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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. 

 

 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. Structure and optical properties of molybdenum disulphide (MoS2) thin film deposited by the dip 

technique // Journal of materials science letters 19 (2000) 803ï 804. 

2. ʂʣʠʤʝʥʢʦ ʀ.ɺ., ɻʦʣʫʙʴ ɸ.ʉ., ɾʫʨʘʚʣʝʚʘ ʊ. ʉ., ʃʝʥʝʥʢʦ ʅ.ɼ., ɾʫʨʘʚʣʝʚʘ ʖ.ɺ. ɺʣʠʷʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ // 

ɾʫʨʥʘʣ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʡ, 2009, ʊʦʤ 83, ʩ. 346ï350  

3. ʗʚʦʨʦʚʩʢʠʡ ʅ.ɸ.. ʇʦʣʫʯʝʥʠʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʨʳʚʘ // 

ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʌʠʟʠʢʘ. ʇʨʠʣʦʞʝʥʠʝ. ˉ4, 1996.- ʩ.114-136. 

4. ʀʚʘʥʦʚ ɺ.ɻ., ʃʝʦʥʦʚ ʉ.ʅ., ɻʘʚʨʠʣʶʢ ʆ.ɺ. ɻʝʨʘʩʠʤʦʚʘ ɺ.ʅ. ʉɺʉ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʜʠʩʫʣʴʬʠʜʘ 

ʤʦʣʠʙʜʝʥʘ // ʌɻɺ -1994. 30, ˉ5.- ʉ. 54-58. 

  

ʈʠʩ.4. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʜʠʩʫʣʴʬʠʜʘ ʚʦʣʴʬʨʘʤʘ.                 ʈʠʩ.5. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ. 



IX  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          21 

 

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

ʉʊʈʋʂʊʋʈɸ ʀ ʕʃɽʂʊʈʆʅʅʓɽ ʉɺʆʁʉʊɺɸ (110) ï ʇʆɺɽʈʍʅʆʉʊʀ Li2O 

ʄ.ɺ. ɸʣʝʡʥʠʢʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ : ʧʨʦʬʝʩʩʦʨ, ʜ.ʬ.-ʤ.ʥ. ʖ.ʅ ɾʫʨʘʚʣʝʚ 

ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  ʈʦʩʩʠʷ,  ʛ.ʂʝʤʝʨʦʚʦ, ʫʣ. ʂʨʘʩʥʘʷ , 6, 650043 

E-mail: mar.alein@yandex.ru  

 

STRUCTURAL AND ELECTRONIC PROPERTIES OF THE LI2O (110) - SURFACE  

M.V. Aleynikova 

Scientific Supervisor: Prof., Dr. Yu.N. Juravlev 

Kemerovo State University, Russia, Kemerovo, Krasnaya str., 6, 650043 

E-mail: mar.alein@yandex.ru  

  

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 

4 
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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 ¡.  
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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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