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ʄɽʊɸʃʃʆʈɽɾʋʑʀʍ ʉʊɸʅʂʆɺ 

 

 

88 

ʉʫʚʦʨʦʚ ɸ.ɺ. 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʌʀʃʔʊʈɸʎʀʀ ʈɸʉʊɺʆʈɸ ʉʆɾ ʅɸ 

ʌʀʃʔʊʈʆɺɸʃʔʅʆʁ ʋʉʊɸʅʆɺʂɽ ʇʈɸɺʀʃʔʅʆ-

ʈɸʉʊʗɾʅʆʁ ʄɸʐʀʅʓ 

 

 

 

90 

ʉʳʯʢʠʥʘ ʄ.ɼ. 

 

ɸʅɸʃʀɿ ʇʈʆɹʃɽʄ ʀɿɻʆʊʆɺʃɽʅʀʗ ɿʋɹʏɸʊʓʍ 

ʂʆʃɽʉ 

 

 

94 

ʉɽʂʎʀʗ 3. ʊʈɸʅʉʇʆʈʊʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ 

ʂʆʄʇʃɽʂʉʓ ʀ ʕʂʆʃʆɻʀʗ 

 

ɺʦʣʢʦʚʘ ɺ.ʅ.,  

ɺʦʣʢʦʚ ɼ.ɺ.,  

ɽʨʤʦʣʝʥʢʦ ʄ.ʀ. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɻʈʗɿʅʗʖʑʀʍ ɺɽʑɽʉʊɺ ɺ 

ʄʆʈʉʂʆʁ ɸʂɺɸʊʆʈʀʀ ɹʋʍʊʓ ɹʆʃʔʐʆʁ ʂɸʄɽʅʔ 

 

101 

ʄʘʢʘʨʝʥʢʦ ɸ.ɸ. 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʃʆɾɽʅʀʗ ʎɽʅʊʈɸ ʊʗɾɽʉʊʀ 

ʂʆʃɽʉʅʆʁ ʄɸʐʀʅʓ ʅɸ ʕʊɸʇɽ ʕʉʂʀɿʅʆɻʆ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

 

 

 

109 

ʏʠʯʝʨʠʥʘ ʆ.ɺ. 

 

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʃɽʉʅʆɻʆ 

ʍʆɿʗʁʉʊɺɸ ʈʆʉʉʀʀ 

 

 

112 
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5 
 

ʉɽʂʎʀʗ 4. ʉʊʈʆʀʊɽʃʔʉʊɺʆ ʀ ʄɽʍɸʅʀʂɸ 

 

ɻʘʣʘʪ ʂ.ɸ.,  

ɼʦʛʦʚ ʅ.ɸ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʊɸʅɼɸʈʊʅʆɻʆ ʇʆɾɸʈɸ ʇʈʀ 

ʇʆʄʆʑʀ ʇʈʆɻʈɸʄʄʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

 

 

120 

ʀʩʘʢʦʚʘ ʀ.ʀ. 

 

ɼʆʈʆɾʅʆɽ ʇʆʂʈʓʊʀɽ ʀɿ ʇɽʈɽʈɸɹʆʊɸʅʅʓʍ ʇʆ-

ʃʀʄɽʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 

 

123 

ʂʘʜʳʨʦʚ ʀ.ɸ. 

 

ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʈɽʆʃʆɻʀʏɽʉʂʀʍ 

ʉɺʆʁʉʊɺ ʎɽʄɽʅʊʅʓʍ ʇɸʉʊ ʉ ʎɽʆʃʀʊʉʆɼɽʈ-

ɾɸʑʀʄʀ ʅɸʇʆʃʅʀʊɽʃʗʄʀ 

 

 

 

129 

ʂʨʳʣʦʚ ʂ.ʖ. 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʆʈɻɸʅʀɿɸʎʀʆʅʅʆ-

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ ʇʈʀ ʇʈʆʀɿɺʆɼ-

ʉʊɺɽ ɹɽʊʆʅʅʓʍ ʈɸɹʆʊ 

 

 

 

132 

ʃʠʩʠʮʳʥ ʈ.ʀ. 

 

ʇʈʀʄɽʅɽʅʀɽ ʅɽʆɼʅʆʈʆɼʅʓʍ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ʉ 

ʇʆʉʊʆʗʅʅʓʄʀ ʂʆʕʌʌʀʎʀɽʅʊɸʄʀ ɺ ʈɸʉʏɽʊɽ 

ɼɽʌʆʈʄɸʎʀʀ ʉʊɽʅʆʂ ʈɽɿɽʈɺʋɸʈɸ 

 

 

 

 

135 

ʌʨʦʣʦʚ ʈ.ɸ.,  

ʃʘʤʘʥʦʚʘ ɸ.ʆ. 

ʆʇʊʀʄʀɿɸʎʀʗ ʇʆʊʆʂɸ ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

ʆɹʒɽʂʊʆɺ 

 

 

140 

ʏʝʨʥʝʮʢʘʷ ʄ.ʂ. 

 

ʆ ʉʇʆʉʆɹɸʍ ʇʈʀɻʆʊʆɺʃɽʅʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ 

ʉʄɽʉɽʁ ʅɸ ʆʉʅʆɺɽ ɻʃʀʅʓ 

 

 

143 

ʉɽʂʎʀʗ 5. ʕʃɽʂʊʆʕʅɽʈɻɽʊʀʂɸ, ʕʃɽʂʊʈʆʊɽʍʅʀʂɸ ʀ ʕʃɽʂʊʈʆ-

ʊɽʍʅʆʃʆɻʀʀ 

 

ɸʢʩʝʥʦʚʘ ɸ.ɸ., 

ʉʘʚʝʥʢʦʚʘ ɼ.ɽ. 

ʕʊɸʇʓ (ʎʀʂʃʓ) ʌʆʈʄʀʈʆɺɸʅʀʗ ʕʅɽʈɻɽʊʀʂʀ 

ʈʆʉʉʀʀ ʀ ʄʀʈɸ 

 

 

150 

ɸʢʩʝʥʦʚʘ ɸ.ɸ., 

ʉʘʚʝʥʢʦʚʘ ɼ.ɽ. 

ʈɽɸʃʀɿɸʎʀʗ ʇʈʆɽʂʊɸ çʋʄʅʓʁ ɻʆʈʆɼè ɺ ʈʆʉ-

ʉʀʀ ʀ ɽɻʆ ɺɸʈʀɸʎʀʀ ɿɸ ʈʋɹɽɾʆʄ 

 

 

158 

ɻʣʘʟʢʦʚ ɸ.ɸ. ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ɸʃʔʊɽʈʅɸʊʀɺʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ ʇʆ 

ʉʈɸɺʅɽʅʀʖ ʉ ɻʕʉ 

 

 

 

163 
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6 
 

ʂʨʘʫʩ ʇ.ɼ.,  

ʃʦʙʘʯ ɼ.ɺ. 

 

ʕʅɽʈɻɽʊʀʏɽʉʂɸʗ ʋʊʀʃʀɿɸʎʀʗ ʆʊʍʆɼʆɺ 165 

ʄʘʜʞʠʜʦʚ ɸ.ʐ. 

 

ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʇɸʈɸʄɽʊ-

ʈʆɺ ʕʂɺʀɺɸʃɽʅʊʅʓʍ ʉʍɽʄ ɿɸʄɽʑɽʅʀʗ ɸʉʀʅ-

ʍʈʆʅʅʓʍ ʄɸʐʀʅ 

 

 

 

168 

ʄʘʜʞʠʜʦʚ ɸ.ʐ. 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʉʍɽʄ ɿɸʄɽʑɽʅʀʗ 

ɸʉʀʅʍʈʆʅʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 

 

 

174 

ʄʘʜʞʠʜʦʚ ɸ.ʐ. 

 

ʇʈʆɺɽʈʂɸ ʇʈʆɺʆɼʅʀʂʆɺ ʅɸ ʊɽʈʄʀʏɽʉʂʋʖ 

ʉʊʆʁʂʆʉʊʔ ʇʈʀ ʂʆʈʆʊʂʆʄ ɿɸʄʓʂɸʅʀʀ 

 

 

182 

ʉʳʪʳʭ ɸ.ʅ., 

ɿʚʝʨʝʚʘ ɸ.ɸ.,  

ʊʢʘʯʝʥʢʦ ɸ.ɽ. 

 

ʈɸɿɺʀʊʀɽ ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʆʊʈɸʉʃʀ 

ʕʅɽʈɻɽʊʀʂʀ 

 

188 

ʍʘʬʠʟʦʚ ʐ.ʌ., 

ɺʦʣʦʰʠʥ ɸ.ɸ., 

ɺʦʣʦʰʠʥ ɽ.ɸ., 

ʄʠʨʟʦʝʚʘ ʐ.ʄ. 

 

ʈɸɿʈɸɹʆʊʂɸ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʅɸɻʈʋɿʂʆʁ ɺ ʄʀʂʈʆʕʅɽʈɻʆʉʀʉʊɽʄɸʍ 

 

 

195 

ʐʠʰʠʥ ɸ.ɸ. 

 

ʈʆʃʔ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɻʆ ʀʉʏʀʉʃɽʅʀʗ ɺ 

ʀɿʋʏɽʅʀʀ ʆʊɼɽʃʔʅʓʍ ɻʃɸɺ ʕʃɽʂʊʈʆʊɽʍʅʀʂʀ 

 

 

200 

ʉɽʂʎʀʗ 6. ʕʂʆʅʆʄʀʂɸ ʀ ʋʇʈɸɺʃɽʅʀɽ 

 

ɸʣʝʢʩʝʝʥʢʦ ʄ.ʖ. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʆʅʗʊʀʁ çʄʋʃʔʊʀʄʆɼɸʃʔ-

ʅʓɽè, çʀʅʊɽʈʄʆɼɸʃʔʅʓɽè ʀ çʂʆʄɹʀʅʀʈʆɺɸʅ-

ʅʓɽè ʇɽʈɽɺʆɿʂʀ ɺ ʊɽʆʈʀʀ ʃʆɻʀʉʊʀʂʀ 

 

 

 

203 

ɸʥʦʰʠʥ ɽ.ɸ.,  

ʇʫʛʠʥʘ ʃ.ʀ. 

 

ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʂɸɼʈʆɺʆɻʆ ʇʆʊɽʅ-

ʎʀɸʃɸ ɺʃɸɼʀʄʀʈʉʂʆʁ ʆɹʃɸʉʊʀ: ʂʆʃʀʏɽʉʊ-

ɺɽʅʅɸʗ ʆʎɽʅʂɸ 

 

 

 

208 

ɹʘʨʩʫʢʦʚʘ ɽ.ʆ. 

 

ʆʉʅʆɺʅʓɽ ʇʈʆɹʃɽʄʓ ʎʀʌʈʆɺʀɿɸʎʀʀ ɻʆʉʋ-

ɼɸʈʉʊɺɽʅʅʆɻʆ ʉɽʂʊʆʈɸ ɺ ʈɽɻʀʆʅɸʍ ʈʆʉʉʀʀ 

 

 

214 

ɹʫʨʤʘʥʦʚ ʉ.ɸ. ʆʈɻɸʅʀɿɸʎʀʗ ʆɹʈɸʑɽʅʀʗ ʉ ʊɺɽʈɼʓʄʀ ɹʓʊʆ-

ɺʓʄʀ ʆʊʍʆɼɸʄʀ ʅɸ ʉʆɺʈɽʄɽʅʅʆʄ ʕʊɸʇɽ 

ʈɸɿɺʀʊʀʗ ʕʂʆʅʆʄʀʂʀ 
 

 

 

219 

ɹʫʭʪʠʥʘ ʆ.ɹ. 

 

ʀʉʊʆʈʀʗ ʈɸɿɺʀʊʀʗ ɸʋɼʀʊʆʈʉʂʆʁ ɼɽʗʊɽʃʔʅʆ-

ʉʊʀ ɺ ʈʆʉʉʀʀ 

 

 

225 
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ɺʘʣʠʝʚʘ ʕ.ʄ. ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ʇʈʀ ɸʅɸʃʀɿɽ 

ʈʓʅʂɸ ʎɽʅʅʓʍ ɹʋʄɸɻ 

 

 

228 

ʀʝʚʢʦʚʘ ɽ.ɺ. 

 

ʆʎɽʅʂɸ ʈɽɿʋʃʔʊɸʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄʓ ʄɽ-

ʅɽɼɾʄɽʅʊɸ ʂɸʏɽʉʊɺɸ 

 

 

231 

ʂʘʨʧʝʥʢʦ ʆ.ɸ. ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ʉʊʈʋʂʊʋʈʓ ʈɸɿɺʀʊʀʗ ʉʆ-

ʆɹʑɽʉʊɺ ʀ ʇʈɽɼʉʊɸɺʀʊɽʃʔʉʊɺ ʉʆɺʈɽʄɽʅʅʓʍ 

ʂʆʄʇɸʅʀʁ ɺ  ʎʀʌʈʆɺʆʁ ʕʂʆʅʆʄʀʂɽ 

 

 

 

235 

ʂʘʨʧʝʥʢʦ ʆ.ɸ. ʈʆʃʔ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ʂɸʇʀʊɸʃɸ ɺ ʉʆ-

ɺʈɽʄɽʅʅʆʄ ɺʆʉʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʄ ʇʈʆʎɽʉ-

ʉɽ 

 

 

 

244 

ʂʦʥʜʨʘʪʴʝʚʘ ʂ.ɺ. ʆ ʌɽʅʆʄɽʅɽ ɼɽʇʈɽʉʉʀɺʅʆʉʊʀ ʉʊɸʈʆʇʈʆ-

ʄʓʐʃɽʅʅʓʍ ʈɽɻʀʆʅʆɺ 

 

 

254 

ʂʫʭʪʦ ʖ.ɺ. 

 

ʇʈʆɻʈɽʉʉʀɺʅɸʗ ʐʂɸʃɸ ʇʆɼʆʍʆɼʅʆɻʆ ʅɸʃʆ-

ɻɸ ɼʃʗ ʈɽʉʇʋɹʃʀʂʀ ɹɽʃɸʈʋʉʔ: çɿɸè ʀ çʇʈʆʊʀɺè 

ʏɽʈɽɿ ʇʈʀɿʄʋ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ ʆʇʓʊɸ 

 

 

 

258 

ʃʠʧʩʢʠʡ ʀ. ʄ.  ʈʆʃʔ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʓʍ ʉʈɽɼʉʊɺ ɺ ɸʅɸʃʀɿɽ 

ʉʆʎʀɸʃʔʅʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʉʀʊʋɸʎʀʁ 

 

 

264 

ʃʴʚʦʚʘ ʅ.ɽ. 

 

ʄɽɾɼʋʅɸʈʆɼʅʆɽ ʉʆʊʈʋɼʅʀʏɽʉɺʆ ɸʃʊɸʁ-

ʉʂʆɻʆ ʂʈɸʗ ʅɸ ʉʆɺʈɽʄɽʅʅʆʄ ʕʊɸʇɽ 

 

 

268 

ʄʘʢʘʨʝʥʢʦ ɽ. ɸ. 

 

ʇʈʆɹʃɽʄɸ ʄʆʅʆʇʆʃʀɿɸʎʀɿɸʎʀʀ ʈʆʉʉʀʁ-

ʉʂʆɻʆ ʈʓʅʂɸ ɼʆɹʈʆɺʆʃʔʅʆɻʆ ʉʊʈɸʍʆɺɸʅʀʗ 

 

 

271 

ʇʝʩʦʮʢʠʡ ɸ.ɹ.,  

ʄʘʢʘʨʝʥʢʦ ɽ.ɸ. 

ʇʈʆɹʃɽʄʓ ʉʊʈɸʍʆɺɸʅʀʗ ɻʈʋɿʆɺ ɺ ʈɸʄʂɸʍ 

ʂʆʅʂʋʈɽʅʊʅʓʍ ɿɸʂʋʇʆʂ 

 

 

277 

ʄʘʣʳʰʢʠʥʘ ɸ.ʖ. 

 

ʄɽʈʆʇʈʀʗʊʀʗ, ʅɸʇʈɸɺʃɽʅʅʓɽ ʅɸ ʉʆɺɽʈ-

ʐɽʅʉʊɺʆɺɸʅʀɽ ʊɸʄʆɾɽʅʅʆɻʆ ʂʆʅʊʈʆʃʗ ɺ 

ʆɹʃɸʉʊʀ ʇʈɽʉɽʏɽʅʀʗ ʅɽɿɸʂʆʅʅʆɻʆ ʇɽʈɽʄɽ-

ʑɽʅʀʗ ʆɹʒɽʂʊʆɺ ʉʀʊɽʉ ʏɽʈɽɿ ʊɸʄʆɾɽʅʅʋʖ 

ɻʈɸʅʀʎʋ ɽɸʕʉ 

 

 

 

 

 

282 

ʆʙʲʝʜʢʦʚ ʄ. ʉ.  ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʈʀʉʂʆɺʓʍ 

ʉʀʊʋɸʎʀʁ 

 

 

286 

ʆʭʦʪʝʥʢʦ ʀ. ɸ., 

ʏʝʨʪʢʦʚʘ ʆ. ʅ. 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ SWOT-ɸʅɸʃʀɿɸ 

ɼʃʗ ʇʈʀʄɽʅɽʅʀʗ BIGDATA ɺ SMM 

 

 

290 

ʇʫʛʘʯʝʚʘ ʌ.ʈ. ʕʂʆʅʆʄʀʂɸ ɺ ʇʆɺʉɽɼʅɽɺʅʆʁ ɾʀɿʅʀ ʉʊʋ-

ɼɽʅʊʆɺ ɺʋɿɸ 

 

 

298 
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ʂʦʟʣʦʚ ʄ. ɸ.,  

ʉʘʥʦʩʷʥ ɸ.,  

ʊʶʣʴʢʠʥʘ ʂ.ʃ., 

ʐʝʠʥ ɸ. ɺ. 

 

ɺɸɾʅʆʉʊʔ ʉʀʉʊɽʄʓ ʄɽʅɽɼɾʄɽʅʊɸ ʂɸʏɽʉʊ-

ɺɸ ʅɸ ʇʈɽɼʇʈʀʗʊʀʀ 

 

305 

ʂʦʟʣʦʚ ʄ. ɸ.,  

ʉʘʥʦʩʷʥ ɸ.,  

ʊʶʣʴʢʠʥʘ ʂ.ʃ., 

ʐʝʠʥ ɸ. ɺ. 

 

ʂɸʏɽʉʊɺʆ ʂɸʂ ʆɹʒɽʂʊ ʋʇʈɸɺʃɽʅʀʗ ʅɸ ʇʈɽɼ-

ʇʈʀʗʊʀʀ 

 

308 

ʉʚʠʨʠʜʦʚʘ ɸ.ʉ. 

 

ʅɸʃʆɻʆʆɹʃʆɾɽʅʀɽ ɺ ʈɽʃʀɻʀʆɿʅʆʁ ʆʈɻɸʅʀ-

ɿɸʎʀʀ 

 

 

312 

ʉʠʤʠʥʝʥʢʦ ɺ.ʀ. 

 

ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀ ʕʂʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ 

ʋʊʀʃʀɿɸʎʀʀ ʊɺɽʈɼʓʍ ʂʆʄʄʋʅɸʃʔʅʓʍ ʆʊ-

ʍʆɼʆɺ 

 

 

 

315 

ʉʦʣʦʜʦʚʥʠʢʦʚʘ ʈ.ʄ. 

 

ʈɽʂʆʄɽʅɼɸʎʀʀ ʂ ʇʈʆɺɽɼɽʅʀʖ ʊɸʄʆɾɽʅʅʆ-

ɻʆ ʂʆʅʊʈʆʃʗ ʊʆɺɸʈʆɺ, ʉʆɼɽʈɾɸʑʀʍ ʆʀʉ, ʅɸ 

ʆʉʅʆɺɽ ʉʈɸɺʅɽʅʀʗ ɿɸʈʋɹɽɾʅʆʁ ʀ ʆʊɽʏɽʉʊ-

ɺɽʅʅʆʁ ʇʈɸʂʊʀʂʀ 

 

 

 

 

323 

ʊʠʭʦʥʦʚ ʀ.ɸ.
 

 

ʃʀɼɽʈ ʀ ʈʋʂʆɺʆɼʀʊɽʃʔ: ʉʍʆɼʉʊɺɸ ʀ 

ʈɸɿʃʀʏʀʗ 

 

 

326 

ʍʦʡʥʘ ʄ.ʅ.
 

 

ʇʃɸʅʀʈʆɺɸʅʀɽ ʉʆʎʀɸʃʔʅʆɻʆ ʈɸɿɺʀʊʀʗ ʂɸʂ 

ʆʉʅʆɺʅʆʁ ʀʅʉʊʈʋʄɽʅʊ ʋʇʈɸɺʃɽʅʀʗ ʉʆʎʀ-

ɸʃʔʅʓʄʀ ʀɿʄɽʅɽʅʀʗʄʀ 

 

 

 

329 

ʐʝʚʯʝʥʢʦ ʗ. ʕ. 

 

ʂʆʅʎɽʇʎʀʗ ʋʉʊʆʁʏʀɺʆɻʆ ʈɸɿɺʀʊʀʗ ʂɸʂ ʆʉ-

ʅʆɺɸ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʇʈʆɻʈɽʉʉɸ ʅɸ 

ʄʀʈʆɺʆʄ ʈʓʅʂɽ ʊɽʂʉʊʀʃʗ ʀ ʆɼɽɾɼʓ 

 

 

 

333 

ʉɽʂʎʀʗ 7. ʆɹʈɸɿʆɺɸʅʀɽ ʀ ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

 

ɸʚʜʝʝʥʢʦ ɽ.ʂ. 

 

ʈʆʃʔ ɿɸʅʗʊʀʁ ɹɸʉʂɽʊɹʆʃʆʄ ɺ ʌʆʈʄʀʈʆɺɸʅʀʀ 

ʃʀʏʅʆʉʊʀ 

 

 

341 

ɹʘʙʠʡ ʊ.ɺ. 

 

ʉʀʉʊɽʄɸ ʉʈɽɼʉʊɺ ʈɸɿɺʀʊʀʗ ʄʆʊʆʈʅʆʁ ʉʌɽʈʓ 

ʋ ɼɽʊɽʁ ʉ ʆɻʈɸʅʀʏɽʅʅʓʄʀ ɺʆɿʄʆɾʅʆʉʊʗʄʀ 

ɿɼʆʈʆɺʔʗ 

 

 

 

346 

ɹʝʣʘʥʦʚʘ ɸ.ʉ. ʊɽʆʈɽʊʀɿɸʎʀʗ ʆʉʅʆɺ ʀ ʄʆɼɽʃɽʁ ʇʈʆʌɽʉʉʀʆ-

ʅɸʃʔʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ʄɽʊʆɼʀʉʊɸ ɺ ɼʖʉʐ  

 

 

351 

ɺʦʣʢʦʚʘ ʆ. ɺ. 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʈʆɽʂʊʅʆʁ ʊɽʍʅʆʃʆɻʀʀ ʂɸʂ 

ʌʆʈʄʓ ʆʈɻɸʅʀɿɸʎʀʀ ʀʊʆɻʆɺʆɻʆ ɿɸʅʗʊʀʗ ʇʆ 

ɼʀʉʎʀʇʃʀʅɽ ʍʀʄʀʗ 

 

 

355 
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ɻʦʣʝʚʘ ʕ.ʈ. ʅɸʋʏʅʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ɿʅɸʏʀʄʆʉʊʀ ʇʈʆɼʋʂ-

ʊʀɺʅʆʁ ʉɸʄʆʈɽɸʃʀɿɸʎʀʀ ʃʀʏʅʆʉʊʀ ɺ ɼʖʉʐ  

 

 

363 

ɻʦʨʝʣʦʚ ʄ.ʇ. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆ-

ɻʀʁ ʇʈʆɼʋʂʊʀɺʅʆɻʆ ʈɸɿɺʀʊʀʗ ʃʀʏʅʆʉʊʀ ɺ 

ʀɿʋʏɽʅʀʀ ʆʉʅʆɺ ɹɽɿʆʇɸʉʅʆʉʊʀ ɾʀɿʅɽɼɽʗ-

ʊɽʃʔʅʆʉʊʀ 

 

 

 

 

367 

ɽʣʘʥʦʚʘ ʂ.ʉ. ʇʈʆʌʆʈʀɽʅʊɸʎʀʗ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ 

ʆɹʈɸɿʆɺɸʅʀɽ ɺ  ʉʆɺʈɽʄɽʅʅʆʄ ʄʀʈɽ 

 

 

373 

ʂʘʟʠʤʦʚ ʈ.ɼ. ʊɽʆʈɽʊʀɿɸʎʀʗ ʀ ʊɽʍʅʆʃʆɻʀɿɸʎʀʗ ɺʉɽʉʊʆ-

ʈʆʅʅɽɻʆ ʈɸɿɺʀʊʀʗ ʃʀʏʅʆʉʊʀ ʏɽʈɽɿ ʉʇʆʈʊ 

  

 

376 

ʂʫʰʥʘʨʸʚ ɸ.ɺ.   

 

ʈʆʃʔ ʌʀɿʀʏɽʉʂʆʁ ʂʋʃʔʊʋʈʓ ʀ ʉʇʆʈʊɸ ɺ ɼʋ-

ʍʆɺʅʆʄ ɺʆʉʇʀʊɸʅʀʀ ʃʀʏʅʆʉʊʀ ʉʆɺʈɽʄɽʅ-

ʅʆɻʆ ʏɽʃʆɺɽʂɸ 

 

 

 

380 

ʄʘʪʶʥʠʥ ʂ.ɸ., 

ʇʝʪʨʦʚʘ ʀ.ɸ.  

ʆʉʆɹɽʅʅʆʉʊʀ ɻʈɸʌʀʏɽʉʂʆɻʆ ɼʀɿɸʁʅɸ ɺ  

ɼɺʋʄɽʈʅʆʁ ɻʈɸʌʀʂɽ 

 

 

383 

ʄʫʨʘʚʴʝʚʘ ʄ.ʀ. ʊɽʆʈɽʊʀɿɸʎʀʗ ʀ ʊɽʍʅʆʃʆɻʀɿɸʎʀʗ ʆʉʅʆɺ 

ʇʈʆɼʋʂʊʀɺʅʆɻʆ ʈɸɿɺʀʊʀʗ ʃʀʏʅʆʉʊʀ ɺ ʆɹʈɸ-

ɿʆɺɸʊɽʃʔʅʆʁ ʆʈɻɸʅʀɿɸʎʀʀ 

 

 

 

388 

ʆʩʠʧʦʚʘ ʉ.ɺ. ʊɽʆʈɽʊʀɿɸʎʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇɸʊʈʀʆʊʀʏɽ-

ʉʂʆɻʆ ɺʆʉʇʀʊɸʅʀʗ ʂɸʂ ʉʆʎʀɸʃʔʅʆ-

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅɸʗ ʇʈʆɹʃɽʄɸ 

 

 

 

392 

ʇʦʧʦʚʘ ɽ.ʃ. 

 

ɿɼʆʈʆɺʓʁ ʆɹʈɸɿ ɾʀɿʅʀ ʉʆɺʈɽʄɽʅʅʆɻʆ ʏɽʃʆ-

ɺɽʂɸ 

 

 

396 

ʉʠʯʢʦ ɼ.ɸ. 

 

ʉʊɸʅʆɺɸʗ ʊʗɻɸ ï ʆʉʅʆɺʓ ɹɽɿʆʇɸʉʅʆʁ ʊɽʍʅʀ-

ʂʀ ɺʓʇʆʃʅɽʅʀʗ ɼʃʗ ɸʊʃɽʊʆɺ ʅɽ ʃʀʌʊɪʈʆɺ 

 

 

400 

ʉʠʯʢʦ ɼ.ɸ. 

 

ʉʆɺʈɽʄɽʅʅɸʗ ʀʉʊʆʈʀʗ ɸʈʄʈɽʉʊʃʀʅɻɸ (ɸʈʄʉ-

ʇʆʈʊɸ) 

 

 

404 

ʏʝʯʠʥʘ ʅ.ɸ. ʆʉʅʆɺʓ ʊɽʆʈɽʊʀɿɸʎʀʀ ɺʆɿʄʆɾʅʆʉʊɽʁ ʌʆʈ-

ʄʀʈʆɺɸʅʀʗ ʂʋʃʔʊʋʈʓ ʉɸʄʆʉʊʆʗʊɽʃʔʅʆʁ ʈɸ-

ɹʆʊʓ ʆɹʋʏɸʖʑɽɻʆʉʗ ʅɸ ɿɸʅʗʊʀʗʍ ʌʀɿʀʏɽ-

ʉʂʆʁ ʂʋʃʔʊʋʈʆʁ 

 

 

 

 

408 

ʉɽʂʎʀʗ 8. ʉʆʎʀɸʃʔʅʆ-ʌʀʃʆʉʆʌʉʂʀɽ, 

ʀʉʊʆʈʀʏɽʉʂʀɽ ʀ ʇʆʃʀʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ɹʦʥʜʘʨʝʥʢʦ ɺ.ɸ. 

 

ʇʆʃʀʊʀʏɽʉʂɸʗ ʂʋʃʔʊʋʈɸ ʉʆɺʈɽʄɽʅʅʆʁ ʈʆʉ-

ʉʀʁʉʂʆʁ ʄʆʃʆɼɪɾʀ 

 

414 
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ɺʣʘʜʠʤʠʨʦʚʘ ʀ.ɺ. ʋʏɸʉʊʀɽ ʄʆʃʆɼɽɾʀ ɺ çʎɺɽʊʅʓʍ ʈɽɺʆʃʖʎʀ-

ʗʍè 

 

 

422 

ʂʘʥʜʘʫʨʦʚ ɹ. ʀ. 

 

ɼɽʄʆʂʈɸʊʀɿɸʎʀʗ ʇʆʃʀʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ, 

ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ʄʆɼɽʈʅʀɿɸʎʀʀ ɻʆʉʋɼɸʈʉʊ-

ɺɸ 

 

 

 

427 

ʂʦʰʤʘʥ ʂ.ʉ. 

 

ʆʊɻʈɸʅʀʏɽʅʀɽ ʂʈɸʁʅɽʁ ʅɽʆɹʍʆɼʀʄʆʉʊʀ ʆʊ 

ɼʈʋɻʀʍ ʆɹʉʊʆʗʊɽʃʔʉʊɺ, ʀʉʂʃʖʏɸʖʑʀʍ ʇʈɽ-

ʉʊʋʇʅʆʉʊʔ ɼɽʗʅʀʗ 

 

 

 

432 

ʇʘʚʣʶʯʢʦʚʘ ʂ.ʉ. 

 

ʊʋʈɽʎʂɸʗ ɻɽʆʉʊʈɸʊɽɻʀʗ ʅɸ ʉɽɺɽʈʅʆʄ ʂɸɺʂɸ-

ɿɽ ʂɸʂ ʋɻʈʆɿɸ ʅɸʎʀʆʅɸʃʔʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʈʆʉʉʀʀ 

 

 

 

438 

ʈʘʜʞʘʙʦʚ ɸ.ʀ. 

 

ʉʇɽʎʀʌʀʂɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆʃʀʊʀʏɽʉʂʀʍ 

ɺɿɻʃʗɼʆɺ ʈʆʉʉʀʁʉʂʆʁ ʄʆʃʆɼɪɾʀ: ʂ 

ʇʆʉʊɸʅʆɺʂɽ ʇʈʆɹʃɽʄʓ 

 

 

 

443 

ʈʦʛʦʞʠʥ ʀ.ʖ. 

 

ʆ ʇʈʆɹʃɽʄɽ ʕʂʉʊʈɽʄʀɿʄɸ ɺ ʄʆʃʆɼɽɾʅʆʁ 

ʉʈɽɼɽ 

  

 

451 

ʉʘʣʦʤʘʪʦʚʘ ʄ.ʆ. 

 

ʇʈʆʌʀʃɸʂʊʀʂɸ ɿɸɺʀʉʀʄʆɻʆ ʇʆɺɽɼɽʅʀʗ ʄʆ-

ʃʆɼɽɾʀ ɺ ʋʉʃʆɺʀʗʍ ɺʋɿɸ (ʅɸ ʇʈʀʄɽʈɽ ʉʆɿɸ-

ɺʀʉʀʄʆʉʊʀ ʀ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʉʆʎʀɸʃʔʅʓʍ 

ʉɽʊɽʁ) 

 

 

 

 

454 

ʉʠʜʦʨʦʚ ʀ.ɸ.,  

ɿʶʢʦʚ ʀ.ɺ. 

 

ʇʈʆɹʃɽʄʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʀ ʈɸɿɺʀʊʀʗ ʇʈɸ-

ɺʆɺʆʁ ʂʋʃʔʊʋʈʓ ɺ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

 

465 

ʏʝʨʥʦʙʘʡ ɸ.ɹ. ʇʆʃʀʊʀʏɽʉʂʀɽ ʇʈɽɼʇʆʏʊɽʅʀʗ ʄʆʃʆɼɪɾʀ 

 

471 

ʐʠʧʫʣʷ ʊ.ɺ. ʆʉʆɹɽʅʅʆʉʊʀ ʉʊɸʅʆɺʃɽʅʀʗ ʄʆʃʆɼɽɾʅʆʁ 

ʇʆʃʀʊʀʏɽʉʂʆʁ ʉʋɹʂʋʃʔʊʋʈʓ ʈʆʉʉʀʀ 

 

476 
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ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʂɸ ʀ ʀʅʌʆʈʄɸʊʀʂɸ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè  

ɼʫʜʥʠʢ ɽʚʛʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 

ʋɼʂ 004.42 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʂɸʃɽʅɼɸʈʗ  

ɼʃʗ ʇʈɽɼʇʈʀʗʊʀʗ 

ɽ.ɸ. ɹʝʣʷʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ. ʀ.ɹ. ʐʫʣʴʤʘʥ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè,  

ʛ. ʈʫʙʮʦʚʩʢ 
 ʉʪʘʪʴʷ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʢʘʣʝʥʜʘʨʷ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: VisualStudio, C#, ʙʘʟʘ ʜʘʥʥʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʘʣʝʥʜʘʨʴ, ʩʧʠʩʦʢ 

ʜʝʣ, ʤʝʨʦʧʨʠʷʪʠʷ. 

 

ʅʘʯʠʥʘʷ ʩʚʦʡ ʜʝʥʴ, ʤʳ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦ ʧʳʪʘʝʤʩʷ ʨʘʩʧʣʘʥʠʨʦʚʘʪʴ ʝʛʦ ʨʘʩ-

ʧʦʨʷʜʦʢ, ʪʘʢ ʥʘʤ ʧʨʦʱʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʅʦ ʯʝʣʦʚʝʢ ʧʦʜʚʝʨʞʝʥ 

ʫʩʪʘʣʦʩʪʠ, ʩʪʨʝʩʩʫ, ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʫʜʝʨʞʠʚʘʪʴ ʚ ʧʘʤʷʪʠ ʚʩʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʩʦʙʳʪʠʷ, ʧʣʘʥʳ ʥʘ ʜʝʥʴ. ɸ ʢʘʢ ʞʝ ʮʝʣʦʝ ʧʨʝʜʧʨʠʷʪʠʝ? ʇʦʪʦʢ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʤʝʨʦʧʨʠʷʪʠʷʭ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, ʯʪʦ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥ-

ʩʪʨʫʤʝʥʪʳ ʜʣʷ ʝʛʦ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʥʘʰʝ ʚʨʝʤʷ ʧʦʷʚʣʷʶʪʩʷ 

ʪʘʢʠʝ ʨʝʩʫʨʩʳ ʚ ʚʠʜʝ ʧʨʠʣʦʞʝʥʠʡ, ʩʘʡʪʦʚ, ʛʜʝ ʤʦʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʨʘʩʧʦʨʷʜʦʢ 

ʜʥʷ, ʥʝʜʝʣʠ, ʤʝʩʷʮʘ ʠ ʜʘʞʝ ʛʦʜʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʩʦ-

ʪʨʫʜʥʠʢʦʚ. 

ʈʘʩʧʦʨʷʜʦʢ ʜʥʷ ï ʛʦʣʦʚʥʘʷ ʙʦʣʴ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʝʣʦʚʳʝ ʚʩʪʨʝʯʠ, ʩʦʚʝ-

ʱʘʥʠʷ, ʜʝʣʘ ʧʝʨʚʦʡ ʚʘʞʥʦʩʪʠ ʠ ʧʨʦʯʝʝ, ʚʩʝ ʵʪʦ ʪʨʫʜʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ɺ ʵʨʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʪʝʨʥʝʪʘ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ï ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʷ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʙʳʩʪʨʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʦʟʜʘʶʪʩʷ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʩʪʘʚʣʷʪɹ  ʨʘʩʧʠʩʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ 

ʠ ʚʝʩʪʠ ʠʭ ʫʯʝʪ, ʘ ʪʘʢ ʞʝ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʭʦʜʥʳʭ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʨʘʟʜʥʠʢʘʭ ʠ ʜʘʪʝ ʠʭ ʧʨʦʚʝʜʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ çɸʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʘʣʝʥʜʘʨʴè ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʦʙʳʪʠʡ  ʧʨʝʜʧʨʠ-

ʷʪʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ  ʟʘʜʘʯʠ: 

- ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʢʘʣʝʥʜʘʨʷ; 

- ʩʦʩʪʘʚʠʪʴ ʠʥʬʦʣʦʛʠʯʝʩʢʫʶ ʠ ʜʘʪʘʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ ʧʣʘ-

ʥʠʨʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; 

- ʦʧʠʩʘʪʴ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʘʣʝʥʜʘʨʷ; 
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- ʧʦʜʛʦʪʦʚʠʪʴ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠ-

ʷʪʠʷ; 

- ʥʘʧʠʩʘʪʴ ʠ ʦʪʣʘʜʠʪʴ ʧʨʦʛʨʘʤʤʫ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʡ ʢʘʣʝʥʜʘʨʴ ʧʨʝʜʧʨʠʷʪʠʷè. 

ɿʘʜʘʯʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ: ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʣʝʥʜʘʨʷ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜ ʩ ʫʢʘʟʘ-

ʥʠʝʤ ʨʘʙʦʯʠʭ, ʚʳʭʦʜʥʳʭ ʠ ʧʨʘʟʜʥʠʯʥʳʭ ʜʥʝʡ; ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʠʩʢʘ ʜʝʣ, ʢʦʪʦ-

ʨʳʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʝʥʴ; ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʢʘ ʧʨʦʚʝʜʝʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʟʘ ʠʥʪʝʨʝʩʫʶʱʠʡ ʧʝʨʠʦʜ; ʚʝʜʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʤʝʨʦʧʨʠʷʪʠʷʭ. 

ɿʘʜʘʯʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʧʨʦʩʤʘʪʨʠ-

ʚʘʪʴ ʩʧʠʩʦʢ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʠʥʪʝʨʝʩʫʶ-

ʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ; ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ; 

ʧʝʨʝʥʦʩʠʪʴ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʜʨʫʛʦʡ ʜʝʥʴ ʠʣʠ ʦʪʤʝʥʷʪʴ ʠʭ; ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʥʦʩʠʪʴ ʧʨʦʰʝʜʰʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʘʨʭʠʚ ʠʣʠ ʚʦʟʚʨʘʱʘʪʴ ʦʙ-

ʨʘʪʥʦ ʚ ʪʘʙʣʠʮʫ. 

ʇʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʩʤʦʛʫʪ ʙʫʭʛʘʣʪʝʨʘ, ʩʦʪʨʫʜʥʠʢʠ ʦʪʜʝʣʘ 

ʢʘʜʨʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʩʫʱʥʦʩʪʠ: ʧʨʘʟʜʥʠʯʥʳʝ ʜʥʠ, ʩʧʠʩʦʢ ʜʝʣ, ʢʘʣʝʥʜʘʨʴ, ʩʧʠʩʦʢ ʤʝʨʦʧʨʠʷʪʠʡ, ʘʨʭʠʚ 

(ʨʠʩ. 1). 

ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʜʘʪʘʣʦʛʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʠ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʯʝʪʘ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʦʨʠʷ ʩʦʟʜʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʘʚʪʦʨʘ 

ʅ.ɽ. ɽʤʝʣʴʷʥʦʚʘ, ɺʚʝʜʝʥʠʝ ʚ ʉʋɹɼ ʀʅɽʉ [4].  

 
ʈʠʩ. 1.  ɽRï ʜʠʘʛʨʘʤʤʘ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʥʘʯʠʥʘʝʪʩʷ ʚʚʦʜʦʤ ʧʨʘʟʜʥʠʯʥʳʭ ʜʥʝʡ, ʩʦʩʪʘʚ-

ʣʝʥʠʷ ʢʘʣʝʥʜʘʨʷ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜ ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʙʦʯʠʭ ʜʥʝʡ ʥʘ ʥʝʜʝʣʝ, ʦʨʛʘʥʠ-

ʟʘʮʠʷ ʩʧʠʩʢʘ ʜʝʣ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ. ʇʦʩʣʝ ʯʝʛʦ ʤʦʞʥʦ ʥʘʟʥʘʯʘʪʴ 

ʤʝʨʦʧʨʠʷʪʠʝ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʘʪʫ ʩ ʫʢʘʟʘʥʠʝʤ ʚʨʝʤʝʥʠ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʫʢʘ-
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ʟʘʥʥʦʡ ʜʘʪʳ, ʧʨʦʛʨʘʤʤʘ ʫʚʝʜʦʤʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʩʢʦʨʦʤ ʩʦʙʳʪʠʠ. ɺ ʧʨʦ-

ʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʳ ʬʫʥʢʮʠʠ ʚʳʚʦʜʘ ʥʘ ʧʝʯʘʪʴ ʩʧʨʘʚʦʢ ʠ ʦʪʯʝʪʦʚ. 

ɺʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ: 

- ʪʘʙʣʠʮʫ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦ ʩʧʠʩʢʦʤ ʧʨʘʟʜʥʠʯʥʳʭ ʜʥʝʡ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜ, ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ ʧʦʣʝʡ: ʜʝʥʴ, ʤʝʩʷʮ, ʛʦʜ, ʜʘʪʘ. 

- ʪʘʙʣʠʮʫ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦ ʩʧʠʩʢʦʤ ʜʝʣ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʣʝʡ: ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ. 

- ʪʘʙʣʠʮʫ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦ ʩʧʠʩʢʦʤ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʘʪʫ, ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ ʧʦʣʝʡ: ʜʘʪʘ, ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʚʨʝʤʷ 

ʥʘʯʘʣʘ, ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ, ʤʝʪʢʘ ʦ ʧʨʦʚʝʜʝʥʠʠ. 

ɺʳʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ: 

- ʚʠʜʝʦʛʨʘʤʤʫ ʩʧʨʘʚʢʫ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʟʘ ʧʨʦʰʝʜʰʠʡ 

ʜʝʥʴ, ʚʳʭʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʝʡ: ʜʘʪʘ, ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʤʝʩʪʦ ʧʨʦ-

ʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʚʨʝʤʷ ʥʘʯʘʣʘ, ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ; 

- ʚʠʜʝʦʛʨʘʤʤʫ ʩʧʨʘʚʢʫ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜ, 

ʚʳʭʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʪʘʢʠʭ ʞʝ ʧʦʣʝʡ, ʢʘʢ çʩʧʨʘʚʢʘ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥ-

ʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʟʘ ʧʨʦʰʝʜʰʠʡ ʜʝʥʴè; 

- ʦʪʯʝʪ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʥʘ ʙʫʜʫʱʠʡ ʜʝʥʴ, ʚʳʭʦʜʥʦʝ ʩʦ-

ʦʙʱʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʝʡ: ʜʘʪʘ, ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷ-

ʪʠʷ, ʚʨʝʤʷ ʥʘʯʘʣʘ, ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ; 

- ʦʪʯʝʪ ʦ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʟʘ ʠʥʪʝʨʝʩʫʶʱʠʡ ʧʝʨʠʦʜ, ʚʳʭʦʜʥʦʝ 

ʩʦʦʙʱʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʪʘʢʠʭ ʞʝ ʧʦʣʝʡ, ʢʘʢ çʦʪʯʝʪ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦ-

ʧʨʠʷʪʠʷʭ ʥʘ ʙʫʜʫʱʠʡ ʜʝʥʴè; 

- ʢʘʣʝʥʜʘʨʴ ʥʘ ʠʥʪʝʨʝʩʫʶʱʠʡ ʛʦʜ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ: ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʚʦʜʷʪʩʷ ʩʧʠʩʦʢ ʧʨʘʟʜ-

ʥʠʯʥʭr ʜʥʝʡ, ʟʘʪʝʤ ʩʦʩʪʘʚʣʷʝʪʩʷ ʢʘʣʝʥʜʘʨʴ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜ ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʙʦ-

ʯʠʭ ʠ ʚʳʭʦʜʥʳʭ ʜʥʝʡ ʥʘ ʥʝʜʝʣʠ. ʄʝʨʦʧʨʠʷʪʠʷ ʤʦʞʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʚ ʩʧʠʩʢʝ 

ʜʝʣ, ʘ ʪʘʢʞʝ  ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʘʪʫ ʠ ʚʨʝʤʷ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʝʨʦʧʨʠʷʪʠʷ 

ʤʦʞʥʦ ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʜʨʫʛʫʶ ʜʘʪʫ ʠʣʠ ʦʪʤʝʥʷʪʴ. ɺ ʩʣʫʯʘʝ ʦʰʠʙʢʝ, ʝʩʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. 

ʉʧʫʩʪʷ ʩʫʪʢʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʦʥʦ ʧʦʧʘʜʘʝʪ ʚ ʘʨʭʠʚʥʫʶ 

ʪʘʙʣʠʮʫ, ʛʜʝ ʭʨʘʥʠʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʝʛʦ ʥʝ ʚʝʨʥʝʪ ʚ ʪʘʙʣʠʮʫ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠʣʠ ʥʝ ʫʜʘʣʠʪ. ʊʘʢ ʞʝ ʩʧʠʩʦʢ ʜʝʣ ʤʦʞʥʦ ʧʝʨʝ-

ʥʦʩʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʜʘ ʥʘ ʧʝʯʘʪʴ ʩʧʨʘʚʦʢ ʠ ʦʪʯʝ-

ʪʦʚ. 

ɺʳʭʦʜʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʷʚʣʷʶʪʩʷ: çʉʧʨʘʚʢʘ ʦ ʟʘ-

ʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜè; çʉʧʨʘʚʢʘ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ ʟʘ ʧʨʦʰʝʜʰʠʡ ʜʝʥʴè; çʆʪʯʝʪ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ 

ʥʘ ʙʫʜʫʱʠʡ ʜʝʥʴè; çʆʪʯʝʪ ʦ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʟʘ ʠʥʪʝʨʝʩʫʶʱʠʡ ʧʝ-

ʨʠʦʜè. 
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ʈʠʩ. 2. ɼʦʢʫʤʝʥʪ çʉʧʨʘʚʢʘ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʥʘ ʪʝʢʫʱʠʡ 

ʛʦʜè 

 

 
ʈʠʩ. 3.  ɼʦʢʫʤʝʥʪ çʆʪʯʝʪ ʦ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʟʘ ʠʥʪʝʨʝʩʫʶʱʠʡ 

ʧʝʨʠʦʜè 

 

ʉ ʧʦʤʦʱʴʶ ʚʠʜʝʦʛʨʘʤʤʳ çʉʧʠʩʦʢ ʤʝʨʦʧʨʠʷʪʠʡè ʤʦʞʥʦ: ʜʦʙʘʚʣʷʪʴ ʤʝʨʦ-

ʧʨʠʷʪʠʝ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʘʪʫ; ʧʝʨʝʥʦʩʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʦʪʤʝʥʷʪʴ; ʨʝʜʘʢʪʠʨʦ-

ʚʘʪʴ ʜʘʥʥʳʝ ʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʤ ʤʝʨʦʧʨʠʷʪʠʠ;  ʫʙʠʨʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʘʨʭʠʚ. 
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ʈʠʩ. 4.  ɺʠʜʝʦʛʨʘʤʤʘ çʉʧʠʩʦʢ ʤʝʨʦʧʨʠʷʪʠʡè 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ VisualStudio2017, ʷʟʳʢ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. ʊʘʢʦʚ ʚʳʙʦʨ ʷʟʳʢʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ-

ʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʢʨʫʧʥʳʭ, ʤʘʩ-

ʰʪʘʙʠʨʫʝʤʳʭ ʠ ʨʘʩʰʠʨʷʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ [1-3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʘʣʝʥʜʘʨʷ; ʩʦʩʪʘʚʣʝʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʠ ʜʘ-

ʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʧʣʘʥʠʨʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; ʦʧʠʩʘʥʳ ʚʭʦʜ-

ʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʘʣʝʥʜʘʨʷ; ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ; ʥʘʧʠʩʘʥʘ ʠ ʦʪʣʘʞʝʥʘ 

ʧʨʦʛʨʘʤʤʘ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʘʣʝʥʜʘʨʴ ʧʨʝʜʧʨʠʷʪʠʷè; 

ʦʬʦʨʤʣʝʥ ʦʪʯʝʪ ʦʙ ʫʯʝʙʥʦʡ ʧʨʘʢʪʠʢʝ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ  ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ 

ʯʘʩʪʠʯʥʦ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʫʩʢʦʨʷʝʪ ʠ ʫʧ-

ʨʦʱʘʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʯʝʪ ʧʨʦʚʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
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The article describes the development of an automated production calendar for the enter-

prise, its main functions and results 
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ʋɼʂ 004.42 

ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ɺʆɿʄʆɾʅʆʉʊʀ ʉʊʈʋʂʊʋʈʓ COMPLEX  

ʗɿʓʂɸ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ C# 
 

ʀ.ɺ. ɿʶʢʦʚ, ɸ.ʀ. ʈʘʜʞʘʙʦʚ, ʀ.ɸ. ʉʠʜʦʨʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ. ɽ.ɺ. ʅʠʢʠʪʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ-

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, ʛ. ʈʫʙʮʦʚʩʢ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

Complex ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ Complex. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: C#, ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʤʝʪʦʜ, ʚʦʟʤʦʞʥʦʩʪʠ, ʦʧʝʨʘʮʠʠ. 

 

C# - ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʷʟʳʢʦʚ ʉ. ʆʥ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʷʟʳʢʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʢʦʥʮʝʧʮʠʠ ʆʆʇ ʚ ʨʘʙʦʪʝ [4]. ʉ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʷʟʳʢ C# ʦʙʦʛʘʪʠʣʩʷ 

ʬʫʥʢʮʠʷʤʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʦʢ, ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʬʫʥʢʮʠʡ 

ʩʪʘʣʘ ʩʪʨʫʢʪʫʨʘ Complex, ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʸʥ System.Numerics 

[2]. ʏʝʨʝʟ ʩʪʨʫʢʪʫʨʫ Complex ʨʝʘʣʠʟʦʚʘʥʘ ʨʘʙʦʪʘ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ. ɺ 

ʥʘʰʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʘʪʝʤʘʪʠʢʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʨʫʛʠʭ ʥʘʫʢʘʭ: ʵʢʦʥʦʤʠʢʝ 

(ʦʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʪʦʚʘʨʘ ʠ ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʢʘʯʝʩʪʚ ʪʦʚʘʨʘ), 

ʬʠʟʠʢʝ (ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ, ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ, ʪʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ, ʪʝʦʨʠʷ 

ʢʦʣʝʙʘʥʠʡ). ʊʘʢʞʝ ʦʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʝʭʥʠʢʝ (ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ, 

ʪʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ) ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [5]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ Complex ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#  ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʵʢʟʝʤʧʣʷʨʘ Complex ʠ 

ʤʘʥʠʧʫʣʷʮʠʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ. ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʪʦʯʢʠ ʚ 

ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʴʶ. 

ʃʶʙʫʶ ʪʦʯʢʫ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʨʘʞʘʪʴ ʥʘ ʦʩʥʦʚʝ ʝʝ 

ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʉʦʟʜʘʚʘʷ 

ʵʢʟʝʤʧʣʷʨ ʪʠʧʘ Complex [1], ʝʤʫ ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ ʟʥʘʯʝʥʠʝ ʦʜʥʠʤ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʩʧʦʩʦʙʦʚ: 

1.  ʇʝʨʝʜʘʪʴ ʜʚʘ ʟʥʘʯʝʥʠʷ ʪʠʧʘ Double ʚ ʢʦʥʩʪʨʫʢʪʦʨ. ʇʝʨʚʦʝ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ, ʘ ʚʪʦʨʦʝ ð ʤʥʠʤʫʶ 

ʯʘʩʪʴ. 

2.  ɺʳʟʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ FromPolarCoordinates, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ 

ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʠ ʧʝʨʝʜʘʪʴ ʚ ʥʝʛʦ ʜʚʘ 
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ʟʥʘʯʝʥʠʷ ʪʠʧʘ Double. ʇʝʨʚʦʝ ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʜʦ ʯʠʩʣʘ, 

ʚʪʦʨʦʝ ð ʫʛʦʣ ʦʪ ʧʨʷʤʦʡ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʚ ʨʘʜʠʘʥʘʭ [3]. 

3.  ʇʨʠʩʚʦʠʪʴ ʢʦʤʧʣʝʢʩʥʦʤʫ ʯʠʩʣʫ ʟʥʘʯʝʥʠʝ, ʚʦʟʚʨʘʱʘʝʤʦʝ ʤʝʪʦʜʦʤ ʠʣʠ 
ʦʧʝʨʘʪʦʨʦʤ, ʥʘʧʨʠʤʝʨ Complex.Add, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, 

ʚʦʟʚʨʘʱʘʶʱʠʤ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ʷʚʣʷʶʱʝʝʩʷ ʩʫʤʤʦʡ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʠʩʝʣ. 

ʉʪʨʫʢʪʫʨʘ Complex ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʦʧʝʨʘʪʦʨʳ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ: 

1.  ʄʝʪʦʜʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. 

2.  ʆʧʝʨʘʪʦʨʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ: ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ ʠ ʫʥʘʨʥʦʝ 

ʦʪʨʠʮʘʥʠʝ. 

3.  ʄʝʪʦʜʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʨʫʛʠʭ ʯʠʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ 
ʯʠʩʣʘʤʠ: ʚʦʟʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʚ ʫʢʘʟʘʥʥʫʶ ʩʪʝʧʝʥʴ, ʚʳʯʠʩʣʝʥʠʝ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʠ ʧʦʣʫʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ. 

4.  ʄʝʪʦʜʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ: ʚʳʯʠʩʣʝʥʠʝ ʪʘʥʛʝʥʩʘ ʫʛʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ ʠ ʪ.ʜ. 

ʅʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ Complex ʠ ʝʸ ʤʝʪʦʜʦʚ ʤʳ ʩʦʟʜʘʣʠ ʦʙʨʘʟʝʮ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ. ʅʘ ʩʣʝʜʫʶʱʠʭ 

ʨʠʩʫʥʢʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ.  

 

 

ʈʠʩ. 1. ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ 
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ʈʠʩ. 2. ʊʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ 

 

ɺʩʝʛʦ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚʳʧʦʣʥʝʥʠʝ 4 ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ: ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʠ ʜʝʣʝʥʠʝ. 

ɺʚʦʜ ʚʦʟʤʦʞʝʥ ʚ ʪʨʝʭ ʬʦʨʤʘʭ: ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʠ 

ʧʦʢʘʟʘʪʝʣʴʥʦʡ. ʄʳ ʟʘʜʝʡʩʪʚʦʚʘʣʠ ʣʠʰʴ ʤʘʣʫʶ ʯʘʩʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ 

Complex. ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʤʥʦʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʠ 

ʫʣʫʯʰʝʥʠʷ. 
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This article duscusses functionality of Complex Struct in the C# programming language.  

There is also an example of software product development using Complex Struct. 

Keywords: C#, complex numbers, method, functionality, operations. 

 



19 
 

ʋɼʂ 004.42 

ɺʆɿʄʆɾʅʆʉʊʀ  ʗɿʓʂɸ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ çPYTHONè  

ʇʆ ʈɸɹʆʊɽ ʉ ʂʆʄʇʃɽʂʉʅʓʄʀ ʏʀʉʃɸʄʀ 

ʀ.ʖ. ʂʥʳʰʦʚ, ɺ.ʉ. ʑʝʪʥʝʚ, 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ. ɽ.ɺ. ʅʠʢʠʪʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè,  

ʛ. ʈʫʙʮʦʚʩʢ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʫʥʢʮʠʦʥʘʣ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʧʦ ʨʘʙʦʪʝ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʩʪʨʦʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʤʦʜʫʣʝʡ, ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʦʛʨʘʤʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, python, ʤʦʜʫʣʴ, ʬʫʥʢʮʠʷ,  ʙʠʙʣʠʦʪʝʢʠ. 

 

ʈʝʰʝʥʠʝ ʤʥʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ ʪʦʯʥʳʭ ʥʘʫʢ 

ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʅʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʭ ʯʠʩʝʣ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʣʶʙʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚ-

ʥʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ 

ʫ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʠʩʢʨʠʤʠʥʘʥʪʦʤ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʨʠʭʦʜʠʪʩʷ ʨʘʩʰʠʨʷʪʴ ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʥʦʚʳʤʠ ʯʠʩʣʘʤʠ. ʕʪʠ 

ʥʦʚʳʝ ʯʠʩʣʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ ʦʙʨʘʟʫʶʪ ʤʥʦʞʝʩʪʚʦ, 

ʥʘʟʳʚʘʝʤʦʝ ʤʥʦʞʝʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ɼʣʷ ʙʳʩʪʨʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘ-

ʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ [1, ʩ. 10]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʟʳʢʘ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʯʠʩʣʘʤʠ. 

ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʧʣʘʥʝ ʨʘʙʦʪʳ 

ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ. ʇʦʵʪʦʤʫ ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʥʘʡʪʠ ʚ ʷʟʳʢʝ ʬʫʥʢ-

ʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʘʢʝʪʘʭ [5, c. 70-72]. 

Python ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩ ʤʥʦʞʝʩʪʚʦʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. ʆʥ ʩʧʦ-

ʩʦʙʝʥ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʬʫʥʢʮʠʠ. ʂʦʤ-

ʧʣʝʢʩʥʦʝ ʯʠʩʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ç x + yj è. Python ʧʨʝʦʙʨʘʟʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʯʠʩʣʘ x ʠ y ʚ ʪʠʧ ʜʘʥʥʳʭ - ʢʦʤʧʣʝʢʩ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ complex(x, y). Python 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʢʦʤʧʣʝʢʩ-

ʥʳʤʠ ʯʠʩʣʘʤʠ, ʪʘʢʠʝ ʢʘʢ: ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʠ ʜʝʣʝʥʠʝ, ʠʩʧʦʣʴ-

ʟʫʶ ʚʩʪʨʦʝʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ çComplexè. ʈʝʘʣʴʥʫʶ ʯʘʩʪʴ ʤʦʞʥʦ ʚʝʨʥʫʪʴ ʩ ʧʦ-

ʤʦʱʴʶ ʬʫʥʢʮʠʠ real(), ʘ ʤʥʠʤʫʶ ʯʘʩʪʴ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ imag(). ʄʦʜʫʣʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʤʦʞʥʦ ʚʝʨʥʫʪʴ ʩ ʧʦʤʦʱʴʶ  ʬʫʥʢʮʠʠ abs(). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1,2,3. ʇʦʣʥʳʡ ʥʘʙʦʨ ʦʧʝʨʘ-

ʮʠʡ ʠʟ ʵʪʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʝ 1 [4, ʩ. 36-44]. 
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ʊʘʙʣʠʮʘ 1  

ɺʦʟʤʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ çComplexè 

ʅʘʟʚʘʥʠʝ ʦʧʝ-

ʨʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪ 

a** b ɺʦʟʚʦʜʠʪ a ʚ ʩʪʝʧʝʥʴ b 

pow(a, b[, z]) ɺʦʟʚʦʜʠʪ a ʚ ʩʪʝʧʝʥʴ b ʧʦ ʤʦʜʫʣʶ z, ʛʜʝ z ï ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ 

ʘʨʛʫʤʝʥʪ. ɽʩʣʠ ʫʢʘʟʘʥ ʧʘʨʘʤʝʪʨ z, ʪʦ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʦʰʠʙ-

ʢʝ ValueError 

a.Conjugate() ɺʦʟʚʨʘʱʘʝʪ ʯʠʩʣʦ, ʢʦʪʦʨʦʝ ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʦ ʩ a 

+a ɼʝʣʘʝʪ ʯʠʩʣʦ a ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

-a ɼʝʣʘʝʪ ʯʠʩʣʦ a ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

a is b True ʝʩʣʠ a ʠ b ʵʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʢʪ, ʠʥʘʯʝ False 

a is not b True ʝʩʣʠ a ʠ b ʵʪʦ ʥʝ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʢʪ, ʠʥʘʯʝ False 

 

 
ʈʠʩ. 1. ʉʣʦʞʝʥʠʝ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ 

 

 
ʈʠʩ. 2. ʄʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ 
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ʈʠʩ. 3. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ 

 

ɼʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ ʤʦʜʫʣʴ çcmathè 

[3, ʩ. 30], ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʩʰʠʨʝʥʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʠʟ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ cmath.sqrt().   

ʊʘʢ ʞʝ Python ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʤʘʪʨʠʮʘʤʠ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷ-

ʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ. ɼʣʷ ʵʪʦʛʦ, ʧʦʤʠʤʦ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʤʦʜʫʣʷ  çcmathè 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʦʨʦʥʥʝʡ ʙʠʙʣʠʦʪʝʢʦʡ çNumpyè, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʙʳʩʪʨʦ ʚʳʧʦʣʥʠʪʴ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ [2, c. 47]. ɼʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʫʥʢ-

ʮʠʝʡ conj(), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʥʘ ʢʦʤʧʣʝʢʩʥʦ-

ʩʦʧʨʷʞʝʥʥʳʝ, ʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩ ʤʘʪʨʠʮʘʤʠ ʬʫʥʢʮʠʷʤʠ: transpose()-

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ, .dot()-ʫʤʥʦʞʝʥʠʝ ʜʚʫʭ ʤʘʪʨʠʮ, linalg.inv()-

ʥʘʭʦʞʜʝʥʠʝ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʢʘʞʝʤ ʢʘʢ 

ʚʳʧʦʣʥʷʶʪʩʷ ʜʝʡʩʪʚʠʷ ʩ ʤʘʪʨʠʮʘʤʠ ʠ ʚʝʢʪʦʨʘʤʠ ʚ ʫʥʠʪʘʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 
ʈʠʩ. 4. ʉʣʦʞʝʥʠʝ ʜʚʫʭ ʤʘʪʨʠʮ 
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ʈʠʩ. 5. ʉʪʘʥʜʘʨʪʥʦʝ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ 

 

 
ʈʠʩ. 6. ʄʘʪʨʠʮʘ ʩʦʧʨʷʞʸʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

 

ɸ ʪʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʧʝʨʘʮʠʡ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ï ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʚʳʩʰʠʭ ʩʪʝʧʝʥʝʡ. ʇʨʠʚʝʜʸʤ 

ʧʨʠʤʝʨ ʫʨʘʚʥʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ ʠ ʧʦʢʘʞʝʤ, ʯʪʦ ʷʟʳʢ 
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ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩʧʦʩʦʙʝʥ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʪʠʧʦʚ ʫʨʘʚʥʝ-

ʥʠʡ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʩʪʦʨʦʥʥʝʡ ʙʠʙʣʠʦʪʝʢʦʡ ʩʠʤʚʦʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ çSympyè 

[2, c. 48-50], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʩ ʦʜʥʦʡ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʠ ʧʦʢʘʞʝʤ ʨʝʰʝʥʠʝ ʥʘ ʧʨʠʤʝʨʝ (ʨʠʩʫʥʦʢ 7). ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ solve(). 

 
ʈʠʩ. 7. ʈʝʰʝʥʠʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʷʟʳʢ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ Python ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩ-

ʥʳʤʠ ʯʠʩʣʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫ-

ʶʪ ʩʣʦʞʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʧʨʦʛʨʘʤʤʳ ʠʤʝʶʪ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʥʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠ-

ʥʝ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘè. 
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This article discusses the mathematical functionality of the Python programming language for 

working with complex numbers. The possibilities of built-in libraries and modules are considered, 

examples of programs for their use and practical application are given. 

Keywords: complex numbers, python, module, function, libraries. 

 

ʋɼʂ 004.67 

ʊɽʍʅʆʃʆɻʀʗ ʇʆɼɸʏʀ ʀ ʆɹʈɸɹʆʊʂʀ ʕʃɽʂʊʈʆʅʅʓʍ  

ɼʆʂʋʄɽʅʊʆɺ ɺ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ ʋʏʈɽɾɼɽʅʀɽ 

ɸ.ɼ. ʄʘʢʘʨʦʚ
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɽ.ɸ. ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, 

 ʛ. ʈʫʙʮʦʚʩʢ 
ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʩʬʝʨ ʨʘʟʚʠʪʠʷ ʚʝʙ-

ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʢʫʤʝʥʪʳ, ʧʦʜʘʯʘ, ASP.NET, MVC, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

 ʈʘʙʦʪʘ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʟʘʜʘʯ 

XX-XXI  ʚʝʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʞʝ ʚ ʢʦʥʮʝ XX-ʛʦ ʚʝʢʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʝʨ-

ʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʙʣʠʟʢʠʝ ʢ ʢʦʤʧʴʶʪʝʨʘʤ ʥʘʰʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʥʠ ʟʘʥʷʣʠ 

ʩʚʦʶ ʥʠʰʫ ʚ ʧʦʤʦʱʠ ʚ ʨʘʙʦʪʝ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʠʭ ʦʨʛʘʥʠʟʘʮʠʝʡ. ɺ ʥʘʰʝ ʚʨʝʤʷ, 

ʚ ʚʝʢ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʪʘʸʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʘʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʟʥʠʢʣʘ ʠ ʚ ʎɼʅʊʊ çʅʘʩʣʝʜʥʠʢʠ ʇʦʣʟʫʥʦʚʘè.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʜʘʣʸʥʥʦʡ ʧʦʜʘʯʠ 

ʟʘʷʚʣʝʥʠʡ ʥʘ ʦʙʫʯʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʫʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦʜʦʙʨʘʪʴ 

ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʫ ʙʘʟʳ ʜʘʥʥʳʭ, ʦʩʫʱʝʩʪ-

ʚʠʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʥʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʚʩʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʚʥʝʩʸʥʥʘʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʙʳʣʘ ʢʦʨʨʝʢʪʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ, ʧʦʵʪʦʤʫ ʫ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʜʠʪʴ ʥʘ ʧʝʯʘʪʴ ʫʞʝ ʟʘʧʦʣʥʝʥʥʦʝ ʟʘʷʚʣʝ-

ʥʠʝ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ çʋʜʘʣʸʥʥʘʷ ʧʦʜʘʯʘ ʟʘʷʚʣʝʥʠʡ ʚ ʎɼʅʊʊ çʅʘʩʣʝʜʥʠʢʠ 

ʇʦʣʟʫʥʦʚʘè ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʨʘʙʦʪʫ ʩ ʨʫʯ-

ʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʵʪʦ ʫʜʦʙʥʳʡ ʩʝʨʚʠʩ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

ʨʝʛʠʩʪʨʘʮʠʷ ʥʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʩʘʡʪʝ, ʟʘʧʦʣʥʝʥʠʝ ʣʠʯʥʳʭ ʘʥʢʝʪ, ʚʳʙʦʨ 

ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʫʯʝʥʠʷ, ʜʦʙʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʩʪʠʞʝʥʠʷʭ, 

ʚʳʚʦʜ ʥʘ ʧʝʯʘʪʴ ʜʦʛʦʚʦʨʘ ʩ ʧʘʥʝʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. 
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ʊʘʢ ʢʘʢ ʦʧʳʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʢʨʘʡʥʝ ʤʘʣ, ʪʦ ʙʳʣʦ ʨʝʰʝʥʦ 

ʥʘʯʘʪʴ ʩ ʥʘʠʙʦʣʝʝ ʛʠʙʢʦʛʦ ʠ ʧʨʦʩʪʦʛʦ ʚʘʨʠʘʥʪʘ ï ASP.NET ʩ ʧʘʪʪʝʨʥʦʤ MVC. 

ʕʪʘ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʧʘʪʪʝʨʥʘ MVC. ʂʦʥʮʝʧʮʠʷ ʧʘʪʪʝʨʥʘ MVC (ʦʪ ʘʥʛʣ., Model-

View-ʉontroller ï ʄʦʜʝʣʴ-ʇʨʝʜʩʪʘʚʣʝʥʠʝ-ʂʦʥʪʨʦʣʣʝʨ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʜʝʣʝʥʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ: 

¶ ʄʦʜʝʣʴ (model) ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʘʩʩ, oʧʠʩʳʚʘʶʱʠʡ ʣʦʛʠʢʫ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʘʥʥʳʭ [2].  

¶ ʇʨʝʜʩʪʘʚʣʝʥʠʝ (view) ð ʵʪʦ ʩʦʙʩʪʚʝʥʥʦ ʚʠʟʫʘʣʴʥʘʷ ʯʘʩʪʴ ʠʣʠ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, html-ʩʪʨʘʥʠʮʘ, ʢʦʪʦʨʫʶ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʚʠʜʠʪ, ʟʘʡʜʷ ʥʘ ʩʘʡʪ [2]. 

¶ ʂʦʥʪʨʦʣʣʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʘʩʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠ ʭʨʘʥʠʣʠʱʝʤ ʜʘʥʥʳʭ. ʆʥ ʧʦʣʫʯʘʝʪ ʚʚʦʜʠ-

ʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʘʥʥʳʝ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʭ. ʀ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʨʘʙʦʪʢʠ ʦʪʧʨʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʳʚʦʜ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ [2]. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ MVC 

 

ʀʟ ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʵʪʦ ʥʝʟʘʚʠʩʠʤʳʡ ʢʦʤʧʦʥʝʥʪ, ʪ.ʝ. 

ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʠʢʘʢ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʣʝʨ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʟʘʚʠʩʠʤʳ ʚ MVC ʠ ʟʘʯʘʩʪʫʶ ʠʭ ʤʦʞʥʦ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʨʘʟʜʝʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʣʝʛʯʝ ʧʦʩʪʨʦʠʪʴ ʨʘʙʦʪʫ ʥʘʜ ʦʪʜʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʠʣʦʞʝʥʠʝ ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʪʝʩʪʠʨʫʝʤʦʩʪʴʶ. ʀ ʝʩʣʠ ʥʘʤ, 

ʜʦʧʫʩʪʠʤ, ʚʘʞʥʘ ʚʠʟʫʘʣʴʥʘʷ ʯʘʩʪʴ ʠʣʠ ʬʨʦʥʪʵʥʜ, ʪʦ ʤʳ ʤʦʞʝʤ ʪʝʩʪʠʨʦʚʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʪʨʦʣʣʝʨʘ. ʃʠʙʦ ʤʳ ʤʦʞʝʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʙʵʢʵʥʜʝ ʠ ʪʝʩʪʠʨʦʚʘʪʴ ʢʦʥʪʨʦʣʣʝʨ. ʂʦʥʢʨʝʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥ-

ʥʦʛʦ ʧʘʪʪʝʨʥʘ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ, ʥʦ ʚ ʩʠʣʫ ʩʚʦʝʡ ʛʠʙʢʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʦʥ ʩʪʘʣ 

ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ [1]. 
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ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʉʪʝʨʞʥʝʚʦʡ ʩʫʱʥʦʩʪʴʶ ʚ ʧʨʠʣʦʞʝʥʠʠ ʷʚʣʷʝʪʩʷ ʩʘʤ ʫʯʘʱʠʡʩʷ, ʵʪʘ ʩʫʱ-

ʥʦʩʪʴ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʙʸʥʢʝ (ʌʀʆ, ʪʝʣʝʬʦʥ, ʜʘʪʘ ʨʦʞʜʝʥʠʷ, 

ʉʅʀʃʉ), ʝʛʦ ʨʦʜʠʪʝʣʝ (ʌʀʆ, ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ), ʦ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷʭ ʠ ʝʛʦ ʰʢʦʣʝ 

(ʘʜʨʝʩ ʰʢʦʣʳ, ʝʸ ʢʦʥʪʘʢʪʳ ʠ ʢʦʥʪʘʢʪʳ ʢʣʘʩʩʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ). ɿʘʚʠʩʠʤʦʡ ʞʝ 

ʩʫʱʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʘʙʣʠʮʘ ʩ ʚʳʙʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʫʯʝʥʠʷ ʫʯʘʱʝʛʦʩʷ (ʩʧʠ-

ʩʦʢ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʎɼʅʊʊ çʅʘʩʣʝʜʥʠʢʠ ʇʦʣʟʫʥʦ-

ʚʘè). ʅʘʛʣʷʜʥʦ ʩʫʱʥʦʩʪʠ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 

 
ʈʠʩ. 2. ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ 

 

ɼʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠʸʤʘ ʜʦʢʫ-

ʤʝʥʪʦʚ ʠ ʚʳʜʘʯʠ ʟʘʷʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʘ 

ʮʝʥʪʨʘ ʜʝʪʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʠʟʚʘʥʦ 

ʦʙʝʩʧʝʯʠʪʴ: 

¶ ʙʳʩʪʨʫʶ ʠ ʫʜʦʙʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ; 

¶ ʟʘʤʝʥʫ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʇʆ; 

¶ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʧʦʣʥʝʥʠʷ ʜʦʛʦʚʦʨʘ; 

¶ ʠʩʢʣʶʯʝʥʠʝ ʦʰʠʙʦʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ. 

ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʷʟʳʢʝ ʉ# ʚ ʩʨʝʜʝ Mi-

crosoft Visual Studio Community ʠ ʧʨʠ ʩʚʷʟʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʬʘʡʣʘ ʙʘʟʳ ʜʘʥ-

ʥʳʭ MySQL.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ: 

¶ ʙʨʘʫʟʝʨ ʥʘ ʦʩʥʦʚʝ Chromium ʠʣʠ Mozilla Firefox (ʜʣʷ ʢʣʠʝʥʪʦʚ); 

¶ Windows Server ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚʝʙ ʩʝʨʚʝʨʦʤ IIS (ʜʣʷ ʩʝʨʚʝʨʘ);  

¶ ʢʦʤʧʴʶʪʝʨ ʠʣʠ ʣʶʙʦʝ ʜʨʫʛʦʝ ʤʦʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʧʦʜ-

ʢʣʶʯʝʥʠʝʤ ʢ ʩʝʪʠ ʠʥʪʝʨʥʝʪ. 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

 

 
ʈʠʩ. 4 ɼʦʩʪʠʞʝʥʠʷ ʫʯʘʱʝʛʦʩʷ 
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ʈʠʩ. 5 ɸʥʢʝʪʘ ʫʯʘʱʝʛʦʩʷ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʧʦʣʥʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʦʩʥʦʚʦʡ ʧʨʦʭʦʞʜʝʥʠʷ ʣʝʪʥʝʡ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʧʦʵʪʦʤʫ ʬʫʥʢʮʠʦʥʘʣ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʦʛʨʘʥʠʯʝʥ. 

ʆʜʥʘʢʦ ʧʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ ʨʘʟʚʠʪʠʝ ʚ ʧʦʣʥʦʮʝʥʥʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʯʪʦ ʦʙʣʝʛʯʠʪ ʨʘʙʦʪʫ ʨʘʙʦʪʥʠʢʦʚ ʮʝʥʪʨʘ.  

  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʘʛʜʘʥʫʨʦʚ ɻ., ʖʥʝʚ ɺ. ASP.NET MVC Framework; ɹʍɺ-ʇʝʪʝʨʙʫʨʛ - 

ʄʦʩʢʚʘ, 2010. - 320 c. 

2. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ASP.NET MVC 5 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫ-

ʧʘ: https://metanit.com/ , ʩʚʦʙʦʜʥʳʡ ï (25.09.2020). 

3. ʌʨʠʤʝʥ, ɸʜʘʤ ASP.NET MVC 5 ʩ ʧʨʠʤʝʨʘʤʠ ʥʘ C# 5.0 ʜʣʷ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʦʚ / ɸʜʘʤ ʌʨʠʤʝʥ. - ʄ.: ɺʠʣʴʷʤʩ, 2015. - 736 c. 

 
Automation of work with documents is one of the main areas of development of web technolo-

gies. 

Keywords: documents, submission, ASP.NET, MVC, automation. 

https://metanit.com/sharp/mvc5/
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ʋɼʂ 004.942 

ʄʆɼɽʃʔ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʆɹʄɽʅɸ çʂʃʀɽʅʊ-

ɹɸʅʂʆʄɸʊè ʅɸ ʆʉʅʆɺɽ ɸʇʇɸʈɸʊɸ ʉɽʊɽʁ ʇɽʊʈʀ 

ʆ.ʉ. ʄʘʰʢʦʚʘ, ʋ.ɸ. ʉʘʚʠʣʦʚʘ, ɼ.ɸ. ʐʠʙʢʦʚ, ɼ.ɸ. ʗʢʦʚʣʝʚʘ,  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɸ.ɺ. ʗʢʦʚʣʝʚ 

ʌɻɹʆʋ ɺʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

ʛ. ʊʘʤʙʦʚ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ çʢʣʠʝʥʪ-ʙʘʥʢʦʤʘʪè ʚ ʧʨʦʮʝʩʩʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʘ ʩʝʪʝʡ ʇʝʪ-

ʨʠ. ʆʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʩʦʟʜʘʚʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʣʦʩʴ ʩʪʨʦʛʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘ-

ʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʚʳʨʘʙʦʪʢʠ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩ-

ʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʨʞʘʪʝʣʷ ʢʘʨʪʳ ʩ ʪʝʨʤʠʥʘʣʦʤ ʠʣʠ ʙʘʥʢʦʤʘʪʦʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʙʘʥʢʦʤʘʪʥʦʝ ʤʦʰʝʥʥʠʯʝʩʪʚʦ, ʘʫ-

ʪʝʥʪʠʬʠʢʘʮʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ çʢʣʠʝʥʪ-ʙʘʥʢʦʤʘʪè, ʩʝʪʠ ʇʝʪʨʠ. 

 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʪʝʡ ʙʘʥʢʦʤʘʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʝʚ ʤʦʰʝʥʥʠʯʝʩʪʚʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʦʪ ʚʨʝʜʦ-

ʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʙʘʥʢʦʤʘʪʥʦʛʦ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʥʝ ʩʧʦʩʦʙʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʨʞʘʪʝʣʷ ʢʘʨʪ ʩ ʙʘʥʢʦʤʘʪʦʤ ʠʣʠ 

ʢʘʩʩʦʚʳʤ ʪʝʨʤʠʥʘʣʦʤ ʠʟ-ʟʘ ʙʝʩʧʨʝʨʳʚʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʫʛʨʦʟ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤ ʟʘʱʠʪʳ. ʉʪʦʠʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʣʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʘʪʘʢ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʫʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʨʞʘʪʝʣʷ ʢʘʨʪʳ ʩ ʪʝʨ-

ʤʠʥʘʣʦʤ ʠʣʠ ʙʘʥʢʦʤʘʪʦʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʤʦʜʝʣʴ, ʬʦʨʤʘʣʴʥʦ 

ʦʧʠʩʳʚʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ çʢʣʠʝʥʪ-ʙʘʥʢʦʤʘʪè ʚ ʧʨʦʮʝʩʩʝ ʘʫʪʝʥʪʠ-

ʬʠʢʘʮʠʠ. ʆʩʥʦʚʫ ʪʘʢʦʡ ʤʦʜʝʣʠ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʜʠʥ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʪʦʢʦ-

ʣʦʚ ʨʘʙʦʪʳ ʙʘʥʢʦʤʘʪʘ NDC+ [3]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʠʤ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʘ ʩʝʪʝʡ ʇʝʪʨʠ. ɼʘʥʥʫʶ ʩʝʪʴ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

},,,,{ mOITPC= , 

ʛʜʝ P ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʟʠʮʠʡ;  

T ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ;  

I ï ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʥʳʭ ʬʫʥʢʮʠʡ; 

O ï ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʬʫʥʢʮʠʡ; 

 ɛ0 ï ʥʘʯʘʣʴʥʘʷ ʤʘʨʢʠʨʦʚʢʘ ʩʝʪʠ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ: 

1) ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʟʠʮʠʡ ʠʤʝʝʪ ʚʠʜ: 

P = {p1, p2, p3, p4, p5, p6, p7, p8, p9, p10, p11, p12, p13, p14, p15, p16, p17, p18, p19, p20, 

p21, p22, p23, p24, p25, p26, p27, p28, p29, p30, p31, p32, p33, p34, p35, p36, p37, p38, p39, p40, p41, 

p42, p43, p44, p45, p46, p47, p48, p49, p50, p51, p52, p53, p54, p55, p56, p57, p58, p59, p60, p61, p62, 

p63}.  

2) ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ ʠʤʝʝʪ ʚʠʜ: 
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T = { t1, t2, t3, t4, t5, t6, t7, t8, t9, t10, t11, t12, t13, t14, t15, t16, t17, t18, t19, t20, t21, t22, t23, 

t24, t25, t26, t27, t28, t29, t30, t31, t32, t33, t34, t35, t36, t37, t38, t39, t40, t41, t42, t43, t44, t45, t46, t47, 

t48, t49, t50, t51, t52}.  

3) ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʥʳʭ ʧʦʟʠʮʠʡ ʧʝʨʝʭʦʜʘ ʠʤʝʝʪ ʚʠʜ: 

I = { I(t1), I(t2), I(t3), I(t4), I(t5), I(t6), I(t7), I(t8), I(t9), I(t10), I(t11), I(t12), I(t13), 

I(t14), I(t15), I(t16), I(t17), I(t18), I(t19), I(t20), I(t21), I(t22), I(t23), I(t24), I(t25), I(t26), I(t27), 

I(t28), I(t29), I(t30), I(t31), I(t32), I(t33), I(t34), I(t35), I(t36), I(t37), I(t38), I(t39), I(t40),  I(t41), 

I(t42),  I(t43), I(t44), I(t45), I(t46), I(t47), I(t48), I(t49) , I(t50), I(t51), I(t52)}.  

I(t1) = {p2}, I(t2) = {p1, p4}, I(t3) = {p5}, I(t4) = {p6, p7}, I(t5) = {p9}, I(t6) = {p9}, 

I(t7) = { p10}, I(t8) = {p8, p11}, I(t9) = {p13}, I(t10) = {p14}, I(t11) = {p8, p15},  

I(t12) = {p14}, I(t13) = {p8, p17}, I(t14) = {p18}, I(t15) = {p19}, I(t16) = {p20, p21},  

I(t17) = {p21}, I(t18) = {p24}, I(t19) = {p22}, I(t20) = {p23, p26}, I(t21) = {p27},  

I(t22) = {p22}, I(t23) = {p23, p28}, I(t24) = {p29}, I(t25) = {p30}, I(t26) = {p22},  

I(t27) = {p23, p32}, I(t28) = {p32}, I(t29) = {p33}, I(t30) = {p34}, I(t31) = {p35},  

I(t32) = {p36}, I(t33) = {p3, p37}, I(t34) = {p39}, I(t35) = {p40}, I(t36) = {p41},  

I(t37) = {p33}, I(t38) = {p42}, I(t39) = {p43, p44}, I(t40) = {p43}, I(t41) = {p42},  

I(t42) = {p47}, I(t43) = {p46, p48}, I(t44) = {p3, p50}, I(t45) = {p52}, I(t46) = {p53},  

I(t47) = {p54}, I(t48) = {p51, p56}, I(t49) = {p57}, I(t50) = {p49, p58}, I(t51) = {p59},  

I(t52) = {p60, p62}.  

4) ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʧʦʟʠʮʠʡ ʧʝʨʝʭʦʜʘ ʠʤʝʝʪ ʚʠʜ: 

O = {O(t1), O(t2), O(t3), O(t4), O(t5), O(t6), O(t7), O(t8), O(t9), O(t10), O(t11), 

O(t12), O(t13), O(t14), O(t15), O(t16), O(t17), O(t18), O(t19), O(t20), O(t21), O(t22), O(t23), 

O(t24), O(t25), O(t26), O(t27), O(t28), O(t29), O(t30), O(t31), O(t32), O(t33), O(t34), O(t35), 

O(t36), O(t37), O(t38), O(t39), O(t40),  O(t41), O(t42),  O(t43), O(t44), O(t45), O(t46), O(t47), 

O(t48), O(t49), O(t50), O(t51), O(t52)}.  

O(t1) = {p4, p6}, O(t2) = {p5}, O(t3) = {p7, p8}, O(t4) = {p9}, O(t5) = {p13},  

O(t6) = {p10}, O(t7) = {p11}, O(t8) = {p12}, O(t9) = {p14}, O(t10) = {p15}, O(t11) = {p16}, 

O(t12) = {p17, p18}, O(t13) = {p19}, O(t14) = {p20}, O(t15) = {p21, p22}, O(t16) = {p23}, 

O(t17) = { p24}, O(t18) = {p25}, O(t19) = {p26}, O(t20) = {p27}, O(t21) = {p18, p19},  

O(t22) = {p28}, O(t23) = {p29}, O(t24) = {p30}, O(t25) = {p31}, O(t26) = {p32},  

O(t27) = {p33}, O(t28) = {p18, p19}, O(t29) = {p34}, O(t30) = {p35}, O(t31) = {p36},  

O(t32) = {p37, p38}, O(t33) = {p39}, O(t34) = {p40}, O(t35) = {p42}, O(t36) = {p3},  

O(t37) = {p42}, O(t38) = {p43}, O(t39) = {p18, p19}, O(t40) = {p45},  O(t41) = {p46, p47}, 

O(t42) = {p48, p49},  O(t43) = {p50}, O(t44) = {p52}, O(t45) = {p53}, O(t46) = {p54},  

O(t47) = {p55, p56}, O(t48) = {p57}, O(t49) = {p58, p59}, O(t50) = {p60}, O(t51) = {p61, 

p62}, O(t52) = {p63}.  

5) ʥʘʯʘʣʴʥʘʷ ʤʘʨʢʠʨʦʚʢʘ ʠʤʝʝʪ ʚʠʜ: 

ɛ0 = {1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 2, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0}. 

ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʄʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ çʢʣʠʝʥʪ-ʙʘʥʢʦʤʘʪè  

ʚ ʧʨʦʮʝʩʩʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʡ ʇʝʪʨʠ 

 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1 [1-2]. 
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ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

çʢʣʠʝʥʪ-ʙʘʥʢʦʤʘʪè ʚ ʧʨʦʮʝʩʩʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʵʣʝʤʝʥʪʘ 
ʆʧʠʩʘʥʠʝ 

1 2 

p1 ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʝʨʞʘʪʝʣʷ ʢʘʨʪʳ. ʇʨʠʤʝʯʘʥʠʝ: ɛ{p1} =1  

p2 ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʨʤʠʥʘʣʘ/ʙʘʥʢʦʤʘʪʘ.  

ʇʨʠʤʝʯʘʥʠʝ: ɛ{p2} =1 

p3 ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʠʥʛʘ.  

ʇʨʠʤʝʯʘʥʠʝ: ɛ{p3} =1 

p4 ɿʘʧʨʦʩ ʥʘ ʚʩʪʘʚʢʫ ʢʘʨʪʳ 

p5 ɿʘʧʨʦʩ ʥʘ ʚʩʪʘʚʢʫ ʢʘʨʪʳ ʧʨʠʥʷʪ 

p6 ʕʢʨʘʥ çɺʩʪʘʚʴʪʝ ʢʘʨʪʫè ʦʪʦʙʨʘʞʝʥ 

p7 ʂʘʨʪʘ  

p8 ʂʘʨʪʘ ʚʩʪʘʚʣʝʥʘ 

p9 ʂʘʨʪʘ ʧʨʠʥʷʪʘ 

p10 ʕʢʨʘʥ çʆʰʠʙʢʘ ʧʨʠ ʯʪʝʥʠʠ ʢʘʨʪʳè ʦʪʦʙʨʘʞʝʥ 

p11 ʂʘʨʪʘ ʚʦʟʚʨʘʱʝʥʘ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʯʠʪʘʥʘ 

p12 ɼʝʨʞʘʪʝʣʴ ʟʘʙʨʘʣ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʢʘʨʪʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʯʠʪʘʥʘ  

p13 ʂʘʨʪʘ ʫʩʧʝʰʥʦ ʩʯʠʪʘʥʘ 

p14 ʇʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ FIT-ʥʦʤʝʨʦʚ ʥʘ ʢʘʨʪʝ ʠ ʚ 

FIT-ʪʘʙʣʠʮʝ ʪʝʨʤʠʥʘʣʘ/ʙʘʥʢʦʤʘʪʘ 

p15 ʂʘʨʪʘ ʚʦʟʚʨʘʱʝʥʘ, ʪʘʢ ʢʘʢ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ FIT-

ʥʦʤʝʨʦʚ ʥʘ ʢʘʨʪʝ ʠ ʚ FIT-ʪʘʙʣʠʮʝ ʪʝʨʤʠʥʘʣʘ/ʙʘʥʢʦʤʘʪʘ 

p16 ɼʝʨʞʘʪʝʣʴ ʟʘʙʨʘʣ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ 

FIT-ʥʦʤʝʨʦʚ ʥʘ ʢʘʨʪʝ ʠ ʚ FIT-ʪʘʙʣʠʮʝ ʪʝʨʤʠʥʘʣʘ/ʙʘʥʢʦʤʘʪʘ 

p17 ɿʘʧʨʦʩ ʥʘ ʚʚʦʜ PIN-ʢʦʜʘ 

p18 ɿʘʧʨʦʩ ʥʘ ʚʚʦʜ PIN-ʢʦʜʘ ʦʪʧʨʘʚʣʝʥ 

p19 ɿʘʧʨʦʩ ʥʘ ʚʚʦʜ PIN-ʢʦʜʘ ʧʨʠʥʷʪ 

p20 ʕʢʨʘʥ çɺʚʝʜʠʪʝ PIN-ʢʦʜè ʦʪʦʙʨʘʞʝʥ 

p21 ɺʚʦʜ PIN-ʢʦʜʘ 

p22 PIN-ʢʦʜ ʚʚʝʜʝʥ 

p23 ɿʘʧʦʣʥʝʥʠʝ ʧʦʣʷ ʚʚʦʜʘ PIN-ʢʦʜʘ ʟʘʚʝʨʰʝʥʦ 

p24 ʂʘʨʪʘ ʚʦʟʚʨʘʱʝʥʘ, ʪʘʢ ʢʘʢ ʜʝʨʞʘʪʝʣʴ ʥʝ ʫʩʧʝʣ ʚʚʝʩʪʠ PIN-ʢʦʜ 

ʟʘ ʦʪʚʝʜʝʥʥʦʝ ʜʣʷ ʵʪʦʛʦ ʚʨʝʤʷ 

p25 ɼʝʨʞʘʪʝʣʴ ʟʘʙʨʘʣ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʫʩʧʝʣ ʚʚʝʩʪʠ PIN-ʢʦʜ ʟʘ ʦʪ-

ʚʝʜʝʥʥʦʝ ʜʣʷ ʵʪʦʛʦ ʚʨʝʤʷ 

p26 ʂʣʘʚʠʰʘ çʆʯʠʩʪʠʪʴè ʥʘʞʘʪʘ 

p27 ʇʦʣʝ ʚʚʦʜʘ PIN-ʢʦʜʘ ʦʯʠʱʝʥʦ 

p28 ʂʣʘʚʠʰʘ çʆʪʤʝʥʘè ʥʘʞʘʪʘ 

p29 ʆʧʝʨʘʮʠʷ ʚʚʦʜʘ PIN-ʢʦʜʘ ʦʪʤʝʥʝʥʘ 

p30 ʂʘʨʪʘ ʚʦʟʚʨʘʱʝʥʘ, ʪʘʢ ʢʘʢ PIN-ʢʦʜ ʥʝ ʙʳʣ ʚʚʝʜʝʥ 
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p31 ɼʝʨʞʘʪʝʣʴ ʟʘʙʨʘʣ ʢʘʨʪʫ ʠʟ-ʟʘ ʦʪʤʝʥʳ ʦʧʝʨʘʮʠʠ ʚʚʦʜʘ PIN-ʢʦʜʘ 

p32 ʂʣʘʚʠʰʘ çɺʚʦʜè (ʠʣʠ ʜʨʫʛʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʘʷ ʢʣʘʚʠʰʘ) ʥʘʞʘʪʘ 

p33 ʉʧʦʩʦʙ ʚʝʨʠʬʠʢʘʮʠʠ PIN-ʢʦʜʘ ʦʧʨʝʜʝʣʝʥ 

p34 ʌʦʨʤʘʪ PIN-ʙʣʦʢʘ ʦʧʨʝʜʝʣʝʥ 

p35 PIN-ʙʣʦʢ ʩʬʦʨʤʠʨʦʚʘʥ 

p36 PIN-ʙʣʦʢ ʟʘʰʠʬʨʦʚʘʥ ʧʦ ʘʣʛʦʨʠʪʤʫ DES 

p37 ɿʘʰʠʬʨʦʚʘʥʥʳʡ PIN-ʙʣʦʢ 

p38 ɿʘʰʠʬʨʦʚʘʥʥʳʡ PIN-ʙʣʦʢ ʧʝʨʝʜʘʥ 

p39 ɿʘʰʠʬʨʦʚʘʥʥʳʡ PIN-ʙʣʦʢ ʧʦʣʫʯʝʥ 

p40 PIN-ʙʣʦʢ ʨʘʩʰʠʬʨʦʚʘʥ 

p41 ʋʜʘʣʝʥʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ PIN-ʢʦʜʘ ʧʨʦʚʝʜʝʥʘ 

p42 ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ PIN-ʢʦʜʘ 

p43 ɼʝʨʞʘʪʝʣʶ ʢʘʨʪʳ ʩʦʦʙʱʝʥʦ, ʯʪʦ ʚʚʝʜʝʥ ʥʝʢʦʨʨʝʢʪʥʳʡ PIN-ʢʦʜ 

(ʦʪʦʙʨʘʞʝʥ ʵʢʨʘʥ ʠʣʠ ʥʘʧʝʯʘʪʘʥ ʯʝʢ) 

p44 ʇʨʦʚʝʨʢʘ ʢʦʣʠʯʝʩʪʚʘ ʥʝʚʝʨʥʦ ʚʚʝʜʝʥʥʳʭ PIN-ʢʦʜʦʚ. 

ʇʨʠʤʝʯʘʥʠʝ: ɛ{p44}=2 

p45 ʂʘʨʪʘ ʟʘʙʣʦʢʠʨʦʚʘʥʘ 

p46 ʕʢʨʘʥ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʦʪʦʙʨʘʞʝʥ 

p47 ɿʘʧʨʦʩ ʥʘ ʚʳʙʦʨ ʪʠʧʘ ʪʨʘʥʟʘʢʮʠʠ 

p48 ʉʦʦʙʱʝʥʠʝ ʩ ʪʠʧʦʤ ʪʨʘʥʟʘʢʮʠʠ 

p49 ʊʠʧ ʪʨʘʥʟʘʢʮʠʠ ʚʳʙʨʘʥ 

p50 ɿʘʧʨʦʩ ʪʨʘʥʟʘʢʮʠʠ (Transaction Request) 

p51 ɿʘʧʨʦʩ ʪʨʘʥʟʘʢʮʠʠ (Transaction Request) ʧʝʨʝʜʘʥ 

p52 ɿʘʧʨʦʩ ʪʨʘʥʟʘʢʮʠʠ (Transaction Request) ʧʨʠʥʷʪ 

p53 ɿʘʧʨʦʩ ʪʨʘʥʟʘʢʮʠʠ (Transaction Request) ʦʙʨʘʙʦʪʘʥ 

p54 ʆʪʚʝʪ ʥʘ ʟʘʧʨʦʩ ʪʨʘʥʟʘʢʮʠʠ (Transaction Reply) ʩʬʦʨʤʠʨʦʚʘʥ 

p55 ʆʪʚʝʪ ʥʘ ʟʘʧʨʦʩ ʪʨʘʥʟʘʢʮʠʠ (Transaction Reply) ʦʪʧʨʘʚʣʝʥ 

p56 ʆʪʚʝʪ ʥʘ ʟʘʧʨʦʩ ʪʨʘʥʟʘʢʮʠʠ (Transaction Reply) 

p57 ʆʪʚʝʪ ʥʘ ʟʘʧʨʦʩ ʪʨʘʥʟʘʢʮʠʠ (Transaction Reply) ʧʨʠʥʷʪ 

p58 ʂʦʤʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʦʦʙʱʝʥʠʠ Transaction Reply  

p59 ʂʦʤʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʦʦʙʱʝʥʠʠ Transaction Reply, ʚʳ-

ʧʦʣʥʝʥʳ 

p60 ɼʝʡʩʪʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʥʟʘʢʮʠʠ, ʚʳʧʦʣʥʝ-

ʥ  r

p61 ʊʨʘʥʟʘʢʮʠʷ ʟʘʚʝʨʰʝʥʘ (ʢʘʨʪʘ ʠ/ʠʣʠ ʯʝʢ ʚʦʟʚʨʘʱʝʥʳ) 

p62 ʂʘʨʪʘ ʠ/ʠʣʠ ʯʝʢ  

p63 ʊʨʘʥʟʘʢʮʠʷ ʟʘʚʝʨʰʝʥʘ (ʜʝʨʞʘʪʝʣʴ ʟʘʙʨʘʣ ʢʘʨʪʫ ʠ/ʠʣʠ ʯʝʢ) 

t1 ʆʪʧʨʘʚʠʪʴ ʟʘʧʨʦʩ ʥʘ ʚʩʪʘʚʢʫ ʢʘʨʪʳ 

t2 ʇʨʠʥʷʪʴ ʟʘʧʨʦʩ ʥʘ ʚʩʪʘʚʢʫ ʢʘʨʪʳ 

t3 ɺʩʪʘʚʠʪʴ ʢʘʨʪʫ 

t4 ʇʨʠʥʷʪʴ ʢʘʨʪʫ 

t5 ʉʯʠʪʘʪʴ ʢʘʨʪʫ 
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t6 ʆʪʦʙʨʘʟʠʪʴ ʵʢʨʘʥ çʆʰʠʙʢʘ ʧʨʠ ʯʪʝʥʠʠ ʢʘʨʪʳè 

t7 ɺʝʨʥʫʪʴ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʯʠʪʘʥʘ 

t8 ɿʘʙʨʘʪʴ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʯʠʪʘʥʘ 

t9 ʇʨʦʚʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ FIT-ʥʦʤʝʨʦʚ ʥʘ ʢʘʨʪʝ ʠ ʚ FIT-ʪʘʙʣʠʮʝ 

ʪʝʨʤʠʥʘʣʘ/ʙʘʥʢʦʤʘʪʘ 

t10 ɺʝʨʥʫʪʴ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ FIT-

ʥʦʤʝʨʦʚ ʥʘ ʢʘʨʪʝ ʠ ʚ FIT-ʪʘʙʣʠʮʝ ʪʝʨʤʠʥʘʣʘ/ʙʘʥʢʦʤʘʪʘ 

t11 ɿʘʙʨʘʪʴ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ FIT-

ʥʦʤʝʨʦʚ ʥʘ ʢʘʨʪʝ ʠ ʚ FIT-ʪʘʙʣʠʮʝ ʪʝʨʤʠʥʘʣʘ/ʙʘʥʢʦʤʘʪʘ 

t12 ʆʪʧʨʘʚʠʪʴ ʟʘʧʨʦʩ ʥʘ ʚʚʦʜ PIN-ʢʦʜʘ 

t13 ʇʨʠʥʷʪʴ ʟʘʧʨʦʩ ʥʘ ʚʚʦʜ PIN-ʢʦʜʘ 

t14 ʆʪʦʙʨʘʟʠʪʴ ʵʢʨʘʥ çɺʚʝʜʠʪʝ PIN-ʢʦʜè 

t15 ɺʚʝʩʪʠ PIN-ʢʦʜ 

t16 ɿʘʧʦʣʥʠʪʴ ʧʦʣʝ ʚʚʦʜʘ PIN-ʢʦʜʘ ʩʠʤʚʦʣʘʤʠ çʍè ʧʦ ʤʝʨʝ ʚʚʦʜʘ 

ʜʝʨʞʘʪʝʣʝʤ ʢʘʨʪʳ ʮʠʬʨ ʩ ʢʣʘʚʠʘʪʫʨʳ 

t17 ɺʝʨʥʫʪʴ ʜʝʨʞʘʪʝʣʶ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʫʩʧʝʣ ʚʚʝʩʪʠ PIN-ʢʦʜ ʟʘ 

ʦʪʚʝʜʝʥʥʦʝ ʜʣʷ ʵʪʦʛʦ ʚʨʝʤʷ 

t18 ɿʘʙʨʘʪʴ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʜʝʨʞʘʪʝʣʴ ʥʝ ʫʩʧʝʣ ʚʚʝʩʪʠ PIN-ʢʦʜ ʟʘ ʦʪ-

ʚʝʜʝʥʥʦʝ ʜʣʷ ʵʪʦʛʦ ʚʨʝʤʷ 

t19 ʅʘʞʘʪʴ ʢʣʘʚʠʰʫ çʆʯʠʩʪʠʪʴè 

t20 ʆʯʠʩʪʠʪʴ ʧʦʣʝ ʚʚʦʜʘ PIN-ʢʦʜʘ ʦʪ ʚʚʝʜʝʥʥʳʭ ʩʠʤʚʦʣʦʚ 

t21 ʇʦʚʪʦʨʠʪʴ ʚʚʦʜ PIN-ʢʦʜʘ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʣʝ ʚʚʦʜʘ PIN-ʢʦʜʘ 

ʙʳʣʦ ʦʯʠʱʝʥʦ 

t22 ʅʘʞʘʪʴ ʢʣʘʚʠʰʫ çʆʪʤʝʥʘè 

t23 ʆʪʤʝʥʠʪʴ ʦʧʝʨʘʮʠʶ ʚʚʦʜʘ PIN-ʢʦʜʘ 

t24 ɺʝʨʥʫʪʴ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʙʳʣ ʚʚʝʜʝʥ PIN-ʢʦʜ 

t25 ɿʘʙʨʘʪʴ ʢʘʨʪʫ, ʪʘʢ ʢʘʢ ʥʝ ʙʳʣ ʚʚʝʜʝʥ PIN-ʢʦʜ 

t26 ʅʘʞʘʪʴ ʢʣʘʚʠʰʫ çɺʚʦʜè (ʠʣʠ ʜʨʫʛʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʫʶ ʢʣʘʚʠʰʫ) 

t27 ʆʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙ ʚʝʨʠʬʠʢʘʮʠʠ PIN-ʢʦʜʘ 

t28 ʇʦʚʪʦʨʠʪʴ ʚʚʦʜ PIN-ʢʦʜʘ, ʪʘʢ ʢʘʢ ʚ ʧʦʣʝ ʚʚʦʜʘ PIN-ʢʦʜʘ ʚʚʝʜʝ-

ʥʦ ʤʝʥʴʰʝ ʮʠʬʨ, ʯʝʤ ʟʘʜʘʥʦ FIT-ʪʘʙʣʠʮʝʡ 

t29 ʆʧʨʝʜʝʣʠʪʴ ʬʦʨʤʘʪ PIN-ʙʣʦʢʘ, ʠʩʭʦʜʷ ʠʟ ʥʘʩʪʨʦʝʢ ʚ FIT-

ʪʘʙʣʠʮʝ 

t30 ʉʬʦʨʤʠʨʦʚʘʪʴ PIN-ʙʣʦʢ ʜʣʷ ʧʝʨʝʜʘʯʠ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʨʦʮʝʩ-

ʩʠʥʛʫ 

t31 ɿʘʰʠʬʨʦʚʘʪʴ PIN-ʙʣʦʢ ʧʦ ʘʣʛʦʨʠʪʤʫ DES 

t32 ʇʝʨʝʜʘʪʴ ʟʘʰʠʬʨʦʚʘʥʥʳʡ PIN-ʙʣʦʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʠʥʛʫ 

t33 ʇʦʣʫʯʠʪʴ ʟʘʰʠʬʨʦʚʘʥʥʳʡ PIN-ʙʣʦʢ 

t34 ʈʘʩʰʠʬʨʦʚʘʪʴ PIN-ʙʣʦʢ 

t35 ʇʨʦʚʝʩʪʠ ʫʜʘʣʝʥʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ PIN-ʢʦʜʘ 

t36 ɺʝʨʥʫʪʴʩʷ ʚ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

t37 ʇʨʦʚʝʩʪʠ ʣʦʢʘʣʴʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ PIN-ʢʦʜʘ 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ: 

- ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʘ t15 (ʚʚʝʩʪʠ PIN-ʢʦʜ), ʪʦ ʝʩʪʴ ʩʨʝʜ-

ʥʝʝ ʚʨʝʤʷ ʚʚʦʜʘ PIN-ʢʦʜʘ, ʢʦʪʦʨʦʝ ʚ ʮʝʣʷʭ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ ʨʝʘʣʠʟʘʮʠʠ 

ʘʪʘʢ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ PIN-ʢʦʜ ʜʦʣʞʥʦ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ; 

- ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʢ ʚ ʧʦʟʠʮʠʠ p44 (ʧʨʦʚʝʨʢʘ ʢʦʣʠʯʝʩʪʚʘ ʥʝʚʝʨʥʦ ʚʚʝʜʝʥ-

ʥʳʭ PIN-ʢʦʜʦʚ); 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ DES ʧʨʠ ʧʝʨʝʜʘʯʝ PIN-ʙʣʦʢʘ ʚ 

ʧʨʦʮʝʩʩʠʥʛʦʚʳʡ ʮʝʥʪʨ ʜʣʷ ʫʜʘʣʝʥʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ PIN-ʢʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʥʘʷ ʩʝʪʴ ʇʝʪʨʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ çʢʣʠʝʥʪ-ʙʘʥʢʦʤʘʪè ʚ ʧʨʦʮʝʩʩʝ ʘʫʪʝʥʪʠʬʠʢʘ-

ʮʠʠ ʠ ʠʤʝʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʪʨʦʛʦʝ ʦʧʠʩʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʸʭ ʩʫʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʪʥʦʰʝʥʠʡ: ʜʝʨʞʘʪʝʣʷ ʢʘʨʪʳ, 

ʙʘʥʢʦʚʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʦʮʝʩʩʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ. 
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This article describes the creation of a dynamic model of information exchange çclient-ATMè 

in the process of authentication using the apparatus of Petri nets. The main requirement for the cre-

ated model was a strict mathematical description for further crafting solutions to reduce risks, en-

countered in the in the process of interaction between a cardholder with a terminal or ATM. 

Keywords: information security, ATM fraud, authentication, client-ATM information ex-

change, Petri nets. 

 

ʋɼʂ 004.6 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʁ ʇʆɼɹʆʈ ɾʀʃʔʗ ɺ ɸɻɽʅʊʉʊɺɽ  

ʅɽɼɺʀɾʀʄʆʉʊʀ 

ʄ.ʉ. ʆʛʥʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.ïʤ.ʥ. ɽ.ɸ. ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè,  

ʛ. ʈʫʙʮʦʚʩʢ 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʦʜʙʦʨʘ ʞʠ-

ʣʴʷ ʚ ʘʛʝʥʪʩʪʚʝ ʥʝʜʚʠʞʠʤʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Visual Studio, C#, ʘʛʝʥʪʩʪʚʦ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʙʘʟʘ ʜʘʥʥʳʭ, ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ. 

 

ɺ ʩʚʷʟʠ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʧʦʚʩʝʤʝʩʪʥʳʤ ʚʥʝ-

ʜʨʝʥʠʝʤ ʚʩʝ ʯʘʱʝ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʘʢʠʭ ʣʠʙʦ ʧʨʦʮʝʩʩʦʚ. ʉʦ-

ʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʚ ʥʸʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ 

ʙʦʣʴʰʝ ʫʯʘʩʪʥʠʢʦʚ. ɸ ʟʥʘʯʠʪ, ʩ ʢʘʞʜʳʤ ʜʥʝʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʘʛʝʥʪʩʪʚ, ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʧʦ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʨʘʟʣʠʯʥʳʭ ʧʦ-

ʩʨʝʜʥʠʢʦʚ ʚ ʚʠʜʝ ʩʘʡʪʦʚ, ʛʜʝ ʤʦʞʥʦ ʦʩʪʘʚʣʷʪʴ ʟʘʷʚʢʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʧʦ 

ʟʘʧʨʦʩʫ. ʉʦʙʳʪʠʷ ʩʪʘʥʦʚʷʪʩʷ ʩʣʦʞʥʝʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʣʠʝʥʪʦʚ, ʥʦ ʠ ʜʣʷ 

ʘʛʝʥʪʩʪʚ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʘʛʝʥʪʩʪʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʪʴ ʚʩʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ, ʫʡʪʠ ʦʪ ʥʘʙʦʨʘ ʬʘʡʣʦʚ ʠ ʷʱʠʢʦʚ ʩ ʙʫʤʘʞ-

ʥʳʤʠ ʢʘʨʪʦʯʢʘʤʠ. ʆʥ ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: ʭʨʘʥʝʥʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, 

ʫʜʘʣʝʥʠʷ, ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ; ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʠʩʢʘ ʞʠʣʴʷ ʧʦ ʢʨʠʪʝʨʠʷʤ ʠʣʠ ʟʘ-

ʷʚʢʝ; ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʸʪʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʘ  ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʜʣʷ ʚʝʜʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ Visual Studio 2019, ʷʟʳʢ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. ɺʳʙʦʨ ʷʟʳʢʘ C# ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʢʨʫʧʥʳʭ, ʤʘʩʰʪʘ-

ʙʠʨʫʝʤʳʭ ʠ ʨʘʩʰʠʨʷʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ[1-3]. 

ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʘʢ ʚʳʙʦʨ ʧʫʥʢʪʘ ʤʝʥʶ. 

ʄʝʥʶ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʩʧʨʘʚʦʯʥʠʢʠ, ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ 

ʢʘʨʪʳ, ʟʘʷʚʢʠ, ʦ ʧʨʦʛʨʘʤʤʝ, ʚʳʭʦʜ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-
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ʥʠʝ ʠ ʚʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ çʇʦʜʙʦʨʘ ʞʠʣʴʷ ʜʣʷ ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠè, ʘ 

ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʪʘʣʦʥʦʚ, ʦʪʯʝʪʘ ʦ ʞʠʣʴʝ ʥʘ ʧʨʦʜʘʞʫ ʧʦ 

ʢʨʠʪʝʨʠʷʤ, ʦʪʯʝʪʘ ʦ ʞʠʣʴʝ ʥʘ ʧʨʦʜʘʞʫ ʧʦ ʟʘʷʚʢʝ, ʧʨʦʩʤʦʪʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʦʤʝʨʫ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʡ ʢʘʨʪʳ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʚʦʜʘ ʩʧʨʘʚʢʠ ʦ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʢʘʨʪʘʭ, ʩʥʷʪʳʭ ʩ ʫʯʝʪʘ. ʊʘʢʞʝ ʚ ʧʨʦʛʨʘʤʤʝ 

ʨʝʘʣʠʟʦʚʘʥʦ ʩʥʷʪʠʝ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʢʘʨʪ ʩ ʫʯʝʪʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ 

ʟʘʷʚʦʢ ʧʦʩʣʝ ʜʚʫʭʥʝʜʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʧʨʘʚʢʠ ʦ ʧʨʦʛʨʘʤʤʝ ʠ 

ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʥʘ ʫʯʝʪ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʢʘʨʪ, ʩʥʷʪʳʭ ʩ ʫʯʝʪʘ [4].  

ʈʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʩʣʝʜʫʶʱʠʝ  ʩʫʱʥʦʩʪʠ: 

ʨʝʛʠʩʪʨʘʮʠʦʥʥʘʷ ʢʘʨʪʘ, ʨʘʡʦʥ ʛʦʨʦʜʘ, ʪʠʧ ʞʠʣʴʷ, ʤʘʪʝʨʠʘʣ ʜʦʤʘ ʠ ʟʘʷʚʢʘ 

(ʨʠʩ.1). 

 

ʈʠʩ. 1. - ɽRï ʜʠʘʛʨʘʤʤʘ 

 

ʉʦʟʜʘʥʥʘʷ ɹɼ çʇʦʜʙʦʨʘ ʞʠʣʴʷ ʚ ʘʛʝʥʪʩʪʚʝ ʥʝʜʚʠʞʠʤʦʩʪʠ è ʩʦʜʝʨʞʠʪ ʪʘʙ-

ʣʠʮʳ: 

ʊʘʙʣʠʮʘ çʈʝʛʠʩʪʨʘʮʠʦʥʥʘʷ ʢʘʨʪʘè ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʊʘʙʣʠʮʘ çɿʘʷʚʢʘè ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ, 

ʪʠʧ ʞʠʣʴʷ, ʯʠʩʣʦ ʢʦʤʥʘʪ, ʮʝʥʘ, ʵʪʘʞ, ʜʘʪʘ ʨʝʛʠʩʪʨʘʮʠʠ, ʌʀʆ. 

ʊʘʙʣʠʮʘ çʄʘʪʝʨʠʘʣ ʜʦʤʘè ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʢʦʜ, ʥʘʟʚʘ-

ʥʠʝ. 

ʊʘʙʣʠʮʘ çʈʘʡʦʥ ʛʦʨʦʜʘè ʠ ʊʘʙʣʠʮʘ çʊʠʧ ʞʠʣʴʷè ʠʤʝʝʪ ʩʭʦʞʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩ ʪʘʙʣʠʮʝʡ çʄʘʪʝʨʠʘʣ ʜʦʤʘè.  

ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ 

ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʧʨʦʛʨʘʤʤʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʦʪʯʝʪʳ, ʩʧʨʘʚʢʠ, ʯʪʦ ʩʦ-

ʢʨʘʱʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʝʩʣʠ ʙʳ 

ʵʪʦ ʜʝʣʘʣʦʩʴ ʙʳ ʚʨʫʯʥʫʶ. 
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ʈʠʩ. 2. - ʊʘʙʣʠʮʘ çʈʝʛʠʩʪʨʘʮʠʦʥʥʘʷ ʢʘʨʪʘè 
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ʋɼʂ 519.632.4 

ʈɸɿʈɸɹʆʊʂɸ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ɼʀʈʀʍʃɽ ʋʈɸɺʅɽʅʀʗ ʃɸʇ-

ʃɸʉɸ ʄɽʊʆɼʆʄ ʉɽʊʆʂ 

ɼ.ʀ. ʈʦʥʜʷʢ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɼʫʜʥʠʢ ɽ.ɸ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè,  

ʛ. ʈʫʙʮʦʚʩʢ 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʧʨʘʚʣʝʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘ-

ʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳè.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʜʘʯʘ ɼʠʨʠʭʣʝ, ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʣʘʙʦʨʘʪʦʨ-

ʥʘʷ ʨʘʙʦʪʘ, ʤʝʪʦʜ ʩʝʪʦʢ  
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ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʠ ɼʠʨʠʭʣʝ ï ʚʠʜ ʟʘʜʘʯ, ʧʦʷʚʣʷʶʱʠʡʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [1]. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʫ ʩʪʫʜʝʥʪʦʚ 

ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʩ ʧʦʥʠʤʘʥʠʝʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʨʝʘʣʠʟʘʮʠʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɼʠ-

ʨʠʭʣʝ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʧʦʤʦʞʝʪ ʚ ʠʟʫʯʝʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʊʘʢʘʷ ʟʘʜʘʯʘ ʥʘʟʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʟʘʜʘʯʝʡ ɼʠʨʠʭʣʝ, ʠʣʠ ʧʝʨʚʦʡ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʝʡ [4]. ʅʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʩʦʛʣʘʩʥʦ ʚʘʨʠʘʥʪʫ ʩʪʫʜʝʥʪʫ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʨʝʰʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ɻ (ʝʜʠʥʠʯʥʦʤ ʢʚʘʜʨʘʪʝ ABCD) ʩ ʟʘʜʘʥʥʳʤ ʰʘ-

ʛʦʤ: æu=f(x), ʛʜʝ æ - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɺ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [5]:     

πȢ    

ʇʨʦʛʨʘʤʤʘ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ:  

1. ɺʳʙʦʨ ʚʩʪʨʦʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʦʙʣʘʩʪʠ ʥʘʭʦʞʜʝʥʠʷ 

ʨʝʰʝʥʠʡ ʤʝʪʦʜʦʤ ʩʝʪʦʢ; 

2. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʣʶʙʳʤ ʰʘʛʦʤ ʧʦʢʨʳʪʠʷ ʩʝʪʢʠ; 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; 

ʊʘʢʞʝ ʧʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʨʘʪʢʦʛʦ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʪʝʤʫ çʄʝʪʦʜ ʩʝʪʦʢè ʠ ʩʧʨʘʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʧʨʦʛʨʘʤ-

ʤʝ. 

ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʚ ʧʦʤʦʱʴ ʩʪʫʜʝʥʪʘʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳè. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʚʘʨʠʘʥʪʫ. 

ʄʝʪʦʜʠʢʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʢʚʘʜʨʘʪʝ ABCD ʩ ʚʝʨʰʠʥʘʤʠ 

A(0,0), B(0,1), C(1,0), D(1,1) [2]. 

ɺʦ ʚʢʣʘʜʢʝ çɺʘʨʠʘʥʪʳ ʟʘʜʘʯʠè ʧʨʝʜʩʪʘʚʣʝʥʦ 12 ʚʘʨʠʘʥʪʦʚ ʟʘʜʘʯʠ ʩ ʨʘʟʥʳ-

ʤʠ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʢʚʘʜʨʘʪ ABCD: 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ:       

 1. ɺʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ.     2. 

ʇʦʩʤʦʪʨʝʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ;      3. ɺʳ-

ʙʨʘʪʴ ʚ ʪʘʙʣʠʮʝ ʥʫʞʥʳʡ ʚʘʨʠʘʥʪ;      4. ʇʝʨʝʡʪʠ ʚ 

ʧʫʥʢʪ ʤʝʥʶ çʈʝʰʝʥʠʝè;      5. ɺʳʙʨʘʪʴ ʰʘʛ, ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ;    6. ɺʚʝʩʪʠ ʪʦʯʥʦʩʪʴ e, ʩ ʢʦ-

ʪʦʨʦʡ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʧʦʩʯʠʪʘʪʴ ʨʝʟʫʣʴʪʘʪ; 7. ʅʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɺʳʯʠʩ-

ʣʠʪʴè;       8. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥ-

ʥʳʡ ʨʝʟʫʣʴʪʘʪ.    ʆʙʣʘʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʢʨʳʚʘʝʪʩʷ ʩʝʪ-

ʢʦʡ ʩ ʰʘʛʦʤ h, ʟʘʜʘʥʥʳʤ ʚʦ ʚʢʣʘʜʢʝ çʈʝʰʝʥʠʝè: 

xi=x0+(iĿh); 
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yi=y0+(jĿh),  

ʛʜʝ i,j=0,1,2,3, é,1/h;          

 

ʊʘʙʣʠʮʘ 1 

ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ 

ˉ ʚʘʨʠ-

ʘʥʪʘ 

U|ab U|bc U|cd U|ad 

1 0 30*y 30*(1-x
2
) 0 

2 20x
2
 20*y 30*cos(ˊy/2) 20*cos(ˊy/2) 

3 50*sin(ˊx) 50*y*(1-y
2
) 0 10*y

2 

4 50*x*(1-x) 30*y 20*Ѝὼ 20*y 

5 50*x*(1-x) 0 30*Ѝὼ 30*y
2
 

6 30*x*(1-x) 30*sin(ˊx) 40 50 

7 30*x*(1-x) 30*(1-x) 50(1-x) 0 

8 30*x*(1-x) 50*sin(ˊx) 20 20*y 

9 50*sin(ˊx) 40*y
2
 40(1-x) 20*y*(1-y) 

10 40*sin(ˊx/2) 50*y
2
 30*x*(1-x) 30*y*(1-y

2
) 

11 60*x*(1-x
2
) 20*y

2
 50*sin(ˊx) 0 

12 60*x*(1-x
2
) 40* ώ 20(1-x

2
) 20* ώ*(1-y) 

 

 ʋʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ ʟʘʤʝʥʷʝʪʩʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʧʫʪʸʤ ʟʘʤʝʥʳ ʧʨʦʠʟ-

ʚʦʜʥʳʭ ʢʦʥʝʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ: 

Uij= (Ui-1,j+Ui+1, j+Ui,j -1+Ui,j+1)                          (1) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Uij ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʯʝʪʳʨʸʭ ʩʦʩʝʜʥʠʭ 

ʪʦʯʝʢ. ʉʦʩʪʘʚʣʷʝʪʩʷ ʧʦʜʦʙʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʠ ʩʝʪʢʠ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʶʪ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ 

[3]. ʈʘʩʯʸʪ ʧʨʦʚʦʜʠʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ e, ʚʚʝʜʸʥʥʦʡ ʚʦ ʚʢʣʘʜʢʝ çʈʝʰʝʥʠʝè ʚ ʧʦʣʝ 

çʊʦʯʥʦʩʪʴè. ʇʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʩʯʸʪʦʤ  ʩ ʰʘʛʦʤ h ʠ h/2 

ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ ʈʫʥʛʝ: 

eå  

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ: 

1. ʈʘʩʩʯʠʪʘʪʴ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʩʪʦʨʦʥʘʭ AB, BC, CD, AD; 

2. ɿʘʧʠʩʳʚʘʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʛʨʘʥʠʮʳ ʤʘʪʨʠʮʳ U ʨʘʟʤʝʨ-

ʥʦʩʪʴʶ n=1/h ʠ ʰʘʛʦʤ h, ʚʥʫʪʨʝʥʥʠʤ ʷʯʝʡʢʘʤ ʤʘʪʨʠʮʳ ʧʨʠʩʚʘʠʚʘʝʤ 0.  

3. ʇʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʦʡ (1), ʟʘʧʦʣʥʷʝʤ ʤʘʪʨʠʮʫ mat ʨʘʟʤʝʨʥʦʩʪʴʶ ((n-

1)*(n-1)) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

a. ɻʣʘʚʥʫʶ ʜʠʘʛʦʥʘʣʴ ʤʘʪʨʠʮʳ ʟʘʧʦʣʥʷʝʤ ʟʥʘʯʝʥʠʝ 4; 

b. ʅʘ ʜʠʘʛʦʥʘʣʷʭ mat[i+1,i] ʠ mat[i-1,i] ʩʪʘʚʠʤ ʟʥʘʯʝʥʠʝ -1; 

c. ʅʘ ʜʠʘʛʦʥʘʣʷʭ mat[i, n-1+i] ʠ mat[n-1+i, i] ʩʪʘʚʠʤ ʟʥʘʯʝʥʠʝ -1; 

4. ɺ ʩʪʦʣʙʝʮ b ʟʘʧʠʩʳʚʘʝʤ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʠʟ ʤʘʩʩʠʚʘ U. 

5. ʈʝʰʘʝʤ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ ʜʣʷ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʢʚʘʜʨʘʪʘ; 
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6. ɿʘʧʦʣʥʷʝʤ ʤʘʪʨʠʮʫ U ʧʦʣʫʯʠʚʰʠʤʠʩʷ ʟʥʘʯʝʥʠʷʤʠ; 

7. ʇʦʚʪʦʨʷʝʤ ʧʫʥʢʪʳ 2-6 ʧʨʠ h=h/2; 

8. ʇʦʚʪʦʨʷʝʤ ʧʫʥʢʪʳ 2-7, ʧʦʢʘ >e. 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ 
ɺ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʩʝʪʦʢ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɼʠ-

ʨʠʭʣʝ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʙʳʣ ʚʳʙʨʘʥ 12 ʚʘʨʠʘʥʪ. 

ʅʘ ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʘ ABCD ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ. ʅʘ 

ʩʪʦʨʦʥʝ AB ʚʳʯʠʩʣʷʶʪʩʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ, ʦʧʠʩʳʚʘʝʤʳʝ ʬʫʥʢʮʠʝʡ 

f(x,y)=60x(1-x
2
). ʅʘ ʩʪʦʨʦʥʝ BC ʚʳʯʠʩʣʷʶʪʩʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ, ʦʧʠʩʳʚʘʝʤʳʝ 

ʬʫʥʢʮʠʝʡ f(x,y)=40 ώȢ ʅʘ ʩʪʦʨʦʥʝ CD ʚʳʯʠʩʣʷʶʪʩʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ, ʦʧʠʩʳ-

ʚʘʝʤʳʝ ʬʫʥʢʮʠʝʡ f(x,y)= 20(1-x
2
). ʅʘ ʩʪʦʨʦʥʝ DA ʚʳʯʠʩʣʷʶʪʩʷ ʢʨʘʝʚʳʝ ʫʩʣʦ-

ʚʠʷ, ʦʧʠʩʳʚʘʝʤʳʝ ʬʫʥʢʮʠʝʡ f(x,y)= 20 ώ(1-y). 

ʈʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʝʜʠʥʠʯʥʦʤ ʢʚʘʜʨʘʪʝ ʧʨʠ ʰʘʛʝ h=0.1, ʪʦʯʥʦʩʪʴʶ 

e=0.01 ʠ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʟʘʜʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1, ʚʘʨʠʘʥʪ 12 

 
ʈʠʩ.1. ʇʫʥʢʪ ʤʝʥʶ çʈʝʰʝʥʠʝè 

D                   C 

0 12,65 17,89 21,9 25,3 28,28 30,98 33,47 25,78 37,95 0 

10,26 14,62 18 20,77 23,13 25,09 26,54 27,17 26,12 20,93 3,8 

17,28 17,56 18,71 20,06 21,36 22,39 22,92 22,56 20,59 15,85 7,2 

21,42 19,64 19,2 19,42 19,85 20,20 20,21 19,55 17,83 14,68 10,2 

23,04 20,36 19,06 18,55 18,41 18,36 18,16 17,6 16,51 14,83 12,8 

22,50 19,7 18,12 17,3 16,9 16,67 16,46 16,17 15,78 15,33 15 

20,16 17,81 16,43 15,65 15,2 14,96 14,84 14,86 15,11 15,72 16,8 

16,38 14,96 14,15 13,65 13,32 13,12 13,08 13,31 14,06 15,64 18,2 

11,52 11,52 11,54 11,47 11,31 11,13 11,03 11,25 12,19 14,58 19,2 

5,94 8,05 9,03 9,38 9,33 9,06 8.69 8,46 8,88 11,29 19,8 

0 5.69 7,16 7,67 7,59 7,07 6,2 5,02 3,58 1,9 0 

A                  B 

ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 
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 ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ 

ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ, ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.01, ʟʘʜʘʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɼʠ-

ʨʠʭʣʝ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʤʝʪʦʜʦʤ ʩʝʪʦʢ, ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦ-

ʜʘ ʠ ʘʣʛʦʨʠʪʤ. 

ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʘʤ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʠʪʴ 

ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ʠ ʫʛʣʫʙʠʪʴ ʟʥʘʥʠʷ ʚ ʧʦʣʫʯʝʥʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʯʘʩʪ-

ʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʘʭʚʘʣʦʚ, ʅ.ʉ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚ ʟʘʜʘʯʘʭ ʠ ʫʧʨʘʞʥʝʥʠʷʭ: ʋʯʝʙʥʦʝ 
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The article is devoted to the implementation of the solution of the Dirichlet 

problem of the Laplace equation by the method of finite-difference equations using 
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ʋɼʂ 621.4 

ʇʈʆɹʃɽʄʓ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

ɺ ʉʀʉʊɽʄɸʍ ʀʂ ï ɺʀɼɽʆ 

ɸ.ʄ. ʊʘʨʘʩʦʚʘ, ɸ.ʖ. ʄʳʩʠʥ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʖ.ɸ. ʆʩʦʢʠʥ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʛ. ɹʘʨʥʘʫʣ 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʟʘʱʠʪʳ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟ, ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʚʠʜʝʦʩʠʩʪʝʤ. 
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ʨʷʜ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ð ʩʦʙʩʪʚʝʥ-

ʥʳʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ: ʘʥʪʠ-

ʚʠʨʫʩʥʳʭ ʧʨʦʛʨʘʤʤ; ʧʨʦʛʨʘʤʤ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʪʝʨʬʝʡʩʫ ʠ ʟʘʱʠʪʥʳʭ ʚʝʨʩʠʡ ʆʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʠʥʬʨʘʢʨʘʩʥʳʡ ʜʠʘʧʘʟʦʥ, ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʀʂ-ʚʠʜʝʦ, ʫʛʨʦʟʳ, ʠʥʪʝʨʥʝʪ. 

 

ʉʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ (ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ) ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʜʝʦ ʢʦʥʪʨʦʣʷ, ʚ 

ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ.  

ɺʩʝ ʩʝʨʴʝʟʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʢʦʥʪʨʦʣʷ ʪʨʝʙʫʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ. 

ɺ ʯʘʩʪʥʦʩʪʠ ʪʘʤ, ʛʜʝ ʩʠʩʪʝʤʳ ʀʂ-ʚʠʜʝʦ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚʘʞʥʦʡ ʚʠʜʝʦ ʠ 

ʘʫʜʠʦ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʩʪʫʧʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʤ ʫʜʘʝʪʩʷ ʧʨʦʥʠʢʥʫʪʴ ʚ ʦʭʨʘ-

ʥʷʝʤʫʶ ʟʦʥʫ, ʩʪʘʨʘʶʪʩʷ ʥʘʥʝʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʢʨʘʩʪʴ ʚʠʜʝʦʟʘʧʠʩʠ, ʫʩʪʨʦʡ-

ʩʪʚʘ ʧʘʤʷʪʠ, ʛʜʝ ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʠʩʪʝʤʘʭ ʀʂ-ʚʠʜʝʦ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʫʛʨʦʟʳ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʦʪʨʘʩʣʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʭʘʢʝʨʩʢʠʭ ʩʧʦʩʦʙʦʚ ʢʨʘʞʠ ʠʣʠ ʧʦʜʘʚʣʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʚʠʜʝʦʢʘʥʘʣʳ ʘʢʪʠʚʥʦ ʚʳʰʣʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪʘ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ.  

ɺʦʟʨʦʩʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʥʘ ʜʣʷ ʚʟʣʦʤʘ ʨʘʟʣʠʯʥʳʤʠ ʭʘʢʝʨʘʤʠ ʠ ʟʣʦ-

ʫʤʳʰʣʝʥʥʠʢʘʤʠ. ʇʦʵʪʦʤʫ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ ʚʠʜʝʦ ʢʘʥʘʣʦʚ, ʀʂ-ʚʠʜʝʦ. 

ʉʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʡ ʠ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ 

ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʥʘʜ 

ʟʘʱʠʱʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʝʡ. ʉʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨʳ ʨʘʟʣʠʯʥʳʭ ʢʘʤʝʨ, 

ʨʝʛʠʩʪʨʘʪʦʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʭʝʤʘʤʠ ʟʘʧʠʩʠ, ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʢʘʙʝʣʴʥʳʝ 

ʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʤʦʥʠʪʦʨʳ, ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʦʜʠʨʫʶʱʠʝ 

ʠ ʜʝʢʦʜʠʨʫʶʱʠʝ ʩʭʝʤʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʭʨʘʥʥʳʝ ʚʠʜʝʦʩʠʩʪʝʤʳ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʝ ʠ ʩʝʪʝʚʳʝ. 

ɺ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ 

ʜʣʷ ʦʭʨʘʥʥʦʛʦ ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʢʪʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʤʝʱʝʥʠʡ. 

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʨʝ-

ʞʠʤʝ ʦʥʣʘʡʥ. ɿʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨ ʣʠʙʦ 

ʞʝʩʪʢʠʡ ʜʠʩʢ ʇʂ.  

ʉʝʪʝʚʳʝ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʩʰʠʨʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʵʪʦʤ, ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʝʨʰʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ. ʊʘ-

ʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʦʪʜʘʣʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. ʅʦ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʭʝʤʳ ʟʘ-

ʱʠʪʳ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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ʇʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʩʭʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠ-

ʪʳ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟ. ʉʨʝʜʠ ʚʘʞʥʝʡʰʠʭ ʟʘʱʠʱʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩʣʝʜʫ-

ʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

¶ ʘʨʭʠʚʳ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʠ ʙʘʟʳ ʜʘʥʥʳʭ; 

¶ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ ʢʘʥʘʣʳ ʩʚʷʟʠ; 

¶ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ (ʢʘʤʝʨʳ, ʢʦʤʤʫʪʘʪʦʨʳ, ʩʝʨʚʝʨʳ, ʠ ʧʨʦʯʠʝ ʫʩʪʨʦʡ-

ʩʪʚʘ). 

ʇʨʦʛʥʦʟʠʨʫʶʪʩʷ ʫʛʨʦʟʳ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ: 

¶ ʧʨʝʜʥʘʤʝʨʝʥʥʘʷ  ʧʦʨʯʘ ʬʘʡʣʦʚ ʩ ʟʘʧʠʩʷʤʠ; 

¶ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʬʘʡʣʘʤʠ ʚʠʜʝʦʘʨʭʠʚʘ ʠ ʜʨʫʛʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʫʟʣʘ-

ʤʠ; 

¶ ʜʦʩʪʫʧ ʧʦʩʪʦʨʦʥʥʠʭ ʢ ʚʠʜʝʦ; 

¶ ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ; 

¶ ʧʝʨʝʭʚʘʪ ʜʘʥʥʳʭ, ʠʭ ʧʦʨʯʘ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʧʨʠ ʧʝʨʝʜʘʯʝ; 

¶ ʥʘʨʫʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ: 

¶ ʚʩʪʨʦʝʥʥʘʷ ʟʘʱʠʪʘ ʇʆ; 

¶ ʟʘʱʠʪʘ ʥʘ ʫʨʦʚʥʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʩʦʙʩʪʚʝʥʥʘʷ ʟʘʱʠʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

ʇʨʠ ʚʩʪʨʦʝʥʥʦʡ ʟʘʱʠʪʝ ʇʆ ʧʨʠʤʝʥʷʝʪʩʷ: 

¶ ʩʦʟʜʘʥʠʝ ʫʯʸʪʥʳʭ ʟʘʧʠʩʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʧʨʘʚʘʤʠ; 

¶ ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʙʦʪ ʩ USB-ʥʦʩʠʪʝʣʷʤʠ; 

¶ ʟʘʧʨʝʪ ʟʘʧʫʩʢʘ ʣʶʙʳʭ ʧʨʦʛʨʘʤʤ, ʢʨʦʤʝ ʪʨʝʙʫʝʤʳʭ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʨʘʥʜʤʘʫʵʨʦʚ ʠ ʘʥʪʠʚʠʨʫʩʦʚ. 

ʇʨʠ ʵʪʦʤ, ʚʘʞʝʥ ʫʯʸʪ ʩʧʝʮʠʬʠʢʠ ʦʪʨʘʩʣʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

ʇʨʠ ʟʘʱʠʪʝ ʥʘ ʫʨʦʚʥʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʤʤʫʪʘʪʦ-

ʨʘʭ ʜʣʷ ʟʘʱʠʪʳ ʣʠʥʠʠ ʩʚʷʟʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ: 

ʉʨʝʜʩʪʚʘ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʬʠʣʴʪʨʘʮʠʷ ʧʦ MAC-

ʘʜʨʝʩʫ ʩ ʧʦʜʜʝʨʞʢʦʡ çʙʝʣʳʭè ʩʧʠʩʢʦʚ, ʨʘʙʦʪʘ ʩ VLAN, VPN, ʙʣʦʢʠʨʦʚʢʘ ʥʝʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʧʦʨʪʦʚ; 

ʉʨʝʜʩʪʚʘ ʰʠʬʨʦʚʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʤʦʛʫʪ ʩʘʤʠ ʰʠʬʨʦʚʘʪʴ 

ʧʨʠʭʦʜʷʱʠʝ ʜʘʥʥʳʝ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʭ ʜʘʣʴʰʝ ʥʘ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʚʳ-

ʧʦʣʥʷʪʴ ʨʘʩʰʠʬʨʦʚʢʫ ʧʨʠʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ. 

ʉʨʝʜʩʪʚʘ ʘʫʜʠʪʘ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʧʦʧʳʪʢʠ ʜʦʩʪʫʧʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠ ʫʚʝ-

ʜʦʤʣʷʪʴ ʦ ʥʠʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʠʩʪʝʤʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʫʞʝ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʷʜ 

ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ð 

ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ. ʆʜʥʘʢʦ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʅʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʘʥʪʠʚʠʨʫʩʥʳʝ ʧʨʦʛʨʘʤʤʳ; 

ʧʨʦʛʨʘʤʤʳ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʪʝʨʬʝʡʩʫ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʚʝʨʩʠʡ ʆʉ. 
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ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʦʪʩʣʝʞʠʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʪʠ Internet ʵʬʬʝʢʪʠʚ-

ʥʘʷ ʟʘʱʠʪʘ ʩʝʥʩʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʱʠʪʘ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʜʥʘʢʦ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʜʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʩ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʤʦʞʥʦ ʨʝʰʠʪʴ. ʀ 

ʨʝʰʘʪʴ ʵʪʦ ʥʘʜʦ. 

 ʆʜʥʠʤ ʠʟ ʧʨʦʚʝʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ  ʷʚʣʷʝʪʩʷ 

ʰʠʬʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʩʣʫʯʘʷʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦ-

ʢʦʩʢʦʨʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʰʠʬʨʦʚʘʥʠʷ. 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚ 

ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʦʩʣʦʞʥʝʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ; 

ʟʘʩʚʝʪʢʦʡ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʫʣʠʯʥʳʭ ʬʦʥʘʨʝʡ ʠ ʪ.ʧ.; 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʨʝʞʠʤʘʤʠ; 

ʧʦʚʳʰʝʥʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʩʨʝʜʳ; 

ʇʦʵʪʦʤʫ, ʩ ʫʯʝʪʦʤ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʥʘʜʝʞʥʦʛʦ  ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʚ 

ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʤʥʦ-

ʛʠʭ ʟʘʜʘʯ: 

ʇʦʜʦʙʨʘʪʴ ʢʘʤʝʨʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʝʟ ʰʫʤʦʚ; 

ʇʦʟʘʙʦʪʠʪʴʩʷ ʦ ʪʦʤ, ʯʪʦʙʳ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʢʘʤʝʨ ʧʦʟʚʦʣʷʣ ʠʤ ʠʟ-

ʙʝʛʘʪʴ ʟʘʩʚʝʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʬʘʨʘʤʠ ʠ ʬʦʥʘʨʷʤʠ ʫʣʠʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ; 

ʇʨʝʜʫʩʤʦʪʨʝʪʴ, ʯʪʦʙʳ ʢʘʤʝʨʳ ʤʦʛʣʠ ʨʘʙʦʪʘʪʴ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠ ʜʘʚʘʪʴ ʯʝʪʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʦʩʚʝʱʝʥʠʷ. 

ɺ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʠʩʧʦʣʴʟʫʶʪ ʢʘʤʝʨʘ ʩ ʀʂ-ʠʟʣʫʯʘʪʝʣʷʤʠ. ɼʣʷ ʚʳʙʦʨʘ 

ʀʂ-ʧʦʜʩʚʝʪʢʠ ʜʣʷ ʩʝʙʷ ʥʝʦʙʭʦʜʠʤʦ ʦʪʚʝʪʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

ɼʣʠʥʘ ʚʦʣʥʳ; 

ʕʬʬʝʢʪʠʚʥʘʷ ʜʘʣʴʥʦʩʪʴ; 

ʋʛʦʣ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʩʝʛʦ ʢʘʜʨʘ; 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ; 

ʆʧʨʝʜʝʣʠʪʴʩʷ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʦʩʚʝʱʝʥʠʷ. 

ʆʙʳʯʥʳʝ ʀʂ-ʜʘʪʯʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʚʝʜʝʥʳ ʥʘʨʫʰʠʪʝʣʝʤ ʠʟ ʩʪʨʦʷ ʧʫʪʝʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ (ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʥʝ ʧʦʩʪʘʚʣʝʥʘ ʥʘ ʦʭʨʘʥʫ) ʧʨʠʢʨʳʪʠʷ ʟʦʥʳ ʚʠ-

ʜʠʤʦʩʪʠ ʜʘʪʯʠʢʘ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʦʙʭʦʜʘ ʀʂ-ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʭʝʤʳ 

ʘʥʪʠʤʘʩʢʠʥʛʘ. ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʀʂ-

ʠʟʣʫʯʝʥʠʷ, ʩʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʤʘʩʢʠ ʠʣʠ ʦʪʨʘʞʘʶʱʝʡ ʧʨʝʛʨʘʜʳ 

ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʘʪʯʠʢʘ (ʦʪ 3 ʜʦ 30 ʩʤ).  

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʟʘʱʠʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʜʘʪʯʠʢʠ, ʬʠʢʩʠʨʫʶʱʠʝ, ʥʝ-

ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʚʩʢʨʳʪʠʷ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʡ ʦ ʧʦʧʳʪʢʝ ʦʪʢʨʳʚʘʥʠʷ ʠʣʠ 

ʚʟʣʦʤʘ ʢʦʨʧʫʩʘ ʜʘʪʯʠʢʘ. ʈʝʣʝ ʜʘʪʯʠʢʦʚ ʚʩʢʨʳʪʠʷ ʠ ʤʘʩʢʠʨʦʚʘʥʠʷ ʧʦʜʢʣʶʯʘʶʪ-

ʩʷ ʢ ʦʪʜʝʣʴʥʦʤʫ ʰʣʝʡʬʫ ʦʭʨʘʥʳ. 
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ɺʳʚʦʜʳ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ  ʚʭʦʜʷʪ ʚ ʢʦʥ-

ʬʠʛʫʨʘʮʠʶ ʚʠʜʝʦʩʝʨʚʝʨʘ ʠʣʠ ʨʝʛʠʩʪʨʘʪʦʨʘ.  

ʉʠʩʪʝʤʳ ʚʠʜʝʦʢʦʥʪʨʦʣʷ ʜʦʣʞʥʳ ʨʘʟʚʠʚʘʪʴʩʷ, ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʤʝʩʪʝ ʩ ʨʘʟʚʠʪʠʝʤ ʚʠʜʝʦʩʠʩʪʝʤ  ʨʘʟʚʠʚʘʶʪʩʷ ʠ 

ʨʘʟʥʳʝ ʧʘʨʘʟʠʪʠʨʫʶʱʠʝ, ʭʘʢʝʨʥʳʝ ʩʣʫʞʙʳ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʠʨʫʩʳ ʠ ʩʧʦʩʦ-

ʙʳ ʚʟʣʦʤʘ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʪʴ ʟʘʱʠʪʫ 

ʠ ʩʣʝʜʠʪʴ ʟʘ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ, ʩʝʪʝʚʳʤʠ ʧʦʜʢʣʶʯʝʥʠʷʤʠ ʠ ʜʨʫʛʠʤʠ ʫʷʟʚʠʤʦ-

ʩʪʷʤʠ. 
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The problems of information security of a video surveillance system, including systems oper-

ating in the infrared range, are considered. Various methods of protection are considered, taking 

into account possible threats, the use of several methods of protecting video systems. a number of 

built-in security functions, and the operating system has its own protection mechanisms. The neces-

sity of additional means of protection is shown: anti-virus programs; programs for restricting access 

to the interface and protective versions of the OS. 

Key words: video surveillance systems, infrared range, information security, IR video, threats, 

Internet. 
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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʁ ʈɸʉʏɽʊ ʉʊʆʀʄʆʉʊʀ 

ʊʋʈʀʉʊʀʏɽʉʂʆʁ ʇʋʊɽɺʂʀ 

ɺ.ʇ. ʌʦʤʠʥʩʢʘʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɽ.ɸ. ɼʫʜʥʠʢ  

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè,  

ʛ. ʈʫʙʮʦʚʩʢ 
ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ  ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ çʈʘʩʯʝʪ 

ʩʪʦʠʤʦʩʪʠ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʧʫʪʝʚʢʠè, ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ, ʚʚʦʜʘ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʳ, ʚʳʚʦʜʘ 

ʜʘʥʥʳʭ ʥʘ ʵʢʨʘʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʘ ʜʘʥʥʳʭ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪ, ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʧʫʪʝʚʢʠ.  

 

ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʊʫʨʠʩʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (ɺʊʆ) ʚ ʥʘʩʪʦʷʱʝʝ 
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ʚʨʝʤʷ ʪʫʨʠʩʪʩʢʘʷ ʠʥʜʫʩʪʨʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʠʥʘʤʠʯʥʳʭ ʩʝʢʪʦʨʦʚ 

ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʇʦ ʫʨʦʚʥʶ ʜʦʭʦʜʥʦʩʪʠ ʪʫʨʠʟʤ ʫʩʪʫʧʘʝʪ ʣʠʰʴ ʠʥʜʫʩʪʨʠʠ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʘʚʪʦʩʪʨʦʝʥʠʶ. ʍʦʨʦʰʠʡ ʦʪʜʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʩʠʣ ʠ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ,  

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʫʯʝʪʝ   ʨʘʙʦʪʳ  ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ ʷʚʣʷʝʪʩʷ   

ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ.  

ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʙʘʟʘ ʜʘʥʥʳʭ, ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʝʜʝʥʠʡ ʦ ʨʝʘʣʴʥʳʭ 

ʤʘʨʰʨʫʪʘʭ, ʨʘʟʣʠʯʥʦʡ ʜʘʣʴʥʦʩʪʠ, ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʫʜʦʙʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʘʛʝʥʪʩʪʚ ʠ ʠʭ ʢʣʠʝʥʪʦʚ [1]. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ: ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ. 

ɿʘʜʘʯʘʤʠ ʩʪʘʪʴʠ ʚ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʦʡ ʮʝʣʴʶ ʷʚʣʷʶʪʩʷ: ʜʝʪʘʣʴʥʦʝ 

ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʬʫʥʢʮʠʷʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ ʨʘʟʣʠʯʥʳʭ ʪʫʨʬʠʨʤ; ʩʦʩʪʘʚʣʝʥʠʝER-

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ,  ʙʨʦʥʴʶ ʠ ʤʝʥʝʜʞʝʨʦʤ; 

ʨʘʟʨʘʙʦʪʢʘ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʚ 

ʪʫʨʬʠʨʤʘʭ. ɸ ʪʘʢ ʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ  ʬʫʥʢʮʠʠ: ʚʝʜʝʥʠʝ 

ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʧʨʦʩʦʚ ʢ ʝʸ ʪʘʙʣʠʮʘʤ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʳʚʦʜ 

ʩʧʨʘʚʢʠ ʠ ʦʪʯʝʪʦʚ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɿʘʜʘʯʘ çʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ çʈʘʩʯʝʪ 

ʩʪʦʠʤʦʩʪʠ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʧʫʪʝʚʢʠè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʪʫʨʠʩʪʠʯʝʩʢʠʭ 

ʘʛʝʥʪʩʪʚ ʠ ʠʭ ʢʣʠʝʥʪʦʚ, ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ 

ʮʝʣʦʤ. ɿʘʜʘʯʘ ʠʩʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ: 

1. .... ɺʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʪʘʙʣʠʮʳ: ʤʘʨʰʨʫʪʦʚ, ʛʦʩʪʠʥʠʮ, 
ʧʫʪʝʚʦʢ. 

2. .... ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ: ʩʧʨʘʚʢʘ ʦ ʩʪʦʠʤʦʩʪʠ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʧʫʪʝʚʢʠ 

ʧʦ ʤʘʨʰʨʫʪʫ; ʩʧʨʘʚʢʘ ʦ ʧʨʦʛʨʘʤʤʝ. 

 

ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1.  ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

 

ʉʦʩʪʘʚʣʝʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ 

ʩʫʱʥʦʩʪʠ: 

1. çʂʣʠʝʥʪè - ʤʘʨʰʨʫʪ, ʜʥʠ, ʢʣʘʩʩ, ʪʨʘʥʩʧʦʨʪ; 

2. çʇʫʪʝʚʢʘè - ʤʘʨʰʨʫʪ, ʜʘʪʘ, ʩʪʦʠʤʦʩʪʴ, ʩʪʨʘʥʘ, ʛʦʨʦʜ, ʛʦʩʪʠʥʠʮʘ, 
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ʢʣʘʩʩ, ʪʨʘʥʩʧʦʨʪ; 

3. çʄʝʥʝʜʞʝʨè - ʩʪʨʘʥʘ, ʛʦʨʦʜ, ʛʦʩʪʠʥʠʮʘ, ʢʣʘʩʩ, ʧʠʪʘʥʠʝ, ʪʨʘʥʩʧʦʨʪ; 

4.  çɹʨʦʥʠʨʫʝʪè - ʤʘʨʰʨʫʪ, ʜʘʪʘ, ʩʪʦʠʤʦʩʪʴ. 

ER-ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.

 
ʈʠʩ. 2.  ER-ʜʠʘʛʨʘʤʤʘ 

 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ, ʦʥ ʧʦʟʚʦʣʷʝʪ: ʚʚʦʜʠʪʴ ʜʘʥʥʳʝ ʪʘʙʣʠʮ, ʚʳʚʦʜʠʪʴ ʜʘʥʥʳʝ ʥʘ ʵʢʨʘʥ, ʨʝʜʘʢʪʠ-

ʨʦʚʘʪʴ ʠ ʫʜʘʣʷʪʴ ʚʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʚʳʚʦʜʠʪʴ ʩʧʨʘʚʢʫ ʦ ʧʨʦʛʨʘʤʤʝ. 

 ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʜʨʫʞʝʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʡʪʠ ʘʚʪʦʨʠʟʘʮʠʶ, ʚʚʝʩʪʠ ʜʘʥʥʳʝ ʦ ʤʘʨʰʨʫʪʘʭ, ʪʨʘʥʩʧʦʨʪʘʭ, 

ʛʦʩʪʠʥʠʮʘʭ ʠ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ ʧʫʪʝʰʝʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʢʣʘʩʩʘ.  

ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʚʳʙʦʨ ʟʘʧʠʩʠ 

ʤʝʥʝʜʞʝʨʘ ʠʣʠ ʢʣʠʝʥʪʘ; ʟʘʧʦʣʥʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ; ʧʦʠʩʢ ʧʦʜʭʦʜʷʱʝʛʦ 

ʤʘʨʰʨʫʪʘ; ʧʝʯʘʪʴ ʩʧʨʘʚʦʢ ʠ ʦʪʯʝʪʦʚ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʫʪʝʚʦʢ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3 ʠ 4. 

 

 
ʈʠʩ. 3.  ʈʘʙʦʪʘ ʧʨʦʛʨʘʤʤʳ ʩ ʚʳʙʦʨʦʤ ʤʘʨʰʨʫʪʘ 
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ʈʠʩ. 4. ɺʳʚʦʜ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʪʯʝʪʘ ʩ ʚʳʙʨʘʥʥʦʡ ʧʫʪʝʚʢʦʡ 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʠ ʘʧʧʘʨʘʪʥʦʤʫ ʩʨʝʜʩʪʚʫ: 

- ʂʦʤʧʴʶʪʝʨ ʩʝʤʝʡʩʪʚʘ IBMPC ʠʣʠ ʩʦʚʤʝʩʪʠʤʳʡ; 

- 150 ʄʙʘʡʪ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ. 

ɼʣʷ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Windows 10; 

- ʉʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual Studio 2017 ʠ ʚʳʰʝ; 

ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ#[2-3]. 

ɼʣʷ ʨʘʙʦʪʳ ɹʘʟʳ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ: tourdb.sql; Tourists.sln; 

tourdb.pdb ï ʩʦʟʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ; tourdbModel.dll; 

tourdbModel.dll.config; EntityFramework.dll; EntityFramework.SqlServer.dll. 

ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ, ʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ 

ʧʨʦʛʨʘʤʤʦʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʬʘʡʣ çtourdb.sqlè 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʪʫʨʙʘʟ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ. 

ʆʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʤʝʥʝʜʞʝʨʘ ʪʫʨʙʘʟʳ, ʦʙʣʘʜʘʶʱʝʝ ʥʝʦʙʭʦʜʠʤʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʫʜʦʙʥʳʤ ʠ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʣʣʝʥ ɼʞ. ʊʝʡʣʦʨ. SQL ʜʣʷ ʯʘʡʥʠʢʦʚ. / ʀʟʜ.: ɼʠʘʣʝʢʪʠʢʘ, 2008. 

2. ɼʞʦʥ ʐʘʨʧ. Visual C# 2010 Step by Step: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / Microsoft 
Press, 2010. 

3. ʂʘʨʣʠ ʋʦʪʩʦʥ, ʂʨʠʩʪʠʘʥ ʅʝʡʛʝʣ, ʗʢʦʙ ʍʘʤʤʝʨ. Visual C# 2010. 

ʇʦʣʥʳʡ ʢʫʨʩ. / ʀʟʜ.: ɺʠʣʴʷʤʩ, 2010. 

 
The software product has been developed for storing and processing data on "calculating the 

cost of a tourist trip", changing data, entering data in tables, and displaying data on the screen.  

Keywords: database, automated calculation, travel packages. 
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ʋɼʂ 519.632.4 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɸʊʆʄʅʓʍ ʉʀʉʊɽʄ ʉ ʇʆʄʆʑʔʖ ʇɸʂɽʊɸ 

LAMMPS  

ʉ.ʃ. ʍʦʤʫʪʦʚʩʢʠʡ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɼʫʜʥʠʢ ɽ.ɸ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè,  

ʛ. ʈʫʙʮʦʚʩʢ 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʘʪʦʤʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʢ ʧʘʢʝʪ LAMMPS.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʪʦʤʥʳʝ ʩʠʩʪʝʤʳ, ʧʘʢʝʪ LAMMPS, ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠʛ-

ʨʘʝʪ ʠʟʫʯʝʥʠʝ ʘʪʦʤʦʚ, ʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɼʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʨʝʙʫʝʪʩʷ ʚʝʩʴʤʘ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʳʩʦʢʦ-

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦ-

ʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʘʪʦʤʥʳʝ ʩʠʩʪʝʤʳ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʧʦʤʦʱʠ ʩʣʦʞʥʳʭ ʥʘʫʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪ-

ʨʦʡʩʪʚ. 

ʇʣʶʩʘʤʠ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʘ ʜʝʡʩʪʚʠʡ ʠ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩ-

ʣʦ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʧʦʚʪʦʨʠʪʴ ʢʦʪʦʨʳʝ ʚ ʞʠʟʥʠ ʠʥʦʛʜʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤʠ, ʚ ʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʙʝʩʧʣʘʪʥʦʤ ʧʘʢʝʪʝ LAMMPS ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʥʳʭ ʩʠʩʪʝʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʩʜʝʣʘʪʴ ʦʙʟʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʢʝʪʘ  LAMMPS ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ LAMMPS 

LAMMPS ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ Large-scale Atomic / Molecular Massively 

Parallel Simulator.LAMMPS - ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘ-

ʤʠʢʠ (ʄɼ), ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪ ʘʥʩʘʤʙʣʠ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʤ, ʪʚʝʨʜʦʤ ʠʣʠ ʛʘʟʦ-

ʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʝʜʥʘʟʥʘʯʝʥ  ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʠʢʨʦ-  ʠʣʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ  ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ [1]. ɺʦʟʤʦʞʥʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʝ ʠʣʠ ʪʨʝʭʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʜʦ ʤʠʣʣʠʦʥʦʚ ʠʣʠ ʤʠʣʣʠʘʨʜʦʚ. 

LAMMPS ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠ ʟʘʧʫʩʪʠʪʴ ʥʘ ʧʦʨʪʘʪʠʚʥʦʤ ʠʣʠ ʥʘʩʪʦʣʴʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ, ʦʜʥʘʢʦ ʧʨʝʜʥʘʟʥʘʯʝʥ ʦʥ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʆʥ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʥʘ ʣʶʙʦʤ ʧʘʨʘʣʣʝʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʤ ʙʠʙʣʠʦʪʝʢʫ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ MPI. ʉʶʜʘ ʚʭʦʜʷʪ ʙʣʦʢʠ ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ, ʢʣʘʩʪʝʨʳ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ ʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʫʯʝʪʦʤ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʠ ʨʘʩʰʠʨʝʥʠʝ, ʧʫ-

ʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.  
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LAMMPS ʨʘʙʦʪʘʝʪ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʜʚʠʞʝʥʠʷ ʅʴʶʪʦʥʘ [2]. ɼʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʛʨʫʧʧʳ ʯʘʩʪʠʮ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ ʚʠʜʳ: ʦʪ ʦʪ-

ʜʝʣʴʥʦʡ ʤʦʣʝʢʫʣʳ, ʜʦ ʮʝʣʦʛʦ ʢʣʘʩʪʝʨʘ ʘʪʦʤʦʚ. 

ʊʘʢ ʞʝ, ʚ ʧʘʢʝʪʝ LAMMPS ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʥʠʷ ʙʣʠʞʘʡ-

ʰʠʭ ʯʘʩʪʠʮ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʧʝʮʠʘʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʯʘʩʪʠ-

ʮʘʤʠ, ʦʪʪʘʣʢʠʚʘʶʱʠʤʠʩʷ ʥʘ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʙʦʣʴ-

ʰʦʡ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ. ʕʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʣʘʟʤʳ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʪʝʣ. 

ʇʘʢʝʪ LAMMPS ʠʤʝʝʪ ʮʝʣʳʡ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ [3]: 

- ʨʘʙʦʪʘʝʪ ʥʘ ʦʜʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ; 

- ʧʘʨʘʣʣʝʣʠʟʤ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ (MPI); 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʘʨʘʣ-

ʣʝʣʠʟʤʘ; 

- ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ; 

- ʦʯʝʥʴ ʧʦʨʪʘʪʠʚʥʳʡ C; 

- ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ: MPI ʠ ʦʜʥʦʧʨʦʮʝʩʩʦʨ-

ʥʳʡ ɹʇʌ; 

- ʇʦʜʜʝʨʞʢʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (CUDA ʠ OpenCL), Intel Xeon 

Phi ʠ OpenMP ʜʣʷ ʤʥʦʛʠʭ ʬʫʥʢʮʠʡ ʢʦʜʘ; 

- ʣʝʛʢʦ ʨʘʩʰʠʨʷʪʴ ʟʘ ʩʯʝʪ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ; 

- ʟʘʧʫʩʢʘʝʪʩʷ ʠʟ ʚʭʦʜʥʦʛʦ ʩʢʨʠʧʪʘ; 

- ʩʠʥʪʘʢʩʠʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʠ ʬʦʨʤʫʣ; 

- ʩʠʥʪʘʢʩʠʩ ʜʣʷ ʧʦʚʪʦʨʝʥʠʷ ʮʠʢʣʦʚ ʠ ʚʳʭʦʜʘ ʠʟ ʮʠʢʣʦʚ; 

- ʟʘʧʫʩʢʘʪʴ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʠʤʫʣʷʮʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʧʘʨʘʣ-

ʣʝʣʴʥʦ) ʠʟ ʦʜʥʦʛʦ ʩʢʨʠʧʪʘ; 

- ʧʦʩʪʨʦʠʪʴ ʢʘʢ ʙʠʙʣʠʦʪʝʢʫ, ʚʳʟʚʘʪʴ LAMMPS ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʙʠʙ-

ʣʠʦʪʝʢʠ ʠʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʦʙʦʣʦʯʢʫ Python; 

- ʧʘʨʘ ʩ ʜʨʫʛʠʤʠ ʢʦʜʘʤʠ: LAMMPS ʚʳʟʳʚʘʝʪ ʜʨʫʛʦʡ ʢʦʜ, ʜʨʫʛʦʡ ʢʦʜ 

ʚʳʟʳʚʘʝʪ LAMMPS, ʟʦʥʪʠʯʥʳʡ ʢʦʜ ʚʳʟʳʚʘʝʪ ʦʙʘ. 

ɿʘʧʫʩʢ LAMMPS ʚ Windows 

ʏʪʦʙʳ ʟʘʧʫʩʪʠʪʴ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ (ʥʝ 

MPI), ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

ɺʳʟʳʚʘʝʪʩʷ ʢʦʤʘʥʜʥʘʷ ʩʪʨʦʢʘ, ʯʝʨʝʟ ʚʳʙʦʨ ʇʫʩʢ-> ɺʳʧʦʣʥʠʪʴé ʠ ʥʘʙʠ-

ʨʘʝʪʩʷ çcmdè. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʢʘʪʘʣʦʛ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʩʮʝʥʘʨʠʡ 

ʚʚʦʜʘ (ʥʘʧʨʠʤʝʨ, ʥʘʙʨʘʚ: cd çDocumentsè). 

ɺ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʚʚʦʜʠʪʩʷ çlmp_serial -in in.fileè, ʛʜʝ in.file - ʵʪʦ ʠʤʷ 

ʚʭʦʜʥʦʛʦ ʩʮʝʥʘʨʠʷ LAMMPS. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʚʢʣʶʯʘʝʪ ʧʦʜʜʝʨʞʢʫ ʤʥʦʛʦʧʦʪʦʯ-

ʥʦʛʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʠʟ ʩʪʠʣʝʡ ʚ ʧʘʢʝʪʘʭ USER-OMP. ɼʣʷ ʟʘʧʫʩʢʘ ʩ 4 ʧʦʪʦ-

ʢʘʤʠ ʥʫʞʥʦ ʚʚʝʩʪʠ ʵʪʦ: 

lmp_serial ïin in.lj  ïpk omp 4 ïsf omp 
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ɼʣʷ ʠʩʧʦʣʥʷʝʤʦʛʦ ʬʘʡʣʘ MPI, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ LAMMPS ʧʦʜ 

Windows ʧʘʨʘʣʣʝʣʴʥʦ, ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʦʚʫʶ ʦʙʳʯʥʫʶ ʢʦʤʘʥʜʥʫʶ ʩʪʨʦʢʫ, ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ 

ʇʫʩʢ-> ɺʳʧʦʣʥʠʪʴé ʠ ʥʘʙʨʘʪʴ çcmdè. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʢʘʪʘʣʦʛ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʚʘʰ ʚʭʦʜ-

ʥʦʡ ʬʘʡʣ (ʥʘʧʨʠʤʝʨ, ʥʘʙʨʘʚ: cd çDocumentsè). 

ɿʘʪʝʤ ʚʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʘʥʜʳ: 

mpixec ïlocalonly 4 lmp_mpi ïin in.file 

mpixec ïnp 4 lmp_mpi ïin infile 

ʛʜʝ in.file - ʵʪʦ ʠʤʷ ʚʘʰʝʛʦ ʚʭʦʜʥʦʛʦ ʩʢʨʠʧʪʘ LAMMPS. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫ-

ʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʩʪʠ ʧʘʨʦʣʴ. 

ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʥʝ ʩʨʘʟʫ ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʵʢʨʘʥʝ ʠ 

ʩʮʝʥʘʨʠʡ ʚʚʦʜʘʤʦʞʝʪ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ. 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʦʜʥʦʤ ʧʨʦʮʝʩ-

ʩʦʨʝ, ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʡ ʢʦʤʘʥʜʳ: 

lmp_mpi ïin in.lj  

ʇʘʨʘʣʣʝʣʴʥʳʡ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ 

OpenMP, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʩ MPI, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ: 

mpiexec ïlocalonly 2 lmp_mpi ïin in.lj ïpk omp 2 ïsf omp 

ʆʩʥʦʚʳ ʨʘʙʦʪʳ LAMMPS 

LAMMPS ʟʘʧʫʩʢʘʝʪʩʷ ʠʟ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ, ʩʯʠʪʳʚʘʷ ʢʦʤʘʥʜʳ ʠʟ ʬʘʡʣʘ ʩ 

ʧʦʤʦʱʴʶ ʬʣʘʛʘ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ -in ʠʣʠ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʚʦʜʘ. ʈʝʢʦʤʝʥʜʫʝʪ-

ʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʘʨʠʘʥʪ ç-in in.fileè: 

$ lmp_serial ïinin.file 

$ lmp_serial < in.file 

$ /path/to/lammps/src/lmp_serial ïi in.file 

$ mpirun ïnp 4 lmp_mpi ïin in.file 

$ mpirun ïnp 8 /path/to/lammps/src/lmp_mpi ïin in.file 

$ mpirun ïnp 6 /usr/local/bin/lmp ïin in.file 

ʆʙʳʯʥʦ ʟʘʧʫʩʢ ʢʦʤʘʥʜʳ LAMMPS ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʘʪʘʣʦʛʝ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ 

ʚʭʦʜʥʦʡ ʩʮʝʥʘʨʠʡ. ʕʪʦ ʪʘʢʞʝ ʪʦ ʤʝʩʪʦ, ʛʜʝ ʚʳʭʦʜʥʳʝ ʬʘʡʣʳ ʩʦʟʜʘʶʪʩʷ ʧʦ 

ʫʤʦʣʯʘʥʠʶ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʪʴ ʜʨʫʛʠʝ ʢʦʥʢʨʝʪʥʳʝ ʧʫʪʠ ʚʦ ʚʭʦʜʥʦʤ ʩʢʨʠʧʪʝ ʠʣʠ ʚ 

ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ. ʂʘʢ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʨʘʭ, ʩʘʤ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ 

LAMMPS ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ. 

ɺʘʞʥʦʝ ʟʘʤʝʯʘʥʠʝ: 

ʆʧʝʨʘʪʦʨ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʷ ç<è ʥʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʨʘʙʦʪʝ ʩ mpirun; ʜʣʷ ʵʪʠʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪʩʷ ʬʦʨʤʘ -in. 

ʇʨʠ ʟʘʧʫʩʢʝ LAMMPS ʚʳʚʦʜʠʪ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʵʢʨʘʥ ʠ ʚ ʬʘʡʣ ʞʫʨʥʘʣʘ ʩ 

ʠʤʝʥʝʤ log.lammps. 

ɽʩʣʠ LAMMPS ʦʙʥʘʨʫʞʠʚʘʝʪ ʦʰʠʙʢʠ ʚʦ ʚʭʦʜʥʦʤ ʩʮʝʥʘʨʠʠ ʠʣʠ ʚʦ ʚʨʝʤʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʥ ʧʝʯʘʪʘʝʪ ʩʦʦʙʱʝʥʠʝ ERROR ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠʣʠ ʩʦʦʙ-

ʱʝʥʠʝ WARNING ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʫ. 

LAMMPS ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʪʫ ʞʝ ʧʨʦʙʣʝʤʫ ʥʘ ʣʶʙʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʮʝʩ-

ʩʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʦʜʥʦʤ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ 
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ʦʜʠʥʘʢʦʚʳʝ ʦʪʚʝʪʳ ʥʘ ʣʶʙʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʥʘ ʣʶʙʦʡ ʤʘʰʠʥʝ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʯʠʩʣʝʥʥʦʝ ʦʢʨʫʛʣʝʥʠʝ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʩ ʧʣʘʚʘʶʱʝʡ 

ʟʘʧʷʪʦʡ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʠ ʚʦʟʤʦʞʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʪʨʘʝʢ-

ʪʦʨʠʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʇʨʠ ʟʘʧʫʩʢʝ LAMMPS ʧʘʨʘʣʣʝʣʴʥʦ ʯʝʨʝʟ mpirun, ʥʫʞʥʦ ʟʥʘʪʴ ʦ ʢʦʤʘʥʜʝ 

ʧʨʦʮʝʩʩʦʨʦʚ, ʢʦʪʦʨʘʷ ʢʦʥʪʨʦʣʠʨʫʝʪ, ʢʘʢ ʟʘʜʘʯʠ MPI ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʧʦʣʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦ ʧʘʨʘʤʝʪʨʘʭ mpirun, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʥʘʟʥʘʯʝʥʠʝʤ ʟʘ-

ʜʘʯ MPI ʬʠʟʠʯʝʩʢʠʤ ʷʜʨʘʤ ʫʟʣʘ ʤʘʰʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʙʦʪʘ.  

ʅʘʧʨʠʤʝʨ, ʯʘʩʪʦ ʙʳʚʘʝʪ ʚʘʞʥʦ ʧʨʠʚʷʟʘʪʴ ʟʘʜʘʯʠ (ʧʨʦʮʝʩʩʳ) MPI ʢ ʬʠʟʠʯʝ-

ʩʢʠʤ ʷʜʨʘʤ , ʯʪʦʙʳ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʧʝʨʝʥʦʩʠʣʘ ʠʭ ʚʦ ʚʨʝʤʷ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ. ɽʩʣʠ ʵʪʦ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʦʚʝʜʝʥʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨ mpirun çïbind-to-coreè (OpenMPI) ʠʣʠ ç-bind-to-

coreè (MPICH). 

ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦʤʘʥʜʳ LAMMPS ʧʦʜʜʝʨʞʠʚʘʶʪ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ, 

ʪʦ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ MPI ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʤʝʥʥʦʡ ʩʨʝʜʳ OMP_NUM_THREADS, ʧʨʝʞʜʝ ʯʝʤ ʟʘʧʫʩʢʘʪʴ LAMMPS: 

$ export OMP_NUM_THREADS=2  # bash 

$ setenv OMP_NUM_THREADS 2  # csh or tcsh 

ʕʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ package ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʝ-

ʨʝʢʣʶʯʘʪʝʣʷ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ -pk, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʢʦʤʘʥʜʫ package. ɼʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʘʢʝʪʘʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʢʦʤʘʥʜʘʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ, ʩʤ. ʅʘ ʩʪʨʘʥʠʮʘʭ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʘʢʝʪʘ ʠʣʠ Speed. 

ɺʦʟʤʦʞʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʟʘʧʫʩʢʦʤ LAMMPS, ʠʩʧʦʣʴʟʫʷ ʣʶʙʦʡ ʠʟ ʚʭʦʜ-

ʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʠʤʝʨʘʭ ʠʣʠ ʚ ʢʘʪʘʣʦʛʝ bench. ʉʮʝʥʘʨʠʠ 

ʚʚʦʜʘ ʥʘʟʚʘʥʳ ʚ. *, ɸ ʧʨʠʤʝʨʳ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ - log. *. P, ʛʜʝ P - ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʮʝʩʩʦʨʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ ʙʳʣʠ ʟʘʧʫʱʝʥʳ. 

ʉʢʨʠʧʪʳ ʚʚʦʜʘ LAMMPS 

LAMMPS ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʯʪʝʥʠʷ ʢʦʤʘʥʜ ʠʟ ʚʭʦʜʥʦʛʦ ʩʮʝʥʘʨʠʷ (ʪʝʢ-

ʩʪʦʚʦʛʦ ʬʘʡʣʘ) ʧʦ ʦʜʥʦʡ ʩʪʨʦʢʝ ʟʘ ʨʘʟ. ʂʦʛʜʘ ʚʭʦʜʥʦʡ ʩʮʝʥʘʨʠʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, 

LAMMPS ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ. ʂʘʞʜʘʷ ʢʦʤʘʥʜʘ ʟʘʩʪʘʚʣʷʝʪ LAMMPS ʚʳʧʦʣʥʷʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ. ʉʮʝʥʘʨʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʥʫʪʨʝʥʥʶʶ ʧʝʨʝʤʝʥʥʫʶ, 

ʯʠʪʝʪʠʟ ʬʘʡʣʘ ʠʣʠ ʟʘʧʫʩʢʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʘʥʜ ʠʤʝʶʪ ʥʘ-

ʩʪʨʦʡʢʠ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʘʥʜʫ ʪʦʣʴʢʦ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʳ ʭʦʪʠʪʝ ʠʟʤʝʥʠʪʴ ʥʘʩʪʨʦʡʢʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɺʦ ʤʥʦʛʠʭ ʩʣʫ-

ʯʘʷʭ ʧʦʨʷʜʦʢ ʢʦʤʘʥʜ ʚʦ ʚʭʦʜʥʦʤ ʩʮʝʥʘʨʠʠ ʥʝ ʚʘʞʝʥ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝ-

ʜʫʶʱʠʝ ʧʨʘʚʠʣʘ: 

(1) LAMMPS ʥʝ ʯʠʪʘʝʪ ʚʝʩʴ ʩʮʝʥʘʨʠʡ ʚʚʦʜʘ, ʘ ʟʘʪʝʤ ʚʳʧʦʣʥʷʝʪ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʩʦ ʚʩʝʤʠ ʥʘʩʪʨʦʡʢʘʤʠ. ɺʭʦʜʥʦʡ ʩʮʝʥʘʨʠʡ ʯʠʪʘʝʪʩʷ ʧʦ ʦʜʥʦʡ ʩʪʨʦʢʝ ʟʘ 

ʨʘʟ, ʠ ʢʘʞʜʘʷ ʢʦʤʘʥʜʘ ʚʩʪʫʧʘʝʪ ʚ ʩʠʣʫ ʧʨʠ ʯʪʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʘ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʘʥʜ: 

timestep 0.5 

run  100 

run  100 

ʇʨʠʚʝʜʝʪ ʢ ʜʝʡʩʪʚʠʷʤ, ʦʪʣʠʯʥʳʤ ʦʪ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 
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run  100 

timestep 0.5 

run  100 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʢʘʟʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ (0,5 ʧʩ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʚʫʭ 

ʩʠʤʫʣʷʮʠʡ ʧʦ 100 ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ ʢʘʞʜʦʝ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʨʝʤʝʥʥʦʡ ʰʘʛ 

ʧʦ ʫʤʦʣʯʘʥʠʶ (1,0 ʧʩ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʚʳʭ 100 ʰʘʛʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ 

ʚʨʝʤʝʥʥʦʡ ʰʘʛ 0,5 ʧʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʪʦʨʦʛʦ. 

(2) ʅʝʢʦʪʦʨʳʝ ʢʦʤʘʥʜʳ ʚ ʩʠʩʪʝʤʝ LAMMPS ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ, 

ʪʦʣʴʢʦ ʢʦʛʜʘ ʦʥʠ ʩʣʝʜʫʶʪ ʟʘ ʜʨʫʛʠʤʠ ʢʦʤʘʥʜʘʤʠ. ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʛʨʫʧʧʳ ʘʪʦʤʦʚ ʥʝʚʦʟʤʦʞʥʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʦʧʨʝʜʝʣʠʪ 

ʘʪʦʤʳ. 

(3) ʊʘʢ ʞʝ ʚ LAMMPS ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʯʪʦ ʢʦʤʘʥʜʘ B ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʤʘʥʜʦʡ Aɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʤʘʥʜʘ A ʜʦʣʞʥʘ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʢʦʤʘʥʜʝ B ʚʦ ʚʭʦʜʥʦʤ ʩʮʝʥʘʨʠʠ, ʯʪʦʙʳ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʠʣ ʞʝʣʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ʅʘʧʨʠʤʝʨ, ʢʦʤʘʥʜʘ read_data ʠʥʠ-

ʮʠʘʣʠʟʠʨʫʝʪ ʩʠʩʪʝʤʫ, ʥʘʩʪʨʘʠʚʘʷ ʙʣʦʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʟʥʘʯʘʷ ʘʪʦʤʳ ʧʨʦ-

ʮʝʩʩʦʨʘʤ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʥʝ ʪʨʝʙʫʶʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʮʝʩʩʦʨʳ ʠ ʛʨʘʥʠʯʥʳʝ ʢʦʤʘʥʜʳ ʧʝʨʝʜ read_data, ʯʪʦʙʳ ʩʦʦʙ-

ʱʠʪʴ LAMMPS, ʢʘʢ ʩʦʧʦʩʪʘʚʠʪʴ ʧʨʦʮʝʩʩʦʨʳ ʩ ʙʣʦʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

LAMMPS ʦʙʥʘʨʫʞʠʚʘʝʪ ʤʥʦʛʠʝ ʦʰʠʙʢʠ ʩʮʝʥʘʨʠʷ ʚʚʦʜʘ ʠ ʚʳʚʦʜʠʪ ʩʦʦʙ-

ʱʝʥʠʝ ERROR ʠʣʠ WARNING. ʅʘ ʩʪʨʘʥʠʮʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʦʰʠʙʢʘʤ ʩʦʜʝʨ-

ʞʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ ʦʟʥʘʯʘʶʪ ʦʰʠʙʢʠ. ɺ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ ʧʦ ʢʘʞʜʦʡ ʢʦʤʘʥʜʝ ʧʝʨʝʯʠʩʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʢʦ-

ʤʘʥʜʳ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ  avito 

ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʘ 
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 ʉ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ LAMMPS ʧʦʩʪʨʦʝʥʘ ʩʪʨʫʢʪʫʨʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʧʣʘʚʘ, ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʳʚʝʜʝʥʳ ʥʘ ʧʝ-

ʯʘʪʴ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʥʠʷ ʦ ʧʘʢʝʪʝ LAMMPS, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʘʥʥʦʤ ʧʘʢʝʪʝ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʙʦʪʳ ʩ ʥʠʤ, ʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʫʯʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳ-

ʢʦʚ ʧʦ ʨʘʙʦʪʝ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ.  
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ʆʈɻɸʅʀɿɸʎʀʗ ɿɸʑʀʊʓ ʂʆʅʌʀɼɽʅʎʀɸʃʔʅʆʁ  

ʀʅʌʆʈʄɸʎʀʀ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄɽ  

ʂʆʄʄɽʈʏɽʉʂʆʁ ʆʈɻɸʅʀɿɸʎʀʀ 

ɸ.ɼ. ʐʘʜʨʠʥʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʉʘʥʥʠʢʦʚ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʛ. ɹʘʨʥʘʫʣ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʫʤʝʥʪʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʟʘʱʠʪʝ ʢʦʥʬʠ-

ʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʧʦʩʦʙʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʪʘʢ ʥʘ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʤʝʨʯʝʩʢʘʷ ʪʘʡʥʘ, ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʟʘ-

ʱʠʪʝ, ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʢʫʤʝʥʪʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʟʘʱʠʪʫ. 

 

ɺʦʧʨʦʩʳ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ ʠʩʢʘʞʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ, ʧʦʪʝʨʠ, ʧʝʨʝʭʚʘʪʘ ʠ ʜʨʫʛʠʭ ʤʦʰʝʥ-

ʥʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ 

(ʬʠʥʘʥʩʦʚʳʝ ʪʨʫʜʥʦʩʪʠ, ʧʨʝʢʨʘʱʝʥʠʝ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʠ). ɺ ʢʨʫʧʥʳʭ ʢʦʤʧʘ-

https://lammps.sandia.gov/doc/Manual.html
https://ovito.org/manual/
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BA%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9_%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B9_%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B8
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ʥʠʷʭ ʟʘʱʠʪʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʫʩʣʦʚʠʡ ʫʩʧʝʰ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʚʦʧʨʦʩʳ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ. 

 

ʊʘʙʣʠʮʘ 1 

ɼʦʢʫʤʝʥʪʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʘ ʉʬʝʨʘ ʜʝʡʩʪʚʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ 

ʧʦʣʦʞʝʥʠʷ 

ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ˉ 188 ʦʪ 06.03.1997 çʆʙ ʫʪʚʝʨ-

ʞʜʝʥʠʠ ʧʝʨʝʯʥʷ ʩʚʝʜʝʥʠʡ ʢʦʥʬʠʜʝʥ-

ʮʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘè [3] 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʚʝʜʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʝ 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 29.07.2004 N 

98-ʌɿ çʆ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʝè.  ʉʪʘ-

ʪʴʷ 10 çʆʭʨʘʥʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠè [2] 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʢʦʥʬʠ-

ʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʫʩʣʦʚʠʷ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʞʠʤ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʪʘʡʥʳ ʩʯʠʪʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 29.07.2004 N 

98-ʌɿ çʆ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʝè.  ʉʪʘ-

ʪʴʷ 11 çʆʭʨʘʥʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʤʝʨ-

ʯʝʩʢʫʶ ʪʘʡʥʫ, ʚ ʨʘʤʢʘʭ ʪʨʫʜʦʚʳʭ ʦʪ-

ʥʦʰʝʥʠʡè [2] 

ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʷʟʘʥʥʦʩʪʠ ʨʘʙʦʪʦʜʘ-

ʪʝʣʷ ʠ ʩʦʪʨʫʜʥʠʢʘ, ʫʩʣʦʚʠʷ ʜʦʩʪʫʧʘ 

ʩʦʪʨʫʜʥʠʢʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ. 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 29.07.2004 N 

98-ʌɿ çʆ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʝè.  ʉʪʘ-

ʪʴʷ 13 çʆʭʨʘʥʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʝʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠè 

[2] 

ʫʩʪʘʥʦʚʣʝʥ ʧʨʦʮʝʩʩ ʟʘʱʠʪʳ ʢʦʤʤʝʨ-

ʯʝʩʢʦʡ ʪʘʡʥʳ 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥʘ ʦʪ 27.07.2006 N 

149-ʌɿ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ ʠʥ-

ʬʦʨʤʘʮʠʠè. ʉʪʘʪʴʷ 16 çɿʘʱʠʪʘ ʠʥ-

ʬʦʨʤʘʮʠʠè [7] 

ʦʧʠʩʘʥʳ ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʦ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ 

ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ˉ 351 ʦʪ 17.03.2008 çʆ ʤʝʨʘʭ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʤʝʞ-

ʜʫʥʘʨʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝ-

ʥʘè [5] 

ʫʩʪʘʥʦʚʣʝʥ ʧʦʨʷʜʦʢ ʟʘʱʠʪʳ ʠʥʬʦʨ-

ʤʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝ 
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ʇʨʠʢʘʟ ʌʉʊʕʂ ʈʦʩʩʠʠ ʦʪ 18 ʬʝʚʨʘʣʷ 

2013 ʛ. N 21 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʩʦʩʪʘʚʘ 

ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè [4] 

ʫʩʪʘʥʦʚʣʝʥ ʧʝʨʝʯʝʥʴ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ 

ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʇʨʠʢʘʟ ʌʉʊʕʂ ʈʦʩʩʠʠ ʦʪ 11 ʬʝʚʨʘʣʷ 

2013 ʛ. N 17 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʪʨʝʙʦ-

ʚʘʥʠʡ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʝ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʪʘʡʥʫ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭè [1] 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʝʩʧʝʯʝ-

ʥʠʶ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʛʨʘʥʠʯʝʥ-

ʥʦʛʦ ʜʦʩʪʫʧʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʩʚʝʜʝ-

ʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ 

ʪʘʡʥʫ 

ɻʨʘʞʜʘʥʩʢʠʡ ʢʦʜʝʢʩ ʈʌ. ʏʘʩʪʴ 2, ʩʪʘ-

ʪʴʷ 727 çʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʦʣʫ-

ʯʝʥʥʦʡ ʩʪʦʨʦʥʘʤʠ ʠʥʬʦʨʤʘʮʠʠè [8] 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʘʚʠʣʘ ʦʪʥʦʰʝʥʠʷ ʩʪʦ-

ʨʦʥ ʧʨʠ ʦʙʤʝʥʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ 

 

ʊʨʝʙʦʚʘʥʠʷ ʟʘʢʦʥʘ ʦ ʚʚʝʜʝʥʠʠ ʨʝʞʠʤʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʤʦʞʥʦ ʨʝʘʣʠ-

ʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʜʝʡʩʪʚʠʷʤʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʫʪʚʝʨʜʠʪʴ ʧʦʣʦʞʝʥʠʝ ʦ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʝ. 

ɼʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʧʝʨʝʯʝʥʴ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʦ-

ʩʪʘʚʣʷʝʪ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ. ʊʨʝʙʫʝʪʩʷ ʫʯʝʩʪʴ, ʯʪʦ ʥʝ ʣʶʙʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʦʡ (ʩʪʘʪʴʷ 5 ʟʘʢʦʥʘ N 98-ʌɿ çʆ ʢʦʤʤʝʨʯʝ-

ʩʢʦʡ ʪʘʡʥʝè) [2]. 

2. ʇʦʜʛʦʪʦʚʠʪʴ ʠ ʫʪʚʝʨʜʠʪʴ ʧʦʨʷʜʦʢ ʨʘʙʦʪʳ ʩ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ ʩʚʝʜʝ-

ʥʠʷʤʠ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʷʜʦʢ ʦʙʨʘʱʝʥʠʷ ʩʦ ʩʚʝʜʝʥʠʷʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʤ-

ʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʚʚʝʜʝʥ-

ʥʦʛʦ ʧʦʨʷʜʢʘ. ɼʣʷ ʵʪʦʛʦ ʩʦʩʪʘʚʣʷʶʪʩʷ ʠ ʫʪʚʝʨʞʜʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ 

ʧʨʘʚʠʣʘ ʚʝʜʝʥʠʷ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʪʘʢʠʤ ʜʦʢʫʤʝʥʪʘʤ. 

3. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʯʥʷ ʜʦʣʞʥʦʩʪʝʡ ʨʘʙʦʪʥʠʢʦʚ, ʠʤʝʶʱʠʭ ʜʦʩʪʫʧ ʢ ʢʦʥ-

ʬʠʜʝʥʮʠʘʣʴʥʳʤ ʩʚʝʜʝʥʠʷʤ. 

ʅʘ ʜʘʥʥʦʤ ʰʘʛʝ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ 

ʩʚʝʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʩʦʪʨʫʜʥʠʢʫ, ʟʘʥʠʤʘʶʱʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʜʦʣʞʥʦʩʪʴ. 

4. ɺʥʝʩʝʥʠʝ ʧʨʘʚʠʣ ʧʦ ʨʝʞʠʤʫ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʚ ʜʦʣʞʥʦʩʪʥʳʝ ʠʥʩʪ-

ʨʫʢʮʠʠ. 

ʆʙʷʟʘʥʥʦʩʪʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʦʧʠʩʘʥʳ ʚ ʜʦʣʞʥʦʩʪʥʳʭ ʠʥʩʪʨʫʢʮʠʷʭ ʪʝʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʦʩ-

ʪʫʧ ʢ ʪʘʢʠʤ ʩʚʝʜʝʥʠʷʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʷʟʘʪʝʣʝʥ, ʪʘʢ ʢʘʢ ʜʦʩʪʫʧ ʩʦʪʨʫʜʥʠʢʘ ʢ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʝ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʩ ʝʛʦ ʩʦʛʣʘʩʠʷ, ʝʩʣʠ ʵʪʦ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝ-

ʥʦ ʝʛʦ ʪʨʫʜʦʚʳʤʠ ʦʙʷʟʘʥʥʦʩʪʷʤʠ (ʯʘʩʪʴ 2 ʩʪʘʪʴʷ 11 ʟʘʢʦʥʘ ˉ98-ʌɿ) [2]. 

5. ʇʨʠʩʚʦʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʛʨʠʬʘ çʂʦʤʤʝʨʯʝʩʢʘʷ ʪʘʡʥʘè. 
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ʅʘ ʜʦʢʫʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ, ʥʘʥʦʩʠʪʩʷ ʛʨʠʬ çʂʦʤ-

ʤʝʨʯʝʩʢʘʷ ʪʘʡʥʘè. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʘʩʪʴʶ 4 ʩʪʘʪʴʠ 6 ʟʘʢʦʥʘ ˉ98-ʌɿ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʢʘʟʳʚʘʪʴ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʷ ï ʧʦʣʥʦʝ ʥʘʟʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʘʥʥʳʝ ʦ ʝʝ 

ʨʘʩʧʦʣʦʞʝʥʠʠ [2]. 

6. ʆʟʥʘʢʦʤʣʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʩ ʧʨʘʚʠʣʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʝʞʠʤʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ. 

ʉʦʭʨʘʥʝʥʠʝ ʩʚʝʜʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ, ʜʦʩʪʠʞʠʤʦ 

ʪʦʣʴʢʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʜʦʢʫʤʝʥʪʘʣʴʥʦʤ ʦʬʦʨʤʣʝʥʠʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʩʦ-

ʪʨʫʜʥʠʢʘʤʠ.  

7. ʇʦʣʫʯʝʥʠʝ ʩʦʛʣʘʩʠʷ ʦ ʥʝʨʘʟʛʣʘʰʝʥʠʠ ʩʚʝʜʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʤʝʨ-

ʯʝʩʢʫʶ ʪʘʡʥʫ, ʫ ʩʦʪʨʫʜʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺ ʩʧʦʨʥʦʡ ʩʠʪʫʘʮʠʠ ʨʘʙʦʪʦʜʘʪʝʣʴ ʜʦʣʞʝʥ ʧʨʝʜʩʪʘʚʠʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦ-

ʛʦ, ʯʪʦ ʨʘʙʦʪʥʠʢ ʦʙʷʟʘʣʩʷ ʥʝ ʨʘʟʛʣʘʰʘʪʴ ʩʚʝʜʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʤʝʨʯʝ-

ʩʢʫʶ ʪʘʡʥʫ (ʧʫʥʢʪ 43 ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʇʣʝʥʫʤʘ ɺʉ ʈʌ ʦʪ 17.03.2004 ˉ 2 çʆ 

ʧʨʠʤʝʥʝʥʠʠ ʩʫʜʘʤʠ ʈʌ ʊʨʫʜʦʚʦʛʦ ʢʦʜʝʢʩʘ ʈʌè) [6].  

8. ʈʝʛʠʩʪʨʘʮʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʘʡʥʫ, ʚʳʜʘʥʥʳʭ 

ʩʦʪʨʫʜʥʠʢʫ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʚʳʜʘʥʥʳʤʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʜʦʣʞʝʥ ʦʩʫʱʝ-

ʩʪʚʣʷʪʴʩʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ 

ʜʦʢʫʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʜʧʠʩʴʶ ʚʳʜʘʚʰʝʛʦ ʠ ʧʦʣʫʯʠʚʰʝʛʦ. 

9. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʬʠʜʝʥ-

ʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʨʝʞʠʤʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚ-

ʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʦʭʨʘʥʝ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. 

ɼʣʷ ʟʘʱʠʪʳ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ. ʂ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦ-

ʚʘʥʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ; 

- ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʫʛʨʦʟ; 

- ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʫʛʨʦʟ; 

- ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ; 

- ʫʩʪʘʥʦʚʢʘ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ; 

- ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ; 

- ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʨʝʜʩʪʚ 
ʟʘʱʠʪʳ. 

ʀʥʬʦʨʤʘʮʠʶ ʩʣʝʜʫʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʪʝʧʝʥʠ ʝʝ ʚʘʞʥʦʩʪʠ ʠ ʧʨʠ-

ʩʚʦʠʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʙʦʪʳ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ. ʉʠʩʪʝʤʘ ʟʘʱʠ-

ʪʳ ʜʦʣʞʥʘ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʤʝʨʯʝʩʢʫʶ 

ʪʘʡʥʫ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʦʪʨʫʜʥʠʢʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʘʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʧʳʪʢʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ: 

1. ʌʠʟʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʢʦʤʧʴʶʪʝʨʘ ʠ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ (ʵʣʝʢʪʨʦʥʥʳʭ 

ʠ ʙʫʤʘʞʥʳʭ); 
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2. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ - ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʜʘʥ-

ʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

3. ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ - ʧʨʦʮʝʩʩ ʨʘʟ-

ʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʚʘʞʥʦʩʪʠ ʜʣʷ ʙʣʦʢʠʨʦʚʢʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʝʡ; 

4. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ: 

- ʰʠʬʨʦʚʘʥʠʝ - ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ; 

- ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʜʧʠʩʴ - ʫʥʠʢʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʨʝʢʚʠʟʠʪ), ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʘʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʠʩ-

ʢʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ; 

5. ʈʝʛʠʩʪʨʘʮʠʷ ʦʙʨʘʱʝʥʠʡ ʢ ʟʘʱʠʱʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ - ʧʨʦʮʝʩʩ ʬʠʢʩʠʨʦ-

ʚʘʥʠʷ ʜʘʥʥʳʭ ʦ ʩʦʪʨʫʜʥʠʢʝ, ʠʩʧʦʣʴʟʫʶʱʝʤ ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʤʤʝʨʯʝ-

ʩʢʫʶ ʪʘʡʥʫ; 

6. ɸʫʜʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ - ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚ-

ʥʷ ʝʝ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘ-

ʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

7. ʇʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʝ ï ʢʦʤʧʣʝʢʩ ʤʝʨ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʮʝʣʷʭ ʟʘʪʨʫʜʥʝʥʠʷ ʧʦʣʫʯʝʥʠʷ 

ʦʭʨʘʥʷʝʤʳʭ ʜʘʥʥʳʭ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʤʘʩʢʠʨʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʧʨʦʪʠʚʥʠʢʦʤ. 

8. ɸʥʪʠʚʠʨʫʩʥʘʷ ʟʘʱʠʪʘ ʩʚʝʜʝʥʠʡ ï ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʚʥʝʜʨʝʥʠʷ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦ-

ʛʨʘʤʤ. 
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ʋɼʂ 004.056.53  

ʆɹɿʆʈ ʊɽʍʅʆʃʆɻʀʁ ɿɸʑʀʊʓ ɼɸʅʅʓʍ ɺ ʄɽʉʉɽʅɼɾɽʈɸʍ  

ʀ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ 

ʖ. ʉ. ʑʝʣʦʢʦʚʘ
1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɸ. ɺ. ʉʘʥʥʠʢʦʚ 
1
ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʛ. ɹʘʨʥʘʫʣ 
 ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʚ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʩʝʨʚʠʩʘʭ ʦʙʤʝʥʘ ʤʛʥʦʚʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʚʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʱʠʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʤʝʩʩʝʥʜʞʝʨ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ, ʤʝʩʩʝʥʜʞʝʨ, ʟʘʱʠʪʘ ʜʘʥʥʳʭ, ʩʝʨʚʠʩ ʦʙʤʝʥʘ 

ʤʛʥʦʚʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ, ʰʠʬʨʦʚʘʥʠʝ, ʧʨʦʪʦʢʦʣ. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʯʝʣʦʚʝʯʝʩʪʚʫ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʙʦʣʝʝ 

ʥʦʚʳʝ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʬʦʨʤʳ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʈʝʟʢʦ ʫʚʝʣʠʯʠʣʩʷ ʩʧʨʦʩ 

ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʝʨʚʠʩʳ ʦʙʤʝʥʘ 

ʤʛʥʦʚʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ï ʤʝʩʩʝʥʜʞʝʨʳ (ʦʪ ʘʥʛʣ. messenger ð ʢʫʨʴʝʨ). 

ʄʝʩʩʝʥʜʞʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʣʦʞʝʥʠʝ, ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʢʘ ʤʛʥʦʚʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʇʦʤʠʤʦ 

ʪʝʢʩʪʦʚʳʭ, ʚʠʜʝʦ- ʠ ʘʫʜʠʦʩʦʦʙʱʝʥʠʡ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʤʝʩʩʝʥʜʞʝʨʳ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʠʚʘʪʴʩʷ ʬʘʡʣʘʤʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʛʨʫʧʧʦʚʳʝ ʪʝʢʩʪʦʚʳʝ ʯʘʪʳ ʠʣʠ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ. 

https://legalacts.ru/doc/ukaz-prezidenta-rf-ot-17032008-n-351/
https://legalacts.ru/doc/ukaz-prezidenta-rf-ot-17032008-n-351/
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ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʶʜʝʡ ʛʣʘʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʚʳʙʦʨʝ 

ʤʝʩʩʝʥʜʞʝʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠ ʫʜʦʙʩʪʚʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʘ ʦ ʚʦʧʨʦʩʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʫʤʳʚʘʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʠʥʬʦʨʤʘʮʠʷ ʚʩʝ ʯʘʱʝ ʩʪʘʥʦʚʠʪʩʷ ʦʙʲʝʢʪʦʤ ʧʨʝʩʪʫʧʥʳʭ ʧʦʩʷʛʘʪʝʣʴʩʪʚ. 

 ʅʘʧʨʠʤʝʨ, 4 ʜʝʢʘʙʨʷ 2019 ʛʦʜʘ ʚ ʦʙʱʠʡ ʜʦʩʪʫʧ ʫʪʝʢʣʠ ʜʘʥʥʳʝ 267 ʤʣʥ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ Facebook[1]. ɹʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʫʶ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʚʳʣʦʞʠʣʠ ʚ ʩʝʪʴ, ʩʦʜʝʨʞʘʣʘ ʠʤʝʥʘ, ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʦʚ ʠ 

ʜʨʫʛʫʶ ʧʝʨʩʦʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʘ 20 

ʜʝʢʘʙʨʷ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʦʙ ʫʷʟʚʠʤʦʩʪʠ ʚ ʧʨʠʣʦʞʝʥʠʠ çʊʚʠʪʪʝʨ ʜʣʷ Androidè, ʠʟ-

ʟʘ ʢʦʪʦʨʦʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʪʘʢʞʝ ʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʫʯʝʪʥʦʡ 

ʟʘʧʠʩʴʶ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʦʙʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʦʙʷʟʘʪʝʣʴʥʦʡ ʤʝʨʦʡ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʟʘʱʠʱʝʥʥʦʩʪʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 3 ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ 

ʤʝʩʩʝʥʜʞʝʨʘ ʚ ʈʦʩʩʠʠ ʧʦ ʜʘʥʥʳʤ ʘʛʝʥʪʩʪʚʘ Mediascope: WhatsApp, Viber ʠ 

Telegram [4], ʘ ʪʘʢʞʝ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ çɺʢʦʥʪʘʢʪʝè ʠ çFacebookè.  

ʂʣʶʯʝʚʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʩʩʝʥʜʞʝʨʘ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ end-to-end ʰʠʬʨʦʚʘʥʠʷ (E2ɽE) ʧʦ ʫʤʦʣʯʘʥʠʶ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʝʩʩʝʥʜʞʝʨ ʭʨʘʥʠʪ ʢʣʶʯʠ ʰʠʬʨʦʚʘʥʠʷ ʪʦʣʴʢʦ 

ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʝ ʦʪʧʨʘʚʣʷʷ ʠʭ ʥʘ ʩʝʨʚʝʨ. ɺʪʦʨʳʤ ʢʨʠʪʝʨʠʝʤ 

ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʡ ʧʨʦʪʦʢʦʣ ʰʠʬʨʦʚʘʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʩʝʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, 

ʷʚʣʷʝʪʩʷ Signal. ɺ ʦʢʪʷʙʨʝ 2016 ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ  ʠʟ ʆʢʩʬʦʨʜʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʘʚʩʪʨʘʣʠʡʩʢʦʛʦ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʂʚʠʥʩʣʝʥʜʘ ʠ 

ʢʘʥʘʜʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʄʘʢʤʘʩʪʝʨʘ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʦʬʠʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʪʦʢʦʣʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʥʘʜʝʞʝʥ 

[5, ʩ. 465]. Signal cʦʯʝʪʘʝʪ ʚ ʩʝʙʝ Double Ratchet Algorithm, ʨʘʩʰʠʨʝʥʥʳʡ 

ʧʨʦʪʦʢʦʣ ʪʨʦʡʥʦʛʦ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ (3-DH), ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪ AES-256 ʠ HMAC-SHA256 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʠʪʠʚʦʚ [6]. 

ʂʨʫʧʥʝʡʰʘʷ ʚ ʤʠʨʝ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ Facebook ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʚ 2004 ʛʦʜʫ 

ʄʘʨʢʦʤ ʎʫʢʝʨʙʝʨʛʦʤ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 

ɻʘʨʚʘʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ[3, c. 5], ʘ ʢ 2020 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʩʝʪʠ ʜʦʩʪʠʛʣʦ 2,6 ʤʣʨʜ ʯʝʣʦʚʝʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʬʘʢʪʦʨʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʝʝ ʤʠʥʫʩʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʪʢʨʳʪʦʛʦ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, ʘ 

ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɺʦʟʤʦʞʥʦʩʪʴ end-to-

end ʰʠʬʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ Facebook ʣʠʰʴ ʚ ʩʝʢʨʝʪʥʳʭ ʯʘʪʘʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʦʪʦʢʦʣʘ Signal. 

ʉʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ɺʂʦʥʪʘʢʪʝ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʚ 2006 ʛʦʜʫ ʠ ʠʟʥʘʯʘʣʴʥʦ, ʢʘʢ ʠ 

Facebook, ʧʦʟʠʮʠʦʥʠʨʦʚʘʣʘ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ. ɺ 

ʧʣʘʥʝ ʟʘʱʠʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ɺʂʦʥʪʘʢʪʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

Facebook ʣʠʰʴ ʪʝʤ, ʯʪʦ ʥʝ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʬʫʥʢʮʠʦʥʘʣʝ ʩʝʢʨʝʪʥʳʭ ʯʘʪʦʚ, ʘ 

ʟʥʘʯʠʪ, ʠ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ. ɺ 2018 ʛʦʜʫ ɺʂʦʥʪʘʢʪʝ ʦʙʲʷʚʠʣʘ ʦ ʟʘʧʫʩʢʝ 

ʘʫʜʠʦ ʠ ʚʠʜʝʦʟʚʦʥʢʦʚ, ʟʘʱʠʱʝʥʥʳʭ ɽ2ɽɽ, ʦʜʥʘʢʦ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʠʩʧʦʣʴʟʫʝʤʦʤ ʘʣʛʦʨʠʪʤʝ ʰʠʬʨʦʚʘʥʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʠʛʜʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʦ. 

https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D1%84%D0%BE%D1%80%D0%B4%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D0%BD%D0%B8%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D1%84%D0%BE%D1%80%D0%B4%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D0%BD%D0%B8%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B8%D0%BD%D1%81%D0%BB%D0%B5%D0%BD%D0%B4%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D0%BD%D0%B8%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82
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ɺʂʦʥʪʘʢʪʝ ʦʪʢʨʳʪʦ ʟʘʷʚʣʷʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʘʥʥʳʝ (ʚ ʪ. ʯ. ʠ 

ʩʦʦʙʱʝʥʠʷ) ʭʨʘʥʷʪʩʷ ʥʘ ʩʝʨʚʝʨʘʭ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʣʫʞʙʘʤ ʧʦ ʦʬʠʮʠʘʣʴʥʦʤʫ ʟʘʧʨʦʩʫ ʙʝʟ ʫʚʝʜʦʤʣʝʥʠʷ ʦʙ ʵʪʦʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

WhatsApp Messenger ʦʩʥʦʚʘʥ ʚ 2009 ʛʦʜʫ ʠ ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʫʤʳʚʘʣʩʷ ʢʘʢ 

çʫʙʠʡʮʘè SMS-ʩʦʦʙʱʝʥʠʡ. WhatsApp ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʧʝʨʚʦʧʨʦʭʦʜʮʝʚ ʚ ʩʚʦʝʤ 

ʩʝʛʤʝʥʪʝ, ʟʘʜʘʚ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʚʩʝʤʫ ʨʳʥʢʫ. ʉʝʨʚʠʩ ʧʝʨʚʳʤ ʧʨʝʜʣʦʞʠʣ 

ʩʭʝʤʫ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʤʦʙʠʣʴʥʦʤʫ ʪʝʣʝʬʦʥʫ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʡ ʰʠʬʨʦʚʘʥʠʷ ð ʤʝʩʩʝʥʜʞʝʨ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʜʚʫʭʬʘʢʪʦʨʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ (ʣʶʙʘʷ ʧʦʧʳʪʢʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʦʤʝʨʘ 

ʪʝʣʝʬʦʥʘ ʚ WhatsApp ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʚʦʜʦʤ ʰʝʩʪʠʟʥʘʯʥʦʛʦ PIN-ʢʦʜʘ, 

ʢʦʪʦʨʳʡ ʟʘʨʘʥʝʝ ʩʦʟʜʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴ), ʚʝʨʠʬʠʢʘʮʠʶ ʩʦʙʝʩʝʜʥʠʢʘ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʢʣʶʯʘ, ʩʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʯʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ 

Signal ʠ ʨʘʙʦʪʘʝʪ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʀʟ ʤʠʥʫʩʦʚ ð ʦʪʩʫʪʩʪʚʠʝ ʩʝʢʨʝʪʥʳʭ ʯʘʪʦʚ, 

ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʦʨʦʥʥʠʭ ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱ ʜʣʷ ʜʘʥʥʳʭ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ. 

 ʉʣʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʩʩʝʥʜʞʝʨʘ, ʢʦʪʦʨʳʡ ʧʨʠʥʘʜʣʝʞʠʪ 

Facebook, ʯʴʷ ʧʦʣʠʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʠ ʢʦʥʪʝʥʪ, ʩʦʟʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʜʘʥʥʳʝ ʦʙ ʠʭ ʜʨʫʟʴʷʭ, ʟʥʘʢʦʤʳʭ ʠ ʪ.ʜ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʦʨʛʘʥʠʟʘʮʠʠ Electronic Frontier Foundation ʥʘ 

2019 ʛʦʜ, WhatsApp ʩʦʙʣʶʜʘʝʪ 6 ʠʟ 7 ʚʦʟʤʦʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [2].  

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʝʡʪʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ EFF ʦʮʝʥʠʚʘʣ ʤʝʩʩʝʥʜʞʝʨʳ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʚʦʟʥʦʛʦ (end-to-end) ʰʠʬʨʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʪʚʝʨʜʠʪʴ 

ʣʠʯʥʦʩʪʴ ʩʦʙʝʩʝʜʥʠʢʘ, ʥʘʣʠʯʠʝ ʧʨʷʤʦʡ ʩʝʢʨʝʪʥʦʩʪʠ, ʥʘʣʠʯʠʝ ʧʦʜʨʦʙʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʘ ʰʠʬʨʦʚʘʥʠʷ, ʦʪʢʨʳʪʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʩʘʤʦ ʥʘʣʠʯʠʝ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ.  

Viber ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʜʝʢʘʙʨʝ 2010 ʛʦʜʘ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʣʩʷ ʢʘʢ ʢʦʥʢʫʨʝʥʪ 

Skype. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ Viber ï ʙʝʩʧʣʘʪʥʳʝ ʘʫʜʠʦ-, ʚʠʜʝʦʟʚʦʥʢʠ ʠ 

ʩʦʦʙʱʝʥʠʷ. ɼʣʷ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʠʩʢʘ ʢʦʥʪʘʢʪʦʚ ʧʨʠʣʦʞʝʥʠʝ 

ʠʩʧʦʣʴʟʫʝʪ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ ʠ ʧʝʨʝʜʘʝʪ ʩʦʜʝʨʞʠʤʦʝ ʪʝʣʝʬʦʥʥʦʡ ʘʜʨʝʩʥʦʡ ʢʥʠʛʠ 

ʥʘ ʩʝʨʚʝʨʳ ʢʦʨʧʦʨʘʮʠʠ Viber. 

ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʫ ʵʢʩʧʝʨʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢ Viber 

ʚʦʟʥʠʢʘʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʤʝʩʩʝʥʜʞʝʨʘ. ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʭʨʘʥʷʱʠʝʩʷ ʥʘ ʩʝʨʚʝʨʘʭ ʢʦʤʧʘʥʠʠ ʜʘʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʘʤ ʧʨʦʮʝʩʩ ʠʭ ʧʝʨʝʜʘʯʠ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʠʢʘʢʦʤʫ 

ʰʠʬʨʦʚʘʥʠʶ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʧʨʠʣʦʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʢʚʦʟʥʦʝ 

ʰʠʬʨʦʚʘʥʠʝ ʜʣʷ ʚʩʝʭ ʯʘʪʦʚ ʠ ʚʳʟʦʚʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɿʘ ʰʠʬʨʦʚʘʥʠʝ ʦʪʚʝʯʘʝʪ 

ʧʨʦʪʦʢʦʣ,  ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʙʘʟʝ ʠʟʚʝʩʪʥʦʛʦ Signal-ʧʨʦʪʦʢʦʣʘ ʠ ʜʦʧʦʣʥʝʥʥʳʡ 

ʜʨʫʛʠʤʠ ʧʨʠʤʠʪʠʚʘʤʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʣʦʞʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʝʢʨʝʪʥʳʝ ʯʘʪʳ 

ʩ ʬʫʥʢʮʠʷʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ, ʟʘʧʨʝʪʘ ʠʣʠ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʩʢʨʠʥʰʦʪʦʚ, ʟʘʱʠʪʫ ʦʪ ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʩʳʣʦʢ ʩʦʦʙʱʝʥʠʡ ʠ ʪ. ʜ. 

ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʤʠʥʫʩʘʤʠ ʤʝʩʩʝʥʜʞʝʨʘ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʜʚʫʭʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʭʨʘʥʝʥʠʝ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ ʯʘʪʦʚ ʥʘ 
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ʩʪʦʨʦʥʥʠʭ ʩʝʨʚʝʨʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ EFF Viber ʥʘʙʨʘʣ ʜʚʘ ʙʘʣʣʘ 

ï ʟʘ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʥʝʟʘʚʠʩʠʤʳʡ ʘʫʜʠʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 12 ʤʝʩʷʮʝʚ. 

Telegram ʙʳʣ ʟʘʧʫʱʝʥ ʚ 2013 ʛʦʜʫ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʣʩʷ ʢʘʢ ʪʝʢʩʪʦʚʳʡ 

ʤʝʩʩʝʥʜʞʝʨ ʩ ʫʧʦʨʦʤ ʥʘ ʰʠʬʨʦʚʘʥʠʝ. ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʫʢʘʟʘʪʴ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ, ʥʘ ʢʦʪʦʨʳʡ ʚʳʩʳʣʘʝʪʩʷ SMS ʩ ʢʦʜʦʤ. ɼʘʣʴʰʝ ʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ ʚʳʙʦʨ ð ʦʪʢʨʳʚʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʢʦʜ-ʧʘʨʦʣʴ ʜʣʷ ʜʦʩʪʫʧʘ ʢ 

ʥʝʤʫ. 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ Telegram ʦʪ ʜʨʫʛʠʭ ʤʝʩʩʝʥʜʞʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʰʠʬʨʦʚʘʥʠʷ MTProto. ʇʦ ʟʘʷʚʣʝʥʠʷʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʚ 

ʥʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ ʰʠʬʨʦʚʘʥʠʷ: 256-ʙʠʪʥʦʝ 

ʩʠʤʤʝʪʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ AES, ʰʠʬʨʦʚʘʥʠʝ RSA 2048 ʠ ʦʙʤʝʥ ʢʣʶʯʘʤʠ 

ʤʝʪʦʜʦʤ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ. ʉʦʦʙʱʝʥʠʷ ʧʨʠ ʵʪʦʤ ʰʠʬʨʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʫʤʦʣʯʘʥʠʶ ʰʠʬʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʭʝʤʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʩʦʦʙʱʝʥʠʷ ʭʨʘʥʷʪʩʷ ʥʘ 

ʩʝʨʚʝʨʘʭ ʤʝʩʩʝʥʜʞʝʨʘ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ. ʉʢʚʦʟʥʦʝ ʞʝ ʰʠʬʨʦʚʘʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʝʢʨʝʪʥʳʭ ʯʘʪʘʭ, ʧʨʠ ʵʪʦʤ ʩʦʦʙʱʝʥʠʷ ʭʨʘʥʷʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʝʨʦʚ). ɺ 

ʩʝʢʨʝʪʥʳʭ ʯʘʪʘʭ Telegram ʩʦʜʝʨʞʠʪʩʷ ʪʦʪ ʞʝ ʥʘʙʦʨ ʬʫʥʢʮʠʡ, ʯʪʦ ʠ ʚ ʩʝʢʨʝʪʥʳʭ 

ʯʘʪʘʭ Viber: ʫʜʘʣʝʥʠʝ ʩʦʦʙʱʝʥʠʡ ʧʦ ʟʘʜʘʥʥʦʤʫ ʪʘʡʤʝʨʫ, ʟʘʧʨʝʪ ʥʘ ʧʝʨʝʩʳʣʢʫ 

ʩʦʦʙʱʝʥʠʡ, ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʩʜʝʣʘʥʥʳʭ ʩʦʙʝʩʝʜʥʠʢʦʤ ʩʢʨʠʥʰʦʪʘʭ ʵʢʨʘʥʘ. 

ʈʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʚ Telegram ʨʝʘʣʠʟʦʚʘʥʦ ʪʦʣʴʢʦ ʜʣʷ ʦʙʳʯʥʳʭ ʯʘʪʦʚ, ʠ 

ʚʩʝ ʜʘʥʥʳʝ ʠʟ ʥʠʭ ʭʨʘʥʷʪʩʷ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ ʥʘ ʩʝʨʚʝʨʘʭ ʧʨʠʣʦʞʝʥʠʷ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ EFF Telegram ʧʦʣʫʯʠʣ ʜʚʘ ʚʠʜʘ ʦʮʝʥʦʢ: 4 

ʙʘʣʣʘ ʠʟ 7 ʚʦʟʤʦʞʥʳʭ ʟʘ ʦʙʳʯʥʳʝ ʯʘʪʳ ʠ 7 ʙʘʣʣʦʚ ʟʘ ʩʝʢʨʝʪʥʳʝ ʯʘʪʳ. 

ɺ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʤʝʩʩʝʥʜʞʝʨʳ ʠ 

ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʟʘʱʠʪʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʩʦʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ 1. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Telegram ʩ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʩʝʢʨʝʪʥʳʤ ʯʘʪʦʤ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʝʟʦʧʘʩʥʳʤ ʩʨʝʜʠ 

ʚʳʙʨʘʥʥʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʝʨʚʠʩʦʚ ʦʙʤʝʥʘ ʤʛʥʦʚʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ. ʆʜʥʘʢʦ 

ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʩʩʝʥʜʞʝʨʦʚ ʩ ʘʙʩʦʣʶʪʥʦʡ ʛʘʨʘʥʪʠʝʡ 

ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺʩʝ ʧʦʧʫʣʷʨʥʳʝ 

ʤʝʩʩʝʥʜʞʝʨʳ ʷʚʣʷʶʪʩʷ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʥʝʙʝʟʦʧʘʩʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʠʭ ʘʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ ʠ ʧʦʜʭʦʜʳ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ.  

ɹʝʟʫʩʣʦʚʥʦ, ʥʘʙʦʨ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʩʝʥʜʞʝʨʘ 

ʦʪʣʠʯʘʝʪʩʷ: ʢʘʢʠʝ-ʪʦ ʬʫʥʢʮʠʠ ʝʩʪʴ ʫ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʝʨʚʠʩʦʚ, ʘ ʢʘʢʠʝ-ʪʦ 

ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʩʝʥʜʞʝʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚʩʝ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʚ ʩʚʦʠʭ ʧʨʦʜʫʢʪʘʭ ʫʜʝʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ 
 ɼʚʫʭʬʘʢʪʦʨ

ʥʘʷ 

ʘʫʪʝʥʪʠʬʠʢ

ʘʮʠʷ 

ʇʨʦʪʦʢʦʣ 

ʰʠʬʨʦʚʘʥʠʷ 

End-to-end 

ʰʠʬʨʦʚʘʥʠʝ 

ʅʘʣʠʯʠʝ 

ʩʝʢʨʝʪʥʳʭ 

ʯʘʪʦʚ 

ʆʪʢʨʳʪʳʡ 

ʠʩʭʦʜʥʳʡ 

ʢʦʜ 

WhatsApp ɼʘ Signal ɼʘ ʅʝʪ ʅʝʪ 

Viber ʅʝʪ ʯʘʩʪʴ Signal 

(Double 

Ratchet) 

  ɼʘ ɼʘ ʅʝʪ 

Telegram ɼʘ MTProto ʊʦʣʴʢʦ ʚ 

ʩʝʢʨʝʪʥʳʭ 

ʯʘʪʘʭ 

ɼʘ ɼʘ 

ɺʂʦʥʪʘʢʪʝ ɼʘ - ʊʦʣʴʢʦ ʚ 

ʘʫʜʠʦ- ʠ 

ʚʠʜʝʦʟʚʦʥʢʘʭ 

ʅʝʪ ʅʝʪ 

Facebook ɼʘ Signal ʊʦʣʴʢʦ ʚ 

ʩʝʢʨʝʪʥʳʭ 

ʯʘʪʘʭ 

ʅʝʪ ʅʝʪ 
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The article analyzes the relevance of the problem of user data protection, as well as the main 

technologies for ensuring data security in the most popular social networks and instant messaging 

services. A comparative analysis was carried out and the most secure messenger from the point of 

view of user data protection was identified. 

Keywords: social network, messenger, data protection, instant messaging service, encryption, 

protocol. 
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ʉɽʂʎʀʗ 2. ʄɸʐʀʅʆʉʊʈʆʀʊɽʃʔʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ  

ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 
 

ʋɼʂ 66.667.6 

ʆʇʊʀʄʀɿɸʎʀʗ ʌʀʃʔʊʈɸʎʀʀ ʕʃɽʂʊʈʆʃʀʊɸ ʎʀʅʂʆɺɸʅʀʗ 

ʄ.ɼ. ɸʟʤʫʭʘʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʃ.ʅ. ɻʫʩʝʣʴʥʠʢʦʚʘ  

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ, ʛ. ʃʳʩʴʚʘ 
ɸʥʥʦʪʘʮʠʷ. ʆʧʨʝʜʝʣʝʥ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʰʣʘʤʘ. ʄʦʥʠʪʦʨʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʟʚʝʰʝʥʥʳʭ ʰʣʘʤʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʚʘʥʥʘʭ ʮʠʥʢʦʚʘʥʠʷ ʥʝ ʚʳʷʚʠʣ ʧʨʷʤʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʘ ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʮʠʥʢʦʚʘʥʠʷ ʦʪ ʚʥʝʰ-

ʥʠʭ ʰʣʘʤʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʦʪʩʪʘʠʚʘʥʠʝ ʰʣʘʤʦʚ ʠ ʬʠʣʴʪʨʘʮʠʷ ʩʛʫʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʣʫ-

ʯʝʥ ʵʬʬʝʢʪ ʚ ʚʠʜʝ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʸʤʦʚ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʟʘʪʨʘʪ ʥʘ ʫʪʠ-

ʣʠʟʘʮʠʶ ʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʠ ʠʭ ʦʙʲʝʤʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʮʠʥʢʦʚʘʥʠʝ, ʰʣʘʤ, ʧʨʦʙʳ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʦʩʘ-

ʜʦʢ, ʦʯʠʩʪʢʘ ʵʣʝʢʪʨʦʣʠʪʘ, ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʠ ʰʣʘʤʘ, ʟʘʛʨʷʟʥʸʥʥʳʡ ʨʘʩʪʚʦʨ, ʩʝʜʠ-

ʤʝʥʪʘʮʠʷ, ʩʠʩʪʝʤʘ ʬʠʣʴʪʨʘʮʠʠ. 

 

ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʮʠʥʢʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʩʠʪʴ ʧʦʢʨʳʪʠʝ ʥʘ ʣʠʩʪʦʚʦʡ 

ʤʘʪʝʨʠʘʣ ʩ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʩʧʦʩʦʙʦʤ 

ʟʘʱʠʪʳ ʤʝʪʘʣʣʘ ʦʪ ʢʦʨʨʦʟʠʠ [1, 2]. ʉʣʦʡ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (ʆɼ 5-10 ʤʢʤ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʭʦʜʦʤ ʮʠʥʢʘ 10-100 ʛ/ʤ
2
. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʩʧʦʩʦ-

ʙʘ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʘʛʨʝʛʘʪʦʚ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʮʠʥʢʦʚʘ-

ʥʠʷ - ʵʢʦʥʦʤʠʷ ʮʠʥʢʘ [3]. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʥʘʥʝʩʝʥʠʷ ʥʘ 

ʩʪʘʣʴʥʫʶ ʧʦʣʦʩʫ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʚ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʰʣʘʤ ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʦʛʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʜʫʢʪʘ ʢʦ-

ʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ [4-6]. ʐʣʘʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ ʧʝʨʝʢʘʯʠʚʘʶ-

ʱʠʭ ʥʘʩʦʩʦʚ ʠ ʟʘʩʦʨʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.    

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʦʜʛʦʪʦʚʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʦʷʥʠʶ ʨʘʙʦʯʝʛʦ ʵʣʝʢ-

ʪʨʦʣʠʪʘ ʮʠʥʢʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʫ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʚʟʚʝʰʝʥʥʦʛʦ ʰʣʘ-

ʤʘ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʬʠʣʴʪʨʘʮʠʠ ʵʣʝʢʪʨʦ-

ʣʠʪʘ ʮʠʥʢʦʚʘʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʦʧʨʝʜʝʣʠʪʴ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʰʣʘʤʘ (ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ, ʬʦʨʤʘ ʥʘ-

ʭʦʞʜʝʥʠʷ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ); 

- ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʭʝʤʫ ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʮʠʥʢʦʚʘʥʠʷ ʦʪ 
ʚʥʝʰʥʠʭ ʰʣʘʤʦʚ; 

- ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʰʣʘʤʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦ-

ʣʠʪʘ ʚ ʚʘʥʥʘʭ ʮʠʥʢʦʚʘʥʠʷ. 
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ʄʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʙʳ ʵʣʝʢʪʨʦʣʠʪʘ ʦʪʦʙʨʘʥʳ ʠʟ ʚʘʥʥ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʮʠʥʢʦʚʘʥʠʷ ʚ 

ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 1 ʨʘʟ ʚ ʥʝʜʝʣʶ. ʆʙʲʝʜʠʥʸʥʥʘʷ ʧʨʦʙʘ ʰʣʘʤʘ, 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʘʷ ʠʟ ʧʨʦʙ ʵʣʝʢʪʨʦʣʠʪʘ ʮʠʥʢʦʚʘʥʠʷ, ʦʪʦʙʨʘʥʥʳʭ ʧʨʠ ʤʦʥʠʪʦ-

ʨʠʥʛʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʰʣʘʤʦʚ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʜʝʢʘʥʪʘʮʠʠ ʦʩʘʜʢʘ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʨʦʤʳʚʢʦʡ ʝʛʦ ʚʦʜʦʡ ʥʘ ʬʠʣʴʪʨʝ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ 

ʩʨʝʜʳ ʬʠʣʴʪʨʘ. ʌʠʣʴʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʣʴʪʨʫʶʱʝʡ ʩʠʩʪʝʤʝ çʊʠʪʘʥè ʈ200ɸʉ ʠ ʨʘʤʦʯʥʳʭ ʬʠʣʴʪʨʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙʘʭ ʵʣʝʢʪʨʦʣʠʪʘ 

ʮʠʥʢʦʚʘʥʠʷ ʟʘ ʧʝʨʠʦʜ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʣʦ-

ʩʳ 72 ʤ/ʤʠʥ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʣʝʢʪʨʦʣʠʪʘ 49-60Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʧʝʨʠ-

ʦʜ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ 18Áʉ. ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʰʣʘʤʘ ʦʧʨʝ-

ʜʝʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ çʂʚʘʥʪ 2ɸʊè ʠ Photolab 6100. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʙʳ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʞʠʜʢʦʩʪʴ ʩʦ ʚʟʚʝʰʝʥʥʳʤ ʪʦʥʢʠʤ 

ʰʣʘʤʠʩʪʳʤ ʦʩʘʜʢʦʤ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ (ʨʠʩ. 1). ʇʨʠ ʦʪʩʪʘʠʚʘʥʠʠ ʧʨʦʙ ʵʣʝʢ-

ʪʨʦʣʠʪʘ ʚʟʚʝʰʝʥʥʳʡ ʰʣʘʤ ʩʝʜʠʤʝʥʪʠʨʫʝʪ ʚ ʚʠʜʝ ʧʣʦʪʥʦʛʦ ʦʩʘʜʢʘ. ʆʙʲʝʜʠʥʸʥ-

ʥʘʷ ʧʨʦʙʘ ʰʣʘʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʨʠʯʥʝʚʳʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʦʩʘʜʦʢ.  

      
ʘ) ʙ) 

ʈʠʩ.1. ʇʨʦʙʳ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ ʦʪʙʦʨʝ ʠʟ ʚʘʥʥ: ʘ ï ʟʘʛʨʷʟʥʝʥʥʦʛʦ; ʙ - ʧʦʩʣʝ 

ʦʪʩʪʘʠʚʘʥʠʷ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥʳ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʦʩʘʜʢʠ, ʦʪʤʳʪʳʝ ʦʪ ʵʣʝʢ-

ʪʨʦʣʠʪʘ. ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʨʠʯʥʝʚʳʝ ʪʦʥʢʦʜʠʩ-

ʧʝʨʩʥʳʝ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʘʥʘʣʠʟʫ ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʧʨʦʙʳ: 27,3% ʞʝʣʝʟʘ, 4,5% ʮʠʥʢʘ, 11,7% ʩʫʣʴʬʘʪʘ. ɾʝʣʝʟʦ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʦʢʠʩʣʝʥʥʦʡ ʪʨʸʭʚʘʣʝʥʪʥʦʡ ʬʦʨʤʝ. ʎʠʥʢ ʠ ʩʫʣʴʬʘʪ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʥʝ ʦʪʤʳʪʳʝ ʩʦʣʠ ʵʣʝʢʪʨʦʣʠʪʘ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʥʝʝ 10 ʤʢʤ.  

ʉʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙʘʭ ʵʣʝʢʪʨʦʣʠʪʘ 

ʮʠʥʢʦʚʘʥʠʷ ʟʘ ʧʝʨʠʦʜ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʘʚʠʣʦ: 0,30-1,6ʛ/ʣ (ʪʘʙʣʠʮʘ 1). 
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ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʰʣʘʤʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʦʪ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʜʝʡʩʪʚʫʶʱʝʡ ʩʭʝʤʳ ʬʠʣʴʪʨʘʮʠʠ ʥʝ ʚʳʷʚʣʝʥʦ. ʈʘʟʥʠʮʳ ʚ ʩʦ-

ʜʝʨʞʘʥʠʠ ʚʟʚʝʰʝʥʥʳʭ ʰʣʘʤʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʮʠʥʢʦʚʘʥʠʷ ʥʝ ʚʳʷʚʣʝʥʦ. 

 

ʊʘʙʣʠʮʘ 1  

ʄʦʥʠʪʦʨʠʥʛ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʣʠʪʝ 

ɼʘʪʘ ʦʪʙʦʨʘ 

ʧʨʦʙʳ 

 

ʉʢʦʨʦʩʪʴ ʧʦʣʦʩʳ 

ʤ/ʤʠʥ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢ-

ʪʨʦʣʠʪʘ ʚ ʚʘʥʥʘʭ, Áʉ 

ʉʦʜʝʨʞʘʥʠʝ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩ-

ʪʠʮ 

22.05.2019 

27.05.2019 

04.06.2019 

18.06.2019 

24.06.2019 

05.08.2019 

72 

72 

72 

5 ʤʠʥ. ʧʦʩʣʝ ʟʘ-

ʧʫʩʢʘ 

72 

72 

51-54 

57-60 

64,4-65,7 

50-55 

62,3-64,3 

53,9-59,4 

0,75 

1,09 

1,31 

0,42 

0,28 

1,62 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʮʠʥʢʦʚʘʥʠʷ ʦʪ ʚʥʝʰ-

ʥʠʭ ʰʣʘʤʦʚ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ: 

1. ʆʯʠʩʪʢʘ ʵʣʝʢʪʨʦʣʠʪʘ ʮʠʥʢʦʚʘʥʠʷ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʰʣʘʤʦʚ. ʆʯʠʩʪʢʘ ʧʨʦ-

ʚʝʜʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭʩʪʘʜʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʩʛʫʱʝʥʠʝ (ʦʪ-

ʩʪʘʠʚʘʥʠʝ) ʰʣʘʤʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʧʣʘʩʪʠʥʯʘʪʦʤ ʪʦʥʢʦʩʣʦʡʥʦʤ ʩʛʫʩʪʠʪʝʣʝ, 

ʬʠʣʴʪʨʘʮʠʷ ʩʛʫʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʬʠʣʴʪʨ-ʧʨʝʩʩʝ ʩ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ ʢʝʢʘ ʚʦʜʦʡ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʟʚʦʣʠʣʘ: 

- ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʦʙʲʸʤ ʬʠʣʴʪʨʘʮʠʠ, ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʩʛʫʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʤʝʶʱʝʛʦ ʥʘ ʟʘʚʦʜʝ 

ʩʚʦʙʦʜʥʫʶ ʝʜʠʥʠʮʫ ʬʠʣʴʪʨ-ʧʨʝʩʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʞʘʪʴ ʠ ʧʨʦ-

ʤʳʪʴ ʢʝʢ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʟʘʪʨʘʪʳ ʥʘ ʫʪʠʣʠʟʘʮʠʶ 

ʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ [7]; 

- ʚʳʜʝʣʠʪʴ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʰʣʘʤʳ ʚ ʦʪʜʝʣʴʥʳʡ ʧʨʦʜʫʢʪ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʩʢʣʶʯʠʪʴ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʮʠʥʢʦʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ ʠ, ʪʝʤ 

ʩʘʤʳʤ, ʧʦʚʳʩʠʪʴ ʝʛʦ ʢʦʥʜʠʮʠʦʥʥʦʩʪʴ ʧʦ ʮʠʥʢʫ; 

- ʩʦʢʨʘʪʠʪʴ ʦʙʲʸʤʳ ʫʪʠʣʠʟʘʮʠʠ ʪʚʸʨʜʳʭ ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʷʞʸʣʳʝ 

ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ; 

- ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʡ ʧʨʦʜʫʢʪ ʢʘʢ ʩʳʨʴʸ; 

- ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʶ ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʦʪ 

ʰʣʘʤʦʚ; 

- ʚʢʣʶʯʝʥʠʝ ʚ ʩʭʝʤʫ ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʩʛʫʩʪʠʪʝʣʷ ʧʦʟʚʦ-

ʣʠʣʦ ʫʣʫʯʰʠʪʴ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ. 

2. ɺʢʣʶʯʝʥʠʝ ʚ ʜʝʡʩʪʚʫʶʱʫʶ ʩʭʝʤʫ ʬʠʣʴʪʨʘʮʠʠ ʩʠʩʪʝʤʳ çʊʠʪʘʥè ʠ ʨʘ-

ʤʦʯʥʳʭ ʬʠʣʴʪʨʦʚ ʚ ʮʠʢʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʬʠʣʴʪʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʬʠʣʴʪʨ-ʧʨʝʩʩʘ ʜʣʷ ʚʳʚʦʜʘ ʰʣʘʤʘ ʚ ʚʠʜʝ ʚʣʘʞʥʦʛʦ ʢʝʢʘ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʦʪʤʳʪʦʛʦ ʦʪ ʵʣʝʢʪʨʦʣʠʪʘ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʰʣʘʤʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʦʪ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʵʣʝʢʪʨʦʣʠʪʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʯʝʚʠʜʥʦ ʩʚʷʟʘʥʥʦ ʩ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʴʶ ʩʪʝʧʝʥʠ ʟʘʰʣʘʤʣʸʥʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ: 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʦʩʪʘʥʦʚʦʚ ʣʠʥʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʧʫʱʝʥʥʳʭ ʨʫʣʦʥʦʚ ʯʸʨʥʦ-

ʛʦ ʤʝʪʘʣʣʘ ʯʝʨʝʟ ʵʣʝʢʪʨʦʣʠʪ ʮʠʥʢʦʚʘʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʠʣʴʪʨʦʚ, ʪʝʤʧʝʨʘʪʫ-

ʨʘ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʮʠʥʢʦʚʘʥʠʷ ʦʪ ʚʟʚʝʰʝʥʥʳʭ 

ʰʣʘʤʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭʩʪʘʜʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ: ʦʪʩʪʘʠʚʘʥʠʝ ʰʣʘʤʦʚ ʠ 

ʬʠʣʴʪʨʘʮʠʷ ʩʛʫʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ ʢʝʢʘ ʚʦʜʦʡ ʧʦ-

ʟʚʦʣʠʣʘ ʩʦʢʨʘʪʠʪʴ ʦʙʲʸʤʳ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʟʘʪʨʘʪʳ ʥʘ ʫʪʠʣʠ-

ʟʘʮʠʶ ʮʠʥʢʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ 

ʰʣʘʤʦʚ ʚ ʦʪʜʝʣʴʥʳʡ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʠʣʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʡ 

ʧʨʦʜʫʢʪ ʢʘʢ ʩʳʨʴʸ ʠ ʩʦʢʨʘʪʠʪʴ ʦʙʲʸʤʳ ʫʪʠʣʠʟʘʮʠʠ ʪʚʸʨʜʳʭ ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘ-

ʱʠʭ ʪʷʞʸʣʳʝ ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. https://ozlib.com/854869/tehnika/proizvodstvo_otsinkovannogo_lista. 

2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʘʣʴʚʘʥʦʪʝʭʥʠʢʘ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ʀ.ʄʘʤʘʝʚ. ï ʂʠ-

ʨʦʚ: ʌɻɹʆʋ ɺʇʆ çɺʷʪɻʋè, 2013. ï 208 ʩ. 

3. ʇʨʦʩʢʫʨʢʠʥ, ɽ.ɺ. ɿʘʱʠʪʥʳʝ ʮʠʥʢʦʚʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʞʝʩʪʢʠʭ ʢʦʨʨʦʟʠ-

ʦʥʥʦ-ʵʨʦʟʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ // ɿʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ. ï 2007, ˉ 9. ï 

ʉ.44-60. 

4. ʂʦʨʦʣʝʚ, ɻ.ɹ., ʄʫʥʛʫʥʦʚ, ɹ.ɹ. ʆʯʠʩʪʢʘ ʛʘʣʴʚʘʥʦʩʪʦʢʦʚ ʦʪ ʠʦʥʦʚ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʜʠʪʝʣʷ, ʬʣʦʢʫʣʷʥʪʦʚ ʠ ʢʦʘʛʫʣʷʥʪʦʚ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ // ɻʘʣʴʚʘʥʦʪʝʭʥʠʢʘ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ. ï 2008,  ˉ 4. 

ï ʉ. 46-51. 

5. ʏʝʧʨʘʩʦʚʘ, ɺ.ʀ. ʆʪʨʘʙʦʪʘʥʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʮʠʥʢʦʚʘʥʠʷ ʢʘʢ ʚʪʦʨʠʯʥʦʝ 

ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʦʚ / ɺ.ʀ.ʏʝʧʨʘʩʦʚʘ, ʆ.ʉ.ɿʘʣʳʛʠʥʘ // ɾʫʨʥʘʣ ʧʨʠ-

ʢʣʘʜʥʦʡ ʭʠʤʠʠ. ï 2017. ï ʊ.90, ˉ 3. ï ʉ. 318-326. 

6. ʄʦʨʦʟ ɽ.ʄ. ʀʟʚʣʝʯʝʥʠʝ ʠʦʥʦʚ ʮʠʥʢʘ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʮʠʥ-

ʢʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʝʤʙʨʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ / ɽ.ʄ.ʄʦʨʦʟ, ɸ.ɸ.ʏʝʨʥʠʢ, 

ʀ.ʄ.ɾʘʨʩʢʠʡ // ʀʟʚʝʩʪʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩ.ʪʝʭʥ.ʠʥ-ʪʘ. ï 2013. - ˉ 19 

(45). ï ʉ.19-20. 

7. ʏʝʧʨʘʩʦʚʘ, ɺ.ʀ., ɿʘʣʳʛʠʥʘ, ʆ.ʉ. ʉʥʠʞʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʫʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʵʣʝʢ-

ʪʨʦʣʠʪʦʚ ʮʠʥʢʦʚʘʥʠʷ // ʇʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʵʢʦʣʦʛʦʙʝʟʦʧʘʩʥʳʝ ʠ ʨʝʩʫʨʩʦʩʙʝ-

ʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ. ï 2018, ˉ 2. ï ʉ. 128-136. 

 
Abstract. The material composition of the sludge is determined. Monitoring the concentra-

tion of suspended sludge and the temperature of the electrolyte in the galvanizing baths did not re-

veal a direct relationship. A two-stage scheme for cleaning galvanizing electrolyte from external 

sludge is proposed, including sludge sedimentation and filtration of the condensed product. An ef-

fect was obtained in the form of a reduction in filtration volumes, electrolyte losses, and costs for 

the disposal of zinc-containing effluents and their volumes. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʐɸʍʄɸʊʅʆɻʆ ʇʋʏʂɸ ʉɼɺʆɽʅʅʓʍ ʈʗɼʆɺ 

ʂɸʇʃɽɺʀɼʅʓʍ ʊʈʋɹ 

ɸʩʧʠʨʘʥʪ ʈʘʚʘʜ ɼʝʝʙ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʧʦ çʦʨʛʘʥʠʯʝʩʢʦʤʫè ʮʠʢʣʫ ʈʝʥʢʠʥʘ (ʆʎʈ), ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʨʫʙʥʳʝ ʧʫʯʢʠ, ʧʨʠ 

ʵʪʦʤ ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʦʢ ʦʤʳʚʘʝʪʩʷ ʛʦʨʷʯʠʤ (ʛʘʟʦʚʳʤ) ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʘ 

ʚʥʫʪʨʠ ʪʨʫʙ ʧʨʦʪʝʢʘʝʪ ʨʘʙʦʯʝʝ ʚʝʱʝʩʪʚʦ ʆʎʈ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʩʜʚʦʝʥʥʳʭ ʨʷʜʦʚ ʪʨʫʙ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʚ ʧʘʢʝʪʝ ANSYS ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘ-

ʤʠʢʠ ʧʫʯʢʘ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʩ ʫʯʝʪʦʤ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʣʫʯʝ-

ʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʫʯʢʝ ʠ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʯʠʩ-

ʣʘ ʕʡʣʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚ ʫʟʢʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʧʣʝʚʠʜʥʳʝ ʪʨʫʙʳ, ʧʦʣʝ ʜʘʚʣʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʷ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝ, ʯʠʩʣʦ ʕʡʣʝʨʘ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʘʵʨʦʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʠʟʢʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʵʥʝʨʛʝʪʠʢʝ. ʂʨʫʛʣʳʝ ʪʨʫʙʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʧʣʦ-

ʦʙʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳ-

ʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ. Deeb ʠ Sidenkov [1] ʯʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʛʠʜʨʦ-

ʜʠʥʘʤʠʢʫ ʠ ʪʝʧʣʦʦʙʤʝʥ ʧʫʯʢʘ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʀʭ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʫʯʢʦʚ ʢʘʧʣʝʦʙ-

ʨʘʟʥʳʭ ʪʨʫʙ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʢʨʫʛʣʳʭ ʧʨʠ ʫʛʣʝ ʘʪʘʢʠ ɗ = 0Á. ɺ ʨʘʙʦʪʝ [2] ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ 

ʦʙʪʝʢʘʥʠʠ ʦʜʠʥʦʯʥʳʭ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʢʘʧʣʝʚʠʜʥʳʝ ʪʨʫʙʳ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʛʣʳʤʠ ʪʨʫʙʘʤʠ. Deeb [3] ʯʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣ ʚʣʠʷʥʠʷ ʧʨʦ-

ʜʦʣʴʥʦʛʦ ʰʘʛʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʠ ʪʝʧʣʦʦʙʤʝʥ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝ-

ʢʘʥʠʠ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʪʨʫʙ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ ʧʨʠ ʥʫʣʝʚʦʤ ʫʛʣʝ ʘʪʘʢʠ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʫʯʦʢ ʪʨʫʙ ʩ ʧʨʦʜʦʣʴʥʳʤ ʰʘʛʦʤ 46,25 ʤʤ ʠʤʝʝʪ ʙʦ-

ʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩ ʤʝʥʴʰʠʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʫʯʢʦʤ ʩ ʰʘʛʦʤ 37 ʤʤ. ʊʘʢʞʝ, ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʪʝʧʣʦʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʫʯʢʘ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʧʨʠʤʝʨʥʦ ʚ 18,1 ~ 43,7 

ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʫʯʢʘ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʩʜʚʦʝʥʥʳʭ ʨʷʜʦʚ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ (ʨʠʩ. 1). 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʧʣʝʚʠʜʥʦʡ ʪʨʫʙʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ Dʵʢ= 22,5 ʤʤ, ʧʦʧʝʨʝʯʥʦʝ ʠ 

ʧʨʦʜʦʣʴʥʦʝ ʰʘʛʠ ʚ ʜʠʘʧʘʟʦʥʝ Sʧʦʧ = 18,5 ʤʤ ʠ Sʧʨʦ = 37 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 1. ɼʚʫʤʝʨʥʳʡ ʢʘʥʘʣ ʩ ʧʫʯʢʦʤ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ 

 

 
 

ʈʠʩ. 2. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʘʧʣʝʚʠʜʥʦʡ ʪʨʫʙʳ ʙʝʟ ʥʘʛʨʫʟʢʠ 

 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ Ansys Fluent [4] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ-

ʙʣʠʞʝʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʠ ʙʝʟ ʫʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ 

ʠʟʣʫʯʝʥʠʝʤ. ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝ-

ʙʷ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʜʚʝ ʧʨʦʝʢʮʠʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʫʨʘʚʥʝʥʠʝ 

ʵʥʝʨʛʠʠ: 

i

i

(ɟ.U )=0
x

µ

µ
       (1) 

ij

i j

j i j

Űp
(ɟ.U.U )= - +

x x x

µµ µ

µ µ µ
       (2) 

i Ɇ

i i i

T
[U .(ɟ.E+p)]= (ɚ . )

x x x

µ µ µ

µ µ µ
          (3) 

ʛʜʝ i ï ʠʥʜʝʢʩ 1 ʠ 2; U - ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ; ɟ - ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; P - ʜʘʚʣʝ-

ʥʠʝ ʚʦʟʜʫʭʘ; 
ij
Ű ï ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ; 

Ɇ
ɚ- çʵʬʬʝʢʪʠʚʥʳʡè ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ; T - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ RNG k-Ů [4] 

ʩ ʬʫʥʢʮʠʝʡ ñEnhanced wall Treatmentò ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [1]. ɺʝʨʠʬʠʢʘʮʠʷ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦ-
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ʚʘʥʥʦʡ ʨʘʙʦʪʝ [1]. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ICEM CFD 

(ʨʠʩ. 3).  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʝʜʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ANSYS Static Structural, ʦʧʨʝʜʝʣʝʥʳ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʨʘʟʥʦ-

ʩʪʴʶ ʜʘʚʣʝʥʠʡ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʪʨʫʙ (ʨʠʩ.4). 

 

  
 

ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʚ ʦʢʨʝʩʪʥʦ-

ʩʪʠ ʢʘʧʣʝʚʠʜʥʦʡ ʪʨʫʙʳ 

 

ʈʠʩ. 4. ʉʦʩʪʦʷʥʠʝ çʧʦʜ ʥʘʛʨʫʟ-

ʢʦʡè 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʦʙʪʝʢʘʶʱʝʛʦ ʧʫʯʦʢ, ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ 

ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ Uʚʭ=1,33 ~ 14 ʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪ-

ʚʫʝʪ ʯʠʩʣʘʤ ʈʝʡʥʦʣʴʜʩʘ Re= 1,3Ö10
3
 ~ 18,7Ö10

3
, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Tʚʭ=56,5 ̄ ʉ ʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɼʘʚʣʝʥʠʝ ʚʦʜʳ ʚʥʫʪʨʠ ʪʨʫʙʳ ʩʦʩʪʘʚʣʷʝʪ 14 ʙʘʨ, ʧʨʠ 

ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʥʢʠ Tʪʨʫʙ=20,8 ̄ ʉ. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʩʯʠ-

ʪʳʚʘʶʪʩʷ ʧʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. 

ʈʠʩ. 5 ʠʣʣʶʩʪʨʠʨʫʝʪ ʣʠʥʠʠ ʪʦʢʘ ʜʣʷ ʧʫʯʢʘ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 7 ʠ 14 ʤ/ʩ. ʇʨʠ Uʚʭ=1,33 ʤ/ʩ (ʨʠʩ. 5, ʘ) ʝʩʪʴ ʪʨʠ ʦʪʨʳʚʥʳʝ 

ʟʦʥʳ (ʩʠʥʠʡ ʮʚʝʪ ʥʘ ʨʠʩ. 5): ʜʚʝ ʥʘ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʦʜʥʘ ʚ ʢʦʨʤʦʚʦʡ 

ʯʘʩʪʠ ʪʨʫʙ. ʆʪʨʳʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥ ʩʠʣʘʤʠ ʪʨʝ-

ʥʠʷ, ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ, ʪʘʢʞʝ ʦʪʨʳʚ ʧʦʪʦʢʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʧʝʨʝʧʘʜʦʤ ʜʘʚ-

ʣʝʥʠʷ ʧʨʦʪʝʢʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʨʫʙʳ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʜʦ Uʚʭ=14 ʤ/ʩ ʚʠʭʨʝʚʳʝ ʟʦʥʳ ʥʘ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʷʭ ʪʨʫʙʳ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʝ ʟʘʜʥʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 5, ʙ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʛʨʘʥʠʯʥʦʤʫ ʩʣʦʶ ʩʜʚʠʛʘʪʴʩʷ 

ʜʘʣʴʰʝ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ. 

 

 

(

ʘ) 

 

(

ʙ) 

 

ʈʠʩ. 5. ʃʠʥʠʠ ʪʦʢʘ: Uʚʭ= 1,33 ʤ/ʩ (a); Uʚʭ= 14 ʤ/ʩ (ʙ) 
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ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ Uʚʭ=1,33 ʠ 7 ʤ/ʩ. 

 

Uʚʭ= 1,33 ʤ/ʩ Uʚʭ= 14 ʤ/ʩ 

  
 

ʈʠʩ. 6. ʇʦʣʝ ʜʘʚʣʝʥʠʷ 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 6, ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ, ʚ ʣʦʙʦʚʦʡ ʯʘʩʪʠ ʧʝʨʚʦʡ ʪʨʫʙʢʠ ʚ ʢʘ-

ʞʜʦʤ ʧʦʧʝʨʝʯʥʦʤ ʨʷʜʫ ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ (ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ). ʂʦʛʜʘ ʧʦʪʦʢ ʧʨʦʭʦʜʠʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʜʘʚʣʝʥʠʝ 

ʩʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʚʳʙʨʘʥʦ ʯʠʩʣʦ ʕʡʣʝʨʘ: 
2

ʩʨEu=ȹP ɟU          (4) 

ʛʜʝ æP ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ (ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ 

ANSYS FLUENT), ʩʨU ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʫʟʢʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ. 

ʈʠʩ. 7 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʕʡʣʝʨʘ ʦʪ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʫʯʢʘ ʪʨʫʙ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʝʣ ʈʝʡ-

ʥʦʣʴʜʩʘ (D ʩʨ ʵʢRe =ɟ.u .D ɛ, ʛʜʝ ɛï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʫʟʢʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ uʩʨ ʠʟ ʨʝʰʝʥʠʷ ANSYS. 

 

 
 

ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʚʭEu= (U )f  

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ 

ʧʦʪʦʢʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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ʪʨʝʥʠʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʦʤʠʥʠʨʫʶʱʠʤ, ʯʝʤ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʜʘʚʣʝʥʠʶ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ 

ʧʘʜʝʥʠʶ ʜʘʚʣʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʚʳ-

ʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ. ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚʣʠʷʥʠʝ ʚʷʟʢʠʭ ʩʠʣ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʘ ʚʣʠʷʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʠʤʝʝʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʙʦʣʝʝ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʩʤʝʱʝʥʠʶ, ʦʪʨʳʚʥʘʷ ʪʦʯʢʘ ʩʜʚʠʛʘʝʪʩʷ ʚʥʠʟ 

ʧʦ ʧʦʪʦʢʫ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʙʦʪʘʥʳ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ: 
-0,2664

DEu=2,6951.Re      (5) 

ʋʨʘʚʥʝʥʠʝ (6) ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʯʠʩʝʣ Re= 1,3Ö10
3
 ~ 18,7Ö10

3
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʩʜʚʦʝʥʥʳʭ ʨʷʜʦʚ 

ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ANSYS ʩ ʫʯʝʪʦʤ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙ. ʇʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦʪʦʢʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʧʫʯʢʝ ʪʨʫʙ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʧʦʜʦʙʠʷ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʕʡʣʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚ ʫʟʢʦʤ ʩʝʯʝʥʠʠ 

ʧʫʯʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʦʚ ʪʨʫʙ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ. 
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Abstract. Tube bundles can be used as a separation heat exchanger in the ñorganicò Rankine 

cycle power plants (ORC), while the hot gas passes over the outer surface, and the working sub-

stance ORC flows inside the tubes. A numerical study has been conducted to clarify hydrodynamics 

of a cross-flow heat exchanger with staggered bundle of double rows of drop-shaped tubes. A 

mathematical and numerical model in software package ANSYS has been developed for numerical 

evaluation of flow field of a drop-shaped tubes bundle, with taking into account the strain caused by 

different pressures inside and outside the tubes. The results of numerical simulation of pressures 

distribution in the tubeôs bundle had provided the development of equation to determine the Euler's 

number for the considered tubes bundle. 

Keywords: drop-shaped tubes, temperature field, deformation, numerical simulation, aerody-

namic, Euler's number. 
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ʋɼʂ 62-21 

ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ  

ɼʃʗ ɿɸʂʃʀʅʆɺʂʀ ʉʊɸʊʆʈɸ ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʗ ʉɽʈʀʀ  

ʉʊɼ 8000 

ɸ.ɺ.ɿʦʪʠʥ
1
,
 
ʉ.ɸ. ʄʠʭʘʡʣʦʚ

2
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ɺʦʣʢʦʚʩʢʠʡ 

çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪè ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥ ʪʫʨʙʦʜʚʠʛʘʪʝʣʴ ʉʊɼ 8000. ʆʧʨʝʜʝʣʝʥʘ ʧʨʦʙʣʝʤʘ ʧʦ ʧʣʦʪʥʦ-

ʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʧʘʟʘ ʩʪʘʪʦʨʘ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʦʤ. ɹʳʣ ʧʨʠʤʝʥʝʥ ʤʘʪʝʨʠʘʣ POROMATME 

2242. ɿʘʧʦʣʥʝʥʠʝ ʧʘʟʘ ʫʣʫʯʰʠʣʦʩʴ. ʈʝʩʫʨʩ ʜʚʠʛʘʪʝʣʷ ʫʚʝʣʠʯʠʣʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʨʙʦʜʚʠʛʘʪʝʣʴ, ʧʘʟ ʩʪʘʪʦʨʘ, POROMATME 2242, ʩʪʝʢʣʦʪʝʢʩʪʦ-

ʣʠʪ. 

 

ʈʦʣʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʯʝʥʴ ʚʝʣʠʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʝ ʚʨʝʤʷ. ʆʥʠ ʧʨʠʚʦʜʷʪ 

ʚ ʜʚʠʞʝʥʠʝ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ: ʥʘʩʦʩʳ, ʢʦʤʧʨʝʩʩʦʨʳ, ʚʳʨʘʙʘʪʳʚʘʶʪ ʵʣʝʢ-

ʪʨʠʯʝʩʪʚʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʨʠʠ ʉʊɼ ï 

ʪʫʨʙʦʜʚʠʛʘʪʝʣʴ ʉʊɼ 8000. (ʨʠʩ. 1). 

ʇʨʝʜʧʨʠʷʪʠʝ ʆʆʆ çʕʣʝʢʪʨʦʪʷʞʤʘʰ ï ʇʨʠʚʦʜè ʚʳʧʫʩʢʘʝʪ ʪʫʨʙʦʜʚʠʛʘʪʝʣʴ 

ʉʊɼ - 8000, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʊʫʨʙʦʜʚʠʛʘʪʝʣʴ  ʉʊɼ ï 8000 

ʩʠʥʭʨʦʥʥʳʡ, ʤʦʱʥʦʩʪʴʶ  8000 ʢɺʪ ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʨʝʭʬʘʟʥʦ-

ʛʦ ʪʦʢʘ ʯʘʩʪʦʪʦʡ 50 ɻʮ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʚʦʜʘ ʥʘʩʦʩʦʚ, ʢʦʤʧʨʝʩʩʦʨʦʚ, ʛʘʟʦ-

ʚʳʭ ʥʘʛʥʝʪʘʪʝʣʝʡ, ʚʦʟʜʫʭʦʜʫʚʦʢ ʠ ʜʨʫʛʠʭ ʙʳʩʪʨʦʭʦʜʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʚ ʥʝʚʟʨʳʚʦʦʧʘʩʥʦʡ ʩʨʝʜʝ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥ-

ʥʦʛʦ ʢʣʠʤʘʪʘ [3]. 

 

 
 

ʈʠʩ.1. ʊʫʨʙʦʜʚʠʛʘʪʝʣʴ ʉʊɼ 8000 
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ʌʠʢʩʘʮʠʷ ʦʙʤʦʪʢʠ ʚ ʧʘʟʘʭ ʩʪʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʢʣʦʪʝʢʩʪʦ-

ʣʠʪʦʚʳʭ ʢʣʠʥʴʝʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʧʘʟʘ ʠ  ʩʪʝʢʣʦʪʝʢʩʪʦ-

ʣʠʪʦʚʳʭ ʧʨʦʢʣʘʜʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʥʠʢʘʝʪ ʥʝ-

ʧʦʣʥʦʮʝʥʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʘʟʘ ʧʦʜʢʣʠʥʦʚʳʤʠ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʦʚʳʤʠ  ʧʨʦʢʣʘʜ-

ʢʘʤʠ. ʂʣʠʥʴʷ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ,  ʨʘʟʙʘʣʪʳʚʘʶʪ-

ʩʷ ʠʟ-ʟʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʚ ʦʙʤʦʪʢʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʥʝʦʜʠʥʘʢʦʚʳʭ ʪʝ-

ʧʣʦʚʳʭ ʨʘʩʰʠʨʝʥʠʷʭ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʤʘʰʠʥʳ, ʚʠʙʨʘʮʠʠ ʢʦʨʧʫʩʘ, ʧʨʠ ʧʫʩʢʘʭ 

ʜʚʠʛʘʪʝʣʷ. ʆʙʳʯʥʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʥʘʛʨʝʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʤʝʜʴ ʦʙʤʦʪʢʠ, ʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʰʠʨʝʥʠʷ ʨʘʟʣʠʯʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʜʴ ʧʨʠ ʨʘʙʦʯʝʤ ʪʦʢʝ ʫʜ-

ʣʠʥʷʝʪʩʷ ʙʦʣʴʰʝ ʥʘ ʜʝʩʷʪʳʝ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ, ʯʝʤ ʩʪʘʣʴ. ʕʪʦ ʩʦʟʜʘʝʪ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʫʩʠʣʠʷ ʚʥʫʪʨʠ ʧʘʟʘ ʤʘʰʠʥʳ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʚʦʜʦʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʩ-

ʪʠʨʘʥʠʝ ʠʟʦʣʷʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʟʦʨʦʚ, ʚ ʢʦʪʦʨʳʝ ʧʨʦʥʠʢʘʝʪ 

ʚʣʘʛʘ ʠ ʧʳʣʴ [1]. 

ʇʫʩʢʦʚʳʝ ʪʦʢʠ, ʚ 6-7 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʝ ʥʦʤʠʥʘʣʴʥʳʝ, ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʫʩʠʣʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʚʘʜʨʘʪʫ ʪʦʢʘ. ʕʪʠ ʫʩʠʣʠʷ ʜʝʡʩʪʚʫʶʪ 

ʥʘ ʦʙʤʦʪʢʫ, ʚʳʟʳʚʘʷ ʜʝʬʦʨʤʘʮʠʶ ʠ ʩʤʝʱʝʥʠʝ. ɺʠʙʨʘʮʠʷ ʢʦʨʧʫʩʘ ʪʘʢʞʝ ʚʳʟʳ-

ʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʠʣʠʷ, ʩʥʠʞʘʶʱʠʝ ʧʨʦʯʥʦʩʪʴ ʠʟʦʣʷʮʠʠ. 

ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʘʟʘ ʩʪʘʪʦʨʘ ʠ ʣʫʯʰʝʡ ʬʠʢʩʘʮʠʠ ʦʙʤʦʪʢʠ 

ʙʳʣ ʧʨʠʤʝʥʝʥ ʩʦʚʨʝʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ POROMATME ʪʦʣʱʠʥʦʡ 1.2 ʤʤ, ʩʦʚʤʝ-

ʩʪʥʦ ʩ ʧʨʠʤʝʥʷʝʤʳʤ ʨʘʥʝʝ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʦʤ ʉʊʕʌ-1 ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʪʦʣʱʠ-

ʥʦʡ 1 ʤʤ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ, POROMATME ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʨʘʩ-

ʰʠʨʷʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠ ʚʘʢʫʫʤʥʦʡ ʧʨʦʧʠʪʢʠ ʪʠʧʘ çʤʦʥʦʣʠʪè. 

ʈʘʩʰʠʨʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʦʪʯʝʪʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ, ʘ ʠʤʝʥʥʦ ʦʪʯʝʪʘʤʠ ʦʙ ʠʩʧʳʪʘʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʧʦʩʪʘʚʱʠ-

ʢʦʤ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʝ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1[2]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  POROMAT ME 2242  ʷʚʣʷ-

ʝʪʩʷ: 

1) ʤʘʪʝʨʠʘʣ ʧʦʢʨʳʪ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʪʦʥʢʠʤ ʇʕʊ-ʬʣʠʩʦʤ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʩʪʝʢʣʷʥʥʦʡ ʧʳʣʠ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ; 

2) ʩʦʜʝʨʞʠʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʧʦʨʠʩʪʳʤ ʠ ʘʙʩʦʨʙʠʨʫʶʱʠʤ; 

3) ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʨʦʧʠʪʢʠ ʩʤʦʣ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʛʦ ʘʥ-

ʛʠʜʨʠʜʘ; 

4) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ > 60 Á C ʠʣʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʨʦʧʠʪʦʯʥʳʤʠ ʩʤʦʣʘʤʠ 

ʣʘʤʠʥʘʪ ʨʘʩʰʠʨʷʝʪʩʷ  ʧʨʠʤʝʨʥʦ ʜʦ 405% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʠ ʟʘʧʦʣ-

ʥʷʝʪ ʚʩʝ ʠʤʝʶʱʝʝʩʷ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ; 

5) ʨʘʟʚʠʚʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,1 ʅ / ʢʚ. ʄʤ; 

6) ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʣʘʤʠʥʘʪʘ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʧʠʪʦʯʥʦʡ ʩʤʦʣʳ ʠ ʩʪʝʧʝʥʠ 

ʨʘʩʰʠʨʝʥʠʷ; 

7) ʩʦʜʝʨʞʠʪ ʫʩʢʦʨʠʪʝʣʴ ʜʣʷ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ, ʧʨʦʧʠʪʳʚʘʶʱʠʭ ʘʥʛʠʜʨʠʜ. 
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ʊʘʙʣʠʮʘ 1 

ʆʪʯʝʪ ʦʙ ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʘ POROMAT ME 2242, ɸʆ çʀɿʆɺʆʃʔʊɸè 

ʋʣʠʮʘ ʀʟ ʅʦ ʉʶʜ, 3 

 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʪʯʝʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʰʠʨʝʥʠʝ  ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʡ ʪʦʣʱʠʥʳ  ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ, ʚ ʩʨʝʜʥʝʤ, 405 % 

ʠ ʦʥ ʟʘʧʦʣʥʷʝʪ ʚʩʝ ʠʤʝʶʱʝʝʩʷ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʠ 

ʩʚʦʡʩʪʚʘ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ  ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʧʘʟʘ. ʇʨʠ-

ʤʝʥʷʝʤʳʡ ʨʘʥʝʝ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ ʥʝ ʠʤʝʣ ʜʘʥʥʳʭ ʩʚʦʡʩʪʚ.  

ʉʚʦʡʩʪʚʘ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʉʊʕʌ-1 ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʪʨʝ-

ʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 12652-74 ʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2 [4]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʟʘʷʚʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ POROMATME 2242. ɹʳʣ ʩʦʟʜʘʥ ʦʧʳʪ-

ʥʳʡ ʦʙʨʘʟʝʮ,  ʠʤʠʪʠʨʫʶʱʠʡ ʯʘʩʪʴ ʧʘʟʘ ʩʪʘʪʦʨʘ, ʫʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

  

ʆʊʏɽʊ ʆɹ ʀʉʇʓʊɸʅʀʗʍ ç2.2è 

(EN 10204) 

ʀɿʆɺʆʃʔʊɸ 

 

ʇʨʦʜʫʢʪ 

ʅʦʤʝʨ ʧʨʦʜʫʢʪʘ 

ʈʘʟʤʝʨ 

ʅʦʤʝʨ ʦʪʛʨʫʟʦʯʥʦʛʦ ʫʚʝʜʦʤʣʝʥʠʷ 

ʅʦʤʝʨ ʟʘʢʘʟʘ 

ʂʦʤʤʝʥʪʘʨʠʡ 

 

 

POROMAT ME  2242 0120 

312836 

1000,00 ʄʄ 

24398942 

21261599 

ʂʣʠʝʥʪ 

 

ʅʦʤʝʨ ʂʣʠʝʥʪʘ 

ʅʦʤʝʨ ʟʘʢʘʟʘ 

ʆʆʆ çʕʣʝʢʪʨʦʪʷʞʤʘʰ-

ʇʨʠʚʦʜè 

533627 

ʉʧʝʮʠʬʠʢʘʮʠʷ 75 

ʅʘʩʪʦʷʱʠʡ ʜʦʢʫʤʝʥʪ ʫʜʦʩʪʦʚʝʨʷʝʪ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʉʧʝʮʠʬʠʢʘ-

ʮʠʠ ʥʘ ʵʪʦʪ ʧʨʦʜʫʢʪ  

ʇʦʢʘʟʘʪʝʣʠ ʄʝʪʦʜ 

ʠʩʧʳʪʘʥʠʷ 

 

ɽʜ. 

ʀʟʤ. 

ʅʦʤ. 

ɿʥʘʯʝʥʠʝ 

ʄʠʥ. 

ɿʥʘʯ. 

ʄʘʢʩ. 

ɿʥʘʯ. 

ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʄʠʥ. ʉʨʝʜ. ʄʘʢʩ. 

ʉʦʜʝʨʞʘʥʠʝ 

ʨʝʟʠʥʳ 

ʊʦʣʱʠʥʘ 

ʆʙʱʝʝ  

ʚʝʱʝʩʪʚʦ 

ʈʘʩʰʠʨʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʯʘʣʴʥʦʡ 

ʪʦʣʱʠʥʳ 

ʋʩʢʦʨʠʪʝʣʴ 

(ʎʠʥʢ) 

IPV00182 

 

IPV00020 

IPV00004 

 

IPV00041 

 

 

 

IPV00019 

ʛ/ʩʤ 

 

ʤʤ 

ʛ/ʩʤ 

 

% 

 

 

 

ʛ/ʩʤ 

575,0 

 

1,200 

1880,0 

 

 

 

 

 

80,0 

495,0 

 

0,900 

1545 

 

150,0 

 

 

 

70,0 

655,0 

 

1,500 

2215,0 

 

 

 

 

 

90,0 

583,4 

 

1,240 

1858,5 

 

369,0 

 

 

 

76,4 

602,6 

 

1,320 

2019,2 

 

405,0 

 

 

 

76,4 

621,9 

 

1,360 

2163,5 

 

428,0 

 

 

 

76,4 
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ʊʘʙʣʠʮʘ 2 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʤʘʨʢʠ ʉʊʕʌ-1 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʅʦʨʤʘ ʜʣʷ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʤʘʨʢʠ ʉʊʕʌ-1,  

ʊʦʣʱʠʥʘ, ʤʤ 

0,8-1,0 1,2-3,0 3,5-5,0 5,5-10,0 11,0-35,0 

1. ʀʟʛʠʙʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ ʧʦ ʦʩʥʦʚʝ, ʄʇʘ 

(ʢʛʩ/ʩʤ
2
), ʥʝ ʤʝʥʝʝ 

300 
245 

(2500) 

1ʘ. ʀʟʛʠʙʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʧʦ ʦʩ-

ʥʦʚʝ, ʄʇʘ, ʥʝ ʤʝʥʝʝ 

ʅʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

2. ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʟʨʳʚʝ, ʄʇʘ 

(ʢʛʩ/ʩʤ
2
), ʥʝ ʤʝʥʝʝ: 

392 

(4000) 

392 

(4000) 

392 

(4000) 

314 

(3200) 

ʅʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʧʦ ʦʩʥʦʚʝ 

ʧʦ ʫʪʢʫ 
157 

(1600) 

157 

(1600) 

157 

(1600) 

157 

(1600) 

ʅʝ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ 

3. ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʠ ʩʞʘʪʠʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩʣʦʷʤ, 

ʄʇʘ (ʢʛʩ/ʩʤ
2
), ʥʝ ʤʝʥʝʝ 

ʅʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 
88 

(900) 

4. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦ 

ʐʘʨʧʠ, ʢɼʞ/ʤ
2 
(ʢʛʩĿʩʤ/ʩʤ

2
), ʥʝ 

ʤʝʥʝʝ: 
- 

88 

(90) 

123 

(125) 
ʅʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʦʩʥʦʚʝ 

ʧʦ ʫʪʢʫ - 
64 

(65) 

98 

(100) 
ʅʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

5. ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ, %, ʥʝ 

ʙʦʣʝʝ 
2,1 1,5 1,3 1,0 0,8 

 

 

 
 

ʈʠʩ. 2. ʆʙʨʘʟʝʮ, ʠʤʠʪʠʨʫʶʱʠʡ ʯʘʩʪʴ ʧʘʟʘ ʩʪʘʪʦʨʘ 

 

ʢʣʠʥ ʧʘʟʦʚrʡ
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ʕʪʘʧʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ: 

1) ʆʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʧʦʜʚʝʨʛʘʣʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʘ-

ʢʫʫʤʥʦʡ ʧʨʦʧʠʪʢʠ ʪʠʧʘ çʤʦʥʦʣʠʪè, ʪ.ʝ. ʧʦʣʥʘʷ ʠʤʠʪʘʮʠʷ ʧʨʦʧʠʪʢʠ ʩʪʘʪʦʨʘ.  

2) ʇʦʩʣʝ ʜʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʝʮ ʙʳʣ ʨʘʟʜʝʣʝʥ ʚʜʦʣʴ, ʜʣʷ ʦʮʝʥʢʠ ʩʦ-

ʩʪʦʷʥʠʷ ʥʘʙʫʭʘʥʠʷ ʤʘʪʝʨʠʘʣʘ POROMAT ME 2242. ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʛʦ ʧʦʜ-

ʢʣʠʥʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʤʧʝʥʩʠʨʫʷ ʚʩʝ ʥʝʨʦʚʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʦʙʤʦʪʢʠ, 

ʩʪʳʢʠ ʢʣʠʥʴʝʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʨʘʙʦʪʳ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʘʪʝʨʠʘʣ POROMAT ME 2242 ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʧʨʠ ʟʘʢʣʠʥʦʚʢʝ ʧʘʟʦʚ ʩʪʘʪʦʨʘ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʉʊɼ 8000 ʠ ʙʳʣ ʦʪʧʨʘʚʣʝʥ ʟʘʢʘʟʯʠʢʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘ ʥʠʤ ʥʘʙʣʶʜʝʥʠʝʤ. 

ɻʘʨʘʥʪʠʡʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʜʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 12000 ʯʘ-

ʩʦʚ  ʩʦ ʜʥʷ ʝʛʦ ʧʫʩʢʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ɿʘʪʝʤ ʜʦʣʞʥʦ ʧʦʩʣʝʜʦʚʘʪʴ ʝʛʦ ʧʣʘʥʦʚʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʝʨʝʢʣʠʥʦʚʢʘ (ʯʘʩʪʠʯʥʘʷ ʠʣʠ ʧʦʣʥʘʷ) ʧʘʟʦʚ ʩʪʘʪʦ-

ʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʩʪʦʚʝʨʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʟʘʢʣʠʥʦʚʢʝ ʧʘʟʦʚ ʩʪʘʪʦʨʘ ʤʘʪʝʨʠʘʣʦʤ POROMAT ME 

2242 

ʊʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʦʚ ʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʧʘʨʘʤʝʪʨʘʤ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ  ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʶʪʩʷ, ʘ ʟʥʘʯʠʪ ʠ ʜʦʣʞʥʦ ʨʝʛʫʣʷʨʥʦ ʧʦʚʳ-

ʰʘʪʴʩʷ ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʩʝʭ ʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʩʪʢʠ, ʠʥʩʪʨʫʤʝʥʪʘ, 

ʚʥʝʜʨʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʤʘʰʠʥ, ʠ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʝʢʪʨ ʢʦ-

ʪʦʨʳʭ ʥʘ ʨʳʥʢʝ ʩʝʡʯʘʩ ʦʯʝʥʴ ʰʠʨʦʢ. 
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Abstract. The turbine motor STD 8000.The problem of filling the stator slot with glass-glass 

steel has been determined. POROMAT ME 2242 was used. Filling of a groove improved. The re-

source of the engine increased. 

Keywords: turbo motor, stator slot, POROMAT ME 2242, glass fabric. 

 

ʋɼʂ 62-2 

ʇʆɼɻʆʊʆɺʂɸ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʂʆʅʉʊʋʈʂʎʀʁ ʇɽʈɽɼ ʅɸ-

ʅɽʉɽʅʀɽʄ ɸʅʊʀʂʆʈʈʆɿʀʆʅʅʆɻʆ ʇʆʂʈʓʊʀʗ 

ʆ.ɹ. ʂʘʟʳʥʙʘʝʚʘ
1
, ʂ.ʉ. ʉʦʢʦʣʦʚʘ

2
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪ.ʧʨ. ɸ.ɸ. ɺʦʣʢʦʚʩʢʠʡ 

çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪè ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ 

ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʤʝʪʦʜ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʜʝʣʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘ-

ʛʨʷʟʥʝʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʠ ʠʭ ʢ ʥʘʥʝʩʝʥʠʶ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʣ-

ʥʦʡ ʢʦʨʨʦʟʠʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʥʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʠ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʦʙʝʩʧʳʣʠʚʘʥʠʷ, ʦʙʝʟʞʠʨʠʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʚʳʷʚ-

ʣʝʥʦ, ʧʦʚʳʰʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʥʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʝʩʢʦʩʪʨʫʡʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʥʠʞʝʥʠʝ ʚʦʜʦ-

ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʤʝʪʦʜ ɹʨʝʩʣʝ. 

 

ʀʜʝʘʣʴʥʘʷ ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ ʥʘ 80% ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʘʚʠʣʴʥʦʡ ʧʦʜʛʦ-

ʪʦʚʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʪʦʣʴʢʦ ʥʘ 20% ʢʘʯʝʩʪʚʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʧʦʩʦʙʦʤ ʠʭ ʥʘʥʝʩʝʥʠʷ.  

ʇʨʝʜʧʨʠʷʪʠʝʤ ʆʆʆ çʕʣʝʢʪʨʦʪʷʞʤʘʰ-ʇʨʠʚʦʜè ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʥʦʚʳʭ 

ʘʩʠʥʭʨʦʥʥʳʭ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ çɺɸʆ-560-630-4ɼʍʃ2è, çɺɸʆ-

450-355-2ɼʍʃ2è, ʟʘʢʘʟʯʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʆʆʆ çɸʈʂʊʀʂ ʉʇɻ-2è.  

ʀʟ-ʟʘ ʦʩʦʙʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɼʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʧʦʢʨʳʪʠʷ Hempadur Quattro 

17634. HEMPADUR QUATTRO 17634 - ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ, ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʵʧʦʢʩʠʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʨʘʟʫʶʱʠʡ ʪʚʝʨʜʦʝ ʠ ʧʨʦʯʥʦʝ ʧʦʢʨʳʪʠʝ, ʩ ʭʦʨʦʰʝʡ 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʤʦʨʩʢʦʡ ʚʦʜʝ ʠ ʨʘʟʣʠʯʥʳʤ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʷ ʜʚʠʛʘʪʝʣʷ, ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʜʛʦʪʦʚ-

ʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʪʘʥʠʥʝ ʜʚʠʛʘʪʝʣʷ çɺɸʆ-560-630-4ɼʍʃ2è. 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢ ʦʢʨʘʰʠʚʘʥʠʶ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʩʫʭʠʤʠ, ʯʠʩʪʳʤʠ, ʙʝʟ ʥʘʣʠʯʠʷ ʛʨʷʟʠ, ʤʘʩʣʘ, ʩʤʘʟʢʠ ʠ ʜʨʫʛʠʭ ʧʦʩʪʦʨʦʥʥʠʭ 

ʚʢʣʶʯʝʥʠʡ. ʊʘʢʞʝ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʧʘʜʘʥʠʝ ʚʦʜʳ ʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ 

ʞʠʜʢʦʩʪʝʡ. 

ʆʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ ʠ ʪʷʞʝʣʳʭ ʟʘʛʨʷʟʥʝʥʠʡ (ʩʚʘ-

ʨʦʯʥʦʛʦ ʰʣʘʢʘ, ʣʠʪʝʡʥʦʛʦ ʧʨʠʛʘʨʘ, ʰʣʠʬʦʚʘʣʴʥʦʡ ʧʘʩʪʳ ʠ ʪ.ʜ.) ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʯʠʩʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ 

ʩʪʝʧʝʥʠ Sa3 ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ ʀʉʆ 8501-1[1].  

ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʠʥʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘ-

ʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1 

ʊʨʝʙʫʝʤʳʝ ʠ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘ-

ʟʘʪʝʣʷ 

ʊʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ,  

ʥʦʨʤʘʪʠʚʥʳʡ ʜʦ-

ʢʫʤʝʥʪ 

ʂʦʥʪʨʦʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ 

ʌʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʤʢʤ 

25-150 

 

ISO 8503-2 

ʂʦʤʧʘʨʘʪʦʨ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʠʧʘ G  

100 

ʉʪʝʧʝʥʴ ʦʙʝʟʞʠʨʠʚʘ-

ʥʠʷ  

ʥʝ ʙʦʣʝʝ 1 

 

ɻʆʉʊ 9.402 

ɺʠʟʫʘʣʴʥʦ 1 

ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ 

ʥʝ ʤʝʥʝʝ Sa 2,5 (St 3) 

 

ɻʆʉʊ ʈ ʀʉʆ 8501-1 

ɺʠʟʫʘʣʴʥʦ, ʩʨʘʚ-

ʥʝʥʠʝ ʩ ʵʪʘʣʦʥʘʤʠ 
Sa 2,5 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩ-

ʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʤʛ/ʤ
2
 

ʥʝ ʙʦʣʝʝ 32 

 

ISO 8502-9 

ʄʝʪʦʜ ɹʨʝʩʣʝ 54 

ɺʨʝʤʷ ʤʝʞʜʫ ʧʦʜʛʦ-

ʪʦʚʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʦʜʦʤ ʧʝʩʢʦʩʪʨʫʡ-

ʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʛʨʫʥ-

ʪʦʚʘʥʠʝʤ, ʯ 

ʥʝ ʙʦʣʝʝ 6 

 

ɻʆʉʊ 9.402 

- - 

ʉʪʝʧʝʥʴ ʦʙʝʩʧʳʣʠʚʘ-

ʥʠʷ, ʢʣʘʩʩ 

ʥʝ ʙʦʣʝʝ 2 

 

ISO 8502-3 

ɺʠʟʫʘʣʴʥʦ, ʩʨʘʚ-

ʥʝʥʠʝ ʩ ʵʪʘʣʦʥʘʤʠ  
2 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮʳ 1 ʦʙʥʘʨʫʞʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ï 54 ʤʛ /ʤ
2
. ɺ ʩʠʩʪʝʤʝ ʦʢʨʘʰʠʚʘʥʠʷ Hempadur Quattro 

17634 ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʧʦʩʣʝ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʯʠʩʪʢʠ ʜʦʣʞ-

ʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 32 ʤʛ /ʤ
2
.  

ʇʨʠʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝ-

ʥʠʶ ʧʦʢʨʳʪʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʚ ʛʦʨʷʯʫʶ ʞʠʜʢʦʩʪʴ ʠʣʠ ʚʦʟʜʝʡʩʪ-

ʚʠʠ ʘʛʨʝʩʩʠʚʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʧʦʢʨʘʩʢʠ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʦʨʨʦʟʠʠ ʧʦʜ ʧʣʝʥʢʦʡ ʧʦʢʨʳʪʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʝʛʦ ʚʩʧʫʯʠʚʘʥʠʶ/ʦʪʩʣʦʝʥʠʶ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʣʝʡ ʧʨʝʚʳʩʠʪ ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. 

ʂʦʥʪʨʦʣʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʦʪʙʦʨʫ 

ʨʘʩʪʚʦʨʠʤʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʦʯʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʤʝʪʦʜʫ ɹʨʝʩʣʝ. 

ʄʝʪʦʜʠʢʘ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:  

1. ʗʯʝʡʢʘ ʧʣʘʩʪʳʨʷ ɹʨʝʩʣʝ ʢʨʝʧʠʪʩʷ ʢ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ, ʩʫʭʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʤ ʤʝʩʪʝ ʠ ʩʠʣʴʥʦ ʧʨʠʞʠʤʘʝʪʩʷ ʧʦ ʚʩʝʤʫ ʧʝʨʠ-

ʤʝʪʨʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʢʘʩʘʪʴʩʷ ʧʦʜʛʦʪʦʚʣʝʥ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʠʟʜʝʣʠʷ ʛʦʣʳʤʠ ʨʫʢʘʤʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 



82 
 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ. ɿʘʧʨʝʱʘʝʪʩʷ ʧʨʠʢʘʩʘʪʴʩʷ ʯʝʤ-ʣʠʙʦ ʢ ʪʝʩʪʦʚʦʤʫ ʫʯʘ-

ʩʪʢʫ ʧʣʘʩʪʳʨʷ. 

2. ʐʧʨʠʮʝʤ, ʟʘʧʦʣʥʝʥʥʳʤ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ ʦʙʲʝʤʝ 3ʤʣ, ʥʘʧʦʣ-

ʥʷʶʪ ʷʯʝʡʢʫ ʯʝʨʝʟ ʛʫʙʯʘʪʳʡ ʧʝʥʥʳʡ ʧʝʨʠʤʝʪʨ. ʇʝʨʝʜ ʠ ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʧʣʘ-

ʩʪrʨʷ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ ʦʙʲʝʤʝ 1,5 ʤʣ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʚʦʟʜʫʭ 

ʰʧʨʠʮʝʤ ʩʤʝʥʦʡ ʧʦʣʦʞʝʥʠʷ ʠʛʣʳ.  ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʨʞʘʪʴ 10 ʤʠʥʫʪ. 

3. ɺʦʜʫ ʥʘʙʠʨʘʶʪ ʚ ʰʧʨʠʮ ʠ ʩʥʦʚʘ ʚʧʨʳʩʢʠʚʘʶʪ ʚ ʧʣʘʩʪʳʨʴ. ʇʦʚʪʦʨʷʝʪʩʷ 

ʧʨʦʮʝʜʫʨʘ 4 ʮʠʢʣʘ. 

4. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘʙʠʨʘʶʪ ʚ ʰʧʨʠʮ ʠ ʢʦʥʜʫʢʪʦʤʝʪʨʦʤ ʠʟʤʝʨʷʶʪ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ ʚ ʤʢʉʤ/ʩʤ, ʧʦʤʝʱʘʷ ʢʘʧʣʠ ʦʙʨʘʟʮʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʵʣʝʤʝʥʪ ʜʘʪʯʠʢʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʩʦʣʝʡ ʩʣʝʜʫʝʪ ʧʦʣʫʯʝʥ-

ʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʤʥʦʞʠʪʴ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 1,2. 

5. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʠ ʩʥʷʪʠʷ ʧʣʘʩʪʳʨʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʤʝʩʪʥʫʶ ʧʨʦʤʳʚʢʫ ʦʪ ʦʩʪʘʪʢʦʚ ʢʣʝʷ ʠ ʧʨʦʪʠʨʢʫ ʜʦ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʣʠʯʠʝ ʩʣʝʜʦʚ ʚʦʜʳ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ [1]. 

ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 54 ʤʛ/ʤ
2 
ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʣʝʡ. ʇʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʤʦʞʝʪ ʷʚ-

ʣʷʪʴʩʷ: ʟʘʛʨʷʟʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʣʷʤʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʯʝʨʝʟ ʘʙʨʘʟʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʜʨʦʙʝʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʢ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʡ; ʩʦʣʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʶʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʜʨʦʙʝʩʪʨʫʡʥʦʡ ʦʯʠʩʪʢʠ, ʢʦʪʦʨʘʷ, ʧʦ ʩʫʪʠ, ʠʥʦʛʜʘ ʤʦʞʝʪ çʟʘʛʦʥʷʪʴè ʠʭ ʚ 

ʧʨʦʬʠʣʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ [2]. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ: 

1) ʟʘʤʝʥʘ ʤʘʪʝʨʠʘʣʘ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳ-

ʪʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ; 

2) ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʤʳʚʢʠ ʧʦʩʣʝ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʚ ʩʚʷʟʠ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʤ ʚʨʝʤʝʥʝʤ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 1; 

3) ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜ-

ʨʦʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʥʳʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʩʢʦʩʪʨʫʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [2]; 

4) ʧʨʦʤʳʚʢʘ ʧʦʜʭʦʜʷʱʠʤʠ ʤʦʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʝʨʝʜ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙ-

ʨʘʙʦʪʢʦʡ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʤʳʚʢʘ ʩʪʘʥʠʥʳ ʧʝʨʝʜ ʧʝʩ-

ʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʣʶ-

ʙʳʭ ʦʪʣʦʞʝʥʠʡ ʞʠʨʘ ʠ ʤʘʩʣʘ ʤʦʶʱʠʤ ʩʨʝʜʩʪʚʦʤ. ʇʦʩʣʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦ-

ʤʳʚʢʘ ʧʨʝʩʥʦʡ ʚʦʜʦʡ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʅʝʙʦʣʴʰʠʝ ʧʷʪʥʘ ʞʠʨʘ/ʤʘʩʣʘ 

ʦʯʠʱʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʯʠʩʪʳʭ ʪʨʷʧʦʢ, ʥʝ ʨʘʟʤʘʟʳʚʘʷ ʟʘʛʨʷʟʥʝ-

ʥʠʷ. ɺʦʟʤʦʞʥʳʝ ʱʝʣʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʩʚʘʨʥʳʭ ʰʚʘʭ, ʭʠʤʠʢʘʪʳ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʝ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʘ ʪʘʢʞʝ ʤʳʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʷ ʮʠʩʪʝʨʥ ʥʘ ʜʘʚʣʝʥʠʝ, ʫʜʘʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʠ ʧʨʝʩʥʦʡ 

ʚʦʜʳ.  
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ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʳʚʢʠ, ʩʪʘʥʠʥʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘ-

ʙʦʪʢʝ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 1, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴ-

ʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘ-

ʪʝʣʷ 

ʂʦʥʪʨʦʣʴʥʳʡ ʠʥʩʪʨʫ-

ʤʝʥʪ 
ʈʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʷ 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʤʢʤ 

ʂʦʤʧʘʨʘʪʦʨ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʧʘ 

G  

100 

ʉʪʝʧʝʥʴ ʦʙʝʟʞʠʨʠʚʘʥʠʷ, 

ʥʝ ʙʦʣʝʝ 
ɺʠʟʫʘʣʴʥʦ 1 

ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ, ʥʝ ʤʝ-

ʥʝʝ 

ɺʠʟʫʘʣʴʥʦ, ʩʨʘʚʥʝʥʠʝ ʩ 

ʵʪʘʣʦʥʘʤʠ 
Sa 2,5 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩ-

ʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʤʛ/ʤ
2
, 

ʥʝ ʙʦʣʝʝ 

ʄʝʪʦʜ ɹʨʝʩʣʝ 29 

ʉʪʝʧʝʥʴ ʦʙʝʩʧʳʣʠʚʘʥʠʷ, 

ʢʣʘʩʩ, ʥʝ ʙʦʣʝʝ 

ɺʠʟʫʘʣʴʥʦ, ʩʨʘʚʥʝʥʠʝ ʩ 

ʵʪʘʣʦʥʘʤʠ 
2 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʩʪʘʥʠʥʳ ʧʝʨʝʜ ʧʝʩʢʦʩʪʨʫʡ-

ʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʠʩʪʝʤʳ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ Hempadur Quattro 17634. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʠʥʳ ʜʚʠʛʘʪʝʣʷ 

çɺɸʆ-560-630-4ɼʍʃ2è ʢ ʥʘʥʝʩʝʥʠʶ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʳʣʦ ʦʧʨʝ-

ʜʝʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʤʳʚʢʠ ʤʦʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʝʨʝʜ ʧʝʩʢʦʩʪʨʫʡʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʡ ʧʦʨʷʜʢʘ ʥʘ 53%. ʊʘʢ 

ʞʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʩʪʘʥʠʥʳ ʠ ʩʥʠ-

ʟʠʪʴ ʨʠʩʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ.  
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Abstract. During the production of metal structures, various methods are used to prepare for 

coating. The article suggests using the method of sandblasting to clean the surfaces of products 

from various contaminants and prepare them for applying anti-corrosion coatings. To avoid com-

plete corrosion on metal structures, perform monitoring for water-soluble salts, roughness, 

dedusting, and degreasing. As a result of tests, it was revealed that water-soluble salts increase and 

the optimal way to solve the problem was found. 

Keywords: surface preparation, sandblasting, reduction of water-soluble salts, Bresle meth-

od. 

 

ʋɼʂ 621.922.02 

ʇʈʀʉʇʆʉʆɹʃɽʅʀɽ ɼʃʗ ʊɸʈʀʈʆɺʂʀ  

ʉʀʃʆʀɿʄɽʈʀʊɽʃʔʅʆɻʆ ʋʉʊʈʆʁʉʊɺɸ 

ɺ.ɸ. ʂʘʧʦʨʠʥ, ʅ.ʅ. ʋʩʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʅ.ʉ. ɸʣʝʢʩʝʝʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ çɸʣʪʘʡʩʢʠʡ ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, ʛ. ʈʫʙʮʦʚʩʢ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʘʨʠʨʦʚʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʜʠʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʨʠ ʢʨʫʛʣʦʤ ʥʘʨʫʞʥʦʤ ʰʣʠʬʦʚʘ-

ʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ. ʇʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ 

ʦʩʮʠʣʣʦʛʨʘʤʤ ʩʠʣ ʈz ʠ ʈʫ  ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʦʰʢʦʚʳʝ ʧʦʢʨʳʪʠʷ, ʚʨʝʟʥʦʝ ʠ ʧʨʦʜʦʣʴʥʦʝ ʰʣʠʬʦʚʘʥʠʝ, ʩʠʣʳ ʨʝʟʘ-

ʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʰʣʠʬʦʚʘʥʠʷ, ʪʘʨʠʨʦʚʢʘ, ʦʩʮʠʣʣʦʛʨʘʤʤʘ.  

 

ʇʦ ʤʥʝʥʠʶ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʩʪʨʘʥʳ [3-5], ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (ʛʘʟʦʧʣʘʤʝʥʥʦʝ, ʜʝʪʦʥʘʮʠʦʥʥʦʝ, 

ʧʣʘʟʤʝʥʥʦʝ, ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ) ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʥʠʢʝʣʝ-

ʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʝʜʠʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 
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ʧʨʦʮʝʩʩʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʤʥʦʛʦʢʨʘʪ-

ʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ ʟʘ ʩʯʸʪ ʫʧʨʦʯʥʝʥʠʷ, ʚʳʨʘʞʘʶʱʝʛʦʩʷ ʚ 

ʧʦʚʳʰʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʥʘʣʠʯʠʝ ʦʢʩʠʜʦʚ, ʥʠʪʨʠʜʦʚ, ʢʘʨʙʠʜʦʚ, ʰʣʘʢʦʚ 

ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʩʣʦʝʚ, ʩʦʟʜʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʭ 

ʦʙʨʘʙʦʪʢʝ ʰʣʠʬʦʚʘʥʠʝʤ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʠʥʪʝʥʩʠʚʥʳʤ ʠʟʥʦʩʦʤ ʠ ʟʘʩʘ-

ʣʠʚʘʥʠʝʤ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [2], ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ (ʩʢʦʨʦʩʪʴ ʩʲʸʤʘ ʤʝʪʘʣʣʘ). 

ʀʟʚʝʩʪʥʦ ʯʪʦ ʩʢʦʨʦʩʪʴ ʩʲʸʤʘ ʤʝʪʘʣʣʘ ʠʟʤʝʥʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ 

ʜʠʘʤʝʪʨʘ ʟʘʛʦʪʦʚʢʠ, ʠʟʥʦʩʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʠ ʫʧʨʫʛʠʭ ʦʪʞʘʪʠʡ ʮʝʥʪʨʦʚ ʚ 

ʩʠʩʪʝʤʝ çʰʣʠʬʦʚʘʣʴʥʳʡ ʢʨʫʛ ï ʜʝʪʘʣʴè ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʨʝʟʘʥʠʷ. ʆʜʥʘʢʦ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʩʲʸʤʘ ʤʝʪʘʣʣʘ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

()Qʤʝʪ ʤV Q T= .                                                 (1) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʲʸʤʘ ʤʝʪʘʣʣʘ ʟʘ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ  

ʢʨʫʛʘ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʦʙʲʸʤ ʩʥʷʪʦʛʦ ʤʝʪʘʣʣʘ 

ʥʘ ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ 

( )2 2
ʟ ʟ0 i

i

d d
Qʤ H

4

p -
= ,                                           (2) 

ʛʜʝ 
i

Qʤ- ʦʙʲʸʤ ʩʥʷʪʦʛʦ ʤʝʪʘʣʣʘ ʥʘ i-ʦʤ ʧʨʦʭʦʜʝ; 

 ʟ0
d - ʜʠʘʤʝʪʨ ʦʙʨʘʟʮʘ ʚ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

 ʟi
d  - ʜʠʘʤʝʪʨ ʦʙʨʘʟʮʘ ʥʘ i-ʦʤ ʧʨʦʭʦʜʝ; 

 H - ʚʳʩʦʪʘ (ʜʣʠʥʘ) ʟʘʛʦʪʦʚʢʠ. 

ɺʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʨʝʨʳʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʟʘʤʝʨʘ ʜʠʘʤʝʪʨʘ ʟʘʛʦʪʦʚʢʠ 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʦʭʦʜʘ. ʇʦʵʪʦʤʫ ʧʨʠʰʣʦʩʴ ʧʨʠʙʝʛʥʫʪʴ ʢ ʨʘʩʯʝʪʫ ʜʠʘʤʝʪʨʦʚ ʟʘ-

ʛʦʪʦʚʢʠ ʥʘ ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ ʩ ʫʯʸʪʦʤ ʫʧʨʫʛʠʭ ʦʪʞʘʪʠʡ ʮʝʥʪʨʦʚ ʠ ʠʟʥʦʩʘ ʰʣʠ-

ʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. 

ɺʦ ʚʨʝʤʷ ʰʣʠʬʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʥʘ ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʭ ʦʪʞʘʪʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ Pz ʠ ʨʘʜʠʘʣʴʥʦʡ Pʫ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʠʣʳ ʨʝʟʘʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʦʪʞʘʪʠʷ ʚʝʣʠʯʠʥʘ ʟʘʜʘʥʥʦʡ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟ-

ʥʦʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʣʫʯʘʝʤʦʛʦ ʜʠʘʤʝʪʨʘ ʟʘʛʦʪʦʚʢʠ. 

ʉʭʝʤʘ ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ ʟʘʛʦʪʦʚʢʠ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.1. 

ʀʟ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʜʠʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ ʥʘ i-ʦʤ ʧʨʦʭʦʜʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ 

ʬʦʨʤʫʣʝ 
i

ʟ i i ʢ ʠʟʥi 0
1

d 2 ʆʢOʟ R h
å õ

= - +æ ö
ç ÷

ä ,                                      (3) 

ʛʜʝ i iʆʢOʟ - ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʰʣʠʬʦʚʘʣʴʥʳʤ ʢʨʫʛʦʤ ʠ ʟʘʛʦ-

ʪʦʚʢʦʡ ʥʘ i-ʦʤ ʧʨʦʭʦʜʝ; 

 ʢ0
R  - ʨʘʜʠʫʩ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; 
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 ʠʟʥh  - ʚʝʣʠʯʠʥʘ ʠʟʥʦʩʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘ 

i-ʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ ʟʘʛʦʪʦʚʢʠ ʚʦ ʚʨʝʤʷ ʰʣʠʬʦʚʘʥʠʷ 

 

ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʠ ʟʘʛʦʪʦʚʢʠ ʥʘ 

i-ʦʤ ʧʨʦʭʦʜʝ ʥʘʡʜʝʤ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ ʧʦ ʬʦʨʤʫʣʝ 

2
i

2
i i ʢ ʜ i ʩʪ i0 0

1

ʆʢOʟ R r y t z
å õ

= + + - +æ ö
ç ÷

ä ,                           (4) 

ʛʜʝ ʜ0r - ʨʘʜʠʫʩ ʦʙʨʘʟʮʘ (ʟʘʛʦʪʦʚʢʠ) ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

 ʩʪt  - ʧʝʨʝʤʝʱʝʥʠʝ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʘ i-ʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ; 

 iy  - ʦʪʢʣʦʥʝʥʠʝ ʮʝʥʪʨʘ ʟʘʛʦʪʦʚʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪ-

ʚʠʝʤ ʩʠʣʳ ʨʝʟʘʥʠʷ Pʫ ʥʘ i-ʦʤ ʧʨʦʭʦʜʝ: ( )yy f P= ; 

 iz  - ʦʪʢʣʦʥʝʥʠʝ ʮʝʥʪʨʘ ʟʘʛʦʪʦʚʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠ-

ʝʤ ʩʠʣʳ ʨʝʟʘʥʠʷ Pz ʥʘ i-ʦʤ ʧʨʦʭʦʜʝ: ( )zz f P= . 

ʊʘʢ ʢʘʢ ʜʠʥʘʤʠʢʘ ʠʟʥʦʩʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ, ʘ ʬʘʢʪʠ-

ʯʝʩʢʠʡ ʠʟʥʦʩ ʢʨʫʛʘ ʟʘʤʝʨʷʣʩʷ ʪʦʣʴʢʦ ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ ʝʛʦ ʩʪʦʡʢʦʩʪʠ, ʪʦ ʠʩʭʦʜʷ 

ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʨʘʚʥʦʤʝʨʥʦʤ ʠʟʥʦʩʝ ʢʨʫʛʘ, ʠʤʝʝʤ  

ʠʟʥ
ʠʟʥi

h
h

n
= ,                                                      (5) 

ʛʜʝ ʠʟʥh  - ʠʟʥʦʩ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ; 

 n  - ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ʟʘ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʞʘʪʠʷ ʮʝʥʪʨʦʚ ʦʪ ʧʨʠʣʦʞʝʥʥʳʭ ʫʩʠʣʠʡ ʧʦʪʨʝʙʦʚʘʣʘʩʴ 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʘʨʠʨʦʚʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʪʦʯʥʦʛʦ ʠ ʥʘʜʸʞʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʈz ʠ ʈʫ ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʨʠ ʢʨʫʛʣʦʤ ʥʘʨʫʞʥʦʤ ʰʣʠʬʦ-

ʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʈʫ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʈz ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʨʝ-

ʟʘʥʠʷ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʜʝʪʘʣʝʡ ʪʠʧʘ çʚʘʣè ʥʘ ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, ʩʣʫʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʜʣʷ ʫʩʪʘ-

ʥʦʚʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʧʨʘʚʢʝ [1]. 

ʉʭʝʤʘ ʪʘʨʠʨʦʚʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ  ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. ʂ ʟʘʛʦʪʦʚʢʝ 1 ʩ ʧʦ-

ʤʦʱʴʶ ʪʨʦʩʦʚ 2 ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʨʘʟʣʠʯʥʦʝ ʫʩʠʣʠʝ ʛʨʫʟʘʤʠ 3 ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʦʪʢʣʦʥʝʥʠʝ ʮʝʥʪʨʘ ʟʘʛʦʪʦʚʢʠ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʤʠʢ-

ʨʦʥʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 4. ʊʘʨʠʨʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʢʘʢ ʧʨʠ ʥʝʧʦʜʚʠʞ-

ʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʚʨʘʱʘʶʱʝʤʩʷ ʦʙʨʘʟʮʝ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʦʠʭ ʚʠʜʦʚ ʪʘʨʠʨʦʚʦʢ ʭʦ-

ʨʦʰʦ ʩʦʚʧʘʜʘʶʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʚʝʣʠʯʠʥʫ 

ʟʥʘʯʝʥʠʡ ʈʫ ʠ ʈz ʩʠʣʳ ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʚʨʘʱʝʥʠʠ ʟʘʛʦʪʦʚʢʠ (ʦʙʨʘʟʮʘ) 

ʥʘ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʮʝʥʪʨʘʭ. ʇʦʵʪʦʤʫ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʘʨʠʨʦʚʢʘ ʥʝ ʧʨʦʚʦʜʠ-

ʣʘʩʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʘʨʠʨʦʚʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʮʝʥʪʨʦʚ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʫʩʠʣʠʷ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ:  

ʜʣʷ y 0,2016 ʈ= Ö; 

ʜʣʷ z 0,1348ʈ= Ö, 

ʛʜʝ ʈ - ʫʩʠʣʠʝ ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʟʘʛʦʪʦʚʢʝ, ʅ. 

 

 
 

ʈʠʩ. 2. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʪʘʨʠʨʦʚʢʠ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʰʣʠʬʦʚʘʥʠʶ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʦʧʳʪʘ 

ʧʨʠʙʦʨʘʤʠ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʠ ʟʘʧʠʩʳʚʘʣʠʩʴ 

ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʩʦʩʪʘʚʣʷʶʱʠʭ ʈʫ ʠ ʈz ʩʠʣʳ ʨʝʟʘʥʠʷ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥ ʧʨʠ-

ʤʝʨ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ ʈʫ ʚ ʦʜʥʦʤ ʠʟ 

ʦʧʳʪʦʚ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ. 

 

 
 

ʈʠʩ. 3. ʆʙʨʘʙʦʪʢʘ ʟʘʧʠʩʠ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ ʈʫ ʨʝʛʠʩʪʨʠʨʫʶʱʠʤ ʧʨʠʙʦʨʦʤ 

ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ: ʈʍ - ʨʘʙʦʯʠʡ ʭʦʜ; 

ʆʍ - ʦʙʨʘʪʥʳʡ ʭʦʜ 

 

ɺʝʣʠʯʠʥʘ ʢʘʞʜʦʡ ʦʨʜʠʥʘʪʳ Yi ʥʘ ʨʠʩ. 3 ʦʮʝʥʠʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʪʘʨʠʨʦ-

ʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ. ɸʥʘʣʦʛʠʯʥʦ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʟʘʧʠʩʴ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʪʘʥ-

ʛʝʥʮʠʘʣʴʥʦʡ ʩʠʣʳ ʈz. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʩʮʠʣʣʦʛʨʘʤʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʈʫ ʠ 

ʈz ʩʠʣʳ ʨʝʟʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʘʥ-

ʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ çɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʧʨʦʬʠʣʦʛʨʘʤʤ ʠ ʦʩʮʠʣʣʦʛʨʘʤʤè. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʣʝʢʩʝʝʚ ʅ.ʉ., ʂʘʧʦʨʠʥ ɺ.ɸ., ʀʚʘʥʦʚ ʉ.ɺ., ɼʫʜʘʨʝʚ ɼ.ɺ. ʄʝʪʦʜʠʢʘ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʢʥ.: 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ, ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. ʄʘ-

ʪʝʨ.VI ɺʩʝʨʦʩʩ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ., ʧʦʩʚʷʱʝʥʥʦʡ 70-ʣʝʪʠʶ ʈʀʀ, 24-25 ʥʦʷʙʨʷ 

2016ʛ. ʈʫʙʮʦʚʩʢ: ʈʀʀ, 2016.ʩ.47-56. 

2. ɹʘʪʠʱʝʚ ɸ.ʅ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ / 

ɸ.ʅ. ɹʘʪʠʱʝʚ, ʀ.ɻ. ɻʦʣʫʙʝʚ, ɺ.ʇ. ʃʷʣʷʢʠʥ. ï ʄ.: ʀʥʬʦʨʤʘʛʨʦʪʝʭ, 1995. ï 296 ʩ. 

3. ʅʘʜʝʞʥʦʩʪʴ ʠ ʨʝʤʦʥʪ ʤʘʰʠʥ: ʋʯʝʙʥʠʢ / ʇʦʜ ʨʝʜ. ɺ. ɺ. ʂʫʨʯʘʪʢʠʥʘ. ï 

ʄ.: ʂʦʣʦʩ, 2000. ï 776 ʩ. 

4. ʊʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ:  ʇʦʜ ʦʙʱ. 

ʨʝʜ. ʄ.ʀ. ʖʜʠʥʘ ʠ ɺ.ʇ. ʃʷʣʷʢʠʥʘ ï ʂʨʘʩʥʦʜʘʨ: ʂɻɸʋ, 2000. - 345 ʩ. 

5. ʏʝʨʥʦʠʚʘʥʦʚ ɺ.ʀ. ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ. 2-ʝ ʠʟʜ., ʜʦʧ. ʠ ʧʝʨʝʨʘʙ. / ɺ.ʀ. ʏʝʨʥʦʠʚʘʥʦʚ, ɺ.ʇ.ʃʷʣʷʢʠʥ ï ʄ.: ɻʆʉ-

ʅʀʊʀ, 2003. ï 488 ʩ. 



89 
 

 
Abstract. The article describes the design of a calibration device for measuring the radial and 

tangential components of the cutting force during circular external grinding of microporous coat-

ings of restored parts. A technique for processing the oscillograms of the ʈz and ʈʫ forces using a 

special computer program is presented. 

Keywords: powder coatings, plunge and longitudinal grinding, cutting forces, grinding ratio, 

calibration, oscillogram. 

 

ʋɼʂ 681.5 

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʄʆɼɽʈʅʀɿɸʎʀʀ  

ʄɽʊɸʃʃʆʈɽɾʋʑʀʍ ʉʊɸʅʂʆɺ  

ɼ.ɸ. ʉʪʫʢʦʣʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ʀ.ʄ. ʄʫʥʘʩʳʧʦʚ 

ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʡ ʬʠʣʠʘʣ ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʛ. ʉʪʝʨʣʠʪʘʤʘʢ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʠʤʝʶʱʝʛʦʩʷ ʤʝ-

ʪʘʣʣʦʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʥʦʢ ʩ ʏʇʋ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʪʘʥ-

ʢʦʚ. 

 

ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷ-

ʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʪʘʥʢʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʝ ʠʥʥʦʚʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʪʨʫʜʘ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬ-

ʬʝʢʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʠʨʦʚʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʡ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʧʝʰʥʳʤʠ ʪʝʤʧʘʤʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʛʣʘ-

ʤʝʥʪʠʨʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʦʤ ʬʠʥʘʥʩʦʚʳʭ 

ʨʝʩʫʨʩʦʚ. 

ɺʳʩʦʢʠʤ ʦʩʪʘʝʪʩʷ ʧʨʦʮʝʥʪ ʠʟʥʦʩʘ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʦʚʳʝ ʚʠʜʳ ʪʝʭʥʦʣʦʛʠʯ-

ʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʥʠʞʘʷ ʝʸ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʦʚʝ-

ʜʝʥʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʠʝ 

ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ 

ʯʘʩʪʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʦʚ ʠʣʠ ʜʦʨʘ-

ʙʦʪʢʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʝʦʙʭʦʜʠ-

ʤʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʦʥʢʨʝʪʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘ ʧʫʪʝʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʛʦ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʫʨʦʚʥʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʘʨʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʦʩʥʘʱʝʥʠʠ ʝʛʦ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʏʇʋ), ʯʪʦ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʝʤ ʫʪʠʣʠʟʠʨʦ-

ʚʘʪʴ ʩʪʘʨʳʝ ʤʘʰʠʥʳ ʠ ʢʫʧʠʪʴ ʚʟʘʤʝʥ ʥʠʭ ʥʦʚʳʝ. [2] 
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ʀʥʥʦʚʘʮʠʠ ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ: ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʩ ʩʠʩʪʝʤʘʤʠ ʏʇʋ (ʩ ʵʪʦʛʦ ʵʣʝʤʝʥ-

ʪʘ ʥʘʯʠʥʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ), 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʩʥʠʞʝʥʠʝ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ. 

ʇʦʨʷʜʢʘ ʜʝʩʷʪʠ ʨʦʩʩʠʡʩʢʠʭ ʬʠʨʤ (ʆɸʆ çʊ-ʇʣʘʪʬʦʨʤʳè, ʆʆʆ çʄʝʭʘʪʨʦ-

ʥʠʢʘè ʠ ɿɸʆ çʄʠʢʨʦʩè ʠ ʧʨ.) ʚ ʩʝʛʤʝʥʪʝ ʩʠʩʪʝʤ ʏʇʋ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʨʘʙʦʪʢʫ 

ʠ ʧʦʩʪʘʚʢʠ ʩʠʩʪʝʤ ʜʣʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʘʥʢʦʚ. ʇʝʪʝʨʙʫʨʞʩʢʠʡ çɹʘʣʪ-ʉʠʩʪʝʤè 

ʠ çʄʦʜʤʘʰʉʦʬʪè ʠʟ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʝʜʠʥʠʯʥʳʝ ʟʘʢʘʟʳ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʝʨʚʦʧʨʠʚʦʜʦʚ ʠ ʩʝʨʚʦʜʚʠʛʘʪʝʣʝʡ, ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ ʜʣʷ ʫʩʪ-

ʨʦʡʩʪʚ ʏʇʋ. ʈʦʩʩʠʡʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʨʘʙʦʪʘʶʪ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ ʠ ʥʘ 

ʩʦʧʨʝʜʝʣʴʥʳʝ ʩʪʨʘʥʳ, ʭʦʪʷ ʦʙʲʝʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ʟʜʝʩʴ ʥʝʩʦʧʦʩʪʘʚʠʤʳ ʩ ʦʙʱʝ-

ʤʠʨʦʚʳʤʠ, ʯʝʤ ʙʦʣʴʰʝ ʢʦʤʧʘʥʠʷ ʧʨʦʜʘʝʪ-ʧʨʦʠʟʚʦʜʠʪ, ʪʝʤ ʙʦʣʴʰʝ ʣʶʜʝʡ ʨʘʙʦ-

ʪʘʝʪ ʥʘʜ ʧʨʦʜʫʢʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʩʪʨʝʝ ʠ ʛʣʫʙʞʝ ʦʥ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. 

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʩʪʝʤ ʜʣʷ ʚʳʩʦ-

ʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ - ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ ʠ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʩʪʘʥʢʦʚ.  

ʎʝʥʳ ʥʘ ʠʤʧʦʨʪʥʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʪʝʭʥʠʢʫ ʟʘʨʫʙʝʞʥʳʭ ʷʧʦʥʩʢʠʭ 

(Fanuc, Mitsubishi Electric) ʠ ʥʝʤʝʮʢʠʭ (Siemens, Heidenhein) ʬʠʨʤ-ʧʦʩʪʘʚʱʠʢʦʚ 

ʏʇʋ, ʪʨʘʜʠʮʠʦʥʥʦ ʣʠʜʠʨʫʶʱʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʩ ʨʦʩʪʦʤ ʢʫʨʩʘ ʜʦʣʣʘʨʘ ʠ ʝʚʨʦ ʩʪʘʣʠ ʧʨʦʩʪʦ ʟʘʧʨʝʜʝʣʴʥʳʤʠ. ʅʝʢʦʪʦ-

ʨʳʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʟʘʚʦʜʳ ʧʦʧʘʣʠ ʧʦʜ ʟʘʧʘʜʥʳʝ ʩʘʥʢʮʠʠ ʠ ʚ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝ ʤʦʛʫʪ ʢʫʧʠʪʴ ʩʪʘʥʢʠ ʟʘ ʨʫʙʝʞʦʤ ʥʠ ʟʘ ʢʘʢʠʝ ʜʝʥʴʛʠ.  

ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʩʪʘʣʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʪʘʥʢʦʚ ʧʫ-

ʪʝʤ ʟʘʤʝʥʳ ʩʪʘʨʦʡ ʩʠʩʪʝʤʳ ʏʇʋ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʨʦʩʩʠʡʩʢʫʶ, ʦʙʥʦʚʣʝʥʠʝ ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʢʦʥʪʨʦʣʣʝʨʦʚ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʛʠʜʨʦ-

ʤʦʪʦʨʦʚ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʘʪʯʠʢʦʚ, ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʨʠ ʦʩʥʘʱʝʥʠʠ ʥʘʚʝʩʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʪʘʥʢʠ ʧʨʦ-

ʜʦʣʞʘʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʥʝʝ, ʪʦʣʴʢʦ ʪʝʧʝʨʴ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɹʦʣʴʰʠʤ ʧʣʶʩʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʝʤʦʥʪʠʨʦʚʘʪʴ ʠ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʦʪʩʣʫʞʠʚʰʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ.  

ʎʝʣʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʵʢʦʥʦʤʠʯ-

ʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʦʩʥʦʚʥʳʤʠ ʚʦʟʤʦʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ -

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʥʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʪʥʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʙʣʦʢʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʜʚʠʛʘʪʝʣʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʢʦʣʦ 16 ʧʨʝʜʧʨʠʷʪʠʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʅʊʎ çʇʨʠʚʦʜʥʘʷ ʪʝʭʥʠʢʘè, ʆʆʆ 

çɹʘʣʪ-ʉʠʩʪʝʤè, ʆɸʆ çɺʕʄɿè ʠ ʜʨ.) ʥʘʰʣʠ ʩʚʦʶ ʥʠʰʫ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʟʣʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ. ɼʘʥʥʳʝ ʢʦʤʧʘʥʠʠ ʥʝ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʧʦ-

ʥʝʥʪʥʦʡ ʙʘʟʳ ʪʦʣʴʢʦ ʜʣʷ ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʧʦʩʢʦʣʴʢʫ ʤʘʩʰʪʘʙʳ 

ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʨʝʥʪʘʙʝʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. [1] 

ɺ ʮʝʣʦʤ, ʦʙʱʝʵʢʦʥʦʤʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʦʢʘʟʳʚʘʣʠ ʨʘʟʥʦ-

ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʩʪʘʥʢʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʥʦʚʣʝʥʠʝ ʩʪʘʥʦʯʥʦʛʦ ʧʘʨʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠ-
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ʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʘʜʝʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʩʧʨʦʩʘ ʦʛʨʘʥʠʯʠ-

ʚʘʶʪ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʢʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʜʝʰʝʚʣʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʚʘʣʶʪʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʠ ʥʘʨʘʱʠʚʘʥʠʶ ʵʢʩʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ. 
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Abstract. The article discusses the possibility of updating the existing metal-cutting equipment 

with components with numerical control of Russian production. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʃ.ʅ. ɻʫʩʝʣʴʥʠʢʦʚʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ, ʛ. ʃʳʩʴʚʘ 
ɸʥʥʦʪʘʮʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʪʜʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʣʦʩʳ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʧʨʦ-

ʢʘʪʘ, ʪʚʸʨʜʳʝ ʟʘʛʨʷʟʥʸʥʥʳʝ ʰʣʘʤʠʩʪʳʝ ʯʘʩʪʠʮʳ ʧʦʧʘʜʘʶʪ ʚ ʬʠʣʴʪʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ʧʨʘʚʠʣʴʥʦ-ʨʘʩʪʷʞʥʦʡ ʤʘʰʠʥʳ (ʇʈʄ), ʚ ʨʘʩʪʚʦʨ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ 

(ʉʆɾ), ʚʳʟʳʚʘʷ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʨʦʣʠʢʦʚ ʤʘʰʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʪʚʸʨʜʳʭ 

ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ ʉʆɾ ʤʝʪʦʜʦʤ ʚʟʚʝʰʠʚʘʥʠʷ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʦʩʘʜʢʘ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʠ 

ʩʫʰʢʠ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ, ʠʭ ʜʠʩʧʝʨʩʥʦʩʪʴ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʚʳʷʚʠʣʘ 

ʥʝʧʨʠʛʦʜʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʢʘʥʠ ʬʠʣʴʪʨʫʶʱʝʡ ʧʦ ʜʠʩʧʝʨʩʥʦʩʪʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʟʘ-

ʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʝʜʣʦʞʝʥ ʤʘʛʥʠʪʥʳʡ ʩʝʧʘʨʘʪʦʨ ʩʝʨʠʠ ɼʄɼ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʘʚʠʣʴʥʦ-ʨʘʩʪʷʞʥʘʷ ʤʘʰʠʥʘ, ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ, 

ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʪʢʘʥʴ, ʜʨʝʩʩʠʨʦʚʦʯʥʘʷ ʞʠʜʢʦʩʪʴ, ʤʘʛʥʠʪʥʳʡ ʩʝʧʘʨʘʪʦʨ, ʟʘʛʨʷʟʥʸʥʥʳʡ 

ʨʘʩʪʚʦʨ, ʭʦʣʦʜʥʦʢʘʪʘʥʳʡ ʣʠʩʪʦʚʦʡ ʧʨʦʢʘʪ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʘʚʠʣʴʥʦ-ʨʘʩʪʷʞʥʘʷ ʤʘʰʠʥʘ (ʇʈʄ) ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʣʷ ʦʪʜʝ-

ʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ. ʄʘʰʠʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʨʘʩʪʷʞʢʠ, ʛʠʙʢʠ, ʚʳʧʨʷʤʣʝʥʠʷ ʣʠʩʪʘ ʩʪʘʣʠ, ʠʩʧʨʘʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʠʟʛʠʙʦʚ, 

ʩʝʨʧʦʚʠʜʥʦʩʪʠ ʨʫʣʦʥʘ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʠʩʪʦʚʘʷ ʩʪʘʣʴ ʧʦʣʫʯʘ-

ʝʪʩʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ, ʦʩʥʦʚʥʦʝ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʛʨʷʟʥʦʛʦ ʣʠʩʪʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʦʣʠʢʠ ʇʈʄ.  ɿʘʛʨʷʟʥʝʥʥʳʡ ʨʘʩ-
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ʪʚʦʨ ʉʆɾ ʮʠʨʢʫʣʠʨʫʝʪ ʚ ʢʦʥʪʫʨʝ ʦʭʣʘʞʜʝʥʠʷ ʢʘʩʩʝʪ ʧʨʘʚʠʣʴʥʦ-ʨʘʩʪʷʞʥʦʡ 

ʤʘʰʠʥʳ ʠ, ʧʦʧʘʜʘʷ ʥʘ ʨʦʣʠʢʠ, ʚʳʟʳʚʘʝʪ ʠʟʥʦʩ, ʟʘʜʠʨʳ ʠ ʚʳʢʨʘʰʠʚʘʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ [1, 2].  

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʭʝʤʳ ʦʯʠʩʪʢʠ ʟʘ-

ʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʉʆɾ ʠʟ ʮʠʨʢʫʣʷʮʠʠ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʢʘʩʩʝʪ ʇʈʄ 

ʦʪ ʪʚʸʨʜʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʣʦʩʳ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘ-

ʯʠ: 

- ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʟʘʛʨʷʟʥʝʥʠʡ; 

- ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʠʣʴʪʨʦʚʘʥʠʷ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʉʆɾ 

ʯʝʨʝʟ ʪʢʘʥʴ ʬʠʣʴʪʨʫʶʱʫʶ [3, 4], ʧʨʠʤʝʥʷʝʤʫʶ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʇʈʄ. 

ʄʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʦʣʦʜʥʦʢʘʪʘʥʥʳʡ ʣʠʩʪʦʚʦʡ ʧʨʦʢʘʪ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʥʘ ʧʨʘʚʠʣʴʥʦ-

ʨʘʩʪʷʞʥʦʡ ʤʘʰʠʥʝ. ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʦʩʘʜʦʢ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʦʡ 

ʩʝʧʘʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʫʯʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʛʥʠʪʘ ʠ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠ-

ʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. 

ʌʠʣʴʪʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʢʘʥʠ ʬʠʣʴʪʨʫʶʱʝʡ ʊʋ17 

ʈʉʌʉʈ 529814-80. ʌʠʣʴʪʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʚʝ ʧʨʦʙʳ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʜʨʝʩʩʠʨʦʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ Gerolub 915 ʄ ʩ ʇʈʄ ʦʙʲʸʤʦʤ ʧʦ 500 ʤʣ. 

ʆʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚʠʟʫʘʣʴʥʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʙʳ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʉʆɾ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʞʠʜʢʦʩʪʴ ʩʦ ʚʟʚʝʰʝʥʥʳʤ ʪʦʥʢʠʤ ʰʣʘʤʠʩʪʳʤ ʦʩʘʜʢʦʤ 

ʯʸʨʥʦʛʦ ʮʚʝʪʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʩʘʞʜʘʝʤʳʤ ʧʨʠ ʦʪʩʪʘʠʚʘʥʠʠ ʚ ʚʠʜʝ 

ʧʣʦʪʥʦʛʦ ʚʷʟʢʦʛʦ ʦʩʘʜʢʘ. ʄʘʩʣʷʥʘʷ ʬʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʚʠʟʫʘʣʴʥʦ ʥʝ 

ʦʙʥʘʨʫʞʝʥʘ. 

ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʉʆɾ ʦʪ ʪʚʸʨʜʳʭ ʩʠʣʴʥʦʤʘʛʥʠʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʚʟʚʝ-

ʰʝʥʥʳʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʉʆɾ ʯʘʩʪʠʮʳ ʰʣʘʤʘ. ʉʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩ-

ʪʠʮ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙʘʭ ʨʘʩʪʚʦʨʦʚ Gerolub 915 ʄ ʩʦʩʪʘʚʠʣʦ 350-400 ʤʛ/ʣ. 

ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʸʨʥʳʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʧʨʦʜʫʢʪʳ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʳʩʫʰʝʥʥʦʤ ʦʩʘʜʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʤʘʪʝʨʠʘʣ ʤʘʛ-

ʥʠʪʥʳʡ (ʨʠʩ. 1) ʧʨʠ ʵʪʦʤ ʜʦ 90% ʦʩʘʜʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʥʢʠʤʠ ʧʦʨʦʰʢʦʦʙʨʘʟ-

ʥʳʤʠ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʞʝʣʝʟʘ (ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʳʜʝʣʝ-

ʥʠʝ ʚʦʜʦʨʦʜʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʩʘʜʢʘ ʢʠʩʣʦʪʦʡ) ʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʝʛʦ ʦʢʩʠ-

ʜʦʚ (ʤʘʛʥʝʪʠʪ). ʊʚʸʨʜʳʡ ʦʩʪʘʪʦʢ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʝʤʘʛʥʠʪʥʳʡ, ʧʨʝʜ-

ʩʪʘʚʣʝʥ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʫʛʣʝʨʦʜʠʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʛʨʘʬʠʪ) - ʧʨʦʜʫʢʪʘʤʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ. 

 



93 
 

 
 

ʈʠʩ. 1. ɺʠʜ ʩʫʭʦʛʦ ʦʩʘʜʢʘ ʠʟ ʨʘʩʪʚʦʨʘ ʉʆɾ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ 

 

ʇʨʠ ʦʯʠʩʪʢʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʉʆɾ ʩ ʧʦʤʦʱʴʶ 

ʨʫʯʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʛʥʠʪʘ ʜʦʩʪʠʛʥʫʪʦ ʠʟʚʣʝʯʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʤʘʛʥʠʪ-

ʥʫʶ ʬʘʟʫ ʜʦ 98%. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʦʯʠʩʪʢʠ ʨʘʩ-

ʪʚʦʨʘ ʉʆɾ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʙʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠʟ ʩʙʦʨʥʠʢʘ ʬʠʣʴʪ-

ʨʦʚʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ.  

 

 
 

ʈʠʩ.2. ʄʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ʉʆɾ 

 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʪʚʸʨ-

ʜʳʡ ʦʩʘʜʦʢ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʉʆɾ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʠʩʧʳʪʳʚʘʝʤʳʡ 

ʬʠʣʴʪʨʦʚʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ. ʊʢʘʥʴ ʬʠʣʴʪʨʫʶʱʘʷ (ʊʋ17 ʈʉʌʉʈ 529814-80) ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʪʦʥʢʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ (ɻʆʉʊ 29104.23-91) ʜʠʩʧʝʨʩʥʦʩʪʠ ʪʚʸʨ-

ʜʳʭ ʯʘʩʪʠʮ ʟʘʛʨʷʟʥʝʥʠʡ ʯʸʨʥʦʛʦ ʧʨʦʢʘʪʘ ʮʝʭʘ ʠ ʧʦʵʪʦʤʫ ʥʝ ʧʨʠʛʦʜʥʘ ʜʣʷ 

ʬʠʣʴʪʨʘʮʠʠ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʉʆɾ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʇʈʄ. 

ʊʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʬʠʣʴʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10-20 ʤʢʤ.  
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʭʝʤʳ ʦʯʠ-

ʩʪʢʠ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʉʆɾ ʠʟ ʮʠʨʢʫʣʷʮʠʠ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʢʘʩʩʝʪ 

ʇʈʄ ʦʪ ʪʚʸʨʜʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʣʦʩʳ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʧʨʦ-

ʢʘʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʨʦʙʳ ʨʘʩʪʚʦʨʦʚ ʜʨʝʩʩʠʨʦʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ Gerolub 915 ʄ 

ʠʟ ʩʣʠʚʘ ʥʘ ʬʠʣʴʪʨ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʇʈʄ ʩʦʜʝʨʞʘʪ 350-400 ʤʛ/ʣ ʟʘ-

ʛʨʷʟʥʝʥʠʡ ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʦʛʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʢʘ ʯʸʨʥʦʛʦ ʮʚʝʪʘ. ɿʘʛʨʷʟ-

ʥʝʥʠʷ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʠʪʥʦʡ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʡ 

ʬʘʟʦʡ ʞʝʣʝʟʘ ʠ ʝʛʦ ʦʢʩʠʜʦʚ ʩ ʧʨʠʤʝʩʴʶ ʫʛʣʝʨʦʜʘ ʜʦ 10%. ɺʳʩʫʰʝʥʥʳʡ ʤʘʪʝʨʠ-

ʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʤʘʛʥʠʪʥʳʡ. ʊʦʥʢʠʝ ʯʘʩʪʠʮʳ ʛʨʘʬʠʪʘ ʫʚʣʝʢʘʶʪʩʷ ʚ ʤʘʛʥʠʪ-

ʥʳʡ ʧʨʦʜʫʢʪ ʟʘ ʩʯʸʪ ʥʘʣʠʧʘʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʯʘʩʪʠʮʳ. 

ɺʦʟʤʦʞʥʘ ʦʯʠʩʪʢʘ ʨʘʩʪʚʦʨʘ ʉʆɾ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʜʦ 98% ʧʦ ʪʚʸʨʜʦʤʫ 

ʧʨʦʜʫʢʪʫ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʤʘʩʩʫ ʚʳʩʫʰʝʥʥʦʛʦ ʦʩʘʜʢʘ.  

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʚʳʷʚʠʣʘ ʥʝʧʨʠʛʦʜʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʢʘʥʠ ʬʠʣʴʪʨʫʶʱʝʡ ʧʦ ʜʠʩʧʝʨʩʥʦʩʪʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʉʆɾ ʧʨʝʜʣʦʞʝʥ ʩʝʧʘʨʘʪʦʨ ʩʝʨʠʠ ɼʄɼ  

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʂɽʄɽʊè (ʛ. ʉ.ʇʝʪʝʨʙʫʨʛ) [5]. ʉʝʧʘʨʘʪʦʨʳ ʩʝʨʠʠ ɼʄɼ ʢʦʤ-

ʧʣʝʢʪʫʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʜʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʫʣʘʚʣʠʚʘʶʪ 

ʪʚʝʨʜʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘʷ ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʉʫʣʪʘʤʫʨʘʪ, ɻ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʫʭʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘ-

ʨʘʮʠʠ / ɻ.ʀ. ʉʫʣʪʘʤʫʨʘʪ, ɹ.ʄ.ɹʦʨʘʥʙʘʝʚʘ, ʃ.ɸ.ʄʘʢʩʶʪʠʥ, ɸ.ɽ.ɸʩʘʫʦʚʘ // ʄʝʞ-

ʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ ʧʨʠʢʣʘʜʥʳʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ï 2015, ˉ 

11. ï ʉ.170-175. 

2 ɹʫʣʳʞʝʚ, ɽ. ʄ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʩʯʝʪ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʩʩʝʪʥʳʭ ʧʘ-

ʪʨʦʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ / ɽ.ʄ. ɹʫʣʳʞʝʚ, ɽ.ʅ. ʄʝʥʴʰʦʚ, ʅ.ʅ. ʂʦʥʜʨʘʪʴʝʚʘ, ɸ.ʖ. 
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ʋʣɻʊʋ, 2011. ï 216 ʩ. 
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ʤʳʰʣʝʥʥʦʩʪʠ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

2 ɻʆʉʊ 29104.23-91. ʊʢʘʥʠ ʪʝʭʥʠʯʝʩʢʠʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʥʢʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ. 

5 ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 55362, ʈʦʩʩʠʷ. ʄʇʂ ɺ01D 17/035. ʀʥʪʝʛ-

ʨʠʨʦʚʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʦʯʠʩʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ / ɽ. ʄ. 
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Abstract. It was revealed that during the finishing processing of cold-rolled strip, solid con-

taminated slimy particles enter the filtering device of a stretching machine (PFP), a solution of cut-

ting fluid (coolant), causing increased wear on the rollers of the machine. The content of solid par-

ticles in the coolant solution was established by weighing the filtered precipitate after washing and 

drying to constant weight, their dispersion. Evaluation of the filtration efficiency revealed the inap-
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propriateness of using filtering tissue by the dispersion of solid particles of a contaminated solu-

tion. A magnetic separator of the DMD series is proposed. 

Keywords: straightening machine, cutting fluid, filter cloth, training fluid, magnetic separa-

tor, contaminated solution, cold rolled sheet metal. 

 

ʋɼʂ 621.833.01 

ɸʅɸʃʀɿ ʇʈʆɹʃɽʄ ʀɿɻʆʊʆɺʃɽʅʀʗ ɿʋɹʏɸʊʓʍ ʂʆʃɽʉ 
ʄ.ɼ. ʉʳʯʢʠʥʘ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪ.ʧʨ. ɸ.ɸ. ɺʦʣʢʦʚʩʢʠʡ  

çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪè ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʝʢʪʦʨʳ ʠ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʟʫʙʘ, ʘ ʪʘʢ ʞʝ ʤʥʦʛʦʧʘʨʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʜʦʩ-

ʪʘʪʢʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ, ʢʦʨʨʠʛʠʨʦʚʘʥʠʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʫʧʨʦʯ-

ʥʝʥʠʝ, ʤʥʦʛʦʧʘʨʥʦʝ ʟʘʮʝʧʣʝʥʠʝ, ʢʘʯʝʩʪʚʦ, ʢʦʥʪʨʦʣʴ. 

 

ɺʚʝʜʝʥʠʝ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʧʦ-

ʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲ-

ʷʚʣʷʶʪ ʢ ʢʘʯʝʩʪʚʫ ʠʟʜʝʣʠʡ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʝʭʘʥʠʟʤʳ 

ʧʝʨʝʜʘʯʠ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ.  

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʤʥʦʛʠʭ ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘ-

ʥʠʟʤʦʚ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ. ʀʭ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚʳʟʚʘʥʦ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʥʘʠ-

ʙʦʣʴʰʠʭ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦ-

ʰʝʥʠʷ, ʚʳʩʦʢʠʡ ʂʇɼ ʧʝʨʝʜʘʯʠ, ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚʳʩʦʢʠʭ 

ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʧʣʘʚʥʦʩʪʴ ʠ ʙʝʩʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʪ.ʜ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʯʠʤʠ ʚʠʜʘʤʠ ʧʝʨʝʜʘʯ. [3, ʩ. 6] ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʆʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʝʪʘʣʠ ʦʢʘʟʳʚʘʝʪ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʘʤʦʛʦ ʠʟʜʝʣʠʷ ʩ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʤ ʜʣʷ ʥʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʝʬʝʢʪʳ ʚ ʨʘʙʦʪʝ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʦʰʠʙʦʢ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ.  

ʂʘʯʝʩʪʚʦ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ, ʧʦ-

ʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʟʫʙʯʘʪʳʤ ʧʝʨʝʜʘʯʘʤ ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʜʝʞʥʦʩʪʠ, 

ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʂʘʞʜʳʡ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ: ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʦʡ ʟʫʙʯʘʪʦʡ 

ʧʝʨʝʜʘʯʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦ-

ʚʨʝʤʝʥʥʳʝ ʠʥʞʝʥʝʨʳ, ʷʚʣʷʝʪʩʷ ʚʠʙʨʘʮʠʷ ʠ ʰʫʤ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. ʕʪʦ ʦʙʲʷʩ-



97 
 

ʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʩʯʝʪʳ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦ-

ʣʝʝ ʩʣʦʞʥʳʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʢʠ. ʇʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʰʫʤʘ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʜʝʤʧʬʠ-

ʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʩʪʘʣʝʡ ʩ ʪʚʝʨʜʦʩʪʴʶ ʜʦ 30ï35 HRC, ʯʫʛʫʥʦʚ ʠ ʪ.ʜ) [6, 

ʩ.73] 

ɽʱʝ ʦʜʥʦʡ ʥʝʤʘʣʦʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʙʣʦʤʦʚ ʠ ʪʨʝʱʠʥ 

(ʟʘʜʠʨʦʚ). ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʦ ʩ ʥʝʪʦʯʥʦʩʪʷʤʠ ʘʥʘʣʠʪʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʯʥʦʩʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ. ʌʘʢʪʦʨʘʤʠ, ʦʧ-

ʨʝʜʝʣʷʶʱʠʤʠ ʥʝʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ, ʷʚʣʷʶʪʩʷ ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ, 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʘʥʥʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʥʝ 

ʢʦʨʨʝʢʪʥʦ ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ 

ʟʫʙʴʷ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʥʦʛʦʧʘʨʥʳʭ ʧʝʨʝʜʘʯ ʨʝʢʦʤʝʥʜʫʶʪ 

ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʪʘʢʪʥʳʝ ʠ 

ʠʟʛʠʙʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʨʦʬʠʣʷ ʟʫʙʴʝʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʛʠʙʥʳʝ ʥʘ-

ʧʨʷʞʝʥʠʷ ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʥʦʡ ʢʨʠʚʦʡ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜ-

ʥʦʛʦ ʢʦʥʪʫʨʘ [6, ʩ. 64-65]. 

ʇʨʠ ʦʜʥʦʧʘʨʥʦʤ ʟʘʮʝʧʣʝʥʠʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʯʘʩʪʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʩʦʧʨʷʞʝʥʠʝ ʟʫʙʴʝʚ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʭʦʜ ʚ ʩʠʩʪʝʤʫ ʠ ʚʳʭʦʜ ʠʟ 

ʥʝʝ ʪʦ ʦʜʥʦʡ, ʪʦ ʜʚʫʭ ʧʘʨʳ ʟʫʙʴʝʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴ ʟʘ-

ʮʝʧʣʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʣʝʜʫʝʪ ʠʟʤʝʥʷʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʢʨʳʪʠʷ ʚ ʟʘʮʝʧʣʝʥʠʷʭ ʟʫʙʴʝʚ.[3, ʩ. 24- 27]  

ʇʦʤʠʤʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, 

ʧʝʨʝʜ ʠʥʞʝʥʝʨʘʤʠ ʚʩʝʛʜʘ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʠʟʜʝʣʠʷ ʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ 

ʚ ʦʩʥʦʚʥʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʚʳʩʪʫʧʘʝʪ ʩʪʦʡʢʦʩʪʴ ʨʝ-

ʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠ ʧʨʠ 

ʵʪʦʤ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʚ ʟʦ-

ʥʫ ʨʝʟʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ [2]. ʕʪʦʪ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʨʘʙʦʪʝ ʧʴʝ-

ʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʜʘʯʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʢ ʨʝʞʫʱʝʤʫ 

ʠʥʩʪʨʫʤʝʥʪʫ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʴ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʪʥʦʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

ɽʩʣʠ ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʝʨʝʤʝʥʥʦ, ʪʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʚʳʥʫʞʜʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ [1, ʩ. 48]. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʥʘʢʣʘʜʢʘʤʠ 

ʃʘʥʞʝʚʝʥʦʚʩʢʦʛʦ ʪʠʧʘ (ʨʠʩ. 1.) [1, ʩ. 51]. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʂ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʤ ʢʦʣʴʮʘʤ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʇʨʠʝʤʫʱʝʩʪʚʘ 

ʜʘʥʥʦʛʦ ʪʠʧʘ: ʥʝʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʧʨʦʩʪʦʪʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ 

ʣʶʙʦʡ ʥʘʛʨʫʟʢʝ, ʚʳʩʦʢʠʡ ʵʣʝʢʪʨʦʘʢʢʫʩʪʠʯʝʩʢʠʡ ʂʇɼ, ʦʙʣʝʛʯʝʥʥʦʝ ʩʦʧʨʷʞʝʥʠʝ 
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ʩ ʧʠʪʘʶʱʠʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʠ ʥʠʟ-

ʢʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʠʤʧʝʜʘʥʩʫ. [1, ʩ. 51]  

 

 
 

ʈʠʩ. 1. ʇʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʥʘʢʣʘʜʢʘʤʠ ʃʘʥʞʝʚʝʥʦʚʩʢʦ-

ʛʦ ʪʠʧʘ 

1 - ʨʘʜʠʘʪʦʨ, 2- ʦʪʨʘʞʘʪʝʣʴ, 3- ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʝ ʢʦʣʴʮʦ, 4- ʵʣʝʢʪʨʦʜ, 5- 

ʩʪʷʞʥʦʡ ʙʦʣʪ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦ-

ʣʝʙʘʥʠʡ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʷ ʪ.ʢ. ʚ ʧʨʦʮʝʩʩʝ ʩʥʠʞʘʝʪʩʷ ʪʨʝʥʠʝ ʯʘʩʪʠʮ 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʩʥʘʩʪʢʠ ʤʝʞʜʫ ʩʦʙʦʡ.  [2, ʩ. 37]. 

ʆʜʥʘʢʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʥʦʩ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʧʨʦʮʝʩʩʦʤ ʨʝʟʘʥʠʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʫʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʠ ʪʨʝʙʫʝʪ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʢʘʞʜʦʤ ʥʦʚʦʤ ʩʣʫʯʘʝ.  

ʉʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ ʥʝ ʜʦʣʞʥʦ ʦʪʨʘ-

ʞʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʂʘʢ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʟʫʙʯʘʪʳʝ ʢʦʣʝ-

ʩʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʧʝʨʝʜʘʯʠ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, 

ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪ ʢʦʨʨʠʛʠʨʦʚʘʥʠʝ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ[4, ʩ. 312-313]. ʂʦʨʨʠʛʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʩʦʧʨʷʞʝʥʥʳʭ 

ʢʦʣʝʩ ʩ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʯʠʩʝʣ ʟʫʙʴʝʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʤʘʣʦʛʦ 

ʢʦʣʝʩʘ. ʇʨʦʮʝʩʩ ʜʦʩʪʠʛʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ ʨʝʡʢʠ ʦʪ ʜʝʣʠʪʝʣʴ-

ʥʦʛʦ ʜʠʘʤʝʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʢʦʣʝʩʘ (ʨʠʩ.2) [12]. 

ʂʦʨʨʠʛʠʨʦʚʘʥʠʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠʟʤʝʥʷʝʪ ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʟʫʙʯʘ-

ʪʳʭ ʧʝʨʝʜʘʯʘʭ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʤʥʦʛʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʟʘʜʘʯʠ. 

ʊʘʢʞʝ ʢʦʨʨʠʛʠʨʦʚʘʥʠʝ ʫʤʝʥʴʰʘʝʪ ʛʘʙʘʨʠʪʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪ-

ʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʮʝʧʣʝʥʠʷ, ʫʩʪʨʘʥʷʝʪ ʧʦʜʨʝʟʘʥʠʝ ʥʦʞʢʠ ʟʫʙʘ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ [4, ʩ. 312-313]. 
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ʈʠʩ. 2.  ɺʣʠʷʥʠʝ ʩʤʝʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ ʧʨʦʠʟʚʦʜʷʱʝʡ ʨʝʡʢʠ ʥʘ 

ʬʦʨʤʫ ʟʫʙʘ ʢʦʣʝʩʘ 

1 ð ʧʦʣʦʞʝʥʠʝ ʥʝʩʤʝʱʝʥʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ; 2 ð ʜʝʣʠʪʝʣʴʥʘʷ ʧʨʷ-

ʤʘʷ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ ʚ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ; 3 ð ʜʝʣʠʪʝʣʴʥʘʷ ʦʢʨʫʞʥʦʩʪʴ ʢʦʣʝʩʘ; 

4 ð ʬʦʨʤʘ ʟʫʙʘ ʢʦʣʝʩʘ ʩ ʧʦʜʨʝʟʦʤ ʥʦʞʢʠ, ʧʦʣʫʯʝʥʥʘʷ ʙʝʟ ʩʤʝʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʢʦʥʪʫʨʘ; 5 ð ʧʦʣʦʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ, ʩʤʝʱʝʥʥʦʛʦ ʥʘ ʭm ʦʪ ʮʝʥʪʨʘ ʢʦʣʝ-

ʩʘ; 6 ð ʬʦʨʤʘ ʟʫʙʘ ʢʦʣʝʩʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʩʤʝʱʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ; t ð 

ʰʘʛ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ 

 

ɿʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʩʧʳʪʳʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. 

ʈʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ ʬʦʨʤʳ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʫʙʴʝʚ ʧʨʠʚʦʜʷʪ ʢ ʥʝ-

ʧʣʘʚʥʦʡ ʨʘʙʦʪʝ ʧʝʨʝʜʘʯʠ, ʚʩʣʝʜʩʪʚʠʠ ʚʦʟʥʠʢʘʝʪ ʚʠʙʨʘʮʠʠ ʠ ʰʫʤ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ ʠʩʧʳʪʳʚʘʝʪ ʬʨʠʢʮʠʦʥʥʫʶ ʫʩʪʘʣʦʩʪʴ ʠ ʘʙʨʘʟʠʚʥʳʡ 

ʠʟʥʦʩ. ɸʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʠ ʢ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʨʘʟʫʧʨʦʯʥʝʥʠʶ. ʅʘ ʠʟʥʘʰʠʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʠʟʥʘʰʠ-

ʚʘʥʠʝ ʟʫʙʴʝʚ ʢʦʣʝʩʘ, ʪ.ʝ. ʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ [5, ʩ.17]. ɿʘʤʝʥʫ ʟʫʙʯʘʪʦʡ 

ʧʘʨʳ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝ ʨʝʥʪʘʙʝʣʴʥʦ ʪ.ʢ. ʵʪʦʪ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ. 

ʅʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʢʦʣʝʩʘ. ɹʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʧʨʦʯʥʝʥʠʷ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʢʦ-

ʣʝʩ ʩʦʯʝʪʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʨʘʚʥʦ-

ʩʪʦʡʢʦʩʪʴ [5, ʩ. 17]. ʇʨʦʮʝʩʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʥʘ ʚʝʜʦʤʦʝ ʢʦʣʝʩʦ ʨʘʚ-

ʥʦʤʝʨʥʦ ʥʘʥʦʩʠʪʩʷ ʠʟʥʦʩʦʩʪʦʡʢʠʡ ʤʘʪʝʨʠʘʣ. ʅʘ ʚʝʜʫʱʝʤ ʢʦʣʝʩʝ ʧʨʦʨʝʟʘʶʪ ʢʘ-

ʥʘʚʢʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʟʘʧʦʣʥʷʶʪʩʷ ʠʟʥʦʩʦʩʪʦʡʢʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ ʚʨʘʱʝʥʠʠ, 

ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ ʚʳʩʪʫʧʘʶʱʠʤʠ ʯʘʩʪʷʤʠ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʩʪʫʧʘʝʪ ʚ 

ʢʦʥʪʘʢʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʝʜʦʤʦʛʦ ʢʦʣʝʩʘ, ʧʦʢʨʳʪʦʡ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʞʝ 

ʠʟʥʦʩʦʩʪʦʡʢʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʥʘʛʨʫʟʢʘ ʚʳʩʪʫ-

ʧʘʶʱʝʡ ʯʘʩʪʠ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ ʚʝʜʦʤʦʛʦ 

ʢʦʣʝʩʘ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [5, 

ʩ.18]. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ ʧʨʠʤʝʥʷ-

ʶʪ ʤʝʪʦʜ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʬʠʣʷ ʟʫʙʴʝʚ, ʧʦʚʳʰʘʶʱʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʨʘʙʦʪʳ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ. ʇʨʦʬʠʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʤʦʛʘʝʪ ʨʘʚʥʦ-
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ʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ ʧʦ ʰʠʨʠʥʝ ʟʫʙʘ, ʧʦʚʳʰʘʝʪ ʧʣʘʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʝ-

ʨʝʜʘʯʠ [7, ʩ. 165]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʭʨʦʥʥʦʡ ʨʘʙʦʪʳ ʟʫʙʯʘʪʦʡ ʧʘʨʳ ʚ ʤʝʭʘʥʠʟʤʝ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʨʠʨʘʙʦʪʢʘ ʟʫʙʴʝʚ [7, ʩ.167]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʨʘʟʨʝʰʘʝʪ ʚʳʷʚʠʪʴ ʠ ʫʙʨʘʪʴ 

ʩʦʢʨʳʪʳʝ ʥʝʜʦʩʪʘʪʢʠ ʚ ʠʪʦʛʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʢʦʥʪʘʢʪʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʠʣʠ ʞʝ ʠʟ-

ʥʘʰʠʚʘʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʩʢʦʩʪʝʡ. ɼʣʷ ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ 

ʧʨʠʨʘʙʦʪʢʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʠ ʢʦʣʝʩʘ ʨʘʙʦʪʘʶʪ ʧʨʠ ʙʦʣʴʰʦʡ ʥʘʛʨʫ-

ʞʝʥʥʦʩʪʠ, ʟʘʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʧʦʜʚʦʜʝ ʩʤʘʟʢʠ [7, ʩ. 

167]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʢʦʣʝʩ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʢʘʪʢʘ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ. ɺ ʧʨʦ-

ʮʝʩʩʝ ʧʨʠʨʘʙʦʪʢʠ ʠʟʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ [7, ʩ.167]. 

ɺ ʦʙʣʘʩʪʠ ʫʧʨʦʯʥʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ 

ʤʝʪʦʜ ʥʘʢʣʝʧʘ ʜʨʦʙʴʶ [7, ʩ.167]. ʇʨʦʮʝʩʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʯʫʛʫʥʥʦʡ ʠʣʠ ʩʪʘʣʴʥʦʡ ʜʨʦʙʠ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʨʝʞʠʤʘ ʥʘʢʣʝʧʘ. ʇʨʠ ʚʳ-

ʙʦʨʝ ʨʝʞʠʤʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʫʯʪʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʬʘʟʦʚʦʛʦ ʩʦ-

ʩʪʘʚʘ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʧʦʜ-

ʚʝʨʛʥʫʪʳʭ ʮʝʤʝʥʪʘʮʠʠ ʠ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ.  

ɺʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʤʦʜʫʣʴ ʢʦʣʝʩʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʳ-

ʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʧʝʨʝʜʘʯ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʙʨʘʪʴ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʝ ʢʦʣʝʩʘ. ʅʦ, 

ʢʘʢ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʧʦʚʳʰʝʥʠʝ ʤʦʜʫʣʷ ʢʦʣʝʩ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʪʘʢʪʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʟʫʙʴʝʚ ʠ ʩʥʠʞʝʥʠʶ ʠʭ ʩʪʦʡʢʦʩʪʠ ʧʨʦʪʠʚ ʟʘʝʜʘʥʠʷ [7, ʩ.166]. ʅʘʠʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʯʘʪʳʭ ʷʚʣʷʝʪʩʷ ʮʝʤʝʥ-

ʪʘʮʠʷ [9, ʩ. 40-44]. ʇʨʦʮʝʩʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʩʳʱʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʦʤ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʘʣʝʝ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʢʘʣʢʘ.  ʎʝ-

ʤʝʥʪʠʨʫʝʤʳʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʠʟʛʦʪʦʚʣʷʶʪ ʠʟ ʩʪʘʣʝʡ 20ʍ, 12ʍʅɿɸ, 12ʍ2ʅ4ɸ, 

20ʍ2ʅ4ɸ, 18ʍ2ʅ4ɺɸ ʠ ʜʨ. ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʧʦʜʚʝʨʛʘʶʪ ʦʪʧʫʩʢʫ 

ʧʨʠ 180ð 200Á ʉ [11]. 

ʊʘʢʞʝ ʎʝʤʝʥʪʘʮʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʟʦʪʠʨʦʚʘʥʠʝʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʨʷʜ 

ʧʨʠʝʤʫʱʝʩʪʚ: 

1. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʣʱʠʥʳ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ. 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʫʙʯʘʪʳʭ ʢʦ-

ʣʝʩ ʠʟ ʵʢʦʥʦʤʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ (ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʣʝʛʠʨʦʚʘʥʥʳʭ). 

3. ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʟʘʢʘʣʢʠ ʧʦʩʣʝ ʧʦʜʩʪʫʞʠʚʘʥʠʷ ʠʣʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ [11]. 

ɿʘʢʣʶʯʘʶʱʠʤ ʵʪʘʧʦʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ. ʇʨʠʯʠʥʳ 

ʧʦʷʚʣʝʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ, ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʠʝ ʥʝʪʦʯʥʦʩʪʝʡ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʦʥʪʨʦʣʷ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʥʷʪʦʡ ʩʠʩ-

ʪʝʤʳ ʦʪʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʠʩʪʝʤʘ 

ʦʪʩʯʝʪʘ ʧʨʠ ʟʘʮʝʧʣʝʥʠʠ ʩ ʪʦʯʥʦʡ ʨʝʡʢʦʡ (ʨʠʩ.3) [10, ʩ. 7].  
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ʈʠʩ. 3. ʉʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʧʨʠ ʟʘʮʝʧʣʝʥʠʠ ʩ ʪʦʯʥʦʡ ʨʝʡʢʦʡ 

 

ʇʨʠʥʮʠʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʦʞʝʥʠʠ ʥʘ ʢʦʣʝʩʦ ʚʦʦʙʨʘʞʘʝʤʦʛʦ ʢʦʥʪʫʨʘ ʨʝʡ-

ʢʠ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʣʠʥʠʡ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʀʟʤʝʥʷʶʱʠʝʩʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʠʟʙʳʪʦʯʥʳʝ ʧʨʠʨʘʱʝʥʠʷ ʦʪ-

ʨʝʟʢʦʚ ʜʝʣʴʪʘ F ʧʦ ʢʦʪʦʨʦʡ ʧʝʨʝʜʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʦʪ ʨʝʘʣʴʥʦʛʦ ʢʦʣʝʩʘ ʢ ʚʦʦʙʨʘ-

ʞʘʝʤʦʤʫ ʢʦʥʪʫʨʫ. ʅʝʨʘʚʥʦʤʝʨʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʜʚʠʞʝʥʠʠ ʧʨʦʬʠʣʷ ʨʝʡʢʠ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʚʨʘʱʝʥʠʠ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʝʪʦʯʥʦʩʪʠ ʧʦ ʧʨʦʬʠ-

ʣʷʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʣʝʩʘ [10, ʩ. 5-8]. ʕʪʘ ʩʠʩʪʝʤʘ ʫʜʦʙʥʘ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʦʰʠ-

ʙʦʢ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʥʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʠʥʞʝʥʝʨʘʤ ʧʨʝʜʩʪʦʠʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʧʫʪʠ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʝʨʝʜʘʯ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʟʘʮʝʧʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʜʘʯ ʩ ʤʥʦʛʦʧʘʨ-

ʥʳʤ ʢʦʥʪʘʢʪʦʤ ʟʫʙʴʝʚ. ʕʪʠ ʧʝʨʝʜʘʯʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ. ɿʫʙʯʘ-

ʪʳʝ ʧʝʨʝʜʘʯʠ ʦʜʥʦʧʘʨʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʧʝʨʝʚʦʜʷʪ ʥʘ ʤʥʦʛʦʧʘʨʥʦʝ ʧʫʪʝʤ ʠʟʤʝ-

ʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʝʪʨʠʠ ʟʘʮʝʧʣʝʥʠʷ. ʄʥʦʛʦʧʘʨʥʦʝ ʩʮʝʧʣʝʥʠʝ ʟʫʙʴʝʚ ʧʦ-

ʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʘʛʨʫʟʢʫ, ʜʝʡʩʪʚʫʶʱʫʶ 

ʥʘ ʟʫʙʴʷ (ʪ.ʢ. ʥʘʛʨʫʟʢʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥ-

ʪʘʢʪʠʨʫʶʱʠʤʠ ʧʘʨʘʤʠ ʟʫʙʴʝʚ), ʫʤʝʥʴʰʘʝʪ ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʢʦʥ-

ʪʘʢʪʫ ʠ ʠʟʛʠʙʫ ʟʫʙʴʝʚ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʚʠʜ ʟʘʮʝʧʣʝʥʠʷ ʠʤʝʝʪ ʨʷʜ ʩʣʝʜʫʶʱʠʭ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ: ʫʚʝʣʠʯʝʥʠʝ ʛʘʙʘ-

ʨʠʪʦʚ ʢʦʣʝʩʘ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʦ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʧʘʨ-

ʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞ-

ʥʦʩʪʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 
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ʉʝʢʮʠʷ 3. ʊʈɸʅʉʇʆʈʊʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ 

ʂʆʄʇʃɽʂʉʓ ʀ ʕʂʆʃʆɻʀʗ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʳ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè ʂʫʨʩʦʚ ʀʚʘʥ ɺʠʪʘʣʴʝʚʠʯ 

 

ʋɼʂ 628.31 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɻʈʗɿʅʗʖʑʀʍ ɺɽʑɽʉʊɺ ɺ ʄʆʈʉʂʆʁ  

ɸʂɺɸʊʆʈʀʀ ɹʋʍʊʓ ɹʆʃʔʐʆʁ ʂɸʄɽʅʔ 

ɺ.ʅ. ɺʦʣʢʦʚʘ, ɼ.ɺ. ɺʦʣʢʦʚ, ʄ.ʀ. ɽʨʤʦʣʝʥʢʦ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʀʉɿʠʉ 

ɺ.ʃ. ɻʦʣʦʚʠʥ 

ɼɺʌʋ, ʀʥʞʝʥʝʨʥʘʷ ʰʢʦʣʘ, ʢʘʬʝʜʨʘ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʟʜʘʥʠʡ  

ʠ ʩʦʦʨʫʞʝʥʠʡ ʛ. ɺʣʘʜʠʚʦʩʪʦʢ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦ-

ʣʝʝ ʦʧʘʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʸʤʦʚ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ 

ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʠ ʩʦʜʝʨʞʘʪ ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ 

ʱʝʣʦʯʝʡ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [1]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʧʘʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʠ ʧʨʦʤʳʚʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʚʸʨʜʳʭ ʦʩʘʜʢʦʚ [2]. 

ʇʨʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʦʯʠʩʪʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʝʤʙʨʘʥʥʳʝ ʤʝʪʦʜʳ (ʵʣʝʢʪʨʦʣʠʟ, ʵʣʝʢʪʨʦʜʠʘʣʠʟ, ʵʣʝʢ-

ʪʨʦʬʣʦʪʘʮʠʷ), ʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʩʥʦʚʳʚʘʪʴ ʥʘ ʩʦʯʝʪʘʥʠʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ: ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʵʣʝʢʪʨʦʬʣʦʪʘʮʠʠ ʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ [3-4]. 

ʇʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʫʯʸʪʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʚʦʜʳ ʧʨʠ ʠʭ ʩʙʨʦʩʝ 

ʚ ʚʦʜʦʸʤʳ ï ʅɼʉ (ʥʦʨʤʘʪʠʚ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʩʙʨʦʩʦʚ) ʠ ʇɼʂ (ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ) ʠ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʣʫʯʘʝʤʳʝ ʧʨʦ-

ʜʫʢʪʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʙʝʟ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ [5]. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ ï ʦʜʠʥ ʨʘʟ 

ʚ 30ï50 ʣʝʪ, ʥʝ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ, ʘ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʠʭ ʚʦ-

ʧʣʦʱʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʩ-

ʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʬʘʟʦʚʦ-

ʤʫ ʩʦʩʪʦʷʥʠʶ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ, ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜ [6]. 

ʉʫʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʚʝʨʬʠ, ʘʚʠʘʮʠʦʥʥʳʝ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʟʘʚʦʜʳ, ʟʘʚʦʜʳ ʧʦ ʠʟʛʦ-

ʪʦʚʣʝʥʠʶ ʠ ʨʝʤʦʥʪʫ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʩʙʨʦʩʦʚ ʦʪ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ 

ʮʝʭʦʚ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʘ ʠʟ ʥʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʪʦʢʠ, ʯʪʦ ʧʘ-

ʛʫʙʥʦ ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʫʜʦʝʤʢʠ, ʪʦ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʨʘʟʚʠ-

ʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʥʘʠʣʫʯʰʝʡ ʠ ʵʢʦʥʦʤʠʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʠ ʩʙʨʦʩʘʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʘʢʚʘʪʦʨʠʠ, ʧʦʢʨʳ-
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ʪʳʝ ʣʴʜʦʤ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʧʨʠʤʝʨʝ ʚʳʧʫʩʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʥʘ ʦʯʠʩʪ-

ʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʛ. ɹʦʣʴʰʦʡ ʂʘʤʝʥʴ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʘʩʭʦʜ 40000 ʤ
3
 

ʚ ʩʫʪʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʠʟʚʝʩʪʠ ʨʝʘʛʝʥʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʧʦʜʦʙʨʘʪʴ ʥʘʠʣʫʯʰʠʡ ʩʦʨʙʝʥʪ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ; 

- ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʤʝʪʦʜʠʢʠ ʧʨʠʢʘʟʘ 

ʄʇʈ ˉ 333 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʄʝʪʦʜʠʢʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʳʭ ʩʙʨʦʩʦʚ ʚʝ-

ʱʝʩʪʚ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡè [7];  

- ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʧʦ ʜʚʫʤʝʨʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʪʫʨʙʫʣʝʥʪ-

ʥʦʡ ʜʠʬʬʫʟʠʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ɸ.ɺ. ʂʘʨʘʫʰʝʚʘ [8];  

- ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʤʝʪʦʜʦʤ ʙʣʫʞʜʘʶʱʠʭ ʯʘʩʪʠʮ (ʤʝʪʦʜ 

ʄʦʥʪʝ-ʂʘʨʣʦ) [9]. 

ɺ ʤʝʪʦʜʝ ʧʨʠʢʘʟʘ ˉ 333 ʫʯʠʪʳʚʘʣʦʩʴ ʥʘʯʘʣʴʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ, ʟʘ ʢʦʪʦʨʦʝ ʦʪʚʝʪʩʪʚʝ-

ʥʝʥ ʠʟʙʳʪʦʯʥʳʡ ʠʤʧʫʣʴʩ ʩʪʨʫʠ, ʠ ʦʩʥʦʚʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʬʦʥʦʚʦʡ ʪʫʨʙʫʣʝʥʪʥʦ-

ʩʪʴʶ. 

ʄʦʜʝʣʴʥʳʝ ʟʘʜʘʯʠ ʧʨʠʢʘʟʘ ˉ 333 ʠ ʤʝʪʦʜʘ ɸ.ɺ. ʂʘʨʘʫʰʝʚʘ ʠʤʝʶʪ ʦʙʱʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʨʘʩʯʝʪʘ ʬʦʥʦʚʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ï ʫʨʘʚʥʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʘʛʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʬʠʣʴʪʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʨʙʮʠʷ, ʛʘʣʴʚʘ-

ʥʦʰʣʘʤʳ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʇʨʦʚʝʜʝʥʦ ʨʝʘʛʝʥʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠʟ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ɺʉɺ ɻʇ) ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩ. 1. ʈʝʘʛʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ɺʉɺ ɻʇ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʦʢʦʚ ʜʦ ʠ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʦʢʦʚ 

ʇʦʢʘ-

ʟʘʪʝʣʴ 

ʇɼʂ 

(ʨʳʙ.-ʭʦʟ.) 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ 

ɼʦ ʦʙʨʘʙʦʪʢʠ ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

NaOH 

Ca 180 25,3 30,52 

Cd 0,005 115,5 <0,01 

Cr 0,02 118585,0 0,41 

Cu 0,001 1638,0 0,170 

Fe 0,1 50413,0 <0,1 



105 
 

Mg 40 221,2 79,6 

Mn 0,01 63,5 <0,05 

Na 120 432,0 897,5 

Ni 0,01 40,6 <0,1 

Pb 0,006 ʥʝ ʦʙʥ. <0,1 

Sr 0,03 68,7 0,48 

Zn 0,01 1211,6 0,116 

F
- 

0,05 1060,0 ʥʝ ʦʙʥ. 

NO3
-
 40 1350,0 3,268 

SO4
2-
 100 5390,0 1122,267 

PO4
3-
 0,2 ʥʝ ʦʙʥ. ʥʝ ʦʙʥ. 

pH 6,5-8,5 å 1,0 1 

 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘ ʱʸʣʦʯʴʶ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ï ʢʘʜ-

ʤʠʷ, ʭʨʦʤʘ, ʤʝʜʠ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʥʠʢʝʣʷ, ʩʚʠʥʮʘ, ʩʪʨʦʥʮʠʷ ʠ ʮʠʥʢʘ (ʪʘʙʣʠʮʘ 

1). 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʜʢʘ ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2  

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʩʘʜʢʘ 

ʕʣʝʤʝʥʪ ʉʦʜʝʨʞʘʥʠʝ,% 

Cr 71,427 

Cu 20,415 

S 3,737 

Fe 1,904 

Zn 0,936 

Ca 0,715 

Ni 0,380 

Si 0,201 

Sr 0,119 

 

ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʩʘʜʢʘ: ʭʨʦʤ, ʤʝʜʴ, ʩʝʨʘ, 

ʞʝʣʝʟʦ. ʉʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 1%. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʘʟʙʘʚ-

ʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʈʉɺ ɻʇ) ʨʘʟʣʠʯʥʳʤʠ ʨʝʘ-

ʛʝʥʪʘʤʠ. ʄʦʜʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʣʫʯʘʣʠ ʧʫʪʸʤ ʨʘʟʙʘʚʣʝʥʠʷ ɺʉɺ ɻʇ. ʆʙʨʘʙʦʪ-

ʢʫ ʈʉɺ ɻʇ ʧʨʦʚʦʜʠʣʠ ʩʤʝʩʴʶ ʨʝʘʛʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʫʶ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ, 

ʩʫʣʴʬʘʪ ʘʣʶʤʠʥʠʷ ʠ ʤʦʨʩʢʫʶ ʚʦʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ ʭʣʦʧʴʝʚʠʜʥʳʡ ʦʩʘ-

ʜʦʢ ʞʸʣʪʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ ʧʨʠ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ɺʉɺ ɻʇ ʧʦ-

ʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʥʘ 90%, ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 30 

ʤʠʥ. ʉʤʝʩʴ ʚʝʱʝʩʪʚ ʜʣʷ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʈʉɺ ɻʇ, ʚ ʢʦʤʧʣʝʢʩʝ ʛʠʜʨʦʢʩʠ-
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ʜʘ ʥʘʪʨʠʷ, ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ ʠ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʦʯʠʩʪʢʠ 50% ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ï 10 ʤʠʥ. ʆʜʥʘʢʦ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʡ ʤʝʪʦʜ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʝʥ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝʢʦʪʦʨʳʭ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʉɺ ɻʇ ʩʥʠʞʘʝʪʩʷ ʤʝʥʝʝ, ʯʝʤ ʥʘ 50%. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʜʦʦʯʠʩʪʢʫ ʈʉɺ ɻʇ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʬʠʣʴʪʨʫʶʱʝʡ ʟʘʛʨʫʟʢʠ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʬʠʣʴʪʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: ʢʝʨʘʤʟʠʪ 

(ʉʠʙʠʨʮʝʚʦ), ʧʝʨʣʠʪ (ʅʘʯʠʢʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʂʘʤʯʘʪʢʘ), ʄɾʌ (ʧʦʣʫʯʝʥ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ɼɺʆ 

ʈɸʅ). 

ɺ ʩʦʩʪʘʚʝ ʢʝʨʘʤʟʠʪʘ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 48% ʢʨʝʤʥʠʷ, 21% ʘʣʶʤʠʥʠʷ ʠ 16% 

ʞʝʣʝʟʘ. ɺ ʧʝʨʣʠʪʝ ʠʤʝʝʪʩʷ ʦʢʦʣʦ 54% ʢʨʝʤʥʠʷ, 25% ʘʣʶʤʠʥʠʷ, 8% ʢʘʣʠʷ, 4% 

ʞʝʣʝʟʘ ʠ ʥʘʪʨʠʷ. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʄɾʌ ï ʢʘʣʴʮʠʡ (65%) ʠ ʤʘʛʥʠʡ (24%). 

ʄʦʜʠʬʠʢʘʮʠʷ ʬʠʣʴʪʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʩʪʚʦʨʘʤʠ ʛʠʜʨʦ-

ʢʩʠʜʘ ʥʘʪʨʠʷ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʦʙʨʘʟ-

ʮʦʚ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦ ʚʣʠʷʶʪ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʤʘʪʝʨʠʘʣ ʄɾʌ ʚ ʚʠʜʫ 

ʝʛʦ ʚʦʟʤʦʞʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʧʦ ʠʦʥʘʤ ʭʨʦʤʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

77%, ʞʝʣʝʟʘ ï ʜʦ 21%, ʤʘʨʛʘʥʮʘ ï ʜʦ 6%. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʙʮʠʦʥʥʦʡ ʟʘʛʨʫʟʢʠ ʄɾʌ, 

ʙʳʣ ʚʟʷʪ ʫʛʦʣʴ ʘʢʪʠʚʥʳʡ ʜʨʝʚʝʩʥʳʡ ʜʨʦʙʣʝʥʳʡ ɻʆʉʊ 6217ï74 (ʋɸ). 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʧʦ ʠʦʥʘʤ ʭʨʦʤʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 81%, 

ʞʝʣʝʟʘ ï ʜʦ 67%, ʤʝʜʠ ï ʜʦ 72%. ʋʛʦʣʴ ʘʢʪʠʚʥʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʟʘʛʨʫʟʢʠ ʄɾʌ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʉɺ ɻʇ ʧʨʠʥʠʤʘʶʪʩʷ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʬʠʨʤʳ çʊʕʂʆ 

ʌʀʃʔʊʈè. ʇʨʝʜʧʨʠʷʪʠʝ çʊʕʂʆ ʌʀʃʔʊʈè ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʦʦʨʫʞʝʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʚʦʜʦʦʯʠʩʪʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʉɺ ɻʇ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʛʣʫʙʦʢʫʶ ʦʯʠʩʪʢʫ ʜʦ ʥʦʨʤʘʪʠʚʦʚ ʥʘ ʩʙʨʦʩ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʚʦʜʦʦʪʚʝʜʝʥʠʷ. 

ʉ ʫʯʸʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʉɺ ɻʇ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʳʛʦʜʥʝʝ ʠ ʵʬ-

ʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ ʩ ʨʝʘʛʝʥʪʘʤʠ ʠʟ ʩʤʝʩʠ 

ʚʝʱʝʩʪʚ ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ, ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠ ʤʦʨʩʢʦʡ ʚʦʜʳ, 

ʪʘʢ ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 7 ʤʠʥʫʪ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 90%, 

ʟʘʪʨʘʪʳ 444 935 ʨʫʙʣʝʡ ʚ ʛʦʜ, ʯʪʦ ʚʳʛʦʜʥʝʝ ʜʨʫʛʠʭ ʨʝʘʛʝʥʪʦʚ. 

ʊʝʭʥʦʣʦʛʠʝʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʜʦʦʯʠʩʪʢʘ ʥʘ ʬʠʣʴʪʨʘʭ ʩ ʟʘʛʨʫʟʢʦʡ ʠʟ ʘʢʪʠʚʥʦʛʦ ʫʛʣʷ, ʧʦ ʧʦʢʘʟʘ-

ʪʝʣʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʩʣʝ ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪ, ʠ ʚʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʦʯʠ-

ʩʪʢʠ ʉɺ ɻʇ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʯʠʱʝʥʥʫʶ ʩʪʦʯʥʫʶ ʚʦʜʫ ʦʪʚʦʜʠʪʴ 

ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʝʪʠ ʢʘʥʘʣʠʟʘʮʠʠ. 
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ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʙʝɦ-

ʛʦ ʭʨʦʤʘ ʧʦ ʦʩʝʚʦʡ ʣʠʥʠʠ ʧʦʪʦʢʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʦʪ ʚʳʧʫʩʢʘ ʩʪʦʯʥʳʭ 

ʚʦʜ. ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ 0,02 ʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠ-

ʤʘʣʴʥʳʤ ʩʢʦʨʦʩʪʷʤ ʚ ʢʫʪʦʚʦʡ ʯʘʩʪʠ ʙʫʭʪʳ ɹʦʣʴʰʦʡ ʂʘʤʝʥʴ, ʧʦʢʨʳʪʦʛʦ ʣʴʜʦʤ. 

 
ʈʠʩ. 2. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʙʱʝʛʦ ʭʨʦʤʘ ʧʦ ʤʝʪʦʜʫ 

ʂʘʨʘʫʰʝʚʘ ʠ ʤʝʪʦʜʫ ʧʨʠʢʘʟʘ ˉ 333, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʧʨʦʛʨʘʤʤʝ çSTOKè, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʛ/ʤ
3
 

 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʄʝʪʦʜ ɸ.ɺ. ʂʘʨʘʫʰʝʚʘ ʜʘʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʢʣʝʪʢʘʭ ʩʝʪʦʯʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʦʣʦ ʚʳʧʫʩʢʘ. ʕʪʦ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʝʪʦʜ ɸ.ɺ. ʂʘʨʘʫʰʝʚʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʪʨʫʡʥʦʝ 

ʨʘʟʙʘʚʣʝʥʠʝ. ɽʩʣʠ ʚ ʨʘʩʯʝʪ ʚʚʝʩʪʠ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʘ-

ʯʘʣʴʥʳʤ ʨʘʟʙʘʚʣʝʥʠʝʤ, ʪʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʙʘ ʤʝʪʦʜʘ ʜʘʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʄʝʪʦʜ ʙʣʫʞʜʘʶʱʠʭ ʯʘʩʪʠʮ (ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ) ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮʳ ʧʦʜ ʩʦʚʦʢʫʧʥʳʤ ʚʣʠʷʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢ-

ʪʦʨʦʚ ʩʨʝʜʳ, ʪʘʢʠʭ ʢʘʢ ʘʜʚʝʢʮʠʷ, ʚʳʨʘʞʝʥʥʘʷ ʦʩʨʝʜʥʝʥʥʦʡ ʩ ʥʝʢʦʪʦʨʳʤ ʧʝʨʠʦ-

ʜʦʤ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʠ ʪʫʨʙʫʣʝʥʪʥʘʷ ʜʠʬʬʫʟʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʦʩʪʘʪʦʯʥʳʤʠ 

ʧʫʣʴʩʘʮʠʷʤʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ. ʇʦʣʝ ʦʩʨʝʜʥʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʫʣʴʩʘʮʠʦʥ-

ʥʳʝ ʩʢʦʨʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪʦ ʦʥʠ ʦʧʠʩʘʥʳ ʧʦ ʥʦʨʤʘʣʴ-

ʥʦʤʫ ʟʘʢʦʥʫ ʠ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʜʘʪʯʠʢʦʤ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʇʨʠ ʨʘʩʯʝʪʝ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʬʦʨʤʠʨʫʝʪʩʷ ʢʫʩʦʯʥʦ-ʣʦʤʘʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʪʨʘʝʢʪʦʨʠʠ 

ʯʘʩʪʠʮʳ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʝʯʥʳʭ ʪʦʯʝʢ ʪʨʘʝʢʪʦʨʠʠ ʙʦʣʴ-

ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ, ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʘʩ-
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ʩʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʯʘʩʪʠʮ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʪʦʯʢʫ ʦʙ-

ʣʘʩʪʠ, ʘ, ʟʥʘʯʠʪ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʵʪʦʡ ʪʦʯʢʝ. 

ʀʟ ʠʩʪʦʯʥʠʢʘ ʚʳʧʫʩʢʘʝʪʩʷ ʥʘʙʦʨ ʤʘʨʢʝʨʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʤʦʱʥʦʩʪʴʶ ʠ 

ʚʝʩʦʤ. ʇʦʣʫʯʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʟʥʘʯʝʥʠʷ ʧʫʣʴʩʘʮʠ-

ʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʙʘʚʣʷʶʪʩʷ ʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʢʦ-

ʨʦʩʪʠ. ɼʘʣʝʝ ʜʣʷ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʠ ʤʘʨʢʝʨʘ ʜʝʣʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʰʘʛ ʩ ʥʦʚʳʤ 

ʥʘʙʦʨʦʤ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʳʭ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʩʢʦʨʦʩʪʝʡ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʤʠʪʘʮʠʠ ʜʝʡʩʪʚʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ, ʤʛʥʦʚʝʥʥʦʛʦ ʠʣʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʠʤʝʩʠ ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʤʛʥʦʚʝʥʥʦ 

ʠʣʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚʳʧʫʩʢʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʢʝʨʦʚ. 

ɼʣʷ ʤʝʪʦʜʘ ʙʣʫʞʜʘʶʱʠʭ ʯʘʩʪʠʮ ʭʘʨʘʢʪʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʃʘʛʨʘʥʞʝʚʘ 

ʧʦʜʭʦʜʘ ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʯʘʩʪʠʮʘʤʠ-ʤʘʨʢʝʨʘʤʠ. ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʙʣʫʞ-

ʜʘʶʱʠʭ ʯʘʩʪʠʮ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʠ ʥʘ ʜʦʩ-

ʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʩʨʦʢ, ʠʩʯʝʟʘʶʪ ʧʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʩʮʝʥʘʨʠʷʤ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʦʟʚʦ-

ʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. 
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                                                      (1) 

ʛʜʝ x
n
i - ʧʦʣʦʞʝʥʠʝ ʤʘʨʢʝʨʘ i ï ʪʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ n, u ʠ v 

ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʦʨʦʩʪʠ ʧʦ ʦʩʷʤ x ʠ y, ȹt -  ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ, u' ʠ v' ï ʧʫʣʴʩʘ-

ʮʠʦʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʦʩʠ x ʠ ʧʦ ʦʩʠ y. 

ʄʝʪʦʜ ʙʣʫʞʜʘʶʱʠʭ ʯʘʩʪʠʮ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [9], ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʙʫʭʪʝ ɹʦʣʴʰʦʡ ʂʘ-

ʤʝʥʴ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʣʫʞʜʘʶʱʠʭ ʯʘʩʪʠʮ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʛʨʷʟ-

ʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʚʝʪʨʝ ʚ ʘʢʚʘʪʦʨʠʠ, ʧʦʢʨʳʪʦʡ ʣʴʜʦʤ. ɸʣʛʦ-

ʨʠʪʤ ʨʝʰʝʥʠʷ ʚʳʩʪʨʦʝʥ ʪʘʢ, ʯʪʦ ʚ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ, ʧʦʢʨʳʪʦʡ ʣʴʜʦʤ, ʚʝʪʝʨ ʚʳ-

ʢʣʶʯʘʝʪʩʷ ʠʟ ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. ɺʣʠʷʥʠʝ ʚʝʪʨʘ ʥʘ ʪʝʯʝʥʠʷ ʧʦʜʦ ʣʴʜʦʤ 

ʩʢʘʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ ʛʨʘʥʠʮʝ 

ʣʝʜʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʠ ʯʝʨʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦ-

ʚʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ. ʇʨʦʛʥʦʟ ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʷʥʚʘʨʴ ʤʝʩʷʮ. ɺ ʟʘʣʠʚʝ ʪʘʢ-

ʞʝ ʟʘʜʘʚʘʣʠʩʴ ʦʩʪʘʪʦʯʥʳʝ ʪʝʯʝʥʠʷ. ʇʨʠʤʝʩʠ ʩʯʠʪʘʣʠʩʴ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ. ʅʘ-

ʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʨʠʥʠʤʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʤʝʪʝʦʩʪʘʥ-

ʮʠʠ ɹʦʣʴʰʦʡ ʂʘʤʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʝʪʦʜʦʤ ʙʣʫʞʜʘʶʱʠʭ ʯʘʩʪʠʮ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʧʨʠʤʝʩʠ ʠʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ. ʆʩʪʘʪʦʯʥʳʝ ʪʝʯʝʥʠʷ ʩʥʦʩʷʪ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʢ ʟʘʧʘʜʥʦʤʫ ʙʝʨʝʛʫ ʟʘʣʠʚʘ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʤʝʪʦʜʳ, ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʥʦʨʤʘʪʠʚʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ ʠ ʤʝʪʦʜ ʙʣʫʞʜʘʶʱʠʭ 

ʯʘʩʪʠʮ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʦʜ ʙʣʫʞ-

ʜʘʶʱʠʭ ʯʘʩʪʠʮ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʡ, ʦʩʪʘʪʦʯʥʳʝ 

ʪʝʯʝʥʠʷ, ʣʝʜʦʚʳʝ ʫʩʣʦʚʠʷ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʢʚʘʪʦʨʠʡ ʜʘʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ, ʦʪʣʠʯʥʫʶ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ʕʪʦ ʚʳʚʦʜ ʚʘʞʝʥ ʩ ʧʨʘʢʪʠʯʝ-
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ʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʠ ʠ, ʢʦʥʝʯʥʦ, ʢʦ-

ʣʠʯʝʩʪʚʦ ʩʙʨʘʩʳʚʘʝʤʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ 

ʠ ʩʪʦʠʤʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ. 

ɺ ʧʨʘʢʪʠʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʦʛʦ 

ʫʨʦʚʥʷ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ, ʚʦʣʥ, ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʩʝʡ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʵʩʪʫʘʨʠʷʭ ʠ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ ʤʦʨʝʡ ʠʩ-

ʧʦʣʴʟʫʶʪ ʧʨʦʛʨʘʤʤʫ MIKE 21. ʊʘʢʞʝ ʩʦʚʤʝʩʪʠʤʘʷ ʩ MIKE 21 ʧʨʦʛʨʘʤʤʘ MIKE 

3. MIKE 3 ï ʵʪʦ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. ʆʥ ʧʨʠʤʝʥʠʤ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʩʝʡ ʚ ʨʝʢʘʭ, 

ʦʟʝʨʘʭ, ʵʩʪʫʘʨʠʷʭ, ʟʘʣʠʚʘʭ, ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ. MIKE 3 ʤʦʜʝ-

ʣʠʨʫʝʪ ʪʝʯʝʥʠʝ, ʧʨʠʥʠʤʘʷ ʚ ʨʘʩʯʝʪ ʨʘʟʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʙʘʪʠʤʝʪʨʠʶ ʠ ʪʘʢʠʝ 

ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʤʝʪʝʦʨʦʣʦʛʠʷ, ʯʝʨʝʜʦʚʘʥʠʝ ʧʨʠʣʠʚʦʚ ʠ ʦʪʣʠʚʦʚ, ʪʝʯʝʥʠʷ 

ʠ ʜʨʫʛʠʝ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʘʤʝʨʠʢʘʥʩʢʠʭ ʚʦʝʥʥʳʭ ʠʥʞʝʥʝʨʦʚ (CE-

QUAL-RIV1, CE-QUAL-RIV2) ʠ ʤʦʜʝʣʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʘʤʝʨʠʢʘʥʩʢʠʤ ʦʙ-

ʱʝʩʪʚʦʤ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ USEPA (QUAL2EU, QUAL2K, WASP, 

HSPF). ʕʪʠ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʶʪ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʝʨʝʥʦʩ ʚ ʨʝʢʘʭ, 

ʦʟʝʨʘʭ, ʨʫʯʴʷʭ, ʣʠʤʘʥʦʚ ʠ ʤʦʨʩʢʠʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ, ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʥʠʪʨʘʪʦʚ, ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʤʘʩʩʳ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʄʝʪʦʜ ʙʣʫʞʜʘʶʱʠʭ ʯʘʩʪʠʮ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʝʛʦ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʙʣʦʯ-

ʥʦʝ ʧʦʩʪʨʦʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʚʢʣʶʯʘʪʴ ʚ ʨʘʩʯʝʪ ʣʶʙʦʡ ʟʘʜʘʥʥʳʡ ʥʘʙʦʨ ʬʘʢʪʦ-

ʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʳʚʦʜʳ 

1. ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝ-

ʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʛʝʥʪʥʦʝ 

ʦʩʘʞʜʝʥʠʝ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ 90% ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 30 ʤʠʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʤʝʩʴ 

ʚʝʱʝʩʪʚ ʜʣʷ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʢʦʤʧʣʝʢʩʝ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʩʫʣʴʬʘʪʘ 

ʘʣʶʤʠʥʠʷ ʠ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ 50%, ʟʘ 

ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ï 10 ʤʠʥ. 

2. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʦʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʦʭʦʜʠʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʫʶʱʝʡ ʟʘʛʨʫʟʢʠ ʠʟ ʘʢʪʠʚ-

ʥʦʛʦ ʫʛʣʷ, ʛʜʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʜʦ 81 %, ʯʝʤ ʄɾʌ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʜʦ 77 %. 

3. ʇʨʦʚʝʜʸʥ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʢʘʟʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. 

4. ʇʨʝʜʣʦʞʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʶʱʘʷ 

ʩʪʘʜʠʠ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʦʦʯʠʩʪ-

ʢʠ ʩʫʧʝʨʥʘʪʘʥʪʘ ʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʩʣʦʝ ʘʢʪʠʚʥʦʛʦ ʫʛʣʷ. 
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5. ʇʨʦʚʝʜʝʥʳ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʤʦʨʩʢʦʡ ʘʢʚʘ-

ʪʦʨʠʠ ʙʫʭʪʳ ɹʦʣʴʰʦʡ ʂʘʤʝʥʴ. 
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Wastewater from galvanic production is one of the most dangerous sources of pollution of 

surface and underground water bodies, since it has a large volume and contains harmful impurities 

of heavy metals, inorganic acids and alkalis, surfactants and other highly toxic compounds [1]. 

The formation of a significant number of hazardous sources of pollution, such as spent elec-

trolytes and flushing waste water, requires the development and implementation of modern systems 

for neutralizing spent electrolytes and the development of safe and cost-effective technologies for 

the disposal of the resulting solid precipitation [2]. 

With large volumes of production at local treatment plants, it is advisable to use electrochem-

ical and membrane methods (electrolysis, electrodialysis, electroflotation), and centralized treat-

ment facilities should be based on a combination of several methods: reagent treatment, 

electroflotation and ion exchange [3-4]. 

The application of one method or another should be based on taking into account the compo-

nent composition and the requirements that industrial waters must satisfy when they are discharged 

into water bodies - VAT (standard for maximum allowable discharges) and MPC (maximum allow-

able concentration of substances) and the requirements that the resulting products must meet for 

effective utilization without loss of metal [5]. 

The development of new methods of water purification occurs relatively rarely - once every 

30-50 years, not because of the lack of theoretical prerequisites, but because of the complexity of 
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their implementation in industrial practice. The use of existing methods is based on the traditional 

approach of matching the field of application of the method to the phase state of a substance in a 

solution, a certain range of pollution concentrations, pH and water temperature [6]. 

Shipyards, aircraft and metallurgical plants, factories for the manufacture and repair of mili-

tary equipment have large volumes of discharges from galvanic workshops, which enter groundwa-

ter, and from them into surface water courses, which adversely affects human health and the envi-

ronment. Wastewater treatment for galvanic production is an urgent environmental problem. 

Considering that in the experimental determination of the influence of various sources of pol-

lution on the quality of a water body, studies are laborious, then mathematical methods for model-

ing the forecast of water quality have been developed. 

The purpose of the study is to identify the best and most economical technology for treating 

wastewater from galvanic production, comparing methods for predicting the spread of impurities in 

water bodies during wastewater discharges into ice-covered waters. The work was carried out on 

the example of wastewater discharge after treatment at the wastewater treatment plant in Bolshoy 

Kamen. The calculation was carried out for a prospective flow rate of 40,000 m
3
 per day. 

To achieve this goal, the following tasks were completed: 

- to carry out reagent treatment of waste water from galvanic production. 

- to select the best sorbent for the treatment of waste water from the electroplating industry. 

- to calculate the spread of impurities according to the recommendations of the methodology 

of the order of the Ministry of Natural Resources ˉ. 333 "On the approval of the Methodology for 

the development of standards for permissible discharges of substances and microorganisms into 

water bodies for water users" [7]. 

- to calculate the propagation of impurities by the two-dimensional equations of turbulent dif-

fusion by the method of finite differences A.V. Karaushev [8]; 

- to calculate the propagation of impurities by the method of wandering particles (Monte Car-

lo method) [9]. 

The method of order ˉ 333 took into account the initial dilution, for which the excess impulse 

of the jet is responsible, and the main dilution, associated with background turbulence. 

Model problems of order ˉ 333 and the method of A.V. Karaushev have a common basis for 

calculating the background dilution - the equations of turbulent diffusion. 

Keywords: reagent treatment, filter materials, sorption, galvanic sludge, heavy metals, meth-

ods for predicting pollutants 

 

ʋɼʂ:629.012 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʃʆɾɽʅʀʗ ʎɽʅʊʈɸ ʊʗɾɽʉʊʀ ʂʆʃɽʉʅʆʁ 

ʄɸʐʀʅʓ ʅɸ ʕʊɸʇɽ ʕʉʂʀɿʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ɸ.ɸ. ʄʘʢʘʨʝʥʢʦ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʀ.ɺ. ʂʫʨʩʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-ɻʨʘʬʠʢ ʚ ʫʩʣʦʚʠʷʭ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʙʶʨʦ. ʉʙʦʨʦʯʥʳʝ 

ʝʜʠʥʠʮʳ ʟʘʤʝʥʷʶʪʩʷ ʢʦʥʪʫʨʘʤʠ ʧʨʠ ʜʚʫʤʝʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʣʦʞʝʥʠʷ 

ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ. ʇʝʨʝʤʝʥʥʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʥʘʯʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʤʘʰʠʥʳ, ʟʘʜʘʶʪ-

ʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʘʟʤʝʨʦʚ 

ʮʝʥʪʨʦʚ ʪʷʞʝʩʪʠ ʯʘʩʪʝʡ ʤʘʰʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʮʝʥʪʨ ʪʷʞʝʩʪʠ, ʢʦʣʝʩʥʘʷ ʤʘʰʠʥʘ, ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʡ ʨʘʟʤʝʨ,  ʫʧʨʘʚʣʷʶʱʠʡ ʨʘʟʤʝʨ. 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʘʰʠʥ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʠʤʩʪʚʦʚʘʥ-

ʥʳʭ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ ʘʛʨʝʛʘʪʦʚ, ʚ ʫʩʣʦʚʠʷʭ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-

ʛʦ ʙʶʨʦ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʦʥʩʪ-

ʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʫ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʙʨʘʪʥʦʛʦ 

ʠʥʞʠʥʠʨʠʥʛʘ ʜʝʣʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʘʣʠʟʫʝʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʦʮʝʥʥʳʭ 

3D ʤʦʜʝʣʝʡ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʥʘ ʵʪʘʧʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʥʦʚʢʠ ʤʘʰʠʥʳ, ʷʚʣʷʝʪʩʷ  ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʤʘʰʠʥʳ. ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘ-

ʯʠ ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʩʙʦʨʦʯʥʳʝ ʝʜʠʥʠʮʳ ʠ ʘʛʨʝʛʘʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʤʝʥʷʪʴ ʦʜ-

ʥʦʨʦʜʥʳʤʠ ʪʝʣʘʤʠ ʧʨʠ ʪʨʝʭʤʝʨʥʦʤ ʠʣʠ ʢʦʥʪʫʨʘʤʠ ʧʨʠ ʜʚʫʤʝʨʥʦʤ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʛʘʙʘʨʠʪʥʳʭ ʠ 

ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʘʭ, ʧʦʣʦʞʝʥʠʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟ-

ʜʝʣʠʡ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʣʠ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʩʪʝʡʰʝʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʦʙʲʝʢʪʘ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʧʦʥʦʚʢʠ ʩʦʯʣʝʥʝʥʥʦʡ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ ʥʘ ʚʠʜʝ ʚ ʧʣʘʥʝ ʚ 

ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-ɻʨʘʬʠʢ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʠʜʦʚ ʩʙʦʨʦʯʥʳʭ ʝʜʠ-

ʥʠʮ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ. ʇʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʪʷʞʝ-

ʩʪʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʧʦʢʘʟʳʚʘʶʪ ʪʦʯʢʦʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʦ-

ʥʦʚʢʠ ʢʦʥʪʫʨ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ʧʝʨʝʤʝʱʘʣʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʣʦʞʠʪʴ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥʪʫʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠ ʨʘʟʤʝʨʥʳʝ ʩʚʷʟʠ. ʉ ʧʦʤʦ-

ʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʟʘʜʘʶʪʩʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʪʷʞʝʩʪʠ ʩʙʦʨʦʯ-

ʥʳʭ ʝʜʠʥʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʩʦʢʨʳʪʠʷ ʙʦʣʴ-

ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ  ʥʘʥʝʩʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠʭ ʨʘʟʤʝʱʘʶʪ ʚ ʦʪʜʝʣʴʥʦʤ ʩʣʦʝ, ʘ ʟʘ-

ʪʝʤ ʚʳʢʣʶʯʘʶʪ ʚʠʜʠʤʦʩʪʴ ʵʪʦʛʦ ʩʣʦʷ. ʋʢʘʟʳʚʘʶʪ ʪʦʯʢʦʡ ʧʨʠʤʝʨʥʦʝ ʧʦʣʦʞʝ-

ʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ ʠ ʥʘʢʣʘʜʳʚʘʶʪ ʥʘ ʥʝʝ ʨʘʟʤʝʨʥʫʶ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʶʱʠʭ ʨʘʟʤʝʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ɿʘʪʝʤ ʚ ʪʘʙʣʠʮʝ ʧʝʨʝʤʝʥʥʳʭ ʚ ʷʯʝʡʢʘʭ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʤʝʨ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ, ʫʢʘʟʳʚʘʶʪ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ [1]  
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ʛʜʝ yx, - ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ 

ʦʩʠ yx, ; 

kk yx , - ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢ-ʪʦʡ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʧʦ ʦʩʠ yx, ; 

km - ʤʘʩʩʘ ʢ-ʪʦʡ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ ʟʘʡʤʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʇʨʠʯʝʤ 
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ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʙʫʜʝʪ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʚʟʘʠʤʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦ-

ʣʦʞʝʥʠʷ ʯʘʩʪʝʡ ʤʘʰʠʥʳ (ʨʠʩʫʥʢʠ 1 ʠ 2). 

 

 
ʈʠʩ. 1. ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʛʣʫ ʩʢʣʘʜʳʚʘʥʠʷ ʟʚʝʥʴʝʚ  0
0 

 

 
 

ʈʠʩ. 2. ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʛʣʫ ʩʢʣʘʜʳʚʘʥʠʷ ʟʚʝʥʴʝʚ 38
0 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʨʘʪʢʠʡ ʢʫʨʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ: ʋʯʝʙ. ʜʣʷ ʚʪʫʟʦʚ/ ʉ.ʄ. ʊʘʨʛ. 

-10-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ.-ʄ.: ɺʳʩʰ.ʰʢ., 1986. - 415ʩ. 
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A method is proposed for determining the center of gravity of a wheeled vehicle consisting of 

a large number of borrowed Assembly units when designing in the COMPASS-Graph system in the 

conditions of a student design Bureau. Assembly units are replaced with polygons for two-

dimensional design with the position of the center of gravity. Variables that determine the value of 

the center of gravity of the machine are set using a functional relationship through variables of the 

information dimensions of the centers of gravity of the machine parts. 

Keywords: design, center of gravity, wheel machine, information size, control size 
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ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʃɽʉʅʆɻʆ  

ʍʆɿʗʁʉʊɺɸ ʈʆʉʉʀʀ 

ʆ.ɺ. ʏʠʯʝʨʠʥʘ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ʜ.ʵ.ʥ., ʜʦʮʝʥʪ ʆ.ɺ. ɸʩʢʘʥʦʚʘ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʅ.ɸ. ʏʝʨʥʝʮʢʘʷ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ  

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʋʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʣʝʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʣʝʩʥʳʭ ʧʣʦʱʘʜʝʡ ʫʛʨʦʞʘʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʙʣʘʛʦʧʦʣʫʯʠʶ ʚʩʝʡ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʣʝʩʘ ʦʩʣʘʙʝʚʘ-

ʶʪ. ʃʝʩ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʱʠʱʝʥ ʥʦʚʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʢʦ-

ʪʦʨʳʝ ʛʘʨʘʥʪʠʨʦʚʘʣʠ ʙʳ ʩʦʭʨʘʥʝʥʠʝ ʠ ʧʨʝʫʚʝʣʠʯʝʥʠʝ ʣʝʩʦʚ ʚʦ ʙʣʘʛʦ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝ-

ʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʷ, ʣʝʩ, ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ, ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʢʨʘʱʝʥʠʝ ʣʝʩʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʫʭʫʜʰʝʥʠʝ ʠʭ ʩʦʩʪʦʷʥʠʷ ʧʘ-

ʛʫʙʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʵʢʦʣʦʛʠʠ ʚʩʝʡ ʥʘʰʝʡ ʧʣʘʥʝʪʳ: ʩʥʠʞʘʶʪʩʷ ʚʩʝ ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʣʝʩ, ʚ ʪʦʤ ʯʠʩʣʝ: ʧʦʛʣʦʱʝʥʠʝ ʫʛʣʝʨʦʜʘ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ, ʘ ʪʘʢʞʝ ʚʦ-

ʜʦʦʭʨʘʥʥʳʝ ʠ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ. ʉʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʢʦʥʦʤʠʢʠ ʠ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʮʝʣʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʥʝ ʚʟʠʨʘʷ ʥʘ ʥʘ-

ʮʠʦʥʘʣʴʥʳʝ ʛʨʘʥʠʮʳ, ʠ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠʣʠ ʥʝʞʝʣʘʥʠʝ ʣʶʜʝʡ ʟʘʙʦʪʠʪʴʩʷ ʦ ʩʦ-

ʭʨʘʥʥʦʩʪʠ ʣʝʩʘ, ʥʝʩʦʤʥʝʥʥʦ, ʤʦʞʝʪ ʧʘʛʫʙʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʞʠʟʥʠ 

ʥʘ ɿʝʤʣʝ. 

ʇʨʠʯʠʥʳ ʧʨʦʙʣʝʤ ʠ ʠʭ ʨʝʰʝʥʠʝ. 22 ʠʶʣʷ 2020 ʛʦʜʘ ʥʘ ʙʨʠʬʠʥʛʝ ʚ ɾʝ-

ʥʝʚʝ ʩʪʘʨʰʠʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʣʝʩʥʦʤʫ ʭʦʟʷʡʩʪʚʫ ʆʆʅ ɸʥʩʩʠ ʇʝʢʢʘʨʠʥʝʥ, ʧʨʝʜ-

ʩʪʘʚʣʷʷ ʜʦʢʣʘʜ ʦ ʣʝʩʥʳʭ ʨʝʩʫʨʩʘʭ ʥʘ ʧʣʘʥʝʪʝ ʧʨʠʚʝʣ ʥʝʫʪʝʰʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ: 

ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʧʣʦʱʘʜʴ ʣʝʩʦʚ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 178 ʤʣʥ. ʛʘ. ɺ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʦʙʱʝʤʠʨʦʚʘʷ ʧʣʦʱʘʜʴ ʣʝʩʦʚ, ʧʦ ʩʘʤʳʤ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʩʦ-

ʩʪʘʚʣʷʝʪ 4,06 ʤʣʨʜ. ʛʘ (ʦʢʦʣʦ 31% ʟʝʤʥʦʡ ʩʫʰʠ) ʧʨʠʯʝʤ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦʡ ʵʢʩ-

ʧʝʨʪʳ ʩʯʠʪʘʶʪ ʩʠʪʫʘʮʠʶ ʚ ɸʬʨʠʢʝ, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʖʞʥʘʷ ɸʤʝʨʠʢʘ. ʇʦ 

ʩʨʝʜʥʠʤ ʧʦʜʩʯʝʪʘʤ ʚ ʤʠʨʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʝʞʝʛʦʜʥʦ ʠʩʯʝʟʘʣʦ ʧʦ 10 ʤʣʥ. 

ʛʘ ʣʝʩʦʚ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ (12 

ʤʣʥ. ʚ ʛʦʜ), ʘ ʪʘʢʞʝ ʚ ʪʝʯʝʥʠʝ 2005-2010 ʛʦʜʦʚ (16 ʤʣʥ.). ʉʨʝʜʠ ʩʪʨʘʥ, ʛʜʝ ʣʝʩʘ 

https://www.teacode.com/online/udc/63/630.html
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ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʩʪʘʣʦ ʤʝʥʴʰʝ, ʵʢʩʧʝʨʪʳ ʥʘʟʚʘʣʠ ɹʨʘʟʠʣʠʶ, ɼʝʤʦʢʨʘʪʠʯʝ-

ʩʢʫʶ ʈʝʩʧʫʙʣʠʢʫ ʂʦʥʛʦ ʠ ʀʥʜʦʥʝʟʠʶ [1]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʝʛʦ ʚʨʝʤʝʥʠ, ʝʩʣʠ ʥʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʥʠʢʘʢʠʭ ʤʝʨ, ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʩʝʨʴʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʙʠʦʩʬʝ-

ʨʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦ-

ʬʝ. ʂʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʣʝʩʦʚ ʫʛʨʦʞʘʝʪ ʚʠʜʦʚʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʨʘʩ-

ʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʕʢʩʧʝʨʪʳ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʉʦʶʟʘ ʧʦ ʆʭʨʘʥʝ 

ʇʨʠʨʦʜʳ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʜʩʯʠʪʘʣʠ, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 12,5% ʨʘʟʥʦ-

ʚʠʜʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ ʠ 75% ʚʩʝʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʛʨʦʟʠʪ ʠʩʯʝʟ-

ʥʦʚʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʙʜʫʤʘʥʥʦʛʦ ʠʩʪʨʝʙʣʝʥʠʷ ʣʝʩʦʚ [2]. 

ʕʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʦʩʣʦʞʥʷʝʪ ʠ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʣʝʩʥʦʝ ʟʘ-

ʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʘʥ ʨʘʟʚʠʪʦ ʩʣʘʙʦ, ʘ ʢʦʥʪʨʦʣʴ ʟʘ ʝʛʦ ʩʦʙʣʶʜʝ-

ʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʃʝʩʥʳʝ ʢʦʤʧʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴ-

ʥʳʝ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʘʨʚʘʨʩʢʠʝ ʨʫʙʢʠ, ʥʝ ʟʘʙʦʪʷʩʴ ʦʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ ʠ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʠ, ʪʘʢ ʢʘʢ ʠʥʚʝʩʪʠʮʠʠ ʚ ʜʘʥʥʫʶ ʦʪʨʘʩʣʴ ʥʘʨʦʜʥʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ ʩʪʨʘʥʳ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʧʝʨʠʦʜʘ ʣʝʩʦʚʳʨʘʱʠʚʘʥʠʷ. 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʧʨʠʨʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʩʪʨʘʥ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʤʠʨʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʘʥʥʳʝ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʙʳʩʪʨʳʝ ʪʝʤʧʳ ʩʦʢʨʘʱʝʥʠʷ ʪʝʨʨʠ-

ʪʦʨʠʡ ʣʝʩʘ, ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʝʥʘʨʫʰʝʥʥʳʭ ʣʝʩʦʚ ʈʦʩʩʠʠ, ʘ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʠ ʫʤʝʥʴʰʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʝ ʤʦʛʫʪ ʥʝ ʚʳʟʳʚʘʪʴ ʦʧʘʩʝʥʠʡ. ʇʨʠʯʠʥ 

ʜʣʷ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʝʣ ʤʥʦʛʦ: ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʣʝʩʦʚ, ʥʝʣʝʛʘʣʴʥʘʷ ʚʳʨʫʙʢʘ 

ʣʝʩʘ, ʥʠʟʢʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʚʝʜʝʥʠʡ ʦ ʣʝʩʥʳʭ ʨʝʩʫʨʩʘʭ, ʫʭʫʜʰʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʩ 

ʢʘʜʨʘʤʠ ʚ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ, ʦʪʩʫʪʩʪʚʠʝ ʩʪʠʤʫʣʦʚ ʨʘʟʚʠʪʠʷ ʛʣʫʙʦʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʣʝʩʦʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ, ʦʭʨʘʥʳ ʠ ʟʘʱʠʪʳ ʣʝʩʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʨʦʙʣʝʤ ʧʦʜʨʦʙʥʝʝ. 

ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʧʨʦʙʣʝʤ ʚ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʩʦʚʝʨʰʝʥʩʪʚʝ ʧʨʠʥʷʪʦʛʦ ʚ ʜʝʢʘʙʨʝ 2006 ʛʦʜʘ ʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʥʳʥʝ çʃʝʩʥʦʛʦ ʂʦʜʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʢʦʪʦʨʳʡ ʣʠʰʴ ʫʩʠʣʠʣ ʜʠʩʙʘ-

ʣʘʥʩ ʚ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʝʛʦ ʩʫʙʲʝʢʪʘʤʠ. ɺ ʧʝʨʚʦʡ ʩʪʘʪʴʝ ʜʘʥʥʦʛʦ 

ʧʨʘʚʦʚʦʛʦ ʘʢʪʘ ʧʨʦʚʦʟʛʣʘʰʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠ ʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʘʤʠ [6]. ʆʜʥʘʢʦ ʚʩʸ ʧʦʩʣʝʜʫʶʱʝʝ ʩʦʜʝʨʞʘʥʠʝ çʃʝʩʥʦʛʦ 

ʂʦʜʝʢʩʘ ʈʌè ʧʨʦʪʠʚʦʨʝʯʠʪ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ 

ʦʟʥʘʯʘʝʪ ʥʝ ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʠ ʙʝʟʫʩʣʦʚʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʠʭ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʩʦ-

ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʛʘʨʘʥʪʠʝʡ ʘʜʝʢʚʘʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦ-

ʚʘʥʠʷ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʇʦʩʣʝʜʥʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʚʢʣʶ-

ʯʘʷ ʤʝʨʳ ʧʦ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʣʝʩʘ, ʫʭʦʜʫ ʟʘ ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʤʦʣʦʜʥʷʢʦʤ, ʦʭʨʘ-

ʥʝ ʣʝʩʦʚ ʦʪ ʣʝʩʦʨʘʟʨʫʰʝʥʠʡ, ʧʦʞʘʨʦʚ, ʚʨʝʜʠʪʝʣʝʡ ʠ ʠʥʳʝ ʤʝʨʳ, ʩʧʦʩʦʙʩʪʚʫʶ-
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ʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʦʨʤʠʨʫʝʤʳʭ ʣʝʩʦʚ ʠ ʩʦʭʨʘʥʝʥʠʶ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

ɻʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʵʪʠʭ ʟʘʪʨʘʪ ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʩʥʦʡ ʜʦ-

ʭʦʜ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʟ ʨʳʥʦʯʥʦʡ ʮʝʥʳ ʜʨʝʚʝʩʠʥʳ ʥʘ ʢʦʨʥʶ ʠ ʥʘ 

ʜʨʫʛʠʝ ʨʳʥʦʯʥʳʝ ʨʝʩʫʨʩʳ ʣʝʩʘ. ɻʣʘʚʥʦʡ ʤʦʪʠʚʘʮʠʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʥʠʷ 

ʣʝʩʘʤʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ ʣʝʩʦʚ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʣʝʩʥʦʛʦ ʜʦʭʦʜʘ ʧʦ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʦʢʘʤ 

ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʘʣʘʥʩ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʩʫʙʲʝʢ-

ʪʦʚ ʣʝʩʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʙʝʟ ʯʝʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʙʦ-

ʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʣʝʩʦʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʠ ʦʜʥʦ ʠʟ ʧʝʨʝʯʠʩ-

ʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʉʝʨʴʝʟʥʦ ʫʩʫʛʫʙʠʣʘ ʧʦʣʦʞʝʥʠʝ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʣʠʢʚʠʜʘʮʠʷ ʚ 2000 ʛʦʜʫ 

ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʝʨʝʜʘʯʘ ʚ 2005 ʛʦʜʫ ʧʦʣʥʦʤʦʯʠʡ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʬʝʜʝʨʘʣʴʥʳʤʠ ʣʝʩʘʤʠ ʩʫʙʲʝʢʪʘʤ ʈʌ ʙʝʟ ʜʦʣʞʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʚʦʟʣʦʞʝʥʠʝ ʥʘ ʘʨʝʥʜʘʪʦʨʦʚ, ʢʘʢ ʛʣʘʚʥʳʭ ʣʝʩʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʙʷ-

ʟʘʥʥʦʩʪʝʡ ʚʝʜʝʥʠʷ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʟʘ ʠʭ ʩʯʝʪ, ʩʘʤʦʫʩʪʨʘʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʘ ʦʪ 

ʩʪʦʠʤʦʩʪʥʦʡ ʦʮʝʥʢʠ ʧʦ ʨʳʥʦʯʥʳʤ ʮʝʥʘʤ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʪʚʦʜʠʤʳʭ ʘʨʝʥʜʘ-

ʪʦʨʘʤ ʚ ʨʫʙʢʫ, ʘ ʪʘʢʞʝ ʣʠʢʚʠʜʘʮʠʷ ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʨʘʥʝʝ ʣʝʩʥʦʡ ʦʭʨʘʥʳ [4]. 

ɺʳʧʦʣʥʝʥʠʝ ʘʨʝʥʜʘʪʦʨʘʤʠ ʣʝʩʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʙʦʪ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ, ʦʭʨʘʥʝ 

ʠ ʟʘʱʠʪʝ ʣʝʩʦʚ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʥʦʛʦ ʠʤʠ ʣʝʩʥʦʛʦ ʜʦʭʦʜʘ ʤʦʞʥʦ ʧʨʠʟʥʘʪʴ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʨʝʰʝʥʠʝʤ ʪʦʣʴʢʦ ʧʨʠ ʦʙʷʟʘʪʝʣʴʥʦʤ ʫʯʘʩʪʠʠ ʛʦʩʫʜʘʨ-

ʩʪʚʘ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʪʠʭ ʨʘʙʦʪ, ʧʨʠʝʤʢʝ ʠ ʦʧʣʘʪʳ ʛʦʩʫʜʘʨʩʪʚʦʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʜʦʛʦʚʦʨʥʳʤ ʮʝʥʘʤ. ʅʦ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ 

ʘʨʝʥʜʥʦʛʦ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʠ ʬʠʥʘʥʩʦʚʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʩʦʚ ʥʘ ʘʨʝʥʜʦʚʘʥʥʳʭ ʟʝʤ-

ʣʷʭ ʣʝʩʥʦʛʦ ʬʦʥʜʘ. 

ʆʞʠʜʘʝʤʳʭ ʫʩʧʝʭʦʚ ʥʝ ʧʨʠʥʝʩʣʦ ʠ ʚʝʜʝʥʠʝ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʙʶʜʞʝʪʥʳ-

ʤʠ ʠ ʘʚʪʦʥʦʤʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. 

ʕʪʠ ʫʯʨʝʞʜʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʠʚʰʠʝ ʚ ʩʚʦʝʤ ʥʘʟʚʘʥʠʠ ʩʣʦʚʦ çʣʝʩʭʦʟè, ʥʝ ʜʦʩʪʠʛ-

ʰʠʝ ʚ ʩʚʦʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʯʪʦ ʙʳʣʘ ʫ ʣʝʩʭʦʟʦʚ ʩʦʚʝʪʩʢʦʛʦ ʠ ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ ʚʨʝʤʝʥʠ ʜʦ ʠʭ ʣʠʢʚʠʜʘʮʠʠ 

ʃʝʩʥʳʤ ʂʦʜʝʢʩʦʤ 2006 ʛʦʜʘ [7]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʬʦʨʤ ʣʝʩʥʳʝ ʨʝʩʫʨʩʳ, ʢʘʢ ʦʙʲʝʢʪ 

ʫʧʨʘʚʣʝʥʠʷ ʣʠʰʠʣʩʷ çʭʦʟʷʠʥʘè ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʷ. ʃʠʢʚʠ-

ʜʘʮʠʷ ʣʝʩʥʦʡ ʦʭʨʘʥʳ ʧʨʠʚʝʣʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ ʚʩʧʣʝʩʢʫ ʣʝʩʦʥʘʨʫʰʝʥʠʡ, ʰʠ-

ʨʦʢʦʤʘʩʰʪʘʙʥʳʤ ʣʝʩʥʳʤ ʧʦʞʘʨʘʤ, ʩʨʝʜʩʪʚʘ ʙʦʨʴʙʳ ʩ ʢʦʪʦʨʳʤʠ ʠ ʫʱʝʨʙ ʦʪ ʢʦ-

ʪʦʨʳʭ ʚ ʩʪʦʠʤʦʩʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʨʝʚʦʩʭʦʜʷʪ ʪʫ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, ʵʢʦʥʦʤʠʶ, 

ʢʦʪʦʨʫʶ ʩʪʨʝʤʠʣʠʩʴ ʧʦʣʫʯʠʪʴ ʩʦʩʪʘʚʠʪʝʣʠ çʃʝʩʥʦʛʦ ʂʦʜʝʢʩʘ ʈʌè ʟʘ ʩʯʝʪ ʪʨʝʭ-

ʢʨʘʪʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ [4]. 

ɽʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʵʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʣʝʩʦʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠʤʝʨʥʦ ʩ 20-ʭð30-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ. ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ ʥʝ ʪʦʣʴʢʦ ʚʳʩʘʜʢʘ ʜʝʨʝʚʴʝʚ, ʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʫʭʦʜ ʟʘ ʥʠʤʠ ð ʣʝʩʘ ʩʘʞʘʶʪ, ʘ ʧʦʪʦʤ ʥʝ ʫʭʘʞʠʚʘʶʪ ʟʘ ʤʦʣʦʜʳʤʠ ʜʝʨʝʚʴʷʤʠ, ʠ 

ʦʥʠ ʛʠʙʥʫʪ. ʅʝʜʦʩʪʘʪʦʢ ʨʝʩʫʨʩʦʚ ʟʘʩʪʘʚʣʷʝʪ ʣʝʩʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʜʚʠʛʘʪʴ-
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ʩʷ ʚ ʥʝʦʩʚʦʝʥʥʳʝ ʠ ʥʝʪʨʦʥʫʪʳʝ ʯʝʣʦʚʝʢʦʤ ʣʝʩʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʫ ʜʣʷ 

ʵʢʦʣʦʛʠʠ. ʉ ʤʝʣʢʠʤʠ ʥʝʟʘʢʦʥʥʳʤʠ ʨʫʙʢʘʤʠ ʚ ʩʪʨʘʥʝ ʩʝʡʯʘʩ ʙʦʨʶʪʩʷ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʃʝʩɽɻɸʀʉ, ʢʦʪʦʨʘʷ ʦʪʩʣʝʞʠʚʘʝʪ ʩʜʝʣʢʠ ʩ ʜʨʝ-

ʚʝʩʠʥʦʡ. ʅʦ ʧʨʠ ʵʪʦʤ ʥʘ ʧʨʘʢʪʠʢʝ ʟʘʛʦʪʘʚʣʠʚʘʝʪʩʷ ʥʝ ʪʘ ʜʨʝʚʝʩʠʥʘ ʠ ʥʝ ʚ ʪʝʭ 

ʦʙʲʝʤʘʭ, ʢʦʪʦʨʳʝ ʨʘʟʨʝʰʝʥʳ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ ɺʩʝʤʠʨʥʦʛʦ ʌʦʥʜʘ ɼʠʢʦʡ 

ʇʨʠʨʦʜʳ (WWF), ʦʪ 10 ʜʦ 20% ʜʨʝʚʝʩʠʥʳ ʟʘʛʦʪʘʚʣʠʚʘʝʪʩʷ ʥʝʣʝʛʘʣʴʥʦ ʥʘ ʦʩʥʦ-

ʚʝ ʪʘʢʠʭ ʤʘʥʠʧʫʣʷʮʠʡ ʠʣʠ ʟʘ ʩʯʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʘʥʠʪʘʨʥʳʭ ʨʫʙʦʢ, ʢʦʛʜʘ ʣʝ-

ʩʦʧʨʦʤʳʰʣʝʥʥʠʢʠ ʧʦʣʫʯʘʶʪ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʚʳʨʫʙʢʫ ʙʦʣʴʥʳʭ ʠ ʟʘʨʘʞʝʥʥʳʭ 

ʚʨʝʜʠʪʝʣʷʤʠ ʜʝʨʝʚʴʝʚ, ʥʦ, ʧʦ ʬʘʢʪʫ, ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʝ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʠ ʚʤʝ-

ʩʪʦ ʙʦʣʴʥʳʭ ʜʝʨʝʚʴʝʚ ʚʳʨʫʙʘʶʪ, ʥʘʦʙʦʨʦʪ, ʟʜʦʨʦʚʳʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʤʝʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʭ ʧʦʨʦʜ ʤʝʥʝʝ ʮʝʥʥʳʤʠ [3]. ʆʙ ʵʪʦʤ 21 ʤʘʨʪʘ 

2019 ʛʦʜʘ ʊɸʉʉ ʥʘʢʘʥʫʥʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʜʥʷ ʣʝʩʦʚ ʩʦʦʙʱʠʣ ʜʠʨʝʢʪʦʨ ʣʝʩ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ ɺʩʝʤʠʨʥʦʛʦ ʌʦʥʜʘ ɼʠʢʦʡ ʇʨʠʨʦʜʳ (WWF) ʅʠʢʦʣʘʡ ʐʤʘʪʢʦʚ. 

ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʪʘ, ʵʪʠ ʧʨʦʙʣʝʤʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʩʝʡ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ, ʥʦ 

ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʷʪ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʠ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʷʭ, ʇʨʠʤʦʨʴʝ ʠ ʀʨ-

ʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʅʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʨʦʥ ʥʘʥʦʩʷʪ ʧʦʞʘʨʳ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʠʟ ʛʦʜʘ ʚ 

ʛʦʜ ʨʘʩʪʝʪ. ɽʩʣʠ ʚ 2010 ʛʦʜʫ ʧʣʦʱʘʜʴ ʣʝʩʦʚ, ʧʨʦʡʜʝʥʥʘʷ ʧʦʞʘʨʘʤʠ, ʩʦʩʪʘʚʣʷʣʘ 

ʦʢʦʣʦ 2 ʤʣʥ. ʛʘ, ʪʦ ʚ 2019 ʛʦʜʫ ʵʪʘ ʮʠʬʨʘ ʚʳʨʦʩʣʘ ʧʦʯʪʠ ʚ 4,5 ʨʘʟʘ ʠ ʩʦʩʪʘʚʠʣʘ 

8,7 ʤʣʥ. ʛʘ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʚ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, 

ɿʘʙʘʡʢʘʣʴʩʢʦʤ, ʍʘʙʘʨʦʚʩʢʦʤ ʠ ʧʨʠʤʦʨʩʢʦʤ ʢʨʘʷʭ [5]. 

ɺ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʕʢʦʣʦʛʠʷè ʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ 

çʉʦʭʨʘʥʝʥʠʝ ʣʝʩʦʚè ʢ 2024 ʛʦʜʫ ʧʨʝʟʠʜʝʥʪʦʤ ʈʌ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʠʪʴ 

100%-ʡ ʙʘʣʘʥʩ ʚʳʙʳʪʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʩʦʚ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʣʝʩʭʦʟʘ, ʚ 

ʵʪʦʤ ʛʦʜʫ ʫʞʝ ʧʨʠʩʪʫʧʠʣʠ ʢ ʣʝʩʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʨʘʙʦʪʘʤ ɼʘʛʝʩʪʘʥ, ʂʨʳʤ, 

ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʢʨʘʡ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ [3]. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʧʦ ʜʘʥʥʳʤ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ 100% ʜʘʞʝ ʣʝʩʥʳʝ 

ʧʣʦʱʘʜʠ, ʫʥʠʯʪʦʞʝʥʥʳʝ ʧʦʞʘʨʘʤʠ, ʥʝ ʛʦʚʦʨʷ ʦ ʚʳʨʫʙʣʝʥʥʳʭ ʣʝʩʘʭ: ʪʘʢ, ʚ 2019 

ʛʦʜʫ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʣʦʱʘʜʠ 1,1 

ʤʣʥ.ʛʘ [5], ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 8,7 ʤʣʥ.ʛʘ, ʫʥʠʯʪʦʞʝʥʥʳʤʠ ʧʦʞʘʨʘʤʠ, ʵʪʦ ʥʠʯʪʦʞʥʦ 

ʤʘʣʦ. 

ɺ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʩʝʨʳʭ ʩʭʝʤè ʘʨʝʥʜʳ ʣʝʩʥʳʭ 

ʧʣʦʱʘʜʝʡ, ʥʝʪ ʘʙʩʦʣʶʪʥʦ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʤʘʭ ʚʳʨʫʙʢʠ ʣʝʩʦʚ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚʩʷ ʣʝʩʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʙʳʩʪʨʦʝ ʜʦʩʪʠʞʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʝʟ ʫʯʝʪʘ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʣʝʩʥʳʭ 

ʫʯʘʩʪʢʦʚ ʚ ʙʫʜʫʱʝʤ. ʇʨʠ ʚʳʨʫʙʢʝ ʣʝʩʘ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʡ ʧʦʜ-

ʨʦʩʪ ʠ ʤʦʣʦʜʥʷʢ ʮʝʥʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʣʝʩʦ-

ʚʦʟʦʙʥʦʚʣʝʥʠʷ. ɿʘʯʘʩʪʫʶ ʧʨʘʢʪʠʢʫʝʪʩʷ ʩʧʣʦʰʥʘʷ ʨʫʙʢʘ, ʟʘʪʨʘʛʠʚʘʶʱʘʷ ʚʦʜʦ-

ʦʭʨʘʥʥʳʝ ʟʦʥʳ. ʃʝʩʦʧʦʣʴʟʦʚʘʪʝʣʠ, ʜʘʞʝ ʚʳʧʦʣʥʷʷ ʩʚʦʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʶ ʣʝʩʦʚ ʥʘ ʤʝʩʪʘʭ ʨʫʙʢʠ, ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʭʦʜʘ ʟʘ 

ʚʥʦʚʴ ʚʳʩʘʞʝʥʥʳʤʠ ʜʝʨʝʚʴʷʤʠ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʣʝʩʦʚ. 

ʅʘ ʫʨʦʚʥʝ ʛʦʩʫʜʘʨʩʪʚʘ ʥʝʪ ʤʝʭʘʥʠʟʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʟʦʨʘ ʟʘ 

ʘʨʝʥʜʘʪʦʨʘʤʠ ʣʝʩʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜ-

ʨʦʚ. ʅʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʦʦʱʨʝʥʠʷ ʠ ʣʴʛʦʪʳ ʜʣʷ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʠʢʦʚ, ʚʝʜʫ-
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ʱʠʭ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʠ-

ʢʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʚʦʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʚ ʥʘʜʣʝʞʘʱʝʤ ʫʭʦʜʝ ʟʘ ʫʞʝ ʦʩʚʦʝʥʥʳʤʠ ʣʝʩʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. ʆʪʥʦʰʝʥʠʝ 

ʢ ʣʝʩʫ, ʢʘʢ ʢ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʧʨʦʝʢʪʫ, ʥʝ ʩʣʦʞʠʣʠʩʴ ʥʠ ʫ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʠ ʫ ʣʝ-

ʩʦʧʨʦʤʳʰʣʝʥʥʠʢʦʚ, ʚʩʝ ʥʘʧʨʘʚʣʝʥʥʦ ʣʠʰʴ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʠ ʙʳʩʪʨʦ ʜʦʩʪʠ-

ʞʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɽʱʝ ʦʜʠʥ ʬʘʢʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩ-

ʩʠʠ ï ʵʢʩʧʦʨʪ ʧʨʦʜʫʢʮʠʠ ʩ ʥʠʟʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. ɼʦʣʷ ʥʘʰʝʡ ʩʪʨʘ-

ʥʳ, ʤʠʨʦʚʦʛʦ ʣʠʜʝʨʘ ʧʦ ʟʘʧʘʩʘʤ ʜʨʝʚʝʩʠʥʳ, ʚ ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʣʝ ʣʝʩʦʤʘʪʝʨʠʘ-

ʣʘʤʠ ʚʩʝʛʦ 3%. ʆʩʥʦʚʫ ʨʦʩʩʠʡʩʢʦʛʦ ʵʢʩʧʦʨʪʘ ʣʝʩʦʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʢʨʫʛ-

ʣʳʡ ʣʝʩ, ʧʠʣʦʤʘʪʝʨʠʘʣʳ, ʮʝʣʣʶʣʦʟʘ. ʍʦʪʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ ʧʦʩʪʘʚʣʷʪʴ 

ʥʘ ʚʥʝʰʥʠʡ ʨʳʥʦʢ ʢʦʥʝʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʧʝʨʝʨʘʙʦʪʢʠ ʣʝʩʘ. ʅʦ ʚʦ ʤʥʦʛʠʭ ʢʨʫʧ-

ʥʳʭ ʠ ʙʦʛʘʪʳʭ ʣʝʩʦʤ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʛʣʫʙʦʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ, ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʭʦʜʥʦʩʪʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʝʩʘ, ʜʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʠʪʴ ʣʝʩʥʳʝ ʨʝʩʫʨʩʳ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʠ ʫʚʝʣʠʯʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʪʜʘʯʫ ʦʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʢʘʞʜʦʛʦ ʢʫʙʦʤʝʪʨʘ ʣʝʩʘ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ï ʟʘ-

ʜʘʯʘ ʦʯʝʚʠʜʥʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ. ʉʚʦʝʛʦ ʨʦʜʘ çʩʪʠʤʫʣʦʤè ʢ ʨʘʟ-

ʚʠʪʠʶ ʚ ʈʦʩʩʠʠ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʜʦʣʞʥʦ ʙʳʣʦ 

ʩʪʘʪʴ ʧʦʚʳʰʝʥʠʝ ʚʳʚʦʟʥʳʭ ʪʘʤʦʞʝʥʥʳʭ ʧʦʰʣʠʥ ʥʘ ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʣʝʩʦʤʘʪʝ-

ʨʠʘʣʳ [8]. ɺʧʨʦʯʝʤ, ʵʪʘ ʤʝʨʘ ʩʢʦʨʝʝ ʥʦʩʠʪ ʥʝʛʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʩʚʷʟʠ ʩ ʦʪ-

ʩʫʪʩʪʚʠʝʤ ʩʨʝʜʩʪʚ ʥʘ ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠ-

ʥʳ. 

ʂʘʢ ʠ ʣʶʙʘʷ ʛʣʦʙʘʣʴʥʘʷ ʟʘʜʘʯʘ, ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʠ 

ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʦʪʥʦʰʝʥʠʝ ʢ ʣʝʩʥʳʤ 

ʨʝʩʫʨʩʘʤ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʣʝʩʘʤʠ. 

ʇʦ ʩʣʦʚʘʤ ʘʢʘʜʝʤʠʢʘ ʈɸʅ ʄʦʠʩʝʝʚʘ ʅ.ɸ. çʚ ʫʧʨʘʚʣʝʥʠʠ ʣʝʩʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʜʦ 

ʩʠʭ ʧʦʨ ʥʝ ʦʨʛʘʥʠʟʦʚʘʥ ʧʝʨʝʭʦʜ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ 

ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠè [9, C. 9]. ɺ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ ʪʨʝʙʫʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʛʠʙʢʠʝ ʨʳʥʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʥʝ 

ʠʩʪʦʱʠʪʝʣʴʥʦʝ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʫʩʣʦʚʠʷʭ ʧʣʘʪʥʦʩʪʠ ʠ ʜʦʭʦʜʥʦʩʪʠ ʣʝʩʥʳʭ 

ʨʝʩʫʨʩʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʝʩʥʦʝ ʭʦʟʷʡ-

ʩʪʚʦ ʥʝ ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʦʙʦʩʦʙʣʝʥʥʫʶ ʦʪʨʘʩʣʴ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʪʨʘʥʳ, ʘ 

ʢʘʢ ʩʫʙʲʝʢʪ ʣʝʩʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ ʠ ʥʝʟʘʤʝʥʠʤʦʛʦ ʫʯʘʩʪʥʠʢʘ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠʟ ʙʠʦʤʘʩʩʳ 

ʜʨʝʚʝʩʠʥʳ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ [10, ʩ.94]. ʊʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʩʥʳʭ ʟʝʤʝʣʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʣʝʩʦ-

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʫʩʣʦʚʠʝʤ ʠʭ ʦʭʨʘʥʳ ʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦ-

ʚʘʥʥʦʛʦ ʣʝʩʦʚʦʜʩʪʚʘ. 

ɺ ʨʘʩʧʦʨʷʞʝʥʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 26.09.2013 N 1724-ʨ çʆʙ ʫʪʚʝʨʞʜʝ-

ʥʠʠ ʆʩʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʭʨʘʥʳ, ʟʘʱʠ-

ʪʳ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʩʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè 
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ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʤʝʨ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʚ ʣʝʩʥʦʤ 

ʩʝʢʪʦʨʝ ʵʢʦʥʦʤʠʢʠ, ʩʨʝʜʠ ʥʠʭ ʩʣʝʜʫʶʱʠʝ: 

- ʚʚʝʜʝʥʠʝ ʥʦʨʤ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʜʦʣʛʦʩʨʦʯʥʳʭ ʢʦʥʪʨʘʢʪʦʚ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʭʨʘʥʦʡ, ʟʘʱʠʪʦʡ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦʤ ʣʝʩʦʚ; 

- ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʠ ʪʝʢʫʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʣʝʩʥʦʤ 

ʩʝʢʪʦʨʝ ʵʢʦʥʦʤʠʢʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʬʝʜʝʨʘʣʴʥʳʡ, ʨʝʛʠʦʥʘʣʴʥʳʡ ʠ ʤʫʥʠʮʠʧʘʣʴ-

ʥʳʡ ʫʨʦʚʥʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʮʝʣʝʚʦʛʦ ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʜʦʩʪʘ-

ʪʦʯʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʣʘʪʝʞʝʡ ʟʘ ʧʦʣʴʟʦʚʘʥʠʝ ʣʝʩʘʤʠ; 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʩʪʠʤʫʣʠ-

ʨʦʚʘʥʠʷ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʣʝʩʦʨʘʟʚʝʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʧʨʝʨʳʚ-

ʥʦʩʪʴ ʣʝʩʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʣʝʩʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʤʥʦʛʦʣʝʩʥʳʭ ʨʘʡʦʥʘʭ [11]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʚʝʜʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʩʠʣʠʚʘʝʪʩʷ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ 204 ʦʪ 7 ʤʘʷ 

2018 ʛʦʜʘ çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʨʘʟʚʠʪʠʷ ʈʌ ʜʦ 

2024 ʛʦʜʘè. ɻʜʝ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʠ ʧʨʠʟʥʘʥʦ çʩʦʭʨʘʥʝʥʠʝ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʚʢʣʶʯʘʷ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠ-

ʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ 5 ʤʣʥ. ʛʘ, ʩʦʟʜʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʪʫʨʠʟʤʘ ʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʢʘʭ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʣʝʩʦʚ ʥʘ ʦʩʥʦʚʝ ʠʭ ʚʦʩ-

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʚʳʨʫʙʣʝʥʥʳʭ ʠ ʧʦʛʠʙʰʠʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡè 

[12]. 

ɺʳʚʦʜ. ɺ ʠʪʦʛʝ ʚʩʝʛʦ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ɿʘʢʦʥʘ ʦʪ 19 ʠʶʣʷ 2018 ʛʦʜʘ ˉ 212-ʌɿ çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ 

ʃʝʩʥʦʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʯʘʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʩʦʚ ʠ ʣʝʩʦ-

ʨʘʟʚʝʜʝʥʠʷè [13], ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʚʥʝʩʪʠ ʧʨʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʢʣʘʜ ʚ ʩʦʭʨʘʥʝʥʠʝ ʣʝʩʦʚ, ʫʣʫʯʰʝʥʠʝ ʠʭ ʢʘʯʝʩʪʚʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦ-

ʩʪʠ ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ ʢ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʨʫʛʘ ʣʠʮ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʣʝʩʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʪʴʷʤʠ 43-46 ʃʝʩʥʦʛʦ ʂʦʜʝʢʩʘ ʈʌ. ʈʝʯʴ ʠʜʝʪ ʦʙ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʟʝʤʝʣʴ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʣʝʩʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ. ʃʝʩʘ ʙʦʣʴʰʝ ʥʝ ʜʦʣʞʥʳ ʭʠʱʥʠʯʝʩʢʠ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ, ʢʘʢ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʝʡʯʘʩ. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʥʦʚʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʠ ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʦʚʘʣʠ ʙʳ ʩʦʭʨʘʥʝʥʠʝ ʠ ʧʨʝʫʚʝ-

ʣʠʯʝʥʠʝ ʣʝʩʦʚ ʚʦ ʙʣʘʛʦ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. ʄʳ ʩʪʦʠʤ ʧʝʨʝʜ ʚʳʙʦʨʦʤ, 

ʣʠʙʦ ʭʘʣʘʪʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʙʣʝʤʝ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʫʛʨʦʞʘʝʪ ʟʜʦʨʦ-

ʚʴʶ ʠ ʚʳʞʠʚʘʥʠʶ ʣʝʩʦʚ, ʣʠʙʦ ʚʳʙʨʘʪʴ ʧʫʪʴ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʩʦʭʨʘʥʝʥʠʶ ʚʩʝʭ 

ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʣʝʩʦʚ, ʫʯʠʪʳʚʘʷ ʠʭ ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʥʘ ʥʘ-

ʰʝʡ ʧʣʘʥʝʪʝ. ʉʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʩʦʭʨʘʥʝʥʠʶ, ʥʦ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʣʦʱʘʜʝʡ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. ʏʝʤ ʜʦʣʴʰʝ ʤʳ ʙʫʜʝʤ ʦʪʢʣʘʜʳʚʘʪʴ ʨʝʰʝʥʠʝ 

ʵʪʠʭ ʧʨʦʙʣʝʤ, ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ ʫʩʫʛʫʙʣʷʪʴʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘ-

ʥʦʚʢʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʨʘʩʪʫʪ ʟʘʪʨʘʪʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʝʩʦʚ. 
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The deterioration of forests and the reduction of forest areas threaten the ecological well-

being of our entire planet. The ecological functions of the forest are weakening. The forest must be 

protected by new economic and political solutions that guarantee the conservation and exaggera-

tion of forests for the benefit of the entire world's population. 

Keywords: ecology, forest, legislation, reforestation, environmental sustainability. 
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ʉɽʂʎʀʗ 4. ʉʊʈʆʀʊɽʃʔʉʊɺʆ ʀ ʄɽʍɸʅʀʂɸ 
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çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʢʘè ʄʠʭʘʡʣʝʥʢʦ ʆʣʝʛ ɸʥʘʪʦʣʴʝʚʠʯ 

 

ʋɼʂ 519.876.5 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʊɸʅɼɸʈʊʅʆɻʆ ʇʆɾɸʈɸ ʇʈʀ ʇʆʄʆʑʀ 

ʇʈʆɻʈɸʄʄʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ʂ.ɸ. ɻʘʣʘʪ, ʅ.ɸ. ɼʦʣʛʦʚ
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ʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, ʛ .ʈʫʙʮʦʚʩʢ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʜʝʪ ʨʝʯʴ ʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʞʘʨʘ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʜʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʛʨʫʙʦʩʪʴʶ ʨʘʩʯʝʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʜʘʯ ʚ ʇʂ ʃʠʨʘ-ʉɸʇʈ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʇʂ FlowVision. ʇʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʞʘʨ, FlowVision, ʃʠʨʘ-ʉɸʇʈ, ʧʨʝʜʝʣ ʦʛʥʝʩʪʦʡʢʦ-

ʩʪʠ, ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʇʂ FlowVision ʠ ʇʂ ʃʠʨʘ-ʉɸʇʈ, BIM-ʪʝʭʥʦʣʦʛʠʠ, ʚʠʨʪʫʘʣʴʥʳʡ 

ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʞʘʨ 

 

ʇʨʝʜʝʣ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ, ʢʦ-

ʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʟʘʱʠʱʝʥʥʦʩʪʴ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ ʦʪ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪ-

ʚʠʷ ʦʛʥʷ. ʇʦ ʩʫʪʠ, ʵʪʦ ʚʨʝʤʝʥʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʜʘʥʠʝ ʩʦ-

ʭʨʘʥʷʝʪ ʩʚʦʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʥʝʩʫʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦ ʝʩʪʴ, ʦʥʦ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʦʩʪʨʦʡʢʠ, ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ 

(ʩʪʝʥʳ, ʧʝʨʝʢʨʳʪʠʷ ʠ ʢʨʦʚʣʷ ʥʝ ʨʘʟʨʫʰʝʥʳ). 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʝʜʝʣ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤ ʧʫʪʝʤ. ʇʨʠ ʪʘʢʦʤ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʝʮ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ-

ʛʨʫʞʘʶʪ ʥʦʨʤʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʧʦʤʝʱʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʦʛʥʝʚʫʶ ʢʘʤʝʨʫ, 

ʚ ʢʦʪʦʨʦʡ ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ "ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʞʘʨʘ".  ʉʪʘʥʜʘʨʪʥʳʡ ʧʦʞʘʨ ð ʵʪʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʫʩʨʝʜʥʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʨʝʘʣʴʥʳʭ 

ʧʦʞʘʨʦʚ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʟʫʪʥʳʭ ʠʣʠ ʛʘʟʦʚʳʭ ʛʦʨʝʣʦʢ. ʆʛ-

ʥʝʚʳʭ ʢʘʤʝʨ ʚ ʈʦʩʩʠʠ ʥʝ ʪʘʢ ʤʥʦʛʦ, ʘ ʠʩʧʳʪʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ.  
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ʈʠʩ.1. ʂʨʠʚʘʷ "ʩʪʘʥʜʘʨʪʥʦʛʦ" ʧʦʞʘʨʘ. 

 

ʉ ʨʘʟʚʠʪʠʝʤ BIM-ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʰʠʨʠʣʠʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ʇʂ 

FlowVision ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ, ʥʦ ʩʦʚʩʝʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʟʘʜʘʯʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ 

ʇʂ ʃʠʨʘ-ʉɸʇʈ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʟʘʜʘʯ, ʥʦ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʘʩʯʝʪʦʚ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʠʩʧʳʪʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʦʛʥʝʚʦʡ 

ʢʘʤʝʨʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʘ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʫʞʥʦ: 

1) ɿʘʜʘʪʴ ʛʝʦʤʝʪʨʠʶ ʠʩʭʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

2) ɿʘʜʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ  

3) ʋʩʪʘʥʦʚʠʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

4) ʇʨʦʠʟʚʝʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʚ ʇʂ FlowVision 

5) ɺ ʇʂ ʃʠʨʘ-ʉɸʇʈ ʩʦʟʜʘʪʴ ʨʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ ʩ ʠʜʝʥʪʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ 

6) ɿʘʜʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ ʧʨʠ-

ʙʣʠʞʝʥʳ ʢ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʚ ʇʂ Flowvision 

7) ʇʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʛʨʫʞʝʥʠʡ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʞʘʨʘ. 

 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ, ʧʨʠ ʥʘʛʨʝʚʝ ʚ 

ʥʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 
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ʈʠʩ.3. ʄʦʜʝʣʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʞʘʨʘ ʚ ʇʂ FlowVision 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʞʘʨʘ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʜʣʷ ʣʶʙʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ 

ʩ ʣʶʙʳʤʠ ʨʘʟʤʝʨʘʤʠ. ʉʝʛʦʜʥʷ, ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʥʦʨʤ, ʵʪʘ 

ʪʝʤʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ. 
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8. ʄʦʜʫʣʴ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʃʝʢ-

ʮʠʠ // ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ɸʣʪɻʊʋ ʠʤ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ  

- 2019 ʛ. 70ʩ. 

 
The article deals with the modeling of a standard fire using software systems, their ad-

vantages and disadvantages are considered. The relevance of this topic is due to the insufficient 

accuracy of the calculations of temperature problems in the PC Lira-CAD, in comparison with the 

PC FlowVision. The question is raised about the joint use of these software systems 

Keywords:FlowVision, Lira-SAPR, standard fire, fire resistance limit, joint work of PC 

FlowVision and PC Lira-CAD, BIM technologies, method of fire calculation using PC. 
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ɼʆʈʆɾʅʆɽ ʇʆʂʈʓʊʀɽ ʀɿ ʇɽʈɽʈɸɹʆʊɸʅʅʓʍ ʇʆʃʀʄɽʈʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 

ʀ.ʅ. ʀʩʘʢʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪ. ʧʨ. ɺʦʣʢʦʚʩʢʠʡ ɸ.ɸ.
1
, ɾʫʢʦʚʘ ɻ.ɻ.

2 

1
ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʴʤʴ 
2
ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ ʇʝʨʤʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʃʳʩʴʚʘ 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʠ ʧʝʨʝ-

ʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʊʘʢ ʞʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʣʘʩʪʠ-

ʢʘ ʚ ʦʙʣʘʩʪʠ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ, ʧʣʘʩʪʠʢ, ʫʪʠʣʠʟʘʮʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ, ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʝʨʦʷʪʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʤʥʦʞʝʩʪʚʦ ʛʦʩʫ-

ʜʘʨʩʪʚ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʠ 

ʠʭ ʚʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ɽʞʝʛʦʜʥʦ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 3 ʤʣʨʜ. ʪʦʥʥ ʦʪʭʦʜʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʟ ʥʠʭ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʪʨʝʪʴ. ɺ 

ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʦʙʲʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʩʦ-

ʩʪʘʚʣʷʝʪ 40,99 ʤʣʥ. ʪʦʥʥ, ʠʟ ʥʠʭ 15,6 ʤʣʥ. ʪʦʥʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʫʪʠʣʠʟʘʮʠʠ. ʊʘʢʠʝ 

ʜʘʥʥʳʝ ʧʨʠʚʦʜʠʪ ʢʨʘʝʚʦʝ ʤʠʥʠʩʪʝʨʩʪʚʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ[1]. 

ʈʦʩʪ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ, ʢʦʪʦ-

ʨʘʷ ʦʙʣʘʜʘʣʘ ʙʳ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʥʦʚʥʳʤ ʠʟ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʤʠ ʜʘʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʚʳʩʪʫʧʘʶʪ ʜʦʨʦʞʥʳʝ ʧʦʢʨʳʪʠʷ 

ʠʟ ʩʙʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʠʤʝʨʦʚ[5]. 

ɺʩʝʛʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʷʶʪʩʷ ʚʩʝʛʦ ʯʝʪʳʨʝ ʤʝʪʦʜʠʢʠ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʊɹʆ): ʟʘʭʦʨʦʥʝʥʠʝ ʥʘ ʧʦʣʠʛʦ-

ʥʘʭ ʠ ʩʚʘʣʢʘʭ, ʩʞʠʛʘʥʠʝ, ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʠ ʚʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ[2]. ʅʘʠʙʦ-
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ʣʝʝ ʙʝʟʦʧʘʩʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʠʟ ʧʣʘʩʪʠʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʭ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʀʟ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʣʘ-

ʩʪʠʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠ 

ʥʘʟʥʘʯʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʢʘʥʮʝʣʷʨʩʢʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʤʘʪʝʨʠʘ-

ʣʘʤʠ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʳʥʝʰʥʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘ-

ʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ʉ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʭʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʩʪʤʘʩʦʚʦʛʦ 

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʦʩʦʙ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʥʪ 

ʫʪʠʣʠʟʘʮʠʠ ʊɹʆ ʚ ʨʘʟʥʳʭ ʛʦʩʫʜʘʨʩʪʚʘʭ [4]. 

 

 
ʈʠʩ.1. ʇʨʦʮʝʥʪ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʨʘʟʥʳʭ 

ʩʪʨʘʥʘʭ 

 

ɺ ʩʚʷʟʠ ʩ ʝʞʝʛʦʜʥʳʤ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʪʝʭʥʦʣʦʛʠʶ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʘʣ ʊʦʙʠ ʄʘʢʢʘʨʪʥʠ (TobyMcCartney). ʇʝʨʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʜʦʨʦʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʣʘ-

ʩʪʠʢʘ ʙʳʣʘ ʐʦʪʣʘʥʜʩʢʘʷ ʢʦʤʧʘʥʠʷ MacRebur ʚ 2015ʛ. ɺ ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ 

ʥʘʨʷʜʫ ʩ ʧʨʠʚʳʯʥʳʤ ʛʨʘʚʠʝʤ, ʧʝʩʢʦʤ ʠ ʙʠʪʫʤʦʤ ʜʦʙʘʚʠʣʠ ʧʣʘʩʪʠʢʦʚʳʝ ʛʨʘʥʫ-

ʣʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 6000 ʙʫʪʳʣʦʢ, ʢʦʪʦʨʳʝ ʨʘʚʥʷʶʪʩʷ 20 ʪʦʥʥʘʤ [9]. ɸʩʬʘʣʴʪʠ-

ʨʦʚʘʥʥʳʝ ʜʦʨʦʛʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʣʘʩʪʠʢʦʚʦʝ ʧʦʣʦʪʥʦ ʥʘ  60% ʧʨʦʯʥʝʝ ʠ ʦʙʣʘʜʘʝʪ ʨʝʩʫʨʩʦʤ ʜʦ 

10-ʪʠ ʨʘʟ ʜʦʣʴʰʝ. 
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ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠʟ ʧʣʘʩʪʠʢʘ ʷʚʣʷʶʪʩʷ ʛʨʘʥʫʣʳ 

MR6 (ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʧʣʘʩʪʠʢ), ʦʥʠ ʟʘʤʝʥʷʶʪ ʙʠʪʫʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩʤʝʩʠ. ɼʦʨʦʛʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʛʫʪ ʚʳ-

ʜʝʨʞʘʪʴ ʚʝʩ ʣʶʙʦʛʦ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ɻʨʫʟʦʧʝʨʝʚʦʟʢʠ ʧʦ ʵʪʠʤ ʜʦʨʦʛʘʤ 

ʥʘʠʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳ [3]. 

ʊʘʢ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘʥʠʤʘʣʠʩʴ ʛʨʫʧʧʘ ʢʦʤʧʘʥʠʡ ʠʟ 

ʅʠʜʝʨʣʘʥʜʦʚ: KWS (ʯʘʩʪʴ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ VolkerWessels), Wavin (ʯʘʩʪʴ 

ʛʨʫʧʧʳ ʚ ʩʦʩʪʘʚʝ Mexichem) ʠ Total. ɼʘʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʨʘʟʦʚʘʣʠ ʢʦʥʩʦʨ-

ʮʠʫʤ PlasticRoad, ʦʨʛʘʥʠʟʦʚʘʚ ʧʨʦʝʢʪ ʵʢʦ-ʜʦʨʦʛ ʜʣʷ ʩʚʦʝʡ ʩʪʨʘʥʳ [10]. 

ɺ ʈʦʩʩʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʥʠʤʘʝʪʩʷ ʢʦʤʧʘʥʠʷ ʆɸʆ 

çʈʦʩʥʘʥʦè [11]. 

ɻʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛ ʚʳ-

ʩʪʫʧʘʶʪ ʧʣʘʩʪʠʢʦʚʳʝ ʦʪʭʦʜʳ. ʆʥʠ ʟʘʤʝʥʷʶʪ ʚʷʞʫʱʠʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʤ ʨʘ-

ʥʝʝ ʚʳʩʪʫʧʘʣ ʙʠʪʫʤ. 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʙʦʨ, ʩʦʨʪʠʨʦʚʢʫ 

ʠ ʦʯʠʩʪʢʫ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʦʙʘʚʣʝʥʠʝ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʚ ʙʠʪʫʤ. 

ɼʘʣʝʝ ʩʤʝʩʴ ʥʘʛʨʝʚʘʶʪ ʠ ʥʘʥʦʩʷʪ ʝʝ ʥʘ ʟʘʧʦʣʥʠʪʝʣʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160 ʛʨʘʜʫ-

ʩʦʚ. ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʙʠʪʫʤ ʦʙʨʘʙʘʪʳʚʘʶʪ ʠ ʜʦʙʘʚʣʷʶʪ ʩʤʝʩʴ ʩ ʧʣʘʩʪʠ-

ʢʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʜʛʝʟʠʠ [7]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ, ʢʦʪʦʨʘʷ ʫʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʝ ʦʩʥʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ.  

ɼʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ ʠʟ ʧʣʘʩʪʠʢʘ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ [8]: 

¶ ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ; 

¶ ʧʦʢʨʳʪʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ -40 ʜʦ + 80 ϊʉ 

¶ ʭʦʨʦʰʝʝ ʩʮʝʧʣʝʥʠʝ ʩ ʢʦʣʝʩʘʤʠ ʘʚʪʦʤʦʙʠʣʝʡ; 

¶  ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; 

¶ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ; 

¶ ʧʦʣʠʤʝʨʥʳʝ ʜʦʨʦʛʠ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳ. 

ɺʥʝʜʨʝʥʠʝ ʜʦʨʦʛ ʠʟ ʧʣʘʩʪʠʢʘ ʜʦʨʦʞʝ ʫʩʪʨʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʦʜʥʘʢʦ ʵʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʙʦʣʴʰʠʤ ʩʨʦʢʦʤ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ 

ʠ ʧʨʦʯʥʦʩʪʴʶ. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʧʣʘʩʪʠʯ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʫʩʪʘʥʦʚʢʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʫʩ-

ʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʟʘʤʝʥʳ ʩʣʦʤʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ [8]. 

ɺ ʈʦʩʩʠʠ ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʩʪʠʢʦʚʳʭ ʜʦʨʦʛ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʚʦʝʥʥʦʤ ʜʝ-

ʣʝ, ʛʜʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ ʤʦʜʫʣʝʡ. ʇʣʘʩʪʠʢʦʚʳʝ ʜʦʨʦʞʥʳʝ ʤʦʜʫʣʠ ʩ ʘʥ-

ʪʠʩʢʦʣʴʟʷʱʠʤ ʧʦʢʨʳʪʠʝʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʟʘʚʦʜʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʆɸʆ çʊʚʝʨʴ-

ʩʪʝʢʣʦʧʣʘʩʪʠʢè, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ɻʂ çʈʫʩʢʦʤʧʦʟʠʪè ʚ ʛ. ʊʚʝʨʴ. ʊʝʭʥʦʣʦʛʠʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʤʠʝʡ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʙʦʣʦʪʠʩʪʳʭ, 

ʩʠʣʴʥʦ ʫʭʘʙʠʩʪʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ ʠ ʧʨʦʯʠʭ ʩʣʦʞʥʦ-ʧʨʦʭʦʜʠʤʳʭ ʤʝʩʪ. ɼʣʷ ʢʨʝʧ-

ʣʝʥʠʷ ʧʣʠʪ ʠʩʧʦʣʴʟʫʶʪ ʟʘʤʢʦʚʫʶ ʩʠʩʪʝʤʫ çʰʪʳʨʴ-ʦʪʚʝʨʩʪʠʝè. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ 5 ʚʠʜʦʚ ʧʣʠʪ ʠ ʪʨʠ ʪʠʧʘ ʟʘʤʢʦʚʳʭ ʩʠʩʪʝʤ [3]. 
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʨʦʛ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʧʣʘʩʪʤʘʩʩ  

ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

 
 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢ-

ʪʘ. ɺ ʩʣʫʯʘʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ 

ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 15-20%  ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʙʫʜʝʪ ʠʟʛʦʪʦʚʣʝʥʦ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ 

ʧʣʘʩʪʠʢʘ [5]. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʩʣʦʞʥʦ ʚʥʝʜʨʠʪʴ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙ ʧʝ-

ʨʝʨʘʙʘʪʳʚʘʷ ʧʣʘʩʪʠʢʘ ʥʝ ʨʘʟʚʠʪ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʦʚ ʚ ʈʦʩʩʠʠ [2]. 

ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʥʘʩʝʣʝʥʠʝ ʈʌ ʥʝ ʠʤʝʝʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʦʟʥʘʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ɽʚʨʦʧʝ, ʛʜʝ ʣʶʙʦʝ ʚʪʦʨʩʳʨʴʝ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝʨʘ-

ʙʦʪʢʫ [4].  

 
ʈʠʩ.2. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʦʚ 

ʚ ʈʦʩʩʠʠ 
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ʇʦ ʤʥʝʥʠʶ ʨʫʢʦʚʦʜʩʪʚʘ ʀʥʩʪʠʪʫʪʘ ʵʢʦʣʦʛʠʠ ɺʐʕ ʠ ʄʦʩʢʦʚʩʢʦʛʦ ʘʚʪʦʤʦ-

ʙʠʣʴʥʦ-ʜʦʨʦʞʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʈʦʩʩʠʠ 

ʩʣʦʞʥʦ ʚʚʝʩʪʠ ʨʘʟʜʝʣʴʥʫʶ ʩʦʨʪʠʨʦʚʢʫ ʤʫʩʦʨʘ, ʪ.ʢ. ʜʣʷ ʵʪʦʛʦ ʥʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʟʘʢʦʥʦʚ [12]. 

ʆʪʩʫʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʨʘʙʦʪʝ ʩ ʧʦ-

ʣʠʤʝʨʘʤʠ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʳʚʦʜʠʪ ʧʨʦʙʣʝʤʫ ʧʣʘʩʪʠʢʦʚʳʭ ʜʦʨʦʛ ʥʘ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ. ɺʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʪʨʝ-

ʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɻʆʉʊʘ, ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʦʜʦʙʨʝʥʠʝ ʉʦʶʟʜʦʨʅʀʀ, ʠ 

ʚʳʰʝʩʪʦʷʱʝʛʦ ʈʦʩʘʚʪʦʜʦʨʘ [6].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʌ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 78 ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʧʣʘʩʪʤʘʩʩʳ, ʚ ʤʘʩʰʪʘʙʘʭ ʥʘʰʝʡ ʩʪʨʘʥʳ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɺ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ 

ʂʨʘʩʥʦʢʘʤʩʢʝ. ɿʘʚʦʜ ʤʦʞʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ 30 ʪʳʩʷʯ ʪʦʥʥ ʊɹʆ ʚ ʛʦʜ, ʦʪʭʦ-

ʜʳ 4-5 ʢʣʘʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʜʦ 30% ʦʪʭʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʟʘ-

ʚʦʜʝ. ʇʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʚʪʦʨʠʯʥʦʝ ʩʳʨʴʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ï ʠʜʝʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʨʦʪʫʘʨʥʦʡ ʧʣʠʪʢʠ ʠ ʙʨʫʩ-

ʯʘʪʢʠ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʟʘʙʦʨʥʳʝ ʢʦʣʧʘʢʠ, ʵʢʦ ʚʘʪʘ, ʧʝʯʥʦʝ ʪʦʧʣʠʚʦ [1]. 

ɿɸʂʃʖʏɽʅʀɽ. ɼʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʠʟ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʚʠʜʫ ʧʦʚʳ-

ʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʪʘʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʘ ʪʘʢ ʞʝ ʪʦʢʩʠʯʥʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʧʦ-

ʣʠʤʝʨʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʨʝʰʝʥʠʝʤ ʧʦʟʚʦʣʷʶʱʠʤ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪ-

ʥʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛ ʠʟ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʨʝʢ-

ʪʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʮʝʥʪʘ ʫʪʠʣʠʟʘʮʠʠ ʦʪ-

ʭʦʜʦʚ, ʠʟʤʝʥʝʥʠʷ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢ ʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʵʪʠʢʠ ʚ ʩʦʟʥʘʥʠʠ ʥʘʩʝʣʝʥʠʷ. ʊʘʢʞʝ ʥʫʞʥʘ ʜʣʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʥʦʨ-

ʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ (ɻʆʉʊʳ, ʩʝʨʪʠʬʠʢʘʪʳ, ʉʅʠʇʳ), ʩ ʠʩʧʳʪʘʥʠʝʤ ʜʦʨʦʞ-

ʥʦʛʦ ʧʦʣʦʪʥʘ ʚ ʩʪʨʘʥʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʀʩʧʳʪʘʥʠʷ ʤʦʛʫʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʦʪʫʘʨʦʚ, ʧʣʘʩʪʠʢʦʚʳʭ ʜʦʨʦʞʥʳʭ 

ʧʣʠʪʦʢ ʠʣʠ ʙʦʨʜʶʨʦʚ. 
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the Russian Federation are presented. 
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ʋɼʂ 691.322 

ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʈɽʆʃʆɻʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʎɽʄɽʅʊʅʓʍ ʇɸʉʊ ʉ ʎɽʆʃʀʊʉʆɼɽʈɾɸʑʀʄʀ  

ʅɸʇʆʃʅʀʊɽʃʗʄʀ 

ʀ.ɸ. ʂʘʜʳʨʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʪ.ʥ., ʧʨʦʬ. ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʠʥʥʦ-

ʚʘʮʠʷʤ ɸ.ʀ. ɸʜʠʣʭʦʜʞʘʝʚ 

ʊʘʰʢʝʥʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ,  

ʛ. ʊʘʰʢʝʥʪ 
ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʦʩ-

ʥʦʚʝ ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʝʡ ʧʦʨʦʜʳ ʥʘ ʨʝʦʣʦʛʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʧʨʝ-

ʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʨʘʩʭʦʜʘ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ, ʮʝʤʝʥʪʥʘʷ 

ʩʠʩʪʝʤʘ, ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʘʷ ʧʦʨʦʜʘ, ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʦʚʳʡ ʧʣʘʩʪʠʬʠʢʘʪʦʨ. 

 

ɺʚʝʜʝʥʠʝ. ɺʚʝʜʝʥʠʝ ʪʦʥʢʦʤʦʣʦʪʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ ʩʦʩʪʘʚ ʙʝʪʦʥʘ 

ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʮʝʤʝʥʪʘ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ, ʫʧʨʘʚʣʷʪʴ ʢʠ-

ʥʝʪʠʢʦʡ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴʶ ʛʠʜʨʘʪʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʮʝʤʝʥʪʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʦʙʘʚʦʢ (ʚ ʦʩʥʦʚʥʦʤ ʢʨʝʤʥʝʟʝʤʘ) ʩ ʧʨʦ-

ʜʫʢʪʘʤʠ ʛʠʜʨʘʪʘʮʠʠ ʩʦʟʜʘʶʪʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʣʦʪ-

ʥʷʶʪ ʠ ʫʧʨʦʯʥʷʶʪ ʩʪʨʫʢʪʫʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ [1]. 

ʇʦʤʠʤʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʤʠʥʝʨʘʣʴʥʳʝ ʜʦʙʘʚʢʠ ʚ ʩʦʩʪʘʚʘʭ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʭ ʮʝʤʝʥʪʦʚ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʜʚʠʞ-

ʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ [2]. 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [3] ʩʥʠʞʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʤ ʧʦ-

ʪʝʥʮʠʘʣʦʤ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʬʣʦʢʫʣʷʮʠʶ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ ʯʪʦ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʬʣʦʢʫʣʷʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʷʪʴ ʜʠʩʧʝʨʩʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʢʠʥʝ-

ʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʅʝʢʦʪʦʨʳʝ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʠ, ʢ ʧʨʠʤʝʨʫ, ʟʦʣʘ-ʫʥʦʩʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ. ʕʪʦ ʚʠʜʠʤʦ, ʤʦʞʝʪ ʙʳʪʴ 

ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʣʠ ʞʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʟʦʣʳ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʧʦʛʣʦʱʘʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʦʜʦʧʦ-

ʪʨʝʙʥʦʩʪʠ. 

ɸʚʪʦʨʳ [4] ʫʪʚʝʨʞʜʘʶʪ ʯʪʦ, ʤʠʥʝʨʘʣʴʥʳʝ ʜʦʙʘʚʢʠ, ʠʤʝʶʱʠʝʩʷ ʚ ʩʦʩʪʘʚʝ 

ʥʝʢʦʪʦʨʳʭ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ (ʩʫʥʛʫʣʠʪʳ, ʭʣʦʨʠʪʳ, ʦʫʥʛʫʣʠʪʳ) ʦʙʣʘʜʘʶʪ ʧʣʘ-

ʩʪʠʬʠʮʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ. 

ʀʩʭʦʜʷ, ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʝʛʦ (ʎʉʇ) ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ (ʥʘʪʨʦʣʠʪ) ʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ (ʉʇ) ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʤʝʥʪʥʳʭ ʧʘʩʪ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʦʣʥʝʥʥʳʭ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʠ ʩ ʨʘʟʣʠʯʥʳʤ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ (ʉʇ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʎʉʇ (ʥʘʪʨʦʣʠʪ) ɹʝʣʴʪʘʫʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʉʇ ʧʨʠ-

ʤʝʥʷʣʠ ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʦʚʳʡ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ POLIMIX ʬʠʨʤʳ ARMENT 

CONSTRUCTION CHEMICALS. 

ʇʨʠʛʦʪʦʚʣʝʥʠʷ ʚʷʞʫʱʝʛʦ ʧʨʦʠʟʚʦʜʠʣʠ ʨʘʟʜʝʣʴʥʦ ï ʩʥʘʯʘʣʘ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʥʘʧʦʣʥʠʪʝʣʴ ʠʟ ʎʉʇ ʠʟʤʝʣʴʯʝʥʥʳʡ ʜʦ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 3400 ʩʤ
2
/ʛ ʠ ʮʝ-

ʤʝʥʪ ʩ ʯʘʩʪʴʶ ʚʦʜʳ ʟʘʪʚʦʨʝʥʠʷ, ʘ ʟʘʪʝʤ ʩ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʚʦʜʳ ʠ ʜʦʙʘʚʢʦʡ. 

ʈʘʩʭʦʜ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠʥʷʪ ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʳʤ 30% ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ, ʘ ʜʦ-

ʟʠʨʦʚʢʫ ʉʇ ʠʟʤʝʥʷʣʠ ʚ ʧʨʝʜʝʣʘʭ 0,2-1,2 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ ʩ ʰʘʛʦʤ 0,2. 

ʇʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʮʝʤʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ ʤʝʪʦ-

ʜʠʢʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ [5] ʠ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

† ȟ      (1) 

ʛʜʝ Ű0 - ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʩʫʩʧʝʥʟʠʠ, ʇʘ; h ʠ d - ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʚʳʩʦʪʘ ʠ ʜʠʘʤʝʪʨ ʚʠʩʢʦʟʠʤʝʪʨʘ, ʤ; ɟ - ʧʣʦʪʥʦʩʪʴ ʩʫʩʧʝʥʟʠʠ, ʢʛ/ʤ
3
; g-

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʝ 9,81 ʤ/ʩ
2
; k - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʝʨʝ-

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʭ ʪʝʣʘʭ, ʨʘʚʥʳʡ 2; D - ʜʠʘʤʝʪʨ 

ʨʘʩʧʣʳʚʘ ʩʫʩʧʝʥʟʠʠ, ʤ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʚʷʟʢʦʩʪʠ ʮʝʤʝʥʪʥʳʭ ʧʘʩʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝ-

ʪʦʜ ʉʪʦʢʩʘ [6]. ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʩʧʣʳʪʠʝ ʠʣʠ ʧʦʛʨʫʞʝʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ 

ʪʝʣ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

– Ὧ” ” Ὕ,     (2) 

ʛʜʝ ɖ ï ʩʪʨʫʢʪʫʨʥʘʷ ʚʷʟʢʦʩʪʴ, (ʇʘ*ʩ); k - ʢʦʥʩʪʘʥʪʘ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʚʥʳʡ 

0,000223, ɟ1 ʠ ɟ2 - ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʰʘʨʠʢʘ, ʢʛ/ʤ
3
; T - ʚʨʝʤʷ 

ʚʩʧʣʳʚʘʥʠʷ ʰʘʨʠʢʘ, ʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʎʝʤʝʥʪʥʦʝ ʪʝʩʪʦ ʜʦ ʥʘʯʘʣʘ ʩʭʚʘʪʳʚʘʥʠʷ ʠʤʝʝʪ 

ʚ ʦʩʥʦʚʥʦʤ ʢʦʘʛʫʣʷʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʈʘʟʨʫʰʝʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘʩʪʫʧʘʝʪ 

ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʠʩʪʝʤʫ (ʚʠʙʨʘʮʠʠ, ʚʩʪʨʷʭʠʚʘʥʠʝ, ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʝ ʠ ʪ.ʜ.). ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʥʘʷ ʚʷʟʢʦʩʪʴ ʧʘʜʘʝʪ, ʠ ʩʫʩʧʝʥʟʠʷ ʧʨʠʦʙʨʝʪʘ-

ʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʯʴ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʪʨʫʢʪʫʨ-

ʥʳʝ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ ʚʥʦʚʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʚʷʟʢʦʩʪʴ ʩʫʩʧʝʥʟʠʠ ʧʦʚʳʰʘʝʪʩʷ, 

ʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ ʠʩʯʝʟʘʝʪ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʩʣʫʞʘʪ ʩʪʨʫʢʪʫʨʥʘʷ ʚʷʟʢʦʩʪʴ (ɖ) ʠ ʧʨʝʜʝʣʴʥʦʝ ʥʘ-

ʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ (Ű0), ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʦ ʤʝʪʦʜʠʢʘʤ [5, 6]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʨʘʚʥʠʚʘʣʦʩʴ ʩʪʨʫʢʪʫʨʥʘʷ ʚʷʟʢʦʩʪʴ ʥʘʧʦʣʥʝʥʥʳʭ ʠ ʥʝʥʘ-

ʧʦʣʥʝʥʥʳʭ ʮʝʤʝʥʪʥʳʭ ʧʘʩʪ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʇ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʚʷʟʢʦʩʪʴ ʥʘʧʦʣʥʝʥʥʳʭ ʠ 

ʥʝʥʘʧʦʣʥʝʥʳʭ ʮʝʤʝʥʪʥʳʭ ʧʘʩʪ (ʨʠʩ. 1). ʉʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝ-

ʥʠʝʤ ʪʨʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚʷʞʫʱʝʛʦ ʠ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʀʟ ʨʠʩ. 1 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʧʨʠ ʤʘʣʳʭ ʜʦʟʠʨʦʚʢʘʭ ʉʇ ʜʦ 

0,5 % ʚʷʟʢʦʩʪʴ ʥʘʧʦʣʥʝʥʥʦʡ ʧʘʩʪʳ ʚʳʰʝ ʥʘ 14 % ʯʝʤ ʢʦʥʪʨʦʣʴʥʳʡ, ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ʜʦʟʠʨʦʚʢʠ ʉʇ ʦʪ 0,5 % ʜʦ 1,2 %, ʧʦʢʘʟʘʪʝʣʴ ɖ ʥʘʧʦʣʥʝʥʥʦʡ ʮʝʤʝʥʪʥʦʡ 

ʧʘʩʪʳ ʩʥʠʞʘʝʪʩʷ ʜʦ ʦʪʤʝʪʢʠ 3,26 ʇʘ*ʩ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʠʞʝ ʥʘ 22 % ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 
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ʩʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ ʉʇ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʟʘ ʩʯʝʪ 

ʭʣʦʨʠʪ-ʩʫʥʛʫʣʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʎʉʇ ʥʘʧʦʣʥʠʪʝʣʷ. ɺʚʦʜʠʤʳʡ ʚ ʩʦʩʪʘʚ ʤʠʥʝ-

ʨʘʣʴʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʘʩʪʳ ʠ ʧʦʟʚʦʣʷ-

ʝʪ, ʫʤʝʥʴʰʠʪʴ ʜʦʟʠʨʦʚʢʫ ʉʇ ʥʘ 22 % ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʚʷʟʢʦʩʪʴ ʥʝʥʘʧʦʣʥʝʥʥʳʭ (1) ʠ ʥʘʧʦʣʥʝʥʥʳʭ ʩ ʎʉʇ (2) 

ʮʝʤʝʥʪʥʳʭ ʧʘʩʪ 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʠ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʥʘ ʚʠʜʦʠʟʤʝ-

ʥʝʥʥʦʤ ʚʠʟʢʦʟʠʤʝʪʨʝ ɺ.ʀ. ʂʘʣʘʰʥʠʢʦʚʘ ʩ ʨʘʚʥʳʤ ʨʘʩʧʣʳʚʦʤ ʤʠʥʠ ʮʠʣʠʥʜʨʘ 

80 ʤʤ. ɼʣʷ ʵʪʦʛʦ ʫʤʝʥʴʰʘʣʠ ɺ/ʎ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʉʇ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʠʥʘʢʦʚʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʵʪʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʧʦʜʚʠʞʥʦʩʪʠ, ʠʩʩʣʝʜʫʝʤʳʝ 

ʮʝʤʝʥʪʥʳʝ ʧʘʩʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Ű0. 
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ɸʥʘʣʠʟ ʨʠʩ. 2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ ʯʪʦ, ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ 

ʥʝʥʘʧʦʣʥʝʥʥʳʭ ʧʘʩʪʘʭ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 5-8 % 

ʯʝʤ ʥʘʧʦʣʥʝʥʥʳʝ. 

ʇʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝʥʘʧʦʣʥʝʥʥʦʡ ʧʘʩʪʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠ-

ʝʤ ʉʇ ʜʦ 0,8 % ʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʵʢʩʪʨʠʤʫʤʘ ʧʨʠ 68,28 ʇʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝ-

ʣʠʯʝʥʠʷ ʜʦʟʠʨʦʚʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʟʥʘʯʝʥʠʷ Ű0. ɼʣʷ ʚʪʦʨʦʛʦ ʩʦʩʪʘʚʘ ʵʢʩʪʨʠ-

ʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʦʟʠʨʦʚʢʝ 1,2 % ʠ ʨʘʚʝʥ 65,2 ʇʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠ-

ʤʝʥʝʥʠʝ ʎʉʇ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ Ű0. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʷʚ-

ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʉʇ ʥʘ 22% ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʚʠʙʨʦʫʧʣʦʪʥʷʝʤʦʩʪʴ ʩʤʝ-

ʩʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʣʦʪʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʦʛʦ ʙʝʪʦʥʘ. 
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ʆʇʊʀʄʀɿɸʎʀʗ ʆʈɻɸʅʀɿɸʎʀʆʅʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʈɽʐɽʅʀʁ ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ ɹɽʊʆʅʅʓʍ ʈɸɹʆʊ 
ʂ.ʖ. ʂʨʳʣʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ʉ.ʄ. ʂʫʟʥʝʮʦʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥrʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙɦʝʥʠ̫,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
ɸʥʥʦʪʘʮʠʷ. ɹʝʪʦʥʥrʝ ʨʘʙʦʪʳ ʟʘʥʠʤʘʁʪ ʣʠʜʠʨʫʁ ʠɦʝ ʧʦʟʠʮʠʠ ʚ ʚʦʟʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨ-

ʥrʭ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʥʘʩʪʦ̫ ʠɦʡ ʧʝʨʠʦʜ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʠ ʦʜʠʥ ʩʪʨʦʠʪʝʣʴʥrʡ 

ʦʙ̡ ʝʢʪ ʙʝʟ ʫʯʘʩʪʠ̫ ʙʝʪʦʥʥrʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥrʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦ ʪɻʦʡ ʧʨʠʯʠʥʝ ʚʦʧʨʦʩ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʙʝʪʦʥʥrʭ ʨʘʙʦʪ ʚ̫ʣʝ̫ʪʩʷ ʘʢʪʫʘʣʴʥrʤ. ɺ ʜʘʥʥʦʡ ʩʪʘʪɹʝ ʨʘʩʩʤʦʪʨʝʥr  ʦʩʥʦʚʥrʝ 
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ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʪʦʥʥrʭ ʨʘʙʦʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʥʞʝʥʝʨʥrʭ 

ʩʦʦʨʫʞʝʥʠʡ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʙʝʪʦʥʥrʝ ʨʘʙʦʪr, ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪ. 

 

ʉʪʨʫʢʪʫʨʘ ʙʝʪʦʥʘ ʨʘʟʣʠʯʘʝʪʩ ̫ʩʚʦʠʤ ʩʪʨʦʝʥʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥ̫. 

ʅʘʧʨʠʤʝʨ, ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣ̫ʨʥr ʡ ʜʣ ̫ʦʪʜʝʣɹʥrʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦ ʤʘʢʨʦʩʪʨʫʢ-

ʪʫʨ  rʢʘʢ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦ̫ ʝɦʛʦ ʠʟ ʮʝʤʝʥʪʥʦ- ʧʝʩʯʘʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ, ʟʘʧʦʣʥʠʪʝʣʝʡ ʠ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. ʋʨʦʚʥʠ ʨʘʟʣʠʯʘʪʁʩ ̫ʥʘʙʦʨʘʤʠ ʬʠʟʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨr ʝ ʚ ʩʚʦ  ʁʦʯʝʨʝʜɹ ʦʧʨʝʜʝʣ̫ʁʪ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ [1 ï 6]. 

ʂʘʢ ʛʣʘʩʠʪ ʩʪʨʫʢʪʫʨʥʘʷ ʪʝʦʨʠʷ ʩʪʨʫʢʪʫʨʘ ʙʝʪʦʥʘ ð ʪɻʦ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠ-

ʚʘʝʤr ʡ ʦʙ̡ʝʢʪ. ʉʪʨʫʢʪʫʨʥʘʷ ʪʝʦʨʠ̫ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʣʠ̫ʥʠʝ ʩʪʨʫʢʪʫʨʥrʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʪʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʪʘʢʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝ-

ʤr ʡ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʟʘʜʘʥʥʦʤ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣɹʥʦʩʪʠ. 

ʆʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʟʘʚʠʩʠʪ ʚrʙʦʨ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, ʥʦ ʪʘʢʞʝ 

ʚʘʞʥʦ ʫʯʠʪrʚʘʪɹ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣɹʥʦʩʪʠ. ɺ ʪɻʠ ʢʨʠʪʝʨʠʠ 

ʚʭʦʜʪ̫ ʢʘʢ ʫʜʝʣɹʥʳʝ ʨʘʩʭʦʜr  ʮʝʤʝʥʪʘ, ʪʘʢ ʠ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪr , ʩʪʦʠʤʦʩʪɹ, 

ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ, ʨʘʙʦʯʘ ̫ʩʠʣʘ ʠ ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ. 

ʎʝʣɹ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʢʣʁʯʘʝʪʩ ̫ʚ ʧʦʣʫʯʝʥʠʠ ʚʦʟʤʦʞʥʦʛʦ ʤʘʢʩʠʤʘʣʥɹʦʛʦ 

ʠʣʠ ʤʠʥʠʤʘʣʥɹʦʛʦ ʨʝʟʫʣʪɹʘʪʘ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʥɹʦʩʪʠ, ʧʨʠ ʟʘʜʘʥʥrʭ 

ʦʛʨʘʥʠʯʝʥʠ̫ʭ. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʟʘʜʘʝʪʩ ̫ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠ̫ʭ, ʥʘ-

ʧʨʠʤʝʨ ʧʦ ʨʘʩʭʦʜʫ ʨʝʩʫʨʩʦʚ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʏʝʪʢʦ ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠ ̫ʦʧʪʠʤʘʣʥɹʦʩʪʠ ʚ̫ʣ̫ ʪʁʩ ̫ʚʘʞʥʝʡʠhʤ ʫʩʣʦʚʠʝʤ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠ ̫ʦʧʪʠʤʘʣɹʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʪʦʥʘ. 

ɹʝʪʦʥʥr ʝ ʨʘʙʦʪr ʧʦ ʪʨʫʜʦʝʤʢʦʩʪʠ ʩʦʩʪʘʚʣ̫ ʪʁ 10,8-25%. ʇʨʠ ʪɻʦʤ ʥʘ 

ʩʙʦʨʢʫ ʠ ʩʚʘʨʢʫ ʘʨʤʘʪʫʨʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʫʭʦʜʠʪ 15%, ʧʨʠ ʪɻʦʤ ʙʦʣɹhʘ ̫ʯʘʩʪɹ 

ʨʘʙʦʪ ʚr ʧʦʣʥʝ̫ʪʩ ̫ʚʨʫʯʥʫʁ , ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʨʫʯʥʦʡ ʪʨʫʜ ʧʨʠ ʚr ʧʦʣʥʝʥʠʠ ʪʘʢʠʭ 

ʨʘʙʦʪ ʧʨʝʚr ʘhʝʪ 60%. 

ʇʨʠ ʚʦʟʚʝʜʝʥʠʠ ʤʦʥʦʣʠʪʥ ʭr ʞʝʣʝʟʦʙʝʪʦʥʥrʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʝʜ-

ʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩ ̫ʩʣʦʞʥʳʤ ʘʨʤʘʪʫʨʥʳʤ ʢʦʥʩʪʨʫʢʮʠʤ̫, ʧʦʜʘʚʣ̫ʶɦ ʝʝ ʙʦʣɹ-

ʠhʥʩʪʚʦ ʢʦʪʦʨrʭ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪɹ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʥʠʟʢʦʡ ʧʦʚʪʦʨ̫ʝ-

ʤʦʩʪɹ  ʁʠ ʤʘʣʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪɹ .ʁ 

ɼʣ ̫ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʤʦʥʪʘʞʘ ʘʨʤʘʪʫʨʳ ʤʦʞʥʦ ʠʩʧʦʣɹʟʦʚʘʪɹ ʙʣʦʢʠ 

ʘʨʤʘʪʫʨʳ ʙʦʣɹhʝʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʁʪʩ ̫ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʵʣʝʢ-

ʪʨʦhʣʘʢʦʚʦʡ ʩʚʘʨʢʦʡ ʠʣʠ ʩʦʝʜʠʥ̫ ʪʁʩ ̫ʤʫʬʪʘʤʠ ʠ ʟʘʞʠʤʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʩʥʠ-

ʟʠʪɹ ʪʨʫʜʦʟʘʪʨʘʪr ʥʘ 12ï18%. ɿʘ ʩʯʝʪ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʙʦʣɹhʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥ ʭr ʢʘʨʢʘʩʦʚ ʘʨʤʘʪʫʨ  rʟʘʪʨʘʪr ʥʘ ʨʘʙʦʯʫʁ  ʩʠʣʫ ʩʥʠʞʘʁʪʩ ̫ʧʨʠʤʝʨʥʦ ʥʘ 1,5ï2 

ʯʝʣʦʚʝʢʘ ʚ ʜʝʥʴ ʥʘ 1 ʪʦʥʥʫ ʘʨʤʘʪʫʨʳ. 

ʀʩʧʦʣɹʟʦʚʘʥʠʝ ʘhʛʘʁɦʠʭ ʢʦʥʪʘʢʪʥrʭ ʩʚʘʨʦʯʥrʭ ʘʧʧʘʨʘʪʦʚ ʧʦʚrʩʠʪ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣɹʥʦʩʪɹ ʪʨʫʜʘ ʚ 2-3 ʨʘʟʘ, ʯʪʦ ʫʣʫʯh ʠʪ ʫʩʣʦʚʠ ̫ʪʨʫʜʘ ʩʚʘʨɦʠʢʦʚ. ʄʘʢ-

ʩʠʤʘʣʥɹʳʡ ʬɻʬʝʢʪ ʦʪ ʠʩʧʦʣɹʟʦʚʘʥʠ̫ ʤʦʙʠʣɹʥrʭ ʩʪr ʢʦʚʦʯʥrʭ ʤʘhʠʥ ʜʦʩʪʠʛʘ-

ʝʪʩ ̫ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʘʨʤʠʨʫʁ ʝɦʡ ʟʘʣʠʚʢʠ ʬʫʥʜʘʤʝʥʪʥrʭ ʧʣʠʪ, ʤʦʥʦʣʠʪʥ ʭr ʧʝ-

ʨʝʢʨrʪʠʡ, ʧʦʢʨrʪʠʡ ʜʦʨʦʛ ʠ ʘʵʨʦʧʦʨʪʦʚ. 

ʇʝʨʝʭʦʜ ʥʘ ʥʝʩʚʘʨʥʳʝ ʩʪrʢʦʚr ʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʧʦʚrʩʠʪɹ ʧʨʦʠʟʚʦʜʠ-
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ʪʝʣɹʥʦʩʪɹ ʩʙʦʨʢʠ ʘʨʤʘʪʫʨʳ. ʀʩʧʦʣɹʟʦʚʘʥʠʝ ʫʥʠʬʠʢʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʘʨ-

ʤʘʪʫʨʥrʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪɹʩ ̫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʘʩʩʦʚr ʭ ʘʨʤʘʪʫʨʥrʭ ʠʟʜʝʣʠʡ, ʯʪʦ, ʚ ʩʚʦʁ  ʦʯʝʨʝʜɹ, ʧʨʠʚʝʜʝʪ ʢ ʧʦʚr ʝhʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣɹʥʦʩʪʠ ʪʨʫʜʘ ʠ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʨʘʙʦʪ. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ ʘʥʘʣʠʟʘ ʪʨʫʜʦʟʘʪʨʘʪ ʧʨʠ ʚr ʧʦʣʥʝʥʠʠ ʙʝʪʦʥʥ ʭr ʨʘʙʦʪ, 

ʤʦʞʥʦ ʟʘʤʝʪʠʪɹ, ʯʪʦ ʤʝʥɹhʘ ̫ʤʝʭʘʥʠʟʘʮʠ ̫ʩʦʩʪʘʚʣ̫ʶɦ ʘ ̫25% ʠ ʚrʩʦʢʘ ̫ʪʨʫʜʦ-

ʝʤʢʦʩʪɹ ʨʘʙʦʪ ʨʘʚʥʘʷ 40% ʦʢʘʟʚrʘʁʪ ʙʦʣɹhʦʝ ʚʣʠ̫ʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʧʦ-

ʜʘʯʫ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʫʢʣʘʜʢʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʘ ʪʘʢ ʞʝ ʥʘ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩ-

ʪʚʦʨʦʚ. 

ɺʦʟʤʦʞʥʦʩʪɹ ʩʥʠʟʠʪɹ ʟʘʪʨʘʪr ʥʘ ʨʘʙʦʯʫ  ʁʩʠʣʳ ʠ ʨʦʩʪ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ 

ʨʘʙʦʪ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠ ̫ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʪɻʠʭ ʧʨʦʮʝʩʩʦʚ, ʫʣʫʯ-

ʝhʥʠʷ ʧʘʨʢʘ ʩʪʨʦʠʪʝʣɹʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʥrʭ ʩʨʝʜʩʪʚ, ʠ ʠʭ ʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʠʩʧʦʣɹʟʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʧʦʚr ʝhʥʠ ̫ʩʤʝʥʥʦʩʪʠ ʨʘʙʦʪ. 

ʅʘ ʜʘʥʥrʡ ʤʦʤʝʥʪ ʚʦʟʤʦʞʥʦ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʟʣʠʯʥr ʭ ʤʘʨʦʢ ʙʝʪʦʥʥr ʭ 

ʩʤʝʩʝʡ ʨʘʟʣʠʯʥʦʡ ʤʦ ʥɦʦʩʪʠ, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 12 ʜʦ 240 ʤ
3
 / ʯ. ɽʩʣʠ ʦʙʝʩʧʝʯʠʪʴ 

ʢʨʫʛʣʦʛʦʜʠʯʥʫ  ʁʨʘʙʦʪʫ ʙʝʪʦʥʥʭr ʟʘʚʦʜʦʚ, ʘ ʪʘʢ ʞʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪ ɹʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʦ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʮʝʩʩ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʙʝʪʦʥʥrʭ ʩʤʝʩʝʡ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʤʝʭʘʥʠʟʘʮʠ̫  ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠ̫  ʙʝʪʦʥʥr ʭ ʩʤʝʩʝʡ 

ʨʘʟʣʠʯʥʦʡ ʤʦɦʥʦʩʪʠ ʜʘʜʫʪ ʚʦʟʤʦʞʥʦʩʪɹ ʠʩʧʦʣʟɹʦʚʘʥʠ ̫ʨʘʟʣʠʯʥr ʭ ʚʠʜʦʚ ʭʠ-

ʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠ̫ ʢ ʩʚʦʡʩʪʚʘʤ ʩrʨɹ ,̫ ʜʦʙʘʚʢʠ 

ʤʦʛʫʪ ʟʥʘʯʠʪʝʣɹʥʦ ʧʦʚrʩʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤr ʭ ʩʤʝʩʝʡ. 

ʈʘʚʥʦʤʝʨʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣ̫ ʢɻʦʥʦʤʠʠ ʮʝʤʝʥʪʘ ʚ ʧʨʝʜʝ-

ʣʘʭ 11% ʩʪʘʥʝʪ ʚʦʟʤʦʞʥr ʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʪʝʭʥʦʣʦʛʠʁ  ʨʘʟʜʝʣɹʥʦʛʦ ʧʨʠʛʦʪʦʚ-

ʣʝʥʠ̫  ʙʝʪʦʥʥr ʭ ʩʤʝʩʝʡ. ʀʩʧʦʣʟɹʦʚʘʥʠʝ ʩʫʭʠʭ ʙʝʪʦʥʥr ʭ ʩʤʝʩʝʡ ʛʘʨʘʥʪʠʨʫʝʪ 

ʧʨʠʨʦʩʪ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠ ̫ʥʘ ʤʘ-

ʣʝr ʠ ʙʦʣʴhʠʝ ʨʘʩʩʪʦ̫ʥʠ̫ . 
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Concrete works occupy a leading position in the construction of engineering structures. At the 
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ʋɼʂ 624.953 

ʇʈʀʄɽʅɽʅʀɽ ʅɽʆɼʅʆʈʆɼʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ 

ʋʈɸɺʅɽʅʀʁ ʉ ʇʆʉʊʆʗʅʅʓʄʀ ʂʆʕʌʌʀʎʀɽʅʊɸʄʀ ɺ ʈɸʉʏɽʊɽ 

ɼɽʌʆʈʄɸʎʀʀ ʉʊɽʅʆʂ ʈɽɿɽʈɺʋɸʈɸ 

ʈ.ʀ. ʃʠʩʠʮʳʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ʆ.ɺ. ɽʬʨʝʤʝʥʢʦʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, ʛ. ʈʫʙʮʦʚʩʢ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ ʦʧʠʩʳʚʘʶʱʝʛʦ ʜʝʬʦʨʤʘʮʠʶ ʩʪʝʥʦʢ ʨʝʟʝʨʚʫʘʨʘ ʧʦʜ ʩʠʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʠ ʚʳʯʠʩʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʵʪʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʉʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ, ʩ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪ-

ʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʜʝʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʜʥʠʱʘ 

ʨʝʟʝʨʚʫʘʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʠʧʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ. 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʤʘʪʝʤʘʪʠʢʠ ʢ ʠʥʞʝʥʝʨʥʳʤ 

ʥʘʫʢʘʤ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ. ʇʨʠʢʣʘʜʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʧʦʤʦʱʴʶ ʥʠʭ ʦʧʠʩʳ-

ʚʘʶʪʩʷ ʛʦʨʘʟʜʦ ʧʦʣʥʝʝ ʠ ʟʘʯʘʩʪʫʶ ʩʘʤʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʱʝʪʝʭʥʠʯʝ-

ʩʢʠʭ ʚʦʧʨʦʩʦʚ ʧʨʠʢʣʘʜʥʳʭ ʜʠʩʮʠʧʣʠʥ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʨʦʜʥʳʭ, ʠʥʞʝ-

ʥʝʨʥʳʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʗʚʣʷʷʩʴ ʦʩʥʦʚʥʳʤ ʘʧʧʘʨʘʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ, ʦʥʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʦʥʦʤʠʢʝ, ʤʝʜʠʮʠʥʝ, ʫʧʨʘʚʣʝʥʠʠ. ʇʨʠ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʜʝʣʷʶʪ ʬʘʢʪʦʨʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ 

ʧʨʠʨʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʤʘʣʦʚʘʞʥʳʤʠ ʧʨʝʥʝʙʨʝʛʘʶʪ. ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʩʘ ʟʘʧʠʩʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʣʠ ʠʭ ʩʠʩ-

ʪʝʤ. ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʘʝʪ ʢʘʨʪʠʥʫ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ, ʘ 

ʧʦʜʩʪʘʥʦʚʢʘ ʚ ʥʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ, ʦʩʦʙʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʠʩʢʦʤʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ [1]. ʈʝʟʝʨʚʫʘʨʳ, ʚ ʢʦʪʦʨʳʭ ʭʨʘʥʷʪ  ʥʝʬʪʝ-

ʧʨʦʜʫʢʪʳ, ʤʘʩʣʘ, ʚʦʜʫ, ʩʞʠʞʝʥʥʳʝ ʛʘʟʳ, ʢʠʩʣʦʪ, ʩʧʠʨʪʳ ʠ ʜʨʫʛʠʝ ʞʠʜʢʦʩʪʠ, ʧʦ 

ʨʘʩʧʦʣʦʞʝʥʠʶ  ʢ ʧʣʘʥʠʨʦʚʦʯʥʦʤʫ ʫʨʦʚʥʶ ʧʣʦʱʘʜʢʠ, ʨʘʟʣʠʯʘʶʪ ʥʘʜʟʝʤʥʳʝ, 

ʥʘʟʝʤʥʳʝ ʠ ʧʦʣʫʟʘʛʣʫʙʣʝʥʥʳʝ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʩʪʘʮʠʦ-

ʥʘʨʥʫʶ ʢʨʳʰʫ ʩ ʧʦʥʪʦʥʦʤ, ʧʣʘʚʘʶʱʫʶ. ʉʪʘʮʠʦʥʘʨʥʳʝ ʜʝʣʷʪʩʷ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʥʘ ʢʦʥʠʯʝʩʢʠʝ ʩʦ ʩʪʦʡʢʦʡ ʠʣʠ ʙʝʟ, ʩʬʝʨʠʯʝʩʢʠʝ ʚ ʚʠʜʝ ʨʘʩʧʦʨʥʳʭ ʢʦʥʩʪ-

ʨʫʢʮʠʡ, ʪʦʨʦʩʬʝʨʠʯʝʩʢʠʝ ʠ ʪ.ʜ. ɺ ʚʝʨʪʠʢʘʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʘʭ 

ʛʣʘʚʥʦʡ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʪʝʥʢʘ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ,  ʚʩʝʤ ʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʩʫʱʠ ʧʨʦʯʥʦʩʪʴ,  

ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʦʵʪʦʤʫ ʩʥʘʨʫʞʠ ʠʣʠ ʠʟʥʫʪʨʠ ʩʪʝʥʢʘ ʜʦʣʞʥʘ 

ʠʤʝʪʴ ʢʦʣʴʮʝʚʦʝ ʨʝʙʨʦ ʞʝʥʩʢʦʩʪʠ. ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʯʘʩʪʴʶ ʢʨʳʰʠ, ʥʦ ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʦʟʤʦʞʥʘ ʠ ʫʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʴʮʝʚʳʭ ʨʝ-

ʙʝʨ ʞʝʩʪʢʦʩʪʠ. 
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ɺʳʜʘʁɦ ʠʡʩʷ ʨʫʩʩʢʠʡ ʠʥʞʝʥʝʨ ɺʣʘʜʠʤʠʨ ɻʨʠʛʦʨʴʝʚʠʯ ʐʫʭʦʚ (1853-1939) 

ʧʨʝʜʣʦʞʠʣ ʚ 1978 ʛʦʜʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʠʝ ʨʝʟʝʨʚʫʘʨʳ ʩ ʧʣʦʩʢʠʤ ʜʥʠʱʝʤ ʠ ʢʦʥʠʯʝʩʢʦʡ ʢʨʳʰʝʡ, ʨʘʩʩʯʠʪʘʣ ʦʧ-

ʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʭ ʚʳʩʦʪʦʡ ʜʠʘʤʝʪʨʦʤ, ʨʘʚʥʦʝ 17. ʉʪʘʣʴʥʫʶ 

ʢʣʝʧʢʫ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʘʤʝʥʠʣʠ ʩʚʘʨʢʦʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦ-

ʩʪʠʣʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʬʦʨʤ, ʤʝʪʦʜʦʚ, ʤʦʥʪʘʞʘ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʩʯʝʪʳ 

ʐʫʭʦʚʘ ɺ.ɻ. ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʝʩʘ, ʨʘʟʤʝʨʦʚ ʪʠʧʦʚʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʥ ʧʨʝʜʣʦʞʠʣ ʩʪʨʦʠʪʴ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʝʟʝʨʚʫʘʨʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʠʩʧʦʣʴʟʫʷ çʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 4-ʛʦ ʧʦʨʷʜʢʘ ʠʟʦʛʥʫʪʦʡ ʦʩʠ ʙʘʣʢʠè, 

ʢʦʪʦʨʫʶ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʠʣ ʧʨʠ ʨʘʩʯʝʪʝ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʙʘʨʞ, ʧʨʠ ʨʘʩʯʝ-

ʪʘʭ ʧʨʦʯʥʦʩʪʠ ʙʨʫʩʘ, ʣʝʞʘʱʝʛʦ ʥʘ ʩʧʣʦʰʥʦʤ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ. ʅʘʤʠ ʨʘʩ-

ʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳ-

ʚʘʶʱʝʛʦ ʜʝʬʦʨʤʘʮʠʶ ʩʪʝʥʦʢ ʨʝʟʝʨʚʫʘʨʘ ʧʦʜ ʩʠʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʠ ʚʳʯʠʩʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʛʦ ʦʩʥʦʚʘʥʠʷ ʵʪʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʭʨʘʥʝʥʠʷ ʞʠʜʢʦʩʪʠ, 

ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ D ʢʦʪʦʨʦʛʦ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʨʘʜʠʫʩʦʤ R, ʘ 

ʤʝʨʠʜʠʘʥʥʦʝ ʩʝʯʝʥʠʝ ʩʪʝʥʢʠ - ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʚʳʩʦʪʦʡ H, ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʩʠʣʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʜʘʚʣʝʥʠʷ ʟʘʧʦʣʥʠʚʰʝʡ ʝʛʦ ʞʠʜʢʦʩʪʠ. ʅʘʡʪʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʥʦʢ ʨʝʟʝʨʚʫʘʨʘ [3]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʩʪʘʚʠʤ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ (ʨʠʩ. 1), ʥʘ ʢʦʪʦʨʦʡ 

ʦʙʦʟʥʘʯʝʥʦ: 

 
ʈʠʩ. 1. 

 

1) abcd ð ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʝʥʢʠ; dx ð ʚʳʩʦʪʘ ʵʣʝʤʝʥʪʘ, ʚʟʷʪʦʛʦ ʥʘ 

ʛʣʫʙʠʥʝ x;  y ð ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʝʢ ʵʣʝʤʝʥʪʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

2) T1 ʠ T2 ð ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʩʪʝʥʢʠ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʛʨʘʥʷʤ dc ʠ ad ʠ 

ʨʘʚʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ; MN ð ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʦʩʢʘ (ʩʝʯʝʥʠʝ 

ʩʪʝʥʢʠ). 

ʊʘʢ ʢʘʢ y ð ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʝʢ ʵʣʝʤʝʥʪʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ  

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʩʠ ʮʠʣʠʥʜʨʘ ʧʨʠʤʝʤ 

ʨʘʚʥʳʤ . ʇʦʩʢʦʣʴʢʫ ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʘ, ʤʦʞʝʤ ʩʯʠʪʘʪʴ 

ʚʝʣʠʯʠʥʳ ʫ ʨʘʚʥʳʤʠ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ʵʣʝʤʝʥʪʘ ʠ ʩʯʠʪʘʪʴ ʠʭ ʨʘʚʥʦʫʜʘʣʝʥʥʳʤʠ ʦʪ 

ʦʩʠ ʮʠʣʠʥʜʨʘ. 
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ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʥʘ ʫʨʦʚʥʝ ʚʟʷʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʪʘʢʞʝ ʙʫʜʝʪ ʨʘʚʥʳʤ . ʇʦʵʪʦʤʫ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʚ ʩʪʝʥʢʘʭ 

ʩʠʣʘʤʠ ʫʧʨʫʛʦʩʪʠ, ʙʫʜʫʪ ʨʘʚʥʳ ɽ, ʛʜʝ E ð ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʩʪʝʥʢʠ. 

ʅʘ ʵʣʝʤʝʥʪ ʩʪʝʥʢʠ ʜʝʡʩʪʚʫʝʪ ʪʘʢʞʝ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʨʘʚʥʘʷ 

ɔxRdűdx, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʛʨʘʥʠ ab, ʛʜʝ ɔ ð ʚʝʩ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ. ʉʠʣʳ 

ʫʧʨʫʛʦʩʪʠ: 

T1 =T2 = ɽ D dx. 

ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʚʩʝʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʵʣʝʤʝʥʪʫ, ʙʫʜʝʪ: 

dQ=ɔxRdűdx - T1ÓÉÎ - T2ÓÉÎ, 

ʠʣʠ, ʩʯʠʪʘʷ ʧʨʠʙʣʠʞʝʥʥʦ, ÓÉÎ . 

ʇʦʣʫʯʘʝʤ: dQ=ɔxRdűdx- Ddűdx. 

ʕʪʘ ʩʠʣʘ dQ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʨʘʱʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʠʨʘʱʝʥʠʶ dx ʛʣʫʙʠʥʳ ʵʣʝʤʝʥʪʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ M ʠ ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ Q ʩʚʷʟʘʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ: 

ὗ, a 

ὓ Ὁὐ , 

ʛʜʝ J ð ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ abcd ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ. 

ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʧʦʣʫʯʠʤ: 

Ὁ ὐ ‎ὼὙὨ• ὈὨ• Ȣ                                                                           (1) 

 

ʊʘʢ ʢʘʢ, 

ὐ
ὈὙὨ•

ρς
 

ʪʦ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚ (1) ʠ ʩʦʢʨʘʱʝʥʠʷ ʥʘ Rdű ʧʦʣʫʯʠʤ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ: 

ᶻ ‎ὼ , 

ʠʣʠ 

τɻώ ά ὼ ,                                                        (2) 

‌ , 

ά
ρςɾ

ὉὈ
 

ʆʙʱʠʡ ʠʥʪʝʛʨʘʣ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

y =z+y0, 

ʛʜʝ z ð ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ; 

y0 ð ʢʘʢʦʝ-ʣʠʙʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2). 
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ (2) ʠʤʝʝʪ ʚʠʜ:   

     τɻώ π. 

ʉʦʩʪʘʚʣʷʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ: 

ὶ τɻ π, 
ʢʦʨʥʠ, ʢʦʪʦʨʦʛʦ r =(1+ i)a; r =(1-i)a; r =(-1+i)a ʠ r =(-1-i)a. ʉʦʩʪʘʚʣʷʝʤ 

ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2): 

  z=C1Ὡ ÃÏÓ‌ὼ +C2Ὡ ÓÉÎ‌ὼ + C3Ὡ ÃÏÓ‌ὼ +C4Ὡ ÓÉÎ‌ὼ. 
ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʯʘʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2) ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜʦʤ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʊ. ʢ. ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (2) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʥʦʛʦʯʣʝʥ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ x, ʪʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (2) ʙʫʜʝʤ ʥʘʭʦʜʠʪʴ  ʚ ʪʦʡ ʞʝ ʬʦʨʤʝ, ʪʦʣʴʢʦ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʪ. ʝ. ʧʦʣʘʛʘʝʤ: y0=Ax+B. ɿʜʝʩʴ A ʠ B ð ʧʦʩʪʦʷʥʥʳʝ 

ʚʝʣʠʯʠʥʳ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ. ʅʘʭʦʜʠʤ ʠʭ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ yʯʘʩʪ 
ʝʩʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2). 

ɼʠʬʬʝʨʝʥʮʠʨʫʝʤ yʯʘʩʪ ʧʦ x: y0ô=A, y0ò=y0òô=y0òò=0. 

ʇʦʜʩʪʘʚʣʷʝʤ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ (2): 

τɻ ὃὼ ὄ ά ὼ,  ʠʣʠ 

τɻὃὼ τɻὄ ά ὼ. 
ɺ ʵʪʦʤ ʪʦʞʜʝʩʪʚʝ, ʧʨʠʨʘʚʥʠʚʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʪʝʧʝʥʝʡ x, ʠ  ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

τɻὃ ά
τɻὄ π

, ʦʪʢʫʜʘ  ɸ= , ɺ=0. 

ʊʦʛʜʘ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʙʫʜʝʪ: 

ώ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2) ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ: 

Y=C1Ὡ ÃÏÓ‌ὼ +C2Ὡ ÓÉÎ‌ὼ+ C3Ὡ ÃÏÓ‌ὼ +C4Ὡ ÓÉÎ‌ὼ+ . 

ʇʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ C1 , C2 , C3 ʠ C4 ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ 

ʫʩʣʦʚʠʡ ʥʘ ʢʦʥʮʘʭ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʦʩʢʠ MN, ʠʤʝʶʱʝʡ ʬʠʛʫʨʫ ʧʦʧʝʨʝʯʥʳʤ 

ʩʝʯʝʥʠʝʤ abcd. 

ɺ ʩʣʫʯʘʝ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʨʝʟʝʨʚʫʘʨ ʠʤʝʝʪ ʥʝʜʝʬʦʨʤʠʨʫʶʱʝʝʩʷ ʜʥʠʱʝ, 

ʵʪʠ ʫʩʣʦʚʠʷ ʙʫʜʫʪ ʪʘʢʦʚʳ: ʧʨʠ x=0; ʫ=0 ʠ yô=0 ʠ ʧʨʠ  x=H, y=0 ʠ yô=0, ʛʜʝ H ð 

ʚʩrʦʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʉʠʩʪʝʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ 

ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʜʥʦʟʥʘʯʥʦ ʨʝʰʘʝʪʩʷ ʣʶʙʳʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ 

ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʥʘʧʨʠʤʝʨ ʤʘʪʨʠʯʥʳʤ ʩʧʦʩʦʙʦʤ, ɸ*ʉ=ɺ,  

ʛʜʝ 

ɸ=

ρ π
ρ ρ

π ρ
ρ ρ

Ὡ ÃÏÓ‌ῷ Ὡ ÓÉÎ‌ῷ
Ὡ ‌ÃÏÓ‌ῷ ÓÉÎ‌ῷ Ὡ ‌ÃÏÓ‌ῷ ÓÉÎ‌ῷ

Ὡ ÃÏÓ‌ῷ Ὡ ÓÉÎ‌ῷ
Ὡ ‌ÃÏÓ‌ῷ ÓÉÎ‌ῷ Ὡ ‌ÃÏÓ‌ῷ ÓÉÎ‌ῷ

, 
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ʉ=

˞
˞
˞
˞

, ɺ=

ở

Ở
ờ

π
π
˚

Ợ

ỡ
Ỡ

. 

ʆʜʥʘʢʦ, ʚʚʠʜʫ ʝʝ ʛʨʦʤʦʟʜʢʦʩʪʠ, ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ, ʥʘʧʨʠʤʝʨ ʪʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ EXCEL. ʕʪʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʜʥʘ ʠʟ ʩʘʤʳʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ, ʚʭʦʜʷʱʠʭ ʚ ʦʬʠʩʥʳʡ ʧʘʢʝʪ MS 

Office. ʅʘʣʠʯʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʯʠʩʣʷʪʴ ʩʫʤʤʳ, ʧʨʦ-

ʮʝʥʪʳ, ʜʠʩʧʝʨʩʠʠ ʦʛʨʦʤʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʡ (ʬʠʥʘʥ-

ʩʦʚʳʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ, ʣʦʛʠʯʝʩʢʠʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ) ʩʦʟʜʘʶʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ EXCEL. ʇʨʦʛʨʘʤʤʘ ʦʙʣʘʜʘʝʪ 

ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʩ ʙʦʣʝʝ ʯʝʤ 200 ʬʫʥʢʮʠʷʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʚ ʚʳʯʠʩʣʝʥʠʷʭ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʦʧʨʘʚʜʘʥʥʳʤ. 

ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ Ci ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʜʝʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʜʥʠʱʘ ʨʝʟʝʨʚʫʘʨʘ. 

ɽʩʣʠ ʦʩʥʦʚʘʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʵʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ [2]. 

ὉὍ  - ”” = ‫ὡ‌‫ . 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ W(x)=A ch ɓx+B sh ɓx+C cos ɓx+D sin ɓx+Ŭ0,  

ʛʜʝ ɓ= . 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɽʬʨʝʤʝʥʢʦʚʘ ʆ.ɺ. ɻʫʤʘʥʠʪʘʨʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘ-
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The problem of finding and solving the differential equation describing the deformation of the 

tank walls under the force action of the fluid pressure and calculating the amplitude of the harmon-

ic vibration of the horizontal base of this tank is considered. A system was compiled, with initial 

data, the solution of which is the coefficients of the differential equation under the condition of a 

non-deforming tank bottom. 

Keywords: tanks for storing petroleum products, mathematical model, optimization of param-

eters of a typical design, material consumption. 
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ʋɼʂ 691.327 

ʆʇʊʀʄʀɿɸʎʀʗ ʇʆʊʆʂɸ ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʆɹʒɽʂʊʆɺ 

ʈ.ɸ. ʌʨʦʣʦʚ, ɸ.ʆ. ʃʘʤʘʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ʉ.ʄ. ʂʫʟʥʝʮʦʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
ɸʥʥʦʪʘʮʠʷ. ʇʦʪʦʯʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʚʳʧʫʩʢ ʛʦʪʦʚʦʡ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ, ʧʣʘʥʦʤʝʨʥʦʡ ʨʘʙʦʪʝ ʩʪʨʦʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʠ ʟʘʪʨʘʪʳ ʠʥʳʭ ʨʝʩʫʨʩʦʚ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʪʦʢʘ. 

 

ɺ 1948-1961 ʛʦʜʘʭ ʩʪʘʣ ʤʘʩʩʦʚʦ ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʪʦʯʥʳʡ ʤʝʪʦʜ ʧʨʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʇʦʷʚʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʘʪʨʠʮ 

ʩʦʟʜʘʣʦ ʤʘʪʨʠʯʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʪʦʢʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʈʦʩʩʠʠ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʤʘʪʨʠʮ ʥʘʯʘʣʦʩʴ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɺ.ɸ. ɸʬʘʥʘʩʴʝʚʘ [1].   

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʯʝʨʝʜʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʚ [2 ï 6]. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çPotokè [7] (ʚ ʪʘʙʣʠʮʝ 2), ʠʟ ʢʦʪʦʨʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʪʘʙʣʠʮʝ 3, ʷʚʣʷʝʪʩʷ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1 

ʆʯʝʨʝʜʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

 
 

ʎʠʢʣʦʛʨʘʤʤʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ ʧʨʦ-

ʛʨʘʤʤʝ çPotokè, ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨ-

ʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʝʠʟʚʝʩʪʥʦʝ ʟʘʨʘʥʝʝ. 

ʏʪʦʙʳ ʦʙʦʩʥʦʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʶʪʩʷ 

ʙʘʟʳ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʮʝʩʩʦʚ, ʦʯʠʱʝʥʥʳʝ ʦʪ ʥʝʚʝʨʥʳʭ ʠʟ-

ʤʝʨʝʥʠʡ. 

ɺ ʪʘʙʣʠʮʘʭ 2 ï 4 ʧʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʪʦʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʦʙʲʝʢʪʦʚ (ʪʘʙʣʠʮʘ 1), ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

çImpotokè [6]. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʪʦʢʘ ʠʟʤʝʥʷʣʘʩʴ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çPotokè ʥʝ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 10 ʧʨʦʮʝʥʪʦʚ. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʘ ʚʳʙʦʨʢʘ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʦʚ ʦʯʝʨʝʜʥʦ-

ʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ. ɺ ʪʘʙʣʠʮʝ 4 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʚʳ-

ʙʦʨʢʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, 
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ʯʪʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʨʠʩʢʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʩʦʩʪʘ-

ʚʠʪ ʥʝ ʙʦʣʝʝ 690 ʜʥʝʡ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʜʸʞʥʦ-

ʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪ-

ʚʘ 690 ʜʥʝʡ ʨʠʩʢ ʩʦʩʪʘʚʠʪ ʥʝ ʙʦʣʝʝ 20,89 ʧʨʦʮʝʥʪʦʚ. 

 

 

 
ʈʠʩ. 1. ʎʠʢʣʦʛʨʘʤʤʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

 

ʊʘʙʣʠʮʘ 2 

ʇʦʢʘʟʘʪʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʪʦʢʘ 

 
 

ʊʘʙʣʠʮʘ 3  

ʃʫʯʰʠʝ ʚʘʨʠʘʥʪʳ ʦʯʝʨʝʜʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ 
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ʇʨʦʚʝʜʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʤʘʰʠʥ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʠʩʢʝ ʨʘʙʦʪʳ ʤʘʰʠʥ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴʩʷ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 10 %.  

ʊʘʙʣʠʮʘ 4  

ɺʳʙʦʨʢʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ 
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The in-line method ensures a uniform production of finished construction products with unin-

terrupted, systematic work of builders, the use of this method allows reducing time losses and other 

resource costs, due to which it is currently the main method of organizing construction production. 

Keywords: organization of construction, optimization of flow. 
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ʋɼʂ 691.41 

ʆ ʉʇʆʉʆɹɸʍ ʇʈʀɻʆʊʆɺʃɽʅʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ ʉʄɽʉɽʁ 

ʅɸ ʆʉʅʆɺɽ ɻʃʀʅʓ 

ʄ.ʂ. ʏʝʨʥʝʮʢʘʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʅ.ɸ. ʏʝʨʥʝʮʢʘʷ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, ʛ. ʈʫʙʮʦʚʩʢ 
ɸʥʥʦʪʘʮʠʷ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ ï ʵʪʦ ʩʫʙʩʪʨʘʪ ʠʟ ʛʣʠʥʳ ʠ ʥʘʧʦʣ-

ʥʠʪʝʣʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ - ʠʟʤʝʣʴʯʝʥʥʦʡ ʩʦʣʦʤʳ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝ-

ʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʥʘʠʤʝʥʝʝ 

ʪʨʫʜʦʝʤʢʠʤ. ʇʦʨʮʠʦʥʥʦʝ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʘʤʘʥʘ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʤʝʩʠʪʝʣʝ ʤʘʣʦʛʦ ʦʙʲʝʤʘ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʠʥʘ, ʩʘʤʘʥ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʤʝʩʴ, ʩʘʤʘʥʥʳʡ ʢʠʨʧʠʯ, ʤʝʰʘʣʢʘ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɻʣʠʥʘ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝ-

ʣʦʚʝʢʦʤ ʫʞʝ ʙʦʣʝʝ ʰʝʩʪʠ ʪʳʩʷʯ ʣʝʪ. ɺʧʝʨʚʳʝ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʛʣʠʥʫ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʤʦʚ ʚ ɼʨʝʚʥʝʤ ɽʛʠʧʪʝ. ɿʘʪʝʤ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩ-

ʥʦʚʝ ʛʣʠʥʳ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʤʥʦʛʠʭ ʩʪʝʧʥʳʭ ʠ ʧʫʩʪʳʥʥʳʭ ʪʝʨʨʠ-

ʪʦʨʠʷʭ ʩ ʞʘʨʢʠʤ ʠ ʩʫʭʠʤ ʢʣʠʤʘʪʦʤ, ʛʜʝ ʙʳʣʠ ʙʦʛʘʪʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʣʠʥʷ-

ʥʳʭ ʧʣʘʩʪʦʚ. ʉʦʭʨʘʥʠʚʰʠʝʩʷ ʜʦ ʩʠʭ ʧʦʨ ʩʦʦʨʫʞʝʥʠʷ, ʨʘʩʢʦʧʢʠ ʘʨʭʝʦʣʦʛʦʚ ʜʦ-

ʢʘʟʳʚʘʶʪ ʤʥʦʛʦʚʝʢʦʚʫʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʨʦʝʥʠʡ ʠʟ ʛʣʠʥʳ 

[3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ, 

ʢʘʢ ʚ ʜʝʢʦʨʘʪʠʚʥʳʭ ʠ ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʬʦʣʴʢʣʦʨʥʳʭ 

ʧʦʩʝʣʝʥʠʡ, ʪʘʢ ʠ ʚ ʯʘʩʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʤʦʚ, ʧʦʜʩʦʙʥʳʭ ʩʪʨʦʝʥʠʡ, ʟʘʙʦʨʦʚ 

ʚ ʤʝʩʪʘʭ, ʛʜʝ ʛʣʠʥʘ ʜʦʩʪʫʧʥʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ: ʞʠʣʴʝ ʠʟ ʥʝʛʦ ʚ ʞʘʨʫ ʩʦʟʜʘʝʪ ʢʦʤʬʦʨʪʥʫʶ ʧʨʦʭʣʘʜʫ, ʘ 

ʚ ʭʦʣʦʜ ʛʨʝʝʪ. ɿʘʪʨʘʪʳ ʥʘ ʪʘʢʫʶ ʧʦʩʪʨʦʡʢʫ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʢʠʨʧʠʯʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ. 

ɿʘʜʘʯʠ: 
1. ʆʧʨʝʜʝʣʠʪʴ, ʠʟ ʢʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʦʷʪ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ 

ʛʣʠʥʳ. 

2. ʈʘʩʩʤʦʪʨʝʪʴ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ 

ʦʩʥʦʚʝ ʛʣʠʥʳ. 

3. ɺʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʠ ʥʘʠʤʝʥʝʝ ʪʨʫʜʦʝʤʢʠʡ ʩʧʦʩʦʙ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ. 

ʉʦʩʪʘʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ. ɻʣʠʥʘ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯ-

ʥʳʤ ʧʨʦʜʫʢʪʦʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ. ʇʦ ʩʚʦʝʤʫ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʶ ʙʳʚʘʝʪ ʦʩʘʜʦʯʥʦʡ ʠ ʦʩʪʘʪʦʯʥʦʡ. ʆʩʘʜʦʯʥʘʷ ʛʣʠʥʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʠ ʦʪʣʦʞʝʥʠʷ. ʈʘʟʣʠʯʘʶʪ ʤʦʨʩʢʫʶ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ʦʩʘ-
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ʜʦʯʥʫʶ ʛʣʠʥʳ. ʆʩʪʘʪʦʯʥʘʷ ʛʣʠʥʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʠʟʤʝʥʝʥʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʣʘʚ, ʧʝʧʣʦʚ. 

ɺ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʛʣʠʥʘ ʠʤʝʝʪ ʧʳʣʝʚʠʜʥʳʡ ʠʣʠ ʢʫʩʢʦʚʦʡ ʚʠʜ. ʇʨʠ ʜʦ-

ʙʘʚʣʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʛʣʠʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʦ 

ʚ ʩʣʫʯʘʝ ʠʟʙʳʪʦʯʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʨʘʩʢʠʩʘʝʪ [5]. 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ ï ʵʪʦ ʩʫʙʩʪʨʘʪ ʠʟ ʛʣʠʥʳ ʠ ʥʘʧʦʣʥʠ-

ʪʝʣʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ - ʠʟʤʝʣʴʯʝʥʥʦʡ ʩʦʣʦʤʳ (ʩʦʣʦʤʳ-ʩʝʯʢʠ). ʅʘʧʦʣʥʠ-

ʪʝʣʴ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʧʦʜʩʦʭʰʝʡ ʛʣʠʥʳ, ʩʢʨʝʧʣʷʝʪ ʝʝ, ʠ ʥʝʩʢʦʣʴʢʦ ʫʣʫʯʰʘ-

ʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʀʩʪʦʨʠʯʝʩʢʠ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʚʦʣʦʢʥʠʩʪʳʝ ʨʘʩʪʝʥʠʷ ʠ ʜʘʞʝ ʥʘʚʦʟ, ʦʜʥʘʢʦ ʩʝʛʦʜʥʷ ʚ ʪʘʢʦʤ ʢʘʯʝʩʪʚʝ ʯʘʱʝ 

ʧʨʠʤʝʥʷʶʪ ʤʝʣʢʦ ʧʦʢʨʦʰʝʥʥʫʶ ʩʦʣʦʤʫ ʠʣʠ ʤʷʢʠʥʫ. 

ʀʟ ʩʤʝʩʝʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ ʬʦʨʤʠʨʫʶʪ ʛʣʠʥʷʥʳʡ ʢʠʨʧʠʯ ʩ ʩʦʣʦʤʦʡ 

ʠʣʠ ʤʷʢʠʥʦʡ (ʨʠʩ. 1). ʕʪʦʪ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ - ʩʘʤʘʥ, ʯʪʦ 

ʚ ʧʝʨʝʚʦʜʝ ʩ ʪʶʨʢʩʢʦʛʦ ʦʙʦʟʥʘʯʘʝʪ çʩʦʣʦʤʘè. ʉʦʣʦʤʘ ʚ ʛʣʠʥʷʥʳʭ ʢʠʨʧʠʯʘʭ ʚʳ-

ʩʪʫʧʘʝʪ ʢʘʢ ʘʨʤʠʨʫʶʱʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʚʷʟʫʶʱʠʡ 

ʤʘʪʝʨʠʘʣ. 

 

 
ʈʠʩ. 1. ʉʘʤʘʥ - ʢʠʨʧʠʯ ʠʟ ʛʣʠʥʳ ʠ ʩʦʣʦʤʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ 

 

ʉʦʩʪʘʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʤʝʩʠ ʪʦʯʥʳʭ ʧʨʦʧʦʨʮʠʡ ʥʝ ʠʤʝʝʪ. ʆʥ ʤʦʞʝʪ ʟʘʤʝʪ-

ʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʪʨʝʙʫʶʪʩʷ. 

ʆʩʥʦʚʥʳʤ ʠʥʛʨʝʜʠʝʥʪʦʤ ʩʘʤʘʥʘ ʷʚʣʷʝʪʩʷ ʛʣʠʥʘ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʶʪ 

ʛʣʠʥʝ ʩʨʝʜʥʝʡ ʞʠʨʥʦʩʪʠ. ɺʷʟʢʦʩʪʴ ʤʘʩʩʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜ.r ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʩʪʘʚ 

ʩʘʤʘʥʘ ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʨʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ. ʀʭ ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɼʦʙʘʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ, ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʩʠʥʪʝʪʠ-

ʯʝʩʢʠʝ. ɺʩʝ ʦʥʠ ʧʨʠʟʚʘʥʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʬʦʨʤʳ, ʚʣʘʛʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ ʩʘʤʘʥ-

ʥʦʛʦ ʢʠʨʧʠʯʘ ʛʨʳʟʫʥʘʤʠ ʠʣʠ ʥʘʩʝʢʦʤʳʤʠ [1]. 
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ʊʘʙʣʠʮʘ 1 

ɼʦʙʘʚʢʠ ʚ ʩʘʤʘʥ, ʫʣʫʯʰʘʶʱʠʝ ʝʛʦ ʢʘʯʝʩʪʚʦ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʦʙʘʚ-

ʢʠ 
ʉʚʦʡʩʪʚʦ ʜʦʙʘʚʢʠ ʂʘʯʝʩʪʚʦ ʩʘʤʘʥʘ 

1 ʱʝʙʝʥʴ, ʧʝʩʦʢ ʠʣʠ ʢʝ-

ʨʘʤʟʠʪʦʚʘʷ ʢʨʦʰʢʘ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʠʣʴ-

ʥʫʶ ʫʩʘʜʢʫ 

ʩʦʭʨʘʥʷʝʪ ʟʘʜʘʥʥʳʝ ʨʘʟ-

ʤʝʨʳ ʠ ʬʦʨʤʫ ʢʠʨʧʠʯʘ 

2 ʢʘʟʝʠʥ, ʢʦʩʪʥʳʡ ʢʣʝʡ, 

ʥʘʚʦʟʥʘʷ ʞʠʞʘ ʠʣʠ 

ʞʠʜʢʦʝ ʩʪʝʢʣʦ 

ʟʘʤʝʥʠʪʝʣʠ ʚʦʜʳ ʥʝ ʟʘʩʪʳʚʰʠʝ ʢʠʨʧʠʯʠ 

ʩʦʭʨʘʥʷʶʪ ʣʶʙʫʶ ʥʫʞ-

ʥʫʶ ʬʦʨʤʫ ʙʝʟ ʨʘʩʪʝʢʘ-

ʥʠʷ 

3 ʠʟʚʝʩʪʴ ʠ ʮʝʤʝʥʪ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʦʪ-

ʜʘʚʘʪʴ ʚʣʘʛʫ ʚ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ 

ʢʠʨʧʠʯʠ ʙʳʩʪʨʦ ʩʦʭʥʫʪ ʠ 

ʙʦʣʝʝ ʚʣʘʛʦʫʩʪʦʡʯʠʚʳ 

4 ʚʦʣʦʢʥʠʩʪʘʷ ʮʝʣʣʶʣʦ-

ʟʘ, ʢʨʦʰʝʥʥʘʷ ʩʦʣʦʤʘ, 

ʜʨʝʚʝʩʥʘʷ ʩʪʨʫʞʢʘ ʠʣʠ 

ʥʘʚʦʟ 

ʧʦʚʳʰʘʶʪ ʵʣʘʩʪʠʯ-

ʥʦʩʪʴ 

ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʢ ʧʝʨʝʧʘʜʘʤ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʞʘʪʠʶ ʠʣʠ 

ʨʘʩʪʷʞʝʥʠʶ 

5 ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʟʘʱʠʪʘ ʩʪʨʦʡʤʘʪʝ-

ʨʠʘʣʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʩʦʭʨʘʥʷʝʪ ʟʘʜʘʥʥʳʝ ʨʘʟ-

ʤʝʨʳ ʠ ʬʦʨʤʫ ʢʠʨʧʠʯʘ 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʘʤʘʥʥʦʛʦ ʢʠʨʧʠʯʘ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʧʨʦʧʦʨʮʠʡ. ʕʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʘʥʥʦʛʦ ʢʠʨʧʠʯʘ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ 

ɽʜ. ʠʟʤʝʨʝ-

ʥʠʷ 
ɿʥʘʯʝʥʠʝ 

1 ʧʣʦʪʥʦʩʪʴ ʢʛ/ʤ
3 

1500 - 1900 

2 ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ɺʪ/(ʤĀʛʨʘʜ) 0,1 - 0,4 

3 ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʞʘʪʠʶ ʢʛ/ʩʤ
2
 10 - 50 

 

ʇʣʦʪʥʦʩʪʴ ʩʘʤʘʥʥʦʛʦ ʢʠʨʧʠʯʘ ʩʦʧʦʩʪʘʚʠʤʘʷ ʩ ʦʙʳʯʥʳʤ ʢʠʨʧʠʯʦʤ. ʊʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴ ʩʘʤʘʥʘ ʚʜʚʦʝ ʣʫʯʰʝ ʧʨʦʩʪʦʛʦ ʢʠʨʧʠʯʘ, ʥʦ ʟʘʚʠʩʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʩʦʣʦʤʳ. ʏʝʤ ʝʝ ʙʦʣʴʰʝ, ʪʝʤ ʣʫʯʰʝ ʩʪʝʥʳ 

ʩʦʭʨʘʥʷʶʪ ʪʝʧʣʦ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʞʘʪʠʶ ʩʘʤʘʥʥʦʛʦ ʢʠʨʧʠʯʘ ʩʨʘʚʥʠʤʘ ʩ ʫʩ-

ʪʦʡʯʠʚʦʩʪʴʶ ʧʝʥʦʙʣʦʢʘ [5]. 

ʀʥʛʨʝʜʠʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʘʤʘʥʥʦʛʦ ʢʠʨʧʠʯʘ, ʤʦʛʫʪ ʙʳʪʴ ʚ ʨʘʟʥʳʭ 

ʧʨʦʧʦʨʮʠʷʭ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʣʘʜʢʠ. ʈʘʟʥʦʚʠʜʥʦʩʪʠ 

ʩʘʤʘʥʘ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʛʣʠʥʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʠʜʘ ʩʘʤʘʥʘ 

ʇʨʦʮʝʥʪ ʩʦ-

ʜʝʨʞʘʥʠʷ ʛʣʠ-

ʥ  r

ʇʨʦʮʝʥʪ ʩʦ-

ʜʝʨʞʘʥʠʷ ʦʨ-

ʛʘʥʠʢʠ 

1 ʪʷʞʝʣʳʡ ʩʘʤʘʥ 75 - 80
 

20 -25 

2 ʧʨʦʩʪʦʡ ʩʘʤʘʥ 40 - 60 40 - 60 

3 ʣʝʛʢʠʡ ʩʘʤʘʥ 10 - 20 80 - 90 

 

ʊʷʞʝʣʳʡ ʩʘʤʘʥ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜ ʦʧʘʣʫʙʢʫ ʠ ʚ ʚʠʜʝ ʢʠʨʧʠʯʝʡ ʜʣʷ ʥʘʨʫʞʥʦʡ 

ʩʪʝʥʳ ʠ ʚʦʟʣʝ ʧʝʯʢʠ, ʣʝʛʢʠʡ ʩʦʣʦʤʝʥʥʳʡ ʢʠʨʧʠʯ ï ʚ ʜʦʤʘʭ ʢʘʨʢʘʩʥʦʛʦ ʪʠʧʘ ʠʣʠ 

ʜʣʷ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʩʪʝʥ [5]. 

ɼʣʷ ʠʜʝʘʣʴʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʤʝʩʠ ʚʘʞʥʘ ʧʨʦʧʦʨʮʠʷ ʛʣʠʥʳ ʠ ʧʝʩʢʘ. ʅʫʞ-

ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʛʣʠʥʳ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʧʣʘʩʪʠʯʥʫʶ, ʢʣʝʡʢʫʶ ʩʤʝʩʴ, ʥʦ ʥʝ ʩʣʠʰ-

ʢʦʤ ʤʥʦʛʦ, ʯʪʦʙʳ ʩʤʝʩʴ ʥʝ ʩʞʠʤʘʣʘʩʴ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ ʠ ʥʝ ʪʨʝʩʢʘʣʘʩʴ ʧʨʠ ʚʳ-

ʩʳʭʘʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʩʴ ï ʩʘʤʘʥ ï ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪ ʚʩʝʛʦ ʦʪ 5 ʜʦ 25% ʛʣʠ-

ʥʳ [4]. 

ʉʧʦʩʦʙʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ. ʊʝʭ-

ʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʘʤʘʥʥʦʛʦ ʢʠʨʧʠʯʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʳʩʷʯʝʣʝʪʠʡ ʥʝ ʠʟʤʝ-

ʥʠʣʘʩʴ. ʊʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩʳ ʪʱʘʪʝʣʴʥʦʛʦ ʚʳʤʝʰʠʚʘʥʠʷ ʩʤʝʩʠ ʛʣʠ-

ʥʳ ʩ ʚʦʜʦʡ ʠ ʩʦʣʦʤʦʡ, ʧʦʩʣʝʜʫʶʱʝʡ ʬʦʨʤʦʚʢʠ ʠ ʩʫʰʢʠ. ʈʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭ-

ʥʠʢʠ ʧʦʟʚʦʣʠʣʦ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ, ʝʸ ʧʦʨʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʠ ʬʦʨʤʦʚʢʠ. 

ʅʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʘʤʘʥʥʦʡ ʩʤʝʩʠ. 

ʊʨʫʜʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʛʣʠʥʳ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʳʣʝʚʠʜ-

ʥʦʡ ʠʣʠ ʢʫʩʢʦʚʦʡ ʬʦʨʤʝ, ʠ ʩʦʣʦʤʳ, ʜʣʠʥʥʦʡ 10-18 ʩʤ. ɼʦʙʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʜʝʣʘʝʪ ʛʣʠʥʫ ʧʣʘʩʪʠʯʥʦʡ. ɺ ʠʪʦʛʝ ʧʝʨʝʤʝʰʠʚʘʪʴ ʥʫʞʥʦ 

ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠ ʚʦʣʦʢʥʠʩʪʦʡ ʜʠʩʧʝʨʩʥʦʡ 

ʩʫʭʦʡ ʯʘʩʪʠ (ʩʦʣʦʤʳ). ɺʘʞʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʩʦʣʦʤʫ ʚ ʧʣʘʩʪʠʯʥʦʡ 

ʤʘʩʩʝ ʛʣʠʥʳ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʡʩʷ ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʟʘʤʝʰʠʚʘʥʠʷ ʙʝʟ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ï ʵʪʦ ʟʘʤʝʰʠʚʘʥʠʝ ʙʦʩʳʤʠ ʥʦʛʘʤʠ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥ-

ʥʦʡ ʥʝ ʛʣʫʙʦʢʦʡ ʷʤʝ (ʨʠʩ. 2). ɻʣʫʙʠʥʘ ʷʤʳ ʜʦ 40-50 ʩʤ, ʰʠʨʠʥʘ ʧʨʦʠʟʚʦʣʴʥʘʷ. 

ʆʙʳʯʥʦ ʜʝʣʘʶʪ ʢʨʫʛ ʜʦ 2,5 ʤʝʪʨʦʚ ʚ ʜʠʘʤʝʪʨʝ. ɼʥʦ ʫʩʪʠʣʘʶʪ ʙʨʝʟʝʥʪʦʤ ʠʣʠ 

ʧʣʝʥʢʦʡ. ʅʘ ʧʣʦʪʥʳʭ ʪʷʞʝʣʳʭ ʛʨʫʥʪʘʭ, ʛʜʝ ʚʦʜʘ ʧʣʦʭʦ ʚʧʠʪʳʚʘʝʪʩʷ, ʦʙʭʦʜʷʪʩʷ 

ʙʝʟ ʧʣʝʥʢʠ ʠʣʠ ʙʨʝʟʝʥʪʘ, ʥʦ ʜʥʦ ʷʤʳ ʜʦʣʞʥʦ ʙʳʪʴ ʠʜʝʘʣʴʥʦ ʛʣʘʜʢʠʤ. ʉʣʦʡ ʩʤʝ-

ʩʠ ʥʝ ʚʳʩʦʢʠʡ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʤʝʰʠʚʘʥʠʝ ʩʘʤʘʥʘ. ɺʳʤʝʰʠ-

ʚʘʪʴ ʛʣʠʥʫ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʚ ʩʘʧʦʛʘʭ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʙʫʚʴ ʛʨʫʟʥʝʪ, ʧʨʠ-

ʣʠʧʘʝʪ ʠ ʩʧʘʜʘʝʪ [5]. 
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ʈʠʩ. 2. ɿʘʤʝʰʠʚʘʥʠʝ ʩʘʤʘʥʘ ʙʦʩʳʤʠ ʥʦʛʘʤʠ 

 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩʤʝʩʠ. ʉʘʤʘʥ 

ʚʳʤʝʰʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʣʦʰʘʜʠ, ʢʦʪʦʨʫʶ ʚʦʜʠʣ ʧʦ ʷʤʝ ʧʦʚʦʜʳʨʴ. ʏʝʣʦʚʝʢ 

ʰʝʣ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʷʤʳ, ʜʝʨʞʘ ʣʦʰʘʜʴ ʟʘ ʧʦʚʦʜʴʷ, ʣʦʰʘʜʴ ʧʝʨʝʤʝ-

ʱʘʣʘʩʴ ʧʦ ʚʥʝʰʥʝʤʫ ʜʠʘʤʝʪʨʫ ʷʤʳ. ʇʨʠ ʵʪʦʤ ʧʦʚʦʜʴʷ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘʪʷʛʠʚʘʪʴ 

ʙʣʠʞʝ ʢ ʩʝʙʝ ʠ ʫʭʦʜʠʪʴ ʢ ʮʝʥʪʨʫ, ʯʪʦʙʳ ʣʦʰʘʜʴ ʤʝʥʷʣʘ ʪʨʘʝʢʪʦʨʠʶ, ʧʦʪʦʤʫ ʯʪʦ 

ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʭʦʜʘ ʧʦ ʚʷʟʢʦʡ ʩʤʝʩʠ ʦʥʘ ʩʪʘʨʘʝʪʩʷ ʩʪʘʥʦʚʠʪʴʩʷ ʚ ʛʦʪʦʚʳʡ ʩʣʝʜ. 

ʇʦʤʦʱʥʠʢʠ ʩʣʝʜʦʤ ʟʘ ʤʝʩʠʣʴʱʠʢʘʤʠ ʧʦʜʩʳʧʘʣʠ ʥʦʚʳʝ ʧʦʨʮʠʠ ʩʦʣʦʤʳ. ɼʣʷ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʙʨʘʣʠ 2-3 ʣʦʰʘʜʠ, ʢʦʪʦʨʳʭ ʤʝʥʷʣʠ ʧʦ ʦʯʝʨʝʜʠ (ʨʠʩ. 3). ʗʤʘ 

ʜʣʷ ʟʘʤʝʩʘ ʩʘʤʘʥʘ ʠʤʝʣʘ ʛʣʫʙʠʥʫ ʪʘʢʫʶ ʞʝ, ʢʘʢ ʜʣʷ ʚʳʤʝʰʠʚʘʥʠʷ ʥʦʛʘʤʠ - ʜʦ 

40-50 ʩʤ, ʜʠʘʤʝʪʨ ʢʨʫʛʘ - ʜʦ 5 ʤʝʪʨʦʚ.  

 

 
ʈʠʩ. 3. ɿʘʤʝʰʠʚʘʥʠʝ ʩʘʤʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʣʦʰʘʜʝʡ 

 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʘʤʘʥʘ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʩʧʦʩʦʙʘʤʠ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʮʝʧʪʳ. ʇʦ ʦʜʥʦʡ ʜʨʝʚʥʝʡ ʨʝʮʝʧʪʫʨʝ ʚ ʷʤʫ ʩʥʘʯʘʣʘ ʥʘʣʠʚʘ-

ʶʪ ʚʦʜʫ, ʧʦʪʦʤ ʟʘʩʳʧʘʶʪ ʛʣʠʥʫ ʠ ʦʩʪʘʚʣʷʶʪ ʥʘ ʥʦʯʴ, ʯʪʦʙʳ ʦʥʘ ʭʦʨʦʰʦ ʨʘʟ-
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ʤʦʢʣʘ, ʧʦʪʦʤ ʧʦʜʩʳʧʘʶʪ ʧʝʩʦʢ ʠ ʚʩʶ ʩʦʣʦʤʫ ʜʣʷ ʚʳʤʝʰʠʚʘʥʠʷ. ʇʦ ʜʨʫʛʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʩʤʝʩʴ ʧʝʩʢʘ ʠ ʛʣʠʥʳ ʟʘʣʠʚʘʶʪ ʚʦʜʦʡ ʧʝʨʝʜ ʟʘʤʝʩʦʤ, ʘ ʩʦʣʦʤʫ ʜʦ-

ʙʘʚʣʷʶʪ ʧʦʩʪʝʧʝʥʥʦ. ʀʥʜʠʢʘʪʦʨʦʤ ʛʦʪʦʚʥʦʩʪʠ ʩʘʤʘʥʥʦʡ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʤʦ-

ʤʝʥʪ, ʢʦʛʜʘ ʛʣʠʥʘ ʦʪʩʪʘʝʪ ʦʪ ʥʦʛ ʠʣʠ ʢʦʧʳʪ [2]. 

ʅʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚʳʤʝʰʠʚʘʥʠʷ ʩʘʤʘʥʘ ʩ ʧʦʤʦʱʴʶ ʞʠ-

ʚʦʡ ʩʠʣʳ, ʩʫʱʝʩʪʚʫʶʪ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ. 

ɼʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʤʘʩʩʳ ʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʠ-

ʩʧʦʩʦʙʣʝʥʠʷʤʠ, ʪʠʧʘ ʙʝʪʦʥʦʤʝʰʘʣʢʠ. ɺ ʨʘʙʦʯʫʶ ʝʤʢʦʩʪʴ ʟʘʢʣʘʜʳʚʘʶʪ ʩʤʝʩʴ 

ʛʣʠʥʳ, ʚʦʜʳ ʠ ʧʝʩʢʘ ʠ 3-4 ʦʢʨʫʛʣʳʭ ʢʘʤʥʷ ʜʦ 10 ʢʛ ʚʝʩʦʤ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʨʦʣʴ 

ʘʢʪʠʚʘʪʦʨʘ ʧʨʦʮʝʩʩʘ ʠ ʧʦʤʦʛʘʶʪ ʨʘʟʤʝʰʠʚʘʪʴ ʛʣʠʥʫ. ʉʦʣʦʤʫ ʜʦʙʘʚʣʷʶʪ ʧʦʩʣʝ 

ʪʦʛʦ ʢʘʢ ʙʘʟʦʚʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʩʤʝʩʴ ʧʦʣʫʯʝʥʘ. ʅʘʧʦʣʥʠʪʝʣʴ ʚʥʦʩʷʪ ʥʘ ʧʦʜʛʦ-

ʪʦʚʣʝʥʥʦʤ ʤʝʩʪʝ ʧʫʪʝʤ ʟʘʤʝʩʘ ʥʦʛʘʤʠ. 

ʀʤʝʝʪʩʷ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʤʦʪʦʙʣʦʢʘ ʠʣʠ ʪʨʘʢʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʩʤʝʩʠʪʝʣʷ 

ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʧʣʦʱʘʜʢʝ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʣʠ ʧʨʦʙʣʝʤʳ ʥʘʣʠ-

ʧʘʥʠʷ ʩʤʝʩʠ ʚ ʢʦʣʝʩʦ ʠ ʧʦʧʘʜʘʥʠʷ ʧʦʯʚʳ ʚ ʩʤʝʩʴ. ʊʘʢʞʝ ʩʦʣʦʤʘ ʧʦʧʘʜʘʝʪ ʚʦ 

ʬʨʝʟʳ ʨʦʪʦʨʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʠʣʠ ʤʦʪʦʙʣʦʢʘ, ʠ ʧʨʠʭʦʜʠʪʩʷ ʠʭ ʧʦʩʪʦʷʥʥʦ ʯʠʩ-

ʪʠʪʴ [2]. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʘʤʘʥʘ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ. 

ʂʨʫʧʥʳʝ ʧʘʨʪʠʠ ʩʘʤʘʥʘ ʧʝʨʝʤʝʰʠʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʵʢʩʢʘʚʘʪʦʨʘ, ʙʫʣʴʜʦ-

ʟʝʨʘ ʠ ʜʨ. ʊʘʢʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʧʦʜ ʩʤʝʩʠʪʝʣʴʥʫʶ 

ʷʤʫ. ɼʣʷ ʤʘʰʠʥ ʪʨʝʙʫʝʪʩʷ ʪʦʧʣʠʚʦ, ʯʪʦ ʜʝʣʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʤʝʩʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ. 

ʆʪʨʘʙʦʪʘʥʥʳʝ ʛʘʟʳ ʜʚʠʛʘʪʝʣʝʡ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʘʤʘʥʥʳʭ ʢʠʨʧʠʯʝʡ 

ʧʨʠʤʝʥʝʥ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʦʤʧʘʥʠʠ çMeco Conceptè (ʌʨʘʥʮʠʷ) ʧʦ ʧʨʦʠʟʚʦʜʩʪ-

ʚʫ ʩʘʤʘʥʥʳʭ ʢʠʨʧʠʯʝʡ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ 120 

ʰʪ./ʯʘʩ. ʆʩʥʦʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʟʚʝʥʴʷʤʠ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʤʠʢʩʝʨ, ʚ ʢʦʪʦ-

ʨʦʤ ʛʦʪʦʚʠʪʩʷ ʩʘʤʘʥʥʘʷ ʩʤʝʩʴ, ʠ ʧʨʝʩʩ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʬʦʨʤʦʚʢʘ ʢʠʨʧʠʯʝʡ. ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʚ ʤʠʢʩʝʨ ʚʨʫʯʥʫʶ. ɻʦʪʦʚʳʡ 

ʢʠʨʧʠʯ ʚʳʭʦʜʠʪ ʟʘ 30 ʩʝʢʫʥʜ [2]. 

ʕʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ 

ʛʣʠʥʳ. ʉʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ 

ʦʩʥʦʚʝ ʛʣʠʥʳ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʥʘʠʤʝʥʝʝ ʪʨʫʜʦʝʤʢʠʤ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʡ. ʇʦʨʮʠʠ ʩʘʤʘʥʘ ʛʦʪʦʚʷʪʩʷ ʚ ʥʝʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʩʤʝʩʠʪʝʣʷ. ʂʦʤ-

ʧʦʥʝʥʪʳ ʩʤʝʩʠ ʧʦʨʮʠʷʤʠ ʧʦʜʘʶʪʩʷ ʚ ʝʤʢʦʩʪʴ ʩʤʝʩʠʪʝʣʷ ʠ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʦʡ. ʅʘ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʤʘʣʦʡ ʧʦʨʮʠʠ ʧʣʘʩʪʠʯʥʦʡ ʩʤʝʩʠ ʩ ʚʦ-

ʣʦʢʥʠʩʪʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ. 

ɺʳʚʦʜʳ: 

1. ʉʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ ï ʵʪʦ ʩʫʙʩʪʨʘʪ ʠʟ ʛʣʠʥʳ, ʧʝʩʢʘ, 

ʠʟʤʝʣʴʯʝʥʥʦʡ ʩʦʣʦʤʳ, ʫʣʫʯʰʘʶʱʠʭ ʜʦʙʘʚʦʢ ʠ ʚʦʜʳ. 

2. ʀʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʛʣʠ-

ʥʳ: 

¶ ʥʦʛʘʤʠ, 

¶ ʧʨʠ ʧʦʤʦʱʠ ʣʦʰʘʜʝʡ, 

¶ ʙʝʪʦʥʦʤʝʰʘʣʢʦʡ, 
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¶ ʤʦʪʦʙʣʦʢʦʤ ʠʣʠ ʪʨʘʢʪʦʨʦʤ, 

¶ ʤʠʢʩʝʨʦʤ. 

3. ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ 

ʛʣʠʥʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʥʘʠʤʝʥʝʝ ʪʨʫʜʦʝʤʢʠʤ. 

ʇʦʨʮʠʦʥʥʦʝ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʘʤʘʥʘ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʤʝʩʠʪʝʣʝ ʤʘʣʦʛʦ ʦʙʲ-

ʝʤʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʚʨʝʤʝʥʠ ʠ 

ʪʨʫʜʘ. 
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Building mixes based on clay are a substrate made of clay and a filler made from vegetable 

raw materials - crushed straw. The mechanical method of preparing building mixes based on clay 

is the most productive and least time-consuming. Batch preparation of Adobe in a small-volume 

mechanical mixer is the most efficient in terms of energy, time and labor costs. 

Keywords: clay, Adobe, construction mix, Adobe brick, mixer. 

 

  

http://biblioclub.ru/index.php?page=book&id=565004


152 
 

ʉɽʂʎʀʗ 5. ʕʃɽʂʊʆʕʅɽʈɻɽʊʀʂɸ, ʕʃɽʂʊʈʆʊɽʍʅʀʂɸ 

ʀ ʕʃɽʂʊʈʆʊɽʍʅʆʃʆɻʀʀ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘè 

ɻʦʥʯʘʨʦʚ ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ 

 

ʋɼʂ 621.311 

ʕʊɸʇʓ (ʎʀʂʃʓ) ʌʆʈʄʀʈʆɺɸʅʀʗ ʕʅɽʈɻɽʊʀʂʀ ʈʆʉʉʀʀ  

ʀ ʄʀʈɸ 

ɸ.ɸ. ɸʢʩʝʥʦʚʘ, ɼ.ɽ. ʉʘʚʝʥʢʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʕɻʇʇ  

ʀ.ʅ. ʇʘʩʢʘʨʴ 

ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʮʠʢʣʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʨʦʚʦʡ ʵʥʝʨ-

ʛʝʪʠʢʠ, ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʜʧʦʩʳʣʢʠ (ʠʩʪʦʨʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʧʦʣʠʪʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴ-

ʥʳʝ), ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʵʪʠ ʵʪʘʧʳ ʟʘʨʦʞʜʝʥʠʷ ʵʥʝʨʛʝʪʠʢʠ.  ʊʘʢʞʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʳ ʠ ʩʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣʠʮʫ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʬʘʢʪʦʨʳ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ ʠ ʤʠʨʘ ʥʘ ʙʣʠ-

ʞʘʡʰʠʝ 20 ʣʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ, ʵʥʝʨʛʝʪʠʢʘ, ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʧʨʦʨʳʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ, ʦʪʨʘʩʣʠ ʵʥʝʨʛʝʪʠʢʠ.  

 

ʕʥʝʨʛʝʪʠʢʘ ʥʝ ʪʦʣʴʢʦ ʈʦʩʩʠʠ, ʥʦ ʠ ʤʠʨʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʢʦʣʦʩʩʘʣʴʥʳʝ ʠʟʤʝ-

ʥʝʥʠʷ. ɹʝʩʢʦʥʝʯʥʳʡ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ ʩʣʫʞʠʪ ʦʩʥʦʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ.  

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʧʨʦʰʣʳʭ ʣʝʪ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ 

ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʩʤʳʩʣʦʚʳʝ ʵʪʘʧʳ. ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʠʝ ʚʦʣʥʳ ʨʘʟʚʠ-

ʪʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʝʩʣʠ ʠʣʠ ʙʫʜʫʪ ʥʝʩʪʠ ʟʘ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʙʨʘ-

ʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ.  

ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʵʥʝʨʛʝʪʠʢʠ ʚ ʮʝʣʦʤ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʥʳʭ ʮʠʢʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʚʦʣʥʳ ʨʘʟʚʠʪʠʷ (ʮʠʢʣʳ). ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʤʝʥʘ ʮʠʢʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝ-

ʨʘʚʥʦʤʝʨʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʥʯʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʮʠʢʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷ-

ʝʪʩʷ ʠ ʥʘʯʘʣʦʤ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ. çʅʘʩʣʦʝʥʠʝè ʮʠʢʣʦʚ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʝʣʴʟʷ ʪʦʯʥʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʞʝ ʩʳʨʴʷ ʫʞʝ ʥʝ ʚʦʟʦʙʥʦʚʠʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ. ʄʠʨ 

ʥʝ ʤʦʞʝʪ ʨʝʟʢʦ ʠ ʤʦʤʝʥʪʘʣʴʥʦ ʦʪʦʡʪʠ ʦʪ ʢʘʢʠʭ-ʪʦ ʫʩʪʦʡʯʠʚʳʭ ʫʢʣʘʜʦʚ, ʧʦʵʪʦ-

ʤʫ ʥʘ ʩʤʝʥʫ ʧʦʪʨʝʙʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ï ʵʪʦ ʠ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 

ʩʤʝʥʳ ʮʠʢʣʦʚ. ʉʤʝʥʘ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦ-

ʨʳʚʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʚʦʣʶʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʚʦʡʥʘʤʠ, ʢʨʠʟʠʩʘʤʠ ʠʣʠ 

ʵʧʠʜʝʤʠʷʤʠ, ʪʦ ʝʩʪʴ ʬʘʟʘʤʠ çʟʘʩʪʦʷè ʠ çʜʝʧʨʝʩʩʠʠè, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʶ ʥʦʚʦʛʦ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ.   

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ ʧʨʠʟʚʘʥʘ ʧʦʨʦʞʜʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ:  
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1. ʦʩʚʦʠʪʴ ʥʦʚʳʡ ʚʠʜ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʩ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʵʥʝʨʛʝʪʠʢʠ;  

2. ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʦʮʠʫʤʫ ʢʦʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʮʝʥʥʦʩʪʠ, 

ʧʦʤʦʛʘʶʱʫʶ ʫʣʫʯʰʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ, ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ;  

3. ʩʦʟʜʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ, ʚʠʜʦ-

ʠʟʤʝʥʷʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʥʠʤʠ ʨʳʥʢʠ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʨʳʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʦʩʪʴ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʨʳʥʢʠ, ʯʘʱʝ ʚʩʝʛʦ ʫʞʝ ʩʫʱʝʩʪ-

ʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʨʳʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʠ, ʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʤʥʦʛʦ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝ-

ʩʪʚʦ [3].  

ʇʝʨʚʘʷ ʚʦʣʥʘ (1890-1950 ʛʛ.)  

ʆʩʥʦʚʥʳʤ ʨʝʩʫʨʩʦʤ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʘ ʛʣʘʚ-

ʥʦʡ ʦʪʨʘʩʣʴʶ ï ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣ,̫ ʢʘʢ ʠʟʦ-

ʙʨʝʪʝʥʠ,̫ ʘ ʛʫʤʘʥʠʪʘʨʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ï ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʞʠʟʥʠ ʥʘʩʝʣʝ-

ʥʠʷ.  

ʆʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʵʪʠ ʛʦʜʳ ʚʳʨʦʩʣʦ ʩ 0,4 ʤʣʨʜ. ʪ.ʥ.ʵ. ʜʦ 2 ʤʣʨʜ.    

ʪ.ʥ.ʵ. (ʨʦʩʪ ʚ 5 ʨʘʟ). ɼʦʤʠʥʠʨʫʶʱʠʤ ʵʥʝʨʛʦʨʝʩʫʨʩʦʤ ʷʚʣʷʣʩʷ ʫʛʦʣʴ, ʚʳʪʝʩʥʷʝ-

ʤʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ ï ʜʨʦʚʘ, ʪʘʢʞʝ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʵʥʝʨʛʦʨʝʩʫʨʩ ï 

ʥʝʬʪʴ [1].  

ɺ 1890-1900 ʛʛ. ʧʨʦʠʟʦʰʝʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʢʘʯʦʢ ʢʨʫʧʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ʧʫʪʝʤ ʦʛʨʘʞʜʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʥʦʩʪʨʘʥʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. ɺ 1987 ʛʦʜʫ ʩʪʘʣʠ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

ʠʥʦʩʪʨʘʥʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʟʘ ʩʯʝʪ ʚʚʦʜʘ ʟʦʣʦ-

ʪʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʫʙʣʷ, ʪʘʢʞʝ ʨʘʟʚʠʚʘʣʠʩʴ ʛʦʨʦʜʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʦʩʪʫ 

ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʢʦʥʦʤʠʢʠ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ï ʮʠʢʣʠʯʥʦʩʪʴ (ʨʠʩ. 1). 

ɺ 1890 ʛ. ʧʨʦʠʟʦʰʝʣ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʜʲʸʤ, ʘ ʚ 1900-1903 ʛʛ. ï ʤʠʨʦʚʦʡ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ, ʜʘʣʝʝ ʩ 1903 ʧʦ 1908 ʙʳʣ çʟʘʩʪʦʡè ʵʢʦʥʦʤʠʢʠ, ʠ ʚ 1909-

1913 ʛʛ. ʩʥʦʚʘ ʧʨʦʠʩʭʦʜʠʣ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʜʲʸʤ. 

 
ʈʠʩ. 1. ʎʠʢʣʠʯʥʦʩʪʴ ʵʢʦʥʦʤʠʢʠ 1890-1913 ʛʛ. 
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ʂ 1913 ʛʦʜʫ ʧʨʦʮʝʩʩ ʤʦʥʦʧʦʣʠʟʘʮʠʠ ʦʭʚʘʪʠʣ ʚʩʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʩʪʘʣ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʠ ʈʦʩʩʠʠ. 

ʂ 1930-ʤ ʛʛ. ʜʦʙʳʯʘ ʫʛʣʷ ʩʪʘʣʘ ʩʦʩʪʘʚʣʷʪʴ 84% ʦʪ ʜʦʙʳʯʠ ʚʩʝʭ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩʦʚ  ʚ ʩʪʨʘʥʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʙʳʯʘ ʥʝʬʪʠ ʩʦʩʪʘʚʠʣʘ ï 11%, ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ ï 2%, ʛʠʜʨʦʵʥʝʨʛʠʠ ï 3%, ʰʣʦ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʘʚʠʘʮʠ-

ʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɸʤʝʨʠʢʘ ʷʚʣʷʣʘʩʴ ʣʠʜʝʨʦʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʥʝʨʛʠʠ 

[2]. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ çʧʝʨʚʦʡ ʚʦʣʥʳè ʩʪʘʣ ʬʘʢʪ ʫʚʝʣʠʯʝʥʠʷ ʚʘʞʥʦ-

ʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʝʩʫʨʩʦʚ ʚʥʫʪʨʠ ʩʪʨʘʥ ʠ ʟʘ ʠʭ ʧʨʝʜʝʣʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʝʡ ʚ 1890-1950 ʛʛ. ʩʪʘʣʘ ʵʣʝʢ-

ʪʨʠʬʠʢʘʮʠʷ  ʠ ʩʦʟʜʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʘ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ ʧʨʦʨʳʚʦʤ ̫ʚʣʷʣʘʩʴ ʜʦʙʳʯʘ ʫʛʣʷ, ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ, ʩʦʟʜʘ-

ʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʢʦʤʤʝʨʯʝʩʢʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʢʦʪʦʨʘʷ 

ʪʦʣʴʢʦ ʧʦʷʚʠʣʘʩʴ ʠ ʥʘʯʘʣʘ ʘʢʪʠʚʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʫʞʝ ʚ ʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ.   

ʊʘʢʠʝ ʧʦʣʠʪʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʢʘʢ ɺʪʦʨʘʷ ʄʠʨʦʚʘʷ ʚʦʡʥʘ ʠ ʩʣʝ-

ʜʫʶʱʘʷ ʟʘ ʥʝʡ çʍʦʣʦʜʥʘʷ ʚʦʡʥʘè ʩʧʨʦʚʦʮʠʨʦʚʘʣʠ ʬʘʟʫ çʜʝʧʨʝʩʩʠʠè ʧʝʨʚʦʛʦ 

ʮʠʢʣʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʨʦʠʟʦʰʣʘ ʝʛʦ ʩʤʝʥʘ ʥʘ ʚʪʦʨʦʡ ʮʠʢʣ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ.  

ɺʪʦʨʘʷ ʚʦʣʥʘ (1950-1990 ʛʛ.)   

ʆʩʥʦʚʥʳʤ ʨʝʩʫʨʩʦʤ ʵʪʦʛʦ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʘʪʦʤʥʘʷ ʵʥʝʨʛʠ.̫ ʆʩʥʦʚʥʳʝ ʦʪʨʘʩʣʠ ï ʵʪʦ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʮʚʝʪʥʘʷ ʤʝʪʘʣ-

ʣʫʨʛʠʷ, ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʘ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɻʫʤʘʥʠʪʘʨ-

ʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʡ ʚʦʣʥʳ ʩʪʘʣʦ ʨʘʟʚʠʪʠʝ ʩʚʷʟʠ ʠ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʆʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʳʨʦʩʣʦ ʩ 2 ʤʣʨʜ. ʪ.ʥ.ʵ. ʜʦ 7,5 

ʤʣʨʜ.  ʪ.ʥ.ʵ. (ʨʦʩʪ ʚ 3,75 ʨʘʟ). ʅʘʙʣʶʜʘʣʦʩʴ ʟʘʤʝʜʣʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʠʨʦʚʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɼʦʤʠʥʠʨʫʶʱʠʤ ʵʥʝʨʛʦʨʝʩʫʨʩʦʤ ʷʚʣʷʣʘʩʴ ʥʝʬʪʴ, ʚʳʪʝʩ-

ʥʷʝʤʳʤ ï ʫʛʦʣʴ, ʪʘʢʞʝ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʵʥʝʨʛʦʨʝʩʫʨʩ ï ʛʘʟ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʘʪʦʤ 

[3]. 

ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦʣʷ ʤʠʨʦʚʦʛʦ ʠʤʧʦʨʪʘ ʥʝʬʪʠ, ʨʝʟʢʦ ʩʪʘʣʠ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʮʝʥʳ ʥʘ ʨʝʩʫʨʩʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʦʩʣʘ ʨʦʣʴ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ 

ʤʠʨʝ, ʘ ʜʦʣʷ ʤʠʨʦʚʦʡ ʜʦʙʳʯʠ ʫʨʘʥʘ ʩʦʩʪʘʚʣʷʣʘ 2%. 

ʉ ʩʦʮʠʘʣʴʥʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ ʵʪʦʪ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʬʦʨʤʘʤʠ ʅ.ʉ. ʍʨʫʱʝʚʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʤʠ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 1954 ʛʦʜʫ ʧʨʦʠʩʭʦʜʠʪ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʦʡ, ʘ ʪʘʢʞʝ ʧʝʨʝʩʪʨʦʡʢʘ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʩ 

ʦʪʨʘʩʣʝʚʦʛʦ ʧʨʠʥʮʠʧʘ ʥʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʝʬʦʨʤʳ ʪʦʣʴʢʦ ʫʩʠ-

ʣʠʣʠ ʙʝʩʧʦʨʷʜʦʢ ʚ ʫʧʨʘʚʣʝʥʠʠ. ʇʦʵʪʦʤʫ ʚ 1960-1980 ʛʛ. ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʩʦʚʝʪʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʩʚʝʨʪʳʚʘʥʠʷ ʭʨʫʱʝʚʩʢʠʭ ʨʝʬʦʨʤ ʠ ʕʢʦ-

ʥʦʤʠʯʝʩʢʦʡ ʨʝʬʦʨʤʳ 1964 ʛʦʜʘ. ɺ ʠʪʦʛʝ ʫʚʝʣʠʯʠʣʩʷ ʫʨʦʚʝʥʴ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ: 

ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʚʳʨʦʩʣʘ ʥʘ 35%, ʰʣʦ ʤʘʩʩʦʚʦʝ ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ʇʝʨʠʦʜ çʧʝʨʝʩʪʨʦʡʢʠè (1985-1991 ʛʛ.) ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʩʦʢʨʘʱʝʥʠʝʤ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʝʬʠʮʠʪʦʤ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ. 
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ɺ 1988-1991 ʛʛ. ʧʨʦʠʟʦʰʝʣ ʧʝʨʝʭʦʜ ʢ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ. ʀʪʦʛ: ʫʩʠʣʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʨʦʩʪ ʥʝʜʦʚʦʣʴʩʪʚʘ ʚ ʦʙʱʝʩʪʚʝ. 1980-1990 ʛʛ.  ï ʦʪʢʨʳ-

ʪʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʣʠʢʪʳ ʠ, ʢʘʢ ʠʪʦʛ, ʨʘʩʧʘʜ ʉʉʉʈ [2]. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ çʚʪʦʨʦʡ ʚʦʣʥʳè ʷʚʣʷʝʪʩʷ ʚʣʦʞʝʥʠʝ ʦʛʨʦʤʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʨʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʘʟʳ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʘ 

ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʅʘ ɸʕʉ ʩʪʘʣʠ ʚʚʦʜʠʪʴ ʥʦʚʳʝ ʤʦʱʥʦʩʪʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʤʠʨʥʦʛʦ ʘʪʦʤʘ.  

ʂ ʢʦʥʮʫ ʧʝʨʠʦʜʘ ʧʦʷʚʠʣʘʩʴ ʠʜʝʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʯʠʩʪʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ ʵʥʝʨʛʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʝʡ ʵʪʦʛʦ ʮʠʢʣʘ ʤʦʛʣʘ ʩʪʘʪʴ 

ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʥʦ ʪʘʢ ʢʘʢ ʝʝ ʥʝ ʫʜʘʣʦʩʴ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʢʘʯʦʢ ʮʝʥʥʦʩʪʠ 

ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʸ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʘʭ), 

ʷʜʝʨʥʘʷ ʵʥʝʨʛʠʷ ʩʪʘʣʘ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʨʳʚʦʤ. ɺ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʦ-

ʜʦʚ ʜʦʣʷ ʥʝʬʪʠ ʚ ʤʠʨʦʚʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʜʦʩʪʠʛʣʘ 47%, ʘ ʥʝʬʪʷʥʦʡ ʢʨʠʟʠʩ 

1973-1980-ʭ ʛʦʜʦʚ ʨʘʟʨʫʰʠʣ ʧʨʝʞʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʳʥʢʘ ʥʝʬʪʠ. 

ʉʣʝʜʩʪʚʠʝʤ ʩʪʘʣ ʨʦʩʪ ʧʠʢʦʚ ʮʝʥ ʥʝʬʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʟʦʰʣʦ ʟʘʤʝʜʣʝ-

ʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʠʨʦʚʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʊʘʢʠʝ ʧʦʣʠʪʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʢʘʢ, ʚʩʸ ʝʱʝ ʧʨʦʜʦʣʞʘʚʰʘʷʩʷ 

çʍʦʣʦʜʥʘʷ ʚʦʡʥʘè (1946-1980 ʛʛ.), ʥʝʫʜʘʚʰʠʝʩʷ ʨʝʬʦʨʤʳ ʍʨʫʱʝʚʘ, ʩʧʦʩʦʙʩʪ-

ʚʦʚʘʚʰʠʝ ʩʣʘʙʦʤʫ ʨʘʟʚʠʪʠʶ ʥʘʫʢʦʝʤʢʠʭ ʦʪʨʘʩʣʝʡ ʠ ʩʥʠʞʝʥʠʶ ʪʝʤʧʦʚ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʠ ʨʘʩʧʘʜ ʉʉʉʈ, ʩʪʘʣʠ ʪʦʣʯʢʦʤ ʢ çʟʘ-

ʩʪʦʶè ʠ çʜʝʧʨʝʩʩʠʠè ʚʪʦʨʦʛʦ ʮʠʢʣʘ, ʧʦʵʪʦʤʫ ʦʥ ʙʳʣ ʚʳʥʫʞʜʝʥ ʩʤʝʥʠʪʴʩʷ 

ʪʨʝʪʴʠʤ ʮʠʢʣʦʤ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ.  

ʊʨʝʪʴʷ ʚʦʣʥʘ (1990 ï 2020 ʛʛ.)  

ʆʩʥʦʚʥʳʤʠ ʨʝʩʫʨʩʘʤʠ çʪʨʝʪʴʝʡ ʚʦʣʥʳè ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʘʪʦʤʥʘʷ ʵʥʝʨ-

ʛʝʪʠʢʘ ʠ ɺʀʕ. ʆʩʥʦʚʥʳʤʠ ʦʪʨʘʩʣʷʤʠ ï ʵʣʝʢʪʨʦʥʠʢʘ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ, ʪʝʣʝ-

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʛʝʥʥʘʷ ʠʥʞʝʥʝʨʠʷ ʠ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.  

ʆʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʳʨʦʩʣʦ ʩ 7,5 ʤʣʨʜ. ʪ.ʥ.ʵ. ʜʦ 13,4 

ʤʣʨʜ.  ʪ.ʥ.ʵ. (ʨʦʩʪ ʚ 1,8 ʨʘʟ). ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʜʣʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʠʨʦʚʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɼʦʤʠʥʠʨʫʶʱʠʤ ʵʥʝʨʛʦʨʝʩʫʨʩʦʤ ʥʘ ʥʘʯʘʣʦ ʪʨʝʪʴʝʛʦ ʮʠʢʣʘ 

ʷʚʣʷʣʘʩʴ ʥʝʬʪʴ, ʚʳʪʝʩʥʷʝʤʳʤ ï ʫʛʦʣʴ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩʳ, ʢʘʢ ʛʘʟ ʠ ʘʪʦʤ, ʥʦʚʳʤ ʨʝʩʫʨʩʦʤ ʵʪʦʛʦ ʮʠʢʣʘ ʩʪʘʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩ-

ʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ (ɺʀʕ) [1]. 

ʕʪʦʪ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʩʝʪʝʡ, ʨʦʙʦʪʦʪʝʭʥʠʢʠ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ, ʣʘʟʝʨʥʦʡ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

ɺ ʥʘʯʘʣʝ 2011 ʛ. ʧʨʦʠʟʦʰʣʠ ʪʨʠ ʚʘʞʥʳʭ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʠʣʠ ʘʢ-

ʪʠʚʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʤʠʨʘ: 

1) ɻʣʦʙʘʣʠʟʘʮʠʷ ʠ ʨʝʛʠʦʥʘʣʠʟʘʮʠʷ ï ʧʦʠʩʢ ʙʘʣʘʥʩʘ 

2) ɿʘʚʝʨʰʝʥʠʝ ʥʝʬʪʷʥʦʡ ʵʧʦʭʠ 

3) ʉʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ  
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2014 ʛʦʜ - ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʂʨʳʤʘ ʢ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ɺ ʤʘʨʪʝ 2014 ʛʦʜʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚʚʝʜʝʥʠʝ ʧʝʨʚʳʭ ʩʘʥʢʮʠʠ ʧʨʦʪʠʚ ʈʦʩʩʠʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʪʢʘʟʘʣʘʩʴ ʧʨʠ-

ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʝ. 17 ʠʶʣʷ 2014 ʛʦʜʘ - ʚʪʦʨʘʷ ʚʦʣʥʘ ʩʘʥʢʮʠʡ. ɼʘʥ-

ʥʳʝ ʜʝʡʩʪʚʠʷ ʥʘʥʝʩʣʠ ʦʱʫʪʠʤʳʡ ʫʜʘʨ ʧʦ ʵʢʦʥʦʤʠʢʝ ʈʦʩʩʠʠ [2]. 

ʀʪʦʛʦʤ ʜʣʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ  ʩʪʘʣʦ ʩʥʠʞʝʥʠʝ 

ʤʠʨʦʚʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʜʦ 7%. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʘʟʦʚʳʝ ʢʦʤʧʘʥʠʠ ʙʳʣʠ ʚʳʥʫʞ-

ʜʝʥʳ ʧʨʠʙʝʛʥʫʪʴ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʠ ʧʦʠʩʢʫ ʥʦʚʳʭ ʨʳʥʢʦʚ 

ʩʙʳʪʘ ʨʝʩʫʨʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʡ ʚʦʣʥʝ ʨʘʟʚʠʪʠʷ ʙʳʣʦ ʤʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʨʳʚʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʉʇɻ), ʧʦʷʚʣʝʥʠʝ ʥʝʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ɺʀʕ, ʘ ʪʘʢʞʝ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʳʭ ʞʠʜʢʠʭ ʠ ʛʘʟʦʚʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʢʦʤʤʝʨʯʝʩʢʘʷ ʜʦʙʳʯʘ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʠ 

ʥʝʬʪʠ, ʧʦʷʚʣʝʥʠʝ ʧʝʨʚʳʭ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʙʣʠʞʝ ʢ ʢʦʥʮʫ ʮʠʢʣʘ. ʅʠ ʦʜʠʥ ʠʟ ʧʝ-

ʨʝʯʠʩʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʨʳʚʦʚ ʪʘʢ ʠ ʥʝ ʩʪʘʣ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʝʚʦ-

ʣʶʮʠʝʡ. ɸ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʢ ʩʤʝʥʝ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ 

ʩʪʘʣʘ ʧʘʥʜʝʤʠʷ, ʚʳʟʚʘʥʥʘʷ çʉOVID-19è, ʟʘʪʷʥʫʚʰʠʡʩʷ ʛʣʦʙʘʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʡ ʢʨʠʟʠʩ, ʟʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʧʨʠ ʤʘ-

ʣʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʠ. ʂʘʢ ʠʪʦʛ ʵʪʦʛʦ ʮʠʢʣʘ ʧʦ-

ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ IOT, Blockchain ʠ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, 

ʥʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʯʠʪʘʪʴʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʨʳʚʦʤ ʪʨʝʪʴʝʛʦ 

ʮʠʢʣʘ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʵʪʘʧʝ ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʚ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ ʠ ʥʝ ʪʦʣʴʢʦ.   

ʀʪʘʢ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʵʣʝʢ-

ʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʛʫʤʘʥʠʪʘʨʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʢʫʨʩ ʥʘ ʛʣʦʙʘ-

ʣʠʟʘʮʠʶ ʠ ʮʠʬʨʦʚʠʟʘʮʠʶ, ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʷʟʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ ʚʦʣʥʘʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʮʠʢʣʠʯ-

ʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʠʤʝʨʥʦʝ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝ-

ʪʠʢʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʘʥʘʣʠʟ ʩʝʛʦʜʥʷʰʥʠʭ ʜʥʝʡ.   

ʏʝʪʚʝʨʪʘʷ ʚʦʣʥʘ (2020 ï 2040 ʛʛ.)   

ɺ ʵʪʦʪ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʦʚʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʮʠʚʠʣʠʟʘʮʠʷ. ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʩʪʘʥʝʪ ʮʠʬʨʦʚʠʟʘʮʠʷ.   

ʆʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʳʨʘʩʪʝʪ (ʧʦ ʦʮʝʥʢʘʤ çʉʢʦʣʢʦ-

ʚʦè) ʩ 13,4 ʤʣʨʜ. ʪ.ʥ.ʵ. ʜʦ 18,1 ʤʣʨʜ.  ʪ.ʥ.ʵ. (ʨʦʩʪ ʚ 1,37 ʨʘʟ).  ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʙʫʜʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴʩʷ ʟʘʤʝʜʣʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʠʨʦʚʦʛʦ ʜʫʰʝʚʥʦʛʦ ʵʥʝʨʛʦ-

ʧʦʪʨʝʙʣʝʥʠʷ. ʆʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʙʫʜʫʪ ɺʀʕ, ʘ ʪʘʢʞʝ, ʚʦʟʤʦʞ-

ʥʦ, ʵʥʝʨʛʠʷ ʘʪʦʤʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʛʦʣʴ, ʥʝʬʪʴ, ʠ, ʚʝʨʦʷʪʥʦ, ʛʘʟ ʩʪʘʥʫʪ 

ʚʳʪʝʩʥʷʝʤʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɸ ʥʦʚʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠ-

ʢʠ ʵʥʝʨʛʠʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʙʫʜʫʪ ʥʘʙʠʨʘʪʴ ʦʙʦʨʦʪʳ (ʢʫʨʩ ʥʘ çʟʝʣʝʥʫʶ ʵʥʝʨʛʝ-

ʪʠʢʫè) [1]. 

2020 ʛʦʜ ï ʥʘʯʘʣʦ ʧʘʥʜʝʤʠʠ çCOVID-19è, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ 

ɺɺʇ. ʇʦ ʧʨʠʯʠʥʝ ʵʪʦʛʦ ʘʧʨʝʣʴ 2020 ʛ. ʙʳʣ ʦʙʲʷʚʣʝʥ ʥʝʨʘʙʦʯʠʤ ʤʝʩʷʮʝʤ, ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʥʠʟʠʣʦʩʴ ʥʘ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʩʷʮʘʤʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʫʭʫʜʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 
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ʀʟ-ʟʘ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʧʘʜʘʝʪ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ, ʥʦ ʦʩʥʦʚʥʦʡ 

ʩʧʘʜ ʧʨʦʠʟʦʡʜʝʪ ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ï ʫʛʦʣʴ ʥʘ 8%, ʥʝʬʪʴ ʥʘ 

9% ʠ ʛʘʟ ʥʘ 5%, ʯʪʦ ʢʘʩʘʝʤʦ çʟʝʣʝʥʦʡ ʵʥʝʨʛʝʪʠʢʠè ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʩʧʨʦʩʘ ʥʘ 

5 %. 

ʊʘʢ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʣʷ ɺʀʕ ʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 15%, 

ʧʨʠʯʝʤ 13% ʠʟ ʥʠʭ ï ʵʪʦ ʛʠʜʨʦʵʥʝʨʛʠʷ ʠ ʵʥʝʨʛʠʷ ʙʠʦʤʘʩʩ, ʠ ʚʩʝʛʦ 2% ʧʨʠʭʦ-

ʜʠʪʩʷ ʥʘ ʅɺʀʕ. 

ɼʦ 2040 ʛʦʜʫ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʅɺʀʕ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 

8,3% ʢʘʞʜʳʡ ʛʦʜ, ʯʪʦ ʢ 2040 ʛʦʜʫ ʫʚʝʣʠʯʠʪ ʧʦʪʨʝʙʣʝʥʠʷ ɺʀʕ ʜʦ 115% [3]. 

ʄʥʦʛʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʘʣʳʡ ʙʠʟʥʝʩ ʥʝ ʦʪʢʨʦʶʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʘʥʜʝʤʠʠ, ʧʨʠʯʠʥʦʡ ʵʪʦʤʫ ʩʪʘʥʝʪ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʥʘ-

ʙʠʨʘʶʱʘʷ ʦʙʦʨʦʪ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

ʅʳʥʝʰʥʠʡ ʢʨʠʟʠʩ ʩʪʘʥʝʪ ʩʝʨʴʝʟʥʳʤ ʪʦʣʯʢʦʤ ʢ ʠʟʤʝʥʝʥʠʷʤ ʠ ʥʘ ʨʳʥʢʝ 

ʪʨʫʜʘ. ʉʘʤʦʠʟʦʣʷʮʠʷ ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʝʢʪʦʨʘ ʫʩʣʫʛ ʧʦ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʟʘʥʷʪʦʩʪʠ, ʪ. ʝ. ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ online-ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ʄʥʦʛʠʝ ʩʬʝʨʳ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʧʝʨʝʡʪʠ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʬʦʨʤʘʪ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʵʪʦ ʜʝʣʘʝʪ ʨʘʙʦʪʫ ʙʦʣʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʙʦʪʘʪʴ ʥʘ ʜʦʤʫ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

ʉʝʛʦʜʥʷ ʤʳ ʥʘʙʣʶʜʘʝʤ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʘʥʘʣʠʪʠʢʦʚ çʙʦʣʴʰʠʭ ʜʘʥʥʳʭè, 

ʘ ʠʤʝʥʥʦ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ BIG DATA, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʳʷʚʣʝʥʠʝʤ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʛʨʦʤʥʳʭ ʤʘʩʩʠʚʦʚ 

ʠʥʬʦʨʤʘʮʠʠ. 

çʅʝʬʪʷʥʘʷ ʚʦʡʥʘè ʤʝʞʜʫ ʉʐɸ, ʉʘʫʜʦʚʩʢʦʡ ɸʨʘʚʠʝʡ ʠ ʈʦʩʩʠʝʡ ʩʧʨʦʚʦʮʠ-

ʨʦʚʘʣʘ ʧʘʜʝʥʠʝ ʮʝʥ ʥʘ ʥʝʬʪʴ. 1 ʘʧʨʝʣʷ 2020 ʛ. ʧʨʝʢʨʘʪʠʣʘ ʜʝʡʩʪʚʠʝ ʩʜʝʣʢʘ 

ʆʇɽʂ+, ʥʦ ʫʞʝ 1 ʤʘʷ ʚʩʪʫʧʠʣʘ ʚ ʩʠʣʫ ʥʦʚʦʝ ʩʦʛʣʘʰʝʥʠʝ ʩʨʦʢʦʤ ʥʘ ʜʚʘ ʛʦʜʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʢʨʫʧʥʝʡʰʠʝ ʫʯʘʩʪʥʠʢʠ ʜʦʣʞʥʳ ʙʫʜʫʪ ʩʦʢʨʘʪʠʪʴ ʜʦʙʳʯʫ ʥʝʬʪʠ ʥʘ 9,7 

ʤʣʥ ʙʘʨʨ ʚ ʩʫʪʢʠ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 19 ʤʣʥ ʙʘʨʨ. ʉʦʢʨʘʱʝʥʠʝ ʦʙʲʝ-

ʤʦʚ ʜʦʙʳʯʠ ʥʝʬʪʠ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʝʨʩʠʶ ʦ ʟʘʢʘʪʝ ʥʝʬʪʷʥʦʡ ʵʧʦʭʠ [1]. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʘʥʜʝʤʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʘ ʪʘʢ-

ʞʝ ʥʦʚʳʡ ʧʦʜʭʦʜ ʚ ʧʦʜʜʝʨʞʢʝ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. ɺʦʟʚʨʘʪʘ ʢ çʩʪʘʨʳʤ 

ʫʢʣʘʜʘʤè ʥʝ ʧʣʘʥʠʨʫʝʪʩʷ. ʈʘʩʪʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʙʠʟʥʝʩʦʤ ʠ ʛʦʩʫʜʘʨʩʪ-

ʚʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʪʘʥʝʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ 

ʈʦʩʩʠʠ ʠ ʤʠʨʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʩʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʮʠʢʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʧʨʦʛʥʦ-

ʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʙʣʠʞʘʡʰʠʝ 20 ʣʝʪ [3].  

ʆʧʠʨʘʷʩʴ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʬʘʢʪʦʚ, ʤʦʞʥʦ ʣʠʰʴ ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʨʳʚʳ ʯʝʪʚʝʨʪʦʛʦ ʮʠʢʣʘ ʨʘʟʚʠ-

ʪʠʷ ʵʥʝʨʛʝʪʠʢʠ. ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʷʚʠʪʴ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʨʝʚʦʣʶʮʠʠ, ʪʘʢ ʢʘʢ ʥʝʪ ʫʚʝʨʝʥʥʦʩʪʠ, ʩʪʘʥʝʪ ʣʠ ʧʨʦʨʳʚ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʨʝʚʦʣʶʮʠʝʡ: ʙʫʜʝʪ ʣʠ ʦʩʚʦʝʥ ʥʦʚʳʡ ʚʠʜ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ, ʙʫʜʝʪ ʣʠ ʧʨʝʜʦʩ-

ʪʘʚʣʝʥʘ ʦʙʱʝʩʪʚʫ ʢʦʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʧʦʚʳʰʝʥʥʦʡ ʮʝʥʥʦʩʪʠ, ʫʚʝʣʠʯʠʪ ʣʠ ʦʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʠ ʩʦʟʜʘʩʪ ʣʠ ʥʦʚʳʝ ʵʥʝʨʛʦʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ, ʚʠʜʦ-

ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʨʳʥʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʜʨʫʛʠʝ, ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʩ ʥʠʤ ʨʳʥ-

ʢʠ.  
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ʊʘʙʣʠʮʘ 1  

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥ (ʮʠʢʣʦʚ) ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʘʟʚʠʪʠʷ 

ʇʝʨʚʳʡ ʮʠʢʣ 

(1890-1950 ʛʛ.) 

ɺʪʦʨʦʡ ʮʠʢʣ 

(1950-2020 ʛʛ.) 

ʊʨʝʪʠʡ ʮʠʢʣ 

(1990-2020 ʛʛ.) 

ʏʝʪʚʝʨʪʳʡ 

ʮʠʢʣ* 

(2020-2040 ʛʛ.) 

ʉʨʝʜʥʷʷ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ 
60 5 ʣʝʪ 40 5 ʣʝʪ 30 5 ʣʝʪ 20 5 ʣʝʪ 

ʈʦʩʪ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʷ 

0,4 ï 2 ʤʣʨʜ. 

ʪ.ʥ.ʵ. 

ɺ 5 ʨʘʟ 

2 ï 7,5 ʤʣʨʜ. 

ʪ.ʥ.ʵ. 

ɺ 3,75 ʨʘʟ 

7,5 ï 13,4 ʤʣʨʜ. 

ʪ.ʥ.ʵ. 

ɺ 1,8 ʨʘʟ 

13,4 ï 18,1 

ʤʣʨʜ. ʪ.ʥ.ʵ. 

ɺ 1,37 ʨʘʟ 

ʏʠʩʣʝʥʥʦʩʪʴ 

ʥʘʩʝʣʝʥʠʷ 

1,516 ï 2,516 

ʤʣʨʜ. ʯʝʣʦʚʝʢ 

ɺ 1,66 ʨʘʟ 

2,516 ï 5,29 

ʤʣʨʜ. ʯʝʣʦʚʝʢ 

ɺ 2,1 ʨʘʟ 

5,29 ï 7,858 

ʤʣʨʜ. ʯʝʣʦʚʝʢ 

ɺ 1,49 ʨʘʟ 

7,858 ï 8,748 

ʤʣʨʜ. ʯʝʣʦʚʝʢ 

ɺ 1,11 ʨʘʟ 

ʈʦʩʪ ʜʫʰʝʚʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙ-

ʣʝʥʠʷ 

0,67-1,3 

ʢɺʪ*ʛ/ʯʝʣ 

ɺ 1,94 ʨʘʟ 

1,3-2,4 

ʢɺʪ*ʛ/ʯʝʣ 

ɺ 1,85 ʨʘʟ 

2,4-2,7 

ʢɺʪ*ʛ/ʯʝʣ 

ɺ 1,125 ʨʘʟ 

2,7-2,9 

ʢɺʪ*ʛ/ʯʝʣ 

ɺ 1,074 ʨʘʟ 

ʇʨʝʦʙʣʘʜʘʶ-

ʱʠʡ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩ 

ʋʛʦʣʴ ʅʝʬʪʴ ʅʝʬʪʴ, ʛʘʟ, ʘʪʦʤ ɺʀʕ, ʘʪʦʤ 

ʆʪʭʦʜʷʱʠʡ 

(ʚʳʪʝʩʥʷʝʤʳʡ) 

ʵʥʝʨʛʦʨʝʩʫʨʩ 

ɼʨʦʚʘ ʋʛʦʣʴ ʋʛʦʣʴ 
ʋʛʦʣʴ, ʥʝʬʪʴ, 

ʛʘʟ 

ʅʦʚʳʡ (ʥʘʙʠ-

ʨʘʶʱʠʡ ʦʙʦʨʦ-

ʪʳ) ʵʥʝʨʛʦʨʝ-

ʩʫʨʩ 

ʅʝʬʪʴ ɻʘʟ ʠ ʘʪʦʤ ɺʀʕ ʅɺʀʕ 

ʊʝʭʥʦʣʦʛʠʯʝ-

ʩʢʘʷ ʨʝʚʦʣʶʮʠʷ 

ʕʣʝʢʪʨʠʬʠʢʘ-

ʮʠʷ 

ɼɺʉ 

ɸʪʦʤʥʘʷ ʵʥʝʨ-

ʛʝʪʠʢʘ ʚ ʤʝʜʠ-

ʮʠʥʩʢʠʭ ʧʨʠʙʦ-

ʨʘʭ 

- ? 

ʊʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʡ ʧʨʦʨʳʚ 

- ɼʦʙʳʯʘ ʫʛʣʷ 

- ʉʦʟʜʘʥʠʝ ʧʘ-

ʨʦʚʳʭ ʪʫʨʙʠʥ 

- ʉʦʟʜʘʥʠʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣ ̫

-ʂʦʤʤʝʨʯʝʩʢʘʷ 

ʜʦʙʳʯʘ ʥʝʬʪʠ ʠ 

ʛʘʟʘ 

- ʗʜʝʨʥʘʷ ʵʥʝʨ-

ʛʝʪʠʢʘ (ɸʕʉ) 

- ʊʫʨʙʠʥʳ, ʨʘ-

ʢʝʪʳ 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʉʇɻ 

- ʇʦʷʚʣʝʥʠʝ ʥʝ-

ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ 

ʥʝʬʪʠ ʠ ʛʘʟʘ 

- ɺʦʟʥʠʢʥʦʚʝ-

ʥʠʝ ʥʦʚʳʭ ɺʀʕ 

- ʇʦʷʚʣʝʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʞʠʜʢʠʭ ʠ ʛʘʟʦ-

ʚʳʭ ʚʠʜʦʚ ʪʦʧ-

ʣʠʚʘ 

- ʂʦʤʤʝʨʯʝʩʢʘʷ 

ʜʦʙʳʯʘ ʩʣʘʥʮʝ-

ʚʦʛʦ ʛʘʟʘ ʠ ʥʝʬ-

ʪʠ 

- ʇʦʷʚʣʝʥʠʝ 

ʧʝʨʚʳʭ ʵʣʝʢ-

ʪʨʦʤʦʙʠʣʝʡ 

- ʅʦʚʳʝ ʩʧʦʩʦ-

ʙʳ ʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ 

- ʈʘʟʚʠʪʠʝ ʚʦ-

ʜʦʨʦʜʥʦʡ ʵʥʝʨ-

ʛʝʪʠʢʠ 

- ʇʦʚʩʝʤʝʩʪʥʘʷ 

ʜʝʮʝʥʪʨʘʣʠʟʘ-

ʮʠʷ (ʩʦʟʜʘʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʛʝʥʝʨʘʮʠʠ) 

- ʊʝʭʥʦʣʦʛʠʠ 

IOT, Blockchain 

- ɺʠʨʪʫʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

- ʎʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ 

- ʋʤʥʳʝ ʩʝʪʠ, 

ʫʤʥʳʝ ʩʯʝʪʯʠ-

ʢʠ, ʫʤʥʳʝ ʜʦʤʘ 
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ʂʣʶʯʝʚʳʝ ʠʩ-

ʪʦʨʠʯʝʩʢʠʝ ʩʦ-

ʙʳʪʠʷ 

- ɺʪʦʨʘʷ ʄʠʨʦ-

ʚʘʷ ʚʦʡʥʘ 

- çʍʦʣʦʜʥʘʷ 

ʚʦʡʥʘè 

- ʄʠʨʦʚʦʡ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʡ 

ʢʨʠʟʠʩ 

- çɿʘʩʪʦʡè ʵʢʦ-

ʥʦʤʠʢʠ 

-

ʇʨʦʤʳʰʣʝʥʥʳʡ 

ʧʦʜʲʝʤ ʵʢʦʥʦ-

ʤʠʢʠ 

- çʍʦʣʦʜʥʘʷ 

ʚʦʡʥʘè 

- ʈʝʬʦʨʤʳ ʅ.ʉ. 

ʍʨʫʱʝʚʘ 

- çʇʝʨʝʩʪʨʦʡʢʘè 

- ʇʝʨʝʭʦʜ ʢ ʨʳ-

ʥʦʯʥʦʡ ʵʢʦʥʦ-

ʤʠʢʝ (ʫʩʠʣʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʢʨʠʟʠʩʘ) 

- ʈʘʩʧʘʜ ʉʉʉʈ 

- ʈʦʩʪ ʧʠʢʦʚ ʮʝʥ 

ʥʝʬʪʠ 

- ɿʘʚʝʨʰʝʥʠʝ 

ʥʝʬʪʷʥʦʡ ʵʧʦʭʠ 

- ʂʫʨʩ ʥʘ ʛʣʦʙʘ-

ʣʠʟʘʮʠʶ 

- ʉʦʟʜʘʥʠʝ ʠʥ-

ʥʦʚʘʮʠʦʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ 

- ʉʥʠʞʝʥʠʝ ʤʠ-

ʨʦʚʦʡ ʜʦʙʳʯʠ 

ʥʝʬʪʠ 

- çCOVID-19è 

- ɿʘʪʷʥʫʚʰʠʡʩʷ 

ʛʣʦʙʘʣʴʥʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʢʨʠʟʠʩ 

- çCOVID-19è 

- ʀʟʤʝʥʝʥʠʝ 

ʨʳʥʢʘ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ 

- ʇʦʩʪʨʦʝʥʠʝ 

ʥʦʚʦʡ ʤʦʜʝʣʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

- ʋʚʝʣʠʯʝʥʠʝ 

ʮʝʥ ʥʘ ʥʝʬʪʴ ʠ 

ʛʘʟ 

- ʉʦʢʨʘʱʝʥʠʝ 

ʵʢʩʧʦʨʪʘ ʥʝʬʪʠ 

- ʋʚʝʣʠʯʝʥʠʝ 

ʵʢʩʧʦʨʪʘ ʛʘʟʘ 

 

ʊʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʤʠ-

ʨʘ:   

1. ʇʝʨʝʭʦʜ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʥʝʨʛʠʠ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʝʸ ʠʥʪʝʛʨʘʮʠʠ ʚʦ ʚʩʝ 
ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ).  

2. ʇʦʚʳʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜ 
ʦʪ çʩʠʣʦʚʦʡè ʵʥʝʨʛʝʪʠʢʠ ʢ çʫʤʥʦʡè, ʚʢʣʶʯʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚʦ 

ʚʩʝʭ ʝʸ ʦʪʨʘʩʣʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʵʥʝʨ-

ʛʝʪʠʢʠ: ʫʤʝʥʴʰʠʪʩʷ ʨʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʫʚʝʣʠ-

ʯʠʪʩʷ ʨʦʣʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.   

3. ɺʦʟʤʦʞʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠ ʥʦʚʳʤ 
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5. ʀʟʤʝʥʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʳʥʢʦʚ (ʧʝʨʝʭʦʜ ʢ ʨʳʥʢʫ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʜʘʣʝʝ ʢ ʨʳʥʢʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ).  
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ʥʷʪʴ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʨʳʥʢʘ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʝʜʫʪ ʢ ʟʘʢʘʪʫ ʥʝʬʪʷʥʦʡ ʵʧʦʭʠ.  
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Abstract. The article presents possible cycles of global energy development and considers the 

prerequisites (historical, economic, political, and social) that determine these stages of energy gen-

eration. The main factors of energy development in Russia and the world for the next 20 years are 

also predicted and tabulated. 

Keywords: digitalization, energy, forecast of energy development, technological break-

through, technological revolution, energy industries.  

 

ʋɼʂ 621.311 

ʈɽɸʃʀɿɸʎʀʗ ʇʈʆɽʂʊɸ çʋʄʅʓʁ ɻʆʈʆɼè ɺ ʈʆʉʉʀʀ  

ʀ ɽɻʆ ɺɸʈʀɸʎʀʀ ɿɸ ʈʋɹɽɾʆʄ 

ɸ.ɸ. ɸʢʩʝʥʦʚʘ, ɼ.ɽ. ʉʘʚʝʥʢʦʚʘ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʀ.ʅ. ʇʘʩʢʘʨʴ  

ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ ʛ. ʂʝʤʝʨʦʚʦ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʧʝʨʝʭʦʜʘ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ çʋʤʥʳʡ ʛʦʨʦʜè. ʈʘʩʩʤʦʪʨʝʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʧʦʢʘ-

ʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʦʚ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʠʩʢʠ, ʠ ʙʘʨʴʝʨʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ ʠ ʦʧʳʪ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, ʘ 

ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʝʢʪʘ ʥʘ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʠʬʨʦʚʠʟʘʮʠʷ, ʫʤʥʳʡ ʛʦʨʦʜ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʥʦʨʤʘ-

ʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʙʘʨʴʝʨʳ, ʵʥʝʨʛʝʪʠʢʘ. 

 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʘ ʧʨʘʚʠʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʎʠʬʨʦʚʠʟʘʮʠʷ, ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ, ʵʪʦ ʧʝʨʝʚʦʜ ʚʩʝʡ 

ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʠʬʨʦʚʦʡ ʚʠʜ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʝʝ ʧʦʠʩʢ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʅʦ ʪʘʢʞʝ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʚ ʙʦʣʝʝ ʰʠʨʦ-

ʢʦʤ ʩʤʳʩʣʝ, ʘ ʠʤʝʥʥʦ ʮʠʬʨʦʚʠʟʘʮʠʷ - ʵʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʤʠʨʦʚʦʝ ʨʘʟʚʠʪʠʝ, ʢʦ-

ʪʦʨʦʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʧʦʥʷʪʠʝ ʧʨʠ-

ʰʣʦ ʥʘ ʩʤʝʥʫ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʮʠʬʨʦʚʠʟʘʮʠʶ ʚ ʈʦʩʩʠʠ ʠ ʚʦ 

ʚʩʝʤ ʤʠʨʝ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ çʋʤʥʳʡ ʛʦʨʦʜè (çSmart Cityè). 

çSmart Cityè - ʧʨʦʝʢʪ ʦ ʙʝʨʝʞʣʠʚʦʤ ʛʦʨʦʜʝ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʨʝʩʫʨʩʳ ʦʙʜʫ-

ʤʘʥʥʦ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʩʠʩʪʝʤʫ ʢʦʤʤʫʥʠʢʘ-

ʮʠʡ ʠ ʠʥʬʦʨʤʘʮʠʡ ʚʦʝʜʠʥʦ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (IoT, 

Blockchain, 5G ʠ ʪ.ʜ.), ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʙʝʟʦʧʘʩʥʫʶ ʠ ʢʦʤʬʦʨʪʥʫʶ ʞʠʟʥʝʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʀʂʊ) ʙʫʜʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʩʬʝʨʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʪʴ ʚʥʫʪʨʝʥʥʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʛʦʨʦʜʘ. 
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ʈʠʩ. 1. ʉʦʩʪʘʚ ʩʪʘʥʜʘʨʪʘ çʋʤʥʦʛʦ ʛʦʨʦʜʘè 

 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʫʶ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫʶ ʙʘʟʫ ʜʣʷ ʚʦ-

ʧʣʦʱʝʥʠʷ ʚ ʞʠʟʥʴ çʋʤʥʦʛʦ ʛʦʨʦʜʘè ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çɾʠ-

ʣʴʝ ʠ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘè, ʘ ʪʘʢʞʝ ʥʘʮʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠ-

ʢʘè. 

ʇʨʦʛʨʘʤʤʘ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘè, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʦ 2024 ʛʦʜʘ, ʙʳʣʘ ʧʨʠ-

ʥʷʪʘ ʧʦ ʫʢʘʟʫ ɺʣʘʜʠʤʠʨʘ ʇʫʪʠʥʘ, ʧʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 7 ʤʘʷ 

2018 ʛʦʜʘ ˉ204 çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 ʛʦʜʘè ʠ ʙʳʣʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʪʚʝʨ-

ʞʜʝʥʘ 24 ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ. 

 

  
ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘè 

 

ʇʨʦʝʢʪ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘè ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʛʦʨʦʜʘʭ, ʥʘʩʝʣʝ-

ʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 100 ʪʳʩ. ʯʝʣʦʚʝʢ ʠ ʚʳʰʝ, ʘ ʪʘʢʞʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʮʝʥʪʨʘʭ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʝʪʩʷ 172 ʛʦʨʦʜʘ ʠ 2345 ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʦʨʦʜʦʚ ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʚ 2020 ʛʦʜʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʥʜʝʢʩ IQ ʛʦʨʦʜʦʚ. ʎʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʜʝʢʩʘ IQ ʛʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʚʦʜʠʤʳʭ ʚ ʛʦʨʦʜʘʭ ʪʝʭʥʦ-
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ʣʦʛʠʡ, ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʜʝʢʩ ʧʣʘʥʠʨʫʝʪʩʷ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʘʞʜʳʡ ʛʦʜ, ʘ ʜʘʣʝʝ ʧʝʨʝʜʘʚʘʪʴ ʨʝʛʠʦʥʘʤ ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʢʦʤʝʥʜʘ-

ʮʠʷʤʠ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʠ ʫʣʫʯʰʝʥʠʶ ʛʦʨʦʜʦʚ. 

 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʜʣʷ ʦʮʝʥʢʠ ʠʥʜʝʢʩʘ IQ ʛʦʨʦʜʦʚ 

ʅʘʟʚʘʥʠʝ 
ʂʨʫʧʥʝʡʰʠʝ 

ʛʦʨʦʜʘ 

ʂʨʫʧʥʳʝ ʛʦ-

ʨʦʜʘ 

ɹʦʣʴʰʠʝ ʛʦ-

ʨʦʜʘ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ 

ʮʝʥʪʨʳ 

ʏʠʩʣʝʥʥʦʩʪʴ 

ʥʘʩʝʣʝʥʠʷ 

ʉʚʳʰʝ 1 

ʤʣʥ. ʯʝʣʦʚʝʢ 

ʆʪ 250 ʜʦ 1 

ʤʣʥ. ʯʝʣʦʚʝʢ 

ʆʪ 100 ʪʳʩ. 

ʜʦ 250 ʤʣʥ. 

ʯʝʣʦʚʝʢ 

ʄʝʥʝʝ 100 ʪʳʩ. ʯʝ-

ʣʦʚʝʢ 

 

ɺ 2020 ʛʦʜʫ ʚ ʦʮʝʥʢʝ ʫʯʘʩʪʚʦʚʘʣ 191 ʛʦʨʦʜ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 3 ʤʘʨʪʘ ʩʨʝʜʠ 

ʢʨʫʧʥʝʡʰʠʭ ʛʦʨʦʜʦʚ (ʥʘʩʝʣʝʥʠʝ ʩʚʳʰʝ 1 ʤʣʥ. ʯʝʣʦʚʝʢ), ʨʝʡʪʠʥʛ ʠʥʜʝʢʩʘ IQ ʛʦ-

ʨʦʜʦʚ ʚʦʟʛʣʘʚʠʣʠ ʄʦʩʢʚʘ, ʂʘʟʘʥʴ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ɻʦʨʦʜʘ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦ 

47 ʢʨʠʪʝʨʠʷʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʄʠʥʩʪʨʦʝʤ ʩʦʚʤʝʩʪʥʦ ʩ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦ-

ʚʘ. 

ʉ ʧʦʤʦʱʴʶ ʩʤʘʨʪ-ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʫʤʥʳʭ ʛʦʨʦʜʦʚ, ʥʦ ʵʪʦ ʥʝ ʪʘʢʘʷ ʧʨʦʩʪʘʷ ʟʘʜʘʯʘ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʠʪʴ ʦʯʝʥʴ ʙʳʩʪʨʦ. IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʧʦʜʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʦʜʢʣʶ-

ʯʝʥʥʳʭ ʢ ʥʠʤ ʢʦʤʧʴʶʪʝʨʦʚ, ʜʘʪʯʠʢʦʚ, ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʠ ʜʝʥʝʛ.  

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝ-

ʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʚʝʜʝʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʦʩʪʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʝʜʦʩʪʘʪʦʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʢʦʥʮʝʧʮʠʶ çSmart Cityè. 

ɺ 2019 ʛʦʜʫ ʄʠʥʩʪʨʦʡ ʈʦʩʩʠʠ ʧʣʘʥʠʨʦʚʘʣʦ ʚʳʜʝʣʠʪʴ ʩʫʤʤʫ ʚ ʨʘʟʤʝʨʝ 12 ʤʣʨʜ 

ʨʫʙʣʝʡ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ çʋʤʥʳʡ ʛʦʨʦʜè, ʥʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʥʝ ʧʨʦ-

ʠʟʦʰʣʦ. ʇʦʵʪʦʤʫ ʚʣʘʩʪʠ ʚʳʥʫʞʜʝʥʳ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʣʦʢʘʣʴʥʦ, ʧʦ 

ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ɺʣʠʷʥʠʝ ʚʩʝʭ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʟʘʤʝʜʣʝʥʠʶ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʚ ʩʬʝʨʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʝʝ ʦʪʩʪʘʚʘʥʠʷ ʦʪ ʣʠʜʠʨʫʶʱʠʭ ʩʪʨʘʥ.  

ʅʝʚʦʟʤʦʞʥʦ ʦʙʦʡʪʠ ʩʪʦʨʦʥʦʡ ʠ ʪʦʪ ʬʘʢʪʦʨ, ʯʪʦ ʥʝ ʚʩʝ ʥʘʩʝʣʝʥʠʝ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʦʞʝʪ ʠ ʛʦʪʦʚʦ ʞʠʪʴ ʚ ʫʤʥʦʤ ʛʦʨʦʜʝ. ʍʦʪʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʚ ʩʬʝʨʝ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ (ʧʨʠʤʝʨʥʦ 60%), ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʥʘʩʝ-

ʣʝʥʠʷ, ʥʝ ʦʙʣʘʜʘʶʱʘʷ ʥʫʞʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ 

ʚ ʩʤʘʨʪ-ʛʦʨʦʜʘʭ.  

ʊʘʢʞʝ ʙʘʨʴʝʨʦʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʤʦʞʥʦ ʙʳʣʦ ʩʯʠʪʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨ-

ʪʦʚ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ 

ʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʦʥʮʝʧʮʠʠ çʋʤʥʳʡ ʛʦʨʦʜè. ʉʠʪʫʘʮʠʷ ʠʟ-



163 
 

ʤʝʥʠʣʘʩʴ 13 ʘʚʛʫʩʪʘ 2020 ʛʦʜʘ, ʢʦʛʜʘ ʈʦʩʩʪʘʥʜʘʨʪʦʤ ʈʌ ʙʳʣʦ ʫʪʚʝʨʞʜʝʥʦ 8 

ʧʝʨʚʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʤʘʨʪ-ʛʦʨʦʜʦʚ. ʕʪʠ ʩʪʘʥʜʘʨʪʳ ʧʦ-

ʟʚʦʣʷʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʙʘʟʦʚʳʝ ʧʦʜʭʦʜʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʪʝʨʤʠʥʦʣʦʛʠʶ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʝʡ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʨʘʟʣʠʯʘʶʪʩʷ ʤʝ-

ʩʪʥʦʡ ʩʧʝʮʠʬʠʢʦʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʩʧʫʙʣʠʢʝ ʂʦʨʝʷ ʧʨʦʛʨʘʤʤʘ çʋʤʥʳʡ ʉʝʫʣè 

ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʳ ISO/TC 268. ɺ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦ-

ʛʨʘʤʤʳ ʣʝʞʠʪ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ISO 37120:2018 çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʩʦʦʙʱʝʩʪʚ ï ʠʥʜʠʢʘʪʦʨʳ ʛʦʨʦʜʩʢʠʭ ʩʝʨʚʠʩʦʚ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠè, ʘ ʪʨʠ ʚʩʧʦʤʦ-

ʛʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘ (ISO 37106:2018 çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚ ʠ ʩʦʦʙ-

ʱʝʩʪʚ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʫʤʥʦʛʦ ʛʦʨʦʜʘ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʦʙʱʝʩʪʚè, ISO 37122:2019 çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʩʦ-

ʦʙʱʝʩʪʚʘʭ. ʇʦʢʘʟʘʪʝʣʠ ʜʣʷ ʫʤʥʳʭ ʛʦʨʦʜʦʚè ʠ ISO 37123:2019 çʋʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ ʚ ʩʦʦʙʱʝʩʪʚʘʭ. ʀʥʜʠʢʘʪʦʨʳ ʜʣʷ ʘʜʘʧʪʠʚʥʳʭ ʛʦʨʦʜʦʚè), ʢʦʪʦʨʳʝ ʧʦ-

ʤʦʛʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʛʦʨʦʜʘʤ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ - 

ʵʪʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. 

ʊʘʢʞʝ ʨʷʜ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ɹʨʠʪʘʥʩʢʠʡ ʠʥ-

ʩʪʠʪʫʪʦʤ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (BSI), ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʳ 

çʉʪʦ ʫʤʥʳʭ ʛʦʨʦʜʦʚè ʚ ʀʥʜʠʠ, ʨʝʘʣʠʟʫʷ ʠʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ. ʆʩʥʦʚʥʳ-

ʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ PAS180 ʠ PAS182, ʧʨʠʥʷʪʳʝ ʚ 2014 ʛʦʜʫ. ɺ ʵʪʠʭ ʩʪʘʥ-

ʜʘʨʪʘʭ ʧʨʦʧʠʩʘʥʘ ʪʝʨʤʠʥʦʣʦʛʠʷ, ʠʤʝʶʱʘʷ ʢʘʢ ʣʦʢʘʣʴʥʦʝ, ʪʘʢ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʦʧʠʩʘʥʳ ʩʝʨʚʠʩʳ, ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʳ ʠ ʤʦʜʝʣʠ ʜʘʥʥʳʭ 

ʧʨʠʤʝʥʠʤʳʝ ʢ çʫʤʥʳʤè ʛʦʨʦʜʘʤ. 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʠ, ʩʪʘʨʘʷʩʴ ʥʝ ʦʪʩʪʘʚʘʪʴ ʦʪ ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʤʠʨʘ, 12 

ʘʚʛʫʩʪʘ 2020 ʛʦʜʘ ʘʥʦʥʩʠʨʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ çʎʠʬʨʦʚʦʡ ʛʦʨʦʜè. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʨʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘ-

ʨʫʙʝʞʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʫʯʘʩʪʠʝ ʚʝʜʫʱʠʭ ʚʫʟʦʚ ʩʪʨʘʥʳ ʠ 

ʤʠʨʘ. 

ʆʩʥʦʚʦʡ ʧʨʦʝʢʪʘ çʎʠʬʨʦʚʦʡ ʛʦʨʦʜè ʩʪʘʥʝʪ ʧʣʘʪʬʦʨʤʘ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

çClarinetè. ʂ ʵʪʦʡ ʘʛʨʝʛʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʩʦʛʣʘʩʥʦ ʜʦʨʦʞʥʦʡ ʢʘʨʪʝ ʧʨʦʝʢʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʦʤʧʘʥʠʝʡ çʈʦʩʪʝʣʝʢʦʤè, ʙʫʜʫʪ ʧʦʜʢʣʶʯʝʥʳ ʩʫʙʧʣʘʪʬʦʨʤʳ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ IT-ʩʠʩʪʝʤʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʘʚʪʦʥʦʤʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʘʥʘʣʠʪʠʢʝ 

çʫʤʥʦʛʦ ʜʦʤʘè, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʏʉ ʠ ʙʠʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 

ʤʦʥʠʪʦʨʠʥʛʫ.  

ɿʘʧʫʩʢ ʪʘʢʦʛʦ ʧʨʦʝʢʪʘ ʧʦʤʦʞʝʪ ʵʢʦʥʦʤʠʪʴ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘʤ ʜʦ 432 

ʤʣʨʜ ʨʫʙʣʝʡ ʝʞʝʛʦʜʥʦ, ʩʯʠʪʘʶʪ ʘʚʪʦʨʳ ʠʥʠʮʠʘʪʠʚʳ, ʘ ʪʘʢʞʝ ʩʘʤ ʧʨʦʝʢʪ ʚ ʧʝʨ-

ʩʧʝʢʪʠʚʝ ʩʤʦʞʝʪ ʩʪʘʪʴ ʨʦʩʩʠʡʩʢʠʤ ʝʜʠʥʦʨʦʛʦʤ.  

ʋʤʥʳʝ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʠʨʫʶʪ ʞʠʟʥʴ ʛʦʨʦʜʘ ʪʘʢ, ʯʪʦʙʳ ʚ ʥʝʤ ʙʳʣʦ ʢʦʤ-

ʬʦʨʪʥʦ ʥʝ ʪʦʣʴʢʦ ʞʠʪʴ ʠ ʨʘʙʦʪʘʪʴ, ʥʦ ʠ ʦʪʜʳʭʘʪʴ. ʀ ʨʝʯʴ ʟʜʝʩʴ ʠʜʝʪ ʚʦʚʩʝ ʥʝ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʙʦʢ ʠʣʠ ʦʯʝʨʝʜʝʡ, ʘ ʦ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ. ʇʦʤʠʤʦ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʠʟʥʝʩʘ, ʧʦʟʚʦʣʷʷ 

ʪʨʘʪʠʪʴ ʤʝʥʴʰʝ, ʧʨʠ ʵʪʦʤ ʟʘʨʘʙʘʪʳʚʘʷ ʙʦʣʴʰʝ. 
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ʂ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʘʩʧʝʢʪʘʤ ʨʝʘʣʠʟʘʮʠʠ ʮʠʬʨʦʚʳʭ ʧʨʦʝʢʪʦʚ ʤʦʞʥʦ ʦʪʥʝ-

ʩʪʠ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʛʦʨʦʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʘʤʠ. 

ɺ ʮʝʣʦʤ, ʧʨʦʝʢʪʳ ʧʦ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʘ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʶ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʛʦʨʦʜʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

ʆʜʥʘʢʦ ʫ ʘʢʪʠʚʥʦʛʦ ʚʚʝʜʝʥʠʷ çʫʤʥʳʭ ʛʦʨʦʜʦʚè ʧʦ ʚʩʝʡ ʈʌ ʝʩʪʴ ʠ ʩʚʦʠ ʥʝ-

ʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʯʨʝʟʚʳʯʘʡʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʜʘʪʴ ʩʙʦʡ ʠ ʚʳʡʪʠ ʠʟ-ʧʦʜ ʢʦʥʪʨʦʣʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʥʝʩʪʠ 

ʚʨʝʜ ʣʶʜʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʞʜʝ ʯʝʤ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʝʢʪʳ ʧʦ ʮʠʬʨʦʚʠʟʘ-

ʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʛʣʫʙʦʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʥʝʩʪʠ ʟʘ ʩʦ-

ʙʦʡ ʠʥʥʦʚʘʮʠʠ.  
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ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ  

ɸʃʔʊɽʈʅɸʊʀɺʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ  

ʇʆ ʉʈɸɺʅɽʅʀʖ ʉ ɻʕʉ 

ɸ.ɸ. ɻʣʘʟʢʦʚ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ. ɹʘʣʘʰʦʚ ʆ.ʇ. 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ, ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʕʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ, ɻʕʉ, ʵʣʝʢʪʨʠʬʠʢʘʮʠʷ. 

 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨ-

ʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʕʉ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝʤ ʠʟʚʝʩʪʥʦ, ʘ ʤʥʦʛʠʝ ʜʘʞʝ 

ʠʩʧʦʣʴʟʫʶʪ ʠʩʪʦʯʥʠʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, 

ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʍʦʪʷ ʤʦʱʥʦʩʪʴ, ʚʳʜʘʚʘʝʤʘʷ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝ ʛʦʚʦʨʷ 

ʫʞʝ ʦ ʧʠʪʘʥʠʠ ʜʘʞʝ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʄʦʥʪʘʞ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝ-

ʥʠʝ, ʨʦʟʘ ʚʝʪʨʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʥʘʷ ʵʣʝʢʪʨʠʬʠ-

ʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʙʝʨʝʪ ʵʥʝʨʛʠʶ ʥʘ ɻʕʉ. ɺʳʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʭʚʘʪʘʝʪ ʜʣʷ ʧʠʪʘ-

ʥʠʷ ʮʝʣʦʛʦ ʢʨʘʷ, ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʚʦʜʳ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʇʨʘʢʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʕʉ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʇʨʘʢʪʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ɻʕʉ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʕʉ, ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘ-

ʜʘʯʠ: 
1. ʇʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʠ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ; 

2. ʀʟʫʯʠʪʴ ʘʩʧʝʢʪʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʜʦʩʪʘʪʢʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ  ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ɻʕʉ; 

3. ʉʦʟʜʘʪʴ ʪʘʙʣʠʮʫ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ; 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ  ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʢ-

ʪʠʯʝʩʢʦʛʦ, ʥʘʫʯʥʦʛʦ, ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɼʣʷ ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʩʨʘʚʥʝʥʠʷ, ʢʘʢ ʚʩʝʤ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʪʦ  ʚʦʟʴʤʝʤ ʢ 

ʩʨʘʚʥʝʥʠʶ ʤʠʥʠ ɻʕʉ.  

ʄʠʥʠ ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ï ʵʪʦ ʤʘʣʘʷ ʩʪʘʥʮʠʷ ʛʠʜʨʘ ʵʥʝʨʛʝʪʠʢʠ, ʢʦʪʦʨʘʷ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʤʦʱʥʦʩʪʴʶ  ʦʢʦʣʦ  
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ɺʦʜʷʥʦʝ ʢʦʣʝʩʦ - ʵʪʦ ʢʦʣʝʩʦ ʩ ʣʦʧʘʪʢʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʦʝ  ʚʝʨʪʠʢʘʣʴʥʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʃʦʧʘʪʢʠ ʧʦʛʨʫʞʝʥʳ ʚ ʪʝʯʝʥʠʝ ʚʦʜʳ ʤʝʥʴʰʝ ʯʝʤ ʥʘʧʦʣʦʚʠʥʫ. 

ʊʝʯʝʥʠʝ ʚʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʥʘ ʣʦʧʘʪʢʘʤʠ ʚʨʘʱʘʝʪ ʢʦʣʝʩʦ.  

ʈʦʪʦʨ ɼʘʨʴʝ - ʵʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʨʦʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝ-

ʥʠʝ ʚʝʪʨʷʥʳʭ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ ʝʛʦ ʣʦʧʘʩʪʷʭ.  

ɻʝʣʠʦʵʥʝʨʛʝʪʠʢʘ ï ʵʪʦ ʦʪʨʘʩʣʴ ʵʥʝʨʛʝʪʠʢʠ, ʛʜʝ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʥʝʨʛʠʷ 

ʩʦʣʥʮʘ. 

ʉʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʘ ʚʳʨʘʙʘʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ʤʦʜʫʣʴʥʳʤʠ ʛʝʣʠʦ ʧʨʠʸʤʥʠʢʘʤʠ ʩ ʦʧʪʠʯʝʩʢʠʤ ʂʇɼ ʥʝ ʤʝʥʝʝ 62-86%. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʦʪʦʧʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʨʝʞʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʡ  

ʚʦʜʳ ʚʤʝʩʪʦ ʙʦʡʣʝʨʘ; 

ʤʦʜʫʣʴʥʳʝ ʛʝʣʠʦ ʧʨʠʸʤʥʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʨʳʰʠ ʜʦʤʦʚ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʂʇɼ ʥʝ ʙʦʣʝʝ 11- 19%. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ 

ʊʘʙʣʠʮʘ 1 
ʇʘʨʘʤʝʪʨʳ ʩʨʘʚʥʝ-

ʥʠʷ 

ʉʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ 

SilaSolar 370 ɺʪ 

ʄʠʥʠ ɻʕʉ 

ʆʆʆ çɼʝʘʣʘʥ ʕʥʝʨʛʦè 

ʄʦʱʥʦʩʪʴ, ɺʪ 285 ʆʪ 0,3-100ʢɺʪ 

ʅʘʧʨʷʞʝʥʠʝ ʥʦʤʠ-

ʥʘʣʴʥʦʝ, ɺ 

24 1000 

ʊʦʢ ʧʨʠ ʨʘʙʦʪʝ, ɸ 9,23 0,6 

ʊʝʭʥʦʣʦʛʠʷ PERC ʄʦʥʦʢʨʠʩʪʘʣʣ ʈʝʯʥʦʡ 

ɻʘʙʘʨʠʪʳ 1956x992x40 ʤʤ  

ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ 

 ʦʪ 0,7 ʜʦ 6 ʤ/ʩ 

ʎʝʥʘ, ʨʫʙ. 15000 50000 

 

ɺʳʚʦʜ: ʋʩʪʘʥʦʚʢʘ ʤʠʥʠ ɻʕʉ ʚʳʛʦʜʥʝʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʤʦʱʥʦʩʪʠ. ʅʦ ʵʪʦ ʟʘʚʠʩʠʪ ʚ ʢʘʢʦʡ ʤʝʩʪʥʦʩʪʠ ʚʳ ʥʘʭʦʜʠʪʝʩʴ ʠ ʦʪ ʨʷʜʘ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ ʧʦʪʦʢ ʚʦʜʳ, ʰʠʨʠʥʘ ʨʫʩʣʘ, ʛʣʫʙʠʥʘ. ɸ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 

ʧʦʜʦʡʜʫʪ ʪʝʤ ʢʪʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʨʝʢ, ʚʦʜʦʝʤʦʚ ʨʫʯʴʝʚ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

https://alter220.ru/news/alternativnye-istochniki-energii.html 

2. ɺʠʜʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʉʧʨʘʚʢʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

https://ria.ru/20091113/193404769.html 

3. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

https://zen.yandex.ru/media/alter220/alternativnye-istochniki-energii-

5e6b51e4accb296b0c33a86c 

 
Abstract. A project is being considered to analyze the efficiency of using alternative energy 

sources in comparison with hydroelectric power plants. 

Key words: Efficiency, alternative source, hydro power, electrification. 
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ʋɼʂ-620.97 

ʕʅɽʈɻɽʊʀʏɽʉʂɸʗ ʋʊʀʃʀɿɸʎʀʗ ʆʊʍʆɼʆɺ 

ʇ.ɼ. ʂʨʘʫʩ, ɼ.ɺ. ʃʦʙʘʯ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦ-

ʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʧʫʪʝʤ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʞʠʛʘʥʠʝ, ʤʫʩʦʨʦʩʞʠʘʪʝʣʴʥʳʡ ʟʘʚʦʜ. 

 

ʉʞʠʛʘʥʠʝ ï ʵʪʦ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʦʨ-

ʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʦʪʭʦʜʘʭ. ʉʞʠʛʘʥʠʝ ʠ ʜʨʫʛʠʝ ʚʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʮʝʩʩʳ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʥʘʟʳʚʘʶʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʚ ʟʦʣʫ, ʜʳʤʦ-

ʚʦʡ ʛʘʟ ʠ ʪʝʧʣʦ. 

ɿʦʣʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚ ʚʠʜʝ 

ʪʚʝʨʜʳʭ ʢʫʩʢʦʚ ʠʣʠ ʧʳʣʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪʩʷ ʜʳʤʦʚʳʤʠ ʛʘʟʦʤ. ʇʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʜʳʤʦʚʳʝ ʛʘʟʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʯʠʱʝʥʳ ʦʪ ʯʘʩʪʠʮ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʟʘ-

ʛʨʷʟʥʝʥʠʡ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʠʭ ʚʳʧʫʩʪʠʪʴ ʚ ʚʦʟʜʫʭ. ʀʥʦʛʜʘ ʚʳʜʝʣʷʝʤʦʝ ʪʝʧʣʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʩʙʦʨʝ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʧʦ-

ʷʚʣʷʶʪʩʷ ʚ ʥʘʯʘʣʝ 19 ʚʝʢʘ. ʊʦʛʜʘ ʚ ɸʚʩʪʨʠʡʩʢʦʤ ʛʦʨʦʜʝ ɺʝʥʘ ʩ ʛʨʘʞʜʘʥ ʥʘʯʘʣʠ 

ʚʟʠʤʘʪʴ ʧʣʘʪʫ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʦʙʲʝʤʫ ʩʜʘʥʥʳʭ ʦʪʭʦʜʦʚ - ʦʪ ʦʙʲʝʤʦʚ ʠ ʧʣʘ-

ʪʳ ʟʘʚʠʩʝʣʘ ʦʧʣʘʪʘ ʫʩʣʫʛ ʤʫʩʦʨʱʠʢʦʚ, ʢʦʪʦʨʳʝ ʞʛʣʠ ʤʫʩʦʨ ʥʘ ʛʦʨʦʜʩʢʠʭ ʩʚʘʣ-

ʢʘʭ. ɿʘʪʝʤ ʫʞʝ ʚ ɸʥʛʣʠʠ ʨʝʰʠʣʠ ʧʨʠʜʫʤʘʪʴ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʥʦʨʤʘʣʴʥʫʶ ʫʩ-

ʪʘʥʦʚʢʫ ʩʞʠʛʘʶʱʫʶ ʤʫʩʦʨ. ʊʘʢ, ʚ 1874 ʛʦʜʫ ʚ ʅʦʪʪʠʥʛʝʤʝ ʥʘʩʪʦʷʱʠʤ ʤʫʩʦʨʦ-

ʩʞʠʛʘʪʝʣʴʥʳʤ ʟʘʚʦʜʦʤ ʟʘʤʝʥʷʶʪ ʘʚʪʦʥʦʤʥʳʝ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠ ʤʘʥʫʬʘʢʪʫʨʘʭ. ʊʘʢʞʝ ʚ ʅʦʪʪʠʥʛʝʤʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʧʝ-

ʨʝʨʘʙʦʪʘʪʴ ʤʫʩʦʨ ʚ ʵʥʝʨʛʠʶ (ʦʪʭʦʜʳ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʦʟʞʠʛʘ ʫʩʪʘʥʦʚ-

ʢʠ), ʯʪʦ ʦʙʲʷʩʥʠʤʦ, ʚʝʜʴ ʧʝʨʝʜ ʩʞʠʛʘʥʠʝʤ ʤʫʩʦʨ ʩʦʨʪʠʨʦʚʘʣʠ ʥʘ ʧʦʣʝʟʥʳʝ ʠ 

ʥʝʧʦʣʝʟʥʳʝ ʬʨʘʢʮʠʠ. ɸ ʝʱʝ ʚ ʅʦʪʪʠʥʛʝʤʝ ʘʥʛʣʠʡʩʢʠʝ ʠʥʞʝʥʝʨʳ ʦʧʨʦʙʦʚʘʣʠ 

ʧʝʨʚʫʶ ʫʩʪʘʥʦʚʢʫ ʥʘ ʦʩʥʦʚʝ ʧʘʨʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʛʜʝ ʪʦʧʣʠʚʦʤ ʩʣʫʞʠʣ ʚʩʝ ʪʦʪ 

ʞʝ ʤʫʩʦʨ. ɺʤʝʩʪʝ ʩ ʘʥʛʣʠʡʩʢʠʤʠ ʧʝʨʝʩʝʣʝʥʮʘʤʠ ʪʝʭʥʦʣʦʛʠʷ ʵʤʠʛʨʠʨʫʝʪ ʚ 

ʉʐɸ, ʛʜʝ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʤʝʩʪʥʳʤʠ ʠʥʞʝʥʝʨʘʤʠ, ʠ ʚ 1880-ʤ ʚ ʅʴʶ-

ʁʦʨʢʝ ʧʦʷʚʣʷʝʪʩʷ ʧʝʨʚʳʡ ʘʤʝʨʠʢʘʥʩʢʠʡ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʡ ʟʘʚʦʜ. ɺ ʏʠʢʘʛʦ 

ʤʫʩʦʨʦʧʨʠʝʤʥʠʢʠ ʫʤʝʥʴʰʠʣʠ ʦʙʲʝʤʳ ʦʪʭʦʜʦʚ ʥʠ ʤʥʦʛʦ ʥʠ ʤʘʣʦ ʥʘ ʮʝʣʳʭ 

35%, ʯʪʦ ʩʪʘʣʦ ʥʘʩʪʦʷʱʠʤ ʧʨʦʨʳʚʦʤ, ʧʨʘʚʜʘ, ʩʫʱʝʩʪʚʦʚʘʣʦ ʦʜʥʦ ʥʦ, ʢʦʪʦʨʦʝ 

ʧʝʨʝʯʝʨʢʥʫʣʦ ʚʩʝ ʫʩʧʝʭʠ ʠʥʞʝʥʝʨʦʚ: ʪʨʫʙʳ, ʧʦ ʢʦʪʦʨʳʤ ʤʫʩʦʨ ʧʦʧʘʜʘʣ ʚ ʧʝʯʴ, 

ʙʳʣʠ ʥʝ ʛʝʨʤʝʪʠʯʥʳʤʠ, ʠ ʜʳʤʦʚʳʝ ʛʘʟʳ ʧʨʦʩʘʯʠʚʘʣʠʩʴ ʚ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ. ɺ 

1896 ʛʦʜʫ ʩʠʩʪʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʚʦ ʌʨʘʥʮʠʠ ʤʝʥʷʝʪʩʷ, ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʵʪʘʧʦʤ ʩʪʘʥʦʚʠʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʤʫʩʦʨʘ, ʠ ʚ ʉʝʥʪ-ʋʘʥʝ ʩʪʨʦʠʪʩʷ ʧʝʨʚʳʡ ʤʫʩʦ-

ʨʦʩʞʠʛʘʪʝʣʴʥʳʡ ʟʘʚʦʜ ʩ ʠʟʤʝʣʴʯʘʶʱʝʡ ʤʘʰʠʥʦʡ. ʊʘʢʠʝ ʞʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʩʢʦ-

ʨʝ ʧʦʷʚʷʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʧʨʠʛʦʨʦʜʘʭ ʇʘʨʠʞʘ: ʀʩʩʝ-ʣʝ-ʄʫʣʠʥʦ, ʈʦʤʝʥʚʠʣʠ ʠ ʀʨ-

ʚʠ. ɸ ʚ 1906 ʛʦʜʫ ʛʠʛʠʝʥʠʩʪʳ, ʩʯʠʪʘʚʰʠʝ, ʚʳʩʪʫʧʘʚʰʠʝ ʟʘ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝ-

ʜʨʝʥʠʝ ʩʞʠʛʘʥʠʷ ʤʫʩʦʨʘ, ʦʜʝʨʞʠʚʘʶʪ ʚʝʨʭ: ʚʣʘʩʪʠ ʨʝʩʧʫʙʣʠʢʠ ʨʘʟʨʝʰʠʣʠ ʩʞʠ-

ʛʘʪʴ ʣʶʙʳʝ ʦʪʭʦʜʳ. ʇʦʥʘʯʘʣʫ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʝ ʟʘʚʦʜʳ ʨʘʙʦʪʘʣʠ ʥʘ ʤʘʟʫʪʝ 
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ʠʣʠ ʢʘʤʝʥʥʦʤ ʫʛʣʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʧʨʦʛʦʨʘʥʠʝ ʦʪʭʦʜʦʚ. ʅʦ ʠʟʦʙʨʝʪʝʥʠʝ ʚ 1930-ʤ ʛʦʜʫ ʩʦʪʨʫʜʥʠʢʘ-

ʤʠ ʢʦʤʧʘʥʠʠ ñVon Rollò ʧʝʯʠ ʩ ʛʨʠʣʝʤ ʩʠʣʴʥʦ ʫʧʨʦʩʪʠʣʦ ʵʪʫ ʟʘʜʘʯʫ, ʠ ʠʥʞʝ-

ʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʘʚʦʜʦʚ ʧʦ ʚʩʝʡ ɽʚʨʦʧʝ ʦʙʥʦʚʠʣʦʩʴ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʥʳʝ ʧʝʯʠ. ñVon Rollò; ʩʚʦʶ ʧʝʨʚʫʶ ʧʦʣʥʦʮʝʥʥʫʶ ʊʕʉ, ʨʘʙʦʪʘʶʱʫʶ ʥʘ 

ʵʥʝʨʛʠʠ ʠʟ ʩʞʠʛʘʝʤʦʛʦ ʤʫʩʦʨʘ, ʦʥʠ ʧʦʩʪʨʦʠʣʠ ʚ ʜʘʣʝʢʦʤ 33-ʤ ʛʦʜʫ ʚ ʛʦʣʣʘʥʜ-

ʩʢʦʤ ɼʦʜʨʝʭʪʝ. ʇʨʝʜʧʨʠʷʪʠʝ ʩʪʘʣʦ ʥʘʩʪʦʷʱʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʨʳʚʦʤ, 

ʦʧʳʪ ñVon Rollò ʧʝʨʝʥʠʤʘʣʠ ʚʩʝ ʝʚʨʦʧʝʡʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʉʦʪʨʫʜʥʠʢʠ ñVon 

Rollò ʧʝʨʚʳʤʠ ʞʝ ʜʦʛʘʜʘʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʦʙʨʝʪʝʥʠʝ ʨʫʩʩʢʦʛʦ ʭʠʤʠʢʘ ʅʠ-

ʢʦʣʘʷ ɼʤʠʪʨʠʝʚʠʯʘ ɿʝʣʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʧʨʦʪʠʚʦʛʘʟʘ, ʚ ʢʦʪʦʨʦʤ ʘʢʪʠʚʠʨʦʚʘʥ-

ʥʳʡ ʫʛʦʣʴ ʨʘʙʦʪʘʣ ʢʘʢ ʘʙʩʦʨʙʝʥʪ. ʊʘʢ ʧʦʷʚʠʣʘʩʴ ʧʝʨʚʘʷ ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʜʳʤʦ-

ʚʳʭ ʛʘʟʦʚ, ʢʦʥʝʯʥʦ, ʝʱʝ ʜʦʚʦʣʴʥʦ ʧʨʠʤʠʪʠʚʥʘʷ ʠ ʥʝʩʦʚʝʨʰʝʥʥʘʷ, ʥʦ ʜʣʷ ʧʝʨ-

ʚʦʡ ʧʦʣʦʚʠʥʳ 20 ʚʝʢʘ ʦʥʘ ʩʪʘʣʘ ʥʘʩʪʦʷʱʠʤ ʧʨʦʨʳʚʦʤ. 

ʄʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʝ ʟʘʚʦʜʳ (ʄʉɿ) ʩʧʦʩʦʙʥʳ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʦʪʭʦʜʦʚ 

ʥʘ 95% ï 96%. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʞʠʛʘʥʠʝ ʥʝ ʦʪʤʝʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ, ʦʥʦ ʩʧʦʩʦʙʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʥʘ ʩʚʘʣʢʘʭ. 

ʉʞʠʛʘʥʠʝ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ ʚ ʧʣʘʥʝ ʫʥʠʯʪʦʞʝʥʠʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʦʪʭʦʜʦʚ ʠ ʜʨʫʛʦʛʦ ʦʧʘʩʥʦʛʦ ʜʣʷ ʞʠʟʥʠ ʤʫʩʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʞʠ-

ʛʘʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʫʝʪ ʪʝʭʥʦʣʦʛʠʶ çʦʪʭʦʜʳ ʚ ʵʥʝʨʛʠʶè. ɺ 

ʗʧʦʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩʞʠʛʘʥʠʝ ʤʫʩʦʨʘ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʦ, ʧʦʩʢʦʣʴʢʫ ʫ ʥʠʭ ʥʝ ʭʚʘ-

ʪʘʝʪ ʟʝʤʣʠ ʜʣʷ ʩʚʘʣʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʵʥʝʨʛʠʷ, ʧʨʦʠʟʚʦʜʠʤʘʷ ʟʘʚʦʜʘʤʠ ʧʦ ʩʞʠʛʘ-

ʥʠʶ, ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ ʐʚʝʮʠʷ ʠ ɼʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ. ʅʘ ʟʘʚʦʜ ʧʨʠ-

ʚʦʟʷʪ ʤʫʩʦʨ. ɽʛʦ ʚʟʚʝʰʠʚʘʶʪ ʠ ʧʨʦʚʝʨʷʶʪ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʬʦʥ. ɽʩʣʠ ʫʨʦʚʝʥʴ 

ʨʘʜʠʘʮʠʠ ʧʦʚʳʰʝʥ, ʪʦ ʤʫʩʦʨ ʦʪʧʨʘʚʣʷʶʪ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʩʪʦʷʥʢʫ. ʄʫʩʦʨ ʟʘ-

ʛʨʫʞʘʶʪ ʚ ʙʫʥʢʝʨ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʤʫʩʦʨ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʢʦʣʦʩʥʠʢʦʚʫʶ ʨʝ-

ʰʝʪʢʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ʩʦʩʪʘʚʣʷʝʪ 1260Á C. ɿʘ ʩʯʝʪ ʜʚʠʞʫʱʝʡʩʷ ʨʝʰʝʪʢʠ 

ʥʝʜʦʞʦʛ ʤʫʩʦʨʘ ʠʩʢʣʶʯʝʥ. ɻʘʟʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ, ʧʝʨʝʚʦ-

ʜʷʪʩʷ ʚ ʵʥʝʨʛʠʶ ʧʘʨʘ. ʇʘʨ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʵʥʝʨʛʠʷ. ʅʘ ʨʘʙʦʪʫ ʩʘʤʦʛʦ ʟʘʚʦʜʘ ʪʨʝʙʫʝʪʩʷ 10% ʚʳʨʘʙʘʪʳʚʘʝ-

ʤʦʡ ʵʥʝʨʛʠʠ, ʘ ʦʩʪʘʣʴʥʦʝ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʥʫʞʜʳ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʦʩʣʝ ʪʫʨʙʠʥʳ 

ʧʘʨ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ, ʛʜʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʚʦʜʫ ʠ ʩʥʦʚʘ ʚʦʟ-

ʚʨʘʱʘʝʪʩʷ ʚ ʢʦʪʝʣ - ʪʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ 

ʩʞʠʛʘʥʠʠ ʦʩʪʘʶʪʩʷ ʥʝʩʛʦʨʘʝʤʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʫʩʦʨʘ. ʕʪʦ ʰʣʘʢ, ʢʦʪʦʨʳʡ ʦʪ-

ʙʠʨʘʶʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʢʣʘʜʢʝ ʜʦʨʦʛ. ʐʣʘʢ ʦʭ-

ʣʘʞʜʘʶʪ ʠ ʦʪʧʨʘʚʣʷʶʪ ʥʘ ʣʝʥʪʫ ʪʨʘʥʩʧʦʨʪʝʨʘ. ʅʘ ʥʝʡ, ʠʟ ʰʣʘʢʘ, ʦʪʙʠʨʘʶʪ 

ʮʚʝʪʥʳʝ ʠ ʯʝʨʥʳʝ ʤʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʦʙʨʘʣʠ ʧʨʠ ʩʦʨʪʠʨʦʚʢʝ. ʀʭ ʦʪʧʨʘʚ-

ʣʷʶʪ ʥʘ ʚʪʦʨʠʯʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ.  

ʈʘʩʩʤʦʪʨʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʩʪʨʦʡʢʠ ʟʘʚʦʜʘ ʚ ʛʦʨʦʜʝ ʈʫʙʮʦʚʩʢʝ. ʉʝʛʦ-

ʜʥʷʰʥʷʷ ʧʦʣʠʪʠʢʘ ʈʦʩʩʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʭʦʜʘʤ ʜʘʣʝʢʦ ʥʝ ʠʜʝʘʣʴʥʘ. ʆʪʭʦ-

ʜʳ ʧʨʦʩʪʦ ʩʙʨʘʩʳʚʘʶʪʩʷ ʥʘ ʦʛʨʦʤʥʳʝ ʤʫʩʦʨʥʳʝ ʧʦʣʠʛʦʥʳ, ʧʦʯʚʘ ʠ ʛʨʫʥʪʦʚʳʝ 

ʚʦʜʳ ʧʦʜ ʩʚʘʣʢʘʤʠ ʤʦʤʝʥʪʘʣʴʥʦ ʟʘʛʨʷʟʥʷʶʪʩʷ (ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʧʦʜ ʦʜʥʠʤ ʠʟ ʧʦʣʠʛʦʥʦʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣʘ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʫ 
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ʚ 900 ʨʘʟ, ʨʪʫʪʠ, ʩʚʠʥʮʘ, ʤʘʨʛʘʥʮʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ï ʚ 2500, ʘ ʨʦʜʘʥʠʜʦʚ ï ʚ 

3500, ʪʦ ʝʩʪʴ ʚʦʜʘ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ ʠ ʞʠʚʦʪʥʳʤʠ.), 

ʪʘʢʞʝ ʪʘʢʠʝ ʩʚʘʣʢʠ ʟʘʯʘʩʪʫʶ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦ ʛʦʨʷʪ, ʚʳʜʝʣʷʷ ʦʯʝʥʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʣʶʩʳ: 

1 ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʡ ʟʘʚʦʜ ʩʧʦʩʦʙʝʥ ʧʨʠʥʠʤʘʪʴ ʜʦ 700 ʪʳʩ. ʪʦʥʥ ʦʪʭʦ-

ʜʦʚ ʠ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʚʳʜʘʚʘʪʴ ʚ ʩʝʪʴ 485 ʤʣʥ ʂɺʪ*ʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʛʦʜ. ɸ 

ʵʪʦʛʦ, ʤʝʞʜʫ ʧʨʦʯʠʤ, ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 100 ʪʳʩʷʯʥʳʡ ʛʦʨʦʜ ʵʣʝʢ-

ʪʨʠʯʝʩʪʚʦʤ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ.  

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʜʳʤʦʚʳʝ ʛʘʟʳ ʧʨʦʭʦʜʷʪ 3-ʩʪʫʧʝʥʯʘʪʫʶ ʩʠʩʪʝʤʫ ʩʫʭʦʡ 

ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪʩʷ ʝʱʝ ʚ ʢʦʪʣʝ: ʙʦʣʝʝ 2 ʩʝʢʫʥʜ ʦʥʠ 

ʚʳʜʝʨʞʠʚʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 850 ÁC - ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʦʥʯʘʪʝʣʴ-

ʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʠʦʢʩʠʥʦʚ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ɿʘʪʝʤ ʚ ʨʝʘʢʪʦʨʝ 

ʜʳʤʦʚʳʝ ʛʘʟʳ ʦʯʠʱʘʶʪʩʷ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʢʠ-

ʩʣʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʠ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ. 

ʅʘ ʵʪʦʡ ʞʝ ʩʪʘʜʠʠ ʨʘʟʨʫʰʘʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʜʠʦʢʩʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʛʘʟʦʚ - ʛʘʟʳ ʦʭʣʘʞʜʘʶʪʩʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʪʣʘ. ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ʧʨʦ-

ʭʦʜʠʪ ʚ ʨʫʢʘʚʥʦʤ ʬʠʣʴʪʨʝ, ʚ ʢʦʪʦʨʦʤ ʜʳʤʦʚʳʝ ʛʘʟʳ ʦʯʠʱʘʶʪʩʷ ʦʪ ʩʘʤʳʭ ʤʝʣ-

ʢʠʭ ʯʘʩʪʠʮ: ʧʳʣʠ, ʟʦʣʳ ʠ ʧʨʦʯʠʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘ-

ʟʘ (CO2)). ɿʦʣʘ, ʢʦʪʦʨʘʷ ʦʩʝʜʘʝʪ ʥʘ ʨʫʢʘʚʥʦʤ ʬʠʣʴʪʨʝ, ʦʪʥʦʩʠʪʩʷ ʢ 3 ʢʣʘʩʩʫ 

ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3% ʦʪ ʚʭʦʜʷʱʝʛʦ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ. ɽʝ 

ʥʝʡʪʨʘʣʠʟʫʶʪ ʩ ʧʦʤʦʱʴʶ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ʅʘʢʦʥʝʮ ʛʘʟʳ ʚʳʭʦʜʷʪ ʠʟ ʪʨʫʙʳ, ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʢʦʪʦʨʦʡ ʠʭ ʞʜʝʪ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʨʝʜʥʳʭ ʚʝ-

ʱʝʩʪʚ. ɼʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʩʪʫʧʥʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 24 ʯʘʩʘ ʚ 

ʩʫʪʢʠ. 

ɽʞʝʛʦʜʥʦ ʫʯʝʥʳʝ ʧʨʦʚʦʜʷʪ ʤʘʩʩʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ ʜʣʷ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʊʘʢ ʦʥʠ ʚʳʙʨʘʩʳʚʘʶʪ ʚ ʚʦʟʜʫʭ ʥʝ 

ʙʦʣʝʝ 0.09% ʜʠʦʢʩʠʥʦʚ ʚ ʛʦʜ, ʘ ʩʘʤʳʤʠ ʦʧʘʩʥʳʤʠ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʥʦ-

ʚʷʪʩʷ ʩʚʘʣʢʠ ʠ ʧʦʣʠʛʦʥʳ. 

ʂʘʢ ʤʳ ʩ ʚʘʤʠ ʚʠʜʠʤ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʥʦʨʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʦʯʠʩʪʢʝ 

ʚʦʟʜʫʭʘ, ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʤʦʞʥʦ ʥʝ ʙʦʷʪʴʩʷ. ʕʪʦ ʜʦʢʘʟʳʚʘʶʪ ʝʚʨʦʧʝʡʩʢʠʝ ʛʦ-

ʨʦʜʘ. ɿʘʯʘʩʪʫʶ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʝ ʟʘʚʦʜʳ ʚ ʥʠʭ ʩʪʦʷʪ ʚʩʝʛʦ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʪʥʷʭ ʤʝʪʨʦʚ ʦʪ ʞʠʣʳʭ ʜʦʤʦʚ ʠ ʵʪʦ ʥʠʢʘʢ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʦʙʠʪʘʪʝʣʷʭ. 

ɼʣʷ ʈʦʩʩʠʠ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʝ ʟʘʚʦʜʳ - ʵʪʦ ʦʪʣʠʯʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʦʙʳʯʥʳʤ ʩʚʘʣʢʘʤ. ʊʘʢ ʢʘʢ ʪʘʢʠʝ ʟʘʚʦʜʳ, ʚʦ-ʧʝʨʚʳʭ, ʙʦʨʶʪʩʷ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ, ʘ 

ʚʦ-ʚʪʦʨʳʭ ʩʤʦʛʫʪ ʦʪʘʧʣʠʚʘʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʥʝʙʦʣʴʰʦʡ ʛʦ-

ʨʦʜ, ʥʘʧʨʠʤʝʨ, ʈʫʙʮʦʚʩʢ, ʛʜʝ ʧʨʦʙʣʝʤʘ ʩ ʤʫʩʦʨʦʤ ʘʢʪʫʘʣʴʥʘ ʢʘʢ ʥʠʢʦʛʜʘ. ʄʦʞ-

ʥʦ ʥʘʯʘʪʴ ʩʦ ʩʞʠʛʘʥʠʷ ʥʝʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʤʫʩʦʨʘ, ʘ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʚʚʦʜʠʪʴ 

ʢʫʣʴʪʫʨʫ ʝʛʦ ʩʦʨʪʠʨʦʚʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʨʝʜʠ ʛʦʨʦʞʘʥ. ɺ ʙʫʜʫʱʝʤ ʥʘ ʟʘʚʦʜ ʤʦ-

ʛʫʪ ʧʦʩʪʫʧʘʪʴ ʪʦʣʴʢʦ ʪʦʪ ʤʫʩʦʨ ʢʦʪʦʨʳʡ ʥʝ ʧʦʜʣʝʞʠʪ ʧʝʨʝʨʘʙʦʪʢʝ. ʕʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʥʠʟʠʪ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʚ ʛʦʨʦʜʝ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʡʢʠ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ ʚ 

ʈʫʙʮʦʚʩʢʝ ʠ ʜʨʫʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʦʜʘ ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʋ ʥʘʩ ʝʩʪʴ ʩʠʩʪʝʤʳ 
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ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʵʪʦʤʫ ʦʛʨʦʤʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʤʦʛʫʪ ʦʢʫ-

ʧʠʪʴʩʷ ʤʝʥʝʝ ʯʝʤ ʟʘ 5 ʣʝʪ, ʚʝʜʴ ʟʘʚʦʜ ʙʫʜʝʪ ʧʨʦʜʘʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, 

ʥʦ ʝʱʸ ʠ ʪʝʧʣʦ. ʅʘʧʨʠʤʝʨ, ʚ ʀʥʜʠʠ ʠ ʂʠʪʘʝ, ʛʜʝ ʥʝʪ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʦʪʦʧʣʝʥʠʷ, ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʪʦʣʴʢʦ 30% 

ʵʥʝʨʛʠʠ, ʘ ʦʩʪʘʚʰʠʝʩʷ 70% ʵʪʦ ʪʝʧʣʦ ʠʣʠ ʧʘʨ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʛʦʣʴʥʳʤ, ʤʘ-

ʟʫʪʥʳʤ ʠʣʠ ʘʪʦʤʥʳʤ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤ ʥʫʞʥʘ ʙʦʣʴʰʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ, ʥʦ 

ʧʦ ʩʫʪʠ ʵʪʦ 70% ʜʦʭʦʜʘ ʢʦʪʦʨʳʡ ʚʳʙʨʘʩʳʚʘʝʪʩʷ, ʘ ʚ ʈʦʩʩʠʠ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʘʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʵʪʦʪ ʜʦʭʦʜ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ. ʈʘʩʧʦʣʦʞʠʪʴ ʪʘʢʦʡ ʟʘʚʦʜ ʤʦʞʥʦ 

ʥʘ ʤʝʩʪʝ ʙʳʚʰʝʡ ʩʝʚʝʨʥʦʡ ʊʕʎ. ʈʦʟʘ ʚʝʪʨʦʚ ʪʘʤ ʠʤʝʝʪ ʥʘʧʨʘʚʣʝʥʠʝ çʶʛʦ-

ʟʘʧʘʜè ʠ ʚʩʝ ʠ ʙʝʟ ʪʦʛʦ ʤʘʣʳʝ ʚʳʜʝʣʷʶʱʠʝʩʷ ʠʟ ʪʨʫʙʳ ʦʪʭʦʜʳ ʙʫʜʝʪ ʦʪʥʦʩʠʪʴ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʦʪ ʛʦʨʦʜʘ ʩʪʦʨʦʥʫ. ʊʘʢʞʝ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʭʨʘ-

ʥʠʚʰʠʡʩʷ ʢʦʨʧʫʩ ʠ ʪʨʫʙʫ ʊʕʎ ʜʣʷ ʧʦʩʪʨʦʡʢʠ ʙʫʜʫʱʝʛʦ ʟʘʚʦʜʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʩʵʢʦʥʦʤʠʪ ʜʝʥʴʛʠ. 
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ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʇɸʈɸʄɽʊʈʆɺ  

ʕʂɺʀɺɸʃɽʅʊʅʓʍ ʉʍɽʄ ɿɸʄɽʑɽʅʀʗ ɸʉʀʅʍʈʆʅʅʓʍ  

ʄɸʐʀʅ 

ɸ. ʐ. ʄʘʜʞʠʜʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʕʀ" (ʄʦʩʢʚʘ) 
ɸʥʥʦʪʘʮʠʷ. ɸʩʠʥʭʨʦʥʥʳʝ ʤʘʰʠʥʳ ʩʯʠʪʘʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʘʰʠʥʘ-

ʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ. ʂʘʯʝʩʪʚʝʥʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʪʦʢʦʚ ʢʦʨʦʪʢʦ-

ʛʦ ʟʘʤʳʢʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʦʡ ʟʘʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʙʠʨʘʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ, ʘ 

ʪʘʢʞʝ ʩ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʩ ʙʦʣʝʝ ʪʦʯʥʦʩʪʴʶ. ɺ ʜʘʥʥʳʭ ʢʘʪʘʣʦʛʦʚ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʟʘʚʦʜʘʤʠ-ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʪʦʣʴʢʦ ʦ ʚʝʣʠʯʠ-

ʥʘʭ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ, ʥʦʤʠʥʘʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʠ (ʠʣʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ), ʥʦʤʠʥʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʤʦʱʥʦ-
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ʩʪʠ, ʢʨʘʪʥʦʩʪʷʭ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ, ʧʫʩʢʦʚʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʦʚ ʢ ʠʭ ʥʦʤʠʥʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ, ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, ʩʠʩʪʝʤʘ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ, ʘʩʠʥʭʨʦʥʥʘʷ ʤʘʰʠʥʘ, ʨʦʪʦʨ, ʩʪʘʪʦʨ, ʥʘʜʝʞʥʦʩʪʴ, ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝ-

ʞʠʤ. 

 

ɺʚʝʜʝʥʠʝ 

ɸʩʠʥʭʨʦʥʥʘʷ ʤʘʰʠʥʘ, ï ʵʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʧʝʨʝ-

ʤʝʥʥʦʤ ʪʦʢʝ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʤʘʰʠʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʜʘ-

ʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʘʪʦʨ ʪʦʢ ʚ ʦʙʤʦʪʢʘʭ ʩʪʘʪʦʨʘ ʩʦʟʜʘʝʪ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪ-

ʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʥʘʚʦʜʠʪ ʚ ʨʦʪʦʨʝ ʤʘʰʠʥ ʪʦʢ. ʕʪʦʪ ʪʦʢ ʥʘʯʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʦʚʘʪʴ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʨʦʪʦʨ ʤʘʰʠʥʘ ʥʘʯʠʥʘʝʪ ʚʨʘ-

ʱʘʪʴʩʷ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʯʪʦ ʥʘʧʨʘʚʣʷʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦ-

ʪʦʨʘ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɽʩʣʠ ʙʳ ʠʭ ʩʢʦʨʦʩʪʠ ʙʳʣʠ 

ʨʘʚʥʳ, ʪʦ ʨʦʪʦʨ ʧʝʨʝʩʪʘʣ ʙʳ ʚʨʘʱʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʧʦʣʝ ʧʝʨʝʩʪʘʥʝʪ ʥʘʚʦʜʠʪʴ ʪʦʢ ʚ 

ʨʦʪʦʨʝ [1,3]. 

ɸʩʠʥʭʨʦʥʥʳʝ ʤʘʰʠʥʳ ʨʘʙʦʪʘʝʪ ʧʫʪʝʤ ʠʥʜʫʢʮʠʠ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʮʝ-

ʧʠ ʨʦʪʦʨʘ ʯʝʨʝʟ ʮʝʧʴ ʩʪʘʪʦʨʘ. ʕʪʦ ʬʘʢʪʠʯʝʩʢʠ ʜʝʡʩʪʚʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʦʪʦ-

ʤʫ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʘʩʠʥʭʨʦʥʥʳʝ ʤʘʰʠʥʳ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʦʡ 

ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʚʤʝʩʪʦ ʨʝʘʣʴʥʦ-

ʛʦ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ, ʥʘ ʩʭʝʤʝ ʝʛʦ ʟʘʤʝʥʷʶʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʦʡ ʟʘʤʝʱʝ-

ʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʚʷʟʴ ʟʘʤʝʥʝʥʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʇʨʠ ʵʪʦʤ 

ʧʘʨʘʤʝʪʨʳ ʮʝʧʠ ʨʦʪʦʨʘ ʧʨʠʚʦʜʷʪʩʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʮʝʧʠ ʩʪʘʪʦʨʘ [2,5]. 

ɺʦʧʨʦʩʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʢʚʠʚʘʣʝʥʪʠʨʦʚʘʥʠʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ [1-10 ʠ 

ʜʨ.], ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ, ʧʨʠʛʦʜʥʳʝ ʣʠʰʴ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʵʬʬʝʢʪʘ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ 

ʨʦʪʦʨʘ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʇʨʠʥʠʤʘʷ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʮʝʧʠ ʨʦʪʦʨʘ ʥʝʠʟʤʝʥʥʦʝ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ rx , ʠ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʨʘʚʥʦʝ /rr s, ʤʳ ʤʦʞʝʤ ʩʦʩʪʘʚʠʪʴ 

ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʩ ʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʦʙʤʦʪʦʢ ʚ ʨʦʪʦʨʝ ʵʢʚʠʚʘʣʝʥʪʥʫʶ 

ʩʭʝʤʫ, ʘʥʘʣʦʛʠʯʥʫʶ ʪʘʢʦʚʦʡ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʚʫʭʦʙʤʦʪʦʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʘ. ɺ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, sr  ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʮʝʧʠ ʩʪʘ-

ʪʦʨʘ, lx  ï ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, srx  ï ʨʝʘʢʪʠʚ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʩʪʘʪʦʨʘ, r r srx x xs = -  ï 

ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. ʇʨʠ 0s=  ʚʝʣʠʯʠʥʘ /rr s  

ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘ-

ʪʦʨʘ ʩʪʘʥʦʚʠʪʴʩʷ ʨʘʚʥʳʤ s l srx x x= + . ʕʪʦ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʷʚʣʷʶ-

ʱʝʝʩʷ ʨʝʘʢʪʠʚʥʦʩʪʴʶ ʩʘʤʦʠʥʜʫʢʮʠʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʦʢ ʭʦʣʦ-

ʩʪʦʛʦ ʭʦʜʘ ʠ ʥʘʟʳʚʘʝʪʩʷ ʩʠʥʭʨʦʥʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʴʶ [1,4]. 
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ʈʠʩ. 1. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʩ ʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʦʙ-

ʤʦʪʦʢ ʚ ʨʦʪʦʨʝ 

 
ʈʠʩ. 2. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴ-

ʢʠʭ ʩʠʩʪʝʤ ʦʙʤʦʪʦʢ ʚ ʨʦʪʦʨʝ 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʘʣʦ ʦʪʣʠ-

ʯʘʶʪʩʷ ʦʪ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʪʦ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘ-

ʙʦʪʫ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʢʘʢ ʨʘʙʦʪʫ ʥʝʧʦʜʚʠʞʥʦʡ, ʨʘʙʦʪʘʶʱʝʡ ʢʘʢ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ. ʆʜʥʘʢʦ ʩʚʝʜʝʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʚ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʝ ʢ ʪʘʢʠʤ ʞʝ ʧʨʦʮʝʩʩʘʤ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʥʝ ʚʩʝʛʜʘ ʧʨʘ-

ʚʦʤʝʨʥʦ. ʇʦʵʪʦʤʫ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʝʦʨʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘ-

ʰʠʥ, ʠʜʷ ʦʪ ʦʙʦʙʱʝʥʥʦʡ ʤʘʰʠʥʳ ʢ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʝ, ʘ ʟʘʪʝʤ ð ʢ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʫ [6,8]. 

ʇʨʠ sº¤, ʩʪʨʝʤʷʱʝʤʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʚʝʣʠʯʠʥʘ /rr s  ʩʪʨʝʤʠʪʩʷ ʢ ʥʫ-

ʣʶ, ʪʦʛʜʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʪʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚ-

ʥʳʤ: 
2

' sr
s l sr r s s

r

x
x x x x x x

x
s s= + = - =    (1) 

ʛʜʝ r r srx x xs= +  ï ʨʝʘʢʪʠʚʥʦʩʪʴ ʩʘʤʦʠʥʜʫʢʮʠʠ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ; 
2

1 sr

s r

x

x x
s= -

Ö
 ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʷʥʠʷ; ʟʥʘʢ ï ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʡ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʭʦʣʦʩʪʦʤ ʭʦʜʝ ʚ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʝ 0sº  

ʙʣʠʟʢʦ ʢ ʥʫʣʶ, ʥʦ ʥʝ ʨʘʚʥʦ ʝʤʫ, ʪʘʢ ʢʘʢ ʤʘʰʠʥʘ ʠʟ ʩʝʪʠ ʧʦʪʨʝʙʣʷʝʪ ʘʢʪʠʚʥʫʶ 

ʤʦʱʥʦʩʪʴ, ʠʜʫʱʫʶ ʥʘ ʧʦʢʨʳʪʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ. ʇʨʠ 

ʠʜʝʘʣʴʥʦʤ ʭʦʣʦʩʪʦʤ ʭʦʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʤʦʱʥʦʩʪʴ ʵʤʈ  ʨʘʚʥʘ ʥʫʣʶ, ʥʦ ʤʘ-

ʰʠʥʘ ʧʦʪʨʝʙʣʷʝʪ ʠʟ ʩʝʪʠ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʜʝʪ ʥʘ ʧʦʢʨʳʪʠʝ ʧʦʪʝʨʴ 

ʚ ʩʪʘʣʠ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʘʩʠʥʭʨʦʥʥʳʝ ʤʘʰʠʥʳ ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʪʴ ʥʝ ʤʦʞʝʪ ʠ 

ʜʦʣʞʝʥ ʚʨʘʱʘʪʴʩʷ ʜʨʫʛʦʡ ʤʘʰʠʥʦʡ [6,9]. 



173 
 

ɺʝʣʠʯʠʥʘ '

sx  ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʭʦʜʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʴʶ ʩʪʘʪʦʨʘ ʠ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʤʘʰʠʥʳ. ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ rr  ʦʙʳʯʥʦ ʤʘʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ rxs, ʪʦʢ ʩʪʘʪʦʨʘ ʧʨʠ 1s=  ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ '

sx , 

ʪ.ʝ. ʧʫʩʢʦʚʦʡ ʪʦʢ ʙʣʠʟʦʢ ʢ ʠʜʝʘʣʴʥʦʤʫ ʪʦʢʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ɽʩʣʠ ʥʘ ʨʦ-

ʪʦʨʝ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʦʙʤʦʪʦʢ ʩ ʨʘʟʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦ ʵʢʚʠʚʘ-

ʣʝʥʪʥʘʷ ʩʭʝʤʘ ʤʘʰʠʥʳ ʫʩʣʦʞʥʷʝʪʩʷ. ʉʯʠʪʘʷ, ʯʪʦ ʚʟʘʠʤʦʠʥʜʫʢʮʠʷ ʩʪʘʪʦʨʘ ʩʦ 

ʚʩʝʤʠ ʨʦʪʦʨʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʦʩʥʦʚʥʦʤ ʚʝʣʠʯʠʥʦʡ ʚʦʟʜʫʰʥʦʛʦ 

ʟʘʟʦʨʘ, ʦʜʠʥʘʢʦʚʘ, ʧʦʣʫʯʘʝʤ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 2. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʫʞʝ ʥʝ ʙʫʜʝʪ ʢʨʫʛʦʚʦʡ [1,7,10]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ [1,5,7,9,10] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʘʩʠʥʭʨʦʥ-

ʥʳʝ ʤʘʰʠʥʳ ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʢʦʥʮʦʚ ʚʝʢʪʦʨʦʚ ʪʦʢʘ ʩʪʘʪʦʨʘ ʠ 

ʨʦʪʦʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʂʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʯʘʱʝ ʚʩʝʛʦ ʩʪʨʦʠʪʩʷ 

ʧʦ ʦʧʳʪʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʤʘʰʠʥʳ. ʇʦ ʢʨʫʛʦʚʦʡ ʜʠʘ-

ʛʨʘʤʤʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʰʠʥʳ. ʏʪʦʙʳ ʧʨʦ-

ʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʢʘʩʘ-

ʪʝʣʴʥʫʶ ʢ ʦʢʨʫʞʥʦʩʪʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʤʦʞʝʪ ʙʳʪʴ ʜʦʢʘ-

ʟʘʥʦ, ʠʩʭʦʜʷ ʠʟ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ. ʂʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤ-

ʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʩʪʨʦʝʥʘ ʧʦ ʦʧʳʪʥʳʤ ʠʣʠ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ. ʂʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʩʢʦʣʴʞʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʘʷ ʪʦʯʢʘ. ʂʨʫʛʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʠʥʭʨʦʥʥʦʡ 

ʤʘʰʠʥʳ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʝʝ ʧʘʨʘʤʝʪʨʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʞʠʤʘʭ ʦʩʪʘʶʪʩʷ ʧʦ-

ʩʪʦʷʥʥʳʤʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʩʠʩʪʝʤ ʦʙʤʦʪʦʢ ʥʘ ʨʦʪʦʨʝ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʠʤʝʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ɺʝʢʪʦʨʥʘʷ (çʂʨʫʛʦʚʘʷè) ʜʠʘʛʨʘʤʤʘ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʧʨʠ ʥʘ-

ʣʠʯʠʠ ʜʚʫʭ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʢʣʝʪʦʢ ʚ ʨʦʪʦʨʝ 

 

ʆʙʳʯʥʦ ʦʜʥʫ ʠʟ ʦʙʤʦʪʦʢ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʚʳʙʠʨʘʶʪ ʠʟ ʫʩʣʦ-

ʚʠʡ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʝʡ ʧʫʩʢʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʚʪʦʨʫʶ ï ʠʟ ʫʩʣʦʚʠʷ ʭʦ-

ʨʦʰʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʚ ʨʦʪʦʨʝ ʠʤʝʶʪʩʷ ʤʘʩʩʠʚʥʳʝ ʯʘʩʪʠ, ʪʦ 

ʵʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʥʘʣʠʯʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ. 

ʊʦʢ ʩʪʘʪʦʨʘ ʦʧʨʝʜʝʣʠʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦ ʚʩʝʤʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤʠ ʢʦʥʪʫ-

ʨʘʤʠ. ʂʘʨʪʠʥʘ ʫʩʣʦʞʥʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʚ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʘʭ ʨʦʪʦʨʘ ʦʪ ʯʘʩʪʦʪʳ ʪʦʢʦʚ ʠ ʥʘʩʳʱʝʥʠʷ. ɸʥʘʣʠʪʠʯʝ-
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ʩʢʠʡ ʨʘʩʯʝʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ. ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝ-

ʪʦʜʳ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

 

 
ʈʠʩ. 4. ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʪʦʢʘ ʩʪʘʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʤʘʩʩʠʚʥʳʤ ʨʦʪʦʨʦʤ 

 

ʇʨʠ ʥʘʣʠʯʠʠ ʤʘʩʩʠʚʥʦʛʦ ʨʦʪʦʨʘ ʘʢʪʠʚʥʦʝ ʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦ-

ʪʦʨʘ ʠʟʤʝʥʷʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʩʪʦʤ ʪʦʢʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʣʠʥʠʷ, ʙʣʠʟʢʘʷ ʢ ʧʨʷʤʦʡ, ʢʘʢ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. 

ʈʘʩʩʝʷʥʠʝ lx  ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʨʝʘʢʪʠʚʥʦʩʪʴ ʦʪ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦ-

ʣʝʡ ʩʪʘʪʦʨʘ. ʕʪʠ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʥʘʚʦʜʷʪ ʚ ʨʦʪʦʨʝ ʪʦʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʩʢʦʣʴʞʝʥʠʶ, ʯʠʩʣʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤʫ, ʯʝʤ ʝʜʠʥʠʮʘ, ʪʘʢ ʢʘʢ ʝʩʣʠ 

ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʪʨʦʠʪʴ ʩʚʦʶ ʚʝʢʪʦʨʥʫʶ ʜʠʘʛʨʘʤʤʫ, ʪʦ ʪʦʢ 

ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʢʦʣʴʞʝʥʠʶ 1s>>. ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ 

ʵʪʠʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ, ʙʫʜʝʪ ʧʦʵʪʦʤʫ ʤʘʣ, ʠ ʚʣʠʷʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʨʦʪʦʨʘ ʧʨʠ ʫʯʝʪʝ ʵʪʠʭ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺʣʠʷʥʠʝ 

ʨʘʩʩʝʷʥʠʷ ʨʦʪʦʨʘ ʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ, ʦʜʥʘ-

ʢʦ, ʚʦʡʜʝʪ ʚ ʚʝʣʠʯʠʥʫ lx, ʚ ʚʠʜʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

[1,2]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʘ ʟʘʯʘʩʪʫʶ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʠʩʭʦʜʷʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠ-

ʥʝ, ʪʘʢʠʝ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʘʚʠʣʴʥʦʝ ʨʘʩʯʝʪʘ 

ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʘʚʘʨʠʡ-

ʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝ-

ʥʠʷ. ʉʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʝʦʨʠʠ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ. ʅʘ 

ʠʭ ʙʘʟʝ ʧʦʣʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ, ʢʦʪʦ-

ʨʳʝ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʚʩʝ ʙʦʣʴʰʝ ʦʪʩʪʫʧʘʶʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʤʦʜʝ-

ʣʠʨʫʝʤʳʝ ʧʨʦʛʨʘʤʤʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʘʩʠʥ-

ʭʨʦʥʥʳʭ ʤʘʰʠʥ ʙʝʟ ʚʩʷʢʦʛʦ ʟʘʪʨʫʜʥʝʥʠʷ. ʇʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ 
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ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʨʘʙʦʯʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯ-

ʥʳʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝ-

ʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ. 
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Asynchronous machines are considered the most common AC machines that are used in mod-

ern electric drives. High-quality mathematical modeling of transients, accuracy of calculations of 

short-circuit currents, improving the reliability of power supply to power plants and substations 

and ensuring trouble-free operation of the power supply system are directly related to the equiva-

lent replacement scheme that is chosen for the asynchronous machine model, as well as methods for 

determining its parameters with more accuracy. In these catalogs provided by manufacturers, there 

is information only about the values of the nominal current and voltage of the stator, the nominal 

slip (or rotor speed), the nominal efficiency and power factor, the multiplicities of the starting cur-

rent, starting and maximum moments to their nominal values. Therefore, the task of improving 

methods for determining specific parameters of asynchronous machine substitution schemes for 

equivalence is relevant. 

Key words: equivalent replacement circuit, transient, power supply system, asynchronous 

machine, rotor, stator, reliability, steady state. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʉʍɽʄ ɿɸʄɽʑɽʅʀʗ 

ɸʉʀʅʍʈʆʅʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 

ɸ. ʐ. ʄʘʜʞʠʜʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʕʀ" (ʄʦʩʢʚʘ) 
ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʩʣʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘ-

ʪʝʣʝʡ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ, ʘʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʦʚ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺʤʝʩʪʦ ʵʪʠ ʧʘʨʘ-

ʤʝʪʨʳ ʜʘʝʪʩʷ ʥʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʷʞʝʥʠʝ, ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʢʦʣʴʞʝʥʠʝ, ʦʪʥʦʰʝʥʠʝ ʧʫʩʢʦʚʳʭ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʪʦʢʦʚ ʠ 

ʤʦʤʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. ʅʫʞʥʘ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʦʧ-

ʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʟʘʜʘʯʠ ʜʦ ʢʦʥʮʘ ʥʝ ʨʝʰʝʥʳ 

ʠʣʠ ʨʝʰʝʥʳ ʩ ʜʦʧʫʱʝʥʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʤ ʨʘʩʯʝʪʝ ʧʨʠʜʝʪʩʷ ʧʨʦʚʝʨʷʪʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʜʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦʙ ʘʧʨʦʙʘʮʠʠ ʧʦʩʪʨʦʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʣʶʙʳʝ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ 

ʘʩʠʥʭʨʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʦʪʨʝʥ ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠ-

ʛʘʪʝʣʝʡ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʚʳʨʘʞʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦ-

ʜʦʚ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʨʦʪʦʨ, ʩʪʘʪʦʨ, ʩʭʝʤʘ 

ʟʘʤʝʱʝʥʠʷ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʩʢʦʣʴʞʝʥʠʝ, ʧʫʩʢʦʚʦʡ ʪʦʢ, ʤʦʤʝʥʪ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. 

 

ɺʚʝʜʝʥʠʝ 

ʂʦʥʩʪʨʫʢʮʠʠ ʦʙʤʦʪʦʢ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ, ʩʚʦʡʩʪʚ ʦʙʤʦʪʦʢ ʚ ʤʘʛʥʠʪʥʦʡ 

ʩʨʝʜʝ ʜʚʠʛʘʪʝʣʝʡ, ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʤʦʪʦʢ ʚ ʨʘʩʯʝʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 
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ʩʭʝʤʘʭ. ʇʦʯʪʠ ʚʩʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠʤʝʶʪ ʦʪʢʨʳʪʳʝ ʧʘʟʳ ʚ ʷʨʤʝ ʩʪʘʪʦ-

ʨʘ. ʆʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʫʭʩʣʦʡʥʳʝ, ʢʘʪʫʰʝʯʥʳʝ, ʩ ʫʢʦʨʦʯʝʥʥʳʤ 

ʰʘʛʦʤ. ʆʙʤʦʪʢʠ ʨʦʪʦʨʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʩʝʭ ʪʠʧʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʩʪʝʨʞʥʝʚʳʤʠ, 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤʠ. ʆʙʤʦʪʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʣʠʙʦ ʚ ʦʜʠʥʦʯʥʳʭ "ʙʝʣʠʯʴʠʭ" 

ʢʣʝʪʢʘʭ ʩ ʧʘʟʘʤʠ ʢʨʫʛʣʦʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʩʝʯʝʥʠʷ, ʣʠʙʦ ʚ ʜʚʦʡʥʳʭ 

"ʙʝʣʠʯʴʠʭ" ʢʣʝʪʢʘʭ ʩ ʧʘʟʘʤʠ ʢʨʫʛʣʦʡ ʬʦʨʤʳ [1-5]. ʆʜʠʥʦʯʥʫʶ ʢʣʝʪʢʫ ʠʤʝʶʪ 

ʜʚʠʛʘʪʝʣʠ ʩʝʨʠʠ ɸ (ʢʨʫʛʣʳʡ ʧʘʟ) ɼɸɿʆ (ʢʦʣʙʘ), ɸʊɼ (ʪʨʘʧʝʮʠʷ), ʘ ʜʚʦʡʥʫʶ 

ʢʣʝʪʢʫ ï ɺɼɼ. ʀʜʝʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʚ ʛʣʫʙʦʢʦʤ, ʬʠʛʫʨʥʦʤ ʧʘʟʝ 

ʚʦʟʥʠʢʣʘ ʜʘʚʥʦ. ɽʝ ʨʝʘʣʠʟʘʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʣʫʯʰʝʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʝʡ, ʫʧʨʦʱʝʥʠʝ ʠ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʫʩʢʘ, ʧʦʚʳʰʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʘʛʨʫʟʢʫ [6-7]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʵʬʬʝʢʪ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ. ʆʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʚ 

ʜʚʠʛʘʪʝʣʴʥʦʤ, ʪʘʢ ʠ ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ. ɽʩʣʠ ʨʘʥʝʝ ʜʣʷ ʩʝʨʠʡ ʜʚʠʛʘʪʝʣʝʡ 

ɸ, ɸʆ, ɸʆ2, 4ɸ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʶʪ ʝʛʦ ʧʨʦʝʢʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʣʠʩʴ ʚ ʢʘʪʘʣʦʞʥʳʭ ʜʘʥʥʳʭ 

ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʚ ʘʙʩʦʣʶʪʥʳʭ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʯʪʦ ʥʝ ʚʳ-

ʟʳʚʘʣʦ ʥʠʢʘʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʯʝʨʝʟ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʪʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ: 

ɸʀʈ, ɸʀʈʄ ɸɼʄ, 5ɸ, 6ɸ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʚ ʢʘʪʘʣʦʞʥʳʭ ʠ ʩʧʨʘ-

ʚʦʯʥʳʭ ʜʘʥʥʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʵʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʦʜʠʪʴ ʠʭ ʨʘʩʯʝʪ ʯʝʨʝʟ ʜʨʫʛʠʝ 

ʢʘʪʘʣʦʞʥʳʝ ʜʘʥʥʳʝ [3,6,9]. ɿʘ ʧʦʩʣʝʜʥʠʝ 15é20 ʣʝʪ ʚʦʧʨʦʩʫ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪ-

ʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦ ʢʘʪʘʣʦʞʥʳʤ ʜʘʥʥʳʤ ʧʦʩʚʷ-

ʱʝʥʦ ʥʝʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [1-10]. 

ʊʘʢ, ʧʨʠ ʧʫʩʢʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʛʜʘ ʝʛʦ ʨʦʪʦʨ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ 

ʨʘʟʚʦʨʘʯʠʚʘʪʴʩʷ, ʯʘʩʪʦʪʘ ʥʘʚʝʜʝʥʥʳʭ ʪʦʢʦʚ ʚ ʩʪʝʨʞʥʷʭ ʨʦʪʦʨʘ ʥʘʠʙʦʣʴʰʘʷ 

2 1( )f f= , ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʩʝʯʝʥʠʶ ʩʪʝʨʞʥʷ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʝ. ʊʦʢ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ, ʘ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʩʪʝʨʞʥʝ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦ ʤʝʨʝ ʨʘʟʚʦʨʦʪʘ ʨʦʪʦʨʘ ʯʘʩʪʦʪʘ 

ʥʘʚʝʜʝʥʥʳʭ ʪʦʢʦʚ ʚ ʩʪʝʨʞʥʷʭ ʫʤʝʥʴʰʘʝʪʩʷ 2 1( )f s f= Ö, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʧʦ 

ʩʝʯʝʥʠʶ ʩʪʝʨʞʥʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʪʦʢʘ ʙʦʣʝʝ 

ʛʣʫʙʦʢʠʤ, ʵʬʬʝʢʪ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʦʩʣʘʙʝʚʘʝʪ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʷʨʢʦ 

ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʠʪʩʷ, ʝʩʣʠ ʦʙʤʦʪʢʫ ʨʦʪʦʨʘ ʚʳʧʦʣʥʠʪʴ ʚ ʚʠʜʝ ʜʚʦʡʥʦʡ ʙʝʣʠʯʴ-

ʝʡ ʢʣʝʪʢʠ [1-3]. 

ɺʠʜ ʦʙʤʦʪʢʠ, ʬʦʨʤʘ ʧʘʟʘ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʤʦʤʝʥʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ɸɼ ( )M f s=  ʠ ʝʛʦ ʢʘʪʘ-

ʣʦʞʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʆʜʥʘʢʦ ʧʨʝʜʩʪʘʚʠʪʴ ʜʚʠʛʘʪʝʣʴ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʤʦʞʥʦ 

ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʦ, ʫʧʨʦʱʝʥʥʦ. ʉʪʝʧʝʥʴ ʫʧʨʦʱʝʥʠʷ ʦʙʳʯʥʦ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʝ-

ʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʘʢ ʫʞʝ ʫʧʦʤʠ-

ʥʘʣʦʩʴ ʨʘʥʝʝ, ʨʦʪʦʨ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʧʨʠʥʷʪʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʜʥʦʢʦʥʪʫʨ-



178 
 

ʥʦʡ ʠʣʠ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʩʭʝʤʦʡ ʟʘʤʝʱʝʥʠʷ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʝ ʵʣʝ-

ʤʝʥʪʦʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʩʢʦʣʴʞʝʥʠʷ ( )s . 

ɺʦʧʨʦʩʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʛʦ ʨʘʙʦʪ [1-10]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʥʠʭ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥ-

ʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

( )s . ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʚ 

ʨʦʪʦʨʝ, ʥʘʩʳʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘ-

ʤʝʱʝʥʠʷ ʤʘʰʠʥʳ. 

ʅʘʧʨʠʤʝʨ, ʚ [3-4] ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʜʚʠʛʘʪʝʣʷʭ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʦʪʦʨ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʩʭʝʤʦʡ ʟʘʤʝʱʝʥʠʷ, 

ʥʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʝʧʠ ʨʦʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʢʦʣʴʞʝʥʠʷ ( )s  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2( ) 2( 0) 2( 0) 2( 1)( )s s s sr r r r s= = == + - Ö    (1) 

ʛʜʝ 
2( 0)sr =

 ʠ 
2( 1)sr =

 ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʥʦʡ ʮʝʧʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚ ʩʠʥʭʨʦʥʥʦʤ ( 0)s=  ʠ ʧʫʩʢʦʚʦʤ ( 1)s=  ʨʝʞʠʤʘʭ. 

ʀʟʤʝʥʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʨʦʪʦʨʥʦʡ ʮʝʧʠ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʫʯʝʩʪʴ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

1 2( 1)

2( )

11 ( 1)

g s

g s

k x
x

k s

=Ö
=
+ - Ö

      (2) 

ʛʜʝ 
1 2( 0) 2( 1)/g s g sk x x= == . 

2( 0)g sx =
 ʠ 

2( 1)g sx =
 ï ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦ-

ʪʦʨʥʦʡ ʮʝʧʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʠʥʭʨʦʥʥʦʤ ( 0)s=  ʠ ʧʫʩʢʦʚʦʤ ( 1)s=  ʨʝʞʠʤʘʭ. 

ʆʜʥʘʢʦ ʟʘʤʝʯʝʥʦ, ʪʦ ʠʟʤʝʥʝʥʠʝ 
2( )g sx  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ s ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, 

ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʜʦʧʫʱʝʥʠʝ: 
2( )g sx const=  

ɺ ʨʘʙʦʪʘʭ [7,9] ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʛʣʫʙʦʢʦʧʘʟʥʳʤ ʨʦʪʦʨʦʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʦʙʤʦʪʦʢ. ʇʘʨʘʤʝʪʨʳ ʨʦʪʦʨʥʦʛʦ ʢʦʥʪʫʨʘ ʠʟʤʝʥʷʶʪʩʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʢʦʥʘʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʪʦʢʦʚ, ʥʘʚʝʜʝʥʥʳʭ ʚ 

ʨʦʪʦʨʝ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʶ: 

2( ) 2ʚ 2ʩ( 0)' 's r sr r k r == + Ö       (3) 

2( ) 2ʚ 2ʩ( 0)' 's x sx x k x == + Ö       (4) 

ʛʜʝ 
2ʚ'r  ʠ 

2ʚ'x  ï ʘʢʪʠʚʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʯʘʩʪʝʡ ʦʙʤʦʪʢʠ 

ʨʦʪʦʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʦʟʜʫʭʝ; 
2ʩ( 0)sr =

 ʠ 
2ʩ( 0)sx =

 ï ʘʢʪʠʚʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʩʢʦʣʴʞʝʥʠʝ 0s=  ʯʘʩʪʠ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʪʘʣʠ 

(ʧʨʠ ʵʪʦʤ 2ʩ( 0) 1 2ʩ( 0)' 2 's sx f Lp= == Ö Ö Ö ); rk  ʠ xk  ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʵʬʬʝʢʪ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ rk  ʠ xk  ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʬʫʥʢʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝ-

ʨʦʚ ʧʘʟʘ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʡ ʟʦʥʳ 

(ʦʪ 0 ʜʦ 
ʢʨs ) ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʴʤʘ ʙʣʠʟʢʠ ʢ ʝʜʠʥʠʮʝ. ɺ ʧʫʩʢʦ-

ʚʦʡ ʟʦʥʝ (ʦʪ ʢʨs  ʜʦ 1) ʠʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʚʳʨʘʞʝʥʠʷʤ: 
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2 sin2

2 cos2
r

sh
k

ch

e e
e

e e

+
= Ö

-
      (5) 

3 2 sin2

2 2 cos2
x

sh
k

ch

e e

e e e

-
= Ö

-
      (6) 

ʛʜʝ e ï ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʩʦʪʘ ʧʨʦʚʦʜʥʠʢʘ ʨʦʪʦʨʘ. 

ʆʧʨʝʜʝʣʷʝʤ ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʩʦʪʘ ʧʨʦʚʦʜʥʠʢʘ ʨʦʪʦʨʘ ʧʦ ʚʳʨʘʞʝʥʠʶ: 
5

2 10
2

f b
h

a
e p

r

-Ö Ö
= Ö Ö Ö

Ö
      (7) 

ʛʜʝ h  ï ʚʳʩʦʪʘ ʧʨʦʚʦʜʥʠʢʘ ʚ ʧʘʟʝ, ʩʤ; a  ï ʰʠʨʠʥʘ ʧʘʟʘ, ʩʤ; b ï ʪʦʣʱʠʥʘ 

ʩʪʝʨʞʥʷ, ʩʤ; 2 1f s f= Ö ï ʯʘʩʪʦʪʘ ʪʦʢʘ ʚ ʩʪʝʨʞʥʝ; r ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʩʪʝʨʞʥʷ, 2ʆʤ ʤʤ /ʤÖ . 

ɺ ʩʨʝʜʥʝʤ ʤʦʞʥʦ ʧʨʠʥʷʪʴ / 1,15a b=  ʠ ʜʣʷ ʤʝʜʠ 1/ 45,r=  ʪʦʛʜʘ ʧʨʠ 

1 50ɻʮf =  ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʩʦʪʘ ʧʨʦʚʦʜʥʠʢʘ ʨʦʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: 

10,875 h s h se= Ö Ö = Ö     (8) 

ʛʜʝ 1 0,875h h= Ö ï ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʩʦʪʘ ʩʪʝʨʞʥʷ ʚ ʧʘʟʝ ʜʣʷ 1s= . 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʪʷʭ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝ-

ʣʷʤʠ ʧʨʠʜʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜ-

ʥʳʝ ʧʨʦʮʝʩʩʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ [1-10]. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʝʨʝ-

ʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩʯʠʪʘʶʪʩʷ: cU  

ï ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ; MM  ï ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ; cR  ʠ 
ʨR  ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ; cL  ʠ 
ʨL  ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ; ʄL  ï 

ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʤʝʞʜʫ ʦʙʤʦʪʢʘʤʠ ʬʘʟ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. ɺ ʩʧʨʘʚʦʯʥʠ-

ʢʘʭ [5] ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ, ʜʘʶʪʩʷ ʪʘʢʠʝ, ʢʘʢ [6]: U  ʠ 

P  ï ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ; cosj ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ; h ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ; ʥʦʤs  ʠ 
ʢʨs  ï ʥʦʤʠʥʘʣʴʥʦʝ ʠ 

ʢʨʠʪʠʯʝʩʢʦʝ ʩʢʦʣʴʞʝʥʠʝ; 
ʧʫʩʢ ʥʦʤ/ʄ ʄ  ï ʦʪʥʦʰʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʦʚ; 
ʧʫʩʢ ʥʦʤ/I I  ï ʦʪʥʦʰʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʦʚ; ʤʘʢʩ ʥʦʤ/ʄ ʄ  

ï ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʦʚ ʠ ʪ. ʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʢ ʧʘʨʘʤʝʪʨʘʤ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʠʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩ-

ʪʘʪʢʠ. ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʪʨʫʜʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʝʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʡ ʤʝʪʦʜ ʥʝ ʠʤʝʝʪ ʫʢʘʟʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, ʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʙʦʯʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1 ï ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1, ʥʝʦʙʭʦ-

ʜʠʤʦ ʟʥʘʪʴ ʝʸ ʧʘʨʘʤʝʪʨʳ: 1 2, ' , ʤr r r  ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʘʟ ʩʪʘʪʦʨʘ, ʨʦ-

ʪʦʨʘ ʠ ʚʝʪʚʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ; 1 2, ' , ʤx x x  ï ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʩʝʷ-

ʥʠʷ ʬʘʟ ʩʪʘʪʦʨʘ ʨʦʪʦʨʘ ʠ ʚʝʪʚʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʪʨʝʙʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʱʠʪ ʦʪ ʧʝʨʝʛʨʫʟʦʢ, ʧʨʠ ʚʳʙʦʨʝ 

ʤʘʛʥʠʪʥʳʭ ʧʫʩʢʘʪʝʣʝʡ ʠ ʢʦʥʪʘʢʪʦʨʦʚ, ʧʨʠ ʨʘʩʯʝʪʝ ʟʘʤʳʢʘʥʠʡ ʥʘ ʢʦʨʧʫʩ ʠ ʤʝʞ-

ʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʜʣʷ ʨʘʩʯʝʪʘ 

ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʩʠʥʭʨʦʥʥʳʭ 

ʤʘʰʠʥ ʩ ʮʝʣʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʠ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʨʘʟʤʝʨʳ ʘʢʪʠʚ-

ʥʦʡ ʟʦʥʳ ʠ ʦʙʤʦʪʦʯʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʢʦʪʦʨʘʷ ʫʩʣʦʞʥʷʝʪ ʨʘʩʯʝʪ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ. ʇʘʨʘʤʝʪʨʳ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʥʘʡʜʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʪʨʝʭʬʘʟʥʦʡ ʤʘʰʠʥʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ. ʇʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʧʳʪʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷ-

ʞʝʥʠʷ ʠ ʦʧʳʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʪʦʢʝ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʝʛʫ-

ʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʀʟ ʦʧʳʪʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʦʧʨʝʜʝʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʚʝʪʚʠ ʨʦʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʨʦʪʦʨ ʚʨʘʱʘʶʪ ʩ ʩʠʥ-

ʭʨʦʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʘʟʦʚʦʡ, ʩ ʧʦʤʦʱʴʶ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ; ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʢʠ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ ʨʘʚʥʳ ʥʫʣʶ. ʆʧʳʪ ʢʦʨʦʪʢʦʛʦ 
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ʟʘʤʳʢʘʥʠʷ ʧʨʦʚʦʜʷʪ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʝ (25-30 ɻʮ), ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʵʬ-

ʬʝʢʪ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʠ ʚʣʠʷʥʠʝ ʛʘʨʤʦʥʠʢ [1-4]. 

ʊʘʢ ʢʘʢ ʚ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʨʸʭ ʪʦʯʝʢ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʤʦʤʝʥʪ 

ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʠ ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ), ʘ ʪʦʢʠ ʜʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʜʚʫʭ ʨʝʞʠʤʦʚ (ʥʦ-

ʤʠʥʘʣʴʥʦʛʦ ʠ ʧʫʩʢʦʚʦʛʦ), ʪʦ ʨʘʩʯʸʪ ʧʷʪʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʧʦ ʤʝ-

ʭʘʥʠʯʝʩʢʠʤ ʚʝʣʠʯʠʥʘʤ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩ-

ʧʝʯʝʥʘ ʩʭʦʜʠʤʦʩʪʴ ʢ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ, ʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʙʫʜʝʪ 

ʚʦʟʥʠʢʘʪʴ ʦʰʠʙʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʤʦʜʝʣʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ ʚ ʚʠʜʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʯʘʩʪʦʪʥʦʛʦ ʠ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʘʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ (ɸɼ) ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚ ʙʳʩʪʨʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʠʪʘ-

ʥʠʷ ʛʨʫʧʧʳ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ. ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʚʦʟʤʦʞʥʘ ʧʫʪʝʤ ʛʣʫʙʦʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʫʩʢʝ, ʪʦʨʤʦʞʝʥʠʠ, ʧʦʚʪʦʨʥʦʤ ʚʢʣʶ-

ʯʝʥʠʠ, ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ ʠ ʪ.ʜ., ʯʪʦ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʩʪʨʦʡʢʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ɸɼ. 

ʇʨʠʤʝʨ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʠʤ ʧʘʨʘʤʝʪʨʳ ʊ-

ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʠʧʘ 4ɸ112ʄɺ6ʋɿ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘ-

ʪʝʣʷ ʥʦʤ( 4ʢɺʪ);P =  ʥʦʤʠʥʘʣʴʥʦʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʦʤ( 220ɺ);U =  ʥʦʤʠʥʘʣʴ-

ʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʥʦʤ( 0,051ʦ.ʝ.);s =  ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʨʝʞʠʤʝ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ 100%-ʷ ʥʘʛʨʫʟʢʘ ʥʦʤ( 82,0%);h =  ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ 

100%-ʷ ʥʘʛʨʫʟʢʘ ʥʦʤ(cos 0,81);j =  ʯʠʩʣʦ ʬʘʟ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 1( 3);m =  

ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 1( ' 0,077ʦ.ʝ.);r =  ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 1( ' 0,073ʦ.ʝ.);x s=  ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ, ʧʨʠʚʝʜʝʥʥʦʝ ʢ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ 2( ' 0,062ʦ.ʝ.);r =  ʠʥʜʫʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ, ʧʨʠʚʝʜʝʥʥʦʝ ʢ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ 

2( ' 0,11ʦ.ʝ.);x s=  ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʢʦʪʦʨʦʝ 

ʩʯʠʪʘʝʪʩʷ ʛʣʘʚʥʳʤ ʠʥʜʫʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤ( ' 2,0ʦ.ʝ.).x =  

ʈʝʰʝʥʠʝ 

ʆʧʨʝʜʝʣʷʝʤ ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʩʪʘʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʤʦʱʴʶ 

ʚʳʨʘʞʝʥʠʷ: 

ʥʦʤ
1ʥʦʤ

1 1ʥʦʤ ʥʦʤ ʥʦʤ

4000
9,125A

cos 3 220 0,81 0,82

P
I

m U j h
= = =
Ö Ö Ö Ö Ö Ö

 

ʉʣʝʜʫʶʱʠʡ ʥʘʰ ʰʘʛ ʦʧʨʝʜʝʣʝʥʠʝ ʙʘʟʠʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʚʳʨʘʞʝ-

ʥʠʶ: 
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1ʥʦʤ
ʙ

1ʥʦʤ

220
24,1ʆʤ

9,125

U
z

I
= = =  

ʆʧʨʝʜʝʣʷʝʤ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʚ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠ-

ʥʘʭ, ʜʣʷ ʵʪʦʛʦ ʥʘʯʠʥʘʝʤ ʦʧʨʝʜʝʣʠʪʴ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ: 

1 1 ʙ' 0,077 24,1 1,856ʆʤr r z= Ö = Ö =  

ʀʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ, ʩʣʝʜʫʶʱʝʡ ʚʳʨʘʞʝʥʠʝ: 

1 1 ʙ' 0,073 24,1 1,759ʆʤx x zs s= Ö = Ö =  

ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ, ʧʨʠʚʝʜʝʥʥʦʝ ʢ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ: 

2 2 ʙ' 0,062 24,1 1,494ʆʤr r z= Ö = Ö =  

ʀʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ, ʧʨʠʚʝʜʝʥʥʦʝ ʢ ʦʙ-

ʤʦʪʢʝ ʩʪʘʪʦʨʘ: 

2 2 ʙ' 0,11 24,1 2,651ʆʤx x zs s= Ö = Ö =  

ʀʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ, ʩʣʝʜʫʶʱʝʡ ʚʳʨʘʞʝʥʠʝ: 

ʤ ʤ ʙ' 2,0 24,1 48,2ʆʤx x z= Ö = Ö =  

ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ-

ʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʪʘʣʦʞʥʳʤʠ ʜʘʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷ, ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʦʵʪʦʤʫ 

ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʧʦ ʝʛʦ ʢʘʪʘʣʦʞʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʝʤʣʝʤʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʝ ʠ ʥʘʜʝʞʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʧʦʣʫʯʠʣʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʝʝ ʩʭʝʤʳ ʟʘ-

ʤʝʱʝʥʠʷ. ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʢʦʥʢʨʝʪʥʦ ʠ ʫʜʦʙʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʦʦʪ-

ʥʦʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝ-

ʤʳ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʚ 

ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʢʘʪʘʣʦʛʘʭ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʥʦʚʳʭ ʩʝʨʠʡ, ʢʘʢ ʦʪʝʯʝʩʪ-

ʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʩʫʪʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝ-

ʱʝʥʠʷ, ʙʝʟ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʝʥ ʨʘʩʯʝʪ ʠ ʧʦʩʪʨʦʝʥʠʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢ-

ʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘ-

ʙʦʪʢʫ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝ-

ʞʠʤʦʚ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʢʦʚ 

ʥʘʛʨʫʟʦʢ ʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ [5] ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʱʠʪʳ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠ-

ʛʘʪʝʣʝʡ ʦʪ ʧʝʨʝʛʨʫʟʦʢ ʠ çʦʧʨʦʢʠʜʳʚʘʥʠʷè, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʚʳʨʘʞʝʥʠʡ. ʅʘ 

ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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To build models of an asynchronous motor, it is necessary to take into account the complexity 

of transients. The study of transients of asynchronous motors requires the presence of parameters of 

the replacement circuit, such as active and inductive resistances, inductance and mutual inductance 

of the stator and rotor circuits. As you know, the reference lists do not provide the above parame-

ters. Instead of these parameters, nominal parameters are given, such as, voltage, active power, 

efficiency, slip, ratio of starting from rated currents and torques, power factor. It should be empha-

sized that in the well-known works on determining the parameters of substitution schemes for asyn-

chronous motors, the problems are not fully solved or solved with assumptions, since the results 

obtained during mathematical calculation will have to be checked experimentally. Thus, it will be 
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necessary to determine the characteristics of the asynchronous motor during the experiment. The 

experiment provides an opportunity to get information about the testing of the constructed mathe-

matical model. That is why one of the main tasks in any experiment or simulation of processes in an 

asynchronous motor is to determine the parameters of the substitution scheme. The article examines 

the verification of the correctness of determining the parameters of asynchronous motor substitu-

tion schemes by using well-known expressions. Based on the methods considered, it is concluded 

that the results obtained can be used for further research. 

Key words: transient, asynchronous motor, rotor, stator, replacement circuit, inductance, 

slip, starting current, torque, power factor. 
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ʇʈʆɺɽʈʂɸ ʇʈʆɺʆɼʅʀʂʆɺ ʅɸ ʊɽʈʄʀʏɽʉʂʋʖ 

ʉʊʆʁʂʆʉʊʔ ʇʈʀ ʂʆʈʆʊʂʆʄ ɿɸʄʓʂɸʅʀʀ 

ɸ. ʐ. ʄʘʜʞʠʜʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʕʀ" (ʄʦʩʢʚʘ) 
ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ, ʠʭ ʪʦʢʦʧʨʦ-

ʚʦʜʷʱʠʝ ʞʠʣʳ ʥʘʛʨʝʚʘʶʪʩʷ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʦʙʦʣʦʯʝʢ ʧʨʦʚʦʜʥʠʢʘ, 

ʨʘʟʨʫʰʝʥʠʶ ʢʦʥʮʝʚʳʭ ʟʘʜʝʣʦʢ, ʧʦʞʘʨʫ ʚ ʢʘʙʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʠ ʙʦʣʴʰʠʤ ʤʘʪʝʨʠʘʣʴʥʳʤ 

ʧʦʪʝʨʷʤ. ɼʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʞʘʨ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʦ-

ʣʷʮʠʠ ʢʘʙʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʠ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ 

ʧʦʪʝʨʷʤ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʥʘ 

ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ, ʫʯʠʪʳʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʧʨʦʚʦʜʥʠʢʠ ʠ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʞʠʣ ʠ ʟʘʤʝʥʷʪʴ ʢʘʙʝʣʠ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʩʠʚʰʠʤʠ ʧʨʝʜʝʣ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. ʋʢʘʟʘʥʥʳʝ ʮʝʣʠ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʪʨʫʜʥʦ ʦʮʝʥʠʪʴ ʜʘʥ-

ʥʫʶ ʩʠʪʫʘʮʠʶ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʯʝʪʢʠʭ ʠ ʦʜʥʦʟʥʘʯʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʩʨʝʜʩʪʚ ʨʘʩʯʝʪʘ ʪʦʢʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ, ʧʨʦʚʝʨʠʪʴ ʧʨʦʚʦʜʥʠʢʠ ʧʦ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʦʡʢʦʩʪʴ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘ ʢ ʤʦʤʝʥʪʫ ʦʪ-

ʢʣʶʯʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʩʨʘʚʥʠʚʘʶʪ ʝʝ ʩ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʥʘʛʨʝʚʘ. ʀʤʝʥʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʧʨʦʚʦʜʢʘ, ʢʘʙʝʣʴ, ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʞʠʣʳ, ʦʙʦ-

ʣʦʯʝʢ, ʠʟʦʣʷʮʠʷ, ʪʝʨʤʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʘʧʧʘʨʘʪʘʭ ʠ ʧʨʦʚʦʜʥʠʢʘʭ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘʣʴʥʦʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʯʘʩʪʝʡ ʘʧʧʘʨʘʪʦʚ 

ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚ ʪʝʯʝʥʠʝ ʜʦʣʝʡ ʩʝʢʫʥʜʳ ʦʙʳʯʥʦ ʫʞʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝ-

ʜʝʣʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. ʅʘʛʨʝʚʘʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ 

ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʦʪʢʣʶʯʝʥʠʝʤ ʧʦʚʨʝʞʜʝʥʥʦʡ ʮʝʧʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʜʣʝʥʥʦʝ ʦʩʪʳʚʘʥʠʝ [1-5]. 

ʇʨʠ ʯʨʝʟʤʝʨʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʯʘʩʪʝʡ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʦʚʦʜʥʠ-

ʢʦʚ, ʜʘʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ, ʚʦʟʤʦʞʥʳ ʨʘʟʤʷʛʯʝʥʠʝ ʠ ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ, ʚʳ-

ʞʠʛʘʥʠʝ ʠʟʦʣʷʮʠʠ, ʨʘʟʨʫʰʝʥʠʝ ʢʦʥʪʘʢʪʦʚ ʠ ʜʨʫʛʠʝ ʧʦʚʨʝʞʜʝʥʠʷ. ʊʝʧʣʦʚʦʝ 

ʜʝʡʩʪʚʠʝ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʦ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩ 

ʤʘʣʳʤ ʨʘʙʦʯʠʤ ʪʦʢʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʳ. ɼʣʷ ʥʘʜʝʞ-
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ʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʵʪʠ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʙʦʨʦʤ ʩʝʯʝʥʠʡ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʚʨʝʤʝʥʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʮʝʧʝʡ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦ-

ʛʜʘ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ ʮʝʧʠ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʩʝʯʝʥʠʡ ʧʨʦʚʦʜʥʠʢʦʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʨʠʥʠʤʘʶʪ ʤʝʨʳ ʢ ʦʛʨʘ-

ʥʠʯʝʥʠʶ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ [1-5]. 

ʂʨʠʪʝʨʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʘʧʧʘʨʘʪʘ ʠ ʧʨʦʚʦʜʥʠʢʘ ʷʚʣʷʝʪʩʷ ʠʭ ʢʦ-

ʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 

ʜʦʧʫʩʪʠʤʦʡ [1]. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʜʥʦʨʦʜʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʦʙʳʯʥʦ 

ʧʨʝʥʝʙʨʝʛʘʶʪ ʪʝʧʣʦʦʪʜʘʯʝʡ, ʯʪʦ ʥʝ ʚʥʦʩʠʪ ʟʘʤʝʪʥʦʡ ʦʰʠʙʢʠ. ʇʦʩʢʦʣʴʢʫ ʟʘ 

ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʥʠʢʘ ʜʦʩʪʠʛʘʝʪ 

200-300 ÁC, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʝʛʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʚʦʜʥʠʢʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ çɸè, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʜʝʣʠʚʰʝʡʩʷ ʚ ʧʨʦʚʦʜʥʠʢʝ ʵʥʝʨʛʠʝʡ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 
ʘ) 1 ï ʧʨʦʚʦʜʥʠʢ ʠʟ ʩʪʘʣʠ; 2 ï ʧʨʦʚʦʜʥʠʢ ʠʟ ʘʣʶʤʠʥʠʷ; 3 ï ʧʨʦʚʦʜʥʠʢ ʠʟ 

ʤʝʜʘ 

 
ʙ) 1 ï ʧʨʦʚʦʜʥʠʢ ʠʟ ʣʘʪʫʥʠ; 2 ï ʧʨʦʚʦʜʥʠʢ ʠʟ ʘʣʶʤʠʥʠʡ; 3 ï ʧʨʦʚʦʜʥʠʢ ʠʟ 

ʩʝʨʝʙʨʘ; 4 ï ʧʨʦʚʦʜʥʠʢ ʠʟ ʤʝʜʠ; 
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ʈʠʩ. 1 ï ʂʨʠʚʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʪʦʢʘʤʠ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʡʩʷ ʚ ʧʨʦʚʦʜʥʠʢʝ ʪʝʧʣʦʪʳ ʧʨʠʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʠʤʧʫʣʴʩʦʤ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʦʢʘ 

2

0

t

kB i dt= Öñ        (1) 

ʄʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʠ çɸè ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ɸʥ), ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʦʥʮʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ɸʢ), ʠʤʧʫʣʴʩʦʤ ɺʢ ʠ ʧʣʦʱʘʜʴʶ ʩʝ-

ʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ S ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ: 
2/ʢ ʥ ʢA A B S- =       (2) 

ʦʪʢʫʜʘ 
2/ʢ ʥ ʢA A B S= +       (3) 

ʇʦ ʟʥʘʯʝʥʠʶ ɸʢ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʢQ  ʚ ʢʦʥʮʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ʇʨʦʚʦʜʥʠʢʠ ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ, ʝʩʣʠ . .ʢ ʢʜʦʧQ Q¢ . ʏʘʱʝ ʚʩʝʛʦ ʧʨʦʚʦʜʥʠʢʠ 

ʧʨʦʚʝʨʷʶʪ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʧʨʦ-

ʚʦʜʥʠʢʘ ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 

min

. .

ʢʢ

ʢ ʜʦʧ ʥ

BB
S

A A ʉ
= =

-
     (4) 

ʛʜʝ ɸʢ.ʜʦʧ. ï ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʜʦʧʫʩʪʠʤʦʝ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʦʚʦʜʥʠʢʘ ʚ ʢʦʥʮʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢ.ʜʦʧ.Q  ʠ ʦʧʨʝʜʝʣʷʝ-

ʤʘʷ ʧʦ ʢʨʠʚʳʤ ʥʘ ʨʠʩ. 2 (ʧʨʠ 
0

ʢ.ʜʦʧ.200 ʉQ =  ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ 

ʧʨʠ 
0

ʢ.ʜʦʧ.300 ʉQ =  ʜʣʷ ʤʝʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ); ʟʥʘʯʝʥʠʝ ɸʥ ʥʘʭʦʜʠʪʩʷ ʧʦ ʪʝʤ ʞʝ 

ʢʨʠʚʳʤ ʧʨʠ 
0

ʢ.ʜʦʧ.70 ʉQ = ; ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉ [1] ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉ 

ʐʠʥʳ: 
ʦ

ʢ.ʜʦʧ., ʉQ  ʉ 

ʠʟ ʤʝʜʠ 300 170 

ʠʟ ʘʣʶʤʠʥʠʷ 200 90 

ʠʟ ʩʪʘʣʠ, ʥʝ ʩʦʝʜʠʥʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʘʧʧʘʨʘ-

ʪʦʤ 
400 65 

ʠʟ ʩʪʘʣʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʘʧʧʘʨʘʪʦʤ 300 60 

ʂʘʙʝʣʴ ʜʦ 10 ʢɺ ʩ ʙʫʤʘʞʥʦʡ ʠʟʦʣʷʮʠʝʡ ʠ ʞʠʣʘʤʠ:   

ʠʟ ʤʝʜʠ 200 160 

ʠʟ ʘʣʶʤʠʥʠʷ 200 90 
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ʈʠʩ. 2 ï ʂʨʠʚʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ 

ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ 

 

ɽʩʣʠ ʥʘʛʨʫʟʢʘ ʧʨʦʚʦʜʥʠʢʘ ʤʝʥʴʰʝ ʜʦʧʫʩʪʠʤʦʡ ʧʦ ʫʩʣʦʚʠʷʤ ʥʘʛʨʝʚʘ, ʪʦ 

ʝʩʪʴ ʥ ʥ.ʜʦʧ.I I< , ʪʦ ʧʨʦʚʦʜʥʠʢ ʙʫʜʝʪ ʥʘʛʨʝʚʘʪʴʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʜʦ ʪʝʤ-

ʧʝʨʘʪʫʨʳ, ʤʝʥʴʰʝʡ ʜʦʧʫʩʪʠʤʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
2

ʥ 0 ʥ.ʜʦʧ. 0 ʥ ʥ.ʜʦʧ.( ) ( / )I IQ Q Q Q= + - Ö     (5) 

ʛʜʝ 0Q  ï ʨʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (+25 ÁC ʜʣʷ ʰʠʥ ʠ +15 

ÁC ʜʣʷ ʢʘʙʝʣʝʡ). 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ Smin ʫʩʣʦʚʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʟʘʧʠ-

ʰʝʪʩʷ ʚ ʚʠʜʝ 

min ʨʘʩʯ.S S¢        (6) 

ʛʜʝ Sʨʘʩʯ. ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ, ʚʳʙʨʘʥʥʘʷ ʧʦ ʫʩʣʦʚʠʷʤ ʨʘʙʦʯʝʛʦ 

ʨʝʞʠʤʘ. 
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ʀʤʧʫʣʴʩ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʜʣʷ ʤʦʱʥʳʭ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠ ʫʜʘʣʝʥʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [1,6]: 
2

ʧʦ ʦʪʢʣ ʘ( )ʢB I t T= Ö +     (7) 

ʛʜʝ ʦʪʢʣ ʟ ʚ,t t t= +  ʟt  ï ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ; ʚt  ï ʧʦʣʥʦʝ ʚʨʝʤʷ 

ʦʪʢʣʶʯʝʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷ (ʧʨʠʚʦʜʠʪʩʷ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʳʢʣʶ-

ʯʘʪʝʣʷ); ʘT  ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʮʝʧʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚʙʣʠʟʠ ʛʝʥʝʨʘʪʦʨʦʚ ʦʪʜʝʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʤ-

ʧʫʣʴʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʦʢʘ ʢʦ-

ʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʀʤʧʫʣʴʩ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʦʢʘ ʦʪ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʪʦʢʦʚ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʪʨʠ ʩʣʘʛʘʝʤʳʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠʤ ʪʦʢʦʤ ʩʠʩʪʝʤʳ ʧ.ʩ.( )ɺ , ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʪʦʢʦʤ ʛʝʥʝʨʘʪʦʨʦʚ ʧ.ʛ.( )ɺ  ʠ 

ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʪʦʢʦʚ ʩʠʩʪʝʤʳ ʠ ʛʝʥʝʨʘʪʦʨʦʚ ʧ.ʛ.ʩ.( )ɺ , 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ [1,6]: 

ʧ ʧ.ʩ. ʧ.ʛ. ʧ.ʛ.ʩ.ɺ ɺ ɺ ɺ= + +      (8) 

ʆʧʨʝʜʝʣʷʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʪʦʢʘ ʩʠʩʪʝʤʳ ʧʦ ʬʦʨʤʫʣʝ: 
2

ʧ.ʩ. c ʦʪʢʣ.ɺ I t= Ö       (9) 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʪʦʢ ʛʝʥʝʨʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʝ: 
2

ʧ.ʛ. *ʧ.ʛ. ʧ.ʦ.ʛ. ʦʪʢʣ.ɺ ɺ I t= Ö Ö     (10) 

ʛʜʝ 
ʦʪʢʣ

2

ʧ. .ʛ.

0
*ʧ.ʛ. 2

ʧ.0.ʛ. ʦʪʢʣ.

t

tI dt

ɺ
I t

Ö

=
Ö

ñ
     (11) 

ʆʧʨʝʜʝʣʷʝʤ ʩʦʚʤʝʩʪʥʳt ʜʝʡʩʪʚʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʪʦʢʦʚ ʩʠʩʪʝʤʳ ʠ ʛʝʥʝʨʘ-

ʪʦʨʦʚ ʧʦ ʬʦʨʤʫʣʝ: 

ʧ.ʛ.ʩ. c * ʧ.0.ʛ. ʦʪʢʣ.2ɺ I T I t= Ö Ö Ö    (12) 

ʛʜʝ 
ʦʪʢʣ

ʧ. .ʛ.

0
*

ʧ.0.ʛ. ʦʪʢʣ.

t

tI dt

T
I t

Ö

=
Ö

ñ
      (13) 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʪʝʧʣʦʚʦʡ (13) ʠ ʪʦʢʦʚʳʡ ʠʤʧʫʣʴʩʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʢʨʠʚʳʤ ʥʘ ʨʠʩ. 2. 

ʀʤʧʫʣʴʩ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʩʠʩʪʝʤʳ ʦʧʨʝ-

ʜʝʣʷʶʪ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

2 2 c ʧ.0.ʛ.
ʢ.ʘ. c ʘ.ʩ. ʧ.0.ʛ. ʘ.ʛ.

ʘ.ʩ. ʘ.ʛ.

4

1 1

I I
ɺ I T I T

T T

Ö
º Ö + Ö +

+

  (14) 

ʇʨʦʚʦʜʥʠʢʠ ʠ ʘʧʧʘʨʘʪʳ, ʚʳʙʨʘʥʥʳʝ ʚ ʤʦʱʥʳʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷʭ ʧʦ ʫʩʣʦ-

ʚʠʷʤ ʜʣʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘ-

ʧʘʩʳ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʩʧʦʣʴʟʦ-
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ʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʤʧʫʣʴʩʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʫʷ ʩʣʝ-

ʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʡ: 
2

ʢ ʧ.0 ʦʪʢʣ. ʘ( )ɺ I t ʊ= Ö +    (15) 

ɿʥʘʯʝʥʠʝ ʠʤʧʫʣʴʩʘ ʙʫʜʝʪ ʧʨʠ ʵʪʦʤ (12) ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʥʳʤ. 

ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚʙʣʠʟʠ ʛʨʫʧʧʳ ʜʚʠʛʘʪʝʣʝʡ ʦʥʘ ʟʘʤʝʥʷʝʪʩʷ ʵʢʚʠ-

ʚʘʣʝʥʪʥʳʤ ʜʚʠʛʘʪʝʣʝʤ [6,7,8]. ʀʤʧʫʣʴʩ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʦʢʘ ʦʪ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʦʚ ʩʠʩʪʝʤʳ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʡ ʚʳʨʘʞʝʥʠʝ: 
2 2

ʢ.ʧ. ʧ.0.ʩ. ʦʪʢʣ. ʧ.0.ʜ. ʧ.0.c. ʧ.0.ʜ. ʵ0,5 ' 2 'ʵɺ I t I T I I Tº Ö + Ö + Ö Ö  (16) 

ʛʜʝ ʧ.0.ʜ.I  ï ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʪʦʢ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ; ʵ'T  ï 

ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ. 

ʀʤʧʫʣʴʩ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʦʢʘ ʦʪ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʦʚ ʩʠʩ-

ʪʝʤʳ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ [7,8]: 
2

ʢ.ʘ. ʧ.0.ʩ. ʧ.0.ʜ. ʘ.ʩʭ( )ɺ I I ʊº + Ö     (17) 

ʛʜʝ ʘ.ʩʭʊ  ï ʨʘʩʯʝʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʜʣʷ ʚʩʝʡ ʩʭʝʤʳ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʘ.ʩ. ʧ.0.ʩ. ʘ.ʵ. ʧ.0.ʜ.

ʘ.ʩʭ

ʧ.0.ʩ. ʧ.0.ʜ.

ʊ I ʊ I
ʊ

I I

Ö + Ö
=

+
    (18) 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʦʡ-

ʢʦʩʪʴ ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʙʨʘʥʳ ʨʘʩʯʝʪ-

ʥʳʝ ʫʩʣʦʚʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʪʦ ʝʩʪʴ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, 

ʨʘʩʯʝʪʥʳʡ ʚʠʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʝ, ʨʘʩʯʝʪʥʘʷ ʪʦʯʢʘ ʢʦ-

ʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ 

ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʝ (ʧʦʩʣʝʜʥʶʶ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʧʨʦʚʝʨʢʝ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʦʡʢʦʩʪʴ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʚʝʨʢʝ ʥʘ 

ʥʝʚʦʟʛʦʨʘʝʤʦʩʪʴ ʢʘʙʝʣʝʡ) [1-8]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʢʠ ʠ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, ʢʨʠʪʝ-

ʨʠʝʤ ʚʳʙʦʨʘ ʠ ʧʨʦʚʝʨʢʠ ʧʨʦʚʦʜʥʠʢʠ ʠ ʢʘʙʝʣʝʡ ʧʦ ʫʩʣʦʚʠʷʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʜʝʡ-

ʩʪʚʠʷ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʩʯʝʪʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʣ ʢʘʙʝʣʝʡ ʢ ʤʦʤʝʥʪʫ ʦʪʢʣʶʯʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ 

ʥʘʯʘʣʝ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʢʦʥʮʝ ʢʘ-

ʙʝʣʴʥʦʡ ʣʠʥʠʠ. ʇʨʦʚʝʨʢʫ ʥʝʚʦʟʛʦʨʘʝʤʦʩʪʠ ʧʨʦʚʦʜʥʠʢ, ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʞʠʣ ʢ ʤʦʤʝʥʪʫ ʦʪʢʣʶʯʝʥʠʷ ʨʝʟʝʨʚʥʦʡ 

ʟʘʱʠʪʦʡ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʥʘʯʘʣʝ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦ-

ʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʢʦʥʮʝ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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When a short-circuit current flows through the conductors, their conductive cores heat up, 

which in some cases leads to rupture of the conductor shells, destruction of end fittings, fire in ca-

ble structures and large material losses. Even in cases where a fire does not occur, the physical and 

chemical properties of cable insulation change significantly and the probability of their subsequent 

electrical breakdown increases, which ultimately also leads to significant material losses. To pre-

vent fires and maintain the reliability of electrical installations at an acceptable level, when choos-

ing conductors and power cables, it is necessary to take into account the maximum possible thermal 

effects of short-circuit currents, and during operation, after each short-circuit, it is necessary to 

calculate the temperature of the conductors and current-conducting cores and replace cables with 

calculated temperature values that exceed the limit of thermal resistance. These goals in relation to 

AC electrical installations, at present, it is difficult to assess this situation due to the lack of clear 

and unambiguous criteria for decision-making, due to the insufficient prevalence of modern meth-

ods and tools for calculating short-circuit current. Therefore, it is very relevant to check the con-

ductors for short-circuit thermal stability and determine their heating temperature by the time the 

short-circuit is turned off and compare it with the maximum permissible heating temperature. This 

question is considered in this paper. 
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Key words: short-circuit, wiring, cable, conductive cores, shells, insulation, short-circuit 

thermal effects, thermal stability. 

 

ʈɸɿɺʀʊʀɽ ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʆʊʈɸʉʃʀ  

ʕʅɽʈɻɽʊʀʂʀ 

ɸ.ʅ. ʉʳʪʳʭ ɸ.ɸ. ɿʚʝʨʝʚʘ ɸ. ɽ. ʊʢʘʯʝʥʢʦ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʇʣʝʭʘʥʦʚ ɻ.ɺ. 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʀ. ʇʦʣʟʫʥʦʚʘè, ʛ. ʈʫʙʮʦʚʩʢ 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ 

ʢʘʢ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʘʪʝʛʠʷ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ. 

 

çʉʪʨʘʪʝʛʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦ 2035 ʛʦʜʘè (ʜʘʣʝʝ ï 

ʉʪʨʘʪʝʛʠʷ) ʩʪʘʚʠʪ ʩʚʦʝʡ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘʨʘʱʠʚʘʥʠʷ ʠ ʥʘʠʙʦ-

ʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʮʠʠ:  

Å çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (214,1 ʤʣʨʜ 

ʨʫʙ.),  

Å çʂʦʩʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʈʦʩʩʠʠè (69,1 ʤʣʨʜ ʨʫʙ.),  

Å çʈʘʟʚʠʪʠʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè (39,8 ʤʣʨʜ ʨʫʙ.),  

Å çʈʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè.  

ʃʠʜʠʨʫʶʱʠʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʦ ʜʦʣʝ ʨʘʩʭʦʜʦʚ ʥʘ ʥʘʫʯ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʨʘʩʭʦʜʦʚ ʷʚʣʷʶʪʩʷ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ:  

Å çʈʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè (97,7 %),  

Å çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (87,4 %),  

Å çʈʘʟʚʠʪʠʝ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʪʝʭʥʠʢʠ ʜʣʷ ʦʩʚʦʝʥʠʷ ʰʝʣʴʬʦʚʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡè (65,3 %).  

Å çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (214,1 ʤʣʨʜ 

ʨʫʙ.),  

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʘʚʠʣʘ çʊʨʸʭ ɼè 

ɼʝʢʘʨʙʦʥʠʟʘʮʠʷ - ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

(ʉʆ2). 

ɼʝʮʝʥʪʨʘʣʠʟʘʮʠʷ - ʢʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʢʦʤʧʘʢʪʥʳʭ ʨʘʟʤʝʨʦʚ ʠʣʠ ʤʦʙʠʣʴʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʪʝʧʣʦʚʫʶ ʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʟʣʠʰʢʠ ʚ ʦʙ-

ʱʫʶ ʩʝʪʴ (ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʣʠ ʪʝʧʣʦʚʫʶ).  

ɼʠʜʞʠʪʘʣʠʟʘʮʠʷ - ʦʮʠʬʨʦʚʢʠ, ʧʝʨʝʚʦʜ ʩʠʛʥʘʣʦʚ ʩ ʘʥʘʣʦʛʦʚʦʡ ʚ ʮʠʬʨʦʚʫʶ 

ʬʦʨʤʫ ʠ ʦʧʝʨʠʨʦʚʘʥʠʷ ʠʤʠ, ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʠʣʠ 

ʘʨʭʠʚʘʮʠʷ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ.  

Å ʇʨʦʙʣʝʤʘʪʠʢʘ 
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ɺʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʚʝʜʸʪ ʢ ʫʭʫʜʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ, ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ ʫʛʨʦʟʫ ʯʝʣʦʚʝʯʝʩʢʫʶ ʮʠʚʠʣʠʟʘʮʠʶ 

ʂʣʶʯʝʚʳʝ ʜʦʢʫʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʘʣʠʟʘʮʠʶ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ:  

Å ʉʪʨʘʪʝʛʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦ 2035 ʛʦʜʘ,  

Å ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çʅʘʫʢʘè,  

Å ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ 2019-2030 ʛʦʜʳè.  

çʉʪʨʘʪʝʛʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦ 2035 ʛʦʜʘè (ʜʘʣʝʝ ï 

ʉʪʨʘʪʝʛʠʷ) ʩʪʘʚʠʪ ʩʚʦʝʡ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘʨʘʱʠʚʘʥʠʷ ʠ ʥʘʠʙʦ-

ʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʮʠʠ:  

Å çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (214,1 ʤʣʨʜ 

ʨʫʙ.),  

Å çʂʦʩʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʈʦʩʩʠʠè (69,1 ʤʣʨʜ ʨʫʙ.),  

Å çʈʘʟʚʠʪʠʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè (39,8 ʤʣʨʜ ʨʫʙ.),  

Å çʈʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè.  

ʃʠʜʠʨʫʶʱʠʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʦ ʜʦʣʝ ʨʘʩʭʦʜʦʚ ʥʘ ʥʘʫʯ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʨʘʩʭʦʜʦʚ ʷʚʣʷʶʪʩʷ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ:  

Å çʈʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè (97,7 %),  

Å çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (87,4 %),  

Å çʈʘʟʚʠʪʠʝ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʪʝʭʥʠʢʠ ʜʣʷ ʦʩʚʦʝʥʠʷ ʰʝʣʴʬʦʚʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡè (65,3 %).  

Å çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (214,1 ʤʣʨʜ 

ʨʫʙ.),  

ʉʪʨʘʪʝʛʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 

2035 ʛʦʜʘ ʫʪʚʝʨʞʜʝʥʘ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 01.12.2016 

ʛ. ˉ642. ʉʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʥʦʡ ʉʪʨʘʪʝʛʠʠ, ʚ ʙʣʠʞʘʡʰʠʝ 10-15 ʣʝʪ ʧʨʠʦʨʠʪʝ-

ʪʘʤʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʣʝʜʫʝʪ ʩʯʠ-

ʪʘʪʴ ʪʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʥʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʦʟʜʘʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʦʡ ʠʥʥʦʚʘʮʠ-

ʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʈʦʩʩʠʠ ʥʘ ʚʥʝʰʥʝʤ ʨʳʥʢʝ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʘʪ:  

a. ʧʝʨʝʭʦʜ ʢ ʧʝʨʝʜʦʚʳʤ ʮʠʬʨʦʚʳʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ, ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʩʧʦʩʦʙʘʤ ʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦ-

ʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ;  

b. ʧʝʨʝʭʦʜ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʵʥʝʨʛʝʪʠʢʝ, ʧʦ-

ʚr ʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʠ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳ-

ʨʴʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʧʦʩʦʙʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ;  

c. ʧʝʨʝʭʦʜ ʢ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʝ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤʫ ʟʜʨʘ-

ʚʦʦʭʨʘʥʝʥʠʶ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʟʜʦʨʦʚʴʝʩʙʝʨʝʞʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʨʘʮʠʦ-
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ʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʥʪʠʙʘʢʪʝʨʠ-

ʘʣʴʥʳʭ);  

d. ʧʝʨʝʭʦʜ ʢ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʤʫ ʘʛʨʦ- ʠ ʘʢʚʘ-

ʭʦʟʷʡʩʪʚʫ, ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪ-

ʥʳʭ, ʭʨʘʥʝʥʠʝ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʩʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ;  

e. ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʪʝʭʥʦʛʝʥʥʳʤ, ʙʠʦʛʝʥʥʳʤ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤ ʫʛʨʦʟʘʤ, 

ʪʝʨʨʦʨʠʟʤʫ ʠ ʠʜʝʦʣʦʛʠʯʝʩʢʦʤʫ ʵʢʩʪʨʝʤʠʟʤʫ, ʘ ʪʘʢʞʝ ʢʠʙʝʨʫʛʨʦʟʘʤ ʠ ʠʥʳʤ ʠʩ-

ʪʦʯʥʠʢʘʤ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʙʱʝʩʪʚʘ, ʵʢʦʥʦʤʠʢʠ ʠ ʛʦʩʫʜʘʨʩʪʚʘ;  

f. ʩʚʷʟʘʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʟʘʥʷʪʠʷ ʠ 

ʫʜʝʨʞʘʥʠʷ ʣʠʜʝʨʩʢʠʭ ʧʦʟʠʮʠʡ ʚ ʩʦʟʜʘʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʩʚʦʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠʢʠ;  

g. ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʚʝʪʘ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʥʘ ʙʦʣʴʰʠʝ 

ʚʳʟʦʚʳ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ, ʯʝʣʦʚʝʢʘ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʩʦʮʠʘʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠʤʝʥʷʷ ʤʝʪʦʜʳ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ;  

h. ʬʠʥʘʥʩʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʉʪʨʘʪʝʛʠʠ ʅʊʈ ʈʌ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʟʘ ʩʯʝʪ ʙʶʜʞʝʪʥʳʭ ʘʩʩʠʛʥʦʚʘʥʠʡ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʳʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʩʪʥʳʭ ʙʶʜʞʝʪʦʚ ʠ ʚʥʝʙʶʜʞʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ.  

ʇʦʥʷʪʠʝ çʊʦʯʢʠ ʨʦʩʪʘè.  

ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ ʢʦʥʮʝʧʮʠʠ ʪʦʯʝʢ (ʧʦʣʶʩʦʚ) ʨʦʩʪʘ ʷʚʣʷʶʪʩʷ ʬʨʘʥʮʫʟ-

ʩʢʠʝ ʫʯʝʥʳʝ-ʵʢʦʥʦʤʠʩʪʳ (ɾ.-ʈ. ɹʫʜʚʠʣʴ, ʌ. ʇʝʨʨʫ ʠ ʜʨʫʛʠʝ). ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʌ. ʇʝʨʨʫ, ʧʦʣʶʩ ʨʦʩʪʘ ï ʵʪʦ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʪʜʝʣʴʥʳʝ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ï ʢʦʤʧʘʢʪʥʦ ʨʘʟʤʝʱʝʥʥʳʝ ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ï ʚ ʢʦʪʦʨʳʭ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʠʤʧʫʣʴʩ ʨʘʟʚʠʪʠʷè, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡ ʩʚʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʣʝʞʘʱʠʝ ʦʪʨʘʩʣʠ ʠ ʪʝʨʨʠʪʦʨʠʠ.  

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʚʦʚʚʝʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʛʨʫʧ-

ʧʠʨʫʶʪʩʷ ʚʦʢʨʫʛ ʣʠʜʠʨʫʶʱʝʡ ʦʪʨʘʩʣʠ. ɽʩʣʠ ʵʪʘ ʦʪʨʘʩʣʴ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʦ ʨʘʩ-

ʪʝʪ, ʥʦ ʪʘʢʞʝ ʧʦʨʦʞʜʘʝʪ ʮʝʧʥʫʶ ʨʝʘʢʮʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʦʩʪʘ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʮʝʥʪʨʦʚ, ʪʦ ʦʥʘ ʦʙʨʘʟʫʝʪ ʧʦʣʶʩ ʨʦʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʶʩ (ʪʦʯʢʘ) ʨʦʩʪʘ 

ï ʵʪʦ ʩʪʨʫʢʪʫʨʘ, ʩʧʦʩʦʙʥʘʷ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʦʩʪ ʚ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʘʭ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʯʝʢ ʨʦʩʪʘ ʥʝʦʙʭʦʜʠʤʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʦʨ-

ʛʘʥʠʟʘʮʠʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʩʧʦʩʦʙʥʘʷ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʠʞʝʥʠʝ ʤʫʣʴʪʠʧ-

ʣʠʢʘʪʠʚʥʦʛʦ ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʦʚ ʢʘʢ ʜʣʷ ʵʪʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʪʘʢ ʠ ʜʣʷ 

ʚʩʝʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ.  

ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʬʠʨʤʝʥʥʳʭ 

ʠ ʤʝʞʦʪʨʘʩʣʝʚʳʭ ʪʨʘʥʟʘʢʮʠʡ. ɿʘʯʘʩʪʫʶ ʪʦʯʢʠ ʨʦʩʪʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʘʤʢʘʭ ʦʧ-
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ʨʝʜʝʣʝʥʥʳʭ ʠʥʩʪʠʪʫʮʠʡ (ʪʝʭʥʦʧʘʨʢʠ, ʢʣʘʩʪʝʨʳ, ʪʝʨʨʠʪʦʨʠʠ ʦʧʝʨʝʞʘʶʱʝʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʪ.ʧ.), ʣʦʢʘʣʠʟʫʷʩʴ ʧʦ ʦʪʨʘʩʣʝʚʦʤʫ ʠʣʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʥʷʪʠʶ çʪʦʯʢʘ ʨʦʩʪʘè, ʥʦ ʝʝ 

ʯʘʩʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʪʝʨʨʠʪʦʨʠʠ (ʯʝʣʦʚʝʯʝʩʢʠʤ, ʥʘʫʯʥʦʪʝʭʥʠʯʝ-

ʩʢʠʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʤ, ʨʝʩʫʨʩʥʳʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ, ʦʪʨʘʩʣʝʚʳʤ ʠ ʜʨ.). ʀʤ-

ʧʫʣʴʩ ʨʘʟʚʠʪʠʷ çʧʦʪʝʥʮʠʘʣʴʥʳʤ ʪʦʯʢʘʤ ʨʦʩʪʘè ʧʨʠ ʥʘʣʠʯʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠʜʘʶʪ ʠʥʥʦʚʘʮʠʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ, çʪʦʯ-

ʢʦʡ ʨʦʩʪʘè ʜʣʷ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪʨʘʩʣʴ ʠʣʠ ʠʥʥʦʚʘ-

ʮʠʦʥʥʳʡ ʧʨʦʝʢʪ, ʚʦʟʥʠʢʰʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʠ.  

ʂʦʥʮʝʧʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʵʢʩʧʝʨʪʠʟʦʡ ʫʩ-

ʧʝʰʥʳʭ ʠʜʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠ ʧʨʦʜʚʠʛʘʶʱʠʭ ʠʟʥʘʯʘʣʴʥʦ ʦʞʠʜʘʝʤʳʝ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʨʳʥʢʦʤ ʧʨʦʜʫʢʪʳ, ʧʨʦʮʝʩʩʳ, ʫʩʣʫʛʠ ʠʣʠ ʜʘʞʝ ʤʝ-

ʪʦʜʳ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ. ʆʨʛʘʥʠʟʘʮʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʳʥʦʯʥʦʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ, ʧʦʩʪʦʷʥʥʦ ʚʥʝʜʨʷʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʪ.ʝ. ʨʘʩʰʠʨʷʝʪ ʩʚʦʠ ʨʳʥʦʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʝʨʝʩʤʘʪʨʠʚʘʝʪ ʫʩʪʦʷʚʰʠʝʩʷ 

ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ.  

ʀʥʜʫʩʪʨʠʷ 4.0 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʜʨʘʡʚʝʨʳ ʨʘʟʚʠʪʠʷ:  

1. ʎʠʬʨʦʚʠʟʘʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʮʝʧʦ-

ʯʝʢ: ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ ʜʦ ʣʦʛʠʩʪʠʢʠ ʠ ʩʝʨʚʠʩʘ. ɺʩʝ ʜʘʥʥʳʝ ʦ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʝʨʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʜʦ-

ʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʝʪʠ.  

2. ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ: ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʠʣʠ ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʠ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʝ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʘʥʘʣʠʪʠʢʠ  

ʎʠʬʨʦʚʳʝ ʧʨʦʜʫʢʪʳ ʜʣʷ ʢʣʠʝʥʪʦʚ: ʚʝʜʫʱʠʝ ʢʦʤʧʘʥʠʠ ʩʪʨʝʤʷʪʩʷ ʨʘʩʰʠ-

ʨʠʪʴ ʩʚʦʝ ʧʨʝʜʣʦʞʝʥʠʝ, ʧʨʝʜʦʩʪʘʚʠʚ ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʢʣʠʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʭʦʜʦʚ ʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʠʚʥʦ ʧʝʨʝʭʦʜʠʪ ʢ ʮʠʬʨʦʚʳʤ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʳʤ 

ʩʝʪʷʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ. ʂ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʨʝʰʝʥʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

1. ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʧʨʦʚʦʜʦʚ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʦʩ-

ʥʘʱʝʥʥʳʝ ʬʦʪʦ-ʚʠʜʝʦʢʘʤʝʨʦʡ, ʩʨʝʜʩʪʚʘʤʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʋʌ-

ʢʘʤʝʨʘʤʠ ʠ ʧʨʦʯʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʢʦʥʪʨʦʣʷ);  

2. ʥʦʚʳʝ ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ ʩ ʦʙʨʘʪʠʤʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʠ 
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ʝʤ ʥʘ ʨʦʟʥʠʯʥʦʤ ʨʳʥʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʦʢʯʝʡʥʘ, ʧʨʠ ʵʪʦʤ 
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ʣʷʶʱʝʛʦ ʧʨʠʥʮʠʧʳ ʨʘʩʯʝʪʦʚ ʟʘ ʫʯʘʩʪʠʝ ʚ ʮʝʥʦʟʘʚʠʩʠʤʦʤ ʧʦʪʨʝʙʣʝʥʠʠ).  

 
Abstract: the article discusses the prospects for digitalization of the electric power industry 

as an industry. 
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ʈɸɿʈɸɹʆʊʂɸ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ 

ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʅɸɻʈʋɿʂʆʁ ɺ 

ʄʀʂʈʆʕʅɽʈɻʆʉʀʉʊɽʄɸʍ 

ʍʘʬʠʟʦʚ ʐ.ʌ., ɺʦʣʦʰʠʥ ɸ.ɸ.,ɺʦʣʦʰʠʥ ɽ.ɸ., ʄʠʨʟʦʝʚʘ ʐ.ʄ. 

ʌɻɹʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʈʳʥʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʫʱʝʩʪʚʫ-

ʶʪ ʪʦʣʴʢʦ ʜʣʷ ʮʝʥʦʚʳʭ ʟʦʥ, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʮʝʥʳ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʤʝʩʪʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ 

ʜʠʟʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʮʝʥʫ ʟʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʦ 

ʠʟ-ʟʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʪʘʨʠʬʦʚ ʩʦ ʩʪʦʨʦʥʳ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʘʢʮʠʦʥʝʨʥʳʝ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ 

ʦʪʚʝʯʘʶʪ ʟʘ ʛʝʥʝʨʘʮʠʶ, ʧʝʨʝʜʘʯʫ ʠ ʩʙʳʪ ʷʚʣʷʶʪʩʷ ʫʙʳʪʦʯʥʳʤʠ, ʧʨʠʭʦʜʠʪʩʷ ʠʭ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴ ʩʫʙʩʠʜʠʨʦʚʘʥʠʝʤ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʩʪʨʦ-

ʠʪʴ ʥʦʚʳʝ ʛʝʥʝʨʠʨʫʶʱʠʝ ʩʪʘʥʮʠʠ ʥʘ ʙʘʟʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʧʨʠʤʝʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʠ-

ʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʯʘʩʳ ʧʠʢʘ. ʎʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʦʪ ʵʪʦʛʦ ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʚʳʛʦʜʫ, ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [1]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ 

ʨʳʥʦʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʦʟʘʚʠʩʠʤʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ 

ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʫʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʧʨʠʤʝʥʝʥʠʝ çʀʥʪʝʨʥʝʪ 

ʚʝʱʝʡè ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʤʠʢʨʦʛʨʠʜ.  

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʠ ʩʦʣʥʮʘ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʳʷʚʠʣʠ 

ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʘʚʣʝʥʠʝʤ, ʠʥʪʝʛʨʘʮʠʝʡ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʝʪʴ, ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʝʪʠ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩ-

ʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʧʨʝʨʳʚʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ, ʪʦ ʝʩʪʴ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʮʝʥʦʟʘ-

ʚʠʩʠʤʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʙʳ ʚʥʦʩʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʩʛʣʘ-

ʞʠʚʘʥʠʠ ʛʨʘʬʠʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʟʚʦʣʠʣʦ ʙʳ ʥʘʢʘʧʣʠʚʘʪʴ ʵʥʝʨʛʠʶ ʚ ʯʘʩʳ 

çʜʝʰʝʚʦʡè ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʕʕ), ʯʪʦ ʩɻ ʢʦʥʦʤʠʣʦ ʙʳ ʜʝʥʴʛʠ ʧʦʪʨʝʙʠʪʝʣʷ. 
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ʂʦʥʮʝʧʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ 

20 ʠʶʣʷ 2016 ʛʦʜʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ699 çʆ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʇʨʘʚʠʣʘ ʦʧʪʦʚʦʛʦ ʨʳʥʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠè, ʠ 

ʥʘʯʠʥʘʷ ʩ 2017 ʛʦʜʘ ʢʨʫʧʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ - ʩʫʙʲʝʢʪʳ ʦʧʪʦʚʦʛʦ ʨʳʥʢʘ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ - ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠʷ ʚ ʮʝʥʦʟʘʚʠʩʠʤʦʤ ʩʥʠʞʝ-

ʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ (ʎɿʉʇ) ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ ʥʘ ʦʧʪʦʚʦʤ ʨʳʥʢʝ [2]. 

ʄʝʭʘʥʠʟʤ ʎɿʉʇ ʥʝ ʧʨʠʦʙʨʝʣ ʜʦʩʪʘʪʦʯʥʦʡ ʧʦʧʫʣʷʨʥʦʩʪʠ: ʚ ʥʝʤ ʚ ʦʩʥʦʚʥʦʤ 

ʫʯʘʩʪʚʦʚʘʣ ʧʨʝʜʧʨʠʷʪʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʛʨʫʧʧʳ - ʘʣʶʤʠʥʠʝʚʳʝ 

ʟʘʚʦʜʳ ʆʂ çʈʫʩʘʣè [3]. ʇʦʵʪʦʤʫ 20 ʤʘʨʪʘ 2019 ʛʦʜʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʧʦʩʪʘʥʦʚʣʝ-

ʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 287, ʢʦʪʦʨʦʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʚ 2019 ʛʦʜʫ 

ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʧʨʦʩʦʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʦʟʥʠʯʥʦʛʦ ʨʳʥʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʫʯʘʩʪʠʝʤ ʦʨʛʘʥʠʟʘʮʠʡ-ʘʛʨʝʛʘʪʦʨʦʚ ʠ ʩʜʝʣʘʪʴ ʮʝʥʦʟʘʚʠʩʠʤʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʩʪʨʘ-

ʥʳ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʦʥʦʤʠʪʴ ʥʘ ʮʝʥʝ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ ʟʘ ʩʯʝʪ ʛʦʪʦʚʥʦʩʪʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʨʦʟʥʠʯʥʦʛʦ ʨʳʥʢʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ ʨʦʟʥʠʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ - 

ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʘʣʘʥʩʘ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝ-

ʥʠʷ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʳʥʢʝ. 

 

ɿʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʥʘ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʶ 

ʆʧʠʨʘʷʩʴ ʥʘ ʦʧʳʪ ʉʐɸ, ʚ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʨʘʟʚʠʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚ 

ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʪʝʭʥʦʣʦʛʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʜʣʷ ʨʦʟʥʠʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʠʣʦʪ-

ʥʦʛʦ ʧʨʦʝʢʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʉʐɸ ʫʞʝ ʢ ʩʝʨʝʜʠʥʝ 1980ʭ ʛʦʜʦʚ ʧʨʦʛʨʘʤʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʰʪʘʪʘʭ, ʯʪʦ ʧʦʟʚʦʣʠ-

ʣʦ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʥʦʚʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. ʊʘʢʞʝ 

ʢʘʣʠʬʦʨʥʠʡʩʢʠʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʜʦʩʪʫʧ-

ʥʳ ʪʘʢʞʝ ʠ ʜʣʷ ʤʠʢʨʦʛʨʠʜʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʠʟʦʣʠʨʦʚʘʥʥʦ ʦʪ ʦʙʱʝʡ ʵʥʝʨ-

ʛʦʩʠʩʪʝʤʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʛʨʘʤʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʜʝʥʝʞʥʳʤʠ ʚʳʧʣʘʪʘʤʠ ʨʘ-

ʙʦʪʘʝʪ ʪʦʣʴʢʦ ʜʣʷ ʦʧʪʦʚʦʛʦ ʨʳʥʢʘ ʙʦʣʴʰʠʭ ʦʙʲʝʜʠʥʝʥʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ. ɿʘʨʫ-

ʙʝʞʥʳʡ ʦʧʳʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʤʠʨʝ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʩʧʨʦʩʦʤ. ʅʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʤʝʨʯʝʩʢʠʝ ʠ ʥʝʪ ʜʘʥʥʳʭ 

ʦʙ ʠʭ ʧʫʙʣʠʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʘʣʛʦʨʠʪʤ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɸʥʘʣʦ-

ʛʦʚ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʈʦʩʩʠʠ ʥʝʪ. 
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ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʮʝʥʦʟʘʚʠʩʠʤʦʛʦ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟ-

ʢʦʡ 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʝʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʠʤʝʶ-

ʱʫʶ ʫ ʩʝʙʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʯʝʪʯʠʢʠ ʜʣʷ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʩʚʷʟʠ. ʅʘ ʈʠʩ. 1 ʧʦ-

ʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʰʣʶʟʘ LoRa ʜʣʷ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʚʷʟʠ, 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ, ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʮʝʥʳ. ʕʪʦʪ ʩʝʨʚʝʨ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʛʝʥʝʨʘʮʠʠ ʠ ʧʦʪʨʝʙʣʝ-

ʥʠʷ ʠ ʭʨʘʥʠʪʴ ʫ ʩʝʙʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʘʥʘʣʠʟ ʠ ʜʘʣʴ-

ʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ. ʂʘʞʜʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʦʩʥʘʱʝʥ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ, ʠ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʦʪʨʝʙʣʝʥʠʠ. 

 

˽͎ͪͦͪ͊ͣͣͤͦ-
͊ͨͨ͊ͪ͊ͭͤ·͚ ͔ͦͣͨͫ͟͟͡

˨͊ͤͤ·͔ 
͎͔͔ͤͪ͊ͼ͙͙ ̊͡Ό͘ LoRa

˽͔͙͔ͦͭͪ͋ͭ͡Έ 
1

ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έ͔ͤͦ 
͚͍ͯͫͭͪͦͫͭͦ 
͍͔͙ͯͨͪ͊ͤ͡Ύ 
͔͙͔ͨͦͭͪ͋ͭ͡Ύ

˨͊ͤͤ·͔ ͎͔͔ͤͪ͊ͼ͙͙, ͨ ͪͦͭͦͦ͟͡ ͔͔ͨͪ͒͊;͙ ͒͊ͤͤ·ͻ TCP/IP

LoRa ͣ ͦ͒ͯ͡Ύͼ͙Ύ

͔̇ͤ͊, ͨ ͪͦͭͦͦ͟͡ ͔͔ͨͪ͒͊;͙ ͒͊ͤͤ·ͻ TCP/IP

˴ͦͣ͊ͤ͒· ͦͭ͟͡Ό;͔͙ͤΎ/͍͟͡Ό;͔͙ͤΎ, ͒ ͊ͤͤ·͔ ͦ ͔͔͙͙ͨͦͭͪ͋ͤ͡

˽͔͙͔ͦͭͪ͋ͭ͡Έ 
2

ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έ͔ͤͦ 
͚͍ͯͫͭͪͦͫͭͦ 
͍͔͙ͯͨͪ͊ͤ͡Ύ 
͔͙͔ͨͦͭͪ͋ͭ͡Ύ

˽͔͙͔ͦͭͪ͋ͭ͡Έ 
n

ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έ͔ͤͦ 
͚͍ͯͫͭͪͦͫͭͦ 
͍͔͙ͯͨͪ͊ͤ͡Ύ 
͔͙͔ͨͦͭͪ͋ͭ͡Ύ

 
ʈʠʩ. 1 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʮʝʥʦʟʘʚʠʩʠʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ 

 ʎʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʚʳʭ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. ʂʘʞʜʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʧʨʝʜʦʩ-

ʪʘʚʠʪʴ ʨʳʥʢʫ ʩʚʦʶ ʢʨʠʚʫʶ ʩʧʨʦʩʘ ʟʘ ʧʝʨʠʦʜ 5 ʤʠʥʫʪ, ʪʘʢʞʝ ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʢʦʤʧʘʥʠʠ ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʘ ʧʨʝʜʦʩʪʘʚʷʪ ʨʳʥʢʫ ʩʚʦʶ ʢʨʠʚʫʶ ʧʨʝʜʣʦʞʝʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʡ ʢʨʠʚʦʡ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʨʳʥʦʯ-

ʥʘʷ ʮʝʥʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʜʘʣʝʝ ʧʦʪʨʝʙʠʪʝʣʠ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝ-

ʥʠʝ ʦ ʩʥʠʞʝʥʠʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʠ ʩʚʦʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʦʚʳʝ 

ʢʨʠʚʳʝ ʩʧʨʦʩʘ. ʅʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʠ 

ʧʝʨʝʜʘʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʪʨʠ ʮʠʢʣʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʮʝʥʳ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʰʘʛʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ: 

1. ɺʩʝ ʫʯʘʩʪʥʠʢʠ ʨʳʥʢʘ ʧʨʝʜʦʩʪʘʚʷʪ ʩʚʦʠ ʢʨʠʚʳʝ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʟʘ ʦʧ-

ʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʧʦʪʨʝʙʣʝʥʠʷ 

2. ʅʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʳʭ ʢʨʠʚʳʭ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʦʪ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 
ʨʳʥʢʘ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ.  
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a)

˹͊;͊ͦ͡

˻͔͔͔͙ͨͪ͒ͤ͡Ύ 
ͪ·ͤͦ;͚ͤͦ ͼ͔ͤ· ͤ͊ 

͍͔ͦͫͤͦ 
͎ͫͯͣͣ͊ͪͤͦͦ ͫͨͪͦͫ͊ 
͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ

˽͔͍͔͙ͪ͒ͦͫͭ͊ͤ͡Ύ ͙͍ͪ͟·ͻ 
ͫͨͪͦͫ͊ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͦͭ 
͎͊͗͒ͦͦ͟ ͯ;͙͊ͫͭͤ͊͟ ͪ·ͤ͊͟ 
͊͘ ͔͙ͨͪͦ͒ z = a-5a ͣ ͙ͤͯͭ 

(͙͔ͤ͊ͨͪͣͪ ͫ 5 ͒ ͦ 10 
͙ͣͤͯͭ), ͎ ͔͒  ͊ =0,1,..,288 ς 

24 ;͊ͫ͊

ˤ·͍ͦ͒ 
ͪ·ͤͦ;͚ͤͦ 
ͼ͔ͤ·

˴͔ͦͤͼ

ˣ͔͘ DR

 ʙ)

C DR
˹͊;͊ͦ͡

˻͔͔͔͙ͨͪ͒ͤ͡Ύ 
ͪ·ͤͦ;͚ͤͦ ͼ͔ͤ· ͤ͊ 

͍͔ͦͫͤͦ 
͎ͫͯͣͣ͊ͪͤͦͦ ͫͨͪͦͫ͊ 
͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ

˽͔͍͔͙ͪ͒ͦͫͭ͊ͤ͡Ύ ͙͍ͪ͟·ͻ ͫͨͪͦͫ͊ 
͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͦͭ ͎͊͗͒ͦͦ͟ 

ͯ;͙͊ͫͭͤ͊͟ ͪ·ͤ͊͟ ͊͘ ͔͙ͨͪͦ͒ z = a-
5a ͣ ͙ͤͯͭ (͙͔ͤ͊ͨͪͣͪ ͫ 5 ͒ ͦ 10 
͙ͣͤͯͭ), ͎ ͔͒  ͊ =0,1,..,288 ς 24 ;͊ͫ͊

˻͍ͭͨͪ͊͊͟ 
ͪ·ͤͦ;͚ͤͦ 
ͼ͔ͤ· 

͔͙͔ͨͦͭͪ͋ͭ͡Ύͣ

˽͙͔ͪͣ ͫͦͦ͋΅͔͙͚ͤ ͦ 
͎͙͙ͫͦ͊ͫ͡/͔͎͙͙ͤͫͦ͊ͫ͡ 
͔͙͔ͨͦͭͪ͋ͭ͡Ύ

˽͔͙͔ͦͭͪ͋ͭ͡Έ 
͎͔ͫͦ͊ͫͤ͡

˭͊͟͡Ό;͔͙͔ͤ 
ͦͤͭͪ͊ͭ͊͟͟ ͫ 
͔͙͔͔ͨͦͭͪ͋ͭͣ͡, 
͔͔ͨͪͻͦ͒ ͟ 
͔ͫ͒ͯ͡Ό΅͔ͣͯ 
͔͙͔ͨͦͭͪ͋ͭ͡Ό

˽͔͍͔͙͔ͪ͒ͦͫͭ͊ͤ͡ 
͍ͤͦ·ͻ ͙͍ͪ͟·ͻ 
ͫͨͪͦͫ͊

I = ͦ ͭ 1 
͒ͦ 3

˨͊

˨͊

˹͔ͭ

˭͊͟͡Ό;͔͙͔ͤ 
ͦͤͭͪ͊ͭ͊͟͟ ͫ 
͍ͦͫͭ͊΄͙͙ͣͫΎ 
͔͙͔ͨͦͭͪ͋ͭ͡Ύ͙ͣ 

˴͔ͦͤͼ

ˤ͔ͫ 
͔͙͔ͨͦͭͪ͋ͭ͡Ύ 
͎ͫͦ͊ͫͤ͡·

˴͔ͦͤͼ

˹͔ͭ

˨͊

˹͔ͭ

 ʚ)

˹͊;͊ͦ͡

˽ͦͯ͡;͔͙͔ͤ 
ͪ·ͤͦ;͚ͤͦ 
ͼ͔ͤ· ͦͭ 
ͪ·ͤ͊͟

͔̇ͤ͊ ͙͍͔ͯͫͭͪ͊͊ͭ

˿͙͔͙͔ͤ͗ͤ 
͎͙ͤ͊ͪͯ͘͟ ͙ 

͍ͦͭͨͪ͊͊͟ ͍͎ͤͦͦͦ 
͙͍͎ͪͦͦ͟ ͫͨͪͦͫ͊

˨͊

˹͔ͭ

˻͍ͭͨͪ͊͊͟ 
ͫͦͦ͋΅͔͙ͤΎ ͦ ͭͦͣ, 
;ͭͦ ͎͔ͫͦ͊ͫͤ͡ ͤ͊ 
ͭ͊ͯ͟Ό ͼ͔ͤͯ ͫͭͦ͡Έͦ͟ 
͔͙ͨͦͭͪ͋ͭΈ

˴͔ͦͤͼ

͍͔͙̂͡;͔͙͔ͤ 
͔͔͙ͨͦͭͪ͋ͤ͡Ύ ͙ 
͍ͦͭͨͪ͊͊͟ ͍͎ͤͦͦͦ 
͙͍͎ͪͦͦ͟ ͫͨͪͦͫ͊

˽͙ͪͦ͒ͦ͗ͭ͡Έ 
ͯ;͙͔͊ͫͭ ͍ 
͊ͯ͟ͼ͙͔ͦͤ

˹͔ͭ

˨͊

ˢ͎͙ͦͪͭͣ͡ 
͔͙͔ͨͦͭͪ͋ͭ͡Ύ

˻͍ͭͨͪ͊͊͟ 
ͫͦͦ͋΅͔͙ͤΎ ͦ ͭͦͣ, 
;ͭͦ ͔ͤ ͎͔ͫͦ͊ͫͤ͡  

˿͙͔͙͔ͤ͗ͤ 
͎͙ͤ͊ͪͯ͘͟ ͙ 

͍ͦͭͨͪ͊͊͟ ͍͎ͤͦͦͦ 
͙͍͎ͪͦͦ͟ ͫͨͪͦͫ͊

 

ʈʠʩ.2 ï ɹʣʦʢ ʩʭʝʤʳ  

ï ʘ) ʙʝʟ ʘʣʛʦʨʠʪʤʘ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ; ï ʙ) ʩ ʘʣʛʦʨʠʪʤʦʤ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ; ï ʚ) 

ʘʣʛʦʨʠʪʤ ʩʥʠʞʝʥʠʷ/ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ  

3. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʳʥʦʯʥʦʡ ʮʝʥʳ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

4. ʇʨʠ ʥʠʟʢʠʭ ʨʳʥʦʯʥʳʭ ʮʝʥʘʭ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʠ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʨʝʙʠʪʝʣʷ ʦ 
ʟʘʢʣʶʯʝʥʠʠ ʢʦʥʪʨʘʢʪʘ ʧʦ ʵʪʦʡ ʮʝʥʝ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʩʚʦʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʥʦʚʫʶ ʢʨʠʚʫʶ ʩʧʨʦʩʘ. 

5. ʅʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʦʚʘʷ ʮʝʥʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʘ 
ʧʦʪʨʝʙʠʪʝʣʷʤ. 

6. ʇʦʚʪʦʨʝʥʠʝ ʩ ʰʘʛʘ 3 ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʩʦʩʪʦʠʪʩʷ ʪʨʠ ʘʫʢʮʠʦʥʘ. 

ɹʣʦʢ-ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʘ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ.2ʘ ʠ 2ʙ. ʅʘ 

ʈʠʩ.2ʘ ʧʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʳʥʦʯʥʦʡ ʮʝʥʳ ʙʝʟ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʳʥʦʯʥʦʡ ʮʝʥʳ. ʎʝʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ (ʚ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 5 ʤʠʥʫʪ, ʥʘʧʨʠʤʝʨ, ʩ ʧʝʨʠʦʜʘ 5 ʤʠʥʫʪ 

ʜʦ 10 ʤʠʥʫʪ). 

ʅʘ ʈʠʩ.2ʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʩʥʠʞʝʥʠʠ ʥʘ-

ʛʨʫʟʢʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʳʥʦʯʥʦʡ ʮʝʥʳ. ʇʨʠ ʨʳ-

ʥʦʯʥʦʡ ʮʝʥʝ ʙʦʣʴʰʝʡ ʫʩʪʨʘʠʚʘʝʤʦʡ ʮʝʥʳ ʧʦʪʨʝʙʠʪʝʣʷ ʘʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪ ʩʥʠ-

ʞʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʙʫʜʝʪ ʤʝʥʴʰʝ ʘʣʛʦʨʠʪʤ ʥʘ-

ʯʠʥʘʝʪ ʥʦʚʳʝ ʪʦʨʛʠ ʩ ʨʳʥʢʦʤ ʠ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʧʦʪʨʝʙʣʝ-

ʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʤʠʢʨʦʵʥʝʨʛʦʩʠʩʪʝʤʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʮʝʥʦʟʘʚʠʩʠʤʦʛʦ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʤʠʢʨʦʛʨʠʜʘ ʚ ʧʨʦʛʨʘʤʤ-

ʥʦʤ ʢʦʤʧʣʝʢʩʝ Matlab. Simulink - ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Matlab ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩ-

ʪʝʤ.  
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ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʛʦʪʦʚʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʙʣʦʢʠ ʠ ʥʘʩʪʨʘʠ-

ʚʘʝʤʳʡ ʥʘʙʦʨ ʙʣʦʯʥʳʭ ʙʠʙʣʠʦʪʝʢ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ Simulink 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ. ɹʠʙʣʠʦʪʝʢʘ Simscape 

Electrical ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ, ʤʝʭʘ-

ʪʨʦʥʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [5]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʚʝʢʪʦʨʥʦʛʦ ʨʝʰʝʥʠʷ (Phasor). ʕʪʦʪ ʤʝʪʦʜ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝ-

ʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʢʨʫʧʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʵʪʘ ʤʝʪʦʜʠʢʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝʤ ʧʝʨʝʭʦʜʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʰʠʥ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʣʶʙʦʡ 

ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ. ʊʘʢ ʢʘʢ ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʬʘʟʳ 

ʚʩʝʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ, ʢʦʛʜʘ ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʟʘʤʢʥʫʪʳ ʠʣʠ ʨʘʟʦʤʢʥʫʪʳ, ʥʘʤ 

ʥʝ ʥʫʞʥʦ ʨʝʰʘʪʴ ʚʩʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦ-

ʩʪʦʷʥʠʡ), ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ R, L ʠ C. ɺʤʝ-

ʩʪʦ ʵʪʦʛʦ ʤʦʞʥʦ ʨʝʰʠʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʥʘʙʦʨ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝ-

ʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʝʢʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ - ʵʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʤʠʢʨʦʛʨʠʜʘ ʚ ʇʂ Matlab ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 3. 

 

 
ʈʠʩ. 3 - ʇʨʠʥʮʠʧʠʘʣʴʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʤʠʢʨʦʛʨʠʜʘ ʚ ʇʂ Matlab 

ʉʭʝʤʘ MatLab Simulink ʩʦʩʪʦʠʪ ʠʟ 6 ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

1. ɼʠʟʝʣʴ - ʛʝʥʝʨʘʪʦʨ 

2. ɺʝʪʨʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ (ɺʕʉ) 

3. ʉʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ (ʉʕʉ) 

4. ʅʘʛʨʫʟʢʘ 

5. ʅʘʢʦʧʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʳʥʦʯʥʦʡ ʮʝʥʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. ʅʦ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘ-

ʨʠʘʥʪʘ, ʧʝʨʚʦʝ - ʧʦʪʨʝʙʠʪʝʣʠ ʙʫʜʫʪ ʧʦʪʨʝʙʣʷʪʴ ʕʕ ʥʝ ʟʘʚʠʩʠʤʦʛʦ ʦʪ ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʦʡ ʨʳʥʦʯʥʦʡ ʮʝʥʳ, ʠ ʚʪʦʨʦʝ - ʧʦʪʨʝʙʠʪʝʣʠ ʙʫʜʫʪ ʩʥʠʞʘʪʴ ʩʚʦʝ ʧʦʪʨʝʙʣʝ-

ʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʮʝʥʘʭ ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʩʧʨʦʩ ʠ ʨʳʥʦʯʥʫʶ ʮʝʥʫ ʟʘ ʕʕ. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʨʦʩʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ɺʀʕ ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʟʘ ʵʣʝʢ-
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ʪʨʦʵʥʝʨʛʠʶ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠʣʠ ʫʤʝʥʴʰʘʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʫʯʪʝʥʳ, ʯʪʦ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ ʮʝʥʘ ʟʘ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʶ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ. 

ʉʤʦʜʝʣʠʨʫʝʤ ʩʮʝʥʘʨʠʡ, ʢʦʛʜʘ ʉʕʉ ʩʥʠʟʠʣʘ ʩʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʜʦ 10% ʠʟ - 

ʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʙʦʪʫ ʤʦʜʝʣʠ ʙʝʟ ʎɿʉʇ ʠ ʩ 

ʎɿʉʇ, ʧʨʠ ʵʪʦʤ ʚ ʦʙʝʠʭ ʩʣʫʯʘʷʭ ʧʨʠʝʤ, ʯʪʦ ʥʘʢʦʧʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘʨʷ-

ʞʝʥ ʠʟʥʘʯʘʣʴʥʦ ʥʘ 50%. ɺʳʨʘʙʦʪʢʘ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ɺʕʉ ʥʝ ʧʦʢʨʳʚʘʝʪ 

ʛʨʘʬʠʢ ʧʦʪʨʝʙʣʝʥʠʷ, ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʅʕʕ ʥʘʯʠʥʘʝʪ ʚʳʜʘʚʘʪʴ ʚ ʩʝʪʴ ʥʘʢʦʧʣʝʥ-

ʥʫʶ ʵʥʝʨʛʠʶ ʠ ʨʘʟʨʷʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʛʦ ʟʘʨʷʜ ʥʝ ʩʦʩʪʘʚʠʪ 10 %. ʇʨʠ 

ʛʝʥʝʨʘʮʠʠ ʉʕʉ ʚ ʩʝʪʠ ʧʦʷʚʣʷʝʪʩʷ ʧʨʦʬʠʮʠʪ ʤʦʱʥʦʩʪʠ ʟʘ ʩʯʝʪ, ʢʦʪʦʨʦʡ ʥʘʯʠʥʘ-

ʝʪ ʟʘʨʷʞʘʪʴʩʷ ʥʘʢʦʧʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠ ʥʝʭʚʘʪʢʝ ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ ʚʢʣʶʯʘʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪ ʚʳʜʘʚʘʪʴ ʚ ʩʝʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʱ-

ʥʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʎɿʉʇ ʠ ʙʝʟ ʎɿʉʇ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ 

ʈʠʩ.5ʘ ʠ 5ʙ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ. 4 ʞʠʣʳʝ ʥʘʛʨʫʟʢʠ ʧʝʨʝʥʝʩʣʠ ʩʚʦʡ ʦʙʲʝʤ ʥʝʧʦ-

ʪʨʝʙʣʝʥʥʦʡ ʕʕ ʥʘ ʜʨʫʛʠʝ ʜʥʠ, ʛʜʝ ʮʝʥʘ ʟʘ ʕʕ ʜʝʰʝʚʘʷ, ʘ ʧʨʝʜʧʨʠʷʪʠʝ ʚʦʦʙʱʝ 

ʥʝ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʎɿʉʇ. ɺʳʛʦʜʘ ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʘ I. 

 

 
ʈʠʩ. 4 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʎɿʉʇ ʜʣʷ ʞʠʣʳʭ ʥʘʛʨʫʟʦʢ 
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a)  

ʙ)  

ʈʠʩ.5 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ï ʘ) ʙʝʟ ʫʯʝʪʘ ʘʣʛʦʨʠʪʤʘ ʎɿʉʇ; ï ʙ) ʩ ʫʯʝʪʦʤ ʘʣʛʦʨʠʪʤʘ ʎɿʉʇ  

 

ʊʘʙʣʠʮʘ I - ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺʠʜ ʧʦʪʨʝʙʠ-

ʪʝʣʷ 

ɹʝʟ ʎɿʉʇ ʉ ʎɿʉʇ 

ɺʳʛʦ-

ʜʘ, % 

ʅʝʜʝʣʴ-

ʥʳʡ ʦʙʲʝʤ 

ʧʦʪʨʝʙʣʝ-

ʥʠʷ, ʢɺʪ*ʯ 

ʆʙʱʘʷ ʩʪʦʠ-

ʤʦʩʪʴ ʕʕ, ʨʫʙ. 

ʅʝʜʝʣʴʥʳʡ 

ʦʙʲʝʤ ʧʦ-

ʪʨʝʙʣʝʥʠʷ, 

ʢɺʪ*ʯ 

ʆʙʱʘʷ ʩʪʦʠ-

ʤʦʩʪʴ ʕʕ, ʨʫʙ. 

ɾʠʣʘʷ ʥʘ-

ʛʨʫʟʢʘ 1 
782,4 10060 782,4 6980 30,62 

ɾʠʣʘʷ ʥʘ-

ʛʨʫʟʢʘ 2 
805,1 11510 805,1 7380 35,88 

ɾʠʣʘʷ ʥʘ-

ʛʨʫʟʢʘ 3 
640,9 8978 640,9 5817 35,21 

ʇʨʝʜʧʨʠʷʪʠʝ 1085 18410 1086 18410 0 
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ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʨʳʥʦʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʤʦʜʝʣʠ ʤʠʢʨʦʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Simscape Electrical ʚ 

ʇʂ Matlab, ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʧʦʩʦʙʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʮʝʥʦʟʘʚʠʩʠʤʦʛʦ ʩʧʦʩʦʙʘ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʎɿʉʇ ʤʦʞʥʦ ʢʦʨʨʝʢ-

ʪʠʨʦʚʘʪʴ ʧʨʦʬʠʣʴ ʥʘʛʨʫʟʢʠ ʚ ʧʠʢʦʚʳʝ ʤʦʤʝʥʪʳ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʥʘʧʠʩʘʥ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʦʚ 

Matlab Function ʥʘ ʷʟʳʢʝ ʤʘʪʣʘʙʘ. ɹʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʝʥʦʨʤʘʣʴ-

ʥʳʝ ʨʝʞʠʤʳ, ʩʚʷʟʘʥʥʳʝ ʠʟ-ʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦ-

ʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʯʪʦʙʳ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʎɿʉʇ ʧʨʠ ʥʝʥʦʨ-

ʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ.  
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Abstract. Market-based pricing mechanisms in the Russian Federation exist only for price zones, in 

other cases prices are regulated by the Government, especially in technologically isolated power 

systems, diesel power plants are often used, which substantially increases the price of electricity, 

but due to regulated tariffs by the Government, joint-stock companies, which are responsible for 

generating, transferring and selling are at a loss, have to support them with subsidies from the 

State. To address this problem, it is possible to construct new generation plants based on renewable 

sources of electricity and to apply demand management technology to reduce consumption and the 

cost of electricity during peak hours. Real-time pricing is proposed as an effective way to manage 
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consumer demand. At the same time, electricity producers can also benefit [1]. The work will pre-

sent a real-time pricing algorithm based on market mechanisms of supply and demand. 

Key words: Price-dependent reduction of consumption, dynamic pricing in the electricity market, 

demand response, use of çInternet thingsè in the electric power industry, microgrid. 

 

 

ʋɼʂ 621.3 

ʈʆʃʔ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɻʆ ʀʉʏʀʉʃɽʅʀʗ ɺ ʀɿʋʏɽʅʀʀ  

ʆʊɼɽʃʔʅʓʍ ɻʃɸɺ ʕʃɽʂʊʈʆʊɽʍʅʀʂʀ 

ɸ. ɸ. ʐʠʰʠʥ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

 ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ  

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 

ʇʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ - ʵʪʦ ʧʦʥʷʪʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʝʝ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. 

ʀʩʪʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʦʨʤʫʣʳ ʧʨʦʠʟʚʦʜʥʦʡ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʧʷʪʥʘ-

ʜʮʘʪʦʤ ʩʪʦʣʝʪʠʠ, ʢʦʛʜʘ ʚʝʣʠʯʘʡʰʠʡ ʠʪʘʣʴʷʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʊʘʨʪʘʣʴʠ ʨʘʙʦʪʘʣ 

ʥʘʜ  ʚʦʧʨʦʩʦʤ ï ʥʘʩʢʦʣʴʢʦ ʟʘʚʠʩʠʪ ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ ʩʥʘʨʷʜʘ ʦʪ ʥʘʢʣʦʥʘ ʦʨʫ-

ʜʠʷ. 

ʉʘʤʦ ʧʦʥʷʪʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʚʦʟʥʠʢʣʦ ʚ ʩʝʤʥʘʜʮʘʪʦʝ ʩʪʦʣʝʪʠʝ ʚ ʩʚʷʟʠ ʩ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʠʟ ʬʠʟʠʢʠ, ʤʝʭʘʥʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ. ʅʝʟʘʚʠ-

ʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʀʩʘʘʢ ʅʴʶʪʦʥ ʠ ɻʦʪʬʨʠʜ ʃʝʡʙʥʠʮ ʨʘʟʨʘʙʦʪʘʣʠ ʢʦʥʮʝʧʮʠʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. ʀʩʘʘʢ ʅʴʶʪʦʥ ʦʧʠʨʘʣʩʷ ʥʘ ʬʠʟʠʯʝʩʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ ɻʦʪ-

ʬʨʠʜ ʃʝʡʙʥʠʮ ʧʨʠʰʝʣ ʢ ʵʪʦʡ ʞʝ ʢʦʥʮʝʧʮʠʠ, ʨʝʰʘʷ ʟʘʜʘʯʫ ʧʨʦʚʝʜʝʥʠʷ ʢʘʩʘ-

ʪʝʣʴʥʦʡ ʢ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʨʠʚʦʡ, ʪ.ʝ. ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʧʨʦʠʟʚʦʜʥʦʡ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ ʝʩʪʴ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʢʘʩʘʪʝʣʴʥʦʡ [1]. 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʥʝ ʙʳʣʠ ʥʘʜʣʝʞʘʱʠʤ 

ʦʙʨʘʟʦʤ ʦʙʦʩʥʦʚʘʥʳ ʜʦ ʜʝʚʷʪʥʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ. ʆʜʥʘʢʦ ʚ ʥʘʯʘʣʝ XIX ʚ. 

ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʆ. ʂʦʰʠ ʜʘʣ ʩʪʨʦʛʦʝ ʧʦʥʷʪʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩ-

ʯʠʩʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʥʷʪʠʷ ʧʨʝʜʝʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʙʳ ʭʦʪʝʣʠ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʠʟ-

ʚʦʜʥʦʡ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘ ʧʨʠʤʝʨʝ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʢʘʩʘʶʱʝʡʩʷ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʢʘè. ʅʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦʢʘʟʳʚʘʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʬʫʥʢʮʠʠ, ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʮʝʩʩʘ. ʅʘʧʨʠʤʝʨ, ʧʦ ʚʨʝʤʝʥʠ ʠʣʠ ʧʦ ʜʨʫʛʠʤ ʧʘ-

ʨʘʤʝʪʨʘʤ. 

ʊ.ʢ. ʥʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʚʘʞʥʘ ʥʝ ʪʦʣʴʢʦ ʩʘʤʘ ʬʫʥʢʮʠʷ, ʥʦ ʠ ʩʢʦʨʦʩʪʴ ʝʝ 

ʠʟʤʝʥʝʥʠʷ, ʪʦ ʧʨʦʠʟʚʦʜʥʘʷ, ʙʫʜʫʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ, 

ʬʫʥʢʮʠʠ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʚʦʧʨʦʩʘʭ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ.  
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ʅʘʚʳʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ  ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʠ. ʀʩʧʦʣʴʟʫʷ ʟʘʜʘʯʠ ʦʙʱʝʪʝʭʥʠʯʝʩʢʠʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʤʳ 

ʬʦʨʤʠʨʫʝʤ ʧʦʥʠʤʘʥʠʝ ʛʣʫʙʦʢʦʡ ʦʙʱʥʦʩʪʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧ-

ʧʘʨʘʪʘ ʢ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʷʚʣʝʥʠʡ ʧʨʠʨʦʜʳ.  

ʊʘʢʠʤ ʆʙʨʘʟʦʤ: ʩʠʣʘ ʪʦʢʘ ʵʪʦ ʧʨʦʠʟʚʦʜʥʘʷ  ,ʛʜʝ ȹq ï

 ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʧʝʨʝʥʦʩʠʤʳʡ ʯʝʨʝʟ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʟʘ ʚʨʝʤʷ ȹt.  

ʇʨʠʤʝʨ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè [2]. 

ɿʘʜʘʯʘ ʦ ʤʛʥʦʚʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʪʦʢʘ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ q = q(t) ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʪʝʢʘʶʱʝʝ ʯʝʨʝʟ 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʟʘ ʚʨʝʤʷ t.  

ʇʫʩʪʴ ȹt ï ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ȹq = q(t + ȹt) ï q(t) ʢʦʣʠʯʝʩʪ-

ʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʪʝʢʘʶʱʝʝ ʯʝʨʝʟ ʫʢʘʟʘʥʥʦʝ ʩʝʯʝʥʠʝ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝ-

ʥʠ ʦʪ ʤʦʤʝʥʪʘ t ʜʦ ʤʦʤʝʥʪʘ t + ȹt. ʊʦʛʜʘ ʦʪʥʦʰʝʥʠʝ ʥʘʟʳʚʘʶʪ ʩʨʝʜʥʝʡ ʩʠʣʦʡ 

ʪʦʢʘ. ʄʛʥʦʚʝʥʥʦʡ ʩʠʣʦʡ ʪʦʢʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʘʟʳʚʘʝʪʩʷ ʧʨʝʜʝʣ ʦʪʥʦʰʝʥʠʷ 

ʧʨʠʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ȹq ʢʦ ʚʨʝʤʝʥʠ ȹt, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ȹt 

Ÿ 0. 

 
ʇʨʠʤʝʨ. ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʪʝʢʘʶʱʝʝ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ, ʥʘʯʠ-

ʥʘʷ ʩ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t = 0, ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ Q = 3t2 ï 3t + 4.  

ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ ʪʦʢʘ ʚ ʢʦʥʮʝ 6-ʡ ʩʝʢʫʥʜʳ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʠʩ-

ʧʦʣʴʟʫʝʤ ʠʟʚʝʩʪʥʳʝ ʬʦʨʤʫʣʳ. ʉʠʣʘ ʪʦʢʘ ʝʩʪʴ ʧʨʦʠʟʚʦʜʥʘʷ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠ-

ʯʝʩʪʚʘ ʧʦ ʚʨʝʤʝʥʠ: ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʥʦ ʥʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ Q = 

3t2 ï 3t + 4 ʠ ʚʳʯʠʩʣʠʪʴ ʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ t = 6 c. ʀʤʝʝʤ I = Qǋ = 6t ï 3, ʦʪʢʫʜʘ 

ʧʨʠ t = 6 ʧʦʣʫʯʠʤ I = 6Ā6 ï 3 = 33 (A). 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʵʥʝʨʛʝʪʠʢʘ, ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠ-

ʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ ʪ.ʢ. ʝʛʦ ʨʘʟʚʠʪʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ, ʯʪʦ, ʧʨʠʚʦʜʠʪ ʢ ʠʩʪʦʱʝʥʠʶ ʨʝʩʫʨ-

ʩʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʘ ʠʤʝʥʥʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ ʩʚʷʟʘʥʥʦʡ 

ʩ ʠʩʪʦʱʝʥʠʝʤ ʥʝʜʨ ʟʝʤʣʠ ʠ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʋʯʝʥʳʝ ʚʩʝʛʦ ʤʠ-

ʨʘ ʧʳʪʘʶʪʩʷ ʨʝʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʥʠ ʦʧʠʨʘ-

ʶʪʩʷ  ʥʘ ʪʘʢʠʝ ʜʠʩʮʠʧʣʠʥʳ, ʢʘʢ ʬʠʟʠʢʘ, ʵʢʦʣʦʛʠʷ, ʤʘʪʝʤʘʪʠʢʘ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ). ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʟʘʜʘʯʘ, ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʢ ʩʧʝʮʠ-

ʘʣʴʥʦʩʪʠ: çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʦʟʥʘʢʦ-

ʤʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. 

ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʧʨʦʠʟʚʦʜʥʘʷ ʠʛʨʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-

ʪʠʢʝ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʩʪʘʣʦ ʚʦʟ-

ʤʦʞʥʦ ʨʝʰʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ, ʢʘʩʘʶʱʠʭʩʷ ʪʘʢʠʭ ʪʝʤ, ʢʘʢ çʀʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠè, çʀʟʤʝʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ: ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷè, çɺʣʠʷʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫè. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼ.ʇʠʩʴʤʝʥʥʳʡ çʂʦʥʩʧʝʢʪ ʣʝʢʮʠʡ ʧʦ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʝè, ɸʡʨʠʩ-ʧʨʝʩʩ, 

- 2008,. 

2. https://mybiblioteka.su/7-55635.html 
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ʉɽʂʎʀʗ 6. ʕʂʆʅʆʄʀʂɸ ʀ ʋʇʈɸɺʃɽʅʀɽ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè 

ʈʝʤʠʟʦʚ ɼʝʥʠʩ ɺʘʣʝʨʴʝʚʠʯ 

 

ʋʂɼ 656.078.1 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʆʅʗʊʀʁ çʄʋʃʔʊʀʄʆɼɸʃʔʅʓɽè,  

çʀʅʊɽʈʄʆɼɸʃʔʅʓɽè ʀ çʂʆʄɹʀʅʀʈʆɺɸʅʅʓɽè ʇɽʈɽɺʆɿʂʀ 

ɺ ʊɽʆʈʀʀ ʃʆɻʀʉʊʀʂʀ 

ʄ.ʖ. ɸʣʝʢʩʝʝʥʢʦ
1
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʚ.ʥ., ʜʦʮʝʥʪ ɻ.ɻ. ʃʝʚʢʠʥ 
1
ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʛ. ʆʤʩʢ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʜʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʥʷʪʠʡ çʤʫʣʴʪʠʤʦʜʘʣʴ-

ʥʘʷ ʧʝʨʝʚʦʟʢʘè, çʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʧʝʨʝʚʦʟʢʘè, çʠʥʪʝʨʤʦʜʘʣʴʥʘʷ ʧʝʨʝʚʦʟʢʘè ʩ ʫʯʝʪʦʤ ʦʧʨʝ-

ʜʝʣʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʥʷʪʠʡ ʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʨʫ-

ʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʝʨʤʠʥʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʚ ʧʨʘʢʪʠʢʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʚʦʟʢʘ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʩʤʝʰʘʥʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʠʥ-

ʪʝʨʤʦʜʘʣʴʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʦʧʝʨʘʪʦʨ, ʪʨʘʥʩʧʦʨʪ. 

 

ɸʥʘʣʠʟ ʪʝʨʤʠʥʦʚ ʠ ʧʦʥʷʪʠʡ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠʭ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʠ ʦʧʝʨʘʮʠʷʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʪʝʟʘʫʨʫʩʘ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʃʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʮʝʧʷʤʠ 

ʧʦʩʪʘʚʦʢ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʩʬʝʨʘʤʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʤʠʥʦʣʦʛʠʠ ʚ ʵʪʠʭ ʧʨʝʜ-

ʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʥʝ ʟʘʚʝʨʰʝʥ.  

ʅʝʢʦʪʦʨʳʝ ʫʯʝʥʳʝ ʩʚʷʟʳʚʘʶʪ ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʷ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʩ ʤʦʤʝʥ-

ʪʦʤ ʠʟʦʙʨʝʪʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʜʨʫʛʠʝ ʩʯʠʪʘʶʪ ʥʘʯʘʣʦʤ ʧʝʨʠʦʜ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʢʦʣʝʩʘ, ʪʨʝʪʴʠ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʤʥʝʥʠʷ, ʯʪʦ ʧʝʨʝʚʦʟʢʠ ʥʘʯʘ-

ʣʠ ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩ ʥʘʯʘʣʦʤ ʧʨʠʤʝʥʝʥʠʷ ʞʠʚʦʪʥʳʭ ʢʘʢ ʩʨʝʜʩʪʚ ʧʝʨʝʚʦʟʢʠ. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʚʘʞʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʩʦʭʨʘʥʠʣʘʩʴ ʩ ʩʘʤʦʡ ʝʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʘʢ-

ʪʫʘʣʴʥʘ ʧʦ ʩʝʡ ʜʝʥʴ. 

ʇʝʨʝʚʦʟʢʘ ʛʨʫʟʘ ï ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʜʦʩʪʘʚʢʫ ʛʨʫʟʦʚ ʜʦ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ, ʥʦ ʠ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʪʦʡ ʜʦʩʪʘʚʢʠ [1, ʩ. 15]. 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʦʟʢʠ ʫʯʘʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ:  ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʚʦʟʜʫʰʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʚʦʜ-

ʥʳʡ (ʤʦʨʩʢʦʡ ʠ ʨʝʯʥʦʡ) ʪʨʘʥʩʧʦʨʪ [7, ʩ. 18]. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦ-

ʤʠʢʝ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʚ ʧʨʷʤʦʤ ʩʤʝʰʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ (ʠʥ-

ʪʝʨʤʦʜʘʣʴʥʘʷ ʧʝʨʝʚʦʟʢʘ), ʪʦ ʝʩʪʴ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʝʜʠʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠʥʪʝʨʤʦʜʘʣʴʥʦʡ ʧʝʨʝʚʦʟʢʠ.  

ʊʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʚ ʧʨʷʤʦʤ ʩʤʝʰʘʥʥʦʤ  ʩʦ-

ʦʙʱʝʥʠʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʧʦʵʪʦʤʫ ʨʝ-

ʢʦʤʝʥʜʫʝʪʩʷ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʣʦʛʠʩʪʠʢʠ: ʝʜʠʥʳʡ ʦʧʝʨʘʪʦʨ ʧʝʨʝʚʦʟ-

ʢʠ; ʝʜʠʥʳʡ ʧʝʨʝʚʦʟʦʯʥʳʡ ʜʦʢʫʤʝʥʪ; ʦʙʷʟʘʪʝʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ 
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ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʢʚʦʟʥʦʡ ʪʘʨʠʬ ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ; ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʦʧʝʨʘʪʦʨʘ ʩʤʝʰʘʥʥʦʡ ʧʝʨʝʚʦʟʢʠ ʥʘ ʚʩʝʤ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ; ʩʫʤʤʠʨʦʚʘʥʠʝ 

ʦʙʱʠʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ [6]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ  ʠʥʪʝʨʤʦʜʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘ-

ʪʠʪʴ ʟʘʪʨʘʪʳ ʠ ʠʩʢʣʶʯʠʪʴ ʠʟʜʝʨʞʢʠ ʠ ʥʘ ʚʩʝʤ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʧʦʪʦʢʘ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. 

ɺ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦʥʷʪʠʝ çʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝè, çʠʥʪʝʨʤʦʜʘʣʴʥʳʝè ʠ 

çʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝè ʧʝʨʝʚʦʟʢʠ ʧʦʥʠʤʘʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʋʯʝʥʳʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʩʪʘʥʦʚʠʣʠ ʯʝʪʢʦʛʦ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʵʪʠʭ 

ʧʦʥʷʪʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʪʝʨʤʠʥʦʚ. 

ʉʦʛʣʘʩʥʦ ʂʦʥʚʝʥʮʠʠ ʆʆʅ ʦ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʤʝʰʘʥʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʛʨʫ-

ʟʦʚ, çʤʝʞʜʫʥʘʨʦʜʥʘʷ ʩʤʝʰʘʥʥʘʷ ʧʝʨʝʚʦʟʢʘ ʦʟʥʘʯʘʝʪ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ, ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ, ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʦʛʦʚʦʨʘ ʩʤʝ-

ʰʘʥʥʦʡ ʧʝʨʝʚʦʟʢʠ ʠʟ ʤʝʩʪʘ ʚ ʦʜʥʦʡ ʩʪʨʘʥʝ, ʛʜʝ ʛʨʫʟʳ ʧʦʩʪʫʧʘʶʪ ʚ ʚʝʜʝʥʠʝ ʦʧʝ-

ʨʘʪʦʨʘ ʩʤʝʰʘʥʥʦʡ ʧʝʨʝʚʦʟʢʠ, ʜʦ ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʤʝʩʪʘ ʜʦʩʪʘʚʢʠ ʚ ʜʨʫʛʦʡ ʩʪʨʘ-

ʥʝ. ʆʧʝʨʘʮʠʠ ʧʦ ʚʳʚʦʟʫ ʠ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʚʦ ʠʩʧʦʣʥʝʥʠʝ ʜʦ-

ʛʦʚʦʨʘ ʧʝʨʝʚʦʟʢʠ ʪʦʣʴʢʦ ʦʜʥʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʦ ʚ ʪʘʢʦʤ ʜʦ-

ʛʦʚʦʨʝ, ʥʝ ʩʯʠʪʘʶʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʤʝʰʘʥʥʦʡ ʧʝʨʝʚʦʟʢʦʡè [5]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʚʝʨʩʠʠ ʵʪʦʛʦ ʜʦʢʫʤʝʥʪʘ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʪʝʨʤʠʥ çinternational multimodal transporsè, ʘ ʚ ʨʫʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ ï 

çʤʝʞʜʫʥʘʨʦʜʥʘʷ ʩʤʝʰʘʥʥʘʷ ʧʝʨʝʚʦʟʢʘè. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʂʦʥ-

ʚʝʥʮʠʠ ʆʆʅ ʩʤʝʰʘʥʥʘʷ ʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʘʷ ʧʝʨʝʚʦʟʢʠ ʧʦʯʪʠ ʪʦʞʜʝʩʪʚʝʥʥʳʝ 

ʧʦʥʷʪʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʥʷʪʠʝ ʦ ʩʤʝʰʘʥʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʥʝ ʦʪʨʝʛʫʣʠʨʦʚʘʥʦ ʚ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʩʪʚʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʜʥʘʢʦ ʙʳʣʘ ʧʦʧʳʪʢʘ ʚʥʝʩʪʠ ʥʘ ʨʘʩʩʤʦʪ-

ʨʝʥʠʝ ʌʝʜʝʨʘʣʴʥʳʡ ɿʘʢʦʥ çʆ ʧʨʷʤʳʭ ʩʤʝʰʘʥʥʳʭ ʧʝʨʝʚʦʟʢʘʭè. ʉʫʱʝʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʧʨʦʝʢʪ ʵʪʦʛʦ ʟʘʢʦʥʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ʩʤʝʰʘʥʥʘʷ ʧʝʨʝʚʦʟʢʘ ï ʧʝʨʝ-

ʚʦʟʢʘ ʛʨʫʟʦʚ, ʧʘʩʩʘʞʠʨʦʚ, ʙʘʛʘʞʘ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʝʜʠʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʜʦʢʫʤʝʥʪʫ, ʦʬʦʨʤʣʝʥʥʦʤʫ ʥʘ ʚʝʩʴ ʧʫʪʴ ʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʝ-

ʨʝʚʦʟʢʘ ʛʨʫʟʦʚ, ʧʘʩʩʘʞʠʨʦʚ, ʙʘʛʘʞʘ ʦʜʥʦʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʨʘʟʥʳʤʠ ʦʨʛʘ-

ʥʠʟʘʮʠʷʤʠ [10]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʧʳʪʢʘ ʧʨʠʨʘʚʥʷʪʴ ʤʫʣʴʪʠʤʦ-

ʜʘʣʴʥʳʝ ʠ ʩʤʝʰʘʥʥʳʝ ʧʝʨʝʚʦʟʢʠ ʙʳʣʘ ʟʘʜʫʤʘʥʘ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ, ʥʦ 

ʪʘʢ ʠ ʥʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ. 

ʃ.ʕ. ɽʨʝʤʝʝʚʘ ʜʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʤʝʰʘʥʥʦʡ ʧʝʨʝʚʦʟʢʝ ʢʘʢ ʧʝʨʝʚʦʟʢʝ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ʄʫʣʴʪʠʤʦʜʘʣʴʥʘʷ ʧʝʨʝʚʦʟʢʘ ï ʧʝʨʝʚʦʟʢʘ, ʧʨʠ ʢʦʪʦ-

ʨʦʡ ʣʠʮʦ, ʦʨʛʘʥʠʟʫʶʱʝʝ ʝʝ, ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʦʬʦʨʤ-

ʣʝʥʠʠ ʝʜʠʥʦʛʦ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʘ ʠʥʪʝʨʤʦʜʘʣʴʥʘʷ ʧʝʨʝʚʦʟʢʘ ï ʢʘʢ 

ʯʘʩʪʴ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ, ʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʝʜʠʥʦʡ ʛʨʫʟʦʚʦʡ ʝʜʠʥʠʮʳ (ʦʙʳʯʥʦ 

ʵʪʦ ʢʦʥʪʝʡʥʝʨ) ʠ ʩ ʟʘʢʣʶʯʝʥʠʝʤ ʜʦʛʦʚʦʨʘ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʧʝʨʘʪʦʨʦʤ [4]. 
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ʉ ʵʪʦʡ ʞʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʚʦʟʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ɸ.ɸ. ɻʨʠʥʝʚ ʠ ʅ.ʖ.  ɽʚ-

ʨʠʥʝʝʚʘ, ʢʦʪʦʨʳʝ, ʦʙʦʟʥʘʯʠʣʠ ʯʝʪʢʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ ʧʝʨʝʚʦʟʢʠ (ʪʘʙ-

ʣʠʮʘ 1) [2].  

ʊʘʙʣʠʮʘ 1 

ʉʧʦʩʦʙʳ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʫʟʦʚ 

ʉʧʦʩʦʙ 

ʧʝʨʝʚʦʟʢʠ 

ʏʠʩʣʦ ʫʯʘ-

ʩʪʚʫʶʱʠʭ 

ʚʠʜʦʚ 

ʪʨʘʥʩʧʦʨʪʘ 

ʉʧʦʩʦʙ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ 

ʆʨʛʘʥʠʟʘʮʠʷ 

ʧʝʨʝʚʦʟʢʠ 

ʊʘʨʠʬ ʥʘ 

ʧʝʨʝʚʦʟʢʫ 

ʋʥʠʤʦʜʘʣʴʥʘʷ ʆʜʠʥ 
ʆʜʥʠʤ ʚʠʜʦʤ 

ʪʨʘʥʩʧʦʨʪʘ 

ʇʝʨʝʚʦʟʢʘ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʫʩʣʫʛ 

ʇʦ ʜʦʛʦ-

ʚʦʨʫ ʥʘ 

ʧʝʨʝʚʦʟʢʫ 

ɹʠʤʦʜʘʣʴʥʘʷ 

(ʩʤʝʰʘʥʥʘʷ) 
ɼʚʘ ʠ ʙʦʣʝʝ 

ɼʚʫʤʷ ʠ ʙʦʣʝʝ 

ʚʠʜʘʤʠ ʪʨʘʥʩ-

ʧʦʨʪʘ 

ʇʝʨʝʚʦʟʢʘ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʘʷ, ʜʦʢʫʤʝʥʪ 

ʥʘ ʢʘʞʜʳʡ ʚʠʜ 

ʪʨʘʥʩʧʦʨʪʘ 

ʇʦ ʜʦʛʦ-

ʚʦʨʫ ʥʘ 

ʢʘʞʜʳʡ 

ʚʠʜ ʪʨʘʥʩ-

ʧʦʨʪʘ 

ʄʫʣʴʪʠʤʦʜʘʣʴ-

ʥʘʷ (ʧʨʷʤʘʷ 

ʩʤʝʰʘʥʥʘʷ ʠʣʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʘʷ) 

ɼʚʘ ʠ ʙʦʣʝʝ 

ɼʚʫʤʷ ʠ ʙʦʣʝʝ 

ʚʠʜʘʤʠ ʪʨʘʥʩ-

ʧʦʨʪʘ 

ɽʜʠʥʳʡ ʦʧʝʨʘ-

ʪʦʨ ʠ ʝʜʠʥʳʡ 

ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʜʦʢʫʤʝʥʪ, 

ʩʢʚʦʟʥʦʡ ʪʘʨʠʬ 

ʉʢʚʦʟʥʦʡ 

ʪʘʨʠʬ 

ʀʥʪʝʨʤʦʜʘʣʴʥʘʷ ɼʚʘ ʠ ʙʦʣʝʝ 

ɼʚʫʤʷ ʠ ʙʦʣʝʝ 

ʚʠʜʘʤʠ ʪʨʘʥʩ-

ʧʦʨʪʘ 

ɽʜʠʥʳʡ ʦʧʝʨʘ-

ʪʦʨ ʠ ʝʜʠʥʳʡ 

ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʜʦʢʫʤʝʥʪ, 

ʩʢʚʦʟʥʦʡ ʪʘ-

ʨʠʬ, ʥʘʣʠʯʠʝ  

ʫʥʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ ʛʨʫʟʦʚʦʡ 

ʝʜʠʥʠʮʳ 

ʉʢʚʦʟʥʦʡ 

ʪʘʨʠʬ 

 

ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ [2], ʯʪʦ ʧʝʨʝʚʦʟʢʘ ʚ ʩʤʝʰʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʦʜʨʘʟʫ-

ʤʝʚʘʝʪ ʧʝʨʝʚʦʟʢʫ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ, ʩʣʝʜʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ.  ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʫʶ ʧʝʨʝʚʦʟʢʫ ʦʬʦʨʤʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʡ 

ʧʝʨʝʚʦʟʦʯʥʳʡ ʜʦʢʫʤʝʥʪ. ʄʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʧʝʨʝʚʦʟʢʦʡ, ʘʚʪʦʨʳ ʥʘʟʳʚʘʶʪ ʧʝʨʝ-

ʚʦʟʢʫ, ʩ ʧʦʣʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʦʧʝʨʘʪʦʨʘ ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʛʨʫʟʘ, ʘ 

ʠʥʪʝʨʤʦʜʘʣʴʥʘʷ ʧʝʨʝʚʦʟʢʘ ï ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʧʝʨʝʚʦʟʢʠ, ʩ ʦʪ-

ʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ï ʙʝʩʧʝʨʝʛʨʫʟʦʯʥʦʩʪʴʶ. ɻʨʫʟ ʧʝʨʝʚʦʟʠʪʩʷ ʫʢʨʫʧ-

ʥʝʥʥʦʡ ʛʨʫʟʦʚʦʡ ʝʜʠʥʠʮʝʡ (ʥʘʧʨʠʤʝʨ, ʢʦʥʪʝʡʥʝʨʦʤ, ʢʦʥʪʨʝʡʣʝʨʦʤ, ʧʘʣʣʝʪʦʤ). 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʠ ʧʘʢʝʪʠʨʦʚʘʥʠʷ 

ʛʨʫʟʦʚ ʧʨʠʚʝʜʝʥʥʦʝ ʦʪʣʠʯʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠ ʠʛʥʦʨʠʨʦʚʘʪʴʩʷ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʦʚ ʧʝʨʝʚʦʟʢʠ.  
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ɺ.ʄ. ʅʠʢʦʣʘʰʠʥ ʜʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʨʤʦʜʘʣʴʥʳʤ ʧʝʨʝʚʦʟʢʘʤ ʢʘʢ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʚ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʛʨʫʟʦʚʦʡ ʝʜʠʥʠʮʝ ʠʣʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ ʧʨʠ 

ʩʤʝʥʝ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ. ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʪʝʨʤʠʥ çʠʥʪʝʨʤʦʜʘʣʴʥʳʡè 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʨʫ-

ʟʦʚʦʡ ʝʜʠʥʠʮʳ ʠʣʠ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ (çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè) ʙʝʟ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ 

ʦʧʝʨʘʮʠʡ [9]. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʝʨʝʚʦʟʢʠ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʨʘʩʢʨʳʪʳʤ ʧʦʥʷʪʠʝʤ ʚ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɸ.ɺ. ɺʝʣʴʤʦʞʠʥ, ɺ.ɸ. ɻʫʜʢʦʚ, ʃ.ɹ. ʄʠʨʦʪʠʥ, ɸ.ɺ. ʂʫʣʠʢʦʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʚʦʟʢʘʤʠ ʥʘʟʳʚʘʶʪ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ 

ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ. ʅʘ-

ʧʨʠʤʝʨ, ʧʝʨʝʚʦʟʢʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʮʝʧʘʭ ï ʢʦʥ-

ʪʨʝʡʣʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ ʠ ʨʦʫʜʨʝʡʣʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ [3]. 

ʉ.ɺ. ʄʠʣʦʩʣʘʚʩʢʘʷ ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʝʨʝ-

ʚʦʟʢʘʤ ï ʵʪʦ ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʦʚ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʨʫʟʦʚʦʡ ʝʜʠʥʠʮʝ, ʪʨʘʥʩʧʦʨʪ-

ʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ ʢʦʥʪʝʡʥʝʨʳ, ʩʲʝʤ-

ʥʳʝ ʢʫʟʦʚʘ, ʧʦʣʫʧʨʠʮʝʧʳ ʠ ʘʚʪʦʜʦʨʦʞʥʳʡ ʩʦʩʪʘʚ (ʘʚʪʦʬʫʨʛʦʥʳ), ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ [8, ʩ. 32]. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʥʷʪʠʷ ʠʥʪʝʨʤʦʜʘʣʴʥʦʡ ʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ, 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʧʝʨʝʚʦʟʢʠ ʫ ʚʩʝʭ ʘʚʪʦʨʦʚ ʠʤʝʶʪ ʩʭʦʞʝʝ ʟʥʘʯʝʥʠʝ. ʉʤʝʰʘʥ-

ʥʘʷ ʞʝ ʧʝʨʝʚʦʟʢʘ ʚʳʟʳʚʘʝʪ ʜʠʩʢʫʩʩʠʶ, ʦʩʥʦʚʥʦʡ ʚʦʧʨʦʩ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʢʦ-

ʣʠʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʩʣʝʜʫʝʪ ʚʳ-

ʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʥʷʪʠʡ. ʉʤʝʰʘʥʥʳʝ ʧʝʨʝʚʦʟʢʠ ʷʚʣʷʶʪʩʷ ʦʙʦʙ-

ʱʝʥʥʳʤ ʧʦʥʷʪʠʝʤ ʜʣʷ ʧʝʨʝʚʦʟʦʢ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. ʉʭʝʤʫ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʠʤ ʥʘ ʨʠʩ.1.  

ʈʠʩ.1 ï ʉʭʝʤʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʚʠʜʦʚ ʧʝʨʝʚʦʟʢʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʨʘʟʛʨʘʥʠʯʠʪʴ ʧʦʥʷʪʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʝʨʝʚʦʟʦʢ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʉʤʝʰʘʥʥʘʷ ʧʝʨʝʚʦʟʢʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʧʦʥʷʪʠʝʤ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʠ ʠʥʪʝʨʤʦʜʘʣʴʥʳʝ ʧʝʨʝʚʦʟʢʠ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʠʜʦʚ 

ʪʨʘʥʩʧʦʨʪʘ [11,ʩ. 97].  
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ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʧʝʨʝʚʦʟʢʘ ï ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʟʘ ʚ ʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʩʨʝʜʩʪʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ (ʥʘʧʨʠʤʝʨ, ʛʨʫʟʦʚʦʡ ʘʚʪʦ-

ʤʦʙʠʣʴ ʥʘ ʧʘʨʦʤʝ ʠʣʠ  ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʧʣʘʪʬʦʨʤʝ).  

ʀʥʪʝʨʤʦʜʘʣʴʥʘʷ ʧʝʨʝʚʦʟʢʘ ï ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʦʚʦʡ ʝʜʠʥʠʮʳ (ʥʝʩʢʦʣʴʢʠʭ 

ʛʨʫʟʦʚ ʚ ʝʜʠʥʦʡ ʫʧʘʢʦʚʢʝ) ʪʨʘʥʩʧʦʨʪʦʤ ʨʘʟʥʳʭ ʚʠʜʦʚ ʧʦʜ ʦʨʛʘʥʠʟʘʮʠʝʡ ʦʜʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʠ ʧʦ ʝʜʠʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʜʦʢʫʤʝʥʪʫ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʧʨʷʤʦʡ 

ʩʤʝʰʘʥʥʦʡ ʧʝʨʝʚʦʟʢʠ.  

ʄʫʣʴʪʠʤʦʜʘʣʴʥʘʷ ʧʝʨʝʚʦʟʢʘ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʜʦʩʪʘʚʢʘ ʛʨʫʟʘ ʥʘ ʪʨʘʥʩ-

ʧʦʨʪʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩ ʧʝʨʝʜʘʯʝʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʛʨʫʟ ʦʪ ʦʜʥʦʛʦ ʧʝʨʝʚʦʟʯʠʢʘ 

ʢ ʜʨʫʛʦʤʫ. 
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ious authors, analyzes the concepts and identifies the main parameters of freight transportation. 

The differences between the terms are formulated in accordance with their use in the practice of 

logistics activities. 

Key words: transportation, multimodal transportation, multimodal transportation, intermodal 

transportation, operator, transport. 

 

ʋɼʂ 332.1 

ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʂɸɼʈʆɺʆɻʆ ʇʆʊɽʅʎʀɸʃɸ  

ɺʃɸɼʀʄʀʈʉʂʆʁ ʆɹʃɸʉʊʀ: ʂʆʃʀʏɽʉʊɺɽʅʅɸʗ ʆʎɽʅʂɸ 

ɽ.ɸ. ɸʥʦʰʠʥ
1
, ʃ.ʀ. ʇʫʛʠʥʘ

2
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʵ.ʥ., ʜʦʮʝʥʪ ʃ.ʀ. ʇʫʛʠʥʘ 
1,2

 ʄʫʨʦʤʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜ-

ʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɺʣʘʜʠʤʠʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ 

ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭè 
ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʟʥʘʯʠʤʦʩʪʠ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʢʘʜʨʦ-

ʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʙʘʟʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳ-

ʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʩʪʘʪʴʝ ʚʳʷʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʢʘʜʨʦ-

ʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʨʝʛʠʦʥ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʤ ʩ ʧʦʟʠʮʠʠ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʥʸʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʛʠʦʥʘ, ʵʢʦʥʦʤʠʢʘ ʪʨʫʜʘ, ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ, ʯʠʩʣʝʥʥʦʩʪʴ ʟʘʥʷʪʳʭ, ʪʨʫʜʦʚʦʡ ʧʦʪʝʥʮʠʘʣ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʦʩʥʦʚ-

ʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ.  

ʉ ʜʠʥʘʤʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʨʳʥʢʘ ʪʨʫʜʘ ʚ ʈʦʩʩʠʠ ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ʩʪʘ-

ʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝ ʪʦʣʴʢʦ ʩʪʨʘʥʳ, ʥʦ ʠ ʦʪ-

ʜʝʣʴʥʦʛʦ ʨʝʛʠʦʥʘ. ʂʘʞʜʳʡ ʨʝʛʠʦʥ ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʱʝʩʪʚʘ, ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʈʘʟʚʠʪʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʝʛʠʦʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʦʩʪʫ, ʫʚʝʣʠʯʝʥʠʶ ʜʦʭʦʜʦʚ ʤʝʩʪʥʳʭ ʙʶʜʞʝʪʦʚ, ʦʙʝʩʧʝʯʝʥʠʶ 

ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʞʠʟʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ʟʘʨʦʞʜʘʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʸʥ-

ʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʈʝʛʠʦʥʘʣʴʥʳʡ ʘʩʧʝʢʪ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʠʤʝʥʥʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʦʟʜʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʝʘ-

ʣʠʟʘʮʠʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ ʚ ʮʝʣʷʭ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʨʘʟ-

ʚʠʪʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʨʝʛʠʦʥʘ ʫʜʝʣʷʝʪʩʷ ʤʘʣʦ ʚʥʠʤʘʥʠʷ. ɺʦʧʨʦʩʫ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʝʛʠʦʥʝ 

ʧʦʩʚʷʱʘʶʪ ʪʘʢʠʝ ʫʯʸʥʳʝ ʢʘʢ ʂʦʩʪʝʥʴʢʦʚʘ ʊ.ɸ., ʇʦʪʫʜʘʥʩʢʘʷ ɺ.ʌ., ɹʦʨʦʚʩʢʠʭ 

ʅ.ɺ., ʂʠʧʝʨʚʘʨ ɽ.ɸ ʠ ʜʨʫʛʠʝ [1], [4].  
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ʏʘʱʝ ʚʩʝʛʦ ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʤʘʩʰʪʘʙʘʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʧʨʦʩʘ ʢʘʜʨʦ-

ʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʘʪʝ-

ʛʦʨʠʝʡ, ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʧʦʟʠʮʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ (ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ). 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʈʦʩʩʪʘʪʘ.  

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʶʙʦʛʦ ʨʝʛʠʦʥʘ ʷʚ-

ʣʷʝʪʩʷ ʝʛʦ ʪʨʫʜʦʩʧʦʩʦʙʥʦʝ ʥʘʩʝʣʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʩʚʦʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʚ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 1) [2]. 

 

ʈʠʩ. 1 ï ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʟʘʥʷʪʳʭ ʚ ʨʝʛʠʦʥʝ,  

ʪʳʩ. ʯʝʣʦʚʝʢ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦ-

ʩʪʠ ʟʘʥʷʪʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 9 ʣʝʪ. ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʨʝ-

ʛʠʦʥʝ ʪʝʤʧ ʨʦʩʪʘ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣ 93,7%. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʎʌʆ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʦʢʨʘʱʝʥʠʷ 

ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ [2].  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʝʨʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ) ʷʚʣʷʝʪʩʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ 

ʬʘʢʪʦʨ, ʘ ʠʤʝʥʥʦ ʧʨʝʚʳʰʝʥʠʝ ʩʤʝʨʪʥʦʩʪʠ ʥʘʜ ʨʦʞʜʘʝʤʦʩʪʴʶ ʠ ʩʪʘʨʝʥʠʝ ʥʘʩʝ-

ʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʷʚʥʳʭ ʬʘʢʪʦʨʦʚ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʤʠʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. 

ɼʣʷ ʙʦʣʝʝ ʩʧʨʘʚʝʜʣʠʚʦʡ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ɺʣʘʜʠ-

ʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʨʘʚʥʠʤ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʨʘʙʦʪʘʶʱʠʭ ʛʨʘʞʜʘʥ ʢ ʦʙʱʝʡ ʯʠʩ-

ʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʩʨʝʜʠ ʨʝʛʠʦʥʦʚ ʚ ʪʘʙʣʠʮʝ 1 [3]. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʚʦ-

ʚʣʝʯʸʥʥʦʩʪʴ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚ ʪʨʫʜʦʚʫʶ ʟʘʥʷʪʦʩʪʴ ʵʢʦʥʦʤʠʢʠ ʢʘʞʜʦʛʦ ʨʝ-

ʛʠʦʥʘ ʠ ʩʨʘʚʥʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʩ ʠʩʭʦʜʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 1 

ʋʨʦʚʝʥʴ ʟʘʥʷʪʳʭ ʚ ʵʢʦʥʦʤʠʢʝ ʦʙʣʘʩʪʝʡ ʎʌʆ, % 
ʈʝʛʠʦʥʳ 2010 2011 2012 2013 2014 2015 2016 2017 2018 

ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙ-

ʣʘʩʪʴ 
63,0 65,0 67,2 67,1 66,8 66,9 65,7 66,1 65,4 

ʀʚʘʥʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 61,6 62,7 64,2 63,9 64,3 65,3 64,8 66,6 65,1 

ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ 65,9 66,7 67,4 67,4 66,5 66,8 67,8 67,5 68,5 

ʈʷʟʘʥʩʢʘʷ ʦʙʣʘʩʪʴ 57,6 59,1 60,6 60,1 58,9 59,2 60,2 60,8 59,3 

ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ 63,4 64,9 66,9 66,3 66,7 66,5 65,8 67,1 67,3 

ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣʘʩʪʴ 62,5 65,2 66,5 66,0 69,5 67,8 66,3 65,6 65,8 

ʎʌʆ 65,1 66,3 67,8 67,5 68,4 68,2 69,0 69,0 69,3 

 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʝʥʜʝʥʮʠʶ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 

ʟʘʥʷʪʦʛʦ ʥʘʩʝʣʝʥʠʷ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʢ ʢʦʥʮʫ 2018 ʛʦʜʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ-

ʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ ʜʦʣʠ ʟʘʥʷʪʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2010 ʛʦ-

ʜʦʤ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʜʦʣʠ ʟʘʥʷʪʳʭ ʠʤʝʝʪ ʤʝʩʪʦ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʫʨʦʚʥʷ ʙʝʟ-

ʨʘʙʦʪʠʮʳ ʢ ʢʦʥʮʫ 2018 ʛʦʜʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ ʟʘʥʷʪʳʭ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚ 2010 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ 

65,9% ʚ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 2018 ʛʦʜʫ 

(68,5%). ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʚ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (57,6% ʚ 2010 

ʛʦʜʫ ʠ 59,3% ʚ 2018 ʛʦʜʫ) [3]. 

ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠ ʪʦʨʛʦʚʳʤ 

ʨʝʛʠʦʥʦʤ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʦʙʨʘʙʘʪʳ-

ʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʚ ʦʧʪʦʚʦʡ ʠ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʝ (ʪʘʙʣʠʮʘ 2) [2].  

 

ʊʘʙʣʠʮʘ 2 

ɼʠʥʘʤʠʢʘ ʜʦʣʠ ʟʘʥʷʪʳʭ ʚ ʵʢʦʥʦʤʠʢʝ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 

 ʧʦ ʚʠʜʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, % 

ʆʪʨʘʩʣʴ ʵʢʦʥʦʤʠʢʠ 
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ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 7,5 7,7 7,8 7,5 7,3 7,4 5,9 5,3 5,3 

ɼʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩ-

ʢʦʧʘʝʤʳʭ 0,2 0,2 0,3 0,3 0,3 0,4 0,3 0,4 0,4 

ʆʙʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ 26,6 26,4 27 27 27,2 26,7 25,8 24,7 23,8 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ 9,1 9,3 8,9 8,6 8,4 8,5 8,9 8,5 8,3 

ʆʧʪʦʚʘʷ ʠ ʨʦʟʥʠʯʥʘʷ 

ʪʦʨʛʦʚʣʷ 14,6 14,6 14,2 14,5 14,4 14,5 15,4 15,2 15,9 

ʊʨʘʥʩʧʦʨʪ ʠ ʩʚʷʟʴ 6,5 6,1 6,3 6,4 6,3 6,4 6,3 5,7 6,2 

ʆʙʨʘʟʦʚʘʥʠʝ 7,2 7 7 6,9 7 6,9 7 7,1 7 

ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ 2,9 2,7 2,8 3 3,1 3 3,3 5,9 6 

ɼʨʫʛʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ 7,3 7,4 7,4 7,3 7,3 7,1 6,7 15,3 15,6 
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ɺ 2018 ʛʦʜʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ ʟʘʥʷʪʳʭ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (23,8%), ʚ ʦʧʪʦʚʦʡ ʠ ʨʦʟʥʠʯʥʦʡ 

ʪʦʨʛʦʚʣʝ (15,9%), ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʚʠʜʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ (15,6%). ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ 

ʜʦʣʷ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʦʪʨʘʩʣʠ "ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-

ʤʳʭ" (0,4%).  

ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʥʷʪʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʦ ʚʠʜʘʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʪʨʘʩʣʠ "ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ", ʛʜʝ ʯʠʩʣʝʥʥʦʩʪʴ ʟʘʥʷʪʳʭ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 38,1 ʪʳʩ. ʯʝʣʦʚʝʢ, ʯʪʦ ʚ ʧʨʦ-

ʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ -2,8%. 

ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ, ʯʠʩʣʦ ʢʘʜʨʦʚ ʚ ʜʘʥʥʦʡ 

ʦʪʨʘʩʣʠ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 19,2 ʪʳʩ. ʯʝʣʦʚʝʢ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠ-

ʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʥʠʝ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʙʦʪʘʪʴ ʚ ʩʝʣʴʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ.  

ʅʘʠʤʝʥʴʰʝʝ ʩʦʢʨʘʱʝʥʠʝ ʨʘʙʦʯʠʭ ʢʘʜʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʨʘʩʣʠ "ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ" (-0,8%), ʢʦʪʦʨʦʝ ʫʪʨʘʪʠʣʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 8 ʣʝʪ 11,6 ʪʳʩ. ʨʘʙʦʯʝʛʦ ʧʝʨ-

ʩʦʥʘʣʘ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ ʚ "ʦʧʪʦʚʦʡ ʠ 

ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʝ" ʪʘʢʞʝ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ. ɿʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ 

ʧʝʨʠʦʜ ʯʠʩʣʝʥʥʦʩʪʴ ʟʘʥʷʪʳʭ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 3,2 ʪʳʩ. ʯʝʣʦʚʝʢ 

ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʟʘʥʷʪʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʥʝʡ. ʇʨʠʯʠʥʘʤʠ ʪʘʢʦʛʦ "ʧʘ-

ʨʘʜʦʢʩʘ" ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʪʨʘʩʣʷʭ 

ʵʢʦʥʦʤʠʢʠ.  

ʆʜʥʘʢʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʥʷʪʦʛʦ ʥʘʩʝ-

ʣʝʥʠʷ ʧʦ ʦʩʪʘʣʴʥʳʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʦʩʪ ʥʘ 8,3%). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʟʚʠʪʠʠ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ. 

ʀʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʏʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ ʙʝʟ-

ʨʘʙʦʪʠʮʳ, ʪʝʤ ʥʠʞʝ ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʛʠʦʥʘ, ʠ ʥʘʦʙʦʨʦʪ.  

ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, ʯʠʩʣʝʥʥʦʩʪʴ ʙʝʟʨʘʙʦʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 

[2]. 

ʈʠʩ. 2ï ʏʠʩʣʝʥʥʦʩʪʴ ʙʝʟʨʘʙʦʪʥʳʭ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ,  

ʪʳʩ. ʯʝʣʦʚʝʢ 

 

ɺʤʝʩʪʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʯʠʩʣʝʥʥʦʩʪʴ ʟʘʥʷʪʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 2 ʧʝʨʠʦʜʘ ʩʥʠʞʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʙʝʟʨʘʙʦʪʥʳʭ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʵʪʫ ʪʝʥʜʝʥʮʠʶ ʥʘ ʨʠʩʫʥʢʝ 3 [2]. 

0,0 

20,0 

40,0 

60,0 

2010 2011 2012 2013 2014 2015 2016 2017 2018 
ɻʦʜ 



215 
 

 

 

ʈʠʩ. 3ï ʋʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ, % 

 

ʊʘʢ, ʚ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2013 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʘʜ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʩ 

6,1% ʜʦ 3,8%. ɺ 2015 ʛʦʜʫ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 5,6% ʠ 

ʟʘʪʝʤ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 4,7% ʚ 2018 ʛʦʜʫ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʳ ʨʦʩʪʘ 

ʩʥʠʞʝʥʠʷ ʙʝʟʨʘʙʦʪʠʮʳ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʶʪ ʪʝʤʧʳ ʨʦʩʪʘ ʩʥʠʞʝʥʠʷ ʟʘʥʷʪʳʭ ʚ 

ʵʢʦʥʦʤʠʢʝ. 

ʉʨʘʚʥʠʤ ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʩ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ ʎʌʆ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 3 [2]. 

 

ʊʘʙʣʠʮʘ 3  

ʋʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʚ ʨʝʛʠʦʥʘʭ, % 

ʈʝʛʠʦʥ 2010 2011 2012 2013 2014 2015 2016 2017 2018 

ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙ-

ʣʘʩʪʴ 6,1 5,7 4,4 3,8 4,3 5,6 5,6 4,8 4,7 

ʀʚʘʥʦʚʩʢʘʷ ʦʙ-

ʣʘʩʪʴ 7,6 6,6 6,3 5,2 4,3 5,6 5,6 4,7 4,2 

ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ 6,7 5,6 4,3 4,5 4,2 4,3 4,2 4 3,9 

ʈʷʟʘʥʩʢʘʷ ʦʙʣʘʩʪʴ 8,4 7,2 4,6 4,7 4,4 4,7 4,4 4,1 4,2 

ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ 6,6 6 5 5,3 5,3 5,6 5,8 4,5 4,1 

ʗʨʦʩʣʘʚʩʢʘʷ ʦʙ-

ʣʘʩʪʴ 7,5 5,1 3,4 4,5 3,8 5,3 6,7 6,6 5,5 

ʎʌʆ 4,6 4,1 3,1 3,3 3,1 3,5 3,5 3,2 2,9 

ʈʌ 7,3 6,5 5,5 5,5 5,2 5,6 5,5 5,2 4,8 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3, ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʝʨʠʦʜ ʩʦʢʨʘʱʘʝʪʩʷ ʫʨʦʚʝʥʴ 

ʙʝʟʨʘʙʦʪʠʮʳ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ. ʂ 2018 ʛʦʜʫ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʌʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ 

ʫʜʘʣʦʩʴ ʩʦʢʨʘʪʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʜʦ 2,9%, ʯʪʦ ʧʦʯʪʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ 

ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2010 ʛʦʜʦʤ. ɺ ʈʦʩʩʠʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛ 4,8% ʢ 

2018 ʛʦʜʫ. ʆʜʥʘʢʦ ʩ 2015 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ ʙʝʟʨʘʙʦʪʠʮʳ ʥʘ 

ʬʦʥʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʢʨʘʪʠʣʠ 

ʦʙʲʸʤʳ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʠ ʨʘʙʦʯʠʝ ʤʝʩʪʘ. 

ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 

2010 ʛʦʜʫ, ʧʦʢʘʟʘʪʝʣʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣ 8,4%. ɺʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 

ʵʪʦʤ ʞʝ ʛʦʜʫ ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʩʦʩʪʘʚʣʷʣ 6,1%. ʆʜʥʘʢʦ ʫʞʝ ʚ 2018 ʛʦʜʫ 
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ʥʘʠʤʝʥʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʙʝʟʨʘʙʦʪʠʮʳ ʩʨʝʜʠ ʨʝʛʠʦʥʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʂʘʣʫʞ-

ʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 3,9%. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙʣʘʩʪʴ ʠʤʝ-

ʝʪ ʙʦʣʝʝ ʥʠʟʢʠʡ ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʝʤ ʚ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʟʘ 2018 ʛʦʜ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʧʨʦʙʣʝʤʦʡ ʪʨʫʜʦ-

ʫʩʪʨʦʡʩʪʚʘ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʫʞʩʢʦʝ ʥʘʩʝ-

ʣʝʥʠʝ (53% ʤʫʞʯʠʥ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʙʝʟʨʘʙʦʪʥʳʭ). ʇʦ ʪʠʧʫ ʧʦʩʝʣʝʥʠʷ ʫʨʦʚʝʥʴ 

ʙʝʟʨʘʙʦʪʠʮʳ ʚ ʦʩʥʦʚʥʦʤ ʦʭʚʘʪʳʚʘʝʪ ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 

75,6% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʙʝʟʨʘʙʦʪʥʳʭ ʚ ʨʝʛʠʦʥʘʭ. ʅʘʠʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʩ ʧʦ-

ʠʩʢʦʤ ʨʘʙʦʪʳ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠʩʧʳʪʳʚʘʶʪ ʦʢʦʣʦ 24,9% ʤʦʣʦʜʳʭ 

ʣʶʜʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 20 ʜʦ 29 ʣʝʪ ʠ ʦʢʦʣʦ 25,9% ʚ ʚʦʟʨʘʩʪʝ ʦʪ 30 ʜʦ 39 ʣʝʪ. 

ʇʦʥʠʞʘʶʱʠʡ ʪʨʝʥʜ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʘ ʩʯʸʪ ʚʦ-

ʚʣʝʯʝʥʠʷ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚ ʪʨʫʜʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

ʉʫʤʤʠʨʦʚʘʚ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʠ ʫʨʦʚʥʷ ʟʘʥʷʪʦʩʪʠ ʥʘʩʝʣʝ-

ʥʠʷ, ʤʦʞʥʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʮʝʥʠʪʴ ʪʨʫʜʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʚ 

ʵʢʦʥʦʤʠʢʫ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʧʦʟʚʦʣʠʪ ʦʪʨʘʟʠʪʴ ʯʠʩʣʝʥʥʦʩʪʴ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦ-

ʚʘʥʦ ʚ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʩʠʪ ʢʘʜʨʦʚʳʡ 

ʧʦʪʝʥʮʠʘʣ ʨʝʛʠʦʥʘ. ʈʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

 

ʊʘʙʣʠʮʘ 4 

ʕʢʦʥʦʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʝ ʥʘʩʝʣʝʥʠʝ, % 

ʈʝʛʠʦʥ 2010 2011 2012 2013 2014 2015 2016 2017 2018 

ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙ-

ʣʘʩʪʴ 
30,9 29,3 28,4 29,1 28,9 27,5 28,7 29,1 29,9 

ʀʚʘʥʦʚʩʢʘʷ ʦʙ-

ʣʘʩʪʴ 
30,8 30,7 29,5 30,9 31,4 29,1 29,6 28,7 30,7 

ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ 27,4 27,7 28,3 28,1 29,3 28,9 28,0 28,5 27,6 

ʈʷʟʘʥʩʢʘʷ ʦʙʣʘʩʪʴ 34,0 33,7 34,8 35,2 36,7 36,1 35,4 35,1 36,5 

ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ 30,0 29,1 28,1 28,4 28,0 27,9 28,4 28,4 28,6 

ʗʨʦʩʣʘʚʩʢʘʷ ʦʙ-

ʣʘʩʪʴ 
30,0 29,7 30,1 29,5 26,7 26,9 27,0 27,8 28,7 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ ʥʘʩʝ-

ʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2018 ʛʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʩʦ-

ʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 34,0%-36,5%. ʅʘʠʤʝʥʴʰʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʘʢ-

ʪʠʚʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ (27,4%-27,6%).  

ɺʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦʣʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʦ-

ʩʪʘʚʣʷʝʪ 30,9%-29,9%. ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʩʦʢʨʘʱʝʥʠʠ 

ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʘ ʟʥʘʯʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʝʛʠʦʥʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʯʪʦ ʚʤʝʩʪʝ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʯʠʩʣʝʥ-

ʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩʦʢʨʘʱʝʥʠʝ ʪʨʫʜʦʚʳʭ 

ʨʝʩʫʨʩʦʚ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 
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ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʨʦʚʝʥʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʥʠʞʘʝʪʩʷ, ʦʩʣʘʙʣʷʷ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʝ ʥʘʩʝʣʝʥʠʝ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʩʧʦʩʦʙ-

ʥʳʤ ʨʝʛʠʦʥʦʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʟʘʥʷʪʦʩʪʠ ʠ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʚʳʰʘʝʪ ʝʛʦ ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ 

ʩʨʝʜʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ.   

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ-

ʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʥʸʤ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫ-

ʝʪ ʛʣʫʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʩʦʢʨʘʱʝʥʠʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʨ ʧʦ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. 
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This article discusses the importance of human potential in a region. In the course of the 

study, a quantitative assessment of the human potential of the Vladimir region was carried out on 

the basis of statistical data. As a result of the work performed, the article reveals positive and nega-

tive trends in the human potential of the research object. The conclusions made it possible to de-

termine the region, which is the most developed from the standpoint of human potential in it. 

Keywords: human potential of a region, labor economics, labor resources, statistical analy-

sis, unemployment rate, number of employees, labor potential. 

 

 

ʋɼʂ 338 

ʆʉʅʆɺʅʓɽ ʇʈʆɹʃɽʄʓ ʎʀʌʈʆɺʀɿɸʎʀʀ  

ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʉɽʂʊʆʈɸ ɺ ʈɽɻʀʆʅɸʍ ʈʆʉʉʀʀ 

ɽ. ʆ. ɹʘʨʩʫʢʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʵ.ʥ., ʜʦʮʝʥʪ ʄ. ʉ. ɻʦʨʜʠʝʥʢʦ 

ʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ. ɺ. ʇʣʝʭʘʥʦʚʘ, ʛ. ʄʦʩʢʚʘ 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢ-

ʪʘ, ʩʪʘʚʰʝʛʦ ʚʘʞʥʝʡʰʠʤ ʚ ʈʦʩʩʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ï ʮʠʬʨʦʚʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʩʝʢʪʦʨʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʦʢʘʟʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʫʩʣʫʛ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪ-
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ʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʧʫʪʝʡ ʠʭ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʚʪʦʨʩʢʦʝ ʚʠʜʝʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʵʪʦʡ ʩʬʝʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʘʜʨʦʚʳʝ ʧʨʦʙʣʝʤʳ ʚ ʨʝʛʠʦʥʘʭ, ʀʊ- ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʀʊ-ʧʨʦʛʨʘʤʤ. 

 

XXI  ʚʝʢ ʩʯʠʪʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ, ʢʦʛʜʘ ʥʘʰʘ ʮʠʚʠʣʠʟʘʮʠʷ ʩʪʨʝ-

ʤʠʪʩʷ ʚʳʡʪʠ ʥʘ ʥʦʚʳʡ ʚʠʪʦʢ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʠʥʳʭ 

ʦʪʥʦʰʝʥʠʡ. ʇʨʦʮʝʩʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠ-

ʩʫʱʠ ʜʣʷ ʢʘʞʜʦʡ ʩʬʝʨʳ ʦʙʱʝʩʪʚʘ: ʵʢʦʥʦʤʠʢʝ, ʧʦʣʠʪʠʢʝ, ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ ʠ 

ʦʙʣʘʩʪʠ ʜʫʭʦʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʠ ʥʝʤʘʣʦʟʥʘ-

ʯʠʤʳʭ ʪʝʥʜʝʥʮʠʡ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʛʦ ʩʝʢʪʦʨʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʮʝʣʷʭ 

ʫʧʨʦʱʝʥʠʷ ʥʘʰʝʡ ʞʠʟʥʠ. ʊʘʢ ʝʱʝ ʚ ʥʘʯʘʣʝ ʚʪʦʨʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʚ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʥʘʙʣʶʜʘʣʠʩʴ ʩʝʨʴʝʟʥʳʝ ʦʯʝʨʝʜʠ. ʃʶʜʠ ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ 

ʧʨʠʝʤ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʩʧʝʮʠʘʣʠʩʪʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʞʜʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʫʩʣʫʛʠ, ʪʨʘʪʠʣʠ ʥʘ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ. ʉʝʛʦʜʥʷ ʦʢʘʟʘʥʠʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ ʧʝʨʝʰʣʦ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʚʠʜ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʢʘʞʜʳʡ ʛʨʘʞʜʘʥʠʥ ʤʦʞʝʪ ʦʱʫʪʠʪʴ ʥʘ ʩʝʙʝ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʭʦʪʷ 

ʧʦʢʘ ʠ ʥʝ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ 

ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʆʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʩʝʨʴʝʟʥʳʡ ʚʦʧʨʦʩ - ʥʘʩʢʦʣʴʢʦ ʨʝʘʣʠʟʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʡ? 

ɼʘʥʥʳʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʤʘʨʪ 2020 ʛ. ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʪʦʤ, ʯʪʦ ʜʦʣʷ ʥʘʩʝʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʟʥʘʝʪ ʦ ʨʝʘʣʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢ-

ʪʘ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʩʦʩʪʘʚʠʣʘ 62,5%. ɼʦʣʷ ʠʥ-

ʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʟʘ ʧʦʣʛʦʜʘ (ʩ ʦʢʪʷʙʨʷ 2019 ʛ. ʧʦ ʤʘʨʪ 2020 ʛ.) ʚʦʟ-

ʨʦʩʣʘ ʥʘ 3,9 %. ɼʦʣʷ ʥʘʩʝʣʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʛʦ ʨʝʘʣʠʟʘʮʠʝʡ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʘ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʟʘ ʧʦʣʛʦʜʘ (ʩ ʦʢʪʷʙʨʷ 

2019 ʛ. ʧʦ ʤʘʨʪ 2020 ʛ.) ʚʦʟʨʦʩʣʘ ʥʘ 3,1 % ʜʦ 23,7%. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʧʨʦʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʯʝʩʪʚʦʤ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ ʀʥʪʝʨʥʝʪ 

(ʚʢʣʶʯʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ) ʫʜʦʚʣʝʪʚʦʨʝʥʳ 64,9% ʨʝʩʧʦʥʜʝʥʪʦʚ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʪʷʙʨʝʤ 2019 ʛ. ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʢʨʘʪʠʣʩʷ ʥʘ 1,1 %; ʜʦʣʷ ʛʨʘʞ-

ʜʘʥ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʛʦʜʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʤʫʥʠʮʠ-

ʧʘʣʴʥʳʤʠ ʫʩʣʫʛʘʤʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʩʦʩʪʘʚʠʣʘ 56,2% (43,8% ʚ ʪʝʯʝʥʠʝ ʧʦ-

ʩʣʝʜʥʝʛʦ ʛʦʜʘ ʥʝ ʧʦʣʴʟʦʚʘʣʠʩʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʤʠ ʫʩʣʫʛʘʤʠ 

ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ). ʀʟ ʥʠʭ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 64,1% (ʠʣʠ 36,0% ʦʧʨʦʰʝʥʥʳʭ) 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʮʝʥʠʣʠ ʢʘʯʝʩʪʚʦ ʵʪʠʭ ʫʩʣʫʛ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʰʣʳʤ ʛʦʜʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʮʝʥʦʢ ʚʦʟʨʦʩʣʦ ʥʘ 2,4 %. ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʧʨʦ-

ʰʝʥʥʳʭ. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʦʯʝʚʠʜʥʳ: ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʝʱʘʪʴ ʫʯʨʝʞʜʝʥʠʷ ʣʠʯʥʦ, ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʟʘ ʤʝʥʴʰʝʝ 

ʚʨʝʤʷ, ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʣʫ-

ʛʠ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʞʜʘʥ ʦ ʩʪʘʪʫʩʝ ʟʘʧʨʦʩʦʚ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʚ ʩʣʫʞʙʫ ʧʦʜʜʝʨʞʢʠ.   
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ʆʜʥʘʢʦ çʚʤʝʩʪʝ ʩ ʪʝʤ, ʦʩʷʟʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʧʨʦʛʨʘʤʤʘ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʠʣʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʝ ʬʝʜʝʨʘʣʴʥʳʝ ʧʨʦʝʢʪʳ,è - ʛʦʚʦʨʠʪ ʉʝʨʛʝʡ ʐʝʨʩʪʦʙʠʪʦʚ, ʛʝʥʝʨʘʣʴʥʳʡ 

ʜʠʨʝʢʪʦʨ Angara Technologies Group [2]. ɼʘʥʥʦʝ ʟʘʤʝʯʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʜʘʥʥʳʭ, 

ʫʪʚʝʨʞʜʘʶʱʠʭ, ʯʪʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʣʘʩʪʠ ʧʝʨʝʚʦʜ 

ʥʘ ʮʠʬʨʫ ʨʝʘʣʠʟʦʚʘʥ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 15-20% [2]. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʭʚʘʪʢʘ ʢʘʜʨʦʚ ʚ ʨʝʛʠʦʥʘʭ. ʇʨʦʛʨʘʤʤʘ 

çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘè, ʫʪʚʝʨʞʜʝʥʥʘʷ ʚ 2017 ʛʦʜʫ, ʥʘʮʝʣʝʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʩ ʨʝʛʠʦʥʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʮʝʣʝʥʦ ʥʘ 

ʧʨʦʮʝʩʩʳ ʚʦʟʜʝʡʩʪʚʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʝʪ ʀʚʘʥ ʌʝʜʦʪʦʚ, ʜʠ-

ʨʝʢʪʦʨ ɸʀʈʈ, ʩʫʙʲʝʢʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʘʩʩʠʚʥʦʡ ʨʦʣʠ ï ʠʟ ʥʠʭ çʚʳʤʳʚʘʶʪʩʷè 

ʠʜʝʠ ʠ ʢʘʜʨʳ [2]. ɺ ʩʣʫʯʘʝ ʩ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ ʦʱʫʱʘʝʪʩʷ 

ʨʝʟʢʘʷ ʥʝʭʚʘʪʢʘ ʀʊ- ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʙʦʪʥʠ-

ʢʦʚ ʀʊ ï ʩʝʢʪʦʨʘ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʘ ʚ ʈʦʩʩʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʉʝʚʝʨʦ-

ʂʘʚʢʘʟʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 6000 ʨʘʙʦʪʥʠʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʙʳʣʦ 177,4 ʪʳʩʷʯ ʩʦʪʨʫʜʥʠʢʦʚ ʩʦ ʩʭʦ-

ʞʝʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ [1].  

ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʠʦʥʦʚ ʠ ʩʪʨʘʥʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʜʨʘʤʠ ʚ ʩʬʝʨʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ çʂʘʜʨʳ ʜʣʷ ʮʠʬ-

ʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠè. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʛʨʘʤʤ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚʦ-

ʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ ʚʳʩʦ-

ʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʢʣʶʯʝʚʳʤ ʢʦʤʧʝʪʝʥʮʠʷʤ ʧʨʦʨʳʚ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ [4]. ɼʣʷ ʫʜʝʨʞʘʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʜʨʦʚ ʚ ʨʝʛʠʦʥʘʭ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʨʝʘ-

ʣʠʟʦʚʳʚʘʪʴ ʧʨʦʛʨʘʤʤʳ, ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʥʦʡ ʞʠʟʥʠ ʠ ʜʦʩ-

ʪʦʡʥʦ ʦʧʣʘʯʠʚʘʝʤʦʡ ʨʘʙʦʪʳ.  

ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʝʛʠʦ-

ʥʘʣʴʥʳʭ ʀʊ- ʧʨʦʛʨʘʤʤ. ɺ ʠʪʦʛʝ ʩʫʙʲʝʢʪʳ ʈʌ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟ-

ʨʘʙʦʪʢʠ ʀʊ- ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ ʚ 

ʣʫʯʰʫʶ ʩʪʦʨʦʥʫ. ʀʥʠʮʠʘʪʠʚʥʳʝ ʨʝʛʠʦʥʳ ʚ ʀʊ ʩʬʝʨʝ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʝ ʩʨʝʜʩʪʚ 

ʠʟ ʙʶʜʞʝʪʘ, ʫʯʘʩʪʚʫʷ ʚ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʘʭ.  ɺ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤ-

ʤʳ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ ʦʜʦʙʨʠʣʦ 

ʚʳʜʝʣʝʥʠʝ 13 ʨʝʛʠʦʥʘʤ 3 ʤʣʨʜ ʨʫʙʣʝʡ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʬʝʜʝʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ 

çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘè [5].  

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ 

ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʣʘʩʪʠ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʪʦ-

ʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʝʜʝʨʘʣʴʥʳʤ 

ʧʣʘʥʘ ʠ ʧʨʦʛʨʘʤʤʘʤ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʅʘ-

ʧʨʠʤʝʨ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʇʨʠʚʦʣʞʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ, ʚʳʷʚʣʝʥʘ ʥʝʜʦʩʪʘʪʦʯ-

ʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ɺ ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʮʝ-

ʣʠ, ʩʪʨʘʪʝʛʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʘʤʥʦʛʦ ʫʞʝ, ʯʝʤ ʮʝʣʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤ-

ʤʳ (ʉʪʨʘʪʝʛʠʷ ʩʦʮʠʘʣʴʥʦ- ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦ 
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2035 ʛʦʜʘ) [6]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ 

6 ʧʫʥʢʪʦʚ, ʢʫʜʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪʩʷ ʮʠʬʨʦʚʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ.  

ɸʥʘʣʠʟʠʨʫʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʤʥʦʛʦʦʙʨʘʟʠʠ ʧʦʜʭʦʜʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ 

ʪʨʝʥʜʘʤʠ ʢʘʢ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʷʚʣʷʶʪʩʷ:  

ð ʨʘʟʚʠʪʠʝ ʙʝʩʧʠʣʦʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʥʝʛʦ ʠ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʣʷʭ (ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʫʩʣʫʛʠ); 

ð ʮʠʬʨʦʚʠʟʘʮʠʷ ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ð ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʦʚ çʫʤʥʳʭ 

ʛʦʨʦʜʦʚè; 

ð ʚʥʝʜʨʝʥʠʝ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ; 

ð ʨʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ; 

ð ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ; 

ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (3D-ʧʝʯʘʪʴ, ʮʠʬ-

ʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨ.); 

ð ʧʝʨʝʭʦʜ ʢ ʧʨʦʘʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʦʢʘʟʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ; 

ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʢʦʥʪʨʦʣʴʥʦ-

ʥʘʜʟʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʛʦʩʫʜʘʨ-

ʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ: 

ð  ʩʦʟʜʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʘʙʦʪʫ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ; 

ð  ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʯʝʪʘʥʠʡ. ʊʘʢ ʢʘʢ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʨʘʩʣʝʡ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʠʭ ʥʦʚʳʝ ʩʦʯʝʪʘʥʠʷ ʤʦʛʫʪ ʜʘʚʘʪʴ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʇʦʠʩʢ ʠ ʚʥʝʜʨʝʥʠʝ ʵʪʠʭ ʨʝʰʝʥʠʡ ʜʦʣʞʝʥ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʦʤʧʘʥʠʷʤʠ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ, ʦʜʥʘʢʦ, ʩʦʟʜʘʥʠʝ 

ʙʘʥʢʘ ʪʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʛʣʦ ʙʳ ʫʧʨʦʩʪʠʪʴ ʠ ʫʜʝʰʝʚʠʪʴ ʵʪʦʪ 

ʧʨʦʮʝʩʩ; 

ð  ʜʝʤʦʢʨʘʪʠʟʘʮʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ʇʦ-

ʣʫʯʝʥʠʝ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʥʘʚʳʢʘʤ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ 

ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʢʦʤʙʠʥʘʮʠʠ ʦʧʳʪʘ ʨʘʟʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ; 

ð  ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʴʶ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʟʘʱʠʪʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʘʥʥʳʭ ʚ ʵʢʦ-

ʥʦʤʠʢʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʚʝʨʠʶ ʩʦ ʩʪʦʨʦʥʳ ʛʨʘʞʜʘʥ ʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʥʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʟʙʳʪʦʯʥʘʷ ʟʘʱʠʪʘ ʠ ʦʪʢʘʟ ʦʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʜʘʥʥʳʭ, ʠ ʪʦʨʤʦʟʠʪ ʨʘʟʚʠʪʠʝ ʮʠʬ-

ʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ; 
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ð  ʧʦʚʳʰʝʥʠʝ ʜʦʚʝʨʠʷ ʢ ʮʠʬʨʦʚʦʤʫ ʨʘʟʚʠʪʠʶ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʦʩ-

ʥʦʚʘʥʥʳʭ ʥʘ ʩʙʦʨʝ, ʭʨʘʥʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʩʦʟʜʘʝʪ ʢʨʠʟʠʩ ʜʦʚʝʨʠʷ ʩʨʝʜʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʇʦʚʳʰʝʥʠʝ ʧʨʦ-

ʟʨʘʯʥʦʩʪʠ, ʦʪʢʨʳʪʦʩʪʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʧʫʪʩʪ-

ʚʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʮʠʬ-

ʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʩʢʘʟʘʥʥʦʤʫ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʤʘʩʰʪʘʙʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʢʘʢ ʮʠʬʨʦʚʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʝʢ-

ʪʦʨʘ ʚ ʈʦʩʩʠʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʩʢʨʫʧʫʣʸʟʥʦʛʦ 

ʪʨʫʜʘ ʧʦ ʜʦʨʘʙʦʪʢʝ ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʧʨʦʙʣʝʤ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ. ɼʦʩʪʠʞʝʥʠʝ 

ʮʠʬʨʦʚʦʡ ʨʘʟʚʠʪʦʩʪʠ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʧʦʜ-

ʨʘʟʫʤʝʚʘʝʪ ʧʦʜʭʦʜ ʢ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʨʘʟʚʠʪʠʝʤ ʦʪʨʘʩʣʝʡ 

ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʥʘʰʝʡ ʩʪʨʘʥʳ. ʎʠʬʨʦʚʘʷ ʟʨʝʣʦʩʪʴ ʧʦ ʦʧʳʪʫ ʟʘ-

ʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʭʦʜʝ ʦʪ ʩʙʦʨʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʢ ʠʭ 

ʘʥʘʣʠʟʫ ʠ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ. ɺ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʩʪʫʧʣʝʥʠʝ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʤʦʞʝʪ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʨʘʟʥʳʤʠ ʬʦʨʤʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. ʆʜʥʘʢʦ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʩʦ-

ʧʨʦʚʦʞʜʘʪʴʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʠʨʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʯʥʷ ʠʩ-

ʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʦʪʨʘʩʣʝʡ 

ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ ʚʩʝʡ ʬʝʜʝʨʘʮʠʠ ʩʣʝʜʫʝʪ ʤʦʪʠʚʠʨʦʚʘʪʴ ʨʝʛʠʦ-

ʥʳ ʢ ʫʯʘʩʪʠʶ ʚ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʘʭ ʥʘʧʨʘʚʣʝʥʠʷ çʎʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠè ʚ ʮʝ-

ʣʷʭ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʚʩʝʛʦ ʦʙʱʝʩʪʚʘ. 
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main problems of digitalization of the public sector is carried out, possible solutions are given.  
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sonnel problems in the regions, IT- infrastructure, financing of regional IT-programs. 

 

ʋɼʂ 332.024:628.47 

 ʆʈɻɸʅʀɿɸʎʀʗ ʆɹʈɸʑɽʅʀʗ ʉ ʊɺɽʈɼʓʄʀ ɹʓʊʆɺʓʄʀ  

ʆʊʍʆɼɸʄʀ ʅɸ ʉʆɺʈɽʄɽʅʅʆʄ ʕʊɸʇɽ ʈɸɿɺʀʊʀʗ  

ʕʂʆʅʆʄʀʂʀ 

ʉ.ɸ. ɹʫʨʤʘʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜ.ʵ.ʥ., ʜʦʮʝʥʪ ʀ.ɻ. ʏʠʨʢʦʚʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʱʝʥʠʷ ʩ ʪʚʝʨʜʳʤʠ ʙʳʪʦ-

ʚʳʤʠ ʦʪʭʦʜʘʤʠ (ʊɹʆ), ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʘʥʘʭ. ʉʠʩʪʝ-

ʤʘʪʠʟʠʨʦʚʘʥ ʧʦʥʷʪʠʡʥʳʡ ʘʧʧʘʨʘʪ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʳ ʠ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʫʩʦ-

ʨʘ ʧʦ ʝʛʦ ʚʠʜʘʤ. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ ʊɹʆ ʚ 

ʉʐɸ ʧʦʩʪʨʦʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ  ʧʝʨʝʨʘʙʦʪʢʠ ʤʫʩʦʨʘ, ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ 

ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʝ ʙʳʪʦʚʳʝ  ʦʪʭʦʜʳ (ʊɹʆ), ʫʪʠʣʠʟʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʠ, ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʝ ʟʘʪʨʘʪʳ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʠʩʪʝʤʘ ʦʙʨʘʱʝʥʠʷ ʩ ʪʚʝʨʜʳʤʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦ-

ʜʘʤʠ (ʊɹʆ) ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʟʘʭʦʨʦʥʝʥʠʝ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʘ-

ʛʨʷʟʥʝʥʠʶ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʚʦʟʜʫʭʘ, ʩʥʠʞʘʷ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛ ʧʦ ʦʙʨʘʱʝʥʠʶ ʊɹʆ, 

ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʥʮʠʧʘʤʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦ-

ʤʠʢʠ ʠ ʪʨʝʙʫʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ [1]. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘ-

ʣʠʟʘ ʧʨʠʤʝʥʷʝʤʳʭ ʨʘʟʥʳʤʠ ʩʪʨʘʥʘʤʠ ʤʠʨʘ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʊɹʆ ʠ 

ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʈʦʩʩʠʠ. 

 ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʪʭʦʜʳ ʟʘʥʠʤʘʶʪ ʚʩʸ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʚʩʝʭ ʫʛʦʣ-

ʢʘʤ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʉʝʛʦʜʥʷ ʧʝʨʝʨʘʙʦʪʢʘ ʤʫʩʦʨʘ ï ʩʘʤʘʷ ʦʩʪʨʘʷ, ʛʣʦʙʘʣʴʥʘʷ ʠ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ. ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʠʟ-ʟʘ ʦʪʭʦʜʦʚ ʠ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ 

ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʠ ʚʳʛʦʜʥʳʝ 
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ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʠ ʤʫʩʦʨʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʨʠʩʢʠ ʫʥʠʯʪʦʞʝʥʠʷ ʧʨʠʨʦʜʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʤʫʩʦʨʘ ʚ ʧʦʣʝʟʥʦʝ ʩʳʨʴʝ. 

ʅʝʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʥʝʩʪʠ ʥʝʧʦʧʨʘʚʠʤʳʡ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʜʨʫʛʠʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʧʨʦʪʠʚ ʵʬʬʝʢʪʠʚʥʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ  ʙʝʟʦʧʘʩʥʳ. ɺʳʜʝʣʷʶʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ: 

¶ ʉʞʠʛʘʥʠʝ ʥʘ ʧʦʣʠʛʦʥʘʭ ï ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦ-

ʜʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʚʦʙʦʜʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ, ʥʦ ʥʘʥʦʩʠʪ ʚʨʝʜ ʵʢʦ-

ʣʦʛʠʠ. ʅʦ ʝʩʣʠ ʧʨʝʜʧʨʠʷʪʠʝ ʦʩʥʘʱʝʥʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʩʧʦʩʦʙʥʳʤ ʚʥʘʯʘʣʝ ʫʜʘʣʠʪʴ ʚʩʝ ʚʨʝʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʤʝʪʘʣʣʳ, ʧʣʘʩʪʠʢ, ʘʢʢʫ-

ʤʫʣʷʪʦʨʳ, ʘ ʟʘʪʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʧʨʦʮʝʩʩʫ, ʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʨʘʙʦʪʳ ʩ ʤʫʩʦʨʦʤ 

ʟʘʩʣʫʞʠʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ; 

¶ ʇʣʘʟʤʝʥʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ï ʜʦʧʫʩʢʘʝʪ ʫʪʠʣʠʟʘʮʠʶ ʥʝ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ 

ʩʳʨʴʷ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʫʯʘʝʪʩʷ ʚʪʦʨʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ, ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʠ ʜʨʫʛʠʭ 

ʧʨʦʜʫʢʪʦʚ; 

¶ ʇʠʨʦʣʠʟ ʧʨʠ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʠ ʧʦʣʝʟʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʤʫʩʦʨʘ, ʪʘʢ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘ-

ʝʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʚʳʜʝʣʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʳʚʦʟʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʢ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ: 

¶ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʛʦʨʦʜʦʤ ʠ ʦʙʣʘʩʪʴʶ, 
ʩ ʜʨʫʛʠʤʠ ʤʫʥʠʮʠʧʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ;  

¶ ʟʥʘʯʠʪʝʣʴʥʳʡ ʙʝʩʢʦʥʪʨʦʣʴʥʳʡ ʧʦʪʦʢ ʦʪʭʦʜʦʚ, ʚʳʚʦʟʠʤʳʭ ʠʟ ʛʦʨʦʜʘ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʣʷ ʧʨʠʥʫʞʜʝʥʠʷ ʩʘʥʢ-

ʮʠʦʥʠʨʦʚʘʥʥʳʭ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʫʩʪʨʦʡʩʪʚʦ, ʛʘ-

ʨʘʥʪʠʨʫʶʱʝʝ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʣʠʟʣʝʞʘʱʠʭ ʪʝʨʨʠʪʦʨʠʡ.  

ɺʳʙʦʨ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʫʪʠʣʠʟʘʮʠʠ ʊɹʆ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʛʦʨʦʜʘ, 

ʩʦʩʪʘʚʘ, ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ, ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʫʪʠʣʴʥʳʭ ʬʨʘʢʮʠʷʭ, 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠʣʠ ʫʜʦʙʨʝʥʠʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. ɺʳʙʨʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʊɹʆ ʜʦʣʞʥʘ ʦʙʦʩʥʦʚʳʚʘʪʴʩʷ 

ʩʣʝʜʫʶʱʠʤ: 

 ï ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʢʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ, ʟʝʤʣʠ, ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ; 

ï ʩʘʥʠʪʘʨʥʦʡ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʫʪʠ-

ʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ;  

ï ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʥʦʨʤ ʧʦ ʚʳʙʨʦʩʫ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʦʪʭʦʜʦʚ; 

 ï ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʚʢʣʶ-

ʯʘʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ;  

ï ʩʪʝʧʝʥʴʶ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʟʘʣʧʦʚʳʭ ʚʳʙʨʦʩʦʚ; 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ; 
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 ï ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʠ ʩʨʦʢʠ ʠʭ ʦʢʫʧʘʝʤʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʩʪʦʠʤʦʩʪ-

ʥʳʝ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʊɹʆ. 

ʆʩʥʦʚʥʳʝ  ʤʝʪʦʜʳ  ʧʝʨʝʨʘʙʦʪʢʠ  ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪ  ʚʠʜ ʤʫʩʦʨʘ, ʢʦʪʦʨʳʡ 

ʥʫʞʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʪ-

ʭʦʜʦʚ.  ʉʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʢʨʠ-

ʪʝʨʠʝʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʫʩʦʨ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʠʩʪʦʯʥʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ. ɻʨʘʤʦʪʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʣʦʛʠʶ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʤʫʩʦʨ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʫʪʠʣʠʟʘʮʠʠ ʠ ʧʦʜʜʝʨ-

ʞʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʘʥʠʪʘʨʥʳʭ ʫʩʣʦʚʠʡ. 

ʇʦʜ ʦʪʭʦʜʘʤʠ ʧʦʥʠʤʘʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʝ ʧʦ ʩʦʩʪʘʚʫ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʥʳ-

ʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʝʱʝʩʪʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʤʫʩʦʨʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʦʚʦʮʠʨʫʷ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ [6]. ʀʩʭʦʜʷ 

ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ, ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʠʩʪʦʯ-

ʥʠʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ:  

1) ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ (ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʧʨʦʜʫʢʪʦʚ). 

2) ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʫʜʥʦʫʪʠʣʠʟʠʨʫʝʤʳʭ ʦʪʭʦʜʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʦʡ, ʩʬʝʨʘʭ. 

3) ʉʪʨʦʠʪʝʣʴʥʳʝ ʠ ʨʝʤʦʥʪʥʳʝ ʧʣʦʱʘʜʢʠ. 

4) ʆʙʲʝʢʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦ-

ʚʝʢʘ. 

ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʝʱʝʩʪʚ, 

ʷʚʣʷʝʪʩʷ ʠʭ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʞʝʥ, ʪʘʢ ʢʘʢ ʚʣʠʷʝʪ ʥʘ ʚʳ-

ʙʦʨ ʩʧʦʩʦʙʘ ʭʨʘʥʝʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ, ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʪʭʦʜʦʚ ï ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʥʘʣʠʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʫʩʦʨʘ, ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʫʩʧʝʰʥʦʡ ʫʪʠʣʠʟʘʮʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʦʩʪʘʪʦʯʥʦʝ ʩʳʨʴʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʩʪʦʯʥʠʢʦʚ ʦʙ-

ʨʘʟʦʚʘʥʠʷ, ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ (ʨʠʩ.1). 
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ʂʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ï ʚʘʞʥʝʡʰʠʡ ʢʨʠʪʝʨʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʫʩʦʨʘ. ʊɹʆ ʜʝ-

ʣʷʪ ʥʘ ʚʠʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʥʘʥʦʩʠʤʦʛʦ ʚʨʝʜʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ 

ʦʨʛʘʥʠʟʤʫ ʯʝʣʦʚʝʢʘ. ʂʣʘʩʩʳ ʦʧʘʩʥʦʩʪʠ: 

1) ɺʢʣʶʯʘʝʪ ʦʩʪʘʪʢʠ, ʩʳʨʴʝ ʠ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʫʛʨʦʟʫ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ, ʟʘ-

ʛʨʷʟʥʷʷ ʨʝʩʫʨʩʳ. ʂ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʩʪʘʪʢʠ, ʧʨʦʜʫʢʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʨʪʫʪʴ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʩʣʘ. 

2) ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʛʨʦʟʳ. ʇʝʨʠʦʜ ʥʝʡʪʨʘ-

ʣʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʜʣʠʪʩʷ ʥʝ ʤʝʥʝʝ 30 ʣʝʪ. 

3) ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʫʨʦʚʥʶ ʫʛʨʦʟʳ. ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʠʪʩʷ 10 ʣʝʪ. ʂ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʨʦʜʫʢʪʳ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʤʝʪ ʧʪʠʮ, ʩʚʠʥʦʡ ʥʘʚʦʟ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, 

ʦʯʠʩʪʥʦʡ ʰʣʘʤ. 

4) ʄʘʣʦʦʧʘʩʥʳʝ ʦʪʭʦʜʳ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʥʦʩʠʤʦʛʦ ʚʨʝʜʘ: ʩʪʨʦʠʪʝʣʴ-

ʥʳʡ ʠ ʙʳʪʦʚʦʡ ʥʝʩʦʨʪʠʨʦʚʘʥʥʳʡ ʤʫʩʦʨ, ʦʩʪʘʪʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʦʚʦʣʴʩʪ-

ʚʝʥʥʳʭ ʪʦʚʘʨʦʚ. 

5) ʅʝʦʧʘʩʥʳʝ ʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʦʢʘʟʳʚʘʶʪ ʧʘʛʫʙʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ ʦʙʱʝʩʪʚʦ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ 

ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: 

ï ʤʝʩʪʦ ʩʙʦʨʘ ʦʪʭʦʜʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʦ ʢ ʠʟʚʣʝʢʘʝ-

ʤʳʤ ʦʪʭʦʜʘʤ, ʪʘʢ ʢʘʢ ʯʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʠʜʝʪ ʦʙʨʘʱʝʥʠʝ ʩ ʦʪʭʦʜʘʤʠ, ʪʝʤ ʙʦʣʴʰʝ 

ʜʦʤʠʥʠʨʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ;  

ï ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ ʤʝʞʜʫ ʚʩʝʤʠ ʫʯʘ-

ʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʱʝʥʠʷ ʊɹʆ.  

ʊʘʢ, ʮʝʣʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʩʪʧʦ-

ʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʣʘʩʪʠʢʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʦʚʳʭ ʠʟʜʝʣʠʡ. ʋʧʘʢʦʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʡ ʧʦ ʦʪʜʝʣʴʥʳʤ ʬʨʘʢ-

ʮʠʷʤ, ʣʠʙʦ ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʦʪʣʠʚʘʝʪʩʷ ʚ ʥʦʚʫʶ ʬʦʨʤʫ, ʣʠʙʦ 

ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʭʣʦʧʴʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʛʨʘʥʫʣʳ, ʥʘʟʳʚʘʝ-

ʤʳʝ ʨʝʛʨʘʥʫʣʷʪʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʡʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨ-

ʪʳ ʠ ʧʨʘʚʠʣʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʪʦʨʠʯʥʳʝ ʧʣʘʩʪʤʘʩʩʳ ʚ ʝʱʝ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ [4, 5]. ʅʘʧʨʠʤʝʨ, ʫʧʘʢʦʚʢʘ ʜʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦ-

ʪʦʚʣʝʥʘ ʪʦʣʴʢʦ ʠʟ ʧʝʨʚʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ.  

ɺ ʉʐɸ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʮʠʨʢʫʣʷʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 17 % ʤʫʥʠʮʠʧʘʣʴ-

ʥʦʛʦ ʤʫʩʦʨʘ, ʘ ɸʛʝʥʪʩʪʚʦ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʫʩʪʘʥʦʚʠʣʦ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʮʝʣʠ ʜʦʚʝʩʪʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ 25 %. ʈʝʮʠʢʣʠʥʛ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʥʦ ʘʣʴʪʝʨʥʘʪʠʚʳ ʝʤʫ ʧʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ ʥʝʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʷʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʣʝʢ-

ʪʠʚʥʳʤ ʩʙʦʨʦʤ ʊɹʆ, ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ. ʊʘʢ, ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, ʯʪʦ ʤʝ-

ʪʘʣʣʳ, ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʮʠʦʥʘʣʴʥʫʶ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʞʝʣʝʟʝ ʥʘ 7 %, ʚ ʘʣʶʤʠʥʠʠ ï ʥʘ 8 % ʠ ʚ ʦʣʦʚʝ ï ʥʘ 19 %. ʆʜʥʘʢʦ ʥʘ 

ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚ ʉʐɸ ʧʳʪʘʶʪʩʷ ʜʦʙʠʪʴʩʷ ʧʝʨʝʨʘʙʦʪʢʠ 25 % ʦʪʭʦʜʦʚ ʚ 

ʤʘʩʰʪʘʙʘʭ ʩʪʨʘʥʳ. ɺʦ ʤʥʦʛʠʭ ʘʤʝʨʠʢʘʥʩʢʠʭ ʰʪʘʪʘʭ ʵʪʘ ʮʠʬʨʘ ï 40 %. ɺ ʉʠʵʪ-
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ʣʝ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ 60 % ʚʩʝʭ ʦʪʭʦʜʦʚ. ɺ ʤʘʩʰʪʘʙʘʭ ʦʜʥʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ ʫʜʘʚʘʣʦʩʴ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʜʦ 90 % ʦʪʭʦʜʦʚ. ʅʘ ʤʝʩʪʥʦʤ ʫʨʦʚʥʝ ʧʨʝʜ-

ʧʨʠʥʠʤʘʝʪʩʷ ʨʷʜ ʤʝʨ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʤʫʩʦʨʘ. ɺ ʄʠʥʥʝʘʧʦʣʠʩʝ ʠ 

ʉʝʥʪ-ʇʦʣʝ ʟʘʧʨʝʱʝʥʦ ʧʨʦʜʘʚʘʪʴ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʦʙʦʣʦʯʢʝ, 

ʢʦʪʦʨʘʷ ʥʝ ʨʘʟʣʘʛʘʝʪʩʷ ʠʣʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʨʘʙʦʪʘʥʘ. ɺ ʉʐɸ ʧʝʨʝʨʘʙʘʪʳʚʘ-

ʝʪʩʷ 98 % ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʩʪʝʢʣʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʩʪʥʳʭ ʧʦʩʝʣʝʥʠʡ ʚ 

ʉʐɸ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʛʜʘ ʫʧʘʢʦʚʢʘ 

ʠʟ-ʧʦʜ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʙʫʪʳʣʢʠ ʠʟ-ʧʦʜ ʥʘʧʠʪʢʦʚ ʩʦʙʠʨʘʶʪʩʷ ʚʤʝʩʪʝ. ɼʘ-

ʣʝʝ ʦʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʫʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʬʘʙʨʠʢʝ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʤʫʩʦʨʘ. 

ʉ ʫʯʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʜʝʣʷʶʪ 2 ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʤʫʩʦʨʘ ï ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʡ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ, ʢʦʪʦʨʳʡ ʚ ʉʐɸ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʩʭʝʤʝ 

(ʨʠʩ. 2): 

ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʦʡ ʩʭʝʤʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ: 

1) ɺ ʢʘʞʜʦʤ ʰʪʘʪʝ ʧʨʦʛʨʘʤʤʘ ʧʦ ʩʙʦʨʫ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦ ʫʩʤʦʪʨʝʥʠʶ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ. ɺ ʢʘʯʝʩʪ-

ʚʝ ʦʙʱʝʡ ʦʩʥʦʚʳ ʚʳʩʪʫʧʘʝʪ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʨʘʟʜʝʣʴʥʳʡ ʩʙʦʨ ʤʫʩʦʨʘ. 

2) ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʢʘʞʜʦʡ ʫʣʠʮʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʪʝʡ-

ʥʝʨʳ ʜʣʷ ʨʝʩʘʡʢʣʠʥʛʘ, ʢʫʜʘ ʧʦʧʘʜʘʶʪ ʦʪʭʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ. 

3) ʏʘʱʝ ʚʩʝʛʦ ʤʝʩʪʥʳʝ ʚʣʘʩʪʠ ʟʘʨʘʥʝʝ ʩʦʦʙʱʘʶʪ ʛʨʘʞʜʘʥʘʤ ʦ ʜʥʷʭ ʚʳʚʦʟʘ 

ʠ ʧʨʦʩʷʪ ʚʳʥʝʩʪʠ ʦʪʭʦʜʳ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʦʙʦʟʥʘʯʝʥʥʳʝ 

ʧʫʥʢʪʳ ʩʙʦʨʘ ʫ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ʈʘʟʜʝʣʴʥʳʡ ʩʙʦʨ ʤʫʩʦʨʘ ʚʣʠʷʝʪ ʠ ʥʘ ʢʦʥʩʪʨʫʢ-

ʮʠʶ ʤʫʩʦʨʦʚʦʟʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʉʐɸ: ʝʩʪʴ ʤʘʰʠʥʳ ʩ ʜʚʫʤʷ ʦʪʜʝʣʝʥʠʷ-

ʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʚʳʚʦʟʘ ʙʫʤʘʛʠ ʠ ʧʣʘʩʪʠʢʘ, ʠ ʩʪʘʥʜʘʨʪʥʳʝ 

ï ʩ ʦʙʱʠʤ ʢʫʟʦʚʦʤ, ʜʣʷ ʩʙʦʨʘ ʧʨʦʯʠʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. ʇʨʠʯʝʤ ʝʩʣʠ ʨʘʙʦʪʥʠ-

ʢʘʤ ʥʝ ʧʦʥʨʘʚʠʪʩʷ ʩʦʜʝʨʞʠʤʦʝ ʙʘʢʘ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʝʛʦ ʥʝ ʟʘʙʨʘʪʴ ʣʠʙʦ ʚʳʧʠʩʘʪʴ 

ʰʪʨʘʬ. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʘʤʝʨʠʢʘʥʮʝʚ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʩʦʨʪʠʨʦʚʢʝ 

ʦʪʭʦʜʦʚ [3]. 

4) ʇʦʜ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩ ʮʝʣʴʶ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʟ-

ʚʨʘʱʝʥʠʷ ʚ ʦʙʦʨʦʪ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʫʩʦʨʘ. ʉʫʱʝʩʪʚʫʶʪ ʦʩʦʙʦ ʮʝʥʥʳʝ 

ʚʠʜʳ ʩʳʨʴʷ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʦʚʪʦʨʥʦ ʧʨʦʜʫʢʪʳ ʠ ʧʦʣʫʯʠʪʴ ʥʝ-

ʧʣʦʭʫʶ ʧʨʠʙʳʣʴ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʙʫʤʘʛʘ ʠ ʢʘʨʪʦʥ, ʩʪʝʢʣʦ, ʨʝʟʠʥʘ, ʧʦʣʠʤʝʨʳ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʵʣʝʢʪʨʦʥʠʢʘ, ʤʝʪʘʣʣʳ, ʜʨʝʚʝʩʠʥʘ, ʚʪʦʨʠʯʥʳʝ ʦʪʭʦʜʳ ʠ ʩʪʨʦʠ-

ʪʝʣʴʥʳʡ ʤʫʩʦʨ. ɺʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʈʠʩ.2. ʉʭʝʤʘ ʧʦ ʵʪʘʧʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʉʐɸ 

 

ʄʥʦʛʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʨʘʥʳ ʪʘʢʠʝ ʢʘʢ: ʀʪʘʣʠʷ, ɻʝʨʤʘʥʠʷ, ʖʞʥʘʷ ʂʦ-

ʨʝʷ, ʫʞʝ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʫʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʭʝʤʫ ʪʘʢʫʶ ʢʘʢ ʫ 

ʉʐɸ, ʢʦʪʦʨʘʷ  ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʛʨʘʤʦʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝ-

ʩʫʨʩʳ ʩʪʨʘʥʳ, ʥʦ ʠ ʢʘʯʝʩʪʚʦ ʙʦʨʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʦʪʭʦʜʦʚ ʚ ʤʝʛʘʧʦʣʠʩʘʭ ʵʪʠʭ 

ʩʪʨʘʥ. ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʩʭʝʤʫ, ʥʝ ʪʦʣʴʢʦ ʈʦʩʩʠʷ, ʥʦ ʠ ʜʨʫʛʠʝ ʩʪʨʘʥʳ ʙʫʜʫʪ ʪʦʣʴʢʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʤʫʩʦʨʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʚʘʣʦʢ, ʢʘʢ ʠ ʤʫʩʦʨʘ ʚ ʮʝʣʦʤ, ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʤʝʥʴ-

ʰʘʪʴʩʷ. 
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The article analyzes the technology of solid waste management (MSW), which are common in 

industrialized mills. The conceptual apparatus of the problem under study is systematized and the 

classification of garbage by its types is given. Based on a study of the functioning of the MSW han-

dling system in the United States, a scheme of the garbage processing process is constructed, which 

is widely used in other countries of the world. 
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ʀʉʊʆʈʀʗ ʈɸɿɺʀʊʀʗ ɸʋɼʀʊʆʈʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ɺ ʈʆʉʉʀʀ 

ʆ.ɹ. ɹʫʭʪʠʥʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʀ.ɺ. ʏʫʛʫʥʦʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʇʆ çɸʣʪʘʡ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʚ ʈʦʩʩʠʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʧʨʦ-

ʬʝʩʩʠʠ ʘʫʜʠʪʦʨʘ ʚ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʜʠʪʦʨ, ʬʠʥʘʥʩʦʚʘʷ ʦʪʯʸʪʥʦʩʪʴ, ʢʦʥʪʨʦʣʴ, ʧʨʦʚʝʨʢʘ, ʘʫʜʠʪʦʨʩʢʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʙʫʭʛʘʣʪʝʨʩʢʘʷ ʦʪʯʸʪʥʦʩʪʴ, ʘʫʜʠʪ, ʘʫʜʠʪʦʨʩʢʠʝ ʢʦʤʧʘʥʠʠ. 

 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʘʫʜʠʪʦʨʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ʠʛʨʘʣʘ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ʚ ʩʠʩʪʝʤʝ ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥ ʚ ʮʝʣʦʤ. ʆʧʳʪ-

ʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦʤʦʛʘʣʠ ʥʘʡʪʠ ʦʰʠʙʢʠ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʡ ʠ ʨʝʰʠʪʴ 

ʠʭ. 

ʇʨʦʬʝʩʩʠʷ ʘʫʜʠʪʦʨʘ ʧʦʣʴʟʫʝʪʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʠ ʩʝʛʦʜʥʷ. ʊʘʢ ʢʘʢ ʨʳʥʦʢ 

ʢʦʥʩʘʣʪʠʥʛʦʚʳʭ ʠ ʘʫʜʠʪʦʨʩʢʠʭ ʫʩʣʫʛ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʨʘʩʪʸʪ ʩʧʨʦʩ ʥʘ ʭʦʨʦʰʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [1]. 

ʇʦʵʪʦʤʫ ʥʘʤ ʧʨʝʜʩʪʘʚʠʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʘ ʨʘʟʚʠʪʠʷ 

ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦʥʷʪʠʝ çʘʫʜʠʪʘè ʧʨʦʠʟʦʰʣʦ ʦʪ ʣʘʪʠʥʩʢʦʛʦ çaudioè - ʩʣʫʰʘʪʝʣʴ, ʩʣʫʰʘʪʴ. 

ʈʘʥʴʰʝ ʚ ʜʫʭʦʚʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʪʘʢ ʥʘʟʳʚʘʣʠ ʪʝʭ, ʢʪʦ ʧʨʝʫʩʧʝʚʘʣ ʚ 

ʫʯʸʙʝ, ʢʦʤʫ ʜʦʚʦʜʠʣʦʩʴ ʧʨʦʚʝʨʷʪʴ ʨʘʙʦʪʳ ʜʨʫʛʠʭ ʫʯʝʥʠʢʦʚ. ɺ ʦʩʥʦʚʝ ʧʦʥʷʪʠʷ 
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çʘʫʜʠʪè ʣʝʞʘʪ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʣʫʰʘʪʝʣʷʤʠ ʠ ʦʪʯʠʪʳʚʘʶ-

ʱʠʤʠʩʷ [2]. 

ʉʘʤʳʝ ʧʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦʙ ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʧʠʩʳʚʘʶʪ 

ʜʨʝʚʥʠʤ ʝʛʠʧʪʷʥʘʤ ʠ ʨʠʤʣʷʥʘʤ. ɺ ʪʦ ʚʨʝʤʷ ʙʳʣʠ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʦʙʷʟʘʥʳ ʙʳʣʠ 

ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʢʫ ʨʘʙʦʪʳ ʥʘʣʦʛʦʩʙʦʨʱʠʢʦʚ [3]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʘʫʜʠʪʦʨʘʭ ʧʨʠʰʣʘ ʚ ʩʝʨʝʜʠʥʝ XIX ʚʝʢʘ ʚ ɽʚʨʦʧʝ. ɺʦ 

ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚʦʟʥʠʢʣʦ ʤʥʦʞʝʩʪʚʦ ʘʢʮʠʦʥʝʨʥʳʭ ʦʙ-

ʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʳʪʘʣʠʩʴ ʧʨʦʜʘʚʘʪʴ ʩʚʦʠ ʘʢʮʠʠ ʧʦ ʟʘʚʳʰʝʥʥʦʤʫ ʢʫʨʩʫ. ʊʦʛʜʘ ʠ 

ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʨʠʙʳʣʴ, ʜʠʚʠʜʝʥʜʳ ʠ ʧʦʢʘʟʘʪʝʣʠ ʦʪ-

ʯʸʪʥʦʩʪʠ. ɺ ʵʪʦ ʚʨʝʤʷ ʩʨʝʜʠ ʙʫʭʛʘʣʪʝʨʦʚ ʧʦʷʚʠʣʠʩʴ ʪʝ, ʢʦʪʦʨʳʭ ʟʘ ʚʦʟʥʘʛʨʘʞ-

ʜʝʥʠʝ ʧʨʠʛʣʘʰʘʣʠ ʘʢʮʠʦʥʝʨʳ ʠ ʩʦʙʩʪʚʝʥʥʠʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʨʘʩʯʸʪʦʚ,  ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʈʦʜʠʥʦʡ ʘʫʜʠʪʘ ʩʯʠʪʘʶʪ ɸʥʛʣʠʶ, ʛʜʝ ʚ 1862 ʛʦʜʫ ʙʳʣ ʧʨʠʥʷʪ ʟʘʢʦʥ, ʩʦ-

ʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʢʦʤʧʘʥʠʠ ʦʙʷʟʘʥʳ ʙʳʣʠ ʧʨʦʚʦʜʠʪʴ ʦʙʷʟʘʪʝʣʴʥʳʡ ʘʫʜʠʪ ʩʚʦʝʡ 

ʦʪʯʸʪʥʦʩʪʠ. ɸʥʘʣʦʛ ʪʘʢʦʛʦ ʟʘʢʦʥʘ ʙʳʣ ʧʨʠʥʷʪ ʚʦ ʌʨʘʥʮʠʠ ʚ 1867 ʛʦʜʫ, ʚ ʉʐɸ 

1937 ʛʦʜʫ [2]. 

ɺ ʈʦʩʩʠʠ ʜʦʣʞʥʦʩʪʴ ʘʫʜʠʪʦʨʘ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʘʩʴ ʚ XVIII ʚʝʢʝ. ʕʪʘ ʜʦʣʞ-

ʥʦʩʪʴ ʧʦʷʚʠʣʘʩʴ ʚ ʘʨʤʠʠ ʠ ʚʚʸʣ ʝʸ ʇʸʪʨ I. ʆ ʥʝʡ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʚʦʠʥʩʢʦʤ ʫʩʪʘ-

ʚʝ ʚ 1716 ʛʦʜʫ ʠ ʚ çʊʘʙʝʣʝ ʦ ʨʘʥʛʘʭè. ɸʫʜʠʪʦʨʘʤʠ ʚ ʪʦ ʚʨʝʤʷ ʥʘʟʳʚʘʣʠ ʶʨʠʩʪʦʚ 

(ʪʦʣʴʢʦ ʚʦʝʥʥʳʭ). ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʜʦʣʞʥʦʩʪʴ ʘʫʜʠʪʦʨʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʦʙʷ-

ʟʘʥʥʦʩʪʠ ʩʝʢʨʝʪʘʨʷ, ʧʨʦʢʫʨʦʨʘ ʠ ʜʝʣʦʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

ʇʦʧʳʪʢʠ ʨʘʟʚʠʪʠʷ ʘʫʜʠʪʘ ʚ ʈʦʩʩʠʠ ʥʝ ʝʜʠʥʦʞʜʳ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʩ ʢʦʥʮʘ 

XIX ʚʝʢʘ. ɺ 1889 ʛʦʜʫ ʙʳʣʠ ʧʦʧʳʪʢʠ ʩʦʟʜʘʪʴ ʠʥʩʪʠʪʫʪ ʘʫʜʠʪʦʨʦʚ. ʅʦ ʚ ʈʦʩʩʠʠ 

ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʥʝ ʙʳʣʦ ʪʘʢʦʛʦ ʯʠʩʣʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʧʦʜʢʦʚʘʥʥʳʭ ʙʫʭʛʘʣʪʝ-

ʨʦʚ, ʘ ʧʨʦʩʪʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʙʦʷʣʠʩʴ ʩʣʦʞʥʦʩʪʝʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʵʢʟʘʤʝ-

ʥʦʚ.  

ɼʘʣʴʥʝʡʰʠʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʠʥʩʪʠʪʫʪʘ ʘʫʜʠʪʘ ʚ ʈʦʩʩʠʠ ʧʨʝʜʧʨʠʥʠʤʘ-

ʣʠʩʴ ʚ 1912 ʠ 1928 ʛʦʜʘʭ, ʵʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʨʝʬʦʨʤ, ʥʦ ʚʩʝ ʦʥʠ ʧʦʪʝʨʧʝʣʠ ʬʠʘʩʢʦ. ʅʝʙʣʘʛʦʧʨʠʷʪʥʦʤʫ ʠʩʭʦʜʫ ʧʦʧʳʪʦʢ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʣʦ ʠʟʤʝʥʝʥʠʝ ʧʦʣʠʪʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʩʪʨʘʥʝ. ɺ ʉʉʉʈ 

ʩʪʸʨʣʦʩʴ ʧʦʥʷʪʠʷ çʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳè ʠ ʥʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʘʥʢʘʤ ʠ 

ʧʘʨʪʥʸʨʘʤ ʧʨʦʚʝʨʷʪʴ ʦʪʯʸʪʥʦʩʪʴ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʧʦʪʦʤʫ ʢʘʢ ʬʠʥʘʥʩʦʚʳʝ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩʪʨʦʠʣʠʩʴ ʥʘ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʦʩʥʦʚʝ. 

ɺ 1984-1988 ʛʦʜʘʭ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʘʫʜʠʪʦʨʩʢʠʝ ʬʠʨʤʳ. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘ-

ʥʦ ʩ ʚʦʟʨʦʞʜʝʥʠʝʤ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʦʚʳʭ ʬʦʨʤ ʦʨʛʘ-

ʥʠʟʘʮʠʡ (ʘʢʮʠʦʥʝʨʥʳʝ ʦʙʱʝʩʪʚʘ, ʩʦʚʤʝʩʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʠ ʘʫʜʠʪʦʨʘ (ʚ ʝʸ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʥʠʤʘʥʠʠ) ʚ ʥʘ-

ʰʝʡ ʩʪʨʘʥʝ ʚʧʝʨʚʳʝ ʧʦʷʚʣʷʝʪʩʷ ʚ 1987-1993 ʛʦʜʘʭ, ʢʦʛʜʘ ʈʦʩʩʠʷ ʚʩʪʘʣʘ ʥʘ ʨʳ-

ʥʦʯʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʯʘʣʠ ʩʦʟʜʘʚʘʪʴʩʷ ʘʫʜʠʪʦʨʩʢʠʝ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. ɺ 1987 ʛʦʜʫ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʝʨʚʘʷ ʘʫʜʠʪʦʨʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ çʀʥʪʝʨʘʫ-

ʜʠʪè, ʚ 1993 ʛʦʜʫ ʙʳʣ ʧʨʠʥʷʪ ʟʘʢʦʥ çʆʙ ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè. 

ɺʳʜʝʣʷʶʪ 3 ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʘʫʜʠʪʘ ʚ ʈʦʩʩʠʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʦʩʩʠʡʩʢʦʤʫ ʘʫʜʠʪʫ ʙʳʣʘ ʩʚʦʡʩʪʚʝʥʥʘ ʨʝʚʠʟʠʦʥʥʘʷ ʩʦ-

ʩʪʘʚʥʘʷ ʯʘʩʪʴ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʮʝʣʴʶ ʘʫʜʠʪʦʨʘ ʷʚʣʷʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʦʯʥʦʩʪʠ 
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ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʠ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʸʪʥʦʩʪʠ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷʤ ʩʦʚʝʨʰʸʥʥʳʭ ʠʤʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʦʧʝʨʘʮʠʡ ʥʦʨʤʘʪʠʚ-

ʥʳʤ ʘʢʪʘʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʈʌ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʟʘʢʦʥʝ ʦʪ 07.08.2011 

N 119-ʌɿ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʣʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʥʝʥʠʷ ʦ ʪʦʯʥʦʩʪʠ ʬʠʥʘʥ-

ʩʦʚʦʡ ʠ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʯʸʪʥʦʩʪʠ ʘʫʜʠʨʫʝʤʳʭ ʣʠʮ ʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʚʝʜʝʥʠʷ 

ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʸʪʘ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʈʌ. 

ʊʨʝʪʠʡ ʵʪʘʧ (ʷʥʚʘʨʴ 2009 ʛʦʜ ï ʥʘʰʝ ʚʨʝʤʷ) ʨʘʟʚʠʪʠʷ ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʚ ʩʪʨʘʥʝ ʩʚʷʟʘʥ ʩ ʧʨʠʥʷʪʠʝʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ɿʘʢʦʥʘ 30.12.2008 N 307-

ʌɿ çʆʙ ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè, ʢʦʪʦʨʳʡ ʜʠʢʪʫʝʪ ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʮʝʣʝʥ-

ʥʳʭ ʥʘ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʢ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʶ. ʂ ʪʦʤʫ ʞʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʘʫʜʠʪʘ ʦʩʪʘʣʦʩʴ ʢʘʢ ʠ 

ʚ ʧʨʝʜʳʜʫʱʝʤ ʟʘʢʦʥʝ ï ʚʳʨʘʞʝʥʠʝ ʤʥʝʥʠʷ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪ-

ʯʸʪʥʦʩʪʠ [3]. 

ɸʫʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʟʘʥʠʤʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦʣʫʯʠʚʰʠʝ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʆʜʥʠ ʠʟ ʩʘʤʳʭ ʣʫʯʰʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʩʪʨʘ-

ʥʳ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʫʯʠʪʴʩʷ ʘʫʜʠʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

1) ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ï ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ; 

2) ʉʇʙɻʋ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

3) ʅʀʋ ɺʐʕ ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ɺʳʩʰʘʷ 

ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠ" ʠ ʪʘʢ ʜʘʣʝʝ [5]. 

ʇʨʦʬʝʩʩʠʷ ʘʫʜʠʪʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʩʪʠʞʥʘ. 

ɼʠʘʧʘʟʦʥ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʘʫʜʠʪʦʨʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

35 000 ʨʫʙʣʝʡ ʜʦ 200 000 ʨʫʙʣʝʡ [4]. 

ɸʫʜʠʪʦʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʘʫʜʠʪʦʨʩʢʠʭ ʢʦʤʧʘʥʠʷʭ, ʪʘʢ ʠ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʤ ʘʫʜʠʪʦʨʦʤ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʟʘʥʠʤʘʶʪ ʘʫ-

ʜʠʪʦʨʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʥʝʞʝʣʠ ʘʫʜʠʪʦʨʳ-ʦʜʠʥʦʯʢʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʠʨʦʚʳʤʠ ʣʠʜʝʨʘʤʠ ʜʘʥʥʦʡ ʩʬʝʨʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʢʦʤʧʘʥʠʠ: 

1) PricewaterhouseCoopers (PwC); 

2) Ernst & Young (E&Y); 

3) KPMG; 

4) Deloitte & Touche [4]. 

ʀʟʫʯʠʚ ʤʘʪʝʨʠʘʣ ʧʦ ʧʨʦʬʝʩʩʠʠ ʘʫʜʠʪʦʨʘ, ʤʳ ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʡ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʬʝʩʩʠʠ: 

- ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ; 

- ʵʣʠʪʘʨʥʦʩʪʴ; 

- ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʨʧʣʘʪ; 

- ʭʦʨʦʰʠʡ ʢʘʨʴʝʨʥʳʡ ʨʦʩʪ. 

ʅʝʜʦʩʪʘʪʢʠ ʧʨʦʬʝʩʩʠʠ ʘʫʜʠʪʦʨʘ ʤʳ ʚʠʜʠʤ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʤʥʦʛʦ ʢʦʤʘʥʜʠʨʦʚʦʢ; 

https://vuzoteka.ru/%D0%B2%D1%83%D0%B7%D1%8B/%D0%9C%D0%93%D0%A3-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D0%9C-%D0%92-%D0%9B%D0%BE%D0%BC%D0%BE%D0%BD%D0%BE%D1%81%D0%BE%D0%B2%D0%B0
https://vuzoteka.ru/%D0%B2%D1%83%D0%B7%D1%8B/%D0%9C%D0%93%D0%A3-%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8-%D0%9C-%D0%92-%D0%9B%D0%BE%D0%BC%D0%BE%D0%BD%D0%BE%D1%81%D0%BE%D0%B2%D0%B0
https://vuzoteka.ru/%D0%B2%D1%83%D0%B7%D1%8B/%D0%A1%D0%9F%D0%B1%D0%93%D0%A3
https://vuzoteka.ru/%D0%B2%D1%83%D0%B7%D1%8B/%D0%9D%D0%98%D0%A3-%D0%92%D0%A8%D0%AD
https://vuzoteka.ru/%D0%B2%D1%83%D0%B7%D1%8B/%D0%9D%D0%98%D0%A3-%D0%92%D0%A8%D0%AD
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- ʥʝʥʦʨʤʠʨʦʚʘʥʥʳʡ ʨʘʙʦʯʠʡ ʜʝʥʴ; 

- ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ [4]. 

ʇʨʦʬʝʩʩʠʷ ʘʫʜʠʪʦʨʘ ʥʝ ʧʦʪʝʨʷʝʪ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠ-

ʣʝʪʠʷ, ʪʘʢ ʢʘʢ ʠ ʙʫʭʛʘʣʪʝʨʠʶ ʥʫʞʥʦ ʧʨʦʚʝʨʷʪʴ, ʠ ʛʦʩʫʜʘʨʩʪʚʫ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʡ.  
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ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ʇʈʀ ɸʅɸʃʀɿɽ ʈʓʅʂɸ  

ʎɽʅʅʓʍ ɹʋʄɸɻ 

ʕ.ʄ. ɺʘʣʠʝʚʘ
1
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʵ.ʥ., ʜʦʮʝʥʪ ɸ.ʊ. ʀʩʭʘʢʦʚ 
1
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʂʘʟʘʥʴ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʙʘʟʦʚʳʡ ʧʨʠʥʮʠʧ ʧʦ-

ʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲ-

ʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʮʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ ʧʦ ʚʩʝʤʫ ʤʠ-

ʨʫ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʫʢʘʟʘʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪ-

ʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʜʘʥʥʫʶ ʩʬʝʨʫ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʮʝʥʥʳʝ ʙʫʤʘʛʠ, ʬʦʥʜʦʚʳʡ ʨʳʥʦʢ, ʘʢʮʠʠ, 

ʦʙʣʠʛʘʮʠʠ, ʭʝʜʞ-ʬʦʥʜ. 

 

ʇʦʥʷʪʠʝ çʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪè, ʷʚʣʷʚʰʝʝʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʝʱʝ ʧʷʪʴ-ʰʝʩʪʴ ʣʝʪ ʥʘʟʘʜ, ʩʝʛʦʜʥʷ ʚʥʝʜʨʷʝʪʩʷ  ʧʦʯʪʠ ʚʦ ʚʩʝ 

ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚ-
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ʣʝʥ ʚ ʜʚʫʭ ʘʩʧʝʢʪʘʭ: ʢʘʢ ʥʘʫʢʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʳʭ ʤʘʰʠʥ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ ʢʘʢ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʧʦʜʣʝʞʘʣʠ ʠʩʧʦʣʥʝʥʠʶ ʯʝʣʦʚʝʢʦʤ.  

ʂʘʢ ʫʞʝ ʨʘʥʝʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʘʢʪʠʚʥʦ, ʜʘʞʝ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʩʚʝʨʭʘʢʪʠʚʥʦ ʧʨʦʥʠʢʘʝʪ ʚʦ ʤʥʦʛʠʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝ-

ʢʘ. ʅʝ ʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʛʨʘʶʪ ʚ ʧʨʦʮʝʩʩʝ 

ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ.  ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʥʘʣʠʟ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚ ʧʦ-

ʩʪʨʦʝʥʠʠ ʣʦʛʠʯʝʩʢʠʭ ʬʠʥʘʥʩʦʚʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʮʝʧʦʯʝʢ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʚʳ-

ʛʦʜʥʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʦʨʪʬʝʣʴ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ ʙʦʣʝʝ ʯʝʤ ʦʙʦʩʥʦʚʘʥʘ. ɼʦʢʘ-

ʟʘʪʝʣʴʩʪʚʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʬʦʥʜʦʚʦʤ ʨʳʥʢʝ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʭ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʩʦʟ-

ʜʘʥʥʳʝ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʟʥʘʥʥʳʭ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʜʘʥ-

ʥʦʡ ʩʬʝʨʝ ʷʚʣʷʝʪʩʷ  Emma AI. ʉʦʟʜʘʪʝʣʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʐʘʫʥʘʢ ʍʠʨʝ ʫʪʚʝʨ-

ʞʜʘʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʚʟʦʡʜʝʪ ʚʩʝ ʜʨʫʛʠʝ ʠʤʝʶʱʠʝʩʷ ʧʣʘʪʬʦʨʤʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ  ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ. ʆʙʫʩʣʘʚʣʠʚʘʝʪ ʦʥ ʵʪʦ ʪʝʤ, 

ʯʪʦ ʩʠʩʪʝʤʘ Emma AI ʫʯʠʪʳʚʘʝʪ ʚʩʝʚʦʟʤʦʞʥʳʝ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʚʣʠʷʪʴ ʥʘ 

ʨʳʥʦʢ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʚʢʣʶʯʘʷ ʜʘʞʝ ʢʘʜʨʦʚʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʚ ʦʪʜʝʣʴʥʳʭ ʢʦʤ-

ʧʘʥʠʷʭ, ʢʦʛʜʘ ʜʨʫʛʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʫʧʫʩʢʘʶʪ.  

ɺ ʮʝʣʷʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʧʣʘʪʬʦʨʤʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ Emma AI ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʜʝʣʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʮʝʥ-

ʥʳʭ ʙʫʤʘʛ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʟʘ ʰʝʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʩʣʝ ʧʦ-

ʢʫʧʢʠ ʤʝʩʷʮʝʚ ʧʦʢʘʟʘʣʠ ʨʦʩʪ ʚ 30%. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʟʘʥʠʤʘʝʪʩʷ ʪʦʨʛʦʚʣʝʡ ʘʢʮʠʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʛʠ-

ʛʘʥʪʘ GSK ʠ Tesla, ʘ ʪʘʢʞʝ ʦʙʣʠʛʘʮʠʡ ʢʘʟʥʘʯʝʡʩʪʚʘ ʉʐɸ.  

ɹʦʣʴʰʦʡ ʰʘʛ ʢ ʚʥʝʜʨʝʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ 

ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ ʩʜʝʣʘʣʘ ʠ ɻʦʥʢʦʥʛʩʢʘʷ ʢʦʤʧʘʥʠʷ  Aidyia. ɽʱʝ ʚ 2016 ʛʦʜʫ 

ʜʘʥʥʘʷ ʢʦʤʧʘʥʠʷ ʟʘʧʫʩʪʠʣʘ  ʧʝʨʚʳʡ ʭʝʜʞ-ʬʦʥʜ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ. ɼʘʥʥʳʡ ʭʝʜʞ-ʬʦʥʜ ʩʧʦʩʦʙʝʥ ʩʦʚʝʨʰʝʥʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʚʝʨʰʘʪʴ 

ʦʧʝʨʘʮʠʠ ʥʘ ʨʳʥʢʝ ʮʝʥʥʳʭ ʙʫʤʘʛ ʠ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʪʫʘ-

ʮʠʶ ʥʘ ʨʳʥʢʝ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʦʪʩʣʝʞʠʚʘʝʪ ʚʩʝ ʜʘʥʥʳʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʦʛʥʦʟʳ ʢʘʞʜʳʡ ʜʝʥʴ, ʦʧʨʝʜʝʣʷʝʪ ʨʦʩʪ ʦʜʥʠʭ ʘʢʮʠʡ ʠ ʩʥʠʞʝʥʠʝ ʜʨʫʛʠʭ. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʛʨʘʤʤʘ ʩʘʤʘ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ, ʢʘʢʦʡ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʦʨʪʬʝʣʴ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ. ʊʘʢʘʷ ʞʝ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ ʧʨʠʤʝʥʷʝʪʩʷ ʠ 

ʢʦʤʧʘʥʠʷʤʠ Cerebellum Capital, Renaissance Technologies, ʢʠʪʘʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ 

Baidu Inc. ʠ ʜʨ. 

ʇʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʨʳʥʢʝ ʮʝʥʥʳʭ ʙʫ-

ʤʘʛ ʩʪʘʣʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʈʦʩʩʠʠ. çʊʠʥʴʢʦʬʬ ʀʥʚʝʩʪʠʮʠʠè ʟʘʧʫʩ-
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ʪʠʣʠ ʥʝ ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʦʚ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʙʨʦʢʝʨʩʢʦʤ ʨʳʥʢʝ ʩʝʨʚʠʩ 

AI Research Engine ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ʈʘʙʦʪʘ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʩʦʪʥʠ ʪʳʩʷʯ ʮʝʥʥʳʭ ʙʫʤʘʛ 

ʠ ʦʧʝʨʘʪʠʚʥʦʤ ʠʥʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʚʝʩʪʦʨʦʚ ʦ ʩʘʤʳʭ ʚʘʞʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʥʘ 

ʨʳʥʢʝ. ʈʘʙʦʪʘ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʷʚʣʷʝʪʩʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʧʦʜʦʙʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʢ ʟʘʪʨʘʪʠʣ ʙʳ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʠ, ʯʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ.  

ʉʝʨʚʠʩ AI Research Engine ʫʯʠʪʳʚʘʝʪ ʧʨʠ ʘʥʘʣʠʟʝ ʮʝʥʥʳʭ ʙʫʤʘʛ ʤʥʦʞʝʩʪ-

ʚʦ ʢʨʠʪʝʨʠʝʚ: ʧʦʪʝʥʮʠʘʣ ʨʦʩʪʘ, ʧʨʦʛʥʦʟʳ ʘʥʘʣʠʪʠʢʦʚ, ʜʠʚʠʜʝʥʜʥʫʶ ʜʦʭʦʜ-

ʥʦʩʪʴ, ʣʠʢʚʠʜʥʦʩʪʴ ʘʢʮʠʡ, ʨʠʩʢ-ʧʘʨʘʤʝʪʨʳ, ʧʦʢʘʟʘʪʝʣʠ ʦʪʯʝʪʥʦʩʪʠ ʢʦʤʧʘʥʠʡ, 

ʧʦʟʠʮʠʠ ʢʨʫʧʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ ʠ ʧʨ. ʅʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥ-

ʥʳʭ ʘʣʛʦʨʠʪʤ ʊʠʥʴʢʦʬʬ ʀʥʚʝʩʪʠʮʠʡ ʬʦʨʤʠʨʫʝʪ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʘʜʘʧʪʠʨʦ-

ʚʘʥʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʩʧʨʘʚʢʫ [6], ʩʦʜʝʨʞʘʱʫʶ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʤʧʘ-

ʥʠʷʭ ʩ ʧʦʭʦʞʠʤ ʙʠʟʥʝʩʦʤ. ʉʨʝʜʠ ʥʠʭ ʠʥʚʝʩʪʦʨ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʳʝ ʜʣʷ ʩʝʙʷ ʘʢʪʠʚʳ. 

ʉʠʩʪʝʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʨʳʥʢʝ ʮʝʥʥʳʭ ʙʫʤʘʛ ʠʛʨʘʝʪ ʨʦʣʴ 

ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʪʠʢʘ, ʩʧʦʩʦʙʥʦʛʦ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ. ɼʦʩʪʫʧ ʢ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʩʢʦʨʝ 

ʙʫʜʫʪ ʠʤʝʪʴ ʚʩʝ ʣʶʜʠ, ʞʝʣʘʶʱʠʝ ʩʪʘʪʴ ʫʯʘʩʪʥʠʢʦʤ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ. ʅʘ-

ʧʨʠʤʝʨ,  ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʘ Portfolioand.Me., ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʦʜʥʠʤ ʠʟ 

ʨʝʟʠʜʝʥʪʦʚ ʢʣʘʩʪʝʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌʦʥʜʘ çʉʢʦʣʢʦʚʦè, ʧʦʟʚʦ-

ʣʷʶʱʘʷ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʧʦʨʪʬʝʣʠ ʧʦ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ ʜʠʥʘʤʠʢʫ (ETF). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʡʪʠ ʨʝʛʠʩʪʨʘʮʠʶ ʥʘ ʩʘʡʪʝ ʩʝʨʚʠʩʘ ʠ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʙʘʟʦʚʦʤʫ ʥʘʙʦʨʫ 

ʚʦʟʤʦʞʥʦʩʪʝʡ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʨʷʜʫ ʩʦ ʩʪʦʨʦʥʥʠʢʘʤʠ ʠʜʝʠ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʬʝʨʫ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ ʝʩʪʴ ʠ  ʧʨʦʪʠʚʥʠʢʠ ʜʘʥ-

ʥʦʡ ʤʳʩʣʠ. ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʨʠʩʢʘ ʧʦ-

ʪʝʨʠ ʨʘʙʦʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʪʨʝʡʜʝʨʘʤʠ ʠ ʘʥʘʣʠʪʠʢʘʤʠ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʢʦʤʧʘʥʠʠ Coalition Development, ʩʝʛʦʜʥʷ ʩʨʝʜʥʷʷ ʟʘʨ-

ʧʣʘʪʘ ʩʦʪʨʫʜʥʠʢʦʚ ʚ 12 ʢʨʫʧʥʝʡʰʠʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʙʘʥʢʘʭ ʜʦʭʦʜʠʪ ʜʦ $500 

ʪʳʩ. ʚ ʛʦʜ, ʧʨʠʯʝʤ ʫ ʤʥʦʛʠʭ ʪʨʝʡʜʝʨʦʚ ʜʦʭʦʜʳ ʨʘʚʥʷʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤ ʤʠʣʣʠʦ-

ʥʘʤ. ʅʘʧʨʠʤʝʨ, ʚ 2015 ʛʦʜʫ ʢʘʢ ʤʠʥʠʤʫʤ ʧʷʪʴ ʤʝʥʝʜʞʝʨʦʚ ʪʦʧʦʚʳʭ ʭʝʜʞ-

ʬʦʥʜʦʚ ʟʘʨʘʙʦʪʘʣʠ $1 ʤʣʨʜ. ʄʦʪʠʚʘʮʠʷ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʟʘ-

ʨʘʙʘʪʳʚʘʶʪ ʧʦ $500 ʚ ʯʘʩ, ʠ ʟʘʤʝʥʠʪʴ ʠʭ ʨʦʙʦʪʘʤʠ, ʧʦʥʷʪʥʘ [4].   

ʅʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʠʜʝʷ ʧʝʨʝʜʘʯʠ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʨʳʥʢʦʤ ʮʝʥʥʳʭ 

ʙʫʤʘʛ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʥʝʩʢʦʣʴʢʦ ʫʪʦʧʠʯʥʘ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʘʥʘ-

ʣʠʟ  ʠ ʩʦʚʝʨʰʝʥʠʝ ʦʧʝʨʘʮʠʡ ʥʘ ʨʳʥʢʝ ʮʝʥʥʳʭ ʙʫʤʘʛ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʠʩʢ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʛʨʘʤʤʥʦʡ ʦʰʠʙ-

ʢʠ. ʉʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʤʦʞʝʪ ʩʪʘʪʴ ʙʘʥʢʨʦʪʩʪʚʦ ʦʛʨʦʤʥʳʭ ʢʦʨʧʦʨʘʮʠʡ ʠ ʜʘʞʝ ʮʝ-

ʣʳʭ ʛʦʩʫʜʘʨʩʪʚ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠ ʧʦʨʷʜʦʢ ʩʦʚʝʨʰʝʥʠʷ ʩʜʝʣʦʢ ʥʘ ʨʳʥʢʝ ʮʝʥʥʳʭ ʙʫʤʘʛ.  
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This article provides examples of the use of artificial intelligence in the analysis of the securi-

ties market. The basic principle of building an artificial intelligence system that allows processing a 

large amount of analytical information and generating valuable data for investors around the world 

is also considered. At the same time, positive and negative aspects of the introduction of artificial 

intelligence in this area are indicated, and possible risks are analyzed. 
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ʆʎɽʅʂɸ ʈɽɿʋʃʔʊɸʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄʓ ʄɽʅɽɼɾʄɽʅʊɸ 

ʂɸʏɽʉʊɺɸ 

ɽ.ɺ. ʀʝʚʢʦʚʘ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ ɺ.ʃ.ɺʘʩʠʣʝʥʦʢ 

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞ-

ʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʠ, ʠʟ-ʟʘ ʵʪʠʭ ʘʩʧʝʢʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʠʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ. ʊʘʢʞʝ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ. ʆʮʝʥʢʘ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʦʥʷʪʴ ʨʝʟʝʨʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʚʥʫʪʨʝʥʥʠʝ ʘʫʜʠʪʳ ʧʦʟʚʦʣʷʪ ʦʮʝʥʠʪʴ ʨʘʙʦʪʫ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚ ʩʦʟʜʘʥʠʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ. 

https://dcenter.hse.ru/data/2019/12/09/1523584041/%D0%A0%D1%8B%D0%BD%D0%BE%D0%BA%20%D1%84%D0%B8%D0%BD%D0%B0%D0%BD%D1%81%D0%BE%D0%B2%D1%8B%D1%85%20%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B9-2019.pdf
https://dcenter.hse.ru/data/2019/12/09/1523584041/%D0%A0%D1%8B%D0%BD%D0%BE%D0%BA%20%D1%84%D0%B8%D0%BD%D0%B0%D0%BD%D1%81%D0%BE%D0%B2%D1%8B%D1%85%20%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B9-2019.pdf
https://dcenter.hse.ru/data/2019/12/09/1523584041/%D0%A0%D1%8B%D0%BD%D0%BE%D0%BA%20%D1%84%D0%B8%D0%BD%D0%B0%D0%BD%D1%81%D0%BE%D0%B2%D1%8B%D1%85%20%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B9-2019.pdf
https://dcenter.hse.ru/data/2019/12/09/1523584041/%D0%A0%D1%8B%D0%BD%D0%BE%D0%BA%20%D1%84%D0%B8%D0%BD%D0%B0%D0%BD%D1%81%D0%BE%D0%B2%D1%8B%D1%85%20%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B9-2019.pdf
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ɼʘʥʥʘʷ ʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ ʩʝʨʠʠ ʀʉʆ 9000.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝ-

ʩʪʚʘ,  ʩʧʦʩʦʙʳ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʧʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʦʜʝʣʴ ʠʥʜʝʢʩʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʢʠ ʨʝ-

ʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. 

 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʠ ʦʢʘʟʘʥʠ-

ʝʤ ʫʩʣʫʛ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʤʠ ʜʠʥʘ-

ʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ. ʕʪʠ ʫʩʣʦʚʠʷ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʪʨʝʙʦʚʘʪʝʣɹ -

ʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʚʳʩʦʢʫʶ ʢʦʥʢʫʨʝʥʮʠʶ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʩʝ ʙʦʣʴʰʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʡ ʧʦʣʠʪʠʢʠ ʚʳʙʠʨʘʶʪ ʦʨʠʝʥʪʘʮʠʶ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ, 

ʘ ʪʘʢʞʝ ʥʘ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶ-

ʱʠʭ. ʅʝʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ 

ʙʝʟ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʉʠʩʪʝʤʦʡ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ (ʜʘʣʝʝ ï ʉʄʂ) ʷʚʣʷʝʪʩʷ ʦʜʥʘ ʠʟ ʯʘʩʪʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘ-

ʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ. ʉʄʂ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʦʙʰʠʨʥʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʠʨʘʷʩʴ ʥʘ ʵʪʠ ʜʘʥʥʳʝ, ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʷ ʩʠʩʪʝʤʳ 

ʚ ʮʝʣʦʤ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʩʪʘʥʜʘʨʪʝ ʀʉʆ 9000:2015 ʧʦʥʷʪʠʷ çʵʬʬʝʢʪʠʚʥʦʩʪʴè ʠ çʨʝʟʫʣʴʪʘʪʠʚ-

ʥʦʩʪʴè ʠʤʝʶʪ ʩʭʦʞʠʝ ʦʧʨʝʜʝʣʝʥʠʷ. ɻʣʘʚʥʦʡ ʠʭ ʠʜʝʝʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʟʘʧʣʘʥʠ-

ʨʦʚʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʦʩʪʠʛʥʫʪʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷ-

ʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʝ çʵʬʬʝʢʪʠʚʥʦʩʪʠè ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʘʪʨʘʪ ʥʘ ʢʘʯʝʩʪʚʦ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʩʪʘʥʜʘʨʪʘʤʠ ʀʉʆ ʩʝʨʠʠ 9000 ʥʝ ʦʧʨʝʜʝʣʝʥʦ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ. ʇʨʠ ʵʪʦʤ ʵʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʣʶʯʝʚʳʤʠ, ʪʘʢ ʢʘʢ ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʥʘʩʢʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʩʫʨʩʳ ʦʨʛʘʥʠʟʘʮʠʝʡ. 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʵʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʨʘʟ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʫʧʨʦ-

ʱʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ 

ʜʣʷ ʥʠʭ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʉʄʂ. [6] 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʪʘʥʜʘʨʪʳ ʀʉʆ ʩʝʨʠʠ 9000 ʦʧʠʩʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʜʝʡʩʪʚʫʶʱʝʡ ʉʄʂ ʢʘʢ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʦ ʫʣʫʯʰʝʥʠʶ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʴ ʠʥʜʝʢʩʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘ-

ʪʠʚʥʦʩʪʠ (ʄʀʅʆʈ). ʋ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʫʝʪ çʜʠʥʘʤʠʯʝʩʢʘʷè ʩʦʩʪʘʚʣʷʶ-
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ʱʘʷ, ʦʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʨʝʥʠʷʭ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ, ʘʢʮʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʚʠʣʴʥʝʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʤʧʳ ʨʦʩʪʘ ʚ ʚʠʜʝ ʧʨʠʟʥʘʢʘ ʫʧʦ-

ʨʷʜʦʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʧʫʣʷʨʥʦʡ, ʝʡ 

ʧʦʩʚʷʱʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʚʥʫʰʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨ-

ʛʘʥʠʟʘʮʠʡ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʫʶʪ ʝʝ ʥʘ ʧʨʘʢʪʠʢʝ [1]. 

ʉ ʧʦʤʦʱʴʶ ʨʘʥʞʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʦʚ ʨʦʩʪʘ. ʊʘʢ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʞʝʣʘʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʭ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ. ɺ ʵʪʦʤ ʟʘ-

ʢʣʶʯʝʥʘ ʥʦʨʤʘʪʠʚʥʦʩʪʴ ʵʪʦʡ ʤʝʪʦʜʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʨʷʜ 

ʦʮʝʥʦʢ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʥʘ ʪʝʤʫ çʙʝʨʝʞ-

ʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʚʥʝʜʨʝʥʠʷ ʵʪʦʡ 

ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʡ. ʆʥʘ ʠʟʣʦʞʝʥʘ ʚ ɻʆʉʊ ʈ 56406-2015 çɹʝʨʝʞʣʠʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ɸʫʜʠʪ. ɺʦʧʨʦʩʳ ʦʮʝʥʢʠ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘè. ɼʘʥʥʘʷ ʤʝʪʦʜʠ-

ʢʘ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ çʧʨʦʮʝʩʩʥʳʤ ʧʦʜʭʦʜʦʤè. ʅʘ ʧʨʝʜʧʨʠ-

ʷʪʠʷʭ, ʛʜʝ çʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜè ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʧʮʠʷ 

çʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʥʝ ʩʤʦʞʝʪ ʜʘʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʦʥʘ ʧʦʢʘʟʳ-

ʚʘʝʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ çʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜè ʥʘʣʘʞʝʥ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠ-

ʯʠʝʤ ʮʝʣʠ ʫ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ [2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʪʝʨʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʤʳ ʧʣʘʥʠ-

ʨʫʝʤ ʥʘ ʙʫʜʫʱʝʝ, ʯʪʦ ʤʳ ʭʦʪʠʤ ʧʦʣʫʯʠʪʴ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ çʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ çʪʨʫʜʥʦʤʫè ʧʨʦʜʫʢʪʫ, ʧʨʦʮʝʩʩʫ ʠʣʠ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʶ. ɺ ʙʫʜʫʱʝʤ ʵʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢ ʧʨʝʜʧʨʠʷʪʠʶ ʚ ʮʝʣʦʤ [3]. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦ-

ʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʄʂ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 

ʮʝʣʦʤ. ʆʩʥʦʚʦʡ ʜʣʷ ʚʩʝʭ ʤʝʪʦʜʠʢ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ çʧʨʦʮʝʩʩʥʳʡ 

ʧʦʜʭʦʜè. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʪʨʫʜʥʠʢʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʚʠʜʝ ʧʨʦʪʦʢʦʣʦʚ, 

ʘʢʪʦʚ, ʜʨʫʛʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʪ.ʜ.  

ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʄʀʅʆʈ ï ʵʪʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘ-

ʢʠʤ ʠʤʝʥʥʦ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ, ʘ ʛʣʘʚʥʦʝ ï ʢʘʢʠʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʙʫʜʫʪ ʚʳʜʝʣʝʥʳ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʝ ʧʦʥʝʩʝʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘ-

ʪʨʘʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʣʝʯʝʥʠʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʄʀʅʆʈ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʪʘʙʣʠʯʥʦʡ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠ ʙʫʜʫʪ 

ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʪʨʫʜʥʠʢʘʤ [4]. 

ʆʩʥʦʚʥʦʡ ʩʤʳʩʣ ʤʝʪʦʜʠʢʠ çɹʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʩʦʩʪʦʠʪ ʚ ʟʘʧʦʣ-

ʥʝʥʠʠ ʬʦʨʤʳ çʏʝʢ-ʣʠʩʪ ʦʮʝʥʢʠ ʉʄʂè ʧʦ ʚʩʝʤ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. 

ʂʘʢ ʠʪʦʛ ï ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʫʨʦʚʝʥʴ ʟʨʝʣʦʩʪʠ ʉʄʂ ʚ ʦʙʣʘʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʂʦʥʮʝʧʮʠʠ çɹʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè ʚ ʢʘʯʝʩʪʚʝ ʦʪʥʦʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʙʘʣʣʦʚ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʠ ʚʩʝ ʵʪʦ ʫʤʥʦʞʝʥʥʦʝ ʥʘ 100%. 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʜʝʣʷʝʪʩʷ 7 ʫʨʦʚʥʝʡ ʟʨʝʣʦʩʪʠ ʩʠʩʪʝʤʳ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘ: 

1. ʅʘʤʝʨʝʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝ-

ʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʦʪ 0% ʜʦ 20%); 

2. ʉʪʨʝʤʠʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʝ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝʨʝʞʣʠʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʦʪ 20% ʜʦ 30%); 

3. ʇʦʯʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʝ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ (ʦʪ 30% ʜʦ 50%); 

4. ʇʦʯʪʠ ʩʦʚʝʨʰʝʥʥʘʷ ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ (ʦʪ 50% ʜʦ 66%); 

5. ɼʦʩʪʠʛʘʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝʨʝʞʣʠʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʦʪ 67% ʜʦ 80%); 

6. ʇʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝʨʝʞʣʠʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʦʪ 80% ʜʦ 90%); 

7. ɼʝʣʦʚʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ (ʦʪ 90% ʜʦ 100%) [4]. 

 

ɺʳʚʦʜʳ 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʉʄʂ. ʊʘʢ ʢʘʢ ʥʘ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʦʙʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʟʜʘʥʦ ʥʝ 

ʙʳʣʦ, ʪʦ ʢʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʚʧʨʘʚʝ ʚʳʙʠʨʘʪʴ ʫʜʦʙʥʫʶ ʜʣʷ ʩʝʙʷ ʤʝʪʦʜʠʢʫ. ɸʚ-

ʪʦʨʳ ʩʪʘʪʴʠ ʨʘʩʩʤʦʪʨʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʄʦʜʝʣʴ ʠʥʜʝʢʩʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ 

ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦʤʦʞʝʪ ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. ʕʪʦʪ 

ʬʘʢʪ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ ʧʨʝʜʧʦʩʳʣʢʫ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ ʥʘ ʨʝʛʫ-

ʣʷʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʉʄʂ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʝʪʦʜʠʢʠ çʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘè, ʪʦ ʦʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʊʘʢ, ʣʶʙʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʤʦʞʝʪ ʥʘʡʪʠ ʠʥʪʝʨʝʩ-

ʥʳʡ ʜʣʷ ʩʝʙʷ ʠʥʩʪʨʫʤʝʥʪ ʠ ʚʥʝʜʨʠʪʴ ʚ ʫʞʝ ʜʝʡʩʪʚʫʶʱʫʶ ʉʄʂ. 
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The authors of the article indicate the versatility and complexity of the organizationôs quality 

management system, because of these aspects, there is a need to evaluate the result of the quality 

management system. They also consider methods for evaluating the effectiveness of a quality man-

agement system.It is also necessary to establish factors that have a positive and negative impact on 

obtaining the desired result. Evaluation of the organizationôs activities will allow us to understand 

the reserves for the further development of the organization, as well as internal audits will allow us 

to evaluate the work to eliminate the shortcomings and to develop ways to improve the enterprise as 

a whole, as well as a separate process in creating a competitive manufacturer that focuses on con-

sumers. This topic is relevant because there is no single method for evaluating the effectiveness and 

efficiency, according to the standards of the ISO 9000 series. 

Keywords: Productivity, effectiveness, quality management system, how to implement a quali-

ty management system, performance indicator, economical production, model of index rationing of 

performance evaluation. 

 

ʋɼʂ 334.720 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ʉʊʈʋʂʊʋʈʓ ʈɸɿɺʀʊʀʗ ʉʆʆɹʑɽʉʊɺ  

ʀ ʇʈɽɼʉʊɸɺʀʊɽʃʔʉʊɺ ʉʆɺʈɽʄɽʅʅʓʍ ʂʆʄʇɸʅʀʁ  

ɺ  ʎʀʌʈʆɺʆʁ ʕʂʆʅʆʄʀʂɽ 

ʆ.ɸ. ʂʘʨʧʝʥʢʦ, ʢ.ʵ.ʥ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʩʫʱʥʦʩʪʥʳʝ ʦʩʥʦʚʳ, 

ʜʘʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʨʘʟʚʠʪʠʷ ʠ 

ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ï ɸʛʝʥʪʩʪʚʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ ʠ 

ʉʦʦʙʱʝʩʪʚʦ çʇʨʦ ʞʝʥʱʠʥè. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʢʦʤʧʘ-

ʥʠʡ ʠ ʩʦʦʙʱʝʩʪʚ ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʫʞʝ ʨʘʙʦʪʘʶʱʠʭ ʧʨʦʝʢʪʦʚ. 

ʊʘʢʠʭ ʢʘʢ çʌʘʙʨʠʢʘ ʙʫʜʫʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚè, çʃʶʜʠ ʜʝʣʘè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʢʘʧʠʪʘʣ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʠʥʥʦʚʘʮʠʠ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʷ ʧʣʦʱʘʜʢʘ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʣ-

ʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠʥʠʮʠʘʪʠʚʳ. 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʙʱʝʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʠ ʥʦʚʦʚʚʝʜʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʬʦʨʤʘʪʘʭ ʦʙʱʝʥʠʷ ʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʣʶʜʝʡ, ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ, ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʦʙʱʝ-

ʩʪʚʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚ ʩʪʝʨʝʦʪʠʧʘʭ ʤʳʰʣʝʥʠʷ ʠ ʤʥʦʛʦʤ ʜʨʫʛʦʤ. ʆʥʠ 
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ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʟʚʝʥʦʤ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʠʩʪʝ-

ʤʳ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʥʝʧʨʝʨʳʚʥʦ ʥʘʭʦ-

ʜʷʱʠʝʩʷ ʚ ʨʘʟʚʠʪʠʠ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʠʨʤ, ʢʦʤʧʘʥʠʡ, ʦʨʛʘʥʠʟʘʮʠʡ: ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ, ʬʠʥʘʥʩʦʚʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʝ ʢʘʜʨʦʚʳʝ ʠ ʠʥʳʝ. ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʠ ʬʫʥʢ-

ʮʠʦʥʠʨʫʶʪ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʣʦʱʘʜ-

ʢʠ ʜʣʷ ʚʩʪʨʝʯ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʙʱʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʳ, ʮʠʬʨʦʚʳʝ ʬʠʥʘʥʩʦʚʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ 

ʧʨʦʝʢʪʳ ʦʨʛʘʥʠʟʘʮʠʠ (ʟʘʨʧʣʘʪʥʳʝ, ʢʨʘʫʜʬʘʥʜʠʥʛʦʚʳʝ ʠ ʜʨ.), ʩʦʮʠʘʣʴʥʳʝ ʩʚʷʟʠ, 

ʩʠʩʪʝʤʳ ʠ ʩʝʪʠ, ʧʣʘʪʬʦʨʤʳ ʠ ʧʣʦʱʘʜʢʠ ʚ ʮʝʣʷʭ ʩʦʚʤʝʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʱʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ ʠ ʧʣʦ-

ʱʘʜʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʢʦʥʢʫʨʩʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʘʩʪʝʨ-

ʩʪʚʘ, ʧʨʦʝʢʪʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʤʝʭʘʥʠʟʤʳ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʢʦʥʢʫʨʩʳ, ʢʦʥʬʝʨʝʥʮʠʠ, ʢʘʜʨʦʚʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʜʨʦʚʳʝ ʨʝʟʝʨʚʳ, 

ʧʨʦʝʢʪʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʩʦʥʘʣʘ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ ʜʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʣʠʙʦ ʮʝʣʠʢʦʤ ʷʚʣʷʶʪʩʷ ʩʝʪʝʚʳʤʠ, ʣʠʙʦ ʠʤʝʶʪ ʩʚʦʡ ʠʥʪʝʨʥʝʪ-ʘʥʘʣʦʛ ʥʘ ʩʘʡʪʝ, ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʥʘ ʠʥʪʝʨʥʝʪ-ʧʣʦʱʘʜʢʘʭ ʠ ʚ ʠʥʳʭ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʥʦʥʩʘʭ, ʦ ʧʨʦʚʦʜʠʤʳʭ ʚʩʪʨʝʯʘʭ ʠ ʤʝʨʦʧʨʠʷʪʠʷʭ ʟʘ-

ʧʠʩʳʚʘʝʪʩʷ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠʮ.  

ɼʘʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʦʚʝʡʰʠʤʠ 

ʤʦʜʝʣʷʤʠ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʩʪʨʝʤʷʪʩʷ ʢ ʤʥʦʛʦʤʝʨʥʦʩʪʠ. ʆʥʠ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʢʦʩʪʷʢʘ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʟʘʮʠʠ (ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʷʜʨʘ ʠ ʬʠʣʠʘʣʦʚ, ʦʪʜʝʣʝʥʠʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʜʝʣʦʚ) ʩʝʪʴ ʠʣʠ ʮʝʧʴ ʩʦʦʙ-

ʱʝʩʪʚ, ʛʨʫʧʧ, ʧʨʦʝʢʪʥʳʭ ʢʦʤʘʥʜ, ʬʠʣʠʘʣʦʚ, ʦʪʜʝʣʝʥʠʡ ʠ ʪ.ʜ. ʢʘʢ ʣʠʥʝʡʥʦʡ, ʪʘʢ 

ʠ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʨʦʯʥʳ-

ʤʠ ʠ ʙʝʩʩʨʦʯʥʳʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠʣʠ ʥʝʪ. ʊʘʢʠʝ ʛʨʫʧʧʳ 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʢʦʤʧʘʥʠʡ ʨʘʟʜʝʣʷʶʪʩʷ ʝʱʝ ʥʘ ʧʦʜʛʨʫʧʧʳ ʠ ʪ.ʜ. ʉʦ-

ʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʪʘʢʠʤ ʛʨʫʧʧʘʤ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟ-

ʥʳʭ ʛʦʨʦʜʘʭ, ʨʝʛʠʦʥʘʭ, ʩʪʨʘʥʘʭ ʠ ʯʘʩʪʷʭ ʩʚʝʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʫʜʘʣʝʥʥʦ. 

ɻʨʫʧʧʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʤʘʥʜʫ ʩʦʪʨʫʜʥʠʢʦʚ, ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʤʘʪʝʨʠ-

ʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʙʘʟʫ, ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʩʚʷʟʠ ʠ ʢʦʥʪʘʢʪʳ, 

ʠʭ ʦʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ (ʢʦʥʬʝʨʝʥʮʠʠ, ʚʩʪʨʝʯʠ, ʩʝʤʠ-

ʥʘʨʳ), ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʚ ʢʦʤʧʘʥʠʠ, ʘ 

ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʚ ʜʨʫʛʠʝ ʧʨʦʝʢʪʳ ʠʣʠ ʩʦʟʜʘʥʠʷ ʩʚʦʝʛʦ ʧʨʦʝʢʪʘ, ʩʦʦʙʱʝʩʪʚʘ, 

ʢʦʤʘʥʜʳ. ʇʨʠ ʵʪʦʤ ʢʦʤʘʥʜʳ ʤʦʛʫʪ ʦʙʱʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʩʚʦʝʡ ʛʨʫʧʧʳ, 

ʥʦ ʠ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʨʥʝʪ - 

ʩʚʷʟʠ. 

ʊʘʢʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʤ-

ʧʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʢʫʙʘʪʦʨʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʠ ʨʘʟʚʠʪʠʶ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ. ɺ ʥʠʭ ʩʦʪʨʫʜʥʠʢʠ 

ʫʯʘʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʚ ʢʦʤʘʥʜʝ, ʨʘʟʚʠʚʘʶʪ ʛʠʙʢʠʝ ʥʘʚʳʢʠ, ʥʘʚʳʢʠ 
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ʦʙʱʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʫʩʧʝʰʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʣʶʜʴʤʠ, ʣʠʜʝʨʩʢʠʝ ʠ ʠʥʠʮʠʘʪʠʚʥʳʝ ʢʘʯʝʩʪʚʘ, ʥʘʜʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ, ʩʠʩʪʝʤʥʦʛʦ ʠ ʧʨʦʝʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ, ʢʦʪʦʨʳʝ 

ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʴ ʧʨʠ ʦʜʠʥʦʯʥʦʡ ʨʘʙʦʪʝ.  

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʥʦʩʠʪ ʙʦʣʝʝ 

ʙʳʩʪʨʳʝ, ʩʨʦʯʥʳʝ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʣʦʜʳ. ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʙʱʝʛʦ 

ʨʘʟʚʠʪʠʷ ʜʘʝʪ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʫʥʠʢʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʧʦʣʫʯʝʥʠʝ ʙʦʣʴ-

ʰʝʛʦ ʦʙʲʝʤʘ ʧʨʠʙʳʣʠ ʠ ʨʝʥʪʳ, ʨʘʟʚʠʪʠʝ ʢʦʤʧʘʥʠʠ ʠ ʝʝ ʩʪʨʫʢʪʫʨʳ, ʤʥʦʞʝʩʪʚʦ 

ʠʜʝʡ ʠ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʠ ʧʦʩʪʦʷʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦʚʣʝʯʝʥʥʳʭ ʩʦ-

ʪʨʫʜʥʠʢʦʚ. ʂʦʣʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʦʣʣʝʢʪʠʚʥʳʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʢʘʧʠʪʘʣ ʠ ʛʨʫʧʧʦʚʳʝ ʧʨʦʝʢʪʳ ï ʵʪʦ ʥʦʚʦʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʥʦ ʜʘʝʪ ʩʠʥʝʨʛʠʶ ʢʘʢ ʚ ʜʦʭʦʜʘʭ, ʪʘʢ ʠ ʚ 

ʚʦʟʤʦʞʥʦʩʪʷʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʣʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʥʦʩʠʪ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ 

ʚʥʝʰʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʠ ʜʘʞʝ ʤʦʞʝʪ ʧʨʠʥʦʩʠʪʴ ʦʙʱʝʩʪʚʝʥʥʳʝ ʙʣʘ-

ʛʘ. ʂ ʧʨʠʤʝʨʫ, ʧʨʦʚʝʜʝʥʠʝ ʘʢʮʠʡ ʜʣʷ ʢʣʠʝʥʪʦʚ ʚ ʤʘʛʘʟʠʥʘʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʥʠʮʠʘʪʠʚ (ʧʦʢʨʘʩʢʘ ʠ ʨʝʤʦʥʪ ʜʦʤʦʚ ʛ. ʉʘʤʘʨʘ ʥʘ ʧʨʦʝʢʪʘ çʊʦʤ 

ʉʦʡʝʨ ʌʝʩʪè, ʧʦʢʨʘʩʢʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʦʢ ʚ ʧʨʦʝʢʪʝ ʉʘʤʘʨ-

ʩʢʦʡ ʦʙʣʘʩʪʠ çʃʶʜʠ ʜʝʣʘè ʠ ʪ.ʜ.). 

ʂʦʣʣʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʨʘʤ-

ʢʘʭ ʚʣʘʩʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʜʨ. ʠʥʩʪʠ-

ʪʫʮʠʦʥʘʣʴʥʳʭ ʬʦʨʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʟʜʘʶʪʩʷ ʠʥʩʪʠ-

ʪʫʮʠʦʥʘʣʴʥʳʝ ʠʥʥʦʚʘʮʠʠ ʧʦ ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ 

ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝ-

ʥʠʷʤʠ. 

- ʘʢʪʠʚʥʦʝ ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʠʜʝʡ ʠ ʧʨʦʝʢʪʦʚ, ʥʦʚʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʥʠʮʠʘʪʠʚ, 

- ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʳʭ ʣʶʜʝʡ ʠ ʤʦʣʦʜʝʞʠ ʢ ʦʙʱʝʩʪʚʝʥʥʳʤ ʠ ʩʦʮʠʘʣʴʥʳʤ 

ʧʨʦʝʢʪʘʤ, 

- ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʣʶʜʴʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʚʦʚʣʝʯʝʥʠʝ 

ʠʭ ʚ ʦʙʱʝʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

- ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʠʥʪʝʛʨʘʮʠʷ. 

ʅʘʠʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʠ ʦʙʱʝʩʪʚʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨ - ʧʣʦʱʘʜʦʢ ʧʦ ʪʠʧʫ ʦʨʛʘ-

ʥʠʟʘʮʠʡ çɸʛʝʥʪʩʪʚʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚè ʠ ʩʦʦʙʱʝʩʪʚʦ çʇʨʦ ʞʝʥʱʠʥè. 

ʕʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʩʦʟʜʘʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʦ ʜʝʡʩʪʚʫʶʱʠʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʟʚʠʪʳʭ ʥʝ ʪʦʣʴʢʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ, ʥʦ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʀʭ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʝʪʴ ʩʦʦʙʱʝʩʪʚ, ʧʨʦʝʢʪʦʚ, ʦʙʲʝʜʠʥʝʥʠʡ ʠ ʛʨʫʧʧ 

ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʟʘʜʘʯ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʩʪʝʤʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʚʠʪʠʠ. ɺ ʠʭ ʨʘʤʢʘʭ ʪʘʢʞʝ ʧʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦʜʛʨʫʧʧʳ, ʧʦʜʩʠʩʪʝʤʳ, ʧʦʜʧʨʦʝʢʪʳ ʠ ʪ.ʜ. 

ɸʛʝʥʪʩʪʚʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ (ɸʉʀ) ʧʨʠʛʣʘʰʘʝʪ ʥʘ ʩʚʦʶ ʧʣʦʱʘʜ-

ʢʫ ʣʠʜʝʨʦʚ ʧʨʦʝʢʪʦʚ ʠ ʠʭ ʢʦʤʘʥʜʳ ʩʦ ʩʚʦʠʤʠ ʠʜʝʷʤʠ ʠ ʨʝʰʝʥʠʷʤʠ. [2] ɸʉʀ ð 
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çʘʛʝʥʪ ʠʟʤʝʥʝʥʠʡè, ʨʘʙʦʪʘʶʱʠʡ ʚʤʝʩʪʝ ʩ ʣʠʜʝʨʘʤʠ ʥʘʜ ʤʘʩʰʪʘʙʥʳʤʠ ʠʥʠʮʠʘ-

ʪʠʚʘʤʠ ʠ ʦʙʲʝʜʠʥʷʶʱʠʡ ʫʩʠʣʠʷ ʦʙʱʝʩʪʚʘ, ʙʠʟʥʝʩʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʚʝʜʝʥʠʠ 

ɸʛʝʥʪʩʪʚʘ ʥʘʭʦʜʠʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʦʨʦʜʦʚ ʠ ʩʝʣ, ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʠʜʝʡ, ʟʘʧʫʩʢ ʥʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʟ-

ʜʘʥʠʝ ʢʦʤʬʦʨʪʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʘʥʪʠʢʨʠʟʠʩʥʳʝ ʤʝʨʳ ʧʦʜʜʝʨʞʢʠ ʜʣʷ 

ʛʨʘʞʜʘʥ ʠ ʙʠʟʥʝʩʘ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʨʝʡʪʠʥʛʘ, 

ʨʘʟʚʠʪʠʝ ʵʢʦʧʨʦʝʢʪʦʚ ʠ ʵʢʦʪʫʨʠʟʤʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʧʝʰʥʳʤʠ ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʠʥʠʮʠʘʪʠʚʘʤʠ ɸʉʀ ʷʚ-

ʣʷʶʪʩʷ: [2] 

¶ ɹʠʙʣʠʦʪʝʢʘ ʫʤʥʳʭ ʨʝʰʝʥʠʡ çʉʤʘʨʪʝʢʘè, 

¶ ʂʨʘʫʜʩʦʨʩʠʥʛʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ç100 ʛʦʨʦʜʩʢʠʭ ʣʠʜʝʨʦʚè, ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʥʘ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʜʣʷ ʠʭ ʘʢʪʠʚʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʠʟʤʝ-

ʥʝʥʠʷ ʛʦʨʦʜʦʚ ʢ ʣʫʯʰʝʤʫ. ɺ ʨʘʤʢʘʭ ʩʚʦʝʛʦ ʢʨʘʫʜ-ʧʨʦʝʢʪʘ ʚʳ ʩʤʦʞʝʪʝ ʧʨʠʚʣʝʯʴ 

ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʝʣʷʪʩʷ ʩʚʦʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʠʜʝʷʤʠ; 

¶ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʢʦʥʢʫʨʩ çʇʦʜʜʝʨʞʢʘ ʧʨʦʝʢʪʦʚ ʨʘʟʚʠʪʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʫʨʠʟʤʘè (Local-ID) ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʨʨʠʪʦʨʠʡ. ɸʉʀ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʣʠʜʝʨʩʢʠʝ ʠʥʠʮʠʘʪʠʚʳ ʧʦ ʧʝʨʝʦʩʤʳʩʣʝʥʠʶ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ 

ʩʨʝʜʳ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʣʦʢʘʣʴʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʈʘʟ-

ʨʘʙʘʪʳʚʘʝʤ ʠ ʪʠʨʘʞʠʨʫʝʤ ʤʦʜʝʣʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ ʢʣʘ-

ʩʪʝʨʦʚ (ʵʪʥʦ-, ʵʢʦ-, ʘʛʨʦ-, ʛʘʩʪʨʦ-, ʢʫʣʴʪʫʨʥʳʭ); 

¶ ʆʪʢʨʳʪʳʡ ʦʪʙʦʨ ʧʨʦʝʢʪʦʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ, ʛʨʘʥʪʳ, ʠʥʚʝʩʪʠʮʠʠ, ʘʢʩʝʣʝʨʘʮʠʷ, ʢʦʥʩʴʝʨʞ-ʩʝʨʚʠʩ, 

PR ʠ GR); 

¶ ʎʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʙʨʘʱʝʥʠʷʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ çɿʘ 

ʙʠʟʥʝʩè ï ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʘʜʠʪʴ ʜʠʘʣʦʛ ʙʠʟʥʝʩʘ ʠ ʚʣʘʩʪʠ, ʦʙʝʩʧʝ-

ʯʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʧʨʘʚʦʚʦʡ ʟʘʱʠʪʳ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ 

ʈʦʩʩʠʠ; 

¶ ʇʨʦʜʚʠʞʝʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠ (100 ʣʠʜʝʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ).  

¶ ʀʥʠʮʠʘʪʠʚʘ ç100 ʣʠʜʝʨʦʚ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠè 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʜʦʩʪʫʧʥʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʨʘʟʚʠʪʠʷ ʣʠʜʝʨʦʚ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʪʝʢʫʱʝʡ ʩʠʩʪʝʤʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʳʥʢʦʚ ʙʫʜʫʱʝʛʦ, ʘ ʪʘʢʞʝ ʪʝʢʫʱʠʤʠ ʟʘ-

ʧʨʦʩʘʤʠ ʨʳʥʢʘ ʪʨʫʜʘ, ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʳʷʚʣʝʥʠʷ ʙʘʨʴʝʨʦʚ ʠ ʩʠʩʪʝʤʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʪʠʨʘʞʠʨʦʚʘʥʠʷ 

ʧʨʦʝʢʪʦʚ ʣʠʜʝʨʦʚ; 

¶ ʇʦʜʜʝʨʞʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʜʝʨʦʚ (100 ʣʠʜʝʨʦʚ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦ-

ʛʠʡ). ʆʪ ʠʜʝʠ ð ʜʦ ʪʝʭʥʦʣʦʛʠʠ: ʧʦʤʦʱʴ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʨʳʥʢʘʤ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ. ʀʥʠʮʠʘʪʠʚʘ 

ʥʘʮʝʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʠʥʥʦʚʘʮʠʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʘ-

ʥʠʡ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʰʝʥʠʡ 

ʠ ʨʦʩʪʘ ʩʧʨʦʩʘ ʥʘ ʥʠʭ; 

¶ ʇʨʦʩʪʨʘʥʩʪʚʦ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ LEADER ID ï ʩʦʟʜʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚ 

çʊʦʯʢʘ ʢʠʧʝʥʠʷè ʧʨʠ ʚʝʜʫʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʨʝʛʠʦʥʦʚ ʜʣʷ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟ-
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ʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʜʝʡ ʠ ʧʨʦʝʢʪʦʚ ʠʥʥʦʚʘʮʠʦʥʥʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ; 

¶ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʢʫʨʩ ʧʦ ʨʝʰʝʥʠʶ ʛʣʦʙʘʣʴʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʩ 

ʧʦʤʦʱʴʶ AI & Data (ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ, ʘʥʪʠʢʨʠʟʠʩʥʳʝ ʧʨʘʢʪʠʢʠ 

AI & Data ʜʣʷ ʙʠʟʥʝʩʘ, ʄʝʞʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʧʨʦʝʢʪ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣ-

ʣʝʢʪè, ʂʦʥʢʫʨʩ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ); 

¶ ʇʦʜʜʝʨʞʢʘ ʩʦʮʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ (100 ʣʠʜʝʨʦʚ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʡ 

ʩʬʝʨʳ) ð ʧʦʜʜʝʨʞʢʘ ʣʠʜʝʨʦʚ ʠ ʣʠʜʝʨʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʦʨʳʚ-

ʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠ ʜʦʩʪʠʞʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ; 

¶ ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʣʫʛ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ ï ʧʦʜʜʝʨʞʢʘ ʣʠʮ ʩ ʆɺɿ; 

¶ ʈʘʟʚʠʪʠʝ ʚʦʣʦʥʪʝʨʩʪʚʘ (ʜʦʙʨʦʚʦʣʴʥʠʯʝʩʪʚʘ ʚ ʨʝʛʠʦʥʘʭ); 

¶ ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʨʝʡʪʠʥʛ ʩʦʩʪʦʷʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ 

ʢʣʠʤʘʪʘ ʦʮʝʥʠʚʘʝʪ ʫʩʠʣʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʣʘʩʪʝʡ ʧʦ ʩʦʟʜʘʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ ʠ ʚʳʷʚʣʷʝʪ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ, ʘ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʩʪʠʤʫ-

ʣʠʨʫʶʪ ʢʦʥʢʫʨʝʥʮʠʶ ʚ ʙʦʨʴʙʝ ʟʘ ʠʥʚʝʩʪʠʮʠʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. 

ɺ ʨʘʤʢʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʉʀ ʦʙʱʝʩʪʚʝʥʥʠʢʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʳ ʠ ʣʶʜʠ 

ʠʤʝʶʱʠʝ ʠʜʝʠ ʨʝʰʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠʣʠ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʘ ʪʘʢʞʝ ʠʥʥʦ-

ʚʘʮʠʦʥʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʤʦʛʫʪ: 

- ʥʘʡʪʠ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ ʠ ʩʦʙʨʘʪʴ ʢʦʤʘʥʜʫ, ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʟʘʧʣʘʥʠʨʦʚʘʚ ʚʩʪʨʝʯʫ (ʥʘ ʧʣʦʱʘʜʢʝ LEADER ID), 

- ʦʙʤʝʥʷʪʴʩʷ ʦʧʳʪʦʤ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʠʙʣʠʦʪʝʢʠ ʫʤʥʳʭ ʨʝʰʝʥʠʡ 

(ʉʄɸʈʊɽʂɸ), 

- ʦʙʩʫʜʠʪʴ ʠʜʝʶ ʥʘ ʧʣʘʪʬʦʨʤʝ ç100 ʛʦʨʦʜʩʢʠʭ ʣʠʜʝʨʦʚè ʩ ʵʢʩʧʝʨʪʘʤʠ ʚ 

ʥʫʞʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʠʟʫʯʠʪʴ ʦʧʳʪ ʧʦʭʦʞʠʭ ʧʨʦʝʢʪʦʚ ʚ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ, 

- ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʦʛʥʦʟʘʤʠ ʨʘʟʚʠʪʠʷ ʙʫʜʫʱʝʛʦ ʜʦ 2035 ʛʦʜʘ ʠ ʦʙʩʫʜʠʪʴ 

ʠʭ, ʠʟʫʯʠʪʴ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ, 

- ʩʦʩʪʘʚʠʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʧʣʘʥ ʨʘʟʚʠʪʠʷ ʩʚʦʝʛʦ ʧʨʦʝʢʪʘ ʠʣʠ ʠʜʝʠ, 

- ʧʦʣʫʯʠʪʴ ʧʦʜʜʝʨʞʢʫ ʩʚʦʝʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, ʨʘʩʩʢʘʟʘʪʴ ʦ ʩʝʙʝ ʮʝʣʝʚʦʡ ʘʫ-

ʜʠʪʦʨʠʠ, ʚʳʩʪʫʧʠʪʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʧʫʙʣʠʢʘʮʠʶ ʧʦ ʠʪʦʛʘʤ ʤʝ-

ʨʦʧʨʠʷʪʠʷ. 

ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʤʠ ʠʥʥʦʚʘʮʠʷʤʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɸʉʀ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠ-

ʟʘʮʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

çʌʘʙʨʠʢʘ ʙʫʜʫʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚè ʦʪ ʈʆʆ çʉʦʶʟ ʞʝʥʱʠʥ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩ-

ʪʠè, ʥʘʮʝʣʝʥʥʦʛʦ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʞʝʥʱʠʥ, ʠʤʝʶʱʠʭ 

ʜʝʪʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝʤ ʧʦ ʦʪʢʨʳʪʠʶ ʩʚʦʝʛʦ ʜʝʣʘ ʠʣʠ ʧʨʦ-

ʭʦʞʜʝʥʠʝʤ ʧʨʘʢʪʠʢʠ / ʩʪʘʞʠʨʦʚʢʠ ʚ ʢʦʤʧʘʥʠʷʭ ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʣʘʥʠ-

ʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʜʣʷ ʧʦʜʨʦʩʪʢʦʚ ʠ ʤʦʣʦʜʝʞʠ çʇʨʦʩʪʨʘʥʩʪʚʦ ʠʥʥʦʚʘʮʠ-

ʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷè, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʧʣʘʥʠʨʫʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʟʚʠʪʠʷ ʧʦʜʨʦ-

ʩʪʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʨʝʰʝʥʠʝ ʦʙʱʝʩʪ-

ʚʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠʣʠ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʢʦʥʢʫʨʩʘ ʣʫʯʰʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʉʦʦʙʱʝʩʪʚʦ çʇʨʦ ʞʝʥʱʠʥè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ 

ʞʝʥʱʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʱʝʥʠʷ ʠ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʤʦʛʘʶʪ ʜʨʫʛ ʜʨʫʛʫ 
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ʨʘʟʚʠʚʘʪʴʩʷ [1]. ʂʘʞʜʘʷ ʞʝʥʱʠʥʘ, ʞʝʣʘʶʱʘʷ ʨʘʩʩʢʘʟʘʪʴ ʦ ʩʝʙʝ ʠ ʧʦʜʝʣʠʪʴʩʷ 

ʩʚʦʠʤ ʞʠʟʥʝʥʥʳʤ ʦʧʳʪʦʤ, ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʚ ʩʦʦʙʱʝʩʪʚʝ ʩʚʦʶ ʛʨʫʧʧʫ ʠʣʠ ʧʨʦ-

ʝʢʪ ʠ ʩʪʘʪʴ ʝʝ ʣʠʜʝʨʦʤ, ʩʦʙʠʨʘʪʴ ʚʦʢʨʫʛ ʩʝʙʷ ʢʦʤʘʥʜʫ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, 

ʚʩʪʨʝʯʘʪʴʩʷ, ʦʙʱʘʪʴʩʷ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʚʦʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʝʢ-

ʪʳ, ʠʥʩʘʡʪʳ ʠ ʪ.ʜ. ɺ ʩʦʦʙʱʝʩʪʚʝ ʚʳʜʝʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠ-

ʪʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʫʥʢʮʠʦʥʠ-

ʨʫʶʪ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦ ʠʥʪʝʨʝʩʘʤ ʨʘʟʚʠʪʠʷ ʠ ʪʠʧʫ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʟʘʥʷʪʠʷ ʜʣʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ, 

ʬʦʨʤʠʨʦʚʘʪʴ ʛʨʫʧʧʳ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ, ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʫʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʯʪʦ ʧʨʠʥʦʩʠʪ ʙʦʣʝʝ ʙʳʩʪ-

ʨʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʦʧʳʪʦʤ ʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʛʦ ʦʙʱʝʥʠʷ, ʥʝ-

ʪʚʦʨʢʠʥʛʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʪʚʦʨʯʝʩʪʚʘ  ʚ ʥʝʤ ʣʶʜʠ ʷʚʣʷʶʪʩʷ ʚʢʣʘʜʦʤ ʜʨʫʛ ʚ 

ʜʨʫʛʘ. ɺ ʥʝʤ ʥʝʪ ʞʝʩʪʢʠʭ ʨʘʤʦʢ, ʦʛʨʘʥʠʯʝʥʠʡ ʠʣʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʠ. ʉʦʦʙʱʝʩʪʚʦ ʩʢʦʨʝʝ ʠʜʝʪ ʚ ʥʦʛʫ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʦʟʚʦʣʷʷ ʞʝʥʱʠʥʘʤ ʘʢʪʠʚ-

ʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʚʦʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʢʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʞʝʥʱʠʥʳ ʚ ʥʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʢʨʳʪʳ ʠ ʠʤʝʶʪ ʩʚʦʙʦʜʫ ʚ ʚʳʙʦʨʝ ʨʘʟʚʠʪʠʷ. 

ʊʘʢʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʦʙʱʝʩʪʚʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʢ ʧʨʠʤʝʨʫ, ʷʚʣʷ-

ʶʪʩʷ ʣʠʜʝʨʩʢʠʡ ʬʦʨʫʤ ʞʝʥʱʠʥ-ʣʠʜʝʨʦʚ ʛʨʫʧʧ ʩʦʦʙʱʝʩʪʚʘ, ʢʦʥʢʫʨʩ-ʬʝʩʪʠʚʘʣʴ 

ʧʨʦʝʢʪʦʚ 2020, ʤʘʨʘʬʦʥ ʞʝʥʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ, ʜʝʣʦʚʦʡ ʟʘʚʪʨʘʢ ʜʣʷ ʫʯʘʩʪʥʠʮ ʩʦ-

ʦʙʱʝʩʪʚʘ ʠ ʪ.ʜ. 

ʎʝʣʴʶ ʨʘʟʚʠʪʠʷ ʩʦʦʙʱʝʩʪʚʘ ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʛʦʜ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ, ʦʙʥʦʚʣʝʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʦʝʢʪʦʚ, ʠʥʠʮʠʘʪʠʚ ʠ 

ʥʘʣʘʞʠʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ɿʘʜʘʯʘʤʠ ʝʛʦ ʨʘʟʚʠʪʠʷ ʩʣʫʞʘʪ: 

1.  ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʧʨʦʝʢʪʦʚ (ʠʥʥʦʚʘʮʠʦʥʥʦʝ 
ʨʘʟʚʠʪʠʝ, ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʥʩʘʣʪʠʥʛ, ʟʘʱʠʪʘ 

ʠʥʪʝʨʝʩʦʚ ʛʨʘʞʜʘʥ, ʨʝʰʝʥʠʝ ʟʥʘʯʠʤʳʭ ʠ ʧʨʦʙʣʝʤʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʚʦʧʨʦʩʦʚ 

ʠ ʜʨ.). 

2.  ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʦʝʢʪʦʚ (ʈʆʆ 

çʉʦʶʟ ʞʝʥʱʠʥ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠè, ʈʆʆ çʃʶʜʠ ʜʝʣʘè, ʧʨʦʝʢʪ ʌʘʙʨʠʢʘ ʙʫʜʫ-

ʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚè ʠ ʜʨ.). 

3. ɸʢʪʠʚʥʦʝ ʦʙʱʝʥʠʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʚʦʚʣʝʯʝʥʠʝ ʚ ʦʙʱʝʩʪʚʝʥʥʫʶ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʥʦʚʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʤʦʣʦʜʝʞʠ. 

4. ʄʝʞʨʝʛʠʦʥʘʣʴʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

5. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʚ ʧʝʨʩʧʝʢʪʠʚʝ). 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʪʨʝʙʫʶʱʠʭ ʨʝʰʝʥʠʷ, ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ 

ʩʣʝʜʫʶʱʝʝ: 

¶ ʥʝʜʦʩʪʘʪʦʢ ʛʨʘʞʜʘʥʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʦʪʠʚʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝ-

ʦʜʦʣʝʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ ʠʥʩʘʡʪʦʚ ʧʦ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʚʣʝ-

ʯʝʥʠʷ ʛʨʘʞʜʘʥ ʢ ʨʝʰʝʥʠʶ ʩʦʮʠʘʣʴʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ, 

¶ ʥʝʜʦʩʪʘʪʦʢ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʷʚ-

ʣʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʣʝʯʝʥʠʷ ʧʘʨʪʥʝʨʦʚ, 



244 
 

ʠʥʚʝʩʪʦʨʦʚ ʠ ʙʣʘʛʦʪʚʦʨʠʪʝʣʝʡ, ʟʘ ʩʯʝʪ ʩʫʙʩʠʜʠʡ ʠ ʩʨʝʜʩʪʚ ʛʨʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʟʘʧʫʩʢʘ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʭ ʠʥʠʮʠʘʪʠʚ, 

¶ ʥʝʜʦʩʪʘʪʦʢ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚ-

ʥʦʛʦ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʠʢʝʨʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʢʦʫʯʝʡ, ʘ ʪʘʢʞʝ ʢʦʥʩʫʣʴʪʘʥʪʦʚ ʠ 

ʚʦʣʦʥʪʝʨʦʚ ʥʘ ʙʝʟʚʦʟʤʝʟʜʥʦʡ ʦʩʥʦʚʝ,  

¶ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʱʠʪʦʡ ʠʥʪʝʨʝʩʦʚ ʛʨʘʞʜʘʥ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ 
ʩʣʦʞʥʳʭ ʠ ʨʝʟʦʥʘʥʩʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʰʘʪʴ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʠʚʣʝʯʝʥʠʷ ʧʩʠʭʦʣʦʛʦʚ, ʧʦʣʠʪʪʝʭʥʦʣʦʛʦʚ, ʶʨʠʩʪʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʚʦʧʨʦʩʦʚ ʧʨʝʜʤʝʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʈʘʟʚʠʪʠʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʨʝʛʠʦʥʝ ʚʦʟʤʦʞʥʦ ʥʘ ʙʘʟʝ ʦʙʱʝʡ ʩʧʣʦʯʝʥʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʱʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ, ʩʦʦʙʱʝʩʪʚ, 

ʦʙʱʝʩʪʚʝʥʥʳʭ, ʩʦʮʠʘʣʴʥʳʭ, ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʩʦʶ-

ʟʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʝʩʳ ʞʝʥʱʠʥ ʠ ʠʭ ʛʨʫʧʧ. ʉʦʦʙʱʝʩʪʚʦ 

ʇʨʦ ɾʝʥʱʠʥ ʥʝʩʝʪ ʚ ʤʠʨ ʚʘʞʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʮʝʥʥʦʩʪʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʠʞʝ. 

ʀ ʢʘʞʜʘʷ ʞʝʥʱʠʥʘ, ʨʘʟʚʠʚʘʷʩʴ ʚ ʛʨʫʧʧʝ ʤʦʞʝʪ ʧʨʠʚʥʝʩʪʠ ʩʦʙʩʪʚʝʥʥʳʝ ʥʦʚʳʝ 

ʮʝʥʥʦʩʪʠ ʚ ʩʦʦʙʱʝʩʪʚʦ. 

¶ ʃʠʜʝʨʩʪʚʦ 

¶ ʂʘʞʜʘʷ ʞʝʥʱʠʥʘ ʤʦʞʝʪ ʩʪʘʪʴ ʣʠʜʝʨʦʤ, ʚʟʷʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʜʚʠ-

ʛʘʪʴʩʷ ʢ ʩʚʦʝʡ ʮʝʣʠ, ʜʝʣʠʪʴʩʷ ʦʧʳʪʦʤ ʠ ʧʦʜʜʝʨʞʢʦʡ ʩ ʜʨʫʛʠʤʠ.  

¶ ʄʝʯʪʳ ʠ ʮʝʣʠ 

¶ ɺ ʛʨʫʧʧʘʭ ʇʨʦ ɾʝʥʱʠʥ ʫʯʘʩʪʥʠʮʳ ʩʪʘʚʷʪ ʮʝʣʠ ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʝʜʠʥʦ-

ʤʳʰʣʝʥʥʠʮ ʠʜʫʪ ʢ ʥʠʤ ʠ ʜʦʩʪʠʛʘʶʪ ʞʝʣʘʝʤʦʛʦ. ʅʘ ʧʨʘʢʪʠʢʝ ʝʞʝʜʥʝʚʥʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʠʤʝʷ ʧʦʜʜʝʨʞʢʫ ʩʦʦʙʱʝʩʪʚʘ, ʫʯʘʩʪʥʠʮʳ ʩʧʦʩʦʙʥʳ ʥʝ ʧʨʦʩʪʦ 

ʥʘ ʠʟʤʝʥʝʥʠʷ, ʥʦ ʥʘ ʮʝʣʳʝ ʧʨʦʨʳʚʳ. 

¶ ʇʦʜʜʝʨʞʢʘ 

¶ ʋ ʞʝʥʱʠʥ ʠʩʯʝʟʘʶʪ ʩʦʤʥʝʥʠʷ ʚ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ, ʢʦʛʜʘ ʦʩʪʘʣʴʥʳʝ 

ʙʝʟʫʩʣʦʚʥʦ ʚʝʨʷʪ ʚ ʝʝ ʩʠʣʳ ʠ ʥʝ ʩʦʤʥʝʚʘʶʪʩʷ. 

¶ ʆʢʨʫʞʝʥʠʝ 

¶ ʆʢʨʫʞʘʶʱʠʝ ʚ ʛʨʫʧʧʝ ʩʦʦʙʱʝʩʪʚʘ ʚʝʨʷʪ ʚ ʯʝʣʦʚʝʢʘ. ʄʦʪʠʚʠʨʫʶʪ ʠʜʪʠ 

ʚʧʝʨʝʜ ʠ ʧʦʤʦʛʘʶʪ ʧʦ-ʥʦʚʦʤʫ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʥʦʚʳʝ ʩʪʦʨʦʥʳ ʩʚʦʝʡ ʞʠʟʥʠ. 

¶ ʉʘʤʦʨʝʘʣʠʟʘʮʠʷ 

¶ ʇʫʪʴ ʩʦʙʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ  -

ʩʘʤʳʡ ʙʳʩʪʨʳʡ ʧʫʪʴ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʯʝʨʝʟ ʧʨʦʝʢʪʳ, ʦʙʱʝʩʪ-

ʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ. 

¶ ʈʦʩʪ 

¶ ʕʪʦ ʜʘʝʪ ʣʠʯʥʦʩʪʥʳʡ ʨʦʩʪ, ʧʦʚʳʰʝʥʠʝ ʩʘʤʦʦʮʝʥʢʠ ʠ ʜʝʣʦʚʦʡ ʨʝʧʫʪʘ-

ʮʠʠ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʚ ʩʦʦʙʱʝʩʪʚʝ: ʩʪʘʪʴ ʫʯʘʩʪʥʠʮʝʡ, ʣʠʜʝʨʦʤ ʛʨʫʧʧʳ, ʨʝʛʠʦʥʘʣʴ-

ʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ, ʧʨʝʟʠʜʝʥʪʦʤ ʠ ʯʣʝʥʦʤ ʉʦʚʝʪʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. ɸ ʪʘʢʞʝ ʤʦʞʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʟʚʠʪʴ ʣʠʯʥʳʡ ʙʨʝʥʜ, ʚʳʨʘʩʪʠ ʚ 

ʢʘʨʴʝʨʝ, ʙʠʟʥʝʩʝ, ʬʠʥʘʥʩʘʭ. 

¶ ʉʚʷʟʠ 

¶ ʃʠʯʥʘʷ ʛʨʫʧʧʘ ʚ ʩʦʦʙʱʝʩʪʚʝ ï ʵʪʦ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳʡ ʠ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʡ ʞʠʟʥʝʥʥʳʡ ʠ ʙʠʟʥʝʩ-ʦʧʳʪ ʞʝʥʱʠʥ, ʛʦʪʦʚʳʭ ʠʤ ʜʝʣʠʪʴʩʷ. ɺ ʩʦʦʙʱʝʩʪʚʝ 

ʩʫɦʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩʦʮʠʘʣʴʥʳʡ ʢʘʧʠʪʘʣ ʢʘʞʜʦʡ ʠʟ ʫʯʘʩʪʥʠʮ. 
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¶ ʄʝʥʪʦʨʩʪʚʦ 

¶ ʊʘʢʞʝ ʟʜʝʩʴ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʤʝʥʪʦʨʘ ʠʣʠ ʩʘʤʦʡ ʩʪʘʪʴ ʥʘʩʪʘʚʥʠ-

ʢʦʤ. 

¶ ʇʣʦʱʘʜʢʘ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʟʘʧʫʩʢʘ ʧʨʦʜʫʢʪʦʚ 

¶ ɺ ʛʨʫʧʧʝ ʇʨʦ ʞʝʥʱʠʥ ʤʦʞʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʩʚʦʠ ʧʨʦʛʨʘʤʤʳ, ʧʨʦʜʫʢ-

ʪʳ ʠ ʤʝʪʦʜʠʢʠ, ʧʦʣʫʯʠʪʴ ʯʝʩʪʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʠ ʩʦʚʝʪʳ ʧʦ ʨʘʟʚʠʪʠʶ. 

¶ ʄʷʛʢʠʝ ʥʘʚʳʢʠ ʠ ʥʘʚʳʢʠ ʩʘʤʦʧʨʝʟʝʥʪʘʮʠʠ 

¶ ʈʘʙʦʪʘ ʠ ʦʙʱʝʥʠʝ ʚ ʩʦʦʙʱʝʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʪʴ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦ-

ʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʚʳʢʠ ʤʷʛʢʠʭ (ʛʠʙʢʠʭ) ʢʘʯʝʩʪʚ ʠ ʩʘʤʦʧʨʝʟʝʥʪʘʮʠʠ. 

ʕʪʦ ʜʘʝʪ ʧʨʘʚʠʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ, ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʤʘʥʜʳ, ʨʘʟʚʠʪʘʷ ʢʦʤʤʫ-

ʥʠʢʘʮʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʩʠʪʫʘʮʠʶ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʦʛʦ ʦʙʱʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʘʢ-

ʪʠʚʥʦ ʚʦʚʣʝʢʘʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʦʙʱʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʠ ʤʘʩʩʦʚʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. 

ʃʶʜʷʤ ʥʫʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʫʯʘʩʪʠʷ ʠ ʚʦʚʣʝʯʝʥʠʷ ʚ 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʠʥʠʮʠʘʪʠʚʳ, ʯʪʦʙʳ ʩʘʤʠʤ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʢʘʟʘʪʴ ʩʚʦʠ 

ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʠʪʫʘʮʠʠ ʠʣʠ ʨʝʰʝʥʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʙʣʝʤ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʠ ʠʜʝʠ ʜʣʷ ʨʘʟʚʠʪʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʫ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚʥʦʝ ʧʨʠʚʣʝʯʝʥʠʝ ʤʦʣʦ-

ʜʝʞʠ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʛʠʙʢʠʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʤʳʰʣʝʥʠʝʤ ʠ ʤʦʪʠʚʘʮʠ-

ʝʡ, ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʧʨʦʝʢʪʦʚ, ʚʥʝʩʝʥʠʝ ʥʦʚʳʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʠʥʠʮʠʘʪʠʚ ʠ ʤʦʞʝʪ ʟʘʜʘʪʴ ʥʦʚʳʡ ʚʠ-

ʪʦʢ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʩʪʠʪʫʪʦʚ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. 

ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʤʠ ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʣʫʞʠʪ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦ ʪʠʧʫ ʩʪʨʫʢʪʫʨʳ 

ʩʦʦʙʱʝʩʪʚʘ çʇʨʦ ʞʝʥʱʠʥè (ʥʘʧʨʠʤʝʨ, çʌʘʙʨʠʢʘ ʙʫʜʫʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚè), ʚ 

ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪ-

ʥʠʢʦʚ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦ 

ʠʥʪʝʨʝʩʘʤ ʨʘʟʚʠʪʠʷ ʠ ʪʠʧʫ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚ-

ʥʦ ʧʨʦʚʦʜʠʪʴ ʟʘʥʷʪʠʷ ʜʣʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ, ʬʦʨʤʠʨʦʚʘʪʴ ʛʨʫʧʧʳ ʢʦʣʣʝʢ-

ʪʠʚʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʦʪ-

ʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʯʪʦ ʧʨʠʥʦʩʠʪ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-

ʪʳ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʦʧʳʪʦʤ ʠ ʜʦʩʪʠʞʝʥʠʷʤʠ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʩʦʟʜʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ çʃʶʜʠ ʜʝʣʘè, ʚ ʢʦʪʦʨʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʦʙʱʝʩʪʚʝʥ-

ʥʳʭ ʠʥʠʮʠʘʪʠʚ ʠ ʧʨʦʝʢʪʦʚ ʧʦ ʨʘʟʚʠʪʠʶ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʦʙ-

ʱʝʩʪʚʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʨʝʰʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʠ ʧʨʦʙʣʝʤ, ʟʘ-

ʪʨʘʛʠʚʘʶʱʠʭ ʛʨʫʧʧʦʚʳʝ ʠʥʪʝʨʝʩʳ ʛʨʘʞʜʘʥ, ʠ ʚʳʟʳʚʘʶʱʠʭ ʦʙʱʝʩʪʚʝʥʥʳʡ ʨʝ-

ʟʦʥʘʥʩ, ʘ ʪʘʢʞʝ ʦʢʘʟʘʥʠʝ ʧʦʤʦʱʠ ʠ ʧʦʜʜʝʨʞʢʠ ʚ ʟʘʱʠʪʝ ʠʥʪʝʨʝʩʦʚ ʛʨʘʞʜʘʥ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʧʨʦʩʘʤ ʧʦʚʳʰʝʥʠʷ ʛʨʘʤʦʪʥʦ-

ʩʪʠ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʥʘʩʝʣʝʥʠʷ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʨʘʤʢʘʭ ʈʆʆ çʉʦʶʟ ʞʝʥʱʠʥ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠè ʦʙʱʝ-

ʩʪʚʝʥʥʳʡ ʧʨʦʝʢʪ çʌʘʙʨʠʢʘ ʙʫʜʫʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦ-

ʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚʘ çʇʨʦ ʞʝʥʱʠʥè ʠ ʧʦ ʪʠʧʫ, ʩʭʦʞʝ-
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ʤʫ ʩ ʵʪʦʡ ʩʪʨʫʢʪʫʨʦʡ: ʚ ʥʝʤ ʚʳʜʝʣʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʜʣʷ ʫʯʘʩʪʥʠʮ ʧʨʦʝʢʪʘ, ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʨʫʧʧʳ ʧʦ ʠʥ-

ʪʝʨʝʩʘʤ. ʕʪʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʠʛʨʳ, ʩʦʮʠʘʣʴ-

ʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʘʟʚʠʚʘʶʱʠʝ ʚʩʪʨʝʯʠ ʩʦ ʩʧʠʢʝʨʘʤʠ, ʦʙʱʝʩʪʚʝʥʥʘʷ ʠ ʜʦʙ-

ʨʦʚʦʣʴʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʦʚʳʰʝʥʠʝ ʛʨʘʤʦʪʥʦʩʪʠ, ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝ ʧʦ 

ʦʪʢʨʳʪʠʶ ʩʚʦʝʛʦ ʜʝʣʘ ʠ ʧʦʩʪʨʦʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʘʨʴʝʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ (ʦʙʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʚ ʩʦ-

ʮʠʘʣʴʥʳʭ ʩʝʪʷʭ) ʠ ʜʨ. 

ɺ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʭʦʜʠʪʩʷ ʧʨʦʝʢʪ çʉʯʘʩʪʣʠʚʘʷ ʩʝʤʴʷ ï ʟʜʦʨʦʚʦʝ ʦʙ-

ʱʝʩʪʚʦè, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʦʢʘʟʘʥʠʝ ʧʦʤʦʱʠ ʥʫʞʜʘʶʱʠʩʷ ʩʝʤʴʷʤ ʩ ʜʝʪʴʤʠ ʚ ʧʝ-

ʨʠʦʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʧʨʦʚʝʜʝʥʠʝ ʧʩʠʭʦʣʦʛʠʯʝ-

ʩʢʠʭ, ʨʘʟʚʠʚʘʶʱʠʭ ʠ ʢʦʥʩʘʣʪʠʥʛʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ 

ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʤʝʡ. 

ʊʘʢʞʝ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʭʦʜʠʪʩʷ ʧʨʦʝʢʪ çʇʨʦʩʪʨʘʥʩʪʚʦ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷè ʜʣʷ ʧʦʜʨʦʩʪʢʦʚ ʠ ʤʦʣʦʜʝʞʠ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʧʨʦʚʦ-

ʜʠʪʴʩʷ ʪʨʝʥʠʥʛʠ ʧʦ ʨʘʟʚʠʪʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ, ʩʠʩʪʝʤʥʦʛʦ ʠ ʧʨʦʝʢʪʥʦʛʦ ʤʳʰ-

ʣʝʥʠʷ, ʢʨʫʛʣʳʝ ʩʪʦʣʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠʜʝʡ ʠ ʨʘʟʚʠʪʠʶ ʧʨʦʝʢʪʥʳʭ ʠʥʠʮʠʘʪʠʚ ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʥʢʫʨʩʘ ʥʘ ʣʫʯʰʠʡ ʧʨʦʝʢʪ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʘʤʢʘʭ ʈʆʆ çʃʶʜʠ ʜʝʣʘè ʠ ʈʆʆ çʉʦʶʟ ʞʝʥʱʠʥ ʉʘʤʘʨ-

ʩʢʦʡ ʦʙʣʘʩʪʠè, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʩʦʦʙʱʝʩʪʚʘ çʇʨʦ ʞʝʥʱʠʥè ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

çɸʛʝʥʪʩʪʚʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚè ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ 

ʩʣʝʜʫʶʱʠʭ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ: 

- ʈʘʟʚʠʚʘʶʱʝ-ʠʛʨʦʚʦʡ ʮʝʥʪʨ ʜʣʷ ʜʝʪʝʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʝʙʝʥʢʘ ï ʜʦʰʢʦʣʴʥʠʢʘ ʠ ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʢ ʰʢʦʣʝ,  

- ʎʝʥʪʨ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʣʷ ʧʦʜʨʦʩʪʢʦʚ, ʤʦʣʦʜʝʞʠ ʠ ʚʟʨʦʩ-

ʣʳʭ ʣʶʜʝʡ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʦʚʝʜʝʥʠʶ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʚʳʙʦʨʫ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʦʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟ-

ʚʠʪʠʷ, ʦʙʫʯʝʥʠʷ ʠ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʞʠ-

ʨʦʚʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʦʪʢʨʳʪʠʷ ʩʚʦʝʛʦ ʜʝʣʘ 

ʠ ʧʦʩʪʨʦʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʘʨʴʝʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

- ʎʝʥʪʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ  ʘʢ-

ʪʫʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚ-

ʢʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʪʫʨʠʟʤ, ʧʨʦʛʨʘʤʤʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʤʝʥʘ ʠ ʜʨ. 

 - ʎʝʥʪʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ, ʠʥʚʝʩʪʦ-

ʨʦʚ, ʧʦʣʠʪʠʯʝʩʢʠʭ ʣʠʜʝʨʦʚ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ 

ʪʨʫʜʥʦʩʪʝʡ, ʚʳʭʦʜʫ ʠʟ ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʨʘʟʚʠʪʠʶ ʩʚʦʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʨʘʤʢʘʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʣʦʱʘʜʦʢ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ çɸʛʝʥʪ-

ʩʪʚʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚè ʠ ʩʦʦʙʱʝʩʪʚʘ çPRO ʞʝʥʱʠʥè ʠʜʝʪ ʘʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ çʌʘʙʨʠʢʘ ʙʫʜʫʱʠʭ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʦʚè ʠ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʟʘʧʫʩʢ ʝʱʝ ʨʷʜʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ 

ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 
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The paper considers the creation and development of new intellectual structures of modern 

companies in the context of digitalization, examines their essential foundations, gives a classifica-

tion and main directions of development. Examples of the development and successful functioning 

of such structures as The Agency for strategic initiatives and the Pro women Community are given. 

Further, we consider the possibilities of creating such companies and communities in the Samara 

region and give examples of already working projects. Such as "Factory of future professionals", 

"people of business". 

Keyword: intellectual capital, innovative development, social innovations, infrastructure plat-

form, collective work space, strategic initiatives. 

 

ʋɼʂ 331.101.52 

ʈʆʃʔ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ʂɸʇʀʊɸʃɸ ɺ ʉʆɺʈɽʄɽʅʅʆʄ 

ɺʆʉʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʄ ʇʈʆʎɽʉʉɽ 

ʆ.ɸ. ʂʘʨʧʝʥʢʦ, ʢ.ʵ.ʥ. 

ʃ.ɺ.ʃʝʚʯʝʥʢʦ, ʢ.ʵ.ʥ., ʜʦʮʝʥʪ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤʘʭ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʪʨʫʜʘ, ʚ ʧʨʦʮʝʩʩʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʩʦʟʜʘʥʠʠ 

ʩʪʦʠʤʦʩʪʠ ʟʥʘʥʠʷʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʯʝʥʳʭ, ʧʨʠʚʦʜʷʪʩʷ ʜʦʚʦʜʳ, 

ʬʘʢʪʳ ʠ ʘʨʛʫʤʝʥʪʳ. ʇʦʜʨʦʙʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʫ ʩʦʟʜʘʥʠʷ ʩʪʦʠʤʦʩʪʠ ʟʥʘʥʠʷ-

ʤʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʳʥʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʳʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʢʘʧʠʪʘʣ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʣʘ, ʨʘʙʦʯʘʷ ʩʠʣʘ, 

ʧʨʝʢʘʨʠʟʘʮʠʷ ʪʨʫʜʘ, ʩʘʤʦʟʘʥʷʪʦʩʪʴ, ʬʨʠʣʘʥʩʝʨʩʪʚʦ, ʮʝʥʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ, ʧʦʣʝʟʥʦʩʪʴ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʯʝʣʦ-

ʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʩʘʤʦʡ ʨʘʙʦʯʝʡ 

ʩʠʣʳ ʯʝʣʦʚʝʢʘ, ʩʦʜʝʨʞʘʥʠʠ ʠ ʧʨʦʮʝʩʩʘʭ ʪʨʫʜʘ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ. ʊʝʤʘ ʠʟʤʝʥʝʥʠʷ ʪʨʫʜʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦʡ 

ʚ ʯʠʩʣʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ. ʆʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʫʤʩʪʚʝʥʥʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ. ʅʦ ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʜʝʨʞʘʥʠʶ ʪʨʫʜʘ. ɸ ʭʘʨʘʢʪʝʨ ʪʨʫʜʘ ʩʦ ʚʨʝʤʝʥ 

ʂ.ʄʘʨʢʩʘ ʦʩʪʘʝʪʩʷ ʜʚʦʡʩʪʚʝʥʥʳʤ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʤ ʪʨʫʜʝ, ʠ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜ-

ʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ (ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʧʨʦʮʝʩʩʦʤ, ʧʨʝʜʤʝʪʘʤʠ 

ʠ ʩʨʝʜʩʪʚʘʤʠ ʪʨʫʜʘ) ʠ ʭʘʨʘʢʪʝʨʘ ʪʨʫʜʘ (ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʘʙʩʪʨʘʢʪʥʳʤ ʠ 

ʢʦʥʢʨʝʪʥʳʤ ʪʨʫʜʦʤ) ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʦʙʱʝʩʪʚʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʬʦʨʤʳ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʠ ʟʘʥʷʪʦʩʪʠ ʥʝʩʤʦʪʨʷ ʥʘ ʩʪʨʦʛʫʶ ʨʝʛʣʘʤʝʥʪʘʮʠʶ ʠʭ ʪʨʫʜʦʚʳʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. ʕʪʦʪ ʚʦʧʨʦʩ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦ-

https://pro-women.ru/
https://asi.ru/
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ʣʦʜʳʝ ʫʯʝʥʳʝ ʀ.ɺ.ʂʨʳʣʘʪʦʚʘ, ɺ.ʀ.ʈʦʤʘʥʯʝʚʩʢʠʡ, ʆ.ʀ.ʄʘʨʪʳʥʯʫʢ [3], ʟʘʪʨʦ-

ʥʫʚʰʠʝ ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠ ʭʘʨʘʢʪʝʨʝ ʪʨʫʜʘ ʥʘ ʨʘʟʚʠ-

ʪʠʝ ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʢʦʥʦʤʠʢʠ.  ʈ.ɸ.ɼʦʣʞʝʥʢʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪ ʪʝʥʜʝʥʮʠʠ ʢ ʛʫʤʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʨʫʜʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʘʥʠʷʭ [2], 

ʢʦʛʜʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʦʙʥʳʝ ʠ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦ-

ʪʨʫʜʥʠʢʦʚ, ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʝʡ ʪʝʥʜʝʥʮʠʶ ʧʨʝʢʘʨʠʟʘʮʠʠ ʪʨʫʜʘ, ʧʨʠ ʢʦʪʦ-

ʨʦʡ ʦʪ ʨʘʙʦʪʥʠʢʘ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʜʘʯʘ ʩʚʦʠʭ ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʠ, ʘ ʦʪ 

ʨʘʙʦʪʦʜʘʪʝʣʷ ʩʜʝʨʞʠʚʘʶʪʩʷ ʤʝʨʳ ʧʦʦʱʨʝʥʠʷ, ʥʝ ʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʤʦʪʠʚʘʮʠʠ ʠ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ. ʕʪʠ ʜʚʝ ʪʝʥʜʝʥʮʠʠ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ ʩʫ-

ʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʠ ʜʫʭʦʚʥʦʤ ʢʘʧʠʪʘʣʝ, ʘ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ï ʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʣʶʜʝʡ ʠ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʚʨʝ-

ʤʝʥʥʳʡ ʪʨʫʜ ʫʞʝ ʥʝ ʪʦʪ, ʯʪʦ ʨʘʥʴʰʝ, ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʠʣʠ, ʪʝʤ ʙʦʣʝʝ, ʚ ʧʨʦ-

ʰʣʳʝ ʚʝʢʘ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʨʫʜʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʵʧʦʭʫ ʧʝʨʝʭʦʜʘ ʢ ʵʢʦʥʦʤʠʢʝ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʥʘʥʠʷʭ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ  ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ, ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʣʠʯʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʟʚʦʣʷʝʪ ʨʘ-

ʙʦʪʥʠʢʫ ʧʨʦʷʚʠʪʴ ʩʝʙʷ, ʧʨʠʦʙʨʝʩʪʠ ʠ ʟʘʢʨʝʧʠʪʴ ʩʦʮʠʘʣʴʥʳʝ ʩʚʷʟʠ ʠ ʩʘʤʦʨʝʘʣʠ-

ʟʦʚʘʪʴʩʷ. ʀ ʟʜʝʩʴ ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʨʘʙʦʯʝʡ ʩʠʣʳ ʪʘʢʞʝ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʚʨʝʤʝʥʥʦʤʫ ʝʝ ʧʦʥʠʤʘʥʠʶ.  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ  ʚ ʩʦʩʪʘʚʝ ʨʘʙʦʯʝʡ ʩʠʣʳ ʧʦʩʪʦʷʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʚʚʝ-

ʜʝʥʠʝ ʥʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʘʪʝʛʦʨʠʠ  ï  çʯʝʣʦʚʝʯʝʩʢʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠ-

ʣʳè, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʘʤ ʧʨʦʮʝʩʩ ʪʨʫʜʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ) ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʝʨʝ-

ʭʦʜʠʪ ʢ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʘ ʧʨʦʮʝʩʩ ʪʨʫʜʘ ʯʝʣʦʚʝʢʘ 

ʧʝʨʝʭʦʜʠʪ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʝʜʫʱʝʡ ʜʚʠʞʫʱʝʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʠʣʦʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʙʝʟʫʩʣʦʚʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʢʫʶ-ʪʦ ʯʘʩʪʴ ʠʣʠ ʟʘʯʘʪʢʠ ʥʦʚʦʛʦ ʚʠʪʢʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʩʪʫʧʠʣ ʪʘʢʦʡ ʧʝʨʠʦʜ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙ-

ʱʝʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʝʣʦʚʝʢʫ ʥʫʞʥʦ ʚʢʣʘʜʳʚʘʪʴ ʚ ʩʚʦʡ ʪʨʫʜ ʥʝ ʪʦʣʴʢʦ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʠʟʤ, ʥʦ ʚʩʝ ʩʚʦʠ ʯʝʣʦʚʝʯʝʩʢʠʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʜʫʭʦʚʥʳʝ  ʢʘʯʝʩʪʚʘ, 

ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ï ʚʢʣʘʜʳʚʘʪʴ ʚʩʝʛʦ ʩʝʙʷ. ʀ ʫʞʝ ʦʪ ʵʪʦʛʦ ʚʢʣʘʜʘ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪ-

ʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ [1]. ʅʝ ʩʪʦʣʴʢʦ ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʨʘʙʦʪʫ ʚʨʝ-

ʤʷ, ʩʢʦʣʴʢʦ ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʴ, ʧʨʘʚʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʤʦʪʠʚʘʮʠʷ ʢ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʙʱʝʥʠʶ ʩʝʡʯʘʩ ʚʳʩʪʫʧʘʶʪ ʚʘʞʥʝʡʰʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ ʠ ʩʦʟʜʘʥʠʷ ʠʤ ʩʪʦʠʤʦʩʪʠ, ʘ ʚ ʠʪʦʛʝ ï ʠ ʨʘʟʚʠʪʠʷ 

ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 

ʇʨʠ ʵʪʦʤ ʩʘʤ ʥʝʤʘʪʝʨʠʘʣʴʥʳʡ ʪʨʫʜ ʚ ʧʨʠʥʮʠʧʝ ʙʘʟʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʝ 

ʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘʥʠʷʭ ʠʩʧʦʣʥʠʪʝʣʝʡ. ʉʢʦʨʝʝ, ʦʥ ʢʦʨʝʥʠʪʩʷ ʚ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʦʙʱʘʪʴʩʷ ʠ ʢʦʦʧʝʨʠʨʦʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ, ʚ ʦʙʱʠʭ ʩʧʦʩʦʙʥʦʩʪʷʭ, 

ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʤʝʪʦʤ ʦʙʫʯʝʥʠʷ. ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ ʚʘʞʥʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ 

ʨʘʙʦʪʥʠʢʘʤʠ ʤʘʥʫʬʘʢʪʫʨ ʠʣʠ ʟʘʚʦʜʦʚ ʠ ʨʘʙʦʪʥʠʢʘʤʠ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʇʝʨʚʳʝ 

ʜʦʣʞʥʳ ʙʳʣʠ ʦʪʙʨʦʩʠʪʴ ʩʚʦʶ ʦʙʱʫʶ ʢʫʣʴʪʫʨʫ, ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ, ʯʪʦʙʳ ʧʦʜ-
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ʯʠʥʠʪʴʩʷ ʨʘʟʜʝʣʝʥʠʶ ʪʨʫʜʘ ʩ ʝʛʦ ʙʝʩʢʦʥʝʯʥʳʤ ʧʦʚʪʦʨʝʥʠʝʤ ʦʧʝʨʘʮʠʡ. ʆʙ ʵʪʦʤ 

ʤʥʦʛʦ ʥʘʧʠʩʘʥʦ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʫ ɸ. ʌʝʨʛʶʩʦʥʘ ʠ ʕ. ʖʨʘ, ʥʘ ʢʦʪʦʨʳʭ ʪʘʢʞʝ 

ʦʧʠʨʘʝʪʩʷ ʂ.ʄʘʨʢʩ ʚ çʂʘʧʠʪʘʣʝè [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʟʘʢʦʥʘ ʦ ʩʘʤʦʟʘʥʷʪʦʩʪʠ [4] ʦʞʠʜʘʝʪʩʷ, 

ʯʪʦ ʥʘ ʤʝʩʪʦ ʧʦʜʯʠʥʝʥʥʦʛʦ ʥʘʝʤʥʦʛʦ ʨʘʙʦʯʝʛʦ, ʧʦʣʫʯʘʶʱʝʛʦ ʟʘʨʧʣʘʪʫ, ʧʨʠʭʦ-

ʜʠʪ ʪʨʫʜʷʱʠʡʩʷ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ ʚ ʦʜʥʦʤ ʣʠʮʝ (ʬʘʢʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʫʜ 

ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʦʤ ʯʝʣʦʚʝʯʝʩʢʦʤ ʩʫʙʲʝʢʪʝ), ʢʦʪʦ-

ʨʳʡ ʩʘʤ ʟʘʙʦʪʠʪʩʷ ʦ ʩʚʦʝʤ ʦʙʨʘʟʦʚʘʥʠʠ, ʧʦʚʳʰʝʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʤʝʜʠʮʠʥ-

ʩʢʦʤ ʩʪʨʘʭʦʚʘʥʠʠ ʠ ʪ.ʜ. ʊʘʢʞʝ ʦʥ ʜʦʣʞʝʥ ʪʘʢʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʥʠʤʘʪʴʩʷ ʧʦ-

ʠʩʢʦʤ ʜʣʷ ʩʝʙʷ ʨʘʙʦʪʳ ʠʣʠ ʜʦʭʦʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠ ʠʥ-

ʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪ.ʢ. ʦʥ ʜʦʣʞʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʥʦʩʠʪʴ ʥʦʚʰʝʩʪʚʘ ʚ 

ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʆʥ ʪʘʢʞʝ ʜʦʣʞʝʥ ʨʘʟʚʠʪʴ ʚ ʩʝʙʝ ʠ ʩʫʤʝʪʴ ʛʨʘʤʦʪʥʦ ʧʨʠʤʝ-

ʥʷʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʠʜʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ, ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʴʩʢʠʡ, ʩʦʮʠʘʣʴʥʳʡ, ʚʠʪʘʣʴʥʳʡ, ʢʫʣʴʪʫʨʥʳʡ. ɺ ʠʪʦʛʝ, ʫʭʦʜ ʦʪ ʨʘʟʜʝ-

ʣʝʥʠʷ ʪʨʫʜʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʯʝʣʦʚʝʢ ʝʜʠʥʦʣʠʯʥʦ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʩʝʤʠ 

ʥʘʚʳʢʘʤʠ ʠ ʟʥʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʜʦ ʵʪʦʛʦ. ɿʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʩʘʤʦ-

ʵʢʩʧʣʫʘʪʘʮʠʷ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʚʝʣʠʯʘʡʰʝʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʤʦʞʝʪ 

ʩʪʘʪʴ ʜʘʞʝ ʩʠʣʴʥʝʝ, ʯʝʤ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʘʧʠʪʘʣʠʟʤʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʝʡʯʘʩ ʩ ʫʧ-

ʨʦʱʝʥʠʝʤ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʩʘʤʦʟʘʥʷʪʦʩʪʴ 

ʧʦʣʫʯʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʇʨʦʮʝʥʪ ʠʭ ʩʨʝʜʠ ʪʨʫʜʷʱʝʛʦʩʷ ʥʘʩʝʣʝ-

ʥʠʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʀʪʘʣʠʠ ʠ ʐʚʝʮʠʠ ʠ ʜʨ. ʉ 1 ʷʥʚʘʨʷ 

2019 ʛʦʜʘ ʚ ʈʦʩʩʠʠ ʚʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʩʘʤʦʟʘʥʷʪʦʩʪʴʶ ʠ ʜʣʷ  ʚʩʝʭ ʩʘʤʦʟʘʥʷ-

ʪʳʭ ʣʠʮ  ʚʚʝʜʝʥ ʥʘʣʦʛ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʜʦʭʦʜ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪ ʧʨʠʟʥʘʥ ʫʜʘʯʥʳʤ ʠ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ [8]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʠʨʤʳ ʪʝʧʝʨʴ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʷʜʨʦ ʧʦʩʪʦ-

ʷʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʩ ʧʦʣʥʳʤ ʨʘʙʦʯʠʤ ʚʨʝʤʝʥʝʤ, ʘ ʦʩʪʘʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʠ ʨʘʙʦʪʘʪʴ ʩ ʯʘʩʪʠʯʥʦʡ, ʜʦʤʘʰʥʝʡ ʠʣʠ ʫʜʘʣʝʥʥʦʡ ʟʘʥʷʪʦʩʪʴʶ, ʧʨʠʯʝʤ 

ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ. 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʫʜʦʙʥʝʝ, ʢ ʧʨʠʤʝʨʫ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʠʤ ʥʘʜʦ 

ʫʭʘʞʠʚʘʪʴ ʟʘ ʜʝʪʴʤʠ ʠʣʠ ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʞʝʥʱʠʥ), ʫʯʠʪʴ-

ʩʷ ʠʣʠ ʨʘʙʦʪʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʝʱʝ ʥʘ ʦʜʥʦʡ ʨʘʙʦʪʝ, ʠʣʠ ʟʘʥʠʤʘʪʴʩʷ ʦʙʱʝʩʪʚʝʥ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ʆʜʥʘʢʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʠ ʢ ʦʪʩʫʪʩʪʚʠʶ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʪʜʳʭʘ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ 

ʚʩʝ ʚʨʝʤʷ ʜʝʨʞʠʪ ʥʘ ʢʦʥʪʨʦʣʝ ʩʚʦʶ ʨʘʙʦʯʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʥʝ ʦʪʜʳʭʘʝʪ ʧʦ ʚʝ-

ʯʝʨʘʤ. ʇʦ ʩʣʦʚʘʤ ɸ.ɻʦʨʮʘ, ʩʘʤʦʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʯʝʣʦʚʝʢ 

ʠ ʚʩʷ ʝʛʦ ʞʠʟʥʴ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʨʫʜ. ɸ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʯʘʩʪʥʦʡ ʞʠʟʥʴʶ ʠ ʨʘ-

ʙʦʪʦʡ ʨʘʟʤʳʚʘʝʪʩʷ ʧʦʪʦʤʫ, ʯʪʦ ʚʩʷ ʞʠʟʥʴ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʧʣʝʥʫ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʩʯʝʪʘ ʠ ʩʪʦʠʤʦʩʪʠ [4]. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʩʘʤʦʟʘʥʷʪʳʭ ʣʦʞʠʪʩʷ ʪʘʢʞʝ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʙʩʪ-

ʚʝʥʥʫʶ ʙʝʟʨʘʙʦʪʠʮʫ. ɽʩʣʠ ʢʪʦ-ʪʦ ʦʢʘʞʝʪʩʷ ʙʝʟʨʘʙʦʪʥʳʤ, ʪʦ ʪʦʣʴʢʦ ʧʦ ʧʨʠʯʠʥʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʜʘʚʘʝʤʦʩʪʠ ʩʚʦʠʭ ʟʥʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʦʥ ʥʝ ʧʦʣʫʯʘʝʪ ʧʦʩʦʙʠʷ 

ʧʦ ʙʝʟʨʘʙʦʪʠʮʝ, ʠ ʚʳʥʫʞʜʝʥ ʠʩʢʘʪʴ ʝʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ  ʧʨʠʦʙʨʝʪʘʪʴ ʥʦʚʳʝ 

ʥʘʚʳʢʠ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘ ʩʚʦʡ ʩʯʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ. ʕʪʦ ʷʚʣʷʝʪ-
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ʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ. ɺʳʩʢʘʟʳʚʘʶʪʩʷ ʤʥʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʩʘʤʦʟʘʥʷʪʳʝ 

ʚ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʙʘʟʦʚʳʡ ʜʦʭʦʜ, ʥʦ ʥʝ ʦʧ-

ʨʝʜʝʣʝʥ ʠʩʪʦʯʥʠʢ ʵʪʦʛʦ ʜʦʭʦʜʘ. 

ʉʨʝʜʠ ʤʠʥʫʩʦʚ ʩʘʤʦʟʘʥʷʪʦʩʪʠ, ʧʦʤʠʤʦ ʚʦʟʤʦʞʥʦʡ ʙʝʟʨʘʙʦʪʠʮʳ ʠ ʧʦʪʝʨʠ 

ʦʧʣʘʪ ʙʦʣʴʥʠʯʥʳʭ ʠ ʦʪʧʫʩʢʦʚ (ʯʪʦ ʪʘʢʞʝ ʚʳʛʦʜʥʦ ʨʘʙʦʪʦʜʘʪʝʣʶ), ʚʳʜʝʣʷʝʪʩʷ 

ʝʱʝ ʠ ʪʦ, ʯʪʦ ʚʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʩʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʮʝʣʷʤ. 

ʅʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʨʘʙʦʪʘ ʢʘʢ ʧʨʠʟʚʘʥʠʝ, ʩʘʤʦʨʝʘʣʠʟʘʮʠʷ, ʧʦʤʦʱʴ 

ʙʣʠʞʥʝʤʫ, ʪʚʦʨʯʝʩʢʠʡ ʪʨʫʜ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘʷ ʧʦ ʥʘʡʤʫ, ʤʥʦʛʠʝ ʭʦʪʷʪ 

ʩʜʝʣʘʪʴ ʢʘʨʴʝʨʫ ʠ ʨʘʟʚʠʪʴ ʚ ʩʝʙʝ ʩʦʮʠʘʣʴʥʳʝ ʠ ʨʫʢʦʚʦʜʷʱʠʝ ʥʘʚʳʢʠ, ʘ ʨʘʙʦʪʘʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʠʤ ʵʪʦ ʩʜʝʣʘʪʴ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʧʘʥʜʝʤʠʝʡ ʢʦʨʦʥʘʚʠʨʫʩʘ ʠ ʬʠ-

ʥʘʥʩʦʚʳʤʠ ʢʨʠʟʠʩʘʤʠ ʚ ʤʠʨʝ ʚʦʟʨʘʩʪʘʝʪ ʙʝʟʨʘʙʦʪʠʮʘ ʠ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʛʦ-

ʩʫʜʘʨʩʪʚ ʩʪʘʥʦʚʠʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ, ʧʦʪʝʨʷʚʰʝʛʦ ʨʘʙʦʪʫ, ʘ ʥʝ ʪʦʣʴʢʦ 

ʩʘʤʦʟʘʥʷʪʳʭ, ʤʠʥʠʤʘʣʴʥʳʤ ʙʘʟʦʚʳʤ ʜʦʭʦʜʦʤ. ɺ ʙʶʜʞʝʪʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʨʝʜʩʪʚʘ ʥʘ ʵʪʠ ʥʫʞʜʳ, ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ. ʅʦ ʪʘʢʞʝ ʚʦʧʨʦʩ ʟʘʥʷʪʦʩʪʠ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʙʘʟʦʚʦʛʦ ʜʦʭʦʜʘ, ʚʝʜʴ ʮʝʣʴʶ 

ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʝʥʝʞʥʦʝ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ, ʥʦ ʠ ʤʦ-

ʨʘʣʴʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ.  

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚʥʝʜʨʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝ ʪʦʣʴʢʦ ʧʦʣ-

ʥʦʡ, ʥʦ ʠ ʯʘʩʪʠʯʥʦ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʥʠ ʠʣʠ ʥʝʜʝʣʠ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʧʦ ʩʚʦʝʤʫ ʞʝʣʘʥʠʶ ʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʦʥ ʤʦʞʝʪ ʥʝ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 8-ʯʘʩʦʚʦʛʦ ʨʘʙʦʯʝʛʦ 

ʜʥʷ, ʘ ʨʘʙʦʪʘʪʴ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʨʝʤʝʥʠ ʠ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʨʝʞʠʤʝ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʬʦʨʤʘʪʘ ʨʘʙʦʪʳ 

ʩʪʘʣʘ ʚʠʜʥʘ ʩ 2020 ʛʦʜʘ, ʢʦʛʜʘ ʧʨʦʠʟʦʰʝʣ ʩʢʘʯʦʢ ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʫʜʘʣʝʥ-

ʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʡ ʚ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʡ ʠ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʨʘʟʚʠʪʠʶ 

ʠʥʩʪʠʪʫʪʦʚ ʥʘʝʤʥʦʛʦ ʪʨʫʜʘ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ. ʌʘʢʪʦʨ ʧʨʦʠʟʚʦʜʩʪʚʘ 

çʪʨʫʜè, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʬʘʢʪʦʨ çʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦè, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨ 

çʟʥʘʥʠʷè ʟʜʝʩʴ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚʦʝʜʠʥʦ ʠ ʚ ʩʣʫʯʘʝ ʩʘʤʦʟʘʥʷʪʦʩʪʠ ʩʣʠʚʘʶʪʩʷ ʚ 

ʦʜʥʦʤ ʯʝʣʦʚʝʢʝ. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʝ ʢʘʞʜʳʡ ʩʧʦʩʦʙʝʥ ʢ ʦʙʲʝʜʠʥʝʥʠʶ ʚ ʩʝʙʝ ʚʩʝʭ 

ʬʘʢʪʦʨʦʚ. ʇʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʦʦʙʱʝ ʦʙʣʘ-

ʜʘʝʪ ʥʝʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʥʘʩʝʣʝʥʠʷ. ʅʦ ʚ ʩʣʫʯʘʝ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʩʦʟʜʘʥʠʝ ʩʚʦʝʛʦ 

ʜʝʣʘ ʠ ʚ ʩʣʫʯʘʝ ʩʘʤʦʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʘʜʘʪʢʠ ʵʪʠʭ ʥʘ-

ʚʳʢʦʚ ʙʫʜʫʪ ʨʘʟʚʠʚʘʪʴ ʚ ʩʝʙʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʦʚʝʢ. 

ʆʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʘʣ ʩʦʩʪʘʚʣʷʪʴ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʢʘʧʠʪʘʣ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʩʣʝʜʥʠʡ 

ʠʟ ʢʦʪʦʨʳʭ ʩʪʘʣ ʛʣʘʚʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʅʘ ʜʘʥ-

ʥʳʡ ʤʦʤʝʥʪ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʙʲʝʢʪʦʚ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʛʦ ʢʘʧʠʪʘʣʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʧʦʣʫʯʘʪʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʠ-ʨʘʟʨʘʙʦʪʯʠʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʣʘʩʪʠ, 

ʢʦʤʧʘʥʠʡ ʠ ʙʠʟʥʝʩ-ʩʦʦʙʱʝʩʪʚʦ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʝ ʯʝʣʦʚʝʢʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʮʝʣʴ, ʩʨʝʜʩʪʚʦ, ʠ ʚ ʫʩʣʦʚʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʥʝʡ 
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ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʟʚʝʥʦʤ ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʦʯʝʪʘʶ-

ʱʝʝ ʚ ʩʝʙʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦ-

ʮʝʩʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʥʝʧʨʝʨʳʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ [8]. ʇʨʦʩʪʦʝ ʪʠʨʘʞʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʧʦ-

ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʙʳʯʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʥʦ ʵʪʦ ʥʝ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɸ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʵʪʦ ʩʦʟʜʘʥʠʝ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʩʘʤʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʰʝʥʠʡ, ʧʨʦ-

ʜʫʢʪʦʚ ʠ ʫʩʣʫʛ. ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʞʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʵʪʦ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʫʩʣʫʛ ʠ ʠʥʥʦʚʘʮʠʡ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʣʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʩʪʘʨʪʘʧʦʚ). ɿʜʝʩʴ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʠʥʥʦʚʘʮʠʦʥʥʦʝ. 

ɽʩʣʠ ʞʝ ʟʘʢʫʧʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʧʨʘʚʦ ʥʘ ʩʦʟʜʘʥʠʝ ʧʦ ʥʝʡ (ʪʠʨʘʞʠʨʦʚʘ-

ʥʠʝ) ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ, ʜʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ, 

ʪ.ʢ. ʚ ʥʝʤ ʩʪʦʠʤʦʩʪʴ ʥʝ ʩʦʟʜʘʝʪʩʷ ʟʥʘʥʠʷʤʠ. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʫʩʣʫʛ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʢʘʢ ʘʙʩʪʨʘʢʪʥʳʡ (ʦʚʝʱʝʩʪʚʣʝʥʥʳʡ) ʪʨʫʜ, ʩʦʟʜʘʶʱʠʡ ʩʪʦʠʤʦʩʪʴ, ʪʘʢ ʠ 

ʢʦʥʢʨʝʪʥʳʡ (ʞʠʚʦʡ) ʪʨʫʜ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʴʥʫʶ. ʇʦ ʤʥʝ-

ʥʠʶ ɺʘʣʴʪʫʭʘ ʂ.ʂ., ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʟʜʘʶʱʝʛʦ 

ʫʥʠʢʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ ʞʠʚʦʡ ʯʝʣʦʚʝʯʝʩʢʠʡ ʪʨʫʜ [7] (ʠʤ ʩʦʟʜʘʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ), 

ʦʩʦʙʝʥʥʦ ʝʛʦ ʢʘʯʝʩʪʚʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʘʤ ʪʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠ ʯʝʣʦ-

ʚʝʯʝʩʢʠʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

ʅʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʪʦʚʘʨʘ ʠ ʝʛʦ ʧʦʪʨʝʙʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʟʜʝʩʴ ʩʦʟʜʘʶʪʩʷ 

ʠʤʝʥʥʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʢʘʧʠʪʘʣʦʤ ʣʶʜʝʡ ï ʩʦʪʨʫʜʥʠʢʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ (ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʤʦʜʝʣʠ ʠ ʩʠʩʪʝʤʳ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜ-

ʭʦʜʳ, ʚʥʦʩʷʪʩʷ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ). ʉʪʦʠʤʦʩʪʴ ʩʦʟʜʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʥʘʥʠʷʭ, ʤʦʪʠʚʘ-

ʮʠʠ ʠ ʟʘʪʨʘʪʘʭ ʪʚʦʨʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʤʝʶʪ ʩʚʦʶ ʮʝʥʫ. ʇʨʠʯʝʤ 

ʪʚʦʨʯʝʩʢʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʦ 

ʥʘʡʤʫ, ʪʘʢ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʬʘʢʪʦʨ ʟʥʘʥʠʡ 

ʫʯʘʩʪʚʫʝʪ ʥʘʨʘʚʥʝ ʩ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʤ ʬʘʢʪʦʨʦʤ. 

ɺʳʩʦʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʥʘʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʟʜʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʪʦʚʘ-

ʨʦʚ ʠ ʫʩʣʫʛ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʟʜʘʥʠʷ ʠʤʠ ʩʪʦʠʤʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ. 

ɺʦ-ʧʝʨʚʳʭ, ʟʥʘʥʠʷʤʠ ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʟʜʘʚʘʪʴʩʷ ʥʦʚʘʷ ʩʪʦʠʤʦʩʪʴ 

(ʥʘʧʨʠʤʝʨ, ʥʦʚʦʝ ʠʟʦʙʨʝʪʝʥʠʝ, ʤʦʜʝʣʴ ʠʣʠ ʧʨʦʛʨʘʤʤʘ). ʇʨʠ ʵʪʦʤ, ʧʦ ʤʥʝʥʠʶ 

ʂ.ʂ.ɺʘʣʴʪʫʭʘ [1], ʚ ʦʪʥʦʰʝʥʠʠ ʟʥʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ 

ʥʝ ʩʦʟʜʘʥʠʝ, ʘ ʧʝʨʝʥʦʩ ʩʪʦʠʤʦʩʪʠ ʦʪ ʯʝʣʦʚʝʢʘ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʨʦʜʫʢʪ. 

ʅʦ ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʪʦʠʤʦʩʪʴ ʟʥʘʥʠʡ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʵʪʦ ʚʠʜ ʥʝʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʝʩʣʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʪʦ ʵʪʦ ʧʝʨʝʥʦʩ ʠʜʝʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʦʠʤʦʩʪʠ ʩ ʦʜʥʦ-
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ʚʨʝʤʝʥʥʳʤ ʩʦʟʜʘʥʠʝʤ ʠ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʦʡ. ʊʘʢʞʝ ʟʘʤʝʪʠʤ, ʯʪʦ ʩʪʦʠ-

ʤʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀ ʩʘʤʘ ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʝʪʩʷ ʫʞʝ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝ ʪʨʫʜʦʤ, ʘ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʘʤʠ ʟʥʘʥʠʷ ʤʦʛʫʪ ʠ ʥʝ ʩʦʟʜʘʚʘʪʴ ʩʪʦʠʤʦʩʪʠ, ʘ ʩʪʦʠʤʦʩʪʴ ʪʦʚʘ-

ʨʦʚ ʠ ʫʩʣʫʛ ʤʦʞʝʪ ʚʳʪʝʢʘʪʴ ʧʨʦʩʪʦ ʠʟ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʟʥʘʥʠʷʤ (ʥʘʧʨʠ-

ʤʝʨ, ʟʥʘʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʦʥ-

ʥʳʭ ʩʝʪʝʡ ʤʝʞʜʫ ʩʦʙʦʡ, ʠʣʠ ʟʥʘʥʠʝ ʦ ʩʧʝʮʠʬʠʢʝ ʦʪʢʨʳʪʠʷ ʥʦʚʦʡ ʣʠʥʠʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ). ɿʜʝʩʴ ʤʝʥʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʟʥʘʥʠʷ ʚʳʪʝʢʘʝʪ ʠʟ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ 

ʥʝʤʫ ʠ ʮʝʣʠʢʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʦʛʨʘʥʠʯʠʪʴ ʝʛʦ ʩʚʦʙʦʜ-

ʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ. ʅʦ ʵʪʦ ʧʨʦʩʪʦ ʩʣʫʯʘʡ ʤʦʥʦʧʦʣʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʠʢʪʠʚʥʦ-

ʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ ʠ ʬʠʢʪʠʚʥʦʩʪʠ ʩʘʤʠʭ ʟʥʘʥʠʡ. ʀ ʟʜʝʩʴ ʨʝʯʴ ʥʝ 

ʠʜʝʪ ʦ ʩʦʟʜʘʥʠʠ ʩʪʦʠʤʦʩʪʠ, ʘ ʣʠʰʴ ʦ ʤʦʥʦʧʦʣʴʥʦʤ ʧʨʠʩʚʦʝʥʠʠ ʨʘʥʝʝ ʩʦʟʜʘʥʥʦ-

ʛʦ ʧʨʦʜʫʢʪʘ ʠ ʜʦʭʦʜʘ. 

ɺ-ʪʨʝʪʴʠʭ, ʩʦʙʩʪʚʝʥʥʘʷ ʤʝʨʘ ʩʪʦʠʤʦʩʪʠ ʠ ʮʝʥʥʦʩʪʠ ʟʥʘʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘ ʢʘʢʦʡ ʦʩʥʦʚʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʦʙʤʝʥ. ɽʩʣʠ ʦʙʤʝʥ ʟʥʘʥʠʷʤʠ 

ʠʜʝʪ ʥʘ ʚʦʟʤʝʟʜʥʦʡ ʦʩʥʦʚʝ, ʪʦ ʤʝʨʘ ʠʭ ʩʪʦʠʤʦʩʪʠ, ʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʮʝʥʥʦʩʪʴʶ 

ʟʥʘʥʠʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʞʝ ʦʙʤʝʥ ʟʥʘʥʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʙʝʟʚʦʟʤʝʟʜʥʦʡ ʦʩʥʦʚʝ (ʠʣʠ ʚʦʟʤʝʟʜʥʦʡ, ʥʦ ʥʝ ʚ ʜʝʥʝʞʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ), ʠ ʦʙʦ-

ʛʘʱʘʝʪ ʦʙʝ ʩʪʦʨʦʥʳ, ʪʦ, ʧʦ ʤʥʝʥʠʶ ɸ.ɻʦʨʮʘ [2], ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʦʠʤʦʩʪʠ ʩʘ-

ʤʠʭ ʟʥʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʦʧʝʨʠʨʦʚʘʪʴ ʜʘʞʝ ʥʝ ʢʘʪʝʛʦʨʠʡ ʩʪʦʠʤʦʩʪʠ (ʠʣʠ ʤʝ-

ʥʦʚʦʡ ʩʪʦʠʤʦʩʪʠ), ʘ ʢʘʪʝʛʦʨʠʝʡ ʘʙʩʦʣʶʪʥʦʡ ʮʝʥʥʦʩʪʠ, ʥʝ ʠʤʝʶʱʝʡ ʜʝʥʝʞʥʦʛʦ 

ʚʳʨʘʞʝʥʠʷ. ɼʘʣʝʝ ɸ.ɻʦʨʮ ʩʯʠʪʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʝʡʯʘʩ ʠʤʝʥ-

ʥʦ ʩʦʜʝʨʞʘʥʠʝ ʟʥʘʥʠʡ (ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʥʠʝ, ʘ ʥʝ ʘʙʩʪʨʘʢʪʥʳʡ ʪʨʫʜ ʧʦ ʝʛʦ ʧʦʣʫ-

ʯʝʥʠʶ) ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʝʡʰʝʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʩʫʙʩʪʘʥʮʠʝʡ ʚʩʝʭ ʪʦʚʘʨʦʚ ʠ ʫʩ-

ʣʫʛ, ʠʩʪʦʯʥʠʢʦʤ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʠʙʳʣʠ. ʆʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʘʙʩʪʨʘʢʪʥʦʛʦ ʪʨʫʜʘ, ʪ.ʢ. ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ-

ʚʦʟʤʦʞʥʳʝ ʨʘʟʥʦʨʦʜʥʳʝ ʟʥʘʥʠʷ ʠ ʧʦʥʠʤʘʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʦʧʨʷʞʝʥʥʦʝ ʩ 

ʝʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʠ ʜʫʭʦʚʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʚʦʩʧʨʠʷʪʠʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʩʘʤʦʦʙʫʯʝʥʠʶ ʠ ʨʘʙʦʪʝ ʥʘʜ ʩʦʙʦʡ (ʥʘʧʨʠʤʝʨ, ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʠʥʪʫʠʪʠʚʥʦʝ 

ʟʥʘʥʠʝ, ʩʦʦʙʨʘʟʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʥʠʤʘʥʠʝ, ʧʨʦʟʦʨʣʠʚʦʩʪʴ).  

ʇʦ-ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʦʠʤʦʩʪʠ ʩʘʤʠʭ ʟʥʘʥʠʡ, ʚʦʟʤʦʞʥʦ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʪʝʛʦʨʠʶ ʠʭ ʮʝʥʥʦʩʪʠ. ʊʘʢʞʝ 

ʚʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ  ʧʨʝʜʤʝʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʥʝʪ ʢʦʥ-

ʢʨʝʪʥʦʝ ʟʥʘʥʠʝ ʠ ʢʘʪʝʛʦʨʠʷ ʩʘʤʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʚʤʝʩʪʦ ʢʘʪʝʛʦ-

ʨʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ): ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ, ʠʥʥʦʚʘʮʠʦʥʥʦʡ, ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʩʦʟʜʘ-

ʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʪʦʚʘʨʦʚ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʥʥʳʝ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʠʤʝʶʪ ʢʘʢ ʩʚʦʶ 

ʮʝʥʫ ʥʘ ʨʳʥʢʝ (ʘ ʟʥʘʯʠʪ, ʠ ʩʪʦʠʤʦʩʪʴ), ʪʘʢ ʠ ʚʥʝ ʨʳʥʢʘ (ʦʥʠ ʠʤʝʶʪ ʩʚʦʶ ʮʝʥ-

ʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʩʚʦʶ ʧʦʪʨʝʙʠʪʝʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ). ɿʜʝʩʴ ʟʥʘʥʠʷʤʠ ʩʦʟʜʘ-

ʝʪʩʷ ʩʪʦʠʤʦʩʪʴ, ʥʦ ʫʞʝ ʥʝ ʥʘʧʨʷʤʫʶ ʢʘʢ ʟʘʪʨʘʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ, ʘ ʢʘʢ ʟʘ-

ʪʨʘʪʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʨʝʤʝʥʠ, ʩʠʣ ʠ ʵʥʝʨʛʠʠ. 

ʏʝʣʦʚʝʯʝʩʢʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʵʢʦʥʦʤʠʢʝ ï ʵʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʩʚʦʠʭ ʟʥʘʥʠʡ ʚʚʠʜʫ ʠʭ ʦʙʱʝʩʪʚʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʧʨʦʠʟ-
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ʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʙʩʪʨʘʢʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

(ʘʥʘʣʦʛ ʘʙʩʪʨʘʢʪʥʦʛʦ ʪʨʫʜʘ ʠ ʧʨʝʜʧʦʩʳʣʢʘ ʩʪʦʠʤʦʩʪʠ) ʠ ʢʦʥʢʨʝʪʥʫʶ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ (ʘʥʘʣʦʛ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʫʜʘ ʠ ʧʨʝʜʧʦʩʳʣʢʘ ʧʦʪʨʝʙʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ).  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʬʦʨʤʘʣʴʥʳʝ ʠ ʦʪʜʝʣʠʤʳʝ ʦʪ ʯʝʣʦʚʝʢʘ ʟʥʘʥʠʷ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʢʘʧʠʪʘʣʘ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʫʚʝʣʠʯʠ-

ʚʘʶʪ ʧʨʠʙʳʣʴ ʠ ʩʥʠʞʘʶʪ ʠʟʜʝʨʞʢʠ: ʩʥʠʞʘʶʪ ʤʝʥʦʚʫʶ ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʚʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ ʠ ʵʢʦʥʦʤʷʪ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʫʜ. ɸ ʟʥʘʥʠʷ, ʥʝʦʪʜʝʣʠʤʳʝ ʦʪ 

ʯʝʣʦʚʝʢʘ, ʥʝʬʦʨʤʘʣʴʥʳʝ: ʧʦʥʠʤʘʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʚʠʜʝʥʠʝ, ʠʥʪʫʠ-

ʪʠʚʥʦʝ ʟʥʘʥʠʝ, ʠ ʪ.ʧ. ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʘʥʘʣʦʛʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʢʘʧʠ-

ʪʘʣʘ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʦʛʦ ʢʘʧʠʪʘʣʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʧʨʦʮʝʩʩʦʚ, ʧʨʠʥʷʪʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʆʨʛʘʥʠʟʘ-

ʮʠʦʥʥʘʷ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʠʥʪʝʣʣʝʢʪʘ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ ʯʝʣʦʚʝʢʘ ʠ ʥʘʙʠʨʘʝʪ ʪʝʤʧʳ ʚ 

ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʝʪ ʩʪʠʨʘʪʴʩʷ ʛʨʘʥʴ ʤʝʞʜʫ ʧʨʦʤʳʰ-

ʣʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʩʬʝʨʦʡ ʫʩʣʫʛ [6], ʠʩʯʝʟʘʝʪ ʠʥʩʪʠʪʫʪ ʪʦʨʛʦʚʳʭ ʧʦʩʨʝʜ-

ʥʠʢʦʚ, ʧʦʷʚʣʷʝʪʩʷ ʠʥʩʪʠʪʫʪ ʧʨʷʤʦʡ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ ʠ ʠʥʪʝʨʥʝʪ-ʟʘʢʘʟʦʚ. ʅʘʯʘ-

ʣʠ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʩʪʠʪʫʪʝ ʥʘʝʤʥʦʛʦ ʪʨʫʜʘ. ɺ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ ʠ ʥʘʫʯʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʳʩʣʠ ʧʨʦʠʩʭʦʜʠʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʘʪʝʛʦʨʠʡ ʪʨʫʜʘ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʠ 

ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʚ ʠʭ ʮʝʥʥʦʩʪʴ, ʨʘʙʦʪʳ ʚ ʧʨʠʤʝʥʝʥʠʝ ʟʥʘʥʠʡ, ï ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠ ʠʥʩʪʠʪʫʪ ʨʳʥʢʘ. ʂ ʨʳʥʦʯʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʙ-

ʤʝʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʦʪʥʦʩʷʪʩʷ: 

¶ ʞʝʩʪʢʠʡ ʩʧʨʦʩ, 

¶ ʵʣʘʩʪʠʯʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ, 

¶ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʩʦ ʩʪʦʨʦʥʳ ʘʥʘʣʦʛʠʯʥʳʭ ʪʦʚʘʨʦʚ ʚʚʠʜʫ 

ʫʥʠʢʘʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʪʦʚʘʨʘ, ʤʦʥʦʧʦʣʴʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ (ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʦʩʦʙʦ ʫʥʠʢʘʣʴʥʳʭ ʪʦʚʘʨʦʚ), 

¶ ʫʥʠʢʘʣʴʥʦʩʪʴ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʠ ʠʭ ʜʝʬʠʮʠʪ ʥʘ ʨʳʥʢʝ. 

ʂʨʦʤʝ ʮʝʥʳ, ʠʣʠ ʩʪʦʠʤʦʩʪʠ, ʥʘ ʩʧʨʦʩ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥ-

ʥʳʝ ʪʦʚʘʨʳ ʚʣʠʷʶʪ ʜʨʫʛʠʝ ʥʝʮʝʥʦʚʳʝ ʬʘʢʪʦʨʳ: 

¶ ʚʢʫʩʳ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʠʭ ʫʨʦʚʥʠ ʜʦʭʦʜʘ (ʯʝʤ ʤʝʥʴʰʝ ʜʦʭʦʜʳ, ʪʝʤ ʵʣʘ-

ʩʪʠʯʥʝʡ ʩʧʨʦʩ), 

¶ ʦʞʠʜʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʦʚʘʨʘ (ʯʝʤ ʚʳʰʝ ʦʞʠʜʘʥʠʷ, 

ʪʝʤ ʞʝʩʪʯʝ ʩʧʨʦʩ), 

¶ ʮʝʥʳ ʥʘ ʪʦʚʘʨʳ-ʟʘʤʝʥʠʪʝʣʠ (ʯʝʤ ʦʥʠ ʚʳʰʝ, ʪʝʤ ʞʝʩʪʯʝ ʩʧʨʦʩ), 

¶ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʵʪʠʭ ʪʦʚʘʨʘʭ ʠ ʫʩʣʫʛʘʭ (ʯʝʤ ʦʥʦ 

ʙʦʣʴʰʝ, ʪʝʤ ʞʝʩʪʯʝ ʩʧʨʦʩ). 

ʇʨʝʜʣʦʞʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʙʦʣʝʝ ʵʣʘʩʪʠʯʥʦʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʨʦʩʦʤ ʠ ʪʘʢʞʝ  ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʥʝʮʝʥʦʚʳʭ ʬʘʢʪʦʨʦʚ: 
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¶ ʮʝʥ ʥʘ ʪʦʚʘʨʳ-ʟʘʤʝʥʠʪʝʣʠ (ʯʝʤ ʚʳʰʝ ʮʝʥʳ, ʪʝʤ ʵʣʘʩʪʠʯʥʝʝ ʧʨʝʜʣʦʞʝ-

ʥʠʝ), 

¶ ʦʞʠʜʘʥʠʡ ʧʨʦʜʘʚʮʦʚ (ʯʝʤ ʚʳʰʝ ʦʞʠʜʘʥʠʷ, ʪʝʤ ʵʣʘʩʪʠʯʥʝʡ ʧʨʝʜʣʦʞʝ-

ʥʠʝ), 

¶ ʮʝʥ ʥʘ ʨʝʩʫʨʩʳ (ʦʙʨʘʪʥʦʝ ʚʣʠʷʥʠʝ), 

¶ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʨʦʜʘʚʮʦʚ ʠ ʧʦʢʫʧʘʪʝʣʝʡ ʥʘ ʨʳʥʢʝ (ʯʝʤ ʠʭ ʙʦʣʴʰʝ, ʪʝʤ 

ʵʣʘʩʪʠʯʥʝʡ ʧʨʝʜʣʦʞʝʥʠʝ). 

ɺ ʨʘʟʚʠʪʳʭ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ ʠ ʈʦʩʩʠʠ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦ-

ʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʷʭ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʚʝʜʝʪ 

ʢ ʩʠʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ, ʫʧʨʦʱʝʥʠʶ ʦʪʥʦʰʝʥʠʡ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʢʣʠʝʥʪʘʤʠ, ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʶ ʚʩʝʭ ʚʠʜʦʚ ʨʘʙʦʪ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ, ï ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʝʚʨʘʱʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʚ ʩʝʨʚʠʩʳ ʠ ʜʘʞʝ ʩʤʝʥʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʦʪʜʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʠ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴʩʷ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴʩʷ ʚ ʦʙʱʝʩʪʚʝ ʠ ʚ 

ʵʢʦʥʦʤʠʢʝ, ʪʦʣʴʢʦ, ʝʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʮʝʣʠ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʜʫʭʦʚʥʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʢʘʧʠʪʘʣ ʷʚʣʷʶʪʩʷ ʦʩ-

ʥʦʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʥʘʧʨʘʚʠʪʝʣʝʤ ʠ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʩʝʛʦ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʦʙʱʝʩʪʚʝʥʥʦ-

ʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʛʨʝʩʩʘ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʫʯʘʩʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ ʚ 

ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʞʝ ʫʩʠʣʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʜʨʫʛʠʭ ʧʦʜʚʠʜʦʚ ʯʝ-

ʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ, ʚʘʞʥʝʡʰʠʤʠ ʠʭ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʦʮʠʘʣʴʥʳʡ, ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʳʡ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʡ ʯʘʩʪʠʯʥʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʠʥʪʝʣʣʝʢʪ ʥʘʭʦ-

ʜʠʪʩʷ ʪʘʢʞʝ ʠ ʚ ʩʦʩʪʘʚʝ ʜʨʫʛʠʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʘʧʠʪʘʣʦʚ (ʤʝʞʣʠʯʥʦʩʪʥʳʡ, ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʳʡ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʙʦʪʫ 

ʠʥʪʝʣʣʝʢʪʘ ʯʝʣʦʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʚʩʝʩʪʦʨʦʥʥʝʝ ʨʘʟʚʠʪʠʝ: ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʝ ʠʜʝʠ, ʚʦʟʥʠʢʘʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʠʥʠ-

ʮʠʘʪʠʚʳ, ʧʦʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʩʚʦʝʛʦ ʭʦʙʙʠ ʠ ʪʚʦʨʯʝʩʪʚʘ ʠ ʪ.ʜ. 
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In this paper, we study changes in modern forms of labor organization, in the process of hu-

man activity in modern production and knowledge value creation. The opinions of various scientists 

are considered, arguments, facts and arguments are given. Detailed attention is paid to the issue of 

knowledge value creation, as well as to the study of market characteristics of demand and supply of 
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ʋɼʂ 332.1, 338.1 

ʆ ʌɽʅʆʄɽʅɽ ɼɽʇʈɽʉʉʀɺʅʆʉʊʀ ʉʊɸʈʆʇʈʆʄʓʐʃɽʅʅʓʍ 

ʈɽɻʀʆʅʆɺ 

ʂ.ɺ. ʂʦʥʜʨʘʪʴʝʚʘ
1
, ʢ.ʵ.ʥ., ʜʦʮʝʥʪ 

1
ʌɻɹʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ, ʛ. ʃʳʩʴʚʘ  
ɺ ʩʪʘʪʴʝ ʘʚʪʦʨ ʟʘʪʨʘʛʠʚʘʝʪ ʧʨʦʙʣʝʤʫ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʥʘ çʜʝʧʨʝʩʩʠʚʥʳʡè ʢ ʩʪʘʨʦ-

ʧʨʦʤʳʰʣʝʥʥʳʤ ʨʝʛʠʦʥʘʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʜʝʧʨʝʩʩʠʚʥʳʭ ʨʝʛʠʦʥʦʚ  

https://zen.yandex.ru/media/id/5aa8d5d9a86731ea4d5fd077/s-2020-goda-zakon-o-samozaniatyh-zarabotaet-po-vsei-rossii-5c7149125b728d00afce5e45
https://zen.yandex.ru/media/id/5aa8d5d9a86731ea4d5fd077/s-2020-goda-zakon-o-samozaniatyh-zarabotaet-po-vsei-rossii-5c7149125b728d00afce5e45
http://www.m-economy.ru/art.php?nArtId=2070
http://www.m-economy.ru/art.php?nArtId=2070
http://www.consultant.ru/law/hotdocs/55771.html/
http://politinform.su/analitika/1925-chto-takoe-intellektualnaya-ekonomika-i-mozgoproizvodstvo.html
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ʠ ʪʝʨʨʠʪʦʨʠʡ. ɺʳʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʜʝʧʨʝʩʩʠʚʥʦʛʦ ʨʝʛʠʦʥʘ, ʷʚʣʷʶʱʠʝʩʷ ʝʛʦ ʦʪ-

ʣʠʯʠʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʪʝʨʨʠʪʦʨʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʧʨʝʩʩʠʚʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʜʝʧʨʝʩʩʠʚʥʳʡ ʨʝʛʠʦʥ, ʩʪʘʨʦʧʨʦʤʳʰʣʝʥ-

ʥʳʡ ʨʝʛʠʦʥ, ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʦʚ, ʢʨʠʟʠʩ. 

 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʠʤʝʝʪ ʨʘʟʚʠʪʠʝ ʦʪʜʝʣʴ-

ʥʳʭ ʨʝʛʠʦʥʦʚ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʪʝʨʨʠʪʦʨʠʠ ʩʦ ʩʣʦʞʥʦʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʠ ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʪʘʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʨʝʛʠʦʥʳ. ɹʘʣʠʥʘ ʊ.ɸ. ʦʪʤʝʯʘʝʪ, ʯʪʦ ʩʝʛʦʜʥʷ ʦʥʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝʧʨʝʩʩʠʚʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʩʪʘʣʢʠʚʘʶʱʠʝʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦ-

ʙʣʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ ʠʟ low-tech ʚ high-tech, ʧʨʦʙʣʝʤʦʡ ʨʝʩʪʨʫʢʪʫ-

ʨʠʟʘʮʠʠ [3]. ʇʦʧʨʦʙʫʝʤ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʠʩʪʦʢʘʭ ʬʝʥʦʤʝʥʘ ʜʝʧʨʝʩʩʠʚʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ çʜʝʧʨʝʩʩʠʚʥʳʡè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʘʢʦʡ-ʣʠʙʦ ʪʝʨʨʠʪʦʨʠʠ, 

ʙʫʜʴ ʪʦ ʛʦʨʦʜ ʠʣʠ ʨʝʛʠʦʥ, ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʚ ʧʝʨʠʦʜ ʤʠʨʦʚʦʛʦ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ 1929-1933 ʛʛ. [4]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝ-

ʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʦʚ ʟʘʩʪʘʚʣʷʝʪ ʥʘʩ ʚʥʦʚʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʦʥʷʪʠʶ çʜʝʧʨʝʩ-

ʩʠʚʥʦʛʦ ʨʝʛʠʦʥʘè, ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʧʨʠʯʠʥʘʤʠ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʪʦʙʳ ʚʧʦʩʣʝʜ-

ʩʪʚʠʠ ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙʳ ʝʛʦ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʨʦʮʝʩʩʳ ʜʝʧʨʝʩʩʠʠ ʙʳʣʠ ʚʳʟʚʘʥʳ ʠ ʫʩʣʦʞʥʠʣʠʩʴ ʧʨʠ ʧʝ-

ʨʝʭʦʜʝ ʦʪ ʧʣʘʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʢ ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ. ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʧʫʪʠ 

ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʈʦʩʩʠʠ, ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʧʨʝʜʧʨʠʥʠʤʘ-

ʣʠʩʴ ʧʦʧʳʪʢʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦʥʷʪʠʝ çʜʝʧʨʝʩʩʠʚʥʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠè. ʊʘʢ, ʚ 2001 ï 2003 ʛʦʜʫ ʛʦʪʦʚʠʣʩʷ ʇʨʦʝʢʪ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ N 91010-3 

çʆʙ ʦʩʥʦʚʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʜʝʧʨʝʩʩʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè, ʢʦʪʦʨʳʡ ʪʘʢ ʠ ʥʝ ʙʳʣ ʧʨʠʥʷʪ. ʆʙʨʘʪʠʤʩʷ ʢ ʝʛʦ ʪʝʢʩʪʫ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʥʝʤ ʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʧʨʝʩʩʠʚʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ɼʝʧʨʝʩʩʠʚʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ï ʵʪʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʝʜʠʥʠʮʘ (ʨʘʡʦʥ, ʛʦʨʦʜ) 

ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʧʨʝʜʝʣʴʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʝʜʠʥʠʮ ʚ ʛʨʘʥʠʮʘʭ ʦʜʥʦʛʦ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʠʤʝʶʱʠʭ ʦʜʥʦʨʦʜʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʵʢʦʥʦʤʠʢʠ, ʦʢʘʟʘʚʰʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʨʦʛʦ ʢʨʠʟʠʩʘ ʚ ʦʩʥʦʚʥʦʡ 

(ʦʩʥʦʚʥʳʭ) ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʚ ʩʦʩʪʦʷʥʠʠ ʢʨʘʡʥʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʧʘʜʢʘ 

[1].  

ʀʥʪʝʨʝʩʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʦʨʤʳ ʜʘʥʥʦʛʦ ʟʘʢʦʥʦʧʨʦʝʢʪʘ ʨʘʩʢʨʳʚʘʶʪ ʠ ʢʨʠ-

ʪʝʨʠʠ ʦʪʥʝʩʝʥʠʷ ʩʫʙʲʝʢʪʘ ʈʌ ʢ ʜʝʧʨʝʩʩʠʚʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʪʘʢ ʜʦʣʞʥʳ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʩʦʙʣʶʜʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ: ʚʦ-ʧʝʨʚʳʭ, ʟʘʥʠʤʘʝʤʘʷ 

ʧʣʦʱʘʜʴ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 40 ʪʳʩʷʯ ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ; ʚʦ-ʚʪʦʨʳʭ 

ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 500 ʪʳʩʷʯ ʯʝʣʦʚʝʢ; ʚ-ʪʨʝʪʴʠʭ, ʚ 

ʩʫʙʲʝʢʪʝ ʈʌ ʨʘʟʚʠʪʦ ʥʝ ʙʦʣʝʝ ʜʚʫʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ 

ʤʥʦʛʦʢʨʘʪʥʳʡ ʩʧʘʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʦʩʣʝʜʥʠʝ 12 ʣʝʪ; ʚ ʯʝʪʚʝʨʪʳʭ, ʬʝʜʝʨʘʣʴʥʳʝ 

ʜʦʪʘʮʠʠ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ 50% ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʙʶʜʞʝʪʘ ʩʫʙʲʝʢʪʘ 

ʈʌ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 3 ʧʦʩʣʝʜʥʠʭ ʣʝʪ. ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʯʝʥʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʲʝʢʪʦʚ ʈʌ ʙʫʜʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʜʝʧʨʝʩʩʠʚʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ. ʉʢʦʨʝʝ ʨʝʯʴ ʜʦʣʞʥʘ ʠʜʪʠ ʚʩʝ-ʪʘʢʠ ʦ ʥʝʙʦʣʴʰʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʚ ʧʨʝʜʝʣʘʭ ʩʫʙʲʝʢʪʘ ʬʝʜʝʨʘʮʠʠ.   
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ʊʦʛʜʘ ʧʦʯʝʤʫ ʞʝ ʩʪʘʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʨʝʛʠʦʥʳ ʩʚʷʟʳʚʘʶʪ ʩ ʜʝʧʨʝʩʩʠʚʥʳ-

ʤʠ? ʆʪʚʝʪ ʢʨʦʝʪʩʷ ʚ ʦʪʩʪʘʚʘʥʠʠ ʵʪʠʭ ʩʫʙʲʝʢʪʦʚ ʈʌ ʧʦ ʩʨʝʜʥʠʤ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʇʨʠʚʝʜʝʤ ʝʱʝ ʦʜʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʧʨʝʩʩʠʚʥʦʛʦ 

ʨʝʛʠʦʥʘ. ɹʫʥʪʦʚʩʢʠʡ ʉ.ʖ. ʦʪʤʝʯʘʝʪ, ʯʪʦ ʜʝʧʨʝʩʩʠʚʥʳʝ ʨʝʛʠʦʥʳ ï ʵʪʦ ʪʝʨʨʠʪʦ-

ʨʠʠ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ (ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʧʦ ʈʌ), ʥʦ ʚ ʧʨʦʰʣʦʤ ʟʘʥʠʤʘʣʠ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ, ʙʳʣʠ ʨʘʟʚʠʪʳʤʠ [4]. ɺ ʵʪʦʤ ʚʠ-

ʜʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʜʝʧʨʝʩʩʠʚʥʳʭ ʦʪ ʩʣʘʙʦʨʘʟʚʠʪʳʭ ʪʝʨʨʠʪʦʨʠʡ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʝʧʨʝʩʩʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʮʠʢʣʠ-

ʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ.  ʅʘʙʣʶʜʘʝʤʳʡ ʨʝʛʠʦ-

ʥʘʣʴʥʳʡ ʢʨʠʟʠʩ ʤʦʞʥʦ ʧʝʨʝʣʦʤʠʪʴ, ʫʩʪʨʘʥʠʚ ʦʩʥʦʚʥʳʝ ʝʛʦ  ʧʨʠʯʠʥʳ: ʩʦʢʨʘ-

ʱʝʥʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʠʥʚʝʩʪʠʮʠʡ, ʦʪʩʫʪʩʪʚʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʠʩ-

ʪʦʱʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʥʠʞʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʜʨ. ʕʚʦʣʶʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʩʝʛʦʜʥʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʪʨʘʩʣʷʤʠ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ. 

ɹʘʙʘʝʚ ɹ.ɼ. ʦʪʤʝʯʘʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʧʨʝʩʩʠʚʥʦʛʦ ʨʝʛʠʦʥʘ ʩʚʦʜʠʪʩʷ 

ʢ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʤʦʤʝʥʪʘʤ. ʂʨʦʤʝ ʥʝʚʳʩʦʢʠʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʝʨʦʩʩʠʡ-

ʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʥ ʦʪʤʝʯʘʝʪ ʥʝʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʝʦʜʦʣʝʥʠʷ ʟʘʩʪʦʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʠʣʘʤʠ. ʊʦ ʝʩʪʴ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ. ɼʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʫʷ 

ʧʦʥʷʪʠʝ çʜʝʧʨʝʩʩʠʚʥʦʩʪʠè, ʘʚʪʦʨ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʥʠʞʝʥʥʦʝ ʢʘʯʝʩʪʚʦ ʨʝʛʠʦ-

ʥʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ: ʧʨʠʨʦʜʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ, ʠ ʤʝʥʪʘʣʴʥʳʭ [2].  

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʫʪʚʝʨʞʜʝʥʠʡ, ʚʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʟʥʘʢʠ ʠ 

ʧʨʦʙʣʝʤʳ ʜʝʧʨʝʩʩʠʚʥʦʛʦ ʨʝʛʠʦʥʘ: 

ï ʥʠʟʢʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪ ʧʦʜ ʫʛʨʦʟʫ 

ʥʝ ʪʦʣʴʢʦ ʙʫʜʫʱʝʝ ʨʝʛʠʦʥʘ, ʥʦ ʠ ʚʣʠʷʶʪ ʥʘ ʵʢʦʥʦʤʠʢʫ ʚʩʝʡ ʩʪʨʘʥʳ [5]; 

ï ʥʝʜʦʩʪʘʪʦʢ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʢʦʧʠʚʰʠʭʩʷ 

ʧʨʦʙʣʝʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʘʩʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ; 

ï  ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʠʩʪʦʱʝʥʠʝ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ; 

ï ʨʦʩʪ ʥʝʛʘʪʠʚʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʷʚʣʝʥʠʡ, ʚʳʩʦʢʘʷ ʩʤʝʨʪʥʦʩʪʴ, ʩʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʞʠʟʥʠ [6]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʥʷʪʠʝ çʜʝʧʨʝʩʩʠʚʥʳʡ ʨʝʛʠʦʥè ʤʳ ʩʯʠʪʘʝʤ ʢʦʤʧʣʝʢʩʥʳʤ, 

ʚʩʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝʛʠʦʥʘ ʧʦʧʘʜʘʝʪ ʧʦʜ ʚʣʠʷʥʠʝ ʟʘʤʢʥʫʪʦ-

ʛʦ ʢʨʫʛʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ. 

ʇʦʩʢʦʣʴʢʫ ʦʪʩʫʪʩʪʚʫʶʪ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ-ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʚʳʜʝʣʝ-

ʥʠʷ ʜʝʧʨʝʩʩʠʚʥʳʭ ʨʝʛʠʦʥʦʚ, ʪʦ ʥʝʪ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʜʜʝʨʞʢʠ ʠʭ ʨʘʟ-

ʚʠʪʠʷ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ. 

ʗʚʣʷʝʪʩʷ ʣʠ ʢʦʥʢʨʝʪʥʳʡ ʩʪʘʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʨʝʛʠʦʥ ʜʝʧʨʝʩʩʠʚʥʳʤ ʠʣʠ 

ʥʝʪ, ʤʦʞʥʦ ʩʫʜʠʪʴ, ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʭ ʜʠʥʘʤʠʢʠ ʟʘ ʨʷʜ ʣʝʪ. ɼʘʞʝ ʧʨʦʚʝʜʝʥʥʘʷ ʚ ʢʦʥ-

ʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʘʢʦʛʦ-ʪʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʙʲʝʢʪʦʚ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʜʝʧʨʝʩʩʠʚʥʳʭ, ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʦʢʦʥʯʘʪʝʣʴ-
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ʥʦʡ, ʪʘʢ ʢʘʢ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ. ʂ ʪʦʤʫ 

ʞʝ, ʥʝʪ ʝʜʠʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʨʝʛʠʦʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʝʧʨʝʩʩʠʚʥʳʭ.  

ʉʯʠʪʘʝʤ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʪʥʝʩʝʥʠʝ ʮʝʣʳʭ ʩʪʘʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦ-

ʥʦʚ ʢ ʢʘʪʝʛʦʨʠʠ ʜʝʧʨʝʩʩʠʚʥʳʭ. ʉʣʝʜʫʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʚʣʘʩʪʝʡ ʥʘ ʥʝʙʦʣʴʰʠʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʦʟʜʦʨʦʚʣʝʥʠʶ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʈʘʟʚʠʪʠʝ ʛʦʩʫʜʘʨʩʪʚʘ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʥʘʯʘʣ. ʇʦʤʠʤʦ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʜʦʣʞʥʳ ʚʳʭʦʜʠʪʴ ʨʝʛʠʦʥʳ ʩ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʠʥʪʝʨʝʩʘʤʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʝʙʫʝʪ ʚʳʷʚʣʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʦʚ ʢʘʢ ʦʙʲʝʢʪʦʚ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
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In the article, the author addresses the problem of applying the term ñdepressiveò to old in-

dustrial regions. Considered the approaches to the definition of depressed regions and territories. 

Described the main problems of the depressed region, which are its distinguishing features in rela-

tion to other territories.  

Keywords: depressed territory, depressed region, old industrial region, regional develop-

ment, crisis. 

 

ʋɼʂ 336.226 

ʇʈʆɻʈɽʉʉʀɺʅɸʗ ʐʂɸʃɸ ʇʆɼʆʍʆɼʅʆɻʆ ʅɸʃʆɻɸ  

ɼʃʗ ʈɽʉʇʋɹʃʀʂʀ ɹɽʃɸʈʋʉʔ: çɿɸè ʀ çʇʈʆʊʀɺè ʏɽʈɽɿ  

ʇʈʀɿʄʋ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ ʆʇʓʊɸ 

ʖ.ɺ. ʂʫʭʪʦ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʵ.ʥ., ʜʦʮʝʥʪ ʅ.ʌ. ɻʦʨʙʘʯ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʯʠʪʘʥ ʚʦʟʤʦʞʥʳʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʦʡ 

ʰʢʘʣʳ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʣʦʛʦ-

ʚʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʫʨʦʚʥʝʤ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʦʭʦʜʥʳʡ ʥʘʣʦʛ, ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʰʢʘʣʘ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʥʘʣʦʛʦʚʘʷ 

ʥʘʛʨʫʟʢʘ, ʫʨʦʚʝʥʴ ʞʠʟʥʠ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ. 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʣʦʛʦʚʦʛʦ ʙʨʝʤʝʥʠ 

ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ ʠ ʝʸ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʩʣʘʙʣʷʝʪ ʩʪʠʤʫʣʳ ʢ ʪʨʫʜʫ ʠ ʩʥʠʞʘʝʪ ʯʠʩʪʫʶ ʧʨʠ-

ʙʳʣʴ ʩʫʙʲʝʢʪʘ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʩʥʠʞʝʥʠʝ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʧʨʦʚʦʜʠʤʳʝ ʛʦʩʫʜʘʨʩʪʚʦʤ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʨʘʤʢʘʭ 

ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʝʣʠ ʢ ʩʥʠʞʝʥʠʶ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʅʘʣʦʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʵʢʦʥʦʤʠʢʫ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʚ 2008-2018 

ʛʛ. ʚ %, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʤʝʪʦʜʠʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʦ ʥʘʣʦʛʘʤ ʠ ʩʙʦʨʘʤ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʥʘʣʦʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʩʥʠʟʠʣʘʩʴ ʩ 

36,1 % ʚ 2008 ʛ. ʜʦ 25,9 % ʚ 2018 ʛ., ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʦʣʷ ʥʘʣʦʛʦʚ ʠ ʧʣʘʪʝʞʝʡ ʚ 

ʙʶʜʞʝʪʥʳʝ ʠ ʚʥʝʙʶʜʞʝʪʥʳʝ ʬʦʥʜʳ ʚ ɺɺʇ ʩʦʩʪʘʚʠʣʘ 25,9% [1]. ʉʥʠʞʝʥʠʝ ʥʘ-

ʣʦʛʦʚʦʛʦ ʙʨʝʤʝʥʠ ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ: 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘʣʦʛʦʚ ʠ ʩʙʦʨʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʩʪʘʚʦʢ ʧʦ 

ʥʘʣʦʛʘʤ ʠ ʜʨʫʛʦʝ. 

ʆʜʥʘʢʦ ʥʘʣʦʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʥʘʣʦ-

ʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʜʨʫʛʠʭ ʩʪʨʘʥ ɽɸʕʉ. ʅʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ ʄɺʌ ʥʘʣʦʛʦʚʘʷ ʥʘ-

ʛʨʫʟʢʘ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʚ 2017 ʛ. 41,71 %, ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ð 

33,28 %, ɸʨʤʝʥʠʠ ð 21,2 %, ʂʘʟʘʭʩʪʘʥʘ ð 18,6 %. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʦ ʥʘʣʦʛʘʤ ʠ ʩʙʦʨʘʤ ʈʝʩʧʫʙʣʠʢʠ 

ɹʝʣʘʨʫʩʴ ʦʮʝʥʠʚʘʝʪ ʥʘʣʦʛʦʚʫʶ ʥʘʛʨʫʟʢʫ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʥʘʣʦʛʦʚʳʭ ʜʦʭʦʜʦʚ ʢ 

ɺɺʇ ʙʝʟ ʫʯʝʪʘ ʚʟʥʦʩʦʚ ʚ ʌʉɿʅ, ʘ ʄɺʌ ð ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʦʪʯʠʩʣʝʥʠʡ [2]. ʆʪʩʁ-

ʜʘ ʚʳʪʝʢʘʝʪ ʝʱʸ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, ʩ ʢʦʪʦʨʦʡ ʩʪʦʣʢʥʫʣʘʩʴ ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ʘ 

ʠʤʝʥʥʦ ʥʘʣʦʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʬʦʥʜ ʦʧʣʘʪʳ ʪʨʫʜʘ. 

ɽʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʣʦʛʦʚʳʝ ʜʦʭʦʜʳ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʪʦ ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʦʛʠ ʥʘ ʜʦʭʦʜʳ ʠ ʧʨʠʙʳʣʴ ʜʦʣʛʦʝ ʚʨʝʤʷ ʟʘʥʠʤʘʣʠ ʥʘʠʙʦʣʴʰʫʶ 

ʜʦʣʶ ʚ ʠʭ ʩʦʩʪʘʚʝ [3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʷ ʥʘʣʦʛʦʚ ʥʘ ʜʦʭʦʜʳ ʠ ʧʨʠʙʳʣʴ 

ʫʩʪʫʧʘʝʪ ʣʠʰʴ ʜʦʣʝ ʥʘʣʦʛʦʚ ʥʘ ʪʦʚʘʨʳ ʠ ʩʦʩʪʘʚʣʷʝʪ 35,2 % (ʨʠʩ. 3). 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʥʘʣʦʛʦʚʳʭ ʜʦʭʦʜʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʠʩ. 2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ 

ʙʦʣʴʰʘʷ ʥʘʣʦʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʛʨʘʞʜʘʥ. ɼʘʥʥʳʝ ʦʧʨʦʩʘ, ʢʦʪʦʨʳʡ ʧʨʦʚʝʣ ʆʆʆ 

çɹʝʣʦʨʫʩʩʢʠʡ ʩʦʶʟ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚè, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚ ʈɹ 

ʢʨʠʪʠʢʫʶʪ ʧʦʜʦʭʦʜʥʳʡ ʥʘʣʦʛ, ʩʩʳʣʘʷʩʴ ʥʘ ʪʦ, ʯʪʦ ʢ ʨʘʟʥʳʤ ʧʦ ʨʘʟʤʝʨʫ ʜʦʭʦ-

ʜʘʤ ʧʨʠʤʝʥʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʥʘʣʦʛʦʚʳʝ ʩʪʘʚʢʠ ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʨʫʰʘʝʪʩʷ 

ʧʨʠʥʮʠʧ ʩʦʮʠʘʣʴʥʦʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ 
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ʚʘʞʥʦ ʥʝ ʜʦʧʫʩʪʠʪʴ ʩʥʠʞʝʥʠʝ ʥʘʣʦʛʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʚ ʙʶʜʞʝʪ. ʇʦʵʪʦʤʫ ʦʩ-

ʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʘʷ ʩʪʦʠʪ ʧʝʨʝʜ ʛʦʩʫʜʘʨʩʪʚʦʤ, ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʠʪʴ ʠʥ-

ʪʝʨʝʩʳ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ. ʇʦ ʤʥʝʥʠʶ ʥʘʩʝʣʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʦʙʣʝʤʫ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦ-

ʛʨʝʩʩʠʚʥʦʡ ʩʪʘʚʢʠ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. ʆʜʥʘʢʦ ʪʘʢ ʣʠ ʵʪʦ? 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩʪʘʚʢʠ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʤʦʞʥʦ ʟʘʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʠʭ ʨʘʟʤʝʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʚʳʩʦʢʠʡ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʪʘʢʠʤʠ ʩʪʨʘʥʘʤʠ, ʢʘʢ ʐʚʝʮʠʷ, ɼʘʥʠʷ, ɻʝʨʤʘʥʠʷ, ʛʜʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦ-

ʛʨʝʩʩʠʚʥʘʷ ʰʢʘʣʘ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʠ ʩʪʘʚʢʘ ʥʘʣʦʛʘ ʜʦʩʪʠʛʘʝʪ 56,4 %, 51,5 % ʠ 

45 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʝʩʪʴ ʩʪʨʘʥʳ, ʚ ʢʦʪʦʨʳʭ ʩʪʘʚʢʘ ʥʘʣʦʛʘ ʥʠʞʝ, ʯʝʤ 

ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ, ʥʘʧʨʠʤʝʨ, ɹʦʣʛʘʨʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ ʠ ʂʘʟʘʭʩʪʘʥ, ʛʜʝ 

ʩʪʘʚʢʘ ʨʘʚʥʘ 10 %. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪ ʦʪ ʧʝʨʝʭʦʜʘ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʫʶ ʰʢʘʣʫ 

ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʣʦʛʦʚʦʝ ʟʘ-

ʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʘ ʟʘʪʝʤ ʨʘʩʩʯʠʪʘʪʴ ʚʦʟʤʦʞʥʳʡ ʵʬʬʝʢʪ ʦʪ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʯʝʪʘ ʠʟʫʯʘʪʴʩʷ ʙʫʜʝʪ ʧʦʜʦʭʦʜʥʳʡ ʥʘʣʦʛ ʪʦʣʴ-

ʢʦ ʩ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ. ʀʟʫʯʠʚ ʦʬʠʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʦ ʥʘʣʦʛʘʤ ʠ 

ʩʙʦʨʘʤ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ, ʠʭ ʩʫʤʤʘʨʥʦʤ ʛʦʜʦʚʦʤ ʜʦʭʦʜʝ ʠ ʩʫʤʤʝ ʫʧʣʘʯʝʥʥʦʛʦ ʧʦ-

ʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ: 

1) ʣʠʮʘ, ʧʦʣʫʯʘʶʱʠʝ ʜʦʭʦʜ ʥʠʞʝ 3 600 ʙʝʣ. ʨʫʙ. ʚ ʛʦʜ, ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʦʪ 
ʫʧʣʘʪʳ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ; 

2) ʛʦʜʦʚʦʡ ʜʦʭʦʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3 600 ʜʦ 7 200 ʙʝʣ. ʨʫʙ., ʦʙ-

ʣʘʛʘʝʪʩʷ ʩʪʘʚʢʦʡ 10 %; 

3) ʛʦʜʦʚʦʡ ʜʦʭʦʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 7 200 ʜʦ 18 000 ʙʝʣ. ʨʫʙ., 

ʦʙʣʘʛʘʝʪʩʷ ʩʪʘʚʢʦʡ 13 %; 

4) ʛʦʜʦʚʦʡ ʜʦʭʦʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 18 000 ʜʦ 36 000 ʙʝʣ. ʨʫʙ., 
ʦʙʣʘʛʘʝʪʩʷ ʩʪʘʚʢʦʡ 20 %; 

5) ʛʦʜʦʚʦʡ ʜʦʭʦʜ ʩʚʳʰʝ 36 000 ʙʝʣ. ʨʫʙ. ʦʙʣʘʛʘʝʪʩʷ ʩʪʘʚʢʦʡ 30 %. 

ʇʦ ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʦ ʥʘʣʦʛʘʤ ʠ ʩʙʦʨʘʤ ʚ 2018 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʥʘ-

ʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ (ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ) ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʩʦʩʪʘʚʠʣʦ 2 925 

ʪʳʩ. ʯʝʣʦʚʝʢ [3]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ ʧʦ ʛʨʫʧʧʘʤ ʜʦʭʦʜʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʉʪʨʫʢʪʫʨʘ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ ʧʦ ʜʦʭʦʜʘʤ 

ʉʦʚʦʢʫʧʥʳʡ ʛʦʜʦʚʦʡ ʜʦʭʦʜ,  

ʙʝʣ. ʨʫʙ. 

ʂʦʣʠʯʝʩʪʚʦ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ, 

ʪʳʩ. ʯʝʣ. 

ʜʦ 3 600 97 

ʦʪ 3 600 ʜʦ 7 200 945 

ʦʪ 7 200 ʜʦ 18 000 1 606 

ʦʪ 18 000 ʜʦ 36 000 257 

ʦʪ 36 000 20 
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ɼʝʥʝʞʥʳʝ ʜʦʭʦʜʳ ʥʘʩʝʣʝʥʠʷ ʚ 2018 ʛʦʜʫ ʧʦ ʜʘʥʥʳʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʩʦʩʪʘʚʠʣʠ 703,07 ʤʣʥ ʙʝʣ. ʨʫʙ. [3]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʚʦʟʤʦʞʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʧʝʨʝʭʦʜʘ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʫʶ ʰʢʘʣʫ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ 

(ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪ ʵʬʬʝʢʪʘ ʦʪ ʧʝʨʝʭʦʜʘ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʫʶ ʰʢʘʣʫ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ 

ʉʦʚʦʢʫʧ-

ʥʳʡ ʛʦʜʦ-

ʚʦʡ ʜʦ-

ʭʦʜ, ʪʳʩ. 

ʙʝʣ. ʨʫʙ. 

ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʣʦʛʦ-

ʧʣʘʪʝʣʴʱʠ-

ʢʦʚ, ʤʣʥ 

ʯʝʣ. 

ʉʫʤʤʘʨʥʳʡ 

ʛʦʜʦʚʦʡ ʜʦ-

ʭʦʜ ʧʦ 

ʛʨʫʧʧʘʤ, 

ʤʣʥ ʙʝʣ. 

ʨʫʙ. 

ʈʘʟʤʝʨ ʥʘ-

ʣʦʛʦʚʦʛʦ 

ʜʦʭʦʜʘ ʧʨʠ 

ʩʪʘʚʢʝ 

13%, ʤʣʥ 

ʙʝʣ. ʨʫʙ. 

ʈʘʟʤʝʨ ʥʘʣʦ-

ʛʦʚʦʛʦ ʜʦʭʦʜʘ 

ʧʦ ʧʨʦʛʨʝʩ-

ʩʠʚʥʦʡ ʰʢʘʣʝ, 

ʤʣʥ ʙʝʣ. ʨʫʙ. 

ʕʢʦʥʦ-

ʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ, 

ʤʣʥ ʙʝʣ. 

ʨʫʙ. 

ʜʦ 3,6 97 15,02 1,95 0 -1,95 

ʦʪ 3,6 ʜʦ 

7,2 

945 146,35 19,03 14,64 -4,39 

ʦʪ 7,2 ʜʦ 

18,0 

1 606 248,72 32,33 32,33 0 

ʦʪ 18,0 ʜʦ 

36,0 

257 42,91 5,58 8,58 3 

ʦʪ 36,0 20 250,07 32,51 75,02 42,51 

ʀʪʦʛʦ 2 925 703,07 91,4 130,57 39,17 

 

ʀʩʭʦʜʷ ʠʟ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 2, ʚʠʜʥʦ, ʯʪʦ: 

1) ʜʦʭʦʜʳ ʙʶʜʞʝʪʘ ʦʪ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʫʚʝʣʠʯʘʪʩʷ ʥʘ 43% ʠ ʩʦʩʪʘʚʷʪ 
130,57 ʤʣʥ ʙʝʣ. ʨʫʙʣʝʡ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘ-

ʣʦʛʦʦʙʣʦʞʝʥʠʷ ʜʣʷ 277 ʤʣʥ ʥʘʠʙʦʣʝʝ ʩʦʩʪʦʷʪʝʣʴʥʳʭ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ, ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ 9,5 % ʚʩʝʭ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ; 

2) ʜʣʷ ʛʨʘʞʜʘʥ ʩ ʛʦʜʦʚʳʤ ʜʦʭʦʜʦʤ ʦʪ 7,2 ʜʦ 18,0 ʪʳʩ. ʨʫʙ. ʨʘʟʤʝʨ ʫʧʣʘʯʝʥ-

ʥʦʛʦ ʚ ʙʶʜʞʝʪ ʥʘʣʦʛʘ ʥʝ ʠʟʤʝʥʠʪʩʷ; 

3) ʛʨʘʞʜʘʥʝ ʩ ʛʦʜʦʚʳʤ ʜʦʭʦʜʦʤ ʥʠʞʝ 3,6 ʪʳʩ. ʨʫʙ. ʙʫʜʫʪ ʦʩʚʦʙʦʞʜʝʥʳ ʦʪ 
ʫʧʣʘʪʳ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ; 

4) ʨʘʟʤʝʨ ʥʘʣʦʛʦʚʦʛʦ ʜʦʭʦʜʘ ʩ ʛʨʫʧʧʳ ʛʨʘʞʜʘʥ ʩ ʜʦʭʦʜʦʤ ʦʪ 36,0 ʪʳʩ. ʙʝʣ. 

ʨʫʙ. ʫʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʧʨʦʛʨʝʩ-

ʩʠʚʥʫʶ ʰʢʘʣʫ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʙʫʜʝʪ ʩʦʙʣʶʜʘʪʴʩʷ ʧʨʠʥʮʠʧ ʩʦʮʠʘʣʴʥʦʡ ʩʧʨʘ-

ʚʝʜʣʠʚʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʩʥʠʟʠʪʩʷ ʥʘʣʦʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʛʨʘʞʜʘʥ ʩ ʥʠʟʢʠʤʠ ʛʦʜʦ-

ʚʳʤʠ ʜʦʭʦʜʘʤʠ ʠ ʫʚʝʣʠʯʠʪʩʷ ʥʘ ʛʨʘʞʜʘʥ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʜʦʭʦʜʘʤʠ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʝʨʝʭʦʜ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʫʶ ʩʪʘʚʢʫ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʪʝʤʦʡ ʜʣʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʰʝʥʠʶ ʨʷʜʘ 

ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. 

ʆʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʝʱʸ ʥʝ ʛʘʨʘʥʪʠ-

ʨʫʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʞʠʟʥʠ ʚ ʩʪʨʘʥʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʨʦ-

ʛʨʝʩʩʠʚʥʦʡ ʰʢʘʣʳ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʥʘ ʥʘʣʦʛʦʚʫʶ ʥʘʛʨʫʟʢʫ ʛʨʘʞʜʘʥ ʠ, ʩʦʦʪ-
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ʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʠʭ ʫʨʦʚʝʥʴ ʞʠʟʥʠ, ʩʣʝʜʫʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʣʦʛʦʚʳʝ ʥʘʛʨʫʟ-

ʢʠ ʥʘ ʛʨʘʞʜʘʥ ʜʚʫʭ ʩʪʨʘʥ ï ɻʝʨʤʘʥʠʠ ʠ ʃʘʪʚʠʠ. 

ɻʝʨʤʘʥʠʷ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʠ ʭʦʨʦʰʦ ʨʘʟʚʠʪʫʶ ʥʘʣʦʛʦʚʫʶ ʩʠʩʪʝʤʫ. ɺ ɻʝʨ-

ʤʘʥʠʠ 45 ʚʠʜʦʚ ʥʘʣʦʛʦʚ. ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʷʩʥʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʨʠʥʮʠʧʦʤ 

ʩʪʨʘʥʳ: çʥʘʣʦʛʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʝʣʠʯʠʥʝ ʫʩʣʫʛ, ʦʢʘʟʳʚʘʝʤʳʭ ʛʦʩʫ-

ʜʘʨʩʪʚʦʤè. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʛʦʩʫʜʘʨʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʦʜʦʭʦʜʥʳʡ ʥʘʣʦʛ ʩ 

ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ ï ʦʥ ʜʘʝʪ ʧʨʠʤʝʨʥʦ 40% ʦʪ ʚʩʝʭ ʥʘʣʦʛʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ. ʕʪʦ 

ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʦʡ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʣʠʮʘ. ʅʘʣʦʛʦʦʙʣʦʞʝʥʠʶ 

ʧʦʜʣʝʞʠʪ ʜʦʭʦʜ ʚʩʝʭ ʯʣʝʥʦʚ ʩʝʤʴʠ ʦʪ ʚʩʝʭ ʚʠʜʦʚ ʜʦʭʦʜʦʚ ʚ ʛʦʜ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʩʦʚʦʢʫʧʥʦʛʦ ʛʦʜʦʚʦʛʦ 

ʜʦʭʦʜʘ ʚʳʜʝʣʷʶʪ ʪʨʠ ʟʦʥʳ. ɿʦʥʘ ʦʜʠʥ (ʥʫʣʝʚʘʷ ʟʦʥʘ) ï ʩʚʦʙʦʜʥʘʷ ʦʪ ʥʘʣʦʛʦʦʙ-

ʣʦʞʝʥʠʷ ʟʦʥʘ, ʟʦʥʘ ʜʚʘ (ʧʝʨʚʘʷ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʟʦʥʘ) ï ʥʘʣʦʛ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 14 % 

ʜʦ 42 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʤʤʳ ʜʦʭʦʜʘ, ʟʦʥʘ ʪʨʠ (ʚʪʦʨʘʷ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʟʦʥʘ) 

ï ʩʪʘʚʢʘ ʥʘʣʦʛʘ 45% [4, ʩ. 120]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ 

ʚ ɻʝʨʤʘʥʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʪʘʚʢʘ ʥʘʣʦʛʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʨʘʟʤʝʨʘ ʛʦʜʦʚʦ-

ʛʦ ʜʦʭʦʜʘ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʘ, ʥʦ ʠ ʦʪ ʩʝʤʝʡʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʞʜʘʥʠʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ɻʝʨʤʘʥʠʠ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʘʷ 

ʥʘʣʦʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʥʘʩʝʣʝʥʠʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠʥʮʠʧ ʩʦʮʠʘʣʴ-

ʥʦʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ.  ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʥʘ-

ʣʦʛʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʛʨʘʞʜʘʥ, ɻʝʨʤʘʥʠʷ ʟʘʥʠʤʘʝʪ 8 ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʫʨʦʚʥʶ 

ʞʠʟʥʠ. 

ʅʘʯʠʥʘʷ ʩ 2018 ʛʦʜʘ, ʃʘʪʚʠʷ ʪʘʢʞʝ ʧʝʨʝʰʣʘ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʫʶ ʰʢʘʣʫ ʧʦ-

ʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ. ʊʘʢ ʚ ʩʪʨʘʥʝ ʫʩʪʘʥʦʚʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʪʘʚʢʠ: 

¶ 20 % ð ʩ ʛʦʜʦʚʦʛʦ ʜʦʭʦʜʘ ʜʦ 20 004 ʝʚʨʦ (1-ʡ ʧʦʨʦʛ ʜʦʭʦʜʘ); 

¶ 23 % ð ʩ ʯʘʩʪʠ ʛʦʜʦʚʦʛʦ ʜʦʭʦʜʘ, ʧʨʝʚʳʰʘʶʱʝʛʦ 20 004 ʝʚʨʦ, ʥʦ ʥʝ ʧʨʝ-

ʚʳʰʘʶʱʝʛʦ 55 000 ʝʚʨʦ (2-ʡ ʧʦʨʦʛ ʜʦʭʦʜʘ); 

¶ 31,4 % ð ʩ ʯʘʩʪʠ ʛʦʜʦʚʦʛʦ ʜʦʭʦʜʘ, ʧʨʝʚʳʰʘʶʱʝʛʦ 55 000 ʝʚʨʦ (3-ʡ ʧʦʨʦʛ 

ʜʦʭʦʜʘ) [5]. 

ʊʘʢʠʝ ʤʝʨʳ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʥʘʣʦʛʦʚʦʛʦ ʙʨʝʤʝʥʠ ʥʘ 

ʛʨʘʞʜʘʥ. ʆʜʥʘʢʦ ʧʦ ʜʘʥʥʳʤ çPress ʥʦʚʦʩʪʠ ʃʘʪʚʠʠè ʃʘʪʚʠʷ ʦʩʪʘʝʪʩʷ ʣʠʜʝʨʦʤ 

ʧʦ ʯʘʩʪʠ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʪʥʠʢʦʚ ʩʨʝʜʠ ʩʪʨʘʥ ɹʘʣʪʠʠ ʜʘʞʝ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʥʦʡ ʨʝʬʦʨʤʳ. ɺ ʃʘʪʚʠʠ ʥʝʞʝʥʘʪʳʡ ʨʘʙʦʪʘʶʱʠʡ ʯʝʣʦʚʝʢ ʙʝʟ ʜʝʪʝʡ 

ʧʣʘʪʠʪ ʚ ʚʠʜʝ ʥʘʣʦʛʦʚ 28,4% ʙʨʫʪʪʦ-ʟʘʨʧʣʘʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʃʠʪʚʝ ï 22,1%, ʘ 

ʚ ʕʩʪʦʥʠʠ ï 15%. 

ʂʘʢ ʧʦʢʘʟʘʣʦ ʚʨʝʤʷ, ʨʝʬʦʨʤʘ ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʃʘʪʚʠʠ ʥʝ ʜʘʣʘ ʜʦʣʞ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʘ ʦ ʧʨʠʥʮʠʧʝ ʩʦʮʠʘʣʴʥʦʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʥʝ ʤʦʞʝʪ ʠʜʪʠ ʠ ʨʝ-

ʯʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʣʦʛʦʚʦʡ ʨʝʬʦʨʤʳ, ʧʨʠʤʝʨʥʦ 60 ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʦʢʘʟʘʣʠʩʴ 

ʜʦʣʞʥʠʢʘʤʠ, ʢʦʪʦʨʳʤ ʧʨʝʜʩʪʦʠʪ ʚʝʨʥʫʪʴ ʥʝʜʦʧʣʘʯʝʥʥʳʝ ʧʦʰʣʠʥʳ ʚ ʙʶʜʞʝʪ. 

ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʥʘʣʦʛʘ, ʧʦʜʣʝʞʘʱʝʛʦ ʢ ʫʧʣʘʪʝ, ʚʘʨʴʠʨʫʝʪ ʦʪ 3 ʜʦ 300 ʝʚʨʦ, ʘ ʫ 

ʥʝʢʦʪʦʨʳʭ ʛʨʘʞʜʘʥ ʠ ʙʦʣʝʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʩʪʨʘʥʝ ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʪʠ ʮʝʥʳ, ʧʝ-

ʥʠ ʠ ʰʪʨʘʬʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʚ, ʃʘʪʚʠʷ ʥʝ ʩʤʦʛʣʘ ʩʥʠʟʠʪʴ ʥʘʣʦʛʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʛʨʘʞʜʘʥ 

ʧʝʨʝʭʦʜʦʤ ʢ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʩʪʘʚʢʝ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. ʀ ʧʨʠ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʝ 
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ʤʝʥʴʰʝʡ ʯʝʤ ʚ ɻʝʨʤʘʥʠʠ ʟʘʥʠʤʘʝʪ ʪʦʣʴʢʦ 34 ʤʝʩʪʦ ʧʦ ʫʨʦʚʥʶ ʞʠʟʥʠ ʥʘʩʝʣʝ-

ʥʠʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɻʝʨʤʘʥʠʠ ʠ ʃʘʪʚʠʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʪʦʣʴʢʦ 

ʧʝʨʝʭʦʜʦʤ ʢ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʰʢʘʣʝ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʥʝʣʴʟʷ ʩʥʠʟʠʪʴ ʥʘʣʦʛʦʚʦʝ 

ʙʨʝʤʷ ʥʘ ʛʨʘʞʜʘʥ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦ-

ʜʠʪʴ ʨʷʜ ʜʨʫʛʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ.  

ɺ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʩʪʘʚʢʠ ʧʦʜʦʭʦʜʥʦʛʦ 

ʥʘʣʦʛʘ, ʦʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʪʨʘʥ ʦʥʠ ʟʘʚʠʩʷʪ ʥʝ ʦʪ ʨʘʟʤʝʨʘ ʜʦ-

ʭʦʜʘ, ʘ ʦʪ ʝʛʦ ʠʩʪʦʯʥʠʢʘ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ ʥʠʟʢʘʷ ʩʪʘʚʢʘ ʧʦʜʦʭʦʜʥʦʛʦ ʥʘʣʦʛʘ, ʘ ʥʘʣʦʛʦʚʘʷ 

ʥʘʛʨʫʟʢʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʠʤʠ ʩʪʨʘʥʘʤʠ, ʢʘʢ ɻʝʨʤʘʥʠʷ ʠ ʃʘʪʚʠʷ, ʛʜʝ 

ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʰʢʘʣʘ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʚʦʜʠʪʴ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘ-

ʨʫʩʴ ʪʘʢʫʶ ʰʢʘʣʫ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʥʝʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʜʣʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʰʢʘʣʳ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʡ ʤʝʨʳ. 

ʅʝʩʦʤʥʝʥʥʦ, ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʝʨʠʦʜʝ ʵʬʬʝʢʪ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. 

ʉʥʠʟʠʪʩʷ ʥʘʣʦʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʛʨʘʞʜʘʥ ʩ ʥʠʟʢʠʤʠ ʜʦʭʦʜʘʤʠ, ʥʦ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 

ʛʨʘʞʜʘʥ ʩ ʚʳʩʦʢʠʤʠ ʜʦʭʦʜʘʤʠ, ʫʚʝʣʠʯʠʪʩʷ ʥʘʣʦʛʦʚʳʡ ʜʦʭʦʜ ʚ ʙʶʜʞʝʪ ʛʦʩʫʜʘʨ-

ʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʝʨʠʦʜʝ ʛʦʩʫʜʘʨʩʪʚʫ ʫʜʘʩʪʩʷ ʩʦʚʤʝʩʪʠʪʴ 

ʩʚʦʠ ʠʥʪʝʨʝʩʳ ʩ ʠʥʪʝʨʝʩʘʤʠ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ. ʆʜʥʘʢʦ ʥʝ ʩʪʦʠʪ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʪʘʢʦʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʝʥ ʠ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʝʨʠʦʜʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʩʪʘʚʢʠ ʧʦʜʦ-

ʭʦʜʥʦʛʦ ʥʘʣʦʛʘ ʧʨʠʚʝʜʸʪ ʢ ʨʘʟʚʠʪʠʶ ʪʝʥʝʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʥʘʩʝʣʝʥʠʶ ʧʨʠʜʸʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʝʢʣʘʨʠʨʦʚʘʪʴ ʩʚʦʠ ʥʘʣʦʛʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʣʦʚʝʢ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʩʢʨʳʪʴ ʩʚʦʠ ʜʦʭʦʜʳ. ʀ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝʪ ʥʠ ʦ ʢʘʢʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʥʝ ʤʦʞʝʪ ʠʜʪʠ ʠ ʨʝʯʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʪʘʢ ʢʘʢ ʥʘʩʝʣʝʥʠʶ ʧʨʠʜʸʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʩʚʦʠ 

ʜʦʭʦʜʳ ʠ ʩʦʩʪʘʚʣʷʪʴ ʥʘʣʦʛʦʚʳʝ ʜʝʢʣʘʨʘʮʠʠ, ʪʦ ʫʚʝʣʠʯʘʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʥʘʣʦʛʦ-

ʚʦʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʤʝʥʝʝ ʦʙʝʩʧʝʯʝʥʥʳʝ 

ʩʣʦʠ ʥʘʩʝʣʝʥʠʷ. 

ɽʱʸ ʦʜʥʠʤ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʫʭʫʜʰʝʥʠʝ ʤʘʪʝʨʠʘʣʴ-

ʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʛʣʘʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʧʨʦʛʨʝʩ-

ʩʠʚʥʦʡ ʰʢʘʣʳ ï ʙʦʛʘʪʳʝ ʧʣʘʪʷʪ ʙʦʣʴʰʝ. ʅʦ ʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʚʳʩʰʠʡ 

ʢʣʘʩʩ ʥʝ ʧʦʧʳʪʘʝʪʩʷ ʦʙʦʡʪʠ ʵʪʫ ʩʠʩʪʝʤʫ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʚʩʷ ʥʘʣʦʛʦʚʘʷ ʥʘ-

ʛʨʫʟʢʘ ʣʷʞʝʪ ʥʘ ʩʨʝʜʥʠʡ ʢʣʘʩʩ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʥʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʦʙ-

ʱʝʩʪʚʘ ʧʦ ʜʦʭʦʜʘʤ ʠ ʥʝʪ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʠʣʣʠʘʨʜʝʨʦʚ, ʢʘʢ ʚ ʉʐɸ ʠʣʠ ʂʠ-

ʪʘʝ. ʀ ʢʘʢ ʚʳʚʦʜ, ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʥʳʝ ʩʪʘʚʢʠ ʧʦʜʦʭʦʜʥʦʛʦ 

ʥʘʣʦʛʘ.  
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ʈʆʃʔ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʓʍ ʉʈɽɼʉʊɺ ɺ ɸʅɸʃʀɿɽ  

ʉʆʎʀɸʃʔʅʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʉʀʊʋɸʎʀʁ 

ʀ. ʄ. ʃʠʧʩʢʠʡ
1
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɸ. ɺ. ʉʠʥʯʫʢʦʚ 
1
ʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ. ɺ. ʇʣʝʭʘʥʦʚʘ, ʛ. ʄʦʩʢʚʘ 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʩʪʘʪʴʠ - ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʠʭ ʨʦʣʴ ʚ 

ʘʥʘʣʠʟʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʦʣʠ Evolver, @Risk, Wolfram, MS Excel ʚ ʧʨʘʢʪʠʢʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʙʦʩʥʦ-

ʚʘʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʨʠʩʢ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ.  

 

ʈʘʟʚʠʪʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʤʝʥʷʝʪ ʪʝʦʨʠʶ ʠ ʧʨʘʢʪʠʢʫ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ ʘʥʘ-

ʣʠʟʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚ 

ʧʨʘʢʪʠʢʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʚʩʪʨʦʝʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʢʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ 

ʨʝʰʝʥʠʡ ʦʩʪʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠ ʠʟʤʝʨʠʤʳʭ ʢʨʠʪʝ-

ʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ ʦʧʠʩʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʳ 

ʨʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦʙ ʠʝʨʘʨʭʠʠ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ. ʊʘʢ, ʝʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ ï çɼʦʭʦʜʥʦʩʪʴè ʠ çʈʠʩʢè, ʪʦ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ 
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ʦʪʥʦʰʝʥʠʝ ʣʠʮʘ ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ (ʃʇʈ) ʢ ʨʠʩʢʫ. ʅʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʨʳʥʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [5]. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ 

ʧʦʪʝʥʮʠʘʣʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ.  

ʇʦʜ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʢʦʤʧʣʝʢʩ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʜʜʝʨ-

ʞʠʚʘʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʏʘʩʪʦ 

ʧʦʜ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʦʥʠʤʘʶʪ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʷʝ-

ʤʳʝ ʠʥʞʝʥʝʨʘʤʠ ʟʥʘʥʠʡ ʠʣʠ ʧʨʦʛʨʘʤʤʠʩʪʘʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʧʨʦʙʣʝʤ.  ʂ ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʥʳʤ ʧʨʦʙʣʝʤʘʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʙʣʝʤʳ ʚ 

ʦʙʣʘʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʝ ʚʥʠʤʘʥʠʷ ʵʢʦʥʦʤʠʩʪʦʚ, ʩʦʮʠʦʣʦʛʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʘʪʝʤʘʪʠʢʦʚ.  

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [3], ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ Evolver ʩʧʦʩʦʙʩʪ-

ʚʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, Evolver ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʱʥʫʶ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʫʶ ʥʘʜʩʪʨʦʡʢʫ ʜʣʷ ʧʘʢʝʪʘ MS Excel, ʥʘʰʝʜʰʝʛʦ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʚ ʧʨʘʢʪʠʢʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [4], ʪʘʢ ʠ ʚ ʧʨʘʢʪʠʢʝ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ çʊʝʦʨʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡè, çʊʝʦʨʠʷ ʨʠʩ-

ʢʘè, çʄʝʪʦʜʳ ʦʧʪʠʤʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡè. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

Evolver ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ: ʩ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠ ʘʥʘʣʠʟʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʣʠʥʝʡʥʫʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʠ ʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭ ʞʝ ʧʝʨʝʤʝʥʥʳʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʩʨʝʜʩʪʚʝ Evolver ʚʦʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ï ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ Evolver ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʠʪʴ 

ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʟʘʥʠʤʘʶʪ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚʳʭ ʩʠ-

ʪʫʘʮʠʡ. ɸʥʘʣʠʟ ʨʠʩʢʦʚʳʭ ʩʠʪʫʘʮʠʡ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʮʝʣʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʪʦʣʴʢʦ ʦʜʠʥ ʩʮʝʥʘʨʠʡ). ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʨʘʩʩʤʦʪ-

ʨʝʪʴ ʚʩʝ ʩʮʝʥʘʨʠʠ, ʥʝ ʠʩʢʣʶʯʘʷ ʥʝʢʦʪʦʨʳʝ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʠʩʢʣʶʯʝʥʥʳʡ ʩʮʝ-

ʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʠ ʤʦʞʝʪ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʉʪʦʭʘʩʪʠʯʝ-

ʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʠʩʢʦʚʳʭ ʩʠʪʫʘʮʠʡ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ 

ʪʨʘʢʪʦʚʢʫ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʦ ʢʘʢʦʡ ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʨʠʩ-

ʢʦʚʦʡ ʩʠʪʫʘʮʠʠ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʉʦʛʣʘʩʥʦ ʧʫʙʣʠʢʘʮʠʠ [2], ʢ ʪʘʢʠʤ ʩʨʝʜʩʪʚʘʤ ʦʪʥʦʩʠʪʩʷ @Risk. ɼʘʥʥʦʝ ʠʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʩʰʠʨʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʠ-
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ʮʘ ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚʳʭ ʩʠʪʫʘʮʠʡ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ï ʩʧʝʮʠʘʣʴʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʨʘʟʤʝʨʘʭ 

ʧʦʣʫʯʘʝʤʦʡ ʧʨʠʙʳʣʠ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ @Risk ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘ-

ʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʨʠʤʝʥʠʪʴ ʩʣʦʞʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʄʦʥʪʝ-

ʂʘʨʣʦ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʛʨʘʥʠʯʝʥʦ ʧʦ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪ-

ʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʠʪʫʘʮʠʠ ʠ ʛʨʦʤʦʟʜʢʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩ-

ʩʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ @Risk ʫʜʘʯʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʚ 

ʧʘʢʝʪ MS Excel, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ʥʠʤ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʝʨʚʳʭ 

ʵʪʘʧʘʭ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ WolframAlpha ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ [1], ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʊʘʢ, ʚ ʨʘʤʢʘʭ 

ʩʪʘʪʴʠ [6, 7] ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʩʝʨʚʠʩʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝ-

ʤʘʪʠʢʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʣʝʤʝʥʪʦʚ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [8]. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘ-

ʰʠʥʘ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ Wolfram-ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʧʦʜʦʡʪʠ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʝʨʦʷʪ-

ʥʦʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï çʧʦʜʙʨʘʩʳʚʘʥʠʝ ʤʦʥʝʪʳè, çʧʦʜʙʨʘʩʳʚʘʥʠʝ ʠʛʨʘʣʴʥʦ-

ʛʦ ʢʫʙʠʢʘè, çʠʟʚʣʝʯʝʥʠʝ ʰʘʨʦʚ ʠʟ ʫʨʥʳè ʠ ʜʨ.). ɼʘʥʥʳʝ çʧʨʦʩʪʳʝè ʚʝʨʦʷʪʥʦʩʪ-

ʥʳʝ ʩʭʝʤʳ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʧʦʥʠʤʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʧʨʠʨʦʜʳ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʠ ʷʚʣʝʥʠʡ.  

ɸʜʝʢʚʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʝʥʠʷ 

ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʩʠʪʫʘ-

ʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʊʨʘʜʠʮʠʦʥ-

ʥʦ ʚ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʨʫʧʧʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠ-

ʪʫʘʮʠʡ: ʧʝʨʚʘʷ ʛʨʫʧʧʘ ï ʩʠʪʫʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʚʪʦʨʘʷ 

ʛʨʫʧʧʘ ï ʩʠʪʫʘʮʠʷ ʯʘʩʪʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʪʨʝʪʴʷ ʛʨʫʧ-

ʧʘ ï ʩʠʪʫʘʮʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʝʣʝ-

ʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʛʨʫʧʧʳ ʜʦʩʪʘʪʦʯʥʦ 

ʫʩʣʦʚʥʦʝ ʠ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʣʠʮʘ ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝ-

ʥʠʷ. ɺ ʧʦʩʦʙʠʠ [9] ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦ-

ʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʦʙʣʝʤʘʤ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪ-

ʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʘʢʮʝʥ-

ʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʝʭʘ-

ʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʜʘʯʘʤ ʚ ʦʙʣʘʩʪʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʫʯʸʪʘ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦ-
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ʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠ ʥʦʚʳʤʠ ʤʝ-

ʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʚʳʷʚʣʝʥʥʳʤʠ ʨʘʥʝʝ ʠ ʥʦʚʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ ʟʥʘʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʘʥʘʣʠʟʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʠʪʫʘʮʠʡ ʚʦʟʨʘʩʪʘʝʪ, ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ (ʧʨʝʜʤʝʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ), ʥʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

(ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ) ʘʩʧʝʢʪʘʤ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʞʝ ʠʛʨʘ-

ʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʠ ʵʪʘ ʨʦʣʴ ʚʦʟʨʘʩʪʘʝʪ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ 

ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘʰʣʠ ʧʦʜʜʝʨʞʫ ʚ ʚʠʜʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦ-ʥʦʚʦʤʫ ʫʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʩʢʣʦʥʥʦʩʪʴ ʃʇʈ ʢ ʨʠʩʢʫ, ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ. 

ʅʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦ-

ʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʬʦʨʤʘʪʠʟʘʮʠʝʡ 

ʵʢʦʥʦʤʠʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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The article focuses on tools and their role in the analysis of socio-economic situations. The 

possibilities of the tools in the context of improving the quality of the decisions taken were analyzed. 

Particular attention is paid to the role of Evolver, @ Risk, Wolfram, MS Excel in the practice of 

quantitative justification and mathematical modeling of decisions. 

Keywords: tool, decision making, modeling, risk, economic situation. 

 

ʄɽɾɼʋʅɸʈʆɼʅʆɽ ʉʆʊʈʋɼʅʀʏɽʉɺʆ ɸʃʊɸʁʉʂʆɻʆ ʂʈɸʗ  

ʅɸ ʉʆɺʈɽʄɽʅʅʆʄ ʕʊɸʇɽ  

ʅ.ɽ. ʃʴʚʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʵ.ʥ., ɼ. ɺ. ʈʝʤʠʟʦʚ. 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʠʟʘʮʠʷ ʠ ʨʝʛʠʦ-

ʥʘʣʠʟʘʮʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ. ɼʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʚ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʠʨʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʪʨʘʥʩʥʘʮʠʦ-

ʥʘʣʴʥʦʤʫ ʢʘʧʠʪʘʣʫ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʠʥʩʪʠʪʫʪʘʤ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ - ʩʠʩʪʝʤʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʘ-

ʮʠʦʥʘʣʴʥʳʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥ, ʘ ʪʘʢʞʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ ʮʝʥʪʨʘʤʠ. 

ʌʦʨʤʳ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ: 

¶ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʪʦʨʛʦʚʣʷ; 

¶ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʪʫʨʠʟʤ; 

¶ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ; 

¶ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ; 

¶ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʩʦʪʨʫʜʥʠʯʝ-

ʩʪʚʦ; 

¶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ; 

¶ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʚʘʣʶʪʥʦ-ʬʠʥʘʥʩʦʚʳʝ ʦʪʥʦʰʝʥʠʷ; 

¶ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʢʦʦʧʝʨʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ - ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪ-

ʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʚʟʘʠʤʥʳʭ ʠʥʪʝʨʝʩʦʚ, ʫʩʠʣʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʧʦʟʠʮʠʡ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʜʝʡʩʪʚʠʡ, ʧʦʠʩʢ ʨʝʰʝʥʠʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʧʨʦʙʣʝʤ ʠ 

ʩʛʣʘʞʠʚʘʥʠʝ ʢʦʥʬʣʠʢʪʦʚ [2]. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʧʦʢʨʳʚʘʝʪ ʦʯʝʥʴ ʨʘʟʥʳʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. ɺ ʪʦʤ ʯʠʩʣʝ: 

¶ ʫʣʫʯʰʝʥʠʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ; 

¶ ʫʣʫʯʰʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ; 

https://ru.wikipedia.org/wiki/%D0%97%D0%B4%D1%80%D0%B0%D0%B2%D0%BE%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
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¶ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜ ;r 

¶ ʩʦʢʨʘʱʝʥʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ; 

¶ ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ; 

¶ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ. 

ɺ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʝ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ - ʵʪʦ ʤʠʨʦʚʘʷ ʪʦʨ-

ʛʦʚʣʷ, ʠʥʚʝʩʪʠʮʠʠ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʩʬʝ-

ʨʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʩ 2017 ʧʦ 2019 ʛʛ. ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ 

ʨʘʟʚʠʪʠʷ.  

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʥʝ ʦʩʪʘʝʪʩʷ ʚ ʩʪʦʨʦʥʝ ʠ ʫʜʝʣʷʝʪ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʩʚʷʟʝʡ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʩʪʨʘʥʘʤʠ [1]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʟʘʢʣʶʯʝʥʳ ʩʦʛʣʘ-

ʰʝʥʠʷ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 9 ʟʘʨʫʙʝʞʥʳʤʠ ʩʪʨʘʥʘʤʠ. ɺʥʝʰʥʝʪʦʨʛʦʚʳʡ ʦʙʦʨʦʪ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ɺʥʝʰʥʝʪʦʨʛʦʚʳʡ ʦʙʦʨʦʪ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ  
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ʊʦʚʘʨʦ-

ʦʙʦʨʦʪ, 

ʤʣʥ. ʨʫʙ. 

ʋʜ. 

ʚʝʩ, 

% 

ɸʙʩʣ. 

ʦʪʢʣ., 

ʤʣʥ. 

ʨʫʙ. 

ʆʪʥ. 

ʦʪʢʣ., 

% 

ɸʙʩʣ. 

ʦʪʢʣ., 

ʤʣʥ. 

ʨʫʙ. 

ʆʪʥ. 

ʦʪʢʣ., 

% 

ʉʪʨʘʥʳ 

ʜʘʣʴʥʝʛʦ 

ʟʘʨʫʙʝ-

ʞʴʷ 

46530,54 41 53230,52 41,22 64544,77 47,5 6699,98 14,39 11314,25 21,26 

ʉʪʨʘʥʳ 

ʉʅɻ 
66958,58 59 75922,04 58,78 71470,41 52,5 8963,46 6,74 -4451,63 -5,86 

ɺʩʝʛʦ 113489,1 100 129152,57 100 136015,18 100 15663,45 13,81 6862,61 5,31 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʪʘʙʣʠʮʳ 1 ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʥʦʰʝʥʠʷ ʩ ʟʘʨʫʙʝʞʥʳʤʠ 

ʩʪʨʘʥʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʦʡ ʙʝʟ ʫʩʪʦʡʯʠʚʳʭ  

ʩʦʢʨʘʱʝʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʦʙʦʨʦʪʘ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʪʨʘʥʳ ʉʅɻ.  

ʊʘʙʣʠʮʘ 2 

ʊʦʚʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʦʙʦʨʦʪʘ (ʠʤʧʦʨʪ) 

 

2017 ʛʦʜ 2018 ʛʦʜ 2019 ʛʦʜ 2017-2018 ʛʛ. 2018-2019 ʛʛ. 

ʊʦʚʘʨʦ-

ʦʙʦʨʦʪ, 

ʤʣʥ. ʨʫʙ 

ʋʜ. 

ʚʝʩ, 

% 

ʊʦʚʘʨʦ-

ʦʙʦʨʦʪ, 

ʤʣʥ. ʨʫʙ 

ʋʜ. 

ʚʝʩ, 

% 

ʊʦʚʘʨʦ-

ʦʙʦʨʦʪ, 

ʤʣʥ. ʨʫʙ 

ʋʜ. 

ʚʝʩ, 

% 

ɸʙʩʣ. 

ʦʪʢʣ., 

ʤʣʥ. 

ʨʫʙ. 

ʆʪʥ. 

ʦʪʢʣ., 

% 

ɸʙʩʣ. 

ʦʪʢʣ., 

ʤʣʥ. 

ʨʫʙ. 

ʆʪʥ. 

ʦʪʢʣ., 

% 

ʧʨʦʜʦʚʦʣʴʩʪ-

ʚʝʥʥʳʝ ʪʦʚʘ-

ʨʳ ʠ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥ-

ʥʦʝ ʩʳʨʴʝ 

5821,53 15,2 6624,89 16,7 6610,79 16,0 803,36 13,79 -14,10 -0,21 

ʤʠʥʝʨʘʣʴʥʳʝ 

ʧʨʦʜʫʢʪʳ 
4745,51 12,3 3056,11 7,69 3142,54 7,62 -1689,40 

-

35,59 
86,43 2,83 

  

https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%80%D1%83%D0%B6%D0%B0%D1%8E%D1%89%D0%B0%D1%8F_%D1%81%D1%80%D0%B5%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BD%D0%B5%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%D1%81%D1%82%D0%B2%D0%BE
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ʧʨʦʜʫʢʮʠʷ 

ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ, ʢʘʫʯʫʢ 

3947,62 10,3 4863,47 12,2 4690,45 11,4 915,85 23,20 -173,02 -3,56 

ʜʨʝʚʝʩʠʥʘ ʠ 

ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʝ 

ʠʟʜʝʣʠʷ 

102,66 0,27 205,33 0,52 281,98 0,68 102,67 100,0 76,65 37,33 

ʪʝʢʩʪʠʣʴ, 

ʪʝʢʩʪʠʣʴʥʳʝ 

ʠʟʜʝʣʠʷ ʠ 

ʦʙʫʚʴ 

1859,44 4,84 2975,11 7,49 2655,14 6,44 1115,67 60,00 -319,97 -10,76 

ʤʝʪʘʣʣʳ ʠ 

ʠʟʜʝʣʠʷ 
12851,56 33,4 11746,33 29,6 11695,98 28,4 -1105,23 -8,59 -50,35 -0,43 

ʤʘʰʠʥʳ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʠ ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʩʨʝʜʩʪʚʘ 

8647,81 22,5 9529,87 23,9 11175,26 27,1 882,06 10,19 1645,39 17,27 

ʇʨʦʯʠʝ ʪʦʚʘ-

ʨ  r
505,54 1,32 724,95 1,82 1001,18 2,42 219,41 43,40 276,23 38,10 

ɺʩʝʛʦ 38456,99 100 39726,08 100 41253,34 100 1269,09 3,30 1527,26 3,85 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 2, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʱʠʡ 

ʦʙʲʸʤ ʚʚʦʟʠʤʦʡ ʚ ʢʨʘʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʩʪʘʚ-

ʢʠ ʤʝʪʘʣʣʦʚ, ʤʘʰʠʥ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʩʳʨʴʝ. 

 

ʊʘʙʣʠʮʘ 3 

ʊʦʚʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʦʙʦʨʦʪʘ (ʵʢʩʧʦʨʪ) 

 

2017 ʛʦʜ 2018 ʛʦʜ 2019 ʛʦʜ 2017-2018 ʛʛ. 2018-2019 ʛʛ. 

ʊʦʚʘʨʦ-

ʦʙʦʨʦʪ, 

ʤʣʥ. ʨʫʙ 

ʋʜ. 

ʚʝʩ, 

% 

ʊʦʚʘʨʦ-

ʦʙʦʨʦʪ, 

ʤʣʥ. ʨʫʙ 

ʋʜ. 

ʚʝʩ, 

% 

ʊʦʚʘʨʦ-

ʦʙʦʨʦʪ, 

ʤʣʥ. ʨʫʙ 

ʋʜ. 

ʚʝʩ, 

% 

ɸʙʩʣ. 

ʦʪʢʣ., 

ʤʣʥ. 

ʨʫʙ. 

ʆʪʥ. 

ʦʪʢʣ., 

% 

ɸʙʩʣ. 

ʦʪʢʣ., 

ʤʣʥ. 

ʨʫʙ. 

ʆʪʥ. 

ʦʪʢʣ., 

% 

ʧʨʦʜʦʚʦʣʴʩʪ-

ʚʝʥʥʳʝ ʪʦʚʘ-

ʨʳ ʠ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥ-

ʥʦʝ ʩʳʨʴʝ 

14652,28 19,5 15633,98 17,5 22767,55 24,0 981,7 6,69 7133,57 45,62 

ʤʠʥʝʨʘʣʴʥʳʝ 

ʧʨʦʜʫʢʪʳ 
23822,34 31,8 33065,41 36,9 31093,92 32,8 9243,07 38,80 -1971,49 -5,96 

ʧʨʦʜʫʢʮʠʷ 

ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ, ʢʘʫʯʫʢ 

7776,15 10,4 7052,97 7,87 7468,27 7,88 -723,18 -9,29 415,30 5,89 

ʜʨʝʚʝʩʠʥʘ ʠ 

ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʳʝ 

ʠʟʜʝʣʠʷ 

9172,53 12,2 9777,92 10,9 9465,99 9,99 605,39 6,60 -311,93 -3,19 

ʪʝʢʩʪʠʣʴ, 

ʪʝʢʩʪʠʣʴʥʳʝ 

ʠʟʜʝʣʠʷ ʠ 

ʦʙʫʚʴ 

334,41 0,45 380,56 0,43 351,32 0,37 46,15 13,80 -29,24 -7,68 

ʤʝʪʘʣʣʳ ʠ 

ʠʟʜʝʣʠʷ ʠʟ 

ʥʠʭ 

3604,05 4,81 3218,41 3,59 4005,61 4,23 -385,64 
-

10,70 
787,2 24,46 
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ʤʘʰʠʥʳ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʠ ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʩʨʝʜʩʪʚʘ 

11128,81 14,8 16170,15 18,1 14964,51 15,8 5041,34 45,29 -1205,64 -7,46 

ʇʨʦʯʠʝ ʪʦʚʘ-

ʨ  r
4552,27 6,07 4128,91 4,65 4646,01 4,90 -423,36 -9,29 517,10 12,52 

ɺʩʝʛʦ 75023,75 100 89428,31 100 94763,18 100 14404,56 19,2 5334,87 5,97 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʙʱʠʡ ʦʙʲʸʤ ʚʳ-

ʚʦʟʠʤʦʡ ʠʟ ʢʨʘʷ ʧʨʦʜʫʢʮʠʠ ʚ ʟʘʨʫʙʝʞʥʳʝ ʩʪʨʘʥʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʩʪʘʚʢʠ ʤʠ-

ʥʝʨʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʜʨʝʚʝʩʠʥʳ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ [3]. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠʤʝʝʪ ʩʚʦʝʡ ʮʝʣʴʶ ʫʚʝʣʠ-

ʯʝʥʠʝ ʪʦʚʘʨʦʦʙʤʝʥʘ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ, ʨʦʩʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠ-

ʷʪʠʡ, ʨʘʩʰʠʨʝʥʠʝ ʜʝʣʦʚʳʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʤʠ ʩʦʦʙʱʝʩʪ-

ʚʘʤʠ ʠ ʧʦʚʳʰʝʥʠʝ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʣʶʜʝʡ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʞʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʧʦʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʫʪʩʷ ʥʘ ʝʛʦ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʆʪʯʸʪ ʦ ʨʘʟʚʠʪʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ 

ʩʚʷʟʝʡ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ 2017 ʛʦʜʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] //  

URL: http://alttur22.ru/pages/statistika-i-godovye-otchety 

2. ʇʦʥʷʪʠʝ ñʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦò [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

//  

URL: https://fb.ru/article/379814/mejdunarodnoe-sotrudnichestvo---eto-ponyatie-

printsipyi-osnovnyie-vidyi-i-formyi 

3. ʆʪʯʸʪ ʦ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʝ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] //  

URL: https://rosstat.gov.ru/region/docl1101/Stg/d1812/ii/2/2.5.htm 

 

 

ʋɼʂ 368 

ʇʈʆɹʃɽʄɸ ʄʆʅʆʇʆʃʀɿɸʎʀɿɸʎʀʀ ʈʆʉʉʀʁʉʂʆɻʆ ʈʓʅʂɸ 

ɼʆɹʈʆɺʆʃʔʅʆɻʆ ʉʊʈɸʍʆɺɸʅʀʗ 

ɽ.ɸ. ʄʘʢʘʨʝʥʢʦ 

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠʪʦʛʦʚ ʨʘʟʚʠʪʠʷ ʩʪʨʘʭʦʚʦʛʦ ʨʳʥʢʘ ʚ ʈʦʩʩʠʠ 

ʟʘ 9 ʤʝʩʷʮʝʚ 2019 ʛ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʨʘʟʚʠʪʠʠ ʤʦʥʦʧʦʣʠʟʘʮʠʠ ʩʪʨʘʭʦʚʦʡ ʦʪʨʘʩʣʠ ʠ ʧʨʠ-

ʯʠʥʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʥʝʡ. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʟʚʠʪʠʠ ʩʪʨʘʭʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ ʜʦ 

2022 ʛ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʘʭʦʚʳʭ ʩʙʦʨʦʚ ʫ ʣʠʜʝʨʦʚ ʨʳʥʢʘ ʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʟʘʢʫʧʢʠ, ʨʠʩʢ, ʩʪʨʘʭʦʚʘʥʠʝ, ʩʪʨʘʭʦʚʘʷ ʧʨʝʤʠʷ, 

ʵʣʝʢʪʨʦʥʥʳʡ ʘʫʢʮʠʦʥ, ʤʦʥʦʧʦʣʠʟʘʮʠʷ. 

http://alttur22.ru/pages/statistika-i-godovye-otchety
https://rosstat.gov.ru/region/docl1101/Stg/d1812/ii/2/2.5.htm
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ɺ ʈʦʩʩʠʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 9 ʤʝʩʷʮʝʚ 2019 ʛ. ʨʘʙʦʪʘʝʪ 137 ʩʪʨʘʭʦʚʳʭ ʢʦʤ-

ʧʘʥʠʡ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʪʨʘʭʦʚʳʝ ʢʦʤʧʘ-

ʥʠʠ ʙʝʟ ʫʯʝʪʘ ʦʙʱʝʩʪʚ ʚʟʘʠʤʥʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ï ʆɺʉ ï ʠ ʢʦʤʧʘʥʠʡ ʧʦ ʩʪʨʘʭʦ-

ʚʘʥʠʶ ʞʠʟʥʠ). ʀʟ ʥʠʭ 10 ʢʦʤʧʘʥʠʡ ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʦʩʪʘʥʦʚʠʣʠ (ʠʣʠ ʧʨʠʦʩʪʘ-

ʥʘʚʣʠʚʘʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ) ʚ ʩʚʷʟʠ ʩ ʦʪʟʳʚʦʤ ʣʠʮʝʥʟʠʡ, ʧʝʨʝʜʘʯʝʡ ʩʪʨʘʭʦʚʦʛʦ 

ʧʦʨʪʬʝʣʷ ʠʣʠ ʦʙʲʝʜʠʥʝʥʠʝʤ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʭʦʚʱʠʢʘʤʠ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʙʦʣʝʝ ʯʝʤ 100 ʨʘʙʦʪʘʶʱʠʭ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ ʜʦʣʞ-

ʥʳ ʩʦʟʜʘʚʘʪʴ ʩʝʨʴʝʟʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʥʘ ʩʪʨʘʭʦʚʦʤ ʨʳʥʢʝ, ʦʜʥʘʢʦ ʚ ʈʦʩʩʠʠ ʥʘ-

ʙʣʶʜʘʝʪʩʷ ʜʨʫʛʘʷ ʪʝʥʜʝʥʮʠʷ ï ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʙʦʨʦʚ ʩʨʝʜʠ ʢʨʫʧʥʳʭ 

ʠʛʨʦʢʦʚ. ʊʘʢ ʧʦ ʠʪʦʛʘʤ 9 ʤʝʩʷʮʝʚ 2019 ʛ. ʚ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʛʨʫʧʧʝ ʩʪʨʘʭʦʚʳʭ 

ʢʦʤʧʘʥʠʡ ʙʦʣʝʝ 82% ʚʩʝʭ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʩʦʙʠʨʘʝʪ ʧʝʨʚʘʷ ʜʝʩʷʪʢʘ ʢʦʤʧʘ-

ʥʠʡ, ʘ ʥʘ ʜʦʣʶ ɸʆ çʉʆɻɸɿè (ʠ ʢʦʤʧʘʥʠʡ ʟʘʚʠʩʠʤʳʭ ʦʪ ʥʝʛʦ) ʧʨʠʭʦʜʠʪʩʷ ʧʦʯ-

ʪʠ ʪʨʝʪʴ ʚʩʝʭ ʧʨʝʤʠʡ (29,7%) [8]. ɺ 2018 ʛ. ʚ ʈʦʩʩʠʠ ʯʝʪʢʦ ʦʙʦʟʥʘʯʠʣʘʩʴ ʪʝʥ-

ʜʝʥʮʠʷ ʢ ʧʦʷʚʣʝʥʠʶ ʤʦʥʦʧʦʣʠʩʪʦʚ ʚ ʦʪʨʘʩʣʷʭ. ʊʘʢ çʈʉʍɹ-ʉʪʨʘʭʦʚʘʥʠʝè ʩʪʘʣʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʧʦʣʠʩʪʦʤ ʚ ʦʪʨʘʩʣʠ ʩʝʣʴʭʦʟʩʪʨʘʭʦʚʘʥʠʷ, ʩʦʙʨʘʚ 1,6 ʤʣʨʜ ʨʫʙ. 

ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʠ ʟʘʥʷʚ 43,9% ʜʘʥʥʦʛʦ ʨʳʥʢʘ [3, ʩ. 171-176]. ʆʩʥʦʚʥʦʡ ʧʨʠ-

ʯʠʥʦʡ ʪʦʛʜʘ ʩʪʘʣʘ ʙʣʠʟʦʩʪʴ ʩʪʨʘʭʦʚʱʠʢʘ ʠ ʈʦʩʩʝʣʴʭʦʟʙʘʥʢʘ [4, ʩ. 431-438]. ɺ 

2019 ʛ. ʪʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʫʩʫʛʫʙʠʣʘʩʴ ʠ çʈʉʍɹ-ʉʪʨʘʭʦʚʘʥʠʝè ʟʘʥʷʣʦ ʟʘ 

9 ʤʝʩʷʮʝʚ ʫʞʝ 46,6% ʨʳʥʢʘ [9], ʘ ʧʦ ʠʪʦʛʘʤ 2019 ʛ. ʤʦʞʝʪ ʟʘʥʷʪʴ ʧʦʣʦʚʠʥʫ ʚʩʝʭ 

ʩʪʨʘʭʦʚʳʭ ʩʙʦʨʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʝʛʤʝʥʪʝ. 

ʈʦʩʩʠʡʩʢʠʡ ʩʪʨʘʭʦʚʦʡ ʨʳʥʦʢ ʧʨʠʦʙʨʝʣ ʚʩʝ ʯʝʨʪʳ ʦʣʠʛʦʧʦʣʠʠ. ʀʟ-ʟʘ ʚʣʠʷ-

ʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʨʝʩʫʨʩʘ ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʥʦʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ (ʨʝʰʝʥʠʷ ʦ 

ʚʳʙʦʨʝ ʩʪʨʘʭʦʚʱʠʢʘ ʧʨʠʥʠʤʘʶʪʩʷ ʥʝ ʠʩʭʦʜʷ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ-

ʩʪʠ ʠ ʨʘʟʫʤʥʦʩʪʠ, ʘ ʠʩʭʦʜʷ ʠʟ çʙʣʠʟʦʩʪʠè ʩʪʨʘʭʦʚʱʠʢʘ ʢ ʩʪʨʘʭʦʚʘʪʝʣʶ ʠʣʠ 

ʙʘʥʢʫ, ʢʨʝʜʠʪʫʶʱʝʤʫ ʩʪʨʘʭʦʚʘʪʝʣʷ), ʚʦʡʪʠ ʥʦʚʳʤ ʠʛʨʦʢʘʤ ʥʘ ʩʪʨʘʭʦʚʦʡ ʨʳʥʦʢ 

ʩʝʡʯʘʩ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ (ʤʳ ʥʝ ʙʝʨʝʤ ʚ ʨʘʩʯʝʪ ʪʘʢʠʝ ʥʦʚʳʝ ʩʪʨʘ-

ʭʦʚʳʝ ʠʥʪʝʨʥʝʪ ʧʨʦʝʢʪʳ ʢʘʢ Mafin ʠʣʠ çʄʘʥʛʦ ʉʪʨʘʭʦʚʘʥʠʝè, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪ-

ʩʷ ʧʨʦʜʦʣʞʘʪʝʣʷʤʠ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʧʦʣʠʪʠʢʠ ʘʢʮʠʦʥʝʨʦʚ ʩʪʨʘʭʦʚʳʭ ʭʦʣʜʠʥ-

ʛʦʚ). 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʴʝ 30 44-ʌɿ ñʆ ʢʦʥʪʨʘʢʪʥʦʡ ʩʠʩʪʝʤʝ ʚ ʩʬʝʨʝ ʟʘʢʫʧʦʢ ʪʦʚʘ-

ʨʦʚ, ʨʘʙʦʪ, ʫʩʣʫʛ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʥʫʞʜò 

ʟʘʢʘʟʯʠʢʠ ʦʙʷʟʘʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʢʫʧʢʠ ʫ ʩʫʙʲʝʢʪʦʚ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʪʚʘ, ʩʦʮʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʦʙʲʝʤʝ 

ʥʝ ʤʝʥʝʝ ʯʝʤ ʧʷʪʥʘʜʮʘʪʴ ʧʨʦʮʝʥʪʦʚ ʩʦʚʦʢʫʧʥʦʛʦ ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ ʟʘʢʫʧʦʢ, ʥʝ-

ʢʦʪʦʨʳʝ ʟʘʢʘʟʯʠʢʠ ʧʦʣʴʟʫʶʪʩʷ ʵʪʠʤ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʤʝʩʪʠʪʴ ʟʘʢʫʧʢʠ ʚ ʩʬʝʨʝ 

ʩʪʨʘʭʦʚʘʥʠʷ ʫ ʩʫʙʲʝʢʪʦʚ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʆʉɸɻʆ, ʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʯʪʦ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʩʫʙʲʝʢʪʘʤ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ʈʦʩʩʠʠ ʚʩʝʛʦ 3. ɸʢʪʠʚʥʦʩʪʴ 

ʥʘ ʨʳʥʢʝ ʛʦʩʟʘʢʫʧʦʢ ʧʨʦʷʚʣʷʝʪ ʪʦʣʴʢʦ ʦʜʥʘ (ʆʆʆ ʉʆ ñɺɽʈʅɸ), ʧʦʵʪʦʤʫ ʚʩʝ 

ʟʘʢʫʧʢʠ ʜʘʥʥʦʛʦ ʨʦʜʘ ʟʘʙʠʨʘʝʪ ʵʪʘ ʢʦʤʧʘʥʠʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʢʦʥʢʫʨʩʦʚ ʠ ʢʦʥ-

ʢʫʨʝʥʮʠʠ, ʩʪʘʚ ʩʚʦʝʛʦ ʨʦʜʘ ʤʦʥʦʧʦʣʠʩʪʦʤ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʪʝ-

ʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʜʘʥʥʘʷ ʢʦʤʧʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʫʙʳʪʢʠ ʧʦ ʠʪʦʛʘʤ ʦʪʯʝʪʥʳʭ 

ʧʝʨʠʦʜʦʚ ʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 2020 ʛʦʜʫ ʦʥʘ ʧʦʢʠʥʝʪ ʩʪʨʘʭʦʚʦʡ ʨʳʥʦʢ 

ʈʦʩʩʠʠ, ʦʩʪʘʚʠʚ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʩʟʘʢʘʟʯʠʢʦʚ ʙʝʟ ʩʪʨʘʭʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʢʘʟʯʠʢʠ ʚʳʥʫʞʜʝʥʳ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴ ʧʦʚʪʦʨʥʦ ʟʘʢʫʧʢʠ 

ʩʪʨʘʭʦʚʳʭ ʫʩʣʫʛ ʟʘ ʩʯʝʪ ʤʝʩʪʥʦʛʦ ʠʣʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʦʚ. ɺ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʋʌɸʉ ʦʪʧʨʘʚʣʝʥ ʟʘʧʨʦʩ ʥʘ ʦʮʝʥʢʫ ʧʨʘʚʦʤʦʯ-

ʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʩʪʨʘʭʦʚʦʡ ʩʬʝʨʝ, ʪ.ʢ. ʤʘʣʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʩʪʨʘ-

ʭʦʚʦʡ ʩʬʝʨʝ ï ʵʪʦ ʩʢʦʨʝʝ ʠʩʢʣʶʯʝʥʠʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʭʘʨʘʢʝʪʨʠʩʪʠʢʘ ʥʝʞʝʣʠ 

ʪʨʝʙʦʚʘʥʠʝ ʦ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʚʝʣʝʛʠʷʭ ʚ ʦʙʣʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʢʫʧʦʢ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʨʘʟʤʝʨʘ ʩʙʦʨʦʚ ʚ ʩʪʨʘʭʦʚʦʡ ʦʪʨʘʩʣʠ ʚ ʈʦʩʩʠʠ 

(ʧʦ ʠʪʦʛʘʤ 2019 ʛ. ʩʙʦʨʳ ʟʘ 3 ʢʚʘʨʪʘʣ ʩʦʩʪʘʚʠʣʠ, ʢʘʢ ʠ ʚ 2018 ʛ., 362 ʤʣʨʜ ʨʫʙ.), 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʧʨʦʜʦʣʞʘʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ 

ʙʘʨʴʝʨʳ ʜʣʷ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 29.07.2018 ʙʳʣ ʧʦʜʧʠʩʘʥ ʌʝ-

ʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 251-ʌɿ çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ɿʘʢʦʥ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ çʆʙ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʘʭʦʚʦʛʦ ʜʝʣʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʢʦʪʦʨʳʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʵʪʘʧʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʫʩʪʘʚʥʦʛʦ ʢʘʧʠʪʘʣʘ ʜʣʷ ʜʝʡʩʪ-

ʚʫʶʱʠʭ ʩʪʨʘʭʦʚʱʠʢʦʚ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʫʩʪʘʚʥʦʛʦ 

ʢʘʧʠʪʘʣʘ ʜʣʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʨʘʭʦʚʱʠʢʦʚ ʫʩʪʘʥʦʚʣʝʥ ʚ ʨʘʟʤʝʨʝ 120 ʤʣʥ ʨʫʙ., 

ʩ 01.01.2020 ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʫʩʪʘʚʥʦʛʦ ʢʘʧʠʪʘʣʘ ʩʦʩʪʘʚʠʪ 180 ʤʣʥ ʨʫʙ., ʩ 

01.01.2021 ï 240 ʤʣʥ ʨʫʙ., ʘ ʩ 01.01.2022 ï 300 ʤʣʥ ʨʫʙ. ʀʪʦʛʦʤ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ 

ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʘʭʦʚʱʠʢʦʚ, ʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠ 

ʥʝ ʩʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʫʩʪʘʚʥʦʡ ʢʘʧʠʪʘʣ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʩʫʤʤʳ. ʇʦ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦʤʫ ʧʨʦʛʥʦʟʫ ʚ 2020 ʛ. ʙʦʣʝʝ 30% ʩʪʨʘʭʦʚʱʠʢʦʚ ʤʦʛʣʠ ʧʦʢʠʥʫʪʴ ʩʪʨʘʭʦ-

ʚʦʡ ʨʳʥʦʢ ʢʘʢ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʥʦʨʤʘʪʠʚʘʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʘ-

ʢʦʥʦʤ, ʪʘʢ ʠ ʦʙʱʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʩʪʨʘʥʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʟ ʥʠʭ ʩʤʦʛʣʘ ʜʦʢʘʧʠʪʘʣʠʟʠʨʦʚʘʪʴʩʷ ʜʦ 180 ʤʣʥ ʨʫʙ. ʠ ʧʨʦʜʦʣʞʘʪ ʩʚʦʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʝʱʝ ʛʦʜ. ɺ ʪʘʙʣ. 1. ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʘʭʦʚʱʠʢʦʚ, ʥʝ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʘ ʧʦ ʫʩʪʘʚʥʦʤʫ ʢʘʧʠʪʘʣʫ ʚ ʨʘʟʨʝʟʝ ʨʝʛʠʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʢʠʥʫʪʴ ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʚ 2020ï2022 ʛʛ.  

 

ʊʘʙʣʠʮʘ 1 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʘʭʦʚʱʠʢʦʚ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ  

ʧʦ ʫʩʪʘʚʥʦʤʫ ʢʘʧʠʪʘʣʫ ʚ ʨʘʟʨʝʟʝ ʨʝʛʠʦʥʦʚ 

ɻʦʨʦʜ 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʘʭʦʚʱʠʢʦʚ 

2020 2021 2022 

ʢʦʣ-ʚʦ % ʢʦʣ-ʚʦ % ʢʦʣ-ʚʦ % 

ʄʦʩʢʚʘ 4 5,3 15 19,7 18 23,7 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 2 16,7 4 33,3 5 41,7 

ʈʝʛʠʦʥʳ 4 8,2 14 28,6 15 30,6 

ʀʪʦʛʦ: 10 7,3 33 24,1 38 27,7 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʦʜ ʫʛʨʦʟʦʡ ʙʘʥʢʨʦʪʩʪʚʘ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʩʪʨʘʭʦʚʱʠʢʦʚ, ʯʝʤ ʫʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ. ʊʘʢ, ʪʦʣʴʢʦ ʟʘ ʥʝʧʦʣʥʳʡ 2019 ʛ. ʩʪʨʘʭʦ-

ʚʦʡ ʨʳʥʦʢ ʈʦʩʩʠʠ ʧʦʢʠʥʫʣʠ 17 ʩʪʨʘʭʦʚʱʠʢʦʚ, ʠʟ ʥʠʭ ʫʩʪʘʚʥʦʡ ʢʘʧʠʪʘʣ ʤʝʥʝʝ 

180 ʤʣʥ ʨʫʙ. ʠʤʝʣʠ ʪʦʣʴʢʦ 5 ʢʦʤʧʘʥʠʡ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ 

4 ʢʦʤʧʘʥʠʠ ʧʦʢʠʜʘʣʠ ʨʳʥʦʢ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʜʨʫʛʠʤ ʠʛʨʦʢʘʤ ʠʣʠ ʧʝʨʝ-

ʜʘʯʠ ʩʪʨʘʭʦʚʦʛʦ ʧʦʨʪʬʝʣʷ, ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʘʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʫʪʝʤ ʦʪʟʳʚʘ ʣʠ-
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ʮʝʥʟʠʡ ʠ ʙʘʥʢʨʦʪʩʪʚʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʪʳʩʷʯʠ ʩʪʨʘʭʦʚʘʪʝʣʝʡ ʦʩʪʘʣʠʩʴ 

ʙʝʟ ʩʪʨʘʭʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʧʦ ʢʦʤʧʘʥʠʠ çʅɸʉʂʆè ʧʦ 

ʜʘʥʥʳʤ ʄɺɼ ʫʱʝʨʙ ʩʦʩʪʘʚʠʣ 4,2 ʤʣʨʜ ʨʫʙ.  

ʆʩʥʦʚʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʙʦʨʦʚ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʚ 2019 ʛ. ʦʩʪʘʶʪʩʷ ʙʘʥʢʠ, 

ʘʚʪʦʩʘʣʦʥʳ ʠ ʢʨʫʧʥʳʡ ʙʠʟʥʝʩ. ʅʠʢʘʢʠʭ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʚʠʜʦʚ ʥʝ ʧʦʷʚʠ-

ʣʦʩʴ ʠ ʜʘʞʝ ʚʩʪʫʧʣʝʥʠʝ ʚ ʜʝʡʩʪʚʠʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 03.08.2018 ˉ 320-

ʌɿ çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠè, ʢʦʪʦʨʳʡ ʥʘʜʝʣʷʝʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʚʣʘʩʪʠ ʧʨʘʚʦʤ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʨʘ-

ʭʦʚʱʠʢʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʚʦʟʤʝʱʝʥʠʷ ʫʱʝʨʙʘ, ʧʨʠʯʠʥʝʥʥʦʛʦ ʞʠʣʳʤ ʧʦʤʝʱʝʥʠʷʤ ʛʨʘʞʜʘʥ, ʥʝ 

ʧʨʠʥʝʩʣʦ ʥʠʢʘʢʠʭ ʥʦʚʳʭ ʪʦʣʯʢʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʤʫʱʝʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʩʪʨʘʭʦ-

ʚʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʧʘʜʝʥʠʝʤ ʨʝʘʣʴʥʳʭ ʜʦʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ ʠ 

ʵʢʦʥʦʤʠʝʡ ʥʘʩʝʣʝʥʠʷ ʥʘ ʚʩʝʭ ʠʟʜʝʨʞʢʘʭ. ʉʪʨʘʭʦʚʘʥʠʝ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʦ ʚ ʧʨʠ-

ʦʨʠʪʝʪʘʭ ʧʦ ʪʨʘʪʘʤ ʩʨʝʜʠ ʛʨʘʞʜʘʥ ʈʦʩʩʠʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 2020 ʛ. 

ʧʘʜʝʥʠʝ ʩʙʦʨʦʚ ʧʨʦʜʦʣʞʠʪʩʷ ʠ ʧʨʦʜʦʣʞʠʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʘʭʦʚʳʭ 

ʢʦʤʧʘʥʠʡ. ʇʦ ʥʘʰʠʤ ʧʨʦʛʥʦʟʘʤ ʜʦ 2022 ʛ. ʨʳʥʦʢ ʧʦʢʠʥʫʪ ʝʱʝ ʥʝ ʤʝʥʝʝ 35ï

40 ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʧʨʦʜʦʣʞʠʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʙʦʨʦʚ ʫ ʩʪʨʘ-

ʭʦʚʱʠʢʦʚ ʄʦʩʢʚʳ. ɺʳʭʦʜ ʠʟ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʚʦʟʤʦʞʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʜʤʠ-

ʥʠʩʪʨʘʪʠʚʥʳʡ, ʪ.ʢ. ʨʘʟʚʠʪʠʝ ʧʨʦʜʘʞ ʧʫʪʝʤ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʜʝʨʨʘʡʪʠʥʛʘ 

ʚ ʩʪʨʘʭʦʚʦʤ ʙʠʟʥʝʩʝ ʚ ʫʩʣʦʚʠʷʭ ʦʙʱʝʛʦ ʧʘʜʝʥʠʷ ʧʦʢʫʧʘʪʝʣʴʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʤʦʞʝʪ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʩʥʠʟʠʪʴ ʫʙʳʪʦʯʥʦʩʪʴ ʧʦ ʧʦʨʪʬʝʣʶ, ʘ ʥʝ ʫʚʝ-

ʣʠʯʠʪʴ ʩʙʦʨʳ [1, ʩ. 45-48]. ɹʝʟʫʩʣʦʚʥʦ, ʯʘʩʪʴ ʢʦʤʧʘʥʠʡ ʧʳʪʘʶʪʩʷ ʨʘʟʨʘʙʘʪʳ-

ʚʘʪʴ çʘʥʪʠʢʨʠʟʠʩʥʳʝè ʧʨʦʜʫʢʪʳ, ʥʘʧʨʠʤʝʨ, ɸʆ çɸʣʴʬʘʉʪʨʘʭʦʚʘʥʠʝè ʧʨʝʜʣʦ-

ʞʠʣʦ çʧʦʤʠʥʫʪʥʦʝ ʢʘʩʢʦè, ʦʜʥʘʢʦ ʪʘʢʠʝ ʧʨʦʜʫʢʪʳ ʦʩʪʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʥʠʰʝʚʳʤʠ ʠ ʨʘʜʠʢʘʣʴʥʦ ʥʝ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʠʪʴ ʨʘʩʢʣʘʜʳ ʥʘ ʩʪʨʘʭʦʚʦʤ ʨʳʥ-

ʢʝ [2, ʩ. 38-40]. ʀʟ ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʦʚ ʩʙʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʢʘʥʘʣ ʢʨʫʧ-

ʥʳʡ ʙʠʟʥʝʩ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʢʫʧʢʠ ʚ ʩʬʝʨʝ ʩʪʨʘʭʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʢʦʤʧʘ-

ʥʠʡ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʝʤ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʢʨʫʧʥʳʭ ʢʦʥʢʫʨʩʦʚ ʚʳʠʛʨʳʚʘʝʪ ɸʆ çʉʆɻɸɿè, ʪ.ʢ. ʥʝʮʝʥʦʚʳʝ ʢʨʠʪʝʨʠʠ 

ʦʪʙʦʨʘ ʩʪʨʘʭʦʚʱʠʢʘ ʚʳʩʪʨʦʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʫʯʘʩʪʠʝ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʝʩʩʤʳʩʣʝʥʥʳʤ ʠʣʠ ʚʳʙʦʨ ʩʪʨʘʭʦʚʱʠʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ ʢʦʥ-

ʢʫʨʩʘ (ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʦʩʪʘʚʱʠʢ) [5 ʩ. 14-26, 6 ʩ. 38-41]. ɺʳʩʪʨʘʠʚʘʥʠʝ ʢʦʥʢʫ-

ʨʝʥʪʥʳʭ ʫʩʣʦʚʠʡ ʙʫʜʝʪ ʚʳʛʦʜʥʦ ʚʩʝ ʩʪʦʨʦʥʘʤ, ʚʢʣʶʯʘʷ ɸʆ çʉʆɻɸɿè, ʪ.ʢ.: 

- ʩʥʠʟʠʪʩʷ ʩʪʨʘʭʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʫʣʫʯʰʠʪʩʷ ʩʝʨʚʠʩʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʜʠʥ ʩʪʨʘʭʦʚʱʠʢ ʜʠʢʪʫʝʪ ʫʩʣʦʚʠʷ ʩʪʨʘʭʦ-

ʚʘʥʠʷ (ʚʢʣʶʯʘʷ ʩʪʨʘʭʦʚʫʶ ʧʨʝʤʠʶ) ʜʣʷ ʚʩʝʭ ʢʦʤʧʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʥʝʬʪʝʛʘʟʦ-

ʚʦʡ ʦʪʨʘʩʣʠ. ʇʨʠ ʜʦʧʫʩʢʝ ʚ ʦʪʨʘʩʣʴ ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ ʩʪʨʘʭʦʚʦʛʦ ʨʳʥʢʘ ʧʦʷʚʠʪʩʷ 

ʢʘʢ ʮʝʥʦʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ, ʪʘʢ ʠ ʢʦʥʢʫʨʝʥʮʠʷ ʧʦ ʥʘʧʦʣʥʝʥʠʶ ʩʪʨʘʭʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ; 

- ʩʪʨʘʭʦʚʳʝ ʢʦʤʧʘʥʠʠ ʧʦʣʫʯʘʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʩʙʘʣʘʥ-

ʩʠʨʦʚʘʥʥʳʡ ʧʦʨʪʬʝʣʴ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʥʝ ʠʤʝʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʧʦʨʪʬʝʣʴ ʠʟ-ʟʘ ʥʝʜʦʧʫʩʢʘ ʥʘ ʮʝʣʳʝ 

ʩʝʛʤʝʥʪʳ ʨʳʥʢʘ, ʧʦʵʪʦʤʫ ʚʳʥʫʞʜʝʥʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʤʦʪʦʨʥʳʭ ʚʠʜʘʭ 

ʩʪʨʘʭʦʚʘʥʠʷ (ʢʘʩʢʦ, ʆʉɸɻʆ); 




