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ʌ503 ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ: 

ʩʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. ï ʊʦʤʩʢ, 2015. ï 340 ʩ. 

 

 
ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʚʢʣʶʯʘʝʪ ʤʘʪʝʨʠʘʣʳ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʤʝʜʠʮʠʥʝè. ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 3ï 6 ʠʶʥʷ 2015 ʛ. 

ʄʘʪʝʨʠʘʣʳ ʩʙʦʨʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 
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ʀ. ɸ. ɾʫʨʘʚʣʝʚ 309 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʍʈɸʅɽʅʀʗ ɼɸʅʅʓʍ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʄɸʊɽʈʀɸʃʆɺ  
ɸ.ʄ. ɿʘʭʘʨʦʚ, ɸ.ɺ. ʆʙʭʦʜʩʢʠʡ 310 

 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ɹʃʆʂɸ ʎɽʅʊʈʆɹɽɾʅʓʍ ʕʂʉʊʈɸʂʊʆʈʆɺ, ʕʂʉʊʈɸʂʎʀʆʅʅʆʁ 

ʊɽʍʅʆʃʆɻʀʀ ʇɽʈɽʈɸɹʆʊʂʀ ʆʗʊ ʈʋ ɹʈɽʉʊ-ʆɼ-300  
ɽ.ʇ. ɿʝʣʝʥʝʮʢʘʷ, ɸ.ɻ. ɻʦʨʶʥʦʚ, ʆ.ɺ. ʐʤʠʜʪ, ɽ.ɻ. ʇʫʟʠʢʦʚ 311 

 

ʅɽʏɽʊʂɸʗ ʄʆɼɽʃʔ ɸɼɸʇʊʀɺʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ɹʋʌɽʈʅʆʁ ɽʄʂʆʉʊʔʖ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʏɸʉʊʆʊʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ  
ʂ.ɸ. ʀʚʘʥʦʚ, ɸ.ɻ. ɻʦʨʶʥʦʚ 312 

 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʅʆɻʆʌʋʅʂʎʀʆʅɸʃʔʅʆɻʆ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ 

ʋʉʊʈʆʁʉʊɺɸ ɸʅɸʃʀɿɸ ʇɸʈɸʄɽʊʈʆɺ ʉʀʃʆɺʓʍ ʎɽʇɽʁ  
ʉ.ɸ. ʀʣʴʠʥʳʭ, ɺ.ʄ. ʇʘʚʣʦʚ, ʉ.ɺ. ʄʝʨʢʫʣʦʚ 312 

 

ʈɸɿʈɸɹʆʊʂɸ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʉʊɽʅɼɸ ɻʈɸɼʋʀʈʆɺʂʀ ʈɸʉʍʆɼʆʄɽʈʆɺ ʀ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʉɸʋ ʈɸʉʍʆɼʆʄ ɺʆɿɼʋʍɸ  
ʅ.ɹ.ɻʫʨʦʚʘ, ɽ.ʉ ʂʠʪʘʝʚʘ., ɸ.ɸ. ɼʝʥʠʩʝʚʠʯ 313 
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ʃɸɹʆʈɸʊʆʈʅʓʁ ʉʊɽʅɼ ɼʃʗ ɻʈɸɼʋʀʈʆɺʂʀ ʇʈʆʄʓʐʃɽʅʅʓʍ ɼɸʊʏʀʂʆɺ ʋʈʆɺʅʗ  
ɸ.ɺ. ʂʣʠʤʝʥʢʦ, ʄ.ʉ. ʉʪʫʣʠʥ 314 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʊɽʅɼɸ ɼʃʗ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʇʈɸʂʊʀʂʋʄɸ ʇʆ ʂʋʈʉʋ çʄɽʊʆɼʓ ʂʆʅʊʈʆʃʗ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʗɼɽʈʅʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʋʉʊɸʅʆɺʆʂè 

 ʃ. ɼ ʂʦʞʫʭʦʚʩʢʘʷ, ɸ. ɸ. ɼʝʥʠʩʝʚʠʯ                                                                                                                             315 

 

çʄɽʊʆɼʓ ʂʆʅʊʈʆʃʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʗɼɽʈʅʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ 

ʋʉʊɸʅʆɺʆʂè  
ʃ. ɼ ʂʦʞʫʭʦʚʩʢʘʷ, ɸ. ɸ. ɼʝʥʠʩʝʚʠʯ 315 

 

ʋʄʅʓʁ ɼʆʄ ɿɸ 10$  
ʗ. ɸ. ʂʦʥʜʨʘʰʝʚ ɺ.ɸ. ʂʫʨʦʯʢʠʥ 316 

 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʇʈʆɺɽʈʂɸ ɺʆɿʄʆɾʅʆʉʊʀ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆɻʆ 

ʀʅɼʋʂʎʀʆʅʅʆɻʆ ʅɸɻʈɽɺɸ ʈɸʉʊɺʆʈʆɺ ʉʆʃɽʁ ʊʆʂɸʄʀ ɼʆ 100ʂɻʎ  
ɺ.ɸ. ʂʫʨʦʯʢʠʥ 317 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʉʈɽɼʉʊɺɸ, ʄʆɼɽʃʀʈʋʖʑɽɻʆ ʇʈʆʎɽʉʉʓ ʗɼɽʈʅʆɻʆ 

ʊʆʇʃʀɺʅʆɻʆ ʎʀʂʃɸ  
ʂ.ɺ. ʃʘʨʠʥʘ, ʖ.ɸ. ʏʫʨʩʠʥ, ɸ.ʀ. ɻʦʞʠʤʦʚ 318 

 

ʃʀʅɽɸʈʀɿʆɺɸʅʅɸʗ ʄʆɼɽʃʔ ɼʃʗ ʄɸɻʅʀʊʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʇʃɸɿʄʆʁ ɺ ʊʆʂɸʄɸʂɽ  
ɸ.ʄ. ʃʠ, ɺ.ʄ. ʇʘʚʣʦʚ 319 

 

ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʂʆʃʆʅʅʆʁ ɾʀɼʂʆʉʊʅʆʁ ʍʈʆʄɸʊʆɻʈɸʌʀʀ 

ʅɸ ɹɸɿɽ MPC  
ɸ.ʆ. ʄʘʢʦʚʝʝʚ, ʀ.ʉ. ʅʘʜʝʞʜʠʥ, ʉ.ʅ. ʃʠʚʝʥʮʦʚ 320 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʆɹʈɸɹʆʊʂʀ ɼɸʅʅʓʍ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʄɸʊɽʈʀɸʃʆɺ  
ʂ.ɸ. ʄʘʤʘʝʚ, ɸ.ɺ. ʆʙʭʦʜʩʢʠʡ 320 

 

ɸʃɻʆʈʀʊʄ ʋʉʈɽɼʅɽʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɽʈɽʄɽʅʅʓʍ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ 

ʇʈʆʎɽʉʉʆʄ ɼɽʉʋɹʃʀʄɸʎʀʀ ɻɽʂʉɸʌʊʆʈʀɼɸ ʋʈɸʅɸ  
ɸ. ʇ. ʄʘʨʢʝʣʦʚʘ, ɸ.ɺ.ɺʠʣʴʥʠʥʘ, ʉ.ʅ.ʃʠʚʝʥʮʦʚ 321 

 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ʀʉʊʆʏʅʀʂɸ ʀʄʇʋʃʔʉʅʆɻʆ ʕʃɽʂʊʈʆʇʀʊɸʅʀʗ ʎɽʅʊʈɸʃʔʅʆɻʆ 

ʉʆʃɽʅʆʀɼɸ ʊʆʂɸʄɸʂɸ ʂʊʄ  
ʀ.ʀ. ʄʘʪʘʥʥʘʥʦʚ, ɼ.ɹ. ɿʘʨʚʘ, ɺ.ʄ. ʇʘʚʣʦʚ 322 

 

ʆʈɻɸʅʀɿɸʎʀʗ ɹʖɼɾɽʊʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʗ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆʁ ʋʉʊɸʅʆɺʂʆʁ 
ʉ.ɸ. ʄʠʪʷʝʚ, ɺ.ɸ. ʂʫʨʦʯʢʠʥ 323 

 

ʅɽʏɽʊʂɸʗ ɸɼɸʇʊʀɺʅɸʗ ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ ʅɽʉʊɸʎʀʆʅɸʈʅʓʄ ʆɹʒɽʂʊʆʄ  
ʀ.ʉ. ʅʘʜʝʞʜʠʥ, ɸ.ɻ. ɻʦʨʶʥʦʚ, ʂ.ɸ. ʂʦʟʠʥ, ʌ. ʄʘʥʝʥʪʠ 324 

 

ʇɸʉʉʀɺʅɸʗ ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʅɽʉʊɸʎʀʆʅɸʈʅʓʍ ʆɹʒɽʂʊʆɺ ɺ ɿɸʄʂʅʋʊʆʄ ʂʆʅʊʋʈɽ 

ʋʇʈɸɺʃɽʅʀʗ  
ʀ.ʉ. ʅʘʜʝʞʜʠʥ, ɸ.ɻ. ɻʦʨʶʥʦʚ, ɺ.ʌ. ɼʷʜʠʢ, ʌ. ʄʘʥʝʥʪʠ 325 

 

ɸʃɻʆʈʀʊʄ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʋɿʃʆʄ ɼɽʉʋɹʃʀʄɸʎʀʀ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ɻɽʂʉɸʌʊʆʈʀɼɸ ʋʈɸʅɸ  
ɸ.ɺ. ʅʠʢʦʣʘʝʚ, ʅ.ʉ. ʂʨʠʥʠʮʳʥ, ɺ.ʌ. ɼʷʜʠʢ 326 
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ʈɽɸʃʀɿɸʎʀʗ ʉʊɽʂɸ ʇʈʆʊʆʂʆʃʆɺ TCP/IP ʉ ʅɸ ʆʉʅʆɺɽ ʄʀʂʈʆʂʆʅʊʈʆʃʃɽʈɸ ʉ ʗɼʈʆʄ 

Cortex-M4 ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊʆʗʅʀʗ ʀ ʋʇʈɸɺʃɽʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄʀ 

ʆɹʒɽʂʊɸʄʀ  
ʈ.ɸ. ʅʫʨʤʫʭʘʤʝʪʦʚ, ʖ.ɸ ʏʫʨʩʠʥ 327 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʋʉʊɸʅʆɺʂʀ ɼʃʗ ʀɿʄɽʈɽʅʀʗ ʇɸʈɸʄɽʊʈʆɺ ʎʀʌʈʆɺʓʍ 

ɹʓʉʊʈʆɼɽʁʉʊɺʋʖʑʀʍ ʂɸʄɽʈ  
ɸ.ʍ. ʆʟʜʠʝʚ, ɼ.ɸ. ʂʘʨʧʦʚ 328 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʅʀʊʈɸʊɸ ʋʈɸʅʀʃɸ ɺ ʃʀʅɽʁʅʆʄ 

ʂʈʀʉʊɸʃʃʀɿɸʊʆʈɽ ʇʈʀ ʇʆʄʆʑʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ SIMSAR  
ɸ.ʀ. ɻʦʞʠʤʦʚ, ʖ.ɸ ʏʫʨʩʠʥ, ɸ.ʆ. ʆʯʦʘ ɹʠʢʵ, ʆ.ɺ. ʐʤʠʜʪ 329 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺʓʇɸʈʅʆɻʆ ɸʇʇɸʈɸʊɸ  
ɸ.ɸ. ʇʦʣʦʩʠʥ, ʉ.ʅ. ʃʠʚʝʥʮʦʚ, ɽ.ɺ. ɽʬʨʝʤʦʚ, ʇ.ʇ. ʃʦʢʪʶʰʠʥ 330 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʉʊɽʅɼɸ  

ʇʆ ʀʉʉʃɽɼʆɺɸʅʀʖ ʉʀʉʊɽʄʓ çʏɸʉʊʆʊʅʓʁ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʔ ï ɸʉʀʅʍʈʆʅʅʓʁ 

ɼɺʀɻɸʊɽʃʔè  
ɸ.ʅ. ʇʫʰʠʥʩʢʘʷ, ʊ.ʉ. ʏʝʨʥʷʝʚʘ, ʖ.ɸ. ʏʫʨʩʠʥ 331 

 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɸʇʇɸʈɸʊɸ ɻʀɼʈʆʌʊʆʈʀʈʆɺɸʅʀʗ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ɻɽʂʉɸʌʊʆʈʀɼɸ ʋʈɸʅɸ  
ʆ.ʇ. ʉʘʚʠʪʩʢʠʡ, ɺ.ʌ. ɼʷʜʠʢ 332 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʓ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʌʆʈʄɸʊɸ ʌɸʁʃɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ 

ɼɸʅʅʓʍ  
ɸ.ɸ. ʉʦʣʦʤʳʢʠʥ 333 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʊɽʅɼʆɺ ɼʃʗ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʇʈɸʂʊʀʂʋʄɸ ʇʆ ʂʋʈʉʋ 

çʕʃɽʂʊʈʆʊɽʍʅʀʏɽʉʂʆɽ ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽè  
ɸ. ɸ. ʊʝʨʤʝʨ, ɸ. ɺ. ʏʫʙʫʢʠʥ., ɸ. ɸ. ɼʝʥʠʩʝʚʠʯ 334 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʇʈɽʉʆɺɸʅʀʗ ʊʆʇʃʀɺʅʓʍ ʊɸɹʃɽʊʆʂ ɺ ʉʊɸʎʀʆʅɸʈʅʆʄ 

ʈɽɾʀʄɽ  
ɼ.ʉ. ʌʸʜʦʨʦʚ, ɸ.ʆ. ʇʣʝʪʥʸʚ, ɸ.ɸ. ɼʝʥʠʩʝʚʠʯ 335 

 

ʀʉʇʓʊɸʅʀʗ ʇʈʆʄʓʐʃɽʅʅʓʍ ɼɸʊʏʀʂʆɺ ʨʅ, ʋɼɽʃʔʅʆʁ ʕʃɽʂʊʈʀʏɽʉʂʆʁ 

ʇʈʆɺʆɼʀʄʆʉʊʀ ʀ ʀʆʅʆɺ ɸʄʄʆʅʀʗ ʌʀʈʄʓ WTW   
ɸ.ʃ. ʍʫʩʥʫʣʠʥʘ, ɼ.ʖ. ʂʦʣʦʢʦʣʦʚ, ʃ.ʈ. ʄʝʨʠʥʦʚʘ 335 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʊʈʋʂʊʋʈʓ ʋʏɽɹʅʆ-ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʉʊɽʅɼɸ ʇʆ ʀʉʉʃɽɼɺɸʅʀʖ 

ʉʀʉʊɽʄʓ çʏɸʉʊʆʊʅʓʁ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʔ ï ɸʉʀʅʍʈʆʅʅʓʁ ɼɺʀɻɸʊɽʃʔè  
ʊ.ʉ. ʏʝʨʥʷʝʚʘ, ɸ.ʅ. ʇʫʰʠʥʩʢʘʷ, ʖ.ɸ. ʏʫʨʩʠʥ 336 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆʊʆʂʆʃɸ ʀ ʌʆʈʄɸʊɸ ɼɸʅʅʓʍ ɼʃʗ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʂʆʄʇʆʅɽʅʊʆɺ 

ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʄɸʊɽʈʀɸʃʆɺ  
ɼ.ʄ. ʐʫʤʘʝʚ, ɸ.ɺ. ʆʙʭʦʜʩʢʠʡ 337 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɹɽʉʇʈʆɺʆɼʅʓʍ ʉʊɸʅɼɸʈʊʆɺ ʉɺʗɿʀ  
ʀ.ɼ. ʑʝʨʙʘʢʦʚ, ɺ.ɸ.ʂʫʨʦʯʢʠʥ 338 

 



 

25 

ʢʮʠʷ 1 ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝ 

ʉʝʢʮʠʷ 1 ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

  

ʉʝʢʮʠʷ 1

ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ 
ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 
ʫʩʪʘʥʦʚʢʠ



VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

 

 

26 

ALTERNATIVE SOURCES OF ELECTRIC ENERGY: WIND GENERATOR  

Y.Y.An 
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E-mail: julianankz552@gmail.com 

Nowadays more and more attention is paid to conservation of natural resources and environmental protection. 

Humanity needs alternative sources of energy that are both environmentally friendly and cheap. 

The objective of the study is to compare the existing modified models of the wind generator. 

The following tasks were set: 

1. To investigate the basic methods of generating electrical energy.  

2. To study the operating principles of the wind generator. 

3. To consider the widely known models of wind generators. 

4. To compare the widely known models with wind generators. 

Thus, if we can create affordable, cheap, environmentally friendly energy storage, we will obtain cost-effective 

wind generators. 

Nowadays there are several alternative methods of generating electricity, but all of them are far from being 

perfect. The wind generator has many advantages, although fuel generators are still most common. They have increased 

wear and high fuel consumption, they also produce harmful emissions and their production is expensive. Itôs known that 

non-renewable reserves of energy sources (oil, gas) are exhausted. Although coal reserves will be sufficient for some 

more time, the power plants working on coal are environmentally unfriendly. They emit CO2, CO and carbon dust into 

the atmosphere. Itôs obvious that new sources of energy are required. Wind power plant converts the kinetic energy of 

wind into mechanical and electrical energy. This plant is convenient for practical use. 

Having made several attempts to create the wind generator and studied theoretical background of the new 

sources of energy, we have come to the conclusion that the obtained energy could be used in practice, but it requires a 

relatively large size of the valve. Taking into account all these facts and also the complexity of mechanical structures, 

some processes had to be simulated. Similar calculations can be made for the entire structure. If ề = 1 kg / m, r = 2m, ᾇ 

= 5 m / s, N = 750 watts. And if the speed of wind increases up to 10 m / s, the output power will be 6280 W, which is 

acceptable for practical application. 

If a big wind generator with r = 5 m is installed in windy weather, the plant capacity increases to 50,000 watts, 

while in calm weather it reaches 2.5 kW. 
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One of the important elements of NPP (Nuclear Power Plant) with reactors with pressurized water of VVER 

and PWR type is a steam generator (SG), which generates steam for the turbine generator and production of electricity. 
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Currently in NPP with VVER, SG like PGW-440 and PGW-1000 are used. Their construction, in comparison with the 

project design has undergone changes and modifications during the operation. The process of improving SG, which are 

in operation, continues. This is due to the need to extend the life of existing plants (steam generators of PGW-440 type 

at a number of nuclear power plants are currently in operation beyond the project life of 30 years). At the same time, 

ways to increase the power (efficiency) as well to reduce the size of SG for easy transportation and installation are 

constantly studied.  

The purpose of this work is to identify and consider the problems arising during the operation of steam 

generators. 

The objective of this research work is to consider the issues related to: 

- extending the life of existing and planned facilities; 

- increasing the power of a steam unit; 

- reducing the size of the steam generators and as a consequence the simplification of transportation; 

- increasing in the level of water chemical regime; 

- the problem of corrosion. 

It should be noted that starting from the first projects of steam generators, increasing of their power was held 

with the help of reducing the size of pipes (21ʭ1,5 in the first projects and 16ʭ1,5 in PGW-1000M) and increasing in 

their number (from 2074 to 10978 tubes) .To reduce the size of SG, it is required to put as much as possible of heat 

exchanger tubes in the unit. 

In the work, two options of heat exchanger bundle for reducing the size of the steam generator are offered: 

               - with pipes 16ʭ1,5 mm and steps 24ʭ20 mm; 

               - with pipes 15ʭ1,4 mm and steps 24ʭ20 mm.  

Design of SG in NPP with VVER has great potential in terms of improving the reliability service life and 

reducing maintenance costs. In view of the increasing demands of the water chemical regime and conducting necessary 

research and development work, the goal for new SG projects with life of 50-60 years was set. Key design decisions of 

horizontal SG can be used for new power capacity to 1600 MW, which are competitive in the global energy market. 

The main direction of work on improving the reliability and performance of the SG in operation and units 

under development is to provide water chemical regime requirements at the level no worse than achieved at the world 

level. Also, promising is the direction the main objective of which is the optimum change in size and number of heat 

exchanger tubes, which will reduce the size of steam unit and improve its operating parameters. Besides, the choice of 

construction materials, with the highest corrosion resistance, plays an important role in the reliable operation of the 

steam generator.    
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Presented the results of theoretical and experimental studies of the formation of microwave pulses with the 

adjustable power, duration, repetition rate and the envelope form during energy output from the cavity by controlled 

transformation of the oscillation mode at the waveguide stub coupling aperture [1]. Pulse parameters are changed by 

adjustable elements of the coupling of modes, which directly affect to the coefficient of the coupling of modes h. In this 

work the possibility to form a series of subnanosecond duration MW pulses at a fractional energy output and 

nanosecond pulses of various lengths at a single complete output of high frequency energy from the compressor cavity 

are demonstrated. The shape of the pulses is calculated through the recurrence relations between the amplitudes of 

waves in the system, the relations between which have been recorded according to the scattering matrix method. 

  

Figure 1. Comparative analysis of the calculated and experimental output pulse envelopes at h = 0.9 and a different 

electrical length of the stub j:  a) j = 0; b) j = 1; c) j = 2; d) subnanosecond length pulse, h = 0.9, j = 0. Time 

scanning in the oscillograms is 10ns per division. 

Figures 1a-1d show comparative analyses of the calculated and experimental output pulse envelopes generated 

in the compressor with the coefficient of the coupling of modes h = 0.9 and the electrical length of the stub j  variable 

within the range 0 .. ́.  Fig. 1d shows the possibility of formation of subnanosecond duration MW pulses by applying 

the studied method. Using the coupling element stack, we therefore can generate a series of pulses with a high repetition 

rate in the range of the excitation pulse. Pulses with a duration of 8-10 nanoseconds, working frequency 9.248 GHz, 

were obtained by experiment in the X-band MW pulse compressor. The gain of this compressor is 8-9 dB. 

The work was performed as part of the "Science" state order of the Russian Ministry of Education and Science. 
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A wind turbine is a popular name for a device that converts kinetic energy from the wind into electrical power. 

Technically there is no turbine used in the design but the term appears to have migrated from parallel hydroelectric 

technology. The correct description for this type of machine would be aerofoil-powered generator. 

Strictly speaking wind generator can be made from a few magnets, coils of wire and a piece of plywood for the 

blades. Fully working wind generator will not do without the following components: 

¶ The rotor; blades; wind turbine; tail, orienting the rotor against the wind 

¶ Generator 

¶ The mast with stretch marks 

¶ Charge controller 

¶ Batteries  

¶ Inverter  

30.5 ʨʝʜ ʛʝʥP Sx u r h h= Ö Ö Ö Ö Ö Ö 

For a rough calculation of wind turbine power different formulas can be used but it is better to use the following:  

here x - is the coefficient of wind use (WEUC) , S  - working area of the wind turbine, u- the speed of the incoming 

flow, r- flux density, gmh - the efficiency of the gear unit / multiplier, genh - the efficiency of the generator. 

In calculations it is necessary to take into account different WEUC values for different types of generators. 

Vertical wind turbine WEUC can reach about 0.4-0.5, and it does not exceed 0.3 for wind turbines with a horizontal 

rotation axis. 

The obtained electrical energy is not ready to use yet: recorded directly from the generator electric energy will 

vary depending on the wind speed. To make a usable energy it is necessary to accumulate energy so that it can be 

converted subsequently for certain tasks. To solve this problem the so-called "buffer", a battery that stores energy and a 

charge controller which is necessary for the proper battery charge is applied. 
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Conservation of energy states that the total amount of energy in an isolated system remains constant. In 

thermodynamics, the first law of thermodynamics is a statement of the conservation of energy for thermodynamic 

systems. 

The energy conservation law is a mathematical consequence of the shift symmetry of time; energy 

conservation is implied by the empirical fact that physical laws remain the same over time. 

Ancient philosophers as far back as Thales of Miletus had inklings of the conservation of some underlying 

substance of which everything is made. However, there is no particular reason to identify this with what we know today 

as "mass-energy" (for example, Thales thought it was water). 

Ancient philosophers as far back as Thales of Miletus had inklings of the conservation of some underlying 

substance of which everything is made. However, there is no particular reason to identify this with what we know today 

as "mass-energy" (for example, Thales thought it was water). 

With the discovery of special relativity by Albert Einstein, it was found that energy is one component of an 

energy-momentum 4-vector. 

In quantum mechanics, energy is defined as proportional to the time derivative of the wave function. 
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During the operating time of nuclear reactor, there are a lot of nuclides with the different physical properties generated as 

fission products. Among these nuclides, there are some isotopes which have special characteristics and strong absorb neutron that 

affect to the physical properties of fuel assemblies. The investigation of the burnup processes that happen inside the reactor, 

especially the transmutation of U235 as well as other nuclides that formed in reactor is very important. By understanding this, the plant 

could be operated safety, prolonged the life time of reactor and reduced the nuclear wastes. [1] 

This paper will present the research results of the nuclides transformation in fuel assemblies at the Tomsk research reactor 

[2] based on MCU Monte Carlo calculations [3]. 

In operating mode of reactor, the concentration of U235 will decrease by the burning-up process. But there are a lot of new 

nuclides formed as reaction products. To determine which nuclides significantly affecting to fuel assembly properties, it must be 

calculated the contribution of every individual isotope to the general absorbed reaction rate. There are 20 isotopes with the highest 

impact on the neutron-physical properties of fuel assemblies chosen to be researched: U235, Xe135, Nd143, Sm149, U236, U238, Pu239, 

Rh103, Pm147, Cs133, Xe131, Sm151, U234, Tc99, Sm152, Nd145, Pm148m, Sm150, Eu153, Np237, Pu240 and Mo95.  

Due to the calculations, the discrete concentration values for those isotopes had been received. By using the linear 

interpolation method to show the mathematical forms of every single isotope [4], the transmuted rules of above nuclides will be 
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changed differently. For example, the concentration of U235 after 20 days of operating time will change by the linear function, Np237 

change by a quadratic mathematical one, meanwhile Sm149 and Pu239 transform with the completely complex forms.  

The reason causes this phenomenon is that some of those nuclides are not only reaction products that generated after a 

period of operating time of reactor, they are also a fissile isotope and decays by time. All of these factors contribute to the burnup 

process. Otherwise the others, U235, are only fissile isotope and are not a product of any reaction and get the more simple 

mathematical equations.  

According to the calculated data, the experiments have been done with the periods of time 20 and 50 days, respectively, are 

more accurate, their deviations are less than 1%. Additionally, the optimal period of time for measuring ï 50 days because the 

absolute deviation corresponding to this time is lowest when compare to all of the others. Comparing the 8-tubes assembly to 6-tubes 

assembly, the absolute deviations for Pu239, Pu240 and Np237 are more than 7 %. For the rest, the absolute differences will be less than 

3 %. 

REFERENCES 

1. Uranium Enrichment, [Electronic source]. URL: http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Conversion-

Enrichment-and-Fabrication/Uranium-Enrichment/. ï 23.04.2015 

2.  V. A. Varlachev, G.G. Glukhov, V.S. Skuridin, Research nuclear reactor IRT-T, Tomsk Polytechnic University (in Russian), 

2011. 

3.  N. I. Alekseev, E. A. Gomin, MCU-PTR Program for High-Precision Calculation of Pool and Type Research Reactors, 

Atomic En., 109/3 (2011) 149-156. 

4. Jan Dufek, Development of New Monte Carlo Methods in Reactor Physics, Doctoral thesis, Royal Institute of Technology, 

2009, p. 34. 
 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʕʄʀ ʄɽʊʆɼʆʄ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʉɺʏ ʀʄʇʋʃʔʉʆɺ ɺ 

ʄʅʆɻʆʂɸʅɸʃʔʅʆʁ ʈɽɿʆʅɸʅʉʅʆʁ ʉʀʉʊɽʄɽ  

ɹ.ɸ. ɸʣʝʢʩʝʝʚ, ʇ.ʖ. ʏʫʤʝʨʠʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: chumerinpy@tpu.ru  
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʕʄʀ) ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚ ʫʩʪʨʦʡʩʪʚʝ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʩʪʝʤ ʩ ʵʢʚʠʜʠʩʪʘʥʪʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʨʘʩʪʘʶʱʠʤ 

ʠʥʪʝʨʝʩʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʉɺʏ-ʵʥʝʨʛʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʷʭ, ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ 

ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʠ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʝ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʉɺʏ ʚ 

ʨʝʟʦʥʘʥʩʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʕʄʀ ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʠʤ ʧʨʠʙʦʨʘʤ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʝʥʴʰʠʤʠ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʩʝʪʠ ʧʠʪʘʥʠʷ. 

ʇʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ, ʩʚʷʟʘʥʘ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʉɺʏ 

ʢʦʤʤʫʪʘʪʦʨʦʚ. 

ɿʘʜʘʯʘ, ʨʝʰʘʝʤʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʕʄʀ 

ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʟʦʥʘʥʩʥʳʭ 

ʩʠʩʪʝʤ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʭʝʤʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʦʥʘʪʦʨʦʚ ʙʝʛʫʱʝʡ ʚʦʣʥʳ. ʄʝʪʦʜʦʤ ʤʘʪʨʠʮ ʨʘʩʩʝʷʥʠʷ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ 

http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Conversion-Enrichment-and-Fabrication/Uranium-Enrichment/
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

 

 

32 

ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʥʘ ʚʳʭʦʜʝ ʩʠʩʪʝʤʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʥʦʡ ʨʘʩʪʨʦʡʢʠ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʠ ʨʝʟʦʥʘʪʦʨʘ ʩ ʪʨʘʢʪʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʥʘʛʨʫʟʢʦʡ, ʠ 

ʧʦʪʝʨʷʤʠ ʚ ʨʝʟʦʥʘʥʩʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʦʚ. ʇʦʢʘʟʘʥʦ ʯʪʦ N ʛʝʥʝʨʘʪʦʨʦʚ, 

ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʝ ʤʦʱʥʦʩʪʠ ʠ ʦʙʱʫʶ ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʜʚʠʥʫʪʳʭ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ ʨʘʚʥʳʝ ʠʥʪʝʨʚʘʣʳ ʯʘʩʪʦʪ (æf) ʠ ʚʢʣʶʯʝʥʥʳʭ ʥʘ ʦʙʱʫʶ ʥʘʛʨʫʟʢʫ ʯʝʨʝʟ ʧʨʦʭʦʜʥʳʝ 

ʨʝʟʦʥʘʪʦʨʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʝʟʦʥʘʥʩ ʥʘ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʛʦ ʝʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ:  

¶ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʟʦʥʘʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1/NĿæf. ʅʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ fʩʨ = (fn ï f1)/2, ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʨʘʚʝʥ 1/æf, ʘ ʤʦʱʥʦʩʪʴ, 

ʧʦʯʪʠ ʚ N2 ʨʘʟ, ʙʦʣʴʰʝ, ʯʝʤ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʛʝʥʝʨʘʪʦʨʦʚ. ɿʜʝʩʴ f1, fn -ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ 

ʧʝʨʚʦʛʦ ʠ ʧ-ʛʦ ʛʝʥʝʨʘʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  

¶ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʠʢʦʚʘʷ 

ʤʦʱʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʜʦ (1.2-1.3) N2 ʨʘʟ. 

 

 

ɺʃʀʗʅʀɽ ʅʋʂʃʀɼʅʆɻʆ ʉʆʉʊɸɺɸ ʊʆʇʃʀɺʅʆʁ ɿɸɻʈʋɿʂʀ ʅɸ ʈɸɿʄʅʆɾɸʖʑʀɽ ʀ 

ɺʆʉʇʈʆʀɿɺʆɼʗʑʀɽ ʉɺʆʁʉʊɺɸ ɸʂʊʀɺʅʆʁ ɿʆʅʓ ʈɽɸʂʊʆʈʅʆʁ ʋʉʊɸʅʆɺʂʀ ʂʃʊ-40ʉ 

ɼ.ʌ. ɹʘʡʙʘʢʦʚ, ɸ.ɺ. ɻʦʜʦʚʳʭ, ɺ.ʅ. ʅʝʩʪʝʨʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 
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ɼʣʷ ʦʪʜʘʣʸʥʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʝʡʯʘʩ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ ʪʦʧʣʠʚʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʱʝʨʙʦʤ. ʆʮʝʥʢʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʦʚ ʨʘʟʫʤʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ [1, 2]. ʈʋ ʂʃʊ-40ʉ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʧʣʘʚʫʯʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʘʪʦʤʥʦʡ 

ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʩʥʘʙʞʝʥʠʷ ʪʘʢʠʭ ʨʘʡʦʥʦʚ ʪʝʧʣʦʚʦʡ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʜʣʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʨʘʙʦʪʳ ʜʦ 

ʧʝʨʝʛʨʫʟʢʠ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʦʝ, ʦʪʯʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʟʤʥʦʞʝʥʠʷ (kʵʬ) ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʂɺ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ kʵʬ ʠ ʂɺ ʥʘ ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ ʦʪ ʥʫʢʣʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʘ ʠ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʝʣʷʱʝʛʦʩʷ ʥʫʢʣʠʜʘ. 

ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʩʷ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʨʝʰʝʥʠʠ 26-ʛʨʫʧʧʦʚʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʠʬʬʫʟʠʠ ʥʝʡʪʨʦʥʦʚ ʩ ʫʯʸʪʦʤ ʧʦʧʨʘʚʦʢ 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʨʝʟʦʥʘʥʩʥʫʶ ʩʘʤʦʵʢʨʘʥʠʨʦʚʢʫ [3, 4]. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʣʠʷʥʠʝ 

ʥʫʢʣʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʦʜʝʨʞʘʥʠʷ ʜʝʣʷʱʝʛʦʩʷ ʥʫʢʣʠʜʘ ʥʘ ʨʘʟʤʥʦʞʘʶʱʠʝ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʂʃʊ-40ʉ ʥʘ ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ.  

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʜʝʣʷʱʝʛʦʩʷ 

ʠʟʦʪʦʧʘ ʩʚʳʰʝ 5 % ʧʦ ʤʘʩʩʝ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʫ ʢʦʤʧʦʟʠʮʠʠ 232Th+233U, ʜʦ 5 % ï ʫ ʢʦʤʧʦʟʠʮʠʠ 238U+239Pu, 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʜʝʣʷʱʝʛʦʩʷ ʠʟʦʪʦʧʘ ʩʚʳʰʝ 10 % ʥʘʠʣʫʯʰʠʡ 

ʨʝʟʫʣʴʪʘʪ ʫ ʢʦʤʧʦʟʠʮʠʠ 238U+235U, ʜʦ 15 % ï ʫ ʢʦʤʧʦʟʠʮʠʠ 232Th+235U. ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ kʵʬ ʠ ʂɺ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʜʝʣʷʱʝʛʦʩʷ ʥʫʢʣʠʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʨʘʟʤʥʦʞʘʶʱʠʤ ʠ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʤ ʩʚʦʡʩʪʚʘʤ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʟʠʮʠʷ 232Th+233U ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʫʢʣʠʜʘ 233U ʦʪ 5 ʜʦ 15 % ʧʦ ʤʘʩʩʝ. 
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ʉʨʝʜʠ ʢʦʥʮʝʧʮʠʡ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʷʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ (ʗʕʋ) ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʪʦʨʠʝʚʦʤ ʪʦʧʣʠʚʝ. ʊʦʨʠʝʚʳʝ 

ʨʝʘʢʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʨʘʥʦʚʳʭ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʩʨʦʢʦʤ ʢʘʤʧʘʥʠʠ ʪʦʧʣʠʚʘ ʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ ʜʦ 15 ʣʝʪ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʨʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʧʣʠʚʘ. ʉʨʝʜʠ ʫʩʧʝʰʥʳʭ ʧʨʠʤʝʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʗʕʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʧʣʠʚʘ ʥʘ ʙʘʟʝ ʪʦʨʠʷ [1,2], 

ʚʳʜʝʣʷʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʛʝʣʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʤʘʣʦʤʦʱʥʦʡ ʪʦʨʠʝʚʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʤʘʣʦʤʦʱʥʦʡ ʪʦʨʠʝʚʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʧʨʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʝ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʨʝʘʢʪʦʨʦʩʪʨʦʝʥʠʷ ʠ ʚ 

ʬʠʟʠʢʝ ʥʝʡʪʨʦʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ. 

ʂʦʥʮʝʧʮʠʷ ʪʦʨʠʝʚʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʜʚʫʭ ɻʦʩ. ʢʦʥʪʨʘʢʪʦʚ. (ɻʦʩ. ʢʦʥʪʨʘʢʪ ˉ ʇ777, ʦʪ 3 ʘʚʛʫʩʪʘ 

2010ʛ., ɻʦʩ. ʢʦʥʪʨʘʢʪ ˉ ʇ428 ʦʪ 2009 ʛ., ʉʦʛʣʘʰʝʥʠʝ ˉ 14.B37.21.0473 ʦʪ 3 ʘʚʛʫʩʪʘ 2012 ʛ.). 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʨʠʡʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʩ 

ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʨʘʙʦʪʳ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ. 

ʆʩʫʱʝʩʪʚʣʝʥ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʥʮʝʧʮʠʠ ʪʦʨʠʝʚʦʛʦ ʗʊʎ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʤʘʣʫʶ 

ʘʪʦʤʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʠ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʗʕʋ ʤʦʱʥʦʩʪʴʶ ʜʦ 60 ʄɺʪ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʘʪʝʨʠʘʣʳ ʊɺʕʣ ʤʘʣʦʤʦʱʥʦʡ ʪʦʨʠʝʚʦʡ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʯʝʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʊɺʕʣ ʠ ʪʦʧʣʠʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʤʧʘʥʠʡ ʪʦʨʠʝʚʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʂʦʥʢʫʨʩ ʥʘ ʧʨʘʚʦ ʧʦʣʫʯʝʥʠʷ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ. 

ɻʨʘʥʪ ˉ ʉʇ-295.2015.2. 
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ʀɿʃʋʏɽʅʀʗ ʆʊ ʋɼɸʃɽʅʅʓʍ ʆɹʒɽʂʊʆɺ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ 

ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ (ʤʝʪʝʦʨʠʪʳ, ʢʦʩʤʠʯʝʩʢʠʡ ʤʫʩʦʨ), ʘ ʪʘʢʞʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʦʪʨʘʩʣʝʚʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ ʦʧʘʩʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʚ ʠʥʪʝʨʝʩʘʭ ʢʦʥʪʨʦʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʦʚʦʜʠʪʩʷ ʣʦʢʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʂʆ). ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʂɸ ʷʚʣʷʝʪʩʷ ʣʘʟʝʨʥʘʷ ʣʦʢʘʮʠʷ, ʦʩʥʦʚʥʫʶ ʧʨʦʙʣʝʤʫ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ 

ʜʠʬʬʫʟʥʦ-ʦʪʨʘʞʝʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ).  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʬʬʫʟʥʦ-ʦʪʨʘʞʝʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘʟʝʤʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʘʧʧʘʨʘʪʘ). 
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ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʨʠʪʠʯʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʩ ʤʝʥʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʙʦʣʝʝ ʪʝʩʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ ʊɺʉ, ʦʧʠʩʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʘʥʘʣʝ ʨʝʘʢʪʦʨʘ ʀʈʊ-ʊ[1]. 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

 

 

35 

ɸʢʪʠʚʥʳʝ ʟʦʥʳ ʩ ʠʟʤʝʥʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʧʦʪʦʢ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ ʚ ɻʕʂ-4, ʧʦʪʦʢ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ɻʕʂ-4, ʟʘʧʘʩ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʪʝʨʞʥʝʡ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ. ʈʘʩʯʝʪʳ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʀʈʊ-ʊ ï TIGRIS[2]. 

ʊʘʙʣʠʮʘ 1 ï ʆʧʠʩʘʥʠʝ ʢʦʤʧʦʥʦʚʦʢ ɸɿ 

ˉ ʆʧʠʩʘʥʠʝ ʢʦʣ-ʚʦ ʊɺʉ 

v00 ʀʩʭʦʜʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ɸɿ, ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʥʘ ʀʈʊ-ʊ 20 

v01 ɿʘʤʝʥʘ 8ʤʠ ʊɺʉ ʚ v00 ʥʘ Be-ʙʣʦʢʠ. ɼʦʙʘʚʣʝʥʠʝ 2ʭ ʊɺʉ ʚʜʘʣʠ ʦʪ ɻʕʂ-4 14 

v02 ɿʘʤʝʥʘ 8ʤʠ ʊɺʉ ʚ v00 ʥʘ Be-ʙʣʦʢʠ. ɼʦʙʘʚʣʝʥʠʝ 2ʭ ʊɺʉ ʚʙʣʠʟʠ ʦʪ ɻʕʂ-4 14 

v03 ɿʘʤʝʥʘ 8ʤʠ ʊɺʉ ʚ v00 ʥʘ Be-ʙʣʦʢʠ. ɿʘʤʝʥʘ Be-ʙʣʦʢʦʚ ʚ ʮʝʥʪʨʝ ɸɿ ʥʘ ʊɺʉ 16 

v04 ɿʘʤʝʥʘ 2ʭ Be-ʙʣʦʢʦʚ ʚʙʣʠʟʠ ɻʕʂ-4 ʚ v03 ʥʘ ʊɺʉ 18 

v05 ɿʘʤʝʥʘ 2ʭ ʊɺʉ ʚ v04 ʥʘ Be-ʙʣʦʢʠ 16 

v06 ɿʘʤʝʥʘ 2ʭ ʊɺʉ ʚʙʣʠʟʠ ʚ v03 ɻʕʂ-4 ʥʘ Be-ʙʣʦʢʠ 14 

 

ʅʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ (ʊʅ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ v02, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʥʘʠʤʝʥʴʰʘʷ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʦʚ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ (ɹʅ) ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʘʧʘʩʘ ʨʝʘʢʪʠʚʥʦʩʪʠ ʨʝʘʢʪʦʨʘ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʷʚʣʷʝʪʩʷ v06, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʧʦʪʦʢʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʊɺʉ ʙʳʣʦ ʩʥʠʞʝʥʦ ʩ 20 ʜʦ 16. ɿʘʧʘʩ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 3 %, ʘ ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʛʫʣʠʨʫʶʱʠʭ ʠ ʘʚʘʨʠʡʥʳʭ ʩʪʝʨʞʥʝʡ [3] 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 10 %. 
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ʌɻʋʇ ʈʌʗʎ-ɺʅʀʀʕʌ 

ʈʦʩʩʠʷ, ʉʘʨʦʚ, ʧʨ-ʪ ʄʠʨʘ 30, 607188 

ʅʘ ʙʘʟʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʟʘʨʷʜʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʕɻʇ-10 (ʈʌʗʎ-ɺʅʀʀʕʌ) ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ 

çʄʠʢʨʦʟʦʥʜè. ʅʘ ʫʩʪʘʥʦʚʢʝ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ: ʤʝʪʦʜ PIXE 

(ʨʝʥʪʛʝʥʦ - ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ) ʠ ʤʝʪʦʜ RBS (ʦʙʨʘʪʥʦʝ ʈʝʟʝʨʬʦʨʜʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ). 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʫʩʪʘʥʦʚʢʘ çʄʠʢʨʦʟʦʥʜè, ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʤʝʪʦʜʘ RBS, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ ʵʪʠʤ ʤʝʪʦʜʦʤ. ʄʝʪʦʜ 

RBS ʦʩʥʦʚʘʥ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʧʝʢʪʨʫ ʫʧʨʫʛʦ ʨʘʩʩʝʷʥʥʳʭ ʠʦʥʦʚ ʦʪ ʷʜʝʨ ʘʪʦʤʦʚ ʦʙʨʘʟʮʘ ʥʘ 

ʫʛʣʳ, ʙʣʠʟʢʠʝ ʢ 180o. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ (ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨ, 

ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ, ʥʘʣʠʯʠʝ 

ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ). 



VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 
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ɺʨʝʤʷ, ʵʬʬ. ʩʫʪ.

ʐʪʘʪʥʦʝ ʪʦʧʣʠʚʦ
MCU

WIMS-ANL

WIMSD-5

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʦʥʢʘʷ ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ ʪʦʣʱʠʥʦʡ 0,59 ʤʢʤ. ʅʘ 

ʨʠʩʫʥʢʝ ʧʨʦʚʝʜʸʥ ʧʦʣʫʯʝʥʥʳʡ RBS ʩʧʝʢʪʨ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 3 ʄʵɺ ʦʪ ʦʙʨʘʟʮʘ. 

 

ʈʠʩʫʥʦʢ 1. RBS ʩʧʝʢʪʨ ʦʪ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 0,59 ʤʢʤ 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʏɽʊɸ ʊʆʈʀɽɺʆɻʆ ʊʆʇʃʀɺɸ ɺ ʈɸɿʃʀʏʅʓʍ ʇʈʆɻʈɸʄʄʅʓʍ ʉʈɽɼʉʊɺɸʍ 

ʉ.ʂ. ɼʤʠʪʨʠʝʚ, ʀ.ʀ. ʃʝʙʝʜʝʚ, ɸ.ɻ. ʅʘʡʤʫʰʠʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: dmitriev@sibmail.com 

ʈʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʪʦʨʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʟʘʧʘʩʳ ʫʨʘʥʘ, ʯʪʦ, ʧʦʪʝʥʮʠʘʣʴʥʦ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʯʝʪʘ ʚ ʪʨʸʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ: 1) MCU, 2) WIMSD-5, 3) WIMS-

ANL. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000, ʦʙʣʘʜʘʶʱʫʶ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ: 1) 

ʰʪʘʪʥʦʝ ʪʦʧʣʠʚʦ (UO2), 2) ʫʨʘʥ-ʪʦʨʠʝʚʦʝ ʪʦʧʣʠʚʦ, 3) ʪʦʨʠʝʚʦʝ ʪʦʧʣʠʚʦ ʩ ʦʨʫʞʝʡʥʳʤ ʧʣʫʪʦʥʠʝʤ, 4) ʪʦʨʠʝʚʦʝ 

ʪʦʧʣʠʚʦ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʣʫʪʦʥʠʝʤ.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʨʝʘʢʪʠʚʥʦʩʪʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʠ ʚʳʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ ʩ ʤʦʱʥʦʩʪʴʶ 250 ɺʪ, 

ʚʳʜʝʣʷʝʤʦʡ ʩ ʦʜʥʦʛʦ ʩʘʥʪʠʤʝʪʨʘ ʜʣʠʥʥʳ ʪʚʵʣʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

 

 

    

 

 

 

  

 

ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 
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ɺʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ 3 ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʜʣʠʥʳ ʢʘʤʧʘʥʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʠ ʜʣʠʥʳ ʢʘʤʧʘʥʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ WIMSD-5 ʠ 

WIMS-ANL, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʪʦʯʥʝʥʠʝʤ ʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʝ MCU ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʭ ʚʘʨʠʘʥʪʦʚ 

ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʐʘʤʘʥʠʥ ʀ.ɺ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʦʨʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ // ʊʨʫʜʳ VI ʄʝʞʜʫʥʘʨ. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʘʪʦʤʥʦʡ ʥʘʫʢʠ, ʵʥʝʨʛʝʪʠʢʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè. ï ʊʦʤʩʢ, 2014. ï ʊ. 1. ï ʉ. 72. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɺɸʂʋʋʄʅʆɻʆ ɺʓʉʆʂʆɺʆʃʔʊʅʆɻʆ 

ʉʀʅʍʈʆʅʀɿʀʈʆɺɸʅʅʆɻʆ ɺʓʂʃʖʏɸʊɽʃʗ (ɺɺʉɺ) 

ɹ.ɽ. ɾʦʣʘʤʘʥʦʚ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: beka_1991@bk.ru  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʚʘʢʫʫʤʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ (ɺɺ) ʜʦʢʘʟʘʥʳ ʤʥʦʛʦʣʝʪʥʝʡ ʧʨʘʢʪʠʢʦʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ɺɺ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʩʣʝ 

ʧʦʛʘʩʘʥʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ (ʝʜʠʥʠʮʳ ʠ ʜʝʩʷʪʢʠ ʤʠʢʨʦʩʝʢʫʥʜ). ʕʪʦ ʩʚʦʡʩʪʚʦ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʞʠʤʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʦʧʘʩʥʳʭ ʜʣʷ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʜʚʠʛʘʪʝʣʝʡ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʚʘʢʫʫʤʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʢʦʤʤʫʪʘʮʠʠ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ɺɺʉɺ ʪʠʧʘ EX-BB-

10-20 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ "ʂʦʤʤʫʪʘʮʠʦʥʥʳʝ, ʕʣʝʢʪʨʦʥʥʳʝ, ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʉʠʩʪʝʤʳ" (ʂʕʇʉ), ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʷ (ʉɺɺ) ʠ ʦʪʢʣʶʯʝʥʠʷ (ʉɺʆ) ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, ʘ, ʧʦʣʫʯʝʥʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ï ʥʘ ʨʠʩ. 1,ʙ 

  

 

   ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʝ ʉɺɺ ʠ ʉɺʆ ɺɺʉɺ (ʘ) ʠ ʧʨʠʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ (ʙ) 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 
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ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʝ ʉɺɺ ʠ ʉɺʆ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʉɺɺ ʩʦʩʪʘʚʣʷʝʪ 26é28 ʤʩ ʩʦ ʩʪʘʙʠʣʴʥʦʩʪʴʶ Ñ0,12 ʤʩ, 

ʘ ʉɺʆ ï 8é9 ʤʩ Ñ0,04 ʤʩ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ɺɺʉɺ ʪʠʧʘ ɽʍ-ɺɺ-10-20 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʙʨʦʩ ʚʨʝʤʝʥʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʦʣʶʩʘ ʥʝ ʧʨʝʚʳʩʠʣ 0,12 ʤʩ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʨʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ ʠ 

ʦʪʢʣʶʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʦʣʶʩʘ ʚ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʫʚʝʣʠʯʠʪʴ ʦʪʢʣʶʯʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘ ʩʯʝʪ ʢʦʤʤʫʪʘʮʠʠ ʚ ʢʦʥʮʝ 

ʧʦʣʫʧʝʨʠʦʜʘ ʦʪʢʣʶʯʘʝʤʦʛʦ ʪʦʢʘ ʠ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩ ʚʳʢʣʶʯʘʪʝʣʷ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʛʦʨʝʥʠʷ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1.  ʇʨʦʭʦʨʝʥʢʦ ɽ.ɺ., ʃʝʙʝʜʝʚ ʀ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʚʘʢʫʫʤʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʜʣʷ 

ʩʠʥʭʨʦʥʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʥʝʥʘʛʨʫʞʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ// ʕʣʝʢʪʨʦ 2010. ˉ 3. ʉ. 41-44. 

 

 

ɺʓʉʆʂʆɺʆʃʔʊʅʓɽ ʈɸɿʒɼʀʅʀʊɽʃʀ ɼʃʗ ʉʍɽʄʓ ʇʆ ɺɽʁʃʗ - ɼʆɹʂɽ 

ɹ.ɽ. ɾʦʣʘʤʘʥʦʚ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʂʠʨʦʚʘ, 4, 8-999-495-00-91 

E-mail: beka_1991@bk.ru  

ɺ ʊʇʋ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚʳʢʣʶʯʘʪʝʣʝʡ ʧʦ ʩʭʝʤʝ ɺʝʡʣʷ ïɼʦʙʢʝ [1]. 

ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʨʘʟʜʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʀʩʪʦʯʥʠʢʘʤʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʣʫʞʘʪ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʢʦʥʪʫʨʳ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ɻʀʊ) ʠ ʛʝʥʝʨʘʪʦʨʘ ʬʦʨʤʠʨʫʶʱʝʛʦ ʧʝʨʝʭʦʜʥʦʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʝʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʪʘʢʪʘʭ, ʦʪʢʣʶʯʘʶʱʠʭ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ɻʀʅ). ʋʧʨʦʱʸʥʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ɺʝʡʣʷ-ɼʦʙʢʝ: ʉʊ, Lʊ ï ʝʤʢʦʩʪʴ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ ʪʦʢʘ; ɺɸ ï ʚʢʣʶʯʘʶʱʠʡ ʘʧʧʘʨʘʪ; ʀɺ ï ʠʩʧʳʪʫʝʤʳʡ ʚʳʢʣʶʯʘʪʝʣʴ; Lʅ, Cʅ ï 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʝʤʢʦʩʪʴ ʢʦʥʪʫʨʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʢʦʥʪʫʨ ʇɺʅ); Ro, Cʦ ï ʵʣʝʤʝʥʪʳ ʩʭʝʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʇɺʅ; Uʊ- ʟʘʨʷʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉʊ; Uʥ - ʟʘʨʷʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ 

Cʥ;ʈ - ʚʦʟʜʫʰʥʳʡ ʫʧʨʘʚʣʷʝʤʳʡ ʨʘʟʨʷʜʥʠʢ; I1- ʦʪʢʣʶʯʘʝʤʳʡ ʪʦʢ ( ɻʀʊʘ) ,ʯʘʩʪʦʪʘ 50 ɻʮ; I2 ï ʪʦʢ ɻʀʅʘ , 

ʯʘʩʪʦʪʘ 500 ɻʮ; Iʀɺ ï ʪʦʢ ʚ ʠʩʧʳʪʫʝʤʦʤ ʚʳʢʣʶʯʘʪʝʣʝ; ɼʅ - ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ;R1 - ʟʘʨʷʜʥʦʝ 

ʩʦʧʨʝʪʠʚʣʝʥʠʝ; Rʐ - ʰʫʥʪ; ɺʈ-3, ɺʈ-30 - ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʨʘʟʲʝʜʠʥʠʪʝʣʠ ʥʘ 3 ʠ 30ʢɺ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʢʣʶʯʝʥʠʷ ʟʘʨʷʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ SPELLMAN, ʚ ʩʚʷʟʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʳʭʦʜʘ ʠʭ ʠʟ ʩʪʨʦʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ. ɼʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʟʲʝʜʠʥʠʪʝʣʠ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʨʠʚʦʜʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʷʶʪ ʟʘʨʷʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʧʦʩʣʝ ʠʭ ʟʘʨʷʜʢʠ. ʄʦʤʝʥʪʳ ʟʘʤʳʢʘʥʠʝ ʠ 

ʨʘʟʤʳʢʘʥʠʝ ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ ʩ ʤʦʤʝʥʪʘʤʠ ʚʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ʟʘʨʷʜʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʆʙʱʠʡ ʚʠʜ ʨʘʟʲʝʜʠʥʠʪʝʣʷ ɺʈ-3 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2, ʘ, ʘ ɺʈ-30 ʥʘ ʨʠʩ. 2, ʙ. 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 
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  ʘ)    ʙ) 

ʈʠʩʫʥʦʢ 2. ʆʙʱʠʡ ʚʠʜ ʈɺ-3 (ʘ) ʠ ʈɺ-30 (ʙ) 

ʆʩʥʘʱʝʥʠʝ ʩʪʝʥʜʘ ʨʘʟʲʝʜʠʥʠʪʝʣʷʤʠ ʧʦʟʚʦʣʠʣʦ: ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʫʥʠʧʦʣʷʨʥʦʤ, ʥʦ ʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʨʝʞʠʤʘʭ; ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʚʳʢʣʶʯʘʪʝʣʝʡ ʠ ʧʦʚʳʩʠʪʴ ʂʇɼ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʘʧʣʘʥ ɺ.ɺ., ʅʘʰʘʪʳʨʴ ɺ.ʄ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ. ï ʃ.:ʕʥʝʨʛʠʷ. 

ʃʝʥʠʥʛʨ. ʦʪʜ-ʥʠʝ, 1980. -200 ʩ., ʠʣ. 

 

 

ʅɽʁʊʈʆʅʅʆ ï ʌʀɿʀʏɽʉʂʀʀ ʈɸʉʏɽʊ ɺ ʆɹʆʉʅʆɺɸʅʀʀ ʄʆɼɽʈʅʀɿɸʎʀʀ 

ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʆɻʆ ʈɽɸʂʊʆʈɸ ʀɺɻ1.ʄ 

ɹ. ʄ ɿʘʢʫʦʚ,  ʖ. ɹ. ʏʝʨʪʢʦʚ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

634050, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30 

e-mail: berik.maratovich@bk.ru 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʝʘʢʪʦʨ ʀɺɻ.1ʄ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʝʡ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʨʝʘʢʪʦʨʘ ʀɺɻ1, ʢʦʪʦʨʳʡ 

ʧʨʦʝʢʪʠʨʦʚʘʣʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʷʜʝʨʥʦ ï ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʦʩʣʝʜʥʷʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʨʝʘʢʪʦʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 1990 ʛʦʜʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʩʪʘʣʘ ʟʘʤʝʥʘ ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩ ʦʪʢʨʳʪʳʤ 

ʚʳʭʣʦʧʦʤ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ ʚʦʜʷʥʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʝʛʦ ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ. ʆʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʘʢʪʦʨʘ ʦʩʪʘʚʘʣʠʩʴ ʥʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʝʩʪʴ ʥʘʜʝʞʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʠʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʚʦʣʴʥʦ ʙʳʩʪʨʦ ʦʙʥʘʨʫʞʘʣʠʩʴ ʥʝʜʦʩʪʘʪʢʠ 

ʨʝʘʢʪʦʨʘ ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ ʢʘʤʧʘʥʠʠ ʨʝʘʢʪʦʨʘ. 

ʉʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʦʨʛʘʥʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʢʪʦʨʘ ʚʦʩʧʦʣʥʷʣʠ ʨʝʘʢʪʠʚʥʦʩʪʴ ʚ ʥʘʯʘʣʝ ʢʘʤʧʘʥʠʠ, ʢʘʪʦʨʳʡ 

ʨʘʩʩʯʠʪʘʥ ʥʘ ʤʘʣʳʡ ʠʥʪʝʛʨʘʣ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʢʘʤʧʘʥʠʠ. ɽʱʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʦʙʦʛʘʱʝʥʠʷ 

ʪʦʧʣʠʚʘ ʩʪʘʣʘ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʧʦʥʠʞʝʥʠʶ ʦʙʦʛʘʱʝʥʠʷ ʪʦʧʣʠʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ. 

ɹʳʣʠ ʧʦʜʦʙʨʘʥʳ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʪʦʧʣʠʚʦ ʜʣʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʀɺɻ1.ʄ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʝʨʤʝʪʥʦʛʦ 

ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʪʦʧʣʠʚʘ ʩ ʤʘʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʦʙʦʛʘʱʝʥʠʝʤ 19 % ʧʦ ʠʟʦʪʦʧʫ ʫʨʘʥʘ 235U. ʊʘʢʦʝ 

ʪʦʧʣʠʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʷʤʳʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʪʦʧʣʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʬʝʨʠʯʝʩʢʠʭ 

ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʨʳʪʳʭ ʤʘʪʝʨʠʘʣʦʤ ʤʘʪʨʠʮʳ, ʠ ʠʭ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʝʤ ʚ 

ʩʝʨʜʝʯʥʠʢʠ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʦʜʦʙʨʘʥʳ 3 ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʊɺʉ ʩ ʢʝʨʤʝʪʥʳʤ ʪʦʧʣʠʚʦʤ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʜʠʘʤʝʪʨʦʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʪʚʵʣʦʚ. ʉʣʝʜʫʶʱʠʤ ʪʦʧʣʠʚʦʤ ʜʣʷ ʟʘʛʨʫʟʢʠ ʨʝʘʢʪʦʨʘ ʙʳʣ ʚʳʙʨʘʥ ʤʦʥʦʥʠʪʨʠʜ ʫʨʘʥʘ 

UN ʠ U-Zr-C-N, ʢʦʪʦʨʳʡ ʙʳʣ ʩʝʥʪʝʟʠʨʦʚʘʥ ʚ ʌɻʋʇ çʅʀʀ ʅʇʆ çʃʋʏè ʚ ʛʦʨʦʜʝ ʇʦʜʦʣʴʩʢ. ʇʦ ʚʩʝʤ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʪʝʨʠʩʪʠʢʘʤ ʜʠʦʢʩʠʜ ʫʨʘʥʘ ʫʩʪʫʧʘʝʪ ʮʝʨʢʦʥʠʝʚʳʤʫ ʢʘʨʙʦʥʠʪʨʠʜʫ ʫʨʘʥʘ. 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

 

 

40 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥʳ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʚʳʩʦʢʦʦʙʦʛʘʱʝʥʥʦʛʦ ʪʦʧʣʠʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʀɺɻ.1ʄ ʥʘ ʥʦʚʦʝ ʪʦʧʣʠʚʦ ʩ ʦʙʦʛʘʱʝʥʠʝʤ ʧʦ 235U ʥʝ 

ʙʦʣʝʝ 20%, ʠ ʧʨʠʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʪʦʨʘ ʢ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʨʝʘʢʪʦʨʘʤ 

ʪʘʢʦʛʦ ʪʠʧʘ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʦ ʠ ʨʘʩʩʯʠʪʘʥʦ 2 ʪʨʝʭʤʝʨʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʠ ɸɿ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʝʡʪʨʦʥʥʦ ï ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʚʠʜʘʤʠ 

ʪʦʧʣʠʚʘ ʚ ʧʨʦʛʨʘʤʤʝ MCU5, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʘʥʘʣʦʛʦʚʳʤʠ ʠ ʘʥʘʣʦʛʦʚʳʤʠ ʤʝʪʦʜʘʤʠ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʬʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈɸ 

1. ɻ. ʗ. ʄʝʨʟʣʠʢʠʥ. ʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ï ʉʝʚʘʩʪʦʧʦʣʴ: ʉʀʗʕʠʇ, 2001. 343ʩ. 

2. ʄ. ɸ. ʂʘʣʫʛʠʥ. ʅʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʤʝʪʦʜʳ ʄʦʥʪʝ ï ʢʘʨʣʦ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʡʪʨʦʥʥʦ ï ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʨʘʩʯʝʪʘ ʨʝʘʢʪʦʨʦʚ. ʄʦʩʢʚʘ. 1999. 158ʩ. 

3. ɻ. ɸ. ɹʘʪʴ, ɸ.ʉ. ʂʦʯʝʥʦʚ, ʃ.ʇ. ʂʘʙʘʥʦʚ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1985. 
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ʉʆɿɼɸʅʀɽ ʀʗʋ ʄɹʀʈ 

ʉ.ɸ. ʂʠʚʝʨʦʚ, ʉ.ʀ. ʅʦʚʠʢʦʚ, ɺ.ʈ. ʇʘʨʬʝʥʦʚ 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ï  

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚè (ɸʆ çɻʅʎ ʅʀʀɸʈè),  

ʈʦʩʩʠʷ, ʛ. ɼʠʤʠʪʨʦʚʛʨʘʜ-10, ʋʣʴʷʥʦʚʩʢʘʷ ʦʙʣ., 433510 

E-mail: SAKiverov@niiar.ru 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʬʠʥʘʥʩʠʨʫʝʤʦʡ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ 

ʧʨʦʛʨʘʤʤʳ çʗʜʝʨʥʳʝ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʧʝʨʠʦʜ 2010-2015 ʛʦʜʦʚ ʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʜʦ 2020 

ʛʦʜʘè ʥʘ ʧʣʦʱʘʜʢʝ ɸʆ çɻʅʎ ʅʀʀɸʈè ʚ ʛ. ɼʠʤʠʪʨʦʚʛʨʘʜ, ʋʣʴʷʥʦʚʩʢʘʷ ʦʙʣʘʩʪʴ ʚʝʜʝʪʩʷ ʩʦʦʨʫʞʝʥʠʝ 

ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʙʳʩʪʨʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ (ʄɹʀʈ).  

ʈʝʘʢʪʦʨ ʄɹʀʈ, ʩʘʤʳʡ ʤʦʱʥʳʡ ʠʟ ʜʝʡʩʪʚʫʶʱʠʭ, ʩʦʦʨʫʞʘʝʤʳʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʚ ʤʠʨʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪ ʙʳʩʪʨʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʝʘʢʪʦʨ ɹʆʈ-60, 

ʧʦʩʪʨʦʝʥʥʳʡ ʧʦʯʪʠ ʧʦʣʚʝʢʘ ʥʘʟʘʜ ʠ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʡ ʚʩʝ ʵʪʠ ʛʦʜʳ ʥʘ ʧʣʦʱʘʜʢʝ  

ɸʆ çɻʅʎ ʅʀʀɸʈè. 

ʉʦʦʨʫʞʝʥʠʝ ʨʝʘʢʪʦʨʘ ʄɹʀʈ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʦʩʩʠʡʩʢʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ ʜʣʷ ʟʘʨʫʙʝʞʥʳʭ ʟʘʢʘʟʯʠʢʦʚ, ʚʢʣʶʯʘʷ 

ʩʦʚʤʝʩʪʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʦʝʢʪʳ ʚ ʨʘʤʢʘʭ ʧʣʘʥʠʨʫʝʤʦʛʦ ʥʘ ʙʘʟʝ ʄɹʀʈ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʄʎʀ) ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ.  

ʋʥʠʢʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʘʢʪʦʨʘ ʄɹʀʈ ʥʘʮʝʣʝʥʳ ʥʘ 

ʨʝʰʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʢʪʫʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʚ ʦʙʦʩʥʦʚʘʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʟʘʤʳʢʘʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 

ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʪʝʨʝʩʘʭ ʤʝʜʠʮʠʥʳ, ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ: 

╖ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ï ʜʦ 150 ʄɺʪ; 

╖ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ï ʜʦ 55 ʄɺʪ; 

╖ ʢʦʤʧʦʥʦʚʢʘ ï ʧʝʪʣʝʚʘʷ; 
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╖ ʢʦʣʠʯʝʩʪʚʦ ʧʝʪʝʣʴ ʦʭʣʘʞʜʝʥʠʷ ï 2; 

╖ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʫʨʦʚ ʦʭʣʘʞʜʝʥʠʷ ï 3; 

╖ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʠ ʢʦʥʪʫʨʘ ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ  

(ʉɸʆʊ) ï ʥʘʪʨʠʡ; 

╖ ʨʘʙʦʯʝʝ ʪʝʣʦ ʪʨʝʪʴʝʛʦ ʢʦʥʪʫʨʘ ï ʚʦʜʘ-ʧʘʨ; 

╖ ʪʠʧ ʪʦʧʣʠʚʘ ï ʩʤʝʰʘʥʥʦʝ ʦʢʩʠʜʥʦʝ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʝ; 

╖ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ: 

╖ ʚʭʦʜ ï 330 ʦʉ; 

╖ ʚʳʭʦʜ ï 512 ʦʉ. 

╖ ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʨʝʘʢʪʦʨʘ ï 650 ʢʛ/ʩ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʄɹʀʈ: 

╖ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʚʝʨʰʝʥ ʧʦʣʥʳʡ ʮʠʢʣ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʙʦʩʥʦʚʘʥʠʶ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʄɹʀʈ, ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʪʯʝʪʳ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ;  

╖ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʰʣʘ ʵʢʩʧʝʨʪʠʟʫ ʧʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʄɹʀʈ; 

╖ ʟʘʚʝʨʰʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʵʢʩʧʝʨʪʠʟʳ (ʚ ʪʦʤ ʯʠʩʣʝ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʵʢʩʧʝʨʪʠʟʘ, ʧʦʜʪʚʝʨʜʠʚʰʘʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʘ ʚʩʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ); 

╖ ʧʦʣʫʯʝʥʘ ʣʠʮʝʥʟʠʷ ʥʘ ʨʘʟʤʝʱʝʥʠʝ ʄɹʀʈ; 

╖ ʚ ʤʘʝ 2015 ʛʦʜʘ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʣʠʮʝʥʟʠʠ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʄɹʀʈ; 

╖ ʧʦʜʧʠʩʘʥʳ ʢʦʥʪʨʘʢʪʳ ʥʘ ʧʦʩʪʘʚʢʫ ʨʝʘʢʪʦʨʘ ʄɹʀʈ ʠ ʚʥʫʪʨʠʢʦʨʧʫʩʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʵʣʝʤʝʥʪʦʚ 

ʨʝʘʢʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

╖ ʟʘʚʝʨʰʝʥ ʵʪʘʧ ʧʦʜʛʦʪʦʚʢʠ ʧʣʦʱʘʜʢʠ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʄɹʀʈ. 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʨʫʧʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʧʨʦʝʢʪʘʤ ʚ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ: ʧʨʦʝʢʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ çGIF-

IVè[1-3]. 

ʂ ʷʜʝʨʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ IV ʧʦʢʦʣʝʥʠʷ ʚ ʜʦʢʫʤʝʥʪʘʭ GIF-IV ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ: 

- ʜʦʣʛʦʩʨʦʯʥʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ;  



VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 
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- ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 

- ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʧʣʘʥʝ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʘʢʪʦʨʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʘʢʪʦʨʳ, ʦʭʣʘʞʜʘʝʤʳʝ ʚʦʜʦʡ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʊʝʭʥʦʣʦʛʠʷ ʨʝʘʢʪʦʨʦʚ PWR ʥʝ ʦʪʚʝʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʨʝʘʢʪʦʨʘʤ XXI  ʚ. ɹʫʜʫʱʝʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, 

ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʩʫʱʝʩʪʚʫʶʪ ʚ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʝʨʝʭʦʜʘ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʨʝʘʢʪʦʨʦʚ 

XXI  ʚʝʢʘ. ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ IV ʧʦʢʦʣʝʥʠʷ. 

ʆʧʳʪ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣ:  

- ʋʪʝʯʢʘ ʠ ʛʦʨʝʥʠʝ ʥʘʪʨʠʷ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʦʙʥʘʨʫʞʝʥʳ ʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʨʝʘʢʪʦʨʝ ʩ ʥʘʪʨʠʝʚʳʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʅʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʪʨʠʡ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩ 

ʦʢʠʩʣʠʪʝʣʷʤʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʭ ʨʝʘʢʪʦʨʘʭ ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 

ʉɺʊ ʠʩʢʣʶʯʘʝʪ ʘʚʘʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʠʟʠʩʦʤ ʪʝʧʣʦʩʲʝʤʘ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʪʘʢʞʝ ʨʝʘʢʪʦʨ ʠʤʝʝʪ 

ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ, ʯʪʦ ʠʩʢʣʶʯʘʶʪ ʧʦʪʝʨʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

- ʅʘʪʨʠʡ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʩʲʝʤʘ, ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʳʩʦʢʫʶ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚ. ʉɺɹʈ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

- ʇʨʦʝʢʪʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ 60-ʛʦʜʘʤ. 

- ʕʢʩʧʣʫʘʪʘʮʠʷ ʉɺɹʈ ʯʝʪʢʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʩʪʚ ʥʘ ʨʝʰʝʥʠʝ ʫʪʠʣʠʟʘʮʠʠ ʈɸʆ ʠ ʆʗʊ ʥʝ ʭʚʘʪʘʝʪ. 

ɺʥʝʜʨʝʥʠʝ ʟʘʢʨʳʪʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʚ ʨʝʘʢʪʦʨ ʩ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʚʪʦʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʘʩʳ ʦʪʚʘʣʴʥʦʛʦ ʫʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʦʨʫʞʝʡʥʳʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʣʫʪʦʥʠʡ. 

ɺ ʭʦʜʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʉɺɹʈ ʠ ʨʝʘʢʪʦʨʘ ʩ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʧʦ ʦʩʥʦʚʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʢʪʦʨ ʩ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʊʘʢ ʢʘʢ 

ʜʘʥʥʳʡ ʨʝʘʢʪʦʨ ʧʨʝʚʦʩʭʦʜʠʪ ʉɺɹʈ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ çʫʪʠʣʠʟʘʮʠʠè ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʝʨʩʧʝʢʪʠʚʘ ʧʝʨʝʭʦʜʘ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʨʝʘʢʪʦʨʦʚ XXI  ʚʝʢʘ ʦʯʝʚʠʜʥʘ. 
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ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʘʢʪʦʨʳ ʩ ʛʝʣʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ï ʵʪʦ ʥʦʚʳʡ ʪʠʧ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʘʪʦʤʥʳʭ 

ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʦʚ, ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʦʝ ʪʝʧʣʦ. 

ɿʘʤʝʜʣʠʪʝʣʝʤ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʘʢʪʦʨʘʭ ʩʣʫʞʠʪ ʷʜʝʨʥʦʯʠʩʪʳʡ ʨʝʘʢʪʦʨʥʳʡ ʛʨʘʬʠʪ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʛʨʘʬʠʪʘ ʦʙʨʘʟʫʶʪʩʷ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ (ʧʘʨʳ ʌʨʝʥʢʝʣʷ), 

ʢʦʪʦʨʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʫʯʝʥʠʷ ʤʦʛʫʪ ʣʠʙʦ 

ʨʝʢʦʤʙʠʥʠʨʦʚʘʪʴ, ʣʠʙʦ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʢ ʤʝʩʪʘʤ çʩʪʦʢʘè ʦʙʨʘʟʫʷ ʪʝʤ ʩʘʤʳʤ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʜʝʬʝʢʪʳ. 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʛʨʘʬʠʪʘ ʧʨʠ ʨʝʘʢʪʦʨʥʦʤ 

ʦʙʣʫʯʝʥʠʠ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [1]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʝ ʤʦʜʝʣʠ ʢʘʩʢʘʜʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʪʝʢʩʪʝ ʤʦʜʝʣʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʠʤʝʥʘʤ 

ʫʯʝʥʳʭ, ʢʦʪʦʨʳʝ ʚʚʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʧʨʘʚʢʠ [2]: ʄʦʜʝʣʴ ʂʠʥʯʠʥʘ ʠ ʇʠʟʘ; ʄʦʜʝʣʴ ʉʥʘʡʜʝʨʘ ʠ 

ʅʝʡʬʝʣʴʜʘ; ʄʦʜʝʣʴ ʉʘʥʜʝʨʩʘ; ʄʦʜʝʣʴ ʃʠʥʜʭʘʨʜʘ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʩʧʝʢʪʨʘ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʪʠʧʘ ɻʊ-ʄɻʈ. 

ʅʘ ʨʠʩ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʩʢʘʜʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ 4-ʭ ʤʦʜʝʣʝʡ ʚ 26-ʛʨʫʧʧʦʚʦʤ ʩʧʝʢʪʨʝ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ, 

ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʩʢʘʜʥʦʡ ʬʫʥʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 10 000. ɺ ʤʦʜʝʣʠ ʃʠʥʜʭʘʨʜʘ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1 000. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʡʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ ʤʝʥʴʰʝ 10 ʄʵɺ ʥʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ 

ʢʘʩʢʘʜ ʜʝʬʝʢʪʦʚ ʙʦʣʝʝ ʯʝʤ ʠʟ 1 000 ʰʪ [2]. 

 

ʈʠʩʫʥʦʢ. 1. ʂʘʩʢʘʜʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ U-Pu ʗʊʎ ʧʨʠ C(235U)=20%, C(Pu)=0% (i ï ʥʦʤʝʨ ʛʨʫʧʧʳ ʥʝʡʪʨʦʥʦʚ, 

ʩʦʟʜʘʶʱʠʭ ʜʝʬʝʢʪʳ, ʚ 26-ʛʨʫʧʧʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʧʝʢʪʨʘ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ) 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ 4-ʭ ʛʨʫʧʧʦʚʦʤ 

ʨʘʩʯʝʪʝ ʟʥʘʯʝʥʠʝ ʟʘʚʳʰʘʝʪʩʷ ʥʘ 27 %, ʧʨʠʯʝʤ ʜʘʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʨʘʥ-

ʧʣʫʪʦʥʠʝʚʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, ʥʦ ʠ ʜʣʷ ʪʦʨʠʡ-ʫʨʘʥʦʚʦʛʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʨʪʦʚʳʭ ʟʘʛʨʫʟʦʢ 

ʪʦʧʣʠʚʘ. ɺ ʤʦʜʝʣʷʭ ʉʥʘʡʜʝʨʘ ʠ ʅʝʡʬʝʣʴʜʘ, ʉʘʥʜʝʨʩʘ ʨʘʩʯʝʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ 27 %. 

i
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ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʦ ʚʩʝʭ 3-ʭ ʤʦʜʝʣʷʭ ʢʘʩʢʘʜʥʘʷ ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʃʠʥʜʭʘʨʜʘ ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 4-ʭ ʛʨʫʧʧʦʚʳʤ ʤʝʪʦʜʦʤ ʩʦʩʪʘʚʣʷʝʪ 37%, ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʤʦʜʝʣʠ ʃʠʥʜʭʘʨʜʘ, ʚ ʪʝʯʝʥʠʝ ʢʘʤʧʘʥʠʠ 

ʧʨʦʝʢʪʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 1,1Ā1016 ʜʦ 1,7Ā1016 ʩʤ-3ʩ-1. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʅʝʩʪʝʨʦʚ ɺ.ʅ., ʐʘʤʘʥʠʥ ʀ.ɺ., ɽʤʝʮ ɽ.ɻ., ʎʳʛʘʥʦʚ ɸ.ɸ., ʂʦʪʣʷʨʝʚʩʢʠʡ ʉ.ɻ., ʇʘʚʣʶʢ ɸ.ʆ. 
ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʛʨʘʬʠʪʘ ʧʨʠ ʨʝʘʢʪʦʨʥʦʤ 

ʦʙʣʫʯʝʥʠʠ //ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, 2008, - ˉ 1. - c. 120-128. 

2. ʄ. ʊʦʤʧʩʦʥ. ɼʝʬʝʢʪʳ ʠ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʤʝʪʘʣʣʘʭ, ʀʟʜʘʪʝʣʴʩʪʚʦ çʄʠʨè, ʄ: 1971. ï 

368ʩ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʦʥʢʠʭ (ʧʨʠʤʝʨʥʦ 10-3 ʨ. ʜ.) ʚʥʫʪʨʝʥʥʠʭ 

ʤʠʰʝʥʝʡ ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʷʭ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʧʨʦʭʦʞʜʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʥʠʭ ʧʨʠ 

ʩʙʨʦʩʝ. ʂʨʘʪʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʵʥʝʨʛʠʝʡ, ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʢʦʨʠʪʝʣʷ, ʪʦʣʱʠʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʪʝʨʠʘʣʦʤ ʤʠʰʝʥʠ. ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʨʘʪʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ (ʄ) ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʱʠʥʳ ʤʠʰʝʥʠ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʪʦʨʤʦʟʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [1].  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʊʦʤʩʢʦʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʩʠʥʭʨʦʪʨʦʥʝ çʉʀʈʀʋʉè [2] ʠ ʙʝʪʘʪʨʦʥʘʭ. 

 ʇʨʦʚʝʜʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʘʤʦʨʬʥʦʡ ʤʠʰʝʥʠ ʠ 

ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ [3].  

ʂʨʘʪʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʤʠʰʝʥʴ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʫʛʣʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, çʩʢʨʝʧʝʨʘè, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʨʘʪʥʦʩʪʴ 

ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʪʦʥʢʫʶ ʤʠʰʝʥʴ ʜʦ M = 1, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʦʥʢʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʥʘʣʠʨʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ [4, 5].  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʮʠʢʣʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ ʵʬʬʝʢʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʪʦʥʢʫʶ ʤʠʰʝʥʴ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʪʦʨʤʦʟʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʩʢʨʝʧʝʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʘʨʴʠʨʦʚʘʪʴ ʄ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʜʦ 

ʝʜʠʥʠʮʳ. 
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3. Suzuki S., Tsuru T., Katayma T. et. al. // Nukl. Inst. and Meth. ï 1973. ï V. 111. ï P. 39ï47. 

4. ʂʘʣʠʥʠʥ ɹ.ʅ., ʂʫʨʢʦʚ ɸ.ɸ., ʇʦʪʳʣʠʮʠʥ ɸ.ʇ. ʀʟʣʫʯʝʥʠʝ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ 

ʪʦʥʢʠʝ ʚʥʫʪʨʝʥʥʠʝ ʤʠʰʝʥʠ ʚ ʊʦʤʩʢʦʤ ʩʠʥʭʨʦʪʨʦʥʝ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʌʠʟʠʢʘ. ï 1991. ï ˉ 6.ï ʉ. 81ï86. 

5. ʊʨʫʪʝʥʴ ɺ.ʀ., ʌʦʤʠʥ ʉ.ʇ., ʐʫʣʴʛʘ ʅ.ʌ. ʇʨʝʧʨʠʥʪ ʍʌʊʀ 82ï11. ï ʍʘʨʴʢʦʚ, 1982. ï 27 ʩ. 

6. ɸʥʜʨʝʷʰʢʠʥ ʄ.ʖ., ɺʦʨʦʙʴʝʚ ʉ.ɸ., ɿʘʙʘʝʚ ɺ.ʅ. ʠ ʜʨ. ʉʧʝʢʪʨʘʣʴʥʦ-ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 
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7. ɸʥʜʨʝʷʰʢʠʥ ʄ.ʖ., ɿʘʙʘʝʚ ɺ.ʅ., ʂʘʣʠʥʠʥ ɹ.ʅ. ʠ ʜʨ. ʀʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʦʚ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʜʝʪʝʢʪʦʨʦʤ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ // ʇʨʠʙʦʨʳ ʊʝʭʥʠʢʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘ ï 1989. ï ˉ 6 ï ʉ. 55-60. 

 

 

ʆʇʓʊ ʉʆɿɼɸʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʉʊɽʅɼʆɺ 
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ɺ ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘ ʩʧʫʪʥʠʢʘʭ, ʚʳʚʝʜʝʥʥʳʭ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʫʶ ʦʨʙʠʪʫ, ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʥʝʧʦʣʘʜʦʢ ʚ ʨʘʙʦʪʝ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʚʳʟʚʘʥʥʳʭ 

ʥʘʢʦʧʣʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʩʧʫʪʥʠʢʦʚ ʪʨʝʙʦʚʘʣʦʩʴ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʚʳʨʘʙʦʪʘʪʴ ʤʝʨʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʝʝ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʅʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʙʦʨʪʫ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʩʚʷʟʠ. ɺ ʉʐɸ ʙʳʣ ʜʘʞʝ ʟʘʧʫʱʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʩʧʫʪʥʠʢ çSCATHAè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʦʨʙʠʪʝ, ʵʬʬʝʢʪʦʚ ʟʘʨʷʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʝʛʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʫʧʦʨ ʙʳʣ ʩʜʝʣʘʥ 

ʚʩʝ-ʪʘʢʠ ʥʘ ʧʨʦʚʝʜʝʥʠʠ ʥʘʟʝʤʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ. ʕʪʠ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʙʳʣ ʩʪʝʥʜ çʇʨʦʛʥʦʟ-1è, ʩʦʟʜʘʥʥʳʡ ʩʦʚʤʝʩʪʥʦ 

ʢʘʬʝʜʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʇʀ ʠ ʣʘʙʦʨʘʪʦʨʠʡ 52 ʅʀʀ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʪʨʦʩʢʦʧʠʠ ʊʇʀ. ʉʪʝʥʜ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʚʳʩʦʢʦʚʘʢʫʫʤʥʫʶ ʩʠʩʪʝʤʫ ʦʪʢʘʯʢʠ, ʠʩʪʦʯʥʠʢʠ 

ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ, ʠʩʪʦʯʥʠʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ ʠ ʤʦʱʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʠʤʝʶʱʝʡ 

ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʙʣʠʟʢʠʡ ʢ ʩʦʣʥʝʯʥʦʤʫ. ɺ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ ʟʘʛʨʫʞʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ 

ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʦʦʯʝʨʝʜʥʦ ʚʚʦʜʠʣʠʩʴ ʚ ʟʦʥʫ ʦʙʣʫʯʝʥʠʷ. ʅʦ ʪʘʢʘʷ ʩʭʝʤʘ ʙʳʣʘ ʦʧʨʘʚʜʘʥʘ ʪʦʣʴʢʦ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʛʨʦʤʦʟʜʢʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʩʤʝʥʳ ʦʙʨʘʟʮʦʚ ʤʝʰʘʣʘ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʢʦʧʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʨʷʜʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʵʪʦʪ ʞʝ ʤʝʭʘʥʠʟʤ ʥʝ 

ʧʦʟʚʦʣʷʣ ʦʙʣʫʯʘʪʴ ʢʨʫʧʥʳʝ ʤʘʢʝʪʳ ʵʣʝʤʝʥʪʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʊʘʢʞʝ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʩʦʚʤʝʱʘʪʴ ʥʘ ʦʜʥʦʤ ʩʪʝʥʜʝ ʠʟʫʯʝʥʠʝ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʠʟʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 52 ʀʅʂ ʊʇʋ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʟʘʧʫʱʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʝʩʢʦʣʴʢʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʝʥʜʦʚ ʠ ʫʩʪʘʥʦʚʦʢ: 

¶ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʩʪʝʥʜ çʇʨʦʛʥʦʟ-1è; 

¶ ʩʪʝʥʜ çʇʨʦʛʥʦʟ-2è ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠ ʤʘʢʝʪʦʚ ʧʣʦʱʘʜʴʶ ʜʦ 0,5 ʤ2 ʚ ʧʦʣʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʵʥʝʨʛʠʷʤ, ʙʣʠʟʢʠʤ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʧʝʢʪʨʫ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ; 

¶ ʫʩʪʘʥʦʚʢʘ çʇʨʦʛʥʦʟ-3è ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʦʙʲʝʤʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʳʩʦʢʦʦʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 



VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 
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¶ ʫʩʪʘʥʦʚʢʘ çʇʨʦʛʥʦʟ-4è ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʫ ʦʙʣʫʯʘʝʤʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. 
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ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʫʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʠʥʪʝʟʦʤ, 

ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʝʛʦ ʩʪʘʜʠʷʤ ʠ ʠʟʤʝʥʷʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʆʩʥʦʚʥʳʤʠ ʩʪʘʜʠʷʤʠ ʉɺʉ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʧʦʜʛʦʪʦʚʢʫ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ, ʩʠʥʪʝʟ ʚ ʨʝʞʠʤʝ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʩʪʘʜʠʶ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʜʦʛʦʨʘʥʠʝ. ʂ ʠʟʤʝʥʷʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʉɺʉ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

ʧʦ ʨʘʟʤʝʨʘʤ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ, ʥʘʯʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ, ʥʘʯʘʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ [1]. 

ɺʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʉɺʉ [1]: 

ī ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ ʰʠʭʪʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʛʝʥʪʦʚ, ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ ʠ ʪ.ʧ. 

ī ʋʧʨʘʚʣʝʥʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʪʝʨʤʠʯʝʩʢʠʡ ʧʦʜʦʛʨʝʚ ʩʠʩʪʝʤʳ. 

ī ʋʧʨʘʚʣʝʥʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʛʦʪʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʩʪʦʷʱʝʝ ʚ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʪʤʦʩʬʝʨʳ (ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʩʪʘʜʠʠ ʜʦʨʝʘʛʠʨʦʚʘʥʠʷ). 

ɼʦʩʪʦʠʥʩʪʚʘ ʩʦʩʪʦʷʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ 

ʪʨʫʜʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʙʝʟ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʉɺʉ-ʧʨʦʜʫʢʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ï ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉɺʉ-ʩʠʩʪʝʤ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʉɺ-

ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

ī ʧʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʝʣʠʯʠʥʦʡ ʜʘʚʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ; 

ī ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʉɺʉ-ʨʝʘʢʮʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʵʣʝʤʝʥʪʥʳʤ 

ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ; 

ī ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ ʥʘʯʘʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʣʠʷʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʚʝʜʝʥʠʝ ʚ ʠʩʭʦʜʥʫʶ ʰʠʭʪʫ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳʭ ʜʦʙʘʚʦʢ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʦʢʘʟʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʝʨʞʘʥʦʚ ɸ.ɻ. ʉʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ / çʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷè: 
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ʉʀʉʊɽʄɸʍ ʉ ʊʆʈʀɽʄ 

ʂʥʳʰʝʚ ɺ.ɺ., ʋʢʨʘʠʥʝʮ ʆ.ɸ., ʀʚʘʥʦʚʘ ɸ.ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,   

ʈʦʩʩʠʷ,  ʛ.ʊʦʤʩʢ,  ʧʨ. ʃʝʥʠʥʘ, 30, 634050 
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ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚʥʦʚʴ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʚʣʝʯʝʥʠʝʤ 

ʪʦʨʠʷ ʚ ʗʊʎ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ. 

ɼʣʷ ʥʘʜʝʞʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʨʘʥ-ʪʦʨʠʝʚʦʛʦ ʗʊʎ, ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʦʢ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʦʚ ʩ ʷʜʨʘʤʠ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʧʣʘʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ, ʜʦʚʦʣʴʥʦ ʧʦʣʥʦ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʙʠʙʣʠʦʪʝʢʘʭ ʦʮʝʥʝʥʥʳʭ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ ï ENDF (ʉʐɸ), JEFF (ɽʚʨʦʧʘ), JENDL 

(ʗʧʦʥʠʷ), TENDL (ʈʌ), ʈʆʉʌʆʅɼ (ʈʌ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʚʦ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʘʟʘʭ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʮʝʥʝʥʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʨʦʛʦʚʳʭ ʥʝʡʪʨʦʥʥʳʭ ʨʝʘʢʮʠʷʭ ʥʘ ʷʜʨʘʭ 232Th, ʘ ʠʤʝʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʦʚ ʠ 

ʩʝʯʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʧʦʨʷʜʢʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʰʝʪʦʢ ʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʩ ʪʦʨʠʝʤ. ʇʦʢʘʟʘʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʷʜʝʨʥʳʭ ʢʦʥʩʪʘʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʩʯʝʪʘʭ ʥʘ ʢʨʠʪʠʯʥʦʩʪʴ ʨʝʰʝʪʦʢ ʠ ʩʠʩʪʝʤ 

ʩ ʪʦʨʠʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʂʦʥʢʫʨʩ ʥʘ ʧʨʘʚʦ ʧʦʣʫʯʝʥʠʷ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ. 

ɻʨʘʥʪ ˉ ʉʇ-295.2015.2. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
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ʄɸɻɸʊʕ ʥʘ 100 ʣʝʪ. ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʧʦʣʫʯʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʧʨʠ ʩʠʥʪʝʟʝ ʷʜʝʨ ʚʦʜʦʨʦʜʘ. ʆʜʥʘʢʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʯʝʣʦʚʝʯʝʩʪʚʦ ʝʱʝ 

ʥʝ ʥʘʫʯʠʣʦʩʴ ʫʧʨʘʚʣʷʪʴ ʜʘʥʥʦʡ ʨʝʘʢʮʠʝʡ. ʂ ʪʦʤʫ ʞʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʧʘʩʦʚ ʚʦʜʦʨʦʜʘ ʜʣʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʨʘʙʘʪʳʚʘʪʴ ʚʦʜʦʨʦʜ ʠʟ ʤʝʪʘʥʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʝ ʩʙʦʨʢʠ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ, ʧʦʵʪʦʤʫ 

ʚ 60 ʛʦʜʘʭ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʰʘʨʘ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʣʦʷʤʠ ʟʘʱʠʪʳ (ʤʠʢʨʦʪʦʧʣʠʚʦ). ɼʝʣʷʱʠʡʩʷ ʠ ʩʳʨʴʝʚʦʡ ʤʘʪʝʨʠʘʣ ʚ ʜʘʥʥʦʤ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʤ 

ʵʣʝʤʝʥʪʝ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʤʠʢʨʦʪʦʧʣʠʚʘ, ʝʛʦ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʣʷʶʪ 200 ʤʢʤ. ʆʥ ʦʢʨʫʞʝʥ 

3õ4 ʩʣʦʷʤʠ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʍʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʣʷʶʪ 300õ400 ʤʢʤ [1].  

ʉʪʨʦʝʥʠʝ ʤʠʢʨʦʪʦʧʣʠʚʘ ʦʙʝʩʧʝʯʠʣʦ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʪʦʧʣʠʚʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 40 Áʉ; ʢʦʥʩʪʨʫʢʮʠʷ ʄʊ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʧʨʦʜʫʢʪʦʚ 

ʜʝʣʝʥʠʷ; ʚʳʛʦʨʘʥʠʝ ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʩʪʝʨʞʥʝʚʳʭ ʪʚʵʣʘʭ; ʦʪʨʘʙʦʪʘʥʥʦʝ ʪʦʧʣʠʚʦ 

ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʤʠʢʨʦʪʦʧʠʣʚʘ ʥʝ ʪʦʣʴʢʦ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʷʜʝʨʥʳʝ 

ʨʝʘʢʪʦʨʳ, ʥʦ ʠ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʚʦʜʦ-ʚʦʜʷʥʳʝ ʨʝʘʢʪʦʨʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʟʦʧʘʩʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʫʩʪʘʥʦʚʢʫ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʫʩʪʘʥʦʚʢʠ, ʥʦ ʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʧʣʠʚʘ ʚ ʢʘʯʝʩʪʚʝ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʤʠʢʨʦʪʦʧʣʠʚʘ ʚ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ 

ʥʝʦʙʭʦʜʠʤʳ ʧʨʦʚʝʜʝʥʠʝ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʛʣʫʙʠʥ ʚʳʛʦʨʘʥʠʷ ʤʠʢʨʦʪʦʧʣʠʚʘ ʜʣʷ ʨʘʟʥʳʭ ʦʙʦʛʘʱʝʥʠʡ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MCU, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʤʝʪʦʜʝ ʄʦʥʪʝ-ʂʘʨʣʦ. 
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ʉ 2008 ʛʦʜʘ ʦʩʥʦʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʚʳʚʦʜʫ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʨʝʘʢʪʦʨʦʚ ɸɼ, ɸɼʕ-1, 

ʚʝʜʫʪʩʷ ʚ ʨʘʤʢʘʭ ʧ.62 ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çʆʙʝʩʧʝʯʝʥʠʝ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

2008 ʛʦʜ ʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2015 ʛʦʜʘè. 

3. ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʋɻʈ ʌɻʋʇ çɻʍʂè. 

ʈʝʘʣʠʟʘʮʠʷ ʚʘʨʠʘʥʪʘ ʟʘʭʦʨʦʥʝʥʠʷ ʨʝʘʢʪʦʨʦʚ ʥʘ ʤʝʩʪʝ ʧʦʟʚʦʣʠʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʠ ʠʟʦʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʨʘʜʠʦʘʢʪʠʚʥʦ ʟʘʛʨʷʟʥʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ ʚ 

ʰʘʭʪʘʭ ʨʝʘʢʪʦʨʦʚ ʩ ʩʦʟʜʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʩʢʣʶʯʘʶʱʠʭ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʚ ʟʦʥʫ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʥʝʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʡ ʚʳʭʦʜ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

4. ʈʝʟʫʣʴʪʘʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʋɻʈ ʌɻʋʇ çɻʍʂè. 

ï ɺ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʝʘʢʪʦʨ ʙʫʜʝʪ ʟʘʱʠʱʸʥ ʤʥʦʛʦʙʘʨʴʝʨʥʦʡ ʩʠʩʪʝʤʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʥʘʜʸʞʥʫʶ ʠʟʦʣʷʮʠʶ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ï ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʙʦʣʝʝ 1 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ ʥʘ ʦʜʥʫ ʫʩʪʘʥʦʚʢʫ (ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʥʘ 

ʩʦʦʨʫʞʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʭʨʘʥʠʣʠʱ ʊʈʆ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʘʨʠʘʥʪʘ çʣʠʢʚʠʜʘʮʠʷè). 

5. ʈʠʩʢʠ ʦʪʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʋɻʈ ʌɻʋʇ çɻʍʂè. 

ɺʳʚʦʜ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʪʢʘʟ 

ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʚʳʚʦʜʫ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʢʘʞʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ, ʪʘʢ ʢʘʢ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʸʪ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʫʪʨʘʪʝ ʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʙʘʨʴʝʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʨʝʘʢʪʦʨʘ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʟʘ ʧʨʝʜʝʣʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʣʦʱʘʜʢʠ ʌɻʋʇ 

çɻʍʂè. 
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ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʌʎʇ ʗʈɹ 19 ʬʝʚʨʘʣʷ 2014 ʩ ʌɻʋʇ çɻʍʂè ʟʘʢʣʶʯʝʥ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ 

ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ çɺʳʚʦʜ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʨʘʥ-ʛʨʘʬʠʪʦʚʳʭ ʨʝʘʢʪʦʨʦʚ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ çɻʦʨʥʦ-ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè. 

3. ʇʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʀʉɺʕ ʇʋɻʈ ʠ ʀʉʋʇ ʇʋɻʈ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʙʘʟ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʠʥʦʩʪʨʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ çPTCè ʠ çAutodeskè. 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

 

 

50 

ʈʦʩʩʠʡʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʢʦʤʧʘʥʠʷ çɸʉʂʆʅè ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʣʦʞʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʇʆ ʜʣʷ ʚʳʧʫʩʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʦʢ ʧʦʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʣʝʪ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʢʘʥʠʨʦʚʘʥʠʶ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʠ ʩʪʦʣʢʥʫʣʠʩʴ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ: ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʜʣʝʞʘʱʝʡ ʩʢʘʥʠʨʦʚʘʥʠʶ (ʙʦʣʝʝ 300 ʢʛ); 

ʧʣʦʭʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

4. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʉɺʕ ʇʋɻʈ ʠ ʀʉʋʇ ʇʋɻʈ 

ʀʉɺʕ ʇʋʈɻ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʧʨʦʝʢʪʘʥʪʘʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʩʣʫʞʙʘʤ, 

ʧʣʘʥʠʨʫʶʱʠʤ ʨʘʙʦʪʳ ʧʦ ɺʕ.  

ʅʘʛʣʷʜʥʦʩʪʴ ʠ ʦʥʣʘʡʥ ʘʢʪʫʘʣʴʥʦʩʪʴ 3D ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʣ ʣʫʯʰʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ɺʕ ʚ ʮʝʣʦʤ. 

ʋʜʦʙʥʳʡ ʧʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʭ ʧʨʦʩʤʦʪʨ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʘʨʭʠʚʝ ʀʉɺʕ ʇʋɻʈ ʚ ʜʝʩʷʪʢʠ ʨʘʟ 

ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʪʝʭʥʠʯʝʩʢʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʧʨʦʝʢʪʘʥʪʦʚ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʧʦ ɺʕ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ, ʧʦʠʩʢʘ ʠ ʚʳʜʘʯʠ ʪʝʭʥʠʯʝʩʢʦʡ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʦʡ, ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ, ʟʘʢʫʧʦʯʥʦʡ ʠ ʜʦʛʦʚʦʨʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʧʦ ʚʳʚʦʜʫ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʋɻʈ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʧʨʦʝʢʪʦʚ (ʨʘʙʦʪ) ʧʦ ʚʳʚʦʜʫ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʧʨʦʛʨʘʤʤ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʧʦʤʝʱʝʥʠʷʭ ʦʙʲʝʢʪʦʚ ʇʋɻʈ, ʬʠʢʩʠʨʦʚʘʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ 

ʜʦʟʦʟʘʪʨʘʪ, ʧʨʦʛʥʦʟʥʦʛʦ ʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʈɸʆ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʚʳʚʦʜʫ 

ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʋɻʈ. 
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ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʧʦ ʧʨʦʝʢʪʫ: çʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʢʦʥʚʝʨʪʝʨʘ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ ʚ ʪʝʨʤʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʥʳ ʥʘ ʙʘʟʝ ʌʂʕ (ʬʠʟʠʯʝʩʢʠʡ ʢʘʥʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ) ʨʝʘʢʪʦʨʘ ʀɺɻ.1ʄ.è 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʫʱʠʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʨʦʚʦʜʷʪʩʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʘʤʳʤ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ. ʆʜʥʦ ʠʟ ʚʘʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʵʪʦ ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʊʗʈ ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ 

ʫʩʣʦʚʠʷʤ ʠʭ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʝʘʢʪʦʨʘʭ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʩʠʥʪʝʟʘ. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ 

ʤʘʪʝʨʠʘʣʳ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʝʡʪʨʦʥʥʦʝ ʠ ʛʘʤʤʘ ʦʙʣʫʯʝʥʠʝ, ʩʨʝʜʘ ʦʙʣʫʯʝʥʠʷ. 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʦʥʦʚ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʝ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʘʭ-ʛʝʥʝʨʘʪʦʨʘʭ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʥʝʡʪʨʦʥʦʚ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʪʠʧʘ, ʪʦʢʘʤʘʢʘʭ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʝʘʢʮʠʠ ʜʝʡʪʝʨʠʷ ʩ ʪʨʠʪʠʝʤ ʠ ʥʘ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʘʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʜʝʠ ʢʦʥʚʝʨʩʠʠ ʥʝʡʪʨʦʥʦʚ ʪʝʧʣʦʚʦʛʦ ʩʧʝʢʪʨʘ ʚ ʪʝʨʤʦʷʜʝʨʥʳʝ [1].  

ɺ ʀɸʕ ʅʗʎ ʈʂ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʲʝʤʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʪʝʨʤʦʷʜʝʨʥʳʝ ʥʘ ʙʘʟʝ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʘʥʘʣʘ (ʌʕʂ) 

ʨʝʘʢʪʦʨʘ ʀɺɻ1.ʄ [2].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʥʚʝʨʪʝʨʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʪʝʨʤʦʷʜʝʨʥʳʝ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʥʚʝʨʪʝʨʘ, ʪʘʢʠʝ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʤʘʪʝʨʠʘʣʴʥʳʡ 

ʩʦʩʪʘʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʜʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦ ʦʙʣʫʯʝʥʠʶ ʦʙʨʘʟʮʦʚ ʜʝʡʪʝʨʠʜʘ ʣʠʪʠʷ. 
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ɺ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʨʧʫʩʥʳʭ ʢʠʧʷʱʠʭ ʨʝʘʢʪʦʨʘʭ (ʂʂʈ) ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

(ɽʎʊ) ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʜʣʷ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʧʦʚʳʰʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ, ʚʦʟʤʦʞʥʦ, ʚ ʜʨʫʛʠʭ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʨʝʘʢʪʦʨʘʭ, ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʠ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʊɺʉ ʧʨʦʪʦʪʠʧʥʦʛʦ ʂʂʈ ɺʂ-50. 

ʊʝʭʥʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʶʪ ʧʦʜʚʠʞʥʳʝ ʜʝʪʝʢʪʦʨʳ ʧʨʷʤʦʛʦ ʟʘʨʷʜʘ (ʇɼʇɿ) ʩ ʨʦʜʠʝʚʳʤʠ 

ʵʤʠʪʪʝʨʘʤʠ ʠ ʪʫʨʙʠʥʥʦ-ʥʝʡʪʨʦʥʥʳʝ ʨʘʩʭʦʜʦʤʝʨʳ (ʊʅʈ). ʀʟʤʝʨʝʥʠʷʤʠ ʦʭʚʘʯʝʥʳ ʨʘʙʦʯʠʝ ʊɺʉ ʚ 1/6 ʯʘʩʪʠ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʇɼʇɿ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʚʳʩʦʪʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚ çʩʫʭʠʭè ʢʘʥʘʣʘʭ, ʚʚʦʜʠʤʳʭ ʯʝʨʝʟ ʢʨʳʰʢʫ 

ʨʝʘʢʪʦʨʘ ʚ ʮʝʥʪʨʘʣʴʥʳʝ ʪʨʫʙʢʠ ʊɺʉ. ʊʅʈ ʨʘʟʤʝʱʘʶʪ ʥʘ ʚʭʦʜʝ ʚ ʊɺʉ ʚ ʩʲʝʤʥʳʭ ʭʚʦʩʪʦʚʠʢʘʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʨʠʩʦʝʜʠʥʠʪʴ ʢʘʢ ʢ çʩʚʝʞʠʤè, ʪʘʢ ʠ ʦʙʣʫʯʝʥʥʳʤ ʊɺʉ [1-3].  

ʊʅʈ ï ʨʘʩʭʦʜʦʤʝʨ ʪʫʨʙʠʥʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʦʤ ʩʲʝʤ ʩʠʛʥʘʣʘ ʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʢʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦ ʨʘʩʭʦʜʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʝʪʝʢʪʦʨʦʤ ʥʝʡʪʨʦʥʦʚ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʨʦʜʠʝʚʳʤ 

ʇɼʇɿ), ʨʝʛʠʩʪʨʠʨʫʷ ʯʘʩʪʦʪʫ ʣʦʢʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʤʦʜʫʣʷʮʠʡ) ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʝʡʪʨʦʥʥʦ-

ʧʦʛʣʦʱʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʫʨʙʠʥʢʠ, ʚʨʘʱʘʶʱʠʤʠʩʷ ʚʤʝʩʪʝ ʩ ʥʝʡ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ - Ñ1%. 

ʈʝʩʫʨʩ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʊʅʈ (ʜʦ ʠʩʯʝʨʧʘʥʠʷ ʨʝʩʫʨʩʘ ʧʦʜʰʠʧʥʠʢʦʚ ʪʫʨʙʠʥʢʠ) ʚ ʨʝʘʢʪʦʨʝ ɺʂ-50 ʩʦʩʪʘʚʣʷʝʪ 

ʥʝ ʤʝʥʝʝ 8 ʤʝʩʷʮʝʚ ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʚ ʦʜʥʦʛʦʜʠʯʥʦʡ ʢʘʤʧʘʥʠʠ [3]. 
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VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 1. ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 
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ʇɼʇɿ ʠʩʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ. ɺ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʇɼʇɿ ʨʝʛʠʩʪʨʠʨʫʶʪ ʨʘʩʭʦʜ (ʩʢʦʨʦʩʪʴ 

ʮʠʨʢʫʣʷʮʠʠ) ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʊɺʉ, ʘ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦʣʫʯʘʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʜʝʪʝʢʪʦʨʘ ʧʦ ʚʳʩʦʪʝ ʊɺʉ. ʇʦ ʥʝʤʫ ʨʘʩʯʝʪʦʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʭʘʥʠʟʤʦʤ 

ʪʦʢʦʦʙʨʘʟʦʚʘʥʠʷ ʨʦʜʠʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʘʢʩʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 

ʨʦʜʠʷ-103, ʩʚʷʟʘʥʥʦʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ. ʇʦ ʘʢʩʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ʨʦʜʠʷ-103 ʠ ʩʢʦʨʦʩʪʷʤ ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʊɺʉ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʯʝʪʦʤ ʧʦʣʫʯʘʶʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʘʢʩʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʠ ʧʘʨʦʩʦʜʝʨʞʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʤʦʱʥʦʩʪʝʡ ʊɺʉ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ɼʘʥʥʳʝ 

ʧʦ ʧʘʨʦʩʦʜʝʨʞʘʥʠʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ (ʚ 

ʜʚʫʭʛʨʫʧʧʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ), ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʘʣʛʦʨʠʪʤʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ [2].  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʈʦʩʩʠʷ ʩʪʘʣʘ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʙʫʜʫʱʝʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. [1]  

ʆʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ï ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʨʝʛʫʣʷʨʥʦʡ ʜʦʟʘʧʨʘʚʢʝ ʪʦʧʣʠʚʦʤ, ʢʦʪʦʨʦʝ, ʚ ʩʣʫʯʘʝ ʩ ʘʪʦʤʥʳʤ ʣʝʜʦʢʦʣʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʣʘʚʘʥʠʠ ʚʦ ʣʴʜʘʭ, 

ʢʦʛʜʘ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʪ ʠʣʠ ʜʦʟʘʧʨʘʚʢʘ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʘ. 

ɺ ʩʣʫʯʘʝ ʩ ʢʦʩʤʦʩʦʤ, ʞʠʜʢʦʩʪʥʳʝ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʦʪʢʨʳʣʠ ʯʝʣʦʚʝʢʫ ʜʦʨʦʛʫ ʥʘ ʦʢʦʣʦʟʝʤʥʳʝ 

ʦʨʙʠʪʳ, ʥʦ ʜʘʣʴʰʝ ʜʚʠʛʘʪʴʩʷ ʥʘ ʵʪʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʘʟʝ ʙʝʩʩʤʳʩʣʝʥʥʦ: ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʩʪʨʫʠ 

ʚ ʥʠʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 4.5 ʢʤ/ʩ, ʘ ʜʣʷ ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʦʣʝʪʦʚ ʥʫʞʥʳ ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ ʷʚʣʷʝʪʩʷ ʷʜʝʨʥʘʷ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʢʦʩʤʦʩʝ ʧʦʟʚʦʣʠʪ ʠʟʫʯʠʪʴ ʢʦʩʤʦʩ ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ. [2] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ, ʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʨʘʙʦʪʳ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʩʷ ʣʠʥʝʡʢʘ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ, ʠʭ 

ʥʘʟʥʘʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɸʪʦʤʥʳʡ ʣʝʜʦʢʦʣʴʥʳʡ ʬʣʦʪ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʈʦʩʩʠʠ, ï ʫʥʠʢʘʣʴʥʳʡ ʬʣʦʪ ʠ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʩʚʦʝʤ ʨʦʜʝ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʬʣʦʪʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʉʝʚʝʨʥʦʛʦ ʧʦʣʶʩʘ ʠ ʩʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ, ʥʦ ʠ ʨʘʟʚʠʪʠʝ ʪʫʨʠʟʤʘ. [3] ʊʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥ ʦʙʟʦʨ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʷʜʝʨʥʳʭ ʜʚʠʛʘʪʝʣʴʥʳʭ 
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ʫʩʪʘʥʦʚʢʘʭ; ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʗʕʋ. ʈʦʩʩʠʷ 

ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʩʚʝʨʭʪʷʞʝʣʳʭ ʨʘʢʝʪ. [4] 

ʈʘʩʩʤʦʪʨʝʥʳ ɸʇʃ ʢʨʫʧʥʳʭ ʩʪʨʘʥ. ɺ ʩʦʩʪʘʚ ɺʄʌ ʈʌ ʚʭʦʜʷʪ 13 ʘʪʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʩ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʤʠ ʨʘʢʝʪʘʤʠ, 27 ʘʪʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʩ ʨʘʢʝʪʥʦ-ʪʦʨʧʝʜʥʳʤ ʚʦʦʨʫʞʝʥʠʝʤ, 19 ʜʠʟʝʣʴʥʳʭ 

ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, 8 ʘʪʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ 1 ʜʠʟʝʣʴʥʘʷ ʧʦʜʚʦʜʥʘʷ ʣʦʜʢʘ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɸʇʃ ʩʪʨʦʷʪʩʷ ʥʘ ʯʝʪʳʨʝʭ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ. [5] 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʝʢʪʳ ʘʪʦʤʦʚʦʟʦʚ, ʩʨʝʜʠ ʥʠʭ ʧʨʦʝʢʪ ʩʦʟʜʘʥʠʷ çʈʦʩʘʪʦʤè ʩʦʚʤʝʩʪʥʦ ʩ 

çʈɾɼè ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʷʜʝʨʥʳʤ ʨʝʘʢʪʦʨʦʤ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʦʝʢʪʳ ʘʚʪʦʤʦʙʠʣʝʡ ʩ 

ʷʜʝʨʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. [6] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʚ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ. ʇʨʦʝʢʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʪʘʢʦʛʦ ʨʦʜʘ ʨʝʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ɸʪʦʤʥʘʷ ʦʪʨʘʩʣʴ ʈʦʩʩʠʠ ʫʚʝʨʝʥʥʦ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʧʝʨʝʜ 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʘʢʪʦʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʷʜʝʨʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ, 

ʧʦʟʚʦʣʠʪ ʦʩʚʦʠʪʴ ʥʝʠʟʫʯʝʥʥʦʝ ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʠ ʜʦʙʠʪʴʩʷ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ 

ʩʪʦʷʪ ʧʝʨʝʜ ʫʯʝʥʳʤʠ. 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʪʨʘʢʪ ʧʨʦʚʦʜʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ɹɽʊɸ-8 çʈʌʗʎ ɺʅʀʀʕʌè [1], ʚʢʣʶʯʘʶʱʠʡ ɺʏ ʠʥʞʝʢʪʦʨ [2] ʠ ʩʠʩʪʝʤʫ ʤʘʛʥʠʪʥʦʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʪ ɺʏ ʠʥʞʝʢʪʦʨʘ ʜʦ ʫʩʢʦʨʷʶʱʝʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʋʩʢʦʨʠʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʥʥʳʭ ʩʛʫʩʪʢʦʚ ʩ ʵʥʝʨʛʠʝʡ 1,5-7,5 ʄʵɺ ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 300 ʢɺʪ ʠ ʚʳʰʝ. 

ʈʘʙʦʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʩʯʝʪʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʧʨʦʝʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ɺʏ ʠʥʞʝʢʪʦʨʦʤ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʪʨʘʢʪʘ ʧʨʦʚʦʜʢʠ ʧʫʯʢʘ ʫʩʢʦʨʠʪʝʣʷ ɹɽʊɸ-8. 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʛʫʩʪʢʦʚ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʥʦʛʦ 

ʟʘʨʷʜʘ ʜʣʷ ʵʥʝʨʛʠʡ ʠʥʞʝʢʮʠʠ ʦʪ 50 ʜʦ 100 ʢʵɺ ʥʘ ʚʳʭʦʜʝ ɺʏ ʠʥʞʝʢʪʦʨʘ ʠ ʚʳʭʦʜʝ ʠʟ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʥʦʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʨʦʝʢʪʥʦʡ ʤʦʱʥʦʩʪʠ ʧʫʯʢʘ ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʠʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʘʥʘʣʘʭ ʤʘʛʥʠʪʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʠʥʞʝʢʮʠʠ, ʥʘ ʚʳʭʦʜʝ ʠʟ ɺʏ ʠʥʞʝʢʪʦʨʘ ʠ ʢʘʥʘʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ 

ʪʨʝʙʫʝʤʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʜʦʣʴʥʳʝ ʨʘʟʤʝʨʳ ʩʛʫʩʪʢʘ ʪʘʢʞʝ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʦʝʢʪʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʫʩʢʦʨʝʥʠʶ ʧʫʯʢʘ ʚ 

ʢʦʘʢʩʠʘʣʴʥʦʤ ʨʝʟʦʥʘʪʦʨʝ ʫʩʢʦʨʠʪʝʣʷ ɹɽʊɸ-8. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʫʩʢʦʨʠʪʝʣʷ ɹɽʊɸ-8, ʘ 

ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʦʪ ɺʏ ʠʥʞʝʢʪʦʨʘ ʜʦ ʚʭʦʜʘ ʚ ʨʝʟʦʥʘʪʦʨ ʫʩʢʦʨʠʪʝʣʷ. 
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HYDROGENATION AT GAS ATMOSPHERE  
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Zirconium and its alloys are widely used in nuclear power. They are subject to corrosion and hydrogenation 

during operation in the nuclear reactor core. Hydrogen penetration occurs in the zirconium fuel cladding mainly from 

the outside and as a result nonuniform hydrides distribution is observed after exploitation. Preparation of samples with 

the same hydrides distribution like after exploitation is required for mechanical testing of fuel cladding tubes. For this, 

zirconium alloy Zr-1Nb samples with the dimensions of 20Ĭ20Ĭ0.6 mm were prepared and grinded to remove the oxide 

film. Hydrogenation was carried out on the Gas Reaction Controller equipment at temperature 320 ÁC and pressure 2 

atm. for 6 hours to a concentration of 2500 ppm. The analysis of hydrogen distribution in the prepared samples was 

carried out by using glow discharge optical emission spectrometer Profiler 2. Microhardness was measured with a 

Vickers hardness tester KB 30S. The results of investigation are presented on the Figure 1. 

 

Figure 1. Image of transverse section of the sample of zirconium alloy E110 after hydrogenation (a), the results of 

microhardness transverse section (b), and the profile of the distribution of hydrogen (c)  

 

Figure 1a shows an image of transverse section of zirconium alloy after hydrogenation. It is clear that on the 

outer surface of the samples there is a hydride layer with a thickness of ~130 microns. Figure 1b shows the results of 

microhardness measurements on the transverse section of the sample. Hydride layer has a greater hardness in 

comparison with the zirconium matrix. However, the hydride layer has a hardness distribution gradient. This effect is 

due to the fact that during the hydrogenation at low temperature and high pressure the low diffusion rate is provided at 

high hydrogen permeation rate. This leads to the hydrides formation directly after the penetration of hydrogen near the 

surface of the material. Subsequent penetration of the hydrogen occurs through the pre-formed hydride, and it leads to 

reducing of hydrogen amounts with increasing depth which is confirmed by the analysis of the distribution of hydrogen 

by glow discharge plasma spectrometry (Figure 1c). 

Metallographic analysis and study of the hardness distribution of zirconium alloy hydrogenated to a 

concentration of 2500 ppm showed that the sample have the nonuniform distribution of the hydrides. During the 

hydrogenation at 320 Á C the hydride layer with the thickness of 130 micrometers is formed in the samples. At the same 

time the hydride layer has a hydrogen distribution gradient which is connected with the hydrogenation at low 

temperature and high pressure hydrogen when hydrides are formed directly at hydrogenation. Hydrogen distribution 

gradient by depth is confirmed by glow discharge plasma spectrometry. 

 

 

mailto:m.babihina@mail.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 

      

 

57 

REFERENCES 

1. Nagase F. Hydride behavior in Zircaloy cladding tube during high-temperature transients //Journal of Nuclear 

Materials. ï 2011. ï ʊ. 415. ï ˉ. 1. ï ʉ. 117-122. 

2. Kudiiarov V. N. et al. Application of automated complex Gas Reaction Controller for hydrogen storage materials 

investigation //Advanced Materials Research. ï 2013. ï ʊ. 740. ï ʉ. 690-693. 

3.  Rico A. et al. Nanoindentation measurements of the mechanical properties of zirconium matrix and hydrides in 

unirradiated pre-hydrided nuclear fuel cladding //Journal of Nuclear Materials. ï 2014. ï ʊ. 452. ï ˉ. 1. ï ʉ. 69-76. 

 

 

DETERMINATION OF THE NICKEL COATING ON THE Zr1%Nb ALLOY THICKNESS BY X -RAY 

METHOD  

D. T. Zavazieva, M. S. Syrtanov, E. B. Kashkarov, V. N. Kudiyarov 

Scientific Supervisor: engineer of General Physics department M. S. Syrtanov  

Tomsk Polytechnic University,  

Russia, Tomsk, Lenin str., 30, 634050  

E-mail: zavazievadarina@mail.ru 

Physical, chemical and mechanical properties of metals and alloys depend on the penetration and accumulation 

of hydrogen. This is acute for zirconium and titanium alloys, which are widely used in the nuclear industry [1]. For 

various research special preparation of samples is required with respect to hydrogen concentration and volume 

distribution of the material. With hydrogenation of alloys it is important to consider the possibility of oxide film 

formation on the sample surface which prevents penetration of hydrogen. Nickel coating on the surface increases the 

rate of hydrogen sorption. Furthermore, nickel is oxidized worse than titanium and zirconium, this property contributes 

to hydrogen absorption. Therefore, it is important to take into account the thickness of the nickel layer and its adhesive 

behavior. 

During the work flat samples of Zr1%Nb alloy were prepared. Samples were subjected to mechanical polishing 

to remove surface dirt. Nickel layer was coated by magnetron sputtering method at different deposition time, which 

varied from 10 to 40 minutes. 

The analysis of the thickness of the coating was carried out in three different ways: by the distribution profiles 

of nickel in depth, by spherical abrasion test method and by X-Ray diffraction method. 

Calculation of thickness by XRD method was carried out on a Shimadzu XRD-7000S diffractometer in the 

grazing beam geometry. The penetration depth of the X-Ray beam varied by reducing the angle of incidence until the 

signal from the substrate is supressed [2]. 

Measurements of the adhesion strength were made by the Micro-Scratch Tester MST-S-AX-0000. The critical 

load was determined during the measurement by scratching with a diamond indenter. The critical load is the minimum 

load at which the coating starts to destroy. 

Present study demonstrates the possibility of determining the thickness of the micronic coatings by X-Ray 

diffraction method.  The correlation between the calculation results of the distribution of nickel in depth, by spherical 

abrasion test method and by X-Ray method is established. The appropriate thickness of the nickel layer with the best 

adhesive properties and acceptable rate of hydrogen sorption was determined. 
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The scientists of United National Industrial Development Organizations (Africa) state that çEnergy efficiency 

is understood to mean the utilization of energy in the most cost effective manner to carry out a manufacturing process or 

provide a service, whereby energy waste is minimized and the overall consumption of primary energy resources is 

reduced. In other words, energy efficient practices or systems will seek to use less energy while conducting any energy-

dependent activity: at the same time, the corresponding (negative) environmental impacts of energy consumption are 

minimizedè. 

The impacts of energy use affect all of us and consequently, we should all be concerned about how to use 

energy more efficiently. However, the main bodies responsible for defining national approaches to energy efficiency are 

typically government agencies, whose responsibilities will usually include: 

1. Enacting legislation which relate to energy efficiency if required, including defining an oversight role for 

energy regulators, when relevant. 

2. Deciding the state budget for promoting and conducting energy efficiency activities and programmes for the 

general public, including tax or other incentives when appropriate. 

3. Promoting energy awareness and disseminating useful information on energy efficiency measures and on 

recommended procedures for all sectors of the economy. 

4. Allocating the budget and carrying out energy efficiency programmes in relation to government-owned assets, 

e.g. government buildings, vehicle fleets. These actions will serve as examples of good practices for others to 

follow.  

Renewable energy technologies tend to have a higher profile than energy efficiency actions. This is mainly for 

the obvious reason that they are more visible as new installations and perceived as more çcutting-edgeè technologies. 

This occurs even though they often have higher initial capital costs than energy efficiency measures (and may have less 

favorable operating costs too). However, one of the benefits of adopting renewables is the ensuing increase in 

awareness of energy production and consumption in the owner of the installation and also often with the public who can 

see or might interact with the technology.  

This increased awareness of energy consumption may be used to stimulate awareness of energy efficiency by 

introducing energy efficiency measures simultaneously with a new renewable energy installation.  
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʨʘʟʜʝʣʝʥʠʷ 

ʪʨʘʥʩʧʣʫʪʦʥʠʝʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʇʕ) ʦʪ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʘʤʝʨʠʮʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʤʝʩʴ ʈɿʕ ʠ ʊʇʕ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʤʝʪʦʜʘ ʦʪʜʝʣʝʥʠʷ ʘʤʝʨʠʮʠʷ ʦʪ ʈɿʕ ʠ ʢʶʨʠʷ ï ʦʩʘʜʠʪʝʣʴʥʳʡ, 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ ʠ ʩʦʨʙʮʠʦʥʥʳʡ. ʆʩʘʜʠʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʘʤʝʨʠʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʦʩʘʞʜʝʥʠʠ ʦʢʩʘʣʘʪʦʚ ʘʤʝʨʠʮʠʷ, ʢʶʨʠʷ ʠ ʈɿʕ, ʨʘʩʪʚʦʨʝʥʠʠ ʦʢʩʘʣʘʪʦʚ ʚ ʨʘʩʪʚʦʨʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ, ʦʢʠʩʣʝʥʠʠ 

Am(III) ʜʦ Am(V) ʩ ʦʩʘʞʜʝʥʠʝʤ ʜʚʦʡʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʘʤʝʨʠʮʠʷ(V) ʩ ʢʘʣʠʝʤ ʠ ʧʨʦʤʳʚʢʝ ʦʩʘʜʢʘ ʨʘʩʪʚʦʨʦʤ 

ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ. ʇʨʠ ʵʪʦʤ ʢʶʨʠʡ ʠ ʈɿʕ ʦʩʪʘʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ[1]. 

ʉʦʨʙʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʦʥʦʚ Am3+ ʠ AmO2
2+ ʥʘ 

ʠʦʥʠʪʘʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʤʝʨʠʮʠʡ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (+6) ʷʚʣʷʝʪʩʷ 

ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ʠ ʪʨʫʜʥʦ ʧʦʜʦʙʨʘʪʴ ʩʦʨʙʝʥʪ ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʵʢʩʪʨʘʛʠʨʦʚʘʪʴʩʷ Am3+ ʠ AmO2
2+. ɺ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʆʗʊ ʜʦʙʘʚʣʷʶʪ ʦʢʠʩʣʠʪʝʣʴ ʧʝʨʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʝʨʝʚʦʜʠʪ Pu, U, Am ʚ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ (+6) ʠ ʟʘʪʝʤ ʵʪʦʪ ʨʘʩʪʚʦʨ ʧʝʨʝʜʘʶʪ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ 

ʧʨʦʪʠʚʦʪʦʯʥʳʡ ʢʘʩʢʘʜ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ Am(VI) ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ[1, 2].  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʦʡ ʦʧʘʩʥʦʩʪʴʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʴʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝʤ ʤʦʜʝʣʠ ʚ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʠʤʠʪʠʨʫʶʱʠʭ ɿʗʊʎ. 
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ʵʥʝʨʛʝʪʠʢʝ 

      

 

60 

ʩʧʦʩʦʙʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʳʩʦʢʦʡ 

ʯʠʩʪʦʪʳ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʋɼʇ ʟʘʥʠʤʘʶʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʨʘʟʨʷʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʬʘʢʝʣʴʥʳʡ ʨʘʟʨʷʜ (ɺʏʌ).  

ɺ ʨʘʙʦʪʝ [1] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʋɼʇ ʚ ɺʏʌ ʨʘʟʨʷʜʝ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ɺʏʌ ʨʘʟʨʷʜʘ. ʇʣʘʟʤʘ ɺʏʌ ʨʘʟʨʷʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʝʡ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʥʝʸ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ. ʆʜʥʠʤ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʨʘʟʨʷʜʘ ɺʏ ʧʦʣʷ [1]. 

ɺ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʋɼʇ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʚ ʧʦʪʦʢʝ ɺʏʌ, 

ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ E-ʨʘʟʨʷʜʦʤ ʩ ʸʤʢʦʩʪʥʦʡ ʩʚʷʟʴʶ çʬʘʢʝʣ-ʟʝʤʣʷè. ʆʩʦʙʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ɺʏ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʣʘʟʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʚʝʣʠʯʠʥʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʤʦʜʫʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ɺʏʌ ʨʘʟʨʷʜʘ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ 

ʯʘʩʪʦʪʫ ʠ ʛʣʫʙʠʥʫ ʤʦʜʫʣʷʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ ʚ ɺʏ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʥʠʪʨʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʮʠʨʢʦʥʠʡ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ZrO2. ʉʠʥʪʝʟ ʯʘʩʪʠʮ ʋɼʇ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʤʦʱʥʦʩʪʴʶ 25 ʢɺʪ. ʇʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ ï ʚʦʟʜʫʭ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ (ZrO2) ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʥʝ ʧʨʝʚʳʰʘʣʦ ʢʦʣʠʯʝʩʪʚʘ, ʚʥʝʩʸʥʥʦʛʦ ʩ ʠʩʭʦʜʥʳʤ 

ʨʘʩʪʚʦʨʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʩʦʩʪʘʚʣʷʣʦ 1,8%, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʟʤʝʨʝʥʥʘʷ ʤʝʪʦʜʦʤ ɹʕʊ, ʩʦʩʪʘʚʣʷʣʘ 

14,6 ʤ2/ʯ, ʜʠʩʧʝʨʩʥʦʩʪʴ ʯʘʩʪʠʮ ï 0,12ï0,3 ʤʢʤ. ɼʠʦʢʩʠʜ ʮʠʨʢʦʥʠʷ ʠʤʝʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʸʪʢʠ: a=5,07 ʘʥʛʩʪʨʝʤ, b=5,16 ʘʥʛʩʪʨʝʤ, b/a=1,018. 

ʀʩʧʳʪʘʥʠʷ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʩʠʥʪʝʟʝ ʦʣʝʬʠʥʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʧʦʢʘʟʘʣʠ ʝʛʦ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʦ 100% ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 50-55%. ʉʙʦʨ ʋɼʇ 

ʦʢʩʠʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨʝ. 
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ʤʝʭʘʥʠʢʠ ʠ ʵʢʦʣʦʛʠʠ: ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 6-10 ʠʶʣʷ 1998 ʛʦʜʘ. ï ʊʦʤʩʢ, 1998. ï ʉ. 91-92. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʫʜʥʠʢ çɿʘʧʘʜʥʳʡ ʄʳʥʢʫʜʳʢè ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʭʦʣʜʠʥʛʘ ɸʆ 

çʅɸʂ çʂʘʟʘʪʦʤʧʨʦʤè, ʚʳʧʫʩʢʘʶʱʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʫʜʥʠʢʝ ʵʢʩʧʦʨʪʥʦ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʚʠʜʝ 

ʟʘʢʠʩʠ ʦʢʠʩʠ ʫʨʘʥʘ (ɿʆʋ). ɻʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ ʩ ʨʫʜʥʠʢʘ ʦʪʧʨʘʚʣʷʝʪʩʷ ʚ ʘʜʨʝʩ ʢʦʥʝʯʥʦʛʦ ʧʦʣʫʯʘʪʝʣʷ 

ʫʧʘʢʦʚʘʥʥʘʷ ʚ ʥʝʚʦʟʚʨʘʪʥʫʶ ʪʘʨʫ ʊʋʂ-44/8.  
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çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 
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ɿʆʋ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʚʫʦʢʠʩʠ, ʪʝʪʨʘʬʪʦʨʠʜʘ, ʛʝʢʩʘʬʪʦʨʠʜʘ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʫʨʘʥʘ. ɿʘʢʠʩʴ-ʦʢʠʩʴ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʠʥʦʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʠʤʝʩʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʦʜʫʢʪʘ ʧʝʨʝʨʘʙʦʪʢʠ. 

ɺ ʜʘʥʥʦʤ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʧʨʦʝʢʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ɿʆʋ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʫʣʫʯʰʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʘ ʫʨʘʥʘ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʢʦʥʮʝʥʪʨʘʪʘ ʫʨʘʥʘ ʥʘ ʨʫʜʥʠʢʝ 

çɿʘʧʘʜʥʳʡ ʄʳʥʢʫʜʳʢè.  

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ ɿʆʋ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ ɿʆʋ, ʧʦʣʫʯʘʝʤʦʡ ʤʝʪʦʜʦʤ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʫʨʘʥʘ ʠʟ 

ʪʦʚʘʨʥʳʭ ʜʝʩʦʨʙʘʪʦʚ ʊʆʆ çɸʧʧʘʢè.  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ (ɿʆʋ) ʧʦʟʚʦʣʠʣ ʫʚʝʣʠʯʠʪʴ ʟʘʧʦʣʥʝʥʠʝ ʫʧʘʢʦʚʦʯʥʦʡ 

ʪʘʨʳ ʊʋʂ-44/8 ʩ 80% ʜʦ 90% ʦʪ ʦʙʱʝʡ ʝʤʢʦʩʪʠ ʢʦʥʪʝʡʥʝʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʵʢʦʥʦʤʠʷ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦ-ʫʧʘʢʦʚʦʯʥʳʤ ʢʦʥʪʝʡʥʝʨʘʤ (ʊʋʂ44/8), ʫʧʘʢʦʚʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʤ ʠ ʵʢʩʧʝʜʠʪʦʨʩʢʠʤ ʟʘʪʨʘʪʘʤ, ʧʨʠʤʝʨʥʦ ʥʘ 10%. 
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ʇʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʚ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʤʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʠʥʪʝʟʝ ʥʝ ʷʚʣʷʝʪʩʷ ʭʘʦʪʠʯʥʳʤ, ʦʥ 

ʥʦʩʠʪ ʫʧʨʘʚʣʷʝʤʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ: ʧʦʜʛʦʪʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʰʠʭʪʳ, 

ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ, ʦʭʣʘʞʜʝʥʠʝ ʛʦʪʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʉɺʉ. 

ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʫʣʫʯʰʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʘʝʪʩʷ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʪʚʸʨʜʳʭ ʨʝʘʛʝʥʪʦʚ [1]. 

ɼʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ, ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʩʥʠʞʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʛʦʨʷʯʝʛʦ ʧʨʦʜʫʢʪʘ ʢ ʭʦʣʦʜʥʦʤʫ [2]. 

ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ. ʀʩʧʘʨʝʥʠʝ ʚʣʘʛʠ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʦʥʝ ʧʨʦʛʨʝʚʘ. ɺʣʘʛʘ, 

ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ, ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʠʤʝʩʥʳʭ ʛʘʟʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚ [3]. 
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ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥʳ ʛʦʨʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ, ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʨʝʘʛʝʥʪʳ ʩʤʝʩʠ 

ʘʢʪʠʚʥʝʝ ʫʯʘʩʪʚʫʶʪ ʚ ʩʠʥʪʝʟʝ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʤʝʥʷʝʪʩʷ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ɺʦʟʜʝʡʩʪʚʠʝ ʧʝʨʝʤʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʥʘ ʦʙʲʝʢʪ ʩʠʥʪʝʟʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ, ʪ.ʝ. ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʢʠʥʝʪʠʢʫ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʩʤʝʩʠ [4]. 

ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɺʣʠʷʥʠʝ ʚʳʩʦʢʠʭ ʤʘʩʩʦʚʳʭ ʧʦʣʝʡ (ʩʦʟʜʘʶʪʩʷ ʚ ʮʝʥʪʨʦʙʝʞʥʦʡ ʫʩʪʘʥʦʚʢʝ) ʩʠʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [5].  
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ʈʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʪʦʨʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʟʘʧʘʩʳ ʫʨʘʥʘ, ʯʪʦ, ʧʦʪʝʥʮʠʘʣʴʥʦ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʮʠʢʣʘ. ʈʦʣʴ 232Th ʚ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʫ 238U: ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʥʝʡʪʨʦʥʦʚ, ʷʜʨʘ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚʦ 

ʚʪʦʨʠʯʥʳʝ ʜʝʣʷʱʠʝʩʷ ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʥʫʢʣʠʜʳ [1].  

ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʢʦʥʝʯʥʫʶ ʧʦ ʚʳʩʦʪʝ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʨʝʘʢʪʦʨʘ ɺɺʕʈ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ: ʰʪʘʪʥʦʝ ʪʦʧʣʠʚʦ (UO2), ʫʨʘʥ-ʪʦʨʠʝʚʦʝ ʪʦʧʣʠʚʦ, ʪʦʨʠʝʚʦʝ 

ʪʦʧʣʠʚʦ ʩ ʦʨʫʞʝʡʥʳʤ ʧʣʫʪʦʥʠʝʤ, ʪʦʨʠʝʚʦʝ ʪʦʧʣʠʚʦ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʣʫʪʦʥʠʝʤ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 

      

 

63 

 

ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1, ʜʣʠʥʘ ʢʘʤʧʘʥʠʠ ʰʪʘʪʥʦʛʦ 

ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2250 ʵʬʬʝʢʪʠʚʥʳʭ ʩʫʪʦʢ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʨʘʥ-ʪʦʨʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʜʣʠʥʘ 

ʢʘʤʧʘʥʠʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʪʥʦʡ ʟʘʛʨʫʟʢʦʡ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 9%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʧʣʠʚʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʠʟ ʪʦʨʠʷ ʠ ʧʣʫʪʦʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʜʣʠʥʘ ʢʘʤʧʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʩʣʫʯʘʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʣʫʪʦʥʠʷ ʥʘ 4%, ʘ ʦʨʫʞʝʡʥʦʛʦ ï ʥʘ 42%. ʅʦ ʚʘʨʠʘʥʪʳ ʪʦʧʣʠʚʘ ʦʩʪʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʠʤʝʶʱʠʭʩʷ ʟʘʧʘʩʦʚ ʧʣʫʪʦʥʠʷ ʠ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ [2]. 
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ɺʦʜʦʨʦʜ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ. ɼʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʜʝʣʠʡ ʠʟ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʭʨʫʧʢʦʡ ʛʠʜʨʠʜʥʦʡ ʬʘʟʳ ʠ ʨʘʟʨʫʰʝʥʠʶ ʧʦ ʤʝʭʘʥʠʟʤʫ ʟʘʤʝʜʣʝʥʥʦʛʦ ʛʠʜʨʠʜʥʦʛʦ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ [1, 2]. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʩʚʦʡʩʪʚʘ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʪʨʝʙʫʶʪ ʧʦʜʛʦʪʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ, ʧʨʠʯʝʤ ʩ 

ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ. ʎʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ ʕ-110, ʕ-125 ʷʚʣʷʶʪʩʷ 

ʣʝʛʢʦʦʢʠʩʣʷʶʱʠʤʠʩʷ ʤʘʪʝʨʠʘʣʘʤʠ [3]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʦʩʣʦʞʥʝʥʦ 

ʥʘʣʠʯʠʝʤ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʥʠʞʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ.  
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ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 

      

 

64 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʠ ʥʘʥʝʩʝʥʠʝ ʩʣʦʷ ʥʠʢʝʣʷ ʥʘ ʮʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʩʢʦʨʦʩʪʴ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʠʢʝʣʴ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʬʠʟʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʦʨʦʜʫ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʚʦʜʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʥʠʢʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʮʠʨʢʦʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʙʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ. ʅʘʥʝʩʝʥʠʝ ʥʠʢʝʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʦʥʥʦʡ ʦʯʠʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʰʣʠʬʘ (ʨʘʟʨʫʰʘʶʱʠʡ) ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ (ʥʝʨʘʟʨʫʰʘʶʱʠʡ) ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʷ ʥʠʢʝʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʚ ʮʠʨʢʦʥʠʝʚʳʡ ʩʧʣʘʚ ʩ ʥʠʢʝʣʝʚʳʤ ʧʦʢʨʳʪʠʝʤ ʤʠʢʨʦʥʥʦʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ. 1). ʉ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ 

ʥʠʢʝʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʚ 

ʮʠʨʢʦʥʠʝʚʳʡ ʩʧʣʘʚ. 
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ʷʚʣʝʥʠʡ ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʶ ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ (ʇ-ɹ) ʚ ʩʧʣʘʚʘʭ, ʘ ʪʘʢʞʝ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʵʪʠ ʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ, ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʭ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ. ɺ ʢʣʘʩʩʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ D1a, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʧʣʘʚʘʭ Ni4Mo ʠ Ni4W. ʉʧʣʘʚʳ ʠʟ 

ʩʠʩʪʝʤ Ni-Mo, Ni-W ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʚʳʩʦʢʦ ʨʝʟʠʩʪʠʚʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʧʣʘʚʦʚ, ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʧʣʘʚʦʚ, 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ, ʩʧʣʘʚʦʚ ʜʣʷ ʦʢʩʠʜʥʳʭ ʢʘʪʦʜʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʜʘʣʴʥʝʛʦ 

ʧʦʨʷʜʢʘ (ɼʇ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʣʠʷʥʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ (ʇ-ɹ) ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʩʧʣʘʚʦʚ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ D1a.  

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʧʣʘʚʦʚ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ D1a ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ɼʇ ʠ ʜʠʬʬʫʟʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ (ɹʇ) ʥʝ ʩʦʚʧʘʜʘʝʪ. ʌʘʟʦʚʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʇ-ɹ ʚ ʩʧʣʘʚʘʭ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʘʨʪʠʥʫ ʦʩʣʦʞʥʷʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʦʡʥʠʢʦʚ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ (ɸʌɻ) ʠ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ. 

ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʩʪʨʫʢʪʫʨ ɸ1 ʠ D1a ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʘ,ʙ. ʂʦʦʨʜʠʥʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 

ʠʩʭʦʜʥʦʡ ɻʎʂ-ʨʝʰʝʪʢʠ ʢ ʦʩʷʤ ʩʪʨʫʢʪʫʨʳ D1a ʜʘʥʳ ʥʘ ʨʠʩ. 1 ʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ D1a  ʙʦʣʴʰʝ ʦʙʲʝʤʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ɸ1 ʙʦʣʴʰʝ ʚ 2,5 ʨʘʟʘ. 

 

ʈʠʩʫʥʦʢ 1. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ɸ1 (ʘ), ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ D1a (ʙ) 

ʠ ʧʨʦʝʢʮʠʷ ʧʣʦʩʢʦʩʪʠ (001) ʠ ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸ1­ D1a (ʚ) 

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʇ-ɹ D1a­A1 ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ I ʨʦʜʘ. ɺ ʩʧʣʘʚʝ Ni4Mo ʩʪʨʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ɸɺ4 ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʫʟʢʫʶ ʜʚʫʭʬʘʟʥʫʶ ʦʙʣʘʩʪʴ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʩʢʘʯʢʘ ʧʘʨʘʤʝʪʨʘ ɼʇ ʧʨʠ ʚʝʨʭʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʚʫʭʬʘʟʥʦʡ 

ʦʙʣʘʩʪʠ (D1a+A1) ʦʪʨʘʞʘʝʪ ʩʣʘʙʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ. ʇʨʝʚʨʘʱʝʥʠʝ ʇ-ɹ ʟʘʚʝʨʰʘʝʪʩʷ ʚʜʘʣʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʇ-ɹ. ɹʦʣʴʰʦʡ ʩʢʘʯʦʢ ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʌʇ ʢʦʨʨʝʣʠʨʫʝʪ ʙʦʣʴʰʠʤ ʩʢʘʯʢʦʤ ʧʘʨʘʤʝʪʨ ɼʇ. 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 
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ʈɽɻʋʃʀʈʆɺɸʅʀɽ ʌʀɿʀʂʆ-ʊɽʍʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ɺʆɼʓ ɺ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉɸʍ  

ɺ.ɼ. ʂʣʦʧʦʪʦʚ1, ʅ.ʇ. ɻʦʨʣʝʥʢʦ2,3, ʖ.ʉ. ʉʘʨʢʠʩʦʚ2, ɸ.ʂ. ʂʫʣʴʯʝʥʢʦ2, ɸ.ɸ. ʂʣʦʧʦʪʦʚ2,4 

1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

2ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʣ. ʉʦʣʷʥʘʷ, 2, 634003 

3ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʦʩʩʠʷ, ʛ. ʉʫʨʛʫʪ, ʧʨ. ʃʝʥʠʥʘ, 1, 628412 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʝʝ 

ʦʙʨʘʙʦʪʢʘ ʚʥʝʰʥʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʠʣʠ ʚʥʝʩʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʇʨʠ ʵʪʦʤ ʚ ʚʦʜʝ ʠ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʠʜʨʘʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʠʦʥʦʚ ʠ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʠ 

ʦʪʜʝʣʴʥʳʭ ʜʠʧʦʣʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʝʝ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʋʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʝʝ ʢʘʯʝʩʪʚʦ, ʥʦ ʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʝ ʩʚʦʡʩʪʚʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʝʝ ʦʙʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʣʦʪʘʮʠʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ.  

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʣʠʟʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʝʝ ʩʚʦʡʩʪʚʘ ʠ ʦʧʨʝʜʝʣʝʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʡ ʬʣʦʪʘʮʠʠ ʩʣʦʞʥʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʬʣʦʪʘʮʠʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʜʳ, ʠʦʥʥʳʡ ʩʦʩʪʘʚ, pH ʩʨʝʜʳ, 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (Eh) ʠ ʜʨ. ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʚʦʜʝ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʜʠʵʣʝʢʪʨʦʤʝʪʨʠʠ, ʘ ʟʥʘʯʝʥʠʷ ʨʅ ʠ Eh ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʠʦʥʦʤʝʨʘ ʀ-120. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʣʠʟʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ, ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ ʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʯʘʩʪʦʪʘʭ 1-30 ʢɻʮ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ 

ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʧʨʠ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ 30, 100 ʠ 300 ʢɻʮ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʚʦʜʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʚ 

ʢʦʪʦʨʳʭ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʜʠʧʦʣʝʡ ʥʠʞʝ ʯʘʩʪʦʪ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ pH ʠ Eh ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʫʞʝ ʧʨʠ ʟʘʪʨʘʪʘʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 0,5 ʢɺʪÖʯ/ʤ3 ʠ ʢʦʣʠʯʝʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 0,017 ɸÖʯ/ʣ. ʇʨʠ ʵʪʦʤ ʢʘʪʦʣʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ pH=11,4; Eh = - 460; ʘʥʦʣʠʪ - pH = 3,45; Eh = 260 ʤɺ ʧʨʠ ʟʘʪʨʘʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 6 ʢɺʪÖʯ/ʤ3 ʠ 

ʢʦʣʠʯʝʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 0,2 ɸÖʯ/ʣ. ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʩ 6,8 ʤʛ/ʣ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʝ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 22,2 

ʤʛ/ʣ ʚ ʘʥʦʣʠʪʝ ʠ ʩʥʠʞʘʝʪʩʷ ʜʦ 3,1 ʤʛ/ʣ ʚ ʢʘʪʦʣʠʪʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʦʣʠʪʘ, ʣʠʙʦ ʘʥʦʣʠʪʘ ʚ ʧʨʦʮʝʩʩʘʭ ʬʣʦʪʘʮʠʠ 

ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʤʝʣʢʦʚʢʨʘʧʣʝʥʥʳʭ ʦʢʠʩʣʝʥʥʳʭ ʦʣʦʚʷʥʥʦ-ʩʚʠʥʮʦʚʳʭ ʨʫʜ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 
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ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ (ʥʘ 3-10%), ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʨʘʩʭʦʜ ʨʝʘʛʝʥʪʦʚ (ʥʘ 50%). ʕʬʬʝʢʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʟʚʣʝʯʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʠʟ ʚʦʜʥʳʭ 

ʩʨʝʜ ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʟʥʳʭ ʛʘʟʦʚ, ʩʥʠʞʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ, ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ. 

 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ɺ ʆɹʆʃʆʏʂɸʍ ʊɺʕʃʆɺ ɻʈɸɼʀɽʅʊɸ ʂʆʅʎɽʅʊʈɸʎʀʀ ɺʆɼʆʈʆɼɸ ʀ 

ɻʀɼʈʀɼʆɺ ʇʆ ʊʆʃʑʀʅɽ ʉʊɽʅʂʀ 

ɺ.ʅ. ʂʫʜʠʷʨʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: viktor.kudiiarov@gmail.com 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʟʜʝʣʠʷʤ ʠʟ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʦʨʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʚʦʜʦʨʦʜʥʦʝ ʦʭʨʫʧʯʠʚʘʥʠʝ ʤʦʞʝʪ ʩʪʘʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ 

ʮʠʨʢʦʥʠʝʚʦʡ ʦʙʦʣʦʯʢʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʨʦʜ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʚ ʚʠʜʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʣʠ ʚ ʚʠʜʝ ʛʠʜʨʠʜʦʚ. ʅʘʠʙʦʣʴʰʠʡ 

ʦʭʨʫʧʯʠʚʘʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʮʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ ʦʢʘʟʳʚʘʶʪ ʛʠʜʨʠʜʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʯʝʤ ʮʠʨʢʦʥʠʝʚʘʷ ʤʘʪʨʠʮʘ, ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʫʯʘʩʪʢʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ. 

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʛʠʜʨʠʜʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚʦ ʤʥʦʛʦʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʠʜʥʳʭ ʧʣʘʩʪʠʥ. ʊʘʢ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ 

LWR (Light Water Reactor) ʧʦ ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ ʪʚʵʣʘ ʧʨʠ ʚʳʩʦʢʦʤ ʚʳʛʦʨʘʥʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʛʦ 

ʛʠʜʨʠʜʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 50-100 ʤʢʤ ʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʦʡ ʛʠʜʨʠʜʥʳʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʤʝʩʪʦʤ ʟʘʨʦʞʜʝʥʠʷ ʭʨʫʧʢʦʡ ʛʠʜʨʠʜʥʦʡ ʪʨʝʱʠʥʳ ʚ ʦʙʦʣʦʯʢʝ ʪʚʵʣʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʦʧʘʜʘʥʠʶ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠʣʠ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʣʝʛʢʦʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʚ 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ. ʋʯʝʪ ʚʣʠʷʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʠʨʢʦʥʠʝʚʳʭ ʦʙʦʣʦʯʝʢ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʚʵʣʘ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʙʝʟ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʩʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʧʣʦʪʥʳʤ ʩʣʦʝʤ ʛʠʜʨʠʜʦʚ ʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʤʝʪʦʜʠʢʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʦʙʦʣʦʯʝʯʥʳʭ 

ʪʨʫʙ ʠʟ ʩʧʣʘʚʦʚ ʮʠʨʢʦʥʠʷ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʟʘʜʘʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʠʜʨʠʜʦʚ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʪʨʫʙ. 

 

 

ɺʃʀʗʅʀɽ ʊɽʈʄʆ- ʀ ʈɸɼʀɸʎʀʆʅʅʆ-ʉʊʀʄʋʃʀʈʆɺɸʅʅʆɻʆ ɺʓʍʆɼɸ ɺʆɼʆʈʆɼɸ ʅɸ 

ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʆɽ ʉʆʉʊʆʗʅʀɽ ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺɸ Ti-6Al-4V 

ɺ.ʅ. ʂʫʜʠʷʨʦʚ, ɽ.ʅ. ʉʪʝʧʘʥʦʚʘ, ɺ.ʉ. ʉʳʧʯʝʥʢʦ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: victor31479@mail.ru  

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

mailto:viktor.kudiiarov@gmail.com


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 

      

 

68 

ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʧʝʢʪʠʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʣʠʷʥʠʝʤ ʚʦʜʦʨʦʜʘ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʵʪʠʭ ʩʧʣʘʚʦʚ.  

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʠ ʜʝʛʘʟʘʮʠʠ ʧʫʪʝʤ ʦʪʞʠʛʘ ʚ ʚʘʢʫʫʤʝ ʠ ʦʙʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʜʚʫʭʬʘʟʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ Ti-6Al -4V ʚ ʤʝʣʢʦ- ʠ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʩʦʩʪʦʷʥʠʷʭ. ʅʝʨʘʚʥʦʚʝʩʥʘʷ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 

ʵʣʝʤʝʥʪʦʚ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 0,29 ʤʢʤ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʩʧʣʘʚʝ ʤʝʪʦʜʦʤ ʠʥʪʝʥʩʠʚʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʩʦ ʩʤʝʥʦʡ ʦʩʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 873ï853 ʂ (ʨʠʩ. 1). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʩʧʣʘʚʘ ʚ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ (~ ʚ 27 ʨʘʟ) ʚʳʰʝ, ʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʵʪʦʤ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʬʘʟʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ. 

 

 

ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʩʧʣʘʚʘ Ti-6Al-4V:  

(a) ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʢʘʨʪʠʥʘ ʤʠʢʨʦʜʠʬʨʘʢʮʠʠ; (ʙ) ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

 

ʆʪʞʠʛ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 823 K ʚ ʪʝʯʝʥʠʝ 500 ʤʠʥ ʧʦʟʚʦʣʷʝʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʘ ʚ ʩʧʣʘʚʝ Ti-6Al-4V. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʜʝʛʘʟʘʮʠʠ ʚʦʜʦʨʦʜʘ ʦʙʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ (ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ɽ = 30 ʢʵɺ, ʪʦʢ ʥʘ ʦʙʨʘʟʮʝ I = 35 ʤʢɸ, ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ~60 

ʤʠʥ) ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ ʦʙʨʘʟʮʘ ʜʦ 518 ʂ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ 

ʩʧʣʘʚʝ ʜʦ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ. 
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ɺ.ɺ. ʃʘʨʠʦʥʦʚ, ɸ.ʄ. ʃʠʜʝʨ, ʅ.ʉ. ʇʫʰʠʣʠʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: lvv@tpu.ru  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʩʫʨʩʘ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʩ 

ʦʪʨʘʙʦʪʘʚʰʠʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ ʤʝʪʦʜʦʤ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʄʝʜʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʩʫʭʦʛʦ ʭʨʘʥʝʥʠʷ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ [1]. ɼʣʷ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʘʨʥʳʭ 

mailto:ivanov@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 

      

 

69 

ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ɺʠʭʨʝʪʦʢʦʚʳʝ 

ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ [2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʜʠ ʤʘʨʢʠ ʄʆ1 ʧʨʠ ʥʘʩʳʱʝʥʠʠ 

ʚʦʜʦʨʦʜʦʤ ʠʟ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʌʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʨʠʤʝʥʝʥʠʷ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟ ʤʝʜʠ ʦʪ ʥʘʣʠʯʠʷ ʚ ʥʝʡ ʛʘʟʦʚ ʠ ʜʝʬʝʢʪʦʚ [2], ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ, ʠʭ ʛʘʟʦʥʘʩʳʱʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʦʚʝʜʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ çʚʦʜʦʨʦʜʥʘʷ 

ʙʦʣʝʟʥʴè ʤʝʜʠ. ɼʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʣʠʷʶʪ ʥʘ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ. ʀʟʤʝʨʷʣʠ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʪʥʝʩʝʥʥʦʝ ʢ ʝʜʠʥʠʮʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ɟd /Nd ʠ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʝʜʠʥʠʮʳ ʧʣʦʪʥʦʩʪʠ ʣʠʥʝʡʥʳʭ ʜʝʬʝʢʪʦʚ ɟL /NL. ʇʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ Nd ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʬʦʨʤʫʣʝ 
222 16/ bctgNd Q=pb , ʛʜʝ ɓ ï ʫʰʠʨʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʝʡ ʨʝʰʝʪʢʠ, ɗ ï ʫʛʦʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʩʠʤʫʤʫ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʣʠʥʠʠ, b ï 

ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ. ʇʦ ʚʝʣʠʯʠʥʝ 
LL N/r  ʠ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʩʨʘʚʥʠʚʘʣʠ ʠʟʤʝʥʝʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʥʦʩʠʤʦʝ ʛʨʘʥʠʮʘʤʠ ʟʝʨʝʥ ʥʘ ʝʜʠʥʠʮʫ ʠʭ ʧʣʦʪʥʦʩʪʠ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ 

ʢʨʠʩʪʘʣʣʘ
LDLGG NN // rr = . ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ȹɟ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 

ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʜʝʬʝʢʪʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʠʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʝʬʝʢʪʳ ʚ ʤʝʜʠ ʜʣʷ ʮʝʣʝʡ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʜʠ ʦʪ ʯʠʩʣʘ ʜʝʬʝʢʪʦʚ ʠʤʝʝʪ ʢʫʧʦʣʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʟʤʝʨʝʥʠʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʯʠʩʣʦ ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʚʠʜ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʦʩʟʘʜʘʥʠʷ çʅʘʫʢʘè 0.1325.2014 ʠ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014 - 

2020 ʛʦʜʳè. ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ RFMEFI57514X0048. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʛʣʦʱʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʇʕʃ) ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʦʨʛʘʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʂʈʆ) ʨʝʘʢʪʦʨʘ ʈʄɹʂ. ʇʨʦʝʢʪʦʤ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʙʠʜʘ ʙʦʨʘ ʠ ʪʠʪʘʥʘʪʘ ʜʠʩʧʨʦʟʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʝʡʪʨʦʥʥʦ-

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʩʦʢʦʡ ʬʠʟʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʪʝʧʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʩʣʘʙʦʡ 

ʘʢʪʠʚʠʨʫʝʤʦʩʪʴʶ ʠ ʜʨ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 
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ʨʘʩʧʫʭʘʥʠʝ ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ, ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʧʦʜ ʦʙʦʣʦʯʢʫ ʧʦʛʣʦʱʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʩʧʝʯʝʥʥʳʭ ʠʟʜʝʣʠʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ 

ʨʝʩʫʨʩ ʇʕʃʦʚ [1]. 

ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʠʟʜʝʣʠʡ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʝʨʜʝʯʥʠʢʘ ʇʕʃʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʝʧʨʠʥʷʪʦʡ, ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ 

ʢʘʢ ʥʘʯʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʕʃʦʚ, ʪʘʢ ʠ ʩʨʦʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɿʘʤʝʥʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ 

(ʜʝʢʩʪʨʠʥʘ) ʧʨʠ çʤʦʢʨʦʤè ʤʝʪʦʜʝ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʡ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʧʣʦʪʥʦʩʪʴ 

ʩʧʝʯʝʥʥʳʭ ʚʢʣʘʜʳʰʝʡ ʇʕʃʦʚ ʠʟ ʢʘʨʙʠʜʘ ʙʦʨʘ ʙʦʣʝʝ 1,9 ʛ/ʩʤ3. 

ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ (ʢʘʫʯʫʢʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ) ʠ 

ʩʧʠʨʪʦʨʘʩʪʚʦʨʠʤʳʭ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ (ʧʦʣʠʩʪʠʨʦʣʘ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ) ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 1 

ʜʦ 5% ʤʘʩʩ. ʥʘ ʩʚʦʡʩʪʚʘ ʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʛʣʝʨʦʜʦʤ. 

ʌʦʨʤʫʝʤʦʩʪʴ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʝʩʩʦʚʦʢ ʢ ʠʩʪʠʨʘʥʠʶ [2]. ʇʦ ʥʘʙʦʨʫ, ʥʝ ʤʝʥʝʝ 5 ʰʪʫʢ, ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʠʟ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʢʘʨʙʠʜʘ 

ʙʦʨʘ ʙʨʠʢʝʪʦʚ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʜʘʚʣʝʥʠʠ, ʦʧʨʝʜʝʣʷʣʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʦʤʦʢ ʧʨʝʩʩʦʚʢʠ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʧʦ ʨʘʟʥʠʮʝ ʤʘʩʩʳ ʧʨʝʩʩʦʚʦʢ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʙʘʨʘʙʘʥʝ-ʩʠʪʝ, ʦʪʥʝʩʝʥʥʦʡ ʢ 

ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʝ ʧʨʝʩʩʦʚʦʢ [3]. 

ɼʘʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʠʜʘ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʥʘ ʧʣʦʪʥʦʩʪʴ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ 

ʢʘʨʙʠʜʘ ʙʦʨʘ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʚʦʜʠʤʦʛʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʬʦʨʤʫʝʤʦʩʪʴ ʧʨʝʩʩʦʚʦʢ 

ʠʟ ʢʘʨʙʠʜʘ ʙʦʨʘ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʟʘʤʝʥʘ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʢʘʥʝʡ ʢʦʩʪʝʡ, ʩʫʩʪʘʚʦʚ ʠ ʟʫʙʦʚ. ʄʘʪʝʨʠʘʣʳ ʠʤʧʣʘʥʪʘʪʦʚ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʦʢʨʫʞʘʶʱʠʤʠ 

ʝʛʦ ʞʠʚʳʤʠ ʪʢʘʥʷʤʠ: ʤʝʪʘʣʣʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʨʨʦʟʠʠ, ʧʣʘʩʪʤʘʩʩʳ ʨʘʟʨʫʰʘʶʪʩʷ, ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʦʪʨʘʚʣʷʶʪ 

ʦʨʛʘʥʠʟʤ, ʘ ʩʘʤʠ ʠʤʧʣʘʥʪʘʪʳ ʚʳʟʳʚʘʶʪ ʚʦʩʧʘʣʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʪʢʘʥʝʡ ʠ ʦʪʪʦʨʛʘʶʪʩʷ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʩʭʦʞʠ ʩ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʦʝʥʠʝʤ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʘʢʪʠʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʤʧʣʘʥʪʘʪʦʚ, ʧʦʢʨʳʪʠʡ ʵʥʜʦʧʨʦʪʝʟʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʷʶʪ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ (ʥʝʦʨʛʘʥʠʯʝʩʢʦʝ 

ʢʘʣʴʮʠʡ-ʬʦʩʬʘʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 
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ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʙʣʠʟʢʦʛʦ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʚʦʡʩʪʚʘʤ ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪʘ ʥʘʪʨʠʷ (ʕɼʊɸ).  

ʀʩʩʣʝʜʫʝʤʳʡ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʚ ʭʦʜʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕɼʊɸ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [2]: ʩʥʘʯʘʣʘ ʩʤʝʰʠʚʘʣʠ 0,5 ʄ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ ʩ 0,05 ʄ ʨʘʩʪʚʦʨʦʤ ʩʦʣʠ 

ʕɼʊɸ, ʘ ʟʘʪʝʤ ʢ ʵʪʦʡ ʩʤʝʩʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠʣʠʚʘʣʠ 0,2 ʄ ʨʘʩʪʚʦʨ ʛʠʜʨʦʦʨʪʦʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ. ʇʨʦʮʝʩʩ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʥʘʛʨʝʚʘʥʠʠ ʜʦ 40-70Áʉ ʠ ʨH 8-9. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʚʳʜʝʨʞʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 10-20 ʤʠʥʫʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 40-70Áʉ ʠ ʦʩʪʘʚʠʣʠ ʥʘ ʩʫʪʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʦʩʘʜʦʢ 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ. ɿʘʪʝʤ ʧʝʨʝʥʦʩʠʣʠ ʩ ʬʠʣʴʪʨʘ ʚ ʪʠʛʝʣʴ ʠ ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ 

ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150Áʉ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʚʦʜʳ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʧʦʩʣʝ ʚ ʪʝʯʝʥʠʝ 1 

ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250Áʉ, ʯʪʦʙʳ ʦʯʠʩʪʠʪʴ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ 

ʧʨʠ 700Áʉ, ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ. ʆʩʪʳʚʰʠʡ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ 

ʠʟʤʝʣʴʯʘʣʠ.  

ʀʥʬʨʘʢʨʘʩʥʳʤ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʣʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʠ ʩʦʧʦʩʪʘʚʣʷʣʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʀʂ-ʩʧʝʢʪʨʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ. ɺʳʷʚʣʝʥ ʩʦʩʪʘʚ ʙʣʠʟʢʠʡ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʫ ʢʦʩʪʝʡ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʦʪ ʠʟʙʳʪʢʘ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ ʚ ʩʠʩʪʝʤʝ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʙʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʠ ʧʦʠʩʢ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʝʩʫʨʩʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʫʨʘʚʥʝʥʠʡ 

ʢʠʥʝʪʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʠ ʤʝʭʘʥʠʟʤʳ ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ 

ʚʦʟʥʠʢʥʝʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ɻʎʂ-ʤʘʪʝʨʠʘʣʘ.  



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʸʥ ʦʙʟʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʪʠʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ɻʎʂ - ʤʘʪʝʨʠʘʣʦʚ, ʠ ʚʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʧʦʚʝʜʝʥʠʷ. [3] 

ʊʘʢ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʜʘʯʠ ʘʪʦʤʘʤ ʵʥʝʨʛʠʠ ʚʳʰʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ u1c , u2c  ʠ ic  ʜʣʷ 

ʤʦʥʦʚʘʢʘʥʩʠʡ, ʙʠʚʘʢʘʥʩʠʡ ʠ ʤʝʞʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʥʘʣʠʯʠʠ ʧʨʠʤʝʩʝʡ ʟʘʤʝʱʝʥʠʷ ʚ 

ʩʧʣʘʚʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʣʠʯʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʞʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ ʘʪʦʤʦʚ 

ʤʘʪʨʠʮʳ ʠ ʘʪʦʤʦʚ ʧʨʠʤʝʩʠ. ɽʩʣʠ ʞʝ ʵʥʝʨʛʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦʨʦʛʦʚʫʶ ʚʝʣʠʯʠʥʫ, ʪʦ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʮʝʣʳʝ ʢʦʤʧʣʝʢʩʳ ʚʘʢʘʥʩʠʡ ʠ ʤʝʞʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʧʝʪʣʠ ʤʝʞʫʟʝʣʴʥʦʛʦ ʠ ʚʘʢʘʥʩʠʦʥʥʦʛʦ ʪʠʧʘ, ʠʣʠ ʞʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʘʢʘʥʩʠʦʥʥʳʝ ʧʦʨʳ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʧʝʪʝʣʴ ʷʚʣʷʶʪʩʷ ʠʭ ʧʣʦʪʥʦʩʪʠ ï 
urP  ʠ 

i
Pr  ʜʣʷ 

ʚʘʢʘʥʩʠʦʥʥʳʭ ʠ ʤʝʞʫʟʝʣʴʥʳʭ ʧʝʪʝʣʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʠʝ ʨʘʜʠʫʩʳ ʧʝʪʝʣʴ 
u
PR  ʠ 

i
PR . 

ɺʘʢʘʥʩʠʦʥʥʳʝ ʧʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʠʙʦ ʧʣʦʪʥʦʩʪʴʶ VN  ï ʯʠʩʣʦʤ ʧʦʨ ʚ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ, ʣʠʙʦ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʘʢʘʥʪʥʳʭ ʫʟʣʦʚ ʚ ʧʦʨʘʭ ï ʦʙʲʸʤʦʤ ʧʦʨ ʚ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ. [5] 

ʕʬʬʝʢʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʝʭʘʥʠʟʤʘʤʠ ʜʠʬʬʫʟʠʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʠʬʬʫʟʠʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʪʠʢʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ 
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ʊʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʪʥʳʭ ʫʟʣʦʚ ʚ ʧʦʨʘʭ, ʠʟʤʝʥʷʶʪʩʷ ʩʨʝʜʥʠʝ ʨʘʜʠʫʩʳ 

ʤʝʞʫʟʝʣʴʥʳʭ ʠ ʚʘʢʘʥʩʠʦʥʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʧʝʪʝʣʴ, ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʞʝ 

ʠʤʝʶʪ ʫʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ [2]. 

ʉʣʘʛʘʝʤʳʝ ʚ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ ʦʙʣʫʯʝʥʠʷ ʪʘʢʠʝ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʯʘʩʪʠʮ; ʪʠʧ, ʵʥʝʨʛʠʷ ʠ ʩʧʝʢʪʨ ʙʦʤʙʘʨʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ (ʥʝʡʪʨʦʥʥʳʡ ʧʦʪʦʢ, 

ʜʦʟʘ, ʬʣʶʝʥʩ); ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʣʫʯʝʥʠʷ; ʠʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʦʩʥʦʚʥʦʤ ʫʩʣʦʚʠʷ ʦʙʣʫʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʠʧʦʤ ʦʙʣʫʯʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʙʣʝʤʝ ʢʠʥʝʪʠʢʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʦʜʥʘʢʦ ʮʝʣʦʩʪʥʘʷ ʢʦʥʮʝʧʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʤʥʦʛʦʦʙʨʘʟʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʷʚʣʝʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʣʦʞʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʪʠʢʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ [1]. 
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1. Starenchenko V.A., Cherepanov D.N., Selivanikova O.V. Modeling of plastic deformation of crystalline materials 

on the basis of the concept of hardening and recovery.// Russian Physics Journal.- 2014, Volume 57, Issue 2, June 2014 

(Russian Original So. 2. February. 2014), pp. 139-151. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 

      

 

73 

2. ʀʙʨʘʛʠʤʦʚ ʐ.ʐ., ʂʠʨʩʘʥʦʚ ɺ.ɺ., ʇʷʪʠʣʝʪʦʚ ʖ.ʉ. ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʄ.: 

ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1985. 240 ʩ. 

3. ʂʠʨʩʘʥʦʚ ɺ.ɺ., ʉʫʚʦʨʦʚ ɸ.ʃ., ʊʨʫʰʠʥ ʖ.ɺ. ʇʨʦʮʝʩʩʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʝʪʘʣʣʘʭ. ʄ.: 
ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1985. 272 ʩ. 

4. Yoo M.H. The role of divacancies in void swelling.// Scripta Metallurgica.- 1979, v. 13, p. 635-639; Growth kinetics 

of dislocation loop and voids the role of bivacancies.- Phil. Mag. (a).- 1979, v. 40, ˉ 2, p. 193-211. 

5. ʄʘʣʳʛʠʥ ɻ.ɸ. ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʪʝʨʶ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʦʙʣʫʯʝʥʥʦʡ ʥʝʡʪʨʦʥʘʤʠ ʤʝʜʠ.// ʌʊʊ.- 2005, ʪ. 47, ʚʳʧ. 4, ʩ. 632-638. 

6. ʄʘʣʳʛʠʥ ɻ.ɸ. ɺʣʠʷʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʟʜʝʬʝʢʪʥʳʭ ʢʘʥʘʣʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʠ ʦʙʣʫʯʝʥʥʳʭ ʥʝʡʪʨʦʥʘʤʠ ʤʝʪʘʣʣʦʚ.// ʌʊʊ.- 1991, ʪ. 47, ʚʳʧ. 7, ʩ. 1247-1252. 

 

 

ʉʆʈɹʎʀʆʅʅɸʗ ʆʏʀʉʊʂɸ ɸɿʆʊʅʆʂʀʉʃʓʍ ʕʂʉʊʈɸʂʎʀʆʅʅʓʍ ʈɸʌʀʅɸʊʆɺ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʀʆʅʅʆʆɹʄɽʅʅʆʁ ʉʄʆʃʓ S957  

ɸ.ɸ. ʄʦʨʦʟʦʚʘ, ʄ.ɸ. ɿʝʤʯʝʥʢʦ 

ʇʫʙʣʠʯʥʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè,  

ʈʦʩʩʠʷ, ʛ.ʕʣʝʢʪʨʦʩʪʘʣʴ, ʫʣ. ʂ.ʄʘʨʢʩʘ, 12, 144001 

E-mail: schuchenka@yandex.ru  

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʡ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʬʠʥʘʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʦʯʠʩʪʢʝ ʫʨʘʥʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʭ ʠʦʥʦʦʙʤʝʥʥʫʶ ʦʯʠʩʪʢʫ ʩ 

ʧʦʤʦʱʴʶ ʩʤʦʣʳ ʭʝʣʘʪʥʦʛʦ ʪʠʧʘ S957, ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʨʘʙʦʪʝ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ.  

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʬʠʥʘʪʦʚ ʦʪ ʫʜʝʣʴʥʦʡ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʠ 

ʦʪʙʦʨ ʧʨʦʙ ʨʘʩʪʚʦʨʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʫʩʪʘʥʦʚʢʠ ʜʦʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʣʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʩʫʭʠʤ ʉʘʆ. ʊʚʝʨʜʳʝ ʦʩʘʜʢʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʪʱʘʪʝʣʴʥʦ ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʩʳʧʫʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʧʨʝʜʝʣʷʣʠ ʠʭ 

ʫʜʝʣʴʥʫʶ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʴ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʝʨʝʩʯʝʪʦʤ ʥʘ ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʨʘʩʪʚʦʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʵʪʠ 

ʦʩʘʜʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʚʩʷ ʫʜʝʣʴʥʘʷ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʴ ʩʫʩʧʝʥʟʠʠ 

ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʬʠʣʴʪʨʘʮʠʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʪʚʝʨʜʦʡ ʯʘʩʪʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʨʘʥʘ ʠʟʦʪʦʧʘ U238 ʚ ʠʩʭʦʜʥʳʭ ʠ ʦʯʠʱʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʟʦʰʣʦ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ 

ʫʩʪʘʥʦʚʢʫ ʦʢʦʣʦ 700 ʢʦʣʦʥʦʯʥʳʭ ʦʙʲʝʤʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʘʯʘ ʨʘʬʠʥʘʪʦʚ ʥʘ ʦʯʠʩʪʢʫ ʙʳʣʘ ʧʨʝʢʨʘʱʝʥʘ. ʇʨʠ 

ʵʪʦʤ ʚʧʣʦʪʴ ʜʦ ʤʦʤʝʥʪʘ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ʩʤʦʣʘ S957 ʧʨʦʜʦʣʞʘʣʘ 

ʩʦʨʙʠʨʦʚʘʪʴ ʠʟʦʪʦʧ Th232, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʵʣʶʘʪʘʭ ʟʘ ʚʩʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʠʣʦ ʥʠʞʝ 

ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚʭʦʜʷʱʠʭ ʠ ʚʳʭʦʜʷʱʠʭ ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʦʣʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʫʜʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʦʩʘʜʢʦʚ ʜʚʝ ʫʩʨʝʜʥʝʥʥʳʝ ʧʨʦʙʳ ʦʩʚʝʪʣʝʥʥʦʡ ʯʘʩʪʠ ʩʫʩʧʝʥʟʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʬʠʥʘʪʦʚ ʠ ʵʣʶʘʪʦʚ, ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʛʣʫʙʦʢʦʤʫ ʫʧʘʨʠʚʘʥʠʶ ʜʦ ʚʣʘʞʥʳʭ 

ʩʦʣʝʡ ʠ ʜʘʣʝʝ ʚʳʩʫʰʝʥʳ ʜʦ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʚʣʘʛʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ʋʜʝʣʴʥʳʝ 

ʘʢʪʠʚʥʦʩʪʠ ʦʩʚʝʪʣʝʥʥʦʡ ʯʘʩʪʠ ʠ ʦʩʘʜʢʘ Ca(NO3)2, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʦʚ ʧʦʩʣʝ ʩʦʨʙʮʠʦʥʥʦʡ 

ʜʦʦʯʠʩʪʢʠ, ʣʠʰʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʝʥʴʰʝ ʘʥʘʣʦʛʠʯʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʠʩʭʦʜʥʳʭ ʨʘʬʠʥʘʪʦʚ. ʕʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʘʜʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʦʚ 

ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ, ʢʦʛʜʘ ʦʩʥʦʚʥʘʷ ʝʸ ʯʘʩʪʴ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʪʚʝʨʜʦʡ ʯʘʩʪʠ ʩʫʩʧʝʥʟʠʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʩʤʦʣʳ S957 ʧʦ ʠʟʦʪʦʧʘʤ U238 ʠ Th232, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʫʜʝʣʴʥʦʡ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʨʘʬʠʥʘʪʦʚ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 
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ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʜʠʘʮʠʦʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʞʠʜʢʠʭ ʩʨʝʜ ʚ ʇɸʆ çʄʉɿè, ʢ 

ʢʦʪʦʨʳʤ ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʥʦʩʷʪʩʷ ʘʟʦʪʥʦʢʠʩʣʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʨʘʬʠʥʘʪʳ.  

 

 

ʈɽɸʃʀɿɸʎʀʗ ʇʈʆɽʂʊɸ ʇʈʆʀɿɺʆɼʉʊɺɸ ʄʆʂʉ-ʊʆʇʃʀɺɸ ɼʃʗ ʕʅɽʈɻʆɹʃʆʂɸ ˉ4 ɹɸʕʉ 
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ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʩʷʪʢʠ ʣʝʛʢʦʚʦʜʥʳʭ ʨʝʘʢʪʦʨʦʚ ʚ ʤʠʨʝ ʨʘʙʦʪʘʶʪ ʥʘ ʯʘʩʪʠʯʥʦʡ ʟʘʛʨʫʟʢʝ MOʂʉ-

ʪʦʧʣʠʚʦʤ. ʇʨʠʤʝʥʝʥʠʝ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʳʨʴʝʚʳʭ ʪʦʧʣʠʚʥʳʭ ʨʝʩʫʨʩʦʚ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʧʦʟʚʦʣʠʪ ʟʘʤʢʥʫʪʴ ʷʜʝʨʥʳʡ ʪʦʧʣʠʚʥʳʡ 

ʮʠʢʣ. 

ɺ ʢʦʥʮʝ 2014 ʛʦʜʘ ʥʘ ʌɻʋʇ çɻʍʂè (ʛ.ɾʝʣʝʟʥʦʛʦʨʩʢ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ) ʩʦʟʜʘʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ 

ʈʦʩʩʠʠ ʫʥʠʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʪʚʵʣʦʚ) ʠ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ 

ʩʙʦʨʦʢ (ʊɺʉ) ʩ ʄʆʂʉ-ʪʦʧʣʠʚʦʤ (ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʤ UO2ïPuO2-ʪʦʧʣʠʚʦʤ) ʜʣʷ ʨʝʘʢʪʦʨʦʚ ɹʅ-800 ʯʝʪʚʝʨʪʦʛʦ 

ʵʥʝʨʛʦʙʣʦʢʘ ɹɸʕʉ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʚʵʣʦʚ ʥʘ ʦʩʥʦʚʝ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʪʨʫʙʯʘʪʳʭ ʦʙʦʣʦʯʝʢ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʪʚʵʣʦʚ; 

2. ʇʦʜʛʦʪʦʚʢʘ ʵʢʨʘʥʥʦʛʦ ʩʪʦʣʙʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʪʘʙʣʝʪʦʢ ʥʠʟʢʦʦʙʦʛʘʱʝʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ; 

3. ʉʥʘʨʷʞʝʥʠʝ ʪʦʧʣʠʚʦʤ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ, ʛʝʨʤʝʪʠʟʘʮʠʷ ʪʚʵʣʦʚ; 

4. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʪʚʵʣʘ; 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʵʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʠ 

ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʛʝʨʤʝʪʠʯʥʳʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʤʝʨʘʭ ʠ ʧʝʨʯʘʪʦʯʥʳʭ ʙʦʢʩʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ɺʥʝʜʨʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʮʝʥʪʘ ʙʨʘʢʘ. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʠʜʝʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʵʣ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʧʪʠʤʠʟʘʮʠʷ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʵʣ ʩ ʄʆʂʉ-ʪʦʧʣʠʚʦʤ ʨʘʚʥʦ, ʢʘʢ ʠ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʜʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʘʣʦ: 

- ʧʝʨʝʭʦʜ ʦʪ ʧʘʣʣʝʪʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ ʪʦʧʣʠʚʥʳʭ ʪʘʙʣʝʪʦʢ ʚ ʦʙʦʣʦʯʢʫ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʨʘʥʦʚʳʭ ʊɺʉ, ʢ ʧʨʠʤʝʥʝʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʰʪʦʢʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʵʣʦʚ, ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʦʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʙʣʝʪʦʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʝʪ ʧʨʦʮʝʥʪ 

ʙʨʘʢʦʚʘʥʥʳʭ ʪʚʵʣʦʚ; 

- ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʤʝʨʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʦʡ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʨʝʘʣʠʟʦʚʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʘʨʷʞʝʥʠʶ ʦʙʦʣʦʯʝʢ ʪʚʵʣ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ ʠ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 
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ʪʦʧʣʠʚʥʳʤʠ ʪʘʙʣʝʪʢʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʘʨʘʙʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʚʦʣʴʚʝʨʥʦʛʦ ʪʠʧʘ; 

- ʧʨʦʮʝʩʩ ʥʘʚʠʚʢʠ ʠ ʧʨʠʚʘʨʢʠ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʝʡ ʧʨʦʚʦʣʦʢʠ ʩʪʘʣ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ, 

ʚʢʣʶʯʘʷ ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʧʨʠʚʘʨʢʠ ʧʨʦʚʦʣʦʢʠ ʠ ʧʨʠʚʘʨʢʫ ʧʨʦʚʦʣʦʢʠ ʢ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʟʘʛʣʫʰʢʘʤ ʪʚʵʣʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʳʧʫʩʢʘʝʤʦʤʫ ʪʚʵʣʫ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʚ ʪ.ʯ. ʢ ʪʘʢʦʤʫ 

ʚʘʞʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʢʘʢ ʩʪʝʧʝʥʴ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʧʨʠʚʘʨʢʠ 

ʟʘʛʣʫʰʢʠ ʚʝʨʭʥʝʡ ʢ ʪʚʵʣʫ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʩʪʘʜʠʠ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ) ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʘʨʢʠ ʚʝʨʭʥʝʡ 

ʟʘʛʣʫʰʢʠ ʢ ʦʙʦʣʦʯʢʝ ʪʚʵʣʘ ʠ ʛʝʨʤʝʪʠʟʘʮʠʠ. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʠʤʠʪʘʪʦʨʘʭ ʪʚʵʣʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʥʦʤʫ ʪʚʵʣʫ.  

ɺ ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ 

ʘʨʛʦʥʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʪʘʣʣʦʛʨʘʬʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʪʚʵʣ. ʉʠʣʘ ʪʦʢʘ ï 120õ160 ɸ, ʚʨʝʤʷ ʩʚʘʨʢʠ ï 1,5õ2,5 ʩʝʢ. 

ɼʣʷ ʥʘʰʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʊɺʉ ʩ ʄʆʂʉ-ʪʦʧʣʠʚʦʤ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ, ʦʪʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʵʣʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʜʛʦʪʦʚʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʩʦʥʘʣ ʢ ʚʳʧʫʩʢʫ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ. 
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ʈʝʘʢʪʦʨ ʀʈʊ-ʊ (ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʝʘʢʪʦʨ ʪʠʧʦʚʦʡ ʊʦʤʩʢʠʡ) ï ʵʪʦ ʚʦʜʦ-ʚʦʜʷʥʦʡ ʨʝʘʢʪʦʨ 

ʙʘʩʩʝʡʥʦʚʦʛʦ ʪʠʧʘ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʜʣʠʪʝʣʷ, ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʚʝʨʭʥʝʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʈʝʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʡʪʨʦʥʥʦʛʦ ʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʨʘʜʠʦʙʠʦʣʦʛʠʠ, ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ [1]. ʈʝʘʢʪʦʨ ʀʈʊ-ʊ 

ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʝʪ ʩ 1967 ʛʦʜʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʘʥʘʣʘʭ (ʕʂ) ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝʡʪʨʦʥʥʦ-

ʪʨʘʥʩʤʫʪʘʮʠʦʥʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ (ʅʊʃ) ʢʨʝʤʥʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʥʳʭ ʠʟʦʪʦʧʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ. ɺ ʩʚʷʟʠ 

ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʅʊʃ ʢʨʝʤʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ ʚ ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ, ʦʜʥʘʢʦ ʠʟ 10 ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʘʥʘʣʦʚ (ɻʕʂ) ʠ 14-ʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ (ɺʕʂ) ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝʛʦ ʦʜʠʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʘʥʘʣ ɻʕʂ-4.  

ʋʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʅʊʃ ʚ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ɻʕʂ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʚʥʦʤʝʨʥʦʝ ʦʙʣʫʯʝʥʠʝ ʩʣʠʪʢʦʚ ʢʨʝʤʥʠʷ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʫʯʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [2]: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʩ ʫʯʝʪʦʤ ʦʪʨʘʚʣʝʥʠʷ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 
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ʙʝʨʠʣʣʠʝʚʦʛʦ ʦʪʨʘʞʘʪʝʣʷ [3]; 

- ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʚ 20-50 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ; 

- ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʥʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʦʡ, ʠʥʘʯʝ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʯʨʝʟʤʝʨʥʦʤʫ ʥʘʛʨʝʚʘʥʠʶ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ; 

- ʨʘʜʠʘʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʅʊʃ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 2ï3 %. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʦʯʥʳʝ ʨʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ TIGRIS, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʅʊʃ 

ʢʨʝʤʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ. ʂ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʢʘʥʘʣʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ɻʕʂ-1 ʠ 

ʨʘʟʤʝʱʝʥʠʝ ʥʦʚʦʛʦ ɺʕʂ ʚ ʙʘʢʝ ʩ ʪʷʞʝʣʦʡ ʚʦʜʦʡ. ʉ ʧʦʤʦʱʴʶ ʩʦʟʜʘʚʘʝʤʳʭ ʢʘʥʘʣʦʚ ʤʦʞʥʦ ʚ 2ï3 ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ 

ʦʙʲʝʤ ʦʙʣʫʯʘʝʤʦʛʦ ʢʨʝʤʥʠʷ ʥʘ ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ.  
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʘʙʣʝʪʦʢ 

ʠʟ ʪʠʪʘʥʘ ʠ ʧʘʣʣʘʜʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʝʡʪʨʦʥʦʚ. ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʧʨʠ 

ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʠ ʤʝʪʘʣʣʳ ʦʙʨʘʟʫʶʪ ʚʦʜʦʨʦʜʥʫʶ ʧʦʜʩʠʩʪʝʤʫ, ʦʙʣʘʜʘʶʱʫʶ ʦʩʦʙʳʤ ʩʚʦʡʩʪʚʦʤ ʥʘʢʘʧʣʠʚʘʪʴ 

ʵʥʝʨʛʠʶ. ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʜʦʨʦʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʝʝ ʵʥʝʨʛʠʷ, ʦʩʦʙʦʝ ʩʦʩʪʦʷʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʤʝʪʘʣʣʦʚ, ʠ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʥʠʭ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʝʩʦʨʙʮʠʠ ʜʝʡʪʨʦʥʦʚ ʠʟ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ Pd/PdO, ʥʘʩʳʱʝʥʥʦʡ ʜʝʡʪʝʨʠʝʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ Pd/PdO:Dx, ʠ ʦʙʣʫʯʘʝʤʦʡ ʵʣʝʢʪʨʦʥʘʤʠ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʜʝʡʪʨʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʦʣʝʝ 

ʯʝʤ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧʣʦʚʦʡ [1]. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʧʨʠʚʝʣʦ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣʘ ʙʳ 

ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʠʶ ʜʝʡʪʨʦʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ ʧʦʣʫʯʝʥʠʝ ʚ ʫʧʨʘʚʣʷʝʤʦʤ ʨʝʞʠʤʝ. ʈʘʥʝʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʪʘʙʣʝʪʢʠ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʩʣʦʝʤ ʦʢʠʩʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [2] ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʧʘʣʣʘʜʠʷ. ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ 

ʦʢʠʩʣʘ ʩʦʩʪʘʚʣʷʣʘ 20 ʥʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʣʘʩʪʠʥʢʫ ʥʘʛʨʝʚʘʶʪ ʚ ʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1200 0ʉ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʢʠʩʣʦʨʦʜʘ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʪʘʙʣʝʪʢʘ ʦʢʠʩʣʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʢʠʩʣʘ PdOy . ʊʦʣʱʠʥʘ ʩʣʦʷ ʦʢʠʩʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,02 ʜʦ 0,05 ʤʢʤ. ʇʦʩʣʝ ʦʢʠʩʣʝʥʠʷ ʪʘʙʣʝʪʢʫ ʧʦʤʝʱʘʶʪ ʚ 

ʵʣʝʢʪʨʦʣʠʟʝʨ, ʩʥʘʙʞʝʥʥʳʡ ʜʚʫʤʷ ʧʣʘʪʠʥʦʚʳʤʠ ʘʥʦʜʘʤʠ, ʠ ʟʘʧʦʣʥʝʥʥʳʡ ʨʘʩʪʚʦʨʦʤ LiOD. ɼʚʘ ʧʣʘʪʠʥʦʚʳʭ 

ʘʥʦʜʘ ʧʦʟʚʦʣʷʶʪ ʨʘʚʥʦʤʝʨʥʦ ʠ ʠʜʝʥʪʠʯʥʦ ʥʘʩʳʪʠʪʴ ʪʘʙʣʝʪʢʫ ʜʝʡʪʝʨʠʝʤ ʩ ʜʚʫʭ ʩʪʦʨʦʥ. ɺʨʝʤʷ ʥʘʩʳʱʝʥʠʷ 

ʚʳʙʠʨʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʡʪʝʨʠʷ ʚ ʧʘʣʣʘʜʠʠ ʠʣʠ ʪʠʪʘʥʝ ʩʦʩʪʘʚʣʷʣʘ 73 ï 78 %. ʆʙʣʫʯʝʥʠʝ 

ʪʘʙʣʝʪʢʠ ʧʨʦʠʟʚʦʜʷʪ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʝʪʠʢʝ 
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ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʮʠʣʣʷʮʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʝʡʪʝʨʠʝʚʦʡ ʧʦʜʩʠʩʪʝʤʳ ʤʝʪʘʣʣʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʇʦ 

ʛʠʧʦʪʝʟʝ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʵʬʬʝʢʪʫ ʨʝʟʦʥʘʥʩʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʦʥʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʘʯʢʘ ʵʥʝʨʛʠʝʡ ʜʝʡʪʨʦʥʦʚ. ʇʦʜ ʧʣʘʟʤʦʥʘʤʠ ʧʦʥʠʤʘʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʨʝʜʝ (ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʝ) 

ʫʩʠʣʝʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʣʦʠ ʦʢʠʩʠ ʧʘʣʣʘʜʠʷ ʩʦʟʜʘʶʪʩʷ ʩ ʜʚʫʭ 

ʩʪʦʨʦʥ, ʘ ʪʘʙʣʝʪʢʫ ʦʙʣʫʯʘʶʪ ʚʩʪʨʝʯʥʳʤʠ ʧʫʯʢʘʤʠ, ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʫʩʠʣʝʥʠʷ ʦʩʮʠʣʣʷʮʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʝʡʪʝʨʠʝʚʦʡ ʧʦʜʩʠʩʪʝʤʳ ʪʘʙʣʝʪʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʣʘʟʤʦʥʦʚ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʚ ʪʘʙʣʝʪʢʝ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʩʣʦʝʤ ʦʢʠʩʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʪʨʝʯʥʦʛʦ 

ʥʝʫʧʨʫʛʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʜʝʡʪʨʦʥʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴʩʷ ʚ 4 ʨʘʟʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʝʡʪʨʦʥʳ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʩ ʵʥʝʨʛʠʝʡ, ʧʨʝʚʳʰʘʶʱʝʡ 

ʵʥʝʨʛʠʶ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʩʣʦʝ ʦʢʠʩʣʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʜʝʩʦʨʙʮʠʶ ʜʝʡʪʝʨʠʷ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʦʩʟʘʜʘʥʠʷ çʅʘʫʢʘè 0.1325.2014.  
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ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʩʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʥʫʞʜʘʝʪʩʷ 

ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ð ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʫʚʝʣʠʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ ʩ ʢʝʨʘʤʠʯʝʩʢʠʤ ʪʦʧʣʠʚʦʤ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ.  

ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ. ʕʪʦ ʪʘʢʦʡ ʚʠʜ ʪʦʧʣʠʚʘ, 

ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʦʙʲʝʤʫ ʥʝʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ (ʤʘʪʨʠʮʳ). 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʣʶʙʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ [1], ʢ ʪʦʤʫ ʞʝ ʦʯʝʥʴ ʚʘʞʥʘ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ ʠ ʪʦʧʣʠʚʘ, ʪʘʢ 

ʢʘʢ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʦʪʨʘʟʠʪʴʩʷ ʥʘ 

ʩʚʦʡʩʪʚʘʭ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʙʳʣ ʚʳʙʨʘʥ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʛʘʟʦʛʨʘʬʠʪʦʚʳʡ ʨʝʘʢʪʦʨ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʪʘʢʦʤ ʨʝʘʢʪʦʨʝ, ʥʝʦʙʭʦʜʠʤʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʵʣʦʚ ʚ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʘʢʪʦʨʘ (ʧʨʠʤʝʨʥʦ 1000 ʉ̄). ɼʣʷ ʵʪʦʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʤʘʪʨʠʮʳ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ: ʪʫʛʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ, ʤʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʷʜʝʨʥʦʡ ʪʝʭʥʠʢʝ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

http://link.springer.com/search?facet-author=%22I.+P.+Chernov%22
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʷʜʝʨʥʦʡ ʠ çʟʝʣʝʥʦʡè 
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ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʛʨʘʬʠʪ [2]. ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʨʘʩʩʤʦʪʨʝʥʳ ʜʠʦʢʩʠʜ, ʢʘʨʙʠʜ, ʥʠʪʨʠʜ ʫʨʘʥʘ, 

ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʫʨʘʥ ʠ ʫʨʘʥ-ʤʦʣʠʙʜʝʥʦʚʦʝ ʪʦʧʣʠʚʦ. 

ʉʘʤʳʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʤʘʪʨʠʮʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʘʣʶʤʠʥʠʜʳ 

ʥʠʢʝʣʷ [3, 4] ʠ ʛʨʘʬʠʪ. ɼʣʷ ʘʣʶʤʠʥʠʜʘ ʥʠʢʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʘʢʪʦʨʝ ʙʦʣʴʰʝ 

ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʠʦʢʩʠʜ ʫʨʘʥʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400 ʉ̄). ɼʣʷ ʛʨʘʬʠʪʘ ʚ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ, ʪʘʢ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʨʘʬʠʪʘ ʠ ʤʘʪʝʨʠʘʣʦʚ ʪʦʧʣʠʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʧʨʠʤʝʨʥʦ 2100 ʉ̄). 
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The physical nature of Vavilov-Cherekov radiation (VCR) is considered as a dynamical polarization of the 

target material with macroscopic permittivity e by an electron electromagnetic field, followed by the propagation of 

this excitation in a target with velocity ncv /= , where c  is the speed of light in vacuum, n  is a refractive index. For a 

medium of infinite size the Cherenkov emission is confined to the surface of cone with the cone half-angle Chq  (the 

angle between a direction of observation and the electron trajectory) which is defined by the well-known condition 

,/1cos bq nCh=  where bis the electron velocity in units of c .  

On the other hand, for relativistic electrons the characteristic transverse dimension of the electromagnetic field 

gl (ɚ is the radiation wavelength, ɔ is the electron Lorenz-factor) has macroscopic scale. Hence, the VCR can appear 

when an electron traveling in the vicinity of a dielectric target. This fact was theoretically investigated in papers [1-4] 

and experimentally confirmed in the work [5]. 

For the non-invasive beam diagnostics of modern accelerators is more preferred the radiation geometry without 

direct interaction of the electron beam with the target. Therefore, in this paper we experimentally investigated the 

characteristics of VCR produced by the motion of the electron beam near the Teflon triangular prism. 

The measurement spectral dispersion of the target material in the millimeter wavelength range, we used an 

interferometer with separation of the radiation flux at the two reflecting plates. Using the inverse Fourier transforms of 

interferograms, the radiation spectra were calculated. The result obtained in our experiment indicated that in considered 

geometry the Teflon target has spectral-angular dispersion. This fact we can use to construct the radiation spectrum and 

measuring the coherence threshold of VCR which are necessary to measure of electron bunch length.  
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Managing inventory of perishable or deteriorating items has received considerable attention in recent years; see 

a review by Bakker, Riezebos and Teunter [1]. Besides food products perishable inventory control covers also the 

behavior of radioactive materials (highly perishable goods).  

Consider the following model. Let the number of independent demands ʧ >> 1 during a time period T be a 

stationary process with expectation { } TE n m=  and variance 2{ } TVar n =s. For example, for stationary Poisson process 

with intensity ɚ the mean number and the variance of the number of demands are 2T Tm T=s =l. Demands values are 

assumed to be independent identically distributed non-negative random variables with finite first and second moments 

equals respectively 1a  and 2a . The items deteriorate continuously: at time interval [ ],t t t+D an item deteriorates with a 

probability ( )p k t t= D +o D where k is a deterioration rate coefficient per stocked item. We consider the diffusion 

approximation of the deterioration process ( )xÖ with drift and variance equals ( )xk Ö, and the diffusion approximation 

of the inventory level ( )QÖ satisfies the equation 
2 2

0 0( ) ( ) tdQ t Q m dt dw=- k + + s +s, where 1

0 lim ,T

T

a m
m

T­¤
=

2 2 2

2 2 1 1

0

( )
lim T T

T

m a a a

T­¤

- +s
s = .  

Diffusion methods have been applied to inventory models in a variety of domains to begin with the papers by 

Bather [2] and Puterman [3]. The analogous diffusion approximation has been used by Kitaeva and Stepanova in [4]. 

Let ()T Q  be a mean of the productôs remaining lifetime at the beginning of the production cycle T  given that the 

initial inventory level is equal toQ . We derive the differential equation for ()T Q , and its asymptotic solution under 

1Q is proposed.  

To check the theoretical result we conduct the numerical simulation. The results of simulation and the relative 

mean square errors are given for normal and uniform batch size distributions for different lot sizesô values. 
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 In this research high-order Rayleigh-Schrºdinger perturbation theory (RSPT) is applied to the calculation of 

the vibrational energy spectrum of HDO, H2O and H2CO molecule within a simple model of quartic force field. It is 

well-known that perturbation series generally diverge. Our calculations confirm the rapid divergence of RSPT series. As 

it is shown on graph 1, 100-th term of RSPT series is approximately equal to 10 raised to power 42. 

Figure 1. The order of RSPT series. (001110) H2CO state 

Despite the bad behavior of  RSPT series, this approach turns out to be promising for studying polyatomic 

molecules. The RSPT series expansions (even divergent) exhibit hidden properties that indicate at the possibility of their 

computation by making use of the resummation methods for divergent series such as high-order Hermite-Pade 

approximants. Graph 2 shows true significant digits of calculated energy level for (001110) H2CO state.  

Figure 2. Convergence of Pade-Hermite methods. (001110) H2CO state 

The aim of this study is to probe these methods on the models, which are close to real polyatomic molecules 

and reflect their specific properties, yet relatively simple for numerical implementation. Numerical analysis of the high-

order RSPT series for the H2CO vibrational states have been performed using high-order Hermite-Pade approximants. 

All calculations have shown that for convergent and divergent RSPT series Hermite-Pade approximants are in a good 

agreement with the variational calculations.  
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Electron energy structure, positron spectrum and positron characteristics of -Ti and -TiH0.125 were 

calculated. Self-consistent calculations of the band structure were performed by the linear muffin-tin orbital method in 

the atomic sphere approximation. Modelling has been made on low content of hydrogen into -Ti with expanded close-

packed hexagonal cell inclusive 8 titanium atoms. Only one octal pore (1/4; Õ3/12; c/4) was located with hydrogen and 

others were filled up empty spheres (zero electron density). Variation of sphere radiuses permitted to consider 

anisotropy and spherical symmetry of potential. The positron states problem have been solved on basis of two-

component density functional theory [1]. Positron potential and positron wave function were calculated on a base of 

self-consistent electron density. Then positron probability of existence into TiHx lattice and lifetime were founded.  

There are positron characteristics in table 1. Variation of atomic sphere radiuses leaded to charge repartition in 

cell. The absolute value of free-positron lifetime obtained were in satisfactory agreement with the experimental (150 ps) 

[2]. But the tendency of increase of the free-positron annihilation mean life with hydrogen atom introduction has not 

displayed via calculation. The experiment had shown çswellingè of Titanium sample because of hydrogen absorption. 

So as rough to estimate that the positron characteristics of cubic TiH1.0 were calculated. It was shown positron was 

redistributed significantly in to the hydrogen centers area, free positron life increased, but the charge changed 

insignificantly in hydrogen sphere.  

Table 1. Positron lifetime t(ps), probability of positron distribution W (%) to atomic spheres (S), electron charge Q (el.) 

into atomic spheres and  probability of electron-positron annihilation w (%)  

 a-Ti a-TiH
0.125

 a-TiH
0.125

 SIC-TiH
1.0

 

t(ps) 158.1 154.5 149.8 163.5 

atomic radius 

(a.u.) 
3.0532 RTi=RH=RE=2.4233 

RTi=2.800 

RH= RE=1.867 
RTi=RH=RE=2.0656 

atomic sphere Ti Ti H E Ti H E Ti H E 

W (%) 100 32.25 4.90 62.85 59.87 1.93 38.20 10.05 23.72 66.23 

w(%) 100 42.19 5.35 52.46 64.79 2.24 32.97 16.68 27.97 55.35 

Q (el/at) 22 20.47 2.48 1.48 21.28 1.35 0.75 19.68 1.64 0.84 
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Accuracy of neutron and fuel composition nucleus interaction cross-section estimation is a prime consideration 

for secure evaluation of the uranium-thorium NFC effectiveness. Currently, there are many diverse experimental and 

theoretical nuclear data. They are completely represented in the following libraries of evaluated nuclear data ï ENDF 

(USA), JEFF (Europe), JENDL (Japan), TENDL (RF), ROSFOND (RF). 

However, information about threshold neutron reactions on 232Th nuclei is practically absent at all subsisting 

and valuated nuclear data basis but available values of efficiency and profile differ from arrangements.  

In the work the results of resources and numerical experiments are quoted. These results are focused on the 

determination of the nuclear physics and radiation characteristics of core and thorium storage system. Requirement for 

correction of nuclear constant which is used in calculation for core and thorium storage system criticality is shown. 

The research was supported by the Council of the Russian Federation President. Competition for the title to 

receive the Russian Federation President scholarship for young scientists and graduate students. Grand ˉ SP-

295.2015.2. 
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There is a traditional opinion that modern physics can evolve only by using more and more complex 

mathematical and physical models. In practice, this often appears as division of a single common problem to multiple 

small problems with complex description. In this case, complete picture of actual process can be lost in a huge amount 
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of practically unimportant details. Sometimes the simplified description is better, when more understandable global 

description is more preferable compared with more precise, but also more complex for understanding physical models. 

We describe a few simple models that can be applied in the practical engineering to understand the basic behavior of 

modern semiconductor devices. 

 Various types of detectors with internal amplification of weak signals produced by ionizing radiation 

are used in modern physical experiments. There is a large class of gaseous detectors and presently widely used 

semiconductor avalanche photo detectors (APDs) [1]. Avalanche physical processes in semiconductors are more 

complex to describe and understand compared with simple Tungsten model for avalanche in gaseous detectors. 

However, it is not necessary to solve the fundamental system of partial differential equations to understand the 

processes in this type of detectors. Well known by radio engineers common conception of feedback can be applied for 

simple description of such a complex system [2]. Simple feedback model can be used for the classification of different 

types of modern APDs and for description of its internal processes. Simple ñLogisticò model is applied to explain how 

the rising time of avalanche depends on the probability of avalanche occurrence in the APD. To understand how carriers 

generation-recombination processes are affected by traps created during irradiation and self annealing in 

semiconductors, one can apply a simple model based on assumption of a single traps level and a single lifetime of 

carriers on this level [3]. Interpretation of results obtained for a few types of commercial APDs is presented. Example of 

method of the detector noise introduction applied to the detector SPICE model is discussed. In addition, simple SPICE 

model describing gain coefficient and applicable for transient analysis of APD is proposed. 
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Nowadays investment of money is one of the most popular ways of income acquisition. One of the most urgent 

tasks of financial investment is analysis and prediction of expected profit and risks. Due to this, analysis and prediction 

of expected profit and risks suffered by an investor in the course of portfolio management is becoming topical as well. 

 The foundation of portfolio investment is allocation of investment money between various groups of assets, 

since it is impossible to predict fulfillment of two conditions at the same time: high reliability and maximum yield. 

Depending on the tasks and objectives, investors analyze the stock market situation and reasons that influence the stock 

price. The process of portfolio construction implies indicating the most appropriate portfolio structure for a certain type 

of securities; the percentage ratio of financial instruments is defined as well. Therefore, a portfolio represents a set of 

financial instruments integrated for implementation of investorôs purposes, profit growth and mitigation of damages.  
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In order to avoid excess risk, investors will struggle to minimize the yield standard deviation by diversifying 

the capital between different objects of investment. In this case, the risk is reduced since the portfolio yield standard 

deviation is less than average weighted standard deviations of the securities that make up this portfolio. 
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ʄʝʪʦʜ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʠʤʧʫʣʴʩʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʣʘʟʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʪʠʧʘ ʪʦʢʘʤʘʢ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ [1]. ʇʨʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʥʝʢʦʨʨʝʢʪʫʶ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʬʠʣʷ 

ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʚʝʨʢʠ 

ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, 

ʦʧʠʩʳʚʘʶʱʫʶ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʠʤʧʫʣʴʩʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʣʘʟʤʳ (ʀʈʇ) ʠ ʘʜʝʢʚʘʪʥʫʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʀʈʇ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʦʩʫʱʝʩʪʚʠʤʘ, ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʪʦʢʘʤʘʢʝ ʂʊʄ ʝʱʝ ʥʝ ʧʦʣʫʯʝʥʘ ʧʣʦʪʥʘʷ ʧʣʘʟʤʘ.  

ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʘʧʨʠʦʨʥʦʛʦ ʚʳʙʦʨʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʦʜʝʣʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʧʨʠʟʥʘʢʦʚ çʧʦʣʥʦʪʘ 

ʦʧʠʩʘʥʠʷè ʠ çʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠè. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʤʠʥʠʤʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʨʘʟʚʠʪʠʝ ʫʞʝ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʥʘ ʪʦʢʘʤʘʢʘʭ ʦʜʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʀʈʇ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʙʣʠʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʠ ʦʧʠʩʘʥʠʷ ʧʣʘʟʤʳ ʢʘʢ 

ʧʣʦʩʢʦʩʣʦʠʩʪʦʡ ʩʨʝʜʳ [2]. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʨʝʰʝʥʠʷ ʨʘʟʚʠʪʳ ʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʂʊʄ. ʋʪʦʯʥʝʥʳ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʠʥʠʤʘʣʴʥʦ ʧʨʠʝʤʣʝʤʦʡ ʧʦʣʥʦʪʝ ʠ ʪʦʯʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʠ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʠʤʧʫʣʴʩʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʣʘʟʤʳ. ʇʦʩʪʘʚʣʝʥʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʜʘʯʘ ʠ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʧʨʠ ʩʠʥʪʝʟʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʀʈʇ 

ʪʦʢʘʤʘʢʘ ʂʊʄ. ʇʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ. 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʐʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ ʧʦʣʫʯʠʣʘ ʜʠʬʬʫʟʠʦʥʥʦ-

ʢʦʥʚʝʢʪʠʚʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʝʡ ʧʨʠʤʝʩʠ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʥʦʩʘ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʩʝʜʘʥʠʷ ʯʘʩʪʠʮ ʚʳʙʨʦʩʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ Vg[1]. ʀʟʚʝʩʪʥʳʝ 

ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ Vg ʦʩʥʦʚʘʥʳ ʥʘ ʩʝʜʠʤʝʪʦʤʝʪʨʠʯʝʩʢʦʤ ʧʨʠʥʮʠʧʝ ï ʩʢʦʨʦʩʪʴ ʠ ʚʨʝʤʷ ʦʩʝʜʘʥʠʷ 

ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ ʠʣʠ ʜʨʫʛʠʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʣ ʥʝʦʜʠʥʘʢʦʚʳ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ ʠʟʤʝʨʝʥʠʷ ʦʩʝʜʘʥʠʝ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʜʠʩʧʝʨʛʠʨʫʶʱʝʡ 

ʩʨʝʜʝ, ʣʠʙʦ ʚ ʥʘʧʨʘʚʣʝʥʥʦ ʜʚʠʞʫʱʝʤʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʧʳʣʝʛʘʟʦʚʦʤ ʧʦʪʦʢʝ [2], ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʢʦʨʨʝʢʪʥʦ ʫʯʝʩʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ, ʜʚʠʞʫʱʠʭʩʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʡ ʘʪʤʦʩʬʝʨʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ Vg ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ 

ʯʘʩʪʠʮ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʠ ʠʟʤʝʨʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚʜʦʣʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪ ʪʦʯʝʯʥʦʛʦ ʚʳʩʦʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʭʦʚ-ʙʠʦʤʦʥʠʪʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 1é10 ʣʝʪ. ʆʯʝʚʠʜʥʦ, 

ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʚʦ ʤʭʘʭ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ 

ʩʦʜʝʨʞʘʥʠʶ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʤʭʘʭ ʠ 

ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʠʤʝʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ. 

ʇʦʵʪʦʤʫ ʠʟʤʝʨʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠʟʚʝʩʪʥʳʤ ʨʝʰʝʥʠʝʤ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʩʪʝʧʝʥʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ[3]. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʜʚʫʭ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ï ʫʛʦʣʴʥʦʡ ʊʕʎ ʠ 

ʘʣʶʤʠʥʠʝʚʦʤ ʟʘʚʦʜʝ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʩʝʜʘʥʠʷ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʟʚʝʩʪʥʳʤ 

ʜʘʥʥʳʤ ʦ ʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʘʚʝ ʚʳʙʨʦʩʦʚ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
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ɻʘʟʦʩʙʦʨʥʘʷ ʩʝʪʴ ʛʘʟʦʚʦʛʦ ʧʨʦʤʳʩʣʘ (ɻʉʉɻʇ) ʵʪʦ ʩʠʩʪʝʤʘ ʪʨʫʙ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʩ ʪʘʢʠʤʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ (ʤʝʩʪʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ), ʢʘʢ ʟʘʜʚʠʞʢʠ, ʧʦʚʦʨʦʪʳ, ʦʪʚʦʜʳ, ʧʦʜʚʦʜʳ ʠ ʪ. ʧ. ʐʪʘʪʥʳʤʠ 

ʚ ɻʉʉɻʇ ʷʚʣʷʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʯʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ ʩ 

ʦʜʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʜʨʫʛʦʡ, ʢʦʛʜʘ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʫʯʘʩʪʢʝ ʩʝʪʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ 

ʠʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʧʘʜʘʝʪ ʣʠʙʦ ʚʦʟʨʘʩʪʘʝʪ. ɺʩʶ ɻʉʉɻʇ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʧʨʷʤʦʣʠʥʝʡʥʳʝ 

ʫʯʘʩʪʢʠ ʪʨʫʙ ʧʦʩʪʦʷʥʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʳ ʣʠʙʦ ʜʚʫʤʷ ʚʥʫʪʨʝʥʥʠʤʠ, ʣʠʙʦ ʦʜʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʠ 

ʦʜʥʦʡ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝʡ. 

ʉʣʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʚ ɻʉʉɻʇ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʝʩʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʄʉ) ʪʝʯʝʥʠʝ ʛʘʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʘ ʥʘ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ï ʦʜʥʦʤʝʨʥʦʝ. 

ʈʘʩʩʯʠʪʳʚʘʪʴ ʚʩʶ ʟʘʜʘʯʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʚʚʠʜʫ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʤʘʰʠʥʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʥʠʞʝ ʧʨʠʤʝʥʝʥ ʠʟʚʝʩʪʥʳʡ ʚ ʤʝʭʘʥʠʢʝ ʧʨʠʝʤ: ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʯʘʩʪʴ ʟʘʜʘʯʠ ʟʘʤʝʥʝʥʘ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʠʩʭʦʜʥʦʡ, ʥʦ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. ɹʦʣʝʝ ʧʨʦʩʪʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʫ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʠʮʘʭ 

ɻʉʉɻʇ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʠʢʝ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʦʙʦʙʱʝʥʥʳʭ ʟʘʜʘʯ ʦ ʨʘʩʧʘʜʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʨʳʚʘ 

ʚ ʩʠʩʪʝʤʘʭ ʢʘʥʘʣʦʚ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [1-3]. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʠʤʘ, ʚʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ, ʪʘʢʠʭ, ʢʘʢ ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ, 

ʩʢʦʨʦʩʪʴ, ʯʠʩʣʦ ʄʘʭʘ ʠ ʪ. ʧ. ʠ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʤʝʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʫʟʣʘʭ 

ʩʪʳʢʦʚʢʠ ʢʘʥʘʣʦʚ. ɺ ʩʣʫʯʘʝ ɻʉʉɻʇ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʧʨʦʱʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʨʭʟʚʫʢʦʚʳʭ 

ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ ʛʘʟʘ.  
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʜʝʢʚʘʪʥʳʭ 

ʥʘʪʫʨʥʳʤ ʫʩʣʦʚʠʷʤ, ʥʝʦʙʭʦʜʠʤʳ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʧʝʢʪʨʦʤ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ, 

ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʫʩʢʦʨʠʪʝʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ (LAB ʩʧʝʢʪʨʳ) ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʩʤʠʯʝʩʢʦʛʦ 

(SPACE) ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʅʝʦʙʭʦʜʠʤʫʶ ʬʦʨʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ LAB ʩʧʝʢʪʨʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʦʧʫʩʢʘʷ ʧʫʯʦʢ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʯʝʨʝʟ ʩʣʦʞʥʫʶ ʤʠʰʝʥʴ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʪʘʢʦʡ ʤʠʰʝʥʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʘʙʦʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʧʨʦʩʪʳʭ ʦʜʥʦʨʦʜʥʳʭ 

ʤʠʰʝʥʝʡ ʨʘʟʥʳʭ ʪʦʣʱʠʥ [1]. 

ʄʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çʂʦʤʧʴʶʪʝʨʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷè (PCLab) [2] ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʘ ʛʝʦʤʝʪʨʠʷ ʩʣʦʞʥʦʡ ʤʠʰʝʥʠ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ SPACE ʩʧʝʢʪʨʘ (0,3ï3,5 ʄʵɺ) ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʩʣʦʞʥʦʡ ʬʦʣʴʛʠ ʠ SPACE ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʕʃʋ-4. 

 

ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ LAB ʩʧʝʢʪʨʘ 

ʕʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ ʩʦ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʝʡ 4 ʄʵɺ ʠ ʧʦʣʫʰʠʨʠʥʦʡ 0,4 ʄʵɺ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʳʚʦʜʥʦʡ 

ʬʦʣʴʛʠ ʕʃʋ-4 (30 ʤʢʤ Ti) ʠ ʩʣʦʷ ʚʦʟʜʫʭʘ 50 ʩʤ ʧʘʜʘʣ ʥʘ Al  ʤʠʰʝʥʴ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 1 ʤʤ ʜʦ 

7 ʤʤ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʩʤ ʦʪ ʤʠʰʝʥʠ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʜʠʫʩʦʤ 20 ʩʤ. ɿʘʪʝʤ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦʜʙʠʨʘʣʠʩʴ ʚʢʣʘʜʳ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʩʧʝʢʪʨʦʚ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ LAB ʩʧʝʢʪʨ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ. ʅʘ ʨʠʩ. 1 ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ SPACE ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ LAB ʩʧʝʢʪʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʘʙʦʨʘ 7 ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʧʝʢʪʨʦʚ. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʠ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ  

ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ,  ʜʠʥʘʤʠʢʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʮʝʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ, ʝʝ ʢʘʯʝʩʪʚʦ ʠ  ʧʦʣʫʯʘʝʤʳʡ ʧʨʦʛʥʦʟ [1].  

ɺ  ʨʘʙʦʪʝ ʙʫʜʝʪ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟ 

ʢʣʘʩʩʘ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʨʘʪʢʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

1. ʉʬʦʨʤʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ.  

2. ʇʨʦʚʝʨʠʪʴ ʧʦʩʪʨʦʝʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʘ 

ʥʦʨʤʘʣʴʥʦʩʪʴ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢʨʠʪʝʨʠʠ ʂʦʣʤʘʛʦʨʦʚʘïʉʤʠʨʥʦʚʘ, ʐʘʧʠʨʦ-ɺʠʣʢʘ, ʭʠ-ʢʚʘʜʨʘʪ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʠ ʯʘʩʪʥʫʶ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʠ, ʟʘʪʝʤ 

ʧʨʠʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʪʝʩʪʳ (ʉʪʴʶʜʝʥʪʘ, ʌʠʰʝʨʘ). 

3. ʇʦʩʪʨʦʠʪʴ ʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʦʩʪʘʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʚʳʙʨʦʩʦʚ. 

5. ʇʦʩʪʨʦʠʪʴ ʢʨʘʪʢʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ. 

6. ʉʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ,  ʘ ʪʘʢʞʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ. 

7. ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ.  

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʮʝʥ ʘʢʮʠʡ ʆɸʆ 

çʉʙʝʨʙʘʥʢè ʚ ʧʝʨʠʦʜ ʩ 03.02.2014 ʧʦ 02.02.2015  (251 ʥʘʙʣʶʜʝʥʠʝ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʧʦʜʯʠʥʷʝʪʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʠʥʪʝʛʨʠʨʫʝʤʳʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚʨʝʤʝʥʥʳʤ ʨʷʜʦʤ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʨʷʜʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ARIMA(2,1,2). ʀʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʤʦʜʝʣʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦʙ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʨʦʛʥʦʟ ʥʘ ʪʨʠ ʧʝʨʠʦʜʘ ʚʧʝʨʝʜ, ʚ ʢʦʪʦʨʦʤ 

ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʛʥʦʟʘ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣ ʰʠʨʠʥʦʡ 2,2% ʦʪ ʪʝʢʫʱʝʡ ʮʝʥʳ ʘʢʪʠʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ GARCH (1,1), ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʧʦʩʪʨʦʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ARIMA (2,1,2).   
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117 ʩ. 
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ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺʆʃʅ ʎʋʅɸʄʀ ɺ ʃɸɹʆʈɸʊʆʈʅʓʍ ʋʉʊɸʅʆɺʂɸʍ  

 ɹ.ɺ. ɹʦʰʝʥʷʪʦʚ 1, 2, ʂ.ʅ. ɾʠʣʴʮʦʚ 1, ʀ.ʄ. ʊʳʨʳʰʢʠʥ 1 

1 ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʊɻʋ  

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 36, ʩʪʨ.27, 634050 

2 ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ,  

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʧʨ., 7, 125040 

E-mail: bosbosh@iam.ras.ru  

 ʆʛʨʦʤʥʳʝ ʚʦʣʥʳ ʮʫʥʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʞʠʜʘʥʥʦ ʦʙʨʫʰʠʚʘʶʪʩʷ ʥʘ ʧʨʠʙʨʝʞʥʳʝ ʛʦʨʦʜʘ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ, 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʧʨʠʨʦʜʳ. ʀʟʫʯʘʪʴ ʚʦʣʥʫ ʮʫʥʘʤʠ ʚ ʥʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [1], ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ (ʢʦʤʧʴʶʪʝʨʥʦʛʦ) ʤʦʜʝʣʠʨʦʚʘʥʠʷ [2]. ʉʦʟʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʚʦʣʥ ʮʫʥʘʤʠ ʚ ʥʘʟʝʤʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʟʤʝʨʦʤ ʜʦ 200 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ [3].  

 ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʥ ʮʫʥʘʤʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ (ʦʢʦʣʦ 15 ʤ ʜʣʠʥʦʡ), ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ [4], ʚʳʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʙʦʣʝʝ ʫʟʢʠʭ ʢʣʘʩʩʦʚ 

ʪʝʯʝʥʠʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʯʠʩʣʝʥʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ 

ʧʦʜʦʙʠʷ [5-7]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ: ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʜʘʥʥʳʤʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 15-08-04097 ɸ. 
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ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ) ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ ʷʚʣʷʝʪʩʷ ʧʠʨʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɼʣʷ ʩʦʟʜʘʥʠ ̫ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʉʭʝʤʘʪʠʯʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1. ɽʤʢʦʩʪʴ ʜʣʷ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʆʗʊ 

ɺʚʠʜʫ ʥʝʦʙʳʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʠʟ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʚ ʝʤʢʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʫʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ʪʦʢʘ ʚ ʦʙʲʝʤʝ ʵʣʝʢʪʨʦʣʠʪʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʤʝʞʜʫ ʥʠʤʠ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʧʨʦʪʝʢʘʶʱʝʛʦ ʪʦʢʘ ʚ ʮʝʧʠ ʵʣʝʢʪʨʦʣʠʟʝʨʘ ʩ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʵʣʝʢʪʨʦʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʘ 

ʝʤʢʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʵʣʝʢʪʨʦʜʦʚ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʤʝʞʜʫ ʘʥʦʜʦʤ ʠ ʢʘʪʦʜʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʘʩʩʪʦʷʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ, ʘ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠʟ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʠ ʨʘʩʩʪʦʷʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳ ʜʝʡʩʪʚʫʶʱʝʤʫ 

ʨʘʩʩʪʦʷʥʠʶ ʧʨʦʭʦʞʜʝʥʠʷ ʪʦʢʘ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʘʥʦʜʦʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ (ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʫʪʦʯʥʷʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

 

 

ʄɽʊʆɼʆʃʆɻʀʗ ɺʓʗɺʃɽʅʀʗ ʀʅʌʆʈʄʀʈʆɺɸʅʅʓʍ ʊʈɽʁɼɽʈʆɺ ʇʈʀ ʊʆʈɻʆɺʃɽ 
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ʃ.ɸ. ɻʣʠʢ, ʆ.ʃ. ʂʨʠʮʢʠʡ, ɸ.ʖ. ʊʨʠʬʦʥʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: glikla@tpu.ru  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʠʛʨʦʢʦʚ ʥʘ ʬʦʥʜʦʚʦʤ ʨʳʥʢʝ, ʪʦʨʛʫʶʱʠʭ ʙʘʟʦʚʳʤ ʘʢʪʠʚʦʤ ʠ 

ʬʴʶʯʝʨʩʦʤ ʥʘ ʥʝʛʦ, ʨʘʟʜʝʣʝʥʦ ʥʘ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʨʝʡʜʝʨʦʚ ʠ ʦʙʳʯʥʳʭ çʰʫʤʦʚʳʭè ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʦʨʦʚ [1]. 

ɺʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʮʝʥʳ ʙʘʟʦʚʦʛʦ ʘʢʪʠʚʘ ʚ ʤʦʤʝʥʪ t ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ:  

ttt uvX += , 

mailto:glikla@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʛʜʝ ( )2,0~ ut Nu s  ï ʜʦʙʘʚʦʢ ʢ ʮʝʥʝ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʦ ʩʪʦʨʦʥʳ ʦʙʳʯʥʳʭ ʠʥʚʝʩʪʦʨʦʚ, ttv bq=  ï ʥʘʜʙʘʚʢʘ ʢ ʮʝʥʝ, 

ʢʦʪʦʨʫʶ ʩʦʛʣʘʩʝʥ ʟʘʧʣʘʪʠʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʡ ʪʨʝʡʜʝʨ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 

ttt z+rq+q=q -1  ï ʩʪʦʠʤʦʩʪʴ ʧʘʢʝʪʘ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʪʦʨʛʦʚ ʥʘ ʨʳʥʢʝ, q ï 

ʩʨʝʜʥʷʷ ʮʝʥʘ ʧʘʢʝʪʘ, ʧʦʢʫʧʘʝʤʦʛʦ (ʧʨʦʜʘʚʘʝʤʦʛʦ) ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ; ( )2,0~ zt Nz s  ï ʮʝʥʦʚʦʡ ʰʫʤ. 

ʇʫʩʪʴ St ï ʢʦʪʠʨʦʚʢʘ ʙʘʟʦʚʦʛʦ ʘʢʪʠʚʘ ʚ ʤʦʤʝʥʪ t, ( )( )tTrSF tt -= exp  ï ʮʝʥʘ ʬʴʶʯʝʨʩʘ ʥʘ ʙʘʟʦʚʳʡ ʘʢʪʠʚ 

ʮʝʥʦʡ tS  [2], r ï ʙʝʟʨʠʩʢʦʚʘʷ ʧʨʦʮʝʥʪʥʘʷ ʩʪʘʚʢʘ; T ï ʤʦʤʝʥʪ ʠʩʧʦʣʥʝʥʠʷ ʬʴʶʯʝʨʩʘ; t ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ. ʊʦʛʜʘ 

ʩʠʩʪʝʤʫ ʠʟ ʧʨʠʨʘʱʝʥʠʡ 1+D tF  ʠ 1+D tS  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ Vector ARMA: 
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tC
C  ï ʢʚʘʜʨʘʪʥʳʝ ʤʘʪʨʠʮʳ 2x2, 

( )[ ] ( )( )1exp1 0 --r--r++g= - tTrSeeA rr
t , ( )

T

SST 01
-

r-lb=g , ( )( )1exp~ --e=e tTrtt  ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ 

ʥʦʨʤʘʣʴʥʳʡ ʰʫʤ, ( ) ( )( )1exp1 --r--r+= - tTreeC rr
t , ( )2,0~ ese Nt ,  

( )( ) ( )( ) ( )( )( )12222222222222222212 21121
--

srlùú

ø
éê

è
sbl+r+slsbl+r-sl-sbl+rr+=d uzuzuz , 

( )( )( )122222222 211
-

e rd+d+slr-+sbl=s uz . 

ʄʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʙʦʙʱʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʥʘʣʠʯʠʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʨʝʡʜʝʨʦʚ ʧʨʠ ʪʦʨʛʦʚʣʝ 

ʬʴʶʯʝʨʩʘʤʠ ʠ ʙʘʟʦʚʳʤ ʘʢʪʠʚʦʤ ʥʘ ʥʠʭ: 1) ʝʩʣʠ -1<ɟ<0, ʪʦ 0<ŭ<-ɟ; 2) ʝʩʣʠ 1>ɟ>0, ʪʦ -1<ŭ<-ɟ. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ 

ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʨʫʧʥʳʭ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʨʝʡʜʝʨʦʚ ʧʨʠ ʚʥʫʪʨʠʜʥʝʚʥʦʡ ʪʦʨʛʦʚʣʝ. 
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ʇʈʀʄɽʅɽʅʀɽ ɸʃɻʆʈʀʊʄɸ ʆʇʊʀʄʀɿɸʎʀʀ ʃɽɺɽʅɹɽʈɻɸ-ʄɸʈʂɺɸʈɼɸ ɼʃʗ ʇʆɼɹʆʈɸ 

ʇɸʈɸʄɽʊʈʆɺ ʆɹʒɽʂʊɸ ʆɼʅʆʂʆʅʊʋʈʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ  

ʉ.ʇ. ɻʦʣʫʙʝʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: BoBBySS1992@gmail.com  

ʅʝʧʨʝʨʳʚʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʩʣʝʞʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʪʦʪ 

ʠʣʠ ʠʥʦʡ ʤʝʪʦʜ ʠʣʠ ʘʣʛʦʨʠʪʤ, ʟʘʣʦʞʝʥʥʳʡ ʚ ʦʩʥʦʚʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʨʘʚʣʷʝʪʩʷ ʩʦ ʩʚʦʝʡ ʟʘʜʘʯʝʡ. ɺ ʚʠʜʫ 

ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʝʣ ʧʨʠʤʝʥʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪ 

ʥʝʪʦʯʥʦʩʪʠ ʙʦʣʝʝ ʪʨʠʚʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʚʝʩʴʤʘ ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩʦ ʩʣʦʞʥʳʤʠ ʟʘʜʘʯʘʤʠ. 
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 ʅʘʫʯʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʘ ʜʣʷ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ, ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ʟʘʧʘʟʜʳʚʘʥʠʝ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʦʙʲʝʢʪ, ʦʧʠʩʳʚʘʝʤʳʡ ʠʥʝʨʮʠʦʥʥʳʤ ʟʚʝʥʦʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ: 
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sK
W e

T s

t- Ö= Ö
Ö +

  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʧʦ ʦʪʢʣʦʥʝʥʠʶ. ʀʟʥʘʯʘʣʴʥʦ ʠʟʚʝʩʪʥʳ ʨʝʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʦʙʲʝʢʪʘ (Kʦʙ=1,1, ʊʦʙ=55 Ű=70). ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʷ 

ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. ʇʦʩʣʝ ʜʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦʣʫʯʘʝʪʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɼʘʣʝʝ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʃʝʚʝʥʙʝʨʛʘ-

ʄʘʨʢʚʘʨʜʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʦʠʟʚʝʣ ʧʝʨʝʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ. ʈʝʟʫʣʴʪʘʪ ʧʦʣʫʯʠʣʩʷ ʩʣʝʜʫʶʱʠʡ: Kʦʙ=1,0084, 

ʊʦʙ=29,8125 Ű=66,72. ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʬʠʢ ʧʝʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʡ 

ʥʠʞʝ. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ 

ʥʘʫʢʠ. ʊʘʢ, ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʬʠʥʘʥʩʦʚʦʡ ʤʘʪʝʤʘʪʠʢʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʚʦʣʶʮʠʠ ʩʪʦʠʤʦʩʪʠ ʨʠʩʢʦʚʳʭ ʘʢʪʠʚʦʚ 

(ʘʢʮʠʡ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ [1ï3]. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠʥʚʝʩʪʦʨʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤ ʩʨʦʯʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʦʚ ï ʦʧʮʠʦʥʘʤ, ʙʘʟʠʩʥʳʤ ʘʢʪʠʚʦʤ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʬʦʥʜʦʚʳʝ ʠʥʜʝʢʩʳ, ʦʪʨʘʞʘʶʱʠʝ ʮʝʥʦʚʫʶ ʜʠʥʘʤʠʢʫ ʘʢʮʠʡ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʤʦʜʝʣʠ (B, S) ï ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ [1] 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ lookback ʦʧʮʠʦʥ ʧʨʦʜʘʞʠ ʩ ʬʫʥʢʮʠʝʡ ʚʳʧʣʘʪ (1) 

 () ,min
0

Tt
Tt

TT iiif -=
¢¢

 (1) 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʢʩʪʨʝʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ çʮʝʥʳè ʨʠʩʢʦʚʦʛʦ ʘʢʪʠʚʘ (ʠʥʜʝʢʩʘ). ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʪʦʚʦʡ ʮʝʥʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʠʩʢʦʚʦʛʦ ʘʢʪʠʚʘ Ti , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʨʘʡʢʦʚʘʷ ʮʝʥʘ ʷʚʣʷʝʪʩʷ 

çʧʣʘʚʘʶʱʝʡè. ɿʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʮʝʥ ʘʢʮʠʡ, ʧʦ ʢʦʪʦʨʳʤ 

ʥʘʯʠʩʣʷʶʪʩʷ ʜʠʚʠʜʝʥʜʳ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʢʘʢ ,
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t WtSS s+s-m= 2exp 2
0 , km , ks  ï ʮʝʥʘ, ʧʘʨʘʤʝʪʨ ʩʥʦʩʘ ʠ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʘʢʮʠʠ k-ʛʦ ʪʠʧʘ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; kV  ï ʚʝʩ ʘʢʮʠʠ k-ʛʦ ʪʠʧʘ ʚ ʠʥʜʝʢʩʥʦʡ ʢʦʨʟʠʥʝ; tW  ï ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʥʝʨʦʚʩʢʠʡ 

ʧʨʦʮʝʩʩ. 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʭʝʜʞʘ ʧʦʜʧʠʩʯʠʢʘ ʦʧʮʠʦʥʘ ʧʨʦʜʘʞʠ (1) ʩ ʧʣʘʚʘʶʱʠʤ 

ʩʪʨʘʡʢʦʤ; ʥʘʭʦʞʜʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ ʠʥʚʝʩʪʦʨʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʤʦʤʝʥʪ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʦʧʮʠʦʥʘ ʢ ʠʩʧʦʣʥʝʥʠʶ ʧʣʘʪʝʞʥʦʝ ʦʙʷʟʘʪʝʣʴʩʪʚʦ (1) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʇʨʠ ʵʪʦʤ 

ʠʟʣʘʛʘʝʪʩʷ ʚʳʚʦʜ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʬʦʨʤʫʣ ʨʘʮʠʦʥʘʣʴʥʦʡ (ʩʧʨʘʚʝʜʣʠʚʦʡ) ʮʝʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʢʟʦʪʠʯʝʩʢʦʛʦ 

ʦʧʮʠʦʥʘ ʧʨʦʜʘʞʠ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠʨʦʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʦʠʤʦʩʪʠ ʦʧʮʠʦʥʘ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʛʦʚʦʨʘ, ʜʘʝʪʩʷ 

ʛʨʘʬʠʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʷ. 
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ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 36, 634050 

E-mail: maxxd@inbox.ru 

ɺʦ ʚʨʝʤʷ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ ʫʨʘʥʘ ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʚʳʝ ʩʤʝʩʠ, ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʛʝʢʩʘʬʪʦʨʠʜ ʫʨʘʥʘ, ʬʪʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ, ʚʦʟʜʫʭ ʠ ʥʝʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʣʝʛʢʠʝ ʧʨʠʤʝʩʠ. 

ɻʘʟʦʚʘʷ ʩʤʝʩʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʨʘʢʮʠʦʥʥʦʡ ʨʘʟʛʦʥʢʝ ʜʣʷ ʚʦʟʚʨʘʪʘ ʛʝʢʩʘʬʪʦʨʠʜʘ ʫʨʘʥʘ ʚ ʪʝʭʥʦʣʦʛʠʶ ʠ ʚʳʜʝʣʝʥʠʷ 

ʬʪʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ ʬʨʘʢʮʠʦʥʥʦʡ ʨʘʟʛʦʥʢʠ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʠʥʮʠʧʫ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʜʝʩʫʙʣʠʤʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 

ʥʘ ʦʭʣʘʞʜʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʋʣʘʚʣʠʚʘʥʠʝ ʛʝʢʩʘʬʪʦʨʠʜʘ ʫʨʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʘʥʦʚʢʘ, ʦʩʥʘʱʝʥʥʘʷ 

ʝʤʢʦʩʪʷʤʠ, ʦʭʣʘʞʜʘʝʤʳʤʠ ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 183 ʂ. ʋʣʘʚʣʠʚʘʥʠʝ ʬʪʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʦʩʥʘʱʝʥʥʦʡ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʤʠ ʝʤʢʦʩʪʷʤʠ-ʦʩʘʜʠʪʝʣʷʤʠ, 

ʦʭʣʘʞʜʘʝʤʳʤʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 77 ʂ.  

ʅʘ ɿʘʚʦʜʝ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ɸʆ "ʉʍʂ" ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʫʨʙʦʜʝʪʘʥʜʝʨʥʘʷ ʚʦʟʜʫʰʥʦ-ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ ɺʍʄ-0,56/0,6. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʜʘʥʥʦʡ ʤʘʰʠʥʳ 

ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ 113 ʂ ʧʨʠ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ ʪʫʨʙʦʜʝʪʘʥʜʝʨʥʦʛʦ ʘʛʨʝʛʘʪʘ. ɺ 

ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʟʘʤʝʥʠʪʴ ʦʭʣʘʞʜʝʥʠʝ ʝʤʢʦʩʪʝʡ-ʦʩʘʜʠʪʝʣʝʡ, ʩ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʥʘ ʭʦʣʦʜʥʳʡ ʚʦʟʜʫʭ. 

ʅʘ ʦʩʥʦʚʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʜʝʩʫʙʣʠʤʘʮʠʠ ʬʪʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʠʟ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʩ ʚʦʟʜʫʭʦʤ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʝʤʢʦʩʪʝʡ-ʦʩʘʜʠʪʝʣʝʡ 

ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 77 ʂ ʠ ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 113 ʂ [1]. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʦʛʦ ʥʘ 30 % ʨʘʩʭʦʜʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʥʘ 90 % ʠʟ ʬʪʦʨʠʩʪʦʛʦ 

ʚʦʜʦʨʦʜʘ ʠ 10 % ʚʦʟʜʫʭʘ. ʈʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʦʭʣʘʞʜʝʥʠʷ ʝʤʢʦʩʪʝʡ-ʦʩʘʜʠʪʝʣʝʡ 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʝʨʚʘʷ ʝʤʢʦʩʪʴ ʦʭʣʘʞʜʘʝʪʩʷ ʚʦʟʜʫʭʦʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 113 ʂ, ʘ ʚʪʦʨʘʷ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ʊʘʢʞʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʨʦʮʝʩʩʘ ʜʝʩʫʙʣʠʤʘʮʠʠ ʧʨʠ ʘʩʩʦʮʠʘʮʠʠ ʬʪʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʢʦʤʧʣʝʢʩʳ ʠʟ ʯʝʪʳʨʝʭ ʠ 

ʰʝʩʪʠ ʤʦʣʝʢʫʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʬʪʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʝʤʢʦʩʪʷʭ-ʦʩʘʜʠʪʝʣʷʭ, ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʠʤ ʘʟʦʪʦʤ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʭʣʘʞʜʝʥʠʷ ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʥʢʠ ʝʤʢʦʩʪʠ ʚ ʧʝʨʚʦʡ ʪʨʝʪʠ ʝʤʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʪʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʚʣʝʥʠʶ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʭʣʘʞʜʝʥʠʷ ʩʪʝʥʢʠ ʝʤʢʦʩʪʠ-

ʦʩʘʜʠʪʝʣʷ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʨʘʡʥʦʚ ɸ.ʖ., ɺʘʩʝʥʠʥ ʀ.ʄ., ɻʫʙʘʥʦʚ ʉ.ʄ., ʏʫʢʘʥʦʚ ʄ.ɺ., ɼʫʨʥʦʚʮʝʚ ʄ.ʀ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʩʫʙʣʠʤʘʮʠʠ 

ʬʪʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʠʟ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʩʪʝʥʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ // ʊʨʫʜʳ ʊɻʋ. ʉʝʨʠʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ. 

ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʠ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ: ʄʘʪʝʨʠʘʣʳ III 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʊʦʤʩʢ, 2014. - ʊ. 292. - ʉ. 206-211. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʀ.ɺ. ɿʘʛʫʤʝʥʥʦʚʘ, ʄ.ʃ. ʐʠʥʢʝʝʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: zagumennova@sibmail.com 

ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʝʥʠʝ ʦʙʦʙʱʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ m-ʬʘʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʤʧʘʥʠʡ (Informatica Corporation, Integrated Silicon Solution, Apple, Microsoft 

Corporation, Qualstar Corporation, Sony Corporation ʠ Sparton Corporation) ʥʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 02 ʷʥʚʘʨʷ 2014 ʛʦʜʘ 

ʧʦ 15 ʦʢʪʷʙʨʷ 2014 ʛʦʜʘ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 1 ʜʝʥʴ (ʚʩʝʛʦ n=199ʟʥʘʯʝʥʠʡ). ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʧʦʜʭʦʜʘ: ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʀ ʚ ʪʦʤ ʠ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʷʪ ʠʟ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʠʩʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʫʤʤʳ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʬʘʢʪʦʨʘ. 

ɺ ʤʝʪʦʜʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʙʦʙʱʝʥʥʳʝ ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʚʳʜʝʣʷʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʫʤʤʘʨʥʦʡ 

ʜʠʩʧʝʨʩʠʠ ʠʩʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʢʘʥʦʥʠʯʝʩʢʦʤ ʬʘʢʪʦʨʥʦʤ ʘʥʘʣʠʟʝ ʦʥʠ ʜʦʣʞʥʳ ʧʦʣʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʢʦʚʘʨʠʘʮʠʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ [2]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʠʩʧʦʣʴʟʫʷ ʢʨʠʪʝʨʠʡ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪ 

ʤʥʦʛʦʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʬʘʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʳʥʢʘ 

ʮʝʥʥʳʭ ʙʫʤʘʛ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʤʧʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ 

ʦʧʨʝʜʝʣʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʣʠʙʦ ʦʜʥʦʬʘʢʪʦʨʥʦʡ, ʣʠʙʦ ʯʝʪʳʨʝʭʬʘʢʪʦʨʥʦʡ ʤʦʜʝʣʠ. ɺʳʙʦʨ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. 
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ʉ ʥʝʡʪʨʦʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʧʨʦʮʝʩʩʘʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʩʚʷʟʘʥʳ 

ʩʣʦʞʥʳʝ ʦ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʳʟʳʚʘʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʥʝʡʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʜʦʙʳʚʘʝʤʳʭ ʧʦʨʦʜ, ʩʣʝʜʫʶʱʠʝ: 1) ʩʧʦʥʪʘʥʥʦʝ ʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʷʜʝʨ; 2) (a,n)-ʨʝʘʢʮʠʠ 

ʥʘ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ a-ʠʟʣʫʯʘʪʝʣʝʡ; 3) ʛʝʥʝʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ; 4) ʨʝʟʦʥʘʥʩʥʳʝ ʬʦʪʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ. 

ɺʢʣʘʜ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʢʘʥʘʣʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʬʦʥʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʩʪʘʚʦʤ 

ʨʫʜʳ, ʪʝʭʥʦʣʦʛʠʝʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʪʝʢʘʥʠʷ (a,n)-ʨʝʘʢʮʠʡ. ɽʩʣʠ ʚ ʫʨʘʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʦʱʥʳʡ ʠʩʪʦʯʥʠʢ a-ʯʘʩʪʠʮ, ʪʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʡʪʨʦʥʥʦʛʦ ʬʦʥʘ ʠʛʨʘʶʪ 

(a,ʭn)-ʨʝʘʢʮʠʠ. ɺʳʭʦʜ ʥʝʡʪʨʦʥʦʚ ʧʦ ʨʝʘʢʮʠʠ (a,n) ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʝʤʥʦʡ ʢʦʨʳ 

ʠʟʫʯʝʥ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ [1], ʠʟʫʯʝʥ ʦʥ ʪʘʢʞʝ ʜʣʷ ʩʚʝʞʝʛʦ ʠ ʦʙʣʫʯʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ [2]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʵʪʦ ʫʞʝ ʩʝʛʦʜʥʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʬʦʥʘ ʩʚʝʞʝʛʦ ʠ ʦʙʣʫʯʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ (ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʪʦʧʣʠʚʦ, ʪʦʧʣʠʚʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʪʠʧʘ ï (Pu,Th)O2, (U,Pu)O2, UC/(U,Pu)C, 

UN/(U,Pu)N)), ʯʪʦ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʧʨʦʮʝʜʫʨ ʦʙʨʘʱʝʥʠʷ ʩ ʵʪʠʤ ʪʦʧʣʠʚʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʥʫʶ ʦʮʝʥʢʫ ʚʳʭʦʜʘ ʥʝʡʪʨʦʥʦʚ ʥʘ ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʭʠʤʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ UF6) ʠ ʭʨʘʥʝʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʛʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ ï UO2, ʨʝʛʝʥʝʨʘʪ, (Pu,Th)O2, (U,Pu)O2, 

UC/(U,Pu)C, UN/(U,Pu)N)). 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʚʳʭʦʜʘ ʥʝʡʪʨʦʥʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʈʘʩʯʝʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʢʦʜʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ 

(MCU5) ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʦʮʝʥʝʥʥʳʭ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʂʦʥʢʫʨʩ ʥʘ ʧʨʘʚʦ ʧʦʣʫʯʝʥʠʷ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ. 

ɻʨʘʥʪ ˉ ʉʇ-295.2015.2. 
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ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ. ʋʩʧʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʚʫʭ 

ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ: ʩ ʦʜʥʦ ʩʪʦʨʦʥʳ ï ʧʦʚʳʰʝʥʠʷ ʜʝʪʘʣʴʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʬʠʟʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥ ʚ ʧʣʘʟʤʝ ʠ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ï ʩʥʠʞʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʠʝʤʣʝʤʦʛʦ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ. ʇʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʜʝʪʘʣʴʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʧʣʘʟʤʝ ʠ 

ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ ʪʦʣʴʢʦ ʜʚʫʭʤʝʨʥʳʝ, ʥʦ ʠ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (FDTD) [2].  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʀʈʇ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʥʦʤʘʣʴʥʳʭ ʘʨʪʝʬʘʢʪʦʚ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʧʣʘʟʤʳ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʦ ʤʝʪʦʜʫ FDTD ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪ ʨʘʟʨʘʙʦʪʢʠ 3D ʤʦʜʝʣʠ ʀʈʇ ʫʩʪʘʥʦʚʦʢ ʋʊʉ ʪʠʧʘ ʪʦʢʘʤʘʢ. 

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦ ʟʘʜʘʥʥʦʤʫ ʪʨʝʭʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝ ʠ ʧʘʨʘʤʝʪʨʘʤ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʜʘʨʘ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʣʘʟʤʝ ʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʘʜʘʨʘ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʧʝʨʚʠʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ, ʨʝʘʣʠʟʫʝʤʳʭ ʨʘʜʘʨʦʤ ʠ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʘ 

ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 
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çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʧʘʜʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1]. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ, ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʰʘʛʘ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʜʘʥʥʳʝ ʧʦ 

ʨʘʩʯʝʪʫ ʦʩʥʦʚʥʦʛʦ ʠ ʨʷʜʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ Li-ʧʦʜʦʙʥʳʭ ʠʦʥʦʚ U92, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ (ʍʌ). ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ɸʊʆʄ 

[1], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʘʪʴ ʧʦʣʥʳʝ ʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʝ ʵʥʝʨʛʠʠ ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ 

ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ï ʚ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʤ ʍʌ 

ʧʦʪʝʥʮʠʘʣʝ ʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ çʟʘʤʦʨʦʞʝʥʥʦʛʦè ʠʦʥʥʦʛʦ ʦʩʪʦʚʘ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʍʌ ʧʦʣʥʳʤʠ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ E* ʠ 

ʦʩʥʦʚʥʦʛʦ E0 ʩʦʩʪʦʷʥʠʡ, ȹESCF= E* - E0, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ ʚʪʦʨʦʤ ï ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʵʥʝʨʛʠʡ 

ʚʦʟʙʫʞʜʝʥʥʦʡ ʠ ʚʦʟʙʫʞʜʘʝʤʦʡ ʧʦʜʦʙʦʣʦʯʢʠ, ȹEFC=Ůnl ï Ů0.  

ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʵʥʝʨʛʠʡ ʚʦʟʙʫʞʜʝʥʠʷ Li-ʧʦʜʦʙʥʦʛʦ ʠʦʥʘ U92 ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 1s22s ʚ 

ʩʦʩʪʦʷʥʠʷ 1s2nl, nl = 3s-10s, 2p-5p, 3d-5d, 4f, 5f. ʵʣʝʢʪʨʦʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

ʊʘʙʣʠʮʘ 1 - ʕʥʝʨʛʠʠ (Ry) ȹESCF ʠ ȹEFC ʚʦʟʙʫʞʜʝʥʠʷ 1s22sŸ1s2nl Li-ʧʦʜʦʙʥʦʛʦ ʠʦʥʘ U92 

1s2 nl ȹESCF ȹEFC  1s2 nl ȹESCF ȹEFC  1s2 nl ȹESCF ȹEFC 

3s 1138.109 1138.110  9s 1943.110 1943.107  3d 1143.225 1143.294 

4s 1534.891 1534.889  10s 1962.160 1962.158  4d 1537.007 1537.044 

5s 1718.200 1718.198  2p 12.785  12.786  5d 1719.274 1719.294 

6s 1817.664 1817.659  3p 1141.698 1141.696  4f 1537.046 1537.044 

7s 1877.593 1877.589  4p 1536.377 1536.374  5f 1719.296 1719.294 

8s 1916.468 1916.466  5p 1718.954 1718.952  

 

ɺʠʜʥʦ, ʯʪʦ (i) ʨʘʩʩʯʠʪʘʥʥʘʷ ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʚʘʨʠʘʥʪʘ ʨʘʩʯʝʪʘ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ 

ʜʣʷ ʩʪʦʣʴ ʚʳʩʦʢʦʟʘʨʷʜʥʦʛʦ ʠʦʥʘ, (ii) ʝʝ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʛʣʘʚʥʳʤ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ n 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʚʩʝʭ ʚʦʟʙʫʞʜʝʥʠʡ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʝʨʚʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

1s22p. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʠʤʝʥʥʦ ʪʘʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ Li-ʧʦʜʦʙʥʦʛʦ 

ʠʦʥʘ U92.  
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ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʥʘʧʨ., [1]) ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ 

ʰʠʨʠʥʫ ʢʘʥʘʣʦʚ ʟʘʩʝʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʥʫʶ ʰʠʨʠʥʫ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʩʫʱʝʩʪʚʫʶʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʧʦʣʥʳʝ ʰʠʨʠʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʠʧʘ KrIII 4p-3 nl, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚʦ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʧʝʢʪʨʘʭ ʧʦʩʣʝ 3d 
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ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ Kr ʠʣʠ ʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʨʝʟʦʥʘʥʩʥʦʝ KrI 3d-1 np ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʠʭ ʘʚʪʦʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʨʘʩʧʘʜʦʚ. ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʳ ʨʘʜʠʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤʠ ʜʠʧʦʣʴʥʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ 4p-3nl­ 4p-3n'l' ʠʣʠ 4p-3nl­ 4p-2, ʚ ʢʦʪʦʨʳʭ ʤʝʥʷʝʪ ʩʦʩʪʦʷʥʠʝ ʪʦʣʴʢʦ ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʥ nl. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʜʨʫʛʠʭ ʥʝ ʩʪʦʣʴ ʪʨʠʚʠʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʟ 4p-3nl, 

ʠʤʝʥʥʦ 4p-3nl­KrIII 4s-14p-1, ʚ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʩʦʩʪʦʷʥʠʡ ʩʨʘʟʫ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʙʣʘʛʦʜʘʨʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ. ʆʜʥʘ ʠʟ ʬʝʡʥʤʘʥʦʚʩʢʠʭ ʜʠʘʛʨʘʤʤ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ (ʩ) 

ʧʝʨʝʭʦʜʘ ʪʠʧʘ i1i2i3 nl­i1,2,3 f n'l' c ʫʯʘʩʪʠʝʤ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ nl ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.1 

 

ʈʠʩʫʥʦʢ 1. ɼʚʫʭʵʣʝʢʪʨʦʥʥʳʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ 

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʢʘʥʘʣʳ ʟʘʩʝʣʝʥʠʷ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ, 

ʥʘʧʨʠʤʝʨ, ʪʨʝʭʵʣʝʢʪʨʦʥʥʳʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʪʠʧʘ 4s-2 nl­4p-2 nôlô. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʪʘʢʠʭ ʧʝʨʝʭʦʜʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʞʝ ñʥʝʢʦʨʨʝʣʷʮʠʦʥʥʳʝò (ʥʩ) ʧʝʨʝʭʦʜʳ ʪʠʧʘ 4p-3 

np­4p-3 n's/d, ʚ ʢʦʪʦʨʳʭ ʤʝʥʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʪʦʣʴʢʦ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʠʨʠʥʘ ʥʝʢʦʪʦʨʳʭ 

ʧʝʨʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʨʘʚʥʠʤʘ ʩ ʰʠʨʠʥʦʡ ʚʪʦʨʳʭ. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʘʤʧʣʠʪʫʜ ʧʝʨʝʭʦʜʦʚ ʚ ʥʠʟʰʝʤ ʥʝʠʩʯʝʟʘʶʱʝʤ 

ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ nl ʩʦʩʪʦʷʥʠʡ 4p-3[LiSi] nl [LS] 

ʨʘʩʩʯʠʪʘʥʳ ʚ ñʟʘʤʦʨʦʞʝʥʥʦʤò ʧʦʣʝ ʠʦʥʥʦʛʦ ʦʩʪʦʚʘ 4p-3[LiSi].  

ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʧʦʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʦʙʦʠʭ ʪʠʧʦʚ: (ʩ) 4p-3[LiSi] 5p [LS] ­  

4p-3[LfSf= LiSi] 5s[LôS], *** ­ 4p-3[LfSf= LiSi] 4d[LôS] (55 ʧʝʨʝʭʦʜʦʚ), ***­ 4s-1 4p-1 [LôS] (11 ʧʝʨʝʭʦʜʦʚ) ʠ (ʥʩ) 4p-

3[LiSi] 6p [LS] ­ 4p-3[LfSf= LiSi] ns[LôS] (n=5,6), ***­ 4p-3[LfSf= LiSi] nd[LôS], (n=4,5; 92 ʧʝʨʝʭʦʜʘ), ***­ 4s-1 4p-1 

[LôS] (11 ʧʝʨʝʭʦʜʦʚ) ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʘʤʤ ɸʊʆʄ [2].  
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʨʘʙʦʪʝ ʩʘʪʝʣʣʠʪʥʳʝ ʆʞʝ-ʧʝʨʝʭʦʜʳ (ʉʆʇ) ʚʝʩʴʤʘ ʙʣʠʟʢʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʢ ʜʚʦʡʥʳʤ 

ʆʞʝ-ʧʝʨʝʭʦʜʘʤ (ɼʆʇ) [1], ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʘʚʪʦʠʦʥʠʟʘʮʠʦʥʥʦʤ ʨʘʩʧʘʜʝ ʚʥʫʪʨʝʥʥʝʡ ʘʪʦʤʥʦʡ ʚʘʢʘʥʩʠʠ 

ʠʩʧʫʩʢʘʝʪʩʷ ʩʨʘʟʫ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʩ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʝʞʜʫ ʥʠʤʠ ʵʥʝʨʛʠʝʡ ʧʝʨʝʭʦʜʘ. ɺ ʉʆʇ ʞʝ 

ʣʠʰʴ ʦʜʠʥ ʵʣʝʢʪʨʦʥ q ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠʟʣʫʯʘʝʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ, ʘ ʚʪʦʨʦʡ ʚʦʟʙʫʞʜʘʝʪʩʷ 
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ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 
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ʥʘ ʜʠʩʢʨʝʪʥʳʡ ʫʨʦʚʝʥʴ nl ʜʚʫʢʨʘʪʥʦʛʦ ʠʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ 

ʚʘʢʘʥʩʠʷʤʠ f1, f2, f3, ʵʣʝʢʪʨʦʥʦʤ ʥʘ ʚʦʟʙʫʞʜʝʥʥʦʤ ʜʠʩʢʨʝʪʥʦʤ ʫʨʦʚʥʝ nl ʠ ʆʞʝ-ʵʣʝʢʪʨʦʥʦʤ q ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʩʧʝʢʪʨʝ, ʨʠʩ.1.  

 

ʈʠʩʫʥʦʢ1. ʉʘʪʝʣʣʠʪʥʳʡ ʆʞʝ-ʧʝʨʝʭʦʜ                ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ ʩʫʤʤʘʨʥʦʛʦ ʩʧʝʢʪʨʘ (ʦʪʥ. ʝʜ.) 

ɺ ʪʘʢʦʤ ʧʝʨʝʭʦʜʝ ʫʯʘʩʪʚʫʶʪ, ʢʘʢ ʤʠʥʠʤʫʤ, ʪʨʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʥʘ. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʘ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ ʫʨʦʚʝʥʴ nl, ʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʆʞʝ-ʵʣʝʢʪʨʦʥʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʝʣʠʯʠʥʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ (ʩʘʪʝʣʣʠʪʥʳʭ) ʣʠʥʠʡ 

ʚ ʆʞʝ-ʩʧʝʢʪʨʘʭ. ʇʦʩʣʝʜʫʶʱʠʡ ʨʘʩʧʘʜ ʪʘʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ [2] ʚ 

ʩʧʝʢʪʨʘʭ ʠ ʩʪʨʫʢʪʫʨ ʚ ʩʝʯʝʥʠʷʭ. ʈʘʩʩʯʠʪʘʥʳ ʵʥʝʨʛʠʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʦʣʝʝ 450 ʉʆʇ ʚʠʜʘ 3d-1[2D]Ÿ 

4s-14p-2[4P, 2D] nl[LS] +q ʠ 3d-1[2D]Ÿ4p-3[4S, 2P, 2D] nl[LS] +q ʚ Kr ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ n=1,2,é,9 ʠ 

l=0,1,2,3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʧʝʨʝʭʦʜʦʚ ʧʦʣʝʟʥʳ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ 

ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʠ ʩʝʯʝʥʠʡ ʬʦʪʦʠʦʥʠʟʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʌʀʌʉ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ Kr ʚ ʦʙʣʘʩʪʠ 

ʧʦʨʦʛʘ ʠʦʥʠʟʘʮʠʠ ʝʛʦ 3d-ʦʙʦʣʦʯʢʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʰʠʨʠʥ ʠ ʵʥʝʨʛʠʡ ʧʝʨʝʭʦʜʦʚ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʛʨʫʧʧ ʧʝʨʝʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʩʫʤʤʘʨʥʦʛʦ ʩʧʝʢʪʨʘ, ʨʠʩ.2, 

ʧʦʨʦʞʜʘʝʤʦʛʦ ʧʨʠ ʨʘʩʧʘʜʝ 3d-ʚʘʢʘʥʩʠʠ ʚ Kr, ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ ʉʆʇ ʠ ʧʦʜʣʦʞʢʠ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʦʙʣʘʩʪʠ (0ï18 ʵɺ) ʦʪ ɼʆʇ ([1], ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ - - -).    
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʤʝʥʝʥʥʦʡ ʢ ʮʝʥʦʚʳʤ ʧʨʠʨʘʱʝʥʠʷʤ ʚʠʜʘ:  

                                      x(t) x(t t) - x(t)D = +D                                                                    (1) 

ʛʜʝ  x(t)  ï ʠʩʭʦʜʥʳʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ȹtï ʚʨʝʤʝʥʥʦʡ ʣʘʛ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʨʘʱʝʥʠʡ ʚ (1) ʠ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʭ ʙʫʜʫʱʝʛʦ 

ʧʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʠʥʘʤʠʢʠ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʦʚ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʧʨʝʜʣʦʞʝʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ (SV) [1], ʚʢʣʶʯʘʷ ʤʦʜʝʣʴ ʍʝʩʪʦʥʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʦʮʝʥʠʚʘʥʠʝ ʠ ʥʘʭʦʞʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɛ, ů, p, q ʤʦʜʝʣʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʚʠʜʘ: 

( ) ( ) ( ) 1d x x, t dt x, , t dWD =m D +Ds D Ds,  

( ) 2d g( x, , t)dt q( x, , t)dWDs = D Ds + D Ds,    (2) 

ʛʜʝ ȹx ï ʮʝʥʦʚʳʝ ʧʨʠʨʘʱʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ (1), ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʨʝʡʬʘ, ȹů=ů(t+ȹt)-ů(t)ï ʧʨʠʨʘʱʝʥʠʷ 

ʚʦʣʘʪʠʣʴʥʦʩʪʠ, g, q ï ʥʝʢʦʪʦʨʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ, 
idW  ï ʧʨʠʨʘʱʝʥʠʷ ʚʠʥʝʨʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, i=1,2  ʩ 

ʢʦʨʨʝʣʷʮʠʝʡ 
1 2dt dW ,dWr = , 

0t [t ,T]Í .  

ʅʘʡʜʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘïʇʣʘʥʢʘïʂʦʣʤʦʛʦʨʦʚʘ.  

ɼʝʪʝʨʤʠʥʘʮʠʷ ʠ ʥʘʭʦʞʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʥʠ ʦʜʥʘ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʥʝ ʦʧʠʩʳʚʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʨʳʥʢʘ, ʘ 

ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʢʦʥʝʯʥʳʡ ʥʘʙʦʨ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʩʪʨʦʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʧʦʚʝʜʝʥʠʝ ʮʝʥʦʚʳʭ ʧʨʠʨʘʱʝʥʠʡ ʠ ʠʭ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʜʣʷ 

ʪʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʪʦʨʛʦʚʳʭ ʩʝʩʩʠʡ. ʇʨʠ ʵʪʦʤ ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʘʥʘʣʠʟʫ ʢʦʪʠʨʦʚʦʢ 

ʧʘʨʳ USD/RUB. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʠʢʦʚʳʝ ʜʝʩʷʪʠʤʠʥʫʪʥʳʝ ʠ ʪʨʠʜʮʘʪʠʤʠʥʫʪʥʳʝ ʜʘʥʥʳʝ ïʚʩʝʛʦ 11580 

ʟʥʘʯʝʥʠʡ ʨʫʙʣʝʚʳʭ ʮʝʥ ʜʦʣʣʘʨʘ ʟʘ ʧʝʨʠʦʜ ʩ 1 ʩʝʥʪʷʙʨʷ 2014 ʛ. ʧʦ 2 ʬʝʚʨʘʣʷ 2015 ʛ. (ʜʘʥʥʳʝ ʧʨʝʜʦʩʪʘʚʣʝʥʳ 

ʢʦʤʧʘʥʠʝʡ ʌʠʥʘʤ, http://finam.ru). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʦʚ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ. ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɼʀ), ʚʧʝʨʚʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʚ 1995 ʛʦʜʫ [1]. ʉ ʪʝʭ ʧʦʨ ɼʀ ʦʪ ʤʠʰʝʥʝʡ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

http://finam.ru/
mailto:winterhof@sibmail.com


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʧʨʝʜʤʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ [2]. ʀʥʪʝʨʝʩ 

ʢ ɼʀ ʦʙʫʩʣʦʚʣʝʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ, ʯʪʦ ʤʝʪʦʜʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʫʱʘʶʱʠʡ ʭʘʨʘʢʪʝʨ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʡ ʧʫʯʦʢ. ʆʜʥʘʢʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʠʰʝʥʝʡ ɼʀ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʚʩʸ ʝʱʸ ʧʦʣʥʦʩʪʴʶ ʥʝ ʨʘʩʢʨʳʪʳ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʜʠʩʬʘʟʥʘʷ ʤʠʰʝʥʴ ï ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʱʝʣʝʚʦʡ ʤʠʰʝʥʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʧʣʘʩʪʠʥ ʩ 

ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʢ ʪʨʘʝʢʪʦʨʠʠ ʧʫʯʢʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [3] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ɼʀ ʦʪ ʜʠʩʬʘʟʥʦʡ ʤʠʰʝʥʠ, ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʤʝʪʦʜʘ 

ʧʩʝʚʜʦʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʵʥʝʨʛʠʷʤʠ ʧʫʯʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʤʘʣʳʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʧʣʘʩʪʠʥ ʜʠʩʬʘʟʥʦʡ 

ʤʠʰʝʥʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ɼʀ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʠ ʧʨʦʣʸʪʝ ʧʫʯʢʘ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚʙʣʠʟʠ ʜʠʩʬʘʟʥʦʡ ʤʠʰʝʥʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʚʫʤʷ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʠʤʠ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʸʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʦʢʦʚ [4]. ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʛʝʦʤʝʪʨʠʶ ʜʠʩʬʘʟʥʦʡ ʤʠʰʝʥʠ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʜʘ [5]. ʇʨʠʚʝʜʸʥʥʳʝ 

ʨʘʩʯʸʪʳ ʫʯʠʪʳʚʘʶʪ ʢʘʢ ʨʝʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʤʠʰʝʥʠ, ʪʘʢ ʠ ʵʬʬʝʢʪʳ ʙʣʠʞʥʝʡ ʠ ʧʨʝʜʚʦʣʥʦʚʦʡ ʟʦʥʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʬʘʟʥʦʡ ʤʠʰʝʥʠ ʜʣʷ ʥʝʚʦʟʤʫʱʘʶʱʝʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. 
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ʆʪʨʘʩʣʴ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʦʤ ʥʘʢʦʧʣʝʥʠʷ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʚ ɸʕʉ ʪʦʧʣʠʚʘ, 

ʢʦʪʦʨʦʝ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʟʘʭʦʨʦʥʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʩʦʟʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʣʫʯʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, ʜʣʷ ʝʛʦ ʨʝʬʘʙʨʠʢʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʪʦʧʣʠʚʦ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʩʚʝʩʪʠ ʢ 

ʤʠʥʠʤʫʤʫ ʷʜʝʨʥʳʝ ʦʪʭʦʜʳ ʠ ʧʨʝʪʚʦʨʠʪʴ ʚ ʞʠʟʥʴ ʠʜʝʶ ʦ ʟʘʤʢʥʫʪʦʤ ʷʜʝʨʥʦʤ ʪʦʧʣʠʚʥʦʤ ʮʠʢʣʝ [1]. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʘʢʪʠʥʦʠʜʦʚ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʘʚʝ ʤʦʜʫʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʪʨʠʜʥʦʛʦ ʦʙʣʫʯʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʣʫʯʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʣʝʢʩʦʚ [2]. ʊʘʢ 

ʢʘʢ ʧʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ ʪʦʧʣʠʚʘ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʠ ʥʘʯʘʣʦ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʝʜʳʜʫʱʝʛʦ, ʢʘʞʜʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ. ʇʦ ʪʝʤ ʞʝ 

ʧʨʠʯʠʥʘʤ ʫʧʨʦʱʘʝʪʩʷ ʤʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʢʪʠʥʦʠʜʦʚ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʤʝʰʘʥʥʦʛʦ ʫʨʘʥ-

ʧʣʫʪʦʥʠʝʚʦʛʦ ʥʠʪʨʠʜʥʦʛʦ ʦʙʣʫʯʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʇʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʢʪʠʥʦʠʜʦʚ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʦʩʥʦʚʥʦʤ U, Pu, Np 

ʠ Am ʚ ʚʠʜʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʘʢʪʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʦʟʜʫʭʦʤ ʧʦʣʫʯʘʝʤʦʡ ʩʤʝʩʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʩʘʜʢʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʶʪ ʫʨʘʥ ʠ 

ʧʣʫʪʦʥʠʡ, ʦʩʥʦʚʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʫʨʘʥʠʣʘ UO2(NO3)2 ʠ ʘʟʦʪʥʦʢʠʩʣʦʛʦ 

ʧʣʫʪʦʥʠʷ Pu(NO3)4. ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʢ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʘʧʧʘʨʘʪ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʢʘ ʷʚʣʷʝʪʩʷ ʨʝʘʢʪʦʨʦʤ ʠʜʝʘʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤ ʦʙʦʛʨʝʚʦʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ, ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʨʘʟʨʘʙʦʪʘʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʨʝʘʢʪʦʨʘ ʠ ʧʨʦʚʝʜʝʥʦ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʝ ʂʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ. 
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ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʚ ʨʷʜʳ ʌʫʨʴʝ 

ʬʫʥʢʮʠʡ, ʚʳʨʘʞʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʘʢʪʠʢʝ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʩʯʠʪʘʶʪʩʷ ʟʘʜʘʥʥʳʤʠ ʠ ʥʝ ʧʦʜʣʝʞʘʪ ʠʟʤʝʥʝʥʠʶ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʌʫʨʴʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʤʥʦʛʦʯʣʝʥʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ, ʢʦʪʦʨʳʝ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʩʦʙʩʪʚʝʥʥʦ ʤʦʜʝʣʴ ʩʠʛʥʘʣʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʩʠʛʥʘʣʘ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʜʠʩʢʨʝʪʥʳʝ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʨʘʚʥʦʦʪʩʪʦʷʱʠʝ, ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʧʨʠʤʝʥʷʶʪ ʩʪʫʧʝʥʯʘʪʳʝ ʬʫʥʢʮʠʠ.  

ʉʨʝʜʠ ʧʨʦʙʣʝʤ ʧʨʠʙʣʠʞʝʥʠʷ ʩʪʫʧʝʥʯʘʪʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʳʜʝʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʚʙʣʠʟʠ ʪʦʯʝʢ ʨʘʟʨʳʚʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠ ʜʦʩʪʠʞʝʥʠʝ ʝʸ ʤʘʢʩʠʤʫʤʘ ʚ ʩʘʤʠʭ 

ʪʘʢʠʭ ʪʦʯʢʘʭ. ɿʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ, ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʨʘʟʨʳʚʘ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʩʪʨʘʥʝʥʠʷ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʧʨʦʙʣʝʤʳ ʘʤʧʣʠʪʫʜʳ ʚ ʪʦʯʢʘʭ ʬʠʢʩʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʘʩʧʝʢʪʳ 

ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʠ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʣʫʯʘʝ 

ʨʘʚʥʦʦʪʩʪʦʷʱʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʚʦʜʷʪʩʷ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʠ. ʈʷʜʳ ʌʫʨʴʝ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʚ ʚʝʱʝʩʪʚʝʥʥʦʡ ʬʦʨʤʝ.  

ʉʨʘʚʥʠʚʘʶʪʩʷ ʜʚʝ ʩʠʪʫʘʮʠʠ. ɺ ʧʝʨʚʦʡ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʦʪʨʝʟʢʝ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ 

ʥʘʙʣʶʜʝʥʠʡ (ʯʘʩʪʠʯʥʦʤ ʦʪʨʝʟʢʝ) ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʥʘʙʣʶʜʝʥʠʶ ʚ ʣʝʚʦʤ ʢʦʥʮʝ ʦʪʨʝʟʢʘ. ʄʦʤʝʥʪʳ 

ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʨʘʟʨʳʚʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. ɺ ʪʦʯʢʘʭ ʥʘʙʣʶʜʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʥʘʠʙʦʣʴʰʘʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʬʫʥʢʮʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚ ʧʨʘʚʦʤ ʢʦʥʮʝ ʯʘʩʪʠʯʥʦʛʦ ʦʪʨʝʟʢʘ. ʇʨʠ ʵʪʦʤ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʠʪʫʘʮʠʷ ʦʩʪʘʸʪʩʷ ʧʨʝʞʥʝʡ. 

ɺʦ ʚʪʦʨʦʡ ʩʠʪʫʘʮʠʠ ʩʘʤʳʡ ʣʝʚʳʡ ʠ ʩʘʤʳʡ ʧʨʘʚʳʡ ʯʘʩʪʠʯʥʳʝ ʦʪʨʝʟʢʠ ʠʤʝʶʪ ʜʣʠʥʫ, ʨʘʚʥʫʶ ʧʦʣʦʚʠʥʝ 

ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʤʠ. ʆʩʪʘʣʴʥʳʝ, ʚʥʫʪʨʝʥʥʠʝ, ʯʘʩʪʠʯʥʳʝ ʦʪʨʝʟʢʠ ʠʤʝʶʪ ʧʨʝʞʥʶʶ ʜʣʠʥʫ, ʨʘʚʥʫʶ 

ʠʥʪʝʨʚʘʣʫ ʥʘʙʣʶʜʝʥʠʷ. ʊʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʣʝʞʘʱʠʤʠ ʚ ʩʝʨʝʜʠʥʝ ʢʘʞʜʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʯʘʩʪʠʯʥʦʛʦ ʦʪʨʝʟʢʘ. ɿʥʘʯʝʥʠʝʤ ʬʫʥʢʮʠʠ ʥʘ ʯʘʩʪʠʯʥʦʤ ʦʪʨʝʟʢʝ ʩʪʘʥʦʚʠʪʩʷ ʥʘʙʣʶʜʝʥʠʝ ʚ ʝʛʦ ʩʝʨʝʜʠʥʝ. 

ʄʦʤʝʥʪʳ ʥʘʙʣʶʜʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʪʦʯʢʘʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʠ, ʘ ʨʘʟʨʳʚʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʥʦʩʠʪʩʷ ʩ 

ʤʦʤʝʥʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʜʨʫʛʠʝ ʪʦʯʢʠ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʚ ʪʦʡ, ʠ ʚ ʜʨʫʛʦʡ ʩʠʪʫʘʮʠʠ ʬʦʨʤʫʣʘ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʩʪʘʥʦʚʠʪʩʷ 

ʩʦʩʪʘʚʥʦʡ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʦʨʤʫʣʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʧʝʨʠʦʜʫ ʦʪ 

ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʳ ʚ ʤʦʤʝʥʪʳ ʥʘʙʣʶʜʝʥʠʷ. ʇʝʨʚʘʷ ʩʠʪʫʘʮʠʷ ʜʘʸʪ ʣʠʙʦ ʧʨʘʚʦʝ, 

ʣʠʙʦ ʣʝʚʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʟʣʦʚ, ʘ ʚʪʦʨʘʷ ï ʩʝʨʝʜʠʥʥʦʝ. ʂ ʪʦʤʫ ʞʝ ʚʦ ʚʪʦʨʦʡ ʩʠʪʫʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ 

ʢʨʘʡʥʠʤ ʯʘʩʪʠʯʥʳʤ ʦʪʨʝʟʢʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʜʝʣʴʥʦ, ʘ ʟʘʪʝʤ ʩʫʤʤʠʨʫʝʪʩʷ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʥʘ 

ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ, ʪʘʢ ʠ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʫʥʢʮʠʡ, ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʩ ʢʚʘʜʨʘʪʦʤ. 

 

 

ʆʎɽʅʂɸ ɹʓʉʊʈʆɼɽʁʉʊɺʀʗ ʊʈɽʍʄɽʈʅʆɻʆ FDTD-ʉʀʄʋʃʗʊʆʈɸ ʀʄʇʋʃʔʉʅʆʁ 
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E-mail: savasko-sasha@mail.ru 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʋʊʉ) ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʣʘʟʤʝ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ.  
ʆʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʪʨʝʭʤʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʧʣʘʟʤʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʜʣʷ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚ ʩʣʦʞʥʳʭ 

ʩʣʫʯʘʷʭ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʳʯʠʩʣʝʥʠʡ ʠ ʥʝʧʨʠʝʤʣʝʤʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʨʘʩʯʝʪʦʚ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʠʚʘʣʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ. 

mailto:savasko-sasha@mail.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʨʝʰʝʥʠʠ ʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʣʘʟʤʝ 

ʫʩʪʘʥʦʚʦʢ ʋʊʉ ʧʦ ʤʝʪʦʜʫ FDTD [1] ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʯʘʩʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ, 

ʘʢʪʫʘʣʴʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ MPI, OpenMP, 

CUDA ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʧʣʘʟʤʝ ʧʦ ʤʝʪʦʜʫ FDTD.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʩʯʸʪʥʳʭ ʢʦʜʦʚ ʥʘ ʦʩʥʦʚʝ FDTD, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, OpenMP, CUDA ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʩ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʌʦʥ-ʅʝʡʤʘʥʘ ʠ GPU-ʫʩʢʦʨʠʪʝʣʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʥʦ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʝʣʠʯʠʥʳ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Taflove A., Umashankar K.R. The Finite-Difference Time-Domain (FD-TD) Method for Electromagnetic Scattering 

and Interaction Problems // Journal of Electromagnetic Waves and Applications. ï 1987 ï Vol. 1 ï ˉ 3 ï P. 243ï267. 
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ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʙʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʩʩʦʚʘʥʥʳʭ ʠʣʠ ʩʧʝʯʸʥʥʳʭ ʪʘʙʣʝʪʦʢ 

ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʠʩʢʣʶʯʝʥʠʷ ʙʨʘʢʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠʣʠ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʟʥʘʪʴ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʙʣʝʪʦʢ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʨʝʞʠʤʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʤʝʥʷʪʴ ʥʝʣʴʟʷ, ʥʘʧʨʠʤʝʨ, ʨʝʞʠʤʳ ʩʧʝʢʘʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʪʦʡ ʯʘʩʪʠ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʤʘʪʨʠʮʝ ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʰʣʘ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʪʜʝʣʴʥʦʡ ʪʘʙʣʝʪʢʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʭ ʧʣʦʪʥʦʩʪʴ ɔ, ʜʠʘʤʝʪʨ D, ʚʳʩʦʪʫ H. ɼʣʷ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ ʝʱʸ ʠ ʜʠʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʧʘʨʘʤʝʪʨʳ ʣʫʥʢʠ ʠ ʬʘʩʢʠ. 

ʍʦʪʷ ʠʟʜʝʣʠʷ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʦʧʠʩʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʚʳʝ, ʢʦʪʦʨʳʝ ʧʝʨʝʯʠʩʣʝʥʳ ʚʳʰʝ, 

ʜʦʩʪʘʪʦʯʥʦ ʞʸʩʪʢʦ ʠ ʧʨʦʩʪʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʦʜʥʦʠʤʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʟʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʧʦʨʦʰʦʢ, 

ʧʨʝʩʩʦʚʘʥʥʘʷ ʪʘʙʣʝʪʢʘ, ʩʧʝʯʸʥʥʘʷ ʪʘʙʣʝʪʢʘ) ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ ʪʘʢʞʝ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʨʠ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. ɺ ʠʭ ʦʩʥʦʚʝ ʣʝʞʘʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ: 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʥʘʚʝʩʢʠ ʧʦʨʦʰʢʘ, ʚʟʷʪʦʛʦ ʥʘ ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʧʨʦʰʝʜʰʝʛʦ ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʩʧʝʢʘʥʠʝ (ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʘʙʣʝʪʦʢ ʠʟ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʩʦʙʣʶʜʘʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1%); ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ 

ʘʜʜʠʪʠʚʥʳʝ ʟʘʢʦʥʳ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʠʭ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʧʣʦʪʥʦʩʪʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʪʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʢʦʦʨʜʠʥʘʪ ʛʨʘʥʠʮ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, 

ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ (ʚʘʨʴʠʨʦʚʘʪʴʩʷ) ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ, ʪʘʢ, ʯʪʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ 

ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʚʘʨʠʘʮʠʡ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 
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ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʝʛʦ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠʥʚʘʨʠʘʥʪʦʡ, ʧʨʠʨʘʚʥʠʚʘʷ ʜʚʘ ʯʣʝʥʘ ʥʫʣʶ ʠ ʧʦʣʫʯʘʷ 

ʩʝʨʠʶ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʣʫʯʠʤ ʧʘʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠʨʘʚʥʠʚʘʷ ʥʫʣʶ 

ʧʦʦʯʝʨʸʜʥʦ ʦʜʥʫ ʚʘʨʠʘʮʠʶ, ʧʦʣʫʯʠʤ ʥʝʩʢʦʣʴʢʦ ʪʨʦʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʘʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʦʙʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʣʠ ʧʦ ʩʚʦʡʩʪʚʘʤ ʧʝʨʚʳʭ ʧʦʨʮʠʡ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʪʘʙʣʝʪʦʢ ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ 

ʪʝʭʥʦʣʦʛʠʶ ʥʘ ʝʸ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʚʳʙʠʨʘʷ ʜʣʷ ʵʪʦʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ ʜʘʥʥʦʡ 

ʩʠʪʫʘʮʠʠ ʤʝʪʦʜ.  

ʅʘʧʨʠʤʝʨ, ʧʦʚʳʩʠʪʴ ʧʣʦʪʥʦʩʪʴ ʧʨʝʩʩʦʚʘʥʥʳʭ ʪʘʙʣʝʪʦʢ ʥʘ 5% ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

- ʧʦʚʳʩʠʪʴ ʦʙʲʸʤ ʥʘʚʝʩʢʠ ʧʨʝʩʩ-ʧʦʨʦʰʢʘ ʥʘ 5% ʧʨʠ ʪʦʡ ʞʝ ʚʳʩʦʪʝ ʧʨʝʩʩʦʚʘʥʥʦʡ ʪʘʙʣʝʪʢʠ (ʧʦʚʳʰʘʷ 

ʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ); 

- ʧʦʚʳʩʠʪʴ ʥʘʩʳʧʥʦʡ ʚʝʩ ʧʨʝʩʩ-ʧʦʨʦʰʢʘ ʥʘ 5% ʧʨʠ ʪʦʤ ʞʝ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ; 

- ʫʤʝʥʴʰʠʪʴ ʚʳʩʦʪʫ ʧʨʝʩʩʦʚʘʥʥʦʡ ʪʘʙʣʝʪʢʠ ʥʘ 5% ʧʨʠ ʪʦʤ ʞʝ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ; 

- ʫʤʝʥʴʰʠʪʴ ʜʠʘʤʝʪʨ ʤʘʪʨʠʮʳ ʥʘ 2,5% ʧʨʠ ʪʦʡ ʞʝ ʚʳʩʦʪʝ ʧʨʝʩʩʦʚʘʥʥʦʡ ʪʘʙʣʝʪʢʠ. 

 ʀʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʪʘʙʣʝʪʦʢ. ɽʩʣʠ ʨʘʩʯʸʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʩʦʚʧʘʜʫʪ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ, ʟʥʘʯʠʪ ʚʤʝʰʘʣʩʷ 

ʥʝʧʨʝʜʫʩʤʦʪʨʝʥʥʳʡ ʬʘʢʪʦʨ, ʠʣʠ ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʝ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʃʋʏɸʁʅʆɻʆ ʉʄɽʑɽʅʀʗ ʏɸʉʊʀʎ ɼʀʉʇɽʈʉʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɺ 

ʉʄɽʉʀʊɽʃɽ ʄɽʊʆɼʆʄ ʂʃɽʊʆʏʅʆɻʆ ɸɺʊʆʄɸʊɸ 

ʀ.ʀ.ʃʦʢʪʝʚ, ɽ.ɺ.ɺʳʭʦʜʮʝʚ 
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ʈʦʩʩʠʷ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ɹ.ʍʤʝʣʴʥʠʮʢʦʛʦ, 94, 630110 

E-mail: loktev@nccp.ru 

ʉʫʱʝʩʪʚʫʶʪ ʩʦʪʥʠ ʤʦʜʝʣʝʡ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ. ʂʣʝʪʦʯʥʳʡ ʘʚʪʦʤʘʪ 

ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʳʭ ʷʚʣʝʥʠʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ ʟʘʜʘʸʪʩʷ ʥʝʢʦʪʦʨʦʡ 

ʬʫʥʢʮʠʝʡ.  

ʀʩʧʦʣʴʟʫʷ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʛʨʘʤʤʝ Excel ʩʤʦʜʝʣʠʨʦʚʘʪʴ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʜʨʝʡʬ ʪʦʯʢʠ (ʯʘʩʪʠʮʳ), ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩ ʢʘʞʜʳʤ ʪʘʢʪʦʤ ʩʤʝʱʝʥʠʷ. 

ɼʦʧʫʩʢʘʷ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʚ ʩʤʝʩʠʪʝʣʝ ʩʭʦʜʥʦ ʩʦ ʩʣʫʯʘʡʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʪʦʯʢʠ 

ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʦʧʝʨʘʮʠʠ ʩʤʝʰʠʚʘʥʠʷ ʧʦʨʦʰʢʦʚ. ʇʫʩʪʴ ʥʘʯʘʣʴʥʘʷ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ (ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ) ʚ ʦʩʷʭ x ʠ y ʙʫʜʝʪ x0=0; 

y0=0. ʂʦʦʨʜʠʥʘʪʳ ʩʣʝʜʫʶʱʝʛʦ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʪʩʷ ʩʣʫʯʘʡʥʳʤ ʩʤʝʱʝʥʠʝʤ ʪʦʯʢʠ ʧʦ ʦʩʷʤ x ʠ y ʥʘ 

ʰʘʛ, ʨʘʚʥʳʡ 1. ʏʝʨʝʟ n ʰʘʛʦʚ ʪʦʯʢʘ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (1):  
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 ʇʦʩʪʨʦʠʤ ʧʫʪʴ ʜʨʝʡʬʘ ʪʦʯʢʠ ʟʘ 1000 ʰʘʛʦʚ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʦʚʪʦʨʠʤ ʧʦʩʪʨʦʝʥʠʝ 10 ʨʘʟ. 

ɺʚʝʜʸʤ ʧʦʢʘʟʘʪʝʣʴ ʠʪʦʛʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʟʘ 1000 ʰʘʛʦʚ - ʚʝʢʪʦʨ ʠʪʦʛʦʚʦʛʦ ʩʤʝʱʝʥʠʷ.. ʉʜʝʣʘʝʤ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʩʝʨʠʠ ʠʟ 10 ʜʨʝʡʬʦʚ. ʉʨʝʜʥʝʝ ʠʪʦʛʦʚʦʝ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠʮʳ ʟʘ 1000 ʩʣʫʯʘʡʥʳʭ ʰʘʛʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50 "ʧʨʷʤʳʭ" ʰʘʛʦʚ.  

 

ʈʠʩʫʥʦʢ 1. ʊʨʘʝʢʪʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʯʘʩʪʠʮʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʝʢʪʦʨʦʤ ʩʤʝʱʝʥʠʷ  

 

 ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʨʘʚʥʠʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ ʩʣʝʜʫʝʪ 

ʦʞʠʜʘʪʴ ʯʝʨʝʟ 20* l/m ʵʬʬʝʢʪʠʚʥʳʭ ʮʠʢʣʦʚ ʩʤʝʰʠʚʘʥʠʷ, ʛʜʝ l ʠ m ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʛʘʙʘʨʠʪʥʳʡ ʨʘʟʤʝʨ ʢʘʤʝʨʳ 

ʩʤʝʰʠʚʘʥʠʷ ʠ ʜʣʠʥʘ ʫʩʣʦʚʥʦʛʦ ʰʘʛʘ ʩʤʝʱʝʥʠʷ ʧʦʨʦʰʢʘ ʟʘ ʦʜʠʥ ʮʠʢʣ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʩʤʝʩʠʪʝʣʶ ʩʣʝʜʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʥʝʥʠʷ l ʠ m. 

 

 

ʄʆɼɽʃʔ ʉʄɽʐʀɺɸʅʀʗ ʇʆʈʆʐʂʆɺ ɺ ʄɽʍɸʅʀʏɽʉʂʀʍ ʉʄɽʉʀʊɽʃʗʍ 
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ʈʦʩʩʠʷ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ɹ.ʍʤʝʣʴʥʠʮʢʦʛʦ, 94, 630110 

E-mail: loktev@nccp.ru 

ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʤʝʩʠʪʝʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʩ ʧʦʤʦʱʴʶ 

ʘʢʪʠʚʘʪʦʨʦʚ, ʧʝʨʝʤʝʱʘʶʱʠʭ ʯʘʩʪʠ ʟʘʛʨʫʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʟʣʠʯʥʳʝ ʤʝʩʪʘ ʨʘʙʦʯʝʛʦ ʦʙʲʸʤʘ ʩʤʝʩʠʪʝʣʷ. ɿʘ 

ʦʜʠʥ ʮʠʢʣ ʩʤʝʰʠʚʘʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʦʜʠʥ ʦʙʦʨʦʪ ʘʢʪʠʚʘʪʦʨʘ ʠʣʠ ʢʘʢʦʝ-ʪʦ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ. ʉʢʦʣʴʢʦ ʮʠʢʣʦʚ 

ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʩʤʝʩʠʪʝʣʷ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʡ 

ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʇʫʩʪʴ V - ʦʙʲʸʤ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʤʝʩʠʪʝʣʷ, va ʠ vb - ʦʙʲʸʤʳ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʚ ʩʤʝʩʠʪʝʣʝ ʚ ʤʦʤʝʥʪ 

ʟʘʛʨʫʟʢʠ ʧʦʨʦʰʢʠ A ʠ B, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʩʤʝʰʘʪʴ. ʇʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʧʦʨʦʰʢʘ B 

ʚ ʦʙʲʸʤ va. ʩ ʢʘʞʜʳʤ ʮʠʢʣʦʤ (ʦʙʦʨʦʪʦʤ ʘʢʪʠʚʘʪʦʨʘ) ʩ ʜʦʣʝʡ k ʦʪ ʦʙʲʸʤʘ vb. (k - ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʩʤʝʩʠʪʝʣʷ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟʲʷʪʘʷ ʯʘʩʪʴ ʧʦʨʦʰʢʘ B ʠʟ ʝʛʦ ʦʙʲʸʤʘ vb ʙʫʜʝʪ ʚ ʪʦʤ ʞʝ ʮʠʢʣʝ ʟʘʤʝʱʘʪʴʩʷ ʯʘʩʪʴʶ 

ʧʦʨʦʰʢʘ A ʠʟ ʝʛʦ ʦʙʲʸʤʘ va, ʫʞʝ ʯʘʩʪʠʯʥʦ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʚ ʵʪʦʤ ʮʠʢʣʝ ʧʦʨʦʰʢʦʤ ɺ. ʇʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʙʘʣʘʥʩ ʠ 

ʚʟʘʠʤʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚ A ʠ B ʚ ʨʝʘʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʥʝʚʦʟʤʦʞʥʦ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʦʙʲʸʤ va ʠ vb 

ʬʘʟʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʙʫʜʝʤ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʢʘʢ ʩ ʢʘʞʜʳʤ ʮʠʢʣʦʤ ʩʤʝʰʠʚʘʥʠʷ ʚ ʥʠʭ ʠʟʤʝʥʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦʨʦʰʢʘ A ʚ ʦʙʲʸʤʝ va ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ ʦʪ 100% ʜʦ ʨʘʚʥʦʚʝʩʥʦʡ, ʘ ʚ 

ʦʙʲʸʤʝ vb  - ʦʪ ʥʫʣʷ ʜʦ ʪʦʛʦ ʞʝ ʟʥʘʯʝʥʠʷ. ɿʘʧʠʰʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʧʝʨʚʳʭ ʪʨʸʭ ʮʠʢʣʦʚ ʩʤʝʰʝʥʠʷ: 
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ʄʦʜʝʣʴ ʥʝ ʠʤʝʝʪ ʦʙʱʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʮʠʢʣʘ i,  ʘ ʚʳʨʘʞʝʥʠʷ ʩ 

ʢʘʞʜʳʤ ʮʠʢʣʦʤ ʫʩʣʦʞʥʷʶʪʩʷ. ɻʦʨʘʟʜʦ ʧʨʦʱʝ ʧʨʝʜʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ, ʧʨʦʠʟʚʦʜʷ ʢʘʞʜʳʡ ʮʠʢʣ 

ʢʦʥʢʨʝʪʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʚ Excel. 

 
 

ʈʠʩʫʥʦʢ 1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʦʨʦʰʢʘ A ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʰʠʚʘʥʠʷ ʚ ʩʤʝʩʠʪʝʣʝ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 0,1 ʧʨʠ 

ʦʪʥʦʰʝʥʠʷʭ A/B ʦʪ 0,1 ʜʦ 0,5 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʨʦʰʢʘ A ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʰʠʚʘʥʠʷ ʚ ʩʤʝʩʠʪʝʣʝ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 0,1 ʧʨʠ ʦʪʥʦʰʝʥʠʷʭ A/B ʦʪ 0,1 ʜʦ 0,5. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʧʝʨʠʦʜ ʩʤʝʰʠʚʘʥʠʷ ʜʚʫʭ 

ʧʦʨʦʰʢʦʚ ʚ ʫʩʣʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ k. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʩʚʷʟʘʪʴ ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʠ k ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʤʝʩʠʪʝʣʷ. 

 

 

ʆʎɽʅʂɸ ʆɼʅʆʈʆɼʅʆʉʊʀ ʉʄɽʐʀɺɸʅʀʗ ʇʆʈʆʐʂʆɺ ɼɺʋʍ ʌʈɸʂʎʀʁ. 
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ʈʦʩʩʠʷ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ɹ.ʍʤʝʣʴʥʠʮʢʦʛʦ, 94, 630110 

E-mail: loktev@nccp.ru 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʜʝʣʠʡ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʚʘʝʪ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʨʦʰʢʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʢʘʩʘʝʪʩʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʚ ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʦʙʘʚʢʠ. 

ʂʘʞʜʘʷ ʠʟ ʜʦʙʘʚʦʢ, ʦʙʳʯʥʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʛʦ ʦʙʲʸʤʘ, ʠʤʝʝʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʜʦʧʫʩʪʠʤʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʤʝʩʠ. ʃʶʙʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʷ, ʤʝʰʘʝʪ ʩʧʝʢʘʥʠʶ, ʥʘʨʫʰʘʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʅʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʷ ʩʤʝʰʠʚʘʥʠʷ. ʗʩʥʦ, ʯʪʦ 

ʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʝʜʝʣ ʦʜʥʦʨʦʜʥʦʩʪʠ. ʄʦʞʥʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨ ʩʤʝʩʠ - ʧʨʝʜʝʣ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ. ʕʪʦ ʬʠʟʠʯʝʩʢʠʡ ʧʨʝʜʝʣ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʦʙʲʸʤʦʤ ʩʤʝʩʠ, ʧʨʠʭʦʜʷʱʠʤʩʷ ʥʘ 

ʦʜʥʫ ʩʨʝʜʥʶʶ ʯʘʩʪʠʮʫ ʤʝʥʴʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʆʥʘ 

ʧʨʦʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʠʜʝʘʣʴʥʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʝʥʴʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ, ʚʦʟʤʦʞʥʦ ʣʠ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʙʘʚʦʢ ʚ ʦʩʥʦʚʥʦʡ ʩʤʝʩʠ, ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ. 

ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʣʝʞʘʪ ʪʘʢʠʝ ʛʠʧʦʪʝʟʳ ʠ ʧʦʣʦʞʝʥʠʷ: 

1. ʇʦʢʘʟʘʪʝʣʠ ʦʩʪʘʪʦʯʥʦʡ (ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ) ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʦʩʪʘʚʦʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ: ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ - ʧʦʣʥʦʩʪʴʶ ʨʘʟʜʝʣʸʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚ ʜʨʫʛʦʤ - ʩ 

ʠʜʝʘʣʴʥʳʤ ʠʭ ʨʘʩʧʨʝʜʝʣʸʥʠʝʤ, ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳ ʧʦʩʣʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

2. ʅʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʦʤʝʥʪʘ ʩʤʝʰʠʚʘʥʠʷ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʤʝʩʠ ʠʟʤʝʥʷʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

3. ʆʮʝʥʢʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʦʙʲʸʤʘ ʚʟʷʪʦʡ ʧʨʦʙʳ (ʦʙʲʸʤʘ ʫʩʨʝʜʥʝʥʠʷ). 

ʉʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʣʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʧʨʦʙʝ, ʦʙʲʸʤʦʤ ʤʝʥʝʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʤʦʞʝʪ 

ʢʦʣʝʙʘʪʴʩʷ ʦʪ ʥʫʣʷ ʜʦ 100%. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ ʧʨʦʙʳ, ʩʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ ʚ ʥʝʡ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 

ʨʘʩʯʸʪʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʇʨʠ ʦʙʲʸʤʝ ʫʩʨʝʜʥʝʥʠʷ, ʨʘʚʥʦʤʫ ʧʷʪʠ ʦʙʲʸʤʘʤ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 5%. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ, ʢʦʪʦʨʘʷ 

ʠʤʠʪʠʨʫʝʪ ʩʣʫʯʘʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʠʮ ʦʪ ʠʭ ʥʘʯʘʣʴʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʤʝʱʝʥʠʡ ʠ ʦʪ ʦʙʲʸʤʘ ʫʩʨʝʜʥʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʩʤʝʩʠ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʲʸʤʦʤ ʩʤʝʩʠ, ʧʨʠʭʦʜʷʱʠʤʩʷ ʥʘ ʦʜʥʫ ʯʘʩʪʠʮʫ ʤʝʥʴʰʝʡ ʬʨʘʢʮʠʠ, ʪʦ ʝʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʤ 

ʢʫʙʠʢʦʤ ʩ ʨʝʙʨʦʤ 3

1n

V
q ʩʤʝʩʠ= , ʛʜʝ Vʩʤʝʩʠ- ʦʙʲʸʤ ʩʤʝʩʠ, n1 - ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʯʘʩʪʠʮ ʤʝʥʴʰʝʡ ʬʨʘʢʮʠʠ. 

2. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʙʨʦʩʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʥʴʰʝʡ ʬʨʘʢʮʠʠ ʚ ʩʤʝʩʠ ʩ ʦʰʠʙʢʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʮʝʥʪʦʚ, ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʸʤ ʧʨʦʙʳ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ 5 ʦʙʲʸʤʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ʦʜʥʦʨʦʜʥʦʩʪʠ. 

 

 

ʇʈʀʅʎʀʇʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 
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ʈʦʩʩʠʷ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ɹ.ʍʤʝʣʴʥʠʮʢʦʛʦ, 94, 630110 

E-mail: loktev@nccp.ru  

ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʭʦʨʦʰʝʝ ʧʦʥʠʤʘʥʠʝ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʧʣʠʚʫ ʜʣʷ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʜʠʢʪʫʶʪʩʷ ʞʸʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʢʦʥʮʝʧʮʠʝʡ çʅʦʣʴ ʜʝʬʝʢʪʦʚè, ʠʩʢʣʶʯʘʶʱʝʡ ʨʠʩʢ ʦʪʢʘʟʦʚ ʙʦʣʴʰʝ, ʯʝʤ 10-6, ʟʘʩʪʘʚʣʷʶʪ 

ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʧʨʠʣʘʛʘʪʴ ʙʦʣʴʰʠʝ ʫʩʠʣʠʷ ʢ ʙʝʟʫʧʨʝʯʥʦʤʫ ʦʩʚʦʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʧʣʠʚʘ ʥʘʢʣʘʜʳʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʵʢʦʥʦʤʠʢʝ, ʵʢʦʣʦʛʠʠ, 

ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʂʦʤʧʣʝʢʩʥʫʶ ʟʘʜʘʯʫ ʧʦʤʦʛʘʶʪ ʨʝʰʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʥʘ 

ʟʘʚʦʜʝ ʜʘʞʝ ʧʦʩʣʝ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʜʘʶʪ ʥʘʛʣʷʜʥʳʝ, 

ʧʨʠʤʝʥʠʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʦʧʨʦʩʘ 

ʤʦʜʝʣʴʶ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʣʶʙʦʝ, ʦʯʝʥʴ ʢʦʥʢʨʝʪʥʦʝ ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʙʱʸʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʜʫʢʪʘ 

ʠʣʠ ʧʨʦʮʝʩʩʘ ʝʛʦ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ 

ʙʣʦʢ-ʩʭʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʨʷʜʫ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʧʨʦʜʫʢʪʘ ʥʘ ʢʘʞʜʦʤ 

ʝʛʦ ʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ ʩʪʨʦʝʥʠʷ ʧʦʩʣʝ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 1. ɹʣʦʢ-ʩʭʝʤʘ 

ʀʟ ʦʧʳʪʘ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʇɸʆ çʅɿʍʂè, ʦʩʦʙʝʥʥʦ ʪʘʢʦʛʦ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʢʘʢ ʧʦʨʦʰʢʦʚʦʝ ʠ ʪʘʙʣʝʪʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʷʜ ʧʨʠʤʝʨʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ 

ʨʝʰʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ (ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʩʠʩʪʝʤʥʳʝ). ɼʨʫʛʠʝ, ʣʫʯʰʝ ʧʦʢʘʟʘʪʴ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʧʨʠʤʝʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦ ʪʦʡ ʞʝ ʠʣʠ ʜʨʫʛʦʡ ʩʭʝʤʝ. 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʦʙʱʠʭ ʠ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʚʦʝʥʠʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ.  
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ʄʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʤʦʞʝʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʩʦʩʪʦʷʥʠʝ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. ʏʪʦʙʳ ʪʘʢʫʶ ʤʦʜʝʣʴ ʙʳʣʦ ʣʝʛʯʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ. ʆʜʥʘʢʦ, ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʜʘʸʪ ʥʝ ʦʯʝʥʴ ʪʦʯʥʦʝ 

ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ. ʂʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 1 - ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʜʦʧʦʣʥʠʪʴ ʦʙʱʠʡ ʦʙʨʘʟ ʦʙʲʝʢʪʘ ʥʝʜʦʩʪʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ; 2 - 

ʧʨʠʚʷʟʢʦʡ ʦʧʳʪʥʳʤ ʧʫʪʸʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʦʩʪʘʚʥʘʷ ʤʦʜʝʣʴ ʧʨʝʩʩʦʚʘʥʠʷ ʪʘʙʣʝʪʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʦʜʝʣʝʡ: 

- ʤʦʜʝʣʴ ʥʘʧʨʷʞʸʥʥʦ-ʩʞʘʪʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʠʩ. 1ʘ, ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʧʦʨʦʰʢʘ; 

- ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʚ ʪʘʙʣʝʪʢʝ, ʨʠʩ. 1ʙ, ʧʦʢʘʟʘʥʳ ʪʦʯʢʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ; 
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- ʛʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʪʫʭʘʶʱʝʛʦ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʨʠʩ. 1ʚ; 

- ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʩʩʦʚʢʝ ʩ ʧʦʤʦʱʴʶ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʨʠʩ. 1ʛ; 

- ʤʦʜʝʣʴ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʠʣ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʨʠʩ. 1ʜ ʠ 1ʝ; 

- ʤʦʜʝʣʴ ʨʘʜʠʘʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʙʣʝʪʢʠ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʠʟ ʫʧʨʫʛʦ-ʩʞʘʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʩʚʦʙʦʜʥʦʝ ʧʨʠ ʚʳʧʨʝʩʩʦʚʢʝ ʪʘʙʣʝʪʢʠ ʠʟ ʤʘʪʨʠʮʳ, ʚʳʷʚʣʷʝʪ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʩʣʦʝʥʠʡ, ʨʠʩ. 1ʞ.  

 
           ʘ                 ʙ                  ʚ  ʛ 

 
     ʜ     ʝ   ʞ 

ʈʠʩʫʥʦʢ 1. ʉʦʩʪʘʚʥʘʷ ʤʦʜʝʣʴ 
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ʇʨʦʠʩʭʦʜʷʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʪʨʝʙʫʝʪ, ʧʦʤʠʤʦ ʟʘʤʝʥʳ 

ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʰʝʥʠʷ ʨʷʜʘ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦ-ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʂʀʋ) ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʂʀʋ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʦʛʨʘʥʠʯʝʥʳ ʠ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʧʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ 

ʨʝʰʝʥʠʷ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʂʀʋ ʧʨʠ ʩʫʙʣʠʤʘʮʠʠ ʠ ʜʝʩʫʙʣʠʤʘʮʠʠ UF6. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʜʝʩʫʙʣʠʤʘʮʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ UF6 

ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʳʝ ʝʤʢʦʩʪʠ, ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʯʝʨʝʟ ʵʣʣʠʧʪʠʯʝʩʢʦʝ ʜʥʠʱʝ ʠ ʙʦʢʦʚʫʶ ʩʪʝʥʢʫ 

ʝʤʢʦʩʪʠ (ʢʨʳʰʢʘ ʝʤʢʦʩʪʠ ʩ ʧʘʪʨʫʙʢʦʤ ʚʳʩʪʫʧʘʝʪ ʠʟ ʪʝʨʤʦʩʪʘʪʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʭʣʘʜʘʛʝʥʪʦʤ) ʠ ʢʦʥʚʝʢʮʠʠ ʛʘʟʘ ʚ 

ʝʤʢʦʩʪʠ. 
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ɼʚʠʞʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ UF6 ʚ ʝʤʢʦʩʪʠ ʩʯʠʪʘʣʦʩʴ ʜʚʫʤʝʨʥʳʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʦʧʠʩʳʚʘʣʦʩʴ 

ʩʠʩʪʝʤʦʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʛʘʟʦʦʙʨʘʟʥʳʡ UF6 ʥʝ 

ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʝʡ; ʛʘʟ ʷʚʣʷʝʪʩʷ ʧʦʣʠʪʨʦʧʥʳʤ, ʚʷʟʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʝ 

ʫʯʠʪʳʚʘʣʠʩʴ; ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʝʤʢʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ; ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʨʘʚʥʘ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʘʚʣʝʥʠʶ ʥʘʜ ʩʣʦʝʤ ʜʝʩʫʙʣʠʤʘʪʘ. ʇʦʩʢʦʣʴʢʫ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʦʣʱʠʥʘ ʩʣʦʷ ʜʝʩʫʙʣʠʤʘʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʦʙʲʝʤ ʝʤʢʦʩʪʠ, ʟʘʥʠʤʘʝʤʳʡ ʛʘʟʦʤ, ʫʤʝʥʴʰʘʝʪʩʷ, 

ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣ ʚʳʙʨʘʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ SIMPLE [1] ʥʘ 

ʧʦʜʚʠʞʥʦʡ ʩʝʪʢʝ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ UF6 ʠʟ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʪʚʝʨʜʦʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʜʥʦʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʩʪʝʥʢʠ ʝʤʢʦʩʪʠ ʠ ʩʣʦʷ 

ʜʝʩʫʙʣʠʤʘʪʘ ʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʪʦʣʱʠʥʳ ʪʚʝʨʜʦʛʦ UF6 ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʫʩʣʦʚʠʶ ʉʪʝʬʘʥʘ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠʪʝʨʘʮʠʦʥʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ [2].  

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʩʫʙʣʠʤʘʮʠʠ UF6 ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʝʤʢʦʩʪʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʩ ʜʨʫʞʝʩʪʚʝʥʥʳʤ ʢ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʠʥʪʝʨʬʝʡʩʦʤ. 
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ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [1] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʣʠʤʝʨʥʳʤ 

ʜʠʵʣʝʢʪʨʠʢʘʤ, ʚʨʝʤʷ ʞʠʟʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ KT
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Ö

= , ʛʜʝ t0 ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ; D ï ʵʥʝʨʛʠʷ 

ʨʘʟʨʳʚʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ïʉïʉï, ʨʘʚʥʘʷ 5.5.10-19
 ɼʞ/ʩʚ; j - ʬʫʥʢʮʠʷ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʜʚʝ ʧʘʨʪʠʠ ʧʦ 30 ʦʙʨʘʟʮʦʚ ʠʟ ʧʨʦʚʦʜʘ c ʠʟʦʣʷʮʠʝʡ ʠʟ 

ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʵʪʠʣʝʥʘ ʩ ʧʨʦʧʠʣʝʥʦʤ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 130 ʠ 140 ʦʉ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 7 ʢɺ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 1.9.107 ɺ/ʤ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Elcut [2].  

mailto:mir1942@mail.ru
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ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦ ʧʨʦʙʦʷ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʦ 5
1 100291 Ö= .ʩʨt ʩ ʧʨʠ ʊ1=403ʂ ʠ 

4
2 105216 Ö= .ʩʨt ʩ ʧʨʠ ʊ2=413ʂ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 10% . ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ Mathcad [3]. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 
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t  ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʦ ʧʨʦʙʦʷ.  

ʅʘ ʨʠʩ.1. ʧʨʠʚʝʜʝʥʘ ʨʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʟʦʣʷʮʠʠ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 1.9.107 ɺ/ʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʵʪʦʤ ʞʝ ʨʠʩ. 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʦ ʧʨʦʙʦʷ ʧʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.1 ʨʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʮʝʥʢʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʦʣʠʤʝʨʥʳʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ t0 ʦʪ ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.03.2015). http://www.elcut.ru. 
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E-mail: nen@tpu.ru 

 ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʦʧʣʠʚʘ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʦʧʣʠʚʘ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʟʘʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ 

http://www.elcut.ru/
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 
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ʨʘʩʯʸʪʦʚ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ ʪʘʙʣʠʮ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ.  

 ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʪʨʠ ʩʤʝʩʠ c ʨʘʟʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚʘ:  

 ʇʝʨʚʳʡ ʧʘʨʘʤʝʪʨ ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ 

ʇʝʨʚʘʷ ʩʤʝʩʴ, ὃ ˍϷ ˍϷ 

ɺʪʦʨʘʷ ʩʤʝʩʴ, B ˏϷ ˏϷ 

ʊʨʝʪʴʷ ʩʤʝʩʴ, C ˞Ϸ ˞Ϸ 

ʀʩʢʦʤʘʷ ʩʤʝʩʴ, D Ὀ Ὀ  

 

ʊʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʠʟ ʵʪʠʭ ʪʦʧʣʠʚʥʳʭ ʩʤʝʩʝʡ ʥʦʚʫʶ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ ὈϷ, ʥʘʧʨʠʤʝʨ, ʚʪʦʨʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʠʭ ʧʨʝʜʝʣʘʭ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ Ὀ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʟʘʜʘʯʘ ʩʪʘʚʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʡʪʠ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ  

Ὀ ,     (1) 

ʟʜʝʩʴ ὼȟώȟᾀ ʢʦʣʠʯʝʩʪʚʦ ʚʟʷʪʦʡ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʩʤʝʩʠ,  ʢʦʪʦʨʳʝ ʜʘʶʪ ʬʫʥʢʮʠʠ Ὀ ὼȟώȟᾀ

  ʥʘʠʙʦʣʴʰʠʝ ʠ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ. ʕʪʠ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʙʫʜʫʪ ʜʘʚʘʪʴ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ 

ʧʝʨʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʘʨʘʤʝʪʨʘ). 

ʊʘʢʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʩʣʫʯʘʷ, ʪʘʢ ʢʘʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʧʫʪʴ ʨʝʰʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ. ʆʜʥʘʢʦ, ʟʘʜʘʚ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ:  

ὃ ὃȟὄ ὄȟὅ ὅȟὃ Ὀ ὃȟὃ ὄȟὅ ὄȟὄ ὄȟὃ ὄȟὅ ὃȟὃ ὅȟὃ ὄȟὃ ὃ ,  

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ 

ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ (ʟʘ ʩʯʸʪ ʫʨʘʚʥʝʥʠʷ (1) ʦʜʥʘ ʠʟ ʧʝʨʝʤʝʥʥʳʭ 

ʠʩʢʣʶʯʘʝʪʩʷ). ɽʩʣʠ ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʤʝʥʥʫʶ ώ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ  ʜʣʷ ʵʪʦʡ ʬʫʥʢʮʠʠ: 

Ὀ ὼȟᾀ . 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʬʫʥʢʮʠʷ ʦʜʥʦʨʦʜʥʘʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʝʜʝʣʳ, ʚ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʝʥʳ 

ʝʸ ʟʥʘʯʝʥʠʷ. ʕʪʠ ʧʨʝʜʝʣʳ ʪʘʢʦʚʳ: 

ὃ ὄ Ὀ ὄ Ὀ ὃ

ὄ ὃ
   ̉  
ὄ Ὀ ὅ ὅ ὄ Ὀ

ὄ ὅ
 Ȣ 

 

 

ʄʅʆɻʆʄɽʈʅʓʁ ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ɽɻʕ ʇʆʉʊʋʇʀɺʐʀʍ ʅɸ 

ʌʀɿʀʂʆ-ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʇʈɸɺʃɽʅʀʗ ʇʆɼɻʆʊʆɺʂʀ 

ɼ.ɸ.ʅʦʚʦʩʝʣʴʮʝʚʘ, ɸ.ɸ. ʄʠʭʘʣʴʯʫʢ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: dary_2503@mail.ru  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʤʥʦʛʦʤʝʨʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ɽɻʕ [1] ʧʦ ʪʨʝʤ 

ʦʩʥʦʚʥʳʤ ʧʨʝʜʤʝʪʘʤ 473-ʭ ʩʪʫʜʝʥʪʦʚ 12-ʪʠ ʛʨʫʧʧ ʦʯʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʌʊʀ ʊʇʋ (ʛʨʫʧʧʘ 0ɺ31 ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʜʛʦʪʦʚʢʠ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè; 0ɹ31 ï çʌʠʟʠʢʘè; 0ɸ31-5 ï çʗʜʝʨʥʳʝ ʬʠʟʠʢʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠè; 0ɼ31 ï çʊʝʭʥʠʯʝʩʢʘʷ ʬʠʟʠʢʘè; 0731-2 ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʘʚʪʦʤʘʪʠʢʘ ʬʠʟʠʯʝʩʢʠʭ 

mailto:dary_2503@mail.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʫʩʪʘʥʦʚʦʢè; 0431-2 ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ çʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠè). 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʩʠʩʪʝʤʝ 3-ʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʇɺʀ): ɽɻʕʨ ï ʨʝʟʫʣʴʪʘʪʳ ɽɻʕ 

ʧʦ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ, ɽɻʕʤ ï ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ɽɻʕʬ ï ʧʦ ʬʠʟʠʢʝ. ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ 

ʩʠʩʪʝʤʝ Statistica.  

ʅʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʇɺʀ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʙʘʣʘ ʧʦʩʪʨʦʝʥʘ ʬʘʢʪʦʨʥʘʷ 

ʤʦʜʝʣʴ ʇɺʀ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʬʘʢʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʌʘʢʪʦʨʥʳʝ ʥʘʛʨʫʟʢʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʇɺʀ ʨʘʟʜʝʣʠʣʠʩʴ ʧʦ ʬʘʢʪʦʨʘʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʬʘʢʪʦʨ 1 ï ʬʘʢʪʦʨ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ (ʌʬʤ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʩ ɽɻʕʤ ʠ 

ɽɻʕʬ; ʬʘʢʪʦʨ 2 ï ʬʘʢʪʦʨ ʛʫʤʘʥʠʪʘʨʥʳʭ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ (ʌʛ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʩ ɽɻʕʨ. 

ɺ ʧʦʩʪʨʦʝʥʥʦʤ 2-ʭ ʤʝʨʥʦʤ ʬʘʢʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ {ʌʬʤ, ʌʛ} ʧʨʦʚʝʜʝʥ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʫʯʝʙʥʳʭ 

ʛʨʫʧʧ ʌʊʀ ʧʦ ʠʭ ʛʨʫʧʧʦʚʳʤ ʩʨʝʜʥʠʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʟʙʠʝʥʠʝ 12 ʛʨʫʧʧ ʥʘ 5 

ʢʣʘʩʪʝʨʦʚ: ʂ1ï ʛʨʫʧʧʳ 0ɸ33, 0432; ʂ2 ï 0ɸ32, 0ɸ34, 0ɺ31, 0431; ʂ3 ï 0731, 0732; ʂ4 ï 0ɸ35, 0ɼ31; ʂ5 ï 0ɸ31, 

0ɹ31. ʉʦʛʣʘʩʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʘʥʘʣʠʟʫ ʢʣʘʩʪʝʨʳ ʛʨʫʧʧ ʩʪʫʜʝʥʪʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦ ʟʥʘʯʠʤʦ ʧʦ ʬʘʢʪʦʨʫ 

ʌʬʤ (ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨ º 0,00001 < 0,0005) ʠ ʩʠʣʴʥʦ ʟʥʘʯʠʤʦ ʧʦ ʌʛ (ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0,0005 < ʨ º 

0,003 < 0,005). ɸʥʘʣʠʟʠʨʫʷ ʢʣʘʩʪʝʨʥʳʝ ʩʨʝʜʥʠʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʨʫʧʧʳ ʢʣʘʩʪʝʨʘ ʂ1 ʠʤʝʶʪ ʚʳʩʦʢʠʝ 

ʟʥʘʥʠʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʝʜʤʝʪʘʤ ʠ ʩʨʝʜʥʠʝ ʧʦ ʛʫʤʘʥʠʪʘʨʥʳʤ; ʂ2 ï ʩʨʝʜʥʠʝ ʟʥʘʥʠʷ ʧʦ ʚʩʝʤ ʧʨʝʜʤʝʪʘʤ; ʂ3 ï 

ʚʳʩʦʢʠʝ ʟʥʘʥʠʷ ʧʦ ʚʩʝʤ ʧʨʝʜʤʝʪʘʤ; ʂ4 ï ʩʨʝʜʥʠʝ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʥʠʟʢʠʝ ʧʦ ʛʫʤʘʥʠʪʘʨʥʳʤ; ʂ5 ï ʥʠʟʢʠʝ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʩʨʝʜʥʠʝ ʧʦ ʛʫʤʘʥʠʪʘʨʥʳʤ. 

ʇʦʩʪʨʦʝʥʥʳʝ ʬʘʢʪʦʨʥʘʷ ʠ ʢʣʘʩʪʝʨʥʘʷ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ ɽɻʕ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʪʝʢʫʱʝʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

ʚʫʟʦʚ [2].  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʦʥʢʫʨʩ 2013 ʛʦʜʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://abiturient.tpu.ru/navigation/how/konkursyi-

proshlyix-let. ï 29.04.2015  

2. ʊʝʨʝʭʠʥʘ ʃ.ʀ. ʇʨʠʤʝʥʝʥʠʝ ʬʘʢʪʦʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʟʥʘʥʠʡ 
ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʚ ʚʫʟʝ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. ï 2015. ï ˉ 1; URL: www.science-

education.ru/121-18605. ï 29.04.2015. 

 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʅɸɺʓʂʆɺ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʅɸ ʄʃɸɼʐʀʍ ʂʋʈʉɸʍ ʊɽʍʅʀʏɽʉʂʆɻʆ ɺʋɿɸ 

ɽ.ʀ. ʇʦʜʙʝʨʝʟʠʥʘ, ʕ.ʅ. ʇʦʜʩʢʨʝʙʢʦ, ɽ.ʅ. ʅʝʢʨʷʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: pei@tpu.ru 

ʇʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʩʦʟʜʘʥʠʝ ʙʘʥʢʘ ʚʘʞʥʝʡʰʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʜʠʩʮʠʧʣʠʥ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʊʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʳ ʬʫʥʢʮʠʡ, ʥʘʧʨʠʤʝʨ, 

ʵʣʝʤʝʥʪʘʨʥʳʝ, ʠʤʝʶʱʠʝ ʧʨʝʜʝʣ, ʥʝʧʨʝʨʳʚʥʳʝ, ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ, ʠʥʪʝʛʨʠʨʫʝʤʳʝ.  

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʛʦ ʧʦʥʷʪʠʷ, 

ʢʦʪʦʨʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʰʝʩʪʚʫʝʪ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

http://www.science-education.ru/121-18605
http://www.science-education.ru/121-18605
mailto:pei@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 
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ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝʤ ʦʪ ʠʭ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ ʦʙʱʝʛʦ, ʧʨʠʩʫʱʝʛʦ ʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. 

ʊʘʢ ʧʦʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦʥʷʪʠʷ ʧʨʝʜʝʣʘ, ʧʨʦʠʟʚʦʜʥʦʡ, ʠʥʪʝʛʨʘʣʘ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʘʙʩʪʨʘʢʪʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.  

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʩʚʦʡʩʪʚʦ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʦʚ 

ʬʫʥʢʮʠʡ.  

ʆʩʪʘʥʦʚʠʤʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʣʘʩʩʘ ʬʫʥʢʮʠʡ, ʠʤʝʶʱʠʭ ʢʦʥʝʯʥʳʡ ʧʨʝʜʝʣ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ: 
0

lim
xx­

)(xf  = A. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ  ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʝʤʣʝʥʠʷ )(xf  ­ A  ʧʨʠ 

0xx­ .  

ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʥʷʪʠʝ ʧʨʝʜʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʝ 0x , ʚʳʷʚʣʷʷ ʚ 

ʥʝʤ ʧʨʠʯʠʥʥʫʶ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʝʶ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʯʪʦ 

ʧʨʝʜʝʣ ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʴʥʦʡ ʪʦʯʢʝ 0x  ʤʥʦʞʝʩʪʚʘ X , ʥʘ ʢʦʪʦʨʦʤ ʟʘʜʘʥʘ 

ʬʫʥʢʮʠʷ.  

ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʝʜʝʣʘ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʷʟʳʢʝ ʦʢʨʝʩʪʥʦʩʪʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠ ʷʚʣʷʶʱʝʝʩʷ ʦʩʥʦʚʘʥʠʝʤ ʫʜʦʙʥʦʛʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʘ ʥʘ ʷʟʳʢʝ de- : 
0

lim
xx­

)(xf  = A  Ú  0>"e  0)( >$ ed  x" : 

)(0 0 ed<-<ÆÍ xxXx  e<-Ý Axf )( . ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʨʘʚʝʥʩʪʚʘ 

0

lim
xx­

)(xf  = A  ʩʚʦʜʠʪʩʷ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʜʚʫʭ ʥʝʨʘʚʝʥʩʪʚ.  

ʅʘʢʦʥʝʮ, ʪʨʝʪʴʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʬʫʥʢʮʠʠ çʥʘ ʷʟʳʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡè (ʧʦ ɻʝʡʥʝ): 
0

lim
xx­

)(xf  = AÚ }{ nx" : 0xxn ¸ , 0xxn ­  Axf n ­)( . ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʧʦ ɻʝʡʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʭ, ʪʘʢ ʠ ʚ ʥʘʭʦʞʜʝʥʠʠ ʧʨʝʜʝʣʦʚ ʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ.  

ʂʘʢ ʠ ʣʶʙʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ, ʧʦʥʷʪʠʝ ʧʨʝʜʝʣʘ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʙʦʪʘʪʴ ʩ ʥʠʤ ʧʦ ʧʨʘʚʠʣʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ, ʥʘʧʨʠʤʝʨ, ʩʪʨʦʠʪʴ ʝʛʦ ʦʪʨʠʮʘʥʠʝ. 

ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʬʫʥʢʮʠʡ, ʠʤʝʶʱʠʭ ʢʦʥʝʯʥʳʡ ʧʨʝʜʝʣ ʚ ʪʦʯʢʝ 0x , ʩ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʥʘʜ 

ʬʫʥʢʮʠʷʤʠ, ʢʦʤʧʦʟʠʮʠʷʤʠ ʠ ʩʨʘʚʥʝʥʠʝʤ ʬʫʥʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʦʨʝʤ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʦʙʨʘʟʫʶʪ ʮʝʣʳʡ ʢʣʘʩʩ ʬʫʥʢʮʠʡ, ʠʤʝʶʱʠʭ ʢʦʥʝʯʥʳʡ ʧʨʝʜʝʣ ʚ ʪʦʯʢʝ 0x  ʩʦ ʩʚʦʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ.  

ɺ ʜrʝʣʷʷ ʚ ʵʪʦʤ ʢʣʘʩʩʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʦʩʪʦʷʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʬʫʥʢʮʠʡ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʫ: ʢʘʞʜʘʷ ʬʫʥʢʮʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʠ ʠ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʬʫʥʢʮʠʠ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʬʫʥʢʮʠʡ ʚ 

ʧʦʥʷʪʠʠ ʧʨʝʜʝʣʘ ʠ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʬʫʥʢʮʠʠ, ʠʤʝʶʱʝʡ ʢʦʥʝʯʥʳʡ ʧʨʝʜʝʣ ʚ ʪʦʯʢʝ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʣʘʩʩ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʭ ʚ ʪʦʯʢʝ 0x  ʬʫʥʢʮʠʡ ʩʦ ʩʚʦʝʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʝʛʦ ʩʚʷʟʴ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʬʫʥʢʮʠʡ, ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʚ ʪʦʯʢʝ 0x . 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʢʣʘʩʩʳ ʬʫʥʢʮʠʡ, ʠʤʝʶʱʠʭ ʢʦʥʝʯʥʳʡ ʠ ʙʝʩʢʦʥʝʯʥʳʡ ʧʨʝʜʝʣʳ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ.  



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʩʪʘʥʦʚʠʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʳʯʥʳʭ ʩʧʣʘʚʦʚ, ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʦʩʪʘʶʪʩʷ ʚʳʛʦʜʥʳʤʠ ʢʘʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʝʥʥʦʤ ʧʣʘʥʝ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʩʫʱʝʩʪʚʫʶʱʫʶ ʨʝʘʣʠʟʘʮʠʶ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʜʝʠ 

ʧʦ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʨʘʩʯʝʪʫ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʥʝʵʤʧʠʨʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ (ʥʝ ʪʨʝʙʫʶʱʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ). 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʯʠʩʣʝʥʠʷ ʘʪʦʤʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʠʙʦʣʝʝ 

ʚʳʜʝʣʷʶʪʩʷ ʤʝʪʦʜʳ ʨʘʩʯʝʪʦʚ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ (Ab Initio) ʠ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ɺʳʝhʫʧʦʤʷʥʫʪʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ (ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ ʠʣʠ 

ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ. ɺʳʧʦʣʥʝʥʥʳʡ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʘʩʯʝʪʦʚ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ, ʘ ʠʤʝʥʥʦ ʪʝʦʨʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʛʜʝ ʵʣʝʢʪʨʦʥʳ ʦʧʠʩʳʚʘʶʪʩʷ ʥʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʢʘʢ ʝʜʠʥʠʯʥʳʝ, ʙʝʟ ʫʯʝʪʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ (ʤʝʪʦʜʳ ʍʘʨʪʨʠ), ʘ ʢʘʢ ʥʝʢʠʡ ʬʫʥʢʮʠʦʥʘʣ, ʟʘʚʠʩʠʤʳʡ ʦʪ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʤʝʪʦʜʳ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʧʨʠʩʪʫʧʠʪʴ ʢ ʦʜʥʦʤʫ ʠʟ ʤʝʪʦʜʦʚ Ab Initio, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ, ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʣʠ ʞʝ ʚʟʷʪʴ ʛʦʪʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʤʦʞʥʦ ʧʨʦʧʫʩʪʠʪʴ ʵʪʦʪ ʰʘʛ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʣʩʷ, ʢ 

ʧʨʠʤʝʨʫ, ʨʘʩʯʝʪʘʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ). ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠ, ʧʦʩʣʝ ʧʨʦʚʝʨʦʢ, ʧʦʣʫʯʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ 

ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʯʥʦʩʪʴ [1], ʵʣʝʢʪʨʦʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ [2], ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [3], ʛʨʘʥʠʮʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʨʝʥ [4], ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʧʨʫʛʦʩʪʴ [5] ʠ 

ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʧʨʠʩʪʫʧʘʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ʉʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ RFMEFI57814X0095 ʦʪ 28.11.2014 ʛ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʥʝʣʦʢʘʣʴʥʦʛʦ ʦʜʥʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʠʰʝʨʘïʂʇʇ ʩ ʜʨʦʙʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ 

ʦʧʝʨʘʪʦʨʝ ʜʠʬʬʫʟʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. ɼʨʦʙʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʚ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʘʤʠ ɺʝʡʣʷ, ɻʨʶʥʚʘʣʴʜʘïʃʝʪʥʠʢʦʚʘ ʠ ʃʠʫʚʠʣʣʷ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ [1]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʨʦʜʥʳʤʠ ʠ ʤʦʥʦʪʦʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩʪʨʦʷʪʩʷ ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʦʟʤʫʱʝʥʠʷʤʠ ʥʘʡʜʝʥʥʦʛʦ ʪʦʯʥʦʛʦ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʦʩʪʨʦʝʥʥʳʝ ʘʩʠʤʧʪʦʪʠʢʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʶ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ( )21/O T  (

T ï ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ), ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʩʪʨʝʤʷʪʩʷ ʢ ʪʦʯʥʦʤʫ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʰʝʥʠʶ ʧʨʠ T­¤. ʅʦʨʤʘ ʥʝʚʷʟʢʠ ʫʨʘʚʥʝʥʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ ʭʘʨʘʢʪʝʨʥʦʤ 

ʚʨʝʤʝʥʠ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ, ʘ ʟʥʘʯʠʪ ʨʝʰʝʥʠʝ ʩʪʨʝʤʠʪʩʷ ʢ ʪʦʯʥʦʤʫ.  

  

ʈʠʩʫʥʦʢ 1. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( , )u x t  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 20t=  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʫʩʩʦʚʩʢʦʛʦ ʪʠʧʘ ʩ ʦʜʥʠʤ ʧʠʢʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʳʯʥʦʡ ʜʠʬʬʫʟʠʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʧʠʢʘʤʠ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʜʨʦʙʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. ɺʳʩʦʪʘ ʵʪʠʭ ʧʠʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʩʦʪʦʡ ʧʠʢʦʚ ʧʨʠ ʦʙʳʯʥʦʡ ʜʠʬʬʫʟʠʠ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʳʤ. ɺ ʩʣʫʯʘʝ 

ʞʝ ʦʙʳʯʥʦʡ ʜʠʬʬʫʟʠʠ ʛʨʘʬʠʢ ʩʠʤʤʝʪʨʠʯʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ʏʝʤ ʥʠʞʝ ʧʦʨʷʜʦʢ ʜʨʦʙʥʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ, ʪʝʤ ʙʦʣʴʰʝ ʩʤʝʱʝʥʠʝ ʛʨʘʬʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʜʠʬʬʫʟʠʝʡ ʠ ʩʠʣʴʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘʣʠʯʠʝ ʜʨʦʙʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʜʨʝʡʬʫ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʧʫʣʷʮʠʠ.  
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çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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E-mail: rov@tpu.ru  

ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 

(ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ) ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʥʝʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ (ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ) [1ï3]. ʅʘ ʧʨʘʢʪʠʢʝ, ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʠ ʦʪ ʧʨʦʰʣʳʭ ʟʥʘʯʝʥʠʡ ʥʝʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ (ʥʘʙʣʶʜʝʥʠʷ ʩ 

ʧʘʤʷʪʴʶ, ʥʘʙʣʶʜʝʥʠʷ ʩ ʚʨʝʤʝʥʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ) [4ï7], ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʠʟʤʝʨʠʪʝʣʝʡ ʠ 

ʢʦʥʝʯʥʳʤ ʚʨʝʤʝʥʝʤ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ. ɼʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʥʘʙʣʶʜʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʬʠʣʴʪʨʘʮʠʠ [4ï6], ʭʦʪʷ ʟʘʜʘʯʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ (ʧʨʦʛʥʦʟʘ, ʧʨʝʜʩʢʘʟʘʥʠʷ) ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʘʞʥʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʝʝ ʨʝʰʝʥʠʝ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʫʜʫʱʠʭ ʟʥʘʯʝʥʠʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɺʘʥ ʊʨʠʩ ɻ. ʊʝʦʨʠʷ ʦʙʥʘʨʫʞʝʥʠʷ, ʦʮʝʥʦʢ ʠ ʤʦʜʫʣʷʮʠʠ. ï ʄ.: ʉʦʚʝʪʩʢʦʝ ʨʘʜʠʦ, 1972. ï ʊ. 1. ï 744 c. 

2. ɼʝʚʠʩ ʄ.X.A. ʃʠʥʝʡʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ.ï ʄ.: ʅʘʫʢʘ, 1984. ï 205 c. 

3. ʊʠʭʦʥʦʚ ɺ.ʀ., ʂʫʣʴʤʘʥ ʅ.ʂ. ʅʝʣʠʥʝʡʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʠ ʢʚʘʟʠʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤ ʩʠʛʥʘʣʦʚ.ï ʄ.: ʉʦʚʝʪʩʢʦʝ 

ʨʘʜʠʦ, 1975. ï 704 c. 

4. Basin M.V., Zuniga M.R. Optimal linear filtering over observation with multiple delays // Intern J. of Robust and 

Nonlinear Contr.ï 2004. ï V.14, ï̄  8. ïP. 685-696. 

5. Basin M.V., Zuniga M.R., Rodriguez J.G. Optimal filtering for linear state delay systems // IEEE Trans. on 

Automatic Control. ï 2005. ï V. AC-50, ï̄  5. ïP. 684-690. 

6. Wang Z., Ho D.W.C. Filtering on nonlinear time-delay stochastic systems // Automatic . ï 2003. ï V. 39, ï ˉ 1. ï

P. 101-109. 

7. ɼʝʤʠʥ ʅ.ʉ., ʈʦʞʢʦʚʘ ʆ.ɺ., ʈʦʞʢʦʚʘ C.ɺ. ʆʙʦʙʱʝʥʥʘʷ ʩʢʦʣʴʟʷʱʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʘʤʷʪʴʶ // ʀʟʚʝʩʪʠʷ ʈɸʅ. ʊʝʦʨʠʷ ʠ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ. ï2000. ï ˉ 4. ï C. 39ï51. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʘʬʬʠʥʘʞʘ ʥʠʪʨʘʪʘ ʫʨʘʥʠʣʘ ʠʟ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʘʬʬʠʥʘʞ ʜʘʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ PUREX-ʪʝʭʥʦʣʦʛʠʝʡ, 

ʧʦʣʫʯʠʚʰʝʡ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʥʘʰʝ ʚʨʝʤʷ [1]. ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʛʦʨʶʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʝʝ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʝʛʦ ʧʨʦʤʳʚʢʘ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʢʣʶʯʝʥʳ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʧʨʦʱʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ ʞʠʜʢʠʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʩʣʦʞʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʚʳʜʚʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʩʣʫʯʘʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʡ ʥʝ ʚʩʝʛʜʘ ʙʳʚʘʝʪ ʵʬʬʝʢʪʠʚʝʥ, ʣʠʙʦ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ ʤʦʱʥʦʩʪʝʡ.  

ʊʝʦʨʠʷ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʦʤʫ ʘʧʧʘʨʘʪʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɽʛʦ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʨʦʩʪʳʭ 

ʧʦʜʩʠʩʪʝʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʚ ʮʝʣʦʤ. ʄʦʜʝʣʠ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʩʚʦʜʷʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʢ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ [2]. ʂ ʪʦʤʫ ʞʝ, ʩʪʨʫʢʪʫʨʘ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʠʜʝʘʣʴʥʦ ʧʨʠʛʦʜʥʘ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʛʝʢʩʘʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ 

ʫʨʘʥʠʣʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʫ ʢʨʠʩʪʘʣʣʘ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʸ ʙʦʣʴʰʝʡ ʠʟʦʪʨʦʧʥʦʩʪʴʶ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʪʨʝʫʛʦʣʴʥʦʡ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʨʝʰʝʪʢʘʤʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ, ʟʘʢʦʥʳ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʪʝʢʫʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʜʝʣʠ. 
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ɺ 2015 ʛʦʜʫ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ LUCX (KEK) ʚ ʗʧʦʥʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʢʦʤʧʘʢʪʥʦʛʦ ʧʣʦʩʢʦʛʦ ʚʠʛʛʣʝʨʘ [1] ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ. ʇʨʦʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ ʇʨʠʢʣʘʜʥʦʡ 

ʬʠʟʠʢʠ ʌʊʀ ʊʇʋ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʥʜʫʣʷʪʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʆʀ), 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʠʛʛʣʝʨʦʤ. ɼʣʷ ʨʘʩʯʸʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣ 

ʚʳʙʨʘʥ ʢʦʜ Radia [2], ʢʦʪʦʨʳʡ ʧʨʦʰʸʣ ʰʠʨʦʢʫʶ ʘʧʨʦʙʘʮʠʶ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ [3]. ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʘ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʛʝʦʤʝʪʨʠʷ (ʈʠʩ. 1) 

ʚʠʛʛʣʝʨʘ ʫʩʢʦʨʠʪʝʣʷ LUCX ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʠʛʛʣʝʨʝ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ 
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çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʧʦʣʶʩʘʤʠ ʤʘʛʥʠʪʦʚ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʫʯʸʪ ʦʰʠʙʦʢ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʚʠʛʛʣʝʨʘ ʥʘ ʪʨʘʢʪʝ ʫʩʢʦʨʠʪʝʣʷ, ʠ ʘʥʘʣʠʟ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʦʣʴ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʫʯʢʘ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʣʸʪ ʧʫʯʢʘ ʚ ʚʠʛʛʣʝʨʝ ʠʣʠ ʥʘʣʠʯʠʝ 

ʫʛʣʘ ʤʝʞʜʫ ʦʩʴʶ ʚʠʛʛʣʝʨʘ ʠ ʪʨʘʝʢʪʦʨʠʝʡ ʧʫʯʢʘ. ɼʘʥʥʳʝ ʦ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚʦ ʚʩʸʤ ʦʙʲʸʤʝ ʟʘʟʦʨʘ ʚʠʛʛʣʝʨʘ 

ʧʦʟʚʦʣʷʪ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʳʡ ʨʘʩʯʸʪ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʀ, ʟʘʜʘʚʘʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ [4]. 

 

ʈʠʩʫʥʦʢ 1. 3D ʤʦʜʝʣʴ ʚʠʛʛʣʝʨʘ 
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ʆ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʇ. ɼʠʨʘʢʘ. ɺ ʫʩʣʦʚʠʷʭ ʢʨʠʟʠʩʘ ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʝʡ ʪʝʦʨʠʠ ʧʦʣʷ ʇ. ɼʠʨʘʢ ʚʳʩʢʘʟʘʣ 

[1] ʛʠʧʦʪʝʟʫ ʦʙ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʬʫʥʢʮʠʡ ʘʙʩʦʣʶʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ, 

ʥʘʟʚʘʥʥʳʭ ʧʦʟʜʥʝʝ ɹʦʣʴʰʠʤʠ ʯʠʩʣʘʤʠ ɼʠʨʘʢʘ ὨᶰὋὔὈȢ ɼʣʷ ʤʥʦʛʠʭ ὋὔὈ ʧʦʩʪʨʦʝʥʳ ʘʜʝʢʚʘʪʥʳʝ ʤʦʜʝʣʠ. 

ɺʦʪ ʧʨʠʤʝʨʳ ʥʝʢʦʪʦʨʳʭ ɹʦʣʴʰʠʭ ʯʠʩʝʣ ɼʠʨʘʢʘ: Ὠï ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ ɺʩʝʣʝʥʥʦʡ ʢ ʨʘʜʠʫʩʫ ʵʣʝʢʪʨʦʥʘ ~ 

4,4*10^40, Ὠï ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ɺʩʝʣʝʥʥʦʡ ʢ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ ~ 4,3*10^41, Äï ʦʪʥʦʰʝʥʠʝ ʢʫʣʦʥʦʚʩʢʦʡ ʩʠʣʳ ʢ 

ʩʠʣʝ ʪʷʛʦʪʝʥʠʷ ~ 4,2*10^42, Ὠï ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ ɺʩʝʣʝʥʥʦʡ ʢ ʜʣʠʥʝ ʇʣʘʥʢʘ ~ 0,7*10^61, Ὠ ḯὋὝὯ, ʛʜʝ G-

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, T - ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ, [Ὧ] = ὋὝ  [2, ɻʣ. 11]. ʕ. ʊʝʣʣʝʨ ʜʦʧʫʩʢʘʣ [3] ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ GND. ʊʘʢ ʝʩʣʠ ʚ  Ὠ k ʩʯʠʪʘʪʴ ʢʦʥʩʪʘʥʪʦʡ, ʪʦʛʜʘ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ G ʙʫʜʝʪ ʫʙʳʚʘʶʱʝʡ 

ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ (ʚʦʟʨʘʩʪʘ ɺʩʝʣʝʥʥʦʡ). ʋʦʨʨʝʥ ʂʵʨʠ (S.Warren Carry) ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ (1935ï1991 ʛ.ʛ.) ʠʟʫʯʘʣ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ ʠ ʦʧʠʩʘʣ [2] ʙʦʨʴʙʫ ʜʦʛʤ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʥʘʯʘʚ ʦʪ ʧʝʨʚʦʙʳʪʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʯʝʣʦʚʝʢʘ ʦ ɿʝʤʣʝ ʠ ʄʠʨʝ ʠ ʟʘʢʦʥʯʠʚ ʩʦʩʪʦʷʥʠʝʤ ʵʪʦʡ ʙʦʨʴʙʳ ʚ ʢʦʥʮʝ XX ʚʝʢʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʦʙʲʷʩʥʝʥʠʷ ʜʨʝʡʬʘ ʄʘʪʝʨʠʢʦʚ ʦʥ ʧʨʠʰʸʣ ʢ ʩʦʛʣʘʩʠʶ ʩ ʛʠʧʦʪʝʟʦʡ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ɿʝʤʣʠ. ʀʟ ʜʚʫʭ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʭ ʛʠʧʦʪʝʟ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ɿʝʤʣʠ: 1) ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʠ 2) ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ G, ʋ. ʂʵʨʠ ʚʳʙʠʨʘʝʪ, ʩʣʝʜʫʶ ʇ. ɼʠʨʘʢʫ, ʚʪʦʨʫʶ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʟʘ ʛʦʜ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ G ʧʦ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ЎὋͯ ɀρπ Ὃ[2, ɻʣ. 11]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʘʥʘʣʠʟ. ʄʳ ʚʚʝʣʠ [4] ʥʦʚʳʝ ʧʦʥʷʪʠʷ ʠ ʧʝʨʝʩʤʦʪʨʝʣʠ ʨʷʜ ʫʩʪʘʨʝʚʰʠʭ ʜʦʛʤ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʜʦʢʘʟʘʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ: 1) ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʂʦʰʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʭʦʜʠʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ 

(ɹɹʏ). 2) ʊʝʦʨʝʤʫ A. ʅʝʦʛʨʘʥʠʯʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʚ Њ ʬʫʥʢʮʠʷ ὪȡὙᴼὙ ʩʭʦʜʠʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ɹɹʏ ḯɱὪ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ Ὢ Њ πȢ 3) ɽʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ Ὠ̋ ᶰὋὔὈ ʩʫʱʝʩʪʚʫʝʪ ʤʦʜʝʣʴ 

Ὠ ὼ Ὢὼȟ ʪʦʛʜʘ ʊʝʦʨʝʤʘ ɸ ʜʘʸʪ ʢʨʠʪʝʨʠʡ ʪʦʛʦ, ʯʪʦ ÌÉÍ
ᴼ
ὪὼᶰɱὪȢ 4) ʉʫʱʝʩʪʚʫʝʪ ɱȟ ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʧʨʦʩʪʳʭ ʯʠʩʝʣ p. 
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ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʪʘʢʞʝ ʢʘʢ ʠ ʬʫʥʢʮʠʷ ʢʦʨʨʝʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʩʣʫʯʘʡʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʙʳ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʣʘ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʟʘʜʘʥʠʝ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʡ ʧʨʦʮʝʩʩʘ. ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʠʜʝ ʩʧʣʘʡʥʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʛʜʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʫʯʘʡʥʦʝ 

ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [2], ʦʜʥʘʢʦ, ʚ ʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʦʡ ʧʦʜʭʦʜ 

ʢ ʧʦʣʫʯʝʥʠʶ ʩʧʣʘʡʥʘ, ʘ ʠʤʝʥʥʦ, ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʩʥʘʯʘʣʘ ʠʱʝʪʩʷ ʦʮʝʥʢʘ ʬʫʥʢʮʠʠ ʢʦʨʨʝʣʷʮʠʠ, ʘ ʟʘʪʝʤ ʫʞʝ, 

ʥʘʭʦʜʠʪʩʷ ʦʮʝʥʢʘ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ, ʧʨʠʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʧʣʘʡʥʘ ʦʮʝʥʠʚʘʶʪʩʷ ʚʩʝ ʩʨʘʟʫ. 

ʇʫʩʪʴ ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ()ty  ʠʟʤʝʨʷʶʪʩʷ ʥʘ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ [ ]T;0 . ʅʘʤ ʠʟʚʝʩʪʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʟʥʘʯʝʥʠʡ ,y...,,y,y N21  ʛʜʝ 
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21
. ɿʜʝʩʴ in  ï ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʟʘʢʦʥʫ 

ʇʫʘʩʩʦʥʘ ʩ ʧʘʨʘʤʝʪʨʦʤ l. ʄʦʤʝʥʪʳ ʠʟʤʝʨʝʥʠʡit , N,i 1=  ʠʟʚʝʩʪʥʳ ʪʦʯʥʦ. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ () iii tyy x+= , 

ʛʜʝ ix ī ʥʝʟʘʚʠʩʠʤʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʧʨʠʯʝʤ, [] [] 20 s=x=x ii D,M , ()[ ] ()()[ ] [ ]ijiji ttRtytyM,tyM -==0 . 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʦʮʝʥʢʫ )(SĔw  ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ )(S w  ʚ ʚʠʜʝ ʩʧʣʘʡʥʘ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʨʘʟʦʙʴʝʤ ʚʩʶ ʦʩʴ ʯʘʩʪʦʪ w ʥʘ ʦʪʨʝʟʢʠ [ ] [ ] [ ]WWWWW 3220 ;,;,; . 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʪʠʩʪʠʢʫ:  
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ww
w  ʥʘʭʦʜʠʤ ʷʚʥʳʡ ʚʠʜ ()wF  ʠ ()tj . ʇʦʜʩʪʘʚʣʷʷ ()tj  ʚ (1) ʥʘʭʦʜʠʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʝʤ ʦʪʨʝʟʢʘʤʠ ʧʨʷʤʳʭ, ʯʪʦ ʠ ʜʘʝʪ ʦʮʝʥʢʫ ()wS  ʚ ʚʠʜʝ ʩʧʣʘʡʥʘ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʧʨʠ ʩʣʫʯʘʡʥʦʤ ʯʠʩʣʝ ʜʘʥʥʳʭ ʚ ʤʦʤʝʥʪʘʭ ʠʟʤʝʨʝʥʠʡ. ʀʟ ʧʦʩʪʨʦʝʥʠʷ ʦʮʝʥʦʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʣʘʡʥʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʫʟʣʦʚ ʩʧʣʘʡʥʘ ʷʚʣʷʶʪʩʷ ʥʝʩʤʝʱʝʥʥʳʤʠ. ʇʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʮʝʥʦʢ. 
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ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʚʳʜʝʣʝʥʠʷ 

ʪʨʝʥʜʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʚ ʥʝʢʦʪʦʨʳʝ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ: ʚʳʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʙʳ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʣʘ ʪʨʝʥʜ ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʠʝ ʩʭʝʤʳ ʥʘʙʣʶʜʝʥʠʡ 

ʧʨʦʮʝʩʩʘ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʯʝʨʝʟ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʠ 

ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ï ʨʦʚʥʦ ʦʜʥʦ ʠʟʤʝʨʝʥʠʝ [1, 2]. ʆʜʥʘʢʦ ʠ ʚʦʟʤʦʞʥʘ ʠ ʜʨʫʛʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ [3].  
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ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʨʷʜ () () ()ttfty x+= , ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʫʤʤʫ ʥʝʢʦʪʦʨʦʡ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ ()tf , ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʨʝʥʜʦʤ ʧʨʦʮʝʩʩʘ ()ty  ʠ ()tx  ī ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ, 

ʧʦʷʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʧʦʤʝʭʘʤʠ ʠ ʪ.ʜ. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʤʝʭʠ ʠʟʤʝʨʝʥʠʡ 

)( ii tx=x , i=1, 2, é ï ʥʝʟʘʚʠʩʠʤʳʝ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʞʠʜʘʥʠʝʤ 0][ =xiM  ʠ ʜʠʩʧʝʨʩʠʝʡ 
2][ s=xiD . ʅʘʤ ʠʟʚʝʩʪʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ,y...,,y,y N21  ʛʜʝ 
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. ɿʜʝʩʴ in  ï ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʟʘʢʦʥʫ ʇʫʘʩʩʦʥʘ ʩ ʧʘʨʘʤʝʪʨʦʤ l 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʘʤʠ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ it  ʥʘʤ ʠʟʚʝʩʪʥʳ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʥʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʣʘʡʥ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʩʴ ʦʪʨʝʟʦʢ ʥʘʙʣʶʜʝʥʠʷ ];0[ T  ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʯʘʩʪʠ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ: ];)1([...,],2;[],;0[ 00000 kTTkTTT - . ʅʘ ʢʘʞʜʦʤ ʪʘʢʦʤ ʦʪʨʝʟʢʝ ʪʨʝʥʜ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ. ʅʘ ʛʨʘʥʠʮʘʭ ʦʪʨʝʟʢʦʚ ʵʪʠ ʧʦʣʠʥʦʤʳ ʩʰʠʚʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʦʣʫʯʠʣʘʩʴ 

ʥʝʧʨʝʨʳʚʥʘʷ ʢʨʠʚʘʷ. ʊʘʢʘʷ ʢʫʩʦʯʥʦ-ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʢʨʠʚʘʷ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʩʧʣʘʡʥʘ [4, 5, 6]. ʅʘ j-ʤ ʠʥʪʝʨʚʘʣʝ 
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ʀʩʩʣʝʜʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ. 
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ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʤʝʞʟʚʸʟʜʥʦʡ ʛʘʣʘʢʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʨʘʩʩʤʦʪʨʝʥ ʚ ʟʥʘʤʝʥʠʪʦʡ ʨʘʙʦʪʝ ʌʝʨʤʠ 1949 ʛʦʜʘ [1]. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ ʪʦʛʜʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʘʚʪʦʨ ʧʨʝʜʩʪʘʚʣʷʣ ʵʪʦ ʧʦʣʝ ʢʘʢ ʩʣʫʯʘʡʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʣʫʞʜʘʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ, ʟʘʥʠʤʘʶʱʠʭ ʦʢʦʣʦ 5% ʤʝʞʟʚʸʟʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ 

ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ -- ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʵʪʠʤʠ ʦʙʣʘʢʘʤʠ. 

ʅʝʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʥʘʙʝʛʘʶʱʠʤʠ ʠ ʫʙʝʛʘʶʱʠʤʠ ʦʙʣʘʢʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ (ʫʩʢʦʨʝʥʠʶ). ʇʨʦʮʝʩʩ ʵʪʦ ʦʯʝʥʴ ʤʝʜʣʝʥʥʳʡ: ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʠʶ ʚ e ʨʘʟ 

ʪʨʝʙʫʝʪʩʷ 10 ʤʠʣʣʠʦʥʦʚ ʩʪʦʣʢʥʦʚʝʥʠʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʬʣʫʢʪʫʘʮʠʡ ʦʪʧʘʜʘʝʪ, ʘ ʚ ʠʭ 

ʦʪʩʫʪʩʪʚʠʝ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ ʚʦʟʨʘʩʪʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʯʪʦ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦʟʨʘʩʪʘ ʥʘʙʣʶʜʘʝʤʳʭ ʯʘʩʪʠʮ (ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʙʝʟʛʨʘʥʠʯʥʦʡ ʦʜʥʦʨʦʜʥʦʡ 

ʩʣʘʙʦ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ) ʧʨʠʚʦʜʠʪ ʢ ʩʪʝʧʝʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʚ ʮʝʣʦʤ 

ʩʦʛʣʘʩʫʶʱʝʤʫʩʷ ʩ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ɺʝʨʥʫʪʴʩʷ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʟʘʩʪʘʚʠʣʠ ʦʪʢʨʳʪʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʢʘʨʪʠʥʳ 

ʩʪʝʧʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩ ʝʜʠʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ (çʠʟʣʦʤʳè) [2]. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʠʟʣʦʤʦʚ. ʕʪʦʪ ʬʘʢʪ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʦʞʠʚʣʸʥʥʦʡ ʜʠʩʢʫʩʩʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʜʚʝ ʛʠʧʦʪʝʟʳ ï ʦ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ (ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ɻʘʣʘʢʪʠʢʝ) ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʥʘʙʣʶʜʘʝʤʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ. 

1. ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ, ʟʘʧʦʣʥʷʶʱʠʝ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʦʞʜʘʶʪʩʷ ʠ ʫʩʢʦʨʷʶʪʩʷ ʚ 

ʛʘʣʘʢʪʠʢʘʭ, ʧʦʢʠʜʘʶʪ ʠʭ ʠ, ʧʦʧʘʜʘʷ ʚ ʜʨʫʛʠʝ ʛʘʣʘʢʪʠʢʠ, ʧʨʦʜʦʣʞʘʶʪ ʪʘʤ ʫʩʢʦʨʝʥʠʝ. ɽʩʪʝʩʪʚʝʥʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ, ʧʨʠʜʷ ʚ ʥʘʰʫ ʛʘʣʘʢʪʠʢʫ ʧʦʩʣʝ ʧʦʩʝʱʝʥʠʷ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʳʜʫʱʠʭ, 

ʦʥʠ ʧʦʧʘʜʫʪ ʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ. ɺʦʧʨʦʩ ʪʦʣʴʢʦ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʯʘʩʪʠʮ. 

2. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ ʚʥʫʪʨʠʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚʥʦʩʷʪ ʫʩʢʦʨʝʥʠʷ ʥʘ 

ʫʜʘʨʥʳʭ ʚʦʣʥʘʭ ʚ ʦʙʣʘʩʪʷʭ ʦʩʪʘʪʢʦʚ ʩʚʝʨʭʥʦʚʳʭ, ʚ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʥʘ 

ʧʦʨʷʜʦʢ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʦʩʝʱʝʥʠʠ ʪʘʢʦʡ ʦʙʣʘʩʪʠ [3]. ɺ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ ʫʞʝ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ 

ʬʣʫʢʪʫʘʮʠʷʤʠ, ʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʛʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ [4,5]. 

3. ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ (ʧʦ ʵʥʝʨʛʠʠ) ʘʣʴʙʝʜʦ 

ʛʘʣʘʢʪʠʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʫʩʢʦʨʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʘʣʘʢʪʠʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʨʘʞʘʝʤʳʤ 

ʯʘʩʪʠʮʘʤ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʫʞʝ ʥʠʢʘʢʠʭ ʦʩʥʦʚʘʥʠʡ ʩʯʠʪʘʪʴ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʚʳʭʦʜʦʤ ʯʘʩʪʠʮʳ ʠʟ ʛʘʣʘʢʪʠʢʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʪʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ  

ύὸ ὸ ÅØÐ Ὅ Ȣ  

4. ʇʨʷʤʳʤʠ ʨʘʩʯʸʪʘʤʠ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʚʨʝʤʸʥ, ʥʝ ʠʛʨʘʶʱʝʡ ʨʦʣʠ ʚ ʟʘʜʘʯʝ ʦʙ ʫʩʢʦʨʝʥʠʠ) ʠ ʚ ʩʣʫʯʘʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʨʦʙʝʛʦʚ ʩʪʝʧʝʥʥʦʛʦ ʪʠʧʘ, ʝʩʣʠ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʦʙʝʛʘ ʢʦʥʝʯʥʦ. ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢʦʡ ʞʝ ʚʠʜ ʧʨʠ ʜʘʥʥʦʤ ʫʩʣʦʚʠʠ ʠʤʝʝʪ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʠʩʣʘ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʪʦʡ ʯʘʩʪʠʮʳ ʜʦ ʚʳʣʝʪʘ. 

5.  ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʢʪʦʚ ʫʩʢʦʨʝʥʠʷ (En+1=qn+1En , ʛʜʝ q1,é,qn ï 

ʥʝʟʘʚʠʩʠʤʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ P(q>x)~(x0/x)ɔ), 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʫʩʣʦʚʥʦʝ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʯʠʩʣʝ ʫʩʢʦʨʝʥʠʡ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ɝ=E/E1 ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʣʦʛʥʦʨʤʘʣʴʥʳʤ: 

 Ὢὼȿὲͯ
Ѝ

ÅØÐ
 

 (ʟʜʝʩʴ a ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ln q, ů2 ï ʜʠʩʧʝʨʩʠʷ ʵʪʦʛʦ ʣʦʛʘʨʠʬʤʘ). 

ʉʪʘʥʜʘʨʪʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʙʝʟʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʦʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʂʘʯʝʩʪʚʝʥʥʦ ʦʥ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʚʳʜʚʠʛʘʝʤʦʡ ʛʠʧʦʪʝʟʝ, ʦʜʥʘʢʦ ʜʣʷ ʫʚʝʨʝʥʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ ʨʘʩʯʸʪʳ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʫʯʪʷ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʤʝʞʟʚʸʟʜʥʦʡ ʩʨʝʜʦʡ 

ʛʘʣʘʢʪʠʢʠ, ʝʸ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʦʩʪʘʪʢʦʚ ʩʚʝʨʭʥʦʚʳʭ ʚ ʛʘʣʘʢʪʠʢʘʭ ʪʦʞʝ ʥʝ ʢʘʞʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ (ʩʤ.[4]).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 13-01-

00585). 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʧʨʦʪʝʢʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ 

ʠʟʦʪʦʧʥʳʭ ʩʤʝʩʝʡ ʥʘʨʫʰʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʪʫʧʝʥʝʡ ʢʘʩʢʘʜʘ ʛʘʟʦʚʳʭ ʮʝʥʪʨʠʬʫʛ, ʚʦʟʥʠʢʘʶʪ 

ʚʦʟʤʫʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʘʨʫʰʝʥʠʷʤ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʝʜʦʧʫʩʪʠʤʳʤ ʧʝʨʝʛʨʫʟʢʘʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʥʘ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʩʢʘʜʘ ʠ ʥʘ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʘʩʢʘʜʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠʟʦʪʦʧʥʳʭ ʩʤʝʩʝʡ ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʝ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʣʫʶ ʠʥʝʨʮʠʦʥʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʚʣʠʷʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʩʢʘʜʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʦʙʨʝʣʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʭ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʠʟʫʯʝʥʠʷ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʥʘʤʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʩʪʫʧʝʥʴ ʢʘʩʢʘʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʚʳʜʝʣʝʥʥʳʭ 

ʦʙʲʝʤʦʚ (ʢʦʣʣʝʢʪʦʨ ʧʠʪʘʥʠʷ, ʛʘʟʦʚʳʝ ʮʝʥʪʨʠʬʫʛʠ (ɻʎ), ʢʦʣʣʝʢʪʦʨ ʦʪʙʦʨʘ ʠ ʢʦʣʣʝʢʪʦʨ ʦʪʚʘʣʘ), ʘ ʨʘʩʯʸʪ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʛʠʜʨʘʚʣʠʢʠ ʩʚʦʜʠʪʩʷ ʢ ʟʘʤʝʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʛʠʜʨʘʚʣʠʢʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʨʘʟʥʦʩʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʧʦ ʥʝʷʚʥʦʡ ʩʭʝʤʝ ʕʡʣʝʨʘ [1], ʨʝʰʝʥʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʠʪʝʨʘʮʠʦʥʥʦʤʫ ʥʘʭʦʞʜʝʥʠʶ ʚʝʣʠʯʠʥ ʜʘʚʣʝʥʠʡ ʚʦ ʚʩʝʭ ʢʦʣʣʝʢʪʦʨʘʭ ʠ ʧʦʪʦʢʦʚ ʥʘ 

ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʶ ʙʘʣʘʥʩʘ ʚʝʱʝʩʪʚʘ ʚ ʢʘʩʢʘʜʝ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʨʦʙʦʚʘʥʘ ʥʘʤʠ ʝʱʝ ʥʘ ʨʷʜʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (Si, Xe, Ni, 

W). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʩʢʘʜʦʚ ɻʎ ʧʦ ʨʘʟʜʝʣʝʥʠʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠʟʦʪʦʧʥʳʭ ʩʤʝʩʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ 

ʚʝʱʝʩʪʚ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʠʨʫʤʦʚ ʋ.ɻ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ï ʄ.: ɼʨʦʬʘ, 2003. ï 221 ʩ. 
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ʂʦʤʙʠʥʘʮʠʠ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʨʠʩʢʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʚʝʩʪʦʨʫ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʧʠʪʘʣʦʤ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʜʦʭʦʜʥʦʩʪʴʶ ʚʳʰʝ ʙʘʥʢʦʚʩʢʦʛʦ ʜʝʧʦʟʠʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʘʢʠʭ ʢʦʤʙʠʥʘʮʠʷʭ ʦʧʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ï ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʜʘʝʪ 

ʩʝʨʴʝʟʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʫʯʝʥʠʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʭʦʜʘ [1].  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʨʘʙʦʪʘ ʦʪʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʨʝʰʝʥʠʡ (ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʜʫʢʪʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʧʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʤʙʠʥʘʮʠʠ ʝʚʨʦʧʝʡʩʢʠʭ ʦʧʮʠʦʥʦʚ ʧʨʦʜʘʞʠ (çputè) ʠ ʧʦʢʫʧʢʠ (çcallè) ʥʘ ʨʘʟʣʠʯʥʳʝ ʙʘʟʦʚʳʝ 

ʘʢʪʠʚʳ [2], ʢʦʪʦʨʳʝ ʧʦʜʙʠʨʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʉʪʨʫʢʪʫʨʥʳʡ ʧʨʦʜʫʢʪ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ 

ʩʨʝʜʩʪʚ ʠ ʨʠʩʢʦʚʘʥʥʳʤ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝʤ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʚʝʩʪʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜʩʪʚ ʚʢʣʘʜʳʚʘʝʪʩʷ ʚ ʜʝʧʦʟʠʪʳ ʠʣʠ ʦʙʣʠʛʘʮʠʠ ʠ ʨʘʙʦʪʘʝʪ ʥʘ ʚʦʟʚʨʘʪ ʢʘʧʠʪʘʣʘ. ʅʘ ʦʩʪʘʪʦʢ ʧʨʠʦʙʨʝʪʘʶʪʩʷ 

ʦʧʮʠʦʥʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʫʜʘʯʥʦʤ ʩʪʝʯʝʥʠʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ ʧʨʠʙʳʣʴ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʱʫʶ 

ʩʪʘʚʢʫ ʙʘʥʢʦʚʩʢʦʛʦ ʜʝʧʦʟʠʪʘ. ɻʠʙʢʦʩʪʴ ʦʧʮʠʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ 

ʬʫʥʢʮʠʶ ʜʦʭʦʜʘ, ʪ.ʝ. ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʦʜʫʢʪʘ ʧʦʣʫʯʠʪ ʧʨʠ ʝʛʦ ʧʦʛʘʰʝʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʚʝʜʝʥʠʷ ʙʘʟʦʚʦʛʦ ʘʢʪʠʚʘ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʦʧʮʠʦʥʘ [2]. ɼʦʣʷ ʨʠʩʢʦʚʳʭ ʮʝʥʥʳʭ ʙʫʤʘʛ ʚ ʉʇ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2% ʜʦ 20%.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʫʣʴ ʦʧʮʠʦʥʥʦʡ ʘʥʘʣʠʪʠʢʠ ʪʦʨʛʦʚʦʡ ʧʣʘʪʬʦʨʤʳ Quik. 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʨʘʪʝʛʠʡ ʥʘ ʩʨʦʯʥʦʤ ʨʳʥʢʝ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ 

ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ʆʥʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʙʠʨʘʪʴ ʛʦʪʦʚʳʝ ʰʘʙʣʦʥʳ ʩʪʨʘʪʝʛʠʡ ʠ ʩʦʟʜʘʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ. ʄʦʜʫʣʴ ʨʘʟʨʘʙʦʪʯʠʢʘ ʩʪʨʘʪʝʛʠʡ Quik ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʦʚʦʢʫʧʥʦʡ 

ʧʦʟʠʮʠʠ ʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʧʮʠʦʥʥʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʦʟʤʦʞʝʥ ʛʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʩʣʦʞʥʦʡ ʦʧʮʠʦʥʥʦʡ ʧʦʟʠʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʝ ʧʨʠʙʳʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʥʳ ʙʘʟʦʚʦʛʦ ʘʢʪʠʚʘ, 

ʢʦʣʠʯʝʩʪʚʘ ʜʥʝʡ ʜʦ ʠʩʧʦʣʥʝʥʠʷ ʠʣʠ ʚʦʣʘʪʠʣʴʥʦʩʪʠ. ʀʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ (ʚʦʣʘʪʠʣʴʥʦʩʪʴ, ʜʘʪʫ ʨʘʩʯʝʪʦʚ), 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ. ɺ ʤʦʜʫʣʝ ʚʦʟʤʦʞʥʘ ʟʘʛʨʫʟʢʘ ʚʳʙʨʘʥʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʠʟ ʰʘʙʣʦʥʘ ʠ ʝʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʚʳʙʨʘʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʠʭ ʪʝʢʫʱʠʤʠ ʨʳʥʦʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ [3]. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʜʫʣʷʪʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʘʟʝʨʘʭ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (ʃʉʕ) [1]. 

ʆʜʥʘʢʦ ʚ ʃʉʕ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʠʥʥʳʝ (ʜʦ 200 ʤ) ʦʥʜʫʣʷʪʦʨʳ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʫʜʦʙʥʦ ʠ 

ʪʨʝʙʫʝʪ ʥʘʜʸʞʥʦʡ ʶʩʪʠʨʦʚʢʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪʨʘʢʪʘ ʫʩʢʦʨʠʪʝʣʷ. ɺ KEK (ʗʧʦʥʠʷ) ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʢʦʤʧʘʢʪʥʦʛʦ ʧʣʦʩʢʦʛʦ 30 ʩʤ ʚʠʛʛʣʝʨʘ [2] ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʪʝʨʘʛʝʨʮʦʚʦʤ (ʊɻʮ) ʜʠʘʧʘʟʦʥʝ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʩʛʨʫʧʧʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. ɼʘʥʥʘʷ ʩʭʝʤʘ 

ʛʝʥʝʨʘʮʠʠ ʦʥʜʫʣʷʪʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʆʀ) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʚʚʠʜʫ ʩʚʦʝʡ ʢʦʤʧʘʢʪʥʦʩʪʠ, ʪ.ʢ. ʩʦʜʝʨʞʠʪ 

ʪʦʣʴʢʦ ʣʘʟʝʨʥʫʶ ʩʠʩʪʝʤʫ, ʵʣʝʢʪʨʦʥʥʫʶ ʧʫʰʢʫ ʠ ʦʥʜʫʣʷʪʦʨ (ʚʠʛʛʣʝʨ) [3]. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʠʛʛʣʝʨʘ 

ʠ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ LUCX. ʅʘʤʠ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʨʘʩʯʸʪ ʫʛʣʦʚʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆʀ ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʜʣʠʥʘ ʧʝʨʠʦʜʘ ʚʠʛʛʣʝʨʘ 6 ʩʤ, ʰʠʨʠʥʘ ʟʘʟʦʨʘ 3 ʩʤ, ʘʤʧʣʠʪʫʜʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 0,432 ʊ, 

ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ 8,25 ʄʵɺ, ʜʣʠʥʘ ʩʛʫʩʪʢʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 30 ʜʦ 90 ʤʢʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʠʟʣʦʞʝʥʥʦʡ ʚ [4]. ʅʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʆʀ ʜʣʷ ʜʚʫʭ ʧʦʣʷʨʠʟʘʮʠʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʧʦ ʚʩʝʤ ʫʛʣʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʜʥʦʯʘʩʪʠʯʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʧʝʨʚʦʡ 

ʛʘʨʤʦʥʠʢʠ. ʀʟ ʜʘʥʥʦʛʦ ʛʨʘʬʠʢʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 1ʘʷ ʛʘʨʤʦʥʠʢʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʊɻʮ ʯʘʩʪʠ ʩʧʝʢʪʨʘ 

ʠʟʣʫʯʝʥʠʷ. 
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ʇʨʦʤʳʰʣʝʥʥʳʡ ʫʨʘʥ-ʛʨʘʬʠʪʦʚʳʡ ʨʝʘʢʪʦʨ (ʇʋɻʈ) ɸɼ, ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʌɻʋʇ çɻʦʨʥʦ-

ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, ʧʦʩʣʝ ʦʩʪʘʥʦʚʘ ʠ ʧʨʠʚʝʜʝʥʠʷ ʝʛʦ ʚ ʷʜʝʨʥʦ-ʙʝʟʦʧʘʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʜʣʝʞʠʪ ʚʳʚʦʜʫ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʘʢʪʦʨ ʚʳʚʦʜʠʪʩʷ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʚʘʨʠʘʥʪʫ ʨʘʜʠʘʮʠʦʥʥʦ-ʙʝʟʦʧʘʩʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ 

ʤʝʩʪʝ. ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʟʘʭʦʨʦʥʝʥʠʝ ʨʝʘʢʪʦʨʘ ʥʘ ʤʝʩʪʝ ʨʘʟʤʝʱʝʥʠʷ ʩ ʩʦʟʜʘʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʙʘʨʴʝʨʦʚ (ʟʘʧʦʣʥʝʥʠʝ ʧʫʩʪʦʪ ʨʝʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʥʝʨʝʘʢʪʦʨʥʳʭ ʧʦʤʝʱʝʥʠʡ ʩʫʭʠʤʠ ʠ ʚʣʘʞʥʳʤʠ ʩʤʝʩʷʤʠ, ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʝʥʠʷ ʦʙʲʝʤʦʚ ʧʦʜʨʝʘʢʪʦʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʪʦʥʦʤ [1]. 

ɼʣʷ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʚʦʜʠʤʦʛʦ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʝʘʢʪʦʨʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʯʝʨʝʟ ʠʥʞʝʥʝʨʥʳʝ ʙʘʨʴʝʨʳ. ʂʦʥʝʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ï ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʥʫʢʣʠʜʘ ʨʘʩʩʤʦʪʨʝʥ ʜʣʠʪʝʣʴʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʜʠʘʧʘʟʦʥ. ɺ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʟʦʥʳ ʤʘʪʝʨʠʘʣʦʚ: ʠʥʞʝʥʝʨʥʳʝ ʙʘʨʴʝʨʳ (ʩʫʭʘʷ ʛʣʠʥʘ, ʫʚʣʘʞʥʝʥʥʘʷ 

ʛʣʠʥʘ, ʙʝʪʦʥ) ʠ ʛʦʨʥʘʷ ʧʦʨʦʜʘ. ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ 

ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Matlab.  

ʇʦʩʪʨʦʝʥʳ ʜʚʝ ʩʝʨʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʠʥʞʝʥʝʨʥʳʭ 

ʙʘʨʴʝʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʍ (ʨʠʩ.1): ɸ) ʙʘʨʴʝʨ 1 ï ʛʣʠʥʘ, ʙʘʨʴʝʨ 2 ï ʙʝʪʦʥ; ɹ) ʙʘʨʴʝʨ 1 ï ʙʝʪʦʥ, 

ʙʘʨʴʝʨ 2 ï ʛʣʠʥʘ. 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ὅ  ʚ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʘʭ, ˎȾ̋̋  ̄(1 ï ʛʣʠʥʘ, 2 ï ʙʝʪʦʥ) 

ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ çʛʣʠʥʘ - ʙʝʪʦʥè ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʬʠʪʦʚʦʡ ʢʣʘʜʢʠ ʥʘ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʘ. 

ʇʨʦʛʥʦʟʠʨʫʝʤʘʷ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ὅ  ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʦʜʦʧʨʦʚʦʜʷʱʝʡ ʟʦʥʦʡ ʨʘʚʥʘ 1.83 ɹ̋Ⱦ̋ .̄ ɼʣʷ 

ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʙʝʪʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʜʝʞʥʳʡ ʟʘʱʠʪʥʳʡ ʙʘʨʴʝʨ ʥʘ ʧʫʪʠ ʤʠʛʨʘʮʠʠ. 
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çɻʍʂè ʧʦ ʚʘʨʠʘʥʪʫ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ ʤʝʩʪʝ // çɸʪʦʤ ʕʢʦ-2011è, ʛ.ʄʦʩʢʚʘ, 2011. 

2. ʉʇ 2.6.1.758-99 çʅʦʨʤʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ-99è.  

3. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈɹ-011-2000. ʆʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʨʘʥʠʣʠʱ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ɿɸʂʆʅ ʆʄɸ ʀ ɿɸʂʆʅ ɼɾʆʋʃʗ ï ʃɽʅʎɸ ɼʃʗ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇʈʆɺʆɼʅʀʂʆɺ ʉʆ 

ʉʊʈʋʂʊʋʈʆʁ ɻʆʄʆɻɽʅʅʓʍ ʌʈɸʂʊɸʃʆɺ 

ɺ.ɸ. ʏʫʨʠʢʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: vachurikov@list.ru 

ʈʘʩʩʤʦʪʨʝʥʦ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʩ ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʂʦʛʜʘ ʬʨʘʢʪʘʣ ʘʥʠʟʦʪʨʦʧʥʳʡ ʠ ʠʤʝʝʪ ʬʨʘʢʪʘʣʴʥʫʶ (ʜʨʦʙʥʫʶ) ʨʘʟʤʝʨʥʦʩʪʴ ʚʜʦʣʴ ʪʨʸʭ ʢʦʦʨʜʠʥʘʪ, 

1 2 30 , , 1a a a¢   ¢ ʠ 
1 2 3, , consta a a  = . ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʚʜʦʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʢʘ 

1a, ʘ ʨʘʟʤʝʨʥʦʩʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʪʦʢʫ ʙʫʜʫʪ 
2 3,a a , ʪʦʛʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

1 2 3, ,Ra a a   ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ  

1

1 2 3

2 3

1

, ,

, 2 3

(1 ( ))l l
R

S S

a

a a a

a a

t rt j a r

a a
  

 

+
= = . 

ɿʜʝʩʴ 
1 1(1 ( ))l la j a= +  - ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ ʚʦ ʬʨʘʢʪʘʣʝ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʚʜʦʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʢʘ; l ï ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ, 
1

l la ² ; 1( )j a  - ʥʝʢʦʪʦʨʘʷ 

ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʬʨʘʢʪʘʣʘ, ʠ ʝʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 1( ) 0j a² ; 

2 3, 2 3S Sa a aa =  - ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ; S ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʨʦʚʦʜʥʠʢʘ, 

2 3,S Sa a < ; ɟ ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʬʨʘʢʪʘʣʘ; Ű ï ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʢʦʪʦʨʳʡ Ű>0, ʝʩʣʠ ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʢʘ ʚʦʟʤʦʞʥʦ ʠ Ű=0, ʝʩʣʠ ʥʝʚʦʟʤʦʞʥʦ.  

ʀʩʧʦʣʴʟʫʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʝʛʢʦ ʟʘʧʠʩʘʪʴ ʟʘʢʦʥ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ: 

1 2 3

2 3

, , 1(1 ( ))

SE
j E

R la a a

a a

t j a r  

= =
+

. 

ɿʜʝʩʴ j ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ; E ï ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

ʉʣʫʯʘʡ, ʢʦʛʜʘ 1 2 1a a b= = =   ʠ Ű=1, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʟʘʢʦʥʫ ʆʤʘ j E R= . 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʠʤʧʝʜʘʥʩ) ʜʣʷ ʢʦʥʪʫʨʘ ʩ ʘʢʪʠʚʥʳʤ ʬʨʘʢʪʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʣʷ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʣʫʯʘʷ: 

1 2 3 1 2 3 1 2 3

1

, , , , , , ( ( ) )Z R iX R i wL wCa a a a a a a a a

-

      = + = + - . 

ɿʜʝʩʴ w  - ʯʘʩʪʦʪʘ; 1X wL wC= -  - ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʛʜʝ L ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ C - ʸʤʢʦʩʪʴ, 

ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʬʨʘʢʪʘʣʴʥʳʤʠ. 

ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʪʦʢʦʚ ʙʫʜʝʪ: 

1 2 3 1 2 3

1 2 1 2 1/2

, , , , 0(| |) ( ( ( ) ) ) sin( )j E Z R i wL wC E wta a a a a a j- - -

    = = + - -. 

ɿʜʝʩʴ 0E  - ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ű ï ʩʜʚʠʛ ʬʘʟʳ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ, cos(ű):  

1 2 3 1 2 3 1 2 3 1 2 3

1 2 1 2 1/2

, , , , , , , ,cos( ) (| |) ( ( ( ) ) )R Z R i wL wC Ra a a a a a a a a a a aj - - -

        = = + - . 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʝʛʢʦ ʟʘʧʠʩʘʪʴ ʟʘʢʦʥ ɼʞʦʫʣʷ - ʃʝʥʮʘ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʬʨʘʢʪʘʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 
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1 2 3

2 1

, ,( )Q jE E Ra a a

-

  = = . 

ɿʜʝʩʴ Q ï ʪʝʧʣʦʪʘ ʚʳʜʝʣʷʝʤʘʷ ʧʨʦʚʦʜʥʠʢʦʤ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʦ ʥʝʤʫ ʧʨʦʪʝʢʘʝʪ ʪʦʢ.  

ɽʩʣʠ ʧʝʨʝʤʝʥʥʦʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʣʦʞʝʥʦ ʢ ʜʚʫʭʧʦʣʶʩʥʠʢʫ ʩ ʠʤʧʝʜʘʥʩʦʤ 

1 2 3 1 2 3, , , ,Z R iXa a a a a a    = + , ʪʦ ʧʨʦʭʦʜʷʱʠʡ ʪʦʢ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʧʦ ʪʦʤʫ ʞʝ ʟʘʢʦʥʫ, ʥʦ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟʳ ű: 

0 0 0cos( ); cos( ).E E wt j j wt j=    = - 

ɿʜʝʩʴ 
0j  - ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ɿʘʢʦʥ ɼʞʦʫʣʷ - ʃʝʥʮʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʜʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʬʨʘʢʪʘʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʙʫʜʝʪ:  

cos( ).Q jE j=  

ɿʜʝʩʴ 0 2E E=  ʠ 0 2j j=  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʨʝʜʥʠʝ (ʜʝʡʩʪʚʫʶʱʠʝ) ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ.  

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 1 2 1a a b= = =   ʠ Ű=1, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʟʘʢʦʥʫ ɼʞʦʫʣʷ - ʃʝʥʮʘ 

ʜʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 0 0 / 2Q j E= . 

 

 

ʈʆɾɼɽʅʀɽ ʕʃɽʂʊʈʆʅ-ʇʆɿʀʊʈʆʅʅʓʍ ʇɸʈ ʀɿ ɺɸʂʋʋʄɸ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʄ ʇʆʃɽʄ 

ʉʇɽʎʀɸʃʔʅʆʁ ʂʆʅʌʀɻʋʈɸʎʀʀ 

ɺ.ʄ. ʐʘʭʤʘʪʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: shakh@tpu.ru  

ʈʘʩʩʤʦʪʨʝʥʦ ʨʦʞʜʝʥʠʝ e e+ -
ʧʘʨ ʧʦʣʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʙʝʛʫʱʠʭ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʠ ʧʦʣʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʪʦʤ ʞʝ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʪʝʥʮʠʘʣʳ ʧʦʣʷ ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ ʩ ʥʫʣʝʚʳʤʠ ʟʘʨʷʜʘʤʠ 

ʠ ʪʦʢʘʤʠ. ʀʟʫʯʝʥʠʝ ʨʦʞʜʝʥʠʷ ʧʘʨ çʧʫʩʪʳʤè ʧʦʣʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʈʦʞʜʘʶʱʝʝ ʧʘʨʳ ʧʦʣʝ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 
0u ct z= - ʠ ʠʤʝʝʪ ʚʠʜ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ:  

2 2 0,52 , 4 , 4( ) ,r z zE H r E Hj e g a g= = = = - 2 2 0,5 02 ( ) ,rE H r uj e g a g g b e-=- = - = +(1)  

ɿʜʝʩʴ, ,e a b-ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ.  

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ɼʠʨʘʢʘ ʚ ʧʦʣʝ (1)ʧʦʣʫʯʝʥʦ ʚ [1]. ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʨʦʜʠʚʰʠʭʩʷ ʧʘʨ
{}
( )

m
w°

 ʚ ʟʘʜʘʥʥʦʤ 

ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ{}m ʠ ʧʦʣʥʦʝ ʯʠʩʣʦ ʨʦʜʠʚʰʠʭʩʷ ʧʘʨ 
( )N °
ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʘʤʠ [2] 

{}
{}

2
( )

m
n

G m nw° °=ä , {}
{}

( ) ( )

m
m

N w° °=ä , ʛʜʝ G m n°
ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

{} ( ) ( )( ) 1 2exp (1 ) , ,1;
m

d B B F sV nw pl p V n h° +

+ -= - - - - - ,{} 3( ,s,k , )m n V= , ,sh dh q p-=  (2)    

F ï ʬʫʥʢʮʠʷ ɻʘʫʩʩʘ, 
1(1 )(1 )B th d tg dp q p-° += ° + , s ljn= -,

0,5 1

2 3( )(2 )n l l g kj jn e -= + + , 

mailto:shakh@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 
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,sn=0,1,2,é ( )
0,5

1 2 2

34 m kl a e
-

-= -
0,52 1

3 2 2 3( )(2 )k g g kq e e -

°= ° ( )
0,50,5 2

3 3d k ke a e
-

= - 3k  ï 

ʠʥʪʝʛʨʘʣ ʜʚʠʞʝʥʠʷ.  

( ) ( )
1

( ) 1 2 2 2 2 2 2 2

2 1 1 2(4 )N H H VcTI I H I H Jp
-

° -= - - + -  (3)    

ʛʜʝ
2 2 0,5(1 )m I xl - -= - ,

0,5 0,5(1 )d x x -= - ,
2 2 2I E H= + ,

2 24 ( )H p a b= - ,
24E b= ,

1

1a I H-= ,

1

2b I H-= , 1H , 2H ï ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʘʭ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʧʦʣʷ, ʨʦʞʜʘʶʱʝʛʦ 

ʧʘʨʳ. VcTï ʯʝʪʳʨʸʭʦʙʲʸʤ (ʠʥʚʘʨʠʘʥʪ). ʇʝʨʝʭʦʜ ʚ ʬʦʨʤʫʣʘʭ(2) , (3)  ʦʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʣʷ (1)ʢ 

ʧʦʩʪʦʷʥʥʳʤ ʦʜʥʦʨʦʜʥʳʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʠ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʷʤ ʜʘʸʪ ʠʟʚʝʩʪʥʳʝ ʚʳʨʘʞʝʥʠʷ[2]. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʘʛʨʦʚ ɺ.ɻ., ɹʳʟʦʚ ʅ.ʅ., ɻʠʪʤʘʥ ɼ.ʄ., ʂʣʠʤʝʥʢʦ ʖ.ʀ., ʄʝʰʢʦʚ ɸ.ɻ., ʐʘʧʦʚʘʣʦʚ ɺ.ʅ., ʐʘʭʤʘʪʦʚ ɺ.ʄ. 
ʅʦʚʳʝ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɼʠʨʘʢʘ.V. // ʀʟʚ. ɺʋɿʦʚ, ʌʠʟʠʢʘ ï 1975. ï ˉ9. ï ʉ.106ï111. 

2. ɹʘʛʨʦʚ ɺ.ɻ. , ɻʠʪʤʘʥ ɼ.ʄ., ʐʚʘʨʮʤʘʥ ʐ.ʄ. ʈʦʞʜʝʥʠʝ ʧʘʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʬʦʨʤʘʣʠʟʤʝ ʥʫʣʝʚʦʡ 

ʧʣʦʩʢʦʩʪʠ // ʗʌï 1976. ï ʊ.2. ï ˉ24. ï ʉ.394ï397. 

 

 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʋʉʊɸʅʆɺʂʀ ʈɸɼʀɸʎʀʆʅʅʆʁ ʉʊɽʈʀʃʀɿɸʎʀʀ 

ʉʂɸʅʀʈʋʖʑʀʄʀ ʕʃɽʂʊʈʆʅʅʓʄʀ ʇʋʏʂɸʄʀ ʃʀʅɽʁʅʆɻʆ ʋʉʂʆʈʀʊɽʃʗ 

ʀ.ʅ. ʐʝʡʥʦ, ɸ.ɺ. ɻʦʨʜʝʝʚ 

ʌʝʜʝʨʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʙʠʦʬʠʟʠʯʝʩʢʠʡ ʮʝʥʪʨ ʠʤ. ɸ.ʀ. ɹʫʨʥʘʟʷʥʘ ʌʄɹɸ ʈʦʩʩʠʠ 

ʈʦʩʩʠʷ, ʛ.ʄʦʩʢʚʘ, ʫʣ. ɾʠʚʦʧʠʩʥʘʷ, 46, 123182 

E-mail: igor.sheino@rambler.ru 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʩʪʘʥʦʚʢʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʝʨʠʣʠʟʘʮʠʠ 

ʩʢʘʥʠʨʫʶʱʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʫʯʢʘʤʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ 

ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʞʠʤʦʚ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 

ʜʦʟʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʙʲʝʢʪ ʩʪʝʨʠʣʠʟʘʮʠʠ.  

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: 

¶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʫʩʪʘʥʦʚʢʠ; 

¶ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʫʩʢʦʨʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠ 

ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʫʯʢʝ; 

¶ ʯʘʩʪʦʪʘ ʨʘʟʚʝʨʪʢʠ, ʚʝʣʠʯʠʥʘ ʠ ʬʦʨʤʘ ʠʤʧʫʣʴʩʘ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʦʙʤʦʪʢʠ ʨʘʟʚʝʨʪʳʚʘʶʱʝʛʦ 

ʤʘʛʥʠʪʘ; 

¶ ʬʦʨʤʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʠʩʪʝʤʳ ʬʦʢʫʩʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʣʠʥʟ; 

¶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʥʚʝʡʝʨʘ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʦʙʣʫʯʘʝʤʳʝ ʦʙʲʝʢʪʳ; 

¶ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ 

ʩʦʩʪʘʚ. 

ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʨʝʞʠʤʝ 

on-line ʦʪʦʙʨʘʞʘʪʴ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʫʩʪʘʥʦʚʢʝ (ʩʤ. ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1. ʋʧʨʘʚʣʷʶʱʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʤʦʜʝʣʴ  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

1. ʦʪʢʣʦʥʝʥʠʝ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʠʩʪʝʤʝ ʨʘʟʚʝʨʪʳʚʘʶʱʝʛʦ ʤʘʛʥʠʪʘ; 

2. ʨʘʩʩʝʷʥʠʝ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʜʠʘʬʨʘʛʤʝ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʠ ʚ ʚʦʟʜʫʭʝ; 

3. ʬʦʢʫʩʠʨʦʚʢʫ ʧʫʯʢʘ ʩʠʩʪʝʤʦʡ ʤʘʛʥʠʪʥʳʭ ʣʠʥʟ; 

4. ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʟʦʚʦʛʦ ʧʦʣʷ ʚ ʫʧʘʢʦʚʢʝ ʩʪʝʨʠʣʠʟʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ (ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ). 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʮʠʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ ʠʭ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. 
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1. ʃ.ɸ. ɸʨʮʠʤʦʚʠʯ, ʉ.ʖ. ʃʫʢʴʷʥʦʚ. ɼʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ï ʄ.: 

ʅʘʫʢʘ, 1972. -224 ʩ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʠʟʝʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɼʕʉ) ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʨʘʙʦʪ ʚʩʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʥʦʨʤʘʪʠʚʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ, ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ. 

ʆʩʥʦʚʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ (ɼɼ) Kipor KM2V80, ʠʤʝʶʱʠʡ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ): ʤʝʥʴʰʘʷ ʩʪʦʠʤʦʩʪʴ ʠ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʙʦʣʴʰʠʡ ʤʦʪʦʨʝʩʫʨʩ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ, ʤʝʥʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʪʦʧʣʠʚʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ [1]. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ɼɺʉ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʩʨʝʜʩʪʚʘʤʠ Model-BasedCalibrationToolbox (ʨʠʩ. 1) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʢʩʧʦʨʪʦʤ ʚ ʩʨʝʜʫ Simulink (MATLAB ). 

 

ʈʠʩʫʥʦʢ 1. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ MBC ʤʦʜʝʣʠ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʚʳʙʨʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩ ʚʳʙʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʩʨʝʜʝ Simulink ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʝʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʝʪʠʢʠ ɸʇʂ: ʄʘʪʝʨʠʘʣʳ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʉʘʨʘʪʦʚ, 2014. ï ʉ. 347-351. 
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ʉʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ï ʥʘʥʦʢʣʘʩʪʝʨʘʭ [1,2], ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ (ʥʘʥʦʧʣʸʥʢʘʭ) [3,4], 

ʠʥʪʝʨʬʝʡʩʘʭ ʤʝʞʜʫ ʧʘʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [5-7], ʢʚʘʥʪʦʚʳʭ ʧʨʦʚʦʣʦʢʘʭ [8], ï ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩ: 

ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩʥʠʟʫ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ? ʉʦʛʣʘʩʥʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ɹʘʨʜʠʥʘ-ʂʫʧʝʨʘ-ʐʨʠʬʬʝʨʘ (ɹʂʐ) ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʧʝʨʦʚʩʢʠʭ ʧʘʨ ʵʣʝʢʪʨʦʥʦʚ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʩʘʤ ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʩ ʨʘʟʤʝʨʘʤʠ, ʤʝʥʴʰʠʤʠ ʜʣʠʥʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʥʝ ʩʚʷʟʘʥ ʩ ʜʣʠʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʞʥʦ 

ʦʧʨʘʚʜʘʪʴ, ʝʩʣʠ ʧʨʠʨʦʜʫ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʤʥʦʛʦ ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ ʟʨʝʥʠʷ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ï ʵʪʦ ʧʨʦʩʪʦ ʩʦʩʪʦʷʥʠʝ ʙʝʟʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ. ʊʘʢʦʝ ʜʚʠʞʝʥʠʝ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʢʣʘʩʩʠʯʝʩʢʠʤ. ɼʘʞʝ ʚ ʦʯʝʥʴ ʨʘʟʨʝʞʝʥʥʦʡ ʩʨʝʜʝ, ʥʘʧʨʠʤʝʨ, ʚ ʤʝʞʟʚʸʟʜʥʦʡ ʧʣʘʟʤʝ, ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʢʦʥʝʯʥʦ. ʀʣʠ ʜʨʫʛʦʡ ʧʨʠʤʝʨ ï ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʘʤʝʨʝ ʙʝʪʘʪʨʦʥʘ; 

ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʚ ʢʘʤʝʨʝ, ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ ʧʦʜʧʠʪʳʚʘʪʴ ʵʥʝʨʛʠʝʡ ʵʪʠ ʵʣʝʢʪʨʦʥʳ. ɼʚʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʥʘ ʚ ʙʝʪʘʪʨʦʥʝ ï ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʠʟʣʫʯʘʝʤʘʷ ʠʤ ʵʥʝʨʛʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ ʫʩʢʦʨʝʥʠʶ. 

ɹʝʟʜʠʩʩʠʧʘʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʢʚʘʥʪʦʚʦʤ ʭʘʨʘʢʪʝʨʝ ʜʚʠʞʝʥʠʷ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʵʥʝʨʛʠʝʡ, ʪ.ʝ. ʚ 
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ʩʚʷʟʘʥʥʦʤ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʦ ʵʪʦ ʧʨʦʩʪʦ ʵʣʝʢʪʨʦʥ ʚ ʘʪʦʤʝ. ɸʪʦʤ ï ʵʪʦ ʠ ʝʩʪʴ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʘʢ ʩʦʩʪʦʷʥʠʷ ʙʝʟʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚ 

ʥʠʟʢʦʨʘʟʤʝʨʥʦʡ ʤʥʦʛʦʯʘʩʪʠʯʥʦʡ ʩʠʩʪʝʤʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʚʷʟʘʥʥʦʤ, 

ʢʚʘʥʪʦʚʦʤ, ʩʦʩʪʦʷʥʠʠ ʠʟ-ʟʘ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ. ʕʪʦ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʚ ʢʦʪʦʨʦʤ 

ʚʦʟʥʠʢʘʶʪ ʩʚʷʟʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦʪ ʧʦʪʝʥʮʠʘʣ ʩʚʷʟʘʥ ʩ ʤʘʩʩʦʚʳʤ ʦʧʝʨʘʪʦʨʦʤ ʚ ʫʨʘʚʥʝʥʠʠ 

ɼʘʡʩʦʥʘ, ʪ.ʝ. ʦʥ ʦʙʫʩʣʦʚʣʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʘ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʠʩʪʝʤʳ ʠ ʚʥʝʰʥʠʤʠ 

ʧʦʣʷʤʠ. ɺ ʵʬʬʝʢʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʦʪʜʝʣʝʥʦ ʦʪ ʧʝʨʚʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʱʝʣʴʶ, ʢʦʪʦʨʦʝ ʠ ʷʚʣʷʝʪʩʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʱʝʣʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʧʨʦʜʫʮʠʨʫʝʪ ʩʧʝʢʪʨ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʫʨʦʚʥʝʡ, ʚʦʟʤʦʞʥʦ ʩ ʦʜʥʠʤ-ʜʚʫʤʷ ʫʨʦʚʥʷʤʠ, ʪ.ʝ. ʢʚʘʥʪʦʚʘʷ ʷʤʘ 

ʷʚʣʷʝʪʩʷ ʥʝʛʣʫʙʦʢʦʡ. ʕʪʠ ʵʣʝʢʪʨʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ, 

ʷʚʣʷʶʪʩʷ ˊ-ʵʣʝʢʪʨʦʥʘʤʠ. ɿʜʝʩʴ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴʶ [9]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ 2D ʩʠʩʪʝʤʫ. ʄʝʞʜʫ ˊ-

ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʢʫʣʦʥʦʚʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʣʠʯʠʝʤ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʦʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚ bulk ʩʠʩʪʝʤʝ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʛʘʤʠʣʴʪʦʥʠʘʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ: 

 Ὄ  ρ ɟВ Ὠ᷿►ɰ ►ȟ ɰ ► ɰ ► ɰ ► ȟ    (1) 

ʛʜʝ ɰ ► , ɰ ►  ï ʧʦʣʝʚʳʝ ʦʧʝʨʘʪʦʨʳ ʨʦʞʜʝʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʩʦ ʩʧʠʥʦʤ Ŭ ʚ ʪʦʯʢʝ ► 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. U0 ʠ ɚ ï ʧʦʩʪʦʷʥʥʳʝ ʢʫʣʦʥʦʚʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʘʨʘʤʝʪʨ Z ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ: π ɟ ρ. ʇʨʠʯʸʤ U0 ~ ʘ-1, ʘ ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ 2D ʩʠʩʪʝʤʳ, ʪ.ʝ. 

ʪʦʣʱʠʥʘ ʧʣʸʥʢʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ Ὗ ‗. ʇʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʛʘʤʠʣʴʪʦʥʠʘʥ (1) ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʫʯʸʪʝ 

ʧʦʚʝʨʭʥʦʩʪʠ 2D ʩʠʩʪʝʤʳ. ʈʘʩʯʸʪʳ ʩ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ (1) ʜʘʶʪ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ: 

  Ὕ ρȢστϽὟὩ  ȟ        (2) 

ʛʜʝ D0 ï ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʥʘ ʫʨʦʚʥʝ ʌʝʨʤʠ, ɤ Ὗ ρ ɟ. ʆʮʝʥʢʠ ʜʘʶʪ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ. ʀʟ ʚʳʨʘʞʝʥʠʷ (2) ʩʣʝʜʫʝʪ, ʯʪʦ Tc ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʩʠʩʪʝʤʳ, ʘ 

ʠʤʝʥʥʦ, ʧʨʠ ʝʛʦ ʫʤʝʥʴʰʝʥʠʠ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʨʘʩʪʘʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʜʝʷ ʦ ʪʦʤ, ʯʪʦ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ 

ʩʚʷʟʘʥʥʦʤ, ʢʚʘʥʪʦʚʦʤ, ʩʦʩʪʦʷʥʠʠ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ ʚʩʝʤʠ ʯʘʩʪʠʮʘʤʠ ʩʠʩʪʝʤʳ, 

ʦʙʲʷʩʥʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʫ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʥʦ ʠ ʜʘʸʪ ʥʝʢʦʪʦʨʳʝ 

ʦʨʠʝʥʪʠʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ "ʢʦʤʥʘʪʥʳʭ" ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ.  
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The isotopes separation problem, which is applied in many areas of a science and technics, has great value for 

the nuclear industry, in connection with growing needs in highly enriched isotopes. The works carried out in the given 

direction, are based on studying new effective separation technique and using ion-exchange materials which meet the 

requirements on ecological safety of production. 

Modeling of isotopes separation process, in the given work, was carried out to study the influence of selective 

properties of cationites, kinetic characteristics, and a process realization method on separation efficiency. Practical 

value and application spheres of inorganic ion-exchangers are caused, first of all, by their high selectivity, chemical, 

thermal and radiating stability, i.e. the properties profitably distinguishing them from organic ion-exchange resins [1]. 

Zeolites are the most widespread group among natural origin sorbents. There are about 40 kinds of minerals. The 

opportunity of selection and synthesis inorganic ion-exchangers with the set of properties are practically inexhaustible. 

Inorganic compounds of many classes as sorbents can be used and capable to absorb ions from solutions due to various 

types of sorptive interactions, and also modern methods of synthesis and modifying of inorganic sorbents allow to vary 

their properties over a wide range. 

When using selective ion-exchangers, the factor of isotope separation considerably increases. As a rule, 

selectivity is defined by type ionogenic groups, cross-linkage number and pores size of ion-exchangers. At exact 

conformity of the pores size to radius aquated ion sieving effect is shown. Isotopes separation of alkaline elements was 

carried out by the frontal advance method and ion-exchange elution chromatography. On inorganic sorbents [2] the 

increase in isotope enrichment factor up to 0,0127 is received.  

Influence of kinetic characteristics on isotopes separation process in counterflow system with counter 

movement of phases [3] is investigated. Admissible change ranges of moving phases speeds on a ion-exchange column 

are determined. Optimum flow ion-exchangers velocity average 0,04 sm/s, ion-exchangers phases - 0,07 sm/s. The 

concentration rate value under the given realization conditions of process and depending on type of a selective material 

changes in a range 1,021 é 1,092. 

The results received in work can be used at the enterprises of isotopes separation and fine purification 

substances. 
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Introduction:  proton exchange membranes for solid-state fuel cells must meet certain requirements: first high 

proton conductivity, chemical stability, the ability to work at elevated temperatures. 

Currently used perftorsilanami membrane "Nafion" (DuPont,USA) meets these requirements, however, are 

limited in temperature (temperature range is limited to 90 Á C), in addition to their commercial price is quite high 

[2].The work is devoted to the study of processes of radiation-chemical and thermal modification of PVDF to form in it 

proton-conducting properties there. 

Materials:  PVDF, PTFE 2M 20 microns, styrene, toluene. 

Experiment: Studies were conducted with samples of PVDF irradiated by helium ions with an energy of 28 

MeV and PVDF samples not irradiated with ions. All irradiation was performed at an extracted into the air ion beam 

accelerator R-7M PTI TPU.  The original polymer film of PVDF with a thickness of 20 microns were cut with a 

diameter of 60 mm and was placed in a special holder from which the air is then pumped out of the container was 

assailed grafting solution of styrene with toluene in the ratio 1:1. Solution previously was barbotirovany nitrogen. 

Before filling the containers with a solution of conducted research on the impact of throughput rate of nitrogen through 

the solution and determined the minimum amount of residual oxygen prior barbotirovany nitrogen, to exclude the 

undesirable presence of oxygen. Additionally undertook such an analysis with argon. These gases are actively displace 

oxygen from the solution. Figure 1 shows the dependence of oxygen content from time bubbling. 

 

Figure 1. The influence of time bubbling of argon and nitrogen on the oxygen concentration in the grafting solution 

Bubbling gases was conducted for 20 minutes. Substitution of oxygen with nitrogen in the solution is faster 

than with argon. Because the density of argon is less than that of nitrogen, respectively its content in the air is less and 

the removal of oxygen is necessary to spend a large amount. As a result, nitrogen in contact with the air absorbs the 

oxygen from it, thus melts, forming a solution of oxygen in nitrogen. 

The containers are then irradiated with sample ions was placed in an oven and cured at a temperature of 600C 

for 8 hours. Another part of the non-irradiated sample, placed in the same container with vaccination solution was 

incubated at 900C for 20 hours. During irradiation in the polymeric matrix and form free radicals, followed by thermal 

effects in the presence of styrene solution occurs prishivka to the polymer skeleton of the matrix side suspensions, 
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which have attached sulfonation sulpho -SO3H. . After inoculation depressurized containers, polymer samples were 

washed thoroughly to remove surface residues of styrene and gravimetric measurements [1].  

Results and discussion: overall, the development of ideas about selective and "long-range" effects in the early 

stages radiaion-chemical transformations of macromolecules is not only of fundamental scientific interest, but also is 

the basis for the formulation of new principles of radiation stabilisation and radiation modification of polymer systems. 

We can talk about the approaches that use relatively low doses and low concentrations of additives or chemically 

modified units entered in a certain position. Table 1 presents the results of gravimetric studies. 

Table 1. The results of the comparison of radiation-chemical and thermal polymerization gravimetric method 

Radiation-chemical polymerization Thermal polymerization 

ˉ The 

mass 

Exodu. 

PVDF,

g 

Weight after 

irradiation, g 

The 

grafting 

yield,% 

ˉ The mass 

Exodus. 

PVDF,g 

Mass 

vaccination 

PVDF, g 

The 

grafting 

yield,% 

1 0,204 0,252 23,5 1 0,215 0,218 1,4 

2 0,249 0,277 11 2 0,219 0,220 0,5 

 

Conclusion: studies have shown that the degree of grafting of styrene monomer to a PVDF thin films is 

significantly higher than in the case of thermal grafting without irradiation. During irradiation formed a sufficient 

number of free radicals which occurs side prishivkoy styrene. In the case of thermal graft, you may need significantly 

more time for the formation of free radicals. Further studies will be devoted to the sulfonation of samples of PVDF 

grafted with styrene to give them a proton-conducting properties and the synthesis of proton-conducting functional 

membrane. 
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Powder metallurgy occupies a special place among various metal processing techniques in modern industry, as 

well as it contributes to the solution of many important problems in the manufacture of products and materials. One of 

the main problems in this industry is the production of metal powders [1]. 

In the report the effect of mechanical activation on the starting components will is reviewed and dependence of 

the particle size parameters of mechanical activation expected to reveal. 

Self-propagating high-temperature synthesis (SHS) is a part of powder metallurgy allowing to synthesize 

different substances with the specified parameters. SHS is motion process of the a chemical reaction wave upon the 

mixture of starting components to form a solid final product. This method has several advantages, but one of the main 
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advantages of the SH-synthesis is the ability to manage the process of synthesis at different stages [2]. It is also worth 

noting that the high resource efficiency of this method is compared to traditional methods of powder metallurgy. 

Mechanical activation of the starting components is a method of controlling the synthesis reaction in the 

preparatory phase, is widely used in SHS. This method is a transfer of mechanical energy to sample with the aim of 

deformation and fracture of a solid body by the accumulation of point defects and dislocations, allowing not only to 

receive objects with linear dimensions in the range from tens of micrometers to a few nanometers, but also speed up 

chemical reactions in the synthesis of solid-phase compounds [3]. 

In this study, the sample used powders ὒὥὕ . Mechanical activation was carried out in a planetary ball mill 

AGO-2C, where the metal balls with a diameter of 6 mm are used as grinding bodies. The influence of the centripetal 

acceleration of the grinding bodies under the machining of lanthanum oxide was investigated, and also the effect of 

machining time was studied. 

Is a result of the research the dependence of the particle size parameters of mechanical activation (time, 

centripetal acceleration) was revealed, which can be used to establish the optimum mode of mechanical activation in a 

planetary ball mill. 
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Metals have long been used in medicine as a material for implantation. The first metal implant was invented in 

the 18th century; during the second half of the 19th century silver wire was used increasingly for fixing. After the 

creation of stainless V2A-steels (Cr-Ni-steels; Krupp), new opportunities for the use of steel alloys in surgery appeared. 

In 1936 Co-Cr-alloys (ñVitalliumò) for osteosynthesis and dental applications were introduced. Titanium and its alloys 

have been applied since 1950-s. All materials are corrodible. It means that all of them may be oxidized in some cases. 

As a result of corrosion loss of material takes place. Therefore, experts use metals forming a passive oxide layer which 

is capable (ideally) of repairing itself if damaged. 

Ceramics - products from inorganic, nonmetallic materials (clay, for example) and its mixtures with mineral 

additives, is manufactured at high temperature and cooled then. The use of ceramic prostheses and implants in medicine 

is one of the new areas that have received significant development in the last decade due to advances in the field of 

structural ceramics, production of high-purity powders, the processes of their formation and processing of ceramic 

products. 

Aluminum oxide (Ŭ-Al 2O3; corundum) ï biologically indestructible ceramic, mainly used for implants, 

withstand mechanical load. 

Dental ceramics are widely, used in dental technology for facing metal dentures (dental bridges and crowns) 

and for artificial teeth modeling. The first porcelain dentures were made in XVII century; first porcelain teeth - in the 
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early XIX century. After the discovery of rubber vulcanization, soft material which could capture ceramic teeth on the 

plate was invented. First individual dental porcelain crowns were made at the end of  XIX century. At the end of the 

World War II metal bridges were widely used. 

Calcium phosphates are used for bone replacement. Titanium implants are used for tooth replacement and hip 

joint implants coated with calcium to increase the mechanical stability of the implant due to bone ingrowth. 

Polymers have been used clinically since 1960. From the chemical point of view polymers are long chain 

molecules consisting of repetitive small particles (monomers). The number of monomer units in the polymer is denoted 

as the degree of polymerization. Short chains are called oligomers. If monomer units are equal, the polymer is referred 

to as a homopolymer. If they are different, it is called a copolymer. The polymers have many useful properties and 

characteristics: elasticity, ductility, hardness, creep, weariness, wear. 
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Nowadays medicine is progressing rapidly, and one of many directions of modern science is development, 

research and improvement of the biomedical devices, intended for a contact with the living organism. For these 

purposes special polymers are widely used in reconstructive and regenerative medicine. One of the most widely used 

biopolymers is poly- L- suckling acid (PLLA, PLA). However, this biopolymer has disadvantages: hydropathy, slow 

degradation and others. For the solution of these problems, there are methods of volume and superficial retrofitting of 

polymers, such as copolymerizing, plasma treatment, and radiation of different types: gamma-radiation, radiation of 

electrons and ions beam etc. These methods play an important role in the obtaining of given properties of coating in 

medicine. One of the methods of volume retrofitting is radiation treatment based on the influence of impulsive 

electronic beam. This method allows getting the required properties of polymeric materials, affecting molecular 

structure of substance, causing excitation and molecules ionizing. 

 The objective of this work is to study radiation absorbed dose measured with a sample of polymeric material as 

a result of the influence of impulsive electronic beam and the exposure of optimal method of measuring. The sample 

irradiation was carried out at the DEG-500 accelerator (TPU, Tomsk). Two methods of evaluation of the radiation 

absorbed dose were used:  using faraday cup and <<POR>> dosimetric films. 

 Measuring of radiation absorbed dose with the faraday cup is based on voltage scanning at the oscillograph. A 

charge passed through the cylinder is calculated from this integral ή Ὅ᷿Ὠὸ, where Ὅ ; S ï a square under the 

curve showed by oscillograph. Having graphed Ὓὸ according to function values in every 2 ns and having integrated it 

with the çOrigin 8.1è program, a charge value is calculated. The general formula for calculation is Ὀ óó

ó, where Ὑ πȟπυ ὕὬά ὥὲὨ Ὧ ωȟσ ï the constructive multiplier of amplification and voltage value showed by the 
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oscillograph. The <<POR>> film used in the second method is a radiation-sensitive film. Allocating two films in front 

of the sample and behind it, the difference of radiation absorbed dose between these films will be equal to the dose 

absorbed by the sample ЎὈ ЎὈ ЎὈ. A spectrophotometer is applied for the calculation of radiation absorbed 

dose. 

 The method using faraday cup was proved to be inexpedient because of major inaccuracy (the value of the 

dose is 913.2 KGy). Application of the second method using <<POR>> dosimetric films provided more valid value of 

the dose absorbed by the sample (26.31 KGy). Further research should be carried out for the optimization of 

technological regimes of polymers modification on basis of polymilk acid irradiation with impulsive electronic beams. 

Structure and properties of polymeric materials also have to be studied. 
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The development of biodegradable materials for bone injuries repair is an attractive scientific topic [1]. The 

wettability of the bare alloy and HA coating deposited on Mg alloy was monitored. It was revealed that after only 15 

min of water droplet spreading over the surface a significant decrease in the water contact angle (from 100Á to 66Á) was 

observed. A significantly higher water spreading rate was observed in the case of bare alloy compared with that of the 

HA coated samples. The observed changes in the surface wettability over time indicated a strong time-dependent 

tendency to turn initially hydrophobic behavior to hydrophilic. The aim of this study was to investigate the structure, 

chemical composition  and wettability of the CaP coating deposited via RF magnetron sputtering on AZ91D magnesium 

alloy. 

 

Figure 1. Water spreading behavior of a single droplet on the surface of the HA coating and bare alloy 
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The wettability of the bare alloy and HA coating deposited on Mg alloy was monitored. It was revealed that 

after only 15 min of water droplet spreading over the surface a significant decrease in the water contact angle (from 

100Á to 66Á) was observed. A significantly higher water spreading rate was observed in the case of bare alloy compared 

with that of the HA coated samples. The observed changes in the surface wettability over time indicated a strong time-

dependent tendency to turn initially hydrophobic behavior to hydrophilic. 

In this study, fabrication process and the properties of the HA coating deposited onto AZ91D magnesium 

alloys via RF-magnetron sputtering are described. Surface morphology and structure results suggested that the coating 

is crystalline HA with the uniform, homogeneous, and dense structure. Investigations did not reveal improvement of the 

surface wettability of the HA coated samples compared to the bare alloy, however water contact angle dynamics in the 

case of the HA coated substrates revealed a lower rate of a droplet spreading over the surface. The initially hydrophobic 

surface of the HA coating tend to be more hydrophilic with time. 
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Separation by ion-exchange of isotopes and ions mixture used in processes of purification and selective 

extraction of valuable components from solution for the enterprises of the nuclear industry is actuals. Application of the 

given processes for exchange systems with electroregeneration of ion-exchange material used on sorption stages we 

considered. 

Separation process efficiency depends on type ionite, its charge and the sizes, structural characteristics, the 

sizes in hydrated and dehydrated conditions [1], environment temperature and the nature anions, connected with cation 

in a solution. We had considered two-phase exchange systems with use organic and inorganic [2] cations.  

The evident influence on conditions of ion-exchange sorption and ions with close properties separation is 

provided by means of the organic solvents additive to aqueous solutions of salts. The increase in separation factors of 

alkaline metals ions in aqueous-propanol solutions is connected with their dependence on solvation energy and a 

dielectric constant for equilibrium ions and increase of solvation energy at transition from aqueous to aqueous-alcoholic 

[3] solutions. 

Collation of the received values shows, that on cation-exchange resin KU-2 the separation factors are higher 

than on carboxyl resin CB-4PĬ2. It explains that cation-exchange resin KU-2 from aqueous-propanol solutions mainly 

absorbs water as more polar component, and, hence, viscosity of environment inside of grain ionite is less while in 

cationite CB-4P³2 at swelling the quantity the propanol not much more decreases in comparison with an external 

solution and viscosity of environment inside of grain ionite above that directly influences conditions exchange sorption. 

Besides fixed carboxyl groups are less dissociated, than strong-acid a sulfate group, that also influences efficiency of 

ionic exchange. 
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Velocity of moving of concentration front [4] on length spaces between membranes the electrodialyzer was 

determined. At the attitude of mobility of isotopes 1,01 (isotopes of easy alkaline elements) speed of movement of a 

zone [5] makes 4é8 sm/hr. Depending on current density, the interval 150-300 ʤA/cʤ2 is optimum. 
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In 1932 A. Anderson discovered the first antiparticle - positron (e +) - a particle with a mass of an electron but 

with a positive electric charge. The existence of e + follows directly from the relativistic theory of the electron 

developed by Dirac (1928-31) before the discovery of the positron. In 1936 while studying cosmic rays American 

physicists K. Anderson and S.Neddermeyer found muons (having both signs of electric charge) - particles with a mass 

of about 200 electrons, but otherwise with remarkably similar to the e-, e + properties. 

Positrons (positive electrons) in the matter cannot exist because they are annihilated when decelerating, 

connected to the negative electrons. In this process, which can be seen as the reverse process of pair production, the 

positive and negative electrons disappear, while the photons transfer their energy. 

Annihilation of electron-positron pairs causes the emission of a ɔ-ray or few ɔ-rays. One-photon annihilation 

can occur only if the electron is associated with a third body (for instance, nucleus or electrons). 

In the annihilation of electro-positron pair the laws of conservation of energy and momentum are observed. So, 

if the center of mass of the pair is fixed in the laboratory measurement system, both g-quantums are emitted in opposite 

directions with the same energy k1c = k2c = m0c2 = 0.511 MeV. If the center of mass of the pair is movable, the angles 

between the directions of expansion of g-rays will be different from 180 o, and the value is not equal to the energy of 

0.511 MeV. Thus, the measurement of the angle q or Doppler shift of the annihilation line DEg allows to determine the 

momentum in e + e - pairs in the laboratory measurement system. 

 In case of 3g-annihilation conservation laws do not give accurate result when calculating momentum and the 

energy g-quantums. In the stationary state, all three g-quantums are emitted in the same plane. Deviation angle 

scattering (at the agitated state) from this plane is approximately v / c. Unlike 2g-annihilation g-quantums arising from 

3g-annihilation have a continuous energy distribution from 0 to 0.511 MeV. 

In 1934 to explain the spectra of some stellar nebulae I.H. Mokhorovichich postulated the possibility of bound 

states between the electron and positron. Associated two-particle system (e+ e-) was named "positronium" (Ps). 
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Lignin is a component of the timber as produced in significant amounts in the processing of wood waste most 

difficult disposition [1]. According to the International Institute of lignin (International Lignin Institute) annually in the 

world produced about 70 million tones. Of technical lignin, but it is used for industrial, agricultural and other purposes 

not more than 2%. The rest is burned in power plants or are buried in the cemeteries [2].  

Sulfate lignin (SFL) is formed on the pulp and paper mills chemical pulping of wood in quantities of 30 õ 35% 

of the raw material and has a fairly constant composition [3]: ash 1.0 õ 2.5%; acid based on sulfuric acid - 0.1-0.3%; 

water-soluble compounds - 9 õ 11%; resinous compounds 0.3 õ 0.4%; Klason lignin - 85%, and the sulfur weight 

content of which is 2.0 õ 2.5%, including unrelated ï 0.4 õ 0.9%. 

In this paper, the possibility and efficiency of production of heat energy in the process of plasma recycling SFL 

in air plasma in the form of optimal fuel water-organic compositions (WOC) to ensure its efficient and environmentally 

safe recycling. 

The results of the calculations determined the optimal flammable wok with a maximum of SFL 

(SFL 30% : 70% water), which has Tadå1200 Á C and the calorific value of 6.4 MJ/kg, allows to obtain at 

recycling 1 ton of waste to 1.8 MW (1.5 Gcal) thermal energy.  

This was followed by calculations of equilibrium compositions of gaseous and condensed products SFL 

plasma utilization in air plasma in the form of optimal fuel WOC. Used for the calculation licensed program TERRA. 

Calculations were carried out at atmospheric pressure (0.1 MPa) in a wide temperature range (300 õ 4000) K and for 

various mass fractions of coolant air plasma (10 õ 95)%. 

The results obtained can be recommended for practical implementation of the process under investigation 

following optimal modes:Å the composition of the fuel of: (SFL 30% : 70% water);  the weight ratio of the phases: (66% 

of the air : 34% WOC);Å operating temperature range (1200 Ñ 100) ÁC. 

Conducted research on this installation process plasma recycling SFL as dispersed combustible WOC 

confirmed the recommended mode for the process. 

The results of these studies can be used to create industrial units for plasma recycling sulfate lignins and other 

combustible waste from the pulp and paper industry. 
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In recent times inorganic nanoparticles (NPs) have attracted much attention because of their unique physio-

chemical properties and potential applications in biomedical field such as various imaging and therapy applications, 

targeted drug delivery [1]. Proper surface modification is important to retain the colloidal stability in complex biological 

environments. Zwitterionic NP surface coating by small surface ligands can be a promising approach. The detailed 

structural analyses techniques have confirmed the successful passivation/functionalization of Fe3O4 nanoparticles with 

glycine molecules. These nanoparticles also have showed good colloidal stability, optimal magnetization, 

biocompatibility with human cancer cell lines and protein resistance behavior with good specific absorption rate [2]. 

Therefore, developing a method of selecting the optimal passivation/functionalization - process conditions can 

be useful for future studies connected with different small surface ligands passivated NPs.  

The essence of the method is to maintain the particles in the surfactant solution, then separate the liquid phase 

and analyze it by infrared spectroscopy to determine quantitative indicators of glycine adsorption on the surface of the 

nanopowder. To construct the calibration curve we prepared 6 aqueous solutions of glycine at a concentration of 0.33 ... 

2 M. Construction of the spectrum lines shows intensive absorption bands at 1411.638 cm-1 and 1330.64 cm-1, while in 

the sample of distilled water there arenôt any bands.  

As objects of the study plasmachemical titanium oxide (TiO2, 22,4 m2 / g) and zirconia (ZrO2, 8,1 m2 / g) 

nanopowders have been selected  . Suspensions were prepared in a following way: 0.5 g of the nanopowder was added 

to 20 ml of a freshly prepared 2 M glycine solution. Selected 3 ml of the each supernatant were explored by FT-IR 

spectroscopy in comparison with a pure solution of 2M glycine. Construction of the spectra lines has showed a 

narrowing of peaks in areas 1411.638 cm-1 and 1330.64 cm-1. From the values of transmittance for the selected peaks, 

we can identify the change in concentration of surfactant in the aqueous solution separated from the nanopowder. 

It is experimentally shown that the spectral absorption peak in area 1330.64 cm-1 can help to identify amino 

groups in aqueous solution [3]. Dependence of glycine concentration on pick height has been determined and depicted 

graphically. Suppose that for making the suspension a known concentration glycine solution is taken. Then, using 

measured peak height (1330.64 cm-1) and calibration curve, the change of acid concentration and, consequently, its 

adsorption on the surface of the nanopowder, can be determined.  

Thus, on the example of nano TiO2 and ZrO2 suspensions we demonstrate suggested method of quantitative 

and qualitative assessment of glycine adsorption on the nanopowder surface. It is shown that the aminoacetic acid is 

adsorbed on the surface of chosen nanopowders imperceptibly, and on a TiO2 NP's surface phenomenon is more 

pronounced. 

This work was supported by the grant ˉ 15-03-06528 of the Russian Foundation for Basic Research. 
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Nowadays there are huge variety of wastewater treatment methods and oxidation is one of the mostly used. It is 

not a secret that an dvanced oxidation processes showed their efficiency and methods based on using chemicals to 

oxidize pollutants becomes a secondary. Ozone is an efficient oxidant of organic matter but its production is expensive. 

The process of hydroxyl radical generation from ozone/hydrogen peroxide modelled in the 1980s, which made it 

possible to optimize the use of ozone in the elimination of hazardous pollutants, such as pesticides, PAHs, etc. Now the 

system ozone/hydrogen peroxide is a new choice for water reclamation and potable reuse. The use of the 

ozone/hydrogen peroxide system as a tertiary treatment of domestic and urban wastewater could provide reclaimed 

water to use in agriculture or industrial processes [1]. In the present work, the kinetic and mechanism of organic 

compounds oxidation have studied. As an oxidation method, we used representative of advanced oxidation processes ï 

pulsed corona discharge oxidation. The effectiveness of electrical discharges generated by high voltage has been proven 

to degrade pollutants in wastewater [2] also widely used for disinfection of microbial contaminated liquids [3].  In 

water, high voltage discharge includes a non-thermal plasma method for producing ozone and hydroxyl radicals from 

water and oxygen [4].  Mechanism for highly reactive oxidants producing based on ozone decomposition follows to 

these reactions (1-3): 

e- + H2O = e- + ǒH + ǒOH 

                                                     3O3 + OH- + H+ = 2ǒʆʅ + 4O2                                            (1) 

                                                            RH + ǒʆʅ = Rǒ + ʅ2ʆ                                                 (2) 

                                                               R + ǒʆʅ = R(ʆʅ) ǒ                                                   (3) 

Hydroxyl radicals resulting from the reaction between ozone and hydroxide ions can be generated by either 

direct attack of the molecular ozone or indirect attack of the hydroxyl radicals. Mostly researches on the ozone 

decomposition in water based on descriptions of overall kinetics founded for ñpure waterò. Even so, systems of primary 

decomposition of ozone are kinetically complex because of free radicals producing, which may react with further ozone 

to produce more free radicals. The kinetics of this reaction depend on many parameters and the rate reported in the 

literature is rather difficult and the results from different authors seem contradictory [5]. 

As objects of research, oxalic acid and phenol have chosen. Pulsed corona discharge reactor was a generator of 

active oxidants and pulse frequency was changing from 300 to 833 pps. To define temperature dependence there were 

two different temperature rates: from 100C to 450C in the different pulse frequency conditions, in spite of that fact, the 

same energy has delivered. According the data about concentration after oxidation, it makes sense say that mechanism 

of degradation goes by directly ozone influence.  The reaction rate constants determined assuming that the combined 
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effect of the oxidants result in a second order reaction rate: first order relative to the target pollutant and first order 

relative towards the oxidant. It has found out the most efficient degradation of oxalic acid usually goes on the 60th 

minute of reaction (833pps) and on the 80.3th minute in 300 pps pulse frequency level.  
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 E-mail: atomlink@mcc.krasnoyarsk.su  

ɺ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʥʘ ʧʣʦʱʘʜʢʝ ʌɻʋʇ ʌʗʆ çɻʍʂè ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʜʠʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʨʝʛʝʥʝʨʠʨʫʝʤʳʭ ʢʘʪʠʦʥʦʚ Ag2+, 

ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʡ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʡ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʥʦʝ ʚʳʜʝʣʝʥʠʷ ʩʝʨʝʙʨʘ ʠʟ ʨʘʬʠʥʘʪʘ ʩ ʮʝʣʴʶ ʝʛʦ ʨʝʛʝʥʝʨʘʮʠʠ ʜʣʷ ʚʦʟʚʨʘʪʘ ʚ ʧʨʦʮʝʩʩ ʠ ʦʪʜʝʣʝʥʠʷ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʘʜʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʠʛʦʜʥʦʛʦ ʩʧʦʩʦʙʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʩʝʨʝʙʨʘ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʛʝʥʝʨʘʮʠʝʡ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʚ çʛʦʣʦʚʫè ʧʨʦʮʝʩʩʘ (ʥʘ ʩʪʘʜʠʶ ʨʘʩʪʚʦʨʝʥʠʷ ʜʠʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ). ʇʨʦʮʝʩʩ 

ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʝʙʨʘ ʠʟ ʨʘʩʪʚʦʨʘ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ (ʨʘʬʠʥʘʪʦʚ) ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʧʝʨʝʜʝʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʚ ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʟʝʨʥʠʩʪʦʤ ʩʣʦʝ) ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʛʠʜʨʘʟʠʥ-ʥʠʪʨʘʪʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʚʳʜʝʣʝʥʥʦʛʦ ʩʝʨʝʙʨʘ ʚ ʧʨʦʤʳʚʥʦʡ ʘʟʦʪʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨ (4-5ʄ) ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ 

ʚ çʛʦʣʦʚʫè ʧʨʦʮʝʩʩʘ: 

4AgNO3 + N2H5NO3 Ÿ 4Ag + N2 + 5HNO3, 

Ag + 2HNO3 Ÿ AgNO3 + NO2 + H2O. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 

 

 

154 

. 

 

ʈʠʩʫʥʦʢ. 1. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ: 1-ʧʠʪʘʶʱʘʷ ʝʤʢʦʩʪʴ; 2-ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʡ ʥʘʩʦʩ; 3-

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʢʦʣʦʥʥʘ; 4-ʪʝʨʤʦʩʪʘʪ; 5-ʧʨʠʝʤʥʘʷ ʝʤʢʦʩʪʴ 

ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ: ʩʦʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨ/ʚʳʩʦʪʘ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 1:5-1:9, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ï 7 

ʢ.ʦ./ʯ., ʪʝʤʧʝʨʘʪʫʨʘ 40-70ÁC, ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʨʘʩʪʚʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,8-1,2 ʤʠʥ. 

ʊʘʙʣʠʮʘ 1 - ʉʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʊʠʧ ʢʘʪʘʣʠʟʘʪʦʨʘ ʅʦʩʠʪʝʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ Pt, % 
ʌʨʘʢʮʠʦʥʥʳʡ 

ʩʦʩʪʘʚ, ʤʤ 

ʋʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʤ2/ʛ 

Pt / ɺʇ-1ɸʇ ɸʥʠʦʥʦʦʙʤʝʥʥʘʷ ʩʤʦʣʘ 2,01 0,3 õ 0,5 18,5 

Pt / SiO2 ʉʠʣʠʢʘʛʝʣʴ ɸʉʂɻ 1,89 0,3 õ 0,5 153 

Pt / Zr / SiO2 ʉʠʣʠʢʘʛʝʣʴ ɸʉʂɻ 0,08 0,25 õ 0,35 72 

ʄʝʪʘʣʣʦʩʬ. ʧʦʨʦʰʦʢ ʉʪʘʣʴ 12ʍ18ʅ10ʊ - 0,4 õ 0,5 0,1 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

(ʨʝʛʝʥʝʨʘʮʠʠ) ʩʝʨʝʙʨʘ. ʆʧʪʠʤʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚ ʨʘʩʪʚʦʨʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʝʙʨʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ. ʆʩʪʘʚʰʝʝʩʷ ʚ ʨʘʩʪʚʦʨʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʝʙʨʘ ʥʝ 

ʧʨʝʚʳʰʘʣʦ 30 ʤʢʛ/ʣ. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 99,9%. 

 

 

ʀɿʋʏɽʅʀɽ ʉʆɼɽʈɾɸʅʀʗ ɼʆʃɻʆɾʀɺʋʑʀʍ ʈɸɼʀʆʅʋʂʃʀɼʆɺ ɺ ʃɽʂɸʈʊɺɽʅʅʓʍ 

ʈɸʊɽʅʀʗʍ, ʇʈʀʅɸɼʃɽɾɸʑʀʍ ɹʆʃʆʊʅʆʄʋ ʆʆɹʑɽʊɺʋ 

ɺ.ʆ. ɹʘʙʠʯʝʚʘ, ʅ.ʂ. ʈʳʞʘʢʦʚʘ, ʃ.ɻ. ɹʘʙʝʰʠʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: valentina_babich@mail.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʛʦʪʦʚʷʪ ʦʢʦʣʦ 30% ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʨʘʩʪʝʥʠʡ ʙʦʣʝʝ ʨʦʜʩʪʚʝʥʥʳ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʦʨʛʘʥʠʟʤʫ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʯʝʤ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʧʦ 

ʢʦʥʪʨʦʣʶ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [1]. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʤʦʭʦʚʠʜʥʳʭ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʘʢʢʫʤʫʣʷʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

mailto:valentina_babich@mail.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ Th232, Ra226, K40, Cs137 ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʙʦʣʦʪʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʚ ʦʪʜʝʣʘʭ ʛʦʣʦʩʝʤʝʥʥʳʭ, 

ʮʚʝʪʢʦʚʳʭ ʠ ʤʦʭʦʚʠʜʥʳʭ. ʈʘʩʪʝʥʠʷ ʦʪʦʙʨʘʥʳ ʥʘ ʙʦʣʦʪʘʭ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ ʠ ʊʦʤʩʢʦʡ 

ʦʙʣʘʩʪʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ: ʜʝʨʥʦʚʠʥʘ, ʢʦʨʘ, ʢʦʨʥʠ, ʧʦʙʝʛʠ, ʚʝʪʢʠ, ʣʠʩʪʴʷ, 

ʪʨʘʚʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʜʠʥʝʥʥʦʡ ʧʨʦʙʳ ʨʘʩʪʝʥʠʡ ʤʘʩʩʦʡ 0,5 ï 1,0 ʢʛ ʥʘʪʫʨʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʪʙʠʨʘʣʠ ʥʝ 

ʤʝʥʝʝ 8 ï 10 ʪʦʯʝʯʥʳʭ ʧʨʦʙ. ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘʟʝʤʥʫʶ ʯʘʩʪʴ ʨʘʩʪʝʥʠʡ ʩʨʝʟʘʣʠ ʦʩʪʨʳʤ ʥʦʞʦʤ ʠʣʠ 

ʥʦʞʥʠʮʘʤʠ ʥʘ ʚʳʩʦʪʝ 3 ï 5 ʩʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ, ʫʢʣʘʜʳʚʘʣʠ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʫʶ ʧʣʝʥʢʫ ʠʣʠ ʢʨʘʬʪ-

ʙʫʤʘʛʫ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʟʤʝʣʴʯʘʣʠ ʚ ʬʘʨʬʦʨʦʚʦʡ ʩʪʫʧʢʝ. ɻʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠʟ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʛʝʨʤʘʥʠʷ ʬʠʨʤʳ ORTEC (AMETEK) ʠ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

ORTEC DSPEC LF [2].  

ʋʩʪʘʥʦʚʣʝʥʘ ʙʦʣʴʰʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʦʙʨʘʟʮʘʭ. ʋʜʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʦʪʜʝʣʦʚ ʛʦʣʦʩʝʤʝʥʥʳʭ ʠ ʮʚʝʪʢʦʚʳʭ ʩʦʩʪʘʚʣʷʝʪ: 13é49 ɹʢ/ʢʛ ʜʣʷ Th132; 21é94 ɹʢ/ʢʛ ʜʣʷ 

Ra226; 30é2100 ɹʢ/ʢʛ ʜʣʷ K40; 4,5...94 ɹʢ/ʢʛ ʜʣʷ Cs137. ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʛʝʥʥʦʛʦ Cs137 ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʇɼʂ ʥʘ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʠ ɹɸɼʳ - 100 ɹʢ/ʢʛ. ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʦʪʜʝʣʘ ʤʦʭʦʚʠʜʥʳʭ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ: 103é170 ɹʢ/ʢʛ ʜʣʷ Th132; 3900é6700 ɹʢ/ʢʛ ʜʣʷ K40; 35é306 ɹʢ/ʢʛ ʜʣʷ Cs137; ʩʦʜʝʨʞʘʥʠʝ 

Ra226 ʚ ʤʦʭʦʚʠʜʥʳʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 170é200 ɹʢ/ʢʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʭʦʚʠʜʥʳʝ 

ʥʘʢʘʧʣʠʚʘʶʪ ʨʘʜʠʦʥʫʢʣʠʜʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʜʨʫʛʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʬʘʛʥʫʤʳ ʠʟʜʘʚʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ, ʧʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  
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ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʦʥʠʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ 

ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʞʝʣʘʥʠʝʤ ʫʡʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʜʝʣʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʨʷʜ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʠʯʴ ʧʨʠʝʤʣʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʜʝʣʝʥʠʷ. ʊʘʢ ʞʝ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʚʥʝʜʨʝʥʠʝ ʛʠʙʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ (ɻʇʉ) ʚ ʧʨʦʮʝʩʩʳ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ɻʇʉ ʚ ʧʨʦʪʠʚʦʪʦʯʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʢʦʣʦʥʥʘʭ ʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʨʝʘʣʠʟʫʝʪʩʷ, 

ʦʙʦʛʘʱʝʥʠʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʠʟʦʪʦʧʘʤ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʝʨʝʥʘʩʪʨʦʡʢʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʆʩʦʙʝʥʥʦʩʪʴ ɻʇʉ ʩʦʩʪʦʠʪ ʚ ʛʨʫʧʧʦʚʦʡ ʛʠʙʢʦ ʧʝʨʝʥʘʩʪʨʘʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʦʛʘʱʝʥʠʷ, ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʠʥʠʤʘʣʴʥʦʝ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʧʨʷʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

mailto:Balashkov_vit@mail.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʅʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʙʤʝʥʝ ʬʘʟʥʦʡ 

ʩʠʩʪʝʤʝ ʠʦʥʠʪ-ʨʘʩʪʚʦʨ. ʈʘʟʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ ʦʙʤʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘ ʪʚʝʨʜʦʬʘʟʥʳʭ ʢʘʪʠʦʥʠʪʘʭ ʚ ʢʦʣʦʥʥʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʬʘʟ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʫʟʣʘ ʦʙʨʘʱʝʥʠʷ ʧʦʪʦʢʦʚ ʬʘʟ. 

ʇʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʦʥʦʦʙʤʝʥʥʳʭ ʧʨʦʪʠʚʦʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʙʨʘʱʝʥʠʷ ʧʦʪʦʢʦʚ ʧʨʠ ʜʚʠʞʫʱʝʤʩʷ ʩʣʦʝ ʠʦʥʠʪʘ ʦʩʪʘʸʪʩʷ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤ. ɿʜʝʩʴ 

ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʧʦʩʦʙʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ: ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʝʩʪʠʢʘʤʝʨʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʦʩʪʦʷʱʝʶ ʠʟ ʜʚʫʭ 

ʪʨʝʭʢʘʤʝʨʥʳʭ, ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʦʙʦʛʘʱʸʥʥʦʡ ʬʨʘʢʮʠʠ ʟʦʥʦʡ, ʦʙʝʜʥʝʥʥʦʡ ʧʦ 

ʚʳʜʝʣʷʝʤʦʤʫ ʠʟʦʪʦʧʫ, ʚ ʪʨʝʭʢʘʤʝʨʥʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘʪʦʨʝ. 

ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʧʦ ʩʭʝʤʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʦʯʝʪʘʥʠʠ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ ʩ ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʝʡ ʠʦʥʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʚ ʧʨʦʪʠʚʦʪʦʯʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʢʦʣʦʥʢʘʭ ʩ ʥʘʣʦʞʝʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. [1] 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʥʦʩ ʠʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʧʦ ʬʘʟʝ ʨʘʩʪʚʦʨʘ, ʪʘʢ ʠ ʧʦ ʬʘʟʝ ʠʦʥʠʪʘ. 

ʇʨʠ ʵʪʦʤ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʦʪʠʚʦʪʦʯʥʘʷ ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʷ ʨʘʟʜʝʣʷʝʤʳʭ 

ʠʟʦʪʦʧʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʚ ʬʘʟʝ ʨʘʩʪʚʦʨʘ, ʪʘʢ ʠ ʚ ʬʘʟʝ ʠʦʥʠʪʘ ʧʫʪʝʤ ʚʩʪʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʠ ʩʠʩʪʝʤʳ 

ʠʦʥʠʪ - ʨʘʩʪʚʦʨ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʠʦʥʠʪʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢ ʚ 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʫʩʣʦʚʠʷʭ ʩʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʤʝʪʦʜʝ ʚ 1,3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʣʦʥʥʘʭ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʠʦʥʠʪʦʤ. [2] 

ɺ ʦʜʥʦʡ ʠʟ ʩʭʝʤ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʧʨʠʤʝʥʷʣʦʩʴ ʦʨʠʛʠʥʘʣʴʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʜʡʘʣʠʟʘ ʠ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʨʦʪʠʚʦʪʦʯʥʦʡ ʠʦʥʦʦʙʤʝʥʥʦʡ ʢʦʣʦʥʢʠ ʩ ʥʘʣʦʞʝʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘʪʦʨʘ, ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʢ ʝʝ ʢʘʪʦʜʥʦʡ ʯʘʩʪʠ. 

ʇʨʠ ʨʘʟʜʝʣʝʥʠʠ ʠʟʦʪʦʧʦʚ ʥʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʯʠʩʣʦ ʧʝʨʝʥʦʩʘ ʠ ʩʪʝʧʝʥʴ 

ʠʟʦʪʦʧʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʵʣʝʢʪʨʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʦʡ. [3] 

ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠ ʢʘʩʢʘʜʠʨʦʚʘʥʠʝ ʩʪʫʧʝʥʝʡ ʪʠʧʘ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘʪʦʨ-ʢʦʣʦʥʢʘ, ʯʝʤ 

ʦʜʥʠʭ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʣʦʥʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʶʪʩʷ ʥʘʫʯʥʦʡ ʙʘʟʦʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʜʝʣʝʥʠʷ ʠ ʪʦʥʢʦʡ 

ʦʯʠʩʪʢʠ ʚʝʱʝʩʪʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʨʘʥ-ʛʨʘʬʠʪʦʚʳʭ ʨʝʘʢʪʦʨʦʚ (ʋɻʈ) ʟʘʤʝʜʣʠʪʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʤ. ɺ ʤʠʨʝ, 

ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʚʩʝʭ ɸʕʉ ʩ ʈɹʄʂ, ʤʘʩʩʘ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʨʝʘʢʪʦʨʥʦʛʦ ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 260 ʪʳʩ. ʪʦʥʥ. ɺ 

ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʣʫʯʝʥʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʛʨʘʬʠʪʘ [1]. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʚʝʜʫʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʝʱʸ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʠʟʦʪʦʧ 14C. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʧʦʠʩʢʘ 

ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʣʫʯʝʥʥʦʛʦ ʨʝʘʢʪʦʨʥʦʛʦ ʛʨʘʬʠʪʘ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʨʝʘʢʪʦʨʥʦʛʦ ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʘ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʝ. ɺ ʨʘʙʦʪʝ [2] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʤʝʞʜʫ 

ʛʘʟʦʚʦʡ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 0.2 ʊʣ 

ʩʦʜʝʨʞʘʥʠʝ 13ʉʆ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 1.4%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʛʥʠʪʦʚ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

1.2 ʊʣ ʩʦʜʝʨʞʘʥʠʝ 13ʉʆ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʚʦʟʨʘʩʪʘʣʦ ʜʦ 1.78%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʧʠʥʦʚʦʡ ʩʝʧʘʨʘʮʠʠ 

ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤ ʜʣʷ ʨʘʜʠʦʥʫʢʣʠʜʘ 14C, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʦʙʣʫʯʝʥʥʦʤ ʨʝʘʢʪʦʨʥʦʤ ʛʨʘʬʠʪʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʙʠʚʘʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ. ʇʨʠ ʵʪʦʤ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ: ʩʦʩʪʘʚʘ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʡ ʩʤʝʩʠ, ʯʘʩʪʦʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ ʯʘʩʪʠʮ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʣʘʟʤʳ, ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʙʤʝʥʘ, ʛʝʦʤʝʪʨʠʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ. ʇʨʠʯʠʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʧʘʨʘʮʠʠ 

ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʧʨʦʜʫʢʪʦʚ ʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʝʘʢʪʦʨʝ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩʝʧʘʨʘʮʠʠ ʠʟʦʪʦʧʦʚ.  

ɻʘʟʦʚʳʝ ʧʦʪʦʢʠ ʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʤʦʜʝʣʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ COMSOL Multiphysics ʩ ʫʯʝʪʦʤ 

ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʢʘʥʘʣʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ. ɼʣʷ ʨʘʟʥʳʭ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʭ ʩʤʝʩʝʡ, ʩʦʦʪʥʦʰʝʥʠʷ 

ʜʠʘʤʝʪʨʘ ʠ ʜʣʠʥʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʟʦʥʝ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʩʢʦʨʦʩʪʴ ʟʘʢʘʣʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ɺʏ-ʬʘʢʝʣʴʥʦʛʦ ʠ 

ʜʫʛʦʚʦʛʦ ʧʣʘʟʤʘʪʨʦʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʡ ʨʘʩʭʦʜ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ 

ʧʨʠ ʩʧʠʥʦʚʦʡ ʩʝʧʘʨʘʮʠʠ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ ʩ ʧʦʚʳʰʝʥʥʦʡ ʝʤʢʦʩʪʴʶ [1], ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ 

ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʤʘʪʝʨʠʘʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʣʣʦʪʨʦʧʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʤʝʪʘʣʣʘʤʠ ʠ ʥʝʤʝʪʘʣʣʘʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʦʟʜʘʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʙʮʠʠ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʧʨʦʛʨʝʚʘʝʤʳʡ ʨʝʘʢʪʦʨ ʉʊ, ʢʦʪʦʨʳʡ 

ʩʦʝʜʠʥʝʥ ʩ ʪʝʨʤʦʢʦʥʪʨʦʣʣʝʨʦʤ ʊʉ ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʜʠʘʧʘʟʦʥʘ ʥʘʛʨʝʚʘ. ʌʦʨʚʘʢʫʫʤʥʳʡ 

ʥʘʩʦʩ N ʧʨʦʠʟʚʦʜʠʪ ʦʪʢʘʯʢʫ ʩʠʩʪʝʤʳ ʜʦ ʜʘʚʣʝʥʠʡ ʥʠʞʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. ʂʦʥʪʨʦʣʴ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʠʯʝʩʢʠʭ PD ʠ ʪʝʨʤʦʧʘʨʥʳʭ PT ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʚʦʜʦʨʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʚʦʜʦʨʦʜʘ QL 500 ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 0,5 ʣ/ʤʠʥ ʠ 

ʜʘʚʣʝʥʠʝʤ ʥʘ ʚʳʭʦʜʝ 0,4 ʄʇʘ. ʂʦʥʪʨʦʣʴ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʨʝʘʢʪʦʨʝ ʚʦʜʦʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʄʉ-7. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ, ʫʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʠ 

ʚʦʜʦʨʦʜʘ ʥʘʥʦʜʠʩʧʝʨʩʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʤʝʪʦʜʦʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ; ʧʨʦʛʨʝʚ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 20õ800ʉ̄; ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʠʥʪʝʨʚʘʣʝ 0,1õ25ʉ̄/ʤʠʥ; ʠʟʫʯʝʥʠʝ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 0,133õ4Ŀ105 ʇʘ; ʧʦʣʫʯʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚʦʜʦʨʦʜʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ; ʧʦʣʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʦʪ ʚʨʝʤʝʥʠ. 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ: ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ, ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʝʤʢʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʜʨ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɺʠʜʷʝʚ ɼ.ɻ., ʉʘʚʦʩʪʠʢʦʚ ɼ.ɺ., ʉʝʣʷʥʠʥ ɸ.ʉ., ʉʠʜʦʨʢʠʥ ɸ.ʉ. ʆ ʢʠʥʝʪʠʢʝ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ // ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʌʠʟʠʢʘ. ï 2013. ï ʊ.56. 

ˉ 11/3. ï ʉ. 280ï283. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʬʦʩʬʘʪʥʳʝ ʨʫʜʳ ʠ ʢʦʥʮʝʥʪʨʘʪʳ ʩʦʜʝʨʞʘʪ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʥʘʨʷʜʫ ʩ ʈɿʕ ʫʨʘʥ ʠ ʪʦʨʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʟʥʳʭ ʧʘʨʪʠʷʭ ʤʦʥʘʮʠʪʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʛ. ʂʨʘʩʥʦʫʬʠʤʩʢʘ ʩʫʤʤʘ 

ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 50-60 ʤʘʩ. %, ThO2 ï 4-7 %, SiO2 ï 0,6-2 % [1]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʘʮʠʪʦʚʳʤʠ 

ʢʦʥʮʝʥʪʨʘʪʘʤʠ ʩʦʜʝʨʞʘʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʧʘʪʠʪʦʚʳʭ ʨʫʜʘʭ ʠ ʢʦʥʮʝʥʪʨʘʪʘʭ ʤʘʣʦ ʠ ʥʝ ʠʛʨʘʝʪ 

ʟʥʘʯʠʤʦʡ ʨʦʣʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʜʘʥʥʦʛʦ ʩʳʨʴʷ ʥʘ ʫʜʦʙʨʝʥʠʷ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʦʪʦʢʦʚ ʠʭ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. ʅʦ ʚ ʩʚʷʟʠ ʩ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴʶ ʘʧʘʪʠʪʘ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʈɿʕ ʩʳʨʴʷ ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʤʥʦʛʠʭ 

ʩʚʦʡʩʪʚ ʫʨʘʥʘ, ʪʦʨʠʷ ʠ ʈɿʕ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʜʦ ʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʫʨʦʚʥʝʡ. 

ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʫʨʘʥ, ʪʦʨʠʡ ʠ ʈɿʕ, ʧʦ ʘʟʦʪʥʦʢʠʩʣʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʚʣʝʢʘʪʴ ʫʨʘʥ ʠ ʪʦʨʠʡ ʵʢʩʪʨʘʢʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʵʢʩʪʨʘʛʝʥʪʳ ï ʊɹʌ ʠ ɼʠ2ʕɻʌʂ, ʠ ʠʭ ʩʤʝʩʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ 

ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʈɿʕ ʠʟ ʤʦʥʘʮʠʪʘ ʠ ʘʧʘʪʠʪʘ ï ʝʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʝʡʯʘʩ ʤʦʥʘʮʠʪ ʚ ʈʦʩʩʠʠ ʥʝ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʤʦʞʥʦ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʈɿʕ, ʪʦ ʘʧʘʪʠʪ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʘʭ, ʥʦ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʜʦʙʨʝʥʠʡ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ 

ʠʟʚʣʝʯʝʥʠʷ ʈɿʕ ʠʟ ʘʧʘʪʠʪʦʚʦʛʦ ʩʳʨʴʷ ʩʣʝʜʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʳʚʦʜʷ ʢʦʥʮʝʥʪʨʘʪ ʈɿʕ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠ ʥʘʠʤʝʥʴʰʝʤ 

ʚʣʠʷʥʠʠ ʥʘ ʦʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʪʦʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʜʝʣʝʥʠʷ ʈɿʕ-

ʢʦʥʮʝʥʪʨʘʪʘ ʠʟ ʘʟʦʪʥʦʢʠʩʣʦʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʘʧʘʪʠʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʜʝʣʝʥʠʝ ʦʩʘʞʜʝʥʠʝʤ ʚ ʬʦʨʤʝ 

ʛʠʜʨʘʪʥʦ-ʬʦʩʬʘʪʥʳʭ ʦʩʘʜʢʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʘʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʤʦʞʥʦ ʨʘʩʪʚʦʨʠʪʴ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʠ 

ʥʘʧʨʘʚʣʷʪʴ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʈɿʕ ʧʨʠ ʧʦʤʦʱʠ ʊɹʌ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤʫ ʠʟʚʣʝʯʝʥʠʶ ʈɿʕ ʠʟ ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʈɿʕ-ʢʦʥʮʝʥʪʨʘʪʘ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʟʘ 5 ʩʪʫʧʝʥʝʡ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʆ:ɺ = 1,5:1 ʈɿʕ ʠʟʚʣʝʢʘʶʪʩʷ 

ʥʘ 99,3 % . ɸʥʘʣʠʟ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʨʝʵʢʩʪʨʘʢʪʝ ï ʞʝʣʝʟʘ ʠ ʢʘʣʴʮʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ [Feʦʙ]ɦ = 

0,2 ʛ/ʣ, [Ca] = 0,15 ʛ/ʣ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʠʩʪʢʘ ʦʪ ʞʝʣʝʟʘ ʧʨʦʠʟʦʰʣʘ ʚ 33,4 ʨʘʟʘ, ʦʪ ʢʘʣʴʮʠʷ ï 2,7 ʨʘʟ. ɸʥʘʣʠʟ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʨʝʢʵʩʪʨʘʢʪʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʬʦʩʬʦʨ ʝʱʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,1-0,2 ʛ/ʣ, ʥʦ ʫʞʝ ʧʦʩʣʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʈʝʧʠʥʘ ʉ.ɸ., ʇʦʧʦʚʘ ɺ.ʀ., ɹʘʞʝʥʦʚʘ ʃ.ʌ. ʄʠʥʝʨʘʣʦʛʠʷ ʤʦʥʘʮʠʪʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʆɻʋ çʋʨʘʣʤʦʥʘʮʠʪè // 

ʋʨʘʣʴʩʢʠʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʙʦʨʥʠʢ.  ï 2008. ï ˉ 15. ï C. 17-26. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʈɽɸʂʊʆʈʆɺ 

ʀ.ɺ.ɺʘʩʠʣʴʢʦʚ 

ʇʫʙʣʠʯʥʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ "ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʟʘʚʦʜ ʭʠʤʢʦʥʮʝʥʪʨʘʪʦʚ" 

ʈʦʩʩʠʷ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ɹ.ʍʤʝʣʴʥʠʮʢʦʛʦ, 94, 630110 

E-mail: nzhk@nccp.ru 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʧʣʠʚʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʭ ʢʦʥʚʝʨʩʠʠ - ʟʘʤʝʥʳ ʪʦʧʣʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʩʦʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ (HEU) ʥʘ 

ʪʦʧʣʠʚʦ ʥʠʟʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ (LEU) ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʸ ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʢʪʦʨʦʚ ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʛʨʫʟʢʫ ʚ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ U-235 

ʧʨʠ ʝʛʦ ʤʝʥʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ (ʦʙʦʛʘʱʝʥʠʠ) ʚ ʪʦʧʣʠʚʝ. ʂʦʥʚʝʨʩʠʶ ʚʳʩʦʢʦʧʦʪʦʯʥʳʭ ʨʝʘʢʪʦʨʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʪʦʣʴʢʦ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʫʨʘʥʘ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʣʝʛʠʨʫʶʪ ʤʦʣʠʙʜʝʥʦʤ ʜʣʷ ʧʨʠʜʘʥʠʷ ʬʘʟʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʩʣʦʞʥʝʝ, ʘ ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʠʤ ʧʫʪʸʤ ʥʝʚʦʟʤʦʞʥʦ, ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʢʦʥʚʝʨʩʠʠ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʦʯʝʥʴ 

ʚʘʞʥʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʙʣʝʤʳ - ʠʩʢʣʶʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʣʠʥʠʠ ʥʘʫʯʥʦʡ ʠ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʥʘʨʘʙʦʪʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʪʦʧʦʚ. 

ʇʦʵʪʦʤʫ ʚʪʦʨʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʧʣʠʚʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ 

ʥʘ ʦʩʥʦʚʝ LEU, ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʫʜʝʰʝʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʚʦʟʚʨʘʪʘ ʪʦʧʣʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʟʘʜ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ U-9Mo ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʝ ʠ ʘʣʶʤʠʥʠʝʚʦʡ ʦʙʦʣʦʯʢʝ. ɺ ʩʦʩʪʘʚ 

ʦʪʭʦʜʦʚ ʚʭʦʜʷʪ ʬʨʘʛʤʝʥʪʳ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʚʠʜʝ ʦʙʨʝʟʢʦʚ ʪʚʵʣʦʚ, ʧʨʝʩʩʦʩʪʘʪʢʦʚ ʠʣʠ ʜʨʫʛʠʭ ʦʙʦʨʦʪʦʚ, 

ʥʝʢʦʥʜʠʮʠʦʥʥʳʝ ʠʟʜʝʣʠʷ. ɺ ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʷ ʦʪʭʦʜʦʚ ʧʦ ʪʦʧʣʠʚʫ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʝʩʷʪʢʠ 

ʧʨʦʮʝʥʪʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʪʱʘʪʝʣʴʥʦʤ ʠ ʩʪʨʦʛʦʤ ʢʦʥʪʨʦʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʧʣʠʚʥʳʭ 

ʯʘʩʪʠʮ ʚ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʷʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʜʦ 10%. 

ʅʝʢʦʥʜʠʮʠʦʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʚʠʜʝ ʦʙʨʝʟʢʦʚ ʪʚʵʣʦʚ, ʧʨʝʩʩʦʩʪʘʪʢʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʦʙʦʨʦʪʦʚ ʩʦʨʪʠʨʫʶʪ ʠ ʟʘʛʨʫʞʘʶʪ ʚ ʦʪʜʝʣʴʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʦʙʦʨʦʪʦʚ ʧʦʨʠʩʪʳʝ ʢʦʨʟʠʥʳ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʝʜʢʠʤ ʥʘʪʨʦʤ ʠ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʟʘʪʝʤ ʦʧʫʩʢʘʶʪ ʚ ʨʝʘʢʪʦʨ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʷʜʝʨʥʦ-ʙʝʟʦʧʘʩʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʚ ʨʘʩʪʚʦʨ ʝʜʢʦʛʦ ʥʘʪʨʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʝʜʢʦʛʦ 

ʥʘʪʨʘ 5-30%. ɺ ʧʨʦʮʝʩʩʝ ʪʨʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʢʦʥʪʨʦʣʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʨʘʩʪʚʦʨʘ. ɺ 

ʩʣʫʯʘʝ ʧʦʜʲʸʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 75 ʦʉ ʢʦʨʟʠʥʫ ʠʟʚʣʝʢʘʶʪ ʠʟ ʨʘʩʪʚʦʨʘ, ʣʠʙʦ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʪʦʢ ʦʭʣʘʞʜʘʶʱʝʡ 

ʚʦʜʳ ʚ ʦʭʣʘʞʜʘʶʱʫʶ ʨʫʙʘʰʢʫ ʨʝʘʢʪʦʨʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʘʣʶʤʠʥʠʷ ʢʦʨʟʠʥʫ ʩ 

ʠʟʚʣʝʯʸʥʥʳʤ ʧʦʨʦʰʢʦʤ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʦʤʳʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠ 

ʦʧʫʩʢʘʶʪ ʚ ʨʝʘʢʪʦʨ ʩ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʦʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 25 ʛ/ʣ. ɼʘʣʝʝ 

ʧʦʨʦʰʦʢ ʧʨʦʩʫʰʠʚʘʶʪ ʠ ʧʝʨʝʛʨʫʞʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ U-Mo ʦʪʭʦʜʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʚʳʩʦʢʦʧʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ LEU ʜʦ 10%. 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʧʦʨʦʰʢʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʦʙʘʚʦʢ 

ʜʣʷ ʙʝʪʦʥʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʠ ʪʝʨʤʦʩʪʦʡʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʠʟʚʝʩʪʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ, 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ, ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʠ ʜʨʫʛʠʝ [1-3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʘ 

SiO2 ʧʨʠ ʧʦʤʦʱʠ ʵʥʝʨʛʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʭʣʦʨʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ 

ʛʝʥʝʨʠʨʫʝʤʦʡ ʧʣʘʟʤʦʪʨʦʥʦʤ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤ ʩʠʣʠʢʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, 

ʤʦʣʦʪʦʝ ʩʪʝʢʣʦ, ʛʨʘʥʠʪ). ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʣʘʟʤʳ ʚ ʨʝʘʢʪʦʨʝ ʧʨʦʠʩʭʦʜʷʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʣʘʚʣʝʥʠʷ ʩʳʨʴʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʧʣʘʚʘ. ʊʘʢʞʝ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʩʫʙʣʠʤʘʮʠʠ 

ʚʳʩʦʢʦʢʨʝʤʥʝʟʝʤʠʩʪʦʛʦ ʩʳʨʴʷ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʚ ʥʝʤ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʟʘ ʩʯʝʪ ʜʞʦʫʣʝʚʘ ʥʘʛʨʝʚʘ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʧʘʨʝʥʠʝ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ɻʘʟʦʚʘʷ ʬʘʟʘ 

ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʝʘʢʪʦʨʘ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʢʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ 

ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 100 ʥʤ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʩʪʦʷʥʥʦ ʨʝʰʘʝʪ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʙʣʶʜʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʇɸʆ çʅɿʍʂè ʩʦʚʝʨʰʠʣ ʠʥʥʦʚʘʮʠʦʥʥʳʡ 

ʩʢʘʯʦʢ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ çʤʦʢʨʦʡè ɸɼʋ-ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʦʙʦʛʘʱʝʥʠʝʤ ʜʦ 5 % ʧʦ 

ʫʨʘʥʫ-235 ʥʘ çʩʫʭʫʶè ʩʭʝʤʫ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʠʨʦʛʠʜʨʦʣʠʟʘ (ɺʇɻ). ʇʨʠ ʚʩʝʭ ʜʨʫʛʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʪʘʙʣʝʪʦʢ ʥʘ 30-40 %. 

ʆʜʥʘʢʦ, ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʣʘ ʙʳ ʥʝ ʧʦʣʥʦʡ, ʝʩʣʠ ʙʳ ʦʩʪʘʚʘʣʘʩʴ ʧʨʦʙʣʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʦʨʦʪʦʚ 

ʪʘʙʣʝʪʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʫʞʥʘ ʣʠʥʠʷ ɸɼʋ. ɺ ʩʚʷʟʠ ʩ ʧʣʘʥʠʨʫʝʤʳʤ ʟʘʢʨʳʪʠʝʤ ʚʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʭʝʤʝ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʘʙʣʝʪʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʚʝʜʝʥʠʝ ʚ ʠʩʭʦʜʥʳʡ ʧʨʝʩʩʧʦʨʦʰʦʢ ʟʘʢʠʩʠ-

ʦʢʠʩʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʝʩʩʦʚʘʥʠʷ ʪʘʙʣʝʪʦʢ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ, ʥʝʢʦʥʜʠʮʠʦʥʥʳʝ ʩʧʝʯʸʥʥʳʝ 

ʪʘʙʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʢʠʩʣʷʶʪ ʥʘ ʚʦʟʜʫʭʝ. ʆʪʩʫʪʩʪʚʠʝ ʜʦʙʘʚʦʢ ʟʘʢʠʩʠ-ʦʢʠʩʠ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʧʦʣʫʯʝʥʠʷ ʪʘʙʣʝʪʦʢ ʩ ʜʝʬʝʢʪʘʤʠ (ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʪʨʝʱʠʥʘʤʠ).  

ʂ ʦʙʦʨʦʪʥʳʤ ʦʪʭʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʥʝʢʦʥʜʠʮʠʦʥʥʳʝ ʧʦʨʦʰʢʠ ʠ ʩʧʝʯʝʥʥʳʝ ʠ ʥʝʩʧʝʯʝʥʥʳʝ ʪʘʙʣʝʪʢʠ, 

ʰʣʠʬʦʪʭʦʜʳ, ʩʤʝʪʢʠ ʠ ʜʨ. ɺʩʝ ʦʥʠ ʠʤʝʶʪ ʦʜʥʫ ʦʙʱʫʶ ʦʩʦʙʝʥʥʦʩʪʴ, ʧʨʝʧʷʪʩʪʚʫʶʱʫʶ ʠʭ ʧʨʷʤʦʤʫ ʚʦʚʣʝʯʝʥʠʶ 

ʚ ʧʨʦʮʝʩʩ ï ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ (ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʙʦʨʘ, 

ʘʣʶʤʠʥʠʷ, ʢʨʝʤʥʠʷ ʠ ʜʨ.), ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʰʣʠʬʦʪʭʦʜʘʭ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʯʘʭ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ. ɼʠʘʧʘʟʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʜʦ 1500 ʨʨʤ ʧʦ 

ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʧʨʠʤʝʩʷʤ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʭ ʧʦʚʝʜʝʥʠʝ ʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʧʨʠʤʝʩʷʤʠ. 

ʊʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʧʝʢʘʥʠʠ ʙʨʠʢʝʪʦʚ ʠʟ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ ʚ 

ʧʝʯʠ BTU (ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʦʥʘ 1770 Ñ 10 Üʉ, ʘʪʤʦʩʬʝʨʘ - ʚʦʜʦʨʦʜ) ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ, ʢʨʝʤʥʠʷ, ʙʦʨʘ, ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʧʦ ʨʷʜʫ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʧʦʜʰʠʭʪʦʚʢʠ ʢ ʧʨʝʩʧʦʨʦʰʢʫ ʦʙʦʨʦʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʪʘʙʣʝʪʢʠ 

ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʊʋ 95 1823-2001ɽ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ɺʩʝ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʚʦʚʣʝʯʝʥʠʶ ʦʙʦʨʦʪʦʚ. 

ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʥʘʧʨʷʤʫʶ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʚʷʟʠ ʩ ʠʭ ʥʝʛʘʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʙʣʝʪʦʢ ʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʚʦʚʣʝʯʝʥʠʷ 

ʙʳʣʠ ʦʪʨʘʙʦʪʘʥʳ ʧʨʠʝʤʳ, ʧʦʟʚʦʣʠʚʰʠʝ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʙʣʝʪʦʢ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʚʦʚʣʝʯʝʥʠʷ ʚʩʝʭ ʦʙʦʨʦʪʦʚ 

ʪʘʙʣʝʪʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʦʯʠʩʪʢʠ ʧʦ ɸɼʋ-ʪʝʭʥʦʣʦʛʠʠ. ɺʩʸ 

ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ɺʈɽʄɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɼʀʆʅʋʂʃʀɼʅʆʁ ʏʀʉʊʆʊʓ (ʈʅʏ) ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ʈɸɼʀʆʌɸʈʄʇʈɽʇɸʈɸʊʆɺ. 

ɸ.ɸ. ɻʘʨʘʧʘʮʢʠʡ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: garapatski@tpu.ru  

ʇʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʤʠʰʝʥʠ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʷʜʨʘ-ʧʨʦʜʫʢʪʳ. ʏʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ ʨʘʩʪʸʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʧʦ ʤʝʨʝ ʪʦʛʦ, 

ʢʘʢ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʦʨʦʛʘ ʚʩʸ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʨʝʘʢʮʠʡ [1]. ( , ) ,iA a b Bä  ʛʜʝ A ï 

ʷʜʨʦ-ʤʠʰʝʥʴ; a  ï ʙʦʤʙʘʨʜʠʨʫʶʱʘʷ ʯʘʩʪʠʮʘ; ibä  - ʠʩʧʫʩʢʘʝʤʳʝ ʯʘʩʪʠʮʳ; ʷʜʨʦ ʧʨʦʜʫʢʪ. ʆʙʨʘʟʫʶʱʠʝʩʷ 

ʨʘʜʠʦʥʫʢʣʠʜʳ ʨʘʩʧʘʜʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ. ʇʨʠ ʚʳʙʦʨʝ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ 

ʢʦʥʝʮ ʦʙʣʫʯʝʥʠʷ (EOB) ʜʦʣʞʝʥ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʠʟʦʪʦʧʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʳʭʦʜʝ 

ʥʝʮʝʣʝʚʳʭ ʠʟʦʪʦʧʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʵʥʝʨʛʠʠ ʦʙʣʫʯʝʥʠʷ ʙʨʘʪʴ ʚ ʨʘʩʯʝʪ ʥʝ EOB, ʘ RCY- 

ʚʨʝʤʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʤʝʯʝʥʠʷ ʩʫʙʩʪʘʥʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʩʪʠʞʝʥʠʷ ʈʅʏ. ʈʘʩʩʤʦʪʨʝʥʦ 

ʧʦʣʫʯʝʥʠʝ ʮʝʣʝʚʦʛʦ ʨʘʜʠʦʠʟʦʪʦʧʘ 67Ga ʧʦ ʨʝʘʢʮʠʷʤ 66Zn(d,n)67Ga; 67Zn(d,2n)67Ga ʥʘ ʤʠʰʝʥʴ ʠʟ ʧʨʠʨʦʜʥʦʛʦ 

ʮʠʥʢʘ natZn (48.9% Zn-64, 24.8% Zn-66, 4.1% Zn-67, 18.6% Zn-68, 0.6% Zn-70) ʠ ʥʘ ʤʠʰʝʥʴ ʠʟ ʦʙʦʛʘʱʝʥʥʦʛʦ ʜʦ 

99% 66Zn. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ çʯʠʩʪʦʛʦè 67Ga (ʩ ʘʢʪʠʚʥʦʩʪʴʶ 66Ga ʤʝʥʴʰʝ 0.5%), 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʨʝʘʢʮʠʠ 66Zn (99%)(d,n) 67Ga ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʜʝʡʪʨʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 8.5 - 13 ʄʵɺ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʣʫʯʝʥʠʷ. ʆʞʠʜʘʝʤʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ çʯʠʩʪʦʛʦè 67Ga 

ʙʫʜʝʪ ʨʘʚʝʥ 14.4 ʄɹʢ/(Õɸ*ʯ) ʩʧʫʩʪʷ 26 ʯʘʩʦʚ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʣʫʯʝʥʠʷ ʜʝʡʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 9,5 ʄʵɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʝʡʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʮʠʢʣʦʪʨʦʥʘ ʈ7ʄ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ ʨʝʘʢʮʠʠ 

66Zn(d,n) ʥʘ ʦʙʦʛʘʱʝʥʥʦʡ ʤʠʰʝʥʠ ʧʨʠ ʵʥʝʨʛʠʠ ʜʝʡʪʨʦʥʦʚ 8,7-9,2 ʄʵɺ.  
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ʈʠʩʫʥʦʢ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ çʯʠʩʪʦʛʦè 67Ga ʧʦ ʨʝʘʢʮʠʠ 66Zn(99%)(d,n) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ 

ʜʝʡʪʨʦʥʦʚ ʠ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɼʤʠʪʨʠʝʡ ʇ.ʇ. ɺʳʭʦʜ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʧʨʦʪʦʥʘʤʠ, ʜʝʡʪʨʦʥʘʤʠ, ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʠ ʛʝʣʠʝʤ-3: 

ʉʧʨʘʚʦʯʥʠʢ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1986. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʈɸɿʈɸɹʆʊʂɸ ʉʇʆʉʆɹɸ ɺʉʂʈʓʊʀʗ ʄʆʅɸʎʀʊʆɺʆɻʆ ʂʆʅʎɽʅʊʈɸʊɸ 

ʄ. ʌ. ɼʞʘʙʙʘʨʦʚʘ, ʄ. ɺ. ʊʫʨʠʥʩʢʘʷ, ɺ. ɺ. ʐʘʛʘʣʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: mvt6@tpu.ru  

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʠʩʯʝʨʧʘʝʤʦʩʪʴ ʨʝʩʫʨʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ Th232, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʳʨʴʝʚʳʤ ʥʫʢʣʠʜʦʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʝʣʷʱʝʛʦʩʷ ʥʫʢʣʠʜʘ U233. ʈʝʘʢʪʦʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʨʠʷ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʩʦʜʝʨʞʘʥʠʝ ʪʦʨʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʚ 3-4 ʨʘʟʘ. ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʨʝʩʫʨʩʳ ʪʦʨʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 1 ʤʣʥ. ʪʦʥʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʪʦʨʠʡ ʥʝ ʪʨʝʙʫʝʪ ʪʨʫʜʦʝʤʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʧʨʠʨʦʜʝ ʩʦʜʝʨʞʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʠʥ ʠʟʦʪʦʧ ʪʦʨʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʪʦʨʠʝʚʳʝ ʨʝʘʢʪʦʨʳ 

ʥʝ ʦʙʣʘʜʘʶʪ ʟʘʧʘʩʦʤ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʮʝʧʥʦʡ 

ʨʝʘʢʮʠʠ [1]. ɺ ʧʨʠʨʦʜʝ ʪʦʨʠʡ ʚʩʝʛʜʘ ʩʦʧʫʪʩʪʚʫʝʪ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʭ ʠʟʚʣʝʢʘʪʴ ʩʦʚʤʝʩʪʥʦ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʨʠʷ ʠ ʈɿʕ ʷʚʣʷʝʪʩʷ ʤʦʥʘʮʠʪ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʠʷ ʤʦʥʘʮʠʪʘ: ʱʝʣʦʯʥʦʡ ʠ ʩʝʨʥʦʢʠʩʣʦʪʥʳʡ [2]. ʕʪʠ ʤʝʪʦʜʳ ʥʘʥʦʩʷʪ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʘ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠ ʪʨʫʜʦʝʤʢʠʤʠ, ʢ ʧʨʠʤʝʨʫ, ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʧʦʩʣʝ ʚʩʢʨʳʪʠʷ ʤʦʥʘʮʠʪʘ ʥʝʣʴʟʷ 

ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʦʩʬʘʪʥʦʛʦ ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʠʷ ʤʦʥʘʮʠʪʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʚʳʜʝʣʝʥʠʷ ʪʦʨʠʷ ʠ ʈɿʕ. 

ɼʣʷ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʥʘʮʠʪʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ. ʂ ʢʦʥʮʝʥʪʨʘʪʫ ʧʨʠʣʠʚʘʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ 

ʬʦʩʬʦʨʥʫʶ ʢʠʩʣʦʪʫ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 350 - 380 ÁC ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʥʝʨʘʩʪʚʦʨʠʤʳʝ 

ʩʨʝʜʥʠʝ ʬʦʩʬʘʪʳ ʪʦʨʠʷ ʠ ʯʘʩʪʴ ʈɿʕ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨʠʤʳʝ ʢʠʩʣʳʝ ʬʦʩʬʘʪʳ. ʅʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʦʩʘʜʦʢ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʠʥʝʨʘʣʳ ʮʠʨʢʦʥʘ ʠ ʠʣʴʤʝʥʠʪʘ (ʢʦʪʦʨʳʝ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ), 

ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ. ɺʩʢʨʳʪʠʝ ʤʦʥʘʮʠʪʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 95% ʧʦ ʪʦʨʠʶ ʠ ʈɿʕ ʚ ʦʜʥʫ ʩʪʘʜʠʶ. 

ʀʩʭʦʜʷ ʠʭ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʧʦ ʩʭʝʤʝ: 

(Th, ʈɿʕ)x(PO4)y + H3PO4 Ÿ (Th, ʈɿʕ)x(HPO4)y + (Th, ʈɿʕ)x(H2PO4)y 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʥʘʮʠʪʦʚʳʭ ʨʫʜ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʈɽɻɽʅɽʈɸʎʀʗ ʉɽʈɽɹʈɸ ʀɿ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʈɸʉʊɺʆʈʆɺ ʈɸɼʀʆʍʀʄʀʏɽʉʂʆɻʆ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʆʈɻɸʅʀʏɽʉʂʀʍ ɹɽʉʉʆʃɽɺʓʍ ɺʆʉʉʊɸʅʆɺʀʊɽʃɽʁ 
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ʌʝʜʝʨʘʣʴʥʘʷ ʷʜʝʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉɺɽʅʅʆɽ ʋʅʀʊɸʈʅʆɽ ʇʈɽɼʇʈʀʗʊʀɽ  

çɻʆʈʅʆ-ʍʀʄʀʏɽʉʂʀʁ ʂʆʄɹʀʅɸʊè (ʌɻʋʇ çɻʍʂè), 

ʈʦʩʩʠʷ, ʛ. ɾʝʣʝʟʥʦʛʦʨʩʢ, ʫʣ. ʃʝʥʠʥʘ 53, 662972, 
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ʈʘʬʠʥʘʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʧʣʫʪʦʥʠʷ ʦʪ ʘʤʝʨʠʮʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʝ ʋʇʇ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʥʘ ʌɻʋʇ çɻʍʂè, ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠ ʘʤʝʨʠʮʠʡ, ʠ ʥʠʪʨʘʪ 

ʩʝʨʝʙʨʘ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʜʠʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ. ʉ ʮʝʣʴʶ 

ʚʦʟʚʨʘʱʝʥʠʷ ʩʝʨʝʙʨʘ ʥʘ ʦʧʝʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʝ ʠ ʩʝʣʝʢʪʠʚʥʦʝ ʦʪʜʝʣʝʥʠʝ 

ʩʝʨʝʙʨʘ ʦʪ ʘʤʝʨʠʮʠʷ ʚ ʵʪʠʭ ʨʘʩʪʚʦʨʘʭ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʳʜʝʣʝʥʠʷ ʩʝʨʝʙʨʘ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟ ʘʤʤʠʘʯʥʦ-ʥʠʪʨʘʪʥʳʭ ʩʨʝʜ, ʥʝ ʧʨʠʝʤʣʝʤʳ ʜʣʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʧʨʠʯʠʥʝ 

ʩʣʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʫʜʥʦʫʪʠʣʠʟʠʨʫʝʤʳʭ ʦʪʭʦʜʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʦʪʜʝʣʝʥʠʷ ʩʝʨʝʙʨʘ ʦʪ ʘʤʝʨʠʮʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʳʜʝʣʷʪʴ ʩʝʨʝʙʨʦ ʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʆʂʉ-ʪʦʧʣʠʚʘ.  

ʀʟʚʣʝʯʝʥʠʝ ʩʝʨʝʙʨʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʦʛʠʜʨʘʟʠʜʘ (ʂɻ) ʚ 

ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʘʤʠʥʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ɸʋʂ) ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ. ɼʦʙʘʚʣʝʥʠʝ 

ʘʤʠʥʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʢ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʫʤʝʥʴʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, 

ʧʦʩʢʦʣʴʢʫ ɸʋʂ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʤʠʥʥʫʶ ʛʨʫʧʧʫ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʚʦʙʦʜʥʦʛʦ (ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ) ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʝʙʨʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʚʦʜʠʤʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

 ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ ʥʘ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʝʙʨʘ ʠ ʜʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ɸʋʂ:HNO3 ʨʘʚʥʦʤ (1-1,5), 

ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʚʦʨʘ 60-70Üʉ ʠ ʜʚʫʭʢʨʘʪʥʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʠʟʙʳʪʢʝ ʢʘʨʙʦʛʠʜʨʘʟʠʜʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʝʙʨʘ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,5 ʤʛ/ʣ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʝʙʨʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 99,99 %. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʭʦʨʦʰʦ 

ʬʠʣʴʪʨʫʝʤʳʝ ʦʩʘʜʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʝʙʨʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʘʪ. 2378398 ʈʌ. ʄʇʂ C22B11/00. ʉʇʆʉʆɹ ʇʆʃʋʏɽʅʀʗ ʉɽʈɽɹʈɸ / ʖ.ɸ. ʉʠʜʦʨʝʥʢʦ. ɿʘʷʚʣʝʥʦ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ɺʃʀʗʅʀɽ ʂʆʅʉʊʈʋʂʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʅɸ ʈɸʉʊɺʆʈɽʅʀɽ ɼʀʆʂʉʀɼɸ ʇʆʃʋʊʆʅʀʗ 

ɺ.ɺ. ɹʦʥʜʠʥ. ɽ.ʆ. ɻʨʠʛʦʨʴʝʚʘ, ʀ.ɻ.ɽʬʨʝʤʦʚ ɸ.ɺ. ʉʠʨʦʪʠʥʘ 

ʌʗʆ ʌɻʋʇ ɻʦʨʥʦ-ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ,  

ʈʦʩʩʠʷ, ʛ.ɾʝʣʝʟʥʦʛʦʨʩʢ, ʫʣ. ʃʝʥʠʥʘ 58ʘ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʪʚʦʨʝʥʠʷ PuO2 ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ag(II). ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʪʚʦʨʝʥʠʷ ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʘʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜʳ, ʙʳʩʪʨʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Ag(II). ɺʚʠʜʫ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʥʝʦʙʭʦʜʠʤ ʪʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʧʧʘʨʘʪʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʢʠʥʝʪʠʢʫ ʥʘʢʦʧʣʝʥʠʷ Ag(NO3)2 ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʘʧʧʘʨʘʪʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʠʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ ʚʳʙʨʘʥ ʪʠʪʘʥ ʤʘʨʢʠ ɺʊ1-0.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʳʡ ʨʘʙʦʪʳ ʧʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʠʪʘʥʘ ɺʊ1-0 ʠ 

ʝʛʦ ʦʙʨʘʟʮʦʚ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʢʠʥʝʪʠʢʫ ʥʘʢʦʧʣʝʥʠʷ Ag(II) ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʢʪʨʦʣʠʟʝʨ ʩ ʠʦʥʦʦʙʤʝʥʥʦʡ 

ʤʝʤʙʨʘʥʦʡ. ʂʘʪʦʜ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʩʝʪʢʠ ʪʠʪʘʥʘ ɺʊ1-0, ʘʥʦʜ ʚʳʧʦʣʥʝʥ ʠʟ ʣʠʩʪʦʚʦʡ ʧʣʘʪʠʥʳ ʯʠʩʪʦʪʦʡ 99,99 

ʧʨʦʮʝʥʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʶ Ag(II) ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʧʝʨʤʘʨʛʘʥʘʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʦʙʨʘʟʮʘ ʪʠʪʘʥʘ ɺʊ1-0 ʚʳʟʳʚʘʣʦ ʫʤʝʥʴʰʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ag(NO3)2 ʩ 0,025 ʤʦʣʴ/ʣ 

ʜʦ 0,017 ʤʦʣʴ/ʣ, ʪ.ʝ. ʭʠʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʥʝ ʧʨʝʚʳʰʘʣ 32 ʧʨʦʮʝʥʪʦʚ. ʍʠʤʠʯʝʩʢʠʡ ʚʳʭʦʜ Ag(II) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʚʘʨʥʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 36 ʧʨʦʮʝʥʪʦʚ ʠ ʫʩʪʫʧʘʝʪ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ Ag(II) ʚ çʭʦʣʦʩʪʦʤè ʦʧʳʪʝ. 

ʊʘʢʞʝ ʪʠʪʘʥʦʚʘʷ ʧʣʘʩʪʠʥʘ ʠ ʩʚʘʨʥʦʡ ʦʙʨʘʟʝʮ ʪʠʪʘʥʘ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʤʫ ʠ 

ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʮʘ ʪʠʪʘʥʘ ʩʦʩʪʘʚʠʣʘ gk=0, 051ʛ/ʤ2Ĭʯ, hk, = 0,097ʤʤ/ʛʦʜ. 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʚʘʨʥʦʛʦ ʦʙʨʘʟʮʘ ʪʠʪʘʥʘ ɺʊ1-0 ʧʨʠ ʠʥʪʝʨʚʘʣʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 1-6ɸ/ʜʤ2 ʥʝ 

ʧʨʝʚʳʩʠʣʘ gk= 0,103 ʛ/ʤ2Ŀʯ, hk = 0,199ʤʤ/ʛʦʜ. ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

ʣʦʢʘʣʴʥʦʡ ʢʦʨʨʦʟʠʠ ʚ ʚʠʜʝ ʧʠʪʠʥʛʘ ʠ ʷʟʚ, ʯʪʦ ʧʦʟʚʦʣʷʪ ʦʪʥʝʩʪʠ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢ ʢʘʪʝʛʦʨʠʠ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʠʪʘʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʳ 

ʚ ʨʘʩʪʚʦʨʘʭ HNO3 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20-80Co gk = (0,013 ï 0,26) ʛ/ʤ2Ŀʯ, hk =(0,027 ï 0,053) ʤʤ/ʛʦʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʪʠʪʘʥʘ ʤʘʨʢʠ ɺʊ1-0 ʠ ʝʛʦ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʢʦʨʨʦʟʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʘʩʪʚʦʨʝ 6ʄ HNO3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25Co ʩʦʜʝʨʞʘʱʝʤ ʚ ʩʨʝʜʥʝʤ 0, 

017 ʤʦʣʴ/ʣ Ag(II). ʂʦʥʮʝʥʪʨʘʮʠʷ Ag(II) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʙʨʘʟʘ ʪʠʪʘʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 25 ʧʨʦʮʝʥʪʦʚ, 

ʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʦ ʨʘʩʪʚʦʨʝʥʠʶ ʜʠʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʧʦʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʝʙʨʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʠʥʝʪʠʢʫ ʨʘʩʪʚʦʨʝʥʠʷ PuO2. ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʜʣʷ ʪʠʪʘʥʘ ʠ 

ʩʚʘʨʥʦʛʦ ʦʙʨʘʟʮʘ ʪʠʪʘʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʨʘʚʥʠʤʳʭ ʧʨʝʜʝʣʘʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʧʨʠʩʫʪʩʪʚʠʝ ʩʚʘʨʥʦʛʦ ʦʙʨʘʟʮʘ 

ʪʘʢʞʝ ʥʝ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ PuO2. ɼʘʥʥʳʡ ʩʧʣʘʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʘʧʧʘʨʘʪʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʜʠʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ. 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ɼʃʗ ʋʈɸʅ-ʊʆʈʀɽɺʆɻʆ ʊʆʇʃʀɺɸ 
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ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʤ ʚʝʢʝ ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩ 

ʪʝʧʣʦʚʳʤʠ ʨʝʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝʜʦʨʦʛʠʤ ʪʦʧʣʠʚʦʤ ʥʘ ʚʝʩʴ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉ 

ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʘ U-235 ʠ ʧʦʢʘ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʄʆʂʉ-

ʪʦʧʣʠʚʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʨʝʘʢʪʦʨʘʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ Th 232 ʚ ʩʦʩʪʘʚʝ ʪʦʧʣʠʚʘ 

ʪʝʧʣʦʚʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ. 

ʇʣʘʟʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʟ ʩʤʝʩʝʚʳʭ ʥʠʪʨʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʣʘʜʘʝʪ 

ʤʥʦʛʠʤʠ ʚʘʞʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʱʠʤʠ ʝʝ ʦʪ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʩʤʝʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ [1,2]. ʕʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʟʘʜʘʥʥʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʧʦʨʦʰʢʘ; ʯʠʩʪʦʪʘ ʤʘʪʝʨʠʘʣʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʥʦ 

ʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ, ʝʩʣʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ. ʆʜʥʘʢʦ, ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʫʜʝʣʴʥʳʭ 

ʵʥʝʨʛʦʟʘʪʨʘʪ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʤʝʩʝʚʳʭ ʥʠʪʨʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʛʦʨʶʯʠʭ ʚʦʜʥʦ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ (ɺʆʂ) [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʝʥʠʷ ɺʆʂ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʘʮʝʪʦʥʘ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʦʧʨʝʜʝʣʝʥʳ ʩʦʩʪʘʚʳ ʛʦʨʶʯʠʭ ɺʆʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥrʭ ʨʘʩʯʸʪʦʚ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʘʚʦʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʛʦʨʶʯʠʭ ɺʆʂ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ. ɼʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʮʝʥʟʠʦʥʥʘʷ ʧʨʦʛʨʘʤʤʘ çTERRAè. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʚʳʭ ʦʢʩʠʜʥʳʭ ʫʨʘʥ-ʪʦʨʠʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. 
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ʈʝʥʠʡ-188, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʪʝʨʘʧʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ. ʈʘʜʠʦʥʫʢʣʠʜ ʨʝʥʠʷ-188 ʷʚʣʷʝʪʩʷ 

ʛʝʥʝʨʘʪʦʨʥʳʤ ʠ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ɓ-ʨʘʩʧʘʜʘ ʤʘʪʝʨʠʥʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ-188, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʣʫʯʘʶʪ ʧʦ ʨʝʘʢʮʠʠ (n,ɔ) ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠʟ ʚʦʣʴʬʨʘʤʘ-186. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʨʘʙʦʪʢʠ ʮʝʣʝʚʦʛʦ ʚʦʣʴʬʨʘʤʘ-188 ʠʟ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ (VI) ʧʨʠʨʦʜʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ 

ʩʨʝʜʥʝʧʦʪʦʯʥʳʭ ʨʝʘʢʪʦʨʘʭ ʜʦ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 188W ʧʦʨʷʜʢʘ 0,05 ʂʠ/ʛ [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʩʳʨʴʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʡ ʤʠʰʝʥʠ ʧʨʠʚʦʜʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʩ 

ʜʨʫʛʦʡ ï ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʩʘʤʦʡ ʤʠʰʝʥʠ ʜʦ 25-26 ʛ ʧʦ WO3, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʠʥʠʰʥʳʭ ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʨʝʥʠʷ-188. 

ʂ ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʥʝʩʦʤʥʝʥʥʦ, ʦʪʥʦʩʷʪʩʷ ʩʫʙʣʠʤʘʮʠʦʥʥʳʝ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʪʨʘʢʮʠʦʥʥʳʤʠ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ.  

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʥʦʡ ʧʘʨʳ 188W/188Re ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʤʦʥʪʠʨʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʩʫʙʣʠʤʘʮʠʦʥʥʦʤ ʚʳʜʝʣʝʥʠʠ ʨʝʥʠʷ-188 ʠʟ ʥʠʟʢʦʘʢʪʠʚʥʦʡ ʤʠʰʝʥʠ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ ʧʨʠʨʦʜʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ. ɻʝʥʝʨʘʪʦʨ ʨʝʥʠʷ-188 ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʙʣʦʢʦʚ:  

1. ɹʣʦʢ ʚʩʢʨʳʪʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʤʠʰʝʥʠ; 

2. ɹʣʦʢ ʩʫʙʣʠʤʘʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʥʦʡ ʧʘʨʳ 188W/188Re; 

3. ɹʣʦʢ ʨʘʩʪʚʦʨʝʥʠʷ ʩʫʙʣʠʤʘʪʘ ʠ ʨʦʟʣʠʚʘ ʧʨʝʧʘʨʘʪʘ ʨʝʥʠʷ-188; 

4. ɹʣʦʢ ʧʦʣʫʯʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

ʂʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʛʝʥʝʨʘʪʦʨʘ 188Re ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʦʨʘ ʧʦ ʧʨʦʛʨʘʤʤʝ, 

ʚʢʣʶʯʘʶʱʝʡ 7 ʢʦʤʘʥʜ. ɺʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʧʘʨʘʪʘ ʨʝʥʠʷ-188 ʥʝ ʧʨʝʚʳʰʘʝʪ 90 ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʩʫʙʣʠʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 700-760 0ʉ. ʈʘʜʠʦʭʠʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ ʨʝʥʠʡ-188 ï ʜʦ 

70 %, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ-188 ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1Ö10-3 %, ʨʘʜʠʦʭʠʤʠʯʝʩʢʘʷ 

ʯʠʩʪʦʪʘ ʧʨʝʧʘʨʘʪʘ ʨʝʥʠʷ-188 ï ʙʦʣʝʝ 98,8 %. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Preparation of {188} W from Unenriched Targets in Middle Flux Nuclear Reactors [Electronic resource] / A. O. 

Pavluk [et al.] // Advanced Materials Research: Radiation and nuclear techniques in material science : Scientific 

Journal. ð Vol. 1084 : Physical-Technical Problems of Nuclear Science, Energy Generation, and Power Industry 

(PTPAI -2014). ð [P. 317-321] 
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ɼʠʘʛʥʦʩʪʠʢʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ. ɽʝ ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʩʮʠʥʪʠʛʨʘʬʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ (ʈʌʇ) ʥʘ ʦʩʥʦʚʝ ʤʝʯʝʥʥʳʭ ʠʟʦʪʦʧʥʦʡ ʤʝʪʢʦʡ 

ʘʥʪʠʙʠʦʪʠʢʦʚ, ʩʧʝʮʠʬʠʯʥʦ ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚ ʦʯʘʛʘʭ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ʅʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ ʈʌʇ ʠʟ ʫʢʘʟʘʥʥʦʡ ʛʨʫʧʧʳ ï ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ, ʤʝʯʝʥʥʦʛʦ 99mʊʩ. ɸʢʪʫʘʣʴʥʳʤ 

ʷʚʣʷʶʪʩʷ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʘʥʥʦʛʦ ʨʘʜʠʦʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʝʛʦ ʜʝʡʩʪʚʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ [2]. 

ʎʝʣʴ. ʀʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ, ʤʝʯʝʥʥʦʛʦ 
99mʊʩ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʅʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ, 

ʛʦʪʦʚʦʛʦ ʈʌʇ ʠ ʨʝʘʛʝʥʪʘ ʜʣʷ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʂʦʥʪʨʦʣʴ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʪʦʯʥʦʡ ʙʫʣʴʦʥʥʦʡ ʢʫʣʴʪʫʨʳ S. Aureus, ʢʦʪʦʨʫʶ ʟʘʩʝʚʘʣʠ ʚ ʯʘʰʢʫ ʇʝʪʨʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʄʇɸ ʛʘʟʦʥʦʤ. ʉʚʝʨʭʫ ʥʘʢʣʘʜʳʚʘʣʠ ʩʪʝʨʠʣʴʥʳʝ ʜʠʩʢʠ, ʩʤʦʯʝʥʥʳʝ ʨʘʩʪʚʦʨʘʤʠ ʩʫʙʩʪʘʥʮʠʠ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ, 

ʨʝʘʛʝʥʪʦʤ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʈʌʇ ʠ ʛʦʪʦʚʳʤ ʈʌʇ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠʡ ʜʠʩʢ ʩ 

ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʦʤ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʈʌʇ ʩ ʞʠʚʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʦʡ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʩʪʝʨʠʣʴʥʳʝ ʬʣʘʢʦʥʳ ʚʣʠʚʘʣʠ ʧʦ 0,7 ʤʣ ʞʠʚʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʠ 

ʨʝʟʠʩʪʝʥʪʥʦʡ ʢʫʣʴʪʫʨʳ S. Aureus. ɿʘʪʝʤ ʚʦ ʬʣʘʢʦʥʳ ʜʦʙʘʚʣʷʣʠ ʧʦ 1 ʤʣ (20 ʄɹʢ) 99mʊʩ-ʎʌ, ʩʫʩʧʝʥʟʠʶ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 370ʉ ʚ ʪʝʯʝʥʠʝ 15, 30 ʠ 60 ʤʠʥ. ʌʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʈʌʇ 

ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʤʦʜʝʣʷʭ ʘʙʩʮʝʩʩʘ ʙʝʜʨʘ ʫ ʢʨʳʩ, ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʚ ʜʦʟʝ 5,3ʄɹʢ/ʢʛ. 

ɿʘʧʠʩʴ ʩʮʠʥʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʧʦʣʥʷʣʠ ʯʝʨʝʟ 1 ʯ ʠ 18ʯ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʥʘ ʛʘʤʤʘ ʢʘʤʝʨʝ çPhillips 

Forteè [1]. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʦ ʜʘʥʥʳʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʤʦʣʝʢʫʣʳ 99mʊʩ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʈʌʇ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʟʘ ʩʯʝʪ 

ʝʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʬʝʨʤʝʥʪʦʤ ɼʅʂ-ʛʠʨʘʟʦʡ. ʄʝʯʝʥʥʳʡ 99mʊʩ ʘʥʪʠʙʠʦʪʠʢ ʚ ʦʜʠʥʘʢʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʞʠʚʦʡ, ʫʙʠʪʦʡ ʠ ʨʝʟʠʩʪʝʥʪʥʦʡ ʢʫʣʴʪʫʨʘʭ ʩʪʘʬʠʣʦʢʦʢʢʘ, ʘ ʩʚʦʙʦʜʥʘʷ ʠʟʦʪʦʧʥʘʷ ʤʝʪʢʘ 99mʊʩ 

(Nʘ99mʊʩʆ) ʥʝ ʦʙʣʘʜʘʝʪ ʪʨʦʧʥʦʩʪʴʶ ʢ ʙʘʢʪʝʨʠʷʤ St. Aureus. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ in vivo ʦʯʘʛ ʚʦʩʧʘʣʝʥʠʷ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʩʷ ʫ ʚʩʝʭ ʢʨʳʩ ʯʝʨʝʟ 1 ʯ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʈʌʇ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʯʘʛ/ʟʜʦʨʦʚʘʷ ʪʢʘʥʴ ʩʦʩʪʘʚʠʣ 

1,61+0,15. ʏʝʨʝʟ 18 ʯ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʘʢʢʫʤʫʣʷʮʠʷ ʈʌʇ ʩʦʭʨʘʥʠʣʘʩʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʯʘʛ/ʟʜʦʨʦʚʘʷ ʪʢʘʥʴ 

ʩʦʩʪʘʚʠʣ 1,52+0,13. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʯʘʛʘ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʦʛʦ ʈʌʇ 

ʚʦʟʤʦʞʥʘ ʠ ʯʝʨʝʟ 1 ʠ ʯʝʨʝʟ 18 ʯ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʈʌʇ. 
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ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʩʝʨʪʠʬʠʢʘʮʠʠ. ʆʩʦʙʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʜʘʥʥʳʝ ʦ ʧʨʠʤʝʩʥʦʤ ʩʦʩʪʘʚʝ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʥʘʥʦʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʢʠʩʣʝʥʠʷ, ʛʦʨʝʥʠʷ, ʢʘʪʘʣʠʟʘ, ʩʧʝʢʘʥʠʷ ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʚ 

ʵʣʝʢʪʨʦʚʟʨʳʚʥʦʤ ʥʘʥʦʧʦʨʦʰʢʝ ʘʣʶʤʠʥʠʷ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʩʛʦʨʘʥʠʷ ʚ ʚʦʟʜʫʭʝ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʤʝʪʦʜʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʅɸɸ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ. ɺʘʞʥʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʚʝʨʦʷʪʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʟʘʛʨʷʟʥʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʚʟʨʳʚʥʳʤ ʤʝʪʦʜʦʤ ʥʘʥʦʧʦʨʦʰʢʠ ʘʣʶʤʠʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʊʅ = 4200ʉ; nʦʢ = 0,19 ʤʛ/ʩ; Ŭ = 33,7 % ʧʨʠ 8000ʉ; ȹʅ/ȹm = 4,2 ʢɼʞ/ʛ. ʇʨʦʮʝʩʩ ʩʞʠʛʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʘʣʣʫʥʜʦʚʳʭ ʪʠʛʣʷʭ ʥʘ ʚʦʟʜʫʭʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ. 

ʇʦʩʣʝʜʥʝʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʧʦʣʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʠʪʨʠʜʦʚ 

ʘʣʶʤʠʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʨʦʷʪʝʥ ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠʟ ʦʙʨʘʟʫʶʱʠʭʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʯʠʩʪʢʝ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʅɸɸ-ʤʝʪʦʜʦʤ, ʧʦʩʣʝ ʩʫʰʢʠ ʜʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ. ɸʣʠʢʚʦʪʥʳʝ ʯʘʩʪʠ (m=150ʤʛ) ʠʩʭʦʜʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʣʫʯʘʣʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʵʪʘʣʦʥʘʤʠ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʚ ʧʦʪʦʢʝ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ 5Ā1013 ʥʝʡʪʨ/ʩʤ2 ʩʝʢ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʩʦʜʝʨʞʘʥʠʠ ʦʢʦʣʦ ʜʚʘʜʮʘʪʠ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʥʘʥʦʧʦʨʦʰʢʦʤ ʘʣʶʤʠʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʨʘʩʪʘʥʠʷ ʦʙʱʝʡ ʤʘʩʩʳ (ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʜʦʚ). ɺ ʪʦʞʝ 

ʚʨʝʤʷ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʥʝ ʚʳʷʚʣʝʥʦ ʵʬʬʝʢʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʥʠʪʨʠʜʥʳʭ ʬʨʘʢʮʠʡ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʩʪʫʧʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʜʠʬʬʫʥʜʠʨʫʶʱʠʤ ʚ ʤʘʩʩʫ ʧʦʨʦʰʢʘ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩʦ ʩʪʨʫʢʪʫʨʠʟʘʮʠʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʣʘʛʘʝʤʳʭ ʧʦʣʝʡ, 

ʥʦ ʠ ʩ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʦʟʛʦʥʢʦʡ ʝʛʦ ʦʢʩʠʜʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(22000 ï 24000ʉ). ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʵʬʬʝʢʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʥʠʪʨʠʜʥʦʡ ʬʨʘʢʮʠʡ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ 

ʦʯʠʩʪʢʫ ʚʦʟʜʫʭʘ ʚ ʵʣʝʢʪʨʦʚʟʨʳʚʥʳʭ ʢʘʤʝʨʘʭ ʩ ʧʦʤʦʱʴʶ ʘʵʨʦʟʦʣʴʥʳʭ ʬʠʣʴʪʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʥʘ ʩʪʘʜʠʷʭ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʥʘʥʦʧʦʨʦʰʢʘ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʞʠʛʘʥʠʷ. 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʇʃɸɿʄɽʅʅʆʁ ʋʊʀʃʀɿɸʎʀʀ ʆʊʍʆɼʆɺ 

ʇɽʈɽʈɸɹʆʊʂʀ ʆʗʊ ɺ ɺʆɿɼʋʐʅʆʁ ʇʃɸɿʄɽ ɺʏʌ-ʈɸɿʈʗɼɸ 
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ʆʩʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ) ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʇʋʈɽʂʉ-ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʵʢʩʪʨʘʢʮʠʶ ʧʣʫʪʦʥʠʷ ʠ ʫʨʘʥʘ ʠʟ ʚʦʜʥʦ-ʭʚʦʩʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ (ʨʘʬʠʥʘʪʦʚ) 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʪʨʠʙʫʪʠʣʬʦʩʬʘʪʦʤ (ʊɹʌ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʟʙʘʚʠʪʝʣʝʡ (ʢʝʨʦʩʠʥ, 

ʛʝʢʩʘʭʣʦʨʙʫʪʘʜʠʝʥ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʝʨʷʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʛʦʨʶʯʠʝ 

ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ (ɻʆʇ ʆʗʊ) [1].  

ʆʩʪʘʚʰʠʝʩʷ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʙʝʟ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʩʣʘʙʦʢʦʥʮʝʪʨʠʨʦʚʘʥʥʳʝ 

ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ (ʆʇ ʆʗʊ) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʤʦʜʝʣʴʥʳʡ ʩʦʩʪʘʚ [2]: HNO3 ï 18,0 %, H2O ï 81,43 %, 

Fe ï 0,07 %, Mo ï 0,1 %, Nd ï 0,11 %, Y ï 0,06 %, Zr ï 0,058 %, Na ï 0,04 %, Ce ï 0,039 %, Cs ï 0,036 %, Co ï 

0,031 %, Sr ï 0,026 %. ʇʦ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʆʇ ʆʗʊ ʚʳʧʘʨʠʚʘʶʪ, ʜʦʙʘʚʣʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ 

(ʩʠʣʠʢʘʪʳ, ʬʦʩʬʘʪʳ, ʙʦʨʘʪʳ ʠ ʜʨ.), ʦʩʪʝʢʣʦʚʳʚʘʶʪ ʠ ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʟʘʭʦʨʦʥʝʥʠʝ [3]. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʘ, ʪʨʝʙʫʝʪ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦ- ʠ ʪʨʫʜʦʟʘʪʨʘʪ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ʆʇ ʆʗʊ ʠ ɻʆʇ ʆʗʊ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʛʦʨʶʯʠʭ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʡ (ɺʆʂ) [4]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ) ʠ ʢʘʧʝʣʴ (ʨʘʟʤʝʨ, ʩʢʦʨʦʩʪʴ), 

ʤʘʩʩʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ ʞʠʜʢʦʡ ʠ ʛʘʟʦʚʦʡ ʬʘʟ ʥʘ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʢʘʧʝʣʴ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ɺʆʂ ʥʘ ʦʩʥʦʚʝ 

ʆʇ ʆʗʊ ʀ ɻʆʇ ʆʗʊ ʚ ʚʦʟʜʫʰʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʧʦʪʦʢʝ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʛʦʨʶʯʠʝ ʚʦʜʥʦ-

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ, ʠʤʝʶʱʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʩʚʳʰʝ 1200 Áʉ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʚʦʜʳ). 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 

 

 

172 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʢʘʯʝʢ ʄ. ɸ. ʆʙʨʘʱʝʥʠʝ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ɸʕʉ. ï ʄ.: 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ʄʕʀ, 2007. ï 448 ʩ. 

2. ʇʘʥʪʝʣʝʝʚ ʖ. ɸ., ɸʣʝʢʩʘʥʜʨʫʢ ɸ.ʄ., ʅʠʢʠʪʠʥʘ ʉ.ɸ., ʄʘʢʘʨʦʚʘ ʊ.ʇ., ʇʝʪʨʦʚ ɽ.ʈ., ɹʦʛʦʨʦʜʠʮʢʠʡ ɸ. ɹ., 

ɻʨʠʛʦʨʴʝʚʘ ʄ.ɻ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ï ʃ.: 

ʊʨʫʜʳ ʈʘʜʠʝʚʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ. ɻ. ʍʣʦʧʠʥʘ, 2007. ï ʊ. XII. ï ʉ. 124-147. 

3. ʅʠʢʠʬʦʨʦʚ ɸ. ʉ., ʂʫʣʠʥʠʯʝʥʢʦ ɺ.ɺ., ɾʠʭʘʨʝʚ ʄ.ʀ. ʆʙʝʟʚʨʝʞʠʚʘʥʠʝ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ï ʄ.: 

ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1985. ï 184 ʩ. 

4. A.G. Karengin, A.A. Karengin, I.Yu. Novoselov, N.V. Tundeshev, Calculation and Optimization of Plasma 

Utilization Process of Inflammable Wastes after Spent Nuclear Fuel Recycling, Advanced Materials Research, Volume 

1040 (2014) 433-436.  

 

 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉɸ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʄɽʍɸʅʀʏɽʉʂʆɻʆ ʅɸʇʈʗɾɽʅʀʗ 

ʀɿʆʃʀʈʆɺɸʅʅʓʍ ɻʃɸɼʂʆʄʓʐɽʏʅʓʍ ʉɽɻʄɽʅʊʆɺ ʉʆʉʋɼʆɺ ʀ ɺʆɿɼʋʍʆʅʆʉʅʓʍ ʇʋʊɽʁ 

ɾʀɺʆʊʅʓʍ, ʇʆɼɺɽʈɻʐʀʍʉʗ ʆɹʃʋʏɽʅʀʖ 

ʅ.ʀ. ʂʘʨʧʦʚʠʯ, ʅ.ɼ. ʊʫʨʛʫʥʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: karpovitchnatalia88@mail.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʛʣʘʜʢʠʭ ʤʳʰʮ ʩʦʩʫʜʦʚ ʠ ʚʦʟʜʫʭʦʥʦʩʥʳʭ ʧʫʪʝʡ, ʘʧʨʦʙʠʨʫʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʫʙʩʪʘʥʮʠʠ ʥʘ 

ʤʦʜʝʣʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʢʦʨʨʝʢʮʠʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʣʘʜʢʠʭ ʤʳʰʮ ʚ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʤʳʩʣʠʤʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʜʘʪʯʠʢʦʚ ʩʠʣʳ, ʩʧʦʩʦʙʥʳʭ ʫʣʦʚʠʪʴ 

ʤʘʣʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʫʩʦʯʢʦʚ ʙʨʦʥʭʦʚ ʠ ʩʦʩʫʜʦʚ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʢʦʣʴʮʝʚʳʝ ʩʝʛʤʝʥʪʳ ʰʠʨʠʥʦʡ 1,5-2 ʤʤ; ʜʠʘʤʝʪʨʦʤ ï 

1-1,5 ʤʤ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʛʤʝʥʪʳ ʪʝʩʪʠʨʦʚʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʧʝʨʢʘʣʠʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʂʨʝʙʩʘ 

(40 ʤʄ). ɺʝʣʠʯʠʥʳ ʩʦʢʨʘʪʠʪʝʣʴʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʪʝʩʪʠʨʫʶʱʠʝ ʨʘʩʪʚʦʨʳ ʦʮʝʥʠʚʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʨʫʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʚʝʜʝʪ ʢ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʤʝʤʙʨʘʥʳ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ, ʦʪʢʨʳʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ, ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ, ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʛʣʘʜʢʠʭ ʤʳʰʮ ʙʨʦʥʭʘ.  

 

ʈʠʩʫʥʦʢ 1. ɺʣʠʷʥʠʝ L ʮʠʩʪʝʠʥʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʛʤʝʥʪʦʚ ʙʨʦʥʭʘ ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ 

ʅʘ ʬʦʥʝ ʧʨʝʜʩʦʢʨʘʱʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ KCl, ʜʦʙʘʚʣʝʥʠʝ 100ʤʢʄ-100ʤʄ L-ʮʠʩʪʝʠʥʘ ʦʢʘʟʳʚʘʣʦ 

ʨʝʣʘʢʩʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɺ ʦʪʚʝʪ ʥʘ ʜʦʙʘʚʣʝʥʠʝ 100ʤʢʄ, 1000ʤʢʄ, 10ʤʄ ʠ 

100ʤʄ L ʮʠʩʪʝʠʥʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʝʛʤʝʥʪʦʚ ʨʠʩ.1. 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʇʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʳʭ ʢʘʪʦʜʦʚ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ 

ʩʧʝʮʠʬʠʯʥʳʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʥʠʟʢʦʡ ʨʘʙʦʪʳ 

ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ï ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, 

ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʝ ʙʦʣʝʝ 10-8 ʛ/ʩʤ2ʩ ʧʨʠ 1700Áʉ) [1,2]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʙʦʨʠʜ ʣʘʥʪʘʥʘ, ʥʦ ʩʚʦʡʩʪʚʘ, 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʦʤ ʦʜʥʦʬʘʟʥʦʤ LaB6 ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɺ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʛʦ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʥʠʟʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʚ ʨʘʙʦʯʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʨʝʣʘʢʩʘʮʠʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʦʛʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʝʢʩʘʙʦʨʠʜʘ ʣʘʥʪʘʥʘ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ, ʙʣʠʟʢʘʷ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʦʜʦʚ, ʤʝʪʦʜʳ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʙʝʟ 

ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʚʳʥʫʞʜʘʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʩʧʝʢʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ï ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ (ʢʘʪʦʜʘ) ʤʝʪʦʜʦʤ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ). ʉɺʉ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʣʥʳ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦ ʩʤʝʩʠ 

ʨʝʘʛʝʥʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʦʚʦʜʠʤʳʡ ʩ ʮʝʣʴʶ ʩʠʥʪʝʟʘ ʚʝʱʝʩʪʚ. 

ʇʨʦʙʣʝʤʦʡ ʉɺʉ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʟʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʘʢʮʠʶ ʩʠʥʪʝʟʘ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʚʣʠʷʥʠʷ ʥʘ 

ʧʨʦʮʝʩʩ ʉɺʉ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ɸɻʆ-

2ʉ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ 

ʚʦʟʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʜʚʝ ʚʝʣʠʯʠʥʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʵʪʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʤʝʣʴʥʠʮʳ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʦʪ ʵʪʠʭ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʚ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ï ʛʝʢʩʘʙʦʨʠʜ ʣʘʥʪʘʥʘ.  

 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ɼʣʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ ʥʘ ʌɻʋʇ çɻʍʂè ʩʦʚʤʝʩʪʥʦ ʩ ʚʝʜʫʱʠʤʠ ʦʪʨʘʩʣʝʚʳʤʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʦʧʳʪʥʦ-ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ (ʆɼʎ) ʧʦ 

ʦʪʨʘʙʦʪʢʝ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʣʦʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ. ʉʥʠʞʝʥʠʝ 

ʦʙʲʝʤʦʚ ʞʠʜʢʠʭ ʈɸʆ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʞʠʜʢʠʭ ʩʨʝʜ ʥʘ ʛʦʣʦʚʥʳʭ ʦʧʝʨʘʮʠʷʭ 

ʨʘʩʪʚʦʨʝʥʠʷ ʆʗʊ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʪʨʘʦʢʩʠʜʘ ʜʠʘʟʦʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʪʝʭʠʦʤʝʪʨʠʠ UO2, N2O4 ʠ H2O 

ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʳʡ ʢ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʘʣʦʚʦʜʥʳʡ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʛʝʢʩʘʛʠʜʘʪʘ ʥʠʪʨʘʪʘ ʫʨʘʥʠʣʘ 

UO2(NO3)2Ā6H2O [1,2]. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʆʗʊ ʚ ʥʠʪʨʘʪʳ ʚ ʩʨʝʜʝ ʯʠʩʪʦʛʦ ʪʝʪʨʘʦʢʩʠʜʘ ʜʠʘʟʦʪʘ 

ʠ ʝʛʦ ʩʤʝʩʠ ʩ ʚʦʜʦʡ. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʘʧʧʘʨʘʪʝ ʦʙʲʝʤʦʤ 30 ʤʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

100°5Üʉ ʥʘ ʛʣʠʮʝʨʠʥʦʚʦʡ ʙʘʥʝ. ɺ ʨʘʙʦʯʫʶ ʧʦʣʦʩʪʴ ʘʧʧʘʨʘʪʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʜʚʘ ʦʙʨʘʟʮʘ ʩʪʘʣʠ: ʦʜʠʥ ʥʘ ʜʥʦ 

ʘʧʧʘʨʘʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʘ ʚʪʦʨʦʡ ʥʘ ʥʝʨʞʘʚʝʶʱʫʶ ʩʝʪʢʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʚ 

ʧʘʨʦʛʘʟʦʚʦʡ ʬʘʟʝ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʨʦʮʝʩʩ ʚʝʣʠ ʚ ʪʝʯʝʥʠʝ 240 ʯʘʩʦʚ, ʯʝʨʝʟ ʢʘʞʜʳʝ 24 ʯʘʩʘ 

ʦʙʨʘʟʮʳ ʚʟʚʝʰʠʚʘʣʠ ʠ ʟʘʣʠʚʘʣʠ ʩʚʝʞʫʶ ʧʦʨʮʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʷʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 - ʆʮʝʥʢʘ ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʷʭ (ʤʤ/ʛʦʜ) 

N2O4 

(ʯʜʘ) 

N2O4 : H2O = 1:1 (ʤʦʣʴ) HNO3 (12ʤʦʣʴ/ʣ) 

ʅʠʞʥʠʡ 

ʦʙʨʘʟʝʮ 

ɺʝʨʭʥʠʡ 

ʦʙʨʘʟʝʮ 

ʅʠʞʥʠʡ 

ʦʙʨʘʟʝʮ 

ɺʝʨʭʥʠʡ 

ʦʙʨʘʟʝʮ 

0,0009 0,0550 0,0605 0,5576 0,8977 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚ ʯʠʩʪʦʤ ʪʝʪʨʘʦʢʩʠʜʝ 

ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 0,00009 ʤʤ/ʛʦʜ, ʘ ʚ ʩʤʝʩʠ ʪʝʪʨʘʦʢʩʠʜʘ ʜʠʘʟʦʪʘ ʠ ʚʦʜʳ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ï 

0,058°0,003 ʤʤ/ʛʦʜ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʣʠ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʩʤʝʩʷʭ ʚ 10 ʠ ʙʦʣʝʝ ʨʘʟ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. 
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ɼʣʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʝʝ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʝ, ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ, ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʞʠʜʢʦʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʕʪʠ 

ʤʝʪʦʜʳ ʜʦʧʦʣʥʷʶʪ, ʘ ʠʥʦʛʜʘ ʚʟʘʠʤʦʟʘʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʧʦʣʥʫʶ ʢʦʤʧʣʝʢʩʥʫʶ 

ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʌɿ-3 çʆ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷè [1], ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [2-4]. 

ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʧʝʨʘʪʠʚʥʦ ʠ 

ʜʦʩʪʦʚʝʨʥʦ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʘʭ. ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʵʪʦ ʤʝʪʦʜʳ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʦʙʲʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʪʨʝʙʫʶʱʠʝ 

ʚʳʩʦʢʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ ʦʪ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʠ ʜʣʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʝʢʪʨʦʚ ʠ ʛʨʘʤʦʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʈʘʜʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʤʝʪʦʜʳ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʣʠʙʦ ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʝʘʢʪʠʚʦʚ. ɾʠʜʢʦʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ï ʵʢʩʧʨʝʩʩʥʳʝ ʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʢʘʢ ʧʦ ʦʜʥʦʤʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥʥʦʤʫ 

ʨʘʜʠʦʥʫʢʣʠʜʫ, ʪʘʢ ʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʨʘʜʠʦʥʫʢʣʠʜʘʤ ʩʨʘʟʫ. 

ɺ ʌʊʀ ʊʇʋ ʩ 1 ʠʶʥʷ 2010 ʛ. ʚʭʦʜʠʪ ʘʢʢʨʝʜʠʪʦʚʘʥʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʬʝʜʨʳ 

ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ [5], ʚ ʦʙʣʘʩʪʴ ʘʢʢʨʝʜʠʪʘʮʠʠ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʢʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: 

ʪʝʨʨʠʪʦʨʠʠ, ʚʦʜʘ ʧʠʪʴʝʚʘʷ ʠ ʠʩʪʦʯʥʠʢʠ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʧʦʯʚʘ, ʛʨʫʥʪ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ; ʥʦ ʠ 

ʦʙʲʝʢʪʳ ï ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ: ʧʨʦʜʫʢʮʠʷ ʧʠʱʝʚʦʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ, ʣʝʩʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʠʥʝʨʘʣʴʥʦʝ ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʳʨʴʝ, ʙʳʪʦʚʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ ʠ ʪ.ʜ. 
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ʧʦʤʦʱʴʶ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩ ʚʥʝʜʨʝʥʠʝʤ ʵʢʩʧʣʘʥʪʦʜʨʝʥʘʞʘ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʷʜʝʨʥʦʡ ʪʨʝʢʦʚʦʡ 

ʤʝʤʙʨʘʥʳ (ʊʄ). ʇʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥ ʠ ʧʦʨ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʊʄ ʦʙʣʘʜʘʶʪ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪ.ʝ. 

ʠʤʝʶʪ ʧʣʦʭʫʶ ʩʤʘʯʠʚʘʝʤʦʩʪʴ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʄ ʚ ʢʘʯʝʩʪʚʝ ʜʨʝʥʘʞʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʘʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʊʄ ʠʟ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊʌ) ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʦʙʲʝʤʥʦʛʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʠ ʪʝʨʤʦʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʧʨʠʚʠʚʢʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʢʨʠʣʦʚʦʡ (ɸʂ) ʠ 

ʧʦʣʠʘʢʨʠʣʦʚʦʡ (ʇɸʂ) ʢʠʩʣʦʪʳ.  

ʆʙʨʘʙʦʪʢʘ ʊʄ ʩ ʧʦʤʦʱʴʶ ʧʣʘʟʤʳ ʦʙʲʝʤʥʦʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʠʤʧʫʣʴʩʥʦʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʊʕʋ ï 500 ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʣʘʟʤʝ ʨʘʟʨʷʜʘ 20-22 ʢɺ. 

ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚ ʨʘʟʨʷʜʝ ~ 6Ŀ10-4 ɼʞ/ʩʤ2 ʚ ʠʤʧʫʣʴʩʝ. ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ - 103 ʩ-1[1]. ʇʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʙʳʣ ʠʟʤʝʨʝʥ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʤʙʨʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ çʨʘʩʪʝʢʘʶʱʝʡʩʷ ʢʘʧʣʠè ʥʘ ʫʩʪʘʥʦʚʢʝ EasyDrop Standard. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʊʄ ʩ 
ʧʦʤʦʱʴʶ ʧʣʘʟʤʳ ʦʙʲʝʤʥʦʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ 

ʩʤʘʯʠʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 35 ʛʨʘʜʫʩʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʤʝʤʙʨʘʥʦʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʦʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʧʨʠʚʠʚʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʇɸʂ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ɸʂ (100 ʛ/ʣ, 

pH=2) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʯʠʱʘʣʩʷ ʦʪ ʠʥʛʠʙʠʪʦʨʘ ʥʘ ʢʦʣʦʥʢʝ Al 2O3, ʟʘʪʝʤ ʧʝʨʝʣʠʚʘʣʩʷ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ, ʚ 

ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʣʠʩʴ ʦʙʨʘʟʮʳ ʇʕʊʌ ʊʄ. ʈʝʘʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʙʘʨʙʦʪʠʨʦʚʘʣʠ ʘʨʛʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʠ 

ʟʘʪʝʤ ʢʦʣʙʳ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 70 0ʉ ʚ ʪʝʯʝʥʠʝ 3ʯ 30 ʤʠʥ. ʇʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʨʘʟʮʳ ʚʳʥʠʤʘʣʠʩʴ ʠʟ ʢʦʣʙʳ, ʧʨʦʤʳʚʘʣʠʩʴ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, 

ʚʳʩʫʰʠʚʘʣʠʩʴ ʠ ʟʘʪʝʤ ʙʳʣ ʠʟʤʝʨʝʥ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʊʄ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʧʨʠʚʠʚʢʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ɸʂ ʠ ʇɸʂ, ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ 

ʧʨʠʚʠʚʢʠ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 46,9 ʛʨʘʜʫʩʦʚ. ʊʘʢ ʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʩ ʧʨʠʚʠʚʢʦʡ ɸʂ ʥʘ 17 

ʛʨʘʜʫʩʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʩ ʧʨʠʚʠʚʢʦʡ ʇɸʂ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʊʄ ʧʦʩʣʝ 

ʪʝʨʤʦʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʧʨʠʚʠʚʢʠ ʇɸʂ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʝʤ ʤʝʥʴʰʝ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʊʄ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ɼʣʷ ʦʧʠʩʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʚ ʦʙʤʝʥʥʳʭ ʢʦʣʦʥʥʘʭ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʷʟʢʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʬʘʟ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʬʘʟ ʧʨʠ ʠʭ 

ʜʚʠʞʝʥʠʠ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʢʦʣʦʥʥʝ, ʯʝʨʝʟ ʨʘʟʣʠʯʥʫʶ ʘʨʤʘʪʫʨʫ ʠ ʪʨʫʙʳ. ʇʦʵʪʦʤʫ, ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʘʤʠ ʥʦʚʦʛʦ ʛʘʣʣʘʤʥʦ-ʦʙʤʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ [1], ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʵʣʝʤʝʥʪʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʩʤʝʰʠʚʘʶʱʠʤʠʩʷ ʬʘʟʘʤʠ: ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʠ 

ʛʘʣʣʘʤʦʡ - ʩʧʣʘʚʦʤ ʛʘʣʣʠʷ ʩʦ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʦʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʚʷʟʢʦʩʪʴ ʛʘʣʣʘʤʳ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʩʧʣʘʚʘ ʛʘʣʣʠʷ ʩ ʣʠʪʠʝʤ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʤ ʣʠʪʠʷ. ʀʟʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʤʧʣʠʪʫʜʥʦ-

ʘʤʧʣʠʪʫʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ [2], ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 40ï80̄ ʉ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʪʠʷ ʚ ʩʧʣʘʚʝ (0; 0,6; 0,8; 1,0 ʤʦʣʴ/ʣ). ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 1,5 %. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʛʘʣʣʘʤʳ ʣʠʪʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʷʟʢʦʩʪʠ 

ʞʠʜʢʦʛʦ ʛʘʣʣʠʷ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʧʣʘʚʘ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʯʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʩʧʣʘʚʝ ʣʠʪʠʷ, ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʝʛʦ ʚʷʟʢʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʩʧʣʘʚʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʤ ʣʠʪʠʷ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,6 ʤʦʣʴ/ʣ ʚʷʟʢʦʩʪʴ ʩʧʣʘʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ 

ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʤ ʣʠʪʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʢʨʠʚʳʝ ʚʷʟʢʦʩʪʠ ʙʦʣʝʝ ʢʨʫʪʦ ʦʪʢʣʦʥʷʶʪʩʷ 

ʚʚʝʨʭ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʳʰʝ 1,5 ʤʦʣʴ/ʣ ʩʧʣʘʚ ʧʝʨʝʭʦʜʠʪ ʚ 

ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʚʷʟʢʦʩʪʴ ʩʧʣʘʚʘ ʛʘʣʣʠʷ ʩ ʣʠʪʠʝʤ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʌʨʝʥʢʝʣʷ-ʕʡʨʠʥʛʘ [3], ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʡʜʝʥʳ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʤʥʦʞʠʪʝʣʷ. ʊʘʢ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʠʪʠʷ ʚ ʩʧʣʘʚʝ ʩ ʛʘʣʣʠʝʤ 0,6 ʤʦʣʴ/ʣ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʤʥʦʞʠʪʝʣʷ 

ʩʦʩʪʘʚʠʣʠ 1,05Ö10-20 ɼʞ ʠ 3,46Ö10-4 ʇʘÖʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ ʚ ʩʧʣʘʚʝ ʩ ʛʘʣʣʠʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʧʣʘʚʘ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʦʙʦʨʦʪ, ʚʷʟʢʦʩʪʴ ʩʧʣʘʚʘ ʫʤʝʥʴʰʘʝʪʩʷ. 
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ɺʕʇʄ) ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʥʘʫʢʦʝʤʢʠʭ ʦʪʨʘʩʣʝʡ ʤʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʥʘʰʝʤ 

ʠʥʩʪʠʪʫʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʤʘʣʦʦʪʭʦʜʥʘʷ ʬʪʦʨʠʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʈɿʕ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʝʨʝʜʝʣʳ: 

ʬʪʦʨʠʨʦʚʘʥʠʝ ʣʶʙʦʛʦ ʚʠʜʘ ʩʳʨʴʷ (ʦʢʩʠʜʦʚ, ʢʦʥʮʝʥʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ, ʦʪʭʦʜʦʚ ʤʘʛʥʠʪʥʦʛʦ ʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚ)  

ʵʣʝʤʝʥʝʪʥʳʤ ʬʪʦʨʦʤ ʠʣʠ ʜʨʫʛʠʤ ʬʪʦʨʠʨʫʶʱʠʤ ʨʝʘʛʝʥʪʦʤ,  ʢʘʣʴʮʠʝʪʝʨʤʠʯʝʩʢʦʝ ʠʣʠ ʜʨʫʛʦʝ 

ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʦʝ ʚʥʝʧʝʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʪʦʨʠʜʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʤʧʘʢʪʥʳʭ ʩʣʠʪʢʦʚ ʩʧʣʘʚʦʚ ʠ 

ʣʠʛʘʪʫʨ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʣʝʛʠʨʦʚʘʥʠʝ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʘʛʥʠʪʦʚ ʧʦ ʤʝʪʦʜʫ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʣʠ ʛʠʜʨʠʜʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ [1]. 

ɻʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʦʩʘʞʜʝʥʠʠ ʬʪʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʬʪʦʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʩʫʰʢʝ ʠ ʧʨʦʢʘʣʢʝ. ɽʩʣʠ ʪʨʠʬʪʦʨʠʜʳ ʈɿʕ ʧʦʣʫʯʘʶʪ ʦʩʘʞʜʝʥʠʝʤ ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʨʘʩʪʚʦʨʦʤ HF ʠʣʠ NH4F, ʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʠ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʦʩʘʞʜʝʥʠʷ ʠ ʧʨʦʤʳʚʘʥʠʷ.  

ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʪʦʨʠʨʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʈɿʕ ʵʣʝʤʝʥʪʥʳʤ 

ʬʪʦʨʦʤ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʙʦʪʘʪʴ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʘʢ ʚ 

ʘʪʤʦʩʬʝʨʝ ʯʠʩʪʦʛʦ ʬʪʦʨʘ, ʪʘʢ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʬʪʦʨ-ʘʨʛʦʥ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 20ï600 Áʉ. ʇʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʘʪʤʦʩʬʝʨʝ ʯʠʩʪʦʛʦ ʬʪʦʨʘ ʟʘʤʝʪʥʦ ʢʦʨʨʦʜʠʨʫʶʪ ʥʠʢʝʣʝʚʳʝ ʜʝʪʘʣʠ ʫʩʪʘʥʦʚʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʬʪʦʨʠʨʦʚʘʥʠʷ ʦʢʩʠʜʘ ʥʝʦʜʠʤʘ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 420-550 Áʉ, ʪʘʢ 

ʢʘʢ ʬʪʦʨʠʨʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʥʝʦʜʠʤʘ, ʧʨʘʟʝʦʜʠʤʘ ʩ ʟʘʤʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100-150 Áʉ. 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʪʦʨʠʨʦʚʘʥʠʝ Nd2O3 ʵʣʝʤʝʥʪʥʳʤ   ʬʪʦʨʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 420ï550 Áʉ 

ʧʨʦʪʝʢʘʝʪ ʚʦ ʚʥʝʰʥʝʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʅʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ (87Ñ7) ʢɼʞ/ʤʦʣʴ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʬʪʦʨʠʨʦʚʘʥʠʷ ʦʢʩʠʜʘ ʥʝʦʜʠʤʘ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʬʪʦʨʠʨʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʥʝʦʜʠʤʘ ʠ ʜʠʩʧʨʦʟʠʷ ʜʨʫʛʠʤ 

ʬʪʦʨʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ ï ʬʪʦʨʠʜʦʤ ʘʤʤʦʥʠʷ, ʧʦʢʘʟʘʚʰʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʘ ʧʦʣʫʯʝʥʥʳʝ 

ʬʪʦʨʠʜʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʩʦʚʤʝʱʝʥʥʦʤ ʊɻ/ɼʉʂ/ɼʊɸ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʝ Q600. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ɺ ʥʘʰʝ ʚʨʝʤʷ ʤʥʦʛʦ ʣʶʜʝʡ ʩ ʤʘʣʦʧʦʜʚʠʞʥʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ, ʫ ʥʠʭ ʧʦʚʳʰʝʥ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʡ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʘʢʪʠʚʥʦʤ ʦʙʨʘʟʝ ʞʠʟʥʠ ʦʪʪʦʢʫ ʢʨʦʚʠ ʦʪ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʧʦʤʦʛʘʶʪ 

ʤʳʰʝʯʥʳʝ ʧʦʤʧʳ[3]. 

ʅʦ ʧʨʠ ʤʘʣʦʧʦʜʚʠʞʥʦʤ ʦʙʨʘʟʝ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʥʝ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʘ 100%, ʩʦ ʚʨʝʤʝʥʝʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʩʚʝʪ ʚʝʥʳ, ʠʩʪʦʥʯʘʝʪʩʷ ʝʝ ʩʪʝʥʢʘ, ʦʙʨʘʟʫʝʪʩʷ ʚʝʥʦʟʥʳʡ ʟʘʩʪʦʡ. ʕʪʦ ʠ ʝʩʪʴ ʚʘʨʠʢʦʟʥʘʷ ʙʦʣʝʟʥʴ 

- ʝʶ ʩʪʨʘʜʘʶʪ ʜʦ 89 % ʞʝʥʱʠʥʳ ʜʦ 66 % ʤʫʞʯʠʥ ʠʟ ʯʠʩʣʘ ʞʠʪʝʣʝʡ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ. [2] 

ʆʩʣʦʞʥʝʥʠʷʤʠ ʚʘʨʠʢʦʟʥʦʡ ʙʦʣʝʟʥʠ ʷʚʣʷʶʪʩʷ:  

- ʢʨʦʚʦʪʝʯʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʫʪʦʥʯʝʥʠʷ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʦʨʛʘʥʦʚ, ʦʩʦʙʝʥʥʦ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚʳʟʳʚʘʷ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠʥʪʝʣʣʝʢʪʘ, ʩʦʟʥʘʥʠʷ ʠ 

ʨʝʬʣʝʢʪʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɸ ʪʘʢʞʝ ʛʘʥʛʨʝʥʝ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ; 

- ʪʨʦʤʙʦʬʣʝʙʠʪʳ (ʪʨʦʤʙʦʟ ʩ ʚʦʩʧʘʣʝʥʠʝʤ ʩʪʝʥʢʠ ʚʝʥʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʦʤʙʘ, ʟʘʢʨʳʚʘʶʱʝʛʦ ʝʸ 

ʧʨʦʩʚʝʪ), ʪʨʦʤʙ ʦʙʨʘʟʫʝʪʩʷ ʠʟ-ʟʘ ʟʘʤʝʜʣʝʥʠʷ ʪʦʢʘ ʢʨʦʚʠ ʠ ʥʘʨʫʰʝʥʠʡ ʚ ʩʪʝʥʢʝ ʩʦʩʫʜʘ. [1, 2] 

ɺ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠʦʥʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ ʩʦʟʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʫʶ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʥʘʟʳʚʘʝʤʫʶ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʢʦʷ (ʦʪ ʤʠʥʫʩ 70 ʜʦ ʤʠʥʫʩ 90 ʤɺ). ɺʦʟʙʫʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (ʪʘʢ ʦʨʛʘʥʠʟʤ ʩʘʤ ʦʪʜʘʝʪ ʢʦʤʘʥʜʫ) ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ (ʪʘʢ ʤʳ 

ʙʫʜʝʤ ʟʘʩʪʘʚʣʷʪʴ ʩʦʢʨʘʱʘʪʴʩʷ ʤʳʰʮʫ), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʤʝʤʙʨʘʥʘ 

ʧʦʣʷʨʠʟʫʝʪʩʷ, ʚ ʢʣʝʪʢʫ ʧʦʩʪʫʧʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ (ʚ ʦʩʥʦʚʥʦʤ Na). ʇʦʪʝʥʮʠʘʣ ʧʦʢʦʷ -60 ʤɺ 

ʩʢʘʯʢʦʤ ʠʟʤʝʥʷʝʪʩʷ ʥʘ +30 ʤɺ, ʪʘʢ ʢʘʢ ʦʥ ʠʟʤʝʥʠʣʩʷ, ʪʦ ʤʳʰʮʘ ʩʦʢʨʘʪʠʣʘʩʴ. [1, 4] 

ʅʘʰʘ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʪʦʢʦʤ ʥʘ ʤʝʤʙʨʘʥʫ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ, ʜʝʧʦʣʷʨʠʟʦʚʘʪʴ ʝʸ. 

ʇʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ ʧʦʩʪʫʧʷʪ ʚ ʜʘʥʥʫʶ ʢʣʝʪʢʫ, ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʧʦʪʝʥʮʠʘʣ. ɼʘʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

ʥʘʯʥʝʪ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʢʣʝʪʢʠ ʢ ʢʣʝʪʢʝ, ʧʦ ʥʝʨʚʥʦʤʫ ʚʦʣʦʢʥʫ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʪʦʡ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʜʘʩʪ ʚʦʟʙʫʞʜʝʥʠʝ ʤʳʰʮʝ. [4] ʊʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʢʨʘʪʠʪʩʷ, ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʚ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʤʳʰʮ, ʯʪʦ ʥʫʞʥʦ ʥʘʤ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʘʨʠʢʦʟʘ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 

 

 

180 

ʊɽʈʄʀʏɽʉʂʀɽ ʀ ʄɽʍɸʅʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʊʆɺ ʅɸ 

ʆʉʅʆɺɽ ʕʇʆʂʉʀɼʅʆʁ ʉʄʆʃʓ ʀ ʇʈʀʈʆɼʅʆɻʆ ʎɽʆʃʀʊɸ 

ʊ.ɺ. ʄʝʣʴʥʠʢʦʚʘ, ɼ.ɸ. ʈʫʩʘʢʦʚ, ʆ.ɹ. ʅʘʟʘʨʝʥʢʦ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: tatkamel93@mail.ru  

ʕʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʩʚʦʡʩʪʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʚʠʘ- ʠ ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʣʝʝʚ, ʛʝʨʤʝʪʠʢʦʚ, ʢʦʤʧʦʥʝʥʪʘ ʟʘʣʠʚʦʯʥʳʭ ʢʦʤʧʘʫʥʜʦʚ, ʩʚʷʟʫʶʱʠʭ ʜʣʷ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʢʦʚ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʵʧʦʢʩʠʜʥʫʶ ʤʘʪʨʠʮʫ ʚʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ [1, 2]. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʠʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʥʘ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʕɼ-20, ʦʪʚʝʨʞʜʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʠʵʪʠʣʝʥʧʦʣʠʘʤʠʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʧʨʠʨʦʜʥʦʛʦ 

ʮʝʦʣʠʪʘ ʉʘʭʘʧʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʘ 

ʪʘʢʞʝ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (SDT Q600), ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(Nicolet 5700), ʧʨʦʚʝʜʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ (GOTECH AI-7000M).  

ɹʦʨʥʘʷ ʢʠʩʣʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʟʘʤʝʜʣʠʪʝʣʴ ʛʦʨʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʮʝʣʣʶʣʦʟʳ ʠ ʩ ʫʩʧʝʭʦʤ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʛʦʨʶʯʝʩʪʠ ʵʧʦʢʩʠʜʥʳʭ ʧʦʣʠʤʝʨʦʚ [2, 3]. ʅʘʣʠʯʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʧʦʣʦʩʪʷʭ 

ʠ ʧʦʨʘʭ ʢʘʨʢʘʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʨʦʜʥʳʭ ʮʝʦʣʠʪʦʚ, ʢʦʪʦʨʘʷ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ ʩʥʠʞʝʥʠʷ ʛʦʨʶʯʝʩʪʠ ʥʘʧʦʣʥʝʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

ʇʨʠ ʥʘʛʨʝʚʝ ʥʘʧʦʣʥʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʜʦ 300 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʵʥʜʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʚʳʜʝʣʝʥʠʷ ʚʦʜʳ, ʧʨʠ ʵʪʦʤ 

ʧʦʥʠʞʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʨʘʟʙʘʚʣʷʶʪʩʷ ʛʦʨʶʯʠʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʜʝʩʪʨʫʢʮʠʠ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 300 Áʉ ʯʘʩʪʠʮʳ ʮʝʦʣʠʪʘ ʚʳʧʦʣʥʷʶʪ ʙʘʨʴʝʨʥʫʶ ʬʫʥʢʮʠʶ, ʧʨʝʧʷʪʩʪʚʫʷ ʧʨʦʭʦʞʜʝʥʠʶ 

ʧʦʪʦʢʘ ʪʝʧʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʘʪʠʯʝʩʢʠʡ ʠʟʛʠʙ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʦ 10 

%.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʠʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʵʧʦʢʩʠʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʠʚʝʣʦ ʢ ʟʘʤʝʪʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʝʣʝʢʪʠʚʥʳ ʧʦ ʠʟʦʪʦʧʘʤ, ʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʟʦʪʦʧʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʠʥʘ ʷʜʨʘ. ʇʨʠ 

ʵʪʦʤ, ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʨʘʜʠʢʘʣʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚʦʟʤʦʞʥʳ 4 ʢʦʤʙʠʥʘʮʠʠ ʦʨʠʝʥʪʘʮʠʠ ʩʧʠʥʦʚ ʚʘʣʝʥʪʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʦʣʷ ʩʠʥʛʣʝʪʥʦʛʦ (ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ) ʩʦʩʪʦʷʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 25% [1]. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʨʘʟʣʠʯʠʤʦʩʪʴʶ ʵʥʝʨʛʠʡ ʩʧʠʥʦʚ ʥʘʧʨʘʚʣʝʥʠʡ +1/2 ʠʣʠ -1/2 ʩ ʨʘʟʥʳʤʠ ʬʘʟʘʤʠ ʧʨʝʮʝʩʩʠʠ, ʥʘʧʨʠʤʝʨ 

ʚ ʦʧʳʪʘʭ ɻʝʨʣʘʭʘ ʠ ʐʪʝʨʥʘ. ʇʨʠʥʮʠʧ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʦʝʢʮʠʡ ʩʧʠʥʘ Sx ʠ Sy ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

DSx DSy ² >/2 |àSzð|. ʇʨʠ àSzð = >/2 ʩ ʜʠʩʧʝʨʩʠʝʡ æSz = 0 ʧʦʣʫʯʘʝʤ DSx DSy ² (>/2)2. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʜʠʩʧʝʨʩʠʠ 

ʧʨʦʝʢʮʠʡ ʩʧʠʥʘ (ʥʘ ʦʩʠ ʆʍ ʠ ʆY) DSy º DSx = >/2, ʯʪʦ ʩ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥʳ ʩʧʠʥʘ ¼S¼ = 3 /2> (ʘ ʧʦʵʪʦʤʫ 

Sx = 2/2 >) ʚʳʟʳʚʘʝʪ ʦʰʠʙʢʫ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʬʘʟʳ ʧʨʝʮʝʩʩʠʠ ʩʧʠʥʘ Dj º 30̄  ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦʵʪʦʤʫ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ n = 2p/Djº 12 ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʟʳ ʧʨʝʮʝʩʩʠʠ ʩʧʠʥʘ ʚʘʣʝʥʪʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʨʘʜʠʢʘʣʘ, 

ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʢʘʢ çʜʠʩʢʨʝʪʥʳʝè ʩʦʩʪʦʷʥʠʷ.  

ʉ ʫʯʝʪʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʬʘʟʳ ʧʨʝʮʝʩʩʠʠ ʩʧʠʥʘ ʦʜʥʦʛʦ ʠʟ ʨʘʜʠʢʘʣʦʚ, ʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ n 

ʩʠʥʛʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ S ʧʨʠ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩʦ ʚʪʦʨʳʤ ʨʘʜʠʢʘʣʦʤ ʩ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʧʠʥʘ. 

ʊʨʠʧʣʝʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ: ʊ0 ï n(n-1); ʊ-1 ʠ ʊ+1 ï n2 ʩʧʦʩʦʙʘʤʠ. ɼʦʣʷ ʩʠʥʛʣʝʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʠʟ ʚʩʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʥʘʙʦʨʘ, ʩʦʩʪʘʚʣʷʝʪ 1/3n = 2,(7)% ʘ ʥʝ 25%. ʉ ʫʯʝʪʦʤ ʯʘʩʪʦʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʯʘʩʪʠʮ ʚ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ ʛʘʟʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʯʘʩʪʦʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ 

ʨʘʜʠʢʘʣʦʚ ʚʦ ʚʥʝʰʥʝʤ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 
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1
RRS sun = , ʩʠʥʛʣʝʪ/ʩʤ3                               (1) 

ʛʜʝ R1, R2 ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʜʚʫʭ ʪʠʧʦʚ, u - ʩʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, s - 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʨʘʜʠʢʘʣʦʚ ʜʚʫʭ ʪʠʧʦʚ. 

ʋʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʨʝʘʛʝʥʪʦʚ 

[ ] [ ][ ]21
1

RRk
dt

Rd
s==n .      (2) 

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʳʨʘʞʝʥʠʡ (1) ʠ (2) ʚʠʜʥʦ, ʯʪʦ const ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

( )su72:2=k . ʇʦʣʫʯʝʥʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ const ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʝʣʘʢʩʘʮʠʶ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ ʨʘʟʚʘʣʘ. ɼʣʷ ʦʮʝʥʢʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʝ ʧʨʠʤʝʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʠ 1500ʉ u º 3 105 ʩʤ/ʩ, ʘ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ 

ʩʪʦʣʢʥʦʚʝʥʠʷ s º 5 10-15 ʩʤ2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʫ k º 3 10-11 ʩʤ6/ʩ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʙʣʠʟʢʘ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ (5 10-11 ʩʤ6/ʩ), ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʙʘʟʝ NIST ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1.  ʄʳʰʢʠʥ ɺ. ʌ., ʀʞʦʡʢʠʥ ɼ. ɸ., ʋʰʘʢʦʚ ʀ. ɸ., ʍʘʥ ɺ. ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʥʳʭ ʵʬʬʝʢʪʦʚ ʚ 

ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʌʠʟʠʢʘ. - 2012 - ʊ. 55 - ˉ. 11/2 - C. 

348-352. 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʂʆʅʊʈʆʃʔ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʋʈɸʅʆɺʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ ʅɸ 

ʕʅɽʈɻʆɼʀʉʇɽʈʉʀʆʅʅʆʄ ʉʇɽʂʊʈʆʄɽʊʈɽ ʉʈɺ-1ɺ 

ɸ.ʀ. ʅʘʫʤʠʢ, ɸ.ɸ. ɺʝʨʠʛʠʥ 

ʊʦʚʘʨʠʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ çʊʝʭʥʦɸʥʘʣʠʪè, 

 ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ.ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ʫʣ. ʂʨʳʣʦʚʘ, 85, 070004 

E-mail: alexnaumik@gmail.com 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ ʫʨʘʥʘ ʷʚʣʷʝʪʩʷ ʧʦʜʟʝʤʥʦʝ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʢʠʩʣʦʪʦʡ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʦʙʳʯʠ ʫʨʘʥʘ, ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʜʟʝʤʥʦʛʦ ʩʢʚʘʞʠʥʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʚ ʚʠʜʝ ʫʨʘʥʩʦʜʝʨʞʘʱʝʛʦ ʪʦʚʘʨʥʦʛʦ ʜʝʩʦʨʙʘʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʠ ʧʨʠʤʝʩʝʡ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ, ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ, ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ, 

ʚʳʱʝʣʘʯʠʚʘʶʱʠʭ ʨʘʩʪʚʦʨʘʭ ʠ ʤʘʪʦʯʥʠʢʦʚ ʩʦʨʙʮʠʠ ʫʨʘʥʘ, ʨʘʩʪʚʦʨʦʚ ʧʦʩʣʝ ʧʨʦʢʘʯʢʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, 

ʘ ʪʘʢʞʝ ʚ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣʘʭ: ʥʘʩʳʱʝʥʥʦʡ ʩʤʦʣʝ, ʩʤʦʣʝ ʧʦʩʣʝ ʜʝʩʦʨʙʮʠʠ ʠ ʜʝʥʠʪʨʘʮʠʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʝʡ, 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʨʠʤʝʥʷʶʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʆʙʱʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʝʡ.  

ʉʚʦʙʦʜʥʳʤ ʦʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ.  

ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ ʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʉʈɺ-1ɺ (ʊʆʆ çʊʝʭʥʦɸʥʘʣʠʪè, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ).  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʨʝʭ ʦʩʝʚʘʷ ʛʝʦʤʝʪʨʠʷ ʠʟʤʝʨʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʚʪʦʨʠʯʥʦʡ ʤʠʰʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʝʨʚʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ ʩ ʩʝʨʝʙʨʷʥʳʤ ʘʥʦʜʦʤ. ʈʝʞʠʤ ʨʘʙʦʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ - ʥʘʧʨʷʞʝʥʠʝ 45 ʢɺ, ʪʦʢ 400 

ʤʢɸ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʤʝʥʝʥ ʢʨʝʤʥʠʝʚʳʡ ʜʨʝʡʬʦʚʳʡ ʜʝʪʝʢʪʦʨ (SDD) ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 149 ʵɺ. ʈʘʩʯʝʪ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʩʚʷʟʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʤʝʪʦʜʦʤ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [1]. 

ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʨʦʛ ʦʙʥʘʨʫʞʝʥʠʷ ʫʨʘʥʘ ʩʦʩʪʘʚʠʣ 1.2 ʤʛ/ʣ ʧʨʠ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ 300 ʩ. ɼʣʷ 

ʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʥʠʡ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʵʢʩʧʦʟʠʮʠʠ ʜʦ 60 ʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʉʈɺ-1ɺ 

ʜʣʷ ʨʝʰʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫʨʘʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʫʟʴʤʠʥʳʭ ɺ.ɸ., ɺʝʨʠʛʠʥ ɸ.ɸ., ʅʘʫʤʠʢ ɸ.ʀ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ // ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʉʦʚʤʝʩʪʥʳʡ ʚʳʧʫʩʢ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʫʥʘʨ. ʢʦʥʬ çɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮ. ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʠè. ï ʅʦʚʦʩʠʙʠʨʩʢ-ɸʣʤʘʪʳ-ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, 2003. ïʊ.8, ï C. 132-136. 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʆʇʈɽɼɽʃɽʅʀɽ ʈɸɿɼɽʃʀʊɽʃʔʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ɻɸɿʆɺʆʁ ʎɽʅʊʈʀʌʋɻʀ ɺ 

ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʉʂʆʈʆʉʊʀ ɺʈɸʑɽʅʀʗ ʀ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʈʆʊʆʈɸ ʉ 

ʇʆʄʆʑʔʖ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ɺ.ɻ. ɹʫʪʦʚ, ʉ.ʅ. ʊʠʤʯʝʥʢʦ, ɸ.ɸ.ʅʠʢʣʶʜʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: timsn@tpu.ru  

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʝʜʠʥʠʯʥʦʡ ʛʘʟʦʚʦʡ ʮʝʥʪʨʠʬʫʛʠ, ʢʦʪʦʨʘʷ 

ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʙʠʥʘʨʥʳʭ ʩʤʝʩʝʡ ʠʟʦʪʦʧʦʚ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ 

ʚʥʫʪʨʠ ʮʝʥʪʨʠʬʫʛʠ, ʥʦʩʷʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʟʦʚʦʡ ʮʝʥʪʨʠʬʫʛʠ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʠʣʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ[1]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʧʦʜʦʙʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ[2], ʧʦʵʪʦʤʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʘʟʦʚʦʡ 

ʮʝʥʪʨʠʬʫʛʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʦʟʚʦʣʷʶʱʘʷ, 

ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚʦʡ ʮʝʥʪʨʠʬʫʛʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʛʘʟʦʚʦʡ ʮʝʥʪʨʠʬʫʛʠ, ʚʝʣʠʯʠʥʳ ʟʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚʥʫʪʨʠ ʛʘʟʦʚʦʡ ʮʝʥʪʨʠʬʫʛʠ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʥʦʛʦʩʣʦʡʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʚʷʟʷʤʠ (ʩ ʪʨʝʤʷ ʩʣʦʷʤʠ: ʚʭʦʜʥʦʡ, ʩʢʨʳʪʳʡ ʠ ʚʳʭʦʜʥʦʡ).  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʪʨʝʭʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɼʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʮʝʥʪʨʠʬʫʛ[3-5]. ʉ ʠʭ ʧʦʤʦʱʴʶ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 2500 ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʛʘʟʦʚʦʡ ʮʝʥʪʨʠʬʫʛʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʘ ʧʠʪʘʥʠʷ ʠ ʜʘʚʣʝʥʠʡ ʚ ʪʨʘʩʩʘʭ ʦʪʙʦʨʘ ʠ ʦʪʚʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: 2000 ʥʘʙʦʨʦʚ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 500 ʥʘʙʦʨʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʪʝʧʝʥʠ ʦʙʫʯʝʥʠʷ. 
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ʧʣʝʥʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʝʞʫʱʝʛʦ ʢʣʠʥʘ, ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʯʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ï ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ. ʆʥʠ ʩʥʠʞʘʶʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʠ ʵʢʨʘʥʠʨʫʶʪ ʪʚʝʨʜʦʬʘʟʥʳʝ ʨʝʘʢʮʠʠ ʩ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ, ʦʢʘʟʳʚʘʶʪ 

ʢʠʩʣʦʪʥʦ ï ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʟʦʥʘʭ ʠʭ ʢʦʥʪʘʢʪʘ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʠʤʠ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʠʟʥʦʩ, ʧʨʠʦʙʨʝʪʘʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ. ʂ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʚʳʟʳʚʘʶʱʠʤ ʫʩʢʦʨʝʥʥʦʝ ʜʠʬʬʫʟʠʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʨʝʞʫʱʝʛʦ ʢʣʠʥʘ, ʦʪʥʦʩʷʪʩʷ 

ʫʛʣʝʨʦʜʠʩʪʳʝ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʣʝʛʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʩʪʘʣʝʡ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʦʙʨʘʙʦʪʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʨʝʞʫʱʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʛʨʫʧʧʳ ʧʨʠʤʝʥʷʝʤʦʩʪʠ ï ʈ [1]. ɹʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ 

ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʧʨʠʤʝʩʝʡ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ. ʋʛʣʝʨʦʜ ʚ ʩʦʩʪʘʚʝ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʠ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʦʜʦʨʦʜ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʝʛʦ 

ʩʧʝʢʘʥʠʠ ʚ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʝʡ ʩʨʝʜʝ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʦʙʨʘʟʫʶʱʠʝʩʷ ʦʢʩʠʜʳ ʫʛʣʝʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʢʠʩʣʦʪʥʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʢʩʠʜʦʚ [2]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʨʘʜʠʘʮʠʦʥʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʟʘ ʩʯʝʪ ʦʙʣʫʯʝʥʠʷ ʠʭ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠʣʠ ʠʦʥʥʳʤʠ 

ʧʫʯʢʘʤʠ ʧʨʠʚʦʜʠʪ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʦʢʩʠʜʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʢʠʩʣʦʪʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʪʝʤ, 

ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʢʘʨʙʠʜʦʚ ʚʥʦʩʠʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʬʝʢʪʦʚ, ʩʥʠʞʘʶʱʘʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ 

ʥʠʟʢʠʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʫ ʦʢʩʠʜʦʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʦʙʱʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʨʫʧʧʳ ʧʨʠʤʝʥʷʝʤʦʩʪʠ ʈ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʠʟʥʦʩ, ʟʘʚʠʩʠʪ, ʢʘʢ ʦʪ ʬʠʟʠʢʦ ï ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʪʘʢ ʠ ʦʪ ʩʚʦʡʩʪʚ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ.  
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ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ï ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ. ʆʥʠ ʩʥʠʞʘʶʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʠ ʚʳʧʦʣʥʷʶʪ, ʨʦʣʴ ʪʚʝʨʜʦʡ ʩʤʘʟʢʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʦʛʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ, ʦʢʘʟʳʚʘʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʩʠʜʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʟʦʥʘʭ ʠʭ ʢʦʥʪʘʢʪʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʠʤʠ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʳʡ ʘʜʛʝʟʠʦʥʥʳʡ ʠʟʥʦʩ, ʧʨʠʦʙʨʝʪʘʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʢʩʠʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʠʨʫʝʤʦʡ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʪʘʢʞʝ, ʧʨʦʠʩʭʦʜʠʪ ʠ ʩʥʠʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʜʘʥʥʦʡ ʨʘʙʦʯʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʚʳʟʳʚʘʶʱʠʤ 

ʫʩʢʦʨʝʥʥʦʝ ʘʜʛʝʟʠʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʨʝʞʫʱʝʛʦ ʢʣʠʥʘ, ʦʪʥʦʩʷʪʩʷ ʩʪʘʣʠ ʘʫʩʪʝʥʠʪʥʦʛʦ, ʘʫʩʪʝʥʠʪʥʦ - ʬʝʨʨʠʪʥʦʛʦ 

ʠ ʘʫʩʪʝʥʠʪʥʦ - ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʩʦʚ. ɼʘʥʥrʡ ʢʣʘʩʩ ʩʪʘʣʝʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʨʝʞʫʱʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʛʨʫʧʧʳ ʧʨʠʤʝʥʷʝʤʦʩʪʠ ï ʂ [1]. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 

ʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʜʦʨʦʜʘ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʚʦʜʦʨʦʜ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʝʛʦ ʩʧʝʢʘʥʠʠ ʚ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʝʡ ʩʨʝʜʝ. ʇʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʨʦʜ ʩʪʨʫʢʪʫʨʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʦʢʩʠʜʥʳʤʠ ʧʣʝʥʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʰʠʭ 

ʦʢʩʠʜʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʈʦʩʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʠʤʝʶʱʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʣʦʩʢʦʩʪʝʡ ʣʝʛʢʦʛʦ ʩʢʦʣʴʞʝʥʠʷ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʤʝʞʢʦʥʪʘʢʪʥʳʭ ʦʢʩʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʢ ʩʥʠʞʝʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʜʠʘʮʠʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʛʘʤʤʘ-

ʢʚʘʥʪʘʤʠ ʠʩʪʦʯʥʠʢʘ ʢʦʙʘʣʴʪ-60 ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʭʦʜʫ ʠʟ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʢʦʪʦʨʦʝ 

ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ [2]. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʢʩʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ. 
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ʤʦʣʠʙʜʝʥʘ-99, ʚʳʜʝʣʷʝʤʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʫʨʘʥʘ-235, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʡʪʨʦʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʦʙʦʛʘʱʝʥʥʳʭ 

ʤʠʰʝʥʝʡ ʤʦʣʠʙʜʝʥʘ-98. ɹʦʣʝʝ 90% ʄʦ-99 ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ ʪʝʭʥʝʮʠʷ-99ʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʜʝʣʝʥʠʠ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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BR-2 ʥʘ ʌʣʸʨʶʩʝ, ɹʝʣʴʛʠʷ, OSIRIS ʚ ʉʘʢʣʝ, ʌʨʘʥʮʠʷ ʠ SAFARI-1 ʥʘ ʇʝʣʠʥʜʘʙʝ ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ) [1]. ʇʨʠ 

ʜʝʣʝʥʠʠ ʫʨʘʥʘ-235, ʧʦʤʠʤʦ ʄʦ-99, ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 20 ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩ ʧʝʨʠʦʜʘʤʠ 

ʧʦʣʫʨʘʩʧʘʜʘ ʦʪ 0,1 ʜʦ 60 ʜʥʝʡ ʠ ʩ ʤʘʩʩʦʚʳʤʠ ʯʠʩʣʘʤʠ ʦʪ 72 ʜʦ 161, ʚ ʪ.ʯ. ʦʙʨʘʟʫʶʪʩʷ ʠ Ŭ-ʠʟʣʫʯʘʶʱʠʝ ʠʟʦʪʦʧʳ 

ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, 239Pu). ɺʩʝ ʵʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʪʱʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʮʝʣʝʚʦʛʦ 

ʨʘʜʠʦʥʫʢʣʠʜʘ ʦʪ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʫʪʠʣʠʟʘʮʠʝʡ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʫʨʘʥʦʚʦʤʫ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʣʠʙʜʝʥʘ-99 ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʨʝʜʥʝʧʦʪʦʯʥʳʭ 

ʨʝʘʢʪʦʨʘʭ, ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʮʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ (n,ɔ). 

ʊʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʠ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʝʥʝʨʘʪʦʨʦʚ ʪʝʭʥʝʮʠʷ-99ʤ ʥʘ ʨʝʘʢʪʦʨʘʭ 

ɺɺʈ-ʉʄ ʚ ʊʘʰʢʝʥʪʝ, ʋʟʙʝʢʠʩʪʘʥ [2] ʠ ʥʘ ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ ʚ ʊʦʤʩʢʝ, ʈʦʩʩʠʷ. ʅʘʨʘʙʘʪʳʚʘʝʤʳʡ Mo-99 ʠʤʝʝʪ 

ʥʠʟʢʫʶ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʥʘ ʢʦʣʦʥʢʫ ʛʝʥʝʨʘʪʦʨʘ ʙʦʣʴʰʦʡ ʤʘʩʩʳ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʤʦʣʠʙʜʝʥʘ (ʧʦʨʷʜʢʘ 200 ʤʛ ʧʨʦʪʠʚ 5 ʤʛ ʠʟ çʦʩʢʦʣʦʯʥʦʛʦè 99ʄʦ ʧʦ ʫʨʘʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ). ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʥʝʨʘʪʦʨʦʚ ʪʝʭʥʝʮʠʷ-99ʤ, ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʨʝʛʝʥʝʨʘʮʠʠ ʤʦʣʠʙʜʝʥʘ ʠʟ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʛʝʥʝʨʘʪʦʨʥʳʭ 

ʢʦʣʦʥʦʢ ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʠ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʨʝʮʠʢʣʠʯʝʩʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʟʚʦʣʠʚʰʠʡ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙʳ ʨʝʛʝʥʝʨʘʮʠʠ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʙʦʣʝʝ 98%. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌ ʚ ʣʠʮʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʧʨʦʝʢʪ ˉ 

RFMEFI57514X0034). 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʘʢʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ, 

ʟʘʧʳʣʸʥʥʦʛʦ ʧʨʦʚʦʜʷʱʠʤʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʟʨʷʜ ʚʦʟʙʫʞʜʘʣʩʷ ʚ ʚʦʟʜʫʭʝ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʯʘʩʪʦʪʝ 37,5 ʄɻʮ. ʄʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0,5 ʜʦ 3 ʢɺʪ. ɼʠʩʧʝʨʩʥʦʩʪʴ 

ʧʦʨʦʰʢʘ ʟʘʧʳʣʷʶʱʝʛʦ ʨʘʟʨʷʜ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 30...60 ʤʢʤ. ʀʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʟʦʥʘʥʩʥʳʤ ʤʝʪʦʜʦʤ. ʉʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʮʝʧʠ ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʘ ʩʭʝʤʝ, ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʚ ʨʘʙʦʪʝ [2]. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ 

ʨʘʟʨʷʜʥʳʤ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʤ ʵʣʝʢʪʨʦʜʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʬʘʢʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʠ ʢʦʩʠʥʫʩʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʪʦʢʦʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʚ ʨʘʟʨʷʜʝ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ 

ʵʣʝʢʪʨʦʜʝ, ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʟʘʧʳʣʸʥʥʦʩʪʠ ʨʘʟʨʷʜʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʧʳʣʝʥʠʠ ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʷʱʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʝʛʦ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 15...20%. ɪʤʢʦʩʪʴ ʨʘʟʨʷʜʘ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʟʘʧʳʣʝʥʠʷ ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʟʘʧʳʣʝʥʠʷ ʨʘʟʨʷʜʘ ʜʠʵʣʝʢʪʨʠʢʦʤ. ɺʝʣʠʯʠʥʘ 

ʢʦʩʠʥʫʩʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʪʦʢʦʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʚ ʨʘʟʨʷʜʝ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʵʣʝʢʪʨʦʜʝ, ʧʨʠ ʟʘʧʳʣʝʥʠʠ 

ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʩʦʩʪʘʚʣʷʝʪ 0,7...0,8. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʚʝʣʠʯʠʥʘ ʝʛʦ ʘʢʪʠʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ ʚ ʩʣʫʯʘʝ ʟʘʧʳʣʝʥʠʷ ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʷʱʠʤ 

ʤʘʪʝʨʠʘʣʦʤ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʩʠʥʫʩʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ 

ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʜʣʷ ʬʘʢʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʤʦʱʥʦʩʪʴʶ 1 ʢɺʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʝʛʦ ʟʘʧʳʣʸʥʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʢʦʩʠʥʫʩ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʨʘʟʨʷʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 

ʩʪʝʧʝʥʠ ʝʛʦ ʟʘʧʳʣʝʥʠʷ 6Ŀ10-6.  
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ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʚ ʅʌ ʆɸʆ çɻʉʇʀè ʩʦʟʜʘʥʘ ʚ 1978ʛ. ʠ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ 

ʨʝʰʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ɻʂ çʈʦʩʘʪʦʤè. ʆʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ:  

¶ ʦʯʠʩʪʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ (ʚ ʪ.ʯ. ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ) ʦʪ ʧʨʠʤʝʩʝʡ ʪʷʞʸʣʳʭ, 

ʮʚʝʪʥʳʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ; 

¶ ʩʦʨʙʮʠʦʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʨʝʜʢʠʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʨʙʝʥʪʘʭ ʠʟ 

çʟʘʩʦʣʸʥʥʳʭè ʚʦʜʥʳʭ ʩʠʩʪʝʤ; 

¶ ʜʝʥʠʪʨʘʮʠʷ ʘʤʤʠʘʯʥʳʭ ʤʘʪʦʯʥʠʢʦʚ; 

¶ ʤʘʣʦʦʪʭʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʛʦ ʘʬʬʠʥʘʞʘ ʫʨʘʥʘ; 

¶ ʢʦʤʧʣʝʢʩʥʘʷ ʦʯʠʩʪʢʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʪʚʸʨʜʳʭ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ; 

mailto:ost@vnipiet-nsk.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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¶ ʦʯʠʩʪʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʝʯʝʡ ʧʨʦʢʘʣʠʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʚ ʫʨʘʥʘ; 

¶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʘʧʧʘʨʘʪʳ çʤʦʢʨʦʡè ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ; 

¶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʛʘʟʦʚ ʦʪ ʧʨʠʤʝʩʝʡ ʚʦʜʦʨʦʜʘ, 

ʘʤʤʠʘʢʘ ʠ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; 

¶ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʛʘʟʦʚ ʦʪ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; 

¶ ʧʣʘʤʝʥʥʦʝ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ; 

¶ ʧʝʨʝʨʘʙʦʪʢʘ ʪʚʸʨʜʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ ʨʘʩʧʣʘʚʘʭ ʩʦʣʝʡ ʠ ʱʝʣʦʯʝʡ; 

¶ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʥʳʭ ʩʠʩʪʝʤ ʚ ʩʤʝʰʘʥʥʦʤ ʩʣʦʝ ʠʦʥʠʪʦʚ; 

¶ ʨʝʘʙʠʣʠʪʘʮʠʷ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜʦʸʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʣʝʛʫʤʠʥʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ; 

¶ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʨʪʫʪʠ ʚ ʞʠʜʢʠʭ ʠ ʪʚʸʨʜʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʭʦʜʘʭ.  

 ʉʪʝʧʝʥʴ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ï ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʩʥʠʞʝʥʠʶ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʨʠʷʪʠʡ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆɹʈɸɿʎʆɺ ʉ ʇʆʄʆʑʔʖ ʊʆʄʆɻʈɸʌʀʏɽʉʂʆʁ ʋʉʊɸʅʆɺʂʀ ʉ 

ʈɸʉʍʆɼʗʑʀʄʉʗ ʇʋʏʂʆʄ ʈɽʅɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ʌ.ɸ. ʇʘʢ, ɸ.ɼ. ʖʞʘʢʦʚ, ʉ.ɻ. ʉʪʫʯʝʙʨʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 
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ɺ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʙʘʟʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʛʘʟʦʨʘʟʨʷʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʇʈʀɿ-

1536 [1] ʙʳʣʘ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʧʨʦʝʢʮʠʦʥʥʳʝ ʩʥʠʤʢʠ ʠ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

[2,3]. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʠʩʪʦʯʥʠʢ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʈɸʇ-160-5 ʥʝ ʧʦʟʚʦʣʷʣ ʧʦʣʫʯʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʠʣʫ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʘ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʠʤʝʶʱʝʡʩʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʫʪʝʤ ʟʘʤʝʥʳ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʙʦʣʴʰʝʡ 

ʤʦʱʥʦʩʪʴʶ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʪʝʣʘ ʯʝʣʦʚʝʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʙʳʣ ʚʳʙʨʘʥ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʘʧʧʘʨʘʪ MXR-451HP/11 [4]. ɺʳʙʦʨ ʚ ʝʛʦ 

ʧʦʣʴʟʫ ʙʳʣ ʩʜʝʣʘʥ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

ɿʘʤʝʥʘ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʫʩʪʘʥʦʚʢʠ ʧʦʪʨʝʙʦʚʘʣʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʦʜʭʦʜ ʢ ʩʠʩʪʝʤʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʥʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʫʩʪʘʥʦʚʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ, ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʮʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʦʤʦʛʨʘʤʤ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʘʥʦʜʝ ʪʨʫʙʢʠ, ʘʥʦʜʥʳʡ ʪʦʢ ʠ ʜʨʫʛʠʝ. 

ʇʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ AAPM-ʬʘʥʪʦʤʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ 

ʪʝʣʘ ʯʝʣʦʚʝʢʘ. 
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ʃʠʛʥʠʥ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʜʨʝʚʝʩʠʥʳ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʜʨʝʚʝʩʠʥʳ, ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦʫʪʠʣʠʟʠʨʫʝʤʳʡ ʦʪʭʦʜ [1]. ʇʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʣʠʛʥʠʥʘ 

(International Lignin Institute) ʝʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʧʦʣʫʯʘʶʪ ʦʢʦʣʦ 70 ʤʣʥ. ʪ. ʪʝʭʥʠʯʝʩʢʠʭ ʣʠʛʥʠʥʦʚ, ʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʠ ʜʨʫʛʠʝ ʮʝʣʠ ʥʝ ʙʦʣʝʝ 2%. ʆʩʪʘʣʴʥʦʝ ʩʞʠʛʘʝʪʩʷ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʠʣʠ ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ ʚ ʤʦʛʠʣʴʥʠʢʘʭ [2].  

ʉʫʣʴʬʘʪʥʳʡ ʣʠʛʥʠʥ (ʉʌʃ) ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʮʝʣʣʶʣʦʟʥʳʭ ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠ 

ʩʫʣʴʬʘʪʥʦʡ ʚʘʨʢʝ ʜʨʝʚʝʩʠʥʳ ʚ ʢʦʣʠʯʝʩʪʚʘʭ 30õ35% ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ 

[3]: ʟʦʣʘ 1,0õ2,5%; ʢʠʩʣʦʪʳ ʚ ʨʘʩʯʝʪʝ ʥʘ ʩʝʨʥʫʶ ï 0,1ï0,3%; ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ï 9õ11%; ʩʤʦʣʠʩʪʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 0,3õ0,4%; ʣʠʛʥʠʥ ʂʣʘʩʦʥʘ ï 85%, ʘ ʪʘʢʞʝ ʩʝʨʘ, ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 2,0ï2,5%, 

ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʩʚʷʟʘʥʥʦʡ ï 0,4õ0,9%. ʆʜʥʘʢʦ, ʩʞʠʛʘʥʠʝ ʉʌʃ ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʦʙʳʯʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʝʟʦʧʘʩʥʳʤ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʚʨʝʜʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʉʌʃ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʳʭ ʛʦʨʶʯʠʭ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʡ (ɺʆʂ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʛʦʨʶʯʘʷ ɺʆʂ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʉʌʃ (30% ʉʌʃ: 70% ɺʦʜʘ), ʠʤʝʶʱʘʷ ʊʘʜå1200 Áʉ ʠ ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ 6,4 ʄɼʞ/ʢʛ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʘʪʴ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ 1 ʪʦʥʥʳ ʦʪʭʦʜʦʚ ʜʦ 1,8 ʄɺʪĀʯ (1,5 ɻʢʘʣ) ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 

ɿʘʪʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʘʚʦʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʉʌʃ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʦʡ ʛʦʨʶʯʝʡ ɺʆʂ. ɼʣʷ ʨʘʩʯʸʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʮʝʥʟʠʦʥʥʘʷ ʧʨʦʛʨʘʤʤʘ TERRA. ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (0,1 ʄʇʘ), ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (300õ4000) ʂ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ (10õ95) %.  

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ: ʩʦʩʪʘʚ ʛʦʨʶʯʝʡ ɺʆʂ: (30% ʉʌʃ : 70% ɺʦʜʘ); 

ʤʘʩʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʬʘʟ: (66% ɺʦʟʜʫʭ : 34% ɺʆʂ); ʠʥʪʝʨʚʘʣ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ (1200 Ñ100) Áʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʩʫʣʴʬʘʪʥʳʭ ʣʠʛʥʠʥʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ 

ʮʝʣʣʶʣʦʟʥʦʡ ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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3. ʍʦʣʴʢʠʥ ʖ.ʀ. ʊʝʭʥʦʣʦʛʠʷ ʛʠʜʨʦʣʠʟʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ï ʄ: çʃʝʩʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴè, 1989.- 480 ʩ.. 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: avr10@tpu.ru  

ɻʦʨʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ [1] ʟʘ ʩʯʸʪ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. ʇʦʵʪʦʤʫ ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʛʦ ʛʦʨʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʚʝʱʝʩʪʚ ʚ ʧʣʘʟʤʫ ʬʘʢʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʝʛʦ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʥʷʶʪʩʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʛʦʨʝʥʠʝ ʨʘʟʨʷʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʘʟʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʧʣʘʟʤʝ ʬʘʢʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ, ʟʘʧʳʣʸʥʥʦʛʦ ʧʨʦʚʦʜʷʱʠʤʠ ʠ 

ʥʝʧʨʦʚʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʷ ʦʩʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʟʘʧʳʣʸʥʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ.  

ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʟʨʷʜ ʚʦʟʙʫʞʜʘʣʩʷ ʚ ʚʦʟʜʫʭʝ, ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʯʘʩʪʦʪʝ 37,5 ʄɻʮ. 

ʄʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʩʦʩʪʘʚʣʷʣʘ 1,5 ʢɺʪ. ɿʘʧʳʣʷʶʱʠʡ ʧʣʘʟʤʫ ʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʚʘʣʩʷ ʚ ʨʘʟʨʷʜ ʯʝʨʝʟ 

ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʵʣʝʢʪʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʧʠʪʘʪʝʣʷ. ɼʠʩʧʝʨʩʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 

30...50 ʤʢʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʛʦʨʝʥʠʝ 

ʨʘʟʨʷʜʘ, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʸʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ [2] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩ ʨʘʩʯʸʪʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʀʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʝʤʢʦʩʪʥʦʛʦ ʟʦʥʜʘ, ʧʝʨʝʤʝʱʘʝʤʦʛʦ 

ʚʜʦʣʴ ʧʣʘʟʤʦʠʜʘ ʨʘʟʨʷʜʘ. ʉʠʛʥʘʣ ʩ ʝʤʢʦʩʪʥʦʛʦ ʟʦʥʜʘ ʧʦ ʣʠʥʠʠ ʩ ʜʚʦʡʥʦʡ ʵʢʨʘʥʠʨʦʚʢʦʡ ʧʦʜʘʚʘʣʩʷ ʥʘ ʚʭʦʜ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʨʠ ʟʘʧʳʣʝʥʠʠ ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʛʦʨʝʥʠʝ ʨʘʟʨʷʜʘ, ʫʤʝʥʴʰʘʝʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʦʩʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʟʨʷʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

mailto:lutsenko@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʟʘʧʳʣʸʥʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ ʥʘ 15...20%. ʈʘʩʯʸʪʳ ʦʩʝʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ ʚ ʚʠʜʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʣʠʥʠʠ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 
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ˉ1. ï ʩ.147 ï 151. 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɸʃʆɻɸɹɸʈʀʊʅʆʁ ʍʈʆʄɸʊʆɻʈɸʌʀʏɽʉʂʆʁ ʂʆʃʆʅʂʀ ɼʃʗ ɻɽʅɽʈɸʊʆʈɸ 

ʊɽʍʅɽʎʀʗ-99ʄ ʅɸ ʆʉʅʆɺɽ ɸʂʊʀɺɸʎʀʆʅʅʆɻʆ ʄʆʃʀɹɼɽʅɸ 

ɺ.ʉ. ʉʢʫʨʠʜʠʥ, ɽ.ʉ. ʉʪʘʩʶʢ, ɸ.ʉ. ʈʦʛʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: rogov@tpu.ru  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ (ʈʌʇ) ʥʘ ʦʩʥʦʚʝ ʢʦʨʦʪʢʦʞʠʚʫʱʝʛʦ 

ʨʘʜʠʦʥʫʢʣʠʜʘ ʪʝʭʥʝʮʠʷ-99m (99mʊʩ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [1] ʩ ʧʨʝʧʘʨʘʪʘʤʠ 99mʊʩ ʚʦ ʚʩʝʤ ʤʠʨʝ ʝʞʝʜʥʝʚʥʦ ʦʙʩʣʝʜʫʝʪʩʷ ʙʦʣʝʝ 60 

ʪʳʩ. ʯʝʣʦʚʝʢ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ 99mʊʩ ʚ ʫʩʣʦʚʠʷʭ ʤʝʜʠʮʠʥʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʥʘʟʳʚʘʝʤʳʝ 99ʄʦ/99mʊʩ-ʛʝʥʝʨʘʪʦʨʘʤʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʝʥʝʨʘʪʦʨʳ 

ʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ. ɼʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʘʢʪʠʚʥʳʡ 99Mʦ (ʙʦʣʝʝ 200 ʂʠ/ʛ), ʚʳʜʝʣʷʝʤʳʡ ʠʟ 

ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʫʨʘʥʘ-235 ʧʦ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ɸʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʷ ʥʘʨʘʙʦʪʢʠ 99ʄʦ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʣʫʯʝʥʠʝ ʧʦ ʨʝʘʢʮʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ (n,ɔ) ʧʫʪʝʤ 

ʦʙʣʫʯʝʥʠʷ ʤʦʣʠʙʜʝʥʘ-98 ʥʝʡʪʨʦʥʘʤʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʦʪʭʦʜʦʚ, ʥʦ 

ʧʦʣʫʯʘʝʤʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʥʠʟʢʫʶ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 99ʄʦ ʥʘ ʫʨʦʚʥʝ 7-9 ʂʠ/ʛ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʛʝʥʝʨʘʪʦʨʦʚ ʠʟ ʪʘʢʦʛʦ ʩʳʨʴʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʄʦ, ʧʦʨʷʜʢʘ 150-190 ʤʛ ʧʨʦʪʠʚ 1 

ʤʛ çʦʩʢʦʣʦʯʥʦʛʦè 99ʄʦ.  

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 99mʊʩ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʝʤʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦ ʄʦ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 25 ʤʛ ʥʘ 

ʛʨʘʤʤ ʦʢʩʠʜʘ [2]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʄʦ ʤʘʩʩʘ ʩʦʨʙʝʥʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ 

ʤʝʥʝʝ 7,5-8 ʛ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ ʛʝʥʝʨʘʪʦʨʘ, 

ʘ ʪʘʢʞʝ ʛʘʙʘʨʠʪʦʚ ʠ ʤʘʩʩʳ ʝʛʦ ʟʘʱʠʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʟʘ ʩʯʝʪ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʝʛʦ ʢʠʩʣʦʪʥʦʡ 

ʘʢʪʠʚʘʮʠʠ ʠ ʟʘʧʦʣʥʝʥʠʷ ʛʝʥʝʨʘʪʦʨʥʦʡ ʢʦʣʦʥʢʠ ʨʘʩʪʚʦʨʦʤ ʦʙʣʫʯʝʥʥʦʛʦ ʤʦʣʠʙʜʝʥʘ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʧʦʣʠʤʦʣʠʙʜʘʪʘ ʙʝʟ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʧʘʜʘ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʯʝʨʝʟ 

ʦʢʩʠʜ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʝʡʪʨʘʣʴʥʦʤ ʠ ʢʠʩʣʦʤ ʦʢʩʠʜʘʭ ʘʣʶʤʠʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʛʣʦʱʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ ʧʦ 

ʤʦʣʠʙʜʝʥʫ 34 ʤʛ/ʛ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʩʦʨʙʝʥʪʘ ʜʦ 5,6 ʛ ʠ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʛʝʥʝʨʘʪʦʨʥʦʡ ʢʦʣʦʥʢʠ ʥʘ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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30 %. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʚʠʥʫʪ ʨʷʜ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʝʭʥʝʮʠʷ ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʧʦ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʶ.  
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ʀʟʤʝʨʝʥʠʝ ʠʤʧʝʜʘʥʩʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʪʢʘʥʝʡ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʠʜʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ 

ʨʘʟʤʝʨ ʢʣʝʪʦʢ, ʧʣʦʪʥʦʩʪʴ, ʨʘʟʤʝʨʳ ʠ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʠ ʚʥʝʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʝʡ [1]. 

ɹʠʦʠʤʧʝʜʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʪʢʘʥʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʨʝʟʠʩʪʠʚʥʫʶ ʠ ʝʤʢʦʩʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʙʨʘʟʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʠʰʝʤʠʷ ʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ [2,3].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠʰʝʤʠʶ ʪʢʘʥʝʡ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠ ʝʝ ʠʟʤʝʥʝʥʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥ ʙʠʦʠʤʧʝʜʘʥʩʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʜʦʙʨʦʚʦʣʴʮʝ, ʨʫʢʘ ʢʦʪʦʨʦʛʦ ʚ ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʩʪʦʣʝ, ʣʦʢʦʪʴ 

ʥʘʭʦʜʠʣʩʷ ʥʘ ʫʨʦʚʥʝ ʩʝʨʜʮʘ. ɼʚʘ ʵʣʝʢʪʨʦʜʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1 ï 100 ʢɻʮ, ʩ ʰʘʛʦʤ 1 ʢɻʮ. ʇʝʨʚʦʝ ʠʟʤʝʨʝʥʠʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʢʨʦʚʦʪʦʢʝ. ɿʘʪʝʤ ʥʘ ʧʨʝʜʧʣʝʯʴʝ ʥʘʣʘʛʘʣʩʷ ʨʝʟʠʥʦʚʳʡ ʞʛʫʪ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚʪʦʨʦʝ ʠʟʤʝʨʝʥʠʝ. ɼʘʣʝʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʩʝʢʫʥʜ, ʜʦ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʥʘʜʝʞʥʦ ʬʠʢʩʠʨʫʝʪ 

ʥʘʣʠʯʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʠʰʝʤʠʠ ʪʢʘʥʝʡ. 
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ʅʝʬʪʴ, ʙʠʪʫʤʠʥʦʟʥʳʝ ʩʣʘʥʮʳ ʠ ʘʩʬʘʣʴʪʠʪʳ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ: 

ʚʘʥʘʜʠʡ, ʥʠʢʝʣʴ, ʢʦʙʘʣʴʪ, ʧʣʘʪʠʥʦʠʜʳ ʠ ʨʷʜʝ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʜʦʩʪʠʛʘʝʪ 

300 ʛ/ʪ (ʚ ʥʝʬʪʠ) ʠ 6-25 ʢʛ/ʪ (ʚ ʘʩʬʘʣʴʪʠʪʘʭ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʝʬʪʷʭ ʩʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʩʝʨʳ [1]. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʧʘʨʘʬʠʥʦʚʳʝ Ÿ ʥʘʬʪʝʥʦʚʳʝ Ÿ ʘʨʦʤʘʪʠʯʝʩʢʠʝ Ÿ ʚʳʩʦʢʦʩʤʦʣʠʩʪʳʝ Ÿ ʘʩʬʘʣʴʪʝʥʦʚʳʝ ʥʝʬʪʠ [2].  

ɻʦʥʯʘʨʦʚ ʀ.ɺ. ʧʨʦʚʝʣ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ ʩʤʦʣʳ/ʘʩʬʘʣʴʪʝʥʳ ʥʝʬʪʝʡ ʨʘʟʥʳʭ 

ʛʣʫʙʠʥ ʠ ʨʘʡʦʥʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʝʤ ʩʤʦʣʳ/ʘʩʬʘʣʴʪʝʥʳ ʠ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɸ.ʅ. ʇʣʶʩʠʥ, ɻ.ɻ. ɻʣʫʭʦʚ, ʅ.ɸ. ɸʣʝʰʠʥ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʘʩʬʘʣʴʪʝʥʘʭ ʚʘʥʘʜʠʷ ʠ ʢʠʩʣʦʨʦʜʘ (ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ). ʆʙʨʘʟʦʚʘʥʠʶ ʘʩʬʘʣʴʪʦ-ʩʤʦʣʠʩʪʳʭ 

ʚʝʱʝʩʪʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʢʣʦʥʥʳʭ ʢ 

ʚʩʝʚʦʟʤʦʞʥʳʤ ʨʝʘʢʮʠʷʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ʉʦʛʣʘʩʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɻʦʥʯʘʨʦʚʘ ʀ.ɺ. ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʳʡ ʚʘʥʘʜʠʡ ʚ ʬʦʨʤʝ ʚʘʥʘʜʠʣ-ʠʦʥʘ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʩʣʦʞʥʦʡ 

ʮʝʧʠ ʧʨʝʚʨʘʱʝʥʠʡ, ʚʝʜʫʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨʬʠʨʠʥʦʚʳʭ ʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʘʩʬʘʣʴʪʦ-

ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ[3].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʥʝʬʪʷʭ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʧʨʠʩʫʱʠʤʠ ʝʤʫ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ. ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʯʝʪʝ ʚʢʣʘʜʘ ʦʪ ʙʣʠʞʘʡʰʠʭ ʛʘʤʤʘ-ʣʠʥʠʡ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʧʠʢ ʨʘʜʠʦʥʫʢʣʠʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʜʠʦʥʫʢʣʠʜʥʳʡ ʩʦʩʪʘʚ, ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ 

ʪʝʭʥʦʛʝʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʫʨʘʥʘ ʚ ʧʦʯʚʝ [4].  

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʧʨʦʚʦʜʠʤʳʭ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʟʦʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ 

ʵʣʝʤʝʥʪʦʚ ʠ ʦʰʠʙʢʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʝ, ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚ ʩʠʣʫ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ [5]. 

ʇʨʠ ʥʝʨʘʟʨʫʰʘʶʱʝʤ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʚʘʥʘʜʠʷ ʚ ʥʝʬʪʠ, 

ʩʤʦʣʘʭ ʠ ʘʩʬʘʣʴʪʝʥʘʭ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ 0,1 ʤʛ/ʢʛ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 8%. ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢʘʢ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, 

ʤʘʣʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ (6-25 ʤʠʥ.) ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ [6]. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 

 

 

194 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʠʶ ʠ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ 

ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʪʝʭʥʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ. 
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ʊʷʞʝʣʳʝ ʚʳʩʦʢʦʚʷʟʢʠʝ ʥʝʬʪʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʝʛʢʦʡ ʥʝʬʪʠ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʢʦʤʧʣʝʢʩʥʳʤ ʩʦʩʪʘʚʦʤ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1, 2], ʥʝʬʪʴ ʩ ʧʣʦʪʥʦʩʪʴʶ ʚʳʰʝ 

0,88 ʛ/̒  ̍ʦʪʥʦʩʠʪʩʷ ʢ ʪʷʞʝʣʦʡ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʠʢʝʣʷ ʠ ʚʘʥʘʜʠʷ ʚ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʧʦʩʪʘʚʠʤʘ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʫʜʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʧʫʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʠʟ 

ʪʷʞʝʣʦʡ ʥʝʬʪʠ ʨʘʮʠʦʥʘʣʴʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦ. ʇʦ ʤʠʨʦʚʳʤ ʦʮʝʥʢʘʤ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʟʘʧʘʩʳ 

ʚʘʥʘʜʠʷ ʠ ʥʠʢʝʣʷ ʚ ʪʷʞʝʣʦʡ ʥʝʬʪʠ ʠ ʙʠʪʫʤʘʭ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 125 ʤʣʥ.ʪ., ʘ ʠʟʚʣʝʢʘʝʤʳʝ ʧʦʧʫʪʥʦ ʩ 

ʥʝʬʪʴʶ ï ʦʢʦʣʦ 20 ʤʣʥ.ʪ. [3]. ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʧʦʧʫʪʥʳʭ ʤʝʪʘʣʣʦʚ ʦʙʥʘʨʫʞʠʣʦ ʠʭ ʚʳʩʦʢʫʶ ʯʠʩʪʦʪʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʙʳʪʳʤʠ ʠʟ ʨʫʜʳ, ʧʦʵʪʦʤʫ ʚʝʜʫʱʠʝ ʩʪʨʘʥʳ, ʪʘʢʠʝ ʢʘʢ ʗʧʦʥʠʷ ʠ ʂʘʥʘʜʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʚʦʠ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʘʥʘʜʠʠ ʠ ʥʠʢʝʣʝ ʟʘ ʩʯʝʪ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ.  

ɺ ʗʧʦʥʠʠ, ʂʘʥʘʜʝ, ɺʝʥʝʩʫʵʣʝ, ʉʐɸ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʠ ʧʦʧʫʪʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʠʟ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʜʨ. [4].  ɺ ʂʘʟʘʭʩʪʘʥʝ ʫʯʝʥʳʝ ʧʨʝʜʣʦʞʠʣʠ ʜʨʫʛʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʧʦʧʫʪʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʪʷʞʝʣʦʡ ʥʝʬʪʠ ʠ ʙʠʪʫʤʦʚ: ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ ʩʦʝʜʠʥʝʥʠʝ ʚʘʥʘʜʠʷ ʚ 

ʠʦʥʥʫʶ ʬʦʨʤʫ ʠ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʘ ʠʟ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʜʦʢʩ-(ʩʦ)ʧʦʣʠʤʝʨʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ, ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʦʪʙʦʨʦʤ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʠʦʥʦʚ [5]. 

ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʠ ʙʠʪʫʤʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʜʦʙʳʯʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʪʨʝʙʫʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʛʦ ʩʧʦʩʦʙʘ ʜʦʙʳʯʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʆʆʆ çʊʘʪʥʝʬʪʴè) ʷʚʣʷʝʪʩʷ ʚʣʘʞʥʦʝ ʚʥʫʪʨʠʧʣʘʩʪʦʚʦʝ ʛʦʨʝʥʠʝ ʠ ʤʝʪʦʜ ʧʘʨʦʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ [4]. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʚʦʜʠʪ ʢ ʙʝʟʚʦʟʚʨʘʪʥʦʡ ʧʦʪʝʨʝ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ (U, As, 

Hg ʠ ʜʨ.) ʚ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ (ʜʣʷ ʚʘʥʘʜʠʷ ï ʚ ʩʨʝʜʥʝʤ 36%) ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʝʪʘʣʣʳ ʚʤʝʩʪʝ ʩ ʣʝʛʢʠʤʠ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʬʨʘʢʮʠʷʤʠ ʥʝʬʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʜʨʫʛʠʝ ʧʣʘʩʪʳ, ʠʥʦʛʜʘ ʚʳʨʳʚʘʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʝʨʴʝʟʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʊʘʢ ʢʘʢ ʚʘʥʘʜʠʡ ʠ ʥʠʢʝʣʴ ʧʝʨʝʭʦʜʷʪ ʠʟ ʩʚʷʟʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʝ ʠ ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʤʳʰʴʷʢ ʠ ʨʪʫʪʴ ï ʘʧʨʠʦʨʠ ʪʦʢʩʠʯʥʳ, ʘ ʫʨʘʥ ï 

ʨʘʜʠʦʘʢʪʠʚʝʥ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ, ʠ ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ.  

ʇʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʧʫʪʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦ ʚʘʥʘʜʠʷ ʠ ʥʠʢʝʣʷ, ʧʨʠ 

ʜʦʙʳʯʝ ʠ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʷʞʝʣʦʡ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʠ ʙʠʪʫʤʦʚ ʧʨʠʚʝʜʝʪ ʢ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʦʤʫ ʩʧʦʩʦʙʫ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ʇʦʪʝʥʮʠʘʣ ʪʷʞʝʣʦʡ ʥʝʬʪʠ ʤʦʞʝʪ ʩʪʘʪʴ ʥʘʜʝʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʮʝʥʥʳʭ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (V, Ni) ʠ ʪʦʚʘʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺʳʩʦʢʦʚʷʟʢʠʝ ʥʝʬʪʠ ʠ 

ʙʠʪʫʤʳ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʠʭ ʫʥʠʢʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʳ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʥʘʰʝʜʰʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ, 

ʙʠʦ- ʠ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʧʫʪʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʬʪʴʶ ʚ ʈʦʩʩʠʠ ʙʫʜʝʪ 

ʚʦʩʪʨʝʙʦʚʘʥʦ ʧʦ ʤʝʨʝ ʠʩʯʝʨʧʘʥʠʷ ʟʘʧʘʩʦʚ ʣʝʛʢʦʡ ʥʝʬʪʠ ʠ ʧʝʨʝʭʦʜʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʜʦʙʳʯʠ ʪʷʞʝʣʦʡ ʥʝʬʪʠ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʥʘʜʠʷ ʠ ʥʠʢʝʣʷ. 
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ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʥʠʞʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʤʦʟʛʘ 

ʢʠʩʣʦʨʦʜʦʤ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʉʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ 

ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʘʥʦʢʩʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʦʢʘ ʮʝʨʝʙʨʘʣʴʥʦʡ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʂʵʪʠ-ʐʤʠʜʪʘ [1]. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʘʮʠʝʥʪ ʚʜʳʭʘʝʪ ʩʤʝʩʴ ʛʘʟʦʚ ʆ2 ʠ N2O. ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʠʥʚʘʟʠʚʥʳʭ ʤʝʪʦʜʦʚ ʙʝʨʫʪʩʷ ʦʙʨʘʟʮʳ ʢʨʦʚʠ. 

http://www.ngtp.ru/rub/9/23_2008.pdf
http://www.ngtp.ru/rub/9/10.pdf
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʊʦʤʦʛʨʘʬʠʯʝʩʠʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʟʠʪʨʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʠ ʜʨʫʛʠʝ 

ʩʚʷʟʘʥʳ ʩ ʨʠʩʢʦʤ ʚʚʝʜʝʥʠʷ ʠʟʦʪʦʧʦʚ, ʨʝʘʢʮʠʝʡ ʦʨʛʘʥʠʟʤʘ ʥʘ ʢʦʥʪʨʘʩʪʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʥʝʨʚʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʤʝʪʦʜʳ ʜʦʚʦʣʴʥʳ ʜʦʨʦʛʠ ʠ ʥʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʦʙʳʯʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ. ʎʝʨʝʙʨʘʣʴʥʘʷ ʦʢʩʠʤʝʪʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʩʳʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʩ 

ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ [2-4]. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʧʫʣʴʩʥʘʷ ʦʢʩʠʤʝʪʨʠʷ ʥʘ ʦʪʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʚʥʝʟʘʧʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʘʢʪʠʚʘʮʠʠ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʢʘʬʝʜʨʝ ʇʌ ʌʊʀ 

ʨʘʟʨʘʙʦʪʘʥ ʠʤʧʫʣʴʩʥʳʡ ʦʢʩʠʤʝʪʨ ʥʘ ʦʪʨʘʞʝʥʠʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʝʚʨʦʣʦʛʠʠ. ʆʪʨʘʞʘʪʝʣʴʥʳʡ ʦʢʩʠʤʝʪʨ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʪʘʢ ʢʘʢ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʣʶʙʦʡ ʯʘʩʪʠ ʪʝʣʘ. ʇʨʠʙʦʨ 

ʩʦʩʪʦʠʪ ʠʟ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʤ 

ʫʧʨʘʚʣʷʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Atmega16. ʉʠʛʥʘʣ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 10 ʨʘʟʨʷʜʥʳʤ ɸʎʇ. 

ʂʘʞʜʳʡ ʩʚʝʪʦʜʠʦʜ ʫʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʙʦʨ 

ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. ʇʨʠʤʝʥʷʝʤʳʝ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʙʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʨʠʙʦʨʘʤʠ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʝ ʙʘʜʝʣʣʝʠʪʘ (ZrO2). 

ʇʝʨʝʨʘʙʦʪʢʘ ʮʠʨʢʦʥʘ ʟʘʪʨʫʜʥʷʝʪʩʷ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ, ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ ʢʦʥʮʝʥʪʨʘʪʘ ʠʣʠ ʞʝ ʝʛʦ ʩʧʝʢʘʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [1].  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʢʨʳʪʠʝ ʮʠʨʢʦʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʰʝʜʰʝʛʦ 

ʘʢʪʠʚʘʮʠʶ, ʨʘʩʧʣʘʚʦʤ ʛʠʜʨʦʜʠʬʪʦʨʠʜʘ ʘʤʤʦʥʠʷ ʧʨʠ 200Á ʉ. ʇʦʣʫʯʘʝʤʳʝ ʬʪʦʨʘʤʤʦʥʠʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʮʠʨʢʦʥʠʷ ʠ ʢʨʝʤʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʩʫʙʣʠʤʘʮʠʝʡ ʛʝʢʩʘʬʪʦʨʦʩʠʣʠʢʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ 320Á ʉ.  

ɻʝʧʪʘʬʪʦʨʦʮʠʨʢʦʥʘʪ ʘʤʤʦʥʠʷ ʪʦʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʦʪ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʝʡ. ʇʦʩʣʝ ʜʝʩʫʙʣʠʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʩʘʞʜʝʥʠʝ ʬʪʦʨʘʤʤʦʥʠʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʮʠʨʢʦʥʠʷ ʘʤʤʠʘʯʥʦʡ ʚʦʜʦʡ. ʇʦʣʫʯʘʝʤʳʡ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʬʪʦʨʠʜ ʘʤʤʦʥʠʷ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ 

ʬʪʦʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ. ʆʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ï ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʜʠʦʢʩʠʜ ʮʠʨʢʦʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʚʦʣʦʢʥʠʩʪʦʛʦ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʦʭʣʦʨʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʢʘʣʢʦʡ ʚ ʧʝʯʠ, ʠʣʠ, ʤʠʥʫʷ ʩʪʘʜʠʶ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʦʚ, ʩʨʘʟʫ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʦʢʘʣʢʝ ʚ ʧʝʯʠ. ʇʦʣʥʘʷ ʩʭʝʤʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʮʠʨʢʦʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

mailto:wolfraum@yandex.ru
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ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ [1] ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʪʝʪʨʘʬʪʦʨʦʙʨʦʤʘʪʘ ʙʘʨʠʷ (ʊʌɹɹ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, 

ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʊʌɹɹ ʠ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʨʠʤʝʨʝ ʛʝʢʩʘʥʘ, ʛʝʧʪʘʥʘ, 

ʦʢʪʘʥʘ ʠ ʥʦʥʘʥʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʘʣʢʘʥʘʤʠ, ʧʦʢʘʟʘʣʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʘʣʢʘʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʊʌɹɹ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʢʘʟʘʣ ʩʝʙʷ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʊʌɹɹ ʩ ʥ-ʛʝʢʩʘʥʦʤ; ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʪʚʦʨ ʥ-ʛʝʢʩʘʥʘ ʚʦ 

ʬʨʝʦʥʝ-113, ʢʦʪʦʨʳʡ ʠʥʝʨʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʊʌɹɹ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 5-ʪʠʢʨʘʪʥʦʝ 

ʨʘʟʙʘʚʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʬʨʝʦʥʦʤ-113. ɼʘʥʥʳʡ ʧʨʠʝʤ ʫʩʧʝʰʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʧʨʠ ʩʠʥʪʝʟʝ 

ʩʘʤʠʭ ʪʝʪʨʘʬʪʦʨʦʙʨʦʤʘʪʦʚ ʠʟ ʬʪʦʨʠʜʦʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪʨʠʬʪʦʨʠʜʘ ʙʨʦʤʘ [2]. 

ɼʣʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʥ-ʛʝʢʩʘʥʘ ʠ ʊʌɹɹ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʟʣʠʯʥʳʝ ʤʦʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʥʘʚʝʩʢʠ [3]. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʥ-ʛʝʢʩʘʥʘ ʠ ʊʌɹɹ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 3-

ʙʨʦʤʛʝʢʩʘʥʘ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʙʘʭ 3-ʙʨʦʤʛʝʢʩʘʥʘ ʧʦ 

ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ [4]. 

ʊʝʪʨʘʬʪʦʨʦʙʨʦʤʘʪ ʙʘʨʠʷ (Ba(BrF4)2, ʊʌɹɹ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʚʳʰʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʘʢʦʤʫ ʢʣʘʩʩʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɻʣʘʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 3-ʙʨʦʤʛʝʢʩʘʥ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʙʨʦʤʠʨʦʚʘʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʘʣʢʘʥʘ. 
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ʇʨʦʠʟʚʦʜʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʭʠʤʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʤʝʪʘʣʣʦʚ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ 

ʠʟ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʞʠʜʢʠʭ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʪʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ.  ʆʜʥʠʤ ʠʟ 

ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʞʠʜʢʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ, ʧʨʦʚʦʜʠʤʦʝ ʚ ʨʘʩʧʳʣʠʪʝʣʴʥʦʤ ʨʝʘʢʪʦʨʝ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʞʠʜʢʦʩʪʴ ʚ 

ʨʘʩʧʳʣʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʚʦʜʠʪʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʦʥʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʢʘʧʣʠ 

ʞʠʜʢʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʠʩʧʘʨʷʶʪʩʷ, ʪʦʢʩʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʠ 

ʦʢʠʩʣʝʥʠʶ. ʉʦʜʝʨʞʘʱʠʝʩʷ ʚ ʞʠʜʢʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʠʤʝʩʠ ʦʙʨʘʟʫʶʪ ʪʚʸʨʜʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʫʥʦʩʷʪʩʷ ʩ 

ʛʘʟʘʤʠ ʠ ʫʣʘʚʣʠʚʘʶʪʩʷ ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʦʤ ʙʣʦʢʝ ʫʩʪʘʥʦʚʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʳ [1] ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʜʚʫʭ ʢʠʩʣʦʪ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʚʣʝʥʠʶ ʧʦʜʣʝʞʠʪ ʥʝ ʧʨʦʩʪʦ ʪʠʪʘʥ, ʘ 

ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʘʩʩʦʨʪʠʤʝʥʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ [2]. 

ʉʘʤʘʷ ʦʙʱʘʷ ʦʮʝʥʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʰʢʘ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʨʝʛʝʥʝʨʘʮʠʠ, ʢʦʪʦʨʫʶ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʭʦʨʦʰʦ ʪʝʢʫʯʠʡ ʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ; ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ; ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʘʥʘʪʘʟʘ ʠ ʨʫʪʠʣʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʝʨʤʦʨʘʟʣʦʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ; ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʦʰʢʘ ʦʪ 100 ʜʦ 200 ʤ2/ʛ; ʧʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʪ 10 ʜʦ 100 ʥʤ.  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʛʦʚʦʨʠʪʴ ʦ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʤʦʞʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠʤʝʥʝʥʠʷ ʪʚʸʨʜʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʛʝʥʝʨʘʮʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʠʛʤʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ɺʦ-ʚʪʦʨʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʘʜʩʦʨʙʝʥʪʦʚ. ɺ-ʪʨʝʪʴʠʭ, 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʨʝʟʠʥʳ, ʧʣʘʩʪʤʘʩʩ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʝ, ʟʘʛʫʩʪʠʪʝʣʷ ʠ ʪ.ʜ. ʜʣʷ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʪʠʧʘ ʩʫʩʧʝʥʟʠʡ, ʣʘʢʦʚ, ʢʨʘʩʦʢ, ʵʤʫʣʴʩʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  
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ɺʆɼʆʈʆɼɸ 

ɺ.ʃ. ʉʦʬʨʦʥʦʚ, ɸ.ʉ. ɹʫʡʥʦʚʩʢʠʡ, ɽ.ʖ. ʂʘʨʪʘʰʦʚ, ʄ.ɽ. ʂʘʣʘʝʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè,   

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ,  ʂʘʰʠʨʩʢʦʝ ʰʦʩʩʝ, 31, 115409 

E-mail: VLSofronov@mephi.ru  

ɺʚʝʜʝʥʠʝ ʚʳʩʦʢʦʥʝʦʜʠʤʦʚʳʭ ʩʧʣʘʚʦʚ Nd-Fe ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʪʫʨ ʚ ʤʘʛʥʠʪʥʳʝ ʩʧʣʘʚʳ Nd-Fe-B ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʙʘʟʦʚʳʭ ʩʧʣʘʚʦʚ ʟʘ ʩʯʝʪ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʦʩʪ ʦʩʥʦʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ 

Nd2Fe14B. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʣʘʚʘ Nd-Fe ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʪʫʨʳ ʚ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʣʴʯʠʪʴ, 

ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ: ʩʧʣʘʚ ʦʯʝʥʴ ʧʨʦʯʝʥ, ʘ ʚ ʠʟʤʝʣʴʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʩʪʨʦ 

ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʚʳʩʦʢʦʥʝʦʜʠʤʦʚʳʭ ʩʧʣʘʚʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʧʨʠʤʝʥʷʪʴ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʚʦʜʦʨʦʜʥʦʡ ʜʝʩʪʨʫʢʮʠʠ [1]. 

ɺʦʜʦʨʦʜʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʜʚʝʨʛʘʣʠ ʩʧʣʘʚʳ, ʧʦʣʫʯʝʥʥʳʝ ʚʥʝʧʝʯʥʳʤ ʢʘʣʴʮʠʝʪʝʨʤʠʯʝʩʢʠʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʪʦʨʠʜʦʚ [2]. ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʚʳʩʦʢʦʥʝʦʜʠʤʦʚʳʝ ʣʠʛʘʪʫʨʳ  Nd(70-80 % ʤʘʩ.)-Fe(20-30 % ʤʘʩ.). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʈɿʄ-ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ, 

ʚʢʣʶʯʘʶʱʝʡ ʚʘʢʫʫʤʥʳʡ ʧʦʩʪ, ʛʘʟʦʚʫʶ ʨʘʤʧʫ ʩ ʛʝʣʠʝʤ ʠ ʚʦʜʦʨʦʜʦʤ, ʩʠʩʪʝʤʫ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʛʘʟʦʚ ʩ ʧʦʤʦʱʴʶ 

ʩʠʣʠʢʘʛʝʣʷ, ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ ʚʦʜʦʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʥʠʢʝʣʠʜʘ ʣʘʥʪʘʥʘ, ʨʝʘʢʪʦʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ 

ʧʨʦʮʝʩʩʘ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʷʭ. ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʣʠʛʘʪʫʨ ʠ ʩʧʣʘʚʦʚ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ 100 % ʠʟʙʳʪʢʝ ʚʦʜʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 Áʉ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʚʦʜʦʨʦʜʘ ʩʦʭʨʘʥʷʣʠ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ ʧʦʩʪʦʷʥʥʳʤ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʠʥʪʝʨʚʘʣʝ (0,05-0,3) ʄʇʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʪʝʧʝʥʠ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʠʬʬʫʟʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ ʣʠʛʘʪʫʨ ʠ 

ʩʧʣʘʚʦʚ. ʇʨʠ ʵʪʦʤ ʛʠʜʨʠʨʦʚʘʥʠʝ ʣʠʛʘʪʫʨ ʧʨʦʪʝʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠ ʩʪʝʧʝʥʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʫʨʦʚʥʝ (82-90)%, ʘ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ï ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (52-72) %. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʙʳʪʢʘ ʚʦʜʦʨʦʜʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʟʤʝʥʷʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʝ 

ʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʪʦʨʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʚʥʦʡ 200 Áʉ. ʄʘʩʩʫ ʣʠʛʘʪʫʨʳ ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʣʷʣʠ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʧʦʩʪʦʷʥʥʦʡ (200 ʛ). ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʟʙʳʪʦʢ ʚʦʜʦʨʦʜʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʟʙʳʪʢʘ ʚʦʜʦʨʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʪʠʛʘʝʤʘʷ ʩʪʝʧʝʥʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʣʠʛʘʪʫʨʳ ʚʦʟʨʘʩʪʘʝʪ. 
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ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʭ ʨʘʟʚʠʪʠʷ ʦʩʪʘʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʚ 2013 ʛʦʜʫ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʫʥʝʩʣʠ ʞʠʟʥʠ ʙʦʣʝʝ 288 ʪʳʩ. ʨʦʩʩʠʷʥ [1]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʙʦʣʴʥʳʤ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ 

ʨʘʟʚʠʪʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʦʠʟʚʦʜʥʳʝ ʛʣʶʢʦʟʳ, 

ʤʝʯʝʥʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʠʟʦʪʦʧʘʤʠ, ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ ʦʧʫʭʦʣʠ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʤʝʪʘʙʦʣʠʟʤʘ 

ʛʣʶʢʦʟʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ [2]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʘʷ ʛʣʶʢʦʟʳ ʩʦʜʝʨʞʘʱʘʷ ʧʦʟʠʪʨʦʥ-ʠʟʣʫʯʘʶʱʠʡ ʨʘʜʠʦʥʫʢʣʠʜ ʬʪʦʨ-18, 2-ʬʪʦʨ-2-ʜʝʟʦʢʩʠ-

D-ʛʣʶʢʦʟʘ (18F-ʌɼɻ).  

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʠ 

ʫʜʦʙʥʳʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʝʯʝʥʥʳʭ ʪʝʭʥʝʮʠʝʤ-99ʤ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʶʢʦʟʳ, ʩʚʷʟʘʥʳ ʩ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʪʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʈʌʇ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʠʟʦʪʦʧʦʚ, ʢʘʢ 123I ʠ 18F, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʠʣʠ ʨʝʘʢʮʠʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʳ ʩ 99mTc ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʚʷʟʴ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʣʠʛʘʥʜʦʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʩʢʦʣʴʢʫ ʛʣʶʢʦʟʘ ʠʤʝʝʪ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʪʦʣʴʢʦ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩ 

ʤʝʪʘʣʣʦʤ ʟʘʪʨʫʜʥʝʥʦ. ʈʝʰʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ ʛʣʶʢʦʟʳ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠʣʠ 

ʩʝʨʳ. ʇʨʦʠʟʚʦʜʥʳʝ ʛʣʶʢʦʟʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʩʝʨʳ (ʪʘʢʠʝ ʢʘʢ 5-ʪʠʦ-D-ʛʣʶʢʦʟʘ,1-

ʪʠʦ-D-ʛʣʶʢʦʟʘ, D-ʛʣʶʢʦʟʘʤʠʥ ʠ ʜʨ.), ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʪʘʙʠʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʚʷʟʴ ʩ ʪʝʭʥʝʮʠʝʤ-

99ʤ ʧʦʩʣʝ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ 4-ʭ, 5-ʭ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ, ʨʘʟʨʘʙʦʪʢʘ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʚʚʝʜʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʠ 

ʪʝʭʥʝʮʠʷ-99ʤ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʛʣʶʢʦʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʩʫʙʩʪʘʥʮʠʡ ʛʣʶʢʦʟʳ ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʣʠ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʩʝʨʳ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʦʧʨʝʜʝʣʝʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʠʛʘʥʜʦʚ ʚʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ ʨʘʩʪʚʦʨʦʚ. ʇʦʜʦʙʨʘʥʳ 

ʩʠʩʪʝʤʳ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʝʭʥʝʮʠʝʤ -99ʤ.  
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʅʘʠʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʠʟʦʪʦʧʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ [1]. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʛʘʣʣʘʤʥʳʡ ʭʠʤʦʙʤʝʥʥʳʡ ʩʧʦʩʦʙ ʨʘʟʜʝʣʝʥʠʷ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʦʜʦʙʥʳʡ ʧʨʦʤʳʰʣʝʥʥʦʤʫ, ʘʤʘʣʴʛʘʤʥʦʤʫ, ʚ ʢʦʪʦʨʦʤ ʚʤʝʩʪʦ ʘʤʘʣʴʛʘʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʣʘʚ ʛʘʣʣʠʷ 

ʩʦ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʦʤ ï ʛʘʣʣʘʤʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ, ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʨʝʘʢʮʠʡ ʨʘʟʣʦʞʝʥʠʷ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʘʭ LiGaïNaOH, LiGaïKOH, 

KGaïNaOH. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 40ï80̄ ʉ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʣʣʘʤʳ ~ 0,95 ʤʦʣʴ/ʣ, ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʠʜʨʦʢʩʠʜʦʚ ï 4,0 ʤʦʣʴ/ʣ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ ʥʘʩʪʫʧʘʝʪ ʧʨʠʤʝʨʥʦ 

ʯʝʨʝʟ 15 ʤʠʥʫʪ. ʆʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʜʝʣʝʥʠʷ (Ŭ) ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʩʠʩʪʝʤʘʭ LiGaïNaOH, LiGaïKOH, KGaïNaOH. ɼʣʷ ʩʠʩʪʝʤ LiGaïNaOH, LiGaïKOH ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ Ŭ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʬʘʟ. 

ʆʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʵʣʝʤʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʨʘʩʪʘʝʪ ʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ɸʨʨʝʥʠʫʩʘ. ɼʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʜʣʷ 

ʩʠʩʪʝʤ LiGaïNaOH ʠ LiGaïKOH, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 13,44 ʢɼʞ/ʤʦʣʴ ʠ 14,13 ʢɼʞ/ʤʦʣʴ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʨʘʟʣʦʞʝʥʠʷ ʛʘʣʣʘʤ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʠʩʪʝʤʘʭ LiGaïNaOH, LiGaï KOH, 

KGaïNaOH. ʆʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ Kʨ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʟʥʘʯʝʥʠʷ Kʨ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʦʟʨʘʩʪʘʶʪ, ʧʦʵʪʦʤʫ ʦʙʤʝʥ ʚ ʥʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 40ʉ̄. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʠʥʝʪʠʢʝ ʨʘʟʣʦʞʝʥʠʷ ʛʘʣʣʘʤ ʠ ʢʠʥʝʪʠʢʠ ʦʙʤʝʥʘ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 40ʦʉ ʚʝʣʠʯʠʥʘ Kʦ ʙʦʣʝʝ ʯʝʤ ʚ 70 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ Kʨ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʦʟʤʦʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʤʥʦʞʝʥʠʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʵʬʬʝʢʪʘ ʨʘʟʜʝʣʝʥʠʷ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʅʝʫʢʣʦʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʠʟʦʪʦʧʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʠʟʦʪʦʧʘʤ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʜʝʣʷʪʴ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʦʪ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. C 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çTERRAè ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʚʥʦʚʝʩʥʳʡ 

ʩʦʩʪʘʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1000ï4000 ʂ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʡ ʩʤʝʩʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ Ar, O2 ʠ N2 [1], ʚ ʢʦʪʦʨʫʶ ʜʦʙʘʚʣʷʣʠ ʧʘʨʳ Fe, ʉ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ 

ʩʘʞʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2 ʠ ʠʩʯʝʟʘʝʪ ʧʨʠ [O2] ʙʦʣʝʝ 1,3%. ʉʦʜʝʨʞʘʥʠʝ 

FeC ʚ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʝ ʧʦʩʪʦʷʥʥʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ 0-1%, ʠ ʠʩʯʝʟʘʝʪ ʧʨʠ [O2] ʙʦʣʝʝ 1,5%. ɼʦʙʘʚʣʝʥʠʝ 

ʘʟʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ [FeC]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʝʥʠʷ ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 3780 K. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʛʨʘʬʠʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʘʨʷʝʪʩʷ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʟʤʫ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ. ɾʝʣʝʟʦ ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1812 K. ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʬʦʨʤʳ ʞʝʣʝʟʥʳʡ ʵʣʝʢʪʨʦʜ ʚʳʧʦʣʥʝʥ ʤʘʩʩʠʚʥʳʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ (ʀʇ) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʳʧʨʷʤʠʪʝʣʴ ɺɼ-306ʋɿ. ɸʥʦʜ ʀʇ ʩʦʝʜʠʥʝʥ ʩ 

ʢʦʨʧʫʩʦʤ ʘʣʶʤʠʥʠʝʚʦʛʦ ʨʝʘʢʪʦʨʘ ʦʙʲʝʤʦʤ 2 ʣ, ʥʘ ʜʥʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʩʪʘʣʴʥʦʡ ʜʠʩʢ. ʂʘʪʦʜ ʀʇ ʩʦʝʜʠʥʝʥ 

ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʬʠʪʦʚʳʤ ʩʪʝʨʞʥʝʤ, ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʦʪ ʢʦʨʧʫʩʘ. ɻʘʟʦʚʫʶ ʩʤʝʩʴ ʧʦʜʘʚʘʣʠ ʠʟ ʙʘʣʣʦʥʦʚ ʯʝʨʝʟ 

ʰʪʫʮʝʨ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʨʝʘʢʪʦʨʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʭ ʛʘʟʦʚ ʩʦʩʪʘʚʣʷʣʘ Ar - 3%, O2 - 18%, 

N2 - 79% ʧʨʠ ʩʫʤʤʘʨʥʦʤ ʨʘʩʭʦʜʝ 580 ʩʤ3/ʤʠʥ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ ʧʘʨʳ ʤʘʛʥʠʪʦʚ (0,2 ʊʣ, 1,0-1,2 ʊʣ), 

ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʫʛʠ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ (94,8%) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʨʦʰʢʝ, ʧʦʣʫʯʝʥʥʦʤ ʠʟ ʜʫʛʠ ʚ ʘʪʤʦʩʬʝʨʝ 

[Ar]=3%, [O2]=18%, [N2]=79% ʙʝʟ ʤʘʛʥʠʪʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʛʥʠʪʦʚ ʩ ʦʩʪʘʪʦʯʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 0,2 ʊʣ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʩʤ ʦʙʨʘʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ Fe3O4 (54,15%), ʘ ʥʘʠʙʦʣʴʰʘʷ ʩʦʜʝʨʞʘʥʠʝ 

[Fe2O3]=18,4% ʧʨʠ ʪʝʭ ʞʝ ʤʘʛʥʠʪʘʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʩʤ. ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ FeO ʚ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʝ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʛʥʠʪʦʚ ʩ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 1,1 ʊʣ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4 ʩʤ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʂʘʨʙʠʜʳ ʞʝʣʝʟʘ ʚ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʝ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ʂʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʚ ʦʙʨʘʟʫʶʱʝʤʩʷ 

ʧʦʨʦʰʢʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʘʛʥʠʪʘʤʠ. 

ʄʘʣʳʝ ʨʘʟʤʝʨʳ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 6000K) ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʠʩʧʘʨʝʥʠʶ ʵʣʝʢʪʨʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʧʣʘʟʤʘ ʙʳʩʪʨʦ ʦʭʣʘʞʜʘʝʪʩʷ ï ʟʘʢʘʣʢʘ. ʇʦʵʪʦʤʫ ʫʛʣʝʨʦʜ, ʜʘʞʝ ʧʨʠ [O2]=18%, 

ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʙʝʟ ʦʢʠʩʣʝʥʠʷ, ʘ ʞʝʣʝʟʦ ʜʦʣʴʰʝ ʦʩʪʘʝʪʩʷ ʚ ʚʠʜʝ ʧʘʨʘ ʠ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʢʠʩʣʝʥʠʶ ʫʛʣʝʨʦʜʘ. 
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ʇʨʠ ʦʮʝʥʢʝ ʨʘʜʦʥʦʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʟʘʩʪʨʦʡʢʠ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʜʦʥʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʛʨʫʥʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠ ʩʘʥʠʪʘʨʥʦ - ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ 

ʧʨʦʚʦʜʷʪ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʨʘʜʦʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚ (ʇʇʈ) [1]. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʙʦʨʳ 

ʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʇʇʈ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʨʠʪʠʢʝ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʇʇʈ ʥʝ ʫʜʘʝʪʩʷ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʦʮʝʥʢʠ ʨʘʜʦʥʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʠ [2]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡ ʇʇʈ, ʧʨʦʚʝʜʝʥʥʳʭ ʢʘʢ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʩʜʝʣʘʥʳ ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ 

ʚʳʚʦʜʳ ʦ ʧʨʠʯʠʥʘʭ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʳʭʦʜʘ ʨʘʜʦʥʘ ʠʟ ʛʨʫʥʪʦʚ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʪʘʢ ʠ ʥʝ ʚʳʷʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʟʤʝʨʷʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʨʘʜʦʥʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʥʘ ʚʝʣʠʯʠʥʫ 

ʇʇʈ. ʀʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʨʘʜʦʥʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʠ ʵʤʘʥʠʨʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʘʤʠ çʜʚʫʭ ʛʣʫʙʠʥè, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʥʘ ʢʘʬʝʜʨʝ ʇʌ ʌʊʀ [3]. ʄʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʦʙʲʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʦʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʨ ʛʨʫʥʪʘ ʥʘ ʜʚʫʭ ʥʝʙʦʣʴʰʠʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚ ʜʚʘ ʨʘʟʘ ʛʣʫʙʠʥʘʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʜʠʷ ʚ ʛʨʫʥʪʘʭ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʛʝʨʤʘʥʠʝʚʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ɼɻɼʂ-100ɺ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʛʨʫʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʨʝʞʫʱʝʛʦ ʢʦʣʴʮʘ.  

ɿʥʘʯʝʥʠʷ ʇʇʈ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 0.17 é 9.2 ʤɹʢ ʩ-1 ʤ-3 ʠ ʧʦʜʯʠʥʷʶʪʩʷ 

ʣʦʛʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʇʦʨʠʩʪʦʩʪʴ ʛʨʫʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.44; ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ - 7.3%. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʷ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʘʨʠʘʮʠʠ 8.3% ʨʘʚʥʦ 26.5 ɹʢ ʤ -3. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʜʠʬʬʫʟʠʠ ʠ ʵʤʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3.2 Ŀ10 -7 ʤ2 ʩ -1 ʠ 3.3%; ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʘʨʠʘʮʠʠ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 15% ʠ 6%. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʞʜʫ ʇʇʈ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣ 0.79. ʄʝʞʜʫ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʤʘʥʠʨʦʚʘʥʠʷ ʠ ʇʇʈ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʨʘʞʝʥʘ ʩʣʘʙʝʝ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ 0.53. 

ʇʨʷʤʦʡ ʠʣʠ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʇʇʈ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʜʠʷ, ʘ ʪʘʢʞʝ ʧʦʨʠʩʪʦʩʪʴʶ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, 
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ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ. ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʙʠʦʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʧʣʘʥʪʘʪʦʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʥʦʩʷʪ ʢʘʣʴʮʠʡʬʦʩʬʘʪʥʳʝ ʧʦʢʨʳʪʠʷ [1, 2]. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʧʦʢʨʳʪʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ (Ca10(PO4)6(OH)2), ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʩʪʥʦʛʦ ʤʘʪʨʠʢʩʘ. ɺʳʩʦʢʫʶ ʙʠʦʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʪʘʢʞʝ 

ʙʠʦʢʝʨʘʤʠʢʘ ʠ ʙʠʦʘʢʪʠʚʥʳʝ ʩʪʝʢʣʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʠ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ CaO-SiO2. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʊʇʋ 

(ʛ. ʊʦʤʩʢ) ʧʦʣʫʯʝʥʘ ʧʨʦʯʥʘʷ ʙʠʦʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʠ ʧʨʠʨʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʚʦʣʣʘʩʪʦʥʠʪʘ 

CaOĀSiO2 [3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʠʦʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʚʦʣʣʘʩʪʦʥʠʪ-ʬʦʩʬʘʪʳ ʢʘʣʴʮʠʷ ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ 

ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ (ʄɼʆ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ ɺʊ1-0. ɺ ʩʦʩʪʘʚ 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚʚʦʜʠʣʠ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ, ʷʚʣʷʶʱʠʡʩʷ 

ʤʠʥʝʨʘʣʴʥʦʡ ʦʩʥʦʚʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠ ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʙʘʚʣʷʣʠ ʚʦʣʣʘʩʪʦʥʠʪ. ʅʘ ʠʟʜʝʣʠʷ ʧʦʜʘʚʘʣʠ 

ʠʤʧʫʣʴʩʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʦʟʥʠʢʘʣʠ ʣʦʢʘʣʴʥʳʝ 

ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʝ ʨʘʟʨʷʜʳ ʠ ʧʨʦʠʩʭʦʜʠʣ ʩʠʥʪʝʟ ʧʦʢʨʳʪʠʷ.  

ʄʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʈʕʄ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) (Philips SEM 515, TecnaiG2 FEI). ʊʦʣʱʠʥʫ 

ʧʦʢʨʳʪʠʡ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʤʝʪʨʘ ʄʂ-25. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ 

ʩʧʝʢʪʨʘʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʌɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cuʂa-ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-7. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ (ʪʦʣʱʠʥʫ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ), 

ʷʚʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʄɼʆ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ʥʘ 

2013-2016 ʛʛ., ʧʨʦʝʢʪʘ III  23.2.5, ʈʌʌʀ ˉ15-03-07659.  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʛʘʟʦʨʘʟʨʷʜʥʳʝ ʜʝʪʝʢʪʦʨʳ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʝʥʳ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʜʝʪʝʢʪʠʨʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʯʠʪʘʶʱʠʤʠʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʩʠʣʫ ʠʭ 

ʚʳʩʦʢʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʚʳʩʦʢʦʛʦ ʢʦʥʪʨʘʩʪʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʙʣʘʜʘʶʱʠʝ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʟʘʜʘʯ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʩʪʦʣʴ ʚʳʩʦʢʠ, ʠ ʛʘʟʦʨʘʟʨʷʜʥʳʝ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʜʝʪʝʢʪʦʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ɺʳʛʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʢʦʦʨʜʠʥʘʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʪʦʪʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʜʝʪʝʢʪʦʨʦʚ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ɺ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʙʘʟʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ 

ʛʘʟʦʨʘʟʨʷʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʇʈʀɿ-1536 [1] ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʜʣʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [2,3]. ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ, ʢʘʢ ʧʨʦʝʢʮʠʦʥʥʳʝ 

ʜʚʫʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʪʘʢ ʠ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙ ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʝ. 

ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʧʫʪʝʤ ʟʘʤʝʥʳ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʪʨʫʙʢʫ MXR-451HP/11 [4]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʪʴ ʢʦʥʪʨʘʩʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʫʩʪʘʥʦʚʢʠ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʍʘʫʥʩʬʠʣʜʘ 

ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʛʦʜʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʛʘʟʦʨʘʟʨʷʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʇʈʀɿ-1536 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 
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CONTROL OF VACUUM AR C MACROPARTICLES BY NEGATIVE REPETITIVEL Y PULSED BIASING 

A.I. Ryabchikov, D.O. Sivin, A.I. Bumagina, D.A. Andriyashin 

National Research Tomsk Polytechnic University,   

Russia, Tomsk, Lenina 2, bdg. 4, 634050 

E-mail: bai@tpu.ru   

The results of an experimental study of the influence of a substrate negative bias with various pulse widths and 

pulse repetition rates ranging from several pulse  per second (p.p.s.) to 105 p.p.s. on the macroparticle (MP) 

accumulation on substrate immersed in a DC titanium vacuum arc plasma are presented. It was found that the rate of 

MP deposition on the substrate surface depends significantly on the bias pulse parameters and the processing time.  

The experimental data of the MP amount on the steel sample versus pulse frequency are presented in Figure 1. 

Increasing the bias pulse frequency from 10 to 104 p.p.s. led to a gradual reduction in the MP number acquisition on the 

target. However, this decrease did not exceed 20%. The character of the curve varies considerably in the bias-pulse 

frequency range of 104 to 105 p.p.s.. In this frequency range of the bias pulses, the surface MP number density 

decreased 5-fold. 

  

Figure 1. MP number density (n) versus pulse 

repetition rate (f) at űb = ï2 kV, a processing time of 

30 s, and a cathodeï steel substrate distance of 23 cm. 

 

Figure 2. Reduction in the MP number acquisition on 

the target versus treatment time (t): 1 ï droplets 

diameter D > 1.5 ɛm, 2 ï droplets diameter D < 

1.5 ɛm, and 3 ï all MPs. 

Figure 2 demonstrates the various trends in MP behavior for MP diameters smaller and larger than 1.5 ɛm. For 

MPs of more than 1.5 ɛm in diameter, some stabilization (Figure 2, curve 1) occurs such that for sufficiently long 

processing times, the large size MP amount is independent of the sample treatment time. Ultimately, a tenfold decrease 

in the MP surface density is reached for large MPs of more than 1.5 ɛm in diameter. For MPs of less than 1.5 ɛm in 

diameter, there is a rapid reduction in the relative surface MP number density with increasing processing time (Figure 2, 

curve 2). For a processing time of 18 min, the surface number density for MPs of less than 1.5 ɛm in diameter 

decreased 1500-fold. In fact, only individual MPs were observed on the surface after long time processing. Curve 3 in 

Figure 2 indicates that for processing times of more than ~10 min a 67-fold reduction of droplets total number density 

has been achieved.  

The influence of the multiple recharging of MPs in the plasma and the sheath on the reflection of these MPs in 

a sheath electric field is discussed. 
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SYNTHESIS OF MONOCRYSTALLINE ULTRADISPER SED ZINC OXIDE POWDE R 

E.M.Vodopyanov 

National Research Tomsk Polytechnic University 

Russia, Tomsk, Lenin Avenue, 30, 634050 

E-mail: headfire94@gmail.com  

There has been a considerable interest in the study of zinc oxide (ZnO) in recent decades. This is a unique 

functional material with a high electron mobility, a high thermal conductivity, a wide bandgap (3.37 eV) and a large 

exciton binding energy (60meV) and the richest family of nanostructures among all materials. Due to its unique 

properties, zinc oxide is widely used in many industries. Optical and electrical properties are used in solar cells, laser 

diodes, and gas concentration sensors, varistors, TFTs and others. Antibacterial properties, biocompatibility, and the 

ability to repel ultraviolet radiation are used in the textile and plastics industry, perfumery, cosmetics, medicine [1,4]. 

Ultradispersed zinc oxide powder was obtained by the universal plasmodynamic method in discharge of a 

hyperhigh-speed plasma jet. The jet is generated by a pulse highcurrent (the order of 105 A) coaxial magnetoplasma 

accelerator (CMPA) of the erosion type [5]. 

The trunk of the accelerator is an external titanium electrode barrel with zinc disks inside, the diameter of the 

acceleration channel is 9mm, and the length is 190mm. The basic material (Zinc) is generated by electric erosion of the 

accelerating canal surface then accelerated plasma jet ejected into the reactor chamber filled with oxygen. The electrical 

supply to the accelerator was carried out with the help of the capacitive energy storage. 

Analytical researches of the received products were done by means of roentgen diffractometry methods. 

According to the obtained data, the powder is composed of more than 99.9% of the zinc oxide phase that indicates the 

correct choice of experimental energy parameters  and confirms the basic assumption about the possibility of this phase 

synthesis. 

Also the product was analyzed by transmission electron microscopy (TEM) which shows the hexagonal 

structure of single crystal zinc oxide, and most part of the product consists of 200 nm objects. 

Based on the results of this work the following conclusion can be made about the possibility of applying the 

plasmodynamic synthesis method to obtain an ultradispersed powder of single crystal zinc oxide with a crystal structure 

- hexagonal system. 
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The processes of transport and removal of radionuclides in surface atmosphere and dwellings atmosphere are 

very different [1]. On the transfer of atmospheric radionuclides influence humidity, wind, precipitation, cyclones, rough 
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change of weather conditions. To study temporal and spatial dependences in behavior of atmospheric radon, thoron and 

their decay products was organized continuous automated radon monitoring, which started in 2011 with help of 

radiometer of radon isotopes and their decay products (SARAD GmbH, Germany). The analysis of seasonal variations 

of radon activity concentration in the ground atmosphere revealed maximum in spring-summer period and minimum in 

winter. In diurnal variations minimum appears afternoon and maximum ï before noon. These results are in a good 

agreement with results of other radon investigations. The analysis of changes of equilibrium coefficients between radon 

and its decay products showed that the annual average value was 0.2 (0.25 in March-April, 0.12 in May, and 0.27 at the 

end of September). Dynamics of FRn in 2011 is shown in Figure 1ʘ (spring season) and 1b (summer-autumn season). 

Analysis of the FRn coefficient dynamics shows that its instantaneous (average within 2 hours - red line) values can vary 

quite widely from 0 to 1. Significant correlations were revealed between activity concentrations of radon, thoron and 

some of their short lived decay products at synoptic scale. Other interesting results of our investigation are also 

reported. 

 
ʘ 

 
b 

Figure 1. Dynamics of FRn in 2011: ʘ) in spring; b) in summer-autumn 
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Thin film coatings have wide application as strengthening, reflective, conductive and dielectric coatings. One 

of the directions of vacuum-plasma technologies is the deposition of thin film coatings [1]. We consider the technology 
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of application based on the use of magnetron sputtering system. The advantages of magnetron sputtering systems are 

even processing of flat surfaces with large area; the available gases used by the system; simplicity of design. 

MAGNETRON SPUTTERING SYSTEM OPERATION  

Coating formation is done with sputtering of the target by ions of the working gas in the abnormal glow 

discharge. The principle of operation of magnetron sputtering system is shown in figure 1. The main elements of MSS 

are cathode target, anode, magnetic system. The lines of force are closed between poles of magnetic system. The 

surface of target is placed between the points of entry and exit of the force lines of the magnetic system. The surface is 

sprayed actively and takes the form of closed track 6. The geometry of track is determined by the form of poles of the 

magnetic system. The water is supplied in the body of magnetron sputtering system to cool the target [2]. 

  
1 ï cathode target; 2 ï magnetic system; 3 ï power supply unit; 4 ï anode; 5 ï trajectory of the electrons; 6 ï 

area of erosion of the cathode surface; 7 ï force lines of magnetic system. 

Figure 1.  Magnetron sputtering system 

The magnetron sputtering system is placed in a vacuum chamber. The system is electrically isolated from the 

chamber and the equipment. Working gas is supplied in the chamber after pumping out the air volume. Magnetic trap 

facilitates the ignition of the discharge, providing electron density greater than in the remaining volume. 
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Paper shows the process of creating of computational model for a pulsed electron accelerator "ASTRA" [1] 

(accelerating voltage up to 460 kV, beam current pulse duration of 75 ns (FWHM), pulse energy of up to 10 J for pulse 

repetition rate of up to 50 pps). Multisim software was used for electrical processes simulation. 

The computational model is based on a schematic diagram of the accelerator, complemented with equivalent 

constructive elements of the accelerator - the parasitic inductance and capacitance. When the amplitude of the voltage 

pulse is 400-460 kV, the energy up to 20% of total can be accumulated by parasitics. The values of the parasitic 
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capacities of the high-voltage insulator structure were evaluated by Elcut simulation environment with the using of the 

finite element method for electric field computation. The computational model of the vacuum electron diode was 

created. Model is based on the analysis of the experimental curves of the diode impedance for the previously 

constructed model of the generator [2]. Matching of both models of the generator and the diode allowed simulating of 

the whole çASTRAè accelerator. Verification of the accelerator model was carried out by comparing the simulation 

results and the results obtained experimentally (Fig. 1). 

a)  b)  

Figure 1 a). Comparison of real (1) and simulated (2) voltage pulses. b). Real (1,2) and simulated (3,4) power 

pulses in the diode of the accelerator. 

 

The amplitude and the shape of the voltage pulses obtained experimentally and by modelling agree 

satisfactorily (Fig. 1a). It is found that in determining the power (Fig. 2b) and the value of the energy released in the 

diode, the error introduced by the model does not exceed 7%. 
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Zirconium and its alloys are important constructional materials of light-water nuclear reactors. Under the 

influence of radiation, radiolysis of water occurs and hydrogen is released, which leads to hydrogen embrittlement. One 

of the ways of the zirconium alloys protection from hydrogen embrittlement is an ion surface modification. The 

influence of the plasma immersion ion implantation (PIII) of titanium into Zr-2,5% Nb alloy  on its hydrogen sorption is 

studied in this report. 

The samples size: diameter ï 30 mm, thick ï 1 mm. The surfaces of the samples were polished. The roughness 

of the samples is 0,567 mm. The titanium implantation into Zr-2,5% Nb was carried out at the installation çRaduga-

Spectrumè [1]. The implantation time was 15 min. Samples were pre-cleared in argon plasma at 0,06 Pa pressure during 
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3 min. The implantation conditions: the arc current I = 70 A, the bias voltage U= 1,5 kV, frequency of impulses ï 100 

kHz, the pressure ï 0,02 Pa. The part of the samples was implanted with a plasma filter, other part without the filter. 

The samples were saturated with hydrogen on the installation çGas Reaction Controllerè by the Siverst method at 

4000C during 120 min. The hydrogen pressure was 1,95 atm. The glow discharge spectrometer çGD-PROFILER 2è 

was used for the study of the elements distribution in the modified layer. 

The sorption results are shown in table 1. From this table it follows that the sorption rate of hydrogen decreases 

after implantation of titanium in Zr-2,5%Nb. The using of the plasma filter reduces the sorption rate of hydrogen. This 

may be linked with the large number of microdroplets in plasma when titanium was implanted without the filter that 

reduces the homogeneity of the modified layer. 

Table 1. The rate of hydrogen sorption in Zr-2,5% Nb 

 

 

 

 

The depth distribution of the elements shows that the depth of the modified with the filter is ~250 nm, without 

the filter is ~300 nm. Also the hydrogen concentration in Zr-2,5%Nb after hydrogenation is lower for the sample with 

the filter than for the sample without the filter. The obtained modified layer with the filter prevents the penetration of 

hydrogen. 

Conclusion. PIII of titanium in Zr-2,5%Nb reduces the rate of hydrogen sorption. The barrier layer is formed 

during the implantation of titanium with a filter which prevents the penetration of hydrogen into the sample. 
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There are a lot of polymerôs materials with low surface energy and surface wettability. One of these materials 

is polyethylene terephthalate (PET), which is widely used in medicine [1]. Plasma-induced modifying the polymerôs 

surface is the perspective and modern method of modifying the polymerôs surface. This method allows changing of the 

surface morphology and as a result its wettability [2, 3]. 

This article shows results of plasma-induced modifying the PET track membrane surface, changing of its 

morphology and wettability. The purpose of research is to study the hydrophilic changes of the track membranes 

surface properties after exposure to low temperature atmospheric plasma. 

Experiments were conducted using a track membrane ñTOMTREKò based on PET with pores diameters 0.4 

Õm and 5 Å 106  pores / cm2 density. The pores are formed by irradiating the polymer PET 40Ar +8 ions with energy 

41.5 MeV. After irradiation, the membrane was chemically treated in the alkaline solution. The surface had been 

Samples Rate of sorption Ĭ10-4 cm3 ʅ2/(sec.Ŀʩm2 )  

Zr+Ti with the plasma filter 0,73  

Zr+Ti without the plasma filter 2,1  3,9 (t>4000 sec.)  

Zr  6,8  
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processed by the plasma self-sustained volume discharge to give the surface the hydrophilic properties of the 

membrane. 

Contact angle of wettability the surface track membrane was measured just after the chemical treatment in 

NaOH, on the first, third, seventh, fourteenth, twenty-first days after plasma modification. 

Contact angle of wettability results are shows in table 1. 

Table 1. Contact angles of wettability samples values 

Treatment time  Native 

samples 

first day third day seventh day fourteenth 

day 

twenty-

first days 

30 seconds 76,9Ñ0.5 33,0Ñ1,25 37,2Ñ3,74 36,8Ñ0,21 37,8Ñ3,41 39,0Ñ2,69 

60 seconds 76,9Ñ0.5 31,2Ñ2,25 36,3Ñ3,56 36,9Ñ0,85 39,5Ñ5,24 35,0Ñ0,78 

90 seconds 76,9Ñ0.5 26,6Ñ6,07 35,1Ñ3,71 34,3Ñ2,92 37,3Ñ5,2 37,3Ñ3,64 

 

Thus, the plasma treatment of the track membranes surface can change contact surface properties. Low-

temperature atmospheric plasma-induced modifying increases hydrophilic surface properties. Hydrophilic properties of 

the polymer after modification retains over 21 days. 
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Nowadays the perspective polymer materials which can control the structural and functional state of the cells 

involved in regeneration process are widely researched. The special 3D nonwoven matrixes which can regulate the 

regeneration processes of living tissues are widely applied for these purposes. Now the method of electrospinning (ES) 

[1] and method of the solution blow spinning (SBS) [3] are the most effective and promising. The morphology of 

nonwovens materials is one of the most significant properties defining mechanical properties and further application. 

The objective of this work is to compare the structure of nonwoven materials obtained by electrospinning to SBS 

method.  

Nonwoven polymer materials were produced from the solution of tetrafluoroethylene and polyvinylidene 

fluoride copolymer (TeFE-PVDF) in the methylethylketone and dimethylformamide mixture in a ratio of 1:2 (v/v). 

Nonwoven materials surface morphology was researched with Quanta 200 3D scanning electronic microscope. Fiber 

diameter of at least100 fibers was measured by hand with Image J software. 

The surface of nonwoven polymer materials formed by electrospinning and SBS method from TeFE-PVDF is 

shown in Figure 1. These results demonstrate that nonwoven polymer materials obtained by electrospinning consist of 
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single unaligned nanofibers with an average diameter of (0.37Ñ0.14) Õm that are tightly packed and heavily intertwined. 

The materials formed by SBS show complex dimensional structure, mostly with loosely packed bundles aligned 

microfibers with an average diameter of (0.54Ñ0.20) Õm. They form the beams with the size from 1, 2 to 12, 8 Õm 

depending on their quantity. 

a  b  

Figure 1. SEM images of nonwovens materials formed by ES (a) and SBS (b) methods at 5000Ĭ magnification 

Electrospinning materials can be used as membranes and western blot as they have narrower distribution of 

fiber diameters. SBS nonwoven materials with their characteristics globules are suitable for certain biomedical 

application where the main fibers provide a large surface area and globules act as a drug reservoir for controlled release 

of biomolecules. 
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Investigation of the radioactive soil gas radon dynamics, basically is used for short-term forecasts of the 

earthquakes in many countries. Methods of measurements are differing by types of registered ionizing radiation. For 

continuous soil radon monitoring the methods of ionizing radiation registration by using detectors operated in counting 

regime, are placed straight in the boreholes. These methods are cheaper by 1-2 times as opposed to methods based on 

alpha spectrometry, and this fact is allows to building of the network of radon monitoring stations. The other reason is 

that they allow getting, processes and analyzing data in quasi-real time scale. However, reliability of obtained results 

and methods of direct radon measurements in boreholes by the ionizing radiation was not investigated. Transfer of pulse 

counting rate into units of radon volumetric activity is made with multiplication on the correction coefficient, which is 

determined by comparison with results of certified radiometer in short and usually single experiment. The main task of 

this research was checking of reliability of radon measurement methods by direct registration of ionizing radiation in 

soil [1, 2]. Potential problems in detector calibration procedure and determining of correction coefficients based on 

revealed asynchronous behavior of radon and ionizing radiation time series are examined. 
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The results of calibration of Ŭ -, ɓ- and ɔ-radiation scintillation detectors (ATOMTEX, Republic of Belarus) 

mounted into boreholes at depths of 0.5 and 1 m, which are destined for soil radon monitoring, are represented. The 

radon isotopes radiometer based on semiconductor alpha spectrometry (SARAD GmbH, Germany) was used for the 

calibration aim. 

On the whole, time variations of Ŭ-particles flux density (FD) at depths of 0.5-1 m badly reflect soil radon 

dynamics as to diurnal variations and its amplitude. Good synchronism between Ŭ-particles FD and radon volumetric 

activity (VA) time series measured at the same depth was observed only when positive atmosphere temperature and 

absence of precipitations. It was found a good synchronism in ɓ-particles FD and radon VA changes at depth up to 1 m 

for daily and synoptic scales. But for certain days a little time shift between ɓ- and radon time series was observed. 

Maximum in soil radon diurnal variations is usually observed at 16-18 oôclock at 0.5 m depth, and at ~ 24 oôclock at 1 

m depth. 

Consideration must be given to nonlinear relationship between ɓ-particles FD and radon VA values when 

determination of calibration coefficients. 

In more details questions of the calibration is show in the paper.  

Supported by Federal Target Program ˉ 14.575.21.0105 
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A VACUUM ARC CATHODE  MAGNETIC FIELD AND A  SUBSTRATE BIAS INFLU ENCE ON A 
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The results of an experimental study of the influence of normal and tangential to the cathode surface magnetic 

field and short-pulsed high-frequency negative bias applied to substrate immersed in a DC copper vacuum arc plasma 

are presented. It was found that the macroparticle (MP) surface density depends on the magnetic field, the bias 

parameters and the processing time. 

The experimental data of the MP amount on the steel sample after cooper plasma deposition using normal to 

the cathode surface magnetic field are presented in Fig.1. Without negative bias total number of MPs on substrate 

surface increases gradually (Fig. 1, curve 1). Application of short-pulsed high-frequency negative bias significantly 

affects on MPs surface density and dynamic of their assembling on the substrate during the treatment time (Fig. 2, curve 

2). Maximal amount of cooper droplets can be observed after 3 minutes of deposition then MPs surface density starts to 

decrease. Total reduction of MPs was 3.7 times after 30 second and almost 12 times after 6 minutes of a treatment. 
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Figure.1. Dependence of MP surface number 

density on processing time at anode (1) and negative 

bias (2) potential (7 Õs, 105 p.p.s, -2 kV) 

Figure.2. Size distribution histogram for copper 

MPs on the substrate surface after 6 min of plasma 

deposition with űsub = 0 and űsub = -2 kV 

 

To estimate efficiency of different sizes MPs reduction all samples were scanned with electron microscope and 

analyzed in details. The size distribution histogram for samples with anode and negative bias after 6 minutes of 

deposition are presented in fig.2. The experimental data shows that applying of short-pulsed high-frequency negative 

bias is effective to deleting of MPs with diameter less than 1 Õm (up to 25 times after 6 minutes) and very limitedly 

affects on micron-sized MPs decreasing on a sample surface. 

The investigation of a tangential magnetic field influence on MPs surface density decreasing in case of anode 

and negative repetitively pulsed substrate bias are presented. 
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ʌʠʣʴʪʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʫʪʴ ʜʦʩʪʠʞʝʥʠʷ ʯʠʩʪʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ. ʉʨʝʜʠ 

ʬʠʣʴʪʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʊʨʝʢʦʚʳʝ ʤʝʤʙʨʘʥʳ (ʊʄ), 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʦʙʣʫʯʝʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʧʫʩʢʦʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʭʠʤʠʯʝʩʢʠʤ 

ʪʨʘʚʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʦʙʣʘʩʪʠ ʪʨʝʢʦʚ ʵʪʠʭ ʯʘʩʪʠʮ ʜʦ ʧʦʣʫʯʝʥʠʷ ʩʢʚʦʟʥʳʭ ʧʦʨ [1]. ʆʩʥʦʚʥʳʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʊʄ ʷʚʣʷʶʪʩʷ ʤʘʣʘʷ ʪʦʣʱʠʥʘ, ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ, ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ. ʇʦʵʪʦʤʫ, ʩʦʟʜʘʥʠʝ ʘʩʩʠʤʝʪʨʠʯʥʳʭ 

ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ (ɸʉʊʄ) ʩ ʜʠʘʤʝʪʨʘʤʠ ʧʦʨ 0,2 ʤʢʤ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʊʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʜʚʫʭʦʩʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʥʳʝ ʧʣʝʥʢʠ (ʇʕʊʌ) ʤʘʨʢʠ ʇʕʊ - ʄ. ʅʘ ʦʩʥʦʚʝ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥʳ ʦʙʨʘʟʮʳ ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʦʡ ʊʄ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʠʩʪʦʡ ʤʝʤʙʨʘʥʳ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʇʕʊʌ ʧʣʝʥʢʦʡ ʠʦʥʘʤʠ ʘʨʛʦʥʘ ʩ ʵʥʝʨʛʠʝʡ 41 ʄʵɺ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ ʠ 
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ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʭʠʤʠʯʝʩʢʠʤ ʪʨʘʚʣʝʥʠʝʤ. ʊʨʝʢʦʚʘʷ ʤʝʤʙʨʘʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʊʌ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʦʣʝʡ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ, ʜʣʷ ʙʠʦʩʝʥʩʦʨʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʥʘʣʠʟʝ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ɸʉʊʄ ʥʘ ʤʘʪʨʠʯʥʦʡ 

ʪʨʝʢʦʚʦʡ ʦʩʥʦʚʝ ʧʣʝʥʦʢ ʇʕʊʌ, ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ ʘʨʛʦʥʘ [2]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ 

ʦʙʣʫʯʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʨʠʮ ʇʕʊʌ 40Ar+8, ʢʘʪʦʜʥʦʝ ʨʘʩʧʳʣʝʥʠʝ, ʤʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ, 

ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʝ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ, ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʠ ʜʚʫʩʪʦʨʦʥʥʝʝ ʪʨʘʚʣʝʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ɸʉʊʄ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʠ ʧʦʩʣʝ ʧʨʠʚʠʚʢʠ ʤʦʥʦʤʝʨʦʚ 

ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʨ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʧʨʠʚʠʪʦʛʦ ʩʣʦʷ ʥʘ ʩʪʝʥʢʘʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʪʚʝʨʩʪʠʡ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʨʩʢʦʡ ʚʦʜʳ ʧʨʠ 

ʬʠʣʴʪʨʘʮʠʠ ɸʉʊʄ, ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʠ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʪʨʘʚʣʝʥʠʷ ʪʨʝʢʦʚ ʚ ʊʄ ʩ ʥʘʥʝʩʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʪʨʝʢʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʪʨʘʚʣʝʥʠʠ ʪʨʝʢʦʚ.  
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ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʥʫʢʣʠʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʘʧʠʠ ʧʨʦʚʦʜʠʪʴ 

ʜʠʘʛʥʦʩʪʠʢʫ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʤʝʪʦʜʦʤ ʦʜʥʦʬʦʪʦʥʥʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

(ʆʌʕʂʊ), ʷʚʣʷʝʪʩʷ  186Re. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ 186Re ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʤʠʰʝʥʠ, ʦʙʦʛʘʱʝʥʥʦʡ 185Re, ʥʝʡʪʨʦʥʘʤʠ ʚ ʷʜʝʨʥʦʤ 

ʨʝʘʢʪʦʨʝ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 186Re ʧʦʣʫʯʘʶʪ ʩ ʥʦʩʠʪʝʣʝʤ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʜʠʦ-

ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ.   

ɼʣʷ ʧʦʣʫʯʝʥʠʷ 186Re ʙʝʟ ʥʦʩʠʪʝʣʷ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʜʝʨʥʳʝ 

ʨʝʘʢʮʠʠ ʥʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮʘʭ [1,2]  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʩʝʯʝʥʠʠ ʨʝʘʢʮʠʠ 186W(d,2n) 186Re ʠ 

ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʨʘʙʦʪʢʠ 186Re ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʢʣʦʪʨʦʥʘ ʈ-7ʄ. 

ʊʦʣʩʪʫʶ ʤʠʰʝʥʴ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ ʧʨʠʨʦʜʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʙʦʤʙʘʨʜʠʨʦʚʘʣʠ 

ʜʝʡʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ Ed = 13,6 ʄʵɺ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʥʠʪʦʨʘ ʧʫʯʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ Ti ʬʦʣʴʛʫ, ʧʦʤʝʱʝʥʥʫʶ ʧʝʨʝʜ 

ʤʠʰʝʥʴʶ. ʕʥʝʨʛʠʷ ʜʝʡʪʨʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʴʬʨʘʤʘ ʙʳʣʘ ʨʘʚʥʘ Ed = 12,5 ʄʵɺ. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʤʠʰʝʥʴ 

ʧʦʜʚʝʨʛʘʣʠ ʧʦʩʣʦʡʥʦʤʫ ʪʨʘʚʣʝʥʠʶ ʚ ʩʤʝʩʠ ʘʟʦʪʥʦʡ ʠ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪ ʠ ʠʟʤʝʨʷʣʠ ʘʢʪʠʚʥʦʩʪʴ 186Re ʚ 

ʨʘʩʪʚʦʨʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʢʘʞʜʦʛʦ ʩʣʦʷ.  



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 

 

 

218 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʦ ʧʦʣʫʯʝʥʥʦʝ ʩʝʯʝʥʠʝ ʨʝʘʢʮʠʠ 186W(d,2n) 186Re, ʢʦʪʦʨʳʝ ʥʝʧʣʦʭʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [3]. ɺʳʭʦʜ 186Re ʜʣʷ Ed = 12,5 ʄʵɺ ʠ ʪʦʣʩʪʦʡ ʤʠʰʝʥʠ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʚʦʣʴʬʨʘʤʘ, ʦʢʘʟʘʣʩʷ ʨʘʚʝʥ ï (2.3 Ñ 0.1) ʄɹʢ/ʤʢɸʯ. ɼʣʷ ʤʠʰʝʥʠ ʠʟ ʦʙʦʛʘʱʝʥʥʦʛʦ 186W ʚʳʭʦʜ ʨʘʚʝʥ (8.2 Ñ 0.3) 

ʄɹʢ/ʤʢɸʯ.  

 
ʈʠʩʫʥʦʢ 1. ʉʝʯʝʥʠʝ ʨʝʘʢʮʠʠ 186W(d,2n) 186Re 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʙʦʪʢʠ ʜʦ 4-5 ɻɹʢ 186Re ʟʘ 10-12 ʯʘʩʦʚ ʦʙʣʫʯʝʥʠʷ 

ʤʠʰʝʥʠ ʠʟ ʦʙʦʛʘʱʝʥʥʦʛʦ 186W ʥʘ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʮʠʢʣʦʪʨʦʥʝ ʪʠʧʘ ʈ-7ʄ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. 
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ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ [1]. 111In ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʤʝʯʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ, ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʪʦʣʦʛʠʡ ʤʠʦʢʘʨʜʘ, ʣʦʢʘʣʠʟʘʮʠʠ ʘʙʩʮʝʩʩʦʚ ʮʠʩʪʠʪʦʚ ʧʦʯʝʢ, 

ʨʘʜʠʦʠʤʫʥʥʦʛʣʦʙʫʣʠʥʦʚʦʡ ʪʝʨʘʧʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʯʘʛʦʚ ʚʦʩʧʘʣʝʥʠʷ, ʦʧʫʭʦʣʝʡ ʚ ʦʥʢʦʣʦʛʠʠ ʠ ʚ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ [2-3]. ʈʘʜʠʦʥʫʢʣʠʜ 111In ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʠ ʜʣʷ ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʠʩʧʫʩʢʘʝʪ ʆʞʝ-ʵʣʝʢʪʨʦʥʳ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʣʠʥʝʡʥʫʶ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ (ʃʇʕ), 

ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʃʇʕ Ŭ-ʯʘʩʪʠʮ.  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 111In ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʮʠʢʣʦʪʨʦʥʘ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʠʧʘ ʈ7ʄ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʈʌʇ ʥʘ ʝʛʦ ʦʩʥʦʚʝ.  

ʉ ʫʯʝʪʦʤ, ʪʦʛʦ ʯʪʦ ʵʥʝʨʛʠʷ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʚ ʮʠʢʣʦʪʨʦʥʝ ʨʘʚʥʘ 11 ʄʵɺ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 111In ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʨʝʘʢʮʠʷ 111Cd(p, n)111In. ʇʨʠʝʤʣʝʤʘʷ ʥʘʨʘʙʦʪʢʘ ʘʢʪʠʚʥʦʩʪʠ 111In ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʥʘ 

ʦʙʦʛʘʱʝʥʥʦʤ ʧʦ ʠʟʦʪʦʧʫ 111Cd (95,92 Ñ 0,06)% ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʘʜʤʠʠ.  

ʆʙʣʫʯʝʥʠʝ ʤʠʰʝʥʠ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ, ʠʩʧʦʣʴʟʫʷ ʚʥʫʪʨʝʥʥʶʶ ʦʭʣʘʞʜʘʝʤʫʶ ʤʠʰʝʥʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʜʥʫʶ ʧʣʘʩʪʠʥʫ, ʧʦʢʨʳʪʫʶ 10 ʤʢʤ ʩʣʦʝʤ ʟʦʣʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ, ʥʘ 

ʢʦʪʦʨʫʶ ʥʘʥʦʩʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʜʤʠʡ. ɺʥʫʪʨʝʥʥʷʷ ʤʠʰʝʥʴ ʢʨʝʧʠʣʘʩʴ ʥʘ ʦʪʜʝʣʴʥʦʤ ʰʪʦʢʝ ʠʩʪʦʯʥʠʢʘ 

ʠʦʥʦʚ. ʊʦʢ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʚ ʢʘʤʝʨʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʚʳʚʝʜʝʥʥʦʤ ʧʫʯʢʝ ʠ ʜʦʩʪʠʛʘʝʪ 60-

80 ʤʢɸ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʤʠʰʝʥʴ ʦʨʠʝʥʪʠʨʦʚʘʣʠ ʧʦʜ ʫʛʣʦʤ 6Ü ʢ ʧʫʯʢʫ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʚʝʣʠʯʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ ʠ ʫʤʝʥʴʰʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʪʦʣʱʠʥʫ ʤʠʰʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʙʝʛʘ ʧʨʦʪʦʥʦʚ ʚ ʥʸʤ.  

ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʢʘʜʤʠʡ ʨʘʩʪʚʦʨʷʣʠ ʚ 6N HBr, 111In ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ ʜʠʠʟʦʧʨʦʧʠʣʦʚʳʡ ʵʬʠʨ, ʟʘʪʝʤ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ 8ʄ HCl, ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʩʫʭʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʩʦʜʝʨʞʘʱʠʡ 111In, ʨʘʩʪʚʦʨʷʣʠ ʚ 0.05M HCl ʠ 

ʧʦʣʫʯʘʣʠ ʛʦʪʦʚʳʡ ʧʨʝʧʘʨʘʪ, ʢʦʪʦʨʳʡ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʨʝʧʘʨʘʪʫ 

çʀʥʜʠʷ ʭʣʦʨʠʜ, [111In]è, ʩʫʙʩʪʘʥʮʠʷ-ʨʘʩʪʚʦʨ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ 
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ʇʦʚʝʜʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʟʘʜʘʯ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʀʥʪʝʨʝʩ ʢ ʚʦʧʨʦʩʘʤ ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʙʦʨʘ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʷʜʝʨʥʦʡ, ʪʝʨʤʦʷʜʝʨʥʦʡ ʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʟʘʜʘʯ 

[1-6]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʫʧʨʘʚʣʷʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʜʦʨʦʜʘ ʚ ʦʙʲʝʤʝ 

ʪʚʝʨʜʳʭ ʪʝʣ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʥʝʚʦʟʤʦʞʝʥ [7ï9]. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ ʠ ʚʳʭʦʜʘ ʚʦʜʦʨʦʜʘ (ʜʝʡʪʝʨʠʷ) ʠʟ ʤʝʪʘʣʣʦʚ ʚ ʘʪʦʤʘʨʥʦʤ, 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚ ʜʦʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ. ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʘ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ ʦʪ ʧʣʦʪʥʦʩʪʠ 

mailto:ellsworth@tpu.ru
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ʪʦʢʘ ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʨʝʤʝʥʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʝʮ. ʀʩʩʣʝʜʦʚʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʫʩʢʘʝʤʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ 

ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʦʚ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʚ 

ʤʝʪʘʣʣʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ: 

- ʚʦʜʦʨʦʜ ʚ ʤʝʪʘʣʣʘʭ ʦʙʨʘʟʫʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʧʦʜʩʠʩʪʝʤʫ; 

- ʚʦʜʦʨʦʜʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʚ ʤʝʪʘʣʣʘʭ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ 

ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ; 

- ʤʠʛʨʠʨʫʶʱʠʡ ʚʦʜʦʨʦʜ ʩʪʠʤʫʣʠʨʫʝʪ ʜʠʬʬʫʟʠʶ ʜʝʬʝʢʪʦʚ ʠ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʠ ʫʧʦʨʷʜʦʯʠʚʘʝʪ 

ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʚʠʚʢʠ ʤʦʥʦʤʝʨʦʚ ʢ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʩ 

ʧʦʤʦʱʴʶ ɔ-ʠʟʣʫʯʝʥʠʷ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʦʥʦʦʙʤʝʥʥʳʭ ʤʝʤʙʨʘʥ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʇɺɼʌ ʩ ʧʦʤʦʱʴʶ ʠʦʥʦʚ 4He ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʥʦʧʨʦʚʦʜʷʱʝʡ ʤʝʤʙʨʘʥʳ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠʚʠʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʦʙʣʫʯʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʇɺɼʌ, ʧʦʤʝʱʝʥʥʳʭ ʚ 

ʨʘʩʪʚʦʨ ʤʦʥʦʤʝʨ ʩʪʠʨʦʣʘ-ʪʦʣʫʦʣ, ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

60ęʉ. ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʠʣʠ ʠʦʥʳ 4He ʩ ʵʥʝʨʛʠʝʡ 27 ʄʵɺ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʦʪʨʦʥʘ R-7ʄ 

ʌʊʀ ʊʇʋ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʧʨʠʚʠʚʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʨʠʚʠʚʢʠ ʤʦʥʦʤʝʨʘ ʩʪʠʨʦʣʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʦʙʨʘʟʮʘʭ ʠʟ-ʟʘ ʨʘʟʨʳʚʘ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʚ ʩʣʝʜʩʪʚʠʠ ʚʳʩʦʢʦʡ 

ʠʦʥʠʟʘʮʠʠ ʠʦʥʦʚ ʛʝʣʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʟʳ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʤʘʪʨʠʮʝ 

ʧʦʣʠʤʝʨʘ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʪʝʧʝʥʴ ʧʨʠʚʠʚʢʠ ʦʙʨʘʟʮʦʚ ʩ 

ʧʦʛʣʦʱʝʥʥʳʤʠ ʜʦʟʘʤʠ ʩʚʳʰʝ 4 ʄɻʨ ʜʦʩʪʠʛʘʣʘ 300 %, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ. ʀʩʩʣʝʜʦʚʘʥʠʷ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʜʦʟʘʭ 3-3,5 ʄɻʨ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠʦʥʦʚ 4He ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʝʪʦʜ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʚʠʚʢʠ ʤʦʥʦʤʝʨʘ 

ʩʪʠʨʦʣʘ ʢ ʧʣʝʥʢʘʤ ʇɺɼʌ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʦʚ 4He, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʣʴʬʠʨʦʚʘʥʠʝʤ ʜʣʷ ʧʨʠʜʘʥʠʷ ʧʨʦʪʦʥ-

ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. 
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ʆʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʧʦʣʠʤʝʨʝ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʜʝʩʪʨʫʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʚʦʙʦʜʥʳʡ ʨʘʜʠʢʘʣ ï ʚʠʜ ʤʦʣʝʢʫʣʳ ʠʣʠ ʘʪʦʤʘ, ʩʧʦʩʦʙʥʳʡ ʢ 

ʥʝʟʘʚʠʩʠʤʦʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʠ ʠʤʝʶʱʠʡ ʦʜʠʥ ʠʣʠ ʜʚʘ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ. ʅʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ 

ʟʘʥʠʤʘʝʪ ʘʪʦʤʥʫʶ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʘʣʴ ʚ ʦʜʠʥʦʯʢʫ. ʅʘʣʠʯʠʝ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩʧʦʩʦʙʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʜʠʘʮʠʦʥʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ ï ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ 

(ʇɺɼʌ) ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʝʡ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʨʳʚ ʧʦʜʚʠʞʥʦʛʦ ʘʪʦʤʘ ʦʪ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʇɺɼʌ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʈʝʢʦʤʙʠʥʘʮʠʷ 

ʤʘʢʨʦʨʘʜʠʢʘʣʘ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʠ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ [1]. 

ʈʘʜʠʘʮʠʦʥʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʧʣʝʥʦʢ ʧʨʦʭʦʜʠʣʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʣʴʬʘ-ʠʟʣʫʯʝʥʠʷ (ʠʦʥʳ ʛʝʣʠʷ), ʪʘʢʞʝ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʠ ʠʤʧʫʣʴʩʥʦʤ ʦʙʣʫʯʝʥʠʠ ʵʣʝʢʪʨʦʥʘʤʠ. 

ʌʪʦʨʠʨʦʚʘʥʥʳʡ ʧʦʣʠʤʝʨ ʇɺɼʌ ʦʙʣʫʯʘʣʩʷ ʪʨʝʤʷ ʚʠʜʘʤʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ: ʠʦʥʘʤʠ ʛʝʣʠʷ ʩ 

ʵʥʝʨʛʠʝʡ 27 ʄʵɺ, ʧʦʩʪʦʷʥʥʳʤ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 2 ʄʵɺ ʠ ʠʤʧʫʣʴʩʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʩ 

ʵʥʝʨʛʠʝʡ 500 ʢʵɺ. ɺʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʠ ʪʦʢ ʚʳʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʟʘ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʙʳʣʘ ʦʜʠʥʘʢʦʚʘʷ. ɼʦʟʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0,5 ʜʦ 1,5 ʄɻʨ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ 

çʧʦʩʪ-ʵʬʬʝʢʪʘè ʥʘ ʚʦʟʜʫʭʝ.  

ʅʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʫʩʪʘʥʦʚʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋʌ- ʠ ʀʂ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ 

ʚʳʭʦʜ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʩʧʠʥʦʚʳʭ 

ʘʜʜʫʢʪʦʚ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʢʘʣʦʚ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʠʦʥʘʤʠ ʛʝʣʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʦʥʠʟʘʮʠʠ. ʕʪʦ ʙʳʣʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʠʚʠʚʢʦʡ ʢ ʵʪʠʤ ʨʘʜʠʢʘʣʘʤ ʤʦʥʦʤʝʨʘ ʩʪʠʨʦʣʘ ʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ [2]. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʤʦʜʠʬʠʢʘʮʠʠ ʧʣʝʥʦʢ ʇɺɼʌ ʜʣʷ ʧʨʠʜʘʥʠʷ ʝʤʫ 

ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. 
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ʏʘʩʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʦʥʪʨʦʣʴ ʟʘ ʬʣʶʝʥʩʦʤ ʢʘʢ ʪʝʧʣʦʚʳʭ, ʪʘʢ ʠ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ. ɸʢʪʠʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ [1] ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʣʶʝʥʩʘ ʥʝʡʪʨʦʥʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʠ ʠ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʀʭ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʡ ʬʣʶʝʥʩʘ ʥʝʡʪʨʦʥʦʚ, ʢʨʦʤʝ ʪʦʛʦ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʜʝʪʝʢʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʦʙʨʘʟʫʝʪʩʷ ʢʨʝʤʥʠʡ ï 

31, ʢʦʪʦʨʳʡ ʧʫʪʝʤ ɓ-ʨʘʩʧʘʜʘ (ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ -2,62 ʯʘʩʘ) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʦʥʦʨʥʫʶ ʧʨʠʤʝʩʴ ʬʦʩʬʦʨʘ ï 31. 

 PSinSi
ʯʘʩʘ31)57,2(3130 ),( ½½½½½ ­½

-b
g  (1) 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʬʣʶʝʥʩʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʙʣʫʯʘʪʴ 

ʢʨʝʤʥʠʡ ʚ ʢʘʜʤʠʝʚʦʤ ʵʢʨʘʥʝ ʠ ʙʝʟ ʥʝʛʦ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ ʘʢʪʠʚʘʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ, ʠʩʧʦʣʴʟʫʷ ʝʛʦ ʥʘʨʘʙʦʪʢʠ ʧʦ 

ʤʝʪʦʜʫ ʢʘʜʤʠʝʚʦʡ ʨʘʟʥʦʩʪʠ [1].  

ʉʚʷʟʴ ʤʝʞʜʫ ʥʘʙʨʘʥʥʳʤ ʬʣʶʝʥʩʦʤ ʠ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤ ʥʘʤʠ ʚʳʨʘʞʝʥʠʝʤ [2]: 

 )1(
)(

0

11

..
Cd

Cd

tttn

RR

ʥʪ
R

F

gSe

d
-

S

-
=F

cm
, (2) 

ʛʜʝ d Έ ʜʠʘʤʝʪʨ ʧʣʘʩʪʠʥʳ, R0, R Έ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʠʥʳ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ, S Έ 

ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥʳ, e Έ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, ɛn Έ ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, gt Έ ʬʘʢʪʦʨ ɺʝʩʪʢʦʪʪʘ, Ɇt ï 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʵʥʝʨʛʠʠ ʥʝʡʪʨʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ Tʵʬ, ʦʪʣʠʯʥʦʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ T0, FCd Έ ʢʘʜʤʠʝʚʘʷ ʧʦʧʨʘʚʢʘ, RCd Έ ʢʘʜʤʠʝʚʦʝ ʦʪʥʦʰʝʥʠʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʳ ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ. ʆʥʠ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. ʊʦʛʜʘ ʬʣʶʝʥʩ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ 

[3]: 

 )( 0.. ssk -=F ʥʙ ,  (3) 

ʛʜʝ ů0, ů Έ ʫʜʝʣʴʥʳʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ, ə Έ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʷ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʡʪʨʦʥʥʳʭ ʧʦʣʝʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʷʜʝʨʥʦʤ 

ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ ʤʦʱʥʦʩʪʴʶ 6 ʄɺʪ. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʜ ʤʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʥʦ-

ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʠʝ ʜʝʪʝʢʪʦʨʳ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʬʠʟʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ, ʘ ʚ ʩʣʫʯʘʝ ʥʘʥʝʩʝʥʠʷ ʦʤʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʝʪʝʢʪʦʨʳ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʘʢ ʥʘ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ. ʪʘʢ ʠ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ. 
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ʀʦʥʠʟʠʨʫʶʱʠʝ ʠʟʣʫʯʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʣʝʯʝʥʠʷ ʚ 

ʤʝʜʠʮʠʥʝ, ʪʘʢʞʝ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʷʭ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʙʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚʦʟʨʘʩʪʘʝʪ ʩ ʢʘʞʜʳʤ ʜʥʝʤ. 

ʉʝʛʦʜʥʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʜʝʪʝʢʪʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʚ ʩʬʝʨʘʭ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʪʘʢ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʜʦʟʦʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʛʣʦʱʝʥʥʳʭ ʜʦʟ ʥʝ ʚʩʝʛʜʘ 

ʧʦʟʚʦʣʷʶʪ ʚʳʙʠʨʘʪʴ ʞʝʣʘʝʤʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʩʦʟʜʘʝʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʘʢʠʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ, ʘ ʟʘʯʘʩʪʫʶ ʜʝʣʘʝʪ ʠʭ ʥʝʜʦʧʫʩʪʠʤʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʜʦʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʈɸʇ-106-5 ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʝʪʘʪʨʦʥʘ ʆɹʔ-4. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʜʦʟʦʚʳʭ ʥʘʛʨʫʟʦʢ ʦʪ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʈɸʇ-160-5 ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʦʟʠʤʝʪʨʦʚ ɼʊʃ-02, ʜʦʟʠʤʝʪʨʘ-ʨʘʜʠʦʤʝʪʨʘ ɼʂʉ-96, 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʦʟʠʤʝʪʨʘ ɼʈɻ3-04, ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʪʠʧʘ 23342; ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʈɸʇ-160-5. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʜʦʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʝʪʘʪʨʦʥʘ 

ʆɹʔ-4 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʦʟʠʤʝʪʨʦʚ ɼʊʃ-02 ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ 

ʪʠʧʘ 30013. 
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ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʥʝʡ ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤ ʟʘʨʷʜʦʚʳʤ ʯʠʩʣʦʤ Z. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʵʣʝʢʪʨʦʥʘʤʠ ʬʦʪʦʧʦʛʣʦʱʝʥʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʆʞʝ-

ʢʘʩʢʘʜʘ ʥʘ ʘʪʦʤʘʭ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʡʦʜ - 53I, ʛʘʜʦʣʠʥʠʡ - 64Gd, ʧʣʘʪʠʥʘ - 78Pt, ʟʦʣʦʪʦ - 79Au, ʚʠʩʤʫʪ 83Bi. 

ɼʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʌɿʊ ʥʝʦʙʭʦʜʠʤʳ: ʧʨʝʧʘʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʫʢʘʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ; 

ʩʨʝʜʩʪʚʘ ʠʭ ʜʦʩʪʘʚʢʠ; ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʙʣʫʯʝʥʠʝ çʤʠʰʝʥʠè ʬʦʪʦʥʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʚ ʪʨʝʙʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ; ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʝʘʥʩʘ ʦʙʣʫʯʝʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʝʧʘʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʤʝʥʪʳ ʩ 

ʚʳʩʦʢʠʤ Z, ʥʘʧʨʠʤʝʨ, ʡʦʜ ʩʦʜʝʨʞʘʱʠʝ: ʡʦʜ-ʜʝʟʦʢʩʠʫʨʠʜʠʥ, IUdR; ʛʘʜʦʣʠʥʠʡ ʩʦʜʝʨʞʘʱʠʝ: ʄʘʛʥʝʚʠʩʪ, 

ɼʠʧʝʥʪʘʩʪ; ʩʦʜʝʨʞʘʱʠʝ ʧʣʘʪʠʥʫ: ʎʠʩʧʣʘʪʠʥ, ʂʘʨʙʦʧʣʘʪʠʥ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʧʨʝʧʘʨʘʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʌɿʊ, ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʦʙʣʫʯʘʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʝʥʘ ʚʝʣʠʯʠʥʘ ʬʠʟʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʣʦʢʘʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʥʝʡ ʵʣʝʤʝʥʪʦʚ ʩ ʙʦʣʴʰʠʤ Z [1,2]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ 

ʤʳʰʘʭ ʩ ʧʝʨʝʚʠʚʥʳʤʠ ʦʧʫʭʦʣʷʤʠ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʌɿʊ [3]. 
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ɼʣʷ ʩʢʦʨʝʡʰʝʛʦ ʚʥʝʜʨʝʥʠʷ ʌɿʊ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʥʝʦʙʭʦʜʠʤʳ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʩ ʚʳʩʦʢʠʤ Z ʚ ʤʠʰʝʥʠ ʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠʤʝʶʱʠʭʩʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʦʙʣʫʯʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʢʨʘʪʢʠʤ ʦʙʟʦʨʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʂʊ), 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʝʪʦʜʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʊʠʧʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʂʊ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ:  

- ʤʝʪʘʣʣʳ ʠ ʤʝʪ. ʠʟʜʝʣʠʷ (ʚ ʪ.ʯ. ʩʧʣʘʚʳ, ʚ ʦʩʥʦʚʥʦʤ ï ʣʝʛʢʠʝ ʤʝʪʘʣʣʳ) [1] 

- ʢʝʨʘʤʠʢʘ, ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [2] 

- ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ: 

1. ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ: 

a. ʪʨʝʭʤʝʨʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ 

b. ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʜʝʬʝʢʪʦʚ ʦʙʨʘʟʮʘ 

c. ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʘ 

d. ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʜʣʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ   

e. ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

2. ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠ ʤʝʪʨʦʣʦʛʠʷ 

a. ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ: ʨʘʩʩʪʦʷʥʠʷ, ʜʠʘʤʝʪʨʳ, ʩʬʝʨʠʯʥʦʩʪʴ ʦʙʲʝʢʪʘ ʠ ʪ.ʜ. 

b. ʠʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʩʪʝʥ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʮʚʝʪʦʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

c. ʩʨʘʚʥʝʥʠʝ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ ʩ ʠʩʭʦʜʥʳʤ 3D-ʯʝʨʪʝʞʦʤ ʧʨʠ ʧʦʤʦʱʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʈʠʩʫʥʦʢ 1. ɻʨʘʥʫʣʳ: ʧʦʣʠʧʨʦʧʠʣʝʥ + ʮʝʣʣʶʣʦʟʥʦʝ ʚʦʣʦʢʥʦ, ʩʨ. ʜʠʘʤʝʪʨ ï 3 ʤʤ (ʘ), ʪʦʤʦʛʨʘʤʤʘ ʛʨʘʥʫʣ (ʨʘʟʤʝʨ 

ʚʦʢʩʝʣʷ ï 6,5 ʤʠʢʨʦʥ) (b), ʩʝʛʤʝʥʪʘʮʠʷ ʠʥʦʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʚʳʧʦʣʥʝʥʦ ʚ ʧʘʢʝʪʝ VGStudio Max 2.2) (c). 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ FH Oberºsterreich CT group, Wels, Ausitria 
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ɺʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦ-ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 10 ʢʵɺ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚ 

ʩʢʦʣʴʟʷʱʝʤ ʨʝʞʠʤʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʣʦʩʢʠʤʠ, ʢʦʥʠʯʝʩʢʠʤʠ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʤʠʰʝʥʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʦʨʠʝʥʪʘʮʠʠ ʧʣʦʩʢʦʩʪʠ ʤʠʰʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʢʦʥʠʯʝʩʢʠʤʠ ʤʠʢʨʦʢʘʧʠʣʣʷʨʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʧʠʣʣʷʨʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʠʰʝʥʠ, ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʜʝʛʨʘʜʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. 

ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʘʷ ʤʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʣʦʩʢʠʭ 

ʤʠʰʝʥʝʡ. ʇʦʢʘʟʘʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʤʦʜʝʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʧʦʨʷʜʢʘ 10 ʢʵɺ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʣʝʢʪʨʦʥʥʳʝ ʧʫʯʢʠ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ 

ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ʇʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʢʣʘʜʳʚʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʠ ʬʦʨʤʳ ʧʫʯʢʘ ʩ ʮʝʣʴʶ ʠʭ ʤʦʜʫʣʷʮʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʥʘʯʠʥʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʅʝ ʤʘʣʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 3D-ʧʝʯʘʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 3D-ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ABS-ʧʣʘʩʪʠʢ (ʘʢʨʠʣʦʥʠʪʨʠʣʙʫʪʘʜʠʝʥʩʪʠʨʦʣ, ɸɹʉ) ʚ 

ʩʠʣʫ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ [2]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 3D-ʧʝʯʘʪʥʳʭ ʠʟʜʝʣʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʤʝʩʠ ABS-ʧʣʘʩʪʠʢʘ ʠ ʩʚʠʥʮʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʤʝʪʦʜʠʢ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʭ ʨʘʟʨʘʙʦʪʢʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩ ʤʘʪʝʨʠʘʣʘʤʠ 

ʠʟ ABS-ʧʣʘʩʪʠʢʘ ʩ ʧʨʠʤʝʩʷʤʠ ʩʚʠʥʮʘ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚr ʚʝʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʤʠʢʨʦʪʨʦʥʘ ʩ ʵʥʝʨʛʠʝʡ 6,1 ʄʵɺ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʚʳʚʝʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʤʠʢʨʦʪʨʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ 

çʂʦʤʧʴʶʪʝʨʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ (PCLab)è [3], ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʢʘʬʝʜʨʝ ʇʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʊʇʋ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ. ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʟʠʪʨʦʥʦʚ, ʬʦʪʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʚ ʚʝʱʝʩʪʚʝ ʩ ʟʘʜʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʤʠʢʨʦʪʨʦʥʘ: ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ï 

6,1 ʄʵɺ; ʨʘʟʤʝʨ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ 2,0 ʤʤ2; ʨʘʩʭʦʜʠʤʦʩʪʴ ʧʫʯʢʘ ï 0,1 ʨʘʜ. 
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1. Review of industrial accelerators and their applications [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www-

pub.iaea.org/MTCD/publications/PDF/P1433_CD/datasets/papers/ap_ia-12.pdf. ï 28.04.15. 

2. ABS-ʧʣʘʩʪʠʢ ʜʣʷ 3D-ʧʝʯʘʪʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.orgprint.com/wiki/3d-

pechat/materialy-dlja-3d-pechati. ï 28.04.15. 

3. ɹʝʩʧʘʣʦʚ ɺ.ʀ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʇʋ, 2015. ï 116 ʩ. 
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ʅ.ɺ. ʄʠʰʠʥʘ, ʄ.ʉ. ʏʝʨʝʧʥʝʚ, ɺ.ʉ. ʗʢʦʚʣʝʚʘ 
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ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 
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ʌʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʨʫʥʪʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʪʤʦʩʬʝʨʥʳʝ ʧʦʣʷ ʠʦʥʠʟʠʨʫʶʱʠʭ 

ʠʟʣʫʯʝʥʠʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ çʣʠʪʦʩʬʝʨʘ-ʘʪʤʦʩʬʝʨʘ-

ʠʦʥʦʩʬʝʨʘ-ʢʦʩʤʦʩè. ɺ ʭʦʜʝ ʤʥʦʛʦʣʝʪʥʠʭ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ 

ʀʥʩʪʠʪʫʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʀʄʂʕʉ), ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʣʦʱʘʜʢʝ ʀʄʂʕʉ [1], ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʟʥʘʯʠʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʩʘʜʢʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʝʡ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ (ʀʀ) ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʝʡ ʀʀ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ (ʇʇ) ɓ- ʠ ɔ-ʠʟʣʫʯʝʥʠʡ, ʤʦʱʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ɓ- ʠ ɔ-ʠʟʣʫʯʝʥʠʡ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʝʡ ʀʀ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʝʪʝʢʪʦʨʦʚ 

(ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ, ʛʘʟʦʨʘʟʨʷʜʥʳʝ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʦʪ 10 ʩʤ ʜʦ 35 ʤ ʚ ʦʪʢʨʳʪʦʡ ʘʪʤʦʩʬʝʨʝ 

ʟʜʘʥʠʠ ʠʥʩʪʠʪʫʪʘ [1]. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʝʡ ʀʀ ʦʪ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ ʠ ʚʳʩʦʪʳ ʥʘʜ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʝʪʝʢʪʦʨʘ ʀʀ), ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

  

ʘ ʙ 

 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ: ʘ) ʜʦʟʳ ɓ-ʠʟʣʫʯʝʥʠʷ ʠ ʙ) ʜʦʟʳ ɔ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ ʠ ʚʳʩʦʪʳ 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʇʇ ɔ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʈʠʩ.1(ʙ), ʘ ʜʣʷ ɓ-ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʈʠʩ.1(ʘ). ɼʝʪʘʣʴʥʦʝ 

ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠʚʝʜʝʥʦ 

ʚ ʩʪʘʪʴʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʌʎʇ ˉ14.575.21.0105. 
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1. ʗʢʦʚʣʝʚʘ ɺ. ʉ. ʠ ʜʨ. ʄʝʪʦʜʦʣʦʛʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʨʦʮʝʩʩʘʤ ʧʝʨʝʥʦʩʘ ʨʘʜʦʥʘ ʚ ʩʠʩʪʝʤʝ 

çʣʠʪʦʩʬʝʨʘïʘʪʤʦʩʬʝʨʘè //ɸʅʈʀ. ï 2009. ï ˉ. 4. ï ʉ. 55-60 
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ʇɽʈɽʍʆɼʅʆʄʋ ʀɿʃʋʏɽʅʀʖ 

ɸ.ʀ ʅʦʚʦʢʰʦʥʦʚ1, ɸ.ɺ.ɺʫʢʦʣʦʚ1, ɸ.ʇ ʇʦʪʳʣʠʮʳʥ1, ʊ.ʈ ʄʫʨʜʷʥ2, ɸ.ɽ ʄʦʚʩʠʩʷʥ2, ɺ.ʈ ʂʦʯʘʨʷʥ2 

1ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

2ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ,  

ɸʨʤʝʥʠʷ, ʛ.ɽʨʝʚʘʥ, ʫʣ. ɻʨ. ʅʝʨʩʝʩʷʥʘ, 25, 375014 

e-mail: novokshonov@tpu.ru 

ʕʣʝʢʪʨʦʥʥʳʝ ʧʫʯʢʠ ʩ ʵʥʝʨʛʠʝʡ E0Ò10 ʄʵɺ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ. ʇʣʘʥʠʨʦʚʘʥʠʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʝʣʠʯʠʥʘ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʜʦʟʦʚʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʚʳʚʝʜʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʙʝʪʘʪʨʦʥʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʦʧʪʠʯʝʩʢʦʝ ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʆʇʀ) [1,2]. ʀʟʤʝʨʷʷ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʆʇʀ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ ʥʘʯʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʚʝʣʠʯʠʥʝ ʫʛʣʘ ʤʝʞʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ. 

ɼʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ E0~5 ʄʵɺ ʚʳʭʦʜ ʬʦʪʦʥʦʚ ʆʇʀ ʚ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʫʤʘ ʚ ʪʝʣʝʩʥʳʡ ʫʛʦʣ 

æɋ~4Ĭ10-4 (ʘʧʝʨʪʫʨʘ ʜʝʪʝʢʪʦʨʘ S=1 ʩʤ2, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L=50 ʩʤ ʦʪ ʤʠʰʝʥʠ) ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ 

ʫʨʦʚʥʝ Nʬ~10-8 ʬʦʪ./e-. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʙʝʪʘʪʨʦʥʘ 

ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ~5Ĭ1010 e-/ʩʝʢ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʤʠʢʨʦʪʨʦʥʝ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʵʥʝʨʛʠʝʡ ʚʳʚʝʜʝʥʥʦʛʦ ʧʫʯʢʘ, ʧʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [3]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʝʤʥʠʝʚʦʛʦ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ Sensl ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʆʇʀ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʫʯʢʦʤ ʤʠʢʨʦʪʨʦʥʘ ʩ ʵʥʝʨʛʠʝʡ 5 ʄʵɺ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʣʠʩʴ ʆʇʀ ʠ ʪʦʢ ʧʫʯʢʘ ʧʨʠ ʧʦʤʦʱʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ. ʂʦʣʠʙʨʦʚʢʘ ʤʦʥʠʪʦʨʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʦʢʘ ʧʫʯʢʘ ʮʠʣʠʥʜʨʦʤ 

ʌʘʨʘʜʝʷ. ɼʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʆʇʀ ʠʟʤʝʨʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ CCD ʢʘʤʝʨʳ 

Apogee-E2V Camera Alta F30. 

ʄʳ ʧʦʣʘʛʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʝʡ ʯʘʩʪʠʮ ʚ 

ʧʨʝʜʝʣʘʭ ʝʜʠʥʠʮ ʄʵɺ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʧʝʨʝʭʦʜʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʙʝʪʘʪʨʦʥʝ ʩ ʢʦʥʝʯʥʦʡ 

ʵʥʝʨʛʠʝʡ ʫʩʢʦʨʷʝʤʳʭ ʯʘʩʪʠʮ 3,5 ʄʵɺ. 
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ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʢʚʘʨʮʘ 
(1011)

 ʚ ʛʝʦʤʝʪʨʠʠ ʃʘʫʵ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

ɹɼɽʈ-ʂʀ-11ʂ.  ʩ ʨʘʟʨʝʰʝʥʠʝʤ 300 ʵɺ ʥʘ ʣʠʥʠʠ Am241 17,74 ʢʵɺ.. ʅʘʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ [1-2], ʢʦʪʦʨʘʷ  ʥʘʤʠ ʠʟʤʝʨʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ  ʦʜʥʦʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʃʘʫʵ 

ʛʝʦʤʝʪʨʠʠ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʥʘ 2 ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʨʦʜʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʢʨʠʩʪʘʣʣʘ. 

ʇʦʣʫʯʝʥʘ ʢʨʠʚʘʷ ʢʘʯʘʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʧʫʯʢʘ ʧʦʜ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʫʛʣʦʤ ʥʘʙʣʶʜʝʥʠʷ 60, ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ (ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʧʫʯʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ ʦʪʨʘʞʝʥʥʦʡ ʣʠʥʠʠ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʳ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʧʫʯʢʘ. 

ɸʚʪʦʨʳ ʨʘʙʦʪ [2-3] ʠʟʤʝʨʷʣʠ ʠʥʪʝʛʨʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʭʦʜʷʱʝʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʫʯʢʦʚ ʚ ʛʝʦʤʝʪʨʠʠ ʃʘʫʵ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ɛtå1, (ɛ - ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ, t - ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʘ) ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ ʠ ʦʙʥʘʨʫʞʠʣʠ 

çʵʬʬʝʢʪ ʧʦʣʥʦʡ ʧʝʨʝʙʨʦʩʢʠ ʠʟʣʫʯʝʥʠʷè, ʧʨʠ ʢʦʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʭʦʜʷʱʝʛʦ ʧʫʯʢʘ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʙʨʘʩʳʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʧʫʯʢʘ [3]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʘ ʧʝʨʝʙʨʦʩʢʠ ʚ ʩʧʝʢʪʨʝ ʧʨʦʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʪʨʘʞʘʶʱʠʤ ʘʪʦʤʥʳʤ ʧʣʦʩʢʦʩʪʷʤ (1011) ʚ 

ʢʨʠʩʪʘʣʣʝ ʢʚʘʨʮʘ, ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ɹɼɽʈ-ʂʀ-11ʂ. ɼʣʷ ʚʳʙʨʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʢʨʠʩʪʘʣʣʘ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʜʠʬʨʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʵʥʝʨʛʠʠ 35 ʢʵɺ. ʀʤʝʥʥʦ ʜʣʷ ʵʪʦʡ ʵʥʝʨʛʠʠ ʚ ʩʧʣʦʰʥʦʤ 

ʩʧʝʢʪʨʝ ʧʨʦʭʦʜʷʱʝʛʦ ʧʫʯʢʘ ʥʘʙʣʶʜʘʣʩʷ ʧʨʦʚʘʣ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʝʣʠʯʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʝʪʝʢʪʦʨʘ. 
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ʧʨʦʮʝʜʫʨʘʭ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ 500 Áʉ ʠ ʪʢʘʥʠ ʧʦʚʨʝʞʜʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 5 ʤʤ [1]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʥʝʜʘʚʥʦ ʥʘʯʘʣ ʚʭʦʜʠʪʴ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ, ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ ʪʢʘʥʝʡ 

ʩ ʧʦʤʦʱʴʶ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ ArthroCare Co ʠ ʥʘʟʚʘʥ ʢʦʙʣʘʮʠʝʡ [2]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ, 

ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ, ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʩʦʟʜʘʶʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ. ɺʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ ʧʣʘʟʤʘ ʩʦʜʝʨʞʠʪ ʠʦʥʠʟʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ (4-6 ʵɺ) [3]. ʕʪʦʡ ʵʥʝʨʛʠʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʨʘʟʦʨʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʷʟʠ ʚ ʪʢʘʥʷʭ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʦʙʲʝʤʥʦʤʫ ʫʜʘʣʝʥʠʶ. ɺ ʢʦʙʣʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ʜʝʟʠʥʪʝʛʨʘʮʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʤʥʦʝ ʫʜʘʣʝʥʠʝ ʪʢʘʥʝʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʝʢʨʦʟʦʤ ʦʢʨʫʞʘʶʱʠʭ, ʥʘʧʨʠʤʝʨ, ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʢʦʙʣʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥ ʤʘʢʝʪ ʧʨʠʙʦʨʘ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʙʣʦʢ ʧʠʪʘʥʠʷ, ʧʣʘʪʫ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʬʦʨʤʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠ ʧʣʘʪʫ 

ʩʦʛʣʘʩʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʜʥʳʡ ʫʟʝʣ. ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ï 150 ʢɻʮ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ çʭʦʣʦʜʥʦʡè ʧʣʘʟʤʳ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʧʳʪʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʠʦʧʪʘʪʝ ʩ 

ʜʦʩʪʠʞʝʥʠʝʤ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʪʢʘʥʠ. ʇʦʩʣʝ ʢʦʙʣʘʮʠʠ ʙʠʦʧʪʘʪʘ ʦʪʯʝʪʣʠʚʦ 

ʚʠʜʥʘ ʟʦʥʘ ʩʦ çʱʘʜʷʱʝè ʫʜʘʣʝʥʥʦʡ ʪʢʘʥʴʶ, ʙʝʟ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʤʝʪʦʜ ʢʦʙʣʘʮʠʠ ʩ 

ʧʝʨʩʧʝʢʪʠʚʦʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʞʥʳʭ ʧʘʧʠʣʣʦʤ, ʘ ʪʘʢʞʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʦʛʦ ʘʧʦʥʝʚʨʦʟʘ ʧʨʠ ʢʦʥʪʨʘʢʪʫʨʝ ɼʶʧʶʠʪʨʝʥʘ.  
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ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʙʲʝʤʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (sv ʠ sS) ʦʙʨʘʟʮʦʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʢʝʨʘʤʠʢ ʪʠʧʘ ɹɻʇ-10 ʠ ɸʍ05 ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʙʣʫʯʝʥʠʷ 

ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʂʝʨʘʤʠʢʘ ɸʍ05 - ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʥʠʪʨʠʜ ʙʦʨʘ (ɺN), ʢʝʨʘʤʠʢʘ ɹɻʇ-10 ï 

ʢʦʤʧʦʟʠʮʠʷ 60% ʥʠʪʨʠʜʘ ʙʦʨʘ ʠ 40% ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (SiO2). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʤʧʣʝʢʩʝ 

çʈʘʜʠʘʥè, ʚʢʣʶʯʘʚʰʝʤ ʚ ʩʝʙʷ: ʫʩʪʘʥʦʚʢʫ çʈʆʂʋʉ-ɸʄʊè ʩ ʠʩʪʦʯʥʠʢʦʤ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ Co60 (ʠʩʪʦʯʥʠʢ ɻʀʂ-9-2, 

ʵʥʝʨʛʠʷ ʢʚʘʥʪʦʚ 1,25 ʄʵɺ); ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʷʯʝʡʢʫ; 

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʮʝʧʴ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʬʦʨʤʫ ʜʠʩʢʘ ʜʠʘʤʝʪʨʦʤ 33 ʤʤ, ʪʦʣʱʠʥʦʡ 0,2ï0,3 ʤʤ, ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʵʣʝʢʪʨʦʜʘʤʠ (Al ʠʣʠ Au) ʠ ʦʭʨʘʥʥʳʤ ʢʦʣʴʮʦʤ. ɼʠʘʤʝʪʨ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

D1 = 17 ʤʤ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʦʭʨʘʥʥʦʛʦ ʢʦʣʴʮʘ D2 = 21 ʤʤ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝ ʙʦʣʝʝ 10 

ʂʚ/ʩʤ. ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʣʠʥʝʡʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ. ʆʙʨʘʟʮʳ ʦʙʣʫʯʘʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʘʢʫʫʤʝ 10-7 ʤʤ ʨʪ.ʩʪ. ʠ ʙʝʟʤʘʩʣʷʥʦʡ ʦʪʢʘʯʢʝ. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʮʝʧʴ ʩʦʩʪʦʷʣʘ ʠʟ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʙʘʪʘʨʝʷ 200 ɺ), 

ʧʠʢʦʘʤʧʝʨʤʝʪʨʘ çKeithleyè ʠ ʤʫʣʴʪʠʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ çTektronixè. ʀʩʪʦʯʥʠʢ ʦʙʝʩʧʝʯʠʚʘʣ 

ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʝʟʘʚʠʩʠʤʦʝ ʦʪ ʚʥʝʰʥʝʡ ʩʝʪʠ, ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01 ɺ.  

 ʀʟʤʝʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʇʂ ʧʦʟʚʦʣʷʣʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ (sv ʠ sS ) ʦʧʠʩʘʥʘ ʚ [1] ʠ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ [2]. ʄʦʱʥʦʩʪʴ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ 2,7 rad/s 

(0,027 Gy/s) ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʜʦʟʠʤʝʪʨʦʤ ɼʂʉ-101 ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʪʘʥʜʘʨʪʘ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. ɿʥʘʯʝʥʠʷ ʠʩʭʦʜʥʦʡ ʪʝʤʥʦʚʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ 

ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʚʝʣʠʯʠʥ (1,5 ï 4,5)³10-15 S/m. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʠʟʣʫʯʝʥʠʷ (ʚʨʝʤʷ 

ʦʪʢʨʳʚʘʥʠʷ ʟʘʪʚʦʨʘ ʥʘ ʫʩʪʘʥʦʚʢʝ çʈʆʂʋʉ-ɸʄʊè ʩʦʩʪʘʚʣʷʝʪ 5 ʩʝʢ.) ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʚʝʣʠʯʠʥ 

(3ï4)³10-14 S/m (ʢʨʠʚʳʝ 1ï4). ʌʦʨʤʘ ʢʨʠʚʳʭ ʥʘʨʘʩʪʘʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢʠ (ʨʠʩʫʥʦʢ 1, ʢʨʠʚʳʝ 

1ï4) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ g-ʦʙʣʫʯʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʘʢʮʝʧʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [4,5]. ʋʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ sv. 

ʆʙʲʝʤʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʤʘʪʝʨʠʘʣʘ ɹɻʇ-10 (ʢʨʠʚʳʝ 3,4) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʥʘʙʦʨʝ ʜʦʟʳ ʠʟʣʫʯʝʥʠʷ ʜʦ 270 Gy (ʙʦʣʝʝ 2,5 ʯʘʩʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʣʫʯʝʥʠʷ). ʄʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʦʚ (Al ʠʣʠ Au) 

ʥʘ ʢʝʨʘʤʠʢʝ ɹɻʇ-10 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʥʘ ʝʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ (ʚ 

ʧʨʝʜʝʣʘʭ (3ï3,5)³10-14 S/m) ʠ ʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʠʟʣʫʯʝʥʠʷ. ɺʨʝʤʷ ʦʙʣʫʯʝʥʠʷ 

ʦʙʨʘʟʮʘ ˉ 3 ï 1,25 ʯʘʩʘ, ʦʙʨʘʟʮʘ ˉ 4 ï 2,75 ʯʘʩʘ. ʊʝʤʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠʤʝʨʥʦ ʚ ʪʝʯʝʥʠʝ 24-ʭ ʯʘʩʦʚ. 

mailto:pichugin@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 

 

 

233 

 

ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʠʢʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʢʝʨʘʤʠʢʘʭ ɸʍ05 ʠ ɹɻʇ-10 

 

ʆʙʲʝʤʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʤʘʪʝʨʠʘʣʘ ɸʍ05 (ʢʨʠʚʳʝ 1,2) ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʜʦʟʳ 

ʠʟʣʫʯʝʥʠʷ ʜʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (1,15ï1,2)³10-13 S/m ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʝʥʠʡ ʜʦʟʳ (190ï220) 

Gy ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʵʣʝʢʪʨʦʜʦʚ (Al ʠʣʠ Au). ɺʨʝʤʷ ʦʙʣʫʯʝʥʠʷ (2ï2,2) ʯʘʩʘ. ʆʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʠʮʘ ʚ 

ʜʠʥʘʤʠʢʝ ʥʘʨʘʩʪʘʥʠʷ sv ʚ ʦʙʨʘʟʮʘʭ ʩ Al-ʵʣʝʢʪʨʦʜʘʤʠ ʠ Au-ʵʣʝʢʪʨʦʜʘʤʠ. ɼʠʥʘʤʠʢʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ˉ 1 ʠ ˉ 5 (ʇʄʄɸ ʪʦʣʱʠʥʦʡ 1000 ʤʢʤ, ʢʨʠʚʘʷ 5) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʚʠʜʘ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ [5]. ʅʘʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ ˉ 2 (Au-

ʵʣʝʢʪʨʦʜʳ) ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʛʣʦʱʝʥʥʳʭ ʜʦʟ (0ï200) Gy. ʇʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʝʥ  

ʭʘʨʘʢʪʝʨʥʳʡ ʧʝʨʝʣʦʤ ʚ ʢʨʠʚʦʡ ʥʘʨʘʩʪʘʥʠʷ sv ʧʨʠ ʥʘʙʦʨʝ ʜʦʟʳ ʦʢʦʣʦ 50 Gy (ʢʨʠʚʘʷ 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʦʪʷ ʠʩʭʦʜʥʳʝ ʪʝʤʥʦʚʳʝ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ɸʍ05 ʠ ɹɻʇ-10, ʟʥʘʯʝʥʠʷ ʠʭ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʦʙʣʫʯʝʥʠʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ. ʇʨʠ ʵʪʦʤ ʤʘʪʝʨʠʘʣ 

ʵʣʝʢʪʨʦʜʦʚ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʢʝ sv  ʚ ʦʙʨʘʟʮʘʭ ʠʟ ɸʍ05, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʥʘʤʠʢʘ sv  ʚ ʦʙʨʘʟʮʘʭ ʠʟ ɹɻʇ-10 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʢʦʨʧʦʨʘʮʠʷ çʕʥʝʨʛʠʷè ʩʦʚʤʝʩʪʥʦ ʩ ʛʦʩʢʦʨʧʦʨʘʮʠʝʡ 

çʈʦʩʘʪʦʤè ʠ ʌɻʋʇ çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʠʤʝʥʠ ʄ.ɺ. ʂʝʣʜʳʰʘè ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʙʦʪʫ ʥʘʜ ʧʨʦʝʢʪʦʤ ʧʦ 

ʩʦʟʜʘʥʠʶ ʷʜʝʨʥʦʡ ʵʥʝʨʛʦʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʤʝʛʘʚʘʪʪʥʦʛʦ ʢʣʘʩʩʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʤʝʞʧʣʘʥʝʪʥʳʭ 

ʤʠʩʩʠʡ. ʇʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʙʫʜʝʪ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʣʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤ 

ʠʩʧʳʪʘʥʠʷʤ ʫʞʝ ʢ ʢʦʥʮʫ 2018 ʛʦʜʘ [1]. 

ʄʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʙʦʨʳ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʱʠʪʳ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʧʦʣʝʡ ʨʝʘʢʪʦʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʩʤʠʯʝʩʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ. 

ʅʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʟʘ ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ ʚ ʈʦʩʩʠʠ, ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʧʨʠʙʦʨʦʚ ʚ ʯʘʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʩʚʦʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʫʯʢʘʭ 

ʨʘʟʣʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʳʩʦʢʠʭ, ʜʦ 1019-1021 ʯʘʩʪʠʮ/ʩʤ2, ʬʣʶʝʥʩʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʡ ʜʝʬʠʮʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʧʦʣʝʡ ʨʝʘʢʪʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ, ʜʦ 100 ʂ, ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ ʧʨʠ ʩʦʟʜʘʥʠʠ ʷʜʝʨʥʳʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʩʪʘʚʠʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʦʣʝʡ 

ʨʝʘʢʪʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʠʙʦʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʢʪʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʦʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʛʨʘʥʠʯʝʥʦ. 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʇʋ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʩʪʠʪʫʪʦʚ ʩʪʨʘʥʳ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ 

ʩʦʙʩʪʚʝʥʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʀʈʊ-ʊ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʥʠʤʘʪʴʩʷ ʧʦʜʦʙʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ.  

ʎʝʣʴʶ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʟʜʝʣʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʠʥʪʝʨʚʘʣʝ 10 ï 325 ʂ.  

ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʢʨʠʦʩʪʘʪ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʥʘʭʦʞʜʝʥʠʝ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ, ʦʙʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 10 ʂ. 

ʂʨʠʦʩʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʦʜʠʥ ʚ ʜʨʫʛʦʤ ʮʠʣʠʥʜʨʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸɼ0, ʧʦʜʭʦʜʷʱʠʭ ʢ ʵʪʠʤ ʮʠʣʠʥʜʨʘʤ ʭʣʘʜʦʧʨʦʚʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ, ʩʠʩʪʝʤʫ ʪʝʨʤʦʧʘʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ 

ʠ ʚʘʢʫʫʤʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʠʜʫʱʠʭ ʦʪ ʮʠʣʠʥʜʨʦʚ ʢ ʚʥʝʰʥʝʤʫ ʚʘʢʫʫʤʥʦʤʫ ʥʘʩʦʩʫ ʠ ʢʦʤʧʨʝʩʩʦʨʫ [2]. ʈʷʜʦʤ ʩ 

ʢʨʠʦʩʪʘʪʦʤ ʨʘʟʤʝʱʝʥʘ ʢʦʤʧʘʢʪʥʘʷ ʩʪʘʥʮʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʦʙʲʝʜʠʥʝʥʥʘʷ ʩ ʥʠʤ ʦʙʱʝʡ ʩʠʩʪʝʤʦʡ 

ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʂʨʠʦʩʪʘʪ (6) ʧʣʘʥʠʨʫʝʪʩʷ ʢ ʨʘʟʤʝʱʝʥʠʶ ʥʘ 8-ʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʘʥʘʣʝ ʨʝʘʢʪʦʨʘ 

(1), ʚʧʣʦʪʥʫʶ ʢ ʰʠʙʝʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʝʮ ʙʫʜʝʪ ʦʙʣʫʯʘʪʴʩʷ, ʚʳʚʦʜʠʤʳʤ ʧʦ ɻʕʂ-8, ʧʫʯʢʦʤ ʥʝʡʪʨʦʥʦʚ.  

ʂʘʥʘʣ ɻʕʂ-8 ï ʪʦʨʮʝʚʦʡ, ʦʩʴ ʢʘʥʘʣʘ ʚʳʭʦʜʠʪ ʥʘ ʮʝʥʪʨ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʀʈʊ-ʊ, ʠʩʧʦʣʥʝʥ ʚ ʚʠʜʝ 

ʥʝʨʞʘʚʝʶʱʝʡ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ. ɺʳʩʦʪʘ ʦʪ ʧʦʣʘ ʬʠʟ.ʟʘʣʘ ï 890 ʤʤ. ʂʘʥʘʣ ʦʩʥʘʱʝʥ ʰʠʙʝʨʦʤ (2), 

ʦʪʩʝʢʘʶʱʠʤ ʚʳʭʦʜ ʥʝʡʪʨʦʥʦʚ ʚ ʬʠʟ.ʟʘʣ ʨʝʘʢʪʦʨʘ.  

ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʚʝʜʝʥʥʳʤ ʧʫʯʢʦʤ ʥʝʡʪʨʦʥʦʚ, ʧʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʢʨʫʞʘʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʦʡ (5), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ 

ʛʨʫʧʧʳ ɸ. 

ɼʦʩʪʫʧ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʚʥʫʪʨʠ ʟʘʱʠʱʝʥʥʦʡ ʟʦʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʪʢʘʪʳʚʘʝʤʫʶ ʜʚʝʨʴ ʥʘ 

ʨʝʣʴʩʘʭ. ʆʪʢʘʪʳʚʘʝʤʘʷ ʜʚʝʨʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʦʩʥʘʱʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʙʣʦʢʠʨʦʚʢʘʤʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤʠ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʜʦʩʪʫʧʫ ʚʥʫʪʨʴ, ʧʨʠ ʨʘʙʦʪʝ ʨʝʘʢʪʦʨʘ ʥʘ ʤʦʱʥʦʩʪʠ ʠ 

ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ. ʅʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʫʢʘʟʳʚʘʶʱʝʡ 

ʦ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ. ɺ ʩʣʫʯʘʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʦʪʢʨʳʪʠʷ ʜʚʝʨʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʩʨʘʙʘʪʳʚʘʥʠʝ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʉʠʛʥʘʣʳ ʙʣʦʢʠʨʦʚʦʢ ʚʳʚʦʜʷʪʩʷ ʥʘ ʧʫʣʴʪʦʚʫʶ ʨʝʘʢʪʦʨʘ. 
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ʦʙʫʩʣʦʚʣʝʥʘ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴʶ ʧʨʠʣʦʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʠʡ. ʉʨʝʜʠ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʩʘʜʢʦʚ ʥʘ ʧʦʣʷ ɔ-ʠʟʣʫʯʝʥʠʷ. ʈʝʘʢʮʠʷ ʧʦʣʝʡ ɓ-ʠʟʣʫʯʝʥʠʡ ʥʘ ʦʩʘʜʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʫʯʘʣʘʩʴ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ɓ- ʠ ɔ-ʠʟʣʫʯʝʥʠʷʤʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʟʝʤʣʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʠʚʥʝʚʳʭ ʦʩʘʜʢʦʚ ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʮʠʢʣʦʥʦʚ ʠ ʛʨʦʟ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʝʡ ɓ- ʠ ɔ-ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʊʇʋ ï ʀʄʂʕʉ [1] ʚ ʩʠʩʪʝʤʝ "ʛʨʫʥʪ-ʧʨʠʟʝʤʥʘʷ ʘʪʤʦʩʬʝʨʘ" ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ. ʄʦʥʠʪʦʨʠʥʛ 

ʘʪʤʦʩʬʝʨʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚʝʜʝʪʩʷ ʥʘ ʙʘʟʝ ʀʥʩʪʠʪʫʪʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʉʆ ʈɸʅ (ɸʢʘʜʝʤʛʦʨʦʜʦʢ, ʛ. ʊʦʤʩʢ). 

ɿʘ ʣʝʪʥʠʝ ʧʝʨʠʦʜʳ 2011-2014 ʛʦʜʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 68 ʜʥʝʡ ʩ ʣʠʚʥʝʚʳʤʠ ʦʩʘʜʢʘʤʠ ʙʦʣʝʝ 5 ʤʤ. 

ʇʦʣʫʯʝʥʳ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ ɓ- ʠ ɔ- ʠʟʣʫʯʝʥʠʡ ʚ ʭʦʨʦʰʫʶ ʧʦʛʦʜʫ, ʚʦ ʚʨʝʤʷ ʛʨʦʟʦʚʳʭ ʰʪʦʨʤʦʚ ʠ ʧʨʠ ʚʳʧʘʜʝʥʠʠ 

ʦʩʘʜʢʦʚ. ʇʨʠʤʝʨ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʦʚ ɓ- ʠ ɔ- ʠʟʣʫʯʝʥʠʡ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʠ ʚʘʨʠʘʮʠʠ ʦʩʘʜʢʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. 

ʆʙʩʫʞʜʘʶʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʚʦʟʨʘʩʪʘʥʠʷʤʠ ʧʦʪʦʢʦʚ ɓ- ʠ ɔ-ʠʟʣʫʯʝʥʠʡ ʠ ʦʩʘʜʢʘʤʠ.  

ʈʠʩʫʥʦʢ 1. ɺʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ ɓ- ʠ ɔ- ʠʟʣʫʯʝʥʠʡ ʠ ʚʘʨʠʘʮʠʠ ʦʩʘʜʢʦʚ ʥʘ ʢʦʥʝʮ ʠʶʥʷ 2012 ʛ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʗʢʦʚʣʝʚʘ ɺ.ʉ., ʀʧʧʦʣʠʪʦʚ ʀ.ʀ., ʂʘʙʘʥʦʚ ʄ.ɺ., ʅʘʛʦʨʩʢʠʡ ʇ.ʄ. ʠ ʜʨ. ʄʝʪʦʜʦʣʦʛʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʨʦʮʝʩʩʘʤ ʧʝʨʝʥʦʩʘ ʨʘʜʦʥʘ ʚ ʩʠʩʪʝʤʝ çʣʠʪʦʩʬʝʨʘ-ʘʪʤʦʩʬʝʨʘè // ɸʅʈʀ. ï 2009. -  ̄4. ï ʉ. 55-

60. 

 

 

 

mailto:xeniya_ryabkina@mail.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  
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ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ɺ.ʃ. ʉʘʜʢʠʥ, ɸ.ʉ. ʈʦʛʦʚ, ʀʣʴʠʥʘ ɽ.ɸ.  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 
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ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ 99mʊʩ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʧʦʨʦʰʢʝ ʛʘʤʤʘ-

ʦʢʩʠʜʘ Al 2O3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʯʝʥʥʳʝ ʪʝʭʥʝʮʠʝʤ-99ʤ 

ʥʘʥʦʢʦʣʣʦʠʜʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʛʘʤʤʘ-ʦʢʩʠʜʘ Al2O3 ʩ ʚʳʩʦʢʦʡ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʠ 

ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʜʦ 100 ʥʤ ʙʦʣʝʝ 75 %.  

ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ 99mʊʩ(VII) ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʛʘʤʤʘ-ʦʢʩʠʜʝ Al2O3. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʦʢʩʠʜʘ ʧʦ ʨʘʜʠʦʥʫʢʣʠʜʫ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ 99mTc ʥʘ ʦʢʩʠʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʛʣʦʱʝʥʥʦʤ ʦʢʩʠʜʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʠʩʣʦʪʳ 2Ț10-4 

ʤʦʣʴ/ʛ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 99mʊʩ ʚ ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ ʈʌʇ ʢʦʥʮʝʥʪʨʘʮʠʷ Sn (II) ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʝ ʤʝʥʝʝ 0,0175 ʤʛ/ʤʣ. ɺʚʝʜʝʥʠʝ ʚ ʈʌʇ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Sn (II) ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʦʨʘʟʤʝʨʥʦʛʦ ʢʦʣʣʦʠʜʘ. ʉʜʝʣʘʥʘ ʦʮʝʥʢʘ ʚʳʭʦʜʘ ʯʘʩʪʠʮ ʩ 

ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 100 ʥʤ. 

ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʢʦʣʣʦʠʜʥʦʛʦ ʈʌʇ ʚ ʦʨʛʘʥʠʟʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʩʮʠʥʪʠʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʧʨʝʧʘʨʘʪʘ ʚ ʣʠʤʬʘʪʠʯʝʩʢʦʤ ʫʟʣʝ ʩʦʩʪʘʚʣʷʝʪ 1,63 % ʦʪ ʦʙʱʝʡ ʚʚʝʜʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʝʛʦ ʥʘʜʝʞʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

 

 

ʇʆʃʋʏɽʅʀɽ ʈɸɼʀʆʌɸʈʄɸʎɽɺʊʀʏɽʉʂʆɻʆ ʇʈɽʇɸʈɸʊɸ ʅɸ ʆʉʅʆɺɽ ʇʈʆʀɿɺʆɼʅʆɻʆ 

ɻʃʖʂʆɿʓ, ʄɽʏɽʅʅʆɻʆ ʁʆɼʆʄ-123 

ɸ.ʉ. ʉʝʤʝʥʦʚ, ɺ.ʄ. ɻʦʣʦʚʢʦʚ, ɺ.ʉ. ʉʢʫʨʠʜʠʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: semenovas@tpu.ru 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ 

(ʈʌʇ) ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʶʢʦʟʳ, ʤʝʯʝʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ, 

ʠʩʧʫʩʢʘʶʱʠʤʠ ʧʦʟʠʪʨʦʥʳ, ʪʘʢʠʤʠ ʢʘʢ 18F, 11ʉ, ʥʦ ʠ ʥʫʢʣʠʜʘʤʠ, ʠʩʧʫʩʢʘʶʱʠʤʠ ʦʜʠʥ ʬʦʪʦʥ - 99mTc ʠ 123I [1]. 

ʈʌʇ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʶʢʦʟʳ, ʤʝʯʝʥʥʳʭ ʦʜʥʦʬʦʪʦʥʥʳʤʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ, ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʧʫʭʦʣʝʡ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʠ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʦʜʥʦʬʦʪʦʥʥʳʭ ʵʤʠʩʩʠʦʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʦʤʦʛʨʘʬʦʚ (ʆʌʕʂʊ). ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʥʢʦʣʦʛʠʠ 

ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ 

ʩʥʠʟʠʪʴ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʠ ʧʦʪʝʨʝʡ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʦʪ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [2]. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʅʀ ʊʇʋ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʈʌʇ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʶʢʦʟʳ, ʤʝʯʝʥʥʳʭ ʡʦʜʦʤ-123. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘʫʯʥʳʡ 

ʤʥʦʛʦʧʨʦʬʠʣʴʥʳʡ ʢʦʣʣʝʢʪʠʚ, ʚʢʣʶʯʘʶʱʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. ʉʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉɻʄʋ ʨʘʟʨʘʙʦʪʘʥʘ ʩʫʙʩʪʘʥʮʠʷ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: ɓ-D-2-(6-ʡʦʜ ʛʝʢʩʘʥʦʠʣ)-2-ʜʝʟʦʢʩʠʛʣʶʢʦʟʘʤʠʥ, 

ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʘʪʦʤ ʩʪʘʙʠʣʴʥʦʛʦ ʡʦʜʘ. ʄʝʯʝʥʠʝ ʩʫʙʩʪʘʥʮʠʠ ʚʳʧʦʣʥʷʣʠ ʧʫʪʸʤ ʠʟʦʪʦʧʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ 127I ʚ ʤʦʣʝʢʫʣʝ ʠʩʭʦʜʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʥʘ ʝʛʦ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʘʥʘʣʦʛ 123I. ʈʘʟʨʘʙʦʪʘʥ 

ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʧʨʝʩʩʥʦʛʦ ï ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ 

ʤʝʯʝʥʠʷ ʩʫʙʩʪʘʥʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʧʣʘʥʠʨʫʶʪʩʷ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ ʈʌʇ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʛʣʶʢʦʟʳ, ʤʝʯʝʥʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʘʶʱʠʤ ʨʘʜʠʦʥʫʢʣʠʜʦʤ, ʡʦʜʦʤ-123. 
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  ʇʣʝʥʦʯʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʝʤʙʨʘʥʳ ʩ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʝʤʙʨʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʦʣʠʤʝʨʥʳʝ ʤʝʤʙʨʘʥʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ.  

  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʦʢ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʥʳʭ ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʮʠʢʣʦʪʨʦʥʝ ʋ-120 

ʌʊʀ ʊʇʋ.  

 ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ-ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʧʦʣʠʤʝʨʘ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ(ʇʕʊʌ) ʦʙʣʫʯʘʣʠʩʴ ʠʦʥʘʤʠ 

40Ar+8 ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠʤʝʥʷʣʘʩʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʌʊʀ ʊʇʋ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʨʘʟʚʝʨʪʢʘ ʧʫʯʢʘ. ɼʦʟʘ ʠʦʥʦʚ ʠ ʵʥʝʨʛʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʈʆʈ). ɼʣʷ ʵʪʦʛʦ ʜʝʨʞʘʪʝʣʴ ʩ ʢʘʣʠʙʨʦʚʘʥʥʳʤʠ ʤʠʰʝʥʷʤʠ ʠʟ ʢʨʝʤʥʠʷ, 

ʟʦʣʦʪʘ ʠ ʥʠʦʙʠʷ ʨʘʟʤʝʱʘʣʩʷ ʧʝʨʝʜ ʧʣʝʥʢʦʡ. ʆʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʝ ʦʪ ʤʠʰʝʥʝʡ ʠʦʥʳ ʘʨʛʦʥʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʢʨʝʤʥʠʝʚʳʤ ʜʝʪʝʢʪʦʨʦʤ. 

  ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ (ʊʄ) ʠʟ 

ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊʌ) ʠ ʧʨʦʪʦʥʦʧʨʦʚʦʜʷʱʠʭ ʤʝʤʙʨʘʥ ʠʟ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʘ ʇɺɼʌ. 

ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʊʄ ʚ ʢʘʯʝʩʪʚʝ: ʠʤʧʣʘʥʪʦʜʝʨʞʘʪʝʣʷ ʚ ʦʬʪʘʣʴʤʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ [3], 

ʪʝʤʧʣʝʡʪʥʦʛʦ ʰʘʙʣʦʥʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʩʪʨʠʡʥʳʭ ʢʘʪʦʜʦʚ ʥʘ SI [4] ʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

mailto:sokhoreva@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʚʦʜʦʨʦʜʥʳʭ ʬʠʣʴʪʨʘʭ [2]. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʇɺɼʌ ʧʨʦʪʦʥʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ [4] 

ʙr ʣ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʨʘʜʠʘʮʠʦʥʥʦ- ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʚʠʚʢʠ ʤʦʥʦʤʝʨʘ ʩʪʠʨʦʣʘ ʢ ʇɺɼʌ ʥʘ ʧʨʷʤʦʤ ʵʬʬʝʢʪʝ ʠ ʥʘ 

çʧʦʩʪ- ʵʬʬʝʢʪʝè ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʣʴʬʠʨʦʚʘʥʠʝʤ 

 ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʥʦʧʨʦʚʦʜʷʱʠʭ ʤʝʤʙʨʘʥ. 
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ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ɸʢʘʜʝʤʠʯʝʩʢʠʡ, 10/3, 634055 

E-mail: sasha9208@rambler.ru  

ɺʣʠʷʥʠʝ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʦʛʣʘʩʥʦ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ [1], 

ʧʨʦʷʚʠʣʦʩʴ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʧʣʦʪʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʛʘʤʤʘ- ʠ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʡ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. 

ʉʦʛʣʘʩʥʦ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʦʜʝʣʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʠʣʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʛʘʤʤʘ- ʠʣʠ 

ʙʝʪʘ-ʠʟʣʫʯʝʥʠʷ ʧʦ ʚʳʩʦʪʝ ʙʣʠʟʢʦ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ, ʠ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʳʩʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʝʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʪʚʝʨʜʠʣʠ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʥʦ ʪʦʣʴʢʦ ʚ ʪʝ ʩʝʟʦʥʳ ʛʦʜʘ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ. 

ʅʘʣʠʯʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠʩʢʘʞʘʝʪ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ, ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʪʥʦʡ (ʨʠʩ. 1). ɿʜʝʩʴ ʩʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʛʦʨʦʜʩʢʠʭ ʚʳʩʦʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʘʜ ʛʘʤʤʘ- ʠ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʩʫʤʤʘʨʥʳʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʩʪʘʥʦʚʠʪʴʩʷ 

ʙʦʣʴʰʝ, ʯʝʤ ʚʢʣʘʜ ʦʪ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʛʨʫʥʪʝ.     

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʝʨʝʥʦʩʘ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʚʥʫʪʨʠ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʛʦʨʦʜʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʢʘʢ 

ʠʩʪʦʯʥʠʢʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʦʪʦʧʦʚ ʨʘʜʦʥʘ ʠ ʜʦʯʝʨʥʠʭ ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʩʧʘʜʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʜʠʥʘʤʠʢʝ ʧʦʣʝʡ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʠʟʝʤʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʛʨʫʥʪʘ, ʚʳʷʚʣʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʭ ʧʦʚʝʜʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʥʫʪʨʠʩʫʪʦʯʥʦʛʦ, ʩʫʪʦʯʥʦʛʦ ʠ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʦʚ. 

ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʶʱʘʷʩʷ ʙʠʙʣʠʦʪʝʢʘ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ ʙʘʟʳ 

ʜʘʥʥʳʭ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʝʡ ʠʟʣʫʯʝʥʠʡ ʠ ʆɸ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʛʨʫʥʪʝ ʠ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʘʪʤʦʩʬʝʨʥʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥʘʭ, ʦ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, 

mailto:sasha9208@rambler.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʤ ʨʝʛʠʦʥʝ ʩ ʨʝʟʢʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ 

ʪʠʧʦʤ ʢʣʠʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɹʘʟʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ 

ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʝ, ʈʦʩʛʠʜʨʦʤʝʪʝ, ʩʣʫʞʙʘʭ ʄʏʉ ʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʌʎʇ ˉ14.575.21.0105. 

ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʠʢʘ b- ʠ ɔ-ʧʦʣʝʡ ʚʦ ʚʨʝʤʷ ʩʭʦʜʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʟʘʤʘʩʣʝʥʥʦʡ ʦʢʘʣʠʥʳ ʠ 

ʰʣʘʤʦʚ, ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ ʛʦʜ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʟʘʤʘʩʣʝʥʥʳʝ ʰʣʘʤʳ (ɿɾʐ) ʜʦʥʥʳʭ ʠʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ (45-63) %, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʠʭ ʮʝʥʥʳʤ ʪʝʭʥʦʛʝʥʥʳʤ ʩʳʨʴʝʤ. 

ʇʝʨʝʨʘʙʦʪʢʘ ɿɾʐ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʧʫʪʝʤ ʦʙʝʟʤʘʩʣʠʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʫʪʠʣʠʟʘʮʠʝʡ. ʆʜʥʘʢʦ, ʭʠʤʠʯʝʩʢʦʝ (ʦʪʤʳʚʢʘ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ) ʠ ʪʝʨʤʠʯʝʩʢʦʝ (ʚʳʞʠʛʘʥʠʝ ʤʘʩʣʘ) 

ʦʙʝʟʤʘʩʣʠʚʘʥʠʝ ï ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʦʮʝʩʩʳ, ʩʦʟʜʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʦ 

ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʦʤʳʚʥʳʭ ʚʦʜ ʠ ʦʯʠʩʪʢʝ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ [1].  ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʝʟʤʘʩʣʠʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʤʘʩʣʝʥʥʳʭ ʰʣʘʤʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʦʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ ɿɾʐ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʣʘʟʤʳ. ɺ ʨʘʙʦʪʝ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʟʤʝʥʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʚ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʚʠʜʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʛʦʨʶʯʠʭ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ (ɺʆʂ): ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʨʦʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʪʭʦʜʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ɺʆʂ ʥʘ ʦʩʥʦʚʝ ɿɾʐ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʛʦʨʶʯʠʭ ɺʆʂ, ʠʤʝʶʱʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʊʘʜ ρςππ ᴈ ʠ 

ʦʙʝ6ʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʫʶ ʫʪʠʣʠʟʘʮʠʶ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʮʝʩʩʘ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʛʦʨʶʯʠʭ ɺʆʂ ʥʘ 

ʦʩʥʦʚʝ ɿɾʐ ʦʧʨʝʜʝʣʝʥʳ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʜʣʷ ʠʭ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʚ ʚʦʟʜʫʰʥʦʡ 

ʧʣʘʟʤʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʝʥʥʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ʟʘʤʘʩʣʝʥʥʳʭ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʰʣʘʤʦʚ ʠ ʜʨʫʛʠʭ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. 
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ʈʦʩʩʠʷ ʧʝʨʚʦʡ ʚ ʤʠʨʝ ʧʨʠʩʪʫʧʠʣʘ ʢ ʩʦʟʜʘʥʠʶ ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ (ʗʊʎ), ʢʦʪʦʨʳʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʩʪʘʚʢʫ ʩ ɸʕʉ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ), ʝʛʦ ʚʳʜʝʨʞʢʫ ʠ ʧʝʨʝʨʘʙʦʪʢʫ, 

ʠʟʚʣʝʯʝʥʠʝ Pu-239 ʠ U-238, ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʠʭ ʦʩʥʦʚʝ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʠ ʝʛʦ ʧʦʩʪʘʚʢʫ ʥʘ ɸʕʉ. ʆʩʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʷʚʣʷʝʪʩʷ PUREX-ʧʨʦʮʝʩʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʭ ʦʯʠʩʪʢʠ ʦʪ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ [1]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʩʦʦʩʘʞʜʝʥʠ ̫

ʘʤʤʦʥʠʡʫʨʘʥʠʣʧʣʫʪʦʥʠʣʪʨʠʢʘʨʙʦʥʘʪʦʚ (ɸʋʂ-ʧʨʦʮʝʩʩ), ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʘʬʬʠʥʘʞʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʤʝʰʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ʤʝʪʦʜʦʤ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʝ ʚʩʝʛʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʝʨʜʝʯʥʠʢʦʚ ʩ ʟʘʜʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʣʫʪʦʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʘ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʦʙʦʛʘʱʝʥʠʷ. 

ʇʣʘʟʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʟ ʩʤʝʩʝʚʳʭ ʥʠʪʨʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʣʘʜʘʝʪ 

ʤʥʦʛʠʤʠ ʚʘʞʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʕʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʟʘʜʘʥʥʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʧʦʨʦʰʢʘ; ʯʠʩʪʦʪʘ ʤʘʪʝʨʠʘʣʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʥʦ 

ʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ, ʝʩʣʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ [2]. ʆʜʥʘʢʦ, ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʩʤʝʩʝʚʳʭ ʥʠʪʨʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʛʦʨʶʯʠʭ ʚʦʜʥʦ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ (ɺʆʂ) [3]. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʝʥʠʷ ɺʆʂ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʘʮʝʪʦʥʘ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʦʧʨʝʜʝʣʝʥʳ ʩʦʩʪʘʚʳ ʛʦʨʶʯʠʭ ɺʆʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥrʭ ʨʘʩʯʸʪʦʚ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʘʚʦʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʛʦʨʶʯʠʭ ɺʆʂ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤ rʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ. ɼʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʮʝʥʟʠʦʥʥʘʷ ʧʨʦʛʨʘʤʤʘ çTERRAè. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʚʳʭ ʦʢʩʠʜʥʳʭ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. 
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ʆʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʦʢʩʠʜʥʳʝ (ʊʉʆ) ʧʣʝʥʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʵʣʝʢʪʨʦʜʳ ʜʣʷ ʜʠʩʧʣʝʝʚ, ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʩʝʥʩʦʨʥʳʝ ʧʘʥʝʣʠ ʠ ʜʨ.). ʇʣʝʥʢʠ ʦʢʩʠʜʘ ʦʣʦʚʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʥʜʠʡ-

ʦʣʦʚʷʥʥʳʤ ʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʦʣʦʚʘ (ʊʆ) ʙʳʣʠ ʦʩʘʞʜʝʥʳ ʥʘ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜʣʦʞʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ. ʇʦʩʣʝ 

ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʣʫʯʝʥʠʶ ʧʫʯʢʦʤ ʠʦʥʦʚ ʘʨʛʦʥʘ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʤʝʪʨʠʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʩʘʞʜʝʥʥʳʭ ʧʣʝʥʦʢ. ʂʘʢ ʚʠʜʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʝʪ ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ. ʇʨʠʯʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʦʢ ʥʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʘʞʜʝʥʥʳʝ ʧʣʝʥʢʠ 

ʠʤʝʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʝʨʥʘ 9,7 ʥʤ), ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʦʚ Ar 

ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʚ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ (ʘʤʦʨʬʥʫʶ). 

ʀʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʥʦʚ ʘʨʛʦʥʘ ʩ ʘʪʦʤʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʣʝʥʢʠ. ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʠʦʥʦʚ ʚ ʧʫʯʢʝ ʠʤʝʝʪ 

ʵʥʝʨʛʠʷ ʧʦʨʷʜʢʘ 400 ï 600 ʵɺ. ʇʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʫʛʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʪʦʤʘʤʠ 

ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʠ [1]. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʠʦʥʦʚ ʯʪʦ ʤʦʞʝʪ, ʧʨʠʚʦʜʠʪ ʢʘʢ ʨʘʟʨʳʚʫ, ʪʘʢ ʠ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʦʙʨʘʟʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʜʝʩʦʨʙʮʠʶ ʠʣʠ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ, ʠʟʤʝʥʷʶʱʠʝ ʩʪʨʫʢʪʫʨʫ 

ʧʣʝʥʢʠ. 

 

ʈʠʩʫʥʦʢ 1.  ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ   ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ 
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ʆʟʦʥ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʤ 

ʚʩʪʫʧʘʪʴ ʚ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʦʟʦʥ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʥʝ ʦʙʨʘʟʫʝʪ ʥʠʢʘʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʟʘʛʨʷʟʥʷʣʠ ʙʳ ʦʢʠʩʣʷʝʤʦʝ ʚʝʱʝʩʪʚʦ ʠʣʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʥ ʧʦʣʥʦʩʪʴʶ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʦʢʠʩʣʝʥʠʝ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʧʨʠ ʚʳʙʦʨʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ, ʪ.ʢ. ʯʘʩʪʦ ʟʘʜʘʯʘ 

ʦʪʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʷ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʪʨʫʜʥʦʩʪʠ, ʘ ʠʥʦʛʜʘ ʠ ʚʦʚʩʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʳʧʦʣʥʠʤʘ. ʇʨʠʤʝʥʝʥʠʝ ʦʟʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʪʭʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʠ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ: ʦʙʨʘʙʦʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʘʢ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʛʣʘʚʥʳʤ 

ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ, ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʨʝʩʥʦʡ ʚʦʜʳ. ʉʪʦʯʥʳʝ ʚʦʜʳ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʘʞʥʫʶ ʨʦʣʴ ʦʪʚʦʜʷʪ ʛʝʥʝʨʘʮʠʠ 

ʦʟʦʥʘ, ʪʘʢ ʢʘʢ ʦʟʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʠʣʴʥʝʡʰʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʩʧʦʩʦʙʥʳʤ ʨʘʟʣʘʛʘʪʴʩʷ ʜʦ ʢʠʩʣʦʨʦʜʘ [1]. ʈʷʜʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʦʥʠʨʦʚʘʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʩʣʝʜʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ; ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʚʦʜʳ; ʜʝʟʦʜʦʨʘʮʠʷ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʚʝʱʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʟʘʛʨʷʟʥʸʥʥʫʶ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ; ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʥʝʬʪʴ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ ʬʝʥʦʣʳ; ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ, ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ, ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʠ 

ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʨʘʮʠʠ ʦʟʦʥʘ ʠʤʧʫʣʴʩʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ. 

ʀʟʤʝʨʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʚ ʚʦʟʜʫʭʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ ʤʦʜʝʣʠ çʎʠʢʣʦʥ ï 5.11, 

[2]. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʇʈʀʄɽʅɽʅʀɽ ʂʆʄʇʔʖʊɽʈʅʆʁ ʀ ʄɸɻʅʀʊʅʆ-ʈɽɿʆʅɸʅʉʅʆʁ ʊʆʄʆɻʈɸʌʀʀ ʇʈʀ 

ɼʀɸɻʅʆʉʊʀʂɽ ʉʆʉʊʆʗʅʀʗ ɿʋɹʆʏɽʃʖʉʊʅʆʁ ʉʀʉʊɽʄʓ ʏɽʃʆɺɽʂɸ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʚ 

ʩʪʦʤʘʪʦʣʦʛʠʠ ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʠʘʛʥʦʩʪʠʢʠ ʟʫʙʦʯʝʣʶʩʪʥʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʣʠʩʴ ʦʨʪʦʧʘʥʪʦʤʦʛʨʘʬʠʷ (ʧʘʥʦʨʘʤʥʳʡ ʩʥʠʤʦʢ ʣʠʮʝʚʦʡ ʯʘʩʪʠ ʯʝʨʝʧʘ) ʠ ʪʝʣʝʨʝʥʪʛʝʥʦʛʨʘʬʠʷ 

(ʬʨʦʥʪʘʣʴʥʳʡ ʠ ʙʦʢʦʚʦʡ ʩʥʠʤʢʠ), ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʵʬʬʝʢʪ ʧʦʛʣʦʱʝʥʠʷ ʜʦʣʠ ʠʟʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʣʫʯʝʡ ʠ ʦʩʣʘʙʣʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʢʘʥʠ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʵʪʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʶʪʩʷ: 1) ʠʩʢʘʞʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʚʠʜʫ ʧʦʣʫʯʝʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʩʥʠʤʢʘ; 2) ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʤʷʛʢʠʭ ʪʢʘʥʝʡ (ʤʳʰʮ, ʩʫʭʦʞʠʣʠʡ ʠ ʩʚʷʟʦʢ). ɿʘʤʝʥʠʚʰʠʡ ʠʭ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʨʝʭʤʝʨʥʳʡ ʩʥʠʤʦʢ, ʥʦ ʦʥ ʪʘʢʞʝ 

ʤʘʣʦ ʠʥʬʦʨʤʘʪʠʚʝʥ ʧʨʠ ʦʮʝʥʢʝ ʤʷʛʢʠʭ ʪʢʘʥʝʡ. 

ʄʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ï ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʢʣʠʢʘ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʦʟʜʘʥʥʦʛʦ ʤʦʱʥʳʤ ʤʘʛʥʠʪʦʤ, ʚ ʥʝʚʦʟʙʫʞʜʝʥʥʦʝ ʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʵʥʝʨʛʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʠ ʢʦʩʪʥʳʭ, ʠ ʤʷʛʢʦʪʢʘʥʳʭ ʩʪʨʫʢʪʫʨ [1], ʥʦ 

ʦʥ ʥʝ ʚʩʝʛʜʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʟʥʘʯʘʝʪʩʷ ʩʪʦʤʘʪʦʣʦʛʘʤʠ ʧʨʠ ʣʝʯʝʥʠʠ, ʚʠʜʠʤʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʪʦʤʘʪʦʣʦʛʠ 

ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʤʳʰʮ, ʧʨʦʚʦʜʷ ʧʘʣʴʧʘʮʠʶ ʤʳʰʮ, ʠ ʜʠʩʢʘ ʚʠʩʦʯʥʦ-ʥʠʞʥʝʯʝʣʶʩʪʥʦʛʦ 

ʩʫʩʪʘʚʘ ʧʨʠ ʦʪʢʨʳʚʘʥʠʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ.  

ʇʣʶʩʘʤʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʷʚʣʷʶʪʩʷ: 1) ʦʮʝʥʢʘ ʧʦʣʦʞʝʥʠʷ ʜʠʩʢʘ ʚʠʩʦʯʥʦ-

ʥʠʞʥʝʯʝʣʶʩʪʥʦʛʦ ʩʫʩʪʘʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʩʪʘʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʝʡ; 2) ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ ʤʳʰʮ ʢ ʯʝʣʶʩʪʷʤ ʠ ʢʨʘʪʯʘʡʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʫʩʪʘʚʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʅʘ 

http://www.novohim.com/product_info.php?products_id=1774
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʩʠʣʠʡ in vivo, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʟʫʙʦʯʝʣʶʩʪʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʠ ʩʞʘʪʠʠ ʯʝʣʶʩʪʝʡ ʜʣʷ ʚʳʙʦʨʘ ʧʨʘʚʠʣʴʥʦʡ ʪʘʢʪʠʢʠ ʦʨʪʦʧʝʜʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʠ 

ʚʳʙʦʨʘ ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʜʝʬʝʢʪʳ ʟʫʙʥʳʭ ʨʷʜʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʩʠʣʠʡ ʧʨʦʚʝʜʝʥ ʜʣʷ ʩʣʫʯʘʷ in vitro [2]. 
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ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʩʪʝʨʠʣʴʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ D ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʣʠʯʠʥʳ SAL (Sterility Assurance Level ð ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ 

ʫʨʦʚʝʥʴ ʩʪʝʨʠʣʠʟʘʮʠʠ), ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʝʜʠʥʠʮʝ 

ʧʨʦʜʫʢʮʠʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ [1]: 

                                                                [ ]0)(11),0(
N

DSDNSAL --= ,                                                            (1) 

ʛʜʝ No - ʠʥʠʮʠʘʣʴʥʘʷ ʢʦʥʪʘʤʠʥʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (bioburden level) ʚ ʝʜʠʥʠʮʝ ʧʨʦʜʫʢʮʠʠ; S(D) ï ʬʫʥʢʮʠʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʜʦʟʝ D. 

ʆʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ SAL ʧʦ ʚʳʨʘʞʝʥʠʶ (1) ʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʷ 

ʧʦʧʫʣʷʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʙʣʫʯʘʝʪʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʦʟʝ. ʆʜʥʘʢʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʫʧʘʢʦʚʦʢ ʩʪʝʨʠʣʠʟʫʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʥʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʟʳ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʠ ʬʣʫʢʪʫʘʮʠʷʤʠ ʧʦʣʷ ʠʟʣʫʯʝʥʠʡ ʚʥʫʪʨʠ ʦʙʣʫʯʘʝʤʦʡ ʫʧʘʢʦʚʢʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʟʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʬʫʥʢʮʠʝʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ð P(D). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʦʚʦʢʫʧʥʦʩʪʠ N0 ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʫʧʘʢʦʚʢʝ 

ʩʪʝʨʠʣʠʟʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʮʝʥʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʚʝʣʠʯʠʥʳ: 

Ô
=
--=

0

1
)](1[1}){,0(

N

n
nDSnDNSAL ,                                                        (2) 

ʛʜʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ Dn ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʟʘʢʦʥʫ P(D). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʦʜʠʥʘʢʦʚʦʡ ʜʦʟʝ (Dn¹D) ʬʦʨʤʫʣʘ (2) ʪʦʞʜʝʩʪʚʝʥʥʘ ʦʧʨʝʜʝʣʝʥʠʶ SAL ʧʦ 

ʚʳʨʘʞʝʥʠʶ (1). 

ʆʮʝʥʢʘ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ SAL ʧʦ ʬʦʨʤʫʣʝ (2) ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ.  

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ P(D) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʤʠ ʧʦ ʚʳʙʦʨʦʯʥʳʤ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʜʦʟ ʚ ʫʧʘʢʦʚʢʝ ʩʪʝʨʠʣʠʟʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʕʪʘ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʜʙʦʨʫ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 
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ɻʝʥʪʣʝʤʘʥʘ-ʅʘʟʘʨʦʚʘ [2]. 
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ʂʆʅʊʈʆʃʔ ɼɽʌɽʂʊʅʆʉʊʀ ʌʆʊʆʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ʀ ʉʀʉʊɽʄʓ ʂʆʄʄʋʊɸʎʀʀ 
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2ʆʪʢʨʳʪʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʉʘʪʫʨʥè,  

ʈʦʩʩʠʷ, ʛ.ʂʨʘʩʥʦʜʘʨ, ʫʣ. ʉʦʣʥʝʯʥʘʷ, 6, 350072 

ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʩʠʩʪʝʤʳ ʢʦʤʤʫʪʘʮʠʠ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʦ 

ʪʝʤʥʦʚʳʤ ʠ ʩʚʝʪʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʘʶʪ ʪʦʣʴʢʦ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɼʣʷ 

ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʥʳʭ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʘ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʧʦʜʩʚʝʪʢʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩ 

ʠʟʤʝʨʝʥʠʝʤ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʦʡ, ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ, ʨʘʙʦʪʦʡ.  

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʠ ʩʠʩʪʝʤʳ ʢʦʤʤʫʪʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʂʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʝʠʩʧʨʘʚʥʳʝ ʵʣʝʤʝʥʪ r ʧʨʠ 

ʧʦʩʪʨʦʯʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʘʥʝʣʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʜʝʬʝʢʪʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

1. ʇʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ (ʇʂ) 

2. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʢʦʥʪʨʦʣʣʝʨ (ʄʂ), ʩʚʷʟʘʥʥʳʡ ʩ ʇʂ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ 

3. ʉʢʘʥʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʉʋ), ʨʘʙʦʪʘʶʱʝʝ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʄʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʳʡ ʟʘʢʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʘʥʝʣʠ ɹʉ ʠ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʘ ʦʪʢʣʠʢʘ ʥʘ ʚʳʭʦʜʥʳʭ ʢʣʝʤʤʘʭ 

ʧʘʥʝʣʠ ʧʨʠ ʝʝ ʣʦʢʘʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ. 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʙʨʘʙʦʪʢʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ɹʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʝʢʪʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʧʘʥʝʣʠ, ʠʥʜʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʘ 

ʢʦʥʪʨʦʣʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. ʆʩʫʱʝʩʪʚʣʷʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʢʘʥʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦ ʥʝʩʢʦʣʴʢʠʤʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʣʠʙʦ ʟʘʛʨʫʞʘʝʤʳʤ 

ʦʪ ʇʂ ʧʨʦʛʨʘʤʤʘʤ, ʩʝʣʝʢʮʠʶ ʠ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʢʣʠʢʘ ʠ ʠʥʜʠʢʘʮʠʶ ʛʦʜʥʦʩʪʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ 

ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʰʢʘʣʝ (ʢʨʘʩʥʳʡ ʩʚʝʪʦʜʠʦʜ ï ʜʝʬʝʢʪ, ʞʝʣʪʳʡ ʩʚʝʪʦʜʠʦʜ ï ʛʦʜʥʳʡ ʯʘʩʪʠʯʥʦ, ʟʝʣʝʥʳʡ ʩʚʝʪʦʜʠʦʜ ï 

ʛʦʜʥʳʡ). 
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ʈʠʩʫʥʦʢ 1. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʵʣʝʤʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʇʋʀ ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʜʠʢʘʮʠʠ, ʄʂ ï ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʢʦʥʪʨʦʣʣʝʨ, ɿ 

ï ʟʝʨʢʘʣʦ,  ʃ ï ʣʘʟʝʨ, ʄ ï ʤʦʜʫʣʷʪʦʨ, ɹʇ ï ʙʣʦʢ ʧʠʪʘʥʠʷ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ 

ʢʘʢ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ (ʧʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʨʫʯʥʦʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʟʘʜʘʥʥʦʡ ʦʧʝʨʘʪʦʨʦʤ 

ʟʦʥʳ), ʪʘʢ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʦʩʪʘʥʦʚʢʦʡ ʣʫʯʘ ʥʘ ʜʝʬʝʢʪʥʦʤ ʵʣʝʤʝʥʪʝ, ʠ ʪ.ʜ. 

(ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ). ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʨʦʣʷ, ʧʦʩʪʫʧʘʶʪ ʥʘ ʇʋʀ ʚ ʇʂ, 

ʢʦʪʦʨʳʡ, ʧʦʤʠʤʦ ʦʧʝʨʘʮʠʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʝʜʝʥʠʝ ʘʨʭʠʚʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʩʧʦʨʪʦʚ ʥʘ ʠʟʜʝʣʠʷ. 

ʉʢʘʥʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʪʢʣʦʥʝʥʠʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʩ ʧʦʤʦʱʴʶ 

ʟʝʨʢʘʣʘ, ʧʦʚʦʨʦʪ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩ ʧʦʤʦʱʴʶ ʰʘʛʦʚʳʭ 

ʧʨʠʚʦʜʦʚ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨʳ. ɺʝʣʠʯʠʥʘ ʰʘʛʘ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 2 ʤʤ, ʠʟ 

ʨʘʩʯʸʪʘ ʧʦ 2000 ʧʦʟʠʮʠʡ ʧʦ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ. ʈʝʛʫʣʠʨʦʚʢʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝʤ ʣʫʯʘ ʣʘʟʝʨʘ. ʄʦʜʫʣʷʮʠʷ ʣʘʟʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʯʘʩʪʦʪʥʘʷ ʩʝʣʝʢʮʠʷ 

ʩʠʛʥʘʣʘ-ʦʪʢʣʠʢʘ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʢʘʢ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʜʥʝʚʥʦʤ ʩʚʝʪʝ, ʪʘʢ ʠ ʧʨʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʩʚʝʱʝʥʠʠ. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʦʪ ʠʩʧʳʪʫʝʤʦʡ ʧʘʥʝʣʠ ʧʦʜʘʝʪʩʷ ʥʘ ʄʂ ʧʦ ʢʦʘʢʩʠʘʣʴʥʦʤʫ ʢʘʙʝʣʶ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʚʠʞʝʥʠʝʤ ʣʫʯʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʩʠʛʥʘʣʘ ʦʪ ʧʘʥʝʣʠ ʠ ʠʥʜʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ 

ʢʦʥʪʨʦʣʷ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʄʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʥʦʤʥʫʶ ʨʘʙʦʪʫ ʉʋ ʧʦ ʢʦʤʘʥʜʘʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʦʪ 

ʇʋʀ, ʠ ʦʨʛʘʥʠʟʘʮʠ ʁʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʇʂ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʦʙʤʝʥʘ. ʇʦʨʷʜʦʢ ʨʘʙʦʪʳ ʩ 

ʄʂ ʩʚʦʜʠʪʩʷ ʢ ʚʢʣʶʯʝʥʠʶ ʧʠʪʘʥʠʷ ʙʣʦʢʘ ʠ ʩʢʘʥʥʝʨʘ; ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʘʜʘʝʪʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʢʘʢ ʚ 

ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʇʂ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

1. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ɹʉ ï 4Ĭ4 ʤ2. 

2. ʆʙʝʩʧʝʯʠʚʘʝʪʩ ̫ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʘ ʠ ʧʦʣʦʞʝʥʠʷ ʟʦʥʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 4-ʤ ʨʝʧʝʨʥʳʤ 

ʪʦʯʢʘʤ ʧʦ ʢʦʤʘʥʜʘʤ ʩ ʇʋ ʠ ʇʂ. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 
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3. ʆʙʝʩʧʝʯʠʚʘʝʪʩ ̫ʚʦʟʤʦʞʥʦʩʪʴ ʨʫʯʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʢʦʤʘʥʜʘʤ ʩ ʇʋ ʠ ʇʂ.  

4. ʆʙʝʩʧʝʯʠʚʘʝʪʩ ̫ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʩʪʘʥʦʚʢʦʡ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʘ ʦʙʥʘʨʫʞʝʥʥʦʤ 

ʜʝʬʝʢʪʝ. 

5. ʆʙʝʩʧʝʯʠʚʘʝʪʩ ̫ ʨʝʛʠʩʪʨʘʮʠ ̫ ʧʝʨʝʤʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ɹʉ ʩ ʯʘʩʪʦʪʦʡ 1,5 ʢɻʮ ʠ ʘʤʧʣʠʪʫʜʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ (1-100) ʤɺ. 

6. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ 2 ʤʤ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 

ɹʉ 2000 ʤʤ. 

7. ʆʙʝʩʧʝʯʠʚʘʝʪʩ ̫ ʟʘʧʦʤʠʥʘʥʠʝ ʢʦʦʨʜʠʥʘʪ, ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʩ ɹʉ ʠ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʇʂ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 300 ʤ. 

8. ʇʠʪʘʥʠʝ ʦʪ ʩʝʪʠ ʥʘʧʨʷʞʝʥʠʝʤ 220 ɺ ° 10 % ʠ ʯʘʩʪʦʪʦʡ 50 ɻʮ. 

9. ɻʘʙʘʨʠʪʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ï 400Ĭ360Ĭ500 ʤʤ3. 

10. ɻʘʙʘʨʠʪʳ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ï 450Ĭ300Ĭ120 ʤʤ3.  

 

 

ʈɸɿɺʀʊʀɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ɺ ɻʆʈʆɼʉʂʆʁ ʉʈɽɼɽ 

ɺ.ʉ. ʗʢʦʚʣʝʚʘ1, ʇ.ʄ. ʅʘʛʦʨʩʢʠʡ2, ʂ.ʉ. ʈʷʙʢʠʥʘ1 
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ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

2ʀʥʩʪʠʪʫʪ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʉʆ ʈɸʅ, 
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E-mail: vsyakovleva@tpu.ru 

ʅʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ [1] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ, 

ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʢʦʥʮʘ 2008 ʛ. ʠ ʪʝʭʥʦʣʦʛʠʷ ʢʦʪʦʨʦʛʦ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. ʆʜʥʦʡ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨʝʥʦʩʘ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʚ ʛʦʨʦʜʩʢʦʡ 

ʘʪʤʦʩʬʝʨʝ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʨʷʜ ʥʦʚʳʭ ʚʘʞʥʳʭ ʥʘʫʯʥʳʭ 

ʥʘʭʦʜʦʢ. ʅʘʧʨʠʤʝʨ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʠʥʘʷ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʙʲʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʆɸ) ʨʘʜʦʥʘ (ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʘʣʴʬʘ-ʠʟʣʫʯʝʥʠʷ) ʦʪ ʚʳʩʦʪʳ ʥʘʜ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʦʜʝʣʠ [2] ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʦʥʘ ʩ ʨʦʩʪʦʤ 

ʚʳʩʦʪʳ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʚʳʩʦʪʳ ʜʦ 25-30 ʤ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʘʣʴʬʘ-ʠʟʣʫʯʝʥʠʷ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʵʪʦ ʞʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʨʘʜʦʥʘ. ʆʙʲʷʩʥʝʥʠʝʤ ʪʘʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʨʘʜʦʥʘ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺʙʣʠʟʠ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʝʨʝʥʦʩ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʛʦʨʦʜʩʢʦʡ ʘʪʤʦʩʬʝʨʳ ʪʨʝʙʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʘ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʆɸ ʨʘʜʦʥʘ ʩ ʚʳʩʦʪʦʡ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʨʦʚʥʝʡ ʨʘʜʦʥʘ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ, 

mailto:vsyakovleva@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 5. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠ ʧʫʯʢʦʚʦ-ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ 
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ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʥʝ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʝʡ ʨʘʜʦʥʘ, ʩʦʛʣʘʩʥʦ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʘ ʢ ʠʭ ʫʚʝʣʠʯʝʥʠʶ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʝʨʝʥʦʩʘ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʚʥʫʪʨʠ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʛʦʨʦʜʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʢʘʢ 

ʠʩʪʦʯʥʠʢʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʦʪʦʧʦʚ ʨʘʜʦʥʘ ʠ ʜʦʯʝʨʥʠʭ ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʩʧʘʜʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʎʇ ˉ 14.575.21.0105. 
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ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʃʋ-8-2 ʧʨʦʚʝʜʝʥʦ 

ʨʘʩʯʝʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʫʟʣʦʚ ʤʠʰʝʥʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʪʦʨʳʤ ʵʪʘʧʦʤ 

ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʳʭʦʜʥʳʭ ʜʦʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʰʝʥʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʟʣʦʚ ʤʠʰʝʥʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʡ ʜʦʟʳ ʧʦ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʘ ʛʝʦʤʝʪʨʠ ̫ʚʳʭʦʜʥʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ ʤʠʰʝʥʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʘʩʩʯʠʪʘʥʘ 

ʪʦʣʱʠʥʘ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 

ʫʩʢʦʨʠʪʝʣʷ ʃʋ-8-2 ʚ ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʤʘ, ʨʘʟʤʝʨʳ ʠ ʤʘʪʝʨʠʘʣ ʬʠʣʴʪʨʘ ʥʘ ʚʳʭʦʜʝ 

ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ. 

ʄʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʩʧʝʢʪʨʦʚ ʢʚʘʥʪʦʚ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʜʠʥ ʤʝʪʨ ʦʪ ʤʠʰʝʥʠ. ʇʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʧʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʜʠʥ ʤʝʪʨ ʦʪ 

ʢʦʥʚʝʨʪʝʨʘ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ. ʉ ʧʦʤʦʱʴ  ʁʢʦʣʣʠʤʘʪʦʨʘ ʠʟ ʤʝʜʠ ʩ ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ 20Á ʪʦʨʤʦʟʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʥʘ ʦʜʥʦʤ ʤʝʪʨʝ ʦʪ ʤʠʰʝʥʠ ʦʙʨʘʟʫʝʪ ʧʷʪʥʦ ʜʠʘʤʝʪʨʦʤ ~300 ʤʤ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʘ ʢʚʘʥʪʦʚ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʭʫʞʝ Ñ10%. ʇʨʠ ʪʦʢʝ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 250 ʤʢɸ ʨʘʩʯʝʪʥʘ ̫

ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʜʦʟʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʜʠʥ ʤʝʪʨ ʦʪ ʢʦʥʚʝʨʪʝʨʘ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʢʈʘʜ/ʤʠʥ. 

 

 

 

mailto:telnov@expd.vniief.ru


 

 

250 

 
ʉʝʢʮʠʷ 6 ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 

 

  

ʉʝʢʮʠʷ 6

ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ 
ʷʜʝʨʥʦʛʦ 

ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʷ 
ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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2 Tomsk Polytechnic University 

Russia, Tomsk region, Tomsk, av. Lenina 30, 634050 

E-mail: bespala_evgeny@mail.ru 

At the present time 13 Industrial Uranium-Graphite Reactors (IUGR) in Russia are at stage of preparation for 

decommissioning and stage of decommissioning. 

There is çConcept of decommissioning of IUGR by variant of radiation-free burial on a placeè approved 

12.28.2009. According of this concept safety during decommissioning of IUGR is carried out by reliable isolation of 

solid radioactive waste (SRW) in the territory of placement of IUGR. Therefore, radiation safety of staff, population 

and environment for entire period of potential danger are provided. 

Implementation of pilot project is finished on a base of JSC çPDC UGRè for realization of this concept. 

Closing stage of this project is creation of internal barriers of safety by void-free filling of cavities by friable barrier 

materials in reactor spaces and technological placements [1,2].  

Damaging of integrity of safety barriers because of external influences of natural or technogenic origin can 

lead to contact of radwaste with water and migration of radionuclides out of stopped IUGR. Therefore, itôs necessary to 

control a state of created internal safety barriers using remote (nondestructive) methods. In this case tightness of object 

will be kept. 

Method of control of internal safety barriers in burial ground of IUGR is developed and tested by staff of JSC 

çPDC UGRè developed and [3]. According to this method, inspection channels are installed in various places of reactor 

during decommissioning of IUGR. This channels are used for radiation logging, which widely applied in geophysics. 

For control of internal metalware position use gamma-logging, for identify places of shrink barrier materials and 

drowning use pulsed neutron gamma and neutron-neutron logging. 

The inventive method allows to organize a system of control of cavities formation and drowning in the event of 

their occurrence. Moreover, this method makes it possible to determine possible changes position the main structure of 

the reactor during a long period of conservation (burial). 
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Today NPP using for energy production is constantly increasing in the world with the growth of different 

threats, for example,   caused by directed terrorist attacks. It is necessary to make possible correct assessments of   

corresponding risks levels in common case and for the single specific NPP from moment of this NPP projecting, 

building and especially during its exploitation. It demands to provide exclusive attention and special conditions under 

realization of complex integrated emergency NPP management [1].  

We use our universal formula for assessment of  the total vector of limited losses under NPP exploitation  for 

the fixed time interval under the following assumptions [2]: (1) at initial state the object is in normal (non accidents) 

exploitation; (2) the different kinds of accidents may be occurred as noticed i =2, 3, é, m, where   m is the total number 

of possible accidents (m=1 is corresponded to the normal regime); (3) every accident may create the different kinds of 

losses. (4) realization of i accident  creates the loss of j kind with Pij probability,  

ä
=
+=

m

i
naPʘ

2
1lim )1(
CC

jij aP
CĔ                           (1) 

 Here j is the kind of loss with aj. value. Then j  = 1,2, én, where  n is the total number of possible kinds of 

losses; where P(1) is the probability of loss formation under normal exploitation; na1

C
 is the vector of limited loss under 

regular exploitation.  Pijaj coordinate vector value in sum is equal the loss value of j kind under realization of i kind 

accident. Thus, the matrix of loss probabilities is determined. Under absent of accidents limʘ
C

total vector is determined 

only the first part of (1) formula. 

 The main problem is the assessment of loss probability matrix elements. If representative statistic data, 

obtained for long NPP exploitation period   are present, then some of its elements may be assessed by statistic methods. 

We have predicted the irradiation doses and corresponded risks for population under implementation of Russian Federal 

Program:ò Development of Russian atomic energy industrial complex on 2007-2020 years at 10 homeland NPP that 

operated during some last decades [3].   However, early some types of NPP disasters were absent at researched NPP. 

Using of classic methods of expertise assessments is not correct in this case.  

Some needed data may be obtained from the primary virtual computer tests of concrete NPP with imitation of 

possible disasters.  It allows to assess   risk values and also to plan the actions for NPP operators and special services 

under serious NPP disasters or may be to prevent them at all.   These problems are under consideration in our 

communication.  
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During the decommissioning of some uranium-graphite reactors (UGR) by variant of "safe disposal on the 

spot" [1] there is a problem dealing with the structural elements of the zirconium alloys. Dealing with irradiated items 

of this alloys is difficult. As a result of prolonged irradiation to neutron flux they accumulate long-lived radionuclides 

94Nb (T1/2=2.03Ĭ104 years) and 93Zr (T1/2=1.5Ĭ106 years). The levels of specific activity of the radionuclides and can 

relate to the categories of intermediate-level and high-level waste. Decay of the isotope 94Nb accompanied by the 

emission of high-energy gamma rays (Eg=703 keV and Eg= 871 keV realize 100%). This leads to high levels of gamma 

radiation and imposes restrictions on the admission of staff in dealing with irradiated zirconium details. 

In accordance with the classification criteria set forth in the Resolution of the Government of the Russian 

Federation of 19.10.2012 ˉ1069 considered various options for the treatment of zirconium radioactive waste of UGR. 

Firstly, their removing and conditioning if it will be classified as a removed radioactive waste. Secondly, they are not 

withdrawing from the reactor if it will be classified as category of special waste. 

In order to substantiation of a choice the most cost-effective modality for the treatment of radioactive waste, 

consisting in the long-term conservation of irradiated structural elements of zirconium alloys (without their extraction 

from reactor) using a barrier material were the following studies. Activity and nuclide composition were identified, 

stability of properties under different storage conditions radioactive waste were examined, corrosion properties were 

identified and resistance of nuclides of leaching from irradiated zirconium alloy were estimated. In addition, sorption 

properties of the clay barrier material in relation to radionuclides contained in the radioactive waste of zirconium alloy 

were identified. 

The results obtained by leaching of isotopes of niobium and zirconium were consistent with the data of 

corrosion studies of non-irradiated zirconium. This fact confirms the high corrosion resistance of the fuel channels of 

irradiated zirconium alloy. There have been no significant release of isotopes of niobium and zirconium alloy E110. 

Leaching was observed only for 60Co and 137Cs, present in the sediments at the surface of the fuel channels. 

The results of the shown that the sorption properties of the barrier material from a mixture of natural clays 

provide containment in the event of radionuclides out of the irradiated material alloy barrier. It is proved that the 

presence of radionuclides sorbed effectively barrier material. 
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The majority of the at-reactor repositories of the shut down Industrial Uranium-Graphite Reactors (IUGR) 

were in operation for 35õ40 years. They have played their positive part in providing the radiation safety of the 

personnel, population, and the environment in accordance with the regulatory requirements in effect in 50s-70s of the 

previous century. There are several dozen at-reactor repositories at the IUGR sites of the Russian Federation where 

irradiated graphite-containing solid radioactive waste (SRW) of the reactor origin is currently located. 

To date the nuclear legacy at-reactor repositories do not entirely pass strict modern requirements imposed on 

the storage of radioactive materials. Those requirements could be only met if additional engineered safety barriers are 

created in the existing at-reactor repositories so that in combination with the repository confining rocks (natural barrier) 

they make a multi-barrier protective system. The developed system of barriers should provide the SRW disposal 

conditions for the radionuclide migration to be possible merely by means of the diffusion processes. The radionuclide 

diffusion coefficients in the barrier material should be as low as to ensure the level of activity emerging out of the 

boundaries of the repository to be within the intervention level, i.e. the regulated parameters defining the boundary 

between the radioactive and non-radioactive medium.  

At the JSC Pilot and Demonstration Center for Uranium-Graphite Nuclear Reactor Decommissioning (JSC 

"PDC UGR") an option of creating the additional protective barriers by means of filling the free repository space by a 

clayey solution [1] is being considered as a promising solution for the problem.  

To prove the efficiency of the technique proposed for the creation of engineered clay barriers, a repository 

mockup has been fabricated at the JSC "PDC UGR". It used to conduct a series of runs aimed at the simulation of the 

radionuclide behavior when creating additional protective barriers in the existing repositories 

As result, during more than two years of observation no significant distribution of radionuclides in the rock has 

occurred, even though under the maintained conditions of the constant wetting. It proves the high anti-migration and 

anti-filtration properties of clay used for the barrier material. 

The results obtained can be used as an initial data for the verification of the simulation models and the forecast 

radionuclide migration calculations for the efficiency assessment of the protective barrier installation in a repository. 
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Today the improving of efficiency of nuclear power is the result of the decision of two basic problems. The 

first one, it is recovery of uranium from spent nuclear fuel and return it  to the nuclear fuel cycle. The second problem is 

the increase of burnup of usual fuel and new types of fuel compositions such as (Pu, Th)O2, (U, Pu)O2, UC / (U, Pu)C, 

UN / (U, Pu)N [1-3]. The solution of these problems, in turn, leads to an increase in the volume of spent nuclear fuel, 

the complexity of ecological conditions, nuclear and radiation hazards of existing reactors and reactor facilities of the 

new generation. Nowadays in Russia there is one vexed problem, it is storage of spent nuclear fuel (SNF) of uranium-

graphite reactors and others reactor facilities whose fuel is not reprocessed and stored in the intermediate-storage pools 

in Nuclear Power Plant [1].  

In this work, the conceptual approaches and features of exploitation of technical systems of çdryè storage of 

spent ceramic nuclear fuel after thermal reactors are considered. The results of numerical studies aimed at determining 

the neutron-physical and radiation characteristics of spent ceramic nuclear fuel. The studies will allow to develop 

technical and regulatory solutions when handling perspective spent fuel of new generation reactor facilities. [1-3]. On 

the basis of numerical studies it's possible to create the safe circuits of layout and permutations of spent nuclear fuel in 

systems of conservation and transportation, if it is necessary, to develop technological regulations of removal from 

service of these systems including the possible dismantling and disposal of individual nodes. The study was supported 

by grants of the President of the Council of the Russian Federation. Competition for the scholarship of the President of 

the Russian Federation for young scientists and graduate students. Grant number SP-295.2015.2. 
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In the world, considerable efforts are made to ensure safe handling with nuclear materials (NM). Besides, safe 

handling is aimed at ensuring safety and continuity of knowledge on nuclear material. This implies three main 
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components of safe handling: physical protection, control and accounting of nuclear materials. 

The main purpose of the activities on accounting and control of nuclear materials - providing the enterprise 

with the possibility of determining available amount of nuclear material, as well as providing with necessary 

information to compile, register and keep records and reports in the enterprise. In addition, properly organized  control 

and accounting  (C&A) system of NM should contribute to the prevention of loss of nuclear material, as well as its theft 

and unauthorized use and movement [1].   

In C&A of nuclear materials, information technologies occupy a special place. The amount of information on 

nuclear material which must be collected, processed, stored and used in procedures related to accounting and control 

requires the use of modern computer technologies. In parallel with the creation of these blocks we were working on the 

developing of a laboratory course in two directions ï bar coding and databases in computerized system of accounting 

and control of NM.  

Thus, by now, the following results of the work have been achieved:  

- Database showing the main functions of the system of accounting and control of NM has been 

designed. 

- For a training laboratory a training system of automated data collection has been created, which helps 

demonstrate the operation of the system of accounting and control on a conditional enterprise. 

- A number of laboratory works have been developed in two directions - bar coding and databases in 

computerized system of accounting and control of NM.  

Further, it is proposed to develop the block ñPhysical inventoryò, namely the study of methods and procedures 

for physical inventory, control methods of nuclear materials, as well as the development of methodological 

recommendations for the use of the training system. 
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To fulfill the requirements of nonproliferation of nuclear material (NM) at a nuclear facility (NF), it is 

necessary to implement activities designed to ensure physical protection of nuclear materials (NF), nuclear installation 

(NI) and storage facilities (SF). Proper organization the pass regime is the basis of the physical protection system. It is a 

combination of organizational-legal restrictions and rules, establishing the procedure for crossing check points on the 

borders of protected zones, as well as separate buildings and premises of facility personnel. 

The mechanism for the implementation of the CRC is based on the application of the relevant prohibitions and 

restrictions in relation to subjects crossing the borders of protected objects, to ensure the safety of nuclear facilities. 

Such a mechanism should be obliged to conform to norms and rules of physical protection of NM, NF and SF [1].  
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One element of the pass regime is a system to monitor and control access of complex of technical means of 

physical protection of nuclear facilities. The system provides an exception or substantial difficulty in unauthorized 

access of violators into protected zones and facilities. Check of access rights is carried out by identifying and 

personalization of facility's personnel. An identifier may be an electronic key card-pass, a personal code or individual 

biometric data of the person (fingerprint, voice, iris is, etc.) [2]. 

A detailed analysis of existing methods and means of identification in order to analyze the effectiveness of 

their use in safety systems of NF has been carried out in the work. Design features of the various ways and methods of 

identification based on implemented system to monitor and control access "KODOSè and çBiosmartè have been 

considered [3]. The recommendations on accounting opportunities technology, based on the objectives of protection of 

the object, the degree of threat and economic factors have been made. 
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ʆʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʞʠʤʘ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ, ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʗʄ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʉʌɿ ʧʨʦʚʦʜʠʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʩʠʩʪʝʤʳ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʧʦ ʢʨʠʪʝʨʠʶ 

çʵʬʬʝʢʪʠʚʥʦʩʪʴ-ʩʪʦʠʤʦʩʪʴè ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʚʳʙʨʘʥʥʳʤ ʚʘʨʠʘʥʪʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʨʳʥʢʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʧʨʝʜʣʦʞʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ.  

ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʤʦʛʘʝʪ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʪʠʚʳ ʚ ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʉʌɿ. ɺʘʞʥʦ ʦʮʝʥʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʥʝ ʪʦʣʴʢʦ ʧʦ 

ʬʘʢʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʥʦ ʠ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ.  

ʉ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʩʷ ʠʤʝʶʱʘʷʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʥʢʫʨʝʥʪʥʳʭ 

ʨʘʟʨʘʙʦʪʢʘʭ: 

- ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ ʠ ʫʩʪʨʦʡʩʪʚ; 

- ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʝʢʫʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

- ʙʶʜʞʝʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʫʩʪʨʦʡʩʪʚʘ; 

- ʫʨʦʚʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘ ʨʳʥʦʢ (ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 

 

 

258 

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʢʨʠʪʝʨʠʡ çʵʬʬʝʢʪʠʚʥʦʩʪʴ-ʩʪʦʠʤʦʩʪʴè ʧʨʠ ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʘ ʉʌɿ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʙʫʜʝʪ 

ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʙʦʣʝʝ ʩʣʘʙʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʛʨʦʟʫ, ʪʦ ʥʘʜʣʝʞʘʱʘʷ ʟʘʱʠʪʘ ʥʝ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ. ɽʩʣʠ ʞʝ ʉʌɿ 

ʙʫʜʝʪ ʠʟʙʳʪʦʯʥʘ ʧʦ ʩʦʩʪʘʚʫ, ʪʦ ʵʪʦ ʯʨʝʚʘʪʦ ʠʟʣʠʰʥʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɽʛʦ ʥʘʭʦʞʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʜʚʫʭ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʚʝʣʠʯʠʥ: ʬʠʥʘʥʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʀʭ ʩʨʘʚʥʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠ ʚʳʙʨʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩ ʧʦʟʠʮʠʠ 

ʬʠʥʘʥʩʦʚʦʡ ʠ ʨʝʩʫʨʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʧʦʟʠʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʉʌɿ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʝʝ 

ʩʪʨʫʢʪʫʨʳ. 

 

  

ʈɸʉʏɽʊ ɿɸʑʀʊʓ ʆʊ ʅɽʁʊʈʆʅʅʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ɽ.ɺ. ɸʨʪʝʤʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʯʠʣʦ ʦʙʰʠʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʫʢʠ. ʅʦ ʧʨʠ ʵʪʦʤ ʥʝʡʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʫʛʨʦʟʦʡ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, 

ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʱʠʪʳ ʦʪ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʝʛʦ ʧʨʦʥʠʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʫ ʣʶʙʦʛʦ 

ʜʨʫʛʦʛʦ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʱʠʪʳ ʦʪ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʀɹʅ-10 ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʱʠʪʳ. ʀʩʪʦʯʥʠʢ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʜʠʦʠʟʦʪʦʧʥʳʭ ʧʨʠʙʦʨʦʚ, ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ. ʀʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ ʀɹʅ-10 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʦʡʥʦʡ ʢʘʧʩʫʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ, ʩ ʘʢʪʠʚʥʦʡ ʯʘʩʪʴʶ ʚ ʚʠʜʝ ʪʘʙʣʝʪʢʠ 

ʠʟ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʠʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ ʩ ʧʦʨʦʰʢʦʤ ʙʝʨʠʣʣʠʷ. ʀʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚ ʪʝʣʝʩʥʳʡ ʫʛʦʣ 4ˊ ï 1,01*107 ʥʝʡʪʨ./ʩʤ2ʩ. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʥʝʡʪʨʦʥʦʚ 4,5 

ʄʵɺ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠ ʠʟ ʯʠʩʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʪʘʢ, ʯʪʦ ʦʥ ʥʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʥʝʡʪʨʦʥʳ, ʧʦʚʝʨʭʥʦʩʪʴ ʙʣʦʢʦʚ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʛʠʜʨʦʬʦʙʥʘ, ʚ ʩʣʫʯʘʝ ʟʘʛʨʷʟʥʝʥʠʷ ʝʝ ʤʦʞʥʦ ʦʯʠʩʪʠʪʴ. 

ʈʘʩʯʝʪ ʟʘʱʠʪʳ ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

26 ʛʨʫʧʧʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʥʩʪʘʥʪ: 
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ʛʜʝ iD - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʥʝʡʪʨʦʥʦʚ i-ʦʡ ʛʨʫʧʧʳ;( )iʌ r - ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʚ i-ʦʡ ʛʨʫʧʧʝ; 
i

aä - 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʥʝʡʪʨʦʥʦʚ i-ʦʡ ʛʨʫʧʧʳ; 
i

ʟä  - ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʫʚʦʜʘ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 
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ʥʝʡʪʨʦʥʦʚ ʠʟ i-ʦʡ ʛʨʫʧʧʳ; 
k i­ä  - ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʧʨʠʭʦʜʘ ʥʝʡʪʨʦʥʦʚ ʚ i-ʫʶ ʛʨʫʧʧʫ ʟʘ ʩʯʝʪ 

ʫʧʨʫʛʦʛʦ ʠ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʡ; S  - ʠʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 26-ʛʨʫʧʧʦʚʳʭ ʢʦʥʩʪʘʥʪ ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʟʘʱʠʪʳ ʦʪ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʛʨʫʧʧʦʚʳʝ ʧʝʨʝʭʦʜʳ ʥʝʡʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʠʩʪʦʯʥʠʢʘ. ʈʘʩʩʯʠʪʘʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʪʦʣʱʠʥʘ ʟʘʱʠʪʳ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ. 
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ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ (ɼʄ) ʚ ʠʟʜʝʣʠʷʭ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʦʠʪ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʘʜʠʡ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʙʨʘʱʝʥʠʷ ʩ ʥʠʤʠ. ʕʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʩʠʩʪʝʤʦʡ ʫʯʝʪʘ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʧʨʦʙʣʝʤʦʡ ʠʭ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʝʨʚʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʝ). ʀʩʪʦʯʥʠʢʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʰʣʠ ʩʚʦʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʥʪʨʦʣʝ 

ɼʄ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʠʥʩʧʝʢʪʠʨʫʝʤʳʝ ʦʙʨʘʟʮʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʵʢʨʘʥʠʨʦʚʢʠ. ʀʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʡ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʜʣʷ ʢʘʢʦʡ-ʣʠʙʦ ʫʩʪʘʥʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʮʝʣʷʤʠ ʢʦʥʪʨʦʣʷ 

ɼʄ (ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ, ʠʭ ʵʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠ ʪ.ʜ.). ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʘʤ ʠʩʪʦʯʥʠʢʦʚ 

ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

1)  ʨʘʜʠʦʥʫʢʣʠʜʥʳʝ ʠʩʪʦʯʥʠʢʠ; 

2)  ʠʩʪʦʯʥʠʢʠ ʥʝʡʪʨʦʥʦʚ ʩʧʦʥʪʘʥʥʦʛʦ ʜʝʣʝʥʠʷ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ; 

3)  ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ; 

4)  ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ. 

ʇʦ ʚʠʜʫ ʠʟʣʫʯʝʥʠʷ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ: 

1)  ʥʝʡʪʨʦʥʥʳʝ; 

2)  ʬʦʪʦʥʥʳʝ. 

ɺ ʦʙʱʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʮʝʣʝʡ ʫʯʝʪʘ ʠ 

ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʚʝʨʢʠ ʥʘʣʠʯʠʷ ɼʄ ʚ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʘʭ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ ʚʩʢʨʳʪʠʶ, 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʧʨʦʚʝʨʢʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ɼʄ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ 

ʟʘʷʚʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 
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ʉʆɿɼɸʅʀɽ ɸʅɸʃʀʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ɼɽʁʉʊɺʀʁ ʅɸʈʋʐʀʊɽʃʗ ɺ ʋʉʃʆɺʀʗʍ 

ʇʈʆʊʀɺʆɼɽʁʉʊɺʀʗ ɺ ʉʀʉʊɽʄɽ çʅɸʈʋʐʀʊɽʃʔ ï ʉʌɿè 
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ʉʦʚʝʨʰʝʥʠʝ ʥʘʨʫʰʠʪʝʣʝʤ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʠ ʧʫʥʢʪʦʚ ʭʨʘʥʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ 

ʜʝʡʩʪʚʠʡ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ ʨʫʙʝʞʝʡ ʦʭʨʘʥʳ, ʧʝʨʝʤʝʱʝʥʠʶ ʧʦ ʦʭʨʘʥʷʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʜʝʨʥʦʛʦ ʦʙʲʝʢʪʘ (ʗʆ) ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʧʨʝʜʤʝʪʦʚ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʇʌɿ), ʫʯʘʩʪʠʶ ʚ ʙʦʝʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʩʠʣʘʤʠ 

ʦʭʨʘʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʥʘʨʫʰʠʪʝʣʷʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʙʠʪʦ ʥʘ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʧʨʝʦʜʦʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʨʰʨʫʪʘ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʡ ʩ ʮʝʣʝʚʳʤ 

ʧʨʝʜʤʝʪʦʤ [1]. ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʫʯʘʩʪʢʫ ʤʝʞʜʫ ʚʳʜʝʣʝʥʥʳʤʠ ʨʫʙʝʞʘʤʠ ʟʘʱʠʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʥʘʨʫʰʠʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʦʤ ʠ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʧʨʝʦʜʦʣʝʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʜʝʡʩʪʚʠʷʤʠ ʩʠʣ ʦʭʨʘʥʳ. 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʝ çʥʘʨʫʰʠʪʝʣʴ-ʩʠʩʪʝʤʘ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʉʌɿ)è ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʨʫʰʠʪʝʣʝʡ (ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ, ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ, 

ʯʠʩʣʝʥʥʦʩʪʴ ʛʨʫʧʧʳ) ʠ ʧʨʠʤʝʥʷʝʤʦʡ ʠʤʠ ʪʘʢʪʠʢʠ (ʩʠʣʦʚʦʡ, ʩʢʨʳʪʦʡ, ʦʙʤʘʥʥʦʡ ʠʣʠ ʩʤʝʰʘʥʥʦʡ), ʚʣʠʷʶʱʠʭ ʥʘ 

ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʌɿ [2]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʌɿ ʗʆ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠ 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʨʫʰʠʪʝʣʝʤ ʨʝʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ 

ʢʦʤʧʣʝʢʩʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ 

ʘʣʛʦʨʠʪʤ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘʨʫʰʠʪʝʣʷ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʦʙʲʝʢʪʘ ʠ ʧʨʝʦʜʦʣʝʥʠʷ ʨʫʙʝʞʝʡ ʦʭʨʘʥʳ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʝʛʦ ʦʩʥʘʱʝʥʥʦʩʪʴ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʧʨʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʠ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʚʝʨʰʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʇʌɿ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʮʝʣʝʡ ʦʮʝʥʢʠ ʉʌɿ ʧʦʪʨʝʙʫʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʟʜʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʤʦʜʝʣʠ ʜʝʡʩʪʚʠʷ ʥʘʨʫʰʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʥʘʨʫʰʠʪʝʣʴ ï ʉʌɿè ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʫʯʝʪʝ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ ʇʌɿ ʥʘ ʗʆ ʦʪ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʪʠʚʦʧʨʘʚʥʳʭ ʘʢʮʠʡ.    
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ʆʧʘʩʥʦʩʪʴ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʣʘ ʦʱʫʱʘʪʴʩʷ ʩʨʘʟʫ ʧʦʩʣʝ 

ʩʦʟʜʘʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ. ɹʳʩʪʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ, ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʜʝʩʷʪʢʘʭ ʩʪʨʘʥ ʟʘʩʪʘʚʠʣʦ ʚʝʜʫʱʠʝ ʚ ʷʜʝʨʥʦʡ ʦʙʣʘʩʪʠ ʩʪʨʘʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʟʘʨʫʙʝʞʥʳʭ ʨʝʘʢʪʦʨʘʭ ʪʦʧʣʠʚʦ 

ʪʦʣʴʢʦ ʥʠʟʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʙʳʩʪʨʦ ʜʦʩʪʠʛʣʦ ʩʚʦʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ʠ ʯʝʨʝʟ 

ʜʝʩʷʪʴ ʣʝʪ ʧʦʩʣʝ ʧʨʦʚʦʟʛʣʘʰʝʥʠʷ ʩʪʨʘʥʘʤʠ ʄɸɻɸʊʕ ʪʝʟʠʩʘ "ɸʪʦʤ ʜʣʷ ʤʠʨʘ" ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 40 

ʩʪʨʘʥʘʭ, ʨʘʙʦʪʘʣʠ ʨʝʘʢʪʦʨʳ ʩ ʪʦʧʣʠʚʦʤ ʦʨʫʞʝʡʥʦʛʦ ʩʦʨʪʘ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʪʨʘʥ ʦʙʣʘʜʘʪʝʣʝʡ ʷʜʝʨʥʦʛʦ 

ʦʨʫʞʠʷ, ʘʢʪʠʚʠʟʘʮʠʷ ʪʝʨʨʦʨʠʟʤʘ, ʧʦʜʭʣʝʩʪʥʫʣʦ ʩʪʨʘʥʳ ʢ ʧʨʠʥʷʪʠʶ ʜʝʡʩʪʚʝʥʥʳʭ ʤʝʨ ʧʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ ʠʟ ʥʠʭ 

ï ʧʨʦʛʨʘʤʤʘ RERTR. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʩʘʤʦʡ ʛʣʘʚʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ 

- ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ U-235 ʚ ʪʦʧʣʠʚʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʝʟ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʫʜʦʨʦʞʘʥʠʝ ʧʨʦʜʫʢʮʠʠ, ʚʦʟʤʦʞʥʘʷ ʧʦʪʝʨʷ ʨʳʥʢʘ ʜʣʷ ʠʟʛʦʪʦʚʠʪʝʣʝʡ 

- ʚʦʪ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʜʝʨʞʠʚʘʣʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤ RERTR.  

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʟʘʚʦʜ ʭʠʤʢʦʥʮʝʥʪʨʘʪʦʚ ʚʢʣʶʯʠʣʩʷ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʠʭ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 1. ʊʦʧʣʠʚʥʳʝ ʩʙʦʨʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʀʈʊ-3ʄ, ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ 

UO2, U-Mo ʩʧʣʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ 19,5%, 36%, 90%. 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʈʠʩʫʥʦʢ 2. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʪʨʫʙ ʪʦʧʣʠʚʘ ʀʈʊ ʩ ʨʘʟʣʠʯʥʳʤ ʪʦʧʣʠʚʦʤ 

 ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʧʣʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ: ʫʨʘʥ-

ʘʣʶʤʠʥʠʝʚʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʦʢʠʩʣʳ ʫʨʘʥʘ. ɿʘʪʝʤ ʙʳʣʦ ʦʩʚʦʝʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʊɺʉ ʪʝʭ ʞʝ ʪʠʧʦʨʘʟʤʝʨʦʚ ʩ 

ʪʦʧʣʠʚʦʤ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ - U3Si2.  ʉʝʛʦʜʥʷ ʦʩʚʦʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʊɺʉ ʩ ʚʳʩʦʢʦʧʣʦʪʥʳʤ U-

Mo ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʪʦʧʣʠʚʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʊɺʉ ʟʘʧʘʜʥʦʛʦ ʜʠʟʘʡʥʘ. 

 

ɺʃʀʗʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʈɸɹʆʊʓ ʈɸɼʀɸʎʀʆʅʅʓʍ ʇʆʈʊɸʃʔʅʓʍ ʄʆʅʀʊʆʈʆɺ ʗɼɽʈʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʅɸɼɪɾʅʆʉʊʔ ʀʍ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ 

ɽ.ɸ. ɺʣʘʩʝʥʢʦ, ɸ.ɺ. ɼʫʜʢʠʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʦʩʩʠʷ,  ʛ.ʊʦʤʩʢ,  ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: vlasenko_zhene@mail.ru  

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʨʪʘʣʴʥʳʭ ʤʦʥʠʪʦʨʦʚ (ʈʇʄ) ʷʜʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʷʜʝʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ 

[1] ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʨʘʙʦʪʳ (ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʦ 

ʜʘʪʯʠʢʫ ʧʨʠʩʫʪʩʪʚʠʷ) ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʈʇʄ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ [2, 3]. 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʈʇʄ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʜʘʪʯʠʢʫ 

ʧʨʠʩʫʪʩʪʚʠʷ, ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʦʚ (ʧʨʦʝʟʜʦʚ) ʚʝʨʦʷʪʥʦʩʪʴ 

ʣʦʞʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʘʢʦʛʦ ʈʇʄ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʈʇʄ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʨʠ ʵʪʦʤ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʦʚ 

(ʧʨʦʝʟʜʦʚ) ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʬʫʥʢʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ. 

ʊʦʪ ʠʣʠ ʠʥʦʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʈʇʄ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʦʙʲʝʢʪʘ, ʯʘʩʪʦʪʳ ʧʨʦʭʦʜʦʚ (ʧʨʦʝʟʜʦʚ), ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʧʫʩʢʥʦʛʦ 

ʨʝʞʠʤʘ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ). 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʈʠʩʫʥʦʢ  1. ɺʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ: ʈʇʄ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ (1), 

ʧʝʰʝʭʦʜʥʦʛʦ ʈʇʄ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʜʘʪʯʠʢʫ ʧʨʠʩʫʪʩʪʚʠʷ (2),  

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʈʇʄ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʜʘʪʯʠʢʫ ʧʨʠʩʫʪʩʪʚʠʷ (3) 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʆʉʊ ʈ 51635-2000 çʄʦʥʠʪʦʨʳ ʨʘʜʠʘʮʠʦʥʥʳʝ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 

2. ʇʦʣʦʚʢʦ ɸ.ʄ., ɻʫʨʦʚ ʉ.ɺ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʥʘʜʸʞʥʦʩʪʠ. ʇʨʘʢʪʠʢʫʤ. ï ʉʇʙ: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2006. ï 560 ʩ. 

3. ʐʢʣʷʨ ɺ.ʅ. ʅʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʊʦʤʩʢ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʇʋ, 2009. ï 126 ʩ. 

 

 

ʄɽʉʉɹɸʋʕʈʆɺʉʂʀɽ ʀɿʄɽʈɽʅʀʗ ɺ ɻɽʆʍʀʄʀʏɽʉʂʆʄ ʄʆʅʀʊʆʈʀʅɻɽ ʊʆʄʉʂʆʁ ʆɹʃɸʉʊʀ 

ɸ.ɸ. ɻʘʨʘʧʘʮʢʠʡ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,   

ʈʦʩʩʠʷ,  ʛ.ʊʦʤʩʢ,  ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: garapatski@tpu.ru  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʩ ʧʦʤʦʱʴʶ 

ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʗɻʈ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙʘʭ ʠ 

ʧʨʦʙʘʭ ʠʟ ʢʝʨʥʦʚ ʩʢʚʘʞʠʥ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʦʚ. ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʦʨʦʜʘʭ ʥʘʜ ʩʢʦʧʣʝʥʠʷʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʷʚʣʝʥʠʝ 

ʟʜʝʩʴ ʭʘʨʘʢʪʝʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʤʠʥʝʨʘʣʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʡ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʪʝʨʨʠʪʦʨʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʷʜʝʨʥʦ-ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʦʮʝʥʢʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʗɻʈʉ-4 ʩ ɔ-ʠʩʪʦʯʥʠʢʦʤ 57Co(Cr) ʥʘ ʣʠʥʠʠ 14.4 ʢʵɺ ʚ ʨʝʞʠʤʝ 

ʧʦʩʪʦʷʥʥʳʭ ʫʩʢʦʨʝʥʠʡ ʚ   ʠʥʪʝʨʚʘʣʝ   ʪʝʤʧʝʨʘʪʫʨ  295K. ʀʟʦʤʝʨʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʠʟʤʝʨʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

Ŭ-Fe. ʅʦʨʤʠʨʦʚʢʘ ʰʢʘʣʳ:1ʤʤ/ʩ = 4.8 *10-8 ʵɺ. ɼʣʷ ʤʦʜʝʣʴʥʦʡ ʨʘʩʰʠʬʨʦʚʢʠ ʩʧʝʢʪʨʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʧʨʦʛʨʘʤʤʘ SPECTR, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ MSTools. 

   ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʥʳʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ʠʦʥʦʚ ʞʝʣʝʟʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ [1, 2, 3]. ʗɻʈ-ʩʧʝʢʪʨʳ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʠʤʝʶʪ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ - ʜʫʙʣʝʪʥʳʡ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʥʘʣʠʯʠʝʤ ʣʠʰʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʥʦ-ʷʜʝʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʕʪʠ ʜʫʙʣʝʪʳ ʠʤʝʶʪ ʥʘ ʠʟʦʤʝʨʥʳʡ ʩʜʚʠʛ ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʠʩʪʝʤʘʪʠʢʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʞʝʣʝʟʘ. 

   ʗɻʈ ʩʧʝʢʪʨʳ 1-ʡ ʩʝʨʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʧʝʨʧʦʟʠʮʠʝʡ 4-ʭ ʜʫʙʣʝʪʦʚ. ʆʜʠʥ ʜʫʙʣʝʪ 

ʧʨʠʧʠʩʘʥ ʠʦʥʘʤ Fe2+ ʠ ʪʨʠ ʜʫʙʣʝʪʘ Fe3+. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʞʝʣʝʟʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦʩʪʠ 

(III) -ʜʫʙʣʝʪʳ a, b, c. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʝʥʥʘ ʜʦʣʷ Fe2+, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʶʪ ʧʨʠʩʫʪʩʪʚʠʝ ʩʠʣʠʢʘʪʦʚ. ɸʥʘʣʠʟ ʗɻʈ-
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʩʧʝʢʪʨʦʚ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʧʦʢʘʟʳʚʘʝʪ ʩʣʘʙʦ ʨʘʟʚʠʪʳʡ ʦʢʩʠʜʦʛʝʥʝʟ ʞʝʣʝʟʘ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ 

ʩʦʭʨʘʥʥʦʩʪʴ ʣʠʪʦʛʝʥʥʳʭ Fe(II)-ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ (ʛʠʜʨ)ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʤʠ ʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʛʝʤʘʪʠʪʘ ŬFe2ʆ3 ʠʣʠ ʛʝʪʠʪʘ ŬFeʆʆʅ (ʠʭ ʩʧʝʢʪʨʳ ʥʝ ʦʙʥʘʨʫʞʝʥʳ). ɺ 

ʗɻʈ-ʩʧʝʢʪʨʘʭ 2-ʡ ʩʝʨʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʚʳʜʝʣʝʥʳ ʜʚʘ ʜʫʙʣʝʪʘ b ʠ c, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʦʷʚʣʷʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʷ ʦʪ ʤʝʩʪʘ ʦʪʙʦʨʘ ʥʘʜ ʟʘʣʝʞʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʚʥʝ. ɼʫʙʣʝʪʳ b ʠ c ʩ ʧʨʝʜʝʣʴʥʦ ʙʦʣʴʰʠʤ 

ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʨʠʧʠʩʘʥʳ ʧʦʟʠʮʠʠ Fe3+ , ʚʦʟʤʦʞʥʦ ʚ ʜʠʪʨʠʛʦʥʘʣʴʥʦʡ ʧʦʣʦʩʪʠ ʤʘʪʨʠʮʳ ʠʣʠ ʧʦʣʠʦʢʩʦʢʘʪʠʦʥʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚ ʤʝʞʩʣʦʝ. ɼʣʷ Fe3+  (b ʠ c)  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʨʘʩʱʝʧʣʝʥʠʡ  ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʝʨʝʤʝʥʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʵʪʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ: ʥʝ ʠʦʥʥʦ-ʦʙʤʝʥʥʘʷ; ʦʯʝʥʴ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ  ʤʝʩʪʦ ʠ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʫʶ ʩʚʷʟʴ; 

ʩʦʩʪʦʷʥʠʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʩʪʨʫʢʪʫʨʥʦʤʫ ʢʦʣʣʘʧʩʫ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʤʦʞʥʦ ʙʫʜʝʪ ʩʜʝʣʘʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʱʝʧʣʝʥʠʷ ʩʧʝʢʪʨʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʟʤʝʨʝʥʠʠ. 

ʇʨʦʙʳ 3-ʡ ʩʝʨʠʠ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʢʝʨʥʦʚ ʢʦʥʪʫʨʥʳʭ ʠ ʟʘʢʦʥʪʫʨʥʳʭ ʩʢʚʘʞʠʥ. ʗɻʈ-ʩʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʠʣʠ ʢʚʘʜʨʫʧʦʣʴʥʳʝ ʜʫʙʣʝʪʳ, ʠʣʠ ʠʭ ʩʫʤʤʫ ʩ ʟʝʝʤʘʥʦʚʩʢʠʤʠ ʩʝʢʩʪʝʪʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʥʘʣʠʯʠʝ ʚ 

ʤʠʥʝʨʘʣʘʭ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ʉʝʢʩʪʝʪ (Fe0) (ʫ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʦʚ) ʧʨʠʥʘʜʣʝʞʠʪ Ŭ-Fe, ʠʤʝʶʱʝʛʦ 

Hn=33.04 ʊ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʵʪʦʡ ʬʘʟʳ ʞʝʣʝʟʘ ʩʦʩʪʘʚʠʣʘ 1%. ʆʙʥʘʨʫʞʝʥʠʝ Ŭ-Fe ʚ ʧʨʦʙʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʥʳʭ ʗɻʈʉ ʩʧʝʢʪʨʦʚ ʦʧʨʝʜʝʣʝʥʳ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʥʦʩʪʠ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ Fe3+/ɆFe ʠ ʧʘʨʮʠʘʣʴʥʳʝ ʩʧʝʢʪʨʳ, ʦʪʨʘʞʘʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʚʘʣʝʥʪʥʦ-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʠʦʥʦʚ ʞʝʣʝʟʘ.   
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ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ʠʣʠ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʤʠʨʫ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥʠ ʧʦʧʘʜʫʪ ʚ ʨʫʢʠ ʣʠʮ, ʩʧʦʩʦʙʥʳʭ ʩʦʚʝʨʰʠʪʴ ʘʢʪʳ 

ʷʜʝʨʥʦʛʦ ʪʝʨʨʦʨʠʟʤʘ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʣʝʛʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚ 

ʥʝʦʙʭʦʜʠʤʳ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʪʘʤʦʞʝʥʥʦʤ ʢʦʥʪʨʦʣʝ ʛʨʫʟʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʛʨʘʥʠʮʫ, ʧʨʠ ʢʦʥʪʨʦʣʝ ʤʦʙʠʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʘʚʪʦʤʦʙʠʣʝʡ, ʤʘʣʳʭ ʩʫʜʦʚ) ʚʥʝ ʧʫʥʢʪʦʚ ʧʨʦʧʫʩʢʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʢʦʥʪʨʦʣʝ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ.  
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 
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ɺ ʜʦʢʣʘʜʝ ʜʘʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʩʥʦʚʘʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ ʬʦʪʦʥʦʚ [1]. 

ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ ʬʦʪʦʥʦʚ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʛʨʘʥʠʯʥʦʡ ʵʥʝʨʛʠʝʡ 30 ʄʵɺ ʠ ʨʦʞʜʝʥʥʳʭ ʬʦʪʦʥʝʡʪʨʦʥʦʚ ʚ ʦʙʲʝʢʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʩʢʨʳʪʳʡ ʷʜʝʨʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʧʨʝʜʝʣʝʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ 

ʚʪʦʨʠʯʥʳʭ ʥʝʡʪʨʦʥʦʚ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʦʙʲʝʢʪʘ [2,3]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʲʝʢʪ ʠʤʧʫʣʴʩʥʳʤ ʧʫʯʢʦʤ ʬʦʪʦʥʦʚ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  
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ʀɿʄɽʈɽʅʀʗ 

ɼ.ʌ. ɻʦʥʯʘʨʦʚ 
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ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʬʝʨʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʦʙʣʘʩʪʠ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ[1]. ʊʘʢʦʡ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ ʠ ʤʘʣʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʳʡ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ ʦʥ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʘʥʘʣʠʟʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ FRAM. FRAM ï ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ, ʨʝʘʣʠʟʫʶʱʠʡ ʤʝʪʦʜ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʠʢʦʚ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʘʤʧʣʠʪʫʜ ʠʤʧʫʣʴʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʜʝʪʝʢʪʦʨʦʚ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɼʣʷ ʨʘʩʯʸʪʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ FRAM ʠʩʧʦʣʴʟʫʝʪ ʠʟʚʝʩʪʥʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʪʘʢʠʝ, ʢʘʢ ʧʝʨʠʦʜʳ ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʠʥʠʡ[2]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʨʘʩʯʝʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʦʪ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ, 

ʛʝʦʤʝʪʨʠʠ ʠʟʤʝʨʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʝʡʥʝʨʘ, ʘ ʪʘʢʞʝ, ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʘʣʠʙʨʦʚʢʝ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʘʢʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʚʳʙʨʘʥ ʦʙʨʘʟʝʮ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʘʥʘ, 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʜʦ 90% ʧʦ ʠʟʦʪʦʧʫ Ὗ . ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʨʤʘʥʠʝʚʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʢʦʘʢʩʠʘʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Canberra. ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ FRAM ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʫʥʠʢʘʣʴʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʝʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʆʜʥʘʢʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʯʝʪʳʨʝ ʩʪʘʥʜʘʨʪʥʳʭ ʥʘʩʪʨʦʡʢʠ. ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ ʦʙʦʛʘʱʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʥʘʩʪʨʦʡʢʘʭ.  
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ; ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʦʙʦʛʘʱʝʥʠʝʤ 90%  ʧʦ ʠʟʦʪʦʧʫ Ὗ  ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ 

ʩʪʘʥʜʘʨʪʥʳʭ ʥʘʩʪʨʦʝʢ, ʪʘʢ ʢʘʢ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʪʘʣʴʥʳʭ ʥʘʩʪʨʦʝʢ ʠʤʝʶʪ ʧʦʛʨʝʰʥʦʩʪʴ ʙʦʣʴʰʝ 

5%. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʡʜʝʥʦ ʧʨʠʝʤʣʝʤʦʛʦ ʩʧʦʩʦʙʘ ʝʝ ʨʝʰʝʥʠʷ. ɺʘʨʠʘʥʪʳ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʩʫʞʜʘʶʪʩʷ ʥʘʫʯʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʠ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʈɸʆ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢ ʧʦʜʛʦʪʦʚʢʝ ʢ ʟʘʭʦʨʦʥʝʥʠʶ. 

 ʂ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʦʪʭʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʥʝ ʧʦʜʣʝʞʘʱʠʝ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʝʱʝʩʪʚʘ, 

ʤʘʪʝʨʠʘʣʳ, ʩʤʝʩʠ, ʠʟʜʝʣʠʷ, ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 

ʤʠʥʠʤʘʣʴʥʦ ʟʥʘʯʠʤʦʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʚʦʝʥ ʨʷʜ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʳ ʧʨʝʩʩʦʚʘʥʠʷ, 

ʩʞʠʛʘʥʠʷ, ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ, ʦʯʠʩʪʢʠ ʠ ʜʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʷʜ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʦʭʦʜʠʪ ʩʪʘʜʠʶ ʘʧʨʦʙʘʮʠʠ 

ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʦʩʪʘʸʪʩʷ ʠʭ 

ʟʘʭʦʨʦʥʝʥʠʝ. ʊʘʢ ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʩʦʚʝʨʰʝʥʥʳ ʠ ʧʦʢʘ ʝʱʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʈɸʆ, ʪʦ 

ʩʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʭʦʜʦʤ ʙʫʜʝʪ ʦʪʭʦʜʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚ ʪʘʢʦʡ ʚʠʜ, ʢʦʪʦʨʳʡ ʙʳʣ ʙʳ ʩʪʘʙʠʣʝʥ ʠ ʥʝ 

ʦʧʘʩʝʥ, ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʳ ʥʝ ʚʣʠʷʣʦ ʙʳ ʥʘ ʠʭ ʭʨʘʥʝʥʠʝ.  

ʄʝʪʦʜ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʸʤʦʚ ʈɸʆ, ʘ ʩʭʝʤʘ 

ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ ʚ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʝ ʧʦ ʧʨʠʥʮʠʧʫ "ʚʣʦʞʝʥʥʦʩʪʠ", ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʈɸʆ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʪʘʢ ʢʘʢ ʫʪʠʣʠʟʠʨʫʝʤʘʷ 

ʩʨʝʜʘ, ʟʘʪʚʦʨʝʥʥʘʷ ʚ ʮʝʤʝʥʪʥʫʶ ʤʘʪʨʠʮʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠ 

ʩʘʤʘ ʩʦʟʜʘʝʪ ʟʘʱʠʪʥʳʝ ʙʘʨʴʝʨʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʙʦʣʝʝ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ʄʥʦʛʦʙʘʨʴʝʨʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʠʟʦʣʷʮʠʠ ʈɸʆ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʛʜʘ 

ʤʘʪʨʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʤʝʥʝʝ ʘʢʪʠʚʥʳʭ ʈɸʆ ʩʣʫʞʠʪ ʙʘʨʴʝʨʦʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤ ʠʣʠ ʩʜʝʨʞʠʚʘʶʱʠʤ ʤʠʛʨʘʮʠʶ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʈɸʆ. ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʦʡ ʤʥʦʛʦʙʘʨʴʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʝʣʘʶʪ ʝʝ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʥʘʜʝʞʥʦʡ ʠʟʦʣʷʮʠʠ ʈɸʆ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʠʭ ʭʨʘʥʝʥʠʷ. 
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ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 
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ʗʧʦʥʩʢʫʶ ɸʕʉ ʌʫʢʫʩʠʤʘ ʩʝʡʯʘʩ ʟʥʘʝʪ, ʚʝʨʦʷʪʥʦ, ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʥʘ ʧʣʘʥʝʪʝ, ʥʦ ʤʘʣʦ ʢʦʤʫ ʠʟʚʝʩʪʥʘ 

ʜʨʫʛʘʷ ʷʧʦʥʩʢʘʷ ɸʕʉ ï ʆʥʘʛʘʚʘ. ʅʝ ʩʣʫʯʘʡʥʦ ʚ ʦʛʣʘʚʣʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʳʪʘʶʱʠʝʩʷ 

ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʳ ʘʚʘʨʠʠ ʩ ʫʯʝʪʦʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʟʘʢʣʶʯʝʥ ʚʦʧʨʦʩ: çʇʦʯʝʤʫ ʚʳ ʝʱʝ 

ʥʝ ʩʣʳʰʘʣʠ ʦʙ ɸʕʉ ʆʥʘʛʘʚʘ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʮʫʥʘʤʠ 11 ʤʘʨʪʘ 2011 ʛ.?è [1]. ʀʥʪʝʨʝʩ ʢ ʧʨʦʙʣʝʤʝ ʚʣʠʷʥʠʷ 

ʢʫʣʴʪʫʨʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʷʜʝʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʟʨʦʩ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʜʦʢʣʘʜʘ ʢʦʤʠʩʩʠʠ 

ʷʧʦʥʩʢʦʛʦ ʧʘʨʣʘʤʝʥʪʘ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʘʚʘʨʠʠ ʥʘ ʌʫʢʫʩʠʤʝ, ʢʦʪʦʨʘʷ ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʥʮʠʜʝʥʪ ʥʘ ɸʕʉ 

ʷʚʠʣʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʣʦʚʝʯʝʩʢʦʡ ʭʘʣʘʪʥʦʩʪʠ, ʘ ʥʝ ʩʪʠʭʠʡʥʦʛʦ ʙʝʜʩʪʚʠʷ. ʂʦʤʠʩʩʠʷ ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʷʜʝʨʥʫʶ ʘʚʘʨʠʶ ʤʦʛʣʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ. ɺʳʚʦʜʳ ʢʦʤʠʩʩʠʠ ʠʤʝʶʪ ʥʦʚʳʡ ʧʦʜʪʝʢʩʪ. ɽʩʣʠ ʧʨʝʜʳʜʫʱʠʝ 

ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥ ʘʚʘʨʠʠ ʥʘ ʌʫʢʫʩʠʤʝ ʥʘʟʳʚʘʣʠ ʩʪʠʭʠʡʥʦʝ ʙʝʜʩʪʚʠʝ, ʪʦ ʢʦʤʠʩʩʠʷ ʧʘʨʣʘʤʝʥʪʘ 

ʥʘʟʳʚʘʝʪ ʩʨʝʜʠ ʪʨʝʭ ʚʠʥʦʚʥʠʢʦʚ ʘʚʘʨʠʠ ʥʘ ɸʕʉ ʠ ʷʧʦʥʩʢʫʶ ʢʫʣʴʪʫʨʫ: ʷʧʦʥʩʢʦʝ ʨʝʬʣʝʢʩʠʚʥʦʝ ʧʦʩʣʫʰʘʥʠʝ; 

ʷʧʦʥʩʢʦʝ ʥʝʞʝʣʘʥʠʝ ʧʦʜʚʝʨʛʘʪʴ ʩʦʤʥʝʥʠʶ ʚʣʘʩʪʴ, ʙʝʩʧʨʝʢʦʩʣʦʚʥʦʝ ʩʣʝʜʦʚʘʥʠʝ ʠʥʩʪʨʫʢʮʠʷʤ; ʷʧʦʥʩʢʠʡ 

ʛʨʫʧʧʠʟʤ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ [2, p 9.] . 

ɸʕʉ ʆʥʘʛʘʚʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʣʠʞʝ ʢ ʵʧʠʮʝʥʪʨʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʯʝʤ ɸʕʉ ʌʫʢʫʩʠʤʘ, ʥʦ 

ʦʥʘ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʩʪʨʘʜʘʣʘ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ɸʕʉ ʆʥʘʛʘʚʘ ʗ. ʍʠʨʘʠ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʥʞʝʥʝʨ, ʥʘʩʪʦʷʣ 

ʧʦʜʥʷʪʴ ʟʘʱʠʪʥʫʶ ʜʘʤʙʫ ʥʘ ʚʳʩʦʪʫ 14,8 ʤ, ʚʤʝʩʪʦ ʫʢʘʟʘʥʥʦʡ ʚ ʥʦʨʤʘʪʠʚʘʭ 12-ʤʝʪʨʦʚʦʡ ʚʳʩʦʪʳ. ʆʪʩʪʘʠʚʘʷ 

ʯʨʝʟʤʝʨʥʳʝ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʍʠʨʘʠ ʧʦʩʪʘʚʠʣ ʧʦʜ ʩʦʤʥʝʥʠʝ ʘʚʪʦʨʠʪʝʪ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʯʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʪʨʘʜʠʮʠʷʤ ʷʧʦʥʩʢʦʡ ʢʫʣʴʪʫʨʳ. ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʥʝ ʧʨʠʚʝʜʰʠʤ ʢ ʢʘʪʘʩʪʨʦʬʝ ʧʦʜʦʙʥʦʡ 

ʌʫʢʫʩʠʤʝ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʢʫʣʴʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ɸʕʉ ʆʥʘʛʘʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɸʕʉ ʆʥʘʛʘʚʘ ʦʩʪʘʣʘʩʴ ʥʝ 

ʧʦʚʨʝʞʜʝʥʥʦʡ, ʭʦʪʷ ʧʦʜʚʝʨʛʣʘʩʴ ʪʘʢʦʤʫ ʞʝ ʙʝʜʩʪʚʠʶ, ʢʘʢ ʠ ʌʫʢʫʩʠʤʘ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʷʧʦʥʩʢʘʷ ʢʫʣʴʪʫʨʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʘʚʘʨʠʠ ʥʘ ɸʕʉ ʌʫʢʫʩʠʤʘ, ʘ ʨʘʟʣʠʯʥʘʷ ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʢʫʣʴʪʫʨʘ ʷʜʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʵʪʠʭ ɸʕʉ [3].  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʠʩʪʝʤʘʭ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚʩʸ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʘʶʪ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʨʪʘʣʴʥʳʝ ʤʦʥʠʪʦʨʳ (ʜʘʣʝʝ ʈʇʄ) ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʧʦʨʦʛʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʠʭ ʛʘʤʤʘ- ʠ/ʠʣʠ 

ʥʝʡʪʨʦʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʳʝ ʧʫʥʢʪʳ. ʆʙʥʘʨʫʞʝʥʠʝ ʷʜʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩ ʫʨʦʚʥʝʤ 

ʦʢʨʫʞʘʶʱʝʛʦ ʛʘʤʤʘ- ʠ/ʠʣʠ ʥʝʡʪʨʦʥʥʦʛʦ ʬʦʥʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʈʇʄ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʪʴʝʡ 

ʢʘʪʝʛʦʨʠʠ ʧʦ ʧʦʨʦʛʫ ʦʙʥʘʨʫʞʝʥʠʷ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʈʇʄ ʵʪʦʪ ʧʦʨʦʛ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 64 ʛ 

ʫʨʘʥʘ ʠ 1 ʛ ʧʣʫʪʦʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʨʦʛ 3 ʛ ʫʨʘʥʘ ʠ 0,1 ʛ ʧʣʫʪʦʥʠʷ [1]. 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʙʝʟ ʦʙʥʘʨʫʞʝʥʠʷ ʈʇʄ. 

ʉʣʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʨʝʙʫʝʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʢʦʥʪʨʦʣʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʟʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʪʦʢ ʣʶʜʝʡ, ʛʨʫʟʦʚ ʠʣʠ ʪʨʘʥʩʧʦʨʪʘ. ʆʩʦʙʝʥʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʈʇʄ. 

ʋʤʝʥʴʰʝʥʠʶ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ ʈʇʄ ʩʧʦʩʦʙʩʪʚʫʝʪ [2]: 

1. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʙʣʦʢʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

2. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʣʦʢʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ: ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʝʪʦʩʦʙʠʨʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʞʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʟʤʝʨʦʚ ʢʦʣʣʠʤʘʪʦʨʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʬʦʥʘ ʥʘ ʈʇʄ. 

3. ʆʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʙʣʦʢʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʈʇʄ ʚ ʮʝʣʦʤ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʘʞʝʥ ʚʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʠʟʤʝʨʝʥʠʷ ʬʦʥʘ: ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, çʙʝʛʫʱʝʝ ʩʨʝʜʥʝʝè. 

4. ʋʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʰʫʤʦʚ ʠ ʠʩʢʘʞʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʫʟʣʘʭ ʈʇʄ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʣʦʰʫʤʷʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʦʡʩʪʚ ʥʝʡʪʨʦʥʥʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

(ʭʘʨʘʢʪʝʨʥʳʝ ʣʠʥʠʠ ʧʠʢʦʚ ʛʘʤʤʘ-ʩʧʝʢʪʨʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ). 
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ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʦʛʦ ʦʙʲʝʢʪʘ 

ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʤʝʨʳ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʭʨʘʥʠʤʦʡ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ. 

ʋʛʨʦʟʳ, ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʫʛʨʦʟʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʫʛʨʦʟʳ ʠʟʤʝʥʝʥʠʷ ʠʣʠ ʠʩʢʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʭʠʱʝʥʠʷ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʩʣʫʯʘʡʥʳʤʠ 

ʠʣʠ ʧʨʝʜʥʘʤʝʨʝʥʥʳʤʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʥʘ ʦʙʲʝʢʪʘʭ ʘʪʦʤʥʦʡ 

ʦʪʨʘʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʘ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʫʛʨʦʟ ʚ 

ʦʪʥʦʰʝʥʠʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʥʘ ʦʙʲʝʢʪʝ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʷʟʚʠʤʳʝ ʤʝʩʪʘ ʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ: ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʷʜʝʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʠ 

ʩʧʝʮʠʬʠʢʠ ʩʧʦʩʦʙʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʭʨʘʥʠʤʦʡ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʫʛʨʦʟ ʠ ʠʭ ʚʠʜʳ, ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ. 
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ʇʨʦʮʝʩʩ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʥʥʳʤ ʤʝʪʦʜʦʚ ʦʙʨʘʱʝʥʠʷ ʩ ʈɸʆ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ ʦʪʭʦʜʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʬʦʨʤʘ 

ʈɸʆ. ɸʛʝʥʪʩʪʚʦ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʉʐɸ ʚʳʜʝʣʠʣʦ ʵʪʦʪ ʤʝʪʦʜ ʢʘʢ ʥʘʠʣʫʯʰʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʠ 

ʫʪʠʣʠʟʘʮʠʠ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ʇʝʨʩʧʝʢʪʠʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʢʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʤʤʦʙʠʣʠʟʫʶʱʝʡ 

ʤʘʪʨʠʮʳ ʦʙʫʩʣʦʚʣʝʥʘ [1]:  

- ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʢʣʶʯʘʪʴ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʨʷʜʘ ʠ ʨʘʟʤʝʨʘ ʠʭ 

ʘʪʦʤʦʚ;  

- ʩʪʦʡʢʦʩʪʴʶ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʠʭ ʩʦʙʩʪʚʝʥʥʳʡ ʙʝʩʧʦʨʷʜʦʢ 

ʜʦʧʫʩʢʘʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʘʪʦʤʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ; 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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- ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʝʛʢʦʩʪʴʶ ʠ ʜʝʰʝʚʠʟʥʦʡ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ;  

ɻʣʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʝʯʴ. ɼʘʥʥʘʷ ʧʝʯʴ ʙʳʣʘ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ, ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʂʘʨʣʩʨʫʵ, ɻʝʨʤʘʥʠʷ. ɺ ʧʝʯʠ ʦʙʣʘʩʪʴ 

ʧʣʘʚʣʝʥʠʷ ʠ ʛʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚʳʰʝ, ʦʢʨʫʞʝʥʦ ʩʧʝʮʠʘʣʴʥʳʤ ʪʝʨʤʦʩʪʦʡʢʠʤ 

ʢʝʨʘʤʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʀʤʝʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ-ʠʟʦʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɺʥʝʰʥʠʡ ʢʦʞʫʭ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʘʙʩʦʣʶʪʥʦ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʢʦʨʧʫʩʘ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʘʣʠ [2]. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʝʯʠ, ʘ ʪʘʢʞʝ ʠʟʦʙʨʘʞʝʥʘ 

ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠʤʤʦʙʠʣʠʮʘʮʠʷ ʈɸʆ ʩ ʧʦʤʦʱʴʶ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʦʣ.  

ɺʦʧʨʦʩ ʦʙʨʘʱʝʥʠʷ ʩ ʈɸʆ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʝʥ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʥʘ ʤʥʦʛʠʭ ɸʕʉ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʦʧʠʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʈɸʆ, ʢʨʦʤʝ ʪʦʛʦ ʚ ʥʘʩʪʦʷʱʠʝ 

ʚʨʝʤʷ ʤʥʦʛʠʝ ʩʪʘʥʮʠʠ ʚ ʤʠʨʝ ʧʦʜʣʝʞʘʪ ʜʝʤʦʥʪʘʞʫ. ʉʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʣʫʯʰʝʡ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ɺɸʆ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʥʘʫʯʥʦ - ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʧʨʘʢʪʠʢʠ ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ, ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʂʘʨʣʩʨʫʵ, ɻʝʨʤʘʥʠʷ. 

ʇʦʜʜʝʨʞʢʘ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘ ʩʨʝʜʩʪʚʘ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʌʦʥʜʦʤ ʄʠʭʘʠʣʘ ʇʨʦʭʦʨʦʚʘ. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʨʘʜʦʥ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʨʘʩʧʘʜʘ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʜʦʟʳ, ʧʦʣʫʯʘʝʤʦʡ 

ʯʝʣʦʚʝʢʦʤ ʦʪ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʜʠʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʨʦʚʦʜʷʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʳʩʢʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʘʢʠʭ ʨʘʙʦʪ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʢʘʢ ʩ ʚʳʙʦʨʦʤ 

ʢʨʠʪʝʨʠʝʚ ʨʘʜʦʥʦʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [1].  

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢʨʠʪʝʨʠʝʤ ʨʘʜʦʥʦʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʷʝʤʘʷ ʩ ʧʦʤʦʱʴʶ 

ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʘʤʝʨ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʨʘʜʦʥʘ (ʇʇʈ). ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʠʢʠ ʠ ʧʨʠʙʦʨʳ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʦʥʘ, ʚʳʭʦʜʷʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʫʥʪʘ [2,3]. ɺ 

ʏʝʰʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ (ʏʈ) ʧʨʠ ʦʮʝʥʢʝ ʨʘʜʦʥʦʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʧʦʨʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʆɸ) ʨʘʜʦʥʘ ʥʘ ʛʣʫʙʠʥʝ 0.8 ʤ ʠ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʨʫʥʪʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘʭʦʜʷʪ ʨʘʜʦʥʦʚʳʡ 

ʠʥʜʝʢʩ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʘʪʝʛʦʨʠʶ ʛʨʫʥʪʦʚ ʥʘ ʨʘʜʦʥʦʦʧʘʩʥʦʩʪʴ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʠ ʧʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʆɸ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʦʜʥʦʡ ʠʟ 

ʪʝʨʨʠʪʦʨʠʡ ʙʫʜʫʱʝʡ ʟʘʩʪʨʦʡʢʠ ʚ ʏʈ. ʀʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʜʝʪʝʢʪʦʨʦʚ ï ʢʘʤʝʨʳ ʃʫʢʘʩʘ ʠ 

ʠʦʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ - ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʆɸ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 77é370 ʢɹʢ ʤ-3 ʠ 85é377 ʢɹʢ ʤ-3 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0.05, 

ʢʦʪʦʨʳʝ ʜʣʷ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨ ʩʦʩʪʘʚʣʷʶʪ 153Ñ26 ʢɹʢ ʤ-3 , ʜʣʷ ʢʘʤʝʨ ʃʫʢʘʩʘ - 153Ñ25 ʢɹʢ ʤ-3 , ʪ.ʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʆɸ ʜʣʷ ʢʘʤʝʨ ʃʫʢʘʩʘ ʠ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 45% ʠ 43%. 

ɿʥʘʯʝʥʠʷ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 0,0052é.18 ʤ2 , ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0.05 ʜʣʷ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʶʪ 6.6Ñ2.8 ʤ2; ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʜʣʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 113%. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʚʳʩʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʇʇʈ [2, 3] ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʩʦʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʨʫʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʦʥʦʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʦʙʣʫʯʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ) ʧʝʨʝʜ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʪʦʜ ʚʦʣʦʢʩʠʜʘʮʠʠ ï 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ (ʧʝʨʝʜ ʨʘʩʪʚʦʨʝʥʠʝʤ) ʦʢʠʩʣʝʥʠʷ ʪʦʧʣʠʚʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʮʝʩʩ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʚʦʜʦʤ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ (ʃʇɼ): ʙʣʘʛʦʨʦʜʥʳʭ 

ʛʘʟʦʚ, ʩʦʝʜʠʥʝʥʠʡ ʡʦʜʘ, ʪʨʠʪʠʷ ʠ ʜʨ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʃʇɼ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʪʨʠʪʠʷ) ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʚ ʬʦʨʤʫ, ʫʜʦʙʥʫʶ ʜʣʷ 

ʟʘʭʦʨʦʥʝʥʠʷ[1].  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʣʦʢʩʠʜʘʮʠʠ ʥʝʦʙʣʫʯʝʥʥʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ɺɺʕʈ-1000. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʚʘʨʠʘʥʪʦʚ ʚʦʣʦʢʩʠʜʘʮʠʠ ʆʗʊ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʙʣʝʪʢʠ ɺɺʕʈ-1000. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʣʠ ʦʧʳʪʳ ʧʦ ʚʦʣʦʢʩʠʜʘʮʠʠ ʜʚʫʭ ʥʝʦʙʣʫʯʝʥʥʳʭ ʪʘʙʣʝʪʦʢ UO2 ʙʝʟ 

ʦʙʦʣʦʯʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Ñ 30Üʉ ʚ ʪʝʯʝʥʠʝ 2,5 ʯ ʩʤʝʩʴʶ ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʝʡ (ʦʙ. %):  

N2 ï (48·77); O2 ï (12·19,2);  CO2 ï (0·30);  H2ʆ ï (4·10), ʙʝʟ ʚʩʪʨʷʭʠʚʘʥʠʷ.  
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 

 

 

272 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 20-30 - ʢʨʘʪʥʦʤ ʦʙʤʝʥʝ ʛʘʟʦʚʦʡ ʬʘʟʳ ʨʝʘʢʪʦʨʘ ʚ ʯʘʩ ʧʦʣʥʦʪʘ ʧʝʨʝʚʦʜʘ ʪʘʙʣʝʪʦʢ UO2 

ʚ ʧʦʨʦʰʦʢ U3O8 ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 99%. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʦʨʦʰʦʢ ʟʘʢʠʩʠ-ʦʢʠʩʠ ʠʤʝʣ ʥʘʩʳʧʥʫʶ ʧʣʦʪʥʦʩʪʴ 2-2,5 

ʛ/ʩʤ3.  

ʆʧʳʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩ ʜʚʫʤʷ ʥʝʦʙʣʫʯʝʥʥʳʤʠ ʪʘʙʣʝʪʢʘʤʠ, ʧʦʤʝʱʝʥʥʳʤʠ ʚ  

ʮʠʨʢʦʥʠʝʚʫʶ ʦʙʦʣʦʯʢʫ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʭʦʜ U3O8 ʩʦʩʪʘʚʠʣ 40-60%. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʝʣʠ ʦʧʳʪʳ ʧʦ ʠʩʧʳʪʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʚʦʣʦʢʩʠʜʘʮʠʠ ʥʘ ʥʝʦʙʣʫʯʝʥʥʳʭ 

ʬʨʘʛʤʝʥʪʘʭ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ (ʚʩʪʨʷʭʠʚʘʥʠʷ) ʩ ʯʘʩʪʦʪʦʡ 1 

ʚʩʪʨʷʭʠʚʘʥʠʝ ʚ ʩʝʢʫʥʜʫ.   

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʚʝ ʥʝʦʙʣʫʯʝʥʥʳʝ ʪʘʙʣʝʪʢʠ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʮʠʨʢʦʥʠʝʚʫʶ 

ʦʙʦʣʦʯʢʫ, ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩ ʧʦʣʦʚʠʥʦʡ ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Ñ 30Üʉ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ (ʦʙ. %):  

N2 ï (69·75); O2 ï (17·19); CO2 ï (0·10); H2ʆ ï (4·6) ʧʨʠ ʚʩʪʨʷʭʠʚʘʥʠʠ ʩ ʯʘʩʪʦʪʦʡ 1 ʨʘʟ ʚ ʩʝʢʫʥʜʫ ʠ ʦʙʲʝʤʥʦʡ 

ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʛʘʟʦʚʦʡ ʬʘʟʳ 30 ʦʙʲʝʤʦʚ ʚ ʯʘʩ, ʧʝʨʝʭʦʜʷʪ ʚ ʧʦʨʦʰʦʢ U3O8 ʥʘ 98,9- 99,3%. 

ʇʨʠ ʠʩʢʣʶʯʝʥʠʠ ʠʟ ʠʩʭʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʧʝʨʝʭʦʜʘ ʪʘʙʣʝʪʦʢ UO2 ʚ ʧʦʨʦʰʦʢ U3O8 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 
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ʆʙʝʩʧʝʯʝʥʠʝ ʛʘʨʘʥʪʠʡ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʌɿ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘ ʢʘʞʜʦʤ ʷʜʝʨʥʦʤ ʦʙʲʝʢʪʝ ʩʦʟʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʉʌɿ), ʩʧʦʩʦʙʥʘʷ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʫʛʨʦʟʘʤ ʚ ʦʪʥʦʰʝʥʠʠ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʫʥʢʪʦʚ ʭʨʘʥʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʨʫʰʠʪʝʣʝʡ. 

 ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʉʌɿ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʫʷʟʚʠʤʦʩʪʠ ʦʙʲʝʢʪʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʌɿ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ 

ʫʷʟʚʠʤʦʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠ ʫʷʟʚʠʤʳʝ ʤʝʩʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʯʠʪʳʚʘʶʪʩʷ ʥʘ  ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʌɿ ʩ ʫʯʝʪʦʤ ʦʮʝʥʢʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ ʉʌɿ.  ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʦʭʨʘʥʳ ʦʙʲʝʢʪʘ ʠ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʉʌɿ ʦʙʲʝʢʪʘ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʚʳʙʠʨʘʣʠʩʴ ʵʣʝʤʝʥʪʳ ʠ ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʌɿ. 

ʉʝʛʦʜʥʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʉʌɿ ï ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʜʦʢʫʤʝʥʪʘʮʠʶ. ʅʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʚʳʙʨʘʥ ʢʦʤʧʣʝʢʩ 

nanoCAD.    

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ nanoCAD ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʠʩʪʝʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ nanoCAD ʆʇʉ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ. ɼʘʥʥʳʡ ʨʝʜʘʢʪʦʨ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ ʠ ʦʙʣʘʜʘʝʪ ʙʠʙʣʠʦʪʝʢʦʡ ʛʦʪʦʚʳʭ ʫʩʣʦʚʥʦ-ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʡ.  

ʊʘʢʞʝ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʙʘʟʳ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(çʉʧʝʢʪʨʦʥè, çʈʫʙʝʞè, çɸʨʩʝʥʘʣè ʠ ʜʨʫʛʠʝ).  

ʀʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ nanoCAD ʆʇʉ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʠʣʠ 

ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʚʳʜʝʣʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʚʳʙʦʨʘ 

ʩʪʨʫʢʪʫʨ ʧʦʩʪʨʦʝʥʠʷ ʉʌɿ.  ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  
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ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʥʘ ʤʥʦʛʠʭ ʦʙʲʝʢʪʘʭ. ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʝʨʩʦʥʘʣʴʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʘʨʦʣʝʡ ʠʣʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʧʫʩʢ ʠʣʠ ʧʘʩʧʦʨʪ ʥʝ ʚʩʝʛʜʘ ʦʪʚʝʯʘʶʪ ʧʦʪʨʝʙʥʦʩʪʷʤ ʚ ʦʙʣʘʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʢʘ ʧʘʩʩʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ RFID, ʚ ʢʦʪʦʨʦʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʩʠʩʪʝʤʦʡ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ (ʧʨʠʢʣʘʜʳʚʘʥʠʝʤ ʢʘʨʪʳ ʢ ʩʯʠʪʳʚʘʪʝʣʶ), ʩʯʠʪʳʚʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʨʘʜʠʫʩʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ, ʧʨʠʯʝʤ ʤʝʪʢʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʠʜʥʦʤ ʤʝʩʪʝ, ʦʥʘ ʙʫʜʝʪ ʩʯʠʪʘʥʘ ʠʟ ʯʴʝʛʦ-ʣʠʙʦ ʢʘʨʤʘʥʘ ʠʣʠ ʩʫʤʢʠ.  ʊʘʢʞʝ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʦʧʦʣʥʷʝʪ 

ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʦʪʩʣʝʞʠʚʘʷ ʥʘʨʫʰʠʪʝʣʝʡ, ʧʦʩʝʪʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʧʘʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʧʨʝʜʧʨʠʷʪʠʷ ʙʝʟ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. ɼʘʥʥʫʶ ʩʠʩʪʝʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʶʜʝʡ. 

ʗʨʢʠʡ ʧʨʠʤʝʨ, ʚʳʩʰʝʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ, ʛʜʝ ʧʦʩʪʦʷʥʥʳʝ ʧʦʩʝʪʠʪʝʣʠ ð ʵʪʦ ʩʪʫʜʝʥʪʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʘ ʪʘʢʞʝ 

ʨʘʙʦʪʥʠʢʠ ɺʋɿʘ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʦʡ, ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚ 

ʩʝʙʝ ʥʝʢʫʶ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʢʘʨʪʫ ʦʙʲʝʢʪʘ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘ ʥʝʸ ʦʙʲʝʢʪʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʉʪʫʜʝʥʪʘʤ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʚʳʜʘʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ (RFID-ʤʝʪʢʘ), ʥʘ ʢʦʪʦʨʦʡ ʟʘʥʝʩʝʥʳ ʠʭ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʌʀʆ, 

ʜʘʪʘ ʨʦʞʜʝʥʠʷ, ʥʦʤʝʨ ʛʨʫʧʧʳ ʠ ʪ.ʜ.) ʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣʳ ʩʯʠʪʳʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ 

mailto:Cannavaro74@mail.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʚʭʦʜʝ ʪʝʨʨʠʪʦʨʠʠ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʩʝʪʠʪʝʣʝ ʤʦʤʝʥʪʘʣʴʥʦ ʧʦʩʳʣʘʝʪʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ, ʛʜʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. RFID ʩʯʠʪʳʚʘʥʠʝ ʨʘʙʦʪʘʝʪ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤè ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝʤ, ʢʦʪʦʨʦʝ ͔ͨͪͦ͒ͦ͗͊ͭ͡ ʦʪʩʣʝʞʠʚʘʥʠʝ ʮʝʣʝʡ ʚ ʨʝʞʠʤʝ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʪʤʝʯʘʷ ʧʦʩʝʪʠʪʝʣʷ ʥʘ ʢʘʨʪʝ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʧʨʦʠʟʚʦʜʠʪ 

ʨʘʥʞʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ (ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʨʠʚʳʯʥʦʛʦ ʤʘʨʰʨʫʪʘ ʩʣʝʜʦʚʘʥʠʷ, ʟʘʭʦʜ ʚ ʟʦʥʳ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 

ʠ ʪ.ʜ.).  

 ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʩʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʧʨʦʭʦʜʠʪ ʧʦʩʪʦʨʦʥʥʠʡ ʯʝʣʦʚʝʢ, ʙʝʟ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʪʦ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʠʢʩʠʨʫʝʪ ʥʘʨʫʰʠʪʝʣʷ ʠ ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣ ʥʘ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ. ʉʯʠʪʳʚʘʪʝʣʠ 

ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ.  

  ɺ ʠʪʦʛʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: 

1. ʈʝʛʠʩʪʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʨʝʤʷ ʚʭʦʜʘ ʠʣʠ ʚʳʭʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʫʯʝʙʥʦʛʦ 

ʟʘʚʝʜʝʥʠʷ, ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʪ.ʜ.; 

2. ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʨʘʙʦʪʥʠʢʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ; 

3. ʅʘʩʪʨʦʡʢʘ ʜʦʩʪʫʧʘ ʧʝʨʩʦʥʘʣʘ ɺʋɿʘ ʚ ʦʧʨʝʜʝʣʸʥʥʫʶ ʟʦʥʫ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʨʝʤʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʦʥʝ. 
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ʂʘʯʝʩʪʚʦ ʩʦʟʜʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʉʌɿ) ʷʜʝʨʥʦʛʦ ʦʙʲʝʢʪʘ (ʗʆ) 

ʜʦʣʞʥʦ ʧʦʜʪʚʝʨʞʜʘʪʴʩʷ ʝʸ ʦʮʝʥʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʆʕ) [1]. ʆʕ ʉʌɿ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

(ʫʯʝʥʠʷ), ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʌɿ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʗʆ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʉʌɿ ʩ ʫʯʝʪʦʤ ʢʨʠʪʝʨʠʷ 

çʵʬʬʝʢʪʠʚʥʦʩʪʴ-ʩʪʦʠʤʦʩʪʴè. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʆʕ ʉʌɿ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʆʕ ʉʌɿ, ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʦʡ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ 

ʧʦʜʭʦʜʦʚ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ ʠ ʥʘʛʣʷʜʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ [2]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʟʘʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʆʕ ʉʌɿ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʆʕ ʉʌɿ ʚ ʥʘʩʪʦʷʱʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʨʠʥʠʤʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʉʌɿ ʧʨʝʩʝʯʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʥʘʨʫʰʠʪʝʣʷ. 

ʆʕ ʉʌɿ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʜʥʦʦʙʨʘʟʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʆʕ ʉʌɿ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʦʙ ʫʯʸʪʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʗʆ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʠ ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʆʕ ʉʌɿ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʸʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

[3]. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʤʝʪʦʜʠʢʠ 

ʧʨʦʚʝʜʝʥʠʷ ʆʕ ʉʌɿ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ 

ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʨʫʰʠʪʝʣʝʤ ʨʝʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʢʦʤʧʣʝʢʩʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʌɿ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʨʘʚʠʣʘ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʫʥʢʪʦʚ ʭʨʘʥʝʥʠʷ ʷʜʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʋʪʚʝʨʞʜʝʥʳ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 19 ʠʶʣʷ 2007 ʛ. ˉ 456. 

2. ɹʦʷʨʠʥʮʝʚ ɸ.ɺ. ʇʨʦʙʣʝʤʳ ʘʥʪʠʪʝʨʨʦʨʠʟʤʘ: ʫʛʨʦʟʳ ʠ ʤʦʜʝʣʠ ʥʘʨʫʰʠʪʝʣʝʡ / ɸ.ɺ. ɹʦʷʨʠʥʮʝʚ, ɸ.ɻ. ɿʫʝʚ, ɸ.ɺ. 
ʅʠʯʠʢʦʚ. ï ʉʇʙ.: ɿɸʆ ʅʇʇ çʀʉʊɸ-ʉʠʩʪʝʤʩè, 2008. ï 220 ʩ. 

3. ɻʘʨʩʠʘ ʄ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʩʠʩʪʝʤ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ / ʇʝʨ. ʩ ʘʥʛʣ. ɺ.ʀ. ɺʦʨʦʧʘʝʚʘ, ɽ.ɽ. ɿʫʜʠʥʘ ʠ 
ʜʨ.ï ʄ.: ʄʠʨ, ɸʉʊ, 2002. ï 386 ʩ. 

 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʆɻʈɽʐʅʆʉʊʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʇʈʆɻʈɸʄʄʓ ʂɸʃʀɹʈʆɺʂʀ 

ʇʆ ʕʌʌɽʂʊʀɺʅʆʉʊʀ LABSOCS 

ʊ.ɻ. ʅʠʢʠʰʢʠʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 
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ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʘʥʘʣʠʟʘ 

ʷʜʝʨʥʳʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʛʝʨʤʘʥʠʝʚʳʝ 

ʜʝʪʝʢʪʦʨʳ. ʅʦ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʚʥʝʰʥʠʡ ʩʣʦʡ ʜʝʪʝʢʪʦʨʘ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʜʝʪʝʢʪʦʨ ʤʝʥʷʝʪ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝʥʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʜʝʪʝʢʪʦʨʦʤ. 

ʂʘʣʠʙʨʦʚʢʘ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ LabSOCS ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ 

ʧʨʦʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʛʘʤʤʘ-ʘʥʘʣʠʟ. ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ LabSOCS ʦʩʥʦʚʘʥ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʝʪʝʢʪʦʨʘ, ʦʧʠʩʳʚʘʶʱʝʡ ʬʫʥʢʮʠʶ ʧʨʦʬʠʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʜʝʪʝʢʪʦʨʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʛʨʘʤʤʳ ʢʘʣʠʙʨʦʚʢʠ 

LabSOCS, ʩʦʟʜʘʥʥʦʡ 17 ʠʶʥʷ 2007 ʛʦʜʘ ʜʣʷ ʜʝʪʝʢʪʦʨʘ ʠʟ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʛʝʨʤʘʥʠʷ GC1518 ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ 

Canberra ʥʘ 2015 ʛʦʜ. 

ɼʝʪʝʢʪʦʨ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʛʝʨʤʘʥʠʷ. ʇʦʚʝʨʭʥʦʩʪʴ ʛʝʨʤʘʥʠʷ ʚʩʝʛʜʘ ʦʢʠʩʣʝʥʘ. ʇʨʠ ʵʪʦʤ, 

ʦʢʠʩʥʳʝ ʧʣʸʥʢʠ ʥʘ ʛʝʨʤʘʥʠʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʤʝʶʪ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʜʚʝʨʞʝʥʳ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ, ʢʦʪʦʨʳʝ, ʘʜʩʦʨʙʠʨʫʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʨʤʘʥʠʷ, ʩʦʟʜʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʚ ʚʠʜʝ ʣʦʚʫʰʝʢ ʟʘʨʷʜʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʠʟʤʝʨʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʘʥʳ ʠʭ ʩʧʝʢʪʨʳ 

ʧʦ ʠʤʝʶʱʝʡʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʝʪʝʢʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ 

ʠʩʪʠʥʥʳʭ ʧʘʩʧʦʨʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʡ 

mailto:timofei.nikishkin@gmail.com


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 6. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 
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ʬʫʥʢʮʠʠ ʧʨʦʬʠʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʠʦʥʠʟʠʨʫʶʱʝʝ 

ʠʟʣʫʯʝʥʠʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʜʝʪʝʢʪʦʨʦʤ ʩʚʦʠʭ ʩʚʦʡʩʪʚ ʩ ʪʦʛʦ ʤʦʤʝʥʪʘ ʢʘʢ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʪʝʢʪʦʨʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʝʛʦ ʘʢʪʫʘʣʴʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʪʚʝʯʘʶʱʫʶ ʨʝʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʧʨʦʬʠʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʦʡʢʦ ɺ.ʀ., ʉʠʣʘʝʚ ʄ.ɽ. ʄʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʷʜʝʨʥʳʭ ʠ ʜʨʫʛʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ï 

ʄ.: ʄʅʊʎ, 2011. ï 356 ʩ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʦʟʠʤʝʪʨʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ 

ʧʦʩʪʫʧʣʝʥʠʷʤʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʠ 

ʭʘʨʘʢʪʝʨ ʧʦʩʪʫʧʣʝʥʠʷ. ʅʝʜʦʩʪʘʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʪʘʢ ʠ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʣʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʦʧʳʪ ɸʆ çʉʍʂè ʚ 

ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʩʦʪʨʫʜʥʠʢʦʚ. ɼʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʶ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʧʠʩʘʥ ʤʝʪʦʜ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʥʝʚʦʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ.  

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʥʝʚʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʧʦʟʚʦʣʠʣ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʢʦʞʥʳʭ ʧʦʢʨʦʚʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʜʝʣʘʥʥʦʡ 

ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʦʚʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʝʨʩʦʥʘʣʘ çʢʨʠʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳè ʥʘ ʥʘʣʠʯʠʝ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʤʷʛʢʠʭ ʪʢʘʥʷʭ ʢʠʩʪʝʡ ʨʫʢ; 

¶ ʚʳʷʚʣʝʥʠʝ ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʝʚ ʨʘʥʝʚʦʛʦ ʠʣʠ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʢʦʛʜʘ ʨʘʙʦʪʥʠʢ ʥʝ ʟʥʘʝʪ ʦ ʬʘʢʪʝ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʦʨʛʘʥʠʟʤ; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʧʝʨʠʦʜʘ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʠ ʨʘʥʝʚʦʛʦ ʠʣʠ ʦʩʪʨʦʛʦ ʠʥʛʘʣʷʮʠʦʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʜʦʟʦʚʫʶ ʥʘʛʨʫʟʢʫ ʨʘʙʦʪʥʠʢʘ; 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʘ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1-2 ʤʤ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ 

ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʡ ʧʦ ʠʩʩʝʯʝʥʠʶ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʚʝʜʝʥʦ ʧʣʘʥʦʚʦʝ ʝʞʝʢʚʘʨʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʥʠʢʦʚ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʬʝʩʩʠʡ ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʉʍʂè. 
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ɿʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʗʊʎ ʥʘʢʦʧʣʝʥʦ ʠ ʨʘʟʤʝʱʝʥʦ 

ʚ ʙʘʩʩʝʡʥʘʭ-ʭʨʘʥʠʣʠʱʘʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɾʈʆ), ʥʘ ʜʥʝ ʢʦʪʦʨʳʭ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (ʀʃʆ), ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʞʝʣʝʟʦ (3õ17%), 

ʢʨʝʤʥʠʡ (2,8õ8,5%), ʢʘʣʴʮʠʡ (0,2õ3,2%), ʤʘʛʥʠʡ (1õ2,8%), ʥʘʪʨʠʡ (0,7õ1,9%), ʬʦʩʬʦʨ (0,1õ0,9%) ʠ ʜʨ. [1] 

ʀʟʚʝʩʪʥʳ ʩʦʨʙʮʠʦʥʥʳʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʀʃʆ [2]. ɼʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚ ʠ ʀʃʆ, ʧʝʨʝʚʦʜʘ ʠʭ ʚ ʫʩʪʦʡʯʠʚʳʝ ʬʦʨʤʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʩʪʝʢʣʦʧʦʜʦʙʥʳʭ ʤʘʪʨʠʮ [3]. ʀʭ ʦʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʀʃʆ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʀʃʆ ʚ ʚʠʜʝ ʤʦʜʝʣʴʥʳʭ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ (ɺʆʂ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʀʃʆ: 

¶ ʫʪʠʣʠʟʘʮʠʷ ʀʃʆ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ɺʏʌ-ʨʘʟʨʷʜʘ ʚ ʚʠʜʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʛʦʨʶʯʠʭ ɺʆʂ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʦʩʣʝ çʤʦʢʨʦʡè ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʚʦʜʥʳʭ ʩʫʩʧʝʥʟʠʡ ʪʚʝʨʜʳʝ ʜʠʩʧʝʨʩʥʳʝ ʧʨʦʜʫʢʪʳ (ʊɼʇ), 

ʚʢʣʶʯʘʶʱʠʭ ʤʘʛʥʠʪʥʫʶ ʦʢʠʩʴ ʞʝʣʝʟʘ; 

¶ ʤʘʛʥʠʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʊɼʇ ʠʟ ʚʦʜʥʳʭ ʩʫʩʧʝʥʟʠʡ; 

¶ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʊɼʇ ʚ ʨʘʩʧʣʘʚʘʭ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʩʪʦʡʢʠʭ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

(NaCl, KCl), ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʳ ɺʏʌ-ʨʘʟʨʷʜʘ; 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʝʥʥʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʙʘʩʩʝʡʥʦʚ-ʭʨʘʥʠʣʠʱ ɾʈʆ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʦʪʭʦʜʦʚ 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ (ʗʆ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʙʝʟ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ ʬʠʟʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ (ʉʌɿ) ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʘʥʦʚʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʟʘʧʨʝʱʝʥʘ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʦʭʨʘʥʳ ʷʜʝʨʥʦʛʦ ʦʙʲʝʢʪʘ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʠʦʙʲʝʢʪʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʜʦʩʪʫʧʘ ʨʘʙʦʪʥʠʢʦʚ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʰʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ (ʉʂʋɼ). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʩʪʫʧʦʤ ʥʘ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʉʂʋɼ ʥʘ ʗʆ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʧʝʨʩʦʥʘʣʘ 

ʦʙʲʝʢʪʘ, ʧʦʩʝʪʠʪʝʣʝʡ, ʢʦʤʘʥʜʠʨʦʚʘʥʥʳʭ ʣʠʮ ʠ ʪʨʘʥʩʧʦʨʪʘ ʚ ʧʦʤʝʱʝʥʠʷ, ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʟʦʥʳ ʠ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʦʙʲʝʢʪʝ ʨʝʞʠʤʥʦ-ʧʨʘʚʦʚʦʡ ʩʨʝʜʦʡ. ɺ ʩʦʩʪʘʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʉʂʋɼ ʚʭʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʙʲʝʢʪʝ ʧʨʦʮʝʜʫʨʳ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʥʘ ʦʙʲʝʢʪ ʠʣʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʯʘʩʪʠ ʣʠʮ, 

ʠʤʝʶʱʠʭ ʧʨʘʚʦ ʜʦʩʪʫʧʘ, ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ, ʝʩʣʠ ʪʘʢʦʛʦ ʧʨʘʚʘ ʥʝʪ [1]. 

ʉʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʉʂʋɼ ʩʠʩʪʝʤʳ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʷʚʣʷʶʪʩʷ: 

¶ ʩʝʪʴ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʡ ʦʙʩʪʘʥʦʚʢʠ ʩʦ ʚʩʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

¶ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʜʝʡʩʪʚʦʚʘʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʣʠʙʦ ʧʦ ʢʦʤʘʥʜʝ ʦʧʝʨʘʪʦʨʘ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʭʦʜʘ; 

¶ ʩʨʝʜʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʧʝʨʘʪʦʨʳ ʚ ʧʨʝʜʝʣʘʭ ʩʚʦʠʭ 

ʧʦʣʥʦʤʦʯʠʡ ʤʦʛʫʪ ʩʣʝʜʠʪʴ ʟʘ ʨʘʙʦʪʦʡ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʚʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ; 

¶ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʚʝʜʝʥʠʷ ʩ ʵʣʝʢʪʨʦʥʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʩʯʠʪʳʚʘʪʝʣʝʡ, ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʩʦʭʨʘʥʷʶʱʘʷ ʜʘʥʥʳʝ ʩʚʝʜʝʥʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ ʩ ʥʠʤʠ; 

¶ ʩʨʝʜʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʦʧʨʦʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʂʋɼ ʥʘ ʗʆ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʬʠʟʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ. ɺʳʜʝʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʉʂʋɼ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʘʚʠʣʘ ʜʚʫʭ ʣʠʮ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ. 
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ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʥʘ ʷʜʝʨʥʦʤ ʦʙʲʝʢʪʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ çʢʦʤʧʣʝʢʩ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝè ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʠʚʝʨʩʠʡ ʠʣʠ ʭʠʱʝʥʠʡ ʚ 

ʦʪʥʦʰʝʥʠʠ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʫʥʢʪʦʚ ʭʨʘʥʝʥʠʷ [1]. ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʉʌɿ ʷʚʣʷʝʪʩʷ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʷʤ 

ʥʘʨʫʰʠʪʝʣʷ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʌɿ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʠʥʦʣʦʛʠʠ ʢʦʥʬʣʠʢʪʦʣʦʛʠʠ. ʇʦʜ ʢʦʥʬʣʠʢʪʦʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ 

ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ ʚ ʩʠʩʪʝʤʝ çʥʘʨʫʰʠʪʝʣʴ-ʉʌɿè. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʌɿ, ʥʘʧʨʠʤʝʨ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ 

ʫʛʨʦʟʳ ʦʪ ʵʪʘʧʦʚ (ʢʦʥʬʣʠʢʪʘ) ʜʝʡʩʪʚʠʡ ʥʘʨʫʰʠʪʝʣʷ, ʦʧʠʩʳʚʘʝʤʳʭ ʚʨʝʤʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ [3, 4]. ʇʨʠʤʝʨ 

ʪʘʢʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʘʞʜʳʡ ʠʟ ʫʯʘʩʪʢʦʚ ʥʘ ʛʨʘʬʠʢʝ ʠʤʝʝʪ ʩʚʦʡ ʫʛʦʣ ʥʘʢʣʦʥʘ. ʆʧʨʝʜʝʣʠʚ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʫʛʨʦʟʳ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʩʣʝʜʦʚʘʥʠʷ 

ʥʘʨʫʰʠʪʝʣʷ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʫʜʝʪ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 
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ʇʦʯʝʤʫ ʪʘʢ ʚʘʞʥʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʥʘʰʝ ʚʨʝʤʷ? ʏʝʨʝʜʘ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ ʠ ʫʛʨʦʟʘ ʤʠʨʥʳʤ ʞʠʪʝʣʷʤ, ʚʚʠʜʫ ʩʝʛʦʜʥʷʰʥʝʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ ʧʦʣʠʪʠʯʝʩʢʦʡ ʘʨʝʥʝ 

ʚ ʪʦʤ ʯʠʩʣʝ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʘʩʧʝʢʪʦʚ ʚ ʦʪʚʝʪʝ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦʙ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ, 

ʥʦ ʚʩʝ ʞʝ ʚʝʨʦʷʪʥʳʭ ʘʚʘʨʠʷʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʘʢ ʟʥʘʯʠʤʦ ʧʝʨʝʚʝʩʪʠ ʧʨʦʮʝʩʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʞʠʤ, ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ 

ʥʝʜʦʩʷʛʘʝʤʳʡ ʩʦ ʩʪʦʨʦʥʳ ʜʠʚʝʨʩʠʡ ʠ ʭʠʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʦʪ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟ. 

ʈʘʩʩʤʦʪʨʝʚ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʵʪʠʭ ʟʘʜʘʯ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʘʤʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʷʚʣʷʶʱʝʡʩʷ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʢʦʪʣʦʤ ʘʪʦʤʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʛʝʨʝʥʪʥʳʡ ʝʤʫ ʷʜʝʨʥʳʡ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 

ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ɹʈɽʉʊ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʯʠʪʘʶʱʝʡʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʝʟʦʧʘʩʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʩʦʟʜʘʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ, ʥʘʛʣʷʜʥʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ 

ʪʠʧʘ ʨʝʘʢʪʦʨʦʚ. ʈʝʘʢʪʦʨ ʨʘʙʦʪʘʝʪ ʚ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʤ ʟʘʤʢʥʫʪʦʤ ʮʠʢʣʝ ʚ ʨʝʞʠʤʝ ʯʘʩʪʠʯʥʳʭ ʝʞʝʛʦʜʥʳʭ 

ʧʝʨʝʛʨʫʟʦʢ ʪʦʧʣʠʚʘ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʷʭ ʨʝʘʢʪʠʚʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʟʘ ʵʥʝʨʛʦʚʳʨʘʙʦʪʢʫ ʚ 

ʤʝʞʧʝʨʝʛʨʫʟʦʯʥʳʡ ʠʥʪʝʨʚʘʣ, ʧʦʩʢʦʣʴʢʫ ʧʦʛʣʦʱʝʥʠʝ ʥʝʡʪʨʦʥʦʚ ʧʨʦʜʫʢʪʘʤʠ ʜʝʣʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʩʥʠʞʝʥʠʝʤ ʠʭ ʟʘʭʚʘʪʘ ʥʘ 238U ʠ ʥʝʙʦʣʴʰʠʤ ʧʨʠʨʘʱʝʥʠʝʤ ʠʭ ʛʝʥʝʨʘʮʠʠ ʥʘ ʧʣʫʪʦʥʠʠ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ çɽʩʪʝʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ï ʪʝʨʤʠʥʘ, 

ʚʚʝʜʸʥʥʦʛʦ ʚ ʰʠʨʦʢʠʡ ʦʙʠʭʦʜ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʨʫʛʘʭ ɺ.ɺ.ʆʨʣʦʚʳʤ ʠ ɽ.ʆ.ɸʜʘʤʦʚʳʤ, ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ 

ʧʦʧʫʣʷʨʠʟʘʪʦʨʘʤʠ ʧʨʦʝʢʪʘ ɹʈɽʉʊ. ʇʦʜ ʵʪʠʤ ʧʦʥʷʪʠʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʷʜʝʨʥʘʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʟʘ ʩʯʸʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʪʢʘʟʘ ʦʪ ʣʶʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʧʨʦʝʢʪʥʳʤʠ ʠ 

ʟʘʧʨʦʝʢʪʥʳʤʠ ʘʚʘʨʠʷʤʠ, ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʟʘʢʦʥʦʚ ʠ ʩʚʦʡʩʪʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʫʙʝʜʠʪʝʣʴʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʚ ʧʨʦʝʢʪʝ ɹʈɽʉʊ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʘʤ ʨʝʘʢʪʦʨ ʠ ʝʛʦ ʪʦʧʣʠʚʦ ʙʫʜʫʪ ʥʘʩʪʦʣʴʢʦ ʙʝʟʦʧʘʩʥʳʤʠ, ʯʪʦ ʥʝ 

ʧʦʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʨʦʤʦʟʜʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩʠʩʪʝʤ ʠ ʘʚʪʦʤʘʪʠʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʧʦʚʣʝʯʸʪ ʫʧʨʦʱʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʫʜʝʰʝʚʣʝʥʠʝ ɸʕʉ [2]. 
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ɸʚʠʘʢʨʫʰʝʥʠʷ, ʘʚʘʨʠʠ ʥʘ ʟʘʚʦʜʘʭ ʠ ʜʘʞʝ ʢʘʪʘʩʪʨʦʬʘ ʤʠʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʥʘ ʌʫʢʫʩʠʤʝ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ 

ʤʘʣʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʠ ʠʭ ʙʝʟʦʧʘʩʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ. ʈʝʟʢʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʜʫʙʣʠʨʦʚʘʥʠʝ ʧʦʜʩʠʩʪʝʤ, ʦʰʠʙʢʠ ʤʦʥʪʘʞʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʥʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ, ʵʢʩʪʨʝʥʥʳʝ ʩʠʪʫʘʮʠʠ (ʧʦʞʘʨ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʥʘʚʦʜʥʝʥʠʝ ʠ ʧʨʦʯʝʝ), 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʪʘʢ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ ʝʞʝʤʠʥʫʪʥʦ ʩʪʘʚʷʪ ʧʦʜ ʫʛʨʦʟʫ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʦʣʥʦʮʝʥʥʦ ʠ ʠʩʧʨʘʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʪʢʘʟʘ 

ʧʦ ʦʙʱʠʤ ʧʨʠʯʠʥʘʤ, ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʦʪʢʘʟʦʚ ʩʠʩʪʝʤ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʪʚʝʯʘʶʱʠʭ 

ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʆʪʢʘʟʳ ʧʦ ʦʙʱʝʡ ʧʨʠʯʠʥʝ (ʆʆʇ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʳʝ ʦʪʢʘʟʳ ʛʨʫʧʧʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʣʠ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ (ʪ.ʝ. ʧʦʯʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ), ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʦʜʥʦʡ ʦʙʱʝʡ ʧʨʠʯʠʥʳ (ʥʘʧʨʠʤʝʨ, ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʘʪʦʧʣʝʥʠʝ ʧʦʤʝʱʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨ.). ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʟʥʘʥʥʦʛʦ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Risk Spectrum 

PSA, - ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʩʨʘʟʫ ʜʚʝ ʠ ʙʦʣʝʝ ʧʨʠʯʠʥ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʪʘʢʠʝ ʩʦʙʳʪʠʷ 

ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ ʜʦʣʶ ʚ ʦʙʱʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʣʴʬʘ- ʠ ʙʝʪʘ-ʬʘʢʪʦʨ ʤʝʪʦʜʳ  

ʆʆʇ. ɹʝʪʘ ï ʬʘʢʪʦʨ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʨʠ ʆʆʇ ʩʨʘʟʫ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʛʨʫʧʧʳ ʩʦʚʝʨʰʘʪ ʦʪʢʘʟ, ʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ɸʣʴʬʘ ï ʬʘʢʪʦʨ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʯʠʪʳʚʘʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʛʨʫʧʧʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, 

ʧʨʠʥʮʠʧʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʘʢ ʜʘʣʝʝ. ʆʜʥʘʢʦ ʦʙʘ ʤʝʪʦʜʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʫʯʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  
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ʉ ʨʦʩʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ ʚʩʝ ʦʩʪʨʝʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʧʳʪ ʧʨʦʰʣʳʭ ʩʪʦʣʝʪʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʥʦ ʠ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʨʘʥʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʷʜʝʨʥʫʶ ʵʥʝʨʛʝʪʠʢʫ, ʥʘʢʦʧʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʢʪʦʨʥʦʛʦ ʧʣʫʪʦʥʠʷ ʚ ʩʦʩʪʘʚʝ ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʟʘʧʘʩʳ ʦʨʫʞʝʡʥʦʛʦ ʧʣʫʪʦʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʦʨʫʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩʳ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʥʘʰʠ ʜʥʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʣʫʯʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ 

ʥʠʪʨʠʜʥʦʛʦ ʪʦʧʣʠʚʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʨʝʛʝʥʝʨʘʮʠʠ ʪʦʧʣʠʚʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʞʠʤʘ 

ʷʜʝʨʥʦʛʦ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ ʥʠʪʨʠʜʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʷʜʝʨʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʚʳʩʚʦʙʦʞʜʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʦʨʫʞʝʥʠʷ ʦʨʫʞʝʡʥʳʡ ʧʣʫʪʦʥʠʡ, ʘ ʪʘʢʞʝ 

ʥʘʢʦʧʣʝʥʥʦʝ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ ʦʪʨʘʙʦʪʘʚʰʝʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ [1]. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ ʚ ʷʜʝʨʥʦʤ ʪʦʧʣʠʚʥʦʤ ʮʠʢʣʝ ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʦʙʱʝʡ ʚʝʣʠʯʠʥʳ ʟʘʧʘʩʦʚ 

ʦʙʣʫʯʝʥʥʳʭ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʠʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʛʝʥʝʨʘʮʠʠ ʪʦʧʣʠʚʘ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʨʘʙʦʪʢʫ ʪʦʧʣʠʚʘ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ [2,3]. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʚ 

ʧʨʠʩʪʘʥʮʠʦʥʥʦʤ ʷʜʝʨʥʦʤ ʪʦʧʣʠʚʥʦʤ ʮʠʢʣʝ ʠʩʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʷʜʝʨʥʦʤ ʦʙʲʝʢʪʝ.   
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ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʤʦʞʥʳʤ ʧʨʠʯʠʥʝʥʠʝʤ ʚʨʝʜʘ 

ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʝʛʦ ʨʘʟʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʪʯʫʞʜʝʥʠʷ ʟʝʤʝʣʴ 

ʩ/ʭ -ʥʘʟʥʘʯʝʥʠʷ ʧʨʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʚʳʙʨʦʩʝ ʚ ʩʣʫʯʘʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʘʚʘʨʠʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʟʥʘʯʝʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʘ: 

ñ=
G

G rprhrdH )()(
CCC

,                                                               (1) 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘ ʬʫʥʢʮʠʷʭ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʧʘʩʥʦʛʦ ʬʘʢʪʦʨʘ 

(ʥʘʧʨʠʤʝʨ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʚʳʙʨʦʩʘ) ½ )(rh
C

; ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ½ )(rp
C
, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ G.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʦʮʝʥʦʢ [1], ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʧʘʩʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ r ʦʪ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

prQrh -Ö=)(  ,                                                                     (2) 

ʛʜʝ Q ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʚʳʙʨʦʩʘ; p ï ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʠ (p > 1 ),  ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʘʩʥʦʛʦ ʬʘʢʪʦʨʘ.  

ɼʣʷ ʥʘʰʠʭ ʦʮʝʥʦʢ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʦʯʝʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ 

ʚ ʚʠʜʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ (ʨʠʩ.1ʘ). ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ (1) ʥʘ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʝ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʢʞʝ ʥʘ ʨʠʩ.1ʙ. 

 

                                          ʘ)                                                                    ʙ) 

ʈʠʩʫʥʦʢ 1 - ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ (ʘ) ʠ ʩʭʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ ʢʘʨʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ (ʙ). 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ - ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʫʛʨʦʟʳ ʥʘʩʝʣʝʥʠʶ, ʢʦʪʦʨʫʶ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 
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ʊʝʭʥʦʣʦʛʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʩʣʦʞʥʘ ʠ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʘʫʯʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʦʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʘ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʠ ʪʨʝʙʫʝʪ ʩʘʤʳʭ ʧʝʨʝʜʦʚʳʭ ʠ ʭʦʨʦʰʦ ʧʨʦʜʫʤʘʥʥʳʭ ʜʝʡʩʪʚʠʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʘʚʘʨʠʡ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʠ ʥʦʚʘʪʦʨʩʢʠʭ 

ʠʜʝʡ ʫʣʫʯʰʝʥʠʷ ʫʨʦʚʥʷ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠ ʛʘʨʘʥʪʠʡ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʜʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʜʘʣʝʝ ʛʘʨʘʥʪʠʠ).[1] ʕʪʠ ʵʣʝʤʝʥʪʳ ʩʦʟʜʘʶʪ ʩʪʘʙʠʣʴʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʠʨʥʳʭ ʮʝʣʷʭ 

ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ ʵʪʠʭ ʪʨʝʭ, ʜʦʧʦʣʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʩʠʩʪʝʤ ʠ ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʨʤʠʥʘ ʩʠʥʝʨʛʠʷ. 

ʇʨʦʮʝʩʩ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʝʨʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ: ʝʩʣʠ ʜʝʡʩʪʚʠʝ ʦʜʥʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ 

ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʜʨʫʛʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʞʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʨʷʜ ʧʦʜʩʠʩʪʝʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ.[2,3] 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʥʝʨʛʠʠ (ʷʜʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʬʠʟʠʯʝʩʢʘʷ ʟʘʱʠʪʘ, 

ʛʘʨʘʥʪʠʠ), ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʢʘʞʜʦʡ ʠʟ 3S, ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʠʩʢ ʠʜʝʥʪʠʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʠʷ ʟʘʜʘʯ ʠʟ ʢʘʞʜʦʡ S, ʦʧʠʩʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ 

ʩʠʥʝʨʛʠʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʟʘ ʩʯʸʪ ʫʥʠʬʠʢʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʠʮʠʘʪʠʚʘ ʩʦʟʜʘʥʠʷ ʩʠʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʩʠʥʝʨʛʠʠ ʩ ʨʝʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʗʊʎ ʈʦʩʩʠʠ. 

ʇʦʪʝʥʮʠʘʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʝʨʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʝʦʨʠʠ ʠ 

ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʥʘ ʜʦʩʪʦʡʥʦʤ ʫʨʦʚʥʝ, ʪʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʩʠʣʷʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʮʠʠ ʚ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ.  
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ʋʇʈɸɺʃɽʅʀɽ ʗɼɽʈʅʓʄʀ ɿʅɸʅʀʗʄʀ ɺ ʋʅʀɺɽʈʉʀʊɽʊɸʍ. ʇʈʀʄɽʈ ʅɸʎʀʆʅɸʃʔʅʆɻʆ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ ʷʜʝʨʥʳʭ ʟʥʘʥʠʡ. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ɸʛʝʥʪʩʪʚʦ ɸʪʦʤʥʦʡ ʕʥʝʨʛʠʠ ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʷʜʝʨʥʳʤ ʟʥʘʥʠʷʤ: ʵʪʦ ʟʥʘʥʠʷ ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʠʭ 

ʩʧʝʮʠʬʠʢʘ. ʇʦʵʪʦʤʫ ʩʪʦʨʦʥʳ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʚ ʷʜʝʨʥʳʭ ʟʥʘʥʠʷʭ, ʪʘʢʠʝ ʢʘʢ ʧʨʘʚʠʪʝʣʴʩʪʚʦ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʘʯʘʣʠ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʷʜʝʨʥʳʤʠ ʟʥʘʥʠʷʤʠ. 

ʊʘʢʞʝ ʦʜʥʦʡ ʠʟ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʷʚʣʷʶʪʩʷ ʚʳʩʰʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʷʜʝʨʥʳʤʠ 

ʟʥʘʥʠʷʤʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʪʘʢ ʞʝ ʚʘʞʥʦ, ʢʘʢ ʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʄɸɻɸʊʕ ʫʞʝ ʚʝʜʝʪ ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʨʘʟʚʠʪʠʠ ʫʧʨʘʚʣʝʥʠʷ ʷʜʝʨʥʳʤʠ ʟʥʘʥʠʷʤʠ  ʜʣʷ R&D project managers and other workers from nuclear R&D 

organization. (ʕʪʦ ʷ ʙʨʘʣʘ ʠʟ ʘʥʛʣ ʪʝʢʩʪʘ). ɼʘʥʥʳʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʨʘʞʝʥ ʚ ʧʫʙʣʠʢʘʮʠʠ ʄɸɻɸʊʕ 

ñKnowledge Management for Nuclear Research and Development Organizationsò . ɺ ʥʝʤ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʪʘʢʠʝ 

ʘʩʧʝʢʪʳ ʢʘʢ ʧʝʨʝʜʘʯʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʟʥʘʥʠʡ, ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ,  ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʢʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ  ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ.  

ʈʘʟʚʠʪʠʝ ʫʧʨʘʚʣʝʥʠʷ ʷʜʝʨʥʳʤʠ ʟʥʘʥʠʷʤʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ  ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤʫ ʦʧʳʪʫ,  ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʘʟʚʠʪʠʠ ʷʜʝʨʥʳʭ ʥʘʚʳʢʦʚ, 

ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʙʝʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʠ.  

ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʴʰʦʤʫ ʧʨʦʛʨʝʩʩʫ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʧʨʦʝʢʪʝ ʂʘʥʪʠʯ, ʂʘʥʘʜʘ. ʂʘʥʪʠʯ ʵʪʦ ʭʨʘʥʠʣʠʱʝ ʟʥʘʥʠʡ, 

ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʷʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ CANDU. ʕʪʘ ʩʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʧʨʦʝʢʪ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ, ʤʝʪʦʜʘʭ ʠ ʩʪʨʫʢʪʫʨʝ ʧʨʦʝʢʪʘ ʂʘʥʪʠʯ. 

ɺ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ(IT technology) ʫʧʨʘʚʣʝʥʠʷ ʷʜʝʨʥʳʤʠ 

ʟʥʘʥʠʷʤʠ ʚ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 
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Organic light-emitting diode is the main component of the Organic Light-Emitting Diode Technology, or 

abbreviated OLED. This technology is young but very promising in the field of construction of display devices. The 

main difference from other LEDs is that, made of organic compounds, they conduct an electric current capable of 

emitting visible light. This is related to their special features and capabilities. So the purpose of this work is to study 

existing methods of obtaining OLEDs and to compare OLED technology with other LED technologies.  

 
Picture 1. Two-layer scheme OLED 

OLED consists of the following elements: 

¶ substrates (plastic, glass, foil); 

¶ the cathode which injects electrons into the emitting layer when current flows;  

¶ layers of organic materials, one of which holds a hole injecting anode, and the second - electron 

injecting cathode, radiative recombination of charge carriers happens in the second layer;  

¶ transparent anode which injects holes when the current flows through it.  

The physical principle of generating light emission OLED based on the phenomenon of electroluminescence in 

organic low molecular weight compounds and polymers. 

This paper contains the study of the basic advantageous properties of OLEDs and a comparative analysis of 

OLEDs and other types of diodes. The main advantages of OLED are small size, weight, lower power consumption, the 

ability to create very thin flexible displays with high resolution. 
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Wireless technologies have received the massive development and have become part of business and everyday 

life. On basis of these technologies can create Internet access points and wireless local area networks (WLAN). 

Currently WLAN are wide used in most companies, enterprises scientific centers, and universities. Information is 

strategic assets of organizations, and network malfunctions, data interception can lead to negative consequences: loss of 

time, money, and reputation... Therefore, the security of WLAN is an actual problem. 

Objective of research is to review of existing methods for ensuring security for wireless networks, their 

weaknesses and threats. To achieve the objective need to complete the following tasks: review of existing methods of 

wireless security networks, review of their vulnerabilities and identify existing threats. 

WLAN operates according to the standard IEEE 802.11 (Institute of Electrical and Electronics Engineers), 

which is created for communication in a wireless local area. To protect against attackers in the standard IEEE 802.11 

protocol provides a range of security measures: for example, authentication, encryption of traffic, MAC-address 

filtering and restricting access. 

Wireless networks can be protected by the following technologies: open mode (not used any encryption or 

authentication), WEP (Wired Equivalent Privacy) and WPA/WPA2 (Wi-Fi Protected Access). An overview of WLAN 

security technologies is presented in Table 1. 

Table 1. Overview of WLAN security technologies 

Mode Attack techniques Elapsed time 
Computing 

resources 
Places of use networks 

WEP Exhaustive key search, social 

engineering, unauthorized 

access to equipment 

From several 

minutes to 

several hours 

A personal 

computer 

Public places, residential 

space, business space 

WPA/ 

WPA2 

Exhaustive key search, 

encryption exploits, social 

engineering, unauthorized 

access to equipment 

From several 

hours to 

several days 

A personal 

computer, 

a supercomputer  

Residential space, 

business space 

 

Despite the use of different security methods there are serious threats of the use of wireless networks. The 

method of hacking the WPA key for 12-15 minutes was demonstrated [1]. This method was improved [2] and as a 

result, the execution time of proposed attack method becomes about one minute.  

Practical recommendations how to protect wireless networks and reduce the risk of data interception will be 

presented in our oral report. 
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Annotation: This article describes a device, which allows to control various elements using sound signals of 

different tones remotely. Its possible application are also described in various control systems.  

Key words: sound, acoustics, distance, control, management, efficiency, simplicity, cheapness 

Objectives  

Acoustic switch is a simple and inexpensive device. One of the main advantages of the device is cheapness, it 

does not require any expensive microcontroller or other components. Also one argument in support of this device is the 

simplicity of management, for example: one clap of hand, and we open the door, two clap of hand blinds open. 

Especially it can be useful in a hospital where patients are forbidden to stand up, for example, if a patient needs to turn 

on the light at night 

Discussion 

The microphone amplifier is assembled on two KT315 transistors, but KT368 transistors or foreign analogues 

are desirable to use to increase the sensitivity of the microphone  

The main circuit is a powerful bipolar transistor which controls the resistive load. The  relay operates high resistive load 

(12, 24 or 220 voltage).The signal from the microphone is amplified and transmitted to the base of a key, junction opens 

and at this moment the relay is switched on, the microphone responds to loud noises (e.g. clap), and the sensitivity of 

such circuits is 4-5 metres. With the second clap, the circuit turns off automatically, therefore the current is zero on 

resistive load.  

Figure 1. Demonstration electric circuit 

Conclusion 

Research results suggest the following:  

The acoustic switch is easy to manufacture. Its price is about $ 2. We can buy all elements of the device in a 

usual radio store.  
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There is a traditional opinion that modern physics can evolve only by using more and more complex 

mathematical and physical models. In practice, this often appears as division of a single common problem to multiple 

small problems with complex description. In this case, complete picture of actual process can be lost in a huge amount 

of practically unimportant details. Sometimes the simplified description is better, when more understandable global 

description is more preferable compared with more precise, but also more complex for understanding physical models. 

We describe a few simple models that can be applied in the practical engineering to understand the basic behavior of 

modern semiconductor devices. 

 Various types of detectors with internal amplification of weak signals produced by ionizing radiation 

are used in modern physical experiments. There is a large class of gaseous detectors and presently widely used 

semiconductor avalanche photo detectors (APDs) [1]. Avalanche physical processes in semiconductors are more 

complex to describe and understand compared with simple Tungsten model for avalanche in gaseous detectors. 

However, it is not necessary to solve the fundamental system of partial differential equations to understand the 

processes in this type of detectors. Well known by radio engineers common conception of feedback can be applied for 

simple description of such a complex system [2]. Simple feedback model can be used for the classification of different 

types of modern APDs and for description of its internal processes. Simple ñLogisticò model is applied to explain how 

the rising time of avalanche depends on the probability of avalanche occurrence in the APD. To understand how carriers 

generation-recombination processes are affected by traps created during irradiation and self annealing in 

semiconductors, one can apply a simple model based on assumption of a single traps level and a single lifetime of 

carriers on this level [3]. Interpretation of results obtained for a few types of commercial APDs is presented. Example of 

method of the detector noise introduction applied to the detector SPICE model is discussed. In addition, simple SPICE 

model describing gain coefficient and applicable for transient analysis of APD is proposed. 

REFERENCES 

1. Kushpil V. Avalanche Process in Semiconductor Photo Detectors in the Context of the Feedback Theory / Chapter 

10 in book "Photodetectors" edited by Sanka Gateva,ï InTech Publisher, 2012. ï 470 p.  

2. Kushpil V.V. Application of simple negative feedback model for avalanche photodetectors investigation// Nuclear 

Instruments and Methods in Physics Research A. ï 2009. ï N. 610. ï P. 204ï206. 

3. Kushpil V., Mikhaylov V., Kushpil S., TlustĨ P., Svoboda O., Kugler A. Radiation hardness investigation of 

avalanche photodiodes for the Projectile Spectator Detector readout at the Compressed Baryonic Matter experiment // 

Nuclear Instruments and Methods in Physics Research A. ï 2014. ï doi:10.1016/j.nima.2014.11.071. 
 

http://vrtp.ru/index.php?showtopic=8574
http://www.sdelaysam-svoimirukami.ru/620-akusticheskiy-vyklyuchatel-prosche-prostogo.html
http://www.sdelaysam-svoimirukami.ru/620-akusticheskiy-vyklyuchatel-prosche-prostogo.html
mailto:ivanov@tpu.ru


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 7. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

 

 

291 

THE RESEARCH OF CONTACT IMAGE SEN SON FOR USE AS A HIGH-PRECISION MEASURING 

ELEMENT  

V.V. Opolsky, Y.A. Chursin, A.V. Tsepilova 

National Research Tomsk Polytechnic University,   

Russian Federation, Tomsk city, Lenin street, 30, 634050 

E-mail: vvo6@tpu.ru  

Nowadays measurement requirements are increased to make higher quality production. In this case sensors 

with higher resolution are required.  Modern market does not have a sufficient number of contact image sensors with 

high resolution and full datasheet. Because of this fact, it was decided to use CIS-module from scanner çHP ScanJet 

300è with 4800 dpi resolution and 256 quantization levels [1]. There is no datasheet of this sensor with free access, and 

because of that, timing diagrams of CIS pinouts were measured by oscilloscope. There were 12 pinouts, including 

power supply, start pulses, clock pulses, LED controls and video output. The most interesting were two start pulses and 

two clock pulses. After monitoring, signals were reproduced using FPGA çAltera Cyclone IIIè [2]. After that laser 

diode and CIS module have been fixed on opposite sides of black box. Laser was operated in pulsed mode by FPGA 

and turned on at the time of exposure. In the center of black box an obstacle has been placed and video signal which 

was monitored by oscilloscope confirmed the validity of installation controlling. Block diagram is shown on figure 1. 

 
Figure 1. Block diagram of the test installation 
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The aim of the work is to develop a C++ class for trending technological processes using Qt framework.  

Trend is an ordered set of values of a technological variable, each being written at certain time intervals. 

Creating trends and storing information about parameters is needed for further analysis and control design. Graphical 

representation of process variable changes over time promotes a better understanding of the dynamics of technological 

process. 

Due to the existing huge array of technological data, which takes up gigabytes, it is important to provide means 

for handling it. Thus, a C++ class containing methods for saving data to file, compressing them, loading desirable set of 

data from file and displaying them was created. The file format chosen for storing data is a binary file as it takes up 

least memory (compared to text and xml-formats) and is compressed efficiently.  

The class was created within the framework of Qt, a cross-platform application framework widely used for 

developing application software that can be run on various software and hardware platforms. Due to the variety of its 

modules, such as Qt Core, Qt GUI, Qt Widgets, Qt Multimedia etc., Qt provides the programmers with a 

convenient set of class libraries and a certain model of application development allowing them for writing less code. 

Within this framework the mechanism of signals and slots is realized. 

Using the Qt classes for data streaming, serialization/deserialization (translating data structures into a byte 

array) is carried out, thus, data being saved to a binary file. Pre-selected data type (double, QDateTime) allows for 

seeking within the file and loading only a part of it without having to load the whole file. Embedded classes for 

compressing/uncompressing byte arrays are used in file shrinking methods.  

In order to test the class a graphic user interface (GUI) application was created. It consists of four classes with 

three of them containing forms for choosing a file, displaying the file information and a table containing selected 

variable values from a certain time period. To this end, Qt visual objects were used, some of them being dynamically 

created and cast, and were connected through signal and slot mechanism. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʩʚʷʟʠ ʩ ʚʦʟʨʦʩʰʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ 

ʟʘʧʦʤʠʥʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʡ ʚ ʢʨʘʪʢʠʝ ʩʨʦʢʠ, ʫ ʣʶʜʝʡ ʧʦʷʚʠʣʘʩʴ ʧʨʦʙʣʝʤʘ ʩ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʧʘʤʷʪʴʶ. ʀ ʦʜʥʠʤ ʠʟ ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ, ʪʦ, ʯʪʦ ʣʶʜʠ, ʫʭʦʜʷ ʠʟ ʜʦʤʘ, ʥʝ ʧʦʤʥʷʪ, ʟʘʢʨʳʣʠ 

ʦʥʠ ʜʚʝʨʴ ʠʣʠ ʥʝʪ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 7. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʀʤʝʥʥʦ ʵʪʫ ʧʨʦʙʣʝʤʫ ʠ ʧʦʤʦʛʘʝʪ ʨʘʟʨʝʰʠʪʴ ʥʘʰ ʧʨʦʝʢʪ. ʉʫʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʳ ʦʪʩʳʣʘʣʦ ʩʠʛʥʘʣ ʥʘ ʪʝʣʝʬʦʥ, ʣʠʙʦ ʙʨʝʣʦʢ ʧʨʠ ʟʘʢʨʳʪʠʠ ʜʚʝʨʥʦʛʦ ʟʘʤʢʘ. 

     ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʙʳʣ ʨʝʰʝʥ ʨʷʜ ʟʘʜʘʯ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ 

ʯʠʩʣʦ ʣʶʜʝʡ, ʞʝʣʘʶʱʠʭ ʠʤʝʪʴ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʫ ʩʝʙʷ ʜʦʤʘ. ɹʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʮʝʥʦʚʦʡ 

ʢʘʪʝʛʦʨʠʠ ʢʘʥʘʣ ʩʚʷʟʠ (GSM-ʤʦʜʝʤ Teleofis RX301 R4). ɹʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ: GSM-ʤʦʜʝʤ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, uart/rs- ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʛʝʨʢʦʥ(ʢʣʶʯ), ʤʘʛʥʠʪ ʠ ʤʝʜʥʳʝ 

ʧʨʦʚʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʝʧʠ. ʇʨʠ ʟʘʢʨʳʪʠʠ ʜʚʝʨʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʙʫʜʝʪ ʟʘʤʳʢʘʪʴʩʷ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʙʫʜʝʪ 

ʧʦʩʳʣʘʪʴ ʩʠʛʥʘʣ GSM-ʤʦʜʝʤʫ ʯʝʨʝʟ uart-ʨʘʟʲʝʤʳ ʠ uart/rs-232 ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. GSM-ʤʦʜʝʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʙʫʜʝʪ ʧʦʩʳʣʘʪʴ ʩʠʛʥʘʣ ʚ ʚʠʜʝ ʉʄʉïʦʧʦʚʝʱʝʥʠʷ ʥʘ ʩʦʪʦʚʳʡ ʪʝʣʝʬʦʥ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʬʠʢʩʠʨʫʶʱʝʛʦ ʟʘʢʨʳʪʠʝ ʟʘʤʢʘ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʥʘ 50% 

ʜʝʰʝʚʣʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʨʳʥʢʝ ʘʥʘʣʦʛʦʚ. 
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ɺ ʧʨʦʝʢʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʊʦʢʘʤʘʢʘ ʊ-15 ʚʥʝʜʨʷʝʪʩʷ ʥʦʚʳʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʫʩʪʘʥʦʚʢʠ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʅʀ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʅʀʎ ʂʫʨʯʘʪʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. ʂʦʤʧʣʝʢʩ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 7. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʦʜʥʦʧʣʘʪʥʦʡ ʕɺʄ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʠ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʝ ʩʠʣʦʚʦʡ ʩʭʝʤʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʟʢʠ ʩ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʪʦʢʫ ʠʣʠ ʥʘʧʨʷʞʝʥʠʶ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʢʦʤʧʣʝʢʩʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: ʦʙʨʘʙʦʪʢʫ ʧʨʝʨʳʚʘʥʠʡ ʦʪ ʤʦʜʫʣʝʡ ʋʉʆ ʠ ʪʘʡʤʝʨʘ, ʟʘʜʘʶʱʝʛʦ ʮʠʢʣ ʫʧʨʘʚʣʝʥʠʷ; ʧʨʠʝʤ ʢʦʤʘʥʜ ʦʪ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ɸʉʋ, ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʬʫʥʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʪʨʝʙʫʶʪʩʷ ʯʝʪʢʦ ʚʳʜʝʨʞʠʚʘʝʤʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ. ʇʆ ʢʦʤʧʣʝʢʩʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Linux [1]. ɼʣʷ ʧʝʨʝʚʦʜʘ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʦʧʦʣʥʝʥʠʝ Xenomai. ʅʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩ ʜʦʧʦʣʥʝʥʠʝʤ Xenomai ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʨʳʚʘʥʠʡ [2]. 

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ Xenomai ʥʘ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯʘʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʩʪʦʚʦʡ 

ʩʠʩʪʝʤʳ, ʚʳʧʦʣʥʷʶʱʝʡ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʡ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʇʆ ʨʝʘʣʠʟʫʝʪ ʧʦʪʦʢ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʡ, ʘ ʦʙʳʯʥʳʝ ʧʦʪʦʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʙʳʪʠʷʭ ʚ ɹɼ ʠ 

ʬʘʡʣʦʚʳʡ ʞʫʨʥʘʣ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʨʝʨʳʚʘʥʠʡ ʧʦ ʧʨʦʪʦʢʦʣʫ 

ModBus TCP.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʦʚ ʚʳʙʦʨ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʢʘʟʘʣʩʷ ʦʧʨʘʚʜʘʥʥʳʤ. ɼʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʢ 

ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʧʦʨʪʫ ʕɺʄ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ Linux/Xenomai ʧʦʜʢʣʶʯʘʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʨʳʚʘʥʠʡ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʧʦʪʦʢʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢ ʢʘʢ ʪʨʝʙʫʝʤʳʡ ʮʠʢʣ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 3,3 ʤʩ, ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʝʩʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʩ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʮʠʢʣʫ (1 ʤʩ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʘʜʘʥʥʳʡ ʮʠʢʣ ʚʳʜʝʨʞʠʚʘʣʩʷ ʩ 

ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 7,4 ʤʢʩ. ɸ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʨʳʚʘʥʠʠ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ 

ʦʢʨʫʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 26,87 ʤʢʩ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʧʦʪʦʢʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʦʙʳʯʥʳʝ ʧʦʪʦʢʠ 

ʧʦʨʦʡ ʚʦʟʥʠʢʘʣʠ ʟʘʜʝʨʞʢʠ, ʪʘʢ ʢʘʢ ʦʙʳʯʥʳʝ ʧʦʪʦʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʦʩʪʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʠʩʪʝʤʳ. 

ʊʨʝʙʫʝʪʩʷ ʫʯʝʪ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟʤʝʨʘ ʙʫʬʝʨʦʚ ʜʣʷ ʦʙʤʝʥʘ ʧʦʪʦʢʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩ ʫʩʪʨʦʠʣʠ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʤʳʡ ʮʠʢʣ ʨʝʘʣʠʟʫʝʤ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʧʦʪʦʢ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʚ ʦʙʳʯʥʳʭ ʧʦʪʦʢʘʭ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʢʦʜʘ ʠ ʙʠʙʣʠʦʪʝʢ, ʢʦʪʦʨʳʝ ʫʞʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ. 
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ɿʘʧʘʟʜʳʚʘʶʱʠʝ ʥʝʡʪʨʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʝʱʝʩʪʚ, ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʦʜʠʪʴ ʠʟʙʠʨʘʪʝʣʴʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʩʣʘʙʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʙ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʬʦʥʝ 

ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʟʦʪʦʧʦʚ, ʠʟʣʫʯʘʶʱʠʭ ɓ - ʯʘʩʪʠʮʳ ʠ ɔ - ʢʚʘʥʪʳ. ʉ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʙʘʟʝ ʊʦʤʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʧʨʝʜʝʣʷʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 235U ʚ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙʘʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ [1] 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʘʥʦʚʢʦʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʘʩʩʦʚʳʭ ʘʥʘʣʠʟʦʚ. ɺ 

ʣʘʙʦʨʘʪʦʨʠʠ çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè ʢʘʬʝʜʨʳ ʕɸʌʋ ʌʊʀ 

ʩʦʟʜʘʥ ʫʯʝʙʥʳʡ ʩʪʝʥʜ ï ʪʨʝʥʘʞʝʨ, ʠʤʠʪʠʨʫʶʱʠʡ ʫʧʨʘʚʣʝʥʠʝ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʦʤ ʚ ʨʫʯʥʦʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʘʭ. ʊʨʝʥʘʞʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʥʘʧʨʘʚʣʝʥʥʦʤ ʥʘ ʦʩʚʦʝʥʠʝ ʦʙʫʯʘʶʱʠʤʠʩʷ 

ʧʨʠʥʮʠʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʘʣʘʜʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʦʚʣʘʜʝʥʠʝ 

ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʪʝʥʜʘ.  

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʩʪʝʥʜʘ ï ʪʨʝʥʘʞʝʨʘ ʷʚʣʷʶʪʩʷ: 

- ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʧʨʠʥʮʠʧʘʤ ʧʦʩʪʨʦʝʥʠʷ ɸʉʋ ʧʦʪʦʯʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʃʂ; 

- ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʇʃʂ ʚ ʩʨʝʜʝ CoDeSys 2.3; 

- ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʧʝʨʘʪʦʨʘ ʚ ʨʝʜʘʢʪʦʨʝ ʚʠʟʫʘʣʠʟʘʮʠʠ 

CoDeSys ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ; 

- ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʦʙʳʪʠʡ; 

- ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʥʘ ʙʘʟʝ SCADA-ʩʠʩʪʝʤʳ 

TRACE MODE 6 ʩ ʧʨʠʤʝʥʝʥʠʝʤ OPC-ʩʝʨʚʝʨʘ; 

- ʆʙʫʯʝʥʠʝ ʧʨʦʚʝʜʝʥʠʶ ʵʣʝʢʪʨʦʤʦʥʪʘʞʘ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʠʭ ʰʢʘʬʘʭ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʧʨʠʙʦʨʘʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʢʣʶʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦʛʦ ʪʨʘʢʪʘ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 7. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʅ.ɽ. ɹʘʪʘʝʚʘ, ɸ.ɺ. ʂʨʝʪʦʚ, ʄ.ʆ. ɹʣʘʥʢ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,   

ʈʦʩʩʠʷ,  ʛ.ʊʦʤʩʢ,  ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: n_bataeva@mail.ru 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʮʝʩʩʘ ï ʦʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʤ ʮʠʢʣʝ ʧʨʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʫʨʦʚʥʷ ʚʦʜʳ. 

ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʧʣʘʪʘ Arduino Uno, ʜʘʪʯʠʢʘ ʫʨʦʚʥʷ, ʪʨʘʥʟʠʩʪʦʨʘ, 

ʨʝʟʠʩʪʦʨʘ, ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ, ʩʦʙʨʘʥʥʦʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ ʠ ʪʨʫʙʦʢ, ʜʚʫʭ 

ʨʝʟʝʨʚʫʘʨʦʚ, USB-ʢʘʙʝʣʷ. 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

 ʅʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Arduino, ʢʦʪʦʨʘʷ ʟʘʧʫʩʢʘʝʪ ʨʘʙʦʪʫ ʥʘʩʦʩʘ, ʪʘʢʞʝ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ, 

ʠʟʤʝʨʷʝʤʳʝ ʜʘʪʯʠʢʦʤ ʫʨʦʚʥʷ ʚʦʜʳ ʠʟ ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʂʘʢ ʞʝ ʚʩʝ ʵʪʦ ʨʘʙʦʪʘʝʪ? ʀʟʥʘʯʘʣʴʥʦ ʦʜʠʥ ʠʟ 

ʨʝʟʝʨʚʫʘʨʦʚ ʟʘʧʦʣʥʝʥ ʚʦʜʦʡ, ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʥʘʩʦʩ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʠ ʠʟ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʞʠʜʢʦʩʪʴ ʧʝʨʝʣʠʚʘʝʪʩʷ ʚ ʧʨʠʥʠʤʘʶʱʠʡ, ʚ ʧʦʩʣʝʜʥʝʤ ʨʝʟʝʨʚʫʘʨʝ ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ 

ʫʨʦʚʥʷ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʩʯʠʪʳʚʘʝʪ ʜʘʥʥʳʝ ʠ ʧʝʨʝʜʘʝʪ ʠʭ ʥʘ ʧʣʘʪʫ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʯʠʪʳʚʘʥʠʝ ʵʪʠʭ 

ʜʘʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨ ʧʨʠ ʧʦʤʦʱʠ USB-ʢʘʙʝʣʷ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʫʜʝʥʪʳ 

ʫʯʠʣʠʩʴ ʨʘʙʦʪʘʪʴ ʩ ʧʣʘʪʘʤʠ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ, ʫʟʥʘʚʘʣʠ ʥʦʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʠʤʝʣʠ ʥʘʛʣʷʜʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʠʙʦʨʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʨʘʚʯʝʥʢʦ ɸ.ɺ. 10 ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ AVR-ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ. ʂʥʠʛʘ 1, 2. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://arduino-project.net/arduino-books 

2. Schmidt Maik.  Arduino [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://arduino-project.net/arduino-books 

3. Arduino Uno. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://arduino.ru/Hardware/ArduinoBoardUno 

4. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ Arduino - ʘʥʘʣʦʛʦʚʳʡ ʚʚʦʜ/ʚʳʚʦʜ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://robocraft.ru/blog/arduino/32.html 
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http://arduino-project.net/arduino-books
http://arduino-project.net/arduino-books
http://arduino.ru/Hardware/ArduinoBoardUno
http://robocraft.ru/blog/arduino/32.html


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 7. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʈɸɿʈɸɹʆʊʂɸ ʌʀɿʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʄʀʅʀ-ɻʀɼʈʆʕʃɽʂʊʈʆʉʊɸʅʎʀʗ 

ɹʘʪʘʝʚʘ ʅ.ɽ., ɼʝʥʠʩʝʚʠʯ ɸ. ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: n_bataeva@mail.ru 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʠʟ-ʟʘ ʨʦʩʪʘ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʣʘʪʥʦʡ ʵʥʝʨʛʠʠ. ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʩʪʘʣʦ ʠʟʦʙʨʝʪʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʠʥʠ-ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʩʦʙʨʘʥʥʦʡ ʠʟ ʧʦʜʨʫʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʀʟ ʙʘʢʘ ʩʚʦʙʦʜʥʦ ʚʳʪʝʢʘʝʪ ʚʦʜʘ ʧʦ ʧʣʘʩʪʠʢʦʚʦʡ 

ʪʨʫʙʝ. ʂʦʣʝʩʦ ʩ ʣʦʧʘʩʪʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʝʙʦʝʚ 

ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ. ʂʦʣʝʩʦ ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʦ ʩ ʚʘʣʦʤ ʛʝʥʝʨʘʪʦʨʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʜʳ ʢʦʣʝʩʦ ʩʦʚʝʨʰʘʝʪ 

ʚʨʘʱʝʥʠʝ ʠ ʧʝʨʝʜʘʝʪ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ ʥʘ ʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʦʙʨʘʟʫʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ [1]. ɿʘʪʝʤ ʵʪʘ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʱʠʪ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʜʝʣʘʪʴ ʢʦʣʝʩʦ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ ʠ ʧʦʚʦʨʦʪʘ ʣʦʧʘʩʪʝʡ ʢʦʣʝʩʘ.  

 
1 ï ʸʤʢʦʩʪʥʦʡ ʙʘʢ, ʟʘʧʦʣʥʝʥʥʳʡ ʚʦʜʦʡ; 2 ï ʚʝʥʪʠʣʴ ʜʣʷ ʧʝʨʝʢʨʳʚʘʥʠʷ ʚʦʜʳ; 3 ï ʞʝʣʦʙ; 

4 ï ʢʦʣʝʩʦ ʩ ʣʦʧʘʩʪʷʤʠ; 5 ï ʛʝʥʝʨʘʪʦʨ; 6 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʱʠʪ. 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʅʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʠʥʠ-ɻʕʉ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʠ ʧʦʚʦʨʦʪʘ ʣʦʧʘʩʪʝʡ ʢʦʣʝʩʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

-  ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʟʘʨʷʜ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ; 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʚʳʨʘʙʘʪʳʚʘʥʠʷ 

ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ (ʦʩʚʝʱʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʣʘʤʧʘʤʠ ʧʦʤʝʱʝʥʠʷ). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɺʦʣʴʜʝʢ ɸ.ʀ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʃʝʥʠʥʛʨʘʜ: ʕʥʝʨʛʠʷ, 1974. ï 823 ʩ. 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 7. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʄ.ʆ. ɹʣʘʥʢ, ʉ.ʅ. ʃʠʚʝʥʮʦʚ, ʌ.ʕ. ɻʦʬʤʘʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,   

ʈʦʩʩʠʷ,  ʛ.ʊʦʤʩʢ,  ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: blank.mascha@yandex.ru 

 ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʧʨʦʙʦʦʪʙʦʨ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʧʨʦʙʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʧʨʠ ʧʦʤʦʱʠ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʦʙʦʦʪʙʦʨʘ [1] ʧʨʝʜʣʦʞʝʥ ʛʠʜʨʦʮʠʣʠʥʜʨ ʩ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ ʠʟ ʢʘʧʠʣʣʷʨʥʳʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʦʚʤʝʱʝʥʠʝ ʜʚʫʭ ʦʧʝʨʘʮʠʡ: ʩʦʙʩʪʚʝʥʥʦ, ʧʨʦʙʦʦʪʙʦʨʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʧʨʦʙʳ, ʪʝʤ ʩʘʤʳʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʬʦʥʦʚʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʨʘʟʚʝʜʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʂʀʃ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʨʦʙʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ.  

ʆʙʲʝʢʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʩʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʢʦʨʦʩʪʠ ʧʨʦʙʳ (ʩʤ. ʨʠʩ. 1).  

 

ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʧʨʦʙʳ. 

 ʋʧʨʘʚʣʷʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʂʀʃ. ʋʧʨʘʚʣʷʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ - ʩʠʛʥʘʣ, ʧʦʜʘʚʘʝʤʳʡ ʥʘ ʵʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʟʘʜʘʶʱʠʡ ʯʝʨʝʟ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʜʝʣʠʪʝʣʴ ʚʝʣʠʯʠʥʫ ʨʘʟʨʝʞʝʥʠʷ ʚ ʧʨʠʝʤʥʦʡ ʝʤʢʦʩʪʠ  ʕʇʇ, 

ʩʦʙʩʪʚʝʥʥʦ, ʣʠʥʠʷ ʩ ʧʨʦʙʦʡ ʠ ʨʘʩʭʦʜʦʤʝʨ ʩʦʩʪʘʚʣʷʶʪ ʦʙʦʙʱʝʥʥʳʡ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʨʦʡʩʪʚʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʟʚʝʜʝʥʥʳʭ 

ʧʨʦʙ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʪʝʨʷ ʨʘʩʪʚʦʨʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʘ 100 ʤʝʪʨʦʚ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 5 õ 20 

ʤ/ʤʠʥ ʥʝ ʧʨʝʚʳʩʠʪ 0,5 õ 1.5 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʦʙʳ. ʇʦʪʝʨʠ ʨʘʩʪʚʦʨʘ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ɺ ʫʩʪʨʦʡʩʪʚʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʦʙ ʦʙʝʩʧʝʯʝʥʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʦʙʳ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʊʆʂɸʄɸʂɸ ʂʊʄ 

ɸ.ɽ.ɹʦʛʜʘʥʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,   

ʈʦʩʩʠʷ,  ʛ.ʊʦʤʩʢ,  ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: Bogdanov_Andry@mail.ru  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ, ʢʘʢ ʧʣʘʟʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʊʦʢʘʤʘʢ ʄʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʫʩʪʘʥʦʚʦʢ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʚʦʜʠʪʴ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ ʠ ʚʳʩʦʢʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʩʠʩʪʝʤʳ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʠ ʭʨʘʥʠʪʴ ʝʸ ʥʘ ʩʝʨʚʝʨʘʭ ʚ ʤʘʩʰʪʘʙʥʳʭ ʙʘʟʘʭ 

ʜʘʥʥʳʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʫʜʘʣʝʥʥʦʤ ʩʝʨʚʝʨʝ, ʘ ʪʘʢ ʞʝ 

ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʠ ʧʨʦʩʪʦʡ 

ʬʦʨʤʝ ʜʣʷ ʚʦʩʧʨʠʷʪʠʠ ʯʝʣʦʚʝʢʘ-ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʫ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ 

ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʙʘʟʝ ʩʚʦʙʦʜʥʦʡ ʧʨʦʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

PostgerSQL, ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ pgAdmin, ʷʚʣʷʶʱʘʷʩʷ 

ʛʨʘʬʠʯʝʩʢʠʤ ʢʣʠʝʥʪʦʤ ʜʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʫʣʴʪʘ ʦʙʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʦ 

ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCADA-ʩʠʩʪʝʤʳ Trace Mode. ʅʘʣʘʞʝʥʘ ʜʚʫʩʪʦʨʦʥʥʷʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʜʘʣʝʥʥʦʡ 

ʙʘʟʦʡ ʜʘʥʥʳʭ ʠ ʧʫʣʴʪʦʤ ʦʙʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʷʟʠ ʯʝʨʝʟ ODBC ʜʨʘʡʚʝʨ. ʅʘ ʧʫʣʴʪʝ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʦʨʦʠʜʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ(TF) ʪʦʢʘʤʘʢʘ 

ʂʊʄ, ʘ ʪʘʢʞʝ ʢʦʜ ʦʰʠʙʦʢ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʘʢʦʚʳʭ. 

 

ʈʠʩʫʥʦʢ. 1. ɺʠʜ ʧʘʥʝʣʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʩ ʧʨʦʝʢʪʦʤ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉʠ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ ʠ ʧʦʜʩʠʩʪʝʤʘʤʠ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ (ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʧʠʩʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʜʘʥʥʳʭ ʚ ʫʜʘʣʝʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʩʧʦʣʴʟʫʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʧʨʠʥʠʤʘʝʤʘʷ ʤʝʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʥʝ ʪʨʝʙʫʷ ʫʯʘʩʪʠʷ ʚ ʵʪʦʤ ʯʝʣʦʚʝʢʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʙʝʟ ʚʠʜʠʤʳʭ ʥʘ ʪʦ ʧʨʠʯʠʥ, 

ʟʘʚʳʰʘʶʪ ʩʪʦʠʤʦʩʪʴ ʥʘ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʝʙʦʣʴʰʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ 

ʚʥʝʜʨʠʪʴ ʚ ʩʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ɸʉʋʊʇ. 

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 0 - 5 ɺ ʚ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 0 - 24 ɺ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Atmega 128 ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʢʦʤʧʘʥʠʠ Atmel.  

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʨʠʩʪʫʧʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʦʟʜʘʥʠʶ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʨʘʙʦʪʫ 

ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʵʪʦʛʦ ʩʦʙʨʘʣʠ ʚʠʨʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʥʘʰʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʨʝʜʝ Proteus 7. ʉʨʝʜʘ 

Proteus 7 ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʫʶ ʙʘʟʫ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʜʦʙʥʘ ʚ ʨʘʙʦʪʝ, ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʠ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʚʠʨʪʫʘʣʴʥʦʡ ʨʘʙʦʪʦʡ 

ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʧʨʦʰʠʚʢʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ CodeVisionAVR. CodeVisionAVR 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʩʩʫ ʦʧʮʠʡ, ʩʦʙʩʪʚʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʠʧʦʚ ʠ ʨʘʙʦʪʫ ʩ ʧʨʦʛʨʘʤʤʘʪʦʨʘʤʠ, 

ʩʧʦʩʦʙʝʥ ʢʦʤʧʠʣʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʜ ʤʘʰʠʥʥʳʭ ʢʦʤʘʥʜ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʫʯʠʪʳʚʘʝʪ 

ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʫ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʠ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʙʨʘʥʥʘʷ ʠ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʘʷ ʚ 

ʤʘʰʠʥʥʳʡ ʢʦʜ, ʧʨʦʛʨʘʤʤʘ, ʩʨʘʟʫ ʙʫʜʝʪ ʧʨʠʛʦʜʥʘ ʜʣʷ ʧʨʦʰʠʚʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʘʤʷʪʴ ʄʂ. CodeVisionAVR 

ʩʦʚʤʝʩʪʠʤ ʩʦ ʩʨʝʜʦʡ Proteus 7. ɺʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʦʛʨʘʤʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʰʠʥʥʳʡ ʢʦʜ, ʟʘʰʠʚʘʝʪʩʷ ʚ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʝʝ ʨʘʙʦʪʳ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ Proteus 7. ʇʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʧʦʣʘʜʦʢ ʥʝ ʩʦʩʪʘʚʠʪ ʪʨʫʜʘ ʠʩʧʨʘʚʠʪʴ ʢʦʜ ʠʣʠ ʩʭʝʤʫ ʙʫʜʫʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʝʥʥʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʝʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʥʘʧʠʩʘʥʳ ʢʦʜʳ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʫʧʨʘʚʣʷʶʱʠʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘʩʪʦʡʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʫʣʷʤʠ ʧʦʜ 

ʧʣʘʪʬʦʨʤʫ Windows, ʩʦʙʨʘʥʘ ʤʘʢʝʪʥʘʷ ʧʣʘʪʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʉʣʝʜʫʶʱʠʤʠ ʵʪʘʧʘʤʠ ʩʪʘʥʝʪ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʠ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʙʦʨʢʘ ʫʩʪʨʦʡʩʪʚʘ. 
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ʇʨʦʙʣʝʤʘ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʩ ʥʘʠʣʫʯʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʜʘʯʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ ʨʘʟʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ (Ű) ʢ ʩʫʤʤʘʨʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʦʙʲʝʢʪʘ (× T). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ 

ʤʝʪʦʜʠʢ ʥʘʩʪʨʦʡʢʠ ʇʀɼ ʨʝʛʫʣʷʪʦʨʦʚ. ʀʩʭʦʜʥʳʡ ʪʨʸʭʝʤʢʦʩʪʥʦʡ ʦʙʲʝʢʪ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʦʧʠʩʳʚʘʣʩʷ ʤʦʜʝʣʷʤʠ 

ʩʪʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʚʨʝʤʝʥʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʨʘʟʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʚʨʝʤʝʥʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ. ʇʦʩʣʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʪʨʝʤʷ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʫʧʨʦʱʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʉɸʋ ʚ ʉʂʄ Matlab ʩ ʥʘʩʪʨʦʡʢʦʡ ʇʀɼ ʨʝʛʫʣʷʪʦʨʦʚ ʧʦ ʩʝʤʠ ʨʘʟʣʠʯʥʳʤ 

ʤʝʪʦʜʠʢʘʤ. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʇʀɼ ʨʝʛʫʣʷʪʦʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

1) ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʤʦʜʝʣʝʡ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʦʚ[1]; 

2) ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʣʷ ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ[1]; 

3) ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʣʷ ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ[2]; 

4) ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ[3]; 

5) ʦʧʪʠʤʘʣʴʥʳʡ ʧʦ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʦʜ ʜʣʷ ʤʥʦʛʦʸʤʢʦʩʪʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ 

ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ[4]. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʷʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʟʘʜʘʶʱʝʤʫ ʠ ʚʦʟʤʫʱʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ (Ű) ʢ ʩʫʤʤʘʨʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʦʙʲʝʢʪʘ (× T). ɼʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʥʷʣʦʩʴ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʟʘʜʘʶʱʝʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 ʜʦ 27, ʘ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʚʦʟʤʫʱʝʥʠʶ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 ʜʦ 11. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ: ʢʚʘʜʨʘʪʠʯʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ, ʚʨʝʤʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʟʘʜʘʥʠʶ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʚʦʟʤʫʱʝʥʠʶ. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʚʦʜʥʳʝ ʪʘʙʣʠʮʳ, ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʘʞʜʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʪ ʦʪʥʦʰʝʥʠʷ Ű/×T. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʪʦʤ ʢʘʢʫʶ ʤʝʪʦʜʠʢʫ ʥʘʩʪʨʦʡʢʠ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ Ű/×T. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʩʠʥʪʝʟʝ ʉɸʋ 

ʧʣʘʤʝʥʥʳʤ ʨʝʘʢʪʦʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʢʩʘʬʪʦʨʠʜʘ ʫʨʘʥʘ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʧʨʠʷʪʠʡ, ʜʦʙʳʚʘʶʱʠʭ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʤʠʥʝʨʘʣʴʥʦʝ 

ʩʳʨʴʝ, ʰʠʨʦʢʦ ʚʥʝʜʨʝʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋʊʇ). ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʦʙʳ ʦʪʙʠʨʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʜʝʣʦʚ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ. 

ʆʜʥʘʢʦ, ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʩʧʨʝʩʩʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʚʨʝʤʷ ʦʪ ʦʪʙʦʨʘ ʧʨʦʙʳ ʜʦ ʚʳʜʘʯʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʥʘʣʠʟʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠ, ʪʝʤ ʙʦʣʝʝ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʪʦʢʝ, ʥʝ ʫʩʪʫʧʘʶʱʝʛʦ ʧʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

ʆʜʥʦʡ ʠʟ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʫʨʘʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʝʛʦ ʜʦʙʳʯʝ ʤʝʪʦʜʦʤ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʘ 

ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʥʘʣʠʟʘʪʦʨ ʫʨʘʥʘ ʥʘ ʙʘʟʝ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʉʈɺ-1ʅ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ (ʧʫʣʴʧʘʭ), ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʘʯʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʷʶʱʠʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ. ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʷʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʜʝʨʞʘʥʠʡ (ʦʪ 2,0õ10 ʤʛ/ʣ ʜʦ ʜʝʩʷʪʢʦʚ ʛ/ʣ) ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʨʦʛʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʪʨʝʭ-ʦʩʝʚʘʷ ʛʝʦʤʝʪʨʠʷ ʠʟʤʝʨʝʥʠʷ [1]. ʇʝʨʚʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ ɹʍ-10 ʩ ʘʥʦʜʦʤ ʠʟ Ag. ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʝ ʩʦʩʪʘʚʣʷʝʪ 45 ʢɺ 

ʧʨʠ ʪʦʢʝ ʪʨʫʙʢʠ ï 0,3 mA. ɺʪʦʨʠʯʥʳʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ ʩʣʫʞʘʪ ʄʦ ʠʣʠ Cd ʤʠʰʝʥʠ. ʄʘʪʝʨʠʘʣ ʤʠʰʝʥʠ ʚʳʙʨʘʥ 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʫʨʘʥʘ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʙʨʘʥ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʜʝʪʝʢʪʦʨ SDD ʩ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 145 ʵɺ (EMnKŬ -5.9 ʢʵɺ). ʊʦʣʱʠʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʦʨʘ 500 ʤʢʤ ʦʢʘʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʫʨʘʥʘ ʧʦ L ï 

ʩʝʨʠʠ. ɸʥʘʣʠʟ ʨʘʩʪʚʦʨʦʚ ʚʝʜʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʩ ʚʳʜʘʯʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʞʜʳʝ 180ʩ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʪʦʯʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʘʥʘʣʠʟʘʪʦʨʘ ʫʨʘʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ. ʅʘ ʨʠʩʫʥʢʘʭ 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʪʦʢʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʦʜʥʦʤ ʠʟ ʨʫʜʥʠʢʦʚ ʂʘʟʘʭʩʪʘʥʘ ʠ 

ʥʝʧʨʝʨʳʚʥʳʡ ʛʨʘʬʠʢ ʧʨʦʮʝʩʩʘ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ ʦʧʝʨʘʪʦʨʘ. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝè 

ʉʝʢʮʠʷ 7. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʈʠʩʫʥʦʢ 1. ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʪʦʢʦʚʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʠ ʛʨʘʬʠʢ ʧʨʦʮʝʩʩʘ ʜʝʩʦʨʙʮʠʠ 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʘʭ ʠ 

ʚʩʪʨʘʠʚʘʥʠʝ ʠʭ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋʊʇ). 
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ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋ ʊʇ) ʷʚʣʷʶʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʘʪʨʠʙʫʪʦʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʦʙʲʝʢʪʦʚ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʆʩʥʦʚʥʦʡ ʫʛʨʦʟʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʉʋ ʊʇ ʷʚʣʷʝʪʩʷ ʫʛʨʦʟʘ ʥʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʙʳʪʢʠ, ʥʦ ʠ ʜʨʫʛʠʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʫʛʨʦʟʦʡ ʜʣʷ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʩʝʨʴʝʟʥʳʤ ʫʱʝʨʙʦʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʉʋ ʊʇ ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʦʙʦʩʪʨʠʣʘʩʴ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ 

ʫʩʧʝʰʥʳʭ ʘʪʘʢ ʚʠʨʫʩʘ Stuxnet ʥʘ ʀʨʘʥʩʢʫʶ ʩʪʘʥʮʠʶ ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʫʨʘʥʘ [1]. 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʉʋ ʊʇ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʯʠʥʘʪʴ ʩ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʛʨʦʟʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ɸʉ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ. 

ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʘʥʘʣʠʟ ʨʠʩʢʦʚ) ʠʥʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʪʨʝʤʷ 

ʦʩʥʦʚʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ï ʢʘʯʝʩʪʚʝʥʥʳʡ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʦ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʥʘʧʨʠʤʝʨ, ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ, ʚʳʩʦʢʠʡ, ʥʝʜʦʧʫʩʪʠʤʳʡ). ɺʪʦʨʦʡ ʧʦʜʭʦʜ ï 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ. ɿʜʝʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ (ʥʘʧʨʠʤʝʨ, 

ʚʦʟʤʦʞʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ). ʊʨʝʪʠʡ ʧʦʜʭʦʜ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ. ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʦʙʘ, ʦʧʠʩʘʥʥʳʭ 

ʚʳʰʝ, ʧʦʜʭʦʜʘ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ CRAMM [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ, ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʧʨʝʜʧʨʠʷʪʠʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ (ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʠʧʦʚʳʭ ɸʉʋ ʊʇ, ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʩʦʢʘʷ ʦʧʘʩʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʥʠʢʘʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ), ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʙʦʣʴʰʦʝ ʦʪʣʠʯʠʝ ɸʉʋ ʊʇ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩ ʜʨʫʛʦʡ, ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 


