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ʅʆɺʆɽ ʇʈʀʄɽʅɽʅʀɽ ʄɸɻʅʀʊʅʆ-ʈɽɿʆʅɸʅʉʅʆʁ ʊʆʄʆɻʈɸʌʀʀ 
 

65 
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ɼɽʌɽʂʊʓ ʈʋʃʆʅʅʓʍ ʂʈʆɺʃɽʁ, ɺʓʗɺʃɽʅʅʓɽ ʇʈʀ ʕʂʉʇɽʈʊʀɿɸʍ ʇʈʆʄʓʐʃɽʅʅʆʁ 
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ʀʥʞʝʚʘʪʢʠʥʘ ɸ.ɺ., ɻʝʨʘʩʴʢʠʥ ɸ.ʉ. 

 ʆɼʀʅ ʀɿ ʉʇʆʉʆɹʆɺ ʇʆʉʊʈʆɽʅʀʗ ɹɽʉʂʆʅʊɸʂʊʅʆɻʆ 3D-ʉʂɸʅɽʈɸ. 
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ʂʠʩʝʣʝʚʘ ɽ.ʅ. 

 ɿɸʊʈɸʊʓ ʅɸ ʂɸʏɽʉʊɺʆ ʂɸʂ ʂʈʀʊɽʈʀʁ ʆʎɽʅʂʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 
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ʂʦʩʦʚ ɺ.ʇ., ʊʝʨʝʰʠʥ ɸ.ɺ. 
 ʉʊɽʅɼ ɼʃʗ ʕʂʉʇɽʈɽʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʄɽʍɸʅʀʏɽʉʂʆɻʆ 
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ʂʨʫʞʠʣʠʥ ʅ.ɺ., ʂʦʨʦʪʢʠʡ ɸ.ɸ., ʇʘʥʬʠʣʦʚ ɸ.ɺ. 

 ɺʃʀʗʅʀɽ ʋʉʃʆɺʀʁ ʈɸɹʆʊʓ ʉʈɽɼʅɽʁ ʏɸʉʊʀ ʕʂʈɸʅʅʓʍ ʊʈʋɹ ʂʆʊʃɸ  ʂɺɻʄ-30-150 
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 ʈɸʉʏɽʊ ʅɸɼɿɽʄʅʓʍ ɻɸɿʆʇʈʆɺʆɼʆɺ ʅɸ ʇʈʆʏʅʆʉʊʔ ʇʈʀ ʇʈʆɺɽɼɽʅʀʀ 

ʕʂʉʇɽʈʊʀɿʓ ʇʈʆʄʓʐʃɽʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 
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ʂʫʣɹʢʦʚ ɽ.ʇ., ʂʨʘʩʶʢʦʚʘ ʉ.ʅ., ɺʘʪʫʪʠʥ ɸ.ɸ. 

 ʈɸʉʏɽʊ ʆʉʊɸʊʆʏʅʆɻʆ ʈɽʉʋʈʉɸ ʅɸɼɿɽʄʅʓʍ ɻɸɿʆʇʈʆɺʆɼʆɺ ʇʈʀ ʇʈʆɺɽɼɽʅʀʀ 
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ʂʫʰʘʝʚʘ ɽ.ɸ., ʐʝʢʠʭʘʯʝʚ ʖ.ɸ., ʍʘʞʤʝʪʦʚ ʃ.ʄ. 
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ʂʫʰʘʝʚʘ ɽ.ɸ., ʐʝʢʠʭʘʯʝʚ ʖ.ɸ., ʍʘʞʤʝʪʦʚ ʃ.ʄ. 
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ʂʫʰʘʝʚʘ ɽ.ɸ., ʐʝʢʠʭʘʯʝʚ ʖ.ɸ., ʍʘʞʤʝʪʦʚ ʃ.ʄ. 
ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʆʈʆʐɸɽʄʓʍ ɿɽʄɽʃʔ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʋʂʃʆʅɸ 
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ʎɽʄɽʅʊʆɹɽʊʆʅ. 
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ʃʝʦʥʦʚ ʆ.ɸ. 

 ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ɿɸɼɸʅʅʆɻʆ ʈɽʉʋʈʉɸ ʇʈʀ ʈɽʄʆʅʊɽ 

ɸɻʈɽɻɸʊʆɺ 
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ʃʫʟʠʥ ʇ.ɸ. 

 ʈɽɻʋʃʀʈʆɺɸʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʇɽʈɽɻʈɽʊʆɻʆ ʇɸʈɸ ʂʆʊʃʆɺʆɻʆ ɸɻʈɽɻɸʊɸ 
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ʄʠʨʦʥʦʚ ɺ.ʄ., ʂʦʩʫʭʠʥ ɸ.ʉ. 

 ɺɸʈʀɸʅʊ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉʊɸʅɼɸʈʊʅʓʍ ʉʇʋʊʅʀʂʆɺʓʍ ʄʆɼɽʄʆɺ ɼʃʗ 

ʇʆʉʊʈʆɽʅʀʗ VSAT-ʉɽʊʀ 
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ʅʠʢʠʬʦʨʦʚ ʆ.ʖ. 

 ɹɸɿʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ 
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ʆʨʣʦʚ ʉ.ɸ., ʉʫʰʠʥ ʄ.ɸ., ɻʦʨʜʝʝʚ ʂ.ʀ., ɻʦʨʙʘʯ ʇ.ʉ. 

ʆʎɽʅʂɸ ʇʈʆʄʓʐʃɽʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʊʆʅʂʆʉʊɽʅʅʓʍ ʉʆʆʈʋɾɽʅʀʁ 
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ʈʘʭʤʦʥʦʚ ʀ.ʋ. 

 ɸʅɸʃʀɿ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʇʆʂɸɿɸʊɽʃɽʁ ɼʋɻʆʉʊɸʃɽʇʃɸɺʀʃʔʅʆʁ ʇɽʏʀ 
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ʈʘʰʦʷʥ ʀ.ʀ. 

ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊʓ ʊʆʏɽʏʅʓʍ ɼʓʄʆɺʓʍ ʇʆɾɸʈʅʓʍ 

ʀɿɺɽʑɸʊɽʃɽʁ 
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ʉʪʘʨʠʢʦʚ ɸ.ɺ., ʍʣʝʩʪʢʦʚʘ ʋ.ɸ. 

 ɺʓɹʆʈ ʈɸɹʆʏʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʆʇɽʈɸʊʆʈʆɺ ɺ ʆɹʃɸʉʊʀ ʇʈʆʄʓʐʃɽʅʅʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ, ʆɹʉʃʋɾʀɺɸʖʑʀʍ ʆʇɸʉʅʓɽ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓɽ ʆɹʒɽʂʊʓ 
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ʉʫʨʦʚʮʝʚʘ ʆ.ɸ. 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ ɸɺʊʆʄɸʊʀʈʆɺɸʅʅʆɻʆ 
ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ 
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ʉʫʰʠʥ ʄ.ɸ., ʆʨʣʦʚ ʉ.ɸ., ɻʦʨʜʝʝʚ ʂ. ʀ., ɺʠʥʦʢʫʨʦʚ ʄ.ʖ., ɻʦʨʙʘʯ ʇ.ʉ. 
ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɺɽɼɽʅʀʗ ʕʂʉʇɽʈʊʀɿʓ ʇʈʆʄʓʐʃɽʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ɿɼɸʅʀʁ 
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ʊʠʤʦʬʝʝʚʘ ʀ.ɻ.,  ʇʣʠʰʢʠʥʘ ʆ.ɺ. 
ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʓʁ ʈʀʉʂ ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʄɸʐʀʅ ʋɼɸʈʅʆɻʆ ɼɽʁʉʊɺʀʗ 

 

120 

ʐʝʣʷʛʦʚ ʉ.ɸ., ʂʫʜʨʷʚʯʝʥʢʦ ʀ.ɺ. 
ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ʄɽʍɸʅʀɿʄɸ SQL-ʀʅʒɽʂʎʀʀ ɼʃʗ ʇʆʃʋʏɽʅʀʗ 

ʅɽʉɸʅʂʎʀʆʅʀʈʆɺɸʅʅʆɻʆ ɼʆʉʊʋʇɸ ʂ ʀʅʌʆʈʄɸʎʀʀ ʅɸ ʆʉʅʆɺɽ ʋʉɽʏɽʅʀɽ 

ɼɸʅʅʓʍ ɺ SQL 

 

123 

ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʅɸʋʂʀ 
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126 

ɺʘʭʠʪʦʚʘ ɿ.ʊ. 

ɺʆʇʈʆʉʓ ʆʎɽʅʂʀ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆʁ ʇʆɼɼɽʈɾʂʀ ʄɸʃʆɻʆ ɹʀɿʅɽʉɸ 

 

128 

ɺʘʭʠʪʦʚʘ ɿ.ʊ. 
ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ ʂ ʇʆʅʗʊʀʖ ɹʀɿʅɽʉ ʀ ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔ 
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ɻʘʬʠʫʣʣʠʥʘ ʃ.ʌ. 

ʀʅʊɽɻʈɸʎʀʗ ʈʆʉʉʀʁʉʂʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ɺ ʄɽɾɼʋʅɸʈʆɼʅʆɽ ʀ ɽɺʈʆʇɽʁʉʂʆɽ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ ʇʈʆʉʊʈɸʅʉʊɺʆ 
 

131 

ɼʘʥʯʠʥʘ ʂ.ɺ. 

ʅɸʃʆɻʆɺʓʁ ʂʆʅʉɸʃʊʀʅɻ ʂɸʂ ʉɸʄʆʉʊʆʗʊɽʃʔʅʓʁ ɺʀɼ ɼɽʗʊɽʃʔʅʆʉʊʀ ɺ 
ʉʆɺʈɽʄɽʅʅʓʍ ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʋʉʃʆɺʀʗʍ. 

 

133 

ɼʠʤʠʪʨʦʚ ɺ.ʇ., ɹʦʨʠʩʦʚʘ ʃ.ɺ., ɹʦʨʠʩʦʚʘ ɼ.ɺ. 

ɼʀʅɸʄʀʂɸ ʆʉʅʆɺʅʓʍ ʇʆʂɸɿɸʊɽʃɽʁ ʊʆɺɸʈʆʆɹʆʈʆʊɸ ʅɸ ʊɽʈʈʀʊʆʈʀʀ 
ʈʆʉʊʆɺʉʂʆʁ ʆɹʃɸʉʊʀ 

 

136 

ʂʘʣʷʜʠʥʘ ʀ.ʉ. 
ʊʋʈʀɿʄ ʂɸʂ ʌɸʂʊʆʈ ʉʆʎʀɸʃʔʅʆ-ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʈɸɿɺʀʊʀʗ ɺʆʈʆʅɽɾʉʂʆʁ 

ʆɹʃɸʉʊʀ 

 

138 

ʂʘʥʘʚʮʝʚ ʄ.ɺ., ʇʦʧʦʚʘ ɸ.ʃ. 
ʎɽʃɽɺʓɽ ʌʆʈʄʓ ʇʈʆɽʂʊʆɺ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʂʈɸʁʅʀʍ ʇʆʂʆʃɽʅʀʁ ʅɸʉɽʃɽʅʀʗ 

ʈʌ 

 

140 

ʂʘʨʪʘʰʝʚʠʯ ɽ.ɺ., ɸʛʠʰʝʚʘ ɸ.ɺ., ɻʨʠʛʦʨʴʝʚʘ ɸ.ɸ. 

ʇʈʀʄɽʅɽʅʀɽ ʕʂʆʅʆʄɽʊʈʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ ɺ ʉʀʉʊɽʄɽ ʆʎɽʅʂʀ 

ʋɼʆɺʃɽʊɺʆʈɽʅʅʆʉʊʀ ʇɽʈʉʆʅɸʃɸ 
 

142 

ʂʠʩʝʣʝʚ ɸ.ɸ. 

ʉʆɺʈɽʄɽʅʅʓɽ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʆʊɽʏɽʉʊɺɽʅʅʆʁ ʅɸʋʂʀ ʋʇʈɸɺʃɽʅʀʗ 

ʆʈɻɸʅʀɿɸʎʀʗʄʀ 
 

149 

ʂʦʥʶʭʦʚ ʖ.ʄ. 
ʋʇʈɸɺʃɽʅʀʗ ʋʉʊʆʁʏʀɺʓʄ ʉʆʎʀɸʃʔʅʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʄ ʈɸɿɺʀʊʀɽʄ ʈɽɻʀʆʅɸ 
 

151 

ʂʫʟʠʥʘ ʀ.ɸ. 

ɸʅɸʃʀɿ ʌʆʈʌɽʁʊʀʅɻʆɺʆʁ ʌʆʈʄʓ ʌʀʅɸʅʉʀʈʆɺɸʅʀʗ: ɼʆʉʊʆʀʅʉʊɺɸ ʀ ʅɽɼʆʉʊɸʊʂʀ 
ɼʃʗ ʂʆʅʊʈɸɻɽʅʊʆɺ 

 

154 

ʃʝʚʠʥʘ ʊ.ɸ. 

 ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʀʉʊɽʄʓ ʄɽʅɽɼɾʄɽʅʊɸ ʂɸʏɽʉʊɺɸ ɺ 
ʀʅʊɽɻʈʀʈʆɺɸʅʅʆʁ ʂʆʈʇʆʈɸʊʀɺʅʆʁ ʉʊʈʋʂʊʋʈɽ ʉʇɽʎʀɸʃʀɿʀʈʋʖʑɽʁʉʗ ɺ 

ʉʌɽʈɽ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 
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ʃʫʯʠʥʘ ʅ.ɸ., ʂʣʠʤʦʚʘ ʕ.ʅ. 

ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʈʆɿʅʀʏʅʆʁ ʊʆʈɻʆɺʃʀ 

 

162 

ʄʠʣʦʚʘʥʦʚʘ ɸ.ʃ. 
 ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀɽ ʇʈɽɼʇʈʀʗʊʀʗ ʂɸʂ ʄʅʆɻʆʇʈʆʎɽʉʉʅʆʁ ʉʀʉʊɽʄʓ 

 

164 

ʄʠʣʦʝʥʢʦ ɽ.ɺ. 
ʇɽʈʉʇɽʂʊʀɺʓ ʅʆɺʆʁ ʇɽʅʉʀʆʅʅʆʁ ʈɽʌʆʈʄʓ ɺ ʈʆʉʉʀʀ 

 

166 

ʄʠʣʦʝʥʢʦ ɽ.ɺ. 
ʄʆɼɽʃʀ  ʀʉʉʃɽɼʆɺɸʅʀʗ ʂɸʏɽʉʊɺɸ ɾʀɿʅʀ ʅɸʉɽʃɽʅʀʗ ʈɽɻʀʆʅɸ 

 

168 

ʆʨʣʦʚʘ ʊ.ʄ. 
ʇʈʆɹʃɽʄʓ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʋʇʈɸɺʃɽʅʀʗ 
ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʂʀʄʀ ʉʊʈʋʂʊʋʈɸʄʀ 

 

169 



ʄɽɾɼʋʅɸʈʆɼʅʓʁ ʅɸʋʏʅʓʁ ɾʋʈʅɸʃ çʉʀʄɺʆʃ ʅɸʋʂʀè             ˉ9/2015             ISSN 2410-700ʍ 

 
7 

 

ʆʯʠʨʦʚʘ ɽ.ʃ., ʉʘʥʛʘʜʠʝʚʘ ʀ.ɻ. 

ʆʉʅʆɺʓ ʋʉʊʆʁʏʀɺʆɻʆ ʈɸɿɺʀʊʀʗ ʃɽʉʅʆɻʆ ʍʆɿʗʁʉʊɺɸ 

 

172 

ʇʝʨʤʷʢʦʚʘ ɽ.ɸ. 

ʆʉʆɹɽʅʅʆʉʊʀ ʀʅɺɽʉʊʀʈʆɺɸʅʀʗ ʍʆɿʗʁʉʊɺʋʖʑʀʍ ʉʋɹʒɽʂʊʆɺ  ʅɸ 

ʉʆɺʈɽʄɽʅʅʆʄ ʕʊɸʇɽ ʈɸɿɺʀʊʀʗ ʕʂʆʅʆʄʀʂʀ 
 

174 

ʉʘʥʛʘʜʠʝʚʘ ʀ.ɻ., ʆʯʠʨʦʚʘ ɽ.ʃ. 

ʈʆʃʔ ɻʆʉʋɼɸʈʉʊɺɸ ɺ ʈɸɿɺʀʊʀʀ ʃɽʉʅʆɻʆ ʍʆɿʗʁʉʊɺɸ  ʈʆʉʉʀʀ 

 

177 

ʉʠʪʥʠʢʦʚʘ ʗ. ɺ., ʅʘʜʛʨʝʙʝʣʴʥʘʷ ɺ. ʉ. 

ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʆɹɿʆʈ ʈʆʉʉʀʁʉʂʆɻʆ ʀ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ ʈʓʅʂɸ ʉɺɽʊʆ-

ʇʈʆɿʈɸʏʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ʀ ʆʂʆʅʅʆʁ ʌʋʈʅʀʊʋʈʓ 
 

179 

ʉʦʣʦʜʦʚʘ ɽ.ʅ.,  ʉʚʠʨʠʥ ʀ.ʉ., ɽʧʠʰʠʥʘ ɽ.ɺ. 

ʆʎɽʅʂɸ ʄʋʃʔʊʀʇʃʀʂɸʊʀɺʅʆɻʆ ʕʌʌɽʂʊɸ ʆʊ ʈɸɿʈɸɹʆʊʂʀ ʀ ʈɽɸʃʀɿɸʎʀʀ 

ʄʆɹʀʃʔʅʆʁ ʉʀʉʊɽʄʓ ʀʅɼʀɺʀɼʋɸʃʔʅʆʁ ɼʀɸɻʅʆʉʊʀʂʀ ʉɽʈɼɽʏʅʆ-ʉʆʉʋɼʀʉʊʓʍ 
ɿɸɹʆʃɽɺɸʅʀʁ 

 

183 

ʊʷʞʝʣʢʦʚ ʄ.ɺ. 
ʇʈʆʎɽʉʉ ʋʇʈɸɺʃɽʅʀʗ ʈʆʉʉʀʁʉʂʀʄʀ ʇʈʆʄʓʐʃɽʅʅʓʄʀ ʇʈɽɼʇʈʀʗʊʀʗʄʀ 

 

186 

ʏʫʚʝʣʝʚʘ ɽ.ɸ. 
 ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʕɺʆʃʖʎʀʆʅʅʆɻʆ ʈɸɿɺʀʊʀʗ ʇʈʆʉʊʈɸʅʉʊɺ ʈɽɸʃʀɿɸʎʀʀ 

ʇʈʆɽʂʊʆɺ ʉʃʀʗʅʀʁ/ʇʆɻʃʆʑɽʅʀʁ ʂɸʂ ʉʃʆɾʅʓʍ ʆʊʂʈʓʊʓʍ ʉʀʉʊɽʄ 

 

188 

ʗʙʣʦʯʢʠʥʘ ʊ.ɺ. 
 ʏɽʃʆɺɽʏɽʉʂʀʁ ʂɸʇʀʊɸʃ ʀ ɽɻʆ ʈʆʃʔ ɺ ʉʆɺʈɽʄɽʅʅʆʁ ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʊɽʆʈʀʀ 

 

190 

ʇʆʃʀʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 

ɸʚʟʘʣʦʚʘ ʕ. ʀ. 

 ʀʅʊɽʈʅɽʊ-ʂʆʄʄʋʅʀʂɸʎʀʀ ʂɸʂ ʅʆɺʓʁ ʊʀʇ ʇʆʃʀʊʀʏɽʉʂʆʁ ʂʆʄʄʋʅʀʂɸʎʀʀ 
 

194 

ɸʚʟʘʣʦʚʘ ʕ. ʀ. 
 ʇʆʅʗʊʀɽ ʀ ʉʋʑʅʆʉʊʔ ʇʈʆʎɽʉʉɸ ʇʈʀʅʗʊʀʗ ʇʆʃʀʊʀʂʆ-ʋʇʈɸɺʃɽʅʏɽʉʂʀʍ 

ʈɽʐɽʅʀʁ 
 

195 

ɹʦʩʪʦʥʢʫʣʦʚʘ ʄ.ʊ. 
ʇʆʃʀʊʀʏɽʉʂɸʗ ʉʀʊʋɸʎʀʗ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ɸɿʀʀ ʀ ʅɸʎʀʆʅɸʃʔʅɸʗ 
 ɹɽɿʆʇɸʉʅʆʉʊʔ ʂʓʈɻʓɿʉʊɸʅɸ 

 

197 

ɹʦʩʪʦʥʢʫʣʦʚʘ ʄ.ʊ. 
 ʂʓʈɻʓɿʉʊɸʅ ɺ ɽɺʈɸɿʀʁʉʂʆʁ ʀʅʊɽɻʈɸʎʀʀ 
 

200 

ʂʦʨʦʣʝʥʢʦ ɸ.ɺ. 
 ɿɸʈʋɹɽɾʅʓʁ ʆʇʓʊ ʋʇʈɸɺʃɽʅʀʗ ɺ ʉʌɽʈɽ ʋʊʀʃʀɿɸʎʀʀ ʊɺɽʈɼʓʍ ɹʓʊʆɺʓʍ 
ʆʊʍʆɼʆɺ (ʊɹʆ). 
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ʂʨʠʢʫʥ ʗ.ʖ. 
 ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʈɸʂʊʀʂʀ ʈɽɸʃʀɿɸʎʀʀ ɺʆʇʈʆʉʆɺ ʆʎɽʅʂʀ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀ ʈɽɿʋʃʔʊɸʊʀɺʅʆʉʊʀ ɼɽʗʊɽʃʔʅʆʉʊʀ ʈʋʂʆɺʆɼʀʊɽʃɽʁ 

ʆʈɻɸʅʆɺ ʀʉʇʆʃʅʀʊɽʃʔʅʆʁ ɺʃɸʉʊʀ ʉʋɹʒɽʂʊʆɺ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 
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ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʫʣʦʥʦʚʩʢʠʭ 

ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʝʢʨʳʪʠʷ. ʇʨʠʤʝʨʳ ʵʣʝʤʝʥʪʦʚ: ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʙʣʘʢʦ, ʨʘʟʤʳʪʘʷ ʩʬʝʨʘ, ʨʘʟʤʳʪʦʝ 

ʢʦʣʴʮʦ. ʇʨʠʚʦʜʠʪʩʷ ʚʳʚʦʜ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʫʩʩʦʚʳʭ ʦʙʣʘʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʕʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʪʠʷ, ʪʦʯʥʘʷ ʘʥʘʣʠʪʠʢʘ. 

 

ɺʚʝʜʝʥʠʝ 

 

ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʧʨʠ ʚʟʘʠʤʥʦʤ ʧʝʨʝʢʨʳʪʠʠ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ. ɽʸ ʨʝʰʝʥʠʝ ʷʚʠʣʦʩʴ ʙʳ ʢʣʶʯʦʤ 

ʢ ʧʦʥʠʤʘʥʠʶ, ʦʙʲʷʩʥʝʥʠʶ, ʧʨʝʜʚʠʜʝʥʠʶ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʞʠʚʳʭ ʪʢʘʥʝʡ, ʷʜʦʚ ʠ 

ʧʨʦʪʠʚʦʷʜʠʡ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʥʛʠʙʠʪʦʨʦʚ, ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʠ ʫʜʦʙʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʚʝʱʝʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʯʸʥʳʝ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ [1, ʩ 112]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʦʙʦʣʦʯʢʘʭ ʘʪʦʤʦʚ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʣʝʥʘ, ʪʦ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʦʧʠʨʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʟʘʢʦʥ ʂʫʣʦʥʘ. ʅʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʙʳʣʦ ʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʅʦ ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʧʨʠʙʦʨ ʩʧʦʩʦʙʥʳʡ ʚʳʧʦʣʥʠʪʴ ʧʦʜʦʙʥʫʶ ʧʨʦʮʝʜʫʨʫ 

ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ? ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʝ ʧʨʦʮʝʜʫʨʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʦʧʨʘʚʜʘʥʥʦ 

ʩʣʦʞʥʳʤʠ ʠ ʚʦʚʩʝ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʘʜʝʢʚʘʪʥʦʩʪʠ. ʅʦ ʜʘʞʝ ʝʩʣʠ ʙʳ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʦʙʦʣʦʯʢʘʭ ʙʳʣʠ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʚʦʩʩʦʟʜʘʥʳ, ʪʦ ʠ ʵʪʦ ʥʝ ʩʥʷʣʦ ʙʳ ʫʢʘʟʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ɽ+, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʜʥʦʠʤʝʥʥʳʭ ʟʘʨʷʜʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ɽ-, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ. ɺʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʦʚ ʠ ʯʫʜʦʚʠʱʥʦʡ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʟʘʢʦʥʝ ʂʫʣʦʥʘ ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʛʨʦʤʥʳ ʧʦ ʤʦʜʫʣʶ ʠ 

ʧʦʯʪʠ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʚ ʦʙʦʣʦʯʢʘʭ 

ʧʨʠʚʝʜʸʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʢʘʢ ɽ+ ʪʘʢ ʠ ɽ-. ʀʭ ʧʦʩʣʝʜʫʶʱʝʝ ʩʣʦʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 

ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʚʳʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. ʇʦʵʪʦʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʥʠʯʝʛʦ ʩʢʘʟʘʪʴ 

ʥʝʣʴʟʷ, ʘ ʩʘʤʘ ʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʜʘʞʝ ʢ ʩʘʤʦʤʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʨʷʜʘ ʚ ʠʭ ʦʙʦʣʦʯʢʘʭ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ɽ+ ʠ ɽ- ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʡʜʝʥʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 

ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. ʇʨʠ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʦ ʥʘ ʧʨʝʜʝʣʝ 
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ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ɼʣʷ ʩʣʦʞʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʘʨʷʜʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʠʸʤʳ ʥʘʭʦʞʜʝʥʠʷ 

ʵʥʝʨʛʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʙʝʩʧʦʣʝʟʥʳʤʠ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʚʠʜʠʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʦʣʦʯʢʝ ʘʪʦʤʘ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʤʝʥʪʦʚ ï ʧʨʦʩʪʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʘʨʷʜʘ, ʠʟ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʨʦʠʟʚʦʣʴʥʘʷ ʦʙʦʣʦʯʢʘ ʠ 

ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʪʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʥʝʨʛʠʡ ʠʭ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʠʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʦʙʦʣʦʯʝʢ ï ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʙʣʘʢʦ, ʨʘʟʤʳʪʘʷ ʩʬʝʨʘ, ʨʘʟʤʳʪʦʝ ʢʦʣʴʮʦ. 

ʊʘʙʣʠʮʘ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ ʠʟ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʣʶʙʳʤ ʜʨʫʛʠʤ, ʩʪʘʥʝʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ʚʦʩʩʦʟʜʘʥʠʠ ʦʙʦʣʦʯʝʢ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʦʚ 

ʠ ʦʧʠʩʘʥʠʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʦʙʦʣʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʜʘʥʥʳʭ çʦʙʳʯʥʳʭè ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï ʜʠʬʨʘʢʮʠʦʥʥʳʭ, 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠ ʜʨ.  

 

ʉʭʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

 

ʉʠʤʤʝʪʨʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʤʝʪʨʠʠ ʦʜʥʦʡ ʠʟ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ. ʕʥʝʨʛʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʕ1 ʠ ʕ2 ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʜʚʫʮʝʥʪʨʦʚʦʛʦ ʠʥʪʝʛʨʘʣʘ. ʎʝʥʪʨʳ ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʦʣʦʞʠʤ ʚ ʪʦʯʢʘʭ ʆ1 ʠ ʆ2 ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

(ʨʠʩʫʥʦʢ 1), )r( 11
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C
r  ï ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ, 
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C
F  ï ʩʦʟʜʘʚʘʝʤʳʝ ʠʤʠ ʧʦʪʝʥʮʠʘʣʳ. ɺʝʢʪʦʨ R

C
 ʧʨʦʚʝʜʸʤ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʦʪ ʆ1 ʢ ʆ2, 

ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.  

 
ʈʠʩʫʥʦʢ 1 ï ɺʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʆ1 ʠ ʆ2 ʠ ʪʦʯʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ɸ. 

 

ʊʦʛʜʘ ʵʥʝʨʛʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ 1 ʠ 2 ʧʨʝʜʩʪʘʚʠʪʩʷ ʚ ʚʠʜʝ 

dv)r()r(E 2

ʚʫʧʨʦʩʪʨʘʥʩʪʧʦ

211
C

2ʕ1ʕ

CC
ñ FÖr=-                                                         (1) 

 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʧʠʩʝʡ ʟʜʝʩʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ, ʚ ʢʦʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʟʘʢʦʥʝ ʂʫʣʦʥʘ ʨʘʚʝʥ ʝʜʠʥʠʮʝ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʬʫʥʢʮʠʠ ɟ1(r1) ʠ ɟ2(r2) 

ʩʬʝʨʠʯʝʩʢʠ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʳʝ. ʀʟ ʮʝʥʪʨʦʚ ʆ1 ʠ ʆ2 ʧʨʦʚʝʜʸʤ ʜʚʘ ʩʝʤʝʡʩʪʚʘ ʩʬʝʨ ʯʝʨʝʟ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʤʘʣʳʝ ʰʘʛʠ dr1 ʠ dr2. ʊʦʛʜʘ ʥʘ ʣʶʙʦʡ ʧʣʦʩʢʦʩʪʠ ʧʫʯʢʘ ʆ1ʆ2 ʦʙʨʘʟʫʝʪʩʷ ʫʟʦʨ, ʧʦʢʘʟʘʥʥʳʡ 

ʥʘ ʨʠʩʫʥʢʝ 2. ʇʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʧʘʨ çʩʦʩʝʜʥʠʭè ʩʬʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʴʮʦ ʩ ʮʝʥʪʨʦʤ ʥʘ ʧʨʷʤʦʡ ʆ1ʆ2 

ʠ ʨʘʜʠʫʩʦʤ h. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʤʘʣʳʡ ʦʙʲʸʤ dv ʢʘʢ ʨʘʟ ʠ ʨʘʚʝʥ ʦʙʲʸʤʫ ʵʪʦʛʦ ʢʦʣʴʮʘ. 

 

dsh2dv Öp=                                                                             (2) 
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ʈʠʩʫʥʦʢ 2 ï ʉʣʝʜʳ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʫʯʢʘ ʆ1ʆ2 ʩʝʤʝʡʩʪʚʘʤʠ ʩʬʝʨ ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚ ʪʦʯʢʘʭ ʆ1 ʠ ʆ2,  

ʛʜʝ h ï ʨʘʜʠʫʩ ʢʦʣʴʮʘ, ʘ ds ï ʧʣʦɦʘʜʴ ʝʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʚʠʜ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʚʙʣʠʟʠ ʪʦʯʢʠ ɸ.  

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʫʧʦʤʷʥʫʪʳʡ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ ʧʦʢʘʟʘʥ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ. ɽʛʦ ʧʣʦʱʘʜʴ ʨʘʚʥʘ 

21ABCD drADdrABSds Ö=Ö==                                               (3) 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ  

qÖ= sinADdr1  ʠ qÖ= sinABdr2 . 

 

ɺʳʨʘʞʘʷ ʦʪʩʶʜʘ AD ʠ AB, ʘ ʟʘʪʝʤ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ (2) ʠ (3), ʧʦʣʫʯʘʝʤ 

Ö
q

Ö
Öp=

sin

drdr
h2dv 21

                                                               (4) 

 

ʇʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ ʆ1ɸʆ2 ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

qÖÖ=Ö= sinrr
2

1
hR

2

1
S 212AO1O                                                     (5) 

 

ʆʪʩʶʜʘ 

R

rr

sin

h 21Ö=
q

                                                                      (6) 

 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚ (4), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʤʘʣʦʛʦ ʦʙʲʸʤʘ ʯʝʨʝʟ r1 ʠ r2. 

21
21 drdr

R

rr
2dv p=                                                                 (7) 
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ʈʠʩʫʥʦʢ 3 ï ʇʘʨʘʣʣʝʣʦʛʨʘʤʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʫʯʢʘ ʦʙʨʘʟʫʝʤʳʡ ʜʚʫʤʷ ʧʘʨʘʤʠ ʩʬʝʨ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚ ʪʦʯʢʘʭ 

ʆ1 ʠ ʆ2. 

 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʙʠʨʘʪʴ 

ʧʦʣʫʦʢʨʫʞʥʦʩʪʠ ï ʩʣʝʜʳ ʩʬʝʨ ʧʝʨʚʦʛʦ ʩʝʤʝʡʩʪʚʘ, ʪʦ ʠʭ ʨʘʜʠʫʩ r1 ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʥʫʣʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʧʦʣʫʦʢʨʫʞʥʦʩʪʝʡ ʧʝʨʝʩʝʢʘʝʪʩʷ ʥʘʙʦʨʦʤ ʧʦʣʫʦʢʨʫʞʥʦʩʪʝʡ ʚʪʦʨʦʛʦ ʩʝʤʝʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ 

ʨʘʜʠʫʩ r2 ʠʟʤʝʥʷʝʪʩʷ ʦʪ r̊1-R ̊  ʜʦ ̊r1+R .̊ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʪʠʷ (1) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

112

0

2

Rr

Rr

2211
C

2ʕ1ʕ drr]rdr)r()r([
R

2
E

1

1

ÖÖÖÖFÖrÖ
p

= ñ ñ
¤ +

-

-                                     (8) 

 

ɻʘʫʩʩʦʚʳ ʦʙʣʘʢʘ 

ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʚ ʛʘʫʩʩʦʚʦʤ ʦʙʣʘʢʝ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʠʜʘ 

)rexp()(q)r( 22
1

31
11 a-

p

a
Ö=r ,                                                              (9) 

ʛʜʝ q1 ï ʟʘʨʷʜ ʦʙʣʘʢʘ, ʘ r ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʝʛʦ ʮʝʥʪʨʘ, Ŭ1 ï ʩʪʝʧʝʥʴ ʣʦʢʘʣʠʟʘʮʠʠ ʤʘʢʩʠʤʫʤʘ. ʊʘʢ ʯʪʦ ʧʨʠ 

Ŭ1=Ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ (33) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ŭ-ʬʫʥʢʮʠʶ, ʘ ʩʘʤʦ ʦʙʣʘʢʦ ï ʚ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ. ʇʦʪʝʥʮʠʘʣ ʌ1, 

ʩʦʟʜʘʚʘʝʤʳʡ ʦʙʣʘʢʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʝʛʦ ʮʝʥʪʨʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʧʦʪʝʥʮʠʘʣʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʚʥʫʪʨʝʥʥʠʤʠ 

ʠ ʚʥʝʰʥʠʤʠ ʩʣʦʷʤʠ ʩʬʝʨʳ ʨʘʜʠʫʩʘ r, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʭʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ 

ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ 

)r(erf
r

q
xdx4)x(dxx4)x(

r

1
)r( 1

1

r

1

r

0

2
11 aÖ=pr+pr=F ññ

¤

                                        (10) 

ʛʜʝ                                   ñ -
p

=
r

0

2 dx)xexp(
2

)r(erf                                                                        (11) 

ï ʪ.ʥ. ʠʥʪʝʛʨʘʣ ʦʰʠʙʦʢ. ʀʩʢʦʤʘʷ ʵʥʝʨʛʠʷ Eʉ1-ʉ2 ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʣʘʢʦʚ 1 ʠ 2, 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʮʝʥʪʨʦʚʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ññ a-
p

a
Öa=rÖF=- dv)rexp()(q)r(erf

r

q
dv)r()r(E 2

2
2
2

32
211

1

1
22112ʉ1ʉ

                            (12) 

ɼʣʷ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʠʤʝʥʠʤ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚʳʰʝ ʩʭʝʤʫ. 
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1
22

2
221

1
2

1
2
2

2
1

2
2

0

112
2

32
21

0

1

Rr

Rr

22
2
2

2
211

32
21

C
2G1G

I)Rexp(
R

qq

dr)])Rr(exp())Rr([exp()r(erf
2

1
)(

R

2
qq

dr]drr)rexp([)r(erf)(
R

2
qqE

1

1

Öa-
p

a
=

=Ö+a---a-a
ap

ap
=

=ÖÖa-Öa
p

a
Ö
p

=

ñ

ñ ñ

¤

¤ +

-

-

            (13) 

ʛʜʝ 

11
2
21

2
2

0

2
1

2
2111 dr)]Rr2exp()Rr2[exp()rexp()r(erfI a--aa-a=ñ

¤

                         (14) 

ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʠʥʪʝʛʨʘʣ  

ñ ññ
¤

¤- ¤-

¤

+=aa-a=
0

0

2
2

22
212 dx)Rx2exp()xexp()x(erfI                                   (15) 

ɺ ʧʝʨʚʦʤ ʠʥʪʝʛʨʘʣʝ (15) ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ y=-x ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʚʦʡʩʪʚʦʤ ʥʝʯʸʪʥʦʩʪʠ ʠʥʪʝʛʨʘʣʘ ʦʰʠʙʦʢ 

ñ

ñ ñ

¤

¤- ¤

a-a-a-=

=a-a-a--=

0

2
2

22
21

0 0
2
2

22
21

dy)Ry2exp()yexp()y(erf

dy)Ry2exp()yexp()y(erf

                                  (16) 

ʇʦʜʩʪʘʚʠʤ ʜʘʣʝʝ (16) ʚ (15), ʟʘʤʝʥʠʚ ʚʝʟʜʝ ʧʝʨʝʤʝʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ x  

ñ
¤

a--aa-a=
0

2
2

2
2

22
212 dx)]Rx2exp()Rx2exp()[xexp()x(erfI                            (17) 

ʀʟ ʩʨʘʚʥʝʥʠʷ (14) ʠ (17) ʚʠʜʥʦ, ʯʪʦ I1=I2. ʊʘʢʠʝ ʧʨʠʸʤʳ ʚʟʷʪʠʷ ʠʥʪʝʛʨʘʣʘ I2 ʚ ʬʦʨʤʝ (15) ʢʘʢ ʟʘʤʝʥʘ 

ʧʝʨʝʤʝʥʥʦʡ ʠʣʠ ʧʦ ʯʘʩʪʷʤ ʦʢʘʟʳʚʘʶʪʩʷ ʙʝʟʨʝʟʫʣʴʪʘʪʥʳʤʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʩʩʤʦʪʨʠʤ ʝʱʸ ʦʜʠʥ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʠʥʪʝʛʨʘʣ 

ñ
¤

+
a

-=
0

2
1

2

3 dt))tx
4

t
(exp(I                                                              (18) 

ʇʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ ʜʦʧʦʣʥʠʤ ʜʦ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ 

22
1

2
1

1
2
1

2

x)x
2

t
(tx

4

t
a-a+

a
=+

a
            

ʠ ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ    ;x
2

t
y 1

1

a+
a

=   

12

dt
dy

a
= ;  dy2dt 1a= .   

ʇʨʠ t=0  y=Ŭ1x;     ʧʨʠ t=Ð  y=Ð.    ʊʦʛʜʘ ʩ ʫʯʸʪʦʤ ʩʚʦʡʩʪʚ ʠʥʪʝʛʨʘʣʘ ʦʰʠʙʦʢ 

)]x(erf1)[xexp()]x(erf
2

)(erf
2

)[xexp(2

])[xexp(2dy)yexp()xexp(2I

1
22

111
22

11

0

x

0

22
11

x

222
113

1

1

a-apa=a
p

-¤
p

aa=

=-aÖa=-aÖa= ñññ
¤ a¤

a
      (19) 

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ (18) ʠ (19) ʚʠʜʥʦ, ʯʪʦ 
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ñ
¤

+
a

-a-
pa

-=a
0

2
1

2
22

1

1

1 dt))tx
4

t
(exp()xexp(

1
1)x(erf                                   (20) 

ʇʦʜʩʪʘʚʠʤ (20) ʚ (15). ʊʦʛʜʘ 

222121 IIII -==  ,                                                            (21) 

ʛʜʝ 

)Rexp(
2

2
)Rexp(

)Rx(d))Rx(exp()Rexp(

dx)Rexp())RRx2x(exp(dx)Rx2exp()xexp(I

22
2

22

22
222

2
22

2

22
2

222
2

2
2

22
221

a
a

p
=
p

a

a
=--a-a=

=a+-a-=aa-=

ñ

ññ

¤

¤-

¤

¤-

¤

¤-    (22) 

dx]dt))tx
4

t
(exp()Rx2x)([exp(

1
I

0
2
1

2
2
2

22
2

2
1

1

22 ñ ñ
¤

¤-

¤

+
a

-a+a+a-
pa

=                    (23) 

ʈʘʚʥʦʤʝʨʥʘʷ ʩʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʣʦʚ ʧʦ t ʠ ʧʦ x ʚ (23) ʜʦʧʫʩʢʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʦ ʵʪʠʤ ʧʝʨʝʤʝʥʥʳʤ 

ññ
¤ ¤

¤- a
--a+a+a-

pa
=

0
2
1

2
2
2

22
2

2
1

1

22 dt)
4

t
exp(]dx)x)

2

t
R(2x)(exp([

1
I                (24) 

ʇʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ ʚ ʠʥʪʝʛʨʘʣʝ ʧʦ x ʜʦʧʦʣʥʠʤ ʜʦ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ 

)(4

)tR2(
]

)(

)2/tR(
x)([

)(4
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                      (25) 

ʉʦʜʝʨʞʠʤʦʝ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʦʢ ʚ (25) ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ y. ʊʦʛʜʘ ʠʥʪʝʛʨʘʣ ʧʦ x ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘ 

(24) ʙʝʨʸʪʩʷ 

]
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=
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ʘ ʩʘʤʦ ʩʦʦʪʥʦʰʝʥʠʝ (24) ʧʨʝʦʙʨʘʟʫʝʪʩʷ 
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ɺʥʦʚʴ ʜʦʧʦʣʥʠʤ ʧʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ ʜʦ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ 
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ɼʘʣʝʝ ʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ   )R2
t

(
2

y 1

1
2
2

2
1

2 a+
aa+a

a
= . 

ʆʪʩʶʜʘ    
2
2

2
11

2

2
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= ;     dy2dt 2

2
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2

1 a+a
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a
= . 

ʇʨʠ t=0  Ryy
2
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2
1

21
0

a+a

aa
== ;    ʧʨʠ t=Ð    y=Ð.    ʊʦʛʜʘ 

)]R(erf1)[Rexp(])[Rexp(
2

dy)yexp()Rexp(2
1

I

2
2

2
1

2122
2

2

y

00

22
2

2

y

222
2

2
2

2
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2

1

2
2

2
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0

0

a+a
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-a

a

p
=-a

a
=

=-aÖa+a
a

a
Ö

a+aa
=

ññ

ñ

¤

¤

                           (29) 

ʊʝʧʝʨʴ (22) ʠ (29) ʧʦʜʩʪʘʚʣʷʝʤ ʚ (21) 

)
R

(erf)Rexp(

)]
R

(erf1)[Rexp()Rexp(II

2
2

2
1

2122
2

2

2
2

2
1

2122
2

2

22
2

2

21

a+a

aa
ÖaÖ

a

p
=

=
a+a

aa
-a

a

p
-a

a

p
==

                           (30) 

ɼʘʣʝʝ I1 ʚ ʬʦʨʤʝ (30) ʧʦʜʩʪʘʚʠʤ ʚ (13)  

)R(erf
R

qq
E 21

2C1C aÖ=-                                                                     (31) 

ʛʜʝ                                    
2
2

2
1

21

a+a

aa
=a                                                                                  (32) 

 

ɺ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʡ ʦʙʣʘʢʦʚ (9) ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʣʶʙʳʝ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʦʙʦʣʦʯʝʢ. ʅʫʞʥʦ 

ʣʠʰʴ ʚʳʧʦʣʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʠʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʮʝʥʪʨʘʤ ʦʙʣʘʢʦʚ. ʄʠʩʩʠʷ 

ʧʨʠʚʝʜʸʥʥʦʡ ʚʳʰʝ ʩʭʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʜʦʢʘʟʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷ (31) ʠ (32). 

ʉʘʤʠ ʞʝ ʵʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʥʦʩʷʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʠʣʫ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʠ ʪʦʯʥʦʩʪʠ 

ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʨʘʟʤʳʪʦʩʪʠ ʠ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʨʘʟʤʳʪʳʭ ʩʬʝʨ ʠ ʨʘʟʤʳʪʳʭ ʢʦʣʝʮ ʧʨʠ ʦʧʠʩʘʥʠʠ ʠʭ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʘʷ ʠʟ 

ʰʝʩʪʠ ʢʣʝʪʦʢ ʪʘʙʣʠʮʳ ʢʫʣʦʥʦʚʩʢʠʭ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʝʢʨʳʪʠʷ (ʦʙʣʘʢʦ-ʦʙʣʘʢʦ) ʥʘʧʦʣʥʠʣʘʩʴ ʢʦʥʢʨʝʪʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʚʠʜʝ ʩʦʦʪʥʦʰʝʥʠʷ (31). 
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ɼɽʌʆʈʄɸʎʀʀ ʉʊɽʈɾʅɽʁ 

 

ɸʥʥʦʪʘʮʠʷ 

ʆʧʠʩʳʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʜʣʠʥʥʳʭ ʩʪʝʨʞʥʷʭ 

ʧʨʦʜʦʣʴʥʳʤʠ ʫʜʘʨʘʤʠ ʢʦʨʦʪʢʠʭ ʩʪʝʨʞʥʝʡ ï ʤʦʣʦʪʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʉʪʝʨʞʝʥʴ, ʫʧʨʫʛʠʝ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʠʤʧʫʣʴʩ, ʚʦʣʥʘ 

 

ɼʚʫʭ ʤʘʩʩʦʚʳʝ ʫʜʘʨʥʳʝ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʜʝʪʘʣʝʡ ʪʠʧʘ ʩʪʝʨʞʥʝʡ, 

ʨʠʩ. 1. 

 
 

ʇʨʠ ʧʨʦʜʦʣʴʥʦʤ ʫʜʘʨʝ ʤʦʣʦʪʢʘ ʧʦ ʪʦʨʮʫ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʝʨʞʥʷ ʚ ʧʦʩʣʝʜʥʝʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʤʧʫʣʴʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʘ ʠʥʩʪʨʫʤʝʥʪ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ 

ʜʣʠʥʥʦʛʦ ʩʪʝʨʞʥʷ ʚʳʧʦʣʥʷʝʪ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʧʦ ʨʘʟʨʫʰʝʥʠʶ ʠʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʦʙʲʝʢʪʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʜʥʦʨʦʜʥʦʤ ʩʪʝʨʞʥʝ ʠʤʧʫʣʴʩ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʟ ʠʩʢʘʞʝʥʠʷ ʠ ʝʛʦ ʜʣʠʥʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʤʝʥʴʰʝ ʜʣʠʥʳ ʩʪʝʨʞʥʷ , ʪʦ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʝʨʞʝʥʴ ʧʨʠʥʠʤʘʝʪʩʷ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʤ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʦʡ. 

ʇʨʦʮʝʩʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʨʞʥʝʡ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʫʜʘʨʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 
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2
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ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 
( )

0=
µ

-µ

x

t,Lw
 ,     

( ) ( )
x

t,w
s

x

t,u
s

µ

µ
=

µ

µ 00
0

 , 

                                          ( ) ( )t,wt,u 00 =  ,    
( )

0=
µ

µ

¤ x

t,xu
lim
x

 ; 

ʛʜʝ: ( )t,xu  - ʩʤʝʱʝʥʠʷ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ ʩ ʢʦʦʨʜʠʥʘʪʦʡ x  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; ( )t,xw  - 

ʩʤʝʱʝʥʠʝ ʩʝʯʝʥʠʷ ʤʦʣʦʪʢʘ; t
1

ct= ; 
( )rm+

=
1

1

E
c  - ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ; E  - ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʤʘʪʝʨʠʘʣʘ ʩʪʝʨʞʥʷ; r - ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; m - 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ; ()xs  - ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʦʣʦʪʢʘ ʩ ʢʦʦʨʜʠʥʘʪʦʡ x ; 
0

s  - 

ʧʣʦʱʘʜʴ ʫʜʘʨʥʦʛʦ ʪʦʨʮʘ ʤʦʣʦʪʢʘ; s  - ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʩʪʝʨʞʥʷ; 
0

v  - 

ʧʨʝʜʫʜʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʘ, L  - ʜʣʠʥʘ ʤʦʣʦʪʢʘ. 

ɸʥʘʣʠʟ ʕʡʣʝʨʘ ʫʨʘʚʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʝʨʞʥʷ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ: 

  - ʠʤʧʫʣʴʩ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʟ ʠʩʢʘʞʝʥʠʷ ʩ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ 
1

c . 

  - ʬʫʥʢʮʠʷ ʩʤʝʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

                 ( ) ( ) ( )ttt
11

cxUcxU,xu ++-=
-+

  , 

ʛʜʝ: ( )t
1

cxU -
+

, ( )t
1

cxU +
-

 - ʬʫʥʢʮʠʠ ʩʤʝʱʝʥʠʷ ʩʝʯʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ 

x  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ʇʦʵʪʦʤʫ, ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʫʜʘʨʥʦʤ ʪʦʨʮʝ ʩʪʝʨʞʥʷ: 

()
( )

0

0

=µ

µ
=

tx

t,xu
te , ʢʦʪʦʨʘʷ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ ʦʙʦʙʱʝʥʥʦʡ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

                     () ( ( )) (( ))12
2 1

1

0

0
--Ö-= ä

¤

=

nLt,b,tf
c

v
t

n
n

hkVe   , 

ʛʜʝ: 

0
s

s
b= ; ( ( ))kV,b,tf

n
 - ʥʝʢʦʪʦʨʘʷ ʛʣʘʜʢʘʷ ʬʫʥʢʮʠʷ, ( )kV  - ʬʫʥʢʮʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ 

ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʥʝʫʜʘʨʥʦʛʦ 
1

s  ʠ ʫʜʘʨʥʦʛʦ 
0

s  ʪʦʨʮʦʚ ʤʦʣʦʪʢʘ - 

0

1

s

s
=k ;  

()
í
ì
ë

<

>
=

00

01

tʝʩʣʠ,

tʝʩʣʠ,
th  - ʝʜʠʥʠʯʥʘʷ ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ; 

n  - ʮʝʣʦʝ ʯʠʩʣʦ, ʥʦʤʝʨ ʚʦʣʥʳ. 

ʈʝʰʝʥʠʷ ʚ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʘʨʛʫʤʝʥʪʦʚ ʥʦʩʷʪ ʤʘʣʦ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʠʟ-

ʟʘ ʠʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʠʤʧʫʣʴʩ 

ʬʫʥʢʮʠʝʡ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ()t
0

e , ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʬʫʥʢʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʫʜʘʨʥʦʤ 

ʪʦʨʮʝ ʩʪʝʨʞʥʷ ʬʦʨʤʫʣʦʡ: () ()tet
0

0

1

0

2

v

c
e -=  , 
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ʛʜʝ 
( ) L

E

L

c

L

t t

rm

t
t

+
===

1

1  - ʙʝʟʨʘʟʤʝʨʥʳʡ ʘʥʘʣʦʛ ʚʨʝʤʝʥʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʷ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʪʨʫʢʪʫʨʫ: 

                 () ( ( )) (( ))12
1

0
--Ö=ä

¤

=

n,b,fe
n

n

thkVtt   . 

ʊʦ ʝʩʪʴ ʨʝʰʝʥʠʝ ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ: 

  - ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʝʪʨʠʠ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ (s ,
0

s , ()xs , L ); 

  - ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ (E ,r,m); 

  - ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʦʣʴʥʦʛʦ ʫʜʘʨʘ (
0

v ). 

ɼʣʠʥʘ ʚʦʣʥʳ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʩʝʛʜʘ ʙʫʜʝʪ ʨʘʚʥʘ 2. 

ʌʫʥʢʮʠʶ ( ( ))kVt ,b,f
n

 ʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʬʫʥʢʮʠʶ ʚʦʣʥʳ n . 

ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʤ ʩʪʝʨʞʥʝ 

ʧʨʦʜʦʣʴʥʳʤʠ ʫʜʘʨʘʤʠ ʢʦʨʦʪʢʠʭ ʩʪʝʨʞʥʝʡ - ʤʦʣʦʪʢʦʚ ï ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ 7 

ʣʝʤʤ. 

 

ʃʝʤʤʘ 1. ʌʫʥʢʮʠʷ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʧʣʦʱʘʜʝʡ ʫʜʘʨʥʳʭ ʪʦʨʮʦʚ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ 

ʩʪʝʨʞʥʷ ʠ ʤʦʣʦʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪʥʦʰʝʥʠʷ ʜʠʘʤʝʪʨʦʚ ʥʝʫʜʘʨʥʦʛʦ ʠ ʫʜʘʨʥʦʛʦ 

ʪʦʨʮʦʚ ʤʦʣʦʪʢʘ k ʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʘʥʘʣʦʛʘ ʚʨʝʤʝʥʠ t, ʙʝʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʝʡ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ: 

                                           () ( )tkt ,Fe =
0

%
  ,         () ( )tkt ,Ff

nn
=

%
  . 

ʃʝʤʤʘ 2. ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʝʨʚʦʡ ʚʦʣʥʳ ʥʘ ʧʝʨʝʜʥʝʤ ʬʨʦʥʪʝ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʧʣʦʱʘʜʝʡ ʫʜʘʨʥʳʭ 

ʪʦʨʮʦʚ ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʦ 1:  ()10
1

¹f
%

  . 

ʃʝʤʤʘ 3. ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʚʪʦʨʦʡ ʚʦʣʥʳ  ʥʘ ʧʝʨʝʜʥʝʤ ʬʨʦʥʪʝ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʧʣʦʱʘʜʝʡ ʫʜʘʨʥʳʭ 

ʪʦʨʮʦʚ ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʦ 1- :  ( ) 10
2

-¹=tf
%

  . 

ʃʝʤʤʘ 4. ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʪʨʝʪʴʝʡ ʚʦʣʥʳ ʥʘ ʧʝʨʝʜʥʝʤ ʬʨʦʥʪʝ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʧʣʦʱʘʜʝʡ ʫʜʘʨʥʳʭ 

ʪʦʨʮʦʚ ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʦ 0:  () 00
3

¹f
%

  . 

ʃʝʤʤʘ 5. ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʝʨʚʦʡ ʚʦʣʥʳ ʧʨʠ 1=V  ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʦ 1 ʚ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ 

ʧʣʦʱʘʜʝʡ ʫʜʘʨʥʳʭ ʪʦʨʮʦʚ:  ( ) 11
1

¹=Vt,f
%

  . 

ʃʝʤʤʘ 6. ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʚʪʦʨʦʡ ʚʦʣʥʳ ʧʨʠ 1=V  ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʦ 1-  ʧʨʠ ʨʘʚʝʥʩʪʚʝ 

ʧʣʦʱʘʜʝʡ ʫʜʘʨʥʳʭ ʪʦʨʮʦʚ:  ( ) 11
2

-¹=Vt,f
%

  . 

ʃʝʤʤʘ 7. ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʪʨʝʪʴʝʡ ʚʦʣʥʳ ʧʨʠ 1=V  ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʦ 0 ʧʨʠ ʨʘʚʝʥʩʪʚʝ 

ʧʣʦʱʘʜʝʡ ʫʜʘʨʥʳʭ ʪʦʨʮʦʚ:  ( ) 01
3

¹=Vt,f
%

  . 

ɸʨʛʫʤʝʥʪ t ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʚʦʣʥʳ ʦʪ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ. 
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ʆ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʀʅɺɸʈʀɸʅʊɸʍ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ III  

 

ɸʥʥʦʪʘʮʠʷ 

 ɺ ʨʘʙʦʪʝ  ʜʦʢʘʟʳʚʘʝʪʩʷ ʣʝʤʤʘ (ʚ ʧ.10), ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʣʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʩʝʭ ʫʪʚʝʨʞʜʝʥʠʡ, 

ʘʥʦʥʩʠʨʦʚʘʥʥʳʭ ʚʦ ʚʚʝʜʝʥʠʠ ʢ ʨʘʙʦʪʝ çʆ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʥʚʘʨʠʘʥʪʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨè 

(ʀʟʚʝʩʪʠʷ ʈɸʅ, ʉʝʨʠʷ ʤʘʪʝʤ., ʪʦʤ 70(2006), ˉ2, ʩʪʨ. 98-155).  ɼʣʷ ʢʘʞʜʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʚ 

ʫʧʦʤʷʥʫʪʦʡ ʨʘʙʦʪʝ (ʩʪʨ. 151) ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʠʥʚʘʨʠʘʥʪʥʳʭ ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʛʨʫʧʧʘ 

ʜʠʬʬʝʦʤʦʨʬʠʟʤʦʚ V. ʈʝʟʫʣʴʪʘʪ ʣʝʤʤʳ  ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʚʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʝ ʪʦʯʢʠ ʵʪʘʣʦʥʥʦʛʦ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ ʦʨʙʠʪʝ ʵʪʦʡ ʛʨʫʧʧʳ, ʢʦʛʜʘ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʩʦʚʧʘʜʘʶʪ 

ʟʥʘʯʝʥʠʷ ʠʥʚʘʨʠʘʥʪʥʳʭ ʬʫʥʢʮʠʡ  ʠʟ ʵʪʦʛʦ ʩʧʠʩʢʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʟʘʚʝʨʰʘʶʱʝʡ ʨʘʙʦʪʝ ʜʘʥʥʦʛʦ ʮʠʢʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʨʘʩʩʣʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʨʘʩʩʣʦʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʝ ʪʦʯʢʠ. 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪ [1] ʠ [2], ʠ ʤʳ ʩʚʦʙʦʜʥʦ ʧʦʣʴʟʫʝʤʩʷ ʧʦʥʷʪʠʷʤʠ ʵʪʠʭ 

ʨʘʙʦʪ, ʥʘʧʦʤʠʥʘʷ ʠʭ ʠʥʦʛʜʘ ʜʣʷ ʫʜʦʙʩʪʚʘ ʯʠʪʘʪʝʣʷ. ɿʜʝʩʴ ʜʦʢʘʟʳʚʘʝʪʩʷ ʣʝʤʤʘ (ʚ ʧ. 10), ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʜʘʥʥʦʛʦ ʮʠʢʣʘ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʢʦʥʝʯʥʦʩʪʠ ʜʣʷ ʨʘʩʩʣʦʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.   

 ɽʩʣʠ ʷʚʥʦ ʥʝ ʦʛʦʚʦʨʝʥʦ ʦʙʨʘʪʥʦʝ, ʜʘʣʴʰʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʜ ʨʘʩʩʣʦʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ  ʩʪʨʫʢʪʫʨ 

ʧʦʥʠʤʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ  ʩʪʨʫʢʪʫʨ P = PX(D) Ÿ X  (ʩʦʛʣʘʩʥʦ [1, ʩ. 112] ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ  m = dimD ¢ n = dimX ). ɺʩʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧ ʟʜʝʩʴ, ʢʘʢ ʠ  ʚ ʨʘʙʦʪʝ [1],  

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʛʣʘʜʢʦʡ, ʪ.ʝ. ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʢʘʪʝʛʦʨʠʠ. ʇʦʜ ʦʢʨʝʩʪʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ 

ʚʩʝʛʜʘ ʦʪʢʨʳʪʘʷ ʦʢʨʝʩʪʥʦʩʪʴ.  

1. ʇʫʩʪʴ X ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ, b ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʪʦʯʢʘ X.  ʇʫʩʪʴ Y ï 

ʵʪʘʣʦʥʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʜʥʦʛʦ ʠʟ 19 ʪʠʧʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʝʦʨʝʤʝ 5 ʨʘʙʦʪʳ [1, ʩ. 151], P = PX(Y) Ÿ X ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʧʝʮʠʘʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʅʘ   ʵʪʘʣʦʥʥʳʭ G-ʤʥʦʛʦʦʙʨʘʟʠʷʭ Y 

ʪʠʧʦʚ I - XVII  ʠʟ ʩʧʠʩʢʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʝʨʝʜ ʪʝʦʨʝʤʦʡ 5 ʨʘʙʦʪʳ [1, ʩ. 151], ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ 

ʢʦʦʨʜʠʥʘʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʨʪʘʤʠ ʚʚʝʜʝʥʥʳʭ ʪʘʤ  ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʘʪʣʘʩʦʚ. ʅʘ ʦʩʪʘʚʰʠʭʩʷ ʵʪʘʣʦʥʥʳʭ 

ʤʥʦʛʦʦʙʨʘʟʠʷʭ Ygr ʠ Yfl ʣʶʙʦʡ ʘʪʣʘʩ ʙʫʜʝʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʯʠʪʘʪʴ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ. ɺʩʧʦʤʥʠʤ, ʯʪʦ ʩʣʦʡ 

ʨʘʩʩʣʦʝʥʠʷ Jk = Jk(Y) ʥʘʜ ʣʶʙʦʡ ʪʦʯʢʦʡ  x ʙʘʟʳ X ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ  k-ʩʪʨʫʡ ʩʝʯʝʥʠʡ s: X Ÿ P 

ʚ ʪʦʯʢʝ x, ʠ ʤʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ s ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʦʯʢʫ ʩʣʦʷ. ʉʝʯʝʥʠʝ ʚʩʝʛʜʘ ʩʯʠʪʘʝʪʩʷ 

ʟʘʜʘʥʥʳʤ ʣʦʢʘʣʴʥʦ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ X.  ʀʤʝʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʝʢʮʠʠ bk:  J
k  P, pk:  J

k  X, mk:  Y
k 

 Y. 

 ʆʧʨʝʜʝʣʝʥʠʝ. ʊʦʯʢʘ a ʤʥʦʛʦʦʙʨʘʟʠʷ Jk ʥʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʪʦʯʢʫ a 

ʩʝʯʝʥʠʝ s ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʤ ʚ ʪʦʯʢʝ b = pk(a)ÍX. ʅʘʧʦʤʥʠʤ (ʩʤ. ʟʘʤʝʯʘʥʠʝ 4 ʥʠʞʝ), ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʱʝʝ  ʚ ʪʦʯʢʝ b ÍX ʩʝʯʝʥʠʝ s: X Ÿ P ʥʘʟʳʚʘʝʪʩʷ b-ʩʝʯʝʥʠʝʤ.  

2. ʇʫʩʪʴ F = (f1,é, fn) ʝʩʪʴ b-ʢʘʨʪʘ ʥʘ X, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ U ʪʦʯʢʠ b. ʄʳ 

ʤʦʞʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ F ʟʘʜʘʝʪ ʜʠʬʬʝʦʤʦʨʬʠʟʤ Uº En ʦʢʨʝʩʪʥʦʩʪʠ U ʩ ʚʥʫʪʨʝʥʥʦʩʪʴʶ 

ʝʜʠʥʠʯʥʦʛʦ ʰʘʨʘ En ʚ Rn ʠ ʧʝʨʝʭʦʜʠʪ ʧʨʠ ʵʪʦʤ ʜʠʬʬʝʦʤʦʨʬʠʟʤʝ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʚ En, ʘ 

ʪʦʯʢʘ b ʧʝʨʝʭʦʜʠʪ ʚ ʪʦʯʢʫ 0ÍEn. ʊʘʢ ʢʘʢ ʚʩʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʙʫʜʫʪ ʧʨʦʭʦʜʠʪʴ ʚ ʦʢʨʝʩʪʥʦʩʪʠ U, ʧʨʠ ʠʭ 

ʧʨʦʚʝʜʝʥʠʠ ʤʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ X = U º En. ɹʫʜʝʤ ʪʘʢʞʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ Y ʚʳʙʨʘʥ ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʘʪʣʘʩ 
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Q, ʠ ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʝʥʳ ʘʪʣʘʩʳ Qk ʠ Qk(F) ʥʘ ʚʩʝʭ ʤʥʦʛʦʦʙʨʘʟʠʷʭ Yk  ʠ Jk, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   ɺʳʙʦʨ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ F ʥʘ X ʠʥʜʫʮʠʨʫʝʪ ʪʨʠʚʠʘʣʠʟʘʮʠʠ  

 

J0 = P åF X ³ Y   ,       Jk å F X ³ Yk,                (2.1) 

 

ʛʜʝ ʟʥʘʯʦʢ F ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʙʦʨ ʠʟʦʤʦʨʬʠʟʤʘ ʟʘʚʠʩʠʪ ʦʪ F. ʇʦʣʴʟʫʷʩʴ ʪʨʠʚʠʘʣʠʟʘʮʠʝʡ (2.1), 

ʦʪʦʞʜʝʩʪʚʠʤ ʩʣʦʡ ʨʘʩʩʣʦʝʥʠʷ Jk ʥʘʜ ʪʦʯʢʦʡ b ʩ Yk . ʆʙʨʘʟ ʪʦʯʢʠ a Í Jk ʧʨʠ ʵʪʦʤ ʦʪʦʞʜʝʩʪʚʣʝʥʠʠ ʥʘʟʦʚʝʤ F-

ʦʙʨʘʟʦʤ a ʠ ʦʙʦʟʥʘʯʠʤ aF. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʛʨʫʧʧʘ V  ʚʩʝʭ ʩʦʭʨʘʥʷʶʱʠʭ ʦʨʠʝʥʪʘʮʠʶ ʜʠʬʬʝʦʤʦʨʬʠʟʤʦʚ X ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʩʝʭ 

ʤʥʦʛʦʦʙʨʘʟʠʷʭ ʩʪʨʫʡ Jk. ʀʥʚʘʨʠʘʥʪʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʤʥʦʞʝʩʪʚʦ ʚ Jk, ʠʥʚʘʨʠʘʥʪʥʦʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ. ʅʘʟʦʚʝʤ ʪʦʯʢʫ d Í Yk ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ b-ʩʝʯʝʥʠʝ s: X Ÿ P, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʧʨʦʦʙʨʘʟ ʪʦʯʢʠ b³d ʚ Jk ʧʨʠ ʪʨʠʚʠʘʣʠʟʘʮʠʠ (2.1). ʄʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ s ʝʩʪʴ F-

ʧʨʝʜʩʪʘʚʠʪʝʣʴ d. ʉʝʯʝʥʠʝ s ʚ ʩʠʣʫ ʪʨʠʚʠʘʣʠʟʘʮʠʠ (2.1) ʦʧʨʝʜʝʣʷʝʪ ʬʫʥʢʮʠʶ sF: X Ÿ Y, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʥʘʟʳʚʘʪʴʩʷ F-ʢʦʤʧʦʥʝʥʪʦʡ ʩʝʯʝʥʠʷ s.  

4. ɿʘʤʝʯʘʥʠʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ 17 ʥʝʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʪʠʧʦʚ ʵʪʘʣʦʥʥʳʭ ʨʘʩʩʣʦʝʥʠʡ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʛʦ ʩʝʯʝʥʠʷ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [1], ʜʣʷ ʜʚʫʭ ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [2]. 

ʇʨʦʩʤʦʪʨʝʚ ʵʪʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʣʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ b-ʩʝʯʝʥʠʝ, ʠʥʚʘʨʠʘʥʪʥʳ, ʪ.ʝ. ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ Y ʠ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ X. ɼʘʣʝʝ, ʣʶʙʦʡ 

ʘʚʪʦʤʦʨʬʠʟʤ j ʠʟ ʛʨʫʧʧʳ V ʧʝʨʝʚʦʜʠʪ b-ʩʝʯʝʥʠʝ s ʩʥʦʚʘ ʚ j(b)-ʩʝʯʝʥʠʝ js. ʅʘʢʦʥʝʮ, ʠʤʝʝʪʩʷ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 

ʫʩʣʦʚʠʡ ʚʠʜʘ R1  ̧0,é, Rs  ̧0 ( ʢʘʞʜʘʷ ʬʫʥʢʮʠʷ Rg ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʢʦʤʧʦʥʝʥʪ sj(f) ʩʝʯʝʥʠʷ s ʠ 

ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 
1 t

t j

i is / f ... fµ µ µ), ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ s ʷʚʣʷʝʪʩʷ b-

ʩʝʯʝʥʠʝʤ. (ʕʪʠ ʫʩʣʦʚʠʷ ʟʘʚʠʩʷʪ, ʢʦʥʝʯʥʦ, ʦʪ  ʣʦʢʘʣʴʥʦʡ ʢʘʨʪʳ Nk(F), ʪ.ʝ. ʦʪ ʚʳʙʦʨʘ ʢʦʦʨʜʠʥʘʪ ʥʘ X ʠ Y.) 

ɽʩʣʠ T ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʭʦʜʷʱʠʭ ʚ ʬʫʥʢʮʠʠ Rg, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʘʷ ʪʦʯʢʘ 

a ʠʟ ʣʦʢʘʣʴʥʦʡ ʢʘʨʪʳ Nk(F) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ k²T ʠ ʟʘʜʘʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘʤʠ Rôg  ̧0, ʛʜʝ ʢʘʞʜʘʷ 

ʬʫʥʢʮʠʷ Rôg  ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ Rg ʟʘʤʝʥʦʡ sj 
 ʥʘ yj, ʘ 

1 t

t j

i is / f ... fµ µ µ- ʥʘ 
1 t

j

i ...iy , ʠ ʛʜʝ 

1 t

j

i ...iy - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ y = aF ÍNk.  ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 

5. ɿʘʤʝʯʘʥʠʝ. ʇʨʠ ʫʩʣʦʚʠʠ k²1 ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʝ ʪʦʯʢʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʵʪʘʣʦʥʥʦʛʦ 

ʤʥʦʛʦʦʙʨʘʟʠʷ (ʚ ʵʪʦʤ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʧʨʦʩʤʦʪʨʝʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʛʦ 

ʩʝʯʝʥʠʷ ʠ ʫʙʝʜʠʚʰʠʩʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ T ʠʟ ʧ. 4 ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʵʪʘʣʦʥʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʘʚʥʦ 0 ʠʣʠ 1). 

ʃʶʙʦʝ ʩʝʯʝʥʠʝ r, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʫʶ ʪʦʯʢʫ aÍYk, ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ  ʦʙʱʠʤ. ʇʨʦʦʙʨʘʟ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ ʪʦʯʢʠ a Í Jk ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʠ      p-1(r,k): Jr ŸJk ʪʘʢʞʝ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ 

ʪʦʯʢʦʡ ʧʨʠ ʣʶʙʦʤ r²k. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʩʣʝʜʫʝʪ ʪʘʢʞʝ 

6. ɿʘʤʝʯʘʥʠʝ. ʇʦʥʷʪʠʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ ʪʦʯʢʠ ʥʘ Yk ʦʧʨʝʜʝʣʝʥʦ ʠʥʚʘʨʠʘʥʪʥʦ, ʪ.ʝ. ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʦʠʟʚʦʣʘ ʚ ʚʳʙʦʨʝ ʪʦʯʢʠ b ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʨʠʚʠʘʣʠʟʘʮʠʶ (2.1). ʊʦʯʢʘ a Í Jk ʙʫʜʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʯʢʦʡ aF Í Yk. ʄʥʦʞʝʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʭ ʪʦʯʝʢ ʚ Yk ï ʦʪʢʨʳʪʦʝ 

ʚʩʶʜʫ ʧʣʦʪʥʦʝ ʠʥʚʘʨʠʘʥʪʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧʳ G  = Gq+k(n)0 ʧʦʜʤʥʦʞʝʩʪʚʦ ʚ Yk, ʘ ʤʥʦʞʝʩʪʚʦ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʭ ʪʦʯʝʢ ʚ Jk ï ʦʪʢʨʳʪʦʝ ʚʩʶʜʫ ʧʣʦʪʥʦʝ ʠʥʚʘʨʠʘʥʪʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚ Jk. ɺʧʨʝʜʴ ʤʥʦʞʝʩʪʚʦ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʭ ʪʦʯʝʢ ʥʘ Yk ʠ Jk ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʯʝʨʝʟ GYk ʠ GJk ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ X 

ʬʠʢʩʠʨʦʚʘʥʘ ʪʦʯʢʘ b ʠ b-ʢʘʨʪʘ F = (f1,é,fn) ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚ ʧ. 2. ʩʚʦʡʩʪʚʘʤʠ. 

7. ɼʣʷ  ʵʪʘʣʦʥʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ Jk ʦʧʨʝʜʝʣʝʥʳ (ʩʤ. ʥʠʞʝ) ʠʥʚʘʨʠʘʥʪʥʳʝ ʬʫʥʢʮʠʠ g1,é,gt, 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʩʧʠʩʢʝ ʧʝʨʝʜ ʪʝʦʨʝʤʦʡ 5 ʨʘʙʦʪʳ [1, ʩ. 151]. ʇʨʠ ʵʪʦʤ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ 

ʘʪʣʘʩʘ ʚ ʧ. 5.4 ʨʘʙʦʪʳ [1, ʩ. 147] ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʞʥʦ ʪʘʢ ʚʳʙʨʘʪʴ ʵʪʘʣʦʥʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ Y, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʵʪʘʣʦʥʥʦʝ ʨʘʩʩʣʦʝʥʠʝ J, ʯʪʦ ʬʫʥʢʮʠʠ g1,é,gt ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʚʩʝʤ ʤʥʦʛʦʦʙʨʘʟʠʠ Jk . 

ʇʨʝʜʣʦʞʝʥʠʝ. ʈʘʥʛ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʡ gj , 1¢j¢t,  ʤʘʢʩʠʤʘʣʝʥ ʚ ʢʘʞʜʦʡ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ  ʪʦʯʢʝ Jk ʠ 

ʟʥʘʯʠʪ,  ʨʘʚʝʥ t. 
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    8. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ  (ʧʦʜʨʦʙʥʦʩʪʠ  ʩʤ. ʚ ʧ. Ä6 ʨʘʙʦʪʳ 

[1, ʩ.ʩ. 147-150]), ʠʩʧʦʣʴʟʫʶʱʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ ʪʦʯʢʠ:  

ʊʠʧ I. ʂʦʦʨʜʠʥʘʪʳ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʘʪʣʘʩʘ ʥʘ Y ʩʫʪʴ y1,é,ym, ʦʥʠ ʞʝ ʝʩʪʴ ʠʥʚʘʨʠʘʥʪʥʳʝ ʬʫʥʢʮʠʠ 

g1,é,gt. ɿʥʘʯʠʪ, t=m; ʧʨʝʜʣʦʞʝʥʠʝ ʦʯʝʚʠʜʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ c ÍGJk. 

ʊʠʧ II. ʂʦʦʨʜʠʥʘʪʳ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʘʪʣʘʩʘ ʥʘ Y ʩʫʪʴ y0,é,ym-1, ʪʦʛʜʘ g1 = y1,é, gt =ym. ɿʥʘʯʠʪ, t=m-

1; ʧʨʝʜʣʦʞʝʥʠʝ ʦʯʝʚʠʜʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ c ÍGJk. 

ɼʣʷ ʪʠʧʦʚ III -V t=1, ʪ.ʝ. ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʥʚʘʨʠʘʥʪ, ʠ ʦʥ ʨʘʚʝʥ ʬʫʥʢʮʠʠ v, ʢʦʪʦʨʘʷ  ʝʩʪʴ ʧʝʨʚʘʷ 

ʢʦʦʨʜʠʥʘʪʥʘʷ ʬʫʥʢʮʠʷ ʚʩʝʭ ʢʘʨʪ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʘʪʣʘʩʘ ʥʘ Y. ʇʨʝʜʣʦʞʝʥʠʝ ʦʯʝʚʠʜʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ 

ʣʶʙʦʡ ʪʦʯʢʠ c ÍGJk. 

ʄʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ k  ʜʣʷ ʪʠʧʦʚ I ï V ʨʘʚʥʦ 0. 

ɺ ʧʦʩʣʝʜʥʝʤ ʦʩʪʘʚʰʝʤʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʤ ʩʣʫʯʘʝ (ʪʠʧ XIV, ʩʣʫʯʘʡ u(a+1)-1 = 0) t=1, ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ k ʨʘʚʥʦ 1, ʘ ʠʥʚʘʨʠʘʥʪ ʨʘʚʝʥ  W. ʇʨʝʜʣʦʞʝʥʠʝ ʩʣʝʜʫʝʪ ʠʟ ʫʩʣʦʚʠʷ dW(b)  ̧0, ʢʦʪʦʨʦʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʪʝʢʘʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ  b-ʩʝʯʝʥʠʷ, ʠʤʝʥʥʦ, ʠʟ ʩʚʦʡʩʪʚʘ [dWØm(n-2)](b) 0̧ (ʩʤ. [1, ʩ. 140]. 

ʇʨʝʜʣʦʞʝʥʠʝ 7 ʜʦʢʘʟʘʥʦ. 

9. ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ, ʥʘ Jk ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ ʠʥʚʘʨʠʘʥʪʳ, 

ʨʘʟʙʠʚʘʶʱʠʝ  ʚʩʝ ʤʥʦʞʝʩʪʚʦ GJk ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʦʪʢʨʳʪʳʭ ʤʥʦʞʝʩʪʚ. ɺʩʝ ʵʪʠ 

ʠʥʚʘʨʠʘʥʪʳ ʦʪʚʝʯʘʶʪ ʨʘʟʣʠʯʥʳʤ ʢʘʥʦʥʠʯʝʩʢʠʤ ʬʦʨʤʘʤ ʠʟ ʫʧʦʤʷʥʫʪʦʛʦ ʩʧʠʩʢʘ ʧʝʨʝʜ ʪʝʦʨʝʤʦʡ 5 ʨʘʙʦʪʳ [1, 

ʩ. 151]. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʠʧʘ I ʚ ʩʣʫʯʘʝ m = n ʚʦʟʥʠʢʘʝʪ ʜʠʩʢʨʝʪʥʳʡ ʠʥʚʘʨʠʘʥʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʯʢʘ ʠʟ Jk 

ʟʘʜʘʝʪʩʷ ʩʪʨʫʝʡ ʦʪʦʙʨʘʞʝʥʠʷ s = (sʩ): XRn, ʠ ʜʠʩʢʨʝʪʥʳʡ ʠʥʚʘʨʠʘʥʪ ʧʨʠʥʠʤʘʝʪ ʜʚʘ ʟʥʘʯʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʷʢʦʙʠʘʥʘ (µsc/µf i).  

10. ʃʝʤʤʘ. ʇʫʩʪʴ c ʠ d ï ʜʚʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʝ  ʪʦʯʢʠ ʦʙʣʘʩʪʠ GJk, ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʚʩʝ ʟʥʘʯʝʥʠʷ 

ʠʥʚʘʨʠʘʥʪʦʚ (ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʭ, ʪʘʢ ʠ ʜʠʩʢʨʝʪʥʳʭ). ʊʦʛʜʘ c ʠ d ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʦʨʙʠʪʝ ʛʨʫʧʧʳ V. 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʳ ʤʦʞʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ  ʪʦʯʢʠ c ʠ d ʣʝʞʘʪ ʚ ʩʣʦʝ Yk ʥʘʜ ʪʦʯʢʦʡ b. 

ʇʫʩʪʴ ʩʝʯʝʥʠʝ r: En  P ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʦʯʢʫ c, ʘ ʩʝʯʝʥʠʝ s: En  P ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʦʯʢʫ D; ʪʦʛʜʘ s ʠ r ï 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʝ ʩʝʯʝʥʠʷ. ʇʦ ʪʝʦʨʝʤʝ 5 ʨʘʙʦʪʳ [1, ʩ. 151], s ʠ r ʣʦʢʘʣʴʥʦ  ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʢʘʥʦʥʠʯʝʩʢʠʤ 

ʬʦʨʤʘʤ: ʧʫʩʪʴ K = (ki) ï ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʚ ʪʦʯʢʝ 0 ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʘ En 

, ʦʧʨʝʜʝʣʝʥʥʘʷ  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 0 ʠ ʧʨʠʚʦʜʷʱʘʷ ʚ ʵʪʦʡ ʦʢʨʝʩʪʥʦʩʪʠ s ʢ  ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠ H = (hi) ï 

ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʜʣʷ r. ʂʘʥʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʜʣʷ s ʠ r ʩʦʚʧʘʜʘʶʪ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 0 ʣʦʢʘʣʴʥʳʡ ʜʠʬʬʝʦʤʦʨʬʠʟʤ j: XX, ʢʦʪʦʨʳʡ ʜʣʷ 1¢i¢n ʧʝʨʝʚʦʜʠʪ ʢʦʦʨʜʠʥʘʪʫ ki ʚ hi, 

ʧʝʨʝʚʦʜʠʪ s ʚ r. ɿʥʘʯʠʪ, j  ʦʧʨʝʜʝʣʷʝʪ ʵʣʝʤʝʥʪ g = g(r,s) Í Gq+k(n)0 ʪʘʢʦʡ, ʯʪʦ gd = c. ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

11. ɿʘʤʝʯʘʥʠʝ.  ʇʫʩʪʴ ʩʣʦʡ p-1
k(x) ʨʘʩʩʣʦʝʥʠʷ pk: J

k Ÿ X ʥʘʜ ʪʦʯʢʦʡ x ʙʘʟʳ X ʩ ʧʦʤʦʱʴʶ ʪʨʠʚʠʘʣʠʟʘʮʠ 

(2.1) ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ  ʩʣʦʝʤ Yk. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʬʫʥʢʮʠʷ ʠʟ ʢʦʣʴʮʘ I(Yk) ʠʥʚʘʨʠʘʥʪʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧʳ Gq+k(n)0 ʥʘ Yk ʬʫʥʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʥʘ p-1
k(x) ʬʫʥʢʮʠʶ, ʥʝ ʟʘʚʠʩʷʱʫʶ ʦʪ 

ʚʳʙʦʨʘ ʪʨʠʚʠʘʣʠʟʘʮʠ (2.1). ʀʟ  ʨʘʙʦʪʳ [1, ʩ. 108, ʧ. 1ô] ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ xÍX ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʩʣʦʡ p-1
k(x) ʠʥʚʘʨʠʘʥʪʥʦʡ ʬʫʥʢʮʠʠ ʥʘ Jk ʦʪʚʝʯʘʝʪ ʦʜʥʦʡ ʠ  ʪʦʡ ʞʝ ʬʫʥʢʮʠʠ gÍ I(Yk), ʯʪʦ ʟʘʜʘʝʪ ʙʠʝʢʮʠʶ 

ʤʝʞʜʫ ʢʦʣʴʮʦʤ ʠʥʚʘʨʠʘʥʪʥʳʭ ʬʫʥʢʮʠʡ ʥʘ Jk ʠ ʢʦʣʴʮʦʤ I(Yk). ʕʪʘ ʙʠʝʢʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʣʶʙʳʭ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ, ʘʥʦʥʩʠʨʦʚʘʥʥʳʡ ʚʦ ʚʚʝʜʝʥʠʠ ʢ ʨʘʙʦʪʝ çʆ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʠʥʚʘʨʠʘʥʪʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨè ( ʀʟʚʝʩʪʠʷ ʈɸʅ, ʉʝʨʠʷ ʤʘʪʝʤ., ʪʦʤ 70(2006), ˉ2, ʩ. 98-155).  ʀʤʝʥʥʦ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ ʪʦʯʢʝ ʣʶʙʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʇʦ 

ʢʦʥʪʨʘʩʪʫ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʥʝʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʠʪʫʘʮʠʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ (ʩʤ. ʫʧʦʤʷʥʫʪʫʶ ʨʘʙʦʪʫ, ʪʝʦʨʝʤʘ 1, ʩ. 106).  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʨʘʩʩʣʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʨʘʩʩʣʦʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʝ ʪʦʯʢʠ. 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪ [1], [2] ʠ [3], ʠ ʤʳ ʩʚʦʙʦʜʥʦ ʧʦʣʴʟʫʝʤʩʷ ʧʦʥʷʪʠʷʤʠ 

ʵʪʠʭ ʨʘʙʦʪ, ʥʘʧʦʤʠʥʘʷ ʠʭ ʠʥʦʛʜʘ ʜʣʷ ʫʜʦʙʩʪʚʘ ʯʠʪʘʪʝʣʷ. ɿʜʝʩʴ ʜʦʢʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʤʘ ʢʦʥʝʯʥʦʩʪʠ ʜʣʷ 

ʨʘʩʩʣʦʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.   

 ɽʩʣʠ ʷʚʥʦ ʥʝ ʦʛʦʚʦʨʝʥʦ ʦʙʨʘʪʥʦʝ, ʜʘʣʴʰʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʜ ʨʘʩʩʣʦʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ  ʩʪʨʫʢʪʫʨ 

ʧʦʥʠʤʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʛʝʦʤʝʪ-ʨʠʯʝʩʢʠʭ  ʩʪʨʫʢʪʫʨ P = PX(D) Ÿ X  (ʩʦʛʣʘʩʥʦ [1, ʩ. 112] ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ  m = dimD ¢ n = dimX ). ɺʩʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧ ʟʜʝʩʴ, ʢʘʢ ʠ  ʚ ʨʘʙʦʪʝ [1],  

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʛʣʘʜʢʦʡ, ʪ.ʝ. ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʢʘʪʝʛʦʨʠʠ. ʇʦʜ ʦʢʨʝʩʪʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ 

ʚʩʝʛʜʘ ʦʪʢʨʳʪʘʷ ʦʢʨʝʩʪʥʦʩʪʴ.  

1. ɺ ʧ.ʧ. 1-3 ʥʠʞʝ P Ÿ X ï ʵʪʘʣʦʥʥʦʝ ʨʘʩʩʣʦʝʥʠʝ, Jk ï ʦʪʚʝʯʘʶʱʝʝ ʝʤʫ ʧʨʦʩʪʨʘʥʩʪʚʦ k-ʩʪʨʫʡ, GJk ï 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʭ ʪʦʯʝʢ ʚ Jk. 

ʇʨʝʜʣʦʞʝʥʠʝ. ʃʶʙʘʷ ʪʦʯʢʘ c Í GJk ʨʝʛʫʣʷʨʥʘ ʠ ʢʦʨʘʟʤʝʨʥʦʩʪʴ ʦʨʙʠʪʳ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʵʪʫ ʪʦʯʢʫ, 

ʨʘʚʥʘ t. 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ WË GJk ï ʦʢʨʝʩʪʥʦʩʪʴ ʪʦʯʢʠ c, ʜʣʷ ʢʦʪʦʨʦʡ ʚʩʝ ʜʠʩʢʨʝʪʥʳʝ ʠʥʚʘʨʠʘʥʪʳ 

ʧʦʩʪʦʷʥʥʳ. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ a Í W ʧʝʨʝʩʝʯʝʥʠʝ O(a)ÆW ʦʨʙʠʪʳ O(a), ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ a, ʩ W 

ʟʘʜʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ {zÍW Ú gj(z) = gj(a) ʜʣʷ 1¢j¢t}. ɺ ʨʘʙʦʪʝ  [3] ʚ ʧʨʝʜʣʦʞʝʥʠʠ  (ʧ. 7)  ʦʪʤʝʯʘʣʦʩʴ, 

ʯʪʦ ʨʘʥʛ ʵʪʦʡ ʩʠʩʪʝʤʳ ʨʘʚʝʥ t ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ zÍ W. ʇʨʝʜʣʦʞʝʥʠʝ ʜʦʢʘʟʘʥʦ.  

ɺ ʧ. 3.3 ʨʘʙʦʪʳ [1, ʩ.107] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʝʛʫʣʷʨʥʦʩʪʴ ʜʣʷ ʪʦʯʢʠ c (V-ʨʝʛʫʣʷʨʥʦʩʪʴ) ʥʘ ʨʘʩʩʣʦʝʥʠʠ ʩʪʨʫʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ Jk ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧʳ V ʵʢʚʠʚʘʣʝʥʪʥʘ ʝʝ ʨʝʛʫʣʷʨʥʦʩʪʠ (a-ʨʝʛʫʣʷʨʥʦʩʪʴ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧʳ Gq+k(n)0 ʥʘ ʩʦʜʝʨʞʘʱʝʤ ʵʪʫ ʪʦʯʢʝ ʪʠʧʦʚʦʤ  ʩʣʦʝ, ʠ ʢʦʨʘʟʤʝʨʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʨʙʠʪ ʪʦʯʢʠ c ʩʦʚʧʘʜʘʶʪ. 

2. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚ ʧ. 7 ʨʘʙʦʪʳ [3] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʠʥʚʘʨʠʘʥʪʥʳʝ ʬʫʥʢʮʠʠ. 

ʃʝʤʤʘ. ɼʣʷ ʣʶʙʦʡ ʪʦʯʢʠ c Í GJk ʥʘʡʜʝʪʩʷ ʪʘʢʘʷ ʦʢʨʝʩʪʥʦʩʪʴ Wô, ʯʪʦ ʣʶʙʘʷ ʠʥʚʘʨʠʘʥʪʥʘʷ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʚ Wô ʬʫʥʢʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ  ʬʫʥʢʮʠʠ g1,é,gt. 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʉʦʛʣʘʩʥʦ ʟʘʤʝʯʘʥʠʶ ʧ. 11 ʨʘʙʦʪʳ [3] ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʦʯʢʘ ʩ ʧʨʠʥʘʜʣʝʞʠʪ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʩʣʦʶ Yk ʠ ʜʦʢʘʟʳʚʘʪʴ ʫʪʚʝʨʞʜʝʥʠʝ ʩʣʝʜʩʪʚʠʷ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʫʥʢʮʠʡ ʥʘ  

W = WôÆYk. ʇʦ ʧʨʝʜʳʜʫʱʝʤʫ ʧʨʝʜʣʦʞʝʥʠʶ, ʪʦʯʢʘ c ʨʝʛʫʣʷʨʥʘ ʥʘ Yk, ʠ  ʧʦ ʪʝʦʨʝʤʝ ʌʨʦʙʝʥʠʫʩʘ ([4] ʩ. 27-

29), ʧʨʠʤʝʥʝʥʥʦʡ ʢ ʜʝʡʩʪʚʠʶ Gq+k(n)0 ʥʘ Yk, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫ ʪʦʯʢʠ ʩ ʦʢʨʝʩʪʥʦʩʪʠ W1 Ë Yk, 

ʜʠʬʬʝʦʤʦʨʬʥʦʡ ʧʨʷʤʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ S³A ʜʚʫʭ ʩʚʦʠʭ ʧʦʜʤʥʦʛʦʦʙʨʘʟʠʡ S ʠ A, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʪʦʯʢʫ 
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c, ʧʨʠʯʝʤ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ zÍS ʤʥʦʛʦʦʙʨʘʟʠʝ z³A ʨʘʚʥʦ ʦʙʨʘʟʫ ʪʦʯʢʠ z ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʦʜʭʦʜʷʱʝʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʝʜʠʥʠʮʳ ʛʨʫʧʧʳ G  = Gq+k(n)0. ʀʟʚʝʩʪʥʦ, ʯʪʦ dimS = t; ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʢʦʦʨʜʠʥʘʪ ʥʘ S ʤʦʞʥʦ 

ʚʟʷʪʴ ʬʫʥʢʮʠʠ g1,é,gt, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ  ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ (up, 1¢p¢f) ʥʘ A   ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʚ W1. ʃʶʙʘʷ ʠʥʚʘʨʠʘʥʪʥʘʷ ʬʫʥʢʮʠʷ ʧʦʩʪʦʷʥʥʘ ʥʘ ʚʩʝʭ ʤʥʦʛʦʦʙʨʘʟʠʷʭ z³A ʠ ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʢʦʦʨʜʠʥʘʪ g1,é,gt. ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ a ï ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʘʷ ʪʦʯʢʘ ʤʥʦʛʦʦʙʨʘʟʠʷ k-ʩʪʨʫʡ Jk ʧʨʠ k²1. ʉʠʩʪʝʤʘ ʙʘʟʦʚʳʭ 

ʠʥʚʘʨʠʘʥʪʦʚ ʧʦʜʢʦʣʴʮʘ Ia(J
k) ʠʥʚʘʨʠʘʥʪʦʚ ʢʦʣʴʮʘ Oa(J

k) ʨʦʩʪʢʦʚ ʪʦʯʢʝ a ʬʫʥʢʮʠʡ ʥʘ Jk ʚ ʩʦʩʪʦʠʪ  ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʢʦʣʴʮʘ  Ia(J
k), ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʥʚʘʨʠʘʥʪʘʤʠ g1,é,gt ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚ ʧ. 7 ʨʘʙʦʪʳ [3, ʩ. ]. 

4. ʇʫʩʪʴ ʪʝʧʝʨʴ  P = P(D) Ÿ X ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʩʧʝʮʠʘʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʩʣʦʝʤ D, Jk(D) = Jk ï ʨʘʩʩʣʦʝʥʠʝ ʝʛʦ k-ʩʪʨʫʡ.  

ʆʧʨʝʜʝʣʝʥʠʝ. ʊʦʯʢʘ a ʤʥʦʛʦʦʙʨʘʟʠʷ Jk ʥʘʟʳʚʘʝʪʩʷ 0-ʨʝʛʫʣʷʨʥʦʡ, ʝʩʣʠ ʨʝʛʫʣʷʨʥʘ ʪʦʯʢʘ bk(a)ÍP 

(ʥʘʧʦʤʥʠʤ, ʯʪʦ bk:  J
k  P - ʝʩʪʝʩʪʚʝʥʥʘʷ ʧʨʦʝʢʮʠʷ). 

ʃʝʛʢʦ ʚʠʜʝʪʴ [1, ʩ. 104] (ʣʝʤʤʘ 1), ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ k ʤʥʦʞʝʩʪʚʦ 0-ʨʝʛʫʣʷʨʥʳʭ ʪʦʯʝʢ ʚʩʶʜʫ ʧʣʦʪʥʦ ʠ 

ʠʥʚʘʨʠʘʥʪʥʦ ʚ Jk.  

5. ʇʫʩʪʴ a Í Jk ï 0-ʨʝʛʫʣʷʨʥʘʷ ʪʦʯʢʘ, p = bk(a). ʊʘʢ ʢʘʢ ʪʦʯʢʘ p ʨʝʛʫʣʷʨʥʘ, ʦʪʚʝʯʘʶʱʘʷ ʝʡ ʧʨʠ 

ʪʨʠʚʠʘʣʠʟʘʮʠʠ ʪʦʯʢʘ pF = wÍD ʪʦʞʝ ʨʝʛʫʣʷʨʥʘ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ 5 ʨʘʙʦʪʳ [1, ʩ. 151] ʥʘʡʜʫʪʩʷ ʵʪʘʣʦʥʥʦʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ Y ʠ ʥʘʢʨʳʪʠʝ e: Y Ÿ D ʪʘʢʠʝ, ʯʪʦ w ʣʝʞʠʪ ʚ ʦʙʨʘʟʝ e(Y). ʅʘʢʨʳʪʠʝ e ʦʧʨʝʜʝʣʷʝʪ ʥʘʢʨʳʪʠʝ eX 

: PX(Y) Ÿ PX(D) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʩʣʦʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʥʘʢʨʳʪʠʝ ekX : Jk(Y) Ÿ Jk(D) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʩʪʨʫʡ. ʇʨʠ ʵʪʦʤ ʠʟ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ (ʩʤ. ʧ. 5.2 

ʨʘʙʦʪʳ [1, ʩ. 122-123]), ʯʪʦ ʥʘʡʜʝʪʩʷ ʪʦʯʢʘ y Í Jk(Y) ʪʘʢʘʷ, ʯʪʦ ekX(y) = a, ʧʨʠʯʝʤ ekX ʦʩʫʱʝʩʪʚʣʷʝʪ ʣʦʢʘʣʴʥʳʡ 

ʠʟʦʤʦʨʬʠʟʤ ʧʦʜʭʦʜʷʱʠʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʪʦʯʝʢ y ʠ a. ʇʦʩʢʦʣʴʢʫ ʥʘʢʨʳʪʠʝ ekX ʩʦʚʤʝʩʪʠʤʦ ʩ ʜʝʡʩʪʚʠʝʤ ʛʨʫʧʧʳ 

V, ʦʥʦ ʠʥʜʫʮʠʨʫʝʪ ʠʟʦʤʦʨʬʠʟʤ ʢʦʣʝʮ  

                                          Ia(J
k(D)) º  Iy(J

k(Y)).    (5.1) 

ɼʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʩʣʦʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ( ʪ.ʝ. ʧʨʠ m=dimD ¢ dimX=n ) ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 

19 ʪʠʧʦʚ ʵʪʘʣʦʥʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ Y, ʠ ʚʩʝ ʦʥʠ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʝʦʨʝʤʝ 5. ɼʣʷ ʚʩʝʭ  ʵʪʠʭ  ʪʠʧʦʚ ʠʤʝʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ ʪʦʯʢʠ ʜʣʷ Jk(Y). ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʝʝ  

6. ʆʧʨʝʜʝʣʝʥʠʝ. 0-ʨʝʛʫʣʷʨʥʘʷ ʪʦʯʢʘ  a Í Jk(D) ʥʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ, ʝʩʣʠ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ 

ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ yÍ Jk(Y), ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ ʧ. 5. 

ʀʟ ʣʝʤʤʳ 8 ʨʘʙʦʪʳ [1, ʩ. 123] ʚʳʪʝʢʘʝʪ, ʯʪʦ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʝʢʪʥʦ, ʪ.ʝ. ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʣʘ ʚ 

ʚʳʙʦʨʝ Y ʠ y. ʀʟ ʧ. 6 ʩʣʝʜʫʝʪ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʭ ʪʦʯʝʢ ʚ Jk(D) ï ʦʪʢʨʳʪʦʝ ʚʩʶʜʫ ʧʣʦʪʥʦʝ 

ʠʥʚʘʨʠʘʥʪʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚ Jk(D). 

7. ʉʣʝʜʩʪʚʠʝ. ɼʦʩʪʘʪʦʯʥʦ ʦʙʱʘʷ ʪʦʯʢʘ ʤʥʦʛʦʦʙʨʘʟʠʷ Jk(D) ʨʝʛʫʣʷʨʥʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʉʣʝʜʫʝʪ ʠʟ ʣʦʢʘʣʴʥʦʛʦ ʠʟʦʤʦʨʬʠʟʤʘ (5.1) ʚʚʠʜʫ ʨʝʛʫʣʷʨʥʦʩʪʠ ʪʦʯʢʠ y,  ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʚ ʧ. 5 (ʩʤ. ʧʨʝʜʣʦʞʝʥʠʝ, ʧ.1). 

8. ʆʧʨʝʜʝʣʝʥʠʝ. ʉʠʩʪʝʤʦʡ ʙʘʟʦʚʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʨʝʛʫʣʷʨʥʦʡ ʪʦʯʢʠ a Í Jk(D) ʥʘʟʳʚʘʝʪʩʷ ʦʙʨʘʟ ʙʘʟʦʚʦʡ 

ʩʠʩʪʝʤʳ ʠʥʚʘʨʠʘʥʪʦʚ ʧʨʠ ʠʟʦʤʦʨʬʠʟʤʝ (5.1). 

ʊʝʧʝʨʴ ʤʳ ʤʦʞʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʝʤʫ ʢʦʥʝʯʥʦʩʪʠ. 

9. ʊʝʦʨʝʤʘ ʢʦʥʝʯʥʦʩʪʠ. ʇʫʩʪʴ P = P(D) Ÿ X ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʩʧʝʮʠʘʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, Jk ï ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʦ k-ʩʪʨʫʡ, a - ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʘʷ ʪʦʯʢʘ ʤʥʦʛʦʦʙʨʘʟʠʷ Jk. ʊʦʛʜʘ ʣʶʙʦʡ ʵʣʝʤʝʥʪ j 

Í Ia(J
k) ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʵʪʦʡ ʪʦʯʢʠ ʧʨʠ ʣʶʙʦʤ ʚʳʙʦʨʝ ʩʠʩʪʝʤʳ ʙʘʟʦʚʳʭ 

ʠʥʚʘʨʠʘʥʪʦʚ ʩʦʛʣʘʩʥʦ ʧ. 3.  ɼʣʷ ʪʝʭ ʪʠʧʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʙʘʟʦʚʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʧʫʩʪʘ, ʬʫʥʢʮʠʷ j - 

ʢʦʥʩʪʘʥʪʘ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʟ  ʠʟʦʤʦʨʬʠʟʤʘ (5.1) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʤʳ ʤʦʞʝʤ ʩʯʠʪʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʩʣʦʡ D 

ʨʘʩʩʣʦʝʥʠʷ  P Ÿ X ʵʪʘʣʦʥʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ Y. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ ʩʣʝʜʫʝʪ ʠʟ ʣʝʤʤʳ 

ʧ. 2. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 
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ɸʥʦʪʘʮʠʷ 

        ɺ ʨʘʙʦʪʝ ʥʘʡʜʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ, ʦʙʣʘʜʘʶʱʠʭ ʦʜʥʠʤ ʩʝʤʝʡʩʪʚʦʤ ʤʥʦʛʦʢʨʘʪʥʳʭ 

ʚʝʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ  - ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ - ʙʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ï 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ - ʩʝʤʝʡʩʪʚʦ ʚʝʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ʅʝʢʣʘʩʩʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚʪʦʨʦʛʦ (ʠ ʚʳʰʝ) ʧʦʨʷʜʢʘ ʠ ʩʚʷʟʘʥʥʳʝ 

ʩ ʥʠʤʠ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [1-4]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [3-4]  ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʥʝʢʣʘʩʩʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʬʫʥʢʮʠʠ ),,,(),( 21 nuuuxtU 3=  
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ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʢʚʘʜʨʘʪʘ ʦʧʝʨʘʪʦʨʘ D, ʦʣʨʝʜʝʣʷʝʤʦʛʦ ʣʝʚʦʡ ʯʘʩʪʴʶ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ: 
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ʅʘʡʜʝʥʘ ʬʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1)  ʚ ʚʠʜʝ  

                                                  ( , )U t x gradH tW V= + +,                                             (3) 

ʛʜʝ H - ʨʝʛʫʣʷʨʥʘʷ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʚ 
1nR +
 ʬʫʥʢʮʠʷ, ʘ  W  ʠ V - ʧʨʦʠʟʚʦʣʴʥʳʝ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʚ  

nR  ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷʤ 

                                                        0divW= ,  0divV=                                                (4) 

 ʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʜʘʯʘ ʪʠʧʘ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ 
1 {( , ) : , 0}n nR t x x R t+

+ = Í > 

ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʘ ʠ ʜʦʧʫʩʢʘʝʪ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʨʝʛʫʣʷʨʠʟʘʮʠʶ.  

       ʏʝʪʚʸʨʪʘʷ ʩʪʝʧʝʥʴ ʦʧʝʨʘʪʦʨʘ D  ʧʦʨʦʞʜʘʝʪ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 2 0sD = ʠ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ  
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ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʦʧʨʝʜʝʣʠʪʝʣʝʤ 

  
2 2( 1) 2 2 2

0 1 0 0( , , , ) ( | | )n

ʪc x x x x x x-= + . 

ʐʝʩʪʘʷ ʩʪʝʧʝʥʴ ʦʧʝʨʘʪʦʨʘ D  ʧʦʨʦʞʜʘʝʪ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 3 0sD = ʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ  
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U
grad divU
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å õå õµ µ µ
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                            (6) 

ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʦʧʨʝʜʝʣʠʪʝʣʝʤ 
2 3( 1) 2 2 3

0 1 0 0( , , , ) ( | | )n

ʪc x x x x x x-= + . 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʜʦʣʞʘʷ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʫʙʝʜʠʤʩʷ, ʯʪʦ ʦʧʝʨʘʪʦʨ 
mD2

 ʧʦʨʦʞʜʘʝʪ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 0=ȹsm
 ʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 
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ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʦʧʘʨʝʜʝʣʠʪʝʣʝʤ 

        
2 ( 1) 2 2

0 1 0 0( , , , ) ( | | )m n m

ʪc x x x x x x-= + .     1m²  

ʅʘʡʜʸʤ ʬʦʨʤʫʣʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʠʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ (5) ï (7).   

ɼʝʡʩʪʚʫʷ ʦʧʝʨʘʪʦʨʦʤ div  ʧʦ 
nRxÍ ʥʘ ʩʠʩʪʝʤʫ (5) , ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ 

2( ) 0divUD =, ʛʜʝ x
t
D+

µ

µ
=D

2

2

, xD - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʧʦ 
nRxÍ . ʊʦʛʜʘ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʩʠʩʪʝʤʘ  

                                                         

4
2

4
0U

t

µ
D =

µ
                                                          (8) 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʠʩʪʝʤʳ (5) ʠ ʝʩʣʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ),( xtU  - ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (5), ʪʦ ʦʥʘ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (8).  ʉʣʝʜʫʷ ʤʝʪʦʜʫ, ʨʘʟʨʘʙʦʪʘʥʥʤʫ ʚ ʨʘʙʦʪʫ [4] ʥʘʡʜʸʤ ʬʦʨʤʫʣʫ  ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (5) ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (8).  ɺʩʷʢʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (8) 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

                                              0 0( , ) ( , ) ( , )U t x U t x V t x= + ,                                                (9) 

ʛʜʝ  0( , )U t x  - ʙʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ, ʘ 0 ( , )V t x  ʫʜʦʚʣʝʚʦʨʷʝʪ ʩʠʩʪʝʤʝ 
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ɺʳʨʘʞʝʥʠʝ (9) ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (5), ʝʩʣʠ ʙʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ  0( , )U t x  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʘʢ ʞʝ ʩʦʦʪʥʦʰʝʥʠʶ 

                                                  

4 2

0

04 2
( ) 0

U
grad divU

t t

å õµ µ
+ +D =æ ö

µ µç ÷
,                              (11) 

ʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ 0 ( , )V t x  - ʩʦʦʪʥʦʰʝʥʠʶ 

                                                            0 0divV = .                                                        (12) 

ʧʨʠ ʵʪʦʤ gradhxtU =),(0 , ʘ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (10)  
2 3

0 0 1 2 3( , ) ( ) ( ) ( ) ( )V t x x t x t x t xj j j j= + + + , ʛʜʝ  

),( xth - ʙʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 
1nR +
, ( )k xj  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʚ 

nR  

ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷʤ ( ) 0kdiv xj = ,  0,3k= . 

       ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʨʝʛʫʣʷʨʥʳʝ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ 1nG R +Í  ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (5) 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

                                              ä
=

-+=
3

1

1 )(),(
k

k

k xtgradhxtU y ,                                          (13) 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʬʦʨʤʫʣʳ (3). 

ʊʝʧʝʨʴ, ʥʘʡʜʸʤ ʬʦʨʤʫʣʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ (6). 

ɼʝʡʩʚʫʷ ʢʘʢ ʠ ʚʳʰʝ ʦʧʝʨʘʪʦʨʦʤ  div  ʧʦ nRxÍ  ʥʘ ʩʠʩʪʝʤʫ (6), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 
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ʛʜʝ  divU=w . ʋʧʨʦʩʪʠʚ ʣʝʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (14), ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ  ʠʟ (14) ʩʣʝʜʫʝʪ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 03 =Dw , ʫʯʠʪʳʚʘʷ ʢʦʪʦʨʦʛʦ, ʠʟ ʩʠʩʪʝʤʳ (6), ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 
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µ

µ
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t
.                                                  (15) 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʫʯʘʶ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (15) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ (9), ʛʜʝ ʪʘʧʝʨʴ, 

ʚ ʢʘʯʝʩʪʚʝ  0( , )U t x  ʚʩʪʫʧʘʝʪ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ, ʪ.ʝ. ʨʝʰʝʥʠʝ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ  00

3 =DU , ʘ ʚ ʢʘʯʝʩʪʚʝ 0 ( , )V t x - ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ  
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µ

µ
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V
,    )()()(),( 5

5

100 xtxtxxtV yyy +++= 3 , 

ʛʜʝ )(,),(),( 510 xxx yyy 3  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʥʥʦʡ 
nRxÍ

. ɼʘʣʝʝ, ʨʘʩʩʫʞʜʘʷ ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʟʘʧʠʰʝʤ ʬʦʨʤʫʣʫ ʦʙʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ (6) ʚ  ʚʠʜʝ (13) 

ä
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-+=
5

1

1 )(),(
k

k

k xtgradHxtU y , 

ʛʜʝ ),( xtH - ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, )(xky  -  ʧʨʦʠʟʚʦʣʴʥʳʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷʤ 0=kdivy , 5,0=k .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʩʧʦʩʦʙʘ ʥʘʭʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ 

ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (5) ï (6) ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ , ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (7) ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 
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        ¶ ʧʨʠʤʝʥʝʥʠʪʴ ʦʧʝʨʘʮʠʶ div  ʧʦ nRxÍ  ʥʘ ʩʠʩʪʝʤʫ (7), ʢʦʪʦʨʘʷ ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʦʪʥʦʰʝʥʠʶ 0mwD =, ʛʜʝ divU=w ; 

        ¶ ʫʯʠʪʳʚʘʷ ʧʦʩʣʝʜʥʝʝ, ʧʦʣʫʯʠʪʴ ʩʣʝʜʩʪʚʠʝ ʩʠʩʪʝʤʳ (7) ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 
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ʠ ʥʘʡʪʠ ʦʙʱʝʝ ʝʸ ʨʝʰʝʥʠʝ ʚʠʜʘ (9), ʪ.ʝ.  

                                                 ),(),(),( 00 xtVxtUxtU += ,                                          (17) 

ʛʜʝ 0( , )U t x  - ʨʝʰʝʥʠʝ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 
0 0mUD =, ʘ ),(0 xtV - ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ   
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ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʶ 00 =divV ;                             

       ¶ ʦʯʝʚʠʜʥʦ, ʝʩʣʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ),( xtU  - ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (7), ʪʦ ʦʥʘ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠ 

ʩʠʩʪʝʤʫ (16);  

        ¶ ʦʙʨʘʪʥʦ,  ʝʩʣʠ ʙʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ  0( , )U t x  ʫʜʦʚʣʝʪʚʦ-ʨʷʝʪ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʶ 
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ä , 

ʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ 0 ( , )V t x  - ʩʦʦʪʥʦʰʝʥʠʶ   0 0divV = , ʪʦ ʚʳʨʘʞʝʥʠʝ (17)  ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ 

(7), ʧʨʠ ʵʪʦʤ W=gradxtU ),(0 , ʛʜʝ ),( xtW - ʨʝʰʝʥʠʝ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ  0mD W=, ʘ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (18) ʠʤʝʝʪ ʚʠʜ  
1

0

0

( , ) ( )
m

k

k

k

V t x t x
-

=

= Yä , 

ʛʜʝ  ( )k xY  -  ʧʨʦʠʟʚʦʣʴʥʳʝ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ ʢʣʘʩʩʘ )(2 nm RC , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷʤ 

( ) 0kdiv xY =   0, 1k m= -.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʨʝʛʫʣʷʨʥʳʝ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ 
1nG R +Í   ʨʝʰʝʥʠʷ ʦʙʱʝʡ ʩʠʩʪʝʤʳ (7) 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

                                               
1

0

( , ) ( )
m

k

k

k

U t x grad t x
-

=

= W+ Yä .                                       (19) 

ʀʟ ʬʦʨʤʫʣʳ (19)ʩʣʝʜʫʝʪ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʨʝʰʝʥʠʡ ʥʝʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (7) ʩʚʷʟʘʥʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʪʘʢʞʝ ʧʝʨʝʥʦʩʷʪʩʷ  ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʩʤ. [5]). 

        ɼʣʷ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ 1m>  ʦʙʦʙʱʘʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʠʟʚʝʩʪʥʳʝ ʜʣʷ ʙʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʩʤ. [6-7]).  ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ),( yxu  ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ [5]: 

1
2

0

( , ) ( , )
m

k

k

k

u x y r x yw
-

=

=ä ,     
222 yxr += , 

ʛʜʝ ),( yxkw , 0, 1k m= - - ʧʨʦʠʟʚʦʣʴʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ.          
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɿɸɼɸʏ ʊɽʆʈʀʀ ʋʇʈʋɻʆʉʊʀ ʉ 

ʆɼʅʆʉʊʆʈʆʅʅʀʄʀ ʉɺʗɿʗʄʀ 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʣʫ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʙʩʦʣʶʪʥʦ 

ʫʧʨʫʛʠʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʆʜʥʦʩʪʦʨʦʥʥʝʝ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; ʢʦʥʪʘʢʪʥʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ; ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

 

ʄʥʦʛʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ ʠ ʫʟʣʳ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʤʝʶʪ ʢʦʥʪʘʢʪ ʚ ʧʨʝʜʝʣʘʭ 

ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʛʜʘ ʥʘʛʨʫʞʝʥʥʦʝ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ ʫʧʨʫʛʦʝ ʪʝʣʦ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ (ʨʠʩ. 1, ʘ). ʂʦʥʪʘʢʪ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʳʜʝʣʝʥʥʦʡ ʢʦʥʪʘʢʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʤʝʥʷʪʴ ʩʚʦʠ ʨʘʟʤʝʨʳ. ʇʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʠʤʝʝʪ ʠʪʝʨʘʮʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʩʭʦʜʥʘʷ ʟʘʜʘʯ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, 

ʧʨʠ ʵʪʦʤ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ kS  ʟʘʜʘʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ (ʧʦ ʥʦʨʤʘʣʠ n) ʠ ʩʠʣʦʚʳʝ (ʧʦ 

ʢʘʩʘʪʝʣʴʥʦʡ Ű) ʫʩʣʦʚʠʷ. ɽʩʣʠ ʩʠʣʦʚʳʝ ʫʩʣʦʚʠʷ ʥʘ kS  ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʩʪʘʥʦʚʠʪʩʷ 

ʩʪʘʥʜʘʨʪʥʦʡ ʟʘʜʘʯʝʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ʉʠʣʦʚʳʝ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʘʜʘʯʘ 

ʨʝʰʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʪʨʝʥʠʷ [3ï7]. ʊʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʢʦʥʪʘʢʪ, ʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ, ʥʘʧʨʠʤʝʨ, 0
k

n S
u =  (ʨʠʩ. 1), ʘ ʩʠʣʦʚʳʝ ʫʩʣʦʚʠʷ ʥʘ 

ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ kS  ʚ ʢʘʩʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʠʪʝʨʘʮʠʠ 

ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʥʷʪʦʛʦ ʟʘʢʦʥʘ ʪʨʝʥʠʷ, ʠ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ.  

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) [2]. ʇʦʩʣʝ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʣʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ ʪʝʣʘ, ʨʘʟʤʝʱʸʥʥʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 
2
 ʠ 

ʥʘʛʨʫʞʝʥʥʦʛʦ ʤʘʩʩʦʚʳʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ, ʧʦʣʫʯʘʝʪʩʷ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ (ʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ), ʠʤʝʶʱʝʝ ʚʠʜ [2], 
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[]{} {}K U R= ,                                                (1) 

ʟʜʝʩʴ   []K  ï ʛʣʦʙʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ; {}R  ï ʛʣʦʙʘʣʴʥʳʡ ʚʝʢʪʦʨ ʥʘʛʨʫʟʢʠ, {}U  ï ʛʣʦʙʘʣʴʥʳʡ 

ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʝʨʝʤʝʱʝʥʠʡ ʚʩʝʭ ʫʟʣʦʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʨʝʰʝʥʠʠ 

ʩʠʩʪʝʤʳ (1) ʥʝ ʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʟʘʜʘʥʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ kS , ʥʘʧʨʠʤʝʨ, ʟʘʢʨʝʧʣʝʥʠʝ ʧʦ ʥʦʨʤʘʣʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʯʝʩʪʴ ʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʤʝʪʦʜʘ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ, ʥʝ ʧʝʨʝʩʪʨʘʠʚʘʷ ʜʣʷ ʵʪʦʛʦ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʠ []K  

ʠ ʚʝʢʪʦʨ ʥʘʛʨʫʟʢʠ {}R . ɼʣʷ ʫʯʝʪʘ ʢʘʩʘʪʝʣʴʥʳʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠʟ-ʟʘ ʪʨʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʮʠʶ ʚ ʛʣʦʙʘʣʴʥʳʡ ʚʝʢʪʦʨ ʥʘʛʨʫʟʢʠ {}R  [3, 4]. ɸʣʛʦʨʠʪʤ 

ʢʦʨʨʝʢʮʠʠ ʢʘʩʘʪʝʣʴʥʳʭ ʩʠʣ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʰʝʥʠʝ 

ʦʙʳʯʥʦʡ ʫʧʨʫʛʦʡ ʟʘʜʘʯʠ ʙʝʟ ʫʯʝʪʘ ʪʨʝʥʠʷ, ʪʦ ʝʩʪʴ ʚʩʝ ʫʟʣʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ kS  ʠʤʝʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʜʦʣʴ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ. 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ:  

ʘ ï ʟʘʜʘʥʥʦʝ ʪʝʣʦ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʚʷʟʠ; ʙ ï ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ 

 

ʇʫʩʪʴ 
mut  ʠ 

m

nu  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʷʚʣʷʶʪʩʷ ʢʘʩʘʪʝʣʴʥʦʡ ʠ ʥʦʨʤʘʣʴʥʦʡ  ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʷ 
m

u   ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʫʟʣʘ mA  ( )1,m M=  ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ kS ; ʟʜʝʩʴ M  ï ʯʠʩʣʦ ʫʟʣʦʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ, 
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ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ kS  (ʨʠʩ.1). ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 
mut , 

ʥʦʨʤʘʣʴʥʦʡ 
m

ns   ʠ ʢʘʩʘʪʝʣʴʥʦʡ 
m

ts    ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 
ms  ʚ ʢʦʥʪʘʢʪʥʳʭ ʫʟʣʘʭ mA  

ʧʨʦʚʝʨʷʣʦʩʴ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ. ɽʩʣʠ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ, ʯʪʦ 
m m

nts ms< , ʪʦ ʥʘ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʦʥʪʘʢʪʥʦʤ ʫʟʣʝ mA  ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 0mut=  ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʷ 
m

u , ʪ.ʝ. ʙʳʣʦ ʟʘʧʨʝʱʝʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʫʟʣʘ 

mA . ɸ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ ʥʝ ʚʳʧʦʣʥʷʣʦʩʴ, ʧʨʦʚʦʜʠʣʘʩʴ ʢʦʨʨʝʢʮʠʷ ʢʘʩʘʪʝʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʫʟʣʦʚʦʡ ʩʠʣʳ 
mPt  ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ 

( ) ()

() ()

() ()( )
()1

max ,

mR k mT k

m k m k m k

mR k mT k
P P P

t t

t t t

t t

s s

s s

+
-

= ° D  ,                                  (2) 

ʛʜʝ 
()m k

Pt ï ʟʥʘʯʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʟʣʦʚʦʡ ʩʠʣʳ 
m

P  ʚ ʢʦʥʪʘʢʪʥʦʤ ʫʟʣʝ mA , ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʦʡk-  ʠʪʝʨʘʮʠʠ; 
()m k

PtD ï  ʟʘʜʘʥʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʟʣʦʚʦʡ ʩʠʣʳ 
m

P  

ʚ ʢʦʥʪʘʢʪʥʦʤ ʫʟʣʝ mA , ʥʘʧʨʠʤʝʨ, 
() ()m k m k

P Pt taD = , ʛʜʝ 0 1a< <; 
()mR k

ts  ï ʤʦʜʫʣʴ ʢʘʩʘʪʝʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʯʠʩʣʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʡk-  ʠʪʝʨʘʮʠʠ, 
()mT k

ts ï ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʢʘʩʘʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʟʜʝʩʴ 
() ()mT k m k

nts ms= , 
()m k

ns ï 

ʤʦʜʫʣʴ ʥʦʨʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʯʠʩʣʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʡk-  ʠʪʝʨʘʮʠʠ. 

ɺʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʟʣʦʚʦʡ ʩʠʣʳ 
()m k

Pt  ʚʥʦʩʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʷʯʝʡʢʫ 

ʛʣʦʙʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘʛʨʫʟʢʠ {}R . 

ɺ ʚʳʨʘʞʝʥʠʠ (2) ʧʨʠ ʚʳʙʦʨʝ ʟʥʘʢʘ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ: ʝʩʣʠ 
()

0
m k

Pt >  ʠ 

() ()mR k mT k

t ts s> , ʪʦ ʚʳʙʠʨʘʝʪʩʷ ʟʥʘʢ çïè; ʝʩʣʠ 
()

0
m k

Pt >  ʠ 
() () ()mT k mR k mT k

t t ts d s s- < < , ʪʦ  

ʚʳʙʠʨʘʝʪʩʷ  ʟʥʘʢ ç+è;  ʝʩʣʠ 
()

< 0
m k

Pt   ʠ 
() ()mR k mT k

t ts s> , ʪʦ ʚʳʙʠʨʘʝʪʩʷ ʟʥʘʢ ç+è; ʝʩʣʠ 
()

< 0
m k

Pt  ʠ 

() () ()mT k mR k mT k

t t ts d s s- < < , ʪʦ ʚʳʙʠʨʘʝʪʩʷ ʟʥʘʢ çïè. 

ʊʘʢ ʢʘʢ ʯʠʩʣʝʥʥʦ ʜʦʙʠʪʴʩʷ ʪʦʯʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʚʝʥʩʪʚʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʘ ɸʤʦʥʪʦʥʘ-ʂʫʣʦʥʘ, ʥʝ ʫʜʘʝʪʩʷ, ʪʦ ʚʚʦʜʠʪʩʷ ʥʝʢʦʪʦʨʳʡ ʧʘʨʘʤʝʪʨ d, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʡ ʯʠʩʣʝʥʥʳʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʢʦʨʨʝʢʮʠʠ ʟʥʘʯʝʥʠʡ ʢʘʩʘʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʫʟʣʦʚʦʡ ʩʠʣʳ 
mPt  ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ  

m R

ts  ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʦʥʪʘʢʪʥʦʤ ʫʟʣʝ  ʧʨʠʙʣʠʞʘʶʪʩʷ (ʧʦ ʤʦʜʫʣʶ)  ʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ 
mT

ts  ʩʥʠʟʫ. ɺ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠʪʝʨʘʮʠʡ ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

() ()m R k m T km

t t ts s sD = -  ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. 

ʇʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʦʮʝʥʢʠ ʩʭʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʪʝʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ 
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( ) ( ) ()1 1

1,
max

k m k m k

u u
m M

d e
+ +

=
= - <u u ,                                          (3) 

ʛʜʝ 
( )1m k+

u ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ 
m

u  ʢʦʥʪʘʢʪʥʦʛʦ ʫʟʣʘ mA , ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ( )1 ʦʡk+ -  

ʠʪʝʨʘʮʠʠ; ue ï ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʧʦ ʧʝʨʝʤʝʱʝʥʠʷʤ ʢʦʥʪʘʢʪʥʳʭ ʫʟʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʦ ʧʣʦʩʢʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʣʘʩʪʠʥʢʠ, ʟʘʥʠʤʘʶʱʝʡ ʚ 

ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
2

 ʩ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ 1 2x xO  ʦʙʣʘʩʪʴ G  ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ 

0,11ʤ 0,05 ʤ³ . ʇʣʘʩʪʠʥʢʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ɽ = 200 ɻʇʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʇʫʘʩʩʦʥʘ 0,3. ʅʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ S  ʠʤʝʶʪʩʷ ʚʳʩʪʫʧʳ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ (ʨʠʩ. 1). ɺʥʝʰʥʠʤʠ 

ʚʝʨʰʠʥʘʤʠ ʚʳʩʪʫʧʦʚ mA , 1,m M= , ʛʜʝ M  ï ʯʠʩʣʦ ʚʝʨʰʠʥ ʚʳʩʪʫʧʦʚ ( )5M = , ʧʣʘʩʪʠʥʢʘ ʦʧʠʨʘʝʪʩʷ 

ʥʘ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ. ʈʦʣʴ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ kS  ʚʳʧʦʣʥʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʦʚʝʨʭʥʦʩʪʴ 1S, ʥʘ ʢʦʪʦʨʦʡ ʟʘʜʘʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (2),  ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʫʯʘʩʪʢʦʚ 11S , 12S  ʠ 13S : ʥʘ ʫʯʘʩʪʢʝ 11S  ʟʘʜʘʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 2u  = ï 0,00004ʤ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ 2xO , ʘ ʥʘ ʫʯʘʩʪʢʝ 12S  ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 1u  = + 0,0001ʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ 

1xO . ʇʦʚʝʨʭʥʦʩʪʴ 13S  ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ( )1 0u = , ʥʦ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ 2u  ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʧʫʩʪʠʤʳ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ kS  ʟʘʜʘʥʳ ʫʩʣʦʚʠʷ ʥʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʦ ʝʩʪʴ ʧʨʠʥʷʪʦ, ʯʪʦ ʜʣʷ ʚʝʨʰʠʥ ʚʳʩʪʫʧʦʚ mA  
2 0mu = , 1,m M= , ʘ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 
1

mu  ʥʝʪ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ 22s  ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 
ms  ʠ ʢʘʩʘʪʝʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ 
1u   ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ 

m
u   ʢʦʥʪʘʢʪʥʳʭ ʫʟʣʦʚ mA  ( )1,5m= ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ 

ʠʪʝʨʘʮʠʡ N. ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ (2) ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʢʘʩʘʪʝʣʴʥʳʭ ʩʠʣ, 
ʫʯʠʪʳʚʘʶʱʠʭ ʵʬʬʝʢʪ ʪʨʝʥʠʷ ʚ ʢʦʥʪʘʢʪʥʳʭ ʫʟʣʘʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʫʩʪʦʡʯʠʚʦʝ ʩʭʦʜʷʱʝʝʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʢʦʥʪʘʢʪʦʤ. 

 

 
               ʘ         ʙ 

ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪʳ 22s  ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 
ms  (ʘ) ʠ ʢʘʩʘʪʝʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ 
1

mu ut=   ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ 
m

u  (ʙ)  ʢʦʥʪʘʢʪʥʳʭ ʫʟʣʦʚ mA  (ʩʤ. ʨʠʩ. 1, ʙ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ N  
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ɼʃʗ ʇʈʆɺɽʈʂʀ ɹʃʆʂɸ ʊɽʃɽʋʇʈɸɺʃɽʅʀʗï

ʊɽʃɽʉʀɻʅɸʃʀɿɸʎʀʀ (ʊʋ-ʊʉ), ɺʍʆɼʗʑɽɻʆ ɺ ʉʆʉʊɸɺ ɸʕʈʆɼʈʆʄʅʆɻʆ ʆɹɿʆʈʅʆɻʆ 

ʈɸɼʀʆʃʆʂɸʊʆʈɸ, ʅɸ ɹɸɿɽ ʄʆɼʋʃʔʅʆʁ ʇʃɸʊʌʆʈʄʓ PXI 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ PXI ʢ ʙʣʦʢʫ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷï

ʪʝʣʝʩʠʛʥʘʣʠʟʘʮʠʠ (ʊʋïʊʉ) ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʠʛʥʘʣʦʚ ʩʦʩʪʦʷʥʠʷ ʠ ʩʠʛʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʣʦʢʘ ʊʋïʊʉ ʘʵʨʦʜʨʦʤʥʦʛʦ ʦʙʟʦʨʥʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ (ɸʆʈʃ). 

ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʦʚʝʨʢʠ ʙʣʦʢʘ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʦʨʪʠʨʦʚʢʠ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʣʦʢʘ ʠ 

ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʙʣʦʢ ʊʋ-ʊʉ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʙʨʘʪʴ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ, ʦʪʧʨʘʚʠʪʴ ʝʛʦ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ʊʋïʊʉ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʧʨʦʛʨʘʤʤʝ ʧʨʦʚʝʨʢʠ. ɸʚʪʦʤʘʪʠʢʘ ʙʣʦʢʘ ʊʋïʊʉ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʳ 

ʩʦʩʪʦʷʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ɸʆʈʃ ʠ ʧʦʩʪʫʧʠʚʰʠʝ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʥʘ ʦʩʥʦʚʝ ʟʘʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʟʘʜʝʨʞʢʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʨʘʙʦʪʝ ʘʚʪʦʤʘʪʠʢʠ ʠ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʣʦʢʘ 

ʊʋïʊʉ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʘʵʨʦʜʨʦʤʥʳʡ ʦʙʟʦʨʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ, ʙʘʟʘ ʜʘʥʥʳʭ, ʙʣʦʢ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷïʪʝʣʝʩʠʛʥʘʣʠʟʘʮʠʠ, PXI, 

ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ. 

 

ɺʚʝʜʝʥʠʝ 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʡ ʚ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ ʫʩʠʣʠʡ ʦʪ ʠʥʞʝʥʝʨʦʚ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʉʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʠʪʴ ʟʘʜʘʯʠ 

ʨʘʟʨʘʙʦʪʢʠ ʜʘʞʝ ʜʣʷ ʮʝʣʳʭ ʢʦʣʣʝʢʪʠʚʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʧʨʦʩʪʠʣʩʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʮʝʣʝʚʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ, ʪʘʢ ʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ [3, c. 5]. 

ʉʨʝʜʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ LabView 

ʬʠʨʤʳ National Instruments. ʂʦʤʧʘʥʠʷ National Instruments ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʥʥʳʤ ʣʠʜʝʨʦʤ ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʟʘʜʘʯ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʥʘʫʯʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʜʠʘʛʥʦʩʪʠʢʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʦʤʧʘʥʠʝʡ National Instruments ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʨʝʚʦʣʶʮʠʦʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ɺʠʨʪʫʘʣʴʥʳʭ ʇʨʠʙʦʨʦʚ (ɺʇ), ʠʟʤʝʥʠʚʰʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʠ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʪʝʩʪʠʨʦʚʘʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʉʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

LabView ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʵʪʦʡ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
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ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʥʞʝʥʝʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʣʥʳʡ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ 

ʩʠʩʪʝʤʳ, ʥʘʯʠʥʘʷ ʦʪ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʟʘʧʫʩʢʦʤ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ. 

 

ʀʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʄʘʪʨʠʯʥʳʝ ʨʝʣʝ NI PXI-2534 (2 ʰʪ.), ʙʣʦʢʠ ʢʦʤʤʫʪʘʮʠʠ NI TB-2637 (2 ʰʪ.), ʮʠʬʨʦʚʳʝ ʧʣʘʪʳ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ NI PXIe-6537 (2 ʰʪ.), ʢʦʥʥʝʢʪʦʨʥʳʝ ʙʣʦʢʠ CB/SCB-2162 (2 ʰʪ.), ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ MatrixMPS-

3005L-3, ʩʨʝʜʘ ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ LabView 2012, ʢʦʤʧʣʝʢʩ ʜʨʘʡʚʝʨʦʚ DAQmx, 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ (ʇʂ) ʬʠʨʤʳ IBM, ʘ ʪʘʢʞʝ ʘʜʘʧʪʝʨ ɹʂ ʉɺ-2162 ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. 

 

ʆʧʠʩʘʥʠʝ ʨʝʰʝʥʠʷ 

ɹʣʦʢ ʊʋïʊʉ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʧʧʘʨʘʪʫʨʦʡ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʚ ʨʝʞʠʤʘʭ ʤʝʩʪʥʦʛʦ, 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɹʣʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʩʦʩʪʦʷʥʠʷ 

ʘʧʧʘʨʘʪʫʨʳ, ʦʪʦʙʨʘʞʘʝʪ ʠʭ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʈʃʉ, ʘ ʪʘʢ ʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʠʭ ʥʘ ʧʘʥʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʩʦʩʪʘʚʘ ʚʳʥʦʩʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʫʧʠʚʰʠʭ 

ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʚʢʣʶʯʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣʳ ʠ ʧʝʨʝʜʘʝʪ ʠʭ ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ɹʣʦʢ ʊʋïʊʉ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ ʊʋïʊʉ 

 

ɹʣʦʢ ʊʋïʊʉ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

-ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ ʧʣʘʪʳ ʘʚʪʦʤʘʪʠʢʠ (ʦʜʥʘ ʧʣʘʪʘ ʘʚʪʦʤʘʪʠʢʠ ï ʨʘʙʦʪʘʝʪ ʩ ʧʝʨʚʳʤ ʢʦʤʧʣʝʢʪʦʤ 

ʨʝʟʝʨʚʠʨʫʝʤʦʡ ʘʧʧʘʨʘʪʫʨʳ ɸʆʈʃ, ʜʨʫʛʘʷ ʧʣʘʪʘ ʘʚʪʦʤʘʪʠʢʠ ï ʩʦ ʚʪʦʨʳʤ ʢʦʤʧʣʝʢʪʦʤ ʨʝʟʝʨʚʠʨʫʝʤʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ɸʆʈʃ), ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʠʝʤʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʠʛʥʘʣʦʚ ʩʦʩʪʦʷʥʠʷ ɸʆʈʃ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʣʦʞʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ; 

- ʧʘʥʝʣʴ ʈʃʉ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʪʘʤʠ ʠʟʜʝʣʠʷ ʚ ʨʝʞʠʤʘʭ ʤʝʩʪʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʣʝʢʪʦʚ ʘʧʧʘʨʘʪʫʨʳ 

ʠʟʜʝʣʠʷ; 

- ʦʙʲʝʜʠʥʠʪʝʣʴʥʘʷ ʧʣʘʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʯʝʨʝʟ ʨʘʟʲʝʤʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʣʘʪʳ ʘʚʪʦʤʘʪʠʢʠ ʠ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʘʥʝʣʴ ʈʃʉ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʨʘʟʲʝʤʳ (ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ) ʙʣʦʢʘ ʊʋïʊʉ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʣʦʢʘ ʊʋïʊʉ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʥʝʛʦ, 

ʨʘʟʨʘʙʦʪʘʥʦ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ PXI. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ PXI ʢ 

ʙʣʦʢʫ ʊʋïʊʉ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʣʦʢʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ PXI ʢ ʙʣʦʢʫ ʊʋïʊʉ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʣʦʢʘ 

 

ʅʘ ʚʭʦʜ ʙʣʦʢʘ ʊʋïʊʉ ʬʦʨʤʠʨʫʝʪʩʷ 44 ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʘ ʜʣʷ ʧʝʨʚʦʡ ʧʣʘʪʳ ʘʚʪʦʤʘʪʠʢʠ ʠ ʩʪʦʣʴʢʦ ʞʝ 

ʜʣʷ ʚʪʦʨʦʡ ʧʣʘʪʳ ʘʚʪʦʤʘʪʠʢʠ. ɼʣʷ ʧʦʜʘʯʠ ʪʘʢʠʭ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʙʣʦʢ ʊʋïʊʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʯʥʳʝ 

ʨʝʣʝ NI PXI-2534 ʩ ʙʣʦʢʘʤʠ ʢʦʤʤʫʪʘʮʠʠ NI TB-2637. ʀʭ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʠ 

ʢʦʤʤʫʪʘʮʠʠ ʧʨʦʚʦʜʦʚ [5]. 

ʅʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʊʋïʊʉ ʬʦʨʤʠʨʫʝʪʩʷ 64 ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʘ ʧʝʨʚʦʛʦ ʢʦʤʧʣʝʢʪʘ ʠ ʩʪʦʣʴʢʦ ʞʝ ʚʪʦʨʦʛʦ 

ʢʦʤʧʣʝʢʪʘ. ɼʣʷ ʧʨʠʝʤʘ ʪʘʢʠʭ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʙʣʦʢʘ ʊʋïʊʉ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʜʘʧʪʝʨ ɹʂ ʉɺ-2162, 

ʢʦʪʦʨʳʡ ʛʨʫʧʧʠʨʫʝʪ ʠ ʥʘʧʨʘʚʣʷʝʪ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʩ ʧʦʤʦʱʴʶ ʰʣʝʡʬʦʚʳʭ ʢʘʙʝʣʝʡ ʥʘ ʙʣʦʢʠ ʢʦʤʤʫʪʘʮʠʠ 

CB/SCB-2162.   

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʙʣʦʢʘ ʊʋïʊʉ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

LabViewv.12.0. ʇʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʝʨʢʠ ʙʣʦʢʘ ʊʋïʊʉ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʙʣʦʢʘ ʊʋïʊʉ 


