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ʇʆʃʋʏɽʅʀɽ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʉʊʈʆʀʊɽʃʔʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʅɸ ʆʉʅʆɺɽ 

ʄʀʂʈʆʂʈɽʄʅɽɿɽʄɸ ʀ ʅɽɻɸʐɽʅʆʁ ʀɿɺɽʉʊʀ                                                         

ɸ.ɺ.ʄʘʢʩʷʢʦʚʘ ,   ɺ.ɸ.ʃʦʪʦʚ 431 
ʂʈʀʉʊɸʃʃʀʏɽʉʂʀɽ ʄʆɼʀʌʀʂɸʎʀʀ ʂɸʈɹʆʅɸʊɸ ʂɸʃʔʎʀʗ, ʇʆʃʋʏɽʅʅʆɻʆ ɺ 

ɸʄʄʀɸʏʅʆʁ ʉʈɽɼɽ                                                                                                                             

ʅ.ɺ. ʄʘʣʘʥʦʚʘ, ɺ.ʀ. ʂʦʩʠʥʮʝʚ 433 
ʅʆɺʓɽ ʉʆʈɹʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ FilLis 7 ʀ FilLis 8, ɼʃʗ ʋɼɸʃɽʅʀʗ ʀɿ ɺʆɼʅʓʍ 

ʉʈɽɼ ʀʆʅʆɺ ʊʗɾɪʃʓʍ ʄɽʊɸʃʃʆɺ                                                                                                   

ɼ. ɺ. ʄʘʨʪʝʤʴʷʥʦʚ, ɽ. ʀ. ʂʦʨʦʪʢʦʚʘ, ʇ. ɽ. ʉʣʷʜʥʠʢʦʚ, ɽ.ʀ. ʂʦʨʦʪʢʦʚʘ 436 
ʉɺʆʁʉʊɺɸ ʂʆʄʇʆɿʀʊʆɺ Ag/SiO2                                                                                                                                         

ɼ.ʆ.ʄʘʨʪʳʥʦʚʘ, ʃ.ʉ. ʂʠʙʠʩ, ʉ.ʖ. ʎʳʨʝʪʘʨʦʚʘ, ʊ.ʀ. ʀʟʘʘʢ 439 
ɺʃʀʗʅʀɽ ɿɸʄʆʈɸɾʀɺɸʅʀʗ ʅɸ ʈɽʆʃʆɻʀʏɽʉʂʀɽ ʀ ʇʆɺɽʈʍʅʆʉʊʅʓɽ ʉɺʆʁʉʊɺɸ 

ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʎʀʁ ʅɸ ʆʉʅʆɺɽ  ʇʆʃʀɺʀʅʀʃʆɺʆɻʆ ʉʇʀʈʊɸ                  

ʄ.ʀ.ʄʘʩʪʷʝʚʘ, ʃ.ʄ.ʊʨʫʬʘʢʠʥʘ, ʃ.ʄ.ʊʨʫʬʘʢʠʥʘ 442 
ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʅɸʅʆʋɻʃɽʈʆɼɸ ʀ 

ɽɻʆ ɺʃʀʗʅʀɽ ʅɸ ʉɺʆʁʉʊɺɸ ʎɽʄɽʅʊʅʆɻʆ ʂɸʄʅʗ                                                              



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  11 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2011 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʃ.ɸ. ʄʦʨʦʟʦʚʘ, ʆ.ʆ. ʄʦʨʦʟʦʚʘ, ʀ.ɸ. ʈʫʩʘʢʦʚ,  ʖ.ʉ. ʉʘʨʢʠʩʦʚ, ʉ.ɺ. ʆʙʨʘʟʮʦʚ 445 
ʈɸɿʈɸɹʆʊʂɸ ʇʆɼʍʆɼʆɺ ʂ ʉʆɿɼɸʅʀʖ ʄɸɻʅʀʊʆʋʇʈɸɺʃʗɽʄʆɻʆ ʅɸʅʆʈɸɿʄɽʈʅʆɻʆ 

ʂɸʊɸʃʀɿɸʊʆʈɸ ɼʃʗ ʈɽɸʂʎʀʁ ʈɸɿʃʆɾɽʅʀʗ ɼʀɸɿʆʅʀɽɺʓʍ ʉʆʃɽʁ                                      

ʄ. ɸ .ʄʦʨʦʟʦʚʘ, ʇ.ʉ. ʇʦʩʪʥʠʢʦʚ, ʄ.ɽ. ʊʨʫʩʦʚʘ, ɺ.ɼ. ʌʠʣʠʤʦʥʦʚ 448 
ʈɸɿʈɸɹʆʊʂɸ ɸʅɸʃʀɿɸ ʇʆʃʀʎʀʂʃʀʏɽʉʂʀʍ ɸʈʆʄɸʊʀʏɽʉʂʀʍ ʋɻʃɽɺʆɼʆʈʆɼʆɺ ɺ 

ʆɹʒɽʂʊɸʍ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ ʄɽʊʆɼɸʄʀ ɻʍ/ʄʉ ʀ ɺʕɾʍ                                               

ɸ.ʉ. ʅʘʨʪʦʚ, ʄ.ʃ. ɹʝʣʷʥʠʥ 450 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʃʔʊʈɸɼʀʉʇɽʈʉʅʆɻʆ ʇʈʆɼʋʂʊɸ ʇʃɸɿʄʆɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʉʀʅʊɽɿɸ                                                                                                                                                       

ɼ.ʉ. ʅʠʢʠʪʠʥ, ɸ.ʗ. ʇʘʢ, ɸ.ɸ. ʉʠʚʢʦʚ 453 
ʀɿʋʏɽʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʈɽʆʃʆɻʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ ʉɹʆʈʅʆʁ ʅɽʌʊʀ, 

ʇɽʈɽʂɸʏʀɺɸɽʄʆʁ ʇʆ ʄʅ çʋʉɸ-ʋʍʊɸ-ʗʈʆʉʃɸɺʃʔè ʇʈʀ ʆɹʈɸɹʆʊʂɽ 

ɼɽʇʈɽʉʉʆʈʅʓʄʀ ʇʈʀʉɸɼʂɸʄʀ                                                                                                   

ʊ.ɺ. ʅʦʚʠʢʦʚʘ, ɽ.ɸ. ɹʫʜʦʚʘʷ, ʆ.ɽ. ʄʦʡʟʝʩ, ʅ.ʉ., ʖ.ɺ. ʆʩʢʫʪʦʚʘ 456 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʀʄɽʅʀʄʆʉʊʀ ʊɽʊʈɸʌʊʆʈʆɹʈʆʄɸʊɸ ʂɸʃʀʗ ɺʆ 

ʌʊʆʈʆʈɻɸʅʀʏɽʉʂʆʄ ʉʀʅʊɽɿɽ                                                                                                      

ɸ.ɸ. ʇʘʩʪʫʭʦʚ, ʀ.ɸ. ʂʫʨʩʢʠʡ, ɺ.ʀ. ʉʦʙʦʣʝʚ 458 
ʉʀʅʊɽɿ ɸʈɽʅɼʀɸɿʆʅʀʁ ɼʆɼɽʎʀʃʉʋʃʔʌɸʊʆɺ, ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʍ ʉʊʈʋʂʊʋʈʓ ʀ 

ʍʀʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ                                                                                                                

ʇ.ɺ. ʇʝʪʫʥʠʥ, ʂ.ɺ. ʂʫʪʦʥʦʚʘ, ʄ.ɽ. ʊʨʫʩʦʚʘ, ʇ.ʉ. ʇʦʩʪʥʠʢʦʚ, ɺ.ɼ. ʌʠʣʠʤʦʥʦʚ 461 
ʇʈʀʄɽʅɽʅʀɽ ɻʆʉʉʊɸʅɼɸʈʊʆɺ ɼʃʗ ɸʊʊɽʉʊɸʎʀʀ ʅɸʅʆʇʆʈʆʐʂʆɺ ʄɽʊɸʃʃʆɺ            

ʇ. ʈʘʢʳʤʝʪʭʘʥ, ʊ.ɺ. ʂʦʥʦʚʯʫʢ, ʀ.ɺ. ʂʣʝʢʦʚʢʠʥ, ɸ.ʇ. ʀʣʴʠʥ 464 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸʉʊɺʆʈʀʄʆʉʊʀ ʊɽʊʈɸʌʊʆʈʆɹʈʆʄɸʊʆɺ ʑɽʃʆʏʅʓʍ              

ʄɽʊɸʃʃʆɺ ɺ ʊʈʀʌʊʆʈʀɼɽ ɹʈʆʄɸ                                                                                                                

ɸ.ɺ. ʈʳʙʘʢʦʚ, ʈ.ɺ. ʆʩʪʚʘʣʴʜ 467 
ʀɿɺʃɽʏɽʅʀɽ ʀʆʅʆɺ As

5+
, Cr

6+
, Ni

2+
 ʀɿ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈʆɺ                     

ɾɽʃɽɿʆʋɻʃɽʈʆɼʅʓʄ ʉʆʈɹɽʅʊʆʄ                                                                                                                

ʊ.ɸ.ʈʷʟʘʥʦʚʘ, ɺ.ɸ. ʄʠʪʴʢʠʥ , ʊ.ɸ. ʖʨʤʘʟʦʚʘ 469 
ɸʅʊʀʆʂʉʀɼɸʅʊʅɸʗ ɸʂʊʀɺʅʆʉʊʔ ʈɽɼʆʂʉ-ɸʂʊʀɺʅʓʍ ɻʋʄʀʅʆɺʓʍ  

ʇʈʆʀɿɺʆɼʅʓʍ, ʇʆʃʋʏɽʅʅʓʍ, ʇʈʀ ʄɽʍɸʅʆʍʀʄʀʏɽʉʂʆʄ ʉʀʅʊɽɿɽ                                            

ʖ. ɻ. ʉʘʚʯʝʥʢʦ
 
, ɸ.ɺ. ʉʘʚʝʣʴʝʚʘ,

 
 ɸ. ɺ. ʉʘʚʝʣʴʝʚʘ, ɽ.ʄ. ɹʝʨʝʟʠʥʘ 472 

ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʗ ɻʃʋʊɸʊʀʆʀʅɸ ʅɸ ɻʈɸʌʀʊʆɺʓʍ ʕʃɽʂʊʈʆɼɸʍ, 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ʅɸʅʆʏɸʉʊʀʎɸʄʀ ɿʆʃʆʊɸ                                                                   

ʄ.ɸ. ʉʝʡʪʞʘʥʦʚʘ, ɼ.ʆ.ʇʝʨʝʚʝʟʝʥʮʝʚʘ, .ɸ.ʇ. ʀʣʴʠʥ 475 
ɺʃʀʗʅʀɽ ʇʆʃʀʄɽʈʅʓʍ ʇʈʀʉɸɼʆʂ-ɼɽʇʈɽʉʉʆʈʆɺ ʅɸ ɸʅʊʀʆʂʉʀɼɸʅʊʅʓɽ ʀ 

ʈɽʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɺʓʉʆʂʆʇɸʈɸʌʀʅʀʉʊʆʁ ʅɽʌʊʀ                                           

ʀ.ɻ.ʉʝʤʝʥʦʚʘ, ʖ.ɺ.ʃʦʩʢʫʪʦʚʘ, ɽ.ʀ. ʂʦʨʦʪʢʦʚʘ, ʖ.ɺ. ʃʦʩʢʫʪʦʚʘ 478 
ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂɸʗ ʀʅʊɽʈʇʈɽʊɸʎʀʗ ʕʃɽʂʊʈʆʅʅʆɻʆ ʉʇɽʂʊʈɸ ʇʆɻʃʆʑɽʅʀʗ 

ʀ ʃʖʄʀʅɽʉʎɽʅʎʀʀ 5, 6, 7ïʊʈʀʄɽʊʀʃɿɸʄɽʑɽʅʅʆɻʆ ʇʀʈʈʆʄɽʊɽʅɸ                           

ɸ.ʅ. ʉʠʥʝʣʴʥʠʢʦʚ, ʖ.ɺ. ɸʢʩʝʥʦʚʘ, ɺ.ʗ. ɸʨʪʶʭʦʚ, ʈ.ʊ. ʂʫʟʥʝʮʦʚʘ 481 
ɺʃʀʗʅʀɽ ʋʉʃʆɺʀʁ ʇʈʀɻʆʊʆɺʃɽʅʀʗ ʀ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ʆɹʈɸɹʆʊʂʀ ɼʀʆʂʉʀɼɸ 

ʊʀʊɸʅɸ ʅɸ ɽɻʆ ʉʆʈɹʎʀʆʅʅʋʖ ɸʂʊʀɺʅʆʉʊʔ                                                                             

ɺ.ɺ. ʉʤʠʨʥʦʚʘ, ʆ.ɹ. ʅʘʟʘʨʝʥʢʦ, ʆ.ɹ. ʅʘʟʘʨʝʥʢʦ 484 
ʉʀʅʊɽɿ ʇʕɻ-ʉʆɼɽʈɾɸʑʀʍ ʆʈɻɸʅʀʏɽʉʂʀʍ ʄʆʃɽʂʋʃ - ʄʆɼʀʌʀʂɸʊʆʈʆɺ 

ʅɸʅʆʏɸʉʊʀʎ                                                                                                                                        

ʅ.ʉ. ʉʫʨʛʫʪʩʢʘʷ, ʇ.ʉ. ʇʦʩʪʥʠʢʦʚ, ʄ.ɽ. ʊʨʫʩʦʚʘ, ɺ.ɼ. ʌʠʣʠʤʦʥʦʚ 487 
ʈɸɿɺʀʊʀɽ ʀʉʉʃɽɼʆɺɸʅʀʁ ɹɽʅɿʆʃɸ ɺ ʀʉʊʆʈʀʏɽʂʆʁ ɼʀɸʍʈʆʅʀʀ                                       

ɸ.ʕ. ʊʦʨʣʦʤʦʝʚʘ, ɽ.ʂ. ʇʨʦʭʦʨʝʮ 490 
ʌɸɿʆɺʓɽ ʇʈɽɺʈɸʑɽʅʀʗ ʅɸ ɻʈɸʅʀʎɽ ʈɸɿɼɽʃɸ GaAs ïʇʆʃʀʄɽʈʅʓʁ ɻɽʃʔ                             

ɸ..ʆ. ʋʧʝʥʠʢʦʚʘ, ʆ.ɺ. ʂʘʤʯʘʪʥʘʷ, ɻ.ɺ. ʃʷʤʠʥʘ 493 
ʇʈʗʄʆʁ ʄɽʊʆɼ ʇʆʃʋʏɽʅʀʗ ɼʀʄɽʊʀʃʆɺʆɻʆ ʕʌʀʈɸ ʀɿ ʉʀʅʊɽɿ-ɻɸɿɸ ʅɸ  

ʄɽʐɸʅʅʓʍ ʂɸʊɸʃʀɿɸʊʆʈɸʍ                                                                                                        

ɸ.ʉ. ʌʘʜʝʝʚʘ, ʇ.ɻ. ʄʫʩʠʯ, ʆ.ʖ. ɺʦʜʦʨʝʟʦʚʘ, ʃ.ʅ. ʂʫʨʠʥʘ, ʀ.ɸ. ʂʫʨʟʠʥʘ 496 
ʇʆʃʋʏɽʅʀɽ ʀ ʀɿʋʏɽʅʀɽ ʉʄɽʐɸʅʅʆ-ʆʂʉʀɼʅʓʍ ʂɸʊɸʃʀɿɸʊʆʈʆɺ ɼʃʗ 

ʌʆʊʆʈɸɿʃʆɾɽʅʀʗ ɺʆɼʆʆʈɻɸʅʀʏɽʉʂʀʍ ʉʈɽɼ ʉ ʆɹʈɸɿʆɺɸʅʀɽʄ ɺʆɼʆʈʆɼɸ                   

ɽ.ɼ. ʌʘʭʨʫʪʜʠʥʦʚʘ, ʖ.ɺ. ʀʚʘʥʦʚʘ, ɸ.ɺ. ʐʘʙʘʣʠʥʘ, ɻ.ʄ.. ʄʦʢʨʦʫʩʦʚ 499 
ʇʈʀʄɽʅɽʅʀɽ ʂʈʀʆɻɽʃɽʁ ɼʃʗ ʉʊɸɹʀʃʀɿɸʎʀʀ ɺʓɺɽʊʈʀɺɸɽʄʓʍ ʇʆʏɺ                                 

ɼ.ɸ. ʌʠʣʘʪʦʚ, ʃ.ʂ. ɸʣʪʫʥʠʥʘ, ʊ. ɻʘʥ-ʕʨʜʵʥʵ 502 
 

 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  12 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2011 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʋʇʈʆʏʅɽʅʀɽ ʇʆʃʀʄɽʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɼʃʗ ɹɸʃʃʆʅʆɺ, ʇʈʀʄɽʅʗɽʄʓʍ ɺ 

ɸʅɻʀʆʇʃɸʉʊʀʂɽ ʀ ʉʊɽʅʊʀʈʆɺɸʅʀʀ, ʄɽʊʆɼʆʄ ʈɸɼʀɸʎʀʆʅʅʆʁ               

ʇʈʀɺʀɺʆʏʅʆʁ ʇʆʃʀʄɽʈʀɿɸʎʀʀ                                                                                                 

ʖ.ʅ. ʍʘʜʠʤʦʚʘ, ɺ.ɼ. ɾʝʚʥʷʢ, ɻ.ʅ. ʐʨʘʡʙʤʘʥ, ɻ.ʅ. ʐʨʘʡʙʤʘʥ 505 
ʊɽʈʄʀʏɽʉʂɸʗ ʋʉʊʆʁʏʀɺʆʉʊʔ ʊɽʊʈɸʌʊʆʈʆɹʈʆʄɸʊʆɺ ʄɽʊɸʃʃʆɺ                 

ʇɽʈɺʆʁ ɻʈʋʇʇʓ                                                                                                                                   

ɸ.ɺ. ʍʘʤʣʦʚʘ, ɺ.ɸ. ɻʦʣʦʚʢʦʚʘ, ʉ.ʀ. ʀʚʣʝʚ 508 
ʉʀʃʀʂɸʊʓ ʃɸʅʊɸʅɸ ʂɸʂ ʂɸʊɸʃʀɿɸʊʆʈʓ ʆʂʀʉʃʀʊɽʃʔʅʆʁ ɼʀʄɽʈʀɿɸʎʀʀ 

ʄɽʊɸʅɸ: ɺʃʀʗʅʀɽ ʀɿʆʄʆʌʅʆɻʆ ɿɸʄɽʑɽʅʀʗ ʀ ʄɽʊʆɼɸ ʉʀʅʊɽɿɸ                             

ʊ.ʉ. ʍʘʨʣʘʤʦʚʘ, ɸ.ʉ. ʄʘʪʚʝʝʚ, ɺ.ɸ. ʉʘʜʳʢʦʚ 510 
ɺʓɼɽʃɽʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɸɹʀʆʊʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ʄɽʊɸɹʆʃʀʊɸ 

PSEUDOMONAS AERUGINOSA ʇʀʆʎʀɸʅʀʅɸ                                                                           

ʀ.ʖ. ʍʦʭʣʦʚʘ, ʄ.ɺ. ʏʫʙʠʢ, ʄ.ɺ. ʏʫʙʠʢ 513 
ʇʆʃʋʏɽʅʀɽ 1-N-ɹɽʅɿʀʃʀɼɽʅʄʆʏɽɺʀʅ                                                                                         

ɼ.ɸ. ʐʘʰʢʠʥ , ɺ.ɺ. ʐʪʨʳʢʦʚʘ 516 
ɻʆʈɽʅʀɽ ʅɸʅʆʇʆʈʆʐʂɸ ɸʃʖʄʀʅʀʗ ʉ ɼʆɹɸɺʂɸʄʀ ɼʀʆʂʉʀɼɸ ʊʀʊɸʅɸ ʀ 

ʎʀʈʂʆʅʀʗ                                                                                                                                                      

ɽ.ɺ. ʐʠʥʢʝʚʠʯ, ʈ. ʊʠʬʝʥʪʘʣʝʨ, ʃ.ʆ. ʈʦʦʪ, ɸ.ʇ. ʀʣʴʠʥ 518 
ʈɸʉʊɺʆʈɽʅʀɽ ʅɸʅʆʏɸʉʊʀʎ ʎʀʅʂɸ ɺ ʃɽɻʆʏʅʆʁ ɾʀɼʂʆʉʊʀ                                                

ɽ.ʅ. ʖʥʜʘ, ɸ.ʖ. ɻʦʜʳʤʯʫʢ 521 

ʄɸʊɽʄɸʊʀʂɸ 
ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ ʇʃʆʑɸɼɽʁ ɿɽʄɽʃʔʅʓʍ ʋʏɸʉʊʂʆɺ ʈɸɿʃʀʏʅʆʁ 

ɻɽʆʄɽʊʈʀʏɽʉʂʆʁ ʌʆʈʄʓ                                                                                                                

ɸ.ɺ. ɸʣʠʬʝʨʦʚʘ, ʆ.ɸ. ʇʘʩʴʢʦ, ʊ.ɺ. ʊʘʨʙʦʢʦʚʘ, ʊ.ɺ. ʊʘʨʙʦʢʦʚʘ 525 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ʀʅʉʊʈʋʄɽʅʊʆɺ ʌʆʅɼʆɺʆɻʆ ʈʓʅʂɸ                                   

ɸ.ɸ. ɹʦʛʦʩʣʘʚʩʢʘʷ, ɺ.ʖ. ɻʫʨʴʷʥʦʚʘ, ʄ.ɽ. ʉʝʤʸʥʦʚ 527 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸʂʈʓʊʆʁ ʄʆɼɽʃʀ ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʈʆʉʊɸ                                            

ɻ.ɽ. ɹʫʨʮʝʚ, ʖ.ɺ. ɹʘʙʫʰʢʠʥ 530 
ʈɸʉʉɽʗʅʀɽ ʇʃʆʉʂʆʁ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ ɺʆʃʅʓ ʅɸ ɼɺʋʍ ʊʆʅʂʀʍ 

ʇɸʈɸʃʃɽʃʔʅʓʍ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ ʎʀʃʀʅɼʈɸʍ                                                                 

ɽ.ʇ. ɻʦʣʴʮʚʘʨʪ, ɸ.ɻ. ɼʤʠʪʨʝʥʢʦ 533 
ɸʅɸʃʀɿ ʌʀʅɸʅʉʆɺʆ-ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ɿɸɽʄʑʀʂɸ ʅɸ ʆʉʅʆɺɽ 

ɹʋʍɻɸʃʊɽʈʉʂʆɻʆ ɹɸʃɸʅʉɸ                                                                                                           

ʅ.ʀ. ɼʦʣʛʦʧʦʣʦʚʘ, ʆ.ʃ. ʂʨʠʮʢʠʡ 536 
ɼɺʋʍʇʀʆʅʅʓʁ ʄɽʍɸʅʀɿʄ ɺ ʌʆʊʆʈʆɾɼɽʅʀʀ p-

  ʄɽɿʆʅʆɺ ʅɸ ɼɽʁʊʈʆʅɽ 

ʀ ʗɼʈɽ 
12
ʉ ɺ ʆɹʃɸʉʊʀ ɹʆʃʔʐʀʍ ʇɽʈɽɼɸʅʅʓʍ ʀʄʇʋʃʔʉʆɺ                                               

ʄ.ɺ. ɽʛʦʨʦʚ, ɸ.ʀ. ʌʠʢʩ 539 
ʄʅʆɻʆʄɽʈʅʓʁ ʈʀʉʂ ʇʆʈʊʌɽʃʗ ʎɽʅʅʓʍ ɹʋʄɸɻ. VALUE-AT-RISK. ʄɽʊʆɼ ʄʆʅʊɽ-

ʂɸʈʃʆ                                                                                                                                                          

ʀ.ɺ. ɾʠʨʦʚ, ʆ. ʃ. ʂʨʠʮʢʠʡ 542 
ɸʅɸʃʀɿ ʕʌʌɽʂʊɸ ʆʊ ʈɸʉʏɽʊʆɺ ɺ ɽɺʈʆ                                                                                     

ʄ.ɸ. ɿʝʜʠʥʘ, ɸ.ɸ. ʄʠʮʝʣʴ 545 
ɸʅɸʃʀɿ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɼɽʄʆɻʈɸʌʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄʆɼɽʃʀ ʃʀ-ʂɸʈʊɽʈɸ                                                                              

ɽ.ɸ. ʀʛʘʥʦʚʘ, ɸ.ʉ. ʄʘʨʢʦʚ 548 
ɸʅɸʃʀɿ ʌʀʅɸʅʉʆɺʆɻʆ ʉʆʉʊʆʗʅʀʗ ʇʈɽɼʇʈʀʗʊʀʗ                                                                

ɸ.ɸ. ʂʘʙʘʣʠʥ, ɸ.ɸ. ʄʠʮʝʣʴ 551 
ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʅɽʌʊɽɻɸɿʆɺʆʁ ʀʅɺɽʉʊʀʎʀʆʅʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ          

ʇʆ  ʄɽʊʆɼʋ ʀʄʀʊɸʎʀʆʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ çʄʆʅʊɽ-ʂɸʈʃʆè                                            

ɽ.ɺ. ʂʘʣʘʰʥʠʢʦʚʘ, ʆ.ʃ. ʂʨʠʮʢʠʡ 554 
ɹʓʉʊʈʆɽ ɺʓʏʀʉʃɽʅʀɽ ʀʅʊɽɻʈɸʃɸ ɺɽʈʆʗʊʅʆʉʊɽʁ                                                                

ʉ ʇʈʆʀɿɺʆʃʔʅʆʁ ʊʆʏʅʆʉʊʔʖ ʀ.ɸ. ʂʘʣʠʥʦʚʩʢʠʡ, ʖ.ʈ. ʎʦʡ 557 
ʇʈʀʄɽʅɽʅʀɽ ʂʈʀʊɽʈʀʗ ʄɸʅʅɸ-ʋʀʊʅʀ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʉʀʍʆʃʆɻʀʏɽʉʂʀʍ 

ʆʉʆɹɽʅʅʆʉʊɽʁ ʃʖɼɽʁ ʉ ɿɸɹʆʃɽɺɸʅʀɽʄ ɹʈʆʅʍʀɸʃʔʅʆʁ ɸʉʊʄʓ                                

ʇ.ɺ. ʂʘʨʧʝʥʢʦ, ʆ.ɻ. ɹʝʨʝʩʪʥʝʚʘ 560 
ɸʅɸʃʀɿ ʇʉʀʍʆʃʆɻʀʏɽʉʂʆɻʆ ɿɼʆʈʆɺʔʗ ʅɸʉɽʃɽʅʀʗ                                                            

ʅɸ ɹɸɿɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉʊɽʄʓ ɼʀʆʉ                                                                                        

ʉ.ɺ. ʂʠʪʣʝʨ, ɸ.ɺ. ʉʠʣʘʝʚʘ, ɸ.ɽ. ʗʥʢʦʚʩʢʘʷ
3
 563 

 

 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  13 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2011 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʂɺɸɿʀʂʃɸʉʉʀʏɽʉʂʀɽ ʆɼʅʆʉʆʃʀʊʆʅʅʓɽ ʈɽʐɽʅʀʗ ʆɼʅʆʄɽʈʅʆɻʆ               

ʅɽʃʀʅɽʁʅʆɻʆ ʋʈɸɺɽʅʀʗ ʐʈɪɼʀʅɻɽʈɸ                                                                                            

ʂ.ɸ. ʂʦʣʳʚʘʥʦʚ, ʊʨʠʬʦʥʦʚ ɸ.ʖ. 566 
ʕɺɽʅʊʆʃʆɻʀʏɽʉʂʀʁ ʄɽʊʆɼ ɸʉʉʆʎʀɸʊʀɺʅʓʍ ʇʈɸɺʀʃ ɺ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʄ 

ɸʅɸʃʀɿɽ ɼɸʅʅʓʍ                                                                                                                         

ʆ.ɸ.ʂʦʤʘʨʦʚʘ, ʀ.ɺ.ɹʘʨʘʥʦʚʘ 569 
ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ɼʃʗ ʆʎɽʅʂʀ ʉʋɹʌɽɼɽʈɸʃʔʅʓʍ ʆɹʃʀɻɸʎʀʁ 

ʂ.ɸ. ʂʦʨʯʫʛʘʥʦʚ, ɸ. ɸ. ʄʠʮʝʣʴ 572 
ʊʈɽʋɻʆʃʔʅʓɽ ʅʆʈʄʓ ʀ ʂʆʅʆʈʄʓ                                                                                            

ʖ.ʉ. ʂʦʯʘʥʦʚʘ, ɼ.ɺ. ʉʝʤʝʥʦʚʘ 575 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈɽɼʇʈʀʗʊʀʗ                                   

ɿɸʆ çʉʀɹʀʈʉʂɸʗ ɸɻʈɸʈʅɸʗ ɻʈʋʇʇɸè                                                                                             

ɽ.ɺ. ʂʦʯʝʪʦʚʘ, ʆ.ʃ. ʂʨʠʮʢʠʡ 577 
ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʃɽʉʅʆɻʆ ʇʆɾɸʈɸ ɺ 

ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʉʂʆʈʆʉʊʀ ɺɽʊʈɸ ʀ ɿɸʇɸʉɸ ʃɽʉʅʓʍ ɻʆʈʖʏʀʍ ʄɸʊɽʈʀɸʃʆɺ       

ʆ.ʉ. ʂʳʨʤʘʢʦʚʘ, ɺ.ɸ. ʇʝʨʤʠʥʦʚ 580 
ʈɸɿʈɸɹʆʊʂɸ ɻʈɸʌʀʏɽʉʂʆɻʆ ʇʆʃʔɿʆɺɸʊɽʃʔʉʂʆɻʆ ʀʅʊʈɽʌɽʁʉɸ                                           

ɼʃʗ ʇʈʆɻʈɸʄʄʓ WIMS D5                                                                                                                                 

ʀ.ʀ. ʃʝʙʝʜʝʚ, ʄ.ʅ. ɸʥʠʢʠʥ, ʅ.ʄ. ʌʝʜʦʨʦʚ, ɸ.ɻ. ʅʘʡʤʫʰʠʥ 583 
ʆʇɽʈɸʊʆʈ ʕɺʆʃʖʎʀʀ ʋʈɸɺʅɽʅʀʗ ʌʀʐɽʈɸïʂʆʃʄʆɻʆʈʆɺɸïʇɽʊʈʆɺʉʂʆɻʆï

ʇʀʉʂʋʅʆɺɸ ʉ ʂɺɸɼʈɸʊʀʏʅʓʄ ɻɸʄʀʃʔʊʆʅʀɸʅʆʄ                                                              

ɽ.ɸ. ʃʝʚʯʝʥʢʦ, ɸ.ʖ. ʊʨʠʬʦʥʦʚ 585 
ɸʅɸʃʀɿ ʍʀʄʀʏɽʉʂʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ ɺʆɿɼʋʍɸ ɺ ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ ɻ.ʊʆʄʉʂɸ ɿɸ 

ʇʆʉʃɽɼʅʀɽ 4-5 ʃɽʊ                                                                                                                                         

ʈ.ʀ. ʃʝʡʩʣʝ, ʅ.ʂ.ʈʳʞʘʢʦʚʘ, 588 
ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʍʀʄʀʏɽʉʂʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ ɺʆɿɼʋʍɸ ɺ 

ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ ʛ. ʊʆʄʉʂɸ                                                                                                              

ʈ.ʀ. ʃʝʡʩʣʝ, ʅ.ʂ.ʈʳʞʘʢʦʚʘ 591 
ɹɽʉʂʆʅɽʏʅʆʄɽʈʅʆɽ ʈɸʉʐʀʈɽʅʀɽ ɸʃɻɽɹʈʓ ʅʔʖʊʆʅɸ-ɻʋʂɸ                                         

ʀ.ɺ. ʄʘʩʪʝʨʦʚ, ɸ.ɺ. ɻʘʣʘʞʠʥʩʢʠʡ 595 
ʄʆɼɽʃʔ ʄɸʈʂʆɺʀʎɸ                                                                                                                              

ɽ. ɺ. ʄʘʩʪʝʨʦʚʘ, ʆ.ʃ. ʂʨʠʮʢʠʡ 598 
ʌɸɿʆʏɸʉʊʆʊʅʓɽ ɸʃɻʆʈʀʊʄʓ ʇʈʆʉʃɽɾʀɺɸʅʀʗ ʉɽʁʉʄʀʏɽʉʂʀʍ ʉʀɻʅɸʃʆɺ ʅɸ 

ʆʉʅʆɺɽ ʌʋʅʂʎʀʁ ɻʈʋʇʇʆɺʆɻʆ ɿɸʇɸɿɼʓɺɸʅʀʗ                                                                   

ɺ.ɺ. ʄʝʜʚʝʜʝʚ, ɺ.ʇ. ʀʚʘʥʯʝʥʢʦʚ, ɺ.ʇ. ʀʚʘʥʯʝʥʢʦʚ 601 
ɸʅɸʃʀɿ ɼʀʅɸʄʀʂʀ ʉɽɹɽʉʊʆʀʄʆʉʊʀ ʅɽʌʊɽʇʈʆɼʋʂʊʆɺ                                                  

ɸ.ɽ. ʄʝʣʴʥʠʢ, ɸ.ʀ. ʂʦʨʷʢʠʥ 604 
ʆɼʅʆʇɽʊʃɽɺʆʁ ʕʌʌɽʂʊʀɺʅʓʁ ʉʋʇɽʈʇʆʊɽʅʎʀɸʃ ɺ ʊʈɽʍʄɽʈʅʆʁ                        

ʄʆɼɽʃʀ ɺɽʉʉɸ-ɿʋʄʀʅʆ                                                                                                                         

ɹ.ʉ.ʄʝʨʟʣʠʢʠʥ 607 
ɿɸɼɸʏɸ ʂʃɸʉʊɽʈʀɿɸʎʀʀ ʄɸʈʆʂ ʂʆʌɽ ʅɸ ʆʉʅʆɺɽ ʇʈɽɼʇʆʏʊɽʅʀʁ ʇʆʊʈɽɹʀʊɽʃɽʁ  

ɽ.ʉ. ʄʦʠʩʝʡʯʝʥʢʦ, ʀ.ɺ. ɹʘʨʘʥʦʚʘ 610 
ʅɽʏɽʊʂʀɽ ʄʅʆɾɽʉʊɺɸ ʂɸʂ ʇʈʆɽʂʎʀʀ ʉʃʋʏɸʁʅʓʍ. ʕɺɽʅʊʆʃʆɻʀʏɽʉʂʀʁ ɺɿɻʃʗɼ 

ʗ.ɺ. ʅʘʨʪʦʚ, ɼ.ɺ. ʉʝʤʸʥʦʚʘ 613 
ʈɸɿʈɸɹʆʊʂɸ ʀ ʊɽʉʊʀʈʆɺɸʅʀɽ ʄʆɼɽʃʀ ʇʆʀʉʂɸ ʇɽʈɺʆʁ ʂʈɸʁʅɽʁ ʇʆɼʉʀʉʊɽʄʓ 

ɼʃʗ ɿɸɼɸʅʅʆʁ ʉʆɺʄɽʉʊʅʆʁ ʉʀʉʊɽʄʓ ʃʀʅɽʁʅʓʍ ʅɽʈɸɺɽʅʉʊɺ                                   

ʉ.ɻ. ʅʝʙʘʙʘ, ʆ.ʅ. ɺʳʣʝʛʞʘʥʠʥ 616 
ʆ ʂʈʀʊɽʈʀʗʍ ʅɸɼɽɾʅʆʉʊʀ ɸʃɻʆʈʀʊʄɸ ʉʃɽɾɽʅʀʗ ɿɸ ʆɹʒɽʂʊʆʄ ɺ ɺʀɼɽʆ 

ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʀ                                                                                                                       

ɺ.ɺ. ʅʠʢʦʣʘʝʚ, ɸ.ɺ. ʐʘʧʦʚʘʣʦʚ 619 
ʉʀʉʊɽʄɸ ʕʁʅʐʊɽʁʅɸ-ʕʈɽʅʌɽʉʊɸ ɼʃʗ ʋʈɸɺʅɽʅʀʗ ʊʀʇɸ ʍɸʈʊʈʀ                              

ɸ.ɺ. ʆʚʯʠʥʥʠʢʦʚ, ʀ.ʖ. ʈʳʢʦʚ, ɸ.ʖ. ʊʨʠʬʦʥʦʚ 622 
ɺʀɿʋɸʃʀɿɸʎʀʗ ʄʅʆɻʆʄɽʈʅʓʍ ʄɽɼʀʎʀʅʉʂʀʍ ɼɸʅʅʓʍ                                                    

ʀ.ɸ. ʆʩʘʜʯʘʷ, ʆ.ɻ. ɹʝʨʝʩʪʥʝʚʘ, ɺ.ʉ. ʄʦʨʦʟʦʚ 625 
ɸʅɸʃʀɿ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɺɸʃʖʊʅʆɻʆ ʀ ʌʆʅɼʆɺʆɻʆ ʈʓʅʂʆɺ                            

ɼ.ɺ. ʇʘʨʰʠʥ, ʂ.ɸ. ʂʦʨʯʫʛʘʥʦʚ, ɸ.ʖ. ʊʨʠʬʦʥʦʚ 628 
ɾɽʉʊʂʆʉʊʔ ɿɸɼɸʏʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɼʀʉʃʆʂɸʎʀʆʅʅʆʁ 

ɼʀʅɸʄʀʂʀ ʂʈʀʉʊɸʃʃʆɻʈɸʌʀʏɽʉʂʆɻʆ ʉʂʆʃʔɾɽʅʀʗ                                                        

ɸ.ɽ. ʇʝʪʝʣʠʥ, ʉ.ʅ. ʂʦʣʫʧʘʝʚʘ 630 
 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  14 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2011 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ɸʃʔʊɽʈʅɸʊʀɺʅʆɽ ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʉʆʉʊɸɺʃɽʅʀʗ ʈɸʉʇʀʉɸʅʀʗ ɺ ɺʋɿɽ                         

ɽ.ʉ. ʇʝʪʨʦʚ, ʆ.ʅ. ɺʳʣʝʛʞʘʥʠʥ 633 
ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇɽʈɽʅʆʉɸ 

ʍʀʄʀʏɽʉʂʀʍ ɿɸɻʈʗɿʅɽʅʀʁ ʆʊ ʊʆʏɽʏʅʆɻʆ ʀʉʊʆʏʅʀʂɸ                                                     

ɽ. ɸ. ʇʦʢʨʦʚʩʢʘʷ, ʅ.ʂ. ʈʳʞʘʢʦʚʘ 636 
ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʍʀʄʀʏɽʉʂʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ ɺʆɿɼʋʍɸ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ 

ʈɸʉʉʊʆʗʅʀʗ ɼʃʗ ʊʆʏɽʏʅʆɻʆ ʀʉʊʆʏʅʀʂɸ ʅɸ ʇʈʀʄɽʈɽ ʊʕʎ-3 ʛ. ɹɸʈʅɸʋʃɸ              

ɽ.ɸ. ʇʦʢʨʦʚʩʢʘ , ʅ.ʂ. ʈʳʞʘʢʦʚʘ 639 
ʀʄʀʊɸʎʀʆʅʅɸʗ ʄʆɼɽʃʔ ʈʓʅʂɸ ʆɼʅʆɻʆ ʊʆɺɸʈɸ ʉ ʆʇʊʀʄɸʃʔʅʆʁ ʉʊʈɸʊɽɻʀɽʁ 

ʇʆʉʊɸɺʂʀ ʊʆɺɸʈɸ ɺ ʋʉʃʆɺʀʗʍ ɿɸʇɸɿɼʓɺɸʅʀʗ                                                                 

ʆ.ɺ. ʈʦʤʘʥʦʚʠʯ, ɺ.ɺ. ʇʦʜʜʫʙʥʳʡ, ɺ.ɺ. ʇʦʜʜʫʙʥʳʡ 642 
ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ʇʆɼʍʆɼ ɼʃʗ ɸʅɸʃʀɿɸ ʈʆʉʉʀʁʉʂʆɻʆ ʌʆʅɼʆɺʆɻʆ ʈʓʅʂɸ           

ʄ.ɸ. ʈʦʤʘʥʶʢ, ʃ.ɸ. ɻʣʠʢ  , ʄ.ɽ. ʉʝʤʝʥʦʚ 645 
ʄɽʊʆɼ ʕɺɽʅʊʆʃʆɻʀʏɽʉʂʆɻʆ ʉʂʆʈʀʅɻɸ: ʈɸɿɺʀʊʀɽ ʀ ʆɹʆɹʑɽʅʀɽ                             

ʄ.ʀ. ʈʳʙʥʠʢʦʚʘ, ɼ.ɺ. ʉʝʤʝʥʦʚʘ 648 
ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʆʈʊʌɽʃʗ ʇʀʌʆɺ (ʌʆʅɼ çʅɽʌʊɽɻɸɿè)                                                      

ʆ.ʉ. ʉʘʧʦʞʥʠʢʦʚʘ , ʆ.ʃ. ʂʨʠʮʢʠʡ 651 
ʋʊɺɽʈɾɼɽʅʀʗ ʆɹ ʆʊʆɹʈɸɾɽʅʀʗʍ ʇʆɼʄʅʆɾɽʉʊɺ ʄʅʆɾɽʉʊɺ ʅɸʊʋʈɸʃʔʅʓʍ 

ʏʀʉɽʃ ʀ ʀʍ ɼʆʂɸɿɸʊɽʃʔʉʊɺɸ ʄɽʊʆɼʆʄ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʀʅɼʋʂʎʀʀ                       

ɸ.ʄ. ʉʘʭʘʨʠʷʥʦʚʘ, ɸ.ʄ. ʉʫʭʦʪʠʥ 654 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ʇɸʈɸʄɽʊʈʆɺ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ                 

ʀɿʃʋʏɽʅʀʗ ʇʋʏʂɸ ʕʃɽʂʊʈʆʅʆɺ ʆʊ ʇɸʈɸʄɽʊʈʆʄ ʉʀʉʊɽʄʓ ɺ ʊʈʀʆɼɽ                             

ʉ ɺʀʈʊʋɸʃʔʅʓʄ ʂɸʊʆɼʆʄ                                                                                                             

ɸ.ɸ. ʊʠʤʦʬʝʝʚ,  ɺ.ʇ. ɻʨʠʛʦʨʴʝʚ 660 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʋʇɽʈʃʆʂɸʃʀɿɸʎʀʀ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ                            

ʉ ʋʏɽʊʆʄ ʂʆʅʎɽʅʊʈɸʊʆʈʆɺ ʅɸʇʈʗɾɽʅʀʗ                                                                                          

ʗ.ɼ. ʌʘʭʨʫʪʜʠʥʦʚʘ, ɺ.ɸ. ʉʪʘʨʝʥʯʝʥʢʦ, ʖ.ɺ. ʉʦʣʦʚʴʝʚʘ, ɺ.ɸ. ʉʪʘʨʝʥʯʝʥʢʦ 663 
ʏʀʉʃɽʅʅʓʁ ɸʅɸʃʀɿ ʉʄɽʐɸʅʅʆʁ ʂʆʅɺɽʂʎʀʀ ɺ ʂɸʅɸʃɽ ʉ ʊɽʇʃʆɺʓɼɽʃʗʖʑʀʄ 

ʕʃɽʄɽʅʊʆʄ                                                                                                                                           

ʊ.ɺ. ʏʝʨʝʧʘʥʦʚ, ʄ.ɸ. ʐʝʨʝʤʝʪ, ʄ.ɸ. ʐʝʨʝʤʝʪ 666 
ʃʆɻɸʈʀʌʄʀʏɽʉʂɸʗ ʅɽ ʂʆʄʄʋʊɸʊʀɺʅʆʉʊʔ ɺ ʃʆʂɸʃʔʅʆʄ ɼʈʆɹʅʆʄ ɸʅɸʃʀɿɽ          

ɺ.ɸ. ʏʫʨʠʢʦʚ 669 
ʅɸʍʆɾɼɽʅʀɽ ʂʆʅʉʊɸʅʊ ʀʅʊɽɻʈʀʈʆɺɸʅʀʗ ɺ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ                

ʋʈɸɺʅɽʅʀʗʍ ʅɽʎɽʃʆʏʀʉʃɽʅʅʓʍ ʇʆʈʗɼʂʆɺ                                                                                          

ɺ.ɸ. ʏʫʨʠʢʦʚ 671 
ʇʈʀʄɽʈʓ ɺʓʏʀʉʃɽʅʀʗ ʅɽʏɪʊʂʀʍ ɺɽʈʆʗʊʅʆʉʊɽʁ                                                              

ʃ.ʖ. ʐʘʥʛʘʨʝʝʚʘ, ɼ.ɺ. ʉʝʤʸʥʦʚʘ 675 
ʉʊʈʋʂʊʋʈʅʓʁ ʇʈʆɼʋʂʊ ʂɸʂ ɸʃʔʊɽʈʅɸʊʀɺʅʓʁ ʉʇʆʉʆɹ ʀʅɺɽʉʊʀʈʆɺɸʅʀʗ                 

ʉ. ʖ. ʗʧʧʘʨʦʚʘ, ʄ. ɽ. ʉʝʤʸʥʦʚ 678 

ʊɽʍʅʆʃʆɻʀʗ 
ɹɽɿʆʇɸʉʅʆʉʊʔ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʇɽʅʆʉʊɽʂʃʆʂʈʀʉʊɸʃʃʀʏɽʉʂʆɻʆ ʄɸʊɽʈʀɸʃɸ ʇʆ ʅʆɺʆʁ ʊɽʍʅʆʃʆɻʀʀ                  

ʃ.ʄ. ɸʣʪʘʨʝʚʘ, ɹ.ʉ. ʉʝʤʫʭʠʥ 682 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʀʅʊʆɺʓʍ ʉʊʓʂʆɺ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ                                                   

ʂʆʃʆʅʅ ʕɸʉʉ çʂɸʉʂɸɼè ʊɼʉʂ                                                                                                      

ʉ.ɸ. ɸʨʟʘʤʘʩʮʝʚ, ʄ.ɽ. ɻʦʥʯʘʨʦʚ, ɺ.ɺ. ʈʦʜʝʚʠʯ, ɺ.ʉ. ʇʣʝʚʢʦʚ 685 
ʇʈʀʄɽʅɽʅʀɽ ʅɸɿɽʄʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ʉʂɸʅʀʈʆɺɸʅʀʗ ɼʃʗ ʉʒɽʄʂʀ ʉʃʆɾʅʓʍ 

ʀʅɾɽʅɽʈʅʓʍ ʉʆʆʈʋɾɽʅʀʁ ɺ ɿʀʄʅɽɽ ɺʈɽʄʗ                                                                        

ʈ.ɻ. ɸʭʤʝʪʰʠʥ, ʆ.ɺ. ʇʘʚʣʦʚ, ɽ.ɺ. ʊʦʢʤʘʢʦʚ, ɸ.ʅ. ʗʢʦʚʣʝʚ 688 
ʉʊʈʋʁʅɸʗ ʊɽʍʅʆʃʆɻʀʗ ʎɽʄɽʅʊɸʎʀʀ ɻʈʋʅʊɸ                                                                         

ʂ.ʕ. ɹʘʟʝʝʚʘ, ʖ.ɸ. ɻʣʝʙʦʚʘ, ɽ.ɺ. ʇʝʪʨʦʚ 691 
ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʈʀɽʄʓ ʉʅʀɾɽʅʀʗ ʋʉɸɼʆʏʅʓʍ ɼɽʌʆʈʄɸʎʀʁ               

ʎɽʄɽʅʊʅʆɻʆ ʇɽʅʆɹɽʊʆʅɸ                                                                                                                              

ʊ.ʖ. ɹʦʥʜʘʨʝʥʢʦ, ɸ.ɸ. ʂʦʚʘʣʴʯʫʢ, ʀ.ɸ. ʇʨʠʱʝʧʘ, ɸ.ʀ. ʂʫʜʷʢʦʚ 694 
ɺʃʀʗʅʀɽ ʊɽʈʄʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ ʉɺɸʈʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʀɿ 

ʅʀɿʂʆʋɻʃɽʈʆɼʀʉʊʆʁ ʉʊɸʃʀ                                                                                                                

Boumerzoug Zakaria, Raouache Elhadj And Delaunois Fabienne 697 

SCADA. TRACE MODE. ʇʈʆɻʈɸʄʀʈʆɺɸʅʀɽ ʊɽʍʅʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ                              

ɸ.ʉ. ɹʫʨʥʘʰʦʚ, ʅ. ɺ. ɼʫʜʯʝʥʢʦ, ɸ.ɸ. ɼʝʥʠʩʝʚʠʯ 701 
 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  15 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2011 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʄʀʂʈʆʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ (ʄʕʄʉ)                                                                 

ʉ.ɽ. ɺʪʦʨʫʰʠʥ, ʊ.ɻ. ʅʝʩʪʝʨʝʥʢʦ, ɽ.ɸ. ʉʳʩʘ, ʂ. ɹʨʶʛʛʝʤʘʥʥ 705 
ɸʃʄɸɿʅʆɽ ɺʓɻʃɸɾʀɺɸʅʀɽ ʂɸʂ ʄɽʊʆɼ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ 

ʇʃɸʉʊʀʏɽʉʂʆɻʆ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ                                                                                           

ɸ.ɺ. ɻʣʫʭʦʚ,  ʖ.ɹ. ʏʝʨʚʘʯ, ʆ.ɽ. ʍʣʷʤʦʚʘ 707 
ʋʅʀɺɽʈʉɸʃʔʅɸʗ ʆɹʒɽʂʊʅɸʗ ʄʆɼɽʃʔ ɼʃʗ ʉʀʉʊɽʄ ʏʀʉʃɽʅʅʓʍ   

ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʈɸʉʏɪʊʆɺ                                                                                                                          

ʈ.ʈ. ɼʫʩʘʝʚ, ɺ.ʅ. ʉʪʠʙʫʥʦʚ 709 
ʀʅʊɽʈʇʈɽʊɸʎʀʗ ʊʈɽʍʄɽʈʅʓʍ ʄʆɼɽʃɽʁ ʆɹʒɽʂʊʆɺ 

ɺ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʆʉɺɽʊʀʊɽʃʔʅʓʍ ʋʉʊɸʅʆɺʆʂ                                                              

ɸ.ɺ. ɼʳʨʜʠʥʘ, ʢ.ʬ.-ʤ.ʥ. ʊ.ɺ. ɻʨʝʯʢʠʥʘ 712 
ʇɸʈɸʄɽʊʈʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʈɽɻʋʃʗʊʆʈɸ ʃʀʅɽʁʅʆʁ ʀʅʊɽʈɺɸʃʔʅʆʁ ʉʀʉʊɽʄʓ 

ʄɸʂʉʀʄɸʃʔʅʆʁ ʈʆɹɸʉʊʅʆʁ ʉʊɽʇɽʅʀ ɸʇɽʈʀʆɼʀʏɽʉʂʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ                      

ʊ.ɸ. ɽʟʘʥʛʠʥʘ, ʉ.ɸ ɻʘʡʚʦʨʦʥʩʢʠʡ 715 
ʉʆʍʈɸʅɽʅʀɽ ʊɽʇʃʆʊʓ ʇʋʊɽʄ ʋʊɽʇʃɽʅʀʗ ʎʆʂʆʃʔʅʆɻʆ ʇɽʈɽʂʈʓʊʀʗ                     

ʂ.ʖ. ɽʨʤʦʣʦʚʠʯ, ɸ.ʀ. ɻʥʳʨʷ 718 
ɺʃʀʗʅʀɽ ɼʀʉʇɽʈʉʅʆɻʆ ɸʈʄʀʈʆɺɸʅʀʗ ɸʉʌɸʃʔʊʆɹɽʊʆʅʅʓʍ ʉʄɽʉɽʁ 

ɺʆʃʆʂʅʀʉʊʓʄʀ ʉʆʈɹɽʅʊɸʄʀ, ʉʆɼɽʈɾɸʑʀʄʀ ʇʆɻʃʆʑɽʅʅʓɽ ʅɽʌʊɽʇʈʆɼʋʂʊʓ, 

ʅɸ ʉɺʆʁʉʊɺɸ ɿʆʃ ʋʅʆʉɸ ʊɽʇʃʆɺʓʍ ʕʃɽʂʊʈʆʉʊɸʅʎʀʁ, ʀʉʇʆʃʔɿʋɽʄʓʍ ɺ 

ʂɸʏɽʉʊɺɽ ʄʀʅɽʈɸʃʔʅʆɻʆ ʇʆʈʆʐʂɸ                                                                                        

ʀ.ʅ. ɽʬʘʥʦʚ, ɸ.ɺ. ʈʳʰʢʦʚ, ɺ.ʅ.ʃʫʢʘʰʝʚʠʯ 721 
ʇʈʆʏʅʆʉʊʔ ʀ ɼɽʌʆʈʄɸʊʀɺʅʆʉʊʔ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʀɿɻʀɹɸɽʄʓʍ ʕʃɽʄɽʅʊʆɺ 

ʕɸʉʉ çʂɸʉʂɸɼè ʊɼʉʂ                                                                                                                                       

ɽ.ɺ. ɿʚʝʨʝʚ, ɺ.ʉ. ʇʣʝʚʢʦʚ 724 
ʉʊʈʋʂʊʋʈɸ ANDROID-ʇʈʀʃʆɾɽʅʀʁ                                                                                               

ʇ.ʀ. ʀʚʘʥʢʦʚ, ɺ.ɺ. ʉʦʢʦʣʦʚʘ, ɺ.ɺ. ʉʦʢʦʣʦʚʘ 727 
ʂʆʄʇʔʖʊɽʈʅɸʗ ʇʈʆɻʈɸʄʄɸ ʈɸʉʏɪʊɸ ʂʆɼʆɺ ʐɽʅʅʆʅɸ-ʌɸʅʆ ʀ ʍɸʌʌʄɸʅɸ            

ɸ.ɽ. ʀʪʠʣʠʛʘʪʦʨ, ʀ.ʖ. ʐʝʚʷʢʦʚ, ɸ.ɸ. ʄʝʟʝʥʮʝʚ, ɸ.ɺ. ʎʝʧʠʣʦʚʘ 730 
ʂʆʄʇʃɽʂʉʅʓɽ ɼʆɹɸɺʂʀ ɼʃʗ ʎɽʄɽʅʊʅʓʍ ʂʆʄʇʆɿʀʎʀʁ ʅɸ ʆʉʅʆɺɽ ʍʀʄʀʏɽʉʂʀ 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆɻʆ ʈɸʉʊʀʊɽʃʔʅʆɻʆ ʉʓʈʔʗ                                                                   

ɸ.ɺ. ʂʘʩʘʪʢʠʥʘ, ʆ.ɺ. ʅʝʣʴʟʠʥʘ, ʅ.ʆ. ʂʦʧʘʥʠʮʘ, ʖ.ʉ. ʉʘʨʢʠʩʦʚ 733 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɽɻʄɽʅʊʀʈʆɺɸʅʅʆɻʆ ɿɽʈʂɸʃɸ ʊɽʃɽʉʂʆʇɸ                                        

ɽ.E. ʂʣʠʥʘʝʚʘ, ʃ.ɸ. ɹʦʣʴʙʘʩʦʚʘ 735 
ʆɹɿʆʈ ʀ ʇʋʊʀ ʈɽʐɽʅʀʗ ʇʈʆɹʃɽʄʓ ʀʉʂɸɾɽʅʀʗ ʂʀʈʀʃʃʀʎʓ ɺ EXIST-DB                         

ɺ.ɸ. ʂʦʥʜʨʘʪʝʥʢʦ, ʌ.ɽ. ʊʘʪʘʨʩʢʠʡ 738 
ɼɸɺʃɽʅʀɽ ɺ ʇʆɻʈɸʅʀʏʅʆʄ ʉʃʆɽ ʂɸʂ ʌɸʂʊʆʈ ʀɿʄɽʅɽʅʀʗ ʊɽʇʃʆʇʆʊɽʈʔ ɺ 

ɿɼɸʅʀʀ. ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ                                                                                  

ɸ.ɸ. ʂʦʰʠʥ, ɼ.ʀ. ʄʦʢʰʠʥ, ʉ.ɺ. ʂʦʨʦʙʢʦʚ, ɸ.ʀ. ɻʥʳʨʷ 741 
ʉʊʈʆʀʊɽʃʔʅɸʗ ʊɽʇʃʆɺʀɿʀʆʅʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ                                                                  

ʉ.ʀ. ʃʘʜʷʝʚʘ, ɽ.ɸ. ʉʳʩʘ, ʂ. ɹʨʶʛʛʝʤʘʥʥ 743 
ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊʈʋɹʆɹɽʊʆʅʅʆʁ ʂʆʃʆʅʅʓ 

ʇʈʀ ʇʈʆɼʆʃʔʅʆʄ ʋɼɸʈʅʆʄ ʅɸɻʈʋɾɽʅʀʀ                                                                                  

ʈ.ʉ. ʄʘʤʮʝʚ, ʅ.ʅ. ɹʝʣʦʚ, ʅ.ʊ. ʖʛʦʚ, ɼ.ɻ. ʂʦʧʘʥʠʮʘ 745 
ʌʀɿʀʏɽʉʂʀ ʅɽʃʀʅɽʁʅʓʍ, ɻʀɹʂʀʍ ʇʃɸʉʊʀʅ ʉ ʅɸʏɸʃʔʅʆʁ ʇʆɻʀɹʔʖ                         

ʄ.ʆ. ʄʦʠʩʝʝʥʢʦ, ʆ.ʆ. ʄʦʨʦʟʦʚʘ, ʊ.ɸ. ʊʨʝʧʫʪʥʝʚʘ, ʆ.ʅ. ʇʦʧʦʚ 748 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʇʃʆʆɹʄɽʅɸ ʄʆɼɽʃɽʁ ɺʓʉʆʊʅʓʍ ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ. 

ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊɸ                                                                                   

ɼ.ʀ. ʄʦʢʰʠʥ, ɸ.ɸ. ʂʦʰʠʥ, ʂʦʨʦʙʢʦʚ ʉ.ɺ., ɸ.ʀ. ɻʥʳʨʷ 751 
ɺʃʀʗʅʀɽ ʂɸʏɽʉʊɺɸ ʅɽʇʈɽʈʓɺʅʆ-ʃʀʊʓʍ ɿɸɻʆʊʆɺʆʂ ʉʊɸʃʀ ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ 

ʉɺʆʁʉʊɺɸ ʌɸʉʆʅʅʆɻʆ ʇʈʆʂɸʊɸ                                                                                                    

ʊ.ɺ. ʄʦʨʭʘʪ, ʆ.ɺ. ʉʠʟʦʚʘ 754 
ʆʊ ʈɽʄɽʉʃɸ ʂ ʀʉʂʋʉʉʊɺʋ. ɺɽʃʀʂʀʁ ʄɸʉʊɽʈ ʄʀʍɸʕʃʔ ʊʆʅɽʊ                                          

ɼ.ɺ. ʅʠʚʟʦʨʦʚʘ, ʆ.ɽ. ʍʣʷʤʦʚʘ, ʆ.ɽ. ʍʣʷʤʦʚʘ 756 
ʅɽʈɸɿʈʋʐɸʖʑʀʁ ʄɽʊʆɼ ʂʆʅʊʈʆʃʗ ʇʈʆʏʅʆʉʊʀ ɹɽʊʆʅɸ ʇʆ ʇɸʈɸʄɽʊʈɸʄ 

ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ  ʆʊʂʃʀʂɸ ʅɸ ʋɼɸʈʅʆɽ ɺʆɿɹʋɾɼɽʅʀɽ                                                      

ʂ.ʖ. ʆʩʠʧʦʚ, ɼ.ɼ.ɼʘʥʥ, ʊ.ɺ. ʌʫʨʩʘ 759 
ʊɽʍʅʆʃʆɻʀʗ ʇʆʃʋʏɽʅʀʗ ʂɽʈɸʄʀʏɽʉʂʀʍ ʇʆɼʃʆɾɽʂ ʀɿ ʅʀʊʈʀɼɸ ɸʃʖʄʀʅʀʗ 

ʄɽʊʆɼʆʄ ʃʀʊʔʗ                                                                                                                                 

ʅ.ɽ. ʇʝʩʪʨʝʮʦʚʘ, ɸ.ɸ. ɿʝʤʥʠʮʢʘʷ, ʂ.ɺ. ʃʘʨʠʥʘ, ʉ.ɸ. ɹʦʨʠʩʢʠʥ, ɸ.ɸ. ɼʠʪʮ 762 
 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  16 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2011 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ɺʃʀʗʅʀɽ ɿɽʈʅʆɺʆɻʆ ʉʆʉʊɸɺɸ ɿɸʇʆʃʅʀʊɽʃɽʁ ʅɸ ʉɺʆʁʉʊɺɸ ʊʗɾɽʃʆɻʆ 

ʎɽʄɽʅʊʅʆɻʆ ɹɽʊʆʅɸ ʉ ɸʂʊʀɺʀʈʆɺɸʅʅʆʁ ɺʆɼʆʁ ɿɸʊɺʆʈɽʅʀʗ                                      

ɸ.ɻ. ʇʝʪʨʦʚ, ɸ.ʀ. ʂʫʜʷʢʦʚ 765 
ʀʉʉʃɽɼʆɺɸʅʀʗ ʀɿɻʀɹɸɽʄʓʍ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʕʃɽʄɽʅʊʆɺ ʉʆ ʉʄɽʐɸʅʅʓʄ ʀ 

ɼʀʉʇɽʈʉʅʓʄ ɸʈʄʀʈʆɺɸʅʀɽʄ ʇʈʀ ʂʈɸʊʂʆɺʈɽʄɽʅʅʆʄ ɼʀʅɸʄʀʏɽʉʂʆʄ 

ʅɸɻʈʋɾɽʅʀʀ                                                                                                                                         

ʆ.ʀ. ʇʝʪʨʫʢ, ɼ.ɻ. ʋʪʢʠʥ, ɼ.ʅ. ʏʝʨʸʤʫʭʠʥ, ɺ.ʉ. ʇʣʝʚʢʦʚ 768 
ʇʈʀʄɽʅɽʅʀɽ ɺʓʏʀʉʃɽʅʀʁ ʅɸ ɻʈɸʌʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆʈɸʍ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɺʃʀʗʅʀʗ ʆɼʀʅʆʏʅʓʍ ʆʐʀɹʆʂ ʆʇʀʉɸʅʀʗ ʆɹʒɽʂʊʆɺ ʅɸ ʂɸʏɽʉʊɺʆ ɸʃɻʆʈʀʊʄʆɺ 

ʊɽʉʊʆɺʆɻʆ ʈɸʉʇʆɿʅɸɺɸʅʀʗ                                                                                                             

ɸ.ʉ. ʇʝʭʪʝʨʝʚ, ɺ.ɺ. ʇʦʜʜʫʙʥʳʡ 771 
ɸʅɸʃʀɿ ʌʆʈʄ ʈɸɿʈʋʐɽʅʀʗ ʄʆɼɽʃɽʁ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʃʆʅʅ ʇʆɼɺɽʈɾɽʅʅʓʍ 

ɼɽʁʉʊɺʀʖ ʇʈʆɼʆʃʔʅʆʁ ʉɾʀʄɸʖʑɽʁ ʉʀʃʓ ʀ ʇʆʇɽʈɽʏʅʆʁ ʋɼɸʈʅʆʁ ʅɸɻʈʋɿʂɽ 

ɸ.ʉ. ʇʣʷʩʢʠʥ, ɼ.ɻ. ʂʦʧʘʥʠʮʘ 774 
ɺʃʀʗʅʀɽ ʄʆɼʀʌʀʎʀʈʋʖʑʀʍ ɼʆɹɸɺʆʂ ʅɸ ʉɺʆʁʉʊɺɸ ʇɽʅʆʆɹʈɸɿʆɺɸʊɽʃɽʁ 

ʎɽʄɽʅʊʅʓʍ ʂʆʄʇʆɿʀʎʀʁ                                                                                                                   

ʀ.ɸ. ʇʨʠʱʝʧʘ, ʉ.ʅ. ʐʘʥʴʛʠʥ, ʈ.ʄ. ʂʫʨʤʘʥʛʘʣʠʝʚ, ɸ.ʀ. ʂʫʜʷʢʦʚ 776 
ʈɸɿʈɸɹʆʊʂɸ ʇʆʃʔɿʆɺɸʊɽʃʔʉʂʆɻʆ ʀʅʊɽʈʌɽʁʉɸ ɼʃʗ ʆʇɽʈɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ANDROID                                                                                                                                                   

ʀ.ɻ. ʈʫʩʠʥʦʚ, ɺ.ɺ. ʉʦʢʦʣʦʚʘ, ɺ.ɺ. ʉʦʢʦʣʦʚʘ 779 
ʅʆɺʓɽ ʂʆʅʉʊʈʋʂʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɺ ʅɽʌʊɽɻɸɿʆɺʆʁ ʆʊʈɸʉʃʀ                              

ʀ.ʉ. ʉʝʜʫʥʦʚ, ʂ..ɺ. ʎʠʚʝʣʝʚ, ʃ.ɼ. ʉʚʠʥʮʦʚʘ 782 
ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʇʆʉʊʈʆɽʅʀʗ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼɸʊʏʀʂʆɺ 

ʆ.ɸ.ʉʢʨʠʧʢʘ, ɹ.ɹ. ɺʠʥʦʢʫʨʦʚ, ɽ.ʇ. ʇʠʛʘʨʸʚʘ 785 
ʊɽʇʃʆɺʓɽ ʅɸʉʆʉʓ                                                                                                                           

A.A. ʊʘʤʙʫʣʘʪʦʚʘ, ɽ.ɸ. ʉʳʩʘ, ʂ. ɹʨʶʛʛʝʤʘʥʥ 788 
ʇʈʀʄɽʅɽʅʀɽ ʉɺɽʊʆʇʈʆɿʈɸʏʅʓʍ ʆɻʈɸɾɼɸʖʑʀʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʉ ʇʆɺʓʐɽʅʅʓʄʀ ʊɽʇʃʆʊɽʍʅʀʏɽʉʂʀʄʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ                                   

ʅ.ʅ. ʊʝʣʝʣʠʯʢʦ, ɽ.ɺ. ʇʝʪʨʦʚ 791 
ʆʉʆɹɽʅʅʆʉʊʀ ɼʀɿɸʁʅ-ʇʈʆɽʂʊɸ ʀ ʊɽʍʅʀʏɽʉʂʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ            

ʂ.ʇ.ʊʦʣʢʘʯʝʚʘ, ɺ.ɼ.ʅʠʢʠʪʠʥ 794 
ʇʈʀʅʎʀʇʓ ʇʆʉʊʈʆɽʅʀʗ ʉʀʉʊɽʄʓ ʉɹʆʈɸ ɼɸʅʅʓʍ 

ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʁ ɺ ʕʃɽʂʊʈʆʂɸʈɼʀʆɻʈɸʌʀʀ                                                                     

ɸ.ɸ. ʋʚʘʨʦʚ, ɺ.ɺ. ɽʨʸʤʠʥ, ʄ.ɺ. ʄʘʣʳʡ, ɼ.ʂ. ɸʚʜʝʝʚʘ 797 
ʆɹʈɸɿʆɺɸʅʀɽ ʊʈɽʑʀʅ ɺ ʂʀʈʇʀʏʅʆʁ ʂʃɸɼʂɽ ʇʈʀ ʉɾɸʊʀʀ                                               

ʕ.ʉ. ʋʩʝʠʥʦʚ , ɼ.ɻ. ʂʦʧʘʥʠʮʘ 800 
ʋʊʀʃʀɿɸʎʀʗ ʂɸʈɹʀɼʅʆɻʆ ʀʃɸ ʇʋʊɽʄ ɽɻʆ ʇʈʀʄɽʅɽʅʀʗ ɺ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 

ʉʊʈʆʀʊɽʃʔʅʓʍ ʄɸʊɽʈʀɸʃɸʍ                                                                                                                  

ɸ.ʉ. ʋʰʘʢʦʚʘ, ɸ.ʀ. ʂʫʜʷʢʦʚ 803 
ʄʆɹʀʃʔʅʆɽ ʉʈɽɼʉʊɺʆ ʇɽʈɽɼɺʀɾɽʅʀʗ                                                                                              

A.ʉ. ʍʘʣʦ, ɹ.ɹ. ɺʠʥʦʢʫʨʦʚ, ɽ.ɸ. ʉʳʩʘ, ʂ. ɹʨʶʛʛʝʤʘʥʥ 805 
REAL-TIME WEB DESIGN                                                                                                                                 

ʏʠʥʴ ɸʥʴ ɿʳʦʥʛ, ɺ.ʅ. ɺʠʯʫʛʦʚ, ʀ.ʃ. ʇʠʯʫʛʦʚʘ       808 

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʕʃɽʂʊʈʆʂɸʈɼʀʆɻʈɸʌʀʀ                                   

ɸ.ɺ.ʏʠʩʪʷʢʦʚʘ, ʀ.ɸ..ʃʝʞʥʠʥʘ, ʀ..ɺ. ʂʘʰʫʙʘ, ɼ.ʂ.ɸʚʜʝʝʚʘ     811 

ʈɸɿʈʋʐɽʅʀɽ ʄʆɼɽʃɽʁ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʃʆʅʅ ʇʈʀ ɼɽʁʉʊɺʀʀ ʇʈʆɼʆʃʔʅʆʁ       

ʉʀʃʓ ʉʊɸʊʀʏɽʉʂʆɻʆ ʀ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʍɸʈɸʂʊɽʈɸ                                                                               

ɺ.ɺ. ʐʘʰʢʦʚ, ɼ.ɻ. ʂʦʧʘʥʠʮʘ 814 
ʄɽʊʆɼʓ ʆʏʀʉʊʂʀ ʆʊ ɺʓɹʈʆʉʆɺ                                                                                                            

ʖ.ɽ. ʐʝʬʝʨ, ɽ.ɸ. ʉʳʩʘ, ʂ. ɹʨʶʛʛʝʤʘʥʥ 816 
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ʉɽʂʎʀʗ ʌʀɿʀʂɸ: 
 

¶ʬʠʟʠʢʘ ʫʩʢʦʨʠʪʝʣʝʡ, 

¶ʬʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

¶ ʬʠʟʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

¶ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ 

ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

¶ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, 

¶ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, 

¶ʛʝʦʬʠʟʠʢʘ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʥʘʥʦʩʣʦʠʩʪʳʝ ʧʦʨʦʰʢʠ ʜʠʩʫʣʴʬʠʜʦʚ ʤʝʪʘʣʦ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʀʩʭʦʜʥʘʷ ʰʠʭʪʘ 

ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʠʛʦʪʘʚʣʠʚʘʣʘʩʴ ʠʟ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʰʢʦʚ 

ʜʠʩʫʣʴʬʠʜʦʚ. 

 

ɺʚʝʜʝʥʠʝ 

ɼʠʩʫʣʴʬʠʜʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ 

ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʝʨʝʟʘʨʷʞʘʝʤʳʝ ʙʘʪʘʨʝʠ ʠ ʪʚʝʨʜʳʝ ʩʤʘʟʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʦʧʪʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ 

ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʝ ʠʥʪʝʨʝʩʥʳ ʜʠʩʫʣʴʬʠʜʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʠʤʝʶʱʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʚ ʢʦʪʦʨʦʡ ʩʣʦʠ ʤʝʪʘʣʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʦʷʤʠ ʩʝʨʳ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩʣʘʙʳʤʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ ʩʠʣʘʤʠ [1]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʧʨʦʚʦʜʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʜʨʫʛʠʭ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɼʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ (MoS2) ï ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʘʢʪʠʚʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ (200-1000 ʥʤ), ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʬʦʪʦ - 

ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʦʜʦʤ ʉɺʉ (ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ) ʥʘʥʦʩʣʦʠʩʪʳʭ ʧʦʨʦʰʢʦʚ MoS2 ʠ 

WS2. ɼʣʷ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ ʤʝʪʘʣʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʕɺʇ (ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʟʨʳʚ ʧʨʦʚʦʜʥʠʢʘ), 

ʠ ʵʣʝʤʝʥʪʘʨʥʘʷ ʩʝʨʘ ʤʘʨʢʠ ʆʉʏ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʤʝʪʘʣʣʘ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʘʤʠ ʧʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʫʥʠʢʘʣʴʥʳʡ ʦʙʲʝʢʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʦʨʝʥʠʷ [4]. 

ʉ- ʝʤʢʦʩʪʥʦʡ ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ,  

L ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ,  

GAP ï ʨʘʟʨʷʜʥʠʢ,   

WE - ʚʟʨʳʚʘʝʤʳʡ ʧʨʦʚʦʜʥʠʢ.  
 

ʈʠʩ.1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʕɺʇ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʄʝʪʦʜ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʨʳʚʘ ʧʨʦʚʦʜʥʠʢʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ.1 [3].  

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʚʟʨʳʚʘ ʧʨʦʚʦʣʦʢ ʩ ʜʠʘʤʝʪʨʦʤ d=0.31 ʤʤ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R=0,06 ʆʤ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʧʨʠ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ=2,29 ʤʢʌ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ L=0,65 ʤʢɻ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ  ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʚʟʨʳʚʘ ʷʚʣʷʝʪʩʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʩʦʜʝʨʞʘʥʠʝ 

ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ 97%, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ - 2 ʤ
2
/ʛ  ʠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 100-150 ʥʤ. 

ʉʠʥʪʝʟ ʜʠʩʫʣʴʬʠʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʢʘʤʝʨʝ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 

ʜʘʚʣʝʥʠʡ 20-40 ʘʪʤ. ɻʦʨʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʠ ʚʳʩʦʪʦʡ 10-20 ʤʤ ʣʝʛʢʦ ʠʥʠʮʠʠʨʦʚʘʣʦʩʴ 

ʚʦʣʴʬʨʘʤʦʚʦʡ ʩʧʠʨʘʣʴʶ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʠʩʧʘʨʝʥʠʷ ʩʝʨʳ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʜʥʦ ʦʙʨʘʟʮʳ 

ʟʘʧʨʝʩʩʦʚʳʚʘʣʠ ʠ ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʚ ʢʘʧʩʫʣʫ ʠʟ ʩʪʝʢʣʘ çʇʠʨʝʢʩè. ʊʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʠʟʤʝʨʷʣʠ 

ʚʦʣʴʬʨʘʤ-ʨʝʥʠʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ ʩ ʟʘʧʠʩʴʶ ʦʩʮʠʣʣʦʛʨʘʬʦʤ Tektronix TDS 2041B. ʉʪʨʫʢʪʫʨʫ ʠ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Shimadzu XRD-7000S. ʈʘʟʤʝʨʳ ʠ 

ʤʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ ʜʠʩʫʣʴʬʠʜʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-7500F.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʜʠʩʫʣʴʬʠʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʝʛʢʦ ʨʘʟʨʫʰʘʶʱʠʝʩʷ ʘʛʣʦʤʝʨʘʪʳ. 

ʇʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʠʟʤʝʣʴʯʘʣʠʩʴ ʚ ʩʪʫʧʢʝ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʘʤʝʨʝ. ʆʙʨʘʙʦʪʘʥʥʳʝ 

ʜʠʩʫʣʴʬʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʩʣʦʠʩʪʳʡ ʧʦʨʦʰʢʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.2., ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʯʘʩʪʠʮ 

ʥʘʥʦʧʦʨʦʰʢʘ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ, ʘ ʰʠʨʠʥʘ - ʧʦʨʷʜʢʘ ʤʠʢʨʦʥʘ. ʊʦʣʱʠʥʘ 

ʯʘʩʪʠʮ ʜʠʩʫʣʴʬʠʜʘ ʚʦʣʴʬʨʘʤʘ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʥʘʥʦʤʝʪʨʦʚ, ʘ ʰʠʨʠʥʘ - ʦʢʦʣʦ ʩʪʘ ʥʘʥʦʤʝʪʨʦʚ ʨʠʩ.3.  

 

            

ʈʠʩ. 2. ʉʕʄ-ʬʦʪʦʛʨʘʬʠʷ ʅɼʇ MoS2.  ʈʠʩ. 3. ʉʕʄ-ʬʦʪʦʛʨʘʬʠʷ ʅɼʇ WS2. 

 

ʇʦʚʳʰʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ (002) ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʜʠʩʫʣʴʬʠʜʦʚ ʤʦʣʠʙʜʝʥʘ 

ʠ ʚʦʣʴʬʨʘʤʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʪʷʥʫʪʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ.4 ʠ 5). ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʩʠʥʪʝʟʘ ʩʦʜʝʨʞʠʪʩʷ ʥʝ ʤʝʥʝʝ 95% 

ʜʠʩʫʣʴʬʠʜʘ ʤʝʪʘʣʣʘ. 

 ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʯʘʩʪʠʮʳ ʜʠʩʫʣʴʬʠʜʦʚ ʠʤʝʶʪ ʧʨʦʪʷʞʝʥʥʫʶ ʬʦʨʤʫ, 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʷʚʣʷʶʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʜʠʩʫʣʴʬʠʜ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ P63/mmc. ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʜʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ WS2 ʨʘʚʥʳ a = 

3,158 ¡, ʩ = 12,34 ¡ ʠ ʜʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ MoS2 a = 3,161 ¡, ʩ1 = 12,27 ¡, ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʛʦ c2=18,35 ¡. 
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ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ ʨʘʚʥʳ 50-60 ʥʤ. ʊʦʣʱʠʥʘ 

ʯʘʩʪʠʮ ʨʘʚʥʘ ʦʪ 30 ʥʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ ʩʦʛʣʘʩʥʦ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɺʳʚʦʜʳ 

1. ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʜʠʩʫʣʴʬʠʜʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ (WS2 ʠ MoS2) ʚ 

ʫʩʣʦʚʠʷʭ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦʩʷ ʛʦʨʝʥʠʷ ʩʤʝʩʝʡ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʩʝʨʳ ʤʘʨʢʠ ʆʉʏ. 

2. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʪʘʢʠʭ ʩʤʝʩʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʛʣʦʤʝʨʘʪʳ ʥʘʥʦʩʣʦʠʩʪʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʷʚʣʷʶʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ WS2  ʠ MoS2. 

3. ʇʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ a = 3,158 ¡, ʩ = 12,34 ¡ ʜʣʷ  WS2 

ʠ a = 3,161 ¡, ʩ1 = 12,27 ¡, c2=18,35 ¡ ʜʣʷ MoS2. 
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The structural and electronic properties of the (110)-surface of lithium oxide have been calculated 

within LCAO method using the CRYSTAL06 code. The charges of the surface atoms, density of the surface 

states, surface energy and surface relaxation have been computed. It is found that the (110) -surface is less 

stable than previously calculated (111) -surface and this is in agreement with earlier studies. Surface states 

are localized within ~2 ¡ while structural relaxation takes ~5 ¡.  

 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ Li2O ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʶʪʩʷ [1-3], ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʢʩʠʜ ʣʠʪʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʨʠʪʠʡʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʙʨʠʜʝʨʘ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʝʚʦʤ 

ʪʦʧʣʠʚʝ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ H2O ʩ ʧʦʚʝʨʭʥʦʪʴʶ Li2O 

[1]. ʆʢʩʠʜ ʠʣʠ ʧʝʨʦʢʩʠʜ ʣʠʪʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʘʟʨʷʜʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʠʪʠʡ-ʚʦʟʜʫʰʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, 

ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ Li2O ʠ Li2O2 ʧʨʦʚʝʜʝʥʦ ʚ [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʯʸʪʳ ʨʝʣʘʢʩʘʮʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ (110)- ʧʦʚʝʨʭʥʦʩʪʠ Li2O 

ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ CRYSTAL06 [4]. ɺ ʚʳʯʠʩʣʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʟʠʩ ʣʠʥʝʡʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʠ ʛʠʙʨʠʜʥʳʡ ʬʫʥʢʮʠʦʥʘʣ B3PW [5]. ɼʣʷ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʙʘʟʠʩ 6-411G, ʘ ʜʣʷ ʣʠʪʠʷ - Li_6-1G [6]. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʷʣʩʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ Li2O ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʘʥʪʠʬʣʶʦʨʠʪʘ (Fm3m). ɺ 

ʪʘʙʣ.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʠ ʘʪʦʤʥʳʭ ʟʘʨʷʜʦʚ.  

 ʊʘʙʣʠʮʘ 1. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ (a) ʠ  ʟʘʨʷʜʳ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (Q (ʆ)). 

ʬʫʥʢʮʠʦʥʘʣ ʧʘʨʘʤʝʪʨ ʙʘʟʠʩ 1  ʙʘʟʠʩ 2 ʵʢʩʧʝʨʠʤʝʥʪ 

LDA 
a, ¡ 4.443 4.494 4.573 [7] 

Q(O), |e| -1.664 -1.864 -1.90  [8] 

PBE GGA 
a, ¡ 4.526 4.607 4.573 

Q(O), |e| -1.705 -1.884 -1.90 

B3PW 
a, ¡ 4.509 4.581 4.573 

Q(O), |e| -1.735 -1.897 -1.90 
 

ʇʨʠ ʵʪʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ B3PW ʠ ʚʳʙʨʘʥʥʦʛʦ ʙʘʟʠʩʘ  ʨʘʩʯʝʪʳ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʸʪʢʠ ʚ 

ʦʙʲʸʤʝ ʜʘʶʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘ [7] ʚʩʝʛʦ 0,18; %. ʂʨʦʤʝ ʪʦʛʦ, ʦʯʝʥʴ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ (-
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1,897 |e|) ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ (-1,90 |e| [8]). 

ʇʦʚʝʨʭʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʜʚʫʤʝʨʥʦʡ ʧʣʘʩʪʠʥʢʦʡ (2D), ʢʦʪʦʨʘʷ çʚʳʨʝʟʘʣʘʩʴè ʠʟ ʪʨʸʭʤʝʨʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ (3D). ɼʝʢʘʨʪʦʚʳ ʦʩʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʩʴ Z ʙʳʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (hkl). ʇʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʪʦʤʥʳʭ ʩʣʦʸʚ, 

ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʪʣʠʯʥʳ ʦʪ ʦʙʲʸʤʥʳʭ, ʘ ʢʘʞʜʳʡ ʩʣʦʡ ʦʧʨʝʜʝʣʷʶʪ ʘʪʦʤʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ Z. 

ɼʚʫʤʝʨʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʚʳʙʠʨʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʚʦʡʩʪʚʘ ʩʨʝʜʥʝʛʦ ʩʣʦʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʣʠ ʦʙʲʸʤʥʳʝ. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ ɽʧʦʚ(n)=(ɽ2D- 

nE3D)/2æSʧʦʚ, ʛʜʝ ɽ2D ï ɻ ʥʝʨʛʠʷ 2D-ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʣʘʩʪʠʥʢʠ, ɽ3D ï ɻ ʥʝʨʛʠʷ 3D-ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ, n=N2D/N3D,  æSʧʦʚ- ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ 2D ïɻ ʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʘ ʤʥʦʞʠʪʝʣʴ (1/2) 

ʚʦʟʥʠʢʘʝʪ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʣʘʩʪʠʥʢʘ ʠʤʝʝʪ ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʪʘʙʣ. 2 ʜʣʷ ʘʪʦʤʥʳʭ ʩʣʦʸʚ (110)- ʧʦʚʝʨʭʥʦʩʪʠ Li2O ʧʨʠʚʝʜʝʥʳ ʩʤʝʱʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʝʸ 

ʨʝʣʘʢʩʘʮʠʝʡ, ʠ ʘʪʦʤʥʳʝ ʟʘʨʷʜʳ. ʇʦʚʝʨʭʥʦʩʪʴ (110) ʦʢʩʠʜʘ ʣʠʪʠʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʡʪʨʘʣʴʥʳʭ ʩʣʦʝʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʠ ʜʚʘ ʘʪʦʤʘ ʣʠʪʠʷ ʥʘ ʵʣʝʤʝʥʪʨʘʥʫʶ ʷʯʝʡʢʫ. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʥʳʭ 

ʩʣʦʸʚ ʚʝʜʸʪʩʷ ʩ ʩʘʤʦʛʦ ʚʝʨʭʥʝʛʦ ʩʣʦʷ. ʐʝʩʪʠ ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʦʢʘʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ -0.107 ¡ (ʩʣʦʡ 1, 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʦʟʥʘʯʘʝʪ ʩʤʝʱʝʥʠʝ ʚ ʛʣʫʙʴ ʢʨʠʩʪʘʣʣʘ), ʘʪʦʤʦʚ ʣʠʪʠʷ -0.02 ¡ (ʩʣʦʡ 1), ʟʘʪʝʤ 

ʩʤʝʱʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ ʚʛʣʫʙʴ ʪʘʢ, ʯʪʦ ʜʣʷ ʧʷʪʦʛʦ ʩʣʦʷ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʚʩʝʛʦ ʧʦʨʷʜʢʘ 0,001 ¡.  

ʊʘʙʣʠʮʘ 2. 

ʈʝʣʘʢʩʘʮʠʷ (110) - ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʣʠʪʠʷ ʠ ʟʘʨʷʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ. 
 

ɸʪʦʤʥʳʡ ʩʣʦʡ ʘʪʦʤ ȹZ, ¡ Q, |e| 
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Li 
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Li 
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O 

Li 
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0.948 
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Li 
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-1.897 

0.948 

 

5 

O 

Li 

 

-0.001 

0.002 

 

-1.897 

0.948 

6 
O 

Li 

 

0 

0 

-1.897 

0.948 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʘʪʦʤʳ ʠʩʧʳʪʳʚʘʶʪ ʩʤʝʱʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʩʘʤʦʛʦ ʩʣʦʷ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 0.045 ¡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʲʸʤʦʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ Li-O ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 0.064 ¡. ɿʘʨʷʜ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 0.023 |e|, ʘ ʟʘʨʷʜ ʘʪʦʤʘ ʣʠʪʠʷ ï ʥʘ 0.004 |e|. ʅʘʯʠʥʘʷ ʩʦ ʩʣʦʷ 

4 ʟʘʨʷʜʳ ʩʦʚʧʘʜʘʶʪ ʩ ʦʙʲʸʤʥʳʤʠ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʪʥʦʩʪʴ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ N(E) ʜʣʷ ʘʪʦʤʥʳʭ ʩʣʦʝʚ (110)- 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʸʤʘ Li2O. ʇʘʨʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠʞʥʷʷ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ Li2O  

ʦʙʨʘʟʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ O(2s)-ʩʦʩʪʦʷʥʠʷʤʠ, ʘ ʚʝʨʭʥʷʷ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ - O(2p) -ʩʦʩʪʦʷʥʠʷʤʠ, ʢʘʢ ʜʣʷ 

ʦʙʲʝʤʘ, ʪʘʢ ʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ N(E), ʝʸ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʤʝʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʸʤʥʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʦʝʚ. ɼʣʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʟʘʤʝʪʥʦ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ O(2s)- ʩʦʩʪʦʷʥʠʡ 

ʠ ʩʜʚʠʛ ʚ ʟʘʧʨʝʱʝʥʥʫʶ ʜʣʷ ʦʙʲʝʤʘ ʦʙʣʘʩʪʴ, ʚ ʩʣʦʷʭ 1-2 ʧʨʦʠʩʭʦʜʠʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ O(2p)- ʩʦʩʪʦʷʥʠʡ. ɺ 

ʧʣʦʪʥʦʩʪʠ O(2p)- ʩʦʩʪʦʷʥʠʡ ʪʨʝʪʴʝʛʦ ʩʣʦʷ  ʫʞʝ ʧʦʷʚʣʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ N(E) ʦʙʲʸʤʘ.  

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣʘ 1.219 ɼʞ/ʤ
2
, ʯʪʦ ʥʘ 0.27 ɼʞ/ʤ

2
  ʤʝʥʴʰʝ 

ʥʝʨʝʣʘʢʩʠʨʦʚʘʥʥʦʡ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ (1.219 ɼʞ/ʤ
2
) 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʚ [2] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʘ PW1PW (1.24 ɼʞ/ʤ
2
) ʥʘ 0.021 ɼʞ/ʤ

2
 ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʣʫʯʝʥʥʦʝ ʥʘʤʠ ʨʘʥʝʝ 

ʟʥʘʯʝʥʠʝ ɽʧʦʚ ʜʣʷ (111)-ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʚʥʦʝ 0.72 ɼʞ/ʤ
2
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, (110)- ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʩʠʜʘ ʣʠʪʠʷ ʤʝʥʝʝ 

ʩʪʘʙʠʣʴʥʘ, ʯʝʤ ʧʦʚʝʨʭʥʦʩʪʴ (111), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ  ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʚʝʨʭʥʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘ 

ʛʣʫʙʠʥʝ ʜʦ ~2 ¡, ʪʦʛʜʘ ʢʘʢ ʨʝʣʘʢʩʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨʥʫʶ ʛʣʫʙʠʥʫ ʜʦ ~ 5 ¡.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. T. Odaa, Y. Oyab, R. Uy Olivaresa, S. Tanakaa. // Fusion Engineering and Design. ï 2006. ï V. 81. ï ˉ 

1ï7. ï P. 613ï618.  

2. M. D. Radin, J. F. Rodriguez, F. Tian, and D.J. Siegel. Lithium Peroxide Surfaces Are Metallic, While 

Lithium Oxide Surfaces Are Not // JACS. ï 2012. ï V. 134. ï P. 1093ï1103. 

3. M.M. Islam and T. Bredow // J. Phys. Chem. ï  2009. ï V.113 ï P. 672ï676 

4. Dovesi R., Saunders V.R., Roetti C., Orlando R., Zicovich-Wilson C.M., Pascale F., Civalleri B., Doll K., 

Herrison N.M., Buch I.J., DôArco Ph., Llunell M. CRYSTAL06 Userôs Manual. // Torino: University of 

Torino. ï  2006. ï P.258. 

5. Becke A.D. Density-functional thermochemistry. III The role of exact exchange // J. Chem. Phys. ï 1993. 

ï V.98. ï P. 5648-5652. 

6. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: www.crystal.unito.it/Bases_Sets/ptable.html 

7. Mikajlo E.A., Dorsett H.E., Ford M.J. // J. Chem. Phys. ï 2004. ï V. 120. ï P. 10799-10806. 

8. Priya S., Alok S. Ab initio Wannier-function-based correlated calculations of Born effective charges of 

crystalline Li2O and LiCl.// Phys. Rev. B. ï 2008. ï V. 77. ï  P. 075130(1)-075130(5).  

  

ʈʠʩ. 1. ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ N(E) ʜʣʷ ʘʪʦʤʥʳʭ ʩʣʦʝʚ (110)- 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʸʤʘ Li2O. 
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Within nanotoxicology researchers constantly look for the best ways to prepare suspensions, which could 

be effectively used to deliver nano- and microparticles to the test organisms. The paper shows the effect of 

processing time on the aqueous dispersion of nano- and micropowders. The role of particleô shape in the 

formation of aggregation-stable sols and suspensions on the base of nano- and microstructured powders of 

ZrO2, Y2O3 and Al2O3, obtained by plasma-chemical synthesis, has been demonstrated. 

 

 

ɺʚʝʜʝʥʠʝ 

ɺʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʥʘʥʦ- ʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʦʧʘʩʥʦʩʪʴʶ ʠʥʛʘʣʷʮʠʦʥʥʦʛʦ, ʥʘʢʦʞʥʦʛʦ ʠ, ʚʦʟʤʦʞʥʦ, ʵʥʪʝʨʘʣʴʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʚ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʘʪʪʝʩʪʘʮʠʠ 

ʧʦʨʦʰʢʦʚ ʚ ʨʘʤʢʘʭ ʥʘʥʦʪʦʢʩʠʢʦʣʦʛʠʠ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʜʘʥʥʳʭ ʧʦ 

(ʵʢʦ)ʪʦʢʩʠʯʥʦʩʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʥʠʢʘʢʠʭ ʨʫʢʦʚʦʜʷʱʠʭ ʧʨʠʥʮʠʧʦʚ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ ʠ ʠʩʧʳʪʘʥʠʡ. ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʠ ʪʦʢʩʠʯʥʦʩʪʴ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʧʦʩʦʙʘ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ, ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʜʦʩʪʠʯʴ ʦʙʲʝʢʪʠʚʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺʩʝ ʠʤʝʶʱʠʝʩʷ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʜʣʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ 6 ʥʝʜʝʣʴ), ʋɿ-ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ, ʜʦʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʣʠ 

ʵʤʫʣʴʛʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʫʜʘʣʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʯʘʩʪʠ ʚʝʱʝʩʪʚʘ ʧʫʪʝʤ ʬʠʣʴʪʨʘʮʠʠ ʠʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʦʯʝʥʴ ʪʨʫʜʥʦ ʧʨʠʤʝʥʠʪʴ ʢ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤ [2]. 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʫʩʧʝʥʟʠʡ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ  

ʩʘʤʳʭ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʦʨʦʰʢʘʤʠ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʫʩʧʝʥʟʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʧʨʦʩʪʝʡʰʠʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʧʦʨʦʰʢʠ: ʜʠʦʢʩʠʜ ʮʠʨʢʦʥʠʷ (NP-ZrO2), 

ʦʢʩʠʜ ʠʪʪʨʠʷ (NP-Y2O3), ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (NP-Al2O3-S) ʠ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (NP-Al2O3-V), ʧʦʣʫʯʝʥʥʳʝ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺʝʣʠʯʠʥʫ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʦʚ (Sʫʜ) ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ (ʪʝʦʨʠʷ ɹʕʊ) ʥʘ ʧʨʠʙʦʨʝ çSorbiPrepè (ʄɽʊɸ). ʌʦʨʤʫ ʠ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ JSM-7500FA (JEOL). 
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IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          25 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʡ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨʥʳʡ 

ʨʘʩʪʚʦʨ (PBS). ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ (DW) ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. ɺʳʙʨʘʥʥʳʝ ʩʨʝʜʳ ʥʝ ʪʦʣʴʢʦ 

ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʦ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ 

(ʦʙʥʦʚʣʝʥʠʷ ʠ ʚʦʩʧʦʣʥʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ), ʪ.ʢ. ʙʣʘʛʦʧʨʠʷʪʥʦ ʫʩʚʘʠʚʘʶʪʩʷ ʦʨʛʘʥʠʟʤʦʤ. 

ɼʣʷ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʫʩʧʝʥʟʠʡ ʛʦʪʦʚʠʣʠ ʩʫʩʧʝʥʟʠʠ ʩ 0,01 

ʤʘʩ.% ʧʦʨʦʰʢʘ, ʟʘʪʝʤ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ Biosan (2600 ʦʙ/ʤʠʥ) ʚ ʪʝʯʝʥʠʝ 5, 15, 30 ʠ 60 ʤʠʥ. 

ɿʘʪʝʤ ʩʫʩʧʝʥʟʠʠ ʜʝʢʘʥʪʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 2, 24 ʠ 48 ʯ. ʚ ʟʘʢʨʳʪʦʡ ʪʝʨʤʦʢʘʤʝʨʝ ʧʨʠ 37Ñ2 Üʉ, ʘ ʚ ʦʩʚʝʪʣʝʥʥʦʡ 

ʯʘʩʪʠ ʩʫʩʧʝʥʟʠʠ ʦʮʝʥʠʚʘʣʘʩʴ ʜʠʩʧʝʨʩʥʦʩʪʴ. ɼʠʩʧʝʨʩʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʚ ʚʠʜʝ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʘʤ ʧʦ ʤʝʪʦʜʫ ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ (ʃɼ) ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ SALD-7101 (Shimadzu), ʧʦ ʜʘʥʥʳʤ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʣʠ ʩʨʝʜʥʝʧʦʚʝʨʭʥʦʩʪʥʳʡ ʜʠʘʤʝʪʨ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʘʛʣʦʤʝʨʘʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

  
  

ʈʠʩ. 1. ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ: ʘ) ZrO2; ʙ) Y2O3; ʚ) Al2O3-S; ʛ) Al2O3-V 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɹʕʊ ʩʨʝʜʥʝʧʦʚʝʨʭʥʦʩʪʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʣʷʣ: ZrO2 ï 

123 ʥʤ, Y2O3 ï 118 ʥʤ, Al2O3-S ï 170 ʥʤ, Al2O3-V ï 220 ʥʤ. ʇʦ ʜʘʥʥʳʤ ʉʕʄ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ZrO2 

- 20-256 ʥʤ (ʮʝʣʳʝ ʠ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʥʳʝ ʩʬʝʨʳ, ʧʦʣʳʝ ʚʥʫʪʨʠ, ʩʦ ʩʪʝʥʢʘʤʠ 20-30 ʥʤ (ʨʠʩ.1ʘ)), Y2O3 ï 

20-250 ʥʤ (ʬʦʨʤʘ ʥʝʧʨʘʚʠʣʴʥʳʭ ʦʢʪʘʵʜʨʦʚ, ʩʣʦʞʝʥʥʳʭ ʚ ʙʣʦʢʠ ʨʘʟʤʝʨʦʤ 0.5-0.8Ĭ0.8-2.0 ʤʢʤ (ʨʠʩ.1ʙ)), 

Al2O3-S ï 5-170 ʥʤ (ʯʘʩʪʠʮʳ ʨʘʟʥʦʡ ʬʦʨʤʳ: ʧʦʣʳʝ ʩʬʝʨʳ 200-400 ʥʤ, ʧʦʣʫʩʬʝʨʳ, ʩʨʦʩʰʠʝʩʷ ʘʥʩʘʤʙʣʠ 

ʠʟ ʧʦʣʫʩʬʝʨ 0,5-5 ʤʢʤ ʩʦ ʩʪʝʥʢʘʤʠ 25-45 ʥʤ (ʨʠʩ.1ʚ)), Al2O3-V ï 200-400 ʥʤ (ʬʦʨʤʘ ʥʝʧʨʘʚʠʣʴʥʳʭ ʧʨʠʟʤ, 

ʰʝʩʪʠ ʠ ʧʷʪʠʛʨʘʥʥʠʢʦʚ (ʨʠʩ.1ʛ)). 

ʊʘʙʣʠʮʘ 1. 

ɼʠʩʧʝʨʩʥʦʩʪʴ ʟʦʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ 48-ʯʘʩʦʚʦʡ ʜʝʢʘʥʪʘʮʠʝʡ PBS-ʩʫʩʧʝʥʟʠʡ 
 

ʇʦʨʦʰʦʢ ZrO2 Y2O3 Al2O3-S Al2O3-V 

ɺʨʝʤʷ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ, 

ʤʠʥ. 

5 15 30 60 5 15 30 60 5 15 30 60 5 15 30 60 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ, 

dʩʨ, ʥʤ 
ʥ/ʦ 22 22 4139 ʥ/ʦ ʥ/ʦ ʥ/ʦ ʥ/ʦ 26 62 8498 ʥ/ʦ ʥ/ʦ ʥ/ʦ ʥ/ʦ ʥ/ʦ 

ʥ/ʦ ï ʯʘʩʪʠʮʳ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

ɼʠʩʧʝʨʩʠʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ ï 

ʨʘʟʤʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ ʯʘʩʪʠʮ, ʥʝʠʟʦʵʜʨʠʯʝʩʢʘʷ (ʚʳʪʷʥʫʪʘʷ, ʧʣʦʩʢʘʷ, ʨʘʟʚʝʪʚʣʸʥʥʘʷ) 

ʬʦʨʤʘ ʯʘʩʪʠʮ, ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʝ ʩʦʣʴʚʘʪʥʦʡ ʦʙʦʣʦʯʢʠ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʞʠʜʢʠʭ ʩʨʝʜ 

ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʫʩʧʝʥʟʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʦʷʥʥʦ ʪʨʝʥʠʷ ʯʘʩʪʠʮ ʜʨʫʛ ʦ ʜʨʫʛʘ, ʞʠʜʢʠʭ ʩʣʦʝʚ ʦ ʯʘʩʪʠʮʳ, ʞʠʜʢʠʭ 

ʩʣʦʝʚ ʜʨʫʛ ʦ ʜʨʫʛʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʏʝʤ ʚʳʰʝ ʟʘʨʷʜ ʯʘʩʪʠʮ, ʪʝʤ ʩʠʣʴʥʝʝ 

ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʦʛʣʘʩʥʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ 

ʩʠʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ ʞʠʜʢʦʩʪʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩʣʦʝʚ [4]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʙʫʜʝʪ ʙʦʣʴʰʝ ʫ ʯʘʩʪʠʮ 

ʩ ʨʘʟʚʠʪʦʡ (ʥʝʦʙʪʝʢʘʝʤʦʡ) ʬʦʨʤʦʡ ʯʘʩʪʠʮ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʜʣʷ ʯʘʩʪʠʮ ʩ ʙʦʣʝʝ ʨʘʟʚʠʪʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʫʩʧʝʥʟʠʠ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʟʦʣʝ, ʧʦʣʫʯʝʥʥʦʤ ʜʝʢʘʥʪʘʮʠʝʡ ʧʝʨʝʤʝʰʘʥʥʳʭ ʩʫʩʧʝʥʟʠʡ ʤʦʞʥʦ ʥʘʡʪʠ ʩʪʘʙʠʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. 

ɺ ʟʦʣʷʭ, ʧʦʣʫʯʝʥʥʳʭ 48-ʯʘʩʦʚʦʡ ʜʝʢʘʥʪʘʮʠʝʡ PBS-ʩʫʩʧʝʥʟʠʡ (ʪʘʙʣ.1), ʨʘʟʤʝʨ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ZrO2 ʠ 

Al2O3-S ʫʚʝʣʠʯʠʚʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʩʫʩʧʝʥʟʠʡ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʣʷ ʯʘʩʪʠʮ Y2O3 ʠ Al2O3-V ʦʙʨʘʙʦʪʢʘ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʫʩʧʝʥʟʠʡ ʥʝ ʧʨʠʚʝʣʘ ʢ ʦʩʣʘʙʣʝʥʠʶ ʘʛʨʝʛʘʮʠʠ. 

ʊʘʢʠʝ ʜʘʥʥʳʝ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʚʣʠʷʥʠʝʤ ʨʘʟʚʠʪʦʡ ʬʦʨʤʳ ʯʘʩʪʠʮ ʥʘ ʩʠʣʳ ʪʨʝʥʠʷ ʠ ʚʦʟʥʠʢʘʝʤʳʡ ʧʨʠ 

ʪʨʝʥʠʠ ʟʘʨʷʜ ʚʦ ʚʨʝʤʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʪʝʤ ʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʷʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʩʫʩʧʝʥʟʠʠ. 

 

ʈʠʩ. 2. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʟʦʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ 2-ʭ ʠ 24-ʯʘʩʦʚʦʡ ʜʝʢʘʥʪʘʮʠʝʡ 

ʜʣʷ ʧʦʨʦʰʢʦʚ ʨʘʟʚʠʪʦʡ ʤʦʨʬʦʣʦʛʠʠ 
 

ɿʦʣʴ, ʧʦʣʫʯʝʥʥʳʡ 2-ʯʘʩʦʡ ʜʝʢʘʥʪʘʮʠʝʡ, ʩʦʜʝʨʞʘʣ ʘʛʣʦʤʝʨʘʪʳ Y2O3 ʠ Al2O3-V ʨʘʟʤʝʨʘʤʠ 9 é 16 ʤʢʤ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʤʝʨʳ ʘʛʣʦʤʝʨʘʪʦʚ ʯʘʩʪʠʮ ZrO2 ʠ Al2O3-S ʩʦʩʪʘʚʠʣʠ 2 é 6 ʤʢʤ (ʨʠʩ. 2). ʏʘʩʪʠʮʳ Y2O3 ʠ 

Al2O3-V ʧʦʜʚʝʨʞʝʥʳ ʩʠʣʴʥʦʡ ʘʛʨʝʛʘʮʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʬʦʨʤʘ ʯʘʩʪʠʮ ʵʪʠʭ ʧʦʨʦʰʢʦʚ ʙʦʣʝʝ ʦʙʪʝʢʘʝʤʘ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʨʝʥʠʶ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʨʘʟʤʝʨʳ ʘʛʣʦʤʝʨʘʪʦʚ ʧʦʨʦʰʢʦʚ ʜʦʩʪʠʛʘʶʪ 

9 é 16 ʤʢʤ (ʜʘʥʥʳʝ ʃɼ). ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʢʦʨʦʩʪʴ ʩʝʜʠʤʝʥʪʘʮʠʠ ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʠ ʚ ʨʘʩʪʚʦʨʝ, ʧʦʣʫʯʝʥʥʦʤ ʜʝʢʘʥʪʘʮʠʝʡ, ʯʘʩʪʠʮ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ III ʄʝʞʚʫʟʦʚʩʢʦʛʦ ʢʦʥʢʫʨʩʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʦʝʢʪʦʚ ʊʇʋ, ɻ.ʊʦʤʩʢ, ʧʨʦʝʢʪ ˉ 07-03/2012. 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʲʝʤʳ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʚ ʩʪʚʦʣʝ ʩʢʚʘʞʠʥʳ ʠʟʤʝʨʷʶʪ ʛʣʫʙʠʥʥʳʤʠ ʨʘʩʭʦʜʦʤʝʨʘʤʠ ʠ 

ʜʝʙʠʪʦʤʝʨʘʤʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥʘʭ. ʈʘʩʭʦʜʦʤʝʨʘʤʠ ʠʟʤʝʨʷʶʪ 

ʨʘʩʭʦʜʳ ʚʦʜʳ, ʜʝʙʠʪʦʤʝʨʘʤʠ - ʧʨʠʪʦʢʠ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʠʭ ʩʤʝʩʠ ʩ ʚʦʜʦʡ (ʬʣʶʠʜ) [1, 365]. ʇʦ ʧʨʠʥʮʠʧʫ 

ʠʟʤʝʨʝʥʠʷ ʫ ʜʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝʪ ʦʩʦʙʳʭ ʨʘʟʣʠʯʠʡ. ʆʪʣʠʯʠʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚ ʜʠʘʤʝʪʨʝ ʢʦʨʧʫʩʘ 

ʛʣʫʙʠʥʥʦʛʦ ʧʨʠʙʦʨʘ (ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ çʨʘʩʭʦʜʦʤʝʨè). 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʶʪ ʛʣʫʙʠʥʥʳʝ ʧʨʠʙʦʨʳ ʵʪʦ: ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʩʧʫʩʢʘ; 

ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ; ʥʝʙʦʣʴʰʦʡ ʜʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ; ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ; ʫʜʘʨʳ, 

ʪʨʷʩʢʠ, ʚʠʙʨʘʮʠʠ ʠ ʪ. ʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʛʣʫʙʠʥʥʳʭ ʧʨʠʙʦʨʦʚ ʚʳʜʚʠʛʘʶʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ, ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʤʘʣʘʷ ʠʥʝʨʮʠʦʥʥʦʩʪʴ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ 

ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʠʙʨʘʮʠʷʤ ʠ ʫʜʘʨʘʤ [2, 4]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʶ ʨʘʩʭʦʜʦʤʝʨʦʚ ʩʣʝʜʫʝʪ ʥʘʯʘʪʴ ʩ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʠʭ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ - ʜʘʪʯʠʢʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʢʚʘʞʠʥʥʳʝ ʨʘʩʭʦʜʦʤʝʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʜʚʫʭ ʪʠʧʦʚ: ʤʝʭʘʥʠʯʝʩʢʠʤ 

(ʪʫʨʙʠʥʥʳʤ) ʠʣʠ ʪʝʨʤʦʢʦʥʜʫʢʪʠʚʥʳʤ (ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ) [3, 348]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʩʭʦʜʦʤʝʨʳ 

ʩ ʜʘʪʯʠʢʦʤ ʪʫʨʙʠʥʥʦʛʦ ʪʠʧʘ ʙʦʣʝʝ ʨʘʟʚʠʪʳ ʠ ʚʩʸ ʙʦʣʴʰʝ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʦ ʝʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʳ ʛʣʫʙʠʥʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʨʘʩʭʦʜʦʤʝʨʘʤ - ʢʘʢ ʥʝʜʦʨʦʛʦʤʫ, 

ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʤʫ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʤʫ ʩʨʝʜʩʪʚʫ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ʚ ʩʪʚʦʣʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʚʘʞʠʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʈʘʩʭʦʜʦʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩ ʤʝʩʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ. ɺ ʧʨʠʙʦʨʘʭ ʩ ʤʝʩʪʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ, ʧʦʤʝʱʝʥʥʳʤ ʚ ʩʘʤʦʤ ʩʢʚʘʞʠʥʥʦʤ 

ʩʥʘʨʷʜʝ. ɺ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʧʨʠʙʦʨʘʭ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʢʘʙʝʣʶ ʠ ʪʘʤ ʨʝʛʠʩ-

ʪʨʠʨʫʝʪʩʷ ʦʙʳʯʥʳʤʠ ʨʝʛʠʩʪʨʘʪʦʨʘʤʠ ʩʪʘʥʮʠʡ [3, 347]. 
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ɺ ʩʦʩʪʘʚ ʛʣʫʙʠʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʭʦʜʦʤʝʨʘ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: 

ʜʘʪʯʠʢ, ʢʦʪʦʨʳʡ ʚʦʩʧʨʠʥʠʤʘʝʪ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ; ʧʘʢʝʨ, ʢʦʪʦʨʳʡ ʧʝʨʝʢʨʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʨʘʩʭʦʜʦʤʝʨʦʤ ʠ ʩʪʝʥʢʘʤʠ ʩʢʚʘʞʠʥʳ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʩʝʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʘʥʘʣ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʧʦʣʦʞʝʥ ʜʘʪʯʠʢ; ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʢʝʨʦʤ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ 

ʧʘʢʝʨʘ ʧʦʩʣʝ ʩʧʫʩʢʘ ʧʨʠʙʦʨʘ ʥʘ ʟʘʜʘʥʥʫʶ 

ʛʣʫʙʠʥʫ [3, 346]. 

ʈʘʩʭʦʜʦʤʝʨʳ ʨʘʟʣʠʯʘʶʪʩʷ ʪʘʢʞʝ 

ʩʧʦʩʦʙʦʤ ʧʘʢʝʨʦʚʢʠ. ʈʘʩʭʦʜʦʤʝʨʳ ʩ 

ʘʙʩʦʣʶʪʥʦʡ ʧʘʢʝʨʦʚʢʦʡ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʨʦʭʦʜ ʚʩʝʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʘʥʘʣ. ʈʘʩʭʦʜʦʤʝʨʳ ʩ ʧʘʢʝʨʘʤʠ 

ʟʦʥʪʠʯʥʦʛʦ ʪʠʧʘ ʣʠʰʴ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʪʝʥʢʦʡ 

ʩʢʚʘʞʠʥʳ ʠ ʨʘʩʭʦʜʦʤʝʨʦʤ.  

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʙʦʣʝʝ ʧʨʦʩʪʳʝ 

ʨʘʩʭʦʜʦʤʝʨʳ ʙʝʟ ʧʘʢʝʨʦʚ (ʙʝʩʧʘʢʝʨʥʳʝ). 

ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʦʚ ʞʠʜʢʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʧʨʠʙʦʨʘ ʚ ʩʢʚʘʞʠʥʝ, ʢʦʛʜʘ ʜʦʣʷ ʞʠʜʢʦʩʪʠ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʜʘʪʯʠʢ, ʦʩʪʘʝʪʩʷ ʧʨʠ-

ʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʡ [3, 347].  

ʋ ʢʘʞʜʦʛʦ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʪʠʧʘ ʨʘʩʭʦʜʦʤʝʨʘ ʝʩʪʴ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʘʢʝʨʥʳʝ 

ʨʘʩʭʦʜʦʤʝʨʳ ʚʳʜʝʣʷʶʪʩʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʘʢʝʨʘ ʦʥʠ ʠʤʝʶʪ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʪʘʢ ʞʝ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʷʪʴ ʧʘʨʘʤʝʪʨʳ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ. ɹʝʩʧʘʢʝʨʥʳʝ 

ʨʘʩʭʦʜʦʤʝʨʳ ʧʨʦʩʪʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝ ʩʦʟʜʘʶʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ ʠ ʩʧʦʩʦʙʥʳ ʠʟʤʝʨʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ, ʥʦ ʠʤʝʶʪ ʥʠʟʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʦʙʣʘʜʘʶʪ ʧʣʦʭʠʤʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʜʝʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʙʝʩʧʘʢʝʨʥʦʛʦ ʨʘʩʭʦʜʦʤʝʨʘ, ʠʤʝʶʱʝʛʦ ʩʪʘʙʠʣʴʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʞʝʩʪʢʠʭ 

ʩʢʚʘʞʠʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ ʟʘʤʝʨʳ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥ ʧʨʠ ʢʦʥʪʨʦʣʝ ʟʘ ʨʘʟʨʘʙʦʪʢʦʡ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʙʝʩʧʘʢʝʨʥʦʛʦ ʨʘʩʭʦʜʦʤʝʨʘ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ɻʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʨʘʱʘʶʱʘʷʩʷ ʪʫʨʙʠʥʢʘ. 

ʈʘʩʭʦʜʦʤʝʨ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ 1 ʠʟ ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʧʦʨʘʤʠ 2 ʠ 3 ʧʦʜ ʦʙʦʡʤʫ 4, 

ʈʠʩ. 1. ɹʝʩʧʘʢʝʨʥʳʡ ʨʘʩʭʦʜʦʤʝʨ 
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ʚʳʧʦʣʥʝʥʥʫʶ ʪʘʢ ʞʝ ʠʟ ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ  5, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʤʫʬʪ 6, 7 

ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʳ ʠʤʝʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʦʙʦʡʤʦʡ 4 ʠ ʯʝʨʝʟ ʢʘʨʦʪʘʞʥʳʡ ʢʘʙʝʣʴ ʠʤʝʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩʦ ʚʪʦʨʠʯʥʳʤ ʧʨʠʙʦʨʦʤ; ʪʫʨʙʠʥʫ 8 ʩ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ 9, ʠʤʝʶʱʠʤ 

ʤʘʛʥʠʪʥʫʶ ʩʚʷʟʴ ʩ ʛʝʨʢʦʥʘʤʠ 10ɸ ʠ 10ɹ, ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʪʫʨʙʠʥ rʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ, ʧʦʩʳʣʘʝʤʳʡ ʯʝʨʝʟ ʧʨʦʚʦʜʘ 11 ʠ ʢʘʨʦʪʘʞʥʳʡ ʢʘʙʝʣʴ ʥʘ ʚʪʦʨʠʯʥʳʡ ʧʨʠʙʦʨ; ʦʧʦʨʳ 12, 13, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʦʙʦʡʤʝ 4, ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʫʨʙʠʥʳ 8; ʚʝʨʭʥʶʶ 15 ʠ ʥʠʞʥʶʶ 14 ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʪʢʠ ʩ 

ʚʠʥʪʦʦʙʨʘʟʥʳʤʠ ʣʦʧʘʩʪʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʞʝʩʪʢʦ ʚ ʦʙʦʡʤʝ 4. ʋʛʣʦʚʦʝ ʩʤʝʱʝʥʠʝ (ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ) ʛʝʨʢʦʥʦʚ 10ɸ ʠ 10ɹ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʳ. ɸ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʙʦʡʤʳ 4, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʪʫʨʙʠʥʳ, ʩʢʚʘʞʠʥʥʳʡ ʧʨʠʙʦʨ ʩʥʘʙʞʝʥ 

ʛʝʨʢʦʥʥʳʤ ʜʘʪʯʠʢʦʤ 10ɺ, ʩʨʘʙʘʪʳʚʘʶʱʠʤ ʦʪ ʤʘʛʥʠʪʥʦʡ ʤʫʬʪʳ (ʧʦʣʫʤʫʬʪʳ) 7.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʚ ʩʪʚʦʣʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʚʘʞʠʥʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʥʦʛʦ ʜʘʪʯʠʢʘ 

ʨʘʩʭʦʜʘ 8 (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʛʝʨʢʦʥʦʚ 10ɸ ʠ 

10ɹ); ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʛʝʨʢʦʥʦʤ 10ɺ) ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʨʘʱʝʥʠʷ ʦʙʦʡʤʳ 4 (ʧʦ ʧʦʣʷʨʥʦʩʪʠ ʧʦʜʘʚʘʝʤʦʛʦ ʜʣʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʩʢʚʘʞʠʥʥʦʤ ʧʨʠʙʦʨʝ, ʥʘʧʨʷʞʝʥʠʷ). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʙʦʡʤʳ 4, ʚʨʘʱʘʶʱʝʡʩʷ ʥʘ ʩʚʦʠʭ 

ʦʧʦʨʘʭ 2 ʠ 3 ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 5, ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʨʝʰʝʪʢʘʤʠ 14 ʠ 15, ʠʤʝʶʱʠʤʠ ʬʦʨʤʫ 

ʚʠʥʪʦʦʙʨʘʟʥʳʭ ʣʦʧʘʩʪʝʡ.  

ɼʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ, ʥʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʪʨʝʥʠʷ ʚ ʦʧʦʨʘʭ 12, 13 (ʟʘʤʝʥʘ ʩʠʣʳ 

ʪʨʝʥʠʷ ʧʦʢʦʷ ʥʘ ʩʠʣʫ ʪʨʝʥʠʷ ʜʚʠʞʝʥʠʷ) ʪʫʨʙʠʥʥʦʛʦ ʜʘʪʯʠʢʘ 8, ʣʦʢʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚʚʝʨʭ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ɸ ʛʣʫʙʠʥʥʦʛʦ ʧʨʠʙʦʨʘ ʟʘ ʩʯʝʪ ʥʘʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʪʦʢ 14 ʠ 15. ʇʦʪʦʢ ʞʠʜʢʦʩʪʠ 

ʧʦʧʘʜʘʝʪ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ɸ ʯʝʨʝʟ ʦʢʥʘ ɺ, ʘ ʫʭʦʜʠʪ ʠʟ ʥʝʛʦ ʯʝʨʝʟ ʦʢʥʘ ɹ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʦʙʦʡʤʝ 4 

ʠ ʢʦʨʧʫʩʝ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʨʘʩʭʦʜʦʤʝʨʘ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʢʠ, ʛʜʝ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʠ ʩʪʘʙʠʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʫʨʙʠʥʥʦʛʦ ʜʘʪʯʠʢʘ.  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʜʠʩʫʣʴʬʠʜʘ ʚʦʣʴʬʨʘʤʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʛʥʝʪʨʦʥʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʠʰʝʥʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ.  ʄʠʰʝʥʠ 

ʜʣʷ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʥʘʥʦʩʣʦʠʩʪʦʛʦ ʧʦʨʦʰʢʘ 

ʜʠʩʫʣʴʬʠʜʘ ʚʦʣʴʬʨʘʤʘ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ. ʊʦʥʢʠʝ ʧʣʸʥʢʠ ʥʘʧʳʣʷʣʠʩʴ ʥʘ ʩʪʝʢʣʷʥʥʳʝ, 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜʣʦʞʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʱʥʦʩʪʷʭ ʠ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ.  ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʜʠʩʫʣʴʬʠʜʘ ʚʦʣʴʬʨʘʤʘ. 

 

 

Introduction 

Tungsten and molybdenum disulfides are perspective materials for various applications such as solar cells, 

rechargeable batteries and solid lubricants. It is well known that metal disulfides have a layer-type structure in 

which monolayers of metal are sandwiched between monolayers of sulphur, which are held together by relatively 

weak Van der Waals forces. Thus MoS2 and WS2 are capable to reduce considerably the friction factor and offer 

dry lubricity, temperature resistance in normal atmosphere and in vacuum unmatched to any other substance [1]. 

MoS2 and WS2 powders can be added to oil, liquid, lubricant, water and plastic to increase lubricity of the 

mixture. The semiconductor tungsten disulfide is also of interest as an absorber layer for thin-film solar cells 

because it has band-gap well matched for solar spectrum. WS2 has potential use in low cost photovoltaic cell, 

solid lubricant, catalyst etc. 

The work was undertaken with the aim of studying the processes of WS2 thin film formation by magnetron 

spattering and also investigation of the structure, content and morphology of resultant products by x-ray analysis 

and transmission electron microscopy (TEM). 

Experiment 

The first step of obtaining disulfides is production of nanodispersed powder of W obtained by electric 

explosion of wires (EEW). Then a stoichiometric mixture of metal powder and elementary sulfur is prepared (1 

mol of metal + 2 mol of sulfur), and further high-density cylindrical pellet with diameter of 32 mm and 14 mm 

mailto:barab5@mail.ru
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high is formed by pressing the mixture.  This obtained pellet is objected into the loading reactor (constant-

pressure bomb). The reaction is initiated by a nichrome coil in argon atmosphere P=25-30 atm. 

Obtained WS2 powder pressed under the load of 10 tones on the metal substrate and put into the reactor for 

magnetron sputtering. The substrate was spattered by 90 V power, over 1.5 hours in the argon atmosphere under 

the pressure of 10
-2
 Pa. Disulfide powder was sputtered on to the aluminum substrate. 

Results 

The WS2 sample for spattering is easily disaggregated silvery-gray-black pellet. According to x-ray phase 

analysis, the main phase of combustion product is hexagonal WS2 which has the space group P63/mmc. The WS2 

lattice parameters are a = 3,158 ¡ and ʩ = 12,34 ¡. The crystals of produced material have extended shape that 

exhibit layered form of crystallites. The evidence of lamellar structure of produced material is shown by 

transmission electronic microscopy (TEM). The sizes of x-ray coherent scattering regions (sizes of crystallites) 

for WS2 nanopowder are about 50-60 nm. The particle thickness is in the range from tens of nanometers to a few 

of microns and the width is in the range from hundred nanometers to ten microns according to TEM. 

The growth of WS2 thin film to a lamellar structure become apparent from the (002) reflections, that are 

associated with ordering along the c-axis (Fig. 1). The calculation of the grain size from the full-width at half-

maximum of the (002) reflection yields about 2.11 nm, in agreement with the average diameter of the 

nanoparticles observed in HREM.  

 

Fig. 1. X-ray pattern of tungsten disulfide thin film obtained on the aluminum substrate. 
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The investigation of the phase composition and microstructure using transmission electron microscopy of 

the titanium samples with different grains sizes implanted by aluminum ions by ion source Mevva ï V.RU 

(dose of irradiation 1Ā10
18

 ion/cm
2 

). It was established the formation of the nanosized intermetallic phases 

(Ti3Al, TiAl3) under ion implantation of aluminum into titanium. The mechanical properties (microhardness) 

of the titanium samples before and after ion implantation were investigated. Improvement of mechanical 

properties of the implanted materials is connected with hardening at the expense of formation of nanocrystal 

intermetallic phases in volume of matrix (titanium) grains. It is established that the big role is played by a 

contribution to microhardness high concentration of grains boundaries. 

 

ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʧʫʯʢʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʦʥʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ [1]. ʂʦʥʝʯʥʦʡ 

ʮʝʣʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʋʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʝʪʘʣʣʦʚ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʬʘʟ, ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʛʨʘʜʠʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʦʥʥʳʡ ʩʠʥʪʝʟ 

ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ Ti ʠ Al, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʣʶʤʠʥʠʜʥʳʭ ʬʘʟ 

(Ti3Al, TiAl ʠ TiAl3) [1, 2]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʘʣʶʤʠʥʠʜʥʳʝ ʬʘʟʳ, ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʤʝʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʬʘʟ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ̫ ʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʪʠʪʘʥʘ, ʠʦʥʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʭ Al, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʪʠʪʘʥʦʚʦʡ ʤʠʰʝʥʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʤʠʰʝʥʠ ʙʳʣ ʚʳʙʨʘʥ ʧʨʫʪʦʢ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ ʤʘʨʢʠ ɺʊ1-

0 ʜʠʘʤʝʪʨʦʤ 20 ʤʤ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʟʘʛʦʪʦʚʢʘʭ ʪʠʪʘʥʘ 

ʧʨʠʤʝʥʷʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʌʇʄ ʉʆ ʈɸʅ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʦʜʥʦʦʩʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ (ʘbc-ʧʨʝʩʩʦʚʘʥʠʝ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʤʥʦʛʦʭʦʜʦʚʦʡ ʧʨʦʢʘʪʢʦʡ ʚ ʨʫʯʴʝʚʳʭ ʚʘʣʢʘʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʦʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤ ʦʪʞʠʛʦʤ [3]. ʊʠʪʘʥʦʚʳʝ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʳʤ 

ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʧʦʣʫʯʘʣʠ ʠʟ ʧʨʫʪʢʦʚ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ ʧʫʪʝʤ ʦʪʞʠʛʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ, ʚʟʷʪʳ ʠʟ 

ʨʘʙʦʪʳ [4]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʪʘʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʪʠʧʘ ʪʠʪʘʥʦʚʳʭ ʤʠʰʝʥʝʡ: ʘ) Ti0,3 ï ʪʠʪʘʥʦʚʳʝ 

ʦʙʨʘʟʮʳ ʚ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʳʤ 0,3 

ʤʢʤ (ʦʪʞʠʛ ʧʨʠ 623 ʂ); ʙ) Ti1,5 - ʪʠʪʘʥʦʚʳʝ ʦʙʨʘʟʮʳ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ 

1,5 ʤʢʤ (ʦʪʞʠʛ ʧʨʠ 773 ʂ); ʚ) Ti17 - ʪʠʪʘʥʦʚʳʝ ʦʙʨʘʟʮʳ ʚ (ʤʝʟʦ)ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʟʝʨʝʥ ï 17 ʤʢʤ (ʦʪʞʠʛ ʧʨʠ 1073 ʂ).  

ɼʣʷ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʘʤʠ ʘʣʶʤʠʥʠʷ ʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʚʝʨʩʠʷ 

ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ Mevva -5.RU, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʠʦʥʥʦʛʦ ʧʫʯʢʘ 

ʧʨʦʜʫʢʪʘʤʠ ʵʨʦʟʠʠ ʢʘʪʦʜʦʜʝʨʞʘʪʝʣʷ ʠ ʵʣʝʢʪʨʦʜʦʚ ʩʠʩʪʝʤʳ ʠʟʚʣʝʯʝʥʠʷ [5, 6]. ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʦʥʦʚ ʘʣʶʤʠʥʠʷ ʚ ʧʫʯʢʝ, ʩʦʩʪʘʚʣʷʝʪ 1,75. ʀʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ 

ʪʠʪʘʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 50 ʢɺ, 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠʦʥʥʦʛʦ ʧʫʯʢʘ 6,5 ʤA/ʩʤ
2
, ʨʘʩʩʪʦʷʥʠʠ 60 ʩʤ ʦʪ ʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʨʝʤʝʥʠ 

ʠʤʧʣʘʥʪʘʮʠʠ 5,25 ʯ, ʜʦʟʝ ʦʙʣʫʯʝʥʠʷ 1Ŀ10
18
 ʠʦʥ/ʩʤ

2
 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 623 ʂ.  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʇʕʄ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʩʣʦʷʭ ʪʠʪʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤ 

ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ (0,3 ʤʢʤ, 1,5 ʤʢʤ, 17 ʤʢʤ) ʦʩʥʦʚʥʦʡ ʠ ʧʨʝʚʘʣʠʨʫʶʱʝʡ ʬʘʟʦʡ (ʜʦ 90-95% ʦʙʲʝʤʘ 

ʤʘʪʝʨʠʘʣʘ) ʦʩʪʘʝʪʩʷ Ŭ-Ti. ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʳ Ti3Al ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʭ ʪʨʝʭ ʦʙʨʘʟʮʘʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʯʘʪʳʭ ʚʳʜʝʣʝʥʠʡ (ʨʠʩ. 1). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʬʦʨʤʠʨʫʝʤʳʭ 

ʧʨʦʩʣʦʝʢ Ti3Al ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ ʪʠʪʘʥʦʚʦʡ ʤʘʪʨʠʮʳ. ʏʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʟʝʨʥʘ ʪʠʪʘʥʦʚʦʡ 

ʤʠʰʝʥʠ, ʪʝʤ ʤʝʥʴʰʝ ʪʦʣʱʠʥʘ ʧʨʦʩʣʦʝʢ Ti3Al ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ɺ ʪʠʪʘʥʦʚʳʭ ʤʠʰʝʥʷʭ ʩ ʢʨʫʧʥʳʤ 

ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ (17 ʤʢʤ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʬʘʟʘ Ti3Al, ʢʦʪʦʨʘʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʩʣʦʝʢ 

ʥʝ ʪʦʣʴʢʦ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ Ŭ-ʪʠʪʘʥʘ, ʥʦ ʠ ʚ ʪʝʣʝ ʟʝʨʝʥ Ŭ-ʪʠʪʘʥʘ ʨʘʟʤʝʨʦʤ, ʩʦʠʟʤʝʨʠʤʳʤ ʩ ʤʘʪʨʠʯʥʳʤ 

ʟʝʨʥʦʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʤʘʪʨʠʯʥʳʭ ʟʝʨʝʥ Ŭ-ʪʠʪʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʧʨʦʜʦʣʴʥʦʡ ʜʣʠʥʳ Ti3Al-

ʬʘʟʳ. ʉ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ (0,3 ʤʢʤ) Ti3Al-ʬʘʟʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʤʘʪʨʠʯʥʳʭ ʟʝʨʝʥ Ŭ-ʪʠʪʘʥʘ ʨʘʩʪʝʪ ʜʦʣʷ ʯʘʩʪʠʮ ʬʘʟʳ, ʣʦʢʘʣʠʟʠʨʫʶʱʝʡʩʷ ʚ 

ʦʙʲʝʤʝ ʤʘʪʨʠʮʳ. 

ʌʘʟʘ TiAl3 ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʤʝʥʴʰʝʡ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ (ʥʝ ʙʦʣʝʝ 1,5 ʦʙ.%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʟʦʡ Ti3Al. 

ʏʘʩʪʠʮʳ ʵʪʦʡ ʬʘʟʳ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʠʪʘʥʦʚʳʭ ʤʠʰʝʥʷʭ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʤʘʪʨʠʯʥʳʭ ʟʝʨʝʥ 0,3 

ʠ 1,5 ʤʢʤ (ʨʠʩ. 1 ʘ, ʙ). ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʘʩʪʠʮʳ TiAl3-ʬʘʟʳ ʠʤʝʶʪ ʨʘʚʥʦʦʩʥʳʡ ʚʠʜ ʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʪʠʪʘʥʦʚʦʡ ʤʘʪʨʠʮʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3ʄ ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʠʥʜʝʥʪʦʨ 0,98 ʅ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʪʠʪʘʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʠʤʧʣʘʥʪʘʮʠʠ (ʨʠʩ. 2) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ 

ʈʠʩ. 1. ʉʭʝʤʳ ʣʦʢʘʣʠʟʘʮʠʠ ʘʣʶʤʠʥʠʜʥʳʭ ʬʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʯʥʳʭ ʟʝʨʝʥ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ 

ʪʠʪʘʥʘ: ʘ ï Ti0,3,  ʙ ï  Ti1,5;  ʚ ï Ti17 
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ʟʝʨʥʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʭʦʜʥʳʭ ʪʠʪʘʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 

ʤʠʢʨʦʫʨʦʚʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʠʭ ʜʝʬʝʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʦʩʣʝ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʨʠʩ. 2) ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʪʠʪʘʥʘ. ʋʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʦ ʩ ʫʧʨʦʯʥʝʥʠʝʤ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʘʣʶʤʠʥʠʜʥʳʭ ʬʘʟ ʚ ʦʙʲʝʤʝ ʤʘʪʨʠʯʥʳʭ ʟʝʨʝʥ ʪʠʪʘʥʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʟʝʨʝʥ ʚ ʤʠʢʨʦʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʟʘʢʨʝʧʣʝʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʠʭ 

ʩʪʳʢʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤʠ ʬʘʟʘʤʠ, ʯʪʦ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʪʠʪʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ Ŭ-

ʪʠʪʘʥʘ: 0,3; 1,5 ʠ 17 ʤʢʤ) ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʠʤʧʣʘʥʪʘʮʠʷ ʠʦʥʦʚ ʘʣʶʤʠʥʠʷ ʩ ʜʦʟʦʡ ʦʙʣʫʯʝʥʠʷ 
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2
, ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ʠʩʪʦʯʥʠʢʝ Mevva ï 

V.RU, ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʬʘʟʳ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʦʩʪʘʚʘ Ti3Al ʠ TiAl3. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʜʥʳʭ ʬʘʟ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ, 

ʚʩʣʝʜʩʪʚʠʝ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ ʈʌʌʀ 10-02-01012_ʘ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʤʝʪʘʣʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʦʙʨʘʟʮʳ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʦʜʦʨʦʜʘ. 

 

 

Titanium is an important structural material, which is used in various industry fields. Hydrogen influences on 

the physical-chemical properties of metals and alloys. Hydrogen penetrates into material and accumulates in the 

high-defect areas, thus causing the hydrogen embrittlement of the material. In such a way, VSMPO-AVISMA 

Corporation [1] faces the problem of hydrogen penetration in the titanium plates in the process of rolling them in 

the air. While studying the influence of hydrogen on 

the physical-chemical properties of the material, it 

becomes possible to develop hydrogen-detecting 

methods. The subject of inquiry of this work is an 

influence of hydrogen on the electrical resistance of 

metals. 

The research was carried out with the titanium 

alloy VT1-0 samples 24 x 80 mm. The hydrogen 

saturation was carried out from the gaseous medium 

by Sieverts Method [2] in the automated Gas Reaction Controller complex by Advanced Materials Corporation. 

The measuring of the hydrogen concentration was carried out in the RHEN602 gas analyzer equipment, 

LECO Company [3]. 

The measuring of the electrical resistance was carried out in the automated complex for physical researches 

developed by the general physics department, TPU. The scheme of this complex is shown in Figure 1. 

Figure. 1. The scheme of the automated complex for 

resistivity measurements. 

mailto:bordulev@mail.ru
mailto:bordulev@mail.ru
http://www.vsmpo.ru/


IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          36 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

This complex is intended for metal studying by measuring its resistivity. The automated positioning system 

and precise reversible-controlling thermostating system with the temperature-control range from 12Áʉ to 80Áʉ 

are realized in this complex.  

The thermostating system is used for providing the constant temperature mode during the measurements, 

since any oscillations of the temperature of the sample would influence the results of the experiment [4]. 

As the computer-aided control facility the PI (Proportional-Integral) controller is used. This controller 

provides the successful maintaining of the defined temperature level with the minimum error. At the same time it 

is quite a simple controller with respect to the PID-controller [5]. The implementation of the automated 

controller is performed in LabVIEW. As the temperature sensor in this complex the thermocouple is used, and as 

a heating element the Peltier thermoelectric battery is used. The Peltier battery is capable of both heating and 

cooling of the sample [6]. 

As a method of the resistance measurements the ammeter-voltmeter method is implemented, as the most 

universal technique of measuring the electrical resistivity [8]. Ammeter-voltmeter method is based on measuring 

the current flowing through the sample and the 

voltage drop on it. Since the range of resistances in 

this case lies in the low resistance area, the main 

sources of errors are the contact resistances and the 

thermo-emf occurring at the points of contact of 

two dissimilar conductors [8]. 

The four-wire scheme of the sample connection 

is used for contact resistance effect elimination in 

this complex. To eliminate the effects of thermo-

emf the Delta mode is used. This mode is optimal 

for small resistances measurements. The principle 

of operation of the Delta mode is in performing 

voltage measurements for different directions of the 

current [8]. The point is that the thermo-emf and 

the polarity of the current are independent, while the voltage value depends on the current direction. And the 

results of the measurement are two values of voltage [8]. So the effect of thermo-emf on the half-sum of these 

values of the voltages is minimized [9]. 

In the Delta mode, the researcher sets the value of the current amplitude, delay and the number of 

measurements. After measurements performing, the software displays the current-voltage characteristic, from 

which the mean value of the electrical resistance can be automatically determined. 

The controlling of Delta mode is also carried out automatically, using the software developed by Keithley 

Instruments Company [10]. 

For the purpose of complex testing a series of eight samples with different hydrogen concentrations was 

prepared. The measurement of electrical resistivity of the samples was carried out at a constant temperature of 20 C. 

The results (Figure 2.) show that with the increasing of hydrogen concentration in the titanium alloy, the 

value of its electrical resistivity also increases. This is due to the fact that the dissolution of hydrogen in metals 

can significantly influence their residual resistivity because of the large elastic stresses, formation of a wide 

Figure. 2. The graph of the dependence of the hydrogen 

concentration on the electrical resistivity of the titanium alloy 

VT1-0 
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range of defects and, in some cases, formation of new phase structures [11]. Thus, the hydrogen atoms randomly 

populating the interstices of the crystal lattice become the defect-sources, thereby increasing the residual 

resistivity of the metal. 

Conclusions 

As a result of this work the dependence of the concentration of hydrogen in the samples of titanium alloy 

VT1-0 on their resistivity has been investigated. The research has been done using the automated complex for 

measuring the electrical resistance in metals and alloys.  

The electrical resistivity of metals is a structure-sensitive parameter. The results of this research have shown 

that the very small changes in the structure of titanium alloy VT1-0, due to the hydrogen saturation, lead to 

significant changes of the electrical resistance. In this regard, the precise measurements of the resistivity may 

become a very effective macroscopic method of studying the structural state of metals. 
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The TiON and TiO2 films were formed by the method of magnetron deposition. The contact angle, surface 

energy and surface potential of the formed coatings are determined. The method of infrared spectroscopy is 

used for the determination of the elemental composition of films. The surface of coatings is hydrophobic and 

has a negative potential. Coatings TiON, obtained with gas standards p(O2)/p(N2) = 1/1, possess the surface 

characteristics, which make it possible to use them in the vascular surgery. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʨʘʟʚʠʪʠʷ 

ʨʝʩʪʝʥʦʟʘ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʳʡ ʵʥʜʦʧʨʦʪʝʟ. ʀʤʧʣʘʥʪʘʪ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʢʨʦʚʴʶ 

ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʭʦʨʦʰʠʤʠ ʛʝʤʦʩʦʚʤʝʩʪʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʦ ʝʩʪʴ ʥʝ ʚʳʟʳʚʘʪʴ ʪʨʘʚʤʫ ʢʨʦʚʠ ʠʣʠ 

ʪʨʦʤʙʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʨʦʪʝʢʘʶʱʝʡ ʥʘʪʠʚʥʦʡ ʢʨʦʚʴʶ[1]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʤʧʣʘʥʪʘʪʘ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ(TiO2) ʠ ʦʢʩʠʥʠʪʨʠʜʘ(TiON) ʪʠʪʘʥʘ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠʤʧʘʥʪʘʪʘ ʠ ʩʧʦʩʦʙʥʳ ʫʣʫʯʰʠʪʴ ʠʭ ʘʥʪʠʪʨʦʤʙʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  ʧʦʢʨʳʪʠʡ ʦʢʩʠʜʦʚ ʠ 

ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣ ʚʳʧʦʣʝʥ ʨʷʜ ʟʘʜʘʯ: ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ  

ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʣʝʥʢʠ TiO2 ʠ TiON ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ çʋɺʅ-200ʄʀè. ʇʦʜʣʦʞʢʦʡ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

12ʍ18ʅ10ʊ ʨʘʟʤʝʨʦʤ 10³10 ʤʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ 

ʥʘʧʳʣʝʥʠʷ: ʨʘʩʧʳʣʷʝʤʳʡ ʤʘʪʝʨʠʘʣ Ti, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ 10
-1 
ʇʘ, ʤʦʱʥʦʩʪʴ 1ʢɺʪ, ʪʦʢ 3 ɸ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚ N2 ʠ/ʠʣʠ O2 ʩʦʩʪʘʚʣʷʣʦ: p(O2)/p(N2) = 1/3, p(O2)/p(N2) = 1/1, 

p(O2)/p(N2) = 3/1, ʪʦʣʴʢʦ O2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʜʣʷ ʚʩʝʭ 

ʨʝʞʠʤʦʚ. ʊʦʣʱʠʥʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 150 ʥʤ (ʜʣʷ TiO2) - 256 ʥʤ (ʜʣʷ 

TiON ʧʨʠ p(O2)/p(N2) = 1/1).  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʩʪʨʦʡʩʪʚʦ, ʠʟʤʝʨʷʶʱʝʝ ʧʦʩʪʦʷʥʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʅʀʀ ʠʥʪʨʦʩʢʦʧʠʠ ʊʇʋ [2]. ʇʨʦʜʦʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠʙʦʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʤʝʪʨʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 5ʤʤ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

0,15-15 ɺ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ Ra ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʦʤʝʪʨʘ - ʧʨʦʬʠʣʦʛʨʘʬʘ 
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ñTalysurf 5ʤò. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ Ra  ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʷʪʠ 

ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ  ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. ʂʦʥʪʘʢʪʥʳʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ q ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ s 

ʠʟʤʝʨʷʣʠʩʴ ʩ  ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ EasyDrop. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ çʩʠʜʷʯʝʡ ʢʘʧʣʠè ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʛʣʠʮʝʨʠʥʘ, ʦʙʲʸʤ ʢʘʧʣʠ ʩʦʩʪʘʚʣʷʣ 3 ʤʢʣ ʜʣʷ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ. 

ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ  ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ ʥʘ ʙʘʟʝ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ AvaSpec-2048-USB2. ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʰʝʩʪʠ ʪʦʯʢʘʭ ʦʙʨʘʟʮʘ, ʢʦʥʝʯʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʦʢʨʳʪʠʷʭ ʦʢʩʠʜʘ 

ʪʠʪʘʥʘ ʠ ʦʢʩʠʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂ). ʉʧʝʢʪʨʳ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘ ʧʨʠʙʦʨʝ Termo Nicolet 5700 ʚ 

ʜʠʘʧʘʟʦʥʝ 400 ï 4000 ʩʤ
-1
.  ʊʠʧʠʯʥʳʡ 

ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨ (ʀʂ-ʩʧʝʢʪʨ) 

ʧʦʢʨʳʪʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘ 

ʨʠʩʫʥʢʝ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʦ 

ʟʥʘʯʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ɜ (ʩʤ
-1
), ʘ ʧʦ 

ʦʩʠ ʦʨʜʠʥʘʪ ï ʧʨʦʧʫʩʢʘʥʠʝ (%). 

ɺ ʀʂ - ʩʧʝʢʪʨʘʭ ʧʦʢʨʳʪʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʩʠʜʫ ʪʠʪʘʥʘ ʧʨʠ 1353, 

785 ʩʤ
-1
, ʘ ʪʘʢ ʞʝ ʧʨʠ 496 ʠ 434 ʩʤ

-1
,   ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʚʷʟʝʡ Ti-O ʚ ʨʫʪʠʣʝ. ʍʦʨʦʰʝʝ ʨʘʟʨʝʰʝʥʠʝ ʣʠʥʠʡ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʦʢʨʳʪʠʡ ʥʘʥʝʩʸʥʥʳʭ ʧʨʠ p(O2)/p(N2) = 1/1, ʘ ʪʘʢ ʞʝ ʥʘʣʠʯʠʝ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʫʪʠʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ  ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʘ ʪʠʪʘʥʘ. ɺ ʀʂ-

ʩʧʝʢʪʨʘʭ ʧʦʢʨʳʪʠʡ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ p(O2)/p(N2) = 1/3 ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ Ti-N ʧʨʠ 1013 ʩʤ
-1
. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʩʣʫʯʘʝ ʧʣʝʥʦʢ TiON ʥʘʣʠʯʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ Ti-N ʠ Ti-O ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʥʘʣʠʯʠʝʤ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʦʢʩʠʜʘ ʠ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʣʸʥʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʛʘʟʘ p(O2)/p(N2) = 1/1, ʠʤʝʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʭʦʨʦʰʝʝ ʨʘʟʨʝʰʝʥʠʝ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʥʘʣʠʯʠʝ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ  ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʨʫʪʠʣʘ. ʅʘʣʠʯʠʝ ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʦʢʩʠʜʘ ʠ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʧʨʠ p(O2)/p(N2)=1/3,  ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʥʘʣʠʯʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ. 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ Ra ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʘʤ 12ʘ ʠ 11ʚ, ʧʨʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʜʣʦʞʢʠ 12ʙ. ʅʘʙʣʶʜʘʝʤʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʦʩʪʘ 

ʧʦʢʨʳʪʠʡ [3]. ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʝ 

ʦʢʘʟʳʚʘʶʪ  ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʨʷʝʤʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ. 

ʈʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʧʣʸʥʢʠ ʠʤʝʶʪ ʨʘʟʥʫʶ 

ʪʦʣʱʠʥʫ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʩʢʦʨʦʩʪʝʡ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ ʚ 

ʨʘʟʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ. ʅʘʠʙʦʣʴʰʝʡ ʪʦʣʱʠʥʦʡ ʦʙʣʘʜʘʶʪ ʧʦʢʨʳʪʠʷ TiON ʧʨʠ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

p(O2)/p(N2) = 1/1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʈʠʩ.1. ʀʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʦʢʨʳʪʠʡ TiO
2 
ʠ TiON 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ -825,96 ʤɺ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 

ʛʝʤʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʢʨʳʪʠʡ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʞʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʠʣʠʚʘʶʪ 

ʘʜʛʝʟʠʶ ʢʣʝʪʦʢ ʢʨʦʚʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [2]. 

ʊʘʙʣʠʮʘ 1. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʡ TiO2 ʠ TiON ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʮʠʘʣʴʥʳʭ  ʜʘʚʣʝʥʠʷʭ N2 ʠ/ʠʣʠ O2, 
(Ra ï hʝʨʦʭʦʚʘʪʦʩʪʴ, Lï ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ, V- ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, qʚ - ʢʦʥʪʘʢʪʥʳʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ,  s - ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ, sD ï ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, sʈ ï 
ʧʦʣʷʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ) 

 

ʆʪʥʦʰʝʥʠʝ ʧʘʨʮʠʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʡ p(O2)/p(N2) 
Ra (ʥʤ) L (ʥʤ) V (ʤɺ) qʚ (ʛʨʘʜ) s (ʤɼʞ/ʤ

2
) sD (ʤɼʞ/ʤ

2
) sP (ʤɼʞ/ʤ

2
) 

ʊʦʣʴʢʦ O2 40 149 -522Ñ33 90,0 20,51 1,12 19,38 

3/1 40 235 -646Ñ33 106,4 9,86 5,11 4,74 

1/1 35 256 -826Ñ44 105,7 9,95 4,51 5,44 

1/3 36 219 -781Ñ39 112,1 20,05 19,99 0,06 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʫʛʣʘ ʜʣʷ ʚʦʜʳ qʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʢʦʥʪʘʢʪʥʳʡ ʫʛʦʣ qʚ=112,1
0
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʢʨʳʪʠʶ TiON ʧʨʠ p(O2)/p(N2)=1/3. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ TiON ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ ʛʝʤʦʩʦʚʤʝʩʪʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʦʛʣʘʩʥʦ [4], ʛʝʤʦʩʦʚʤʝʩʪʠʤʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʢʨʦʚʴʶ ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʝʞʬʘʟʥʦʡ ʩʚʦʙʦʜʥʦʡ ɻ ʥʝʨʛʠʠ ʠ ʦʜʠʥʘʢʦʚʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷʨʥʳʭ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ. ɼʘʥʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʢʨʳʪʠʷ 

TiON ʧʨʠ p(O2)/p(N2)=1/1 ʠ p(O2)/p(N2)=3/1. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʧʣʝʥʢʠ 

ʦʢʩʠʥʠʪʨʠʜʘ ʪʠʪʘʥʘ. ʇʦʪʝʥʮʠʘʣ ʧʦʢʨʳʪʠʡ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ. ʇʦʢʨʳʪʠʷ TiON, ʥʘʥʝʩʸʥʥʳʝ ʧʨʠ  p(O2)/p(N2)=1/1, ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ, ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʠ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʣʷʨʥʦʡ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʠʙʦʣʴʰʝʡ ʛʝʤʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʘʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʢʦʨʦʥʘʨʥʳʝ ʩʪʝʥʪʳ. 
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This paper focuses on the results of electromagnetics characteristics measurements of multiferroics 

powders. The samples of multiferroics are consist ferroelectric and W-hexaferrite. The complex permittivity 

and permeability of multiferroics powders in high frequency was measured. The permittivity and 

permeability does not have frequency dependence.  

 

ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʩʫʱʝʩʪʚʫʝʪ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʷ. ɺ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ 

ʷʚʣʷʣʠʩʴ ʫʟʢʦʡ ʠ ʥʝ ʩʣʠʰʢʦʤ ʧʦʧʫʣʷʨʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʩ ʥʘʯʘʣʘ 21 ʚʝʢʘ ʠʥʪʝʨʝʩ ʢ ʥʠʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ. ʕʪʠʤ ʤʘʪʝʨʠʘʣʘʤ ʧʨʠʩʫʱʠ ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʢ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʣʘʩʩʘ 

ʚʝʱʝʩʪʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ: ʩʧʦʥʪʘʥʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, ʩʧʦʥʪʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʪʘʢ ʠ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʦʜʩʠʩʪʝʤ: ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ 

ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʜʨ. ʅʘʙʦʨ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʦʙʣʘʩʪʝʡ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ʄʘʪʝʨʠʘʣʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚʦ ʤʥʦʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʜʥʦ ʠʟ ʥʠʭ ï ɻ ʪʦ ʤʘʛʥʠʪʥʘʷ ʧʘʤʷʪʴ. ʄʘʛʥʠʪʥʳʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʤʦʛʫʪ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʧʘʤʷʪʠ, ʩʝʥʩʦʨʘʭ, ʩʦʣʝʥʦʠʜʘʭ ʠ ʜʨʫʛʠʭ ʧʨʠʙʦʨʘʭ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʢʘʢ 

ʤʘʛʥʠʪʥʳʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ [1, 2]. ɼʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ï ɻ ʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʧʨʝʚʨʘʱʘʪʴ ʪʝʧʣʦ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʇʨʠ ʧʦʤʦʱʠ ʜʘʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʫʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʥʘ 

ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʪʝʧʣʦʥʦʩʠʪʝʣʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʦʩʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʚʳʭʣʦʧʥʳʭ ʪʨʫʙʘʭ ʘʚʪʦʤʦʙʠʣʝʡ [3]. ʕʪʠ ʛʝʥʝʨʘʪʦʨʳ ʙʫʜʫʪ ʧʦʛʣʦʱʘʪʴ ʪʝʧʣʦʚʳʝ 

ʦʪʭʦʜʳ, ʠ ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ.  

ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʘʤʠ, ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ, ʧʦʵʪʦʤʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 
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ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʥʪʘʥʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ, ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʘ ʩʦ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ï ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʀʟʤʝʣʴʯʝʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʥʠʞʘʝʪ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʦ ʥʘʣʠʯʠʝ ʚ ʦʜʥʦʤ ʚʝʱʝʩʪʚʝ ʤʠʢʨʦʯʘʩʪʠʮ ʨʘʟʥʳʭ 

ʬʘʟ (ʬʝʨʨʦ- ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʩʚʦʡʩʪʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ,  ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. ʀʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ ʩʠʥʪʝʟʝ 

ʷʚʣʷʣʠʩʴ: ʧʦʨʦʰʦʢ ʛʝʢʩʘʬʝʨʨʠʪʘ BaCo0,7Zn1,3Fe16O27, ʧʦʨʦʰʢʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ BaTiO3, CaTiO3, 

Bi4Ti3O12. ɻʝʢʩʘʬʝʨʨʠʪ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ ʙʨʘʣʠʩʴ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 70:30 ʧʦ ʤʘʩʩʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʨʦʰʢʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʆʪʜʝʣʝ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʉʆ ʈɸʅ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʟʤʝʨʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʧʝʢʪʨʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ (ɼʇ) ʠ 

ʤʘʛʥʠʪʥʦʡ (ʄʇ) ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ) ʧʦʨʦʰʢʦʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʳʭ ʟʥʘʯʝʥʠʡ ɼʇ ʠ ʄʇ ʧʨʦʚʝʜʝʥʳ ʨʝʟʦʥʘʪʦʨʥʳʤ 

ʤʝʪʦʜʦʤ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʦʜʝʨʞʘʱʝʡ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ Agilent Teʩhnologies E8363B ʠ ʥʘʙʦʨ 

ʦʙʲʝʤʥʳʭ ʤʥʦʛʦʤʦʜʦʚʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ, ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 3 ï 13 ɻɻʮ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ ʧʦʩʪʨʦʝʥʳ ʠʟ ʚʦʣʥʦʚʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʩʚʷʟʘʥʳ ʩ ʤʠʢʨʦʚʦʣʥʦʚʳʤ 

ʪʨʘʢʪʦʤ ʠʥʜʫʢʪʠʚʥʳʤʠ ʜʠʘʬʨʘʛʤʘʤʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 22 

Ñ 1 Áʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 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 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʧʣʦʪʥʦʩʪʴ. 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 ʠ 2.  

ɺ ʢʘʯʝʩʪʚʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʢʩʘʬʝʨʨʠʪ BaCo0,7Zn1,3Fe16O27, ʧʦʵʪʦʤʫ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʠʩʪʦʛʦ ʧʦʨʦʰʢʘ, ʠʟʤʝʨʝʥʥʳʤʠ ʥʘ ʪʦʡ ʞʝ 

ʫʩʪʘʥʦʚʢʝ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [4]. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʦʙʣʘʩʪʴ ʜʠʩʧʝʨʩʠʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 6 ɻɻʮ, ʧʨʠʯʝʤ ÕË å 1,2 ʦʪʥ. ʝʜ, Õě å 0,25 ʦʪʥ. ʝʜ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝ ʠʤʝʝʪ ʠ ʨʘʚʥʘ: ŮË å 5,0 ʦʪʥ. ʝʜ., Ůě å 0,5 ʦʪʥ. ʝʜ. ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ.  

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʦ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: BaTiO3 ï 

ŮË å 10 ʦʪʥ. ʝʜ., Ůě å 1,0 ʦʪʥ. ʝʜ, CaTiO3 ï ŮË å 12,5 ʦʪʥ. ʝʜ., Ůě å 1,0 ʦʪʥ. ʝʜ, Bi4Ti3O12 ŮË å 7,5 ʦʪʥ. ʝʜ., Ůě å 

2,0 ʦʪʥ. ʝʜ.  

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʢʘʟʘʣʦ (ʨʠʩʫʥʦʢ 2), ʯʪʦ 
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ʜʦʙʘʚʣʝʥʠʝ BaTiO3 ʠ Bi4Ti3O12 ʥʝ ʧʨʠʚʝʣʦ ʢ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ, ʘ ʜʦʙʘʚʣʝʥʠʝ CaTiO3 ʫʚʝʣʠʯʠʣʦ ʟʥʘʯʝʥʠʝ Õě ʜʦ 0,4 ʦʪʥ. ʝʜ. 

 

 
 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʰʢʦʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. 

ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʨʦʰʢʦʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ, ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʚ ʛʝʢʩʘʬʝʨʨʠʪ ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ, ʘ CaTiO3 ʧʨʠʚʝʣ ʢ ʥʝʙʦʣʴʰʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʘʭ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. 

ɹʣʘʛʦʜʘʨʠʤ ʟʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ʆʉʄ ʉʆ ʈɸʅ 

ɺ.ʀ. ʀʪʠʥʘ ʠ ʈ.ɺ. ʄʠʥʠʥʘ, ʧʨʦʬʝʩʩʦʨʘ ʊɻʋ ɽ.ʇ.  ʅʘʡʜʝʥʘ. 
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The characteristics of the magnetron sputtering system with a liquid-phase magnetron are studied. The 

model of energy balance at the liquid target of MSS is used. The influence of crucible material properties is 

considered. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢʠʝ ʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ,  ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʝʪʨʦʥʥʳʭ ʨʘʩʧʳʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʄʈʉ). ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʄʈʉ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʜʥʠʤʠ ʠʟ  

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʄʈʉ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ. ɺ ʥʠʭ ʤʝʪʘʣʣ ʨʘʟʦʛʨʝʚʘʝʪʩʷ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʧʣʘʚʣʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʤʠʩʩʠʷ ʘʪʦʤʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʨʘʩʧʳʣʝʥʠʷ, ʥʦ ʠ ʠʩʧʘʨʝʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʝʝ ʩʢʦʨʦʩʪʴ.  

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʄʈʉ ï ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʜʣʷ ʯʝʛʦ ʚʘʞʥʦ ʟʥʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ ʘʪʦʤʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʝʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʥʘ ʵʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ ʪʠʛʣʷ, ʚ ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʝʪʩʷ  ʤʝʪʘʣʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʚ 

ʩʠʩʪʝʤʝ çʤʠʰʝʥʴ ʚ ʪʠʛʣʝè ʧʨʠ ʨʘʙʦʪʝ ʄʈʉ, ʦʧʠʩʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [2]. ʉ ʝʝ 

ʧʦʤʦʱʴʶ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʤʘʪʝʨʠʘʣʘ ʪʠʛʣʷ ʥʘ ʩʢʦʨʦʩʪʴ 

ʵʤʠʩʩʠʠ ʘʪʦʤʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʄʈʉ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʄʈʉ  ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʟʤʝ ʨʘʩʧʳʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ  ʩ ʧʦʤʦʱʴʶ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʧʨʠʪʦʢ ʪʝʧʣʘ ʦʪ ʤʠʰʝʥʠ ʚ ʤʘʛʥʠʪʥʫʶ 

ʩʠʩʪʝʤʫ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʰʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʥʝʡ ʠ ʦʭʣʘʞʜʘʝʤʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʦʩʪʘʝʪʩʷ ʥʝʚʳʩʦʢʦʡ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ ʠʟ ʞʠʜʢʦʡ 

ʬʘʟʳ: 1- ʪʠʛʝʣʴ; 2-

ʨʘʩʧʣʘʚʣʝʥʥʘʷ ʤʠʰʝʥʴ; 3-

ʘʥʦʜ; 4-ʵʢʨʘʥ; 5- 

ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ; 6-

ʧʦʜʣʦʞʢʘʜʝʨʞʘʪʝʣʴ 
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ʇʦ-ʠʥʦʤʫ ʦʙʩʪʦʠʪ ʜʝʣʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʈʉ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ. ɿʜʝʩʴ ʪʠʛʝʣʴ ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʥʝʤ ʤʠʰʝʥʴʶ ʩʦʝʜʠʥʷʶʪ ʩ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ  ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʚʩʪʘʚʦʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʪʦʢ ʪʝʧʣʘ ʦʪ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ ʚ ʤʘʛʥʠʪʥʫʶ ʩʠʩʪʝʤʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʟʤʘ ʨʘʟʦʛʨʝʚʘʝʪ ʤʠʰʝʥʴ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʦʯʢʫ ʧʣʘʚʣʝʥʠʷ. ʊ.ʝ., 

ʵʥʝʨʛʠʷ, ʦʪʚʦʜʠʤʘʷ ʧʫʪʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ ʚ ʩʣʫʯʘʷʭ ʩ   ʪʚʝʨʜʦʬʘʟʥʳʤʠ ʤʠʰʝʥʷʤʠ, 

ʟʜʝʩʴ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʠ ʠʩʧʘʨʝʥʠʝ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ 

ʪʠʧ ʄʈʉ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʧʨʦʮʝʩʩʳ ʠʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ [1]. ʉʭʝʤʘ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʨʘʩʧʳʣʝʥʠʷ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

ɹʘʣʘʥʩ ʵʥʝʨʛʠʠ ʥʘ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʠ ʄʈʉ. ʇʨʠ ʨʘʟʦʛʨʝʚʘʥʠʠ ʤʠʰʝʥʠ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʦʯʢʫ ʧʣʘʚʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʪʦʢ ʘʪʦʤʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʦʮʝʩʩʘʤʠ 

ʨʘʩʧʳʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʟʘʚʠʩʠʪ  ʢʘʢ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʤʠʰʝʥʴ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʪʘʢ ʠ ʦʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʝʱʝʩʪʚʘ ʤʠʰʝʥʠ. ʄʠʰʝʥʥʳʡ ʫʟʝʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ, ʢʦʪʦʨʳʝ ʝʛʦ ʨʘʟʦʛʨʝʚʘʶʪ ʜʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ɺ ʨʘʙʦʪʝ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʄʈʉ  ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʜʠʦʜʘ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʰʝʥʠ ʠ ʪʠʛʣʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʩʠʩʪʝʤʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. ɼʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʪʴ ʙʘʣʘʥʩ ʵʥʝʨʛʠʠ ʥʘ ʤʠʰʝʥʥʦʤ ʫʟʣʝ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

    (1) 

ʛʜʝ Wion  - ʤʦʱʥʦʩʪʴ  ʠʦʥʥʦʛʦ ʪʦʢʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ  ʯʝʨʝʟ ʪʝʤʥʦʝ ʢʘʪʦʜʥʦʝ  ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʨʷʜʘ ʥʘ  

ʤʠʰʝʥʴ; QR- ʧʦʪʦʢ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʤʠʰʝʥʥʦʛʦ  ʫʟʣʘ; QVap, QSput   -  ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ,  ʫʥʦʩʠʤʦʡ  ʩ  

ʧʦʚʝʨʭʥʦʩʪʠ  ʤʠʰʝʥʠ ʠʩʧʘʨʠʚʰʠʤʠʩʷ ʠ  ʨʘʩʧʳʣʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. [2]  

ɺ ʨʘʙʦʪʝ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ, ʧʝʨʝʥʦʩʠʤʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ ʠʦʥʥʳʤ 

ʪʦʢʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

     (2) 

ʛʜʝ  Pd  -  ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ (ɺʪ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʨʦʟʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʰʝʥʠ, ʧʦʤʝʱʝʥʥʦʡ ʚ 

ʜʠʩʢʦʚʳʡ ʪʠʛʝʣʴ;   ʜʠʘʤʝʪʨ ʤʠʰʝʥʠ ʨʘʚʝʥ 88 ʤʤ, ʘ ʚʳʩʦʪʘ ʪʠʛʣʷ - 13 ʤʤ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʨʠʤʝʨʝ 

ʤʠʰʝʥʠ ʠʟ ʩʝʨʝʙʨʘ. ʉʢʦʨʦʩʪʴ ʵʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʨʘʩʩʯʠʪʘʥʘ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ, ʦʧʠʩʘʥʥʦʡ ʚ [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʠʛʣʷ ʙʳʣʠ ʚʟʷʪʳ ʤʦʣʠʙʜʝʥ ʩʦ ʩʪʝʧʝʥʴʶ ʯʝʨʥʦʪʳ 0,1 ʠ ʛʨʘʬʠʪ ï 0,9. 

( , ) ( ) ( ) ( ),ion R Vap Sput dW I U Q T Q T Q P= + +

0,95 0,6 0,57 ,ion d d dW I U P= Ö Ö Ö = Ö

    
ʘ)       ʙ) 

ʈʠʩ. 2 ï ɺʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʪʠʛʣʷ ʥʘ ʩʢʦʨʦʩʪʴ ʵʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ: ʘ) ʤʦʣʠʙʜʝʥʦʚʳʡ ʪʠʛʝʣʴ, ʙ) 

ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ. ʂʨʠʚʳʝ: 1 ï ʨʘʩʧʳʣʝʥʠʝ, 2 ï ʠʩʧʘʨʝʥʠʝ, 3 ï ʩʫʤʤʘʨʥʘʷ. 
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ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʵʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ (V) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ (Pd) ʄʈʉ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʣʠʙʜʝʥʦʚʦʛʦ (2ʘ) ʠ ʛʨʘʬʠʪʦʚʦʛʦ (2ʙ) ʪʠʛʣʝʡ. ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʫʯʘʩʪʢʘ ʥʘ V(Pd), ʩʢʦʨʦʩʪʴ ʵʤʠʩʩʠʠ ʘʪʦʤʦʚ ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ-

ʨʘʟʥʦʤʫ. ʊʘʢ, ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Pd ʤʠʰʝʥʴ ʪʦʣʴʢʦ ʨʘʩʧʳʣʷʝʪʩʷ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʳʣʝʥʠʷ ʣʠʥʝʡʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ Pd. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʰʝʥʠ ʤʘʣʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʩʧʘʨʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʤʠʰʝʥʴ ʨʘʟʦʛʨʝʚʘʝʪʩʷ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ. ʇʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ Pd ʩʢʦʨʦʩʪʠ ʨʘʩʧʳʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ ʫʨʘʚʥʠʚʘʶʪʩʷ. ʇʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʠʩʧʘʨʠʪʝʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʵʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʟ ʛʨʘʬʠʢʦʚ ʟʘʤʝʪʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʪʠʛʣʷ, ʨʘʚʝʥʩʪʚʦ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʠ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʝʤ 

ʟʥʘʯʝʥʠʠ Pd. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ  ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ 

ʟʥʘʯʝʥʠʷʤʠ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʤʦʣʠʙʜʝʥʘ (0,1) ʠ ʛʨʘʬʠʪʘ 

(0,9). ɻʨʘʬʠʪ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʧʨʠ ʣʫʯʠʩʪʦʤ 

ʪʝʧʣʦʦʙʤʝʥʝ, ʪ.ʝ. ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ 

ʠʦʥʥʦʛʦ ʪʦʢʘ ʙ·ʣʴʰʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ 

ʤʠʰʝʥʴ, ʚʳʜʝʣʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ 

ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʥʘ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ Pd, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ (1). ɺ ʩʣʫʯʘʝ 

ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʪʠʛʣʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʥʘ ʠʩʧʘʨʝʥʠʝ ʪʨʘʪʠʪʩʷ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʛʣʝʤ ʠʟ ʛʨʘʬʠʪʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʳʣʝʥʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʜʠʥʘʢʦʚʘʷ. 

ɺʳʚʦʜʳ. ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʪʠʛʣʷ  ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʜʦʣʶ ʵʥʝʨʛʠʠ ʠʦʥʥʦʛʦ ʪʦʢʘ, ʨʘʩʭʦʜʫʝʤʫʶ ʥʘ 

ʠʩʧʘʨʝʥʠʝ, ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ.  
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ʈʠʩ. 3 ï ɺʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ 

ʤʘʪʝʨʠʘʣʘ ʪʠʛʣʷ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʙʘʣʘʥʩ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ. ʂʨʠʚʳʝ: 

ʤʦʣʠʙʜʝʥʦʚʳʡ ʪʠʛʝʣʴ: 1- ʪʝʧʣʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ, 2 ï ʠʩʧʘʨʝʥʠʝ, 3 ï ʨʘʩʧʳʣʝʥʠʝ; 

ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ: 4 ï ʪʝʧʣʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ, 5 ï ʠʩʧʘʨʝʥʠʝ, 6 ï ʨʘʩʧʳʣʝʥʠʝ. 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          47 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʈɸʉʏɽʊ ʉʆʈɹʎʀʀ ɺʆɼʆʈʆɼɸ ɺ ʊʀʊɸʅɽ ɺʊ1-0 ʄɽʊʆɼʆʄ ʂʆʅɽʏʅʓʍ ʈɸɿʅʆʉʊɽʁ 

ɺʘʥ ʌʵʡ, ʅ.ɸ. ɽʚʪʝʝʚʘ, ɺ.ʅ. ʂʫʜʠʷʨʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ : ʠʥʞʝʥʝʨ ʅ.ɸ. ɽʚʪʝʝʚʘ  

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ, ʧʨʦʩʧʝʢʪ ʃʝʥʠʥʘ, ʜʦʤ 30, 634050 

E-mail: van.fei@yandex.ru 

 

CALCULATION OF HYDROGEN SORPTION IN TITANIUM VT1-0FINITE DIFFERENCE 

METHOD 

Wang Fei, N. Evteeva, VN, Kudiyarov 

Scientific Supervisor: Engineer N.A. Evteeva 

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

E-mail: van.fei@yandex.ru 

 

The calculation of hydrogen sorption was made by method of finite differences at temperature of 500 

degrees Celsius on the technically pure titanium samples. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʦʜʦʨʦʜʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʜʝʛʘʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʘ, ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʬʠʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʘ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʨʦʬʠʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʬʬʫʟʠʠ. 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʪʦʨʦʡ ʟʘʢʦʥ ʌʠʢʘ, ʩ 

ʥʘʣʠʯʠʝʤ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ:  

     (1) 

ʛʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ; t ï ʚʨʝʤʷ; x ï ʢʦʦʨʜʠʥʘʪʘ, F- ʤʦʱʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ D ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

     (2) 

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ:  

ʦʙʣʘʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʟʘʤʝʥʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ (ʫʟʣʦʚ) ʠʣʠ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʴʶ (ʩʝʪʢʦʡ);  

¶ ʬʫʥʢʮʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʟʘʤʝʥʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʜʠʩʢʨʝʪʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʠʣʠ 

ʩʝʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʫʟʣʘʭ ʩʝʪʢʠ; 

¶  ʧʨʦʠʟʚʦʜʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʟʘʤʝʥʷʶʪʩʷ 

(ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ) ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʟʥʘʯʝʥʠʡ ʩʝʪʦʯʥʦʡ ʬʫʥʢʮʠʠ (ʨʘʟʥʦʩʪʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ) ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʟʣʘʭ ʩʝʪʢʠ. 

ʅʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʙʳʣʦ ʟʘʜʘʥʦ ʚ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʅ, ʩʧʘʜʘʶʱʝʛʦ ʢ 

ʮʝʥʪʨʫ ʦʙʨʘʟʮʘ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ (ʨʠʩ. 1, ʚ). ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʤʠ:  
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ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ (ʧʨʦʠʟʚʦʜʥʳʭ) ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤʠ 

ʚʳʨʘʞʝʥʠʷʤʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ. 

ɺʳʨʘʟʠʤ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʦʯʢʘʭ (i,k+1), (i+1,k), (iï1,k) ʚ ʚʠʜʝ ʨʷʜʘ ʊʝʡʣʦʨʘ [7]: 

    (3) 

   (4) 

ʛʜʝ ʆ ï ʧʦʨʷʜʦʢ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʦʪʙʨʘʩʳʚʘʥʠʠ ʦʩʪʘʪʦʯʥʳʭ ʯʣʝʥʦʚ. 

ɺʳʨʘʞʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ, ʧʦʜʩʪʘʚʠʤ (4) ʠ (3) ʚ (1) ʠ ʧʦʣʫʯʠʤ ʨʘʟʥʦʩʪʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

ʛʜʝ fon=(D1Āk)/h2 (ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʛʨʘʤʤʝ). 

ʀʩʧʦʣʴʟʫʷ ʚʳʯʠʩʣʝʥʥʳʝ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʚ Ti ɺʊ1-0 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500Á ʉ ʧʦʣʫʯʝʥʘ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʥʝʤ (ʈʠʩ.1) 

ʇʦʣʫʯʝʥ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 500Áʉ, ʠʟʦʙʨʘʞʸʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2 

ʉʢʦʨʦʩʪʴ ʩʦʨʙʮʠʠ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʠʟ ʛʨʘʬʠʢʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2 

Ö
Ў#

ЎÔ

ρυπÐÐÍ

φυzφπÃ
πȟπσψÐÐÍȾÃ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʠʟʤʝʨʠʤʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʩʪʘʪʴʝ [3]. 
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ʈʠʩ.2 ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʦʩʪʠ ʩʫʤʤʘʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500Áʉ 
ʈʠʩ.1 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ 

ʚ ʪʠʪʘʥʝ ʧʨʠ 500K 
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Among the ways of material surface modifying the method of ionic bombardment is widely used and very 

perspective. Unlike traditional treatments such processing includes simultaneously radiating, thermal and 

mechanical influence. In the present work the influence of Zr
+
 ion beams irradiation on structure and 

mechanical properties of RUSFER-EK 181 steel was investigated. It was shown that processing of samples of 

RUSFER-EK 181 steel by Zr
+
 beams leads to formation of thermally stable multilayered structure consisting 

from nanocrystalline surface layer and high defective near-surface layer. Such change of a structural and 

phase condition of samples surface causes substantial growth of mechanical characteristics of the material. 

 

 

ɺʚʝʜʝʥʠʝ 

ʉʫʱʝʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʫʣʫʯʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʦʱʥʳʤʠ 

ʠʤʧʫʣʴʩʥʳʤʠ ʧʫʯʢʘʤʠ ʠʦʥʦʚ (ʄʀʇ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʭ, ʢʘʢ ʫʜʘʨʥʦ-

ʚʦʣʥʦʚʦʝ ʥʘʛʨʫʞʝʥʠʝ, ʟʘʢʘʣʢʘ ʠ ʦʪʞʠʛ ʩʪʘʣʝʡ, ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʜʠʘʮʠʦʥʥʦʝ, ʪʝʧʣʦʚʦʝ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʈʘʟʚʠʚʘʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʧʝʨʝʩʪʨʦʡʢʠ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ, ʜʘʣʝʢʠʭ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʳʭ, ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʩ ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ ʮʠʨʢʦʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʬʝʨʨʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ ʕʂ-181.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʦʙʨʘʟʮʳ ʩʪʘʣʠ ʕʂ-181 (Fe-12Cr-2W-V-Ta-B-C), ʧʦʜʚʝʨʛʥʫʪʳʝ ʟʘʢʘʣʢʝ (ʦʪ 

1080 ʉ̄ ʩ ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ) ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʩʪʘʨʝʥʠʶ (ʧʨʠ 720 ʉ̄ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ). 

ʀʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʧʫʯʢʘʤʠ Zr
+ 
ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʠʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʕʂ-181 ʧʦʜʚʝʨʛʘʣʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʚʘʢʫʫʤʝ, ʘ 

ʟʘʪʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʝʨʝʜ ʦʙʣʫʯʝʥʠʝʤ ʦʙʨʘʟʮʳ 
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ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʝ ʠ ʧʦʣʠʨʦʚʢʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ Zr
+
, ʚʳʧʦʣʥʷʣʠ ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʈɸʉʄ-5. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʨʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ZEISS AXIOVERT 25 ʉɸ.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ʚʳʧʦʣʥʷʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-7 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʦʂa 

(ʉʦ-l = 1,78892 ¡) ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2q = 20é165.̄ ʉʲʝʤʢʫ ʧʨʦʚʦʜʠʣʠ ʩ ʰʘʛʦʤ 0.07  ʠ 

ʚʨʝʤʝʥʝʤ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʢʘʞʜʦʡ ʪʦʯʢʝ 10 ʩ. 

ʊʘʙʣʠʮʘ. 1. 

ɼʘʚʣʝʥʠʝ ʘʟʦʪʘ ʚ ʢʘʤʝʨʝ (PN), ʩʠʣʘ ʪʦʢʘ (I), ʯʘʩʪʦʪʘ ʦʙʦʨʦʪʦʚ ʦʙʨʘʟʮʘ (ɜ), ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ (Us), 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ (t) 
 

ʉʦʩʪʘʚ ʠʦʥʥʦʛʦ ʧʫʯʢʘ PN, ʇʘ I, ɸ ɜ, ʦʙ/ʤʠʥ Us, ɺ t, ʤʠʥ 

Zr
+
 - 60 1 -900 2 

Zr
+
+N 0,1 60 5 -900 8 

 

ʆʜʥʦʦʩʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʕʂ-181 ʚʳʧʦʣʥʷʣʠ ʥʘ ʤʘʰʠʥʝ Instron 5582 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ 0,2 ʤʤ/ʤʠʥ. ʀʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʥʘʥʦʪʚʝʨʜʦʤʝʨʝ NANO TEST ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʨʘʤʠʜʢʠ ɹʝʨʢʦʚʠʯʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 50 ʤʅ, ʘ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʠʥʜʝʥʪʦʨʘ ʚ ʦʙʲʝʤ ʦʙʨʘʟʮʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 2 ʤʢʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʩʪʘʣʠ ʕʂ-181 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ Zr
+
 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠʦʥʘʤʠ Zr
+
 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʩʪʘʣʠ ʕʂ-181 ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 150 ʥʤ (ʨʠʩ.1, 

ʪʘʙʣ. 2).  

 

 

 

 

 

 

 

 

 

 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʢʦʚʦʡ ʛʨʘʥʠ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʕʂ-181 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʣʫʯʝʥʠʷ ʧʫʯʢʘʤʠ ʠʦʥʦʚ Zr
+
 ʚ ʦʙʨʘʟʮʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, 

ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 6 ʤʢʤ (ʨʠʩ. 2). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2., ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʦ 15 ɻʇʘ. ʋʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ZrN ʠ 

ʈʠʩ. 1. ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 

ʕʂ-181 ʜʦ (ʘ) ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ Zr+ (ʙ) 

ʘ ʙ 
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ʚʳʩʦʢʦʜʝʬʝʢʪʥʦʛʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʠʤʝʶʱʝʛʦ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ: ʦʪʞʠʛ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700 ʉ̄ ʚ ʚʘʢʫʫʤʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

 

ʊʘʙʣʠʮʘ 2. 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ (d) ʠ ʪʚʝʨʜʦʩʪʴ (ʅ) ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʕʂ-181  
 

ʈʝʞʠʤ ʦʙʨʘʙʦʪʢʠ d, ʥʤ H, ɻʇʘ 

ɿʘʢʘʣʢʘ+ʩʪʘʨʝʥʠʝ - 3,6 

ɿʘʢʘʣʢʘ+ʩʪʘʨʝʥʠʝ+ʦʙʣʫʯʝʥʠʝ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ Zr
+
 150 15 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʝʣʳ ʪʝʢʫʯʝʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʕʂ-181, ʧʦʜʚʝʨʥʫʪʳʭ ʟʘʢʘʣʢʝ ʠ ʩʪʘʨʝʥʠʶ, ʩʦʩʪʘʚʣʷʶʪ 475 ʠ 650 ʄʇʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3, ʢʨʠʚʘʷ 1). ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʧʫʯʢʘʤʠ Zr
+
 ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʘʢ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ (ʜʦ 600 ʄʇʘ), ʪʘʢ ʠ 

ʧʨʦʯʥʦʩʪʠ (ʜʦ 725 ʄʇʘ) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʨʠʩ. 3, ʢʨʠʚʘ ̫2).  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʕʂ-181 ʧʫʯʢʘʤʠ Zr
+
 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ZrN ʠ ʚʳʩʦʢʦʜʝʬʝʢʪʥʦʛʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʇʦʜʦʙʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʕʂ-181 ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ. 

  

ʈʠʩ. 2 ʆʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʦʢʦʚʦʡ 

ʛʨʘʥʠ ʦʙʨʘʟʮʘ ʩʪʘʣʠ, ʦʙʣʫʯʝʥʥʦʛʦ ʧʫʯʢʘʤʠ 
Zr+ ʚ ʩʨʝʜʝ ʘʟʦʪʘ 

ʈʠʩ. 3. ʂʨʠʚʳʝ çʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷè ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 

ʕʂ-181 ʜʦ (1) ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ Zr
+
 (2) 
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ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʜʣʷ ʟʘʤʝʥʳ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʙʠʦʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʨʪʦʧʝʜʠʠ, ʪʨʘʚʤʘʪʦʣʦʛʠʠ, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʭʠʨʫʨʛʠʠ, ʩʪʦʤʘʪʦʣʦʛʠʠ. ɺʘʢʫʫʤʥʳʝ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʙʠʦʧʦʢʨʳʪʠʷ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ 

ʩʦʩʪʘʚ ʢʘʣʴʮʠʡ-ʬʦʩʬʘʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʠʥʪʝʟʦʤ ʠʟ 

ʘʙʣʷʮʠʦʥʥʦʡ ʧʣʘʟʤʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʤʠʰʝʥʠ ʠʟ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʤʦʱʥʳʤʠ 

ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʰʝʥʝʡ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ. ʆʧʨʝʜʝʣʝʥ ʪʝʤʧ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʜʣ ̫ʢʘʞʜʦʡ ʠʟ ʤʠʰʝʥʝʡ.  

 

In recent decades, the development of medical materials has been determined by the development of new 

biomaterials and surface modification technologies for existing materials to enhance their bioactivity. In modern 

medicine biomaterials based on hydroxyapatite (HAP) are widely used to replace and restore the bone. As a 

major component of bone tissue of living organisms, HAP has found application in orthopedics, traumatology, 

reconstructive surgery, dentistry. 

Calcium phosphate (CP) coatings were obtained by synthesis from the ablation plasma produced by 

irradiating a target of hydroxyapatite with powerful ion beams (PIB) of nanosecond duration [1]. Polished 

substrate of titanium VT1-0 were used as the samples. The formation of coatings occurred in a series of 100, 200 

and 300 pulses. Samples were pre-heated with resistive heater to 350 ÁC to improve the adhesive properties of 

coatings. Two targets were used for obtaining coatings: the first from a synthetic hydroxyapatite, the second ï 

from the natural HAP. Synthetic targets were produced by ceramic technology from hydroxyapatite synthesized 

by mechanochemical method with the addition of silica + SiO2 4.9 wt.% in the Institute of Solid State Chemistry 

and Mechanochemistry, SB RAS (Novosibirsk), by means of pressing the powder with a dispersion of particles 

of 80 nm at a pressure of 70 MPa, and further annealing, the obtained preform at 1100 ÁC in air. The second 

target was made from natural hydroxyapatite obtained by annealing the bones of cattle at a temperature of 

900 ÁC, followed by grinding to a particle size of 50 ï 100 microns. The target was prepared by compressing 

press-powder at a pressure of 8.5 GPa and further annealing the obtained preform at 950 ÁC in air. In both cases, 
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polyvinyl alcohol 6 wt.% was used as the binder for the press-powder. 

Studies of CP coatings were carried out by Auger spectroscopy (Auger spectrometer "Schooner-2"), infrared 

spectroscopy ("FTIR spectrometer Nicolet 5700"), energy dispersive X-ray analysis (Philips SEM 515). 

The Auger spectra of coatings obtained by spraying a synthetic and a natural target for 300 pulses PIB are 

shown in Figures 1 and 2. The analysis of elemental composition showed that the Auger spectra have all the 

main elements of the sputtering target HAP (Ca10(PO4)6(OH)2) and the substrate: Ca, P, O, Ti. The Auger spectra 

allow us to estimate the thickness of coatings. Comparison of the Auger spectra shows that the thickness of the 

coating formed for the same number of pulses with a target from the natural HAP is an order of magnitude 

bigger than the synthetic HAP target. Impurities and substrate materials are not observed on the surface of the 

coating, so it completely covers the substrate and prevents contact of the living tissues of the body with the metal 

and the formation of metallosis. Under the surface layer there is the mixing of the coating material with the base 

material, which provides good adhesion. 

  

CP coatings deposited on KBr substrate heated to 350 ÁC for 300 pulses PIB with natural and synthetic 

targets used for IR spectroscopy as samples. Transmission spectra of calcium-phosphate coatings, shown in 

Figure 3, are characterized by absorption bands of the main structural components of the HAP. Asymmetric and 

symmetric stretching vibrations of PO4
3ï
 are observed respectively, at 1030 cm

-1
 and 957 cm

-1
, as well as the 

doublet of absorption bands are at frequencies of 566 ï 600 cm
-1
 due to the asymmetric deformation vibrations 

of P-O. The absorption bands are at 3700 cm
-1
 and 2900 cm

-1
 and 450 cm

-1
 due to stretching vibrations of groups 

of OH
ï
. In addition, the IR spectra contain absorption bands in the 1400 ï 1700 cm

-1
, characteristic for the 

stretching vibrations of carbonate groups of CO2. This group appears on the surface of the cover of the 

experimental chamber, because the investigations are carried out in air. The lower transmission of infrared 

radiation coatings obtained by spraying a natural target confirms that its thickness is greater. 

Energy dispersive X-ray (EDX) analysis was carried out at lower voltage ï 10 kV in order to reduce the 

impact on the spectra of the substrate material. EDX spectrum shows the presence of calcium, phosphorus, 

oxygen contained in the coating composition, carbon, and the substrate material ï titanium, which is explained 

by the small thickness of the coatings. Carbon in the EDX spectrum is due to the presence of a conductive layer 

a thickness of 5 nm previously applied to the dielectric CP coating. According to EDX analysis of the ratio of 

 

Fig. 1. Auger spectrum of CP coating, formed by 

spraying natural HAP, 300 pulses PIB 

 

Fig. 2. Auger spectrum of CP coating, formed by spraying 

synthetic natural HAP, 300 pulses PIB 
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Ca / P for synthetic HAP is about 1.24, and for the natural HAP ï 1.13, which is less than the stoichiometric ratio 

of Ca / P in HAP, equal to 1.67. This fact can be explained by the fact that the PO4
3ï
 ions more easily reach the 

surface of the substrate than the ions Ca
2+
, which leads to a decrease in the ratio Ca / P. 

  

The thickness of the coatings was determined by the profilometric method using a polished silicon substrate 

with the profilometer-profilograph çTALYSURF 5è. The results of measurements of coating thickness are shown 

in Figure 4. As can be seen from the graph (Fig. 4), a linear increase in film thickness is observed with increasing 

number of pulses of PIB. The growth of covering layer-by-layer arises from deposition on the substrate ablation 

plasma formed by sputtering targets with single pulses of PIB. In these modes, the coating deposition rate for 

synthetic HAP was about 0.65 nm / pulse, and for the natural HAP is order of 4 nm / pulse. Thus, we can 

conclude that the sputtering coefficient (k) a natural target HAP formed by pressing and annealing, press-powder 

(prepared by annealing and grinding the bones of cattle) at a temperature of 950 ÁC in air, is more than that of the 

ceramic target. 

The results of Auger, IR spectroscopy and EDX analysis of the coatings are in good agreement and indicate 

that they are calcium-phosphate, the surface layer contains elements: Ca, P, O with a ratio of Ca / P close to the 

stoichiometric one. The sputtering coefficient (k) of the natural target is greater than k of the synthetic target. The 

method allows setting the thickness of the coating by PIB pulses. 

 

REFERENCES 

 

1. Saltymakov M., Tverdokhlebov S., Pushkarev A., Shvetsov E., Volokitina T. Producing bioactive coatings 

on steel and Ti substrates from ablation plasma // 3rd Euro-Asian Pulsed Power Conference / 18th 

International Conference on High-Power Particle Beams: Abstract Book ï Jeju, Korea, October 10-14, 2010. 

ï Jeju: Korea Electrotrchnology Reseach institute, 2010. ï p. 236. 

2. ʊʚʝʨʜʦʭʣʝʙʦʚ ʉ.ʀ., ʈʝʤʥʸʚ ɻ.ɽ., ʇʫʰʢʘʨʸʚ ɸ.ʀ., ʐʚʝʮʦʚ ɽ.ɽ., ɸʨʦʥʦʚ ɸ.ʄ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʦʩʘʞʜʝʥʠʷ ʠʟ ʘʙʣʷʮʠʦʥʥʦʡ ʧʣʘʟʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʣʴʮʠʡ-ʬʦʩʬʘʪʥʳʭ ʙʠʦʘʢʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʠʤʧʣʘʥʪʘʪʘʭ //ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ: X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ï ʅʦʚʦʩʠʙʠʨʩʢ, 22-24 ʩʝʥʪʷʙʨʷ 2010. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʅɻʊʋ, 2010. ï ʩ. 89 ï 95. 

  

 

Fig. 3. The IR spectra of CP coatings formed by spraying 

synthetic HAP (1) and natural HAP (2), 300 pulses PIB 

 

Fig. 4. The thickness of the CP coatings formed by 

spraying synthetic HAP (1)  

and natural HAP (2) 
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The mechanisms of cracking and subsequent delamination of the coatings under thermal cycling, are 

revealed. It is shown that during thermal cycling of SiAlN coatings, deposited on the initial substrate, occurs 

cracking of coatings and growth of silicides by means of uphill diffusion of copper atoms. Nanostructuring of the 

surface layers of the Cu substrate by means of ion-beam treatments leads to increasing of coating adhesion and 

prevent diffusion Cu atoms from substrate to coating. 

 

ɺʚʝʜʝʥʠʝ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ 

ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʝʞʜʫ ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʣʦʝʤ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʩʦʭʨʘʥʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʘʠʣʫʯʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʩʦʧʨʷʛʘʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʙʦʤʙʘʨʜʠʨʦʚʢʘ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʠ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʫʯʢʘʤʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʘʷ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʘʜʛʝʟʠʠ ʠ ʠʟʤʝʣʴʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʥʦ ʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ SiAlN ʥʘ ʧʦʜʣʦʞʢʘʭ Cu ʧʨʠ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʜʣʦʞʢʠ Cu ʥʘ 

ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ SiAlN. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʜʴ ʄ1 (99,94% Cu), 

ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ. ʀʦʥʥʦ-ʧʫʯʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ Zr
+
 ʠ Ti

+ 
 ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ çɼʀɸʅɸ-2è. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʦ 60 ʤʠʥ. 

ʇʦʢʨʳʪʠʷ SiAlN ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʤʠʰʝʥʝʡ ʠʟ ʩʧʣʘʚʘ SiʭAly ʚ ʨʝʘʢʪʠʚʥʦʡ 

ʩʨʝʜʝ ʠʟ ʩʤʝʩʠ ʛʘʟʦʚ ʘʨʛʦʥʘ ʠ ʘʟʦʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350é450ʉ̄. ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʩʪʘʚʘ ʤʠʰʝʥʠ SiʭAly ʧʦʣʫʯʘʣʠ ʧʦʢʨʳʪʠʷ ʩ ʚʳʩʦʢʠʤ (90% Si ʠ 10% Al) ʠ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ (20% Si ʠ 80% Al). ʆʪʞʠʛ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 200, 400, 600 ʠ 1000ʉ̄ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ʀʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ 
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SiAlN ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Zeiss Axiovert 25, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

(ɸʉʄ) ʈɸʉʄ-5 ʠ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʈʕʄ) LEO EVO 50. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ INCA X-act. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠʦʥʘʤʠ Zr
+
 ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ Cu. 

ɺʠʜʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠ ʧʦʣʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ ʧʨʠʦʙʨʝʪʘʝʪ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 30é50 ʥʤ (ʨʠʩ. 

1, ʙ). ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʜʣʦʞʢʠ Cu 

ʠʦʥʘʤʠ Zr
+
 ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʤʝʨ 

ʟʝʨʥʘ ʚ ʧʦʢʨʳʪʠʠ SiAlN. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʥʘ ʠʩʭʦʜʥʦʡ  ʧʦʜʣʦʞʢʝ Cu ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʧʣʦʰʥʦʝ ʧʦʢʨʳʪʠʝ SiAlN ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 300é400 ʥʤ, ʢʦʪʦʨʳʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʝʝ ʤʝʣʢʠʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ (ʨʠʩ. 1, ʚ). ɺ ʩʣʫʯʘʝ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʧʦʜʣʦʞʢʠ Cu 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ 

ʨʘʟʤʝʨʳ ʟʝʨʝʥ ʚ ʧʦʢʨʳʪʠʠ SiAlN ʥʝ 

ʧʨʝʚʳʰʘʶʪ 50 ʥʤ (ʨʠʩ. 1, ʛ).  

ɺ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ 

ʧʦʢʨʳʪʠʡ SiAlN ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʩʠʩʪʝʤʳ çʧʦʢʨʳʪʠʝ - 

ʧʦʜʣʦʞʢʘè, ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʷ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʧʦʢʨʳʪʠʝ SiAlN ʠʩʧʳʪʳʚʘʝʪ 

ʙʠʘʢʩʠʘʣʴʥʦʝ ʨʘʩʪʷʞʝʥʠʝ, ʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʧʦʜʣʦʞʢʠ Cu ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʠʘʢʩʠʘʣʴʥʦʤʫ ʩʞʘʪʠʶ. 

ʈʝʣʘʢʩʘʮʠʷ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʚʦʩʭʦʜʷʱʝʡ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʤʝʜʠ ʚ ʨʘʩʪʷʥʫʪʦʝ ʪʝʧʣʦʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʣʠʮʠʜʦʚ ʤʝʜʠ 

(ʨʠʩ. 2, ʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʨʳʪʠʷ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʪʩʷ ʫʞʝ ʧʦʩʣʝ 1 ʮʠʢʣʘ ʠʩʧʳʪʘʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʵʬʬʝʢʪ ʚʦʩʭʦʜʷʱʝʡ ʜʠʬʬʫʟʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʢʨʳʪʠʷʭ SiAlN ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ (90% Si ï 10% Al). ɺ ʜʘʥʥʳʭ ʧʦʢʨʳʪʠʷʭ ʚʳʩʦʢʠʝ ʙʠʘʢʩʠʘʣʴʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʜʦ 1000 ʉ̄, ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʤʫ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ (ʨʠʩ. 2, ʙ). ʅʘʧʨʷʞʝʥʠʷ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤʠ 

ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʢʨʘʝʚ ʧʦʢʨʳʪʠʷ ʚ ʤʝʩʪʘʭ ʪʨʝʱʠʥ. ʈʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʦʢʨʳʪʠʷ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʬʨʘʛʤʝʥʪʘ, ʘ ʚʙʣʠʟʠ ʪʨʝʱʠʥʳ 

ʙʳʩʪʨʦ ʫʙʳʚʘʶʪ ʜʦ ʥʫʣʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʦʜʣʦʞʢʝ Cu ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʬʨʘʛʤʝʥʪʦʤ ʧʦʢʨʳʪʠʷ ʠ ʧʦʣʥʦʩʪʴʶ ʨʝʣʘʢʩʠʨʫʶʪ ʚʙʣʠʟʠ ʢʨʘʝʚ ʬʨʘʛʤʝʥʪʦʚ 

ʧʦʢʨʳʪʠʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʩʭʦʜʷʱʘʷ ʜʠʬʬʫʟʠʷ ʘʪʦʤʦʚ ʉu ʚ ʪʝʧʣʦʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ SiAlN ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʩʝʨʝʜʠʥʝ ʬʨʘʛʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʠ ʤʠʥʠʤʘʣʴʥʘ ʚʙʣʠʟʠ ʪʨʝʱʠʥ (ʨʠʩ. 2). 

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʜʣʦʞʢʠ Cu ʥʝʧʨʝʨʳʚʥʳʤ ʧʦʪʦʢʦʤ ʠʦʥʦʚ Zr
+
 ʣʠʙʦ Ti

+ 
ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʘʜʛʝʟʠʶ ʧʦʢʨʳʪʠʡ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʪʨʠʜʥʳʭ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ, ʥʦ ʠ ʧʦʜʘʚʣʷʝʪ ʜʠʬʬʫʟʠʶ 

ʈʠʩ. 1. ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜʣʦʞʢʠ (ʘ, ʙ) ʠ ʧʦʢʨʳʪʠʷ SiAlN 

(ʚ, ʛ), ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʠʩʭʦʜʥʫʶ ʤʝʜʥʫʶ ʧʦʜʣʦʞʢʫ (a, ʚ) ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʠʦʥʘʤʠ Zr
+

 (ʙ, ʛ) 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʘʪʦʤʦʚ Cu ʚ ʪʝʧʣʦʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʠʣʠʮʠʜʦʚ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʠʭ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʢʨʳʪʠʷ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ (90% Si ï 10% Al), ʧʦ-ʧʨʝʞʥʝʤʫ, ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ (20% Si ï 80% Al) 

ʚʳʜʝʨʞʠʚʘʶʪ ʜʦ 50 ʮʠʢʣʦʚ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʧʦʢʨʳʪʠʠ SiAlN ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ ʯʝʨʝʜʦʚʘʥʠʝ ʟʦʥ 

ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʩʢʘʣʳʚʘʥʠʠ ʬʨʘʛʤʝʥʪʦʚ 

ʧʦʢʨʳʪʠʷ (ʨʠʩ. 3, ʘ). ɼʠʬʬʫʟʠʷ ʤʝʜʠ ʠʟ 

ʧʦʜʣʦʞʢʠ ʚ ʧʦʢʨʳʪʠʝ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʘʷʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʚʦʜʠʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʛʣʦʤʝʨʘʪʦʚ ʤʝʜʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʨʳʪʠʷ (ʨʠʩ. 3, ʙ). ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʦʭʣʘʞʜʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ 

ʧʦʜʣʦʞʢʠ ʠʩʧʳʪʳʚʘʶʪ ʨʘʩʪʷʞʝʥʠʝ, ʘ 

ʧʦʢʨʳʪʠʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʞʘʪʠʶ. 

ʈʝʣʘʢʩʘʮʠʷ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʢʝʨʘʤʠʯʝʩʢʦʤ ʧʦʢʨʳʪʠʠ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ 

ʠʟʛʠʙʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʩʪʷʭ 

ʧʦʜʣʦʞʢʠ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʚʠʜʝ 

ʦʙʣʘʩʪʝʡ ʚʜʘʚʣʠʚʘʥʠʷ. ʇʨʠ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘʥʠʷ-

ʦʭʣʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʝ ʚʩʝ ʛʣʫʙʞʝ 

ʚʜʘʚʣʠʚʘʝʪʩʷ ʚ ʧʦʜʣʦʞʢʫ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʣʦʝʥʠʝ ʠ ʩʢʘʣʳʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʚʦʢʨʫʛ ʦʙʣʘʩʪʠ 

ʚʜʘʚʣʠʚʘʥʠʷ (ʨʠʩ. 3, ʙ). 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʜʝʛʨʘʜʘʮʠʠ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ SiAlN ʥʘ 

ʧʦʜʣʦʞʢʘʭ Cu ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 200é1000 Áʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʩʠʣʠʮʠʜʦʚ ʟʘ ʩʯʝʪ 

ʚʦʩʭʦʜʷʱʝʡ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ Cu ʠʟ ʧʦʜʣʦʞʢʠ ʚ ʧʦʢʨʳʪʠʝ.  

ʉʦʟʜʘʥʠʝ ʙʘʨʴʝʨʥʦʛʦ ʧʦʜʩʣʦʷ ʚʩʣʝʜʩʪʚʠʝ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʧʦʜʣʦʞʢʠ Cu ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ 

ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʘʜʛʝʟʠʶ ʧʦʢʨʳʪʠʡ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʪʨʠʜʥʳʭ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ, ʥʦ 

ʠ ʧʦʜʘʚʣʷʝʪ ʜʠʬʬʫʟʠʶ ʘʪʦʤʦʚ Cu ʚ ʪʝʧʣʦʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʣʠʮʠʜʦʚ.  

  

ʈʠʩ. 2. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʙʦʢʦʚʦʡ ʛʨʘʥʠ (ʘ) ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʙ) ʧʦʢʨʳʪʠʷ SiAlN ʥʘ ʧʦʜʣʦʞʢʝ Cu ʧʦʩʣʝ 1 ʮʠʢʣʘ ʥʘʛʨʝʚʘ ʜʦ 

1000ʉ̄, ʘ ʪʘʢʞʝ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Si (ʚ) ʠ Cu (ʛ) 

ʈʠʩ. 3. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ SiAlN, 

ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʦʪʞʠʛʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000
o
C ʚ ʪʝʯʝʥʠʝ 1 

ʤʠʥ, ʘ ï 20 ʮʠʢʣʦʚ ʥʘʛʨʝʚʘʥʠʷ-ʦʭʣʘʞʜʝʥʠʷ, ʙ, ï 50 ʮʠʢʣʦʚ 

ʥʘʛʨʝʚʘʥʠʷ-ʦʭʣʘʞʜʝʥʠʷ 
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We designed, manufactured and tested the generator of pulse voltage to the cutting of rocks by electric 

pulse on voltage 300 kV with pulse energy of 244 J. The parameters of the voltage pulse meet the 

requirements for the cutting in water by electro-pulse technology. 

 

ɺ ʊʇʋ ʙʳʣ ʦʪʢʨʳʪ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩ ̫ʥʦʚʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʷʝʤʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʳʭ ʥʝ 

ʧʨʦʚʦʜʷʱʠʭ ʠ ʧʦʣʫʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚʥʫʪʨʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʕʣʝʢʪʨʦʠʤʧʫʣʴʩʥʳʡ (ʕʀ) ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʨʫʰʘʶʱʝʤ ʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʟʨʷʜʦʚ ʧʨʠ ʧʨʦʙʦʝ ʪʚʝʨʜʳʭ ʪʝʣ. ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʦʙʦʷ ʪʚʝʨʜʳʭ ʪʝʣ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʧʨʝʚʳʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʞʠʜʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘʜ 

ʧʨʦʯʥʦʩʪʴʶ ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ [1-3], ʯʪʦ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʠʣʦʞʝʥʠʷ 

ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʞʠʜʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʦʯʥʦʩʪʴ 

ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʠ ʧʨʠ ʚʨʝʤʝʥʘʭ ʧʦʨʷʜʢʘ 1 ʤʢʩ ʠ ʤʝʥʝʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ ʧʨʦʯʥʦʩʪʠ ʪʚʝʨʜʳʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʦʣʴʪ-ʩʝʢʫʥʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1, ʧʨʠʥʮʠʧ ʕʀ ʨʘʟʨʫʰʝʥʠʷ ï ʥʘ ʨʠʩ. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʚʦʣʴʪ-ʩʝʢʫʥʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ 

ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ çʘè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʢʨʫʪʠʟʥʝ ʠʤʧʫʣʴʩʘ Aʢʨ = U0/tʢʨ. ɺ ʦʙʣʘʩʪʠ ʣʝʚʝʝ 

ʈʠʩ. 2. ʉʭʝʤʘ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ  

1 - ɻʣʝʢʪʨʦʜʳ, 2 - ʠʤʧʫʣʴʩʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, 

3 - ʪʚʝʨʜʳʡ ʜʠʵʣʝʢʪʨʠʢ, 4 - ʞʠʜʢʦʩʪʴ, 5 - ʙʘʢ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʚʝʨʜʳʭ 

ʪʝʣ ʠ ʞʠʜʢʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ 

 

 

ʢɺ 
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ʪʦʯʢʠ çʘè ɻ ʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʞʠʜʢʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʚʳʰʝ ʧʨʦʯʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ (ʪʦʯʢʘ 

1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʦʤʝʩʪʠʪʴ ʪʚʝʨʜʦʝ ʥʝʧʨʦʚʦʜʷʱʝʝ ʪʝʣʦ ʚ ʞʠʜʢʫʶ ʩʨʝʜʫ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ 

ʤʘʩʣʦ, ʛʣʠʮʝʨʠʥ, ʚʦʜʘ ʠ ʪ.ʜ.) ʠ ʨʘʩʧʦʣʦʞʠʪʴ ʥʘ ʥʝʤ ʵʣʝʢʪʨʦʜʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʠʤʧʫʣʴʩʦʚ ʩ ʢʨʫʪʠʟʥʦʡ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʨʘʟʨʷʜʳ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʚ ʞʠʜʢʦʡ 

ʩʨʝʜʝ, ʘ ʚ ʝʛʦ ʪʦʣʱʝ, ʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʠʤʧʫʣʴʩʝ ʙʫʜʫʪ ʨʘʟʨʫʰʘʪʴ ʝʛʦ. ʈʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʭ ʠʤʧʫʣʴʩʥʳʭ ʜʘʚʣʝʥʠʡ P, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʘʥʘʣʝ ʨʘʟʨʷʜʘ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʨʦʙʦʝ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʘʥʳ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ, ʢʘʢ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʜʨʦʙʣʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʨʝʟʘʥʠʝ ʠ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʚ̫ʟʘʥʥʳʝ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʪʚʝʨʜʳʭ ʪʝʣ. ʇʨʠ ʨʘʟʨʷʜʝ ʚʥʫʪʨʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʜʦ 50-75 % ʵʥʝʨʛʠʠ ʠʩʪʦʯʥʠʢʘ 

ʚʳʜʝʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʥʘʣʝ ʨʘʟʨʷʜʘ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʚʝʥʴʷʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʵʥʝʨʛʠʶ ʨʘʟʨʫʰʝʥʠʷ, ʠʤʝʶʱʝʝ ʤʝʩʪʦ ʚ ʜʨʫʛʠʭ ʩʧʦʩʦʙʘʭ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʈʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʩʠʣʠʡ 

ʩʞʘʪʠʷ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʕʀ ʩʧʦʩʦʙʝ ʦʩʥʦʚʥʳʤʠ ʨʘʟʨʫʰʘʶʱʠʤʠ ʫʩʠʣʠʷʤʠ ʷʚʣʷʶʪʩʷ ʫʩʠʣʠʷ ʨʘʩʪʷʞʝʥʠʷ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʩʞʘʪʠʠ ʚ 15-25 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʘʤʦʤ ʧʨʠʥʮʠʧʝ ʕʀ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʤʝʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʨʝʜʢʠʭ ʠʤʧʫʣʴʩʦʚ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʦʚ (ɻʀʅ) 

ʨʘʟʨʷʜʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʚʟʷʪʴ ʩ ʙʦʣʴʰʠʤ ʠʤʧʝʜʘʥʩʦʤ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʪʘʢ ʯʪʦ ʪʦʢ 

ʨʘʟʨʷʜʘ ʯʝʨʝʟ ʥʠʭ ʝʤʢʦʩʪʝʡ ɻʀʅ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʧʨʝʥʝʙʨʝʞʠʤʦʡ ʚʝʣʠʯʠʥʝ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʙʦʪʝ ɻʀʅ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʩʢʚʘʞʥʦʩʪʴʶ (v) ʟʘʨʷʜʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ ʙʦʣʴʰʦʡ ʠʤʧʝʜʘʥʩ, ʪʘʢ 

ʢʘʢ ʝʛʦ ʚʝʣʠʯʠʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʨʝʤʝʥʝʤ ʟʘʨʷʜʢʠ ʝʤʢʦʩʪʝʡ ɻʀʅ tʟ = 1/v. ʇʨʠ ʵʪʦʤ ʪʦʢ ʨʘʟʨʷʜʘ ʝʤʢʦʩʪʝʡ 

ʯʝʨʝʟ ʟʘʨʷʜʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘ 

ʥʘʧʨʷʞʝʥʠʷ. ɺʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʧʘʜ ʥʘʧʨʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ k = 

(DU/U)*100% [4] . ʇʦʩʢʦʣʴʢʫ ɻʀʅ ʩ ʟʘʨʷʜʢʦʡ ʯʝʨʝʟ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʩʴʤʘ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ 

k, ʦʥ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʦ ʩʣʝʜʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ.  

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ɻʀʅ ʜʣʷ ʨʝʟʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ 

ʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʦʡ. ʊʨʝʙʦʚʘʥʠʷ ʢ ɻʀʅ: Uʨʘʙ = 250é300 ʢɺ, ʵʥʝʨʛʠʷ 50é250 ɼʞ, ʯʘʩʪʦʪʘ 20 ʠʤʧ/ʩ, 

ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ, ʪ.ʢ. ʥʝʦʙʭʦʜʠʤʘ ʫʩʪʘʥʦʚʢʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʢʣʶʯʝʥʥʘʷ ʢ ʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʝ, 

ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ, ʧʦʚʳʩʠʪʴ ʂʇɼ ʨʘʟʨʷʜʘ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ɻʀʅ ʧʦ ʩʭʝʤʝ ʄʘʨʢʩʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʟʘʨʷʜʢʦʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʤʝʥʳ ʧʦʣʷʨʥʦʩʪʠ. ɻʝʥʝʨʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 8 ʩʪʫʧʝʥʝʡ, ʩʦʙʨʘʥ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʤʘʨʢʠ ʂ15-

10 (40 ʢɺ, 0,01 ʤʢʌ) ʠ ʨʘʟʤʝʱʸʥ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʨʧʫʩʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʘʟʦʪʦʤ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 5-6 ʘʪʤ. ʂʦʨʧʫʩ ɻʀʅ ʵʢʨʘʥʠʨʫʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʣʫʯʰʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʠ ʧʨʠʙʣʠʞʘʝʪ ʝʸ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɿʘʨʷʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 40 ʢɺ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘ ʚʳʭʦʜʝ ʙʦʣʝʝ 

300 ʢɺ. ʕʥʝʨʛʠʷ ʚ ʨʘʟʨʷʜʝ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 72é244 ɼʞ. ɺʚʠʜʫ ʤʘʣʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʥʘʤʠ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʢʘʪʫʰʢʠ ʩ ʩʝʨʜʝʯʥʠʢʦʤ ʠʟ ʬʝʨʨʠʪʘ ʤʘʨʢʠ ʄ1000 ʅʅ-34. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 0,285 ʤʢɻʥ.  

ɻʀʅ ʙʳʣ ʠʩʧʳʪʘʥ ʥʘ ʥʘʛʨʫʟʢʫ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʚʦʜʦʧʨʦʚʦʜʥʫʶ ʚʦʜʫ. ʅʘ 
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ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʠʤʧʫʣʴʩʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʙʝʟ ʧʨʦʙʦʷ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ 0,16 

ʤʢʩ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 0,4 ʤʢʩ). ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʯʘʝʤʦʛʦ ʠʤʧʫʣʴʩʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʛʦ ʨʝʟʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʝʨʝʤʝʱʘʝʤʦʡ ʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʚʦʜʝ. 

  
 

ʈʠʩ. 3. ɻʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʙʝʟ ʢʦʨʧʫʩʘ (ʘ) ʠ ʚ ʢʦʨʧʫʩʝ (ʙ) 

1 - ʟʘʨʷʜʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, 2 - ʠʩʢʨʦʚʦʡ ʨʘʟʨʷʜʥʠʢ, 3 ï ʢʦʥʜʝʥʩʘʪʦʨ, 

4 - ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʟʦʣʷʪʦʨ, 5 - ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʚʚʦʜ, 6 ï ʢʦʨʧʫʩ 
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Numerical investigation of heat transfer at ignition of a metallized condensed matter by a local energy source 

is carried out in the framework of the solid-phase ignition model. The dependences of the ignition time delay for a 

metallized condensed matter on the initial temperature, sizes and  shape of a ñhotò particle are determined. 

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʘʥʘʣʠʟʝ ʫʩʣʦʚʠʡ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʩʣʫʯʘʝ ʟʘʞʠʛʘʥʠʷ 

ʪʚʝʨʜʦʛʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʂɺ) ʦʜʠʥʦʯʥʦʡ çʛʦʨʷʯʝʡè ʯʘʩʪʠʮʝʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ʧʦʩʣʝʜʥʝʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʥʘʣʠʟ ʤʘʩʰʪʘʙʦʚ ʚʣʠʷʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʧʨʠ ʟʘʞʠʛʘʥʠʠ ʧʨʦʚʝʜʝʥ ʜʣʷ ʛʦʤʦʛʝʥʥʳʭ (ʥʝʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ) ʪʚʝʨʜʳʭ [1] ʠ ʞʠʜʢʠʭ 

[2] ʪʦʧʣʠʚ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʦʨʤʳ ʨʘʟʦʛʨʝʪʦʡ ʯʘʩʪʠʮʳ ʥʘ ʫʩʣʦʚʠʷ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʧʨʠ ʟʘʞʠʛʘʥʠʠ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʙʘʟʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʩʪʨʫʢʪʫʨʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʠʩʪʝʤʝ çʩʪʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ï 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ï ʛʘʟè, ʫʩʣʦʚʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.  

 

   

ʘ) ʙ) 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʟʘʞʠʛʘʥʠʷ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ ʂɺ ʦʜʠʥʦʯʥʦʡ ʯʘʩʪʠʮʝʡ ʚ ʬʦʨʤʝ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʘ) ʠ ʜʠʩʢʘ (ʙ): 1 ï ʛʘʟ, 2 ï çʛʦʨʷʯʘʷè ʯʘʩʪʠʮʘ, 3 ï ʂɺ, 4 ï ʯʘʩʪʠʮʘ ʘʣʶʤʠʥʠʷ 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʟʘʞʠʛʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʪʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠ 

ʜʠʩʢʘ. ʕʪʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʷʚʣʷʶʪʩʷ, ʦʯʝʚʠʜʥʦ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʢ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʟʘʜʘʯʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʜʣʷ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠ 

ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʂɺ ʨʝʰʘʣʠʩʴ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʘ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʬʦʨʤʳ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (0<t< td): 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʥʳ (ʨʠʩ. 1, ʘ) ʧʨʠ 0<x<x3, y2<y< y3: 

 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʜʠʩʢ (ʨʠʩ. 1, ʙ) ʧʨʠ 0<r<r3, z2<z< z3: 

 

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ, ʧʨʠʥʠʤʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʦ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [3]. 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʥʘʯʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠ ʂɺ T0=300 ʂ,  ʯʘʩʪʠʮʳ Tp=1000õ1700 ʂ; ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

Qʦ=3,298Ŀ10
3
 ʢɼʞ/ʢʛ; ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ɽ=49,812 ʢɼʞ/ʤʦʣʴ; ʧʨʝʜʵʢʩʧʦʥʝʥʪ k0=10

6
 c
ï1
; ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ 

ʘʣʶʤʠʥʠʷ lg=0,1Ŀ10
-3
 ʤ, hg=0,1Ŀ10

-3
 ʤ; ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ l=0,01 ʤ, h=0,02 ʤ. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʘ, ʩʪʘʣʴʥʦʡ ʯʘʩʪʠʮʳ, ʂɺ, ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ: ɚ1=0,0026 ɺʪ/(ʤĿʂ), ɟ1=1,161 ʢʛ/ʤ
3, 

C1=1190 ɼʞ/(ʢʛĿʂ); ɚ2=36 ɺʪ/(ʤĿʂ), ɟ2=8100 ʢʛ/ʤ
3, 
C2=545 ɼʞ/(ʢʛĿʂ); ɚ3=0,472 ɺʪ/(ʤĿʂ), ɟ3=1776 ʢʛ/ʤ

3, 

C3=1500 ɼʞ/(ʢʛĿʂ); ɚ4=98 ɺʪ/(ʤĿʂ), ɟ4=2700 ʢʛ/ʤ
3, 
C4=900 ɼʞ/(ʢʛĿʂ). 

ʇʨʠ ʟʘʞʠʛʘʥʠʠ ʪʚʝʨʜʳʭ ʂɺ ʠʩʪʦʯʥʠʢʘʤʠ ʥʘʛʨʝʚʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʥʳ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʜʠʩʢʘ (ʨʠʩ. 1) ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʯʘʩʪʠʮʳ 

ʤʝʥʷʶʪʩʷ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʠʩʪʦʯʥʠʢʘ ʩ ʚʦʩʧʣʘʤʝʥʷʝʤʳʤ ʚʝʱʝʩʪʚʦʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʳʤ 

ʦʪʢʣʦʥʝʥʠʷʤ ʚʨʝʤʝʥ td ʜʣʷ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. 

ɺʨʝʤʝʥʘ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʚ ʩʠʩʪʝʤʝ çʩʪʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ï ʂɺ ï ʛʘʟè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʠ 

ʬʦʨʤʳ ʯʘʩʪʠʮʳ ʧʨʠ ʊp=1300 ʂ 

ʇʘʨʘʣʣʝʣʝʧʠʧʝʜ 

lp, ʤ 0,0028 0,0026 0,0024 0,0022 0,002 0,0018 

hp, ʤ 0,0028 0,0026 0,0024 0,0022 0,002 0,0018 

td, ʩ 0,174 0,175 0,177 0,179 0,183 0,191 

ɼʠʩʢ 

lp, ʤ 0,0028 0,0026 0,0024 0,0022 0,002 0,0018 

hp, ʤ 0,0028 0,0026 0,0024 0,0022 0,002 0,0018 

td, ʩ 0,180 0,182 0,186 0,191 0,201 0,217 

 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ td ʚ ʩʠʩʪʝʤʝ çʩʪʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ï ʂɺ ï ʛʘʟè ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ 

ʥʘʛʨʝʚʘ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ (lp<0,0024 ʤ, 

hp<0,0024 ʤ). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠ ʜʠʩʢʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ (ʪʘʙʣ. 1) ʠʤʝʶʪ ʨʘʟʥʳʝ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʩ ʂɺ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʣʦʩʢʠʭ ʟʘʜʘʯ 

ʟʘʞʠʛʘʥʠʷ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮʳ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʧʦ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʪʨʝʪʴʝʡ ʢʦʦʨʜʠʥʘʪʝ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮʳ ʚ ʬʦʨʤʝ ʜʠʩʢʘ (ʨʠʩ. 1). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚʣʠʷʥʠʝ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʞʠʛʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʘʢʠʤ 

ʤʘʩʰʪʘʙʥʳʤ, ʢʘʢ ʚ ʩʣʫʯʘʝ lp<0,0024 ʤ, hp<0,0024 ʤ (ʪʘʙʣ. 1). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ 

ʠʩʪʦʯʥʠʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʂɺ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʙʣʠʟʢʠʭ ʧʣʦʱʘʜʷʭ ʢʦʥʪʘʢʪʘ ʠʩʪʦʯʥʠʢʦʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʚʝʱʝʩʪʚʦʤ ʠʟʤʝʥʝʥʠʝ td ʥʝ ʷʚʣʷʝʪʩʷ 

ʤʘʩʰʪʘʙʥʳʤ (ʪʘʙʣ. 1). 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ ʚ 

ʩʠʩʪʝʤʝ çʩʪʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ï ʂɺ ï ʛʘʟè, ̫ʚʣʷʝʪʩʷ 

ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʮʳ ʊp (ʨʠʩ. 2). 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ (ʊp<1200 ʂ) 

ʟʥʘʯʝʥʠʷ td ʜʣʷ ʯʘʩʪʠʮ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠ 

ʜʠʩʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ (ʨʠʩ. 2). ʕʪʦ ʚʳʟʚʘʥʦ 

ʪʝʤ, ʯʪʦ ʩʪʘʜʠʷ ʧʨʦʛʨʝʚʘ ʚʝʱʝʩʪʚʘ ʧʨʠ ʊp<1200 ʂ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʱʝʤ ʢʦʤʧʣʝʢʩʝ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʥʘʛʨʝʚʘ. ʊʝʣʘ ʚ ʬʦʨʤʝ ʜʠʩʢʘ ʙʳʩʪʨʝʝ ʦʩʪʳʚʘʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘʤʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʝ 

ʦʛʨʘʥʠʯʝʥ ʧʦ ʪʨʝʪʴʝʡ ʢʦʦʨʜʠʥʘʪʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʧʨʠ ʟʘʞʠʛʘʥʠʠ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʟʦʛʨʝʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʣʠʷʥʠʝ 

ʬʦʨʤʳ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʞʠʛʘʥʠʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʧʘʩʘ. ʇʦʵʪʦʤʫ ʨʦʣʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʦʧʨʝʜʝʣʷʶʱʝʡ (ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ), 

ʪʘʢ ʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ (ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʄʂ-

620.2012.8). 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʟʘʞʠʛʘʥʠʷ ʚ ʩʠʩʪʝʤʝ çʩʪʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ï ʂɺ ï 

ʛʘʟè ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ 

ʥɻʝʨʛʠʠ ʧʨʠ lp=0,0025 ʤ, hp=0,002 ʤ: 1 ï 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, 2 ï ʜʠʩʢ 
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ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʚʝʨʭʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʷʤ ï ʥʘʥʦʢʦʤʧʦʟʠʪʘʤ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʧʦʢʨʳʪʠʡ. ʇʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʚʝʨʭʪʚʝʨʜʳʭ ʧʦʢʨʳʪʠʡ. 

 

 

Eines der interessantesten Trends ist die Suche nach neuen Nanomaterialien mit verbesserter 

VerschleiÇfestigkeit und Hªrte. Im Rahmen unserer Untersuchung halten wir es f¿er wichtig, die Definition von 

Nanomaterialien anzuf¿ehren. Nanomaterialien sind Werkstoffe und Werkstoffkompositionen, die ein k¿nstlich 

oder nat¿rlich geordnetes oder ungeordnetes System von Basiselementen mit charakteristischen GrºÇen in 

Nanometerbereich mit besonderer Erscheinung von physikalischen bzw. chemischen Wechselwirkungen bei der 

Kooperation von nanodimensionalen Elementen darstellt. Diese Elemente gewªhrleisten bei den Materialien und 

Systemen die Entstehung einer Gesamtheit der bisher unbekannten mechanischen, chemischen, 

elektrophysikalischen, optischen, wªrmephysikalischen und anderen Eigenschaften, die durch die Erscheinung 

der Nanomassstabsfaktoren bestimmt werden [1]. Das Schaffen von Beschichtungen solcher Art ist eine der 

wichtigsten und schwierigsten Aufgaben, an denen wir am Institut arbeiten. Diese Beschichtungen sind 

besonders hart im Vergleich zu denen, die bisher in unserer Industrie verwendet werden.  

Hªrte des Materials ist eine der wichtigsten Eigenschaften von Materialien. Die konventionellen harten 

Materialien erreichen eine Hªrte nach Vickers von 10 bis etwa 30 GPa. Als superharte Materialien werden 

Materialien bezeichnet, die eine Vickers-Hªrte von mehr als 40 GPa erreichen.  

Superharte Materialien lassen sich in zwei Gruppen aufteilen: Materialien mit intrinsicher Hªrte, bei denen 

die Art und Charakter der interatomaren Bindungen die hohe Hªrte verursachen, und Materialien mit extrinsicher 

Hªrte, bei welchen die Hªrte durch Mikrostruktur bestimmt wird. Zu dieser Gruppe zªhlt man Heterostrukturen 

und die seit einigen Jahren erforschten Nanokomposite. Die Hªrte von d¿nnen Schichten aus diesen Materialien 

kºnnen Werte um 50 GPa erreichen [2].  

Wir werden ausf¿hrlicher Nanokompositbeschichtungen betrachten. Nanokomposite sind mehrphasige 

Materialien, bei denen mindestens eine Phase eine Dimension kleiner 100nm besitzt. Sie bestehen aus einer 

anorganischen Matrix, in die eine organische Komponente eingelagert wird oder umgekehrt. Aus der daraus 

resultierenden grosen Anzahl an moglichen Materialkombinationen kann wiederum eine Vielzahl von 

mailto:aljena@sibmail.com
mailto:aljena@sibmail.com
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Eigenschaftsprofilen der Beschichtungen erreicht werden [3]. Es ist wichtig in Rahmen unserer Untersuchung 

einige Daten aus der Geschichte zu erwªhnen. Die hohe Hªrte von TiN ist seit ungefªhr hundert Jahre bekannt, 

zur ersten industriellen Anwendung kam es in den sechzigen Jahren. Das Material wurde zum Klassiker zum 

Testen neuer Methoden zur Darstellung von D¿nnschichtfilmen. In der industriellen Beschichtung haben sich 

vor allem die thermische CVD und aus den PVD-Methoden Lichtbogenverdampfung und Magnetronzerstªubung 

gut bewªhrt [2]. Es sei darauf hingewiesen, dass die Oxidationsbestªndigkeit sowie Hªrte von TiN durch Zugabe 

von Aluminium in das Kristallgitter verbessert werden kann. Diese TixAl1-xN-Schichten, die sich aufgrund der 

besseren Eigenschaften f¿r Beschichtungen von Werkzeugen eignen, wurden erstens eingehend durch M¿nz und 

Knotek, untersucht. Die Abscheidung erfolgte durch reaktive Magnetronzerstªubung. Die dargestellten 

Schichten bewahren bis zu einem Aluminiumgehalt von 60 % (x=0,4 bei TixAl1-xN) die kubisch 

flªchenzentrierte Kristallstruktur von TiN, bei x=0,2 bzw. x=0,25 bildet sich die hexagonale Wurtzitstruktur von 

AlN. Die f¿r technische Anwendungen optimale Zusammensetzung liegt bei Ti0,4Al0,6N. Die Hªrte betrªgt 22 

bis 30 GPa, der VerschleiÇ ist ca. 5-mal kleiner als bei TiN. Eine weitere Verbesserung der 

Oxidationsbestªndigkeit wird durch Zusatz von Chrom und Yttrium erreicht. 

Es sei betont, dass die Nanokomposite sich nicht nur durch Plasma-CVD, sondern auch durch 

Magnetronzerstªubung und reaktive Lichtbogenverdampfung bedampfen lassen. Unten betrachten wir diese zwei 

relevante Prozesse, die in  reaktiver Magnetronzerstªubung verlaufen. 

Zuerst beschreiben wir kurz reaktive Magnetronzerstªubung. Die reaktive Magnetronzerstªubung stellt ein 

kompliziertes physikalisches Phªnomen dar, das in der ersten Annªherung als Zusammenlegung von 

Niederdruckentladung, Zerstªubung, Massetransfer im Hochvakuum und Oberflªchenreaktion unter 

Ionenbombardement betrachtet werden kann [2]. Weiter betrachten wir ausf¿hrlicher den Einfluss des 

magnetischen Feldes. Auf eine sich im Magnetfeld bewegende Ladung wirkt die Kraft. Ein Partikel mit Ladung  

und Geschwindigkeit  senkrecht auf das Magnetfeld-Vektor B wird darum zur Kreisbewegung mit Radius 

gezwungen.Dabei ist z. B. der Radius von einem Elektron mit einer kinetischen Energie von 5 eV ca. 25-mal 

kleiner gegen¿ber dem von einem Argon-Ion, der eine annªhernd gleiche kinetische Energie besitzt wie das 

nicht ionisierte Gas. Dieser Bewegung von Elektronen wird die durch elektrisches Feld aufgezwungene  

Bewegung ¿berlagert. Auch in diesem Fall tritt eine erhºhte Ionisierung auf, weil die  Elektronen durch das 

Magnetfeld eingefangen sind. Durch hºhere Elektronendichte bedingt steigt die Kollisionswahrscheinlichkeit 

zwischen Elektronen und Gasteilchen. Die hºhere Ionisierung hat eine niedrigere  Entladungsspannung, 

niedrigen Arbeitsdruck und eine hohe Zerstªubungsrate zur Folge. Zudem kºnnen die positiven Ionen die 

Energie des gesamten Kathodenpotentials gewinnen, weil sie aufgrund einer hºheren freien Weglªnge zwischen 

dem Entstehungsort und der Kathode keine ZusammenstoÇe erleiden. Der niedrige Arbeitsdruck und eine hºhere 

freie Weglªnge des zerstªubten Materials (5 - 20 cm) bedeuten, dass im Unterschied zur Zerstªubung ohne 

Magnet-feld auch grºÇere Objekte ºkonomisch beschichtet werden kºnnen. Die Zerstªubungsrate ist bei 

modernen Magnetronen so hoch, dass Abscheideraten bis zu Õm/min mºglich sind, 100-fach mehr als bei einer 

Zerstªubung ohne Magnetfeld [2]. 

Der zweite wichtige Prozess, den wir nicht auÇer acht lassen werden, der in reaktiver Magnetronzerstªubung 

verlªuft, ist reaktive Zerstªubung. Die Oberflªchen von den meisten ¦bergangsmetallen sind ªuÇerst reaktiv. An 

der Luft beziehen sie sich mit einer einige Monolagen dicken chemisorbierten Oxidschicht, die eine weitere 

Oxidation verhindert. In einer gut konzipierten Zerstªubungsanlage dagegen ist der Partialdruck von Sauerstoff 
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oder Wasser f¿r Entstehung einer solchen Oxidschicht nicht ausreichend. Dazu werden die Oberflªchen durch 

die laufende Zerstªubung stªndig erneuert. Es liegen also hochreaktive Metalloberflªchen vor, die mit einem 

eingef¿hrten reaktiven Gas bereits bei Partialdr¿cken um 0.1 Pa sofort in Reaktion gehen. Da die ¿blichen 

Reaktivgase (N2, O2) im Vergleich zu Argon geringere Zerstªubungsausbeuten haben, wªre es vorteilhaft, sie 

nur so wenig wie mºglich dem Argon beizumischen. Wenn zuwenig Reaktivgas eingef¿hrt wird, ist die 

abgeschiedene Verbindung substºchiometrisch. Wenn jedoch zuviel Reaktivgas eingef¿hrt wird, mehr als durch 

dem Fluss vom zerstªubenden Targetmaterial aufgebraucht wird, entsteht die Verbindung auch auf dem Target. 

In diesem Fall m¿ssen nicht nur die Targetmaterial-Atome gesputtert werden, sondern auch die des 

Reaktivgases. Zudem hat die Verbindung eine andere, in der Regel niedrigere Zerstªubungsausbeute und einen 

anderen Sekundªrelektronen-Emissionskoeffizient.  

Die gesunkene Zerstªubungsausbeute hat zur Folge, dass weniger Reaktivgas verbraucht werden kann, um 

die Verbindung zu formen. Bei unverªnderter Reaktivgaszufuhr steigt der Reaktivgas-Partialdruck deswegen 

sehr schnell an. Der durch geªnderten Sekundªrelektronkoeffizienten geªnderte elektrische Widerstand der 

Entladung f¿hrt dazu , dass die Entladungsleistung ansteigt, oder absinkt. Dieser Zustand bezeichnet man als 

"vergifteten" ("poisoned") Target, oder "target in compound mode".  Man kann den Reaktivgas-Zufluss durch 

ein Regelkreis steuern, wobei der Vergiftungsgrad des Targets durch optische Sensoren  oder der Reaktivgas-

Partialdruck durch Massenspektrometer  ermittelt wird. Weil sich der Reaktivgaszufluss bei sehr reaktiven 

Gasen (Sauerstoff) nicht immer schnell genug ªndern lªsst, um auf eine Instabilitªt zu reagieren, kann auch die 

Entladungsleistung geªndert werden [2]. 

Zusammenfassend kann man sagen, dass Synthese von Nanokompositbeschichtungen eine der wichtigsten 

und vielversprechendsten Bereiche der Nanotechnologie und neuen Materialien ist. Der Anwendungsbereich 

dieser Beschichtungen ist sehr vielfªltig. Sie werden im Maschinenbau, in der Medizin, in Bauarbeiten 

verwendet. Die Beschichtungen werden in Deutschland vor allem f¿r Implantate und in Russland f¿r die 

schneidenden Werkzeuge, Implantate und als dekorative Beschichtungen auf den Kuppeln verwendet. Wir 

bedampfen und untersuchen Beschichtungen gerade f¿r das Auftragen auf die schneidenden Werkzeuge. Die 

Beschichtungen Ti-Al-N erhºhen die VerschleiÇfestigkeit der Werkzeuge um 5 Male und mehr. 
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This work is dedicated to the researching of biocompatible titanium oxide and titanium oxinitride thin films 

surface morphology. The films are formed by the method of reactive magnetron sputtering. The patterns of changes 

in thickness and roughness parameters with the growth of coatings were analyzed and the structure of coatings 

was investigated. Elemental analysis was carried out, which showed the presence of titanium and oxygen atoms in 

titanium oxide films and titanium, oxygen and nitrogen in titanium oxynitride films. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʪʨʘʚʤ ʧʨʠʤʝʥʷʶʪ ʠʤʧʣʘʥʪʘʪʳ ï ʠʟʜʝʣʠʷ ʠʟ 

ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʝ ʚʳʧʦʣʥʷʪʴ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʬʫʥʢʮʠʶ. ʀʤʧʣʘʥʪʘʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʳ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʙʫʜʫʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʠ ʦʙʣʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʀʤʧʣʘʥʪʘʪʳ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ ʭʠʨʫʨʛʠʠ ʜʦʣʞʥʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʪʴ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤʙʦʟʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ ʠʥʬʘʨʢʪʫ ʤʠʦʢʘʨʜʘ (ʀʄ). ʀʟʚʝʩʪʥʦ, [1] ʯʪʦ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʘʥʪʠʪʨʦʤʙʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʠʤʧʣʘʥʪʘʪʦʚ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ ʭʠʨʫʨʛʠʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʥʘʧʳʣʝʥʠʝ ʧʣʝʥʦʢ ʦʢʩʠʜʦʚ ʠ ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʝʥʦʢ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʠ ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ [2]. 

ʅʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʝ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʋɺʅ-200ʄʀ 

[3] ʧʨʠ ʜʘʚʣʝʥʠʠ 0.1 ï 0.5 ʇʘ ʚ ʩʨʝʜʝ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʚ ʩʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʩ ʘʟʦʪʦʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʜʣʦʞʢʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʠ 

12ʍ18ʅ10ʊ. ʀʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ  ʤʝʪʦʜʦʤ EDX ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ESEM Quanta 400 FEG. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʦʤʝʪʨʘ Dektak 6M. ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  ʥʘ ʙʘʟʝ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ AvaSpec-2048-USB2. ʈʝʞʠʤʳ ʨʘʩʧʳʣʝʥʠʷ, ʩʚʝʜʝʥʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ 

ʪʦʣʱʠʥʳ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
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ʊʘʙʣʠʮʘ 1. 

ʈʝʞʠʤʳ ʨʘʩʧʳʣʝʥʠʷ ʠ ʪʦʣʱʠʥʘ ʧʣʝʥʦʢ ʦʢʩʠʜʦʚ ʠ ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ. 

ʇʦʢʨʳʪʠʝ 

ʆʪʥʦʰʝʥʠʝ 

ʧʘʨʮʠʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʡ  

ʈʘʙʦʯʠʝ 

ʧʘʨʘʤʝʪʨʳ 

ɺʨʝʤʷ ʥʘʧʳʣʝʥʠʷ, 

ʤʠʥ 

ʊʦʣʱʠʥʘ, 

ʥʤ 

Ra (ʥʤ) 

ʥʘ ʩʪʘʣʠ ʥʘ Si 

TiO2 p(Ar)/p(O2) = 1/30 

ʈ = 1 ʢɺʪ  

U = 341Ñ1 ɺ 

I = 2,93 A 

0 ï 44Ñ4 2,5Ñ0,5 

15 70Ñ15 38Ñ3 9Ñ2 

30 130Ñ15 45Ñ4 11Ñ2 

90 184Ñ15 84Ñ4 13Ñ2 

180 454Ñ15 75Ñ4 12Ñ2 

TiON p(O2)/p(N2) = 4/5 

ʈ = 1 ʢɺʪ  

U = 331Ñ1 ɺ 

I = 3,08 A 

0 ï 44Ñ4 2,5Ñ0,5 

15 74Ñ15 24Ñ3 ï 

30 136Ñ15 42Ñ4 30Ñ2 

90 204Ñ15 57Ñ4 39Ñ2 

180 524Ñ15 35Ñ4 31Ñ2 

 

ʀʩʭʦʜʷ ʠʟ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʥʘ ʥʝʨʞʘʚʝʶʱʫʶ ʩʪʘʣʴ ʚ 

ʧʝʨʚʳʝ 15 ʤʠʥʫʪ ʧʦʢʨʳʪʠʝ ʧʝʨʝʢʨʳʚʘʝʪ ʥʝʨʦʚʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʝ ʢʣʘʩʩʘ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʥʘ ʢʨʝʤʥʠʡ ï ʥʘʧʨʦʪʠʚ, ʫʭʫʜʰʘʝʪ ʨʝʣʴʝʬ ʧʦʜʣʦʞʢʠ ʠ ʢʣʘʩʩ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɼʘʣʝʝ ʧʨʠ 

ʥʘʧʳʣʝʥʠʠ ʜʦ 90 ʤʠʥʫʪ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʨʝʣʴʝʬʘ, ʥʘ 90 ʤʠʥʫʪʘʭ ʟʥʘʯʝʥʠʝ Ra 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʘ ʩ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʝ ʥʠʚʝʣʠʨʫʝʪ  ʥʝʨʦʚʥʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ, ʧʣʦʪʥʦʡ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ ʧʦ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩ. 1, 2). ʉʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ, ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʩʬʝʨʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʷ. 

 

ʈʠʩ. 1. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ TiO2 (15, 30, 60 ʠ 180 ʤʠʥ) 

 

ʈʠʩ. 2. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ TiON (15, 30, 90 ʠ 180 ʤʠʥ) 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʩʧʳʣʝʥʠʷ ʨʝʣʴʝʬ ʧʦʢʨʳʪʠʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʠ ʨʦʩʪ ʧʦʢʨʳʪʠʷ ʠʜʝʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʨʦʚʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʣʦʱʘʜʠ ʜʦ 

ʩʤʳʢʘʥʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ɼʘʥʥʳʝ ʦ ʪʦʣʱʠʥʝ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʦʢʩʠʜʦʚ ʠ ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʦʢʨʳʪʠʡ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʜʦ 90 ʤʠʥʫʪ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʥʘʧʳʣʝʥʠʷ.  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʢʨʳʪʠʡ TiO2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʢ 

ʪʠʪʘʥʫ O/Ti = 1,97 Ñ 0,72, ʪ.ʝ. TiO1,97. ɼʣʷ ʧʦʢʨʳʪʠʡ TiON, O/Ti = 2,48 Ñ 0,25, N/Ti = 0,55 Ñ 0,16, O/N = 

2,91 Ñ 0,54. ʆʪʩʫʪʩʪʚʠʝ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚʝ ʧʣʝʥʦʢ ʥʘ 15 ʠ 30 ʤʠʥʫʪʘʭ ʦʩʘʞʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʧʳʣʝʥʠʝ ʥʘ ʧʦʜʣʦʞʢʫ ʪʦʣʴʢʦ ʧʦʢʨʳʪʠʷ TiO2. 

  

ʈʠʩ. 3. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ TiO2 ʧʦʢʨʳʪʠʡ       ʈʠʩ. 4. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ TiON ʧʦʢʨʳʪʠʡ 

ʆʪʩʫʪʩʪʚʠʝ ʪʨʝʱʠʥ ʠ ʩʢʦʣʦʚ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʣʝʥʢʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʧʣʝʥʢʠ ʚʳʩʦʢʘ ʜʦʣʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ, ʦʙʲʝʤʥʘʷ ʜʦʣʷ 

ʢʦʪʦʨʦʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ (< 50 %). ʇʣʝʥʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʬʘʟ ʩ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʘʤʦʨʬʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʦʢʩʠʜʦʚ ʠ ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʦʚ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ ʭʠʨʫʨʛʠʠ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʡ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ. 
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This article discusses the optimization of the silver layer. Main properties are the transparency of the 

coating in the visible spectrum and the reflection coating in the infrared. Such coatings must have high 

transparency (80%) in the visible wavelength range (350-700 nm) and the high reflection (85-95%) in the 

infrared (heat) range (5-50 mm). The reflection in the infrared and transparency in the visible range depends 

on the thickness of the layer of silver, so we will consider this relation. 

 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʢʦʥ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʩ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʊʘʢʠʝ 

ʧʣʝʥʢʠ ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʥʘʢʣʝʝʥʳ ʥʘ ʩʪʝʢʣʦ, ʣʠʙʦ ʟʘʢʨʝʧʣʝʥʳ ʦʪʜʝʣʴʥʦ ʥʘ ʦʜʥʦʤ ʠʟ ʧʝʨʝʧʣʝʪʦʚ. 

ɺ ʠʥʩʪʠʪʫʪʝ ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʆ ʈɸʅ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʛʦʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ 

ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʥʦʡ ʧʣʝʥʢʝ (ʣʘʚʩʘʥ) ʩʦ ʩʪʨʫʢʪʫʨʦʡ TiO2/ZnO:Ga/Ag/ZnO:Ga/TiO2. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʣʦʷ ʩʝʨʝʙʨʘ ʚ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʦʤ ʧʦʢʨʳʪʠʠ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ TiO2/ZnO:Ga/Ag/ZnO:Ga/TiO2. ʊʦʥʢʘʷ ʧʦʣʫʧʨʦʟʨʘʯʥʘʷ ʧʣʸʥʢʘ ʩʝʨʝʙʨʘ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʣʦʝʤ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ 

ʟʘ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʵʪʦʛʦ ʩʣʦʷ ʤʝʥʷʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʣʘʚʩʘʥʦʚʦʡ ʧʣʝʥʢʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʪʝʧʣʦʩʙʝʨʝʛʘʶʱʠʭ ʧʦʢʨʳʪʠʡ. ʅʘʧʳʣʝʥʠʝ ʩʣʦʷ ʩʝʨʝʙʨʘ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʤʘʛʥʝʪʨʦʥʥʦʡ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʩʝʨʝʙʨʷʥʳʤ ʢʘʪʦʜʦʤ ʚ 

ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ [1]. 

ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʝ, ʧʣʝʥʢʠ, ʥʘʥʦʩʠʤʳʝ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʪʦʢʝ, ʠʤʝʶʪ ʣʫʯʰʫʶ ʪʝʢʩʪʫʨʫ, ʙʦʣʴʰʠʝ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʧʣʦʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʫʣʫʯʰʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪʩʷ ʩʪʦʡʢʦʩʪʴ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [2]. 

ʉʢʦʨʦʩʪʴ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʧʦʪʦʢ ʘʪʦʤʦʚ ʥʘ ʧʦʜʣʦʞʢʫ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʝʪʨʦʥʥʦʤ ʨʘʩʧʳʣʝʥʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʚʘʞʥʦʩʪʠ Q ʠʤʧʫʣʴʩʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʪʦʢʘ. ʇʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʥʘʯʘʪʳ ʩ 

ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ʅʘ ʣʘʚʩʘʥʝ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ TiO2(10 ʥʤ)/ZnO:Ga(20 ʥʤ)/Ag(7.5 ʥʤ)/ZnO:Ga(28 ʥʤ)/TiO2(20 ʥʤ), ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ 

ʩʢʚʘʞʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʩʣʦʷ Ag. ʉʢʚʘʞʥʦʩʪʴ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 1 (ʨʝʞʠʤ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ) ʜʦ ʟʥʘʯʝʥʠʷ 3.3. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʟʨʘʯʥʦʩʪʠ ʊ550 ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʪʨʘʞʝʥʠʷ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ TiO2(10 ʥʤ)/ZnO:Ga(20 ʥʤ)/Ag(7.5 ʥʤ)/ZnO:Ga(28 ʥʤ)/TiO2(20 ʥʤ) 

ʧʦʢʨʳʪʠʷ ʦʪ ʩʢʚʘʞʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ Ag ʩʣʦʷ 

 

ʇʨʠ ʚʝʣʠʯʠʥʝ ʩʢʚʘʞʥʦʩʪʠ Q = 2 ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rsh = 80 ʆʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (84%) ʧʨʠ ʭʦʨʦʰʝʡ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʊ550 = 79%. 

 

ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʩʠʩʪʝʤʳ ʇʕʊ/Ag ʠ ʇʕʊ/ ZnO:Ga /Ag ʦʪ 

ʪʦʣʱʠʥʳ ʩʣʦʷ Ag 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʦʣʱʠʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ (Ag) ʩʣʦʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ [3]. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʦʪʨʘʞʝʥʠʷ ʚ ʀʂ 
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ʜʠʘʧʘʟʦʥʝ ʧʣʝʥʦʢ Ag, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʯʠʩʪʳʡ ʣʘʚʩʘʥ ʠ ʧʦʜʩʣʦʡ ZnO:Ga ʪʦʣʱʠʥʦʡ 50 ʥʤ, ʦʪ ʠʭ ʪʦʣʱʠʥʳ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

ʇʨʠ ʪʦʣʱʠʥʝ Ag ʩʣʦʷ ʤʝʥʝʝ 7ï8 ʥʤ ʦʪʨʘʞʝʥʠʝ ʧʣʝʥʢʠ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʨʝʟʢʦ ʧʘʜʘʝʪ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʦʣʱʠʥʳ Ag ʩʣʦʷ ʙʦʣʝʝ 8 ʥʤ ʦʪʨʘʞʝʥʠʝ ʧʣʝʥʢʠ ʧʦʩʪʝʧʝʥʥʦ ʚʳʭʦʜʠʪ ʚ ʥʘʩʳʱʝʥʠʝ, ʘ ʝʝ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʪ.ʝ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʝʤʷʪʩʷ ʢ ʟʥʘʯʝʥʠʷʤ, ʩʚʦʡʩʪʚʝʥʥʳʤ ʦʙʲʝʤʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʇʕʊʌ/ZnO:Ga/Ag ʦʪ ʪʦʣʱʠʥʳ 

ʩʣʦʷ Ag. 

 

ʈʠʩ. 3 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʇʕʊ/ZnO:Ga/Ag ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ Ag 

 

ʆʧʪʠʤʘʣʴʥʦʡ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ Ag ʨʘʚʥʘʷ 9 ʥʤ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʦʪʨʘʞʝʥʠʝ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ (91%), ʘ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠʤʝʝʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (~ 66%). ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʧʨʦʩʚʝʪʣʷʶʱʝʛʦ ʩʣʦʷ TiO2, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʦʢʦʣʦ 85%. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʩʢʚʘʞʥʦʩʪʴ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ, ʢʦʪʦʨʘʷ 

ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ Q = 2. ʇʨʠ ʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩʢʚʘʞʥʦʩʪʠ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʩʝʨʝʙʨʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʝʨʝʙʨʷʥʦʛʦ ʩʣʦʷ ï 9 ʥʤ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʧʣʝʥʢʠ Ag ʠʤʝʶʪ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʥʘ ʧʦʜʩʣʦʡ ZnO:Ga. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ TiO2/ZnO:Ga/Ag/ZnO:Ga/TiO2 ʠ TiO2/Cu/TiO2. ʆʩʥʦʚʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

 

The reduction of heat consumption for heating of buildings is one of the promising directions of thermal 

energy savings. Savings of thermal energy allow reducing the consumption of heat for heating buildings. It is 

known that in the heat balance of residential buildings and industrial facilities to 40% loss falls on the escape of 

heat through the transparent enclosures (windows, balconies, etc.) and more than half of those losses are due to 

thermal radiation [1]. The weakest point in the thermal protection of buildings is translucent structures, in 

particular the windows, which occupy no more than 30% of the total area of building envelopes. Accordingly, 

half of the heat which is consumed for heating is lost through these structures. 

At the present time, in order to reduce heat losses due to thermal radiation, a transparent substrate with low-

emission coatings is used. Low-E coating is applied to transparent materials such as glass or polymer film, in 

order to give these materials to the spectrally selective properties, which provide high visible light transmission 

and reflection of infrared radiation. Installation of these materials in translucent walling (windows of civil and 

industrial buildings, the windows of various vehicles, etc.) allows keeping the heat indoors during the cold 

season and reduce the heat load on buildings during the hot season. 

Using glass with low-E coating can significantly reduce heat losses through the translucent building 

envelope, but their installation requires a complete replacement of window unit. The cost of this change is 

significant and amounts to no less than 7000 roubles/m
2
. 

The most promising option for improving heat insulation of the existing windows is using polymer films with 

low - E coating. These films have the high reflectivity of the IR spectrum, a high transmissivity in the visible 

range and has a high resistance to weathering, which essentially increases the lifetime of the device. 

For applying the coating on the surface of the polymer film magnetron sputtering is more often used. 

http://www.hcei.tsc.ru/
mailto:grenadyorov@gmail.com
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Magnetron sputtering is one of the most appropriate methods for deposition of thin films due to the fact that it 

allows observing the following characteristics: the stability of the process, the possibility of independent 

regulation of the basic parameters of the deposition process and the result - obtaining homogeneous enough 

coating with the necessary structural and operational characteristics. 

The polymer film is a multilayer thin-film structure dielectric / metal / dielectric. The metal layer is applied 

by a high-current pulsed magnetron sputtering to improve the optical properties and resistance to weathering [2]. 

The polymer film with low-E coating is fixed in a window unit or stretched mechanically. The result of this 

technology should be easy to implement technological process of manufacturing and installation of the polymer 

film coated with heat-as well as ease of transport and the low cost of the final product. 

In this paper we consider the properties of low-e coatings on the polymer film with the structure of 

TiO2/ZnO:Ga/Ag/ZnO:Ga/TiO2 and TiO2/Cu/TiO2. The main properties are the transparency of the coating in the 

visible range and the reflection of the coating in the IR spectrum. Such coatings must have high transparency 

(80%) in the visible range (350-700 nm) and the high reflection (85-95%) in the IR (heat) spectrum (5-50 mm). 

In the Institute of High Current Electronics, Siberian Russian Academy of Sciences, we obtained coatings on 

the polyethylene terephtalate film with structure TiO2/ZnO:Ga/Ag/ZnO:Ga/TiO2 and TiO2/Cu/TiO2. The 

resulting thickness of the layers for low-emission coatings are: for coating with silver functional layer TiO2 (10 

nm) / ZnO:Ga(20 nm) / Ag (9 nm) / ZnO:Ga (25 nm) / TiO2 (20 nm) and for coating with copper functional layer 

of TiO2 (40 nm) / Cu (11nm) / TiO2 (40 nm). 

The study of functional characteristics is consisted in determining of the transparency of these coatings in the 

visible range, reflection of coatings in the IR spectrum and resistance to weathering. 

To establish a transparent polymer film with a low emissivity coating in the visible range a light source, 

illuminometer by AZ Instrument Corp. (model 8581) and spectrophotometer AvaSpec - 2048 by Avantes were 

used. A sample with coating is placed between the light source and devices, the readouts of the 

spectrophotometer and luxmeter were fixed. 

To measure the reflectance in the IR spectrum spectrometer by Perkin-Elmer Limited model 683 with an add-

in specular reflection device was used. An etalon (aluminum mirror) is placed in the sample holder of the 

instrument and the value of reflection is set at 95%. The sample with coating was put in the spectrometer and the 

reflection of radiation was fixed. 

In order to determine the resistance to weathering the sample coatings were placed in a bath made of stainless 

steel with distilled water. Water is heated to a temperature of 100 Á C and maintained for 2 hours, after which the 

samples were cooled to room temperature. Samples should be deemed satisfactory if they donôt have any defects 

of the surface after the test has been finished. Thereafter, the coatings were tested for transparency in the visible 

range, the reflection in the IR spectrum and resistance to weathering. 

Fig. 1 shows the results of transparency in the visible range for coatings with structure TiO2/ZnO:Ga / Ag / 

ZnO:Ga / TiO2 and TiO2 / Cu / TiO2. Fig. 2 shows the results of reflection in the IR range for coatings with 

structure TiO2/ZnO:Ga / Ag / ZnO:Ga / TiO2 and TiO2 / Cu / TiO2. 

As a result of this work, the functional characteristics of low-emission coatings with the structures TiO2 / ZnO:Ga / Ag 

/ ZnO:Ga / TiO2 and TiO2 / Cu / TiO2 were obtained. For the structure TiO2 / ZnO: Ga / Ag / ZnO:Ga/TiO2 the reflection in 

the IR spectrum is 92-93%, the transparency in the visible range is 82-85% and for cover which has the structure TiO2 / 

Cu/ TiO2 the reflectance in the IR spectrum is 84-85%, the transparency in the visible spectral range is 44 - 60%. 
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Based on the results of our work, we have found out that a coating with the layer of silver has the most 

functional high-performance, in comparison with the coating, which has functional layer of copper. In addition, 

both coatings have good resistance to weathering, indicating the high quality of produced coatings. 

 

 

 

REFERENCES 

 

1. ɹʘʠʥʦʚ ɼ.ɼ., ʂʨʠʚʦʙʦʢʦʚ ɺ.ʇ., ʃʝʛʦʩʪʘʝʚ ɺ.ʅ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʝʥʥʳʭ 

ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʧʦʢʨʳʪʠʡ. ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2004. ï ʪ.307. ï  ˉ2. 

2. Arbab M. The base layer effect on the d.c. conductivity and structure of direct current magnetron 

sputtered thin films of silver // Thin Solid Films.ï 2001. ï 381. ï P. 15-21. 

 

 

ɺʃʀʗʅʀɽ ʆɹʈɸɹʆʊʂʀ ʇʆɺɽʈʍʅʆʉʊʀ ʊʀʊɸʅɸ ɺʊ 1-0 ʇɽʈɽɼ ʅɸʇʓʃɽʅʀɽʄ 

ʄɸɻʅɽʊʈʆʅʅʓʍ ʇʆʂʈʓʊʀʁ ʅɸ ʊʆʇʆɻʈɸʌʀʖ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʀ. ʖ. ɻʨʫʙʦʚʘ, ʄ.ɸ. ʉʫʨʤʝʥʝʚʘ, ʈ.ɸ. ʉʫʨʤʝʥʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ : ʜʦʮʝʥʪ, ʢ.ʬ.-ʤ.ʥ. ʈ.ɸ. ʉʫʨʤʝʥʝʚ 

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

E-mail: rodeo_88@mail.ru  

 

THE EFFECT OF TECHNICALLY PURE TITANIUM SURFACE TREATMENTS BEFORE 

MAGNETRON SPUTTER DEPOSITION OF THE COATINGS ON THEIR TOPOGRAPHY AND 

PHYSICOCHEMICAL PROPERTIES 

I.Yu. Grubova, ʄ.A. Surmeneva, R.A. Surmenev 

Scientific Supervisor: Associate Professor, Dr. R.A. Surmenev 

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

E-mail: rodeo_88@mail.ru  

 

The osseointegration rate of titanium dental implants is related to their composition and surface 

roughness. Rough-surfaced implants favor both bone anchoring and biomechanical stability. 

Osteoconductive calcium phosphate coatings promote bone healing and apposition, leading to the rapid 

biological fixation of implants. The different methods used for increasing surface roughness or applying 

osteoconductive coatings to titanium dental implants are reviewed. Titanium acid-etching and electron beam 

surface treatments and their corresponding surface morphologies and properties are described. 

Figure 2. The reflection in the IR spectrum Figure 1. The transparency in the visible range 
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ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʘʮʠʠ ʜʝʥʪʘʣʴʥʦʛʦ ʠʤʧʣʘʥʪʘʪʘ ʩ ʢʦʩʪʥʦʡ 

ʪʢʘʥʴʶ, ʷʚʣʷʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʝʛʦ ʵʥʜʦʦʩʩʘʣʴʥʦʡ ʯʘʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʤʧʣʘʥʪʘʪʘ ʤʦʞʥʦ ʫʩʠʣʠʪʴ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʠʤʧʣʘʥʪʘʪʦʤ ʠ ʢʦʩʪʥʦʡ ʪʢʘʥʴʶ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝʤ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʘ ʧʨʠ ʧʦʤʦʱʠ ʭʠʤʠʯʝʩʢʦʡ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʧʣʘʟʤʝʥʥʳʤ 

ʥʘʧʳʣʝʥʠʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʤʧʣʘʥʪʘʪʳ ʩ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʚʳʢʨʫʯʠʚʘʥʠʠ ʠ ʧʨʠ ʚʳʪʷʛʠʚʘʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʘʜʢʠʤʠ 

ʠʤʧʣʘʥʪʘʪʘʤʠ [1]. ʊʘʢ ʢʘʢ ʢʦʩʪʥʘʷ ʪʢʘʥʴ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʪʦ ʧʨʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʩʧʣʦʰʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʘ. ɾʝʣʘʥʠʝ ʫʣʫʯʰʠʪʴ 

ʧʦʢʘʟʘʪʝʣʴ çʧʦʢʨʳʚʘʝʤʦʩʪʠè ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʘ ʢʦʩʪʥʦʡ ʪʢʘʥʴʶ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʷ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʦʩʪʝʦʠʥʜʫʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʦ ʧʦʢʨʳʪʠʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʥʘʧʳʣʝʥʠʷ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʧʣʘʥʪʘʪʘ. ʅʦ ʧʨʠ ʵʪʦʤ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 

ʪʠʪʘʥʘ ʠ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʘ, ʪʘʢ ʢʘʢ ʥʘʧʳʣʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʨʝʟʦʨʙʮʠʠ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʝʪʦʜʦʚ ʠ ʩʝʛʦʜʥʷ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ 

ʪʠʪʘʥʘ ʤʘʨʢʠ ɺʪ1-0 ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

08ʇʍʆ-100T-005 ʩ ʤʘʛʥʝʪʨʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ (ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ 5,28 ʄɻʮ). ʄʠʰʝʥʴ ʜʣʷ ɺʏ-

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʠʟ ʦʜʥʦʬʘʟʥʦʛʦ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʨʝʤʥʠʡʟʘʤʝʱʝʥʥʦʛʦ 

ʛʠʜʨʦʩʢʠʘʧʘʪʠʪʘ (Si-ɻɸ) ʩ ʬʦʨʤʫʣʦʡ ʉʘ10(PO4)6-x(SiO4)x(OH)2-x, ʭ=0,5. (Å 220 ʤʤ, ʪʦʣʱʠʥʘ 10 ʤʤ) ʙʳʣʘ 

ʧʨʠʛʦʪʦʚʣʝʥʘ ʧʦ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʝʩʩʦʚʘʥʠʝ ʧʦʨʦʰʢʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 70 ʄʇʘ ʠ ʧʦʩʣʝʜʫʶʱʠʡ 

ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100
ʦ
ʉ ʥʘ ʚʦʟʜʫʭʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʜʠʬʨʘʢʪʦʤʝʪʨ ʬʠʨʤʳ Bruker D8 Advance (ʩ ʤʝʜʥʳʤ Cuka (1,54 ʥʤ) ʘʥʪʠʢʘʪʦʜʦʤ). ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ 

ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʫʯʘʣʘʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) Quanta 400. ʉʚʦʙʦʜʥʫʶ 

ʵʥʝʨʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ (ʉʕʇ) ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʥʘ ʧʨʠʙʦʨʝ EasyDrop ʬʠʨʤʳ 

KRUSS. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʣʠ ʧʦʣʷʨʥʫʶ ʠ ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʫʤʤʘʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʆʫʵʥʩʘ-ɺʝʥʜʪʘ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʪʠʪʘʥʘ ʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʦʤʝʪʨʘ Talysurf 5 (Tyler-Hobson). 

ʊʘʙʣʠʮʘ 1. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 
 

 Ra  (Õʤ) ɗʚʦʜʘ (
0ʉ) ɗʛʣʠʮʝʨʠʥ (0ʉ) ʉʕʇ (ʤʅ/ʤ) ʉʕʇd (ʤʅ/ʤ) ʉʕʇp (ʤʅ/ʤ) 

ʇʦʩʣʝ ʪʨʘʚʣʝʥʠʷ 1,488 74,35 79,05 32,68 3,31 29,37 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ (8 ɼʞ/ ʩʤ2) 
1,024 80,75 82,30 27,97 2,58 25,40 

ʇʦʢʨʳʪʠʝ ʠʟ Si-ɻɸ 0,955 78,85 82,75 29,35 2,69 27,16 

ʀʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʯʠʩʪʢʠ ʦʙʨʘʟʮʦʚ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, ʘʮʝʪʦʥʦʤ ʠ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʨʦʚʦʜʠʣʦʩʴ 2-3-ʤʠʥʫʪʥʦʝ 

ʪʨʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʦ ʬʪʦʨʩʦʜʝʨʞʘʱʝʤ ʨʘʩʪʚʦʨʝ (HF+HNO3+H2SO4), ʟʘʪʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʨʸʭ ʨʝʞʠʤʘʭ: ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʥʘ ʦʙʨʘʟʮʘʭ 

ʩʦʩʪʘʚʣʷʣʘ 8, 12 ʠ 15 ɼʞ/ʩʤ
2
 ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 50 ʤʢʩ, ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ 3. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʨʘʥʝʝ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʙʳʣʦ 
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ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʛʨʫʞʝʥʠʝ ʠʤʧʣʘʥʪʘʪʘ ʚʦ ʬʪʦʨʩʦʜʝʨʞʘʱʠʡ ʨʘʩʪʚʦʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʚʠʪʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʚʩʪʨʘʠʚʘʥʠʶ ʠʦʥʦʚ ʬʪʦʨʘ ʚ 

ʩʪʨʫʢʪʫʨʫ ʠʤʧʣʘʥʪʘʪʘ, ʦʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʣʴʢʦ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʪʘʥʫ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʫʯʢʦʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

    
a)  ʙ)                          ʚ)                                        ʛ) 

ʈʠʩ. 1. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ (a) ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ ʧʣʦʪʥʦʩʪʴʶ 8 ɼʞ/ ʩʤ2 (ʙ), 12 ɼʞ/ ʩʤ2 (ʚ), 15 ɼʞ/ ʩʤ2 (ʛ)  
 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʧʣʦʪʥʦʩʪʴʶ 8, 12, 15 ɼʞ/ʩʤ
2
 ʠ 

ʥʝʦʙʣʫʯʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʠʪʘʥʦʚʳʭ 

ʦʙʨʘʟʮʦʚ ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʠʭ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ: ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʯʸʪʢʦʩʪʴ ʛʨʘʥʠʮ ʟʸʨʝʥ ʢʦʪʦʨʦʡ ʫʣʫʯʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʧʫʯʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra  ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʪʘʢʪʥʦʛʦ 

ʫʛʣʘ ʠ ʢ ʩʥʠʞʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʙʝʟ ʧʦʢʨʳʪʠʷ, ʧʨʠʯʸʤ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʪʨʘʚʣʝʥʥʦʡ ʠ ʦʙʣʫʯʸʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʧʦʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʆʙʨʘʙʦʪʢʘ ʧʣʝʥʦʢ ʧʫʯʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʷʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʭʦʪʷ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʜʠʩʧʝʨʩʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 22%, ʘ ʧʦʣʷʨʥʘʷ ʥʘ 13% (ʪʘʙʣ. 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ɺʏ-ʤʘʛʥʝʪʨʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʛʣʘʞʠʚʘʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʸʪ ʝʛʦ ʧʦʣʷʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. ʇʨʠ ʵʪʦʤ ʪʨʘʚʣʝʥʠʝ ʪʠʪʘʥʘ ʚʦ ʬʪʦʨʩʦʜʝʨʞʘʱʝʤ ʨʘʩʪʚʦʨʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʩʥʳʭ ʬʘʟ.  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬ. ʂʦʚʘʣʶ ʅ.ʅ. ʠ ʊʝʨʝʩʦʚʫ ɸ.ɼ. ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʦʙʨʘʙʦʪʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ, ʟʘʚ. ʣʘʙ. ʀʌɺʊ ʊʇʋ ʀʛʥʘʪʦʚʫ ɺ.ʇ. ʟʘ 

ʧʦʤʦʱʴ ʚ ʪʨʘʚʣʝʥʠʠ ʧʦʜʣʦʞʝʢ ʪʠʪʘʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʬ. ʄ. ʕʧʧʣʝ (ʫʥʠʚʝʨʩʠʪʝʪ ɼʫʡʩʙʫʨʛ-ʕʩʩʝʥ, ɻʝʨʤʘʥʠʷ) 

ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʟʘ ʧʦʜʜʝʨʞʢʫ ʊʇʋ (ˉ 11-03/2012), ʘ ʪʘʢʞʝ ʄʂ-1149.2012.8, ɻʂ ʇ861 ʠ ɻʂ 16.740.11.0205) 
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ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ çʩʫʭʦʛʦè 

ʭʨʘʥʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ̫ ʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʨʝʘʢʪʦʨʘ ʈɹʄʂ-1000. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʠ ʩʭʝʤ ʦʙʨʘʱʝʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʧʨʦʮʝʩʩʝ çʩʫʭʦʛʦè ʭʨʘʥʝʥʠʷ. 

 

The state of research. The speed of development of nuclear power industry is largely determined by external 

components of the nuclear fuel cycle and by the long-term storage of spent nuclear fuel (SNF) and its processing 

in particular. 

After the decay of a significant amount of short-lived radio nuclides in the pre-exposure of spent nuclear fuel 

in water for the reduction of heat and radioactivity emission, it appears advisable to switch to the "dry" method 

of storing spent nuclear fuel. Therefore, diverse research and scientific and technological development for the 

creation of the conditions for long-term "dry" storage of spent fuel are of a great practical interest. 

The purpose of this research is scientifically rational and practical recommendations for creating a 

technology to optimize the neutron-physical parameters of the systems and schemes of placing spent fuel in the 

"dry" storage. Achievement of the stated goal leads to a better efficiency and safety of the "dry" storage of spent 

nuclear fuel. 

Algorithm of calculation. The calculation was performed using the SCALE 5.0 software package, which is 

an internationally recognized program based on the implementation of the Monte-Carlo method. This software 

package allows the calculation of neutron-physical parameters of the storage and transportation containers, with 

fresh and irradiated nuclear fuel, the calculation of the isotopic composition of spent nuclear fuel. 

The decision to carry out computational studies fell on the CSAS25 analytical sequence, which automatically 

handles the cross-section, and then it simulates physical weight of the technical system depending on the initial 

and boundary expected conditions. 

This analytical sequence allows calculations of keff for the three-dimensional problems. For this purpose the 

values of isotopic composition of fuel or several fuels is given to the SCALE 5.0 software package, as well as 

compositions of other materials used in the following description of the model. Depending on the task, analytical 
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sequence and library sections are selected. In the calculations the 27-group library of cross sections was used. It 

was obtained from the convolution of the 218-group library based on the ENDF / B-IV data library. The choice 

of the library is most optimal for the criticality of calculations. 

Then the geometry was described. The package of applied SCALE 5.0 programs used cell modeling method, 

which greatly simplifies the calculation of the neutron-physical parameters for this problem. For this purpose the 

geometry of a single cell is described, and then, the field, which is an array of  22 Ĭ 11 cells is set. A more 

detailed computational model is described in the next section. 

The module CSAS25 runs consistently functional modules BONAMI, NITAWL-II and KENO V.a. to handle 

the required cross sections and calculate the keff of çdryè storage system. 

The results of calculations of keff of the "dry" storage system of RBMK-1000 spent nuclear fuel. 

Characteristics of RBMK-1000 SNF (with enrichment ï 2 %, burnout  ï 20 MWĀday/ton(U), confinement time- 

180 days and 10 years). The neutron source (n / (s Ā ton)) was calculated according to [1, 3, 4], the calculation 

method is presented in [5]. 

The variant of filling is given below (see Fig. 1) It allowed to reduce the levels of neutron radiation at certain points 

of the storage system to limit values. Effective multiplication factor of the çdryè storage system is equal to keff = 

0,2148 Ñ 0,0003. Fluxes of the simulated system, depending on location in the array UNIT below (see fig. 2). 

 

 
 

Fig. 1. An array of size 22 Ĭ 11. UNIT 1, 2, 3 - slot with penals, burning 20, 25, 30 MW Ā day / ton; 5, 

39 ï 69 - the empty slots. 

 

Conclusion 

It was found that the considering of burn-up would reduce the value of keff for ~ 32%, and the çdryè storage 

system of spent nuclear fuel would be deeply subcritical system even in case of beyond-design-basis accidents, 

a      b 
Fig. 2. The value of fast neutrons, depending on UNIT location in the array, confinement time 10 years. 
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but levels of neutron radiation with a burn-up of 19 740 MW Ā day / ton exceed the maximum permissible value. 

2. The optimization of distribution scheme of spent nuclear fuel with different burn-up in dry storage system 

allows to reduce radiation exposure on personnel. 3. Variant of "downloading" of the çdryè storage system 

suggested in the researching work will reduce the radiation levels at certain points in the storage to the maximum 

permissible values. 
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ʀʩʩʣʝʜʦʚʘʥʘ ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʥʚʝʨʩʠʝʡ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʝʙʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ. ʉʦʨʙʮʠʷ ʠ ʜʝʩʦʨʙʮʠʷ ʚʦʜʦʨʦʜʘ 

ʦʙʨʘʟʮʘʤʠ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ çGas reaction 

controllerè ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ.  ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʪʝʭʥʠʯʝʩʢʠʡ ʚʦʜʦʨʦʜ ʠ ʚʦʜʦʨʦʜ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ. 

 

As a result of energy resources depletion and problems of environmental pollution the hydrogen is regarded 

as alternative fuel. For the purpose of creating new energy accumulators scientists are looking for effective 

methods of hydrogen storing and transportation. Recently carbon materials, in particular, carbon nanotubes, have 

been regarded as reservoirs for hydrogen storage. In the recent decade these materials have been very popular 
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and different laboratories have published experimental results of sorption capacity [1,2, 3]. Reviews showed the 

absence of results reproducibility for anomalously high sorption capacity. The main cause is using hydrogen of 

varying purity. 

The superfine carbon material synthesis method was created in Institute of Physics and Technology of Tomsk 

Polytechnic University [4]. The material produced by conversion of natural gas has different modifications of 

carbon as nanotubes, fullerenes, onion-particles, microcrystals of graphite and amorphous carbon. The content of 

nanotubes in the final product is not more than 70%. The received material was chemically treated against 

impurities (other modifications of carbon) and metallic catalysts. 

The samples of carbon material were researched with the help of scanning and transmission microscopes. It 

allows detecting nanotubes with diameters from 50 to 150 nm (Fig.1). 

 

Fig.1. Scanning and transmission micrographs of carbon material 

 

Fig.2. Dependence of hydrogen concentration in the sample on the chamber pressure at low and room temperatures, 

hydrogen purity - 99,99% (black graph is sorption, grey graph is desorption) 
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Fig.3. Dependence of hydrogen concentration in the sample on the chamber pressureat low and room temperatures, hydrogen 

purity - 99,9999% (black graph is sorption, grey graph is desorption) 

 

The automatic çGas Reaction Controllerè system was used for measuring the sorption of hydrogen by carbon 

materials.  

The process of sorption-desorption was researched for a sample of carbon material with the content of 

nanotubes 83%saturated at the temperature 293-300 ʂ and the pressure of hydrogen 0-10 atm. 

From the obtained data we can judge about the influence low purity hydrogen on the sorption capacity of 

carbon material containing carbon nanotubes. With the increase of hydrogen purity the sorption capacity 

decreases more than 2 times at the low temperature of sorption and 4 times at the room temperature of sorption. 
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 Formation of high-defect structural states in Nb and Nb+Al composite prepared by mechanical 

activation in planetary ball mill and subsequent consolidation by high pressure torsion has been studied by 

means of transmission electron microscopy and microhardness measurement. It was found that after degree 

of grain structure anisotropy is different for Nb and Nb+Al consolidated samples, in the latter case lamellar 

structure with 5-30 nm layer thickness was observed. 

 

 

 ʄʝʪʦʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ (ʄɸ) ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ, ʧʦʤʠʤʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʣʦʭʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʣʠʙʦ ʥʝʩʤʝʰʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ [1], ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʝʬʝʢʪʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ.  ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ [2, 3], ʄɸ ʧʦʨʦʰʢʘ Nb ʠ ʩʤʝʩʠ Nb+Al ʚ 

ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1-5 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ï ʥʘʥʦʟʝʨʝʥ ʩ 

ʨʘʟʤʝʨʘʤʠ ʦʪ 50 ʜʦ 100 ʥʤ (ʨʠʩ. 1), ʩʦʜʝʨʞʘʱʠʭ 

ʩʫʙʟʝʨʥʘ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 20 ʥʘʥʦʤʝʪʨʦʚ ʩ 

ʤʘʣʦʫʛʣʦʚʳʤʠ ʛʨʘʥʠʮʘʤʠ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʠ ʚʳʩʦʢʦʡ (ʜʦ 

ʩʦʪʝʥ ʛʨʘʜ/ʤʢʤ) ʫʧʨʫʛʦʡ ʢʨʠʚʠʟʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ɺʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʦʛʦ ʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʄɸ, ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʩʪʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʝʝ ʛʨʫʙʦʡ ʦʮʝʥʢʠ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

 
ʈʠʩ.1 ʄʝʭʘʥʦʢʦʤʧʦʟʠʪ Nb+Al  

ʧʦʩʣʝ 5 ʤʠʥʫʪ ʄɸ [1] 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          84 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʄɸ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʝʪʦʜʘ ʢʨʫʯʝʥʠʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʦʩʠ ʢʨʫʯʝʥʠʷ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʯʠʩʪʦʛʦ Nb (99,98 %), ʘ ʪʘʢʞʝ ʩʤʝʩʠ Nb ʠ Al (ʇɸ-4, 98%) ʚ ʵʢʚʠʘʪʦʤʥʦʤ ʩʦʩʪʘʚʝ ʧʦʩʣʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 2-3 ʤʠʥʫʪʳ ʄɸ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʦʤ ʢʨʫʯʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʣʷ ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʢʦʤʧʘʢʪʦʚ ʚ ʬʦʨʤʝ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʠ 

ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 0,15 ʤʤ ʚʳʨʝʟʘʣʠʩʴ ʩʝʯʝʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʦʩʠ ʢʨʫʯʝʥʠʷ. ʉʪʝʧʝʥʴ ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʠ ʠʟʫʯʘʣʠ ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʜʠʩʢʘ ʚ ʩʝʯʝʥʠʷʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʠ ʥʘʢʦʚʘʣʝʥ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʘʢ ʚ Nb, ʪʘʢ ʠ ʚ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʝ Nb+Al ʬʦʨʤʠʨʫʝʪʩʷ ʘʥʠʟʦʪʨʦʧʥʘʷ 

ʟʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʟʝʨʥʘʤʠ, ʚʳʪʷʥʫʪʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʢʨʫʯʝʥʠʷ (ʨʠʩ. 2), ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʦʣʝʡ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʥʘʧʨʷʞʝʥʠʡ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʦʩʪʦʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝʨʘʚʥʦʦʩʥʦʩʪʠ ʟʝʨʝʥ ʚ 

ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʝ Nb+Al. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2 ʙ, ʝʛʦ ʩʪʨʫʢʪʫʨʘ, ʚ ʦʩʥʦʚʥʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʥʦʧʦʣʦʩʘʤʠ ʰʠʨʠʥʦʡ ʦʪ 5 ʜʦ 30 ʥʤ, ʥʦ ʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʰʠʨʠʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʦʩ 

ʜʦʩʪʠʛʘʝʪ 100 ʥʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʩʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʨʘʣʣʝʣʴʥʦ  

 

ʈʠʩ. 2. ʉʚʝʪʣʦʧʦʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ Nb (ʘ) ʠ Nb+Al (ʙ) ʧʦʩʣʝ ʄɸ ʠ ʢʨʫʯʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʧʣʦʩʢʦʩʪʠ ʢʨʫʯʝʥʠʷ, ʦʜʥʘʢʦ ʚ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʦʙʨʘʟʮʘ ʛʨʫʧʧʳ ʧʦʣʦʩ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ 

ʚʠʭʨʝʚʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʨʠʩ. 3). ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʝ Nb+Al 

ʧʨʠʟʥʘʢʦʚ ʧʨʦʪʝʢʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʠ ʙʝʟʜʝʬʝʢʪʥʳʭ ʟʝʨʝʥ ʠʣʠ 

ʩʫʙʟʝʨʝʥ ʘʣʶʤʠʥʠʷ, ʧʦʜʦʙʥʳʭ ʦʙʥʘʨʫʞʝʥʥʳʤ ʨʘʥʝʝ ʚ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ [3]. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʥʠʟʢʦʡ (ʢʦʤʥʘʪʥʦʡ) ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʫʯʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʪʘʢ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʬʨʘʢʮʠʡ Nb ʠ Al. 

ɺ ʯʠʩʪʦʤ Nb (ʨʠʩ 2 ʘ) ʧʦʩʣʝ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʢʨʫʯʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʘ ʬʦʥʝ ʩʣʦʞʥʦʛʦ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʧʨʠʟʥʘʢʠ ʟʘʨʦʞʜʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʦʣʦʩʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʝʨʚʠʯʥʦʡ 

ʘʪʪʝʩʪʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʜʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʠʢʠ ʪʝʤʥʦʧʦʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʩʢʨʝʪʥʳʭ ʠ 

ʥʝʧʨʝʨʳʚʥʳʭ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ [4] ʠ ʚʳʷʚʣʝʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʡ. 

ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ 

ʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʝʥ ʨʦʩʪ ʟʥʘʯʝʥʠʡ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʡʥʦʡ ʦʙʣʘʩʪʠ 

ʜʠʩʢʘ (ʦʪ 2,5-5 ʜʦ 5-8 ɻʇʘ ʜʣʷ Nb ʠ ʦʪ 2 ʜʦ 5 ɻʇʘ ʜʣʷ Nb+Al), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʠʩʪʠʥʥʦʡ 

(ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ) ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦ e ~ 3. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʦʚ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ ʫʨʦʚʥʷ ʥʝʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ (4,9 ɻʇʘ ʜʣʷ Nb ʠ 2,7 ɻʇʘ ʜʣʷ 

Nb+Al), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʠ ʢʨʫʯʝʥʠʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʥʠʟʦʪʨʦʧʥʦʡ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʘ Nb+Al ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʚʠʜʝ ʧʦʣʦʩʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʝʯʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʢʨʫʯʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʄʂ-85.2011.8) ʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ˉ 72. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʄʎʂʇ ʊɻʋ. 
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ʇʦʚʝʜʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣʘʭ ʠʤʝʝʪ ʙʦʛʘʪʫʶ ʠʩʪʦʨʠʶ ʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ  [1-3].  ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʩʣʦʡʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣʘʭ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʪʠʪʘʥʘ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ  ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʧʦ ʛʣʫʙʠʥʝ. ɼʣʷ 

ʵʪʦʛʦ  ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʦʡ. ʈʘʟʜʝʣʠʤ ʧʨʦʚʦʜʥʠʢ ʥʘ r ʧʦʣʦʩ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʳ ʘ.  ʇʫʩʪʴ 

ʯʝʨʝʟ ʧʦʣʦʩʢʫ ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ n ʧʨʦʭʦʜʠʪ ʪʦʢ In . ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʥʘ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʘʭ ʧʦʣʦʩ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ, ʪʘʢ ʠ ʧʦ ʬʘʟʝ. 

ʇʨʠ ʤʘʣʦʡ ʪʦʣʱʠʥʝ ʘn ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʦ ʚʩʝʡ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ ʧʦʣʦʩʳ 

ʨʘʚʥʘ Ins , ʘ ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʧʦʣʦʩʳ Inh . ʊʦʢ In  ʨʘʟʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ:    

, . ʕʪʠ ʪʦʢʠ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʠ ʧʦ ʬʘʟʝ, 

ʝʩʣʠ ʪʦʣʱʠʥʘ ʩʣʦʷ ʚʝʣʠʢʘ.  ʊʦʢ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ ʧʦʣʦʩʳ (n+1) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ  .   

ʊʦʢʠ ʚ ʧʦʣʦʩʘʭ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ       .   ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʙʘʚʦʯʥʦʛʦ 

ʪʦʢʘ ʚ ʩʣʦʝ ʨʘʚʥʦ  , ʛʜʝ   ʨʘʚʥʘ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʝ ʚʩʝʭ 

ʪʦʢʦʚ ʚʩʝʭ ʧʦʣʦʩ ʧʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʣʦʩʦʡ ʠ ʪʦʢʘ Ins ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʠʟʤʝʨʝʥʠʝ 

ʪʦʢʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʷʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʘ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʵʪʘʣʦʥʥʦʤ 

ʦʙʨʘʟʮʝ, ʚʠʜ ʢʦʪʦʨʦʛʦ ʜʘʥ ʥʘ ʨʠʩ. 1. ʈʘʟʤʝʨʳ ʚʳʨʝʟʦʚ ʥʘ ʦʙʨʘʟʮʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʪʦʢʘ ʚ ʦʙʨʘʟʝʮ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ  ʨʝʟʫʣʴʪʘʪʳ (ʚʳʙʦʨʢʘ) 

ʠʟʤʝʨʝʥʠʡ ʪʦʢʦʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʜʣʷ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 

ʧʦ ʝʛʦ ʜʣʠʥʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ. C ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʪʠʪʘʥʝ ʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ  ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʤʝʨʘ ʨʘʩʪʝʪ, ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʠʣʴʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʪʠʪʘʥʘ, ʥʘʧʨʠʤʝʨ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜʦʚ ʠʣʠ ʩʠʣʴʥʦ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʚʥʝʜʨʝʥʠʝʤ ʧʨʦʪʦʥʦʚ ʚ ʨʝʰʝʪʢʫ ʠ ʫʩʠʣʝʥʠʝʤ ʠʭ 
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ʚʢʣʘʜʘ ʚ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʇʨʘʢʪʠʯʝʩʢʠ  ʧʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ  ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʅʘʩʳʱʝʥʥʳʡ ʚʦʜʦʨʦʜʦʤ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʶʪ ʧʦʜ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʛʦʣʦʚʢʫ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʨʠʙʦʨʘ ʠ 

ʠʟʤʝʨʷʶʪ ʧʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʘ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 2 ʢHz ʜʦ 10 ʄHz, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʷ ʯʘʩʪʦʪʫ, ʯʝʨʝʟ 

ʢʘʞʜʳʝ 10ï100 ʢʅz. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʦʚʦʜʠʤʦʩʪʠ  ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ  a  ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ  (1) [4].  

 

 

 

 

 

 
ʈʠʩ. 1. ʌʦʨʤʘ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʪʠʪʘʥʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʠ ʩʭʝʤʘ 

ʨʘʟʙʠʝʥʠʷ ʥʘ ʩʣʦʠ,  Rx ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ     ï . 

 

              (1). ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʪʦʣʱʠʥʦʡ ak  ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʟʘʜʘʥʠʶ ʥʘ ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ. ʇʦ ʤʦʜʝʣʠ ʩʣʦʠʩʪʦʡ ʩʨʝʜʳ  (ʨʠʩ. 1) 

ʢʘʞʜʦʤʫ ʩʣʦʶ ,  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 ʠ R2,  ʧʦ ʟʥʘʯʝʥʠʶ ʢʦʪʦʨʳʭ  ʥʘʭʦʜʠʤ Rʭ . 

ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤ ʥʘ ʯʘʩʪʦʪʘʭ f1 ʠ f2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʫʙʠʥʘʤ  , . ʆʙʦʟʥʘʯʠʤ  Rx ï 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ  ʠ  (ʨʠʩ. 1).  

ʊʘʙʣʠʮʘ 1. 

ʇʦʢʘʟʘʥʠʷ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʪʠʪʘʥʝ 
 

ʏʘʩʪʦʪʘ, ʢɻʮ 
ʉʅ, % ʉʅ, % ʉʅ, % ʉʅ, % ʉʅ, %  

ʘ, ʤʤ 0,00 0,040 0.083 0,143 0,312 

110 2.2 2.6 3.3 3.6 2.4 0.998 

150 12.9 12.9 14.7 16.8 10.6 0.842 

160 18.3 18.4 19.6 17.3 14.4 0.815 

170 21.5 21.9 22.5 23.9 18.3 0.79 
 

ʊʦʣʱʠʥʘ ʵʪʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ   ʠ .  ʇʦʵʪʦʤʫ . 

ʀʥʘʯʝ ʚʝʣʠʯʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʪʦʛʦ ʩʣʦʷ   ʩʝʯʝʥʠʝʤ S = axb ʠ ʜʣʠʥʦʡ l  ʟʘʧʠʰʝʤ ʢʘʢ  (2). 

ʆʪʩʶʜʘ  ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ  ʩʣʦʷ    (3).  ɿʥʘʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ůx ʜʣʷ 

ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ax ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʠʩʢʦʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ [5].  ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 

ʪʦʢʦʚ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʘʟʤʝʨʳ b, l    ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʚʝʣʠʯʠʥʘ a- ̫ ʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʣʠ ʩ ʵʪʘʣʦʥʦʤ, ʠʤʝʶʱʠʤ ʩʪʫʧʝʥʯʘʪʫʶ ʬʦʨʤʫ 

(ʨʠʩ. 1). ʕʪʘʣʦʥ ʛʦʪʦʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʋʯʘʩʪʢʠ ʵʪʘʣʦʥʘ ʧʦ ʝʛʦ ʜʣʠʥʝ ʥʘʩʳʱʘʣʠ ʚʦʜʦʨʦʜʦʤ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʘʪʝʤ ʨʝʟʮʦʤ ʩʥʠʤʘʣʠ ʯʘʩʪʴ ʤʝʪʘʣʣʘ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʛʣʫʙʠʥʳ, ʩʪʨʫʞʢʫ 

ʪʱʘʪʝʣʴʥʦ ʩʦʙʠʨʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʧʫʪʝʤ ʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʧʨʠʙʦʨʝ 

LECO. ʅʘ ʢʘʞʜʦʤ ʫʛʣʫʙʣʝʥʠʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʢʘʪʫʰʢʫ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʨʠʙʦʨʘ ʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʠʟʤʝʨʷʣʠ ʪʦʢ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʪʘʣʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʣʠ ɻʪʘʣʦʥ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʧʣʘʚʘ ʥʘʚʦʜʦʨʦʞʝʥʥʦʛʦ ʪʠʪʘʥʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ  ʠ   (ʨʠʩ. 1) ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʳ (1). 
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ʂʦʤʙʠʥʠʨʫʷ,  ʧʦʣʫʯʘʝʤ ʨʘʩʯʝʪʥʳʝ ʚʳʨʘʞʝʥʠʷ                 (4), ʛʜʝ const = 1 ʜʣʷ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʘʚʦʜʦʨʦʞʝʥʥʳʡ ʪʠʪʘʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʝ ʥʘʚʦʜʦʨʦʞʝʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʜʚʫʭ  ʯʘʩʪʦʪʘʭ ʠʟʤʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʪʴ ʛʣʫʙʠʥʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʪʦʢʘ   ʠ   ʠ ʧʦ ʬʦʨʤʫʣʝ (3) ʥʘʡʪʠ ʧʨʦʚʦʜʠʤʦʩʪʴ xs  ʥʘʚʦʜʦʨʦʞʝʥʥʦʛʦ 

ʩʣʦʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʛʣʫʙʠʥʝ   - . ɿʘʪʝʤ ʧʦ ʵʪʘʣʦʥʥʦʡ ʢʨʠʚʦʡ ʠ ʟʥʘʯʝʥʠʶ  ʦʧʨʝʜʝʣʠʪʴ ʠʩʢʦʤʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ. 

ʊʘʙʣʠʮʘ 2. 

ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʪʠʪʘʥʝ ʥʘ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ. 

 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʦʙʨʘʟʮʘ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʢʘʟʘʥʠʡ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʨʠʙʦʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  ʫʛʣʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ, ʷʚʣʷʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʪʠʪʘʥʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʪʠʪʘʥʦʚʦʤ ʩʧʣʘʚʝ ʦʪ 5 ʜʦ 340 ppm ʥʘʙʣʶʜʘʝʪʩʷ  ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʠʜʨʠʜʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʠʭʨʝʚʳʤ ʪʦʢʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ  ʦʪ 50 ʜʦ 10 ʄɻʮ  ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 200-240 ppm, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ  ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʠʭʨʝʚʦʛʦ ʪʦʢʘ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʜʦʨʦʜ ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʟʫʝʪ ʛʠʜʨʠʜʳ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʧʦʜʦʙʠʝ 

ʚʦʜʦʨʦʜʥʦʛʦ ʘʥʩʘʤʙʣʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʚʥʝʜʨʝʥʠʝʤ 

ʧʨʦʪʦʥʦʚ ʚ ʨʝʰʝʪʢʫ ʠ ʫʩʠʣʝʥʠʝʤ ʠʭ ʚʢʣʘʜʘ ʚ ʧʨʦʚʦʜʠʤʦʩʪʴ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʤʝʪʦʜʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʣʦʡʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʦʜʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʥʘʚʦʜʦʨʦʞʝʥʥʦʛʦ ʤʝʪʘʣʣʘ.  
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4. 2.0 40 Ñ 2 38 Ñ 2 
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The formulas of Bohr's orbits quantization analyzed in this report from the point of view Lorenz reduction in 

dynamics Interpretation. It was found that if atom moving with relativistic velocities then de Broglie the length of 

waves decreasing for orbit electron. Therefore, the radiuses of atoms are decreasing and interatomic distance in 

solid decreasing also. This, in particular, allowed Ehrenfest's paradox (or paradox of the lever). 

 

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʠ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʤʘʣʦ ʧʦʥʷʪʳʡ   ʵʬʬʝʢʪ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ) ʩʦʢʨʘʱʝʥʠʝ ʨʘʟʤʝʨʦʚ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʌʠʮʜʞʝʨʘʣʴʜʘ ʧʨʠ ʜʚʠʞʝʥʠʠ  ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʝʣ ʠʭ ʜʣʠʥʘ ʩʦʢʨʘʱʘʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʦʪʥʦʰʝʥʠʷ ʠʭ ʩʢʦʨʦʩʪʠ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʄʝʭʘʥʠʟʤ ʩʦʢʨʘʱʝʥʠʷ ʦʥ ʦʙʲʷʩʥʷʣ 

ʠʟʤʝʥʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʚ ʜʚʠʞʫʱʝʤʩʷ ʪʝʣʝ. ɺ 1892 ʛ. ɻ.ɸ. ʃʦʨʝʥʮ ʚ ʧʦʠʩʢʘʭ ʦʙʲʷʩʥʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʄʘʡʢʝʣʴʩʦʥʘ-ʄʦʨʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʰʸʣ ʢ ʘʥʘʣʦʛʠʯʥʦʡ ʛʠʧʦʪʝʟʝ. ʆʥ 

ʩʯʠʪʘʣ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʩʞʠʤʘʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʤʥʦʞʠʪʝʣʶ . ʇʨʠ ɻ ʪʦʤ ʤʝʥʷʶʪʩʷ ʩʠʣʳ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʥʷʶʪʩʷ ʠ 

ʨʘʟʤʝʨʳ ʚʩʝʛʦ ʪʝʣʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ ʃʦʨʝʥʮʝʚʳʤ ʩʦʢʨʘʱʝʥʠʝ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʧʦʥʷʪʴ ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʣʦʨʝʥʮʝʚʘ ʩʦʢʨʘʱʝʥʠʷ. ʉʘʤ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʯʝʥʴ ʠʥʪʝʨʝʩʝʥ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʫʛʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʥʠʤʘʥʠʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʤʠʨʘ. ʉʘʤʘ ʧʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʦʜʥʠ ʛʦʚʦʨʷʪ, ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʯʠʩʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ, ʘ ʜʨʫʛʠʝ ʛʦʚʦʨʷʪ, ʦʥʦ ʥʦʩʠʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʃʦʨʝʥʮʘ ɸ. ʕʡʥʰʪʝʡʥ ʩʯʠʪʘʣ ʷʚʣʝʥʠʷ (ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʪʝʣʘ ʠ ʟʘʤʝʜʣʝʥʠʝ ʭʦʜʘ ʯʘʩʦʚ) 

ʯʠʩʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʆʪʚʝʯʘʷ ʩʚʦʠʤ 

ʦʧʧʦʥʝʥʪʘʤ, ɸ ʕʡʥʰʪʝʡʥ ʚ 1911 ʛ. ʧʠʩʘʣ ñʚʦʧʨʦʩ ʦ  ʪʦʤ, ʨʝʘʣʴʥʦ ʣʦʨʝʥʮʝʚʦ ʩʦʢʨʘʱʝʥʠʝ ʠʣʠ ʥʝʪ, ʥʝ 

ʠʤʝʝʪ ʩʤʳʩʣʘ. ʉʦʢʨʘʱʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʷ, 

ʜʚʠʞʫʱʝʛʦʩʷ ʚʤʝʩʪʝ ʩ ʪʝʣʦʤ, ʦʜʥʘʢʦ ʦʥʦ ʨʝʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʦʢʘʟʘʥʦ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʝ ʜʚʠʞʫʱʝʛʦʩʷ ʚʤʝʩʪʝ ʩ ʪʝʣʦʤ". ʊʦʯʢʫ ʟʨʝʥʠʷ ʕʡʥʰʪʝʡʥʘ 

ʨʘʟʜʝʣʷʶʪ ʤʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʣʷʪʠʚʠʩʪʳ. ɼʣʷ ʥʘʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʳʩʢʘʟʳʚʘʥʠʷ ɺ.ɸ. ʋʛʘʨʦʚʘ, 

ʢʦʪʦʨʳʡ ʧʦ ʵʪʦʤʫ  ʧʦʚʦʜʫ ʧʠʩʘʣ ʩʣʝʜʫʶʱʝʝ: "ʇʨʝʞʜʝ ʚʩʝʛʦ, ʷʩʥʦ, ʯʪʦ ʥʠʢʘʢʦʛʦ ʩʞʘʪʠʷ ʣʠʥʝʡʢʠ 

ʧʨʦʠʟʦʡʪʠ ʥʝ ʤʦʞʝʪ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʦʩʥʦʚʥʦʛʦ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʧʦʣʦʞʝʥʥʦʛʦ ʚ ʦʩʥʦʚʫ ʉʊʆ, 

ʧʨʠʥʮʠʧʘ ʨʘʚʥʦʧʨʘʚʠʷ ʚʩʝʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʸʪʘ (ʀʉʆ). ɺʦ ʚʩʝʭ ʀʉʆ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʣʠʥʝʡʢʠ ʦʜʥʦ ʠ ʪʦ ʞʝ. ʇʦʵʪʦʤʫ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠ ʨʝʯʠ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ, ʢʘʢʠʭ ʣʠʙʦ ʥʘʧʨʷʞʝʥʠʡ, ʚʝʜʫʱʠʭ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʢ ʜʝʬʦʨʤʘʮʠʠ ʣʠʥʝʡʢʠ. ʋʢʦʨʦʯʝʥʠʝ ʣʠʥʝʡʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚ 

ʜʚʫʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʸʪʘ". ɺ ʩʪʘʪʴʝ "ɿʘʤʝʯʘʥʠʷ ʢ ʵʡʥʰʪʝʡʥʦʚʩʢʦʤʫ ʥʘʙʨʦʩʢʫ ʝʜʠʥʦʡ ʪʝʦʨʠʠ ʧʦʣʷ"  ɺ. 

ɻʝʡʟʝʥʙʝʨʛ ʦʪʤʝʯʘʣ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʯʘʩʦʚ ʠ ʤʘʩʰʪʘʙʦʚ ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʢʘʢ 

ʜʦʣʞʥʦʝ ʠ ʥʝ ʚʳʚʦʜʠʪʩʷ ʠʟ ʢʘʢʠʭ ʣʠʙʦ ʦʙʱʠʭ ʧʨʘʚʠʣ. ʄʝʞʜʫ ʪʝʤ ʤʘʩʰʪʘʙʳ ʠ ʯʘʩʳ ʧʦʩʪʨʦʝʥʳ, ʚʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʠʟ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʥʘ ʥʠʭ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʠʣʦʚʳʝ 

ʧʦʣʷ, ʠ ʧʦʵʪʦʤʫ ʥʝ ʧʦʥʷʪʦ, ʧʦʯʝʤʫ ʠʤʝʥʥʦ ʠʭ ʧʦʚʝʜʝʥʠʝ ʜʦʣʞʥʦ ʦʧʠʩʳʚʘʪʴʩʷ ʧʨʦʩʪʳʤ ʟʘʢʦʥʦʤ. ɸ.ʄ. 

ʃʘʫʵ ʧʠʩʘʣ: "ʋʧʨʫʛʠʝ ʩʠʣʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʬʦʨʤʫ ʪʝʣʘ, ʜʦʣʞʥʳ ʠʩʧʳʪʳʚʘʪʴ ʪʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʜʚʠʞʝʥʠʷ, ʯʪʦʙʳ ʦʥʠ ʧʨʠʚʝʣʠ ʢ ʩʦʢʨʘʱʝʥʠʶ, ʪʘʢʞʝ ʩʦʟʜʘʥʥʘʷ ʕʡʥʰʪʝʡʥʦʤ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʤʘʣʦ ʠʟʤʝʥʷʝʪ ʜʠʥʘʤʠʢʫ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʝʛʦ ʨʘʙʦʪʘ ʚ ʵʪʦʤ ʧʫʥʢʪʝ ʥʝ ʧʦʣʥʘʷ". 

ɼʠʥʘʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʣʦʨʝʥʮʝʚʘ ʩʦʢʨʘʱʝʥʠʷ ʧʨʠʟʥʘʚʘʣʠ ʪʘʢʞʝ ɸ.ʇʫʘʥʢʘʨʝ, ʂ. ʄʸʣʣʝʨ, ʃ.ʀ. 

ʄʘʥʜʝʣʴʰʪʘʤ, ɼ.ɺ. ʉʢʦʙʝʣʴʮʠʥ. ʀ ʪʘʢ ʩʪʦʠʪ ʚʦʧʨʦʩ, ʯʪʦ ʞʝ ʪʘʢʦʝ ʣʦʨʝʥʮʝʚʦ ʩʦʢʨʘʱʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʤ ʙʳʣʦ ʥʘʛʣʷʜʥʦ ʠ ʧʦʥʷʪʥʦ ʯʪʦ ʞʝ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʪʦ ʷʚʣʝʥʠʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʣʷʪʠʚʠʩʪʦʚ, ʘʥʘʣʠʟʠʨʫʷ ʣʦʨʝʥʮʝʚʦ ʩʦʢʨʘʱʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʪ ʤʳʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʜʚʫʤʷ ʣʠʥʝʡʢʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʨʘʟʥʳʭ ʀʉʆ. ʉʪʦʨʦʥʥʠʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ ʦʙʲʷʩʥʷʶʪ 

ʣʦʨʝʥʮʝʚʦ ʩʦʢʨʘʱʝʥʠʝ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʩʪʝʨʞʥʷ ʚ ʜʚʫʭ ʀʉʆ, ʘ ʩʪʦʨʦʥʥʠʢʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʤʝʥʴʰʘʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ 

ʠʟʚʝʩʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ: ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʩʪʝʨʞʥʷ 

ʵʪʘʣʦʥʥʳʤ ʤʘʩʰʪʘʙʦʤ ʧʨʠ ʠʭ ʚʟʘʠʤʥʦʤ ʧʦʢʦʝ, 

ʩʦʦʙʱʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦ-ʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ 

ʧʦʚʪʦʨʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʩʪʝʨʞʥʷ 

ʧʦʢʦʷʱʠʤʩʷ ʵʪʘʣʦʥʥʳʤ ʤʘʩʰʪʘʙʦʤ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʨʝʣʷʪʠʚʠʩʪʦʚ ʧʨʠ ʦʧʠʩʘʥʠʠ ʣʦʨʝʥʮʝʚʘ ʩʦʢʨʘʱʝʥʠʷ 

ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʤʝʪʦʜʠʢʝ ʠʟʤʝʨʝʥʠʷ 

ʜʚʠʞʫʱʝʛʦʩʷ ʩʪʝʨʞʥʷ ʥʝʧʦʜʚʠʞʥʳʤ ʥʘʙʣʶʜʘʪʝʣʝʤ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʷ ʥʘ ʜʝʡʩʪʚʠʝ 

ʩʚʷʟʘʥʥʦʝ ʩ ʩʦʦʙʱʝʥʠʝʤ ʩʪʝʨʞʥʶ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, 

ʥʝ ʚʠʜʷ ʚʦ ʚʪʦʨʦʡ ʦʧʝʨʘʮʠʠ ʥʠʯʝʛʦ ʠʥʪʝʨʝʩʥʦʛʦ ʠ 

ʥʘʧʨʘʩʥʦ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʥʘʭʦʜʠʪʴʩʷ ʢʣʶʯ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʣʦʨʝʥʮʝʚʘ ʩʦʢʨʘʱʝʥʠʷ. ɿʘʜʘʜʠʤ ʚʦʧʨʦʩ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʦʦʙʱʠʪʴ 

ʪʝʣʫ, ʠʟʥʘʯʘʣʴʥʦ ʧʦʢʦʷʱʝʤʫʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ 0.5ʩ? ʆʯʝʚʠʜʥʦ ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʧʦʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ 

ʩʢʦʨʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʪʝʣʘ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʦʪ 0 ʜʦ 0.5ʩ. ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʧʨʦʠʟʚʝʩʪʠ 

ʫʩʢʦʨʝʥʠʝ. ʀʥʦʛʦ ʧʫʪʠ ʥʘʫʢʘ ʥʝ ʟʥʘʝʪ. ʊʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʫʩʢʦʨʝʥʠʶ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʚ 

ʩʠʥʭʨʦʬʘʟʦʪʨʦʥʝ ʜʦʩʪʠʛʘʶʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʠʟʤʝʨʝʥʠʷʤʠ 

ʩʪʝʨʞʝʥʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʫʩʢʦʨʝʥʠʶ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ oxt, ʚ ʢʦʪʦʨʦʡ 

ʧʦʢʦʠʪʩʷ ʞʸʩʪʢʠʡ ʩʪʝʨʞʝʥʴ AB. ʅʘʯʘʣʦ ʩʪʝʨʞʥʷ (ʪʦʯʢʘ ɸ ) ʩʦʚʤʝʱʝʥʘ ʩ ʥʘʯʘʣʦʤ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ, ʘ ʩʘʤ 

ʩʪʝʨʞʝʥʴ ʨʘʩʧʦʣʦʞʝʥ ʚʜʦʣʴ ʦʩʠ x. ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʥʘʙʣʶʜʘʪʝʣʷ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ oxt, ʜʣʠʥʘ ʩʪʝʨʞʥʷ ʨʘʚʥʘ 

ʚʝʣʠʯʠʥʝ L0. ʄʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ɸ ʠ ɺ (ʢʦʥʮʳ ʩʪʝʨʞʥʷ) ʥʝ ʠʟʤʝʥʷʶʪ ʩʚʦʝʡ ʢʦʦʨʜʠʥʘʪʳ x ʩʦ ʚʨʝʤʝʥʝʤ: 

 
ʈʠʩ. 1. ʛʨʘʬʠʢʠ ʫʩʢʦʨʝʥʥʦʛʦ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʪʝʨʞʥʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ oxt [1]. 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          91 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

xA=0 xB=L0, ʠ ʛʨʘʬʠʢʠ ʵʪʠʭ ʬʫʥʢʮʠʡ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʠ ʚʨʝʤʝʥʠ. ɼʣʷ ʩʦʦʙʱʝʥʠʷ 

ʩʪʝʨʞʥʶ ɸɺ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʦʩʠ x ʩ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʩʠʣʫ F, ʚ ʪʦʯʢʝ ɸ ʚʝʢʪʦʨ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʶʱʠʭ ʟʥʘʯʝʥʠʡ x. 

ʊʘʢ ʢʘʢ ʞʸʩʪʢʠʡ ʩʪʝʨʞʝʥʴ ʥʝ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʪʚʸʨʜʳʤ ʪʝʣʦʤ, ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ F ʜʦʩʪʠʛʥʝʪ ʪʦʯʢʠ 

ɺ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʦʟʜʘʥʠʝʤ ȹt, ʧʦʵʪʦʤʫ ʫʩʢʦʨʝʥʠʝ ʢʦʥʮʘ ʩʪʝʨʞʥʷ ʧʨʦʠʟʦʡʜʸʪ ʩ ʟʘʜʝʨʞʢʦʡ ʥʘ ʚʝʣʠʯʠʥʫ ȹt 

. ʅʘ ʛʨʘʬʠʢʝ ʜʚʠʞʝʥʠʷ ʥʘʯʘʣʦ ʫʩʢʦʨʝʥʠʷ ʢʦʥʮʘ ʩʪʝʨʞʥʷ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ. ʉ, ʢʦʪʦʨʘʷ ʫʜʘʣʝʥʘ ʦʪ ʪʦʯʢʠ 0 ʥʘ 

ʚʝʣʠʯʠʥʫ ȹt. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ F ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ɸ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʚʜʦʣʴ ʦʩʠ x ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ v. ʅʘ ʛʨʘʬʠʢʝ ʢʨʠʚʘʷ ɸɽ ʦʪʨʘʞʘʝʪ ʵʪʘʧ ʫʩʢʦʨʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ɸ. ʉʦʙʳʪʠʝ 

ɽ ʩʚʷʟʘʥʦ ʩ ʧʨʝʢʨʘʱʝʥʠʝʤ ʜʝʡʩʪʚʠʷ ʫʩʢʦʨʷʶʱʝʡ ʩʠʣʳ. ʈʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ ɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʷʤʦʡ EN. ʂʦʥʝʮ ʩʪʝʨʞʥʷ ʧʦʯʫʚʩʪʚʫʝʪ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ F ʩ ʟʘʜʝʨʞʢʦʡ ȹt (ʩʦʙʳʪʠʝ D ) ʧʦʩʣʝ 

ʯʝʛʦ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ɺ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ (ʧʨʷʤʘʷ DMƐEN). ʆʪʨʝʟʦʢ NM 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʨʘʚʥʳʡ ʜʣʠʥʝ L ʜʚʠʞʫʱʝʛʦʩʷ 

ʩʪʝʨʞʥʷ ɸǋɺǋ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʝʦʤʝʪʨʠʷ ʨʠʩʫʥʢʘ 1, L<L0. ɺʳʨʘʟʠʤ ʜʣʠʥʫ ʜʚʠʞʫʱʝʛʦʩʷ ʩʪʝʨʞʥʷ ʫʨʘʚʥʝʥʠʝʤ 

L=L0a ʠ ʧʦʩʪʘʨʘʝʤʩʷ ʦʧʨʝʜʝʣʠʪʴ ʥʝʠʟʚʝʩʪʥʳʡ ʤʥʦʞʠʪʝʣʴ a. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʢʦʨʝʥʠʷ ʩʪʝʨʞʝʥʴ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʤʘʩʩʳ ʧʦʢʦʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʪʦʤ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʦʡ 

ʩʠʩʪʝʤʦʡ. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʚʩʝ ʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ ʢʦʥʝʯʥʳʡ ʠʤʧʫʣʴʩ p, ʦʙʣʘʜʘʶʪ 

ʚʦʣʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ, ʥʘʧʨʠʤʝʨ ʵʣʝʢʪʨʦʥʘ, ʦʪ 

ʠʤʧʫʣʴʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʫʣʦʡ ʜʝ ɹʨʦʡʣʷ ɚ=h/ʨ=h/mv. ɻʜʝ m - ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, v - ʝʛʦ ʩʢʦʨʦʩʪʴ. 

ʇʨʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʪʦʤʘ, ʢʦʛʜʘ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ , ʧʨʦʠʟʦʡʜʸʪ 

ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ . ʇʨʘʚʠʣʦ ʢʚʘʥʪʦʚʘʥʠʷ ʦʨʙʠʪ 

ɹʦʨʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʪʦʤʘ ʜʣʷ ʵʣʝʢʪʨʦʥʘ ʜʦʧʫʩʪʠʤʳ ʣʠʰʴ ʪʝ ʢʨʫʛʦʚʳʝ 

ʦʨʙʠʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʫʢʣʘʜʳʚʘʝʪʩʷ ʮʝʣʦʝ ʯʠʩʣʦ ɚ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʵʣʝʢʪʨʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʢʨʫʛʦʚʦʡ 

ʦʨʙʠʪʝ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʚʘʥʪʦʚʳʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ J=mvr=nh/2.́ ʎʝʣʦʝ ʯʠʩʣʦ  ʨʘʚʥʦ ʯʠʩʣʫ 

ʚʦʣʥ ʜʝ ɹʨʦʡʣʷ ʜʣʷ ʵʣʝʢʪʨʦʥʘ, ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʥʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ. ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʘ ʧʨʠ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʪʦʤʘ ʠ ʩʦʢʨʘʱʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ ʜʦʣʞʥʳ ʧʨʠʚʝʩʪʠ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʜʠʫʩʘ ʦʨʙʠʪʳ ʵʣʝʢʪʨʦʥʘ. ʀʟ ʬʦʨʤʫʣʳ    n=2ŕ/ɚ=2ˊrmv/h ʧʦʣʫʯʠʤ 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʜʠʫʩʦʚ ʢʨʫʛʦʚʳʭ ʦʨʙʠʪ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʘʟʤʝʨʦʚ ʘʪʦʤʦʚ, ʩʦʢʨʘʱʝʥʠʶ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʤʦʣʝʢʫʣʘʭ ʠ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ 

ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʥʦʞʠʪʝʣʶ . ʇʦʵʪʦʤʫ  = ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

.  

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʝʰʘʝʪʩʷ ʧʘʨʘʜʦʢʩ 

ʕʨʝʥʬʝʩʪʘ (ʨʳʯʘʛʘ). 
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ʇʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʦʪʢʠʭ ʤʦʱʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʛʦ CO2-ʣʘʟʝʨʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʦʨʦʪʢʠʭ ʤʦʱʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ CO2-ʣʘʟʝʨʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʙʝʟʛʝʣʠʝʚʘʷ ʛʘʟʦʚʘʷ ʩʤʝʩʴ CO2:N2:H2 ï 500:50:110 ʧʨʠ ʜʘʚʣʝʥʠʠ 0,6 ʘʪʤ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʛʦ CO2-ʣʘʟʝʨʘ. 

 

Introduction 

The electric discharge TEA CO2- lasers are applied to a class of molecular gas lasers emitting in the oscillative 

transitions of CO2 molecules in the infrared spectrum (9 õ 11 mm). The maximum conversion efficiency of 

electrical energy into laser radiation energy (efficiency) provides an output power up to 200 W in continuous 

mode of lasing with the pulse energy up to 100 kJ. 

The issues of formation high-power radiation short pulses in CO2-laser  without a nitrogen "tail" is of great 

interest to specialists in laser photochemistry, laser isotope separation, remote gas analysis, nonlinear optics and 

nonlinear laser spectroscopy. 

There is a method to eliminate the "tail" of a typical CO2-lasers radiation pulse based on the use of gas 

mixtures with reduced nitrogen content [1, 2]. The investigation of nitrogen-free gas mixtures CO2-H2 and CO2-

He [3] showed that the replacement of helium by hydrogen leads to energy and peak power pulse enlargement 

with the decrease in its duration. The hydrogen influence on the parameters of CO2-laser radiation was studied in 

[4, 5]. It is shown that small additions of hydrogen to the laser gas mixture lead to appreciable improvements in 

its parameters, namely volume discharge gets more stable and the intensification of the active medium increases. 

The purpose of this paper is to research the formation of TEA CO2-laser short-pulse for the efficient 

conversion of radiation to the terahertz spectral range. 

2. Experimental facility 

The possibility to obtain short pulses of radiation on an electric discharge CO2-laser, a series of IL-1-10, 

developed at IHCE SB RAS is considered. It provides laser radiation energy per pulse up to 1J and works with a 

pulse repetition frequency up to 10 Hz. The electrical circuit of CO2-laser pumping is shown in Fig. 1. 

The choice of a two-circuit scheme was determined by the simplicity and reliability of its operation. 
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Automatic preionization of the discharge gap was carried out by means of UV-radiation, which occurred when 

triggered spark gaps installed in an electrical circuit were activated when charging the capacitor C3 = 2,16 nF. 

The storage capacity ʉ1 = 46  nF (TDK UHV-6A, 2700 pF & 30 kV capacitors) is charged from a constant-

voltage source up to U0 = 24 kV. The thyratron of TPI3-10k/25 was used as a switch. The discharge capacity of 

the second circuit ʉ2 = 72 nF (TDK UHV-6A, 2700 pF & 30 kV capacitors) provided the effective formation of 

the plasma discharge due to the low inductance of the discharge circuit L2 = 4 nH. 

 

The electrodes were equal to 55 cm with the distance between them being 1,4 cm. The radius of the working 

electrode surface was 100 mm. The gas mixture CO2: N2: H2, where the concentration of N2 and H2 varied 

during the experiments at a total pressure of 0,6 atm, was used. The laser beam output was  10x14 mm
2
 size . 

Laser resonator length lp = 100 cm consisted of two plane-parallel mirrors ï a nontransmitting and semi-

transparent mirror - ZnSe installed directly on the laser cell. To control the transverse mode structure of the laser 

beam inside the resonator  two aperture diameters from 6 to 10 mm were placed. 

For the laser pulse form registration the high-speed Ge detector was used . The pulse energy was determined 

using the Gentec-E power and laser energy meter. The measurement of electrical impulses was carried out by the 

Tektronix TDS3014 oscillograph. 

3. Experimental results and discussion 

During the experiments the dependences of the output radiation energy vs the   percentage content of N2 in 

the gas mixture were studied. The range of the N2 content in the mixture varied from 0 to 43%. With the increase 

of nitrogen in the mixture from 0 to 8%, the energy and peak power of laser pulses increased. With further 

increase of the N2 concentration the emerge of nitrogen "tail" of the pulse was observed. In addition, the growth 

of the radiation energy was registered, but without a significant increase of the peak power pulse. The 

concentration of hydrogen in the mixture was 8 - 16% of the total pressure, P = 0.6 atm. Figure 2 shows the 

experimental dependence of laser radiation pulses power vs the percentage content of N2 in the gas mixture. 

From the experimental curve in Figure 2, it follows that for the formation of a short pulse with maximum 

energy the optimal mixture of CO2: N2: H2 - 500:50:110 at a pressure of 0,6 atm. is required. Figure 3 shows the 

form of pulses for different nitrogen contents in the gas mixture. In Figure 3 a) the beats of intensity in the pulse 

profile due to the partial self-locking mode in the resonator were observed. As seen in Figure 3 b), c), the 

increase of the pulse energy at a higher concentration of nitrogen in the mixture is followed by an increase in the 

intensity of the nitrogen "tail" and its relative share in the pulse increases. When the concentration of nitrogen is 

equal to 43%, the pulse energy increased up to 1 J. 

Fig.1. C1= 46 nF; C2 =2,03  nF; C3 = 1,08; L1=150 nH; L2=4 nH 
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Fig. 2. The dependence of radiation energy vs 

the percentage content of N2 in the gas mixture  

CO2: N2: H2, at P = 0,6 atm. 
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4. Conclusion 

In this paper the possibility of the short pulse formation in electric discharge TEA CO2-laser operating in the 

pulse repetition frequency up to 10 Hz is described. 

The effect of nitrogen addition to the mixture of molecular gases CO2: H2 = 500:50, at a total pressure P = 0,6 

atm. is exhibited. It is also shown that the addition of nitrogen in the gas mixture - 8% provides peak power 

increase without the nitrogen "tail" emerge. The maximum radiation energy 0,38 J at  35 ns pulse duration at half 

intensity is obtained. It is shown that further increase of N2 concentration from 10 to 45% leads to energy growth 

in the low-intensity tail on the trailing edge of the pulse. The maximum energy of the output beam can reach a 

value of 1 J at the laser efficiency of 7,6%. 
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Fig. 3. The temporal shape of the laser pulse for lasing on CO2 molecule : a) without nitrogen tail, and b), c) 

low-energy tail appears on the trailing edge of the pulse 
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ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʠʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ 

(ʋɼʇ) ʚʳʩʦʢʦʪʚʝʨʜʦʛʦ ʠ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʚ ʛʠʧʝʨʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʝ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ. 

ʆʩʥʦʚʥʦʡ ʨʘʙʦʯʠʡ ʤʘʪʝʨʠʘʣ (ʪʠʪʘʥ) ï ʥʘʨʘʙʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʤ ʧʫʪʝʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ (ʋʂ) ʪʠʪʘʥʦʚʦʛʦ ʩʪʚʦʣʘ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ (ʂʄʇʋ). 

ʋʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʧʠʩʘʥʳ ʚ [1, 2]. 

ʈʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʣʝʞʠʪ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʪ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʠ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʀʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ (ʋɼʇ) ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʳʩʦʢʦʡ ʚʳʩʦʢʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʘʛʣʦʤʝʨʘʮʠʠ ʚ ʩʠʣʫ 

ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʨʘʟʤʝʨʦʚ ʘʛʣʦʤʝʨʘʪʦʚ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʋɼʇ 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ cTiN, ʘ ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, 

ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪʴ ʋɼʇ, ̫ ʚʣʷʝʪʩʷ  ʜʘʚʣʝʥʠʝ P0 ʛʘʟʦʦʙʨʘʟʥʦʡ (ʘʟʦʪʥʦʡ) ʘʪʤʦʩʬʝʨʳ ʚ 

ʢʘʤʝʨʝ-ʨʝʘʢʪʦʨʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ 

ʜʘʚʣʝʥʠʷ ʘʟʦʪʥʦʡ ʘʪʤʦʩʬʝʨʳ P0 ʥʘ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ  ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ɼʘʚʣʝʥʠʝ ʤʝʥʷʣʦʩʴ ʦʪ 0,5 ʘʪʤ. ʜʦ 3,0 ʘʪʤ. ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʂʄʇʋ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʪ ʝʤʢʦʩʪʥʦʛʦ 

ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ ʧʨʠ ʉ=28,8 ʤʌ ʠ Uʟʘʨ=3.5 ʢɺ. ɼʣʠʥʘ ʪʠʪʘʥʦʚʦʛʦ ʋʂ ǎʫʢ=230ʤʤ, ʜʠʘʤʝʪʨ dʫʢ=21ʤʤ, 

ʚʥʝʰʥʷʷ ʩʨʝʜʘ ï ʪʝʭʥʠʯʝʩʢʠʡ ʘʟʦʪ. 

ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʘ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʊɽʄ) ʥʘ ʤʠʢʨʦʩʢʦʧʝ Phillips CM-12, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ (XRD) ʥʘ 
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ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu XRD 6000 ʠ ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ Shimadzu 

SALD-7101. 

 

ʈʠʩ. 1. ʉʚʝʪʣʦʧʦʣʴʥʳʡ ʩʥʠʤʦʢ ʣʦʢʘʣʴʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ 

ʤʠʢʨʦʩʢʦʧʝ ʉʄ-12. 
 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʩʚʝʪʣʦʧʦʣʴʥʳʡ ʊɽʄ-ʩʥʠʤʦʢ ʩʢʦʧʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʋɼʇ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʈ0=1,0 

ʘʪʤ. ɺʠʜʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʦʢʨʫʛʣʫʶ, ʥʦ ʥʝ ʩʬʝʨʠʯʝʩʢʫʶ, ʬʦʨʤʫ. ɺ ʧʦʨʦʰʢʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʦʨʬʦʣʦʛʠʠ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʪʦʨʳʭ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʈ0. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʪʘʢʠʭ ʊɽʄ-ʩʥʠʤʢʦʚ ʧʦʟʚʦʣʠʣʘ 

ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʧʦ ʨʘʟʤʝʨʘʤ ʋɼʇ ʧʦʣʫʯʝʥʥʳʭ  ʧʨʠ ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʅʘ ʨʠʩ.3 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ  ʥʘ ʣʘʟʝʨʥʦʤ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʩʫʩʧʝʥʟʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʟʦʚ, ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʘʙʩʦʣʶʪʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʠʘʧʘʟʦʥʦʤ ʨʘʟʤʝʨʦʚ ʦʪ  

ʜʘʥʥʳʭ ʊɽʄ-ʘʥʘʣʠʟʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ SALD-ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʤʝʨʘʤ ʘʛʣʦʤʝʨʘʪʦʚ.  

ʊʘʙʣʠʮʘ 1. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ 
 

P, ʘʪʤ ʆʂʈ, ʥʤ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, 

ʥʤ 
ɼʠʘʧʘʟʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʤ 

Dʇʈʆʉɺ DSALD ȹDʇʈʆʉɺ ȹDSALD 

0,5 51,44 50 1000 10-100 200-3000 

1,0 38,72 30 1500 10-100 300-3000 

2,0 ˈ 30 ˈ 10-200 ˈ 

3,0 44,80 40 1600 10-100 300-3000 
 

ʉʨʘʚʥʝʥʠʝ ʩʝʤʝʡʩʪʚ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ ʧʦʟʚʦʣʷʝʪ  ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, 

ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʤʝʶʪ ʧʦʨʦʰʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʠ ʈ0=1,0 ʘʪʤ., ʘ ʥʘʠʙʦʣʴʰʠʡ 

ʧʨʠ ʈ0=0,5 ʘʪʤ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʢʘʟʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʧʦʢʘʟʳʚʘʷ, 

ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʘʛʣʦʤʝʨʘʪʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʢʘʢ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʧʦʩʦʙʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʟʘʢʘʣʢʠ. ʏʝʤ ʤʝʥʴʰʝ ʵʪʦ ʚʨʝʤʷ, ʪʝʤ 
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ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʇʨʠ ʨʘʩʧʳʣʝʥʠʠ ʞʠʜʢʦʡ ʬʘʟʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʛʨʘʥʠʮʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʠ ʚʨʝʤʷ ʟʘʢʘʣʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʩʢʦʨʦʩʪʴʶ ʨʘʟʣʝʪʘ ʟʘʨʦʜʳʰʝʡ-ʢʘʧʝʣʴ ʠ ʧʣʦʪʥʦʩʪʴʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ). 

ʇʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʈ0 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʟʣʝʪʘ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʧʪʠʤʘʣʴʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʦ-ʚʠʜʠʤʦʤʫ ʷʚʣʷʶʪʩʷ 

ʫʩʣʦʚʠʷ ʧʨʠ ʈ0=1,0-2,0 ʘʪʤ. 

  
ʈʠʩ. 2. ʂʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʊɽʄ-ʩʥʠʤʢʦʚ 

ʈʠʩ. 3. ʂʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʛʣʦʤʝʨʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʦ ʨʘʟʤʝʨʘʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʜʫʢʪʘ ʥʘ ʣʘʟʝʨʥʦʤ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ XRD, ʜʘʥʥʳʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʈ0 ʘʟʦʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ cTiN ʚʳʨʘʩʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ 99%. ʇʨʠ ʵʪʦʤ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʦʙʣʘʩʪʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʈ0=1,0-2,0 ʘʪʤ., 

ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʘʣʴʥʳʝ 

ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʚ ʋɼʇ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ ʘʟʦʪʥʦʡ ʘʪʤʦʩʬʝʨʳ 1,0 -

2,0 ʘʪʤ. ʉʦʜʝʨʞʘʥʠʝ ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʜʦʩʪʠʛʘʝʪ ~99% ʧʨʠ ʈ0=3,0 ʘʪʤ. ʧʨʠ ʩʨʝʜʥʝʤ ʨʘʟʤʝʨʝ 

ʯʘʩʪʠʮ ʦʢʦʣʦ 45 ʥʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʦʩʪʝ ʨʘʟʤʝʨʦʚ ʘʛʣʦʤʝʨʘʪʦʚ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʧʦʨʦʰʢʘ cTiN. 
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The sphagnum moss is now widely applied to determine the level of the air pollution, and to create 

medical products. That's why it is necessary to research sphagnum moss as it possesses high accumulative 

properties and accumulates essential and toxic elements and also radionuclide which can have harmful 

influence on a human body. This paper contains description of the climatic characteristics of territories of 

sampling, purposes and research methods, and the conclusion about different natural factors, which can 

influence chemical composition of sphagnum moss. 

 

ɺʚʝʜʝʥʠʝ 

ʄʥʦʛʦʚʝʢʦʚʘʷ ʠʩʪʦʨʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Sphagnum ʚ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʮʝʥʥʦʩʪʴ ʵʪʦʛʦ ʤʭʘ, ʢʘʢ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʚʝʣʠʢʘ. ʉʫʱʝʩʪʚʫʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʪʦʤ, ʯʪʦ ʩʬʘʛʥʫʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʝʚʷʟʦʯʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩ 11 ʚʝʢʘ, ʘ ʚʦʟʤʦʞʥʦ ʠ ʨʘʥʝʝ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʩʬʘʛʥʫʤ, ʢʘʢ 

ʧʝʨʝʚʷʟʦʯʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʚʳʩʦʢʘʷ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ. ʆʥ ʚʧʠʪʳʚʘʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʦʚʠ, ʛʥʦʷ ʠ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʘʪʳ, ʩʬʘʛʥʫʤ ʦʙʣʘʜʘʝʪ ʝʱʝ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɼʝʟʠʥʬʠʮʠʨʫʶʱʠʝ ʠ ʜʘʞʝ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʬʘʛʥʫʤʘ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʝʛʦ ʩʦʩʪʘʚ [1]. 

ʉʦʚʨʝʤʝʥʥʘʷ  ʤʝʜʠʮʠʥʘ ʧʨʠʭʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʬʘʛʥʫʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʯʝʤ, 

ʥʘʧʨʠʤʝʨ, ʭʣʦʧʢʦʚʘʷ ʚʘʪʘ ʠ ʧʦʵʪʦʤʫ, ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʬʘʛʥʦʚʦ-ʤʘʨʣʝʚʳʭ ʪʘʤʧʦʥʦʚ. 

ʊʘʢʞʝ ʩʬʘʛʥʦʚʳʝ ʤʭʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʩʪ-ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʠʟʤʝʥʷʷ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʣʠ ʘʢʢʫʤʫʣʠʨʫʷ ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʵʣʝʤʝʥʪʳ. ʄʭʘʤ ʧʨʠʥʘʜʣʝʞʠʪ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ 

ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʚʠʯʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʚʝʱʝʩʪʚ, ʚʳʧʘʜʘʶʱʠʭ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚ ʚʦ ʤʭʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ [2].  

ʈʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʤʭʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʗʤʘʣʦ-

ʅʝʥʝʮʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ, ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ, ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ [3]. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ ʤʝʥʷʝʪʩʷ ʧʦ ʜʦʣʛʦʪʝ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ ʦʪʣʠʯʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʬʘʛʥʦʚʳʭ ʤʭʘʭ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚr ʷʚʣʝʥʠʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʬʘʛʥʦʚʳʭ ʤʭʘʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʚʫʭ ʚʠʜʘʭ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ 

s.girgensohnii ʠ s.russowi, ʦʪʦʙʨʘʥʥʳʭ ʚ ʨʝʛʠʦʥʘʭ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʦ ʰʠʨʦʪʝ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ: ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʨʝʛʠʦʥ (ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ), ʉʠʙʠʨʩʢʠʡ ʨʝʛʠʦʥ (ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ), 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʨʝʛʠʦʥ (ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ), (ʨʠʩ.1). ʅʘ ʢʣʠʤʘʪ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʙʣʠʟʦʩʪʴ ʦʢʝʘʥʦʚ, ʘ ʢʣʠʤʘʪ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ ʤʭʘ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ (ʥʝ ʤʝʥʝʝ 100 ʢʤ) 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʪʝʭʥʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʤʭʘʭ. 

ʀʟ ʦʪʦʙʨʘʥʥʳʭ ʠ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʭʘ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʢʚʘʨʪʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʧʨʦʙʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʚʘʣʠ 

ʥʘ ʘʥʘʣʠʟ. ʀʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʝʜʝʥʳ ʥʘ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ çiCAP 6300 Duoè ʚ ʥʘʫʯʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʅʀ ʊʇʋ; ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʠʢʦʡ ʠʟʤʝʨʝʥʠʡ 

ʠ ʩʦʩʪʘʚʣʷʝʪ 10-40%. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʦʚʝʜʝʥʦ ʧʦ 3 ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷ. 

ʀʟʤʝʨʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 20 ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ: Ag, Ca, Cd, Co, K, Al, Ti, Ba, Ni, Sr, 

Fe, Si, Mg, Mn, Pb, Cu, Cr, Na, Sb, Zn. 

ʈʠʩ. 1. ʂʘʨʪʘ ʧʨʦʙʦʦʪʙʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʘʥʘʣʠʟ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ. ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ-

ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʬʘʢʪʦʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʥʘʙʣʶʜʝʥʠʡ [4]. ʇʦ ʚʝʣʠʯʠʥʝ 

ʦʪʥʦʰʝʥʠʷ ʬʘʢʪʦʨʥʦʡ ʜʠʩʧʝʨʩʠʠ S
2
F ʢ ʦʩʪʘʪʦʯʥʦʡ S

2
O ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʚʣʠʷʥʠʠ ʬʘʢʪʦʨʥʦʛʦ ʧʨʠʟʥʘʢʘ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦ ʚʣʠʷʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʚʠʜʝ ʤʭʘ).  

ʌʘʢʪʦʨʥʘʷ ʠ ʦʩʪʘʪʦʯʥʘʷ ʜʠʩʧʝʨʩʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

S
2
F = ×(x←i - x←)

2 
/ kF ; S

2
ʆ = ×(x - x←i)

2 
/ kʆ, ʛʜʝ x← - ʦʙʱʘʷ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʚʩʝʭ 

ʠʟʤʝʨʝʥʠʡ; x←i ï ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʢʘʞʜʦʡ ʪʝʨʨʠʪʦʨʠʠ; k = r-1, kF = n-r, kO = n-1 ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ (n=9-ʯʠʩʣʦ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʤʭʘ, r=3-ʯʠʩʣʦ 

ʪʝʨʨʠʪʦʨʠʡ). 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʠʜʘʭ ʤʭʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ F = S
2
F / S

2
O, ʢʦʪʦʨʳʡ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 

Fʢʨ = 4,1, (ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ Ŭ=0,05) [4]. ɽʩʣʠ F > Fʢʨ ʪʦ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʤʭʘʭ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (Ag, Ca, Cd, Co, K, 

Al, Ba, Sr, Fe, Mg, Mn, Pb, Cu, Cr, Na) ʧʨʝʚʳʰʘʝʪ Fʢʨ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʤʭʘʭ. ʅʘʧʨʠʤʝʨ ʥʘʠʤʝʥʴʰʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʛʥʠʷ ʦʙʥʘʨʫʞʝʥʘ ʚ ʦʙʨʘʟʮʘʭ ʤʭʘ ʚʠʜʘ s.russowi, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʊʦʤʩʢʦʡ 

ʦʙʣʘʩʪʠ (850 ʤʛ/ʢʛ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ ʤʭʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (1300 ʤʛ/ʢʛ) ʠ 

ʦʩʦʙʝʥʥʦ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ (4400 ʤʛ/ʢʛ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʛʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʛʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʨʩʢʘʷ ʚʦʜʘ, ʘ ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʂʘʤʯʘʪʩʢʠʡ 

ʢʨʘʡ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʦʢʝʘʥʦʚ. ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʨʛʘʥʮʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʦʙʨʘʟʮʘʭ ʤʭʘ ʚʠʜʘ 

s.girgensohnii, ʦʪʦʙʨʘʥʥʳʭ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ (380 ʤʛ/ʢʛ); ʚ ʦʙʨʘʟʮʘʭ ʵʪʦʛʦ ʚʠʜʘ ʤʭʘ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ ʩʦʩʪʘʚʣʷʶʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 250 ʠ 106 ʤʛ/ʢʛ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚʦ ʤʭʘʭ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʊʦʤʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ: çʋʩʠʥʩʢʦʝè ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ çʇʦʨʦʞʠʥʩʢʦʝè ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ. 

ʅʘ ʢʦʥʮʝʥʪʨʘʮʠʠ Ni, Sb, Si, Ti, Zn ʪʝʨʨʠʪʦʨʠʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ (ʜʣʷ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ F < Fʢʨ). 
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The results of investigations of physical properties in multicomponent alloys Ti (Ni, Co, Mo) and the effect of 

annealing at 450 ̄C at intervals of martensitic transformations (MT). Found that thermocycling through the 

area of MP in microalloyed alloys leads to a slight decrease in the temperture of MP and the beginning of a 

marked increase in area under the curve of temperature electrical resistance reaches saturation after 

10 cycles. Found that annealing at a temperature of 450̄ C leads to a change in the shape of the peaks in the 

temperature dependence of the resistivity curve and causes a noticeable change in the characteristic 

temperatures of martensitic transformations. 

1. ɺʚʝʜʝʥʠʝ 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ TiNi ̫ ʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʵʬʬʝʢʪʘʤʠ ʧʘʤʷʪʠ 

ʬʦʨʤʳ (ʕʇʌ), ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ [1]. ɺʳʙʦʨ ʩʧʣʘʚʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʕʇʌ, ʦʙʫʩʣʦʚʣʝʥ ʥʘʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʄʇ), ʚʝʣʠʯʠʥʘ ʕʇʌ, ʚʝʣʠʯʠʥʘ 

ʥʘʧʨʷʞʝʥʠʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʩʜʚʠʛʘ, ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʮʠʢʣʦʩʪʦʡʢʦʩʪʴ ʠ ʜʨ [1-7]. ɼʣʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ.  

ɺ ʩʚʝʪʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ - ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ 

ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʥʘ ʄʇ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʘʭ  ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ TiNi(Co,Mo). 

2. ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʅʀʀ ʄʝʜʠʮʠʥʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʤʧʣʘʥʪʘʪʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ 

ʙʳʣʠ ʚʳʧʣʘʚʣʝʥʳ ʩʧʣʘʚʳ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ. ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʧʣʘʚʦʚ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʣʝʛʠʨʦʚʘʥʠʷ: Ti49,95Ni49,75-ʍMo0,31CʦX , ʪ.ʝ. ʘʪʦʤʘʤʠ Co ʟʘʤʝʱʘʶʪʩʷ ʘʪʦʤʳ Ni. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʙʘʣʴʪʘ ʚ ʩʧʣʘʚʘʭ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0 ʜʦ 3 ʘʪ. %. 

ʇʣʘʚʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʘʨʛʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʣʠʪʢʠ ʙʳʣʠ 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          102 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʨʘʩʧʠʣʝʥʳ ʥʘ ʧʦʣʦʩʳ ʪʦʣʱʠʥʦʡ ~ 1 ʤʤ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʙʳʣʠ ʦʪʦʞʞʝʥʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 850 ̄ʉ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ. ɺʪʦʨʘʷ ʩʝʨʠʷ ʩʧʣʘʚʦʚ ʙʳʣʘ ʦʪʦʞʞʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450Á ʉ ʚ 

ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʣʝʜʷʥʫʶ ʚʦʜʫ. 

ʂʘʯʝʩʪʚʦ ʧʣʘʚʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

çXRD-6000è Shumadzu. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʣʘʚʳ Ti49,94Ni49,75-xCʦxMo0,31 ʙʳʣʠ ʦʪʦʞʞʝʥʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ ʚ ʪʝʯʝʥʠʝ  ʦʜʥʦʛʦ ʯʘʩʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʣʝʜʷʥʫʶ ʚʦʜʫ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʨʠʚʳʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʥʠʤʘʣʠ ʥʘ ʦʨʠʛʠʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʪʘʥʜʘʨʪʥʳʤ 

ʯʝʪʳʨʝʭʢʦʥʪʘʢʪʥʳʤ ʧʦʜʩʦʝʜʠʥʝʥʠʝʤ 

ʧʨʦʚʦʜʦʚ ʢ ʪʦʥʢʠʤ ʦʙʨʘʟʮʘʤ.  

3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʦʙʩʫʞʜʝʥʠʝ  

ʊʠʧʠʯʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʄʇ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ, 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʄʇ ɺ2ÚRÚ19'. ʇʝʨʚʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʠʩʪʝʨʝʟʠʩʦʤ (1-2 ʂ), ʦʪʨʘʞʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʠʟ ɺ2 ʚ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ R-ʬʘʟʫ. ʊʝʤʧʝʨʘʪʫʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʯʘʣʫ ʧʨʷʤʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ  ɺ2ŸR, 

ʦʙʦʟʥʘʯʝʥʘ ʥʘ ʨʠʩ. 1 ʩʠʤʚʦʣʦʤ T¡R. ɺʪʦʨʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʛʠʩʪʝʨʝʟʠʩʦʤ ʠ ʥʘ ʨʠʩ. 1 ʵʪʦ ʪʦʯʢʘ Mʅ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟ R ʚ ɺ19' ʬʘʟʫ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʨʠʚʳʭ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʄʇ (ʊR, Mʅ, Mʂ, ɸʅ, ɸʂ).  

ʆʮʝʥʢʫ ʵʚʦʣʶʮʠʠ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʩʧʣʘʚʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

(ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʠ ʦʪʞʠʛ) ʤʳ ʧʨʠʤʝʥʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʜ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʠʚʦʡ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʷʤʦʛʦ ʄʇ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʝʡ 

ʧʠʢʦʚ ʧʦʜ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʨʠʚʳʤʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʚʳʨʘʞʝʥʠʷ: 

 

ʛʜʝ S1 ʠ Si - ʧʣʦʱʘʜʠ ʧʠʢʘ ʧʦʩʣʝ 1-ʛʦ ʠ i-ʛʦ ʮʠʢʣʦʚ.  

ʉʦʛʣʘʩʥʦ [1, 2] ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʠʚʦʡ ɻ ʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʨʷʜʘ ʷʚʣʝʥʠʡ: 

ʧʦʷʚʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʦʡ ʬʘʟʳ, ʦʙʣʘʜʘʶʱʝʡ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʘʣʠʯʠʝʤ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʥʘʣʠʯʠʝʤ ʫʧʨʫʛʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʦʡ 

ʬʘʟʳ ʠ ʜʨʫʛʠʭ ʷʚʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ, ʭʦʨʦʰʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʚʜʘʣʠ ʦʪ ʄʇ. 

( ) 121 / SSSS -=d

 
 

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ r(t) ʚ 

ʩʧʣʘʚʝ Ti49,94Ni46,76Cʦ3Mo0,31:  ʘ- ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʦʪ 800ʉ̄ (1 ʯʘʩ); ʙ 

ï ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 450ʉ̄ (1 ʯʘʩ). 
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ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʄʇ (ʨʠʩ. 2) ʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

dS ʦʪ ʨʘʟʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 3) ʜʣʷ ʩʧʣʘʚʦʚ TiNi(Co,Mo) ɺʠʜʥʦ, ʯʪʦ, ʣʝʛʠʨʦʚʘʥʠʝ 

ʉʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʄʇ R ­ɺ19' ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ɺ2­R (TR). ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3 ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʱʘʜʝʡ 

ʧʦʜ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʠʚʦʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ dS ʦʪ ʰʠʨʠʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʷʤʦʛʦ ʄʇ ʚ 

ʩʧʣʘʚʘʭ TiNi(Co,Mo) ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʧʨʦʰʝʜʰʠʭ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʯʝʨʝʟ 

ʦʙʣʘʩʪʴ ʄʇ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ dS=f(MH-ʄʂ) ʧʨʠ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ.  

 

 

 

ʈʠʩ. 2. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʄʇ ʚ ʩʧʣʘʚʘʭ TiNi(Cʦ,ʄʦ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦ ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʧʨʠ 450 ʉ̄ (1 ʯ) (*- TR, ¶ - ʄʅ)  ʠ 

ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʦʪ 800 ʉ̄ (D- TR , O - ʄʅ) 

(ʂʨʠʚʳʝ 1, 2 - TR; ʢʨʠʚʘʷ 3, 4 - ʄʅ) 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ dS ʦʪ ʰʠʨʠʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʧʨʷʤʦʛʦ ʄʇ (ʄʅ-ʄʂ) ʚ ʩʧʣʘʚʘʭ, ʟʘʢʘʣʝʥʥʳʭ ʦʪ 800ʉ̄ (ʘ) ʠ 

ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ 450 ʉ̄ (t=1 ʯʘʩ) (ʙ): 1 - Ti49,94Ni49,25ʉʦ0,5Mo0,31; 2 

- Ti48,94Ni48,25ʉʦ1,5Mo0,31; 3 - Ti48,94Ni46,75ʉʦ3Mo0,31. 
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ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʩʣʘʙʦʫʩʪʦʡʯʠʚʳʭ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ //ʀʟʚ. ɺʫʟʦʚ. ʌʠʟʠʢʘ. ï2003. ï 

ˉ7. ï ʉ.54 ï 62.   
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Dual-energy X-ray absorptiometry is widely used in medicine, but not yet in industry. It is due to 

limitations caused by dependence of the method on precision of chosen mass attenuation coefficients. Dual-

energy X-ray absorptiometry with coupling equation has been recently developed. This method overcomes the 

limitation and only depends on apparatus instability. In current work the device for the method evaluation 

was assessed and high apparatus stability was shown. 

 

ʄʝʪʦʜ ʜʚʫʭʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʘʙʩʦʨʙʮʠʦʤʝʪʨʠʠ (Dual-Energy X-ray Absorptiometry, 

ʩʦʢʨʘʱʝʥʥʦ DEXA) hʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚ. ɺ ʦʪʣʠʯʠʠ ʦʪ 

ʦʜʥʦʬʦʪʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʘʙʩʦʨʙʮʠʦʤʝʪʨʠʠ, ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ 

ʵʥʝʨʛʠʡ (1), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ DEXA 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʚ ʤʝʜʠʮʠʥʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ (ʄʇʂʊ), ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʜʦʟʝ ʦʙʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʧʠʥʥʳʭ ʦʪʜʝʣʦʚ ʩʢʝʣʝʪʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʦʩʪʝʦʧʦʨʦʟʘ 

[2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ (2)[3] ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ,  ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʷʷ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʠ ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʙʫʜʝʪ ʟʘʚʠʩʪʴ ʦʪ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʚʳʙʦʨʘ ʵʥʝʨʛʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

      (1) 

      (2) 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʥʘ ʙʘʟʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʋɼʉ-ɻʎ ʠ ʚʣʠʷʥʠʷ ʵʥʝʨʛʠʠ ʣʠʥʠʡ ʦʪ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʤʠʰʝʥʠ 

(ʨʠʩ. 1.) ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʘʧʧʘʨʘʪʫʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ çʈɽʊʈɸʅè, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. ʇʘʨʘʤʝʪʨʳ ʪʨʫʙʢʠ (1): ʥʘʧʨʷʞʝʥʠʝ ï 40 ʢɺ, ʪʦʢ ï 0,5 ʤɸ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʪʦʨʠʯʥʳʝ 
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ʤʠʰʝʥʠ (2) ʜʚʫʭ ʪʠʧʦʚ: ʦʜʥʦʵʣʝʤʝʥʪʥʳʝ ï Zr ʠʣʠ Ag ʠ ʜʚʫʭʵʣʝʤʝʥʪʥʳʝ ï Zr-Ag ʠʣʠ Zr-Cd. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ (4) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʶʚʝʪʘ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʍʈʀ) ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ (ʨʠʩʫʥʢʠ 1 ʠ 2) 

ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʘ ʥʝ ʧʦʟʚʦʣʷʣʦ ʨʘʟʜʝʣʠʪʴ  ʠ - ʣʠʥʠʠ ʦʪ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʤʠʰʝʥʠ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʝ ʧʣʦʱʘʜʠ ʧʠʢʘ ʦʪ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʤʠʰʝʥʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ  ʠ  

ʟʘ ʦʜʥʫ ʣʠʥʠʶ ʩ ʵʥʝʨʛʠʝʡ ʨʘʚʥʦʡ 15,77 ʢʵɺ ʜʣʷ Zr, 22,16 ʢʵɺ ʜʣʷ Ag ʠ 23,17 ʢʵɺ ʜʣʷ Cd.  

ʅʘ ʨʠʩ. 2 ʘ, ʙ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʦʜʥʦʵʣʝʤʝʥʪʥʳʭ ʤʠʰʝʥʝʡ Zr ʠ Ag ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩ. 3 ʘ, ʙ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʤʠʰʝʥʝʡ ʜʚʫʭʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ Zr - Ag ʠ Zr - Cd. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʢʨʠʚʘʷ 

(ʩʠʥʷʷ) ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʱʘʜʠ ʧʠʢʘ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʦʜʥʦʵʣʝʤʝʥʪʥʦʡ ʤʠʰʝʥʠ Zr. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʨʠʚʳʝ: ʢʨʘʩʥʘʷ ï Zr ʠ ʩʠʥʷʷ - Cd  ʜʚʫʭʵʣʝʤʝʥʪʥʦʡ ʤʠʰʝʥʠ Zr - Cd. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 6 ʯʘʩʦʚ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ 5 ʠ 6, ʚʳʭʦʜ ʥʘ çʫʩʣʦʚʥʦ ʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤè 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ, ʢʘʢ ʜʣʷ ʦʜʥʦʵʣʝʤʝʥʪʥʦʡ, ʪʘʢ ʠ ʜʣʷ ʜʚʫʭʵʣʝʤʝʥʪʥʦʡ ʤʠʰʝʥʠ ʩʦʩʪʘʚʣʷʣ ʥʝ ʤʝʥʝʝ 2 

ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʱʘʜʠ ʧʠʢʘ ʮʠʨʢʦʥʠʷ ʚ ʜʚʦʡʥʦʡ ʤʠʰʝʥʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ, 

ʘ ʜʣʷ Zr ʚ ʦʜʥʦʵʣʝʤʝʥʪʥʦʡ ʤʠʰʝʥʠ ʠ ʜʣʷ Cd ʚ ʜʚʫʭʵʣʝʤʝʥʪʥʦʡ ʤʠʰʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʛʠʡ ʩʧʘʜ. ʕʪʦʪ 

ʩʧʘʜ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ ï ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʪʘʢ ʠ ʩʠʣʘ ʪʦʢʘ. ɿʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ 

ʧʫʯʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʨʫʙʢʠ. ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʠʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʪ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʤʠʰʝʥʠ. ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʞʝʣʪʳʝ ʧʨʷʤʳʝ). 

ʅʘʢʣʦʥ ʧʨʷʤʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ Cd (ʨʠʩ. 5) ʩʦʩʪʘʚʠʣ 16 ʠʤʧ./ʤʠʥ., ʯʪʦ ʤʦʞʥʦ ʫʯʝʩʪʴ, ʚʚʝʜʷ ʧʦʧʨʘʚʢʫ ʥʘ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʠ. ʆʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ 

ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʚ çʫʩʣʦʚʥʦ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝè ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʢʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (3) ʥʝ 

ʧʨʝʚʳʩʠʣʘ 0,4%, ʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʘʧʧʘʨʘʪʫʨʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. 

    (3) 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʈɽʊʈɸʅ: 1 ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ ɹʍ_10; 2 ï ʚʪʦʨʠʯʥʘʷ ʤʠʰʝʥʴ; 

3 ï ʢʦʣʣʠʤʘʪʦʨ; 4 ï ʢʶʚʝʪʘ; 5 ï ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʋɼʉ-ɻʎ 

 

ɺʳʚʦʜ: ʧʦʣʫʯʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʪʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʩ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʥʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʂʨʶʯʢʦʚʫ ʖ. ʖ. ʟʘ ʧʦʣʝʟʥʫʶ ʜʠʩʢʫʩʩʠʶ ʠ ʩʜʝʣʘʥʥʳʝ ʟʘʤʝʯʘʥʠʷ, ʘ 

ʪʘʢ ʞʝ ʆʆʆ çʅɽʁʊʈʆ ʊʆʄè ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʫʩʪʘʥʦʚʢʘ 

ʈɽʊʈɸʅ). 
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The basic mechanisms of non-equilibrium plasma interaction with living tissues are shown. The 

developed  source of non-equilibrium plasma has been investigated. The high efficiency of sterilization of 

microorganisms and tissue regeneration is confirmed. 

 

 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ ʚ ʤʝʜʠʮʠʥʝ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʥʳʤ.  ʕʪʦ 

ʩʚʷʟʘʥʦ,  ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʪʝʤ, ʯʪʦ ʦʯʝʥʴ ʜʦʣʛʦ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʫʩʪʦʡʯʠʚʫʶ ʧʣʘʟʤʫ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʪʘʢʘʷ ʧʣʘʟʤʘ ʩʪʘʣʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʪʝʨʠʣʠʟʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʢʘʬʝʜʨʝ ʇʌ 

ʌʊʌ ʅʀ ʊʇʋ ʨʘʟʨʘʙʦʪʘʥ ʤʘʢʝʪ ʠʩʪʦʯʥʠʢʘ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʨʴʝʨʥʦʛʦ ʨʘʟʨʷʜʘ 

(ʪʝʤʧʝʨʘʪʫʨʘ < 45ÁC) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ [1]. ɺʠʜ ʨʘʟʨʷʜʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1. 

 

ʈʠʩ.1. ɺʥʝʰʥʠʡ ʚʠʜ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʟʨʷʜʘ 

 

ʇʣʘʟʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ ʛʘʟ. ɺ ʩʦʩʪʘʚ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ: ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʦʥʳ, ʵʣʝʢʪʨʦʥʳ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʘʪʦʤʳ, 

ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʠ ʬʦʪʦʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʟʤʘ ʦʙʲʝʜʠʥʷʝʪ ʯʘʩʪʠʮʳ ʠ ʠʟʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʳ ʚ ʜʨʫʛʠʭ 

ʩʦʩʪʦʷʥʠʷʭ ʚʝʱʝʩʪʚʘ. ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʣʘʟʤʝ, ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ 

ʠ ʚʢʣʶʯʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʘʢʮʠʡ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʨʝʘʢʮʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

mailto:nabat-ps@mail.ru
mailto:nabat-ps@mail.ru
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ʛʦʤʦʛʝʥʥʳʝ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ. ɻʦʤʦʛʝʥʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʪʷʞʝʣʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠʣʠ ʤʝʞʜʫ ʪʷʞʝʣʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. ɻʝʪʝʨʦʛʝʥʥʳʝ ʨʝʘʢʮʠʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʣʘʟʤʳ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʧʣʘʟʤʦʡ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʦʢʘʟʘʥʳ 

ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ɺʦʟʙʫʞʜʝʥʠʝ 

ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ 

e + A2 -> A2
*
 +e 

e + A -> A
*
 + e 

ʇʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʥʘʤʠ 

ʉʥʷʪʠʝ 

ʚʦʟʙʫʞʜʝʥʠʷ 
e + A2

*
 -> A2 + e + hɜ

 ɺʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʠʟʣʫʯʘʷ ʬʦʪʦʥʳ 

ʀʦʥʠʟʘʮʠʷ e + A2 -> A2
+
 + e 

ʕʣʝʢʪʨʦʥʳ ʠʦʥʠʟʠʨʫʶʪ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ 

ɼʠʩʩʦʮʠʘʮʠʷ e + A2 -> 2A +e 
ʅʝʫʧʨʫʛʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʤʦʣʝʢʫʣʦʡ 

ʚʳʟʳʚʘʝʪ ʝʝ ʜʠʩʩʦʮʠʘʮʠʶ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʦʚ 

ʆʙʲʝʤʥʘʷ 

ʨʝʢʦʤʙʠʥʘʮʠʷ 
e + A + B -> A + B 

ʇʦʪʝʨʷ ʧʣʘʟʤʦʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʘʨʷʜʦʚ 

ɼʠʩʩʦʮʠʘʮʠʷ 

ʇʝʥʥʠʥʛʘ 
M* + A2 -> 2A + M 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ ʩ 

ʥʝʡʪʨʘʣʴʥʳʤʠ ʧʨʠʚʦʜʠʪ ʢ ʠʦʥʠʟʘʮʠʠ ʠʣʠ 

ʜʠʩʩʦʮʠʘʮʠʠ 

  
ʀʦʥʠʟʘʮʠʷ 

ʇʝʥʥʠʥʛʘ 
M* + A -> A

+
 + M + e 

ʆʙʤʝʥ ʟʘʨʷʜʦʤ A
+
 + B -> B

+
 + A ʇʝʨʝʜʘʯʘ ʟʘʨʷʜʘ ʦʪ ʠʦʥʘ ʥʝʡʪʨʘʣʴʥʦʡ ʯʘʩʪʠʮʝ 

ʈʝʢʦʤʙʠʥʘʮʠʷ 

ʠʦʥʦʚ 
A

-
+ B

+
 -> AB 

ɼʚʘ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʠʦʥʘ ʨʝʢʦʤʙʠʥʠʨʫʶʪ, ʦʙʨʘʟʫʷ 

ʤʦʣʝʢʫʣʫ 

ʕʣʝʢʪʨʦʥ-ʠʦʥʥʘʷ 

ʨʝʢʦʤʙʠʥʘʮʠʷ 
e + A2

+
 + M -> A2 + M 

ɿʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʪʝʨʷʶʪʩʷ ʧʣʘʟʤʦʡ ʟʘ ʩʯʝʪ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʘʨʷʜʦʚ 

ʀʦʥ-ʠʦʥʥʘʷ 

ʨʝʢʦʤʙʠʥʘʮʠʷ 
A
+
 + B

-
 + M -> AB + M ʇʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʭ ʪʝʣ 

 

ɺ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʝ ʠʦʥʳ ʠ ʥʝʡʪʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʫʶ ʵʥʝʨʛʠʶ, ʧʦʵʪʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʝʸ ʤʝʥʝʝ 45Ü ʉ. ʆʧʠʩʳʚʘʝʤʳʡ ʚʠʜ ʧʣʘʟʤʳ ʠʤʝʝʪ ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʦʥʘ 

ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʪʢʘʥʠ, ʥʝ ʚʣʠʷʷ ʥʘ ʩʦʩʝʜʥʠʝ [2,3]. ʇʣʘʟʤʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1 ï 2 ʤʤ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʢʪʠʚʥʳʝ ʟʘʨʷʞʝʥʥʳʝ ʠ ʥʝʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʠ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʵʣʝʤʝʥʪʳ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʚʠʜ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʢʘʥʠ 

ʙʦʣʝʝ ʛʠʙʢʠʤ, ʧʦʟʚʦʣʷʷ ʩʥʠʞʘʪʴ ʩʪʝʧʝʥʴ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʧʣʘʟʤʳ ʥʘ ʢʦʘʛʫʣʷʮʠʶ ʢʨʦʚʠ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʉʪʝʢʣʦ ʩ ʢʘʧʣʝʡ ʢʨʦʚʠ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʥʘ ʟʘʟʝʤʣʝʥʥʦʤ ʵʣʝʢʪʨʦʜʝ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʢʨʦʚʠ ʠ 

ʙʘʨʴʝʨʦʤ ʨʘʚʥʦ 2 ʤʤ. ʇʝʨʚʘʷ ʢʘʧʣʷ ʙʳʣʘ ʦʙʨʘʙʦʪʘʥʘ ʧʣʘʟʤʦʡ ʚ ʪʝʯʝʥʠʝ 15 ʩʝʢʫʥʜ, ʚʪʦʨʘʷ ï ʩʣʫʞʠʣʘ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ. ɺʨʝʤʷ ʢʦʘʛʫʣʷʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʣʘʟʤʦʡ ʩʦʩʪʘʚʠʣʦ 15 ʩʝʢ, ʘ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ 300 ʩʝʢ. 

ʄʝʭʘʥʠʟʤ ʫʩʢʦʨʝʥʠʷ ʢʦʘʛʫʣʷʮʠʠ ʢʨʦʚʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤ. ʉʢʦʨʝʝ ʚʩʝʛʦ, 

ʵʪʠ ʧʨʦʮʝʩʩʳ ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ ʚ ʧʣʘʟʤʝ ʘʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ O3, NO, HO, H2O2, 

ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʜʨʫʛʠʭ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʙʳʣʠ 

ʚʟʷʪʳ ʩʣʝʜʫʶʱʠʝ ʢʫʣʴʪʫʨʳ: (Staphylococcus aureus 6538-ʈ, Pseudomonas aeruginosa h ʪʘʤʤ ʦʪ ʙʦʣʴʥʦʛʦ, 

Escherichia coli 501, Proteus vulgaris 4175, Klebsiella pneumoniae 2482)- ʚʦʟʙʫʜʠʪʝʣʝʡ ʛʥʦʡʥʦ-

ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʀʥʘʢʪʠʚʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 24Ü ʉ. ɺʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʦ 5, 10 ʠ 15 ʩʝʢ. ʈʠʩ. 2 ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʘʢʪʠʚʘʮʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʘ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʤʝʪʦʜʘʤʠ ʩʪʝʨʠʣʠʟʘʮʠʠ. 

  

ʈʠʩ.2. ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʘʛʘʨʘ, ʟʘʩʝʷʥʥʦʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ: ʦʙʨʘʙʦʪʢʘ ʠʩʪʦʯʥʠʢʦʤ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʧʣʘʟʤʳ (ʘ); ʩʧʫʩʪʷ ʩʫʪʢʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʦʡ ʜʣʷ ʪʨʝʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ (ʙ). 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ ʥʘ ʠʥʬʠʮʠʨʦʚʘʥʥʫʶ ʨʘʥʫ ʤʷʛʢʠʭ ʪʢʘʥʝʡ 

ʢʠʩʪʠ. ʈʘʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ   ʥʝ ʟʘʞʠʚʘʣʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʠʣʴʥʦʝ ʛʥʦʡʥʦʝ ʦʪʜʝʣʷʝʤʦʝ.  ʇʦʩʣʝ ʧʝʨʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʣʘʟʤʦʡ  ʜʥʦ ʨʘʥʳ ʧʨʠʦʙʨʝʣʦ ʩʫʭʦʡ ʛʣʷʥʮʝʚʳʡ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ.3ʘ. ʅʘ ʨʠʩ.3ʙ ʧʦʢʘʟʘʥ 

ʚʠʜ ʨʘʥʳ ʩʧʫʩʪʷ ʪʨʠ ʥʝʜʝʣʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʦʡ. 

 

ʈʠʩ.3. ʈʘʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʘʟʤʦʡ (ʘ), ʩʧʫʩʪʷ ʪʨʠ ʥʝʜʝʣʠ (ʙ). 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʣʘʟʤʝʥʥʳʡ ʢʦʘʛʫʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʘʛʫʣʷʮʠʶ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʪʢʘʥʝʡ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʨʠʣʠʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ ʚ ʤʝʜʠʮʠʥʝ, ʥʝʦʙʭʦʜʠʤʳ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʝ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ.  
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Definition of chemical composition of a product and distribution of elements on surface and in bulk has 

great importance for many applications. The surface composition determines many important parameters: 

appearance, corrosion resistance, adhesion, conductivity, etc., while the bulk is important for strength and 

lifetime of the product. GD-OES is used to solve many real industrial problems. It provides rapid, direct bulk 

and simultaneous analysis of all elements of interest including carbon, nitrogen, oxygen, hydrogen and 

chlorine. RF-GD-OES defines both the surface and bulk composition quickly and with high sensitivity to all 

elements, for almost all solid materials, including metals, metal alloy coatings, semiconductors, polymer 

coatings, glass, etc. GD-OES is ideal for semiconductor and other high-tech industries. 

 

 

ʕʣʝʤʝʥʪʥʳʡ ʠ ʧʦʩʣʦʡʥʳʡ ʘʥʘʣʠʟ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʫʯʝʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʦʩʣʝʜʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʦʧʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ (GD-OES) 

ʦʪʚʝʨʛʘʶʪ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʫʙʝʞʜʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ.  ʆʥʘ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʪʝʭʥʠʢʦʡ ʜʣʷ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʧʦʩʣʦʡʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ. {ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʛʘʟʦʨʘʟʨʷʜʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ (RF-GD-OES) ̫ʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ 

(ʚ ʪʦʤ ʯʠʩʣʝ O, H, N, C), ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʤʝʪʘʣʣʳ, ʧʦʢʨʳʪʠʷ 

ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʧʦʣʠʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ, ʩʪʝʢʣʦ, ʢʝʨʘʤʠʢʫ, ʠ ʪ.ʜ. ʉʢʦʨʦʩʪʴ ʠ 

ʧʨʦʩʪʦʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʝʣʘʶʪ ʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʠʟʢʘʷ 

ʵʥʝʨʛʠʷ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ (50 ʵɺ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʧʦ ʛʣʫʙʠʥʝ ʚ ʪʦʥʢʠʭ ʠ ʪʦʣʩʪʳʭ ʧʣʝʥʢʘʭ.  

ʉʧʝʢʪʨʦʤʝʪʨʠʶ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʢʘʢ ʤʝʪʦʜ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʠ ʢʘʢ 

ʤʝʪʦʜ ʩʪʨʦʛʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ï 

ʰʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʝʜʠʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ, 
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ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʫʤ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʕʪʦʪ ʬʘʢʪ ʜʘʝʪ ʤʝʪʦʜʫ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʘʥʘʣʠʟʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ [2].  

ʅʘ ʨʠʩ. 1 ʧʦʜʨʦʙʥʦ ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʘʪʦʤʦʚ ʚ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʝ. ʂʘʪʦʜʥʦʝ ʨʘʩʧʳʣʝʥʠʝ 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʨʷʜʝ ʦʙʣʘʩʪʝʡ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ.   

 

 
ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʘʨʛʦʥʘ ʚ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʝ [3] 

 

ʂʘʪʦʜʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʨʘʙʦʯʝʛʦ ʛʘʟʘ (ʘʨʛʦʥʘ) ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʢʘʢ 

ʛʣʫʙʠʥʘ ʚʳʭʦʜʘ ʨʘʩʧʳʣʝʥʥʳʭ ʘʪʦʤʦʚ ʜʣʷ ʵʥʝʨʛʠʡ ʠʦʥʦʚ 100-300 ʵɺ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʣʦʛʦ ʢʘʪʦʜʘ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1 ʥʤ [1].  

ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ: ʘʙʩʦʣʶʪʥʳʡ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʦʜʘ ʠ ʩʢʦʨʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʦʙʲʝʤʘ ʣʘʤʧʳ 

ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʵʣʝʤʝʥʪʦʤ. ʆʧʪʠʤʠʟʘʮʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʦʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ [1].  

ʆʪʩʫʪʩʪʚʠʝ ʛʣʫʙʦʢʦʛʦ ʚʘʢʫʫʤʘ ʚ ʩʠʩʪʝʤʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʢʘʪʦʜʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʘʥʘʣʠʟʦʚ ʚʩʝʛʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ [4]. ʊʠʧʠʯʥʳʡ ʫʨʦʚʝʥʴ 

ʨʘʩʧʳʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 10 ï 150 ʥʤ ʚ ʩʝʢʫʥʜʫ, ʪ.ʝ. 30-500 ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʚ ʩʝʢʫʥʜʫ, ʥʦ ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʠ 

ʩʯʝʪʘ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʭ HORIBA Jobin Yvon ʚʳʩʦʢʦʜʠʥʘʤʠʯʥʳʭ ʜʝʪʝʢʪʦʨʦʚ (HDD) ʦʯʝʥʴ ʚʳʩʦʢʠʝ, 

ʧʨʠʙʦʨ ʩʧʦʩʦʙʝʥ ʧʨʦʠʟʚʦʜʠʪʴ 1-10 ʠʟʤʝʨʝʥʠʡ ʥʘ ʵʣʝʤʝʥʪ ʥʘ ʘʪʦʤʥʳʡ ʩʣʦʡ.  

GD-Profiler 2 ʠʤʝʝʪ ʧʦʣʠʭʨʦʤʘʪʦʨ f = 0,5ʤ ʠ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʦ 47 ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 110 ʥʤ ʜʦ 620 ʥʤ, ʚ ʪʦʤ ʯʠʩʣʝ H, O, C, N, ʠ Cl. ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʤʦʥʦʭʨʦʤʘʪʦʨʘ (ʪʦʣʴʢʦ ʚ ʧʨʠʙʦʨʘʭ HORIBA Jobin Yvon) ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʠʪʴ ʢ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʧʨʦʛʨʘʤʤʝ ʣʶʙʦʡ ʵʣʝʤʝʥʪ (n+1). ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ 2 ʤʠʥʫʪʳ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʞʝʩʪʢʦʤ ʋʌ ʜʠʘʧʘʟʦʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʜʫʚʢʘ ʘʟʦʪʦʤ [4].  

ʇʨʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʳ ʧʨʦʙ ʩʨʘʚʥʠʚʘʶʪ ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʟʚʝʩʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʣʘʩʘʭ ʠ ʪʘʙʣʠʮʘʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʦʧʨʝʜʝʣʷʶʪ 
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ʢʦʣʠʯʝʩʪʚʦ (ʢʦʥʮʝʥʪʨʘʮʠʶ) ʠʩʢʦʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʚʝʱʝʩʪʚʝ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ 

ʩʠʛʥʘʣʘ ʠʩʢʦʤʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʙʝ.  

 
ʈʠʩʫʥʦʢ 2. GD-PROFILER2 

 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʠʩʪʦʯʥʠʢ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ. ʀʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʫʶ ʤʛʥʦʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʚ ʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ. ʕʪʦʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʭʨʫʧʢʠʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʥʘʛʨʝʚʘʥʠʶ 

ʤʘʪʝʨʠʘʣʦʚ. ʀʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʩʧʳʣʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʧʨʠʝʤʣʝʤʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ [5]. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʚʠʩʷʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ (ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʝʢʪʨʦʚ) ï ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, 

ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʘʪʦʤʦʚ ʚ ʟʦʥʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʝʢʪʨʦʚ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʝʞʠʤʘ ʠʩʪʦʯʥʠʢʘ ʠ ʪ.ʜ [4].  

ʊʘʢʞʝ ʚ ʟʘʢʣʶʯʝʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʣʝʶʱʠʡ ʨʘʟʨʷʜ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʥʘʩʪʦʷʱʝʤ ʠ ʙʫʜʫʱʝʤ [1, 6]. ʅʦʚʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʘʧʧʘʨʘʪʫʨʥʦʤ ʠ ʧʨʦʛʨʘʤʤʥʦʤ ʦʬʦʨʤʣʝʥʠʠ ʤʝʪʦʜʘ GD-OES, ʦʪʢʨʳʚʘʶʪ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʙʦʨʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 
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The nanocrystalline coatings on the basis of silver-doped hydroxyapatite were prepared by RF magnetron 

sputtering. The morphology, structure, elemental and phase composition of the films were studied. It was shown 

that thin films with the thickness of up to 400 nm due to chemical composition are similar to the composition of the 

target for sputtering. The additional electrical bias on the substrate leads to compaction of the coating and 

grinding of its structure, which is confirmed by SEM, EDAX and spectroscopic ellipsometry. An increase in the 

potential drop in the anode dark sheath leads to an increase in the Ca/P ratio. 

 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ (ɻɸ, Ca10(PO4)6(OH)2) ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʤʘʪʝʨʠʘʣʘ ʠ ʙʠʦʢʝʨʘʤʠʢʠ ʚ 

ʜʝʥʪʘʣʴʥʦʡ ʠ ʢʦʩʪʥʦʡ ʭʠʨʫʨʛʠʠ ʦʩʥʦʚʘʥʦ ʥʘ ʝʛʦ ʭʠʤʠʯʝʩʢʦʤ ʩʭʦʜʩʪʚʝ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʩʪʝʡ ʠ ʟʫʙʦʚ [1]. ʇʦʢʨʳʪʠʝ ʠʟ ɻɸ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʘʭ ʫʣʫʯʰʘʝʪ ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ 

ʦʩʪʝʦʠʥʜʫʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʦʪʪʦʨʞʝʥʠʷ ʠʤʧʣʘʥʪʘʪʦʚ ʢʦʩʪʥʦʡ ʪʢʘʥʴʶ ʥʝ ʪʝʨʷʝʪ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ [2]. 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʠʥʬʝʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʤʧʣʘʥʪʘʮʠʠ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʧʨʠʯʠʥʘ 

ʥʝʫʩʧʝʭʘ ʦʧʝʨʘʮʠʠ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʢʨʳʪʠʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [3]. ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʝʪ ʩʝʨʝʙʨʦ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʢʦʣʦʥʠʟʘʮʠʠ ʙʘʢʪʝʨʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʘ [4]. 

ʄʝʪʦʜ ɺʏ-ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʦʚ [5]. ʆʥ ʧʦʟʚʦʣʷʝʪ, ʫʧʨʘʚʣʷʷ ʨʝʞʠʤʦʤ ʥʘʧʳʣʝʥʠʷ, ʩʦʟʜʘʚʘʪʴ ʧʦʢʨʳʪʠʷ ʩ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʨʦʰʦʢ-ʧʨʝʢʫʨʩʦʨ ʥʘ ʦʩʥʦʚʝ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʛʦ ɻɸ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʫʩʪʘʥʦʚʣʝʥ ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: 

ʉʘ9,7Ag0,3(ʈʆ4)6(ʆʅ)1,7 (Ca/P=1,616). 

ʄʠʰʝʥʴ ʜʣʷ ɺʏ-ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʧʨʠʛʦʪʦʚʣʝʥʘ ʧʦ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʝʩʩʦʚʘʥʠʝ 
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ʧʦʨʦʰʢʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 70 ʄʇʘ, ʟʘʪʝʤ ʦʪʞʠʛ ʧʦʣʫʯʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 
ʦ
ʉ ʥʘ ʚʦʟʜʫʭʝ ʚ 

ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. 

ɼʣʷ ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʡ ʚ ʧʣʘʟʤʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (5,28 ʄɻʮ) ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ç08ʇʍʆ-100T-005è ʩ ʤʘʛʥʝʪʨʦʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ. ʅʘʧʳʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ, ʧʨʠ ʤʦʱʥʦʩʪʠ 290 ɺʪ, 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʤʠʰʝʥʴʶ ʠ ʧʦʜʣʦʞʢʦʡ 40 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʩʪʠʥʳ ʢʨʝʤʥʠʷ, ʢʨʠʩʪʘʣʣʳ KBr ʠ ʪʠʪʘʥʘ ɺʊ 1-0. ʇʦʢʨʳʪʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ EDX-ʘʥʘʣʠʟʦʤ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʣʣʠʧʩʦʤʝʪʨʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 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. ʅʘ ʨʠʩ.1. ʧʨʠʚʝʜʝʥʳ ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʥʘʧʳʣʝʥʠʷ. ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʚ ʧʣʝʥʢʘʭ. ʄʝʪʦʜʦʤ ʩʝʢʫʱʠʭ ʧʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʟʝʨʥʘ ʧʦʢʨʳʪʠʷ, ʦʩʘʞʜʝʥʥʦʛʦ ʧʨʠ ɿ.ʇ., ʩʦʩʪʘʚʣʷʝʪ 54Ñ17 ʥʤ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ -100 ɺ ʨʘʚʝʥ 30Ñ12 ʥʤ. 

 

   

                             ʘ)                                             ʙ)                                            ʚ)  

ʈʠʩ. 1. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ Ag-ɻɸ ʧʦʢʨʳʪʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʚ ʪʨʝʭ ʨʝʞʠʤʘʭ 

ʥʘʧʳʣʝʥʠʷ: ʘ) -100 ɺ, ʙ) -50 ɺ, ʚ) ɿ.ʇ. 

 

ʈʝʟʫʣʴʪʘʪʳ EDX-ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ ʘʥʘʣʦʛʠʯʝʥ ʩʦʩʪʘʚʫ ʤʘʪʝʨʠʘʣʘ 

ʤʠʰʝʥʠ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʦʪʥʦʰʝʥʠʝ Ca/P ʚ ʧʦʢʨʳʪʠʷʭ ʠʟʤʝʥʷʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1,58 ʜʦ 

2,16, ʚʦʟʨʘʩʪʘʷ ʚ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ. 

ʀʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʕʃʃʀʇʉ-1891 ʉɸɻ). ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʩʣʦʡʥʫʶ 

ʤʦʜʝʣʴ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 

380 ï 1000 ʥʤ. ɼʠʩʧʝʨʩʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʟʘʜʘʚʘʣʘʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ ʂʦʰʠ: 

ὲ‗ ὃ ὄ
‗ 

ὅ
‗, ʛʜʝ l - ʜʣʠʥʘ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ (ʤ). 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ 

ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʴ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʧʳʣʝʥʠʷ, ʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʆʙʥʘʨʫʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʦʩʪʘ ʧʣʝʥʦʢ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʢʚʘʟʠʘʤʦʨʬʥʦʡ ʠʣʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʦʢʨʳʪʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ. 
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ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʪʦʣʱʠʥʳ Ag-ɻA ʧʦʢʨʳʪʠʡ ʦʪ ʩʤʝʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ɺʏ-ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʘʞʜʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʧʦʢʨʳʪʠʷ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʝʞʠʤʘ ʥʘʧʳʣʝʥʠʷ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʢʘʪʦʜʘ, ʪ.ʢ. ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʝʥʦʢ ʧʦʣʥʦʩʪʴʶ 

ʧʦʚʪʦʨʷʝʪ ʩʦʩʪʘʚ ʨʘʩʧʳʣʷʝʤʦʡ ʤʠʰʝʥʠ. ɼʘʣʴʥʝʡʰʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʝʙʨʘ ʚ ʧʦʢʨʳʪʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʵʬʬʝʢʪ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. 

 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬ. ʄ. ʕʧʧʣʝ (ʫʥʠʚʝʨʩʠʪʝʪ ɼʫʡʩʙʫʨʛ-ʕʩʩʝʥ, ɻʝʨʤʘʥʠʷ) ʟʘ 

ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ 

ʧʦʜʜʝʨʞʢʫ ʊʇʋ (ˉ 11-03/2012), ʘ ʪʘʢʞʝ ʄʂ-1149.2012.8, ɻʂ ʇ861 ʠ ɻʂ 16.740.11.0205. 
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In this paper we present the data on shot to shot variation in ion current density of a self-magnetically 

insulated ion diode. The variation in the ion current density was about 35-40%, whilst the diode voltage and 

current were comparatively stable with the fluctuations limited to no more than 10%. It was shown that 

focusing of the ion beam reduces the variation in ion current density to 18-20%.  

 

ʄʦʱʥʳʝ ʠʦʥʥʳʝ ʧʫʯʢʠ (ʄʀʇ) ʩ ʵʥʝʨʛʠʝʡ ʠʦʥʦʚ 50 ʢʵɺ - 10ʄʵɺ, ʪʦʢʦʤ ʠʦʥʦʚ 1 ʢɸ ï 10 ʄɸ, 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 10 ʥʩ ï 1000 ʥʩ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [1]. ʈʘʜʠʘʮʠʦʥʥʦ-ʧʫʯʢʦʚʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʄʀʇ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʳ ʠ ʩʪʨʫʢʪʫʨʳ, ʥʝʜʦʩʪʫʧʥʳʝ ʥʠ ʦʜʥʦʤʫ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ: ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ; ʧʦʚʳʰʘʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ. ɼʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʄʀʇ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ (ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ) ʦʪ ʠʤʧʫʣʴʩʘ ʢ ʠʤʧʫʣʴʩʫ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʊɽʄʇ-4ʄ [2, 3] ʚ ʨʝʞʠʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭ 

ʠʤʧʫʣʴʩʦʚ ï ʧʝʨʚʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ (300-500 ʥʩ, 100-150 ʢɺ) ʠ ʚʪʦʨʦʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ (150 ʥʩ, 250-300 

ʢɺ). ʉʦʩʪʘʚ ʧʫʯʢʘ: ʠʦʥʳ ʫʛʣʝʨʦʜʘ (80-85%) ʠ ʧʨʦʪʦʥʳ, ʧʣʦʪʥʦʩʪʴ ʠʦʥʥʦʛʦ ʪʦʢʘ 20-100 ɸ/ʩʤ
2
 (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʜʠʦʜʘ), ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ 5ï10 ʠʤʧ./ʤʠʥ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʠʦʥʥʦʛʦ ʧʫʯʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʦʜ ʩ ʤʘʛʥʠʪʥʦʡ ʩʘʤʦʠʟʦʣʷʮʠʝʡ ʠ ʚʟʨʳʚʦʵʤʠʩʩʠʦʥʥʳʤ ʛʨʘʬʠʪʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ [4]. ʅʘ 

ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʘ ʜʠʦʜʥʦʛʦ ʫʟʣʘ ʫʩʢʦʨʠʪʝʣʷ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ɺɸʍ. 

ɸʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʚʳʧʦʣʥʝʥ ʧʦ ʩʝʨʠʷʤ 

ʠʟʤʝʨʝʥʠʡ ʧʦ 50 ʠʤʧʫʣʴʩʦʚ ʚ ʢʘʞʜʦʡ ʩʝʨʠʠ. ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʩʝʢʫʥʜ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʩʝʨʠʷʤʠ 5-10 ʤʠʥʫʪ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʙʦʪʝ 

ʫʩʢʦʨʠʪʝʣʷ ʊɽʄʇ-4ʄ ʩ ʧʣʦʩʢʠʤ ʧʦʣʦʩʢʦʚʳʤ ʜʠʦʜʦʤ. 

ɻʝʥʝʨʘʪʦʨ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʫʩʢʦʨʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʣ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʦ ʛʝʥʝʨʘʮʠʷ ʄʀʇ ʠʜʝʪ ʦʯʝʥʴ ʥʝʩʪʘʙʠʣʴʥʦ, ʉʂʆ ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʨʘʟʙʨʦʩ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʪʦʨʘ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ 

ʠʤʧʫʣʴʩʘ ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʝʨʠʠ 2Ĭ50 ʠʤʧʫʣʴʩʦʚ ʚ 1.5-2 ʨʘʟʘ.  
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ʊʘʙʣʠʮʘ 1. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ ʊɽʄʇ-4ʄ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʄʀʇ ʚ ʧʣʦʩʢʦʤ ʜʠʦʜʝ ʠ ʢʦʨʨʝʣʷʮʠʷ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʛʝʥʝʨʘʪʦʨʘ 
 

ʇʘʨʘʤʝʪʨʳ: ʉʝʨʠʷ 1 

 (ʠʤʧ. 1-55) 

ʉʝʨʠʷ 2  

(ʠʤʧ. 55-110) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʇʠʨʩʦʥʘ 

ʅʘʧʨʷʞʝʥʠʝ 223 ʢɺ Ñ 6% 232 ʢɺ Ñ 6% 0.3 0.55 

ʊʦʢ  61 ʢɸ Ñ 11% 60 ʢɸ Ñ 9% 0.19 0.44 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ 458 ʥʩ Ñ 10% 454 ʥʩ Ñ 10% 0.34 0.59 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʄʀʇ 1 14 ɸ/ʩʤ
2 
Ñ 46% 9 ɸ/ʩʤ

2 
Ñ 29% 

 
 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʄʀʇ 2 22 ɸ/ʩʤ
2 
Ñ 37% 16 ɸ/ʩʤ

2 
Ñ 39% 

 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʄʀʇ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ. ɺʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʣʦʪʥʦʩʪʠ 

ʠʦʥʥʦʛʦ ʪʦʢʘ ʩ ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʠʤʧʫʣʴʩʘ ʚ ʩʝʨʠʠ ï ʥʘʛʨʝʚ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʇʦʩʣʝ ʩʝʨʠʠ 2Ĭ50 

ʠʤʧʫʣʴʩʦʚ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 130-140Üʉ. ɺ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʣʦʩʢʠʤ 

ʧʦʣʦʩʢʦʚʳʤ ʜʠʦʜʦʤ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ ʝʛʦ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʢʫʫʤʥʳʤ ʤʘʩʣʦʤ ʫʜʘʣʦʩʴ ʫʤʝʥʴʰʠʪʴ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʄʀʇ ʜʦ 27-30%, ʦʜʥʘʢʦ, ʵʪʦ ʚʩʝ ʝʱʝ ʥʝʜʦʧʫʩʪʠʤʦ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ ʫʩʢʦʨʠʪʝʣʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʄʀʇ, ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʠ ʘʤʧʣʠʪʫʜʳ ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʩ ʘʤʧʣʠʪʫʜʦʡ ʠʤʧʫʣʴʩʘ ʫʩʢʦʨʷʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʥʦʛʦ ʪʦʢʘ ʚ ʜʠʦʜʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ ʩʠʥʭʨʦʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʚʳʙʦʨʢʝ 2Ĭ55 ʪʘʢʞʝ ʠʤʧʫʣʴʩʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʢ ʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʷ ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʠʦʥʥʦʛʦ ʜʠʦʜʘ. ʇʣʦʪʥʦʩʪʴ ʠʦʥʥʦʛʦ ʪʦʢʘ ʠʟʤʝʨʷʣʠ ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ 

ʌʘʨʘʜʝʷ ʩ ʤʘʛʥʠʪʥʦʡ ʦʪʩʝʯʢʦʡ ʵʣʝʢʪʨʦʥʦʚ (ʂʎʌ) ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʧʣʦʩʢʦʩʪʠ ʜʠʦʜʘ, ʥʦ ʥʘ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘ ʈʠʩ.  (ʘ, ʙ) ʧʦʢʘʟʘʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʘʤʧʣʠʪʫʜ ʠʤʧʫʣʴʩʦʚ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʄʀʇ, ʠʟʤʝʨʝʥʥʳʭ ʩʠʥʭʨʦʥʥʦ ʜʚʫʤʷ ʂʎʌ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 2 (ʘ, ʙ ) ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʩʣʘʙʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʪʥʦʩʪʷʤʠ 

ʪʦʢʘ ʚ ʪʦʯʢʘʭ, ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚʜʦʣʴ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 5 ʩʤ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.12). ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ 

ʠʦʥʥʦʛʦ ʪʦʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʜʠʦʜʘ ʠʜʝʪ ʥʝʩʠʥʭʨʦʥʥʦ ʧʦ ʩʝʯʝʥʠʶ ʧʫʯʢʘ.  

ʈʠʩ. 1. ʉʭʝʤʘ ʜʠʦʜʥʦʛʦ ʫʟʣʘ: ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜ (1), ʟʘʟʝʤʣʝʥʥʳʡ ʵʣʝʢʪʨʦʜ (2), ʢʦʣʠʤʠʨʦʚʘʥʥʳʡ ʮʠʣʠʥʜʨ 

ʌʘʨʘʜʝʷ (3), ʧʦʷʩ ʈʦʛʦʚʩʢʦʛʦ (4) ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (1), ʧʦʣʥʦʛʦ ʪʦʢʘ ʚ ʜʠʦʜʝ (2) ʠ 

ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʩ ʜʚʫʭʩʝʢʮʠʦʥʥʦʛʦ ʂʎʌ (3). 
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ʈʠʩ. 2. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʘʤʠ ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʩ ʜʚʫʭ ʂʎʌ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ 

ʤʝʞʜʫ ʥʠʤʠ 5 ʩʤ (ʘ) ʠ 1 ʩʤ (ʙ). 
 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʄʀʇ ʚ ʩʝʨʠʠ ʠʤʧʫʣʴʩʦʚ ʤʦʞʥʦ ʝʛʦ ʩʬʦʢʫʩʠʨʦʚʘʪʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʣʫʯʘʡʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʜʠʦʜʘ ʙʫʜʫʪ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʜʨʫʛ ʜʨʫʛʘ. ʄʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʄʀʇ ʚ ʬʦʢʫʩʠʨʫʶʱʝʤ ʧʦʣʦʩʢʦʚʦʤ ʜʠʦʜʝ 

ʩ ʤʘʛʥʠʪʥʦʡ ʩʘʤʦʠʟʦʣʷʮʠʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. 

ʊʘʙʣʠʮʘ 2. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ ʊɽʄʇ-4ʄ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʄʀʇ ʚ ʬʦʢʫʩʠʨʫʶʱʝʤ ʜʠʦʜʝ ʠ ʢʦʨʨʝʣʷʮʠʷ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʛʝʥʝʨʘʪʦʨʘ 
 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʠ ʉʂʆ ʂʦʵʬ. ʜʝʪʝʨʤʠʥʘʮʠʠ ʂʦʵʬ. ʇʠʨʩʦʥʘ 

ʅʘʧʨʷʞʝʥʠʝ 264 ʢɺ Ñ 3% 0.10 ï 0.22 0.33 ï 0.47 

ʇʦʣʥʳʡ ʪʦʢ ʚ ʜʠʦʜʝ 53 ʢɸ Ñ 4% 0.13 - 0.18 0.37 - 0.43 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ 450 ʥʩ Ñ 7% 0.08 - 0.12 0.30 - 0.36 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʄʀʇ, ʂʎʌ1 41 ɸ/ʩʤ
2
 Ñ 19 % - - 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʄʀʇ, ʂʎʌ2 40 ɸ/ʩʤ
2
 Ñ 18 % - - 

 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʢʫʩʠʨʦʚʢʘ ʄʀʇ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʚ ʩʝʨʠʠ ʠʤʧʫʣʴʩʦʚ. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ 

ʧʣʦʪʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ ʩʥʠʟʠʣʦʩʴ ʩ 30-40% (ʩʤ. ʪʘʙʣʠʮʫ 1) ʜʦ 18 -20%. 
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The purpose of the current work is to research defects influence on the luminescence of ZnSe crystals grown in 

various technological conditions and having different impurity. The practical importance of the work is defined by 

the possibility of Zink Selenide crystals is used to form scintillator, x-ray and gamma ray detectors. Luminescence 

spectral-kinetic characteristics of doped zinc selenide monocrystals are studied in the work. They were produced 

by flux growth. The samples differed in a deviation from stoichiometry and impurity content. The results of the 

research showed that the best crystal to create a detector is ZnSe(Ga), ZnSe(Si) ʠ ZnSe(Te). 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʥʘʩʫʱʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʣʦʙʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʠʨʘ ï ʵʪʦ ʫʛʨʦʟʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʝʨʨʦʨʠʟʤʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʩʪʫʧʣʝʥʠʡ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʙʦʨʝʪʩʷ ʧʨʦʪʠʚ 

ʪʨʘʬʠʢʘ ʥʘʨʢʦʪʠʢʦʚ, ʥʝʟʘʢʦʥʥʦʡ ʧʝʨʝʚʦʟʢʠ ʚʟʨʳʚʯʘʪʢʠ ʠ ʦʨʫʞʠʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺʩʝ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʵʪʦʡ ʩʬʝʨʝ ʠʛʨʘʶʪ ʪʝʭʥʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʚʳʷʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʟʥʠ 

ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʚʝʱʝʩʪʚ ʠ ʠʟʜʝʣʠʡ ï ʢʘʢ ʥʘ ʚʘʞʥʝʡʰʠʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʪʘʢ ʠ ʚ ʤʝʩʪʘʭ 

ʤʘʩʩʦʚʦʛʦ ʩʢʦʧʣʝʥʠʷ ʣʶʜʝʡ, ʥʘ ʚʦʟʜʫʰʥʦʤ ʠ ʥʘʟʝʤʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

ʆ ʧʦʚʳʰʝʥʥʦʤ ʚʥʠʤʘʥʠʠ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʛʦʚʦʨʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʨʫʧʥʝʡʰʠʝ 

ʘʵʨʦʧʦʨʪʳ ʤʠʨʘ ʦʩʥʘʱʝʥʳ ʥʦʚʝʡʰʠʤʠ ʩʝʨʠʡʥʳʤʠ ʠʥʪʨʦʩʢʦʧʘʤʠ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ ʠ ʙʘʛʘʞʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʨʠʙʦʨʳ ʢʦʥʪʨʦʣʷ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ZnSe(Te). ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʝʜʨʝʥʠʷ 

ʨʘʟʥʦʛʦ ʪʠʧʘ ʧʨʠʤʝʩʝʡ (Ga, Sm, Si, Ca) ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʙʦʨʦʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ. ʇʦʵʪʦʤʫ, ʥʝʩʦʤʥʝʥʥʦ, ʘʢʪʫʘʣʴʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʂ ʪʦʤʫ ʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

ZnSe.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʧʫʣʴʩʥʦʡ 
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ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʀʈʃ) ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʢʨʠʩʪʘʣʣʦʚ ZnSe, ʢʦʪʦʨʳʝ ʚ 

ʩʦʩʪʘʚʝ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʠ ʷʜʝʨʥʦʤ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ. 

2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʝʛʠʨʦʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʢʨʠʩʪʘʣʣʳ 

ZnSe. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʤʝʪʦʜʫ ɹʨʠʜʞʤʝʥʘ [1]. ɿʜʝʩʴ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʧʨʘʚʣʝʥʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʩʧʣʘʚʘ ʚ ʢʦʥʪʝʡʥʝʨʝ, ʠʤʝʶʱʝʤ ʢʦʥʠʯʝʩʢʫʶ 

ʚʝʨʭʫʰʢʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʟʘʨʦʜʳʰʘ. ʂʦʥʪʝʡʥʝʨ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʯʠ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ. ʈʘʩʧʣʘʚ ʟʘʪʚʝʨʜʝʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦ ʦʪ ʦʜʥʦʛʦ ʢʦʥʮʘ 

ʢʦʥʪʝʡʥʝʨʘ ʢ ʜʨʫʛʦʤʫ. ʋʨʦʚʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣ ~10
20
 ʩʤ

-3
.    

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʝʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ZnSe ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʠʤʧʫʣʴʩʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [2]. ʀʩʪʦʯʥʠʢʦʤ 

ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩʣʫʞʠʣ ʠʤʧʫʣʴʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʨʝʜʥʷʷ 

ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ 0,3 ʄʵɺ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ~ 10 ʥʩ. ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ 

ʧʫʪʝʤ ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʚ ʤʝʜʥʦʤ ʘʥʦʜʝ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ. ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦʩʪʠʛʘʣʘ ~10
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2
. ʉʚʝʯʝʥʠʝ ʦʙʨʘʟʮʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʌʕʋ-84 ʠ 

ʦʩʮʠʣʣʦʛʨʘʬʦʤ Tektronix TDS 2022. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟʤʝʨʷʣʠʩʴ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-256. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʂʨʘʡ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʝʩʸʪ ʚ ʩʝʙʝ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʨʘʡ ʧʦʛʣʦʱʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʧʣʘʚʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʜʚʠʥʫʪ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. 

 

ʀʟʫʯʝʥʠʝ ʀʈʃ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 300 ʂ ʚʳʷʚʠʣʦ ʩʣʝʜʫʶʱʠʝ  ʠʥʪʝʨʝʩʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʉʧʝʢʪʨʳ ʀʈʃ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʠʨʦʢʫʶ çʦʨʘʥʞʝʚʫʶè ʧʦʣʦʩʫ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ 600 ʥʤ ʠ ʧʦʣʫʰʠʨʠʥʦʡ ȹɽ ~ 0,3 ʵɺ (ʨʠʩʫʥʦʢ 2). ʉʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʀʈʃ (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʚʝʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ZnSe(Ga), ZnSe(Si). ZnSe(Eu) ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʚ 

ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʀʈʃ. 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʤʝʩʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ZnSe ʧʨʠ 300 ʂ 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʀʈʃ ʢʨʠʩʪʘʣʣʘ ZnSe:Ca, ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ 300 ʂ 

ʯʝʨʝʟ 1 ʤʢʩ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ 
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ɺʝʣʠʯʠʥʘ ʫʨʦʚʥʷ ʧʦʩʣʝʩʚʝʯʝʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʜʝʪʝʢʪʦʨʘ, ʪʘʢ ʠ ʠʥʪʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʜʣʠʪʝʣʴʥʦʝ 

ʧʦʩʣʝʩʚʝʯʝʥʠʝ (ʩʦʪʥʠ ʤʠʢʨʦʩʝʢʫʥʜ ʠ ʙʦʣʝʝ) ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. 

ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʀʈʃ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ɚ=600 ʥʤ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ ʩ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ Ű = 6,5 Ñ 0,5 ʤʢʩ. (ʨʠʩ. 3). 

ʊʘʙʣʠʮʘ 1. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀʈʃ (ɚmax = 600ʥʤ) 

ʧʨʠʤʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ 
 

ʂʨʠʩʪʘʣʣ I, ʦʪʥ.ʝʜ.  

ZnSe:Ga 100 

ZnSe:Si 62 

ZnSe:Te 33 

ZnSe:Ca 30 

ZnSe:Sm 23 

ZnSe:Eu 3,2 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʧʦʜʘʚʣʝʥʠʝ ʚʩʝʭ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ, ʢʨʦʤʝ çʨʘʙʦʯʠʭè ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʋʩʪʨʘʥʝʥʠʷ 

çʥʝʞʝʣʘʪʝʣʴʥʳʭè ʧʦʣʦʩ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʫʨʦʚʥʷ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ. ʊʘʢʠʝ 

ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʤʧʫʣʴʩʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ (ʫʨʦʚʝʥʴ 

ʚʦʟʙʫʞʜʝʥʠʷ G = 10
20
 ï 10

22
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3
ʩ.  

ʈʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ 600 ʥʤ ʧʨʠ 300 ʂ ʚʳʟʚʘʥʦ 

ʧʝʨʝʭʦʜʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ (VZn, AlZn). ɹʳʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʙʳʪʦʯʥʳʤ Zn [3]. ʊʘʢʞʝ 

ʢʠʩʣʦʨʦʜ ʚ ʫʟʣʘʭ ʨʝʰʝʪʢʠ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʣʦʚʫʰʢʦʡ ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʠ ʠʛʨʘʪʴ ʨʦʣʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʥʘʣʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʋʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʣʦʚʫʰʝʢ 

ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʨʝʰʝʪʢʠ ʚʙʣʠʟʠ ʤʝʩʪ ʣʦʢʘʣʠʟʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ï ʛʣʫʙʦʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ. ʂʠʩʣʦʨʦʜ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ OSe, ʥʦ ʠ ʧʘʨʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʮʝʥʪʨʳ OSe-OSe ʩ ʨʘʟʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚ ʧʘʨʝ.  

ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 600 ʥʤ ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʚʚʝʜʝʥʥʦʡ ʧʨʠʤʝʩʠ. ʂʠʩʣʦʨʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʝʠʟʙʝʞʥʳʭ ʬʦʥʦʚʳʭ ʧʨʠʤʝʩʝʡ ʚ 

ZnSe, ʠ ʧʨʝʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ~ 10
20
 ʩʤ

-3
 ʧʨʠ ʦʙʳʯʥʳʭ ʤʝʪʦʜʘʭ ʦʯʠʩʪʢʠ [4]. 

ʇʦʵʪʦʤʫ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ çʦʨʘʥʞʝʚʦʛʦè ʩʚʝʯʝʥʠʷ ʢʠʩʣʦʨʦʜ ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʥʘʣʘ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ɺʳʚʦʜʳ 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʈʃ ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ZnSe 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʬʦʨʤʘ çʦʨʘʥʞʝʚʦʡè ʧʦʣʦʩʳ ʠ ʧʦʣʦʞʝʥʠʝ ʝʝ ʤʘʢʩʠʤʫʤʘ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʜʠʥʦʡ ʧʨʠʨʦʜʝ ʮʝʥʪʨʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʜʘʥʥʦʝ ʩʚʝʯʝʥʠʝ.  

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ZnSe ʧʨʠʤʝʩʷʤʠ Si, Ga ʫʣʫʯʰʘʶʪ ʠʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ZnSe(Te), ʧʨʠʤʝʥʷʝʤʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʩʪʘʚʝ ʜʝʪʝʢʪʦʨʦʚ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. 

ʈʠʩ. 3. ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʀʈʃ (ɚmax = 600ʥʤ) 

ʧʨʠʤʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ZnSe ʧʨʠ 300 ʂ 
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1. ʉʪʘʨʞʠʥʩʢʠʡ ʅ.ɻ. ʠ ʜʨ. ʉʮʠʥʪʠʣʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ A
II
B
VI
. ʇʦʣʫʯʝʥʠʝ, ʩʚʦʡʩʪʚʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ï ʍʘʨʴʢʦʚ: çʀʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚè, 2007. ï 296 ʩ.  
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ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʥʝʧʨʷʤʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, ʩʥʠʤʘʶʱʠʡ ʩʚʦʡʩʪʚʝʥʥʳʝ ʧʨʷʤʳʤ ʤʝʪʦʜʘʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʬʦʪʦʥʦʚ , ʘ 

ʪʘʢʞʝ ʤʦʜʫʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʥʘʩʪʨʦʡʢʝ ʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʥʝʧʨʷʤʦʛʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʢʘʟʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʜʠʘʧʘʟʦʥʘ ʫʩʪʘʥʦʚʢʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʩʥʠʞʘʶʱʠʝ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ. 

 

Indirect X-ray area detector system is a powerful method used in a modern X-ray imaging. The principle of 

the method is based on the conversion of X-ray photons into photons of a visible light. The dynamic range of 

indirect X-ray detectors is higher in comparison with direct X-ray detectors. This advantage makes them suitable 

for synchrotron radiation sources. Another advantage is a modular system which gives an opportunity to tune the 

setup for different applications. 
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Main components of indirect X-ray area detector systems are scintillators, camera lenses and visible light 

cameras. Since the whole system is modular it is important to know the characteristics of the components in 

order to quantify the performance and to provide the optimization for high speed X-ray imaging. 

As a part of the UFO project [1], the visible light setup for the characterization of indirect X-ray detector 

components was assembled. The setup based on principles described in the EMVA 1288 standard [2] for the 

cameras characterization. The described EMVA test setup is flexible enough for additional measurements of 

lenses, scintillators and mirrors. 

Current visible light setup shown in figure 1. It consists of 150 W halogen light source (1) from which light is 

collecting into optical fiber and guiding to the Oriel Cornerstone 130 1/8m type monochromator (2). Chosen 

narrow band of wavelengths from monochromator is directly taken to the Labsphere 3P-GPS-060-SF integrating 

sphere (3). Integrating sphere provides homogeneous radiation and illuminates silicon photodiode (4) which is 

supplied by receiver module (5). The color temperature of the halogen light source at the maximum intensity is 

3200 K. The wavelength range of the 

monochromator is from 200 to 1056 nm. The 

diameter of the output port of the integrating 

sphere is 6.35 cm. The active area of the 

photodiode has a diameter of 5 mm and its 

working range is from 200 to 1000 nm. 

Measurements of the light intensity at different 

distances from the output port of the integrating 

sphere can be used to the photodiode's 

nonlinearity tests. To calculate the irradiation, 

which the sensor receives at a distance x from the 

output port of the integrating sphere, following 

equation can be used [3]: 

 

where L is homogeneous and isotropic radiance at the plane of output port of the integrating sphere, r is the 

radius of output port of integrating sphere, Ū is the half angle of light cone from the integrating sphere which 

goes to the center of the sensor. This is true when x Ó 8r and the diameter of the imaging sensor is small in 
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Fig. 2. Results of measurements of intensity decay with distance 

from the output of the integrating sphere 

Fig. 1. Two different views of the visible light set-up scheme: isometric view (a) and view from the top (b). 

Visible light set-up consists of the halogen light source (1), monochromator (2), integrating sphere (3), 

photodiode (4) and amplifier (5). 
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compare to the output port of the integrating sphere [3], which is in our case x Ó 25.4 cm. 

Results of measurements shown in figure 2. Small deviation from model can be explained by the ñlight 

pollutionò which can't be taken into account easily. The nature of this pollution is the reflection of the light 

(coming from the integrating sphere) from the table surface and from the surface of the wall of the 

monochromator. 

To check the working ability of the device several filters with known transmission were measured. In figure 

3a referent curve for the FGL610 filter is presented. Results of the measurement of the current filter are 

presented in figure 3b. 

Difference between the referent graph and measured transmittance can be explained by the process in silicon 

photodiodes. To absorb the incident light with short wavelength (less than 400 nm) the thickness of less than 1.28 

ɛm is required. This leads to losses of generated charge carriers in the surface heavily doped region because of 

the lifetime and the high surface recombination velocity [4]. It leads to greater nonlinearity of silicon 

photodiodes at that region. 

The results of the measurements show that the device works properly according to mathematical models in 

the range from 400 to 1000 nm. Lifting of the monochromator, integrating sphere and the diode and design of 

proper shielding will solve the problems with light reflections. 

Since the monochromator has manually adjustable slits it offers the possibility for changing the bandwidth of 

the illumination. All tests were performed at the maximum opening of the output slit (to perform higher 

intensity) with larger bandwidth. Dependence of the bandwidth on the opening of the slit of the monochromator 

have to be measured in further experiments. For this, a camera with ɛm resolution will be used in combination 

with a prism. 
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ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʥʝʧʨʷʤʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʦʧʪʠʢʠ ʠ ʢʘʤʝʨʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʆʧʠʩʘʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʙʨʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʧʨʷʤʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. 

 

One of the major aims of the ultra-fast X-ray imaging of scientific processes with on-line assessment and 

data-driven process control project (UFO project) [1] is the development of an optimized detector system for 

high speed X-ray imaging. Indirect X-ray area detector system consists of a scintillator, camera lenses and a 

visible light camera. In order to quantify the performance of the X-ray detector system the characterization of its 

constituents needs to be performed. This characterization is required to obtain the parameters of a mathematical 

model of the detector. Application of the model enables to predict the performance of the detector system. 

Additionally, prediction can be verified experimentally. 

A commonly used standard for camera tests is EMVA 1288. The method described in the standard is aimed to 

measure, compute and present the different specification parameters and data for cameras and image sensors used for 

machine vision application [2]. The measuring setup which described in the standard consists of a light source, 

monochromator, integrating sphere and a calibrated diode which is replaceable with the camera under test. This device 

gives the possibility to obtain such characteristics of the camera as: quantum efficiency and the uniformity of the quantum 

efficiency at the sensor surface, minimum detectable flux, linearity, defect pixel characteristics, noise and dark current. 

The described EMVA test setup is flexible enough for additional measurements of lenses, scintillators and mirrors. These 

elements can be placed in the beam path between the homogeneous light source (integrating sphere) and the calibrated 

sensor. Characteristics which can be estimated by that setup are: transmittance, reflectivity, focal length etc. Since the 

sensitivity of the camera is known it is crucial to know the amount of light which is absorbed by the camera lens. Some 
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small absorption could also occur on the surface of the mirror which is not a critical characteristic but the one which could 

easily be taken into account. Also such characteristic as the focal length and other parameters of lenses could be measured. 

For the purposes stated above the visible light setup was assembled. The current visible light setup shown in 

fig. 1 (see above). It consists of halogen light source (1) from which light is collecting into optical fiber and 

guiding to the monochromator (2). Chosen narrow band of wavelengths from monochromator is directly taken to 

the integrating sphere (3) which provides homogeneous radiation and illuminates photodiode (4) which is 

supplied by receiver module (5). 

As the light source Dolan-Jenner Industries DC950H 

150-Watt quartz halogen fiber optic illuminator is used 

with color temperature of 3200 K at maximum intensity. 

It has both manual and on-line intensity control. 

Cornerstone 130 model 74000 is used as a 

monochromator. It supports two gratings simultaneously 

and has an integrating shutter. It is 1/8m type 

monochromator with wavelength range from 200 to 1056 

nm (this upper limitation caused by mechanics). 

Mechanical driver systems allows to change wavelength 

with speed of 205 nm/s, accuracy of 0.5 nm and precision 

of 0.11 nm. The integrating sphere is Labsphere 3P-GPS-060-SF with Spectraflect
È
 coating and interior diameter of 

15.24 cm (6 inches). It has one output and two input ports. The diameter of the output port is 6.35 cm. Silicon 

photodiode with active area diameter of 5 mm and spectral response range of 200-1000 nm used as a sensor. 

After the device was assembled a series of stability tests were conducted. The tests were provided at different 

intensities of the light source. Continuous decay of the light intensity was observed. The maximum speed of intensity 

decay was observed at the maximum intensity of the light source. It is in accordance with the technical information 

about the light source where it's said that life time of the lamp is 200 hours at full intensity and up to 10000 hours at 

lower levels. The results for intensity decay with time for the maximum intensity of the light source at 650 nm 

wavelength shown in figure 2. From the graph it is possible to conclude that device has warm-up time of 200 seconds. 

Polynomial fit was made for 400 seconds interval (grey line), the maximum value was 6.573 V and the minimum 

value was 6.532 V. So in 400 seconds, the loss of intensity was 40 mV. According to the fit speed of decay varies from 

0.196 mV/s (after 200 s) to 0.004 mV/s (after 600 s). One typical scan of voltage through the whole wavelengths takes 

from 60 to 90 seconds (it depends on chosen step). It could be concluded that the source is highly stable and that 

continuous decrease in intensity could be easily taken into account. 
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Fig. 2. Results of measurements of the light source 

stability at 650 nm (maximum intensity). 
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The zirconium tubes used in nuclear reactors as fuel elements cladding. It is known that the zirconium 

tube is covered by the protective coating for corrosion and erosion resistance. When we apply the protective 

coating zirconium tube is heated. This research work has determination of the heat flux from the magnetron 

and modeling the heating of zirconium tube by the programming complex Comsol Multiphysics. 

 

ɺʚʝʜʝʥʠʝ 

ʊʝʧʣʦʚʳʜʝʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ (ʊɺʕʃʳ) ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ. ɼʣʷ ʟʘʱʠʪʳ 

ʦʙʦʣʦʯʢʠ ʪʚʵʣʦʚ ʥʘ ʥʠʭ ʥʘʥʦʩʷʪ ʨʘʟʣʠʯʥʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʡ. ʇʨʦʚʝʜʝʥʠʝ ʵʪʠʭ ʨʘʙʦʪ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʥʘʛʨʝʚʝ ʠʣʠ 

ʦʭʣʘʞʜʝʥʠʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ  ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ 

ʦʩʘʞʜʝʥʠʷ. ʄʘʪʝʨʠʘʣ ʦʙʦʣʦʯʢʠ ʪʚʵʣʘ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʡʥʦʡ, ʵʨʦʟʠʡʥʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʦʙʦʣʦʯʢʘ ʪʚʵʣʘ ʥʝ ʜʦʣʞʥʘ ʥʘʛʨʝʚʘʪʴʩʷ ʚʳʰʝ 150Áʉ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʤʘʛʥʝʪʨʦʥʘ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʦʙʦʣʦʯʢʫ ʮʠʨʢʦʥʠʝʚʦʛʦ ʪʚʵʣʘ. 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʜʣʦʞʢʫ ʦʪ ʨʘʙʦʪʘʶʱʝʡ ʤʘʛʥʝʪʨʦʥʥʦʡ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʄʈʉ), ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʫʩʪʘʥʦʚʢʠ çʗʰʤʘ-5è ʙʳʣ ʩʦʙʨʘʥ ʤʘʢʝʪ, ʩʭʝʤʘ 

ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. ʇʦʜ ʤʘʛʥʝʪʨʦʥʦʤ (1), ʥʘ ʜʝʨʞʘʪʝʣʝ (2) ʨʘʟʤʝʱʘʣʘʩʴ ʘʣʶʤʠʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ 

(100ʤʤĬ100ʤʤĬ1ʤʤ) (3). ʊʘʢ ʢʘʢ ʚ ʨʘʩʯʸʪʘʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʪʦ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʣʘʩʪʠʥʘ ʢʨʝʧʠʣʘʩʴ ʢ ʜʝʨʞʘʪʝʣʶ 

ʪʦʥʢʦʡ (ß 0,3 ʤʤ) ʥʠʭʨʦʤʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ (4). ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʠʥʳ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʳ (5) ʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ (6). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʩʥʷʪʳ ʢʨʠʚʳʝ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦʜʣʦʞʢʠ ʧʨʠ 

ʤʦʥɦʦʩʪʠ ʤʘʛʥʝʪʨʦʥʘ (4 ʢɺʪ) ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʘʛʥʝʪʨʦʥʘ ʜʦ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ (135 ʤʤ). ʅʘ ʨʠʩ. 2 

ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʧʣʘʩʪʠʥʳ. 

mailto:egor_kashkarov@mail.ru
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ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʤʘʛʥʝʪʨʦʥʘ Wpl ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ (1).  

7 ÍÃ
̎

-
̏
                                                                (1) 

ȳɐɑɝɨ m, ʩ ð ɘɌɝɝɌ ɌɗɪɘɔəɔɑɎɚɕ ɛɗɌɝɞɔəɖɔ ɔ ɝɖɚɜɚɝɞɨ ɝɎɑɞɌ ɝɚɚɞɎɑɞɝɞɎɑəəɚ. Ȼɚ 

ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɘ ɖɜɔɎɧɘ əɌɏɜɑɎɌ ɔ ɚɡɗɌɒɐɑəɔɫ ɘɚɒəɚ ɚɛɜɑɐɑɗɔɞɨ Ɏɑɗɔɣɔəɧ 
̎
 Ɏ ɞ.Ȭ 

ɔ 
̏
Ɏ ɞ.Ȯ ɛɜɔ ɚɐəɚɕ ɞɑɘɛɑɜɌɞɟɜɑ, ɖɌɖ ɛɚɖɌɓɌəɚ ʥʘ ʨʠʩ.2. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (1) ʙʳʣ ʦʧʨʝʜʝʣʝʥ 

ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʪ ʤʘʛʥʝʪʨʦʥʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 0,274 ɺʪ/ʩʤ
2
. 

ɼʘʣʝʝ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʮʠʨʢʦʥʠʝʚʘʷ ʪʨʫʙʢʘ ʚ ʧʨʦʛʨʘʤʤʝ Comsol Multiphysics. ɼʣʷ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʢʠ ʙʳʣʠ ʟʘʜʘʥʳ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʚʨʘʱʝʥʠʝ ʪʨʫʙʢʠ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʨʝʜʳ). 

ʆʧʨʝʜʝʣʝʥ ʫʨʦʚʝʥʴ ʥʘʛʨʝʚʘ ʜʘʥʥʦʡ ʪʨʫʙʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʪʨʫʙʢʠ (ʥʝ ʙʦʣʝʝ 150Áʉ) ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʘʛʥʝʪʨʦʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɺʳʚʦʜʳ: 

1. ʆʧʨʝʜʝʣʝʥ ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʪ ʤʘʛʥʝʪʨʦʥʘ (ʤʦʱʥʦʩʪʴ 4 ʢɺʪ) ï 0,274 ɺʪ/ʩʤ
2
. 

2. ʉʤʦʜʝʣʠʨʦʚʘʥʘ ʮʠʨʢʦʥʠʝʚʘʷ ʪʨʫʙʢʘ ʩ ʟʘʜʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

3. ʆʧʨʝʜʝʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʚʳʙʨʘʥ 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʘʛʥʝʪʨʦʥʘ. 
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The results of application of self-propagating high temperature synthesis for the manufacture of porous 

Ni-Al supports of solid oxide fuel cells are presented. The effect of synthesis conditions and raw materials 

mixture on the phase composition, microstructure, porosity, gas permeability, corrosion resistance and other 

properties of the Ni-Al samples is investigated. It is shown the possibility of forming on the surface of porous 

Ni-Al supports of solid oxide fuel cells with the structure of Ni-ZrO2:Y2O3 anode / ZrO2:Y2O3 electrolyte / 

La0.8Mn0.2SrO3 cathode, ensuring the power density of 400 mW/cm
2
 at temperature 800ÁC. 

 

 ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʠʜʦʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʕ), ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʦ ʚʩʝʤ 

ʤʠʨʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʆʊʕ) ï ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʊʕ. ʊʆʊʕ ɻ ʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 600ï800Áʉ, 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʠ ʨʝʟʝʨʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ. ʊʆʊʕ ʥʘ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʫʩʪʦʡʯʠʚʳ 

ʢ ʪʝʨʤʦʫʜʘʨʘʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʚʤʝʩʪʠʤʳ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʙʘʪʘʨʝʡ ʊʆʊʕ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʣʦʞʝʢ ʠʟ ʥʝʜʦʨʦʛʠʭ ʩʧʣʘʚʦʚ (ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʢʨʦʬʝʨʘ), ʩʦʜʝʨʞʘʱʠʭ ʭʨʦʤ ʠ ʞʝʣʝʟʦ, ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʦʟʜʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʤʠʛʨʘʮʠʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚ ʤʘʪʝʨʠʘʣ ʘʥʦʜʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ ʦʪʨʘʚʣʝʥʠʷ. 

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ Ni3Al ʠʟ-ʟʘ ʩʚʦʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʢʠ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʠʩʣʝʥʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʨʨʦʟʠʠ, ʥʝʦʙʳʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ ï ʚʩʸ ʪʦ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ Ni3Al ʩʧʣʘʚʦʚ ʜʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ Ni3Al ï ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʣʝʛʢʠʭ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʊʆʊʕ.  

ɹʣʘʛʦʜʘʨʷ ʥʘʜʝʞʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʟʘʧʫʩʢʘ, ʩʪʦʡʢʦʩʪʠ ʢ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʩʠʣʴʥʦʡ ʚʠʙʨʘʮʠʠ ʊʆʊʕ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 
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ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʝʥʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʝʩʫʱʠʭ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʘʥʦʜʦʚ ʢ ʤʝʥʝʝ ʜʦʨʦʛʠʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʦʨʠʩʪʳʭ Ni3Al ʩʧʣʘʚʦʚ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʨʝʜʘʭ ʜʣʷ ʚʳʷʚʣʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʣʦʚʠʡ ʠʭ ʩʠʥʪʝʟʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʊʆʊʕ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʊʆʊʕ ʢʘʢ ʧʦʨʠʩʪʳʝ ʧʣʘʩʪʠʥʳ, ʠʥʪʝʨʢʦʥʥʝʢʪʦʨʳ 

ʠ ʪʦʢʦʩʲʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʠʧ rʬʝʨʨʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ 

(AlSl 446, 420, Inconel, Crofer ʠ ʪ.ʜ.). ʅʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ ʠʤʝʶʪ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ. ʇʨʠ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ (~800Áʉ) ʠʤʝʝʪ ʤʝʩʪʦ ʜʠʬʬʫʟʠʷ ʭʨʦʤʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʛʦ ʦʩʘʞʜʝʥʠʝ 

ʚ ʚʠʜʝ Cr2O3 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɻ ʣʝʢʪʨʦʜʦʚ (ʘʥʦʜʘ ʠʣʠ ʢʘʪʦʜʘ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʦʥʠʞʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʨʠʩʪʳʭ Ni3ɸl ʩʧʣʘʚʦʚ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʫ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Ni3Al ʩʧʣʘʚʦʚ ʩʪʘʙʠʣʴʥʦʛʦ ʩʣʦʷ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʫʯʠʪʳʚʘʷ ʬʘʢʪʦʨ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʦʙʲʝʤʥʳʭ Ni3Al 

ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʩʧʣʘʚʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʞʝʣʝʟʘ ʠ ʭʨʦʤʘ. 

ɺ ʨʝʞʠʤʝ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ ʤʝʪʦʜʦʤ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ 

(ʉɺʉ) ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʦʨʠʩʪʳʝ ʥʝʩʫʱʠʝ ʧʣʘʩʪʠʥʳ ʜʣʷ ʊʆʊʕ (ʨʠʩ. 1). ʄʝʪʦʜʦʤ ʜʚʫʩʪʦʨʦʥʥʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʫʩʠʣʠʝʤ ʦʪ 70 ʜʦ 110 ʄʇʘ ʬʦʨʤʦʚʘʣʠʩʴ ʠʟ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʥʠʢʝʣʷ UT-4 ʠ ʘʣʶʤʠʥʠʷ 

ASD-6 ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʊʕ. ɺ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 10
5
 ʇʘ ʧʨʦʚʦʜʠʣʩʷ ʩʠʥʪʝʟ ʚ ʨʝʘʢʪʦʨʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʨʠʩʪʳʝ ʟʘʛʦʪʦʚʢʠ ʥʘʛʨʝʚʘʣʠʩʴ ʚʥʫʪʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʥʘʛʨʝʚʘ 30 ʛʨʘʜ/ʤʠʥ. ʊʝʧʣʦʚʦʡ ʚʟʨʳʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500
0
-600

0
ʉ, ʧʨʠʯʝʤ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ ʜʦʩʪʠʛʘʣʘ 1100
0
 ʉ. 

 

            ʈʠʩ. 1 ï ʉʦʩʪʘʚ Ni3Al (ʩʢʦʣ) 

 

ʊʦʧʣʠʚʥʳʝ ʷʯʝʡʢʠ (ʊʗ) ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ Ni3Al ʧʦʜʣʦʞʢʫ ʥʘʥʦʩʠʣʩʷ ʩʣʦʡ 

ʘʥʦʜʥʦʡ ʧʘʩʪʳ NiO (50%)/ZrO2:Y2O3(50%) ʧʨʦʠʟʚʦʜʩʪʚʘ ESL Electroscience, ʉʐɸ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 

ʧʨʠʤʝʨʥʦ 20 ʤʢʤ. ɺ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʣʦ 

ʩʧʝʢʘʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʥʦʜʥʦʛʦ ʩʣʦʷ. ʄʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ Zr0.86Y0.14 ʢʘʪʦʜʘ ʥʘ 

ʘʥʦʜʥʳʡ ʩʣʦʡ ʦʩʘʞʜʘʣʘʩʴ ʧʣʝʥʢʘ YSZ ɻ ʣʝʢʪʨʦʣʠʪʘ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 5 ï 20 ʤʢʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ (ʩʢʦʨʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʧʣʝʥʦʢ ʩʦʩʪʘʚʣʷʣʘ 4 ʤʢʤ/ʯ). 

LSM ʢʘʪʦʜ 

Ni/YSZ ʘʥʦʜ  

YSZ ɻʣʝʢʪʨʦʣʠʪ 

Ni3Al 

ʈʠʩ. 2 - ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʊʗ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ: Ni3Al ʧʦʜʣʦʞʢʘ - Ni/YSZ ʘʥʦʜ -YSZ 

ʵʣʝʢʪʨʦʣʠʪ ï LSM ʢʘʪʦʜ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

ʅʘʥʝʩʝʥʠʝ YSZ ɻ ʣʝʢʪʨʦʣʠʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ Ar/O2 ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 0.2 - 0.3 ʇʘ ʥʘ ʥʘʛʨʝʪʳʝ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 600Áʉ ʧʦʜʣʦʞʢʠ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʠʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʘʛʥʝʪʨʦʥʘ ʩ ʯʘʩʪʦʪʦʡ 50 ʢɻʮ ʠ 

ʤʦʱʥʦʩʪʴʶ ʨʘʟʨʷʜʘ 1.5 ʢɺʪ. ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʊʗ ʙʳʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ LSM ʢʘʪʦʜʘ 

ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ La0.80Sr0.20MnO3-x ʧʘʩʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ NexTech Materials, Ltd., ʉʐɸ. ɸʢʪʠʚʘʮʠʷ ʢʘʪʦʜʘ 

ʧʨʦʠʩʭʦʜʠʣʘ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 600 - 800Áʉ.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ ʥʘ Ni3Al ʦʩʥʦʚʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʨʦʡʩʪʚʝ 

ProboStat
TM
 (NorECs, ʅʦʨʚʝʛʠʷ). ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʷʣʠ: ʚʦʣʴʪʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ɺɸʍ). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ɺɸʍ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʥʠʤʘʝʤʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ Pmax. 

ɺɸʍ (ʨʠʩ. 3) ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʳʡ ʚʠʜ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʦʤʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ. ʅʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʩʭʦʜʘʭ 

ʛʘʟʘ, ʢʦʪʦʨʳʝ ʨʘʚʥʳ 50 ʤʣ/ʤʠʥ ʜʣʷ ʚʦʜʦʨʦʜʘ ʠ 150 ʤʣ/ʤʠʥ ʜʣʷ ʚʦʟʜʫʭʘ, ʩʦʩʪʘʚʣʷʝʪ 1.08 ɺ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʥʝʩʝʥʥʳʡ YSZ ɻ ʣʝʢʪʨʦʣʠʪ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʛʘʟʦʧʣʦʪʥʦʩʪʴ. ʅʘʧʨʷʞʝʥʠʝ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʷʯʝʡʢʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 1,23 ɺ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʦʜ, ʤʝʜʣʝʥʥʦʡ ʢʠʥʝʪʠʢʝ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʚ ʩʫʤʤʝ ʜʘʝʪ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʦʢʦʣʦ 0,2 ɺ (ʚ ʠʥʪʝʨʚʘʣʝ ʥʘʧʨʷʞʝʥʠʡ 1,2 ɺ ï 1 ɺ). 

ɻʝʥʝʨʠʨʫʝʤʘʷ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʦʡ ʤʦʱʥʦʩʪʴ 

ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ ʠ ʨʘʚʥʷʣʘʩʴ 

400 ʤɺʪ/ʩʤ
2
. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʦʤʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ ʚ ʩʣʦʝ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʪʦʣʱʠʥʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ (20 ʤʢʤ). ɺ ʧʦʩʣʝʜʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʣʘʥʠʨʫʝʪʩʷ ʩʥʠʟʠʪʴ ʪʦʣʱʠʥʫ 

ʩʣʦʷ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦ ʚʝʣʠʯʠʥʳ 3-5 ʤʢʤ, ʯʪʦ 

ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ  ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʦʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ ʦʩʥʦʚʳ ʩʧʣʘʚʘ 

ʠʟ Ni3Al  ʜʣʷ ʊʆʊʕ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʊʕ. ʇʨʦʜʦʣʞʝʥʠʝʤ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʩʦʟʜʘʥʠʝ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ ʥʘ ʥʝʩʫʱʝʡ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʚ ʢʦʪʦʨʦʡ ʥʝ 

ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʣʠʪ, ʥʦ  ʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ ʙʫʜʫʪ ʥʘʥʝʩʝʥʳ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ, ʯʪʦ ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ.  
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ʈʠʩ. 3 ï ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʠ ʤʦʱʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʆʊʕ ʥʘ ʥʝʩʫʱʝʡ Ni3Al ʦʩʥʦʚʝ 
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In the process of purification of fresh water in the Tomsk underground water intake produced in the year 

about 30 000 cubic meters iron waste in the form of precipitated iron hydroxide. This paper shows the 

possibility of plasma production of ironic hydroxide into a useful product in the form of iron oxide pigments 

for their subsequent use in the manufacture of paints and varnishes 

 

ɺ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʧʨʝʩʥʦʡ ʚʦʜʳ ʥʘ ʊʦʤʩʢʦʤ ʧʦʜʟʝʤʥʦʤ ʚʦʜʦʟʘʙʦʨʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʛʦʜ ʦʢʦʣʦ 30 000  

ʢʫʙ. ʤ. ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʦʩʘʞʜʸʥʥʦʡ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ, ʢʦʪʦʨʘʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʨʝʢʫ,  ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ  ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʟʤʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʛʠʜʨʦʦʢʠʩʠ 

ʞʝʣʝʟʘ ʚ ʧʦʣʝʟʥʳʡ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʞʝʣʝʟʦʦʢʩʠʜʥʳʭ ʢʨʘʩʷʱʠʭ ʧʠʛʤʝʥʪʦʚ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʉ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʘʟʤʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ 

çʛʠʜʨʦʦʢʠʩʴ ʞʝʣʝʟʘ-ʚʦʜʘ-ʩʧʠʨʪè ʠ çʛʠʜʨʦʦʢʠʩʴ ʞʝʣʝʟʘ-ʚʦʜʘ-ʘʮʝʪʦʥè, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʚʟʘʠʤʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ [1,2] . 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ ʠ ʩʧʠʨʪʘ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ çʛʠʜʨʦʦʢʠʩʴ ʞʝʣʝʟʘ-ʚʦʜʘ-ʩʧʠʨʪè.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ ʠ ʘʮʝʪʦʥʘ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ çʛʠʜʨʦʦʢʠʩʴ ʞʝʣʝʟʘ-ʚʦʜʘ ʘʮʝʪʦʥè.   

ɺ ʨʝʟʫʣʴʪʘʪʝ  ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ  ʛʦʨʶʯʠʝ 

ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ (ɺʆʂ), ʠʤʝʶʱʠʝ 

ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ å1200 
ʦ
ʉ: 

1. ɺʆʂ-1 (45% ʛʠʜʨʦʦʢʠʩʴ ʞʝʣʝʟʘ : 33% ʚʦʜʘ : 22% ʩʧʠʨʪ). 

2. ɺʆʂ-2 (45% ʛʠʜʨʦʦʢʠʩʴ ʞʝʣʝʟʘ : 36% ʚʦʜʘ : 19% ʘʮʝʪʦʥ). 

ʅʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʘʚʳ ʦʩʥʦʚʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ɺʆʂ-1 ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          134 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 24 ï 27 ɸʇʈɽʃʗ 2012 ʛ.                          ʌʀɿʀʂɸ 

 

 

ʀʟ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʦʚ ʥʘ ʨʠʩ. 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ (70%)  ʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 1500Ñ100 ʂ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ 

ʷʚʣʷʶʪʩʷ CO2 ʠ   Fe2 O3(c). ʆʪʩʫʪʩʪʚʠʝ ʩʘʞʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ CO ʠ NO ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʛʦʨʶʯʝʡ ʢʦʤʧʦʟʠʮʠʠ ɺʆʂ-1 ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 70% ʠʜʸʪ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʪʨʝʙʫʝʤʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ  ʚ ʚʠʜʝ ʤʘʛʥʠʪʥʦʡ ʦʢʠʩʠ ʞʝʣʝʟʘ Fe2O3. 

ʉʥʠʞʝʥʠʝ  ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʦʟʜʫʭʘ ʥʠʞʝ 70%  (ʨʠʩ. 3) ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʳʰʝ 1600 ʂ 

(ʨʠʩ. 4) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʤʘʛʥʠʪʥʦʡ ʦʢʠʩʠ ʞʝʣʝʟʘ Fe3O4  ʚ ʧʨʦʜʫʢʪʘʭ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ 

ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ɺʆʂ-1. 

ʅʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʘʚʳ ʦʩʥʦʚʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ɺʆʂ-2 ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

ʀʟ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʦʚ ʥʘ ʨʠʩ. 5 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ (70%)  ʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 1500Ñ100 ʂ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ 

ʷʚʣʷʶʪʩʷ CO2 ʠ   Fe2 O3(c). ʆʪʩʫʪʩʪʚʠʝ ʩʘʞʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ CO ʠ NO ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʈʠʩ. 1 ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ ʠ 

ʩʧʠʨʪʘ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 

ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ çʛʠʜʨʦʦʢʠʩʴ 

ʞʝʣʝʟʘ-ʚʦʜʘ-ʩʧʠʨʪè. 

 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ ʠ 

ʘʮʝʪʦʥʘ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 

ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ çʛʠʜʨʦʦʢʠʩʴ 

ʞʝʣʝʟʘ- ʚʦʜʘ-ʘʮʝʪʦʥè 

 

ʈʠʩ. 4 ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ 

ʛʦʨʝʥʠʷ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ɺʆʂ-1 ʚ 

ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ 

(65% ɺʦʟʜʫʭ : 35% ɺʆʂ-1) 

ʈʠʩ. 3 ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ 

ʛʦʨʝʥʠʷ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ɺʆʂ-1 ʚ 

ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ 

(70% ɺʦʟʜʫʭ : 30% ɺʆʂ-1) 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































