪʳʭ ʦʩʘʜʢʦʚ: ʚʦʟʤʦʞʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ 
ʠʥʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʚʳʛʣʘʞʠʚʘ-
ʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʜʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʠ ʯʠʩ-
ʣʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ-
ʩʷ.  

ʈʘʩʩʯʠʪʘʪʴ ʨʘʟʤʝʨ ʟʝʨʥʘ ʕɻ ʧʦʢʨʳʪʠʷ ʙʝʟ 
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʧʦʤʦʱʴʶ 
ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʨʠ 
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ʫʚʝʣʠʯʝʥʠʠ ʜʦ ʭ2000 ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʝʛʦ ʨʘʟʤʝʨ ʥʘʭʦʜʠʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ 10-5-10-6 ʩʤ [5]. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʥʘʙʣʶʜʘʝʤ, ʯʪʦ 
ʨʘʟʤʝʨ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʟʝʨʥʘ ʜʘʞʝ ʤʝʥʝʝ, ʯʝʤ 
10-6-10-7 ʩʤ, ʪʦ ʝʩʪʴ ʫʣʴʪʨʘʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ 
(ʨʠʩ. 4). 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
ʈʠʩ. 4. ʋʣʴʪʨʘʤʝʣʢʦʜʠʩʧʝʨʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʕɻʄ 

ʧʦʢʨʳʪʠʷ, ʭ 2000 
 
ɺʓɺʆɼʓ 
ʊʦʣʩʪʦʩʣʦʡʥʦʝ ʕɻʄ ʧʦʢʨʳʪʠʝ ʩʦʜʝʨʞʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠ-
ʯʠʥʫ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ (ʚʦʜʦʨʦʜ - 0,0043%, 
ʩʝʨʘ - 0,0021%). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʛʣʘʞʠʚʘʶ-
ʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʫʤʝʥʴʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 
ʦʢʠʩʣʦʚ ʠ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʦ-
ʜʦʨʦʜʘ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʦʪʥʳʝ ʦʜʥʦ-

ʨʦʜʥʳʝ ʞʝʣʝʟʥʳʝ ʧʦʢʨʳʪʠʷ ʧʦʚʳʰʝʥʥʦʡ ʪʦʣ-
ʱʠʥʳ (1,5 ï 1,8 ʤʤ). ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ 
ʕɻʄ ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʠʪ ʠʟ ʫʣʴʪʨʘʤʝʣʢʦʜʠʩ-
ʧʝʨʩʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ ~ 10-6-10-7 ʤʤ. ʕʪʦ 
ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʚ ʵʣʝʢʪʨʦʛʘʣʴʚʘʥʠʯʝ-
ʩʢʠʭ ʕɻ ʧʦʢʨʳʪʠʷʭ (~10-5-10-6ʤʤ), ʠ ʛʦʨʘʟʜʦ 
ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ ʟʝʨʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʞʝ-
ʣʝʟʘ (~103ʤʤ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʪʨʘʥʷʝʪ ʩʣʦʠ-
ʩʪʦʩʪʴ ʠ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʷ ʙʦʣʝʝ ʨʘʚ-
ʥʦʤʝʨʥʦʡ, ʧʣʦʪʥʦʡ, ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʠ 
ʫʤʝʥʴʰʘʝʪ ʛʫʩʪʦʪʫ ʩʝʪʢʠ ʪʨʝʱʠʥ, ʢʦʪʦʨʘʷ 
ʙʦʣʴʰʝ ʫ ʕɻ ʧʦʢʨʳʪʠʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʙʝʟ ʤʝ-
ʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  
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INFLUENCE OF MECHANICAL STRESS DURING THE DEPOSITION 
ON THE COMPOSITION AND STRUCTURE OF THICK 

ELECTROGALVANICMECHANICAL COVERED WITH IRON 
 
 

O.V. Gorozhankina, Senior lecturer, Voronezh State Technical University, Voronezh, Russian Federation, 
e-mail: winter.07@mail.ru 

 
Technology electrogalvanicmechanical cement are promising direction size of the recovery in the repair of worn over-

sized shafts. When using these techniques it will be possible to recover up to 60 - 70% of large parts without destruction. 
For coating with optimal performance, you must have clear and as full as possible representation of their composition 

and structure, which are definable link between deposition conditions and properties of the coatings. 
This article first describes the effect of mechanical action instrument in the process of deposition on the composition and 

structure of the resulting thick coating of iron, which gives the possibility to choose the optimal mode of application electro-
galvanicmechanical (EGM) coatings and forecasting work parts with coatings EGM. 

As objects of study chosen thick-layer coating on steel samples 30 obtained by electrogalvanic (EG) and EGM cement, 
when co-precipitation and mechanical activation of the deposited layer. 

The results showed that the coating contains high build EGM far below the value of the quantity of harmful impurities 
(hydrogen - 0.0043%, sulfur - 0.0021%). Use of a smoothing tool and reduces the content of harmful impurity oxides (includ-
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ing hydrogen), which allows to obtain homogenous dense coatings of iron increased thickness (1.5 - 1.8 mm). EGM internal 
structure of the coating is composed of ultrafine grain size ~ 10-6-10-7 mm, oriented in different directions. This is less than 
the size of the grains in electrogalvanic EG coatings (~ 10-5-10-6mm), and much smaller than the metallurgical iron grains (~ 
10-3mm). It was found that the use of mechanical action eliminates layering and coating makes the structure more uniform, 
dense, fine mesh density and reduces fracture, which is greater in the EG coating without mechanical action 

 
Key words: electrogalvanicmechanical cement, high build coating, mechanical properties, structure 
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ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ʆɼʅʆʉʊɽʅʅʓʄʀ 
ʋɻʃɽʈʆɼʅʓʄʀ ʅɸʅʆʊʈʋɹʂɸʄʀ ʕʇʆʂʉʀɼʅʓʍ ʉɺʗɿʋʖʑʀʍ  

ɼʃʗ ɸʈʄʀʈʆɺɸʅʅʓʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 
 

ɽ.ʉ. ɸʬʘʥʘʩʴʝʚʘ, ɸ.ɺ. ɹʘʙʢʠʥ, ɸ.ɺ. ʉʦʣʦʧʯʝʥʢʦ, ɸ.ɺ. ʂʝʧʤʘʥ,  
ʕ.ʄ. ʕʨʜʥʠ-ɻʦʨʷʝʚ, ɸ.ʄ. ʂʫʜʨʠʥ 

 
ʈʘʟʚʠʪʠʝ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʛʜʝ ʫʞʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ 

ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʨʦʚʥʶ ʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʅʘ 
ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 
ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. ɹʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ ʦʙʣʘʜʘʶʪ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʨʘʟʣʠʯʥʦʛʦ 
ʩʪʨʦʝʥʠʷ. ʉʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ 
ʧʨʠʯʠʥʦʡ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʦ ʠʭ ʚʚʝʜʝʥʠʶ ʠ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ 
ʩʠʩʪʝʤʘʭ.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʵʧʦʢʩʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ 
ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʠʭ ʫʛʣʝʨʦʜʥʳʭ ʦʜʥʦʩʪʝʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʠʭ 
ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʘʛʣʦʤʝʨʘʮʠʠ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ 
ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʭʠʤʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʠʭ ʚʚʝʜʝʥʠʠ ʠ ʦʪʚʝʨʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ. ʉʤʝʩʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʚ ʨʝʘʢʪʦʨʝ ʩ ʷʢʦʨʥʦʡ ʤʝʰʘʣʢʦʡ ʧʨʠ 
ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʟʘʪʝʤ ʧʨʠʛʦʪʦʚʣʝʥʥʦʝ ʩʚʷʟʫʶʱʝʝ ʧʦʤʝʱʘʣʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠ ʦʪʚʝʨʞʜʘʣʠ ʧʦ 
ʟʘʜʘʥʥʦʤʫ ʨʝʞʠʤʫ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʚʷʟʫʶʱʠʭ ʩʦʩʪʘʚʣʷʣʘ 0,2 %. ʇʨʠ ʩʤʝʰʝʥʠʠ ʩʤʝʩʠ ʫʜʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ 
ʜʠʩʧʝʨʛʠʨʦʚʘʪʴ ʥʘʥʦʪʨʫʙʢʠ ʚ ʦʙʲʝʤʝ ʩʚʷʟʫʶʱʠʭ, ʦʜʥʘʢʦ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʝ ʫʞʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʥʘʙʣʶʜʘʣʘʩʴ 
ʘʛʣʦʤʝʨʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ. ʆʪʚʝʨʞʜʝʥʠʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 120-180 ¯ʉ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʘʣʴʥʝʡʰʝʡ ʘʛʣʦʤʝʨʘʮʠʠ ʠ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ ʥʘʥʦʪʨʫʙʦʢ, ʯʪʦ ʥʝ ʫʜʘʣʦʩʴ ʫʩʪʨʘʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʙʨʘʮʠʠ ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʜʦʙʘʚʢʠ Aerosil. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪʚʝʨʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʫʶʱʠʭ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʤʠʢʨʦʩʢʦʧʘ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʝʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʥʦʪʨʫʙʦʢ ʧʦ ʦʙʲʝʤʫ, ʦʙʣʘʩʪʝʡ ʙʝʟ ʥʠʭ ʠ 
ʘʛʣʦʤʝʨʘʪʦʚ ʜʠʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ 10 ʤʢʤ. ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʘʛʣʦʤʝʨʘʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʥʦʪʨʫʙʦʢ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʦ ʠʤʝʥʥʦ ʜʣʷ ʛʠʙʢʠʭ ʦʜʥʦʩʪʝʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩ 
ʥʘʠʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʢ ʜʠʘʤʝʪʨʫ. ʇʨʠ ʵʪʦʤ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʥʝ ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʷ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 
ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʷʟʫʶʱʠʭ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʧʦʢʘʟʘʣʦ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ 
ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ (ů = 60-80 ʄʇʘ, ɽ = 2,5-3,2 ɻʇʘ) ʠ ʠʟʛʠʙʝ (140-150 ʄʇʘ, ɽ = 2,7-3,8 ɻʇʘ) ʫ ʠʩʭʦʜʥʳʭ 
ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʧʦʚʳʰʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʩʚʷʟʫʶʱʠʭ. 
ʇʦʣʫʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʩʚʷʟʫʶʱʠʭ ʩ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʘ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʜʦ 90% ʩʦ 
ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ KIc ʜʦ 0,87 ʄʇʘ/ʤ2 ʠ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ 
GIcʜʦ 0,47 ʢɼʞ/ʤ2, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 
ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʘʛʣʦʤʝʨʘʮʠʷ 
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ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) ʩ ʥʝʜʘʚʥʠʭ ʧʦʨ 

ʧʨʠʚʣʝʢʘʶʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 
ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤʠ ʧʦ 
ʧʨʦʯʥʦʩʪʠ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 
ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʤʦʛʫʪ ʙʳʪʴ 
ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʦʜʠʬʠʢʘʮʠʠ 
ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

                                         
1ɸʬʘʥʘʩʴʝʚʘ ɽʢʘʪʝʨʠʥʘ ʉʝʨʛʝʝʚʥʘ ï ʄɻʋ ʠʤ. ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ 
ʩʦʪʨʫʜʥʠʢ, ʪʝʣ. 8(495) 9393592 
ɹʘʙʢʠʥ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʄɻʋ ʠʤ. ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʪʝʣ. 
8(495)9394791 
ʉʦʣʦʧʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ ï ʄɻʋ ʠʤ. ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ, ʪʝʣ. 8(495)9394791 
ʂʝʧʤʘʥ ɸʣʝʢʩʝʡ ɺʘʣʝʨʴʝʚʠʯ - ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 
ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʪʝʣ. 
8(495)9393592 
ʕʨʜʥʠ-ɻʦʨʷʝʚ ʕʨʜʥʠ ʄʠʭʘʡʣʦʚʠʯ ï ʄɻʋ ʠʤ. ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʠʥʞʝʥʝʨ, ʪʝʣ. 8(495)9393592 
2ʂʫʜʨʠʥ ɸʣʝʢʩʝʡ ʄʠʭʘʡʣʦʚʠʯ ï ʅɺʃ çʂʦʤʧʦʟʠʮʠʦʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳè ʅʆʎ çʀʊɸè ɺɻʊʋ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, 
ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ,  ʪʝʣ. 8(951)5569251 

ʤʘʪʝʨʠʘʣʦʚ [1-5], ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ 
ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ. 
ʆʜʥʘʢʦ, ʨʝʘʣʠʟʘʮʠʷ ʫʣʫʯʰʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʥʘʥʦʪʨʫʙʦʢ ʩʚʷʟʘʥʘ ʩ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʠʭ 
ʪʨʫʜʥʦʩʪʝʡ, ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʘʛʣʦʤʝʨʘʮʠʠ ʠ ʥʠʟʢʠʤ 
ʩʨʦʜʩʪʚʦʤ ʤʝʞʜʫ ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ ʩʚʷʟʫʶʱʠʤ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 
ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʦʩʪʘʚʝ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ 
ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [2, 6]. ʂʨʦʤʝ 
ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʚʚʝʜʝʥʠʷ 
ʥʘʥʦʪʨʫʙʦʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʦʩʪʘʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ ʩʤʦʣ ʩ 
ʥʘʥʦʪʨʫʙʢʘʤʠ (ʥʘʟʳʚʘʝʤʳʝ ʪʘʢʞʝ çʤʘʩʪʝʨʙʘʪʯʠè), 
ʣʠʙʦ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 
[1]. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʠ 
ʩʤʝʰʝʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʩʜʚʠʛʦʚʳʭ ʥʘʛʨʫʟʢʘʭ 
ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴ ʥʘʥʦʪʨʫʙʦʢ, 
ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 
ʩʥʠʞʝʥʠʶ ʠʭ ʜʣʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʤʝʪʦʜʳ ʥʝ ʜʘʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦ 
ʜʠʩʧʝʨʩʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ [7]. 
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ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʬʠʟʠʯʝʩʢʫʶ 
ʠʣʠ ʭʠʤʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 
(ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ) ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ 
ʧʨʠʤʝʥʝʥʠʷ ʣʠʙʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʟʣʠʯʥʳʭ 
ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʣʠʙʦ ʚʝʱʝʩʪʚ, 
ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 
ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʩʪʨʫʙʦʢ ʠ ʧʦʣʠʤʝʨʥʳʤ 
ʩʚʷʟʫʶʱʠʤ. ʆʪʤʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ 
ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʠ ʠ ʩʨʦʜʩʪʚʘ ʥʘʥʦʪʨʫʙʦʢʢ 
ʨʘʟʣʠʯʥʳʤ ʩʚʷʟʫʶʱʠʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʭ 
ʦʢʠʩʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʢʘʨʙʦʢʩʠʣʴʥʳʭ, ʢʘʨʙʦʥʠʣʴʥʳʭ ʠʣʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 
ʛʨʫʧʧ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʘ, ʜʘʣʴʥʝʡʰʘʷ 
ʤʦʜʠʬʠʢʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ: ʘʤʠʥʥʳʭ, ʵʧʦʢʩʠʜʥʳʭ, 
ʵʬʠʨʥʳʭ, ʩʠʣʦʢʩʘʥʦʚʳʭ, ʭʣʦʨ-, ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʠ 
ʜʨ. [8, 9]. 

ɸʛʣʦʤʝʨʘʮʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʟʘʚʠʩʠʪ 
ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚ ʪ.ʯ. ʠʭ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʤʝʨʘ ʠ 
ʯʠʩʣʘ ʛʨʘʬʝʥʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ. ʈʘʟʣʠʯʘʶʪ 
ʦʜʥʦʩʪʝʥʥʳʝ ʠ ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 
ʥʘʥʦʪʨʫʙʢʠ. ʆʜʥʦʩʪʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 
ʦʜʥʦʡ ʩʚʸʨʥʫʪʦʡ ʚ ʪʨʫʙʢʫ ʛʨʘʬʝʥʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. 
ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʴʰʝʡ 
ʘʛʣʦʤʝʨʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠ 
ʛʠʙʢʦʩʪʠ ʤʦʣʝʢʫʣʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʥʦʛʦʩʪʝʥʥʳʤʠ 
ʥʘʥʦʪʨʫʙʢʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʩʣʦʝʚ. 
ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʦʩʪʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʢ 
ʜʠʘʤʝʪʨʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 
ʫʣʫʯʰʝʥʥʫʶ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴ ʤʥʦʛʦʩʪʝʥʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ, ʦʥʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 
ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʛʨʫʟʢʠ ʧʨʠ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʮʝʥʢʘ 
ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 
ʵʧʦʢʩʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩʘʤʦʣʝʪʦʚ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ 
ʩʦʩʪʘʚ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 
ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ 
ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

 
ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ 
ʋʛʣʝʨʦʜʥʳʝ ʦʜʥʦʩʪʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ OSCIAL (ʈʦʩʩʠʷ) 
ʧʨʠʤʝʥʷʣʠ ʚ ʚʠʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʩʤʝʩʠ ʥʘʥʦʪʨʫʙʦʢ ʚ ʵʧʦʢʩʠʜʥʦʡ 
ʩʤʦʣʝ DER 330 (çDowChemicalCompanyè, 
ʐʚʝʡʮʘʨʠʷ) çʤʘʩʪʝʨʙʘʪʯʘè ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
ʥʘʥʦʪʨʫʙʦʢ ʚ ʢʦʣʠʯʝʩʪʚʝ 2 % ʤʘʩ. ʆʜʥʦʩʪʝʥʥʳʝ 
ʥʘʥʦʪʨʫʙʢʠ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʠʤʝʣʠ ʜʠʘʤʝʪʨ 1,8 Ñ 0,3 
ʥʤ, ʜʣʠʥʫ ʙʦʣʝʝ 5 ʤʢʤ ʠ ʙʳʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ 
ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ.  

ʀʩʩʣʝʜʫʝʤʳʝ ʵʧʦʢʩʠʜʥʳʝ ʩʚʷʟʫʶʱʠʝ ʤʘʨʦʢ 
ʊ67 ʠ ʊ99 ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ ɿɸʆ çʀʅʋʄʠʊè 
(ʈʦʩʩʠʷ) ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ 
ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʩʤʝʩʠ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʥʘ 

ʦʩʥʦʚʝ ʙʠʩʬʝʥʦʣʘ ɸ ʠ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ ʠ 
ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ.  

ʄʘʩʪʝʨʙʘʪʯ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ ʜʦʙʘʚʣʷʣʠ ʚ 
ʵʧʦʢʩʠʜʥʳʝ ʩʚʷʟʫʶʱʠʝ ʠʟ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ 
ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʚʷʟʫʶʱʝʤ 0,2 % ʤʘʩ. 

ʄʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ 
ɺ ʨʝʘʢʪʦʨ ʜʣʷ ʩʤʝʰʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʩ ʷʢʦʨʥʦʡ 

ʤʝʰʘʣʢʦʡ ʧʦʤʝʱʘʣʠ ʢʦʤʧʦʥʝʥʪʳ ʩʚʷʟʫʶʱʝʛʦ ʠ 
ʤʘʩʪʝʨʙʘʪʯ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜ 
ʚʘʢʫʫʤʦʤ, ʟʘʪʝʤ ʧʨʠʛʦʪʦʚʣʝʥʥʦʝ ʩʚʷʟʫʶʱʝʝ 
ʧʦʤʝʱʘʣʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠ ʦʪʚʝʨʞʜʘʣʠ ʧʦ 
ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ʄʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʷʟʫʶʱʠʭ ʊ67 ʠ ʊ99 
ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 2, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ 
ɼʣʷ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩʤʝʩʠ ʠ ʢʘʯʝʩʪʚʘ 

ʩʤʝʰʝʥʠʷ ʩʚʷʟʫʶʱʠʭ ʩ ʤʘʩʪʝʨʙʘʪʯʝʤ ʚ ʧʨʦʮʝʩʩʝ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʠʣʠ 
ʦʪʙʦʨ ʧʨʦʙ. ɼʠʩʧʝʨʩʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ 
ʨʘʟʤʘʟʳʚʘʥʠʷ ʦʪʦʙʨʘʥʥʦʡ ʧʨʦʙʳ ʩʚʷʟʫʶʱʝʛʦ 
ʪʦʥʢʠʤ ʩʣʦʝʤ (ʦʢʦʣʦ 20 ʤʢʤ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʪʝʢʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢʘʞʜʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ (ʤʘʩʪʝʨʙʘʪʯʘ, ʦʪʚʝʨʜʠʪʝʣʷ) ʪʘʢʞʝ 
ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʦʜʥʦʨʦʜʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳʤ 
ʩʧʦʩʦʙʦʤ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ 
ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʥʠʭ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʘʛʣʦʤʝʨʘʮʠʶ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ 
ʩʪʘʥʜʘʨʪʫ ASTM D 638 ʥʘ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʘʭ ʚ 
ʬʦʨʤʝ ʣʦʧʘʪʢʠ. ʆʙʨʘʟʮʳ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 2 ʤʤ, 
ʜʣʠʥʦʡ 210 Ñ 0,3 ʤʤ, ʰʠʨʠʥʦʡ ʨʘʙʦʯʝʡ ʟʦʥʳ 13 ʤʤ 
ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʝʮʠʟʠʦʥʥʦʡ ʨʝʟʢʠ ʥʘ 
ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ ʩ ʏʇʋ COMAGRAV2. ʀʩʧʳʪʘʥʠʷ 
ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 
ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ TiniusOlsen H5KSʩ ʜʘʪʯʠʢʦʤ 
ʥʘʛʨʫʟʢʠ 5 ʢʅ ʠ ʵʢʩʪʝʥʟʦʤʝʪʨʦʤ Epsilon 3560-BIA-
050M-005-HT2 c ʨʘʙʦʯʠʤ ʨʘʩʩʪʦʷʥʠʝʤ 50 ʤʤ ʧʨʠ 
ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 5 ʤʤ/ʤʠʥ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 
ʩʚʷʟʫʶʱʝʛʦ ʠʩʧʳʪʳʚʘʣʠ ʥʝ ʤʝʥʝʝ 7 ʦʙʨʘʟʮʦʚ. 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʦʧʨʝʜʝʣʷʣʠ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ASTMD790 ʤʝʪʦʜʦʤ ʪʨʝʭʪʦʯʝʯʥʦʛʦ 
ʠʟʛʠʙʘ. ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʧʦʣʦʩʢʠ 
ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʪʦʣʱʠʥʦʡ 2-3 ʤʤ, 
ʰʠʨʠʥʦʡ 12 ʤʤ, ʠ ʜʣʠʥʦʡ 70 ʤʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʦʧʦʨʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʨʘʚʥʳʤ 16 ʪʦʣʱʠʥʘʤ.  

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ 
TiniusOlsen H5KS c ʜʘʪʯʠʢʦʤ ʥʘʛʨʫʟʢʠ 5 ʢʅ. 
ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʛʨʫʞʘʶʱʝʡ ʦʧʦʨʳ 
ʟʘʜʘʚʘʣʠ ʨʘʚʥʦʡ 1,28 ʤʤ/ʤʠʥ.  

ʇʦʢʘʟʘʪʝʣʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʚʳʨʘʞʝʥʥʳʝ ʚ 
ʚʝʣʠʯʠʥʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʥʘʧʨʷʞʝʥʠʷ, KIc, ʠ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ 
ʧʦʚʝʨʭʥʦʩʪʠ, GIc ʦʧʨʝʜʝʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 
ʩʪʘʥʜʘʨʪʦʤ ASTM D 5045. ʆʙʨʘʟʮʳ ʥʘ ʠʟʛʠʙ ʩ 
ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʥʘʜʨʝʟʦʤ (SENB) ʠʟʛʦʪʘʚʣʠʚʘʣʠ 
ʧʫʪʝʤ ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʠ ʥʘ ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ 
COMAGRAV2. ɼʘʣʝʝ ʩʦʟʜʘʚʘʣʠ ʪʨʝʱʠʥʫ ʪʦʥʢʠʤ 
ʣʝʟʚʠʝʤ, ʧʨʦʢʘʣʳʚʘʷ (ʥʘʜʨʝʟʘʷ) ʦʙʣʘʩʪʴ ʚʥʫʪʨʠ 
ʟʘʟʦʨʘ. ʅʘʛʨʫʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩʦ 
ʩʢʦʨʦʩʪʴʶ 10 ʤʤ/ʤʠʥ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 
ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ TiniusOlsen H5KS ʩ 
ʜʘʪʯʠʢʦʤ ʫʩʠʣʠʷ ʜʦ 5 ʢʅ ʠ ʰʘʛʦʤ 0,3 ʅ. 
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ʊʘʙʣʠʮʘ 1 
ʄʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʩʚʷʟʫʶʱʝʛʦ ʊ67 ʩ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 
ʆʙʨʘʟʝ

ʮ ʉʧʦʩʦʙ ʩʤʝʰʝʥʠʷ ʈʝʞʠʤ 
ʦʪʚʝʨʞʜʝʥʠ  ̫

T67-
0,2-1 

ʉʤʝʰʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ ʩ 
ʤʘʩʪʝʨʙʘʪʯʝʤ - 30 ʤʠʥ, 
ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʩʣʝ 
ʜʦʙʘʚʣʝʥʠʷ ʦʪʚʝʨʜʠʪʝʣʷ - 
15 ʤʠʥ 

80Áʉ - 5 ʯʘʩʦʚ 
120Áʉ - 6 

ʯʘʩʦʚ 

T67-
0,2-2 

ʉʤʝʰʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ ʩ 
ʤʘʩʪʝʨʙʘʪʯʝʤ ʥʘ ʚʦʜʷʥʦʡ 
ʙʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 55ÁC 
- 30 ʤʠʥ; ʧʝʨʝʤʝʰʠʚʘʥʠʝ 
ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 
ʦʪʚʝʨʜʠʪʝʣʷ - 15 ʤʠʥ  

80Áʉ - 5 ʯʘʩʦʚ 
120Áʉ - 6 

ʯʘʩʦʚ 

T67-
0,2-3- 

ʉʤʝʰʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
22-27ÁC 
-30 ʤʠʥ ʩ ʧʦʦʯʝʨʝʜʥʳʤ 
ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʞʜʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ ʠ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 10 ʤʠʥ ʩ 
ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʦʡ 
ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʅʘʛʨʝʚ ʠ 
ʚʳʜʝʨʞʢʘ ʚ 
ʪʝʯʝʥʠʝ 30 

ʤʠʥ ʧʨʠ 80Áʉ 
ʧʦʜ 

ʚʘʢʫʫʤʦʤ.  
ʆʪʚʝʨʞʜʝʥʠʝ 
80Áʉ - 5 ʯʘʩʦʚ 

120Áʉ - 6 
ʯʘʩʦʚ 

 
ʊʘʙʣʠʮʘ 2  

ʄʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʩʚʷʟʫʶʱʝʛʦ T99 ʩ 
ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

ʆʙʨʘʟʝʮ ʉʧʦʩʦʙ ʩʤʝʰʝʥʠʷ ʈʝʞʠʤ 
ʦʪʚʝʨʞʜʝʥʠ  ̫

T99  
ʠʩʭʦʜʥʳʡ 

ʉʤʝʰʝʥʠʝ ʧʨʠ 80 ÁC 
(ʚʘʢʫʫʤ)  

180 Áʉ - 3 ʯʘʩʘ, 
ʚʠʙʨʦʰʢʘʬ 

T99-1 
(0,2 % ʤʘʩ. 

ʥʘʥʦʪʨʫʙʦʢ) 

ʉʤʝʰʝʥʠʝ ʧʨʠ 80 ÁC 
(ʚʘʢʫʫʤ) 

180 Áʉ - 3 ʯʘʩʘ, 
ʚʠʙʨʦʰʢʘʬ 

T99-2 
(0.2% ʤʘʩ. 

ʥʘʥʦʨʫʙʦʢ+3
% ʤʘʩ. 
Aerosil) 

ʉʤʝʰʝʥʠʝ 
ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʩ 

ʘʵʨʦʩʠʣʦʤ ʧʦʜ 
ʚʘʢʫʫʤʦʤ ʚ ʪʝʯʝʥʠʝ 
30 ʤʠʥ; ʥʘʛʨʝʚ ʜʦ 

80ÁC, ʚʚʝʜʝʥʠʝ 
ʤʘʩʪʝʨʙʘʪʯʘ ʠ 
ʦʪʚʝʨʜʠʪʝʣʷ, 

ʩʤʝʰʝʥʠʝ ʧʦʜ 
ʚʘʢʫʫʤʦʤ ʚ ʪʝʯʝʥʠʝ 

30 ʤʠʥ 

180 Áʉ - 3 ʯʘʩʘ, 
ʚʠʙʨʦʰʢʘʬ 

T99-3 
(T99+3% ʤʘʩ. 

Aerosil) 

ʉʤʝʰʝʥʠʝ 
ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʩ 

ʘʵʨʦʩʠʣʦʤ ʧʦʜ 
ʚʘʢʫʫʤʦʤ ʚ ʪʝʯʝʥʠʝ 
30 ʤʠʥ; ʥʘʛʨʝʚ ʜʦ 

80ÁC; ʚʚʝʜʝʥʠʝ 
ʦʪʚʝʨʜʠʪʝʣʷ ʠ 
ʩʤʝʰʝʥʠʝ ʧʦʜ 

ʚʘʢʫʫʤʦʤ ʚ ʪʝʯʝʥʠʝ 
15 ʤʠʥ  

180 Áʉ - 3 ʯʘʩʘ, 
ʚʠʙʨʦʰʢʘʬ 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʪʚʝʨʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 
ʩʚʷʟʫʶʱʠʭ ʠʟʫʯʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʛʦ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ TescanVega3 LMU ʧʨʠ 
ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ. ʅʘ ʩʢʦʣʳ ʦʙʨʘʟʮʦʚ 
ʧʝʨʝʜ ʩʲʸʤʢʦʡ ʥʘʧʳʣʷʣʠ ʪʦʥʢʠʡ 20-40 ʥʤ ʩʣʦʡ 
ʟʦʣʦʪʘ ʜʣʷ ʩʪʝʢʘʥʠʷ ʟʘʨʷʜʘ. 

 
ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 
ʈʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʥʦʩʪʠ 

ʩʤʝʩʠ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʘʛʣʦʤʝʨʘʮʠʠ ʠ ʭʦʨʦʰʫʶ 
ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʩʣʝ 30 ʤʠʥʫʪ ʩʤʝʰʝʥʠʷ ʦʙʨʘʟʮʦʚ.  

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʤʝʰʝʥʠʷ ʠ ʚʳʜʝʨʞʢʠ ʚ 
ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦ ʚʩʝʭ 
ʦʙʨʘʟʮʘʭ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʫʶʱʝʛʦ ʊ67 ʚʠʟʫʘʣʴʥʦ 
ʥʘʙʣʶʜʘʣʠ ʥʘʯʘʣʴʥʫʶ ʘʛʣʦʤʝʨʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʝ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʷʟʢʦʩʪʠ ʩʚʷʟʫʶʱʝʛʦ ʧʨʠ 
ʚʚʝʜʝʥʠʠ ʥʘʥʦʪʨʫʙʦʢ, ʚʷʟʢʦʩʪʴ ʩʚʷʟʫʶʱʝʛʦ ʊ67 
ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 
ʧʨʦʮʝʩʩʫ ʘʛʣʦʤʝʨʘʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 
ʧʨʦʚʝʜʝʥʠʠ ʦʪʚʝʨʞʜʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 80 Áʉ ʚʷʟʢʦʩʪʴ ʩʠʩʪʝʤʳ 
ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʠ, ʚʝʨʦʷʪʥʦ, ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʰʠʪʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʢʠ ʧʨʠ 
ʦʪʚʝʨʞʜʝʥʠʠ ʩʚʷʟʫʶʱʝʛʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʜʘʣʴʥʝʡʰʝʡ ʘʛʣʦʤʝʨʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ 
ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʳʤ 
ʦʙʲʷʩʥʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʬʘʟʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʤʝʩʠ, 
ʠʥʠʮʠʠʨʫʝʤʦʝ ʧʨʦʮʝʩʩʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʇʨʠ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʩʤʝʩʴ 
ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʝʝ 
ʨʘʩʩʣʦʝʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʜʘʣʴʥʝʡʰʝʡ ʘʛʣʦʤʝʨʘʮʠʠ 
ʥʘʥʦʪʨʫʙʦʢ. 

ʕʬʬʝʢʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʧʨʠ 
ʦʪʚʝʨʞʜʝʥʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʞʝ 
ʥʘʙʣʶʜʘʣʠ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [10], ʛʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ 
ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 
ʥʘʥʦʪʨʫʙʢʘʤʠ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ 
ʚʦʟʤʦʞʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʠʩʭʦʜʷʱʝʛʦ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ.  

ʆʮʝʥʢʘ ʦʙʨʘʟʮʦʚ ʩʚʷʟʫʶʱʠʭ ʧʦʩʣʝ 
ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʚ ʧʣʘʩʪʠʥʘʭ 
ʥʝʙʦʣʴʰʠʭ ʜʝʬʝʢʪʦʚ ʠ ʧʫʟʳʨʝʡ, ʢʦʪʦʨʳʝ, ʧʦ-
ʚʠʜʠʤʦʤʫ, ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʧʨʠ 
ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ ʩʚʷʟʫʶʱʝʛʦ ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ 
ʚʷʟʢʦʩʪʠ. ʇʨʠʯʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ 
ʦʙʨʘʟʮʘ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʥʝ ʧʨʠʚʝʣʦ ʢ ʫʩʪʨʘʥʝʥʠʶ 
ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʩʦʩʪʘʚ ʩʚʷʟʫʶʱʝʛʦ ʊ67 ʚʭʦʜʷʪ 
ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 
ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʳʤʠ ʦʪʚʝʨʜʠʪʝʣʷʤʠ, ʙʳʣʦ 
ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʘʛʣʦʤʝʨʘʮʠʠ 
ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʘʢʮʠʷ ʦʪʚʝʨʜʠʪʝʣʷ ʩ 
ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʥʘʥʦʪʨʫʙʦʢ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʙʳʣʦ 
ʠʩʩʣʝʜʦʚʘʥʦ ʵʧʦʢʩʠʜʥʦʝ ʩʚʷʟʫʶʱʝʝ ʊ99, ʛʜʝ ʚ 
ʢʘʯʝʩʪʚʝ ʦʪʚʝʨʜʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʡ 
ʜʠʘʤʠʥ. ɺ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʊ99 ʩ 
ʥʘʥʦʪʨʫʙʢʘʤʠ ʥʘʙʣʶʜʘʣʠ ʝʱʝ ʙʦʣʴʰʫʶ 
ʘʛʣʦʤʝʨʘʮʠʶ ʥʘʥʦʪʨʫʙʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊ67, 
ʧʨʠʯʝʤ, ʚ ʦʪʚʝʨʞʜʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʚʷʟʫʶʱʝʛʦ 
ʘʛʣʦʤʝʨʘʮʠʷ ʩʪʘʣʘ ʟʘʤʝʪʥʘ ʚʠʟʫʘʣʴʥʦ ʠ ʧʨʠʚʝʣʘ ʢ 
ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʦʙʨʘʟʮʦʚ ʩ 
ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1). 
ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʩʚʷʟʫʶʱʝʛʦ ʊ99 ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 
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ʜʦʙʘʚʢʠ Aerosil ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʠʣʠ 
ʩʦʟʜʘʥʠʷ ʧʨʝʧʷʪʩʪʚʠʷ ʘʛʣʦʤʝʨʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ 
ʪʘʢʞʝ ʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʞʝʣʘʝʤʦʛʦ 
ʨʝʟʫʣʴʪʘʪʘ. 

 

 
ʈʠʩ. 1. ɸʛʣʦʤʝʨʘʮʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ 

ʦʪʚʝʨʞʜʝʥʥʳʭ ʦʙʨʘʟʮʘʭ T99-1 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨ ʠ ʫʣʫʯʰʝʥʠʷ 
ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʦʪʚʝʨʞʜʝʥʥʳʭ ʩʚʷʟʫʶʱʠʭ 
ʧʦʤʠʤʦ ʚʘʢʫʫʤʘ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʧʨʠʤʝʥʷʣʠ 
ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʠ. ʕʪʠʤ ʩʧʦʩʦʙʦʤ ʫʜʘʣʦʩʴ 
ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʙʝʟ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ 
(ʧʫʟʳʨʝʡ), ʥʦ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ 
ʩʚʷʟʫʶʱʝʛʦ ʊ99 ʚʠʙʨʘʮʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʙʦʣʝʝ 
ʠʥʪʝʥʩʠʚʥʦʡ ʘʛʣʦʤʝʨʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪʚʝʨʞʜʝʥʥʳʭ 
ʦʙʨʘʟʮʦʚ ʩʚʷʟʫʶʱʠʭ ʊ67 ʠ ʊ99 ʩ ʫʛʣʝʨʦʜʥʳʤʠ 
ʥʘʥʦʪʨʫʙʢʘʤʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 
ʧʦʜʪʚʝʨʜʠʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʥʘʥʦʪʨʫʙʦʢ. ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʦʙʨʘʟʮʦʚ ʚʠʜʥʦ 
ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʝʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʥʦʪʨʫʙʦʢ (ʨʠʩ. 2ʩ) ʚ ʦʙʲʸʤʝ 
ʤʘʪʨʠʮʳ, ʦʙʣʘʩʪʝʡ ʙʝʟ ʥʠʭ (ʨʠʩ. 2b) ʠ ʘʛʣʦʤʝʨʘʪʦʚ 
ʜʠʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ 10 ʤʠʢʨʦʥ (ʨʠʩ. 2d, 2e, 2g). ʅʘ 
ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʤʦʞʥʦ ʚʠʜʝʪʴ ʘʛʣʦʤʝʨʘʪʳ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʩʣʫʯʘʝ 
ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʊ99 ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ 
ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʣʦʤʝʨʘʪʦʚ 
ʥʘʥʦʪʨʫʙʦʢ ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʛʦʤʦʛʝʥʥʦʡ ʩʤʝʩʠ ʥʘ 
ʦʩʥʦʚʝ ʩʚʷʟʫʶʱʝʛʦ ʊ67, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ 
ʘʛʣʦʤʝʨʘʪʦʚ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 10 ʤʢʤ (ʨʠʩ.2g, 2h). ʅʘ 
ʨʠʩʫʥʢʘʭ 2ʩ ʠ 2d ʜʣʷ ʩʚʷʟʫʶʱʝʛʦ ʊ67 ʚ ʪʦʤ ʯʠʩʣʝ 
ʤʦʞʥʦ ʚʠʜʝʪʴ ʠ ʦʪʜʝʣʴʥʳʝ ʭʦʨʦʰʦ 
ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʫʛʣʝʨʦʜʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ. ʇʨʠ ʵʪʦʤ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʥʝ 
ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʷ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 
ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ 
ʩʚʷʟʫʶʱʝʛʦ ʊ67.  

ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʦʩʪʘʚʝ 
ʩʚʷʟʫʶʱʠʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʢʨʠʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʠʩʪʝʤʝ, 
ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʭ ʘʛʣʦʤʝʨʘʮʠʷ. 
ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [6] ʜʝʣʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 
ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 
ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ ʥʘʥʦʪʨʫʙʦʢ. ʏʝʤ 
ʙʦʣʴʰʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ ʋʅʊ, ʪʝʤ ʧʨʠ ʙʦʣʝʝ 
ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʅʊ ʩʧʦʩʦʙʥʳ 
ʘʛʣʦʤʝʨʠʨʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢʞʝ 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʦ 
ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʳʰʝ ʢʦʪʦʨʦʡ ʘʛʣʦʤʝʨʘʮʠʷ 
ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʩʠʩʪʝʤʳ. 
ʉʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʝ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʥʘʥʦʪʨʫʙʢʠ ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʫʶ 
ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʨʦʩʪʦʤ 
ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʚʳʭʦʜʦʤ ʟʥʘʯʝʥʠʡ ʚʷʟʢʦʩʪʠ 
ʩʠʩʪʝʤʳ ʥʘ ʧʣʘʪʦ.  

ɺ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʚʦʜʷʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʦʨʦʛʦʚ 
ʧʝʨʢʦʣʷʮʠʠ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ 
ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʠ 
ʜʠʘʤʝʪʨʘ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʪʠʧʦʤ 
ʩʚʷʟʫʶʱʠʭ. ɺ ʨʘʙʦʪʝ [6] ʜʣʷ ʦʜʥʦʩʪʝʥʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ ʧʦʨʦʛ ʧʝʨʢʦʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,5 % 
ʤʘʩʩ. ɼʣʷ ʤʥʦʛʦʩʪʝʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʨʘʙʦʪʝ [11] 
ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 2 % ʤʘʩʩ. ɺ ʨʘʙʦʪʘʭ [12] ʠ [13] 
0,12 % ʤʘʩʩ. ʠ 0,5 % ʦʙʲʝʤʥ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 
 
 

 
a 

ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 
ʦʪʚʝʨʞʜʝʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ: a, b ï 

ʦʙʨʘʟʝʮ ʊ67-0,2-1; c,d - ʦʙʨʘʟʝʮ ʊ67-0,2-2; e, f - 
ʦʙʨʘʟʝʮ ʊ67-0,2-3; g, h ï ʦʙʨʘʟʝʮ ʊ99-2 
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ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 
ʦʪʚʝʨʞʜʝʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ: a, b ï ʦʙʨʘʟʝʮ 
ʊ67-0,2-1; c,d - ʦʙʨʘʟʝʮ ʊ67-0,2-2; e, f - ʦʙʨʘʟʝʮ ʊ67-

0,2-3; g, h ï ʦʙʨʘʟʝʮ ʊ99-2 (ʧʨʦʜʦʣʞʝʥʠʝ) 
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h 

ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 
ʦʙʨʘʟʮʦʚ ʦʪʚʝʨʞʜʝʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ: a, 
b ï ʦʙʨʘʟʝʮ ʊ67-0,2-1; c,d - ʦʙʨʘʟʝʮ ʊ67-0,2-2; e, f - 
ʦʙʨʘʟʝʮ ʊ67-0,2-3; g, h ï ʦʙʨʘʟʝʮ ʊ99-2 (ʦʢʦʥʯʘʥʠʝ) 

 
ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷʠʩʩʣʝʜʫʝʤʳʭ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 
ʵʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʠ ʥʘʭʦʜʠʪʩʷ ʚ 
ʜʠʘʧʘʟʦʥʝ ʦʢʦʣʦ 0,005 - 0,01 %. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʘʷ 
ʛʠʙʢʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʦʜʥʦʩʪʝʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 
ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʠ 
ʜʠʘʤʝʪʨʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʠʭ ʩʢʨʫʯʠʚʘʥʠʶ ʚ 
ʢʣʫʙʢʠ, ʪʘʢʞʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ ʠʭ 
ʘʛʣʦʤʝʨʘʮʠʠ. ʇʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʨʘʙʦʪʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ 0,2 % ʤʘʩ. ʜʘʞʝ 
ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 
ʛʨʫʧʧʘʤʠ ʥʝ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʠʣʠ ʫʩʪʨʘʥʝʥʠʶ 
ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʧʦʢʩʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ 
ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

ɼʘʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 
ʩʚʷʟʫʶʱʠʭ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʪʨʫʙʢʘʤʠ, 
ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʠ 
ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ 
ʤʘʪʨʠʮʝʡ (ʪʘʙʣ. 3, 4). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʳʤʠ 
ʬʘʢʪʦʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʥʘ 
ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ 
ʷʚʣʷʶʪʩʷ ʘʜʛʝʟʠʷ ʩʚʷʟʫʶʱʠʭ ʢ ʥʘʧʦʣʥʠʪʝʣʷʤ ʠ 
ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ. ʇʦ-ʚʠʜʠʤʦʤʫ, 
ʧʨʦʠʩʭʦʜʷʱʘʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʘʛʣʦʤʝʨʘʮʠʷ 
ʥʘʥʦʪʨʫʙʦʢ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ 
ʠʭ ʧʦʪʝʥʮʠʘʣ ʧʦ ʫʣʫʯʰʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 
ʵʧʦʢʩʠʜʥʳʭ ʤʘʪʨʠʮ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ 
ʩʚʷʟʫʶʱʠʭ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʥʘʥʦʪʨʫʙʦʢ 
ʟʘʪʨʫʜʥʷʝʪ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʠ ʧʨʠʚʦʜʠʪ ʢ 
ʧʦʣʫʯʝʥʠʶ ʥʝʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʘʤ ʧʦʣʫʯʘʝʤʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʥʠʟʢʦʡ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. 

 
 
 
 

ʊʘʙʣʠʮʘ 3 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʧʦʢʩʠʜʥʳʭ 

ʩʚʷʟʫʶʱʠʭ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʩʪʨʫʙʢʘʤʠ ʧʨʠ 
ʨʘʩʪʷʞʝʥʠʠ 

ʆʙʨʘʟʮʳ 

ʇʨʝʜʝʣ 
ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ 
ʨʘʩʪʷʞʝʥʠ
ʠ, ů, MPa 

ʄʦʜʫʣʴ 
ʫʧʨʫʛʦʩʪʠ 

ʧʨʠ 
ʨʘʩʪʷʞʝʥʠ
ʠ, ɽ+,GPa 

ʆʩʪʘʪʦʯʥʘ
ʷ 

ʜʝʬʦʨʤʘʮ
ʠʷ, e, % 

ʊ67 
ʠʩʭʦʜʥʳ
ʡ 

85Ñ7 3.17Ñ0.06 3.67Ñ0.58 

ʊ67-0,2-
1 60Ñ11 3.20Ñ0.02 2.20Ñ0.55 

ʊ67-0,2-
2 82Ñ8 3.34Ñ0.03 3.53Ñ0.66 

ʊ67-0,2-
3 65Ñ9 3.19Ñ0.02 2.62Ñ0.48 

ʊ99 
ʠʩʭʦʜʥʳ
ʡ 

76Ñ4 2.47Ñ0.02 5.46Ñ0.75 

ʊ99-1 73Ñ2 2.49Ñ0.01 4.80Ñ0.31 
ʊ99-2 68Ñ5 2.57Ñ0.01 4.14Ñ0.72 
ʊ99-3 66Ñ8 2.52Ñ0.03 4.11Ñ0.83 

ʊʘʙʣʠʮʘ 4 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʧʦʢʩʠʜʥʳʭ 

ʩʚʷʟʫʶʱʠʭ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʧʨʠ 
ʠʟʛʠʙʝ 

ʆʙʨʘʟʮʳ 
ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ 
ʠʟʛʠʙʝ, ů, MPa 

ʄʦʜʫʣʴ 
ʫʧʨʫʛʦʩʪʠ ʧʨʠ 
ʠʟʛʠʙʝ, ɽ, ɻʇʘ 

ʊ67 ʠʩʭʦʜʥʳʡ 174Ñ14 3.78Ñ0.27 
ʊ67-0,2-1 153Ñ5 3.73Ñ0.05 
ʊ67-0,2-2 142Ñ7 3.56Ñ0.07 
ʊ67-0,2-3 151Ñ10 4.05Ñ0.28 
ʊ99 ʠʩʭʦʜʥʳʡ 144Ñ8 2.58Ñ015 
ʊ99-1 139Ñ10 2.67Ñ0.18 
ʊ99-2 142Ñ3 2.77Ñ0.12 
ʊ99-3 148Ñ12 2.81Ñ0.37 

 
ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʚʝʨʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʫʶʱʠʭ 
ʦʯʝʥʴ ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪ ʙʦʣʴʰʫʶ ʠʣʠ ʤʝʥʴʰʫʶ 
ʩʪʝʧʝʥʴ ʘʛʣʦʤʝʨʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ, ʦʪʤʝʯʝʥʥʫʶ ʚ 
ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 
ʩʧʦʩʦʙʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ 
ʥʘʥʦʪʨʫʙʦʢ ʚ ʤʘʪʨʠʮʝ, ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʚʝʨʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʫʶʱʠʭ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʦʣʴʰʘʷ 
ʘʛʣʦʤʝʨʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʦʩʪʘʚʝ ʩʚʷʟʫʶʱʝʛʦ ʊ99 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊ67 ʩʢʘʟʘʣʘʩʴ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠ 
ʥʘ ʫʨʦʚʥʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʦʪʚʝʨʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʨʘʟʮʳ, 
ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʠʙʨʘʮʠʠ, ʧʦʢʘʟʳʚʘʶʪ 
ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ʧʦ 
ʥʘʠʙʦʣʴʰʝʡ ʘʛʣʦʤʝʨʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ ʚ ʵʪʠʭ 
ʦʙʨʘʟʮʘʭ.  

ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 
ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ ʜʘʣʘ 
ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʚʠʜʠʤʦ, ʚʩʣʝʜʩʪʚʠʝ 




































































































































































