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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼɸ ʈɸʉʏɪʊɸ ʀɿɻʀɹɸɽʄʓʍ 
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ʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ-ʤʘʪʨʠʮ, ʘ ʪʘʢʞʝ ʤʘʣʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʬʠʙʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ, ʠʟʛʠʙʘʝʤʳʡ ʵʣʝʤʝʥʪ, ʥʘʧʨʷʞʝʥʠʝ, ʪʨʝʱʠʥʘ, ʬʠʙ-

ʨʦʙʝʪʦʥ. 
 

ʉʫʪʴ ʤʝʪʦʜʘ ʧʦʷʩʥʷʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʛʜʝ ʧʦʢʘʟʘʥʘ ʩʪʘʜʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʝʱʠʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʠʟʛʠʙʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ (ʙʘʣʢʠ ʠʟ ʉʌɹ) ʧʨʠ ʯʠ-

ʩʪʦʤ ʠʟʛʠʙʝ. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʙʘʣʢʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʷʤʦʫʛʦʣʴ-

ʥʳʭ ʩʝʢʮʠʡ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩ ʨʦʩʪʦʤ ʢʨʠʚʠʟʥʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ 

ʩʞʘʪʠʷ ʠʣʠ ʨʘʩʪʷʞʝʥʠʷ ʉʌɹ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ, ʨʦʩʪ ʢʦʪʦʨʳʭ ʩʜʝʨ-

ʞʠʚʘʝʪʩʷ ʨʘʙʦʪʦʡ ʩʪʘʣʴʥʳʭ ʬʠʙʨ. 

 
ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ 

ʈʝʘʢʮʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʟʜʝʩʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʝʢʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝ-

ʥʠʷ ʥʘ ʚʳʩʦʪʝ y ʢʨʠʚʠʟʥʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ 

ʧʦʣʦʞʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʸʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝ-

ʩʠʷ [1]: 
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ʛʜʝ N ï ʧʨʦʜʦʣʴʥʳʝ ʫʩʠʣʠʷ ʚ ʩʝʯʝʥʠʠ ʙʘʣʢʠ M ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, b ï 

ʰʠʨʠʥʘ ʙʘʣʢʠ, h ï ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʙʘʣʢʠ, y ï ʢʦʦʨʜʠʥʘʪʘ ʩʝʢʮʠʠ ʩʝʯʝʥʠʷ ʙʘʣʢʠ, 

ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɤ ï ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ 

ʪʨʝʱʠʥʳ (ʨʠʩ. 1, ʘ). 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʷʞʝ-

ʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʬʠʙʨʘʤʠ ʚ ʪʨʝʱʠʥʘʭ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʙʝʪʦ-

ʥʦʚ-ʤʘʪʨʠʮ, ʘ ʪʘʢʞʝ ʤʘʣʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʬʠʙʨ. 

ʐʣʘʢʦʙʝʪʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʣʸʛʢʠʭ ʤʝʣʢʦʟʝʨ-

ʥʠʩʪʳʭ ʙʝʪʦʥʦʚ ʩ ʢʣʘʩʩʦʤ ʧʦ ʧʨʦʯʥʦʩʪʠ ɺ10éɺ30 [2]. ɼʣʷ ʪʘʢʠʭ ʙʝʪʦʥʦʚ ʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳ ʤʦʜʝʣʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʝʜʠʥʠʯʥʳʭ ʬʠʙʨ ʚ ʦʪʜʝʣʴʥʦʡ ʩʝʢʮʠʠ ʩʝʯʝʥʠʷ, ʘ ʟʘʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʠ ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʥʘ ʥʠʭ ʩʠʣ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʜʠʘʛʨʘʤʤ çʥʘʛʨʫʟʢʘ-ʩʤʝʱʝʥʠʝè (çP-ŭè), ʜʘ-

ʣʝʝ ʦʪʥʦʩʷ ʠʭ ʢ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʬʠʙʨ (ʨʠʩ. 1, ʙ): 
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ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʬʠʙʨ ʚ ʦʪʜʝʣʴʥʦʡ ʩʝʢʮʠʠ. 
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ɺɽʈʆʗʊʅʆʉʊʅɸʗ ʄʆɼɽʃʔ ʈɸʉʏɪʊɸ ʀɿɻʀɹɸɽʄʓʍ ʕʃɽʄɽʅʊʆɺ 

ʇʆ ʅʆʈʄɸʃʔʅʓʄ ʉɽʏɽʅʀʗʄ 

 

ʉʆʊʅʀʂʆɺ ɸʃɽʂʉɸʅɼʈ ɸʅɼʈɽɽɺʀʏ 

ʛʨ. ɺʄ-15-1 

ʉʋʍɸʅʆɺ ɸʅɼʈɽʁ ɺʃɸɼʀʄʀʈʆɺʀʏ 

ʘʩʩʠʩʪʝʥʪ 

ɹʋɿʀʅɸ ʆʃʔɻɸ ʇɽʊʈʆɺʅɸ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ʪʝʟʠʩ ʩʦʜʝʨʞʠʪ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʣʦ-

ʞʝʥʥʦʡ ʃʠ ʠ ʉʪʘʥʛʦʤ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝ-

ʣʷʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʬʠʙʨʘʤʠ ʚ ʪʨʝʱʠʥʘʭ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʬʠʙʨʦʙʝ-

ʪʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ, ʠʟʛʠʙʘʝʤʳʡ ʵʣʝʤʝʥʪ, ʥʘʧʨʷʞʝʥʠʝ, 

ʪʨʝʱʠʥʘ, ʬʠʙʨʦʙʝʪʦʥ. 
 

ɺ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʃʠ ʠ ʉʪʘʥʛʦʤ [1] (ʨʠʩ. 1), ʧʦʣʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ çʬʠʙʨʘʤʠ-ʤʦʩʪʘʤʠè ʚ ʪʨʝʱʠʥʝ ůfbt, ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʦʪ-

ʥʦʰʝʥʠʷ ʩʫʤʤʳ ʩʠʣ, ʩʦʟʜʘʚʘʝʤʳʭ ʢʘʞʜʦʡ ʬʠʙʨʦʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ (ʩʦ ʩʣʫʯʘʡ-

ʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ), ʢ ʧʣʦʱʘʜʠ ʠʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ: 
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ʛʜʝ mfv ï ʦʙʲʸʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʠʙʨʦʚʦʡ ʘʨʤʘʪʫʨʳ, Af ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʬʠʙʨʳ, P ï ʥʘʛʨʫʟʢʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʬʠʙʨʫ (ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚ ʪ.ʯ. ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʘ), ŭ ï ʩʤʝʱʝʥʠʝ 

ʬʠʙʨʳ ʚ ʪʨʝʱʠʥʝ (ʟʘʚʠʩʠʪ ɤ) ɗ ï ʦʨʠʝʥʪʘʮʠʷ ʬʠʙʨʳ ʚ ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ (ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʬʠʙʨʳ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ), ɗ0, ɗ1 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʬʠʙʨʳ, l f ï ʜʣʠʥʘ ʬʠʙʨʳ, l f,an ï ʜʣʠʥʘ ʟʘʜʝʣʢʠ ʬʠʙʨʳ, 

g(ɗ) ï ʬʫʥʢʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʦʨʠʝʥʪʘʮʠʶ ʬʠʙʨʳ, p(ɗ), p(z) ï ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʨʠʝʥʪʘʮʠʶ ʠ ʜʣʠʥʫ ʟʘʜʝʣʢʫ ʬʠʙʨʳ. 
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ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʨʘʙʦʪʳ ʬʠʙʨʳ ʚ ʪʨʝʱʠʥʝ ʠʟʛʠʙʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ 

ʊʘʢʠʝ ʤʦʜʝʣʠ ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʷʞʝ-
ʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʬʠʙʨʘʤʠ ʚ ʪʨʝʱʠʥʘʭ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʙʝʪʦ-
ʥʦʚ-ʤʘʪʨʠʮ, ʘ ʪʘʢʞʝ ʤʘʣʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʬʠʙʨ. 
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ɼʀɸɻʈɸʄʄʓ, ʍɸʈɸʂʊɽʈʀɿʋʖʑʀɽ ʈɸɹʆʊʋ ʌʀɹʈʓ ɺ 

ʄɽʃʂʆɿɽʈʅʀʉʊʆʄ ʐʃɸʂʆɹɽʊʆʅɽ. ʂʆʕʌʌʀʎʀɽʅʊ 

ɺɿɸʀʄʆɺʃʀʗʅʀʗ ʌʀɹʈʆɺʆʃʆʂʆʅ 

 

ʐʀʇʋʃʀʅ ʅʀʂʀʊɸ ɸʅɼʈɽɽɺʀʏ 

ʛʨ. ʕʇ-15-2 

ʐʀʇʋʃʀʅ ʀʃʔʗ ɸʅɼʈɽɽɺʀʏ 

ʘʩʧʠʨʘʥʪ 

ʉʋʍɸʅʆɺ ɸʅɼʈɽʁ ɺʃɸɼʀʄʀʈʆɺʀʏ 

ʘʩʩʠʩʪʝʥʪ 

ʂʆʈʅɽɽɺ ɸʅɼʈɽʁ ʄɸʉʊʀʉʃɸɺʆɺʀʏ 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ʥʘ ʧʨʘʢʪʠʢʝ ʜʠʘʛʨʘʤʤʳ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ ʢʨʠʚʦʡ, ʧʨʦʭʦʜʷ-

ʱʝʡ ʯʝʨʝʟ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʝʢ. ɺ ʪʝʟʠʩʝ ʦʧʠʩʘʥʳ ʧʨʠʯʠʥʳ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨ 

ʪʘʢʦʡ ʜʠʘʛʨʘʤʤʳ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʢʣʘʜʘ ʚ ʨʘʙʦʪʫ 

ʵʣʝʤʝʥʪʘ ʝʜʠʥʠʯʥʦʡ ʬʠʙʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʨʘʤʤʘ, ʠʟʛʠʙʘʝʤʳʡ ʵʣʝʤʝʥʪ, ʥʘʧʨʷʞʝʥʠʝ, ʪʨʝʱʠʥʘ, ʬʠʙʨʘ. 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʬʠʙʨʦʙʝʪʦʥʦʚ ʧʨʠ ʠʟʛʠʙʝ ʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳ ʤʦʜʝʣʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʝʜʠʥʠʯʥʳʭ ʬʠʙʨ (ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ, ʩ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʦʡ ʟʘʜʝʣʢʠ) ʚ ʦʪ-

ʜʝʣʴʥʦʡ ʩʝʢʮʠʠ ʩʝʯʝʥʠʷ, ʘ ʟʘʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʠʭ ʩʠʣ, ʦʧʨʝ-

ʜʝʣʷʝʤʳʭ ʠʟ ʜʠʘʛʨʘʤʤ çʥʘʛʨʫʟʢʘ-ʩʤʝʱʝʥʠʝè (çP-ŭè), ʜʘʣʝʝ ʦʪʥʦʩʷ ʠʭ ʢ ʧʣʦʱʘ-

ʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʬʠʙʨ. ʊʘʢʠʝ ʜʠʘʛʨʘʤʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʙʦʪʫ ʬʠʙʨʳ ʚ 

ʰʣʘʢʦʙʝʪʦʥʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʠʘʛʨʘʤʤʳ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ ʢʨʠʚʦʡ, ʧʨʦ-

ʭʦʜʷʱʝʡ ʯʝʨʝʟ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʝʢ [1] (ʨʠʩ. 1). ɼʠʘʛʨʘʤʤʘ ʩʤʝʱʝʥʠʷ 

ʬʠʙʨʳ ʠʟ ʰʣʘʢʦʙʝʪʦʥʘ ʚ ʩʣʫʯʘʝ ʛʣʘʜʢʦʡ ʩʪʘʣʴʥʦʡ ʬʠʙʨʳ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʪʦʯʝʢ, ʜʣʷ ʩʪʘʣʴʥʦʡ ʬʠʙʨʳ ʪʠʧʘ çɼʨʘʤʠʢʩè ʩ ʦʜʠʥʦʯʥʳʤʠ ʦʪʛʠ-

ʙʘʤʠ ʥʘ ʢʦʥʮʘʭ ï ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʸʭ ʪʦʯʝʢ, ʜʣʷ ʬʠʙʨʳ çɼʨʘʤʠʢʩè, ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʦʡ ʧʦʜ ʥʝʧʨʷʤʳʤ ʫʛʣʦʤ ʢ ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ï ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʦʩʴʤʠ ʪʦʯʝʢ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʧʨʠʤʝʥʷʷ ʜʠʘʛʨʘʤʤʳ ʚ ʨʘʩʯʸʪʘʭ ʥʘ ʕɺʄ, 

ʫʜʦʙʥʦ ʩʦʝʜʠʥʷʪʴ ʪʦʯʢʠ ʧʨʷʤʳʤʠ. ʂʦʦʨʜʠʥʘʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʟʘʚʠ-

ʩʷʪ ʦʪ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʙ-

ʨʳ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠ. 

 
ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʙʦʪʫ ʬʠʙʨʳ ʚ ʙʝʪʦʥʝ 
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ɺ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʠʟʛʠʙʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʩʪʘʣʴʥʳʭ 
ʬʠʙʨ ʙʫʜʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʝ ʜʠʘʛʨʘʤʤ ʠʭ ʨʘʙʦʪʳ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʧʦ-
ʥʠʞʝʥʠʶ ʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʝʢ. ʎʝʣʴʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝ-
ʣʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʪʘʢʦʛʦ ʧʦʥʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 
(kA), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʢʣʘʜʘ ʚ ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʘ ʬʠʙʨʦ-
ʚʦʣʦʢʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʟʘʜʝʣʢʠ ʩʦʩʝʜʥʠʭ ʬʠʙʨ ʠ ʢʘʯʝʩʪʚʘ ʩʮʝʧʣʝʥʠʷ 
ʤʝʞʜʫ ʥʠʤʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ kA ʦʧʨʝʜʝʣʷʝʪ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ (ʫʤʝʥʴʰʠʪʩʷ) 
ʧʣʦʱʘʜʴ ʧʦʜ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʜʠʘʛʨʘʤʤʦʡ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ kA ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʯʝʩʢʠʭ ʪʦʯʝʢ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʜʠʘʛʨʘʤʤʳ çP-ŭè 
 

ʃʠʪʝʨʘʪʫʨʘ 
1. Lºfgren I. Febre-reinforced concrete for industrial construction [Text] / I. 

Lºfgren // Department of civil and environment engineering. Chalmbers university of 
technology, Gºteborg, Sweden, 2015. 

2. ʂʦʨʥʝʝʚ ɸ.ʄ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʚʣʠʷʥʠʷ 
ʩʪʘʣʴʥʳʭ ʬʠʙʨ ʚ ʩʝʯʝʥʠʠ ʠʟʛʠʙʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʠʟ ʩʪʘʣʝʬʠʙʨʦʰʣʘʢʦʙʝʪʦʥʘ 
[ʊʝʢʩʪ] / ɸ. ʄ. ʂʦʨʥʝʝʚ, ʆ.ʇ. ɹʫʟʠʥʘ, ɸ.ɺ. ʉʫʭʘʥʦʚ, ʀ.ɸ. ʐʠʧʫʣʠʥ // ʌʫʥʜʘʤʝʥ-
ʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.ð 2016.ð ̄  4.ð ʉ. 506ï511. 

3. ʏʝʨʥʦʫʩʦʚ ʅ.ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʢʝʨʦʚʢʠ ʩʪʘʣʴʥʦʡ ʬʠʙʨʳ ʚ ʤʝʣʢʦʟʝʨʥʠ-
ʩʪʦʤ ʰʣʘʢʦʙʝʪʦʥʝ [ʊʝʢʩʪ] / ʅ.ʅ. ʏʝʨʥʦʫʩʦʚ, ʈ.ʅ. ʏʝʨʥʦʫʩʦʚ, ɸ.ɺ. ʉʫʭʘʥʦʚ // 
ɺʝʩʪʥʠʢ ʊɻɸʉʋ. ð ʊʦʤʩʢ, 2015. ð ˉ 5. 

4. ʏʝʨʥʦʫʩʦʚ ʅ.ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʢʝʨʦʚʢʠ ʩʪʘʣʴʥʦʡ ʬʠʙʨʳ ʚ ʮʝʤʝʥʪʥʦ-
ʧʝʩʯʘʥʦʤ ʙʝʪʦʥʝ // ʅ.ʅ. ʏʝʨʥʦʫʩʦʚ, ʈ.ʅ. ʏʝʨʥʦʫʩʦʚ, ɸ.ɺ. ʉʫʭʘʥʦʚ / ʀʟʚʝʩʪʠʷ 
ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ï 2014. ï ˉ 2 (662). ï ʉ. 96ï103. 

5. ʌʫʜʟʠʠ ʊ., ɼʟʘʢʦ ʄ. ʄʝʭʘʥʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘ-
ʣʦʚ / ʄ.: çʄʀʈè, 2012, 232 ʩ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ 

ɺɿɸʀʄʆɺʃʀʗʅʀʗ ʉʊɸʃʔʅʓʍ ʌʀɹʈ ʇʈʀ ʉʄɽʑɽʅʀʀ ɺ 

ʐʃɸʂʆɹɽʊʆʅɽ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ɺʓʊʗɻʀɺɸʖʑɽʁ ʅɸɻʈʋɿʂʀ 

 

ʐʀʇʋʃʀʅ ʅʀʂʀʊɸ ɸʅɼʈɽɽɺʀʏ 

ʛʨ. ʕʇ-15-2 

ʐʀʇʋʃʀʅ ʀʃʔʗ ɸʅɼʈɽɽɺʀʏ 

ʘʩʧʠʨʘʥʪ 

ʉʋʍɸʅʆɺ ɸʅɼʈɽʁ ɺʃɸɼʀʄʀʈʆɺʀʏ 

ʘʩʩʠʩʪʝʥʪ 

ʂʆʈʅɽɽɺ ɸʅɼʈɽʁ ʄɸʉʊʀʉʃɸɺʆɺʀʏ 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʢʣʘʜʘ ʚ 

ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʘ ʬʠʙʨʦʚʦʣʦʢʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʟʘʜʝʣʢʠ ʩʦʩʝʜʥʠʭ ʬʠʙʨ ʠ ʢʘʯʝ-

ʩʪʚʘ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʛʨʫʟʢʘ, ʩʤʝʱʝʥʠʝ ʬʠʙʨʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʦʚʣʠʷʥʠʷ. 

 

ɺ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʚʦʣʦʢʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʠʙʨʘ 

çɼʨʘʤʠʢʩè ʙʝʣʴʛʠʡʩʢʦʡ ʬʠʨʤʳ çɹʝʢʘʨʪè, ʜʣʠʥʦʡ l f = 60 ʤʤ, ʜʠʘʤʝʪʨʦʤ df = 0,8 

ʤʤ, ʩ ʚʨʝʤʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʟʨʳʚʫ Rf = 980-1200 ʄʇʘ. 

ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʠ ʩʭʝʤʳ ʘʥʢʝʨʦʚʢʠ ʬʠʙʨʳ ʚ ʦʙʨʘʟʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1. Lʣʠʥʳ ʟʘʜʝʣʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʬʠʙʨʳ: l f,an =10, 20 ʠ 30 ʤʤ, ʩʨʝʜʥʠʝ ʟʥʘʯʝ-

ʥʠʷ ʜʣʠʥ ʟʘʜʝʣʦʢ ʢʨʘʡʥʠʭ ʬʠʙʨ ʩʦʩʪʘʚʣʷʣʠ 10, 20 ʠ 30 ʤʤ. 

ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ ʮʝʤʝʥʪ ʤʘʨ-

ʢʠ ʇʎ-500 D0, ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ ʈʝʣʘʤʠʢʩ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ 

ï ʦʪʩʝʚ ʦʪ ʜʨʦʙʣʝʥʠʷ ʣʠʪʦʛʦ ʰʣʘʢʦʚʦʛʦ ʱʝʙʥʷ ʬʨʘʢʮʠʠ 0...5 ʤʤ ʩ ʥʘʩʳʧʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʦʪ 1085 ʜʦ 1135 ʢʛ/ʤ3. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʪʦʥ ʢʣʘʩʩʘ 

ɺ25 ʄ (Rm = 27,6 ʄʇʘ). 
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ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 144 ʦʪʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷ, - ʧʦ ʪʨʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟ-

ʮʘ ʥʘ ʢʘʞʜʳʡ ʚʘʨʠʘʥʪ ʢʦʤʙʠʥʘʮʠʠ ʘʥʢʝʨʦʚʢʠ ʠ ʢʣʘʩʩʘ ʰʣʘʢʦʙʝʪʦʥʘ. 

 
ʈʠʩʫʥʦʢ 1. ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ: ʜʣʠʥʳ ʟʘʜʝʣʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʬʠʙʨʳ:  

l f,an =10, 20, 30ʤʤ 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ [1], ʧʦʟ-

ʚʦʣʷʶʱʝʤ ʦʧʨʝʜʝʣʷʪʴ ʩʤʝʱʝʥʠʝ ʬʠʙʨʳ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʙʝʪʦʥʘ-ʤʘʪʨʠʮʳ. ʉʭʝʤʳ 

ʥʘʛʨʫʞʝʥʠʷ ʠ ʬʦʪʦʠʣʣʶʩʪʨʘʮʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʟʘʭʚʘʪʘʭ ʫʩʪʘʥʦʚʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 (ʘ, ʙ).  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʨʝʜʥʸʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ çʩʤʝʱʝʥʠʝ-ʥʘʛʨʫʟʢʘè ʜʣʷ ʪʨʸʭ ʩʝʨʠʡ ʠʩʧʳʪʘʥʠʡ. 

ʘ  ʙ  

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʳ ʥʘʛʨʫʞʝʥʠʷ ʠ ʬʦʪʦʠʣʣʶʩʪʨʘʮʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʮʘ ʚ 

ʟʘʭʚʘʪʘʭ ʫʩʪʘʥʦʚʢʠ 

ʘ

 

ʙ

 

ʚ

 

ʈʠʩʫʥʦʢ 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ çʥʘʛʨʫʟʢʘ-ʩʤʝʱʝʥʠʝè ʟʘʛʨʫ-

ʞʝʥʥʳʭ ʢʦʥʮʦʚ ʬʠʙʨ: ʘ) ʜʣʷ 1-ʦʡ ʩʝʨʠʠ ʠʩʧʳʪʘʥʠʡ, ʙ) ï ʜʣʷ 2-ʦʡ ʩʝʨʠʠ,  

ʚ) ï ʜʣʷ 3-ʝʡ ʩʝʨʠʠ 
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ɼɺʀɾɽʅʀɽ ʊʆʏʂʀ ʉ ʊʈɽʅʀɽʄ ʇʆ ɺɽʈʊʀʂɸʃʔʅʆʁ 

ʆʂʈʋɾʅʆʉʊʀ 

 

ʐʀʇʋʃʀʅ ʅʀʂʀʊɸ ɸʅɼʈɽɽɺʀʏ 

ʛʨ. ʕʇ-15-2 

ɹʋɿʀʅɸ ʆʃʔɻɸ ʇɽʊʈʆɺʅɸ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʩʚʷʟʴ ʫʜʝʨʞʠʚʘʶʱʘʷ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʢʘ ʪʦʯʢʠ, ʜʚʠʞʝʥʠʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, ʩʠʣʘ ʪʨʝʥʠʷ. 
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ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, 
ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʩʚʷʟʴ ʫʜʝʨʞʠʚʘʶʱʘʷ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ 
ʥʝʧʦʜʚʠʞʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦ-
ʩʪʠ. ɿʥʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ f, ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʝʦʙ-
ʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʪʦʯʢʝ, ʯʪʦʙʳ, ʚʳʭʦʜʷ ʠʟ ʥʘʠʚʳʩʰʝʛʦ ʧʦʣʦʞʝʥʠʷ, ʦʥʘ ʜʦʩʪʠʛ-
ʣʘ ʝʛʦ ʩ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʴʶ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ (f = 0,01; R= 1ʤ) [1]. 

ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʫʛʣʦʤ j, ʢʦʪʦʨʳʡ ʦʙ-

ʨʘʟʫʝʪ ʝʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʠʩʭʦʜʷʱʠʡ ʠʟ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ, ʩ ʚʝʨʪʠʢʘʣʴʶ, 
ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʪʨʘʝʢ-
ʪʦʨʠʠ ʠ ʛʣʘʚʥʫʶ ʥʦʨʤʘʣʴ ʠʤʝʶʪ ʚʠʜ: 

,sin

;cos
2

2

Fmg
dt

dv
m

Nmg
Rv

v
m

-=

+=

j

j

 
ʛʜʝ m ð ʤʘʩʩʘ ʪʦʯʢʠ; Rð ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ; v ð ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ; N ð 

ʥʦʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ; F= f |N| ð ʩʠʣʘ ʪʨʝʥʠʷ. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ: 

.cossin
)(

2

1 22

jj
j

g
R

v
fg

Rd

vd
--=

 
ʈʘʩʢʨʳʚʘʷ ʟʥʘʢ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ, ʧʦʣʫʯʘʝʤ ʣʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠ-
ʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 2v , ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ.  

ɽʩʣʠ .0²N  

),cos(sin
)(

2

1 2
2

jj
j

fgRfv
d

vd
+=+  

ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ 
(ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʝʝ N+) ʠʤʝʶʪ ʚʠʜ: 

),cos)24(sin6(
14

2

2

2

1

2 jjj -+
+

+= - ff
f

gR
eCv f  

).sin2(cos
14
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CN f -
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+
 

ɽʩʣʠ .0<N  

),cos)24(sin6(
14

2

2

2

2

2 jjj --
+

-= ff
f

gR
eCv f  

),cos)24(sin6(
14

3 2

2

2

2 jjj --
+

-=- ff
f

mg
e

R

m
CN f  

ʛʜʝ ʉ1 ʠ ʉ2 ð ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 
ɿʥʘʯʝʥʠʝ ʫʛʣʘ 1j ʧʨʠ ʢʦʪʦʨʦʤ N- ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ ʫʨʘʚ-

ʥʝʥʠʷ: 

,0)sin2(cos3)42( 242 =+-- - jjjp feef ff

 ʣʝʞʘʱʠʤ ʚ ʠʥʪʝʨʚʘʣʝ .2
2

3
pjp <<  

ʇʨʠ 12 jjj <<  ( 2j  ð ʚʪʦʨʘʷ ʪʦʯʢʘ, ʛʜʝ ʨʝʘʢʮʠʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ) ʨʝʘʢʮʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘ, ʢʦʥʩʪʘʥʪʘ ʉ1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ: .0)( 1 =+jN  ɿʥʘʯʝʥʠʝ 2j  

ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ ʫʨʘʚʥʝʥʠʷ 

.0)sin2(cos
14

3
3

2

21 =+
+

-- jjj f
f

g
e

R

C f
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ʂʦʥʩʪʘʥʪʘ ʉ1 ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ 1j ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

.)sin2(cos
14

3
12

1121

jjj f
ef

f

Rg
C -

+
=  

ʀʩʢʦʤʦʝ ʉ2 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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+
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ʅʘ ʫʯʘʩʪʢʝ (0,2j) ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪ ʫʛʣʘ j, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ ʜʣʷ 2v  ʧʨʠ 0<N  ʩ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʉ2: 
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ʆʪʩʶʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ (0=j ): 
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ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ f=0,01, R=1ʤ, v0 ~ 1,73 ʤ/ʩ. 
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ɿɸɼɸʏɸ ɼʀʅɸʄʀʂʀ ʊɺɽʈɼʆɻʆ ʊɽʃɸ ʇʈʀ ʅɸʃʀʏʀʀ ʉʀʃ  

ʉʋʍʆɻʆ ʊʈɽʅʀʗ 

 

ʐʀʇʋʃʀʅ ʅʀʂʀʊɸ ɸʅɼʈɽɽɺʀʏ 

ʛʨ. ʕʇ-15-2 

ɹʋɿʀʅɸ ʆʃʔɻɸ ʇɽʊʈʆɺʅɸ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʦ ʧʣʦʩʢʦʤ ʜʚʠʞʝʥʠʠ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʦʙʨʫʯʘ (ʜʠʩʢʘ) ʧʦ ʰʝʨʦʭʦʚʘʪʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʜʠʩʢʘ, ʩʠʣʘ ʪʨʝ-

ʥʠʷ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʦ ʧʣʦʩʢʦʤ ʜʚʠʞʝʥʠʠ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ 

ʦʙʨʫʯʘ (ʜʠʩʢʘ) ʧʦ ʰʝʨʦʭʦʚʘʪʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ.  

I .  ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ʂ ʦʜʥʦʨʦʜʥʦʤʫ ʢʨʫʛʦʚʦʤʫ ʦʙʨʫʯʫ ʤʘʩʩʳ M, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʢʘʪʠʪʴʩʷ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʡ ʧʣʦʩʢʦʩʪʠ, ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʘ ʪʦʯʝʯʥʘʷ ʤʘʩʩʘ ʪ 

(ʩʤ. ʨʠʩ. 1). ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʦʙʨʫʯ ʧʦʢʦʠʣʩʷ, ʠ ʤʘʩʩʘ ʪ ʟʘʥʠʤʘʣʘ ʥʘʠʚʳʩ-

ʰʝʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʟʘʪʝʤ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʡ ʠʤʧʫʣʴʩ ʚʳʚʝʣ ʩʠʩʪʝʤʫ ʠʟ ʧʦʣʦ-

ʞʝʥʠʷ ʵʪʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʉʯʠʪʘʷ ʟʘʜʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ¤=k  ʧʨʠ ʢʦʥ-

ʪʘʢʪʝ ʦʙʨʫʯʘ ʩ ʧʣʦʩʢʦʩʪʴʶ, ʠʩʩʣʝʜʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ [1]. 

 
ʈʠʩʫʥʦʢ 1. ʆʜʥʦʨʦʜʥʳʡ ʦʙʨʫʯ ʤʘʩʩʳ M ʩ ʪʦʯʝʯʥʦʡ ʤʘʩʩʦʡ m 

II. ʌʦʨʤʫʣʠʨʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ Mm/=l , ʠ ʧʫʩʪʴ r  ð ʨʘʜʠʫʩ ʦʙʨʫʯʘ, jð 

ʦʙʦʙʱʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʦʙʨʫʯʘ, ʦʪʩʯʠʪʳʚʘʝ-

ʤʳʡ ʦʪ ʚʝʨʪʠʢʘʣʠ. ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ ¤=k ,  ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ 

ʫʪʚʝʨʞʜʝʥʠʷ: 

ʋʪʚʝʨʞʜʝʥʠʝ 1. ɽʩʣʠ 13¢l  ʪʦ ʜʚʠʞʝʥʠʝ ʦʙʨʫʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʠʩʪʦʝ 

ʢʘʯʝʥʠʝ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʜʘʶʪʩʷ 

ʬʦʨʤʫʣʘʤʠ: 
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ʋʪʚʝʨʞʜʝʥʠʝ 2. ɽʩʣʠ 13>l  ʪʦ ʜʚʠʞʝʥʠʝ ʦʙʨʫʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʠʩʪʦʝ 

ʢʘʯʝʥʠʝ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʣʠʰʴ ʥʘ ʠʥʪʝʨʚʘʣʝ [ ]*,0jjÍ , ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʬʦʨʤʫʣʘʤʠ (1), ʛʜʝ *arccosz=j , a *z  ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʨ-

ʥʝʤ ʥʘ ʠʥʪʝʨʚʘʣʝ [ ]0,1-Íz  ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

0)
2

5
31()23()

2

5
2( 22323233 =++++++++ llllllll zzz  

ɼʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ ʦʙʨʫʯʘ ʷʚʣʷʝʪʩʷ ʢʘʯʝʥʠʝʤ ʩ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʫʣʝʚʦʡ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʝ ʨʝʘʢʮʠʠ ʠ ʥʝʥʫʣʝʚʦʡ ʩʠʣʝ ʪʨʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ (ʪ. ʝ. ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʝ ʨʝʘʢʮʠʠ), ʧʨʠʯʝʤ ʪʦʯʢʘ ʢʦʥʪʘʢʪʘ ʦʙʨʫʯʘ ʩ 

ʧʣʦʩʢʦʩʪʴʶ ʩʢʦʣʴʟʠʪ ʚ ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ ʦʙʨʫʯʘ. ɿʘʢʦʥ ʜʚʠʞʝʥʠʷ ʦʙʨʫʯʘ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 
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 (3)ʛʜʝ *j  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

(1) ʧʨʠ *jj= . 

ʊʘʢʦʝ ʜʚʠʞʝʥʠʝ ʦʙʨʫʯʘ ʟʘʢʦʥʯʠʪʩʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ pj= , ʠ 

ʦʢʨʝʩʪʥʦʩʪʴ pj=  ʦʙʨʫʯ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʚ ʨʝʞʠʤʝ ʯʠʩʪʦʛʦ ʢʘʯʝʥʠʷ. ɼʘʣʴʥʝʡ-

ʰʝʝ ʜʚʠʞʝʥʠʝ ʦʙʨʫʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠ ʟʜʝʩʴ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ.  

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʩʭʦʜʘ ʩʦ ʩʚʷʟʠ (ʪ. ʝ. çʧʦʜʧʨʳʛʠʚʘʥʠʝè ʦʙʨʫʯʘ) ʧʨʠ *jj>  

ʧʨʠʚʦʜʠʪ ʢ ʧʘʨʘʜʦʢʩʫ (ʇʵʥʣʝʚʝ) ʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ. 
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Abstract: the paper considers the classical problem about the two-dimensional motion of the 

unbalanced hoop (disc) on a rough horizontal plane. 

Keywords: dynamics of rigid body, two-dimensional motion of the disc, friction. 

 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸʇʈʗɾɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʆʇʆʈʅʆɻʆ 

 ʈʆʃʀʂɸ ɺʈɸʑɸʖʑɽʁʉʗ ʇɽʏʀ ʆɻʅɽʋʇʆʈʅʆɻʆ  

ʇʈʆʀɿɺʆɼʉʊɺɸ 

 

ʄʗɻʂʆɺ ɸʅɼʈɽʁ ʉɽʈɻɽɽɺʀʏ  

ʛʨ. ʄʆ-14-1 

ʃʀʍɸʏɽɺ ɻɽʅʅɸɼʀʁ ɺʃɸɼʀʄʀʈʆɺʀʏ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ ʦʧʦʨʥʦʛʦ 

ʨʦʣʠʢʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ ʦʛʥʝʫʧʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʦʨʥʳʡ ʨʦʣʠʢ, ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʦʨʥʳʝ ʨʦʣʠʢʠ ʠʩʧʳʪʳʚʘʶʪ ʢʦʥʪʘʢʪʥʳʝ 

ʥʘʛʨʫʟʢʠ ʩʦ ʩʪʦʨʦʥʳ ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʥʠʭ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʧʦʨʥʳʭ ʨʦʣʠʢʘʭ ʚʨʘʱʘʶ-

ʱʝʡʩʷ ʧʝʯʠ ʦʛʥʝʫʧʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʣʠ 35ʃ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʧʦʨʥʳʝ ʨʦʣʠʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʩʭʝʤʫ ʤʥʦʛʦʧʨʦʣʝʪʥʦʡ ʙʘʣʢʠ, ʟʘʛʨʫʞʝʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʡ ʦʧʦʨ. ʋʩʠ-

ʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʢʘʞʜʳʡ ʨʦʣʠʢ, ʨʘʩʢʣʘʜʳʚʘʣʠ ʥʘ ʥʦʨʤʘʣʴʥʫʶ ʢ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʨʦʣʠʢʘ ʩʦʩʪʘʚʣʷʶʱʫʶ Pnz ʠ ʢʘʩʘʪʝʣʴʥʫʶ Pny (ʨʠʩ. 1). ʂʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝ-

ʥʠʷ ʦʪ ʜʝʡʩʪʚʠʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʠʣʠʡ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ ɻʝʨʮʘ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʨʠ ʢʦʥʪʘʢʪʝ ʮʠʣʠʥʜʨʦʚ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ (ʜʣʠʥʘ ʨʦʣʠʢʘ 420 ʤʤ) ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʜʣʠʥʝ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ ʥʘʛʨʫʟʢʠ ʥʝʨʘʚʥʦʤʝʨʥʘ: ʢ 

ʢʦʥʮʘʤ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ ʦʥʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʥʘ 25%, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡ-

ʰʠʡ ʨʘʩʯʝʪ ʚʝʣʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ (ʢʨʘʝʚʳʭ) ʪʦʯʝʢ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢ=1,25. ʂʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʯʠʪʘʣʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ. ʕʢʚʠʚʘ-

ʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʪʨʝʪʴʝʡ ʛʠʧʦʪʝʟʝ ʧʨʦʯʥʦʩʪʠ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫ-

ʙʠʥʝ ʨʦʣʠʢʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʪʦʯʝʢ. ʅʘ ʛʨʘʬʠʢʝ ʧʨʦʚʝʜʝʥʳ ʧʨʷʤʳʝ, ʫʢʘ-

ʟʳʚʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʦʚ ʪʝʢʫʯʝʩʪʠ (s02) ʠ ʧʨʦʯʥʦʩʪʠ (sɺ) ʜʣʷ ʩʪʘʣʠ 35ʃ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ ʠ 

ʨʝʟʢʦ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 1 ʤʤ, ʘ ʢʨʘʷ ʨʦʣʠʢʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩ-

ʥʳʤʠ ʪʦʯʢʘʤʠ. 
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       ʆʧʦʨʥʦʝ ʢʦʣʴʮʦ ʧʝʯʠ 

 

ʈʦʣʠʢʠ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸʇʈʗɾɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ  

ʈɸɼʀɸʎʀʆʅʅʆʁ ʊʈʋɹʓ U-ʆɹʈɸɿʅʆʁ ʌʆʈʄʓ 

 

ɻʆʃʆɺʏɽʅʂʆ ʈʆʄɸʅ ɺʃɸɼʀʄʀʈʆɺʀʏ 

ʛʨ. ʄʈ-14-1 

ʄɸʈʂʆɺ ɹʆʈʀʉ ɸʅɸʊʆʃʔɽɺʀʏ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

 
ɸʥʥʦʪʘʮʠʷ: ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʧʶʨʳ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʩʝʯʝʥʠʷʤʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʪʨʫʙʳ U-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. ʈʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʚʘʨʥʳʭ ʰʚʘʭ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ ʥʘʠʙʦʣʴʰʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʘʮʠʦʥʥʘʷ ʪʨʫʙʘ, ʵʧʶʨʘ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʦʧʘʩʥʦʝ ʩʝʯʝ-

ʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʥʘʧʨʷʞʝʥʠʷ. 

 

ʈʘʜʠʘʮʠʦʥʥʳʝ ʪʨʫʙʳ (ʨʘʜʠʘʮʠʦʥʥʳʝ ʪʨʫʙʯʘʪʳʝ ʥʘʛʨʝʚʘʪʝʣʠ) U-

ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʝʡ ʚ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʛʨʝʚʘʪʝ-

ʣʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʩʪʦʷʱʠʝ ʠʭ ʉ-ʦʙʨʘʟʥʦʛʦ ʢʦʣʝʥʘ ʠ ʪʨʫʙʥʳʭ ʜʝʪʘʣʝʡ 

ʢʦʨʧʫʩʘ, ʨʠʩ. 1.  

 

ʈʠʩʫʥʦʢ 1. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʜʠʘʮʠ-

ʦʥʥʦʡ ʪʨʫʙʳ U-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ: 1 ï 

ʪʨʫʙʥʳʡ ʢʦʨʧʫʩ, 2 ï ʉ-ʦʙʨʘʟʥʦʝ ʢʦʣʝ-

ʥʦ, 3 ï ʦʧʦʨʘ, 4 ï ʤʦʥʪʘʞʥʳʡ ʢʦʨʦʙ 

 
 

ʈʠʩʫʥʦʢ 2. ʕʧʶʨʘ ʠʟʛʠʙʘʶʱʝ-

ʛʦ ʤʦʤʝʥʪʘ ʧʦ ʜʣʠʥʝ ʨʘʜʠʘʮʠʦʥ-

ʥʦʡ ʪʨʫʙʳ  U-ʦʙʨʘʟʥʦʡ  ʬʦʨʤʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʨʘʩʯʝʪʥʘʷ 

ʩʭʝʤʘ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʜʠʘʮʠʦʥʥʘʷ ʪʨʫʙʘ U-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʢʘʢ ʨʘʤʘ, ʠʤʝʶʱʘʷ ʦʜʥʫ ʧʦʜʚʠʞʥʫʶ ʠ ʜʚʝ ʥʝʧʦʜʚʠʞʥʳʝ (ʞʝʩʪʢʘʷ ʟʘʜʝʣʢʘ) 

ʦʧʦʨʳ, ʥʘʛʨʫʞʝʥʥʘʷ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ. ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʢʘʥʦʥʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʵʧʶʨʘ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʨʠʩ. 2. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʧʶʨʳ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʩʝʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʉ-ʦʙʨʘʟʥʦʛʦ ʢʦʣʝʥʘ ʥʘ ʧʝ-

ʨʝʭʦʜʝ ʦʪ ʠʭ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ (ʨʘʩʪʨʫʙʦʚ) ʢ ʢʨʠʚʦʣʠʥʝʡʥʳʤ. ʆʜʥʘ-

ʢʦ ʨʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʚʘʨʥʳʭ ʰʚʘʭ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ 

ʥʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʪʘʢʦʛʦ ʤʦʱ-

ʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʢʘʢ ʩʚʘʨʥʦʡ ʰʦʚ. ʕʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ 
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ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʧʘʩʥʳʭ ʩʝʯʝʥʠʷʭ ʠ ʩʚʘʨʥʦʤ ʰʚʝ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 3. 

 

ʘ 
 

 ʙ 

 

ʈʠʩʫʥʦʢ 3.ʕʧʶʨʳ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʧʘʩʥʦʤ 

ʫʯʘʩʪʢʝ (ʘ) ʠ ʚ ʩʚʘʨʥʦʤ 

ʰʚʝ  (ʙ) ʩ ʫʯʝʪʦʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ U-ʦʙʨʘʟʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ 

ʩʚʘʨʥʳʤ ʰʚʘʤ. 
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ʄɽʊʆɼ ɻʈɸʅʀʏʅʓʍ ʉʆʉʊʆʗʅʀʁ ɺ ʄɽʍɸʅʀʂɽ 

 

ʉʆʊʅʀʂʆɺ ɸʃɽʂʉɸʅɼʈ ɸʅɼʈɽɽɺʀʏ 

ʛʨ. ɺʄ-15-1 

ʀɺɸʅʓʏɽɺ ɼʄʀʊʈʀʁ ɸʃɽʂʉɽɽɺʀʏ 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

 
ɸʥʥʦʪʘʮʠʷ: ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠʤʝʥʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʧʣʦʩʢʠʭ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʝʣ ʠʟ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʋʢʘʟʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʜʘʣʴʥʝʡʰʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʧʣʦʩʢʠʝ ʟʘʜʘʯʠ, ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʪʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ. 

 

ʄʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ɺ ʩʚʦʝʤ ʨʝʰʝʥʠʠ ʤʝ-

ʪʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʠʠ ʛʠʣʴʙʝʨʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘ ʦʩʥʦʚʫ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʩʚʦʡʩʪʚʘ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʆʩʥʦʚʫ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʶʪ ʧʦ-

ʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ X ʠ ʛʨʘʥʠʯʥʳʭ ɻ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʧʨʷʞʝʥʳ ʠʟʦʤʦʨ-

ʬʠʟʤʦʤ. ʉʪʨʦʠʪʩʷ ʙʘʟʠʩʳ ʵʪʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʷ. 

ɿʘʪʝʤ ʠʩʢʦʤʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʨʷʜ ʧʦ ʵʣʝʤʝʥʪʘʤ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥ-

ʥʦʛʦ ʙʘʟʠʩʘ, ʠ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʦʪʳʩʢʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘ-

ʮʠʠ, ʪʦ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ. 

ɺʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ { }},,{},,,{},,{ xyyxxyyxvu ssseeex=  ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦ-

ʨʘʤʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ, ʪʝʥʟʦʨʦʚ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. ʅʘ 

ʛʨʘʥʠʮʝ ʪʝʣʘ ʥʘʧʨʷʞʝʥʠʷ ʦʩʪʘʚʣʷʶʪ çʩʣʝʜè ʚ ʚʠʜʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʠʣʠʡ 

xp ,
yp , ʢʦʪʦʨʳʝ ʚʢʫʧʝ ʩ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʨʘʟʫʶʪ ʛʨʘ-

ʥʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ { }},{},,{ yx ppvu=g . 

ʂʦʤʧʦʥʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʤ ʧʫʪʝʤ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʝʛʦ ʠʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʩʨʝ-

ʜʳ, ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʠ ʪ.ʜ. ʂʦʥʩʪʨʫʠʨʦʚʘ-

ʥʠʝ ʙʘʟʠʩʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ ʩʣʦʞʥʦʩʪʴ ʤʝʪʦʜʘ. 

ʄʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʝʣ ʠʟ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʥʳʤʠ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘ-

ʤʠ. ɼʣʷ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʈʝʰʝʥʳ ʧʣʦʩʢʠʝ ʟʘʜʘʯʠ ʩʪʘʪʠʢʠ ʜʣʷ ʦʜʥʦʩʚʷʟʥʦʡ 

ʠ ʤʥʦʛʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ, ʟʘʜʘʯʠ ʨʘʚʥʦʚʝʩʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦ ʥʘʛʨʫʞʝʥʥʦʛʦ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʙʦʙʱʝʥʥʘʷ ʟʘʜʘʯʘ ʉʝʥ-ɺʝʥʘʥʘ ʜʣʷ ʪʝ-

ʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʦʙʱʝʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʟʠʩʦʚ ʩʦʩʪʦʷʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʭ ʪʝʣ. 
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ɸʥʥʦʪʘʮʠʷ: ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʨʝʰʝ-

ʥʠʡ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ï ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚʩʝ ʧʘʨʘ-

ʤʝʪʨʳ ʟʘʜʘʯʠ. ʄʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʟʦʪʨʦʧʥʦʛʦ ʰʘʨʘ ʚ ʨʘʤʢʘʭ ʧʝʨʚʦʡ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʤ-

ʧʴʶʪʝʨʥʘʷ ʘʣʛʝʙʨʘ, ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

 

ʇʦʣʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ (ʇʇʈ) ʥʘʟʳʚʘʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʚ ʢʦʪʦʨʦʤ ʬʠʛʫʨʠʨʫʶʪ ʚʩʝ ʧʘ-

ʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʚ ʷʚʥʦʤ ʚʠʜʝ. 

ʅʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʩʦʩʪʘʚʣʷʶʪ: 

1) ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ; 2) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣʘ; 3) ʧʘʨʘʤʝʪʨʳ ʛʨʘʥʠʯ-

ʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʇʇʈ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʚʟʘʠʤʦʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʜʝʡʩʪʚʠʡ: 

1) ʢʦʨʨʝʢʪʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ;  

2) ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʝʪʨʠʠ 

ʪʝʣʘ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ɻʋ); 

3) ʚʳʙʦʨ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ; 

4) ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʥʦʡ ʬʦʨʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ɻʋ; 

5) ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. 

ɿʘʜʘʯʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩ ʟʘʜʘʥ-

ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʜʣʷ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ. ʊʨʝʙʫʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) ʚ ʪʝʣʝ. 

ʇʨʦʮʝʜʫʨʘ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ Pïʪʝʦʨʝʤʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʚʳʙʨʘʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʩʦ-

ʩʪʦʷʥʠʡ (ʄɻʉ): ʦʥ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʢʦʤʧʴʶʪʝʨʥʫʶ ʘʣʛʝʙʨʫ ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʦ-

ʩʪʘʪʦʯʥʳʤ. ʃʶʙʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʠʚʦʜʠʪʩʷ ʢ 

ʙʝʩʢʦʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ qc=Q  ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ 

kc . ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʫʯʘʩʪʠʷ ʚ ɻʋ ʣʠʰʴ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ *
0p  ʵʪʘʣʦʥʥʦʝ ʨʝ-

ʰʝʥʠʝ Eq  ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʧʨʠ ʝʛʦ ʝʜʠʥʠʯʥʦʤ ʟʥʘʯʝʥʠʠ, ʪʦʛʜʘ Eqpq *
0= . ʇʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʄɻʉ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ kn  ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʩʪʨʦʠʪʩʷ 
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Abstract: the methodology of construction of the full parametrical solutions of boundary 

problems of the theory of elasticity ï analytical solutions, containing all of the parameters of the 
problem is proposed. The method is applied for finding stress-strain state of isotropic ball in the 
first main task. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢ-

ʪʘ 16-41-480729 çʨ_ʘè. 
 
 

 

ʅɸɼɽɾʅʆʉʊʔ (ʅɸʏɸʃʔʅɸʗ ɹɽɿʆʊʂɸɿʅʆʉʊʔ)  

ʉʊɸʃʔʅʆɻʆ ʈɸʉʊʗʅʋʊʆɻʆ ʉʊɽʈɾʅʗ 

 

ʄɸʃʗɺʀʅ ɽɺɻɽʅʀʁ ɸʅɼʈɽɽɺʀʏ 

ʛʨ. ɺʄ-15-1 

ʄʆʀʉɽɽɺ ʅʀʂʆʃɸʁ ɺɸʃɽʈʔɽɺʀʏ 

ʛʨ. ʊʕ-15-1 

ʏɽʈʅʆʋʉʆɺ ʅʀʂʆʃɸʁ ʅʀʂʆʃɸɽɺʀʏ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʨʘʩʯʸʪʘ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʨʘʩʪʷʥʫʪʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩ ʫʯʸʪʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʚʝʣʠʯʠʥʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʜʝʞʥʦʩʪʴ, ʨʘʩʪʷʞʝʥʠʝ, ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ. 

 

ʇʨʦʚʝʨʠʤ ʥʘʜʝʞʥʦʩʪʴ (ʥʘʯʘʣʴʥʫʶ ʙʝʟʦʪʢʘʟʥʦʩʪʴ) ʩʪʘʣʴʥʦʛʦ ʨʘʩʪʷʥʫʪʦʛʦ 

ʩʪʝʨʞʥʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʨʘʩʯʝʪʥʦʝ ʫʩʠʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʚ ʩʪʝʨʞʥʝ, 

N=16 ʢʅ, ʜʦʧʫʩʢʘʝʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ [ů]=160 ʄʇʘ. 

ʇʦ ʫʩʣʦʚʠʶ ʧʨʦʯʥʦʩʪʠ ʪʨʝʙʫʝʤʦʝ ʩʝʯʝʥʠʝ ʩʪʝʨʞʥʷ ʙʫʜʝʪ 

]¢s[ʥʝʪʪʦAN                                            (1) 
210016016000[ ʤʤNɸʥʝʪʪʦ ==]² s  

ʆʧʨʝʜʝʣʠʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ Sɼ[ů] c ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʥʯʠʚʦʩʪʠ: 

ɺʣʠʷʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘʛʨʫʟʢʠ N ʧʨʠ SN = 1,6 ʢʅ 

ʀʟ ʚʳʨʘʞʝʥʠʷ (1) 

( );101,010011 2ʤʤANʌ ʥʝʪʪʦ ===µµ  ʄʇʘSNʌS NN 16160001,0' =Ö=µµ=  

ɺʣʠʷʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʝʣʠʯʠʥʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ɸ ʧʨʠ Sɸ = 20ʤʤ
2. 

ʇʦ ʬʦʨʤʫʣʝ (1): ;/6,1)100(16000 222 ʤʤʄʇʘANAʌ ʥʝʪʪʦʥʝʪʪʦ -=-=-=µµ  

ʄʇʘSAʌS
ʥʝʪʪʦʥʝʪʪʦ ɸʥʝʪʪʦɸ 32206,1' =Ö=µµ=  

ʉʫʤʤʘʨʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ (ʜʦʧʫʩʢʘʝʤʦʛʦ) ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

( ) ( ) ( ) ;8,3532)16(
222'2'

][ ʄʇʘSSS
ʥʝʪʪʦANɼ =+=+=s  ʠʣʠ 22,4% ʦʪ [ů]. 

ɺʝʨʦʷʪʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʪʝʨʞʥʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʯʥʦʩʪʠ. ɼʦʧʫʩʢʘʝʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʦʨʤʘ-

ʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ                    

[] knÖ=ss , ʦʪʩʶʜʘ ʧʨʠ k = 0,67 

[]
ʄʇʘn 240

67,0

160

k
===

s
s , 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ ʜʣʷ ʩʪʘʣʠ ʤʘʨʦʢ ʩʪ. 3 ʠ ʩʪ. 4. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʝʨʞʥʝ ʧʨʝʚʳʩʷʪ ʵʪʫ 

ʚʝʣʠʯʠʥʫ, ʪʦ ʥʘʩʪʫʧʠʪ ʥʝʜʦʧʫʩʪʠʤʦʝ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪ. ʝ. ʧʨʠ nʜ ss >  

ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʪʝʨʷʝʪ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɺʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ, ʪ. 

ʝ. ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʚ ʩʪʝʨʞʥʝ ʪʝʢʫʯʝʩʪʠ, ʦʧʨʝʜʝʣʠʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

( )
[]

[]

,
2

1

2

1
ö
ö
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õ

æ
æ

ç

å -
-=>

s

ss
ss

ɼ
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S
ʌP  

ʛʜʝ []s  ð ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪ. ʝ. ʩʨʝʜʥʷʷ 

ʨʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʤ ʧʫʪʝʤ; ʌ - ʬʫʥʢʮʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʬʫʥʢʮʠʷ ʃʘʧʩʘʩʘ-

ɻʘʫʩʩʘ).  

ʇʨʠ ʟʘʜʘʥʥʳʭ ʚʝʣʠʯʠʥʘʭ 
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( ) ( ) 013,0487,05,023,2
2

1

2

1

8,35

160240

2

1

2

1
=-=-=ö

÷

õ
æ
ç

å -
-=> ʌʌP nʜ ss , ʠʣʠ 1,3%. 

ɸ ʥʘʜʝʞʥʦʩʪʴ (ʥʘʯʘʣʴʥʘʷ ʙʝʟʦʪʢʘʟʥʦʩʪʴ) ʩʪʝʨʞʥʷ: ʅ=1-ʈ=1-0,013=0,987. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʩʪʝʨʞʥʷ ʚ ʥʝʜʦʧʫʩʪʠʤʦʝ ʧʨʝʜʝʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʟʘʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩ ʫʯʝʪʦʤ ʠʭ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 1,3%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʧʨʠʥʷʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʧʘʩʘ n = 

240/160=1,5 ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩʩʯʠʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʤʝʨʥʦ ʚ 13 ʩʣʫʯʘʷʭ ʠʟ 

1000 ʧʨʝʚʟʦʡʜʫʪ ʜʦʧʫʩʢʘʝʤʳʝ. ʊʘʢʦʡ ʧʨʦʮʝʥʪ ʨʠʩʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʫʱʝʥ, ʠ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʪʝʨʞʥʷ ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʩʦʟʜʘʪʴ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʫʶ ʠʟʤʝʥ-

ʯʠʚʦʩʪʴ ʥʘʛʨʫʟʢʠ ʠ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ, ʣʠʙʦ ʫʚʝʣʠʯʠʪʴ ʨʘʩʯʝʪʥʦʝ ʩʝʯʝʥʠʝ ʩʪʝʨʞ-

ʥʷ. 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʋɼɸʈʅʆɻʆ ɺɹʀɺɸʅʀʗ ʐʇʃʀʅʊɸ 

 

ʅɸɿɸʈʆɺɸ ʊɸʊʔʗʅɸ ʇɽʊʈʆɺʅɸ 

ʛʨ. ʉɸʋ-15 

ʂʋɿʔʄɽʅʂʆ ɺɸʉʀʃʀʁ ʀɺɸʅʆɺʀʏ 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʧʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚʙʠʚʘʥʠʷ ʘʙʩʦʣʶʪʥʦ 

ʞʝʩʪʢʦʛʦ ʰʧʣʠʥʪʘ ʚ ʦʪʚʝʨʩʪʠʝ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʤ ʪʝʣʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʜʝʣʘʝʪʩʷ 

ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

 

ɺ ʨʘʙʦʪʝ ʜʘʥ ʦʮʝʥʦʯʥʳʡ ʨʘʩʯʝʪ ʚʙʠʚʘʥʠʷ ʞʝʩʪʢʦʛʦ ʰʧʣʠʥʪʘ ʚ ʦʪʚʝʨʩʪʠʝ 

ʥʝʤʥʦʛʦ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʦʤ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ. 

ʇʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʧʦʜʦʙʥʫʶ ʟʘʜʘʯʝ ʚʙʠʚʘʥʠʷ ʛʚʦʟʜʷ, ʩ 

ʦʯʝʥʴ ʦʩʪʨʳʤ ʢʦʥʮʦʤ. ʈʘʟʙʠʚʘʝʤ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʇʝʨʚʘʷ ʯʘʩʪʴ 

ï ʫʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʇʨʠʤʝʥʷʝʤ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʫʜʘʨʥʦʛʦ ʠʤ-

ʧʫʣʴʩʘ ʜʣʷ ʩʠʩʪʝʤʳ ʤʦʣʦʪ - ʰʧʣʠʥʪ. ʋʜʘʨ ʩʯʠʪʘʝʤ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ 
1

0 )( umMMv +=  

ʉʣʝʜʫʶʱʘʷ ʯʘʩʪʴ ï ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʰʧʣʠʥʪʘ ʠʟ ʩʦʩʪʦʷʥʠʷ 

ʧʦʢʦʷ. ʉʯʠʪʘʝʤ, ʯʪʦ ʥʘ ʰʧʣʠʥʪ ʜʝʡʩʪʚʫʝʪ ʦʩʥʦʚʥʘʷ ʥʘʛʨʫʟʢʘ - ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʛʣʫʙʠʥʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʙʠʚʘʥʠʷ. ɺʣʠʷʥʠ-

ʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʫʜʘʨʥʦʡ ʩʠʣʦʡ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʰʧʣʠʥʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 
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ɺ ʤʦʤʝʥʪ ʦʩʪʘʥʦʚʢʠ ʰʧʣʠʥʪʘ ʛʣʫʙʠʥʘ ʧʨʦʜʚʠʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣ ʚʳʨʘʞʘʝʪ-

ʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʙʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʜʘʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʛʣʫʙʠʥʳ ʧʨʦ-

ʥʠʢʘʥʠʷ. 
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ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʫʯʴʝʚ ʩʝʢʪʦʨʦʚ-ʰʪʘʤʧʦʚ 

ʜʣʷ ʚʘʣʴʮʦʚʢʠ ʟʘʛʦʪʦʚʦʢ ʚ ʩʠʩʪʝʤʝ ʦʚʘʣʴʥʳʭ ʠ ʢʨʫʛʣʳʭ ʢʘʣʠʙʨʦʚ. ʄʝʪʦʜʠʢʘ ʫʯʠʪʳʚʘ-
ʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʫʰʠʨʝʥʠʷ ʟʘʛʦʪʦʚʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʷʯʘʷ ʚʘʣʴʮʦʚʢʘ, ʢʨʫʛʣʳʝ ʟʘʛʦʪʦʚʢʠ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʫʰʠʨʝʥʠʷ, ʩʝʢʪʦʨʘ-ʰʪʘʤʧʳ, ʦʚʘʣʴʥʳʝ ʢʘʣʠʙʨʳ. 

 

ʇʨʦʮʝʩʩ ʚʘʣʴʮʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʛʦʪʦʚʢʠ ʚ ʨʫʯʴʷʭ 

ʩʝʢʪʦʨʦʚ-ʰʪʘʤʧʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʚʨʘʱʘʶʱʠʭʩʷ ʚʘʣʢʘʭ ʢʦʚʦʯʥʳʭ ʚʘʣʴʮʦʚ 

[1-5]. 
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ʀʟʫʯʝʥʠʝ ʫʰʠʨʝʥʠʷ ʧʨʠ ʚʘʣʴʮʦʚʢʝ ʟʘʛʦʪʦʚʦʢ ʚ ʦʚʘʣʴʥʳʭ ʢʘʣʠʙʨʘʭ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʪ ʫʰʠʨʝʥʠʷ ʟʘʚʠʩʠʪ ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʚʳʪʷʞʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʣʴʮʦʚʢʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʢʘʣʠʙʨʝ [1, 2]. ʋʰʠ-

ʨʝʥʠʝ ʥʝʦʜʠʥʘʢʦʚʦ ʧʦ ʜʣʠʥʝ ʚʘʣʴʮʫʝʤʦʛʦ ʫʯʘʩʪʢʘ. ɺʙʣʠʟʠ ʥʝʦʙʞʠʤʘʝʤʳʭ ʛʦ-

ʣʦʚʦʢ ʟʘʛʦʪʦʚʢʠ ʜʝʬʦʨʤʘʮʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ, ʪʘʢ ʢʘʢ ʛʦʣʦʚʢʠ ʦʢʘʟʳʚʘʶʪ ʩʜʝʨ-

ʞʠʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʰʠʨʝʥʠʝ ʤʝʪʘʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʦʟʤʦʞʥʦ ʥʝʟʘ-

ʧʦʣʥʝʥʠʝ ʨʫʯʴʝʚ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʢʨʫʛʣʦʤ ʢʘʣʠʙʨʝ ʚʙʣʠʟʠ ʛʦʣʦʚʦʢ (ʨʠʩ. 1). 

 ɺʣʠʷʥʠʝ ʛʦʣʦʚʦʢ ʥʘ ʪʝʯʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʙʞʠʤʘʝʤʦʛʦ ʫʯʘʩʪ-

ʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ. ɿʜʝʩʴ ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨ-

ʥʳʤ, ʠ ʦʚʘʣʴʥʘʷ ʟʘʛʦʪʦʚʢʘ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʰʠʨʠʥʫ. ʇʦʵʪʦʤʫ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʫʯʘʩʪʢʘ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʢʦʚʦʛʦ ʟʘʫʩʝʥʮʘ ʧʨʠ ʚʘʣʴʮʦʚʢʝ ʚ ʧʦʩʣʝʜʫʶ-

ʱʝʤ ʢʨʫʛʣʦʤ ʠʣʠ ʢʚʘʜʨʘʪʥʦʤ ʢʘʣʠʙʨʝ (ʨʠʩ. 1). 

 
                              ʘ                                                        ʙ 

ʈʠʩʫʥʦʢ 1. ɺʘʣʴʮʦʚʘʥʥʘʷ ʟʘʛʦʪʦʚʢʘ ʩ ʫʯʘʩʪʢʘʤʠ ʥʝʟʘʧʦʣʥʝʥʠʡ ʠ ʙʦʢʦʚʳʤ 

ʟʘʫʩʝʥʮʝʤ ʚʦ ʚʪʦʨʦʤ ʧʝʨʝʭʦʜʝ:  

ʘ ï 1-ʡ ʧʝʨʝʭʦʜ ʧʦ ʩʭʝʤʝ ʢʨʫʛ-ʦʚʘʣ; ʙ ï 2-ʡ ʧʝʨʝʭʦʜ ʧʦ ʩʭʝʤʝ ʦʚʘʣ-ʢʨʫʛ 

ʈʘʩʯʝʪ ʚʘʣʴʮʦʚʢʠ ʚ ʦʚʘʣʴʥʦʤ ʢʘʣʠʙʨʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʳʪʷʞʢʠ 1,3l<  

ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʝʪʦʜʠʢʝ ɺ.ʂ. ʉʤʠʨʥʦʚʘ [1]. ʇʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʝʥʥʦʝ ʫʰʠʨʝʥʠʝ ʦʢʦʣʦ ʥʝʦʙʞʠʤʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʟʘʛʦʪʦʚʢʠ ʤʦʞʥʦ 

ʫʩʧʝʰʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʥʳʤ ʨʘʜʠʫʩʦʤ ʩʢʨʫʛʣʝʥʠʷ ʚ ʧʝʨʝʭʦʜʥʳʭ ʯʘ-

ʩʪʷʭ ʨʫʯʴʷ ʩʝʢʪʦʨʘ-ʰʪʘʤʧʘ (ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʨʫʯʴʷ). 

ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ 1,3l> , ʪʦ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʢʦʚʦʛʦ 

ʟʘʫʩʝʥʮʘ ʠ ʚ ʩʘʤʦʤ ʦʚʘʣʴʥʦʤ ʢʘʣʠʙʨʝ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʫʰʠʨʝʥʠʷ ʧʨʠ ʩʪʘʮʠʦʥʘʨ-

ʥʦʤ ʪʝʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʙʞʠʤʘʝʤʦʛʦ ʫʯʘʩʪʢʘ. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ 

ʟʘʧʦʣʥʝʥʠʷ  ʦʚʘʣʴʥʦʛʦ ʢʘʣʠʙʨʘ 1 0,8d>  ʠ ʜʦʩʪʠʛʘʝʪ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

1,0d= . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʚʘʣʴʥʳʭ ʚʳʪʷʞʥʳʭ ʢʘʣʠʙʨʦʚ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʫʰʠʨʝʥʠʷ ʧʦ ʜʣʠʥʝ ʟʘʛʦʪʦʚʢʠ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʨʫʯʴʷ, ʧʨʝʜʣʦʞʝʥʦ ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʫʯʘ-

ʩʪʦʢ 1L  ʨʘʟʜʝʣʠʪʴ ʥʘ ʫʯʘʩʪʢʠ ʜʣʠʥʦʡ ɼL  ʠ 2L  (ʨʠʩ. 1). ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʠ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʚʘʣʴʮʦʚʘʥʥʦʡ ʟʘ-

ʛʦʪʦʚʢʠ ʜʣʷ ʩʭʝʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʛ-ʦʚʘʣ-ʢʨʫʛ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ 

ʚʳʩʦʪʫ ʦʚʘʣʴʥʦʛʦ ʢʘʣʠʙʨʘ ʥʘ ʫʯʘʩʪʢʝ 2L , ʪ. ʝ. ʚ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʥʝʦʙʞʠʤʘʝ-
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ʤʳʝ ʛʦʣʦʚʢʠ ʧʝʨʝʩʪʘʶʪ ʦʢʘʟʳʚʘʪʴ ʩʜʝʨʞʠʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʰʠʨʝʥʠʝ ʤʝ-

ʪʘʣʣʘ ʚ ʢʘʣʠʙʨʝ [2]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʩʦʪʳ ʦʚʘʣʴʥʦʛʦ ʢʘʣʠʙʨʘ RH  ʥʘ 

ʫʯʘʩʪʢʝ 2L  ʩ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʧʨʦʮʝʩʩʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠ ʨʘʩʯʝʪʝ ʫʯʠʪʳ-

ʚʘʝʪʩʷ ʰʠʨʠʥʘ ʚʨʝʟʘ ʢʘʣʠʙʨʘ, ʚʳʯʠʩʣʝʥʥʘʷ ʩ ʫʯʝʪʦʤ ʧʨʫʞʠʥʝʥʠʷ ʚʘʣʢʦʚ ʢʦʚʦʯ-

ʥʳʭ ʚʘʣʴʮʦʚ, ʨʘʜʠʫʩ ʢʘʣʠʙʨʘ, ʚʳʩʦʪʘ ʠ ʦʪʥʦʰʝʥʠʝ ʦʩʝʡ ʦʚʘʣʴʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʚʝ-

ʣʠʯʠʥʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʩʝʢʪʦʨʘʤʠ-ʰʪʘʤʧʘʤʠ [1]. 

ɼʣʠʥʫ ʧʝʨʝʭʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ɼL , ʥʘ ʢʦʪʦʨʳʭ ʚʳʩʦʪʘ ʦʚʘʣʴʥʦʛʦ ʢʘʣʠʙʨʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩ ʫʯʝʪʦʤ ʧʨʫʞʠʥʝʥʠʷ ʚʘʣʢʦʚ, ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʦʜʥʫ ʯʝʪ-

ʚʝʨʪʫʶ ʯʘʩʪʴ ʜʣʠʥʳ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʚʘʣʴʮʦʚʢʝ. ʇʨʠ ʵʪʦʤ 

ʫʯʠʪʳʚʘʝʪʩʷ ʜʠʘʤʝʪʨ ʩʝʢʪʦʨʦʚ-ʰʪʘʤʧʦʚ, ʜʠʘʤʝʪʨ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʚʳʩʦʪʘ 

ʦʚʘʣʴʥʦʡ ʟʘʛʦʪʦʚʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʫʯʴʝʚ ʩʝʢʪʦʨʦʚ-

ʰʪʘʤʧʦʚ ʚʥʝʜʨʝʥʘ ʥʘ ʢʫʟʥʝʯʥʦʤ ʟʘʚʦʜʝ ʇɸʆ çʂɸʄɸɿè. 
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ɸʅɸʃʀɿ ʉʋʑɽʉʊɺʋʖʑʀʍ ʈɸʉʏɽʊʅʓʍ ɿɸɺʀʉʀʄʆʉʊɽʁ  

ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʉʀʃ ʇʈʀ ʍʆʃʆɼʅʆʄ ɺʓɼɸɺʃʀɺɸʅʀʀ 

 

ʄɸʅʋʍʀʅ ʄɸʂʉʀʄ ʖʈʔɽɺʀʏ 

ʛʨ. ʄʄɼ-15 

ʆɻɸɼɾɸʅʗʅ ʆʃɽɻ ʀɺɸʅʆɺʀʏ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

 
ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʩʠʣ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʭʦʣʦʜʥʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʠ ʩʜʝʣʘʥʳ ʚʳ-

ʚʦʜʳ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʜʘʚʣʠʚʘʥʠʝ, ʩʠʣʘ, ʜʝʬʦʨʤʘʮʠʷ. 

 

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʝʪʘʣʠ ʪʠʧʘ ʩʪʘʢʘʥ, ʚʪʫʣʢʘ, ʢʦʣʴʮʦ. ɺʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢ ʥʠʤ ʧʨʝʜʲʷʚʣʷʶʪ ʪʨʝʙʦʚʘʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʇʨʠʤʝʥʝ-

ʥʠʝ ʧʨʦʮʝʩʩʦʚ ʭʦʣʦʜʥʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʜʝʪʘʣʝʡ ʠʟ 

ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʩʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʠʤʠ ʫʜʝʣʴʥʳ-

ʤʠ ʩʠʣʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʠʨʫʶʱʝʡ ʩʠʣʳ ʟʘʚʠʩʠʪ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʝʸ ʨʘʩʯʸʪʘ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʷʤʠ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʠʢ.  

ʀ.ɸ. ɹʘʨʘʥʦʚʩʢʠʡ, ʃ.ɸ. ʐʦʬʤʘʥ, ɺ.ʇ. ʂʫʟʥʝʮʦʚ, ɺ.ɽ. ʌʘʚʦʨʩʢʠʡ, ʌ.  ɻʦ-

ʚʘʨʜ, ʂ. ɿʠʙʝʨ, ɺ. ɼʞʦʥʩʦʥ ʠ ʜʨ. ʨʝʢʦʤʝʥʜʫʶʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʚʝʜʝʥʥʳʤʠ ʠʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʬʦʨʤʫʣʘʭ 

ʧʦ-ʨʘʟʥʦʤʫ ʫʯʪʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ ʠ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ, ʚʣʠʷʥʠʝ ʪʨʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʜʘʶʪ ʢʨʘʡʥʝ 

ʟʘʚʳʰʝʥʥʳʝ, ʘ ʜʨʫʛʠʝ ʟʘʥʠʞʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘ-

ʤʠ ʟʥʘʯʝʥʠʷ.  

ɺ ʨʘʙʦʪʘʭ ɸ.ɻ. ʆʚʯʠʥʥʠʢʦʚʘ, ɸ.ʄ. ɼʤʠʪʨʠʝʚʘ, ɺ.ɸ. ɽʚʩʪʨʘʪʦʚʘ ʠ ʜʨ. ʨʘʩ-

ʯʝʪ ʜʝʬʦʨʤʠʨʫʶʱʝʡ ʩʠʣʳ ʚʳʧʦʣʥʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʉʦʛʣʘʩʥʦ 

ʵʪʦʤʫ ʤʝʪʦʜʫ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʟʦʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʜʙʠʨʘʶʪ 

ʧʦʜʭʦʜʷʱʠʝ ʬʫʥʢʮʠʠ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠ-

ʷʤ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʦʜʩʪʘʥʦʚʢʘ ʚ ʦʩʥʦʚʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʫ-

ʝʪʩʷ ʚʣʠʷʥʠʝ ʩʭʝʤʳ ʨʘʟʙʠʝʥʠʷ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ ʩʠʣʳ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʭʝʤ ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʢʘʟʘʣ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʫʚʝʣʠʯʝ-

ʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʟʘ ʩʯʸʪ ʩʦʟʜʘʥʠʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʝʛʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʯʘʩʪʝʡ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ-

ʚʝʜʝʥʠʝʤ ʚ ʜʚʠʞʝʥʠʝ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ. ʉ 
ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʜʘʚʣʠʚʘʥʠʷ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ QForm. 
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ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʘ ʛʦʨʷʯʘʷ ʚʘʣʴʮʦʚʢʠ ʟʘʛʦʪʦʚʦʢ ʚ ʢʘʣʠʙʨʘʭ. ʇʨʠʚʝʜʝʥʳ 
ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʢʦʚʦʛʦ ʟʘʫʩʝʥʮʘ ʥʘ ʧʝʨʝʭʦʜʥʳʭ 

ʫʯʘʩʪʢʘʭ ʟʘʛʦʪʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʷʯʘʷ ʚʘʣʴʮʦʚʢʘ, ʩʝʢʪʦʨʘ-ʰʪʘʤʧʳ, ʢʨʫʛʣʳʝ ʠ ʢʚʘʜʨʘʪʥʳʝ 

ʢʘʣʠʙʨʳ, ʧʝʨʝʭʦʜʥʳʝ ʫʯʘʩʪʢʠ, ʙʦʢʦʚʦʡ ʟʘʫʩʝʥʝʮ, ʩʨʝʟʘʥʠʝ ʪʫʧʦʛʦ ʫʛʣʘ. 

 

ʇʨʦʮʝʩʩ ʚʘʣʴʮʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʛʦʪʦʚʢʠ ʤʝʞʜʫ ʚʨʘ-

ʱʘʶʱʠʤʠʩʷ ʩʝʢʪʦʨʘʤʠ-ʰʪʘʤʧʘʤʠ (ʨʠʩ. 1) [1-5]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʢʘʪʢʠ ʥʘ ʨʘ-

ʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʘʣʢʦʚ ʚʳʨʝʟʘʥʳ ʨʫʯʴʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ ʧʦʣʫʯʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʧʦʢʦʚʢʠ. 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʚʘʣʴʮʦʚʢʠ: 

1 - ʟʘʛʦʪʦʚʢʘ, 2 ï ʩʝʢʪʦʨʘ-ʰʪʘʤʧʳ, 3 ï ʨʫʯʴʠ, 4 ï ʚʘʣʢʠ, 5 - ʢʣʝʱʠ 

ɺʘʣʴʮʦʚʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʦʜʠʥ, ʜʚʘ, ʪʨʠ ʠʣʠ ʯʝʪʳʨʝ ʧʝʨʝʭʦʜʘ. 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʠʟ ʨʫʯʴʷ ʚ ʨʫʯʝʡ ʟʘʛʦʪʦʚʢʘ ʢʘʥʪʫʝʪʩʷ (ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚʦʢʨʫʛ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ) ʥʘ 90Á. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʟʘʛʦʪʦʚʢʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʣʫ-

ʯʘʝʪʩʷ ʬʘʩʦʥʥʘʷ ʟʘʛʦʪʦʚʢʘ. ʌʦʨʤʘ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʚʘʣʴʮʦʚʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʦʩʪʠ ʰʪʘʤʧʘ ʩ ʚʦʟʤʦʞʥʦ ʤʝʥʴʰʠʤ 

ʨʘʩʭʦʜʦʤ ʤʝʪʘʣʣʘ ʚ ʦʙʣʦʡ ʧʨʠ ʛʦʨʷʯʝʡ ʦʙʲʝʤʥʦʡ ʰʪʘʤʧʦʚʢʝ ʧʦʢʦʚʦʢ [1, 2]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʘʣʴʮʦʚʢʠ ʥʝʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ 

ʚʩʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʝʯʝʥʠʝ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ. ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʳ ʥʝ-

ʢʦʪʦʨʳʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʚʘʣʴʮʦʚʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʦʪ ʨʘʩʯʝʪʥʳʭ. ʕʪʠ ʦʪ-

ʢʣʦʥʝʥʠʷ ʫʩʪʨʘʥʷʶʪʩʷ ʧʫʪʝʤ ʜʦʚʦʜʢʠ ʚʘʣʢʦʚ-ʰʪʘʤʧʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʪʣʘʜʢʠ. 

ɼʦʚʦʜʢʘ ʠ ʦʪʣʘʜʢʘ ʚʘʣʴʮʦʚʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʪʨʫʜʦʝʤʢʘ ʠ ʜʣʠʪʝʣʴʥʘ ʧʦ ʚʨʝ-

ʤʝʥʠ, ʪʘʢ ʢʘʢ ʚʩʝ ʜʦʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʨʫʯʥʫʶ ʰʣʠʬʤʘʰʠʥʢʦʡ. ʇʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʜʦʚʦʜʠʪʩʷ ʜʦ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʘʣʴʮʦʚʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʢʘʞʜʳʡ ʚʘʣʦʢ ʧʦ 

ʧʝʨʝʭʦʜʘʤ, ʥʘʯʠʥʘʷ ʩ ʧʦʩʣʝʜʥʝʛʦ. ʀʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʥʘʧʣʘʚʢʘ ʨʫʯʴʷ, ʯʪʦ ʝʱʝ ʙʦʣʝʝ 

ʟʘʪʨʫʜʥʷʝʪ ʠ ʫʜʣʠʥʷʝʪ ʧʦ ʚʨʝʤʝʥʠ ʜʦʚʦʜʢʫ ʠʥʩʪʨʫʤʝʥʪʘ [2]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʢʦʚʦʛʦ ʟʘʫʩʝʥʮʘ ʚ ʤʝʩʪʘʭ ʧʝʨʝʭʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʚ ʢʨʫʛʣʳʭ ʠʣʠ ʢʚʘʜʨʘʪʥʳʭ ʢʘʣʠʙʨʘʭ (2-ʦʤ ʠ 4-ʦʤ ʧʝʨʝʭʦʜʘʭ ʚʘʣʴʮʦʚʢʠ) ʠ 

ʩʚʷʟʘʥʦ ʩ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨ-

ʤʦʠʟʤʝʥʝʥʠʷ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚʘʣʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʢʪʦʨʘ ʟʘʭʚʘ-

ʪʳʚʘʶʪ ʟʘʛʦʪʦʚʢʫ ʨʘʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʩʪʘʭ ʟʘʛʦʪʦʚ-

ʢʠ. ʇʨʦʠʩʭʦʜʠʪ çʟʘʱʠʧʳʚʘʥʠʝè ʠʥʩʪʨʫʤʝʥʪʦʤ ʯʘʩʪʠ ʟʘʛʦʪʦʚʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʙʦʢʦʚʦʛʦ ʟʘʫʩʝʥʮʘ. ʊʘʢʠʝ çʫʰʢʠè ʥʘ ʟʘʛʦʪʦʚʢʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʟʘʞʠʤʘ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʧʝʨʝʭʦʜʘʭ ʚʘʣʴʮʦʚʢʠ ʠʣʠ ʧʨʠ 

ʰʪʘʤʧʦʚʢʝ. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʢʦʚʦʛʦ ʟʘʫʩʝʥʮʘ ʚ ʧʝʨʝʭʦʜʥʳʭ 

ʫʯʘʩʪʢʘʭ ʚʘʣʴʮʦʚʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʚʝʜʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʚʘʣʘ ʨʫʯʴʷ ʧʨʠ ʙʦʣʴʰʦʤ ʧʝʨʝʧʘʜʝ ʚʳʩʦʪ ʢʘʣʠʙʨʦʚ. 

ʅʘ ʥʘʨʫʞʥʦʤ ʜʠʘʤʝʪʨʝ ʚʘʣʢʦʚ ʵʪʦ ʚʳʛʣʷʜʠʪ ʢʘʢ çʩʨʝʟʘʥʠʝè ʪʫʧʦʛʦ ʫʛʣʘ ʥʘ 

çʟʝʨʢʘʣʝè ʚʘʣʴʮʦʚʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʕʩʢʠʟ ʚʘʣʴʮʦʚʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʚʘʣʘ ʨʫʯʴʷ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 2.  

 
ʈʠʩʫʥʦʢ 2. ʉʨʝʟʘʥʠʝ ʪʫʧʦʛʦ ʫʛʣʘ ʥʘ ʥʘʨʫʞʥʦʤ ʜʠʘʤʝʪʨʝ ʚʘʣʴʮʦʚʦʯʥʦʛʦ ʠʥ-
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ʇɸʍʃɸʅ ʅɸʊɸʃʔʗ ɸʅɸʊʆʃʔɽɺʅɸ  

ʛʨ. ʄʄɼ-15,  

ʊʆɺʄɸʉʗʅ ɸʅʅɸ ʊɸʈʆʅʆɺʅɸ  

ʛʨ. ʄɼ-12 

ʆɻɸɼɾɸʅʗʅ ʆʃɽɻ ʀɺɸʅʆɺʀʏ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʚʤʝʱʝʥʥʦʛʦ ʰʪʘʤʧʘ ʩʦ ʩʤʝʥʥʳʤ ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʢʦʣʴʮʘ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʪʘʤʧ, ʧʫʘʥʩʦʥ, ʤʘʪʨʠʮʘ. 

 

ɺ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʪʠʧʘ çʢʦʣʴ-

ʮʦè ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʦʛʨʘʤʤʦʡ ʚʳʧʫʩʢʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʡ ʰʪʘʤʧ ʜʣʷ ʢʘʞʜʦʡ ʜʝʪʘʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʰʪʘʤʧ, ʠʤʝʶʱʠʡ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʡ ʙʣʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʣʝʛʢʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʤʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʦʚʤʝʱʝʥʥʦʛʦ ʰʪʘʤʧʘ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʐʪʘʤʧ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʧʣʠʪʳ, 

ʠ ʜʚʫʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʫʟʣʦʚ. ʅʘ ʚʝʨʭʥʝʡ ʧʣʠʪʝ ʫʩʪʘʥʦʚʣʝʥ ʭʚʦʩʪʦʚʠʢ ʜʣʷ ʢʨʝʧ-

ʣʝʥʠʷ ʢ ʧʦʣʟʫʥʫ ʧʨʝʩʩʘ. ɺʳʨʫʙʥʘʷ ʤʘʪʨʠʮʘ ʠ ʧʨʦʙʠʚʥʦʡ ʧʫʘʥʩʦʥ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʢʦʨʧʫʩʝ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʠʥʪʘʤʠ. ʇʫʘʥʩʦʥ-ʤʘʪʨʠʮʘ ʧʦʩʘʞʝʥʘ ʥʘ 

ʧʝʨʝʭʦʜʥʫʶ ʧʨʦʩʪʘʚʢʫ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʜʝʨʞʘʚʢʫ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʥʠʞʥʝʡ ʧʣʠʪʝ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʦʚʤʝʱʝʥʥʦʛʦ ʰʪʘʤʧʘ 

ɼʣʷ ʜʝʤʦʥʪʘʞʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʫʞʥʦ ʩʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʠʥʪʳ ʠ ʯʝ-

ʨʝʟ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚ ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʚʝʨʩʪʠʷ ʦʙʝʩ-

ʧʝʯʠʪʴ ʠʭ ʫʜʘʣʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʥʘʣʘʜʢʫ ʠ ʰʪʘʤʧʦ-

ʚʘʪʴ ʜʝʪʘʣʴ ʩʣʝʜʫʶʱʝʛʦ ʪʠʧʦʨʘʟʤʝʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʤʘʪʨʠʮʫ ʦʙʨʝʟʥʫʶ, 

ʧʫʘʥʩʦʥ ʧʨʦʙʠʚʥʦʡ, ʧʫʘʥʩʦʥ-ʤʘʪʨʠʮʫ ʠ ʩʲʝʤʥʠʢ. ɺʦʟʤʦʞʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝ-

ʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʰʪʘʤʧʫʝʤʳʭ ʢʦʣʝʮ ʧʦ ʚʥʝʰʥʝʤʫ ʜʠʘʤʝʪʨʫ ʦʪ 120 ï 160 ʤʤ, ʧʦ 

ʜʠʘʤʝʪʨʫ ʦʪʚʝʨʩʪʠʷ ʦʪ 10 ï 42 ʤʤ. ʂʨʦʤʝ ʵʪʦʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʜʝʨʞʠʪ ʙʫʬʝʨ-

ʥʳʝ ʢʦʣʴʮʘ ʠʟ ʤʘʩʣʦʙʝʥʟʦʩʪʦʡʢʦʡ ʨʝʟʠʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʲʝʤʘ ʠ ʚʳʪʘʣʢʠʚʘ-

ʥʠʷ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠ ʦʪʭʦʜʦʚ. 
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