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ʋɼʂ 621.79 

ɹɹʂ 30.61 
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ʘʩʠʩʪʝʥʪ ʉʝʥʯʠʰʠʥ ɺ.ʉ. 
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ʈʦʟʛʣʷʥʫʪʦ ʡ ʟʘʪʚʝʨʜʞʝʥʦ ʥʘ ʟʘʩʽʜʘʥʥʽ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʽ 

ʦʙʣʘʜʥʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʦʪʦʢʦʣ ˉ5 ʚʽʜ 

24.11.2016ʨ. 
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ʚʽʜ 28.11.2016 ʨ. 
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çʅʘʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʧʠʣʝʥʥʷè. ʈʦʟʜʽʣ çʅʘʧʣʘʚʣʝʥʥʷè / 

ʏ.ɺ. ʇʫʣʴʢʘ, ɺ.ʉ. ʉʝʥʯʠʰʠʥ. ï ʊʝʨʥʦʧʽʣʴ.: ʊʅʊʋ 

ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, 2016. ï66 ʩ. 
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ɺʉʊʋʇ 

 

ɼʠʩʮʠʧʣʽʥʘ çʅʘʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʧʠʣʝʥʥʷè  ï 1. ʨʦʟʜʽʣ 

çʅʘʧʣʘʚʣʝʥʥʷè- ʥʘʜʘʻ ʩʪʫʜʝʥʪʘʤ ʟʥʘʥʥʷ ʱʦʜʦ ʙʘʟʦʚʠʭ ʩʧʦʩʦʙʽʚ 

ʥʘʧʣʘʚʣʝʥʥʷ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ 

ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʡ 

ʥʘʧʣʘʚʣʝʥʥʷ ʰʘʨʽʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʩʢʣʘʜʫ, ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʘʚʠʯʦʢ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʟʥʘʥʴ. ɼʠʩʮʠʧʣʽʥʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʠʚʯʝʥʥʷ ʪʠʧʦʚʠʭ ʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʝʩʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʤʝʪʘʣʽʚ, ʻ ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ ʜʠʩʮʠʧʣʽʥ ʫ ʮʠʢʣʽ ʧʽʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 6.050504 çɿʚʘʨʶʚʘʥʥʷè. 
 

ɺ ʜʘʥʦʤʫ ʧʦʩʽʙʥʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ, ʷʢʽ 

ʧʨʠʩʚʷʯʝʥʽ ʪʝʤʘʪʠʮʽ ʜʠʩʮʠʧʣʽʥʠ ʟ ʨʦʟʜʽʣʫ çʅʘʧʣʘʚʣʝʥʥʷè. 
 

ɺ ʧʨʘʢʪʠʯʥʽʡ ʨʦʙʦʪʽ ˉ1 ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʚʝʨʜʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ.  

ʋ ʨʦʙʦʪʽ ˉ2 ʚʠʚʯʘʻʪʴʩʷ ʚʧʣʠʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ.  

ʈʦʙʦʪʘ ˉ3 ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʘʭʫʥʢʫ ʰʠʭʪʠ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ. 

ɺ ʨʦʙʦʪʽ ˉ4 ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʪʦʚʱʠʥʘ ʰʘʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ 

ʤʝʪʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʛʨʽʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʩʧʦʩʦʙʽʚ 

ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ.  

ʈʦʙʦʪʘ ˉ5 ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ 

ʜʫʛʦʚʦʛʦ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ. 
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ɺ ʨʦʙʦʪʽ ˉ6 ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʜʫʛʦʚʦʛʦ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ 

ʙʽʣʷʰʦʚʥʦʾ ʟʦʥʠ. 
 

ʇʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ ʥʦʩʷʪʴ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʢʦʞʥʽʡ ʟ 

ʥʠʭ ʩʪʠʩʣʦ ʚʠʢʣʘʜʝʥʽ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ, ʤʝʪʦʜʠʢʘ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʢʦʥʘʥʥʷ. 
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ʇʈɸʂʊʀʏʅɸ ʈʆɹʆʊɸ ˉ1 

ʇʈɸʂʊʀʏʅɽ ɺʀʄɯʈʖɺɸʅʅʗ ʊɺɽʈɼʆʉʊɯ 

ʅɸʇʃɸɺʃɽʅʆɻʆ ʐɸʈʋ ʄɽʊɸʃʋ 

 
ʄɽʊɸ ʈʆɹʆʊʀ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ 

ʩʢʣʘʜʫ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ ʥʘ ʾʭ ʪʚʝʨʜʽʩʪʴ. 
 
 
 

ʊɽʆʈɽʊʀʏʅɯ ɺɯɼʆʄʆʉʊɯ 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ï ʚʘʞʣʠʚʠʡ ʤʦʤʝʥʪ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʚʝʨʜʽʩʪʴ ʯʦʨʥʠʭ ʽ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʟʛʽʜʥʦ ɻʆʉʊ 18835-

73. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʥʘ ʚʠʤʽʨʽ ʧʣʘʩʪʠʯʥʦʾ ʪʚʝʨʜʦʩʪʽ ʤʝʪʘʣʽʚ ʧʨʠ 

ʚʜʘʚʣʶʚʘʥʥʽ ʚ ʥʠʭ ʩʬʝʨʠʯʥʦʛʦ ʽʥʜʝʥʪʦʨʘ. 

ʂʫʣʴʢʠ ʪʘ ʩʬʝʨʠʯʥʽ ʥʘʢʦʥʝʯʥʠʢʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʣʘʩʪʠʯʥʦʾ ʪʚʝʨʜʦʩʪʽ, ʧʨʠ ʜʽʘʤʝʪʨʽ 2 ʤʤ ʽ ʙʽʣʴʰʝ, 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʦʚʝʨʭʥʶ ʥʝ ʥʠʞʯʝ 12-ʛʦ ʢʣʘʩʫ ʯʠʩʪʦʪʠ ʽ ʥʝ ʤʘʪʠ 

ʧʦʨʦʢʽʚ, ʷʢʽ ʚʠʜʥʦ ʟ ʜʦʧʦʤʦʛʦʶ ʣʫʧʠ ʧʨʠ 5-ʪʠ ʢʨʘʪʥʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ. ʅʘʢʦʥʝʯʥʠʢʠ ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʝ 2 ʤʤ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʷʢʽʩʥʦ ʚʽʜʧʦʣʽʨʦʚʘʥʽ, ʥʝ ʤʘʪʠ ʧʦʨʦʢʽʚ, ʱʦ ʚʠʜʥʽ ʧʨʠ 30-ʪʠ ʢʨʘʪʥʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ. 

ɺʠʙʽʨ ʜʽʘʤʝʪʨʘ ʢʫʣʴʢʠ ʯʠ ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ ʩʬʝʨʠʯʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ, ʘ ʪʘʢʦʞ ʥʘʚʘʥʪʘʞʝʥʴ ʈ1 ʪʘ ʈ ʧʨʦʚʦʜʷʪʴ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ ʪʘʙʣʠʮʽ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʣʘʩʪʠʯʥʦʾ 

ʪʚʝʨʜʦʩʪʽ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʈ1 ʪʘ ʈ ʙʫʜʴ-

ʷʢʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ: 
 
1) ʈÓ2.5D

2
 ʪʘ ʈÓ5D

2
; 

2) ʇʣʘʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ; 
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3) ʇʽʜʪʨʠʤʢʘ ʧʦʩʪʽʡʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʈ1 ʪʘ ʈ 

ʥʘ ʧʨʦʪʷʟʽ 15ʩ; 

4) ʇʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʦʙôʻʢʪʫ, ʱʦ 

ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ. 

ʊʘʙʣʠʮʷ 1 

ɯʥʪʝʨʚʘʣ 

ʪʚʝʨʜʦʩʪʽ ʅɺ 

ʇʦʜʚʦʻʥʠʡ 

ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ 

ʩʬʝʨʠʯʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʘʙʦ 

ʜʽʘʤʝʪʨ ʢʫʣʴʢʠ 

ʤʤ, 

ʈ1 ʈ 

ʢʛʩ 

ɺʽʜ 80 ʜʦ 150 1.5 (2.5-5)D
2
 (5-20)D

2 

ʇʦʥʘʜ 150é450 1.5 (5-15)D
2
 (10-30)D

2 

 450é800 0.4 (5-30)D
2
 (10-100)D

2 

 
ʇʦʚʝʨʭʥʷ ʟʨʘʟʢʘ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʦʙʨʦʙʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʧʣʦʱʠʥʠ ʪʘʢ, ʱʦʙ ʢʨʘʾ ʚʽʜʙʠʪʢʫ ʙʫʣʠ ʜʦʩʪʘʪʥʴʦ ʯʽʪʢʽ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʡʦʛʦ ʜʽʘʤʝʪʨʘ ʟ ʪʦʯʥʽʩʪʶ, ʱʦ ʚʠʤʘʛʘʻʪʴʩʷ. 

ʇʦʚʝʨʭʥʷ ʟʨʘʟʢʘ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʣʴʥʘ ʚʽʜ 

ʦʢʘʣʠʥʠ ʽ ʽʥʰʠʭ ʩʪʦʨʦʥʥʽʭ ʨʝʯʦʚʠʥ. 

ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ ʤʽʨʠ, ʱʦ ʧʦʧʝʨʝʜʞʘʶʪʴ ʤʦʞʣʠʚʽ ʟʤʽʥʠ 

ʪʚʝʨʜʦʩʪʽ ʟʨʘʟʢʘ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʚ ʥʘʩʣʽʜʦʢ ʥʘʛʨʽʚʫ ʘʙʦ 

ʥʘʢʣʝʧʫ ʧʦʚʝʨʭʥʽ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ. 

ʄʽʥʽʤʘʣʴʥʘ ʪʦʚʱʠʥʘ ʟʨʘʟʢʘ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʥʝ ʤʝʥʰʝ 10-ʢʨʘʪʥʦʾ ʛʣʠʙʠʥʠ ʚʽʜʙʠʪʢʫ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʽʜʩʪʘʚʦʢ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʽʨʠ, ʱʦ ʧʦʧʝʨʝʜʞʘʶʪʴ ʧʨʦʛʠʥ ʟʨʘʟʢʘ ʧʽʜ ʯʘʩ ʚʠʤʽʨʫ 

ʪʚʝʨʜʦʩʪʽ. ɿʨʘʟʦʢ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʧʦʚʠʥʝʥ ʣʝʞʘʪʠ ʥʘ ʧʽʜʩʪʘʚʮʽ 
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ʩʪʽʡʢʦ, ʱʦʙ ʥʝ ʤʦʛʣʦ ʚʽʜʙʫʪʠʩʷ ʡʦʛʦ ʟʤʽʱʝʥʥʷ ʧʽʜ ʯʘʩ ʚʠʤʽʨʫ 

ʪʚʝʨʜʦʩʪʽ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʣʘʩʪʠʯʥʦʾ ʪʚʝʨʜʦʩʪʽ ʤʝʪʘʣʽʚ ʩʪʘʣʴʥʘ 

(ʪʚʝʨʜʦʩʧʣʘʚʥʘ) ʢʫʣʴʢʘ ʘʙʦ ʩʬʝʨʠʯʥʠʡ ʥʘʢʦʥʝʯʥʠʢ, ʨʘʜʽʫʩ 

ʢʨʠʚʠʟʥʠ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ D/2, ʚʜʘʚʣʶʻʪʴʩʷ ʚ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ, ʱʦ 

ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ, ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʈ1 ʪʘ ʈ, ʱʦ ʧʨʠʢʣʘʜʘʶʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʢʦʞʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʝ ʟʥʷʪʦ 

ʚʠʤʽʨʷʶʪʴ ʛʣʠʙʠʥʫ, ʱʦ ʡʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʱʦ 

ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ. 

ɼʦʟʚʦʣʷʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʚʪʠʩʢʫʚʘʥʥʷ ʢʫʣʴʢʠ (ʥʘʢʦʥʝʯʥʠʢʘ) 

ʩʠʣʦʶ ʈ ʫ ʚʽʜʙʠʪʦʢ, ʱʦ ʦʜʝʨʞʘʥʠʡ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʈ1 (ʨʠʩ. 1) 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʚʪʠʩʢʫʚʘʥʥʷ ʢʫʣʴʢʦʚʦʛʦ ʽʥʜʝʥʪʦʨʘ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʪʚʝʨʜʦʩʪʽ 

 
ʅʘʚʘʥʪʘʞʝʥʥʷ ʈ ʪʘ ʈ1 ʤʦʞʫʪʴ ʧʨʠʢʣʘʜʘʪʠʩʴ ʷʢ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ 

ʪʦʯʮʽ (ʧʦʚʪʦʨʥʦ), ʪʘʢ ʽ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʚʽʜʙʠʪʢʫ ʜʦ ʢʨʘʶ ʟʨʘʟʢʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʥʽʞ D, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʜʚʦʭ 

ʩʫʩʽʜʥʽʭ ʚʽʜʙʠʪʢʽʚ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 1.5D, ʜʝ D ï ʜʽʘʤʝʪʨ 

ʢʫʣʴʢʠ. 
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 ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʣʘʩʪʠʯʥʦʾ ʪʚʝʨʜʦʩʪʽ ʥʘ ʟʨʘʟʢʘʭ ʯʠ ʜʝʪʘʣʷʭ 

ʟ ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʧʦʚʝʨʭʥʝʶ ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ʧʽʜʛʦʪʦʚʣʝʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʥʦ ʜʦʨʽʚʥʶʚʘʪʠ ʥʝ ʤʝʥʰʝ 2D. 

ɿʤʥ̔ʠ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʨʝʟʫʣʴʪʘʪʠ 

ʡʦʛʦ ʥʝ ʙʫʣʠ ʩʧʦʪʚʦʨʝʥʽ ʷʚʠʱʝʤ ʩʧʫʯʫʚʘʥʥʷ ʢʨʘʾʚ ʟʨʘʟʢʘ. 

ɻʣʠʙʠʥʫ ʚʽʜʙʠʪʢʫ ʚʠʤʽʨʶʶʪʴ ʟ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ (ʪʠʧʫ 

ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʛʣʠʙʠʥʦʤʽʨʘ) ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʦʭʠʙʢʘ 

ʷʢʠʭ ʥʝʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 2%. 

ɺ̔ ʜʥʦʩʥʘ  ʧʦʭʠʙʢʘ ʥʘʚʘʥʪʘʞʝʥʴ ʈ1  ʪʘ  ʈ  ʥʝ  ʧʦʚʠʥʥʘ  

ʧʝʨʝʚʠʱʫʚʘʪʠ Ñ1%. ɻʨʘʥʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʜʽʘʤʝʪʨʫ ʢʫʣʴʢʠ ʯʠ 

ʨʘʜʽʫʩʫ ʢʨʠʚʠʟʥʠ ʩʬʝʨʠʯʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʥʝ ʧʦʚʠʥʥʽ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 1% ʚʽʜ D. ɺ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʘʜʝʢʚʘʪʥʦ 

ʧʦʤʽʨʷʪʠ ʛʣʠʙʠʥʫ ʚʽʜʙʠʪʢʫ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʥʘʥʴ ʧʨʦ ʜʽʘʤʝʪʨ ʚʽʜʙʠʪʢʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʫ 

ʟʘʣʝʞʥʽʩʪʴ: 

2
2

4

d
h R R= - -                                             (1) 

ʜʝ h ï ʛʣʠʙʠʥʘ ʚʽʜʙʠʪʢʫ, ʤʤ; R ï ʨʘʜʽʫʩ ʢʫʣʴʢʠ, ʤʤ; d ï ʜʽʘʤʝʪʨ 

ʚʽʜʙʠʪʢʫ,ʤʤ. 

ʏʠʩʣʦ ʧʣʘʩʪʠʯʥʦʾ ʪʚʝʨʜʦʩʪʽ (ʅɺ) ʦʙʯʠʩʣʶʶʪʴ ʧʦ ʬʦʨʤʫʣʽ 

1

1( )

P P
HB

D h hp

-
=

-
                                            (2) 

ʜʝ ʈ1, ʈ ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʛʩ; D ï ʜʽʘʤʝʪʨ ʢʫʣʴʢʠ ʘʙʦ ʧʦʜʚʦʻʥʠʡ 

ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʩʬʝʨʠʯʥʦʾ ʚʝʨʰʠʥʠ ʥʘʢʦʥʝʯʥʠʢʘ, ʤʤ; h1, h ï 

ʛʣʠʙʠʥʠ ʚʽʜʙʠʪʢʽʚ, ʚʠʤʽʨʷʥʽ ʧʽʩʣʷ ʟʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʴ ʈ1, ʈ 

ʚʽʜʧʦʚʽʜʥʦ, ʤʤ. 
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ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʅʗ ɽʂʉʇɽʈʀʄɽʅʊʋ 

1. ɺʠʚʯʠʪʠ ʙʫʜʦʚʫ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʚʝʨʜʦʤʽʨʘ. 

2. ɺʩʪʘʥʦʚʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʈ1, ʪʘ ʟʘʤʽʨʷʪʠ ʪʚʝʨʜʽʩʪʴ ʚ 

ʢʽʣʴʢʦʭ ʪʦʯʢʘʭ. 

3. ɺʩʪʘʥʦʚʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʈ, ʪʘ ʟʘʤʽʨʷʪʠ ʪʚʝʨʜʽʩʪʴ ʚ ʢʽʣʴʢʦʭ 

ʪʦʯʢʘʭ. 

4. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʫ ʚʩʪʘʥʦʚʠʪʠ ʜʽʘʤʝʪʨʠ ʚʽʜʙʠʪʢʽʚ 

ʟʨʦʙʣʝʥʠʭ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʈ1, ʈ. 

5. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 1 ʨʦʟʨʘʭʫʚʘʪʠ ʛʣʠʙʠʥʠ ʚʽʜʙʠʪʢʽʚ 

ʟʨʦʙʣʝʥʠʭ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʈ1, ʈ. 

6. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 2 ʨʦʟʨʘʭʫʚʘʪʠ ʪʚʝʨʜʽʩʪʴ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ. 

7. ɺʠʤʽʨʷʥʽ ʜʘʥʽ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ 2. 

8. ʇʦʚʪʦʨʠʪʠ ʧʧ. 2-6 ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʚʝʨʜʦʩʪʽ ʦʩʥʦʚʥʦʛʦ 

ʤʝʪʘʣʫ, ʪʘ ʰʚʽʚ ʧʦʢʣʘʜʝʥʠʭ ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

9. ʇʦʨʽʚʥʷʪʠ ʪʚʝʨʜʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʪʘ ʤʝʪʘʣʽʚ, 

ʥʘʢʣʘʜʝʥʠʭ ʨʽʟʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ. 

10. ɿʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ. 

 

ʊʘʙʣʠʮʷ 2  

ˉ ʟ/ʧ 
ʄʝʪʘʣ, ʱʦ 

ʚʠʤʽʨʶʻʪʴʩʷ 
P1 P d1 d h1 h HB 

1         

2         

3         

4         
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ʂʆʅʊʈʆʃʔʅɯ ɿɸʇʀʊɸʅʅʗ 

1. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ? 

2. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʦʛʦ ʚʠʙʠʨʘʶʪʴ ʜʽʘʤʝʪʨ ʢʫʣʴʢʠ (ʥʘʢʦʥʝʯʥʠʢʘ)? 

3. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʦʛʦ ʚʠʙʠʨʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ 

ʧʨʠʢʣʘʜʘʶʪʴ ʜʦ ʟʨʘʟʢʘ? 

4. ʗʢʽ ʚʠʤʦʛʠ ʚʠʩʫʚʘʶʪʴ ʜʦ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦ 

ʟʨʘʟʢʘ? 

5. ʗʢʽ ʚʠʤʦʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʽʥʜʝʥʪʦʨʘ? 

6. ʗʢʽ ʚʠʤʦʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥ̔ , ʪʚʝʨʜʽʩʪʴ ʷʢʦʾ 

ʚʠʤʽʨʶʻʪʴʩʷ? 

7. ʗʢʽ ʚʠʤʦʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʧʨʦʮʝʩʫ ʧʨʠʢʣʘʜʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ? 

8. ʗʢʽ ʚʠʤʦʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʤʽʩʮʷ ʧʨʠʢʣʘʜʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ? 

 

ʃɯʊɽʈɸʊʋʈɸ 

1. ʂʫʟʥʝʮʦʚ ɺ.ɼ. ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʥʘʧʨʷʤʫ 6,050504 çɿʚʘʨʶʚʘʥʥʷè 

ʂʫʟʥʝʮʦʚ ɺ.ɼ., ʉʪʝʧʘʥʦʚ ɼ.ɺ. ï ʂ:ɯɺʎ çɺʠʜʘʚʥʠʮʪʚʦ 

çʇʦʣʽʪʝʭʥʽʢʘè, 2012,-27ʩ. 

2. ʖʱʝʥʢʦ ʂ. ɸ., ɹʦʨʠʩʦʚ ʖ. ʉ., ʂʫʟʥʝʮʦʚ ɺ. ɼ., ʂʦʨʞ ɺ. 

ʄ. ɯʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 2007. ï 558 ʩ. 
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ʇʈɸʂʊʀʏʅɸ ʈʆɹʆʊɸ ˉ2 

ʈʆɿʈɸʍʋʅʂʀ ɺʋɻʃɽʎɽɺʆɻʆ ɽʂɺɯɺɸʃɽʅʊʋ ɯ 

ʊɽʄʇɽʈɸʊʋʈ ʇʆʇɽʈɽɼʅʔʆɻʆ ʇɯɼɯɻʈɯɺʋ 

 

ʄɽʊɸ ʈʆɹʆʊʀ: ʥʘʚʯʠʪʠʩʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʫʛʣʝʮʝʚʠʡ 

ʝʢʚʽʚʘʣʝʥʪ ʪʘ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʟʜʘʪʥʦʩʪʽ ʜʦ ʥʘʧʣʘʚʣʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʘʣʝʡ. 

 

ʊɽʆʈɽʊʀʏʅɯ ɺɯɼʆʄʆʉʊɯ 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʫ ʥʘʧʣʘʚʣʝʥʠʭ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʪʚʝʨʜʽʩʪʶ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ. 

ʊʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ 

ʚʫʛʣʝʮʶ ʽ ʪʦʤʫ ʙʽʣʴʰ ʟʥʦʩʦʩʪʽʡʢʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʪʘʣ, ʩʢʣʘʜ 

ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʣʝʛʦʚʘʥʠʤ ʩʪʘʣʷʤ. ʆʜʥʘʢ 

ʧʽʜʚʠʱʝʥʥʷ ʚ ʥʘʧʣʘʚʣʝʥʦʤʫ ʤʝʪʘʣʽ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ 

ʫʩʢʣʘʜʥʶʻ ʥʘʧʣʘʚʣʝʥʥʷ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʽʜʽʛʨʽʚʫ ʜʝʪʘʣʽ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ ʨʝʢʦʤʝʥʜʫʶʪʴ ʣʝʛʫʚʘʪʠ 

ʭʨʦʤʦʤ, ʤʘʨʛʘʥʮʝʤ, ʤʦʣʽʙʜʝʥʦʤ ʪʘ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʨʠ 

ʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ. ɺʨʘʭʦʚʫʶʯʠ ʨʦʣʴ ʚʫʛʣʝʮʶ, ʡʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʷʢ ʧʦʢʘʟʥʠʢ 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʥʘʧʣʘʚʣʝʥʥʷ, ʟ ʽʥʰʦʛʦ ï ʷʢ ʧʦʢʘʟʥʠʢ ʪʚʝʨʜʦʩʪʽ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʽʞʥʘʨʦʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʟʚʘʨʶʚʘʥʥʷ: 
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6 5 15
ʝʢʚ

Mn Cr Mo V Ni Cu
C ʉ

+ + +
= + + +                       (1) 

ɺʚʘʞʘʶʪʴ, ʱʦ ʧʨʠ ʉʝʢʚ<0.4 % ʪʨʽʱʠʥ ʥʝʤʘ, ʧʨʠ ʉʝʢʚå0.4 ï 

0.7 % ʧʦʪʨʽʙʥʠʡ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʽʛʨʽʚ, ʧʨʠ ʉʝʢʚå0.7 ï 1.0 % - 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʧʽʜʽʛʨʽʚʘʥʥʷ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɼ. ʉʝʬʝʨʽʘʥʦʤ: 

[] []ʝʢʚ ʭ ʨ
C ʉ C= +                                       (2) 

ʜʝ [C]x ï ʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʩʢʣʘʜ ʩʪʘʣʽ: 

360 [C]x = 360C + 40(Mn+Cr) + 20Ni + 28Mo             (3) 

[C]p ï ʨʦʟʤʽʨʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ 

ʚʠʨʦʙʽʚ: 

[] []0,005
ʨ x

ʉ S C= Ö Ö                                 (4) 

S ï ʪʦʚʱʠʥʘ ʚʠʨʦʙʫ. 

ʗʧʦʥʩʴʢʽ ʚʯʝʥʽ ɯ.ɯʪʦ ʪʘ ʂ.ɹʝʩʩʽʦ ʟʘʤʽʩʪʴ ʉʝʢʚ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʦʮʽʥʶʚʘʪʠ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʭʦʣʦʜʥʠʭ 

ʪʨʽʱʠʥ ʧʘʨʘʤʝʪʨʦʤ ʈʫʪʚ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

5
30 20 60 15 10 600 60

ʫʪʚ

Si Mn Cu Cr Ni Mo V S H
P ʉ B

+ +
= + + + + + + + +      (5)            

ʜʝ S ï ʪʦʚʱʠʥʘ ʤʝʪʘʣʫ, ʤʤ; ʅ  ï ʦʙôʻʤ (ʢʽʣʴʢʽʩʪʴ) ʜʠʬʫʟʽʡʥʦʛʦ 

ʚʦʜʥʶ, ʩʤ
3
/100 ʛ. 

ʗʢʱʦ ʈʫʪʚÒ0.3, ʪʦ ʭʦʣʦʜʥʽ ʪʨʽʱʠʥʠ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ; ʷʢʱʦ 

ʈʫʪʚ>0.4, ʪʦ ʭʦʣʦʜʥʽ ʪʨʽʱʠʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 100%. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʚʫʛʣʝʮʝʚʠʭ ʽ 

ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʘ ʬʦʨʤʫʣʘ: 
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6 24 40 5 4 14
ʝʢʚ

Mn Si Ni Cr Mo V
C ʉ= + + + + + +                      (6) 

ʄʘʢʩʠʤʘʣʴʥʘ ʪʚʝʨʜʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ 

660 40MAX ʝʢʚH C= Ö °                                            (7) 

ʏʘʩʪʦ ʥʘʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʩʥʦʚʥʦʛʦ, ʽ 

ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ ʩʪʘʻ ʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ʊʦʤʫ ʧʦʧʝʨʝʜʥʻ ʧʽʜʽʛʨʽʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ, 

ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʧʨʦ ʪʚʝʨʜʽʩʪʴ ʧʨʠ ʰʦʚʥʦʾ ʟʦʥʠ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʧʘʜʢʫ ʽʩʥʫʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʪʝʤʧʝʨʘʪʫʨ 

ʧʽʜʽʛʨʽʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʚʝʨʜʦʩʪʽ ʙʽʣʷʰʦʚʥʦʾ ʟʦʥʠ (ʪʦʙʪʦ 

ʪʚʝʨʜʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ). 

ɼʣʷ ʨʽʟʥʠʭ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʪʘʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʽʛʨʽʚʘʥʥʷ (ʝʢʚʽʚʘʣʝʥʪ ʚʫʛʣʝʮʶ ʚ ʷʢʽʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʬʦʨʤʫʣʫ ʉʝʬʝʨʽʘʥʘ): 

350 0,25ʧʽʜ ʝʢʚT ʉ= Ö -                                      (8) 

ʌʦʨʤʫʣʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʷʧʦʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ: 

1440 392ʧʽʜ ʫʪʚT ʈ= Ö -                                         (9) 

ʜʝ ʈʫʪʚ ï ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʭʦʣʦʜʥʠʭ ʪʨʽʱʠʥ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʣʽʜʫ ʪʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʟʥʘʯʝʥʴ ʪʚʝʨʜʦʩʪʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1 

ʊʘʙʣʠʮʷ 1 - ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʧʽʜʽʛʨʽʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʚʝʨʜʦʩʪʽ ʤʝʪʘʣʫ 

ʊʚʝʨʜʽʩʪʴ, HV 
ʊʝʤʧʝʨʘʪʫʨʘ ʧʽʜʽʛʨʽʚʘʥʥʷ, 

ÜC 

ɼʦ 200 ɹʝʟ ʧʽʜʽʛʨʽʚʘʥʥʷ 

200 ï 250 ɿʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 
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250 ï 325 ʇʦʥʘʜ 150 

ʇʦʥʘʜ 325 ʇʦʥʘʜ 250 

 

ɿɸɺɼɸʅʅʗ 

1) ɿʛʽʜʥʦ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʦʚʝʩʪʠ 

ʨʦʟʨʘʭʫʥʦʢ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʟʘ ʬʦʨʤʫʣʘʤʠ 1, 2, 5, 6. 

2) ʆʮʽʥʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, ʧʨʠ 

ʥʘʧʣʘʚʣʝʥʥʽ ʥʘʚʝʜʝʥʠʭ ʩʪʘʣʝʡ. 

3) ʅʘʚʝʩʪʠ ʤʦʞʣʠʚʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ, 

ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ. 

4) ʇʦʨʽʚʥʷʪʠ ʤʽʞ ʩʦʙʦʶ ʨʽʟʥʽ ʩʪʘʣʽ ʧʦ ʩʭʠʣʴʥʦʩʪʽ ʜʦ 

ʪʨʽɦʠʥʦʫʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʥʘʧʣʘʚʣʝʥʥʷ. 

ʊʘʙʣʠʮʷ 2 - ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʚʘʨʽʘʥʪʠ  

ˉ 

ʚʘʨʽʘʥ

ʪʘ 

ʄʘʨʢʠ ʩʪʘʣʝʡ 

ʉʪʘʣʴ 

ʢʦʥʩʪʨʫʢʮʽ

ʡʥʘ, 

ʚʫʛʣʝʮʝʚʘ 

ʷʢʽʩʥʘ 

ʉʪʘʣʴ 

ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʘ 

ʥʠʟʴʢʦʣʝʛʦʚ

ʘʥʘ ʜʣʷ 

ʟʚʘʨʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ 

ʉʪʘʣʴ 

ʢʦʥʩʪʨʫ

ʢʮʽʡʥʘ, 

ʣʝʛʦʚʘʥ

ʘ 

ʉʪʘʣʴ 

ʽʥʩʪʨʫʤʝʥʪʘʣ

ʴʥʘ 

ʰʪʘʤʧʦʚʘ 

ʉʪʘʣʽ ʪʘ ʩʧʣʘʚʠ 

ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʽ, 

ʞʘʨʦʩʪʽʡʢʽ, 

ʟʥʦʩʦʩʪʽʡʢʽ 

1 05ʢʧ 09ɻ2 15ʍ ʍ6ɺʌ 40ʍ9ʉ2 

2 08 14ɻ2 20ʍ ʍ12 40ʍ10ʉ2ʄ 

3 08 (ʢʧ, ʧʩ) 12ɻʉ 30ʍ ʍ12ʌ1 08ʍ13 

4 10 16ɻʉ 35ʍ ʍ12ʄʌ 12ʍ13 

5 15 17ɻʉ 38ʍɸ ʍ12ɺʄ 20ʍ13 

6 15(ʢʧ, ʧʩ) 17ɻ1ʉ 40ʍ 7ʍɻ2ɺʄ 30ʍ13 

7 18ʢʧ 09ɻ2ʉ 45ʍ 7ʍ3 40ʍ13 

8 20 (20ɸ) 10ɻ2ʉ1 50ʍ 8ʍ3 10ʍ14ɸɻ15 

9 20 (ʢʧ, ʧʩ) 10ɻ2ɹɼ 15ɻ 5ʍʅʄ 12ʍ17 

10 25 15ɻ2ʉʌɼ 35ɻ 5ʍɻʄ 08ʍ17ʊ 

11 30 14ɻ2ɸʌ 20ɻ 4ʍʄʌʉ 95ʍ18 

12 35 16ɻ2ɸʌ 30ɻ 4ʍ5ʄʌ1ʉ 08ʍ18ʊ1 

13 40 118ɻ2ɸʌʧʩ 40ɻ 4ʍ5ʄʌʉ 15ʍ25ʊ 

14 45 14ʍɻʉ 45ɻ 3ʍ3ʄ3ʌ 15ʍ28 

15 50 15ɻ2ɸʌɼʧ 50ɻ 3ʍ2ɺ8ʌ 25ʍ13ʅ2 

16 55 20ʍɻ2ʎ 10ɻ2 3ʍ2ʅ2ʄɺʌ 20ʍ23ʅ13 

17 58(55ʧʧ) 10ʍʉʅɼ 35ɻ2 27ʍ2ʅ2ʄ1ʌ 20ʍ23ʅ18 
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18 60 10ʍʅɼʇ 40ɻ2 6ʍʉ 10ʍ23ʅ18 

19 08ʖ 15ʍʉʅɼ 45ɻ2 4ʍɺ2ʉ 20ʍ25ʅ20ʉ2 

20 ʆʩɺ 35ɻʉ 50ɻ2 5ʍɺ2ʉ 15ʍ12ɺʅʄʌ 

21 12ʂ 25ɻ2ʉ 18ʍɻʊ 6ʍɺ2ʉ 20ʍ12ɺʅʄʌ 

22 15ʂ 09ɻ2 20ʍɻʈ 6ʍɺɻ 37ʍ12ʅ8ɻ8ʄʌɹ 

23 16ʂ 14ɻ2 30ʍɻʊ 10ʍ5ʄʌ 13ʍ11ʅ2ɺ2ʄʌ 

24 18ʂ 12ɻʉ 15ʍʌ 4ʍ2ʅʄʌ 45ʍ14ʅ14ɺ2ʄ 

ʇʨʠʤʽʪʢʘ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʝʡ ʚʟʷʪʠ ʟ çʄʘʨʦʯʥʠʢʘ 

ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚè ʧʽʜ ʨʝʜʘʢʮʽʻʶ ɺ.ɻ. ʉʦʨʦʢʽʥʘ. 

ʊʘʙʣʠʮʷ 3 - ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʝʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʘʢʪʠʯʥʽʡ ʨʦʙʦʪʽ 

ˉ 

ʚʘʨʽ- 

ʘʥʪʘ 

ʄʘʨʢʘ 

ʩʪʘʣʽ   

ʉ Mn Si Cr S P Cu Ni As V Mo W Nb Ti 

              

                

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
 

1. ɼʣʷ ʯʦʛʦ ʽʩʥʫʻ ʚʫʛʣʝʮʝʚʠʡ ʝʢʚʽʚʘʣʝʥʪ? 
 

2. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ? 
 

3. ʗʢʠʡ ʝʣʝʤʝʥʪ ʯʠʥʠʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʥʘʧʣʘʚʣʝʥʥʷ? 
 

4. ʈʦʟʢʨʠʡʪʝ ʧʦʥʷʪʪʷ çʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʧʣʘʚʣʝʥʥʷè? 
 

5. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ? 
 

6. ʏʠ ʜʣʷ ʚʩʽʭ ʤʘʪʝʨʽʘʣʽʚ ʩʧʨʘʚʝʜʣʠʚʽ ʥʘʚʝʜʝʥʽ ʬʦʨʤʫʣʠ? 
ʏʦʤʫ? 

 

ʃɯʊɽʈɸʊʋʈɸ 

1. ʂʫʟʥʝʮʦʚ ɺ.ɼ. ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʥʘʧʨʷʤʫ 6,050504 

çɿʚʘʨʶʚʘʥʥʷè ʂʫʟʥʝʮʦʚ ɺ.ɼ., ʉʪʝʧʘʥʦʚ ɼ.ɺ. ï ʂ:ɯɺʎ 

çɺʠʜʘʚʥʠʮʪʚʦ çʇʦʣʽʪʝʭʥʽʢʘè, 2012,-27ʩ. 
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2. ʖʱʝʥʢʦ ʂ. ɸ., ɹʦʨʠʩʦʚ ʖ. ʉ., ʂʫʟʥʝʮʦʚ ɺ. ɼ., ʂʦʨʞ ɺ. 

ʄ. ɯʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 2007. ï 558 ʩ. 
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ʇʈɸʂʊʀʏʅɸ ʈʆɹʆʊɸ ˉ 3 
 
ʈʆɿʈɸʍʋʅʆʂ ʐʀʍʊʀ ʇʆʈʆʐʂʆɺʆɻʆ ɼʈʆʊʋ 

 
 
 

ʄʝʪʘ: ʧʨʘʢʪʠʯʥʝ ʟʘʩʚʦʻʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʰʠʭʪʠ 

ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ 

 
 

ʊɽʆʈɽʊʀʏʅɯ ɺɯɼʆʄʆʉʊɯ 

ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʣʝʛʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʥʘʡʙʽʣʴʰ 

ʩʢʣʘʜʥʠʤ ʽ ʜʦʨʦʛʠʤ ʧʨʦʮʝʩʦʤ ʻ ʚʦʣʦʯʽʥʥʷ. ɼʨʽʪ ʽʟ ʟʥʦʩʦʩʪʽʡʢʦʾ 

ʩʪʘʣʽ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʙʽʣʴʰʝ ʚʫʛʣʝʮʶ, ʥʽʞ ʥʘʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ, 

ʱʦ ʟʙʽʣʴʰʫʻ ʪʚʝʨʜʽʩʪʴ ʜʨʦʪʫ ʽ ʫʩʢʣʘʜʥʶʻ ʚʦʣʦʯʽʥʥʷ. 

ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʘ ʪʝʭʥʦʣʦʛʽʷ ʚʦʣʦʯʽʥʥʷ ʟ ʤʘʣʠʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʚʽʜ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʫ ʜʦ ʽʥʰʦʛʦ ʽ ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʚʽʜʧʘʣʦʤ ʧʽʩʣʷ 

ʢʦʞʥʦʛʦ ʧʨʦʭʦʜʫ ʜʨʦʪʦʤ ʯʝʨʝʟ ʬʽʣʴʪʨ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʝʣʠʢʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʟʘʩʦʙʽʚ ʽ ʯʘʩʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʨʽʪ, ʥʘʧʨʠʢʣʘʜ, ʟ 

ʰʚʠʜʢʦʨʽʞʫʯʦʾ ʩʪʘʣʽ, ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ ʜʦʨʦʞʯʠʡ, ʥʽʞ 

ʢʘʪʘʥʢʘ, ʟ ʷʢʦʾ ʚʦʥʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ. 

ʗʢʽʩʪʴ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʢʦʥʪʨʦʣʶʶʪʴ ʧʦ ʩʢʣʘʜʫ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ, ʦʩʢʽʣʴʢʠ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʩʫʤʽʰʽ 

ʧʦʨʦʰʢʽʚ ʚʝʣʴʤʠ ʩʢʣʘʜʥʠʡ. ʇʦʨʦʰʢʦʚʠʡ ʜʨʽʪ ʤʘʨʢʫʻʪʴʩʷ 

ʙʫʢʚʘʤʠ ʇʇ ʟ ʥʘʟʚʦʶ ʤʘʨʢʠ ʩʪʘʣʽ ʘʙʦ ʩʧʣʘʚʫ, ʜʣʷ 

ʥʘʧʣʘʚʣʝʥʥʷ ʷʢʦʛʦ ʚʦʥʘ ʧʨʠʟʥʘʯʝʥʘ. 

ʊʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʰʠʭʪʠ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʦʧʝʨʘʮʽʻʶ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ. ʈʦʟʨʘʭʫʥʦʢ ʽ ʡʦʛʦ 

ʢʦʨʝʛʫʚʘʥʥʷ ʟʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ʘʙʩʦʣʶʪʥʦ ʦʙʦʚ'ʷʟʢʦʚʽ ʧʨʠ 
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ʟʤʽʥʽ ʪʦʚʱʠʥʠ ʩʪʨʽʯʢʠ, (ʚ ʤʝʞʘʭ ʜʦʧʫʩʢʫ), ʧʨʠ ʟʤʽʥʽ ʧʘʨʪʽʾ 

ʩʠʨʦʚʠʥʠ, ʫʤʦʚ ʡʦʛʦ ʧʦʤʦʣʫ ʽ ʽʥ. ʄʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʩʫʤʽʰʽ, ʷʢʘ ʧʨʠ ʟʘʧʨʝʩʦʚʮʽ ʚ ʷʢʦʩʪʽ 

ʩʝʨʜʝʯʥʠʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʩʷʛʥʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ 

ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʥʘʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʫ ʚʽʜʧʦʚʽʜʥʽʡ ʩʪʘʣʽ, ʥʝʦʙʭʽʜʥʦ ʫ 

ʩʢʣʘʜ ʜʨʦʪʫ ʚʚʝʩʪʠ ʪʨʦʭʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʣʝʛʫʶʯʠʭ 

ʜʦʤʽʰʢʽʚ, ʦʩʢʽʣʴʢʠ ʚ ʜʫʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʦʢʠʩʣʝʥʥʷ. ʊʘʢ, 

ʥʘʧʣʘʚʣʝʥʠʡ ʰʘʨ ʜʨʦʪʦʤ ʇʇ-3ʍ2ɺ8 ʤʘʻ, ʦʨʽʻʥʪʦʚʥʦ 

ʥʘʩʪʫʧʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ: 
 

ɺʫʛʣʝʮʴééééé.0.32 
 

ʍʨʦʤéééééé.2.5 
 

ʄʘʨʛʘʥʝʮʴéééé0.8 
 

ʂʨʝʤʥʽʡééééé0.6 
 

ɺʦʣʴʬʨʘʤéééé.8.5 
 

ɺʘʥʘʜʽʡééééé0.3 
 

ʉʽʨʢʘééééééʥʝ ʙʽʣʴʰʝ 0.04 
 

ʌʦʩʬʦʨéééééʥʝ ʙʽʣʴʰʝ 0.04 
 

ʆʧʪʠʤʘʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʨʦʪʫ, ʚʠʟʥʘʯʝʥʠʡ 

ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʙʫʜʝ ʥʘʩʪʫʧʥʠʤ: 
 

ɺʫʛʣʝʮʴééééé0.6 
 

ʍʨʦʤéééééé.2.8 
 

ʄʘʨʛʘʥʝʮʴééé.1.45 
 

ʂʨʝʤʥʽʡéééé.0.6 
 

ɺʦʣʴʬʨʘʤééé..9.75 
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ɺʘʥʘʜʽʡéééé..0.4 
 

ʉʽʨʢʘééé..ééʥʝ ʙʽʣʴʰʝ 0.04 
 

ʌʦʩʬʦʨéé.ééʥʝ ʙʽʣʴʰʝ 0.04 
 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʤʝʭʘʥʽʯʥʠʡ 

ʩʢʣʘʜ ʜʨʦʪʫ, ʪʦʙʪʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʛʦʣʦʚʥʦʤʫ ʜʨʦʪʽ ʤʘʩʠ 

ʩʝʨʜʝʯʥʠʢʘ ʽ ʤʘʩʠ ʦʙʦʣʦʥʢʠ,ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʩʽʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ɼʣʷ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʨʽʯʢʠ 

ʪʦʚʱʠʥʦʶ 0.8 ʤʤ ʽ ʰʠʨʠʥʦʶ 15 ʤʤ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ 

ʩʝʨʜʝʯʥʠʢ ʩʢʣʘʜʘʻ 35% ʤʘʩʠ ʜʨʦʪʫ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, ʥʘ 100 

ʤʘʩʦʚʠʭ ʯʘʩʪʠʥ ʜʨʦʪʫ ʧʨʠʧʘʜʘʻ 35 ʤʘʩʦʚʠʭ ʯʘʩʪʠʥ ʩʝʨʜʝʯʥʠʢʘ 

ʽ 65 ʤʘʩʦʚʠʭ ʯʘʩʪʠʥ ʦʙʦʣʦʥʢʠ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʨʘʭʫʻʤʦ ʰʠʭʪʫ ʜʣʷ   ʚʞʝ ʥʘʟʚʘʥʦʛʦ ʜʨʦʪʫ 

ʇʇ-3ʍ2ɺ8. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫ ʥʘʩ ʚ ʢʦʨʠʩʪʫʚʘʥʥʽ ʻ ʤʘʪʝʨʽʘʣʠ, 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʚʢʘʟʘʥʦ ʚ ʪʘʙʣ.1 

 
ʊʘʙʣʠʮʷ 1 - ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʧʦʨʦʰʢʦʚʠʡ ʜʨʽʪ, %  
ʄʘʪʝʨʽʘʣ ʉ Mn Si Cr W V S 

        
ʉʪʨʽʯʢʘ 0.76-14.9 0.11 0.42 0.02 - - - 0.038 
ʌʝʨʦʚʦʣʴʬʨʘʤ ɺ2 0.68 0.18 0.45 - 75.2 - 0.072 

ʌʝʨʦʭʨʦʤ ʍʨ6 7.36 0.8 1.26 66.8 - - 0.02 

ʌʝʨʦʚʘʥʘʜʽʡ ɺʜ1 0.7 0.1 1.85 - - 35.5 0.04 

ʌʝʨʦʤʘʨʛʘʥʝʮʴ ʄʥ4 6.6 76.9 1.52 - - - 0.015 

ɿʘʣʽʟʥʠʡ ʧʦʨʦʰʦʢ 0.04 0.12 - - - - 0.01 

ɸʇɾʄ        

        

 
ʈʦʟʨʘʭʫʥʦʢ ʚʝʜʝʪʴʩʷ ʥʘ 100 ʛ ʜʨʦʪʫ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʧʨʠʡʥʷʪʠʤ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʩʢʣʘʜʦʤ ʤʠ ʧʦʚʠʥʥʽ ʨʦʟʨʘʭʫʚʘʪʠ 
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ʩʢʣʘʜ ʩʝʨʜʝʯʥʠʢʘ, ʱʦʙ ʥʘ  100 ʛ ʜʨʦʪʫ ʧʨʠʧʘʜʘʣʦ 0.6 ʛ ʉ, 2.8 ʛ 

Cr, 1.45 ʛ Mn, 0.6 ʛ Si, 9.75 ʛ W, 0.4 ʛ V. 

ʄʘʩʫ ʝʣʝʤʝʥʪʫ, ʷʢʠʡ ʚʥʦʩʠʪʴʩʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 1: 

 

 
%

100

MAT e
e

m
m

³
=                                             (1) 

ʜʝ me, ʛ ï ʤʘʩʘ ʝʣʝʤʝʥʪʫ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʤʘʪʝʨʽʘʣʦʤ, mʤʘʪ, ʛ ï 

ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ, %ʝ, % - ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʫ ʚ ʤʘʪʝʨʽʘʣʽ, 

100 %ï ʩʫʤʘ ʚʩʽʭ ʚʽʜʩʦʪʢʦʚʠʭ ʚʤʽʩʪʽʚ ʝʣʝʤʝʥʪʽʚ ʚ ʤʘʪʝʨʽʘʣʽ. 

ɺʠʟʥʘʯʠʤʦ, ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ ʚʥʝʩʝ ʦʙʦʣʦʥʢʘ, ʪʦʙʪʦ 

ʩʪʨʽʯʢʘ. ʅʘ 100 ʛ ʜʨʦʪʫ ʧʨʠʧʘʜʘʻ 65 ʛ ʩʪʨʽʯʢʠ. ɿʘ ʜʘʥʠʤʠ 

ʘʥʘʣʽʟʫ, ʱʦ ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 1 ʪʘ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʠ 1 

ʦʪʨʠʤʫʻʤʦ: 

. .

65 0.11
0.07

100
ʉ cʪʨm ʛ

³
= =  

.

65 0.42
0.27

100
Mn cʪʨm ʛ

³
= =  

.

65 0.02
0.01

100
Si cʪʨm ʛ

³
= =  

.

65 0.038
0.025

100
Si cʪʨm ʛ

³
= =  

ʜʝ mCʉʪʨ, mMnʉʪʨ, mSiʉʪʨ, mSʉʪʨ ï ʤʘʩʠ, ʚʽʜʧʦʚʽʜʥʦ, ʚʫʛʣʝʮʶ, 

ʤʘʨʛʘʥʮʶ, ʢʨʝʤʥʽʶ ʪʘ ʩʽʨʢʠ, ʱʦ ʚʥʦʩʷʪʴʩʷ ʚ ʜʨʽʪ ʩʪʨʽʯʢʦʶ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʚʦʣʴʬʨʘʤʫ, ʪʘ ʤʘʩʠ ʜʦʤʽʰʦʢ, ʱʦ ʚʥʦʩʷʪʴʩʷ ʫ 

ʜʨʽʪ ʨʘʟʦʤ ʟ ʬʝʨʦʚʦʣʴʬʨʘʤʦʤ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ 9.75 ʛ ʚʦʣʴʬʨʘʤʫ, ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ 

ʬʝʨʦʚʦʣʴʬʨʘʤʫ, ʱʦ ʤʽʩʪʠʪʴ 75.2% W (ʜʠʚ. ʪʘʙʣ.1): 
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2 100
2

2%

WB
ɺ

WB

m
m ³=                                       (2) 

ʜʝ mɺ2, ʛ-ʤʘʩʘ ʬʝʨʦʚʦʣʴʬʨʘʤʫ, ʱʦ ʚʥʦʩʠʪʴʩʷ, mWB2, ʛ-ʤʘʩʘ 

ʚʦʣʴʬʨʘʤʫ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʬʝʨʦʚʦʣʴʬʨʘʤʦʤ, %Wɺ2, %-

ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʫ ʬʝʨʦʚʦʣʴʬʨʘʤʽ, 100, % - ʩʫʤʘ 

ʚʩʽʭ ʚʽʜʩʦʪʢʦʚʠʭ ʚʤʽʩʪʽʚ ʝʣʝʤʝʥʪʽʚ ʚ ʤʘʪʝʨʽʘʣʽ. 

2

9.75 100
12.97

75.2
Bm ʛ

³
= =  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʬʝʨʦʚʦʣʴʬʨʘʤʫ 

ʟʥʘʡʜʝʤʦ ʤʘʩʫ ʜʦʤʽʰʦʢ ʚʥʝʩʝʥʠʭ ʬʝʨʦʚʦʣʴʬʨʘʤʦʤ: 

2

12.97 0.68
0.09

100
ʉɺm ʛ

³
= =  

2

12.97 0.18
0.02

100
Mnɺm ʛ

³
= =  

2

12.97 0.45
0.06

100
Siɺm ʛ

³
= =  

2

12.97 0.072
0.009

100
Sɺm ʛ

³
= =  

 

ɸʥʘʣʦʛʽʯʥʦ ʧʨʦʚʦʜʠʤʦ ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʭʨʦʤʫ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʥʝʩʝʥʥʷ 2.8ʛ Cr, ʪʘ ʬʝʨʦʚʘʥʘʜʽʶ ʜʣʷ ʚʥʝʩʝʥʥʷ 

0.4 ʛ V, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʣʝʛʫʶʯʽ 

ʝʣʝʤʝʥʪʠ. 
 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʤʘʨʛʘʥʮʶ, ʱʦ 

ʧʦʪʨʽʙʥʦ ʚʥʝʩʪʠ ʟ ʬʝʨʦʤʘʨʛʘʥʮʝʤ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʤʘʨʛʘʥʝʮʴ, ʷʢʠʡ ʫʞʝ ʚʥʝʩʣʠ ʟ ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 
 

. 2 1...Mn cʪʨ MnB MnBMn
m m m m= + + +
ä

                        (3) 
 
ʜʝ, m×Mn ï ʩʫʤʘʨʥʘ ʤʘʩʘ ʤʘʨʛʘʥʮʶ, ʫʞʝ ʚʥʝʩʝʥʦʛʦ ʨʽʟʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, mMnʉʪʨ, mMnɺ2, mMnɺ1 ï ʤʘʩʘ ʤʘʨʛʘʥʮʶ ʚʥʝʩʝʥʦʛʦ 
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ʩʪʨʽʯʢʦʶ, ʬʝʨʦʚʦʣʴʬʨʘʤʦʤ, ʬʝʨʦʚʘʥʘʜʽʻʤ, ʪʘ ʽʥʰʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʫʞʝ ʚʥʝʩʝʥʽ. 

ɿʥʘʶʯʠ ʤʘʩʫ ʚʥʝʩʝʥʦʛʦ ʤʘʨʛʘʥʮʶ, ʜʽʟʥʘʻʤʦʩʴ ʤʘʩʫ 

ʤʘʨʛʘʥʮʶ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ: 

3 2 8Mnɼʦʜ ʇʇ ʍ ɺ Mn
m m m-= -

ä
                                (4) 

 
ʜʝ, mMnɼʦʜ  ï ʤʘʩʘ ʤʘʨʛʘʥʮʶ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʥʝʩʪʠ ʜʦʜʘʪʢʦʚʦ, 

mʇʇ-3ʍ2ɺ8  - ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʤʘʨʛʘʥʮʶ ʚ ʜʨʦʪʽ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 1, ʪʘ ʬʦʨʤʫʣʠ 1, 2 ʪʘ 3 

ʟʥʘʡʜʝʤʦ, ʱʦ ʤʠ ʚʞʝ ʚʥʝʩʣʠ 0.32 ʛ ʤʘʨʛʘʥʮʶ. 

ɿʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ 4 ʟʘʣʠʰʘʻʪʴʩʷ ʚʥʝʩʪʠ: 1.53 ï 0.32 

=1.21 ʛ ʤʘʨʛʘʥʮʶ. 

ʄʘʨʛʘʥʝʮʴ ʙʫʜʝ ʚʥʝʩʝʥʦ ʟ ʬʝʨʦʤʘʨʛʘʥʮʝʤ, ʟʛʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦʶ(2) ʚʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʬʝʨʦʤʘʨʛʘʥʮʶ, ʱʦ 

ʚʥʦʩʠʪʴʩʷ: 

4

1.21 100
1.58

76.9
ʄnm ʛ

³
= = ʬʝʨʦʤʘʨʛʘʥʮʶ 

 ʆʜʥʦʯʘʩʥʦ ʟ ʤʘʨʛʘʥʮʝʤ ʙʫʜʝ ʚʥʝʩʝʥʦ ʢʨʝʤʥʽʡ, ʩʽʨʢʫ ʪʘ 

ʚʫʛʣʝʮʴ. ʈʦʟʨʘʭʫʻʤʦ ʤʘʩʠ ʚʥʝʩʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʛʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦʶ 1. 

ʇʦ ʘʥʘʣʦʛʽʾ ʟ ʬʦʨʤʫʣʦʶ 3 ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʚʫʛʣʝʮʶ,ʱʦ ʙʫʚ ʚʥʝʩʝʥʠʡ ʟ ʨʽʟʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɼʣʷ ʜʘʥʦʛʦ 

ʜʨʦʪʫ ʪʘ ʤʘʪʝʨʽʘʣʽʚ,ʱʦ ʙʫʣʠ ʚʥʝʩʝʥʽ ʚʦʥʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

0.58 ʛ. ɼʨʽʪ ʞʝ ʧʦʪʨʝʙʫʻ 0.63 ʛ ʚʫʛʣʝʮʶ. ʊʦʤʫ ʜʦʜʘʪʢʦʚʦ 

ʧʦʪʨʽʙʥʦ ʚʥʝʩʪʠ 0.05 ʛ ʚʫʛʣʝʮʶ. 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ ʚʚʝʜʝʤʦ 

ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʛʨʘʬʽʪʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʥʝ ʤʝʥʰʝ 98% ʉ. ʇʦ 

ʘʥʘʣʦʛʽʾ ʟ ʬʦʨʤʫʣʦʶ  2 ʧʦʪʨʽʙʥʦ ʚʟʷʪʠ: 
 

0.05 100
0.05

98
ʉm ʛ

³
= = ʛʨʘʬʽʪʫ 

 
ɿʘʣʠʰʘʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʣʽʟʥʦʛʦ ʧʦʨʦʰʢʫ. 

ʆʙʯʠʩʣʶʻʤʦ ʡʦʛʦ, ʷʢ ʨʽʟʥʠʮʶ ʤʽʞ ʟʘʛʘʣʴʥʦʶ ʤʘʩʦʶ 

ʩʝʨʜʝʯʥʠʢʘ ʽ ʤʘʩʦʶ ʚʩʽʭ ʣʝʛʫʶʯʠʭ ʩʢʣʘʜʦʚʠʭ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ 

ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʤʘʩʘ ʩʝʨʜʝʯʥʠʢʘ ʩʢʣʘʜʘʻ 35ʛ. ʆʪʞʝ, ʧʨʠ 

ʥʘʰʠʭ ʜʘʥʠʭ ʤʘʩʘ ʟʘʣʽʟʥʦʛʦ ʧʦʨʦʰʢʫ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʚʥʝʩʪʠ 

ʜʦʜʘʪʢʦʚʦ ʩʢʣʘʜʘʻ: 

35- (4.19+12.96+1.15+1.58+0.05)=15.07 ʛ 
 

ɿ ʟʘʣʽʟʥʠʤ ʧʦʨʦʰʢʦʤ ʙʫʜʝ ʚʥʝʩʝʥʦ ʷʢʫʩʴ ʢʽʣʴʢʽʩʪʴ 

ʚʫʛʣʝʮʶ, ʤʘʨʛʘʥʮʶ ʪʘ ʩʽʨʢʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ 1 

ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʾʭ ʤʘʩʫ. 

ɺʩʽ ʦʜʝʨʞʘʥʽ ʜʘʥʽ ʟʚʦʜʠʤʦ ʚ ʪʘʙʣʠʮʶ. ʇʽʜʩʫʤʦʢ ʜʘʻ 

ʩʫʤʘʨʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʨʦʪʫ ʫ ʚʽʜʩʦʪʢʘʭ (ʪʘʢ ʷʢ ʤʠ ʚʝʣʠ 

ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ 100 ʛ). ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʯʠ 

ʰʠʭʪʠ ʩʝʨʜʝʯʥʠʢʘ ʫ ʚʽʜʩʦʪʢʘʭ ʧʦʪʨʽʙʥʦ ʢʽʣʴʢʽʩʪʴ ʢʦʞʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʨʦʟʜʽʣʠʪʠ ʥʘ ʟʘʛʘʣʴʥʫ ʤʘʩʫ ʩʝʨʜʝʯʥʠʢʘ ʽ ʧʦʤʥʦʞʠʪʠ 

ʥʘ 100. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.2, ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʨʦʪʫ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ. 

ʈʝʮʝʧʪ ʩʫʤʽʰʽ ʫ ʚʽʜʩʦʪʢʘʭ ʚʢʘʟʘʥʠʡ ʚ ʦʩʪʘʥʥʽʡ ʛʨʘʬʽ ʪʘʙʣʠʮʽ. 

ʗʢʱʦ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʩʫʤʘʨʥʠʡ ʩʢʣʘʜ ʧʦ ʷʢʦʤʫʩʴ ʝʣʝʤʝʥʪʫ 

(ʩʽʨʢʘ, ʢʨʝʤʥʽʡ, ʬʦʩʬʦʨ ʪʦʱʦ) ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ, ʪʦ 



 

25 
 

ʧʦʪʨʽʙʥʦ ʟʘʤʽʥʠʪʠ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʮʠʭ 

ʜʦʤ̔h ʦʢ ʙʽʣʴʰ ʯʠʩʪʠʤʠ.  

ʊʘʙʣʠʮʷ 2 - ʈʦʟʨʘʭʦʚʘʥʠʡ ʩʫʤʘʨʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʩʪʘʣʽ 3ʍ2ɺ8 

 

  ʂʽʣʴ-   

ɼʦʤʽʰʢʠ, ʛ 

   

  

ʢʽʩʪʴ ʤʘ- 

    

ʐʠʭ- 

ʄʘʪʝʨʽʘʣ 

       

ʪʝʨʽʘʣʫ, 

C Mn Si Cr W V S 

ʪʘ, %   

  

ʛ 

 

          

           

ʉʪʨʽʯʢʘ  65 0.07 0.27 0.01 - - - 0.025 - 

ʌʝʨʦʭʨʦʤ  4.19 0.31 0.03 0.05 2.8 - - 0.001 12 

ʌʝʨʦʚʦʣʴʬʨʘʤ 12.96 0.09 0.02 0.06 - 9.75 - 0.009 37.05 

ʌʝʨʦʚʘʥʘʜʽʡ 1.15 0.01 - 0.02 - - 0.41 - 3.3 

ʌʝʨʦʤʘʨʛʘ-  1.58 0.1 1.21 0.02 - - - - 4.5 

ʅʝʮʴ           

ɻʨʘʬʽʪ  0.05 0.05 - - - - - - 0.15 

ɿʘʣʽʟʥʠʡ ʧʦ- 15.07 0.01 0.02 - - - - 0.001 43 

ʨʦʰʦʢ           

           

ʉʫʤʘʨʥʠʡ ʭ-̔          

ʤʽʯʥʠʡ   ʩʢʣʘʜ, 100ʛ 0.64 1.55 1.16 2.8 9.75 0.41 0.036 100 

%           
           

 

ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʚʘʨʽʘʥʪʠ 
 ̄            

ʚʘʨ. ʄʘʨʢʘ ʜʨʦʪʫ C Cr Mn Si Ni W V Mo Ti B 

            
            

1 ʇʇ-ɸʅ101 3 24 0.6 3 3 - - - - - 

2 ʇʇ-ɸʅ104 1.8 12 0.6 0.6 - 1 0.25 - - - 

3 ʇʇ-ɸʅ105 1 - 13 0.5 4.2 - - - - - 

4 ʇʇ-ɸʅ106 0.2 13.5 0.4 0.4 - - - - 0.2 - 

5 ʇʇ-ɸʅ120 0.18 1.8 18 0.6 - - - 0.7 - - 

6 ʇʇ-ɸʅ121 0.18 0.8 1 0.6 - - 0.15 - 0.25 - 

7 ʇʇ-ɸʅ122 0.3 4.5 1.6 0.8 - - - 0.6 0.25 - 

8 ʇʇ-ɸʅ124 2.8 17 1 0.6 - - - - - 0.3 
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9 ʇʇ-ɸʅ125 2 15 1 1.5 - - - - 0.3 0.7 

10 ʇʇ-ɸʅ130 0.25 5 0.6 1.2 - - 0.4 1.2 - - 

11 ʇʇ-ɸʅ133 0.12 17 1.2 5.4 8 - - - 0.1 - 

12 ʇʇ-ɸʅ138 0.1 15 0.6 0.2 1.8 - - - 0.2 - 

13 ʇʇ-ɸʅ170 0.7 20 0.6 0.6 - - - - 0.2 3 

14 ʇʇ-25ʍ5ʌʄʉ 0.25 5.2 0.6 1.1 - - 0.4 1.2 - - 

15 ʇʇ-3ʍ4ɺ3ʌ 0.25 4 0.6 0.6 - 3.5 0.6 - 0.2 - 

16 ʇʇ-ʍ12ɺʌ 2.4 15 0.6 0.4 - 1.3 0.3 - - - 

17 ʇʇ-ʋ15ʍ17ʅ2 2 20 0.8 0.7 2 - - - - - 

18 ʇʇ-ʍ10ɺ14 4 10 0.4 0.4 - 14.5 - - - - 

19 ʇʇ-ʈ18 1.1 4.3 0.4 0.4 - 19 1.5 - - - 

20 ʇʇ-ɻ13ɸ 1.2 - 15.3 0.5 - - - - - - 

21 ʇʇ-4ʍ2ɺ8ʊ 0.5 3 1 0.3 - 10 0.35 - 1 - 

22 ʇʇ-ʋ45ʍ25ɻ6ʊ 5.3 25 7 0.9 - - - - 1 - 

23 ʇʇ-ʈ18ʊ 0.3 4.7 0.4 0.5 - 20 1.4 - 1 - 

24 ʇʇ-ʍ12ɺʌʊ 2.5 15 0.4 0.6 - 1.3 1 - 1 - 
            

 
ɺʤʽʩʪ S ʪʘ P ʥʝ ʙʽʣʴʰʝ 0.04 % ʜʣʷ ʢʦʞʥʦʛʦ ʜʨʦʪʫ.  

 
ɼʦʜʘʪʦʢ 

 

ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʰʠʭʪʠ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ. 

 

ʊʘʙʣʠʮʷ 1 - ʉʪʨʽʯʢʘ 
 

ʉʪʘʣʴ C Si Mn S P Cr Ni 
        

08ʇʉ 0.05- 0.17 0.25- 0.03 0.03 0.1 0.25 

 0.12  0.65     

08ʂʇ 0.05- 0.03 0.25-0.5 0.04 0.04 - - 

 0.11       
        

 

ʊʘʙʣʠʮʷ 2 - ʌʝʨʦʤʘʨʛʘʥʝʮʴ 
 

ʄʘʨʢʘ Mn Si C S P 
      

ʌMn1.0ɸ 85 1.5 1 0.03 0.1 

ʌMn1.0 85 2 1 0.03 0.3 

ʌMn1.5 85 2.5 1.5 0.03 0.3 
      

 

ʊʘʙʣʠʮʷ 3 - ʌʝʨʦʩʠʣʽʮʽʡ 
 

ʄʘʨʢʘ Si Mn Cr Al  S P Ca 
        

AC90 89 0.2 0.2 3 0.02 0.03 0.5 

AC75 74-80 0.4 0.4 2.5 0.03 0.05 - 
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ʊʘʙʣʠʮʷ 4 - ʉʠʣʽʢʦʤʘʨʛʘʥʝʮʴ 
 

ʄʘʨʢʘ Mn Si C P ʛʨ.. ɸ P ʛʨ.. ɹ S 
       

CMn20 65 20-25.9 1 0.1 0,25 0,03 

CMn17 65 17-19.9 1.7 0.1 0,25 0,03 

CMn14 65 14-16.9 2.5 0.2 0,35 0,03 
       

 

ʊʘʙʣʠʮʷ 5 - ʌʝʨʦʪʠʪʘʥ 
 

ʄʘʨʢʘ Ti C S P Cu  Mo Zn V Zn Al/Ti  Si/Ti 
             

ʊʠ-0 28- 0,1 0,03 0,04 0,05  0,05 0,1 0,2 0,01 0,25 0,14 

 35            

ʊʠ-1 28- 0,15 0,04 0,04 2  0,4 0,3 0,4 0,04 0,25 0,16 

 35            

ʊʠ-2 25- 0,2 0,07 0,07 3,5  1 0,7 1 0,08 0,4 0,28 

 35            
             

 

ʊʘʙʣʠʮʷ 6 - ʌʝʨʦʭʨʦʤ 
 

ʄʘʨʢʘ    Cr    C      Si    S      P  
                                    

ʌʍ100    65     1        2       0,04      0,04  

ʌʍ200    65     2        2       0,04      0,04  

ʌʍ650    65     6,5     1,5     0,06      0,04  
                                  

ʊʘʙʣʠʮʷ 7 - ʌʝʨʦʤʦʣʽʙʜʝʥ                      
                                    

ʄʘʨʢʘ       Mo  Cu  W Si  C  S  P   As  Sb Zn 
                                    

ʌʄ-1       58  0.5  0.6  0.8  0.05  0.1   0.05  0.03  0.02 0.015 

ʌʄ-2       55  1.5  1  1.5  0.1  0.15  0.1   0.05  0.05 0.05 
                                 

ʊʘʙʣʠʮʷ 8 - ʌʝʨʦʚʘʥʘʜʽʡ                      
                              

ʄʘʨʢʘ  V    C    Si   Al    As     S   P  
                                

ɺʜ 1  35    0.75     2    1     0.05     0.1   0.1 

ɺʜ 2  35    0.75     3    1.5   0.05     0.1   0.2 
                              

ʊʘʙʣʠʮʷ 9 - ʌʝʨʦʚʦʣʴʬʨʘʤ                      
                              

ʄʘʨʢʘ W  Mo  Mn    Si  C   Cu   As   Sn  S P 
                              

ɺ1 72   1.5   0.5     0.5  0.3   0.15   0.04  0.08  0.08 0.04 

ɺ2 71   2   0.5     0.8  0.5  0.2    0.06  0.1  0.1  0.06 
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ʊʘʙʣʠʮʷ 10 ï ʌʝʨʦʥʽʦʙʽʡ 

                        

ʄʘʨʢʘ  Nb+Ta  Si    Al    Ti   C     S   P  
                          

ʌʅ1  55-70  1.5     3    1.5   0.1      0.05   0.15 
                             

 

ʊʘʙʣʠʮʷ 11 - ʌʝʨʦʙʦʨ                         
                       

ʄʘʨʢʘ  B    Si    Al   C  S     P   Cu 
                          

ʌɹ-0  20     2      3   0.05   0.01    0.015   0.05 

ʌɹ-1  17     3      5   0.2   0.02    0.03   0.1 
                         

ʊʘʙʣʠʮʷ 12 - ʇʦʨʦʰʦʢ ʟʘʣʽʟʥʠʡ                    
                          

ʄʘʨʢʘ  Fe    C    Si   Mn   O2     S   P  

ʇɾ-1  98.8   0.08     0.1    0.1   0.2      0.02    0.02 

ʇɾ-2  98.8   0.03     0.1    0.3   0.2     0.02   0.02 
                                     

 

ʊʘʙʣʠʮʷ 13 - ʅʽʢʝʣʝʚʠʡ ʧʦʨʦʰʦʢ 
 

ʄʘʨʢʘ Ni+Co Co Fe S Cu Si C O2 

ʇʅʕ1 99,5 0,5 0,2 0,008 0,08 0,03 0,02 0,1 

ʇʅʕ2 99,3 0,5 0,25 0,02 0,08 0,04 0,04 0,1 

ʇʅʕ3 99,5 0,5 0,2 0,01 0,08 0,03 0,02 0,1 
         

 

 

 

ʊʘʙʣʠʮʷ 14 - ɺʦʣʴʬʨʘʤʦʚʠʡ ʧʦʨʦʰʦʢ 
 

ʄʘʨʢʘ  W     Si  Ca  Fe   S   P 
                          

ʇɺʊ  99-99.5 0.003  0.005  0.006   0.001  0.005 
                           

ʊʘʙʣʠʮʷ 15 - ʂʦʙʘʣʴʪʦʚʠʡ ʧʦʨʦʰʦʢ                
                            

ʄʘʨʢʘ  Co     Fe  Si  Ni   C   Cu 
                            

ʇʂ-1  99.2    0.2  0.03  0.4   0.02   0.05 

ʇʂ-2  98.2    0.5  0.05  0.2   0.05   0.1 
                          

ʊʘʙʣʠʮʷ 16 - ʄʦʣʽʙʜʝʥʦʚʠʡ ʧʦʨʦʰʦʢ           
                            

ʄʘʨʢʘ  Mo     S   P    Fe    Si      
                         

ʄʇʏ  96-98   0.001  0.001   0.005   0.003    
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ʊʘʙʣʠʮʷ 17 - ɸʣʶʤʽʥʽʻʚʠʡ ʧʦʨʦʰʦʢ 

 

                           

ʄʘʨʢʘ    Al      Fe    Si       Cu+Zn 
                           

ʇɸʄ-4    95     1.2   1.5        0.6    
                         

ʊʘʙʣʠʮʷ 18 - ʍʨʦʤ ʤʝʪʘʣʽʯʥʠʡ                
                      

ʄʘʨʢʘ Cr  Al     Si   Fe C  P  S   Cu 
                      

ʍ0 98.5   0.5   0.4   0.6 0.03  0.02   0.02  0.02 

ʍ1 98   0.5   0.5   0.8 0.04  0.03   0.03  0.04 

ʍ2 97   0.7   0.5   1.2 0.05  0.03   0.04  0.05 
                       

ʊʘʙʣʠʮʷ 19 - ʄʘʨʛʘʥʝʮʴ ʤʝʪʘʣʽʯʥʠʡ                
                  

ʄʘʨʢʘ  Mn     Si  P  Fe   C   S 
                    

ʄʨ0  99.7    -   0.01  -     0.1    0.1 

ʄʨ1  95     0.8  0.05  2.5   0.1    -   
                            

 

ʊʘʙʣʠʮʷ 20 - ʂʨʝʤʥʽʡ ʢʨʠʩʪʘʣʽʯʥʠʡ 
 

ʄʘʨʢʘ Si Fe Al  Ca 
     

ʂʨ1 98 0.7 0.7 0.6 

ʂʨ2 97 1 1.2 0.8 
     

 

ʊʘʙʣʠʮʷ 21 - ʂʘʨʙʽʜ ʭʨʦʤʘ                       
                                      

ʄʘʪʝʨʽʘʣ     Cr       C                 
                                      

ʂʘʨʙʽʜ ʭʨʦʤʘ  86         14                   
                                   

ʊʘʙʣʠʮʷ 22 - ʃʽʛʘʪʫʨʘ ʬʝʨʦʭʨʦʤ ʙʦʨʦʚʘ ʢʦʤʧʣʝʢʩʥʘ ʩʝʨʝʜʥʴʦ ʚʫʛʣʝ-  

ʮʝʚʘ                                       
                                       

ʄʘʨʢʘ  B     S   Al     C  Ti    Mn  Cr      
                                       

ʌʍɹʊʄ- 9-14     1.5-5   0.5-3.5    0.5-2 0.5-2.5   1-5  50       

1                                       
                                  

ʊʘʙʣʠʮʷ 23 - ʃʽʛʘʪʫʨʘ ʥʽʢʝʣʴ-ʙʦʨ ʽ ʟʘʣʽʟʦ-ʭʨʦʤ-ʙʦʨ              
                                    

ʄʘʨʢʘ ʆʩʥʦʚʘ B    Cr    C     S  P   Si Al       

 ʩʧʣʘʚʫ                                    
                                  

ʅɹ-1 ʅʽʢʝʣʴ 11    -     0,1     0,01  0,01  2   9       

ʅɹ-2 ʅʽʢʝʣʴ 17   -    0,2     0,02  0,03  2   9       

ʌʍɹ-1 ʍʨʦʤ- 17   43   0,8     0,02  0,03  3   5       

ʌʍɹ-2 ʟʘʣʽʟʣʦ 15   35   0,6     0,03  0,03  3   6       
                          



 

30 
 

ʊʘʙʣʠʮʷ 24 - ʃʽʛʘʪʫʨʘ ʬʝʨʦʭʨʦʤ ʙʦʨʦʚʘ ʢʦʤʧʣʝʢʩʥʘ ʚʫʛʣʝʮʝʚʘ      
                                 

ʄʘʨʢʘ   B      Cr   Si    Al   Mn    Ti   C  
                             

ʋʌʍɹʊʄ- 3-6     55-70   3-8     2.5   1-6  0.5-3    3-6   

1                                       
                

ʊʘʙʣʠʮʷ  25  -  ʃʽʛʘʪʫʨʘ  ʟʘʣʽʟʦ-ʭʨʦʤ-ʙʦʨ-ʢʨʝʤʥʽʡ-ʤʘʨʛʘʥʝʮʴ-ʥʽʢʝʣʴ-  

ʚʫʛʣʝʮʴʚʤʽʩʥʽ                                    
                           

ʄʘʨʢʘ  B    Cr  Si  Mn   C   Ni     S    P  
                      

ɾʂʄʋ-2 1.5-3    40   5-10   2-6   3-6   -     0.04   0.06  

ɾʂʄʋ-1 -    40   5-10   2-6  3-6  4-8  0.4    0.06  
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ʇʈɸʂʊʀʏʅɸ ʈʆɹʆʊɸ ˉ4 

ɼʆʉʃɯɼɾɽʅʅʗ ʊʆɺʑʀʅʀ ʑɸʈʋ ʅɸʇʃɸɺʃɽʅʆɻʆ 

ʄɽʊɸʃʋ ʇʈʀ ɯʅɼʋʂʎɯʁʅʆʄʋ ʅɸʇʃɸɺʃɽʅʅɯ 

ʊʆʅʂʀʍ ʇʃʆʉʂʀʍ  

 

ʄʝʪʘ: ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʦʥʢʠʭ ʧʣʦʩʢʠʭ ʜʝʪʘʣʝʡ (ʬʘʩʦʥʥʠʭ 

ʜʠʩʢʽʚ) ʩʪʽʡʢʠʤʠ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʤʠ ʪʚʝʨʜʠʤʠ 

ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ. 

 

ʆʉʅʆɺʅɯ ʊɽʆʈɽʊʀʏʅɯ ʇʆʃʆɾɽʅʅʗ 

ʅʘ ʷʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ ʚʧʣʠʚʘʻ 

ʨʷʜ ʬʘʢʪʦʨʽʚ. ɼʝʷʢʽ ʟ ʥʠʭ ʩʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ, 

ʷʢʽ ʥʦʩʷʪʴ ʟʤʽʥʥʠʡ ʘʙʦ ʧʦʩʪʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠʢʣʘʜʦʤ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʽʡʥʦʾ ʧʦʭʠʙʢʠ ʻ ʟʘʩʠʧʘʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʛʦ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʥʘ 

ʧʦʚʝʨʭʥʶ, ʷʢʘ ʧʽʜʣʷʛʘʻ ʥʘʧʣʘʚʣʝʥʥʶ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. 

ʂʨʽʤ ʪʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʩʪʽʣ ʽ ʧʨʠʪʠʩʢʘʥʥʷ ʾʾ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʦʤ, ʯʘʩʪʠʥʘ ʰʠʭʪʠ ʧʽʜ ʜʽʻʶ ʚʽʙʨʘʮʽʾ ʟʩʫʚʘʻʪʴʩʷ ʟ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚ ʩʪʦʨʦʥʫ, ʷʢʘ ʥʝ ʧʽʜʣʷʛʘʻ ʥʘʧʣʘʚʣʝʥʥʶ, ʘ 

ʯʘʩʪʠʥʘ ʚʠʩʠʧʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʫ (ʧʽʜʣʦʛʫ), ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʦʚʱʠʥʠ ʰʘʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʟʥʦʩʦʩʪʽʡʢʦʛʦ 

ʩʧʣʘʚʫ ʧʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 
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ɺʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʝ ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ 

ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ. ɺʠʟʥʘʯʠʪʠ ʥʘʧʝʨʝʜ ʤʦʤʝʥʪ ʾʭ ʧʦʷʚʠ ʽ ʪʦʯʥʫ 

ʚʝʣʠʯʠʥʫ ʷʢʠʭ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʜʝʪʘʣʽ ʚ ʧʘʨʪʽʾ ʻ 

ʥʝʤʦʞʣʠʚʠʤ. 

ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʧʣʘʚʣʝʥʥʷ ʽ 

ʥʘʧʠʣʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʨʦʟʤʽʨʠ ʪʦʚʱʠʥ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

ʦʜʝʨʞʫʶʪʴʩʷ ʨʽʟʥʽ ʽ ʢʦʣʠʚʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʞʘʭ ʜʦʧʫʩʢʫ. 

ʏʘʩʪʠʥʘ ʥʘʧʣʘʚʣʝʥʠʭ ʜʝʪʘʣʝʡ ʙʫʜʝ ʤʘʪʠ ʨʦʟʤʽʨʠ ʙʣʠʟʴʢʽ ʜʦ 

ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʜʦʧʫʩʢʫ, ʘ ʯʘʩʪʠʥʘ - ʜʦ ʥʠʞʥʴʦʾ, ʷʢʽ ʚʢʘʟʘʥʽ ʚ 

ʢʨʝʩʣʝʥʥʽ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʽʥʜʫʢʮʽʡʥʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ 

ʩʧʦʯʘʪʢʫ ʥʘʛʨʽʚʘʻʪʴʩʷ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ, ʘ ʚʽʜ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʨʦʟʧʣʘʚʣʷʻʪʴʩʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʪʚʝʨʜʠʡ ʩʧʣʘʚ. ʊʦʙʪʦ, 

ʧʦʚʝʨʭʥʷ, ʷʢʘ ʧʽʜʣʷʛʘʻ ʥʘʧʣʘʚʣʝʥʥʶ ʥʘʛʨʽʚʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʜʫʢʪʦʨʘ, ʷʢʠʡ ʟʙʫʜʞʫʻ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 

ʥʝʚʠʜʠʤʽ ʚʠʭʨʦʚʽ ʩʪʨʫʤʠ ʌʫʢʦ. ʇʨʠ ʮʴʦʤʫ ʤʝʪʦʜʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʱʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ. 

ʉʭʝʤʘ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ: 1 ï ʜʝʪʘʣʴ; 2 ï 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʪʚʝʨʜʠʡ ʩʧʣʘʚ; 3 ï ʜʚʦʚʠʪʢʦʚʠʡ ʢʽʣʴʮʝʚʠʡ 

ʽʥʜʫʢʪʦʨ 

 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦʭʠʙʦʢ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʽ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ. 

ɺʠʤʽʨʷʚʰʠ ʪʦʚʱʠʥʠ ʧʘʨʪʽʾ ʥʘʧʣʘʚʣʝʥʠʭ ʜʝʪʘʣʝʡ, 

ʨʦʟʙʠʚʘʶʪʴ ʾʭ ʥʘ ʛʨʫʧʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ, ʘʙʦ 

ʚʽʜʭʠʣʝʥʥʷʤʠ ʚ ʤʝʞʘʭ ʧʝʚʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʟʦʙʨʘʞʫʶʪʴ ʛʨʘʬʽʯʥʦ. ʇʨʠ ʮʴʦʤʫ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʚʽʜʢʣʘʜʘʶʪʴ 

ʯʠʩʣʦ ʜʝʪʘʣʝʡ ʟ ʦʜʥʘʢʦʚʠʤʠ ʨʦʟʤʽʨʘʤʠ (ʯʘʩʪʦʪʘ ʚʠʧʘʜʢʽʚ), ʘ ʧʦ 

ʦʩʽ ʘʙʩʮʠʩ - ʾʭ ʨʦʟʤʽʨʠ ʘʙʦ ʚʽʜʭʠʣʝʥʥʷ. ɿ'ʻʜʥʫʶʯʠ ʪʦʯʢʠ, 

ʦʜʝʨʞʫʶʪʴ ʣʘʤʘʥʫ ʣʽʥʽʶ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ 

ʮʷ ʣʽʥʽʷ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʢʨʠʚʦʾ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʚʦʶ 

ʨʦʟʩʽʶʚʘʥʥʷ (ʨʦʟʧʦʜʽʣʫ)  ʨʦʟʤʽʨʽʚ ʨʠʩ.2. 

ʈʽʟʥʠʮʷ ʤʽʞ ʥʘʡʙʽʣʴʰʠʤ ʽ ʥʘʡʤʝʥʰʠʤ ʨʦʟʤʽʨʦʤ 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ. 

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʻ ʪʝ, ʱʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʢʫ ʥʘ 
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ʥʘʧʣʘʚʣʝʥʥʷ. ʇʨʠ ʥʝʚʠʢʦʥʘʥʥʽ ʮʴʦʛʦ - ʨʦʟʩʽʶʚʘʥʥʷ ʧʝʨʝʚʠʱʫʻ 

ʜʦʧʫʩʢ - ʜʝʪʘʣʽ ʦʜʝʨʞʫʶʪʴʩʷ ʟ ʜʝʬʝʢʪʦʤ.  

ʗʢʱʦ ʧʨʠ ʦʙʨʦʙʮʽ ʤʘʶʪʴ ʤʽʩʮʝ ʪʽʣʴʢʠ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ, 

ʢʨʠʚʘ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠʡʤʘʻ ʩʠʤʝʪʨʠʯʥʫ ʬʦʨʤʫ. ʉʠʩʪʝʤʘʪʠʯʥʘ 

ʧʦʩʪʽʡʥʘ ʧʦʭʠʙʢʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫ ʨʦʟʧʦʜʽʣʫ, ʚʦʥʘ ʣʠʰʝ 

ʟʤʽʥʶʻ ʾʾ ʧʦʣʦʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ ʘʙʩʮʠʩ. 

 

ʈʠʩʫʥʦʢ 2 - ʂʨʠʚʘ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ 

 

ʈʠʩʫʥʦʢ 3 -  ɿʤʽʱʝʥʽ ʢʨʠʚʽ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ, ʚʠʟʚʘʥʠʭ 

ʧʦʭʠʙʢʦʶ ʥʘʣʘʛʦʜʞʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 
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ʗʢʱʦ ʧʦʙʫʜʫʚʘʪʠ ʢʨʠʚʫ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ, ʦʜʝʨʞʘʥʠʭ 

ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʧʨʠ ʦʜʥʦʤʫ ʚʽʜʣʘʛʦʜʞʝʥʦʤʫ 

ʨʝʞʠʤʽ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʢʨʠʚʫ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ, ʦʜʝʨʞʘʥʠʭ 

ʧʨʠ ʦʙʨʦʙʮʽ ʜʨʫʛʦʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʥʘ ʪʦʤʫ ʞʝ ʨʝʞʠʤʽ, ʘʣʝ ʧʨʠ 

ʚʪʦʨʠʥʥʦʤʫ ʚʽʜʣʘʛʦʜʞʝʥʥʽ, ʪʦʜʽ ʦʜʝʨʞʠʤʦ ʜʚʽ ʦʜʠʥʘʢʦʚʽ ʢʨʠʚʽ, 

ʘʣʝ ʟʤʽʱʝʥʽ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʾ ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʨʠʩ.3. ɺʝʣʠʯʠʥʘ 

ʮʴʦʛʦ ʟʤʽʱʝʥʥʷ LD  ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʭʠʙʢʫ ʥʘʣʘʛʦʜʞʝʥʥʷ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ. 

ʂʨʠʚʽ ʨʦʟʩʽʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʦʯʥʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ 

ʜʝʪʘʣʽ. 

ɺʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʚ ʨʦʟʤʽʨʘʭ ʥʘʧʣʘʚʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ 

ʧʘʨʪʽʾ ʧʽʜʧʘʜʘʶʪʴ ʟʘʢʦʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ 

ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʫʻʪʴʩʷ ʢʨʠʚʦʶ ɻʘʫʩʘ ʨʠʩ.4., ʷʢʘ ʤʘʻ 

ʩʠʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʽʟ ʟʘʦʢʨʫʛʣʝʥʦʶ ʚʝʨʰʠʥʦʶ ʽ ʟ ʢʦʞʥʦʾ 

ʩʪʦʨʦʥʠ ʧʦ ʦʜʥʽʡ ʪʦʯʮʽ ʧʝʨʝʛʠʥʫ ɸ ʽ ɺ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʚʝʨʰʠʥʠ. 

ʈʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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ʜʝ ʫ - ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʭʠʙʢʠ; 

ů- ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʘʨʛʫʤʝʥʪʫ;  

x - ʚʽʜʭʠʣʝʥʥʷ ʜʽʡʩʥʠʭ ʨʦʟʤʽʨʽʚ ʚʽʜ ʩʝʨʝʜʥʽʭ.  

ʗʢʱʦ ʨʦʟʙʠʪʠ ʚʩʽ ʜʝʪʘʣʽ ʚ ʧʘʨʪʽʾ ʥʘ ʛʨʫʧʠ ʧʦ ʽʥʪʝʨʚʘʣʘʤ 

ʨʦʟʤʽʨʽʚ, ʪʦʜʽ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʜʝʪʘʣʽ ʚ ʧʘʨʪʽʾ 
ʩʝʨL . ʜʦʨʽʚʥʶʻ 

ʩʝʨʝʜʥʴʦʤʫ ʘʨʠʬʤʝʪʠʯʥʦʤʫ ʟ ʨʦʟʤʽʨʽʚ ʚʩʽʭ ʜʝʪʘʣʝʡ ʚʩʽʭ ʛʨʫʧ, 

ʪʦʙʪʦ: 
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ʜʝ m̔   - ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ ʚ ʧʘʨʪʽʾ; 

ʽL  - ʨʦʟʤʽʨʠ ʦʢʨʝʤʠʭ ʛʨʫʧ ʜʝʪʘʣʝʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʞʥʦʤʫ 

ʽʥʪʝʨʚʘʣʫ; 

ʽn m=ä  - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʷʥʠʭ ʪʦʯʦʢ ʚ ʧʘʨʪʽʾ;  

ʂ - ʯʠʩʣʦ ʛʨʫʧ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ ʽʥʪʝʨʚʘʣʽʚ. 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ s ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
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ʈʠʩʫʥʦʢ 4 - ʂʨʠʚʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 
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ʜʝ 
1 1 ʩʝʨx L L= - , 

2 2 ʩʝʨx L L= - , 
K K ʩʝʨx L L= -  - ʚʽʜʭʠʣʝʥʥʷ 

ʜʽʡʩʥʠʭ ʨʦʟʤʽʨʽʚ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ 

ʜʝʪʘʣʝʡ.  

ɸʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʨʽʚʥʶʻ: 

max minL Le= - . 

ɿ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (1) ʚʠʜʥʦ: 

1) ʧʨʠ x=0 ʤʘʢʩʠʤʘʣʴʥʦ ʦʨʜʠʥʘʪʘ ( )maxy  ʜʦʨʽʚʥʶʻ: 

   
max

1 1
2 0.4y p

s s
= @ ;    (4) 

ʧʨʠ x s=° ʦʨʜʠʥʘʪʘ ʜʣʷ ʪʦʯʦʢ ʧʝʨʝʛʠʥʫ ɸ ʽ ɺ ( )ys  ʜʦʨʽʚʥʶʻ: 

   max
max

1 1
0.6 0.24

2

y
y y

e e
s

ss p
= = = = ;  (5) 

3) ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ: 

   maxxe=° .           (6) 

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ 

ʘʙʩʮʠʩʠ ʢʨʠʚʦʾ 0.36x s=°  ʟʥʘʭʦʜʠʪʴʩʷ 35% ʚʩʽʭ ʥʘʧʣʘʚʣʝʥʠʭ 

ʜʝʪʘʣʝʡ, ʚ ʽʥʪʝʨʚʘʣʽ 3x s=°  - 99,7%. 

ʗʢ ʚʠʜʥʦ, ʚʽʜʭʠʣʝʥʥʷ ʜʽʡʩʥʠʭ ʨʦʟʤʽʨʽʚ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʨʦʟʤʽʨʫ ʤʘʡʞʝ ʚʩʽʭ ʥʘʧʣʘʚʣʝʥʠʭ ʜʝʪʘʣʝʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

ʚʽʜ 3s+  ʜʦ 3s-  ʪʦʙʪʦ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʚʽʜʭʠʣʝʥʥʷ 

ʜʦʨʽʚʥʶʻ 6s. ʆʪʞʝ, ʷʢʱʦ ʜʦʧʫʩʢ ʥʘ ʦʙʨʦʙʢʫ, ʙʽʣʴʰʝ 6s, ʪʦʜʽ 

ʧʦʣʝ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʽ ʧʦʭʠʙʢʘ ʥʘʧʣʘʚʣʝʥʥʷ ʤʝʥʰʝ 

ʜʦʧʫʩʢʫ, ʪʦʙʪʦ ʚʩʽ ʜʝʪʘʣʽ ʧʦ ʨʦʟʤʽʨʘʤ ʧʨʠʜʘʪʥʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʨʠʚʦʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦ ʪʦʛʦ 

ʤʘʩʰʪʘʙʫ, ʚ ʷʢʦʤʫ ʥʘʨʠʩʦʚʘʥʘ ʢʨʠʚʘ ʨʦʟʩʽʶʚʘʥʥʷ ʬʘʢʪʠʯʥʠʭ 
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ʨʦʟʤʽʨʽʚ, ʥʝʦʙʭʽʜʥʦ ʦʨʜʠʥʘʪʠ, ʷʢʽ ʦʙʯʠʩʣʝʥʽ ʟʘ ʟʚʠʯʘʡʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ, ʧʦʤʥʦʞʠʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʽʥʪʝʨʚʘʣʫ ʨʦʟʤʽʨʽʚ ( )LD  ʽ 

ʥʘ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʧʦʚʥʦʤʫ ʯʠʩʣʫ ʜʝʪʘʣʝʡ ʚ ʧʘʨʪʽʾ ()n . 

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʬʦʨʤʫʣʠ (4,5 ʽ 6) ʧʨʠʡʤʫʪʴ ʚʠʛʣʷʜ: 

   
2

max 0.4
n L

y
s

Ö
= ;                      (4`) 

   
max 0.24

n L
y

s

Ö
= ;                (5`) 

   max 3x s=° .               (6`) 

ʎʽ ʜʘʥʽ ʩʣʫʞʘʪʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ. 

ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʨʦʟʩʽʶʚʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʜʦʧʫʩʢʫ ʦʙʨʦʙʢʠ ʧʦ 

ʜʦʩʣʽʜʞʝʥʽʡ ʦʧʝʨʘʮʽʾ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʥʘʥʝʩʪʠ ʥʘ ʛʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʚ 

ʧʨʠʡʥʷʪʦʤʫ ʤʘʩʰʪʘʙʽ ʚʝʣʠʯʠʥʫ ʧʦʣʷ ʟʘʜʘʥʦʛʦ ʜʦʧʫʩʢʫ ʽ ʯʝʨʝʟ 

ʢʽʥʮʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʽʜʨʽʟʢʘ ʧʨʦʚʝʩʪʠ ʦʨʜʠʥʘʪʠ ʜʦ ʧʝʨʝʪʠʥʫ ʟ 

ʢʨʠʚʦʶ ʨʦʟʧʦʜʽʣʫ. ʏʘʩʪʠʥʘ ʧʣʦʱʽ ʧʽʜ ʢʨʠʚʦʶ ʤʽʞ 

ʧʨʦʚʝʜʝʥʠʤʠ ʦʨʜʠʥʘʪʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʜʝʪʘʣʝʡ, ʨʦʟʤʽʨʠ 

ʷʢʠʭ ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʧʦʣʷ ʜʦʧʫʩʢʫ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʜʝʪʘʣʝʡ ʚ ʤʝʞʘʭ ʧʦʣʷ ʜʦʧʫʩʢʫ 

ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʧʣʦʱʽ, ʦʙʤʝʞʝʥʦʶ ʢʨʠʚʦʶ ʨʦʟʧʦʜʽʣʫ ʽ 

ʦʨʜʠʥʘʪʘʤʠ, ʧʨʦʚʝʜʝʥʠʤʠ ʯʝʨʝʟ ʢʽʥʮʽ ʧʦʣʷ ʜʦʧʫʩʢʫ, ʜʦ ʚʩʽʻʾ 

ʧʣʦʱ̔ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʣʦʱ (ʦʙʤʝʞʝʥʠʭ 

ʚʝʨʭʥʴʦʶ ʽ ʥʠʞʥʴʦʶ ʤʝʞʝʶ ʜʦʧʫʩʢʫ), ʨʦʟʤʽʱʝʥʠʭ ʧʦ ʦʙʠʜʚʽ 

ʩʪʦʨʦʥʠ ʮʝʥʪʨʫ ʨʦʟʩʽʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʚʝʜʝʥʘ 

ʬʫʥʢʮʽʷ ʃʘʧʣʘʩʘ ʧʨʠ ʘʨʛʫʤʝʥʪʽ  

x
z
d
= ; 

   ()
2

2

0

1

2

z z

F z e dz
p

-

= ñ ,    (7) 

ʧʨʠ ʮʴʦʤʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʚʩʷ ʧʣʦʱʘ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ 

ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

   ()
2

2

0

2
2 1

2

z z

F z e dz
p

-

= =ñ .   (8) 

ɺʠʟʥʘʯʠʚʰʠ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʚ 

ʤʝʞʘʭ ʧʦʣʷ ʜʦʧʫʩʢʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʧʦʣʷ ʜʦʧʫʩʢʫ, ʪʦʙʪʦ 

ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʝʬʝʢʪʫ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʝʬʝʢʪʫ (ʚ %) ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 

ʜʚʦʭ ʚʠʧʘʜʢʽʚ: 

1) ʜʣʷ ʚʠʧʘʜʢʫ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʩʝʨʝʜʠʥʠ 

ʧʦʣʷ ʜʦʧʫʩʢʫ (ʧʦ ʘʙʩʮʠʩʽ); 

2) ʜʣʷ ʚʠʧʘʜʢʫ ʩʧʽʚʧʘʜʘʥʥʷ ʮʝʥʪʨʘ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʟ 

ʩʝʨʝʜʠʥʦʶ ʧʦʣʷ ʜʦʧʫʩʢʫ (ʧʦ ʘʙʩʮʠʩʽ). 

ʈʦʟʨʘʭʫʥʦʢ ʚʝʜʝʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

ɼʣʷ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ. 

ɺʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʩʝʨʝʜʠʥʠ 

ʧʦʣʷ ʜʦʧʫʩʢʫ ʧʦ ʘʙʩʮʠʩʽ ʜʦʨʽʚʥʶʻ: 
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( )

2

B H

u cep

L L
L L

+
D = - ,       (9) 

ʜʝ  
cepL  - ʘʙʩʮʠʩʘ   ʮʝʥʪʨʘ   ʧʦʣʷ   ʨʦʟʩʽʶʚʘʥʥʷ - ʩʝʨʝʜʥʽʡ 

ʘʨʠʬʤʝʪʠʯʥʠʡ ʨʦʟʤʽʨ; 

BL  - ʚʝʨʭʥ ̫ʤʝʞʘ ʟʥʘʯʝʥʥʷ ʧʦʣʷ ʜʦʧʫʩʢʫ (ʧʦ ʘʙʩʮʠʩʽ); 

HL  - ʥʠʞʥ̫ ʤʝʞʘ ʟʥʘʯʝʥʥʷ ʧʦʣʷ ʜʦʧʫʩʢʫ (ʧʦ ʘʙʩʮʠʩʽ). 

ɿʥʘʯʝʥʥʷ  ʘʨʛʫʤʝʥʪʫ z ʜʣʷ ʚʝʨʭʥʴʦʛʦ ( )Bz  ʽ ʥʠʞʥʴʦʛʦ 

( )Hz  ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʜʦʧʫʩʢʫ ʨʽʚʥʝ: 

 
( )B cep

B

L L
z

s

-
= ;     (10) 

   
( )H cep

H

L L
z

s

-
= .     (11) 

ʁʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʝʬʝʢʪʫ t¡ (ʚ %) ʧʦ ʚʝʨʭʥʽʡ ʤʝʞʽ 

ʜʦʧʫʩʢʫ ʜʦʨʽʚʥʶʻ: 

   ( )0.5 100B BF zt¡= -è øê ú ;    (12) 

ʧʦ ʥʠʞʥʽʡ ʤʝʞʽ ʜʦʧʫʩʢʫ: 

   ( )0.5 100H HF zt¡= -è øê ú .    (13) 

ɼʣʷ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʝʬʝʢʪʫ t¡¡ (ʚ %) ʨʽʚʥʘ: 

   1 2 100
2

B HL L
Ft

s

è ø-å õ
¡¡= - Öæ öé ù

ç ÷ê ú
.   (14) 

ɺʝʣʠʯʠʥʘ ()0.5F zf=  ʚʠʨʘʞʘʻ ʜʦʣʶ ʚʽʜ ʧʣʦʱʽ ʤʽʞ ʢʨʠʚʦʶ 

ɻʘʫʩʩʘ ʽ ʚʽʩʩʶ ʘʙʩʮʠʩ, ʷʢʫ ʧʨʠʡʤʘʻʤʦ ʟʘ ʦʜʠʥʠʮʶ. 

ɿʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ()zf  ʯʝʨʝʟ ʜʝʩʷʪʫ ʜʦʣʶ ʘʨʛʫʤʝʥʪʘ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 
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ʊʘʙʣʠʮʷ 1 - ɿʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ()zf  

0,0 0,0000 1,2 0,7699 2,4 0,9836 

0,1 0,0797 1,3 0,8064 2,5 0,9876 

0,2 0,1585 1,4 0,8385 2,6 0,9907 

0,3 0,2358 1,5 0,8664 2,7 0,9931 

0,4 0,3108 1,6 0,8904 2,8 0,9949 

0,5 0,3829 1,7 0,9109 2,9 0,9963 

0,6 0,4515 1,8 0,9281 3,0 0,9973 

0,7 0,5161 1,9 0,9426 3,1 0,99806 

0,8 0,5763 2,0 0,9545 3,2 0,99862 

0,9 0,6319 2,1 0,9643 3,3 0,99903 

1,0 0,6827 2,2 0,9722 3,4 0,99933 

1,1 0,7287 2,3 0,9786 3,5 0,99953 

 

ʊʘʢ ʷʢ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʾ ʪʦʯʥʦʩʪʽ ʥʘʧʣʘʚʣʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʢʨʠʚʠʭ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝ ʚʽʜʦʙʨʘʞʘʻ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʧʣʘʚʣʝʥʠʭ ʜʝʪʘʣʝʡ, ʪʦʜʽ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ 

ʪʦʯʢʦʚʠʭ ʜʽʘʛʨʘʤ ʥʝ ʤʘʻ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ. 

ʇʨʠ ʮʴʦʤʫ ʤʝʪʦʜʽ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʫʻʪʴʩʷ ʟʤʽʥʘ ʪʦʚʱʠʥ 

ʥʘʧʣʘʚʣʝʥʠʭ ʜʝʪʘʣʝʡ ʧʘʨʪʽʾ ʚ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʾʭ 

ʥʘʧʣʘʚʣʝʥʥʷ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʦʾ ʜʽʘʛʨʘʤʠ ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʘʶʪʴ 

ʥʦʤʝʨʘ ʧʦʩʣʽʜʦʚʥʦ ʥʘʧʣʘʚʣʝʥʠʭ ʜʝʪʘʣʝʡ,  ʘ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ï 

ʨʦʟʤʽʨʠ, ʦʜʝʨʞʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʧʣʘʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʥʘʥʦʩʠʪʴʩʷ ʧʦʣʝ ʜʦʧʫʩʢʫ ʪʦʚʱʠʥʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ. 

ʆʪʨʠʤʘʥʝ ʨʦʟʢʠʜʘʥʥʷ ʪʦʯʦʢ ʙʫʜʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʦʟʤʽʨʽʚ ʜʘʥʦʾ ʛʨʫʧʠ ʜʝʪʘʣʝʡ. 
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ɿʘ ʧʦʙʫʜʦʚʘʥʠʤʠ ʪʘʢʠʤ ʯʠʥʦʤ ʜʽʘʛʨʘʤʘʤʠ ʚʘʞʢʦ 

ʚʩʪʘʥʦʚʠʪʠ ʟʘʛʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ (ʪʝʥʜʝʥʮʽʶ) ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ 

ʧʦʩʣʽʜʦʚʥʦ ʥʘʧʣʘʚʣʝʥʠʭ ʜʝʪʘʣʝʡ ʧʘʨʪʽʾ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ 

ʥʝʜʦʣʽʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʪʦʯʦʢ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ 

ʦʜʥʽʡ ʚʝʨʪʠʢʘʣʽ, ʥʘʥʝʩʪʠ ʦʜʥʫ ʪʦʯʢʫ, ʷʢʘ ʦʟʥʘʯʘʻ ʩʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʪʦʚʱʠʥ ʜʝʪʘʣʝʡ ʜʘʥʦʾ ʛʨʫʧʠ. 

ʆʪʨʠʤʘʥʽ ʪʦʯʢʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʝʜʥʽʤ ʛʨʫʧʦʚʠʤ 

ʨʦʟʤʽʨʘʤ, ʟ'ʻʜʥʫʶʪʴʩʷ ʢʨʠʚʦʶ ʣʽʥʽʻʶ. 

 

ʇʆʈʗɼʆʂ ɺʀʂʆʅɸʅʅʗ ʈʆɹʆʊʀ 

ʇʨʠʢʣʘʜ. 

3.1. ʅʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ ʥʝʦʙʭʽʜʥʦ ʽʥʜʫʢʮʽʡʥʠʤ 

ʤʝʪʦʜʦʤ ʥʘʧʣʘʚʠʪʠ 5 ʜʠʩʢʽʚ ʟʥʦʩʦʩʪʽʡʢʠʤ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʤ 

ʪʚʝʨʜʠʤ ʩʧʣʘʚʦʤ ʇɻ-ʉ1 (ʨʠʩ.5, ʨʠʩ.6): 

1d - ʪʦʚʱʠʥʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʟ ʰʘʨʠʢʦʤ; 

2d - ʪʦʚʱʠʥʘ ʰʘʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʨʘʟʦʤ ʟ ʰʘʨʠʢʦʤ ʽ 

ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ; 

2 1d d d= - - ʪʦʚʱʠʥʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ. 

3.2. ʊʦʚʱʠʥʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟʘʤʽʨʷʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʤʝʪʨʘ, ʷʢʠʡ ʤʘʻ ʦʜʥʫ ʛʫʙʢʫ ʥʘʧʽʚʩʬʝʨʠʯʥʫ, ʘ ʽʥʰʫ ʟ 

ʧʣʦʩʢʦʶ ʧʦʚʝʨʭʥʝʶ (ʨʠʩ.5). ʂʦʞʥʫ ʪʦʚʱʠʥʫ ʟʘʥʦʩʠʤʦ ʚ 

ʪʘʙʣʠʮʶ 2 ʚ ʧʦʨʷʜʢʫ ʾʭ ʚʠʤʽʨʫ. ɿʘʤʽʨʠ ʧʨʦʚʦʜʠʤʦ ʚ 36-ʪʠ 

ʪʦʯʢʘʭ ʜʠʩʢʘ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5 ʧʦ ʨʘʜʽʫʩʫ 1R  ʘʙʦ 2R . 

ʊʦʚʱʠʥʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʟʛʽʜʥʦ ʢʨʝʩʣʝʥʥʷ ʧʦʚʠʥʥʘ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʤʝʞʘʭ 0.5

0.2I +-  ʤʤ. 
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ʅʘ ʦʩʥʦʚʽ ʚʠʤʽʨʷʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʜʦʩʣʽʜʠʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʘʧʣʘʚʣʝʥʥʷ ʟʘ ʨʘʥʽʰʝ ʦʧʠʩʘʥʦʶ 

ʤʝʪʦʜʠʢʦʶ. 

ʇʨʠʚʝʜʝʥʽ ʨʦʟʤʽʨʠ ( )iL  ʨʦʟʙʠʚʘʶʪʴ ʥʘ 12 ʛʨʫʧ ʯʝʨʝʟ 

ʚʩʪʘʥʦʚʣʝʥʽ ʽʥʪʝʨʚʘʣʠ  ( )LD  ʚ 0,1 ʤʤ  ʟ ʚʢʘʟʘʥʦʶ ʘʙʩʦʣʶʪʥʦʶ 

ʯʘʩʪʦʪʦʶ ( )im  ʧʦʷʚʠ ʨʦʟʤʽʨʽʚ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

ɯʥʪʝʨʚʘʣ ʨʦʟʤʽʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʠʩʣʘ ʚʠʙʽʨʢʠ: 

ʷʢʱʦ 100n> , ʪʦʜʽ ʯʠʩʣʦ ʽʥʪʝʨʚʘʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ 

5f lgn= , 

ʷʢʱʦ 100n¢ , ʪʦʜʽ 1 3.322f lgn= + . ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 180n=  

ʐʠʨʠʥʘ ʽʥʪʝʨʚʘʣʫ LD  - ʮʝ ʻ ʨʽʟʥʠʮʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ 

ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚʩʝʨʝʜʠʥʽ ʽʥʪʝʨʚʘʣʫ. 

ʄʘʶʯʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʥʘʧʣʘʚʣʝʥʦʛʦ 

ʤʝʪʘʣʫ maxL  ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ minL , ʚʠʟʥʘʯʘʻʤʦ ʰʠʨʠʥʫ 

ʽʥʪʝʨʚʘʣʫ 

max min 1.66 0.46
0.1

12

L L
L

v

- -
D = = =(ʤʤ), 

ʜʝ v ï ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʣʷ ʟʘʤʽʨʶʚʘʥʥʷ. 
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1 ï ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ; 2 ï ʥʘʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ; 3 ï ʰʘʨʠʢ 

ʈʠʩ. 5 - ʅʽʞ-ʛʠʯʢʦʨʽʟ: ʘ) ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʦʚʱʠʥʠ ʰʘʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ; ʙ) 

ʧʝʨʝʨʽʟ ʚ ʟʦʥʽ ʥʘʧʣʘʚʣʝʥʥʷ ɸ-ɸ 

ʊʘʙʣʠʮʷ 2 - ʈʦʟʤʽʨʠ ʪʦʚʱʠʥʠ ʰʘʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

 ̄

ʟ/ʧ 

ʈʦʟʤʽʨ, 

ʤʤ 

 ̄

ʟ/ʧ 

ʈʦʟʤʽʨ, 

ʤʤ 

 ̄

ʟ/ʧ 

ʈʦʟʤʽʨ, 

ʤʤ 

 ̄

ʟ/ʧ 

ʈʦʟʤʽʨ, 

ʤʤ 

 ̄

ʟ/ʧ 

ʈʦʟʤʽʨ, 

ʤʤ 

1. 

2. 

3. 

4. 

1,33 

1,31 

0,72 

0,46 

37. 

38. 

39. 

40. 

0,80 

0,60 

0,98 

0,97 

73. 

74. 

75. 

76. 

1,01 

0,93 

046 

0,86 

109. 

110. 

111. 

112. 

1,15 

1,34 

0,63 

0,70 

145. 

146. 

147. 

148. 

0,96 

0,97 

1,66 

1,28 
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5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

0,54 

0,81 

0,87 

0,80 

0,69 

0,89 

0,85 

0,57 

0,83 

1,04 

0,82 

0,82 

1,04 

1,01 

0,94 

0,99 

0,76 

0,94 

0,84 

1,22 

1,25 

0,97 

1,38 

1,48 

0,69 

0,88 

0,58 

0,95 

1,06 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

0,70 

0,90 

1,02 

0,59 

0,71 

0,80 

1,17 

0,75 

1,21 

1,03 

1,02 

0,58 

0,97 

1,32 

1,21 

0,54 

0,52 

0,93 

0,94 

0,99 

1,21 

1,33 

0,94 

0,82 

0,99 

1,11 

0,83 

0,74 

1,22 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

105. 

0,70 

0,85 

0,87 

0,97 

0,48 

0,83 

0,87 

1,23 

0,80 

0,97 

1,01 

0,99 

0,83 

0,80 

0,91 

0,88 

0,89 

0,64 

0,87 

0,83 

0,81 

0,85 

0,48 

0,53 

0,54 

0,87 

0,74 

0,88 

0,92 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

138. 

139. 

140. 

141. 

0,96 

0,99 

0,70 

0,93 

0,63 

0,84 

1,07 

0,97 

0,53 

0,84 

0,90 

1,31 

0,94 

0,96 

1,23 

1,07 

1,22 

0,98 

1,02 

0,89 

0,60 

0,86 

0,92 

0,97 

1,00 

0,91 

0,52 

0,84 

1,20 

149. 

150. 

151. 

152. 

153. 

154. 

155. 

156. 

157. 

158. 

159. 

160. 

161. 

162. 

163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

171. 

172. 

173. 

174. 

175. 

176. 

177. 

1,42 

1,25 

0,85 

0,64 

0,83 

0,66 

1,45 

1,30 

1,28 

1,32 

0,85 

0,86 

0,82 

1,03 

1,06 

1,04 

1,22 

1,36 

1,37 

1,39 

1,41 

1,40 

1,49 

1,21 

1,14 

1,25 

0,57 

1,10 

0,46 
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34. 

35. 

36. 

0,89 

0,95 

1,23 

70. 

71. 

72. 

0,95 

0,68 

0,83 

106. 

107. 

108. 

1,04 

1,07 

0,98 

142. 

143. 

144. 

1,54 

1,31 

0,83 

178. 

179. 

180. 

0,80 

0,63 

0,48 

 

ʊʘʙʣʠʮʷ 3 - ɯʥʪʝʨʚʘʣʠ ʨʦʟʤʽʨʽʚ iL  (ʚ ʤʤ), ʘʙʩʦʣʶʪʥʘ ʯʘʩʪʦʪʘ im  

ˉ ʟ/ʧ 
iL  ʚʽʜ iL  ʜʦ im  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

 

0,46 

0,56 

0,66 

0,76 

0,86 

0,96 

1,06 

1,16 

1,26 

1,36 

1,46 

1,56 

 

0,56 

0,66 

0,76 

0,86 

0,96 

1,06 

1,16 

1,26 

1,36 

1,46 

1,56 

1,66 

14 

1 

11 

31 

35 

30 

7 

16 

11 

6 

3 

1 

180im =ä  

 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ ʨʦʟʩʽʶʚʘʥʥʷ ʬʘʢʪʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʨʠʩ.7. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʨʦʟʤʽʱʫʻʤʦ ʚ ʪʘʙʣʠʮʶ 4, ʷʢʘ ʟʘʧʦʚʥʶʻʪʴʩʷ 

ʧʦ ʤʽʨʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. 
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ʊʘʙʣʠʮʷ 4 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ˉ ʟ/ʧ ɯʥʪʝʨʚʘʣʠ 

ʨʦʟʤʽʨʽʚ L i 

ɸʙʩʦʣʶʪʥʘ 

ʯʘʩʪʦʪʘ mi 

i iL m  i ʩʝʨ iL L x- = 2 4( ) 10i ʩʝʨL L- ³ =

 

2 410ix= ³  

2 4( ) 10i ʩʝʨ iL L m- ³ =

 

2 410i ix m=  

1 2 3 4 5 6 7 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

0,46-0,56 

0,56-0,66 

0,66-0,76 

0,76-0,86 

0,86-0,96 

0,96-1,06 

1,06-1,16 

1,16-1,26 

1,26-1,36 

1,36-1,46 

1,46-1,56 

1,56-1,66 

14 

15 

11 

31 

35 

30 

7 

16 

11 

6 

3 

1 

7,14 

9,15 

7,81 

25,11 

31,85 

30,30 

7,77 

19,36 

14,41 

8,46 

4,53 

1,61 

-0,42 

-0,32 

-0,22 

-0,12 

-0,02 

0,08 

0,18 

0,28 

0,38 

0,48 

0,58 

0,68 

1764 

1024 

484 

144 

4 

64 

324 

784 

1444 

2304 

3364 

4624 

24696 

15360 

5324 

4464 

140 

1920 

2268 

12544 

15884 

13824 

10092 

4624 

  180 167,50   111140 

  

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 6 - ʅʽʞ-ʛʠʯʢʦʨʽʟ ɹʄɼ 52425: ʘ ï ʜʦ ʥʘʧʣʘʚʣʝʥʥʷ; ʙ ï 

ʧʽʩʣʷ ʥʘʧʣʘʚʣʝʥʥʷ 
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ʈʠʩʫʥʦʢ 7 - ʂʨʠʚʘ ʨʦʟʩʽʶʚʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʢʨʠʚʘ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʇʦʪʽʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʘʨʠʬʤʝʪʠʯʥʠʡ ʨʦʟʤʽʨ ʜʝʪʘʣʽ 

cepL  (ʬʦʨʤʫʣʘ 2), ʽ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ s 

(ʬʦʨʤʫʣʘ 3). 

1 167.50
0.93

180

i k

i i

i
cep

L m

L
n

=

== = =
ä

. 

ʅʘʧʨʠʢʣʘʜ ʜʣʷ ʧʝʨʰʦʛʦ ʽʥʪʝʨʚʘʣʫ: 
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0.46 0.56
0.51

2
iL

+
= =  ʤʤ, ʪʦʜʽ 0.51 14 7.14i iL mÖ = Ö =. 

ɺʠʟʥʘʯʘʻʤʦ ʜʣʷ ʜʨʫʛʦʛʦ ʽʥʪʝʨʚʘʣʫ: 

0.56 0.66
0.61

2
iL

+
= = ; 

0.61 15 9.15i iL mÖ = Ö =, 

ʽ ʪʘʢ ʜʣʷ ʜʚʘʥʘʜʮʷʪʠ ʽʥʪʝʨʚʘʣʽʚ. 

ɺ ʛʨʘʬʫ 5 ʪʘʙʣ. 4 ʟʘʧʠʩʫʻʤʦ ʨʽʟʥʠʮʶ ʤʽʞ ʩʝʨʝʜʥʽʤʠ 

ʨʦʟʤʽʨʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʽ ʩʝʨʝʜʥʽʤ ʘʨʠʬʤʝʪʠʯʥʠʤ 

ʨʦʟʤʽʨʦʤ: 

( )i cep iL L x- = ; 

ʜʣʷ ʧʨʠʢʣʘʜʫ ʚʠʟʥʘʯʘʻʤʦ ʧʝʨʰʽ ʜʚʘ ʽʥʪʝʨʚʘʣʠ: 

   
1

0.46 0.56
0.93 0.51 0.93 0.42

2
i cepL L x

+
- = = - = - =-; 

ʜʣʷ ʜʨʫʛʦʛʦ ʽʥʪʝʨʚʘʣʫ: 

   
2

0.56 0.66
0.93 0.61 0.93 0.32

2
i cepL L x

+
- = = - = - =-. 

ʇʦʪʽʤ ʧʽʜʨʘʭʦʚʫʶʪʴʩʷ ʢʚʘʜʨʘʪʠ ʦʩʪʘʥʥʽʭ ʚʝʣʠʯʠʥ, ʷʢʽ 

ʤʥʦʞʘʪʴʩʷ ʥʘ 410 , ʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʧʠʩʫʻʤʦ ʚ ʛʨʘʬʫ 6 ʪʘʙʣ. 4: 

( )
2

410i cepL L- Ö ; 

( )
2 40.42 10 1764- Ö = ; ( )

2 40.32 10 1024- Ö = . 

ʇʽʩʣʷ ʮʴʦʛʦ ʚʝʣʠʯʠʥʠ ʛʨʘʬʠ 6 ʤʥʦʞʘʪʴ ʥʘ ʚʽʜʧʦʚʽʜʥʽ 

ʘʙʩʦʣʶʪʥʽ ʯʘʩʪʦʪʠ im  ʽ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʧʠʩʫʶʪʴ ʚ ʛʨʘʬʫ 

7 ʪʘʙʣ. 4: 

( )
2

4 2 410 10i cep i i iL L m x m- Ö Ö = Ö Ö; 
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1764 14 24696³ = ;1024 15 15360³ = . 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʦʨʽʚʥʶʻ: 

2

1

4 4

111140
0.248

10 10 180

i K

i i

i

x m

n
s

=

== = =
³ ³

ä
. 

ɸʙʩʦʣʶʪʥʝ ʧʦʣʝ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦ ʬʘʢʪʠʯʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ: 

( )max min 1.66 0.46 1.2L Le= - = - =. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ()4¡, ()5¡, ()6¡: 

1) ʤʘʢʩʠʤʘʣʴʥʘ ʦʨʜʠʥʘʪʘ /ʜʣʷ ʭ=0  /: 

max

180 0.1
0.4 0.4 29

0.248

n L
y

s

D Ö
= = =; 

2) ʦʨʜʠʥʘʪʘ ʜʣʷ ʪʦʯʦʢ ʧʝʨʝʛʠʥʫ /ʜʣʷ x s=°/: 

180 0.1
0.24 0.24 17.4

0.248

n L
ys

s

D Ö
= = = ; 

3) ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ: 

max 3 3 0.248 0.744x s=° =° ³ =°; 

180 0.1
0.054 0.054 3.9

0.248

n L
ys

s

D Ö
= = = ; 

   2 2 0.248 0.496s= Ö = ; 3 3 0.248 0.744s= Ö =° . 

ɿʘ ʮʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʻʪʴʩʷ ʢʨʠʚʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʛʨʘʬʽʢʫ ʨʦʟʩʽʶʚʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

(ʨʠʩ. 7). 

ʅʘ ʮʴʦʤʫ ʞ ʛʨʘʬʽʢʫ ʥʘʥʦʩʠʪʴʩʷ ʚʝʣʠʯʠʥʘ ʟʘʜʘʥʦʛʦ ʧʦʣʷ 

ʜʦʧʫʩʢʫ ( )0.5I +  ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʨʦʟʤʽʨʘʤʠ 1,5 ʤʤ (ʚʝʨʭʥʽʡ) ʽ 

0.2I - -0,8 ʤʤ (ʥʠʞʥʽʡ) ʤʝʞʽ ʧʦʣʷ ʜʦʧʫʩʢʫ ʽ ʯʝʨʝʟ ʚʝʨʭʥʶ ʽ 
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ʥʠʞʥʶ ʤʝʞʽ ʧʦʣʷ ʜʦʧʫʩʢʫ ʧʨʦʚʦʜʷʪʴ ʦʨʜʠʥʘʪʠ ʜʦ ʧʝʨʝʪʠʥʫ ʟ 

ʢʨʠʚʦʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ɺʝʣʠʯʠʥʘ ʟʘʰʪʨʠʭʦʚʘʥʦʾ 

ʧʣʦʱʽ ʜʦʧʫʩʢʫ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʚʩʽʻʾ ʧʣʦʱʽ ʢʨʠʚʦʾ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ, ʚʠʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʜʝʪʘʣʝʡ ʚ ʤʝʞʘʭ 

ʜʦʧʫʩʢʫ.  

ʁʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʜʝʬʝʢʪʫ (ʚ %) ʚʠʟʥʘʯʘʻʪʴʩʷ: 

1) ʜʣʷ ʚʠʧʘʜʢʫ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʩʝʨʝʜʠʥʠ 

ʧʦʣʷ ʜʦʧʫʩʢʫ (ʧʦ ʘʙʩʮʠʩʽ). 

ɺʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ (ʟʘ 

ʬʦʨʤʫʣʦʶ 9): 

1.5 0.8
0.93 0.22

2 2

B H
ʮ cep

L L
L L

+ +
D = - = - =-

 

ɿʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ Z  ʜʣʷ ʚʝʨʭʥʴʦʛʦ ( )BZ  ʽ ʥʠʞʥʴʦʛʦ ( )HZ  

ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʜʦʧʫʩʢʫ ʜʦʨʽʚʥʶʻ: 

1.5 0.93
2.3

0.248

B cep

B

L L
Z

s

+ -
= = =

 

0.8 0.93
0.52

0.248

H cep

H

L L
Z

s

+ -
= = =- 

ʁʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʜʝʬʝʢʪʫ t¡ (ʚ %) ʜʦʨʽʚʥʶʻ: 

 ʧʦ ʚʝʨʭʥʽʡ ʤʝʞʽ ʜʦʧʫʩʢʫ (+): 

( ) ( )

( )

0.9786
0.5 100 0.5 2.3 100 0.5 100

2

0.5 0.48 100 2%;

B BF Z F Ft
è øå õ

¡= - Ö = - Ö = - Ö =è ø è ø æ öé ùê ú ê ú
ç ÷ê ú

= - Ö =

  ʧʦ ʥʠʞʥʽʡ ʤʝʞʽ ʜʦʧʫʩʢʫ (-): 

( ) ( )
0.4

0.5 100 0.5 100 0.5 0.2 100 30%
2

H HF Z Ft
è øå õ

¡= - Ö = - Ö = - Ö =è ø æ öé ùê ú
ç ÷ê ú

 

ɺ ʩʫʤʽ ʜʝʬʝʢʪ ʩʢʣʘʜʘʻ: 
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30+2=32%. 

ʊʦʚʱʠʥʘ ʰʘʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚ ʤʝʞʘʭ ʧʦʣʷ ʜʦʧʫʩʢʫ 

ʩʢʣʘʜʘʻ: 

100-32=68%. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʦʥʢʠʭ ʜʠʩʢʽʚ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʥʘʧʣʘʚʣʝʥʥʷ (ʦʜʥʦʯʘʩʥʝ ʧʦ ʚʩʽʡ ʨʦʙʦʯʽʡ 

ʧʦʚʝʨʭʥʽ, ʥʝʧʝʨʝʨʚʥʦ ï ʧʦʩʣʽʜʦʚʥʝ, ʪʘ ʚʽʜʮʝʥʪʨʦʚʝ) ʽ ʪʠʤ 

ʩʘʤʠʤ ʧʦʨʽʚʥʶʚʘʪʠ ʾʭ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʘʛʨʽʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʦʚʱʠʥʠ 

ʰʘʨʫ ʥʘʧʣʘʚʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ. 

 

ʂʆʅʊʈʆʃʔʅɯ ɿɸʇʀʊɸʅʅʗ 

1. ʑʦ ʪʘʢʝ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ? 

2. ʇʦʷʩʥʠʪʠ ʟʘʢʦʥ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ? 

3. ʆʧʠʩʘʪʠ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ʨʦʟʩʽʶʚʘʥʥʷ 

ʬʘʢʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ? 

4. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 
cepL  ʽ ʩʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ s ʚʽʜʭʠʣʝʥʥʷ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ? 

5. ʆʧʠʩʘʪʠ ʤʝʪʦʜʠʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʽʥʜʫʢʮʽʡʥʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ? 
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ɺʀʄʆɻʀ ɼʆ ʆʌʆʈʄʃɽʅʅʗ ɿɺɯʊʋ 

ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʦʬʦʨʤʠʪʠ ʟʚʽʪ, ʚ ʷʢʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘʩʪʫʧʥʽ ʧʠʪʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʟʛʽʜʥʦ ʧʫʥʢʪʫ 3; 

- ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʬʘʢʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ 

ʢʨʠʚʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ; 

- ʧʦʙʫʜʫʚʘʪʠ ʪʦʯʢʦʚʫ ʜʽʘʛʨʘʤʫ; 

- ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʧʦ ʧʨʦʚʝʜʝʥʠʤ ʨʦʟʨʘʭʫʥʢʘʤ. 
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ʇʈɸʂʊʀʏʅɽ ɿɸʅʗʊʊʗ ˉ 5  

ʈʆɿʈɸʍʋʅʆʂ ʇɸʈɸʄɽʊʈɯɺ ʈɽɾʀʄʋ ɼʋɻʆɺʆɻʆ 

ʄɽʍɸʅɯɿʆɺɸʅʆɻʆ  ʅɸʇʃɸɺʃɽʅʅʗ 

 

ʄʝʪʘ: ʦʟʥʘʡʦʤʠʪʠʩʷ ʪʘ ʧʨʘʢʪʠʯʥʦ ʟʘʩʚʦʾʪʠ  ʤʝʪʦʜʠʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʤʝʭʘʥʽʟʦʚʘʥʦʤʫ 

ʥʘʧʣʘʚʣʝʥʥʽ.  

ɿʘʜʘʯʽ:  

1) ʚʠʚʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʜʫʛʦʚʦʛʦ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ 

ʥʘʧʣʘʚʣʝʥʥʷ;  

2) ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʟʚôʷʟʢʫ, ʤʽʞ ʩʦʙʦʶ, ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ 

ʜʫʛʦʚʦʛʦ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ   

ʂʆʈʆʊʂɯ ʊɽʆʈɽʊʀʏʅɯ ɺɯɼʆʄʆʉʊɯ   

ʈʝʞʠʤʠ ʥʘʧʣʘʚʣʝʥʥʷ ʧʨʠʡʥʷʪʦ ʦʮʽʥʶʚʘʪʠ ʟʘ ʜʚʦʤʘ 

ʫʟʘʛʘʣʴʥʶʶʯʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʽʙʥʦʩʪʽ: ʚʽʜʥʦʩʥʽʡ ʪʦʚʱʠʥʽ 

ʰʘʨʫ, ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ Zh (ʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ, ʱʦ 

ʥʘʧʣʘʚʣʷʻʪʴʩʷ ʜʦ ʜʽʘʤʝʪʨʘ ʜʨʦʪʫ Zh=h/dʝ)  ʽ ʢʦʝʬʽʮʽʻʥʪʫ ʬʦʨʤʠ  

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʠʢʽʚ, ʱʦ ʥʘʧʣʘʚʣʷʶʪʴʩʷ yɺ = B/hɺ.   

ɺ ʙʘʟʦʚʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʤʝʪʦʜʽ ʪʦʚʱʠʥʘ ʰʘʨʫ, ʱʦ 

ʥʘʧʣʘʚʣʷʻʪʴʩʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʥʘʧʣʘʚʣʝʥʥʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ  ʟ ʨʽʚʥʷʥʥʷ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʦʩʪʽ ʦʙôʻʤʽʚ ʤʝʪʘʣʫ, ʷʢʘ ʥʘʧʣʘʚʣʷʻʪʴʩʷ ʡ ʚʠʪʨʘʪʠ 

ʥʘʧʣʘʚʣʶʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʛʦʨʘʥʥʷ 

ʡ ʥʝʧʦʚʥʦʪʠ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ:    
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B H np ʜF v F v ʂ ɸ= Ö Ö,                                   (1) 

ʜʝ Fʧʨ  ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ, ʤʤ
2
; Kï 

ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ ʥʘ ʚʠʛʦʨʘʥʥʷ ʡ 

ʙʨʠʟʢʠ (ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʤʝʪʘʣʫ ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ 

ʥʘʧʣʘʚʣʷʻʪʴʩʷ) (ʪʘʙʣ. 1);  A  - ʢʦʝʬʽʮʽʻʥʪ ʥʝʧʦʚʥʦʪʠ ʰʘʨʫ, ʷʢʠʡ 

ʥʘʧʣʘʚʣʷʻʪʴʩʷ (ʪʘʙʣ. 1).    

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʚʥʷʥʥʷ (1)  ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʧʣʘʚʣʝʥʥʷ :  

          

2 20.785 0.785e ʜ e ʜ
H

B H

d v KA d v KA
V

F S h
= =                      (2)                  

 ʜʝ Sʥ ï ʢʨʦʢ ʥʘʧʣʘʚʣʝʥʥʷ, ʤʤ/ʦʙ ; vʜ ï ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʚʘʥʥʷ 

ʜʨʦʪʫ, ʤ/ʭʚ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʥʘʧʣʘʚʣʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ (2) 

ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʚʘʥʥʷ ʜʨʦʪʫ, ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ:  

                                   
20,785 60

H ʟʚ
ʜ

e

I
v

d

a

g
=                                          (3)                                                           

ʜʝ Ha  ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʣʘʚʣʝʥʥʷ, ʛ/ɸĬʛʦʜ; Iʟʚ ï ʟʚʘʨʶʚʣʴʥʠʡ 

ʩʪʨʫʤ, ɸ;  g - ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ, ʛ/ʩʤ
3
.  

 
           
ʂʨʦʢ ʥʘʧʣʘʚʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ 

ʥʘʧʣʘʚʣʶʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʟ ʥʘʩʪʫʧʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:  

     (2 2.5)H eS d= ·                                    (4)                                                    

ʊʘʢʦʞ, ʢʨʦʢ ʥʘʧʣʘʚʣʝʥʥʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ:  
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H B B BS K hy=                                                                   (5) 

 ʜʝ Kʚ  - ʢʦʝʬʽʮʽʻʥʪ ʯʘʩʪʠʥʠ ʚʘʣʠʢʘ, ʱʦ ʥʝ ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ (Kʚ = 

0,6·0,8).  

ʂʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʠʢʘ By  ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ:  

1
3 exp(2 )

2 2 10 h
B H ʟʚ

h

z
I

z
y a

-
-= + Ö Ö                     (6) 

ɿʚʘʨʶʚʘʣʴʥʠʡ ʩʪʨʫʤ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

20.785ʟʚ e AI d D=                                     (7) 

 ʜʝ Dɸ  - ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ, ɸ/ʤʤ
2
.   

ʂʦʝʬʽʮʽʻʥʪ ʥʘʧʣʘʚʣʝʥʥʷ Ha  ʪʘ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ Dɸ  ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʥʘʧʣʘʚʣʝʥʥʷ) ʟʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.2. 

ʅʘʧʨʫʛʘ ʥʘ ʜʫʟʽ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʥʘ ʤôʷʢʠʭ ʨʝʞʠʤʘʭ 

ʧʨʠʡʤʘʻʤʦ ʤʽʥʽʤʘʣʴʥʠʤ ʟ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʜʫʛʠ.   

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʜʫʟʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ 

ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ:  

1

0 0.003 (1 exp(2 ))ʜ ʟʚ hU U I Z-= + +                     (8) 

ʜʝ U0 ï ʤʽʥʽʤʘʣʴʥʘ ʥʘʧʨʫʛʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʫʛʠ 

ʧʨʠ ʤʝʭʘʥʽʟʦʚʘʥʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ.  

ʄʽʥʽʤʘʣʴʥʫ ʥʘʧʨʫʛʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ:  

                                  0.37

0 3.65 ʟʚU I=                                (9)                                                                



 

58 
 

ʏʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʽ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʚʠʟʥʘʯʘʻʤʦ  

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

                                                                               
1000 H

ʜ

ʜ

v
n

Dp
=                                              (10)                                                          

ʜʝ ʜD - ʜʽʘʤʝʪʨ ʜʝʪʘʣʽ, ʤʤ.  

ʄʘʰʠʥʥʠʡ ʯʘʩ ʥʘʧʣʘʚʣʝʥʥʷ (ʜʣʷ ʪʽʣ ʦʙʝʨʪʘʥʥʷ) ʦʜʥʽʻʾ 

ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

                                     0
H

ʜ ʅ

L i
t

n S
=                                  (11)                                                                    

ʜʝ Lʥ ï ʜʦʚʞʠʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ, ʤʤ; i ï ʯʠʩʣʦ 

ʰʘʨʽʚ.  

ʇʨʠʢʣʘʜ.   

ɺʠʭʽʜʥʽ ʜʘʥʽ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ 

ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʰʘʨʦʤ ʬʣʶʩʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ 

ʢʦʨʝʥʝʚʦʾ ʰʠʡʢʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʽʘʤʝʪʨʦʤ 95 ʤʤ, 

ʰʠʨʠʥʦʶ ï 35 ʤʤ. ʊʦʚʱʠʥʘ ʰʘʨʫ, ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʥʝ ʤʝʥʰʦʶ ʟʘ 2,5 ʤʤ.  

ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ. ʇʘʨʘʤʝʪʨ ʧʦʜʽʙʥʦʩʪʽ ʜʣʷ ʤôʷʢʦʛʦ ʨʝʞʠʤʫ 

Zh=h/dʝÓ1,5. ʊʦʜʽ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʜʽʘʤʝʪʨ ʜʨʦʪʫ ʜʣʷ 

ʥʘʧʣʘʚʣʝʥʥʷ      dʝ =h/Zh º1,67. ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ ʜʽʘʤʝʪʨ 

ʜʨʦʪʫ, ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ  dʝ=1,6·1,8 ʤʤ. ʇʨʠʡʤʘʻʤʦ  dʝ=1,8 

ʤʤ. ʂʦʨʝʛʫʻʤʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ Zh = h/ dʝ=1,39.  

1. ɿʥʘʭʦʜʠʤʦ ʩʪʨʫʤ ʜʫʛʠ ʟʘ ʬʦʨʤʫʣʦʶ (7) Iʟʚ=190 ɸ. Dɸ=76 

ɸ/ʤʤ
2
.  

2. ɺʠʟʥʘʯʠʤʦ ʥʘʧʨʫʛʫ ʥʘ ʜʫʟʽ ʟʘ ʬʦʨʤʫʣʦʶ (8): ʜU =28 ɺ.  
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3. ɿʘ ʬʦʨʤʫʣʦʶ (3) ʚʠʟʥʘʯʠʤʦ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʚʘʥʥʷ ʜʨʦʪʫ, 

ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ:          

ʜv  = 2,06 ʤ/ʭʚ (ʟʥʘʯʝʥʥʷ Ha  ʟʥʘʭʦʜʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ, ʱʦ 

ʥʘʚʝʜʝʥʝ ʚ ʪʘʙʣ.1).  

4. ɿʘ ʬʦʨʤʫʣʦʶ (2) ʚʠʟʥʘʯʘʻʤʦ ʰʚʠʜʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ: vʥ = 

0,58 ʤ/ʭʚ.   

ʂʨʦʢ ʥʘʧʣʘʚʣʝʥʥʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (4) Sʥ=3,6·4,5 ʤʤ/ʦʙ. 

ɼʣʷ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʧʨʦʚʦʜʠʤʦ ʨʦʟʨʘʭʫʥʦʢ ʢʨʦʢʫ ʥʘʧʣʘʚʣʝʥʥʷ 

ʪʘʢʦʞ ʡ ʟʘ ʨʽʚʥʷʥʥʷʤ (5): Sʥ=4,5 ʤʤ/ʦʙ (ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ 

ʧʝʨʝʨʽʟʫ ʚʘʣʠʢʘ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (6) By =3,1).  

5. ɺʠʟʥʘʯʘʻʤʦ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʽ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟʘ 

ʬʦʨʤʫʣʦʶ (10): ʜn =1,9 ʦʙ/ʭʚ.  

6. ʄʘʰʠʥʥʠʡ ʯʘʩ ʥʘʧʣʘʚʣʝʥʥʷ ʦʜʥʽʻʾ ʧʦʚʝʨʭʥʽ (11): t0=5,1 

ʭʚ.   

ɼʣʷ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʨʽʪ ʩʫʮʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʛʽʜʥʦ ɼʉʊʋ 3671-97 

(ɻʆʉʊ 10543-98).  

ɺʫʛʣʝʮʝʚʽ ʥʘʧʣʘʚʣʶʚʘʣʴʥʽ ʜʨʦʪʠ (ʅʧ-30, ʅʧ-40, ʅʧ-50 ʽ ʪ. 

ʜ.) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʛʘʨʷʯʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʨʦʪʠ ʅʧ-45ʭ4ɺ3ʌ,         

ʅʧ-45ʍ2ɺ8ʊ, ʅʧ-60ʍɿɺ10ʌ. ɼʨʦʪʠ ʅʧ-40ʍɿɻ2ʄ ʽ ʅʧ-

40ʍɿɻ2ʄʌ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʟ ʫʜʘʨʘʤʠ. ɼʣʷ 

ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʨʦʪʠ ʉʚ-
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08ʍ19ʅ10ɻ2ɹ,  ʉʚ-04ʍ19ʅ11ʄɿ, ʉʚ-07ʍ25ʅ13, ʉʚ-

10ʍ16ʅ25ɸʄ6.  

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ  

1. ʆʟʥʘʡʦʤʠʪʠʩʴ ʽʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʽʜʦʤʦʩʪʷʤʠ.  

2. ʈʦʟʨʘʭʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ 

ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ. ɺʠʭʽʜʥʽ ʜʘʥʽ ʚʟʷʪʠ ʟ 

ʪʘʙʣ.1, 2. 

 

ʊʘʙʣʠʮʷ 1. ɼʦ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʥʷʪʪʷ ˉ 5 

 

 

 

 

 

ʉʧʦʩʽʙ 

ʥʘʧʣʘʚʣʝʥʥʷ  

ʂʦʝʬʽʮʽʻʥʪ 

ʚʨʘʭʦʚʫʶʯʠʡ 

ʚʠʪʨʘʪʠ  

ʤʝʪʘʣʫ ʥʘ 

ʚʠʛʦʨʘʥʥʷ ʡ 

ʙʨʠʟʢʠ (K)  

ʂʦʝʬʽʮʽʻʥʪ 

ʥʝʧʦʚʥʦʪʠ ʰʘʨʫ, 

ʱʦ  

ʥʘʧʣʘʚʣʷʻʪʴʩʷ (A)  

ʈʦʟʨʘʭʫʥʢʦʚʘ 

ʬʦʨʤʫʣʘ  

ʇʽʜ ʬʣʶʩʦʤ  0,90-0,986  0,986-0,99  Ŭʥ=3+5,5dʝ  

Dɸ=148-40dʝ  

ɺ ʚʫʛʣʝʢʠʩʣʦʤʫ 

ʛʘʟʽ  

0,82-0,90  0,88-0,96  Ŭʥ=7+4,0dʝ  

Dɸ=140-25dʝ  

ɺʽʙʨʦʜʫʛʦʚʝ  0,73-0,82  0,79-0,95  Ŭʥ=4,5+2,5dʝ  

Dɸ=100-15dʝ  
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ʊʘʙʣʠʮʷ 2.  ɼʦ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʥʷʪʪʷ ˉ 5 

ˉ ʚʘʨ.  ʉʧʦʩʽʙ 

ʥʘʧʣʘʚʣʝʥʥʷ  

ɼʝʪʘʣʴ, ʱʦ 

ʥʘʧʣʘʚʣʷʻʪʴʩʷ  

ʋʤʦʚʠ ʨʦʙʦʪʠ   ʊʦʚʱʠʥʘ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ  

ʥʘʧʣʘʚʠʪʠ  

(hʥ), ʤʤ  

ɼʦʚʞʠʥʘ 

ʧʦʚʝʨʭʥʽ, 

ʱʦ  

ʥʘʧʣʘʚʣʷʻʪ 

ʴʩʷ  

(Lʥ), ʤʤ  

ɼʽʘʤʝʪʨ 

ʜʝʪʘʣʽ  

(Dʜ), ʤʤ  

1-3.  ʇʽʜ ʬʣʶʩʦʤ  ɿʫʙ ʢʦʚʰʘ 

ʝʢʩʢʘʚʘʪʦʨʘ  

ʋʜʘʨʥʦʘʙʨʘʟʠʚʥʝ 

ʟʥʦʰʫʚʘʥʥʷ  

3,0  

4,0  

5,0  

40  

50  

60  

-  

4-6.  ɺ 

ʚʫʛʣʝʢʠʩʣʦʤʫ  

ʛʘʟʽ  

ɺʘʣ  ʊʝʨʪʷ ʤʝʪʘʣʫ ʦʙ 

ʤʝʪʘʣ ʧʨʠ  

ʥʘʷʚʥʦʩʪʽ 

ʤʘʩʪʠʣʘ   

1,0  

2,0  

3,0  

50  

55  

60  

  

60  

70  

80  

7-9.  ɺʽʙʨʦʜʫʛʦʚʝ  ʐʠʡʢʠ  

ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʫ  

ɻʽʜʨʦʘʙʨʘʟʠʚ ʥʝ  

ʟʥʦʰʫʚʘʥʥʷ  

1,0  

2,0  

3,0  

40  

45  

50  

  

80  

90  

100  

10-12.  ʇʽʜ ʬʣʶʩʦʤ  ʇʨʦʢʘʪʥʠʡ 

ʚʘʣʦʢ ʛʘʨʷʯʦʾ 

ʧʨʦʢʘʪʢʠ  

ʊʝʨʤʽʯʥʘ ʚʪʦʤʘ, 

ʪʝʧʣʦʟʤʽʥʠ  

3,0  

4,0  

5,0  

20  

30  

40  

40  

46  

48  

13-16.  ʇʽʜ ʬʣʶʩʦʤ  ɺʘʣ  ʊʝʨʪʷ ʤʝʪʘʣʫ ʦʙ 

ʤʝʪʘʣ ʧʨʠ  

ʥʘʷʚʥʦʩʪʽ 

ʤʘʩʪʠʣʘ  

3,0  

4,0  

5,0  

5,0  

80  

90  

100  

110  

50  

60  

70  

80  
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ʨʦʙʽʪ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʥʘʧʨʷʤʫ 6,050504 çɿʚʘʨʶʚʘʥʥʷè ʂʫʟʥʝʮʦʚ 
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ʇʈɸʂʊʀʏʅɽ ɿɸʅʗʊʊʗ ˉ 6  

ɺʇʃʀɺ ʇɸʈɸʄɽʊʈɯɺ ʇʈʆʎɽʉʋ ɼʋɻʆɺʆɻʆ 

ʄɽʍɸʅɯɿʆɺɸʅʆɻʆʅɸʇʃɸɺʃɽʅʅʗ ʅɸ 

ʊɽʄʇɽʈɸʊʋʈʅɯ ʇʆʃʗ ɹɯʃʗʐʆɺʅʆɰ ɿʆʅʀ 

 ʄʝʪʘ: ʚʠʚʯʠʪʠ ʪʘ ʧʨʘʢʪʠʯʥʦ ʟʘʩʚʦʾʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʥʘ ʪʝʨʤʽʯʥʽ ʮʠʢʣʠ ʧʨʠ ʜʫʛʦʚʦʤʫ ʤʝʭʘʥʽʟʦʚʘʥʦʤʫ 

ʥʘʧʣʘʚʣʝʥʥʽ ɿʘʜʘʯʽ:  

1) ʧʦʙʫʜʫʚʘʪʠ ʽʟʦʪʝʨʤʠ, ʽʟʦʭʦʨʠ ʪʘ ʽʟʦʪʝʨʤʽʯʥʽ ʣʽʥʽʾ ʧʨʠ 

ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʫ;  

2) ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʙʽʣʷ ʰʦʚʥʦʾ ʟʦʥʠ;  

3) ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ    

ʂʆʈʆʊʂɯ ʊɽʆʈɽʊʀʏʅɯ ɺɯɼʆʄʆʉʊɯ   

ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʦʧʠʩʫʻ ʨʽʚʥʷʥʥʷ:  

                                          
2

exp( )
2 4

q R
T

Vt atpl
D = -                          (1)  

ʜʝ R ï ʨʘʜʽʫʩ ʚʝʢʪʦʨ ʪʦʯʢʠ ʪʽʣʘ, ʜʣʷ ʷʢʦʾ ʟʥʘʭʦʜʷʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʽʜʥʦʩʥʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ:  R
2
 = y

2
 + z

2
; q ï 

ʝʬʝʢʪʠʚʥʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʪʝʧʣʘ: ʜ ʜq I Uh= , ʜʝ      

h - ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʜʫʛʠ; Iʜ ï ʩʪʨʫʤ ʜʫʛʠ; 

Uʜ ï ʥʘʧʨʫʛʘ ʥʘ ʜʫʟʽ;   V ï ʰʚʠʜʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ; l - 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ;  a ï ʢʦʝʬʽʮʽʻʥʪ 
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ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ; t ï ʯʘʩ, ʚʽʜʣʽʢ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʤʦʤʝʥʪʫ, ʢʦʣʠ ʜʫʛʘ ʧʨʦʭʦʜʠʪʴ ʧʝʨʝʪʠʥ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʯʢʘ, 

ʜʣʷ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ.  

ɿʛʽʜʥʦ (1) ʙʘʯʠʤʦ, ʱʦ ʟʘ ʟʘʟʥʘʯʝʥʦʶ ʩʭʝʤʦʶ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʣʠʰʝ ʟʟʘʜʫ ʜʞʝʨʝʣʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ (t > 0).   

ʊʝʨʤʽʯʥʽ ʮʠʢʣʠ T=f(t) (ʽʟʦʪʝʨʤʠ) ʦʧʠʩʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ.  

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʦʯʦʢ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ: z=0; ʪʦʜʽ 

R
2
 = y

2
 ʽ ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʤʦ ʟ ʚʠʨʘʟʫ :  

2

exp( )
2 4

q y
T

Vt atpl
D = -                                (2) 

 ɯʟʦʭʦʨʠ ʊ=f(x) ʫ ʧʣʦʱʠʥʽ XOZ (ʫ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʚʟʜʦʚʞ ʦʩʽ ʨʫʭʫ ʜʞʝʨʝʣʘ ʪʝʧʣʘ) ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʦʩʽ ʰʚʘ 

y1, y2,é.,yn = const ʙʫʜʫʶʪʴ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʪʘʢʠʤ ʩʘʤʠʤ 

ʨʽʚʥʷʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʇʐʊɼ, ʪʽʣʴʢʠ ʚʽʩʴ ʆʍ  

ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʰʪʫʯʥʦ ʽʟ ʟʘʣʝʞʥʦʩʪʽ  x Vt- = . 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ x Vt- = , ʧʽʩʣʷ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʽʟʦʪʝʨʤʠ:  

              4 (ln ln )
2

x q
y a T

V xpl

-
=° - D

-
                         (3) 

ʋ ʥʘʚʝʜʝʥʦʤʫ ʨʽʚʥʷʥʥʽ (3) ʤʦʞʣʠʚʽ ʜʚʘ ʚʠʧʘʜʢʠ (ʷʢʱʦ ʫ = 

0, ʪʦ ʩʘʤʝ ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴ ʢʨʘʡʥʽ ʪʦʯʢʠ ʽʟʦʪʝʨʤʠ ʧʦ ʦʩʽ ʆʍ):  

1) ʷʢʱʦ ʭ = 0 (ʮʝ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ);  
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2) ʷʢʱʦ ln ln )
2

q
T

xpl
= D  , ʟʚʽʜʩʠ 

2

q
x

Tpl
=

D
 - ʮʝ ʢʨʘʡʥʷ ʪʦʯʢʘ 

ʽʟʦʪʝʨʤʠ ʧʦ ʦʩʽ ʆʍ,   (-xmax), ʚʦʥʘ ʦʟʥʘʯʘʻ ʥʘʡʙʽʣʴʰʫ ʜʦʚʞʠʥʫ 

ʽʟʦʪʝʨʤʠ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʽ.  

ʇʨʦʩʪʦʪʘ ʪʘ ʥʘʦʯʥʽʩʪʴ ʨʽʚʥʷʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʘ 

ʩʭʝʤʦʶ ʇʐʊɼ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʙʘʛʘʪʦ ʧʘʨʘʤʝʪʨʽʚ 

ʘʥʘʣʽʪʠʯʥʦ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʟʘʜʘʯʫ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʧʦʟʙʘʚʣʷʻ ʧʦʪʨʝʙʠ ʚ ʢʦʧʽʪʢʠʭ ʦʙʯʠʩʣʝʥʥʷʭ ʽ (ʘʙʦ) ʛʨʘʬʽʯʥʠʭ 

ʧʦʙʫʜʦʚʘʭ.   

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ: 

- ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʽʯʥʦʛʦ ʮʠʢʣʫ  

                   
max 02

2q
T T

eVcpRp
= +     ,                         (4)  

ʜʝ ʝ- ʯʠʩʣʦ ʅʝʧʝʨʘ (ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʠʭ ʣʦʛʘʨʠʬʤʽʚ); ʩʨ- 

ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ;   

- ʜʦʚʞʠʥʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʚʠʟʥʘʯʘʻʤʦ ʟ ʚʠʨʘʟʫ:  

                                   
02 ( )ʧʣ

q
L

T ʊpl
=

-
                                    (5)  

            - ʰʠʨʠʥʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʚʠʟʥʘʯʘʻʤʦ ʟ ʚʠʨʘʟʫ:   

                          
0

8

( )ʧʣ

q
ɺ

eVcp T ʊp
=

-
                                    (6)  

- ʯʘʩ ʽʩʥʫʚʘʥʥʷ:  

          
02 ( )

ʽʩʥ

ʧʣ

q
ʽ

V T ʊp
=

-
                                 (7)  

- ʛʣʠʙʠʥʫʧʨʦʧʣʘʚʣʝʥʥʷ:  
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0

2

( )
np

ʧʣ

q
h

eVcp T ʊp
=

-
                                      (8) 

- ʧʣʦʱʫ ʧʨʦʧʣʘʚʣʝʥʥʷ  

         
0( )

np

ʧʣ

q
F

eVcp T ʊ
=

-
                                     (9)  

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ  

1. ʆʟʥʘʡʦʤʠʪʠʩʴ ʽʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʽʜʦʤʦʩʪʷʤʠ.  

2. ʇʦʙʫʜʫʚʘʪʠ ʽʟʦʪʝʨʤʠ T=f(t), ʽʟʦʭʦʨʠ T=f(x), ʽʟʦʪʝʨʤʽʯʥʽ 

ʧʦʚʝʨʭʥʽ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1, 2 (ʜʦʜʘʪʢʠ).   

3. ʈʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 5-9.   

4. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ L=f(q), B=f(q,V), hʧʨ=f(q,V), 

Fʧʨ=f(q,V) ʪʘ ʟʨʦʙʠʪʠ ʾʭ ʘʥʘʣʽʟ.   

5. ɺʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʥʘʧʣʘʚʣʝʥʥʷ.  

ʊʘʙʣʠʮʷ 1. ɼʦ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʥʷʪʪʷ ˉ 6 

ˉ 

ʟ/ʧ 

ʉʧʦʩʽʙ 

ʥʘʧʣʘʚʣʝʥʥʷ 

ɼʽʘʤʝʪʨ 

ʝʣʝʢʪʨʦʜʥʦʛ

ʦ ʜʨʦʪʫ , 

ʤʤ 

 ʉʪʨʫʤ, 

ɸ 

ʅʘʧʨʫʛʘ 

ʥʘ ʜʫʟʽ, 

ɺ 

ʐʚʠʜʢʽʩʪʴ 

ʥʘʧʣʘʚʣʝʥʥʷ,  

ʤ/ʛʦʜ 

ɽʬʝʢʪʠʚʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ 

 ɺʽʜʩʪʘʥʴ 

ʚʽʜ ʦʩʽ 

ʰʚʘ, 

ʤʤ 

 

1. 

2. 

3. 

 

4. 

5. 

6. 

 

7. 

8. 

9. 

ʅʘʧʽʚʘʚʪʦʤʘʪʠʯʥʝ 

ʚ 

ʟʘʭʠʩʥʠʭ ʛʘʟʘʭ 

(CO2) 

0,8-1,0 

 

 

 

1,2 

 

 

 

 

1,4 

 

 95é 

100 

110é 

120 

120é 

130 

 

130é 

140 

140é 

150 

19 

19,5 

20 

 

20 

20,5 

21 

 

22 

23 

24 

25é30 

37é42 

50é55 

 

25é30 

35é40 

45é50 

 

25é30 

37é42 

40é45 

0,7  1 

 

 

2 

 

 

 

 

3 
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150é 

160 

 

200é 

210 

250é 

260 

300é 

310 

10. 

11. 

12. 

 

13. 

14. 

15. 

16. 

ɸʚʪʦʤʘʪʠʯʥʝʧʽʜ 

ʬʣʶʩʦʤ 

2 

 

 

 

3 

 

 

4 

 300é 

320 

350é 

370 

400é 

420 

 

300é 

320 

400é 

420 

500é 

520 

600é 

620 

28 

31 

34 

 

30 

32 

34 

36 

15é20 

38é42 

60é65 

 

15é20 

30é35 

45é50 

45é50 

0,9  1 

 

 

 

2 

 

 

3 

 

  

ʊʘʙʣʠʮʷ 2. ɼʦ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʥʷʪʪʷ ˉ 6 

ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ɼʞ/(ʤ*ʂ)  

ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʤ
2
/(ʩʝʢ)  

ʆʙ`̒ʤʥʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ,  

ɼʞ/(ʤ
3
*ʂ)  

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʥʷ, 

ʂ  

 

48 

 

8,7*10
-6
 

 

4,8*10
6
 

 

1758  
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