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ɼʝʨʞʘʚʥʝ ʚʠʜʘʥʥʷ 

ʉʚʽʜʦʮʪʚʦ ɼʝʨʞʢʦʤʽʪʝʪʫ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ  

KB ˉ 5256 ʚʽʜ 2 ʣʠʧʥʷ 2001 ʨʦʢʫ 
 

ɿʙʽʨʥʠʢ ʚʠʭʦʜʠʪʴ ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ ʨʦʩʽʡʩʴʢʦʶ ʤʦʚʘʤʠ. 

 
ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè ʚʥʝʩʝʥʦ ʜʦ çʇʝʨʝʣʽʢʫ ʥʘʫʢʦ-

ʚʠʭ ʌʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ 

ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢè, ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʧʦʩ-

ʪʘʥʦʚʦʶ ʧʨʝʟʠʜʽʾ ɺɸʂ ʋʢʨʘʾʥʠ ʚʽʜ 26 ʪʨʘʚʥʷ 2010 ʨ. ˉ1 ï 05/4.(ɹʶʣʝʪʝʥʴ ɺɸʂ ʋʢʨʘʾʥʠ 

ˉ6, 2010 ʨ., ʩʪʦʨ. 3, ˉ20). 
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ʏʣʝʥʠ ʨʝʜʢʦʣʝʛʽʾ: ɭ.ɯ. ʉʦʢʦʣ, ʯʣʝʥ ʢʦʨ. ʅɸʅ ʋʢʨ, ʧʨʦʬ.; ɺ.ɹ. ʂʣʝʧʠʢʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 
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ʋ ʢʚʽʪʥʽ 2013 ʨ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè, ʩʝʨʽʷ 

çɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘè, ʚʢʣʶʯʝʥʠʡ ʫ ʜʦʚʽʜʥʠʢ ʧʝʨʽʦʜʠ-

ʯʥʠʭ ʚʠʜʘʥʴ ʙʘʟʠ ʜʘʥʠʭ Ulrichôs Periodicals Directory (New Jersey, USA). 
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ʇʨʦʪʦʢʦʣ ˉ 5  ʚʽʜ ç 4è ʯʝʨʚʥʷ 2013 ʨ. 
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ɺʂʃɸɼ ʆʊɽʏɽʉʊɺɽʅʅʓʍ ʋʏɽʅʓʍ ɺ ʉʆɿɼɸʅʀɽ  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆʁ ʃɸɹʆʈɸʊʆʈʀʀ  

ɺ ʍɸʈʔʂʆɺʉʂʆʄ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʀʅʉʊʀʊʋʊɽ  

ʀʄʇɽʈɸʊʆʈɸ ɸʃɽʂʉɸʅɼʈɸ ɯɯɯ 

 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʠʩʪʦʨʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʚ ʋʢʨʘʠʥʝ. ʉʜʝʣʘʥʳ ʥʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʘʣʣʘ. ɺ ʢʦʥʮʝ  ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʦʙʣʝʤʳ 
ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʍʘʨʴʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, 

ʪʝʭʥʠʯʝʩʢʘʷ ʚʳʩʪʘʚʢʘ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ. 

 

ʂʦʥʝʮ ʍɯʍ ʚʝʢʘ ʚ ʈʦʩʩʠʠ ʙʳʣ ʦʪʤʝʯʝʥ ʩʪʘʥʦʚʣʝʥʠʝʤ, ʨʘʟʚʠʪʠʝʤ ʠ ʦʙʱʠʤ 

ʧʦʜʲʝʤʦʤ ʨʫʩʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʠʥʞʝʥʝʨʦʚ-

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʝʡ ʠ ʥʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʙʫʜʫʯʠ ʟʘʞʘʪʳ ʚ ʪʠʩʢʠ ʙʶʨʦʢʨʘʪʠ-

ʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʚʘʣʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʟʚʠʚʘʚʰʝʛʦʩʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʋʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʛʦʨʷʯʝʡ ʤʝ-

ʪʘʣʣʦʦʙʨʘʙʦʪʢʝ ʚ ʈʦʩʩʠʠ ʚ ʩʝʨʝʜʠʥʝ XIX  ʚ. ʙʳʣ ʩʪʦʣʴ ʞʝ ʥʠʟʦʢ, ʢʘʢ ʠ ʟʘ ʨʫʙʝ-

ʞʦʤ, ʪʘʢ ʢʘʢ ʚ ʫʯʝʙʥʳʭ ʧʣʘʥʘʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʢʫʨʩʳ. ʇʦ ʜʘʥʥʳʤ ʥʘ 1885 ʛ., ʜʘʞʝ ʩʨʝʜʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ ʠʟ 22 322 ʯʝʣ. ʚʳʩʰʝʝ ʠ ʩʨʝʜʥʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʠʤʝʣʠ ʪʦʣʴʢʦ 1608 (ʠʟ ʥʠʭ 535 ʠʥʦʩʪʨʘʥʮʝʚ), ʠʣʠ ʦʢʦʣʦ 7%. ɻʦʪʦʚʠʣ ʞʝ 

ʪʝʭʥʦʣʦʛʦʚ ʥʘ ʚʩʶ ʩʪʨʘʥʫ ʪʦʣʴʢʦ ʦʜʠʥ ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. 

ɺ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʠ ʜʦ ʩʠʭ ʧʦʨ, ʩʧʫʩʪʷ 125 ʣʝʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʛʦʨʷʯʝʡ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʝ,  ʨʫʜʥʦʤʫ  ʠ  ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 

ʥʝʪ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʝʨʩʦʥʘʣʠʷʤ ʫʯʝʥʳʭ, ʩʦʩʪʘʚʠʚʰʠʡ ʟʦʣʦʪʦʡ ʬʦʥʜ ʥʝ 

ʪʦʣʴʢʦ ʍʘʨʴʢʦʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʥʦ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʪʝʯʝʥʠʝ 80ð90-ʭ ʛʦʜʦʚ XIX  ʚ. ʥʘ ʖʛʝ ʈʦʩʩʠʠ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʤʦʱ-

ʥʘʷ ʧʦ ʪʦʤʫ ʚʨʝʤʝʥʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʜʘʚʘʚʰʘʷ ʧʝʨʝʜ ʧʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʦʡ 

72,2% ʚʩʝʡ ʜʦʙʳʚʘʝʤʦʡ ʚ ʈʦʩʩʠʠ ʞʝʣʝʟʥʦʡ ʨʫʜʳ, 86,9% ʚʩʝʛʦ ʜʦʙʳʚʘʝʤʦʛʦ ʢʘ-

ʤʝʥʥʦʛʦ ʫʛʣʷ, 73,7% ʚʩʝʛʦ ʚʳʧʣʘʚʣʷʝʤʦʛʦ ʯʫʛʫʥʘ, 99,4% ʚʳʞʠʛʘ ʢʦʢʩʘ, 77,6% 

ʚʩʝʡ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʩʦʜʳ, 75% ʚʩʝʛʦ ʚʳʧʫʩʢʘ ʨʝʣʴʩʦʚ, 40% ʚʩʝʛʦ ʚʳʧʫʩʢʘ ʧʘ-

ʨʦʚʦʟʦʚ ʈʦʩʩʠʠ ʠ ʪ. ʜ. [1]. ɽʩʪʝʩʪʚʝʥʥʦ, ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʪʨʝʙʦ-

ʚʘʣʘ ʠʥʞʝʥʝʨʦʚ, ʢʦʪʦʨʳʭ ʭʨʦʥʠʯʝʩʢʠ ʥʝ ʭʚʘʪʘʣʦ, ʠ ʚ 1885 ʛʦʜʫ ʚ ʍʘʨʴʢʦʚʝ ʙʳʣ 

ʦʪʢʨʳʪ ʍʘʨʴʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʧʝʨʘʪʦʨʘ ɸʣʝʢʩʘʥʜʨʘ ɯɯɯ.  

ʀʩʪʦʨʠʷ ʥʝ ʪʝʨʧʠʪ ʩʦʩʣʘʛʘʪʝʣʴʥʦʛʦ ʥʘʢʣʦʥʝʥʠʷ, ʥʦ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʨʘʟ-

ʚʠʪʠʠ ʩʦʙʳʪʠʡ, ʚʦʟʨʘʩʪ ʥʘʰʝʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʦʛ ʙʳ ʙʳʪʴ ʥʘ ʜʚʘ ï ʪʨʠ ʛʦʜʘ 

ʩʪʘʨʰʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʜʥʘ ʠʟ ʪʦʛʜʘʰʥʠʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ - ʉʲʝʟʜ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʠʢʦʚ ʖʛʘ ʈʦʩʩʠʠ, ʧʨʦʭʦʜʠʚʰʠʭ ʚ ʍʘʨʴʢʦʚʝ ʚ 1876, 1878 ï 
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1917 ʛʛ. ʧʨʠʥʷʣʘ ʫʯʘʩʪʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʦʚʦʛʦ ʚʫʟʘ. ɺ 1882 ʛʦʜʫ ʦʜʥʠʤ ʠʟ ʨʫʢʦ-

ʚʦʜʠʪʝʣʝʡ ʉʲʝʟʜʘ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʠʢʦʚ ʖʛʘ ʈʦʩʩʠʠ ʙʳʣ ɸʧʦʣʣʦʥ ʌʝʜʦʨʦʚʠʯ 

ʄʝʚʠʫʩ - ʚʳʜʘʶʱʠʡʩʷ ʤʝʪʘʣʣʫʨʛ, ʛʦʨʥʳʡ ʠʥʞʝʥʝʨ, ʦʨʛʘʥʠʟʘʪʦʨ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ɼʦʥʙʘʩʩʝ ʠ ʂʝʨʯʠ, ʘʚʪʦʨ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʝʯʘʪʥʳʭ 

ʨʘʙʦʪ, ʧʝʨʚʳʡ ʥʘ ʋʢʨʘʠʥʝ ʧʨʦʬʝʩʩʦʨ ʤʝʪʘʣʣʫʨʛʠʠ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ, ʚʝʣʠʢʦʣʝʧ-

ʥʳʡ ʧʝʜʘʛʦʛ, ʦʜʠʥ ʠʟ ʦʙʨʘʟʦʚʘʥʥʝʡʰʠʭ ʣʶʜʝʡ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ, ʣʘʫʨʝʘʪ ɼʝʤʠ-

ʜʦʚʩʢʦʡ ʧʨʝʤʠʠ [2, 3].  

  

 

 

 

 

 

 

 

 
ʈʠʩ. 1 ï ɸʧʦʣʣʦʥ ʌʝʜʦʨʦʚʠʯ 

ʄʝʚʠʫʩ (1820 ï 1898 ʛʛ.) 

ʉ ʝʛʦ ʠʤʝʥʝʤ ʩʚʷʟʘʥʦ ʨʝʰʝʥʠʝ ʉʝʜʴʤʦʛʦ ʉʲʝʟʜʘ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʠʢʦʚ 

ʖʛʘ ʈʦʩʩʠʠ (ʚ 1882 ʛ.) ʦ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʢ ʭʦʜʘʪʘʡʩʪʚʫ ʍʘʨʴʢʦʚʩʢʦʛʦ ʟʝʤʩʪʚʘ ʠ 

ʛʦʨʦʜʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʢʦʨʝʡʰʝʛʦ ʦʪʢʨʳʪʠʷ ʍʘʨʴʢʦʚʩʢʦ-

ʛʦ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʀʥʩʪʠʪʫʪʘ. ʋʧʦʣʥʦʤʦʯʝʥʥʳʝ ʉʝʜʴʤʦʛʦ ʉʲʝʟʜʘ ʅ.ʉ. ɸʚ-

ʜʘʢʦʚ, ʇ.ʅ. ɻʦʨʣʦʚ, ɸ.ɺ. ʐʝʝʨʤʘʥ ʜʦʣʦʞʠʣʠ ɺʦʩʴʤʦʤʫ ʉʲʝʟʜʫ, ʯʪʦ ʵʪʦ ʭʦʜʘ-

ʪʘʡʩʪʚʦ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʄʠʥʠʩʪʨʘʤ ʅʘʨʦʜʥʦʛʦ ʇʨʦʩʚʝʱʝʥʠʷ ʠ ɺʥʫʪʨʝʥʥʠʭ 

ɼʝʣ ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʦʩʦʙʦʡ ʢʦʤʠʩʩʠʠ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʅʘʨʦʜʥʦʛʦ ʇʨʦ-

ʩʚʝʱʝʥʠʷ, ʥʦ ʯʪʦ ʨʝʰʝʥʠʷ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʝʱʝ ʥʝ ʧʦʩʣʝʜʦʚʘʣʦ, ʚʚʠʜʫ ʯʝʛʦ 

ɺʦʩʴʤʦʡ ʉʲʝʟʜ (1883 ʛ.) ʩʥʦʚʘ ʚʦʟʙʫʜʠʣ ʪʦ ʞʝ ʭʦʜʘʪʘʡʩʪʚʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʅʘʨʦʜʥʦʛʦ ʇʨʦʩʚʝʱʝʥʠʷ. ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʟʘʪʷʥʫʣʦʩʴ ʥʘ 

ʜʚʘ ʜʦʣʛʠʭ ʛʦʜʘ [3, ʩ. 38].  

ʀ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʦʥʘʨʭʠʯʝʩʢʦʡ ʩʪʨʘʥʝ. ʆʙʱʝʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʥʘʧʦʤʠʥʘʝʪ ʄʠʥʠʩʪʝʨʩʪʚʘʤ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʢʦʨʝʡʰʝʛʦ ʦʪʢʨʳʪʠʷ ɺʋɿʘ ʚʦ 
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ʚʥʦʚʴ ʦʪʢʨʳʪʦʤ ʚʫʟʝ ʙʳʣʦ ʜʚʘ ʦʪʜʝʣʝʥʠʷ ï ʭʠʤʠʯʝʩʢʦʝ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ. ɺ 1886 

ʛʦʜʫ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ʥʘʯʘʣʦʩʴ ʦʙʫʯʝʥʠʝ ʧʦ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʙʳʣʘ ʦʨ-

ʛʘʥʠʟʦʚʘʥʘ ʢʘʬʝʜʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʬʠʣʷ. 

ʆʩʪʘʚʘʷʩʴ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʂʦʤʠʩʩʠʠ ʚʳʙʦʨʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʲʝʟʜʦʚ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʠʢʦʚ ʖʛʘ ʈʦʩʩʠʠ, ɸ. ʌ. ʄʝʚʠʫʩ ʩ 16 ʠʶʣʷ 1887 ʛ. ʩʪʘʣ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʝʤ ʤʝʪʘʣʣʫʨʛʠʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ʍʘʨʴʢʦʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʛʜʝ ʦʥ ʙʳʣ ʧʝʨʚʳʤ ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʥʘ 

ʋʢʨʘʠʥʝ ʠ ʧʝʨʚʳʤ ʧʨʦʬʝʩʩʦʨʦʤ ʤʝʪʘʣʣʫʨʛʠʠ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ. ʂʨʦʤʝ ʯʪʝʥʠʷ ʣʝʢ-

ʮʠʡ ʧʦ ʤʝʪʘʣʣʫʨʛʠʠ, ʦʥ ʨʫʢʦʚʦʜʠʣ ʥʘ 5 ʢʫʨʩʝ ʜʠʧʣʦʤʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʧʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʫ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʠ ʧʦ ʠʭ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʨʫʢʦʚʦʜʠʣ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʦʡ ʩʪʫʜʝʥʪʦʚ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʘʭ ʠ ʨʝʜʘʢ-

ʪʠʨʦʚʘʣ ʞʫʨʥʘʣ çɻʦʨʥʦʟʘʚʦʜʩʢʦʡ ʣʠʩʪʦʢè, ʠʟʜʘʚʘʝʤʳʡ ʚ ʍʘʨʴʢʦʚʝ [2]. ɸʧʦʣʣʦʥ 

ʌʝʜʦʨʦʚʠʯ ʦʙʣʘʜʘʣ ʠʩʢʫʩʩʪʚʦʤ ʠʟʣʘʛʘʪʴ ʩʚʦʠ ʤʳʩʣʠ ʥʝ ʪʦʣʴʢʦ ʷʩʥʦ, ʥʦ ʠ ʞʠʚʦ-

ʧʠʩʥʦ. çɽʛʦ ʣʝʢʮʠʠ ʙʳʣʠ ʥʝ ʯʪʦ ʠʥʦʝ, ð ʨʘʩʩʢʘʟʳʚʘʶʪ ʝʛʦ ʫʯʝʥʠʢʠ, ð ʢʘʢ ʟʘ-

ʤʝʯʘʪʝʣʴʥʳʝ ʙʝʩʝʜʳ ʫʤʥʦʛʦ ʠ ʦʧʳʪʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʠ ʧʨʠʚʦʜʠʣʠ ʝʛʦ ʩʣʫʰʘʪʝʣʝʡ 

ʚ ʚʦʩʭʠʱʝʥʠʝ. ɼʦʤʝʥʥʳʡ ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʤʝʪʘʣʣʫʨʛʠʠ ʚ ʠʟʣʦʞʝʥʠʠ ɸʧʦʣʣʦ-

ʥʘ ʌʝʜʦʨʦʚʠʯʘ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʩʪʫʜʝʥʪʘʤ ʩʦʚʝʨʰʝʥʥʦ ʨʝʣʴʝʬʥʳʤʠè. ʇʦʩʣʝʜ-

ʥʠʤ ʜʝʪʠʱʝʤ ɸʧʦʣʣʦʥʘ ʌʝʜʦʨʦʚʠʯʘ, ʥʘʜ ʢʦʪʦʨʳʤ ʦʥ ʨʘʙʦʪʘʣ 28 ʣʝʪ, ʙʳʣ çʊʝʭ-

ʥʠʯʝʩʢʠʡ ʬʨʘʥʮʫʟʩʢʦ-ʨʫʩʩʢʠʡ ʩʣʦʚʘʨʴè. ʀʟʜʘʥ ʦʥ ʚ 1898 ʛʦʜʫ. ʅʘ 1040 ʩʪʨʘʥʠ-

ʮʘʭ ʩʣʦʚʘʨʷ ʜʘʥ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʚʦʜ ʩʣʦʚ, ʥʦ ʠ ʪʦʣʢʦʚʘʥʠʝ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʤʳʩ-

ʣʘ [1]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʢʦʥʮʘ ʍIʍ ʚʝʢʘ ʣʠʪʝʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʭʦ-

ʜʠʣʦ ʚ ʩʦʩʪʘʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʵʪʠ ʦʪʨʘʩʣʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ. (ʃʠʰʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʢʦʤʧʘʢʪʥʳʭ, ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʧʝʯʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʪʦʨʠʯʥʦʝ ʨʘʩʧʣʘʚʣʝʥʠʝ ʠ ʧʝʨʝʛʨʝʚ ʤʝʪʘʣʣʘ, 

ʣʠʪʝʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʪʝʨʷʚʰʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʝʪʘʣʣʘ ʧʝʨʚʦʡ ʧʣʘʚʢʠ, ʚʳ-

ʜʝʣʠʣʦʩʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʶ ʦʪʨʘʩʣʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʦ ʠ ʧʦʩʣʝ ʵʪʦʛʦ, ʝʛʦ 

ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʟʳʚʘʣʠ çʤʘʣʘʷ ʤʝʪʘʣʣʫʨʛʠʷè)  

ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʥʘ ʉʲʝʟʜʘʭ ʠ ʚ ʩʦʚʝʪʝ ʉʲʝʟʜʦʚ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʠʢʦʚ 

ʩʙʣʠʟʠʣʘ ɸ.ʌ. ʄʝʚʠʫʩʘ ʩ ɸʣʝʢʩʝʝʤ ʂʠʨʠʣʣʦʚʠʯʝʤ ɸʣʯʝʚʩʢʠʤ, ʢʦʪʦʨʳʡ ʚʳʩʦʢʦ 

ʮʝʥʠʣ ʝʛʦ ʠ ʢʘʢ ʢʨʫʧʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʠ ʢʘʢ ʜʫʰʝʚʥʦʛʦ, ʦʙʘʷʪʝʣʴʥʦʛʦ, ʚʳʩʦʢʦ-

ʢʫʣʴʪʫʨʥʦʛʦ ʯʝʣʦʚʝʢʘ. ɺʠʜʠʤʦ, ʧʦʵʪʦʤʫ, ʢʦʛʜʘ ʥʘʯʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʚʦʜʘ 

ɼʦʥʝʮʢʦ - ʖʨʴʝʚʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (ɼʖʄʆ), ʦʥ ʧʨʠʛʣʘʩʠʣ ʝʛʦ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʝʢʪʘʥʪʘ, ʨʫʢʦʚʦʜʠʪʝʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʟʘʪʝʤ ʜʠʨʝʢʪʦʨʘ ʟʘʚʦʜʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʟʘʚʦʜʩʢʠʤʠ ʜʝʣʘʤʠ ʄʝʚʠʫʩ ʙʳʣ ʚʳʥʫʞʜʝʥ 

ʚ 1895 ʛʦʜʫ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʘʙʦʪʳ ʚ ʠʥʩʪʠʪʫʪʝ.  

ɸ.ʌ. ʄʝʚʠʫʩ ʫʰʝʣ ʠʟ ʞʠʟʥʠ ʥʘ 79-ʤ ʛʦʜʫ ʞʠʟʥʠ 20 ʦʢʪʷʙʨʷ (7 ʦʢʪʷʙʨʷ ʧʦ 

ʩʪʘʨʦʤʫ ʩʪʠʣʶ) 1898 ʛʦʜʘ ʚ ʍʘʨʴʢʦʚʝ, ʦʩʪʘʚʠʚ ʧʦ ʩʝʙʝ ʜʦʙʨʫʶ ʧʘʤʷʪʴ.  

ɺ 1888 ʛ. ʍʘʨʴʢʦʚʩʢʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠʥʩʪʠʪʫʪʫ (ʍʊʀ) ʧʦʪʨʝʙʦʚʘʣʩʷ 

ʦʧʳʪʥʳʡ ʤʝʭʘʥʠʢ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʯʝʙʥʳʭ ʤʘʩʪʝʨ-

ʩʢʠʭ. ɼʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʧʨʦʬ. ɺ.ʃ. ʂʠʨʧʠʯʝʚ ʧʨʠʛʣʘʩʠʣ ʥʘ ʵʪʫ ʜʦʣʞʥʦʩʪʴ ɺ.ʉ. 

ʂʥʘʙʙʝ, ʧʨʝʜʦʩʪʘʚʠʚ ʝʤʫ ʚʨʝʤʝʥʥʦ ʩ ʥʘʯʘʣʘ 1888ð1889 ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʥʝʙʦʣʴ-

ʰʫ ʁʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪ.ʝ. ʦʙʨʘʙʦʪʢʝ ʤʝ-
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ʪʘʣʣʦʚ ʣʠʪʴʝʤ, ʜʘʚʣʝʥʠʝʤ ʠ ʨʝʟʘʥʠʝʤ. ʇʦʩʣʝ ʫʭʦʜʘ ʠʟ ʠʥʩʪʠʪʫʪʘ ɸ.ʌ. ʄʝʚʠʫʩʘ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ɺ.ʉ. ʂʥʘʙʙʝ ʢʫʨʠʨʦʚʘʣ ʢʘʬʝʜʨʫ ʤʝʪʘʣʣʫʨʛʠʠ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ, 

ʭʦʪʷ ʠ ʫʚʣʝʢʘʣʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʞʠʟʥʠ ʥʝ ʛʦʨʷʯʝʡ ʦʙʨʘʙʦʪʢʦʡ ʤʝʪʘʣʣʦʚ, ʘ 

ʦʙʨʘʙʦʪʢʦʡ ʠʭ ʨʝʟʘʥʠʝʤ. 

  

 

 

 

 

 
ʈʠʩ. 2 ï ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ ʂʥʘʙʙʝ 

(1849ð1914) 

ʀʤʝʥʥʦ ʩʪʘʨʘʥʠʷʤʠ ɺʣʘʜʠʤʠʨʘ ʉʝʨʛʝʝʚʠʯʘ ʚ ʤʘʩʪʝʨʩʢʠʭ ʍʊʀ ʚ 1888 ʛʦʜʫ 

ʧʦʷʚʠʣʠʩʴ ʬʦʨʤʦʚʦʯʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚʘʛʨʘʥʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʦʛʦ ʚʨʝʤʝʥʠ, ʫʩʪʘʥʦʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝ-

ʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ.  

ɺ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʛʣʘʚʥʳʭ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʣʠʪʴʶ ʯʫʛʫʥʘ, 

ɺ.ʉ. ʂʥʘʙʙʝ ʧʨʠʚʦʜʠʪ ʠʩʪʦʨʠʯʝʩʢʦʝ ʚʚʝʜʝʥʠʝ ʪʘʢʦʛʦ ʦʙʲʝʤʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʣʦʩʴ, 

ʧʦ ʩʫʱʝʩʪʚʫ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʤʦʥʦʛʨʘʬʠʝʡ. ʅʦ ʝʱʝ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʘʞʥʳʤ ʙʳ-

ʣʦ ʪʦ, ʯʪʦ ʂʥʘʙʙʝ ʫʩʚʦʠʣ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʩʘʤʠʭ ʷʚʣʝʥʠʡ ʪʝʭ-

ʥʠʢʠ ʠ ʵʪʦ ʧʨʠʜʘʣʦ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʝʛʦ ʪʨʫʜʘʤ.  

ʊʨʫʜʳ ʂʥʘʙʙʝ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʦʙʝʜʥʦʤʫ ʰʝʩʪʚʠʶ ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʧʨʠʦʙʨʝ-

ʪʘʣʠ ʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʘ ʠʟʣʦʞʝʥʠʝ ʙʳʣʦ ʚʝʩʴʤʘ ʫʙʝʜʠʪʝʣʴʥʳʤ ʧʦʪʦʤʫ, ʯʪʦ 

ʩʘʤ ʘʚʪʦʨ ʷʚʣʷʣʩʷ ʩʪʦʨʦʥʥʠʢʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʫʙʝʞʜʝʥʥʳʡ ʚ ʪʦʤ, ʯʪʦ 

ʥʘ ʩʤʝʥʫ ʩʪʘʨʦʤʫ ʧʨʠʭʦʜʠʪ ʥʦʚʦʝ, ʘ ʥʦʚʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʤʝʥʷʝʪʩʷ ʥʦʚʝʡ-

ʰʠʤ, ʘ ʫʩʢʦʨʷʝʪ ʧʨʦʛʨʝʩʩ ʥʝ ʩʪʦʣʴʢʦ ʫʤʝʥʠʝ ʨʘʙʦʯʝʛʦ, ʩʢʦʣʴʢʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭ-

ʥʠʢʠ, ʤʝʭʘʥʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʦʧʠʩʳʚʘʝʤʦʝ ʚʨʝʤʷ ʜʘʞʝ ʪʘʢʦʡ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ, ʢʘʢ ʚʠʟʫʘʣʴʥʳʡ 

ʦʩʤʦʪʨ, ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʯʪʠ ʥʝ ʠʤʝʣ.  

ʉ 1 ʬʝʚʨʘʣʷ 1901 ʛʦʜʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʤʝʪʘʣʣʫʨʛʠʠ ʚ ʍʊʀ ʩʣʫʞʠʣ ʊʝʦʜʦʨ 

(ʌʝʜʦʨ) ʄʠʭʘʡʣʦʚʠʯ ɹʵʨ [5]. ɽʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʍʊʀ ʧʨʦʜʣʠ-

ʣʘʩʴ ʜʦ 1914 ʛʦʜʘ [6]. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʩʪʘʨʘʥʠʷʤ ʚ ʍʊʀ ʧʦʷʚʠʣʘʩʴ ʧʝʨʚʘʷ 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʚ 1907 ʛʦʜʫ [7]. 
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25 ʬʝʚʨʘʣʷ 1906 ʛʦʜʘ ʚ ʩʚʦʝʤ ʦʪʯʝʪʝ ʧʦ ʟʘʨʫʙʝʞʥʦʡ ʢʦʤʘʥʜʠʨʦʚʢʝ ʥʘ ʊʝʭ-

ʥʠʯʝʩʢʫʶ ʚʳʩʪʘʚʢʫ ʚ ʃʴʝʞʝ (ʚ 1905 ʛʦʜʫ) ʦʥ ʧʠʩʘʣ: çʉ 1903 ʛʦʜʘ ʚ ʍʘʨʴʢʦʚʩʢʦʤ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʀʥʩʪʠʪʫʪʝ, ʠʤʝʥʥʦ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ, ʚʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʧʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ (2 

ʯʘʩʘ) ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ (2 ʯʘʩʘ) ʜʣʷ ʞʝʣʘʶʱʠʭ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʪʴʩʷ ʭʠʤʠʢʦʚ. ʄʥʝ ʢʘʞʝʪʩʷ, ʪʘʢʦʛʦ ʨʦʜʘ ʧʦʩʪʘʥʦʚʢʘ ʜʝʣʘ ʥʝ 

ʚʧʦʣʥʝ ʧʨʘʚʠʣʴʥʘ. ɺ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʠ ʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚʩʝ ʭʠʤʠʢʠ 4-ʛʦ ʢʫʨʩʘ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʞʝʣʘʶʱʠʝ, ʜʣʷ ʯʝʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʟʥʘʯʝʥʦ ʥʝ 2 ʯʘʩʘ, ʘ, ʧʦ ʤʝʥʴʰʝʡ 

ʤʝʨʝ, 6 ʯʘʩʦʚ ʚ ʥʝʜʝʣʶ.è [7, ʩ. 22] ʊʨʝʙʫʝʤʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʣʘʙʦʨʘʪʦʨʠʶ (10000 

ʨʫʙʣʝʡ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʠ 3500 ʨʫʙʣʝʡ ʝʞʝʛʦʜʥʦ ʥʘ ʩʦʜʝʨʞʘʥʠʝ) ʙʳʣʠ ʚʳʜʝʣʝʥʳ.  

ɺʦʦʙʱʝ, ʠʥʪʝʨʝʩʥʦ ʜʘʞʝ ʦʧʠʩʘʥʠʝ ʚʳʩʪʘʚʢʠ, ʧʦʩʝʱʝʥʥʦʡ ɹʵʨʦʤ. ʆʥ ʦʧʠ-

ʩʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʵʢʩʧʦʥʘʪʳ: ʧʘʨʦʭʦʜʥʳʡ ʚʘʣ, ʚʝʩʦʤ ʚ 40 ʪʦʥʥ, ʦʪʢʦ-

ʚʘʥʥʳʡ ʠʟ ʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ; ʧʣʠʪʳ ʠʟ ʥʠʢʝʣʝʚʦʡ ʩʪʘʣʠ, ʪʦʣʱʠʥʦʡ ʜʦ 300 ʤʤ; 

ʧʘʨʦʚʫʶ ʤʘʰʠʥʫ ʚ 10000 ʣʦʰʘʜʠʥʳʭ ʩʠʣ; ʨʝʣʴʩ, ʜʣʠʥʦʡ ʙʦʣʝʝ 100 ʤ, ʧʨʦʢʘʪʘʥ-

ʥʳʡ ʠʟ 5-ʪʦʥʥʦʡ ʟʘʛʦʪʦʚʢʠ; ʣʝʥʪʦʯʥʫʶ ʧʠʣʫ, ʜʣʠʥʦʡ ʦʢʦʣʦ 25 ʤʝʪʨʦʚ, ʬʝʨʨʦ-

ʩʧʣʘʚʳ ʩ ʯʠʩʪʦʪʦʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʥʝʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷʰʥʠʝ ʤʘʨʢʠ ʵʪʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ; ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʤʠʢʨʦʩʢʦʧ ʠ ʧʠʨʦʤʝʪʨ ʃʝ-ʐʘʪʝʣʴʝ, ʨʘʟʨʳʚ-

ʥʫʶ ʤʘʰʠʥʫ, ʢʘʣʦʨʠʤʝʪʨ ʄʘʣʝʨʘ, ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

ʉ ʛʦʨʝʯʴʶ ʊʝʦʜʦʨ ʄʠʭʘʡʣʦʚʠʯ ʧʠʰʝʪ: çɺ ʨʫʩʩʢʦʤ ʦʪʜʝʣʝ ʥʝ ʙʳʣʦ ʥʠʯʝʛʦ 

ʠʟ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʫʨʛʠʠ ʞʝʣʝʟʘ, ʭʦʪʷ ʥʘʰ ʋʨʘʣ, ʥʘʧʨʠʤʝʨ, ʤʦʛ ʙʳ ʜʘʪʴ ʤʥʦʛʦ 

ʠʥʪʝʨʝʩʥʦʛʦ ʠ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠè [7, ʩ. 7]. 

ʇʦʩʝʪʠʚ ʫʯʝʙʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʐʶʣʣʝʨʘ ʚ ɸʘʭʝʥʩʢʦʤ 

ʧʦʣʠʪʝʭʥʠʢʫʤʝ (ʚ ʵʪʦʤ ʛʦʨʦʜʝ ʠ ʩʝʛʦʜʥʷ ʥʝʤʘʣʦ ʯʫʛʫʥʦʣʠʪʝʡʥʳʭ ʟʘʚʦʜʦʚ), ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʕʨʝʥʚʝʨʪʘ ʚ ʃʝʦʙʝʥʩʢʦʡ ʛʦʨʥʦʡ ʘʢʘʜʝʤʠʠ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɺʝʜʜʠʥʛʘ ʚ ɹʝʨʣʠʥʩʢʦʡ ʛʦʨʥʦʡ ʘʢʘʜʝʤʠʠ, ʊʝʦʜʦʨ ʄʠʭʘʡʣʦʚʠʯ ʜʝʣʘʝʪ ʦʙʦʩʥʦ-

ʚʘʥʥʳʡ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʚ ʍʊʀ.  

ɺ ʜʦʢʣʘʜʥʦʡ ʟʘʧʠʩʢʝ ʚ ʋʯʝʙʥʳʡ ʂʦʤʠʪʝʪ ʍʊʀ 25 ʬʝʚʨʘʣʷ 1906 ʛʦʜʘ ʦʥ ʧʠ-

ʰʝʪ: çʅʠ ʜʣʷ ʢʦʛʦ ʥʝ ʪʘʡʥʘ, ʯʪʦ ʤʦʣʦʜʳʝ ʪʝʭʥʦʣʦʛʠ, ʚʧʝʨʚʳʝ ʷʚʣʷʶʱʠʝʩʷ ʥʘ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ,é ʯʫʚʩʪʚʫʶʪ ʩʝʙʷ ʜʦ ʦʙʠʜʥʦʩʪʠ ʙʝʩʧʦʤʦʱʥʳʤʠ, ʥʝ-

ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʠ ʩ ʛʦʨʝʯʴʶ ʠ ʩʦʞʘʣʝʥʠʝʤ ʩʦʟʥʘʶʪ, ʯʪʦ ʀʥʩʪʠʪʫʪ, ʠʭ alma 

mater, ʥʝ ʥʘʫʯʠʣ, ʥʝ ʧʦʜʛʦʪʦʚʠʣ  ʠʭ ʢ ʵʪʦʤʫ ʚʘʞʥʦʤʫ ʜʝʣʫ. ʅʝʨʝʜʢʠ ʩʣʫʯʘʠ, ʢʦ-

ʛʜʘ ʪʝʭʥʦʣʦʛʠ ʥʝ ʤʦʛʫʪ ʦʪʣʠʯʠʪʴ ʯʫʛʫʥʘ ʦʪ ʩʪʘʣʠ, ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʦʪ ʘʥʪʨʘ-

ʮʠʪʘ, ʢʦʢʩʘ ʦʪ ʰʣʘʢʘ, ʠʟʚʝʩʪʥʷʢʘ ʦʪ ʞʝʣʝʟʥʦʡ ʨʫʜʳ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʪʦʤ, ʯʪʦ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʨʠʚʳʢʣʠ ʨʘʟʙʠʨʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ ʠ ʩʚʷʟʳʚʘʪʴ ʩ ʥʠ-

ʤʠ ʢʘʢʠʝ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘè [7, ʩ. 13]. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʥʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʦʧʨʝʜʝʣʷʣʠ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʘ ʧʫʪʝʤ 

ʧʨʦʩʤʦʪʨʘ ʝʛʦ ʠʟʣʦʤʘ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʚʦʦʨʫ-

ʞʝʥʥʳʤ ʛʣʘʟʦʤ ʠʣʠ ʯʝʨʝʟ ʣʫʧʫ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ ð ʜʦ 30 ʨʘʟ. ʕʪʦ 

ʧʦʟʚʦʣʷʣʦ ʥʘʙʣʶʜʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʣʫʯʘʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦʙ ʦʙʱʝʤ ʩʪʨʦʝʥʠʠ ʤʝʪʘʣʣʘ ʠ ʦ ʥʘʣʠʯʠʠ ʚ ʥʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʬʝʢ-

ʪʦʚ. ʕʪʦ ʠ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʠʝ ʜʣʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʝʛʦʜʥʷ ʤʘʢʨʦʘʥʘʣʠʟʘ. 

ʉʝʛʦʜʥʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʜʨʦʙʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠ ʯʘ-
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ʩʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ, ʥʦ ʥʝ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʚʠʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʍʘ-

ʨʘʢʪʝʨʠʟʫʷ ʤʥʦʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, ʤʘʢʨʦʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʪʝ 

ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʤʘʢʨʦʘʥʘʣʠʟʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʤʝ-

ʪʘʣʣʘ, ʪʘʢʠʭ, ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ ʤʝʪʘʣʣʘ: ʫʩʘʜʦʯʥʘʷ ʨʳʭʣʦʩʪʴ, ʛʘʟʦʚʳʝ 

ʧʫʟʳʨʠ ʠ ʨʘʢʦʚʠʥʳ, ʧʫʩʪʦʪʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʣʠʪʦʤ ʤʝʪʘʣʣʝ, ʪʨʝʱʠʥʳ, ʚʦʟ-

ʥʠʢʰʠʝ ʧʨʠ ʛʦʨʷʯʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʣʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʬʣʦʢʝʥʳ, ʜʝʥʜ-

ʨʠʪʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʟʦʥʫ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʣʠʪʦʤ ʤʝʪʘʣʣʝ ʠ ʜʨʫʛʦʝ. ɹʝʟ-

ʫʩʣʦʚʥʦ, ʩʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ 

ʠʤʝʥʥʦ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʩʪʘʣ ʧʝʨʚʳʤ ʠʟ ʘʥʘʣʠʟʦʚ, ʩʦʩʪʘʚʠʚʰʠʭ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʥʘʫʢʫ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʅʝ ʙʫʜʝʤ ʩʪʨʦʛʦ ʩʫʜʠʪʴ ʧʨʝʜʢʦʚ ʟʘ ʧʨʦʩʪʦʪʫ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʦʷʚʠʣʦʩʴ ʚ ʍʘʨʴʢʦʚʝ ʪʦʣʴʢʦ ʚ ʢʦʥʮʝ ʍɯʍ ʚʝʢʘ. 

ʅʦ ʫʞʝ ʪʦʛʜʘ ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʧʨʦʛʨʘʤʤʫ ʦʙʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʦʚ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ï ʥʘ ʨʘʟʨʳʚ, ʧʨʦʯʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʢʦʚʢʦʩʪʴ 

[ʪʘʤ ʞʝ, ʩ. 20], ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʝʛʦʜʥʷ. 

ɿʘʢʘʥʯʠʚʘʷ ʩʚʦʶ ʜʦʢʣʘʜʥʫʶ ʟʘʧʠʩʢʫ, ʊʝʦʜʦʨ ɹʵʨ ʧʠʰʝʪ: çéʝʩʣʠ ʤʦʡ ʧʨʦ-

ʝʢʪ ʚʩʪʨʝʪʠʪ ʩʦʯʫʚʩʪʚʠʝ, ʷ ʙʫʜʫ ʚʩʝʛʜʘ ʩʯʘʩʪʣʠʚ ʩʦʟʥʘʥʠʝʤ: feci quod potui, 

faciant meuora potentesè [ʪʘʤ ʞʝ, ʩ. 28] . (ʏʪʦ ʚ ʧʝʨʝʚʦʜʝ ʩ ʣʘʪʳʥʠ ʦʟʥʘʯʘʝʪ: çʷ 

ʩʜʝʣʘʣ, ʯʪʦ ʤʦʛ, ʢʪʦ ʤʦʞʝʪ, ʧʫʩʪʴ ʩʜʝʣʘʝʪ ʣʫʯʰʝè. ʕʪʦʡ ʬʨʘʟʦʡ ʨʠʤʩʢʠʝ ʢʦʥʩʫ-

ʣʳ ʟʘʚʝʨʰʘʣʠ ʩʚʦʶ ʦʪʯʝʪʥʫʶ ʨʝʯʴ, ʩʜʘʚʘʷ ʩʚʦʠ ʧʦʣʥʦʤʦʯʠʷ ʩʣʝʜʫʶʱʝʤʫ ʢʦʥʩʫ-

ʣʫ. ï ɸ.ɾ.) 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝ-

ʣʠʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʚʳʧʫʩʢʥʠʢʦʚ ʍʊʀ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ - ʚʩʝ ʚʳʧʫʩʢʥʠ-

ʢʠ ʍʊʀ ʟʘ ʧʝʨʚʳʝ 15 ʣʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺʋɿʘ ʙʳʣʠ ʪʨʫʜʦʫʩʪʨʦʝʥʳ.  

ʅʝʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʊʝʦʜʦʨʦʤ ɹʵʨʦʤ, ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʨʝʤʷ ʦʩʥʦʚʘʥʠʷ ʥʘʰʝʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʥʝʜʨʷʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʘʣʶʤʠʥʠʡ, ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʧʝʨʝʰʝʜʰʠʡ ʠʟ ʨʘʟʨʷʜʘ ʜʨʘʛʦ-

ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ (ʚʩʧʦʤʥʠʤ ʚʝʩʳ ʠʟ ʟʦʣʦʪʘ ʠ ʘʣʶʤʠʥʠʷ, 

ʧʦʜʘʨʝʥʥʳʝ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʫ) ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ. ʀ ʙʫʢʚʘʣʴʥʦ ʥʘ ʭʦʜʫ ʨʘʟ-

ʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ʅʘʧʨʠʤʝʨ, ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʘʨʛʘʥʮʘ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 

ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʈ. ɻʘʜʬʠʣʴʜʦʤ ʚ 1882 ʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʷʚʠʣʘʩʴ ʧʦʣʫʯʠʚʰʘʷ ʟʘʪʝʤ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʨʛʘʥʮʦʚʠʩʪʘʷ ʘʫʩʪʝ-

ʥʠʪʥʘʷ ʩʪʘʣʴ (ʩʪʘʣʴ ɻʘʜʬʠʣʴʜʘ), ʩʦʜʝʨʞʘʱʘʷ 10é14% ʄn [8]. ʇʨʦʤʳʰʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʠʢʝʣʝʚʳʭ ʩʪʘʣʝʡ ʙʳʣʦ ʚʧʝʨʚʳʝ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʝ ʈʘʡʣʷ, ʦʧʫʙʣʠʢʦ-

ʚʘʥʥʦʡ ʚ 1889 ʛ. ɹʳʩʪʨʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʢʝʣʝʚʳʭ ʩʪʘʣʝʡ ʥʘʯʘʣʩʷ ʚ ʍʍ - ʤ 

ʩʪʦʣʝʪʠʠ ʧʦʩʣʝ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʚ 1899 ʛ. ɻʘʜʬʠʣʴʜʦʤ ʩʪʘʪʴʠ çʉʧʣʘʚʳ ʞʝʣʝʟʘ ʠ 

ʥʠʢʝʣʷè [ʪʘʤ ʞʝ].  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʭʨʦʤʠʩʪʳʭ ʩʪʘʣʝʡ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ɹʘʫʨʦʤ ʦʢʦʣʦ 1869 ʛ. ʚ 

ʅʴ-ʁʁʦʨʢʝ. ɺʦʣʴʬʨʘʤ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʝʱʝ ʈ. ʄʫʰʝʪʦʤ ʜʣʷ ʚʳʧʣʘʚʢʠ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ ʚ 1870 ʛ. ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʨʝʤʥʠʩʪʳʝ ʩʪʘʣʠ (ʜʠʥʘʤʥʦʝ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʞʝʣʝʟʦ) ʧʦʣʫʯʠʣʠ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʰʠʨʦʢʦʝ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈ. ɻʘʜʬʠʣʴʜʘ (1889 ʛ.) [ʪʘʤ ʞʝ].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʥʘʜʠʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʥʘʯʘʣʦʩʴ ʚ 1896 ʛ., ʢʦʛʜʘ ʥʘ ʟʘʚʦʜʝ 

ʌʠʨʤʠʥʠ ʚʦ ʌʨʘʥʮʠʠ ʵʪʦʪ ʵʣʝʤʝʥʪ ʧʨʠʤʝʥʠʣʠ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʝʡ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʨʦʥʝʚʳʭ ʧʣʠʪ. ʐʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚʳʧʣʘʚʢʠ ʩʪʘ-

ʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚʘʥʘʜʠʡ, ʥʘʯʘʣʦʩʴ ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ɸʨʥʦʣʴʜʘ (1900é1901 

ʛʛ.) ʠ ʉʵʥʢʝʡ ʠ ʉʤʠʪʘ (1904 ʛ.) [ʪʘʤ ʞʝ]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʤʦ-

ʣʠʙʜʝʥʦʚʦʡ ʩʪʘʣʠ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ɺ.ʅ. ʃʠʧʠʥʳʤ ʚ 1897 ʛ., ʥʦ ʰʠʨʦʢʦʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʣʠʙʜʝʥʦʚʳʝ ʩʪʘʣʠ ʧʦʣʫʯʠʣʠ ʣʠʰʴ ʧʦʩʣʝ ʧʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ 

[ʪʘʤ ʞʝ]. ʇʝʨʚʳʝ ʚʦʣʴʬʨʘʤʦʚʳʝ ʩʪʘʣʠ ʚ ʈʦʩʩʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ɺ.ʅ. ʃʠʧʠʥʳʤ ʚ 

1896 ʛ. ʥʘ ʇʫʪʠʣʦʚʩʢʦʤ ʟʘʚʦʜʝ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʪʘʣʴ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ 1870 ʈ. ʄʫʰʝʪʦʤ, ʩʦʜʝʨʞʘʣʘ 

2,15% ʉ; 1,5% ʄn; 0,4% ʉr; 5,5% W, 1% Si [9]. ɸ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʷʚʠʣʠʩʴ ʠ ʙʦ-

ʣʝʝ ʩʣʦʞʥʳʝ ʩʧʣʘʚʳ ï ʩʪʝʣʣʠʪʳ, ɺʀɼʀɸ, ʧʦʙʝʜʠʪʳ, ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘ-

ʣʠ. ʉʪʘʣʦ ʧʦʥʷʪʥʳʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʭʦʨʦʰʦ ʦʩʥʘʱʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʦʙʫʯʝʥʥʦ-

ʛʦ ʧʝʨʩʦʥʘʣʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʣʶʙʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʦ ʧʨʠʤʝʨʫ ʍʊʀ ʧʝʨʚʳʡ ʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ɺ.ʃ. ʂʠʨʧʠʯʝʚ ʦʪʢʨʳʚʘʝʪ ʚ 1898 

ʛʦʜʫ ʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʯʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʝʰʠʣʦ ʧʨʦʙʣʝʤʫ 

ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ ʥʘ ʖʛʝ ʈʦʩʩʠʠ ʪʦʛʦ ʚʨʝʤʝʥʠ. ʀ ʚ ʍʊʀ ʠ ʚ ʂʇʀ ʧʨʠʛʣʘʰʘ-

ʶʪʩʷ ʥʘ ʧʨʦʬʝʩʩʦʨʩʢʠʝ ʜʦʣʞʥʦʩʪʴ ʚʳʜʘʶʱʠʝʩʷ ʪʝʦʨʝʪʠʢʠ ʠ ʧʨʘʢʪʠʢʠ ʪʦʛʦ ʚʨʝ-

ʤʝʥʠ ï ɺ.ʇ. ʀʞʝʚʩʢʠʡ, ɸ.ʌ. ʄʝʚʠʫʩ, ɺ.ʉ. ʂʥʘʙʙʝ, ʂ.ɸ. ɿʚʦʨʳʢʠʥ, ɺ.ɸ. ʉʪʝʢʣʦʚ, 

ʅ.ʅ. ɹʝʢʝʪʦʚ, ɸ.ʄ. ʃʷʧʫʥʦʚ, ɺ.ʕ. ʊʠʨ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʫʯʝʥʳʝ, ʢʦʪʦʨʳʤʠ ʚʩʝʛʜʘ 

ʩʣʘʚʠʣʘʩʴ ʥʘʰʘ ʩʪʨʘʥʘ. 

 

ʈʠʩ. 3 ï ɿʜʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʩʪʝʨʩʢʠʭ ʍʘʨʴʢʦʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫ-

ʪʘ. 1876 ʛ. ɸʨʭʠʪʝʢʪʦʨ ʈ.ʈ. ʬʦʥ ɻʝʥʨʠʭʩʝʥ. ʌʦʪʦ 1900 ʛ. [4] 
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ɺʳʜʘʶʱʠʡʩʷ ʣʠʪʝʡʱʠʢ, ʚʳʧʫʩʢʥʠʢ ʍʊʀ 1918 ʛ. ʠ ʫʯʝʥʠʢ ʂʥʘʙʙʝ, ʇʘʚʝʣ 

ʅʠʢʦʣʘʝʚʠʯ ɹʠʜʫʣʷ ʧʠʩʘʣ, ʯʪʦ ʜʦ ʢʦʥʮʘ ʍIʍ ʚʝʢʘ ʣʝʢʮʠʠ ʚ ʍʘʨʴʢʦʚʩʢʦʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʦ ʣʠʪʝʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʙʣʝʩʪʷʱʝ ʯʠʪʘʣʠ ʧʨʦʬʝʩʩʦʨ 

ɸ.ʌ. ʄʸʚʠʫʩ, ʘ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ (ʜʦ 1914 ʛʦʜʘ) ï ʧʨʦʬʝʩʩʦʨ ɺ.ʉ. ʂʥʘʙʙʝ. [10] 

ɺ.ʉ. ʂʥʘʙʙʝ ʚʩʝʛʜʘ ʫʜʝʣʷʣ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʦʩʤʦʪʨʫ ʢʨʫʧʥʝʡʰʠʭ ʤʘʰʠ-

ʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ ʠ ʩʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʦʚʳʭ ʢʥʠʛ ʦ ʨʘʟʚʠʪʠʠ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʷ. ʇʦʩʝʪʠʪʴ ʩʪʦ ʟʘʚʦʜʦʚ ʟʘ ʤʝʩʷʮ ʟʘʨʫʙʝʞʥʳʭ ʧʦʝʟʜʦʢ ʠ ʫʚʠʜʝʪʴ ʥʘ 

ʥʠʭ ʚʩʝ ʥʦʚʦʝ ʠ ʧʨʦʛʨʝʩʩʠʚʥʦʝ, ʯʪʦʙʳ ʧʦʪʦʤ ʦʧʠʩʘʪʴ ʵʪʦ ʚ ʩʚʦʠʭ ʢʥʠʛʘʭ - ʜʣʷ 

ʥʝʛʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʪʨʫʜʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʂʥʘʙʙʝ ʚʩʝʛʜʘ ʙʳʣ ʚ ʢʫʨʩʝ ʥʦʚʝʡ-

ʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʰʠʥʦʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʯʪʦ ʧʨʠʜʘʚʘʣʦ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʝʛʦ ʥʘʫʯʥʦʡ ʠ ʧʝʜʘʛʦʛʠ-

ʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʉʫʱʝʩʪʚʦʚʘʣʘ ʰʫʪʢʘ ï ʦʜʠʥ ʜʠʨʝʢʪʦʨ ʟʘʚʦʜʘ ʩʧʨʘʰʠʚʘʣ ʩʚʦʝʛʦ ʢʦʣʣʝʛʫ, 

ʧʨʠʝʟʞʘʣ ʣʠ ʥʘ ʠʭ ʟʘʚʦʜ ʚ ʵʪʦʤ ʛʦʜʫ ʂʥʘʙʙʝ? ʅʝ ʧʨʠʝʟʞʘʣ?! ʅʫ, ʪʦʛʜʘ ʟʘʚʦʜ 

ʦʪʩʪʘʣ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. ʇʝʨʝʜʦʚʳʭ ʟʘʚʦʜʦʚ ʂʥʘʙʙʝ ʥʝ ʧʨʦʧʫʩʢʘʝʪ. ʋ 

ʥʘʩ ʦʥ ʙʳʣ. 

ʅʘ ʩʚʦʶ ʧʦʩʣʝʜʥʶʶ ʥʘʫʯʥʫʶ ʢʦʤʘʥʜʠʨʦʚʢʫ ʂʥʘʙʙʝ ʧʦʣʫʯʠʣ ʨʘʟʨʝʰʝʥʠʝ ʩ 

1 ʠʶʥʷ ʧʦ 1 ʘʚʛʫʩʪʘ 1914 ʛ. ʆʥ ʥʘʭʦʜʠʣʩʷ ʚ ɸʚʩʪʨʠʠ, ʢʦʛʜʘ ʵʪʘ ʩʪʨʘʥʘ ʦʙʲʷʚʠʣʘ 

ʚʦʡʥʫ ʈʦʩʩʠʠ. ʂʥʘʙʙʝ ʚʤʝʩʪʝ ʩ ʜʦʯʝʨʴʶ, ʢʦʪʦʨʘʷ ʝʛʦ ʩʦʧʨʦʚʦʞʜʘʣʘ, ʫʜʘʣʦʩʴ 

ʙʝʞʘʪʴ ʦʪ ʠʥʪʝʨʥʠʨʦʚʘʥʠʷ ʚ ʥʝʡʪʨʘʣʴʥʫʶ ʐʚʝʡʮʘʨʠʶ. ʆʩʪʘʚʰʠʩʴ ʙʝʟ ʩʨʝʜʩʪʚ, 

ʦʥ ʧʨʦʩʠʣ ʀʥʩʪʠʪʫʪ ʦ ʚʳʩʳʣʢʝ ʜʝʥʝʛ ʥʘ ʜʦʨʦʛʫ. ɺ ɹʝʨʥʝ ʝʛʦ ʟʘʩʪʘʣʘ ʚʝʩʪʴ ʦʙ 

ʦʙʲʷʚʣʝʥʠʠ ʚʦʡʥʳ ʈʦʩʩʠʠ ʩʦ ʩʪʦʨʦʥʳ ɻʝʨʤʘʥʠʠ. ʕʪʠ ʙʫʨʥʳʝ ʧʦʣʠʪʠʯʝʩʢʠʝ ʩʦ-

ʙʳʪʠʷ ʥʘʩʪʦʣʴʢʦ ʧʦʪʨʷʩʣʠ ʂʥʘʙʙʝ (ʢʦʪʦʨʳʡ ʭʦʪʷ ʠ ʠʤʝʣ ʥʝʤʝʮʢʦʝ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʝ, ʥʦ ʙʳʣ ʨʫʩʩʢʠʤ ʧʘʪʨʠʦʪʦʤ), ʯʪʦ 2 ʘʚʛʫʩʪʘ 1914 ʛ. ʦʥ ʩʢʦʨʦʧʦʩʪʠʞʥʦ ʩʢʦʥ-

ʯʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʝʩʝʥʥʳʭ ʚʦʣʥʝʥʠʡ ʠ ʙʳʣ ʧʦʭʦʨʦʥʝʥ ʚ ɹʝʨʥʝ (ʧʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫ ʜʦʯʝʨʠ).  

ʂʦʤʫ ʢʘʢ ʥʝ ʂʥʘʙʙʝ ʩ ʝʛʦ ʟʥʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʚʨʦʧʝʡʩʢʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ, ʙʳʣʦ ʧʦʥʷʪʥʦ, ʢ ʯʝʤʫ ʧʨʠʚʝʜʝʪ ʵʪʘ ʚʦʡʥʘ. ʂʪʦ, ʢʘʢ ʥʝ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝ-

ʚʠʯ ʦʪʯʝʪʣʠʚʦ ʧʨʝʜʩʪʘʚʣʷʣ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʣʠʪʝʡʥʳʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʟʘʚʦʜʦʚ ɽʚʨʦʧʳ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʨʫʜʠʡ ʫʙʠʡʩʪʚʘ. 

 

ɺʳʚʦʜʳ: ʚ ʍʘʨʴʢʦʚʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʩʦ ʚʨʝʤʝʥʠ ʝʛʦ ʦʩʥʦ-

ʚʘʥʠʷ ʧʨʝʧʦʜʘʚʘʣʠ ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʧʝʜʘʛʦʛʠ ʠ ʫʯʝʥʳʝ ï ɸ.ʌ. ʄʝʚʠʫʩ, ʊ.ʄ. ɹʵʨ, 

ɺ.ʉ. ʂʥʘʙʙʝ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʟʦʣʦʪʦʡ ʬʦʥʜ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʥʘʫʢʠ ʚ 

ʦʙʣʘʩʪʠ ʛʦʨʷʯʝʡ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ. 

ʉʦʟʜʘʥʥʘʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʊ.ʄ. ɹʵʨʘ ʚ ʍʘʨʴʢʦʚʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʩʪʘʣʘ ʧʝʨʚʦʡ ʚ ʋʢʨʘ-

ʠʥʝ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʟʘʣʦʞʠʚʰʝʡ ʦʩʥʦʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʤʥʦ-

ʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʩʝʛʦʜʥʷ.  

ʅʘʯʘʣʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʠ ʘʣʶʤʠʥʠʷ 

ʩʦʚʧʘʣʦ ʧʦ ʚʨʝʤʝʥʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʦʩʪʴ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʬʝʩʩʠʦ-
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ʥʘʣʴʥʦ ï ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʩʪʫʜʝʥʪʦʚ ʍʊʀ ï ʦʩʥʦʚʥʦʡ ʢʫʟʥʠʮʝ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʢʘʜʨʦʚ ʜʣʷ ʖʛʘ ʈʦʩʩʠʠ ʪʦʛʦ ʚʨʝʤʝʥʠ. ʊʦʣʴʢʦ ʜʦ ʦʢʦʥʯʘʥʠʷ ʇʝʨʚʦʡ ʤʠʨʦ-

ʚʦʡ ʚʦʡʥʳ ʠʥʩʪʠʪʫʪ ʟʘʢʦʥʯʠʣʦ 2340 ʩʪʫʜʝʥʪʦʚ ʠ 3387 ʯʝʣʦʚʝʢ ʠʥʩʪʠʪʫʪʘ ʥʝ 

ʦʢʦʥʯʠʣʠ [11, 12]. 
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In this article ʧʨʠʚʦʜʠʪʩʷ. the history of the beginning of determining the properties of metals in 

Ukraine. Has made some conclusions about the beginning of research of parameters of metal. At the end of 

the considered various problems of prospects of development of the studies of the properties of metals and 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʂʆʅʊʈʆʃʗ ʋʇʈʋɻʀʍ 

ʅɸʇʈʗɾɽʅʀʁ ʇʆ ɺɽʃʀʏʀʅɽ ʆʉʊɸʊʆʏʅʆʁ 

ʅɸʄɸɻʅʀʏɽʅʅʆʉʊʀ ʄɽʊɸʃʃɸ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠ-
ʯʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʝ-

ʪʘʣʣʘ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥ-
ʥʦʩʪʴ, ʩʣʘʙʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʚʝʜʝʥʠʝ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʦʞʥʳʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʦʟ-

ʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦ-

ʷʥʠʝ, ʪ.ʝ. ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʚʥʝʰʥʠʭ ʩʠʣ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ɼʣʷ ʦʮʝʥʢʠ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥ-

ʪʨʦʣʷ (ʅʂ), ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʘʛʥʠʪʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʝʨʨʦʤʘʛʥʝʪʠ-

ʢʠ ʙʦʣʴʰʠʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʠʣʠ ʩʞʠʤʘʶʱʠʭ ʫʧʨʫʛʠʭ  ʥʘʧʨʷʞʝʥʠʡ ů0 ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ʤʘʛʥʠʪʥʳʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʥʘʯʘʣʴʥʘʷ ɢʘ ʠ 

ʦʙʨʘʪʠʤʘʷ ɢr ʤʘʛʥʠʪʥʳʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʅʩ, ʤʘʛʥʠʪʦʫʧʨʫ-

ʛʠʡ ʧʨʠʨʦʩʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ȹʄů(ʅi, ů0) (ʅi ī ʚʥʫʪʨʝʥʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ), 

ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Mr. 

ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ [1] ʜʦʩʪʠʛʘʝʪ ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ ʤʥʦʛʠʭ ʪʳʩʷʯ ʝʜʠʥʠʮ). ʊʘʢʘʷ ʤʘʛ-

ʥʠʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʥʘʧʨʷʞʝ-

ʥʠʷʤ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ [2]. 

ɺ ʨʘʙʦʪʝ [3] ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʅʂ ʥʘʧʨʷʞʝʥʠʡ 

ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʣʷ (ʅi Ó 400 ɸ/ʩʤ), ʛʜʝ ʠʤʝʶʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʦʙʨʘʪʠ-

ʤʳʝ ʧʨʦʮʝʩʩʳ ʚʨʘʱʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʅʂ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʵʬʬʝʢʪʠʚʝʥ ʣʠʙʦ ʥʘ ʦʙʨʘʟʮʘʭ ʩʪʘʣʝʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʣʠʙʦ ʥʘ ʠʟʜʝʣʠʷʭ ʧʨʦʩʪʦʡ ʬʦʨʤʳ, ʠʤʝʶʱʠʭ ʢ ʪʦʤʫ ʞʝ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ (ʚ 

ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʙʦʣʴʰʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ). ɽʱʝ ʦʜʥʘ ʪʨʫʜʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʣʦʞʝʥʠʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʥʘʤʘʛʥʠʯʝʥ-

ʥʳʡ ʦʙʨʘʟʝʮ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [4] ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʙʣʶʜʘʝʤʘʷ ʥʘ ʦʧʳʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨ-

ʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʅʩ(ů0), ʢʦʪʦʨʘʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʷʚʣʷʝʪʩʷ 
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ʥʝʦʜʥʦʟʥʘʯʥʦʡ: ʵʪʘ ʬʫʥʢʮʠʷ ʩ ʨʦʩʪʦʤ ů0 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʠʥʠʤʫʤ ʧʨʠ iss º0  

(ʛʜʝ is  ī ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ). ɺ ʠʪʦʛʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʚ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʩʣʫʯʘʷʭ ʅʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʝʦʙʨʘʪʠʤʳʤʠ 

ʩʤʝʱʝʥʠʷʤʠ 180Á ɼɻ (ʥʘʯʘʣʦ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ) ʠ ʤʘʣʦʧʨʠʛʦʜʥʘ ʜʣʷ 

ʦʮʝʥʢʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʫʙʣʠʢʘʮʠʠ [5, 6] ʧʦʜʪʚʝʨʞʜʘʶʪ, 

ʯʪʦ ʧʦʨʦʛ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʚʝʥ 0,5 ʦʪ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʤʝʪʘʣʣʘ, 

ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʪʴ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʝʪʦʜʦʤ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ.    

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ [7], ʛʜʝ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʧʫʩʢʘ T ʩʪʘʣʠ 30ʍɻʉɸ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʮʳ ʵʪʦʡ ʩʪʘʣʠ ʙʦʣʴʰʠʭ (ʠ 

ʧʦʩʪʦʷʥʥʳʭ) ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʠ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ  (ů0 = Ñ 400 ʄʇʘ). ɺʘʞ-

ʥʦʩʪʴ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʟʘʢʣʶʯʘʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʝʛʦ ʥʦʚʠʟʥʝ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʚ 

ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ Mr ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʨʘʩʪʷʞʝʥʠʷ ʢ 

ʩʞʘʪʠʶ, ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʤʦʩʪʴ Mr(ů0) ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʮʝʣʷʭ ʅʂ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʦʪʜʝʣʴʥʳʤ 

ʩʣʫʯʘʷʤ (ʠʟʜʝʣʠʝ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʨʢʠ ʩʪʘʣʠ ʩ ʢʦʥʢʨʝʪʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʠ 

ʤʘʛʥʠʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ), ʚʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠʤʝʥʷʷ ʵʪʠ ʤʝʪʦʜʳ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʟʥʘʢ ʜʝʡʩʪʚʫʶʱʠʭ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʅʂ 

ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ.    

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʋʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʫʶ ʩʚʷʟʴ ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʷʭ (ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʢʦʨʧʫʩʥʳʭ, ʩʪʨʦʠʪʝʣʴʥʳʭ), ʢʦʪʦ-

ʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ [8] ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ, ʢʦʨʧʫʩʦʚ 

ʩʫʜʦʚ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʚʠʜʘ ʩʪʘʣʠ (ʉʪ3, 09ɻ2ʉ, 10ʍʉʅɼ 

ʠ ʪ. ʧ.) ʭʘʨʘʢʪʝʨʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʥʝ ʧʨʝʚʳʰʘ-

ʶʱʝʝ ʦʙʳʯʥʦ 0,3-0,4 % ʠ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʥʠʟʢʦʣʝ-

ʛʠʨʦʚʘʥʥʘʷ).    

ʉʦʛʣʘʩʥʦ [9] ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ Mr ï ʵʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʫʤʝʥʴʰʝʥʥʦʡ ʜʦ ʥʫʣʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. Mr ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʤʘʛʥʠʪʥʦʡ ʧʨʝʜʳʩʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɿʜʝʩʴ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʜʦʙʠʝ ʫʧʨʫʛʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʦʚ. ʂʘʢ ʠ ʚ ʤʘʛʥʠʪʥʦʤ ʛʠʩʪʝʨʝʟʠʩʝ, ʚ ʫʧʨʫʛʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʙʷʟʘ-

ʪʝʣʴʥʘʷ ʩʤʝʥʘ ʟʥʘʢʘ (ʩʞʘʪʠʝ / ʨʘʩʪʷʞʝʥʠʝ), ʩʫʱʝʩʪʚʫʶʪ ʟʦʥʳ ʫʧʨʫʛʦʡ ʠ ʧʣʘʩʪʠ-
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ʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʘʛʥʠʪʥʳʤ ʛʠʩʪʝʨʝʟʠʩʦʤ: ʟʦʥʳ ʚʦʟʚʨʘʪʘ ʠ 

ʥʘʩʳʱʝʥʠʷ) (ʨʠʩ. 1).     

 
 

ʈʠʩ. 1 ï ɻʠʩʪʝʨʝʟʠʩʳ: ʘ ï ʫʧʨʫʛʠʡ ʠ ʙ ï ʤʘʛʥʠʪʥʳʡ  

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʚ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʜʥʦʦʩʥʳʭ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʢʘʟʳʚʘʝʪ [7, 10-13], ʯʪʦ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ, ʪʘʢʠʝ ʢʘʢ sc  - ʤʘʛʥʠʪʦʫʧʨʫʛʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, 

sb  - ʧʦʩʪʦʷʥʥʘʷ ʈʵʣʝʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ, 
max
irMD  - ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ,  ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʙʣʘʩʪʠ  ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʘʣʛʦ-

ʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ()tM  ʦʪ ʜʝʡʩʪʚʫʶ-

ʱʠʭ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ () tt wss sin1= : 

    () () sMHMtM D+= ;                  (1) 

ʛʜʝ                () 2bHHHM a +=c ;                   (2) 

  irr MMM D+D=D s ;    (3) 

tbtM r wswsc ss
22

11 sinsin +=D .       (4) 

ʇʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʫʞʝ ʧʦʩʣʝ 4-5 ʮʠʢʣʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʠ-

ʞʝʥʠʝ ʚʝʣʠʯʠʥʦʡ irMD  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪ.ʝ. 
max
irir MM D=D . ɿʥʘʯʝʥʠʝ 

max
irMD  ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʠ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʩʪʨʦʠʪʩʷ 
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ʩʝʤʝʡʩʪʚʦ ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ  ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 1s. ɺʝ-

ʣʠʯʠʥʫ ʥʘʯʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ac  ʚʳʯʠʩʣʷʝʤ ʧʦ ʧʨʝʜʝʣʴʥʦʡ 

ʧʝʪʣʝ ʛʠʩʪʝʨʝʟʠʩʘ 

ö
ö
÷

õ
æ
æ
ç

å
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ʛʜʝ SM  - ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, rM  - ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, cH  

- ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʜʝʣʘʝʤ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʛʥʠʪʦʫʧʨʫʛʠʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ 

ʩʠʤʤʝʪʨʠʯʥʳ 
-+ -= ss rr MM   (ʧʦʛʨʝʰʥʦʩʪʴ ʜʦ 20-25%), ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 
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ɿʜʝʩʴ ʟʥʘʢ ç+è ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʘʚʦʡ ʯʘʩʪʠ ʯʘʩʪʥʦʡ ʤʘʛʥʠʪʦʫʧʨʫʛʦʡ ʧʝʪʣʠ 

ʛʠʩʪʝʨʝʟʠʩʘ, ʘ ʟʥʘʢ ç-è -  ʢ ʣʝʚʦʡ. 
 

 
 

ʈʠʩ. 2 ï ʆʙʦʙʱʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʦʪ ʚʝʣʠʯʠʥʳ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [12]. ɸʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥ-

ʥʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʩʞʘʪʠʠ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 0,6 rs , ʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʛʨʘʥʠʯʠʚʘʝʪ-

ʩʷ ʚʝʣʠʯʠʥʦʡ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ 
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ʧʨʠʚʦʜʠʪ ʢ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟ-ʟʘ ʠʩʢʘʞʝ-

ʥʠʷ ʤʘʛʥʠʪʦʫʧʨʫʛʦʡ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ɺʩʸ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥ-

ʪʨʦʣʶ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ. ʇʨʠ ʢʦʥʪʨʦʣʝ ʦʪʜʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʧʦ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʜʘʥʥʦ-

ʛʦ ʠʟʜʝʣʠʷ. 

ɺʳʚʦʜʳ. 

1. ʆʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ï ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʶʙʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥ-

ʥʦʡ ʩʪʘʣʠ.  

2. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʭ ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʚʝʣʠʯʠʥʫ ʫʧʨʫʛʠʭ ʥʘʧʨʷ-

ʞʝʥʠʡ, ʢʦʛʜʘ ʠʩʧʳʪʳʚʘʝʤʳʡ ʦʙʨʘʟʝʮ ʥʘʭʦʜʠʣʩʷ ʚ ʧʦʣʝ ɿʝʤʣʠ. ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʢ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʯʪʦ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ ʤʘʛʥʠʪʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

3. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪ 

ʧʘʨʘʤʝʪʨʦʚ ʜʘʪʯʠʢʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.      
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʦʩʪʘʪʦʯʥʦʡ ʥʘ-

ʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ / ɺ. ɺ. ʄʠʨʦʰʥʠʢʦʚ, ʆ. ʇ. ɿʘʚʘʣʴʥʶʢ // ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ: ɽʣʝ-

ʢʪʨʦʝʥʝʨʛʝʪʠʢʘ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ. ï ʍ. : ʅʊʋ çʍʇɯè, 2013. ï  ̄34 (1007). ï ʉ. 12ï17. ï 

ɹʽʙʣʽʦʛʨ.: 13 ʥʘʟʚ. 
ʋ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʘʣʠʰʢʦʚʦʾ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʤʝʪʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ ʚʝʣʠʯʠʥʠ ʟʘʣʠʰʢʦʚʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʤʝʪʘʣʫ ʚʽʜ ʜʽʶʯʠʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥ ɹʫ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʥʝʨʫʡʥʽʚʥʠʡ ʢʦʥʪʨʦʣʴ, ʟʘʣʠʰʢʦʚʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ, ʩʣʘʙ-

ʢʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʬʝʨʦʤʘʛʥʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

 
In this article the possibility of control of elastic stresses on the residual magnetization of the metal is 

investigated. Functional relationship of the residual magnetization of the metal on the mechanical stresses 
was set in ferromagnetic structures. 

Keywords: elastic stress, nondestructive testing, residual magnetization, a weak magnetic field, the 

magnetic field strength, ferromagnetic structures. 
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ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ  

ʇʈʀʉʊʈʆʖ ʂʆʅʊʈʆʃʖ ʈɯɺʅʗ ʈɯɼʀʅʀʍ  

ʉɽʈɽɼʆɺʀʑ ɿ ʅɽʈɯɺʅʆʄɯʈʅʆʖ ʇʆɺɽʈʍʅɽʖ 

 
ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ 
ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʨʦʟʩʽʶʚʘʥʥʷʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʥʝʨʽʚʥʦʤʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʇʦʭʠʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʝʥʰʝʥʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 
ʝʬʝʢʪʽʚ.   

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʚʠʧʨʦʤʽʥʶʚʘʯ, ʧʦʚʝʨʭʥʷ, ʨʽʜʠʥʘ ʩʝʨʝʜʦʚʠʱʝ, ʧʦʭʠʙʢʘ, ʩʠʛʥʘʣ, 

ʚʠʤʽʨʶʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚ-

ʥʽʩʪʶ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʈʉ), ʷʢʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʘʧʘʨʘʪʘʭ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʦʬʦʨʤʣʝʥʥʷ (ʻʤʢʦʩʪʽ, ʢʠʧôʷʪʠʣʴʥʠʢʠ, ʚʠʧʘʨʥʽ ʫʩʪʘʥʦʚʢʠ, ʨʝʢʪʠʬʽʢʘʮʽʡʥʽ ʢʦʣʦ-

ʥʠ, ʩʝʧʘʨʘʪʦʨʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ). ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʨʦʙʦʪʠ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ 

ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʽʣʴʢʽ-

ʩʪʶ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ, ʘ ʬʘʢʪʠʯʥʦ ʾʾ ʦʙôʻʤʦʤ ʧʨʦʧʦʨʮʽʡʥʠʤ ʨʽʚʥʶ ʨʽʜʠʥʠ. ʊʘʢ ʷʢ 

ʫ ʪʘʢʠʭ ʘʧʘʨʘʪʘʭ ʈʉ ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʫʩʽ, ʪʦ ʾʭ ʧʦʚʝʨʭʥʷ ʥʝ ʻ ʨʽʚʥʦʤʽʨʥʦʶ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʽ ʾʭ ʨʽʚʥʷ.  

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʽ ʣʽʪʝʨʘʪʫʨʠ. ʋ ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʜʝ ʻ ʥʝʦʙ-

ʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʽʚʝʥʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʥʠʭ 

ʩʝʨʝʜʦʚʠʱ (ʅʇʈʉ), ʥʘʧʨʠʢʣʘʜ, ʨʽʜʠʥʥʦʛʦ ʢʠʧ'ʷʯʦʛʦ ʰʘʨʫ, ʚ ʘʙʩʦʨʙʝʨʘʭ ʟ ʙʘʨʙʦ-

ʪʫʚʘʥʥʷʤ ʛʘʟʫ ʯʝʨʝʟ ʨʽʜʠʥʫ, ʧʨʠ ʤʝʭʘʥʽʯʥʦʤʫ ʯʠ ʛʘʟʦʚʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʨʝʘ-

ʛʫʶʯʠʭ ʈʉ ʪʦʱʦ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʫʡʢʦʚʽ ʘʙʦ ʛʽʜʨʦʩʪʘʪʠ-

ʯʥʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ, ʢʦʪʨʽ ʤʘʶʪʴ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦʩʪʘʪʥʴʦ 

ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ ʪʘ ʚʽʨʦʛʽʜʥʽʩʪʴ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʈʉ, ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ɼʣʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʥʪʨʦʣʴ ʨʽʚʥʷ ʈʉ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʽʚʥʷ 

ʈʉ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʤʝʪʦʜʦʤ ʧʨʠʡʤʘʯʝʤ ʩʧʨʠʡʤʘʻʪʴʩʷ ʥʝ ʦʜʠʥ ʚʽʜʙʠʪʠʡ ʚʽʜ ʧʦ-

ʚʝʨʭʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣ (ʋɿʉ), ʘ ʨʷʜ ʩʠʛʥʘʣʽʚ, ʨʦʟʜʽʣʝʥʠʭ ʚ ʯʘʩʽ. ɺʽʜʦʤʦ 

[1], ʱʦ ʚʪʦʨʠʥʥʽ ʋɿʉ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜʙʠʪʦʛʦ ʋɿʉ ʚʽʜ ʧʦʚʝ-

ʨʭʥʽ ʨʽʜʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʇʈʉ). ɺʪʦʨʠʥʥʽ ʋɿʉ ʜʦʩʷʛʘʶʪʴ ʚʥʫʪʨʽʰʥʽʭ ʯʘʩʪʠʥ 

ʨʝʟʝʨʚʫʘʨʫ ʯʠ ʻʤʢʦʩʪʽ, ʚʽʜʙʠʚʘʶʪʴʩʷ ʚʽʜ ʥʠʭ, ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʇʈʉ, ʚʽʜʙʠʚʘʶʪʴ-

ʩʷ ʚʽʜ ʥʝʾ ʽ ʧʦʧʘʜʘʶʪʴ ʥʘ ʧʨʠʡʤʘʯ, ʩʪʚʦʨʶʶʯʠ ʩʠʛʥʘʣ ʟ ʘʤʧʣʽʪʫʜʦʶ 2E  [2]. ɸʤ-

 

É ʁ.ɯ. ʉʪʝʥʮʝʣʴ, ʆ.ɯ. ʐʘʧʦʚʘʣʦʚ, ʂ.ɸ. ʃʽʪʚʽʥʦʚ, ɺ.ɺ. ɭʚʩʶʢʦʚ, 2013 
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ʧʣʽʪʫʜʘ 2E  ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 10-50% ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʦʩʥʦʚʥʦʛʦ ʚʠ-

ʧʨʦʤʽʥʝʥʦʛʦ ʩʠʛʥʘʣʫ 1E . ɸʤʧʣʽʪʫʜʘ ʚʪʦʨʠʥʥʠʭ ʋɿʉ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʅʇʈʉ ʽ ʻ ʬʫʥʢʮʽʻʶ ʢʦʥʪʨʦʣʶʶʯʦʛʦ ʨʽʚʥʷ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʘʪʝʤʘʪʠʯʥʝ 

ʦʧʠʩʘʥʥʷ  ʧʨʦʮʝʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʧʦʜʚʽʡʥʦʤʫ ʚʽʜʙʠʪʪʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʩʠʛʥʘʣʫ ʚʽʜ ʅʇʈʉ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʅʇʈʉ, ʦʙʫʤʦʚʣʝʥʦʾ ʤʝʭʘʥʽʯʥʠʤʠ ʯʠ ʽʥʰʠʤʠ ʜʽʷʤʠ, ʘʤʧʣʽʪʫʜʘ ʦʩʥʦʚ-

ʥʦʛʦ ʩʧʨʠʡʤʘʶʯʦʛʦ ʩʠʛʥʘʣʫ 1U  ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ ʟʥʘʯʝʥʥʽ ʝʣʝ-

ʢʪʨʠʯʥʦʛʦ ʟʙʫʜʞʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ (ɽɿɯ) ʪʘ ʨʽʚʥʽ ʈʉ, ʘ ʘʤʧʣʽʪʫʜʘ ʥʘʩʪʫʧʥʦʛʦ 

ʩʧʨʠʡʤʘʶʯʦʛʦ ʩʠʛʥʘʣʫ 2U  - ʟʙʽʣʴʰʫʻʪʴʩʷ [3]. ʊʘʢʠʡ ʝʬʝʢʪ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʦ 

ʩʧʨʠʡʤʘʶʯʠʭ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠ ʫʣʴʪʨʘʟ-

ʚʫʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ (ʋɿʇʂ) ʨʽʚʥʷ ʈʉ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠ-

ʤʠ ʧʦʚʝʨʭʥʷʤʠ [4]. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʪʝʦʨʝʪʠʯʥʦʤʫ ʪʘ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʚʯʝʥʥʽ 

ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʅʇʈʉ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʇʈʉ ʘʤʧ-

ʣʽʪʫʜʘ ʚʪʦʨʠʥʥʦʛʦ ʋɿʉ ʟʨʦʩʪʘʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʨʽʚʥʷ. ʗʢ ʧʦʢʘ-

ʟʘʥʦ ʚ [2, 3], ʚʠʧʨʦʤʽʥʝʥʠʡ ʋɿʉ ()tyE , ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʚʠ-

ʧʨʦʤʽʥʶʚʘʯʝʤ (ʋɿɺ), ʧʨʠ ʧʝʚʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥ-

ʥʷʤ 

() () ( ) ( )[ ]{ }tttykty MEE 010 cosexp1 wa--= ,                     (1) 

ʜʝ 0Ek  - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʋɿɺ; ()tyM  - ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʤʙʨʘʥʠ ʋɿɺ ʟʘ 

ʯʘʩ t ; 1a  - ʩʪʫʧʽʥʴ ʟʘʛʘʩʘʥʥʷ ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʋɿʉ; 0w  - ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠ-

ʚʘʥʴ. 

ɼʣʷ ʋɿʇʂ ʨʽʚʥʷ ʈʉ ʟ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʧʦʚʝʨʭʥʝʶ ʩʧʨʠʡʤʘʶʯʠʡ ʩʠʛʥʘʣ ʚʠ-

ʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ 
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ʜʝ PK  - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʋɿʇʂ ʨʽʚʥʷ; 0E  - ʘʤʧʣʽʪʫʜʘ ɽɿɯ; ʭt  - ʩʪʘʣʘ 

ʯʘʩʫ ʤʝʤʙʨʘʥʠ; 0x  - ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʤʝʤʙʨʘʥʠ; e - ʩʪʫʧʽʥʴ ʧʦʛʣʠʥʘʥʥʷ 

ʋɿʉ ʚ ɻʉ; J  - ʪʦʚʱʠʥʘ ɻʉ; JD  - ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪʠ ɻʉ ʟʘ ʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ 

ʚʠʩʦʪʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʇʈʉ;b - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʝʤʙʨʘʥʠ ʚ ɻʉ: m -  ʤʘʩʘ 
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ʤʝʤʙʨʘʥʠ; g  - ʧʨʠʩʢʦʨʝʥʥʷ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ; 1t  - ʚʠʤʽʨʷʥʠʡ ʯʘʩ, ʟʘ ʢʦʪʨʠʤ ʨʦʟ-

ʨʘʭʦʚʫʻʪʴʩʷ  ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʈʉ. 

ʏʘʩ, ʢʦʪʨʠʡ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʋɿʇʂ ʨʽʚʥʷ ʈʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜ ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ 

ʥʘ ʋɿɺ ʋɿɯ ʜʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʩʧʨʠʡʤʘʶʯʠʡ ʩʠʛʥʘʣ  ʜʦʩʷʛʘʻ ʟʘʜʘʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ  (ʣʽʯʠʣʴʥʠʢ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ (ʃʊɯ) ʚʢʣʶʯʘʻʪʴʩʷ ʧʨʠ ʧʦʷʚʽ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ  ʽ ʚʽʜʢʣʶʯʘʻʪʴʩʷ, ʢʦʣʠ ; ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʽʜʨʘʭʦʚʘʥʠʭ ʪʘʢʪʦ-

ʚʠʭ ʽʤʧʫʣʴʩʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʯʘʩ ).  

 

 
 

ʈʠʩ. ï ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʋɿʉ ʚʽʜʩʪʘʥʽ ʚ  

ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

 

ʗʢʱʦ ʥʘ ʇʈʉ ʧʦʷʚʣʷʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ, ʪʦ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ɻʉ J  ʥʘ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ JD , ʷʢʘ ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ 1t  ʜʦ ʟʥʘ-

ʯʝʥʥʷ H1t  ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʠʡʤʘʶʯʠʡ ʩʠʛʥʘʣ ʟʙʽ-

ʣʴʰʫʻʪʴʩʷ ʜʦ ()tU H1 , ʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʯʘʩ 1t  ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ H1t . ʗʢʱʦ ʧʨʠ-

ʡʥʷʪʠ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 11 ktL = , ʪʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʅʇʈʉ ʟʥʘʯʝʥʥʷ 

ʨʽʚʥʷ ʙʫʜʝ ʨʦʟʨʘʭʦʚʘʥʝ ʟʘ ʬʦʨʤʫʣʦʶ: HH= 11 ktL . ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʘʙʩʦʣʶʪ-

ʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

( ) HHHH D=-=-=D tkttkLLL 1111 . 
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ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʽʚʥʷ ʈʉ ʟ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʧʦʚʝʨʭʥʝʶ ʨʦʟʩʽʶʚʘʥʥʷ  ʋɿʉ 

)(tU p  ʚʽʜ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʚ ɻʉ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʨʦʟʩʽʷʥʽ çʧʨʦʤʝʥʽè ʜʦʩʷʛʘʶʪʴ ʩʪʽʥʦʢ ʨʝʟʝʨʚʫʘʨʫ, ʚʽʜʙʠʚʘʶʪʴʩʷ ʚʽʜ ʥʠʭ, ʧʦʚʝʨ-

ʪʘʶʪʴʩʷ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʯʘʩʪʠʥʘ ʚʽʜʙʠʪʠʭ ʚʽʜ ʅʇʈʉ ʜʦʩʷʛʘʻ ʋɿʇ, 

ʜʝ ʩʪʚʦʨʶʻ ʥʦʚʠʡ ʩʠʛʥʘʣ ()tU2 . ʗʢ ʧʦʢʘʟʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʯʘʩ 

()Jft =1 , ʘ ()hft =2 , ʜʝ h  - ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʇʈʉ. 

ɼʣʷ ʨʦʟʩʽʷʥʦʾ ʯʘʩʪʠʥʠ ʋɿʉ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 
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       (3) 

ʜʝ pk  - ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ; h  - ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʇʈʉ. 

ʈʦʟʩʽʷʥʠʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪʴ ʧʦʪʨʽʡʥʫ ʚʽʜʩʪʘʥʴ: ʇʈʉÝʩʪʽʥʢʘ ʨʝʟʝʨʚʫʘʨʫ

ÝʇʈʉÝʋɿʇ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʋɿʉ ʜʚʽʯʽ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʇʈʉ, ʧʝʨʰ ʥʽʞ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʋɿʇ. ɽʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʋɿʇ, ʚʨʘ-

ʭʦʚʫʶʯʠ (3), ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ 
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ʜʝ ( ) thJf ¹,  - ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʯʘʩʫ ʚʽʜ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ɻʉ 

ʪʘ ʚʠʩʦʪʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʇʈʉ. 

ʈʽʚʥʷʥʥʷ (4) ʬʘʢʪʠʯʥʦ ʻ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʋɿʇʂ ʨʽʚʥʷ ʟ ʥʝʨʽʚʥʦʤʽʨ-

ʥʦʶ ʇʈʉ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ H2t  ʣʽʯʠʣʴʥʠʢ ʽʤʧʫʣʴʩʽʚ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʚʠʟʥʘʯʝʥʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʮʠʢʣʽ ʯʘʩʫ, ʪʦʙʪʦ 

2/120 H=tt . ʃʽʯʠʣʴʥʠʢ ʯʘʩʫ ʚʠʢʣʶʯʘʻʪʴʩʷ, ʢʦʣʠ () 02 UtU ² . ʗʢʱʦ ʩʠʛʥʘʣ 

( )[ ] 0,2 =hJfU , ʪʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʇʈʉ ʚʽʜʩʫʪʥʷ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩ-

ʪʽ ʥʘ ʚʠʭʦʜʽ ʋɿʇ ʧʦʷʚʣʷʻʪʴʩʷ ʩʠʛʥʘʣ, ʢʦʪʨʠʡ ʜʘʣʽ ʤʦʞʝ ʧʽʜʩʠʣʶʚʘʪʠʩʷ ʜʦ ʥʘʧʨʫ-

ʛʠ, ʷʢʘ ʧʝʨʝʚʠʱʫʻ ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ 0U . ɺʠʟʥʘʯʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʯʘʩ H2t , ʷʢʠʡ ʻ 

ʬʫʥʢʮʽʻʶ ʚʠʩʦʪʠ h  ʅʇʈʉ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʚʝʜʝʥʥʷ ʧʦʧʨʘʚʢʠ ʚ ʨʝʟʫʣʴʪʘʪ 

ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ H1t  ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʟʥʠʮʝʶ  

( ) () ( )hLtLthLt ,, 11 H-=D .                                   (5) 

ʋ ʨʽʚʥʷʥʥʽ (5) ʚʽʜʦʤʠʤ ʻ ʪʽʣʴʢʠ ʯʘʩ ( )hLt ,1H , ʪʘʢ ʷʢ ʚʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʽʯʠ-

ʣʴʥʠʢʦʤ ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʩʠʛʥʘʣʫ ()tU1  ʟ ʜʝʷʢʠʤ ʦʧʦʨʥʦʶ ʥʘʧʨʫʛʦʶ 

0U . ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ çʜʽʡʩʥʦʛʦè ʟʥʘʯʝʥʥʷ ʯʘʩʫ ()Lt1  ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʧʦʭʠʙʢʫ 

( )hLt ,D . ɿʛʽʜʥʦ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʮʶ ʧʦʭʠʙʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠ-

ʪʠ ʟʘ ʚʪʦʨʠʥʥʠʤ ʩʧʨʠʡʥʷʪʠʤ ʩʠʛʥʘʣʦʤ ()tU2 , ʷʢʠʡ ʻ ʬʫʥʢʮʽʻʶ ʷʢ ʚʠʤʽʨʶʚʘʣʴ-

ʥʦʛʦ ʨʽʚʥʷ L  ʈʉ, ʪʘʢ ʽ ʚʠʩʦʪʠ h  ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʇʈʉ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʚʠ-

ʟʥʘʯʠʪʠ ʯʘʩ H2t  ʜʦʜʘʪʢʦʚʠʤ ʃʊɯ. ʆʩʪʘʥʥʽʡ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 

2t  (ʪʦʯʢʘ çʘè ʨʠʩʫʥʢʫ), ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʯʘʩʦʤ H1t  ʧʦʧʝʨʝʜʥʴʦʛʦ ʮʠʢʣʫ 

ʨʦʙʦʪʠ ʋɿʇʂ ʨʽʚʥʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 2/12 H=tt . ʍʘʨʘʢʪʝʨʥʠʤ ʻ ʪʝ, ʱʦ ʪʦʯʢʘ çʘè 

ʟʤʽʥʶʻ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʥʘ ʯʘʩʦʚʽʡ ʦʩʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ɻʉ J  ʽ ʚʠʩʦʪʠ 

h  ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʇʈʉ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ʎʝʡ ʜʦʜʘʪʢʦʚʠʡ ʃʊɯ ʧʨʘʮʶʻ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʧʽʜʩʠʣʝʥʘ ʥʘʧʨʫʛʘ ()tU2  ʥʘ ʚʠʭʦʜʽ ʋɿʇ ʥʝ ʩʪʘʥʝ ʨʽʚʥʦʶ ʦʧʦʨʥʽʡ ʥʘ-

ʧʨʫʟʽ 0U . ɺʠʟʥʘʯʝʥʠʡ ʧʨʠ ʮʴʦʤʫ ʯʘʩ H2t  ʻ ʬʫʥʢʮʽʻʶ ʚʠʩʦʪʠ h  ʅʇʈʉ. ʇʦʭʠʙʢʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ( )hLt ,D  ʧʨʘʢʪʠʯʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʚʦʤʘ ʰʣʷʭʘ-

ʤʠ. ʇʝʨʰʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

( ) ( ) ( )hLthLthLt ,)3/2(,, 21 HH -=D .                             (6) 

ɺʽʜʥʦʰʝʥʥʷ (2/3) ʫ ʨʽʚʥʷʥʥʽ (6) ʚʠʟʥʘʯʘʻ ʚʧʣʠʚ ʰʣʷʭʫ ʧʨʦʭʦʜʞʝʥʥʷ ʚʽʜʧʦ-

ʚʽʜʥʦʾ ʚʽʜʩʪʘʥʽ ʚ ɻʉ: ʦʩʥʦʚʥʠʡ ʩʠʛʥʘʣ ï ʧʦʜʚʽʡʥʦʾ ʚʽʜʩʪʘʥʽ, ʘ ʚʪʦʨʠʥʥʠʡ ï ʧʦʪ-

ʨʽʡʥʦʾ. ʗʢ ʧʦʢʘʟʘʣʠ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦ-

ʛʦ ʢʦʥʪʨʦʣʶ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʬʝʢʪ ʥʝʟʤʽʥʥʦʩʪʽ ʯʘʩʫ 

?,,, 321 ttt (ʜʠʚ. ʨʠʩʫʥʦʢ). ʇʦʧʝʨʝʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʮʝʡ ʯʘʩ ʧʨʘʢʪʠʯʥʦ ʻ ʥʝʟʤʽʥʥʠʤ, ʪʦʙʪʦ const=ºº 321 ttt . ʏʘʩ ʤʦʞʥʘ ʪʘʢʦʞ 

ʚʠʤʽʨʷʪʠ ʃʊɯ, ʷʢʱʦ ʦʩʪʘʥʥʽʡ ʚʢʣʶʯʠʪʠ ʚ ʨʦʙʦʪʫ ʚ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʯʘʩʫ H1t  ʽ 

ʚʠʢʣʶʯʠʪʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ H2t . ɺʠʙʽʨ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴ-

ʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʟ ʅʇʈʉ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʥʝ-

ʨʽʚʥʦʤʽʨʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʦʭʠʙʢʠ, 

ʷʢʽ ʻ ʟʘʣʝʞʥʠʤʠ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʨʽʚʥʷ ʈʉ, ʘʣʝ ʡ ʚʽʜ ʚʠʩʦʪʠ ʥʝʨʽʚ-

ʥʦʤʽʨʥʦʩʪʽ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʮʽʻʾ ʧʦʭʠʙʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚʪʦʨʠʥ-

ʥʠʡ ʝʬʝʢʪ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʫʚʝʜʝʥʥʷ ʧʦʧʨʘʚʢʠ ʚ ʨʝʟʫʣʴ-
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ʪʘʪ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʜʦʩʪʘʪʥʴʦ ʜʦ ʩʭʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʫʚʝʩʪʠ 

ʜʦʜʘʪʢʦʚʽ ʣʽʯʠʣʴʥʠʢʠ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ.  
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʠʤʝʶʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʩʩʝʠʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 
ʩʠʛʥʘʣʘ ʦʪ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʛʨʝʰʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʳ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʪʦʨʠʯʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʵʬʬʝʢʪʦʚ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʠʟʣʫʯʘʪʝʣʴ, ʧʦʚʝʨʭʥʦʩʪʴ, ʞʠʜʢʦʩʪʴ, ʩʨʝʜʘ, ʧʦʛʨʝʰʥʦʩʪʴ, ʩʠʛ-
ʥʘʣ, ʠʟʤʝʨʝʥʠʝ. 

 

The paper presents the results of theoretical investigations of the level control ultrasonic liquid media 
with non-uniform surface. It is shown that these devices have measuring accuracy control which are caused 

by scattering of the ultrasonic signal from an uneven surface. The errors can be reduced through the use of 

secondary effects of ultrasound. 
Keywords: ultrasound transducer, the surface of the liquid, the environment, the error signal meas-

urement. 
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ʇʈʀʅʎʀʇ ʈɽʆʃʆɻɯʏʅʀʍ ʇɽʈɽʍʆɼɯɺ ʇʈʀ  

ɼɯɸɻʅʆʉʊʋɺɸʅʅɯ ʈʆɹʆʊʀ ʉɽʈʎɽɺʆɰ ʉʀʉʊɽʄʀ 

ɽʃɽʂʊʈʆʂɸʈɼɯʆɻʈɸʌɯʏʅʀʄ ʄɽʊʆɼʆʄ
4
 

 
ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤ ʨʦʙʦʪʠ ʩʝʨʮʷ ʧʨʠ ʨʽʟʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 
ʡʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʝʨʮʝ ʷʚʣʷʻ ʩʦʙʦʶ ʦʙôʻʢʪ  ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ, ʨʦʙʦʪʘ ʷʢʦʛʦ ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʢʦʪʨʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʦʢʦʤ ʝʣʝʢʪʨʠʯʥʦʾ  

ʝʥʝʨʛʽʾ.  
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ, ʩʝʨʮʝ, ʨʝʦʣʦʛʽʯʥʠʡ ʧʝʨʝʭʽʜ, ʜʽʘʛʥʦʩʪʠʢʘ,  ʝʣʝʢʪʨʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ, ʽʤʧʫʣʴʩ, ʤôʷʟ ʤʽʦʢʘʨʜʫ. 

 

ɺʩʪʫʧ. ɽʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽʷ (ɽʂɻ) ʷʢ ʤʝʪʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʨʦʙʦʪʠ ʩʝʨʮʷ, ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʚʯʝʥʥʷ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʘʢʽ ʾʾ ʝʣʝ-

ʤʝʥʪʠ: ʛʝʥʝʨʘʪʦʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʣʽʥʽʾ, ʧʨʠʡʤʘʯʽ ʽʤʧʫ-

ʣʴʩʽʚ, ʚʽʜʜʽʣʠ ʩʝʨʮʷ, ʩʠʩʪʝʤʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʪʦʱʦ. ʉʝʨʮʝʚʘ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ 

ʚ çʘʚʪʦʛʝʥʝʨʘʪʦʨʥʦʤʫè ʨʝʞʠʤʽ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʮʠʢʣʦʛʨʘʤʦʶ. ʋ [1, 2] ʚʢʘʟʫʻʪʴʩʷ, 

ʱʦ ʩʝʨʮʝ ʟʙʫʜʞʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ, ʘ ʬʫʥʢʮʽʻʶ ʟʙʫʜʞʝʥʥʷ ʚʦʣʦ-

ʜʽʶʪʴ ʢʣʽʪʠʥʠ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ. ʇʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʠʭ ʟʙʫ-

ʜʞʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ (ɽɿɯ), ʢʦʪʨʽ ʬʦʨʤʫʶʪʴʩʷ ʩʠʥʫʩʥʠʤ ʚʫʟʣʦʤ, ʧʨʦʭʦʜʠʪʴ ʩʢʦ-

ʨʦʯʝʥʥʷ ʤ'ʷʟʫ ʤʽʦʢʘʨʜʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʩʝʨʮʷ, ʪʦʙʪʦ ʱʝ ʜʦ 

ʚʽʜʢʨʠʪʪʷ ʧʝʨʰʦʛʦ ʰʣʫʥʦʯʢʘ. ʅʘʩʪʫʧʥʽ ʪʘʢʪʠ ʨʦʙʦʪʠ ʩʝʨʮʷ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʚʽʜ-

ʧʦʚʽʜʥʦʶ ʟʘʪʨʠʤʢʦʶ ʚ ʯʘʩʽ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ, ʧʦ ʧʝʨʰʝ, ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʠʢʦʥʘʥʦʾ 

ʨʦʙʦʪʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʮʠʢʣʫ ʽ, ʧʦ-ʜʨʫʛʝ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʧʦʯʘʪʦʢ ʨʦʙʦʪʠ ʥʘʩʪʫʧʥʦʛʦ ʪʘʢʪʫ (ʨʦʙʦʪʠ ʥʘʩʪʫʧʥʦʛʦ ʰʣʫʥʦʯʢʘ).  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ʈʦʙʦʪʘ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘ ʟʤʽʥʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ɽʇ), ʷʢʠʡ ʬʦʨ-

ʤʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʢʘʭ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. ʋ ʮʠʭ ʪʦʯʢʘʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ʘʤʧʣʽʪʫʜʘ ɽʇ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ɿʘ ʬʦʨʤʦʶ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ɽʇ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʥʦʨʤʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ (ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʠ), 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ çʫʤʦʚʥʦè ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ. ɺʽʜʭʠ-

ʣʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʾʭ ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦ-

ʪʠ ʪʘʢʦʾ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ. ɺʠʤʽʨʶʚʘʥʘ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʦʤ ʥʘʧʨʫʛʘ ʝʣʝʢʪʨʠʯ-

ʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʅɽʇ), ʢʨʠʚʫ ʟʤʽʥʠ ʚ ʯʘʩʽ ʷʢʦʾ ʥʘʟʠʚʘʪʠʤʝʤʦ ʪʨʝʥʜʦʤ, ʫ ʢʦʞʥʽʡ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʦʯʮʽ ʤʘʻ ʩʚʦʶ ʚʽʜʧʦʚʽʜʥʫ ʬʦʨʤʫ ʽ ʥʘʜʘʻ ʣʽʢʘʨʶ-ʢʘʨʜʽʦʣʦʛʫ ʤʦʞ-
 

É ʁ .ɯ. ʉʪʝʥʮʝʣʴ, ɸ. ɺ. ʈʷʙʽʯʝʥʢʦ, ʃ. ɯ. ʇʝʪʨʦʩʷʥ, ʂ. ɸ. ʃʽʪʚʽʥʦʚ, 2013 
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ʣʠʚʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ʂʦʞʥʠʡ ʪʨʝʥʜ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ: ʦʙʣʘʩʪʴ ʧʽʜʛʦʪʦʚʢʠ ʮʠʢʣʫ ʪʨʠʚʘʣʽʩʪʶ 1t ʟ ʧʦʯʘʪʢʦʚʦʶ ʅɽʇ 

0ɽ, ʦʙʣʘʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʅɽʇ ʪʨʠʚʘʣʽʩʪʶ 2t  (ʚʽʜ ʪʦʯʢʠ ɸ ʜʦ ɺ) ʟ ʅɽʇ 1ɽ, 

ʦʙʣʘʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʽʤʧʫʣʴʩʫ ʅɽʇ  ʪʨʠʚʘʣʽʩʪʶ 3t (ʚʽʜ ʪʦʯʢʠ ɺ ʜʦ 

ʉ) ʽ ʦʙʣʘʩʪʽ ʮʠʢʣʫ ʨʦʙʦʪʠ ʧʝʨʰʦʛʦ ʰʣʫʥʦʯʢʘ ʪʨʠʚʘʣʽʩʪʶ 4t  (ʚʽʜʩʪʘʥʴ ɸ-ɸ), ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.  
 

 
 

ʈʠʩ. 1 ï ʌʦʨʤʘ ʪʨʝʥʜʫ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʠ ʅɽʇ 
 

ɸʥʘʣʽʟ ɽʂɻ ʧʦʢʘʟʫʻ, ʱʦ ɽɿɯ ʥʘ ʟʘʧʫʩʢ ʥʦʚʦʛʦ ʮʠʢʣʫ ʨʦʙʦʪʠ ʤ'ʷʟʫ ʤʽʦʢʘʨʜʘ 

ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʯʘʩ 0t ʜʦ ʧʦʯʘʪʢʫ ʾʾ ʩʢʦʨʦʯʝʥʥʷ (ʪʦʯʢʘ ʘ), ʘ ʩʢʦʨʦʯʝʥʥʷ ʤ'ʷʟʠ ʧʦ-

ʯʠʥʘʻʪʴʩʷ ʚ ʪʦʯʮʽ çɸè. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʠʥʠʢʘʶʪʴ ʧʠʪʘʥʥʷ: ʱʦʜʦ ʧʨʠʥʮʠʧʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʴʥʠʭ ʪʦʯʦʢ (ʘ, ɸ, ɺ, ʉ ʽ D), ʷʢ ʚʦʥʠ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʷʢʽ 

ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʟʤʽʥʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʥʘ ʪʨʝʥʜʽ, ʯʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʬʦʨʤʘ 

ʛʦʣʦʚʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʦʶ 1ɽ, ʷʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʪʨʠʤʢʘ ʚ ʯʘʩʽ 5t, 

ʯʠʤ ʬʦʨʤʫʻʪʴʩʷ ʪʘ ʷʢʫ ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʻ ʽʤʧʫʣʴʩ ʤʽʞ ʪʦʯʢʘʤʠ Dʉ-  ʪʦʱʦ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʩʝʨʮʝʚʽʡ ʩʠʩʪʝʤʽ ʥʘ ʦʩʥʦʚʽ ʪʝʦ-

ʨʽʾ ʨʝʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ 

ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ʗʢʱʦ ʩʝʨʮʝʚʘ ʩʠʩʪʝʤʘ ʤʘʻ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʪʦ ʧʽʜʢʣʶʯʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʜʦ ʩʧʦʞʠʚʘʯʘ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘ-

ʪʠʩʷ ʪʽʣʴʢʠ ʟ ʜʦʧʦʤʦʛʦʶ ʫʧʨʘʚʣʷʶʯʦʛʦ ʧʝʨʝʤʠʢʘʯʘ, ʷʢʠʡ ʚʢʣʶʯʘʻʪʴʩʷ ʢʦʤʘʥ-

ʜʦʶ ʚʽʜ ʜʝʷʢʦʛʦ ʚʽʜʜʽʣʫ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʘʙʦ ʟʘ ʜʝʷʢʠʤ ʟʘʜʘ-

ʥʠʤ ʯʘʩʦʤ, ʘʙʦ ʟʘ ʢʦʤʘʥʜʦʶ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʠʩʢʫ ʢʨʦʚʽ ʚ ʚʽʜʧʦʚʽʜ-

ʥʦʤʫ ʰʣʫʥʦʯʢʫ ʩʝʨʮʷ). ɿʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʧʝʨʝʥʝʩʝʥʥʷ ʽʤʧʫʣʴʩʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝ-

ʨʛʽʾ, ʧʨʠʡʤʘʯ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʚʠʥʝʥ ʩʧʦʯʘʪʢʫ ʚʽʜʭʠʣʠʪʠʩʷ ʥʘ ʧʝʚʥʫ ʚʝʣʠ-

ʯʠʥʫ ɽ1 ʚʽʜ ʩʚʦʛʦ ʩʪʘʣʦʛʦ ʩʪʘʥʫ ɽ0, ʘ ʧʦʪʽʤ ʟʜʽʡʩʥʶʚʘʪʠ ʚʣʘʩʥʽ ʢʦʣʠʚʘʥʥʷ ʟ ʧʝʚ-

ʥʦʶ ʯʘʩʪʦʪʦʶ 0w  ʟ ʥʘʩʪʫʧʥʠʤ ʾʭ ʟʘʛʘʩʘʥʥʷʤ ʟʽ ʩʪʫʧʝʥʝʤ ʟʘʛʘʩʘʥʥʷ a. ʏʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ, ʷʢʫ ʥʘʟʠʚʘʪʠʤʝʤʦ ʥʝʩʫʯʦʶ ʯʘʩʪʦʪʦʶ f , ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʠ-

ʩʦʢʦʶ, ʷʢʘ ʰʚʠʜʢʦ ʟʘʛʘʩʘʻ ʧʨʠ ʧʝʨʝʥʝʩʝʥʥʽ ʾʾ ʯʝʨʝʟ ʙʽʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ. ɿʘ ʨʘʭʫ-

ʥʦʢ ʮʴʦʛʦ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʦʤ ʩʧʨʠʡʤʘʻʪʴʩʷ ʪʽʣʴʢʠ ʦʙʚʽʜʥʘ ʣʽʥʽʷ ʮʠʭ ʚʠʩʦʢʦ-

ʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ. 
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ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʜ ʜʽʻʶ ɽɿɯ ʤ'ʷʟ ʤʽʦʢʘʨʜʫ (ʄʄ) ʜʝʬʦʨʤʫʻʪʴʩʷ 

(ʩʢʦʨʦʯʫʻʪʴʩʷ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʧʝʨʰʦʛʦ ʰʣʫʥʦʯʢʘ. ʇʽʩʣʷ 

ʧʨʠʧʠʥʝʥʥʷ ʜʽʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʫʩʠʣʣʷ ʄʄ ʟʜʽʡʩʥʶʻ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ, 

ʯʘʩʪʦʪʘ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʦʣʦʛʽʯʥʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ (ɹɽʄʇ) ʣʶʜʠ-

ʥʠ [3]. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʢʦʣʠʚʘʥʥʷ ʄʄ ʥʘʚʦʜʷʪʴ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ (ɽʈʉ) ʟ 

ʯʘʩʪʦʪʦʶ ʮʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʘ ʩʪʚʦʨʶʻ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʟʫʩʠʣʣʷ, ʢʦʪʨʝ ʥʘʧʨʘʚ-

ʣʝʥʦ ʧʨʦʪʠʣʝʞʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʄʄ, ʩʪʚʦʨʶʶʯʠ ʛʘʣʴʤʫʶʯʫ ʜʽʶ. ɿʘ ʨʘʭʫʥʦʢ 

ʮʴʦʛʦ ʟʘʛʘʩʘʥʥʷ ʢʦʣʠʚʘʥʴ ʄʄ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʜʝʷʢʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ -d ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ. ɺʠʭʦʜʷʯʠ ʟʽ ʩʢʘʟʘʥʦʛʦ, ʚ 

ʄʄ ʧʨʦʪʽʢʘʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ, ʢʦʪʨʽ  ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥ-

ʥʷʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʝʭʘʥʽʯʥʫ ʪʘ ʥʘʚʧʘʢʠ [4, 5]. ʅʝʭʘʡ ʫ ʜʝʷʢʽʡ ʨʦʟʛʣʷʜʫ-

ʚʘʥʽʡ ʦʙʣʘʩʪʽ ʄʄ ʽʩʥʫʻ ʥʝʦʜʥʦʨʽʜʥʝ ʙʽʦʣʦʛʽʯʥʝ ʪʽʣʦ (ʝʣʝʤʝʥʪ ʙʽʦʪʢʘʥʠʥʠ ʤôʷʟʫ, 

ʷʢʠʡ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʡ ʟʘ ʧʝʨʠʤʝʪʨʦʤ). ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʪʝʥ-

ʮʽʘʣʫ ʧʝʨʝʥʝʩʝʥʥʷ ( )qj ,r  ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ɽɿɯ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʄʄ ʽ ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʧʦʪʦʢʽʚ ʧʝʨʝʥʝʩʝʥʥʷ. ʋ ʮʽʡ ʦʙ-

ʣʘʩʪʽ ʤʘʻ ʤʽʩʮʝ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʣʝʤ ʰʚʠʜʢʦʩʪʝʡ 

( )J,rv , ʜʝ r  - ʚʝʢʪʦʨ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʨʫʭʫ ʧʝʨʝʥʝʩʝʥʥʷ; J - ʯʘʩ ʧʝʨʝʥʝʩʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʨʫʭʫ ʄʄ. ɼʞʝʨʝʣʘ ʘʙʦ ʩʪʦʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʝʨʝʥʝʩʝʥʥʷ g ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʙǋʻʤʥʦʶ ʥʘʧʨʫʞʝʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ( )J,rE  ʄʄ. ʇʝʨʝ-

ʥʝʩʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ j ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʦʙ'ʻʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝ-

ʨʝʥʝʩʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʫʭʫ ʪʘ ʧʦʪʦʢʫ ʧʝʨʝʥʝʩʝʥʥʷ ʋɿɺ, ʷʢʠʡ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ q

. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʽʢ Q  ɽɿɯ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ ʄʄ, 

ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ v  ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

qvQ +Ö=j .                                                        (1) 

ɺ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ ʫʤʦʚʘ ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʜʘʥʦʛʦ 

ʦʙ'ʻʤʫ V  ʄʄ ʤʘʻ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫ 

ñ ññ +=
µ

µ

S VV

dVfQddV g
J

j
,                                             (2) 

ʜʝ S  - ʧʦʚʝʨʭʥʷ; Vdnfd = - ʝʣʝʤʝʥʪ ʧʦʚʝʨʭʥʽ; n  - ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʝʣʝʤʝʥʪʘ 

Vd . 

ɼʣʷ ʜʦʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʨʽʚʥʷʥʥʷ (2) ʧʨʠʡʤʘʻ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫ 

0=-+
µ

µ
g

J

j
Qdiv .                                                    (3) 

ʜʝ g - ʜʞʝʨʝʣʦ ʧʦʪʝʥʮʽʘʣʫ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ʉʪʽʢ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʦʙʫʤʦʚʣʝʥʠʡ ʚʪʦʨʠʥʥʠʤʠ ʤʝʭʘʥʽʯ-

ʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʄʄ. ʊʦʤʫ ʡʦʛʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: ʩʪʽʢ Mg , 

ʷʢʠʡ ʦʙʫʤʦʚʣʝʥʠʡ ʪʝʨʪʷʤ ʄʄ ʧʨʠ ʡʦʛʦ ʤʝʭʘʥʽʯʥʦʤʫ ʨʫʩʽ ʚ ʙʽʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝ-
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ʜʦʚʠʱʽ, ʽ ʩʪʽʢ Eg, ʷʢʠʡ ʦʙʫʤʦʚʣʝʥʠʡ ʛʘʣʴʤʫʶʯʦʶ ʜʽʻʶ ʩʪʚʦʨʶʚʘʥʦʾ ʚ ʄʄ ɽʈʉ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʦʢʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʄʄ 

ʟʘʧʠʰʝʤʦ ʪʘʢʠʤ ʯʠʥʦʤ:  

EM ggg += .                                                        (4) 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ (4) ʨʽʚʥʷʥʥʷ (1) ʧʨʠʡʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ 

( ) EMqdivvdiv ggj
J

j
++-=+

µ

µ
, .                              (5) 

ʗʢʱʦ ʚ ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʦʙôʻʤʽ ʄʄ ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚ ʤʝʭʘʥʽʯʥʫ, ʪʦ, ʧʦʟʥʘʯʠʚʰʠ ( )J,rH  - ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, 

( )J,rvi  - ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʽ ( )trM ,g  - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʪʦʢʫ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʜʠʥʠʮʶ ʦʙôʻʤʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ t , ( )trE ,g  - ʽʥʪʝʥʩʠʚ-

ʥʽʩʪʴ ʩʪʦʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʜʠʥʠʮʶ ʦʙôʻʤʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ t  ʨʽʚʥʷʥʥʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʄʄ ʧʨʠʡʤʘʻ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫ 

( ) ( ) ( ) ( )trtrHDdivvHdiv
H

EM ,,, gg
J

++Ð=+
µ

µ
.                  (6) 

ʈʽʚʥʷʥʥʷ (6) ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʚʘʞʣʠʚʽ ʬʘʢʪʦʨʠ, ʷʢ ʚʪʨʘʪʠ (ʩʪʽʢ) ʤʝʭʘʥʽʯʥʦʾ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʄʄ, ʱʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʡʦʛʦ 

ʨʦʙʦʪʠ. 

ʗʢʱʦ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ ʄʄ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʟʤʽʥʠ ʡʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ɽʄʇ), ʪʦ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ʨʽʟʥʠʮʷ ʟʤʽ-

ʥʠ ʰʚʠʜʢʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʫ-

ʣʶ, ʪʦʙʪʦ ( ) ( ) ( ) 0,,0, =-=D qJ rvrvrv EM . ʇʨʠ ʪʘʢʦʤʫ ʧʨʠʧʫʱʝʥʥʽ ʨʽʚʥʷʥʥʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʄʄ ʧʨʠʡʤʘʻ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫ 

( ) ( )trHDdiv
H

E ,g
J

+Ð=
µ

µ
.                                               (7) 

ʗʢʱʦ ʧʘʨʘʤʝʪʨ D  ʤʘʣʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʮʝʩʫ ʧʝʨʝʥʝʩʝʥʥʷ, ʪʦ ʨʽʚʥʷʥʥʷ (7) 

ʩʧʨʦʱʫʻʪʴʩʷ : 

EHD
H

g
J

+Ð=
µ

µ 2
.                                                        (8) 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʜʝʷʢʦʤʫ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙǋʻʤʽ ʟʥʘʭʦʜʠʪʴʩʷ ʄʄ, ʢʦʪʨʠʡ 

ʚ ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 0>t  ʧʦʚǋʷʟʫʻʪʴʩʷ ɽʄʇ ʥʘʧʨʫʞʝʥʽʩʪʶ 0H . ʇʨʠ ʯʘʩʽ 

¤­t  ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʄʄ ʟʘʢʽʥʯʫʻʪʴʩʷ. 

ʊʘʢ ʷʢ ʧʘʨʘʤʝʪʨ Eg  ʧʨʦʧʦʨʮʽʡʥʠʡ ʥʘʧʨʫʞʝʥʦʩʪʽ H  ɽʄʇ ʄʄ, ʪʦʙʪʦ HkHE =g

, ʪʦ ʡʦʛʦ ʟʤʽʥʘ ʚ ʯʘʩʽ ʤʦʞʝ ʤʘʪʠ ʪʽʣʴʢʠ ʜʚʽ ʬʦʨʤʠ. ʇʝʨʰʦʶ ʬʦʨʤʦʶ ʻ ʤʝʭʘʥʽʯʥʘ 

ʝʥʝʨʛʽʷ, ʷʢʘ ʩʪʚʦʨʶʚʘʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʽʤʧʫʣʴʩʦʤ, ʘ ʜʨʫʛʦʶ ʬʦʨʤʦʶ ʻ ʝʣʝʢʪʨʦʤʘ-

ʛʥʽʪʥʘ ʝʥʝʨʛʽʷ, ʷʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʨʫʭʦʤ ʄʄ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʄʄ ʻ ʝʣʝʢʪʨʦʧʨʦ-

ʚʽʜʥʠʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʦʧʦʨʦʤ, ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʻʤʥʽʩʪʶ, ʽ ʧʦ 

ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ i , ʩʪʚʦʨʶʚʘʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʽʤʧʫʣʴʩʦʤ, ʪʦ 
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ʚʽʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʪʨʘʪʫ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ, ʤʘʻ ʚʠʛʣʷʜ 

012

2
2

2 =++ PP i
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q
t ,                                                   (9) 

ʜʝ PP 12 ,tt  - ʩʪʘʣʽ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʄʄ.  

ʅʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʄʄ iKH PP= , ʜʝ PK  - ʩʪʘʣʘ. ʇʽʜʩʪʘʚʠ-

ʤʦ ʮʝ ʨʽʚʥʷʥʥʷ ʚ (9). ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ 
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ʜʝ PPPP == 2211 , tttt KK ÊK . 

ʗʢʱʦ ʨʘʭʫʚʘʪʠ, ʱʦ ʥʘʧʨʫʞʝʥʽʩʪʴ ɽɿɯ ʧʦʚʥʽʩʪʶ ʧʝʨʝʜʘʻʪʴʩʷ ʄʄ, ʪʦ ʧʦʚʠʥ-

ʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ 
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q
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H
H ,                                                      (11) 

ʜʝ Y - ʩʪʘʣʘ ʧʨʦʮʝʩʫ ʧʝʨʝʥʝʩʝʥʥʷ. 

ʇʨʦʜʠʬʝʨʝʥʮʽʶʻʤʦ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʘ (11) ʧʦ q. ʋ ʨʝʟʫʣʴʪʘʪʽ 
ʤʘʻʤʦ 

qJq µµ

µ
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µ P HH 2

.                                                     (12) 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ (11) ʽ (12) ʨʽʚʥʷʥʥʷ (8) ʧʨʠʡʤʘʻ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫ.  
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ʗʢʱʦ ʩʪʘʣʘ ¤­Y , ʘ Jqº , ʪʦ .022 ­µµ JH  ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʥʝ-

ʩʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ɽʄʇ ʚ ʄʄ ʚʽʜʩʫʪʥʻ. ʇʨʠ P=Y t  ʽ Jq=  ʨʽʚʥʷʥʥʷ (13) 

ʧʨʠʡʤʘʻ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫ 
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ʇʽʩʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʦʚʥʦʾ ʧʦʭʽʜʥʦʾ ʜʦ ʯʘʩʪʢʦʚʦʾ ʨʽʚʥʷʥʥʷ (14) ʧʨʠʡʤʘʻ ʚʠ-
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ʃʽʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ (15) ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʄʄ, ʷʢʘ ʚʠ-

ʢʣʠʢʘʻ ʤʝʭʘʥʽʯʥʫ ʜʽʶ, ʘ ʧʨʘʚʘ ï ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʮʴʦʛʦ ʧʦʣʷ. ʊʘʢ ʷʢ ʫ ʄʄ 

ʤʘʶʪʴ ʤʽʩʮʝ ʚʪʨʘʪʠ ʥʘʧʨʫʞʝʥʦʩʪʽ, ʪʦ, ʧʨʠʡʤʘʶʯʠ, ʱʦ tHE µµ=g , ʜʝ t  - ʯʘʩ 

ʩʪʦʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ, ʨʽʚʥʷʥʥʷ (15) ʥʘʙʫʚʘʻ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʚ ʄʄ, ʦʧʠʩʫʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ. ɿʥʘʢ çʤʽʥʫʩè ʫ ʨʽʚʥʷʥʥʽ (16) ʧʦʢʘʟʫʻ, 

ʱʦ ʤʘʻ ʤʽʩʮʝ ʟʤʝʥʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʡ ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʦ-

ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʚ ʄʄ. 

ʉʪʨʫʢʪʫʨʥʦ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ 

ʬʦʨʤʽ ʨʝʦʣʦʛʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.  

ɿʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʨʝʦʣʦʛʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʄʄ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘʩʪʫʧʥʽ ʧʦʩ-

ʣʽʜʦʚʥʽ ʧʝʨʝʭʦʜʠ: 

- ɽɿɯ ʟ ʘʤʧʣʽʪʫʜʦʶ 0E  ʩʪʚʦʨʶʻ ʚ ʄʄ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʟʫʩʠʣʣʷ µE  (ʟʫ-

ʩʠʣʣʷ ɸʤʧʝʨʘ); 

- ʟʫʩʠʣʣʷ µE  ʧʨʠʚʦʜʠʪʴ ʫ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ ʄʄ, ʧʝʨʝʤʽʱʘʶʯʠ ʥʘ ʜʝʷʢʫ ʚʽʜ-

ʩʪʘʥʴ r ; 

- ʚʽʣʴʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ ʄʄ ʩʪʚʦʨʶʻ ʚʣʘʩʥʽ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʟ ʯʘʩʪʦ-

ʪʦʶ f ; 

- ʚʣʘʩʥʽ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʽʥʜʫʢʫʶʪʴ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ (ɽʈʉ), ʷʢʘ 

ʩʪʚʦʨʶʻ ʥʘʧʨʫʞʝʥʽʩʪʴ H  ɽʄʇ;  

- ɽʄʇ ʩʪʚʦʨʶʻ ʚʽʜʧʦʚʽʜʥʠʡ ʽʤʧʫʣʴʩ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʦʯʘʪʦʢ ʨʦʙʦʪʠ ʥʘʩʪʫ-

ʧʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ. 

ʆʙʣʘʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʜʝʣʴʪʘ ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʝʣʝʢʪ-

ʨʦʢʘʨʜʽʦʛʨʘʤʽ ʨʠʩ. 2.  
 

 
 

ʈʠʩ. 2 ïɻʨʘʬʽʢʠ ʥʝʟʚʦʨʦʪʥʠʭ ʨʝʦʣʦʛʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʄʄ ʟʘ ʯʘʩ t:   

ʘ ï ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ; ʙ ï ʛʨʘʬʽʢ ʥʝʟʚʦʨʦʪʥʦʛʦ ʨʝʦʣʦʛʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʄʄ ʧʨʠ ʧʨʠʧʠʥʝʥʥʽ ʜʽʾ ɽɿɯ;  

ʚ ï ʛʨʘʬʽʢ ʥʝʟʚʦʨʦʪʥʦʛʦ ʨʝʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʄʄ; ʛ ï ʛʨʘʬʽʢ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʽʤʧʫʣʴʩʥʦʾ -d ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ 
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ʈʠʩ. 3 - ɽʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ ʧʝʨʰʦʛʦ ʰʣʫʥʦʯʢʘ ʩʝʨʮʷ ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ 
 

ɺʠʭʦʜʷʯʠ ʟ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʤôʷʟʫ ʤʽʦʢʘʨʜʘ, ʨʽʚʥʷʥʥʷ (16) ʷʚʣʷʻ ʩʦ-

ʙʦʶ ʥʝʣʽʥʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʟ ʷʢʦʾ ʚʠʜʥʦ, ʱʦ ʧʨʘʚʘ ʾʾ ʯʘʩʪʠʥʘ ʦʧʠʩʫʻ 

ʧʨʦʮʝʩ ʜʽʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ɽɿɯ, ʘ ʣʽʚʘ ʯʘʩʪʠʥʘ ï ʩʪʽʢ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪ-

ʥʦʛʦ ʧʦʣʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʙʦʪʠ ʄʄ. ʊʘʢ ʷʢ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʛʨʘ-

ʬʽʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʯʘʩʽ t, ʪʦ ʩʪʘʣʽ ʯʘʩʫ P1t , P2t  ʘ ʪʘʢʦʞ 

ʧʘʨʘʤʝʪʨ D  ʽ ʯʘʩ ʩʪʦʢʫ ʝʥʝʨʛʽʾ ɽʄʇ J ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʨʦʙʦʪʫ ʧʝʨʰʦ-

ʛʦ ʰʣʫʥʦʯʢʘ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ (16) ʧʦʢʘʟʫʻ, ʱʦ ʧʨʘʚʘ ʡʦʛʦ ʯʘʩ-

ʪʠʥʘ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʙʫʜʞʫʶʯʦʛʦ ʩʠʛʥʘʣʫ 

ʚ ʤ'ʷʟ ʤʽʦʢʘʨʜʫ ʟʘ ʯʘʩ t  ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʥʝʩʝʥʥʷ D, ʷʢʠʡ ʚʠʟʥʘ-

ʯʘʻ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʄʄ. ʏʠʤ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ D, ʪʠʤ ʤʝʥʰʠʡ ʨʠʟʠʢ 
ʟʘʭʚʦʨʶʚʘʥʥʷ ʽʥʬʘʨʢʪʦʤ ʤʽʦʢʘʨʜʘ. ʅʝʤʘʣʦʚʘʞʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʽʜʥʦʰʝʥʥʷ ʩʪʘ-

ʣʠʭ ʯʘʩʫ PP 21 /tt . ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʟʥʘʯʥʦ ʤʝʥ-

ʰʠʤ 2 ʜʣʷ ʪʦʛʦ, ʱʦʙʠ ʘʤʧʣʽʪʫʜʘ ʦʙʚʽʜʥʦʾ ʥʘʧʨʫʛʠ 1ɽ  ʙʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦʶ, ʘ ʯʘʩ 

ʜʽʾ ʧʝʨʰʦʛʦ ʽʤʧʫʣʴʩʫ 1t ʙʫʚ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʤ (ʚʽʜʧʦʚʽʜʘʚ ʥʦʨʤʦʚʘʥʦʤʫ ʟʥʘʯʝʥ-

ʥʶ ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ). ʉʪʫʧʽʥʴ ʟʘʛʘʩʘʥʥʷ 1a  ʟʤʽʥʠ ʮʽʻʾ ʥʘʧʨʫʛʠ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ, ʥʝ ʤʝʥʰʠʤ 0,95. ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ 95,02/ 2
211 º-= PP tta

, ʪʦ PPP º 221 9,1/ ttt . ɿʚʽʜʩʠ ʚʠʜʥʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ 1ɽ  ʚʠʟʥʘʯʘʪʠʤʝʪʴ-

ʩʷ ʩʪʘʣʦʶ ʯʘʩʫ P2t . ɿʘ ʘʥʘʣʦʛʽʻʶ ʨʦʙʦʪʠ ʤʝʤʙʨʘʥʠ [7] ʩʪʘʣʽ ʯʘʩʫ ʜʦʨʽʚʥʶʶʪʴ: 

dbt /1 Mk=P , dt /2 m=P , ʜʝ Mk  - ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʄʄ; b - ʢʦʝʬʽ-

ʮʽʻʥʪ ʪʝʨʪʷ; d - ʞʦʨʩʪʢʽʩʪʴ; m - ʤʘʩʘ. ɺʠʭʦʜʷʯʠ ʟʽ ʩʢʘʟʘʥʦʛʦ, ʙʘʯʠʤʦ, ʱʦ ʚʽʜ-
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ʥʦʰʝʥʥʷ ʩʪʘʣʠʭ ʯʘʩʫ ʩʪʦʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʄʄ P== 29,1/ tdb mkN M  

ʘʙʦ bdMkN 5,0º . ʄʦʞʥʘ ʨʘʭʫʚʘʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ b ʜʣʷ ʄʄ ʟʤʽʥʶʻʪʴʩʷ 

ʥʝʟʥʘʯʥʦ, ʟʤʽʥʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʊʘʢ ʷʢ 2<<N , ʪʦ ʟ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, 

ʱʦ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʦʙʦʪʠ ʧʝʨʰʦʛʦ ʰʣʫʥʦʯʢʘ ʩʝʨʮʷ ʥʝʦʙʭʽʜʥʦ, ʱʦʙʠ ʜʦʙʫʪʦʢ 

dMk  ʙʫʚ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʤ.  

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʪʨʝʥʜʦʤ ʨʦʙʦʪʠ ʤôʷʟʘ 

ʤʽʦʢʘʨʜʘ ʤʦʞʥʘ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʨʦʙʦʪʫ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʪʘʥʫ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ. ʂʣʽʥʽʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ 

ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʦʙʦʪʠ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝ-

ʤʠ ʟʘ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʦʶ ʤʦʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʝʣʝʤʝʥ-

ʪʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʢʦʪʨʽ ʻ ʭʘʨʘʢʪʝʨʠʥʠʤʠ ʜʣʷ ʥʝʾ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʘʤʧ-

ʣʽʪʫʜʦʶ ʥʘʧʨʫʛʠ 1E  ʦʩʥʦʚʥʦʛʦ ʽʤʧʫʣʴʩʫ (ʽʥʪʝʛʨʘʣʴʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʜʝʣʴ-

ʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ) ʪʘ ʯʘʩʦʤ 1t  ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ. 
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ʇʨʠʥʮʠʧ ʨʝʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʨʦʙʦʪʠ ʩʝʨʮʝʚʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʢʘ-

ʨʜʽʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ / ʁ. ɯ. ʉʪʝʥʮʝʣʴ, ɸ. ɺ. ʈʷʙʽʯʝʥʢʦ, ʃ. ɯ. ʇʝʪʨʦʩʷʥ, ʂ. ɸ. ʃʽʪʚʽʥʦʚ // ɺʽʩʥʠʢ 
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 ̄34 (1007). ï ʉ. 24 ï31. ɹʽʙʣʽʦʛʨ.: 6 ʥʘʟʚ. 
ʋ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʧʨʠ ʨʘʟʣʠ-

ʯʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʝʛʦ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʨʜʮʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʢʪ ʧʝʨʠʦʜʠ-

ʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʧʝʨʝʭʦʜʘʤ, 
ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʦʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʥʝʨʛʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ, ʩʝʨʜʮʝ, ʨʝʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ, ʜʠʘʛʥʦʩʪʠʢʘ, ʵʣʝʢʪ-

ʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʽʤʧʫʣʴʩ, ʤʳʰʮʘ ʤʠʦʢʘʨʜʘ. 
 

The results of researches of electrocardiogram of work of the heart at various diseases are given. It is 

shown that the heart is periodic object. It is shown that work of the heart is carried out on the base of the 
rheological transitions, which are characterized by power drain. 

Keywords: the electrocardiogram, the heart, the rheological transition, the diagnostics, the electrical 
potential, the impulse, the muscle of infarction.  
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʆʍʀɹʆʂ ɺʀʄɯʈʖɺɸʃʔʅʆɻʆ  

ʂʆʅʊʈʆʃʖ ʈɯɺʅʗ ʈɯɼʀʅʅʀʍ ʉɽʈɽɼʆɺʀʑ 

 
ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʠʯʥʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ.. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʭʠʙʢʠ ʦʙʫʤʦʚʣʝʥʽ ʨʝʦʣʦʛʽʯʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʬʽʟʠʢʦ 
ʧʘʨʘʤʝʪʨʽʚ ʨʽʜʠʥʠ ʡ ʛʘʟʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʢʦʥʪʨʦʣʴ, ʨʽʚʝʥʴ, ʤʝʪʦʜʠʯʥʘ ʧʦʭʠʙʢʘ,  ʚʠʤʽʨʶʚʘʥʥʷ, ʯʘʩ, ʚʠʧʨʦ-
ʤʽʥʶʚʘʯ, ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ, ʨʽʜʠʥʘ. 

 

ɺʩʪʫʧ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʫʤʦʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦ-

ʙʥʠʮʪʚʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʦʙʩʷʛʫ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʪʘʥ ʦʙ¡̒ʢʪʽʚ ʪʘ ʷʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʧʨʦ ʢʽʣʴʢʽʩʪʴ 

ʪʦʾ ʯʠ ʽʥʰʦʾ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ, ʷʢʘ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘ ʾʾ ʨʽʚʥʝʤ ʧʨʠ ʩʪʘʣʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʯʠ ʻʤʥʦʩʪʽ. ɺʽʜʦʤʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʽ ʧʨʠʣʘʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʚʠ-

ʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʨʽʜʠʥʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʧʘʨʘʪʘʭ, ʧʨʦʪʝ ʜʘʣʝʢʦ ʥʝ ʚʩʽ ʚʦʥʠ ʟʘ-

ʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠ ʧʨʘʢʪʠʢʠ, ʟʦʢʨʝʤʘ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʯʫʪʣʠʚʦʩʪʽ, ʚʽʨʦ-

ʛʽʜʥʦʩʪʽ ʢʦʥʪʨʦʣʶ, ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʴ ʫ ʥʘʧʨʷʤʢʫ ʤʘʣʠʭ ʪʘ ʚʝ-

ʣʠʢʠʭ ʨʽʚʥʽʚ. ʊʦʤʫ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʡ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʨʽʜʠʥʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʧʘʨʘʪʘʭ ʪʘ ʻʤʥʦʩʪʷʭ ʚʽʜʥʦ-

ʩʷʪʴʩʷ ʜʦ ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ. ɼʣʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʨʽʚʥʷ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʪʘ ʽʥʰʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʙʝʟʢʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ, ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʷʢʠʭ ʻ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʨʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʤʫ ʧʨʘʢʪʠʯʥʦʤʫ 

ʚʠʢʦʥʘʥʥʽ (ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʠʭ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʤʝʪʦʜʽʚ) [1]. ʋʣʴʪʨʘʟʚʫʢʦʚʽ 

ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ (ʋɿʂʈ) ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʛʦʩʧʦ-

ʜʘʨʩʴʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʠ ʚ ʻʤʥʦʩʪʷʭ ʩʢʣʘʜʽʚ, ʩʭʦʚʠʱ, ʚʦʜʦʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ ʪʦʱʦ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ʋ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘ-

ʪʫʨʽ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ 

ʤʝʪʦʜʦʤ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧóʻʟʦʢʝʨʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʥʠʟʴ-

ʢʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʶ ʨʝʟʦʥʘʥʩʥʦʶ ʯʘʩʪʦʪʦʶ (ʙʣʠʟʴʢʦʶ ʜʦ 30 ʢɻʮ) ʘʙʦ ʟʙʽʣʴ-

ʝhʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʩʠʛʥʘʣʫ [2.3]. ʆʙʠʜʚʘ ʩʧʦʩʦʙʠ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʥʘʷʚʥʦʩʪʽ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ (ʋɿɺ) ʽ ʧʦʚʝʨʭʥʝʶ ʨʽʜʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʇʈʉ). ɼʦ ʪʦʛʦ ʞ 

ʯʫʪʣʠʚʽʩʪʴ ʋɿɺ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧóʻʟʦʢʝʨʘʤʽʯʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 
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(ʇʂɽ), ʢʦʪʨʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʫ ʷʢʦʩʪʽ ʷʢ ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʪʘʢ ʽ 

ʧʨʠʡʤʘʯʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʩʠʛʥʘʣʽʚ (ʋɿʉ). ʎ̔  ʥʝʜʦʣʽʢʠ ʟʥʘʯʥʦ ʟʚʫʞʫʶʪʴ ʦʙʣʘʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʋɿʂʈ. ʗʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ ʋɿʂʈ ʧʦʣʷʛʘʻ ʫ 

ʚʠʤʽʨʶʚʘʥʥʽ ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʋɿʉ ʧʦʜʚʽʡʥʦʾ ʚʽʜʩʪʘʥʽ ʚ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

(ɻʉ) ʜʦ ʇʈʉ ʧʨʠ ʟʘʜʘʥʽʡ ʘʤʧʣʽʪʫʜʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʙʫʜʞʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ (ɽɿɯ). 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʚʽʨʦʛʽʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʽʚʥʝʤʽʨʠ 

ʤʘʶʪʴ ʨʝʧʝʨʥʠʡ ʧʨʠʩʪʨʽʡ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥʠ ʯʠ ʰʘʡʙʠ, ʷʢʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ 

ʪʘʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʋɿʉ, ʱʦʙʠ ʚʽʜʙʠʪʠʡ ʚʽʜ ʧʦʚʝʨʭʥʽ ʨʝʧʝʨʘ ʨʦʙʦ-

ʯʠʡ ʩʠʛʥʘʣ ʥʝ ʧʝʨʝʢʨʠʚʘʚʩʷ ʚʠʧʨʦʤʽʥʝʥʠʤʠ ʋɿʉ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʪʘʢʽ 

ʨʽʚʥʝʤʽʨʠ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ ʟʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ [4].. ʆʢʨʽʤ ʪʦʛʦ ʥʘ ʪʦʯ-

ʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʯʠʥʠʪʴ ʚʧʣʠʚ ʥʘʷʚʥʽʩʪʴ ʚʪʦ-

ʨʠʥʥʠʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʝʬʝʢʪʽʚ ʽ ʟʤʽʥʘ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠ-

ʱʘ. ɹʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʝʪʦʜʫ ʢʦʥ-

ʪʨʦʣʶ ʥʝʤʦʞʣʠʚʝ ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʋɿʂʈ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʤʝʪʨʦ-

ʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʧʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʭʠʙʦʢ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʨʝʟʝʨʚʫʘʨʘʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʜʢʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʤʘʶʪʴ 

ʨʦʟʰʠʨʝʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ. ʗʢʱʦ ʨʽʚʝʥʴ ʢʦʥʪʨʦʣʶ-

ʻʪʴʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʤʝʪʦʜʦʤ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ 

ʋɿʉ ʚʽʜʩʪʘʥʽ ʤʽʞ ʋɿɺ ʽ ʇʈʉ ʫ ɻʉ, ʪʦ ʨʽʚʝʥʴ L  ʨʽʜʠʥʠ ʚ ʨʝʟʝʨʚʫʘʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: G-= hHL , ʜʝ H  - ʚʠʩʦʪʘ ʨʝʟʝʨʚʫʘʨʫ; Gh  - ʚʽʜʩʪʘʥʴ 

ʚʽʜ ʇʈʉ ʜʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʨʠʡʤʘʯʘ (ʋɿʇ). ɺʽʜʩʪʘʥʴ Gh  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: cth =G , ʜʝ c  - ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʋɿʉ ʚ ɻʉ (ʤ/ʩ); t  - ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʋɿʉ ʮʽʻʾ ʚʽʜʩʪʘʥʽ (ʩ) [5]. ʐʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʋɿʉ ʫ ɻʉ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: rPkc= , ʜʝ k - ʘʜʽʘʙʘʪʠʯʥʠʡ ʢʦʝʬʽʮʽ-

ʻʥʪ ʜʣʷ ʛʘʟʽʚ; P - ʪʠʩʢ ɻʉ; r- ʛʫʩʪʠʥʘ ɻʉ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʛʫʩʪʠʥʘ ɻʉ 

ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʶ ʄʝʥʜʝʣʻʻʚʘïʂʣʘʧʝʡʨʦʥʘ, ʪʦʙʪʦ RTPM /G=r , ʜʝ 

GM  - ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ɻʉ; R  - ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ; T  - ʪʝʤʧʝʨʘʪʫʨʘ, ʪʦ 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣ ʨʽʚʝʥʴ ʨʽʜʠʥʠ ʚ ʨʝʟʝʨʚʫʘʨʽ ʚʠʟʥʘʯʘʪʠ-

ʤʝʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ G-=-= MkRTtHctHL / , ʟ ʷʢʦʾ  ʚʠʧʣʠʚʘʻ, ʱʦ ʨʽʚʝʥʴ 

L  ʨʽʜʠʥʠ ʧʨʦʧʦʨʮʽʡʥʠʡ ʯʘʩʫ t , ʱʦ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʨʽʚʥʝʤʽʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʚ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʥʝ ʚʢʘʟʫʻʪʴʩʷ ʧʨʠʥʮʠʧ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʋɿʉ. ʗʢʱʦ ʧʦʛʣʠʥʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʝʥʝʨʛʽʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ, ʪʦ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ʡ ʘʤʧ-

ʣʽʪʫʜʘ Pʝ  ʋɿʉ, ʷʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʋɿʇ, ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ, ʪʦʙʪʦ 

( )BPP= thEfe ,,0 , ʜʝ 0E  - ʘʤʧʣʽʪʫʜʘ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʚ ɻʉ ʋɿʉ, ʷʢʠʡ ʩʪʚʦʨʶ-

ʻʪʴʩʷ ʋɿɺ; Ph  - ʚʽʜʩʪʘʥʴ ʚʽʜ ʋɿɺ ʜʦ ʋɿʇ; Bt  - ʚʠʤʽʨʷʥʠʡ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʨʦ-

ʙʦʯʠʤ ʋɿʉ ʚʽʜʩʪʘʥʽ Bh . ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʧʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʋɿʇ ʩʪʚʦʨʶʻ 
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ʪʘʢ ʟʚʘʥʠʡ ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ, ʘʤʧʣʽʪʫʜʫ ʷʢʦʛʦ  ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʦʶ ʬʫʥʢʮʽ-

ʻʶ: ),,( 000 RBRP= thEfe , ʜʝ Rh  - ʚʽʜʩʪʘʥʴ ʚʽʜ ʋɿɺ ʜʦ ʨʝʧʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ; Rt  - 

ʚʠʤʽʨʷʥʠʡ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʧʝʨʥʠʤ ʋɿʉ ʚʽʜʩʪʘʥʽ Rh . ɿʽ ʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ, 

ʱʦ ʚʠʤʽʨʷʥʠʡ ʯʘʩ Bt   ʥʝ ʻ ʧʨʦʧʦʨʮʽʡʥʠʤ ʚʠʤʽʨʶʚʘʥʦʤʫ ʨʽʚʥʶ L, ʘ ʯʘʩ 

var=RBt ʧʨʠ consth =R , ʱʦ ʚʠʢʣʠʢʘʻ ʚʽʜʧʦʚʽʜʥʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪ-

ʨʦʣʶ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ. ʃʽʯʠʣʴʥʠʢ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʚ ʋɿʂʈ, ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʫ ʧʨʠ ʧʦʜʘʯʽ ʥʘ ʇʂɽ ɽɿɯ ʽ 

ʚʽʜʨʘʭʦʚʫʻ ʯʘʩ ʜʦ ʧʦʷʚʠ ʥʘ ʚʠʭʦʜʽ ʋɿʇ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ (ɽʈʉ), ʷʢʘ ʩʪʚʦ-

ʨʶʻʪʴʩʷ ʪʠʤ ʞʝ ʇʂɽ, ʘʤʧʣʽʪʫʜʦʶ 0ue >P , ʜʝ 0u  - ʦʧʦʨʥʘ ʥʘʧʨʫʛʘ, ʷʢʘ ʤʦʞʝ 

ʙʫʪʠ ʩʪʘʣʦʶ, ʘʙʦ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʠʤʽʨʶʚʘʥʦʛʦ ʨʽʚʥʷ 

(ʨʠʩ. 1), ʥʘ ʷʢʦʤʫ ʧʦʢʘʟʘʥʦ: ʋɿʉ f(t)yM = , ʢʦʪʨʠʡ ʬʦʨʤʫʻʪʴʩʷ ʇʂɽ (ʨʠʩ. 1,ʘ); 

()tfyB = , ʢʦʪʨʠʡ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚ ɻʉ (ʨʠʩ. 1,b), ʽ ʥʘʧʨʫʛʘ ()tfʝʉ= , ʢʦʪʨʘ 

ʩʪʚʦʨʶʻʪʴʩʷ ʇʂɽ ʧʨʠ ʩʧʨʠʡʥʷʪʪʽ ʋɿʉ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʇʈʉ (ʨʠʩ. 1,ʩ).  

ɿ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʋɿʉ ʚʽʜ ʇʂɽ ʜʦ ʾʭ ʧʨʠʡʤʘʯʘ ʬʦʨʤʘ ʩʠ-

ʛʥʘʣʫ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʡʦʛʦ ʧʝʨʝʜʥʽʡ ʬʨʦʥʪ. ʊʘʢ ʷʢ ʜʣʷ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʙʦʪʠ ʋɿʂʈ ʘʤʧʣʽʪʫʜʘ ʩʧʨʠʡʤʘʶʯʦʛʦ ʩʠʛʥʘʣʫ ae  ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʜʝʱʦ ʙʽʣʴʰʦʶ ʚʽʜ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ oe , ʪʦ ʟʘ ʨʘʭʫʥʦʢ ʜʝʬʦʨʤʘʮʽʾ ʧʝʨʝʜʥʴʦ-

ʛʦ ʬʨʦʥʪʫ ʩʧʨʠʡʤʘʶʯʦʛʦ ʩʠʛʥʘʣʫ Ce , ʷʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʽʚʥʷ 

ʨʽʜʠʥʠ, ʚʠʢʣʠʢʘʶʯʠ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

 

 
 

ʈʠʩ. 1 ï ʌʦʨʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ: ʘ ï ʧôʻʟʦʢʝʨʘʤʽʯʥʦʛʦ 

ʝʣʝʤʝʥʪʘ; ʙ ï ʚʠʧʨʦʤʽʥʶʚʘʯʘ; ʩ ï ʧʨʠʡʤʘʯʘ 

 



ISSN 2079-4525. ɺʩ̔ʥʠʢ ʅʊʋ çʍʇɯè. 2013. ˉ 34 (1007) 35 

ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʣʝʞʥʽʩʪʴ ʟʙʽʣʴ-

ʰʝʥʥʷ ʯʘʩʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʽʜ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʨʽʜʠʥʠ (ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʻ ʥʝʣʽʥʽʡʥʦʶ ʡ ʤʘʻ ʬʦʨʤʫ ʙʣʠʟʴʢʫ ʜʦ ʢʚʘʜʨʘʪʠʯ-

ʥʦʾ (ʥʘ ʨʠʩ. 2,ʘ ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ  ʜʣʷ ʚʦʜʠ ï ʢʨʠʚʘ 1, ʩʦʥʷʰʥʠʢʦʚʦʾ 

ʦʣʽʾ ï ʢʨʠʚʘ 2 ʽ ʢʝʨʦʩʠʥʫ ï ʢʨʠʚʘ 3).  ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʜʝʬʦʨʤʘʮʽʶ 

ʩʧʨʠʡʤʘʶʯʦʛʦ ʩʠʛʥʘʣʫ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʽ ʩʢʣʘʜ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʨʠʩ. 2,ʙ 

ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʠ ʟʤʽʥʽ ʪʦʚʱʠʥʠ ʛʘ-

ʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʢʨʠʚʘ 1 ï ʧʦʚʽʪʨʷ; ʢʨʠʚʘ 2 ï ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ).  

 

   
 

ʈʠʩ. 2 ï ɿʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʦʙʫʤʦʚʣʝʥʦʾ 

ʟʤʽʥʦʶ ʯʘʩʫ PŰ  ʚʽʜ ʚʽʜʩʪʘʥʽ R  ʧʨʠ ʟʤʽʥʽ: ʘ ï ʨʽʜʠʥʠ; ʙ ï ʛʘʟʫ 

 

ɺʠʩʥʦʚʢʠ. ɺʧʝʨʰʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ 

ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʧʨʦʭʦ-

ʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʩʠʛʥʘʣʦʤ ʧʦʜʚʽʡʥʦʾ ʚʽʜʩʪʘʥʽ (ʚʽʜ ʋɿɺ ʜʦ ʇʈʉ ʽ ʚʽʜ  ʇʈʉ 

ʜʦ ʋɿʇ) ʤʘʶʪʴ ʤʝʪʦʜʠʯʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʽʚʥʷ ʨʽʜʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʩʢʣʘ-

ʜʫ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʋɿʉ.. ʇʦʭʠʙʢʘ, ʷʢʘ ʦʙʫʤʦʚ-

ʣʝʥʘ ʩʢʣʘʜʦʤ ɻʉ ʻ ʥʝʟʥʘʯʥʦʶ ʽ ʤʦʞʝ ʚʭʦʜʠʪʠ ʷʢ ʩʢʣʘʜʦʚʘ ʜʦ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʠʯ-

ʥʦʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʤʝʪʦʜʠʯʥʘ ʧʦʭʠʙʢʘ, ʢʦʪʨʘ ʦʙʫʤʦʚʣʝʥʘ 

ʨʝʦʣʦʛʽʯʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʋɿʉ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʽʜʠʥʠ 

ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʟʤʽʥʘʭ 

ʨʽʚʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʩʦʢʠʭ ʨʝʟʝʨʚʫʘʨʘʭ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʨʦʟʨʦʙʢʘ ʤʝʪʦ-

ʜʽʚ, ʘʣʛʦʨʠʪʤʽʚ ʽ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʠʤ ʤʝʪʦʜʦʤ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 
 

()LfŰɄ=
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜ.. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ 
ʦʙʫʩʣʦʚʣʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ ʛʘʟʦʚʦʡ 

ʩʨʝʜʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʢʦʥʪʨʦʣʴ, ʫʨʦʚʝʥʴ, ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʠʟʤʝʨʝʥʠʝ, 
ʚʨʝʤʷ, ʠʟʣʫʯʘʪʝʣʴ, ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʞʠʜʢʦʩʪʴ. 

 

The results of study of methodological errors in the measurement of ultrasonic monitoring devices of 
level of liquids are given. It is shown, that the errors are caused by rheological transitions of ultrasonic 

signal depend on the thickness of the gaseous medium and physical parameters of the liquid and gas. 

Keywords: the ultrasound, the control, the level, the methodical error, the measurement, time, the ra-
diation source, the piezoelectric element, the liquid. 
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ʆʇʈɽɼɽʃɽʅʀɽ ɼɽʌɽʂʊɸ ɿʋɹʏɸʊʆɻʆ ʂʆʃɽʉɸ ʉ ʇʆʄʆʑʔʖ 

ɼɸʊʏʀʂɸ ʏɸʉʊʆʊʓ ɺʈɸʑɽʅʀʗ 

ʇʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʘʥʘʣʠʟʘ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʝ-
ʬʝʢʪʦʚ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʩ ʦʮʝʥʢʦʡ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʝʢʪ, ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʦʙʨʘʙʦʪʢʘ, ʜʠʩʢʨʝʪʥʳʝ ʬʫʥʢ-

ʮʠʠ. 

ɺʚʝʜʝʥʠʝ. ʂʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʪʨʘʥʩʤʠʩʩʠʡ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʤʘʰʠʥ ʠ ʙʨʦʥʝʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʦʩʦʙʝʥʥʦ 

ʚ ʫʩʣʦʚʠʷʭ ʧʫʩʪʳʥʠ. ʉʣʦʞʥʦʩʪʴ ʵʪʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʥ-

ʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʰʝʩʪʝʨʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʨʝ-

ʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʜʘʪʯʠʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ (ɿʂ), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ ʧʦʨʦʛʦʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ [1] ʠ ʩʧʦʩʦʙʥʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʥʦʡ ʩʨʝʜʳ, ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚʠʙʨʘʮʠʡ ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʄʘʛʥʠʪʥʳʝ ʜʘʪʯʠʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʩʠʛʥʘʣ ʥʘ ʢʘʞ-

ʜʳʡ ʟʫʙ ʰʝʩʪʝʨʥʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʟʫʙʴʝʚ, ʘ ʪʘʢʞʝ ʠʭ ʠʟʥʦʩ, 

ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʘ. ʉʧʦʩʦ-

ʙʦʚ ʘʥʘʣʠʟʘ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʠ ʦʪʣʠʯʘʪʴʩʷ 

ʦʥʠ ʤʦʛʫʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʣʦʞʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ɿʂ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʦʜʥʦʛʦ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʟʫʙʴʝʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʝʬʝʢʪʘ çʦʪʩʫʪʩʪʚʠʝ ʟʫʙʘè ʧʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ɿʂ. 

ʇʨʷʤʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʟʫʙʘ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ (ɿʂ) ʷʚʣʷ-

ʝʪʩʷ ʧʦʜʩʯʝʪ ʟʫʙʴʝʚ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʘʪ-

ʯʠʢ ʦʙʦʨʦʪʦʚ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʰʝʩʪʝʨʥʠ ʵʣʝʤʝʥʪʘ, ʜʘʶʱʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʪʴ ʦʜʠʥ ʦʙʦʨʦʪ ɿʂ. ʋʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʘʪʯʠʢʘ 

ʫʩʣʦʞʥʷʝʪ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʘʚʜʘʥʘ ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘ-

ʷʭ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʵʪʦʪ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤ ʚʘʨʠʘʥʪʦʤ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʦ ʩʧʦʩʦʙʫ ʦʙʨʘʙʦʪʢʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʯʘ-

ʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʘ ʧʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ɿʂ. 
 

É ʉʠʥʘʥ ʊʘʣʠʙ, ʉ. ʅ. ʐʚʝʮ, ɺ. ɺ. ʗʢʦʚʝʥʢʦ, 2013 
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ʇʫʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ɿʂ ʩ ʯʠʩʣʦʤ ʟʫʙʴʝʚ z, ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʴʶ w ʟʘ ʚʨʝʤʷ 
nt
, ʥʘ ʩʯʝʪʯʠʢ ʧʨʠ ʵʪʦʤ ʧʦʩʪʫʧʘʝʪ N ʠʤʧʫʣʴʩʦʚ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʠʟʤʝʨʝʥʥʦʝ ʩʠʩʪʝʤʦʡ, ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝ-
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ʆʩʥʦʚʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʫ-

ʜʫʪ ʧʦʛʨʝʰʥʦʩʪʠ ʢʚʘʥʪʦʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʢʚʘʥʪʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦ-

ʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʟʘʜʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ut . ɺʩʝ ʧʝ-

ʨʝʯʠʩʣʝʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʨʘʟʨʷʜʫ ʩʣʫʯʘʡʥʳʭ, ʠ ʜʣʷ ʥʠʭ 

ʩʧʨʘʚʝʜʣʠʚʳ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʥʳʝ ʦʮʝʥʢʠ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʢʚʘʥʪʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʭʦʜ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʝ ʧʦ-

ʚʦʨʦʪʘ. 

ʏʪʦʙʳ ʧʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʘ ʙʳʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʜʠʘʥʘʭ ʚ ʩʝʢʫʥʜʫ, ʠʣʠ 

ʦʙʦʨʦʪʘʭ ʚ ʤʠʥʫʪʫ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙ r
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
m

ʩʨ N -Ö=w 10 ʨʘʜ/ʩ, 
m

ʩʨ Nn -Ö= 10 ʦʙ/ʤʠʥ. 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ (ʜʠʩʢʨʝʪʥʦʛʦ) ʚ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʨʝʥʠʡ ut  ʦʩʥʦʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʢʚʘʥ-

ʪʦʚʘʥʠʷ ʠʤʝʝʪ ʪʨʝʫʛʦʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʨʝʜʥʷʷ 

ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ 
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (2) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʫʙʘ ʚ ɿʂ, ʪʦ ʝʩʪʴ ʧʨʠ ʠʟʤʝʥʝ-

ʥʠʠ z. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢ ʵʪʦʤʫ ʠʟʤʝ-

ʥʝʥʠʶ ʪʨʝʙʫʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ut .  

ɺʦʟʤʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʟʫʙʘ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʠʤʧʫʣʴʩʘʤʠ ʟʘʧʦʤʠʥʘʝʪʩʷ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦʩʣʝʜʫʶʱʝ-

ʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʝʚʳʰʘʝʪ ʜʦ-

ʧʫʩʪʠʤʳʡ ʧʨʝʜʝʣ, ʪʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʟʫʙʘ ɿʂ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ ʥʝʩʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ, ʯʪʦ ʚ ʧʨʘʢʪʠʢʝ ʥʝ ʚʩʝʛʜʘ ʧʨʠʝʤʣʝʤʦ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʘ ɿʂ ʧʫʪʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚʳʭʦʜ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. 

ʆʧʨʝʜʝʣʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʟʫʙʘ ʚ ɿʂ ʤʦʞʥʦ ʧʫʪʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʜʠʩ-

ʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʦʚ ʩ ʠʥ-

ʪʝʨʚʘʣʦʚ ʩʣʝʜʦʚʘʥʠʷ 0T  ʧʦʜʘʝʪʩʷ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. ʇʝʨʝʜʘ-

ʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʛʦ ʟʚʝʥʘ 
 

 pkpW 0)( ==µ  (4) 

ʛʜʝ 0k - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. ɺʭʦʜ ʠ ʚʳʭʦʜ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʘʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

 
dt

dx
kty 0)( =  (5) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, Z ïʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ (4) ʥʝ ʩʫʱʝ-

ʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʜʠʩʢʨʝʪʥʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʮʠʬʨʦʚʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶ-

ʱʝʛʦ ʟʚʝʥʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɺʳʭʦʜʥʦʡ ʥʝʧʨʝʨʳʚʥʳʡ ʩʠʛ-
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ʩʪʚʝ ʪʦʯʝʢ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʮʠʢʣʝ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʨʦ-

ʠʟʚʦʜʥʦʡ. ʇʦʣʫʯʠʤ ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦ-

ʨʠʪʤʘ ʮʠʬʨʦʚʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʠʤ ʠʭ ʧʦʛʨʝʰʥʦʩʪʠ ʜʠʬʬʝʨʝʥ-

ʮʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʪʦʯʝʢ. ɼʣʷ n=1 ʠʤʝʝʤ 
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ʅʘ ʨʠʩ. ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
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ʠʟ ʚʳʨʘʞʝʥʠʷ (14) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʘʣʛʦʨʠʪʤʘ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥʠʷ 
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ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʮʠʬʨʦʚʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ][zD ¡¡¡ , ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʨʝʜʳʜʫʱʠʝ ʟʥʘʯʝʥʠʷ ʨʝʰʝʪʯʘʪʦʡ ʬʫʥʢʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ )2( -i , )1( -i , ʘ ʥʝ ʚ ʧʦʩʣʝʜʫʶʱʠʝ )2( +i , )1( +i , ʢʘʢ ʚ ][zD¡ . ɺ ʜʠʩ-

ʢʨʝʪʥʫʶ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ][zD¡¡¡  ʚʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ 

ʥʘ ʦʜʠʥ ʪʘʢʪ, ʪʘʢ ʢʘʢ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʚ ʤʦʤʝʥʪ 0iT  ʥʝʪ ʟʥʘʯʝʥʠʷ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0)1( Ti+ . ʊʦʛʜʘ ][zD¡¡¡  ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

)1(
2

][ 20 --=¡¡¡ z
T

k
zD . ɺʝʣʠʯʠʥʘ []nx ¡¡¡  ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʤʢʝ ʟʫʙʘ ɿʂ. 

ɺʳʚʦʜʳ. ʇʨʝʜʣʦʞʝʥʳ ʪʨʠ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʘ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ: ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ɿʂ; ʤʝʪʦʜ ʯʠʩʣʦʚʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʠ ʤʝʪʦʜ ʘʧʧʘʨʘʪʥʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʘ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʜʝʬʝʢʪʘ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ / ʉʠ-

ʥʘʥ ʊʘʣʠʙ, ʉ. ʅ. ʐʚʝʮ, ɺ. ɺ. ʗʢʦʚʝʥʢʦ // ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè ʉʝʨʽʷ: ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ ʪʘ ʧʝʨʝʪ-

ʚʦʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ. ï ʍ. : ʅʊʋ çʍʇɯè, 2013. ï  ̄34 (1007). ï ʉ. 37ï42. ï ɹʽʙʣʽʦʛʨ.: 2 ʥʘʟʚ. 
ʇʨʦʧʦʥʫʶʪʴʩʷ ʩʧʦʩʦʙʠ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʝ-

ʬʝʢʪʽʚ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʟ ʦʮʽʥʢʦʶ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʬʝʢʪ, ʟʫʙʯʘʪʝ ʢʦʣʝʩʦ, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʦʙʨʦʙʢʘ, ʜʠʩʢʨʝʪʥʽ ʬʫʥʢʮʽʾ. 

Methods of the analysis of output signals sensor of rotating speed are offered in case of identification 

cogwheel defects with an assessment of their efficiency.  

Keywords: defect, cogwheel, rotational speed, processing, the discrete functions. 
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ʊʈɽʍʕʅɽʈɻɽʊʀʏɽʉʂɸʗ ʎʀʌʈʆɺɸʗ ʈɸɼʀʆɻʈɸʌʀʗ ɼʃʗ  

ʈɸɿɼɽʃɽʅʀʗ ɺɽʑɽʉʊɺ ʉ ʄɸʃʓʄ ʕʌʌɽʂʊʀɺʅʓʄ  

ɸʊʆʄʅʓʄ ʅʆʄɽʈʆʄ  

 
ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʘʪʦʤʥʦʤʫ ʥʦʤʝʨʫ Zeff ʤʝʪʦʜʦʤ 

ʪʨʝʭʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʜʠʦʛʨʘʬʠʠ. ʀʩʧʦʣʴʟʫʷ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝ-
ʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ (ʠʣʠ ʩʦʩʪʘʚʘ), ʚʘʨʴʠʨʫʷ ʘʥʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʝ ʠ ʬʠʣʴʪʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʠʥʩʧʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ. ʀʩʧʦʣʴʟʫʷ ʠʩʪʦʯʥʠʢ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ 

ʪʠʧʳ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʤʳ ʤʦʞʝʤ ʜʦʩʪʠʯʴ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Zeff ʜʦ 95%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠʥʩʧʝʢʮʠʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʭʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʠʬʨʦʚʘʷ ʨʘʜʠʦʛʨʘʬʠʷ, ʜʝʪʝʢʪʦʨ, ʵʬʬʝʢʪʠʚʥʳʡ ʘʪʦʤ-

ʥʳʡ ʥʦʤʝʨ, ʠʟʦʙʨʘʞʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʚʳʷʚ-

ʣʝʥʠʷ ʦʧʘʩʥʳʭ ʚʣʦʞʝʥʠʡ ʚ ʨʫʯʥʦʡ ʢʣʘʜʠ ʠ ʙʘʛʘʞʝ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʜʚʫʭʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʡ ʮʠʬʨʦʚʦʡ ʨʘʜʠʦʛʨʘʬʠʠ (ɼʕʎʈ) [1,2,3]. ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʩʦ-

ʜʝʨʞʠʤʦʤ ʙʘʛʘʞʘ ʧʨʝʜʤʝʪʳ ʫʜʘʝʪʩʷ ʨʘʟʜʝʣʷʪʴ  ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʘʪʦʤʥʦʤʫ ʥʦ-

ʤʝʨʫ (Zeff) ʠ ʠʩʧʦʣʴʟʫʷ ʪʨʝʭʮʚʝʪʥʫʶ ʧʘʣʠʪʨʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʫʯʠʪʴ ʮʚʝʪʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʛʜʝ:  

"ʣʝʛʢʠʤ" ʚʝʱʝʩʪʚʘʤ ʩ Zeff <10 ʧʨʠʩʚʘʠʚʘʶʪ  ʦʪʪʝʥʢʠ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ; 

"ʩʨʝʜʥʠʤ" ʚʝʱʝʩʪʚʘʤ ʩ 10 < Zeff  < 20 ʧʨʠʩʚʘʠʚʘʶʪ ʦʪʪʝʥʢʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ; 

"ʪʷʞʝʣʳʤ" ʚʝʱʝʩʪʚʘʤ ʩ Zeff  > 20 ʧʨʠʩʚʘʠʚʘʶʪ ʦʪʪʝʥʢʠ ʩʠʥʝʛʦ ʮʚʝʪʘ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʧʘʩʥʳʭ ʠ ʟʘʧʨʝʱʝʥʥʳʭ ʚʣʦʞʝʥʠʡ ʚ ʙʘʛʘʞʝ (ʥʘʨʢʦʪʠʢʠ, 

ʚʟʨʳʚʯʘʪʢʘ, ʤʝʜʠʢʘʤʝʥʪʳ ʠ ʜʨ.) ʦʪʥʦʩʷʪʩʷ ʢ "ʣʝʛʢʠʤ" ʚʝʱʝʩʪʚʘʤ ʠ ʣʶʙʦʝ ʧʦ-

ʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Zeff  ʫʣʫʯʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ. 
 
ɼʕʎʈ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʥʮʠʧ ʨʘʟʜʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ "ʤʷʛʢʦʡ" ʠ "ʞʝʩʪʢʦʡ" 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ  ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝ-

ʤʳʡ ʦʙʲʝʢʪ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʜʠʘʧʘʟʦʥʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʧʦ Zeff . ʄʳ ʩʜʝʣʘʣʠ 
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ʧʦʧʳʪʢʫ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ  ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʷ ʪʨʝʭʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʦ-ʜʝʪʝʢʪʠʨʫʶʱʠʡ ʪʨʘʢʪ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʣʣʠʤʘʪʦʨʘ, ʬʦʨʤʠʨʫʶʱʝʛʦ 3 ʚʝʝʨʥʳʭ ʧʫʯʢʘ. ɺ ʢʘʞʜʦʤ ʚʝʝʨʥʦʤ ʧʫʯʢʝ 

ʧʨʠ ʧʦʤʦʱʠ ʚʳʙʦʨʘ ʘʥʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠ ʬʠʣʴ-

ʪʨʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʤʝʜʴ, ʘʣʶʤʠʥʠʡ ʠ ʜʨ.) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʝʥʝʚʳʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ  ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ (ʆʂ) ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ. 

 ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʩ ʙʣʠʟʢʠʤʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʪʦʤʥʳʤʠ ʥʦʤʝʨʘʤʠ Zeff ʤʝʪʦ-

ʜʦʤ ʪʨʝʭʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʜʠʦʛʨʘʬʠʠ. 

 ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1)  ʀʩʧʦʣʴʟʫʷ ʵʥʝʨʛʦʩʝʣʝʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʝʭ ʣʠʥʝʝʢ ʜʝʪʝʢʪʦʨʦʚ, ʟʘ ʦʜʥʦ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ ʆʂ ʚ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʧʨʠ ʦʜʥʦʤ ʚʳʙʨʘʥʥʦʤ ʘʥʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪ-

ʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ [4,5]. ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʩʦ-

ʢʫʶ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʝʜʦʩʪʘʪʢʦʤ ï ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʝʨʝʢʨʳʪʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʦʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

2) ʀʩʧʦʣʴʟʫʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʆʂ ʤʦʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʠʪʴ ʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ ʆʂ ʧʨʠ ʪʨʝʭ ʨʘʟ-

ʣʠʯʥʳʭ ʘʥʦʜʥʳʭ ʥʘʧʷʞʝʥʠʷʭ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʬʠʣʴʪʨʘʮʠʠ ʩ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʩʦʚʤʝʱʝʥʠʝʤ ʪʨʝʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʨʝʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘ-

ʧʘʟʦʥʘʭ [4,5].  

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʣʫʯʰʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ. 
 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʆʩʥʦʚʥʳʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʨʝʭʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʠʬʨʦʚʦʡ ʨʝʥʪ-

ʛʝʥʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʜʝʪʝʢʪʦʨ ʨʝʥʪʛʝʥʦʚʩʴʢʦʛʦ ʠʟʣʫʯʝʥʠʷ  ʪʠʧʘ 

ʩʮʠʥʪʠʣʣʷʪʦʨ-ʬʦʪʦʜʠʦʜ (ʉʎ-ʌɼ). 

 ʉʭʝʤʘ ʪʨʝʭʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʢʘʥʝʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1 
 

ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʨʝʞʠʤʦʚ ʠʟʤʝʨʝʥʠʷ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ  

- ʘʥʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 40-160ʢɺ 

- ʪʦʢ ʪʨʫʙʢʠ ʚʳʙʠʨʘʝʪʩʷ ʥʠʞʝ ʫʨʦʚʥʷ ʧʝʨʝʛʨʫʟʢʠ ɸʎʇ ʚ ʧʨʝʜʝʣʘʭ 0,1-19ʤɸ 

ʄʝʭʘʥʠʟʤ ʧʝʨʝʤʝʱʝʥʠʷ 

- ʰʘʛ ʧʝʨʝʤʝʱʝʥʠʷ 0,1-4ʤʤ 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʭʦʜ ʩʪʦʣʠʢʘ 450ʤʤ 

ʇʨʠʝʤʥʦ-ʜʝʪʝʢʪʠʨʫʶʱʠʡ ʪʨʘʢʪ 

ɼʝʪʝʢʪʦʨʳ 

ʊʠʧ ʜʝʪʝʢʪʦʨʦʚ ï ʩʮʠʥʪʠʣʣʷʪʦʨ-ʬʦʪʦʜʠʦʜ (ʉʎ-ʌɼ) 

- ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʚ ʦʜʥʦʤ ʤʦʜʫʣʝ   -16 

- ʰʘʛ ʜʝʪʝʢʪʦʨʦʚ ʚ ʣʠʥʝʡʢʝ    - 1,6ʤʤ 

- ʩʮʠʥʪʠʣʣʷʪʦʨ     - ZnSe(Te) 
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ʈʠʩ. 1 ï ʆʙʱʠʡ ʚʠʜ ʤʘʢʝʪʘ ʤʫʣʴʪʠʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʢʘʥʝʨʘ 

- ʪʦʣʱʠʥʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ: 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ (ʅɽɼ) - 0,6ʤʤ 

ʩʨʝʜʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ (ʉɽɼ) - 1,5ʤʤ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ (ɺɽɼ) - 3,5ʤʤ 

- ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʝʝʢ ʜʝʪʝʢʪʦʨʦʚ     - 3 

- ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ    - 3ʭ128 (384) 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʚ ʤʫʣʴʪʠʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʜʠʦ-

ʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʝ  ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʤʘʩʩʦʚʳʭ ʠʣʠ 

ʣʠʥʝʡʥʳʭ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʘʭ.  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [4,5,6]  ʥʘ ʧʨʠʤʝʨʝ  "ʣʝʛʢʦʛʦ" ʚʝʱʝʩʪʚʘ ʢʘʢ ʤʳʰʝʯʥʘʷ 

ʪʢʘʥʴ ʠ ʙʦʣʝʝ "ʪʷʞʝʣʦʡ"  ʢʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʘʩʩʦʚʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʥʘʯʠʥʘʷ ʩ ʵʥʝʨʛʠʡ 60-70ʢʝɺ. 

ʅɽɼ    ï  Ua=40kV, Ia=10.5 mA, ʬʠʣʴʪʨ ï Al ʪʦʣʱʠʥʦʡ 2ʤʤ 

ʉɽɼ    ï  Ua=60kV, Ia=13.4 mA, ʬʠʣʴʪʨ ï Al ʪʦʣʱʠʥʦʡ 12ʤʤ 

ɺɽɼ    ï  Ua=90kV, Ia=14.9 mA, ʬʠʣʴʪʨ ï Cu ʪʦʣʱʠʥʦʡ 2ʤʤ 

ʤʝʭʘʥʠʟʤ ʧʝʨʝʤʝʱʝʥʠʷ 

 

ʦʙʲʝʢʪʳ ʢʦʥʪʨʦʣʷ ʥʘ ʧʨʝʜ-
ʤʝʪʥʦʤ ʩʪʦʣʝ 

 

3 ʣʠʥʝʡʢʠ ʜʝʪʝʢʪʦʨʦʚ  
 

ʕʣʝʢʪʨʦʥʠʢʘ 
ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʢʦʣʣʠʤʘ-
ʪʦʨ 

2D ʶʩʪʠʨʦʚʦʯʥʳʡ ʤʝʭʘʥʠʟʤ 
 

ʬʦʨʤʠʨʫʶʱʠʡ 3 ʚʝʝʨʥʳʭ 
ʧʫʯʢʘ ʢʦʣʣʠʤʘʪʦʨ 
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ʋʨʦʚʥʠ ʢʘʣʠʙʨʦʚʢʠ: 

ɹʝʟ ʆʂ ("ʩʚʝʪʦʚʘʷ" ʢʘʣʠʙʨʦʚʢʘ) ï ILight=60000 (ʚ ʢʦʜʘʭ ɸʎʇ) 

ɹʝʟ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ("ʪʝʤʥʦʚʘʷ" ʢʘʣʠʙʨʦʚʢʘ) ï IDark=250 (ʚ ʢʦʜʘʭ 

ɸʎʇ) 
 

ʄʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʧʦ Zeff  ʜʣʷ ʪʨʝʭʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʜʠʦ-

ʛʨʘʬʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʜʣʷ ʪʨʝʭ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʜʠʘʧʘʟʦʥʦʚ ʚʳʙʨʘʪʴ ʪʨʠ ʵʬʬʝʢʪʠʚʥʳʝ ʵʥʝʨʛʠʠ ʦʙʣʫʯʝʥʠʷ ʆʂ ʠʩʭʦʜʷ ʠʟ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ:  
 

 ɽɻ ʬʬº(2/3)*ɽʤʘʢʩ  (1) 
 

ʊʦʛʜʘ ɽ1=27,7ʢʝɺ; ɽ2=40ʢʝɺ; ɽ3=60ʢʝɺ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʠʛʥʘʣʳ ʦʪ ʪʨʝʭ ʃɼ ʦʙʦʟʥʘʯʠʤ H, M, L ʜʣʷ ʜʝ-

ʪʝʢʪʦʨʦʚ ʚʳʩʦʢʠʭ, ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʛʜʘ, ʥʘ ʧʨʠʤʝʨʝ 

ʟʥʘʯʝʥʠʡ ʤʘʩʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [5, 6],  ʤʦʞʥʦ 

ʧʦʷʩʥʠʪʴ ʧʨʠʥʮʠʧ ʤʫʣʴʪʠʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘʤʠ ʧʦʣʫʯʝʥʦ ʪʨʠ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ (H, M, L) ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭ ʤʦʥʦʭʨʦʤʘʪʠʯʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʷʤʠ ɽ1=27,7ʢʝɺ; ɽ2=40ʢʝɺ; ɽ3=60ʢʝɺ. ʊʦʛʜʘ, ʵʪʠ ʩʠʛʥʘʣʳ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ x ï ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʆʂ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ, 

m(ɽ) ï ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, r - ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, 

DarkLight III -=0  -ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʆʂ.  

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ ʚ ʨʘʜʠʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ m(ɽ). ʇʦʵʪʦʤʫ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ m(ɽ) ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʦʨʠʪʝʪʥʳʤ ʜʣʷ ʧʦʠʩʢʘ ʨʘʟ-

ʣʠʯʠʡ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʆʂ (ʥʘʧʨʠʤʝʨ, ʚʟʨʳʚʯʘʪʢʘ, ʥʘʨʢʦʪʠʢʠ, 

ʤʝʜʠʢʘʤʝʥʪʳ ʠ ʜʨ. ʚʝʱʝʩʪʚʘ ʩ Zeff <10). 

ʀʟ ʚʳʨʘʞʝʥʠʡ (2-4), ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʪʨʝʭʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʪʨʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ m(ɽ)ÖrÖʭ: 

 ( )LILnxE /)( 01 =ÖrÖm  (5) 

 ( )MILnxE /)( 02 =ÖrÖm  (6) 

 ( )HILnxE /)( 03 =ÖrÖm  (7) 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʡ (5-7) ʩʪʦʠʪ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʘʧʨʠʦʨʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ ï ʪʦʣʱʠʥʳ, ʧʣʦʪʥʦʩʪʠ ʠ ʤʘʩʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 
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ʦʩʣʘʙʣʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʪʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʚʘ ʥʝʟʘ-

ʚʠʩʠʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ: 
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ɺʳʨʘʞʝʥʠʷ (8) ʠ (9) ʥʝ ʩʦʜʝʨʞʘʪ ʧʣʦʪʥʦʩʪʠ ʠ ʪʦʣʱʠʥʳ ʆʂ ʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʩʪʠ ʢʫʩʦʯʥʦïʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ m(ɽ) ʜʣʷ ʜʚʫʭ ʜʠʘʧʘʟʦʥʦʚ ʵʥʝʨʛʠʡ 

I) ɽ1 · ɽ2 ʠ  II) ɽ2 ·ɽ3 (ʩʤ. ʨʠʩ. 2.). 

 

 
 

ʈʠʩ. 2 ï  ʂʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʤʘʩʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ m(E) 

ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʜʚʫʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʘʭ 

 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ:  

 m(ɽ) = aÖɽ + b  (10) 

ʢʦʥʩʪʘʥʪʘ a ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘ-

ʣʘ ʚʝʱʝʩʪʚʘ. ʂʦʥʩʪʘʥʪʘ b ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʫʩʣʦʚʠʡ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦ-

ʩʪʦ ʚʳʯʠʩʣʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʵʪʦ-

ʤʫ, ʢʦʥʩʪʘʥʪʝ b ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ ʥʝ ʥʫʣʝʚʦʝ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʊʦʛʜʘ, ʜʣʷ I) ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘ-

ʞʝʥʠʝ: 

I I
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ʦʪʢʫʜʘ ʥʘʭʦʜʠʤ: 
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ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ II) ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʜʣʷ LM /m ʠ MH /m  ʠʟ ʚʳʨʘʞʝʥʠʷ (8) ʠ 

(9), ʤʦʞʥʦ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʯʠʩʣʠʪʴ Ia  ʠ IIa . ʇʨʠʤʝʥʷʷ ʜʚʫʭ-

ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʘʣʠʪʨʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ x = H, y = IIa / Ia  ʫʜʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ 

ʠʤʠʪʘʪʦʨʳ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ʩʤ. ʨʠʩ.3) ʜʘʞʝ ʩ ʤʘʣʳʤ ʨʘʟʣʠʯʠʝʤ Zeff (ʦʪ 7.08 

ʜʦ 8,07). 

 

ʈʠʩ. 3 ï ʀʤʠʪʘʪʦʨʳ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. ʌʦʪʦʛʨʘʬʠʷ ʠ ʪʨʝʭʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʤʝʨʥʦʡ ʧʘʣʠʪʨʳ. 
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