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ʕʣʝʢʪʨʦʥ. ʪʝʢʩʪ. ʜʘʥ. (40 ʄʙ). ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2013. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://science-

persp.tpu.ru/Previous%20Materials/Konf_2013.pdf ï 1027 ʩ. ï PDF ʬʦʨʤʘʪ, ʚʝʨʩʠʷ 

1.5. ï ʉʠʩʪʝʤ ʪʨʝʙ. Adobe Acrobat 6.0 ʠ ʚʳʰʝ. ï ISBN 978-5-4387-0234-4 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʩʝʢʮʠʷʭ çʬʠʟʠʢʘè, çʭʠʤʠʷè, çʤʘʪʝʤʘʪʠʢʘè, çʪʝʭʥʦʣʦʛʠʷè, 
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ɽ.ʖ. ʃʝʙʝʜʝʚʘ 359 

ʉʀʅʊɽɿ ɹʀʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʅʀʊʈʀɼɸ ʅɸ ʆʉʅʆɺɽ ʉʀʉʊɽʄʓ Ni-Mo ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɽɻʆ 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ɼ.ɺ. ʃʝʡʙʦ1, ʅ.ʀ. ʂʦʩʦʚʘ2, ʂ.ʆ. ʏʫʧʨʫʥʦʚ1 362 

ɺʃʀʗʅʀɽ ʂʆʄʇʃɽʂʉʅʆʁ ʇʈʀʉɸɼʂʀ ʅɸ ʂʀʅɽʊʀʂʋ ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʉʆʉʊɸɺ 

ɸʉʌɸʃʔʊʆʉʄʆʃʆʇɸʈɸʌʀʅʆɺʓʍ ʆʊʃʆɾɽʅʀʁ ɺʓʉʆʂʆʇɸʈɸʌʀʅʀʉʊʆʁ ʅɽʌʊʀ                                         

ʀ.ɺ. ʃʠʪʚʠʥʝʮ1, ʅ.ʖ. ʄʘʨʛʦʣʠʩ2 365 

ʈɸɿʈɸɹʆʊʂɸ ʅʆʉʀʊɽʃɽʁ ʅɸ ʆʉʅʆɺɽ Al2O3/SiO2 ʉ ɹʀʄʆɼɸʃʔʅʓʄ ʈɸʉʇʈɽɼɽʃɽʅʀɽʄ ʇʆʈ ʇʆ 

ʈɸɿʄɽʈɸʄ                                                                                                                                                                         

ʅ.ʅ. ʃʠʪʚʷʢʦʚʘ, ʊ.ɸ. ɹʫʛʨʦʚʘ, ɸ.ɸ. ʂʨʝʡʢʝʨ 368 

ʉʀʅʊɽɿ ʀ ʉɺʆʁʉʊɺɸ ʊʆʅʂʆʇʃɽʅʆʏʅʓʍ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ 

ʉʀʉʊɽʄʓ ʉʘOïP2O5ïSiO2                                                                                                                                              

ɽ.ʉ. ʃʶʪʦʚʘ, ʃ.ʅ. ʉʧʠʚʘʢʦʚʘ 371 

ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʅʀʊʈʆɺɸʅʀʗ 2-ʄɽʊʀʃʀʄʀɼɸɿʆʃɸ                                                                                                       

ʄ.ɺ. ʃʷʧʫʥʦʚʘ 374 

ʆʎɽʅʂɸ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ ʇɸʈɸʌʀʅʆɺ ɺ ʅɽʌʊʗʅʓʍ ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄɸʍ                       

ɽ.ɺ. ʄʘʣʴʮʝʚʘ, ɸ.ɺ. ɹʦʛʦʩʣʦʚʩʢʠʡ, ʅ.ɺ. ʖʜʠʥʘ 376 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʃɽʄɽʅʊʆɺ ʉʊʈʋʂʊʋʈʓ ɺ ʉɺɽʈʍʇʈʆɺʆɼʗʑɽʄ ʂɸɹɽʃɽ ʅɸ ʆʉʅʆɺɽ ʉʇʃɸɺɸ 

Nb-Ti ʖ.ɸ. ʄʘʣʴʮʝʚ, ɻ.ɺ. ʐʣʷʭʦʚʘ 379 

ʂɸʊɸʃʀɿɸʊʆʈʓ ʆʂʀʉʃʀʊɽʃʔʅʆʁ ɼʀʄɽʈʀɿɸʎʀ ʄɽʊɸʅɸ ʅɸ ʆʉʅʆɺɽ ʉʀʃʀʂɸʊʆɺ ʃɸʅʊɸʅɸ 

ʉʆ ʉʊʈʋʂʊʋʈʆʁ ɸʇɸʊʀʊɸ                                                                                                                                       

ɸ.ʉ. ʄʘʪʚʝʝʚ1, ʊ.ʉ. ʍʘʨʣʘʤʦʚʘ1, ɺ.ɸ. ʉʘʜʳʢʦʚ2 382 

ʊʈɸʅʉʇʆʈʊʅʓɽ ʉɺʆʁʉʊɺɸ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʊɺɽʈɼʓʍ ʕʃɽʂʊʈʆʃʀʊʆɺ ʅɸ ʆʉʅʆɺɽ 

ʅʀʊʈʀʊɸ ʃʀʊʀʗ                                                                                                                                                          

ʖ.ɻ. ʄʘʪʝʡʰʠʥʘ, ɸ.ɺ. ʋʭʠʥʘ 385 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʃʀʋʈɽʊɸʅʆɺʓʍ ʉɺʗɿʋʖʑʀʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʊɽʇʃʆɺʓɼɽʃʗʖʑʀʍ 

ʇʆʂʈʓʊʀʁ ʄɽʊʆɼʆʄ ʀʂ ʉʇɽʂʊʈʆʉʂʆʇʀʀ                                                                                                    

ʉ.ɺ. ʄʝʣʝʥʪʴʝʚ, ʆ.ɻ. ɺʦʣʦʢʠʪʠʥ 388 

ʊɽʉʊʀʈʆɺɸʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʂʊʀɺʅʆʉʊʀ ʄɸʉʉʀɺʅʆɻʆ ʉʋʃʔʌʀɼʅʆɻʆ ʂɸʊɸʃʀɿɸʊʆʈɸ 

ʀ ɽɻʆ ʂʆʄʇʆʅɽʅʊʆɺ ɺ ʄʆɼɽʃʔʅʓʍ ʈɽɸʂʎʀʗʍ ɻʀɼʈʆɻɽʅʆʃʀɿɸ                                                         

ʄ.ɸ. ʄʦʨʦʟʦʚ1, ɸ.ʉ. ɸʢʠʤʦʚ2 391 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʅʆɺʓʍ ʉʆʈɹɽʅʊʆɺ ʇʆ ʉʈɸɺʅɽʅʀʖ ʉ  ʀɿɺɽʉʊʅʓʄ ɸʅɸʃʆɻʆʄ              

ɸ. ʖ. ʄʦʩʦʣʢʦʚ, ɼ. ɺ. ʄʘʨʪʝʤʴʷʥʦʚ, ʇ. ʉ. ɼʦʟʤʦʨʦʚ 394 

ʂ  ɺʆʇʈʆʉʋ ʆ ʀʉʉʃɽɼʆɺɸʅʀʀ ʉʀʅʊɽɿɸ ʉɽʄʀʂɸʈɹɸɿʆʅɸ                                                                            

ʉ.ʂ. ʄʫʭʘʤʝʪʞʘʥʦʚʘ 397 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʃʆʂɸʃʀɿɸʎʀʀ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ ʇʈʀ ʕʃɽʂʊʈʆʃʀʊʀʏɽʉʂʆʄ 

ʅɸɺʆɼʆʈʆɾʀɺɸʅʀʀ ʄɸʃʆʋɻʃɽʈʆɼʀʉʊʓʍ ʉʊɸʃɽʁ                                                                                 

ʄ.ɺ. ʅʘʜʝʞʢʠʥ, ɸ.ʇ. ʇʘʚʣʦʚ, ɼ.ɸ. ʂʦʩʠʥʦʚ 400 

ʉʀʅʊɽɿʅʆɺʆɻʆʀʆɼʀʈʋʖʑɽɻʆʈɽɸɻɽʅʊɸ 1,3-ɼʀʆɼ-5,5-ɼʀʕʊʀʃ-ɹɸʈɹʀʊʋʈʆɺʆʁ ʂʀʉʃʆʊʓ 

ʍ.ʄ. ʅʛʫʝʥ, ʊ.ʊ.ʍ. ʅʛʫʝʥ, ʖ.ʀ. ɿʘʜʦʨʦʞʥʘʷ, ʃ.ʀ. ʉʘʠʪʙʘʪʪʘʣʦʚʘ. 403 

ʉʀʅʊɽɿ ɸʄʀʅʆʇʈʆʀɿɺʆɼʅʓʍ2-ʌɽʅʀʃɹɽʅɿʀʄʀɼɸɿʆʃɸ ʀ 2-ʌɽʅʀʃɹɽʅɿʆʂʉɸɿʆʃɸ                      

ʊ.ʊ.ʍ. ʅʛʫʝʥ, ʍ.ʄ. ʅʛʫʝʥ. 406 

ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʅʉʊɸʅʊ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʅɸʌʊɸʃʀʅɸ ʉ ɻʀʄɸʊʆʄɽʃɸʅʆɺʓʄʀ 

ʂʀʉʃʆʊɸʄʀ                                                                                                                                                                 

ʃ.ɺ. ʅʝʯʘʝʚ, ʆ.ʅ. ʏʘʡʢʦʚʩʢʘʷ, ʀ.ɺ. ʉʦʢʦʣʦʚʘ, ɽ.ɺ. ʄʘʣʴʮʝʚʘ 408 

ʀɿʋʏɽʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʈɽʆʃʆɻʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ ʇɸʈɸʌʀʅʀʉʊʓʍ ʅɽʌʊɽʁ ʇʈʀ 

ɺʆɿɼɽʁʉʊɺʀʀ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ                                                                                                                 

ʊ.ɺ. ʅʦʚʠʢʦʚʘ1, ʖ.ɺ. ʃʦʩʢʫʪʦʚʘ2, 411 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʃʋʏɽʅʀʗ ʊɽʊʈɸʌʊʆʈʆɹʈʆʄɸʊɸ ɹɸʈʀʗ ɻɸɿʆʌɸɿʅʓʄ  ʄɽʊʆɼʆʄ ʀɿ 

ʌʊʆʈʀɼɸ ɹɸʈʀʗ                                                                                                                                                             



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  10 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ɸ.ɸ. ʇʘʩʪʫʭʦʚ, ʀ.ɸ. ʂʫʨʩʢʠʡ, ɺ.ʀ. ʉʦʙʦʣʝʚ 414 

ʄʆɼʀʌʀʂɸʎʀʗ ʂɸʈɹɸʄʀɼʆʌʆʈʄɸʃʔɼɽɻʀɼʅʓʍ ʆʃʀɻʆʄɽʈʆɺ ʇʈʆʀɿɺʆɼʅʓʄ ɻʃʀʆʂʉɸʃʗ 

ɼʃʗ ʉʅʀɾɽʅʀʗ ʊʆʂʉʀʏʅʆʉʊʀ ɼʈɽɺɽʉʅʓʍ ʇʃʀʊ ʅɸ ʀʍ ʆʉʅʆɺɽ                                                            

ɼ.ɸ. ʇʝʨʤʠʥʦʚʘ, ʉ.ʃ. ʂʥʷʟʝʚʘ, ɸ.ʉ. ʂʥʷʟʝʚ 416 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɸʂʎʀʆʅʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ɸʈɽʅɼʀɸɿʆʅʀʁ ʊʆɿʀʃɸʊʆɺ ɺ ʈɽɸʂʎʀʗʍ 

ʕʃɽʂʊʈʆʌʀʃʔʅʆɻʆ ɿɸʄɽʑɽʅʀʗ ɸʂʊʀɺʀʈʆɺɸʅʅʓʍ ʉ-ʅ ʉɺʗɿɽʁ                                                           

ʇ.ɺ. ʇʝʪʫʥʠʥ 419 

ʉʀʅʊɽɿ ʀ ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʃɸʂʊʀɼɸ ʀ ɻʃʀʂʆʃʀɼɸ                                                                           

ʄ.ɸ. ʇʦʟʜʥʷʢʦʚ1, ɼ.ʅ. ʃʳʪʢʠʥʘ1, ɽ. ɺ. ɿʝʥʢʦʚʘ2, ɺ. ɺ. ɹʦʪʚʠʥ1 421 

ʉʀʅʊɽɿ ʅʆɺʓʍ ʇʈʆʀɿɺʆɼʅʓʍ ɼɽɿʆʂʉʀʍʆʃɽɺʆʁ ʂʀʉʃʆʊʓ ʇʋʊɪʄ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆʁ 

ʄʆɼʀʌʀʂɸʎʀʀ ʂʆʃɽʎ ɸ ʀ ʉ ʉʊɽʈʆʀɼʅʆɻʆ ʆʉʊʆɺɸ                                                                                    

ʀ.ʀ. ʇʦʧʘʜʶʢ 424 

ɺʃʀʗʅʀɽ ʋʉʃʆɺʀʁ ʈɽɸʂʎʀʀ ʅɸ ʉʂʆʈʆʉʊʔ ʀ ʉɽʃɽʂʊʀɺʅʆʉʊʔ ʆʂʀʉʃɽʅʀʗ 2,3,6-

ʊʈʀʄɽʊʀʃʌɽʅʆʃɸ ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʈɸʉʊɺʆʈʆɺ ʄʆ-V-ʌʆʉʌʆʈʅʓʍ ɻɽʊɽʈʆʇʆʃʀʂʀʉʃʆʊ ʂɸʂ 

ʂɸʊɸʃʀɿɸʊʆʈʆɺ                                                                                                                                                          

ʖ.ɸ. ʈʦʜʠʢʦʚʘ, ɽ.ɻ. ɾʠʞʠʥʘ 427 

ʋʃʔʊʈɸɿɺʋʂʆɺɸʗ ʆɹʈɸɹʆʊʂɸ ʈɸʉʊɺʆʈʆɺ ʆʂʊɸɼɽʂɸʅɸ ɺ ɻɽʂʉɸʅɽ                                                   

ʂ.ɺ. ʈʫʙʮʦʚ, ɽ.ʉ. ɸʛʘʬʦʥʦʚʘ, ɻ. ʀ. ɺʦʣʢʦʚʘ 430 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʌʊʆʈʀʈʆɺɸʅʀʗ ɸʄʆʈʌʅʆɻʆ ʋɻʃɽʈʆɼɸ                                                      

ɸ.ɺ. ʈʳʙʘʢʦʚ 433 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʀ ʂɸʊɸʃʀʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉɽʈɽɹʈʆʉʆɼɽʈɾɸʑʀʍ ʉʀʉʊɽʄ ʉ 

ɼʆɹɸɺʂɸʄʀ ʆʂʉʀɼɸ ɾɽʃɽɿɸ                                                                                                                                 

ɸ.ʉ. ʉʘʚʝʣʴʝʚʘ, ɽ.ʀ. ʏʝʨʝʧʘʥʦʚʘ 436 

ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʇʈʆʎɽʉʉɸ ʊɽʇʃʆʇɽʈɽɼɸʏʀ ɺ ɼɺʀɻɸʊɽʃɽ ʉʊʀʈʃʀʅɻɸ ɿɸ ʉʏɽʊ 

ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ʅɸɻʈɽɺɸ                                                                                                

ɸ.ɺ. ʉʘʤʦʡʣʦʚ, ʅ.ɸ. ʂʫʟʠʥ, ɺ.ɸ. ʂʠʨʠʣʣʦʚ 439 

ʋɺɽʃʀʏɽʅʀɽ ɺʓʍʆɼɸ ɼʀʉʊʀʃʃʗʊʅʓʍ ʌʈɸʂʎʀʁ ɺ ʇʈʆʎɽʉʉɸʍʀʅʀʎʀʀʈʆɺɸʅʅʆɻʆ 

ʂʈɽʂʀʅɻɸ ʇʈʀʈʆɼʅʆɻʆ ɹʀʊʋʄɸ                                                                                                                    

ʅ.ʅ. ʉʚʠʨʠʜʝʥʢʦ, ɽ.ɹ. ʂʨʠʚʮʦʚ, ɸ.ʂ. ɻʦʣʦʚʢʦ 442 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʀʅɽʊʀʂʀ ʇʈʆʎɽʉʉɸ ɻʀɼʈʆɼɽʇɸʈɸʌʀʅʀɿɸʎʀʀ ɼʀɿɽʃʔʅʓʍ ʊʆʇʃʀɺ            

ɻ.ʖ. ʉʠʣʢʦ, ʅ.ʉ. ɹʝʣʠʥʩʢʘʷ, ɽ.ɺ. ʌʨʘʥʮʠʥʘ 445 

ʂʆʄʇʃɽʂʉʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ BF2-3,3ô,5,5ô-

ʊɽʊʈɸʌɽʅʀʃɼʀʇʀʈʈʆʃʀʃʄɽʊɽʅɸ-2,2ô                                                                                                                 

ɸ.ʅ. ʉʠʥʝʣʴʥʠʢʦʚ, ʖ.ɺ. ɸʢʩʝʥʦʚʘ 448 

ʉʀʅʊɽɿ ʅʆɺʓʍ ʉʀʄʄɽʊʈʀʏʅʓʍ ɸɿʆʊʉʆɼɽʈɾɸʑʀʍ ʇʈʆʀɿɺʆɼʅʓʍ ʂɸʄʌʆʈʓ                               

ɸ.ʉ. ʉʦʢʦʣʦʚʘ 451 

ɹʀʆɼɽɻʈɸɼʀʈʋɽʄʓɽ ʄɸʊɽʈʀɸʃʓ ʄɽɼʀʎʀʅʉʂʆɻʆ ʅɸɿʅɸʏɽʅʀʗ ʀ ʆʎɽʅʂɸ ʀʍ ɼɽʉʊʈʋʂʎʀʀ         

ʂ.ʉ. ʉʪʘʥʢʝʚʠʯ, ɸ.ʇ. ɸʩʪʘʰʢʠʥʘ, ʉ.ʀ. ʊʚʝʨʜʦʭʣʝʙʦʚ 454 

ʉʀʅʊɽɿ ʇʈʀʈʆɼʅʓʍ ʌɽʅʆʃɻʃʀʂʆɿʀɼʆɺ ʈɸʉʊɽʅʀʁ ʉɽʄɽʁʉʊɺɸ FLACOURTIACEAE ʀɼɽɿʀʅɸ 

ʀ ɹɽʅɿʆʀʃ-ʀɼɽɿʀʅɸ ʀ ʇʈʆɺɽʈʂɸ ʉʆɼɽʈɾɸʅʀʗ ʕʊʀʍ ɻʃʀʂʆɿʀɼʆɺ ɺ ʈɸʉʊɽʅʀʗʍ ʉɽʄɽʁʉʊɺɸ 

SALICACEAE                                                                                                                                                                     

ɽ.ɺ. ʉʪʝʧʘʥʦʚʘ 457 

ʀɿʋʏɽʅʀɽ ʉʄɽʐɽʅʅʆ-ʆʂʉʀɼʅʓʍ ʉʀʉʊɽʄ ʉʆʉʊɸɺɸ CuxOʫ/TiO2, CuxOy/ZnO ɺ ʇʈʆʎɽʉʉɽ 

ʌʆʊʆʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ʇʆʃʋʏɽʅʀʗ ɺʆɼʆʈʆɼɸ                                                                                           

ɽ.ʉ. ʉʫʜʘʨʝʚʘ, ɽ.ɼ. ʌʘʭʨʫʪʜʠʥʦʚʘ, ɸ.ɺ. ʐʘʙʘʣʠʥʘ 460 

ʆʇʈɽɼɽʃɽʅʀɽ ʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ʆʈɻɸʅʀʏɽʉʂʀʍ ʀ ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ ʇʈʆɹ ʄɽʊʆɼʆʄ 

ɸʊʆʄʅʆ-ʕʄʀʉʉʀʆʅʅʆʁʉʇɽʂʊʈʆʉʂʆʇʀʀ                                                                                                       

ɸ.ʅ. ʉʫʪʳʛʠʥʘ, ɸ.ʀ.ɹʫʤʘʛʠʥʘ 463 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂɸʊɸʃʀʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʄʆʃʀɹɼɸʊʆɺ ʃɸʅʊɸʅɸ ɺ ʈɽɸʂʎʀʀ 

ʆʂʀʉʃʀʊɽʃʔʅʆʁ ɼʀʄɽʈʀɿɸʎʀʀ ʄɽʊɸʅɸ                                                                                                          

ɽ.ʀ. ʉʫʱʝʥʢʦ1, ʉ.ʅ. ʇʘʚʣʦʚʘ2, ʊ.ʉ. ʍʘʨʣʘʤʦʚʘ1 466 

ɹʀʆʊʈɸʅʉʌʆʈʄɸʎʀʗ ɺʓʉʆʂʆɺʗɿʂʆʁ ʅɽʌʊʀ ʀ ɽɪ ɺʓʉʆʂʆʄʆʃɽʂʋʃʗʈʅʓʍ 

ɻɽʊɽʈʆɸʊʆʄʅʓʍ ʂʆʄʇʆʅɽʅʊʆɺ ɸɹʆʈʀɻɽʅʅʆʁ ʇʆʏɺɽʅʅʆʁ ʄʀʂʈʆʌʃʆʈʆʁ                                        

ɼ.ɸ.ʌʠʣʘʪʦʚ,ʄ.ɸ.ʂʦʧʳʪʦʚ, ʃ.ʂ.ɸʣʪʫʥʠʥʘ 468 

ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʊʆʅʂʀʍ ʇʃɽʅʆʂ  CeO2ïGd2O3                                           

ʆ.ʉ. ʍʘʣʠʧʦʚʘ1, ɺ. ʃʵʨ2, A. ʈʵʥʛʜʵ2 471 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʆʆɹʈɸɿʆɺɸʅʀʗ ʉʀʃʀʂɸʊʅʆ-ʌʆʉʌɸʊʅʓʍ ʇʈʆʊʆʅʇʈʆɺʆɼʗʑʀʍ 

ʄɸʊɽʈʀɸʃʆɺ, ʇʆʃʋʏɽʅʅʓʍ ɿʆʃʔ-ɻɽʃʔ ʄɽʊʆɼʆʄ                                                                                       



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  11 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ɽ.ʀ. ʏʝʨʝʧʘʥʦʚʘ, ɸ.ɸ. ɽʧʠʬʘʥʦʚʘ, ʆ.ɺ. ʄʘʛʘʝʚ 474 

ɺʃʀʗʅʀɽ ʇʆʉʊʆʗʅʅʆɻʆ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʆʃʗ ʅɸ ʉʆʈɹʎʀʖ ʈɸʉʊɺʆʈʀʄʓʍ ʇʈʀʄɽʉɽʁ 

ɼɺʋʍɺɸʃɽʅʊʅʓʍ ʂɸʊʀʆʅʆɺ ɾɽʃɽɿɸ, ʄɸʈɻɸʅʎɸ ʀ ʅʀʂɽʃʗ                                                                 

ɸ.ʀ. ʏʝʨʝʧʘʥʦʚʘ, ɺ.ɺ. ʉʤʠʨʥʦʚʘ 477 

ʇʆʃʋʏɽʅʀɽ ɺʓʉʆʂʆʆʂʊɸʅʆɺʓʍ ɹɽʅɿʀʅʆɺ ʉ ʋʃʋʏʐɽʅʅʓʄʀ ʕʂʆʃʆɻʀʏɽʉʂʀʄʀ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ ɺ ʇʈʆʎɽʉʉɽ ʎɽʆʌʆʈʄʀʅɻɸ                                                                                       

ɸ.ʅ. ʐʘʤʩʫʪʜʠʥʦʚʘ1, 2, ʃ.ʄ. ɺʝʣʠʯʢʠʥʘ2, ʃ.ʇ. ɻʦʩʩʝʥ1 480 

ʇʆʃʋʏɽʅʀɽ ɻʃʀʂʆʃɽɺʆʁ ʂʀʉʃʆʊʓ ʄɽʊʆɼʆʄ ʕʃɽʂʊʈʆɼʀɸʃʀɿɸ ʉ ɹʀʇʆʃʗʈʅʓʄʀ 

ʄɽʄɹʈɸʅɸʄʀ ʀɿ ɻʃʀʂʆʃʗʊɸ ʅɸʊʈʀʗ                                                                                                        

ʇ.ʉ. ʑʝʨʙʘʢʦʚ, ɸ.ɺ. ɹʝʨʝʥʜʘ 483 

 

ʄɸʊɽʄɸʊʀʂɸ 

 

ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ʅɸ ʊʆʅʂʆʄ ʀɼɽɸʃʔʅʆʄ ʇʈʆɺʆɼʅʀʂɽ      

ɸ.ɸ. ɸʣʝʢʩʝʝʥʢʦ 487 

ʅɽʆɹʍʆɼʀʄʆɽ ʀ ɼʆʉʊɸʊʆʏʅʆɽ ʋʉʃʆɺʀɽ ɻɽʆɼɽɿʀʏʅʆʉʊʀ ʉɽʊʀ ʅɸ ɻʈɸʌʀʂɽ ʆʊʆɹʈɸɾɽʅʀʗ 

ʊʈɽʍʄɽʈʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ɺ ʊʈɽʍʄɽʈʅʋʖ ʇʃʆʉʂʆʉʊʔ                                                                            

ɾ.ɸ. ɸʨʪʳʢʦʚʘ 490 

ʆʎɽʅʂɸ ʊʈʋɼʆɽʄʂʆʉʊʀ ɸʃɻʆʈʀʊʄʆɺ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʅʀʉʍʆɼʗʑɽʁ ʈɸʉʉɽʗʅʅʆʁ 

ʈɸɼʀɸʎʀʀ ɺ ʉʌɽʈʀʏɽʉʂʆʁ ɸʊʄʆʉʌɽʈɽ                                                                                                            

ɸ.ɺ. ɸʨʪʶʰʠʥʘ, ʀ.ʄ. ʅʘʩʨʪʜʠʥʦʚ 493 

ʆɹ ʆʎɽʅʀɺɸʅʀʀ ɺʆʃɸʊʀʃʔʅʆʉʊʀ ɺ ʉʊʆʍɸʉʊʀʏɽʉʂʀʍ ʄʆɼɽʃʗʍ                                                          

ʆ.ʀ.ɹʘʨʩʫʢ 496 

ʉʊɸʊʀʉʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ʆʎɽʅʂʀ ʌʀʅɸʅʉʆɺʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʇʈɽɼʇʈʀʗʊʀʁ ʋɻʆʃʔʅʆʁ 

ʀ ʅɽʌʊʗʅʆʁ ʆʊʈɸʉʃʀ                                                                                                                                                  

ɸ.ɸ. ɹʦʛʦʩʣʘʚʩʢʘʷ 499 

ʈɸʉʏɽʊ ʆʎɽʅʂʀ ʌʀʅɸʅʉʆɺʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʇʈɽɼʇʈʀʗʊʀʁ ʅɸ ʆʉʅʆɺɽ ʄʆɼɽʃʀ 

ɸʃʔʊʄɸʅɸ                                                                                                                                                            

ɸ.ɸ.ɹʦʛʦʩʣʘʚʩʢʘʷ 502 

ʂʆʄʇʃɽʂʉ ʇʈʆɻʈɸʄʄ ʈɸɿʃʆɾɽʅʀʗ ɻʈɸʌɸ ʅɸ ɸʊʆʄʓ ʂʃʀʂʆɺʓʄʀ ʄʀʅʀʄɸʃʔʅʓʄʀ 

ʉɽʇɸʈɸʊʆʈɸʄʀ                                                                                                                                                               

ɺ.ʆ. ɹʦʣʭʦʚʝʮ 504 

ɻɸʈɸʅʊʀʈʆɺɸʅʅʆɽ ʆʎɽʅʀɺɸʅʀɽ ʅɽʀɿɺɽʉʊʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʇʈʆʎɽʉʉɸ AR(1)ïGARCH(1,1)                

ʅ.ɸ. ɺʘʘʣʴ 507 

ʆɹʅɸʈʋɾɽʅʀɽ ʀʅʉɸʁɼɽʈʉʂʀʍ ʉɼɽʃʆʂ ʇʈʀ ʊʆʈɻʆɺʃɽ ɸʂʎʀʗʄʀ ʅɸ ʈʆʉʉʀʁʉʂʆʄ 

ʌʆʅɼʆɺʆʄ ʈʓʅʂɽ                                                                                                                                                         

ʃ.ɸ. ɻʣʠʢ 510 

ʕʂʉʇʆʈʊ ɼɸʅʅʓʍ ʊɸɹʃʀʎʓ ʂʆʊʀʈʆɺʆʂ ɼʃʗ ʊɽʍʅʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ                                                 

ʃ.ɸ. ɻʣʠʢ 513 

ʀɿʋʏɽʅʀɽ ʇʆʊʈɽɹʀʊɽʃʔʉʂʆɻʆ ʉʇʈʆʉɸ ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼɸ ɸʉʉʆʎʀɸʊʀɺʅʓʍ ʇʈɸɺʀʃ               

ʂ.ɺ. ɻʦʨʜʝʝʚʘ 516 

ʆʎɽʅʂɸ ʌʀʅɸʅʉʆɺʆɻʆ ʈʀʉʂɸ ɸʂʎʀʁ ʅɸ ʆʉʅʆɺɽ ʇʆʂɸɿɸʊɽʃʗ VALUE-AT-RISK                               

ɺ.ʖ. ɻʫʨʴʷʥʦʚʘ 519 

ʂʃɸʉʊɽʈʀɿɸʎʀʗ ʉʊʈɸʅ ʄʀʈɸ ʇʆ ʋʈʆɺʅʖ ɺɺʇ ʀ ʉʈɽɼʅɽɼʋʐɽɺʆʄʋ ɼʆʍʆɼʋ                                

ɺ.ʖ. ɻʫʨʴʷʥʦʚʘ 522 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʃʋʂɹʕʂ-ʆʇʎʀʆʅʆɺ ʇʈʆɼɸɾʀ ɽɺʈʆʇɽʁʉʂʆɻʆ ʊʀʇɸ                                                         

ɽ.ʖ. ɼʘʥʠʣʶʢ, ʋ.ɺ. ɸʥʜʨʝʝʚʘ 525 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɸɻʅʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɽʊʆɼɸ ʂʆʅɽʏʅʓʍ 

ʈɸɿʅʆʉʊɽʁ ʀ ɹʓʉʊʈʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʌʋʈʔɽ                                                                                        

ɼʞʘʥʴ ɼʞʫʥʴ1, ʅʛʫʝʥ ɼʳʢ ʊʭʦ2 528 

ʆʎɽʅʀɺɸʅʀɽ ʇɸʈɸʄɽʊʈɸ ʅɽʋʉʊʆʁʏʀɺʆʁ ɸɺʊʆʈɽɻʈɽʉʉʀʀ                                                                       

ʊ.ɺ. ɼʦʛʘʜʦʚʘ 531 

ʀɿʆʊʆʇʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ʂʆɻɽʈɽʅʊʅʓʍ ʈɽɸʂʎʀʁ (ɔ, ˊ0ˊ0) ʅɸ ʃɽɻʂʀʍ ʗɼʈɸʍ                               

ʄ.ɺ. ɽʛʦʨʦʚ 534 

ʈɸɿʈɸɹʆʊʂɸ ʇʀʀ2 - ʈɽɻʋʃʗʊʆʈɸ ɼʃʗ ʉʀʉʊɽʄʓ ʉʊɸɹʀʃʀɿɸʎʀʀ ʇʆʃʆɾɽʅʀʗ ɹʋʂʉʀʈʋɽʄʆɻʆ 

ʇʆɼɺʆɼʅʆɻʆ ʆɹʒɽʂʊɸ                                                                                                                                             

ʊ.ɸ.ɽʟʘʥʛʠʥʘ 537 

ɺʓɹʆʈ ʄɽʊʆɼɸ ʋʇʈɸɺʃɽʅʀʗ ʈɸɿʄɽʈʆʄ ʊʆʈɻʆɺʆʁ ʇʆɿʀʎʀʀ                                                                     



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  12 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ɺ.ʊ. ɿʘʡʥʘʢʘʝʚ 540 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʊʆʍɸʉʊʀʏɽʉʂʆʁ ɺʆʃɸʊʀʃʔʅʆʉʊʀ ɼʃʗ ʈʓʅʂɸ ɸʂʎʀʁ                                           

ɽ.ɸ. ʀʛʘʥʦʚʘ 543 

ʄʀʅʀʄɸʂʉʅɸʗ ɿɸɼɸʏɸ ʆ ʈɸɿʄɽʑɽʅʀʀ ʂʃɸʇɸʅʆɺ ɺ ʊʈʋɹʆʇʈʆɺʆɼɸʍ                                                  

ʆ.ʕ. ʂʠʤ 545 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɻʈɸʄʄʅʆʁ ʈɽɸʃʀɿɸʎʀʀ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉʊɽʄʓ 

ʕʂʉʇʈɽʉʉ-ɼʀɸɻʅʆʉʊʀʂʀ ʀ ʇʈʆʌʀʃɸʂʊʀʂʀ ɼɽʇʈɽʉʉʀʀ                                                                           

ʉ.ɺ. ʂʠʪʣʝʨ1, ɸ.ɸ. ʀʟʶʤʦʚ1 547 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɻʈɸʅʀʏʅʓʍ ʋʉʃʆɺʀʁ ʉʇʃɸʁʅ-ʌʋʅʂʎʀʁ ʅɸ ʊʆʏʅʆʉʊʔ ʇʈʆɻʅʆɿɸ 

ɼʀʅɸʄʀʂʀ ʉʓʈʔɽɺʆɻʆ ʈʓʅʂɸ                                                                                                                  

ʉ.ɺ. ʂʦʟʣʦʚʩʢʠʭ 550 

ʆʇɽʈɸʎʀʆʅʅʓʁ ʈʀʉʂ ʚ ʩʪʨʘʭʦʚʦʡ ʦʪʨʘʩʣʠ                                                                                                               

ɽ.ɸ. ʂʦʨʦʙʦʚʘ 553 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕɺɽʅʊʆʃʆɻʀʏɽʉʂʀʍ ʈɸʉʇʈɽɼɽʃɽʅʀʁ ɸʉʉʆʎʀɸʊʀɺʅʓʄʀ ʌʋʅʂʎʀʗʄʀ            

ʖ.ʉ. ʂʦʯʘʥʦʚʘ 556 

ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɺ ʄʅʆɻʆʄɽʈʅʆʁ GARCH ʄʆɼɽʃʀ                                              

ɸ.ʆ. ʂʫʜʨʷʚʮʝʚʘ 559 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʅʆɻʆʄɽʈʅʓʍ ɼɸʅʅʓʍ ʄɽʊʆɼɸʄʀ ʌɸʂʊʆʈʅʆɻʆ ɸʅɸʃʀɿɸ                                 

ʄ.ʅ. ʂʫʯʝʨʦʚ 562 

ʅɽʃʆʂɸʃʔʅʆɽ ʋʈɸɺʅɽʅʀɽ ʌʀʐɽʈɸïʂʆʃʄʆɻʆʈʆɺɸïʇɽʊʈʆɺʉʂʆɻʆïʇʀʉʂʋʅʆɺɸ ʀ ʉʀʉʊɽʄɸ 

ʕʁʅʐʊɽʁʅɸ-ʕʈɽʅʌɽʉʊɸ ʊʀʇɸ ,1)(k                                                                                                                  

ɽ. ɸ. ʃʝʚʯʝʥʢʦ 565 

ʉʊɸʊʀʉʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʆʉʅʆɺʅʓʍ ʌɸʂʊʆʈʆɺ, ɺʃʀʗʖʑʀʍ 

ʅɸ ʌʆʈʄʀʈʆɺɸʅʀɽ ʏʀʉʊʆʁ ʇʈʀɹʓʃʀ ʇʈɽɼʇʈʀʗʊʀʗ                                                                                  

ʖ.ɺ. ʄʘʨʪʶʛʦʚʘ 568 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʈɽɸʃʀɿɸʎʀʗ l -ʂʆʅʌʆʈʄʅʆʁ ɸʃɻɽɹʈʓ ɻɸʃʀʃɽʗ                                                         

ʀ.ɺ. ʄʘʩʪʝʨʦʚ 571 

ɸɹɽʃɽɺɸ N=1 ʉʋʇɽʈʉʀʄʄɽʊʈʀʏʅɸʗ ʊɽʅɿʆʈʅɸʗ ʂɸʃʀɹʈʆɺʆʏʅɸʗ ʊɽʆʈʀʗ ʀ ʂʃɸʉʉʀʏɽʉʂɸʗ 

ʕʂɺʀɺɸʃɽʅʊʅʆʉʊʔ                                                                                                                                                      

ɹ.ʉ. ʄʝʨʟʣʠʢʠʥ 574 

ʅɸʍʆɾɼɽʅʀɽ ʈɽʐɽʅʀʗ ɼʃʗ ɿɸɼɸʅʅʆʁ ʉʆɺʄɽʉʊʅʆʁ ʉʀʉʊɽʄʓ ʃʀʅɽʁʅʓʍ ʅɽʈɸɺɽʅʉʊɺ               

ʉ.ɻ. ʅʝʙʘʙʘ 576 

ɼɺʋʄɽʈʅɸʗ ʈɽɸʂʎʀʆʅʅʆ ɼʀʌʌʋɿʀʆʅʅɸʗ ʄʆɼɽʃʔ ʌʀʐɽʈɸ-ʂʆʃʄʆɻʆʈʆɺɸ-ʇɽʊʈʆɺʉʂʆɻʆ-

ʇʀʉʂʋʅʆɺɸ                                                                                                                                                                       

ɺ.ɺ. ʅʠʢʦʣʘʝʚ 579 

ɸʅɸʃʀɿ ʌʀʅɸʅʉʆɺʆɻʆ ʉʆʉʊʆʗʅʀʗ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʉʇʈʆʉɸ ʅɸ ʇʈʆɼʋʂʎʀʖ ʄɸʃʆɻʆ 

ʇʈɽɼʇʈʀʗʊʀʗ                                                                                                                                                                    

ʂ.ɸ. ʅʦʚʠʢʦʚʘ 581 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂɸʅʆʅʀʏɽʉʂʀʍ ʃɸʊʀʅʉʂʀʍ ʂɺɸɼʈɸʊʆɺ ɼʃʗ ʇʆʉʊʈʆɽʅʀʗ ʇʃɸʅʆɺ 

ʕʂʉʇɽʈʀʄɽʅʊʆɺ                                                                                                                                                              

ʉ. ʆʜʫʩʘʥʠʷ 584 

ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ɼʃʗ ʉʀʅʊɽɿɸ ʇʀ-ʈɽɻʋʃʗʊʆʈɸ ʃʀʅɽʁʅʆʁ ʉʀʉʊɽʄʓ 

ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʇʈʀ ʆɻʈɸʅʀʏɽʅʀʀ ʅɸ ʂʆʃɽɹɸʊɽʃʔʅʆʉʊʔ                                  

ɸ.ʀ. ʆʩʠʧʝʥʢʦ, ʊ.ɸ. ɽʟʘʥʛʠʥʘ 587 

ʇʈʀʅʎʀʇ ʄɸʂʉʀʄʋʄɸ ʕʅʊʈʆʇʀʀ ʀ ʈɸʉʐʀʈɽʅʀɽ ʂʆɺɸʈʀɸʎʀʆʅʅʆʁ ʄɸʊʈʀʎʓ ɼʃʗ 

ʇɽʈʀʆɼʀʏɽʉʂʀ ʂʆʈʈɽʃʀʈʆɺɸʅʅʓʍ ʀ ʄʅʆɻʆʄɽʈʅʓʍ ʇʈʆʎɽʉʉʆɺ                                                      

ʀ.ɽ. ʇʘʨʰʝʚʥʠʢʦʚ 590 

ʇʈʀʄɽʅɽʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʇʈʆʈɽɾʀɺɸʅʀʗ ɼɸʅʅʓʍ ʇʈʀ ʈɽʐɽʅʀʀ ɾɽʉʊʂʀʍ ɿɸɼɸʏ                  

ɸ.ɽ. ʇʝʪʝʣʠʥ 593 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ʈɸʉʏɽʊɸ ɹɽɿʋɹʓʊʆʏʅʆʉʊʀ ʇʈʆʀɿɺʆɼʉʊɺɸ, ʆʉʅʆɺɸʅʅʓɽ ʅɸ 

ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉɸʍ                                                                                                                                                    

ʄ.ɻ. ʇʦʥʦʤʘʨʝʚʘ 596 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʈʈɽʃʀʈʆɺɸʅʅʓʍ ʉʃʋʏɸʁʅʓʍ ʚʝʢʪʦʨʦʚ ɺ ɿɸɼɸʏɸʍ ʈɸʉʇʆɿʅɸɺɸʅʀʗ 

ʆɹʈɸɿʆɺ                                                                                                                                                                             

ɸ.ʉ. ʇʝʭʪʝʨʝʚ 599 

ʇʈʀʄɽʅɽʅʀɽ ʄʆɼɽʃʀ ʄɸʈʂʆɺʀʎɸ ɼʃʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆʈʊʌɽʃʗ ʎɽʅʅʓʍ ɹʋʄɸɻ                   

ʄ.ɸ. ʈʦʤʘʥʶʢ 602 

ʋʇʈɸɺʃɽʅʀɽ ʈʓʅʆʏʅʓʄʀ ʈʀʉʂɸʄʀ                                                                                                                



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  13 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʆ.ʉ. ʉʘʧʦʞʥʠʢʦʚʘ 605 

ʆɹ ʆɼʅʆʄ ʉɺʆʁʉʊɺɽ ʇʈʀɹʃʀɿʀʊɽʃʔʅʆ ʀʅʊɽɻʈʀʈʋɽʄʓʍ SO(3)-ʉʊʈʋʂʊʋʈɸʍ ʅɸ 5-ʄɽʈʅʓʍ 

ʄʅʆɻʆʆɹʈɸɿʀʗʍ                                                                                                                                                            

ɸ.ɻ. ʉʝʜʳʭ 608 

ɸʅɸʃʀɿ ʀʅɺɽʉʊʀʎʀʆʅʅʆɻʆ ʇʈʆɽʂʊɸ ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼʆɺ ʌʀʅɸʅʉʆɺʆɻʆ ɸʅɸʃʀɿɸ           

ɽ.ɽ. ʉʦʨʦʢʦʫʤʦʚʘ 611 

ɸʉʀʆʄɸ 8 ɽɺʂʃʀɼɸ ʀ ʂʆʅʊʀʅʋʋʄ-ɻʀʇʆʊɽɿɸ                                                                                                  

A.M. ʉʫʭʦʪʠʥ 614 

ʂʆʈʈɽʃʗʎʀʆʅʅʓʁ ɸʅɸʃʀɿ ʈɸɿʅʆʊʀʇʅʓʍ ɼɸʅʅʓʍ ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼɸ ɼɺʋɼʆʃʔʅʓʍ 

ʄʅʆɾɽʉʊɺ                                                                                                                                                                         

ɽ.ʅ. ʊʝʤʝʨʦʚʘ 617 

ɺʃʀʗʅʀɽ ʇʆʈʀʉʊʆʁ ɺʉʊɸɺʂʀ ʅɸ ʅɽʉʊɸʎʀʆʅɸʈʅʓɽ ʈɽɾʀʄʓ ʉʆʇʈʗɾɽʅʅʆʁ 

ɽʉʊɽʉʊɺɽʅʅʆʁ ʂʆʅɺɽʂʎʀʀ ɺ ɺɽʈʊʀʂɸʃʔʅʆʄ ʎʀʃʀʅɼʈɽ (ʄʆɼɽʃʔ ɼɸʈʉʀïɹʋʉʉʀʅɽʉʂɸ)             

ʊ.ɸ. ʊʨʠʬʦʥʦʚʘ1 620 

ɸʅɸʃʆɻ ʄɽʊʆɼɸ ʇʆɻʈɸʅʌʋʅʂʎʀʀ ɼʃʗ ɹʀʉʀʅɻʋʃʗʈʅʆ ɺʆɿʄʋʑɽʅʅʆɻʆ ʕʃʃʀʇʊʀʏɽʉʂʆɻʆ 

ʋʈɸɺʅɽʅʀʗ                                                                                                                                                                 

ɼ.ɸ. ʊʫʨʩʫʥʦʚ 623 

ʏʀʉʃɽʅʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʆɹʒɽʄʅʆʁ ʂʆʅɼɽʅʉɸʎʀʀ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿɸ                                     

ɸ.ɾ. ʊʳʯʝʥʛʫʣʦʚʘ 626 

ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ʅɸ ʊʈɽʍ ʀʄʇɽɼɸʅʉʅʓʍ ʊɽʃɸʍ 

ʄɽʊʆɼʆʄ ɼʀʉʂʈɽʊʅʓʍ ʀʉʊʆʏʅʀʂʆɺ                                                                                                                   

ʈ.ʀ. ʋʨʠʥʦʚ 629 

ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʓʁ ʀʅɺɽʉʊʀʎʀʆʅʅʓʁ ʇʈʆɼʋʂʊ ʂɸʂ ʆʇʊʀʄɸʃʔʅʆɽ ʉʆʆʊʅʆʐɽʅʀɽ 

ʈʀʉʂɸ ʀ ɼʆʍʆɼʅʆʉʊʀ                                                                                                                                                   

ʄ.ʕ. ʌʘʪʴʷʥʦʚʘ 632 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆɹʈɸɹʆʊʂʀ ʇʆʊʆʂʆʄ ʏɸʉʊʀʎ ɼɽʌʆʈʄʀʈʋɽʄʆɻʆ 

ʄɽʊɸʃʃɸ ʉ ʋʏɽʊʆʄ ʇɽʈɽʂʈɽʉʅʓʍ ʕʌʌɽʂʊʆɺ                                                                                               

ʄ.ɺ. ʏʝʧʘʢ-ɻʠʟʙʨʝʭʪ 635 

ʄʅʆɻʆʄɽʈʅʓʁ ʃʆʂɸʃʔʅʓʁ ʆʇɽʈɸʊʆʈ ɼʈʆɹʅʆɻʆ ʀʅʊɽɻʈʀʈʆɺɸʅʀʗ ʀ ɼʈʆɹʅʆɻʆ 

ɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʀʗ ɺɽʑɽʉʊɺɽʅʅʓʍ ʇʆʈʗɼʂʆɺ ɺɽʑɽʉʊɺɽʅʅʓʍ ʇɽʈɽʄɽʅʅʓʍ                          

ɺ.ɸ. ʏʫʨʠʢʦʚ 638 

ʄʅʆɻʆʄɽʈʅʓɽ ʇʆʃʀʅʆʄʓ ʀʅʊɽɻʈʆɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʀʗ                                                                        

ɺ.ɸ. ʏʫʨʠʢʦʚ 641 

ɺɽʈʆʗʊʅʆʉʊʅʓɽ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʉ ʅɽʏɪʊʂʀʄʀ ʇɸʈɸʄɽʊʈɸʄʀ                                                             

ʃ.ʖ. ʐʘʥʛʘʨʝʝʚʘ 644 

ʇɸʈɸʄɽʊʈʀʏɽʉʂɸʗ ʆʇʊʀʄʀɿɸʎʀʗ ʅɸʉʊʈʆɽʂ ʈɽɻʋʃʗʊʆʈɸ ʆɼʅʆʂʆʅʊʋʈʅʆʁ ʉʀʉʊɽʄʓ 

ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʈɽɻʋʃʀʈʆɺɸʅʀʗ                                                                                                                   

ɸ.ʀ. ʕʣʴʩʥʝʨ, ʅ.ʉ. ʂʨʠʥʠʮʳʥ 646 

ʇʈʀʄɽʅɽʅʀɽ ʕʈʄʀʊʆɺʓʍ ʄʋʃʔʊʀɺɽʁɺʃɽʊʆɺ ʂ ʏʀʉʃɽʅʅʆʄʋ ʈɽʐɽʅʀʖ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ʐɽʉʊʆɻʆ ʇʆʈʗɼʂɸ                                                                                  

ʋ.ɿ. ʕʨʢʝʙʘʝʚ 650 

 

ʊɽʍʅʆʃʆɻʀʗ 

 

ʆɹɿʆʈ ʉʋʑɽʉʊɺʋʖʑʀʍ ʀʅɾɽʅɽʈʅʓʍ ʈɽʐɽʅʀʁ  ʇʆ ʂʆʅʊɸʂʊɸʄ ʂɽʈɸʄʀʏɽʉʂʀʍ 

ʂʆʈʇʋʉʆɺ ʄʀʂʈʆʏʀʇʆɺ                                                                                                                                        

ɸʟʠʥ ɸ.ɺ., ʄʘʨʠʮʢʠʡ ʅ.ʅ., ʇʦʥʦʤʘʨʝʚ ʉ.ɸ. 654 

ʕʃɽʂʊʈʆʂɸʈɼʀʆɻʈɸʌ ʅɸ ʅɸʅʆʕʃɽʂʊʈʆɼɸʍ ɼʃʗ ʉɽʄɽʁʅʆɻʆ ʇʈʀʄɽʅɽʅʀʗ                                     

ʀ.ʉ. ɸʥʪʦʥʝʥʢʦ 657 

ʅɽʆɹʍʆɼʀʄʆɽ ʀ ɼʆʉʊɸʊʆʏʅʆɽ ʋʉʃʆɺʀɽ ɻɽʆɼɽɿʀʏʅʆʉʊʀ ʉɽʊʀ ʅɸ ɻʈɸʌʀʂɽ ʆʊʆɹʈɸɾɽʅʀʗ 

ʊʈɽʍʄɽʈʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ɺ ʊʈɽʍʄɽʈʅʋʖ ʇʃʆʉʂʆʉʊʔ                                                                         

ɾ.ɸ. ɸʨʪʳʢʦʚʘ 660 

ʈɸʉʏɽʊ ʄɽʊʆɼʆʄ ʂʆʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʀɿɻʀɹɸɽʄʓʍ ʂʆʅʉʊʈʋʂʎʀʁ, 

ʋʉʀʃɽʅʅʓʍ ʐʇʈɽʅɻɽʃʔʅʓʄʀ ɿɸʊʗɾʂɸʄʀ ʀ ɺʃʆɾɽʅʅʓʄʀ ʐʇʈɽʅɻɽʃʗʄʀ                                

ʀ.ɺ. ɹʦʛʘʪʳʨʝʚʘ, ɼ.ʉ. ʄʘʪʨʦʩʦʚʘ 663 

ʎɽʄɽʅʊʅʓʁ ʌʀɹʈʆʇɽʅʆɹɽʊʆʅ                                                                                                                           

ʊ.ʖ. ɹʦʥʜʘʨʝʥʢʦ, ɸ.ɹ. ʉʪʝʰʝʥʢʦ, ɸ.ɸ. ʂʦʚʘʣʴʯʫʢ 666 

ɺɽɿɼɽʍʆɼʅɸʗ ʊɽʍʅʀʂɸ ʅɸ ɻʋʉɽʅʀʏʅʆʄ ʍʆɼʋ                                                                                              



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  14 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ɸ.ɸ. ɺʘʭʨʫʰʝʚ, ʈ.ʅ. ʂʦʪʠʢ 669 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʕʅɽʈɻʆʉɹɽʈɽɻɸʖʑʀʍ ʉʀʉʊɽʄ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ ɿɼɸʅʀʁ                      

ʅ.ɺ. ɻʝʨʘʩʠʤʯʫʢ, ɽ.ʅ. ʇʠʨʦʛʦʚʘ, ɸ.ɺ. ʄʘʣʴʢʦʚ 674 

3D-ɺʀɿʋɸʃʀɿɸʎʀʗ ɼʃʗ ʇʃɸʅʀʈʆɺɸʅʀʗ ʆʇɽʈɸʎʀʁ ʀ ɼʃʗ ʀʉʇʆʃʅɽʅʀʗ ʍʀʈʋʈɻʀʏɽʉʂʆɻʆ 

ɺʄɽʐɸʊɽʃʔʉʊɺɸ                                                                                                                                                          

ɸ.ʉ. ɻʦʨʙʘʯʸʚʘ 677 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɼɺʀɾɽʅʀʗ ɺʃɸɻʀ ɺ ɹɽʊʆʅɽ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ 

ʉʆʉʊɸɺɸ ɹɽʊʆʅɸ (ʉ ɼʆɹɸɺʃɽʅʀɽʄ ʇʃɸʉʊʀʌʀʎʀʈʋʖʑʀʍ ɼʆɹɸɺʆʂ) ʀ ʆʊ ʊɽʄʇɽʈɸʊʋʈʅʆɻʆ 

ɻʈɸɼʀɽʅʊɸ                                                                                                                                                                      

ʄ.ɺ. ɼʷʢʠʥʘ, ʅ.ɺ. ʌʘʥʝʥʰʪʠʣʴ, ʉ.ɸ. ʊʦʤʨʘʯʝʚ 680 

ʇʈʆʏʅʆʉʊʔ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʕʃɽʄɽʅʊʆɺ ʋʉʀʃɽʅʅʓʍ ʅɸʈɸʑʀɺɸʅʀɽʄ ʉɽʏɽʅʀʁ ʇʈʀ 

ʂʆʉʆʄ ɺʅɽʎɽʅʊʈɽʅʅʆʄ ʅɸɻʈʋɾɽʅʀʀ                                                                                                             

ʊ.ɸ. ɽʛʦʨʦʚʘ 683 

ɿɸʑʀʊɸ ʊʆʇʃʀɺʅʓʍ ʈɽɿɽʈɺʋɸʈʆɺ ʆʊ ɸʊʄʆʉʌɽʈʅʆʁ ʇʓʃʀ                                                                      

ʇ.ɺ. ʀʩʘʝʥʢʦ, ʕ.ʀ. ʋʜʣʝʨ, ɺ.ɼ. ʀʩʘʝʥʢʦ 686 

ʠʉʇʆʃʔɿʆɺɸʅʀɽ ʅɸʅʆʄʆɼʀʌʀʂɸʊʆʈʆɺ ɼʃʗ ʋʃʋʏʐɽʅʀʗ ʉɺʆʁʉʊɺ ʎɽʄɽʅʊʅʓʍ 

ʂʆʄʇʆɿʀʎʀʁ                                                                                                                                                                  

ɸ.ɺ. ʂʘʩʘʪʢʠʥʘ, ʆ.ɺ. ɼʝʤʴʷʥʝʥʢʦ, ɸ.ʉ. ʃʫʢʴʷʥʯʠʢʦʚʘ 689 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɻʈʋɿʆʇʆɼʒɽʄʅʆʁ ʃɽɹɪɼʂʀ ʉ ʂɸʅɸʊʆɺɽɼʋʑʀʄ  ʐʂʀɺʆʄ                   

ʈ.ʅ. ʂʘʭʠʝʚ, ɼ.ʇ. ʉʪʦʣʷʨʦʚ, ɼ.ʖ. ʆʨʣʦʚ 692 

ʇʆɺʓʐɽʅʀɽ ʈɽʉʋʈʉɸ ʈɸɹʆʏʀʍ ɾʀɼʂʆʉʊɽʁ ɻʀɼʈʆʉʀʉʊɽʄ ʄʆɹʀʃʔʅʓʍ ʄɸʐʀʅ                         

ɸ.ɽ. ʂʦʟʠʯ, ɺ.ɺ. ʄʝʜʚʝʜʝʚ, ɺ.ʈ. ʌʫʢʩ 694 

ʆʎɽʅʂɸ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʆʁ ʅɸɼɽɾʅʆʉʊʀ ʂʆʈʇʋʉɸ ˉ 111 ʆʆʆ "ʊʆʄʉʂʅɽʌʊɽʍʀʄ" ɺ 

ʉɺʗɿʀ ʉ ʋɺɽʃʀʏɽʅʀɽʄ ʅɸɻʈʋɿʆʂ                                                                                                                         

ɸ.ʇ. ʂʦʟʣʦʚʩʢʘʷ 697 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ɼʃʀʅʅʓʍ 

ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ʆɹʆʃʆʏɽʂ ʇʈʀ ɺʅʋʊʈɽʅʅɽʄ ʂʈɸʊʂʆɺʈɽʄɽʅʅʆʄ ɼʀʅɸʄʀʏɽʉʂʆʄ 

ʅɸɻʈʋɾɽʅʀʀ                                                                                                                                                                      

ʆ.ʆ. ʂʦʥʜʨʘʪʝʥʢʦ 700 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ɺʆɿɼʋʐʅʆɻʆ ʇʆʊʆʂɸ ʅɸ ʊɸʅɼɽʄ 

ʄʆɼɽʃɽʁ ɺʓʉʆʊʅʓʍ ɿɼɸʅʀʁ                                                                                                                                  

ɸ.ɸ. ʂʦʰʠʥ, ʉ.ɺ. ʂʦʨʦʙʢʦʚ, ɼ.ʀ. ʄʦʢʰʠʥ 703 

ʊɽʍʅʆʃʆɻʀʗ ʋʇʈɸɺʃɽʅʀʗ ʕʅɽʈɻʆʈɽʉʋʈʉʆʉɹɽʈɽɾɽʅʀɽʄ ʅɸ ʆʉʅʆɺɽ ɼʀʉʇɽʊʏɽʈʀɿɸʎʀʀ 

ʆɹʒɽʂʊʆɺ ʉ ʋɼɸʃɽʅʅʓʄ ɼʆʉʊʋʇʆʄ                                                                                                                

ʖ.ʆ. ʂʨʠʚʦʰʝʠʥ, ɸ.ɺ. ʆʜʠʥʮʦʚ 705 

ɺʃʀʗʅʀɽ ɼʀʉʇɽʈʉʅʆɻʆ ɸʈʄʀʈʆɺɸʅʀʗ ɹɸɿɸʃʔʊʆɺʓʄ ɺʆʃʆʂʅʆʄ ʅɸ ʇʈʆʏʅʆʉʊʅʓɽ 

ʉɺʆʁʉʊɺɸ ɹɽʊʆʅɸ                                                                                                                                                       

ʂ.ʃ. ʂʫʜʷʢʦʚ, ɸ.ɺ. ʅʝʚʩʢʠʡ, ɸ.ʉ. ʋʰʘʢʦʚʘ 708 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʇʃʆʆɹʄɽʅɸ ʆɼʀʅʆʏʅʓʍ ʄʆɼɽʃɽʁ ɿɼɸʅʀʁ ɺ ɺʀɼɽ ʂɺɸɼʈɸʊʅʓʍ ʇʈʀɿʄ 

ʇʈʀ ʀɿʄɽʅɽʅʀʀ ʋɻʃɸ ɸʊɸʂʀ ɺʆɿɼʋʐʅʆɻʆ ʇʆʊʆʂɸ                                                                              

ɼ.ʀ. ʄʦʢʰʠʥ, ʉ.ɺ. ʂʦʨʦʙʢʦʚ, ɸ.ɸ. ʂʦʰʠʥ 710 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʂʆʅʊʈʆʃʗ ʇʈʆʏʅʆʉʊʀ ʂʆʅʊɸʂʊɸ ɸʈʄɸʊʋʈʓ ʉ ɹɽʊʆʅʆʄ ʇʆ 

ʇɸʈɸʄɽʊʈɸʄ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʆʊʂʃʀʂɸ ʅɸ ʋɼɸʈʅʆɽ ɺʆɿɹʋɾɼɽʅʀɽ                                                    

ɸ.ɽ. ʄʦʨʤʦʝʚ 713 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʅɽʉʆɺɽʈʐɽʅʅʓʍ ɻʀɹʂʀʍ ʇʈʗʄʆʋɻʆʃʔʅʓʍ 

ʇʃɸʉʊʀʅ ʀ ʇʆʃʆɻʀʍ ʆɹʆʃʆʏɽʂ, ʇʆɼʂʈɽʇʃɽʅʅʓʍ ʈɽɹʈɸʄʀ ʇɽʈɽʄɽʅʅʆʁ ɾɽʉʊʂʆʉʊʀ ʉ 

ʋʏɽʊʆʄ ʌʀɿʀʏɽʉʂʆʁ ʅɽʃʀʅɽʁʅʆʉʊʀ                                                                                                            

ʆ.ʆ. ʄʦʨʦʟʦʚʘ, ʄ.ʆ. ʄʦʠʩʝʝʥʢʦ, ʊ.ɸ. ʊʨʝʧʫʪʥʝʚʘ 716 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʊɽʇʃʆʇɽʈɽɼɸʏʀ ʏɽʈɽɿ ʅɸʈʋɾʅʓɽ ʆɻʈɸɾɼɸʖʑʀɽ 

ʂʆʅʉʊʈʋʂʎʀʀ                                                                                                                                                          

ɿ.ʀ. ʅʝʙʫʩ, ʊ.ɸ. ʄʦʨʝʚʘ 719 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʌʊʆʈɸʅɻʀɼʈʀʊʆɺʓʍ ɺʗɾʋʑʀʍ ʇʆɺʓʐɽʅʅʆʁ 

ɺʆɼʆʉʊʆʁʂʆʉʊʀ ɼʃʗ ʉʋʍʀʍ ʉʊʈʆʀʊɽʃʔʅʓʍ ʉʄɽʉɽʁ                                                                             

ʆ.ɺ. ʅʠʢʠʪʠʥʘ 722 

ʇʃɸɿʄɽʅʅɸʗ ʊɽʍʅʆʃʆɻʀʗ ʆɹʈɸɹʆʊʂʀ ɹʆʃʔʐɽʈɸɿʄɽʈʅʓʍ ɼʈɽɺɽʉʅʓʍ ʀɿɼɽʃʀʁ ʅ.ɺ. 

ʅʦʚʠʢʦʚ, ʆ.ɻ. ɺʦʣʦʢʠʪʠʥ 725 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʅʓʍ ɼʀʉʇɽʈʉʅʓʍ ʎɽʄɽʅʊʅʓʍ ʉʀʉʊɽʄ ʉ ʕʃɽʂʊʈʀɿʆɺɸʅʅʆʁ 

ʇʆɺɽʈʍʅʆʉʊʔʖ ʄʀʅɽʈɸʃʔʅʆɻʆ ɺʗɾʋʑɽɻʆ                                                                                                   



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  15 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ɸ.ɸ. ʅʦʚʦʩʪʨʦʡʥʳʡ 728 

ʇʆɺʓʐɽʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ɿɼɸʅʀʁ ʇʋʊɽʄ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ 

ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʈɽʐɽʅʀʁ ʂʈʋʇʅʆʇɸʅɽʃʔʅʓʍ ʉʊɽʅ                                                                         

ɸ.ɸ. ʆʚʯʠʥʥʠʢʦʚ, ɸ.ɺ. ʄʘʪʚʝʝʚ 731 

ʈɸʉʏɽʊ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʄʆʅʆʃʀʊʅʓʍ ʇʃʀʊ ʇɽʈɽʂʈʓʊʀʗ ʄʅʆɻʆʕʊɸɾʅʆɻʆ ɿɼɸʅʀʗ ʉ 

ʋʏɽʊʆʄ ʆɹʈɸɿʆɺɸɺʐʀʍʉʗ ʊʈɽʑʀʅ                                                                                                                       

ɽ.ɸ. ʆʩʠʥʦʚʩʢʘʷ 734 

ʂʈʆʉʉʇʃɸʊʌʆʈʄɽʅʅɸʗ ʊɽʃɽʄɽʍɸʅʀʂɸ                                                                                                              

ʆ.ɺ. ʆʩʦʨʛʠʥ 737 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ɹɸʃʆʂ ʉ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʄ ʀ 

ʌʀɹʈʆɺʓʄ ɸʈʄʀʈʆɺɸʅʀɽʄ ʇʈʀ ʂʈɸʊʂʆɺʈɽʄɽʅʅʆʄ ɼʀʅɸʄʀʏɽʉʂʆʄ ʅɸɻʈʋɾɽʅʀʀ                    

ʆ.ʀ. ʇʝʪʨʫʢ 740 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʈɽʌʃɽʂʊʆʈɸ ʉ ɻʀɹʂʀʄʀ 

ʉʇʀʎɸʄʀ                                                                                                                                                                           

ɺ.ʉ. ʇʦʥʦʤʘʨʝʚ 743 

ʉʆɿɼɸʅʀɽ ʊʈɽʅɸɾɽʈɸ ʇʆ ʈɸʉʐʀʌʈʆɺʂɽ ʕʃɽʂʊʈʆʂɸʈɼʀʆɻʈɸʄʄ                                                            

ɸ.ɺ. ʇʨʠʩʘʢʘʨʴ 746 

ʄɽʊʆɼʀʂɸ ʇʈʀʄɽʅɽʅʀʗ ʇʈʆɻʈɸʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ LIRA ʇʈʀ ʈɸʉʏɽʊɽ ɺɸʅʊʆɺʓʍ ʄʆʉʊʆɺ 

ɹʆʃʔʐʀʍ ʇʈʆʃɽʊʆɺ                                                                                                                                                      

ʉ.ɸ. ʇʫʨʠʟʦʚʘ 749 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʓʍ ɿɼɸʅʀʁ                                                                                          

ʂ.ɺ. ʈʦʜʥʦʚʘ, ɽ.ɺ. ʀʚʘʥʦʚʘ 752 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆʏʅʆʉʊʀ ʎɽʄɽʅʊʅʆɻʆ ʂɸʄʅʗ ɺ ʈɸɿʃʀʏʅʓɽ ʉʈʆʂʀ ʊɺɽʈɼɽʅʀʗ ʇʈʀ 

ʎʀʂʃʆɺʆʁ ʊɽʍʅʆʃʆɻʀʀ ʄɸɻʅʀʊʅʆʁ ɸʂʊʀɺɸʎʀʀ ɺʆɼʓ ɿɸʊɺʆʈɽʅʀʗ                                                  

ɽ.ɺ. ʈʫʤʷʥʮʝʚʘ, ʆ.ʅ. ʉʫʜʳʨʴ 755 

ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʊɽʇʃʆʅɸʉʆʉʅʓʍ ʋʉʊɸʅʆɺʆʂ 758 

ɺ ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʋʉʃʆɺʀʗʍ ʊʆʄʉʂʆʁ ʆɹʃɸʉʊʀ                                                                                        

ɺ.ɸ. ʉʦʣʦʥʳʡ 758 

ʇʈʆʎɽʉʉʅʓʁ ʇʆɼʍʆɼ ʇʈʀ ʋʇʈɸɺʃɽʅʀʀ ʋʉɸɼʆʏʅʓʄʀ ɼɽʌʆʈʄɸʎʀʗʄʀ 

ʌʀɹʈʆʇɽʅʆɹɽʊʆʅɸ                                                                                                                                                      

ɸ.ɹ. ʉʪʝʰʝʥʢʦ, ɸ.ʀ. ʂʫʜʷʢʦʚ 761 

ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʎɽʃɽʉʆʆɹʈɸɿʅʆʉʊʔ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɹɸʃʆʂ ʌɸʃʊʋʉɸ ɺ ʇʈʆʃɽʊʅʓʍ 

ʉʊʈʆɽʅʀʗʍ ʄɸʃʓʍ ɸɺʊʆɼʆʈʆɾʅʓʍ ʄʆʉʊʆɺ                                                                                                    

ɸ.ɸ. ʉʪʶʘʨʪ 764 

ʄɽʍɸʅʀɿʄʓ ʀɿʅɸʐʀɺɸʅʀʗ ɸɿʆʊʀʉʊʆɻʆ ʇʆʂʈʓʊʀʗ, ʇʈɽɼʅɸɿʅɸʏɽʅʅʆɻʆ ɼʃʗ ʈɸɹʆʊʓ ɺ 

ʋʉʃʆɺʀʗʍ ɺʓʉʆʂʆʅɸɻʈʋɾɽʅʅʆɻʆ ɸɹʈɸɿʀɺʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ                                                           

ɼ.ʅ. ʊʘʛʠʣʴʮʝʚʘ 767 

ʌʀɿʀʏɽʉʂʀɽ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʇʆʃʋʇʈʆɺʆɼʅʀʂɸ ʂɸʂ 

ʆʉʅʆɺʅʆɻʆ  ʄɸʊɽʈʀɸʃɸ ɼʃʗ ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ                                                                                

ɸ.ʂ. ʊʘʢʘʯʘʢʦʚʘ 770 

ʆʉʅʆɺʅʓɽ ʉʇʆʉʆɹʓ ʋʊʀʃʀɿɸʎʀʀ ʇʆʇʋʊʅʆɻʆ ʅɽʌʊʗʅʆɻʆ ɻɸɿɸ                                                           

ɸ.ɸ. ʊʘʤʙʫʣʘʪʦʚʘ 773 

ʋʏɽʊ ɺʃʀʗʅʀʗ ʇʈʆɼʆʃʔʅʆʁ ʉʀʃʓ ʅɸ ʏɸʉʊʆʊʋ ʉʆɹʉʊɺɽʅʅʓʍ ʂʆʃɽɹɸʅʀʁ 

ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʕʃɽʄɽʅʊʆɺ ɼɺʋʊɸɺʈʆɺʆɻʆ ʉɽʏɽʅʀʗ ʇʈʀ ʆʎɽʅʂɽ ʇʈʆʏʅʆʉʊʀ ʀ 

ɼɽʌʆʈʄɸʊʀɺʅʆʉʊʀ ʆʊ ʂʆʉʆɻʆ ɺʅɽʎɽʅʊʈɽʅʅʆɻʆ ʂʈɸʊʂʆɺʈɽʄɽʅʅʆɻʆ ɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʅɸɻʈʋɾɽʅʀʗ                                                                                                                                                                      

ʆ.ʖ. ʊʠʛʘʡ 775 

ʊɽʇʃʆʊɽʍʅʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʋɿʃʆɺ ʄɸʃʆʕʊɸɾʅʆɻʆ ɼʆʄɸ                                        

ʂ.ʖ. ʊʠʱʝʥʢʦ 778 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʅɸʂʃɸɼʅʓʍ ʆʇʆʈʅʓʍ ʈɸʄ 

ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʂʈɸʅʆɺ                                                                                                                                              

ʉ.ʃ. ʊʦʨʠʮʳʥ 781 

ʈɸʉʏɽʊ ʇʆɼʇʆʈʅʓʍ ʉʊɽʅ ʄɽʊʆɼɸʄʀ ʊɽʆʈɽʊʀʏɽʉʂʆʁ ʄɽʍɸʅʀʂʀ ʀ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʄɸʊɽʈʀɸʃʆɺ                                                                                                                                                                      

ɸ.ɺ. ʊʫʨ, ɸ.ʉ. ʈʦʤʘʥʦʚ, ʄ.ʆ. ʄʦʠʩʝʝʥʢʦ 784 

ʇʆɺʓʐɽʅʀɽ ɹɽɿʆʇɸʉʅʆʉʊʀ ʃʀʌʊɸ ɿɸ ʉʏɽʊ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʋʈɸɺʅʆɺɽʐʀɺɸʅʀʗ 

ʉʀʉʊɽʄʓ.                                                                                                                                                                        

ɼ.ɻ. ʌʘʪʝʝʚ, ʈ.ɺ. ʌʝʜʷʝʚ 787 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  16 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʉʇʆʉʆɹʓ ʋʉʀʃɽʅʀʗ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ɿɼɸʅʀʁ ʀ 790 

ʉʆʆʈʋɾɽʅʀʁ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʉʊɸʃɽʌʀɹʈʆɹɽʊʆʅɸ                                                                                     

ʀ.ʖ. ʌʦʤʠʯʝʚʘ 790 

ʊɽʇʃʆʌʀɿʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʄɸʃʆʕʊɸɾʅʆɻʆ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆɻʆ ʇʈʆʌʀʃʀʈʆɺɸʅʅʆɻʆ ɹʈʋʉɸ                                            

ɼ.ʅ. ʎʚʝʪʢʦʚ, ɸ.ɽ. ʊʦʢʤʘʢʦʚ 793 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʈɸʉʏɽʊʆɺ ʀ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀʗ ʅɽʉʋʑʀʍ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ ʂʈʋʇʅʆʇɸʅɽʃʔʅʓʍ ʄʅʆɻʆʕʊɸɾʅʓʍ ɿɼɸʅʀʁ ʇʆ ʅʆɺʆʁ ʉɽʈʀʀ 

ʂɽʄɽʈʆɺʉʂʆɻʆ ɼʉʂ                                                                                                                                                      

ɽ.ʖ. ʏʝʨʥʳʰ 796 

ʉʋʍʀɽ ʉʊʈʆʀʊɽʃʔʅʓɽ ʉʄɽʉʀ ɼʃʗ ʉɸʅʀʈʋʖʑʀʍ ʐʊʋʂɸʊʋʈʆʂ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʆʊʍʆɼʆɺ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ                                                                                                                                    

ɸ.ɸ. ʏʠʢʠʯʸʚ 799 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʏʀʉʃɽʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ ʉʊɸʃɽɾɽʃɽɿʆɹɽʊʆʅʅʆɻʆ ʇʈʆʃɽʊʅʆɻʆ ʉʊʈʆɽʅʀʗ ʇʈʀ ɼʀʅɸʄʀʏɽʉʂʀʍ 

ɺʆɿɼɽʁʉʊɺʀʗʍ                                                                                                                                                                 

ɸ.ʉ. ʐʝʥʜʝʣʴ 802 

ʉʇɽʂʊʈɸʃʔʅʓɽ ʄɽʊʆɼʓ ɸʅɸʃʀɿɸ ʉʆʉʊɸɺɸ ɻɸɿʆɺ                                                                                           

ʖ.ɽ. ʐʝʬʝʨ 805 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉʀʃʀʂɸʊ ʉʆɼɽʈɾɸʑʀʍ ʆʊʍʆɼʆɺ ɼʃʗ 

ʇʆʃʋʏɽʅʀʗ ʉʊɽʅʆɺʆɻʆ ʂɽʈɸʄʀʏɽʉʂʆɻʆ ʂʀʈʇʀʏɸ                                                                                         

ʀ.ʖ. ʖʨʴʝʚ 807 

ʇʈʆɽʂʊ çʉʋɺɽʅʀʈʅɸʗ ʃɸɺʂɸè, ɺʆɼʆʈɸɿɹʆʈʅɸʗ ɹɸʐʅʗ, ʈɸʉʇʆʃʆɾɽʅʅɸʗ ʇʆ ɸɼʈɽʉʋ: 

ʊʆʄʉʂ, ʋʃ. ɺʆʁʂʆɺɸ                                                                                                                                                    

ɸ.ɸ. ɹʝʨʝʟʦʚʩʢʘʷ 810 

ʇʈʆɽʂʊ çʍʋɼʆɾɽʉʊɺɽʅʅɸʗ ʐʂʆʃɸè, ʇɸʄʗʊʅʀʂ ɸʈʍʀʊɽʂʊʋʈʓ, ʈɸʉʇʆʃʆɾɽʅʅʓʁ ʇʆ 

ɸɼʈɽʉʋ: ʊʆʄʉʂ, ʋʃ. ʐʀʐʂʆɺɸ 6                                                                                                                              

ɼ.ʂ. ɺʣʘʩʦʚʘ 812 

ʇʈʆɽʂʊ çʎɽʅʊʈ ʇʆɺʓʐɽʅʀʗ ʂɺɸʃʀʌʀʂɸʎʀʀ ʉʇɽʎʀɸʃʀʉʊʆɺ ʊɺʆʈʏɽʉʂʀʍ 

ʉʇɽʎʀɸʃʔʅʆʉʊɽʁè, ʇɸʄʗʊʅʀʂ ɸʈʍʀʊɽʂʊʋʈʓ, ʈɸʉʇʆʃʆɾɽʅʅʓʁ ʇʆ ɸɼʈɽʉʋ: ʊʆʄʉʂ, ʋʃ. 

ʐʀʐʂʆɺɸ 8.                                                                                                                                                                   

ɸ.ʖ .ɻʨʠʰʘʥʦʚʘ 814 

ʇʈʆɽʂʊ çʄʋɿɽʁ ʃɽʉɸè, ʇɸʄʗʊʅʀʂ ɸʈʍʀʊɽʂʊʋʈʓ, ʈɸʉʇʆʃʆɾɽʅʅʓʁ  ʇʆ ɸɼʈɽʉʋ: ʊʆʄʉʂ, ʋʃ. 

ʇʋʐʂʀʅɸ 24                                                                                                                                                                   

. ɸ.ɸ. ɽʨʢʠʷʰʝʚʘ 817 

ʇʈʆɽʂʊ çʈɽʉʊɸɺʈɸʎʀʆʅʅʓʁ ʎɽʅʊʈè, ʇɸʄʗʊʅʀʂ ɸʈʍʀʊɽʂʊʋʈʓ, ʈɸʉʇʆʃʆɾɽʅʅʓʁ ʇʆ 

ɸɼʈɽʉʋ: ʊʆʄʉʂ, ʋʃ. ʐʀʐʂʆɺɸ 6.                                                                                                                                

ɽ. ʂʦʟʣʦʚʘ 819 

ʇʈʆɽʂʊ çʉʀɹʀʈʉʂʀʁ ʏɸʁʅʓʁ ɼʆʄè, ʇɸʄʗʊʅʀʂ ɸʈʍʀʊɽʂʊʋʈʓ, ʈɸʉʇʆʃʆɾɽʅʅʓʁ ʇʆ 

ɸɼʈɽʉʋ: ʊʆʄʉʂ, ʋʃ. ʐʀʐʂʆɺɸ 6                                                                                                                      

ʂʫʟʥʝʮʦʚʘ-ʇʘʚʩʢʘʷ ɽ. 822 

ʇʈʆɽʂʊ çʈɽʉʊɸɺʈɸʎʀʆʅʅʓʁ ʎɽʅʊʈè, ʇɸʄʗʊʅʀʂ ɸʈʍʀʊɽʂʊʋʈʓ, ʈɸʉʇʆʃʆɾɽʅʅʓʁ ʇʆ 

ɸɼʈɽʉʋ: ʊʆʄʉʂ, ʋʃ. ʐʀʐʂʆɺɸ 6.                                                                                                                                 

ʗ. ʃʘʡʢʦʚʘ 825 

ʇʈʆɽʂʊ çʈɽʉʊɸɺʈɸʎʀʆʅʅʓʁ ʎɽʅʊʈè, ʇɸʄʗʊʅʀʂ ɸʈʍʀʊɽʂʊʋʈʓ, ʈɸʉʇʆʃʆɾɽʅʅʓʁ ʇʆ 

ɸɼʈɽʉʋ: ʊʆʄʉʂ, ʋʃ. ʐʀʐʂʆɺɸ 8.                                                                                                                             

ʐʫʪʦʚʘ ɽ. 827 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ʊʇʋ ɺ ɻʈɸʅʀʎɸʍ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ                          

ɸʨʪʶʢʦʚ ʈ. ɸ. 830 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɺ ɻʈɸʅʀʎɸʍ ʋʃʀʎ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ                            

ɸ.ɸ. ɹʘʚʳʢʠʥ 832 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ʊʇʋ ɺ ɻʈɸʅʀʎɸʍ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ                            

ʃ. ɺ. ɹʠʢʝʪʦʚʘ 834 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ʊʇʋ ɺ ɻʈɸʅʀʎɸʍ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ                                 

ɽ.ɸ. ɽʚʣʘʭʦʚ 836 

ʂʆʅʂʋʈʉʅʓʁ ʇʈʆɽʂʊ çʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɼʃʗ ʊʇʋè                                                                

ɸ.ɺ. ʂʘʣʘʰʥʠʢ 839 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɺ ɻʈɸʅʀʎɸʍ ʋʃʀʎ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ                             



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  17 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʃ.ɸ. ʂʦʩʴʷʥʦʚʘ 843 

ʂʆʅʂʋʈʉʅʓʁ ʇʈʆɽʂʊ çʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɼʃʗ ʊʇʋè                                                                         

ɸ.ʇ. ʇʝʨʝʚʠʟʥʠʢ 845 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɺ ɻʈɸʅʀʎɸʍ ʋʃʀʎ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ                                 

ʂ. ʉʳʨʮʝʚ 847 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɺ ɻʈɸʅʀʎɸʍ ʋʃʀʎ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ                                  

ɸ.ʉ.ʊʠʤʦʬʝʝʚʘ 849 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɺ ɻʈɸʅʀʎɸʍ ʋʃʀʎ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ                                  

ʖ.ɸ. ɹʝʣʷʝʚʘ; ʄ.ɽ. ʀʟʤʝʩʪʴʝʚʘ 851 

ʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ çʂʈʀʉʊɸʃè ɺ ɻʈɸʅʀʎɸʍ ʋʃʀʎ ʅɸʍʀʄʆɺɸ, ʃʓʊʂʀʅɸ, ɺɽʈʐʀʅʀʅɸ          

ɸ.ɺ. ʄʘʡʦʨʦʚʘ; ɸ.ɸ. ʂʦʚʘʣʝʚʘ 853 

ʂʆʅʂʋʈʉʅʓʁ ʇʈʆɽʂʊ çʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɼʃʗ ʊʇʋè                                                                          

ʊ.ʖ. ʂʦʟʣʦʚʘ 858 

ʂʆʅʂʋʈʉʅʓʁ ʇʈʆɽʂʊ çʉʊʋɼɽʅʏɽʉʂʀʁ ɻʆʈʆɼʆʂ ɼʃʗ ʊʇʋè                                                                       

ɸ.ʄ. ʅʝʩʪʝʨʦʚʘ, ʅ.ɺ. ʇʦʣʳʥʮʝʚʘ 860 

 

ʅɸʅʆʄɸʊɽʈʀɸʃʓ ʀ ʅɸʅʆʊɽʍʅʆʃʆɻʀʀ 

 

ʉʊɽʇɽʅʔ ʈɸʉʊɺʆʈɽʅʀʗ ʅɸʅʆʇʆʈʆʐʂɸ ʅʀʂɽʃʗ ɺ ɺʆɼʅʓʍ ʉʋʉʇɽʅɿʀʗʍ                                    

ɼ.ɹ. ɸʙʞʘʥʦʚʘ1, ɸ.ɸ. ɻʫʩʝʚ2, ʄ.ɸ. ʋʤʨʠʭʠʥʘ2 864 

ɺʃʀʗʅʀɽ ʄʆɼʀʌʀʎʀʈʋʖʑʀʍ ɼʆɹɸɺʆʂ ʄʆʃʀɹɼɽʅɸ ʀ ʉʋʈʔʄʓ ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʉɺʆʁʉʊɺɸ 

ʅɸʅʆʇʆʈʆʐʂʆɺ ɼʀʆʂʉʀɼɸ ʍʈʆʄɸ                                                                                                                      

ɼ.ʀ. ɸʨʭʠʧʦʚ 867 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʄʆɼʀʌʀʂɸʎʀʀ ʇʆɺɽʈʍʅʆʉʊʀ ʇʆʃʀʄɽʈʆɺ ɺ 

ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʆʁʇʃɸɿʄɽ ʅɸ ɽɪ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ.                                            

ʈ.ʆ. ɹʘʥʠʥ, ʀ. ʖ. ɻʨʫʙʦʚʘ, ɺ.ɺ. ʐʫʛʫʨʦʚ 870 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ʆʉʆɹɽʅʅʆʉʊɽʁ ʌʆʈʄʀʈʆɺɸʅʀʗ ʅɸʅʆʉʊʈʋʂʊʋʈʅʓʍ 

ʄʅʆɻʆʂʆʄʇʆʅɽʅʊʅʓʍ ʇʆʂʈʓʊʀʁ ʉʀʉʊɽʄʓ Al-Cr-Si-Ti-Cu-N ʆʊ ʅɸʇʈʗɾɽʅʀʗ ʉʄɽʑɽʅʀʗ             

ɺ. ʈ. ɹʝʨʝʟʦʚʩʢʘʷ 873 

ɺʃʀʗʅʀɽ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʏɸʉʊʀʎ ʅɸ ʄʃɽʂʆʇʀʊɸʖʑʀʍ                                                                  

ʀ.ɸ. ɺʘʩʶʢʦʚʘ, ɸ.ɸ. ɻʫʩʝʚ, ɸ.ɻ. ʊʢʘʯʝʚ 876 

ʀʂ-ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʂɸʂ ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ʉʇɽʂʊʈʆɺ ʇʆɻʃʆʑɽʅʀʗ ʇʆʂʈʓʊʀʁ ʅɸ 

ʆʉʅʆɺɽ ʂʈɽʄʅʀʁɿɸʄɽʑɽʅʅʆɻʆ ɻʀɼʈʆʂʉʀɸʇɸʊʀʊɸ                                                                         

ʉ.ʅ. ɻʦʨʦʜʞʘ, ʄ.ɸ. ʉʫʨʤʝʥʝʚʘ, ɸ.ɸ. ʇʫʩʪʦʚʘʣʦʚʘ 879 

ʄʆɼʀʌʀʂɸʎʀʗ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ʉɺʆʁʉʊɺ ʊʀʊɸʅɸ ʅɸʅɽʉɽʅʀɽʄ ʄʅʆɻʆʂʆʄʇʆʅɽʅʊʅʆɻʆ 

ʇʆʂʈʓʊʀʗ ʄɽɼʀʎʀʅʉʂʆɻʆ ʅɸɿʅɸʏɽʅʀʗ                                                                                                                

ʉ.ʅ. ɻʦʨʦʜʞʘ, ʄ.ɸ. ʉʫʨʤʝʥʝʚʘ, ʄ.ɺ. ɻʨʠʙʝʥʥʠʢʦʚ 882 

ʂɸʃʔʎʀʁ-ʌʆʉʌɸʊʅʓɽ ʇʆʂʈʓʊʀʗ ʅɸ ʆʉʅʆɺɽ ɻʀɼʈʆʂʉʀɸʇɸʊʀʊɸ: ʆʉʊɽʆɻɽʅʅʓʁ 

ʇʆʊɽʅʎʀɸʃ in-vitro                                                                                                                                                       

ʄ.ɺ. ɻʨʠʙʝʥʥʠʢʦʚ, ʉ.ʅ. ɻʦʨʦʜʞʘ, ʄ.ɸ. ʉʫʨʤʝʥʝʚʘ 885 

ɺʃʀʗʅʀɽ ʂʆʄʇʃɽʂʉʅʆɻʆ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ ʅɸ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʀ 

ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʉɺʆʁʉʊɺɸ ʏʋɻʋʅɸ                                                                                                                  

ʊ.ɺ  ɼʝʤʝʥʪ., ɸ.ʇ ɿʳʢʦʚʘ, 888 

ʇʈʀʄɽʅɽʅʀɽ ɺʉʊʈɽʏʅʓʍ ʇʃɸɿʄɽʅʅʓʍ ʉʊʈʋʁ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʐʀʍʊʓ ʅɸ ʆʉʅʆɺɽ 

ʅʀʊʈʀɼɸ ʊʀʊɸʅɸ                                                                                                                                                             

ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ, ɼ.ʖ. .ɻʝʨʘʩʠʤʦʚ, ɸ.ʀ. ʋʩʠʢʦʚ 891 

ʇʆʃʋʏɽʅʀɽ ʆɹʒɽʄʅʆɻʆ ʇʆʃʀʂʈʀʉʊɸʃʃʀʏɽʉʂʆɻʆ ʅʀʊʈʀɼɸ ʊʀʊɸʅɸ ʉ ʉʋɹʄʀʂʈʆʅʅʆʁ 

ʉʊʈʋʂʊʋʈʆʁ ʇʃɸɿʄɽʅʅʓʄʀ ʄɽʊʆɼɸʄʀ                                                                                                        

ɽʚʜʦʢʠʤʦʚ ɸ.ɸ., ɻʝʨʘʩʠʤʦʚ ɼ.ʖ., ʋʩʠʢʦʚ ɸ.ʀ. 894 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʎʀʊʆʊʆʂʉʀʏɽʉʂʆɻʆ ʀ ʉʊʀʄʋʃʀʈʋʖʑɽɻʆ ʕʌʌɽʂʊʆɺ ɺʆɼʅʓʍ ɼʀʉʇɽʈʉʀʁ 

ʄʀʂʈʆʕʃɽʄɽʅʊʆɺ                                                                                                                                             

ʆ.ɺ.ɿʘʭʘʨʦʚʘ1, ɻ.ɸ. ʌʨʦʣʦʚ2, ʉ.ʀ. ʉʝʥʘʪʦʚʘ2 897 

ɺʃʀʗʅʀɽ ʂʆʄʇʃɽʂʉʅʆɻʆ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ ʋʃʔʊʈɸɼʀʉʇɽʈʉʅʓʍ ʇʆʈʆʐʂʆɺ 

ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʉɺʆʁʉʊɺɸ ɸʃʖʄʀʅʀɽɺʓʍ ʉʇʃɸɺʆɺ                                                                               

ʃ.ɸ. ʂʘʟʘʥʮʝʚʘ1, ɸ. ʇ. ɿʳʢʦʚʘ1,2 899 

ʀɿʄɽʅɽʅʀɽ ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʆɻʆ ʉʆʉʊʆʗʅʀʗ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʉʃʆʗ ʄɽɼʅʆʁ 

ʇʆɼʃʆɾʂʀ ʇʈʀ ɹʆʄɹɸʈɼʀʈʆɺʂɽ ʉʀʃʔʅʆʊʆʏʅʓʄ ʇʆʊʆʂʆʄ ʀʆʅʆɺ Ti                                                 

ʄ.ʇ. ʂʘʣʘʰʥʠʢʦʚ, ʄ.ɺ. ʌʝʜʦʨʠʱʝʚʘ, ɺ.ɺ. ʅʝʡʬʝʣʴʜ 903 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  18 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʀɿʄɽʅɽʅʀɽ ʇʈʆɺʆɼʀʄʆʉʊʀ ɺʆɼʅʓʍ ʉʋʉʇɽʅɿʀʁ ʅɸʅʆʏɸʉʊʀʎ ɸʃʖʄʀʅʀʗ                                    

ɽ.ɽ. ʂʘʨʝʧʠʥʘ1, ʉ.ʀ. ʉʝʥʘʪʦʚʘ2, ɸ.ʖ. ɻʦʜʳʤʯʫʢ1 908 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʉʊʆʏʅʀʂʆɺ ʕʄʀʉʉʀʀ ʅɸʅʆɸʕʈʆɿʆʃɽʁ ɺ ʈɸɹʆʏɽʁ ɿʆʅɽ ʅɸʋʏʅʆʁ 

ʃɸɹʆʈɸʊʆʈʀʀ                                                                                                                                                                     

ɽ.ɸ. ʂʦʣʝʩʥʠʢʦʚ, ɸ.ʖ. ɻʦʜʳʤʯʫʢ, ɼ.ɺ. ʂʫʟʥʝʮʦʚ 911 

ʉʀʅʊɽɿ ʀ ʉɺʆʁʉʊɺɸ ʅɸʅʆʏɸʉʊʀʎ ʉɺʀʅʎɸ                                                                                                       

ɽ. ɺ. ʂʦʣʦʙʦʚʘ, ʅ. ɹ. ɽʛʦʨʦʚ 914 

ʀɿʄɽʅɽʅʀɽ ʕʃɽʂʊʈʆʇʆɺɽʈʍʅʆʉʊʅʓʍ ʉɺʆʁʉʊɺ ʅɸʅʆʏɸʉʊʀʎ ɺ ʈɸʉʊɺʆʈɸʍ ʀʆʅʆɻɽʅʅʓʍ ʇɸɺ        

ɸ.ʉ. ʂʦʤʫʪʦʚʘ1, ɼ.ɺ. ʂʫʟʥʝʮʦʚ2, ʉ.ʀ. ʉʝʥʘʪʦʚʘ2 917 

ʆʉʆɹɽʅʅʆʉʊʀ ʄʆʈʌʆʃʆɻʀʀ ʀ ʉʊʈʋʂʊʋʈʓ ʄɽʍɸʅʆʂʆʄʇʆɿʀʊʆɺ ʄɽɼʔ-ʋɻʃɽʈʆɼ                     

ʂʨʠʥʠʮʳʥ ʄ. ɻ.1 920 

ʂ ʈɸʉʏɽʊʋ ʇɸʈɸʄɽʊʈʆɺ ʉɸʄʆʆʈɻɸʅʀɿʋʖʑʀʍʉʗ ʅɸʅʆʆʉʊʈʆɺʂʆɺ ɻɽʈʄɸʅʀʗ ʅɸ ʂʈɽʄʅʀʀ        

ʂ.ɸ. ʃʦʟʦʚʦʡ 922 

ʈɸɿʈɸɹʆʊʂɸ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʆʉʅʆɺ ʊɽʍʅʆʃʆɻʀʀ ʃʀʂɺʀɼɸʎʀʀ ɿɸɻʈʗɿʅɽʅʀʁ 

ʇʆʏɺɽʅʅʓʍ ʉʃʆɽɺ ʀ ɻʈʋʅʊʆɺʓʍ  ɺʆɼ ʅɸ ʆʉʅʆɺɽ ʇʈʆʎɽʉʉɸ ʀʅʌʀʃʔʊʈɸʎʀʀ 

ʂɸʊʀʆʅʅʆɸʂʊʀɺʅʓʍ ʅɸʅʆʈɸɿʄɽʈʅʓʍ ʇʆʈʆʐʂʆɺ ɾɽʃɽɿɸ                                                                  

ʀ.ʖ. ʄʠʭʘʡʣʦʚ, ɼ.ɺ. ʂʫʟʥʝʮʦʚ, ʖ.ɺ. ʂʦʥʶʭʦʚ 925 

ʅɸʅʆʈɸɿʄɽʈʅʓʁ ʂɸʈɹʀɼ ʂʈɽʄʅʀʗ: ʇʃɸɿʄʆɼʀʅɸʄʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʀ ʋʇʈɸɺʃɽʅʀɽ 

ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʀʄ ʉʆʉʊɸɺʆʄ                                                                                                                        

ɼ.ʉ. ʅʠʢʠʪʠʥ 927 

ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɼʃʀʅʅʆʄɽʈʅʓʍ 930 

ʂɽʈɸʄʀʏɽʉʂʀʍ ʆɹʈɸɿʎʆɺ ʂɸʈɹʀɼɸ ɹʆʈɸ                                                                                                             

ɻ.ɾ. ʆʤʘʨʦʚ, ɸ.ʆ. ʍʘʩʘʥʦʚ, ʀ. ɸ. ʐʫʣʝʧʦʚ 930 

ɺʃʀʗʅʀɽ ʆɹʈɸɹʆʊʂʀ ʇʆɺɽʈʍʅʆʉʊʀ ʊʀʊɸʅɸ ɺʊ 1-0 ʇɽʈɽɼ ʅɸʇʓʃɽʅʀɽʄ 

ʉɽʈɽɹʈʆʉʆɼɽʈɾɸʑɽɻʆ ɻʀɼʈʆʂʉʀɸʇɸʊʀʊɸ ʅɸ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ                                       

ʊ. ʉ. ʇʨʷʤʫʰʢʦ, ʀ. ʖ. ɻʨʫʙʦʚʘ, ɸ.ɸ.ʀʚʘʥʦʚʘ 933 

ʇʆɺɽʈʍʅʆʉʊʅʓɽ ʉɺʆʁʉʊɺɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ IN VITRO ʇʃɽʅʆʂ ʅɸ ʆʉʅʆɺɽ ʆʂʉʀɼɸ ʀ 

ʆʂʉʀʅʀʊʈʀɼɸ ʊʀʊɸʅɸ                                                                                                                                                       

ɸ.ɸ.ʇʫʩʪʦʚʘʣʦʚʘ, ʅ.ʉ.ʄʦʨʦʟʦʚʘ, ʉ.ʅ.ɻʦʨʦʜʞʘ 936 

ɹɸʂʊɽʈʀʎʀɼʅɸʗ ɸʂʊʀɺʅʆʉʊʔ ʉʀʉʊɽʄʓ çʅɸʅʆʏɸʉʊʀʎʓ TiO2 ï ʇʆʃʀʇʈʆʇʀʃɽʅʆɺʓʁ 

ɺʆʃʆʂʅʀʉʊʓʁ ʅʆʉʀʊɽʃʔè                                                                                                                                             

ɸ.ʉ. ʈʫʭʦʚ 939 

ʇʆʃʋʏɽʅʀɽ ʋʃʔʊʈɸɼʀʉʇɽʈʉʅʆɻʆ ʇʆʈʆʐʂʆʆɹʈɸɿʅʆɻʆ ɼʀʆʂʉʀɼɸ ʊʀʊɸʅɸ ɺ 

ɻʀʇɽʈʉʂʆʈʆʉʊʅʆʁ ʉʊʈʋɽ ʕʃɽʂʊʈʆʈɸɿʈʗɼʅʆʁ ʇʃɸɿʄʓ                                                                                

ʄ.ɸ ʉʘʚʦʩʪʴʷʥʝʥʢʦ , ɼ.ʖ. ɻʝʨʘʩʠʤʦʚ,  ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ 942 

ʇʃɸɿʄʆɼʀʅɸʄʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʋʃʔʊʈɸɼʀʉʇɽʈʉʅʓʍ ʌɸɿ ʆʂʉʀɼɸ ɾɽʃɽɿɸ                                 

ʉʚʝʯʢʘʥʝʚʘ ɸ.ɸ. 945 

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʆʂʉʀɼɸ ɻʈɸʌʀʊɸ ʀ ʊɽʈʄʆʈɸʉʐʀʈɽʅʅʆɻʆ ɻʈɸʌʀʊɸ         

ɸ.ɸ. ʊʠʤʦʬʝʝʚʘ, ɺ.ɺ. ʐʠʥʢʘʨʝʚ, ʉ.ʀ. ʖʩʠʥ 948 

ɺʃʀʗʅʀɽ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ʅɸ ʅɸʅʆʇʆʈʆʐʆʂ TZ-3Y-S                                                   

ʆ.ʉ. ʊʦʣʢʘʯʸʚ, ʉ.ʖ. ʌʠʣʠʤʦʥʦʚ 951 

ʇʆʃʋʏɽʅʀɽ ʐʀʍʊʓ ʉɺɽʈʍʊɺɪʈɼʆɻʆ ʄɸʊɽʈʀɸʃɸ ɿɸ ʉʏɪʊ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ɹʀʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʕʃɽʂʊʈʆɼɸ ʂʄʇʋ                                                                                                                  

ɸ.ʀ. ʋʩʠʢʦʚ, ɼ.ʖ. ɻʝʨʘʩʠʤʦʚ, ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ 954 

ʇʃɸɿʄʆɼʀʅɸʄʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʇʆʈʆʐʂʆʆɹʈɸɿʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɺ ʉʀʉʊɽʄɽ Ti-Si-N                     

ɸ.ʀ. ʋʩʠʢʦʚ, ɼ.ʖ. ɻʝʨʘʩʠʤʦʚ, ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ 957 

ʂʀʅɽʊʀʂɸ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʅɸʅʆʇʆʈʆʐʂɸ ɸʃʖʄʀʅʀʗ ʉ ɾʀɼʂʆʁ ɺʆɼʆʁ ɺ 

ʇʈʀʉʋʊʉʊɺʀɽ ʀʆʅʆɺ Mn(II)                                                                                                                                         

ɸ.ɸ. ʎʭʝ,ɽ.ʅ. ɻʨʷʟʥʦʚʘ 960 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʄɸʏʀɺɸɽʄʆʉʊʀ ʄʆɼɽʃʔʅʓʍ ʇʆɼʃʆɾɽʂ                                                                          

ɺ.ɺ. ʏʝʙʦʜʘʝʚʘ 963 

ɺʃʀʗʅʀɽ ʍʆʃʆɼʅʆʁ ʇʃɸɿʄɽʅʅʆʁ ʆɹʈɸɹʆʊʂʀ ʇʆɺɽʈʍʅʆʉʊʀ ʄɽɼʀʎʀʅʉʂʀʍ ʇʆʃʀʄɽʈʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʀʍ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʀ ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ                                         

ʀ.ɺ.  ʏʝʢʫʥʢʦʚ, ʀ. ʖ. ɻʨʫʙʦʚʘ, ɸ.ɸ. ʀʚʘʥʦʚʘ 965 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʅɸʅɽʉɽʅʀʗ ʆʂʉʀɼɸ ʂʈɽʄʅʀʗ ʅɸ ʇʆɺɽʈʍʅʆʉʊʔ ʋɻʃɽʈʆɼʅʓʍ 

ʅɸʅʆʊʈʋɹʆʂ                                                                                                                                                                    

ɸ.ʉ. ʏʠʯʢʘʥʴ 969 

ʉʊʈʋʂʊʋʈɸ ʇʆʂʈʓʊʀʁ ʅɸ ʆʉʅʆɺɽ ɻʀɼʈʆʂʉʀɸʇɸʊʀʊɸ                                                                                  
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¶ ʬʠʟʠʢʘ ʫʩʢʦʨʠʪʝʣʝʡ, 

¶ ʬʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

¶  ʬʠʟʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

¶ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ 

ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

¶ ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, 

¶ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, 

¶ ʛʝʦʬʠʟʠʢʘ. 
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Nanocomposite coatings deposited with magnetron sputtering has been studied. These coatings consist of 

TiC nanocrystallites embedded in an amorphous carbon matrix. The main result of this treatment is 

increasing of  microhardness on titanium substrate more than 5 times. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ 

ʥʘʥʦʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠʭ ʪʦʥʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʥʘʥʝʩʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʧʦʢʨʳʪʠʡ ʩ 

ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. ʇʨʠ ʵʪʦʤ ʫʜʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʳʯʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʚ ʥʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ, ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʠʣʠ ʩʦʩʪʦʷʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝʜʦʩʪʫʧʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʝ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʥʠʝ ʚ ʥʠʭ ʚʳʩʦʢʦʡ ʠʣʠ 

ʩʚʝʨʭʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ; ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ, ʯʘʩʪʦ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʩʦʢʠʭ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ (ʢʦʛʝʟʠʠ) ʠ ʘʜʛʝʟʠʠ; ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ; 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʢʠʩʣʝʥʠʶ ʠ ʢʦʨʨʦʟʠʠ; ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʩʚʦʡʩʪʚʘʤʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ DNG/AM ʤʘʪʝʨʠʘʣʳ (dispersed nanograin in amorphous matrix, 

ʜʠʩʧʝʨʩʥʳʝ ʥʘʥʦʟʝʨʥʘ ʚ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʝ).  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʤʘʛʥʝʪʨʦʥʥʳʡ ʤʝʪʦʜ. ʅʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʩʠʥʪʝʟʘ ʧʦʢʨʳʪʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ [2]. 

ʎʝʣʷʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʤʝʪʦʜʦʤ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʡ ʩʤʘʟʢʠ ʚ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʫʟʣʘʭ ʪʨʝʥʠʷ. 

ʉʠʥʪʝʟ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʩʷ ʤʘʛʥʝʪʨʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʫʩʪʘʥʦʚʢʝ ñʃʝʛʝʥʜʘò ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʧʨʠ 

ʚʘʢʫʫʤʝ 3Ŀ10
-3
 ʊʦʨʨ, ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 480Áʉ, ʥʘʧʨʷʞʝʥʠʠ ʩʤʝʱʝʥʠʷ 40 ɺ. ʇʨʠ ʥʘʧʳʣʝʥʠʠ 

ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ ʛʨʘʬʠʪʦʚʳʭ ʢʘʪʦʜʘ ʠ ʦʜʠʥ  ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʢʘʪʦʜ ʠʟ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʥʘ 

ʥʠʭʨʦʤʦʚʦʡ ʩʚʷʟʢʝ (ʜʠʘʤʝʪʨ ʢʘʪʦʜʘ 100 ʤʤ). ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʪʦʜʦʚ ʜʦ ʦʙʨʘʟʮʘ 50 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʠʪʘʥ, ʪʚʝʨʜʳʡ ʩʧʣʘʚ ɺʂ ʠ ʤʦʣʠʙʜʝʥ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʪʘʚʢʠ ʢ ʦʧʪʠʯʝʩʢʦʤʫ ʤʠʢʨʦʩʢʦʧʫ Neophot-21 

ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʠʥʜʝʥʪʦʨ 0,2 ʅ. ʈʝʥʪʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Shimadzu XRD-6000. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ  Quanta 200-3D. 

ʅʘ ʨʠʩ. 1 ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʧʝʨʝʯʥʳʡ ʠʟʣʦʤ ʦʙʨʘʟʮʘ ʩ ʧʦʢʨʳʪʠʝʤ, ʘ ʪʘʢʞʝ ʠʟʦʙʨʘʞʝʥʠʝ ʝʛʦ  

ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1, ʙ). ʊʦʣʱʠʥʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 2,76ï2,89 ʤʢʤ. ʇʦʢʨʳʪʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʉʪʦʣʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʢʨʳʪʠʷ (ʘ) ʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʙ), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

ʅʘ ʨʠʩ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʢʦʣʴʟʷʱʝʤ (ʘ) ʠ ʧʨʷʤʦʤ 

(ʙ) ʧʫʯʢʘʭ. ɿʘʚʳʰʝʥʥʳʡ ʬʦʥ ʚ ʠʥʪʝʨʚʘʣʝ ʤʘʣʳʭ ʫʛʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ ʧʦʢʨʳʪʠʠ ʘʤʦʨʬʥʦʡ 

ʬʘʟʳ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʨʷʤʦʤ ʧʫʯʢʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʫʰʠʨʝʥʥʳʝ ʧʠʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʘʤ TiC, TiN, TiCN, NiCr. ʆʮʝʥʢʠ ʆʂʈ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʬʘʟ ʜʘʶʪ ʟʥʘʯʝʥʠʝ 8ï11 ʥʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʷ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʨʘʞʝʥʠʷʤ Ti, 

C, Ni, Cr (ʨʠʩʫʥʦʢ 3). ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʢʨʳʪʠʠ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ Al, Si ʠ Fe 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʥʘʣʠʯʠʝʤ ʚ ʢʘʤʝʨʝ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘʧʳʣʝʥʠʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʠʩʩʣʝʜʫʝʤʦʝ ʧʦʢʨʳʪʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʪʠʧʘ TiC, TiN, ʘ ʪʘʢʞʝ NiCr ʚ 

ʘʤʦʨʬʥʦʤ ʫʛʣʝʨʦʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʪʠʪʘʥʝ ʧʦʣʫʯʝʥʦ ʧʦʢʨʳʪʠʝ 

ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʝ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʦʝ ʧʦʚʳʩʠʣʦ ʧʨʦʯʥʦʩʪʴ 

ʢʦʤʧʦʟʠʮʠʠ Ti-ʧʦʜʣʦʞʢʘ/TiC/a-C ʙʦʣʝʝ ʯʝʤ ʚ 5 ʨʘʟ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ. 

ʘ 

      5 ʤʢʤ 

ʙ 

      10 ʤʢʤ 
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ʈʠʩ. 2. ʌʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʷ: ʘ) ʤʘʣʳʝ ʫʛʣʳ ʨʘʩʩʝʷʥʠʷ, ʙ) ʙʦʣʴʰʠʝ 

ʫʛʣʳ ʨʘʩʩʝʷʥʠʷ 

ʈʠʩ. 3. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ TiC/a-C 
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ɺ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʨʦʚʝʜʝʥʦ 

ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʧʦʩʣʝ 

ʠʥʜʫʢʮʠʦʥʥʦʡ ʩʚʘʨʢʠ. 

 

Welding is a process of joining materials into one piece. Generally, welding is the preferred joining method 

and most common steels are weldable. Low carbon steels have display good welding, because they can be 

generally welded without special precautions using most of available processes. Induction welding is a form of 

welding that uses electromagnetic induction to heat the workpiece. Induction welding is used for long production 

runs and is a highly automated process, usually used for welding the seams of pipes. Induction heating is a 

proven solution for welding stainless steel, aluminum, low-carbon and high-strength steel. High frequency 

induction welding is widely employed for longitudinal seam welding of small scale tubes and pipes due to its 

relatively high processing speed and efficiency [1]. Steel linepipes produced by high frequency inductionwelding 

can result in a low-toughness zone at the weld junction, even after a heat treatment which reaustenitises the 

affected region. The possible causes for low toughness are explored, including microstructure, retained austenite, 

inclusions and crystallographic texture. It is found that the toughness is reduced primarily by the tendency for 

cleavage planes of ferrite crystals to align and hence create a macroscopic plane on which cleavage can 

propagate easily with little resistance from grain boundaries. This mechanism suggests that an appropriate heat 

treatment may alter the texture sufficiently to enhance the toughness of the zone concerned [2].  

In this work, the effect of isothermal heat treatments at different temperatures on microstructures and 

mechanical properties after welding by induction of industrial low carbon steel has been studied by using 

scaning electron microscopy and hardness measurements. Different zones, like heat-affected zone are identified 

and their exact size and location are determined. As indication, Fig. 1 shows the macrographic evolution of 

welded joint of low carbon steel after different isothermal heat treatments at 100, 200, 300, 400 and 500ÁC 

during 1 hour. It is clear that the effect of welding disappears by increasing the annealing temperature, because 

after etching by Nital 2 % the traces of welding disappear by increasing the temperature of heat treatments. This 

evolution is followed by decreasing of hardness Vickers values.  
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Fig. 1. Macrographic evolution of welded joint of low carbon steel 

after different isothermal heat treatments during 1hour 

 

Concerning the effect of welding on different regions of welded steel, It was reported that a hardness testing 

is the usual approach in dilinealing the properties of these various zones, but the information obtained is very 

limited [3]. For other researchers, a simple rapid way to obtain important information is by hardness testing [4]. 

Concerning our material, the hardness distribution in different zones is shown in Fig. 2 after isothermal heat 

treatments at 100, 300 and 500ÁC. The hardness values of 147-250 HV in Fig. 2 are observed at location within 1 

mm from the base metal, through the HAZ across the weld metal (Fusion Zone, FZ) to the other base plate. Our 

hardness results are in good agreement with literature. Because, Gul et al [5], have found that maximum 

hardness values are measured in the area of weld metal (WM).  

 

Fig. 2. Microhardness Vickers from the base metal (BM) across the weld metal (FZ: Fusion zone FZ , HAZ ) 

after welding of an industrial low carbon steel and followed by isothermal heat treatments during 1 h at 100, 300 

and 500ÁC 

The variation in properties across the weld can be attributed to several factors, mainly to residual stresses just 

after welding. On the other hand, other factors can contribuate to this hardening like grain size, phase 

composition, metallic inclusions. However, increasing temperature of heat treatment leads to the decreasing of 

hardness on weld joint.  
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Microstructural observation of weld joint (Fig. 3) shows grains of ferrite (dark) and high concentration of 

pearlite which is a result of the fastest cooling rates after welding process.  

  

Fig. 3. Microstructure observation by SEM of weld joint  after welding of an industrial low carbon steel 

 

CONCLUSION 

 

Our investigation represents a contribution to the study of the effect of isothermal heat treatments at different 

temperatures on microstructures and mechanical properties after welding by induction of an industrial low 

carbon steel. Different zones are determined from the base metal to the weld metal. We have found that the 

increasing of temperature of heat treatments leads to the homogenization of the mechanical properties between 

base metal and weld joint.  
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In piezoelectric single crystal a langatate at cyclic mechanical influences at room temperature and at 

thermal stress  by training essential change of a microstructure-increase of density of dislocation, occurrence 

of doubles and mesostructure formation is revealed. The observable effect is connected with occurrence at 

mechanical influences of the piezoelectric fields considerably reducing temperature of the beginning of 

plastic deformation in fragile crystals. 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟʜʝʣʠʷ ʚ ʧʴʝʟʦʪʝʭʥʠʢʝ ï ɻ ʪʦ ʵʣʝʤʝʥʪʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʩʝʣʝʢʮʠʠ 

ʨʘʜʠʦʯʘʩʪʦʪ ï ʨʝʟʦʥʘʪʦʨʳ ʠ ʬʠʣʴʪʨʳ. ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʧʴʝʟʦʪʝʭʥʠʢʝ ʷʚʣʷʝʪʩʷ ʢʚʘʨʮ, ʠʤʝʶʱʠʡ 

ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʟʦʥʘʪʦʨʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʚʘʨʮʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ (ʂʕʄʉ), ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 7 %, ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʠ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 540 Üʉ  

ʃʘʥʛʘʩʠʪ (ʃɻʉ), ʩʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʣʘʥʪʘʥ-ʛʘʣʣʠʝʚʳʡ ʩʠʣʠʢʘʪ, ʩ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ La3Ga5SiO14, 

ʙʳʣ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ[1]. ʃʘʥʪʘʥ-ʛʘʣʣʠʝʚʳʡ ʪʘʥʪʘʣʘʪ (ʃɻʊ, La3Ta0.5Ga5.5O14), 

ʠʟʦʤʦʨʬ ʣʘʥʛʘʩʠʪʘ (ʃɻʉ, La3Ga5SiO14) ï ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʴʝʟʦʵʣʝʢʪʨʠʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʨʘʱʠʚʘʥʠʝ 

ʥʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʘʥʳ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʆɸʆ çʌʦʤʦʩ-ʄʘʪʝʨʠʘʣʩè. ʇʴʝʟʦʵʣʝʪʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʣʘʥʛʘʩʠʪʘ ʧʦ ʪʠʧʫ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ ʠ ʢʚʘʨʮ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʛʨʫʧʧʝ 32. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʷʚʣʷʝʪʩʷ ʂʕʄʉ, ʢʦʪʦʨʳʡ ʧʨʝʚʳʰʘʝʪ ʚ ʪʨʠ ʨʘʟʘ ʟʥʘʯʝʥʠʝ ʂʕʄʉ ʢʚʘʨʮʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʦʩʪʘʚʘʪʴʩʷ ʧʴʝʟʦʘʢʪʠʚʥʳʤʠ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʨʠʩʪʘʣʣʳ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ ʚ ʜʘʪʯʠʢʘʭ 

ʜʘʚʣʝʥʠʷ, ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ, ʞʝʩʪʢʦʛʦ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʜʚʠʛʘʪʝʣʷʭ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʘʭ, ʚ ʨʦʪʦʨʘʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʢʦʩʤʦʩʝ. ɺ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ: ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʮʠʣʠʥʜʨʝ ʚ ʤʦʤʝʥʪ ʩʞʘʪʠʷ ʧʦʨʰʥʷ 300 Üʉ ʧʨʠ ʜʘʚʣʝʥʠʠ 8-20 ʢʛʩ/ʩʤ
2
 (0,8-2 ʄʇʘ), ʘ ʚ ʤʦʤʝʥʪ ʚʟʨʳʚʘ 

ʙʝʥʟʠʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʜʦ 3000 Üʉ ʧʨʠ ʜʘʚʣʝʥʠʠ ʜʦ 30-60 ʢʛʩ/ʩʤ
2 
(3-5,8 ʄʇʘ). ɺ ʢʦʩʤʦʩʝ ʥʘ ʩʧʫʪʥʠʢʝ 

ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʦʪ ʤʠʥʫʩ 100 Üʉ ʜʦ ʧʣʶʩ 100 Üʉ. ɺ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ 
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ʩʛʦʨʘʥʠʷ ʧʴʝʟʦʵʣʝʤʝʥʪʳ ʜʘʪʯʠʢʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʢʘʢ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʪʝʨʤʠʯʝʩʢʠʭ, ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʫʩʪʘʣʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʫʩʪʘʣʦʩʪʥʦʤ ʧʨʦʮʝʩʩʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ. ʋʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʥʦʛʨʘʬʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ʇʦʚʝʜʝʥʠʝ ʭʨʫʧʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʤʘʣʦ ʠʟʫʯʝʥʦ, ʘ 

ʙʝʟ ʫʯʝʪʘ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʨʠʯʠʥ ʜʝʛʨʘʜʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʦʚ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʃɻʊ ʦʪʥʦʩʷʪʩʷ ʢ ʪʚʝʨʜʳʤ ʭʨʫʧʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʨʫʰʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ ʥʝ ʚʳʷʚʣʝʥʦ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʚʧʣʦʪʴ ʜʦ 0,9 ʊʧʣ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʘʚʪʦʨʘʤʠ [2] ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʭʨʫʧʢʦ-ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʭʦʜʘ.  

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʩʣʫʞʠʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʣʘʥʪʘʥ-ʛʘʣʣʠʝʚʦʛʦ ʪʘʥʪʘʣʘʪʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 

ʃɻʊ ʚʳʨʘʱʝʥʳ ʧʦ ʤʝʪʦʜʫ ʏʦʭʨʘʣʴʩʢʦʛʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆɸʆ çʌʦʤʦʩ-ʄʘʪʝʨʠʘʣʩè[3]  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʷʤʦʡ ʧʦʣʶʩʥʦʡ ʬʠʛʫʨʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʶʪʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ, ʩʚʦʙʦʜʥʳ ʦʪ ʜʚʦʡʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ. 

ʇʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʨʘʚʥʘ 10
4
 ʩʤ
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.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʂʥʫʧʫ ʠ ʧʦ ɺʠʢʢʝʨʩʫ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʭʘʨʘʢʪʝʨʥʘ 

ʘʥʠʟʦʪʨʦʧʠʷ ʪʚʝʨʜʦʩʪʠ II ʨʦʜʘ - ʨʘʟʣʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʨʝʟʦʚ [0001] ʠ [1000], [ ]0211  ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʥʠʟʦʪʨʦʧʠʠ ʪʚʝʨʜʦʩʪʠ 1,2.. ʅʘʨʷʜʫ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʚʝʨʜʦʩʪʠ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʛʨʫʧʧʳ 

ʃɻʉ ʭʘʨʘʢʪʝʨʥʘ ʘʥʠʟʦʪʨʦʧʠʷ ʤʠʢʨʦʭʨʫʧʢʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʘʥʠʟʦʪʨʦʧʠʠ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 1.3. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʃɻʊ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʨʝʞʠʤʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʟʥʘʢʦʧʦʩʪʦʷʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʩʞʘʪʠʝʤ ʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʧʫʣʴʩʘʪʦʨʝ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʨʝʟʦʥʘʥʩʥʳʤ ʧʨʠʚʦʜʦʤ Amsler 20 HFP 5100 ʬʠʨʤʳ Zwick/Roell. ʅʘʠʙʦʣʴʰʠʡ ʨʘʟʤʘʭ 

ʥʘʛʨʫʟʢʠ ʜʦʩʪʠʛʘʣ 20 ʢʅ/ʩʤ
2
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 0,5 ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺʝʣʠʯʠʥʘ ʧʨʝʜʝʣʘ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʫʙʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʃɻʊ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʩʞʘʪʠʝʤ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʩʝʡ ʍ, Y ʠ Z ʩ ʯʘʩʪʦʪʦʡ ʦʢʦʣʦ 100-150 ɻʮ ʩʦʩʪʘʚʣʷʝʪ 10 - 15 ʢʅ/ʩʤ
2
 ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ 

ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ 3Ŀ10
5 
(ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʜʠʤʳʭ ʤʘʢʨʦʪʨʝʱʠʥ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʘ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʩʞʘʪʠʝʤ ʩ ʯʘʩʪʦʪʦʡ ʦʢʦʣʦ 100 ɻʮ ʩʦʩʪʘʚʣʷʝʪ 

ʦʪ 1,0 ʜʦ 1,5 ʢʅ (100 ï 150 ʘʪʤ), ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ (ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʜʠʤʳʭ ʤʘʢʨʦʪʨʝʱʠʥ) 

3Ŀ10
5. 

 

ɺ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʩʢʦʣʦʚ ʨʘʟʨʫʰʝʥʥʳʭ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʦʙʨʘʟʮʦʚ, ʧʦʩʣʝ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʃɻʊ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜ  ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. 

ʇʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘʯʠʥʘʝʪʩʷ ʨʘʥʴʰʝ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʦʤ ʤʘʪʝʨʠʘʣʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʨʦʣʴ ʚ ʟʘʨʦʞʜʝʥʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʚ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ ʚʩʝʭ ʚʠʜʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ. 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          29 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʷʭ (N=10
4
-10

5
 ʮʠʢʣʦʚ) ʠ ʥʠʟʢʠʭ ʥʘʛʨʫʟʢʘʭ (ʩʪʘʪʠʯʝʩʢʘʷ 1ʢʅ, ʜʠʥʘʤʠʯʝʩʢʘʷ 

0,5 ʢʅ), ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʟʦʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ ʦʢʦʣʦ10 ʤʢʤ. ʇʨʠ ʩʨʝʜʥʠʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ (N=10
5
ʮʠʢʣʦʚ) ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ 

ʤʝʟʦʧʦʣʦʩ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʝʨʤʦʩʪʦʡʢʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʃɻʊ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʪʝʨʤʦʫʜʘʨʫ ʟʘʢʘʣʢʦʡ ʚ ʚʦʜʫ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ 25 Áʉ ʦʙʨʘʟʮʦʚ, ʥʘʛʨʝʪʳʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 100 ï 1000 Áʉ.  

ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʚʳʰʝ 120 Üʉ ʚ ʦʙʨʘʟʮʘʭ ʥʝʪ ʨʘʟʨʫʰʝʥʠʡ, ʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ 

ʜʠʩʣʦʢʘʮʠʡ ʜʦ 10
8
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, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʨʝʣʘʢʩʘʮʠʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʟʘʢʘʣʢʝ ʠ ʧʦʷʚʣʷʶʪʩʷ ʜʚʦʡʥʠʢʠ. ɿʘʢʘʣʢʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʨʝʚʳʰʘʶʱʠʭ 200 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʞʝʩʪʚʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠ ʵʪʦʤ 

ʪʨʝʱʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʙʣʠʟʢʦʤ ʢ [ ]0211 .  

ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʦʣʠʨʦʚʘʣʠ ʦʙʨʘʟʝʮ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʫʘʥʩʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʩʣʶʜʳ. ʆʙʨʘʟʝʮ 

ʟʘʞʠʤʘʣʩʷ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʫʘʥʩʦʥʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʣʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ï ʩʣʶʜʳ. 

ʅʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X. ʆʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʧʨʠ ʠʟʦʣʷʮʠʠ ʦʪ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʫʘʥʩʦʥʦʚ ʨʘʚʥʫʶ : ʩʪʘʪʠʯʝʩʢʘʷ 5 ʢʅ, ʜʠʥʘʤʠʯʝʩʢʘʷ 2,5 ʢʅ. ʊʘʢ ʢʘʢ ʦʙʨʘʟʝʮ ʠʟʦʣʠʨʦʚʘʥ ʚ 

ʥʝʤ ʚʦʟʥʠʢʘʶʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʚʥʳʝ 24,9 ʢɺ/ʩʤ. ɺʦʟʥʠʢʘʶʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʴʝʟʦʵʬʬʝʢʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʥʠʞʘʝʪ ʧʦʨʦʛ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʜʚʦʡʥʠʢʦʚʘʥʠʶ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʭʨʫʧʢʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʢ ʢʨʠʩʪʘʣʣʘʤ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʮʠʢʣʠʯʝʩʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʫʜʘʨʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʫʪʝʤ 

ʟʘʢʘʣʢʠ, ʚ ʢʨʠʩʪʘʣʣʘʭ ʃɻʊ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ, ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʥʘ 4-5 ʧʦʨʷʜʢʦʚ, 

ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʟʦʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʣʘʩʪʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʭʨʫʧʢʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʃɻʊ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʠʥʷʪʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʃɻʊ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  
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ʀʩʩʣʝʜʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯʢʘ (ʀʀʇ) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 80 ʥc, ʵʥʝʨʛʠʷ 200 ʂʵɺ ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 120 ɸ/ʩʤ
2
, ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ ~ 1,5 

ɼʞ/ʩʤ
2
 ʥʘ ʩʧʣʘʚ Zr 1 % Nb. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʬʦʨʤʠʨʫʝʪ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 1,5ʤʢʤ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʀʀʇ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʟʝʨʝʥ ʠ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʧʣʘʚ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʮʠʨʢʦʥʠʝʚʳʤ ʩʧʣʘʚʦʤ. ʆʜʥʘʢʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʜʦ 4 ʥʘʥʦʪʚʝʨʜʦʩʪʠ ʮʠʨʢʦʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ ʫʤʝʥʴʰʘʝʪʩʷ.  

 

Currently, a problem of improving physical and mechanical properties of nuclear power elements exists. 

Cladding tubes and spacer grids for reactors are made of Zr1%Nb alloy, and this alloy is under destruction 

during operation[1]. Surface modification by concentrated energy fluxes is a possible solution to its destruction. 

Material particles and radiation of various types and capacities may influence necessary characteristics at 

formation of material surface layers [2].  

Pulsed ion beams (PIB) application is one of the promising methods of metals and alloys surface 

modification. Pulsed ion beams can replace traditional methods of impact on the surface. Traditional methods 

include heat treatment in furnaces, quenching in acidic and saline solutions, and galvanic coating. Pulsed ion 

beams can reduce energy consumption, increase production effectiveness, and reduce or eliminate 

environmentally harmful effects of production. [3] 

There is no information about effects of pulsed ion beams on zirconium alloys in the literature. However, 

effectiveness of pulsed ion beams application is described in some sources. Rebuilding processes of surface 

structure take place under pulsed ion beam treatment. Changes in physical and mechanical properties take place 

too. They are the following: an increase in surface hardness, wear resistance and corrosion resistance 

improvement, and a decrease in friction coefficient.  

Therefore, the research of a pulsed ion beam impact on the zirconium alloy structure is substantial. 
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The objective: to research the impact of a pulsed ion beam on the structure and properties of zirconium 

alloy. 

The object of the research is Zr 1% Nb grade E110. The work was carried out using samples of rectangular 

shape of 30 Ĭ 30 mm, and 5 Ĭ 10 mm in size. The surface layer modification was carried out using an impulse 

accelerator ion beam composed of carbon with the following parameters: pulse duration of  t = 80ns, t=80ns, 

pulse energy of 1,5 J/sm
2 
, ion energy of E=200ʂeV, and current density of  j = 120A/sm

2
. Four modes were used 

in the surface modification .The modes differ in a number of impulses. One impulse was used in the first mode, 

the second mode used three impulses, the third mode used four impulses, and in the fourth mode six impulses 

were used. 

The structure-phase surface state was examined by scanning electron microscopy and X-ray analysis. The 

nanohardness of the modified pulsed ion beam surface was studied using çNanoHardnessTesterèinstrument 

produced by CSEM, the load was in the range from10 to 300mN. 

Results and Discussion 

The results of X-ray diffraction analysis showed that the grain size of the initial sample two times larger than 

the modified pulsed ion beam. ʊhe results of X-ray diffraction analysis may not accurately determine the size of 

grains because the scattering region (CSR)size is generally 10-15% smaller than the size of small grains 

identified usingelectron microscopy, while coherent scattering region corresponds to the inner (ordered) region 

of a grain,and does not includesseverely distorted boundaries. 

Table 1. shows that crystal lattice parameters changed after the impact of an ion beam.The microtension 

slightly decreases for the sample.Therefore, an imperfect crystal structure decreases: point defects, their clusters, 

and dislocation.It is not depicted in the literature [4, 5] 

Table 1. 

X-ray diffraction analysis 

Sample The phase Phase relation, % 
Dimensions of 

lattice, Ȕ 
CSR (nm), æd/d 

Zr- 

Orig. 

Zr_hexagonal 
100 

ʘ = 3.2147 

c = 5.1166 341, 2*10
-4

 

Zr+ PIB Zr_hexagonal 
100Ñ5 

ʘ = 3.2216 

c = 5.1300 164.4,1.7*10
-4

 

 

The research of morphology shows that the treatment of alloys PIB generates quite a complex topographical 

surface image. The surface of the material becomes luster after irradiation of pulsed ion beams. The 

samplesurface melts and freezes instantlyafter the impact of apulsed ion beam. 

Fig.1. The microstructure surface of Zr1% Nb alloy after exposure of PIB a) N = 

1, b) N = 3, c)Zr1% Nb alloy before impact of PIB 
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It can be seen that the surface is 

heterogeneous. The surface relief has been 

developed, and it is clearly visible 

demonstrating concentric tracks and craters. 

(fig. 1). There are small craters, medium 

craters (size of 1 õ 5 mm), and craters with a 

diameter up to 40 mm on the surface. 

The target and density of the ion beam 

pulse inhomogeneity affectcratering 

processes significantly .This process is 

described in the literature on pulsed ion 

beams. An indentation method used to 

determine the hardness of surface layers. The 

load was of 5 to 300mN. From the results it 

follows that the increase in number of pulses 

up to 4, the sample nanohardness decreases.Then surface layer nanohardness increases to 3000GPa. 

The thickness of a modified layer is 1 micron. It should be noted that the modified layer thickness is 

insufficient to use the product at high loads. 

Conclusion 

The thickness of a surface layer is 1.5 mm when a pulsed ion beam with the pulse duration of t = 80ns, and 

pulse energy of 1.5 J/sm
2
 is used. Defects and crystal grains decrease when exposed to pulsed ion beams. 

The modified alloy has higher hardness than the original zirconium alloy. However, when the number of 

pulses is up to 4, the zirconium alloy nanohardness decreases. 
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Fig.2 ï The nanohardness zirconium alloy after 

exposure to pulsed ion beams 
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The results of studies of thin calcium phosphate coatings properties formed by radio frequent magnetron 

sputtering of a solid target made from hydroxyapatite on the surface of a thermoplastic copolymer of 

tetrafluoroethylene with vinylidene fluoride. Atomic force microscopy and energy dispersive analysis and 

optical goniometry showed that formed calcium phosphate coatings significantly alter morphological, 

electrical, and chemical properties of the initial contact and polymer substrates. 

 

ɼʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʤʝʪʘʣʣʦʚ, ʢʝʨʘʤʠʢ, ʧʦʣʠʤʝʨʦʚ) 

ʧʨʠʤʝʥʷʶʪ PVD ʪʝʭʥʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ɺʏ-ʤʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ (ɺʏʄʈ) ʤʠʰʝʥʝʡ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʢʘʣʴʮʠʡ-ʬʦʩʬʘʪʥʳʭ (ʂʌ) ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʤʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʝ 

(ʂʌ) ʧʦʢʨʳʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʢʦʥʪʘʢʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʧʦʜʣʦʞʝʢ [1]. ɺ ʩʚʷʟʠ ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʠʥʪʝʨʝʩʦʤ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ɺʏʄʈ. 

ɸʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʨʝʣʴʝʬ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʚ ʤʠʢʨʦ ʠ ʥʘʥʦ ʤʘʩʰʪʘʙʝ. ɺʘʞʥʝʡʰʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʠʟʤʝʨʝʥʠʡ, ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ 

ɸʉʄ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʠʤʝʨʥʳʭ 

ʙʠʦʤʘʪʝʨʠʘʣʘʭ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʤʠʢʨʦʤʘʩʰʪʘʙʝ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʅʘ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʧʦʣʠʨʦʚʘʥʥʦʡ ʧʣʘʩʪʠʥʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʤʘʨʢʠ 12x18ʥ9ʪ 

ʨʘʟʤʝʨʦʤ 20Ĭ20 ʤʤ ʥʘʥʦʩʠʣʩʷ ʤʝʪʦʜʦʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ 2 % ʨʘʩʪʚʦʨ ʩʦʧʦʣʠʤʝʨʘ 

ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʩ ʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʦʤ (ʊʌʕ/ɺɼɺ) ʚ ʩʤʝʩʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʩʪʘʚʘ ʤʘʩʩ %:  ʘʮʝʪʦʥ 20, ʵʪʠʣʘʮʝʪʘʪ 20, ʮʠʢʣʦʛʝʢʩʘʥʦʥ 40, ʙʫʪʠʣʘʮʝʪʘʪ 20. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʩ ʥʘʥʝʩʝʥʥʳʤ 

ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʧʦʤʝʰʘʣʠʩʴ ʚ ʵʣʝʢʪʨʦʧʝʯʴ ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ ʀʊʄ 50.1100 (ʀʊʄ, ʛ. ʊʦʤʩʢ), ʚ ʢʦʪʦʨʦʡ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘʛʨʝʚʘʣʠʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

200 ʦʉ. ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʙʨʘʟʮʳ ʚʳʥʠʤʘʣʠʩʴ ʠʟ ʧʝʯʠ ʠ ʦʩʪʳʚʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʦʣʱʠʥʘ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ 

ʧʨʦʬʠʣʦʤʝʪʨʝ Talysurf 5 (Tyler-Hobson, England) ʤʝʪʦʜʦʤ ñʩʪʫʧʝʥʴʢʠò, ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 1,9Ñ0,2 ʤʢʤ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ɺʏʄʈ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʠʰʝʥʠ ʠʟ ʛʠʜʨʦʢʩʠʘʧʧʘʪʠʪʘ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ çʂʘʪʦʜ 1ʄè, ʧʦʟʚʦʣʷʶʱʘʷ  ʬʦʨʤʠʨʦʚʘʪʴ ʪʦʥʢʠʝ ʂʌ ʧʦʢʨʳʪʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ (ʤʝʪʘʣʣʘʭ, ʢʝʨʘʤʠʢʝ, ʧʦʣʠʤʝʨʘʭ). ɺ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʫʩʪʘʥʦʚʢʠ ʨʘʟʤʝʱʝʥ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ 

ʤʘʛʥʝʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ, ʧʠʪʘʝʤʳʡ ɺʏ ʛʝʥʝʨʘʪʦʨʦʤ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 4 ʢɺʪ ʠ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 

13,56 ʄɻʮ. ɺ ʨʘʙʦʪʝ  ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʢʘʤʝʨʝ 5Ā10-5 ʇʘ, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ Ar ï 3Ā10-1 ʇʘ; ʫʜʝʣʴʥʘʷ ɺʏ ʤʦʱʥʦʩʪʴ ~ 20 ɺʪ/ʩʤ2. ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʦʣʠʤʝʨʘ ʊʕʌ/ɺɼʌ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʦʙʨʘʟʮʦʚ. 

ʆʙʨʘʟʮʳ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ  ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʨʘʟʮʳ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚʨʝʤʷ ʤʦʜʠʬʠʢʘʮʠʠ 60 ʤʠʥʫʪ. 

ʀʟʫʯʝʥʠʝ  ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ (ɸʉʄ) çSolver-HVè (NT-MDT), ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʂʝʣʴʚʠʥʘ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʧʨʦʭʦʜʥʦʡ ʤʝʪʦʜʠʢʠ. ɼʣʷ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʣʠʩʴ ʢʘʥʪʠʣʝʚʝʨʳ ʤʘʨʢʠ  NSG11 ʩ ʨʘʜʠʫʩʦʤ 

ʟʘʢʨʫʛʣʝʥʠʷ ʦʩʪʨʠʷ ʠʛʣʳ 10 ʥʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ 5Ĭ1020 ʩʤ-3. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Gwiddion 2.25. ɼʣʷ ʜʚʫʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʚʘʣʘʩʴ 5Ĭ5 ʤʢʤ, 1Ĭ1 ʤʢʤ,  ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ: ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ï Ra, ʚʳʩʦʪʘ 

ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʦʬʠʣʷ ʧʦ ʜʝʩʷʪʠ ʪʦʯʢʘʤ ï  Rz, ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʨʦʬʠʣʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ï Pt, ʩʨʝʜʥʷʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʚʧʘʜʠʥ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ï Rvm, ʩʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʠʢʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ï 

Rpm,, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ Uʩʨ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ Uʤʘʭ, 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ Umin. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʣʴʝʬʘ (a), ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ (b) ʠ ʬʘʟʦʚʦʛʦ 

ʢʦʥʪʨʘʩʪʘ (c) ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ɸʉʄ  ʦ 

ʨʝʣʴʝʬʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ  ʧʦʣʠʤʝʨʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʊʌʕ/ɺɼɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʫʶ ʧʣʝʥʢʫ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʧʦʣʠʤʝʨʥʳʤʠ ʛʣʦʙʫʣʘʤʠ 

ʚʳʪʷʥʫʪʦʡ ʵʣʝʧʩʦʚʠʜʥʦʡ ʬʦʨʤʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʘʤ ʧʦ ʦʩʷʤ ʨʘʚʥʳʤ 1,02 ʠ 0,71 ʥʤ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ  ʧʨʠ 

ʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ (1Ĭ1 ʤʢʤ). ʋʜʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʂʌ ʧʦʢʨʳʪʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ɺʏʄʈ 

ʨʘʩʧʳʣʝʥʠʝʤ ʤʠʰʝʥʠ ʠʟ ʛʠʜʨʦʢʩʠʘʧʧʘʪʠʪʘ,  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʳʡ ʢʦʥʛʣʦʤʝʨʘʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 0,3 ʤʢʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʂʌ ʧʦʢʨʳʪʠʷ. 

ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂʌ ʧʦʢʨʳʪʠʷ ʠ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 1 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʩʭʦʜʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʧʦʜʣʦʞʢʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ 

ʂʌ ʧʦʢʨʳʪʠʷ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʝʨʘʤʦʧʦʜʦʙʥʦʝ ʂʌ ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ p-ʪʠʧʘ ʩ ʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʤʝʨʥʦ 4 ʵɺ [2]. 
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ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʆʙʨʘʟʮʳ 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ 

ʧʦʚʝʨʭʥʦʩʪʠ Uʩʨ , ɺ 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ 

Umin,ɺ  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ 

Uʤʘʭ,ɺ 

ʂʦʥʪʨʦʣʴʥʳʡ -1,2443 -1,3626 -1,0861 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 0,2290 0,0541 0,0315 

ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʆʙʨʘʟʮʳ ʉʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ 

ʧʦʚʝʨʭʥʦʩʪʠ Ra, ʥʤ 

ɺʳʩʦʪʘ 

ʥʝʨʦʚʥʦʩʪʝʡ 

ʧʨʦʬʠʣʷ ʧʦ ʜʝʩʷʪʠ 

ʪʦʯʢʘʤ Rz, ʥʤ 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʚʳʩʦʪʘ ʧʨʦʬʠʣʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

Pt, ʥʤ 

ʉʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʛʣʫʙʠʥʘ ʚʧʘʜʠʥ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ Rvm, ʥʤ 

ʉʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʚʳʩʦʪʘ ʧʠʢʦʚ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ Rpm, 

ʥʤ 

ʂʦʥʪʨʦʣʴʥʳʡ 20,8 65,4 133,7 39,9 38,4 

ʄʦʜʠʬʠʮʠʨʦ

ʚʘʥʥʳʡ 
52,6 205,0 341,3 123,8 102,1 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Gwiddion 2.25. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʂʌ ʧʦʢʨʳʪʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʤʠʢʨʦʨʝʣʴʝʬ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ Ra ʚʦʟʨʘʩʪʘʝʪ ʚ 2,5 ʨʘʟʘ, ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Pt ʧʨʦʠʩʭʦʜʠʪ ʚ 2,6 ʨʘʟ.  
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                         a                                                             b                                                          c 

ʈʠʩ.1.  ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ, a ï ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ, b ï ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ, ʩ ï ʠʟʦʙʨʘʞʝʥʠʝ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 5Ĭ5ʤʢʤ. 

                                 a                                                    b                                                      c 

ʈʠʩ. 2.  ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ V ʛʨʫʧʧʳ, a ï ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ, b ï ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ, ʩ ï ʠʟʦʙʨʘʞʝʥʠʝ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 1Ĭ1 ʤʢʤ. 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʧʝʢʪʨʦʤʝʪʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʦʟʠʪʨʦʥʦʚ. ʋʩʪʘʥʦʚʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʨʘʜʠʮʠʦʥʥʦʡ 

çʙʳʩʪʨʦʡè ʮʝʧʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʘʙʦʯʝʝ ʨʘʟʨʝʰʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʢʦʣʦ 240 ʧʩ. ɸʧʨʦʙʘʮʠʷ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʮʠʨʢʦʥʠʷ, ʪʠʪʘʥʘ, ʞʝʣʝʟʘ, ʤʝʜʠ ʠ ʥʠʢʝʣʷ. 

 

Methods of electron-positron annihilation (EPA) have proven to be effective laboratory techniques for 

precision studies of electron and defect structure of materials in solid state physics and material science [1]. 

Currently, positron annihilation lifetime spectrometry (PALS) is one of the most sensitive (10
-7
 vacancies / 

atom) tools for defects inspection. Positron lifetime spectrometers are used to determine the size of nano-objects 

(vacancies, vacancy clusters), open volume defects, voids, and their concentrations in porous systems, defective 

materials, nanomaterials and semiconductors [2]. 

The scheme of the developed spectrometer is shown in Fig. 1. It consists of a traditional çfastè chain [1], 

which includes a fast integral and differential constant fraction discriminators (CFD) [3], the time-to-amplitude 

converter (TAC), a multi-channel pulse analyzer unit (MCA) and analog-to-digital converter for the spectrum 

collecting. 

As a positron source the radioactive isotope 

44
Ti (ɓ +, ɔ) with the activity of 24,5 mCi and 

maximum positron energy of 1,467 MeV was 

used [4]. The energy spectrum of positrons 

emitted by 
44
Ti isotope is shown in Fig. 2. The 

source was made by CJSC çCyclotronè, 

Obninsk, Russian Federation. This isotope can 

be used for positron lifetime measurements 

because in the process of its ɓ-decay, almost 

simultaneously with the birth of the positron, 

the ɔ-quantum with the energy of 1,157 MeV is emitted. 

The advantages of the 
44
Ti positron source in comparison with the traditional 

22
Na [5] are: 

¶ high yield of positrons (about 98%); 

Fig. 1. Positron lifetime spectrometer scheme 
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¶ longer working lifespan of the source, due to the greater half-life (47.4 years); 

¶ higher energy of positrons allows investigation the substance at the depth 3 times deeper than the 

penetration depth of positrons from 
22

Na; 

¶ Increased mechanical strength of the source due to the presence of protective titanium capsule. 

The disadvantage of protective capsule is relatively 

high contribution of the positron annihilation process in 

the material capsules made of titanium VT1-0. 

Positron source is located between two samples of 

material, forming the so-called çsandwich geometryè. 

The main advantage of this geometry is that the positrons 

emitted from the source, directly penetrate into the 

sample, what allows measurements in air. Events 

corresponding to the appearance of a nuclear ɔ ï 

quantum recorded by scintillation detector are called 

start-signals. Once the positron penetrates into the matter, 

it loses its kinetic energy in the elastic and inelastic 

scattering and then annihilates with the electron 

environment, forming two annihilation ɔ - rays of energy 0,511 MeV, one of which is recorded by another 

detector and become the stop-signal. Registration of ɔ - quanta is realized by two scintillation detectors based on 

scintillators BaF2 [6] and the photomultiplier tubes (PMT). 

Detectors are powered by two-channel high-voltage power supply. The pulses from the detectors are fed to 

the discriminator, where the amplitude selection and timing of the front of the signal is carried out. The signal 

from the anode of the detector registering the start-signals is fed to the integral CFD, where the lower threshold 

is tuned in such a way when only the area of 1,157 MeV annihilation peak is captured. The anode signals from 

the detector of stop-signals are transmitted to the differential CFD with two (lower and upper) thresholds. 

Thresholds are adjusted to make a selection of pulses corresponding to the annihilation ɔ - quanta with energy of 

0,511 MeV. 

The start-pulses from the integral discriminator 

are fed directly to the start input of TAC. The 

stop-pulses from the differential discriminator 

through the nano-second delay module are fed to 

the stop input of TAC. Thus the measurement 

time between the nuclear (1,157 MeV) and 

annihilation (0,511 MeV) ɔ-rays is the lifetime of 

the positron in certain material. 

In order to approve the spectrometer, a series of 

calibration samples of iron, titanium, zirconium 

and copper were prepared. The count rate of the 

spectrometer was about 220 samples/sec which 

corresponds to the mean time of spectrum 

Fig. 2. Energy spectrum of positrons, emitted by 
44
Ti 

Fig. 2. Experimental and calculated values of the positron lifetimes in 

Fe, Ti, Zr, Cu and Ni). The calculation values (dash lines) were carried 

out using the LDA (the local density approximation) model [8] 
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collecting of 6 hours per one spectrum (with the statistics of 3-5 millions events). The number of collected 

spectra for each material was eight. 

Processing and decomposition of spectra was carried out using the free software LT 9 [7]. While processing in 

LT9, the experimental spectrum is decomposed into four components with different values of the lifetime 

corresponding to the processes of positron annihilation in different states: in the material of sample (Ű1), in 

positron source salt (Ű2), in titanium capsule of source (Ű3), and long-lived ortho-positronium annihilation 

component (Ű4). Experimental spectrum of titanium VT1-0 is decomposed into three components: Ű1 + Ű2 (these 

components have the same value of the lifetime), Ű3 and Ű4. Experimental and calculated values of the positron 

lifetimes in the bulk materials for calibration samples (Fe, Ti, Zr, Cu and Ni) are shown in Fig. 2. 

The average operating resolution of the spectrometer with the positron source is 240 ps. Source contribution is 

about 33-34% for Ni, Cu, Fe, Zr. The components that were identified as source components are: Ű2, Ű3 and Ű4. 

In the case of titanium samples, the contribution of the source decreases to the value of 6%. This can be 

explained by the fact that the material of the capsule source makes a significant contribution to the spectrum of 

the lifetime (> 25%). In this case the capsule and the sample are made from the same material, and it is not 

possible to divide them during spectra processing. Apart from that, the basic parameters are correlated with the 

results of Ni, Cu, Fe, Zr spectra processing. 

Besides the use of non-traditional source of positrons, this spectrometer deviates from the existing ones by 

the simplicity of the spectrometer circuit, which is reflected in the relative ease of setup, and low cost. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩ.ʟʘʜʘʥʠʶ çʅʘʫʢʘè, ʪʝʤʘ ˉ 0.1146.2013. 
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Was formulated the phenomenological equations for the fluorophore and the light field in the presence of 

silver nanoparticles. A theoretical estimate superfluorescence threshold in this instance. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ ʚʙʣʠʟʠ ʥʘʥʦʪʝʣ ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ 

ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʦʚ [1,2]. ʅʝʩʤʦʪʨʷ  ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʣʦʞʥʦʩʪʝʡ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ  ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʦʨʠʠ [2] ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʥʢʨʝʪʥʳʤ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʠʪʫʘʮʠʷʤ ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ. ʊʘʢ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ 

[3,4], ʥʘʨʷʜʫ ʩ ʪʘʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʢʘʢ ʵʬʬʝʢʪ ʇʸʨʨʩʝʣʘ [5], ʟʘʯʘʩʪʫʶ ʧʨʦʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʵʬʬʝʢʪʳ, ʢʘʢ: 

ʩʫʧʝʨʬʣʫʦʨʝʩʮʝʥʮʠʷ [6],  ʫʩʠʣʝʥʥʘʷ ʩʧʦʥʪʘʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ [7], ʠ ʥʘʢʦʥʝʮ, ʧʨʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ[4].  ʋʩʪʘʥʦʚʣʝʥʠʝ çʦʙʱʝʡè ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ  ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ. ʅʘ ʵʪʦʤ ʧʫʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʬʬʝʢʪʦʚ ʩʫʧʝʨʬʣʫʦʨʝʩʮʝʥʮʠʠ  ʘʚʪʦʨʘʤʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʬʫʥʢʮʠʠ ɺʠʛʥʝʨʘ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʠ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʘʩʝʣʸʥʥʦʩʪʠ ʩʨʝʜʳ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʩʝʯʝʥʠʷʤʠ ʧʦʛʣʦʱʝʥʠʷ ʠ  ʠʟʣʫʯʝʥʠʷ [8,9]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʦʛ ʠʟʣʫʯʝʥʠʷ 

ʩʫʧʝʨʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ ʨʷʜʘ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʶʱʝʡʩʷ ʣʦʛʠʯʝʩʢʠʤ  ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ ʘʚʪʦʨʦʚ, ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ  ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ  ʠ ʩʨʝʜʳ ʦʙʦʙʱʘʝʪʩʷ ʥʘ ʩʣʫʯʘʡ ʩʨʝʜʳ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʝʸ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʩʝʨʝʙʨʘ ʚʜʘʣʠ ʦʪ ʦʙʣʘʩʪʠ ʧʣʘʟʤʦʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʧʦʢʘʟʘʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ (ʩʤ. ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʠ ʨʘʙʦʪʫ [4]), ʧʘʜʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʧʦ 

ʵʥʝʨʛʠʠ ʥʘʢʘʯʢʠ, ʦʜʥʘʢʦ  ʧʨʠ ʵʪʦʤ ʥʘʯʠʥʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʷʚʣʷʪʴʩʷ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ. 

ɺ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʨʘʟʚʠʪʠʝ ʩʚʝʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʫʟʳʨʴʢʦʚ ʧʘʨʘ ʚʦʟʣʝ ʥʘʥʦʯʘʩʪʠʮ ʠʣʠ ʘʛʣʦʤʝʨʘʪʦʚ [4], ʘ ʵʪʦ ʠʤʝʥʥʦ ʪʘʢ, ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ  

ʩʣʫʯʘʷʭ, ʤʦʞʥʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ  ʧʨʝʥʝʙʨʝʯʴ ʪʝʧʣʦʚʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʫʧʝʨʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ ʦʙʦʙʱʠʤ ʫʨʘʚʥʝʥʠʷ 

cʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ [8,9], ʜʣʷ ʩʨʝʜʥʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ  ʥʘ ʩʪʦʢʩʦʚʦʡ ʯʘʩʪʦʪʝ
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( , )SJ tw, ʚ ʦʙʲʝʤʝ V , ʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʫʨʦʚʥʝʡ ʬʣʫʦʨʦʬʦʨʘ 
S

fn , ʚʚʝʜʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ:  

( )rad

0( , ) ( ) ( , ) ( ) (1 2 ) ( , ) ( , ) / ( , )S S

S d f ag rad ag f f abs ag S V S

d
J t I C n n n t n n J t J t

dt
w c s w s w w w wµ= G - - -G  

rad( ) ( ) ( ) (1 2 ) ( , ) ( , ) ( ) ( ) /S S S L
absf f ag f f abs ag S s ag L L

d
n t n n t n n J t d n I t

dt
s w w w w s w

¤

-¤

=-G + - +ñ  

 

ɿʜʝʩʴ ʚ ʫʨʘʚʥʝʥʠʷ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: LI - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʯʘʩʪʦʪʝ Lw; ( )L
abs agns - ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; VµG - ʩʢʦʨʦʩʪʴ 

"ʨʝʣʘʢʩʘʮʠʠ" ʚʳʭʦʜʘ ʠʟʫʯʝʥʠʷ ʥʘ ʩʪʦʢʩʦʚʦʡ ʯʘʩʪʦʪʝ, ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʲʝʤʘ  V; 0C -ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʬʣʫʦʨʦʬʦʨʘ; c- ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʰʝʥʠʷ;
rad( )f agnG - ʢʦʵʬʬʠʮʝʥʪ ʨʝʣʘʢʩʘʮʠʠ ʤʦʣʝʢʫʣ ʬʣʫʦʨʦʬʦʨʘ, 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ  ʩʝʨʝʙʨʘ; rads ,abss - ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ, ʠ 

ʠʟʣʫʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʦʩʥʦʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʤʦʜʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʩʥʠʞʝʥʠʝ ʧʦʨʦʛʘ ʧʦ 

ʵʥʝʨʛʝʪʠʢʝ ʥʘʢʘʯʢʠ, ʘʥʘʣʦʛʠʯʥʦ [8], ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʧʨʠʤʝʨʥʦ ʢʘʢ: 

( )
2

rad/ 1 /
Ag
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Propagation of high-power femtosecond laser radiation in a closed system with the reflecting boundaries is 

considered on the basis of numerical solution of the stationary nonlinear Schrºdinger equation. Spectral amplitude 

distributions of the light field formed during multifilamentation are plotted and the mechanisms of optical 

turbulence formation are analyzed based on multiple filamentation. The regularities of formation of the 

equilibrium value of filament number density depending on the mean intensity of the light field are determined 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄʌʃʀ ʚ ʚʦʟʜʫʭʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʬʠʣʘʤʝʥʪʘʮʠʝʡ [1]. 

ɸʢʪʠʚʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʵʪʦʤʫ ʬʝʥʦʤʝʥʫ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʚʘʞʥʳʭ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ [2]. ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʫʶ ʚʘʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʬʝʥʦʤʝʥʘ, ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʠʭ ʦʧʠʩʘʥʠʷ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʣʠʰʴ ʨʷʜʘ 

ʯʘʩʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ [3,4]. ʆʧʠʩʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʠʨʦʢʘʧʝʨʪʫʨʥʳʭ ʄʌʃʀ, ʨʝʘʣʠʟʫʶʱʠʭʩʷ  ʚ 

ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʅʋʐ ʧʦʢʘ ʥʝʚʦʟʤʦʞʥʦ [5, 6]. ʇʨʠ ʵʪʦʤ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʅʋʐ [3, 4, 7, 8]. ʄʳ ʟʜʝʩʴ ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʠʟ 
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ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʚ ʢʦʪʦʨʦʡ ʢʦʣʣʘʧʩ ʚ ʩʨʝʜʝ ʢʝʨʨʦʚʩʢʦʛʦ ʪʠʧʘ [1] ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤʘʤʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʜʝʬʦʢʫʩʠʨʦʚʢʠ ʠ ʜʠʬʨʘʢʮʠʠ:  
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0 / crP Ph= - ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʯʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʜʣʷ ʚʦʟʜʫʭʘ 3,2crP ɻʚʪº ;
effe - ʧʦʜʛʦʥʦʯʥʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ  I  ʤʥʦʛʦ ʤʝʥʴʰʝ crI  ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʣʠʥʝʡʥʦʩʪʴ 

ʢʝʨʨʦʚʩʢʦʛʦ ʪʠʧʘ, ʧʨʠ crI I>  ʥʝʣʠʥʝʡʥʦʩʪʴ ʤʦʜʝʣʠʨʫʝʪ ʜʝʬʦʢʫʩʠʨʫʶʱʫʶ ʩʨʝʜʫ; ʟʥʘʯʝʥʠʝ crI  ʚʳʙʠʨʘʣʘʩʴ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 13 25 10 /ɺʪ ʩʤÖ  [2]; ʧʦʜʛʦʥʦʯʥʳʡ  ʧʘʨʘʤʝʪʨ 

çʦʩʪʨʦʪʳè c ʚʳʙʠʨʘʣʩʷ ʠʟ ʫʩʣʦʚʠʷ ʥʘʠʣʫʯʰʝʛʦ ʩʦʚʧʘʜʝʥʠʷ ʧʨʦʬʠʣʷ ʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʘ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ 

ʧʦʩʣʝ  ʧʨʦʭʦʞʜʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʬʦʢʫʩʘ, ʚ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʧʦʣʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ [1] . 

ʅʘ ʛʨʘʥʠʮʘʭ ʨʝʟʝʨʚʫʘʨʘ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʳʙʠʨʘʣʦʩʴ ʨʘʚʥʳʤ ʥʫʣʶ. ʕʪʦʪ ʧʨʠʸʤ ʧʦʟʚʦʣʷʪ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʟʝʨʢʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʙʣʠʟʠʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʢ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʟʘʤʢʥʫʪʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  ʊʘʢʦʡ ʧʦʜʭʦʜ ʚ ʣʦʛʠʯʝʩʢʦʤ ʝʛʦ ʟʘʚʝʨʰʝʥʠʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʜʦʣʞʝʥ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʪʦʨʦʤʫ ʵʬʬʝʢʪʠʚʥʦʤʫ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʄʌʃʀ, ʢʘʢ ʵʪʦ ʧʨʝʜʣʦʞʝʥʦ ʚ [7]. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʣʷ ʩʣʫʯʘʷ  ʥʘʯʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (10% )  ʩ ʛʘʫʩʩʦʚʦʡ ʩʪʘʪʠʩʪʠʢʦʡ. 

ʏʪʦʙʳ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ  ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʬʠʣʘʤʝʥʪʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʬʠʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʘʤʧʣʠʪʫʜʘʤ [4] ʠʣʠ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [3]. ʊʘʢ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʰʴ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ, ʥʝʚʦʟʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʝ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ "ʢʦʣʴʮʝʚʳʝ" 

ʤʦʜʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʬʠʣʘʤʝʥʪʘʮʠʠ, ʦʪ  ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʭ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʦʜ. ʇʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʣʴʢʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ [3], ʥʝʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʦʣʴʢʦ ʬʠʣʘʤʝʥʪʘʤ, ʪʘʢ ʢʘʢ ʚ ʦʙʣʘʩʪʴ ʤʘʩʰʪʘʙʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠʣʘʤʝʥʪʘʮʠʠ, ʙʫʜʫʪ ʚʥʦʩʠʪʴ ʩʚʦʡ ʚʢʣʘʜ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ - ʢʦʣʴʮʝʚʳʝ 

ʤʦʜʳ. ʏʪʦʙʳ ʧʨʝʦʜʦʣʝʪ ɹɻ ʪʫ ʧʨʦʙʣʝʤʫ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʘʤʧʣʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʥʘ ʦʩʥʦʚʝ (1). 

A)                                                                                            B) 
ʈʠʩ.1  ʅʘ ʣʝʚʦʡ ʢʘʨʪʠʥʝ (A) ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʧʨʦʬʠʣʷ  ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʚ ʨʝʞʠʤʝ 

ʦʧʪʠʯʝʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ (1). ʅʘ ʧʨʘʚʦʡ ʢʘʨʪʠʥʝ (B)  ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʯʠʩʣʘ ʬʠʣʘʤʝʥʪʦʚ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ () ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 

ʬʦʥʦʚʦʡ(ʩʨʝʜʥʝʡ) ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ.  
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ɸʥʘʣʠʟ ʜʘʥʥʦʡ ʢʘʨʪʠʥʳ ʧʦʟʚʦʣʠʣ ʦʧʠʩʘʪʴ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʦʧʪʠʯʝʩʢʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦ ʘʤʧʣʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  ʋʩʣʦʚʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ-ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʝʩʪʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ [10], ʫʩʣʦʚʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʦʧʪʠʯʝʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, 

ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ I - ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 11(2 3) 10 2ɺʪ / ʩʤ· Ö . ʇʦ ʜʦʩʪʠʞʝʥʠʶ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ I  ʧʣʦʪʥʦʩʪʴ ʯʠʩʣʘ 

ʬʠʣʘʤʝʥʪʦʚ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʩʪʸʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ I  ʧʦ ʢʫʙʠʯʥʦʤʫ ʟʘʢʦʥʫ [8], ʘ ʥʠʞʝ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ I , ʨʘʚʥʦʚʝʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʯʠʩʣʘ ʬʠʣʘʤʝʥʪʦʚ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ (ʩʤ. ʨʠʩ. 1(ɹ) ).  
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ʈʠʩ.2 lg(1+I*P(A,K))-ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʝʪʦʚʦʛʦ 

ʧʦʣʷ ʧʦ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʠ ʫʛʣʦʚʦʤʫ ʩʧʝʢʪʨʫ 

ʧʦʣʷ ʚ ʨʘʟʚʠʪʦʤ ʨʝʞʠʤʝ ʦʧʪʠʯʝʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʚʳʜʝʣʝʥʳ ʪʨʠ 

ʦʙʣʘʩʪʠ, ʘ  ʩʪʨʝʣʢʠ ʠʭ ʩʦʝʜʠʥʷʶʱʠʝ ʩʦʦʪʥʝʩʝʥʳ ʩ 

ʧʦʪʦʢʘʤʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ. ʂʨʘʩʥʘʷ ʦʙʣʘʩʪʴ - ɻ ʪʦ 

ʚʦʟʤʫʱʝʥʠʷ ʠʟ ʢʦʪʦʨʳʭ ʟʘ ʩʯʸʪ ʩʘʤʦʬʦʢʫʩʠʨʦʚʢʠ 

ʨʘʟʚʠʚʘʝʪʩʷ ʬʠʣʘʤʝʥʪʘʮʠʷ - ʢʨʘʩʥʘʷ ʩʪʨʝʣʢʘ ʢ ʩʠʥʝʤʫ 

ʢʨʫʛʫ. ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʟʘ ʩʯʸʪ ʤʝʭʘʥʠʟʤʘ ʦʩʪʘʥʦʚʢʠ 

ʢʦʣʣʘʧʩʘ [1] ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʣʴʮʘ - ʦʙʣʘʩʪʴ ʟʝʣʝʥʦʛʦ 

ʢʨʫʛʘ. ɼʠʬʨʘʢʮʠʦʥʥʦʝ ʨʘʩʧʣʳʚʘʥʠʝ ʢʦʣʝʮ ʢʦʥʚʝʨʪʠʨʫʝʪ 

ʠʭ ʚʥʦʚʴ ʚ  ʦʙʣʘʩʪʴ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ. 
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Deformation behavior under a constant strain of submicrocrystalline titanium alloy Ti-6Al-4V with 

hydrogen content at room temperature has been studied. Possible reasons of change of alloy stability to 

deformation localization on macrolevel at hydrogen presence are discussed. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʤʝʭʘʥʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʤʥʳʭ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʉʄʂ - ʨʘʟʤʝʨ ʟʝʨʥʘ ʤʝʥʝʝ 1 ʤʢʤ) 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʨʦʚʥʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʥʝʦʨʜʠʥʘʨʥʳʤ ʠʭ ʧʨʦʷʚʣʝʥʠʝʤ.  

ʊʠʪʘʥ ʠ ʝʛʦ ʩʧʣʘʚʳ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʭʦʨʦʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʢʦʨʨʦʟʠʡʥʦʡ ʩʪʦʡʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʘʚʠʘ-

ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. ʆʜʥʘʢʦ ʪʠʪʘʥ ʠ ʩʧʣʘʚʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʚʦʜʦʨʦʜ ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʚ ʤʝʪʘʣʣ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠʣʠ ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ 

ʤʝʪʘʣʣʘʭ, ʚʦʜʦʨʦʜ ʤʦʞʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʚ ʦʙʲʝʤʝ ʪʠʪʘʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʝʡ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʦʙʨʘʟʫʷ ʩʢʦʧʣʝʥʠʷ ʚ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʪʝʤ ʩʘʤʳʤ, ʫʚʝʣʠʯʠʚʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʛʠʜʨʠʜʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨ ʠ ʪʨʝʱʠʥ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʘʭ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʚʳʰʘʝʪ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʦʨʦʜʥʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʉʄʂ ʩʪʨʫʢʪʫʨʳ ʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʘʭ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʠ. ʆʜʥʘʢʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʦʨʦʜʥʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ ʉʄʂ ʩʧʣʘʚʦʚ 

ʪʠʪʘʥʘ  ʤʘʣʦ ʠʟʫʯʝʥʳ, ʪʦʛʜʘ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚ  ʉʄʂ ʩʦʩʪʦʷʥʠʠ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʠ. 

ɺʦʜʦʨʦʜʥʘʷ ʭʨʫʧʢʦʩʪʴ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʠ ʥʠʟʢʠʭ 

ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʟʫʯʝʩʪʠ.  ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʣʝʛʠʨʦʚʘʥʠʷ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʚʦʜʦʨʦʜʦʤ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʩʣʫʞʝʙʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ ʪʠʪʘʥʘ ʩ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʟʫʯʝʩʪʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ a+b ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ6, 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1. ɺʳʙʦʨ ʵʪʦʛʦ  ʩʧʣʘʚʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʊʘʙʣʠʮʘ 1. 

ʉʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6 (ʤʘʩ. %) 

ʉʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʩʧʣʘʚʝ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʧʦʨʷʜʢʘ ~0,1 ʤʢʤ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ, ʩʦʯʝʪʘʶʱʠʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʦʤ ʠ ʛʦʨʷʯʫʶ ʧʣʘʩʪʠʯʝʩʢʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʧʨʝʩʩʦʚʘʥʠʝʤ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 5ʭ1.7ʭ0.7 ʤʤ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293 ʂ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʧʦʣʟʫʯʝʩʪʠ 

ʦʙʨʘʟʮʦʚ ʉʄʂ ʩʧʣʘʚʘ ɺʊ6 ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 

0,002 ʠ 0,1 ʤʘʩ.% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293 ʂ ʠ 

ʥʘʧʨʷʞʝʥʠʠ 1180 ʄʇʘ. ɺʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ 

ʧʦʣʟʫʯʝʩʪʠ ʉʄʂ ʩʧʣʘʚʘ ɺʊ6 ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ. ʅʘ ʢʨʠʚʦʡ ʧʦʣʟʫʯʝʩʪʠ ʦʙʨʘʟʮʘ 

ʩʧʣʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 0,002 ʤʘʩ.% ʠʤʝʝʪʩʷ 

ʣʠʰʴ ʜʚʝ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝʩʪʠ: ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʠ 

ʫʩʢʦʨʝʥʥʘʷ. ʅʘ ʢʨʠʚʦʡ ʧʦʣʟʫʯʝʩʪʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 0,1 ʤʘʩ.% ʢʨʦʤʝ ʫʢʘʟʘʥʥʳʭ 

ʜʚʫʭ ʩʪʘʜʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʩʪʘʜʠʷ ʥʝʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 

ʧʦʣʟʫʯʝʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ 

ʉʄʂ ʩʧʣʘʚʝ ʩ 0,002 ʜʦ 0,1 ʤʘʩ.%   ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 

ʧʦʣʟʫʯʝʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ  ʜʦ ʨʘʟʨʫʰʝʥʠʷ (ʨʠʩ. 1). ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚʨʝʤʷ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʉʄʂ ʩʧʣʘʚʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʣʟʫʯʝʩʪʠ ʥʘ ʫʩʢʦʨʝʥʥʦʡ ʩʪʘʜʠʠ 

ʧʦʣʟʫʯʝʩʪʠ. ʅʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʥʘ ʥʘʚʦʜʦʨʦʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ b ʬʘʟʳ ʪʠʪʘʥʘ ʚʦʜʦʨʦʜʦʤ (ʧʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜʦʨʦʜ ʚ ʩʧʣʘʚʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,1 ʤʘʩ.% ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ) ʠ  ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʩʧʣʘʚʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʟʫʯʝʩʪʠ ʥʘ ʥʝʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ. 

 ʇʝʨʝʭʦʜ ʢ ʫʩʢʦʨʝʥʥʦʡ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝʩʪʠ ʉʄʂ ʩʧʣʘʚʘ ɺʊ6 ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ. ɺ ʦʙʨʘʟʮʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʦʜʦʨʦʜʘ 0,002 % ʣʦʢʘʣʠʟʘʮʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʧʦʣʦʩ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʰʠʨʠʥʦʡ ~0,5 ʤʢʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ ~120
ʦ
 ʜʨʫʛ ʢ ʜʨʫʛʫ (ʨʠʩ. 2, ʘ). 

ʈʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛʦʤ ʧʦ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʧʦʣʦʩ. ɺ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʦʜʦʨʦʜʘ 0,1 ʤʘʩ.% ʣʦʢʘʣʠʟʘʮʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʰʝʡʢʠ. ʈʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɺʊ6-0,1ʅ ʧʨʦʠʩʭʦʜʠʪ ʚ ʰʝʡʢʝ ʧʦ 

ʧʣʦʩʢʦʩʪʠ ʙʣʠʟʢʦʡ ʢ ʧʣʦʩʢʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ.  

Ti Al V Zr Si Fe C O N H 

ʦʩʥʦʚʘ 6,1 3,9 0,05 0,04 0,18 0,02 0,17 0,01 0,005 

ʈʠʩ. 1. ʂʨʠʚʳʝ ʧʦʣʟʫʯʝʩʪʠ ʉʄʂ ʩʧʣʘʚʦʚ ɺʊ6 ʠ 

ɺʊ6-0,1ʅ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293 ʂ ʠ s = 1180 ʄʇʘ. 1 
ï ɺʊ6; 2 ï ɺʊ6-0,1ʅ. 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          46 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʉʄʂ ʩʧʣʘʚʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʣʦʢʘʣʠʟʘʮʠʷ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 0,002 ʤʘʩ.% ʠʤʝʝʪ ʤʝʩʪʦ ʫʞʝ ʥʘ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝʩʪʠ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʩʪʘʜʠʠ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʦʙʨʘʟʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʦʣʦʩʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʰʠʨʠʥʦʡ    10ï20 ʤʢʤ. ʇʦʣʦʩʳ ʠʤʝʶʪ ʣʘʤʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʠʣʦʞʝʥʥʦʡ 

ʥʘʛʨʫʟʢʝ (ʨʠʩ. 2, ʙ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʣʟʫʯʝʩʪʠ ʧʣʦʪʥʦʩʪʴ ʪʘʢʠʭ ʧʦʣʦʩ ʨʘʩʪʝʪ.  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɺʊ6-0,1ʅ ʥʘ ʩʪʘʜʠʠ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʧʦʣʦʩʳ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʧʦʯʝʢ ʧʦʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ (ʨʠʩ. 2, ʚ).  

ʈʠʩ. 2. ʃʦʢʘʣʠʟʘʮʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʉʄʂ ʩʧʣʘʚʘ ɺʊ6. ʘ) ʤʘʢʨʦʧʦʣʦʩʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʧʣʘʚʘ ɺʊ6-0,002ʅ; ʙ) ʦʪʜʝʣʴʥʳʝ ʤʠʢʨʦʧʦʣʦʩʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ɺʊ6-0,002ʅ; ʚ) ʮʝʧʦʯʢʠ ʧʦʨ ʚ ʩʧʣʘʚʝ ɺʊ6-0,1ʅ 

 

ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʨʘʟʚʠʪʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʘʢʦʡ ʷʚʣʷʝʪʩʷ ʉʄʂ ʩʪʨʫʢʪʫʨʘ, ʩʚʷʟʘʥʦ ʩ ʟʘʪʨʫʜʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ [2], 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʘʭ (Nb, V, Ti, Fe) ʠ 

ʩʧʣʘʚʘʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʙʣʝʛʯʘʝʪ ʟʘʨʦʞʜʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʧʦʜʚʠʞʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ 

ʧʦʣʟʫʯʝʩʪʠ ʚ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ɺʊ6-0,1ʅ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʜʦʨʦʜ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʙʣʝʛʯʝʥʥʳʤ ʟʘʨʦʞʜʝʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʦʜʦʨʦʜ, ʥʘʭʦʜʷʩʴ ʚ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʉʄʂ ʩʧʣʘʚʝ ɺʊ6 ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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The experimental results of the research of decreasing the macroparticles density on a substrate immersed in 

the vacuum-arc metal plasma with a high-frequency short-pulse negative bias potential are submitted. It was 

found out that the macroparticles density on the sample surface is determined by the bias potential amplitude, 

pulse duration and the processing time. 

 

 

ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʄʏ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʚ ʨʷʜʝ ʨʘʙʦʪ ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ 

ʤʝʪʦʜ ʠʭ ʫʜʘʣʝʥʠʷ ʠʟ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɺ ʨʘʙʦʪʘʭ [1, 2] ʫʜʘʚʘʣʦʩʴ 

ʜʦʩʪʠʯʴ ʩʥʠʞʝʥʠʷ ʤʠʢʨʦʢʘʧʝʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ 3ï5 ʨʘʟ. ɺ ʨʘʙʦʪʝ [3] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʢʦʨʦʪʢʦʠʤʧʫʣʴʩʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 1 ʢɺ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʝʥʠʝ ʄʏ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʫʞʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʢʦʨʦʪʢʦʠʤʧʫʣʴʩʥʦʡ ʧʣʘʟʤʝʥʥʦ-ʠʤʤʝʨʩʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ 

ʠʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʘʟʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ [4]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ, ʯʘʩʪʦʪʳ 

ʩʣʝʜʦʚʘʥʠʷ, ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʥʘ ʦʙʨʘʟʮʝ, ʧʦʛʨʫʞʝʥʥʦʤ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʟʤʫ, ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʠʢʨʦʢʘʧʝʣʴ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʙʣʠʟʠ ʠ ʥʘ ʩʘʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʄʏ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʥʘ ʙʦʢʦʚʦʤ ʬʣʘʥʮʝ ʢʦʪʦʨʦʡ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʡ ʛʝʥʝʨʘʪʦʨ ʧʣʘʟʤʳ ʩ ʪʠʪʘʥʦʚʳʤ ʢʘʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʣ ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʨʝʞʠʤʝ ʩ ʪʦʢʦʤ ʜʫʛʠ 90ï100 ɸ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ 

ʢʦʨʦʪʢʦʠʤʧʫʣʴʩʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʰʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ʇʘʨʘʤʝʪʨʳ 

ʛʝʥʝʨʘʪʦʨʘ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 1ï9 ʤʢʩ, ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 10
5
 ʠʤʧ/ʩ, ʘʤʧʣʠʪʫʜʘ 

ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ 0,25ï3 ʢɺ [4]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʨʘʟʮʦʚ ʜʦ  ʢʘʪʦʜʘ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʙʳʣʦ 50 ʩʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʩʦʩʪʘʚʣʷʣʘ 10
10

 ʩʤ
ï3
.  
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çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          48 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ 10
5
 ʠʤʧ/ʩ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʄʏ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚʳʷʚʠʣʦ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʄʏ (ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʄʏ ʥʘ ʚʳʙʨʘʥʥʦʡ 

ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʩʤʝʱʝʥʠʷ ʢ 

ʢʦʣʠʯʝʩʪʚʫ ʄʏ ʥʘ ʚʳʙʨʘʥʥʦʡ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʘ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ ʘʥʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ) ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʘ 4 ʤʢʩ ʥʘ ʦʙʨʘʟʮʘʭ, ʧʦʛʨʫʞʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʧʣʘʟʤʫ ʚʘʢʫʫʤʥʦʡ ʜʫʛʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 10
10

 ʩʤ
ï3
 ʧʨʠ ʦʙʱʝʤ 

ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ 3 ʤʠʥ.  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʄʏ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʧʦʪʝʥʮʠʘʣʘ ʩ 2,0 ʢɺ ʜʦ 2,4 ʢɺ ʦʪʤʝʯʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʄʏ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʱʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʪʘʢʞʝ ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ. ʂʦʛʜʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʄʏ ʥʘ ʦʙʨʘʟʮʝ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʘ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʧʨʠ ʝʛʦ ʘʤʧʣʠʪʫʜʝ 0,85 ʢɺ  

ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʦʙʱʝʝ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʜʦ 9 ʤʠʥ, ʪʦ ʢʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2, ʧʨʦʷʚʠʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʵʬʬʝʢʪʘ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʦʪ ʄʏ.  

ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʟʤʦʡ ʚ ʪʝʯʝʥʠʝ 9 ʤʠʥ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʘ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ 8 ʤʢʩ ʧʣʦʪʥʦʩʪʴ ʄʏ 

ʫʤʝʥʴʰʠʣʘʩʴ ʚ 8 ʨʘʟ. ɼʘʥʥʳʝ ʨʠʩ. 3 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʄʏ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʠ 

ʙʦʣʴʰʝ 1,5 ʤʢʤ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ 2 ʢɺ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 8 ʤʢʩ. ɼʣʷ ʄʏ ʜʠʘʤʝʪʨʦʤ ʙʦʣʴʰʝ 1,5 ʤʢʤ 

ʭʘʨʘʢʪʝʨʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʥʝʢʦʪʦʨʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ (ʢʨʠʚʘʷ 1, ʨʠʩ. 3), ʢʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʄʏ ʧʝʨʝʩʪʘʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʜʦʩʪʠʛʘʝʪʩʷ 

ʜʝʩʷʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ ʢʨʫʧʥʳʭ ʄʏ (ʜʠʘʤʝʪʨʦʤ ʙʦʣʴʰʝ 

1,5 ʤʢʤ). ɼʣʷ ʄʏ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ 1,5 ʤʢʤ (ʢʨʠʚʘʷ 2, ʨʠʩ. 3) ʭʘʨʘʢʪʝʨʥʦ ʙʳʩʪʨʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʄʏ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ.  

ʇʨʠ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ 18 ʤʠʥ ʜʣʷ ʄʏ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ 1,5 ʤʢʤ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʫʤʝʥʴʰʠʣʘʩʴ ʚ 1500 ʨʘʟ. ʌʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʄʏ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ 

ʧʨʠ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ ʦʙʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʄʏ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʄʏ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʦʪ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ 

ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʧʣʘʟʤʦʡ 

ʚʘʢʫʫʤʥʦʡ ʜʫʛʠ 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʄʏ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʧʦʪʝʥʮʠʘʣʘ 

ʩʤʝʱʝʥʠʷ ʧʨʠ ʘʤʧʣʠʪʫʜʝ 0,85 ʢɺ ʠ 

ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ 9 ʤʠʥ: 1 ï ʜʣʷ ʄʏ ʩ 

ʜʠʘʤʝʪʨʦʤ ʙʦʣʴʰʝ 1,5 ʤʢʤ; 2 ï ʜʣʷ ʄʏ ʩ 

ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ 1,5 ʤʢʤ; 3 ï ʜʣʷ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʄʏ 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʣʢʠʤʠ ʄʏ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʠʩʭʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʢʨʫʧʥʳʭ ʄʏ. ʇʨʠ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʦʙʣʫʯʝʥʠʷ (6ï9 ʤʠʥ) ʦʧʨʝʜʝʣʷʶʱʫʶ 

ʨʦʣʴ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʧʦʚʝʜʝʥʠʝ ʢʨʫʧʥʳʭ ʄʏ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʯʠʥʘʝʪ 

ʧʨʝʚʳʰʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʝʣʢʠʭ ʄʏ. ʀʟ ʜʘʥʥʳʭ ʨʠʩ. 3, ʢʨʠʚʘʷ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʚʨʝʤʝʥʠ 

ʦʙʣʫʯʝʥʠʷ ʙʦʣʴʰʝ ~10 ʤʠʥ ʜʦʩʪʠʛʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʄʏ ʚ 67 ʨʘʟ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʨʦʪʢʦʠʤʧʫʣʴʩʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ c 

ʘʤʧʣʠʪʫʜʦʡ ʜʦ 2,5 ʢɺ ʠ ʩ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

10
5
 ʠʤʧ/c ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʣʦʪʥʦʩʪʠ ʄʏ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʝʛʦ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʝ. ɼʣʷ ʄʏ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ 1,5 ʤʢʤ 

ʜʦʩʪʠʛʥʫʪʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʄʏ ʧʨʝʚʳʩʠʣʦ 

10
3
 ʨʘʟ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʢʨʫʧʥʳʭ ʄʏ ʩ ʜʠʤʝʪʨʦʤ ʙʦʣʴʰʝ 1,5 ʤʢʤ 

ʦʢʘʟʘʣʦʩʴ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ.  
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ʌʝʜʝʨʘʮʠʠ. 
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ʈʠʩ. 3 ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʄʏ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʘʤʧʣʠʪʫʜʝ 

ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ 2 ʢɺ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 8 ʤʢʩ: 1 ï ʜʣʷ ʄʏ 

ʩ ʜʠʘʤʝʪʨʦʤ ʙʦʣʴʰʝ 1,5 ʤʢʤ; 2 ï ʜʣʷ ʄʏ ʩ 

ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ 1,5 ʤʢʤ; 3 ï ʜʣʷ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʄʏ 
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In this work the process of deposition of TiN depending on the magnetic field configuration is considered. 

Also, the dependence of properties of TiN films on the partial pressure of nitrogen in the chamber is shows. 

 

ʉʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ: ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠ,̫ 

ʜʘʚʣʝʥʠ ̫ʨʝʘʢʪʠʚʥʦʛʦ ʛʘʟʘ, ʪʦʢʘ ʨʘʟʨʷʜʘ, ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʚʦʟʣʝ ʧʦʜʣʦʞʢʠ ʠ ʪ.ʜ. ʅʘʠʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʦʢʘʟʳʚʘʝʪ ʧʣʦʪʥʦʩʪʴ ʠʦʥʥʦʛʦ ʪʦʢʘ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʧʨʦʪʝʢʘʥʠʝ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʣʦʪʥʦʩʪʴ ʠʦʥʥʦʛʦ ʪʦʢʘ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

ʧʦʜʘʯʘ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʠ ʪ.ʜ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʫʘʣʴʥʦʡ ʤʘʛʥʝʪʨʦʥʥʦʡ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʄʈʉ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ 

ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ, ʧʨʠʩʫʱʠʭ ʜʨʫʛʠʤ PVD ʤʝʪʦʜʘʤ ʦʩʘʞʜʝʥʠʷ: 

ʥʘʣʠʯʠʝ ʢʘʧʝʣʴʥʦʡ ʬʨʘʢʮʠʠ, ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʳʝ ʩ ʦʢʠʩʣʝʥʠʝʤ ʤʠʰʝʥʠ, ʧʨʦʙʣʝʤʘ çʠʩʯʝʟʘʶʱʝʛʦ 

ʘʥʦʜʘè. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ, ʜʫʘʣʴʥʘʷ ʄʈʉ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʠʦʥʥʦʛʦ ʪʦʢʘ, ʘ ʟʥʘʯʠʪ, ʠ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ[1]. 

ʎʝʣʴʶʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʚʣʠʷʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷʜʫʘʣʴʥʦʡ ʄʈʉ 

ʥʘ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʆʩʘʞʜʝʥʠʝ ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʧʨʦʚʦʜʠʣʦʩʴʥʘ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ çʗʰʤʘ-5è ʩ ʧʦʤʦʱʴʶ 

ʜʫʘʣʴʥʦʡ ʄʈʉ[2]. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ 1 ʤʢʤ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ ʧʦʣʠʨʦʚʘʥʥʦʡ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʧʨʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ 0,07 ʇʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʠ ʨʘʟʣʠʯʥʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

ʘʟʦʪʘ, ʢʦʪʦʨʦʝ ʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 10 ï 60% ʦʪ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʫʘʣʴʥʦʡ ʄʈʉʩ ʟʝʨʢʘʣʴʥʦʡ ʠ ʟʘʤʢʥʫʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʘʛʥʠʪʥʳʡ ʧʦʣʝʡ. 

ɼʘʣʝʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ: ʘʜʛʝʟʠʷ, ʪʚʸʨʜʦʩʪʴ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʨʠʙʦʨʥʦʡ ʙʘʟʝ çʊʦʤʩʢʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡè ʌʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʅʀ ʊʇʋ. 

ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʧʣʸʥʦʢ TiN 

ʇʨʠ ʨʝʘʢʪʠʚʥʦʤ ʦʩʘʞʜʝʥʠʠ ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʚʣʠʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʘʨʛʦʥʦʤ ʠ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʨʝʘʢʪʠʚʥʳʤ ʛʘʟʦʤ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʘʟʦʪʦʤ). 

ɺ ʜʘʥʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʤʝʨʷʣʘʩʴ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʜʣʷ ʟʝʨʢʘʣʴʥʦʡ ʠ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤ ʠ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ ʛʘʟʦʚʧʨʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ ʛʘʟʘ ʚ ʢʘʤʝʨʝ 

0,07 ʇʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.1 ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʝ ʥʝʦʜʠʥʘʢʦʚʦ.ʆʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʪʘʢʘʷ: ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ.ʕʪʦʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʘʟʦʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʧʳʣʝʥʠʷ ʪʠʪʘʥʦʚʦʡ ʤʠʰʝʥʠ 

ʧʘʜʘʝʪ, ʪ.ʢ. ʙʦʣʝʝ ʣʝʛʢʠʡ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʨʛʦʥʦʤ) ʘʟʦʪ ʥʝ ʩʧʦʩʦʙʝʥ ʚʳʙʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʪʠʪʘʥʘ ʠʟ ʤʠʰʝʥʠ. 

ʍʘʨʘʢʪʝʨ ʵʪʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʷʜʘ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʛʥʝʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʨʷʜ ʚ ʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʤʘʛʥʝʪʨʦʥʥʦʡ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʩ 

ʟʝʨʢʘʣʴʥʳʤ ʧʦʣʝʤ ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʳʡ ʩʧʘʜ 

ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ. ʂ 40% ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʤʘʛʥʝʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʞʝ ʥʝ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʨʷʜʘ, ʪ.ʢ. ʢʦʣʠʯʝʩʪʚʦ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ (ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ) ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʤʘʣʦ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʟʨʷʜʘ ʚʦʟʤʦʞʥʦ ʜʦ 60% ʘʟʦʪʘ ʚ ʢʘʤʝʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʘʜ ʩʢʦʨʦʩʪʠ 

ʥʝʣʠʥʝʡʥʳʡ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʦʥʳ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʝʡ ʟʘʨʷʞʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʤʘʛʥʝʪʨʦʥʘʤʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʘʪʴ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʘʨʛʦʥʘ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚ ʩʣʫʯʘʝ ʟʘʤʢʥʫʪʦʛʦ ʧʦʣʷ ʪʘʢ ʞʝ ʩʚʷʟʘʥʳ ʩ 

ʙʦʣʴʰʠʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʝʨʢʘʣʴʥʳʤ ʧʦʣʝʤ, 

ʢʦʣʠʯʝʩʪʚʦʤ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ, ʙʦʤʙʘʨʜʠʨʫʷ 

ʧʦʜʣʦʞʢʫ, ʨʘʩʧʳʣʷʶʪ ʨʘʩʪʫʱʫʶ  ʧʣʝʥʢʫ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʣʸʥʦʢ TiN 

ɼʘʣʝʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ. ʉʧʦʤʦʱʴʶ 

ʥʘʥʦʪʚʝʨʜʦʤʝʨʘçNanoHardnessTesterè ʙʳʣʘ 

ʠʟʤʝʨʝʥʘ ʪʚʸʨʜʦʩʪʴ ʠ ʘʜʛʝʟʠʷ ʧʣʸʥʦʢ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʚʝʨʜʦʩʪʠ 

ʧʦʢʨʳʪʠʡ ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʧʨʠ 

ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ ʛʘʟʘ ʚ ʢʘʤʝʨʝ 0,07 ʇʘ. 
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ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ, ʪʚʝʨʜʦʩʪʴ ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ 

ʫʤʝʥʴʰʘʝʪʩʷ.ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʥʝʩʚʷʟʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʟ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ.  

ʆʪʣʠʯʠʷ ʚ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦʧʦʣʷ ʜʫʘʣʴʥʦʡ ʄʈʉ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʝʮ ʩ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʟʘʤʢʥʫʪʦʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʩʚʷʟʘʥʳ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ ʦʪʣʠʯʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤʠ ʦʨʠʝʥʪʘʮʠʷʤʠ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʧʣʝʥʢʘʭ ʠ ʨʘʟʣʠʯʥʦʤ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʜʘʥʥʳʝ ʧʦ ʘʜʛʝʟʠʠ ʧʣʝʥʦʢ 

ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʢ ʧʦʜʣʦʞʢʘʤ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ, ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

MicroScratch. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3 ʘʜʛʝʟʠʷ ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ 

ʪʠʪʘʥʘ ʢ ʧʦʜʣʦʞʢʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʢʪʠʚʥʦʛʦ 

ʛʘʟʘ ʚ ʧʣʝʥʢʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʜʥʦ, ʯʪʦ 

ʘʜʛʝʟʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʚʳʧʘʜʘʶʱʘʷ ʪʦʯʢʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʧʣʝʥʢʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ, ʘʜʛʝʟʠʷ, ʪʚʸʨʜʦʩʪʴ ʧʣʸʥʦʢ ʥʠʪʨʠʜʘ 

ʪʠʪʘʥʘ ʧʨʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ 0,07 ʇʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʫʘʣʴʥʦʡ ʄʈʉ. ɺ ʨʝʟʫʣʴʪʝʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʣʸʥʦʢ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʮʠʘʣʴʥʦ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ ʘʜʛʝʟʠʷ ʧʣʸʥʦʢ ʩ ʧʦʜʣʦʞʢʦʡ ʠ ʪʚʸʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʣʝʥʦʢ TiN ʩ ʧʦʤʦʱʴʶ 

ʟʝʨʢʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɹʦʣʝʝ ʪʚʝʨʜʦʝ ʧʦʢʨʳʪʠʝ ʜʣʷ ʟʝʨʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʧʨʠ 30% ʘʟʦʪʘ, ʘ ʜʣʷ ʟʘʤʢʥʫʪʦʡ ʧʨʠ 50% ʘʟʦʪʘ.  
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This paper focuses on the results of the dielectric and magnetic characteristics measurements of the 

powder of Na2O-B2O3-SiO2 glasses in GHz region. The complex permittivity and permeability of glasses 

powders in high frequency was measured. Heat treatment changes the value of permittivity of the material.  

 

ʉʠʩʪʝʤʘ Na2O-B2O3-SiO2 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ ʥʘʥʦʧʦʨʠʩʪʳʭ ʠ ʢʚʘʨʮʦʠʜʥʳʭ ʩʪʝʢʦʣ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʦʙʘʚʣʝʥʠʝ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʧʦʨʠʩʪʳʭ ʤʘʪʨʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʛʥʠʪʥʫʶ ʬʘʟʫ [1]. ʇʨʠʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ) ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʈʕɸ). ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʕʄʉ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ ʦʪʨʘʞʝʥʠʷ ʧʘʨʘʟʠʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʕʄʀ), 

ʠʩʧʫʩʢʘʝʤʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠ ʨʘʙʦʪʝ ʈʕɸ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʵʪʦʛʦ, ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʩʧʝʢʪʨʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ɼʇ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʄʇ) ʧʦʨʦʰʢʦʚ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ 

ʥʘʪʨʠʝʚʦʢʘʣʠʝʚʦʙʦʨʦʩʠʣʠʢʘʪʥʳʭ (ʅɹʉ) ʩʪʝʢʦʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ  

ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʈʕɸ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʢʦʣ Na2O-B2O3-SiO2-Fe2O3, ʧʦʣʫʯʝʥʥʳʭ ʧʣʘʚʣʝʥʠʝʤ ʚ 

ʧʣʘʪʠʥʦʚʳʭ ʪʠʛʣʷʭ ʚ ʩʠʣʠʪʦʚʦʡ ʧʝʯʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1550 Áʉ ʚ ʪʝʯʝʥʠʝ 

4 ï 6 ʯʘʩʦʚ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʥʝʢʦʪʦʨʳʝ ʩʪʸʢʣʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ 

550 Áʉ ʚ ʪʝʯʝʥʠʝ 146 ʯʘʩʦʚ. ʀʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʧʨʠ ʩʠʥʪʝʟʝ ʩʪʝʢʦʣ ʙʳʣ ʩʣʝʜʫʶʱʠʤ: ʦʙʨʘʟʝʮ 1: SiO2 ï 70 %, 

B2O3 ï 21,7 %, Fe2O3 ï 0,3 %, Na2O ï 8%; ʦʙʨʘʟʝʮ 2: SiO2 ï 70 %, B2O3 ï 21,7 %, Fe2O3 ï 0,3 %, Na2O ï 8% 

(ʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ), ʦʙʨʘʟʝʮ 3: SiO2 ï 70 %, B2O3 ï 18 %, Fe2O3 ï 4 %, Na2O ï 8 %; ʦʙʨʘʟʝʮ 4: SiO2 ï 

70 %, B2O3 ï 18 %, Fe2O3 ï 4 %, Na2O ï 8 % (ʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ) [1]. 

ʀʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʳʭ ʟʥʘʯʝʥʠʡ ɼʇ ʠ ʄʇ ʧʨʦʚʝʜʝʥʳ ʨʝʟʦʥʘʪʦʨʥʳʤ 
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ʤʝʪʦʜʦʤ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʦʜʝʨʞʘʱʝʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ Agilent Teʩhnologies E8363B ʠ ʥʘʙʦʨ 

ʦʙʲʝʤʥʳʭ ʤʥʦʛʦʤʦʜʦʚʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ [2]. ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʷʯʝʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʥʦʛʦʤʦʜʦʚʳʭ ʨʝʟʦʥʘʪʦʨʘ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ, ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ: 1) 3ï5 ɻɻʮ; 2) 5ï9 ɻɻʮ; 3) 9ï13 ɻɻʮ. ʆʙʨʘʙʦʪʢʘ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 20 Ñ 1 Áʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʊʚʝʨʜʳʝ ʦʙʨʘʟʮʳ ʅɹʉ ʩʪʝʢʣʘ 

ʠʟʤʝʣʴʯʘʣʠʩʴ ʚ ʩʪʫʧʢʝ. ɿʘʪʝʤ ʤʘʪʝʨʠʘʣ ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʥʘʙʦʨ ʩʠʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 4 

ʦʙʨʘʟʮʘ ʧʦʨʦʰʢʦʚ ʩ ʤʠʢʨʦʤʝʪʨʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ. ɼʣʷ ʧʦʤʝʱʝʥʠʷ ʧʦʨʦʰʢʦʚ ʚʥʫʪʨʴ ʨʝʟʦʥʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʦʥʢʦʩʪʝʥʥʘʷ ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʢʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ~ 1,5 ï 2 ʤʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʫʪʝʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʪʦʯʥʳʡ ʦʙʲʝʤ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʪʨʫʙʢʠ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʪʨʫʙʢʘ ʧʨʦʤʳʚʘʣʘʩʴ ʩʧʠʨʪʦʤ ʠ ʦʩʫʰʠʚʘʣʘʩʴ ʧʫʪʝʤ ʧʨʦʜʫʚʘ ʯʝʨʝʟ ʥʝʝ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʦʩʫʰʝʥʥʫʶ 

ʪʨʫʙʢʫ ʧʦʤʝʱʘʣʩʷ ʧʦʨʦʰʦʢ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʆʥʘ ʙʳʣʘ ʨʘʚʥʘ ʩʣʝʜʫʶʱʠʤ ʚʝʣʠʯʠʥʘʤ: ʦʙʨʘʟʝʮ 1: ɟ = 

1,2 ʛ/ʩʤ
3
; ʦʙʨʘʟʝʮ 2: ɟ = 1,0 ʛ/ʩʤ

3
, ʦʙʨʘʟʝʮ 3: ɟ = 1,8 ʛ/ʩʤ

3
; ʦʙʨʘʟʝʮ 4: ɟ = 1,4 ʛ/ʩʤ

3
. ɿʘʪʝʤ ʚʳʯʠʩʣʷʣʩʷ 

ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʧʦʨʦʰʢʦʤ ʚʥʫʪʨʠ ʪʨʫʙʢʠ. ɽʛʦ ʟʥʘʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʧʦʣʫʯʝʥʥʳʭ 

ʚʝʣʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʦʥʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʣʘʛʘʣʠ, ʯʪʦ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʪʦʨ ʩ ʧʦʤʝʱʝʥʥʦʡ ʚ ʥʝʛʦ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʦʡ ʙʝʟ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ï 4.  

ɿʥʘʯʝʥʠʝ ɼʇ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ʦʙʨʘʟʝʮ 1 ï Ůᾳ å 3,7 ʦʪʥ. ʝʜ.; ʦʙʨʘʟʝʮ 2 ï Ůᾳ å 3,5 

ʦʪʥ. ʝʜ.; ʦʙʨʘʟʝʮ 3 ï Ůᾳ å 5 ʦʪʥ. ʝʜ.; ʦʙʨʘʟʝʮ 4 ï Ůᾳ å 4 ʦʪʥ. ʝʜ.; 

 

 
 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʨʦʰʢʘ Na2O-B2O3-SiO2-Fe2O3 (Fe2O3 ï 0,3 %). 

ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʨʦʰʢʘ Na2O-B2O3-SiO2-Fe2O3 (Fe2O3 ï 0,3 %) ʩ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʟʥʘʯʝʥʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʀʟʤʝʨʝʥʠʝ ʄʇ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʝ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ ÕË å 1,6 ʦʪʥ. ʝʜ. ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 3 ɻɻʮ ʜʦ 

4 ɻɻʮ, ʘ ʥʘʯʠʥʘʷ ʦʪ 6 ɻɻʮ, ʧʘʜʘʝʪ ʜʦ ʝʜʠʥʠʮʳ. ʄʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʠʤʝʶʪ ʦʙʣʘʩʪʴ ʜʠʩʧʝʨʩʠʠ ʦʪ 3 ɻɻʮ ʜʦ 

5 ɻɻʮ. 
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ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʨʦʰʢʘ Na2O-B2O3-SiO2-Fe2O3 (Fe2O3 ï 4 %). 

ʈʠʩ. 4. ʉʧʝʢʪʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʰʢʘ Na2O-B2O3-SiO2-Fe2O3 

(Fe2O3 ï 4 %) ʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ. 

 

ɹʣʘʛʦʜʘʨʠʤ ʟʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʪʨʫʜʥʠʢʘ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ 

ʩʠʣʠʢʘʪʦʚ ʠʤʝʥʠ ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ ʈɸʅ ʉ. ɺ. ʉʪʦʣʷʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʚʝʨʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʛʦ ʥʘ ʪʝʭʥʠʯʝʩʢʫʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʎʝʥʪʨ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ ˉ 12-02-31668 ʤʦʣ_ʘ, 11-02-98010-ʨ_ʩʠʙʠʨʴ_ʘ ʠ 

ʧʨʦʛʨʘʤʤʳ ʋ.ʄ.ʅ.ʀ.ʂ. ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚè.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʉʪʦʣʷʨ ʉ.ɺ. ʉʚʦʡʩʪʚʘ ʜʚʫʭ(ʪʨʝʭ)ʬʘʟʥʳʭ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʥʘʪʨʠʝʚʦʢʘʣʠʝʚʦʙʦʨʦʩʠʣʠʢʘʪʥʳʭ 

ʩʪʝʢʦʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʧʦʨʠʩʪʳʭ ʤʘʪʨʠʮ / ʉ.ɺ. ʉʪʦʣʷʨ, ʊ.ɺ. ɸʥʪʨʦʧʦʚʘ, ʆ.ɸ. 

ʇʰʝʥʢʦ, ʀ.ɸ. ɼʨʦʟʜʦʚʘ, ʀ.ʅ. ɸʥʬʠʤʦʚʘ, ʄ.ʖ. ʂʦʥʦʥ, ʃ.ʌ. ɼʠʢʘʷ // ʅʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ï 

2012: ʈʦʩʩʠʷ ï ʋʢʨʘʠʥʘ ï ɹʝʣʘʨʫʩʴ: ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ III   ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. 19 ï 22 ʥʦʷʙʨʷ 2012 ʛ. ï ʉʇʙ.: ʆʆʆ çʀʟʜʘʪʝʣʴʩʪʚʦ ᾶᾶʃɽʄɸᾷᾷè, 2012. ï ʉ. 130. 

2. ʉʫʩʣʷʝʚ ɺ.ʀ. ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʤʥʦʛʦʤʦʜʦʚʳʡ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʨʝʟʦʥʘʪʦʨ: ʤʝʪʦʜʠʯʝʩʢʦʝ 

ʧʦʩʦʙʠʝ / ɺ.ʀ. ʉʫʩʣʷʝʚ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊɻʋ, 1994. ï 22 ʩ. 

  



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          56 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ɺʅʋʊʈɽʅʅʀɽ ʅɸʇʈʗɾɽʅʀʗ ɺ ʆʊɼɽʃʔʅʆʄ ɿɽʈʅɽ ɼɽʌʆʈʄʀʈʆɺɸʅʅʆʁ 

ɸʋʉʊɽʅʀʊʅʆʁ ʉʊɸʃʀ 

ʀ.ɸ. ɻʠʙʝʨʪ
1
, ʉ.ʌ. ʂʠʩʝʣʝʚʘ

2
, ʅ.ɸ. ʇʦʧʦʚʘ

2
  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʧʨʦʬʝʩʩʦʨ, ʜ. ʬ.-ʤ. ʥ. ʅ.ɸ.ʂʦʥʝʚʘ
2
  

2
ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʣ. ʉʦʣʷʥʘʷ, 2, 643003 

1
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ,ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

e-mail: gibert1993@ mail.ru 

 

INTERNAL STRESSES IN A SEPARATE GRAIN OF DEFORMED AUSTENITIC STEEL 

I.A. Gibert
1
, S.F. Kiseleva

2
, N.A. Popova

2 

Scientific supervisor: professor, doctor of physics-mathematics sciences 

N.A. Koneva
2 

2
Tomsk State University of Architecture and Building, Russia, Tomsk, Solyanaya sq.2, 634003 

1
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050 

E-mail: gibert1993@mail.ru 

 

The aim of the work is the research of an effect of grain bending of a different type on a value and a distribution 

of internal stresses in deformed material. Local internal stresses in a separate grain of a polycrystal are estimated 

by using of the method of internal stress determination for deformed material. In the each case in a dependence 

from deformation nature components of elastic deformation and plastic deformation or only plastic deformation 

are considered. Internal stresses are estimated with using bending extinction contour parameters observed on 

electron-microscopic images of the deformed material foils. The distribution of the internal stresses in the separate 

grain is discussed on the example of deformed austenitic steel. 

 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɺ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʬʦʣʴʛʠ ʜʝʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʣʘʩʪʠʯʝʩʢʦʡ, 

ʪʘʢ ʠ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʡ [1,2]. ʇʨʠ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʝʡ 

ʥʘʧʨʷʞʝʥʠʡ ʠʟʛʠʙʘ s11 ʠ ʢʨʫʯʝʥʠʷ s12 ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ʫʧʨʧʣ ,11,1111 sss += , ʫʧʨʧʣ ,12,1212 sss += . (1) 

ʇʣʘʩʪʠʯʝʩʢʘʷ ʠ ʫʧʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʤʧʣʠʪʫʜʳ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʟʛʠʙʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

 ʧʣʧʣ b ,11,11 cms = , ʫʧʨʫʧʨ t ,11,11 cms Ö= . (2) 

ʇʣʘʩʪʠʯʝʩʢʘʷ ʠ ʫʧʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʤʧʣʠʪʫʜʳ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʨʫʯʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: 

 ʧʣʧʣ b ,12,12 cms = , ʫʧʨʫʧʨ t ,12,12 cms Ö= , (3) 

ʛʜʝ m- ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, b - ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ, t - ʪʦʣʱʠʥʘ ʬʦʣʴʛʠ, c11, c12 -  ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ 

ʢʨʠʚʠʟʥʳ-ʢʨʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ.   

ʇʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʘʩʯʝʪʘʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠʟʛʠʙʘ ʠ ʢʨʫʯʝʥʠʷ 
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ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʳ (2) ʠ (3) ʪʦʣʴʢʦ ʜʣʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʋʧʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʘ ʥʫʣʶ. ɿʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʠʟʛʠʙʘ s11 ʠ ʢʨʫʯʝʥʠʷ s12 ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʚʳʯʠʩʣʠʤ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ (ʜʣʷ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ) ʧʦ ʬʦʨʤʫʣʝ [3]: 

 [ ]212

2

11 )(2)()1(
4

1
ssn

m
+Ö-=DU , (4) 

ʛʜʝ n - ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ (ʨʠʩ.1 ʠ 2) 

ʩʪʨʫʢʪʫʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʠʩʣʦʢʘʮʠʠ, ʦʜʠʥʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʤʠʢʨʦʜʚʦʡʥʠʢʠ, ʘ ʪʘʢʞʝ ʚʠʜʥʳ ʠʟʛʠʙʥʳʝ ʵʢʩʪʠʥʢʮʠʦʥʥʳʝ ʢʦʥʪʫʨʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ 

ʟʝʨʥʝ ʣʦʢʘʣʴʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʫʛʣʝ ʥʘʢʣʦʥʘ ʬʦʣʴʛʠ ʚ ʢʦʣʦʥʥʝ 

ʤʠʢʨʦʩʢʦʧʘ ʩ ʧʦʤʦʱʴʶ ʛʦʥʠʦʤʝʪʨʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʲʝʤʢʠ ʦʪʜʝʣʴʥʦʛʦ 

ʟʝʨʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʘ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ. ʕʪʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1ʘ-ʙ ʠ ʨʠʩ.2ʘ-ʚ. ɺʝʢʪʦʨ ʜʝʡʩʪʚʫʶʱʝʛʦ ʦʪʨʘʞʝʥʠʷ g
C
 ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʩʥʠʤʢʘʭ ʙʳʣ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʦʩʠ ʛʦʥʠʦʤʝʪʨʘ. ɺʳʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ ʬʦʣʴʛʠ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝ 

ʩʦʜʝʨʞʘʣ ʥʘ ʧʫʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʪʫʨʘ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʠʣʠ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ. ʀʟ ʨʠʩ.1ʘ-ʙ ʚʠʜʥʦ, ʯʪʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʥʘʢʣʦʥʝ ʛʦʥʠʦʤʝʪʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠʟʛʠʙʥʳʭ ʵʢʩʪʠʥʢʮʠʦʥʥʳʭ 

ʢʦʥʪʫʨʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʩʪʦʤ ʠʟʛʠʙʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʬʦʣʴʛʠ. ɺ ʩʣʫʯʘʝ ʞʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩ.2ʘ-ʚ, ʠʟʛʠʙʥʳʝ ʵʢʩʪʠʥʢʮʠʦʥʥʳʝ ʢʦʥʪʫʨʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩʘʤʠʤ 

ʩʝʙʝ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʦʞʥʦʤ ʠʟʛʠʙʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʬʦʣʴʛʠ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠ ʧʨʠ ʧʨʦʩʪʦʤ, ʠ ʧʨʠ ʩʣʦʞʥʦʤ ʠʟʛʠʙʘʭ ʟʝʨʥʘ ʜʝʬʦʨʤʘʮʠʷ ʧʦ ʟʝʨʥʫ 

ʧʦʣʠʢʨʠʩʪʘʣʣʘ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʦʛʦ ʟʝʨʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ 

ʧʣʘʩʪʠʯʝʩʢʘʷ, ʠ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʠ. ɺʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʟʝʨʥʫ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

                               

ʈʠʩ.2. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʩʪʷʞʝʥʠʝʤ ʩʪʘʣʠ  ʩ ʨʘʟʥʳʤʠ 

ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʦʩʠ ʛʦʥʠʦʤʝʪʨʘ: ʘ - 00, ʙ - 90, ʚ - 
10,5

0
. ʆʪʤʝʯʝʥʳ ʠʟʛʠʙʥʳʝ ɻ ʢʩʪʠʥʢʮʠʦʥʥʳʝ ʢʦʥʪʫʨ r

ʂ11, ʂ12, ʂ13 ʂ21, ʂ22, ʂ23. ʇʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʚʝʢʪʦʨʘ g
C

 

 

 

 

ʈʠʩ.1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʨʘʩʪʷʞʝʥʠʝʤ ʩʪʘʣʠ  ʩ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ 

ʥʘʢʣʦʥʘ ʦʩʠ ʛʦʥʠʦʤʝʪʨʘ: ʘ - 10, ʙ - 30. 
ʆʪʤʝʯʝʥʳ ʠʟʛʠʙʥʳʝ ʵʢʩʪʠʥʢʮʠʦʥʥʳʝ 

ʢʦʥʪʫʨ rʂ11, ʂ12, ʂ21, ʂ22,. ʇʦʢʘʟʘʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʚʝʢʪʦʨʘ g
C
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ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ ʠ 

ʧʦ ʚʩʝʤʫ ʦʙʨʘʟʮʫ ʧʨʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ Ů = 14%. 

ʊʘʙʣʠʮʘ. 

ʉʨʝʜʥʠʝ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

 
ɺʝʩʴ ʦʙʨʘʟʝʮ 

ʆʪʜʝʣʴʥʦʝ ʟʝʨʥʦ 

ʩ ʧʨʦʩʪʳʤ ʠʟʛʠʙʦʤ 

ʆʪʜʝʣʴʥʦʝ ʟʝʨʥʦ 

ʩʦ ʩʣʦʞʥʳʤ ʠʟʛʠʙʦʤ 

ʉʨʝʜʥʠʝ ʚʥʫʪʨʝʥʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ɻʇʘ 
1,51 1,11 1,67 

ʀʟ ʪʘʙʣʠʮ rʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ <s> ʚ ʟʝʨʥʘʭ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ 

ʠʟʛʠʙʘ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʝ ʟʝʨʥʦ ʩʦ ʩʣʦʞʥʳʤ 

ʠʟʛʠʙʦʤ (ʨʠʩ. 2). ɺ ʵʪʦʤ ʩʣʫʯʘʝ <s> = 1,67 ɻʇʘ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʝʨʥʝ ʩ 

ʧʨʦʩʪʳʤ ʠʟʛʠʙʦʤ (ʨʠʩ. 1) ʤʝʥʴʰʝ ʧʦ ʚʝʣʠʯʠʥʝ, ʯʝʤ <s> ʚ ʟʝʨʥʝ ʩʦ ʩʣʦʞʥʳʤ ʠʟʛʠʙʦʤ ʠ ʨʘʚʥʦ 1,11 ɻʇʘ. 

ɺʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʧʦ ʚʩʝʤʫ ʦʙʨʘʟʮʫ ʩʦʩʪʘʚʠʣʦ 1,51 ɻʇʘ. 

ɺʳʚʦʜʳ 

ɺ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ʧʨʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ Ů = 14%, ʜʝʬʦʨʤʘʮʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʝʨʥʘʤ ʠ ʧʦ ʚʩʝʤʫ 

ʦʙʨʘʟʮʫ ʥʝʦʜʥʦʨʦʜʥʘ ʠ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝʦʜʠʥʘʢʦʚʳ. ʉʨʝʜʥʝʝ ʚʥʫʪʨʝʥʥʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʟʝʨʥʘ ʩʦ ʩʣʦʞʥʳʤ ʠʟʛʠʙʦʤ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʟʝʨʥʘ ʩ ʧʨʦʩʪʳʤ ʠʟʛʠʙʦʤ ʠ ʚ ʩʨʝʜʥʝʤ ʧʦ 

ʦʙʨʘʟʮʫ. 
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This article discusses the influence of protective and barrier layers on the optical properties. Main 

characteristic of low-E coatings is the transparency in the visible spectrum. Therefore, we need to know how 

thickness of layers of coatings influence on this characteristic. So we will consider these results. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʢʦʥʦʤʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʝʧʣʘ 

ʥʘ ʦʙʦʛʨʝʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʝʧʣʦʚʦʤ ʙʘʣʘʥʩʝ ʞʠʣʳʭ ʟʜʘʥʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʜʦ 40 % ʧʦʪʝʨʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʫʪʝʯʢʫ ʪʝʧʣʘ ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʳʝ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʦʢʥʘ, 

ʙʘʣʢʦʥʳ, ʚʠʪʨʠʥʳ ʠ ʪ.ʜ.), ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʠʟ ʵʪʠʭ ʧʦʪʝʨʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ [1]. ʉʘʤʳʤ 

ʩʣʘʙʳʤ ʤʝʩʪʦʤ ʚ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʝ ʟʜʘʥʠʡ ʷʚʣʷʶʪʩʷ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʢʥʘ, 

ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʥʝ ʙʦʣʝʝ 30% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʋʤʝʥʴʰʘʷ ʪʝʧʣʦʚʳʝ 

ʧʦʪʝʨʠ ʯʝʨʝʟ ʦʢʥʘ, ʤʳ ʩʤʦʞʝʤ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʪʝʧʣʘ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʠʤ ʫʚʝʣʠʯʠʪʴ 

ʢʦʤʬʦʨʪʥʦʩʪʴ ʚ ʧʦʤʝʱʝʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʪʝʧʣʦʩʙʝʨʝʛʘʶʱʠʭ ʧʣʝʥʦʢ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʘ.ʊʘʢʠʝ ʧʣʝʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʪʨʘʞʝʥʠʝ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɿʘʨʫʙʝʞʥʳʝ ʧʣʝʥʢʠ ʠʤʝʶʪ 80% ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠ 69 ï 79% ʦʪʨʘʞʝʥʠʝ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ. ɼʘʥʥʳʝ ʧʣʝʥʢʠ ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʦʢʦʥʥʦʤ ʙʣʦʢʝ 

ʩ ʧʦʤʦʱʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʨʘʤʢʠ ʠʣʠ ʥʘʪʷʛʠʚʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ. 

ʀʜʝʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ ʯʝʨʝʟ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ ʩ 

ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʤʧʦʢʨʳʪʠʝʤ, ʥʝ ʫʩʪʫʧʘʶʱʠʤ ʧʦ ʢʘʯʝʩʪʚʫ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡʟʘʜʘʯʠ ʚ ʠʥʩʪʠʪʫʪʝ ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʆ ʈɸʅ ʥʘʤʠ ʙʳʣʦ ʩʦʟʜʘʥʦ 
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ʪʝʧʣʦʩʙʝʨʝʛʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

TiO2(10ʥʤ)/ZnO:Ga(20ʥʤ)/Ag(9ʥʤ)/ZnO:Ga(25ʥʤ)/TiO2(20ʥʤ). ʆʩʘʞʜʝʥʠʝ ʧʦʢʨʳʪʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ 

ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʪʝʧʣʦʩʙʝʨʝʛʘʶʱʠʭ ʧʦʢʨʳʪʠʡ. ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (82 %) ʠ ʚʳʩʦʢʠʤ ʦʪʨʘʞʝʥʠʝʤ ʚ 

ʀʂ ʦʙʣʘʩʪʠ (90 %). ʊʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴʶ[2]. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ 

ʥʠʩʢʦʣʴʢʦ ʥʝ ʫʩʪʫʧʘʝʪ ʩʚʦʠʤ ʩʦʚʨʝʤʝʥʥʳʤ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦ ʚʣʠʷʥʠʠ ʪʦʣʱʠʥʳ ʙʘʨʴʝʨʥʳʭ (ZnO:Ga) ʠ 

ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʩʣʦʸʚ (TiO2) ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʠ ʙʘʨʴʝʨʥʳʭ ʩʣʦʸʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʧʦʢʨʳʪʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʘʜʛʝʟʠʠ ʤʝʪʘʣʣʘ ʩ ʧʦʜʣʦʞʢʦʡ ʥʘʥʦʩʷʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ (ʧʝʨʚʳʡ ʩʣʦʡ TiO2), ʘ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʟʘʱʠʪʳ ʝʛʦ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʥʦʩʷʪ 

ʧʨʦʩʚʝʪʣʷʶʱʠʡ ʩʣʦʡ (ʚʪʦʨʦʡ ʩʣʦʡ TiO2). ɼʣʷ ʟʘʱʠʪʳ ʩʣʦʷ ʩʝʨʝʙʨʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ, ʧʨʠ 

ʨʝʘʢʪʠʚʥʦʤ ʦʩʘʞʜʝʥʠʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʧʨʠʤʝʥʷʶʪ ʟʘʱʠʪʥʳʝ (ʙʘʨʴʝʨʥʳʝ) ʩʣʦʠ (ZnO:Ga). ʊʦʣʱʠʥʘ ʩʣʦʷ 

ʩʝʨʝʙʨʘ 9 ʥʤ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʠʝ ʚ ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 92-93 %, ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1-4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩʦʩʪʘʚʘ 

TiO2/ZnO:Ga/Ag/ZnO:Ga/TiO2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʦʣʱʠʥʘʭ ʙʘʨʴʝʨʥʳʭ ʠ ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʩʣʦʝʚ. ʃʝʛʢʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʱʠʥʘ ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ ʦʢʘʟʳʚʘʝʪ ʦʜʠʥʘʢʦʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʳ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ (ʨʠʩ. 1 ʠ 2).ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʦʢʩʠʜʘ ʮʠʥʢʘ ʩ 20 ʜʦ 60 ʥʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʩʠʥʷʷ ʠ ʟʝʣʝʥʘʷ ʦʙʣʘʩʪʴ) ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ (ʦʨʘʥʞʝʚʘʷ ʠ ʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ). ʇʨʠ ʵʪʦʤ 

ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʤʝʥʷʶʪ ʮʚʝʪ ʩ ʙʣʝʜʥʦ-ʟʝʣʝʥʦʛʦ ʥʘ ʪʝʤʥʦ-ʞʝʣʪʳʡ. 

  

ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨʳ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʩʪʨʫʢʪʫʨʳ TiO2(20ʥʤ)-ZnO:Ga(ʭ)-

Ag(9ʥʤ)-ZnO:Ga(40ʥʤ)-TiO2(20ʥʤ) ʧʨʠ ʪʦʣʱʠʥʝ 

ʧʝʨʚʦʛʦ ʩʣʦʷ ZnO:Ga: 1 ï 20 ʥʤ, 2 ï 40 ʥʤ, 3 ï 60 ʥʤ 

ʈʠʩʫʥʦʢ 2 ï ʉʧʝʢʪʨʳ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʩʪʨʫʢʪʫʨʳ TiO2(20ʥʤ)-ZnO:Ga(40ʥʤ)- 

Ag(9ʥʤ)-ZnO:Ga(ʭ)-TiO2(20ʥʤ) ʧʨʠ ʪʦʣʱʠʥʝ ʚʪʦʨʦʛʦ 

ʩʣʦʷ ZnO:Ga: 1 ï 20 ʥʤ, 2 ï 40 ʥʤ, 3 ï 60 ʥʤ 

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ZnO:Ga ʧʨʦʠʩʭʦʜʠʪ 

ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ (ʨʠʩ. 1). ʊʦʣʱʠʥʘ ʚʪʦʨʦʛʦ ʩʣʦʷ ZnO:Ga ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ (ʨʠʩ. 2), ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʝʛʦ ʪʦʣʱʠʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 60 ʥʤ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʧʝʢʪʨʳ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʩʪʨʫʢʪʫʨʳ TiO2(ʭ)-ZnO:Ga(40ʥʤ)-

Ag(9ʥʤ)-ZnO:Ga(40ʥʤ)-TiO2(20ʥʤ) ʧʨʠ ʪʦʣʱʠʥʝ 

ʧʝʨʚʦʛʦ ʩʣʦʷ TiO2:1 ï 10 ʥʤ, 2 ï 20 ʥʤ, 3 ï 35 ʥʤ 

ʈʠʩʫʥʦʢ 4 ï ʉʧʝʢʪʨʳ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʩʪʨʫʢʪʫʨʳ TiO2(20ʥʤ)-ZnO:Ga(40ʥʤ)-

Ag(9ʥʤ)-ZnO:Ga(40ʥʤ)-TiO2(ʭ) ʧʨʠ ʪʦʣʱʠʥʝ ʚʪʦʨʦʛʦ 

ʩʣʦʷ TiO2:1 ï 10 ʥʤ, 2 ï 20 ʥʤ, 3 ï 35 ʥʤ 

 

ʇʝʨʚʳʡ ʩʣʦʡ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚʣʠʷʝʪ ʥʘ ʦʪʪʝʥʢʠ ʠʪʦʛʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʵʪʦʤ ʝʛʦ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ (ʨʠʩ. 3). ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩ 10 ʥʤ ʜʦ 35 ʥʤ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ ʦʪ 

ʩʚʝʪʣʦ-ʟʝʣʝʥʦʛʦ ʜʦ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʚʪʦʨʦʛʦ ʩʣʦʷ TiO2 ʩ 10 ʥʤ ʜʦ 20 ʥʤ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʪʪʝʥʢʦʚ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʨʠʩ. 4). ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦ ʚʩʝʡ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ (ʩʠʥʝʡ ʠ ʟʝʣʝʥʦʡ) ʧʨʠ ʵʪʦʤ ʧʦʢʨʳʪʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʢʦʨʠʯʥʝʚʳʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʪʦʣʱʠʥʝ ʧʝʨʚʦʛʦ ʩʣʦʷ TiO2 ʥʝ ʙʦʣʝʝ 35 ʥʤ ʠ ʚʪʦʨʦʛʦ ʩʣʦʷ 

ZnO:Ga ʥʝ ʙʦʣʝʝ 60 ʥʤ ʥʝ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʪʦʛʦʚʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ. ʇʨʠ ʪʦʣʱʠʥʘʭ 

ʧʝʨʚʦʛʦ ʩʣʦʷ  ZnO:Ga ʠ ʚʪʦʨʦʛʦ ʩʣʦʷ  TiO2 ʙʦʣʝʝ 20 ʥʤ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʧʨʦʟʨʘʯʥʦʩʪʠ. 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʢʨʳʪʠʷ, ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʩʭʦʜʷ ʠʟ ʪʝʢʫʱʠʭ ʥʫʞʜ ʠ ʟʘʜʘʯ. 
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Calculations of neutron-physical parameters of (U,Th)O2 nuclear fuel irradiated in VVER-1000 reactor 

are performed. The research work contains calculations of actinides concentrations in perspective spent 

nuclear fuel, spectrum of spontaneous fission neutrons and irradiated neutrons resulting from (Ŭ,n) reactions. 

Dependences of concentrations of Cm
242
 and Cm

244
 isotopes on concentrations of Th

232
 isotope in fresh 

nuclear fuel are shown. 

ʉʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ((Pu,Th)O2, (U,Th)O2 (U,Pu)O2, UC/(U,Pu)C, 

UN/(U,Pu)N), ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʝʨʠʡʥʳʭ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ (ʈʋ) ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʭʝʤ ʨʘʟʤʝʱʝʥʠʷ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦ 

ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ (ʆʗʊ) ʚ ʩʠʩʪʝʤʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ [1]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʨʘʙʦʪʝ ʧʨʦʙʣʝʤʘ ʧʦʟʚʦʣʠʪ ʧʝʨʝʡʪʠ ʢ ʨʝʰʝʥʠʶ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʘ ʠʤʝʥʥʦ: 1) ʧʦʚʳʩʠʪʴ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ; 2) ʩʥʠʟʠʪʴ ʨʘʜʠʦ- ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴ ʆʗʊ ʈʋ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ; 3) 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʚʷʟʘʥʥʫʶ ʩ ʠʩʪʦʱʝʥʠʝ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʦʙʣʦʢʦʚ 

ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ; 4) ʥʘʯʘʪʴ ʨʘʙʦʪʳ ʧʦ ʚʦʚʣʝʯʝʥʠʶ ʪʦʨʠʷ ʚ ʷʜʝʨʥʳʡ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ (ʗʊʎ) [1]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʪʚʝʨʞʜʝʥʥʳʝ ʧʨʠʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ̄ ʇʨ-899 ʦʪ 7 ʠʶʣʷ 2011 ʛʦʜʘ 

ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ çʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝè, çʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘè, çʗʜʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʥʦʚʫʶ ʚʦʣʥʫ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʗʊʎ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ) 

ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʆʗʊ. 

ʂ ʪʘʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʩʪʦʷʱʫʶ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ çʆʨʛʘʥʠʟʘʮʠʷ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʙʘʟʝ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000è. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ. 

ʇʝʨʚʘʷ ʟʘʜʘʯʘ ʩʚʷʟʘʥʘ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʆʗʊ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ (ɸʉ) ʠ ʚʦʟʚʨʘʱʝʥʠʝʤ ʝʛʦ ʚ ʗʊʎ (ʟʘʤʢʥʫʪʳʡ 

ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ). ɺʪʦʨʘʷ ʟʘʜʘʯʘ ʦʙʫʩʣʦʚʣʝʥʘ ʨʝʟʢʦ ʚʦʟʨʦʩʰʝʡ ʛʣʫʙʠʥʦʡ ʚʳʛʦʨʘʥʠʷ (ʚʧʣʦʪʴ ʜʦ 130 
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ʄɺʪĿʩʫʪ/ʪ.(ʪ.ʤ.)) ʢʘʢ ʰʪʘʪʥʦʛʦ ʪʦʧʣʠʚʘ UO2, ʪʘʢ ʠ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʦʧʣʠʚ ʩʝʨʠʡʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʠ ʈʋ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ [2, 3]. 

ʋʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʚʳʛʦʨʘʥʠʷ ʰʪʘʪʥʦʛʦ ʪʦʧʣʠʚʘ, ʘ ʪʘʢ ʞʝ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʪʠʧʘ ʜʣʷ ʩʝʨʠʡʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ʈʋ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʝʱʝ ʙʦʣʴʰʝ ʦʙʦʩʪʨʠʪ 

ʧʨʦʙʣʝʤʫ ʦʙʨʘʱʝʥʠʷ ʩ ʆʗʊ ʠ ʚʳʩʚʦʙʦʞʜʘʶʱʠʤʩʷ ʫʨʘʥʦʤ ʠ ʧʣʫʪʦʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʪʘʢʠʤ ʪʦʧʣʠʚʦʤ, ʧʦʷʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʦʙʦʩʥʦʚʘʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ 

ʭʨʘʥʝʥʠʷ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʆʗʊ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʨʘʟʨʘʙʦʪʢʦʡ 

ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʧʨʦʮʝʜʫʨ ʦʙʨʘʱʝʥʠʷ ʩ ʫʯʝʪʦʤ ʜʦʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ) ʆʗʊ [1, 2]. 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ ʤʝʪʦʜʠʢ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʡʪʨʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʦʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚ ʪʨʝʙʫʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʙʦʩʥʦʚʘʥʠʷ, ʘ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʈʋ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ 

ʆʗʊ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʜʠʘʮʠʦʥʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚʙʣʠʟʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʯʪʦ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʝʛʦʜʥʷ ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ [3]. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʗʊʎ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʘ ʤʣʘʜʰʠʭ 

ʘʢʪʠʥʦʠʜʦʚ ʬʦʨʤʠʨʫʶʱʠʭ ʥʝʡʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʕʪʘ ʧʨʦʙʣʝʤʘ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ (MCU5TPU, Scale 4.4.a ʠ Scale 5.0). 

ɺʟʘʠʤʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʤʦʜʫʣʝʡ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʈʋ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʗʊʎ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʙʘʟʝ ʩʝʨʠʡʥʦʛʦ ʣʝʛʢʦʚʦʜʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʨʠʜʝʪʩʷ ʨʝʰʘʪʴ ʪʝ ʞʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ ʨʝʰʘʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʫʨʘʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʙʣʝʤʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 

228
Th, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ 

232
Th ʠ 

232
U [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʫʨʘʥʦʚʦʛʦ 

ʪʦʧʣʠʚʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʥʦʚʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚ ʚ ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ ʣʝʛʢʦʚʦʜʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʪʨʝʙʫʝʪ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʫʢʣʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʘʥ-ʪʦʨʠʝʚʦʛʦ ʪʦʧʣʠʚʘ 

ʈʘʩʯʸʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Scale 5.0. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʧʣʠʚʘ 

ʩʪʘʨʪʦʚʦʡ ʟʘʛʨʫʟʢʠ: (
235
U ï 4 %, 

238
U ï (96 ï 76) %,

232
Th ï (0 ï 20) %)O2. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʧʣʠʚʘ: ʛʣʫʙʠʥʘʤʠ ʚʳʛʦʨʘʥʠʷ ï 70000 ʄɺʪĬʩʫʪ./ʪ(ʪ.ʤ.), ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ ï 5 ʣʝʪ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʦʙʣʫʯʝʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʦʧʣʠʚ (ʩʤ. ʈʠʩʫʥʢʠ 1 ʠ 2) ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʫʢʣʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʘʥ-ʪʦʨʠʝʚʦʛʦ ʪʦʧʣʠʚʘ (U,Th)O2 ʚ 

ʗʊʎ ʥʘ ʙʘʟʝ ʣʝʛʢʦʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ (ʩʤ. ʈʠʩ. 3 ʠ 4). 
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ɺʳʚʦʜʳ 

1. ʈʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʫʨʘʥʘ ʥʘ ʪʦʨʠʡ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʜʝʣʝʥʠʶ 
239

Pu ʠ 
235

U,ʪʘʢ ʢʘʢ ʩʝʯʝʥʠʝ ʜʝʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʪʦʨʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʨʘʚʥʦ ʥʫʣʶ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʧʦʛʣʦʱʘʣʠʩʴ ʷʜʨʘʤʠ ʫʨʘʥʘ ʚ ʩʣʫʯʘʝ ʰʪʘʪʥʦʡ 

ʟʘʛʨʫʟʢʠ ʥʝ ʚʳʚʦʜʷʪʩʷ ʠʟ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ, ʘ ʠʜʫʪ ʥʘ ʜʝʣʝʥʠʝ U235 ʠ Pu239. 

2. ɹʦʣʴʰʦʝ ʩʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʚ ʪʝʧʣʦʚʦʡ ʦʙʣʘʩʪʠ ʜʣʷ  232
Th ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʘʙʦʪʢʝ 

233
U 

ʦʙʣʘʜʘʶʱʠʤ ʠʥʳʤʠ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

3. ʂʦʥʮʝʥʪʨʘʮʠʠ 244
Cm ʠ 

242
Cm (ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ) ʚ ʚʳʛʦʨʝʚʰʝʤ ʪʦʨʠʝʚʦʤ ʪʦʧʣʠʚʝ 

ʤʝʥʴʰʝ (ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ), ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʝʛʦ ʩʦ ʰʪʘʪʥʳʤ ʦʢʩʠʜʥʳʤ ʪʦʧʣʠʚʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʘʢʦʝ 

ʪʦʨʠʝʚʦʝ ʪʦʧʣʠʚʦ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʤʠʥʠʤʘʣʴʥʦʡ ʥʝʡʪʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 
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The results of studies of the effect of thermal cycling on the shape memory effect in multicomponent alloys 

based on TiNi. Shown that the phase hardening most significantly affected by the alloy, alloy 2 at.%  of ʉʦ. 

 

ɺʚʝʜʝʥʠʝ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ī ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʦʚ ʧʘʤʷʪʠ ʬʦʨʤʳ (ʕʇʌ), ʪʘʢ ʠ ʚʝʣʠʯʠʥʫ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ ʚ 

ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ [1].ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʵʪʠʭ ʩʧʣʘʚʦʚ 

ʚʳʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ (ʄʇ) ɺ2źɺ19 ʚ TiNi ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʮʠʢʣʠʨʦʚʘʥʠʶ ʢʘʢ ʚ ʩʣʫʯʘʝ ʪʝʨʤʦ-, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʄʇ ʚ ʩʧʣʘʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ çʬʘʟʦʚʳʡ ʥʘʢʣʝʧè [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ, ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘ ʵʬʬʝʢʪʳ ʧʘʤʷʪʠ 

ʬʦʨʤʳ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ  ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʣʝʛʠʨʦʚʘʥʠʷ ʢʦʙʘʣʴʪʦʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ 

ʉʧʣʘʚʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʠ ʠʤʝʣʠ 

ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ Ti49,94Ni49,75-xCʦxMo0,31 (x=0,5; 1; 1,5; 2). ʅʘ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʤ ʩʪʘʥʢʝ ʠʟ ʩʣʠʪʢʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʧʣʘʚʘʭ Ti49,94Ni49,75-xCʦxMo0,31 (ʨʠʩ.1). ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ 

ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʕʇʌ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ    -170Áʉ ʜʦ 170Áʉ. ʅʘʯʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ 

ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170Áʉ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 1,5% (ʩʪʨʝʣʢʘ ʧʦʜ ʪʦʯʢʦʡ 1, 

ʨʠʩ.1). ʇʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ 1 ʚ ʩʦʩʪʦʷʥʠʝ 2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʭʣʘʞʜʝʥʠʝʤ ʩʧʣʘʚʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ɼʦʩʪʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʧʨʷʤʦʛʦ ʄʇ ʦʪʨʘʞʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʦʩʪʦʤ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 
ʦʭʣ

ʢʊ  ʄʇ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʠ ʜʘʣʴʥʝʡʰʝʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʞʝ ʥʝ 

ʚʳʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʦ ʪʦʯʢʠ 2. ʇʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ 2 ʚ ʩʦʩʪʦʷʥʠʝ 3 ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʘʛʨʝʚʦʤ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʪʥʦʛʦ ʄʇ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʛʨ

ʥʊ  ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʕʇʌ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʩʧʣʘʚ ʚ ʩʦʩʪʦʷʥʠʝ, ʙʣʠʟʢʦʝ ʢ ʠʩʭʦʜʥʦʤʫ (ʪʦʯʢʘ 3).  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʥʘʢʣʝʧʘ. ɺʠʜʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʕʇʌ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʩʧʣʘʚʳ ʩ ʚʳʩʦʢʠʤ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ Ů ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ T ʚ 

ʩʧʣʘʚʘʭ Ti49,94Ni49,75-xCʦxMo0,31: ʘ) ʭ=0,5; ʙ) ʭ=1; ʚ) ʭ=1,5; 

ʛ) ʭ=2. 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ Ů ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʊ ʧʦʩʣʝ ʧʝʨʚʦʛʦ (ʢʨʠʚʘʷ 1), ʧʷʪʦʛʦ 

(ʢʨʠʚʘʷ 2), ʜʝʩʷʪʦʛʦ (ʢʨʠʚʘʷ 3) ʠ ʜʚʘʜʮʘʪʦʛʦ 

(ʢʨʠʚʘʷ 4) ʮʠʢʣʦʚ ʚ ʩʧʣʘʚʘʭ Ti49,94Ni49,75-xCʦxMo0,31: 

ʘ) ʭ=0,5; ʙ) ʭ=1; ʚ) ʭ=1,5; ʛ) ʭ=2. 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʧʨʷʤʦʛʦ ʄʇ. ʂʨʠʚʘʷ 1 

ʦʙʦʟʥʘʯʘʝʪ ʧʝʨʚʳʡ ʮʠʢʣ, ʢʨʠʚʘʷ 2 ï ʜʚʘʜʮʘʪʳʡ. ɺʠʜʥʦ, ʯʪʦ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʧʨʷʤʦʛʦ ʄʇ, ʘ ʠʤʝʥʥʦ ʥʘ 30Áʉ.  

ɺʳʚʦʜʳ 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʕʇʌ 

ʚ ʩʧʣʘʚʘʭ ʊʅ-20. ʆʙʥʘʨʫʞʝʥʦ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʦʤʝʨʘ ʮʠʢʣʘ, 

ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʦʪ 

5 ʜʦ 10. ʇʝʨʝʭʦʜ ʯʝʨʝʟ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʥʦʤʝʨʘ ʮʠʢʣʘ ʦʪʨʘʞʘʝʪʩʷ  ʥʘ 

ʧʘʨʘʤʝʪʨʘʭ ʕʇʌ. 

2. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ  

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ 

ʬʘʟʦʚʦʛʦ ʥʘʢʣʝʧʘ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʜʝʬʝʢʪʦʚ. 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʧʨʦʷʚʣʝʥʠʷ ʕʇʌ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʚ ʩʧʣʘʚʘʭ Ti49,94Ni49,75-xCʦxMo0,31 
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ʀɿʄɽʅɽʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʉɺʆʁʉʊɺ ʎʀʈʂʆʅʀɽɺʆɻʆ ʉʇʃɸɺɸ ʇʆʉʃɽ ʕʃɽʂʊʈʆʅʆ-

ʀʄʇʋʃʔʉʅʆʁ ʆɹʈɸɹʆʊʂʀ  

ɸ.ʉ. ɿʘʣʦʛʠʥʘ  
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Surface integrity changes of Zr1Nb including surface topography, microstructure and microhardness 

distribution along surface layer were investigated by different techniques of pulsed electron beam treatments 

(PEBTs). The surface observation and analysis of microhardness were performed to reveal the surface 

modification mechanism of Zr1Nb by PEBTs. The results show that the surface finish obtains good polishing 

quality and there is no phase transformation but the dislocations by PEBT. Furthermore, the microhardness 

in the surface modified layer is improved. The remelt and fine-grain microstructure of surface layer caused 

by LEHCPEBTs are the main polishing mechanism and the reason of modification of surface topography and 

the increment in microhardness is mainly due to the dislocations and fine grains in the modified layer 

induced by PEBT. 

 

ʆʙʨʘʙʦʪʢʘ ʠʤʧʫʣʴʩʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʫʯʢʘʤʠ (ʀʕʇ) ʵʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʘʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʪʝʭʥʠʢʘ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ. ʊʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʦʟʚʦʣʷʝʪ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʪʦʣʱʠʥʦʡ ʚ ʜʝʩʷʪʢʠ 

ʤʠʢʨʦʤʝʪʨʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʠʟʜʝʣʠʷ 

[1]. ʉʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦʟʜʝʡʩʪʚʠʷ ʀʕʇ ʥʘ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʟʦʥʝ ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʧʣʦʚʫʶ. ʈʝʛʫʣʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ: ʥʘʛʨʝʚ ʜʦ 

ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʣʘʚʣʝʥʠʝ ʠ ʠʩʧʘʨʝʥʠʝ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʨʝʟʢʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʨʘʩʧʣʘʚʘ ʠ ʟʘʢʘʣʦʯʥʳʤʠ 

ʷʚʣʝʥʠʷʤʠ. ɺʦʟʙʫʞʜʘʝʤʳʝ ʚ ʤʠʰʝʥʠ ʪʝʧʣʦʚʳʝ ʧʦʣʷ ʠ ʚʦʣʥʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʧʦʩʦʙʥʳ 

ʚʳʟʳʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʣʴʥʦʪʦʯʥʳʤʠ ʠʤʧʫʣʴʩʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʠʛʨʘʝʪ ʚʳʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ: ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʠ ʯʠʩʣʘ 

ʠʤʧʫʣʴʩʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʮʠʨʢʦʥʠʷ. 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ Zr1Nb 

ʨʘʟʤʝʨʘʤʠ 50 Ĭ 50 Ĭ 0,7 ʤʤ. ʆʙʨʘʟʮʳ ʚʳʨʝʟʘʣʠʩʴ ʠʟ ʣʠʩʪʘ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ Zr1Nb (ʤʘʨʢʘ ʕ110) ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʨʝʟʢʠ. ɺʩʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝʬʝʢʪʳ (ʚʤʷʪʠʥʳ, ʛʨʫʙʳʝ 

ʨʠʩʢʠ) ʙʳʣʠ ʫʜʘʣʝʥʳ ʧʨʠ ʦʧʝʨʘʮʠʷʭ ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʦʣʠʨʦʚʢʠ. ʆʙʣʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ Zr1Nb ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʫʩʪʘʥʦʚʢʝ ñʉʆʃʆò, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʠ ʩʦʟʜʘʥʥʦʡ ʚ ʀʉʕ ʉʆ ʈɸʅ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ Ű = 50 ʩ, ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ (Es) ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 5 ʜʦ 25 ɼʞ/ʩʤ
2
, ʢʦʣʠʯʝʩʪʚʦ 

ʠʤʧʫʣʴʩʦʚ (N) ʦʪ 3 ʜʦ 10. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ Zr1Nb ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʤʠʢʨʦʩʢʦʧ Philips SEM 

515). ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3ʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʠʨʘʤʠʜʘʣʴʥʦʛʦ ʠʥʜʝʥʪʦʨʘ ɺʠʢʢʝʨʩʘ ʧʨʠ ʥʘʛʨʫʟʢʝ 0,30, 0, 50 ʠ 1,50 ʅ.  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʣʫʯʝʥʠʝ ʀʕʇ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʩʧʣʘʚʘ Zr1Nb. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʀʕʇ ʧʦ ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʡ  ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

 

ʈʠʩ.1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ Zr-Nb 

 

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʧʣʘʚʘ ʚʳʷʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝ ʠʛʦʣʴʯʘʪʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ  - ʤʘʨʪʝʥʩʠʪʘ (ʨʠʩ.1). ʀʟʤʝʥʝʥʠʝ ʩʫʙʟʝʨʝʥʥʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦ ʛʣʫʙʠʥʝ ʩʚʷʟʘʥʦ ʩ ʙʳʩʪʨʳʤ ʥʘʛʨʝʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʠ ʚʳʰʝ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʙʳʩʪʨʳʤ ʠʭ ʦʭʣʘʞʜʝʥʠʝʤ ʟʘ ʩʯʝʪ ʪʝʧʣʦʦʪʚʦʜʘ, ʘ ʪʘʢʞʝ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ [2]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʙʨʘʟʮʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʧʨʠ Es = 25 ɼʞ/ʩʤ
2
 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʨʘʪʝʨʦʚ ʩ ʰʠʨʦʢʠʤ ʨʘʟʙʨʦʩʦʤ ʧʦ ʨʘʟʤʝʨʘʤ (ʦʪ 1 ʜʦ 5 ʤʢʤ). 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ (HV) ʩʧʣʘʚʘ ʕ110 ʦʪ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ 

ʥʘʛʨʫʟʢʠ (ʈ). ʊʚʝʨʜʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ 

ʛʣʫʙʠʥʝ ʘʥʘʣʠʟʘ ʠ ʩʦʩʪʘʚʠʣʘ 1600 ʄʇʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʧʨʠ ʧʣʦʪʥʦʩʪʠ Es = 25 ɼʞ/ʩʤ
2
, ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʪʦʥʢʦʤ ʩʣʦʝ HV = 3220 ʄʇʘ, ʜʘʥʥʳʡ ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 5 ʤʢʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʠʩʧʳʪʘʥʠʠ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʨʠ ʥʘʛʨʫʟʢʝ ʙʦʣʝʝ 0,4 ʅ ʥʘʙʣʶʜʘʣʠʩʴ ʩʢʦʣʳ ʠ ʦʪʩʣʦʝʥʠʝ ʤʠʢʨʦʫʯʘʩʪʢʦʚ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʢʨʘʷʤ ʦʪʧʝʯʘʪʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʨʘʷ ʦʪʧʝʯʘʪʢʘ ʙʳʣʠ ʧʣʦʭʦ ʚʳʨʘʞʝʥʳ ʠ 

ʠʩʢʘʞʝʥʳ.  ʆʜʥʦʢʨʘʪʥʦʝ ʦʙʣʫʯʝʥʠʝ ʧʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʫʯʢʘ (Es = 5 ɼʞ/ʩʤ
2
), ʪʘʢʞʝ ʥʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ï ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 2500 ʄʇʘ, ʚ ʦʙʲʝʤʝ ï 

HVå2025 ʄʇʘ. ʆʙʨʘʟʮʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩ ʧʣʦʪʥʦʩʪʴʶ Es=10 ɼʞ/ʩʤ
2
, ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ HV=3160 ʄʇʘ ʠ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ HVå2613 ʄʇʘ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʀʕʇ ʩʣʦʞʥʝʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʚʝʨʜʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʥʘ ʛʣʫʙʠʥʝ 

(ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ N=3 HV=3728 ʄʇʘ, ʧʨʠ N=5 HV=3532 ʄʇʘ, N=10 HV=4726 ʄʇʘ). ʇʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʨʝʞʠʤʝ ʦʙʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ 

ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʜʝʬʝʢʪʥʦʩʪʠ.  

   
ʈʠʩ.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩ Es = (10õ25) 

ɼʞ/ʩʤ2 ʠ N=(1õ5) 

 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [3], ʫʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʀʕʇ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʩʣʦʞʥʦʡ 

ʤʦʨʬʦʣʦʛʠʠ. ʄʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ ʠ ʚʳʟʚʘʥʥʳʝ ʠʤ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʠʨʢʦʥʠʝʚʦʤ 

ʩʧʣʘʚʝ ʚʥʦʩʷʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʫʧʨʦʯʥʝʥʠʝ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʚ ʜʠʘʧʘʟʦʥʝ (5õ25)ɼʞ/ʩʤ
2
 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ (1õ3) ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʮʠʨʢʦʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʦʥʢʠʭ ʟʝʨʝʥ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ (ʙʦʣʝʝ 60 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ) ʪʚʝʨʜʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ Es=10 ɼʞ/ʩʤ
2
.  
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This article is about modification of chrome-vanadium white cast iron coatings with impulsive electron-beam 

processing. Thistreatmentprovideshighproperties, in comparison with initial layer. Depth ofmodifiedzone and 

hardness changes after different process modes are shown.  This method probably can be used for machine tools 

surface improvement. 

 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʫʣʫʯʰʝʥʠʝ ʧʦʢʨʳʪʠʡ ʜʣ ̫ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʘʨʘʭ ʪʨʝʥʠʷ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʫʯʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʤʘʪʝʨʠʘʣ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ï ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʥʘʧʣʘʚʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 10
3
 ï 10

60 
ʉ/ʩʝʢ. [1] ʠ ʜʘʣʴʥʝʡʰʘʷ ʠʤʧʫʣʴʩʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ 

ʦʙʨʘʙʦʪʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʯʫʛʫʥ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ [2] (ʪʘʙʣ. 1), ʥʘʥʝʩʝʥʥʳʡ ʥʘ 

ʧʦʜʣʦʞʢʫ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʕʃʅ ï ʤʝʪʦʜʦʤ. 

ʊʘʙʣʠʮʘ 1  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʧʣʘʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʉʦʜʝʨʞʘʥʠʝ, % ʤʘʩ. 

Cr C Si Ni Mn V Fe 

16 2.5 0.6 1.0 0.7 5 ʆʩʥʦʚʘ 

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ ʟʘ ʩʯʝʪ ʦʪʚʦʜʘ ʪʝʧʣʘ ʚ ʩʪʘʣʴʥʫʶ ʧʦʜʣʦʞʢʫ 

ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʘʫʩʪʝʥʠʪʘ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʳʭ ʢʘʨʙʠʜʦʚ ʪʠʧʘ 

M7C3 ʠ ʢʘʨʙʠʜ ʚʘʥʘʜʠʷ V2C, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 1). ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʧʦʢʨʳʪʠʡ ʠʟ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʯʫʛʫʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʢʘʨʢʘʩʘ 

ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʢʘʨʙʠʜʦʚ ʠ ʩʧʣʦʰʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʤʘʪʨʠʮʝʡ.[3] ʀʤʧʫʣʴʩʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʦʨʦʪʝʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʤʛʥʦʚʝʥʥʳʤ ʨʘʩʧʣʘʚʣʝʥʠʝʤ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ. 
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ɿʘʜʘʯʘ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ï ʩʦʟʜʘʥʠʝ ʩʚʝʨʭ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʣʫʯʘ. 

ɼʠʩʪʘʥʮʠʷ ʤʝʞʜʫ ʚʳʩʪʨʝʣʘʤʠ ʩʦʩʪʘʚʣʷʣʘ 2 ʤʤ ʩ ʮʝʣʴʶ ʨʝʣʘʢʩʘʮʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʝʣʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʠʣʳ ʪʦʢʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʠʘʧʘʟʦʥ ʩʠʣʳ ʪʦʢʘ ʦʪ 2 ʜʦ 10 ʤɸ. ɺʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʦʩʪʘʚʣʷʣʦ 5, 10 ʠ 15 ʤʩʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʦʣʫʯʝʥ ʦʙʨʘʟʝʮ ʩ 15-ʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ (ʨʠʩ 3). ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥ ʧʨʦʬʠʣʴ  ʫʯʘʩʪʢʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʛʣʫʙʠʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʟʦʥ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʠʣʳ ʪʦʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6. ʀʟʤʝʥʝʥʠʝ 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʛʣʫʙʠʥʫ ʦʙʨʘʙʦʪʘʥʥʦʡ ʟʦʥʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʇʄʊ-3. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʡ ʠʟ ʦʙʨʘʙʦʪʘʥʥʳʭ ʟʦʥ ʥʘ ʨʠʩ. 5 

 

ʈʠʩ. 5. ʊʦʧʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʨʝʞʠʤʝ 10 ʤʩʝʢ, 4 

ʈʠʩ. 3 ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʟʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ 15 ʤʩʝʢ, 8 ʤɸ. 

ʊʨʘʚʣʝʥʠʝ ʮʘʨʩʢʦʡ ʚʦʜʢʦʡ. 

ʈʠʩ.1. ʌʨʘʛʤʝʥʪ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʢʨʳʪʠʷ 

ʠʟ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʭʨʦʤʦʚʘʥʘʜʠʝʚʦʛʦ ʯʫʛʫʥʘ 

ʧʦʩʣʝ ʥʘʧʣʘʚʢʠ 

ʈʠʩ. 4. 3D ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.( 10 ʤʩʝʢ, 4 ʤɸ). 

ʈʠʩ.2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ ʠʟ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʭʨʦʤʦʚʘʥʘʜʠʝʚʦʛʦ ʯʫʛʫʥʘ. 
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ɺʳʚʦʜʳ 

ʀʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʟʦʥʳ  ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʦʯʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʠʣʳ ʪʦʢʘ ʠ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʫʙʠʥʘ 240 ʤʢʤ. ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʜʦʩʪʠʛʣʠ ʥʘʠʚʳʩʰʝʡ ʪʦʯʢʠ ʚ ʦʙʣʘʩʪʠ ʦʪ 40 ʜʦ 60 % ʦʪ ʛʣʫʙʠʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʟʦʥʳ ʠ ʩʦʩʪʘʚʠʣʠ 

ʧʦʨʷʜʢʘ 8,5 ɻʧʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʦʣʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 25-30 ʤʢʤ ʚ ʪʦʯʢʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 15 

ʤʩʝʢ ʠ 10 ʤɸ. 

ɿʘʢʣʶʯʝʥʠʝ: ʠʤʧʫʣʴʩʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʦʙʨʘʙʦʪʢʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ, ʦʙʨʘʟʫʷ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ  ʣʫʯʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ  ʥʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʛʣʫʙʠʥʳ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʠʣʳ 

ʪʦʢʘ ʠ ʚʨʝʤʝʥʠ, ʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʎʝʣʴʶ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʘʠʙʦʣʴʰʫʶ 

ʛʣʫʙʠʥʫ ʠ ʪʚʝʨʜʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʟʦʥʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʙʦʪʘʥʥʦʡ ʟʦʥʳ ʩ ʚʳʷʚʣʝʥʠʝʤ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʬʘʟ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʠʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʈʳʢʘʣʠʥ ʅ.ʅ., ɿʫʝʚ ʀ.ɺ., ʋʛʣʦʚ ɸ.ɸ. ʆʩʥʦʚʳ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʄ.,1978. 

ï C. 239. 

2. ɹʘʥʥʳʭ ʆ.ɸ., ɹʫʜʙʝʨʛ ʇ.ɹ., ɸʣʠʩʦʚʘ ʉ.ʇ. ʠ ʜʨ. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ. ʉʧʨʘʚ. ʀʟʜ. ʄ: çʄʝʪʘʣʣʫʨʛʠʷè - 1986. ʉ.440 

3. ɼʫʨʘʢʦʚ ɺ.ɻ.,  ɼʘʤʧʠʣʦʥ ɹ.ɺ., ɻʥʶʩʦʚ ʉ.ʌ.  ʈʦʣʴ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʚʳʜʝʣʝʥʠʡ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ ʚ 

ʧʦʚʳʰʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʡ ʠʟ ʭʨʦʤʠʩʪʦʛʦ ʯʫʛʫʥʘ // ʋʧʨʦʯʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʦʢʨʳʪʠʷ. ï 2009. - ̄ 5. ï ʉ.10-14. 

  

ʈʠʩ. 6. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʟʦʥ ʦʪ ʠʟʤʝʥʝʥʠʡ ʩʠʣʳ 

ʪʦʢʘ ʠ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʈʠʩ 7. ɿʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʛʣʫʙʠʥʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʟʦʥʳ. 
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 In this article are showing the results of the experimental study and simulation of the transportation of 

the accelerated to 10 keV electron beam generated by plasma electron source in the gas in the fore-vacuum 

pressure range. The main attention was paid to the study of effect of electron scattering on the expansion of 

the beam diameter and the deformation of the energy spectrum. The results are in satisfactory agreement 

with experiment. 

 

ʌʦʨʚʘʢʫʫʤʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʜʘʚʣʝʥʠʡ ʩʯʠʪʘʝʪʩʷ ʦʙʣʘʩʪʴ (1-100 ʇʘ), ʜʦʩʪʠʞʠʤʘʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʩʦʩʦʚ [1]. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪʥʦʩʷʪ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʦʪʢʘʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, çʣʝʛʢʦʩʪʴè ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢ ʞʝ ʧʦʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʝʨʘʤʠʢʠ  ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ [1], ʩ ʵʥʝʨʛʠʝʡ 

ʦʢʦʣʦ 10 ʢʵɺ ʠ ʪʦʢʦʤ ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʘʤʧʝʨ[2]. ʇʨʠ ʜʘʚʣʝʥʠʷʭ ʧʦʨʷʜʢʘ 10 ʇʘ ʟʥʘʯʠʪʝʣʴʥʳ 

ʫʧʨʫʛʠʝ ʠ ʥʝʫʧʨʫʛʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ɻ ʣʝʢʪʨʦʥʦʚ ʩ ʛʘʟʦʤ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʠ ʜʝʬʦʨʤʘʮʠʠ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʚʣʠʷʥʠʷ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʛʘʟʝ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʜʠʘʤʝʪʨʘ ʧʫʯʢʘ ʠ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʭʦʜʠʣ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʥʘ ʨʠʩ. 1.  

ʇʣʘʟʤʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʥʦʚ 1 [1], 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ 2 ʠ ʩʦʟʜʘʚʘʣ 

ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ 3 ʩ ʪʦʢʦʤ 35 ʤɸ ʠ ʵʥʝʨʛʠʝʡ 10 ʢʵɺ. 

ʇʫʯʦʢ ʧʦʩʪʫʧʘʣ ʚ ʢʘʤʝʨʫ ʯʝʨʝʟ ʘʧʝʨʪʫʨʫ 4 

ʜʠʘʤʝʪʨʦʤ 6 ʤʤ. ɺʥʫʪʨʴ ʢʘʤʝʨʳ ʥʘʧʫʩʢʘʣʠ ʛʝʣʠʡ ʜʦ 

ʜʘʚʣʝʥʠʷ 10 ʇʘ. ʇʫʯʦʢ, ʧʨʦʭʦʜʷ ʩʢʚʦʟʴ ʢʘʤʝʨʫ ʚʜʦʣʴ 

ʦʩʠ z, ʨʘʩʩʝʠʚʘʣʩʷ ʥʘ ʘʪʦʤʘʭ ʛʘʟʘ, ʨʘʩʰʠʨʷʣʩʷ ʠ 

ʧʘʜʘʣ ʥʘ ʢʦʣʣʝʢʪʦʨ 5. ɼʠʘʤʝʪʨ ʧʫʯʢʘ ʦʧʨʝʜʝʣʷʣʩʷ 

ʤʝʪʦʜʦʤ ʚʨʘʱʘʶʱʝʛʦʩʷ ʟʦʥʜʘ ʢʘʢ ʰʠʨʠʥʘ ʧʦ 

ʈʠʩ. 1 ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 
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ʧʦʣʫʚʳʩʦʪʝ ʠʤʧʫʣʴʩʘ ʟʦʥʜʦʚʦʛʦ ʪʦʢʘ, ʠ ʠʟʤʝʨʷʣʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʘʧʝʨʪʫʨʳ 4. ɹr ʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʠ ʩʢʚʦʟʴ ʛʘʟ (ʨʠʩ. 2, ʘ).  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʘʪʦʤʘʭ ʛʘʟʘ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʩʪʦʣʢʥʦʚʝʥʠʝ ɻ ʣʝʢʪʨʦʥʘ ʩ ʘʪʦʤʦʤ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ ʥʘ 

ʠʦʥʠʟʘʮʠʶ ʠʣʠ ʚʦʟʙʫʞʜʝʥʠʝ ʘʪʦʤʘ, ʙʝʟ ʫʯʝʪʘ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ [3]. ɼʘʚʣʝʥʠʝ ʟʘʜʘʚʘʣʦʩʴ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

ʵʣʝʢʪʨʦʥʘ. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʦʧʠʩʳʚʘʣʦʩʴ ʬʦʨʤʫʣʦʡ ʈʝʟʝʨʬʦʨʜʘ [4]:  
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ʛʜʝ ɗ ï ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, Z ï ʟʘʨʷʜ ʘʪʦʤʘ, e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, me ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, n ï ʯʠʩʣʦ 

ʘʪʦʤʦʚ ʛʘʟʘ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ, ʘ ï ʪʦʣʱʠʥʘ ʛʘʟʦʚʦʛʦ ʩʣʦʷ. 

ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʜʝʣʝʥʠʷ ʥʘ ʥʦʣʴ ʥʦʨʤʠʨʦʚʢʘ ʚʳʨʘʞʝʥʠʷ (1) ʧʨʦʚʝʜʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʘ ɗ ʦʪ 0,1
0
 ʜʦ 180

0
. ɿʥʘʢ ʫʛʣʘ ʨʘʩʩʝʷʥʠʷ ʙʳʣ ʩʣʫʯʘʡʥʳʤ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ (1) ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʙʳʣ ʚʟʷʪ ʠʥʪʝʛʨʘʣ, ʟʘ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠʥʷʣʠ ʧʝʨʝʤʝʥʥʫ  ʁ ɝ, ʘ ʚʝʩʴ ʠʥʪʝʛʨʘʣ 

ʧʨʠʨʘʚʥʷʣʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʝ ɔ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘ ʠʥʪʝʨʚʘʣʝ (0,1):  
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ʛʜʝ ɸ ï ʢʦʥʩʪʘʥʪʘ ʚ ʚʳʨʘʞʝʥʠʠ (1), ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʛʣʘ ʨʘʩʩʝʷʥʠʷ ɗ. ɺʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (2) 

ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʟʠʪʴ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ ɝ: 
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ʇʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ ʬʦʨʤʫʣʘ ʈʝʟʝʨʬʦʨʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʬʫʥʢʮʠʶ, 

ʦʧʠʩʳʚʘʶʱʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ ï ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʣʷ ʤʘʣʳʭ ʫʛʣʦʚ 

ʠ ʤʘʣʫʶ ʜʣʷ ʙʦʣʴʰʠʭ (3). 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʫʧʨʫʛʦʡ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʤ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʘʪʦʤʦʤ ʛʘʟʘ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ [3]: 
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ʛʜʝ E0 ï ɻ ʥʝʨʛʠʷ ʙʳʩʪʨʦʛʦ ʵʣʝʢʪʨʦʥʘ, Z ï ʟʘʨʷʜʦʚʦʝ ʯʠʩʣʦ ʘʪʦʤʘ, e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, Ů ï ʢʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʥʥʦʝ ʙʳʩʪʨʳʤ ʵʣʝʢʪʨʦʥʦʤ ʘʪʦʤʫ (ʧʦʪʝʨʷ ʵʥʝʨʛʠʠ). 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʣʝʞʘʣʘ ʦʪ 1ʵɺ ʜʦ 

E0/2. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʠʥʪʝʛʨʘʣʘ ʦʪ (4) ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ const ï ʥʦʨʤʠʨʦʚʦʯʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʚʳʯʠʩʣʷʝʤʘʷ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ E0 ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 
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ʠʟʤʝʥʝʥʠʝ (5) ʦʪ 0 ʜʦ 1, Ů ï ʩʣʫʯʘʡʥʦ ʨʘʟʳʛʨʳʚʘʝʤʘʷ ʧʦʪʝʨʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʤ. 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʘʤʝʪʨʘ ʧʫʯʢʘ d ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʨʘʟʥʦʤ ʫʜʘʣʝʥʠʠ z ʦʪ 

ʘʧʝʨʪʫʨʳ ʩ ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2, ʘ. ʅʘ ʨʠʩ. 2, ʙ. ʧʨʠʚʝʜʝʥʦ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʝ ʫʰʠʨʝʥʠʝ ȹE ʩʧʝʢʪʨʘ ʠʟʥʘʯʘʣʴʥʦ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʚ ʛʘʟʝ ʚʜʦʣʴ ʦʩʠ z. ɺʝʣʠʯʠʥʘ ȹE ʝʩʪʴ ʨʘʟʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ E0 ʠ ʢʦʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʛʘʟʘ. 

ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʩʦʚʧʘʜʘʶʪ ʧʦ ʧʦʨʷʜʢʫ 

ʚʝʣʠʯʠʥʳ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʯʝʥʠʷʤʠ. ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʨʘʩʩʝʷʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʨʘʩʰʠʨʝʥʠʷ ʧʫʯʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʫʰʠʨʝʥʠʝ ɻʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʢʚʦʟʴ ʛʘʟ. 
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A silicate-containing hydroxyapatite coating was deposited on a titanium substrate by means of radio-

frequency magnetron sputtering. The morphology and elemental composition of the coating were studied by 

scanning electron microscopy equipped with EDX-analyzer. The adhesion strength of the film on substrate 

was estimated using a scratch test. A critical load, the load at which the first coating defects appear, was 

determined by the first small jump on the acoustic emission signal, as well as on the friction force. The 

obtained results suggest that the failure mode of the present coating is mainly dominated by cohesive strength 

of deposited film. 

 

ʉʨʝʜʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʙʠʦʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʦʩʪʥʦʡ ʭʠʨʫʨʛʠʠ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʘ 

ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ (ʂʌ). ʀʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʂʌ ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʠ ʦʩʪʝʦʠʥʜʫʢʪʠʚʥʳʤʠ 

[1]. ʅʝʜʦʩʪʘʪʢʦʤ ʂʌ ʢʝʨʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʝʝ ʭʨʫʧʢʦʩʪʴ. ʇʦʵʪʦʤʫ ʥʘʠʣʫʯʰʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʦʨʪʦʧʝʜʠʠ ʠ ʩʪʦʤʘʪʦʣʦʛʠʠ ï ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʂʌ-ʧʦʢʨʳʪʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʠʥʪʝʛʨʘʮʠʠ ʠʤʧʣʘʥʘʪʘ ʚ ʢʦʩʪʥʫʶ ʪʢʘʥʴ ʠ ʚʳʩʦʢʠʝ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʄʦʨʬʦʣʦʛʠʷ ʠ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʧʣʘʥʪʘʪʦʚ. ʂʘʯʝʩʪʚʦ ʧʦʢʨʳʪʠʷ, ʘ ʠʤʝʥʥʦ 

ʧʨʦʯʥʦʩʪʴ ʝʛʦ ʩʮʝʧʣʝʥʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʦʡ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʤʧʣʘʥʪʘʪʘ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʄʝʪʦʜ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

(ɺʏ) ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʤʧʣʘʥʪʘʪʦʚ [2]. ʆʥ ʧʦʟʚʦʣʷʝʪ, ʫʧʨʘʚʣʷʷ ʨʝʞʠʤʦʤ ʥʘʧʳʣʝʥʠʷ, ʩʦʟʜʘʚʘʪʴ ʧʦʢʨʳʪʠʷ ʩ ʟʘʜʘʥʥʳʤʠ 

ʤʠʢʨʦ/ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ, ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʩ ʭʦʨʦʰʠʤʠ ʘʜʛʝʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [2, 3]. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʠ ʠ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʨʝʤʥʠʡ-ʩʦʜʝʨʞʘʱʝʛʦ 

ʢʘʣʴʮʠʡ-ʬʦʩʬʘʪʥʦʛʦ (Si-ʂʌ) ʧʦʢʨʳʪʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ɺʏ-ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. 

ɼʣʷ ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʡ ʚ ʧʣʘʟʤʝ ɺʏ-ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ (5,28 ʄɻʮ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ç08ʇʍʆ-100T-005è ʩ ʤʘʛʥʝʪʨʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. 

ʅʘʧʳʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ, ʧʨʠ ʤʦʱʥʦʩʪʠ 290 ɺʪ, ʧʨʠ ʧʦʜʘʯʝ 
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ʫʩʢʦʨʷʶʱʝʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʴ ï 50 ʠ -100 ɺ, ʨʘʩʩʪʦʷʥʠʝ  

ʤʠʰʝʥʴ ï ʧʦʜʣʦʞʢʘ ï 40 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʣʘʩʪʠʥʳ ʪʠʪʘʥʘ ʤʘʨʢʠ ɺʊ 1-0. ʄʦʨʬʦʣʦʛʠʷ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ) ʠ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʕɼʈɸ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ESEM Quanta 400 FEG from FEI,. ɸʜʛʝʟʠʶ 

ʧʦʢʨʳʪʠʷ ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʩʢʣʝʨʦʤʝʪʨʠʠ, ʠʩʧʦʣʴʟʫʷ CSEM Micro-Scratch Tester MST-S-AX-0000. 

ʈʝʟʫʣʴʪʘʪʳ ʈʕʄ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ɺʏ-ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ, ʧʣʦʪʥʦʡ, ʥʝ ʩʦʜʝʨʞʠʪ ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ, ʪʨʝʱʠʥ ʠ ʩʢʦʣʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʩʪʨʦʚʢʠ ʚ ʚʠʜʝ ñʢʫʧʦʣʦʦʙʨʘʟʥʳʭò ʟʝʨʝʥ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʢʣʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

ʣʠʥʝʡʥʦ-ʚʦʟʨʘʩʪʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʦʪ 0,01 ʜʦ 3 ʅ ʥʘ ʠʥʜʝʥʪʦʨ ʨʘʜʠʫʩʦʤ ï 20 ʤʢʤ; ʜʣʠʥʘ ʮʘʨʘʧʠʥʳ ï 10 ʤʤ; 

ʩʢʦʨʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ï 3 ʅ/ʤʠʥ. ʅʘ ʢʘʞʜʳʡ ʠʟ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ, ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʙʳʣʦ 

ʥʘʥʝʩʝʥʦ ʪʨʠ ʮʘʨʘʧʠʥʳ. ʈʝʟʫʣʴʪʘʪ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʧʪʠʯʝʩʢʠʡ ʠ ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʠʢʨʦʩʢʦʧ. ɼʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠ (ɸʕ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʂʊ) ʦʪ ʧʨʠʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʜʝʥʪʦʨ (ʨʠʩʫʥʦʢ 1). 

ʇʨʠ ʮʘʨʘʧʘʥʠʠ ʦʙʨʘʟʮʦʚ, ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʘʚʣʠʚʘʥʠʝ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ 

ʧʦʢʨʳʪʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʢʦʣʝʙʘʥʠʷ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʜʝʥʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʥʝʣʴʟʷ 

ʠʩʢʣʶʯʘʪʴ ʚʢʣʘʜ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʥʦʩ ʤʘʪʝʨʠʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 

ʠʥʜʝʥʪʦʨʦʤ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʘʨʘʧʠʥʳ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʂʊ ʠ ɸʕ. ʅʘʣʠʯʠʝ ʧʝʨʚʳʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʘʤʧʣʠʪʫʜʳ ɸʕ ʦʙʫʩʣʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʢʫʱʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʂʊ ʠ ʘʧʣʠʪʫʜʳ ɸʕ. ʌʦʪʦʛʨʘʬʠʠ ʮʘʨʘʧʠʥʳ  ʧʨʠ 

ʦʪʩʣʘʠʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

ɸʥʘʣʠʟ ʮʘʨʘʧʠʥ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʜʛʝʟʠʝʡ ʢ ʧʦʜʣʦʞʢʝ, ʯʪʦ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ Si-ʂʌ ʧʦʢʨʳʪʠʝ ʧʨʠ 

ʮʘʨʘʧʘʥʠʠ ʠʩʪʠʨʘʝʪʩʷ, ʥʦ ʥʝ ʦʪʩʣʘʠʚʘʝʪʩʷ, ʪʦ ʝʩʪʴ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦ ʢʦʛʝʟʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʩʚʷʟʘʥʥʦʤʫ ʩ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ɺ ʢʦʥʮʝ ʮʘʨʘʧʠʥʳ (ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ) ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʚʘʣʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ.  

ʘ)                                                                                       ʙ) 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ, ʘʜʛʝʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʮʘʨʘʧʘʥʠʠ Si-ʂʌ ʧʦʢʨʳʪʠʡ ʧʨʠ 

ʘ) ï 50 ʠ ʙ) -100 ɺ.  
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ʘ)     ʙ) 

ʈʠʩ. 3. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʩʢʨʝʪʯ-ʪʝʩʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʣʷ Si-ʂʌ 

ʧʦʢʨʳʪʠʷ ʥʘ Ti-ʧʦʜʣʦʞʢʝ ʧʨʠ ʥʘʛʨʫʟʢʝ 3ʅ. ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ: ʘ) ï 50 ɺ ʠ ʙ) ï 100 ɺ.  

ʘ) -50 ɺ       ʙ) ï 100  

ʈʠʩ. 2.ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʮʘʨʘʧʠʥ ʧʨʠ ʥʘʛʨʫʟʢʝ ʘ) 1,53 ʅ ʠ ʙ) 2,39 ʅ 
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Right now analog-to-digital converter used for measuring current of particle beam of microtron. It measures 

impulse amplitude while the most complete information about the current value is contained in the area under the 

peak of the pulse. For such measurements we need to use a charge-to-digital converter.  But it was decided to 

analyze the possibility of using a digital oscilloscope GDS-2064 for measuring the current in real time instead of 

charge-to-digital converter. GDS-2064 has automatic measurement Vavg - the sum of all the samples divided by 

the number of samples. Using this function is the same as using the charge-to-digital converter for current 

measurement. But regular software package canôt, provide removing of digital data with sufficiently high 

frequency . So there is a need of development highly specialized software that meets these challenges. 

It was decided to write a program using C# language. The algorithm is simple: first they give the initial 

conditions  ( command, time interval between timer tick and expected response time) and then start the timer. 

For each tick mentioned command sent to the oscilloscope. It returns the value and the time it took to complete 

the operation. 

Using the program was found response time of GDS-2064: it varies from 12.25 to 97.25 ms has a discrete set 

of values. Further studies will reduce the time to an acceptable level.  Brought to mind the software will make it 

possible to measure in real time the area under the peak of the pulse of the microtron, which will significantly 

reduce the measurement error in the experiments. 

 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʦʢʘ ʚʳʚʝʜʝʥʥʦʛʦ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʫʩʢʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ɸʎʇ ï ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʟʤʝʨʷʶʱʠʡ ʘʤʧʣʠʪʫʜʫ ʠʤʧʫʣʴʩʘ ʫʩʢʦʨʝʥʥʦʛʦ ʪʦʢʘ. ɸʎʇ 

ʠʟʤʝʨʷʝʪ ʘʤʧʣʠʪʫʜʫ ʠʤʧʫʣʴʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʣʥʘʷ  ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʝʣʠʯʠʥʝ ʫʩʢʦʨʝʥʥʦʛʦ 

ʪʦʢʘ  ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʣʦʱʘʜʠ ʧʦʜ ʧʠʢʦʤ ʠʤʧʫʣʴʩʘ. ɼʣʷ ʪʘʢʦʛʦ ʨʦʜʘ ʠʟʤʝʨʝʥʠʡ  ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  

ʟʘʨʷʜʦʚʦ-ʮʠʬʨʦʚʦʡ ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɿʎʇ).  

ɺʤʝʩʪʦ ɿʎʇ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʮʠʬʨʦʚʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ. ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʥʷʪʠʝ ʜʘʥʥʳʭ ʩ ʦʩʮʠʣʣʦʛʨʘʬʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʥʘʙʣʶʜʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʪʦʢʦʤ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ GDS-2064 ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʚʳʚʝʜʝʥʥʦʛʦ ʧʫʯʢʘ ʤʠʢʨʦʪʨʦʥʘ ʚ ʨʝʞʠʤʝ çon-lineè. 

ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ. ʇʫʯʦʢ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 5.7 

ʄʵɺ ʚʳʚʦʜʠʪʩʷ ʠʟ ʤʠʢʨʦʪʨʦʥʘ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʛʥʠʪʥʫʶ ʩʠʩʪʝʤʫ ʬʦʢʫʩʠʨʦʚʢʠ ʠ ʢʦʣʣʠʤʘʪʦʨ. ɼʘʣʝʝ 

ʧʦʧʘʜʘʝʪ ʥʘ ʤʠʰʝʥʴ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʤʝʨʝ. ʀʟʣʫʯʝʥʠʝ, ʛʝʥʝʨʠʨʫʝʤʦʝ ʥʘ ʤʠʰʝʥʠ , 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ɺʕʋ. 

ʉʠʛʥʘʣ ʩ ɺʕʋ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʷʩʴ, ʧʦʧʘʜʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʦʚ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʠ ʧʦʜʘʸʪʩʷ ʥʘ ʩʭʝʤʫ ʩʦʚʧʘʜʝʥʠʡ. ɺʦ ʚʨʝʤʷ ʚʳʚʦʜʘ ʧʫʯʢʘ ʠʟ 

ʫʩʢʦʨʠʪʝʣʷ ʧʦʜʘʸʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʩʭʝʤʫ ʩʦʚʧʘʜʝʥʠʡ ʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʠʙʳʪʠʠ 

ʩʠʛʥʘʣʦʚ ʦʪ ɺʕʋ ʠ ʤʠʢʨʦʪʨʦʥʘ ʥʘ ʩʯʸʪʯʠʢ ʧʦʜʘʸʪʩʷ ʠʤʧʫʣʴʩ. ʂʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʠʟʤʝʨʷʝʪʩʷ ʟʘ 

ʦʧʨʝʜʝʣʸʥʥʦʝ ʯʠʩʣʦ ʩʙʨʦʩʦʚ ʫʩʢʦʨʠʪʝʣʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ɸʎʇ ʠʟʤʝʨʷʝʪʩʷ ʪʦʢ ʫʩʢʦʨʠʪʝʣʷ ʩ 

ʤʘʛʥʠʪʥʦ-ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʜʘʪʯʠʢʘ. ʂʘʞʜʳʡ ʮʠʢʣ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʟʘ 1000 ʩʙʨʦʩʦʚ ʫʩʢʦʨʠʪʝʣʷ. 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʠʟʤʝʨʝʥʠʷ ʦʨʠʝʥʪʘʮʠʷ ʤʠʰʝʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʝʥʷʝʪʩʷ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʩʦʧʨʷʞʝʥʳ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʜʘʣʴʥʝʡʰʠʝ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʥʦʛʦ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʮʠʬʨʦʚʦʡ ʦʩʮʠʣʣʦʛʨʘʬ GDS-2064. 

ʎʆ GDS-2064 ʠʤʝʝʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʚ 60 ʄɻʮ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 1 ɻɻʮ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʨʷʞʝʥʠʷ ʩ ʇʂ ʧʦʩʨʝʜʩʪʚʦʤ USB ʠʥʪʝʨʬʝʡʩʘ. ʇʨʠʙʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʜʠʘʧʘʟʦʥ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (27 ʚʠʜʦʚ), ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʘʞʥʦʝ ʜʣʷ ʥʘʩ ʠʟʤʝʨʝʥʠʝ  Vʩʨ (Vavg) - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʠʟ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʪʦʯʝʢ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʆʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʚʩʝʭ ʦʪʩʯʝʪʦʚ (ʵʪʦ ʤʦʛʫʪ ʙʳʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʪʩʯʝʪʳ, ʚʩʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʩʠʛʥʘʣʘ) ʜʝʣʝʥʥʦʝ ʥʘ ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ (ʜʣʠʥʘ ʧʘʤʷʪʠ). 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʠ ʘʥʘʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɿʎʇ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʷ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʨʝʙʫʝʪʩʷ ʩʥʷʪʠʝ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ, ʯʝʛʦ ʰʪʘʪʥʳʡ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ. ɺʳʪʝʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʧʦʩʪʘʚʣʝʥʥʳʤ ʮʝʣʷʤ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʠ ʙʳʣ ʚʳʙʨʘʥ ʩʦʚʨʝʤʝʥʥʳʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çC#è. 

ʇʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʧʦʩʪʨʦʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʟʘʧʨʦʩʘ ʠʟʤʝʨʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ 

ʚʝʣʠʯʠʥʳ (ʥʘʧʨʠʤʝʨ, Vavg) ʩ ʟʘʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʟʘʧʨʦʩʘʤʠ. 

ɸʣʛʦʨʠʪʤ ʧʨʦʩʪ: ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʦʪʯʝʪʘʤʠ ʪʘʡʤʝʨʘ, 

ʦʞʠʜʘʝʤʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʦʪʧʨʘʚʣʷʝʤʘʷ ʢʦʤʘʥʜʘ ʠ ʟʘʪʝʤ ʟʘʧʫʩʢʘʝʪʩʷ ʪʘʡʤʝʨ. ʇʨʠ ʢʘʞʜʦʤ ʦʪʯʝʪʝ 

ʪʘʡʤʝʨʘ ʫʢʘʟʘʥʥʘʷ ʢʦʤʘʥʜʘ ʦʪʧʨʘʚʣʷʝʪʩʷ ʦʩʮʠʣʣʦʛʨʘʬʫ. ʇʦʩʣʝ ʚʦʟʚʨʘʱʝʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʟʥʘʯʝʥʠʷ, ʦʥʦ ʚʳʚʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥ ʩ ʫʢʘʟʘʥʠʝʤ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ. ɽʩʣʠ ʚ 

ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʫʢʘʟʘʥʥʦʛʦ ʢʘʢ ʦʞʠʜʘʝʤʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʦʪ ʧʦʨʪʘ ʥʝ ʧʦʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʦʥ 

ʩʯʠʪʘʝʪʩʷ ʥʝʘʢʪʠʚʥʳʤ, ʠ ʪʘʡʤʝʨ ʚʳʢʣʶʯʘʝʪʩʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʦʪʢʣʠʢʘ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʧʨʠ ʟʘʧʨʦʩʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʦʤʘʥʜʳ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 12,75 ʜʦ 92,75 

ʤʠʣʣʠʩʝʢʫʥʜ, ʧʨʠʯʝʤ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʦʢʘʟʘʣʩʷ ʜʠʩʢʨʝʪʥʳʤ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʫʩʪʘʥʦʚʠʚ 

ʬʘʢʪʦʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʵʪʦ ʟʥʘʯʝʥʠʝ, ʤʦʞʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʦʚʘʪʴ ʮʠʢʣ ʟʘʧʨʦʩʦʚ, ʯʪʦʙʳ ʠʭ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʯʘʩʪʦʪʘ ʙʳʣʘ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʚʝʜʝʥʥʦʤ ʧʫʯʢʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ  (ʧʨʠ ʯʘʩʪʦʪʝ 

ʤʠʢʨʦʪʨʦʥʘ ʚ 25 ɻʮ ʧʨʠʝʤʣʝʤʳʤ ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʨʝʤʷ ʤʝʥʴʰʝ 4 ʤʠʣʣʠʩʝʢʫʥʜ). 

ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʘ ʨʘʙʦʪʘ. 

ɼʦʚʝʜʝʥʥʦʝ ʜʦ ʫʤʘ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʦʤ ʠʤʧʫʣʴʩʘ ʤʠʢʨʦʪʨʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʷ ʚ 

ʦʧʳʪʘʭ. ʕʪʦ ʪʘʢʞʝ ʠʟʙʘʚʠʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʙʦʪʳ ʩ ʤʘʩʩʠʚʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʤʠ 

ʨʘʟʣʠʯʥʳʤʠ ʘʥʘʣʠʟʘʪʦʨʘʤʠ ʠ ʜʝʪʝʢʪʦʨʘʤʠ ʟʘ ʚʨʝʤʷ ʦʧʳʪʘ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʪ  

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʠʤʧʫʣʴʩʥʳʭ ʠʦʥʥʳʭ ʧʫʯʢʦʚ 

ʛʠʛʘʚʘʪʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʫʩʢʦʨʠʪʝʣʝ ʊɽʄʇ-4ʄ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʠʨʫʶʱʝʡ ʣʠʥʠʠ 

(ɼʌʃ) ʥʝ ʧʨʝʚʳʰʘʶʪ 10-12%. ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʢʦʨʠʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʠʟ ɼʌʃ ʚ ʜʠʦʜ ʚʦʟʨʦʩʣʘ ʚ 1.6 ʨʘʟʘ ʠ ʩʦʩʪʘʚʠʣʘ 85%. ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʠʦʥʥʦʛʦ ʧʫʯʢʘ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʜʠʦʜʝ.  

 

Powerful ion beams with energies ranging from 50 keV to 10 MeV, ion currents from1 kA to 10 MA, and 

pulse durations from 10 to 1000 ns are usually generated in the diodes with magnetic insulation [1].One of the 

most important parameters of an ion diode from an industrial perspective is the efficiency, which in terms of 

energy is the ratio of the energy in the extracted ion beam, to the total energy supplied to the diode. To increase 

the efficiency of ion current production, it is necessary, first of all, to increase the energy transfer efficiency in 

the accelerator. This paper focuses on a study of the energy transfer in a pulsed ion beam accelerator and 

understanding important mechanisms of the energy loss. 

The experiments have been conducted using the TEMP-4M [2] pulsed ion accelerator configured to operate 

in both double pulse and single pulse mode. The accelerator consists of the Marx generator, double transmission 

line (Blumlein) and vacuum ion diode with self-magnetic insulation of electrons. The generator configured in 

double-pulse mode forms two pulses of opposite polarity: the first pulse is of negative polarity (300-600 ns, 100-

150 kV), and this is followed by a second pulse of positive polarity (150 ns, 250-300 kV). The schematic of the 

TEMP-4M accelerator is shown in Fig. 1. 

A coaxial double transmission line (3) with deionised water dielectric and a characteristic output impedance 

of 5 Ý is used as generator of nanosecond pulses. The Blumlein has two spark gaps, one at either end, the main 

gap (1) at the Marx generator end, and the preliminary gap (4) at the diode. The vacuum strip diode (7) has a 

potential electrode and a grounded electrode, with the potential electrode being connected via the preliminary 

spark gap to the inner conductor of the Blumlein. The grounded electrode of the diode is connected to the body 

of the diode chamber at one end. Plasma on the surface of the potential electrode is formed though the 

phenomenon of explosive electron emission when a high voltage negative pulse is applied.  

Information on the diagnostic equipment used in the accelerator and calibration can be found elsewhere [3]. 

The transfer of energy in the accelerator was analyzed according to the current and voltage waveforms for 
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both Blumlein loaded with the diode and a resistive load. The energy delivered to the resistive load was 

calculated by integrating the product of the current squared and the load resistance, which in this set of 

experiments equal 5.2 Ý. We calculated two values for the energy delivered to the load: energy of the main 

(positive) voltage pulse; and energy of the main pulse and after-pulses (due to impedance mismatch between the 

Blumlein and the diode). The results of the calculation are shown in Figure 2. 

 

 

Fig 1. The schematic of the TEMP-4M accelerator: 1, 4 ï gas-filled spark gaps; 2, 5 ï ohmic-capacitive 

dividers; 3 ïBlumline line; 6 - Rogowski coil, 7 ï potential electrode of diode; 8 - diode chamber; 9 ï target; 10 

ï vacuum pump; 11 ï Marx generator, L1 ï charging inductor used for single pulse mode only, L2 - charging 

inductor used for double pulse mode only.  
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The study shows that the TEMP-4M accelerator works more efficiently without a charging inductance L2. 

The calculations show that the energy delivered to the load during the positive pulse amounts to 43 Ñ 1.4% of the 

energy stored in the Blumlein, when operating with the charging inductor L2. Without the charging inductance 

L2 the energy delivered to the load increases by a factor of 1.65 to 71 Ñ 0.6% of the energy stored in the 

Blumlein (see Fig. 2). The results of calculation of the energy transfer efficiency from Blumlein to diode 

(without charging inductance L2) are shown in Figure 3. The study was performed using a strip focusing diode 

with self-magnetic insulation [4]. Fig. 4 shows the efficiencies of different self-magnetically insulated diodes 

presented as the dependence of the total energy of the extracted ion beam on the energy supplied to the diode 

 

Outer 

Centre 

Inner 

C1 

C2  

L1 L2 

Fig. 3. Energy transferred from Blumlein to diode: main 

pulse and after-pulses (1); main pulse only (2). 
Fig. 2. Energy delivered the load without charging 

inductor, main pulse and after-pulses (1); without 

charging inductor, main pulse only (2); with charging 

inductor, main pulse only (3). 
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from the Blumline. The energy supplied to the diode was calculated by multiplying the measured total current of 

the diode with the voltage at the diode, and integrating the product over time. The energy of extracted beam or 

the output energy was calculated by integrating the ion beam energy density distribution on the target using 

infrared camera data.  
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Fig. 4. The dependence of energy of extracted beam on the energy supplied to the diode, for various diodes: 

spiral diode (1); strip focusing diode (2); strip planar diode (3); calculated efficiency without magnetic 

insulation using Child-Langmuir law for ʉ
+ 

ions (4). 

 

By comparison, the spiral geometry self-magnetically insulated diode [5] recently developed at TPU has an 

efficiency of 20-25%.  

This study has shown that when the diode is substituted with a resistive load, the energy supplied from 

Blumlein to the load during the second voltage pulse amounts to 71 %, which is lower than when the Blumlein is 

loaded with a diode. This can be explained by the additional inductance (º200 nH), present in the resistive load 

used for testing, which interferes with the impedance matching of Blumlein to the load and hinders the transfer 

of energy during the main (positive) voltage pulse. Optimization of the design (charging inductance L2 removed) 

of the accelerator allows for 85 - 90% of energy transferred from Blumlein to the load (including after-pulses), 

which indicates that the energy loss in Blumlein and spark gaps is insignificant. The overall efficiency of ion 

beam production in the TEMP-4M accelerator is determined by the diode efficiency. 

 

This work was supported by The Ministry of education and science of Russian Federation, project ˉ 14.132.21.1435. 
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The research of the arc discharge ignition in forvakuum pressure range is presented in this paper. It is 

shown that increase of the voltage amplitude and increase of the pressure reduce the delay time of the arc 

discharge ignition. 

 

ɺʚʝʜʝʥʠʝ 

ʀʤʧʫʣʴʩʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʫʯʢʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ [1]. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʚʳʩʦʢʦʚʘʢʫʫʤʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (10
-3 

- 10
-1
 ʇʘ) ʥʦʤʝʥʢʣʘʪʫʨʘ ʠʟʜʝʣʠʡ, 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠʤʧʫʣʴʩʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʫʯʢʘʤʠ, ʦʛʨʘʥʠʯʝʥʘ ʤʝʪʘʣʣʘʤʠ, ʩʧʣʘʚʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɻʝʥʝʨʘʮʠʷ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʚ ʦʙʣʘʩʪʠ 

ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʘʚʣʝʥʠʡ (3-50 ʇʘ) [2] ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʝʨʘʤʠʢ [3], ʪʘʢ ʢʘʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʝʢʘʥʠʶ ʟʘʨʷʜʘ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʧʦ ʧʣʘʟʤʝ, 

ʩʦʟʜʘʥʥʦʡ ʧʫʯʢʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʣʘʟʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ [4], ʥʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ (ʦʜʥʦʨʦʜʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʦʚ), ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʘʭ 

ʧʨʝʚʳʰʝʥʠʝ ʪʦʢʦʤ ʨʘʟʨʷʜʘ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʦʜʥʦʛʦ ʧʷʪʥʘ ʠ 

ʧʝʨʝʭʦʜʫ ʚ ʜʫʛʦʚʦʡ ʨʝʞʠʤ. ʂʘʪʦʜʥʦʝ ʧʷʪʥʦ ʧʨʠ ʪʘʢʦʤ ʧʝʨʝʭʦʜʝ ʚʦʟʥʠʢʘʝʪ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʥʦʡ ʧʦʣʦʩʪʠ, ʠ ʧʨʦʮʝʩʩ ʜʫʛʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʟʢʦ ʥʘʨʫʰʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʘʟʤʳ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʢ ʧʨʦʙʦʶ ʫʩʢʦʨʷʶʱʝʛʦ ʧʨʦʤʝʞʫʪʢʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʝʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʦʙʣʝʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʪʦʢʘ ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʣʘʟʤʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʨʝʰʘʝʪʩʷ ʟʘʤʝʥʦʡ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʥʘ ʜʫʛʦʚʦʡ [5]. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʠʤʧʫʣʴʩʥʦʤ ʠʩʪʦʯʥʠʢʝ 

ʵʣʝʢʪʨʦʥʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʤ ʚ ʬʦʨʚʘʢʫʫʤʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʟʘʞʠʛʘʥʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʚ ʬʦʨʚʘʢʫʫʤʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ. 

ʊʝʭʥʠʢʘ ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʈʘʟʨʷʜʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ (ʨʠʩ.1) ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʢʘʪʦʜ 1, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʤʝʜʥʳʡ ʩʪʝʨʞʝʥʴ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʟʘʢʣʶʯʝʥʥʳʡ ʚ 

ʢʝʨʘʤʠʯʝʩʢʫʶ ʪʨʫʙʢʫ 2. ʂʝʨʘʤʠʯʝʩʢʘʷ ʪʨʫʙʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʟʦʣʷʮʠʶ ʢʘʪʦʜʘ ʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʦʨʮʝʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʪʦʜʘ. ʄʝʜʥʳʡ ʘʥʦʜ 3, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʳʡ ʮʠʣʠʥʜʨ, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʦ ʵʤʠʩʩʠʦʥʥʦʝ ʦʢʥʦ ʜʠʘʤʝʪʨʦʤ 90 

ʤʤ, ʧʝʨʝʢʨʳʪʦʝ ʤʝʣʢʦʩʪʨʫʢʪʫʨʥʦʡ ʩʝʪʢʦʡ (0.3Ĭ0.3 ʤʤ) 4 ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ.  

ʈʘʟʨʷʜʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʤʝʱʘʣʘʩʴ ʥʘ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ, ʢʦʪʦʨʘʷ ʦʪʢʘʯʠʚʘʣʘʩʴ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʩʦʩʦʤ. ɼʘʚʣʝʥʠʝ ʚ 

ʜʠʘʧʘʟʦʥʝ 3-50 ʇʘ ʨʝʛʫʣʠʨʦʚʘʣʦʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʜʘʯʝʡ ʨʘʙʦʯʝʛʦ ʛʘʟʘ 

ʚ ʢʘʤʝʨʫ. ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʨʘʙʦʯʠʤ ʛʘʟʦʤ ʷʚʣʷʣʩʷ ʚʦʟʜʫʭ. 

ʉʪʘʙʠʣʴʥʦʝ ʟʘʞʠʛʘʥʠʝ ʜʫʛʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ 

ʨʝʞʠʤʝ ñtriggerlessò [6] 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʨʘʟʨʷʜʦʤ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʝʨʘʤʠʢʠ ʤʝʞʜʫ ʢʘʪʦʜʦʤ 1 

ʠ ʧʦʜʞʠʛʘʶʱʠʤ ʵʣʝʢʪʨʦʜʦʤ 5, ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʘʥʦʜʦʤ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ. ʀʤʧʫʣʴʩʥʳʡ ʙʣʦʢ 

ʧʠʪʘʥʠʷ ʨʘʟʨʷʜʘ 6 ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ ʨʘʟʨʷʜʘ Id = 20 ï 120 ɸ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʪʝʣʴʥʦʩʪʝʡ 

ʠʤʧʫʣʴʩʘ ʜʦ 1 ʤʩ. ʏʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʩʪʘʚʣʷʣʘ 1 ʠʤʧ/ʩʝʢ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʣʘ 150 ʤʢʩ. ʀʟʤʝʨʝʥʠʷ ʪʦʢʘ ʨʘʟʨʷʜʘ Id ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ (ʧʦʷʩ ʈʦʛʦʚʩʢʦʛʦ) ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 50 ɸ/ɺ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʧʦʜʘʚʘʣʩʷ ʥʘ 

ʦʩʮʠʣʣʦʛʨʘʬ Tektronix TDS 2004B. ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʨʝʟʠʩʪʠʚʥʦʛʦ ʜʝʣʠʪʝʣʷ HVP-15HF ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʣʝʥʠʷ 1:1000, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʪʘʢ ʞʝ 

ʧʦʜʘʚʘʣʩʷ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʙʳ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 

ʟʘʞʠʛʘʥʠʷ ʨʘʟʨʷʜʘ, ʠ ʩʦʩʪʘʚʣʷʣʘ 1,5 ʤʤ.  

ʈʠʩ. 1 ʈʘʟʨʷʜʥʘʷ ʩʠʩʪʝʤʘ ʠ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: 1 ï 

ʢʘʪʦʜ; 2 ï ʢʝʨʘʤʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ;3 ï ʘʥʦʜ; 4 ï ʤʝʣʢʦʩʪʨʫʢʪʫʨʥʘʷ 

ʩʝʪʢʘ; 5 ï ʧʦʜʞʠʛʘʶʱʠʡ ʵʣʝʢʪʨʦʜ; 8 ï ʙʣʦʢ ʧʠʪʘʥʠʷ ʨʘʟʨʷʜʘ. 

ʈʠʩ. 2  ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʟʨʷʜʥʦʤ 

ʧʨʦʤʝʞʫʪʢʝ (1) ʠ ʪʦʢʘ ʨʘʟʨʷʜʘ (2) ʧʨʠ p = 3 ʇʘ,  

U0 = 600 ɺ. 

ʈʠʩ. 3 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ Űʟ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ U0 ʥʘ ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ (ʰʢʘʣʘ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ). 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʠ ʪʦʢʘ ʨʘʟʨʷʜʘ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ. ʇʦʜ ʚʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ Űʟ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʟʨʷʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʠ ʤʦʤʝʥʪʦʤ ʟʘʞʠʛʘʥʠʷ ʜʫʛʦʚʦʛʦ 

ʨʘʟʨʷʜʘ, ʪ.ʝ. ʧʘʜʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʪʦʢʘ ʨʘʟʨʷʜʘ. ʅʘ ʨʠʩʫʥʢʝ 3 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʨʘʟʨʷʜʘ Űʟ ʦʪ ʥʘʧʨʷʞʝʥʠʷ U0, ʧʦʜʘʥʥʦʛʦ 

ʥʘ ʨʘʟʨʷʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ U0 ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ Űʟ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʥʘʙʣʶʜʘʝʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʂʦʚʘʣʴ ʅ.ʅ., ʑʘʥʠʥ ʇ.ʄ., ɼʝʚʷʪʢʦʚ ɺ.ʅ. ʠ ʜʨ. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ // ʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ɻʢʩʧʝʨʠʤʝʥʪʘ. ï 2005. ï ̄1. ï ʉ.135-140. 

2. Burdovitsin V.A., Oks E.M.// Laser and particle beams. ï 2008. ï Iss. 04. ï P. 619-635. 

3. ɹʫʨʜʦʚʠʮʠʥ ɺ.ɸ., ʂʣʠʤʦʚ ɸ.ʉ., ʆʢʩ ɽ.ʄ. ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʣʘʟʤʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʬʦʨʚʘʢʫʫʤʥʦʡ ʦʙʣʘʩʪʠ ʜʘʚʣʝʥʠʡ // ʇʠʩʴʤʘ ʚ 

ɾʫʨʥʘʣ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ï 2009. ï ɺʳʧ. 11. ï ʉ. 61-66. 

4. ʖʰʢʦʚ ʖ.ɻ., ɹʫʨʜʦʚʠʮʠʥ ɺ.ɸ., ʄʝʜʦʚʥʠʢ ɸ.ɺ., ʆʢʩ ɽ.ʄ. ʌʦʨʚʘʢʫʫʤʥʳʡ ʧʣʘʟʤʝʥʥʳʡ ʠʩʪʦʯʥʠʢ 

ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ // ʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 2011. 2̄. ʉ. 85ï88. 

5. ʆʢʩ ɽ.ʄ. ʀʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʣʘʟʤʝʥʥʳʤ ʢʘʪʦʜʦʤ: ʬʠʟʠʢʘ, ʪʝʭʥʠʢʘ, ʧʨʠʤʝʥʝʥʠʷ. ïʊʦʤʩʢ: 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʅʊʃ, ï2005. ï 216 ʩ. 

6. Anders ɸ., Brown I.G., MacGill R.A. and Dickinson M.R. Triggerless' triggering of vacuum arcs // 

Journal of Physics D: Applied Physics. ï 1998. ï ̄5. ï P. 584-587. 

  



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          89 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʌʆʈʄʆɺɸʅʀɽ ɹʀʆɼɽɻʈɸɼʀʈʋɽʄʓʍ ʅɽʊʂɸʅʓʍ ʄɸʊʈʀʂʉʆɺ ʄɽʊʆɼʆʄ 

ʕʃɽʂʊʈʆʉʇʀʅʅʀʅɻɸ 

ɸ.ʈ. ʂʘʣʠʤʫʣʣʠʥ, ʊ.ʃ. ɺʦʣʦʢʠʪʠʥʘ, ɽ.ʅ. ɹʦʣʴʙʘʩʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʉ.ʀ. ʊʚʝʨʜʦʭʣʝʙʦʚ 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: vekkby@bk.ru  

 

THE FORMATION OF T HE BIODEGRADABLES NONWOVEN MATRIXES WITH 

ELECTROSPINNING TECHNOLOGY 

A.R. Kalimullin, T.L. Volokitina, E.N. Bolbasov 

Scientific Supervisor: associate professor, PhD in physics and math S.I. Tverdokhlebov 

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050 

E-mail: vekkby@bk.ru  

 

For the rehabilitation and restoration of the vital functions of patients in such cases as oncology, 

cardiology, disorders of the musculoskeletal system and dentistry it is necessary to deliberately manage the 

structural and functional state of cells involved in the recovery process. The bioactive matrix with an 

advanced surface and porosity is the most appropriate material for such clinic task. The electrospinning 

method allows producing thin fibers from polymer solutions. The morphology of the formed matrixes is 

highly dependent on the molecular weight of the polymer, solution viscosity, solvents, applied voltage and the 

distance between the needle and the collector. 

 

ʉ ʮʝʣʴʶ ʩʢʦʨʝʡʰʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʙʦʣʴʥʳʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʥʘʨʫʰʝʥʠʷʭ ʬʫʥʢʮʠʡ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʢʣʝʪʦʢ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʊʨʝʭʤʝʨʥʳʝ ʥʝʪʢʘʥʳʝ ʤʘʪʨʠʢʩʳ ʟʘ ʩʯʝʪ 

ʩʚʦʝʡ ʘʨʭʠʪʝʢʪʦʥʠʢʠ ʩʧʦʩʦʙʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʢ ʠ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʠʚʳʭ ʪʢʘʥʝʡ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ, ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʘʪʨʠʢʩʳ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʧʘʜʘʷ ʚ ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ, ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘʮʝʣʦ ʠ 

ʚʳʚʦʜʷʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ ʩ ʧʨʦʜʫʢʪʘʤʠ ʤʝʪʘʙʦʣʠʟʤʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʪʢʘʥʳʭ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʨʠʢʩʦʚ ʜʣʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʬʦʨʤʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʥʝʪʢʘʥʳʭ ʤʘʪʨʠʢʩʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪ 

ʤʝʪʦʜ ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ. ʕʣʝʢʪʨʦʩʧʠʥʥʠʥʛ ï ɻ ʪʦ ʫʥʠʢʘʣʴʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʨʘʩʧʣʘʚʦʚ ʪʦʥʢʠʝ ʚʦʣʦʢʥʘ 

ʜʠʘʤʝʪʨʦʤ ʦʪ ʥʘʥʦ- ʜʦ ʤʠʢʨʦʤʝʪʨʦʚ ʩ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠʨʫʝʤʳʭ ʚʦʣʦʢʦʥ ʚʣʠʷʶʪ: ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʘ 

(ʚʷʟʢʦʩʪʴ, ʧʨʦʚʦʜʠʤʦʩʪʴ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ), ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥ 

(ʧʨʠʣʦʞʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʢʦʥʝʯʥʠʢʘ ʜʦ ʢʦʣʣʝʢʪʦʨʘ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ) ʠ 
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ʧʘʨʘʤʝʪʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ) [1]. 

ʄʘʥʠʧʫʣʠʨʫʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʥʘʥʦʚʦʣʦʢʥʘ ʩ ʞʝʣʘʝʤʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʜʠʘʤʝʪʨʦʤ 

[2].  

ʄʦʨʬʦʣʦʛʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʨʠʢʩʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʠʥʪʝʨʝʩ. ʕʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʠ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ  ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʤʘʪʨʠʢʩʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ PL 18 (ʥʠʟʢʘʷ) ʠ PL 65 (ʚʳʩʦʢʘʷ) 

ʬʠʨʤʳ PURAC (ʅʠʜʝʨʣʘʥʜʳ), ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʩʣʫʞʠʣʘ ʩʤʝʩʴ 

ʪʨʠʭʣʦʨʤʝʪʘʥʘ (ʊʍʄ) ʩ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ (ɼʄʌɸ). 

ʇʦʣʠʤʝʨ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʚʟʚʝʰʠʚʘʣʠʩʴ ʩ 

ʪʦʯʥʦʩʪʴ ʜʦ 0,0001 ʛ. ɼʣʷ ʪʱʘʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʣʠʤʝʨʘ 

ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʩʷ ʥʘ 

ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ (70Ñ5) Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ. 

ʌʦʨʤʦʚʘʥʠʝ ʤʘʪʨʠʢʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʠʛʣʝ 5, 10, 15 ʢɺ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʛʣʦʡ ʠ ʢʦʣʣʝʢʪʦʨʦʤ 

ʧʦʨʷʜʢʘ 12 ʩʤ. ʂʦʣʣʝʢʪʦʨʦʤ ʩʣʫʞʠʣʘ ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ. ʄʦʨʬʦʣʦʛʠʷ ʤʘʪʨʠʢʩʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ MOTIC ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 40 ʠ 100. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʢʩʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʥʠʟʢʦʡ (PL 18) ʠ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (PL 65) ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ 

ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʠʛʣʝ 10 ʢɺ. ʄʘʪʨʠʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʝʧʣʝʪʝʥʠʝ ʚʦʣʦʢʦʥ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ 

ʜʠʘʤʝʪʨʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʝʩʘ ʧʦʣʠʤʝʨʘ ʢʦʣʠʯʝʩʪʚʦ ʙʫʩʠʥ ʚ 

ʚʦʣʦʢʥʘʭ ʫʤʝʥʴʰʘʝʪʩʷ, ʢʘʧʣʠ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʚʘʥʠʷ 

ʤʘʪʨʠʢʩʦʚ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩʪʨʫʢʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʣʦʢʥʠʩʪʦʡ. 

  
ʘ)       ʙ) 

ʈʠʩ. 2. ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʢʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 10 ʢɺ, (ʫʚʝʣʠʯʝʥʠʝ Ĭ40) 

ʘ) PL 18, ʙ) PL 65  

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ 

ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          91 
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ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ  ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʧʦʣʠʤʝʨ ʩ ʙʦʣʴʰʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ï 

PL 65.  

ʅʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʳ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʢʩʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ PL 65 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ï 5 (ʨʠʩ. 3ʘ), 10 (ʨʠʩ. 3ʙ) ʠ 15 ʢɺ 

(ʨʠʩ. 3ʚ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʣʦʢʦʥ, ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʣʝʛʯʝ, ʜʣʷ ʚʳʪʷʛʠʚʘʥʠʷ ʚʦʣʦʢʥʘ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ. 

ʉʪʨʦʛʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʙʫʩʠʥ ʚ ʚʦʣʦʢʥʘʭ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ 

ʧʨʦʮʝʩʩ ʬʦʨʤʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʛʣʦʡ ʠ 

ʢʦʣʣʝʢʪʦʨʦʤ ʪʨʝʙʫʝʪʩʷ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʧʣʠ [3]. 

ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʝʣʴ ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʚʦʣʦʢʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʠʛʣʦʡ ʠ 

ʢʦʣʣʝʢʪʦʨʦʤ 12 ʩʤ ʠ ʥʘʧʨʷʞʝʥʠʠ 10 ʢɺ (ʩʤ. ʨʠʩ. 3). 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʨʤʦʚʘʥʠʶ ʤʘʪʨʠʢʩʦʚ ʠʟ ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʤʝʨʳ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥ ʧʨʠ ʙʦʣʴʰʝʤ ʥʘʧʨʷʞʝʥʠʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʦʜʙʦʨʝ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʛʝʦʤʝʪʨʠʶ 

ʧʨʦʮʝʩʩʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʛʣʳ ʜʦ ʩʦʙʠʨʘʶʱʝʛʦ ʢʦʣʣʝʢʪʦʨʘ. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʚʥʦʤʝʨʥʳʝ ʚʦʣʦʢʥʘ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʙʝʟ 

ʙʫʩʠʥ ʠ ʢʘʧʝʣʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 
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ʘ) Ĭ40    ʙ) Ĭ100    ʚ) Ĭ100 

ʈʠʩ. 3. ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʢʩʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠʟ ʨʘʩʪʚʦʨʘ PL 65 ʧʨʠ: 

ʘ) 5 ʢɺ, ʙ) 10 ʢɺ, ʚ) 15 ʢɺ 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          92 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʇʆʃʗʈʀɿɸʎʀʆʅʅʆɽ ʀɿʃʋʏɽʅʀɽ ʆʊ ʄʀʐɽʅɽʁ ʂʆʅɽʏʅʓʍ ʈɸɿʄɽʈʆɺ 

ɼ..ɹ. ʂʘʣʠʪʚʠʥʮʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʉ. ʂʦʥʴʢʦʚ 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  ʈʦʩʩʠʷ,  ʛ. ʊʦʤʩʢ,  ʧʨ. ʃʝʥʠʥʘ, 30, 634050 

E-mail: Solieri@Sibmail.com  

 

POLARIZING RADIATION  FROM TARGETS WITH A FINITE SIZES  

D.B. Kalitvintsev  

Scientific Supervisor: A.S. Konkov  

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050 

E-mail: Solieri@Sibmail.com 

 

In the present report models of generation of the diffractional and Cherenkov radiation under a overflight 

of a charged particle around a rectangular shield and a triangular prism with arbitrary conductivity are 

submitted. In a process of researching different types of relations of geometric and macroscopic features of 

target and of  the polarizing radiation were identified ï such as dependents of intensity of radiation from 

depth of the shield, from value of dielectric permeability, from the value of  impact-parameter (the shortest 

distance of  edge of a target to trajectory of a particle), etc.  The method of polarizing current was used to 

make a mathematical model of the prosecc of generation of the polarizing radiation.  

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʦʨʠʷ ʠʟʣʫʯʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʝ ʪʦʣʴʢʦ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʥʦ ʠ ʠʤʝʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ʚ ʬʠʟʠʢʝ ʫʩʢʦʨʠʪʝʣʝʡ, ʬʠʟʠʢʝ ʣʘʟʝʨʦʚ, ʬʠʟʠʢʝ ʧʣʘʟʤʳ, ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʪ.ʜ. 

ʅʘʧʨʠʤʝʨ, ʩ ʥʘʯʘʣʘ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʧʝʨʝʭʦʜʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʢʘʢ ʚʦʟʤʦʞʥʳʤ ʤʝʪʦʜʘʤ ʩʣʘʙʦʚʦʟʤʫʱʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʥʠʟʢʦʵʤʠʪʪʘʥʩʥʳʭ ʧʫʯʢʦʚ ʫʩʢʦʨʠʪʝʣʝʡ. ɼʘʥʥʳʡ ʠʥʪʝʨʝʩ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤ, ʯʪʦ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʯʘʩʪʠʮʳ ʥʘ ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʘʥʥʳʝ ʚʠʜʳ ʠʟʣʫʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ 

ʘʪʦʤʦʚ ʩʨʝʜʳ ʧʦʣʝʤ ʯʘʩʪʠʮʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʳʯʥʦ ʛʦʚʦʨʷʪ ʦʙ ʠʟʣʫʯʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ 

ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ (ʨʘʚʥʦ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʟʣʫʯʝʥʠʷ ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ), ʘ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʘʢ ʩʘʤʫ ʯʘʩʪʠʮʫ, ʪʘʢ ʠ ʚʦʟʙʫʞʜʝʥʥʳʝ ʝʝ ʧʦʣʝʤ ʘʪʦʤʳ ʩʨʝʜʳ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʦʙʝ ʢʦʤʧʦʥʝʥʪʳ.  

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʇʀ) ʥʘʟʳʚʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʜʚʠʞʫʱʠʭʩʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʩʨʝʜʦʡ.  

ʃʶʙʘʷ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʩʦʟʜʘʸʪ ʚʦʢʨʫʛ ʩʝʙʷ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʇʨʠ 

ʝʸ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʜʚʠʞʝʥʠʠ ʧʦʣʝ ʙʫʜʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʃʦʨʝʥʮʘ (ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʥʳ). 

ʇʨʦʣʝʪʘʷ ʚʙʣʠʟʠ ʣʶʙʦʡ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʘʩʪʠʮʘ ʩʚʦʠʤ ʧʦʣʝʤ ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʵʣʝʢʪʨʦʥʘʤʠ ʚʥʝʰʥʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ 

ʦʨʙʠʪʳ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʷʨʠʟʘʮʠʠ ʘʪʦʤʦʚ. ʀ, ʩʪʨʝʤʷʩʴ ʚʝʨʥʫʪʴʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʘʪʦʤʳ ʙʫʜʫʪ ʠʩʧʫʩʢʘʪʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ.  
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: ʠʟʣʫʯʝʥʠʝ ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ (ʀɺʏ), 

ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ (ɼʀ), ʠʟʣʫʯʝʥʠʝ ʉʤʠʪʘ-ʇʘʨʩʝʣʣʘ.  

ʀʟʣʫʯʝʥʠʝ ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1934 ʛʦʜʫ ʚ ʚʠʜʝ ʩʣʘʙʦʟʘʤʝʪʥʦʛʦ ʩʠʥʝ-ʬʠʦʣʝʪʦʚʦʛʦ 

ʩʚʝʯʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʛʘʤʤʘ-ʣʫʯʘʤʠ ʦʪ ʧʨʝʧʘʨʘʪʘ ʨʘʜʠʷ [1, 2]. ɺʚʠʜʫ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʛʘʩʠʪʝʣʷʤ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʨʘʚʝʥʩʪʚʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʣʘ ʦʯʝʚʠʜʥʘ ʦʩʦʙʝʥʥʘʷ 

ʬʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʠʟʣʫʯʝʥʠʷ. ɺ 1937 ʛʦʜʫ ʀ.ɽ. ʊʘʤʤ ʠ ʀ.ʄ. ʌʨʘʥʢ ʜʘʣʠ ʦʙʲʷʩʥʝʥʠʝ ʵʬʬʝʢʪʫ 

ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ, ʦʩʥʦʚʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [1]: çʵʣʝʢʪʨʦʥ, 

ʜʚʠʞʫʱʠʡʩʷ ʚ ʩʨʝʜʝ, ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʜʘʞʝ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ, ʝʩʣʠ ʪʦʣʴʢʦ ʝʛʦ ʩʢʦʨʦʩʪʴ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʵʪʦʡ ʩʨʝʜʝè.  

ʇʨʠʨʦʜʫ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʪʦʣʢʦʚʘʪʴ ʪʘʢ [3]: ʧʦʣʝ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʝʡʩʷ 

ʨʘʚʥʦʤʝʨʥʦ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʣʦʩʢʠʭ ʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ. ʇʨʠ ʵʪʦʤ ʚʩʝ 

ʚʦʣʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʪʫʭʘʶʪ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʚʝʩʪʥʦʤʫ ʬʘʢʪʫ ʦʪʩʫʪʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ. ʅʘʣʠʯʠʝ ʣʶʙʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʙʣʠʟʠ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʩʝʷʥʠʶ ʧʘʨʮʠʘʣʴʥʳʭ ʚʦʣʥ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʥʦʝ 

ʧʦʣʝ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɸ ʧʦʩʣʝʜʥʝʝ 

ʧʦʣʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʪʘʢʞʝ ʠ ʥʝʟʘʪʫʭʘʶʱʠʝ ʛʘʨʤʦʥʠʢʠ, ʢʦʪʦʨʳʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʠ ʠʥʦʝ ʦʙʲʷʩʥʝʥʠʝ [4]: ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʜʘ ʚʙʣʠʟʠ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʝʛʦ 

ʪʝʣʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʜʫʮʠʨʫʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ ʪʦʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ.  

ʇʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʚ ʤʦʤʝʥʪ ʧʝʨʝʩʝʯʝʥʠʷ ʯʘʩʪʠʮʝʡ ʦʧʪʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʘʷʩʷ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ 

ʷʚʣʷʝʪʩʷ ʧʦʨʦʛʦʚʳʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʣʫʯʝʥʠʷ ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ, ʪʘʢ ʢʘʢ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ 

ʤʦʞʝʪ ʙʳʪʴ ʠ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʪʦʡ ʞʝ ʩʨʝʜʝ.  

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʪʦʢʦʚ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʠʪ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʪʦʢ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʚ ʩʨʝʜʝ ʧʦʣʝʤ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ.  

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ ʛʝʥʝʨʘʮʠʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠ ʧʨʦʣʸʪʝ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚʙʣʠʟʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʵʢʨʘʥʘ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʧʨʠʟʤʳ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʝʥʝʨʘʮʠʠ ʊɻʮ ʠʟʣʫʯʝʥʠʷ 

ʢʦʨʦʪʢʠʤʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʛʫʩʪʢʘʤʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʯʘʩʪʠʮʝʡ ʧʨʠ ʧʨʦʣʸʪʝ ʚʙʣʠʟʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʵʢʨʘʥʘ, ʘ ʪʘʢʞʝ ʚʙʣʠʟʠ 

ʪʨʝʫʛʦʣʴʥʦʡ ʧʨʠʟʤʳ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʛʣʦʤ ʨʘʩʪʚʦʨʘ, ʦʪ ʪʦʣʱʠʥʳ ʵʢʨʘʥʘ, ʦʪ ʚʝʣʠʯʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʪ ʚʝʣʠʯʠʥʳ ʠʤʧʘʢʪ-ʧʘʨʘʤʝʪʨʘ (ʢʨʘʪʯʘʡʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʨʝʙʨʘ ʤʠʰʝʥʠ ʜʦ 

ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ). ɺ ʩʣʫʯʘʝ ʥʫʣʝʚʦʡ ʰʠʨʠʥʳ ʱʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʣʘʩʪʠʥʢʠ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʫʛʣʝ ʧʘʜʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʫʛʣʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ çʥʘʟʘʜè ʦʧʠʩʳʚʘʶʪ ʧʦʤʠʤʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʪʘʢʞʝ 

ʯʝʨʝʥʢʦʚʩʢʠʡ ʤʝʭʘʥʠʟʤ ʠʟʣʫʯʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ, ʯʝʨʝʥʢʦʚʩʢʦʛʦ, ʧʝʨʝʭʦʜʥʦʛʦ ʠ ʜʨ.) ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʰʝʥʠ ʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʠʮ, ʚʳʟʳʚʘʶʱʠʭ ʜʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ.  

ʉʭʝʤʳ ʛʝʥʝʨʘʮʠʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  
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This paper presents a group of materials used in biomedical practice. The comparative analysis of 

different types of materials, determined the group of optimal material for bone endoprosthetics. 

 

ɺ  ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʜʠʮʠʥʩʢʘʷ ʧʨʘʢʪʠʢʘ ʚʢʣʶʯʘʝʪ ʦʛʨʦʤʥʳʡ ʢʨʫʛ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ, 

ʟʘʤʝʥʫ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʡ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʧʦʨʘʞʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʪʨʘʚʤ, ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʠ 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʛʝʥʨʘʮʠʠ ɼʀ ʦʪ ʵʢʨʘʥʘ ʈʠʩ. 2 ï ʉʭʝʤʘ ʛʝʥʝʨʘʮʠʠ ɼʀ ʦʪ ʧʨʠʟʤʳ 
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ʬʦʨʤ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʢʦʩʪʥʳʭ ʠ ʩʫʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʦʛʣʘʩʥʦ 

ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʪʦʣʴʢʦ ʚ ʉʐɸ ʝʞʝʛʦʜʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʦʢʦʣʦ 900 ʪʳʩʷʯ ʛʦʩʧʠʪʘʣʠʟʘʮʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʣʦʤʦʚ ʢʦʩʪʝʡ, ʠʟ ʥʠʭ ʦʢʦʣʦ 500 ʪʳʩʷʯ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʩʪʥʦʤ 

ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʠ.  

ʉʨʝʜʠ ʠʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʦʩʪʥʦʛʦ ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʤʝʪʘʣʣʳ ʠ 

ʩʧʣʘʚʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢ ʞʝ ʩʠʣʠʢʘʪʥʳʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʙʠʦʢʝʨʘʤʠʢʘ. ɹʠʦʠʥʝʨʪʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʢʝʨʘʤʠʢʠ ʜʝʣʘʝʪ ʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʤʧʣʘʥʪʘʪʦʚ. 

ʆʜʥʘʢʦ ʙʝʩʧʦʨʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʝʨʘʤʠʢʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʩʪʴ ʥʝ ʤʦʞʝʪ ʚʨʘʩʪʠ ʚ ʠʤʧʣʘʥʪʘʪ, ʠ 

ʤʝʩʪʦ ʢʦʥʪʘʢʪʘ ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʣʦʢʥʠʩʪʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʴʶ, ʢʦʪʦʨʘʷ ʤʝʭʘʥʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʥʦʨʦʜʥʦʝ ʪʝʣʦ. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʘʤʠʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʝʝ ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʚʳʯʥʦʡ ʥʘʛʨʫʟʢʠ ʢʣʝʪʢʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʟʘʧʫʩʢʘʶʪ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʩʪʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʦʩʪʝʦʧʦʨʦʟʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʚʝʣʠʯʠʚʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʣʦʤʘ ʢʦʩʪʠ ʚ 

ʧʨʠʢʦʥʪʘʢʪʥʦʡ ʦʙʣʘʩʪʠ [2]. ʀʟ 100 ʪʳʩ. ʦʧʝʨʘʮʠʡ ʧʦ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʧʨʦʚʦʜʠʤʳʭ 

ʝʞʝʛʦʜʥʦ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, 18% ʩʦʩʪʘʚʣʷʶʪ ʧʦʚʪʦʨʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ ʟʘʤʝʥʝ ʠʤʧʣʘʥʪʘʪʘ [3]. 

ʉʝʛʦʜʥʷ ʧʨʘʢʪʠʢʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʢʦʩʪʥʦʛʦ ɻ ʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ  ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʠʤʧʣʘʥʪʘʪʦʚ. ɺ ʩʚʦʝ ʚʨʝʤʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʙʳʣʦ ʦʪʜʘʥʦ ʯʠʩʪʦʤʫ ʪʠʪʘʥʫ ʠ ʩʧʣʘʚʘʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʪʘʢ ʢʘʢ 

ʵʪʦʪ ʤʝʪʘʣʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ʆʩʥʦʚʥʳʝ ʢʘʯʝʩʪʚʘ 

ʪʠʪʘʥʘ: ʣʝʛʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʢʦʨʨʦʟʠʡʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʦʟʚʦʣʠʣʠ ʝʤʫ ʟʘʥʷʪʴ ʦʜʥʦ ʠʟ ʣʠʜʠʨʫʶʱʠʭ 

ʤʝʩʪ ʚ ʧʨʘʢʪʠʢʝ ʢʦʩʪʥʦʛʦ ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʤ̫ ʛʢʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʜʝʣʘʶʪ ʵʪʠ ʤʘʪʝʨʠʘʣʳ 

ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʚ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʷʭ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘ ʪʠʪʘʥʦʚʳʭ ʠʟʜʝʣʠʷʭ 

ʦʙʥʘʨʫʞʝʥʘ ʤʝʩʪʥʘʷ ʢʦʨʨʦʟʠʷ ʧʷʪʥʘʤʠ, ʢʦʨʨʦʟʠʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʠ ʢʦʨʨʦʟʠʦʥʥʦʝ 

ʨʘʩʪʝʢʘʥʠʝ [4]. ʉʦʟʜʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʦʚʳʭ ʠʟʜʝʣʠʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʚʘʪʴ 

ʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢ ʞʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʥʦʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʜʨʫʛʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʊʘʢ ʞʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʩʪʥʦʤ 

ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʠ ʧʦʣʫʯʠʣ ʮʠʨʢʦʥʠʡ. ʆʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʁʩ 

ʣʶʙʳʤʠ ʢʦʩʪʥʳʤʠ ʪʢʘʥʷʤʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʦʨʛʘʥʠʟʤʘ, ʢʦʨʨʦʟʠʡʥʦʡ 

ʩʪʦʡʢʦʩʪʴ,ʁ ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  ʮʠʨʢʦʥʠʡ, ʦʙʣʘʜʘʝʪ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʩʦʜʝʨʞʘʪ ʨʘʜʠʦʥʫʢʣʠʜʳ.  

ʇʣʶʩʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʚʳʩʦʢʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ, ʥʦ ʥʘʨʷʜʫ ʩ ʵʪʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʩʫʱʝʩʪʚʫʶʪ 

ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʢʘʢ ʞʝʩʪʢʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʥʜʦʧʨʦʪʝʟʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʨʦʟʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʠʤʧʣʘʥʪʘʪʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ñʥʘʜʝʞʥʦʩʪʴò ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣ ï ʢʦʩʪʴ. ʆʧʳʪ, ʥʘʢʦʧʣʝʥʥʳʡ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʜʣʷ ʢʦʩʪʥʦʡ 

ʠʤʧʣʘʥʪʘʮʠʠ, ʧʦʢʘʟʘʣ ʠʭ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʠ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʱʠʝ ʦʩʣʦʞʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʝʤ  ʠʟʜʝʣʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʤʧʣʘʥʪʘʪʦʚ ʚ ʢʦʩʪʥʦʡ ʩʠʩʪʝʤʝ.  

ʋʞʝ ʥʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʢʦʩʪʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ 
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ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʤʧʣʘʥʪʘʪʦʚ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʣʠ ʧʦʣʠʤʝʨʳ ʠ ʢʦʤʧʦʟʠʪʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʀʤʧʣʘʥʪʘʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʘʢ ʢʨʝʧʝʞʥʳʝ ʜʝʪʘʣʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʢʦʩʪʥʳʝ ʧʝʨʝʣʦʤʳ, ʧʨʠ ʟʘʤʝʱʝʥʠʷʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʨʫʰʝʥʥʳʭ ʠʣʠ 

ʫʜʘʣʝʥʥʳʭ ʯʘʩʪʝʡ ʢʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʫʩʪʘʚʦʚ [5].  

ʇʦʣʠʤʝʨʥʳʝ ʠʤʧʣʘʥʪʘʪʳ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʇʦ ʩʚʦʠʤ ʙʠʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʧʦ ʩʚʦʡʩʪʚʘʤ ʢ ʢʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɹʣʘʛʦʜʘʨʷ ʧʦʨʠʩʪʦʩʪʠ  ʧʦʣʠʤʝʨʦʚ 

ʩʪʳʢ ʠʤʧʣʘʥʪʘʪ ï ʢʦʩʪʴ ʠʤʝʝʪ ʦʯʝʥʴ ʧʨʦʯʥʫʶ ʩʚʷʟʴ, ʠ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʨʠʩʢ ʨʘʟʨʫʰʝʥʠʷ ʵʪʦʡ 

ʩʚʷʟʠ ʠ ʩʘʤʦʛʦ ʠʤʧʣʘʥʪʘʪʘ ʥʝ ʚʝʣʠʢ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʟʜʝʣʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʥʦ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʉʦʛʣʘʩʥʦ [7] ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʦʣʠʘʤʠʜʘ 12 ʢʦʥʩʪʨʫʢʮʠʠ-ʬʠʢʩʘʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩ ʭʦʨʦʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

(ʦʢʦʣʦ 90 % ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ) ʧʨʠ ʣʝʯʝʥʠʠ ʢʦʩʳʭ, ʚʠʥʪʦʦʙʨʘʟʥʳʭ, ʦʪʨʳʚʥʳʭ, ʦʢʦʣʦʩʫʩʪʘʚʥʳʭ ʠ 

ʜʨʫʛʠʭ ʩʣʦʞʥʳʭ ʧʝʨʝʣʦʤʦʚ ʢʦʩʪʝʡ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʫʜʘʣʝʥʠʠ ʬʠʢʩʘʪʦʨʦʚ 

ʧʦʩʣʝ ʩʨʘʱʠʚʘʥʠʷ ʢʦʩʪʥʳʭ ʧʝʨʝʣʦʤʦʚ ʥʝ ʙʳʣʦ. ʀʭ ʜʣʠʪʝʣʴʥʦʝ (10-17 ʣʝʪ) ʥʘʭʦʞʜʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʥʘʨʫʰʝʥʠʝʤ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʬʠʢʩʘʪʦʨʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, 

ʧʦʙʦʯʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʢʦʩʪʠ ʠ ʪʢʘʥʝʡ ʚ ʦʙʣʘʩʪʠ ʠʤʧʣʘʥʪʘʪʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʩʪʥʦʛʦ 

ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ, ʥʦ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝ ʚʩʝ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʩʪʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ 

ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʙʠʦʤʘʪʝʨʠʘʣʘʤʠ  ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ 

ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʳ, ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʥʝ ʧʨʠʩʫʱʠʤ ʜʨʫʛʠʤ ʤʘʪʝʨʠʘʣʘʤ. 
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On the basis of ordering of diagrams of a condition of Ti - Al - Me (Me=V, Cr, Mn, Fe, Co, Ni, Cu) is 

established that there is a reduction of the sizes of areas of homogeneity of firm solution on the basis of b -Ti 

among the alloying elements V­Cr­Mn­Fe­Co­Ni­Cu to growth of number of intermetallic 

connections in an isothermal triangle. It is revealed that practically all çthe internalè connections possess a 

cubic or geksagonalny singoniya. 

 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩʨʝʜʠ ʩʫʧʝʨʩʧʣʘʚʦʚ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ 

[1]. ʕʪʦʪ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʫʧʝʨʩʧʣʘʚʦʚ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʪʨʦʡʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ. ʇʦʵʪʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʝ ʟʥʘʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦ 

ʚʣʠʷʥʠʠ ʪʨʝʪʴʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ Al-Ti-ʄʝ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʨʦʝʥʠʠ ʪʨʦʡʥʳʭ 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Al-Ti-ʄʝ. 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʘʣʶʤʠʥʠʷ ʥʘ ʪʨʦʡʥʳʝ ʩʠʩʪʝʤʳ ʩ ʪʠʪʘʥʦʤ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʩʥʦʚʥʦʡ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʙʘʟʠʨʫʶʪʩʷ ʧʦʯʪʠ ʚʩʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ, ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʪʠʧʘ Ti-Al-ʄʝ. ʇʨʠ ʵʪʦʤ ʄʝ - ɻ ʪʦ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ b-Ti. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʵʣʝʤʝʥʪʳ ʪʠʧʘ V, Cr, Mo ʠ Mn. ɺʦ-ʚʪʦʨʳʭ, ʘʣʶʤʠʥʠʡ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ b-Ti. ɺ-ʪʨʝʪʴʠʭ, ʣʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʤ 

ʩʧʣʘʚʦʚ ʩ ʪʠʪʘʥʦʤ ʧʦʚʳʰʘʝʪ ʪʦʯʢʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ a­b. ɺ-ʯʝʪʚʝʨʪʳʭ, ʘʣʶʤʠʥʠʡ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ 

b-Ti, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʪʠʪʘʥʘ. ɺ ʧʷʪʳʭ, 

ʘʣʶʤʠʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʟʦʤʦʨʬʥʳʭ ʠ ʵʚʪʝʢʪʦʠʜʦʦʙʨʘʟʫʶʱʠʭ b-ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʚ a-Ti 

[2]. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ Ti-Al- ʄʝ (ʄʝ =V, Cr, Mn, Fe, Co, Ni) 

ʧʨʠ 1000 ʉ̄ . ɸʥʘʣʠʟ ʵʪʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ b-Ti ʚ ʨʷʜʫ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

mailto:klopotovaa@tsuab.ru


X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          98 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

V­Cr­Mn­Fe­Co­Ni­Cu. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʥʫʪʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʩʦ ʩʪʦʨʦʥʘʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʊʘʢʞʝ 

ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ çʚʥʫʪʨʝʥʥʠʝè ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʢʫʙʠʯʝʩʢʦʡ ʠʣʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʝʡ. 

ʈʠʩ.  1. ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 900 ʜʦ 1000 ʉ̄ ʪʨʦʡʥʳʭ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʠʩʪʝʤ 

Ti-Al-Me ʧʦ ʜʘʥʥʳʤ [3-6]. ʐʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʠ ʮʠʬʨʘʤʠ ʥʘʜ ʥʠʤʠ ʧʦʢʘʟʘʥʳ ʠʟʦʣʠʥʠʠ ʠ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ 

ʛʨʫʧʧʦʚʳʭ ʯʠʩʝʣ 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          99 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʩʝʯʝʥʠʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʵʚʦʣʶʮʠʷ ʟʘʧʦʣʥʝʥʠʷ ʠʭ ʪʨʦʡʥʳʤʠ ʬʘʟʘʤʠ ʩ 

ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʠʭ ʛʨʫʧʧʦʚʳʭ ʯʠʩʝʣ 

(ʉɻʏ) [8]. ʅʘ ʪʨʦʡʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʨʦʩʪ 

ʧʣʦʪʥʦʩʪʠ ʠʟʦʣʠʥʠʡ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʯʠʩʣʘʤʠ 

ʉɻʏ ʦʪʨʘʞʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʣʠʯʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ  ʦʙʨʘʟʫʶʱʠʭ ʩʧʣʘʚ 

ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʩʝʯʝʥʠʡ ʚ 

ʨʷʜʫ ʩʠʩʪʝʤ Ti-Al-Me ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ 

(ʨʘʟʤʝʨʥʳʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʤʝʞʘʪʦʤʥʳʝ ʩʚʷʟʠ ʠ ʪ.ʧ.), ʢʦʪʦʨʳʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʝʣʠʯʠʥʫ  ʠ 

ʪʠʧ ʤʝʞʘʪʦʤʥʦʡ ʩʚʷʟʠ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  ʊʘʢ ʚ [7,8] ʜʣʷ ʘʥʘʣʠʟʘ ʜʚʫʭ- ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʨʦʡʥʳʭ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʡ Ti-Al-Me ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ: 
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ʪʨʝʪʴʝʛʦ ʵʣʝʤʝʥʪʘ. 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʚ 

ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ Ti-Al-ʄʝ (ʘ), ʨʘʟʤʝʨʦʚ ʘʪʦʤʦʚ  (ʙ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʚ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (I-X). ɺ 

ʦʙʣʘʩʪʴ I ʚʭʦʜʷʪ ʵʣʝʤʝʥʪʳ, ʫ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ  

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ Ti, ʘ ʚ ʦʙʣʘʩʪʴ II ʤʝʪʘʣʣʳ ʩ ʊʇʃ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ Ti 
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Several experimental groups have recently obtained the so called vortex electrons (electrons with orbital 

angular momentum (OAM) of lÒ100ǩ) with energies of ~ 300 keV. The gyromagnetic ratio of such electrons 

becomes proportional to the OAM value. Which leads to the corresponding of the electron magnetic moment. 

In this paper we investigate the transition radiation from the ñcharge+ magnetic momentò system using the 

theory of classical electrodynamics. The circular polarization of optical transition radiation amounts up to ~ 

70 %, which allows using this effect for the independent measurement of the electron orbital momentum 

value.  

 

ɺ ʥʝʜʘʚʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [1ï3] ʠʭ ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʧʫʯʢʠ ʪ.ʥ. çʟʘʢʨʫʯʝʥʥʳʭè ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʦʨʙʠʪʘʣʴʥʳʤ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ (ʆʋʄ) ʚʧʣʦʪʴ ʜʦ ~100 . ʇʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʆʋʄ, ʧʝʨʝʥʦʩʠʤʦʛʦ ʵʣʝʢʪʨʦʥʘʤʠ ʧʫʯʢʘ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʤʦʤʝʥʪʘ, 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʤʠʰʝʥʠ ʧʨʠ ʧʦʣʥʦʤ ʧʦʛʣʦʱʝʥʠʠ ʚ ʥʝʡ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʘʥʘʣʦʛʠʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʬʦʪʦʥʥʳʤ ʧʫʯʢʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʆʋʄ, ʦʩʪʘʥʦʚʢʘ ʵʣʝʢʪʨʦʥʦʚ ʤʠʰʝʥʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ, ʢʘʢ ʧʦ ʧʨʦʬʠʣʶ ʧʫʯʢʘ, ʪʘʢ ʠ ʧʦ ʪʦʣʱʠʥʝ ʤʠʰʝʥʠ, 

ʯʪʦ ʙʫʜʝʪ ʚʥʦʩʠʪʴ ʟʘʤʝʪʥʳʝ ʦʰʠʙʢʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʆʋʄ. 

ʀʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʆʋʄ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʭ ʠʟʣʫʯʝʥʠʷ.  

 

ʈʠʩ. 1. ɻʝʥʝʨʘʮʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʥʘ ʤʠʰʝʥʴ 
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ɼʣʷ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ | | Bm>>ɛ  (ʛʜʝ /B ee m cm =  ï ʤʘʛʥʝʪʦʥ ɹʦʨʘ) ʧʝʨʝʭʦʜʥʦʝ 

ʠʟʣʫʯʝʥʠʝ (ʇʀ) ʩʠʩʪʝʤʳ çʟʘʨʷʜ + ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪè ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [4].  

ɼʣʷ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʝʡ ʤʠʰʝʥʠ ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ɿʜʝʩʴ e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, m ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ɔ ï ʃʦʨʝʥʮ-ʬʘʢʪʦʨ, ɤ ï ʯʘʩʪʦʪʘ ʠʩʧʫʱʝʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, / { , , } {sin cos ,sin sin ,cos }x y zc n n nw q f q f q¡ ¡ ¡= = =n k  ï ʝʜʠʥʠʯʥʳʡ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, R ï 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ, {0, , } {0,sin ,cos }y zb b b y y= =ɓ  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ, 

1cos ( ) sin ,x yB n y gb y-= -     ( )2 2sin cos ,y xB n g y y= -     (1 )sin cos ,z xB n g y y= +  

( ) ( )2 2 2

1 exp / / (1 ) .y y z zC iR c cR n nw p b b= - -  

ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʩʪʝʧʝʥʴ ʮʠʨʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʧʘʨʘʤʝʪʨ ʉʪʦʢʩʘ 
3x) ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʠʤʧʫʣʴʩʫ ʬʦʪʦʥʘ k : 
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ɼʣʷ ʵʪʦʛʦ ʚ ʬʦʨʤʫʣʝ (1) ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ 1 2,  E E  ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʦʨʪʦʚ 
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ʇʦʩʣʝ ʪʨʠʚʠʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʥʘʤʝʥʘʪʝʣʴ ʚ (1) ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʚʝʣʠʯʠʥʘ (2), ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʇʀ, ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʜʚʫʭ 

ʩʣʘʛʘʝʤʳʭ, ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʢʚʘʜʨʘʪʫ ʟʘʨʷʜʘ, ʦʧʠʩʳʚʘʝʪ ʩʪʘʥʜʘʨʪʥʦʝ ʧʝʨʝʭʦʜʥʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʢʚʘʜʨʘʪʫ ʤʦʤʝʥʪʘ, ʦʧʠʩʳʚʘʝʪ ʠʟʣʫʯʝʥʠʝ 

ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. ɼʣʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʨʦʣʸʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʨʘʙʦʪʘʭ [6, 7], ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʧʨʠ 

0y=  ( ).zb b=  

ʉʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʠʪʝʣʴ ʚ ʬʦʨʤʫʣʝ (1):  
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʉʪʦʢʩʘ 
3x ʦʪ ʧʦʣʷʨʥʦʛʦ ʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʦʚ 

ʚʳʣʝʪʘ ʬʦʪʦʥʦʚ ʇʀ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ   300kE = ʢʵɺ ( 1.587)g=  ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʠʡ ʬʦʪʦʥʦʚ 
1 2w= ʵɺ ʠ 2 1w =ʵɺ. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʉʪʦʢʩʘ 
3x ʦʪ ʧʦʣʷʨʥʦʛʦ q¡ ʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ f ʫʛʣʦʚ ʚʳʣʝʪʘ ʬʦʪʦʥʦʚ ʇʀ ʩ 

1 2w= ʵɺ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 
2 1w =ʵɺ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʦʪ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʝʡ ʤʠʰʝʥʠ ʜʣʷ ʩʣʫʯʘʷ 

100 Bm m=  

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʤʠʥʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʟʘʨʷʜʘ (ʚʙʣʠʟʠ 42.26q ¯¡= ) 

ʮʠʨʢʫʣʷʨʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩ 100º  ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ ~ 70% ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚ ʠʟʣʫʯʝʥʠʷ (ʩʤ. ʨʠʩ. 2).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʷʷ ʩʪʝʧʝʥʴ ʮʠʨʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʆʋʄ, ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʠʤʫʤʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʇʀ, ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ 

ʚʝʣʠʯʠʥʫ ʆʋʄ, ʧʨʠʯʸʤ ʪʦʯʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʣʫʯʰʝ 1%.  
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In this paper, we registered basic characteristics of partial discharges (PD) apparent charge and repetition rate 

through oscillograms of PD current in brown coal and oil shale. The phenomenon of electrothermal treeing in 

solid fuels, methods of registration of PD have been described. The experimental method, PD registration circuit, 

PD current waveforms, and the values of the main characteristics are presented. 

 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ ʚ ʤʝʩʪʘʭ 

ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʯʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ (ʯ.ʨ.), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʦʙʦʡ ʚʢʣʶʯʝʥʠʡ, ʣʦʢʘʣʴʥʳʝ ʧʨʦʙʦʠ ʪʚʝʨʜʦʛʦ ʠʣʠ ʞʠʜʢʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ, ʤʝʩʪʥʳʝ ʨʘʟʨʷʜʳ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. ʋʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯ.ʨ. ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ) 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʠʟʦʣʷʮʠʠ [1]. 

ʏ.ʨ. ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʩʢʚʦʟʥʦʤʫ ʧʨʦʙʦʶ ʠʟʦʣʷʮʠʠ, ʦʜʥʘʢʦ ʧʨʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʤʝʩʪʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʢʘ (ʦʩʦʙʝʥʥʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ) ʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʫʩʪʦʦʙʨʘʟʥʳʭ ʠʣʠ ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʜʝʥʜʨʠʪʦʚ) ʚ 

ʜʠɻʣʝʢʪʨʠʢʝ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʨʠʠʥʛʦʤ. ʊʨʠʠʥʛ ʥʘʯʠʥʘʝʪʩʷ ʚ ʤʝʩʪʘʭ ʩ ʚʳʩʦʢʦʡ 

ʣʦʢʘʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ (ʚʳʩʪʫʧʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʧʨʦʚʦʜʷʱʠʝ ʚʢʣʶʯʝʥʠʷ, 

ʤʠʢʨʦʪʨʝʱʠʥʳ, ʧʦʣʦʩʪʠ ʠ ʪ.ʜ.). ʈʦʩʪ ʜʝʥʜʨʠʪʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʨʫʰʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʯ.ʨ., ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʘʥʘʣʘʭ ʠʣʠ ʤʠʢʨʦʧʦʣʦʩʪʷʭ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʠʣʠ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [2, 3]. 

ɺ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚʘʭ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʣʦʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ (ʙʫʨʳʝ ʫʛʣʠ, ʛʦʨʶʯʠʝ ʩʣʘʥʮʳ) ʪʨʠʠʥʛ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʘʥʦʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʥʝ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ [4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʦʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯ.ʨ. ʧʨʠ ʪʨʠʠʥʛʝ ʚ ʙʫʨʳʭ 

ʫʛʣʷʭ ʠ ʛʦʨʶʯʠʭ ʩʣʘʥʮʘʭ. 

ʂ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʦʪʥʦʩʷʪ ʢʘʞʫʱʠʡʩʷ ʟʘʨʷʜ qʯ.ʨ. ʝʜʠʥʠʯʥʦʛʦ ʯ.ʨ. ʠ 

ʯʘʩʪʦʪʫ ʩʣʝʜʦʚʘʥʠʷ nʯ.ʨ.[1]. ɺʝʣʠʯʠʥʳ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 
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ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʯ.ʨ. ʄʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʯ.ʨ. ʙʳʚʘʶʪ ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʦʧʪʠʯʝʩʢʠʡ, 

ʘʢʫʩʪʠʯʝʩʢʠʡ) ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʢʦʩʚʝʥʥʳʝ, ʨʝʛʠʩʪʨʘʮʠʷ ʯ.ʨ. ʩ ʧʦʤʦʱʴʶ ʘʥʪʝʥʥ, ʨʝʛʠʩʪʨʘʮʠʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʪ.ʜ.). ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʛʦʨʘʟʜʦ ʚʳʰʝ 

ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʭ. ʆʜʥʘ ʠʟ ʪʠʧʦʚʳʭ ʩʭʝʤ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯ.ʨ. ʠʟʤʝʨʷʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʪʦʢʘ, ʚʳʟʳʚʘʝʤʳʝ ʨʘʟʨʷʜʘʤʠ (ʨʠʩ. 1). 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯ. ʨ. ʧʨʠ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʤ 

ʪʨʠʠʥʛʝ: TV1 ï ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ; TV2 ï ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ; Rʟʘʱ ï ʟʘʱʠʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ; ʉ0 ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ; Rh ʫʥʪ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʰʫʥʪʘ; ʉʭï ʠʩʧʳʪʫʝʤʳʡ 

ʦʙʨʘʟʝʮ. 

 

ɺʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʩʦʟʜʘʝʪʩʷ ʧʦʚʳʰʘʶʱʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʀʆʄ-100, ʧʠʪʘʝʤʳʤ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. ʊʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʦʙʨʘʟʝʮ 

Cx, ʬʠʢʩʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʩʪʠʚʥʦʛʦ ʰʫʥʪʘ Rh  ʠ ʬʠʣʴʪʨʘ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ: Rʬ, Cʬ. ʉʠʛʥʘʣ ʪʦʢʘ 

ʯ.ʨ. ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʦʩʮʠʣʣʦʛʨʘʬʘ. ɼʣʷ ʟʘʱʠʪʳ ʦʩʮʠʣʣʦʛʨʘʬʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʮʝʧʴ R, VD. 

ʀʟʤʝʨʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯ.ʨ. ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʪʦʢʘ. ʆʩʮʠʣʣʦʛʨʘʤʤʳ 

ʩʥʠʤʘʣʠʩʴ ʩ ʜʚʫʭ ʪʦʯʝʢ (ʨʠʩ. 1): ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʰʫʥʪʘ (ʪʦʯʢʘ ɸ) ï ʪʦʢ ʯʝʨʝʟ ʦʙʨʘʟʝʮ, ʠ ʧʦʩʣʝ ʬʠʣʴʪʨʘ 

ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ (ʪʦʯʢʘ ɹ) ï ʪʦʢ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ. 

ʀʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʩʭʝʤʝ ʩ ʧʦʤʦʱʴʶ ʩʪʘʣʴʥʳʭ ʩʪʝʨʞʥʝʚʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ, ʚʩʪʘʚʣʷʝʤʳʭ ʥʘ ʛʣʫʙʠʥʫ 20 ʤʤ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʵʣʝʢʪʨʦʜʦʚ 

ʠʥʪʝʨʝʩʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʩʦʩʪʘʚʣʷʣʦ 50ʤʤ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʘʩʪʦʪʦʡ 50ɻʮ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʯʘʩʪʠʯʥʳʭ 

ʨʘʟʨʷʜʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʨʰʠʥʫ ʪʦʢʘ (ʨʠʩ. 2). ʈʘʟʙʨʦʩ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʯ.ʨ. ʟʥʘʯʠʪʝʣʴʥʳʡ, ʯʪʦ 

ʟʘʢʦʥʦʤʝʨʥʦ ʜʣʷ ʨʘʟʨʷʜʦʚ ʧʨʠ ʪʨʠʠʥʛʝ. ʇʨʠ ʥʘʧʨʷʞʝʥʠʠ 5ʢɺ ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ nʯ.ʨ.ʚ ʙʫʨʳʭ ʫʛʣʷʭ 

ʩʦʩʪʘʚʠʣʘ 540 ʠʤʧ/ʩ, ʚ ʛʦʨʶʯʠʭ ʩʣʘʥʮʘʭ 1160 ʠʤʧ/ʩ. ɼʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ ʢʘʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ qʯ.ʨ 

ʝʜʠʥʠʯʥʦʛʦ ʯ.ʨ. ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʪʦʢ ʨʘʟʨʷʜʦʚ (ʨʠʩ. 3), ʩʥʠʤʘʝʤʳʡ ʩ ʪʦʯʢʠ ɹ ʩʭʝʤʳ (ʨʠʩ. 1). 

ɿʥʘʷ ʚʝʣʠʯʠʥʫ ʢʘʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ ʠ ʯʘʩʪʦʪʫ ʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʢʦʤʧʦʟʠʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʯ.ʨ. ʠ ʤʦʱʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʯ.ʨ. ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʩʪʨʫʢʮʠʠ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʨʠʠʥʛʘ. 
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   ʘ)       ʙ) 

ʈʠʩ. 2. ʊʦʢ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 50ɻʮ: ʘ) ʚ ʙʫʨʳʭ ʫʛʣʷʭ; ʙ) ʚ ʛʦʨʶʯʠʭ ʩʣʘʥʮʘʭ. 

 

      

   ʘ)       ʙ) 

ʈʠʩ. 3. ʊʦʢ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʨʷʜʘ: ʘ) ʚ ʙʫʨʳʭ ʫʛʣʷʭ; ʙ) ʚ ʛʦʨʶʯʠʭ ʩʣʘʥʮʘʭ. 

 

ʇʨʠ ʥʘʧʨʷʞʝʥʠʠ 5ʢɺ ʧʦʣʫʯʝʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʘʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ ʜʣʷ ʙʫʨʳʭ ʫʛʣʝʡ ʠ ʛʦʨʶʯʠʭ 

ʩʣʘʥʮʝʚ ʩʦʩʪʘʚʣʷʝʪ 948ʧʂʣ ʠ 22,9ʧʂʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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Mechanical properties and microstructure of Fe-Mo-V-Nb-0,09C low-carbon ferritic steel after high 

pressure torsion (HTP) was investigated. Nanocrystalline structure with an average grain size of 95 nm has 

been produced by HPT. Structure formed by HPT possesses a high microhardness (6GPʘ). A non-uniform 

structure in steel Fe-Mo-V-Nb-0,09C was observed after HPT depending on distance from the center of disks.  

 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʯʝʥʠʝʤ ʧʦʜ 

ʢʚʘʟʠʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʂɻɼ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 06ʄɹʌ (Fe-

0,1Mo-0,6Mn-0,8Cr-0,2Ni-0,3Si-0,2Cu-0,1V-0,06Nb-0,09C, ʤʘʩ.%) ʚ ʬʝʨʨʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʩʭʦʜʥʳʝ 

ʟʘʛʦʪʦʚʢʠ ʩʪʘʣʠ 06ʄɹʌ ʟʘʢʘʣʠʚʘʣʠ ʦʪ 920Áʉ (30 ʤʠʥ.), ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʚʳʩʦʢʠʡ ʦʪʧʫʩʢ (ʫʣʫʯʰʝʥʠʝ) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 670Áʉ (1 ʯʘʩ). ɼʝʬʦʨʤʘʮʠʶ ʩʪʘʣʠ ʧʨʦʚʦʜʠʣʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 4 ɻʇʘ ʥʘ ʥʘʢʦʚʘʣʴʥʷʭ 

ɹʨʠʜʞʤʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=20 Áʉ ʥʘ ʧʷʪʴ ʧʦʣʥʳʭ ʦʙʦʨʦʪʦʚ. ʇʦʩʣʝ ʂɻɼ ʧʦʣʫʯʘʣʠ ʜʠʩʢʠ ʜʠʘʤʝʪʨʦʤ 

10 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 0,26 ʤʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ Technai 

G2 FEI ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ʩʝʢʫʱʠʭ ʧʦ 

ʪʝʤʥʦʧʦʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʬʣʝʢʩʘʭ ʬʝʨʨʠʪʘ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʜʦ ʠ ʧʦʩʣʝ ʀʇɼ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʤʝʪʦʜʫ 

ɺʠʢʢʝʨʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ Duramin 5, ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʠʥʜʝʥʪʦʨ 200 ʛ. ɿʘ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʙʨʘʣʠ ʟʥʘʯʝʥʠʝ, ʠʟʤʝʨʝʥʥʦʝ ʥʘ ʩʝʨʝʜʠʥʝ ʨʘʜʠʫʩʘ ʜʠʩʢʘ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʧʦʩʣʝ ʂɻɼ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʚʜʦʣʴ ʜʠʘʤʝʪʨʘ ʦʙʨʘʟʮʘ ʩ ʰʘʛʦʤ 0,2 

ʤʤ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu XRD-6000 (ʩ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ) 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cu KŬ ʠʟʣʫʯʝʥʠʷ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 06ʄɹʌ ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʪʧʫʩʢ ʩʪʘʣʠ ʧʨʠʚʝʣ ʢ ʨʘʩʧʘʜʫ ʤʘʨʪʝʥʩʠʪʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʦʩʣʝ ʟʘʢʘʣʢʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʣʦʙʫʣʷʨʥʦʛʦ ʬʝʨʨʠʪʘ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 2,4 ʤʢʤ ʠ ʬʝʨʨʠʪʘ, ʫʥʘʩʣʝʜʦʚʘʚʰʝʛʦ ʤʦʨʬʦʣʦʛʠʶ  

ʧʘʢʝʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ, ʩ ʪʦʣʱʠʥʦʡ ʧʣʘʩʪʠʥ ~ 0,4 ʤʢʤ [1]. ʂɻɼ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2ʘ). ɸʥʘʣʠʟ ʪʝʤʥʦʧʦʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ (ʨʠʩ. 2 ʙ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 
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ʩʦʩʪʘʚʣʷʝʪ 95 ʥʤ. ɻʨʘʥʠʮʳ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ 

ʨʘʟʤʳʪʳʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʢʫʨʦʚ 

ʵʢʩʪʠʥʢʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʘʟʠʤʫʪʘʣʴʥʳʝ ʨʘʟʤʳʪʠʷ 

ʨʝʬʣʝʢʩʦʚ ʥʘ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘʭ, ʚʩʝ ʵʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʝʨʥʘʭ. ʕʣʝʢʪʨʦʥʥʦʛʨʘʤʤʳ ʜʣʷ ʜʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʦʩʣʝ ʂɻɼ ʥʦʩʷʪ ʢʦʣʴʮʝʚʦʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 

2ʘ). ʅʘ ʢʦʣʴʮʘʭ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ 

ʦʪʜʝʣʴʥʳʝ ʨʝʬʣʝʢʩʳ, ʠʭ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦ ʢʦʣʴʮʫ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʫʛʣʦʚʳʭ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʘ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ. 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʂɻɼ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ. ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʩʦʩʪʘʚʣʷʶʪ Dd/d=2,0³10
-4
 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ 3,4³10
-3 
ʧʦʩʣʝ ʂɻɼ. ʆʙʣʘʩʪʴ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 200 ʥʤ ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 40 ʥʤ ʧʦʩʣʝ ʂɻɼ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʥʘʣʠʯʠʠ ʚʳʩʦʢʠʭ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʣʝ ʢʨʫʯʝʥʠʷ. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ 

06ʄɹʌ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʀʇɼ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ 3 ʨʘʟʘ: ʦʪ 2 ɻʇʘ 

ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ 6 ɻʇʘ ʧʦʩʣʝ ʂɻɼ.  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʜʦʣʴ ʜʠʘʤʝʪʨʘ ʜʠʩʢʦʚ ʠʟ ʩʪʘʣʠ 

06ʄɹʌ ʧʦʩʣʝ ʂɻɼ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʧʝʨʠʬʝʨʠʠ. 

ʉ ʫʜʘʣʝʥʠʝʤ ʦʪ ʮʝʥʪʨʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 06ʄɹʌ ʧʨʠ ʂɻɼ. ʊʘʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʈʠʩ.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ 

ʜʠʘʤʝʪʨʫ ʦʙʨʘʟʮʘ ʩʪʘʣʠ 06ʄɹʌ ʧʦʩʣʝ ʂɻɼ 

ʈʠʩ.1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 06ʄɹʌ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʈʠʩ.2. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 06ʄɹʌ ʧʦʩʣʝ ʂɻɼ: ʘ) ʩʚʝʪʣʦʧʦʣʴʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʠ ʤʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʫʯʘʩʪʢʘ ʬʦʣʴʛʠ ʧʣʦʱʘʜʴʶ S=0,95 

ʤʢʤ2; ʛ) ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʬʣʝʢʩʝ a-Fe. 
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ʤʘʪʝʨʠʘʣʘʭ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʂɻɼ ʚ ʥʘʢʦʚʘʣʴʥʷʭ ɹʨʠʜʞʤʝʥʘ, ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ e ʧʨʠ ʂɻɼ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʘ r: e~lnr [2,3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂɻɼ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 95 ʥʤ. ʂɻɼ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ 2 ʜʦ 6 

ɻʇʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʪʘʣʠ 06ʄɹʌ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʡ 

ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʦʚ ʧʦʩʣʝ ʂɻɼ. 

 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʩʧʠʨʘʥʪʫ ʊʫʢʝʝʚʦʡ ʄ.ʉ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʦʤʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʎʇ ʂʘʜʨʳ (ʩʦʛʣʘʰʝʥʠʝ 8743 ʦʪ 

01.10.2012 ʛ.). 
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The influence of a combination of rolling and reversible hydrogenation on the structural and phase transformations in 

Fe-18Cr-10Ni-1Ti (in wt. %) austenitic stainless steel was studied. Electrolytic hydrogen saturation and subsequent 

rolling increases the amount of Ŭ-phase in steel under investigation. Analysis of the phase composition of the samples 

showed that the hydrogen alloying also contributes to the appearance of  e-martensite in the structure of steel. 

Microhardness increases slightly with increasing hydrogenation time and current density. 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʩʝ ʯʘʱʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʧʝʨʝʭʦʜʘ ʢ 
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ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, ʨʝʯʴ ʠʜʝʪ ʦ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. ʋʯʝʥʳʝ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʯʝʥʴ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʣʠʷʥʠʝ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʥʘ ʤʝʭʘʥʠʟʤʳ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʷʭ. ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʪʠʤʳʤ 

ʣʝʛʠʨʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʦʤ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʤʝʭʘʥʠʟʤʘʤʠ ʜʝʬʦʨʤʘʮʠʠ, ʩʪʨʫʢʪʫʨʥʳʤ 

ʠ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʪʘʣʝʡ  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʩʣʝ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʥʘʚʦʜʦʨʦʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ 

ʩʪʘʣʠ ʍ18ʅ10ʊ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʩʪʘʣʠ ʍ18ʅ10ʊ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ʛʝʣʠʡ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʚʦʜʫ. ʆʙʨʘʟʮʳ 

ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʨʝʟʢʠ ʚ ʬʦʨʤʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ ʩ 

ʨʘʟʤʝʨʘʤʠ 15Ĭ11Ĭ1,5 ʤʤ. ʇʦʚʨʝʞʜʝʥʥʳʡ ʧʨʠ ʨʝʟʢʝ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʫʜʘʣʷʣʠ ʭʠʤʠʯʝʩʢʠʤ 

ʪʨʘʚʣʝʥʠʝʤ (ʨʘʩʪʚʦʨ: 2 ʯʘʩʪʠ HNO3 + 3 ʯʘʩʪʠ HCl), ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʦʡ ʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʧʦʣʠʨʦʚʢʦʡ (ʨʘʩʪʚʦʨ: 25 ʛʨ CrO3 + 210 ʤʣ H3PO4). ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚʦʜʦʨʦʜʦʤ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʦʜʥʦʥʦʨʤʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (H2SO4) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʪʠʦʤʦʯʝʚʠʥʳ 

(CH4N2S) ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ 10, 50, 100 mA/ʩʤ
2
 ʠ ʚʨʝʤʝʥʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ 5 ʯʘʩʦʚ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʤʝʪʦʜʦʤ ʧʨʦʢʘʪʢʠ ʥʘ ʧʣʦʩʢʠʭ ʚʘʣʢʘʭ ʜʦ ʩʪʝʧʝʥʝʡ ʦʙʞʘʪʠʷ 50%. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

(ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ) ʠʟʫʯʘʣʠ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ Duramin 5 c ʥʘʛʨʫʟʢʦʡ ʥʘ ʠʥʜʝʥʪʦʨ 200 ʛ.  

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Shimadzu 

XRD-6000 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuKŬ ʠʟʣʫʯʝʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʘʥʘʣʠʟʘ ʢʘʨʪʠʥ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ (EBSD-ʘʥʘʣʠʟ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʢʘʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ Quanta 

200 3D ʠ Quanta 600 FEG ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʠ 30 ʢɺ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʦʡ 

ʪʦʯʝʢ ʠ ʰʘʛʦʤ 0,05-0,15 ʤʢʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʠ EBSD-ʢʘʨʪ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ X18H10T, 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʘʫʩʪʝʥʠʪʘ (ɔ-ʬʘʟʘ) c 

ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ ʘ=3,5999¡ ʚ ʥʠʭ ʩʦʩʪʘʚʣʷʝʪ 

ʙʦʣʝʝ 95%, ʘ ʬʝʨʨʠʪʘ (Ŭ-ʬʘʟʘ) (ʘ=2,8808¡) ʤʝʥʝʝ 5% (ʨʠʩ.1, ʢʨʠʚʘʷ 1).  

ɸʥʘʣʠʟ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʩʣʝ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʠ ʧʨʦʢʘʪʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ Ŭ-ʬʘʟ.r ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʪʘʣʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʫʯʝʪʦʤ ʪʝʢʩʪʫʨʳ ʦʙʨʘʟʮʦʚ. ʆʙʣʘʩʪʴ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) 

ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ, ʧʨʦʢʘʪʘʥʥʳʤʠ ʙʝʟ ʚʦʜʦʨʦʜʘ. ʈʘʟʤʝʨʳ ʆʂʈ ʠ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʠ 

ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʍ18ʅ10ʊ 

ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ: 1 Ƅ ʠʩʭʦʜʥʳʡ;  

2 Ƅ ʧʨʦʢʘʪʢʘ (Ů=50%); 3 Ƅ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ  

(j=10 mA/ʩʤ2, t=5ʯ) ʠ ʧʨʦʢʘʪʢʘ (Ů=50%); 4 Ƅ 

ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ (j=50 mA/ʩʤ2, t=5ʯ) ʠ ʧʨʦʢʘʪʢʘ 

(Ů=50%); 5 Ƅ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ (j=100 mA/ʩʤ2, t=5ʯ) ʠ 

ʧʨʦʢʘʪʢʘ (Ů=50%) 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʜʣʷ ʘʫʩʪʝʥʠʪʘ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʦʜʦʨʦʜʘ ʧʝʨʝʜ ʧʨʦʢʘʪʢʦʡ. 

ʇʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʢʘʢ ʜʣʷ ɔ-, ʪʘʢ ʠ ʜʣʷ Ŭ-ʬʘʟʳ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ Ŭ-ʬʘʟʳ 

(43%) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʦʙʨʘʟʮʦʚ, ʥʘʚʦʜʦʨʦʞʝʥʥʳʭ ʧʨʠ 50 mɸ/ʩʤ
2
 (ʨʠʩ. 1, ʢʨʠʚʘʷ 4) ɸʥʘʣʠʟ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʩ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʷʚʣʷʝʪʩʷ e-

ʤʘʨʪʝʥʩʠʪ, ʢʦʪʦʨʦʛʦ ʥʝ ʙʳʣʦ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʦʙʨʘʟʮʝ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʣʠ ʧʨʦʢʘʪʢʝ ʙʝʟ 

ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʠ ʧʨʦʢʘʪʢʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 10 mA/ʩʤ
2
 ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ (ʬʨʘʛʤʝʥʪʘʮʠʷ) ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2 ʘ, ʙ). ʇʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 50 ʠ 100 mA/ʩʤ
2
 ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ ʠʩʭʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʟʘ ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ 

ʥʘʚʝʜʝʥʥʦʛʦ ʜʝʬʦʨʤʘʮʠʝʡ g-a ʠ g-e ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʅʦ ʧʨʠ ʵʪʦʤ ʥʘ ʢʘʨʪʘʭ ʟʝʨʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʭʦʜʥʳʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʘʫʩʪʝʥʠʪʘ (ʨʠʩ. 2 ʚ, ʛ). ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʬʝʨʨʠʪʘ ʠ 

ʘʫʩʪʝʥʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ EBSD-ʘʥʘʣʠʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʬʝʨʨʠʪʘ ʠ ʘʫʩʪʝʥʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ (ʥʤ) 

 Ů=50% j=10mA/ʩʤ2, t=5ʯ, Ů=50% j=50mA/ʩʤ2, t=5ʯ, Ů=50% j=100mA/ʩʤ2, t=5ʯ, Ů=50% 

a-Fe 155 185 216 228 

g-Fe 115 108 133 212 
 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʨʠ ʧʨʦʢʘʪʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʦʙʨʘʟʮʘʤʠ (ʪʘʙʣ. 2). ʆʜʥʘʢʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʦʤ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʪʘʙ. 2). 

ʊʘʙʣʠʮʘ 2. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʍ18ʅ10ʊ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ (ɻʇʘ) 

 ʠʩʭʦʜʥʳʡ Ů=50% j=10mA/ʩʤ2, t=5ʯ, Ů=50% j=50mA/ʩʤ2, t=5ʯ, Ů=50% j=100mA/ʩʤ2, t=5ʯ, Ů=50% 

ʅÕ 1,76 3,98 4,06 4,09 3,97 
 

ɿʘʢʣʶʯʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʩʪʘʣʠ ʍ18ʅ10ʊ ʧʦʩʣʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʥʘʩʳʱʝʥʠʷ 

ʚʦʜʦʨʦʜʦʤ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʙʲʝʤ ʜʦʣʷ ʬʝʨʨʠʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ɸʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʠ ʧʨʦʢʘʪʢʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʦʤ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ e-ʤʘʨʪʝʥʩʠʪʘ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʩʧʠʨʘʥʪʫ ʊʫʢʝʝʚʦʡ ʄ.ʉ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʦʤʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʠ ɹʝʣʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

  

ʈʠʩ. 2. ɿʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʍ18ʅ10ʊ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ:  

ʘ) ʧʨʦʢʘʪʢʘ (50 %); ʙ) ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ (j=10 mA/ʩʤ2, t=5ʯ) ʠ ʧʨʦʢʘʪʢʘ (50 %); ʚ) ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ 

(j=50 mA/ʩʤ2, t=5ʯ) ʠ ʧʨʦʢʘʪʢʘ (50 %), ʛ) ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ (j=100 mA/ʩʤ2, t=5ʯ) ʠ ʧʨʦʢʘʪʢʘ (50 %) 
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Investigated the influence of the pulsed electron beam irradiation and annealing on the ability of 

zirconium alloy Zr-1Nb to absorb the hydrogen. The samples were irradiated with three pulses of 50 ɛs at an 

energy density 18 J/cm
2
, the current density (10-50) A/cm

2
 and electron energy - 18 kV and the subsequent 

annealing at 580 Á C for 3 hours. The result of the study is to reduce the rate of sorption of hydrogen into the 

material, increasing the hardness of the material after treatment. 

 

ʎʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʘʞʥʘʷ ʛʨʫʧʧʘ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʦʯʝʥʴ ʥʠʟʢʠʝ 

ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ [1]. ɿʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ ʠʟ ʮʠʨʢʦʥʠʷ ʚ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ 

ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʨʨʦʟʠʠ (ʦʢʠʩʣʝʥʠʝ ʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ). 

ʇʦʛʣʦʱʝʥʥʳʡ ʚʦʜʦʨʦʜ, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʠʜʨʠʜʥʦʡ ʬʘʟʳ, ʨʝʟʢʦ ʫʭʫʜʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʦʜʦʨʦʜʥʦʝ ʦʭʨʫʧʯʠʚʘʥʠʝ). ʀʩʢʣʶʯʠʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʤʘʪʝʨʠʘʣʳ ʥʝ 

ʫʜʘʝʪʩʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ (ʀʕʇ). ʇʨʠ ʪʘʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʘʤʦʨʬʥʳʭ, ʥʘʥʦ- ʠ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʣʫʯʰʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ [2]. ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʘʪʝʨʠʘʣʘ ʩ ʚʦʜʦʨʦʜʦʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʦʨʦʜʘ 

ʩ ʮʠʨʢʦʥʠʝʚʳʤ ʩʧʣʘʚʦʤ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʀʕʇ ʠ ʦʪʞʠʛʘ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩʧʣʘʚʘ ʮʠʨʢʦʥʠʷ 

Zr-1Nb ʨʘʟʤʝʨʘʤʠ 5Ĭ10 ʤʤ ʪʦʣʱʠʥʦʡ 0,7 ʤʤ. ʆʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʀʉʕ ʉʆ 

ʈɸʅ, ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ 18 ɼʞ/ʩʤ
2
, ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ N = 3, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ 50 ʤʢʩ. ʆʪʞʠʛ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʫʩʪʘʥʦʚʢʝ Gas Reaction Controller ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 580 ÁC. ɸʙʩʦʣʶʪʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ RHEN 602 ʬʠʨʤʳ Leco. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟʫʯʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ ʇʄʊ-3ʄ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʦʪ ʚʨʝʤʝʥʠ 

ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʩʧʣʘʚʘ Zr-1Nb. ʅʘʢʣʦʥ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʧʨʦʮʝʩʩʘ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ. ɼʣʷ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ t ʤʝʥʝʝ 2000 ʩ ʟʘʚʠʩʠʤʦʩʪʠ çʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ 

ʢʘʤʝʨʝ ʦʪ ʚʨʝʤʝʥʠè ̫ʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʚʦʜʦʨʦʜ ʠʩʭʦʜʥʳʡ 

ʦʙʨʘʟʝʮ (ʨʠʩ. 1).  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ʮʠʨʢʦʥʠʷ 

Zr-1Nb ʜʦ ʠ ʧʦʩʣʝ  ʥʘʩʳʱʝʥʠʠ ʠʟ ʛʘʟʦʚʦʡ ʩʨʝʜʳ.  

ʊʘʙʣʠʮʘ 1. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ  

ʆʙʨʘʟʝʮ ʌʘʟʘ ʉʦʜʝʨʞʘʥʠʝ, ʦʙ. % ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ, Ȕ ȹd/d*10-3 

Zr1Nb + ʅ2 

Zr_194 95 
ʘ = 3,2283 

ʩ = 5,1364 
0,3 

ZrH 3,29 
ʘ = 4,5208 

ʩ = 4,9407 
0,1 

ZrH1,5 1,55 a = 4,7682  

ZrH2 0,17 
ʘ = 3,6200 

ʩ = 4,5269 
6,0 

Zr1Nb + ʀʕʇ+ H2 

Zr_194 83,74 
a = 3,2259 

c = 5,1441 
0,5 

ZrH 16,26 
a = 4,4860 

c = 4,8520 
6,3 

ZrH1,5 - ʘ = 4,7628 - 

ZrH2 - 
a = 3,6200 

c = 4,5282 
- 

Zr1Nb+ʀʕʇ +ʦʪʞʠʛ +H2 

Zr_194 95,21 
a = 3,2244 

c = 5,1408 
0,9 

ZrH 2,84 
a = 4,5204 

c = 4,8713 
2,2 

ZrH1,5 0,96 a = 4,7042 - 

ZrH2 1,99 
a = 3,4200 

c = 4,3490 
2,5 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚ ʦʙʨʘʟʮʘʭ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʫʩʣʦʚʠʷ ʟʘʢʘʣʢʠ ʠ 

ʠʩʢʘʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʚʥʫʪʨʝʥʥʠʭ 

ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ (ʪʘʙʣ. 1). ʆʪʞʠʛ ʦʙʨʘʟʮʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʛʠʜʨʠʜʳ ZrH, ZrH1,5, ZrH2. ʅʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʙʨʘʙʦʪʢʝ ʠʤʧʫʣʴʩʥʳʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʠʜʘ ZrH, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 16 % (ʪʘʙʣ. 1). ʇʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʦʪʦʞʞʝʥʥʳʭ ʠ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʙʨʘʟʦʚʘʣʠʩʴ ʛʠʜʨʠʜʳ ZrH, ZrH1,5, ZrH2 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣʠ 2,84, 0,96 ʠ 1,99% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʨʘʟʮʘʭ, ʦʙʣʫʯʝʥʥʳʭ ʀʕʇ ʠ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʦʪ ʚʨʝʤʝʥʠ 

ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ, 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʠʥʜʝʥʪʦʨʫ ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʟʘʪʝʤ ʥʘʚʦʜʦʨʦʞʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʠʜʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʳʭ, ʥʘʩʳʱʝʥʥʳʭ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 

(ʪʘʙʣ. 1). ɺ ʦʙʨʘʟʮʘʭ, ʦʙʣʫʯʝʥʥʳʭ ʠ ʦʪʦʞʞʝʥʥʳʭ, ʥʘʧʨʦʪʠʚ, ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ʛʠʜʨʠʜʥʳʭ ʬʘʟ ʩʦʩʪʘʚʣʷʝʪ ʩʪʦʣʴʢʦ ʞʝ, ʩʢʦʣʴʢʦ ʠ ʚ ʠʩʭʦʜʥʳʭ. 

ɺʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʤʝʪʦʜʦʤ 

ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.  

ʄʝʪʦʜʦʤ ʤʠʢʨʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʀʕʇ ʧʨʠʚʦʜʠʪ ʢ ʫʧʨʦʯʥʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʧʣʘʚʘ Zr-1Nb. ʋʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʥʘʛʨʝʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʠʤʧʫʣʴʩʥʳʤ ʧʫʯʢʦʤ. ʆʪʞʠʛ 

ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʣ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʪʚʝʨʜʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʯʪʠ 4 ʨʘʟʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʀʤʧʫʣʴʩʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʦʪʞʠʛ ʩʧʣʘʚʘ Zr-1Nb ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ 

ʢʠʥʝʪʠʢʫ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʅʘ ʢʨʠʚʳʭ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʦʙʨʘʟʮʳ ʧʦʛʣʦʱʘʶʪ ʚʦʜʦʨʦʜ ʤʝʥʝʝ ʘʢʪʠʚʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʅʘʚʦʜʦʨʦʞʠʚʘʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ ʠʩʭʦʜʥʳʭ (ʥʘ 30 %), ʦʙʣʫʯʝʥʥʳʭ ʀʕʇ (ʥʘ 54 %) ʠ ʦʪʦʞʞʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ (ʥʘ 15 %). ʇʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜʘ ʮʠʨʢʦʥʠʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ. 
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The paper presented the results of research of mixed (gas-discharge and metal) plasma generated by arc 

low-pressure discharges, which is used for deposition of nitride hard and superhard coatings. There are 

parameters of the plasma, dependences of that on the main characteristics of discharges. It is showed how 

the metal plasma parameters change with the use of added gas-discharge plasma source. 
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ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠ/ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʝʛʦ 

ʥʝʜʦʩʪʘʪʢʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʝʛʦ ʜʦʧʦʣʥʝʥʠʝ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʩʪʦʯʥʠʢʘʤʠ ʧʣʘʟʤʳ ʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʙʣʦʢʘʤʠ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʩʤʝʱʝʥʠʷ, ʩʠʩʪʝʤʘʤʠ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦʜʣʦʞʝʢ ʠ ʪ.ʜ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʣʘʟʤʝʥʥʦʛʦ 

ʘʩʩʠʩʪʠʨʦʚʘʥʠʷ ʧʨʠ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʤ ʦʩʘʞʜʝʥʠʠ ʥʠʪʨʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʧʣʘʟʤʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘ ʦʩʥʦʚʝ ʥʝʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʥʘʢʘʣʝʥʥʳʤ ʠ 

ʧʦʣʳʤ ʢʘʪʦʜʦʤ çʇʀʅʂè [1,2], ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ: 1) ʥʘʧʳʣʝʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ (~10
-

1
ʇʘ) ʩ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ; 2) ʥʝʧʨʝʨʳʚʥʫʶ ʙʦʤʙʘʨʜʠʨʦʚʢʫ ʨʘʩʪʫʱʝʛʦ ʧʦʢʨʳʪʠʷ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ ʨʘʙʦʯʝʛʦ ʛʘʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʛʘʟʘ ʠ ʠʟʤʝʣʴʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ; 3) ʩʪʘʙʠʣʴʥʦʝ ʛʦʨʝʥʠʝ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʠʩʧʘʨʠʪʝʣʷ ʧʨʠ ʤʘʣʳʭ ʪʦʢʘʭ (<20 ɸ); 4) ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩ ʩʠʩʪʝʤʦʡ ʧʦʜʘʯʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʫ ʩ ʨʘʩʪʫʱʠʤ ʧʦʢʨʳʪʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʢʘʧʝʣʴʥʦʡ 

ʬʘʟr, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʤʝʪʦʜʘ ʦʩʘʞʜʝʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʠ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʦʡ ʠʩʪʦʯʥʠʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʟʤʳ (ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʠʩʧʘʨʠʪʝʣʴ) ʠ ʠʩʪʦʯʥʠʢʘ 

ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ (çʇʀʅʂè) ʠ ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʘʩʩʠʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʩʤʝʰʘʥʥʦʡ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʪʨʠʜʥʳʭ ʧʦʢʨʳʪʠʡ 

ɺʩʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʦʩʥʘʱʝʥʥʦʡ 

ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʠʩʧʘʨʠʪʝʣʝʤ ʠ ʧʣʘʟʤʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩ ʥʘʢʘʣʝʥʥʳʤ ʢʘʪʦʜʦʤ çʇʀʅʂè [2]. ɺʘʢʫʫʤʥʘʷ 

ʩʠʩʪʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʚʢʣʶʯʘʶʱʘʷ ʧʣʘʩʪʠʥʯʘʪʦ-ʨʦʪʦʨʥʳʡ ʠ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʡ ʥʘʩʦʩ, ʧʦʟʚʦʣʷʣʘ ʧʦʣʫʯʘʪʴ 

ʚ ʦʙʲʝʤʝ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʦʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ <5Ŀ10
-3 
ʇʘ. ɼʘʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʩʦʩʪʘʚʣʷʣʦ å0,3 ʇʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʟʤʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʠʥʦʯʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʟʦʥʜ ʠ ʫʥʠʢʘʣʴʥʳʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʪʝʥʜ ʜʣʷ ʟʦʥʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ [3], ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ: 1) ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʟʦʥʜʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (~ 1 ʤʠʥ); 2) ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ  (Ñ0,1% ʧʦ ʢʘʥʘʣʫ ʥʘʧʨʷʞʝʥʠʷ, Ñ0,5% ʧʦ ʢʘʥʘʣʫ ʪʦʢʘ, ʨʘʟʨʷʜʥʦʩʪʴ ɸʎʇ ï 

14 ʙʠʪ); 3) ʧʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʟʤʝʨʝʥʠʡ; 4) ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ; 5) ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɿʦʥʜ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʮʝʥʪʨʝ ʢʘʤʝʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʦʩʝʡ ʧʣʘʟʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 450 ʤʤ ʦʪ ʚʳʭʦʜʥʦʡ ʘʧʝʨʪʫʨʳ çʇʀʅʂè ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 300 ʤʤ ʦʪ ʚʳʭʦʜʥʦʡ ʘʧʝʨʪʫʨʳ 

ʜʫʛʦʚʦʛʦ ʠʩʧʘʨʠʪʝʣʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʨʝʞʠʤʘ ʩʥʠʤʘʣʘʩʴ ʟʦʥʜʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦ ʢʦʪʦʨʦʡ 

ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʣʘʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʧʦʪʝʥʮʠʘʣ ʧʣʘʟʤʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʟ ʟʦʥʜʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʪʚʠ ʟʦʥʜʦʚʦʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʣʫʯʘʝ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʩʦʩʪʘʚʠʣʘ å1,4 ʵɺ, ʚ ʩʣʫʯʘʝ 

ʩʤʝʰʘʥʥʦʡ ʧʣʘʟʤʳ ï 0,9-1,0 ʵɺ. ʇʦʪʝʥʮʠʘʣ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ çʇʀʅʂè ʚ ʘʟʦʪʥʦʡ ʩʨʝʜʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʦʩʪʫ ʪʦʢʘ ʨʘʟʨʷʜʘ 

(ʨʠʩ. 1 (ʘ)): ʩ 3,3 ʜʦ 4,2 ɺ ʠ ʩ 0,2Ŀ10
16
 ʜʦ 2,0 Ŀ10

16
 ʤ

-3
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʧʨʠ 

ʪʦʢʝ ʨʘʟʨʷʜʘ Id=50 ɸ (ʨʠʩ. 1 (ʙ)) ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʇʀʅʂè ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ ʩʦʩʪʘʚʣʷʝʪ n=2,2Ŀ10
16
 

ʤ
-3
, ʧʦʪʝʥʮʠʘʣ ʧʣʘʟʤʳ ï Upl=2,4 ɺ. ʇʨʠ ʪʦʢʝ ʨʘʟʨʷʜʘ Id=100 ɸ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ å2 

ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Id=50 ɸ ʠ ʩʦʩʪʘʚʣʷʝʪ n=3,8Ŀ10
16
 ʤ

-3
; Upl=3,0 ɺ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʧʨʠ Id=50 ɸ ʠ ʨʦʩʪʝ ʪʦʢʘ çʇʀʅʂè ʩ 10 ʜʦ 50 ɸ  
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ʧʦʪʝʥʮʠʘʣ ʧʣʘʟʤʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 2,3 ʜʦ 3,0 ɺ (ʨʠʩ. 1 (ʙ)). ʂʦʥʮʝʥʪʨʘʮʠʷ  ʩʤʝʰʝʥʥʦʡ ʧʣʘʟʤʳ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʜʫʛʦʚʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ ʨʘʟʨʷʜʘ çʇʀʅʂè ʩ 2,5Ŀ10
16
 ʜʦ 

3,4Ŀ10
16
 ʤ

-3
. ʂʘʢ ʚʠʜʥʦ, ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʤʤʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʦʢʝ ʨʘʟʨʷʜʘ çʇʀʅʂè ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʙʝʟ ʨʘʙʦʪʳ çʇʀʅʂè. ɸʥʘʣʦʛʠʯʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʪʦʢʘ ʨʘʟʨʷʜʘ ʜʫʛʦʚʦʛʦ ʠʩʧʘʨʠʪʝʣʷ Id=100 ɸ. 

ɼʣʷ ʩʤʝʰʘʥʥʦʡ ʧʣʘʟʤʳ ʚ ʩʨʝʜʝ ʥʝʨʝʘʢʪʠʚʥʦʛʦ ʛʘʟʘ ʘʨʛʦʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʭʦʞʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʦʪ ʪʦʢʘ ʨʘʟʨʷʜʘ çʇʀʅʂè ʧʨʠ ʪʦʢʘʭ ʜʫʛʦʚʦʛʦ ʠʩʧʘʨʠʪʝʣʷ 50 ʠ 100 ɸ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʘʟʦʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʰʘʥʥʦʡ ʧʣʘʟʤʳ ʩʫʤʤʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʜʣʷ ʘʨʛʦʥʦʚʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʟʤʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʨʘʟʨʷʜʘ çʇʀʅʂè ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 

ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ. ʇʨʠʯʝʤ ʚ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ 

ʠʩʪʦʯʥʠʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʨʦʩʪ ʪʦʢʘ ʨʘʟʨʷʜʘ çʇʀʅʂè ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 

ʨʘʟʨʷʜʘ ʠʩʧʘʨʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʘʥʘʣʦʛʠʯʥʦʤʫ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʰʘʥʥʦʡ ʧʣʘʟʤʳ. ʕʪʦʪ ʬʘʢʪ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝʤ ʪʦʢʘ ʨʘʟʨʷʜʘ çʇʀʅʂè (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ) ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʧʦʢʨʳʪʠʡ ʤʳ 

ʤʦʞʝʤ ʣʝʛʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠʦʥʦʚ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʥʘ ʧʦʜʣʦʞʢʫ, ʪʝʤ ʩʘʤʳʤ ʤʝʥʷʷ 

ʩʪʝʭʠʦʤʝʪʨʠʶ ʨʘʩʪʫʱʝʛʦ ʧʦʢʨʳʪʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʠ 

ʛʨʘʜʠʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ 

ʧʦʢʨʳʪʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʈʌʌʀ, ʧʦ ʧʨʦʝʢʪʘʤ ˉ 11-08-00625-ʘ ʠ ˉ12-08-31192_ʤʦʣ-ʘ. 

ʘ)                                                                                             ʙ) 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʣʘʟʤʳ (1) ʠ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (2) ʦʪ ʪʦʢʘ ʨʘʟʨʷʜʘ çʇʀʅʂè: ʘ ï ʘʟʦʪʥʘʷ 

ʧʣʘʟʤʳ; ʙ ï ʩʤʝʰʘʥʥʘʷ ʧʣʘʟʤʘ 

 

ʘ)                                                                                             ʙ) 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʣʘʟʤʳ (1) ʠ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (2) ʦʪ ʪʦʢʘ ʨʘʟʨʷʜʘ çʇʀʅʂè: ʘ ï ʘʨʛʦʥʦʚʘʷ 

ʧʣʘʟʤʳ; ʙ ï ʩʤʝʰʘʥʥʘʷ ʧʣʘʟʤʘ 
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On [001] single crystals of iron based alloy FeNiCo (X) it is established, that precipitation  nanometric 

particles of g ' - phases effect  on stress ů0,1 , temperature range superelasticity and superelasticity value. The 

maximum superelasticity is equal 15,3 %. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʠʩʢ ʥʦʚʳʭ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʩ ʵʬʬʝʢʪʘʤʠ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʠ (ʉʕ). ʀʟʚʝʩʪʥʦ [1-3], ʯʪʦ 
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ʚʳʜʝʣʝʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ɔ'-ʬʘʟʳ, ʘʪʦʤʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦ ʪʠʧʫ L12 ʠ ʢʦʛʝʨʝʥʪʥʦ ʩʚʷʟʘʥʥʦʡ ʩ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʦʡ ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʯʥʷʝʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʘʟʫ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʉʕ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʯʘʩʪʠʮ ɔ'- ʬʘʟʳ ʧʨʠ ʩʪʘʨʝʥʠʠ ʧʨʠ 

ʊ = 973 ʂ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t =0,5ï10 ʯʘʩʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʉʕ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ [001] ʦʨʠʝʥʪʘʮʠʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ  ʚʝʣʠʯʠʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʝʰʝʪʢʠ  e0=8,7 % [3] ʥʦʚʦʛʦ ʩʧʣʘʚʘ FeNiCo(X) ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 

ʨʘʩʪʷʞʝʥʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ r(T) 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʜʥʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ  g-a' 

(g-ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ 

(ɻʎʂ), ʘ a'-ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 

ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʨʝʰʝʪʢʘ (ʆʎʊ)) ʤʘʨʪʝʥʩʠʪʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ (ʄʇ) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʊ=77-350ʂ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ  (ʨʠʩ. 1, ʢʨʠʚʘʷ 1). 

ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʯʝʥʠʝ 0,5-5 ʯ. 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=973ʂ ʥʘ ʢʨʠʚʦʡ r(T) ʪʘʢʞʝ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ g-a' ʄʇ. ʅʘʢʦʥʝʮ, ʩʪʘʨʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 7-10 ʯ. ʧʨʠ ʊ=973 ʂ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʪʝʨʤʦʫʧʨʫʛʦʛʦ g-a' ʄʇ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʠʩʪʝʨʝʟʠʩʦʤ DT=Af -Ms=45-57K (Ms ʠ 

ɸf ïʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʯʘʣʘ ʧʨʷʤʦʛʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʢʦʥʮʘ ʦʙʨʘʪʥʦʛʦ ʧʨʠ ʥʘʛʨʝʚʝ g-a' ʄʇ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʧʨʠ ʊ=973ʂ, 0,5-10 ʯ. ʚ [001]  ʢʨʠʩʪʘʣʣʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʉʕ (ʨʠʩ.2). ɺʝʣʠʯʠʥʘ ʉʕ eʉʕ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʦʷʚʣʝʥʠʷ ʉʕ æʊʉʕ ʠ ʚʝʣʠʯʠʥʘ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ȹɗ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 973ʂ (ʨʠʩ.3). ʇʨʠ ʩʪʘʨʝʥʠʠ 

ʧʨʠ ʊ=973 ʂ 0,5 ʯ. ʦʙʥʘʨʫʞʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʉʕ  eʉʕ=15,3 %, ʢʦʪʦʨʘʷ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʠʠ ʨʝʰʝʪʢʠ e0 ʧʨʠ g-a' ʄʇ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʤʝʩʪʦ ʉʕ 

ʧʨʠ ʜʘʥʥʦʤ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ ʊ1=240ʂ ʠ æʊʉʕ = 163ʂ. ʇʝʪʣʠ ʉʕ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ 

ʈʠʩ. 1.  ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ FeNiCo(X) 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʝʤ ʜʣʷ [001] ï 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ FeNiCo(X),  ʩʦʩʪʘʨʝʥʥʳʭ ʧʨʠ ʊ=973 ʂ  ʚ ʪʝʯʝʥʠʠ: ʘ) 0.5 ʯʘʩʘ; ʙ) 5 ʯʘʩʦʚ; ʚ) 7 ʯʘʩʦʚ; ʛ) 

10 ʯʘʩʦʚ 
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ʤʝʭʘʥʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ ȹɗ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʊ ʠʩʧʳʪʘʥʠʷ ʦʪ 200 ʄʇʘ ʧʨʠ ʊ=77ʂ ʜʦ 

400 ʄʇʘ ʧʨʠ ʊ=200ʂ (ʨʠʩ.2, ʘ). ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ ʜʦ 5-10 ʯ. ʧʨʠ ʊ=973ʂ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ʉʕ ʚ 3 ʨʘʟʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ȹɗ ʚ 3-4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ 

ʩʪʘʨʝʥʠʷ (ʨʠʩ.2, ʘ-ʛ). ʆʜʥʘʢʦ æʊʉʕ ʧʨʠ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ 5-7 ʯ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ æʊʉʕ 

= 200ʂ, ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʉʕ ʊ1=280 ʂ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ȹɗ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ ʜʦ 10 ʯ. æʊʉʕ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1,5-2 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ 

ʚʨʝʤʝʥ ʩʪʘʨʝʥʠʷ.  

ʄʝʭʘʥʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2 ʨʘʟʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʨʝʥʠʝʤ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ 5-7 ʯ., 

ʚʝʣʠʯʠʥʘ ʉʕ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 5,5% ʧʨʠ ʊ=193ʂ ʜʦ 

3,5% ʧʨʠ ʊ=298ʂ.  

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʷʚʣʝʥʠʝ ʉʕ ʩʚʷʟʘʥʦ ʩ ʚʳʜʝʣʝʥʠʝʤ  ʢʦʛʝʨʝʥʪʥʳʭ 

ʯʘʩʪʠʮ gӾ- ʬʘʟ rʧʨʠ ʩʪʘʨʝʥʠʠ ʧʨʠ ʊ=973ʂ, 0,5-10 ʯ. ʠ 

ʘʥʦʤʘʣʴʥʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʉʕ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʪʘʨʝʥʠʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t=0,5 ʯ., ʢʦʛʜʘ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ  d¢3 ʥʤ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ ʜʦ 5-10 ʯ. ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚʦʟʨʘʩʪʘʝʪ ʜʦ d=5 ʥʤ, ʘ 

ʚʝʣʠʯʠʥʘ ʉʕ ʫʤʝʥʴʰʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʦʪ 3 ʥʤ ʜʦ 5 ʥʤ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ gӾ- ʬʘʟ rʩ ʢʨʠʩʪʘʣʣʘʤʠ ŬӾ- ʤʘʨʪʝʥʩʠʪʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ʉʕ. 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʦʷʚʣʝʥʠʷ ʉʕ æʊʉʕ ʠ ʚʝʣʠʯʠʥʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ȹɗ 

ʦʪ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ů0,1(ʊ) (ʨʠʩ.3), ʩʚʷʟʘʥʦ ʩ 

ʚʣʠʷʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ, ʚʦ-ʧʝʨʚʳʭ, ʥʘ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ, ʘ ʠʤʝʥʥʦ, 

ʧʨʠ ʊ= Md ʠʤʝʝʪ ʤʝʩʪʦ ʨʦʩʪ ʥʘʧʨʷʞʝʥʠʡ ů0,1  ʠ  æů=ů0,1
Md

-ů0,1
ʟʘʢ
 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʚʦʟʨʘʩʪʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʢʘʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʩ ʚʣʠʷʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʥʘ Ms ʠ Md , ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʥʘ æʊSIM.  

ʀʪʘʢ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ɔ'-ʬʘʟ rʨʘʟʤʝʨʦʤ d=3-5 ʥʤ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʚʠʪʠʶ ʪʝʨʤʦʫʧʨʫʛʦʛʦ ɔ-Ŭ'-ʄʇ ʠ ʧʨʦʷʚʣʝʥʠʶ ʉʕ ʚ  [001] ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

FeNiCo(ʍ). ɺʝʣʠʯʠʥʘ ʉʕ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʉʕ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ ʉʕ ʨʘʚʥʘʷ 15,3 % ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 ʥʤ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ: -̄12-03-00098; 12-08-91331 ʅʅʀʆ 
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In this paper describes the method of determining the energy characteristics of the discharge channel, 

which based on the use of current waveforms and the law of energy conservation to the resistances of 

discharge circuit and plasma channel.The dynamics of energy in plasma at initiation of the discharge by 

exploding conductor both in water and in a polyethylen capillary are calculated. The efficiency of a 

capillary discharge in polyethylene capillary for realize energy into the channel. 

 

ɺʚʝʜʝʥʠʝ  

ʗʚʣʝʥʠʝ ɻ ʣʝʢʪʨʦʚʟʨʳʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʥʝʛʘʙʘʨʠʪʦʚ ʠ ʤʦʥʦʣʠʪʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ 

ʙʝʪʦʥʘ, ʫʢʨʝʧʣʝʥʠʷ ʛʨʫʥʪʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ[1,2].ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ɻ ʣʝʢʪʨʦʚʟʨʳʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʨʝʤʝʥʘʭ ʝʝ ʚʳʜʝʣʝʥʠʷ ʠ 

ʧʘʨʘʤʝʪʨʘʭ ʛʝʥʝʨʘʪʦʨʘ. ʅʝʦʙʭʦʜʠʤʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʘʟʤʝʨʘʤʠ 

ʨʘʟʨʫʰʘʝʤʳʭ ʥʝʛʘʙʘʨʠʪʦʚ ʠ ʨʘʟʤʝʨʦʤ ʦʪʢʘʣʳʚʘʝʤʦʛʦ ʦʪ ʤʦʥʦʣʠʪʘ ʢʫʩʢʘ ʧʦʨʦʜʳ [3].  

ʎʝʣʴ ʁʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʷʜʥʦʛʦ ʢʘʥʘʣʘ ʚ 

ʚʦʜʝ ʠ ʧʦʣʠʵʪʠʣʝʥʦʚʦʤ ʢʘʧʠʣʣʷʨʝ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʠ ʚʚʝʜʝʥʠʷ ɻ ʥʝʨʛʠʠ ʚ ʢʘʥʘʣ ʨʘʟʨʷʜʘ ʠ ʦ ʜʨʫʛʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʚ ʨʘʟʨʷʜʥʦʤ ʢʦʥʪʫʨʝ ʤʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʩʢʨʦʚʦʤ ʧʨʦʤʝʞʫʪʢʝ, ʪʘʢ 

ʢʘʢ ʠʤʝʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʨʫʜʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʘʢʪʠʚʥʦʤ Rk(t)  

itRU kR )(=  ʠ ʠʥʜʫʢʪʠʚʥʦʤ Lk(t) ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʢʘʥʘʣʘ 
dt

di
tLU kL )(= . ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ i=f(t) ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ, ʜʣʷ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ C, L, R.  

ʀʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʢʦʥʪʫʨʝ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ 

),
2

()
2

(
22

C
R

CU

dt

dLi

dt

d
P +=       (1) 

ʛʜʝ PR ï ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʮʝʧʠ. 
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ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ  

ñ-=

t

C idt
C

UU

0

0 ,
1

      (2) 

ʛʜʝ U0 ï ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʠ L=LC+Lk, ʛʜʝ LC ï ʧʦʩʪʦʷʥʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ ʠ 

Lk ï ʠʟʤʝʥʷʶʱʘʷʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [4] 
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å
-=       (3) 

ʛʜʝ l ï ʜʣʠʥʘ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ ʚ ʩʤ; ʘ=ɸt
n
, ʘ ï ʨʘʜʠʫʩ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ (A, n ï ʧʦʩʪʦʷʥʥʳʝ), ʧʦʩʣʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ : 
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ʇʨʠʥʠʤʘʷ ʘ  ʨʘʚʥʳʤ ʜʠʘʤʝʪʨʫ ʢʘʧʠʣʣʷʨʘ ʧʦʩʣʝ ʵʣʝʢʪʨʦʚʟʨʳʚʘ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʣʠʥʘʭ ʢʘʧʠʣʣʷʨʘ 

l=5 ʩʤ, Lk å 50 ʥɻʥ, ʯʪʦ ʤʥʦʛʦ ʤʝʥʴʰʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ PR 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʦʩʮʠʣʣʦʛʨʘʤʤʫ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʷʜʥʦʡ ʮʝʧʠ: ʉ, L, U0. 

ʀʥʜʫʢʪʠʚʥʦʩʪ ɹʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʦʧʳʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʩʦʩʪʘʚʠʣʘ L =1.067 ʤʢɻʥ. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ PR ʧʦ (4) ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʚʝʜʝʥʠʷ ʢʘʢʦʛʦ ʣʠʙʦ ʜʦʧʫʱʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ. ɽʩʣʠ R ʦʧʨʝʜʝʣʷʪʴ ʠʟ 

ʨʘʚʝʥʩʪʚʘ 
2i

P
R R= , ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʨʷʜʥʦʡ ʮʝʧʠ ʦʪ 

ʚʨʝʤʝʥʠ. ʆʧʨʝʜʝʣʷʝʤʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ̫ ʚʣʷʝʪʩʷ ʩʫʤʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʛʝʥʝʨʘʪʦʨʘ RG ʩ 

ʧʦʜʚʦʜʷʱʠʤʠ ʰʠʥʘʤʠ ʠ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ Rk(t). ʄʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʢʘʥʘʣʝ ʨʘʟʨʷʜʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʨʘʟʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʚʩʝʡ ʮʝʧʠ ʠ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʛʝʥʝʨʘʪʦʨʘ RG. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʘʟʨʷʜʘ ʚ ʢʘʧʠʣʣʷʨʝ ʠ ʚʚʦʜʝ ʥʘʭʦʜʠʪʴʩʷ ʠʟ (5), ʵʥʝʨʛʠʷ ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʢʘʥʘʣʝ ʨʘʟʨʷʜʘ ʥʘʭʦʜʠʪʴʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ (5). 

GRk RiPP 2-=       (5) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʘʥʘʣʝ ʨʘʟʨʷʜʘ ʚ ʚʦʜʝ ʠ ʧʦʣʠʵʪʠʣʝʥʦʚʦʤ ʢʘʧʠʣʣʷʨʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʛʝʥʝʨʘʪʦʨʝ ʩ ʟʘʨʷʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 10 ʢɺ, ʝʤʢʦʩʪʴʶ 12 ʤʢʌ, ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ 

1,067 ʤʢɻʥ, ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R=0,0197 ʆʤ. ʂʘʧʠʣʣʷʨ ʚʳʧʦʣʥʷʣʩʷ ʚ ʩʧʣʦʰʥʦʤ ʧʦʣʠʵʪʠʣʝʥʦʚʦʤ 

ʮʠʣʠʥʜʨʝ ʜʠʘʤʝʪʨʦʤ 24 ʤʤ. ʇʦʣʠʵʪʠʣʝʥ ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʜʝʰʝʚʳʡ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʧʦ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʈʘʟʤʝʨ ʢʘʧʠʣʣʷʨʘ: ʜʣʠʥʘ 50 ʤʤ, 

ʜʠʘʤʝʪʨ 0,37 ʤʤ, ʨʘʟʨʷʜ ʠʥʠʮʠʠʨʦʚʘʣʩʷ ʚʟʨʳʚʘʶʱʠʤʩʷ ʤʝʜʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ ʜʠʘʤʝʪʨʦʤ 0,15 ʤʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʜʠʘʤʝʪʨʦʤ 40 ʩʤ, ʟʘʧʦʣʥʝʥʥʦʡ ʚʦʜʦʡ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚʟʨʳʚ ʧʨʦʚʦʜʥʠʢʘ ʧʨʦʚʦʜʠʣʩʷ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʀʟʤʝʨʝʥʠʷ ʪʦʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʷʩʦʤ ʈʦʛʦʚʩʢʦʛʦ CWT-1500. ʇʦ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʪʦʢʘ ʧʦ (5) 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʨʘʟʨʷʜʝ ʚ ʢʘʧʠʣʣʷʨʝ ʠ ʚʦʜʝ. ʀʥʪʝʛʨʘʣ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʧʣʘʟʤʝ ʢʘʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

ʀʟ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʦʪ ʚʨʝʤʝʥʠ ʨʠʩ.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚ ʨʘʟʨʷʜʝ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʦʤ 

ʢʘʧʠʣʣʷʨʝ ʵʬʬʝʢʪʠʚʥʝʝ ʥʘ 10%, ʯʝʤ ʚ ʨʘʟʨʷʜʝ ʚ ʚʦʜʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʢʘʧʠʣʣʷʨʥʦʤ ʨʘʟʨʷʜʝ. 
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ʈʠʩ. 1.ɺʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʧʣʘʟʤʝ ʢʘʥʘʣʘ ʦʪ ʚʨʝʤʝʥʠ: 

ʘ ï ʨʘʟʨʷʜ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʦʤ ʢʘʧʠʣʣʷʨʝ;  

ʙ ï ʨʘʟʨʷʜ ʚ ʚʦʜʝ. 

 
ʈʠʩ. 2. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʚʨʝʤʝʥʠ: ʘ ï ʨʘʟʨʷʜ ʚ 

ʧʦʣʠʵʪʠʣʝʥʦʚʦʤ ʢʘʧʠʣʣʷʨʝ; ʙ ï ʨʘʟʨʷʜ ʚ ʚʦʜʝ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʚʟʨʳʚʘ, ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ 

ʨʘʟʨʷʜʘ. ʌʦʨʤʫʣʘ ʈʦʤʧʝ ï ɺʘʡʮʝʣʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʦʣʴʢʦ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʠʩ. 2 ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʚʝʨʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʪ.ʢ. ʬʦʨʤʫʣʘ ʈʦʤʧʝ ï ɺʘʡʮʝʣʷ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ ʙʝʟ 

ʫʯʝʪʘ ʠʦʥʠʟʘʮʠʠ, ʜʝʠʦʥʠʟʘʮʠʠ, ʠʩʧʘʨʝʥʠʷ ʩʪʝʥʢʠ ʠ ʪʜ. 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʷʜʘ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʦʤ ʢʘʧʠʣʣʷʨʝ ʚʳʰʝ, ʯʝʤ ʚ ʨʘʟʨʷʜʝ ʚ ʚʦʜʝ ʠ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʚʳʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʢʘʧʠʣʣʷʨʥʦʤ ʨʘʟʨʷʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʝʪ ʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʳʤ ʢʘʧʠʣʣʷʨʦʤ. 

ɺʳʚʦʜʳ 

1. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ, ʧʦ ʠʟʤʝʨʝʥʠʷʤ 

ʪʦʢʘ ʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʨʘʟʨʷʜʥʦʡ ʮʝʧʠ. 

2. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʨʘʟʨʷʜʘ ʚ ʧʦʣʠʵʪʠʣʝʥʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʧʣʘʟʤʝ. 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʷʜʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ʈʦʤʧʝ ï ɺʘʡʮʝʣʷ 

ʪʦʣʴʢʦ ʚ ʧʝʨʚʳʡ ʧʦʣʫʧʝʨʠʦʜ. 
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Carbon nanotube is a complicated cylinder structure consisting of several hexagonal graphite layers and 

having a semispherical end which could be considered as a half of the fullerene molecule. In search for the best 

conditions to store hydrogen with the help of carbon nanotubes we carried out experiment. Therefore we 

organized two mediums to compare: +30 degrees and -30 degrees. The experiment showed that nanotubes in low 

temperatures hold hydrogen better than in high temperatures. 

 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) ʙʳʣʠ ʦʪʢʨʳʪʳ ʷʧʦʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʚ 1991ʛ. ʀʤʝʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʦʣʛʫʶ ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʥʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

ʅʘʥʦʪʨʫʙʢʠ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣ ʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʠ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʚ 

ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʋʅʊ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʥʠ  ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ. ʀʟʫʯʝʥʠʝ 

ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʠʣʦ ʙʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘʥʦʪʨʫʙʢʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʣʴʪʨʦʚ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʛʨʘʬʠʪʦʚʳʤʠ ʩʣʦʷʤʠ ʚ ʋʅʊ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʯʪʦʙʳ ʪʘʤ ʤʦʛʣʦ ʧʦʤʝʩʪʠʪʴʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ ʚʦʜʦʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʋʅʊ, ʢʘʢ ʦ ʝʤʢʦʩʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʚʦʜʦʨʦʜʘ, ʥʘ ʧʨʘʢʪʠʢʝ ʞʝ ʵʪʦ ʦʟʥʘʯʘʝʪ ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ. 

ʕʢʩʧʝʨʠʤʝʥʪ 

ʂʘʢ  ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʋʅʊ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʠʤʝʥʥʦ ʵʪʦ ʠʭ 

ʩʚʦʡʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʚʥʝʜʨʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʚ 

ʩʪʨʫʢʪʫʨʫ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʘʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʨʘʚʥʦʤʝʨʥʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʋʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʢʦʥʚʝʨʩʠʝʡ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ 

ʚʦʣʥʦʚʦʜʥʦʛʦ ʪʠʧʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉɺʏ-ʨʘʟʨʷʜʘ [1]. ʇʦʣʫʯʘʝʤʳʡ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ 

ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʘ: ʥʘʥʦʪʨʫʙʢʠ,  ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʣʠʵʜʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, 

ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘʥʦʪʨʫʙʢʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ Gas 

Reaction Controller ʬʠʨʤʳ Advanced Materials Corporation, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʩʳʱʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʠʜʝʪ ʠʟ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ 

ʚʦʜʦʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Gas Reaction Controller ʩʪʨʦʷʪʩʷ ʢʨʠʚʳʝ PCI ï 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ (PCI absorption) ʠʣʠ ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ (PCI 

desorption) ʚʦʜʦʨʦʜʘ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ Gas Reaction Controller ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ.1. ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Gas Reaction Controller: 1 ï ʢʦʤʧʴʶʪʝʨ; 2 ï ʧʝʯʴ/ʢʨʠʦʩʪʘʪ; 3 ï 

ʦʙʨʘʟʝʮ; 4 ï ʢʘʤʝʨʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ; 5 ï ʢʘʤʝʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 6 ï ʢʦʥʪʨʦʣʣʝʨ; 7 ï ɻʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ; 8 ï ʨʝʟʝʨʚʫʘʨ; 9 ï ʨʝʟʝʨʚʫʘʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ; 10 ï ʨʝʟʝʨʚʫʘʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 11 ï 

ʩʠʩʪʝʤʘ ʵʢʩʪʨʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʚʦʜʦʨʦʜʘ; 12 ï ʚʘʢʫʫʤʥʳʡ ʧʦʩʪ; 13 ï ʙʘʣʣʦʥ ʩ ʚʦʜʦʨʦʜʦʤ; 14 ï ʛʝʥʝʨʘʪʦʨ ʚʦʜʦʨʦʜʘ; 

15 ï ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʦʪ 0 ʜʦ 10ʘʪʤ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 2 ʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʘ ʚʦʜʦʨʦʜʦʤ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ 

ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʥʘʩʳʱʝʥʠʷ  - 0,85ʤʘʩʩ%, ʯʪʦ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʅʘ ʈʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʘ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʥʘʥʦʪʨʫʙʢʠ, 

ʚʦʜʦʨʦʜʦʤ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  ʍʘʨʘʢʪʝʨ ʥʘʩʳʱʝʥʠʷ ʙʣʠʟʦʢ ʢ ʣʠʥʝʡʥʦʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʈʠʩ.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʘ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ T=+30 

ʈʠʩ.3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʘ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ T=-30Á 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʧʨʝʜʩʢʘʟʘʪʴ ʨʘʟʚʠʪʠʝ ʩʠʪʫʘʮʠʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʝʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ. ʀ, ʯʪʦ ʚʘʞʥʝʝ ʚʩʝʛʦ, 

ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʛʘʝʪ 4,5% (ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʦʙʨʘʟʝʮ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 6-9% [2,3]).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʥʘʥʦʪʨʫʙʢʠ,  ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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Suggested circuit decision, allowing to increase the resistance of isolation. Isolation from fluoroplastic, 

having high heat resistance, can be used in systems with high electrical conductivity of the fluid. 

 

ʀʤʧʫʣʴʩʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʣʦʞʝʥʠʝ: ʜʨʦʙʣʝʥʠʝ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ; ʦʯʠʩʪʢʘ ʣʠʪʴʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; ʩʠʥʪʝʟ ʤʘʪʝʨʠʘʣʦʚ. ɺʦ ʚʩʝʭ ʥʘʟʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʢʘʥʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʚʳʧʦʣʥʷʶʱʠʤ ʧʦʣʝʟʥʫʶ 

ʨʘʙʦʪʫ. ʅʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʨʘʙʦʯʠʭ ʢʘʤʝʨ). 

ʅʘ ʨʠʩ. 1ʧʦʢʘʟʘʥ ʧʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʇʦʟʠʮʠʷʤʠ ʥʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ: 

1 - ʩʪʝʨʞʝʥʴ-ʪʦʢʦʚʦʜ; 2 ï ʠʟʦʣʷʪʦʨ; 3 ï ʟʘʟʝʤʣʝʥʥʳʡ ʵʣʝʢʪʨʦʜ; 4 ï ʢʦʨʧʫʩ; 5 ï ʢʨʳʰʢʘ; 6 ï ʞʠʜʢʦʩʪʴ; 

7 - ʢʘʥʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ. ʂʦʨʧʫʩ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʠʟ ʧʨʦʚʦʜʷʱʠʭ ʠ 

ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʪʦʡʢʦʩʪʠ ʠʟʦʣʷʮʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

mailto:lozitskii.a.a@gmail.com
mailto:lozitskii.a.a@gmail.com


X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          125 
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ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʜʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ ʪʦʨʮʘ 

ʩʪʝʨʞʥʷ ʧʦ ʢʨʘʡʥʝ ʤʝʨʝ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʪʦʨʮʘ ʠʟʦʣʷʮʠʠ. 

ʊʘʢʦʝ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʜʣʠʥʳ ʦʛʦʣʝʥʥʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʝʜʧʨʦʙʦʡʥʳʝ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚʧʣʦʪʴ ʜʦ ʟʥʘʯʝʥʠʡ, ʢʦʛʜʘ ʢʘʥʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʨʘʟʨʷʜʘ ʩʬʦʨʤʠʨʦʚʘʥ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. 

ʆʜʥʦʡ ʠʟ ʤʝʨ, ʧʦʚʳʰʘʶʱʝʡ ʩʪʦʡʢʦʩʪʴ ʠʟʦʣʷʪʦʨʘ ʢ ʨʘʟʨʫʰʝʥʠʶ, 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʫʙʯʘʪʦʛʦ ʵʢʨʘʥʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʥʠʞʥʝʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ʠʟʦʣʷʪʦʨʘ [2]. ʇʨʠʤʝʥʝʥʠʝ ʪʨʫʙʯʘʪʦʛʦ ʵʢʨʘʥʘ ʧʦʟʚʦʣʷʝʪ 

ʥʘ ʧʦʨʷʜʦʢ ʩʥʠʟʠʪʴ ʵʥʝʨʛʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʘʟʨʷʜʦʚ ʠ ʧʦʚʳʩʠʪʴ 

ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʠʟʦʣʷʪʦʨʘ ʚ 1,8 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʜʦʤ ʙʝʟ ʵʢʨʘʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ 

ʜʣʠʥʳ ʦʛʦʣʝʥʥʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ ʢ ʜʣʠʥʝ ʨʘʙʦʯʝʛʦ ʧʨʦʤʝʞʫʪʢʘ ʫʚʝʣʠʯʠʪʴ ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʘʟʨʷʜʦʚ ʩʥʠʞʘʝʪʩʷ ʜʦ ʥʫʣʷ. 

ʇʨʦʮʝʩʩʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚʦ ʚʨʝʤʝʥʠ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʩʪʘʜʠʠ: ʧʨʝʜʧʨʦʙʦʡʥʘʷ ʩʪʘʜʠʷ ʠʣʠ ʩʪʘʜʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ; ʢʘʥʘʣʴʥʘʷ ʩʪʘʜʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʳʢʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠ ʥʫʣʝʚʦʛʦ ʵʣʝʢʪʨʦʜʦʚ; ʧʦʩʣʝʨʘʟʨʷʜʥʘʷ ʩʪʘʜʠʷ ʩ ʛʝʥʝʨʘʮʠʝʡ 

ʧʫʣʴʩʠʨʫʶʱʝʡ ʧʘʨʦʛʘʟʦʚʦʡ ʧʦʣʦʩʪʠ. ʈʘʟʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʠ ʚ ʚʠʜʝ ʪʨʝʱʠʥ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʶʪ ʧʣʘʟʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʩʪʨʠʤʝʨʦʚ ʠ 

ʣʠʜʝʨʦʚ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʝʜʧʨʦʙʦʡʥʦʡ ʩʪʘʜʠʠ ʥʘ ʩʪʦʡʢʦʩʪʴ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʜʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʩʪʨʠʤʝʨʥʳʝ ʠ ʣʠʜʝʨʥʳʝ ʪʦʢʠ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʘʟʨʷʜʘ, ʚʳʙʦʨʦʤ ʤʘʪʝʨʠʘʣʦʚ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʠ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ, ʘ 

ʪʘʢ ʞʝ ʦʧʪʠʤʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʨʘʙʦʯʠʝ ʢʘʤʝʨʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʨʫʡʥʦʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʙʦʯʠʝ ʢʘʤʝʨʳ ʩ ʦʙʲʝʤʦʤ ʚ ʝʜʠʥʠʮʳ ʜʤ
3
 ʠ ʤʝʥʝʝ. ɺ 

ʪʘʢʠʭ ʢʘʤʝʨʘʭ ʠʤʧʫʣʴʩʥʦʝ ʜʘʚʣʝʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʥʠ ʄʇʘ [3]. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʨʘʙʦʯʠʭ ʢʘʤʝʨ, ʢʦʨʧʫʩ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʩʪʘʣʠ, ʧʦʩʢʦʣʴʢʫ ʢʘʤʝʨʳ ʠʟ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʝ ʤʦʛʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʪʘʢʠʝ ʥʘʛʨʫʟʢʠ. ʉʪʘʣʴʥʦʡ ʢʦʨʧʫʩ ʪʘʢʠʭ ʢʘʤʝʨ ʟʘʟʝʤʣʷʝʪʩʷ ʠ ʚ ʨʘʟʨʷʜʥʦʡ ʮʝʧʠ ʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʟʢʦʚʦʣʴʪʥʳʡ ʵʣʝʢʪʨʦʜ. ɺ ʧʦʜʦʙʥʳʭ ʢʘʤʝʨʘʭ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʚʳʩʦʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʟʘʤʳʢʘʝʤʳʭ ʥʘ ʢʦʨʧʫʩ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʢʘ ʢʘʩʘʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʦʣʷ. ʆʥʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʨʘʟʨʷʜʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʠ  ʠ ʝʝ ʨʘʟʨʫʰʝʥʠʝ ʚʜʦʣʴ ʧʫʪʠ ʨʘʟʨʷʜʘ 

[4]. ʈʘʟʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʤʥʦʞʝʩʪʚʘ ʪʨʝʱʠʥ ʠʟʚʠʣʠʩʪʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʠʩʧʳʪʘʥʥʦʛʦ 

ʈʠʩ. 1. ʈʘʙʦʯʘʷ ʢʘʤʝʨʘ 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʩ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʠʟʦʣʷʮʠʝʡ 

ʈʠʩ. 3. ɺʳʩʦʢʦʚʦʣʴʪʥʳʡ ʵʣʝʢʪʨʦʜ ʩ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʠʟʦʣʷʮʠʝʡ 



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 
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ʥʘʤʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʈʘʟʨʫʰʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʠʞʥʝʡ ʦʢʦʥʝʯʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʜʘ, ʪ.ʝ. ʚ ʟʦʥʝ ʚʳʩʦʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʚʠʜʥʦ ʪʘʢʞʝ ʨʘʟʨʫʰʝʥʠʝ ʩʪʝʨʞʥʷ-ʪʦʢʦʚʦʜʘ ʚ ʚʠʜʝ 

ʩʢʦʣʘ ʚʙʣʠʟʠ ʝʛʦ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʠʟʦʣʷʮʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʟʨʷʜʥʳʡ 

ʢʦʥʪʫʨ ʪʘʢ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʢʦʨʧʫʩ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʠʟ ʨʘʟʨʷʜʥʦʡ ʮʝʧʠ. ʕʪʦ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʦʨʧʫʩ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʥʝʦʙʭʦʜʠʤʦ ʠʟʦʣʠʨʦʚʘʪʴ ʦʪ ʥʫʣʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ 

ʥʠʟʢʦʚʦʣʴʪʥʳʡ ʵʣʝʢʪʨʦʜ ʚʳʧʦʣʥʠʪʴ ʦʪʜʝʣʴʥʳʤ ʫʟʣʦʤ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʩ ʢʦʨʧʫʩʦʤ. ɺ 

ʪʘʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʫʤʝʥʴʰʘʪʩʷ ʪʦʢʠ ʩʢʚʦʟʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ ʦʛʦʣʝʥʥʫʶ ʯʘʩʪʴ ʩʪʝʨʞʥʷ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ  ʫʜʣʠʥʝʥʥʦʡ, ʧʨʠ ʵʪʦʤ 

ʪʦʨʮʝʚʘʷ ʯʘʩʪʴ ʠʟʦʣʷʮʠʠ ʙʫʜʝʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘʛʨʫʞʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. 

ʈʘʙʦʪʘ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʩʪʦʡʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʠʪʩʷ ʬʪʦʨʦʧʣʘʩʪ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʚʳʩʦʢʠʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʘʢʦ, ʚ [4]  ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʬʪʦʨʦʧʣʘʩʪ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʜʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʞʠʜʢʦʩʪʠ 

ʠʟ-ʟʘ ʥʠʟʢʦʡ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʅʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʬʪʦʨʦʧʣʘʩʪ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʝʛʦ ʩʢʣʦʥʥʦʩʪʴ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʅʘ ʨʠʩ. 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʵʣʝʢʪʨʦʜʘ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʠʟʦʣʷʮʠʝʡ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʬʪʦʨʦʧʣʘʩʪʦʚʘʷ ʠʟʦʣʷʮʠʷ ʥʝ ʨʘʟʨʫʰʝʥʘ ʥʠ ʤʝʭʘʥʠʯʝʩʢʠ, ʥʠ ʵʣʝʢʪʨʠʯʝʩʢʠ, ʭʦʪʷ 

ʵʣʝʢʪʨʦʜ ʨʘʙʦʪʘʣ ʚ ʩʘʤʳʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʢʦʨʧʫʩ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʟʘʟʝʤʣʝʥ ʠ ʚʳʧʦʣʥʝʥ ʠʟ 

ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ). 

ʇʨʠ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ ʠʤʝʝʪ ʣʠʜʝʨʥʫʶ ʬʦʨʤʫ ʠ, 

ʯʝʤ ʙʦʣʴʰʝ ʧʨʦʚʦʜʠʤʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʪʝʤ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʣʠʜʝʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺʦʟʥʠʢʘʝʪ 

ʣʠʜʝʨʥʘʷ ʢʦʨʦʥʘ [4]. ʇʨʠ ʵʪʦʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʥʘʷ ʢʦʨʦʥʘ. ʃʠʜʝʨʥʘʷ ʢʦʨʦʥʘ ʦʭʚʘʪʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʦʣʷʮʠʠ ʚ 

ʥʠʞʥʝʡ ʝʛʦ ʯʘʩʪʠ ʠ ʦʥʘ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʵʢʨʘʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʡʢʦʩʪʴ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʜʘ, ʯʪʦ ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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In der vorliegendenArbeitist die Modellierung und die Optimierung des Prozesses der Plasmaverwertung der 

Holzabfªlleunter den Bedingungen des Luftplasmas in Form von optimal nachdemBestand der 

brennbarenWasserbrennstoffkompositionendurchgef¿hrt. 

 

ʃʝʩʥʘʷ, ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʪʨʘʩʣʝʡ 

ʈʦʩʩʠʠ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʨʦʩʪʘ. ʆʜʥʦʡ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʣʠ ʧʨʦʜʫʢʮʠʠ ʛʣʫʙʦʢʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʦʡ ʧʨʦʜʫʢʮʠʠ 

ʙʫʜʫʪ ʚʦʟʨʘʩʪʘʪʴ ʦʙʲʸʤʳ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʵʬʬʝʢʪʠʚʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʦʡ ʪʘʢʞʝ ʚ ʩʚʝʪʝ ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʣʶʙʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʦʪʨʘʩʣʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʦ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʪʠʣʠʟʘʮʠʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʠʟ ʩʪʘʪʴʠ ʟʘʪʨʘʪ ʧʝʨʝʰʣʘ ʚ ʩʪʘʪʴʶ ʜʦʭʦʜʦʚ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʪʠʣʠʟʘʮʠʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚʠʜʘʤ ʪʦʧʣʠʚʘ[1,2]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʜʨʝʚʝʩʥʳʝ ʦʪʭʦʜʳ ʷʚʣʷʶʪʩʷ CO2-ʥʝʡʪʨʘʣʴʥʳʤʠ, ʠʤʝʶʪ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠʟ 

ʈʠʩ. 1 ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʥʘ 

ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʛʦʨʶʯʠʭ 

ʚʦʜʦʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ 
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ʈʠʩ.2 ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ 

ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʚ ʚʠʜʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʛʦʨʶʯʝʡ ʚʦʜʦʪʦʧʣʠʚʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ 65%  

mailto:anlutz92@mail.ru
mailto:anlutz92@mail.ru
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʷʚʣʷʶʪʩʷ: ʩʞʠʛʘʥʠʝ, ʙʳʩʪʨʳʡ ʧʠʨʦʣʠʟ ʠ ʛʘʟʠʬʠʢʘʮʠʷ [1,2]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʵʬʬʝʢʪʠʚʥʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʪʘʢʠʭ 

ʦʪʭʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʧʣʘʟʤʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʛʦʨʶʯʠʭ 

ʚʦʜʦʪʦʧʣʠʚʥʳʭʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ çɼʈʆ ï ɺʦʜʘ- ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠè, 

ʠʤʝʶʱʠʭ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʊʘʜå1200Áʉ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɼʈʆ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʛʦʨʶʯʠʭ 

ʚʦʜʦʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʦʪʭʦʜʦʚ. 

ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 1) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʛʦʨʶʯʠʝ ʢʦʤʧʦʟʠʮʠʠ, 

ʠʤʝʶʱʠʝ ʊʘʜå1200 Áʉ, ʩ ʨʘʟʣʠʯʥʳʤ ʠʩʭʦʜʥʳʤ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (0; 5%; 

10%; 15%; 20% ʠ 30%). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʨʘʚʥʦʚʝʩʥʳʭ 

ʩʦʩʪʘʚʦʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʩʦʩʪʘʚʫ 

ʛʦʨʶʯʠʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ɼʈʆ. ɼʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʮʝʥʟʠʦʥʥʘʷ ʧʨʦʛʨʘʤʤʘ TERRA. 

ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (0,1 ʄʇʘ), ʜʣʷ hʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (300õ3000 ʂ) ʠ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (0,1õ0,95). ɺ 

ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʠʩʭʦʜʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʨʝʚʝʩʠʥʳ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʨʝʚʝʩʠʥʳ: 

 C H O N 

ʉʦʜʝʨʞʘʥʠʝ,  % 49 6 44 0,1õ0,3 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʛʦʨʶʯʝʡ ʢʦʤʧʦʟʠʮʠʠ 

ʥʘ ʦʩʥʦʚʝ ɼʈʆ ʧʨʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ  ʧʣʘʟʤʝʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 65%. 

ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʩʪʘʚʦʚ 

(ʨʠʩ. 1) ʩʣʝʜʫʝʪ, ʯʪʦʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʜʦ 1100ʂʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ 60%,ʚ ʦʩʥʦʚʥʦʤ, 

ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ 

ʧʨʦʜʫʢʪʳN2,CO2 ʠH2O, ʘ ʥʘʣʠʯʠʝ ʩʘʞʠ 

C(c) ʠ CO ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ 

ʩʦʩʪʘʚʫ ʛʦʨʶʯʝʡ ʢʦʤʧʦʟʠʮʠʠʥʘ ʦʩʥʦʚʝ 

ɼʈʆ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʧʨʠ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ 65% ʠʜʸʪ ʚ 

ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

ʇʦʚʳʰʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

ʚʦʟʜʫʭʘ ʩ 65%  ʜʦ 70%(ʨʠʩ. 2) ʧʨʠʚʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 1100 Kʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʩʘʞʠ ʉ(c), ʉʆ ʠ NO, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʣʘʟʤʝʥʥʦʛʦʛʦʨʝʥʠʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʩʦʩʪʘʚʫ 

ʈʠʩ.3 ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʚʦʟʜʫʰʥʦʡ 

ʧʣʘʟʤʝ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʛʦʨʶʯʝʡ ʚʦʜʦʪʦʧʣʠʚʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 70%  



X ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 23 ï 26 ɸʇʈɽʃʗ 2013 ʛ.                        ʌʀɿʀʂɸ 

ʛʦʨʶʯʝʡ ʢʦʤʧʦʟʠʮʠʠʥʘ ʦʩʥʦʚʝ ɼʈʆ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʧʨʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ 70% ʠʜʸʪ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʤ ʨʝʞʠʤʝ. 

ʉ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʨʷʤʦʡ ʧʣʘʟʤʝʥʥʦʡ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʆʗʊ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ  ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ: ʠʥʪʝʨʚʘʣ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (1000Ñ100) ʂ; ʩʦʩʪʘʚ ɻɺʊʂ (85% ɼʈʆ:15% ɺʦʜʘ); ʤʘʩʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʬʘʟ (70% ʚʦʟʜʫʭ : 

30% ɻɺʊʂ). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʥʘʟʥʘʯʝʥʠʷ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʀɿʄɽʅɽʅʀʗ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʇʆʂʈʓʊʀʁ AUNI  

ɺ ʇʈʆʎɽʉʉɽ ʀɿʅɸʐʀɺɸʅʀʗ 

ɸ.ʆ. ʃʷʟʛʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʮʝʥʪ, ʜ.ʬ.-ʤ.ʥ. ɸ.W. Panin 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʈʦʩʩʠʷ, ʛ.ʊʦʤʩʢ,  ʧʨ. ɸʢʘʜʝʤʠʯʝʩʢʠʡ, 2/4, 634021 

E-mail: lyazgin@list.ru 

 

ɺ ʨʘʙʦʪʝ ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʝʭʘʥʠʟʤʘʤʠ ʠʟʥʘʰʠʚʘʥʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ AuNi ʠ 

ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʡ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʝʨʝʭʦʜ ʦʪ ʘʙʨʘʟʠʚʥʦʛʦ ʢ ʘʜʛʝʟʠʦʥʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʠʟʥʘʰʠʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ ʠʭ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʠʟʥʦʩʘ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

 

Die wichtigsten Eigenschaften der galvanischen ¦berz¿ge, die f¿r die Leiter der Mikrowellenkoaxialverbinder 

verwendet werden, sind der stabil niedrige elektrische Kontaktwiderstand und die hohe VerschleiÇfestigkeit [1]. In 

Betrieb werden die Verbinder die vielfachen Zyklen der Verbindung-Trennung erproben, was zur Verschlechterung 

der elektrischen Eigenschaften der ¦berz¿ge bis zum Verlust der Leitungsfªhigkeit f¿hrt. In diesem Zusammenhang 

ist von Interesse, die Korrelation zwischen dem VerschleiÇgrad der ¦berz¿ge und der Degradation ihrer elektrischen 

Charakteristiken festzustellen. Das Ziel der vorliegenden Arbeit war es, die Verªnderungen des elektrischen 
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Widerstands der galvanischen AuNi-¦berz¿ge im Laufe der Abnutzung zu untersuchen. 

Die galvanische AuNi-¦berz¿ge wurden mittels des Elektrolytverfahren im Regime des Gleichstroms (Ia = 

5 ʤʢɸ/ʤʤ
2
) auf die nichtleitende Polykorsubstrat abgeschieden. Zwecks der Versorgung der elektrolytischen 

Abscheidung der ¦berz¿ge wurde der feine Titanfilm von der Dicke 50 nm vorher auf das Substrat nach dem 

Verfahren der Magnetron-Zerstªubung aufgebracht. Dann wurde die NiB-Schicht von der Dicke 1,5 mkm mit 

dem Elektrolytverfahren abgeschieden. Endlich wurden die AuNi-¦berz¿ge (Au-99 AT%, Ni-1 AT%) von der 

Dicke 3 mkm aufgebracht. Bei der Abscheidung der ¦berz¿ge hatte die Elektrolytlºsung die folgende 

Zusammensetzung: 8 g/l KAu(CN)2, 100 g/l ʉ6ʅ8O7, 40 g/l ʂʆʅ und 1 g/l NiSO4-7H2O. 

Die VerschleiÇpr¿fungen wurden mit Hilfe der Reibungsmaschine UʄR-1 nach dem Schema çFinger- Scheibeè 

bei der Belastung 1,85 N unter den Bedingungen der trockenen Reibung durchgef¿hrt. Als Konterkºrper wurde die 

Kugeln vom Durchmesser 3 mm aus dem Stahl ʐʍ15 verwendet. Die Dauer der Pr¿fungen war 31000 Sekunden bei 

der Gleitgeschwindigkeit 0,5 m/s. Die Intensitªt des VerschleiÇes wurde mittels der Messung der Breite der 

Reibungsspur durch den optischen Aufnahmen, die mit Hilfe des optischen Mikroskops MBS-10 gewonnen werden, 

abgeschªtzt. Die Profile der Reibungsspuren der galvanischen ¦berz¿ge wurden mit Hilfe des Oberflªchentastgerªts 

gewonnen. Die Morphologie der Oberflªche der galvanischen ¦berz¿ge wurde bis und nach den VerschleiÇpr¿fungen 

mit Hilfe des Atom-Kraft-Mikroskops RAFM-5 untersucht. 

Den elektrischen Widerstand der Proben wurde mittels der Vierelektrodenmethode gemessen. Auf den 

¦berzug oben legten die polierte Platte mit den vier Elektroden vom Durchmesser 0,01 mm auf. Auf die 

Elektroden wurde die stabilisierte Stromversorgung gegeben. Von den potentiellen Kontakten wurde das 

Potential, das der gegebenen Probe entspricht, gemessen. Der elektrische Widerstand wurde nach der Breite der 

Probe und der Entfernung zwischen den potentiellen Kontakten gerechnet. 

Mittels des Atom-Kraft-Mikroskops (AFM) wurde es festgestellt, dass die galvanische AuNi-¦berz¿ge mit 

dem gleichartigen Relief mit der mittleren KorngrºÇe 1,4 mkm charakterisiert werden (Abb. 1). 

Die tribologische Pr¿fungen haben gezeigt, dass auf dem Einlaufenstadium, das von der Glªttung der 

Ausgangsunebenheit der Oberflªche der AuNi-¦berz¿ge begleitet wird, der bemerkbaren Verªnderung ihres 

elektrischen Widerstands nicht geschieht (Abb. 2, Stadium I). Bei dem ¦bergang zum Stadium des stationªren 

VerschleiÇes beginnt die GrºÇe des elektrischen Widerstands zu wachsen (die Abb. 2, Stadium II). In dieser Etappe, 

infolge der intensiven Wechselwirkung des Konterkºrpers mit der Oberflªche der Probe, findet die intensive 

Ansammlung der Defekte und die Bildung der tiefen Furchen im AuNi-¦berzug statt. Die Oberflªche der Reibung 

Abb.1. AFM-Bilder der Oberflªche des AuNi-¦berzuges auf 

die Polykorsubstrat mit der NiB-Zwischenunterschicht 

Abb. 2. Die Verªnderungen des elektrischen Widerstands (R) 

der AuNi-¦berz¿ge auf dem Gebiet der Reibungsspur und 

der Breite der Reibungsspur (l) im Laufe der 

VerschleiÇpr¿fung  




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































