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ʋʉʃʆɺʀʗʍ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ ʇɸʈɸʄɽʊʈʆɺ 
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ʆʇɽʈɸʊʆʈɸ ʄʆɹʀʃʔʅʆʁ ʉɺʗɿʀ ʉ ɼʈʋɻʀʄʀ 
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ʉʆʎʀɸʃʔʅʆ-ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 
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ɸʃɻʆʈʀʊʄɸ ɼʀʉʇɽʊʏɽʈɽɿɸʎʀʀ ɿɸɻʈʋɿʂʆʁ  
ʉɽʊʀ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ 
ʃʘʧʪʝʚ ʅ.ɺ., ʅʠʢʫʣʴʯʝʚ ɽ.ɺ., ʇʘʷʠʥ ʉ.ɺ. 

133 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɿɺʀʊʀʗ ʈɽɻʀʆʅɸ ɺ ʉʀʉʊɽʄɽ 
ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʈɽɻʋʃʀʈʆɺɸʅʀʗ     ʃʝʧʘ ʈ.ʅ. 

136 

ʆ ʅɽʂʆʊʆʈʓʍ ʇʆɼʍʆɼɸʍ ʂ ʀʉʉʃɽɼʆɺɸʅʀʖ 
ʈʆʉʉʀʁʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ɺɽɹɸ     ʇʝʯʥʠʢʦʚ ɸ.ɸ. 

140 

ʆ ɺɿɸʀʄʆʉɺʗɿʀ ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʈʆʉʊɸ ʀ ʋʈʆɺʅʗ 
ɹɽɿʈɸɹʆʊʀʎʓ: ʕʂʆʅʆʄɽʊʈʀʏɽʉʂʀʁ ɸʅɸʃʀɿ 
ʇʨʦʤʘʭʠʥʘ ʀ.ʄ. 

144 

ʎɽʇʅʆʁ ʕʂʆʅʆʄʀʏɽʉʂʀʁ ʌɸʂʊʆʈʅʓʁ ɸʅɸʃʀɿ 
ʈ̫ʟʘʥʮʝʚʘ ʖ.ɺ. 

148 

ʆʇʊʀʄʀɿɸʎʀʗ ʊʈɽʍʀʅɼɽʂʉʅʆʁ ʊʈɸʅʉʇʆʈʊʅʆʁ 
ɿɸɼɸʏʀ     ʌʘʨʘʬʦʥʦʚʘ ʗ. ɺ. 

152 

ʄɽʊʆɼʓ ʀ ɸʃɻʆʈʀʊʄʓ ʇʃɸʅʀʈʆɺɸʅʀʗ ʇʈʆʎɽɼʋʈ 
ʂʆʅʊʈʆʃʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɽɸʃʀɿɸʎʀʀ ʎɽʃɽɺʓʍ 
ʇʈʆɻʈɸʄʄ     ʐʝʣʢʦʚ ʄ.ɸ. 

156 
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ʉɽʂʎʀʗ 5-ʋʧʨʘʚʣʝʥʠʝ ʬʠʥʘʥʩʘʤʠ 160 

ɸʅɸʃʀɿ ʂʆʈʈɽʂʊʅʆʉʊʀ ʉɽʄɽʁʉʊɺ ʌʋʅʂʎʀʁ 
ʈʀʉʂʆɺʓʍ ʇʈɽɼʇʆʏʊɽʅʀʁ ʀʅɺɽʉʊʆʈɸ 
ɸʛʘʩʘʥʜʷʥ ɻ.ɸ. 

161 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɺɸʈʀɸʅʊʆɺ ʉʎɽʅɸʈʅʆɻʆ 
ʇʈʀʄɽʅɽʅʀʗ ʂʆʅʊʀʅʋɸʃʔʅʆɻʆ ʂʈʀʊɽʈʀʗ VAR 
ɸʛʘʩʘʥʜʷʥ ɻ.ɸ. 

165 

ʅɽʂʆʊʆʈʓɽ ɺʆʇʈʆʉʓ ʋʉʊʆʁʏʀɺʆʉʊʀ 
ɼʀʅɸʄʀʏɽʉʂʀʍ ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ʅɸ 
ʉɽʊʗʍ     ɸʣʝʢʩʝʝʚʘ ɽ.ʀ. 

169 

ʆɹ ʆʎɽʅʂɽ ʉʊʈɸʊɽɻʀʁ ʆʇɽʈɸʊʀɺʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 
ʉʉʋɼʅʆ-ʉɹɽʈɽɻɸʊɽʃʔʅʓʄʀ ʂɸʉʉɸʄʀ ɺ ʋʉʃʆɺʀʗʍ 
ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ     ɹʘʡʨʘʤʦʚ ʆ.ɹ. 

173 

ʇʈʆɹʃɽʄʓ ʈɸʉʏɪʊɸ ʂʈɽɼʀʊʅʓʍ ɺʓʇʃɸʊ ɺ ʉʉʋɼʅʆ-
ʉɹɽʈɽɻɸʊɽʃʔʅʓʍ ʂʆɸʃʀʎʀʗʍ ʇʈʀ  
ʅɽʆʇʈɽɼɽʃɪʅʅʆʁ ɼʀʅɸʄʀʂɽ ɺʍʆɼɸ ʀ ɺʓʍʆɼɸ 
ʋʏɸʉʊʅʀʂʆɺ     ɽʨʝʰʢʦ ɸʨʪ.ʌ., ʉʳʪʦʚ ɸ.ʅ. 

177 

ʆ ʇʈʀʃʆɾɽʅʀʀ ʊɽʆʈʀʀ ɸʂʊʀɺʅʓʍ ʉʀʉʊɽʄ (ʊɸʉ) ʂ 
ʀʉʉʃɽɼʆɺɸʅʀʖ ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʍ  ʄɽʍɸʅʀɿʄʆɺ 
ʌʀʅɸʅʉʆɺʓʍ ʂʈʀɿʀʉʆɺ     ɽʨʝʰʢʦ ʌ.ʀ. 

181 

ʆ ɿɸɼɸʏɽ ʆʇʈɽɼɽʃɽʅʀʗ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʀ 
ɺʓʇʆʃʅɽʅʀʗ ʄɽʈʆʇʈʀʗʊʀʁ ʀʅɺɽʉʊʀʎʀʆʅʅʆɻʆ 
ʇʈʆɽʂʊɸ     ʂʦʣʧʘʯʝʚ ɺ.ʅ., ʅʠʣʴʛʘ ʆ.ʉ., ʆʚʩʷʥʥʠʢʦʚʘ ɸ.ʅ. 

191 

ʄʆɼɽʃʔ ʇʆɺɽɼɽʅʀʗ ʇʃɸʊɽʃʔʑʀʂʆɺ ʅɸʃʆɻʆɺ ʉ 
ʋʏɽʊʆʄ ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʀ ʄʆʈɸʃʔʅʆ-
ʇʉʀʍʆʃʆɻʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ ʀʍ ʄʆʊʀɺɸʎʀʀ 
ʂʫʟʴʤʠʥʯʫʢ ʅ.ɺ. 

195 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʍɸʅʀɿʄɸ ʆʇʊʀʄʀɿɸʎʀʀ 
ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɺ ʉʊʈʋʂʊʋʈɸʍ 
ʍʆʃɼʀʅɻʆɺʆɻʆ ʊʀʇɸ     ʄʘʪʚʝʝʚʘ ʖ.ɺ. 

198 

ɺʓʏʀʉʃʀʊɽʃʔʅʓɽ ʕʂʉʇɽʈʀʄɽʅʊʓ ʇʆ ʈɸʉʏɽʊʋ 
ʂʈɽɼʀʊʅʓʍ ʉʊɸɺʆʂ ɺ ʂʆɸʃʀʎʀʗʍ ɿɸɽʄʑʀʂʆɺ ʇʈʀ 
ʆʇɽʈɸʊʀɺʅʆʄ ʋʇʈɸɺʃɽʅʀʀ     ʉʳʪʦʚ ɸ.ʅ. 

202 

  

 

 



 7 

ʉʝʢʮʠʷ 6-ʋʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ  
ʩʠʩʪʝʤʘʤʠ 

207 

ʋʇʈɸɺʃɽʅʀɽ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ ɺ ʈɽɻʀʆʅɸʃʔʅʓʍ 
ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʉʀʉʊɽʄɸʍ     ɸʛʨʘʥʦʚʠʯ ʄ. 

208 

ʉʊʈʋʂʊʋʈʅʆ-ɼɽʗʊɽʃʔʅʆʉʊʅʓʁ ʇʆɼʍʆɼʂ 
ʋʇʈɸɺʃɽʅʀʖ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʄʀ ʋʏʈɽɾɼɽʅʀʗʄʀ     
ɸʩʤʦʣʦʚʘ ʃ. ʄ. 

218 

ʆ ʊɽʈʄʀʅʆʃʆɻʀʏɽʉʂʆʁ ʉʀʉʊɽʄɽ ɼʃʗ 
ʄɽɾɼʀʉʎʀʇʃʀʅɸʈʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ɹʝʣʴʪʶʢʦʚ ɸ.ʇ., ʄʘʩʣʦʚ ʉ.ɻ. 

232 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ ʋʇʈɸɺʃɽʅʀʗ ʉʀʉʊɽʄʆʁ 
ʆɹʈɸɿʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ ʄʆɼɽʃʀʈʆɺɸʅʀʗ  
ɹʝʣʷʢʦʚ ʉ.ɸ. 

236 

ʇɽʈɽʍʆɼ ʂ ʋʇʈɸɺʃɽʅʀʖ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ ɺ 
ʉʀʉʊɽʄɽ ʆɹʈɸɿʆɺɸʅʀʗ     ɻʨʫʟʜʝʚ ʄ.ɺ. 

241 

ʈɽɻʀʆʅɸʃʔʅɸʗ ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀɽʄ 
ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʀʅɼʀʂɸʊʆʈʓ ʇɽɼɸɻʆɻʀʏɽʉʂʆɻʆ 
ʂɸʏɽʉʊɺɸ ʐʂʆʃʓ     ɿʘʛʚʦʟʜʢʠʥ ɺ.ʂ. 

244 

ʇʈʆɹʃɽʄʓ ʉʊɸʅʆɺʃɽʅʀʗ ʆɹʑɽʈʆʉʉʀʁʉʂʆʁ 
ʉʀʉʊɽʄʓ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ ʆɹʈɸɿʆɺɸʅʀʗ 
ʂʘʟʘʢʦʚʘ ʖ.ɺ., ʇʫʜʝʥʢʦ ʊ.ʀ. 

257 

ʇɽʈʉʇɽʂʊʀɺʓ ʄɽʅɽɼɾʄɽʅʊɸ ɿʅɸʅʀʁ ɺ ʉʌɽʈɽ 
ʆɹʈɸɿʆɺɸʅʀʗ     ʂʦʩʘʨʝʮʢʠʡ ʉ.ɻ. 

271 

ʆɹ ɸʂʊʋɸʃʔʅʆʉʊʀ ʆʉɺʆɽʅʀʗ ʉʊʈɸʊɽɻʀʏɽʉʂʆɻʆ 
ʋʇʈɸɺʃɽʅʀʗ ʐʂʆʃʆʁ     ʄʦʠʩʝʝʚ ɸ.ʄ. 

280 

ɿɸɼɸʏɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʌɽɼɽʈɸʃʔʅʆʁ ʎɽʃɽɺʆʁ 
ʇʈʆɻʈɸʄʄʓ ʈɸɿɺʀʊʀʗ ʆɹʈɸɿʆɺɸʅʀʗ ɺ ʏɸʉʊʀ 
ʋʂʈɽʇʃɽʅʀʀ ʄɸʊɽʈʀɸʃʔʅʆ-ʊɽʍʅʀʏɽʉʂʆʁ ɹɸɿʓ 
ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʋʏʈɽɾɼɽʅʀʁ     ʅʘʙʠʫʣʣʠʥ ʀ.ʌ. 

285 

ʂ ɺʆʇʈʆʉʋ ʆʉʆɹɽʅʅʆʉʊɽʁ ʋʇʈɸɺʃɽʅʀʗ 
ʋʏʈɽɾɼɽʅʀʗʄʀ ʆɹʈɸɿʆɺɸʅʀʗ     ʅʝʤʦʚʘ ʅ. ɺ. 

287 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʓʍ ʀ 
ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʉʊɸʅɼɸʈʊʆɺ ʅɸ ɹɸɿɽ 
ʕʂʉʇɽʈʊʅʆ-ʂʃɸʉʉʀʌʀʂɸʎʀʆʅʅʓʍ ʄɽʊʆɼʆɺ 
ʅʠʢʠʪʠʥ ɺ.ɺ., ʇʦʢʨʦʚʩʢʘʷ ʀ.ɺ., ʏʝʨʥʷʚʩʢʠʡ ɸ.ʃ. 

297 

ʇʈʆɹʃɽʄɸ ʋʉʊʆʁʏʀɺʆʉʊʀ ʈɸɿɺʀʊʀʗ 
ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʉʀʉʊɽʄ ʀ ʇʆɼʍʆɼʓ ʂ ɽɽ 
ʈɽʐɽʅʀʖ     ʇʫʜʝʥʢʦ ʊ.ʀ. 

301 
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ʋʇʈɸɺʃɽʅʀɽ ɺɺɽɼɽʅʀɽʄ ʇʈʆʌʀʃʔʅʆɻʆ ʆɹʋʏɽʅʀʗ 
ʅɸ ʉʊɸʈʐɽʁ ʉʊʋʇɽʅʀʆɹʑɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ  
ʉʝʨʛʝʝʚ ʀ.ʉ. 

309 

ʆ ʉʇʆʉʆɹɽ ʀɿʄɽʈɽʅʀʗ ʉʃʆɾʅʆʉʊʀ ʗɿʓʂɸ 
ʀɿʃʆɾɽʅʀʗ ɺ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ ʆɹʋʏɸʖʑʀʍ 
ʉʀʉʊɽʄɸʍ     ʊʘʟʝʪʜʠʥʦʚ ɸ.ɼ. 

313 

ʈɸʎʀʆʅɸʃʔʅɸʗ ʕʂʉʇɽʈʊʅɸʗ ʆʎɽʅʂɸ ɿʅɸʅʀʁ 
ʋʏɸʑʀʍʉʗ     ʎʝʡʪʣʠʥ ʅ. ɸ. 

317 

ʉʆʎʀʆʂʋʃʔʊʋʈʅʓʁ ʇʆɼʍʆɼ ɺ ʋʇʈɸɺʃɽʅʀʀ  ʀ 
ʈɸɿɺʀʊʀʀ ʆɹʑɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ     ʎʠʨʫʣʴʥʠʢʦʚ ɸ.ʄ. 

322 
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ʊʆʄ I  

ʊɽʆʈʀʗ ɸʂʊʀɺʅʓʍ ʉʀʉʊɽʄ ï 40 ʃɽʊ  
ɹʫʨʢʦʚ ɺ.ʅ., ʅʦʚʠʢʦʚ ɼ.ɸ. 

14 

ɺʃɸɼʀʄʀʈ ʅʀʂʆʃɸɽɺʀʏ ɹʋʈʂʆɺ ï  
70 ɸʂʊʀɺʅʓʍ ʃɽʊ     ɹʫʨʢʦʚʘ ʀ.ɺ. 

34 

ʉɽʂʎʀʗ 1-ɹʘʟʦʚʳʝ ʤʦʜʝʣʠ ʠ ʤʝʭʘʥʠʟʤʳ  
ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

41 

ɹɸɿʆɺʓɽ ɸʃɻɽɹʈɸʀʏɽʉʂʀɽ ʉʊʈʋʂʊʋʈʓ  
ʋʅʀɺɽʈʉɸʃʔʅʓʍ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ 
ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ɸʅɸʃʀʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 
ɹʣʶʤʠʥ ʉ.ʃ., ʇʦʛʦʜʘʝʚ ɸ.ʂ., ʉʘʨʘʝʚ ʇ.ɺ.  

42 

ɹɸɿʆɺʓɽ ʆʂʈɽʉʊʅʆʉʊʅʓɽ ʄʆɼɽʃʀ  
ʋʅʀɺɽʈʉɸʃʔʅʓʍ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ 
ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ɸʅɸʃʀʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 
ɹʣʁʤʠʥ  ʉ.ʃ., ʇʦʛʦʜʘʝʚ ɸ.ʂ., ʉʘʨʘʝʚ ʇ.ɺ.  

46 

ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ ʂ 
ʄʆɼɽʃʀʈʆɺɸʅʀʖ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊɽʁ      
ɹʨʝʝʨ ɺ.ɺ. 

50 

ʉʆɻʃɸʉʆɺɸʅʅɸʗ ʆʇʊʀʄʀɿɸʎʀʗ ɺ ʈɸʉʇʃʓɺʏɸʊʓʍ 
ʋʉʃʆɺʀʗʍ      ɹʫʨʢʦʚ ɺ.ʅ., ʂʫʟʥʝʮʦʚ ɺ.ʅ., ʇʘʚʣʦʚ ɺ.ɸ. 

55 

ʇʆɺɽɼɽʅʏɽʉʂɸʗ ʄʆɼɽʃʔ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ 
ɺʠʥʦʛʨʘʜʦʚ ɻ.ʇ.  

59 

ʋʇʈɸɺʃɽʅʀɽ ʀʅɺɽʉʊʀʎʀʆʅʅʆʁ 
ɼɽʗʊɽʃʔʅʆʉʊʔʖʊɽʈʈʀʊʆʈʀɸʃʔʅʆʁ ɻɽʅɽʈʀʈʋʖʑɽʁ 
ʂʆʄʇɸʅʀʀ     ɺʦʣʢʦʚ ɽ.ɸ., ʇʝʨʦʚʘ ʄ.ɹ 

63 

ʅɽʂʆʊʆʈʓɽ ʆʇʈɽɼɽʃɽʅʀʗ ʀɿ ʆɹʃɸʉʊʀ ʉʀʉʊɽʄʅʆɻʆ 
ʇʆɼʍʆɼɸ     ɺʳʭʦʚʘʥʝʮ ɺ.ʉ. 

68 

ʄʆɼɽʃʀ ʈɽɻʋʃʀʈʋɽʄʆɻʆ ʈɸɺʅʆɺɽʉʀʗ  
ɺ ʊɽʆʈʀʀ ʀɽʈɸʈʍʀʏɽʉʂʀʍ ʉʀʉʊɽʄ    
ɻʦʨʝʣʠʢ ɺ.ɸ., ɿʦʣʦʪʦʚʘ ʊ.ɺ. 

72 

ɸʅɸʃʀɿ ʄʆɼɽʃʀ ʀɽʈɸʈʍʀʏɽʉʂʆʁ  
ʉʀʉʊɽʄʓʉ ɻʆʈʀɿʆʅʊɸʃʔʅʓʄʀ ʉɺʗɿʗʄʀ  
ʅɸ ʅʀɾʅɽʄ ʋʈʆɺʅɽ  
ɻʦʨʝʣʠʢ ɺ.ɸ., ʈʦʜʶʢʦʚ ɸ.ɺ., ʊʘʨʘʢʘʥʦʚ ɸ.ʌ. 

76 

ɸɻʈɽɻʀʈʆɺɸʅʀɽ ʄʆɼɽʃʀ ɻɽʈʄɽʁɽʈɸ-ɺɸʊɽʃʗ 
ɻʦʨʝʣʦʚ ʄ.ɸ. 

80 
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ʇʆɼʍʆɼ ʂ ʀʄʀʊɸʎʀʆʅʅʆʄʋ ʄʆɼɽʃʀʈʆɺɸʅʀʖ 
ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ɺʃʀʗʅʀʗ  
ɺ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ ï SIM      ɻʫʙʘʥʦʚ ɼ.ɸ. 

84 

ʆɹ ʆɼʅʆʁ ʄʆɼɽʃʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ɺʃʀʗʅʀʗ ɺ 
ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ     ɻʫʙʘʥʦʚ ɸ.ɸ., ʏʭʘʨʪʠʰʚʠʣʠ ɸ.ɻ. 

91 

ʆ ʇʈʆɺɽɼɽʅʀʀ ʀʅʊɽʈʅɽʊ-ʆʇʈʆʉʆɺ ɼʃʗ 
ʀɼɽʅʊʀʌʀʂɸʎʀʀ ɸʂʊʀɺʅʓʍ ʉʀʉʊɽʄ 
ɻʫʙʢʦ ʄ.ɺ., ʄʠʰʠʥ ʉ.ʇ., ʅʦʚʠʢʦʚ ɼ.ɸ., ʅʦʚʠʢʦʚ ʂ.ɺ. 

95 

ʅɸʍʆɾɼɽʅʀɽ ʆʇʊʀʄɸʃʔʅʆʁ ʀɽʈɸʈʍʀʀ ʈʆʋʊɽʈʆɺ 
ɼʃʗ ʇʆɼɼɽʈɾʂʀ ʄʆɹʀʃʔʅʓʍ ʇʆʃɿʆɺɸʊɽʃɽʁ 
ʀʅʊɽʈʅɽʊ     ɻʫʩʝʚ ɸ.ɸ. 

99 

ʆʎɽʅʂɸ ɼɽʗʊɽʃʔʅʆʉʊʀ ʀ ʉʆʈɽɺʅʆɺɸʊɽʃʔʅʓɽ 
ʄɽʍɸʅʀɿʄʓ ʉʊʀʄʋʃʀʈʆɺɸʅʀʗ     ɼʠʥʦʚʘ ʅ.ʀ. 

103 

ʈɽʌʃɽʂʉʀɺʅʓɽ ʀɻʈʓ ʀ ʉʀʉʊɽʄʅɸʗ ʆʇʊʀʄʀɿɸʎʀʗ 
ɼʦʣʝʥʢʦ ɻ.ɸ., ʄʘʥʦʚʠʮʢʘʷ ɼ.ɸ. 

104 

ʆʇʊʀʄɸʃʔʅʓʁ ʄɽʍɸʅʀɿʄ ɺ ɸʂʊʀɺʅʆʁ ʉʀʉʊɽʄɽ ʉ 
ʆɹʄɽʅʆʄ ʀʅʌʆʈʄɸʎʀɽʁ     ɽʥʘʣʝʝʚ ɸ.ʂ. 

108 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʀ ʂʆʅʊʈʆʃʔ ʎɽʃɽʁ ʈɽɻʀʆʅɸʃʔʅʆɻʆ 
ʈɸɿɺʀʊʀʗ ʅɸ ʆʉʅʆɺɽ ʊʈɸɽʂʊʆʈʅʆɻʆ ʇʆɼʍʆɼɸ ʉ 
ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄʆɼɽʃɽʁ ʉʀʉʊɽʄʅʆʁ 
ʆʇʊʀʄʀɿɸʎʀʀ     ʀʨʠʢʦʚ ɺ.ɸ., ʆʭʨʠʤʝʥʢʦ ʄ.ɺ. 

111 

ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʆʎɽʅʂɸʇʆʃʀʊʀʏɽʉʂʆɻʆ ʈɽʐɽʅʀʗ 
ɺ ʈɸʄʂɸʍçʂʀʆʊʉʂʆɻʆ ʇʈʆʊʆʂʆʃɸè 
ʂʦʥʦʥʝʥʢʦ ɸ.ʌ., ʐʝʚʯʝʥʢʦ ɺ.ɺ. 

115 

ʕʂɺʀɺɸʃɽʅʊʅʆʉʊʔ ʇʈʀʆʈʀʊɽʊʅʓʍ ʄɽʍɸʅʀɿʄʆɺ 
ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʈɽʉʋʈʉʆɺ      ʂʦʨʛʠʥ ʅ.ɸ. 

119 

ʂ ʇʈʆɹʃɽʄɽ ʋʇʈɸɺʃɽʅʀʗ ʉʃʋʏɸʁʅʓʄʀ 
ʄʅʆɻʆʄɽʈʅʓʄʀ ʉʀʉʊɽʄɸʄʀ ʇʆʉʈɽɼʉʊɺʆʄ 
ʇʈʆɻʈɸʄʄʀʈʋɽʄʓʍ ɻʈɸʅʀʎ 
ʂʨʫʧʝʥʠʥ ɺ.ʃ., ʊʨʝʥʝʚ ɺ.ʅ. 

123 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʇʈɽɼʉʊɸɺʃɽʅʀɽ ɹʋʍʋʏɽʊɸ 
ʂʫʟʥʝʮʦʚ ʃ.ɸ. 

126 

ɸʅɸʃʀɿ ʋʉʇɽʐʅʆʉʊʀ ʉʊʈɸʊɽɻʀʁ ʇʆɺɽɼɽʅʀʗ 
ɸɻɽʅʊɸ     ʂʫʨʫʣʶʢ ʅ.ɺ. 

130 

ʄɽʊʆɼʆʃʆɻʀʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʈɸɿɺʀʊʀʗ (ʊɽʆʈʀʗ 
ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʌɽʅʆʄɽʅʆɺ) 
ʃʠʭʪʝʥʰʪʝʡʥ ɺ.ɽ., ʈʦʩʩ ɻ.ɺ. 

134 

ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʋʉʊʆʁʏʀɺʆʉʊʀ 
ʇʈʀʄɽʅɽʅʀʗ ɸʂʊʀɺʅʓʍ ʉʀʉʊɽʄ     ʄʠʩʪʨʦʚ ʃ.ɽ. 

138 
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ʆ ʅɽʂʆʊʆʈʓʍ ɿɸɼɸʏɸʍ ʅɸɹʃʖɼɽʅʀʗ ɺ 
ʇʆɺʊʆʈʗʖʑʀʍʉʗ ʀɻʈɸʍ ʉ ɺʆɿʄʋʑɸʖʑʀʄ 
ʌɸʂʊʆʈʆʄ     ʄʦʭʦʥʴʢʦ ɽ.ɿ. 

143 

ʆ ʈɸɿʈɸɹʆʊʂɽ ʀ ʈɸɿɺʀʊʀʀ ʋʉʊʆʁʏʀɺʓʍ 
ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ ʀ ʄʆɼɽʃɽʁ ʇʈʆʎɽʉʉʆɺ 
ʋʇʈɸɺʃɽʅʀʗ      ʆʨʣʦʚ ɸ.ʀ. 

147 

ɼɺʆʁʉʊɺɽʅʅʓɽ ʉɽʊɽɺʓɽ ʄʆɼɽʃʀ ɹʆʃʔʐʀʍ ʉʀʉʊɽʄ     
ʇʝʪʨʦʚ ɸ.ɽ. 

154 

ʀɻʈʆɺʆʁ ʕʂʉʇɽʈʀʄɽʅʊ ɼʃʗ ɸʅɸʃʀɿɸ ʉʍʆɼʀʄʆʉʊʀ 
ʇʈʆʎɽɼʋʈʓ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʈɽʉʋʈʉɸ ɺ ʉʀʊʋɸʎʀʖ 
ʈɸɺʅʆɺɽʉʀʗ     ʋʘʥʜʳʢʦʚ ɹ.ʂ., ʍʫʣʘʧ ʊ.ʗ., ʑʝʧʢʠʥ ɸ.ɺ. 

158 

ʄɽʊʆɼʓ ʀɽʈɸʈʍʀʏɽʉʂʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 
ʋʉʊʆʁʏʀɺʓʄ ʈɸɿɺʀʊʀɽʄ ɸʂʊʀɺʅʓʍ ʉʀʉʊɽʄ 
ʋʛʦʣʥɹʠʮʢʠʡ ɻ.ɸ. 

160 

ʇʉʀʍʆʌʀɿʀʆʃʆɻʀʏɽʉʂʀɽ ʄɽʍɸʅʀɿʄʓ 
ɼɸʃʔʅʆɺʀɼʅʆʁ ʃʀʏʅʆʉʊʀ     ʎʳʛʘʥʦʚ ɺ.ɺ. 

164 

ʄʆɼɽʃʀ ʇɽʈɽʂʃʖʏɸɽʄʓʍ ʉʀʉʊɽʄ 
ʐʧʠʣʝʚʘʷ ʆ.ʗ. 

168 

ʂʆʄʇʃɽʂʉʅɸʗ ʆʎɽʅʂɸ ʇʈʀ ʉʊʀʄʋʃʀʈʆɺɸʅʀʀ ɺ 
ʂʆʃʃɽʂʊʀɺɽ     ʑʝʧʢʠʥ ɸ.ɺ. 

172 

ʉɽʂʎʀʗ 2-ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ  
ʠ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ 

175 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʂʈʀʊɽʈʀʗ ʇʀʈʉʆʅɸ ʇʈʀ 
ʄɸʊɽʄɸʊʀʂʆ-ʉʊɸʊʀʉʊʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂɽ 
ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ɼɸʅʅʓʍ ʈɽɻɽʅɽʈɸʎʀʀ 
ʂɸʊʀʆʅʀʊʆɺʓʍ ʌʀʃʔʊʈʆɺ  
ɸʚʘʣʠʘʥʠ ɿ.ʅ, ɼʠʜʤʘʥʠʜʟʝ ʀ. ʐ., ʄʝʛʨʝʣʠʰʚʠʣʠ 3.ʅ.  

176 

ʉɽʈʊʀʌʀʂɸʎʀʗ ʄɸʊʈʀʏʅʓʍ ʄʆɼɽʃɽʁ 
ʇʈɽɼʇʆʏʊɽʅʀʁ 
ɸʣʝʢʩʝʝʚ ɸ.ʆ., ɹʝʣʳʭ ɸ.ɸ., ʐʘʡʜʫʣʠʥ ʈ.ʌ 

178 

ʄɽʍɸʅʀɿʄ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʆɹʒɽʂʊʆɺ ʇʆ 
ʉʊɽʇɽʅʀ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʈʀʉʂɸ 
ʏʈɽɿɺʓʏɸʁʅʆʁ ʉʀʊʋɸʎʀʀ 
ɸʨʫʪʶʥʷʥ ʕ.ɸ., ʅʝʢʨʘʩʦʚ ɼ.ʇ., ʇʦʣʦʚʠʥʢʠʥʘ ɸ.ʀ. 

183 

ʀʅʊɽʈʇʈɽʊɸʎʀʗ ɿʅɸʅʀʁ ʕʂʉʇɽʈʊʆɺ ɼʃʗ 
ʇʆʉʊʈʆɽʅʀʗ ʅɽʏɽʊʂʆɻʆ ʃʆɻʀʏɽʉʂʆɻʆ 
ɺʓɺʆɼɸ     ɸʩʪʘʭʦʚʘ ʖ. ʖ. 

186 
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ʇʈʀʄɽʅɽʅʀɽ ɹɸʁɽʉʆɺʓʍ ʉɽʊɽʁ ʂ ʈɽʐɽʅʀʖ 
ʅɽʂʆʊʆʈʓʍ ʇʈʆɹʃɽʄ ʋʇʈɸɺʃɽʅʀʗ ɹʆʃʔʐʀʄʀ 
ʉʀʉʊɽʄɸʄʀ     ɹʘʙʠʢʦʚ ɺ.ʄ., ʇʘʥʘʩʝʥʢʦ ʀ.ʄ. 

191 

ʄɽʊʆɼʓ ʉʊʆʍɸʉʊʀʏɽʉʂʆʁ ɸʇʇʈʆʂʉʀʄɸʎʀʀ ɺ 
ɿɸɼɸʏɸʍ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ɸʅɸʃʀɿɸ 
ʉʃʆɾʅʆ ʆʈɻɸʅʀɿʆɺɸʅʅʓʍ ɼɸʅʅʓʍ 
ɹʘʫʤʘʥ ɽ.ɺ., ɻʦʣʴʜʦʚʩʢʘʷ ʄ.ɼ., ɼʦʨʦʬʝʶʢ ɸ.ɸ. 

195 

ɸʃɻʆʈʀʊʄ ʉʊʈʋʂʊʋʈʀɿɸʎʀʀ ʇɸʈɸʄɽʊʈʆɺ 
ɼʆʃɽɺʆɻʆ ʊʀʇɸ ʀ ɽɻʆ ʂʆʄʇʔʖʊɽʈʅʆɽ 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ 
ɹʘʫʤʘʥ ɽ.ɺ., ʂʠʩʝʣʝʚʘ ʅ.ɽ., ʂʫʣʢɹʦʚʘ ɻ.ɺ. 

199 

ʂʆʄʇɽʊɽʅʊʅʆʉʊʅʓʁ ɸʃɻʆʈʀʊʄ ʋʇʈɸɺʃɽʅʀʗ 
ʂɸʏɽʉʊɺʆʄ ɼɽʗʊɽʃʔʅʆʉʊʀ  ɸʉʇʀʈɸʅʊɸ 
ɹʝʣʦʫʩʦʚ ɺ.ɽ., ɼʦʙʨʦʩʦʮʢʘʷ ʀ.ɺ., ʂʨʘʭʪ ʃ.ʅ. 

203 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆʎɽɼʋʈʓ ʇʈʀʅʗʊʀʗ 
ʈɽʐɽʅʀʗɼʃʗ ɹʖɼɾɽʊʅʆɻʆ  
ʌʀʅɸʅʉʀʈʆɺɸʅʀʗ ʂʆʅʂʋʈʉʅʓʍ 
ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʇʈʆɽʂʊʆɺ ʆʊʈɸʉʃɽɺʓʍ  
ʅɸʋʏʅʓʍ ʆʈɻɸʅʀɿɸʎʀʁ     ɹʝʩʩʘʨʘʙʦʚ ɸ.ʄ., ʂʦʯʝ-
ʪʳʛʦʚ ɸ.ʃ., ʂʚʘʩʶʢ ɸ.ɺ., ʉʘʥʜʫ ʈ.ɸ. 

207 

ʂʆʅʎɽʇʎʀʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʈɸɿɺʀʊʀʗ 
ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʄʅʆɻʆɸɻɽʅʊʅʓʍ  
ʉʀʉʊɽʄ     ɺʠʥʦʛʨʘʜʦʚ ɻ.ʇ. 

211 

ʆʇʈɽɼɽʃɽʅʀɽ ʉʊʈʋʂʊʋʈʓ ɼɽʈɽɺɸ ʉɺɽʈʊʆʂ 
ɺʣʘʩʦʚʘ ɽ.ɸ., ʅʘʙʠʫʣʣʠʥ ʀ.ʌ., ʉʠʜʦʨʝʥʢʦ ɽ.ɸ. 

215 

ʋʇʈɸɺʃɽʅʀɽ ʉʆʎʀɸʃʔʅʆ-ʊɽʍʅʀʏɽʉʂʀʄʀ 
ʉʀʉʊɽʄɸʄʀ ʉ ʋʏɽʊʆʄ ʅɽʏɽʊʂʀʍ 
ʇʈɽɼʇʆʏʊɽʅʀʁ     ɻʠʪʤʘʥ ʄ.ɹ., ʉʪʦʣʙʦʚ ɺ.ʖ. 

220 

ɸʃɻʆʈʀʊʄʓ ʕʂʉʇɽʈʊʅʆ-
ʂʃɸʉʉʀʌʀʂɸʎʀʆʅʅʆɻʆ ɸʅɸʃʀɿɸ 
ʂɺɸɿʀʇɽʈʀʆɼʀʏɽʉʂʀʍ ɹʀʆʉʀɻʅɸʃʆɺ  
ɺ ɿɸɼɸʏɸʍ ʄɽɼʀʎʀʅʉʂʆʁ ɼʀɸɻʅʆʉʊʀʂʀ 
ɻʦʣʴʜʦʚʩʢʘʷ ʄ.ɼ., ɻʫʯʫʢ ɺ.ɺ., ɼʝʩʦʚʘ ɸ.ɸ.  
ʇʦʢʨʦʚʩʢʘʷ ʀ.ɺ., 

225 

ʇʈʆʎɽɼʋʈɸ ʇʆɼɼɽʈɾʂʀ ʇʈʀʅʗʊʀʗ 
ʂʆʃʃɽɻʀɸʃʔʅʓʍ ʈɽʐɽʅʀʁ ʉ 
ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸʂʊʀɺʅʆʁ ʕʂʉʇɽʈʊʀɿʓ     
ɻʫʨʝʝʚ ʂ.ɸ., ʃʳʢʦʚ ʄ.ɺ., ʐʘʡʜʫʣʠʥ ʈ.ʌ. 

230 
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ʄɽʊʆɼʓ ʈɸɿʄʓʊʆʁ ʉʊʈʋʂʊʋʈʅʆʁ 
ɸʇʇʈʆʂʉʀʄɸʎʀʀ ɺ ɿɸɼɸʏɸʍ ʀɼɽʅʊʀʌʀʂɸʎʀʀ 
ʀ ʋʇʈɸɺʃɽʅʀʗ ʉʃʆɾʅʓʄ ʆɹʒɽʂʊʆʄ 
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ʈɽʐɽʅʀʁ ʉ ʇʆʄʆʑʔʖ ɸʃɻʆʈʀʊʄɸ 
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ʈʋʉʉʂʆɻʆ ʊɽʂʉʊɸ ʅɸ ʇʈʆʉʊʓɽ ʇʈɽɼʃʆɾɽʅʀʗ 
ʂʘʧʥʠʥ ɸ. ɺ., ʂʫʟʥʝʮʦʚ ʃ. ɸ. 

251 
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ʂɺɸʅʊʀʌʀʂɸʎʀʀ ʀʅʊɽʅʉʀɺʅʆʉʊʀ 
ʇʈɽɼʇʆʏʊɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ʇɸʈʅʓʍ 
ʉʈɸɺʅɽʅʀʁ     ʐʘʭʥʦʚ ʀ.ʌ. 

312 

 



15 

 

ʉʝʢʮʠʷ 3. ʋʧʨʘʚʣʝʥʠʝ  

ʧʨʦʝʢʪʘʤʠ 

 
 

ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ ʩʝʢʮʠʠ  

× ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ. ɺ.ɼ. ɹʦʛʘʪʳʨʝʚ,  

× ʜ.ʪ.ʥ., ʧʨʦʬ. ɺ.ʀ. ɺʦʨʦʧʘʝʚ 



 16 

HARMONIZATION MODELING FOR  

PROJECTS' PORTFOLIO 

Doron Greenberg
1
, Avner Ben-Yair

2
, 

Dimitri Golenko -Ginzburg
3,4

 

(1 ï Department of Economics and Business Administration, 

Faculty of Social Science, Ariel University Center (AUC) of 

Samaria, 2 ï Department of Industrial Engineering and Man-

agement, Sami Shamoon College of Engineering, Beer-Sheva, 3 

ï 3Department of Industrial Engineering and Management, 

Ariel University Center (AUC) of Samaria, 4 ï Department of 

Industrial Engineering and Management, Ben-Gurion Univer-

sity of the Negev, Beer-Sheva, Israel)  
dorongreen@gmail.com, avnerb@sce.ac.il , dimitri@bgu.ac.il   

 

We present a new multi-parametrical optimization model to esti-

mate the projects' utility. The model is a weighted linear function of 

the projects' parameters with constant coefficients and, developing 

a trade-off compromise between the parameters, is called harmoni-

zation model. 

 
Key words: Harmonization model; Partial harmonization model; 

Project's reliability; Project's utility; Portfolio's utility. 

1. Introduction 

The system's parameters are divided into: 

¶ independent parameters, where for each parameter its value 

may be preset and may vary independently on other parame-

tersô values, and 

¶ dependent parameters whose values may not depend unique-

ly on the values of independent parameters. However, when 

optimized (for the same values of independent parameters), 

they are solely dependent on those values. 

Both independent and dependent parameters together with the 

mailto:dorongreen@gmail.com
mailto:avnerb@sce.ac.il
mailto:benyaira@bgumail.bgu.ac.il
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coefficients of the utility function, are externally pregiven. 

If an organization system functions under random disturbances 

and comprises 1n  independent basic parameters ( )
11, niR ind

i ¢¢ , and 

2n  dependent basic parameters ( )
21, njR dep

j ¢¢ , the harmonization 

problem boils down to maximize the systemôs utility  

( ) ( )
öö
÷

õ
ææ
ç

å
+= ä ä

= =

1 2

1 1

n

i

n

j

dep

jj

ind

iiS RRU aa  

subject to certain restrictions. We suggest to determine the optimal 

vector 
( ) ( ) ( ) ( ) ( ) ( )( )dep

n

depdepind

n

indind RRRRRRR *******=
21

,...,,,,...,, 2121  

which delivers maximization to the systemôs utility SU , by means 

of the following sequential stages: 

 

Stage I - implement a look-over algorithm to examine all 

feasible combinations of independent basic values 
( ){ }ind
iR ; 

Stage II - determine optimal values ( ){ }dep

optjR  for all dependent 

parameters by means of values ( ){ }ind

iR  obtained at 

the previous stage; for each j -th dependent para-

meter an individual optimization model (called 

henceforth the partial harmonization model 

jPHM ), is used. The latter enables the optimality 

of each value ( )dep

optjR  which solely depends on the 

combination ( ){ }ind

iR ; 

Stage III - calculate the system's utility SU  via (1) for the 

combination 

  ( ){ }ind

iR , 
( ){ }dep

optjR  obtained at Stages I and II ; 
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Stage IV - calculate the optimal system's utility by determining 

the optimal combination (2) for all independent and 

dependent parameters which delivers the maximum 

to sU . 

Thus, we suggest an approximate harmonization's problem solu-

tion as follows. At the first stage a relatively simple search algorithm 

in the area of independent parameters, e.g. the cyclic coordinate 

descent method, is implemented. At the second stage, in order to 

evaluate the optimal value of each dependent parameter, an optimi-

zation problem jPHM , 21 nj¢¢ , has to be solved. The idea is to 

obtain independent parametersô values at the first stage and to use 

them as input values of all partial harmonization models at the 

second stage. 

2. The system's description 

The project management (company) is faced with managing n  

PERT-COST type network projects ( )ANGk , , nk1 ¢¢ , which 

have to be carried out simultaneously. The projects are of different 

importance and significance; for each k -th project the correspond-

ing priority index kh  is externally pregiven. However, in the course 

of the projectsô realization values kh , nk1 ¢¢ , may undergo 

changes. The total budget C  at the managementôs disposal to carry 

out all the projects, is limited. For each project ( )ANGk , , nk¢¢1 , 

its due date kD , as well as the assigned budget kC , have to be 

determined. For each activity ( )
k

ji,  entering project ( )ANGk ,  two 

budget values are externally pre-given: 

¶ ( )
min

,
k

jic  - the minimal possible budget still enabling to 

carry out activity ( )
k

ji, ; 

¶ ( )
max

,
k

jic  - the maximal budget required to carry out activi-

ty ( )
k

ji, . 

Thus, the actual budget value ( )
k

jic ,  assigned to activity 
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( )
k

ji, , is restricted by its upper and lower bounds. In case 

( ) ( )
max

,,
kk

jicjic >  additional budget is redundant. Activity dura-

tion ( )
k

jit ,  is a random value with a beta-distribution p.d.f. ()kij xp  

with parameter ( )kjic ,  to be implemented in the function. 

3. Local utility model 

Regarding [1], each project comprises three essential, basic 

parameters which define the projectôs utility: 

¶ budget kC  assigned to each project ( )ANGk , , nk¢¢1 ;  

¶ the appropriate due date kD ;  

¶ reliability parameter ( )kkk DCR , , 

( )
( ){ }

( )
( ) îý

î
ü
û

îí

î
ì
ë

=¢= ä
kk ji

kkkk
jic

kkk CjicDTxaMDCR
,,

,Pr,  

where kT  signifies the moment project ( )ANGk ,  is completed (a 

random value), on condition that budget kC  is assigned to ( )ANGk ,  

and optimally reallocated between activities ( )
kj,i . It goes without 

saying that relation ( )
( )
ä>

kji
kk jicC

,

,  holds, otherwise project 

( )ANGk ,  cannot be carried out. 

For each k -th project its utility kU  is calculated as follows: 

( ) ( ) ( )[ ]kkkkRkkDkkCk RDCRDDCCU
kkk

000 , -+-+-= aaa  

where kC0 , kD0  and kR0  are the least permissible basic values that 

can be accepted in the course of the projectôs realization, nk¢¢1 , 

while 
k

Ca , 
k

Da  and 
k

Ra  stand for local (partial) utilities per each 

parameter. 
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4. Portfolio's utility estimation 

Note that budget reallocation among the projects has to be 

carried out: 

¶ at the beginning of the planning horizon, i.e., at 0=t ; 

¶ at a certain moment t  when at least for one k -th routine 

project values kD  and kh  undergo changes; 

¶ at a certain moment t  when one of the projects is accom-

plished. 

For a project management system with projects of different im-

portance we suggest to solve the harmonization problem with objec-

tive 

( )ä
=

Ö=
n

k
kk UJ

1
1 h . 

Maximizing objective (6) means that the project management 

takes all possible measures first to support projects with higher 

priorities. Only afterwards it takes care of other, less important, 

projects. 

In case of projects with equal priorities we suggest, with respect 

to [1], implementing another objective satisfying 

{ }
k

kDC

UniMxaMJ
kk ,

2 =  

Objective (7) means that for projects with equal significance the 

project management takes all measures to support the çweakestè 

projects on the account of the çstrongerè and the çfasterè ones. That 

means, in turn, implementing a policy resulting in control actions 

aimed on projectsô leveling, in order to smooth the differing 

projectsô utilities. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘ-

ʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʧʦʟʠʮʠʠ ʤʝʥʝʜʞʤʝʥʪʘ ʦʪʜʝʣʴʥʳʭ 

ʵʪʘʧʦʚ ʠ ʦʧʝʨʘʮʠʡ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʩʦʢʨʘʱʝ-

ʥʠʷ ʩʤʝʪʥʳʭ ʟʘʪʨʘʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʥʘ ʛʨʘʬʘʭ. ʋʧʨʘʚʣʝʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʙʶʜʞʝʪʘʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʧʦʟʠʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʪʦʢʘʤʠ ʠ ʦʪʪʦ-

ʢʘʤʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʜʠʩʢʦʥ-

ʪʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʘʢʪʫʘʣʥɹʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʶʜʞʝʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʤʝʪʝ, ʠʥʚʝʩʪʠʮʠʦʥʥʦʤ ʙʶʜ-

ʞʝʪʝ ʠ ʛʨʘʬʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩ 

ʧʦʟʠʮʠʠ ʢʨʠʪʝʨʠʷ ʤʘʢʩʠʤʫʤʘ ʯʠʩʪʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʦʠʤʦ-

ʩʪʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʩʫʤʤʳ ʧʨʠʚʣʝʢʘʝʤʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ ʩʘʣʴʜʦ ʚ ʢʘʞʜʦʤ ʠʟ ʧʝʨʠʦʜʦʚ. ʊʘʢʘʷ 

ʟʘʜʘʯʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʟʘʜʘʯ ʫʧʨʘʚʣʝ-

ʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠ-

ʦʥʥʳʤʠ ʙʶʜʞʝʪʘʤʠ, ʨʘʥʝʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʠʥʚʝʩʪʠʮʠʦʥ-

ʥʦ-ʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷ, ʜʦʣʴʱʠʢʠ, ʦʧʪʠʤʠʟʘʮʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʧʨʠʪʦʢ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʚʝʥʯʫʨ-

ʥʳʭ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ, ʙʘʥʢʦʚ ʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ 

çʜʦʣʴʱʠʢʦʚè (ʬʠʟʠʯʝʩʢʠʭ ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʨʦʮʝʩʩʝ ʜʦʣʝʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ):  

mailto:svetlanochka_87@mail.ru
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(1) (t),R(t)R(t)R(t)R(t)RR(t) 54321 ++++=  

ʛʜʝ -)(tR  ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʜʝʥʝʞʥʳʡ ʧʦʪʦʢ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʳ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ t ; -)(1 tR  ʩʦʙʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ; 

-)(2 tR  ʩʨʝʜʩʪʚʘ çʜʦʣʴʱʠʢʦʚè; -)(3 tR  ʩʨʝʜʩʪʚʘ ʚʝʥʯʫʨʥʳʭ 

ʬʦʥʜʦʚ; -)(4 tR  ʙʘʥʢʦʚʩʢʠʝ ʢʨʝʜʠʪʳ; -)(5 tR  ʩʨʝʜʩʪʚʘ ʠʥʚʝ-

ʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ. 

ɿʘʚʠʩʠʤʦʩʪʴ )(tR  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʪʦʢ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ ʠʟʤʝʥʷʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʵʪʘʧʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɺʦʟʚʝʜʝʥʠʝ ʦʙʲʝʢʪʦʚ ʞʠʣʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʦʭʦʜʠʪ ʧʦ ʩʣʝ-

ʜʫʶʱʠʤ ʵʪʘʧʘʤ: 1 ʵʪʘʧ ï ʥʫʣʝʚʦʡ ʮʠʢʣ; 2 ʵʪʘʧ ï ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ; 

3 ʵʪʘʧ ï ʤʦʥʪʘʞ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 4 ʵʪʘʧ ï ʦʪʜʝʣʦʯʥʳʝ 

ʨʘʙʦʪʳ; 5 ʵʪʘʧ ï ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʪʝʨʨʠʪʦʨʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ. ʉʦ ʚʪʦʨʦʛʦ 

ʵʪʘʧʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʯʠʥʘʶʪ ʧʨʠʚʣʝʢʘʪʴʩʷ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ 

çʜʦʣʴʱʠʢʦʚè. ʂʨʝʜʠʪʦʚʘʥʠʝ ʙʘʥʢʘʤʠ ʩʪʨʦʷʱʝʛʦ ʦʙʲʝʢʪʘ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ, ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ ʚʦʟʤʦʞʥʦ ʧʨʠʚʣʝʯʝʥʠʝ ʢʘʧʠʪʘʣʘ ʩʦ ʩʪʦʨʦʥʳ ʚʝʥʯʫʨʥʳʭ 

ʬʦʥʜʦʚ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʚʦʟʤʦʞʥʦ ʢʨʝʜʠʪʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʧʦʵʪʦʤʫ ʧʨʠʪʦʢ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʩʨʝʜʩʪʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ, ʩʨʝʜʩʪʚ çʜʦʣʴʱʠʢʦʚè ʠ ʙʘʥʢʦʚ. 

ʅʘ ʜʘʣʴʥʝʡʰʠʭ ʵʪʘʧʘʭ ʧʨʠʪʦʢ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʨʝʜʩʪʚ çʜʦʣʴʱʠʢʦʚè. 

ʂʘʞʜʦʤʫ ʵʪʘʧʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠʩʫʱʠ ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ 

ʟʘʪʨʘʪ. ɿʘʪʨʘʪʳ )(tʉ  ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ).,...,1( Kk=  

ʇʦɻʪʦʤʫ ʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

(2) ),()()()()( 21 tCtCtCtʉtʉ Kk +++++= 22  

ʛʜʝ -ʂ  ʯʠʩʣʦ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʳ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʜʘʣʝʝ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ 

ʫʯʠʪʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʘʣʴʜʦ ʚ ʢʘʞʜʦʤ ʠʟ ʧʝʨʠʦʜʦʚ ʠ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʦʧʪʠʤʠʟʘʮʠʶ ʧʦ ʢʨʠʪʝʨʠʶ ʯʠʩʪʦʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʡ 

ʧʨʠʙʳʣʠ ʧʨʦʛʨʘʤʤʳ.  
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ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣɹ-

ʟʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʩʜʚʠʛʠ ʠʣʠ ʟʘʜʝʨʞʢʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʵʪʘʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʚ ʠʭ ʦʧʣʘʪʝ ʧʦʜʨʷʜʯʠʢʘʤ ʠ ʧʦʩʪʘʚʱʠʢʘʤ. ʇʨʠ ʜʝʬʠʮʠʪʝ 

ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʢʘʞʜʦʤ ʠʟ 

ʧʝʨʠʦʜʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʢʣʘʜʳʚʘʪʴ ʦʧʣʘʪʫ ʨʘʙʦʪ ʥʘ ʙʫʜʫʱʠʝ 

ʧʝʨʠʦʜʳ, ʪ.ʝ. çʟʘʤʦʨʘʞʠʚʘʪʴè ʵʪʘʧʳ ʠ ʠʭ ʛʨʫʧʧʳ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. ʊʦʛʜʘ ʤʦʞʥʦ ʚʚʝʩʪʠ ʦʙʦ-

ʟʥʘʯʝʥʠʝ ʩʜʚʠʛʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ: 

(3) ( ).,,,,, 21

c

K

c

k

ccc lllll 22=  

ʏʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ʨʘʙʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʪʝʚʳʤ ʛʨʘʬʠʢʦʤ ʠʭ ʨʝʘʣʠʟʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʜʚʠʛʘʪʴ ʟʘʪʨʘʪʳ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ 

ʨʘʙʦʪ ʥʘ ʩʫʤʤʫ ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʦʚ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʪʘ-

ʧʦʚ, ʯʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

.,...,1,,...,1 c

jk

c llJjKk k +¢="="  

ʋʩʣʦʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ ʩʘʣʴʜʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ ʥʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʩʫʤʤʳ ʧʨʠʪʦʢʦʚ ʠ ʦʪʪʦʢʦʚ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʘ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʦʩʪʘʪʢʘ ʥʘ ʩʣʝʜʫʶʱʠʡ 

ʧʝʨʠʦʜ, ʪ.ʝ. ʚ ʣʶʙʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ Tt ,,12=  ʜʦʣʞʥʦ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʫʩʣʦʚʠʝ  

( ) 0)(
1 1

²ùú

ø
éê
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+-ä ä

= =

t K
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kk lCR
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ʅʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʫʱʝʩʪʚʫʶʪ ʦʙʷʟʘʥʥʦʩʪʠ 

ʩʜʘʯʠ ʦʙʲʝʢʪʘ çʚ ʩʨʦʢè, ʪʦ ʣʶʙʦʝ ʧʨʝʚʳʰʝʥʠʝ ʧʣʘʥʦʚʦʛʦ ʩʨʦʢʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʢʦʥʪʨʘʢʪʦʚ, ʟʘʢʣʶʯʝʥʥʳʭ ʩ ʜʦʣʴ-

ʱʠʢʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʙʷʟʘʥʥʦʩʪʠ ʚʳʧʣʘʯʠʚʘʪʴ 

ʥʝʫʩʪʦʡʢʫ ʠ ʦʧʣʘʯʠʚʘʪʴ ʢʦʤʤʫʥʘʣʴʥʳʝ ʧʣʘʪʝʞʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʤʘ, ʘʨʝʥʜʦʡ ʟʝʤʣʠ, ʦʭʨʘʥʦʡ ʠ ʫʙʦʨʢʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ. ɼʘʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʜʝʣʠʨʫʶʪʩʷ ʬʫʥʢʮʠʝʡ çʰʪʨʘʬʘè )( clc . 

ʌʫʥʢʮʠʷ ʰʪʨʘʬʘ ʟʘ ʥʝʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʚ ʩʨʦʢ ʟʘ-

ʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʝʢ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚ 

ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ: 
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ʛʜʝ -Z  ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʤʘ ʠ ʚʳʧʣʘʪʳ 

ʥʝʫʩʪʦʡʢʠ ʚ ʢʘʞʜʦʤ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʨʠʦʜʦʚ; -r  ʩʪʘʚʢʘ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʘʷ ʩʦʙʦʡ ʯʠʩʪʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʜʦʭʦʜ ʩ ʫʯʝʪʦʤ ʟʘʜʝʨʞʝʢ ʦʪ-

ʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʨʘʙʦʪ, ʬʫʥʢʮʠʡ ʰʪʨʘʬʦʚ ʠ ʥʘʣʦʛʘ ʥʘ ʧʨʠʙʳʣʴ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ:  
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ʛʜʝ -g  ʥʘʣʦʛ ʥʘ ʧʨʠʙʳʣʴ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 2,0=g ). 

ɺ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʧʨʝʜʣʘʛʘʝʤʘʷ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʥʚʝʩʪʠ-

ʮʠʦʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʩ ʧʦʤʦʱʴʶ ʟʘʜʝʨʞʝʢ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʠ ʰʪʨʘʬʦʚ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʧʣʘʥʦʚʦʛʦ ʛʨʘʬʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʙʘʥʢʦʚ-

ʩʢʠʭ ʢʨʝʜʠʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ï 

ʚʨʝʤʷ ʤʠʨʦʚʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʢʨʠʟʠʩʘ, ʟʘʪʨʦʥʫʚʰʝʛʦ ʩʫʱʝʩʪ-

ʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠ ʨʦʩʩʠʡʩʢʫʶ ʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ. 
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ɿɸɼɸʏɸ ɺʓɹʆʈɸ ʆʇʊʀʄɸʃʔʅʆʁ ʉʊʈɸʊɽɻʀʀ 

ʀʅʊɽɻʈʀʈʆɺɸʅʀʗ ʂʆʄʇɸʅʀʁ 

ɹʫʨʢʦʚʘ ʀ.ɺ., ɿʘʭʘʨʯʝʥʢʦ ʆ.ʉ., ʈʫʜʝʥʢʦ ɿ.ɻ. 

(ʀʇʋ ʈɸʅ, ʄʦʩʢʚʘ) 
irbur27@mail.ru 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʝ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ 

ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʦʤʧʘʥʠʡ, ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʢ ʦʩʥʦʚʥʦʡ ʢʦʤʧʘʥʠʠ: ʠʤʝʝʪʩʷ n 

ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ ʦʩʥʦʚʥʘʷ ʢʦʤʧʘʥʠʷ. 

ʉʪʦʠʤʦʩʪʴ (ʮʝʥʘ) i-ʡ ʢʦʤʧʘʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ  

(1) ( ) niskc iii ,1,1 =+= , 

ʛʜʝ ki ï ʩʪʦʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ (ʢʘʧʠʪʘʣ), si - ʨʝʥʪʘʙʝʣʥɹʦʩʪʴ ʥʘ 

ʢʘʧʠʪʘʣ. ʆʙʦʟʥʘʯʠʤ xi = 1, ʝʩʣʠ i-̫  ʢʦʤʧʘʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪʩʷ, xi = 0 ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʉʪʦʠʤʦʩʪʴ ʦʙʲʝʜʠʥʝʥʥʦʡ ʢʦʤʧʘʥʠʠ ʨʘʚʥʘ: 

(2) ( ) ()( )xsxkk ii ++ä 10 ,  

ʛʜʝ () ä+=
i

iii xssxs bb 00 . 

ʂʦʵʬʬʠʮʠʝʥʪ bi ʫʯʠʪʳʚʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚʦʟʥʠ-

ʢʘʶʱʠʡ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʢʦʤʧʘʥʠʡ. 

ɿʘʜʘʯʘ ï ʦʧʨʝʜʝʣʠʪʴ {}ix , ʧʨʠ ʢʦʪʦʨʳʭ ʩʪʦʠʤʦʩʪʴ ʦʙʲʝʜʠ-

ʥʝʥʥʦʡ ʢʦʤʧʘʥʠʠ (2) ʥʝ ʥʠʞʝ ʪʨʝʙʫʝʤʦʡ ʚʝʣʠʯʠʥʳ P, ʘ ʟʘʪʨʘʪʳ 

ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʢʦʤʧʘʥʠʡ  

(3) ä
i

ii xc  ï ʤʠʥʠʤʘʣʴʥʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʞʥʠʭ ʦʮʝʥʦʢ ʟʘʪʨʘʪ ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʩʝ-

ʪʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [1]. ɺʚʝʜʝʤ ʜʚʦʡʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥ-

ʥʳʝ ui ʠ nivi ,1, =  ʪʘʢʠʝ, ʯʪʦ  

(4) nicvu iii ,1, ==+  

ʠ ʨʘʩʩʤʦʪʨʠʤ ʪʨʠ ʦʮʝʥʦʯʥʳʝ ʟʘʜʘʯʠ. 

ɿʘʜʘʯʘ 1. ʆʧʨʝʜʝʣʠʪʴ {}ix , ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ  

()ä=
i

ii xuQu  

mailto:irbur27@mail.ru
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ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ  

1Pxk
i

ii ²ä ,  

ʛʜʝ P1 > 0 ʧʨʠʥʠʤʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɿʘʜʘʯʘ 2. ʆʧʨʝʜʝʣʠʪʴ {}ix , ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ  

()ä=
i

ii xvQv  

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ  

2Pxs
i

iii ²äb ,  

ʛʜʝ P2 > 0 ʧʨʠʥʠʤʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʆʙʦʟʥʘʯʠʤ U(P1) ï ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ U(Q), ʘ V(P2) ï 

ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ V(Q). 

ɿʘʜʘʯʘ 3. ʆʧʨʝʜʝʣʠʪʴ P1 ʠ P2, ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ  

(5) U(P1) + V(P2) 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ  

(6) ( )( ) PPSPk ²+++ 20010 1 b .  

ʆʙʦʟʥʘʯʠʤ ʌ(u, v, P) ï ʦʧʪʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ (5). ʂʘʢ ʠʟ-

ʚʝʩʪʥʦ, [1], ʌ(u, v, P) ʷʚʣʷʝʪʩʷ ʥʠʞʥʝʡ ʦʮʝʥʢʦʡ ʜʣʷ ʠʩʭʦʜʥʦʡ 

ʟʘʜʘʯʠ.  

ɼʚʦʡʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ. ʆʧʨʝʜʝʣʠʪʴ u, v, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

(4), ʠ ʤʘʢʩʠʤʠʟʠʨʫʶʱʠʝ ʌ(u, v, P). 

ʊʝʦʨʝʤʘ. ʌ(u, v, P) ï ʚʦʛʥʫʪʘʷ ʬʫʥʢʮʠʷ u ʠ v. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʦʡʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʚʳ-

ʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʤʠʨʚʦʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʘʷ ʥʠʞʥʷʷ ʦʮʝʥʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʪʦʜʝ ʚʝʪʚʝʡ ʠ 

ʛʨʘʥʠʮ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʋʈʂʆɺ ɺ.ʅ., ɹʋʈʂʆɺɸ ʀ.ɺ. ʠ ʜʨ. ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʝʤʘʭ. ï ʄ.: ʉʀʅʊɽɻ. 

2005. ï 256 ʩ. 
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ʇʈʆɸʂʊʀɺʅʆɽ ʋʇʈɸɺʃɽʅʀɽ ʇʈʆɽʂʊɸʄʀ ï 

ɻʃʆɹɸʃʔʅʓʁ ʊʈɽʅɼ ʄʀʈʆɺʆɻʆ ʈɸɿɺʀʊʀʗ 

ɹʫʰʫʝʚ ʉ.ɼ,. ɹʫʰʫʝʚʘ ʅ.ʉ.  

(ʋʢʨʘʠʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʝʢʪʘʤʠ, ʂʠʝʚ) 
SBushuyev@rumbler.ru 

 

ʇʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ ʜʘʝʪ ʩʠʩʪʝʤʥʳʡ ʚʟʛʣʷʜ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʟʘ-

ʜʫʤʘʥʥʦʛʦ, ʙʫʜʴ ʪʦ: ʧʨʦʚʝʜʝʥʠʝ ʦʣʠʤʧʠʘʜʳ, ʚʳʚʦʜ ʥʘ ʨʳʥʦʢ 

ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ 

ʠʣʠ ʨʝʛʠʦʥʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʯʝʪʢʦ ʦʙʦʟʥʘʯʠʪʴ ʮʝʣʴ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ, ʦʧʨʝʜʝʣʠʪʴ ʩʨʦʢʠ, ʨʝʩʫʨʩʳ, 

ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ, ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ (ʚʣʠʷʥʠʝ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʘʤʠʭ ʫʯʘʩʪʥʠʢʦʚ) ʠ ʩʦʟʜʘʪʴ ʩʠʩʪʝ-

ʤʫ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʭʦʜʘ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʘʥʜʫ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʫʩʠʣʠʷ ʢʣʶʯʝ-

ʚʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʧʝʭʘ ʧʨʦʝʢʪʘ [1].  

ʇʝʨʝʭʦʜ ʢ ʧʨʦʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʚ ʦʨʛʘ-

ʥʠʟʘʮʠʷʭ ʠ ʙʠʟʥʝʩʝ ʠʥʠʮʠʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʛʣʦʙʘʣʴʥʳʤ 

ʨʳʥʦʯʥʳʤ ʪʨʝʥʜʦʤ ï ʪʝʭʥʠʯʝʩʢʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʣʦʞ-

ʥʦʩʪʴ ʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʘʤ ʩʞʠʤʘʶʪʩʷ, ʘ ʦʞʠʜʘʝʤʘʷ ʩʪʦʠʤʦʩʪʴ 

ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʛʣʘʚʥʘʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʵʢʦʥʦʤʠʢ, ʦʪʨʘʩʣʝʡ, ʢʣʘʩʪʝʨʦʚ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʬʦʨʤʠʨʫʝʪ ʢʣʫʙʦʢ ʧʨʦʪʠʚʦʨʝ-

ʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʢʨʠʪʝʨʠʝʚ ʚ ʧʨʦʝʢʪʘʭ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʩʝʨʚʠʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʷ  

ʦʢʨʫʞʝʥʠʷ. ʄʠʨʦʚʦʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩ-

ʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢ, ʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʮʝʣʝ-

ʧʦʣʘʛʘʥʠʷ ʠ ʮʝʣʝʜʦʩʪʠʞʝʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʝʢʪʳ 

(ʧʨʦʛʨʘʤʤʳ) ʠ ʧʨʦʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ [2].  

ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʧʨʦʝʢʪʠʟʘʮʠʠ: 

¶ ʧʨʦʘʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʦʩ-

ʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʞʠʟʥʝʥʥʳʭ ʨʘʟʚʠʪʠʷ: ʵʢʦʥʦʤʠʢ, 

mailto:SBushuyev@rumbler.ru
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ʢʣʘʩʪʝʨʦʚ, ʨʝʛʠʦʥʦʚ, ʢʣʶʯʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʝʭʥʦʣʦʛʠʡ, 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ; 

¶ ʨʘʟʚʠʪʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʧʝʨʩʦʥʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʟʨʝʣʦʩʪʠ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ; 

¶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʨʝʰʝʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʧʦ ʢʣʶ-

ʯʝʚʳʤ ʦʪʨʘʩʣʷʤ, ʢʣʘʩʪʝʨʘʤ, ʙʠʟʥʝʩ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʫʨʦʚ-

ʥʷʤ ʩʠʩʪʝʤʳ - ʤʘʪʨʠʮʝ ʧʨʦʝʢʪʦʚ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ.  

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ, ʢʘʢ ʦʪʨʘʩʣʴ ʟʥʘʥʠʡ, ʤʝʪʦʜʦʚ, 

ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʠʷ ʥʘ 

ʚʩʝʭ ʫʨʦʚʥʷʭ ʵʢʦʥʦʤʠʢ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ (ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʠʟʠʩʘ) ʧʝʨʝʞʠʚʘʝʪ ʬʘʟʫ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʆʩʥʦʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʘʢʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ[3]: 

¶ ʥʦʚʳʝ ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥ-

ʥʳʝ ʥʘ ʤʝʪʦʜʝ ʢʨʠʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ ʪʝʦʨʠʠ ʦʛʨʘʥʠʯʝʥʠʡ; 

¶ ʵʥʪʨʦʧʠʡʥʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʚ ʧʨʦʝʢʪʘʭ; 

¶ ʠʥʪʝʨʥʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ; 

¶ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ; 

¶ ʢʦʛʥʠʪʠʚʥʳʝ ʤʦʜʝʣʠ ʥʘʢʦʧʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʧʨʦʝʢʪʘʤʠ; 

¶ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʢʨʝʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʢʦʤʘʥʜ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʦʢʨʫʞʝʥʠʠ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʘʤʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʦʨʛʘʥʠʟʘʮʠʡ; 

¶ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ; 

¶ ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʦʝʢʪʘʤʠ 

ʚ ʩʠʩʪʝʤʳ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʋʧʨʘʚʣʝʥʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʢʦʥʢʨʝʪʥʦʡ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ. ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʨʝʘʢʪʠʚʥʳʡ ʠ ʧʨʦʘʢʪʠʚ-

ʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʝʘʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʩʚʷʟʘʥ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʢʨʠʪʠʯʝʩʢʫʶ ʩʠʪʫʘ-

ʮʠʶ ʠʣʠ ʧʨʦʙʣʝʤʫ, ʚʦʟʥʠʢʰʫʶ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʝ 

ʨʝʝhʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʩʞʘʪʦʤ ʚʨʝʤʝʥʠ ʠ ʙʝʟ 
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ʫʯʝʪʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʨʘʢʪʠʢʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʘʢʪʠʚ-

ʥʳʡ ʩʪʠʣʴ ʚʳʨʘʙʦʪʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʪʫʧʘʝʪ ʧʨʦʘʢʪʠʚʥʦʤʫ.  

ʂʦʥʮʝʧʮʠʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʝʡ ʧʨʝʜʚʠʜʝʥʠʷ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʝʝ 

ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʘʥʘʣʠʟʦʤ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʠ ʚʳʨʘ-

ʙʦʪʢʦʡ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ 

ʧʦʚʝʜʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ ʧʦʚʝʜʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʝʝ 

ʦʢʨʫʞʝʥʠʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ.  

ʇʨʘʢʪʠʢʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ï ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ 

ʠ ʧʨʠʚʳʯʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʤʦʡ ʬʝʥʦʤʝʥʦ-

ʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʠʡ: 

¶ ʥʘʣʦʞʝʥʠʝ ʥʘ ʨʝʘʣʴʥʦ ʧʨʦʠʩʭʦʜʷʱʝʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ: ʦʛʨʫʙʣʝʥʠʷ, ʫʩʨʝʜʥʝʥʠʷ, ʨʘʟ-

ʤʘʟʳʚʘʥʠʷ ʠ ʪʦʤʫ ʧʦʜʦʙʥʳʭ ʫʧʨʦʱʝʥʠʡ ʤʠʢʨʦʩʢʦʧʠʯʝ-

ʩʢʦʡ ʢʘʨʪʠʥʳ; 

¶ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʥʝʦʙʨʘʪʠʤʦʩʪʠ;  

¶ ʥʘʙʣʶʜʝʥʠʝ ʥʝ ʩʘʤʦʡ ʧʦ ʩʝʙʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʝʝ ʜʝʪ̫ʝʣʴʥʦʩʪʠ. 

¶ ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʯʠ-

ʥʘʝʪʩʷ ʩ ʩʦʟʜʘʥʠʷ ʠʭ ʚʠʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʪʨʝʭ ʘʩʧʝʢʪʘʭ ï ʨʘʟ-

ʚʠʪʠʷ ʙʠʟʥʝʩʘ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ. ʄʦʜʝʣʴ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʘʩʧʝʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

çʤʘʛʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘè. ʇʦʩʨʝʜʩʪʚʦʤ ʵʪʠʭ ʪʨʝʭ ʦʩ-

ʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʝʢʪʘʤʠ, ʧʨʦʝʢʪʥʳʡ ʤʝʥʝʜʞʝʨ, ʚ ʠʜʝʘʣʝ, ʜʦʣʞʝʥ ʦʨʠʝʥʪʠʨʦ-

ʚʘʪʴʩʷ ʥʘ ʚʩʝ ʪʨʠ ʧʦʢʘʟʘʪʝʣʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʠ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʫʛʣʦʚʳʝ ʪʦʯʢʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʯʘʩʪʠʯʥʦ ʥʘʭʦʜʷʪʩʷ 

ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʧʳʪʘʪʴʩʷ ʜʦʙʠʪʴʩʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ. 
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ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʠ ʚʘʞʥʝʡʰʠʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʤʝʭʘ-

ʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʜʦʚʝʨʠʷ ʢ ʠʟʤʝʥʝʥʠʷʤ - 

ʧʨʦʜʫʢʪʫ ʠ ʧʨʦʝʢʪʫ. ʆʥ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʢʘʞʜʳʡ ʧʨʦʝʢʪ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ [5]. 

ʌʘʢʪʦʨʳ ʜʦʚʝʨʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʛʨʫʧʧʳ: 

¶ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ï ʟʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʢʫʣʴʪʫ-

ʨʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʨʷʜʯʠʢʘ;  

¶ ʢʫʤʫʣʷʪʠʚʥʳʝ ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʩ-

ʪʦʡʯʠʚʘʷ ʨʝʧʫʪʘʮʠʷ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʩʝʨʚʠʩʘ, ʦʧʳʪ ʢʦʦ-

ʧʝʨʘʮʠʠ; 

¶ ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʧʘʨʪʥʝʨʩʢʠʭ ʦʪʥʦʰʝʥʠʷʭ ï ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʘ, ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ ʠ ʚʳʛʦʜʳ ʢʣʠʝʥʪʘ. 

ʇʨʠ ʵʪʦʤ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʫʶʪ ʮʝʣʦʩʪ-

ʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ, ʢʫʤʫʣʷʪʠʚʥʳʝ ʬʘʢʪʦʨʳ ï ʝʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ, ʘ ʜʦʚʝʨʠʝ ʚ ʦʪʥʦʰʝʥʠʷʭ ï ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʳʡ ʢʣʠ-

ʤʘʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʫʩʧʝʭʘ ʨʝʬʦʨʤ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʦʤ-

ʧʣʝʢʩʝ ʤʦʜʝʣʝʡ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʚʳʚʦʜʘ ʥʘ ʨʳʥʦʢ ʥʦʚʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʟʘʤʝʥʳ ʪʝʭʥʦʣʦʛʠʡ, ʩʠʩʪʝʤ ʠ ʩʪʠʣʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʚʝʜʝ-

ʥʠʷ ʙʠʟʥʝʩʘ, ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʠ ʪ. ʧ. ʇʨʠ ʵʪʦʤ ʤʦʜʝʣʠ ʞʠʟʥʝʥ-

ʥʳʭ ʮʠʢʣʦʚ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʤʦʜʝʣʴ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʷ [4,5] ʦʧʨʝʜʝʣʷʝʪ ʙʘʟʦʚʫʶ ʠʥʪʝʛʨʘʮʠ-

ʦʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʧʨʦʛʨʘʤʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʟʨʝʣʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʠʜʝʥʠʷ ʧʨʦʝʢʪʘ ʠ ʝʛʦ ʧʨʦʜʫʢʪʘ ï ʦʜʥʘ ʠʟ ʚʘʞ-

ʥʝʡh ʠʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʘʷ ʧʦʜʣʝʞʠʪ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘ ʩʘʤʦʡ ʨʘʥʥʝʡ 

ʩʪʘʜʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ. ɺʠʜʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʦʝʢʪʘ, ʧʦ ʩʫʱʝ-

ʩʪʚʫ, ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʙʫʜʫʱʝʛʦ ʧʨʦʝʢʪʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʠʜʝʥʠʷ ʠʥʠʮʠʠʨʫʝʪ ʮʝʧʦʯʢʫ ʧʨʦʘʢʪʠʚʥʳʭ ʤʝʭʘ-

ʥʠʟʤʦʚ ʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʛʦ ʫʪʦʯʥʝʥʠʷ ʨʘʤʦʢ ʪʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʧʨʦʜʫʢʪʘ ʧʨʦ-

ʝʢʪʘ), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ. ʊʝʤ 

ʩʘʤʳʤ, ʚʠʜʝʥʠʝ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 
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ʝʛʦ ʦʙʣʠʢʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʊʝʤ ʩʘʤʳʤ, 

ʚʠʜʝʥʠʝ ʧʨʦʜʫʢʪʘ ʦʨʛʘʥʠʯʝʩʢʠ ʚʣʠʷʝʪ ʥʘ ʚʠʜʝʥʠʝ ʧʨʦʝʢʪʘ. ɽʩʣʠ 

ʚʠʜʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʦʝʢʪʘ ʝʩʪʴ ʝʛʦ ʤʳʩʣʝʥʥʦʝ ʧʨʦʝʢʪʥʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ, ʪʦ ʚʠʜʝʥʠʝ ʩʘʤʦʛʦ ʧʨʦʝʢʪʘ ʝʩʪʴ ʫʤʦʟʨʠʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʪʦʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʢʠʭ ʙʠʟʥʝʩ-ʘʩʧʝʢʪʦʚ, ʪʝʭʥʠʯʝʩʢʠʭ, ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʛʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ. 

ɺʳʨʘʞʘʷʩʴ ʩʠʩʪʝʤʥʳʤ ʷʟʳʢʦʤ, ʧʝʨʝʜ ʥʘʤʠ ʜʚʝ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ï ʧʨʦʜʫʢʪ ʧʨʦʝʢʪʘ ʠ ʩʘʤ ʧʨʦʝʢʪ. ʇʝʨʚʘʷ ʯʘʩʪʴ 

ʩʠʩʪʝʤʳ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʪʦʨʫʶ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ, ʦʥʠ ʪʝʩʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ED. CLELAND D., IRELAND L. MC GRAW HILL. Project 

management handbook. Applying Best Practices across Global 

Industries. 2007 ï 547 p. 

2. ɹʋʐʋɽɺ C.ɼ., ɹʋʐʋɽɺɸ ʅ.ʉ. ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ. ʆʩʥʦ-

ʚʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʷ ʠ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʪʥʦ-

ʩʪʠ ʧʨʦʝʢʪʥʳʭ ʤʝʥʝʜʞʝʨʦʚ. ʂ.: ʀʈʀɼʀʋʄ. 2006. 208 ʩ.  

3. ɹʋʐʋɽɺ ʉ.ɼ. ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʟʥʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ // ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ. - ʄ.: ʀʟʜ. 

ʜʦʤ çɻʨʝʙʝʥʥʠʢʦʚʘè, 2(2), 2005.- ʩ.18-24.  

4. ɹʋʐʋɽɺ ʉ.ɼ., ɹʋʐʋɽɺɸ ʅ.ʉ. ʇʨʦʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʘʤʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. // ʋʧʨʘʚʣʝʥʠʝ 

ʧʨʦʝʢʪʘʤʠ ʠ ʧʨʦʛʨʘʤʤʘʤʠ. ʄʦʩʢʚʘ, ʉʆɺʅɽʊ, 2007. - ˉ 

4(12), ʩ. 270-282 

5. ɹʋʐʋɽɺɸ ʅ.ʉ ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʛʨʘʤʤʘʤʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ: ʄʦʥʦʛʨʘʬʠʷ. ï ʂ.: 

ʅʘʫʢ. ʩʚʽʪ, 2007. - 200 ʩ. 



 32 

ʄʆɼɽʃʀ ʄʆʅʀʊʆʈʀʅɻɸ ʉʃʆɾʅʓʍ 

ʀʅɺɽʉʊʀʎʀʆʅʅʆ-ʉʊʈʆʀʊɽʃʔʅʓʍ ʇʈʆɽʂʊʆɺ 

ɺʦʨʦʧʘʝʚ ɺ.ʀ.
(1)

, ɻʦʣʝʥʢʦ-ɻʠʥʟʙʫʨʛ ɼ.
(2)

, ʃ ʙʁʢʠʥ ʉ.ʄ.
(1)

 
(1 ï ʈʦʩʩʠʡʩʢʘʷ ɸʩʩʦʮʠʘʮʠʷ ʋʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ/ ʉʆɺʅɽʊ;  

2 ï ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɹʝʥ-ɻʫʨʠʦʥʘ, ʛ. ɹʝʝʨ-ʐʝʚʘ  

ʠ ʋʥʠʚʝʨʩʠʪʝʪ ʛ. ɸʨʠʵʣʴ, ʀʟʨʘʠʣʴ)  

S.Ljubkin@usa.net 

 

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʘʢʪʠʚʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ 

(ɸʀʉʋʇ), ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʜʝʣʷʭ ʘʛʨʝʛʠʨʦʚʘʥʠʷ (ʉ.ʄ.ʃʶʙʢʠʥ), 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʦʙʦʙʱʝʥʥʳʭ ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, ʩʦʟʜʘʥʥʳʭ 

ɺ.ʀ.ɺʦʨʦʧʘʝʚʳʤ. 

ɸʀʉʋʇ, ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʟʥʘ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʫʥʠʢʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʘʪʦʤʥʳʭ 

ʩʪʘʥʮʠʡ, ʥʝʬʪʝ - ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʧʦʜʚʦʜʥʳʭ ʪʦʥʥʝʣʝʡ ʠ ʜʨ.). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʨʪʬʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʤ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʩʫʨʩʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʝʚʳʤʠ ʤʦʜʝʣʷʤʠ ʢʣʘʩʩʘ PERT-COST 

(ɼ.ʀ.ɻʦʣʝʥʢʦ-ɻʠʥʟʙʫʨʛ). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʨʦʠʪʝʣʴʩʪʚʦ, ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ, 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʢʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʣʦʞʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦʩʪʘʚʠʣʘ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʨʷʜ 

ʥʦʚʳʭ ʧʨʦʙʣʝʤ:  

1. ʈʝʟʢʦ ʚʦʟʨʦʩ ʦʙʲʝʤ ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʠʤ ʚʦʟʥʠʢʣʘ ʟʘʜʘʯʘ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʫʢʨʫʧʥʝʥʠʷ ʵʪʠʭ ʤʦʜʝʣʝʡ, 

ʛʜʝ ʦʪʜʝʣʴʥʘʷ ʦʧʝʨʘʮʠʷ ʦʟʥʘʯʘʝʪ ʮʝʣʳʡ ʬʨʘʛʤʝʥʪ ʜʝʪʘʣʠʟʠʨʦ-

ʚʘʥʥʦʡ ʩʝʪʠ. ɿʘʜʘʯʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʛʨʝʛʠʨʦʚʘ-

ʥʠʷ (ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ) ʦʟʥʘʯʘʝʪ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʧʦʜʩʝʪʝʡ, ʛʜʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʫʢʨʫʧʥʝʥʥʳʭ ʧʦʜʩʝʪʝʡ ʠʤʝʝʪ ʪʝ ʞʝ 
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ʩʚʦʡʩʪʚʘ, ʯʪʦ ʠ ʠʩʭʦʜʥʘʷ, çʙʦʣʴʰʘʷè ʤʦʜʝʣʴ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʦʧʨʦʩʳ ʜʝʢʦʤʧʦʟʠʮʠʠ ʚʳʟʚʘʣʠ ʢ ʞʠʟʥʠ ʥʘ-

ʣʠʯʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʝʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ ʢʦʤʧʘʥʠʠ, ʘ ʥʠʟʰʠʡ ʫʨʦʚʝʥʴ ï ʘʛʨʝʛʠʨʦʚʘʥ-

ʥʦʡ ʧʦʜʩʝʪʠ - ʫʢʨʫʧʥʝʥʥʦʡ ʨʘʙʦʪʝ. 

2. ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʦʞʥʳʝ ʠʥʚʝʩʪʠʮʠ-

ʦʥʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ (ʀʉʇ) ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘ. ʂ ʧʝʨʚʦʤʫ ʠʟ ʥʠʭ ʦʪʥʦʩʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʫʥʠʢʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʮʝʣʴʶ ʩʦʟʜʘʥʠʝ 

ʥʦʚʳʭ, ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʫʥʠʢʘʣʴʥʳʭ ʥʝʬʪʝ - ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʙʦʣʴʰʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʦʥʥʝʣʝʡ ʠ ʜʨ.). ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ 

ʧʨʦʝʢʪʦʚ ʥʦʩʠʪ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʦʪʜʝʣʴʥʳʝ ʨʘʙʦʪʳ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤʠ ʣʦʛʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ. 

ʂʦ ʚʪʦʨʦʤʫ ʢʣʘʩʩʫ ʀʉʇ ʦʪʥʦʩʠʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʨʷʜʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʦʛʦ ʨʦʜʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ 

ʚʦʟʚʦʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʩʚʷʟʘ-

ʥr , ʚ ʦʩʥʦʚʥʦʤ, ʩ ʧʝʨʝʙʨʦʩʢʦʡ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʝʩʫʨʩʦʚ. 

ʆʙʘ ʢʣʘʩʩʘ ʀʉʇ ʥʦʩʷʪ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʭʘʨʘʢʪʝʨ. ʅʦ ʝʩʣʠ 

ʜʣʷ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʠʝʨʘʨʭʠʷ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʣʦʞʥʦʛʦ 

ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ, ʪʦ ʜʣʷ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʠʝʨʘʨʭʠʷ ʥʦʩʠʪ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʳʡ ʭʘʨʘʢʪʝʨ: ʢʦʤʧʘʥʠʷ ð ʦʪʜʝʣʴʥʳʡ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʨʦʝʢʪ ð ʧʦʜʧʨʦʝʢʪʳ.  

3. ɺ ʨʷʜʝ ʀʉʇ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʥʦ-

ʩʠʪʴ ʢʘʢ ʮʠʢʣʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʘʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʏʝʤ ʩʣʦʞ-

ʥʝʝ ʩʦʟʜʘʚʘʝʤʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʦʙʲʝʢʪ, ʪʝʤ ʙʦʣʴʰʝ ʚ ʥʝʤ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʝʩʴʤʘ ʩʣʦʞʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ. 

ʊʘʢʦʛʦ ʨʦʜʘ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚʭʦʜʷʪ ʚ ʠʩʧʦʣʴʟʫʝʤʳʝ ʫʞʝ 

ʩʝʛʦʜʥʷ ʦʙʦʙʱʝʥʥʳʝ ʩʝʪʝʚʳʝ ʤʦʜʝʣʠ [1, 4]. 

4. ʋʩʣʦʞʥʠʣʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʘʧʧʘʨʘʪ ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ (ʉʇʋ). ɽʩʣʠ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ 

ʤʦʜʝʣʠ ʉʇʋ (ʚ ʤʦʜʝʣʷʭ PERT) ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʥʦʩʠʣʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʝʪʝʚʳʭ ʦʧʝʨʘʮʠʡ, 

ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʦʙʩʪʘʥʦʚʢʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʚ ʩʠʩʪʝʤʘʭ ʉʇʋ, ʘ ʪʘʢʞʝ 

ʨʷʜ ʜʨʫʛʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʟʘʜʘʯ (ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ 
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ʭʦʜʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʧʣʘʥʦʚʳʭ ʪʨʘʝʢʪʦ-

ʨʠʡ ʭʦʜʘ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ) ʠ ʜʨ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʘʤʦ ʧʦʥʷʪʠʝ 

ʢʦʥʪʨʦʣʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʵʪʘʣʦʥʘ ʭʦʜʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ð ʤʦʜʝʣʠ ʧʣʘʥʦʚʦʡ ʪʨʘʝʢʪʦ-

ʨʠʠ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ. ʇʦʩʣʝʜʥʝʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʢʘʣʝʥʜʘʨʠʟʘʮʠʠ ʭʦʜʘ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʝʥʜʘʨʥʳʭ ʧʣʘʥ-

ʛʨʘʬʠʢʦʚ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʚʭʦʜʷʱʠʭ ʚ ʧʨʦʝʢʪ ʨʘʙʦʪ. ɼʝ-

ʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʢʘʣʝʥʜʘʨʠʟʘʮʠʠ ʧʨʠ ʵʪʦʤ ʚʩʪʫʧʘʝʪ 

ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʧʨʦʝʢʪʘ.  

5. ɹʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʦʟʥʠʢʣʠ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʛʨʫʧʧʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʨʠʯʝʤ ʬʠʥʘʥʩʦʚʳʝ 

ʨʝʩʫʨʩʳ ʦʛʨʘʥʠʯʝʥʳ. ʆʪʩʶʜʘ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʨʝʩʫʨʩʦʚ, ʢʘʢ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ, ʪʘʢ ʠ ʤʝʞʜʫ ʨʘʙʦ-

ʪʘʤʠ ʚʥʫʪʨʠ ʧʨʦʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [7-11]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʀʉʇ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦ-

ʜʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦ-

ʣʷʶʪ ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʤʦʜʝʣʝʡ. ʅʘ ʤʦʜʝʣʷʭ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʘʥʦʚʢʠ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʜʘʯ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʀʉʇ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ.  

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʝʡ ʛʨʫʧʧʳ ʀʉʇ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʘʧʧʘʨʘʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʧʨʦʝʢʪʘʤʠ ʠ ʤʦʜʝʣʝʡ ʚʳʨʘʙʦʪʢʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʩ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʤʦʜʝʣʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʀʉʇ. 

ʉʦʜʝʨʞʘʥʠʝ ʜʦʢʣʘʜʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 2 ʨʘʟʜʝʣʘ: 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʝʜʠʥʳʝ ʤʝʪʦ-

ʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʜʣʷ ʩʣʦʞ-

ʥʳʭ ʀʉʇ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ: ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʛʜʝ 

ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʧʦʜʩʝʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʦʛʠʯʥʳʤ ʧʘʨʘʤʝʪ-

ʨʘʤ ʠʩʭʦʜʥʦʡ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʪʘʢʦʛʦ ʨʦʜʘ ʩʪʨʫʢʪʫʨʠʟʠʨʦ-

ʚʘʥʥʳʭ ʩʝʪʝʡ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʧʣʘʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʦʜʘ 

ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʨʝʰʘʶʪʩʷ 

ʟʘʜʘʯʠ WBS ʠʩʭʦʜʥʳʭ ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. ɺ ʜʘʣʴʥʝʡh ʝʤ ʙʫʜʝʪ 
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ʦʩʫʱʝʩʪʚʣʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʘʛʨʝʛʠʨʦʚʘʥʠʷ. 

ɻʣʘʚʥʘʷ ʪʨʫʜʥʦʩʪʴ - ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʠʝʨʘʨ-

ʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ (ɸʀʉʋʇ) [1-6]. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʣʠʟʫʝʤ 10 ʩʪʘʥʜʘʨʪʥʳʭ 

ʩʝʪʝʚʳʭ ʧʨʦʝʢʪʦʚ ʪʠʧʘ PERT-COST. ʀʜʝʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ 

ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʛʨʫʧʧʳ ʧʨʦʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʦ-

ʨʠʠ ʢʦʥʪʨʦʣʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ: ʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷð

ʩʝʪʝʚʦʡ ʧʨʦʝʢʪðʧʨʦʮʝʜʫʨʳ ʦʧʨʦʩʘ ʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʨʦ-

ʝʢʪʘðʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷðʢʘʣʝʥʜʘʨʥʳʝ ʧʣʘʥʳ-ʛʨʘʬʠʢʠ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ɼ.ʀ. ɻʦʣʝʥʢʦ-ɻʠʥʟʙʫʨʛʦʤ [7, 

8, 11] ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʘʥʳ 

ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʪʦʠʤʦʩʪʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ 

ʚʩʝʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ - ʢʘʞʜʦʤʫ ʠʟ ʧʨʦʝʢ-

ʪʦʚ ʚʳʜʝʣʷʝʪʩʷ ʦʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. 

ʅʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʤʝʞʜʫ 

ʨʘʙʦʪʘʤʠ ʧʨʦʝʢʪʘ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ: ʤʘʢʩʠʤʠʟʘʮʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʦʚ ʚ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʡ ʜʠʨʝʢʪʠʚʥʳʡ ʩʨʦʢ. 

ʆʛʨʘʥʠʯʝʥʠʷ: ʦʙʱʠʡ ʦʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʟʘʜʘʥʥʘʷ ʤʠʥʠ-

ʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʝʢ-

ʪʦʚ ʚ ʩʨʦʢ. ɽʩʣʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʦʜʝʣʠ ʥʘ ʫʨʦʚʥʝ ʧʨʦʝʢʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ, ʪʦ ʧʝʨʝʭʦʜʠʤ ʥʘ ʪʨʝʪʠʡ ʠʝʨʘʨʭʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ. ʅʘ ʫʨʦʚʥʝ ʢʦʤʧʘʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ɼʦ ʩʠʭ ʧʦʨ ʧʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʜʣʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘ-

ʙʦʪʦʢ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʘʩʪʘʣʦ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʩʬʝʨʘʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʀʉʇ.  
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ɼɺʋʍʆʎɽʅʆʏʅɸʗ ʉʀʉʊɽʄɸ  

ʂʆʄʇʃɽʂʉʅʆɻʆ ʆʎɽʅʀɺɸʅʀʗ 

ʂʘʰʝʥʢʦʚ ɸ.ʈ.
(1)
, ʂʦʣʝʩʥʠʢʦʚ ʉ.ʇ.

(2)
, ʋʘʥʜʳʢʦʚ ɹ.ʂ.

(3)
 

 (1 ï ɺʦʣʦʛʦʜʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

2 ï ʀʇʋ ʈɸʅ, ʄʦʩʢʚʘ; 3 ï ʂʦʤʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ  

ʠ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʨʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ) 
vlab17@bk.ru 

 

ɹʦʣʴʰʠʝ ʧʨʦʛʨʘʤʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʨʘʞʘʶʪ ʠʥʪʝʨʝʩʳ ʨʘʟ-

ʣʠʯʥʳʭ ʦʨʛʘʥʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʦʛʨʘʤʤʳ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʨʘʞʘʶʪ ʠʥʪʝʨʝʩʳ ʢʘʢ ʩʘʤʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʠ 

ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʨʝʛʠʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝ. 

ʇʨʦʛʨʘʤʤʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʞʘʶʪ ʠʥʪʝʨʝʩʳ ʢʘʢ 

ʨʝʛʠʦʥʘ, ʪʘʢ ʠ ʬʝʜʝʨʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ. ʇʦʥʷʪʥʦ, ʯʪʦ ʵʪʠ 

ʠʥʪʝʨʝʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʚʧʘʜʘʶʪ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠ-

ʪʝʨʠʷʤ (ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨ.). ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʨʘʤʤ 

ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʯʥʳʭ ʩʚʝʨʪʦʢ [1]. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʢʨʠʪʝ-

ʨʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʰʢʘʣʘ (1 ï ʧʣʦʭʦ, 2 - ʫʜʦʚʣʝʪʚʦ-

ʨʠʪʝʣʴʥʦ, 3 ï ʭʦʨʦʰʦ, 4 ï ʦʪʣʠʯʥʦ).  

ʇʨʠʤʝʤ, ʯʪʦ ʠʤʝʶʪʩʷ ʜʚʝ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʝʥʠʚʘ-

ʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʠʥʪʝʨʝʩʳ ʜʚʫʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ. ʇʫʩʪʴ ʟʘʜʘʥʳ 

ʪʨʝʙʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʦʮʝʥʦʢ K1 ʠ K2 ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. 

ʆʙʦʟʥʘʯʠʤ cij ï ʟʘʪʨʘʪʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʦʮʝʥʢʠ j ʧʦ i-ʤʫ 

ʢʨʠʪʝʨʠʶ ( nij ,1,4,1 == , ʛʜʝ n ï ʯʠʩʣʦ ʢʨʠʪʝʨʠʝʚ). ɺʘʨʠʘʥʪʦʤ 

ʧʨʦʛʨʘʤʤʳ ʥʘʟʦʚʝʤ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʮʝʥʦʢ ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʦʞʥʳʤ ʟʘʜʘʯʘʤ ʜʠʩʢʨʝʪʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʠ ʷ ʥʠʞʥʠʭ ʦʮʝʥʦʢ ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ 

ʩʝʪʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [1].  
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ɿʘʜʘʯʘ. ʆʧʨʝʜʝʣʠʪʴ ʚʘʨʠʘʥʪ ʧʨʦʛʨʘʤʤʳ, ʦʙʝʩʧʝʯʠʚʘʶɦ ʠʡ 

ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʦʮʝʥʦʢ ʥʝ ʤʝʥʝʝ ʪʨʝʙʫʝʤʳʭ ʩ ʤʠʥʠʤʘʣʴ-

ʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʈʘʟʜʝʣʠʤ ʟʘʪʨʘʪʳ cij ʥʘ ʜʚʝ ʯʘʩʪʠ ï uij ʠ vij: 

(1) uij + vij = cij  

ʇʦʣʫʯʘʝʤ ʜʚʝ ʦʮʝʥʦʯʥʳʝ ʟʘʜʘʯʠ. 

ɿʘʜʘʯʘ 1. ʆʧʨʝʜʝʣʠʪʴ ʚʘʨʠʘʥʪ ʧʨʦʛʨʘʤʤʳ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʝʡ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʥʝ ʤʝʥʝʝ K1 (ʧʦ ʧʝʨʚʦʡ ʩʠʩʪʝʤʝ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ) ʠ ʤʠʥʠʤʠʟʠʨʫʶʱʠʡ  

(2) ä=
i

ij i
uU , 

ʛʜʝ j i ï ʦʮʝʥʢʘ ʚʘʨʠʘʥʪʘ ʧʦ i-ʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɿʘʜʘʯʘ 2. ʆʧʨʝʜʝʣʠʪʴ ʚʘʨʠʘʥʪ ʧʨʦʛʨʘʤʤʳ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʝʡ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʥʝ ʤʝʥʝʝ K2 (ʧʦ ʚʪʦʨʦʡ ʩʠʩʪʝʤʝ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ) ʠ ʤʠʥʠʤʠʟʠʨʫʶʱʠʡ  

(3) ä=
i

ij i
vV , 

ʛʜʝ j i ï ʦʮʝʥʢʘ ʚʘʨʠʘʥʪʘ ʧʦ i-ʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʤ U(u) ʟʥʘʯʝʥʠʝ (2) ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʰʝʥʠʠ 

ʧʝʨʚʦʡ ʟʘʜʘʯʠ, V(v) ʟʥʘʯʝʥʠʝ (3) ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʰʝʥʠʠ ʚʪʦʨʦʡ 

ʟʘʜʘʯʠ, ʪʦ ʦʮʝʥʢʘ ʩʥʠʟʫ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʜʣʷ ʠʩʭʦʜʥʦʡ 

ʟʘʜʘʯʠ ʨʘʚʥʘ 

(4) F(u, v) = U(u) + V(v). 

ɼʚʦʡʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ. ʆʧʨʝʜʝʣʠʪʴ u ʠ v, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

(1), ʪʘʢ, ʯʪʦʙʳ F(u, v) ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 1 ʠ 2, ʪʦ 

ʵʪʦ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʠʞʥʠʝ ʦʮʝʥʢʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʤʝʪʦʜʝ 

ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʋʈʂʆɺ ɺ.ʅ., ɹʋʈʂʆɺɸ ʀ.ɺ. ʠ ʜʨ. ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʝʤʘʭ. ï ʄ.: ʉʀʅʊɽɻ. 2005. 

ï 256 ʩ. 
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ʇʈʀʄɽʅɽʅʀɽ ʆɹʒɽʂʊʅʆ-ʆʈʀɽʊʀʈʆɺɸʅʅʆɻʆ 

ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ ʇʈʀ ʉʆɿɼɸʅʀʀ 

ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʆʁ ʉʈɽɼʓ DECISION ɺ 

ʂʆʅʊɽʂʊʉɽ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉʆʄ 

ʈɸɿʈɸɹʆʊʂʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʂʫʜʨʷʚʮʝʚ ʈ.ɺ. 

(ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʅʀʀ ʧʨʦʙʣʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ  

ʪʝʭʥʠʢʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʄʦʩʢʚʘ) 
roman.kudr@gmail.com 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʙʲʝʢʪ-

ʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦ-

ʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʦʡ ʩʨʝʜʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʝ, ʜʠʩʢʨʝʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʤ. 

ɺʚʝʜʝʥʠʝ 

ʋʧʨʘʚʣʝʥʠʝ ʙʦʣʴʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʨʝʙʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʘʥʘʣʠʟʘ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. ʃʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʝ, 

ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʨʝʰʝʥʠʡ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʩɹʷ ʥʘ 

ʩʚʦʡ ʦʧʳʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʝ̫ʪ 

ʜʦʩʪʘʪʦʯʥʦ ʦʧʝʨʘʪʠʚʥʦ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʜʘʪʴ ʦʮʝʥ-

ʢʫ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʠ ʧʨʝʜʣʦʞʠʪʴ ʨʷʜ ʦʙʦʩʥʦʚʘʥʥʳʭ ʩ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʰʝʥʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ 

ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ. ʈʘʩ-

ʩʤʘʪʨʠʚʘʝʤʘʷ ʜʘʣʝʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʨʝʜʘ Decision ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʡ ʵʚʦʣʶʮʠʦʥʥʦ-ʩʠʤʫʣʷʪʠʚʥʦʡ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ ʜʠʩʢʨʝʪʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ [1,2]. 
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1. ʈʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ  

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ  

ʈʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʣʘʩʩʫ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʘ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ, ʫʚʝʣʠʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʸ ʨʘʙʦʪʳ. ʂ ʫʞʝ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʘʤ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʜʝʦʣʦʛʠʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʆʆʇ), ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʩʧʠʩʢʦʚ. 

ʉʦʟʜʘʥʠʝ ʩʣʦʞʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʶɦ ʝʡ 

ʚ ʩʝʙʷ ʤʦʜʫʣʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘ-

ʙʦʪʢʠ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʩʧʠʩʢʘ, ʪʨʫʜʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʩʝʙʝ ʚʥʝ ʨʘʤʦʢ ʆʆʇ. ɺʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʨʘʩʰʠʨʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʦʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʥʘʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʩʨʝʜ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, - ʚʦʪ 

ʥʝʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʧʨʝʠʤʫʱʝʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʆʆʇ. ʇʨʠʤʝʥʝʥʠʝ ʩʚʷʟʘʥʥʳʭ ʩʧʠʩʢʦʚ ʧʦʤʦʛʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ 

ʦʧʪʠʤʘʣʴʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʩ ʫʧʦʨʷʜʦʯʝʥ-

ʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʦʜʥʦʪʠʧʥʳʭ ʦʙʝ̡ʢʪʦʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʫʣʷ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ Combina-

torics ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ Decision ʘʚʪʦʨʦʤ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. ʇʨʦʛʨʘʤʤʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʧʨʝʜʧʦʣʘʛʘʣʘ 

ʨʘʙʦʪʫ ʩ ʤʘʩʩʠʚʘʤʠ ʦʜʥʦʪʠʧʥʳʭ ʦʙʲʝʢʪʦʚ. ʂ ʧʨʠʤʝʨʫ, ʵʪʘʧ 

ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʦʨʦʢ ʵʣʝʤʝʥʪʦʚ ʩʦʛʣʘʩ-

ʥʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʝʜʧʦ-

ʣʘʛʘʣ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʪʫ ʩ ʤʘʩʩʠʚʦʤ ʥʦʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʭ ʥʝʢʦʪʦʨʫʶ ʜʦʧʫʩʪʠʤʫʶ ʚʳʙʦʨʢʫ, ʥʦ ʪʘʢʞʝ ʠ 

ʨʘʙʦʪʫ ʩ ʤʘʩʩʠʚʦʤ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʦʨʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʦʛʠʯʥʳʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʥʦʛʦʤʝʨʥʳʭ ʩʚʷʟʘʥʥʳʭ ʩʧʠʩʢʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ 
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ʪʨʝʭʤʝʨʥʦʛʦ ʩʚʷʟʘʥʥʦʛʦ ʩʧʠʩʢʘ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʚʳʙʦʨʦʢ 

{(1,2,5,7,8), (1,2,6), (1,4), (1,6,9), (2,3,5,7,8), (2,4,6), (2,7), (3,5), 

(3,6,9), (3,7), (3,8,9)} (ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʥʦʛʦ ʩʧʠʩʢʘ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʝʘʣʠʟʘʮʠʡ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ 

ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʦʨʦʢ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʟʘʜʘʯʠ). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʪʨʝʭʤʝʨʥʦʛʦ ʩʚʷʟʘʥʥʦʛʦ ʩʧʠʩʢʘ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚ ʩʤʝʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʳʜʚʠʥʫʪʦ ʤʥʦʛʦ  

ʥʦʚʳʭ ʨʝʰʝʥʠʡ, ʦʜʥʘʢʦ, ʚ ʦʙʣʘʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʫʞʝ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʯʠʩʣʦ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ. ʇʨʘʚʦʤʝʨʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʦʟʜʘʪʝʣʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʯʘʩʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʟʥʘʶʪ 

ʦʙʣʘʩʪʠ ʜʝʪ̫ʝʣʴʥʦʩʪʠ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʧʫʱʝʥʠʶ 

ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʨʘʙʦʪʘ ʩ ʤʥʦʛʦʤʝʨʥʳʤʠ ʩʚʷʟʘʥ-

ʥʳʤʠ ʩʧʠʩʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʫʞʝ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ, ʦʪʢʨʳʚʘʷ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʫʚʝ-

ʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 
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ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

Decision ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩʚʝʩʪʠ ʪʨʝʭʤʝʨʥʳʡ ʩʚʷʟʘʥʥʳʡ ʩʧʠʩʦʢ 

ʥʦʤʝʨʦʚ ʤʝʨʦʧʨʠʷʪʠʡ ʢ ʜʚʫʭʤʝʨʥʦʤʫ ʩʚʷʟʘʥʥʦʤʫ ʩʧʠʩʢʫ ʦʙʲʝʢʪʦʚ 

ʪʠʧʘ çɼʦʧʫʩʪʠʤʘʷ ʚʳʙʦʨʢʘè ʯʝʨʝʟ ʚʚʦʜ ʥʦʚʦʛʦ ʪʠʧʘ ʦʙʲʝʢʪʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆʆʇ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʧʝʨʠʨʦʚʘʪʴ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʩʧʠʩʢʘʤʠ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʙʦʣʴʰʝ ʪʨʝʭ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʚʠʟʫʘʣʴʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʩʧʠʩʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʣ ʫʩʢʦʨʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʳ. 
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ʆʙʦʟʥʘʯʠʤ (i, j) ï j-ʶ ʨʘʙʦʪʫ i-ʛʦ ʧʨʦʝʢʪʘ, nij ,1,3,1 == . ɼʣʷ 

ʢʘʞʜʦʡ ʨʘʙʦʪʳ ʟʘʜʘʥ ʦʙʲʝʤ wij ʠ ʟʘʚʠʩʠʤʦʩʪʴ fij(uij) ʩʢʦʨʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ uij ʝʝ ʚʳʧʦʣʥʷʶʱʠʭ. 

ʈʘʙʦʪʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʨʝʩʫʨʩʘʤʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʢʦʣʠʯʝ-

ʩʪʚʦ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʦ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʨʝʩʫʨʩʦʚ ʧʦ ʤʫʣʴʪʠʧʨʦʝʢʪʫ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʤʫ ʝʛʦ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ.  

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʟʘʜʘʯ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʦʩ-

ʥʦʚʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʤʝʤ ʚʠʜ ʨʝʩʫʨʩʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʧʝʨʚʳʝ, ʚʪʦʨʳʝ ʠ ʪʨʝʪʴʠ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʧʨʦʝʢʪʘ. ɺʳʜʝʣʠʤ ʧʷʪʴ 

ʢʣʘʩʩʦʚ ʟʘʜʘʯ. 

ɸ. ʇʝʨʚʳʝ, ʚʪʦʨʳʝ ʠ ʪʨʝʪʴʠ ʨʘʙʦʪʳ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʨʝʩʫʨʩʦʚ. 

ɹ. ʇʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʨʘʙʦʪʳ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʠʤ 

ʚʠʜʦʤ ʨʝʩʫʨʩʦʚ, ʘ ʪʨʝʪʴʠ ï ʜʨʫʛʠʤ. 

ɺ. ʇʝʨʚʳʝ ʠ ʪʨʝʪʴʠ ʨʘʙʦʪʳ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʠʤ 

ʚʠʜʦʤ ʨʝʩʫʨʩʦʚ, ʘ ʚʪʦʨʳʝ ï ʜʨʫʛʠʤ 

ɻ. ɺʪʦʨʳʝ ʠ ʪʨʝʪʴʠ ʨʘʙʦʪʳ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʠʤ 

ʚʠʜʦʤ ʨʝʩʫʨʩʦʚ, ʘ ʧʝʨʚʳʝ ï ʜʨʫʛʠʤ. 

ɼ. ɺʩʝ ʨʘʙʦʪʳ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʠʤ ʚʠʜʦʤ ʨʝʩʫʨ-

ʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʦʩʥʦʚʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʤʝʤ ʚʠʜ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ. ɿʜʝʩʴ 

ʚʳʜʝʣʠʤ ʜʚʘ ʢʣʘʩʩʘ ʟʘʜʘʯ. ɺ ʧʝʨʚʦʤ ʢʣʘʩʩʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦ-

ʩʪʠ ʨʘʙʦʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ, ʘ ʚʦ 

ʚʪʦʨʦʤ ï ʜʠʩʢʨʝʪʥʦʡ. ʇʝʨʚʳʡ ʢʣʘʩʩ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʦʡ ʅ, 

ʘ ʚʪʦʨʦʡ ï ɼ. ʂʣʘʩʩʳ ʟʘʜʘʯ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʜʚʫʤʷ ʙʫʢʚʘʤʠ, 

ʧʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʝʪ ʟʘʜʘʯʫ ʧʦ ʧʝʨʚʦʤʫ ʦʩʥʦʚʘʥʠʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʚʪʦʨʘʷ ï ʧʦ ʚʪʦʨʦʤʫ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʦʟʥʘʯʝʥʠʝ ɹɼ ʦʟʥʘʯʘʝʪ ʢʣʘʩʩ ʟʘʜʘʯ, ʚ ʢʦ-

ʪʦʨʳʭ ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʨʘʙʦʪʳ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʠʤ 

ʚʠʜʦʤ ʨʝʩʫʨʩʦʚ, ʪʨʝʪʴʠ ï ʜʨʫʛʠʤ, ʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʷʚʣʷʶʪʩʷ ʜʠʩʢʨʝʪʥʳʤʠ.  

ʀʪʘʢ, ʚʩʝʛʦ ʧʦʣʫʯʘʝʤ 10 ʢʣʘʩʩʦʚ ʟʘʜʘʯ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦ-

ʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʞʥʳʤ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʤ 

ʟʘʜʘʯʘʤ [1]. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
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ʢʣʘʩʩʘ ɺ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʨʝʩʫʨʩʦʚ ʧʝʨʚʦʛʦ ʚʠʜʘ ʜʦʩʪʘʪʦʯʥʦ, 

ʪʘʢ ʯʪʦ ʧʝʨʚʳʝ ʠ ʪʨʝʪʴʠ ʨʘʙʦʪʳ ʚʩʝʭ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘ 

ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 
ij

ij
ij a

w
=t . 

ʆʧʨʝʜʝʣʠʤ ʩʝʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʭʦʜʘ 0, ʚʳʭʦʜʘ z ʠ ʜʚʫʭ 

ʩʣʦʝʚ ʚʝʨʰʠʥ. ɺʝʨʰʠʥʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʝʢʪʘʤ, 

ʘ ʚʝʨʰʠʥʳ ʚʪʦʨʦʛʦ ʩʣʦʷ ï ʠʥʪʝʨʚʘʣʘʤ ʚʨʝʤʝʥʠ. ʇʫʩʪʴ T - ʤʦ-

ʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʧʨʦʝʢʪʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ 1it  ʩʦʦʪʚʝʪʩʚʫʝʪ 

ʨʘʥʥʝʤʫ ʩʨʦʢʫ ʥʘʯʘʣʘ ʨʘʙʦʪʳ (i, 2), ʘ ( )3iT t-  ʨʘʚʥʦ ʧʦʟʜʥʝʤʫ 

ʩʨʦʢʫ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ (i, 2). ʋʧʦʨʷʜʦʯʠʤ ʚʩʝ ʤʦʤʝʥʪʳ 1it , 

( )3iT t- , ni ,1-  ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʠ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ ʚʪʦʨʦʛʦ ʩʣʦʷ 

ʧʦʩʪʘʚʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʤʝʥʪʘ-

ʤʠ. ɺʝʨʰʠʥʫ iʧʝʨʚʦʛʦ ʩʣʦʷ ʩʦʝʜʠʥʷʝʤ ʜʫʛʘʤʠ ʩ ʚʝʨʰʠʥʘʤʠ 

ʚʪʦʨʦʛʦ ʩʣʦʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʪʨʝʟʢʫ [ ]31, ii T tt - . ʇʨʦʧʫʩʢ-

ʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʫʛ (0, i) ʧʨʠʤʝʤ ʨʘʚʥʳʤʠ wi2, ʧʨʦʧʫʩʢʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʫʛ (j, z) ʧʨʠʤʝʤ ʨʘʚʥʳʤʠ jN D2 , ʛʜʝ 2N ï ʢʦʣʠʯʝ-

ʩʪʚʦ ʨʝʩʫʨʩʦʚ ʚʪʦʨʦʛʦ ʚʠʜʘ, jD  ï ʜʣʠʪʝʣʴʥʦʩʪʴ j-ʛʦ ʠʥʪʝʨʚʘʣʘ, 

ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʫʛ ʧʨʠʤʝʤ ʨʘʚʥʳʤʠ jia D2 . 

ʊʝʦʨʝʤʘ 1. ʄʠʥʠʤʘʣʴʥʦʝ T, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʪʦʢ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʩʳʱʘʝʪ ʚʭʦʜʥʳʝ ʜʫʛʠ, ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴ-

ʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʫʣʴʪʠʧʨʦʝʢʪʘ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʩʥʘʯʘʣʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʮʝʣʦʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ʊʝʦʨʝʤʘ 2. ɼʣʷ ʣʶʙʦʛʦ ʥʝʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʫʱʝʩʪ-

ʚʫʝʪ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩ ʪʦʡ ʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʤʫʣʴʪʠʧʨʦʝʢʪʘ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʋʈʂʆɺ ɺ.ʅ., ɹʋʈʂʆɺɸ ʀ.ɺ. ʠ ʜʨ. ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʝʤʘʭ. ï ʄ.: ʉʀʅʊɽɻ. 

2005. ï 256 ʩ. 



 45 

ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʇʈʆɽʂʊʆɺ 

ʆʪʘʨʘʰʚʠʣʠ ɿ.ɸ. 

(ʀʇʋ ʈɸʅ, ʄʦʩʢʚʘ) 
baruzo@mail.ru 

 

ʂʦʥʮʝʧʮʠʷ çʜʚʠʞʝʥʠʝ ʧʦ ʚʦʣʥʘʤè - ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʥʝʜʦʣʛʠʡ ʩʨʦʢ ʞʠʟʥʠ ʧʨʦʜʫʢʪʘ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʥʥʘʷ 

ʩʪʨʘʪʝʛʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʪʢʘʟ ʦʪ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʚ 

ʩʚʷʟʠ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʠ ʧʝʨʝʭʦʜ ʥʘ ʧʨʦʜʚʠʞʝ-

ʥʠʝ ʥʦʚʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ɺ ʦʩʥʦʚʝ ʣʝʞʠʪ ʩʣʝʜʫʶʱʘʷ ʠʜʝʷ ï ʢʘʞʜʳʡ ʠʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʵʪʘʧʦʚ: seed, start-up, growth ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʨʘʟʥʳʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ 

ʩʠʥʭʨʦʥʥʦ. ɺʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʦʜʥʦʡ ʛʨʫʧʧʳ ʷʚʣʝ̫ʪʩʷ 

ʚʨʝʤʝʥʝʤ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʜʨʫʛʦʡ ʛʨʫʧʧʳ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʪʨʠʧʣʝʪ. ɺr ʙʠ-

ʨʘʶʪʩʷ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ ʥʘʜʦʙʥʦʩʪʠ ʤʦʞʥʦ ʣʝʛʢʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʙʦʣʝʝ ʪʨʝʭ ʨʘʟʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʬʝʨʘʭ. 

ɺʚʝʜʝʥʠʝ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʘʣʠʟʫʝʤʦʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʜʝʡ ʥʘ ʨʦʩʩʠʡ-

ʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʢʨʘʡʥʝ ʥʠʟʢʘ, ʤʝʥʝʝ 1 %. ɺ ʨʘʟʚʠʪʳʭ ʠʥʜʫ-

ʩʪʨʠʘʣʴʥʳʭ ʩʪʨʘʥʘʭ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10%. ɺ ʯʝʤ ʧʨʠʯʠʥʘ?  

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʠʤʝ-

ʝʪʩʷ ʫʧʨʘʚʣʝʥʯʝʩʢʘʷ ʢʦʤʘʥʜʘ (ʋʂ, 2-5 ʯʝʣʦʚʝʢ ʜʣʷ ʤʘʣʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ), ʩʧʦʩʦʙʥʘʷ (ʨʠʩ. 1): 

¶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʝʩʪʠ 1 ʧʨʦʝʢʪ ʚ ʘʢʪʠʚʥʦʡ ʩʪʘʜʠʠ (growth 

ʠ expansion), n ʧʨʦʝʢʪʦʚ (ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦ 10) ʚ ʩʪʘʜʠʠ ʘʢʪʠʚʥʦʡ 

ʧʨʦʨʘʙʦʪʢʠ (start-up), m (ʢʘʢ ʧʨʘʚʠʣʦ ʜʦ 100) ʧʨʦʝʢʪʦʚ ʥʘ ʫʨʦʚ-

ʥʝ ʠʜʝʡ (seed). 

¶ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʧʨʦʝʢʪʦʤ ʧʝʨʝʭʦʜʷʱʠʤ ʚ ʩʪʘʜʠʠ 

growth ʠ expansion, ʧʝʨʝʜʘʚʘʷ ʫʧʨʘʚʣʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʝ  

mailto:baruzo@mail.ru
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ʇʨʠʥʮʠʧ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ çʜʚʠʞʝʥʠʝ ʧʦ ʚʦʣʥʘʤè

3

2

ʇʝʨʝʢʣʶʯʝʥʠʝ 

ʤʝʞʜʫ ʧʨʦʝʢʪʘʤʠ

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ  

çʜʚʠʞʝʥʠʝ ʧʦ ʚʦʣʥʘʤè 

ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʥʦʚʳʤ, start-up ʧʨʦʝʢ-

ʪʦʤ, ʧʝʨʝʭʦʜʷʱʠʤ ʚ ʘʢʪʠʚʥʫʶ ʩʪʘʜʠʶ ʨʝʘʣʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʨʦʚʥʝ ʋʂ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ: 

1. ɺʳʙʦʨ ʧʨʦʝʢʪʘ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʥʘʙʦʨʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

2. ʋʧʨʘʚʣʝʥʠʝ ʨʦʩʪʦʤ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʝʢʪʘ (ʚʳʙʦʨ ʙʠʟʥʝʩ-

ʤʦʜʝʣʠ, ʨʘʟʚʠʪʠʝ ʦʩʥʦʚʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʩʥʷʪʠʝ ʦʛ-

ʨʘʥʠʯʝʥʠʡ ʨʘʟʚʠʪʠʷ) 

3. ɺʳʙʦʨ çʪʦʯʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷè ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ 

ʥʘ ʥʦʚʳʡ ʧʨʦʝʢʪ; 

4. ʈʘʙʦʪʘ ʩ ʧʦʨʪʬʝʣʝʤ ʧʨʦʝʢʪʦʚ ʥʘ ʩʪʘʜʠʠ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

1. ʄʝʪʦʜʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɺ ʦʩʥʦʚʝ ʩʪʨʘʪʝʛʠʠ çʜʚʠʞʝʥʠʝ ʧʦ ʚʦʣʥʘʤè ʣʝʞʠʪ ʩʣʝʜʫʶ-

ʱʘʷ ʠʜʝʷ ï ʢʘʞʜʳʡ ʠʟ ʪʨʝʭ ʨʘʟʜʝʣʦʚ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʵʪʘʧʦʚ: 

seed, start-up, growth ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʋʂ ʪʨʝʤʷ ʨʘʟʥʳʤʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʫʢʦʤʧʣʝʢ-

ʪʦʚʘʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ.  

ʂʦʤʘʥʜʳ ʨʘʙʦʪʘʶʪ ʩʠʥʭʨʦʥʥʦ. ʄʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ 

ʛʨʫʧʧʳ ʧʦ ʵʪʘʧʫ seed ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʵʪʘʧʘ 
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start-up. ɻʨʫʧʧʘ ʧʦ ʵʪʘʧʫ seed ʧʨʠʩʪʫʧʘʝʪ ʢ ʥʦʚʦʤʫ ʧʦʠʩʢʫ ʠ 

ʧʨʦʨʘʙʦʪʢʝ ʚʩʝʛʦ ʮʠʢʣʘ ʧʦ ʦʪʙʦʨʫ ʠ ʦʙʦʩʥʦʚʘʥʠʶ ʥʦʚʳʭ ʧʨʦʝʢ-

ʪʦʚ. ʆʥʠ ʜʦʣʞʥʳ ʟʘʚʝʨʰʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʢ ʤʦʤʝʥʪʫ, ʢʦʛʜʘ 

ʛʨʫʧʧʘ ʵʪʘʧʘ start-up ʟʘʚʝʨʰʠʪ ʩʚʦʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦ ʫʞʝ 

ʠʤʝʶʱʠʤʩʷ ʫ ʥʠʭ ʧʨʦʝʢʪʘʤ ʠ ʧʝʨʝʜʘʩʪ ʠʭ ʛʨʫʧʧʝ ʵʪʘʧʘ growth. 

ʄʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʛʨʫʧʧʘ ʵʪʘʧʘ start-up ʷʚʣʷʝʪʩʷ ʥʘʯʘ-

ʣʦʤ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʵʪʘʧʘ growth. ɻʨʫʧʧʘ ʵʪʘʧʘ start-up ʚ ʵʪʦʪ ʞʝ 

ʧʝʨʠʦʜ ʙʝʨʝʪ ʫ ʛʨʫʧʧʳ ʵʪʘʧʫ seed ʦʯʝʨʝʜʥʦʡ ʧʦʨʪʬʝʣʴ ʧʨʦʝʢʪʦʚ 

ʜʣʷ ʜʘʣʥɹʝʡhʝʡ ʧʨʦʨʘʙʦʪʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʠʭ ʜʘʣʝʝ. 

ɻʨʫʧʧʘ ʵʪʘʧʘ growth ʚ ʤʦʤʝʥʪ ʜʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʘ ʜʦ ʩʪʘʜʠʠ 

ʧʘʜʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʦ ʦʙʳʯʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʝʢʨʘʱʘʶʪ ʚʝʩʪʠ ʧʨʦʝʢʪ. ʇʨʦʝʢʪ ʧʨʦʜʘʝʪʩʷ ʢʦʥʢʫʨʝʥʪʘʤ, ʠʣʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ. ɸ ʛʨʫʧʧʘ growth ʙʝʨʝʪ ʫ ʛʨʫʧʧʳ ʵʪʘʧʘ start-up 

ʦʯʝʨʝʜʥʦʡ ʛʦʪʦʚʳʡ ʜʣʷ ʨʘʩʢʨʫʪʢʠ ʧʨʦʝʢʪ. ʀ ʪʘʢ ʥʝʧʨʝʨʳʚʥʦ.  

ɻʨʫʧʧʘ seed ʟʘ ʢʦʥʪʨʦʣʴʥʦʝ ʚʨʝʤʷ T ʜʦʣʞʥʘ ʪʱʘʪʝʣʴʥʦ 

ʧʨʦʨʘʙʦʪʘʪʴ ʜʦ ʩʪʘ ʧʨʦʝʢʪʦʚ ʠ ʠʜʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʥʦʩʠʪ ʥʘ 

ʧʨʦʝʢʪʥʳʡ ʢʦʤʠʪʝʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʨʫʧʧʝ start-up ʥʝ ʙʦʣʝʝ 10 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ɿʘ ʪʦ ʞʝ ʚʨʝʤʷ ʛʨʫʧʧʘ start-up ʧʨʦʨʘ-

ʙʘʪʳʚʘʝʪ ʧʨʝʜʳʜʫʱʠʝ 10 ʧʨʦʝʢʪʦʚ, ʨʘʥʝʝ ʧʝʨʝʜʘʥʥʳʭ ʝʡ ʛʨʫʧ-

ʧʦʡ seed, ʠ ʚʳʥʦʩʠʪ ʥʘ ʧʨʦʝʢʪʥʳʡ ʢʦʤʠʪʝʪ ʥʝ ʙʦʣʝʝ 3 ʧʨʦʝʢʪʦʚ. 

ɻʨʫʧʧʘ growth ʨʘʩʢʨʫʯʠʚʘʝʪ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ ʦʜʠʥ ʠʟ ʨʘʥʝʝ ʧʝʨʝ-

ʜʘʥʥʳʭ ʝʡ ʧʨʦʝʢʪʦʚ ʠ ʙʝʨʝʪ ʥʦʚʳʡ. ʌʠʥʘʥʩʦʚʳʝ ʦʪʥʦʰʝʥʠʷ 

ʛʨʫʧʧ ʩʪʨʦʷʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʭʦʟʨʘʩʯʝʪʘ. 

ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʜʝʡ, 

ʧʨʝʜʣʦʞʝʥʠʡ, ʧʨʦʜʫʢʪʦʚ ʠ ʧʨ. ʩʢʨʳʪʳ ʚ ʩʘʤʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʠʤʝʶʪ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʚʥʝʜʨʝʥʠʷ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʥʦʚʘʮʠʡ. ʉʪʨʘʪʝʛʠʷ çʜʚʠʞʝʥʠʝ ʧʦ ʚʦʣ-

ʥʘʤè - ʵʪʦ ʩʪʨʘʪʝʛʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʢʦʤʧʘʥʠʠ, ʝʝ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨ. ʅʦʚʳʝ ʧʨʦʜʫʢʪʳ ʚʩʝʛʜʘ ʧʨʦʜʘʶʪ-

ʩʷ ʩ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ, ʠʭ ʧʨʦʱʝ ʧʨʦʜʚʠʛʘʪʴ ʥʘ 

ʨʳʥʢʝ ʠ ʟʘʭʚʘʪʳʚʘʪʴ ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʘʣʝʥʴʢʠʝ, ʥʠʢʝʤ ʥʝ ʟʘʥʷ-

ʪʳʝ ʨʳʥʦʯʥʳʝ ʥʠʰʠ.  

ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ çʜʚʠʞʝʥʠʝ ʧʦ ʚʦʣʥʘʤè ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʦʟʜʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʠ ʥʝʜʦʣʛʠʡ ʩʨʦʢ ʞʠʟʥʠ ʧʨʦʜʫʢʪʘ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘ-

ʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʥʠʟʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʴʶ 
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ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʜʝʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪ-

ʩʷ ʨʘʟʨʫʰʝʥʠʝ ʩʪʝʨʝʦʪʠʧʦʚ, ʢʘʢ ʫ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ 

ʠ ʫ ʨʫʢʦʚʦʜʷʱʝʛʦ ʩʦʩʪʘʚʘ.  

2. ɹʠʟʥʝʩ ʧʨʦʮʝʩʩ ʨʝʘʣʠʟʘʮʠʠ  

ʩʪʨʘʪʝʛʠʠ çʜʚʠʞʝʥʠʝ ʧʦ ʚʦʣʥʘʤè 

ɺ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʣʦʢʠ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʳʥʢʘ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʦ ʠ ʧʨʠʚʦ-

ʜʠʪʴ ʢ ʥʝʟʘʥʷʪʦʡ ʢʦʥʢʫʨʝʥʪʘʤʠ ʨʳʥʦʯʥʦʡ ʥʠʰʝ. ʅʘ ʚʳʭʦʜʝ ʜʘʥʥʦ-

ʛʦ ʙʣʦʢʘ ʜʦʣʞʝʥ ʧʦʷʚʠʪʴʩʷ ʦʪʯʝʪ ʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʦʧʠʩʘʥʠ-

ʝʤ ʨʳʥʦʯʥʦʡ ʥʠʰʠ (ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʦʚ ʠ ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʞʝʣʘʪʝʣʴʥʦ ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʦʮʝʥʢʦʡ ʦʙʲʝʤʘ ʥʠʰʠ). 

2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ  

3. ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ  

4. ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʥʘʯʘʣʘ ʧʨʦʝʢʪʘ.  

5. ʅʘʟʥʘʯʝʥʠʝ ʤʝʥʝʜʞʝʨʘ ʧʨʦʝʢʪʘ, ʩʦʟʜʘʥʠʝ ʢʦʤʘʥʜʳ ʧʨʦ-

ʝʢʪʘ ʠ ʚʳʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ.  

6. ʆʮʝʥʢʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʦʛʦʚʦʨʝʥʥʦʩʪʴ ʦʙ ʠʥʚʝʩʪʠʮʠʷʭ.  

7. ɼʦʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  

8. ʉʦʟʜʘʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ.  

9. ʋʪʦʯʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʳʥʢʘ.  

10. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʚʥʝʜʨʝʥʠʷ.  

11. ɹʦʣʝʝ ʜʝʪʘʣʴʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʙʠʟʥʝʩ ʧʣʘʥʘ.  

12. ʈʝʰʝʥʠʝ ʦ ʚʳʜʝʣʝʥʠʝ ʩʨʝʜʩʪʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ.  

13. ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

14. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 

15. ʇʨʦʜʚʠʞʝʥʠʝ ʠ ʧʨʦʜʘʞʘ ʧʨʦʜʫʢʮʠʠ. 

16. ʇʨʝʢʨʘʱʝʥʠʝ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ. 

3. ɹʠʟʥʝʩ ʤʦʜʝʣʴ 

ɹʠʟʥʝʩ ʤʦʜʝʣʴ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦ ʩʪʨʘʪʝʛʠʝʡ ʨʘʟʚʠʪʠʷ çʜʚʠʞʝʥʠʝ 

ʧʦ ʚʦʣʥʘʤè ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʨʝʛʫʣʷʨʥʳʡ ʚʳʧʫʩʢ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝ ʠʤʝʶʱʝʡ ʘʥʘʣʦʛʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ 
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ʩʪʦʠʤʦʩʪʴʶ. ɼʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝʜʦʣʛʫʶ ʞʠʟʥʴ 

ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʦ ʝʩʪʴ ʦʪʢʘʟ ʦʪ ʚʳʧʫʩʢʘ 

ʧʨʦʜʫʢʮʠʠ ʚ ʩʚʷʟʠ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 80-90 %. ʈʝʥʪʘʙʝʣʴ-

ʥʦʩʪʴ ʙʫʜʝʪ ʧʘʜʘʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʫʜʫʪ ʧʦʷʚʣʷʪʴʩʷ ʘʥʘʣʦ-

ʛʠ ʫ ʢʦʥʢʫʨʝʥʪʦʚ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ ʚ ʈʦʩʩʠʠ ʥʝʙʦʣʴh ʠʝ 

ʥʝʟʘʧʘʪʝʥʪʦʚʘʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʝʥʠʤʘʁ ʪʩʷ 

ʯʝʨʝʟ 2-3 ʛʦʜʘ ʠʣʠ ʩʦʟʜʘʶʪʩʷ ʘʥʘʣʦʛʠ ʚ ʪʝ ʞʝ ʩʨʦʢʠ. ɺ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʩʣʦʞʥʦʩʪʠ ʠʥʥʦʚʘʮʠ-

ʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʦʩʩʠʡʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʘʜʝʥʠʷ ʨʝʥʪʘ-

ʙʝʣʴʥʦʩʪʠ ʥʠʞʝ 90% ʩʦ ʚʨʝʤʝʥʠ ʚʳʧʫʩʢʘ ʧʨʦʙʥʦʡ ʧʘʨʪʠʠ 

ʜʦʣʞʥʦ ʧʨʦʡʪʠ ʦʪ ʛʦʜʘ ʜʦ ʪʨʝʭ ʧʨʝʞʜʝ, ʯʝʤ ʢʦʥʢʫʨʝʥʪʳ ʩʤʦʛʫʪ 

ʧʦʩʪʘʚʣʷʪʴ ʥʘ ʨʳʥʦʢ ʘʥʘʣʦʛʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʂʦʥʢʫʨʝʥʪ ʥʝ ʥʝʩʝʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʨʠʩʢʦʚ ʧʨʠʩʫɦ ʠʭ 

ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʵʪʘʧʫ. ɺʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʫʞʝ ʩʫʱʝʩʪʚʫʶ-

ʱʝʤʫ ʦʙʨʘʟʮʫ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ. 

ɺʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʙʝʟʫʙʳʪʦʯʥʦʩʪʴ ʠ ʩʘʤʦʦʢʫʧʘʝʤʦʩʪʴ ʢʦʨʦʯʝ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʦʚ ʚ ʮʝʣʦʤ ʥʘ ʵʪʘʧʝ seed ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʝʪʦʜ çʪʨʠʧʣʝʪè (ʤʥʦʛʦʚʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʚʳʙʦʨʘ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʠʜʝʠ). ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʘ ʩʨʳʚʘ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ, ʠʣʠ ʝʛʦ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʚʳʙʠʨʘʶʪʩʷ ʪʝ 

ʧʨʦʝʢʪʳ, ʚʦʢʨʫʛ ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʜʝʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʚʳʩʪʨʦʠʪʴ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟʥʳʭ ʙʠʟʥʝʩ ʧʨʦʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʩʬʝʨʝ ʧʨʠʣʦʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʜʝʷ ʩʦʟʜʘʥʠʷ 

ʷʜʨʘ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ɺʋɿʘ, ʦʥʦ 

ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʤʝʥʠʤʦ ʙʝʟ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ (ʪʦʣʴʢʦ ʧʫʪʝʤ 

ʧʨʠʩʚʦʝʥʠʷ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʝʨʝʤʝʥʥʳʤ) ʜʣʷ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʦʨʪʘʣʘ, ʠ ʩʨʝʜʦʡ 

ʙʨʦʢʝʨʩʢʦʡ ʨʘʙʦʪʳ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʘʛʝʥʪʘʤʠ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ. 

ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʙʠʟʥʝʩ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʠʜʝʠ, ʪʝʤ ʚʳʛʦʜʥʝʝ ʜʣʷ ʠʥʚʝʩʪʦʨʘ. ʈʘʩʭʦʜʳ ʥʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ 

ʜʦʭʦʜʳ ʨʘʩʪʫʪ ʢʨʘʪʥʦ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʩʤʝʥʘ ʦʜʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʝʢʪʘ ʜʨʫʛʠʤ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ ʢʦʤʤʝʨʯʝʩʢʠʡ ʨʠʩʢ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ ʠ ʚʦʟʨʘʩʪʘʝʪ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘʷ ʛʠʙʢʦʩʪʴ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, ʟʘʜʘʯʘ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʷʤʠ, ʜʠʩʢʨʝʪʥʳʡ ʧʨʠʥʮʠʧ 

ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ, ʢʨʠʪʝʨʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦʙ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʠ 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʥʷʪʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝ-

ʣʝʥʠʠ: ʩʢʦʣʴʢʦ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʥʚʝʩʪʠʨʦʚʘʪʴ, 

ʚ ʢʘʢʦʝ ʚʨʝʤʷ ʠ ʚ ʢʘʢʠʝ ʘʢʪʠʚʳ. ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʷʤʠ 

ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ [1]-[3], ʦʜʥʘʢʦ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʦʨʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʠʩʢʨʝʪʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ [4]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʫ ʥʦʚʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ. ʀʥʚʝʩʪʠʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʟʘ 

ʩʯʸʪ ʩʦʙʩʪʚʝʥʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʢʦʥʦʤʠ-

ʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʮʝʣʦʤ ʠ ʩʭʝʤʘ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʝʥʝʞʥʳʝ 

ʧʦʪʦʢʠ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ) ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ [5]. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜ-

ʧʨʠʷʪʠʝʤ ʨʘʚʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʤʫ ʦʙʲʸʤʫ ʧʨʦʜʘʞ.  

1. ʇʦʩʪʘʥʦʚʢʘ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʷʤʠ  

ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʯʫ ʚʳʙʦʨʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʢʘʢ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʠʩʢʨʝʪʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʝʥʠʷ ta  ʧʨʠʤʝʤ ʧʨʦʮʝʥʪ ʦʪ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʩʫʨ-

ʩʘ ʧʨʝʜʧʨʠʷʪʠʷ tINV , ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ. 

ʅʘ ʫʧʨʘʚʣʝʥʠʝ 
t
a ʥʘʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ: 

(1) 10 ¢¢ ta . 
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ɽʩʣʠ ʬʠʥʘʥʩʦʚʳʡ ʨʝʩʫʨʩ tINV  ʠʥʚʝʩʪʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʪʦ 1=ta , ʝʩʣʠ ʥʝ ʠʥʚʝʩʪʠʨʫʝʪʩʷ, ʪʦ 0=ta . 

ɼʠʩʢʨʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ (ʚʥʝʦʙʦʨʦʪʥʳʭ ʘʢʪʠʚʦʚ) 
t

FA  (Fixed assets) 

ʟʘʧʠʰʝʪʩʷ: 

(2) ntINVFAkFAFA tttttt ,0,1 =+-=+ a  

ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 00=FA , ʛʜʝ 
t

k - ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʳʪʠʷ 

ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ, n - ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ 

(ʛʦʨʠʟʦʥʪ ʧʣʘʥʠʨʦʚʘʥʠʷ), t - ʥʦʤʝʨ ʧʝʨʠʦʜʘ ʧʨʦʝʢʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʠʩʪʳʡ ʧʨʠʚʝʜʸʥʥʳʡ 

ʜʦʭʦʜ NPV (Net Present Value) [5]: 

(3) ä
= +
=

n

t
t

t

r

FCF
NPV

0

,
)1(

 

ʛʜʝ tFCF - ʩʚʦʙʦʜʥʳʡ ʜʝʥʝʞʥʳʡ ʧʦʪʦʢ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢ-

ʪʘ (Free Cash Flow), r - ʩʪʘʚʢʘ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ.  

ʉʚʦʙʦʜʥʳʡ ʜʝʥʝʞʥʳʡ ʧʦʪʦʢ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʧʝʨʠʦʜ 

t ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (Operating Cash Flow) tOCF  ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

(Investment Cash Flow) tICF  [5]: 

(4) ntICFOCFFCF ttt ,0, =-= . 

ɼʝʥʝʞʥʳʡ ʧʦʪʦʢ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ tOCF  ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ: 

(5) ttt FAROFAOCF = , 

ʛʜʝ tROFA - ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʝʥʝʞʥʦʤʫ 

ʧʦʪʦʢʫ (ʩash flow Return On Fixed Assets) (ʚʚʦʜʠʪʩʷ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ). 

ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʝʥʝʞʥʦʤʫ ʧʦʪʦʢʫ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

(6) ( ) mtt c

t

tt
ct

P

CP
fROFA +
-

-=1 , 

ʛʜʝ f - ʬʦʥʜʦʦʪʜʘʯʘ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ, Pt - ʮʝʥʘ ʧʨʦʜʫʢʮʠʠ ʚ 

ʧʝʨʠʦʜ t, ʉt - ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ɛ- ʥʦʨʤʘ ʘʤʦʨʪʠʟʘʮʠʠ, Űc- ʩʪʘʚʢʘ 

ʥʘʣʦʛʘ ʥʘ ʧʨʠʙʳʣʴ. 
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ɼʝʥʝʞʥʳʡ ʧʦʪʦʢ ʦʪ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

(7) ttttttt FAk1INVICF jja -+= )( , 

ʛʜʝ tj- ʢʦʣʠʯʝʩʪʚʦ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠʥʚʝʩʪʠʨʫʝʤʦʝ (ʚʳʩʚʦʙʦ-

ʞʜʘʝʤʦʝ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʦʨʦʪʥʦʛʦ ʢʘʧʠʪʘʣʘ (Net Working 

Capital) tNWCD  ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ 

ʥʘ ʦʜʥʫ ʜʝʥʝʞʥʫʶ ʝʜʠʥʠʮʫ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʯʠʩʪʦʛʦ ʧʨʠʚʝʜʸʥʥʦʛʦ ʜʦʭʦʜʘ (3) ʩ ʫʯʸʪʦʤ 

(4), (5) ʠ (7) ʟʘʧʠʰʝʪʩʷ: 

(8) 
( )
ä
=


+

-+
=

n

0t
t

tttttt

r1

INVFAkROFA
NPV .max

)(

aj
 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: ʟʥʘʷ ʥʘ-

ʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʚʙrʨʘʪʴ ʪʘʢʦʝ 

ʜʦʧʫʩʪʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʥʚʝʩʪʠʮʠʷʤʠ (1) ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʨʦʮʝʩʩʘ (2), ʯʪʦʙʳ ʯʠʩʪʳʡ ʧʨʠʚʝʜʸʥʥʳʡ ʜʦʭʦʜ ʧʨʦʝʢʪʘ (8) 

ʧʨʠʥʷʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

2. ʈʝʰʝʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʷʤʠ 

ʇʨʠʤʝʥʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʳʡ ʧʨʠʥʮʠʧ ʤʘʢ-

ʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ [4]. ɿʘʧʠʰʝʤ ʛʘʤʠʣʴʪʦʥʠʘʥ: 
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ʀʟ ʫʩʣʦʚʠʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʩʪʠ 01=Y+n  ʩʣʝʜʫʝʪ: ʦʧʪʠʤʘʣʴ-

ʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʡ ʧʝʨʠʦʜ ʨʘʚʥʦ ʥʫʣʶ .0=aopt
n  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʷʤʠ 

ʨʘʟʨʘʙʦʪʘʥ ʩʣʝʜʫʶʱʠʡ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʘʚʪʦʨʦʤ ʚ ʨʘʙʦʪʝ [6]: 

1. ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ: ʧʨʦʛʥʦʟʠ-

ʨʫʝʤʘʷ ʮʝʥʘ Pt, ʦʙʲʸʤ ʧʨʦʜʘʞ Qt, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ Ct, 
t=0,n;  

2. ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (6) ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʩʥʦʚ-

ʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʝʥʝʞʥʳʤ ʧʦʪʦʢʘʤ ROFAt, t=0,n; 

3. ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (9) ʩʦʧʨʷʞʸʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ 

t
Y , t=n,0; 

4. ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʥʚʝʩʪʠʮʠʤ̫ʠ ʧʦ 

ʬʦʨʤʫʣʝ (8) ʜʣʷ ʧʝʨʠʦʜʦʚ ʦʪ 0 ʜʦ n.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʦʧʨʝʜʝʣʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ .ʢʨt ʧʨʝ-

ʢʨʘʱʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʝʢʪ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʥʚʝʩʪʠʮʠʷʤʠ ʚ ʢʘʞ-

ʜʦʤ ʧʝʨʠʦʜʝ ʙʫʜʝʪ ʨʘʚʥʦ ʥʫʣʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʝʢʪ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʢʣʦʥʠʪʴ. ɺʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚ ʥʘʯʘʣʴʥʳʭ ʧʝʨʠʦʜʘʭ ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʥʚʝʩʪʠʮʠʷʤʠ ʙʫʜʝʪ ʨʘʚʥʦ ʥʫʣʶ, ʘ ʟʘʪʝʤ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʘ, ʥʘʧʨʠʤʝʨ ʨʦʩʪʘ ʮʝʥʳ 

ʥʘ ʧʨʦʜʫʢʮʠʶ ʠʣʠ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʫʜʝʪ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʦʧʨʝʜʝʣʠʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʘʙʣʠʮʝ Microsoft Excel. ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʢʘʟʘʣʦ 

ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

3.ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʷʤʠ 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʝʥʝʞ-

ʥʳʤ ʧʦʪʦʢʘʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʳʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʵʬ-

ʬʠʮʠʝʥʪ tj ʚ̫ʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ: constROFAROFAt == , 

constkkt == , constt =j=j  ʚʦʟʤʦʞʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 
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ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʩʦʧʨʷʞʸʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (9) 

ʟʘʧʠh ʝʪʩʷ:  
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ʇʨʠ ʛʨʘʥʠʯʥʦʤ ʫʩʣʦʚʠʠ 01=Y+n . 

ɿʥʘʯʝʥʠʷ ʩʦʧʨʷʞʸʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʧʦ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʝ (10), ʥʘʯʠʥʘʷ ʩ ʧʦʩʣʝʜʥʝʛʦ ʧʝʨʠʦʜʘ. 

ʇʨʦʚʦʜʷ ʘʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʦʧʨʷʞʸʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʨʠ 

t=n,0, ʧʦʣʫʯʠʤ ʦʙʦʙʱʸʥʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʧʝʨʠʦʜʘ t+1: 
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ɺʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦ-

ʛʨʝʩʩʠʠ ʩʦ ʟʥʘʤʝʥʘʪʝʣʝʤ ʧʨʦʛʨʝʩʩʠʠ 
r
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1
 ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʯʣʝ-

ʥʦʚ ʧʨʦʛʨʝʩʩʠʠ, ʨʘʚʥʳʤ n-t.  

ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ ʜʣʷ ʩʫʤʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ, 

ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʦʧʨʷʞʸʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ: 
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ʉ ʫʯʸʪʦʤ (11) ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʥʚʝʩʪʠʮʠʷʤʠ (8) ʧʨʠʤʝʪ ʚʠʜ: 
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ʀʟ ʫʩʣʦʚʠʷ (12) ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʚ ʧʝʨʠʦʜ t ʚr -

ʛʦʜʥʦ, ʝʩʣʠ ʜʣʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʝʥʝʞʥʳʤ 

ʧʦʪʦʢʘʤ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 
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ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʥʝʨʘʚʝʥʩʪʚʘ (13) ʥʘʭʦʜʠʪʩʷ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʝʥʝʞʥʳʤ ʧʦʪʦ-

ʢʘʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʥʝ ʚʳʛʦʜʥʦ: 
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ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦ 

ʜʝʥʝʞʥʳʤ ʧʦʪʦʢʘʤ ʢʨROFA  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʝʨʠʦʜʘ t, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʥʚʝʩʪʠʮʠʠ, ʛʦʨʠʟʦʥʪʘ ʧʣʘʥʠʨʦʚʘʥʠʷ n, 

ʩʪʘʚʢʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ r, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʙʳʪʠʷ ʦʩʥʦʚʥʳʭ 

ʩʨʝʜʩʪʚ k, ʧʘʨʘʤʝʪʨʘ ű.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʚʝʩʪʠʮʠʷʤʠ (12) ʩ ʫʯʸʪʦʤ (13) ʠ (14) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
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ʇʦʣʫʯʝʥʥʦʝ ʫʩʣʦʚʠʝ (15) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ 

ʢʨʠʪʝʨʠʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦʙ ʠʥʚʝʩʪʠʨʦʚʘʥʠʠ ʩʨʝʜʩʪʚ ʚ 

ʪʦʪ ʠʣʠ ʠʥʦʡ ʘʢʪʠʚ. ɽʩʣʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʧʣʘʥʠʨʦʚʘʥʠʷ 

n, ʩʪʘʚʢʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ r, ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʳʙʳʪʠʷ ʦʩʥʦʚʥʳʭ 

ʩʨʝʜʩʪʚ k, ʧʘʨʘʤʝʪʨʝ ű ʫʩʣʦʚʠʝ ʜʣʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ROFA ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʢʣʦʥy ʥ. 

ʀʟ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʫʩʣʦʚʠʷ:  
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ʦʧʨʝʜʝʣʠʤ ʧʝʨʠʦʜ ʧʨʝʢʨʘʱʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ: 
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ʀʟ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙ-

ʢʘʭ ʤʝʥʴʰʝ 1, ʧʦʵʪʦʤʫ ʣʦʛʘʨʠʬʤ ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʯʠʩʣʦʤ ʠ ʚʨʝʤʷ ʧʨʝʢʨʘʱʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 0 ʜʦ n. ɸʥʘʣʠʟʠʨʫʷ ʬʦʨʤʫʣʫ (16) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ 

ʚʳʚʦʜ: ʧʝʨʠʦʜ ʧʨʝʢʨʘʱʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʛʦʨʠʟʦʥʪʘ 

ʧʣʘʥʠʨʦʚʘʥʠʷ (ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ): ʯʝʤ ʙʦʣʴʰʠʡ ʧʝʨʠ-
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ʦʜ ʚʨʝʤʝʥʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ 

ʧʨʦʝʢʪ, ʪʝʤ ʜʦʣʴʰʝ ʥʝʦʙʭʦʜʠʤʦ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʦʩʥʦʚʥʳʝ 

ʩʨʝʜʩʪʚʘ. ʌʦʨʤʫʣʘ (16) ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʜʘʣʴʥʦʚʠʜʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ. ɺʨʝ-

ʤʷ ʧʨʝʢʨʘʱʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ROFA ʠ ʩʪʘʚʢʠ ʜʠʩʢʦʥʪʠʨʦ-

ʚʘʥʠʷ r. 
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(ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʅʀʀ ʧʨʦʙʣʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ  

ʪʝʭʥʠʢʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʄʦʩʢʚʘ) 
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʨʘʤʢʘʭ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʧʦʪʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

 

ʋʧʨʘʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʩ ʧʦʪʦʯʥʳʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʨʝʙʫʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʩʧʝʢʪʨ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ (ʉɸ): ʦʪ ʘʚʪʦʤʘʪʠʢʠ ʦʪʜʝʣʴʥʳʭ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʜʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩ-

ʪʝʤ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʠ ʥʘ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 

ʮʝʣʦʤ. ʇʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʨʘʱʠʚʘʥʠʝ ʤʦʱʥʦʩʪʝʡ ʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʪʨʝʙʫʶʪ ʩʝʨʴʝʟʥʦʛʦ ʧʝʨʝʩʤʦʪʨʘ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʭʘʥʠʟ-

ʤʦʚ ʪʘʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʩʦʩʪʘʚʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦ-

ʮʝʩʩʳ, ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʇʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʤʧʘʭ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʫʩʪʘʨʝʚʘʶʪ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ 

ʧʦʚʳʰʝʥʠʶ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʚʘʞ-

ʥʳʡ ʠʩʪʦʯʥʠʢ ʫʩʠʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʣʶʙʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʛʦʨʘʟʜʦ ʪʨʫʜʥʝʝ ʦʮʝʥʠʪʴ ʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ, ʯʝʤ ʨʘʙʦʪʫ ʦʙʳʯʥʳʭ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʵʪʦʤʫ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ 

ʥʘʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʜʨʦʚʦʛʦ ʨʝʩʫʨʩʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʝʛʦ ʯʠʩ-

ʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʉʦʟʜʘʥʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʊʇ) ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʦʜʛʦʪʦʚʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʩʦʪʨʫʜʥʠʢʦʚ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʥʠʤʘʥʠʷ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʝʜʧʨʠʷʪʠʷ. ɸʥʘʣʠʟ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʊʇ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʚʘ-

ʣʠʬʠʢʘʮʠʠ ʢʘʜʨʦʚ ʧʦʤʦʛʘʝʪ ʢʘʞʜʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʧʦʥʷʪʴ ʧʦ-

ʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ-

ʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠ 

ʧʣʘʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʲʝʤ ʟʥʘʥʠʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʠ-

ʨʫʝʤʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʅʝʦʙʭʦʜʠʤʳʡ ʘʥʘʣʠʟ ʢʘʜʨʦʚʦʛʦ ʨʝʩʫʨʩʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʚʝʪʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

¶ ɺ ʯʝʤ ʩʦʩʪʦʷʪ ʦʩʥʦʚʥʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʨʝʜʧʨʠʷʪʠʷ? 

ʂʘʢʦʚʳ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠ̫ ʪʠʷ, 

ʠ ʢʘʢʠʝ ʚʠʜʳ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ʢʘʜʨʦʚ ʷʚʣʷʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ 

ʚ ʙʫʜʫʱʝʤ? 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦ: ʩʦʦʪʥʝʩʪʠ ʩʠʩʪʝʤʫ 

ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʩʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʮʝʣʷʤʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʩʦʛʣʘʩʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʢʘʜʨʦʚʦʡ ʨʘʙʦʪʳ ʠ 

ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʦʮʝʥʢʠ ʠ ʨʘʟʚʠʪʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʪ.ʝ. ʝʜʠʥʳʝ 

ʩʪʘʥʜʘʨʪʳ ʧʦʚʝʜʝʥʠʷ. 

ɺʳʷʚʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʢʘʜʨʦʚʦʤ ʫʨʦʚʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ [1]. ɽʝ ʥʘʟʥʘ-

ʯʝʥʠʝ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʘʜʨʘʭ ʢʦʤʧʘʥʠʠ ʥʘ ʧʨʝʜʩʪʦʷʱʠʡ 

ʧʝʨʠʦʜ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦ-

ʪʨʫʜʥʠʢʦʚ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʯʝʣʦʚʝʯʝ-

ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʢʘʭ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʩʣʝʜ-

ʥʠʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʦʜʠʤʦʛʦ ʘʫʜʠʪʘ ʧʝʨʩʦʥʘʣʘ. ʅʘ ʠʭ ʦʩʥʦʚʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʢʘʞʜʦʛʦ 
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ʩʦʪʨʫʜʥʠʢʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʘʜʨʦʚ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʝʝ ʘʧʧʘʨʘʪ 

ʢʘʜʨʦʚr ʭ ʤʝʥʝʜʞʝʨʦʚ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦ-

ʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʝʝ ʦʩʥʦʚʝ ʢʘʜʨʦʚʦʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʦʚʳʰʘʶʱʝʡ ʦʙʱʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʨʘʙʦʪʳ ʧʦʩʣʝʜʥʝʛʦ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦ-

ʩʪʨʦʝʥʠʶ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜ-

ʧʨʠʷʪʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʩʦʙʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʛʫʣʷʨʥʦʤ ʚʠʜʝ [1,2]. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʫʯʠʪʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʩʘʤʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩʘʤʠ ʧʨʦʮʝʩʩʳ ʚ ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʚʠʜʝ, ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʧʨʦʚʦ-

ʜʠʪʴ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʝʝ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʤʠʥʠ-

ʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʥʠʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʤʘʥʪʠʢʠ ʙʘʟʦʚʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʝʢʪʘ ʠ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʢʦʤʧʦʟʠʮʠʠ 

ʙʘʟʦʚʳʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, 

ʛʨʘʬʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʤʘʥʪʠʢʘ. 

ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ (BPMN, ARIS) ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ [1], ʥʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʤʥʦʛʠʝ ʥʝʜʦʩʪʘʪʢʠ ʦʩʥʦ-

ʚʘʥʥʳʭ ʥʘ ʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ʌʫʥʢʮʠʦ-

ʥʘʣʴʥʦ ʵʪʠ ʩʠʩʪʝʤʳ (BPMS, Business Process Management 

System) ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: 1) ʧʝʨʚʠʯʥʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʦʟʜʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʥʘʙʦʨ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʣʦʢ-ʩʭʝʤ) ʠ 2) ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʠʩʧʦʣʥʷʝʤʦʡ ʤʦʜʝʣʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʟʘʜʘʸʪ ʥʘʙʦʨ ʧʦʥʷʪʠʡ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʥʷʪʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʩʧʦʣʥʷʝ-

ʤʦʡ ʤʦʜʝʣʠ. ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʚʨʝʤʝʥʥʳʭ BPM-ʩʠʩʪʝʤ ï 

ʥʘʣʠʯʠʝ ʪʨʫʜʥʦʧʨʝʦʜʦʣʠʤʦʛʦ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ [2] ʤʝʞ-

ʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʤʦʜʝʣʷʤʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʤʝʪʦʜʘ ʫʩʪʨʘʥʝʥʠʷ 

ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ: ʢʦʥʚʝʨʪʘʮʠʷ, ʢʦʤʧʠʣʷʮʠʷ ʠ ʠʥʪʝʨʧʨʝ-
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ʪʘʮʠʷ. ʂʦʥʚʝʨʪʘʮʠʷ ï ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʯʝʣʦʚʝʢʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʠʩʧʦʣʥʷʝʤʫʶ. ʇʨʠ ʠʟʤʝʥʝ-

ʥʠʠ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʭʦʜʠʪʩʷ ʚʳʧʦʣʥʷʪʴ ʢʘʞʜʳʡ 

ʨʘʟ ʟʘʥʦʚʦ. ʂʦʤʧʠʣʷʮʠʷ ï ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʠʩʧʦʣʥʷʝʤʫʶ ʧʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʧʨʘʚʠʣʘʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʦʜʝʣʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ï ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʥʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ 

ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʙʣʦʢ-ʩʭʝʤ ʠ ʦʧʠʩʘʥʠʷ ʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʝʤʘʥʪʠʢʠ ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʘʮʠʠ ʠʣʠ ʢʦʤʧʠʣʷʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʦʜʦʣʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʤʝʞʜʫ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʠʩʧʦʣʥʷʝʤʦʡ ʤʦʜʝʣʷʤʠ ʟʘ ʩʯʸʪ 1) ʦʧʠʩʘʥʠʷ 

ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʤʘʥʪʠʢʠ ʙʘʟʦʚʳʭ 

ʙʣʦʢʦʚ ʤʦʜʝʣʠ ʠ 2) ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʩʦʩʪʘʚʥʳʭ ʙʣʦʢʦʚ ʵʪʦʡ ʤʦʜʝʣʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʤʘʥʪʠʢʠ. 

1. ɹʘʟʦʚʳʝ ʠ ʩʦʩʪʘʚʥʳʝ ʙʣʦʢʠ 

ɹʘʟʦʚʳʡ ʙʣʦʢ ʛʨʘʬʠʯʝʩʢʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ 

ʣʶʙʦʛʦ ʨʘʟʤʝʨʘ (ʨʠʩ. 1). ʏʝʨʝʟ ʢʘʞʜʳʡ ʙʣʦʢ ʧʨʦʭʦʜʠʪ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʡ ʧʦʪʦʢ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ. ɺʭʦʜ 

ʧʦʪʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʘʢʪʠʚʘʪʦʨʦʤ. ɺʳʭʦʜ ï ʩʦʙʳʪʠ-

ʝʤ. ʇʦʪʦʢ ʜʘʥʥʳʭ ʧʝʨʝʜʘʸʪ ʙʣʦʢʫ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʚʭʦʜ) ʠ 

ʧʦʣʫʯʘʝʪ ʦʪ ʥʝʛʦ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʚʳʭʦʜ). 

 

ɹʣʦʢ ɸʢʪʠʚʘʪʦʨ 

ɺʭʦʜ 

ɺʳʭʦʜ 

ʉʦʙʳʪʠʝ 

 
ʈʠʩ. 1. ɹʘʟʦʚʳʡ ʙʣʦʢ 

ʉʦʩʪʘʚʥʦʡ ʙʣʦʢ (ʨʠʩ. 2) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʙʘʟʦʚʦʛʦ ʪʝʤ, ʯʪʦ ʚ 

ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʜʨʫʛʠʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʢ ʙʘʟʦʚʳʤʠ, ʪʘʢ ʠ ʩʦʩʪʘʚʥʳʤʠ. ɺʭʦʜʳ ʠ ʚʳʭʦʜʳ ʩʦʩʪʘʚ-
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ʥʦʛʦ ʙʣʦʢʘ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʚʭʦʜʘʤ ʠ ʚʳʭʦʜʘʤ ʚʭʦʜʷɦ ʠʭ ʚ ʝʛʦ 

ʩʦʩʪʘʚ ʙʣʦʢʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʘʢʪʠʚʘʪʦʨʳ ʠ ʩʦʙʳʪʠʷ. 

 i 

ɹʣʦʢ 

b1 

ɹʣʦʢ 

b2 ɹʣʦʢ 

b 

a 

o 

e 

 
ʈʠʩ. 2. ʉʦʩʪʘʚʥʦʡ ʙʣʦʢ 

2. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʤʘʥʪʠʢʘ  

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʤʘʥʪʠʢʘ ʙʘʟʦʚʦʛʦ ʙʣʦʢʘ ʟʘʜʘʸʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʘʥʜ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ, 

ʟʘʜʘʚʘʝʤʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʠʣʠ ʧʦʨʦʞʜʘʝʪʩʷ ʢʦʤʧʠʣʷʪʦʨʦʤ 

ʷʟʳʢʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʥʘ ʦʜʠʥ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʘʢʪʠʚʘʪʦʨʦʚ ʙʘʟʦʚʳʡ ʙʣʦʢ ʩʯʠʪʳʚʘʝʪ ʚʭʦʜʥʳʝ ʜʘʥ-

ʥʳʝ ʠ ʬʦʨʤʠʨʫʝʪ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʳʭʦʜʥʳʭ ʩʦʙʳʪʠʡ ʠ 

ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ.  

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʤʘʥʪʠʢʘ ʩʦʩʪʘʚʥʦʛʦ ʙʣʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʙʣʦʢʘʤʠ ʠ ʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʝʤʘʥʪʠʢʦʡ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʩʦʩʪʘʚʥʦʛʦ ʙʣʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶɦ ʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʘʢʪʠʚʘʪʦʨʦʚ ʩʦʩʪʘʚʥʦʛʦ ʙʣʦʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʷʟʷʤʠ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʙʣʦʢʠ. ʉʦʙʳʪʠʷ ʚʥʫʪʨʝʥ-

ʥʠʭ ʙʣʦʢʦʚ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʩʚʷʟʷʤ ʘʢʪʠʚʠʟʠʨʫʶʪ ʜʨʫʛʠʝ ʚʥʫʪ-

ʨʝʥʥʠʝ ʙʣʦʢʠ ʠʣʠ ʟʘʜʘʶʪ ʚʳʭʦʜʥʳʝ ʩʦʙʳʪʠʷ. ʌʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʝ ʩʦʩʪʘʚʥʦʛʦ ʙʣʦʢʘ ʟʘʚʝʨʰʘʝʪʩʷ, ʢʦʛʜʘ ʚʩʝ ʚʥʫʪʨʝʥʥʠʝ ʙʣʦʢʠ 

ʧʝʨʝʩʪʘʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ. 

ɸʥʘʣʦʛʠʯʥʦ ʩʚʷʟʷʤ ʘʢʪʠʚʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 

ʤʝʞʜʫ ʚʥʝʪʨʝʥʥʠʤʠ ʙʣʦʢʘʤʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʳʭ ʜʘʥ-

ʥʳʭ ʩʦʩʪʘʚʥʦʛʦ ʙʣʦʢʘ. 
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3. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ  

ʇʨʠ ʘʢʪʠʚʠʟʘʮʠʠ ʙʘʟʦʚʦʛʦ ʙʣʦʢʘ ʢʦʧʠʨʫʝʪʩʷ ʠ ʠʩʧʦʣʥʷʝʪʩʷ 

ʝʛʦ ʦʧʠʩʘʥʠʝ. ʇʨʠ ʘʢʪʠʚʠʟʘʮʠʠ ʩʦʩʪʘʚʥʦʛʦ ï ʢʦʧʠʨʫʶʪʩʷ ʠ 

ʠʩʧʦʣʥʷʶʪʩʷ ʦʧʠʩʘʥʠʷ ʚʣʦʞʝʥʥʳʭ ʙʣʦʢʦʚ. ʀʩʧʦʣʥʝʥʠʝ ʙʣʦʢʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʜʘʯʠ ʠʭ ʦʧʠʩʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʝ. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʥʷʪʴ ʝʛʦ ʙʘʟʦʚʦʝ ʦʧʠʩʘʥʠʝ ï ʘʢʪʠʚʘʮʠʷ ʠʟʤʝʥʸʥʥʦʛʦ ʙʣʦʢʘ 

ʧʨʠʚʝʜʸʪ ʢ ʢʦʧʠʨʦʚʘʥʠʶ ʠ ʠʩʧʦʣʥʝʥʠʶ ʥʦʚʦʛʦ ʦʧʠʩʘʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʩʠʩʪʝ-

ʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʠʣʠ 

ʫʪʦʯʥʷʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ ʦ ʧʨʦʝʢʪʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝ-

ʥʷ ʧʨʦʝʢʪʘʤʠ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʣʶʙʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʘʪʴ ʝʛʦ ʠʩʧʦʣʥʷʝʤʫʶ 

ʤʦʜʝʣʴ. 
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ʉʝʢʮʠʷ 4. ʇʨʠʢʣʘʜʥʳʝ  

ʟʘʜʘʯʠ ʪʝʦʨʠʠ 

ʘʢʪʠʚʥʳʭ  

ʩʠʩʪʝʤ 

 
 

ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ ʩʝʢʮʠʠ  

× ʜ.ʪ.ʥ., ʧʨʦʬ. ɺ.ɸ. ʀʨʠʢʦʚ, 

× ʜ.ʪ.ʥ., ʧʨʦʬ. ɸ.ɺ. ʑʝʧʢʠʥ 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʙʠʥʘʨʥʦʡ 

ʤʘʪʨʠʮʳ ʩʚʝʨʪʢʠ ʘʩʧʝʢʪʦʚ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʨʠʩʢʘ ʘʛʨʝʛʠʨʦ-

ʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʠʩʢʦʚʳʭ ʩʦʙʳʪʠʡ ʠ ʫʨʦʚʥʝʡ ʦʞʠʜʘʝ-

ʤʳʭ ʧʦʪʝʨʴ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʃʇʈ ʯʝʨʝʟ ʬʫʥʢ-

ʮʠʠ ʧʨʠʚʝʜʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʢ ʢʘʯʝʩʪʚʝʥʥʦʡ ʬʦʨʤʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʤʦʜʝʣʠ ʨʠʩʢʦʚ, ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʨʠʩʢʦʚʦʛʦ ʩʦʙʳʪʠʷ, ʫʨʦʚʝʥʴ ʦʞʠʜʘʝʤʳʭ ʧʦʪʝʨʴ, ʤʘʪ-

ʨʠʮʳ ʩʚʝʨʪʢʠ, ʪʦʧʦʣʦʛʠʷ ʤʘʪʨʠʮ, ʬʫʥʢʮʠʠ ʧʨʠʚʝʜʝʥʠʷ. 

 

ʅʘ ʵʪʘʧʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ, ʧʨʝʜʰʝʩʪʚʫʶ-

ʱʝʤ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʥʷʪʠʶ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʦʟʥʠ-

ʢʘʶʪ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʝ-

ʣʝʡ. ʏʘʱʝ ʚʩʝʛʦ ʜʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʘʜʘʯʘʭ, 

ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʵʢʩʧʝʨʪʥʳʝ, ʘ ʥʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʦʮʝʥʢʠ ʚ ʚʠʜʫ 

ʦʪʩʫʪʩʪʚʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʙʠʥʘʨʥʦʡ ʩʚʝʨʪʢʠ [1] , 

ʦʙʲʝʜʠʥʷʶʱʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦ-

ʨʦʚ ʨʠʩʢʘ, ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩ ʠʭ ʧʦʤʦɦ ʴʶ 

ʫʨʦʚʥʷ ʨʠʩʢʘ ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʳʤ ʬʘʢʪʦʨʘʤ, ʪʘʢ ʠ ʠʥʪʝʛʨʘʣʥɹʦʛʦ 

ʫʨʦʚʥʷ ʨʠʩʢʘ ʚ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʫʷ ʦʧʝʨʘʮʠʶ ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʯʝʪ-

ʢʠʭ ʯʠʩʝʣ.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʥʘʨʥʦʡ ʤʦʜʝʣʴʶ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʤʦʜʝʣʠ 

ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ-

ʩʪʨʦʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʨʠʩʢʦʦʙʨʘʟʫʶʱʝʤʫ ʬʘʢʪʦʨʫ ʬʫʥʢʮʠʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʨʠʩʢʘ, ʷʚʣʷʶʱʠʭʩʷ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ ʦʙʦʩʥʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʠ ʜʠʥʘʤʠʢʠ ʩʦʩʪʦʷ-

ʥʠʡ ʨʠʩʢʦʚ, ʠʣʣʶʩʪʨʠʨʫʝʤʦʡ ʥʘ ʬʦʥʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚ-

mailto:nedstf@pstu.ru
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ʣʝʥʠʷ ʤʦʜʝʣʝʡ ʧʨʝʜʧʦʯʪʝʥʠʡ. ʄʥʦʛʦʫʨʦʚʥʝʚʳʝ ʤʦʜʝʣʠ ʨʠʩʢʘ ʥʘ 

ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʢʨʠʪʝʨʠʝʚ ʠ ʤʘʪʨʠʮ ʩʚʝʨʪʢʠ, ʫʯʠʪʚrʘʶʱʠʝ ʦʙʘ 

ʘʩʧʝʢʪʘ ʨʠʩʢʘ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʙʠʥʘʨʥʦʡ ʤʘʪʨʠʮʳ ʩʚʝʨʪʢʠ ʘʩʧʝʢʪʦʚ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʨʠʩʢʘ 

ʘʛʨʝʛʠʨʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʠʩʢʦʚʳʭ ʩʦʙʳʪʠʡ ʠ ʫʨʦʚʥʝʡ 

ʦʞʠʜʘʝʤʳʭ ʧʦʪʝʨʴ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʃʇʈ ʯʝʨʝʟ 

ʬʫʥʢʮʠʠ ʧʨʠʚʝʜʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʢ ʢʘʯʝʩʪʚʝʥʥʦʡ ʬʦʨʤʝ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʧʦʯʪʝʥʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʚʳʙʦʨ ʧʦʨʷʜʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʠʥʪʝʟʘ[2], ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʝʩʪʠ ʧʦ ʜʚʫʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ:  

 
ʈʠʩ.1 ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʜʚʫʭʫʨʦʚʥʝʚʳʝ ʤʦʜʝʣʠ ʨʠʩʢʘ 

ʚ ʧʦʣʴʟʫ ʚʪʦʨʦʛʦ. 

ɹʝʟʫʩʣʦʚʥʦ, ʦʙʱʠʤ ʜʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪ-

ʚʠʝ ʥʘ ʠʭ ʚʭʦʜʘʭ ʥʝʯʝʪʢʦʡ ʵʢʩʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʛʨʝʛʠ-

ʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʠʩʢʦʚ. ʅʘ ʵʪʘʧʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ 

ʩʚʝʨʪʢʠ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩʣʫʞʠʪ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ, ʫʢʘʟʳ-

ʚʘʝʤʳʭ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʨʛʫʤʝʥʪʦʚ, ʪʦ ʝʩʪʴ ʷʚ-

ʣʷʶʱʠʭʩʷ ʯʝʪʢʠʤʠ ʯʠʩʣʘʤʠ. ʇʦʵʪʦʤʫ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʤʦʛʫʪ 

ʚʳʯʠʩʣʷʪʴʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʩʚʝʨʪʢʘʤʠ ʢʘʢ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʠʩʢʦʚʳʭ ʩʦʙʳʪʠʡ (ʜʣʷ ʩʦʚʤʝʩʪʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ 

ʩʦʙʳʪʠʡ) 

(1) 212112 PPPPP Ö-+=   
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ʪʘʢ ʠ ʜʣʷ ʫʨʦʚʥʝʡ ʦʞʠʜʘʝʤʳʭ ʧʦʪʝʨʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʫʯʝʪʦʤ, 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʳʭ, ʬʫʥʢʮʠʡ ʧʨʠʚʝʜʝʥʠʷ. 

2112 ʉʉʉ += ,  

ɼʣʷ ʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʚʝʜʝʥʠʷ ʤʘʪʨʠʮʳ ʩʚʝʨʪʢʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

 
ʈʠʩ. 2 ʄʘʪʨʠʮʳ ʩʚʝʨʪʢʠ ʨʠʩʢʦʦʙʨʘʟʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʈ1, ʈ2 

ï (ʘ) ʠ ʉ1, ʉ2 ï (ʙ) 

ʇʝʨʚʘʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʤʘʪʨʠʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʤʫ ʩʣʫʯʘʶ, 

ʦʭʚʘʪʳʚʘʶʱʝʤʫ ʚʩʶ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʠʩʢʦ-

ʚʦʛʦ ʩʦʙʳʪʠʷ, ʠ ʥʝ ʥʝʩʝʪ ʚ ʩʝʙʝ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʥʘʯʘʣʘ. ʋʯʝʪ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ (ʧʨʝʜʧʦʯʪʝʥʠʡ) ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴ ʬʫʥʢʮʠʡ ʧʨʠʚʝʜʝʥʠʷ ʠ ʩʫʞʝʥʠʝ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʦ ʨʘʟʤʝʨʦʚ, ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʣʷ ʃʇʈ. ɼʘʥʥʳʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʤʝʥʷʶʪ ʥʘʧʦʣʥʝʥʠʝ ʤʘʪʨʠʮʳ ʩʚʝʨʪʢʠ (ʨʠʩ.2ʘ), 

ʧʦʩʢʦʣʴʢʫ ʚʳʯʠʩʣʝʥʠʝ ʝʝ ʵʣʝʤʝʥʪʦʚ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʷ (1) 

ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʧʨʠʚʝʜʝʥʠʷ ʚ ʧʨʷʤʦʡ ʠ 

ʦʙʨʘʪʥʦʡ ʬʦʨʤʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʩʪʦʝ ʪʠʨʘʞʠʨʦʚʘʥʠʝ 

ʧʦʜʦʙʥʳʭ ʤʘʪʨʠʮ, ʢʘʢ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ 

ʧʨʠʚʝʜʝʥʠʷ, ʥʝ ʧʨʠʝʤʣʝʤʦ. 

ʇʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʨʠʩʢʘ ʜʣʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʛʜʝ ʘʨʛʫʤʝʥʪʳ ʠʤʝʶʪ ʥʝʯʝʪʢʫʶ ʬʦʨʤʫ, 

ʩʚʝʨʪʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʧʦ ʤʘʢʩʤʠ-

ʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʠʩʧʦʣʴʟʫʷ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʦʨʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʩʦʚʧʘʜʘʶʪ 

ʩʦ ʟʥʘʯʝʥʠʝʤ ʯʝʪʢʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʚʝʨʪʢʠ, ʚ ʢʦʪʦʨʦʡ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. ɺ ʩʣʫʯʘʝ ʥʝ-

ʯʝʪʢʠʭ ʯʠʩʝʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʤʥʝʥʠʝ ʵʢʩʧʝʨʪʘ ʚ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ ʝʛʦ ʠʥʬʦʨʤʘʮʠʠ ʢ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. 
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ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʨʠʩʢ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʵʢʩʧʝʨʪʥʦ ʦʧʠʩʳ-

ʚʘʝʤʳʡ ʥʘʙʦʨʘʤʠ ʟʥʘʯʝʥʠʡ ʨʠʩʢʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʚ 

ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʤʦʜʝʣʠ, ʦʪʦʙʨʘʞʘʝʤʦʡ ʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʵʧʶʨʘʭ 

ʤʘʪʨʠʮ ʩʚʝʨʪʢʠ. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʤʦʛʫʪ 

ʠʟʤʝʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʪʦʯʢʠ, ʝʩʣʠ ʦʥʠ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ 

ʤʝʥʷʶʪ ʟʥʘʯʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʠʩʢʦʦʙʨʘʟʫʶʱʝʛʦ ʬʘʢʪʦʨʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʥʞʠʨʦʚʘʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʧʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʥʠʞʝʥʠʶ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʨʠʩʢʘ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʠʩʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʧʦʯ-

ʪʝʥʠʷ ʃʇʈ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʕʪʦ ʜʝʣʘʝʪ ʚʦʩʪʨʝʙʦʚʘʥ-

ʥʳʤ ʧʨʝʜʣʦʞʝʥʥʳʡ ʢʣʘʩʩ ʤʦʜʝʣʝʡ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.  ɸʃɽʂʉɽɽɺ ɸ.ʆ., ʍɸʈʀʊʆʅʆɺ ɺ.ɸ. ʄʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʦ-

ʛʦ ʦʮʝʥʠʚʘʥʠʷ ʫʨʦʚʥʷ ʨʠʩʢʘ ʚ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʟʘʜʘʯʘʭ 

ʫʧʨʘʚʣʝʥʠʷ // ʊʝʦʨʠʷ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ / ʊʨʫʜʳ ʤʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (14-15 ʥʦʷʙʨʷ 

2007 ʛ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) ʆʙʱʘʷ ʨʝʜʘʢʮʠʷ ï ɺ.ʅ. ɹʫʨʢʦʚ, 

ɼ.ɸ.ʅʦʚʠʢʦʚ. ï ʄ.: ʀʇʋ ʈɸʅ, 2007. ï ʩ. 202-205 

2. ɸʃɽʂʉɽɽɺ ɸ.ʆ., ʍɸʈʀʊʆʅʆɺ ɺ.ɸ. ʄʥʦʛʦʬʘʢʪʦʨʥʳʝ ʤʦʜʝ-

ʣʠ ʨʠʩʢʦʚ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʃʇʈ / VI ɺʩʝʨʦʩʩʠʡʩʢʘʷ 
ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʋʧʨʘʚʣʝʥʠʝ ʙʦʣʴʰʠʤʠ ʩʠʩʪʝ-

ʤʘʤʠè: ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ. ï ʊ1.- ʀʞʝʚʩʢ: ʆʆʆ ʀʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɹʦʥ ɸʥʮʘè, 2009. ï ʩ. 27-31 
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ʆ ʉʊʈʋʂʊʋʈʅʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʀ 

ʇɸʈɸʄɽʊʈʀʏɽʉʂʆʄ ʈɽɻʋʃʀʈʆɺɸʅʀʀ  

ʅɸ ʇʈʀʄɽʈɽ ʆɼʅʆʁ ʄʆɼɽʃʀ  

ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

ɸʰʠʤʦʚ ɸ.ɸ.
1
, ɹʦʨʦʚʩʢʠʡ ʖ.ɺ.

1
, ʅʦʚʠʢʦʚ ɼ.ɸ.

2
, 

ʅʠʞʝʛʦʨʦʜʮʝʚ ʈ.ʄ.
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(1 ï ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ;  

2 ï ʀʇʋ ʈɸʅ, ʄʦʩʢʚʘ) 
ashimov37@mail.ru, novikov@ipu.ru 

 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʨʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠ-

ʢʠ ʩ ʦʮʝʥʢʦʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʪʨʫʢʪʫʨʥʘʷ ʫʩ-

ʪʦʡʯʠʚʦʩʪʴ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʤʫʣʴʪʠʧʣʠʢʘ-

ʪʠʚʥʳʡ ʵʬʬʝʢʪ. 

ɺʚʝʜʝʥʠʝ 

ɺ [1] ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʨʘʟʚʠʪʠʷ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʧʦʢʘʟʘʥʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʧʨʠʤʝʨʘʭ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʜʥʦʡ ʤʦʜʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [3]. 

ɼʦʢʣʘʜ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʮʝʥʢʠ ʤʫʣʴʪʠʧ-

ʣʠʢʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʧʦʜʭʦʜʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ 

ʙʘʟʝ ʫʢʘʟʘʥʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʜʣʷ ʦʜʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʟʥʘʯʝʥʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʚrʘʝʪ ʢʦʥʲʶʥʢʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʪʠʧʘ ʮʠʢʣʘ ʂʦʥʜʨʘʪʴʝʚʘ, ʘ ʜʣʷ ʜʨʫʛʦʛʦ ʩʦʯʝʪʘʥʠʷ ʟʥʘʯʝʥʠʡ ʵʢʦʥʦ-
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ʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʳ ʚʦʢʨʫʛ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ. 

1. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʮʠʢʣʘ ʂʦʥʜʨʘʪʴʝʚʘ [3] ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ (t): 

(1) 
îí

î
ì
ë

--=¡

--=¡

).()1(

),)(1(

0
2

00

xxynny

ynnyxxx
 

ɿʜʝʩʴ x(t) ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʰʝʩʪʚ (ʦʪʥʦʰʝʥʠʝ ʥʦʚʦʛʦ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʢ ʩʨʝʜʥʝʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ); y(t) ï 

ʢʘʧʠʪʘʣʦʦʪʜʘʯʘ (ʦʪʥʦʰʝʥʠʝ ɺʅʇ ʢ ʢʘʧʠʪʘʣʫ), y0 - ʩʨʝʜʥʷʷ ʢʘʧʠʪʘ-

ʣʦʦʪʜʘʯʘ; )(yn - ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʥʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʦʪ ʢʘʧʠʪʘʣʦ-

ʦʪʜʘʯʠ (ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʪʝʧʝʥʥʦʡ 

ʬʫʥʢʮʠʠ: aAyyn =)( ); 
00

0
0 2

yn

l
x

+
-=
m

 - ʩʨʝʜʥʷʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʥʦʚʰʝʩʪʚ, ʛʜʝ m - ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʳʪʠʷ ʬʦʥʜʦʚ; n0 - ʩʨʝʜʥʷʷ 

ʥʦʨʤʘ ʥʘʢʦʧʣʝʥʠʷ; l0 - ʩʨʝʜʥʠʡ ʪʝʤʧ ʨʦʩʪʘ ʟʘʥʷʪʦʩʪʠ. 

ɺ [3] ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʥʜʘ ʧʦ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩʝʤʠ ʚʝʜʫʱʠʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: n0, y0, a, x0, ɸ. ʇʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʪʦʯʢʘ (x0, y0) ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ, ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ 

ʪʦʯʢʠ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ 

ʚʦʢʨʫʛ ʦʩʦʙʦʡ ʪʦʯʢʠ ʪʠʧʘ ʮʝʥʪʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ A, a, y0, n0, Õ, l0 ʠ ʥʘ-

ʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ x(0) ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʙʳʣʠ 

ʪʘʢʞʝ ʦʮʝʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭ-

ʩʪʘʥ ʟʘ 2000-2005 ʛʦʜʳ [4] ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʠʩʢʦʚʳʤ ʤʝʪʦʜʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʤʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ 

ʪʨʝʙʦʚʘʥʠʷ 00)( nyn = , ʢʦʪʦʨʦʤʫ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʚ [3]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ y ʠ 
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n ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʠʣʘ ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ 2,5%. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʘʡʜʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘ-

ʤʝʪʨʦʚ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʚʝʜʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚʦʢʨʫʛ ʩʝʜʣʦʚʦʡ ʪʦʯʢʠ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʨʫʙʦʩʪʠ (ʩʪʨʫʢʪʫʨʥʦʡ  

ʫʩʪʦʡʯʠʚʦʩʪʠ) ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʋʪʚʝʨʞʜʝʥʠʝ 1. ʉʠʩʪʝʤʘ (1) ʷʚʣʷʝʪʩʷ ʛʨʫʙʦʡ ʚ ʟʘʤʢʥʫʪʦʡ 

ʦʙʣʘʩʪʠ W ( 2
+ËW R ), ʩʦʜʝʨʞʘʱʝʡ ʚʥʫʪʨʠ ʩʝʙʷ ʩʪʘʮʠʦʥʘʨʥʫʶ 

ʪʦʯʢʫ ( ** yx , ) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ A, a, 

y0, n0, Õ, l0 ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʉʠʩʪʝʤʘ (1) ʥʝ ʷʚʣʷʝʪʩʷ ʛʨʫʙʦʡ ʚ 

ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ W, ʩʦʜʝʨʞʘʱʝʡ ʚʥʫʪʨʠ ʩʝʙʷ ʩʪʘʮʠʦʥʘʨ-

ʥʫʶ ʪʦʯʢʫ (
** yx , ) ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʟ [3] .  

ɼʦʢʘʟʘʥʳ ʪʘʢʞʝ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʛʨʫʙʦʩʪʠ ʩʠʩʪʝʤʳ (1) ʩ ʦʧ-

ʨʝʜʝʣʝʥʥʳʤʠ ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

3. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʢʦʥʦʚ  

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʯʝʨʝʟ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʢʦʥʦʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ n0 - ʩʨʝʜ-

ʥʷʷ ʥʦʨʤʘ ʥʘʢʦʧʣʝʥʠʷ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʤʦʜʝʣʠ (1) ʥʘ ʫʨʦʚʥʝ ʧʘʨʘʤʝʪʨʘ 

n0 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʨʝʜʝ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ɿʘʜʘʯʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ ʨʝʰʘʣʠʩʴ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ (1) ʩ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʥʘʡʜʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [4]. ʕʪʠ 

ʟʘʜʘʯʠ ʥʘ ʟʘʜʘʥʥʦʤ ʦʪʨʝʟʢʝ [0, T] ʚʨʝʤʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʰʘ-

ʣʠʩʴ ʚ ʩʤʳʩʣʝ ʤʘʢʩʠʤʠʟʘʮʠʠ ʢʨʠʪʝʨʠʝʚ: 1) ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 
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ʥʦʨʤʳ ʢʘʧʠʪʘʣʦʦʪʜʘʯʠ; 2) ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠ ̫ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʦʚʰʝʩʪʚ; 3) ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʟʥʘʯʝʥʠ ̫ʥʦʨʤʳ ʢʘʧʠʪʘʣʦʦʪʜʘ-

ʯʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʰʝʩʪʚ. ʅʘ ʙʘʟʝ ʤʦʜʝʣʠ (1) ʩ ʧʘʨʘʤʝʪʨʘ-

ʤʠ [3] ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʝʢ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ 

(ʮʝʥʪʨʘ) ʩʠʩʪʝʤʳ. ʉ ʥʘʡʜʝʥʥʳʤ ʟʘʢʦʥʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʩʪʨʝʤʠʪʩʷ ʧʨʠ +¤t  ʢ ʫʩʪʦʡʯʠʚʦʡ ʦʩʦʙʦʡ ʪʦʯʢʝ 

(ʬʦʢʫʩʫ).  

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʮʝʥʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʫʣʴʪʠʧʣʠʢʘ-

ʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʥʚʘʣʠʜʦʚ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʧʨʦʪʝʟʥʦ ï ʦʨʪʦ-

ʧʝʜʠʯʝʩʢʠʤʠ ʠʟʜʝʣʠʤ̫ʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ, ʠʥʚʘʣʠʜʳ, ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʨʝʘʙʠʣʠʪʘʮʠʠ, ʧʣʘʥʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʠʥʚʘʣʠʜʦʚ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʝʘʙʠʣʠʪʘʮʠʠ 

(ʊʉʈ), ʚʝʪʝʨʘʥʦʚ ʧʨʦʪʝʟʘʤʠ ʠ ʧʨʦʪʝʟʥʦ - ʦʨʪʦʧʝʜʠʯʝʩʢʠʤʠ 

ʠʟʜʝʣʠʷʤʠ (ʇʆʀ), ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʚʳʧʣʘʪʫ ʢʦʤʧʝʥʩʘʮʠʠ ʚ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʜʝʡʩʪʚʫʶʱʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʩʣʫʯʘʷʭ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ, ʧʝʨʝ-

ʜʘʚʘʝʤʳʭ ʥʘ ʵʪʠ ʮʝʣʠ ʌʦʥʜʫ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [1]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʦʚʳ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʘʪʝʛʦʨʠʠ 

ʛʨʘʞʜʘʥ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʵʪʠ ʮʝʣʠ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʩʪʘʥʦ-

ʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʬʠʥʘʥʩʦʚʦ ï ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. 

mailto:urglad@ipu.ru
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1. ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ  

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʊʉʈ ʠ ʇʆʀ 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʚʘʣʠʜʦʚ, 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙʩʣʫʞʠʚʘ-

ʥʠʝʤ ʟʘʷʚʦʢ ʥʘ ʊʉʈ ʠ ʇʆʀ. ɽʞʝʛʦʜʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʚʘʣʠ-

ʜʦʚ ʊʉʈ ʠ ʇʆʀ ʚʳʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ (ʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʧʨʘʢʪʠʢʘ, ʦʛʨʘʥʠʯʝʥʥʳʡ) ʦʙʲʝʤ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʠʟ ʌʝʜʝ-

ʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʧʦ ʪʠʧʘʤ ʩʨʝʜʩʪʚ ʠ ʠʟʜʝʣʠʡ (ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʷʚʣʝʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ), ʘ ʪʘʢʞʝ ʨʝʛʠʦʥʘʤ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠ-

ʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʚʘʣʠʜʦʚ ʥʘ ʛʦʜʦʚʦʤ ʛʦʨʠʟʦʥʪʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʠʭ ʪʠʧʳ: 

¶ ʤʘʢʩʠʤʠʟʘʮʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ ʟʘʷʚʦʢ ʠʥʚʘʣʠʜʦʚ, ʚʢʣʶ-

ʯʘʝʤʳʭ ʚ ʛʦʜʦʚʦʡ ʧʣʘʥ ʠʭ ʦʙʝʩʧʝʯʝʥʠʷ ʊʉʈ ʠ ʇʆʀ ʧʦ 

ʚʩʝʤ ʨʝʛʠʦʥʘʤ ʈʌ; 

¶ ʤʘʢʩʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʝʛʠʦʥʦʚ ʩ ʚʳʩʦʢʠʤ ʧʨʦʮʝʥ-

ʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʦʢ ʠʥʚʘʣʠʜʦʚ; 

¶ ʤʘʢʩʠʤʠʟʘʮʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ ʥʦʤʝʥʢʣʘʪʫʨʥʳʭ ʧʦʟʠʮʠʡ ʩ 

ʚʳʩʦʢʠʤ ʧʨʦʮʝʥʪʦʤ ʠʩʧʦʣʥʝʥʠʷ ʟʘʷʚʦʢ ʠʥʚʘʣʠʜʦʚ; 

¶ ʤʠʥʠʤʠʟʘʮʠʷ ʩʫʤʤʘʨʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʟʘʷʚʦʢ ʥʘ ʧʦʣʫʯʝʥʠʝ ʊʉʈ ʠ ʇʆʀ ʧʦ ʩʪʨʘʥʝ ʚ ʮʝ-

ʣʦʤ, ʚʢʣʯʁʘʝʤʳʭ ʚ ʩʦʚʦʢʫʧʥʳʡ ʧʣʘʥ; 

¶ ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣ-

ʥʝʥʠʷ ʟʘʷʚʦʢ ʚ ʨʘʟʨʝʟʝ ʩʫʙʲʝʢʪʦʚ ʬʝʜʝʨʘʮʠʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʣʶ-

ʙʦʛʦ ʠʟ ʧʷʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʩʪʘʣʴʥʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝʤ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʧʦ ʨʝʛʠʦʥʘʤ ʠ ʥʦʤʝʥʢʣʘʪʫʨʥʳʤ 

ʧʦʟʠʮʠʷʤ ʊʉʈ ʠ ʇʆʀ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʘʤʠ ʥʝʣʠʥʝʡʥʦʛʦ ʮʝʣʦʯʠʩ-

ʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʝʰʘʶʪʩʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʣʘʥʠ-
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ʨʦʚʘʥʠʷ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜ ʢ ʧʨʦʮʝʜʫʨʘʤ 

ʜʝʪʘʣʴʥʦʛʦ ʧʨʠʢʨʝʧʣʝʥʠ ̫ʟʘʷʚʦʢ ʠʥʚʘʣʠʜʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʪʠʧ ʊʉʈ ʠ ʇʆʀ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ï ʠʟʛʦʪʦʚʠʪʝʣʷʤ. ɺ 

ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʙʱʝʡ 

ʦʪʢʨʳʪʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʦʜʝʣʠ [1]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʘʢʞʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ 

ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ï ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʊʉʈ 

ʠ ʇʆʀ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʨʝʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠʥʚʘʣʠʜʦʚ ʜʣʷ ʢʘʞʜʦ-

ʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

2. ɿʘʜʘʯʘ ʨʘʟʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ ʧʦ  

ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʊʉʈ ʠ ʇʆʀ 

ʂʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʠʥʚʘʣʠʜʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʫʨʦʚʥʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʠʭ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʊʉʈ ʠ ʇʆʀ, ʥʦ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʨʝʤʦʥʪ-

ʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟʜʝʣʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ. ɺ ʩʠʣʫ 

ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ 

ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʊʉʈ ʠ ʇʆʀ. ʆʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʝ̫ʪʩʷ ʧʨʦʙʣʝʤʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʨʝʤʦʥʪʥʦ - ʩʝʨ-

ʚʠʩʥʳʭ ʮʝʥʪʨʦʚ (ʈʉʎ) (ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ 

ʠʭ ʫʩʣʫʛ ʜʣʷ ʠʥʚʘʣʠʜʦʚ. 

ʆʙʱʘʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʨʝʛʠʦʥʘʣʴʥʳʭ ʈʉʎ ʧʦ-

ʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʢʘʢ ʟʘʜʘʯʘ ʨʘʟʤʝʱʝʥʠʷ ʩ ʜʠʩʢʨʝʪʥʳʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦʤ ʨʝʰʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟʚʝʩʪʥʦ 

ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʠ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʠʤʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. 

ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ, ʪʘʢ ʢʘʢ ʈʉʎ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ 

ʦʙʣʘʩʪʥʳʭ (ʨʘʡʦʥʥʳʭ) ʮʝʥʪʨʘʭ. ɿʘʜʘʯʘ ʨʘʟʤʝʱʝʥʠʷ ʈʉʎ ʷʚʣʷʝʪ-

ʩʷ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʟʘʜʘʯʝʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ 

ʣʠʥʝʡʥʦʡ ʤʠʥʠʤʠʟʠʨʫʝʤʦʡ ʬʦʨʤʦʡ ʠ ʦʜʥʠʤ ʥʝʣʠʥʝʡʥʳʤ ʦʛʨʘ-
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ʥʠʯʝʥʠʝʤ [2]. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝh ʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʢʨʫʛ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʩʦʮʠʘʣʴʥʦ - ʟʥʘʯʠʤʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʚʠ-

ʪʠʷ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ï ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʊʉʈ ʠ ʇʆʀ, ʨʝʘʙʠʣʠ-

ʪʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʦʬʠʣʷ ʠ ʪ.ʧ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʜʩʠʩʪʝʤ ʝʜʠʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝ-

ʤʳ ʌʦʥʜʘ ʩʦʮʠʘʣʥɹʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɽʀʀʉ çʉʦʮʩʪʨʘʭè. 
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ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦ-

ʛʦ ʤʝʥʶ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʧʦʩʪʨʦʝʥʳ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɺʳ-

ʯʠʩʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ ï ʢʘʞʜʘʷ ʧʘʥʝʣʴ 

ʤʝʥʶ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʟʘʢʦʥ 

ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʧʫʣʷʨʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʦʜʠʥʘʢʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʤʝʥʶ, ʦʧʪʠʤʠʟʘʮʠʷ ʠʝʨʘʨ-

ʭʠʠ, ʤʦʜʝʣʠ ʥʘʚʠʛʘʮʠʠ ʧʦ ʤʝʥʶ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʠʩʢʘ. 

ɺʚʝʜʝʥʠʝ 

ʀʝʨʘʨʭʠʯʝʩʢʠʝ ʤʝʥʶ ʷʚʣʷʶʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʢʦʤʘʥʜ ʠ ʢʘʪʘʣʦʛʦʚ ʦʙʲʝʢʪʦʚ. ʋʜʦʙʩʪʚʦ ʤʝʥʶ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʜʦʩʪʫʧʘ ʢ ʠʩʢʦʤʦʤʫ ʵʣʝʤʝʥʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ ʩʪʨʫʢʪʫʨʳ 

ʤʝʥʶ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʡ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʩʝʩʩʠʠ. 

ɸʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʬʦʨʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʤʝʥʶ ʥʘʯʘʣʘʩʴ ʚ 80-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʈʷʜ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥ ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʤʝʥʶ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ 

ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʤʝʥʶ [2], ʘ ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʷʤ ʦʧʪʠʤʘʣʴʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʤʝʥʶ [3]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʤʝʥʶ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʧʨʠʥʮʠʧʦʚ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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1. ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʤʝʥʶ 

ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ w Í N (ʥʘʧʨʠʤʝʨ, ʢʦʤʘʥʜ 

ʠʣʠ ʩʩʳʣʦʢ ʜʣʷ web-ʢʘʪʘʣʦʛʦʚ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʩ-

ʪʠʪʴ ʚ ʤʝʥʶ. ɿʘ ɛ(w) ʦʙʦʟʥʘʯʠʤ ʧʦʧʫʣʷʨʥʦʩʪʴ ʵʣʝʤʝʥʪʘ w (ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ʪʨʝʙʫʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ). 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʝʥʶ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ N ʨʘʟʙʠʚʘʝʪʩʷ 

ʥʘ ʢʘʪʝʛʦʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʘʥʝʣʠ ʤʝʥʶ. ʂʘʞʜʘʷ ʢʘʪʝʛʦʨʠʷ 

(ʪ.ʝ. ʧʘʥʝʣʴ ʤʝʥʶ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʵʣʝʤʝʥʪʦʚ s Ì N, 

ʜʦʩʪʫʧʥʳʭ ʚ ʥʝʡ. ɼʘʣʴʥʝʡʰʝʝ ʦʙʲʝʜʠʥʝʥʠʝ ʢʘʪʝʛʦʨʠʡ ʚ ʙʦʣʝʝ 

ʦʙʱʠʝ ʬʦʨʤʠʨʫʝʪ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʝʥʶ. ʃʠʩʪʴʷʤʠ 

ʜʝʨʝʚʘ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟ ʤʥʦʞʝʩʪʚʘ N, ʘ ʦʩʪʘʣʴ-

ʥr ʝ ʚʝʨʰʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘʪʝʛʦʨʠʷʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʱʝʪ ʦʜʠʥ ʵʣʝ-

ʤʝʥʪ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ [2, 3]. ɺʨʝʤʷ ʦʜʥʦʡ ʩʝʩʩʠʠ ʪʦʛʜʘ ʩʢʣʘʜʳ-

ʚʘʝʪʩʷ ʠʟ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʘ ʧʦʠʩʢ ʪʨʝ-

ʙʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ, ʢʦʪʦʨʫʶ ʦʥ ʧʨʦʭʦʜʠʪ. 

ɼʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ s Ì N ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʧʦʧʫʣʷʨ-

ʥʦʩʪʴ ʢʘʢ ʩʫʤʤʫ ʧʦʧʫʣʷʨʥʦʩʪʝʡ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʵʣʝʤʝʥʪʦʚ 

äÍ
=

sws w)(mm . ʊʦʛʜʘ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ 

ʩʝʩʩʠʠ ʚ ʠʝʨʘʨʭʠʠ H ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ äÍ
=

Hs sstT m . 

ɺ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʝʨʘʨʭʠʡ ʜʦʢʘʟʘʥʦ [1], ʯʪʦ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʥʶ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʝ ʜʝʨʝʚʦ. ɺ ʦʜʥʦʨʦʜʥʦʤ ʜʝʨʝʚʝ ʢʘʞʜʘʷ 

ʢʘʪʝʛʦʨʠʷ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʘʪʝʛʦʨʠʡ k (ʪʘʢʞʝ 

ʥʘʟrʚʘʝʤʦʝ ʰʠʨʠʥʦʡ ʠʝʨʘʨʭʠʠ) ʩ ʧʦʧʫʣʷʨʥʦʩʪʷʤʠ, ʨʘʟʙʠʪʳʤʠ ʚ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʧʦʨʮʠʠ y1, é, yk. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʝʥʶ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʧʘʨʘʤʝʪʨʦʚ 

ʦʜʥʦʨʦʜʥʦʛʦ ʜʝʨʝʚʘ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʩʝʩʩʠʠ. 

2. ʄʦʜʝʣʠ ʥʘʚʠʛʘʮʠʠ ʚ ʤʝʥʶ 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʙʘʟʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʚ ʤʝʥʶ. ʇʨʠ ʧʦʚʝʜʝʥʠʠ, ʥʘʟʳʚʘʝʤʦʤ çread allè [3], ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʜʝʣʘʝʪ ʚʳʙʦʨ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʯʪʝʥʠʷ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ. ɺʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʧʦʣʟɹʦʚʘʪʝʣʝʤ ʥʘ ʧʦʠʩʢ ʠ ʚʳʙʦʨ 
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ʣʶʙʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ts = tresp + tloadk + treadk + tclick, ʛʜʝ tresp ï ʚʨʝʤʷ 

ʦʪʚʝʪʘ ʩʝʨʚʝʨʘ ʚ ʩʝʢʫʥʜʘʭ, tload ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʤʝʥʶ, tread ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʯʪʝʥʠʷ ʵʣʝʤʝʥʪʘ, tclick ï 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʥʘ ʧʦʜʚʝʜʝʥʠʝ ʢʫʨʩʦʨʘ ʠ ʚʳʙʦʨ ʵʣʝ-

ʤʝʥʪʘ. ʆʧʪʠʤʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʦʝ ʤʝʥʶ ʩ ʰʠʨʠʥʦʡ ʠʝʨʘʨʭʠʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 
kt

tktt
k

read

clickloadresp ++
+=1ln . 

ɽʩʣʠ ʚʟʷʪʴ ʧʘʨʘʤʝʪʨʳ, ʪʠʧʠʯʥʳʝ ʜʣʷ web-ʢʘʪʘʣʦʛʦʚ, tresp = 2 ʩ, 

tload = 0.02 ʩ, tread = 1 ʩ, tclick = 1 ʩ, ʪʦ ʦʧʪʠʤʘʣʥɹʦ ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʜʝʨʝʚʦ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ k = 5. 

ʇʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʧʦʚʝʜʝʥʠʠ (çread untilè [3]) ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʵʣʝʤʝʥʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ, ʢʘʢ ʪʦʣʴʢʦ 

ʚʩʪʨʝʯʘʝʪ ʠʩʢʦʤʳʡ, ʚʳʙʠʨʘʝʪ ʝʛʦ. ʊʦʛʜʘ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʚ 

ʦʜʥʦʡ ʧʘʥʝʣʠ ʤʝʥʶ click

k

i ireadloadresps tyitkttt +Ö++= ä=1 . ɼʣʷ 

ʪʘʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʧʪʠʤʘʣʴʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʧʨʦʧʦʨʮʠʝʡ () ikA

i kay
+

=
)(
, ʛʜʝ readclickloadresp ttkttkA /)()( ++= , 

a(k) ï ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 1
1

)( =ä=
+k

i

ikAa . ʆʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʝʥʶ 
()( )ka

k
k 1ln

1
minarg= . 

ɼʣʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ, ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʠʝʨʘʨʭʠʠ k = 13, ʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʧʨʦʧʦʨʮʠʷ x1 º 0.27, x2 º 0.20, x3 º 0.15, é, x13 º 0.007. 

2.1 ʋʏɽʊ ʆʐʀɹʆʂ ʇʆʃʔɿʆɺɸʊɽʃʗ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ ʦʰʠʙʢʠ 

ʧʨʠ ʚʳʙʦʨʝ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʪʝʛʦʨʠʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ p. ʂʦʛʜʘ 

ʧʦʣɹʟʦʚʘʪʝʣʴ ʦʰʠʙʘʝʪʩʷ, ʦʥ ʟʘʪʨʘʯʠʚʘʝʪ ʥʘ ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʨʝʤʷ. ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʜʦʣʷ Ŭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʩʪʨʘʪʝʛʠʠ çread allè, ʘ ʦʩʪʘʣʴʥʳʝ (1 ï Ŭ) ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ ïʩʪʨʘʪʝʛʠʠ çread untilè. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʦʧʪʠʤʘʣʥɹʦʡ ʰʠʨʠʥʳ ʠʝʨʘʨʭʠʠ k ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ 

p ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʠʧʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ Ŭ. 



 81 

0.0

5

6

7

8

9

10

11

12

13

k

0.1 0.2 0.3 0.4 0.5

Ŭ = 1

Ŭ = 0

Ŭ = 0.5

p  
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʰʠʨʠʥʳ ʠʝʨʘʨʭʠʠ ʦʪ ʚʝʨʦ-

ʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʈʠʩ. 1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʝʟʫʣʴʪʘʪʳ. 

ɽʩʣʠ ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʩʪʨʘʪʝʛʠʠ çread allè 

(Ŭ = 1), ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʥʶ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʢʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦ ʩʪʨʘʪʝʛʠʝʡ çread untilè, 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʰʠʨʠʥʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʜʝʨʝʚʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʦʰʠʙʢʠ ʥʘ ʰʠʨʠʥʫ 

ʠʝʨʘʨʭʠʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʚʳʰʝ ʧʨʦʮʝʥʪ ʪʘʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʫʭʧʨʦʜʫʢʪʦʚʘʷ ʤʦʜʝʣʴ ʵʢʦʥʦʤʠʢʠ, ʦʧʪʠ-

ʤʠʟʠʨʫʶʱʠʡ ʨʝʛʫʣʷʪʦʨ, ʢʨʠʚʳʝ ʃʵʬʬʝʨʘ, ʥʘʣʦʛʦʚʳʝ ʩʪʘʚʢʠ. 

ɺʚʝʜʝʥʠʝ 

ʕʢʦʥʦʤʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʘʤʦʨʘʟʚʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝ-

ʤʘ. ʉʘʤʦʨʘʟʚʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ (ʤʝʭʘʥʠʟ-

ʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ), ʦʪʨʘʞʘʶʱʠʝ ʠʥʪʝʨʝʩʳ ʫʯʘʩʪʥʠʢʦʚ. ʅʝʢʦ-

ʪʦʨʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ 

ʣʦʢʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʀʥʪʝʨʝʩʳ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʤʦʛʫʪ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʷʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ. 

ʋʩʪʦʡʯʠʚʦʤʫ ʨʝʞʠʤʫ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʋʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʢʨʠʪʝʨʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʳ ʜʝʡʩʪʚʠʝʤ 

ʛʣʦʙʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

1. ʆʧʪʠʤʠʟʠʨʫʶʱʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ 

ʋʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʜʣʷ ʦʜʥʦʧʨʦʜʫʢʪʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ v=a*v+b+c+nv, ʛʜʝ v ï ʚʳʧʫʩʢ, a ï ʫʜʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ, c ï ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ. ɺʳʧʫʩʢ ʢʨʦʤʝ ʪʦʛʦ ʦʛʨʘʥʠ-

mailto:gusvbr@mail.ru


 83 

ʯʝʥ ʤʦʱʥʦʩʪʴʶ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ v=(b+c)/(1-a-np)<=f+b*k , ʛʜʝ 

f ï ʦʩʥʦʚʥʳʝ ʬʦʥʜʳ, k ï ʬʦʥʜʦʦʪʜʘʯʘ. ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ 

ʦʪʩʶʜʘ ʨʘʚʥʳ b=min(f/k,max(0,(f* (1-a-np)-c)/(1-k+k*a+k*np))). 

ʅʘʣʦʛʦʚʳʡ ʩʙʦʨ nv=v*np. 

ʂʨʠʚʳʝ ʃʵʬʬʝʨʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ. 

 

 
ʈʠʩ.1. ʂʨʠʚʳʝ ʃʵʬʬʝʨʘ 

ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦ ʩʪʘʚʢʝ ʥʘʣʦʛʘ ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: np=max(np_-h,min(np_+h,1-a,d*j)), ʛʜʝ ʠʥʜʠʢʘʪʦʨ d 

ʨʘʚʝʥ d=Dnv/Dnp. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʠʪʘʮʠʠ ʨʝʛʫʣʷʪʦʨʘ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ 

np0=0,15 ʧʦʣʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʧʨʠʚʝ-

ʜʝʥʥʘʷ ʥʘ ʨʠʩ. 2. 

2. ɼʚʫʭʧʨʦʜʫʢʪʦʚʘʷ ʤʦʜʝʣʴ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʅɼʉ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʭʧʨʦʜʫʢʪʦʚʘʷ ʤʦʜʝʣʴ ʩ ʬʠʥʘʥʩʦʚʳʤ 

ʩʝʢʪʦʨʦʤ ʠ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʦ-ʜʠʬʬʝʨʝʥʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ [1].  

ʇʨʷʤʳʝ ʟʘʪʨʘʪʳ zi = ×aijvj, ʛʜʝ vjï ʚʳʧʫʩʢʠ, ʛʜʝ aij, i,j=1,2 ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ. ʏʠʩʪʳʡ ʵʢʩʧʦʨʪ exi = dvi -nki;  
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ʈʠʩ.2. ɼʠʥʘʤʠʢʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ ʧʨʠ np0=0,15 

ʛʜʝ dvi ï ʜʦʙʘʚʣʝʥʥʘʷ ʩʪʦʠʤʦʩʪʴ; nki, ï ʥʘʢʦʧʣʝʥʠʝ. ɼʦʙʘʚʣʝʥʥʘʷ 

ʩʪʦʠʤʦʩʪʴ dvi = vi-zi-ci, ʛʜʝ ci, ï ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ. 

ʇʝʨʝʤʝʥʥʦʝ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ cci' = i i'; ʛʜʝ i i ï ʧʨʷʤʳʝ 

ʠʥʚʝʩʪʠʮʠʠ. ʇʦʣʥʦʝ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ci = max(c0i,cci). 

ʆʩʥʦʚʥʳʝ ʬʦʥʜʳ fi' = nki kf-fi vb; ʛʜʝ kf ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʥʜʦʦʙ-

ʨʘʟʦʚʘʥʠʷ, vb ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʳʪʠʷ.  

ɺʳʧʫʩʢʠ vi = max(0,min(i j/aji,i2/a21,fj fo))* (1-ex); ʛʜʝ fo ï 

ʬʦʥʜʦʦʪʜʘʯʘ, ex ï ʜʦʣʷ ʚʥʝʰʥʠʭ ʧʦʪʝʨʴ. ʇʨʷʤʳʝ ʠʥʚʝʩʪʠʮʠʠ i i' 

= zi-i i+bi kb; ʛʜʝ bi kb ï ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦ ʠʥʚʝʩʪʠʮʠʷʤ. ʅʘʢʦʧ-

ʣʝʥʠʝ nki = max(0,m*xi); ʛʜʝ m ï ʤʘʩʩʘ ʢʘʧʠʪʘʣʘ; xi, ï ʠʥʜʝʢʩʳ 

ʥʘʢʦʧʣʝʥʠʷ. 

ʇʨʦʬʠʣʴ ʩʧʘʜʘ ex = ke/(1+(Time-5)**2);  ʛʜʝ ke ï ʜʦʣʷ ʧʦ-

ʪʝʨʴ ʚ ʘʤʧʣʠʪʫʜʝ. ʌʠʥʘʥʩʳ mi' = exi-mi km; m = ×mi; ʛʜʝ km ï 

ʠʥʜʝʢʩ ʠʥʬʣʮ̫ʠʠ. ʀʤʧʦʨʪ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ  

×imi = max(0,m) im-×min(0,exi); 

 (imi+min(0,exi))/(ci+nki) = (imj+min(0,exj))/(cj+nkj). 

ʀʥʜʝʢʩʳ ʥʘʢʦʧʣʝʥʠʷ xi' = mi' kx -fi'-xi+xd +ai ka; ʛʜʝ xd ï 

ʢʦʤʧʝʥʩʘʮʠʷ ʪʝʤʧʘ ʥʘʢʦʧʣʝʥʠʷ.  

ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʥʘʢʦʧʣʝʥʠʝ ai' = vi-fi fo-ai ma; 

ʧʨʷʤʳʝ ʠʥʚʝʩʪʠʮʠʠ bi' = -bi*mb-i i'; ʛʜʝ ma, mb ï ʦʩʣʘʙʣʝʥʠʝ 

ʧʨʝʜʳʩʪʦʨʠʠ ʠʥʜʠʢʘʪʦʨʦʚ. 

ɼʠʥʘʤʠʢʘ ʩʦʙʠʨʘʝʤʳʭ ʦʙʲʝʤʦʚ ʅɼʉ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʝ-

ʛʫʣʠʨʫʝʤʦʡ ʩʪʘʚʢʝ ʥʘʣʦʛʘ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 
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ʈʠʩ.3. ɼʠʥʘʤʠʢʘ ʩʦʙʠʨʘʝʤʳʭ ʦʙʲʝʤʦʚ ʅɼʉ 

ɺʳʚʦʜʳ  

ʈʝʛʫʣʷʪʦʨ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʷʚʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. ʆʙʣʘʩʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʦʛʨʘʥʠʯʝʥʘ. ɼʝʡʩʪʚʠʝ ʤʝʭʘ-

ʥʠʟʤʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʢʦʣʝʙʘʪʝʣʥɹʳʤ 

ʧʨʦʮʝʩʩʘʤ (ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ), ʪʘʢ ʠ ʢ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʥɹʦʤʫ 

ʨʘʟʚʠʪʠʶ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʚʳʟʳʚʘʶʱʝʤʫ ʦʙʱʠʡ ʩʧʘʜ (ʥʝʩʙʘ-

ʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ). ʋʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʪʝʨʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʳ ʜʝʡʩʪ-

ʚʠʝʤ ʛʣʦʙʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʄʝʭʘʥʠʟʤ ʦʧʪʠʤʠʟʠʨʫʶʱʝʛʦ ʨʝʛʫ-

ʣʷʪʦʨʘ ʚʳʚʦʜʠʪ ʵʢʦʥʦʤʠʢʫ ʥʘ ʨʘʚʥʦʚʝʩʥʳʡ ʨʝʞʠʤ ʨʦʩʪʘ. ʈʝʛʫʣʠʨʦ-

ʚʘʥʠʝ ʅɼʉ ʨʘʮʠʦʥʘʣʴʥʦ ʪʦʣʴʢʦ ʥʘ ʢʦʨʦʪʢʦʤ ʧʝʨʠʦʜʝ. ʅʘ ʜʣʠʥʥʦʤ 

ʧʝʨʠʦʜʝ ʪʨʝʙʫʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʆʃɽʉʆɺ ʖ.ɹ., ʉɽʅʀʏɽʅʂʆɺ ʖ.ɹ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩ 

ʩʠʩʪʝʤ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʠ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ. ʉ. ʇʝʪʝʨʙʫʨʛ, 

ɹʍɺ, 2006., 224ʩ. 
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ʇʆʉʊʈʆɽʅʀɽ ʉʀʉʊɽʄʅʆ-ɼʀʅɸʄʀʏɽʉʂʆʁ 

ʄʆɼɽʃʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-

ʂʆʄʄʋʅʀʂɸʎʀʆʅʅʆʁ ʉɽʊʀ 

ɼʘʪʴʝʚ ʀ.ʆ. 

(ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʢʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ, ɸʧʘʪʠʪʳ) 
datyev@iimm.kolasc.net.ru 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʠʥʬʦʨ-

ʤʘʮʠʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ, ʩʠʩʪʝʤʥʘʷ ʜʠʥʘʤʠʢʘ. 

 

ʅʘʛʨʫʟʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʨʝʜʳ. ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘ-

ʪʝʣʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʨʝʜʳ ʚ ʩʠʩʪʝʤʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʜʥʘʢʦ 

ʢʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʛʝʥʝʨʠʨʫʝʪ ʥʝʢʦʪʦʨʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʠʤ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʣʟɹʦʚʘʪʝʣʷ: 

ʨʘʟʥʳʡ ʫʨʦʚʝʥʴ ʜʦʭʦʜʘ, ʨʘʟʣʠʯʥʳʝ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʧʦʨʦʞ-

ʜʘʶʪ ʨʘʟʣʠʯʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ. ʇʦʵʪʦʤʫ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ ʨʘʟʣʠʯʥʳʭ ʩʦʮʠʘʣʥɹʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʛʨʫʧʧ, ʪ.ʝ. ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ ʨʝʛʠʦʥʘ ʚ ʮʝʣʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʠ ʩʝʪʝʡ ʤʘʩʰʪʘʙʘ ʛʦʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ, ʚ ʯʘʩʪʥʦʩʪʠ ʮʝʥʦʚʳʝ ʠ 

ʩʢʦʨʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʫʶɦ ʠʭ ʧʨʝʜʣʦʞʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝ-
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ʩʢʠʭ ʩʠʩʪʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʶɦ ʠʤʩʷ ʚʦ 

ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 1960-ʭ ʛʦʜʘʭ ɼʞʝʝʤ 

ʌʦʨʨʝʩʪʝʨʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ï ʤʝʪʦʜ ʩʠʩʪʝʤʥʦʡ ʜʠʥʘʤʠʢʠ[1]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷ-

ʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ 

ʩʠʩʪʝʤʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʢʨʠʪʠʯʝʩʢʠʤʠ ʩʠʪʫʘ-

ʮʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʨʠʟʠʩʦʚ ï 

ʬʠʥʘʥʩʦʚʳʭ, ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʪ.ʜ. 

ʆʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʦ-

ʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: ʬʦʨʤʘʣʠʟʦ-

ʚʘʥʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʰʘʙʣʦʥʳ 

ʩʠʩʪʝʤʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʝʪʝʡ, ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʨʦʠʟʚʦ-

ʜʠʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʪʝʨʤʠʥʘʭ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʩʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʨʫʟʢʠ, ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʥʥʳʝ ʚ ʪʝʨʤʠʥʘʭ ʦʙʲʝʢʪʦʚ ʢʦʥʮʝʧʪʫʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜ-

ʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʷʶʪ ʮʝʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʲʝʢʪʳ, 

ʚʣʠʷʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʎʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʦʣʫʯʝ-

ʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠ-

ʤʠ ʦʙʲʝʢʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʨʦʣʠ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʳʩʪʫʧʘʶʪ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʩʝʢʪʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʩʪʘʚʱʠʢʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ, ʢʣʘʩʩʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝ-

ʩʫʨʩʦʚ, ʪʠʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [2]. 

ʇʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩ-

ʪʝʤʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʧʦ-

ʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 
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ʩʠʩʪʝʤʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʩʠʩʪʝʤʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʠ ʩʚʷʟʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʰʘʙʣʦʥʦʚ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, 

ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʢʩʧʝʨʪʦʤ. ʇʦʜ ʰʘʙʣʦʥʘʤʠ ʩʠʩʪʝʤʥʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʧʦʜ-

ʨʘʟʫʤʝʚʘʶʪʩʷ ʥʝʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʩʪʨʦʝʥʥʳʭ ʉɼ-ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʟʢʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʝʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘ-

ʨʠʝʚ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʠʟʤʝʥʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥ-

ʥʳʭ ʠ ʟʘʢʦʥʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʚʪʦʨʦʤ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝ-

ʩʪʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʦʙʲʝʤʘ 

ʪʨʘʬʠʢʘ ʟʘ ʫʢʘʟʘʥʥʳʡ ʤʦʜʝʣʴʥʳʡ ʧʝʨʠʦʜ, ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʬʠʢʘ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʢʣʘʩʩʘʤ ʨʝʩʫʨʩʦʚ, 

ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʬʠʢʘ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʛʨʫʧ-

ʧʘʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʚʘʡʜʝʨʦʤ ʩʝʪʝʚʳʭ 

ʫʩʣʫʛ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʥʘʡʜʫʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʪʨʘʞʝʥʠʝ 

ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʘʥʘʭ ʧʦ ʨʘʟʚʠʪʠʶ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʩʝʨʚʠ-

ʩʦʚ ʠ ʜʨʫʛʠʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʫʩʣʫʛ. ʅʘʧʨʠʤʝʨ, ʟʘʬʠʢʩʠʨʦ-

ʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʩʪ ʦʙʲʝʤʦʚ ʪʨʘʬʠʢʘ, 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʠʪʠʢʫ ʧʨʦʚʘʡʜʝʨʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʪʠ. 

ɺʤʝʩʪʝ ʩ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ, ʧʨʦʚʘʡʜʝʨʫ ʙʫʜʫʪ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳ ʦʮʝʥʢʠ ʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʠ ʦʙʲʝʤʦʚ ʪʨʘʬʠʢʘ ʧʦ ʪʠʧʘʤ ʨʝʩʫʨʩʦʚ ʠ ʪʠʧʘʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʠʩ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʪʘʨʠʬʥʳʭ ʧʣʘʥʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʛʦʜʥʳ ʠ ʧʨʦʚʘʡʜʝʨʫ 

ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ʆʪʜʝʣʴʥʳʤ ʩʫʙʲʝʢʪʦʤ, ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʥʝ ʙʝʟʨʘʟʣʠʯʥʦ ʧʦ-

ʣʫʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʜʝʩʴ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʥʚʝʩʪʦʨ. ʆʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ 
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ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʠʪ ʠʥʚʝʩʪʦʨʫ ʛʨʘʤʦʪʥʦ ʚʣʦʞʠʪʴ ʩʚʦʠ 

ʩʨʝʜʩʪʚʘ ʠ ʧʦʣʫʯʠʪʴ ʦʞʠʜʘʝʤʳʡ ʜʦʭʦʜ ʦʪ ʵʪʠʭ ʚʣʦʞʝʥʠʡ. 

ʅʘʨʷʜʫ ʩ ʠʥʚʝʩʪʦʨʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʦ ʨʘʟʤʝʱʝʥʠʶ ʨʝʢʣʘʤʳ. ʆʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʙʲʝʤʦʚ ʪʨʘ-

ʬʠʢʘ ʧʦ ʛʨʫʧʧʘʤ ʨʝʩʫʨʩʦʚ ʠ ʛʨʫʧʧʘʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʛʨʘʶʪ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʧʦʠʩʢʫ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʮʝʣʝʚʳʭ ʘʫʜʠʪʦʨʠʡ. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʜʝʩʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʫʨʦʚʥʷʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʠ ʜʠʥʘʤʠʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʝʪʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʪʴ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʧʦʣʫʯʠʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ 

ʦʮʝʥʢʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʦʮʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʠʢʘ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʨʷʜ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞ-

ʥʳʭ ʠ ʥʫʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʩʬʝʨʝ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʩʝʪʝʡ. 
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ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʠ ʠʤ 

ʧʦʜʦʙʥʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʘʥʘʣʠʟʝ ʠ ʩʠʥʪʝʟʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʫʯʝʪʘ ʜʝʡʩʪʚʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʦʣʫʯʝʥʠʷ ʥʘʜʝʞ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʦʮʝʩʩʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʦʜʝʣʝʡ, ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʨʫʜʦʸʤʢʠʤʠ ʠ ʥʝ ʚʩʝʛʜʘ 

ʧʨʠʚʦʜʷʪ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʇʦʵʪʦʤʫ, ʤʦʞʝʪ ʦʢʘ-

ʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʥʝʯʸʪ-

ʢʠʡ ʨʝʛʫʣʷʪʦʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʸʪʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʚʝʜʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ, ʫʨʦʚʝʥʴ, ʧʨʠʝʤʥʳʡ 

ʨʝʟʝʨʚʫʘʨ, ʥʝʯʝʪʢʘʷ ʨʘʟʥʦʩʪʥʘʷ ʤʦʜʝʣʴ. 

 

ʈʘʙʦʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʘʥʘ-

ʣʠʟʘʮʠʦʥʥʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʮʠʢʣʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠ-

ʝʤ ʨʘʙʦʪʳ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʧʝʨʝʤʝʥʥʳʤ ʫʨʦʚʥʝʤ ʞʠʜʢʦʩʪʠ 

ʚ ʧʨʠʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ ʩʚʷʟʘʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʠʧʦʚʦʡ ʢʘʥʘʣʠʟʘʮʠ-

ʦʥʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ (ʂʅʉ), ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʢʣʶʯʝ-

ʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʮʠʢʣʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʝ). ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʫʧʨʘʚʣʝʥʠʷ ʂʅʉ ʷʚʣʷʝʪʩʷ 

ʧʦʜʜʝʨʞʘʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʝʤʥʦʤ ʨʝʟʝʨʚʫʘʨʝ, ʙʣʠʟʢʦʡ 
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ʢ ʟʘʜʘʥʥʦʡ ʫ
0
(t). ʇʨʠʪʦʢ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢ-

ʮʠʶ ʚʨʝʤʝʥʠ, ʬʦʨʤʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ: ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ (ʚʨʝʤʷ ʛʦʜʘ, 

ʜʥʠ ʥʝʜʝʣʠ, ʩʤʝʥʥʦʩʪʴ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʠ ʪ.ʜ.); ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ (ʦʩʘʜʢʠ ʚ ʚʠʜʝ ʩʥʝʛʘ ʠ 

ʜʦʞʜʷ, ʪʝʤʧʝʨʘʪʫʨʘ); ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ (ʤʝʨʦʧʨʠʷʪʠʷ, ʧʨʦʚʦʜʠ-

ʤʳʝ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʠ ʪ.ʧ.). ʅʘʠʙʦ-

ʣʝʝ ʪʠʧʠʯʥʳʡ ʚʠʜ ʬʫʥʢʮʠʠ ʫ(t) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ.1 ɻʨʘʬʠʢ ʧʨʠʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʧʨʝʜʲʷʚʣʷ-

ʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʢ ʦʰʠʙʢʝ ʠʣʠ ʦʪʢʣʦʥʝʥʠʶ 
0( ) ( ) ( )i ie t y t y t= -  ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ yi(t) ʦʪ ʟʘʜʘʥʥʦʛʦ ʫ

0
(t).  

ʋʧʨʘʚʣʷʶʱʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʪʦʢʘ ui(t), i = 1, 2, 3, ʧʦʜʚʦʜʠʤʳʝ ʢ ʥʘʩʦʩʥʳʤ ʘʛʨʝʛʘʪʘʤ 

(ʅɸ) ʠ ʧʨʠʥʠʤʘʶʱʠʝ ʟʥʘʯʝʥʠʷ 

1, ʝʩʣʠʚʢʣʶʯʝʥ ʡʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ,
( )

0,ʚʧʨʦʪʠʚʥʦʤʩʣʫʯʘʝ.
i

i
u t

-ë
=ì
í

 

ɺʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ y(t). 

ʋʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʠ ʜʚʫʭʧʦʟʠʮʠʦʥʥʳʤʠ. 

ɸʚʪʦʥʦʤʥʦʩʪʴ ʢʦʥʪʫʨʦʚ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
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ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʥʝʟʘʪʫʭʘʶʱʠʤ ʢʦʣʝʙʘ-

ʥʠʷʤ ʫʨʦʚʥʷ ʩ ʦʰʠʙʢʘʤʠ 0( ) ( ) ( )i ie t y t y t= - , t = 1, 2,é, T, ʧʨʝ-

ʚʳʰʘʶʱʠʤʠ ʧʨʠʥʷʪʫʶ ʜʦʧʫʩʪʠʤʫʶ ʚʝʣʠʯʠʥʫ.  

ʂʅʉ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʦʙʲʝʢʪʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʝʤʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʚʷʟʘʥ-

ʥʦʝ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʨʠʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʝʨʚʫʘʨʝ, 

ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʠʟʤʝ-

ʥʷʝʪʩʷ ʧʨʠʪʦʢ ʞʠʜʢʦʩʪʠ (ʪ.ʢ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ ʠ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʥʝʣʠʥʝʡʥʳ). ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪ ʫʤʝʥʴh ʝʥʠʝ 

ʧʨʠʪʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʫ
0
(t), ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ yi(t), ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʩ-

ʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ [2]. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʶʪʩ ̫

ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʟʥʘʢʘ ʦʰʠʙʢʠ ʠ ʚʝʣʠ-

ʯʠʥʳ ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʟʘʧʘʟʜʳʚʘʥʠʝ. 

ɸʣʛʦʨʠʪʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʨʝʛʫ-

ʣʷʪʦʨʦʚ) ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 

ʥʫʞʜʘʶʪʩʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʩʣʦ-

ʞʠʚʰʝʡʩʷ ʧʨʘʢʪʠʢʝ, ʥʘ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠ̫ ʭ, 

ʚʳʙʦʨ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ 

ʥʘʜʝʞʥʦʩʪʠ, ʪ.ʝ. ʧʦ ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʝ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʢʦʪʦʨʦʡ ʚ ʛʦʜʫ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴ-

ʥʦʡ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʂʇɼ. 

ɺ ɻʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʩ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʥʘ-

ʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʜʝʨʞʘʥʠʝ ʚ ʙʝʟʦʧʘʩʥʦʡ 

ʟʦʥʝ ʫʨʦʚʥʷ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʨʠʝʤʥʦʤ ʨʝʟʝʨʚʫʘʨʝ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʤʝʥʴʰʠʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʠ ʚʳʢʣʶʯʝ-

ʥʠʡ ʅɸ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ʚ ʮʝʣʦʤ.  

ʇʨʦʮʝʩʩʳ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʢʘʢ ʦʪ 

ʧʨʦʮʝʩʩʦʚ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢ ʠ ʦʪ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʘʚʘʨʠʡʥʳʭ ʧʦʜʪʦʧʣʝʥʠʡ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʂʅʉ, ʢʘʢ ʦʙʲʝʢʪʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʣʠʥʝʡʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʠʣʠ 

ʨʘʟʥʦʩʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʚ ʜʘʥʥʦʤ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʣʫʯʘ-
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ʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ. ʊʘʢ, ʧʨʠʥʷʪʦʝ ʚ ʣʠʥʝʡʥʳʭ ʩʠʩ-

ʪʝʤʘʭ ʜʦʧʫʱʝʥʠʝ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʥʝ ʚʧrʦʣʥʷʝʪʩʷ 

ʜʣʷ ʙʦʣʴʰʠʭ ʠʥʝʨʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢ ʯʠʩʣʫ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʂʅʉ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʪʦ-

ʢʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʦʪʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʪ. ʝ. ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʢʣʶʯʸʥʥʳʭ ʥʘʩʦʩ-

ʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ 

ʩ ʚʳʙʦʨʦʤ ʪʠʧʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʣʦʞ-

ʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʚʦʜʦʦʪʚʝʜʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʯʸʪʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦ-

ʩʪʴʶ ʦʧʠʩʳʚʘʪʴ ʥʝʩʪʘʮʠʦʥʘʨʥʫʶ ʠ ʥʝʣʠʥʝʡʥʫʶ ʜʠʥʘʤʠʢʫ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʧʝʨʝʤʝʥʥʦʝ 

ʟʘʧʘʟʜʳʚʘʥʠʝ ʧʦ ʢʘʥʘʣʘʤ ʫʧʨʘʚʣʝʥʠʷ [1]. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʠ ʪʠʧʘ ʥʝʯʝʪ-

ʢʠʭ ʤʦʜʝʣʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʨʘʚʠʣ "ʝʩʣʠ - ʪʦ" ʠ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʩʪʨʫʢʪʫʨʦʡ ʟʘʢʣʶʯʝʥʠʷ. ɿʘʧʠʰʝʤ ʠʭ ʜʠʩʢʨʝʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʘʥʘʣʦʛʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷ, ʩʦʜʝʨʞʘɦ ʠʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʢʦʥʩʪʘʥʪʳ  

 R
q
: ʝʩʣʠ y(tï1) ʝʩʪʴ 1Yq,é, y(tïr) ʝʩʪʴ rYq, 

 u(t) ʝʩʪʴ 0Uq,é, u(tïs) ʝʩʪʴ sUq,  

(1) ʪʦ ( )y t aq q= , 

ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ  

 R
q
: ʝʩʣʠ y(tï1) ʝʩʪʴ 1Yq,é, y(tïr) ʝʩʪʴ rYq, 

 u(t) ʝʩʪʴ 0Uq,é, u(tïs) ʝʩʪʴ sUq,
 

(2) ʪʦ 0( )y t ʝʩʪʴ Yq q, 

ʠ ʣʠʥʝʡʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ [9] 

 R
q
: ʝʩʣʠ y(tï1) ʝʩʪʴ 1Yq,é, y(tïr) ʝʩʪʴ rYq, 

 u(t) ʝʩʪʴ 0Uq,é, u(tïs) ʝʩʪʴ sUq, 
 

(3) ʪʦ 0

1 0

( ) ( ) ( )
r s

l l

l l

y t a a y t l b x t lq q q q

= =

= + - + -ä ä , 1,nq= . 



 94 

ɺ ʩʠʣʫ ʥʝʣʠʥʝʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʳʧʦʣʥʷʝ-

ʤʳʭ ʧʨʦʮʝʜʫʨʘʤʠ ʬʘʟʠʬʠʢʘʮʠʠ ʠ ʜʝʬʘʟʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʤʝʭʘʥʠʟʤʦʤ ʚʳʚʦʜʘ, ʥʝʯʝʪʢʠʝ ʨʘʟʥʦʩʪʥʳʝ ʤʦʜʝʣʠ (1)ï(3) ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʣʦʛʠʢʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʦʤʫ ʢʣʘʩʩʫ 

ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩʚʷʟʚrʘʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʚʭʦʜʥʫʶ 

u(t) ʠ ʚʳʭʦʜʥʫʶ y(t) ʧʝʨʝʤʝʥʥʳʝ. 

ɸʜʝʢʚʘʪʥʦʩʪʴ ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘ ʩʯʝʪ 

ʫʪʦʯʥʝʥʠʷ ʚʝʢʪʦʨʘ ʢʦʥʩʪʘʥʪ ʚ (1) 

ʩ = (a
1
,é, a

n
), 

ʚʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ (3) 
1 1 1 1
0 0 0 0( ,..., , ,..., ,..., ,..., ,..., ,..., )n n n n

r s r sa a b b a a b b=ʩ , 

ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚ (1) ï(3) 
1 1
1 1,..., ,..., ,...,n n

m md d d d dè ø=ê ú, 

ʛʜʝ 1, ,( ,..., ), 2,6, 1, , 1l l k ld d d k l m m r sq q q= = = = + +; 

ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣ n ʠ ʧʦʨʷʜʢʘ r, s. 

ɺ ʫʩʣʦʚʠʷʭ ʥʘʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʥʝ-

ʯʝʪʢʘʷ ʨʘʟʥʦʩʪʥʘʷ ʤʦʜʝʣʴ (3), ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʠʭ 

ʤʦʜʝʣʝʡ ʊʘʢʘʛʠ (Takagi), ʉʫʛʝʥʦ (Sugeno), ʂʘʥʛʘ (Kang) ʠ ʠʤʝ-

ʥʫʝʤʘʷ TSK - ʤʦʜʝʣʴʶ [5]. ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʦʡ ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ:  

¶ ʜʣʷ ʥʝʯʝʪʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ TSK ʤʦʜʝʣʠ ʩʪʘʣʦ ʚʦʟʤʦʞ-

ʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ; 

¶ ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʣʠʥʝʡʥʳʭ ʨʘʟ-

ʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ TSK ï ʤʦʜʝʣʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʫʪʦʯʥʝʥʠʷ 

ʢʦʬɻʬʠʮʠʝʥʪʦʚ a, b, ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ d, 

ʧʦʨʷʜʢʘ r, s ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣ n ʤʦʞʥʦ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʥʝʣʠʥʝʡʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ; 

¶ ʫʩʨʝʜʥʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʤʝʭʘʥʠʟʤʘ ʚʳʚʦʜʘ y ʠ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʡ ʚʠʜ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦʟʚʦʣʝ̫ʪ ʩʜʝʣʘʪʴ TSKï 

ʤʦʜʝʣʴ ʤʘʣʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʧʦʤʝʭʘʤ ʠ ʧʦʛʨʝʰʥʦʩʪʷʤ ʠʟʤʝ-

ʨʝʥʠʷ. 

¶ ʥʝʯʝʪʢʘʷ ʨʘʟʥʦʩʪʥʘʷ TSK ʤʦʜʝʣʴ ʦʪʥʦʩʠʪʩʷ ʢ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʦʤʫ ʪʠʧʫ ʤʦʜʝʣʝʡ ʠ, ʥʘʯʠʥʘʷ ʩ 1986 ʛʦʜʘ, ʫʩʧʝʰʥʦ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

[1,3,4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ 

ʢʣʘʩʩʝ ʠʤʧʫʣʴʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ  
* *
1 2 3( ) ( ( ), ( )( ( ))u t u t u t u t* *= , t = 0, 1, é, T,  

ʚ ʢʦʪʦʨʳʭ ʤʦʤʝʥʪʳ ʚʢʣʶʯʝʥʠʷ ʠʣʠ ʦʪʢʣʶʯʝʥʠʷ ʥʘʩʦʩʥʳʭ ʘʛʨʝ-

ʛʘʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ 

ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʝʨʚʫʘʨʝ ʠ ʧʨʠ ʢʦʪʦʨʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝ-

ʩʠʝ ʥʘʩʪʫʧʘʝʪ ʧʨʠ y(t) å ʫ
0
(t), ʘ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ )(te  

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 0 0( )e e t e- ¢ ¢. ʊʠʧ ʵʪʦʛʦ ʨʝʣʝʡʥʦ-

ʠʤʧʫʣʴʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʠʟʚʝʩʪʝʥ, ʥʦ ʧʨʠʙʣʠʞʝʥʥʫʶ ʦʮʝʥʢʫ 

1 2 3
Ĕ Ĕ Ĕ Ĕ( ) ( ( ), ( ), ( ))u t u t u t u t* * * *=  ʥʘ ʥʝʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

t [ ]0,tÍ , Ű < T, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʠʩʢʦʚʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ - ʨʝʛʫʣʷʪʦʨʘ 

(4) 0Ĕ Ĕ( ) ( ( ), ( ))ʇu t Ɋ y t y t* = , 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʦʙʲʝʢʪʦʤ - ʥʝʯʸʪʢʦʡ ʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝ-

ʣʴʶ ʪʠʧʘ (3), ʫʯʠʪʳʚʘʶʱʝʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ 

ʫ
0
(t) ʠ ʟʘʧʘʟʜʳʚʘʥʠʝ l = 3, 4, 5, 6 ʧʦ ʢʘʥʘʣʘʤ ʫʧʨʘʚʣʝʥʠʷ ui(t) 

(5) 0Ĕ Ĕ( ) ( ( 1), ( ), ( ), )y t f y t u t l y t c= - - , 

ʛʜʝ Ĕ( )y t  = ( ))(Ĕ),(Ĕ),(Ĕ 321 tytyty  ï ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʦʜʝʣʠ ʟʥʘʯʝʥʠʷ 

ʚʳʭʦʜʘ; 

1 1 2 2 3 3( ) ( ( 3),..., ( 6), ( 3),..., ( 6), ( 3),..., ( 6)u t l u t u t u t u t u t u t- = - - - - - -

ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʡ, ʩ ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʜʘʯʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʷ y(t) ʥʘ ʠʥʪʝʨʚʘ-

ʣʝ [ ]Tt ,0Í  ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ Ĕ( )u t*  ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ (ʨʝʛʫʣʪ̫ʦʨ) 

(6) 
0( ) ( ( ), ( ))ʨu t Ɋ y t y t* = , 

ʚʳʨʘʙʘʪʳʚʘʶʱʠʡ ʠʤʧʫʣʴʩʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ( )u t* , ʢʦʪʦ-

ʨʘʷ ʙʣʠʟʢʘ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʢ ʨʝʣʝʡʥʦ-ʠʤʧʫʣʴʩʥʦʤʫ ʫʧʨʘʚ-
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ʣʝʥʠʶ Ĕ( )u t*  ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʨʦʚʝʥʴ ʚ ʧʨʠʝʤʥʦʤ ʨʝʟʝʨʚʫʘ-

ʨʝ )(tyi , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʦʛʨʘʥʠʯʝʥʠʷʤ 

(7) 0 0( ) ( )y t y t e- ¢ . 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣɹ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝ-

ʤʳ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʫʪʦʯʥʷʪʴ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʨʝʛʫʣʪ̫ʦʨʘ, ʪ.ʝ. ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʛʦ ʘʜʘʧʪʘʮʠʶ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝ-

ʥʠʷ (4), (5) ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ (6), (7), ʥʝʦʙʭʦʜʠ-

ʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʘ) ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʨʝʣʝʡʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ Ĕ( )u t*  

ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʦʠʩʢʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ (4) ʠ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (5); 

ʙ) ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʛʫʣʷʪʦʨ (6), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʨʝʙʫʝʤʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ; 

ʚ) ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʘʮʠʠ ʨʝʛʫʣʷʪʦʨʘ (6), ʫʯʠʪʳ-

ʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʳ ʚʦʜʦʦʪʚʝʜʝʥʠʷ. 
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ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ 

ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʦʧʝʨʘʪʠʚʥʳʡ, ʪʘʢʪʠʯʝʩʢʠʡ ʠ ʩʪʨʘʪʝ-

ʛʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʦʩʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʪʝʥʮʠʘʣʘ, ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ 

ʜʦʣʞʥʦ ʩʪʨʦʠʪʴʩʷ ʥʘ ʨʝʰʝʥʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʞʠʟʥʝʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ ʩʧʝʢʪʨʝ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʩʨʝʜʳ. ʊʘʢʦʤʫ ʧʦʜʭʦʜʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ [1]. 

ʄʘʢʩʠʤʠʟʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ (ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ 

ʟʘʪʨʘʪʳ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʪʝʥʮʠʘʣʘ. ʊʨʝʙʦʚʘʥʠʝ 

ʛʘʨʤʦʥʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʣʞʥʦ ʫʯʠ-

ʪʳʚʘʪʴʩʷ ʧʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʠ ʵʪʦʤ 

ʛʘʨʤʦʥʠʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʣʞʥʳ ʩʦ-

ʙʣʶʜʘʪʴʩʷ ʢʘʢ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 
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ʩʪʨʫʢʪʫʨʝ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʩʦʚʦʢʫʧʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʪʝʥʮʠʘʣʘ. 

1. ɺʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʪʝʥʮʠʘʣʘ 

ɼʦʣʛʦʩʨʦʯʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴ-

ʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘ ʥʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʦʧʝʨʘʪʠʚʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʪʝʢʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʪʘʢ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʪʘʢʪʠʯʝʩʢʦʛʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘ-

ʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʫʜʫʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʫʪʴ ʪʘʢʪʠʯʝ-

ʩʢʦʡ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʜʝʨʞʘ-

ʥʠʠ ʧʨʦʮʝʩʩʘ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʝʨʘʪʠʚʥʳʭ 

ʨʝʩʫʨʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʝʨʘʨʭʠʷ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʦʧʝʨʘ-

ʪʠʚʥʳʡ ï ʪʘʢʪʠʯʝʩʢʠʡ ï ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʫʨʦʚʥʠ) ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʠʩʪʝʤʳ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʘʷ 

ʦʪʨʘʞʘʝʪ ʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪ-

ʨʝʪʴ ʠ ʚ ʧʦʪʝʥʮʠʘʣʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʳʜʝʣʠʚ ʪʨʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʘ ʧʦʪʝʥʮʠʘʣʘ ï ʦʧʝʨʘʪʠʚʥʳʡ, ʪʘʢʪʠʯʝʩʢʠʡ ʠ ʩʪʨʘʪʝ-

ʛʠʯʝʩʢʠʡ [2].  

ʇʦʜ ʦʧʝʨʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʪʝʢʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʙʳʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʳʧʦʣʥʷʪʴ ʪʝʢʫʱʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʝʨʝʜ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ. 

ʇʦʜ ʪʘʢʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʙʫʜʝʤ ʧʦʥʠ-

ʤʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (ʤʦʱʥʦʩʪʠ, ʜʦʛʦʚʦʨʳ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʠ ʪ. ʧ.). 

ʇʦʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʙʫʜʝʤ ʧʦ-

ʥʠʤʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʪʘʢʪʠʯʝ-

ʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʘʢʪʠʚʳ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʅʀʆʂʈ, ʦʪʥʦh ʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʠ ʪ.ʧ.).  

ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʧʝʨʘʪʠʚʥʳʤ, ʪʘʢʪʠʯʝʩʢʠʤ ʠ ʩʪʨʘʪʝʛʠ-

ʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʪʝʥʮʠʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʙʘʟʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫ-
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ʨʳ ʧʦʪʝʥʮʠʘʣʘ: ʩʪʨʘʪʝʛʠʷ ʩʣʝʜʦʚʘʥʠʷ ʣʠʜʝʨʫ, ʩʪʨʘʪʝʛʠʷ ʠʜʝʘʣʴ-

ʥʦʡ ʪʦʯʢʠ, ʩʪʨʘʪʝʛʠʷ çʜʝʣʘʪʴ ʢʘʢ ʚʩʝè, ʥʦʚʘʪʦʨʩʢʘʷ ʩʪʨʘʪʝʛʠʷ. 

2. ʆʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʧʦʪʝʥʮʠʘʣʘ 

ʧʨʝʜʧʨʠʷʪʠʷ: çʨʝʩʫʨʩʥʳʡè ʠ çʨʝʟʫʣʴʪʘʪʥʳʡè. ʆʙʘ ʧʦʜʭʦʜʘ 

ʠʤʝʶʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.  

ʈʝʟʫʣʴʪʘʪʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʨʝʩʫʨʩʦʚ ʠ ʙʫʜʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʦʣʝʝ ʘʜʝʢʚʘʪʝʥ ʧʨʦʮʝʩʩʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ. ʆʜʥʘʢʦ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʚ ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʝʨʠʦʜʝ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʥʦʡ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ. 

ʈʝʩʫʨʩʥʳʡ ʧʦʜʭʦʜ ʥʝ ʚʩʢʨʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʪʝʢʫ-

ʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʨʝʩʫʨʩʦʚ ʠ ʙʫʜʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʧʨʠ-

ʷʪʠʷ, ʦʥ ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʢʠ ʨʝʩʫʨʩʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʤʝʥʝʝ ʘʜʝʢʚʘʪʝʥ ʫʧʨʘʚʣʝʥʠʶ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ. ʆʜʥʘʢʦ 

ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʠʤʝʶʱʠʭʩʷ ʥʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʨʝʩʫʨʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ, ʯʝʤ ʦʮʝʥʠʪʴ ʜʦʣʛʦʩʨʦʯ-

ʥʳʝ ʨʝʟʫʣʪɹʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʀʤʝʶʱʝʝʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʮʝʥʢʝ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʯʘʩʪʠʯʥʦ ʨʘʟʨʝʰʝʥʦ ʧʫʪʝʤ ʫʯʝʪʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫ-

ʨʳ ʧʦʪʝʥʮʠʘʣʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʮʝʥ-

ʢʠ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʪʝʥʮʠʘʣʘ.  

ʆʮʝʥʢʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʆʧʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ U ʧʨʝʜʧʨʠʷʪʠʷ ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ ʢʘʢ 

ʦʪʦʙʨʘʞʝʥʠʝ Uʍ: ZYʍ, ʛʜʝ Z ï ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʩʨʝʜʳ ʚ ʧʨʦʛʥʦʟʥʦʤ ʧʝʨʠʦʜʝ; Yʍ ï ʤʥʦʞʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʧʨʦʛʥʦʟʥʦʤ ʧʝʨʠʦʜʝ ʧʨʠ 

ʫʩʣʦʚʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ.  

ʆʮʝʥʢʘ ʪʘʢʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ ï ʠ ʨʝʩʫʨʩʥʦʛʦ ʠ ʨʝʟʫʣʴʪʘʪʥʦʛʦ (ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʵʪʦ ʛʠʧʦʪʝʟʘ). 
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ʆʮʝʥʢʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʘ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʩʫʨʩʥʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʣʝʞʠʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʵʢʟʦʛʝʥʥʦ ʟʘʜʘʥʦ, ʥʘʧʨʠʤʝʨ, 

ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʚʝʢʪʦʨʘ r, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʮʝʣʝʚʫ  ʁʜʦʣʁ ʢʘʞʜʦ-

ʛʦ ʨʝʩʫʨʩʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʨʝʩʫʨʩʦʚ:  

(1) ri= ä
i

ii f/f ,  

ʛʜʝ fi ï ʦʙ̡ʝʤ i-ʛʦ ʨʝʩʫʨʩʘ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʊʦʪ ʞʝ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʢʪʦʨʘ r, 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʜʣʷ ʦʮʝʥʢʠ ʚʩʝʛʦ ʩʦʚʦʢʫʧʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ r ʙʫʜʝʪ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʪʝʥ-

ʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʦ ʝʩʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʧʝʨʘʪʠʚʥʳʤ, 

ʪʘʢʪʠʯʝʩʢʠʤ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʪʝʥʮʠʘʣʘ. 

ɺʳʜʝʣʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʪʝʥʮʠʘʣʘ ʧʦ-

ʟʚʦʣʷʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʧʫʪʝʤ 

ʫʯʝʪʘ ʧʨʦʮʝʩʩʦʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʩʫʨʩʦʚ ʠ ʜʠʥʘʤʠʢʠ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʜʦʩʪʦ-

ʠʥʩʪʚ ʨʝʩʫʨʩʥʦʛʦ ʠ ʨʝʟʫʣʴʪʘʪʥʦʛʦ ʧʦʜʭʦʜʦʚ ʦʮʝʥʠʚʘʥʠʷ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɿɸʈʋɹɸ ɺ. ʗ., ʇʆʊʈɸʐʂʆɺɸ ʃ. ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦ-

ʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠ-

ʷʪʠʷ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʄʦʥʦʛʨʘʬʠʷ. ï ʍʘʨʴʢʦʚ: ʌʃʇ 

ɸʣʝʢʩʘʥʜʨʦʚʘ ʂ.ʄ.; ʀɼ çʀʅɾʕʂè, 2009. ï ʉ. 261 ï 279.  

2. ʂʃɽʁʅɽʈ ɻ. ɹ. , ʊɸʄɹʆɺʎɽɺ ɺ. ʃ., ʂɸʏɸʃʆɺ ʈ. ʄ. 

ʇʨʝʜʧʨʠʷʪʠʝ ʚ ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʝ: ʨʠʩʢʠ, 

ʩʪʨʘʪʝʛʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ. ï ʄ.: ʕʢʦʥʦʤʠʢʘ, 1997. ï 226 ʩ.  
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ʇʈʀʅʎʀʇʓ ʉʀʉʊɽʄʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʇʆɺɽɼɽʅʀʗ ʄɸʂʈʆʕʂʆʅʆʄʀʏɽʉʂʀʍ ɸɻɽʅʊʆɺ 

ʀʣʴʷʩʦʚ ɹ.ɻ., ʂʘʨʪʘʰʝʚʘ ʊ.ɸ., ʄʘʢʘʨʦʚʘ ɽ.ɸ., ʇʘʚʣʦʚʘ ɸ.ʅ. 

(ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
ilyasov@tc.ugatu.ac.ru, ea-makarova@mail.ru,  

pavlova.ugatu@gmail.com, kartashevat@yandex.ru 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠ ʧʨʠʥʮʠʧʳ ʠʭ 

ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʜʠʥʘʤʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ, ʥʝʨʘʚʥʦʚʝʩʥʳʡ ʧʨʦʮʝʩʩ, ʬʠʥʘʥʩʦʚʳʡ ʧʦʪʦʢ. 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʤʠʨʦʚʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʢʨʠʟʠʩʘ ʚʳ-

ʟʳʚʘʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝ-

ʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ ʤʝʞʜʫ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘ-

ʤʠ (ʄʕɸ). ɺ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ʄʕʉ) ʨʦʣʴ ʘʛʝʥʪʦʚ 

ʚʳʧʦʣʥʷʶʪ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ (ʬʠʨʤr, ʜʦʤʦʭʦʟʷʡʩʪʚʘ, ʙʘʥʢʠ ʠ 

ʛʦʩʫʜʘʨʩʪʚʦ). ɺʟʘʠʤʦʩʚʷʟʘʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʘʢʨʦʵʢʦʥʦ-

ʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʩʪʘʜʠʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʬʦʨʤʠʨʫʝʪ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʫʛʦʦʙʦʨʦʪ [1]. 

1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʄʕʉ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʄʕʉ, ʷʚʣʷʶʱʘʷʩʷ ʨʘʟʚʠʪʠʝʤ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ [2]. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʯʝʪʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʢʘʞʜʦʤ ʠʟ ʯʝʪʳʨʝʭ ʩʝʢʪʦʨʦʚ ʄʕʉ. 

 

mailto:ea-makarova@mail.ru
mailto:pavlova.ugatu@gmail.com
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ʅʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʄʕʉ (ʨʠʩʫʥʦʢ 1) ʚʳʜʝʣʝʥʳ ʧʷʪʴ ʤʦʜʝʣʝʡ: ɸ1 - ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ; ɸ2 - ʩʝʢʪʦʨʘ ʜʦʤʘʰʥʠʭ ʭʦ-

ʟʷʡʩʪʚ; ɸ3 - ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʡ; ɸ4 - ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ; ɸ5 - ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʦʢʫʧʥʳʭ ʨʘʩʭʦʜʦʚ ʠ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʄʦʜʝʣɹ 

ɸ1
ʄʦʜʝʣɹ 

ɸ2

ʄʦʜʝʣɹ 

ɸ5

ʄʦʜʝʣɹ 

ɸ4
ʄʦʜʝʣɹ 

ɸ3

 
ʈʠʩʫʥʦʢ 1 ï ʋʧʨʦʱʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ  

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʄʕʉ 

ʅʘ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʧʦʪʦʢʦʚʳʝ ʩʚʷ-

ʟʠ, ʦʙʨʘʟʫʶʱʠʝ ʪʨʠ ʢʦʥʪʫʨʘ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʫʛʦʦʙʦʨʦ-

ʪʘ: ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʧʦʪʨʝʙʣʝʥʠʷ; ʩʙʝʨʝʞʝʥʠʡ ï ʠʥʚʝʩʪʠʮʠʡ; 

ʥʘʣʦʛʦʚ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʘʩʭʦʜʦʚ.  

2. ʇʨʠʥʮʠʧʳ ʩʠʩʪʝʤʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ  

ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʈʘʟʨʘʙʦʪʢʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʄʕɸ (ʨʠ-

ʩʫʥʦʢ 2) ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʩʠʩʪʝʤʥʳʭ ʧʨʠʥʮʠʧʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʩʝʢʪʦʨ ʚʳʧʦʣʥʷʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʠʤʠ ʮʝʣʷʤʠ 

(ʧʣʘʥʘʤʠ) ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʮʝʩʩ,r ʪʨʝʙʫʶʱʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʦʚ; ɺʦ-ʚʪʦʨʳʭ, ʨʘʩʭʦʜʳ ʦʜʥʦʛʦ ʩʝʢʪʦʨʘ 

ʩʪʘʥʦʚʷʪʩʷ ʜʦʭʦʜʘʤʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʪʦʨʦʚ ʄʕʉ. ɺ-

ʪʨʝʪʴʠʭ, ʩʝʢʪʦʨ ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʣʘʥʳ ʧʦ ʨʘʩʭʦʜʫ ʨʝʩʫʨʩʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʧʘʩʦʚ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʜʨʫʛʠʭ ʩʝʢʪʦʨʦʚ ʠ ʚʩʝʡ 

ʄʕʉ ʚ ʮʝʣʦʤ. ʀ ʥʘʢʦʥʝʮ, ʩʝʢʪʦʨ ʚʳʧʦʣʥʷʝʪ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ 

ʟʘʧʘʩʦʚ. 
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3.ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʢʪʦʨʘ ʄʕʉ  

ʄʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʡ, 

ʫʧʨʘʚʣʷʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʧʘʩʘʭ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

i-ʡ ʩʝʢʪʦʨ ʄʕʉ ʚʳʧʦʣʥʷʝʪ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ, ʧʦʪʨʝʙʣʝʥʠʷ, ʩʙʝʨʝʞʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʣʦʚʳʭ ʠʥʚʝʩʪʠ-

ʮʠʡ, ʧʝʨʝʜʘʯʠ ʪʨʘʥʩʬʝʨʪʦʚ ʜʨʫʛʠʤ ʩʝʢʪʦʨʘʤ.  

ʉʦʛʣʘʩʥʦ ʩʠʩʪʝʤʥʳʤ ʧʨʠʥʮʠʧʘʤ ʬʘʢʪʠʯʝʩʢʠʝ ʪʝʤʧʳ ʨʘʩʭʦʜʦʚ 

ʩʝʢʪʦʨʘ ʩʪʘʥʦʚʷʪʩʷ ʪʝʤʧʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʭʦʜʦʚ ʜʣʷ ʦʜʥʦʛʦ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʜʨʫʛʠʭ ʩʝʢʪʦʨʦʚ ʠ ʦʙʨʘʟʫʶʪ ʚʳʭʦʜʳ ʤʦʜʝʣʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʢʪʦʨʘ ʩʦʚʤʝʩʪʥʦ ʩ ʦʙʲʝʤʦʤ ʟʘʧʘʩʦʚ. 

ʇʦʣʫʯʝʥʠʝ i-ʤ ʩʝʢʪʦʨʦʤ ʜʦʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʤʧʘʤʠ ʧʦ-

ʪʦʢʦʚ: ʜʦʣʝʡ ʦʪ ʪʝʤʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺɺʇ ʧʦ ʨʘʩʭʦʜʘʤ; ʪʨʘʥʩ-

ʬʝʨʪʘʤʠ. ɺʳʯʠʩʣʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʪʝʤʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʭʦ-

ʜʦʚ )(tnI i
# ʠ ʨʘʩʭʦʜʦʚ )(tutO i

# , ʩʘʣʴʜʦ ʪʝʤʧʦʚ ʧʦʪʦʢʦʚ )(tlF i
#  

ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʲʝʤ ʟʘʧʘʩʦʚ )(tSti  ʩʝʢʪʦʨʘ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʩʝʢʪʦʨʦʚ ʚ 

ʩʦʩʪʘʚʝ ʄʕʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝ-

ʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʝʜʝʥʠʝʤ ʄʕʉ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʅʆɺʀʂʆɺ ɼ.ɸ. ʊʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, - 2-ʝ ʠʟʜ. - ʄ.: ʌʠʟʤʘʪʣʠʪ, 2007. ï 584 ʩ. 

2. ʀʃʔʗʉʆɺ ɹ.ɻ., ɼɽɻʊʗʈɽɺɸ ʀ.ɺ., ʄɸʂɸʈʆɺɸ ɽ.ɸ., 

ɻɸɹɼʋʃʃʀʅɸ ʕ.ʈ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʚʦʩ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

// ɺʝʩʪʥʠʢ ʋɻɸʊʋ. ï 2008. - ʪ.11, ˉ1 (28). - ʉ. 124-132 
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ɸʂʊʀɺʅʆɽ ʀʅʅʆɺɸʎʀʆʅʅʆɽ  

ɸʅʊʀʂʈʀɿʀʉʅʆɽ ʋʇʈɸɺʃɽʅʀɽ:  

ʎɽʃʀ, ʄʆɼɽʃʀ, ʄɽʍɸʅʀɿʄʓ, ʆʇʓʊ 

ʀʨʠʢʦʚ ɺ.ɸ.  

(ʀʇʋ ʈɸʅ, ʄʦʩʢʚʘ) 
irikov41@mail.ru 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʨʦʩʪʘ ʚ ʫʩʣʦʚʠʷʭ ʬʠ-

ʥʘʥʩʦʚʦʛʦ ʢʨʠʟʠʩʘ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, 

ʜʘʶʱʠʭ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʨʠʨʦʩʪ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʠ ʩʨʦʢʘʭ; 

¶ ʚʦʟʤʦʞʥʦʩʪʷʤ ʪʠʨʘʞʠʨʦʚʘʥʠʷ ʫʩʧʝʰʥʦʛʦ ʦʧʳʪʘ ʨʦʩʩʠʡ-

ʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ ʢʨʠʟʠʩʘ; 

¶ ʧʨʠʤʝʥʷʝʤʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʠ ʤʝʪʦʜʘʤ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʨʷʜ ʥʝʨʝʰʝʥʥʳʭ, ʥʦ ʚʘʞʥʳʭ 

ʜʣʷ ʧʨʘʢʪʠʢʠ ʟʘʜʘʯ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʀʈʀʂʆɺ ɺ.ɸ. ɸʢʪʠʚʥʦʝ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʘʥʪʠʢʨʠʟʠʩʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ: ʫʩʧʝʰʥʳʡ ʦʧʳʪ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʝʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠ.ʁ ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʈʦʩʅʆʋ. - ʄ.: ʄʀʕʕ, 2009. 

2. ɹɸʃɸʐʆɺ ɺ.ɻ., ʀʈʀʂʆɺ ɺ.ɸ., ʀɺɸʅʆɺɸ ʉ.ʀ. ʈʦʩʪ ʠ 

ʧʨʦʨʳʚ ʚ ʣʠʜʝʨʳ. ʇʨʘʢʪʠʢʫʤ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʢʨʠʟʠʩʘ. ï 

ʄ.: ɼʝʣʦ, 2009.  
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ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ 

ʊʈɸɺʄɸʊʀɿʄɸ ʉ ʇʆʄʆʑʔʖ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ʂʠʩʝʣʝʚʘ ʊ.ɺ., ʄʘʢʩʠʤʦʚʘ ʅ.ʅ., ʊʨʦʬʠʤʦʚ ɺ.ɹ. 

(ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʢʫʟʥʝʮʢ) 
kis@siu.sibsiu.ru 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ ʥʝʡʨʦʥʥʦʛʦ ʧʨʦ-

ʛʥʦʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧ-

ʪʨʦʥʘ. ɼʣʷ ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ ʙʳʣ ʩʜʝʣʘʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʨʷʜʦʚ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʨʘʚʤʘʪʠʟʤ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʚʣʠʷʶʱʠʝ ʥʘ ʪʨʘʚʤʘʪʠʟʤ ʬʘʢ-

ʪʦʨʳ. ʀʩʩʣʝʜʫʝʤʳʡ ʨʷʜ ʨʘʟʜʝʣʝʥ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʢʦʥʪʨʦʣʴ-

ʥʫʶ ʚʳʙʦʨʢʠ. ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʥʘ 1, 2 ʠ 3 ʤʝʩʷʮʘ ʦʮʝʥʠʚʘʣʘʩʴ 

ʧʦ ʩʨʝʜʥʝʤʦʜʫʣʴʥʦʤʫ ʢʨʠʪʝʨʠʶ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ, ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ, ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʝ, ʩʪʨʫʢʪʫʨʘ, ʥʝʡʨʦʥʥʳʡ ʧʨʦʛʥʦʟʘʪʦʨ. 

 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çʉʦʮʠʘʣʴ-

ʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛè, ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʚ ʨʘʤʢʘʭ 

ʂʫʩʪʦʚʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ (ʂʄʀɸʎ) ʛ. ʅʦʚʦʢʫʟʥʝʮʢʘ, ʩʦʜʝʨʞʠʪ ʘʥʘʣʠʟʠʨʫʶʱʠʡ 

ʙʣʦʢ çɿʜʦʨʦʚʴʝè, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ 

ʥʘʩʝʣʝʥʠʷ, ʦʮʝʥʠʚʘʥʠʝ ʝʛʦ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʳʜʘʯʫ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʩʦʮʠʘʣʴʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʝʡ ʦ ʩʦʩʪʦʥ̫ʠʠ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ ʥʘʩʝʣʝʥʠʷ, ʪʨʝʙʫʶʱʝʡ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʠʩʪʝʤʦʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  

ɺ ʨʘʤʢʘʭ ʘʥʘʣʠʟʠʨʫʶʱʝʛʦ ʙʣʦʢʘ çɿʜʦʨʦʚʴʝè ʩʜʝʣʘʥʘ ʧʦ-

ʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʫʨʦʚʥʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʙʳʪʦʚʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠʭ ʧʦʚʳʰʝʥʠʷ ʩ ʪʝʤ, ʯʪʦʙʳ 
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ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʡʩʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʯʠʥʳ ʠ ʧʨʠʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʧʦ ʠʭ ʫʩʪʨʘ-

ʥʝʥʠʶ.  

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʝʡ-

ʨʦʥʥʦʛʦ ʧʨʦʛʥʦʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥ ʜʣʷ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ ʨʷʜʦʚ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʚʤ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʛʦʨʦʜʝ ʅʦʚʦʢʫʟʥʝʮʢʝ, ʚ ʪʝʯʝʥʠʝ ʤʝʩʮ̫ʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʝʘʣʠʟʘʮʠʠ ʚʢʣʶʯʘʣʠ ʰʝʩʪʴ ʣʝʪ (ʩ 2003 ʧʦ 

2008 ʛ.ʛ.).  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʝʡʨʦʥʥʦʛʦ ʧʨʦʛʥʦʟʘʪʦʨʘ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʨʦʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʘ, 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʘʣʠʟʘʮʠʡ ʜʘʥʥʳʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʦ ʙʳʪʦʚʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʪʨʘʚʤ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʛʦʨʦʜʝ ʅʦʚʦʢʫʟʥʝʮʢʝ ʚ ʪʝʯʝʥʠʝ 

ʤʝʩ̫ʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʵʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʚʣʠʷʝʪ ʩʝʟʦʥʥʦʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʢʦʣʠʯʝʩʪʚʦ ʙʳʪʦʚʳʭ ʪʨʘʚʤ ʥʘʠʙʦʣʴʰʝʝ, ʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ï 

ʥʘʠʤʝʥʴʰʝʝ. ɽʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʣʶʜʝʡ (ʫ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʯʠʩʣʦ ʙʳʪʦʚʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʨʘʚʤ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʦʩ-

ʪʘʣʴʥʳʭ ʣʶʜʝʡ) ʠ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʧʦʣʦ-

ʚʳʤ ʧʨʠʟʥʘʢʘʤ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʦ ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʡʨʦʥʥʦʛʦ ʧʨʦʛʥʦʟʘ-

ʪʦʨʘ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ, ʢʦʪʦʨʦʝ 

ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚʭʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʦʪʦʙʨʘʥʦ 8 ʚʭʦʜʦʚ, 2 ʚʳʭʦʜʘ ʠ ʦʜʠʥ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʩ 17 ʥʝʡʨʦʥʘʤʠ ʚ ʥʝʤ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ 1, 2 ʠ 3 ʤʝʩʷʮʘ.  

ʅʝʡʨʦʥʥʳʡ ʧʨʦʛʥʦʟʘʪʦʨ ʚʳʙʨʘʥ ʚ ʚʠʜʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨ-

ʩʝʧʪʨʦʥʘ ʩ ʦʜʥʠʤ ʩʢʨʳʪʳʤ ʩʣʦʝʤ (ʚ ʚʠʜʝ ʜʚʫʭʩʣʦʡʥʦʡ ʥʝʡʨʦʥ-

ʥʦʡ ʩʝʪʠ).  

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʦʛʦ ʧʨʦʛʥʦʟʘʪʦʨʘ ʩʝʪʴ ʚʥʘʯʘʣʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʠʪʴ. ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʪʱʘʪʝʣʴʥʦ ʨʝʰʝʥʘ 

ʟʘʜʘʯʘ ʦʙʫʯʝʥʠʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ 
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ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ. 

ɼʘʥʦ: 1. ʈʷʜ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʨʦʚʝʥʴ ʪʨʘʚʤʘ-

ʪʠʟʤʘ. 2. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 3. ʇʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ï 

STATISTICA Neural Networds. 4. ʊʠʧ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: 

ʦʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ. 5. ʏʠʩʣʦ ʩʣʦʝʚ ʥʝʡʨʦʥʥʦʛʦ ʧʨʦʛʥʦʟʘʪʦʨʘ. 

6. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʩʝʪʠ. 7. ʆʛʨʘʥʠʯʝʥʠʝ: ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -1 ʜʦ 

+1. 8. ʂʨʠʪʝʨʠʡ: ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʦʙʫʯʝʥʠʷ ï ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʚʠʜʘ: 
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 - ʧʨʦʛʥʦʟʥʳʝ ʠ 

ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ j-ʛʦ ʧʦʢʘʟʘʪʝʣʷ ʪʨʘʚʤʘʪʠʟʤʘ; ʧʨʠʯʝʤ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ,,1;,1 NnJj ==  n ï ʪʝʢʫʱʠʡ ʥʦʤʝʨ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʜʣʠʥʦʡ ʚ N ʟʥʘʯʝʥʠʡ; w ï ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʊʨʝʙʫʝʪʩʷ: 1) ʦʙʫʯʠʪʴ ʥʝʡʨʦʥʥʳʡ ʧʨʦʛʥʦʟʘʪʦʨ ʩ ʪʝʤ, ʯʪʦ-

ʙʳ ʦʥ ʫʜʦʚʣʝʪʚʦʨʷʣ ʦʛʨʘʥʠʯʝʥʠʶ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʣ ʢʨʠʪʝʨʠʡ; 

2) ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʠʡ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʧʦ ʤʠʥʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʢʦʣʠʯʝʩʪʚʫ ʵʧʦʭ ʠ ʟʘʪʨʘʯʝʥʥʦʤʫ ʥʘ 

ʦʙʫʯʝʥʠʝ ʚʨʝʤʝʥʠ; 3) ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʛʥʦʟʘʪʦʨʘ ʥʘ 

ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʝ.  

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʦʜʙʦʨʝ 

ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚ ʠ ʧʦʨʦʛʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʨʦʛʥʦʟʘ ʩʪʘʥʦʚʠʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤ. ʈʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʙʳʪʦʚʦʡ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ, ʨʘʟʙʠʪʳ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʙʫ-

ʯʘʶʱʫʶ ʠ ʢʦʥʪʨʦʣʥɹʫʶ.  

ʉʨʝʜʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʝ: ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ, ʛʨʘʜʠʝʥʪʥʳʝ ʠ 

ʩʦʧʨʷʞʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ. ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʧʘʨʘʤʝʪʨʘʤ 

ʚʳʙʨʘʥ ʥʘʠʣʫʯʰʠʡ: ʘʣʛʦʨʠʪʤ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ.  
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ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜ-

ʥʝʤʦʜʫʣʴʥʦʡ ʦʰʠʙʢʠ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʙʳʪʦʚʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ 1 ʤʝʩʷʮ. 

ɹʳʪʦʚʦʡ ʪʨʘʚʤʘʪʠʟʤ
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1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70
ʄʝʩʷʮ

ʂʦʣ-ʚʦ ʩʣʫʯʘʝʚ

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝʇʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ

 
ʈʠʩ.1. ʌʘʢʪʠʯʝʩʢʠʝ ʠ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʩʣʫʯʘʝʚ ʙʳʪʦʚʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʧʦ ʤʝʩʷʮʘʤ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʤʦʜʫʣʴʥʦʡ ʦʰʠʙʢʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʙʳʪʦʚʦʛʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ 

ʧʨʠ ʧʨʦʛʥʦʟʝ ʥʘ 1, 2 ʠ 3 ʤʝʩʷʮʘ.  

ʊʘʙʣ.1. ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʝʤʦʜʫʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʪʨʘʚʤ 

ʉʄʆ 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʪʨʘʚʤʘʪʠʟʤ (ʚ ʩʢʦʙ- 

ʢʘʭ ʦʰʠʙʢʘ ʚ %) 

ɹʳʪʦʚʦʡ ʪʨʘʚʤʘʪʠʟʤ 

(ʚ ʩʢʦʙʢʘʭ ʦʰʠʙʢʘ ʚ %) 

ʅʘ 1 ʤʝʩ. 26,6 (7,99) 298,8 (7,88) 

ʅʘ 2 ʤʝʩ. 28,4 (8,12) 303,5 (8,42) 

ʅʘ 3 ʤʝʩ. 30,2 (8,51) 308,9 (8,96) 

 

ʇʦʣʫʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʘʞʝ ʥʘ 2-ʦʡ ʠ 3-ʠʡ 

ʤʝʩʷʮʳ ʩʯʠʪʘʝʪʩʷ ʧʨʠʝʤʣʝʤʦʡ, ʪʘʢ ʢʘʢ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 %. 
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ʆɹɽʉʇɽʏɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄʓ 

ʋʇʈɸɺʃɽʅʀʗ ʇɽʈʉʆʅɸʃʆʄ ʆʈɻɸʅʀɿɸʎʀʀ ʅɸ 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝ-

ʤʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʤʝʪʦʜʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʦʥʮʝʧʮʠʠ ʢʦʥʪʨʦʣʣʠʥʛʘ, ʧʨʠʥʮʠʧʦʚ 

ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʣʠʥʛ, 

ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʤʝʥʝʜʞʤʝʥʪ ʢʘʯʝʩʪʚʘ ʧʝʨʩʦʥʘʣʘ. 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʩʦʥʘʣʦʤ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʦʩ-

ʥʦʚʥʦʡ ʨʘʟʚʠʪʠʷ ʪʨʫʜʦʚʦʛʦ ʨʝʩʫʨʩʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʠ ʜʦʩʪʠʞʝ-

ʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʨʘʟʚʠʪʠʷ - ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʦʛʦ ʦʧʳʪʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʧʠʪʘʣʠʟʘʮʠʷ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʯʝʣʦʚʝʯʝʩʢʠʡ ʢʘʧʠʪʘʣ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʫʜʦʚʳʤʠ ʨʝʩʫʨ-

ʩʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʷʟʘʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʥʝʜʞʤʝʥʪʘ, ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʩʦʥʘʣʦʤ ʠ ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ. ʋʧʨʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʦʤ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʢʘʢ ʧʨʦʮʝʩʩ, ʦʭʚʘʪʳʚʘʶʱʠʡ 

ʚʩʝ ʦʩʥʦʚʥʳʝ ʬʘʟʳ: ʧʣʘʥʠʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 
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ʧʝʨʩʧʝʢʪʠʚʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʩʠʩʪʝʤʫ ʢʦʥ-

ʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ. 

ʇʦʜ ʢʦʥʪʨʦʣʣʠʥʛʦʤ ʧʝʨʩʦʥʘʣʘ ʧʦʥʠʤʘʶʪ ʩʠʩʪʝʤʫ ʚʥʫʪʨʠ-

ʬʠʨʤʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʚ ʩʬʝʨʝ ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦ-

ʨʘʷ ʧʦʤʦʛʘʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʚ ʧʣʘʥʦʚʳʝ ʚʝʣʠʯʠʥʳ 

ʠ ʢʦʥʢʨʝʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʝʨʩʦʥʘʣʦʤ [1]. 

1. ʆʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ  

ɺ ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ ʚʭʦʜʠʪ ʨʘʟ-

ʨʘʙʦʪʢʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʘ-

ʪʝʛʠʯʝʩʢʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ [2]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʦʪʢʣʦ-

ʥʝʥʠʡ. ʆʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʢʦʥ-

ʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ: ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ-

ʧʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ: ʧʦʪʝʥʮʠʘʣ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ, ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʩʦʥʘʣ ʠ ʪ. ʜ. ʇʣʘʥʦʚʘʷ -ʧʦʣʫʯʝʥʠʝ 

ʧʨʦʛʥʦʟʥʦʡ, ʮʝʣʝʚʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; ʋʧʨʘʚʣʷʶʱʘʷ 

ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʛʘ-

ʪʠʚʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ); ʂʦʥʪʨʦʣʴʥʦ 

ï ʘʥʘʣʠʪʠʯʝʩʢʘʷ ï ʠʟʤʝʨʝʥʠʝ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʘʥʘʣʠʟ 

ʦʪʢʣʦʥʝʥʠʡ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʫʥʢʮʠʡ 

ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ, ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʩʝʨʚʠʩʘ ʠ ʫʩʣʫʛ, ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʝʨʩʦʥʘʣʝ ʚ ʪʘʢʪʠʯʝʩʢʦʤ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʠ 

ʦʧʝʨʘʪʠʚʥʦʤ ʘʩʧʝʢʪʘʭ, ʨʘʟʚʠʪʠʝ ʧʝʨʩʦʥʘʣʘ, ʧʨʠʦʙʨʝʪʝʥʠʝ, 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠ ʫʚʦʣʴʥʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʤʝʥʝʜʞʤʝʥʪ 

ʟʘʪʨʘʪ ʥʘ ʧʝʨʩʦʥʘʣ. 
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2. ʈʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ  

ɺ ʢʦʥʪʨʦʣʣʠʥʛʝ ʧʝʨʩʦʥʘʣʘ, ʷʚʣʷʶʱʠʤʩʷ ʯʘʩʪʴʶ ʬʫʥʢʮʠʡ 

ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ, ʚʳʜʝʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦʝ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʷ. ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʠʥʛ 

ʧʝʨʩʦʥʘʣʘ ʜʦʣʞʝʥ ʫʚʷʟʳʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʙʣʘʩʪʠ ʧʝʨʩʦʥʘʣʘ 

ʩʦ ʩʪʨʘʪʝʛʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʆʧʝʨʘʪʠʚʥʳʡ ʢʦʥ-

ʪʨʦʣʣʠʥʛ ʧʝʨʩʦʥʘʣʘ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʮʝʣʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ ʠ ʨʝʘʣʠʟʫʝʪ ʪʨʝʙʫʝʤʳʝ ʤʝʨʦʧʨʠʪ̫ʠʷ. 

ʅʘ ʦʧʝʨʘʪʠʚʥʦʤ ʫʨʦʚʥʝ ʥʘ ʧʝʨʚʦʤ ʧʣʘʥʝ ʩʪʦʠʪ ʟʘʜʘʯʘ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ [3]. 

ʂʦʥʪʨʦʣʣʠʥʛ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘ-

ʩʪʴʶ ʚʩʝʭ ʟʘʜʘʯ ʠ ʜʦʣʞʝʥ ʩʦʛʣʘʩʦʚʳʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʤʝʨʦʧʨʠʷ-

ʪʠʷʤʠ ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʢʦʥ-

ʪʨʦʣʣʠʥʛʘ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʶʪʩʷ: ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ, 

ʥʘʧʨʠʤʝʨ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʮʝʥʪʘ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʥʘ 10% ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʣʝʪ. ʉʙʦʨ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʘʙʦʪʝ ʧʝʨʩʦʥʘʣʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠʯʠʥʳ ʥʝʚʳʭʦʜʘ ʥʘ ʨʘʙʦʪʫ ʠʣʠ 

ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪ.ʧ.ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʫʢʦʚʦʜʩʪʚʫ ʠ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʫʪʝʤ ʦʧʨʦʩʘ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʪ̫ʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʩʪʘʚʣʝʥʥʳʤ ʮʝʣʷʤ. ʉʨʘʚʥʝʥʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʜʠʥʘʤʠʢʝ ʚʥʫʪʨʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷ, ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʷʧʦʥʩʢʘʷ 

ʩʠʩʪʝʤʘ ʚʥʫʪʨʠʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ KAIZEN. ʄʝʪʦʜ 

BENCHMARKING ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʨʘʚʥʝʥʠʝ ʢʘʢ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʤ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣ-

ʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥ-

ʪʳ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʠʥʪʝʨʚʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʚʝʨʙʘʣʴʥʳʝ ʦʮʝʥʢʠ 

ʵʢʩʧʝʨʪʦʚ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʩʦʥʘʣʝ ʠ ʧʦʢʘʟʘʪʝʣʠ ʚ ʩʠʩʪʝʤʝ ʢʦʥ-

ʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ ʩʦʙʠʨʘʶʪʩʷ ʚ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ, 

ʫʧʦʨʷʜʳʚʘʯʠʚʘʶʪʩʷ ʠ ʜʦʢʫʤʝʥʪʠʨʫʶʪʩʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʝʨʩʦʥʘʣʘ ʩʣʫʞʠʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʥʘʢʦʧʣʝʥʠʷ, ʧʝʨʝ-

ʨʘʙʦʪʢʠ, ʦʮʝʥʢʠ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʝʨʩʦʥʘʣʝ ʠ ʨʘʙʦʯʠʭ 
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ʤʝʩʪʘʭ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʪʨʫʜʥʠʢʦʚ 

ʦʪʜʝʣʘ ʧʝʨʩʦʥʘʣʘ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʙʦʯʠʭ ʢʦʣʣʝʢʪʠʚʦʚ ʥʝʦʙʭʦ-

ʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ, 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʮʝʣʝʚʳʝ ʟʘʜʘʯʠ ʨʫʢʦʚʦ-

ʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ ʠ ʤʝʥʝʜʞʝʨʦʚ ʧʦ ʧʝʨʩʦʥʘʣʫ. ʀʟʤʝʨʝʥʠʝ 

ʠ ʦʮʝʥʢʘ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʝʨʩʦ-

ʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʦʪʜʝʣʴʥʳʭ ʠ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʢʘʟʘʪʝʣʠ ʩʣʫʞʘʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʬʨ ʩʞʘʪʦ ʠ ʪʦʯʥʦ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʨʫʢʦʚʦʜʩʪʚʦ ʦ 

ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʩʦʥʘʣʘ. ʇʨʠ ʵʪʦʤ, ʩ 

ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʪʝʣʝʡ, ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʨʝʘʣʠʟʫʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʧʨʦʮʝʩʩʳ. ʈʘʟʨʘʙʘʪʳʚʘʝ-

ʤʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʠʟʤʝʨʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʦʪʜʝʣʴʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʪʴ ʨʝʘʣʠʟʫʝʤʳʝ ʤʝʨʦʧʨʠʪ̫ʠʷ ʠ ʧʨʦʮʝʩʩʳ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ. ʉʫʱʥʦʩʪʴ 

ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʣʠʥʛʘ ʧʨʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʨʘʚʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ, ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, 

ʨʘʟʨʘʙʦʪʢʘ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʠʟʤʝʨʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪ ï ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʦʚ ʬʘʢʪʦʨʥʦʛʦ, ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠ-

ʟʘ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ 

ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʦʣʦʛʠʷ, ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝ-

ʩʪʚʘ (ʉʄʂ), ʬʘʢʪʦʨʥʳʡ ʠ ʢʘʥʦʥʠʯʝʩʢʠʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʩʠʩʪʝʤʳ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ ʧʨʦʠʩʭʦʜʠʪ ʦʩʤʳʩʣʝʥʠʝ ʧʦ-

ʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʚʝʜʝʥʠʝ ʠʭ ʚ ʩʠʩʪʝʤʫ. ʇʨʠ ʵʪʦʤ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʥʷʪʠʝ çʩʠʩʪʝʤʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʠʥʪʫʠʪʠʚʥʦʤ 

ʫʨʦʚʥʝ ʠ ʩʣʫʞʠʪ ʦʙʦʟʥʘʯʝʥʠʝʤ ʪʘʢʠʭ ʦʙʱʠʭ ʧʦʥʷʪʠʡ, ʢʘʢ ʮʝʣʦʝ, 

ʩʦʩʪʘʚʣʝʥʥʦʝ ʠʟ ʯʘʩʪʝʡ, ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶɦ ʠʭ 

ʥʝʢʦʝ ʝʜʠʥʩʪʚʦ, ʠʣʠ ʜʘʞʝ ʧʦʨʷʜʦʢ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʤʥʦʞʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ. ʉʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʦʚʘʷ ʦʪʨʘʩʣʴ ʟʥʘʥʠʡ, ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʱʘʷ ʠʟʫʯʝʥʠʝ çʩʠʩʪʝʤ ʚʦʦʙʱʝè, ʠʟʫʯʘʶʱʘʷ ʠʟʦʤʦʨʬʠʟʤ 

ʧʦʥʷʪʠʡ, ʟʘʢʦʥʦʚ ʤʦʜʝʣʝʡ ʚ ʨʘʟʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. ʕʪʘ 

ʜʠʩʮʠʧʣʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ: ʩʠʩʪʝʤʦʣʦʛʠʷ, ʪʝʦʨʠʷ ʦʙ-

ʱʠʭ ʩʠʩʪʝʤ, ʦʙʱʘʷ ʪʝʦʨʠʷ ʩʠʩʪʝʤ, ʩʠʩʪʝʤʦʪʝʭʥʠʢʘ ʠ ʪ.ʧ.  

ʋʩʣʦʚʥʦ ʚ ʩʠʩʪʝʤʦʣʦʛʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʧʦʜʭʦʜʘ. ɺ ʧʝʨʚʦʤ ʩʠʩʪʝʤʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʘʩʰʠʨʝ-

ʥʠʝ ʠ ʦʙʦʙɦ ʝʥʠʝ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ. ɽʝ ʨʘʟʚʠʪʠʝ ʩʚʷʟʘʥʦ ʩ 

ʠʤʝʥʘʤʠ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʫʯʝʥʳʭ ʢʘʢ ʄ.ʄʝʩʘʨʦʚʠʯ, ɸ.ʄ.ʃʝʪʦʚ, 

ʂ.ɹʦʫʣʜʠʥʛ ʠ ʜʨʫʛʠʭ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʠʙʝʨʥʝʪʠ-
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ʯʝʩʢʠʤ ʠʣʠ ʩʪʨʫʢʪʫʨʘʣʠʩʪʩʢʠʤ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʦʧʠʩʳʚʘʶʱʠʤ ʪʘʢʠʝ 

ʬʫʥʢʮʠʠ ʢʘʢ ʣʠʥʝʡʥʦʩʪʴ, ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʠ ʜʨ., ʘ ʩʪʨʫʢʪʫʨʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʠʩʪʝʤʳ. ʉ ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʠʩʪʝʤʦʣʦʛʠʠ 

ʩʚʷʟʘʥʳ ʨʘʙʦʪʳ ʃ. ʬʦʥ ɹʝʨʪʘʣʘʥʬʠ, ʋ. ʈʦʩʩ ʕʰʙʠ, ʅ.ɺʠʥʝʨʘ, 

ʇ.ʂ.ɸʥʦʭʠʥʘ, ɼʞ. ʂʣʠʨʘ. ʆʙʦʩʥʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʩʠʥʪʝʟʘ 

ʢʨʠʪʝʨʠʝʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʦʮʝʥʢʝ ʉʄʂ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʣʦ-

ʛʠʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʥʳʭ ʟʘʜʘʯ. ɺʳʙʦʨ ʜʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʉʄʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʩʪʦʣʴʢʦ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʤ̫ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭ ʠʣʠ ʠʥʳʭ ʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

1. ʉʠʩʪʝʤʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪ-

ʚʦʤ ʩʠʩʪʝʤʳ 

ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʥʳʝ ʧʦʜʭʦʜʳ ʙʘʟʠʨʫʶʪʩʷ ʠʤʝʥʥʦ ʥʘ ʠʟʫʯʝ-

ʥʠʠ ʪʠʧʦʚ ʦʪʥʦʰʝʥʠʡ (ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʝʪʩʷ ç...ʚʝʩʴ ʥʘʙʦʨ 

ʨʦʜʩʪʚʝʥʥʳʭ ʧʦʥʷʪʠʡ, ʪʘʢʠʭ, ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʝ, ʩʪʨʫʢʪʫʨʘ, ʠʥʬʦʨ-

ʤʘʮʠʷ, ʩʮʝʧʣʝʥʠʝ, ʩʚʷʟʴ, ʩʦʝʜʠʥʝʥʠʝ, ʚʟʘʠʤʦʩʚʷʟʴ, ʟʘʚʠʩʠʤʦʩʪʴ, 

ʢʦʨʨʝʣʷʮʠʷ, ʦʙʨʘʟʝʮ ʠ ʪ.ʧ.è, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ 

ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʉʄʂ, 

ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 

ʦʙʨʘʟʫʝʪ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ (ʫʨʦʚʝʥʴ 0). ʊʝʨʤʠʥ çʠʩʭʦʜʥʘʷ ʩʠʩ-

ʪʝʤʘè ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʧʦʪʝʥʮʠʘʣʴʥʦ, ʠʩʪʦʯʥʠʢʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʎʝʣʝʥʘ-

ʧʨʘʚʣʝʥʥʳʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʉʄʂ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʮʝʣʷʭ 

ʥʘʩʳʱʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ 0-ʛʦ ʫʨʦʚʥʷ ʢʦʥʢʨʝʪʥʳʤʠ ʜʘʥʥʳ-

ʤʠ, ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʢ ʫʨʦʚʥʶ 1: ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʳ 

ʜʘʥʥʳʭ. ʄʥʦʛʦʤʝʨʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʉʄʂ ʦʙʳʯ-

ʥʦ ʧʨʝʜʩʪʘʚʣʝ̫ʪʩʷ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʜʘʥʥʳʭ, ʟʘʜʘʶʱʝʡ ʦʪʥʦʰʝʥʠʝ 

çʦʙʲʝʢʪ ï ʧʨʠʟʥʘʢè, ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʜʚʫʤʝʨʥʫʶ ʪʘʙʣʠʮʫ 

ʨʘʟʤʝʨʘ n³p, ʛʜʝ p - ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʉʄʂ, n ï 

ʦʙʲʝʤ ʚʳʙʦʨʢʠ. ʉʣʝʜʫʶʱʠʤ ʧʦ ʠʝʨʘʨʭʠʠ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʠʟʫ-

ʯʝʥʠʷ ʧʦʨʦʞʜʘʝʤʳʭ ʩʠʩʪʝʤ (ʫʨʦʚʝʥʴ 2), ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ 

ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʩʪʝʤʝ ʜʘʥʥʳʭ.  
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2.ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʄʂ 

ʇʨʠ ʦʮʝʥʢʝ ʉʄʂ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʠʩʪʝʤʥʦʡ ʨʝʘʢʮʠʠ ʉʄʂ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʠ 

ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ. ɽʸ ʨʝʰʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʉʄʂ. ɺ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʩʠʩʪʝʤʥʦʡ ʨʝʘʢʮʠʠ 

ʉʄʂ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʘʢ ʟʘʜʘʯʘ ʦʮʝʥʢʠ 

ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʨʨʝʣʮ̫ʠʦʥʥʳʭ ʩʚʷʟʝʡ, ʢʘʢ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʫʯʘʝʤʳʭ ʉʏʂ, ʪʘʢ ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʷʤʠ. 

ʄʝʪʦʜʘʤʠ ʝʝ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʳʯʠʩʣʝ-

ʥʠʷ ʧʘʨʥʳʭ, ʤʥʦʞʝʩʪʚʝʥʥʳʭ, ʢʘʥʦʥʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝ-

ʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʬʘʢʪʦʨʥʦʛʦ ʠ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥ ʠʟʫʯʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ, ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ, ʥʝʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ). ʉʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʬʘʢʪʦʨʥʳʡ ʠ 

ʢʘʥʦʥʠʯʝʩʢʠʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦ-

ʣʝʝ ʛʣʫʙʦʢʫʶ ʠ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʝ 

ʩʠʩʪʝʤʥʦʡ ʨʝʘʢʮʠʠ ʉʄʂ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʘʥʘʣʠʟʝ ʤʘʪʨʠʮʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʟ̫ʝʡ 

ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʉʄʂ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʝʝ ʚ 

ʫʜʦʙʥʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʦʨʤʝ. ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʠʣʝ ʠʭ ʚʥʫʪʨʝʥʥʝʡ (ʬʘʢʪʦʨʥʳʡ 

ʘʥʘʣʠʟ) ʠʣʠ ʚʥʝʰʥʝʡ (ʢʘʥʦʥʠʯʝʩʢʠʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ) 

ʩʚʷʟʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʠ ʦʧʠʩʘʥʠʝ ʧʨʠʯʠʥ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʳʷʚʣʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʠʥʪʝʛʨʘʣʴʥʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʥʦʡ ʨʝʘʢʮʠʠ ʉʄʂ.  

ʌʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʚ ʠʥʪʝʛʨʘʣʴʥʳʝ 

çʙʣʦʢʠè - ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ - ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʤʝʞ-

ʜʫ ʩʦʙʦʡ ʧʝʨʚʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ɸʥʘʣʠʟ ʢʘʞʜʦʛʦ ʠʟ çʙʣʦʢʦʚè 

(ʥʘʟʳʚʘʝʤʳʭ ʣʘʪʝʥʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ) ʜʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʠʩʢʘ ʧʝʨʚʦʧʨʠʯʠʥ ʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʚʠʯʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʟʘ ʢʦʪʦʨʳʤʠ ʩʪʦʷʪ ʤʝʭʘʥʠʟʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʉʄʂ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝ-

ʥʠʝ ʩʦʢʨʘʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥ-
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ʩʪʚʝ ʧʝʨʚʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʯʪʦ ʚʢʣʶʯʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʚrʯʠʩʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʜʣʷ ʚʩʝʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʝʸ ʧʨʦʚʝʨʢʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ; ʚʳʜʝʣʝʥʠʝ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ; ʚʨʘʱʝʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩ ʮʝʣʴʶ 

ʦʙʣʝʛʯʝʥʠʷ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʪʝʨʤʠʥʘʭ ʠʩʭʦʜʥʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ; ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʝʜ-

ʤʝʪʥʳʭ ʪʝʨʤʠʥʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʚʦʨʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʷ, ʦʙʳʯʥʦ ʪʨʝʙʫʶʱʝʡ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ï ʵʢʩʧʝʨʪʦʚ 

ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʠʣʠ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʧʝʨʘʮʠʦʥʥʳʤ ʵʪʘʧʦʤ ʜʣʷ 

ʤʝʪʦʜʦʚ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ, ʨʝʛʨʝʩʩʠʠ, ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʷʭ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʘʜʝʢ-

ʚʘʪʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʩʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʧʨʘʢʪʠʯʝ-

ʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ: ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʳ ʦʪ ʚʥʝʜʨʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ 

ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʆɺɸʃɽɺ ʉ.ɺ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ ʢʦʥʪʨʦʣʣʠʥʛʘ// ʌʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʠʥʬʦʨ-

ʤʘʪʠʢʠ ʠ ʵʢʦʥʦʤʠʢʠ: ʅʘʫʯʥʳʝ ʪʨʫʜʳ X ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘ-

ʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ.-2007.ï ʉ 207-213.  

2. ʏɽʈʅʓʐɽɺ ʉ.ʃ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʭ ʨʘʟʚʠʪʠʷ. ï ʄ.: ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ.ʕ. 

ɹʘʫʤʘʥʘ, 2003. ï 232 ʩ. 
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ɸʃɻʆʈʀʊʄ ʆʇʊʀʄʀɿɸʎʀʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ 

ʆʇɽʈɸʊʆʈɸ ʄʆɹʀʃʔʅʆʁ ʉɺʗɿʀ ʉ ɼʈʋɻʀʄʀ 

ʋʏɸʉʊʅʀʂɸʄʀ ʈʓʅʂɸ ʇʈʀ ʈɸɺʅʆɺɽʉʀʀ ʅʕʐɸ 

ʂʦʨʝʝʚʘ ɽ. ɹ. 

(ɻʆʋ ɺʇʆ ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ) 
k-blinova@yandex.ru 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʚʝʜʝʥʠʷ ʬʠʨʤ 

ʥʘ ʦʣʠʛʦʧʦʣʠʩʪʠʯʝʩʢʠʭ ʨʳʥʢʘʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʚʥʦʚʝʩʠʠ ʅʵʰʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʣʠʛʦʧʦʣʠʷ, ʤʦʙʠʣʴʥʳʡ, ʦʧʝʨʘʪʦʨ, ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ, ʨʘʚʥʦʚʝʩʠʝ. 

ɺʚʝʜʝʥʠʝ 

ʆʣʠʛʦʧʦʣʠʩʪʠʯʝʩʢʠʝ ʠʛʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʥʝʙʦʣʴ-

ʰʦʛʦ ʯʠʩʣʘ ʬʠʨʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ ʠʛʨʦʢʠ, ʩʪʨʝʤʣʝʥʠʝ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʢ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʠʙʳʣʠ ʠ ʦʩʦʟʥʘʥʠʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʝʛʦ ʚʳʠʛʨʳʰʘ ʦʪ ʧʦʚʝʜʝʥʠʷ ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ [3]. 

ʆʣʠʛʦʧʦʣʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʳʥʢʘ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʉʘ-

ʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ, ʧʨʠʚʝʜʸʥʥʤrʠ ʥʘ 

ʨʠʩʫʥʢʝ 1 (HHI>1800). 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʚʥʦʚʝʩʥʳʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʣʠʛʦʧʦ-

ʣʠʩʪʦʚ [1], ʬʦʨʤʠʨʫʶʱʠʝ ʚʳʙʦʨ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ: 

¶ ʙʝʟ ʫʯʸʪʘ ʚʟʘʠʤʦʨʘʩʯʸʪʦʚ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʘʤʠ: 

(1) ( )
ý
ü
û

í
ì
ë

+Ö-Öù
ú

ø
é
ê

è
ä
=
ä
=

Ö-= idiQiciQ
i

K

k

k
iQbaiʇ

4

1 1
maxmax , 

ʛʜʝ a - ʮʝʥʘ ʦʪʩʫʪʩʪʚʠʷ ʩʧʨʦʩʘ, b - ʪʝʤʧ ʩʥʠʞʝʥʠʷ ʮʝʥʳ, iñ  - 

ʧʝʨʝʤʝʥʥʳʝ ʠʟʜʝʨʞʢʠ, di - ʧʦʩʪʦʷʥʥʳʝ ʠʟʜʝʨʞʢʠ i-ʛʦ ʦʧʝʨʘʪʦʨʘ, 

Qi - ʦʙʱʠʡ ʦʙʲʸʤ ʪʨʘʬʠʢʘ i-ʛʦ ʦʧʝʨʘʪʦʨʘ, Qi
k
  - ʦʙʲʸʤ ʪʨʘʬʠʢʘ i-

ʛʦ ʦʧʝʨʘʪʦʨʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ k -ʛʦ ʚʠʜʘ ʫʩʣʫʛ ʩʚʷʟʠ. 

¶ ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʦʨʘʩʯʸʪʦʚ ʦʧʝʨʘʪʦʨʦʚ ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ 

ʘʙʦʥʝʥʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʝʪʷʤ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʪʦʨʦʚ: 
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(2) 
î
ý

î
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û

î
í

î
ì

ë

ÖÖ+ÖÖ-= ä
¸
=

4

,1

max
~

max

ij
j

jjiiii QQʇʇ baba , 

ʛʜʝ iÏ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1); ib - ʜʦʣʷ ʚʥʝʰʥʝʛʦ ʪʨʘ-

ʬʠʢʘ i-ʛʦ ʦʧʝʨʘʪʦʨʘ, a - ʮʝʥʘ ʟʘ ʤʠʥʫʪʫ ʪʨʘʬʠʢʘ i-ʛʦ ʦʧʝʨʘʪʦʨʘ 

ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ ʩ ʘʙʦʥʝʥʪʦʤ ʩʝʪʠ j-ʛʦ ʦʧʝʨʘʪʦʨʘ. 
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ʈʠʩ. 1. ɿʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʍʝʨʬʠʥʜʘʣʷ ï ʍʠʨʰʤʘʥʘ (HHI) ʜʣʷ 

ʨʳʥʢʘ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ 2003-2008 ʛʛ. 

1. ʉʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ  

ɼʣʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʦʜʝʣʝʡ ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʧʝʨʘʪʦʨʘ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ [2]: 

1. ɸʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ. 

(3) { }ninmmM ii ...,,2,1;1...,,2,1,0 =-== , 

ʛʜʝ im  ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʘʨʠʘʮʠʡ i-ʛʦ ʦʧʝʨʘʪʦʨʘ. 

2. ɺr ʙʦʨ ʫʯʘʩʪʥʠʢʘ, ʠʤʝʶʱʝʛʦ ʧʨʘʚʦ ʧʝʨʚʦʛʦ ʭʦʜʘ. 

3. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ. 

(4) { }nimM iopt ...,,1, == *
. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʥɹʳʡ 

ʥʘʙʦʨ ʩʪʨʘʪʝʛʠʡ ʦʧʝʨʘʪʦʨʦʚ, ʤʘʢʩʠʤʠʟʠʨʫʶʱʠʡ ʧʨʠʙʳʣʴ ʫʯʘ-

ʩʪʥʠʢʦʚ ʨʳʥʢʘ ʧʨʠ ʣʶʙʦʤ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʨʳʥʢʘ.  
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2. ɸʥʘʣʠʟ ʩʭʦʜʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʘ 

ɸʥʘʣʠʟʠʨʫʷ ʩʭʦʜʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠ̫ ʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʨʝʬʣʝʢʩʠʠ, ʟʘʤʝʪʠʤ, ʯʪʦ ʨʘʚʥʦʚʝʩʠʝ ʅʵʰʘ 

ʥʘʩʪʫʧʠʪ, ʝʩʣʠ ʚʩʝ ʦʧʝʨʘʪʦʨʳ ʚʳʙʝʨʫʪ ʥʝ ʭʫʜʰʫʶ ʩʪʨʘʪʝʛʠʶ [3]. 

ʉʦʙʳʪʠʝ B, ʩʦʩʪʦʷʱʝʝ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʨʳʥʢʘ ʚʳ-

ʙʨʘʣʠ ʣʶʙʫʶ, ʢʨʦʤʝ ʭʫʜʰʝʡ, ʩʪʨʘʪʝʛʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʩʦʙʳʪʠʝ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ, ʢʦʛʜʘ ʭʦʪʷ 

ʙʳ ʦʜʠʥ ʠʟ ʦʣʠʛʦʧʦʣʠʩʪʦʚ ʚʳʙʨʘʣ ʭʫʜʰʫʶ ʩʪʨʘʪʝʛʠʶ, ʪ. ʝ. 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʅʵʰʫ ʚʯrʠʩʣʷʝʪʩʷ ʪʘʢ 

(5) )(BF = ö
÷

õ
æ
ç

å
- ä

=

n

i
iBF

1

1 =
nn

nnn

)12(

)12(2 1

-

-Ö -

, 

ʛʜʝ n ï ʯʠʩʣʦ ʫʯʘʩʪʥʠʢʦʚ ʦʣʠʛʦʧʦʣʠʩʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ. 

ʅʘ ʨʠʩ. 2. ʦʪʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʅʵʰʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ ʦʣʠʛʦʧʦʣʠʩʪʠʯʝʩʢʦ-

ʛʦ ʨʳʥʢʘ. ɼʣʷ ʨʳʥʢʘ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʅʵʰʘ ʩʦʩʪʘʚʣʷʝʪ 76%. 
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1 

1 2 3 4 5 6 7 8 9 

ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ 

F(B) 

 
ʈʠʩ. 2. ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʅʵʰʫ 

3. ɸʧʨʦʙʘʮʠʷ ʘʣʛʦʨʠʪʤʘ 

ʅʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘ-

ʪʦʨʘ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ - ʆɸʆ çʉʄɸʈʊʉè ʩ 

ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ 

ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʠ ʨʘʩʯʝʪ ʧʣʘʥʠʨʫʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʸʪʥʳʭ (ʨ. ʟ.) ʠ ʬʘʢʪʠʯʝʩʢʠʭ (ʬ. ʟ.) 

ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ  

ʩʦʩʪʦʷʥʠʷ ʆɸʆ çʉʄɸʈʊʉè 

ɻʦʜ 
ɺʝʢʪʦʨ 

M  

ʎʝʥʘ, ʨʫʙ. ʊʨʘʬʠʢ, ʤʠʥ. ʇʨʠʙʳʣʴ, ʨʫʙ. 

ʨ. ʟ. ʬ. ʟ. ʨ. ʟ. ʬ. ʟ. ʨ. ʟ. ʬ. ʟ. 

2004 { }0,0,0,0  0,78 0,79 78Ā10
6
 74Ā10

6
 62Ā10

6
 60Ā10

6
 

2005 { }0,0,0,1  0,65 0,64 65Ā10
6
 61Ā10

6
 42Ā10

6
 40Ā10

6
 

2006 { }0,0,1,1  0,56 0,57 56Ā10
6
 32Ā10

6
 31Ā10

6
 28Ā10

6
 

2007 { }0,1,1,1  0,49 0,49 48Ā10
6
 24Ā10

6
 22Ā10

6
 17Ā10

6
 

2008 { }1,1,1,1  0,43 - 86Ā10
6
 - 31Ā10

6
 - 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʚʳʨʘʟʠʚʰʝʛʦʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʪʨʘʬʠʢʘ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤ ʨʦʩʪʝ ʧʨʠʙʣrʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻɽʈɸʉʔʂʀʅ ʄ.ʀ. ʉʦʛʣʘʩʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ 

ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʄ.: ʀʇʋ ʈɸʅ, ʀʟʜʘʪʝʣʴʩʪʚʦ 

çɸʥʢʦè, 2005. ï 293 ʩ. 

2. ɻɽʈɸʉʔʂʀʅ ʄ.ʀ., ʂʆʈɽɽɺɸ ɽ.ɹ., ʂʋɿʅɽʎʆɺ ɸ.ɺ. ʄʦʜʝʣʠ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ ʘʛʝʥʪʦʚ ʥʘ ʨʳʥʢʝ ʩʦ-

ʪʦʚʦʡ ʩʚʷʟʠ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ. / ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ 

ʈʦʩʪʦʚʩʢʦʛʦ ʛʦʩ. ʫʥ-ʪʘ. ʊ. 6, ˉ4, ʯ.2. 2008. ˉ84. ʉ. 278-285. 

3. ʅʆɺʀʂʆɺ ɼ.ɸ., ʏʍɸʈʊʀʐɺʀʃʀ ɸ.ɻ. ʈʝʬʣʝʢʩʠʚʥʳʝ 

ʠʛʨʳ. ʄ.: ʉʀʅʊɽɻ, 2003. ï 149 ʩ. 
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ɺʃʀʗʅʀɽ ʈɽʌʃɽʂʉʀɺʅʓʍ ɸɻɽʅʊʆɺ  

ʅɸ ʊʈɸʅʉʇʆʈʊʅʓʁ ʇʆʊʆʂ 

ʂʦʨʝʧʘʥʦʚ ɺ.ʆ. 

(ʀʇʋ ʈɸʅ, ʄʦʩʢʚʘ) 
kvsevolodo@mail.ru 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʝʬʣʝʢʩʠʚʥʳʭ ʘʛʝʥʪʦʚ 

ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʥʘ ʩʠʪʫʘʮʠʶ ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʧʦ ɺʘʨʜʨʦʧʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʪʦʢʝ. ʅʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʠ 

ʧʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʫʨʘʚʥʦʚʝʰʠ-

ʚʘʥʠʷ ʩʠʪʫʘʮʠʠ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʬʣʝʢʩʠʷ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ, ʘʢʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ. 

ɺʚʝʜʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʠʟ ʟʜʘʥʠʷ. ɼʘʥʦ ʟʜʘʥʠʝ 

ʩ ʚʳʭʦʜʘʤʠ ʠ ʘʛʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʦʤʝʱʝʥʠʷʭ 

ʟʜʘʥʠʷ. ɿʘʜʘʯʘ ʘʛʝʥʪʦʚ ð ʚʳʡʪʠ ʠʟ ʥʝʛʦ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ 

ʵʪʦ ʝʩʪʴ ʟʘʜʘʯʘ ʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʘʭ: ʜʘʥ ʚʟʚʝʰʝʥʥʳʡ ʛʨʘʬ, 

ʜʘʥ ʥʘʙʦʨ ʧʘʨ ʚʝʨʰʠʥ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʠʩʪʦʢ ʠ ʩʪʦʢ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʧʦʪʦʢʦʚ, ʥʘ ʨʝʙʨʘʭ ʛʨʘʬʘ ʥʘʣʦʞʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʠʜʝ 

ʬʫʥʢʮʠʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ɺʘʨʜʨʦʧʘ, ʝʩ-

ʣʠ ʚʨʝʤʷ ʚʳʭʦʜʘ ʜʣʷ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʦʜʠʥʘʢʦʚʦ, ʘ 

ʜʣʷ ʚʩʝʭ ʥʝʟʘʥʷʪʳʭ ʤʘʨʰʨʫʪʦʚ ʚʨʝʤʷ ʚʳʭʦʜʘ ʙʦʣʴʰʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʝʬ-

ʣʝʢʩʠʚʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʚʨʝʤʷ ʵʚʘʢʫʘʮʠʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʪʦʢʝ ʚ 

ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʈʝʬʣʝʢʩʠʚʥʳʝ ʘʛʝʥʪʳ ʵʪʦ ʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʜʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʪ.ʝ. ʚ ʦʩʥʦʚʥʦʤ 

ʵʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʨʝʬʣʝʢʩʠʷ, ʥʦ ʢʘʢ ʦʪʤʝʯʝʥʦ ʚ [1] ʩʪʨʘʪʝʛʠʯʝ-

ʩʢʘʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʨʝʬʣʝʢʩʠʷ ʨʝʜʢʦ ʢʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʦʪʜʝʣʴʥʦ. 

mailto:mgoubko@mail.ru
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1. ɹʘʟʦʚʘʷ ʩʠʪʫʘʮʠʷ 

ʇʫʩʪʴ ʟʜʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʠ ʜʚʫʭ ʚʳʭʦʜʦʚ, 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʭ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʚʳʭʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʩʝ ʚʳʭʦʜʷʱʠʝ ʘʛʝʥʪʳ - çʦʙʳʯʥʳʝè, ʨʝʬʣʝʢ-

ʩʠʚʥʳʝ ʘʛʝʥʪʳ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ʨʝʬʣʝʢʩʠʠ (ʈɸ0), ʚʳʭʦʜʷʪ ʧʦ 

ʥʝʢʦʝʤʫ ʚʝʨʦʷʪʥʦʩʪʥʦʤʫ ʟʘʢʦʥʫ ʪʘʢ, ʯʪʦ ʚʨʝʤʷ ʚʭrʦʜʘ ʘʛʝʥʪʦʚ 

ʯʝʨʝʟ ʵʪʠ ʚʳʭʦʜʳ ʨʘʟʣʠʯʘʝʪʩʷ, ʪ.ʝ. ʚ ʜʘʥʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʧʦʪʦʢʝ ʥʝʪ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ɺʘʨʜʨʦʧʫ. 

ɼʘʥʦ N çʦʙʳʯʥʳʭè ʘʛʝʥʪʦʚ. ʌʫʥʢʮʠʷ F1() - ʢʦʣʠʯʝʩʪʚʦ ʚʳ-

ʭʦʜʷʱʠʭ ʚ ʧʝʨʚʳʡ ʚʳʭʦʜ. ʊʦʛʜʘ F2(N)=(N-F1(N)) ï ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʭʦʜʷʱʠʭ ʚʦ ʚʪʦʨʦʡ ʚʳʭʦʜ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘ-

ʯʠ F1,F2 ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʚʦʟʨʘʩʪʘʶʱʠʝ ʬʫʥʢʮʠʠ, ʚʩʝʛʜʘ 

ʤʝʥʴʰʝ ʩʚʦʝʛʦ ʘʨʛʫʤʝʥʪʘ. 

T1(n) ï ʚʨʝʤʷ ʚʳʭʦʜʘ n ʯʝʣʦʚʝʢ ʚ ʧʝʨʚʳʡ ʚʳʭʦʜ, T2(n) ð ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦ ʚʪʦʨʦʡ. 

ʇʫʩʪʴ ʟʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʝʨʥʦ 

(1) ))(())(( 2211 NFTNFT <  

ʪ.ʝ. ʘʛʝʥʪʳ, ʚʳʙʨʘʚʰʠʝ ʧʝʨʚʳʡ ʚʳʭʦʜ ʚʳʭʦʜʷʪ ʙʳʩʪʨʝʝ (ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʠʭ ʤʝʥʴʰʝ, ʯʝʤ ʚʳʙʨʘʚʰʠʭ ʚʪʦʨʦʡ ʚʳʭʦʜ). 

2. ʈʝʬʣʝʢʩʠʚʥʳʝ ʘʛʝʥʪʳ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ 

ɿʘʤʝʥʠʤ N1 ʦʙʳʯʥʳʭ ʘʛʝʥʪʦʚ ʨʝʬʣʝʢʩʠʚʥʳʤʠ ʘʛʝʥʪʘʤʠ 

ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʘʛʝʥʪʳ ï 

ʈɸ0 ʠ ʟʥʘʶʪ ʢʘʢ ʦʥʠ ʩʝʙʷ ʚʝʜʫʪ, ʪ.ʝ. ʧʦʣʫʯʘʶʱʝʝʩʷ ʚ ʠʪʦʛʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʳʭʦʜʘʤ ʠ ʚʨʝʤʷ ʚʳʭʦʜʘ: F1(),F2(), ʊ1(), ʊ2(). 

ʊʦʛʜʘ, ʧʨʠ ʫʩʣʦʚʠʠ (1) ʢʘʞʜʳʡ ʈɸ1 ʙʫʜʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʝʤʫ 

ʚʳʛʦʜʥʝʝ ʠʜʪʠ ʚ ʧʝʨʚʳʡ ʚʳʭʦʜ, ʫʤʝʥʴʰʘʷ ʬʫʥʢʮʠʶ ʧʦʣʝʟʥʦʩʪʠ 

(ʚʨʝʤʷ ʚʳʭʦʜʘ) ʠ ʚʩʝ ʦʥʠ ʚ ʠʪʦʛʝ ʧʦʡʜʫʪ ʚ ʧʝʨʚʳʡ ʚʳʭʦʜ. 

ʌʫʥʢʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʳʭʦʜʷʱʠʭ ʚ ʧʝʨʚʳʡ ʠ ʚʦ ʚʪʦʨʦʡ ʚʳ-

ʭʦʜʳ ʘʛʝʥʪʦʚ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

(2)
)()(),(),(

)(),(

121111112

11111

NNFNNFNNNNANNNA

NNNFNNA

-=---=-=

+-=
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ A1 ʚʦʟʨʘʩʪʘʝʪ, ʘ A2 ʫʙʳʚʘʝʪ ʠ ʩʧʨʘʚʝʜʣʠʚʳ 

ʥʝʨʘʚʝʥʩʪʚʘ 
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(3) 
)),(())0(()0(0)()),((

)0,(())(())(())0,((

22222111

22221111

NNATFTTNTNNAT

NATNFTNFTNAT

===>=

=<=
 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʨʘʬʠʢʠ ʜʦʣʞʥʳ ʧʝʨʝʩʝʯʴʩʷ ʚ ʥʝʢʦʪʦ-

ʨʦʡ ʪʦʯʢʝ N'. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʥʷʪʴ ʫʨʦʚʝʥʴ 

ʘʛʝʥʪʦʚ ʩ 0 ʥʘ 1, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʨʘʚʝʥʩʪʚʘ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ 

ʘʛʝʥʪʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʈɸ1 ʧʨʠ ʚʝʨʥʦʩʪʠ (1) ʚʝʜʫʪ ʩʝʙʷ 

ʢʘʢ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʝ ʥʘ ʧʝʨʚʳʡ ʚʳʭʦʜ. 

3. ʈʝʬʣʝʢʩʠʚʥʳʝ ʘʛʝʥʪʳ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. 

ʇʫʩʪʴ ʩʨʝʜʠ N ʘʛʝʥʪʦʚ ʝʩʪʴ N2 ʨʝʬʣʝʢʩʠʚʥʳʭ ʘʛʝʥʪʦʚ ʚʪʦ-

ʨʦʛʦ ʫʨʦʚʥʷ, N1 ð ʈɸ1, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ð ʈɸ0. 

ʂʘʞʜʳʡ ʈɸ2 ʟʥʘʝʪ (ʩʯʠʪʘʝʪ), ʯʪʦ ʩʨʝʜʠ ʘʛʝʥʪʦʚ ʝʩʪʴ ʨʦʚʥʦ 

N21 ʘʛʝʥʪʦʚ ʈɸ1, ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ð ʈɸ0, ʧʘʨʘʤʝʪʨ N21 ʧʦʢʘ 

ʩʯʠʪʘʝʤ ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʈɸ2. ʂʘʞʜʳʡ ʈɸ2 ʩʧʦʩʦʙʝʥ ʧʨʦʩʯʠʪʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʦʚ ʩ ʨʝʬʣʝʢʩʠʝʡ ʥʠʞʝ ʩʚʦʝʛʦ ʫʨʦʚʥʷ, ʪ.ʝ. ʦʥ 

ʟʥʘʝʪ ʬʫʥʢʮʠʠ A1(),A2(),F1(),F2(),T1(),T2(), ʘ ʪʘʢʞʝ ʪʦʯʢʫ N'. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʘʞʜʳʡ ʈɸ2 ʩʯʠʪʘʝʪ, ʯʪʦ ʚ ʧʝʨʚʳʡ ʚʳʭʦʜ 

ʠʜʫʪ A1(N,N21) ʘʛʝʥʪʦʚ ʠ ʚʦ ʚʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ A2(N,N21) ʠ 

ʪʦʛʜʘ, ʝʩʣʠ N21< N' ʪʦ ʚʩʝ ʈɸ2 ʠʜʫʪ ʚ ʧʝʨʚʳʡ ʚʳʭʦʜ, ʠʥʘʯʝ ʚʦ 

ʚʪʦʨʦʡ. 

ʌʫʥʢʮʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʭʦʜʷʱʠʭ ʣʶʜʝʡ ʯʝʨʝʟ ʚʳʭʦʜʳ 

ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
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ʊʦʛʜʘ ʚʦʟʤʦʞʥʳ 3 ʩʠʪʫʘʮʠʠ. ʇʝʨʚʘʷ, ʢʦʛʜʘ N1<N' ð ʥʝ-

ʭʚʘʪʢʘ ʈɸ1, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ (N'-N1) ʈɸ2 ʯʪʦʙʳ ʫʨʘʚ-

ʥʦʚʝʩʠʪʴ ʚʨʝʤʷ ʚʳʭʦʜʘ, ʈɸ2 ʧʦʡʜʫʪ ʚ ʧʝʨʚʳʡ ʚʳʭʦʜ ʢʘʢ ʠ ʈɸ1. 

ɺʪʦʨʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ (N1>N') ʠ (T1(N1)<T2(N-N1)) ð ʥʝʢʨʠʪʠ-

ʯʝʩʢʠʡ ʧʝʨʝʙʦʨ ʈɸ1, ʪʦʛʜʘ ʜʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʚʨʝʤʸʥ ʚrʭʦʜʘ 

ʥʝʦʙʭʦʜʠʤʦ M ʈɸ2, ʢʦʪʦʨʳʝ ʧʦʡʜʫʪ ʚʦ ʚʪʦʨʦʡ ʚʳʭʦʜ. ʄ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ: 
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(5) ))(())(( 1221111 MMNNFTNMNNFT +--=+--  

ʊʨʝʪʴ̫  ʩʠʪʫʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʛʜʘ (N1>N') ʠ 

(T1(N1)>T2(N-N1)) ð ʢʨʠʪʠʯʝʩʢʠʡ ʧʝʨʝʙʦʨ ʈɸ1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʫʨʘʚʥʦʚʝʩʠʪʴ ʚʨʝʤʷ ʥʝ ʧʦʣʫʯʠʪʩʷ, ʤʦʞʥʦ ʣʠʰʴ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʠʪʴ ʨʘʟʣʠʯʠʝ ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʚʩʝ N-N1 ʈɸ2 

ʧʦʡʜʫʪ ʚʦ ʚʪʦʨʦʡ ʚʳʭʦʜ, ʪʦʛʜʘ ʢʘʢ ʈɸ1 ʠʜʫʪ ʚ ʧʝʨʚʳʡ. 

4. ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʨʝʬʣʝʢʩʠʚʥʳʝ ʘʛʝʥʪʳ ʟʘʚʠʩʠʤʳ ʦʪ ʘʛʝʥ-

ʪʦʚ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ (ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ) ʠ ʥʝ ʠʤʝʶʪ ʥʠʢʘʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʙʝ ʧʦʜʦʙʥʳʭ, ʧʦʵʪʦʤʫ ʚʝʜʫʪ ʩʝʙʷ ʘʙʩʦʣʶʪʥʦ 

ʦʜʠʥʘʢʦʚʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʝ ʤʦʛʫʪ ʚʳʙʨʘʪʴ ʨʘʚʥʦʚʝʩʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʥʝ ʚʦʟʥʠʢʘʝʪ ʠʛʨʦʚʦʡ ʩʠʪʫʘʮʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʥʝʢʦʝ ʦʙʱʝʝ ʟʥʘʥʠʝ ʜʨʫʛ ʦ ʜʨʫʛʝ. 

ɼʨʫʛʠʤ ʚʦʟʤʦʞʥʳʤ ʦʙʦʙʱʝʥʠʝʤ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʷʚʣʷʝʪ-

ʩʷ ʦʪʢʘʟ ʦʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʘʨʘʤʝʪʨʝ N21, ʪ.ʝ. ʦʙ ʠʥʬʦʨʤʠʨʦ-

ʚʘʥʥʦʩʪʠ ʘʛʝʥʪʦʚ, ʢʘʢ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʈɸ2. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʪʘʢ 

ʢʘʢ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʧʦʣʥʦʩʪʴʶ ʫʧʨʘʚʣʷʝʪ ʧʦʚʝʜʝʥʠʝʤ ʈɸ2, ʤʦʞ-

ʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʈɸ2 ʧʦʜʝʣʠʪʴ ʠʭ ʥʘ ʪʘʢʠʝ ʯʘʩʪʠ, 

ʯʪʦ ʚʨʝʤʷ ʵʚʘʢʫʘʮʠʠ ʚ ʦʙʘ ʚʳʭʦʜʘ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʨʝʬʣʝʢʩʠʚʥʳʭ ʘʛʝʥʪʦʚ ʤʦʞʥʦ 

ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʩʠʪʫʘʮʠʶ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʪʦʢʝ. ʅʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚ ʢʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʘ ʚ ʢʘʢʠʭ ʥʝʪ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʅʆɺʀʂʆɺ ɼ.ɸ., ʏʍɸʈʊʀʐɺʀʃʀ ɸ.ɻ. ʈʝʬʣʝʢʩʠʚʥʳʝ 

ʠʛʨ .r ï ʄ.: ʉʀʅʊɽɻ, 2003. ï 149 ʩ. 



 126 

ʇʆɺʓʐɽʅʀɽ ʋʇʈɸɺʃʗɽʄʆʉʊʀ ʆʈɻɸʅʀɿɸʎʀʀ 

ʂɸʂ ʉʆʎʀɸʃʔʅʆ-ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

ʂʫʣʠʢʦʚ ɺ.ɻ., ʈr ʙʘʣʢʠʥʘ ɿ.ʄ. 

(ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ) 
zarina11max@rambler.ru 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʜʝʣʦʚʦʡ ʢʫʣʴʪʫʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʢʫʣʴʪ ʫʧʨʘʚ-

ʣʷʝʤʦʩʪʠ. ʉʪʨʘʭ ʧʝʨʝʜ ʝʝ ʧʦʪʝʨʝʡ ʠ ʜʘʞʝ ʩʥʠʞʝʥʠʝʤ ʧʝʨʝʩʠ-

ʣʠʚʘʝʪ ʚʩʝ. ɺ ʯʝʤ ʞʝ ʧʨʠʯʠʥʘ ʵʪʦʛʦ? 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʧʨʠʯʠʥʳ ʠ ʬʘʢʪʦʨʳ ʩʥʠ-

ʞʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ.  

 

ʋʧʨʘʚʣʝʥʠʝ ʩʝʛʦʜʥʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʘʞʥʝʡʰʠʡ ʠʥʩʪ-

ʨʫʤʝʥʪ ʫʩʧʝʥhʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʥɹʦʡ 

ʩʠʩʪʝʤʳ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ ï ʦʪ ʬʠʨʤʳ ʜʦ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʦʙʲʝʜʠʥʝʥʠʷ. ʇʨʠ ʪʘʢʦʤ ʧʦʥʠʤʘʥʠʠ ʟʥʘʯʠʤʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʚʝʡʰʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʮʘ ï ʧʦʩʪʦ̫ ʥʥʳʡ ʧʦʠʩʢ ʬʘʢʪʦʨʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʫʧʨʘʚʣʷʶɦʝʡ ʧʦʜʩʠʩʪʝʤʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʜʦʩʪʠʞʝ-

ʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʋʧʨʘʚʣʷʝʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ï ʵʪʦ ʩʪʝʧʝʥʴ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʘ-

ʛʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʡ ʧʦʜʩʠʩʪʝʤʳ ʥʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝ-

ʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʫʧʨʘʚʣʷʶʱʝʡ ʧʦʜʩʠʩʪʝʤʦʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʨʛʘ-

ʥʠʟʘʮʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ 15-ʪʠ ʧʨʝʜʧʨʠ̫ ʪʠʷʭ ʛ. 

ʇʝʥʟʳ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠʩʧʦʣʟɹʦʚʘʣʩʷ 

ʧʦʢʘʟʘʪʝʣʴ, ʫʯʠʪʚrʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥ-

ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʉʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʜʦʢʫʤʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʜʦʢʫ-

ʤʝʥʪʦʚ, ʬʠʢʩʠʨʫʶʱʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʪʝʢʩʪʳ ʧʨʠʢʘʟʦʚ, ʨʘʩʧʦʨʷʞʝʥʠʡ, ʢʘʣʝʥʜʘʨʥʳʭ ʧʣʘʥʦʚ 
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ʨʘʙʦʪ ʠ ʧʣʘʥʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ 

(ʧʣʘʥʳ ʆʊʄ), ʧʨʠʥʪ̫ʳʝ ʥʘ ʫʨʦʚʥʝ ʚʩʝʛʦ ʧʨʝʜʧʨʠ̫ʪʠʷ ʟʘ 3 ʛʦʜʘ 

(2005ï2007 ʛʛ.). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʪʘʢʦʚʳ. ɺ ʚʳʙʦʨʦʯʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʰʣʠ 110 ʠʟʜʘʥʥʳʭ 

ʨʝʰʝʥʠʡ, ʚ ʪ.ʯ. 29 ʧʨʠʢʘʟʦʚ, 17 ʨʘʩʧʦʨʷʞʝʥʠʡ, 64 ʧʫʥʢʪʘ ʧʣʘʥʦʚ 

ʆʊʄ. ɿʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʝʜʠʥʠʮʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʟʘʜʘʥʠʝ, ʩʦʩʪʘʚʣʷʶʱʝʝ ʧʨʠʢʘʟ, ʨʘʩʧʦʨʷʞʝʥʠʝ, 

ʧʣʘʥ ʆʊʄ: çʦʜʥʦ ʟʘʜʘʥʠʝ ʦʜʥʦʤʫ ʣʠʮʫè. ɺ ʧʨʠʥʪ̫ʳʭ ʨʝʰʝʥʠʷʭ 

ʦʢʘʟʘʣʦʩʴ 283 ʟʘʜʘʥʠʷ. ʆʮʝʥʢʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʦʩʫʱʝʩʪʚ-

ʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʯʝʪʦʚ ʠ ʤʥʝʥʠʡ 

ʵʢʩʧʝʨʪʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʩʦʩʪʘʚʠʣ 43,8 %, ʚ ʪ.ʯ. ʧʦ ʧʨʠʢʘʟʘʤ ï 23,1 %, ʧʦ ʨʘʩʧʦʨʷ-

ʞʝʥʠʷʤ ï 73,1 %, ʧʦ ʧʣʘʥʘʤ ʆʊʄ ï 81,4 %.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʠ ʬʘʢʪʦʨʦʚ ʥʝʠʩʧʦʣʥʝʥʠʷ ʨʝʰʝʥʠʡ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʙʦ-

ʨʦʯʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ: ʆʆʆ çʄʘʪʠʩè, ʆʆʆ çʊʨʝʩʪɾʠʣʉʪʨʦʡè, 

ʆʆʆ çʈʉʋ ʉʧʝʮʨʘʙʦʪʘè, ʆʆʆ ʌʇɻ çɼʦʙʨʦʜʦʤè, ʆʆʆ çʉʪʨʦʡ-

ʟʘʢʘʟʯʠʢè, ʆʆʆ çʃʠʟʠʥʢʦʤè, ʆʆʆ çʇʝʥʟʝʥʩʢʘʷ ʉʪʨʦʠʪʝʣʴʥʘʷ 

ʂʦʤʧʘʥʠʷè, ʆʆʆ çʅʦʚʦʪʝʭè, ʆʆʆ çʋʶʪʉʝʨʚʠʩè, ʆʆʆ çʇʝʥʟʘ-

ʩʪʨʦʡʢʦʥʪʨʘʢʪè, ʆʆʆ çʇʝʥʟʘʩʪʨʦʡʤʦʥʪʘʞè, ʆʆʆ çʂʦʤʧʘʥʠʷ 

ʊʨʠʧʣʘʥè, ɿɸʆ çʇʨʦʬʠʣʴè, ʆɸʆ çʇʝʥʟʘʩʪʨʦʡè, ɾʉʂ çʉʦʜʝʡ-

ʩʪʚʠʝè. ʀʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʳ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦ-

ʩʪʴʶ ʟʘʥʷʪʳʭ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʧʨʦʰʝʥ 321 ʯʝʣʦʚʝʢ. ʇʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʘʥʢʝʪʥʦʛʦ ʦʧʨʦʩʘ ʨʝʩʧʦʥʜʝʥʪʦʚ ʵʪʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʙʣrʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʥʝʠʩʧʦʣʥʝʥʠʷ ʨʝʰʝ-

ʥʠʡ ʧʝʨʚʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʠʩʧʦʣʥʠʪʝʣʴʩʢʘʷ ʜʠʩʮʠʧʣʠʥʘ (60 %), 

ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʨʦʢʘʤ ʚ ʩʘʤʠʭ ʨʝʰʝʥʠʷʭ (25 %) ʠ 

ʥʘ ʧʦʩʣʝʜʥʝʤ ʤʝʩʪʝ ʦʢʘʟʘʣʠʩʴ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

(15 %). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʥʝʥʠʷ ʚ ʜʘʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ.  

ʅʘ ʢʘʞʜʫʶ ʧʨʠʯʠʥʫ ʥʝʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʚʣʠʷʶʪ ʦʧʨʝʜʝ-

ʣʝʥʥʳʝ ʬʘʢʪʦʨʳ. ɺʣʘʜʝʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʘʭ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʠʯʠʥʳ ʥʝʠʩʧʦʣʥʝʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝh ʝʥʠʡ, 
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ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʶ ʚʣʠʷʥʠʷ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ.  

ɺʩʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ 

ʥʝʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʪʨʠ ʦʩʥʦʚ-

ʥʳʝ ʛʨʫʧʧʳ: ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ ʨʫʢʦʚʦʜʠʪʝʣʷ, ʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʳʡ ʧʨʦʮʝʩʩ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʊʝʩʥʦʪʘ ʩʚʷʟʠ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ʩ ʫʨʦʚʥʝʤ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨ-

ʤʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝ-

ʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ:  

¶ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ ʫʧʨʘʚʣʝʥʮʝʚ ï 0,569; 

¶ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ï 0,832; 

¶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ï 0,751. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʠʤʝʶʱʘʷ ʤʝ-

ʩʪʦ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʧʨʠʟʥʘʢʦʤ, ʷʚʣʝ̫ʪʩʷ 

ʪʝʩʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʜʝʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʟʥʘʯʠʤʳ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. 

ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʥʝʫʧʨʘʚʣʷʝʤʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʥʘʧʨʘʚ-

ʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

¶ ʧʦʩʪʨʦʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ; 

¶ ʧʦʚʳʰʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʨʫʢʦʚʦʜʠʪʝʣʝʡ. 

ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ (ʪʘʙʣ. 1).  

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 1. ʄʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ  

ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʇ
ʨʦ
ʙ
ʣ
ʝ
ʤ
ʳ
 
ʫ
ʧ

-
ʨ
ʘʚʣ
ʷ
ʝ
ʤ
ʦ
ʩ
ʪ
ʠ

 

ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ 
ʥʝʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʄʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ 
ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʅʘʧʨʘʚʣʝʥ. 
ʚʦʟʜʝʡʩʪʚʠʷ 
ʜʣʷ ʧʦʚʳ-
ʰʝʥ.ʫʨʦʚʥʷ 
ʫʧʨʘʚʣʷʝʤʦʩ-

ʪʠ 

ʀ
ʩ
ʧ
ʦ
ʣ
ʥ
ʠʪ
ʝ
ʣ
ʴ
ʩ
ʢ
ʘ
ʷ
 

 
ʜ
ʠ
ʩ
ʮ
ʠ

ʧ
ʣ
ʠ
ʥ
ʘ

 

ï ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʢʚʘʣʠʬʠ-
ʢʘʮʠʷ ʠʩʧʦʣʥʠʪʝʣʝʡ 
ï ʅʝʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠʩʧʦʣ-
ʥʠʪʝʣʝʡ 
ï ʅʝʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣ-
ʥʠʪʝʣʝʡ 
ï ʇʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦ-
ʨʦʥʳ ʠʩʧʦʣʥʠʪʝʣʝʡ 

ï ɹʦʣʝʝ ʯʝʪʢʘʷ ʠ ʪʦʯʥʘʷ 
ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ 
ï ʇʦʚʳʰʝʥʠʝ ʯʫʚʩʪʚʘ  
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʫ ʨʘʙʦʪ-
ʥʠʢʦʚ 
ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ 
ʞʝʩʪʢʦʛʦ ʩʪʠʣʷ ʨʫʢʦ-
ʚʦʜʩʪʚʘ 

ɺʩʝ ʧʝʨʝʯʠʩ-
ʣʝʥʥʳʝ ʤʝʨʳ 
ʧʦ ʫʩʪʨʘʥʝ-
ʥʠʶ ʚʦʟ-
ʤʦʞʥʳʭ 
ʧʨʠʯʠʥ 
ʥʝʠʩʧʦʣʥʝ-
ʥʠʷ ʨʝʰʝʥʠʡ 
ʤʦʞʥʦ 
ʦʙʝ̡ʜʠʥʠʪʴ ʚ 
ʪʨʠ ʦʩʥʦʚ-
ʥʳʝ ʛʨʫʧʧʳ: 
1) ʧʦʚʳʰʝʥʠ
ʝ ʧʨʦʬʝʩ-
ʩʠʦʥʘʣʠʟʤʘ 
ʫʧʨʘʚ-
ʣʝʥʯʝʩʢʠʭ 
ʢʘʜʨʦʚ; 
2) ʬʦʨʤʠʨʦʚ
ʘʥʠʝ ʵʬ-
ʬʝʢʪʠʚʥʦʛʦ 
ʢʦʤʤʫʥʠ-
ʢʘʮʠʦʥʥʦʛʦ 
ʧʨʦʮʝʩʩʘ; 
3) ʧʦʩʪʨʦʝʥʠ
ʝ ʨʘʮʠʦ-
ʥʘʣʴʥʦʡ 
ʦʨʛʘʥʠʟʘ-
ʮʠʦʥʥʦʡ 
ʩʪʨʫʢʪʫʨʳ 
ʫʧʨʘʚʣʝʥʠʷ 

ʇ
ʦ
ʨ
ʦ
ʢ
ʠ
 
ʨ
ʝ
ʰ

ʝʥ
ʠ
ʡ 

ï ʀʛʥʦʨʠʨ. ʨʫʢʦʚʦʜʠʪʝʣʝʤ 
ʥʝʦʙʭʦʜʠʤ. ʫʩʣʦʚʠʡ ʜʣʷ 
ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ 
ï ʅʝʨʝʘʣʴʥʳʝ ʩʨʦʢʠ ʜʣʷ 
ʠʩʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ 
ï ʇʝʨʝʛʨʫʞʝʥʥʦʩʪʴ ʠʩʧʦʣ-
ʥʠʪʝʣʷ 
ï ʋʩʣʦʚʥʳʝ ʨʝʰʝʥʠʷ (ʚʳ-
ʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʩʣʦʞʥʦ 
ʧʨʦʚʝʨʠʪʴ) 
ï ʅʝʧʨʦʜʫʤ. ʨʝʰʝʥʠʷ 
ï ʈʝʰʝʥʠʷ, ʥʝ ʫʯʠʪ. ʨʦʜ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʠʩʧʦʣʥʠʪʝʣʷ (ʟʘʜʘʥʠʷ 
çʥʝ ʧʦ ʘʜʨʝʩʫè) 

ï ʇʨʠʤʝʥʝʥʠʝ ʛʨʫʧʧʦʚʳʭ 
ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʫʧʨʘʚ-
ʣʝʥʯʝʩʢʠʭ ʨʝh ʝʥʠʡ (ʚʦʚ-
ʣʝʯʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-
ʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ) 
ï ʋʧʦʨʷʜʦʯʝʥʠʝ ʜʝʡʩʪʚʠʡ 
ʩʦʪʨʫʜʥʠʢʦʚ ʟʘ ʩʯʝʪ ʚʚʝ-
ʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʠʥ-
ʩʪʨʫʢʮʠʡ 
ï ʂʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ 
ʨʝʰʝʥʠʡ (ʚ ʪ.ʯ. ʧʦʵʪʘʧʥʳʡ 
ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ) 
ï ʄʦʪʠʚʘʮʠʷ ʩʦʪʨʫʜʥʠʢʦʚ 
ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ 

ʅ
ʝ
ʧ
ʨ
ʝ
ʜ
ʚ
ʠ

ʜ
ʝ
ʥ
ʥ
ʳ
ʝ
 
ʦ
ʙ
ʩ
ʪ
ʦ
ʷ

-
ʪ
ʝ
ʣɹʩ
ʪ
ʚ
ʘ

 

ï ʅʝʚʳʧʦʣʥʝʥ. ʦʙʷʟʘʪ. 
ʚʥʝʰʥʠʤʠ ʧʦʩʪʘʚɦʠʢʘʤʠ 
ï ʅʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 
ʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʦʜʨʘʟ-
ʜʝʣʝʥʠʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ 
ï ʀʟʤʝʥʝʥ. ʫʩʣʦʚʠʡ ʩʨʝʜ  r
ï ʌʦʨʩ-ʤʘʞʦʨ, ʘʚʘʨʠʠ ʠ 
ʧʦʣʦʤʢʠ 

ï ʐʪʨʘʬʥʳʝ ʜʦʛʦʚʦʨʥʳʝ 
ʩʘʥʢʮʠʠ ʟʘ ʥʝʚʳʧʦʣʥʝʥʠʝ 
ʦʙʷʟʘʪʝʣʴʩʪʚ ʚʥʝʰʥʠʤʠ 
ʧʦʩʪʘʚʱʠʢʘʤʠ 
ï ʇʦʣʫʯʝʥʠʝ ʩʚʦʝʚʨʝʤʝʥ-
ʥʦʡ, ʜʦʩʪʦʚʝʨʥʦʡ ʠ 
ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ï ʈʘʟʨʘʙʦʪ. ʧʨʦʛʨ. ʦʧ-
ʪʠʤʘʣʴʥ. ʢʦʤʤʫʥʠʢʘʮʠʡ 
ï ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʘʥʘʣʠʟ 
ʫʩʣʦʚʠʡ ʚʥʝʥhʝʡ ʩʨʝʜʳ 
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ɼʀɸɻʅʆʉʊʀʂɸ ʂʆʄʇʔʖʊɽʈʅʓʍ ʉɽʊɽʁ ʅɸ 

ʆʉʅʆɺɽ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʄʆɼɽʃɽʁ ʊʈɸʌʀʂɸ ɺ 

ʈɽɾʀʄɽ ʅʆʈʄɸʃʔʅʆɻʆ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ
1
 

ʃʘʧʪʝʚ ʅ.ɺ., ʅʠʢʫʣʴʯʝʚ ɽ.ɺ., ʇʘʷʠʥ ʉ.ɺ.  

(ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʝʯʘʪʠ)  
sadsema@gmail.com, enikulchev@mgup.ru 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ 

ʪʨʘʬʠʢʘ ʚ ʨʝʞʠʤʝ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ, 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ. 

 

ʂʨʫʧʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ, ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʤʥʦʛʦʧʨʦʪʦʢʦʣʴʥʳʤʠ. ʇʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʝʪʠ ʫʩʣʦʞʥʷʝʪʩʷ ʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʜʠʘʛʥʦ-

ʩʪʠʢʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʪʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʩʝʪʠ ʙʝʟ ʠʭ ʘʥʘʣʠʟʘ, ʩʠʛʥʘʣʠʟʘʮʠʶ ʧʨʠ 

ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʦʪʢʘʟʝ ʩʝʨʚʠʩʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʠ-

ʘʛʥʦʩʪʠʢʠ ʨʘʙʦʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʥʝ ʦʪʩʣʝʞʠʚʘʶʪ ʠʟʤʝ-

ʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʨʘʬʠʢʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʚʠʨʫ-

ʩʘʤʠ, ʘʪʘʢʘʤʠ, ʚʚʦʜʦʤ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʬʫʥʢʮʠʡ, ʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʣʠʰʴ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʫʟʢʠʭ ʤʝʩʪ ʚ 

ʩʝʪʠ ʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʪʨʘʬʠʢʘ, ʯʪʦ 

ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʟʨʘ-

ʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ ʜʠʥʘʤʠ ʠʟʤʝ-

ʥʝʥʠʷ ʪʨʘʬʠʢʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʛʨʫʟʢʠ ʢʘ-

ʥʘʣʘ ʩʚʷʟʠ [1], ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

                                                      
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʦ ʛʨʘʥʪʫ ʈʌʌʀ 

(ʧʨʦʝʢʪ ˉ 07-08-00433 ʘ). 
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Cisco 2621

Class 1

Class 2

Class 3

ʠʩʪʦʯʥʠʢ

ʉʝʨʚʝʨ ʫʧʨʘʚʣʝʥʠ̫

Cisco 1601

V=100 Mbit/s V=2 Mbit/s

IP 192.168.2.1IP 10.0.0.2

int S0 int E0int S0/1

IP 10.0.0.1IP 192.168.0.100

int F0/0

IP 192.168.0.50

IP 192.168.0.101

IP 192.168.2.101

IP 192.168.2.11

IP 192.168.2.13

IP 192.168.2.12

  
ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʝʥʜʦʚʦʡ ʤʦʜʝʣʠ ʩʝʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʧʨʘʚʣʝʥʠʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʣʶʙʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʧʨʘʢʪʠʢʝ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʲʝʢʪʦʚ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʘ ʪʦʣʴʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʈʝʞʠʤ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʜʝʢʚʘʪʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʫʧʨʘʚʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʣʫʯʘʝ ʠʭ ʢʘʯʝʩʪʚʝʥ-

ʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʤʦʜʝʣʝʡ. 

ɺ [1] ʥʘ ʧʨʠʤʝʨʝ ʩʝʪʠ ʄɻʋʇ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʩʴ ʪʨʘ-

ʬʠʢ ʩʝʪʠ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʬʨʘʢʪʘʣʴʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥ-

ʥʳʭ ʦ ʟʘʛʨʫʟʢʝ ʀʥʪʝʨʥʝʪ ʢʘʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʤʦʥʠʪʦʨʠʥ-

ʛʘ ʨʘʙʦʪʳ ʩʝʪʠ ʄɻʋʇ ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʪʝʯʝʥʠʠ 

ʛʦʜʘ ʚ ʨʘʙʦʪʝ [2] ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʩʠʤʤʝʪʨʠʡ ʚ ʪʨʘʬʠʢʝ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʚ ʨʝʞʠʤʝ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʤʦʜʝʣʴ ʚʠʜʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʫʧʨʘʚʣʷʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ: 

(1)  
).(

),()()1(

kCy

kkk

x

Axx

=

Y+=+
 

ɿʜʝʩʴ x ð-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʚ ʦʙʣʘʩʪʠ 

ʤʥʦʛʦʦʙʨʘʟʠʷ X; x Í TxX; TxX ð ʢʘʩʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢ X ʚ 

ʪʦʯʢʝ x, ʦʧʨʝʜʝʣʷʝʤʦʡ ʜʦʧʫʩʪʠʤʳʤʠ ʫʧʨʘʚʣʝʥʠʷʤʠ; y ð ʚʳʭʦʜ-

ʥʦʡ ʧʘʨʘʤʝʪʨ (ʪʨʘʬʠʢ), A, C ð ʤʘʪʨʠʮʳ, k =1,2, é. ʌʫʥʢʮʠʷ 

)(kY  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ [3] ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʨʫʧʧ ʩʠʤʤʝʪ-
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ʨʠʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤʫ ʘʪʪʨʘʢʪʦʨʫ. ɼʣʷ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ (1) ʚʳʜʝʣʷʁ ʪʩʷ ʣʦʢʘʣʴʥʳʝ 

ʦʙʣʘʩʪʠ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʙʣʠʟʢʠʝ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ, ʠ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʡ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʢʦʪʦʨʘʷ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʬʠʢʦʚ.  

ɸʥʘʣʠʟ ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʪʨʘʬʠʢʘ ʚ 

ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦ ʨʘʙʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʇʨʠ 

ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢ ʧʨʠʤʝʨʫ, ʚʠʨʫʩʘ ʚʥʫʪʨʠ ʩʝʪʠ, 

ʙʳʣʠ ʟʘʤʝʯʝʥʳ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʨʘʬʠʢʘ. 

ʇʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʩʝʪʠ, ʟʥʘʷ ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʪʨʘʬʠ-

ʢʘ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʬʨʘʢʪʘʣʴʥʦʩʪʠ, ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʚʩʶ ʩʝʪʴ ʥʘ 

ʣʦʛʠʯʝʩʢʠʝ ʩʝʛʤʝʥʪʳ ʠ ʩʣʝʜʷ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ 

ʨʝʘʣʴʥʦʤʫ ʪʨʘʬʠʢʫ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʩʝʪʠ ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʪʨʘʬʠʢʘ ʠ ʝʛʦ ʚʠʜʘ. 

ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʩʝʪʝʡ ʧʨʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇɸʗʀʅ ʉ. ɺ., ʅʀʂʋʃʔʏɽɺ ɽ. ɺ. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʇʨʦʙʣʝʤʳ ʧʦ-

ʣʠʛʨʘʬʠʠ ʠ ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʜʝʣʘ.ð 2008.ð ˉ 6.ð ʉ. 91ï95. 

2. ʂʆɿʃʆɺ ʆ. ɺ. // ɸʚʪʦʨʝʬ. ʜʠʩ.. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.13.17. ï 

ʄ.: ʄɻʋʇ, 2008. 

3. ʅʀʂʋʃʔʏɽɺ ɽ. ɺ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʄʦʥʦʛʨʘʬʠʷ.ï ʄ.: 

ʄɻʋʇ, 2007. 
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ɸʃɻʆʈʀʊʄɸ ɼʀʉʇɽʊʏɽʈɽɿɸʎʀʀ ɿɸɻʈʋɿʂʆʁ 

ʉɽʊʀ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ
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ʃʘʧʪʝʚ ʅ.ɺ., ʅʠʢʫʣʴʯʝʚ ɽ.ɺ., ʇʘʷʠʥ ʉ.ɺ. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʳʜʝʣʝʥʠʶ ʪʠʧʦʚ ʪʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠ-

ʟʘ ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʢʘʥʘʣʘʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʦʡ. ʇʨʦʚʦʜʠʪʩʷ ʤʦʜʠʬʠ-

ʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʪʨʘʬʠʢʘ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʰʠʨʠʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʚʳʜʝʣʷʝʤʦʡ ʢʘʞʜʦʤʫ ʢʣʘʩʩʫ ʪʨʘʬʠʢʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ, ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ, 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ. 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ 

ʫʧʨʘʚʣʝʥʠʶ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʬʨʘʢʪʘʣʴʥʦʩʪʠ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ɺ [1] ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʚʥʝʰʥʝʛʦ 

ʢʘʥʘʣʘ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʛʨʫʟʢʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠ ʦʮʝʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ. ʆʩʦ-

ʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʚʩʝʛʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʪʨʘʬʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʰʠʨʠʥʦʡ ʢʘʥʘʣʦʚ, 

ʚʳʜʝʣʷʝʤʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ. ʆʜʥʘʢʦ ʪʨʘʬʠʢ ʚ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʟʜʝʣʷʣʩʷ ʪʦʣʴʢʦ ʥʘ ʪʨʠ ʚʳʜʝʣʝʥʥʳʭ ʢʣʘʩʩʘ: 

ʩʣʫʞʝʙʥʳʡ, ʧʦʪʦʢʦʚʳʡ ʠ ʢʣʘʩʩʠʯʝʩʢʠʡ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ 

                                                      
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʦ ʛʨʘʥʪʫ ʈʌʌʀ 

(ʧʨʦʝʢʪ ˉ 07-08-00433 ʘ). 
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ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʣʘʩʩʫ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʟʘʛʦ-

ʣʦʚʢʦʚ TCP/UDP ʧʘʢʝʪʦʚ ʠ ʩʦʨʪʠʨʦʚʢʠ ʠʭ ʧʦ ʠʟʚʝʩʪʥʳʤ ʥʦʤʝ-

ʨʘʤ ʧʦʨʪʦʚ, ʘ ʩʪʘʪʠʩʪʠʢʘ ʩʦʙʠʨʘʣʘʩʴ ʩ Loopback ʠʥʪʝʨʬʝʡʩʦʚ ʧʦ 

ʧʨʦʪʦʢʦʣʫ SNMP. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʪʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯ-

ʥʳʭ ʧʦʨʪʦʚ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ. ʇʨʠʤʝʨʦʤ 

ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʶʪʩʷ ʤʝʜʠʘ-ʧʨʦʠʛʨʳʚʘʪʝʣʠ, ʨʘʩʧʦʣʘʛʘʶ-

ʱʠʝʩʷ ʥʘ web-ʩʪʨʘʥʠʮʘʭ, ʪ. ʝ. ʚ ʨʘʤʢʘʭ ʧʨʦʪʦʢʦʣʘ HTTP ʤʦʞʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʦʪʦʢʦʚʦʝ ʘʫʜʠʦ ʠ ʚʠʜʝʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʚʳʜʝʣʝʥʠʷ ʪʠʧʦʚ ʪʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʢʘʥʘʣʘʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʟʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʠ ʨʘʟʚʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ 

ʫʧʨʘʚʣʝʥʠʶ ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʙʠʝʥʠʝ ʚʩʝʛʦ ʪʨʘʬʠʢʘ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ (ʨʘʟʣʠʯʥʳʝ ʧʨʦʪʦʢʦʣʳ ʠ ʧʨʠʣʦʞʝʥʠʷ) ʜʣʷ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (QOS) ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʉʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʚʦ-

ʜʠʣʩʷ ʚ ʩʝʪʠ ʄɻʋʇ, ʦʙʣʘʜʘʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ 

ʙʳʩʪʨʳʤʠ ʤʘʛʠʩʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʩʚʷʟʠ ʩʝʛʤʝʥʪʦʚ, ʥʦ ʠʤʝʁ-

ʱʝʡ ʧʨʦʙʣʝʤʳ ʥʘ ʛʨʘʥʠʯʥʦʡ ʪʦʯʢʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʛʣʦʙʘʣʥɹʦʡ 

ʩʝʪʠ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʎʝʥʪʨʘʣɹʥrʡ

ʤʘʨh ʨʫʪʠʟʘʪʦʨ

ʃʦʢʘʣɹʥʘ̫ ʩʝʪɹ

ʀʥʪʝʨʥʝʪ1 Gbit/s 10 Mbit/s

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʝʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ 

ʚʳʜʝʣʝʥʠʷ ʢʣʘʩʩʦʚ ʪʨʘʬʠʢʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʩ 
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ʚʥʝʰʥʠʤ ʫʟʢʠʤ ʢʘʥʘʣʦʤ ʩʚʷʟʠ ʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʪʨʘʬʠʢʘ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ. 

2. ʄʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠʷ ʪʠʧʦʚ ʪʨʘʬʠʢʘ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʄɻʋʇ. 

ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʧʦʜʢʣʶʯʝʥʠʝ ʩʝʪʠ ʄɻʋʇ ʢ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ cisco 

2851. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ IOS cisco 2851 ʪʝʭʥʦʣʦʛʠʷ Network-Based 

Application Recognition (NBAR) ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʘʟʣʠʯ-

ʥʳʝ ʧʨʦʪʦʢʦʣʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʥʘʠ-

ʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚ ʩʝʪʠ ʄɻʋʇ, ʥʘ ʚʥʝʰ-

ʥʝʤ ʠʥʪʝʨʬʝʡʩʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʙʳʣ ʟʘʧʫʱʝʥ ʤʝʭʘʥʠʟʤ nbar 

protocol-discovery [2], ʚʝʜʫʱʠʡ ʩʙʦʨ ʜʘʥʥʳʭ ʚʭʦʜʷʱʝʛʦ ʠ ʠʩʭʦ-

ʜʷʱʝʛʦ ʪʨʘʬʠʢʘ ʧʦ ʚʩʝʤ ʧʨʦʪʦʢʦʣʘʤ. 

ʅʘ ʦʩʥʦʚʝ ʩʧʠʩʢʘ ʧʨʦʠʟʚʝʜʝʥ ʩʙʦʨ ʜʘʥʥʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ 

SNMP. ʀʩʭʦʜʷ ʠʟ ʦʙʱʝʠʟʚʝʩʪʥʳʭ MIB (Management Information 

Basʝ) [3], ʚʳʷʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ OID ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʪʦʢʦ-

ʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʩʪʘʪʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ 

bit/sec. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘʥʠʤʘʶʪ ʧʨʠʣʦʞʝʥʠʷ HTTP. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʫʶ ʤʝʪʦ-

ʜʠʢʫ ʚʳʜʝʣʝʥʠʷ ʪʠʧʦʚ ʪʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʪʦʢʦʣʦʚ ʠ 

ʧʨʠʣʦʞʝʥʠʡ ʚ ʢʘʥʘʣʘʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʫʧʨʘʚʣʝʥʠʝʤ: 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ Network-Based Application 

Recognition[3], ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

2. ɺʳʜʝʣʝʥʠʝ ʪʠʧʦʚ ʪʨʘʬʠʢʘ, ʠʤʝʶʱʠʭ ʧʫʣʩɹʠʨʫʶʱʠʡ ʚʠʜ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ ʠ ʧʦ ʥʝʦʙʭʦʜʠʤʦʤʫ ʫʨʦʚʥʶ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

3. ɼʝʢʦʤʧʦʟʠʮʠʷ ʟʘʛʦʣʦʚʢʦʚ ʧʨʦʪʦʢʦʣʦʚ ʟʘʥʠʤʘʶʱʠʭ ʟʥʘ-

ʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ ʚr ʜʝ-

ʣʝʥʠʷ ʦʪ ʪʫʜʘ ʪʠʧʦʚ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶ ʘʨʭʠʪʝʢ-

ʪʫʨʦʡ MQC (Modular QoS CLI). 
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4. ʄʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʩʦʚ; 

5. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʠʩʪʝ-

ʤʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʦʡ ʢʘʥʘʣʘ ʩʚʷʟʠ [1] ʜʣʷ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʢʣʘʩʩʦʚ ʪʨʘʬʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʧʨʦʪʦʢʦʣʦʚ.  
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ʀʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ ʚ ʩʠʩʪʝʤʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʙʶʜʞʝʪʥʦ-ʥʘʣʦʛʦʚʦʡ ʧʦʣʠʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʘ.  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ, ʦʮʝʥʢʘ 

ʧʦʩʣʝʜʩʪʚʠʡ ʙʶʜʞʝʪʥʦ-ʥʘʣʦʛʦʚʦʡ ʧʦʣʠʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʘ. 

 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʥʝʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʦʡ ʋʢʨʘʠʥʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʨʛʘʥʳ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʠʤʘʶʪ 

ʨʝʰʝʥʠʷ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʠ ʥʝ ʤʦʛʫʪ ʧʨʝʜʚʠʜʝʪʴ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʩʚʦʠʭ ʜʝʡʩʪʚʠʡ. ʅʝʪ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʳ 

ʧʦʟʚʦʣʷʣ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʤʝʨʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʧʨʠʥʠ-

ʤʘʶʪʩʷ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʙʦʩʥʦʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʫʨʦʚʥʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʣʝʢʩ ʵʢʦʥʦʤʠ-

ʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ 

ʙʶʜʞʝʪʥʦ-ʥʘʣʦʛʦʚʦʡ ʧʦʣʠʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʘ ʜʣʷ ʵʢʦʥʦʤʠʢʠ 

ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʋʢʨʘʠʥʳ ʚ ʮʝʣʦʤ. 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʠʜʝʷ, ʯʪʦ ʥʫʞʥʦ ʬʦʨʤʠʨʦ-

ʚʘʪʴ ʦʪʜʝʣʴʥʦ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʝʤ ʜʝʥʝʞʥʦʡ ʤʘʩʩʳ, ʪʦʨʛʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʠʥʬʣʷʮʠʠ, 

ʚʘʣʶʪʥʦʛʦ ʢʫʨʩʘ ʠ ʪ.ʜ. ʠ ʦʪʜʝʣʴʥʦ ʤʠʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʵʢʦʥʦʤʠ-

ʢʘ ʦʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ [1, 2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʢʦʥʦʤʠʢʘ ʋʢʨʘʠʥʳ 

ʚ ʮʝʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʢʦʥʦʤʠʢ ʦʙʣʘʩʪʝʡ. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʝʡ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚʦ 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʠʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ.  

(1) ʆʩʥʦʚʫ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ. ɺ ɼʦʥʝʮʢʦʡ ʦʙʣʘʩʪʠ ï ʵʪʦ 

ʢʨʫʧʥʳʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ, ʫʛʣʝʜʦʙʳ-

ʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ; ʧʦʵʪʦʤʫ ʩʝʨʜʮʝʚʠʥʫ ʀɸʉ ʪʘʢʞʝ ʩʦʩʪʘʚ-

ʣʷʶʪ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʛʦ (ʘ ʥʝ ʬʠʥʘʥʩʦʚʦʛʦ) ʩʝʢʪʦʨʘ ʵʢʦ-ʥʦʤʠʢʠ;  

(2) ɻ ʢʦʥʦʤʠʢʘ ʦʙʣʘʩʪʝʡ ʋʢʨʘʠʥʳ ʦʩʥʦʚʘʥʘ ʥʘ ʨʳʥʦʯʥʳʭ 

ʧʨʠʥʮʠʧʘʭ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʝʝ ʨʳʥʦʯʥʳʝ ʠʥʩʪʠ-

ʪʫʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ 

ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʬʫʥʢʮʠʡ, ʧʨʠʩʫʱʠʭ ʟʨʝʣʳʤ ʠʥʩʪʠʪʫʪʘʤ ʨʘʟʚʠʪʳʭ 
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ʩʪʨʘʥ; ʧʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʤʳ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʤʦʜʝʣʠʨʦʚʘʣʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ; 

(3) ʧʦʤʠʤʦ ʦʬʠʮʠʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʳ ʚ ʙʫʭʛʘʣʪʝʨʩʢʦʤ ʫʯʝʪʝ ʠ ʬʠʥʘʥʩʦʚʦʡ 

ʦʪʯʝʪʥʦʩʪʠ, ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʩʝʢʪʦʨ ʪʝʥʝʚʦʡ ʵʢʦʥʦʤʠʢʠ, 

ʩʢʨʳʪʳʡ ʦʪ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʥʘʭʦʜʷʱʠʡʩʷ ʚʥʝ ʩʬʝʨʳ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʦʛʦ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ. 

ʀʩʭʦʜʷ ʠʟ ʮʝʣʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʝʤ ʧʨʠʤʝ-

ʥʷʣʠʩʴ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ. ɺ ʢʦʤʧʣʝʢʩʝ ʦʥʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʙʣʘʩʪʠ: ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʚʳʧʫʩʢʘʶʪ ʧʨʦʜʫʢʮʠʶ, ʠʩʧʦʣʴʟʫʷ ʪʨʫʜ ʠ ʢʘʧʠʪʘʣ, ʢʘʢ 

ʩʦʙʩʪʚʝʥʥʳʡ, ʪʘʢ ʠ ʟʘʝʤʥʳʡ; ʚʳʨʫʯʢʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʠʩʪʦʯʥʠʢ ʜʦʭʦʜʦʚ ʪʨʫʜʷʱʠʭʩʷ ʠ ʫʧʣʘʪʳ 

ʥʘʣʦʛʦʚ ʚ ʙʶʜʞʝʪ; ʨʝʩʫʨʩʳ ʙʶʜʞʝʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʠʥʘʥ-

ʩʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʢʘʟʳ-

ʚʘʶʱʠʭ ʫʩʣʫʛʠ ʧʨʝʜʧʨʠʷʪʠʷʤ ʠ ʥʘʩʝʣʝʥʠʶ (ʨʠʩ. 1). 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ ʵʢʦʥʦ-

ʤʠʢʘ ʦʙʣʘʩʪʠ, ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʀʩʭʦ-

ʜʷ ʠʟ ʵʪʦʛʦ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʩʬʝʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

çʟʘʢʦʥʳ-ʪʝʥʜʝʥʮʠʠè. 

ʆʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ: 

¶ ʙ·ʣʴʰʘʷ ʯʘʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʷʤʠ çʟʘʢʦʥʦʚ-ʪʝʥʜʝʥʮʠʡè, ʠ ʪʦʣʴʢʦ ʤʝʥʴh ʘʷ ï 

ʚʣʠʷʥʠʝʤ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ (ʧʦʣʠʪʠʯʝʩʢʠʭ, ʧʦʛʦʜʥʳʭ ʠ ʪ.ʧ.);  

¶ ʩʫʤʤʳ ʥʘʣʦʛʦʚʳʭ ʧʣʘʪʝʞʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʙʶʜʞʝʪʳ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ ʠʭ ʦʩʥʦʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ ʩʫʤʤʳ ʥʘʣʦʛʦʚʳʭ ʧʣʘ-

ʪʝʞʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʣʫʯʘʡʥʳʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʥʘʯʠʩʣʝ-

ʥʠʷ ʠ ʚʟʠʤʘʥʠʷ ʥʘʣʦʛʦʚ ʚ ʋʢʨʘʠʥʝ; 

¶ ʙʶʜʞʝʪʥʳʝ ʨʘʩʭʦʜʳ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʝʪʠ ʙʶʜʞʝʪʥʳʭ ʦʨʛʘʥʠ-

ʟʘʮʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ ʨʘʩʭʦʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʣʫʯʘʡ-

ʥʳʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʇʨʦʚʝʨʢʘ ʤʦʜʝʣʝʡ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʝʝ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʝʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʮʝʣʦʤ ʪʝʩʪ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ex post 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʡʜʝʥʥʳʤ ï ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʬʘʢʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʦʣʴʰʝ ʯʝʤ ʥʘ 10%. 
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ɺʚʝʜʝʥʠʝ 

ʈʘʙʦʯʘʷ ʛʨʫʧʧʘ ʧʦ ʚʝʙʦʤʝʪʨʠʢʝ ʀʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʳʭ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʘʨʅʎ ʈɸʅ [1] ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴ-

ʢʠʭ ʣʝʪ ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʝʙʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ 

ʛʠʧʝʨʩʩʳʣʦʢ. ɺ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʬʨʘʛʤʝʥʪʘ ʨʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ɺʝʙʘ. 

1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ɺʝʙʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʠʧʝʨ-

ʩʩʳʣʢʘʭ ʨʘʟʨʘʙʦʪʘʥ (ʠ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ) ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤ, ʨʘʙʦʪʘʶʱʠʡ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʚʝʙ-ʩʝʨʚʝʨʘ Apache ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʤʦʜʫʣʝʤ PHP ʠ ʉʋɹɼ MySQL. ɿʘʧʠʩʴ ʦ ʢʘʞ-

ʜʦʡ ʚʥʝʰʥʝʡ ʛʠʧʝʨʩʩʳʣʢʝ ʩʦʜʝʨʞʠʪ ʘʜʨʝʩ ʩʪʨʘʥʠʮʳ, ʩ ʢʦʪʦʨʦʡ 

ʩʜʝʣʘʥʘ ʩʩʳʣʢʘ, ʫʨʦʚʝʥʴ ʵʪʦʡ ʩʪʨʘʥʠʮʳ, ʢʦʥʪʝʢʩʪ ʩʩʳʣʢʠ (ʚ 

ʜʘʥʥʦʡ ʚʝʨʩʠʠ ʵʪʦ ʪʝʢʩʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʪʝʛʘʤʠ <a> ʠ 

</a>) ʠ ʘʜʨʝʩ ʩʪʨʘʥʠʮʳ, ʥʘ ʢʦʪʦʨʫʶ ʩʜʝʣʘʥʘ ʩʩʳʣʢʘ. 

ʗʜʨʦʤ ʧʨʦʝʢʪʘ, ʧʦʩʚʷʱʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ɺʝʙʘ
1
, ʷʚʣʷʝʪʩʷ ʮʝʣʝʚʦʝ ʤʥʦʞʝʩʪʚʦ ʦʬʠʮʠʘʣʴʥʳʭ 

ʩʘʡʪʦʚ ʫʯʨʝʞʜʝʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʈɸʅ. ʅʘ ʠʶʣ ɹ2009 ʛʦʜʘ 

ʦʪʩʢʘʥʠʨʦʚʘʥʦ ʦʢʦʣʦ 1.5 ʤʣʥ. html-ʩʪʨʘʥʠʮ ʩ 275 ʩʘʡʪʦʚ ʮʝʣʝʚʦ-

ʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʥʘʡʜʝʥʦ ʙʦʣʝʝ 800 ʪʳʩ. ʚʥʝʰʥʠʭ ʛʠʧʝʨʩʩʳʣʦʢ, 

ʠʟ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 80 ʪʳʩʷʯ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʤrʠ
2
. 

ʎʝʣʝʚʦʝ ʤʥʦʞʝʩʪʚʦ ʜʦʧʦʣʥʝʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʩʦʧʫʪʩʪ-

ʚʫʶʱʠʤ ʤʥʦʞʝʩʪʚʦʤè, ʩʦʩʪʦʷʱʠʤ ʠʟ ʩʘʡʪʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ 

ʮʝʣʝʚʦʝ ʤʥʦʞʝʩʪʚʦ, ʥʘ ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʩʩʳʣʢʠ ʩ ʩʘʡʪʦʚ 

                                                      
1
 ʇʦʜʜʝʨʞʘʥ ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪ ˉ08-07-00023ʘ). 
2
 ʋʥʠʢʘʣʴʥʘʷ ʛʠʧʝʨʩʩʳʣʢʘ ï ʵʪʦ ʩʩʳʣʢʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʛʠʧʝʨʩʩʳ-

ʣʦʢ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʢʦʥʪʝʢʩʪ ʠ ʘʜʨʝʩ ʩʪʨʘʥʠʮʳ-ʤʠʰʝʥʠ, ʩʜʝ-

ʣʘʥʥʘʷ ʩʦ ʩʪʨʘʥʠʮʳ ʩ ʥʘʠʚʳʩʰʠʤ ʫʨʦʚʥʝʤ; ʝʩʣʠ ʥʘ ʥʘʠʚʳʩʰʝʤ ʫʨʦʚʥʝ 

ʪʘʢʠʭ ʩʩʳʣʦʢ ʥʝʩʢʦʣʴʢʦ, ʪʦ ʚʳʙʠʨʘʝʪʩʷ ʧʝʨʚʘʷ ʠʟ ʥʠʭ, ʥʘʡʜʝʥʥʘʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ. 
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ʮʝʣʝʚʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʆʥʦ ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 22000 ʩʘʡʪʦʚ, ʯʪʦ 

ʩʨʘʟʫ ʞʝ ʦʪʚʝʨʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʦʣʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʀʟ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ (ʯʘʩʪʠʯʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ, ʯʘʩʪʠʯʥʦ ʚʨʫʯʥʫʶ) ʧʦʜʤʥʦʞʝʩʪʚʦ ʙʣʠʞʘʡ-

ʰʠʭ ʚʝʙ-ʦʢʨʝʩʪʥʦʩʪʝʡ ʩʘʡʪʦʚ ʮʝʣʝʚʦʛʦ ʤʥʦʞʝʩʪʚʘ. ɹʣʠʞʘʡʰʝʡ 

ʚʝʙ-ʦʢʨʝʩʪʥʦʩʪʴʶ ʩʘʡʪʘ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʘʡʪʦʚ ʦʨʛʘʥʠʟʘ-

ʮʠʠ-ʚʣʘʜʝʣʴʮʘ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ, ʥʘ ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ 

ʛʠʧʝʨʩʩʳʣʢʠ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ. ʉʘʡʪʳ ʚʝʙ-ʦʢʨʝʩʪʥʦʩʪʠ, 

ʠʤʝʶʱʠʝ ʠʤʝʥʘ ʚʠʜʘ ddd.nnn.ssÍnnn.ss, ʛʜʝ nnn.ss ï ʜʦʤʝʥʥʦʝ 

ʠʤʷ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ, ʩʦʩʪʘʚʣʷʶʪ ʧʦʜʤʥʦʞʝʩʪʚʦ, ʥʘʟʚʘʥʥʦʝ 

ʧʨʷʤʦʡ ʚʝʙ-ʦʢʨʝʩʪʥʦʩʪʴʶ, ʘ ʩʘʡʪʳ ʚʝʙ-ʦʢʨʝʩʪʥʦʩʪʠ, ʠʤʝʶʱʠʝ 

ʜʨʫʛʠʝ ʠʤʝʥʘ, ʩʦʩʪʘʚʣʷʶʪ ʩʢʨʳʪʫʶ ʚʝʙ-ʦʢʨʝʩʪʥʦʩʪʴ. 

ʆʩʪʘʣʴʥʳʝ ʩʘʡʪʳ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʫʧʦʨʷʜʦʯʠ-

ʚʘʶʪʩʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʩʳʣʦʢ, ʩʜʝʣʘʥʥʳʭ ʥʘ ʥʠʭ ʩ ʩʘʡʪʦʚ 

ʮʝʣʝʚʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ. ʇʝʨʚʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʩʦʜʝʨʞʠʪ 144 ʩʘʡʪʘ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ, ʥʘ 

ʢʦʪʦʨʳʝ ʩʜʝʣʘʥʦ 10000 ʫʥʠʢʘʣʴʥʳʭ ʩʩʳʣʦʢ, ʧʨʠʯʝʤ ʥʘ ʢʘʞʜʳʡ 

ʩʘʡʪ ʩʩʳʣʘʶʪʩʷ ʥʝ ʤʝʥʝʝ 10 ʩʘʡʪʦʚ ʮʝʣʝʚʦʛʦ ʤʥʦʞʝʩʪʚʘ. ɺʪʦʨʘʷ 

ʠ ʪʨʝʪʴʷ ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 470 ʩʘʡʪʦʚ/7000 

ʛʠʧʝʨʩʩʳʣʦʢ/ʦʪ 5 ʜʦ 9 ʩʘʡʪʦʚ ʠ 22000 ʩʘʡʪʦʚ/61000 ʛʠʧʝʨʩʩʳ-

ʣʦʢ/ʦʪ 1 ʜʦ 4 ʩʘʡʪʦʚ. ʇʝʨʚʳʝ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ ʩʢʘʥʠʨʫʶʪʩʷ ʠ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʪʨʝʪʴʷ ï ʚʳʙʦʨʦʯʥʦ. 

ɺʳʜʝʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʚʝʙ-ʢʦʤʤʫʥʠʢʘʪʦʨʦʚ, - ʩʘʡʪʦʚ, ʧʨʠ-

ʥʘʜʣʝʞʘʱʠʭ ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʤʥʦʞʝʩʪʚʫ ʠ ʠʤʝʶʱʠʭ ʜʦʩʪʘʪʦʯ-

ʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ ʩʩʳʣʦʢ ʩ ʩʘʡʪʦʚ ʮʝʣʝʚʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʠ/ʠʣʠ ʠʩʭʦʜʷʱʠʭ ʩʩʳʣʦʢ ʥʘ ʵʪʠ ʩʘʡʪʳ. ɺʝʙ-

ʢʦʤʤʫʥʠʢʘʪʦʨʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʠʥʜʫʢʪʦʨʳ (çʤʘʣʦ 

ʚʭʦʜʷʱʠʭ ʩʩʳʣʦʢ, ʤʥʦʛʦ ʠʩʭʦʜʷʱʠʭè, ʧʨʠʤʝʨ - ʆʙʱʝʨʦʩʩʠʡ-

ʩʢʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʨʪʘʣ www.mathnet.ru), ʧʦʩʨʝʜʥʠʢʠ 

(çʤʥʦʛʦ ʚʭʦʜʷʱʠʭ, ʤʥʦʛʦ ʠʩʭʦʜʷʱʠʭè, ʧʨʠʤʝʨ - ʄʝʞʜʠʩʮʠʧʣʠ-

ʥʘʨʥʳʡ ʥʘʫʯʥʳʡ ʩʝʨʚʝʨ www.scientific.ru) ʠ ʢʦʤʤʫʪʘʪʦʨʳ 

(çʤʥʦʛʦ ʚʭʦʜʷʱʠʭ, ʤʘʣʦ ʠʩʭʦʜʷʱʠʭè, ʧʨʠʤʝʨ ï ʩʘʡʪ ʈʌʌʀ 

www.rfbr.ru). 

ʆʩʪʘʣʴʥʳʝ ʩʘʡʪʳ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ, ʥʝ ʠʤʝʶʱʠʝ 

(ʠʣʠ ʠʤʝʶʱʠʝ ʦʯʝʥʴ ʤʘʣʦ) ʩʩʳʣʦʢ ʥʘ ʮʝʣʝʚʦʝ ʤʥʦʞʝʩʪʚʦ, ʨʘʟ-

ʙʠʪʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʜʝʣʘʥʥʳʭ ʥʘ ʥʠʭ ʩʩʳʣʦʢ 
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ʩ ʮʝʣʝʚʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʥʘʟʚʘʥʥʳʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʩʳʱʝʥ-

ʥʳʤ, ʚʷʟʢʠʤ ʠ ʨʘʟʨʝʞʝʥʥʳʤ ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ ʩʘʡʪʦʚ. 

2. ʄʦʜʝʣʴ ʥʘʫʯʥʦʛʦ ɺʝʙʘ 

ɺ ʤʦʜʝʣʠ ʥʘʫʯʥʦʛʦ ɺʝʙʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: T ï ʮʝʣʝʚʦʝ ʤʥʦʞʝʩʪʚʦ, B ï 

ʙʣʠʞʘʡʰʠʝ ʦʢʨʝʩʪʥʦʩʪʠ, Bt
dir - ʧʨʷʤʳʝ ʦʢʨʝʩʪʥʦʩʪʠ, Bt

hid ï ʩʢʨr-

ʪʳʝ ʦʢʨʝʩʪʥʦʩʪʠ, K - ʠʥʜʫʢʪʦʨʳ, Kª - ʧʦʩʨʝʜʥʠʢʠ, K« - ʢʦʤ-

ʤʫʪʘʪʦʨʳ, S10 ï ʥʘʩʳʱʝʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ, S5 ï ʚʷʟʢʦʝ ʧʦʜʤʥʦ-

ʞʝʩʪʚʦ, S1 ï ʨʘʟʨʝʞʝʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ. ɼʨʦʙʴ N/R ʦʙʦʟʥʘʯʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʩʘʡʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʜʘʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ (N) ʠ 

ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʛʠʧʝʨʩʩʳʣʦʢ, ʩʜʝʣʘʥʥʳʭ ʥʘ 

ʩʘʡʪʳ ʵʪʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩ ʮʝʣʝʚʦʛʦ ʤʥʦʞʝʩʪʚʘ (R). 

 

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʥʘʫʯʥʦʛʦ ɺʝʙʘ. 
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ʅʘ ʩʪʨʝʣʢʘʭ, ʠʩʭʦʜʷʱʠʭ ʩ ʧʦʜʤʥʦʞʝʩʪʚ ʚʝʙ-ʢʦʤʤʫʥʠʢʘʪʦʨʦʚ 

ʥʘ ʮʝʣʝʚʦʝ ʤʥʦʞʝʩʪʚʦ, ʫʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʧʝʨʩʩʳʣʦʢ, 

ʩʜʝʣʘʥʥʳʭ ʩ ʥʠʭ ʥʘ ʩʘʡʪʳ ʮʝʣʝʚʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ɺʝʙʘ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʩ ʧʦʤʦʱʴʶ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʥʷʪʠʡ ʦʧʠʩʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʡ ʬʨʘʛʤʝʥʪ ɺʝʙʘ, ʘ ʟʥʘʯʠʪ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʝʛʦ ʧʨʠʨʦʜʳ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺʝʙʦʤʝʪʨʠʢʘ. ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʂʘʨʅʎ ʈɸʅ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://webometrics.krc.karelia.ru. 

 

 

 

ʆ ɺɿɸʀʄʆʉɺʗɿʀ ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ  

ʈʆʉʊɸ ʀ ʋʈʆɺʅʗ ɹɽɿʈɸɹʆʊʀʎʓ:  

ʕʂʆʅʆʄɽʊʈʀʏɽʉʂʀʁ ɸʅɸʃʀɿ 

ʇʨʦʤʘʭʠʥʘ ʀ.ʄ. 

(ɺʎ ʈɸʅ, ʄʦʩʢʚʘ) 
imp_18@rambler.ru 

 

ʆʜʥʠʤ ʠʟ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʷʚʣʷʝʪʩʷ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʜʚʫʩʪʦʨʦʥʥʝʡ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʪʝʤʧʘʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʧʨʠʨʦʩʪʦʤ ʫʨʦʚʥʷ 

ʙʝʟʨʘʙʦʪʠʮʳ. ɺ ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʟʘʢʦʥʘ ʆʫʢʝʥʘ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʧʦ ʂʠʪʘʶ 1978-2006 ʛʛ. ʧʦʢʘʟʳʚʘʶʪ, ʦʜʥʘʢʦ, ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʫʢʘʟʘʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʨʘʙʦʪʝ ʚʳʚʦʜʠʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ, 

 

mailto:imp_18@rambler.ru
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ʟʘʤʝʥʷʶʱʝʝ ʟʘʢʦʥ ʆʫʢʝʥʘ ʢʦʥʢʨʝʪʥʦ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʂʠʪʘʷ 

ʧʝʨʠʦʜʘ ʨʝʬʦʨʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ, ʙʝʟʨʘʙʦʪʠʮʘ, ʟʘʢʦʥ 

ʆʫʢʝʥʘ, ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʦʞʝʥʠʝ ʤʘʢʨʦʵʢʦʥʦʤʠʢʠ ʦ ʜʚʫʩʪʦʨʦʥʥʝʡ ʠ ʦʪʨʠʮʘʪʝʣɹʥʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʷʚʣʷʝʪʩʷ 

ʦʙʦʙʱʝʥʠʝʤ ʨʝʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʚ ʨʘʟʥʳʭ ʵʢʦʥʦʤʠʢʘʭ 

ʤʠʨʘ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʚ ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʟʘʢʦʥʘ 

ʆʫʢʝʥʘ [2]. ɿʘʢʦʥ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: 

(1)
 

,**
1/%100 uYY ttt DD +=
- ba

 
 
 

ʛʜʝ Yt ï ʬʘʢʪʠʯʝʩʢʠʡ ʚʳʧʫʩʢ (ʨʝʘʣʴʥʳʡ ɺɺʇ) ʚ ʤʦʤʝʥʪ (ʛʦʜ, 

ʢʚʘʨʪʘʣ) t, ut ï ʬʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʚ ʤʦʤʝʥʪ t, ȹYt 

= Yt - Yt -1 - ʧʨʠʨʦʩʪ ʨʝʘʣʴʥʦʛʦ ɺɺʇ ʟʘ ʛʦʜ (ʢʚʘʨʪʘʣ) t; ȹut = ut - ut -1 

- ʠʟʤʝʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʟʘ ʧʝʨʠʦʜ t; ɓ ï 

ʩʚʷʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʫʨʦʚʥʝ ʙʝʟʨʘʙʦʪʠʮʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʘʣʴ-

ʥʦʛʦ ɺɺʇ, Ŭ, ʢʘʢ ʠ ɓ, - ʧʘʨʘʤʝʪʨ ʫʨʘʚʥʝʥʠʷ, ʦʥ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ 

ʢʘʢ ʩʨʝʜʥʠʡ ʛʦʜʦʚʦʡ ʧʨʠʨʦʩʪ ʧʦʪʝʥʮʠʘʣʥɹʦʛʦ ɺɺʇ. 

ʄʦʜʝʣʴ (1) ʙʳʣʘ ʦʮʝʥʝʥʘ ʆʫʢʝʥʦʤ ʧʦ ʜʘʥʥʳʤ ʉʐɸ ʟʘ ʧʝ-

ʨʠʦʜ 1950 ï ʥʘʯʘʣʦ 1960-ʭ ʛʛ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ɓ å -2, Ŭ å 3% ʦʢʘʟʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤʠ. 

ʆʮʝʥʢʘ (1) ʧʦ ʜʘʥʥʳʤ ʟʘ 1981-2006 ʛʛ. ʜʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʠʝ 

ʞʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʉʐɸ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʨʝʘʣʴʥʦʛʦ ɺɺʇ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ 

3%, ʢʦʛʜʘ ʙʝʟʨʘʙʦʪʠʮʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʚʦʝʤ ʝʩʪʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ʂʘʞʜʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʨʦʩʪʘ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʥʘ 1% ʚʝʜʝʪ ʢ 

ʩʦʢʨʘʱʝʥʠʶ ʪʝʤʧʦʚ ʧʨʠʨʦʩʪʘ ɺɺʇ ʉʐɸ ʚ ʩʨʝʜʥʝʤ ʥʘ 2 %. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʠʩʩʣʝʜʫʝʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʊ. ʝ. ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷ ʚ 

ʫʨʦʚʥʝ ʙʝʟʨʘʙʦʪʠʮʳ ʚʣʠʷʶʪ ʥʘ ʪʝʤʧʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʥʦ ʠ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʦʚ ʧʨʠʨʦʩʪʘ ʨʝʘʣʴʥʦʛʦ ɺɺʇ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ 
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ʫʨʦʚʥʝ ʙʝʟʨʘʙʦʪʠʮʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʚ ʫʨʘʚʥʝʥʠʠ (1) ʟʘʚʠʩʠʤʫʶ 

ʠ ʦʙʲʷʩʥʷʶʱʫʶ ʧʝʨʝʤʝʥʥʳʝ ʤʦʞʥʦ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ. 

ɿʘʢʦʥ ʆʫʢʝʥʘ ʜʦʣʛʦʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʚʳʧʫʩ-

ʢʦʤ ʠ ʙʝʟʨʘʙʦʪʠʮʝʡ. ʆʜʥʘʢʦ ʵʪʦʪ ʟʘʢʦʥ ʦʢʘʟʘʣʩʷ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʘʜʝʢʚʘʪʥʳʤ ʜʣʷ ʩʠʪʫʘʮʠʠ ʩ ʙʝʟʨʘʙʦʪʠʮʝʡ, ʩʣʦʞʠʚʰʝʡʩʷ ʚ 

ʂʠʪʘʝ ʚ ʧʝʨʠʦʜ ʨʝʬʦʨʤ 1978-2006 ʛʛ. 

1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʤʝʞʜʫ ʪʝʤʧʘʤʠ ʧʨʠʨʦʩʪʘ ɺɺʇ ʠ ʧʨʠʨʦʩʪʦʤ 

ʙʝʟʨʘʙʦʪʠʮʳ ʚ ʂʠʪʘʝ 1978 -2006 ʛʛ 

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʧʦʛʦʜʦʚʳʤ ʜʘʥʥʳʤ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ɼʠʢʠ-ʌʫʣʣʝʨʘ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʘ ʨʷʜʘ, ʠ ʪʝʤʧʦʚ ʧʨʠʨʦʩʪʘ ɺɺʇ ʠ 

ʧʨʠʨʦʩʪʘ ʙʝʟʨʘʙʦʪʠʮʳ, ʩʪʘʮʠʦʥʘʨʥʳ. ɿʘʪʝʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʩʪ 

ɻʨʝʥʜʞʝʨʘ ʥʘ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ, ʢʦʪʦʨʳʡ ʜʘʣ ʩʣʝ-

ʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʦh ʣʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʩʪʘ ʙʝʟʨʘʙʦʪʠʮʳ ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʪʦ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ 

ʧʨʠʥʠʤʘʝʪ ʪʝʤʧ ʧʨʠʨʦʩʪʘ ʨʝʘʣʴʥʦʛʦ ɺɺʇ. ʊ. ʝ. ʬʘʢʪʦʨ ȹut ʥʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦ ɻʨʝʥʜʞʝʨʫ ʬʘʢʪʦʨ ȹYt /Yt -1. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʦʙʨʘʪʥʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʦʜʥʦʩʪʦʨʦʥʥʦʩʪʴ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʢʘʟʘʪʝʣʝʡ ȹut ʠ 

ȹYt /Yt -1 ʠ ʥʝʚʳʧʦʣʥʝʥʠʝ ʟʘʢʦʥʘ ɸ. ʆʫʢʝʥʘ ʚ ʝʛʦ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ 

ʜʣʷ ʂʠʪʘʷ ʧʝʨʠʦʜʘ ʨʝʬʦʨʤ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚʝʢʪʦʨʥʘʷ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ 

(VAR-ʤʦʜʝʣʴ). ʄʦʜʝʣʴ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ, ʧʦ ʦʜʥʦʤʫ 

ʜʣʷ ʬʘʢʪʦʨʘ ȹYt /Yt -1 ʠ ʬʘʢʪʦʨʘ ȹut. ʂʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ʦʙʲʷʩʥʣ̫ʦ 

ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʧʨʦʰʣʳʤʠ (ʣʘʛʦ-

ʚʳʤʠ) ʟʥʘʯʝʥʠʷʤʠ ʦʙʦʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʧʦ ʯʝʪʳʨʝʤ ʨʘʟ-

ʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʣʘʛʘ, ʨʘʚʥʦʝ ʦʜʥʦʤʫ. ʋʨʘʚʥʝʥʠʝ, ʦʙʲʷʩʥʷʶʱʝʝ ȹYt /Yt -1, ʦʢʘʟʘ-

ʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤ. ɼʣʷ ȹut ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʠ-

ʤʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʣʦ ʚʠʜ: 
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(2) ȹut = -0,465 + 0,046* ȹYt-1 /Yt -2 + 0,608* ȹut-1. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (2) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʘ ʧʨʠ-

ʨʦʩʪʘ ʨʝʘʣʴʥʦʛʦ ɺɺʇ ʚ ʥʝʢʦʪʦʨʳʡ ʛʦʜ ʥʘ 1% (ʚ ʩʣʫʯʘʝ ʥʝʠʟʤʝʥ-

ʥʦʩʪʠ ʚ ʵʪʦʪ ʛʦʜ ʧʨʠʨʦʩʪʘ ʙʝʟʨʘʙʦʪʠʮʳ) ʧʨʠʨʦʩʪ ʫʨʦʚʥʷ ʙʝʟʨʘ-

ʙʦʪʠʮʳ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 0,046%. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʨʦʩʪʘ ʙʝʟʨʘʙʦʪʠʮʳ ʚ ʥʝʢʦʪʦʨʳʡ ʛʦʜ ʥʘ 1% 

(ʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʚ ʵʪʦʪ ʛʦʜ ʪʝʤʧʘ ʧʨʠʨʦʩʪʘ ʨʝʘʣʴʥʦʛʦ ɺɺʇ) 

ʧʨʠʨʦʩʪ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 0,608%. 

2. ʇʨʠʯʠʥʳ ʥʝʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʘ ʆʫʢʝʥʘ  

ʜʣʷ ʂʠʪʘʷ ʧʝʨʠʦʜʘ ʨʝʬʦʨʤ 

ʇʦʯʝʤʫ ʧʦʩʪʫʣʠʨʫʝʤʘʷ ʚ ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, 

ʚʳʨʘʞʝʥʥʘʷ ʫʨʘʚʥʝʥʠʝʤ ɸ. ʆʫʢʝʥʘ, ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ ʜʣʷ ʂʠʪʘʷ 

ʧʝʨʠʦʜʘ ʨʝʬʦʨʤ. ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʣʝʞʠʪ, ʚʠʜʠʤʦ, ʚ ʦʪʣʠʯʠʝ 

ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʰʠʭ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠ-

ʪʠʝ ʂʠʪʘʷ, ʦʪ ʤʝʭʘʥʠʟʤʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʥʘʙʣʜʁʘʚʰʠʭʩʷ 

ʜʦ ʵʪʦʛʦ ʚʦ ʚʩʝʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʕʢʦʥʦʤʠʩʪʳ ʦʪʥʦʩʷʪ ʙʝʩʧʨʝʮʝ-

ʜʝʥʪʥʳʡ ʨʦʩʪ ʢʠʪʘʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʟʘ ʩʯʝʪ ʝʝ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʠ 

ʨʘʟʚʠʪʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ, ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʋʢʘʟʳʚʘʶʪ ʪʘʢʞʝ 

ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ ʠ ʧʨʠʪʦʢ ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʚʝ-

ʩʪʠʮʠʡ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʂʠʪʘʝ 

ʙʳʣ ʦʯʝʥʴ ʩʣʘʙʦ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʩʧʨʦʩ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʩʪʨʘ-

ʥʳ ʙʳʣʠ ʠ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʦʩʪʘ ʙʝʟʨʘʙʦʪʠʮʳ. ʈʝʛʫʣʠʨʦ-

ʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʵʢʦʥʦʤʠʢʠ ʧʨʠʚʝʣʦ ʢ ʩʦʢʨʘʱʝʥʠʶ ʜʦʣʠ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʟʘʥʷʪʦʡ ʚ ʥʠʭ ʨʘʙʦʯʝʡ ʩʠʣʳ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʠʤʝʣʦ ʩʚʦʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʞʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʦʛ-

ʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʥʠʢʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʈʘʟʚʠʪʠʝ 

ʵʢʦʥʦʤʠʢʠ ʥʘ ʥʦʚʳʭ, ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʫʤʝʥʴʰʘʣʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʙʦʯʝʡ ʩʠʣʝ. ʊ. ʝ. ʙʳʩʪʨʳʡ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʡ ʨʦʩʪ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʘ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʣʦ ʢ ʩʦʢʨʘʱʝʥʠʶ ʟʘʥʷʪʦʩʪʠ. 
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ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʠ ʧʨʠʚʝʣʠ ʢ çʘʥʦʤʘʣʴʥʦʡè ʚʟʘʠʤʦʩʚʷʟʠ 

ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʠʨʦʩʪʘ ʙʝʟʨʘʙʦʪʠʮʳ ï ʧʝʨʚʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʣʠ ʥʘ ʨʦʩʪ ʙʝʟʨʘʙʦʪʠʮʳ, ʘ ʠʟʤʝʥʝʥʠʷ ʚ ʫʨʦʚ-

ʥʝ ʙʝʟʨʘʙʦʪʠʮʳ ʥʝ ʦʢʘʟʳʚʘʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʛʦ ʨʦʩʪʘ. 

 

 

 

ʎɽʇʅʆʁ ʕʂʆʅʆʄʀʏɽʉʂʀʁ ʌɸʂʊʆʈʅʓʁ ɸʅɸʃʀɿ  

ʈʷʟʘʥʮʝʚʘ ʖ.ɺ. 

(ʃɻʊʋ, ʃʠʧʝʮʢ) 
ulechka1988@mail.ru 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʜʘʯ ʠ ʤʝʪʦʜʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ 

ʧʨʦʩʪʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ ʫʩʨʝʜʥʝʥʠʷ ʥʝʘʜʜʠʪʠʚ-

ʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʘʜʜʠʪʠʚʥʦʤʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʧʥʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʵʢʦʥʦʤʠʢʘ, 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʧʨʠʨʘʱʝʥʠʡ. 

ɺʚʝʜʝʥʠʝ 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝ-

ʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠʤʝ-

ʥʠʤʳ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ.  

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨ-

ʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʜʠʩʢʨʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʪʯʸʪʥʦʛʦ ʧʝʨʠʦʜʘ (ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ), ʢʦʛʜʘ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷ-

ʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʫʯʸʪʦʤ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ [1], ʪʦ ʝʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʮʝʧʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 



 149 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʫʤ-

ʤʘʨʥʫʶ ʦʮʝʥʢʫ ʚʝʣʠʯʠʥ ʬʘʢʪʦʨʥʦʛʦ ʚʣʠʷʥʠʷ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʠ ʦʙʦʙʱʘʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʠʟʚʝʩʪʥʳ ʥʝ ʥʘ ʚʩʸʤ ʧʝʨʠʦʜʝ (ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʚʠʜʦʚ ʧʨʦ-

ʜʫʢʮʠʠ), ʘ ʜʘʥʳ ʣʠʰʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʯʸʪʥʳʡ ʧʝʨʠʦʜ ʠʥʪʝʨ-

ʚʘʣʘʭ (ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ). ʎʝʣʴ ʘʥʘʣʠʟʘ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʙʦʣʝʝ ʧʦʣʥʦʡ, ʧʦʜʨʦʙʥʦʡ ʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʚ ʜʠʥʘʤʠʢʝ ʦʙʲʝʢʪʝ. 

ɺʚʝʜʸʤ ʧʦʥʷʪʠʝ ʬʘʢʪʦʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʜ 

ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʥʘʙʦʨ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʪʨʝʟ-

ʢʦʚ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝ-

ʣʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʮʝʧʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʥʘ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʪʠʧʳ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ 

ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʣʠ ʚʨʝʤʝʥʥʳʝ ʦʪʨʝʟʢʠ (ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ) ï ʧʝʨʠʦʜʳ 

(ʥʘʧʨʠʤʝʨ, ʤʝʩʷʮ, ʢʚʘʨʪʘʣ, ʛʦʜ), ʠʣʠ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʧʝ-

ʨʝʯʥʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʥʘʙʦʨ ʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʥʘ-

ʧʨʠʤʝʨ, ʧʦʟʠʮʠʠ ʠʟ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʠʣʠ ʧʨʦʜʘʚʘʝ-

ʤʦʡ ʧʨʦʜʫʢʮʠʠ). 

1. ʉʧʦʩʦʙ ʧʨʦʩʪʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʦʚʝʜʝʥʠʠ 

ʧʨʦʮʝʜʫʨʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʢʘʞʜʦʤ 

ʵʣʝʤʝʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʩʣʝ-

ʜʫʶʱʝʤ ʩʫʤʤʠʨʦʚʘʥʠʠ ʚʝʣʠʯʠʥ ʬʘʢʪʦʨʥʦʛʦ ʚʣʠʥ̫ʠʷ. ʊʦ ʝʩʪʴ ʥʘ 

ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʬʘʢʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʦ-

ʥʝʯʥʳʭ ʧʨʠʨʘʱʝʥʠʡ, ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʯʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʠʨʘ-

ʱʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʢ ʤʦʜʝʣʷʤ ʣʶʙʦʛʦ ʪʠʧʘ. 
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ʀʪʘʢ, ʧʫʩʪʴ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ix  ʥʘ ʢʘʞʜʦʤ ʵʣʝ-

ʤʝʥʪʝ ʩʪʨʫʢʪʫʨʳ, ʪʦ ʝʩʪʴ ʠʤʝʝʪʩʷ m  ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ: 
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ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʧʨʠʨʘʱʝʥʠʡ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠʨʘ-

ʱʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʘʪʨʠʮʫ ʟʥʘʯʝʥʠʡ 

ʚʝʣʠʯʠʥ ʬʘʢʪʦʨʥʦʛʦ ʚʣʠʷʥʠʷ: 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʦʩʦʙʘ ʧʨʦʩʪʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦʣʫʯʘʝʤ:  
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ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʣʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ: 
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2. ʉʧʦʩʦʙ ʫʩʨʝʜʥʝʥʠʷ ʥʝʘʜʜʠʪʠʚʥʦʛʦ  

ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʘʜʜʠʪʠʚʥʦʤʫ 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʝʪʦʜʫ ʧʨʦʩʪʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʫʩʨʝʜʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʝ-

ʚʟʚʝʰʝʥʥʳʭ ʦʮʝʥʦʢ ʥʝʘʜʜʠʪʠʚʥʳʭ (ʢʘʯʝʩʪʚʝʥʥʳʭ) ʧʦʢʘʟʘʪʝʣʝʡ. 

ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʥʘ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ ʫʩʨʝʜʥʝʥʠʝ ʥʝʘʜʜʠʪʠʚʥʳʭ 
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ʬʘʢʪʦʨʦʚ, ʧʨʠ ʘʥʘʣʠʟʝ ʤʦʜʝʣʝʡ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʬʘʢʪʦʨʘ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʪʠʧʫ ï ʢʘʯʝʩʪʚʝʥʥʦ-

ʤʫ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʤʦʜʝʣʝʡ 

ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʦʙʣʝ-

ʤʳ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʯʠʩʣʝ ʬʘʢʪʦʨʦʚ ʙʦʣʴʰʝ ʜʚʫʭ ʤʦʞʝʪ ʚʦʟʥʠʢ-

ʥʫʪʴ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʬʘʢʪʦʨʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚʟʚʝʰʠʚʘʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʫʩʨʝʜʥʝʥʠʷ ʥʝʘʜʜʠʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ 

ʧʦ ʘʜʜʠʪʠʚʥʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʬʘʢ-

ʪʦʨʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʥʘʣʦʛ ʯʘʩʪʥʦʛʦ 

ʩʣʫʯʘʷ ʧʦʣʥʳʭ ʠʥʜʝʢʩʥʳʭ ʩʠʩʪʝʤ [1], ʪʦ ʝʩʪʴ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. ʇʨʠ ʵʪʦʤ ʬʘʢʪʦ-

ʨʳ ʚ ʩʠʩʪʝʤʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʠ 

ʦʪʥʝʩʝʥʳ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ, ʘ ʦʜʥʦʟʥʘʯʥʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʘ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʤʝʝʪ ʪʦʣʴʢʦ ʧʨʠ ʯʠʩʣʝ 

ʬʘʢʪʦʨʦʚ, ʨʘʚʥʦʤ ʜʚʫʤ. ʋʢʘʟʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʩʢʦʣʴʢʦ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʫʩʨʝʜʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ 

ʮʝʧʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʝʭʠʥʜʝʢʩ-

ʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʚʝʜʝʥʠʝ 

ʪʨʝʭʠʥʜʝʢʩʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʢ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʠʘʢʩʠʘʣʴʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʭʠʥʜʝʢʩʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ, ʪʨʠʘʢ-

ʩʠʘʣʴʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ. 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥʘ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ ʥʝʢʦʪʦʨʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ ʮʝʥʪʨʦʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʢ ʮʝʥʪʨʘʤ ʧʦʪʨʝʙʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʣʘ ʙʳ 

ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠʟʜʝʨʞʢʠ [2]. ʇʦʥʷʪʥʦ, ʯʪʦ ʨʝʰʠʪʴ 

ʪʘʢʫʶ ʟʘʜʘʯʫ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʣʘʩʩʠʯʝʩʢʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʪʝʦʨʠʶ, 

ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʪʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʥʦ ʠ ʦʪ ʪʠʧʘ 

ʪʨʘʥʩʧʦʨʪʘ, ʘ ʢ ʦʙʳʯʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʜʦʙʘʚʣʷ-

ʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ, 

ʧʝʨʝʚʦʟʠʤʦʛʦ ʩʨʝʜʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʪʠʧʘ. ɿʘʜʘʯʠ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʞ-

ʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʠʥʜʝʢʩʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʦʜʝʣʠ.  
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1. ʇʨʠʚʝʜʝʥʠʝ ʪʨʝʭʠʥʜʝʢʩʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ  

ʟʘʜʘʯʠ ʢ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ʇʨʠ ʨʝʰʝʥʠʠ ʪʨʝʭʠʥʜʝʢʩʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʥʝʣʴʟʷ 

ʦʙʦʡʪʠʩʴ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʠʚʝʜʝʥʠʷ ʝʝ ʢ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤʝ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʥʦʥʠʟʘʮʠʶ ʤʦʜʝʣʠ ʪʨʠʘʢʩʠʘʣʴʥʦʡ ʪʨʘʥʩ-

ʧʦʨʪʥʦʡ ʟʘʜʘʯʠ (ʊ-3ɸ) ʩʦ ʟʥʘʢʘʤʠ ʦʛʨʘʥʠʯʝʥʠʡ =, ¢, ¢ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧʘʭ ʦʛʨʘʥʠʯʝʥʠʡ [1].  

ɿʘʜʘʯʘ ʊ-3ɸ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ: ʥʘʡʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʤʘʪʨʠʮʫ, ʤʠʥʠʤʠʟʠʨʫʶʱʫʶ: 

(1) 
1 1 1

pm n

ijk ijk
i j k

c x
= = =

äää  

ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʦʛʨʘʥʠʯʝʥʠʷʤ: 

(2) 
1

, 1, ; 1, ;
m

ijk jk

i

x b j n k p
=

= = =ä   

(3) 
1

, 1, ; 1, ;
n

ijk ik
j

x c i m k p
=

¢ = =ä   

(4) 
1

, 1, ; 1, ;
p

ijk ij

k

x a i m j n
=

¢ = =ä   

(5) 0 , , .ijkx i j k² "   

ʉ ʮʝʣʴʶ ʦʙʨʘʱʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʟʘʜʘʯʠ ʚ ʨʘʚʝʥʩʪʚʘ, ʚ ʣʝ-

ʚʫʶ ʯʘʩʪʴ ʢʘʞʜʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʠʟ ʛʨʫʧʧ (3), (4) ʚʚʦʜʠʪʩʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʤʘʪʨʠʮʳ X, ʟʥʘʯʝʥʠʷ 

ʠʥʜʝʢʩʘ ʢʦʪʦʨʦʛʦ ʪʘʢʦʚʳ, ʯʪʦ ʥʝ ʥʘʨʫʰʘʶʪ ʪʠʧʠʯʥʫʶ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʩʠʤʤʝʪʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʀʩʢʣʶʯʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʠʢʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʮʝʣʝʚʫʶ 

ʬʫʥʢʮʠʶ ʤʝʪʦʜʦʤ ʧʨʠʨʘʚʥʠʚʘʥʠʷ ʥʫʣʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʠʩʯʝʨʧʳʚʘʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝʤ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʥʠʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ jkb , ikc , ija . 
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2. ɸʣʛʝʙʨʘʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ 

ɸʣʛʝʙʨʘʠʯʝʩʢʠʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ (ɸʊʄ) ï ʵʪʦ 

ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʉʃʄʋ. ʊʨʘʥʩʧʦʨʪʥʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ (ʊʄ) 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ɸʊʄ ʜʦʙʘʚʣʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚʢʣʶʯʝʥʥʳʭ ʚ ʥʝʛʦ ʤʘʪʨʠʮ ʍ. ʈʝh ʝʥʠʝʤ ʞʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʪʘ ʠʭ ʥʠʭ, ʧʨʠ ʢʦʪʦʨʦʡ ʵʢʩʪʨʝ-

ʤʘʣʴʥʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ (1). ɽʩʣʠ ʥʝ ʧʫʩʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ɸʊʄ, 

ʪʦ ʥʝ ʧʫʩʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʊʄ. 

ɺ ʩʣʫʯʘʝ ʪʨʝʭʠʥʜʝʢʩʥʦʛʦ ɸʊʄ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʘʪʨʠʮʳ, ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʘʢ ʥʘʙʦʨʳ ʦʙʳʯ-

ʥʳʭ ʧʣʦʩʢʠʭ ʤʘʪʨʠʮ { } { }{ }( ) ( )k k
ijX X x= = . ʊʦʛʜʘ, ʚʦʩʧʦʣʴʟʦ-

ʚʘʚʰʠʩʴ ʩʫʤʤʘʪʦʨʘʤʠ, ɸʊʄ ʟʘʜʘʯʠ ʊ-3ɸ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

(6) ( ) ( ) ;k kAX C k= "   

(7) ( ) ( ) ;k kX B D k= "   

(8) ( )

1

p
k

k

X C
=

=ä .  

ɿʜʝʩʴ { }( ) ( ) ( ) ( ) ( ) ( )
1 1... , ... , .

T
k k k k k k

m n ijC a a D b b C cè ø è ø= = =ê ú ê ú   

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʛʨʫʧʧ ʦʛʨʘʥʠʯʝʥʠʡ ʟʘʜʘʯʠ ʊ-3ɸ ʠʟʤʝ-

ʥʷʝʪʩʷ ʧʦ ʜʚʘ ʠʥʜʝʢʩʘ ʫ ʵʣʝʤʝʥʪʦʚ ʪʨʝʭʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʍ, ɸʊʄ 

ʵʪʦʡ ʟʘʜʘʯʠ ʟʘʧʠh ʝʤ ʚ ʚʠʜʝ: 

(9) ( ) ( ) ;k kAX B C k= "   

(10) ( )

1

;
p

k

k

AX C
=

=ä   

(11) ( )

1

.
p

k

k

X B D
=

=ä   

ɿʜʝʩʴ ( ) ( ) ( )
1 1 1... , ... , ... .

T
k k k

n n mC b b C b b D a aè ø è ø è ø= = =ê ú ê ú ê ú 

ʂʨʠʪʝʨʠʠ ʥʝʧʫʩʪʦʪʳ ɸʊʄ: 

(12) ( ) ( ) .k kAD C B=  
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(13) ( ) ( )

1 1

;
p p

k k

k k

AX C AC
= =

= =ä ä   

(14) ( ) ( )

1 1

.
p p

k k

k k

X B D CB
= =

= =ä ä   

ɽʩʣʠ ʫʩʣʦʚʠʷ (12) ï (14) ʚʳʧʦʣʥʷʶʪʩʷ, ɸʊʄ ʥʝ ʧʫʩʪ. ʈʝʰʝ-

ʥʠʷ ʧʘʨ (6) ï (7): 

(15) ( ) ( ) ( ) ( ) ( )( ) ( ).k k k k kX A C D B A AD B I A A V I BB- - - - - -= + - + - - 

ʆʥʠ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ (8), ʪ.ʝ. ʜʦʣʞʥʦ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ: 

(16) 

( ) ( ) ( )

1 1 1

( )

1

( ) ( ) ( )

( )( )( ) .

p p p
k k k

k k k

p
k

k

A C D B A A D B

I A A V I BB C

- - - -

= = =

- -

=

+ - +

+ - - =

ä ä ä

ä
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1. ɹʃʖʄʀʅ ʉ. ʃ., ʉʋʍɸʅʆɺ ɺ. ʌ., ʉʋʍɸʅʆɺɸ ɼ. ɺ. 

ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʤʝʪʘʣʣʦ-
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ʙʝʞʝ XXI ʚʝʢʘ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʊ.4. ʄʘʛʥʠʪʦ-

ʛʦʨʩʢ: ʄɻʄɸ, 1996, 197ʩ.  
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3. ʌɸʈɸʌʆʅʆɺɸ ʗ. ɺ. ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʩʣʦʚʠʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ / ʅʘʫʯʥʳʝ ʪʨʫʜʳ 

ʤʦʣʦʜʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʦʛʨʘʤʤʳ çʐʘʛ ʚ ʙʫʜʫʱʝʝè. ʊʦʤ 

8. ʄ.: ʀʟʜʘʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ çɸʢʪʫʘʣʴ-

ʥʳʝ ʧʨʦʙʣʝʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢè, 2005. 172ʩ. 
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ʇʈʆʎɽɼʋʈ ʂʆʅʊʈʆʃʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʈɽɸʃʀɿɸʎʀʀ ʎɽʃɽɺʓʍ ʇʈʆɻʈɸʄʄ 

ʐʝʣʢʦʚ ʄ.ɸ. 

(ʀʇʋ ʈɸʅ, ʄʦʩʢʚʘ) 
shelkov_m@mail.ru 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʬʝʜʝʨʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʦʩʥʦ-

ʚʝ ʢʘʤʝʨʘʣʴʥʳʭ ʠ ʚʳʝʟʜʥʳʭ ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ ʧʨʦʚʝʨʦʢ ʠʩʧʦʣ-

ʥʠʪʝʣʝʡ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʥʪʨʦʣʴ ʨʝʘʣʠʟʘʮʠʠ, 

ʜʦʢʫʤʝʥʪʘʣʴʥʳʝ ʧʨʦʚʝʨʢʠ. 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʝʘ-

ʣʠʟʘʮʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ (ʌʎʇ) ʷʚʣʷʝʪʩʷ ʫʨʦ-

ʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʜʣʷ ʜʦʩʪʠʞʝ-

ʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʭʘʥʠʟʤʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʥʠʪʝʣʝʡ ʌʎʇ, ʦʩʥʦʚʥʳʤʠ 

ʮʝʣʷʤʠ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ: ʧʦʚʳʰʝʥʠʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ 

ʠ çʧʨʦʟʨʘʯʥʦʩʪʠè ʧʨʦʮʝʜʫʨ ʚʳʙʦʨʘ ʦʙʲʝʢʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ; ʧʦʚʳʰʝʥʠʝ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʝʥʥʦʩʪʠ 

ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʦʛʨʘʥʠʯʝ-

ʥʠʠ ʥʘ ʜʦʧʫʩʪʠʤʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʌʎʇ.  

1. ʀʩʭʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝ-

ʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʦʩʥʦʚʘʥʘ ʥʘ 

ʤʝʭʘʥʠʟʤʘʭ ʦʙʦʩʥʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʚʝʨʦʢ ʠʩʧʦʣʥʠʪʝʣʝʡ ʌʎʇ. 
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ʇʦʜ ʧʨʦʚʝʨʢʦʡ ʧʦʥʠʤʘʝʪʩʷ ʝʜʠʥʠʯʥʦʝ ʢʦʥʪʨʦʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 

ʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʲ-

ʝʢʪʦʚ ʢʦʥʪʨʦʣʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʧʦʣʥʠ-

ʪʝʣʠ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ. 

ʆʩʥʦʚʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʨʦ-

ʚʝʜʝʥʠʷ ʢʘʤʝʨʘʣʴʥʳʭ ʠ ʚʳʝʟʜʥʳʭ ʧʨʦʚʝʨʦʢ. ʄʦʜʝʣʴ ʚʳʙʦʨʢʠ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʌʎʇ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩ ʦʩʥʦʚʥʳʤ ʧʝʨʠʦ-

ʜʦʤ, ʨʘʚʥʳʤ ʦʜʥʦʤʫ ʢʘʣʝʥʜʘʨʥʦʤʫ ʛʦʜʫ ʩ ʧʦʢʚʘʨʪʘʣʴʥʳʤ ʨʘʟ-

ʙʠʝʥʠʝʤ. ʇʫʩʪʴ 
jT  ï ʩʪʘʨʪʦʚʳʡ (j =1) ʠʣʠ ʪʝʢʫʱʠʡ ʢʘʣʝʥʜʘʨ-

ʥʳʡ ʛʦʜ, ʧʦʜʨʘʟʜʝʣʷʝʤʳʡ ʧʦʢʚʘʨʪʘʣʴʥʦ ʥʘ ʯʝʪʳʨʝ ʨʘʙʦʯʠʭ 

ʮʠʢʣʘ: 
jl

l
j TT ä

=

=
4

1

, ];[
j lj l kʥjl ttT = , ʛʜʝ 

j lʥ
t , 

j lkt  ï ʧʝʨʚʳʡ ʠ ʧʦʩʣʝʜʥʠʡ 

ʜʝʥʴ l -ʛʦ ʢʚʘʨʪʘʣʘ (4,1=l ) j -ʛʦ ʛʦʜʘ. ʂʘʞʜʳʡ l -ʡ ʨʘʙʦʯʠʡ 

ʮʠʢʣ j -ʛʦ ʧʝʨʠʦʜʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ 

(1) 
jljl djl TTT Ä=x
 ( 4,1=l ), 

ʛʜʝ ];[ jlʥʥjljljl
ttT D+=x

 ï ʠʥʪʝʨʚʘʣ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ l -ʛʦ ʨʘʙʦ-

ʯʝʛʦ ʮʠʢʣʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ jlD  ʜʥʝʡ, ʚʦʟʥʠʢʘʶʱʠʡ ʠʟ-ʟʘ ʦʪʩʫʪ-

ʩʪʚʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʚʝʨʢʠ 

ʩʧʠʩʢʦʚ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʦʙʷʟʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʪʯʝʪʥʦʩʪʴ ʩ 

ʜʘʥʥʳʤʠ ʦ ʝʝ ʬʘʢʪʠʯʝʩʢʠʤ ʧʦʣʫʯʝʥʠʠ ʚ ʪʨʝʙʫʝʤʳʝ ʩʨʦʢʠ; 

];1[
j lj lj l kjlʥd ttT +D+=  ï ʧʣʘʥʦʚʳʡ ʠʥʪʝʨʚʘʣ l -ʛʦ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ 

j -ʛʦ ʧʝʨʠʦʜʘ. 

2. ʄʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ 

ʢʦʥʪʨʦʣʷ  

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʦʣʦʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝ-

ʪʦʜʦʣʦʛʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚ-

ʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠʩʧʦʣʥʠʪʝʣʷʤʠ 

ʌʎʇ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʦʮʝʜʫʨ ʢʦʥ-

ʪʨʦʣʷ ʧʨʝʜʣʦʞʝʥʦ ʦʮʝʥʠʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʦʪʨʘʞʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʦʢ, ʧʨʦʚʝʜʝʥʥʳʭ ʫ ʚʙrʨʘʥʥʳʭ 




