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ɼ.ʉ. ʇʘʭʦʤʦʚ, ɸ.ɽ. ʉʘʚʝʡʢʦ, ɸ.ʉ. ʂʘʥʪʘʝʚ 362 
ʇʆʃʋʏɽʅʀɽ ʀ ʉʊɽʍʀʆʄɽʊʈʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʕʃɽʂʊʈʆɺɿʈʓɺʅʓʍ ʅɸʅʆʇʆʈʆʐʂʆɺ 

ʂɸʈɹʀɼʆɺ ʊʀʊɸʅɸ ʀ ɺʆʃʔʌʈɸʄɸ 
ɽ.ʉʘʛʠʜʦʣʜʘ, ʆ.ɹ. ʅʘʟʘʨʝʥʢʦ, ɼ.ɺ. ʊʠʭʦʥʦʚ, ɸ.ʇ. ʀʣʴʠʥ 365 
ʉʀʅʊɽɿ ʄʀʂʈʆʇʆʈʀʉʊʆɻʆ ʋɻʃɽʈʆɼʅʆɻʆ ʉʆʈɹɽʅʊɸ 
ɸ.ɺ. ʉʘʤʘʨʦʚ, ʏ.ʅ. ɹʘʨʥʘʢʦʚ,  ɿ.ʈ. ʀʩʤʘʛʠʣʦʚ 368 
ʈʆʃʔ ʂʆʅʊɸʂʊʅʓʍ ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ ʄɽɾɼʋ ʅɸʅʆʏɸʉʊʀʎɸʄʀ ʆʂʉʀɼɸ ʄɽɼʀ (II) 

ɼʃʗ ʅɸʃʀʏʀʗ ɺʓʉʆʂʆʁ ʈɽɸʂʎʀʆʅʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ʇʆ ʆʊʅʆʐɽʅʀʖ ʂ CO 
ɼ.ɸ. ʉʚʠʥʮʠʮʢʠʡ, ʃ.ʉ. ʂʠʙʠʩ, ɸ.ʀ. ʉʪʘʜʥʠʯʝʥʢʦ,  ɸ.ʀ. ɹʦʨʦʥʠʥ 371 
ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ɼɽɻʀɼʈʀʈʆɺɸʅʀʗ ɺʓʉʐʀʍ ʇɸʈɸʌʀʅʆɺ ɺ 

ʇʈʆʀɿɺʆɼʉʊɺɽ ʃʀʅɽʁʅʓʍ ɸʃʂʀʃɹɽʅɿʆʃʆɺ ʇʋʊɪʄ ʇʈʀʄɽʅɽʅʀʗ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 
ʉ.ɺ. ʉʝʤʘʢʠʥ, ʄ.ɺ. ʂʠʨʛʠʥʘ, ʀ.ʄ. ɼʦʣʛʘʥʦʚ, ʕ.ɼ. ʀʚʘʥʯʠʥʘ, ɽ.ʅ. ʀʚʘʰʢʠʥʘ 374 
ʊɽʆʈɽʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʊʆʌʀɿʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 8-ʌɽʅʀʃ 

ɿɸʄɽʑɽʅʅʆɻʆ ʇʄ 567 
ɸ.ʅ. ʉʠʥʝʣʴʥʠʢʦʚ, ʖ.ɺ. ɸʢʩʝʥʦʚʘ, ɺ.ʗ. ɸʨʪʶʭʦʚ 377 
ɺʃʀʗʅʀɽ ɺʀɹʈɸʎʀʆʅʅʆʁ ʆɹʈɸɹʆʊʂʀ ʀ ʍʀʄʀʏɽʉʂʀʍ ʈɽɸɻɽʅʊʆɺ ʅɸ ʉʊʈʋʂʊʋʈʅʆ-

ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʅɽʌʊʀ ɿɸʇɸɼʅʆ-ʄɸʁʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 
ʀ.ɽ. ʉʠʨʦʪʢʠʥ, ʖ.ɺ. ʃʦʩʢʫʪʦʚʘ 380 
ʇʈʀʄɽʅɽʅʀɽ ʆʂʉʀɼʆɺ ʀ ɻʀɼʈʆʂʉʀɼʆɺ ʊʀʊɸʅɸ ɼʃʗ ʆʏʀʉʊʂʀ ʇʀʊʔɽɺʆʁ ɺʆɼʓ 
ɺ.ɺ. ʉʤʠʨʥʦʚʘ, ʆ.ɹ. ʅʘʟʘʨʝʥʢʦ ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ. ʆ.ɹ. ʅʘʟʘʨʝʥʢʦ 383 
ɺʃʀʗʅʀɽ ɼʆɹɸɺʆʂ ʅɸʅʆʇʆʈʆʐʂʆɺ ʄʆʃʀɹɼɽʅɸ, ɺʆʃʔʌʈɸʄɸ ʀ ʇʆʈʆʐʂɸ ʍʈʆʄɸ 

ʅɸ ʉʆʉʊɸɺ ʇʈʆɼʋʂʊʆɺ ʉɻʆʈɸʅʀʗ ʅɸʅʆʇʆʈʐʂɸ ɸʃʖʄʀʅʀʗ 
ʂ.ʉ. ʉʤʦʨʳʛʠʥʘ, ʃ.ʆ. ʈʦʦʪ, ɸ.ʇ. ʀʣʴʠʥ 386 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ʇʆʃʋʏɽʅʀɽ ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʀɿ ʊɽʍʅʆɻɽʅʅʆɻʆ ʀ 

ʇʈʀʈʆɼʅʆɻʆ ʉʓʈʔʗ 
ʖ.ʅ. ʉʪʘʨʠʢʦʚʘ, ɺ.ɸ. ʃʦʪʦʚ 389 
ʇʈʀʄɽʅɽʅʀɽ ʀʆʅʆʇʈʆɺʆɼʗʑʀʍ ʇʆʃʀʄɽʈʅʓʍ ɻɽʃɽʁ ɼʃʗ ʆʏʀʉʊʂʀ 

ʇʆɺɽʈʍʅʆʉʊʀ ʉʊɸʃʀ ʆʊ ʇʈʆɼʋʂʊʆɺ ʂʆʈʈʆɿʀʀ 
ɸ. ʌ. ʊʘʡʳʙʦʚ, ʆ. ɺ. ʂʘʤʯʘʪʥʘʷ, ɻ. ɺ. ʃʷʤʠʥʘ 392 
Cʊʈʋʂʊʋʈʅʓɽ ʇʈɽɺʈɸʑɽʅʀʗ ʅɸʅʆɻʃʆɹʋʃʗʈʅʆɻʆ ʋɻʃɽʈʆɼɸ ʇʆɼ ɺʆɿɼɽʁʉʊɺʀɽʄ 

ʉʋɹʄʀʃʃʀʉɽʂʋʅɼʅʆɻʆ ʀʄʇʋʃʔʉʅʆɻʆ ʕʃɽʂʊʈʆʅʅʆɻʆ ʇʋʏʂɸ ʉ ɺʓʉʆʂʆʁ 

ʇʃʆʊʅʆʉʊʔʖ ʕʅɽʈɻʀʀ 
ɸ.ɼ. ʊʝʨʝʩʦʚ, ʅ.ʅ. ʂʦʚʘʣʴ, ʖ.ɻ. ʂʨʷʞʝʚ, ʅ.ʅ. ʂʦʚʘʣʴ 395 
ʇʈʀʄɽʅɽʅʀɽ ʇʆʃʀʄɽʈʅʓʍ ɻɽʃɽʁ ɼʃʗ ʆʏʀʉʊʂʀ ʇʆɺɽʈʍʅʆʉʊʀ 

ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺ 
ɸ.ʆ. ʋʧʝʥʠʢʦʚʘ, ʆ.ʃ. ɸʢʠʤʦʚʘ, ʢ.ʭ.ʥ. ɻ.ɺ. ʃʷʤʠʥʘ 398 
ʅʆɺʓɽ ʉʊʈʆʀʊɽʃʔʅʓɽ ʄɸʊɽʈʀɸʃʓ ʅɸ ʆʉʅʆɺɽ ʂʈʀʆɻɽʃɽʁ 
ʄ.ʉ. ʌʫʬʘʝʚʘ, ɺ.ʅ. ʄʘʥʞʘʡ, ɺ.ʅ. ʄʘʥʞʘʡ 401 
DIMENSION OF MATHEMATICAL MODEL FOR PROCESS OF BENZENE ALKYLATION WITH 

OLEFINS DECREASE USING KINETIC LAWS OF PASSING REACTION 
J.A. Shcherbakova, N.S. Belinskaya, I.O. Dolganova, V.A. Fetisova, E.D. Ivanchina 404 
ʀɿʄɽʅɽʅʀɽ ɸʂʊʀɺʅʆʉʊʀ ʂɸʊɸʃʀɿɸʊʆʈɸ ɺ ʇʈʆʎɽʉʉɽ ɸʃʂʀʃʀʈʆɺɸʅʀʗ ɹɽʅɿʆʃɸ 

ʆʃɽʌʀʅɸʄʀ 
ʖ.ɸ. ʑʝʨʙʘʢʦʚʘ, ɺ.ɸ. ʌʝʪʠʩʦʚʘ, ɽ.ʅ. ʀʚʘʰʢʠʥʘ, ʕ.ɼ. ʀʚʘʥʯʠʥʘ 407 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸʉʇʈɽɼɽʃɽʅʀʁ ɼɺʋɼʆʃʔʅʓʍ ʉʃʋʏɸʁʅʓʍ ɺɽʂʊʆʈʆɺ 
ʂ.ɽ.ɸʛʘʬʦʥʦʚ, ɼ.ɺ.ʉʝʤʝʥʦʚʘ 411 
 

ʄɸʊɽʄɸʊʀʂɸ 
 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʃʃɽʂʊʆʈʉʂʀʍ ʉɺʆʁʉʊɺ ʇʆʈʆɼ ɼʃʗ 

ʇʆɼʉʏɽʊɸ ɿɸʇɸʉʆɺ ʅɽʌʊʀ ʀ ʈɸʎʀʆʅɸʃʔʅʆɻʆ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʀ ʀɿɺʃɽʏɽʅʀʗ 
ʃ.ɻ. ɻʘʡʩʠʥʘ, ʈ.ʄ. ʂʫʨʘʤʰʠʥ 414 
ʄʅʆɻʆʆɹʈɸɿʀɽ ʇʈʗʄʓʍ ɺ ɽɺʂʃʀɼʆɺʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 
ɽ.ɼ. ɻʣʘʟʳʨʠʥʘ, ɽ.ɸ. ʄʦʣʜʦʚʘʥʦʚʘ ,  ɽ.ʊ. ʀʚʣʝʚ 417 
ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʈɸʉʉɽʗʅʀʗ ʇʃʆʉʂʆʁ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ ɺʆʃʅʓ ʅɸ ʊʆʅʂʆʄ 

ɼʀʕʃɽʂʊʈʀʏɽʉʂʆʄ ʎʀʃʀʅɼʈɽ 
ɽ.ʇ. ɻʦʣʴʮʚʘʨʪ , ɸ.ɻ. ɼʤʠʪʨʝʥʢʦ 420 
ʉʀʉʊɽʄɸ ʇʆʈʊʌɽʃʔʅʆɻʆ ʀʅɺɽʉʊʀʈʆɺɸʅʀʗ ʉ ʕʃɽʄɽʅʊɸʄʀ ʋʇʈɸɺʃɽʅʀɽʄ 

ʈʀʉʂɸʄʀ 
ɻʫʥ ʏʵʥ,  ʄ.ɽ. ʉʝʤʝʥʦʚ 423 
ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʆʈʊʌɽʃʗ ɸʂʊʀɺʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʂʆʕʌʌʀʎʀɽʅʊɸ 

ʅɽʇʈʀʗʊʀʗ ʈʀʉʂɸ 
ʊ. ɺ. ɽʚʜʦʢʠʤʝʥʢʦ, ʆ.ʃ. ʂʨʠʮʢʠʡ 426 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʀ ʀɿʄɽʅʗʖʑʀʍʉʗ ʌɸʂʊʆʈʆɺ ɺ ʆʎɽʅʂɽ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʅɺɽʉʊʀʎʀʆʅʅʆɻʆ ʇʈʆɽʂʊɸ 
ɽ.ʉ. ɽʨʰʦʚʘ, ɸ.ʀ. ʂʦʨʷʢʠʥ 429 
ɺʃʀʗʅʀɽ ɺʅʋʊʈɽʅʅʀʍ ʀ ɺʅɽʐʅʀʍ ʌɸʂʊʆʈʆɺ ʅɸ ʆʎɽʅʂʋ ʕʂʆʅʆʄʀʏɽʉʂʆʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 
ɽ.ʉ. ɽʨʰʦʚʘ,  ɸ.ʀ. ʂʦʨʷʢʠʥ 432 
ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʄʆʈʉʂʆɻʆ ʌʃʆʊɸ ʂʆʄʇɸʅʀʀ 

çʉɸʍɸʃʀʅʉʂɸʗ ʕʅɽʈɻʀʗè  
ɸ. ɽ. ɾʫʢʦʚʘ, ʄ. ʃ. ʐʠʥʢʝʝʚ 435 
ɸʅɸʃʀɿ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʀ ʊɽʇʃʆʆɹʄɽʅɸ ʊɽʏɽʅʀʗ ɺʗɿʂʀʍ 

ʉʈɽɼ ɺ ʊʈʋɹʆʇʈʆɺʆɼɸʍ 
ʀ..ʐ. ʀʩʣʷʤʦʚ, ʉ.ʅ. ʍʘʨʣʘʤʦʚ 438 
ʈɸʉʏɽʊ ʇɸʈɸʄɽʊʈʆɺ ʕʌʌɽʂʊʀɺʅʆɻʆ ɼʀʇʆʃʔʅʆɻʆ ʄʆʄɽʅʊɸ ʀɿʆʊʆʇʀʏɽʉʂʀʍ 

ʄʆɼʀʌʀʂɸʎʀʁ ʄʆʃɽʂʋʃʓ ʉʆ2 ɼʃʗ çɿɸʇʈɽʑɽʅʅʓʍè ʇʆʃʆʉ 
ɽ.ɺ. ʂʘʨʣʦʚʝʮ, ɺ.ʀ. ʇʝʨʝʚʘʣʦʚ, ɺ.ʀ. ʇʝʨʝʚʘʣʦʚ 441 
ʄʆɼɽʈʅʀɿɸʎʀʗ ʄʆɼʋʃʗ ʈɸʉʏɽʊɸ ʇʈʆʎɽʉʉɸ ʂɸʇʃɽʆɹʈɸɿʆɺɸʅʀʗ ʇʈʀ 

ʇʈʆʄʓʉʃʆɺʆʁ ʇʆɼɻʆʊʆɺʂɽ ɻɸɿʆɺʆɻʆ ʂʆʅɼɽʅʉɸʊɸ ʄɽʊʆɼʆʄ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 
ɸ. ʉ. ʂʠʩʣʦʚʘ, ʅ.ɺ. ʋʰʝʚʘ 444 
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ʉʊʈɽʉʉɸ 
ʉ.ɺ. ʂʠʪʣʝʨ, ɸ.ɽ. ʗʥʢʦʚʩʢʘʷ,  ʅ.ɸ. ʂʦʨʥʝʪʦʚ

2
 447 

ʆʉʅʆɺʓ ʉʆɿɼɸʅʀʗ ɺʊʆʈʆʁ ɺɽʈʉʀʀ ʉʀʉʊɽʄʓ ɼʀɸɻʅʆʉʊʀʂʀ ʀ ʀʅʊɽʈɺɽʅʎʀʀ 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʆɻʆ ʉʊʈɽʉʉɸ 
ʉ.ɺ. ʂʠʪʣʝʨ, ɸ.ɺ. ʉʠʣʘʝʚʘ, ʃ.ɺ. ʐʘʛʘʣʦʚʘ,  ɸ.ɽ. ʗʥʢʦʚʩʢʘʷ, ʅ.ɸ. ʂʦʨʥʝʪʦʚ

2
 450 

ʕʅʊʈʆʇʀʗ ɼɺʋɼʆʃʔʅʓʍ ʄʅʆɾɽʉʊɺ ʉʃʋʏɸʁʅʓʍ ʉʆɹʓʊʀʁ 
ʃ.ɺ. ʂʦʟʣʦʚʘ, ʀ.ɺ. ɹʘʨʘʥʦʚʘ 453 
ʉʊɸʊʀʉʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʈɹʀʊʈɸɾʅʆʉʊʀ ɺɸʃʖʊʅʆɻʆ ʈʓʅʂɸ FOREX 

ʇʈʀ ɺʅʋʊʈʀɼʅɽɺʅʆʁ ʊʆʈɻʆɺʃɽ 
ʂ.ɸ. ʂʦʨʯʫʛʘʥʦʚ, ʆ.ʃ. ʂʨʠʮʢʠʡ 456 
O ɿɸɼɸʏE ʈɸɿʄɽʑɽʅʀʗ ʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʆɹʒɽʂʊʆɺ 
ʖ. ʉ. ʂʦʯʘʥʦʚʘ, ɼ.ɺ. ʉʝʤʝʥʦʚʘ 459 
ɻʃʆɹɸʃʔʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʎɽʅʊʈʆɺ ʃʀʅʀʁ ʉʇɽʂʊʈʆɺ ɺʓʉʆʂʆɻʆ ʈɸɿʈɽʐɽʅʀʗ 

ʄʆʃɽʂʋʃʓ NO2 ɺ ʈɸʄʂɸʍ ʄɽʊʆɼɸ ʕʌʌɽʂʊʀɺʅʓʍ ʆʇɽʈɸʊʆʈʆɺ. 
 ɸ.ɸ. ʃʫʢʘʰʝʚʩʢʘʷ, ʆ.M. ʃʶʣʠʥ, ɺ.ʀ. ʇʝʨʝʚʘʣʦʚ, ɺ.ʀ. ʇʝʨʝʚʘʣʦʚ 462 
ʊɽʈʈɸʉʅʆɽ ʇʈɽɼʉʊɸɺʃɽʅʀɽ ʄʅʆɾɽʉʊɺɸ ʉʃʋʏɸʁʅʓʍ ʉʆɹʓʊʀʁ 

ʅ.ɸ. ʃʫʢʴʷʥʦʚʘ, ʆ.ʖ. ɺʦʨʦʙʴʸʚ 465 
ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʊɸʊʀʉʊʀʏɽʉʂʀʍ ʇʈɽʀʄʋʑɽʉʊɺ ʇʈʀ ʌʆʈʄʀʈʆɺɸʅʀʀ 

ʀʅɺɽʉʊʀʎʀʆʅʅʆɻʆ ʇʆʈʊʌɽʃʗ 
ʂ.ʀ. ʄʘʨʢʦʚʘ,  ʄ.ɽ. ʉʝʤʝʥʦʚ 468 
ʏʀʉʃɽʅʅʓʁ ɸʅɸʃʀɿ ʂʆʅɺɽʂʊʀɺʅʆ-ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʊɽʇʃʆʆɹʄɽʅɸ ɺ ʉɽʈʓʍ 

ɻɸɿɸʍ ɺ ɿɸʄʂʅʋʊʆʁ ʆɹʃɸʉʊʀ ʉ ʊɽʇʃʆʇʈʆɺʆɼʅʓʄʀ ʉʊɽʅʂɸʄʀ ʂʆʅɽʏʅʆʁ 

ʊʆʃʑʀʅʓ 
ʉ.ɻ. ʄʘʨʪʶʰʝʚ, ʄ.ɸ. ʐʝʨʝʤʝʪ, ɸ.ʄ. ɹʫʙʝʥʯʠʢʦʚ, ʄ.ɸ. ʐʝʨʝʤʝʪ 471 
ʂʆʅʌʆʈʄʅʆ-ʀʅɺɸʈʀɸʅʊʅɸʗ ʄɽʍɸʅʀʂɸ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ ʅʔʖʊʆʅɸ-ɻʋʂɸ 
ʀ. ɺ. ʄʘʩʪʝʨʦʚ, ɸ. ɺ. ɻʘʣʘʞʠʥʩʢʠʡ 474 
ɸʃɻʆʈʀʊʄ ʉ ʈɸʉʑɽʇʃɽʅʀɽʄ ɺɽʁɺʃɽʊ-ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʉʇʃɸʁʅʆɺ ʇɽʈɺʆʁ 

ʉʊɽʇɽʅʀ 
ʐ.ʄ.ʄʘʪʘʥʦʚ,  ɹ.ʄ. ʐʫʤʠʣʦʚ 477 
ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ʂɸʉʂɸɼɸ ʕʂʉʊʈɸʂʎʀʆʅʅʓʍ ʂʆʃʆʅʅ ʅɸ ɹɸɿɽ 
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ʉ.ʉ. ʄʠʭʘʣʝʚʠʯ, ɸ.ɻ. ɻʦʨʶʥʦʚ, ʖ.ɸ. ʏʫʨʩʠʥ,  ʖ.ɸ. ʏʫʨʩʠʥ 480 
ʈɸʉʏɽʊ ʂʆʄɹʀʅɸʎʀʆʅʅʓʍ ʏɸʉʊʆʊ  ʀ ʌʀʃʔʊʈɸʎʀʗ ɹʀʆʕʃɽʂʊʈʀʏɽʉʂʀʍ 

ʇʆʊɽʅʎʀɸʃʆɺ ʌɸɿʆɺʓʄ ʌʀʃʔʊʈʆʄ 
ʉ.ɻ. ʅʝʙʘʙʘ, ʆ.ʅ. ɺʳʣʝʛʞʘʥʠʥ 483 
THE USE OF COGNITIVE GRAPHICS IN THE SOCIAL-PSYCHOLOGICAL RESEARCH 
I.A. Osadchaya, O.G. Berestneva 486 
ʆʎɽʅʂɸ ɹɸɿʆɺʆɻʆ ʅʆʈʄɸʊʀɺɸ ʀ ʋɼʆʈʆɾɸʖʑʀʍ ʌɸʂʊʆʈʆɺ ɼʃʗ  ʈɸʉʏɽʊɸ 

ʅʆʈʄɸʊʀɺʆɺ ʌʀʅɸʅʉʀʈʆɺɸʅʀʗ ɼʆʐʂʆʃʔʅʓʍ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʋʏʈɽɾɼɽʅʀʁ 
ʗ.ɽ. ʈʝʚʫʰʢʠʥʘ, ʄ.ʃ. ʐʠʥʢʝʝʚ 489 
ʇʈʀʄɽʅɽʅʀɽ ʆɼʅʆʇɽʈʀʆɼʅʆʁ ʄʆɼɽʃʀ ʄɸʈʂʆɺʀʎɸ ɼʃʗ ʇʆʉʊʈʆɽʅʀʗ 

ʆʇʊʀʄɸʃʔʅʆɻʆ ʇʆʈʊʌɽʃʗ ʇɽʅʉʀʆʅʅʓʍ ʅɸʂʆʇʃɽʅʀʁ ʉ ʄʀʅʀʄɸʃʔʅʓʄ 

ʈʀʉʂʆʄ 
ɸ.ɸ. ʄʠʮʝʣʴ, ʆ.ʀ. ʈʝʢʫʥʜʘʣʴ, ɸ.ɸ. ʄʠʮʝʣʴ 492 
ʀʅʌʃʗʎʀʆʅʅʓɽ ʇʈʆʎɽʉʉʓ ɺ ʈʆʉʉʀʁʉʂʆʁ ʕʂʆʅʆʄʀʂɽ 
ʆ.ʉ. ʉʘʧʦʞʥʠʢʦʚʘ,  ɸ.ʀ. ʂʦʨʷʢʠʥ 495 
DIE SYNTHESE DES MATHEMATISCHEN MODELLES DES BEWEGLICHEN 

ELEKTROENERGETISCHEN GEGENSTANDES 

M.I. Tesmonar, W.S. Andik 498 
ʆʎɽʅʂɸ ʅɸɼɽɾʅʆʉʊʀ ʀ ʈʀʉʂʆɺ ɺɽɼʆʄʉʊɺɽʅʅʓʍ ʎɽʃɽɺʓʍ ʇʈʆɻʈɸʄʄ ʆʊʈɸʉʃʀ 

çʆɹʈɸɿʆɺɸʅʀɽè ɻʆʈʆɼɸ ʊʆʄʉʂɸ 
ʖ.ɸ. ʊʠʪʘʝʚʘ, ɸ.ɸ. ʄʠʮʝʣʴ 501 
ɿɸɼɸʏɸ ʆʇʈɽɼɽʃɽʅʀʗ ʂʆʄʇɸʅʀʀ ʉ ʆʇʊʀʄɸʃʔʅʆʁ ʉʊʈɸʊɽɻʀɽʁ 
ʆ.ʉ. ʌʦʨʩʪ, ʀ.ɺ. ɹʘʨʘʥʦʚʘ 504 
ɸʇʇʈʆʂʉʀʄɸʎʀʗ ʊɽʄʇɽʈɸʊʋʈʅʆʁ ɿɸɺʀʉʀʄʆʉʊʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʆɻʃʆʑɽʅʀʗ 

ɸʊʄʆʉʌɽʈʅʓʄʀ ɻɸɿɸʄʀ ɺ ɿɸɼɸʏɸʍ ʇɽʈɽʅʆʉɸ ʉʆʃʅɽʏʅʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ɸ.ɺ. ʏʝʥʮʦʚ, ʖ.ɺ. ɺʦʨʦʥʠʥʘ, ʊ.ʖ. ʏʝʩʥʦʢʦʚʘ 507 
 

 



VIII ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂ                                                                  12 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                                  ʆɻʃɸɺʃɽʅʀɽ 

ɺʓɹʆʈ ʆʇʊʀʄɸʃʔʅʆʁ ʈɸɿʅʆʉʊʅʆʁ ʉʍɽʄʓ ɺ ɿɸɼɸʏɸʍ ɺʓʅʋɾɼɽʅʅʆʁ 

ʂʆʅɺɽʂʎʀʀ ʅɸ ʇʈʀʄɽʈɽ ʊɽʏɽʅʀʗ ɾʀɼʂʆʉʊʀ ɺ ʇʆʃʆʉʊʀ ʉ ʇʆɼɺʀɾʅʆʁ ʉʊɽʅʂʆʁ 
ʊ.ɺ. ʏʝʨʝʧʘʥʦʚ, ʄ.ɸ. ʐʝʨʝʤʝʪ 510 
ɼʈʆɹʅʓɽ ʇʈʆʀɿɺʆɼʅʓɽ ʀ ɼʈʆɹʅʓɽ ʀʅʊɽɻʈɸʃʓ ʉ ʇɽʈɽʄɽʅʅʓʄ ʇʆʈʗɼʂʆʄ 

ɺ.ɸ. ʏʫʨʠʢʦʚ 513 
ʇʆʃʀʅʆʄʓ ɼʈʆɹʅʓʍ ʇʆʈʗɼʂʆɺ ʀ ɸʃɻɽɹʈɸʀʏɽʉʂʀɽ ʋʈɸɺʅɽʅʀʗ ʅɸ ʀʍ ʆʉʅʆɺɽ 
ɺ.ɸ. ʏʫʨʠʢʦʚ 516 
 

ʊɽʍʅʆʃʆɻʀʗ 
 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ ɺʆɼ ɺ ʉʊʈʆʀʊɽʃʔʅʆʄ 

ʇʈʆʀɿɺʆɼʉʊɺɽ 
ɺ.ʈ. ɸʨʪʶʰʠʥ, ʊ.ɼ.ʄʘʣʠʥʦʚʩʢʘʷ 520 
ʇʈɽɼɺɸʈʀʊɽʃʔʅɸʗ ʆɹʈɸɹʆʊʂɸ ʄɸʊɽʈʀɸʃʆɺ ʃɸɿɽʈʅʆɻʆ ʉʂɸʅʀʈʆɺɸʅʀʗ 

ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼʆʈʆɻ 
ɸ.ʅ. ɹʘʡʛʫʣʦʚ, ɹ.ʄ. ʐʫʤʠʣʦʚ; ʄ.ʄ. ɻʫʙʩʢʘʷ, ɺ.ʅ. ɹʦʡʢʦʚ 523 
ʀʅʊɽɻʈʀʈʆɺɸʅʅɸʗ ʄʆɼɽʃʔ ɾʀʃʆʁ ʗʏɽʁʂʀ ʀ.ɼ. ɺʝʨʸʚʢʠʥʘ, ʅ.ɺ. ʐʘʛʦʚ 526 
ɸʂʊʀɺɸʎʀʗ ʎɽʄɽʅʊʅʓʍ ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄ ɺ ʇʆʃɽ ɺʓʉʆʂʆɺʆʃʔʊʅʆɻʆ 

ʈɸɿʈʗɼɸ 
ʅ.ʉ. ɻʦʨʰʢʦʚ, ɼ.ɺ. ʍʦʥʠʥ, ɸ.ɸ. ɸʣʝʢʩʝʝʚ 529 
ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʆʇʈɽɼɽʃɽʅʀʗ ʊʈɽʑʀʅʆɺɸʊʆʉʊʀ ɹɽʊʆʅɸ ʅɸ ʆʉʅʆɺɽ 

ʗɺʃɽʅʀʗ ʄɽʍɸʅʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ 
ɼ.ɼ. ɼʘʥʥ, ʂ.ʖ. ʆʩʠʧʦʚ, ʊ.ɺ. ʌʫʨʩʘ 532 
ʋʇʈɸɺʃɽʅʀɽ ɺʗɿʂʆʉʊʔʖ ʅɽʌʊʀ 
ʉ.ɸ. ɼʞʘʙʠʝʚ, ʂ.ʄ. ʃʝʦʥʪʴʝʚ, ʖ.ʉ. ʉʘʨʢʠʩʦʚ 535 
ʬʆʈʄʀʈʆɺɸʅʀɽ ʆʇʊʀʄɸʃʔʅʆʁ ʉʊʈʋʂʊʋʈʓ ʇɽʅʆɹɽʊʆʅɸ 
ɽ.ɸ. ɿʫʙʘʨʝʚʘ, ʅ.ɸ. ʄʘʰʢʠʥ 537 
ʉʇɽʎʀʌʀʂɸ ʇʈʆʏʅʆʉʊʅʆɻʆ ʈɸʉʏɽʊɸ ɺʓɾʀʄʅʆɻʆ ʇʆɼʒɽʄʅʀʂɸ 540 
ʉʆʇʈʗɾɽʅʅʆ-ʈʓʏɸɾʅʆɻʆ ʊʀʇɸ 
ɺ.ʉ. ʂʘʣʠʥʠʯʝʥʢʦ, ɺ.ɻ. ɸʥʘʥʠʥ 540 
ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʊʆʈʌɸ ɺ ʉʊʈʆʀʊɽʃʔʅʆʁ ʀʅɼʋʉʊʈʀʀ 
ɸ.ɺ. ʂʘʩʘʪʢʠʥʘ,  ʅ.ʆ. ʂʦʧʘʥʠʮʘ, ʖ.ʉ. ʉʘʨʢʠʩʦʚ 543 
ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ɹɸʃʆʂ ʅɸ ʇʆɼɸʊʃʀɺʓʍ 

ʆʇʆʈɸʍ ʇʆ ʅɸʂʃʆʅʅʓʄ ʉɽʏɽʅʀʗʄ ʇʈʀ ʂʈɸʊʂʆɺʈɽʄɽʅʅʆʄ ɼʀʅɸʄʀʏɽʉʂʆʄ 

ʅɸɻʈʋɾɽʅʀʀ 
ɼ. ʅ. ʂʦʢʦʨʠʥ, ʆ. ɻ. ʂʫʤʧʷʢ 546 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɺʀɾɽʅʀʗ ɾʀɼʂʆʉʊʀ ɺ ʈɽɸʃʔʅʆʄ ɺʈɽʄɽʅʀ ʅɸ ʆʉʅʆɺɽ 

ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʌʋʈʔɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɻʈɸʌʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉʆʈɸ 
ʄ. ɺ. ʂʦʣʫʧʘʝʚ, ɸ.ʃ. ʌʫʢʩ 549 
ʊɽʍʅʆʃʆɻʀʀ ɸʅɸʃʀʊʀʏɽʉʂʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɻʈɸʅʀʎ ɿɽʄɽʃʔʅʓʍ ʋʏɸʉʊʂʆɺ 
ʄ.ɸ. ʂʦʩʤʘʯʝʚʘ,  ʄ.ɽ. ʉʝʤʝʥʦʚ 552 
ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɸʕʈʆɼʀʅɸʄʀʂʀ ʄʆɼɽʃɽʡ ɿɼɸʅʀʁ ʇʈʀ 

ʇʆʄʆʑʀ ʉɸɾɽʄɸʉʃʗʅʆʁ ɺʀɿʋɸʃʀɿɸʎʀʀ 
ɸ.ɸ. ʂʦʰʠʥ, ʉ.ɺ. ʂʦʨʦʙʢʦʚ, ɼ.ʀ. ʄʦʢʰʠʥ, ɸ.ʀ. ɻʥʳʨʷ 555 
ɺʓɹʆʈ ʉʈɽɼʉʊɺ ʕʂʉʇʈɽʉʉ-ɼʀɸɻʅʆʉʊʀʂʀ ʉʀʉʊɽʄʓ çʄɸʐʀʅɸ ï ʄɸʉʃʆè 
ɸ.ʅ. ʃʷʧʠʥ, ʆ.ɺ. ʃʷʧʠʥʘ, ɺ.ʆ. ɻʠʣʴʮ,  ʖ.ɸ. ɺʣʘʩʦʚ 558 
ɿɸɺʀʉʀʄʆʉʊʔ ʄʆʈʌʆʃʆɻʀʀ ʇʆʃʀʋʈɽʊɸʅʆɺʓʍ ʊɽʇʃʆɺʓɼɽʃʗʖʑʀʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʇʆʂʈʓʊʀʁ ʆʊ ʇʈʀʈʆɼʓ ʋɻʃɽʈʆɼʅʆɻʆ ʅɸʇʆʃʅʀʊɽʃʗ 
ʉ.ɺ.ʄʝʣʝʥʪʴʝʚ, ʜ.ʪ.ʥ. ʊ.ɼ.ʄʘʣʠʥʦʚʩʢʘʷ 561 
PR¦FUNGSMethode VON MOTORISCHER SPEISER¥HRET TIGKEIT 
S. S. Melnik, D. V. Miljaev, D. V. Miljaev 564 
ʄɽʊʆɼ ʈɸʉʏɪʊɸ ɻʀɹʂʀʍ ʇʆʃʆɻʀʍ ʆɹʆʃʆʏɽʂ ʉ ɼʀʉʂʈɽʊʅʓʄʀ ʈɽɹʈɸʄʀ 

ɾɽʉʊʂʆʉʊʀ ʉ ʋʏɪʊʆʄ ʉɼɺʀɻɸ, ʇʆɻʀɹʀ, ʅɽʃʀʅɽʁʅʆʉʊɽʁ ʀ ʈɸɿʅʆʄʆɼʋʃʔʅʆʉʊʀ 
ʄ.ʆ. ʄʦʠʩʝʝʥʢʦ, ʆ.ʆ. ʄʦʨʦʟʦʚʘ, ʊ.ɸ. ʊʨʝʧʫʪʥʝʚʘ, ʆ.ʅ. ʇʦʧʦʚ 567 
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¶ ʬʠʟʠʢʘ ʫʩʢʦʨʠʪʝʣʝʡ, 

¶ ʬʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

¶  ʬʠʟʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

¶ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ 

ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

¶ ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, 

¶ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, 

¶ ʛʝʦʬʠʟʠʢʘ. 
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ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ U
+89 
ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʢʨʝʤʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʷʚʣʝʥʠʷ ʜʣʷ ʘʪʦʤʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

 

 

A channelled ion passing between oriented rows of atoms in a crystal lattice with a velocity u experiences a 

coherent periodic perturbation of frequencies n = k(v/d), where k = 1, 2, 3,é and d is the distance between 

atoms in a row. When one of these frequencies coincides with nɔ = ȹEij/h, where ȹEi is the energy difference 

between electronic states i and j of the ion, a resonant coherent excitation (RCE) of the atomic level might occur. 

This process was first pointed out by V.V. Okorokov in 1965 [1]. S. Datz et co. made the first clear experimental 

proof of this phenomenon in the seventies using light highly charged ions of few MeV/u. These experiments identified 

the resonance conditions and basic properties and different dynamic aspects of the ionïatom interactions in the 

presence of the ordered crystal structure. Since than different experimental as well as theoretical RCE studies have 

been performed. The advances in ion sources and accelerator technology made possible the extension of these kinds of 

studies at much higher projectile charge states carried by medium and heavy few-electron ions [3]. Increasing the 

projectile energy, higher excitation energies of the ion are accessible. The experiment performed with H-like Ar and Fe 

ions at ~ 400 MeV/u at NIRS-HIMAC, Japan [4, 5] extended the RCE studies in the region when relativistic effects in 

the resonance properties can be observed. The resonant character of the process suggests that RCE can be used for 

high resolution spectroscopy of the heavy, highly charged ions.  

In the present experiment the interaction of Li-like Uranium beam with a Si-crystal is studied by measuring the x-

rays emission and charge state distribution of the projectile ions. The experiment has been performed at GSI 

accelerator facility (Darmstadt, Germany). The GSI accelerator facility is used to produces a large variety of ion 

species within a wide energy range from 1.4 MeV/u to 2 GeV/u. It provides high current ion beams of all stable 

elements across the periodic table. The accelerator complex consists of three main parts: the UNIversal Linear 

Accelerator (UNILAC), the Heavy Ion Synchrotron (SIS) and the Experimental Storage Ring (ESR) (figure 1). After 

the injection from the ion source, the ion beam can be accelerated by the UNILAC up to an energy of 15 MeV/u. On 
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the next acceleration stage the ion beam is injected in the SIS and accelerated up to 2.1 GeV/u in the case of the light 

ions and up to 1 GeV/u in the case of heavy ions. These beams are further extracted from the SIS and can be used for 

experiments at Fragment separator FRS, at the ESR or at the experimental area. 

 

In the figure 2.7 the experimental setup in ñCave Aò is sketched. Si-crystal target is mounted at the (220) 

planar orientation relatively to the beam direction in the support of the 5-axis goniometer. The goniometer allows 

to adjust the orientation in a such a way that resonant conditions can be found.  

 

Photons, emitted by the target and projectile ions, are registered by four Silicon Drift Detectors which are 

installed around the crystal-target inside the goniometer vacuum chamber. Out coming ions from the crystal are 

transported to the charge state analyzer. Here under the magnetic field of the dipole magnet ions having different 

charge states are separated on different trajectories. Further, the ions are detected by a two-dimensional position 

sensitive Microchannel Plate Detector. The beam of U
+89

 at 191.2 MeV/u is delivered from ESR to the ñCave Aò. 

There are two pairs of slits and the lead collimator in the beginning of the beam line to handle beam divergence.  

From the analysis of the x-ray spectra measured as function of the crystal orientation angle q the resonance 

curve can be obtained. This curve represents the number of measured photons, emitted by the decay of the 

2/32p level in Li-like uranium at the coherent excitation with Si crystal as function of the orientation angle q. In 

the figure 3 the resonance curve of 191.1 MeV/u U
89+ 
ions excited in a 10 ɛm thickness Si crystal in the (220) 

Fig. 2. The experimental setup in ñCave Aò. 

Fig. 1. Overview of the accelerator facility and experimental areas at the GSI. 
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planar orientation represented independently for four SSD detectors. There are two measurements performed 

with different openings of the slits in the beam line witch are handle a divergence of the beam. The number of 

the photons is normalized to the total number of the ions and to the geometrical efficiency of the SDD. 

 

Fig. 3. X-ray yield of 191.1 MeV/u U 89+ ions excited in a 10 ɛm thick Si crystal in the (220) planar orientation 
 

The resonance spectra are fitted with a Gauss function. The positions of the maxima of the distributions maxq  

were identified as occurring at 
AA 08.506.5 ¢¢q . In the case of the RCE of an atomic level in a (220) planar 

crystal orientation the transition energy,transE , is given by the relation:  

( )qqug sincos2 +=hERCE ,      (1) 

where h  ˈ the Planck constant, g ˈ the Lorentz factor, u̍  the velocity of the ions. 

Using formula (1) and values of the maxq  angle the energy of the 1s
2
2s1/2 ï 1s

2
2p3/2 transition energy 

eV4460,73=transE  . 

In the present experiment with the resonant coherent excitation of the 2s1/2-2p3/2 transition in 191.2 MeV/u 

Li -like uranium ions was observed. The result shows that RCE method can be used for atomic spectroscopy of 

highly-charged heavy ions. In future the method is going to be improved and applied for nuclear spectroscopy at 

GSI FAIR (Facility for Antiproton and Ion Research, Darmstadt). 
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The simulation of the motion of ions in RF-magnetron system is described. Two types of ions are 

considered: calcium and phosphorus. Their movement within the anode dark sheath is affected by electric 

field. The simulations of the particles coordinates within anode dark sheath followed by particles adsorption 

and desorption on the surface of the heated substrate are performed. This model allows the prediction of the 

number of desorbed particles under definite set of deposition parameters and the Ca/P ratio in the film. 

 

 

ʄʠʣʣʠʦʥʳ ʣʶʜʝʡ ʧʦʜʚʝʨʞʝʥʳ ʧʦʨʘʞʝʥʠʷʤ ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʪʘʢʠʭ ʢʘʢ ʦʩʪʝʦʤʠʝʣʠʪ, ʦʩʪʝʦʩʘʨʢʦʤʘ, ʦʩʪʝʦʧʦʨʦʟ, ʠʣʠ ʪʨʘʚʤ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʭʠʨʫʨʛʠʠ, 

ʥʘʧʨʠʤʝʨ ʚ ʦʥʢʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʝʪ ʩʧʘʩʪʠ ʞʠʟʥʴ ʤʥʦʛʠʤ ʧʘʮʠʝʥʪʘʤ ʟʘ ʩʯʝʪ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʨʘʩʰʠʨʝʥʥʳʭ 

ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʤ ʢʦʩʪʥʳʤ 

ʜʝʬʝʢʪʘʤ [1]. ʉ ʘʥʪʠʯʥʳʭ ʚʨʝʤʝʥ ʤʝʜʠʢʠ ʠʱʫʪ ʩʧʦʩʦʙʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʟʘʤʝʱʝʥʠʷ ʜʝʬʝʢʪʘ ʠʤʧʣʘʥʪʘʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʦʨʛʘʥʘ, ʥʘʧʨʠʤʝʨ, ʥʝʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʤʘʪʝʨʠʘʣʝ ʜʣʷ 

ʠʤʧʣʘʥʪʘʪʘ. ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʩʦʚʤʝʩʪʠʤʳʤ ʩ ʪʢʘʥʴʶ, ʪʦ ʝʩʪʴ 

ʚʳʟʳʚʘʪʴ ʘʜʝʢʚʘʪʥʳʡ ʦʪʢʣʠʢ ʩʦ ʩʪʦʨʦʥʳ ʦʨʛʘʥʠʟʤʘ, ʥʝ ʙʳʪʴ ʪʦʢʩʠʯʥʳʤ, ʥʝ ʚʳʟʳʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʠʤʤʫʥʥʳʭ ʠ ʜʨʫʛʠʭ ʨʝʘʢʮʠʡ ʩʦ ʩʪʦʨʦʥʳ ʦʨʛʘʥʠʟʤʘ, ʥʝ ʦʪʪʦʨʛʘʪʴʩʷ ʦʨʛʘʥʠʟʤʦʤ ʢʘʢ ʠʥʦʨʦʜʥʦʝ ʪʝʣʦ, ʠ 

ʙʳʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ, ʪʦ ʝʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʥʝʤ ʠʣʠ ʟʘʤʝʱʝʥʠʝʤ ʝʛʦ ʢʦʩʪʥʦʡ ʪʢʘʥʴʶ [1]. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʝʱʝʩʪʚ, ʠʟʥʘʯʘʣʴʥʦ ʙʣʠʟʢʠʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʢ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʣʠʙʦ ʩʧʦʩʦʙʥʳʭ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʪʢʘʥʷʤʠ ʠ ʞʠʜʢʦʩʪʷʤʠ ʦʨʛʘʥʠʟʤʘ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʙʠʦʘʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʦʩʪʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʨʪʦʬʦʩʬʘʪʳ ʢʘʣʴʮʠʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʢʘʣʴʮʠʡʬʦʩʬʘʪʦʚ ʥʘ ʪʠʪʘʥʦʚʫʶ ʧʦʜʣʦʞʢʫ ʷʚʣʷʝʪʩʷ ɺʏ-
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ʤʘʛʥʝʪʨʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ [5,6]. ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʨʦʩʪʘ ʢʘʣʴʮʠʡʬʦʩʬʘʪʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [2]. ʇʦʵʪʦʤʫ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʩʨʝʜʝ 

Mathematica 7 ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʢʘʣʴʮʠʡʬʦʩʬʘʪʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʟʘʜʘʥʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 

ʢʘʣʴʮʠʷ ʢ ʬʦʩʬʦʨʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʘʣʝʪʘʶʱʠʭ ʥʘ ʧʦʜʣʦʞʢʫ ʠʦʥʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʣʦʞʢʠ ʩ ʫʯʝʪʦʤ ʨʘʩʩʝʷʥʠʷ ʠʦʥʦʚ ʚ ʘʥʦʜʥʦʤ ʪʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʚ ʘʥʦʜʥʦʤ ʪʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʨʦʠʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʫʶ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮ ʥʘ ʛʨʘʥʠʮʝ ʧʣʘʟʤʳ, ʚ ʘʥʦʜʥʦʤ 

ʪʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʫʯʝʪʦʤ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʧʦʪʦʢʘ ʠ ʧʦʜʣʦʞʢʝ. ʇʨʦʮʝʩʩ ʨʘʩʩʝʷʥʠʷ 

ʠʦʥʦʚ ʥʘ ʧʫʪʠ ʢ ʧʦʜʣʦʞʢʝ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʂʫʣʦʥʘ [4]. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʯʘʩʪʠʮʘʤʠ ʧʦʜʣʦʞʢʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʜʝʩʦʨʙʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʉʘ ʠ ʈ ʜʣʷ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʥʘʧʳʣʝʥʠʷ ʠ ʵʥʝʨʛʠʡ ʜʝʩʦʨʙʮʠʠ. ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʧʨʦʛʨʘʤʤ: 1) 

ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ ʚ ʦʙʣʘʩʪʠ 

ʘʥʦʜʥʦʛʦ ʪʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ 

ʫʯʝʪʦʤ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʩʝʷʥʠʷ; 2) 

ʨʘʩʯʝʪ ʧʦʪʦʢʘ ʜʝʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩ 

ʧʦʜʣʦʞʢʠ ʘʪʦʤʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʘ/ʈ. 

ʇʦʜʧʨʦʛʨʘʤʤʘ 1. ɿʘʜʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ 

ʧʦʪʦʢʘ ʠʦʥʦʚ ʉʘ ʠ ʈ ʩʦ ʩʣʫʯʘʡʥʳʤʠ 

ʥʘʯʘʣʴʥʳʤʠ  ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ 

ʧʣʦʩʢʦʩʪʠ ʛʨʘʥʠʮʳ ʧʣʘʟʤʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʦʥʦʚ ʥʘ ʛʨʘʥʠʮʝ 

ʧʣʘʟʤʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ɹʦʤʘ 

[2]. ɿʘʪʝʤ ʤʦʜʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʘʥʦʜʥʦʤ ʪʝʤʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʀʦʥʳ, 

ʨʘʩʩʝʷʥʥʳʝ ʧʦʜ ʫʛʣʘʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʣʘʟʤʳ, ʥʝ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʷ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ. 

ʇʦʜʧʨʦʛʨʘʤʤʘ 2. ʀʩʩʣʝʜʫʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʜʝʩʦʨʙʮʠʠ 

ʘʜʩʦʨʙʠʨʦʚʘʚʰʠʭʩʷ ʯʘʩʪʠʮ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʚ 

ʠʥʪʝʨʚʘʣʝ 150-500 ʉÁ. ʊʘʢ ʢʘʢ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʜʝʩʦʨʙʮʠʠ ʜʣʷ ʘʪʦʤʦʚ ʉʘ ʠ ʈ ʥʘ 

ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʚ ʤʦʜʝʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʧʨʝʜʝʣʴʥʳʭ 

ʈʠʩ 1. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʉʘ/ʈ ʦʪ 

ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ ʜʣʷ Ůʩʘ>Ůʨ. 

ʈʠʩ 2  ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʉʘ/ʈ 

ʦʪ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ ʜʣʷ Ůʩʘ<Ůʨ. 
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ʩʣʫʯʘʷ: 1) ʵʥʝʨʛʠʷ ʜʝʩʦʨʙʮʠʠ ʉʘ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʜʝʩʦʨʙʮʠʠ ʈ (Ůʉʘ >Ůʈ); 2) ʵʥʝʨʛʠʷ ʜʝʩʦʨʙʮʠʠ ʉʘ ʤʝʥʴʰʝ 

ʵʥʝʨʛʠʠ ʜʝʩʦʨʙʮʠʠ ʈ (Ůʉʘ <Ůʈ). ʀʟ ʨʠʩ 1 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ Ůʉʘ >Ůʉʘ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʉʘ/ʈ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ 1,67, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ (ɻɸ), ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʠʭ ʚʨʝʤʝʥʘʭ ʥʘʧʳʣʝʥʠʷ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʛʦ ʷʚʣʝʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʩʦʨʙʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʚʦʟʨʘʩʪʘʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. 

ʅʘ ʨʠʩ 2 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʪʦʨʦʡ ʚʦʟʤʦʞʥʳʡ ʩʮʝʥʘʨʠʡ: (Ůʩʘ>Ůʨ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʈ 

ʥʘ ʧʦʜʣʦʞʢʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʳʣʝʥʠʷ 

ʥʝʠʟʤʝʥʥʳʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʰʝʥʠʝ ʉʘ/ʈ ʫʙʳʚʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ, ʯʪʦ ʩ 

ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʤʝʥʴʰʝʡ Ůʩʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʩʦʨʙʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʉʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʘ ʥʘ ʧʦʜʣʦʞʢʝ 

ʫʙʳʚʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ  ʦʪʥʦʰʝʥʠʷ ʉʘ/ʈ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʥʦʰʝʥʠʝ ʉʘ/ʈ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʵʥʝʨʛʠʷʭ ʜʝʩʦʨʙʮʠʠ (Ůʩʘ, Ůʨ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ 

ʵʪʘʧʝ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʘʧʨʦʙʘʮʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 
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In this paper the coherent transition radiation (CTR) generated by electron bunches of the spherical and 

ellipsoidal shape is considered. In the first part of the paper necessary calculations for the form factor and 

the spectral-angular density of the CTR are carried out. In the second part the analysis of the CTR spectral-

angular density from the spherical and ellipsoidal shape bunches is carried out using the graphic 

dependence constructions. The features of the angular characteristics depending on the bunch shape and the 

tilt angle of the medium interface relative to motion direction of the bunch are revealed. These features may 

be useful in the investigation and detection of the transition radiation from electron bunches later. 

 

 

ʇʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ. 

ʂʦʛʝʨʝʥʪʥʦʝ ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ(ʂʇʀ)[1] ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʢʦʨʦʪʢʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʛʫʩʪʢʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ~0,1é1ʤʤ [2ï4]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʂʇʀ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʧʦʜ 

ʫʛʣʦʤ 90 ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʦʪ ʤʠʰʝʥʠ ʥʘʢʣʦʥʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ ɣ=45. ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʠʟʣʫʯʘʶʪ ʯʘʩʪʠʮʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʛʫʩʪʢʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʧʣʦʩʢʦʩʪʴʶ ʤʠʰʝʥʠ[5]. ʗʩʥʦ, 

ʯʪʦ ʜʣʷ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʩʛʫʩʪʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʇʀ ʥʘʨʷʜʫ ʩ ʧʨʦʜʦʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʩʛʫʩʪʢʘ. ɺʦʟʥʠʢʘʝʪ ʠʥʪʝʨʝʩ ʩʨʘʚʥʝʥʠʷ ʫʛʣʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʂʇʀ ʜʣʷ ʩʛʫʩʪʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʥʘ ʤʠʰʝʥʴ. 

ɺ ʨʘʙʦʪʝ [1] ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʫʛʣʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʂʇʀ ʩʛʫʩʪʢʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ 

Ὅ—‫ȟ ὔὍ,‫ȟ—ȿὊȿ 

ʛʜʝ ὔ  - ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʛʫʩʪʢʝ, Ὅ‫ȟ— - ʩʧʝʢʪʨʘʣʴʥʦ-ʫʛʣʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʦʜʠʥʦʯʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ, ʘ ʚʝʣʠʯʠʥʘ ȿὊȿ- ʦʧʠʩʳʚʘʝʪ ʭʘʨʘʢʪʝʨ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʟʣʫʯʝʥʠʡ ʯʘʩʪʠʮ 

ʩʛʫʩʪʢʘ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʟʳʚʘʝʪʩʷ ʬʦʨʤ-ʬʘʢʪʦʨʦʤ ʩʛʫʩʪʢʘ. 

ʌʦʨʤ-ʬʘʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ  
 

ȿὊȿ ȿ᷿ ὨὶzὛὶ ÅzØÐ  Ὥ•ὶ ȿ, 

 

ɻʜʝ V ï ʦʙʲʝʤ ʩʛʫʩʪʢʘ, S(r) ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʛʫʩʪʢʝ, ʘ 
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ű(r) ï ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʥʦʩʪʴ ʬʘʟ ʠʟʣʫʯʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʩʛʫʩʪʢʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʟ 

ʩʣʝʜʫʶʱʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ.  

ʇʫʩʪʴ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩʨʝʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʩʝʢʘʶʪ ʜʚʘ ʵʣʝʢʪʨʦʥʘ 

(ʨʠʩ.1). 

ʈʟʘʥʦʩʪʴ ʬʘʟ ʇʀ ʜʣʷ ʧʦʣʝʡ ʠʟʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ 1 ʠ 2 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ y ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

•ὼȟᾀ
‫

ὧ

ὼÓÉÎ—

ÃÏÓ‪

ὼÔÁÎ‪

‍

ᾀ

‍
 

ʀʩʧʦʣʴʟʫʷ ʥʘʡʜʝʥʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ ʩʛʫʩʪʢʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʬʦʨʤ-ʬʘʢʪʦʨ ʜʣʷ ʣʶʙʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʚ ʩʛʫʩʪʢʝ Ὓὶ  ïʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʛʫʩʪʢʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʧʨʦʜʝʣʳʚʘʝʤʳʭ ʚʳʯʠʩʣʝʥʠʡ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ 

ʠʭ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʜʣʷ ʵʪʦʛʦ ʩʜʝʣʘʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʤʝʥʳ: 

•ὼȟᾀ
‫

ʩ
”ÃÏÓ•

‍ÓÉÎ— ÓÉÎ‪

‍ÃÏÓ‪

ᾀ

‍
 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʧʠʰʝʤ ʬʦʨʤ-ʬʘʢʪʦʨ ʚ ʮ.ʩ.ʢ: 

ȿὊȿ
ρ

ὠ
”Ὠ”ὨᾀὨ•ὩzὼὴὭ

‫

ὧ
”ÃÏÓ•

‍ÓÉÎ— ÓÉÎ‪

‍ÃÏÓ‪

ᾀ

‍

  

  

 

ȿ
ς“

ὠ
”Ὠ”Ὠᾀὐz

‫

ὧ
”
‍ÓÉÎ— ÓÉÎ‪

‍ÃÏÓ‪

 

  

Ὡz  

ς“ὧ

ὠ‫

‍ÃÏÓ‪

‍ÓÉÎ— ÓÉÎ‪
ὥᾀ ὐz

‫

ὧ
ὥᾀ

‍ÓÉÎ— ÓÉÎ‪

‍ÃÏÓ‪
Ὡz Ὠzᾀȟ 

ʛʜʝ Jn(x) ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ n-ʦʛʦ ʧʦʨʷʜʢʘ, a(z) ï ʛʨʘʥʠʮʘ ʩʛʫʩʪʢʘ. 

ʈʘʟʥʦʩʪʴ ʬʘʟ ʠʟʣʫʯʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʩʛʫʩʪʢʘ ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʫʛʦʣ ‮ —. ʉʧʝʢʪʨʘʣʴʥʦ-

ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʧʨʠ ʧʨʦʣʝʪʝ ʯʝʨʝʟ ʥʘʢʣʦʥʥʫʶ ʤʠʰʝʥʴ, ʚ 

ʧʣʦʩʢʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ ʠʤʧʫʣʴʩ ʵʣʝʢʪʨʦʥʘ ʠ ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ ʤʠʰʝʥʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ [6]: 

Ὅ—‫ȟ
‌‍ ÃÏÓ‪

“ ÃÏÓ‮

‍ÓÉÎ‪ÃÏÓ‮ ÃÏÓ‮

ρ ‍ÓÉÎ‪ÃÏÓ‮ ‍ ÃÏÓ‪ ÓÉÎ‮
 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦ ʫʛʣʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʂʇʀ: 
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Ὅ—‫ȟ

ὔ‌‍ ÃÏÓ‪

“ ÃÏÓ‮

‍ÓÉÎ‪ÃÏÓ‮ ÃÏÓ‮

ρ ‍ÓÉÎ‪ÃÏÓ‮ ‍ ÃÏÓ‪ ÓÉÎ‮

ς“ὧ

ὠ‫

‍ÃÏÓ‪

‍ÃÏÓג ÓÉÎ‪
ὥᾀᶻ

ὐz
‫

ὧ
ὥᾀ

‍ÃÏÓג ÓÉÎ‪

‍ÃÏÓ‪
Ὡz Ὠzᾀ 
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In the work studying properties of cover which have been obtained by radiation the surface of zirconium 

by a pulse ion beam has been led. Analyzer LECO firm studied the effect of ion beam irradiation on the 

volumetric accumulation of hydrogen in zirconium alloy Zr-1% Nb. Research of mechanical properties have 

been by method of microhardness and thermal emf technique.  

 

 

ʎʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʳʭ 

ʟʦʥ ʘʪʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʠʤ ʩʝʯʝʥʠʝʤ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ, 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʚʳʩʦʢʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʚʦʜʝ, ʧʘʨʝ ʠ ʚ 

ʜʨʫʛʠʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʭʦʨʦʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. ɺ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʮʠʨʢʦʥʠʝʚʳʝ ʠʟʜʝʣʠʷ ʘʢʪʠʚʥʳʭ ʟʦʥ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʨʨʦʟʠʠ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ ï ʦʢʠʩʣʝʥʠʶ ʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʶ. ʇʦʛʣʦʱʝʥʥʳʡ ʠʟʜʝʣʠʷʤʠ 

ʚʦʜʦʨʦʜ, ʚʳʜʝʣʷʷʩʴ ʚ ʚʠʜʝ ʭʨʫʧʢʦʡ ʛʠʜʨʠʜʥʦʡ ʬʘʟʳ, ʨʝʟʢʦ ʫʭʫʜʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʦʜʦʨʦʜʥʦʝ ʦʭʨʫʧʯʠʚʘʥʠʝ). ʉ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜʦʚ ʪʘʢʞʝ ʩʚʷʟʘʥ 

ʦʩʦʙʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ï ʟʘʤʝʜʣʝʥʥʦʝ ʛʠʜʨʠʜʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ [2]. 

ʀʩʢʣʶʯʠʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʤʘʪʝʨʠʘʣʳ ʥʝ ʫʜʘʝʪʩʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ [3, 4]. 

ʈʘʟʨʫʰʝʥʠʝ ʜʝʪʘʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʯʠʥʘʝʪʩʷ ʠʤʝʥʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʥʘʧʨʠʤʝʨ: 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ, ʵʨʦʟʠʠ, ʠʟʥʦʩʘ, ʢʦʨʨʦʟʠʠ ʠ ʪ.ʜ. ʇʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ 

ʨʘʙʦʪʳ, ʥʘʜʝʞʥʦʩʪʠ, ʚʝʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʦ ʜʦʩʪʠʛʘʪʴ, ʧʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʫʣʫʯʰʘʷ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʚʦʜʦʨʦʜʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʥʘʥʝʩʝʥʠʷ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦʥʠʷ. ʂ ʯʠʩʣʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʧʦʩʦʙʦʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʦʪʥʦʩʷʪ ʦʢʩʠʜʠʨʦʚʘʥʠʝ, ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠ 

ʠʦʥʥʫʶ ʠʤʧʣʘʥʪʘʮʠʶ, ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ, ʦʙʣʫʯʝʥʠʝ ʠʤʧʫʣʴʩʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʠʦʥʥʳʤʠ 

ʧʫʯʢʘʤʠ. 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʫʯʢʦʚʳʝ ʠ ʧʣʘʟʤʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʶʪ ʥʘʧʨʘʚʣʝʥʥʦ ʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ 
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ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʥʘʥʦʩʠʪʴ ʧʦʢʨʳʪʠʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʭ ʦʪʣʠʯʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʤʝʪʦʜʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʤʦʱʥʳʭ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʚ ʦʙʣʘʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʝʱʝ ʢʦʨʦʪʢʠʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʥʦ ʚ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʉʐɸ ʠ 

ʗʧʦʥʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʚʳʟʚʘʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʀʀʈ ʥʘ ʪʚʝʨʜʦʝ ʪʝʣʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

ʫʧʨʘʚʣʷʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ, ʚʣʠʷʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʵʪʠ ʦʙʲʝʢʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʣʦʠʟʫʯʝʥʥʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʠʤʧʫʣʴʩʥʦʝ ʠʦʥʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʩ ʤʝʪʘʣʣʘʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʳʭ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʝʜʝʥ ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʦʙʣʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʮʠʨʢʦʥʠʷ ʕ110 ʠʦʥʥʳʤ 

ʧʫʯʢʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ, ʠʟʫʯʝʥʦ 

ʥʘʢʦʧʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʧʣʘʚʝ ʕ110 [5].  

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʠʦʥʥʳʭ 

ʧʫʯʢʦʚ ʫʛʣʝʨʦʜʘ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 80 ʥʩ, ʵʥʝʨʛʠʝʡ 200 ʢʵɺ ʠ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ 120 ɸ/ʩʤ
2
 . 

ʕʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ ~ 5 ɼʞ/ʩʤ
2
. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʱʥʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʦʩʥʦʚʘʥʦ ʥʘ ʫʩʢʦʨʝʥʠʠ ʠʦʥʦʚ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʚʟʨʳʚʦʵʤʠʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʥʘʩʳʱʘʣʠ 

ʚʦʜʦʨʦʜʦʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʪʝʯʝʥʠʠ ʦʜʥʦʛʦ ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ ʠ ʜʘʚʣʝʥʠʠ 2 ʘʪʤ ʤʝʪʦʜʦʤ 

ʉʠʚʝʨʩʪʘ.  

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʩ ʦʧʣʘʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʦʨʤʠʨʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ.1). ʆʥ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʢʨʘʪʝʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ. 

 

ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʠ Zr ʕ110 ʜʦ(ʩʣʝʚʘ) ʠ ʧʦʩʣʝ(ʩʧʨʘʚʘ) ʦʙʣʫʯʝʥʠʷ ʠʤʧʫʣʴʩʥʳʤ ʠʦʥʥʳʤ ʧʫʯʢʦʤ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

ʇʦʜʦʙʥʳʡ ʨʝʣʴʝʬ ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʣʝʥʠʷ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ. 

ʄʠʢʨʦʢʨʘʪʝʨʳ ʦʙʨʘʟʫʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʳʭʦʜʘ ʛʘʟʦʚ ʠʟ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʘ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʘʟʘʣʦ ʫʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʥʘ ʛʣʫʙʠʥʝ ʤʝʥʝʝ 0,8 ʤʢʤ. ʅʘ ʛʣʫʙʠʥʝ 1,2 ʤʢʤ ʠ ʙʦʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. ʋʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ ʦʩʥʦʚʘʥʦ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʩʣʦʷ. 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʠʢʨʦʪʨʝʱʠʥ, ʜʚʠʞʝʥʠʶ ʜʠʩʣʦʢʘʮʠʡ, 

ʚʣʠʷʝʪ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ. ɿʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʫʶʪʩʷ ʢʘʨʙʠʜʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʟʘʤʝʪʥʦʡ ʜʦʣʠ ʢʘʨʙʠʜʦʚ ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. ʉʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʦʪʞʠʛʦʤ ʦʙʣʘʩʪʝʡ, ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩ 

ʦʙʣʘʩʪʴʶ ʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʘ.  

ʀʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦ-ʕɼʉ. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʪʝʨʤʦ-ʕɼʉ ʧʦʟʚʦʣʷʝʪ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʷʪʴ 

ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ [6]. ɿʥʘʯʝʥʠʷ ʪʝʨʤʦ-ʕɼʉ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʧʣʦʪʥʦʩʪʠ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʠʟʤʝʥʝʥʠʶ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʝʨʤʦ-ʕɼʉ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʦʙʣʫʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʫʧʨʫʛʠʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ (ʟʘʢʘʣʢʠ) ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɺʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʚʦʜʦʨʦʜʘ ʬʠʨʤʳ Lɽʉʆ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʕ110 ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʠʤʧʫʣʴʩʥʳʤ ʠʦʥʥʳʤ ʧʫʯʢʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʦʨʦʜ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʥʘʩʳʱʝʥʥʦʤ ʚʦʜʦʨʦʜʦʤ ʦʙʨʘʟʮʝ ʙʝʟ ʦʙʣʫʯʝʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʠʤʧʫʣʴʩʥʳʤ ʠʦʥʥʳʤ 

ʧʫʯʢʦʤ, ʩʥʠʞʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʧʣʘʚ ʕ110. 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʮʠʨʢʦʥʠʷ ʕ110 ʦʙʣʫʯʝʥʥʦʛʦ ʠʤʧʫʣʴʩʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ. 

ʀʟʫʯʝʥʦ ʦʙʲʝʤʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʬʠʨʤʳ LECO, ʚʣʠʷʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʚʦʡʩʪʚʘ (ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ) ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3. 

 

 

Zirconium-based alloys are widely used for nuclear reactor components such as fuel claddings, grid spacers 

and guide tubes. These alloys combine low neutron absorption behaviour and good mechanical and corrosion 

properties under operating conditions [1]. Hydrogenation can lead to a decrease of plasticity and crack resistance 

of alloys. In order to reduce the negative impact of hydrogen various techniques for applying protective 

coatings were developed and surface modification of zirconium. Among the used methods of surface 

modification products are included oxidation, ion-plasma deposition of metals and ion implantation, 

ultrasound treatment, the irradiation of pulsed electron beams and a number of other methods. Among the 

above mentioned methods of surface modification, treatment PEB has, in our view, significant advantages of 

creating a unique physical properties, structures, capable of providing increased service life of zirconium 

products in hostile environments [2].  

To date, there is a large body of experimental data for the study of modifying the structure and properties of 

solids with the help of PEB. These results clearly indicate the possibility of a rather wide range of controlling the 

microstructure, phase composition, strength properties of the surface layers of metals and alloys with the help of 

PEB. However, the influence of hydrogen on these facilities is currently poorly understood. However, pulsed 

electronic modification of the surface can have a significant impact on the course of the processes responsible for 

the interaction of hydrogen with metals. 

 In this paper we studied the physical and mechanical properties of zirconium Zr-1% Nb, irradiated PEB, and 

reviewed the processes of hydrogen absorption by these structures the influence of hydrogen on the properties of 

the irradiated surface [3]. 

Zr-1% Nb was used to study due to its good mechanical properties [5]. As objects of study rectangular flat 

specimens of zirconium alloy Zr-1% Nb of dimensions 40Ĭ100Ĭ0,7 mm were made. The specimens were 

subjected to mechanical polishing.  

The electron-pulse irradiation of the surface specimens were carried out at the installation of ISE SB RAS 

mailto:hallabah@gmail.com
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with the following parameters: pulse duration effects of Ű = 50 Õs, the number of radiation pulses N = 3, the 

electron energy E = 18 keV, the electron beam diameter - 30 mm. Beam current density ranged from 10 to 50 

A/cm
2
. Three modes of radiation, characterized by the energy density in the electron beam - 15, 18 and 20 J/cm2, 

were selected.  

After irradiation some of the specimens were electrolytically hydrogenated in 0,1 M sulfuric acid for 24 

hours at a current density of 0.5 A/cm
2
. Before hydrating, the specimens were polished with abrasive paper and 

then cleaned in water. We research of the effect of irradiation PEB on the accumulation of hydrogen Zr1% Nb. 

Analyzer LECO firm studied the effect of electron beam irradiation on the volumetric accumulation of 

hydrogen in zirconium alloy Zr-1% Nb for the three modes of irradiation. The hydrogen content in the source 

material was 0.00102 wt%. After hydrogenation the hydrogen concentration in the specimens of zirconium, not 

subjected to electronic processing, was 0.0128 wt% (an increase of more than an order of magnitude compared 

to the original material). In specimens irradiated with contributed by the energy beam 15, 18 and 20 J/cm
2
 the 

hydrogen concentration was 0.00733, 0.00465 and 0.00809 wt%, respectively. Thus, the hydrogen concentration 

in the specimens treated with an electron beam in the regimes of 15 and 20 J/cm
2
, is less than 1,7 times, and for 

treatment 18 J /cm
2
 - 2,5 is less than 3 times compared to the starting material, saturated with hydrogen [6].  

The influence of hydrogen on the structural properties (phase composition) of irradiated PEB Zr1% Nb alloy 

was studied by X-ray analysis. The analysis of phase composition, size of coherent scattering areas (CSA), the 

internal elastic strain (ȹd/d) showed that the effect of PEB increases the value of ȹd / d, the size of the CSA is 

reduced 5-fold compared with unirradiated samples. An important fact is that in zirconium alloys irradiated with 

Fig. 1. Effects of hydrogen and electron irradiation on the microhardness of the alloy. Zr-1% Nb Mode 20 

J/cm
2 
: 1-irradiated PEB, 2 - irradiated PEB and hydrogenated 3 - unirradiated (baseline), 4 - unirradiated 

and hydrogenated 
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PEB and hydrogenated there is not formation of hydrides, whereas in the hydrogenated samples without 

irradiation, the total content of phase ZrH, ZrH2 was about 30%. It is known that the presence of hydrides leads 

to the deterioration of operational properties of zirconium alloys, and reduce the life of the product. 

The measurement of microhardness (ʅɛ) surface was made on a PMT-3 with a load on the indenter 30.  

Hydrogenation leads to an increase in surface microhardness of nonirradiated samples (from 1200 

MPa to 1600 MPa). For irradiated by PEB and hydrogenation samples, by contrast, reduces surface 

microhardness of 5-10% (Fig. 1). The result is caused by the removal of internal stresses after the 

introduction of hydrogen. 

Thus, the modification of the pulsed electron beam surface leads to a decrease in the accumulation of 

hydrogen in the samples. The best, in our opinion, is the mode of irradiation with 18 J/cm
2
, which 

reduces the amount of absorbed hydrogen at the 2,5 - 3 times compared to the original material. We 

didnôt observe the formation of hydride compounds at the interaction of hydrogen with irradiated alloy. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʥʘʥʦʩʣʦʠʩʪʳʭ ʜʠʩʫʣʴʬʠʜʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʤʝʪʦʜʦʤ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ). ʅʘʥʦʢʨʠʩʪʘʣʣʠʪʳ WS2 ʠ MoS2 ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʵʢʚʠʤʦʣʷʨʥʦʡ ʩʤʝʩʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ W ʠ Mo ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ ʤʘʨʢʠ ʆʉʏ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʤʦʨʬʦʣʦʛʠʷ ʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʜʠʩʫʣʴʬʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʡ ʩʤʘʟʢʠ. 

 

 

Introduction . Tungsten disulfide WS2 and molybdenum disulfide MoS2 are very perspective semiconductor 

materials for various applications such as solar cells, rechargeable batteries and solid lubricants for metallic and 

ceramic surfaces in environments where hydrocarbon or other þuid-based lubricants are unsuitable, such as in 

high vacuum and high temperature applications. WS2 is one of the best lubricous materials known to the science. 

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. MoS2 and WS2 

are capable to reduce considerably friction factor and offer dry lubricity, temperature resistance in normal 

atmosphere and in Vacuum unmatched to any other substance [1]. WS2 powder 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-gaps 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 conditions of preparation of WS2 and MoS2 by self-

propagating high-temperature synthesis (SHS) and investigating the lubricity by High Temperature Tribometer, 

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 and Mo by 

electric explosion of wires (EEW). Then a stoichiometric mixture of nanodispersed powder of metal and 

elementary sulfur is prepared (1 mol of metal + 2 mol of sulfur), and further high-density cylindrical pellet with 

diameter 32 mm and 14-20 mm high is formed by pressing from this mixture.  This obtained pellet is objected 
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into the loading reactor (constant-pressure bomb) for obtaining disulfides and the reaction is initiated between 

metal and sulfur by a Nichrome coil in argon atmosphere P=25-30 atm. Figure 1.  

 

Figure 1. The industrial installation for synthesis of metal disulfides. 

 

The temperature of the pellet is controlled by thermopair which connected with the oscillograph. Combustion 

process of the pellet is possible to see through the viewing window.  Initial metal is in nanodispersed state, sulfur 

will be in liquid and gaseous state during the reaction i.e. it will react with particles of metal on molecular level, 

so the sizes of final product must be defined by the sizes and the structure of initial metal particles.  After the 

synthesis obtained disulfides are turned into nanodispersed powder after ball-milling and cleaning the sulfur 

traces in kerosene (with simultaneous treatment in ultrasonic bath). 

Figure 2. Thermograms of combustion a) Mo and S, b) Mo and S with 2% NaCl. 

Figure 3. Thermograms of combustion a) W and S, b) W and S with 2% NaCl. 
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Results. The temperature 

dependences of WS2 and MoS2 

formation are shown in the Figures 

2 and 3. According to these 

thermograms the temperature for 

formation of WS2 is possible to 

decrease from 1900 to 1500 ÜC with 

adding of NaCl into the initial 

mixture, whereas for formation of 

MoS2 it isnôt observed.  

Product of synthesis 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 and for MoS2 the main 

phase is hexagonal but there are also rhombohedral MoS2 and Mo2S3. The parameters of WS2 lattice are a = 

3,158 ¡ and ʩ = 12,34 ¡, and the parameters of MoS2 lattice are a = 3,161 ¡ and ʩ1 = 12,27 ¡, c2=18,35 ¡. The 

crystals of produced material have extended shape that can say about layered form of the crystallites. It is 

possible to see the even number for Miller indices (002), (004) and (006) that show the screw axis 63. The 

evidence of lamellar structure of produced material is shown by transmission electronic microscopy (TEM) 

(Figure 4). The sizes of x-ray coherent scattering regions (sizes of crystallites) for MoS2 and WS2 nanopowder 

are 50-60 nm. The particle thickness is in the range from tens of nanometers to hundreds of nanometers and the 

width is in the range from hundred nanometers to a few microns according to TEM. 

The measure of friction coefficients of disulfides as dry lubricants was carried out by High Temperature 

Tribometer. The roughness of steel annulus was 0,1 micron and it was rounded with  the linear speed of 5 cm/sec 

under the loading of 5 N with duration of 30 min. The friction coefficient of WS2 is found to be 0,045 and for 

MoS2 it is 0,03 at 25 ÜC (Figure 5). It is possible to see that MoS2 is not temperaturestable as WS2 at 400 ÜC.  
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Figure 4. TEM microphotograph of a) WS2 and b) MoS2 powders 

a b 

Figure 5. Coefficient of friction of MoS2 and WS2 at a) 25 ÜC, b) 400 ÜC 
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The results of the investigation of the structural state and phase composition of the titanium samples 

implanted by Al ions by Mevva ï V.RU source are presented. The transmission electron microscopy method 

was used for the study of phase composition. It was established the formation of implanted layers with 

multiphase composition on base of a -titanium grains. The formation of secondary phases TiO2, Ti2O, TiC, 

Ti3Al, Al3Ti in the implanted layers was observed. It was established that Ti3Al ordered phase formed near the 

grains boundaries of titanium target at the thickness 200 nm from irradiated surface.  

 

 

ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʧʫʯʢʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʦʥʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʦ ʠʟ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʦʥʥʳʡ ʩʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ Ti ʠ Al. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ ʩʠʩʪʝʤʳ Ti-Al  ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʷʚʣʷʶʪʩʷ ʪʫʛʦʧʣʘʚʢʠʤʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʠʪʘʥʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʘʤʠ ʘʣʶʤʠʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʠʰʝʥʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʚʳʙʨʘʥ ʧʨʫʪʦʢ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ ʤʘʨʢʠ ɺʊ1-0 

ʜʠʘʤʝʪʨʦʤ 20 ʤʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʪʘʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʠʪʘʥʦʚʳʝ ʦʙʨʘʟʮʳ ʚ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʉʨʝʜʥʠʡ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʟʝʨʝʥ a-Ti) ʩʦʩʪʘʚʣʷʣ 300 ʥʤ. ʏʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʪʘʢʦʡ ʨʘʟʤʝʨ ʟʝʨʥʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʪʞʠʛ ʦʙʨʘʟʮʦʚ ʪʠʪʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 623 ʂ.  

ʀʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ ʦʙʨʘʟʮʦʚ ʪʠʪʘʥʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʠʦʥʥʦʤ ʠʩʪʦʯʥʠʢʝ MEVVA-V.RU ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

623 ʂ, ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 50 ʢɺ, ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠʦʥʥʦʛʦ ʧʫʯʢʘ 6.5 mA/ʩʤ
2
, ʨʘʩʩʪʦʷʥʠʠ 60 ʩʤ ʦʪ 

ʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʨʝʤʝʥʠ ʠʤʧʣʘʥʪʘʮʠʠ 5.25 ʯ ʠ ʜʦʟʝ ʦʙʣʫʯʝʥʠʷ 1Ö10
18

 ʠʦʥ/ʩʤ
2
. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʕʄ-125ʂ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 

120 ʢɺ ʠ ʨʘʙʦʯʝʤ ʫʚʝʣʠʯʝʥʠʠ ʦʪ 14000 ʜʦ 70000. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭ ʦʙʣʘʩʪʷʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ: I ʦʙʣʘʩʪʴ ï ʥʘ 

ʛʣʫʙʠʥʝ ʜʦ 200 ʥʤ ʦʪ ʦʙʣʫʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; II  ʦʙʣʘʩʪʴ - ʥʘ ʛʣʫʙʠʥʝ ʦʪ 200 ʜʦ 500 ʥʤ ʦʪ ʦʙʣʫʯʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʣʷ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʩʪʘ ʣʦʢʘʣʠʟʘʮʠʠ ʬʘʟ ʠ ʠʭ ʬʦʨʤʘ, ʠʟʤʝʨʝʥ ʨʘʟʤʝʨ ʢʘʞʜʦʡ ʠʟ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʬʘʟ. ʈʘʟʤʝʨʳ 

ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ (ʟʝʨʥʦ, ʯʘʩʪʠʮʘ) ʠʟʤʝʨʷʣʩʷ ʤʝʪʦʜʦʤ ʩʝʢʫʱʝʡ.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʆɾʕ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʪʠʪʘʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʥʝʜʨʝʥʥʦʡ ʧʨʠʤʝʩʠ ʘʣʶʤʠʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 30 ʘʪ %, ʧʨʠ ʵʪʦʤ ʪʦʣʱʠʥʘ ʚʩʝʛʦ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʛʦ 

ʩʣʦʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ~600 Ñ 50 ʥʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʘʣʶʤʠʥʠʝʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʪʠʪʘʥʦʚʦʡ 

ʤʠʰʝʥʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʠʩʣʦʨʦʜ ʚʥʝʜʨʝʥʥʳʡ ʠʟ ʦʩʪʘʪʦʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʪʠʪʘʥʦʚʦʤ ʦʙʨʘʟʮʝ ʚʩʣʝʜʩʪʚʠʝ ʦʙʣʝʛʯʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʦʢʦʣʦ 50 

ʘʪ%. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʷʭ 

ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʚ ʠʦʥʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʷʭ. 

ʊʘʙʣʠʮʘ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʠʪʘʥʘ, ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʛʦ Al 

ʆ
ʙ
ʣʘ
ʩ
ʪ
ʴ

 

ʄʝʩʪʘ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʬʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʨʝʥ Ŭ-Ti, ʠʭ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ 

ɓ-Ti TiO2 Ti3Al  Al 3Ti TiC 

I 

ʅʘʥʦʟʝʨʥʘ 

ʦʢʨʫʛʣʦʡ 

ʬʦʨʤʳ ʧʦ 

ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ Ŭ-Ti, 

100 ʥʤ 

ʏʘʩʪʠʮʳ 

ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ 

ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ 

ʚʥʫʪʨʠ ʟʝʨʝʥ Ŭ-

Ti,10 ʥʤ 

ʅʝʪ 

ʅʘʥʦʟʝʨʥʘ 

ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ 

ʚʥʫʪʨʠ ʟʝʨʝʥ Ŭ-

Ti, 

60 ʥʤ 

ʅʘʥʦʟʝʨʥʘ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʚʥʫʪʨʠ ʟʝʨʝʥ Ŭ-Ti, 

40 ʥʤ 

II  

ʅʘʥʦʟʝʨʥʘ 

ʦʢʨʫʛʣʦʡ 

ʬʦʨʤʳ ʧʦ 

ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ Ŭ-

Ti,100 ʥʤ 

ʏʘʩʪʠʮʳ 

ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ 

ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ 

ʚʥʫʪʨʠ ʟʝʨʝʥ Ŭ-

Ti,10 ʥʤ 

ʇʣʘʩʪʠʥʯʘʪʳʝ 

ʚʳʜʝʣʝʥʠʷ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ 

Ŭ-Ti, 

25³70 ʥʤ 

ʅʘʥʦʟʝʨʥʘ 

ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ 

ʧʦ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ Ŭ-Ti, 100 

ʥʤ 

ʏʘʩʪʠʮʳ ʦʢʨʫʛʣʦʡ 

ʬʦʨʤʳ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ 

ʚʥʫʪʨʠ ʟʝʨʝʥ Ŭ-Ti,10 

ʥʤ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʪʠʪʘʥʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʤʧʣʘʥʪʘʮʠʷ ʘʣʶʤʠʥʠʷ ʚ ʪʠʪʘʥ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ ʨʘʟʣʠʯʥʳʤ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʧʦ ʛʣʫʙʠʥʝ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 0-200 ʥʤ ʦʪ ʦʙʣʫʯʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʟʝʨʝʥ a-Ti ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʘʨʙʠʜʘ TiC (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

40 ʥʤ) ʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ TiO2 (ʙʨʫʢʠʪ). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ (200-500 ʥʤ ʦʪ 

ʦʙʣʫʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʝʨʥʘ a -Ti, ʧʦ ʛʨʘʥʠʮʘʤ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʧʣʘʩʪʠʥʯʘʪʳʝ 

ʚʳʜʝʣʝʥʠʷ Ti3Al  (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 25ʭ70 ʥʤ) ʠ Al 3Ti (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 100 ʥʤ). ɺʥʫʪʨʠ ʟʝʨʝʥ ʪʠʪʘʥʘ ʥʘ 

ʜʠʩʣʦʢʘʮʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʚʳʜʝʣʝʥʠʷ ʦʢʩʠʜʘ TiO2 ʠ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ TiC ʩ ʨʘʟʤʝʨʦʤ ʜʦ 10 

ʥʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʟʝʨʝʥ a-ʪʠʪʘʥʘ ʧʦ ʛʨʘʥʠʮʘʤ ʤʘʪʨʠʯʥʳʭ ʟʝʨʝʥ a-Ti ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʩ ʟʝʨʥʘ 0,3 

ʤʢʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʷʚʣʷʶʪʩʷ ʟʝʨʥʘ a -ʪʠʪʘʥʘ. ʆʩʥʦʚʦʡ ʚʪʦʨʠʯʥʳʭ 

ʬʘʟ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʳ ʠ ʘʣʶʤʠʥʠʜʳ ʪʠʪʘʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʯʘʩʪʠʮʳ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ 



VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          36 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ʜʠʩʣʦʢʘʮʠʷʭ ʠʣʠ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ. ʂʦʛʜʘ ʥʦʚʫʶ ʬʘʟʫ ʦʙʨʘʟʫʝʪ ʵʣʝʤʝʥʪ ʟʘʤʝʱʝʥʠʷ ï ʘʣʶʤʠʥʠʡ, ʪʦ 

ʯʘʩʪʠʮʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʂʦʛʜʘ ʵʣʝʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ï ʢʠʩʣʦʨʦʜʘ, 

ʫʛʣʝʨʦʜ, ʪʦ ʯʘʩʪʠʮʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʵʣʝʤʝʥʪ ʟʘʤʝʱʝʥʠʷ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʨʠ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠʣʠ ʧʦ ʪʚʝʨʜʦʤʫ ʨʘʩʪʚʦʨʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʣʝʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʧʦ ʜʠʩʣʦʢʘʮʠʷʤ. 
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ʈʠʩ.1. ʀʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ: ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ a-Ti. ʅʘ ʜʠʩʣʦʢʘʮʠʷʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʘʩʪʠʮʳ TiO2 (ʘ); ʠʟʦʙʨʘʞʝʥʠʝ ʟʝʨʝʥ ɓ-Ti (ʙ); ʥʘ ʩʚʝʪʣʦʧʦʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ: ʙʝʣʘʷ ʩʪʨʝʣʢʘ - ʟʝʨʥʘ Al3Ti, ʯʝʨʥʳʝ - ʯʘʩʪʠʮʳ TiC (ʚ), ʧʣʘʩʪʠʥʯʘʪʳʝ ʚʳʜʝʣʝʥʠʷ ʬʘʟʳ AlTi3, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ a-Ti (ʦʪʤʝʯʝʥʳ ʯʝʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʥʘ ʩʚʝʪʣʦʧʦʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ) 

(ʛ); ʚʳʜʝʣʝʥʠʷ ʬʘʟʳ Ti3Al ʚʥʫʪʨʠ ʟʝʨʥʘ Ŭ -Ti ʦʪʤʝʯʝʥʳ ʩʪʨʝʣʢʘʤʠ, ʯʘʩʪʠʮʳ TiO2, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ a-Ti (ʜ). 

 

ʂʠʩʣʦʨʦʜ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʣʶʤʠʥʠʷ ʬʦʨʤʠʨʫʝʪ ʤʦʱʥʫʶ ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʪʠʪʘʥʦʚʦʡ ʤʘʪʨʠʮʝ. 

ʇʦʵʪʦʤʫ ʦʢʩʠʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʟʝʨʥʘʭ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ. ʉʘʤʳʝ ʤʝʣʢʠʝ ʟʝʨʥʘ 

ʦʢʩʠʜʥʳʭ ʬʘʟ (ʜʦ 20 ʥʤ) ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʜʠʩʣʦʢʘʮʠʷ ʚ ʦʙʲʝʤʝ ʟʝʨʝʥ ʪʠʪʘʥʦʚʳʭ ʤʠʰʝʥʝʡ. ɺʚʝʜʝʥʠʝ 

ʘʣʶʤʠʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʠʪʘʥʦʚʦʡ ʤʘʪʨʠʮʳ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ 

Ti3Al  ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʪʠʪʘʥʘ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʶʤʠʥʠʷ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʨʦʜʘ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʝʨʥʘ ʘʣʶʤʠʥʠʜʥʳʭ ʬʘʟ ʟʥʘʯʠʪʝʣʴʥʦ ʢʨʫʧʥʝʝ ʯʝʤ ʦʢʩʠʜʥʳʭ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 10-02-01012_ʘ 
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ʆʧʠʩʳʚʘʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʤʝʨʠʪʝʣʴʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʯʝʪʨrʝʭʧʨʦʚʦʜʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ. ʆʧʠʩʳʚʘʝʤʘʷ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʠ ʩʧʦʩʦʙʥʘ ʧʨʦʚʦʜʠʪʴ ʩʝʨʠʶ ʠʟʤʝʨʝʥʠʡ ʟʘ ʦʜʠʥ ʮʠʢʣ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, 

ʵʪʘ ʫʩʪʘʥʦʚʢʘ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʬʘʢʪʦʨʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʧʦʩʦʙʥʘ ʣʝʯʴ ʚ ʦʩʥʦʚʫ ʧʨʦʩʪʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʚ ʤʝʪʘʣʣʘʭ. 

 

 

The development of measuring techniques and advances in information technology can significantly expand 

the opportunities for experimental scientific researches. Currently, virtually any experimental problem is solved 

with the use of computer automation. Such factors as the complexity of measuring operations, big computational 

cost, fast, or, conversely, very slow processes, the need for parallel measurements, biological, chemical or other 

hazards associated with conducting experiments - justify the relevance of the automation of the research 

activities [1]. 

The main aim of this research is to develop an automated information-measuring system for physical 

researches. The main purpose of this system is the measurement of electrical resistance of metals and alloys. 

This research work has a high practical value for studying the properties of materials, in particular, study the 

impact of hydrogen in the metal on the electrical resistance of the metal. 

In carrying out this work the methods of automation of physical experiments were used. As a programming 

language the graphical programming language LabVIEW was chosen. LabVIEW is a programming environment 

with the help of which the programmer can build applications, using a graphical representation of all elements of 

the algorithm. This property makes this programming language different from usual programming text languages 
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such as C , C + + or Java [2].  

The program which is done with the help of LabVIEW is called a Virtual Instrument or VI, because its 

appearance and functionality reproduce the traditional physical device. VI is convenient because it does not 

require any knowledge in the field of automation or programming from the researcher. 

The creation of this programmable complex is divided into three parts: 

1. Creating a system that can provide the measurement of electrical resistance from several samples, by 

the linear movement of the samples under the measuring head from one point to another by a distance defined by 

the researcher. At this stage, the object of automation is the positioner. 

2. Creating a system that can maintain the constant temperature of the sample defined by the user. The 

object of automation is a voltmeter and the voltmeter power supply. 

3. Creating a system that is able to take the 

measurements from a given sample at a given point, process 

them and save in a computer database. The object of 

automation is the voltmeter and the voltmeter power supply. 

The linear positioner is a device which can move the 

sample from one point to another by means of a stepper 

motor located at the end of the device, which provides the 

movement of the upper part of the device (where the sample 

is located) relative to the bottom. Communication between 

the computer and the positioner is carried out by the 

positioner control unit. The control unit is connected 

to the computer via the serial port RS-232. 

Programming begins with a front panel, through 

which the researcher sends signals to the positioned 

control unit. An external view of the front panel for the 

positioner controlling is shown in Figure 1. 

Using the control buttons, controllers, and indicators of 

motion, the researcher defines a point where it is 

necessary to make measurement. 

The basis of the measurement system intended to 

establish and control the temperature of the sample 

consists of the Peltier element, programmable 

voltmeter, voltmeter power supply, thermocouple and 

radiator. An external view of this system is shown in 

Figure 2. 

The heating of the sample is carried out by a Peltier element. The principle of operation of this element 

is based on the thermoelectric Peltier effect, accompanied by the extraction or absorption of heat. 

On the bottom of the Peltier element a radiator is attached, scattering the low temperature from the bottom of 

the element, increasing the temperature at the top of the element. 

The voltage on the Peltier element is fed from the voltmeter powedr supply and adjusted automatically. 

Figure 1. An external view of the front panel for the 

positioner controlling 

Figure 2. An external view of the temperature-controlling 

system. 1 ï Peltier element, 2 ï the radiator, 3 - the voltmeter 

power supply, 4 - the thermocouple, 5 ï the voltmeter. 
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Measuring the temperature of the heated sample is carried out with the help of the thermocouple and 

displayed on the voltmeter. 

As the computer-aided control facility in this case the PI (Proportional-Integral) regulator was chosen. 

Thanks to the integrating link in the PI regulator the adjustable parameter becomes equal to the 

value exposed on a setting device, and the slightest deviation of this parameter upwards or downwards, being 

accumulated in the integrating link, returns it to the value defined by the researcher. As a result, the accuracy 

of maintaining the controlled variable at a given level in the tuned PI regulator is at least an order of 

magnitude better than the conventional proportional regulator. The disadvantage of the PI regulator is the need 

to adjust not one but two options -integration time constant and the coefficient of the proportional term [4].  

The programmable voltmeter and the voltmeter power supply are the basis of the system intended for 

electrical resistance measurements. The system operates in two modes: an ordinary ohmmeter mode, and in 

the mode for measuring low resistance by the four-wire connection method. Communication between 

voltmeter ï computer and PSU- computer communication are implemented using the GPIB standard. 

It contains information about electrical, mechanical, and functional parameters of connecting equipment. 

The aim of automating the voltmeter power supply is the creation of the VI, with the help of which the user 

sends signals to the power supply to set the defined value of the amperage. The aim of automating the 

voltmeter is the creation of the VI, which is at the user's command make measurements of the current voltage, 

process them and save at a computer database. Then, using the Ohm's law, the value of the electrical resistance is 

calculated. 

Conclusions. The result of this work is the creation of the automated research stand designed for measuring 

and recording the electrical resistance of metals. The basis of this programming complex is a Virtual Instrument 

engineered with the LabVIEW software package. This programmable complex can become a basis for a simple 

and convenient method of controlling the content of hydrogen and other impurities in metals. 
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In this work the process of reactive deposition of Al2O3 is considered. Also, the velocity of deposition of 

Al2O3 and transmittance in the visible range are shown. 

 

 

ɺʚʝʜʝʥʠʝ 

ʆʩʘʞʜʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʚ ʩʨʝʜʝ 

ʨʝʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʧʨʦʙʣʝʤʘʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʢʘʢ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʪʘʢ ʠ ʥʘ ʢʘʯʝʩʪʚʦ ʧʣʝʥʦʢ [1]. 

ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʨʝʘʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʝʦʪʲʝʤʣʝʤʫʶ ʯʘʩʪʴ ʦʪʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

Al2O3 ʩ ʧʦʤʦʱʴʶ ʜʫʘʣʴʥʦʡ ʄʈʉ. 

ʀʟʤʝʨʝʥʠʝ ɺɸʍ ʤʘʛʥʝʪʨʦʥʘ ɺ 

ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʚʦʣʴʪʘʤʧʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʘʣʶʤʠʥʠʷ ʚ ʩʨʝʜʝ ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ, ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʩʤʝʩʠ ʛʘʟʦʚ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1/5 (20% ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʱʝʤ ʥʝʠʟʤʝʥʥʦʤ ʧʦʪʦʢʝ ʛʘʟʘ 40 ʩʤ
3
/ʤʠʥ). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʫʨʦʚʥʝ 5 ʢɺʪ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʷʜʘ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ɺɸʍ ʚ ʩʣʫʯʘʝ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʯʠʩʪʦʤ ʘʨʛʦʥʝ (ʚ) ʠ ʯʠʩʪʦʤ ʢʠʩʣʦʨʦʜʝ (ʘ) 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʠʜ. ɼʣʷ ʩʤʝʩʠ ʛʘʟʦʚ ɺɸʍ ʠʤʝʝʪ N-ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʅʘ ʵʪʦʡ ʢʨʠʚʦʡ 

(ʙ) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʙʣʘʩʪʠ ʨʝʞʠʤʦʚ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ: ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ 

ʈʠʩ. 1. ɺɸʍ ʚ ʩʨʝʜʝ ʢʠʩʣʦʨʦʜʘ (ʘ), ʩʤʝʩʠ ʛʘʟʦʚ (ʙ) ʠ ʘʨʛʦʥʘ 

(ʚ).1 ï  -ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʥʘʧʨʷʞʝʥʠʡ, 2 ï ʦʙʣʘʩʪʴ ʤʘʣʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, 3 ï ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʙʣʘʩʪʴ 
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ʥʘʧʨʷʞʝʥʠʡ, ʛʜʝ ɺɸʍ ʨʘʟʨʷʜʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ɺɸʍ ʨʘʟʨʷʜʘ ʚ ʘʨʛʦʥʝ; ʦʙʣʘʩʪʴ ʤʘʣʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʛʜʝ 

ɺɸʍ ʨʘʟʨʷʜʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ɺɸʍ ʚ ʩʨʝʜʝ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʦʙʣʘʩʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʞʠʤʦʚ, ʚ 

ʢʦʪʦʨʦʡ ʤʠʰʝʥʴ ʯʘʩʪʠʯʥʦ ʧʦʢʨʳʪʘ ʩʣʦʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʀʟʤʝʥʝʥʠʝ ʚʠʜʘ ɺɸʍ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʆʙʱʠʡ 

ʧʦʪʦʢ ʛʘʟʘ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʤ: 40 ʩʤ
3
/ʤʠʥ. ʄʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʙʳʣʘ 

ʧʦʩʪʦʷʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ 3 ʠ 5 ʢɺʪ. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ (ʥʘʧʨʠʤʝʨ, ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 300ɺ ʧʨʠ 10% ʢʠʩʣʦʨʦʜʘ ʠ 600ɺ 

ʧʨʠ 20% ʢʠʩʣʦʨʦʜʘ). ʐʠʨʠʥʘ ʦʙʣʘʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʞʠʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʪʘʣʴʧʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʉ ʨʦʩʪʦʤ ʜʦʣʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ, ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪ.ʢ. ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ ʥʘ ʤʠʰʝʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ.  

ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʪʦʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʤʠʰʝʥʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 3 ʢɺʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʠʩʣʦʨʦʜʘ 

ʙʦʣʝʝ 30% ʫʞʝ ʥʝ ʚʥʦʩʠʪ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʭʦʜ ɺɸʍ. ʊʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʰʝʥʴ ʥʝ ʫʩʧʝʚʘʝʪ 

ʦʯʠʱʘʪʴʩʷ ʦʪ ʦʢʠʩʣʘ ʠ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʳʣʝʥʠʶ ʚ ʩʨʝʜʝ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 2ʘ-4). ʇʨʠ 

ʤʦʱʥʦʩʪʠ 5 ʢɺʪ ʤʠʰʝʥʠ ʤʘʛʥʝʪʨʦʥʘ ʫʩʧʝʚʘʶʪ ʦʯʠʱʘʪʴʩʷ ʜʘʞʝ ʧʨʠ 40% ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʜʦ 1000ɺ ʠ ʚʳʰʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʳʣʝʥʠʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ 

ʙʳʩʪʨʦʤʫ ʦʯʠʱʝʥʠʶ ʤʠʰʝʥʠ ʦʪ ʦʢʠʩʣʘ, ʵʪʦ ʫʤʝʥʴʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ɺɸʍ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʪʦʢʦʚ. 

ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ Al2O3 ʂʦʣʠʯʝʩʪʚʦ ʨʝʘʢʪʠʚʥʦʛʦ ʛʘʟʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ ʥʝʣʠʥʝʡʥʘʷ. ʇʨʠ 

ʜʦʣʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ 20% ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ (11,35 

ʘ )                                                                        ʙ) 
 

ʈʠʩ. 2. ɺɸʍ ʧʨʠ ʤʦʱʥʦʩʪʠ 3ʢɺʪ (ʘ) ʠ 6.5 ʢɺʪ (ʙ). 

1- n(O2)=10%, 2- n(O2)=20%, 3- n(O2)=30%, 4- n(O2)=40% 
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ʥʤ/ʤʠʥ). ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ 

ʜʫʘʣʴʥʦʡ ʄʈʉ (6,5 ʢɺʪ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʘʯʘʣʘ 

ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʨʘʩʪʫʱʝʡ ʧʣʝʥʢʦʡ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʘʜʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʪʦʢʘ ʨʘʟʨʷʜʘ, ʘ ʧʦʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʝ ʜʦ ʫʨʦʚʥʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ ʛʘʟʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʫ 

ʜʫʘʣʴʥʦʡ ʄʈʉ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ 

Al 2O3 ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (400ʥʤ ï 780ʥʤ) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉʌ-

2000. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʩʪʝʢʣʘ ʩʦʩʪʘʚʣʷʝʪ 

90,87%. ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʫʩʢʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 2 ʧʨʦʮʝʥʪʘ ʧʨʠ 

ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ 100 ʥʤ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʇʨʠ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ 

250 ʥʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚʥʦʚʴ ʥʘʯʠʥʘʝʪ 

ʚʦʟʨʘʩʪʘʪʴ, ʵʪʦ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ 

ʥʘʩʪʫʧʣʝʥʠʝʤ ʧʝʨʚʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʦʙʣʘʜʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪʥʳʤ ʣʝʡʢʦʩʘʧʬʠʨʦʤ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

82% [2].  

ɿʘʢʣʶʯʝʥʠʝ 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʜʣʷ ʜʘʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ ʧʨʠ 20% ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 6,5 ʢɺʪ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ ʨʝʞʠʤʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ ʩʚʝʪʘ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ï 88,25%. 
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ʈʠʩ. 4. ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʨʘʟʥʳʭ 

ʪʦʣʱʠʥ ʧʣʝʥʦʢ Al2O3. 

ʈʠʩ. 3. ʋʩʨʝʜʥʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʦʩʘʞʜʝʥʠʷ ʥʘ ʧʣʝʥʢʠ Al2O3 ʦʪ ʢʦʣʠʯʝʩʪʚʘ O2. 
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Ceramics based on B4C is an indispensable material in nuclear power plants, as structural elements of 

the core, moderator and reflector of neutrons, the matrix elements for filling the dispersion of nuclear fuel. 

Resistance to radiation exposure and protective properties of boron-containing compounds, as found, the 

higher the stronger the chemical bond between the boron atoms. Several studies have indicated that the 

creation of fine crystalline structure during the sintering of B4C ceramics increases its radiation resistance, 

whose value is greater than the isotropic, its macro-and microstructure. In practice this means that the 

resource service ceramic structures depends on the uniformity of density distribution. 

 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʝʜʫʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʙʨʦʥʝʟʘʱʠʪʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʙʦʨʘ. 

ʂʘʨʙʠʜ ʙʦʨʘ ʩʦʯʝʪʘʝʪ ʚʳʩʦʢʫʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ (49 ɻʇʘ) ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ 

(2,52 ʛ/ʩʤ3), ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʧʨʦʯʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪ ʜʚʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʢʘʨʙʠʜʘ ʙʦʨʘ: 

ʧʨʝʩʩʦʚʘʥʠʝ ʧʦʨʦʰʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʧʝʢʘʥʠʝʤ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (He ʠʣʠ 

H2) ʠ ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʨʦʰʦʢ ʧʦʤʝʱʘʝʪʩʷ ʚ ʛʨʘʬʠʪʦʚʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ, ʚʝʩʴ ʧʨʦʮʝʩʩ 

ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʝ; ʕʪʦʪ ʩʧʦʩʦʙ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ : ʙʦʣʴʰʦʡ ʪʨʫʜʦʸʤʢʦʩʪʴʶ, 

ʩʣʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʙʳʩʪʨʳʤ ʠʟʥʦʩʦʤ ʝʛʦ ʠ ʜʨ [1, 2]. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʳʭ 

ʢʝʨʘʤʠʢ ɺ4ʉ. ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʣʫʯʰʠʤ 

ʩʦʯʝʪʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ,. ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʦʦʪʥʦʰʝʥʠʝʤ çʧʨʦʯʥʦʩʪʴ-

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴè, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʘʣʦʠʟʫʯʝʥʥʳʡ ʜʣʷ ʩʧʝʢʘʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ SPS- ʤʝʪʦʜ. SPS- ʤʝʪʦʜ ʩʦʯʝʪʘʝʪ ʧʨʦʩʪʦʪʫ 

ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚ ʚ ʟʘʢʨʳʪʳʭ ʧʨʝʩʩ ʬʦʨʤʘʭ ʩ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʤʝʪʦʜʘ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. 

ʈʠʩ. 1 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʀʇʉ SPS-515 
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ʋʩʪʘʥʦʚʢʘ SPS-515S (SPS Syntex, ʊʦʢʠʦ, ʗʧʦʥʠʷ) ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩ ʫʩʘʜʢʠ ʧʨʠ ʩʧʝʢʘʥʠʠ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1 ʀʩʭʦʜʥʳʡ ʜʣʷ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʧʦʨʦʰʦʢ 

ʧʦʤʝʱʘʝʪʩʷ ʚ ʛʨʘʬʠʪʦʚʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ, ʘ ʟʘʪʝʤ ʧʦʤʝʱʘʝʪʩʷ ʚ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʫʩʠʣʠʷ ʧʨʝʩʩʦʚʘʥʠʷ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʢ ʧʨʝʩʩʫʶʱʠʤ ʰʪʘʤʧʘʤ, ʠ ʩʠʣʳ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ 

ʧʦ ʵʪʠʤ ʞʝ ʰʪʘʤʧʘʤ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʦʛʨʝʚ ʧʨʝʩʩ-ʬʦʨʤʳ, ʫʧʣʦʪʥʝʥʠʝ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʟʜʘʝʪʩʷ 

ʨʘʟʨʷʜ ʧʣʘʟʤʳ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʦʨʦʰʢʘ. 

ʇʦʣʫʯʝʥʠʝ ʢʘʨʙʠʜʘ ʙʦʨʘ ʤʝʪʦʜʦʤ SPS, ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚSPS ʩʧʝʢʘʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ, ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʧʝʢʘʥʠʷ, ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʤʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢʠ ɺ4ʉ 

ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʚʦ ʚʩʝʭ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ, ʠ ʩʦʩʪʘʚʣʷʣʘ 100Üʉ/ʤʠʥ, ʚʨʝʤʷ 

ʩʧʝʢʘʥʠʷ ï 10 ʤʠʥʫʪ.. ʇʦʩʣʝ ʩʧʝʢʘʥʠʷ ʠ ʦʩʪʳʚʘʥʠʷ ʧʨʝʩʩ-ʬʦʨʤʳ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʝʝ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʢʘʤʝʨʳ ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʥʦʡ ʢʝʨʘʤʠʢʠ ɺ4ʉ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʰʣʠʬʦʚʘʣʠʩʴ ʠ ʧʦʣʠʨʦʚʘʣʠʩʴ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ, ʧʨʦʩʪʳʤ, ʙʳʩʪʨʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ). ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ- 3ʄ. ɼʣʷ ʨʘʩʯʸʪʘ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʦ 

ɺʠʢʢʝʨʩʫ HV ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 

2

854,1

d

P
Hv= ,                                                                              (1) 

P-ʥʘʛʨʫʟʢʘ ʥʘ ʠʥʜʝʥʪʦʨ, ʢɻ, d-ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥ ʦʙʝʠʭ ʜʠʘʛʦʥʘʣʝʡ ʦʪʧʝʯʘʪʢʘ, ʤʢʤ, 

1,854- ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʧʠʨʘʤʠʜʳ ɺʠʢʢʝʨʩʘ. 

ɼʦ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʩʥʷʪʘ ʥʘʛʨʫʟʦʯʥʘʷ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ. ɼʣʷ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʝʨʘʤʠʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʛʨʫʟʢʠ ï300 ʛ, ʧʨʠ ʪʘʢʦʡ ʥʘʛʨʫʟʢʝ ʜʠʘʛʦʥʘʣʴ ʦʪʧʝʯʘʪʢʘ ʤʦʞʥʦ 

ʥʘʜʝʞʥʦ ʠʟʤʝʨʠʪʴ. 

ʆʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ (ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ) ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ K1c . ɺʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ K1c ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʘʤ ʨʘʜʠʘʣʴʥʳʭ ʪʨʝʱʠʥ (ʩ), ʚʦʟʥʠʢʘʶʱʠʭ ʚʙʣʠʟʠ ʤʝʩʪʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʠ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ (2), ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʶʪʩʷ ʫʧʨʫʛʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɽ- ʤʦʜʫʣʴ ʖʥʛʘ, ʅ-ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʈ- ʥʘʛʨʫʟʢʘ, ʉ- ʜʣʠʥʳ ʪʨʝʱʠʥ ʦʪ ʫʛʣʘ ʦʪʧʝʯʘʪʢʘ ʧʠʨʘʤʠʜʳ ɺʠʢʢʝʨʩʘ. 

ʀʟʤʝʨʝʥʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝʤ ʜʠʘʛʦʥʘʣʠ ʜʣʠʥʳ ʨʘʜʠʘʣʴʥʳʭ ʪʨʝʱʠʥ  

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʜʠʘʤʝʪʨʫ ʦʙʨʘʟʮʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʙʳʣʦ ʩʜʝʣʘʥʦ 5 ʦʪʧʝʯʘʪʢʦʚ ʠ ʧʦ 10 ʠʟʤʝʨʝʥʠʡ ʢʘʞʜʦʡ ʜʠʘʛʦʥʘʣʠ (ɻʆʉʊ 9450-

76). ɹʳʣʦ ʩʜʝʣʘʥʦ 50 ʠʟʤʝʨʝʥʠʡ ʧʦ ʦʩʠ ʍ ʠ 50 ʠʟʤʝʨʝʥʠʡ ʧʦ ʦʩʠ ʋ.  
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʩʣʫʞʘʱʠʡ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ (ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ) ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢʠ ɺ4ʉ. 

ʅʘ ʨʠʩ. 2 ï 3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʘʭ (ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʜʦʣʴ ʦʩʴ ʍ, ʢʨʘʩʥʳʤ ï ʚʜʦʣʴ Y) 

 

ʅʘ ʨʠʩ. 4 ʠ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʩʧʝʯʝʥʥʳʭ ʧʨʠ 1950Üʉ ʠ 1900Üʉ 

(ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʜʦʣʴ ʦʩʴ ʍ, ʢʨʘʩʥʳʤ ï ʚʜʦʣʴ Y).  

ɺʳʚʦʜʳ. ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʧʝʢʘʥʠʷ. ʦʧʪʠʤʘʣʴʥʳʡ 

ʨʝʞʠʤ ʩʧʝʢʘʥʠʷ: ʊ= 1950 ʉ, ʈ ʧʨʝʩʩ = 90 ʄʇʘ, ʦʧʪʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ: 300 ʛʨ. (2.94 ʅ), ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 33-40 ɻʇʘ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 7- 14 ʄʇʘ*ʤ1/2. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɹʣʠʥʢʦʚ ʀ. ɺ.,ɸʥʠʢʠʥ ɺ.ʅ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʙʦʨʘ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷʪʚʳʩʦʢʦʧʨʦʯʥʦʡ ʢʝʨʘʤʠʢʠ. // ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ 2 ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʢʫʨʩʘ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, 2009. 

2. ʂʨʝʤʝʥʯʫʛʩʢʠʡ ʄ.ɺ., ʉʘʚʢʠʥ ɻ.ɻ., ʄʘʣʠʥʦʚ ɺ.ʀ. ʠ ʜʨ. ʉʚʝʨʭʣʝʛʢʠʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʙʨʦʥʝʟʘʱʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʙʦʨʘ // ʈʦʩʩʠʡʩʢʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʉʪʘʪʴʠ. ï 2008. ï ʊ.3, ˉ3-4. ï ʉ.141ï146 

  

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ 1900ÜC. 

ʈʠʩ. 2 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ 1950Üʉ. 

ʈʠʩ. 5 ʈʘʟʙʨʦʩ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ɺ4ʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1900Üʉ. 

ʈʠʩ. 4 ʈʘʟʙʨʦʩ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ɺ4ʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1950Üʉ. 
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In this paper was presents research the influence of an electric arc off the short circuit current on the 

surface of a dielectric material in the arc chutes. It was also a comparison of weight loss during single and 

repeated exposure to an insulator. 

 

 

ʇʨʠ ʛʘʰʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʠ ʦʪʢʣʶʯʝʥʠʠ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʚʳʢʣʶʯʘʪʝʣʷʭ ʥʠʟʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʜʫʛʠ ʦʪʢʣʶʯʝʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʜʫʛʦʛʘʩʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʘʙʣʷʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʢʘ, ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʜʝʩʪʨʫʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʝ ʟʘʛʨʷʟʥʝʥʠʶ ʫʛʣʝʨʦʜʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʘ, ʵʨʦʜʠʨʦʚʘʥʥʦʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʳʢʣʶʯʘʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʦʪʢʘʟʦʚ ʚʳʢʣʶʯʘʪʝʣʝʡ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʤʘʪʝʨʠʘʣ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʘ ʚ 

ʨʘʙʦʪʝ [1]. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ: ʤʘʪʝʨʠʘʣ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ, ʤʘʪʝʨʠʘʣ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ CuW(75-25), ʛʝʦʤʝʪʨʠʷ ʤʘʢʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʦʥʮʘ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ǎe-s=10 ʤʤ. 

ʅʘ ʨʠʩ. 1a) ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʢʨʠʚʳʝ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ 

ʧʨʠ U1=1.5 ʢɺ, Wc=54 ʢɼʞ, Wa=16-19 ʢɼʞ. 

ʅʘ ʨʠʩ. 1ʙ) ʧʨʠʚʝʜʝʥʘ ʩʝʨʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ Ub(t) ʠ ʪʦʢʘ isc(t) 

ʤʝʞʜʫ ʟʦʥʜʠʨʫʶʱʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʨʘʟʥʳʭ ætp. ʅʘ ʛʨʘʬʠʢʘʭ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ætp ʠ Wa, ʚʝʣʠʯʠʥʘ 

ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Ub, ʠ ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʥʘʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʤʦʤʝʥʪʘ ʧʨʦʙʦʷ ætb. 

ʅʘ ʨʠʩ. 2  ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʦʧʳʪʦʚ ʩ  U1=0.5 ʢɺ, Wc=6 ʢɼʞ, Wa=2-3 ʢɼʞ. 

mailto:vere@sibmail.com
mailto:vere@sibmail.com
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ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʜʫʛʠ U1=1.5 ʢɺ, Wa=16-19 ʢɺ. ʇʨʦʙʦʡ ʧʨʦʤʝʞʫʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʬʨʦʥʪʦʤ ʥʘ ʩʧʘʜʘʶʱʝʡ ʯʘʩʪʠ ʠʤʧʫʣʴʩʘ ʠ ætp<8.5 ʤʩ. ɺʝʣʠʯʠʥʘ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Ubå3,2 ʢɺ. 

ʅʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 3,4 ʢɺ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʪʝʢʘʥʠʝʤ ʧʦ ʟʦʥʜʠʨʫʝʤʦʡ 

ʈʠʩ. 2. ʊʠʧʠʯʥʳʝ ʢʨʠʚʳʝ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ 

ʧʨʠ U1=0,5 ʢɺ, Wʩ= 6 ʢɼʞ, Wʘ=2-3 ʢɼʞ. 

ʈʠʩ. 1. ʊʠʧʠʯʥʳʝ ʢʨʠʚʳʝ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ 

ʧʨʠ U1=1,5 ʢɺ, Wʩ= 54 ʢɼʞ,  Wa= 16-19 ʢɼʞ. 
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ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʧʨʦʙʠʚʥʦʛʦ ʪʦʢʘ isc=10-20 ɸ. ʉʨʘʚʥʠʤʳʡ ʫʨʦʚʝʥʴ Ubå3,2 ʢɺ ʧʨʠ ætp=2,1 ʤʩ ʧʦʣʫʯʝʥ ʧʨʠ 

U1=1,0 ʢɺ ʠ Wa=8-9 ʢɼʞ (ʨʠʩ. 2) 

ʋʤʝʥʴʰʝʥʠʝ ætp<20 ʤʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʝʜʧʨʦʙʠʚʥʦʛʦ ʪʦʢʘ, 

ʟʘʚʘʣʠʚʘʥʠʝʤ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ ʠ ʩʥʠʞʝʥʠʝʤ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʦʧʳʪʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʫʛʠ ʧʨʠ      U1=0.5 ʢɺ, Wʘ=2-3 ʢɼʞ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

Ub ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ætp ʠ ʧʨʦʙʠʚʥʳʭ ʪʦʢʦʚ ib. 

ɺ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʚʳʜʝʨʞʢʝ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ætp ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ, ʧʨʦʙʦʡ ʥʝ ʧʨʦʠʩʭʦʜʠʣ 

ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ. ʉʥʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ  ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʵʥʝʨʛʠʠ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʵʬʬʝʢʪʦʤ ʩʘʤʦʦʯʠʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɹʦʣʝʝ ʤʦʱʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʧʦʪʦʢʠ ʫʥʦʩʷʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʟʤʥʦʞʝʥʠʷ ʠ 

ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ, ʵʨʦʜʠʨʦʚʘʥʥʦʛʦ ʩ ʵʣʝʢʪʨʦʜʦʚ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ 

ʧʨʦʙʦʡ ʧʨʦʤʝʞʫʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ, ʘ ʥʝ ʧʦ ʛʘʟʦʚʦʡ ʩʨʝʜʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ ʜʫʛʠ Wa=2-3 ʢɼʞ ʧʨʦʙʦʡ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʨʦʥʪʝ ʠʤʧʫʣʴʩʘ 

ʥʘʧʨʷʞʝʥʠʷ, ʘ ʥʝ ʥʘ ʩʧʘʜʘʶʱʝʡ ʯʘʩʪʠ ʢʘʢ ʚ ʩʣʫʯʘʷʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ 8-16 ʢɼʞ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ Wa=2-3 ʢɼʞ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʪʦʢʝ ʨʘʟʨʷʜʘ ~3,0 ʢɸ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʣʘʟʤʝʥʥʳʝ ʧʦʪʦʢʠ ʦʪʢʣʦʥʷʶʪʩʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ 

ʠ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʨʦʟʠʠ ʤʘʪʝʨʠʘʣʘ ʩʙʣʠʞʘʶʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʚʳʨʘʙʦʪʢʝ 

ʧʨʦʤʝʞʫʪʢʘ ʤʝʞʜʫ ʟʦʥʜʠʨʫʶʱʠʤʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʫʭʫʜʰʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʢʘ.  

ʊʘʙʣʠʮʘ. 1 

ʋʜʝʣʴʥʘʷ ʵʨʦʟʠʷ ŭm ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

 ʊʘʙʣʠʮʘ. 2. 

ʋʜʝʣʴʥʘʷ ʵʨʦʟʠʷ ŭm ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ (N) ʚʦʟʜʝʡʩʪʚʠʡ 

U1, ʢɺ Wa, ʢɼʞ ŭmd, ʛ/ʢɼʞ  U1, ʢɺ Wa, ʢɼʞ N ŭmd, ʛ/ʢɼʞ 

1,5 15,6-18,6 0,014  1,25 17,1 2 0,012 

1,0 8,4 0,014  0,5 2,6 5 0,012 

0,5 2,6 0,018     . 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʵʨʦʟʠʷ ŭmd ʤʘʪʝʨʠʘʣʘ ʚ ʦʜʥʦʢʨʘʪʥʳʭ ʦʧʳʪʘʭ ʩ ʨʘʟʥʦʡ ʵʥʝʨʛʠʝʡ 

ʜʫʛʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ. ʉʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮʳ 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ŭmd 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʨʝʜʥʷʷ ŭmd ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʥʘ ʚʳʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʦʡ ʘʨʤʘʪʫʨʦʡ ʧʨʠ ʧʝʨʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɼ.ɼ. ʐʝʤʝʪʦʚ, ɼ.ʖ. ɻʝʨʘʩʠʤʦʚ. ɺʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʢʣʶʯʘʪʝʣʷ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ ʨʘʟʨʷʜʘ // ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢ ʪʨʫʜʳ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʈʦʩʩʠʷ, 

ʊʦʤʩʢ, 20ï23 ʘʧʨʝʣʷ 2010 ʛ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://science-

persp.tpu.ru/Previous%20Materials/Konf_2010.pdf ï ʉ. 213-215. 
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In this paper was presents research the dielectric surface after exposure to the arc off the short circuit 

current. Shows a micrograph gap between the electrodes with high magnification. On the photos show that 

the insulator is polluted with eroded metal from the  electrode surface. 

 

 

ʉʦʛʣʘʩʥʦ [1] ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʠ ʠ ʛʘʰʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʚ 

ʚʳʢʣʶʯʘʪʝʣʷʭ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʜʫʛʠ ʦʪʢʣʶʯʝʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʜʫʛʦʛʘʩʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ  ʫʛʣʝʨʦʜʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʵʨʦʜʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʢ ʜʝʩʪʨʫʢʮʠʠ ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʎʝʣʴʶ 

ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʢʘ ʦʙʳʯʥʳʡ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ ʠ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [2]. ɺ ʦʧʳʪʘʭ ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ: 

ʤʘʪʝʨʠʘʣ ʦʩʥʦʚʥʳʭ (ʩʠʣʴʥʦʪʦʯʥʳʭ) ʵʣʝʢʪʨʦʜʦʚ CuW (75%-25%), ʛʝʦʤʝʪʨʠʷ ʤʘʢʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʦʥʮʘ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ǎe-s=10 ʤʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʝ OLYMPUS GX71 ʩ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ DP70 ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ImageScopeM. 

ʀʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʤʝʞʫʪʦʢ ʜʣʠʥʦʡ 16 ʤʤ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʦʥʪʫʨʘ. 

ʇʨʦʠʟʚʦʜʠʣʦʩʴ 5-6 ʤʠʢʨʦʩʥʠʤʢʦʚ ʧʨʠ ʢʨʘʪʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʭ50. ʇʦʣʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʠ ʩʥʠʤʢʠ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʙʦʣʴʰʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ (ʭ100, ʭ200) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1-4. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʩʥʠʤʢʦʚ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ  

ʧʦʚʝʨʭʥʦʩʪʠ:  

¶ ʅʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʪʣʳʭ ʦʛʦʣʠʚʰʠʭʩʷ ʩʪʝʢʣʦʚʦʣʦʢʦʥ. 
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¶ ʅʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʪʝʢʣʦʚʦʣʦʢʥʦ, ʩʬʝʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʦʚ ʜʠʘʤʝʪʨʦʤ ʦʪ 10 ʤʢʤ ʜʦ 200 ʤʢʤ. ʕʪʠ ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ 

ʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʘ, ʵʨʦʜʠʨʦʚʘʥʥʦʛʦ ʩ ʵʣʝʢʪʨʦʜʦʚ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʢʦʥʪʫʨʘ. ʄʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʦʚ ï ʩʧʣʘʚ 

CuW (~75%:25%). ʇʨʝʦʙʣʘʜʘʶʪ ʯʘʩʪʠʮʳ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ (ʚʦʣʴʬʨʘʤ). 

¶ ɺʩʝ ʩʬʝʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʩʦʧʨʷʞʝʥʳ ʠ ʫʜʝʨʞʠʚʘʶʪʩʷ ʦʛʦʣʠʚʰʠʤʠʩʷ 

ʩʪʝʢʣʦʚʦʣʦʢʥʘʤʠ. 

¶ ʇʦʚʝʨʭʥʦʩʪʴ ʩʪʝʢʣʦʚʦʣʦʢʦʥ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʘ. 

¶ ʅʘ ʠʩʭʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʠʵʣʝʢʪʨʠʢʦʚ (ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʛʠ) ʦʛʦʣʠʚʰʠʝʩʷ ʚʦʣʦʢʥʘ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

 

 

ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ. 

 

 

ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ. 

 

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʟʥʘʯʝʥʠʠ ʵʥʝʨʛʠʠ. 

ʄʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʵʨʦʜʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ ʦʩʘʞʜʘʝʪʩʷ ʙʦʣʴʰʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʨʘ. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʦʩʘʞʜʝʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ ʦʪ 

ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʜʫʛʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ɼʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʪʨʝʭʢʨʘʪʥʦʛʦ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ. 

 

 

ʈʠʩ. 3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ: ʘ) ʠʩʭʦʜʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʜʠʵʣʝʢʪʨʠʢʘ; ʙ) ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʛʠ ʩ ʵʥʝʨʛʠʝʡ 2,5 ʢɼʞ; ʚ) ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʛʠ ʩ ʵʥʝʨʛʠʝʡ 8,5 ʢɼʞ; ʜ) ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʛʠ ʩ ʵʥʝʨʛʠʝʡ 17,0 ʢɼʞ. 

 

0

5

10

15

20

25

30

35

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09

m,ʛʨ

W
,
ʢ
ɼ
ʞ

 

ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʤʝʪʘʣʣʘ ʵʨʦʜʠʨʦʚʘʥʥʦʛʦ ʩ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ ʦʪ 

ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʜʫʛʠ. 
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In this article the dependence of thermo-emf from hydrogen concentration in commercial pure titanium was 

obtained. It was shown hydrogen concentration increasing reduces thermo-emf in commercial pure titanium. This 

dependence hasnôt linear behaviour. The abrupt changes of thermo-emf are caused by the formation of chemical 

compounds (ɔ- and ŭ-hydrides of titanium). 
 

 

ɺʚʝʜʝʥʠʝ. ʆʪʢʨʳʪʳʡ ʝʱʝ ʚ 18 ʚʝʢʝ ʪʠʪʘʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʤʝʥʷʣʩʷ ʜʦ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. 

ʀʥʪʝʨʝʩ ʢ ʵʪʦʤʫ ʤʝʪʘʣʣʫ ʚʦʟʥʠʢ ʙʣʘʛʦʜʘʨʷ ʚʘʞʥʳʤ ʜʣʷ ʪʝʭʥʠʢʠ ʩʚʦʡʩʪʚʘʤ [1]. ʊʠʪʘʥ ʠ ʝʛʦ ʩʧʣʘʚʳ ʩʪʘʣʠ 

ʥʝʟʘʤʝʥʠʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʫʜʝʣʴʥʦʤʫ ʚʝʩʫ ʠ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʪʠʪʘʥ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʘʚʠʘʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʂʨʦʤʝ ʵʪʦʛʦ ʦʥ ʥʝʟʘʤʝʥʠʤ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚʦ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ [2]. 

ʇʨʠ ʦʩʚʦʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʠʪʘʥʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʚʦʟʥʠʢʣʠ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʴʶ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʜʝʪʘʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʚ ʙʦʨʴʙʝ ʩ 

ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʧʨʦʙʣʝʤʘ ʪʠʪʘʥïʚʦʜʦʨʦʜ ʥʝ ʨʝʰʝʥʘ. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʚʩʝʩʪʦʨʦʥʥʠʝ 

ʠ ʛʣʫʙʦʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʘ ʚʣʠʷʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʩʚʦʡʩʪʚʘ ʪʠʪʘʥʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ [3]. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢ 

ʜʝʬʝʢʪʘʤ, ʧʨʠʤʝʩʷʤ, ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʧʨʦʩʪʦʪʘ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ [4]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʪʝʨʤʦ-ʵʜʩ ʚ ʩʧʣʘʚʝ ʪʠʪʘʥʘ ɺʊ1-0.  

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ (Fʝ-

0,18;Si-0,1;ʉ-0,07;N-0,04;ʆ- 0,12; ʅ-0,01) ʨʘʟʤʝʨʦʤ 10,0Ĭ5,0Ĭ1,0 ʤʤ
3
 ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʠ ʨʘʟʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ. 

ʅʘʩʳʱʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʫʩʪʘʥʦʚʢʝ Gas Reaction Controller ʤʝʪʦʜʦʤ ʉʠʚʝʨʪʩʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 300ï600Áʉ, ʜʘʚʣʝʥʠʷʭ 0,6  ʠ 2 ʘʪʤ., ʚʨʝʤʝʥʘʭ ʥʘʩʳʱʝʥʠʷ 30é300 ʤʠʥʫʪ. ʇʨʦʮʝʩʩ ʥʘʩʳʱʝʥʠʷ 

ʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚʦʜʦʨʦʜʦʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʧʨʦʚʦʜʠʣʘʩʴ ʦʪʢʘʯʢʘ 

ʩʠʩʪʝʤʳ ʜʦ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ (10
-6
ʘʪʤ), ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʨʘʟʦʛʨʝʚ ʧʝʯʠ ʠ ʢʘʤʝʨʳ ʩ ʦʙʨʘʟʮʘʤʠ ʜʦ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣ Ñ20ÁC), ʥʘʧʫʩʢ 

ʚʦʜʦʨʦʜʘ ʚ ʢʘʤʝʨʫ ʜʦ ʜʘʚʣʝʥʠʡ (0,60Ñ0,05) ʠʣʠ (2,00Ñ0,05) ʘʪʤ, ʚʳʜʝʨʞʢʘ ʚ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʦʪʢʘʯʢʘ ʩʠʩʪʝʤʳ ʜʦ ʦʩʪʳʚʘʥʠʷ ʢʘʤʝʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩ ʤʘʩʩʦʚʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ ʚ ʧʨʝʜʝʣʘʭ 0,0008é1,5673 ʤʘʩʩ.%. ʂʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ɺʊ1-0 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ RHEN 602 ʬʠʨʤʳ LECO. 

ʀʟʤʝʨʝʥʠʷ ʪʝʨʤʦ-ʵʜʩ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʵʣʝʢʪʨʦʜʦʚ, ʤʝʞʜʫ 
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ʢʦʪʦʨʳʤʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʚʦʣʴʪʤʝʪʨʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʟʥʠʢʘʶʱʝʡ ʚ 

ʮʝʧʠ ʪʝʨʤʦ-ʵʜʩ. ʇʦʩʪʦʷʥʥʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʩʦʟʜʘʚʘʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʥʘʛʨʝʚʫ ʦʜʥʦʛʦ ʠʟ ʵʣʝʢʪʨʦʜʦʚ ʠ 

ʧʦʜʜʝʨʞʘʥʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʪʦʨʦʛʦ. ʂʦʥʪʨʦʣʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʷʯʝʛʦ ʵʣʝʢʪʨʦʜʘ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦ-ʵʜʩ ʥʘ ʵʪʘʣʦʥʥʦʤ ʦʙʨʘʟʮʝ (ʤʝʜʴ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʨʤʦ-ʵʜʩ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʘ ʚ ʩʧʣʘʚʝ ʪʠʪʘʥʘ ɺʊ1-0, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1. 

ɼʣʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 

ʧʦʨʷʜʢʘ 0,0008 ʟʥʘʯʝʥʠʝ ʪʝʨʤʦ-ʵʜʩ ʩʦʩʪʘʚʣʷʣʦ 864 ʤʢɺ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʝʨʤʦ-ʵʜʩ ʚʧʣʦʪʴ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʪʝʨʤʦ-ʵʜʩ 

ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʧʣʘʪʦ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʜʦʨʦʜʘ 0,05-0,37 ʠ 0,55-1,57 ʤʘʩʩ.%, ʜʣʷ 

ʢʦʪʦʨʳʭ  ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʛʘʟʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦ-ʵʜʩ. ɸ ʪʘʢʞʝ ʥʘ ʛʨʘʬʠʢʝ ʚʠʜʥʳ 

ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʪʝʨʤʦ-ʵʜʩ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʜʦʨʦʜʘ 

ʤʝʥʝʝ 0,05 ʤʘʩʩ.%  ʠ ʚ ʠʥʪʝʨʚʘʣʝ 0,37-0,55 ʤʘʩʩ.%.  

ʉʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʦ-ʵʜʩ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (ʛʠʜʨʠʜʘ) [5]. ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʪʠʪʘʥ-ʚʦʜʦʨʦʜ [6], ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

300-600Áʉ ʪʠʪʘʥ ʧʦʛʣʦʱʘʝʪ ʚʦʜʦʨʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚʥʝʜʨʝʥʠʷ. ɺʳʜʝʣʝʥʠʝ ʛʠʜʨʠʜʥʳʭ ʬʘʟ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʛʜʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʦʨʦʜʘ ʚ ʪʠʪʘʥʝ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʪʠʧʘ ʛʠʜʨʠʜʦʚ ʚ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʤ ʪʠʪʘʥʝ: ɔ (TiH), ŭ (TiH1,5-1,99) ʠ Ů (TiH2) [6]. 

ɺʦʟʤʦʞʥʦ ʧʝʨʚʦʤʫ ʩʢʘʯʢʫ ʪʝʨʤʦ-ʵʜʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ  ɔ-ʛʠʜʨʠʜʘ, ʘ ʚʪʦʨʦʤʫ ʩʢʘʯʢʫ ʪʝʨʤʦ-ʵʜʩ ï 

ʦʙʨʘʟʦʚʘʥʠʝ ŭ-ʛʠʜʨʠʜʘ ʪʠʪʘʥʘ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ Ů-ʛʠʜʨʠʜʘ (~2,7 ʤʘʩʩ.%), ʚ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ. ʇʦʵʪʦʤʫ ʪʨʝʪʴʝʛʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʨʤʦ-ʵʜʩ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʪʝʨʤʦ-ʵʜʩ ʚ ʩʧʣʘʚʝ ʪʠʪʘʥʘ ɺʊ1-0. ɹʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʪʝʨʤʦ-ʵʜʩ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣʝ. ʆʙʨʘʟʦʚʘʥʠʝ ɔ- ʠ 

ŭ-ʛʠʜʨʠʜʦʚ ʪʠʪʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦ-ʵʜʩ.  
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Calcium phosphate coatings on various substrates have been obtained and have been studied. Coatings 

were obtained by synthesis from the ablation plasma formed by irradiation of the target of hydroxyapatite 

with powerful ion beams of nanosecond duration. A study of physical and mechanical properties of coatings 

were carried out on the "NanoScanò device. 

 

ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʭʠʨʫʨʛʠʠ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʠʤʧʣʘʥʪʘʪʳ ʩ 

ʙʠʦʧʦʢʨʳʪʠʷʤʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ, 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ [1]. ɺ ʩʪʦʤʘʪʦʣʦʛʠʠ ʠ ʪʨʘʚʤʘʪʦʣʦʛʠʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʠ 

ʛʠʜʨʦʢʩʠʘʧʧʘʪʠʪʘ (ɻɸ). ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ ʢʘʣʴʮʠʡ-ʬʦʩʬʘʪʥʳʝ (ʂʌ) ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ɻɸ, 

ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [2]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʜʣʷ ʠʤʧʣʘʥʪʘʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʄʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʷ, ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢ ʞʝ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʢʨʳʪʠʡ. ɺʘʢʫʫʤʥʳʝ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʙʠʦʧʦʢʨʳʪʠʷ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʆʧʪʠʤʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʠʩʪʦʯʥʠʢ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʙʳʩʪʨʦʤʫ ʧʣʘʚʣʝʥʠʶ ʠ ʠʩʧʘʨʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ, ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥ ʧʨʠ ʝʝ ʦʙʣʫʯʝʥʠʠ ʤʦʱʥʳʤʠ ʧʫʯʢʘʤʠ ʠʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʚ 

ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʂʵɺ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʱʥʳʝ ʠʦʥʥʳʝ ʧʫʯʢʠ (ʄʀʇ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʚʝʱʝʩʪʚʦʤ. ʂʇɼ ʠʦʥʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ (20 ï 40 %) 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʂʇɼ ʣʘʟʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʥʝ ʙʦʣʝʝ 3%), ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʘʟʝʨʥʦʡ 

ʘʙʣʷʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʱʥʳʭ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʄʀʇ ʤʝʪʦʜ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʠʰʝʥʠ, ʧʦʜʣʦʞʢʠ ʠ ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʧʨʠ 

ʄʀʇ ʤʝʪʦʜʝ. ʄʠʰʝʥʴ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʦʪ ʘʥʦʜʘ ʜʠʦʜʘ. ʈʘʩʧʳʣʷʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ 

ʥʘʢʣʦʥʝʥʘ ʧʦʜ ʫʛʣʦʤ Ŭ ~ 45Á (ʦʪʩʯʝʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ) ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʦʥʥʦʛʦ ʧʫʯʢʘ. ɺ 
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ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d ʦʪ ʤʠʰʝʥʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʜʣʦʞʢʘ, 

ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʧʦʜ ʥʝʙʦʣʴʰʠʤ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ (< 30Á). ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʫʯʦʢ ʠʦʥʦʚ 

ʜʚʠʞʝʪʩʷ ʚ ʚʘʢʫʫʤʝ ʢ ʤʠʰʝʥʠ, ʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʘʪʝʨʠʘʣʦʤ ʤʠʰʝʥʠ 

ʦʙʨʘʟʫʝʪ ʘʙʣʷʮʠʦʥʥʫʶ ʧʣʘʟʤʫ, ʠʟ ʢʦʪʦʨʦʡ 

ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʪʝʟ ʧʦʢʨʳʪʠʷ ʥʘ 

ʧʦʜʣʦʞʢʫ. ʅʘʥʝʩʝʥʠʝ ʧʣʝʥʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʝʨʠʝʡ ʠʟ N ʠʤʧʫʣʴʩʦʚ.  

ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʙʠʦʧʨʦʢʨʳʪʠʡ 

ʷʚʣʷʶʪʩʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʝ ʚʘʞʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 

ʪʚʝʨʜʦʩʪʴ, ʢʦʥʪʘʢʪʥʫʶ ʞʝʩʪʢʦʩʪʴ ʠ ʜʨ. 

ʇʨʠʙʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʘʣʠʟʦʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʬʠʨʤʘʤʠ, 

ʥʘʧʨʠʤʝʨ, CSM Instruments (ʐʚʝʡʮʘʨʠʷ). ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʙʦʨ 

çʅʘʥʦʉʢʘʥè (ʌɻʋ ʊʀʉʅʋʄ), ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʥʦʉʢʘʥ ï ʵʪʦ ʩʢʘʥʠʨʫʶʱʠʡ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʚ 

ʞʝʩʪʢʦʤ ʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ. ɻʣʘʚʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʦʪ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʞʝʩʪʢʦʩʪʴ (6Ĭ10
4
 ʅ/ʤ) ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʘʥʪʠʣʝʚʝʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʘ ʘʣʤʘʟʥʦʡ 

ʧʠʨʘʤʠʜʳ ʠʣʠ ʫʣʴʪʨʘʪʚʝʨʜʦʛʦ ʬʫʣʝʨʠʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʧʦʛʨʘʬʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʚ ʨʝʞʠʤʝ ʞʝʩʪʢʦʛʦ ʢʦʥʪʘʢʪʘ ʦʮʝʥʠʪʴ ʪʚʝʨʜʦʩʪʴ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʚʝʨʭʪʚʝʨʜʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʘʣʤʘʟʘ ʠ ʤʥʦʛʠʭ ʧʦʢʨʳʪʠʡ. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʅʘʥʦʉʢʘʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʪʦʧʦʛʨʘʬʠʠ ʠ ʠʟʤʝʨʝʥʠʝ ʢʘʨʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʜʥʦʤ ʝʝ ʫʯʘʩʪʢʝ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʚʘʪʴ ʪʦʧʦʛʨʘʬʠʶ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʦʣʠ ʟʦʥʜʘ ʠ 

ʧʨʠʤʝʥʝʥʠʶ ʠʛʣ ʠʟ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅʘʥʦʉʢʘʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ ʠ ʮʘʨʘʧʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʥʜʝʥʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʝʤ ʥʘʛʨʫʞʝʥʠʷ ʠʛʣʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʎʘʨʘʧʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʥʘʛʨʫʞʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʶ, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ʈʘʟʤʝʨ ʦʪʧʝʯʘʪʢʘ ʠʣʠ ʮʘʨʘʧʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʜʦ ʠ ʧʦʩʣʝ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʅʘʥʦʉʢʘʥ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʠʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʘʥʦ ʥʘ ʤʝʪʦʜʝ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʩʢʣʝʨʦʤʝʪʨʠʠ, ʢʦʛʜʘ 

ʮʘʨʘʧʠʥʘ ʥʘʥʦʩʠʪʩʷ ʧʦʦʯʝʨʝʜʥʦ ʥʘ ʠʟʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʠ ʵʪʘʣʦʥ, ʪʚʝʨʜʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʘ. ɸʥʘʣʠʟ 

ʮʘʨʘʧʠʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʝʝ ʩʨʝʜʥʝʡ ʰʠʨʠʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʝ. ʊʚʝʨʜʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  
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ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʄʀʇ ʤʝʪʦʜʘ. 

R ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʘʥʦʜʘ ʜʦ ʮʝʥʪʨʘ ʤʠʰʝʥʠ; d ï 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʠʰʝʥʠ ʜʦ ʧʦʜʣʦʞʢʠ; Ŭ ï ʫʛʦʣ ʧʘʜʝʥʠʷ 

ʧʫʯʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ; ɗ ï ʫʛʦʣ ʤʝʞʜʫ ʮʝʥʪʨʦʤ 

ʧʦʜʣʦʞʢʠ ʠ ʥʦʨʤʘʣʴʶ ʢ ʤʠʰʝʥʠ. 



VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          56 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ʛʜʝ ʅX ʠ ʅS ï ʪʚʝʨʜʦʩʪʴ ʠʟʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʵʪʘʣʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, PX ʠ PS ï ʥʘʛʨʫʟʢʘ ʥʘ ʠʥʜʠʢʘʪʦʨ 

ʧʨʠ ʮʘʨʘʧʘʥʴʝ ʦʙʨʘʟʮʘ ʠ ʵʪʘʣʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, hX ʠ hS ï ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ʮʘʨʘʧʠʥ ʥʘ ʦʙʨʘʟʮʝ ʠ 

ʤʘʪʝʨʠʘʣʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʅʘ ʧʨʠʙʦʨʝ ʅʘʥʦʉʢʘʥ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʂʌ ʧʦʢʨʳʪʠʡ. ʇʦʜʣʦʞʢʘʤʠ ʩʣʫʞʠʣʠ 

ʪʠʪʘʥ (ɺʊ1-0) ʠ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ (12ʍ18ʅ10ʊ). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. ʊʦʣʱʠʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʦʬʠʣʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʝʞʠʤʘ ʧʦʣʫʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ï ʦʪ 3 ɻʇʘ ʜʦ 7 ɻʇʘ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʂʌ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʄʀʇ ʤʝʪʦʜʦʤ, ʩʦʩʪʘʚʣʷʝʪ 3-5 ɻʇʘ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ 

ʪʚʝʨʜʦʩʪʠ ʧʦʜʣʦʞʝʢ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (0,18 ɻʇʘ) ʠ ʪʠʪʘʥʘ (1 ɻʇʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʣʦʞʢʘ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʪʦʧʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʂʌ ʧʦʢʨʳʪʠʷ ʥʘ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʥʘʥʝʩʝʥʥʦʛʦ 

ʄʀʇ ʤʝʪʦʜʦʤ (300 ʠʤʧʫʣʴʩʦʚ), ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʩʢʣʝʨʦʤʝʪʨʠʠ. 

ʄʀʇ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʦʥʢʠʝ ʙʠʦʧʦʢʨʳʪʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʅʘʥʦʉʢʘʥ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʣʦʚʥʦ ʥʝʨʘʟʨʫʰʘʶʱʠʤ, 

ʧʦʩʢʦʣʴʢʫ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʇʦʜʣʦʞʢʘ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʂʌ ʧʦʢʨʳʪʠʷ. 
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ʈʠʩ. 2. ʊʦʧʦʛʨʘʬʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʂʌ ʧʦʢʨʳʪʠʷ ʥʘ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (300 

ʠʤʧʫʣʴʩʦʚ ʄʀʇ) 

ʊʘʙʣʠʮʘ 1. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ 

 

ʇʦʜʣʦʞʢʘ 
ʈʝʞʠʤ ʧʦʣʫʯʝʥʠʷ, 

ʧʦʢʨʳʪʠʝ 
ʊʚʝʨʜʦʩʪʴ ʅ, ɻʇʘ 

ʕʪʘʣʦʥ ï ʧʣʘʚʣʝʥʳʡ ʢʚʘʨʮ 72,7Ñ0,4 (0,55%) 

ʅʝʨʞ. ʩʪʘʣʴ 
300 ʠʤʧʫʣʴʩʦʚ ʄʀʇ, 

ʂʌ 
5,4Ñ0,7 (12,9%) 

ʅʝʨʞ. ʩʪʘʣʴ 
400 ʠʤʧʫʣʴʩʦʚ ʄʀʇ, 

ʂʌ 
2,9Ñ0,4 (13,8%) 

ʅʝʨʞ. ʩʪʘʣʴ 
500 ʠʤʧʫʣʴʩʦʚ ʄʀʇ, 

ʂʌ 
3,90Ñ0,15 (3,8%) 

Ti ʂʌ 6,8Ñ1,4 (20,31%) 

Ti ~1 

ʅʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ~0,18 
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In the given article the method of energy transfer by one wire is considered. The work contains 

experiments and calculation some characteristics of the facility. 

 

We cannot imagine modern technocratic society without numerous electronic devices. Also, for production of 

electric energy a lot of recourses are consumed. Efficiency coefficient of modern lines of electricity transfer 

equals 90ï95 percent. With all newest technologies total looses equal 5-10 percent. Evidently, the problem of 

decrease of electric energy transfer losses is very important and it is necessary to look for some ways to solve it. 

Nowadays, the problem of conservation of resources has leading positions in world. The objective of our work is 

realization of transferring electric energy by a single wire with high coefficient of efficiency and explanation of 

processes taking place at transmission.  

In his well-known experiment the Russian 

researcher S.V. Avramenko transferred power equal to 

approximately 1,3 kilowatts. He used a car generator 

with frequency equal to 8 kilo-Hertz as power supplier. 

The length of the wolfram wire is 2,75 m. with a 

diameter of 15 micrometers. The resistance of such a 

wire is much more then the one of a cuprum wire with 

the same length. It means that this wire must radiate 

heat and have big losses. But the researcher claimed 

that the wire was cold. That is why transfer line 

çdidnôt have resistanceè likes a çsuperconductorè 

under standard conditions. But in this work there are 

no results of such research [1]. 

For test operation we made two experimental 

assemblies. The first assembly (Figure 1) consists of a generator and a wire diagram, which is the convertor of 

direct-current voltage to alternating voltage. Transformer T is fed by convertor. Transformer has the following 

characteristics: a bobbin with 1-6 coils of cuprum  wires with diameter equal to 0,15 millimeters, a bobbin  with 

2- 20 coils of cuprum wires with diameter equal to 0,2 millimeters, bobbin with 3- 1800 coils of cuprum wires 

with diameter equal to 0,12 millimeters. 

Fig. 2. Voltage-length diagram. U0 is the voltage in plug at 

the start of the line. Ul is the voltage in plug at the end of the 

line. 

Fig.1. Measuring wire diagram of first facility 

mailto:pa_ilin@mail.ru
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We use cuprum wire with diameter equal to 0,12 millimeters as transfer line. In rags of lines we fixed diode 

plugs, as a load. We fixed the resistance of 75 Ohms in every plug. The length of transfer lines was changed from 

1 meter to 40 meters. The voltage measured by oscillograph in accordance with figure 1. Simultaneously we 

measured a time delay of voltage relatively to one an other.  We directed a voltage equal to 5 Volts with current 

strength equal to 500 milliamps to the input of transformers. Current strength is measured in millimeter.   

In fig. 2 there is a voltage-length diagram. When the length of the wire was equal to 10 meters, we registered a 

decrease of voltage in the first plug. This is why we calculated average voltage and average capacity in the first plug. 

W0average=U0
2
/R0=2.056

2
/75=0.0564 Vats 

After it, we calculated the capacity in the second plug by length l L=20 meters and L=40 meters. 

WL=20=0.027Vats. Coefficient of efficiency=47.9%. WL=40= 0.021 Vats. Coefficient of efficiency=37.2% 

Previously scientists gave theoretic assumptions about these results. For example, this effect accounts for bias 

current and resonance phenomenaôs- coincidence of frequency voltage of power source and inherent frequency 

of ripple and atomic lattice (if itôs possible). In 1830-th years Faraday wrote about instantaneous current in a 

single line in compliance with Maxwellôs electrodynamics. Polarization current occurs without emission of Joule 

heating; it means that the conductor offers no resistance. 

The second experimental facility consists of a high-frequency generator with the following characteristics: output 

voltage equal to 15 kilowatts, capacity equal to 1,5 Vats; decrease transformer without slog, with coefficient of 

transformation equal to 166; double-half period rectifier composed of diodes 1N4007; resistors equal to 910 Ohm and 4,7 

kilo Ohm; and capacity of 0,5 microfarad. The scheme of this facility is presented in fig. 3. We used two wires. The length 

of first wires equals 27 meters with a diameter of 0,15 millimeters. The length of the second wire equals 35 meters with 

diameter equal 2,7 millimeters. For measurement we used an oscillograph connected to resistance of 910 Ohm. In course 

of our experiment we obtained the following results: 1) in measurement without transfer line (generator to measurement 

scheme) the voltage was equal to 6 Volts; 2) in measurement with transfer line with a length of 35 meters the voltage was 

equal to 0,9 Volts; 3) in measurement with transfer line with a length of 27 meters the voltage was equal to 4 Volts. 

Calculating capacity formula: P= (U*K)
2
 / R1 + U

2 
/ R2.  K is ratio of resistors, is equal to 5,2. 

For the first case: P= (6*5,2)
2
 / 4700 + 6

2
/910= 0,25 Vats 

For the second case: P= (0,9*5,2)
2
 / 4700 + 0,9

2
/910 = 0,0055 Vats 

For the third case: P= (4*5,2)
2
 / 4700 + 4

2
/ 910= 0,1095 Vats 

It is seen, that with increasing wire diameter, voltage and 

capacity decrease. Voltage is not impulse, consequently, 

resulting capacity is active. During measurement, we fixed two frequencies 100 kilohertz (10 microseconds) and 

25 kilohertz (40 microseconds). Registered frequencies near few centimeters equal 133 kilohertz (7,5 

microseconds) and 25 kilohertz (40 microseconds). 

Few advantages of single-wire transfer of energy in the future: the amount of metal used for producing of 

wires will decrease several times; short circuit will be excluded; the risk of fire will be excluded. In our future 

work we plan to set up to resonance our high-frequency generator with receiver. It will allow to increase the 

coefficient of efficiency of our device. 
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Fig. 3. Wire diagram of second facility 
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Results of researches of location annular anode in hollow cathode are shown. This location effects on 

parameters of glow discharge. Optimal stability of discharge and most emission possibility of plasma are 

observed when annular anode is in the middle part of hollow cathode. 

 

1. ɺʚʝʜʝʥʠʝ  

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ ʧʦʩʚʷʱʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʙʦʪ [1]. ʅʦ ʜʦ ʩʠʭ 

ʧʦʨ ʵʪʦʪ ʪʠʧ ʨʘʟʨʷʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʪʦʪ ʪʠʧ 

ʨʘʟʨʷʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʤʠʩʩʠʦʥʥʦʡ ʧʣʘʟʤʳ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʧʣʘʟʤʝʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʘʚʣʝʥʠʡ 5-15 ʇʘ [2] ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʜʣʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʟʘʜʘʯ ï ʪʘʢʠʭ ʢʘʢ ʦʙʨʘʙʦʪʢʘ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [3]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʦʪʢʨʳʪʴ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʠʩʧʘʨʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʨʠ ʪʘʢʠʭ ʜʘʚʣʝʥʠʷʭ 

ʘʢʪʠʚʥʦʛʦ ʛʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʦʚ ʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. ɺ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʚʣʝʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʘʥʦʜʥʳʡ ʵʣʝʢʪʨʦʜ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʣʘʟʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʟʚʣʝʯʝʥʠʷ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʪʦʣʱʠʥʘ ʵʤʠʩʩʠʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,1 ʤʤ. 

ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʪʦʪ ʵʣʝʢʪʨʦʜ, ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʠʩʢʘʪʴ 

ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʢʘʪʦʜʥʳʡ 

ʵʣʝʢʪʨʦʜ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʣʘʟʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 

ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʘʭ ʵʤʠʩʩʠʦʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʠ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʝ ʵʣʝʢʪʨʦʜʘ. ʉʦʭʨʘʥʝʥʠʝ ʚʳʩʦʢʦʡ 

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʘʟʤʳ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʩʦʩʪʦʷʣʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʞʠʤʦʚ ʛʦʨʝʥʠʷ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʚ ʨʘʟʨʷʜʥʦʡ ʩʠʩʪʝʤʝ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ ʠ 

ʢʦʣʴʮʝʚʳʤ ʘʥʦʜʦʤ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʘʥʦʜʘ ʚ ʧʦʣʦʤ ʢʘʪʦʜʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʝ ʛʦʨʝʥʠʝ ʨʘʟʨʷʜʘ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ 

ʚʙʣʠʟʠ ʵʤʠʩʩʠʦʥʥʦʡ ʛʨʘʥʠʮʳ. 

 

 

mailto:Anton1006@mail2000.ru
mailto:Anton1006@mail2000.ru


VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          60 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

2.ʊʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʢʝʪʝ ʨʘʟʨʷʜ-ʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 1), ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʧʦʣʳʡ ʢʘʪʦʜ ʠ 

ʢʦʣʴʮʝʚʦʡ ʘʥʦʜ. ʉ ʮʝʣʴʶ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʳʡ ʢʘʪʦʜ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʩʝʪʯʘʪʦʛʦ ʮʠʣʠʥʜʨʘ 

1, ʜʠʘʤʝʪʨʦʤ 40 ʤʤ ʠ ʛʣʫʙʠʥʦʡ 50 ʤʤ ʠ ʨʘʟʤʝʨʘʤʠ ʷʯʝʡʢʠ ʩʝʪʢʠ 2Ĭ2 ʤʤ. ɺʥʫʪʨʠ ʢʘʪʦʜʘ ʨʘʩʧʦʣʘʛʘʣʩʷ 

ʢʦʣʴʮʝʚʦʡ ʘʥʦʜ 2, ʜʠʘʤʝʪʨʦʤ 25 ʤʤ. ɺʳʙʦʨ 

ʢʦʣʴʮʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʦʙʫʩʣʦʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʦʙʨʘʞʝʥʠʷʤʠ ʩʠʤʤʝʪʨʠʠ. ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ 

ʜʝʨʞʘʪʝʣʝʡ 3 ʧʦʟʚʦʣʷʣʦ ʧʝʨʝʤʝʱʘʪʴ ʘʥʦʜ ʚʥʫʪʨʠ 

ʢʘʪʦʜʥʦʡ ʧʦʣʦʩʪʠ ʚʜʦʣʴ ʝʝ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. 

ʈʘʟʨʷʜʥʘʷ ʩʠʩʪʝʤʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʚʘʢʫʫʤʥʫʶ 

ʢʘʤʝʨʫ, ʜʘʚʣʝʥʠʝ ʚ ʢʦʪʦʨʦʡ ʨʝʛʫʣʠʨʦʚʘʣʦʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ 5-30 ʇʘ. ʇʠʪʘʥʠʝ ʨʘʟʨʷʜʘ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ, ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʞʠʛʘʥʠʷ 

ʨʘʟʨʷʜʘ ʥʘ ʩʪʝʥʢʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʜʦʩʪʠʛʘʣʦʩʴ ʧʦʤʝʱʝʥʠʝʤ ʚʩʝʛʦ ʨʘʟʨʷʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʢʦʣʙʫ 4 ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʚʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. C ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʵʤʠʩʩʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʘʟʤʳ 5, ʚʙʣʠʟʠ ʵʤʠʩʩʠʦʥʥʦʛʦ ʦʢʥʘ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʢʦʣʣʝʢʪʦʨ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʜʠʩʢʘ. ʅʘ ʢʦʣʣʝʢʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʪʦʜʘ ʧʦʜʘʚʘʣʦʩʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ, ʠ ʬʠʢʩʠʨʦʚʘʣʩʷ ʠʦʥʥʳʡ 

ʪʦʢ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʠʣʘ ʥʘʙʣʶʜʘʪʴ ʚʠʟʫʘʣʴʥʦ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʟʘʞʠʛʘʥʠʷ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʚ ʧʦʣʦʩʪʠ, ʘ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʧʣʘʟʤʳ ʠ ʠʦʥʥʦʤʫ ʪʦʢʫ ʥʘ 

ʢʦʣʣʝʢʪʦʨ 6 ʤʦʞʥʦ ʙʳʣʦ ʩʫʜʠʪʴ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ.  

3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʥʦʜʘ ʚʥʫʪʨʠ ʢʘʪʦʜʥʦʡ ʧʦʣʦʩʪʠ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ ʚ ʧʦʣʦʩʪʠ, ʪʘʢ ʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʣʘʟʤʳ ʚʙʣʠʟʠ ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʠ ʢʘʪʦʜʘ. ʇʨʠʙʣʠʞʝʥʠʝ 

ʘʥʦʜʘ ʢ ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʝ ʢʘʪʦʜʥʦʡ ʧʦʣʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʛʦʨʝʥʠʶ ʨʘʟʨʷʜʘ. ʈʘʟʨʷʜʥʘʷ ʧʣʘʟʤʘ 

ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʟʘ ʘʥʦʜʦʤ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦ 30 ʇʘ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʚʝʯʝʥʠʷ ʵʪʦʡ ʧʣʘʟʤʳ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʘʥʦʜʘ ʦʪ ʪʦʨʮʘ ʢʘʪʦʜʘ ʧʦʣʦʞʝʥʠʝ ʧʣʘʟʤʳ ʥʘʯʠʥʘʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʜʘʚʣʝʥʠʷ ï ʚ ʜʠʘʧʘʟʦʥʝ 6-11 ʇʘ ʧʣʘʟʤʘ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʘʣʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʘʥʦʜʘ ʜʦ ʪʦʨʮʘ ʢʘʪʦʜʘ, 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘ ʘʥʦʜʦʤ, ʨʠʩ. 2, ʘ.  

 

mA 
ïUk +Uk 

ïUd 

+Ud 

1 2 3 4 6 

5 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʈʠʩ. 2. ʊʣʝʶʱʠʡ ʨʘʟʨʷʜ ʚ ʩʝʪʯʘʪʦʤ ʧʦʣʦʤ ʢʘʪʦʜʝ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʥʦʜʘ ʧʦʩʝʨʝʜʠʥʝ ʢʘʪʦʜʥʦʡ ʧʦʣʦʩʪʠ. 

ɼʘʚʣʝʥʠʝ ʘ) - 11 ʇʘ, ʙ) ï 13 ʇʘ. 1 ï ʉʝʪʯʘʪʳʡ ʢʘʪʦʜ, 2 ï ʢʦʣʴʮʝʚʦʡ ʘʥʦʜ, 3 ï ʧʣʘʟʤʘ. 

1 
2 

3 

 ʘ  ʙ 1 
2 

3 



VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          61 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ʋʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʤʝʱʝʥʠʶ 

ʧʣʘʟʤʳ ʚ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʘʥʦʜʦʤ ʠ ʪʦʨʮʦʤ ʢʘʪʦʜʥʦʡ 

ʧʦʣʦʩʪʠ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚʠʟʫʘʣʴʥʦ, ʨʠʩ. 2, ʙ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʨʷʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʘʥʦʜʘ ʦʪ ʪʦʨʮʘ ʢʘʪʦʜʥʦʡ 

ʧʦʣʦʩʪʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠʦʥʥʦʛʦ ʪʦʢʘ ʥʘ 

ʢʦʣʣʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. ʅʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʠʦʥʥʦʛʦ ʪʦʢʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʥʦʜʘ ʧʦʩʝʨʝʜʠʥʝ ʢʘʪʦʜʥʦʡ ʧʦʣʦʩʪʠ. 

ʈʦʩʪ ʜʘʚʣʝʥʠʷ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʧʨʠʚʦʜʠʣ ʢ 

ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʪʘʚʠʪʴ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʳ ʚ ʧʦʣʦʤ ʢʘʪʦʜʝ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ï ʧʨʠ ʤʘʣʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʘʥʦʜʘ ʜʦ ʪʦʨʮʘ ʢʘʪʦʜʘ ʧʣʘʟʤʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ 

ʟʘ ʘʥʦʜʦʤ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʝ ʚʙʣʠʟʠ ʪʦʨʮʘ ʢʘʪʦʜʘ ʤʠʥʠʤʘʣʴʥʘ. ɺ ʪʘʢʦʡ ʨʘʟʨʷʜʥʦʡ ʩʠʩʪʝʤʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʟʚʣʝʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʝʚʦʟʤʦʞʥʦ. ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʘʥʦʜʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʘʪʦʜʥʦʡ 

ʧʦʣʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʘʥʦʜʦʤ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʳ, ʠ ʛʦʨʝʥʠʝ 

ʨʘʟʨʷʜʘ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥ ʨʘʟʨʷʜ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ, ʚ ʢʦʪʦʨʦʤ ʘʥʦʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ ʢʘʪʦʜʥʦʡ ʧʦʣʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʥʦʜʘ ʧʦʩʝʨʝʜʠʥʝ ʢʘʪʦʜʥʦʡ 

ʧʦʣʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʚʙʣʠʟʠ 

ʪʦʨʮʘ ʧʦʣʦʛʦ ʢʘʪʦʜʘ. ʉʤʝʱʝʥʠʝ ʘʥʦʜʘ ʦʪ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʛʦʨʝʥʠʶ ʨʘʟʨʷʜʘ. ʉ 

ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ ʚ ʧʦʣʦʩʪʠ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʩʪʦʯʥʠʢʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ, ʢʦʛʜʘ ʚ ʨʦʣʠ ʵʤʠʪʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ 

ʚʳʩʪʫʧʘʝʪ ʢʘʪʦʜ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ 11-08-00074-ʘ ʠ ʛʨʘʥʪʘ ʈʦʩʦʙʨʘʟʦʚʘʥʠʷ ˉ 

2.1.2/1951. 
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ʧʣʘʟʤʝʥʥʳʤ ʢʘʪʦʜʦʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʚ ʬʦʨʚʘʢʫʫʤʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 

// ʇʊʕ. ï 2005. ï ˉ 6. ï ʉ.66-68. 

3.  ɸ.ɺ.ʄʝʜʦʚʥʠʢ, ɺ.ɸ.ɹʫʨʜʦʚʠʮʠʥ, ɸ.ʉ.ʂʣʠʤʦʚ, ɽ.ʄ.ʆʢʩ. ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʦʙʨʘʙʦʪʢʘ ʢʝʨʘʤʠʢʠ 

// ʌʠʟʠʢʘ ʠ xʠʤʠʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ï 2010. ï ˉ3. ï ʉ.39-44. 

  

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʠʦʥʥʦʛʦ ʪʦʢʘ ʥʘ ʢʦʣʣʝʢʪʦʨ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʢʦʣʣʝʢʪʦʨʘ. ʈʘʩʩʪʦʷʥʠʝ çʘʥʦʜ-ʪʦʨʝʮ 

ʢʘʪʦʜʘè: 1 ï 32 ʤʤ, 2 ï 9 ʤʤ, 3 ï 45 ʤʤ. ɼʘʚʣʝʥʠʝ 12 ʇʘ. 
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On Ti-50.7Ni single crystals  influence of hydrogen on temperatures martensitic transformations is 

investigated. It is shown, that hydrogen in Ti-50.7Ni single crystals lowers Ms, Mf, leads to change from a 

symmetric thermal hysteresis in the solutionized crystals without hydrogen to asymmetrical with hydrogen. 

 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ, ʦʙʣʘʜʘʶʱʠʝ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ ʠ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʠ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʠʤʧʣʘʥʪʘʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜʦʨʦʜʦʤ. ʇʦʩʢʦʣʴʢʫ ʪʠʪʘʥ ʠ ʥʠʢʝʣʴ ʷʚʣʷʶʪʩʷ ʛʠʜʨʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʝʪʘʣʣʘʤʠ, ʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢ ʥʘʩʳʱʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

(ʄʇ)  ʠ ʥʘ ʜʝʛʨʘʜʘʮʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ Ti-50.7Ni (ʘʪ.%) ʚʣʠʷʥʠʝ ʥʘʩʳʱʝʥʠʷ 

ʚʦʜʦʨʦʜʦʤ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j=70 ʤɸ/ʩʤ
2
 ʠ ʊ=300 ʂ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʄʇ ʠ ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ: ʚ ʟʘʢʘʣʝʥʥʦʤ ï ʦʪʞʠʛ ʧʨʠ ʊ=1173ʂ, 1 ʯʘʩ ʩ ʙʳʩʪʨʦʡ 

ʟʘʢʘʣʢʦʡ ʚ ʚʦʜʫ ʠ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʅʊʄʆ) - ʜʝʬʦʨʤʘʮʠʷ 8% 

ʧʨʠ ʊ=77 ʂ ʠ ʦʪʞʠʛ ʧʨʠ ʊ=713 ʂ ʚ ʪʝʯʝʥʠʝ 0.5 ʯ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ti-50.7Ni ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʪʝʨʤʦʫʧʨʫʛʠʭ ʄʇ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʦʩʣʦʞʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ 

ʤʝʞʜʫ ʪʝʣʦʤ ʟʝʨʥʘ ʠ ʛʨʘʥʠʮʝʡ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʘʭ. ɺʪʦʨʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʅʊʄʆ 

ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʄʇ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ. 

 ʊʝʤʧʝʨʘʪʫʨʳ  Ms, M f, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʧʨʷʤʦʛʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʄʇ ʠ As, Af, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʨʘʪʥʦʛʦ ʧʨʠ ʥʘʛʨʝʚʝ ʄʇ  ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ  ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ r(T), ʘ ʥʘ ʨʠʩ. 2 -  

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʩʪʝʨʝʟʠʩʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʦʙʲʝʤʥʘʷ ʜʦʣʷ ʤʘʨʪʝʥʩʠʪʘ-ʪʝʤʧʝʨʘʪʫʨʘè ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ Ti-

50,7Ni  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 
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ʦʙʨʘʙʦʪʢʠ (ʅʊʄʆ).  ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʄʇ ʠ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ Ti-50.7Ni: 1 

- ʟʘʢʘʣʝʥʥʳʡ ʢʨʠʩʪʘʣʣ; 2 - ʟʘʢʘʣʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʧʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʚ H2SO4 ʧʨʠ 

ʊ=300 ʂ ʠ j=70 ʤɸ/ʩʤ
2
; 3 - ʜʝʬʦʨʤʘʮʠʷ  8% ʧʨʠ ʊ=77ʂ 

ʠ ʦʪʞʠʛ ʧʨʠ 713 ʂ ʚ ʪʝʯʝʥʠʝ 0,5 ʯ.; 4 - ʜʝʬʦʨʤʘʮʠʷ 

8% ʧʨʠ ʊ=77ʂ, ʦʪʞʠʛ ʧʨʠ 713 ʂ ʚ ʪʝʯʝʥʠʝ 0,5 ʯ. ʠ 

ʥʘʩʳʱʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʚ H2SO4 ʧʨʠ 

ʊ=300 ʂ ʠ j=70 ʤɸ/ʩʤ
2
 

 

 

ʈʠʩ. 2. ʊʝʨʤʠʯʝʩʢʠʝ ʛʠʩʪʝʨʝʟʠʩʳ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ Ti-50.7Ni: ʘ) ʟʘʢʘʣʝʥʥʳʡ ʢʨʠʩʪʘʣʣ; ʙ) 

ʟʘʢʘʣʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʚ H2SO4 ʧʨʠ ʊ=300 ʂ ʠ j=70 ʤɸ/ʩʤ
2
; ʚ) 

ʜʝʬʦʨʤʘʮʠʷ 8% ʧʨʠ ʊ=77ʂ ʠ ʦʪʞʠʛ ʧʨʠ 713 ʂ ʚ ʪʝʯʝʥʠʝ 0,5 ʯ.; ʛ) ʜʝʬʦʨʤʘʮʠʷ 8% ʧʨʠ ʊ=77ʂ, ʦʪʞʠʛ 

ʧʨʠ 713 ʂ ʚ ʪʝʯʝʥʠʝ 0,5 ʯ. ʠ ʥʘʩʳʱʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʚ H2SO4 ʧʨʠ ʊ=300 ʂ ʠ j=70 ʤɸ/ʩʤ
2
 

 

ʀʟ ʨʠʩ. 1 (ʢʨʠʚʘʷ 1) ʚʠʜʥʦ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ Ti-50.7Ni ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʜʥʦʩʪʘʜʠʡʥʳʤ ɺ2-ɺ19ô ʄʇ, ʢʦʪʦʨʦʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ms=178 ʂ. ɿʥʘʯʝʥʠʷ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ 

æ1=M f-Ms ʠ ʥʘʛʨʝʚʘ æ2= As-Af, ʨʘʚʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 45ʂ ʠ 31ʂ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʢʦʧʣʝʥʠʠ 

ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʨʷʤʦʤ ʄʇ ʠ ʝʝ ʩʥʷʪʠʠ ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʝʨʝʭʦʜʝ. ɺʝʣʠʯʠʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ɻ1= Af-Ms ʠ ɻ2= As-M f ʦʢʘʟʳʚʘʶʪʩʷ ʙʣʠʟʢʠʤʠ ʜʨʫʛ ʜʨʫʛʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʩʪʝʨʝʟʠʩ ʠʤʝʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʡ ʚʠʜ: 
21 DD = 1,45, 

21 ɻɻ = 1,31. ʆʙʨʘʪʠʤʳʝ ʄʇ ʚ ʟʘʢʘʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʙʝʟ ʚʦʜʦʨʦʜʘ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ As> Ms.  

ʅʘʩʳʱʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t= 4 ʯʘʩʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ r(T) (ʨʠʩ.1, ʢʨʠʚʘʷ 

2), ʥʝ ʠʟʤʝʥʷʝʪ  ʩʪʘʜʠʡʥʦʩʪʠ  ʄʇ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʟ ʚʦʜʦʨʦʜʘ,  ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʥʠʞʝʥʠʶ Ms ʠ Mf ʥʘ 11 ʂ ʠ 40 ʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥ ʪʝʨʤʠʯʝʩʢʠʭ ʛʠʩʪʝʨʝʟʠʩʦʚ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Ti-50.7Ni ʙʝʟ ʚʦʜʦʨʦʜʘ ʠ ʩ ʚʦʜʦʨʦʜʦʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʜʦʨʦʜ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʪʝʧʝʥʠ  ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ (
11

2 DD
H

=1,65) ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʧʝʨʝʛʨʝʚʘ (
22

2 DD
H

=0,71). ɺ 

ʨʝʟʫʣʴʪʘʪʝ  ʪʝʨʤʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ. ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚ 
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ʩʧʣʘʚʘʭ TiNi  ʩ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ  [1]. ɿʥʘʯʠʪ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʚʦʜʦʨʦʜʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʮ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ [2] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ 

ʢ ʨʘʩʧʘʜʫ TiNi­TiNi 3+TiH2. ʆʙʨʘʪʠʤʳʝ ʄʇ ʚ ʟʘʢʘʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʚʦʜʦʨʦʜʦʤ ʪʘʢʞʝ ʢʘʢ ʠ ʙʝʟ ʥʝʛʦ 

ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ As>Ms.  

ʊʘʙʣʠʮʘ 1. 

ʊʝʤʧʝʨʘʪʫʨʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʫʧʨʫʛʘʷ ʵʥʝʨʛʠʷ ʠ ʵʥʝʨʛʠʷ ʜʠʩʩʠʧʘʮʠʠ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ Ti-50.7Ni  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʄʇ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʢʣʘʜʳ ʫʧʨʫʛʦʡ Dɽʫʧʨ  

ʠ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ DEd ʚ ʥʝʭʠʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʬʦʨʤʫʣʘʤ (1) [1]. 
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ʛʜʝ æSch = 1,953 ɼʞ/(ʤʦʣʴĿʂ) ï ʵʥʪʨʦʧʠʷ ʧʨʝʚʨʘʱʝʥʠʷ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʫʧʨʫʛʘʷ ʵʥʝʨʛʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 26%, ʘ ʵʥʝʨʛʠʷ ʜʠʩʩʠʧʘʮʠʠ ʥʘ 22% (ʪʘʙʣ.). ʆʪʥʦʰʝʥʠʝ Dɽʫʧʨ/DEd=1.75 ʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ Dɽʫʧʨ  ʧʨʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʪʠʤʳʤ B19ô-B2 ʄʇ, 

ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚʟʨʳʚʦʤ (ʨʠʩ.2, ʙ). ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʚʦʜʦʨʦʜ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʤʘʪʝʨʠʘʣʝ ʠ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʪʘʢ ʞʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  T0, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ʊʦʥʛʘ-ɺʝʡʤʘʥʘ [1]:   
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ʊʝʤʧʝʨʘʪʫʨʘ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ T0 ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ 

ʢʘʢ  ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʢʝʣʷ ʠ ʪʠʪʘʥʘ ʚ ʩʧʣʘʚʝ ʥʝ ʤʝʥʷʝʪʩʷ, ʪʦ ʠʟʤʝʥʝʥʠʝ T0 ʦʪ ʚʨʝʤʝʥʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʅʊʄʆ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʘ Ti-50.7Ni  ʧʨʠʚʦʜʠʪ ʢ  ʨʘʟʚʠʪʠʶ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ B2-R-B19ô ʄʇ. 

ɺʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʝʬʝʢʪʦʚ ʧʦʩʣʝ ʅʊʄʆ ʧʨʠʚʦʜʠʪ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʵʬʬʝʢʪʘʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 10-03- 00154, 10-08-92501- ʀʂ-ʘ 
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ɼʞ/ʤʦʣʴ 

ɿʘʢʘʣʝʥʥʳʡ 178 133 192 223 201 45 31 59 45 43,95 74,21 

ɿʘʢʘʣ. + ʅ2 167 93 200 222 195 74 22 107 55 53,71 93,75 

ʅʊʄʆ 192 73 259 278 235 119 19 186 86 83,98 134,76 

ʅʊʄʆ + ʅ2 203 73 256 278 241 130 22 183 75 73,23 148,43 
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Nanostructured copper powders and copper-50% aluminum nanocomposites were produced by mechanical 

activation of the elemental powders in a highïenergy planetary ball mill with different milling times. Grain and 

defect structure of milled powders was investigated by X-ray diffraction, scanning and transmission electron 

microscopy. Mechanical properties were studied by Vickers microhardness measurement. Mechanically activated 

samples were consolidated by high-pressure torsion at room temperature in order to investigate influence of 

preliminary activation intensity on structure and properties of final bulk product. 

 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʩʦʟʜʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʩʧʣʘʚʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1]. ɹʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʣʴʯʠʪʴ ʟʝʨʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ ʜʦ ʥʘʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʟʤʝʨʦʚ 

ʧʫʪʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [2]. ʉʨʝʜʠ ʧʨʦʯʠʭ ʤʝʪʦʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ (ʄɸ) ʚ 

ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʳʭ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʠʤʧʫʣʴʩʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ [3]. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʄɸ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʪʦʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʚ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʡ (40g) ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʝ ɸɻʆ-2 ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʧʦʨʦʰʦʢ ʤʝʜʠ (ʇʄʉ-1, 99,5%), ʘ ʪʘʢʞʝ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ ʤʝʜʠ ʠ 

ʘʣʶʤʠʥʠʷ (ʇɸ-4, 98%) ʚ ʵʢʚʠʘʪʦʤʥʦʡ ʧʨʦʧʦʨʮʠʠ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 0,5 ʜʦ 5 ʤʠʥʫʪ. ɺ ʮʝʣʷʭ ʠʟʫʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʄɸ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʠʟ ʧʦʨʦʰʢʦʚ ʧʦʩʣʝ ʄɸ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʢʦʤʧʘʢʪʳ ʤʝʪʦʜʦʤ ʢʨʫʯʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ (ʂʇɼ) ʚ ʥʘʢʦʚʘʣʴʥʷʭ ɹʨʠʜʞʤʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ 7 ɻʇʘ. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʄɸ ʠʟʫʯʘʣʘʩʴ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Shimadzu XRD 9000, ʨʘʩʪʨʦʚʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʩʢʦʧʦʚ Philips SEM 515 ʠ Philips CM-30. ʂʦʥʪʨʦʣʴ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʥʘ ʧʨʠʙʦʨʝ ʧʦ Neophot-
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21 ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʄɸ, ʪʘʢ ʠ ʧʦʩʣʝ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʄɸ 

ʧʨʦʠʩʭʦʜʠʪ ʫʰʠʨʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ (ʨʠʩ. 1), ʯʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʆʂʈ, ʪʘʢ ʠ ʩ ʨʦʩʪʦʤ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʪʘʙʣ. 1). ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ Cu+Al, ʛʜʝ ʧʦʩʣʝ 1,5 ʤʠʥʫʪ ʄɸ ʘʢʪʠʚʠʨʫʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʳ Cu3,4Al 2. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ 

ʩʧʨʝʩʩʦʚʳʚʘʶʪʩʷ ʚ ʩʣʦʠʩʪʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʬʨʘʢʮʠʠ ʤʝʣʢʠʭ ʧʦʨʦʰʠʥʦʢ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʢʨʦʤʝʪʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʣʢʠʭ ʧʦʨʦʰʠʥʦʢ ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ, ʯʪʦ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʩʫʙʤʠʢʨʦ- ʠ ʥʘʥʦʤʘʩʰʪʘʙʥʳʭ ʟʝʨʝʥ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʜʝʬʝʢʪʥʳʝ 

ʩʫʙʟʝʨʥʘ ʩ ʤʘʣʦʫʛʣʦʚʳʤʠ ʛʨʘʥʠʮʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʄɸ, ʜʣʷ ʯʠʩʪʦʡ ʤʝʜʠ ʜʦʩʪʠʛʘʷ 1,7 ɻʇʘ ʧʦʩʣʝ 5 ʤʠʥʫʪ ʦʙʨʘʙʦʪʢʠ (ʪʘʙʣ. 1). ʇʨʠ ʵʪʦʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʢʘʟʳʚʘʝʪ ʵʚʦʣʶʮʠʷ ʟʝʨʝʥʥʦʡ ʠ 

ʩʫʙʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʩʣʫʯʘʝ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʘ Cu+Al  ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʤʠʥʫʪ ʄɸ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʯʠʩʪʦʡ ʤʝʜʠ, ʦʜʥʘʢʦ ʧʦʩʣʝ 3 ʤʠʥʫʪ ʄɸ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ (ʚ 3 

ʨʘʟʘ) ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ ʚʦʟʥʠʢʰʝʝ ʨʘʟʣʠʯʠʝ ʚ ʟʥʘʯʝʥʠʷʭ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʯʠʩʪʦʡ ʤʝʜʠ ʠ 

ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʘ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʵʪʦ ʫʧʨʦʯʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʵʚʦʣʶʮʠʝʡ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʠʤʝʥʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Cu3,4Al 2 ʠ ʝʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʳʩʢʘʟʘʥʥʳʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʘ Cu (ʘ) ʠ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʘ Cu+Al (ʙ) ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʄɸ. 
 

ɼʘʣʴʥʝʡʰʝʝ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʝʪʦʜʦʤ ʂʇɼ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ (ʪʘʙʣ. 2), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ e=ln(2Nr/h), ʛʜʝ e ï ʠʩʪʠʥʥʘʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, N ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ, r ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʩʠ ʢʨʫʯʝʥʠʷ, h ï ʪʦʣʱʠʥʘ 

ʦʙʨʘʟʮʘ [4]. ʉ ʫʜʘʣʝʥʠʝʤ ʦʪ ʮʝʥʪʨʘ ʦʙʨʘʟʮʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʨʘʩʪʝʪ ʠ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ, ʧʨʠʯʝʤ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʄɸ. ʇʨʠ ʵʪʦʤ ʪʚʝʨʜʦʩʪʴ 
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ʦʙʨʘʟʮʦʚ Cu ʧʦʯʪʠ ʜʚʫʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʂʇɼ ʜʠʩʢʦʚ ʠʟ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ (1,4 ɻʇʘ). ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʘ Cu+Al  

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʘʩʳʱʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʧʝʨʠʬʝʨʠʡʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʯʘʣʦ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʪʨʝʱʠʥ ʠ ʩʢʦʣʦʚ. 

ʊʘʙʣʠʮʘ 1. 

ʈʘʟʤʝʨ ʆʂʈ (L), ʚʝʣʠʯʠʥʘ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ ʨʝʰʝʪʢʠ (ȹd/d) ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ (Hv) ʧʦʨʦʰʢʘ 

Cu ʠ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʘ Cu+Al ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʄɸ. 

T ʘʢʪʠʚʘʮʠʠ, ʤʠʥ. 0,5 1 1,5 2 3 4 5 

L, ʥʤ 

Cu 197 116 154 166 109 124 94 

Cu (Cu+Al) 227 179 132 122 121 80 67 

Al (Cu+Al) 317 256 223 174 140 115 61 

ȹd/d, % 

Cu 0,15 0,25 0,2 0,22 0,27 0,23 0,37 

Cu (Cu+Al) 0,15 0,16 0,30 0,22 0,39 0,43 0,61 

Al (Cu+Al) 0,07 0,09 0,09 0,08 0,08 0,36 0,75 

Hv, ɻʇʘ 
Cu  0,58 0,72 0,98 1,27 1,23 1,72 

Cu+Al 0,65 0,66 0,73 0,92 3,09 3,41 4,66 
 

ʊʘʙʣʠʮʘ 2. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ Cu ʠ ʢʦʤʧʦʟʠʪʘ Cu+Al ʧʦʩʣʝ ʄɸ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʢʨʫʯʝʥʠʝʤ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʥʘ 2 ʦʙʦʨʦʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʩʠ ʢʨʫʯʝʥʠʷ. 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ, ʤʤ 0 0,4 0,8 1,2 1,6 2 2,4 2,8 3,2 3,6 

ʠʩʪʠʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ (e)  2,3 3,0 3,4 3,7 3,9 4,1 4,2 4,4 4,5 

Hv, 

ɻʇʘ 

Cu, 3 ʤʠʥ. ʄɸ 1,93 2,32 2,53 2,51 2,60 2,59 2,65 2,49 2,67 2,69 

Cu, 4 ʤʠʥ. ʄɸ 2,75 2,76 2,87 2,78 3,05 2,86 3,03 2,88 3,04 3,31 

Cu+Al, 3 ʤʠʥ. ʄɸ 2,73 2,83 3,25 3,53 4,04 3,95 4,11 4,70 4,25 4,36 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʄɸ ʚ ʧʦʨʦʰʢʘʭ Cu ʠ ʤʝʭʘʥʦʢʦʤʧʦʟʠʪʘʭ Cu+Al  ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩ ʩʫʙʤʠʢʨʦ- ʠ ʥʘʥʦʤʘʩʰʪʘʙʥʳʤʠ ʟʝʨʥʘʤʠ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʧʨʦʯʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ, 

ʭʘʨʘʢʪʝʨ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʬʘʟʦʚʦʡ ʠ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʄɸ, 

ʪʘʢ ʠ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʢʦʥʩʦʣʠʜʘʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʝʢʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ˉ32 ʠ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʄʂ-

85.2011.8. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʄʎʂʇ ʊɻʋ. 
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 It is shown, that similar to atom charged brown nanoparticle in an external field may generate the 

spontaneous and compelled radiation. It is investigated diffusion the mechanism of additional charge 

nanoparticles. The investigated process of radiation is the macroscopical quantum phenomenon which may be 

used in nanopower, to synthetic biology, medicine and other areas of science and engineering.  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʳʯʥʳʡ ʘʪʦʤ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨ ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ ʘʥʛʩʪʨʝʤʘ, ʩʧʦʩʦʙʝʥ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʩʧʦʥʪʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʯʘʩʪʠʮʘ (ʵʣʝʢʪʨʦʥ), 

ʩʦʚʝʨʰʘʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʚ ʫʩʢʦʨʠʪʝʣʝ), ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʧʦʥʪʘʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ (ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ) ʧʨʠ ʩʧʦʥʪʘʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ ʜʠʩʢʨʝʪʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ 

(ʫʨʦʚʥʠ ʃʘʥʜʘʫ) ʧʦʧʝʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʦ ʘʥʘʣʦʛʠʠ ʚ ʜʦʢʣʘʜʝ ʠʩʩʣʝʜʦʚʘʥʦ ʩʧʦʥʪʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʪʦʤʘ, ʥʘʟʚʘʥʥʦʛʦ ʙʨʦʫʥʦʚʩʢʠʤ ʥʘʥʦʘʪʦʤʦʤ. ɺ ʥʘʥʦʘʪʦʤʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʘ 

ʚʳʩʪʫʧʘʝʪ ʟʘʨʷʞʝʥʥʘʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʙʨʦʫʥʦʚʩʢʘʷ ʯʘʩʪʠʮʘ [1], ʘ ʚ ʨʦʣʠ ʷʜʨʘ ʚʳʩʪʫʧʘʝʪ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʨʦʜʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜʟʘʨʷʜʢʠ 

ʥʘʥʦʯʘʩʪʠʮʳ [2]. ɿʘʪʝʤ ʨʘʩʩʤʦʪʨʝʥʦ ʩʧʦʥʪʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘʥʦʘʪʦʤʘ ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʝʥ ʪʨʘʜʠʮʠʦʥʥʳʡ ʚʠʢʦʚ ʧʦʚʦʨʦʪ ʚʨʝʤʝʥʠ, ʪʘʢ ʢʘʢ 

ʪʦʣʴʢʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʥʦ ʠʤʝʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʪʠʧʘ ʠ ʦʙʳʯʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʨʝʰʝʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʦʙʳʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʥʝ ʦʧʠʩʳʚʘʝʪ 

ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʪʘʢ ʢʘʢ ʚʨʝʤʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ, ʷʚʣʷʷʩʴ ʢʦʤʧʣʝʢʩʥʦʡ ʚʝʣʠʯʠʥʦʡ, 

ʪʝʤ ʩʘʤʳʤ ʥʝ ʦʙʣʘʜʘʝʪ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʩʤʳʩʣʦʤ ʜʠʩʧʝʨʩʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʫʝʤ ʵʚʦʣʶʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʫʪʝʤ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʠʢʦʚʦʛʦ ʧʦʚʦʨʦʪʘ ʚʨʝʤʝʥʠ itt -­ , ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ, 
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ( ) ()xetx n
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n jy -=, , 

0>E . ʇʨʠ ʵʪʦʤ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ ʬʫʥʢʮʠʶ ()xnj  ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 
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ʩʤʳʩʣ ʜʠʩʧʝʨʩʠʠ. ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʩʤʳʩʣ ʚʝʣʠʯʠʥʳ ()t2s  ʠ ʟʘʢʦʥ ʣʠʥʝʡʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʩʧʝʨʩʠʠ 
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=  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ ( )tx,y  ʦʧʠʩʳʚʘʝʪ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʞʝ 

ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʩ ʤʥʠʤʦʡ ʝʜʠʥʠʮʝʡ ʚ ʣʝʚʦʡ ʝʛʦ ʯʘʩʪʠ ()t2s  ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʚʝʣʠʯʠʥʦʡ 
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2 ss , ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʝʝ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ʇʨʠ ʵʪʦʤ ʜʠʩʧʝʨʩʠʷ ʢʦʦʨʜʠʥʘʪʳ 
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Dx  ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʜʫʣʝʤ ʚʝʣʠʯʠʥʳ ()t2~s , ʘ ʥʝ ʩʘʤʦʡ ʵʪʦʡ ʚʝʣʠʯʠʥʦʡ, 

ʠ ʟʘʢʦʥ ʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʜʠʩʧʝʨʩʠʠ, ʷʚʣʷʷʩʴ ʢʚʘʜʨʘʪʠʯʥʳʤ, ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʘʙʣʶʜʝʥʠʷʤ. 

ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ nj  ʠ 
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ʚʝʱʝʩʪʚʝʥʥʦʡ ʵʢʩʧʦʥʝʥʪʳ 
Ete- , ʥʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ nkW  ( ʘ ʥʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ) ʦʪʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʟʘʨʷʞʝʥʥʦʡ ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʚ ʜʠʧʦʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ( )1-=nk  ʨʘʚʥʘ 
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jj , 0eZq=  ï ʟʘʨʷʜ ʥʘʥʦʯʘʩʪʠʮʳ, 0e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, 1

0

ʤʢʤ160 --=
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Z

[2], r0 ï ʨʘʜʠʫʩ ʥʘʥʦʯʘʩʪʠʮʳ, knknnk EEEE >=-= ,ww ; ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʯʘʩʪʦʪʘ nkw  ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʫʰʠʨʠʥʫ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ, ʧʦʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ, ʘ 

nkw

1
ï ʚʨʝʤʷ ʞʠʟʥʠ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ɻʮ1016=w , ʛ10 24-=m , 

100=Z  ʘʤʧʣʠʪʫʜʘ ʚʝʨʦʷʪʥʦʩʪʠ a40 10-ºI , ʛʜʝ aï ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʝʨʦʷʪʥʦʩʪʴ 

ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʯʝʪʥʳʤ ʥʦʤʝʨʦʤ ()xn2j  ʨʘʚʥʘ 
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ʟʜʝʩʴ twt= , ()zG ï ʛʘʤʤʘ-ʬʫʥʢʮʠʷ. ɺʝʨʦʷʪʥʦʩʪʠ ʟʘʩʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʩ ʥʝʯʝʪʥʳʤ ʢʚʘʥʪʦʚʳʤ 

ʯʠʩʣʦʤ ʨʘʚʥʳ ʥʫʣʶ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʜʚʫʭʫʨʦʚʥʝʤʫ ʘʪʦʤʫ ʟʘʨʷʞʝʥʥʘʷ ʙʨʦʫʥʦʚʩʢʘʷ ʥʘʥʦʯʘʩʪʠʮʘ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ 

ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʧʦʥʪʘʥʥʦʝ ʠ ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥ ʜʠʬʬʫʟʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʦʜʟʘʨʷʜʢʠ ʥʘʥʦʯʘʩʪʠʮ. ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʢʚʘʥʪʦʚʳʤ 

ʷʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʥʘʥʦʵʥʝʨʛʝʪʠʢʝ, ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 
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In this paper we present the results of investigations of physical and mechanical properties of the bulk sample 

of titanium nitride, ceramics, sintered by spark plasma sintering. Described a method for obtaining raw 

materials in the form of titanium nitride nanodispersed 

 

 

ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʙʲʝʤʥʳʭ 

ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʉʊʄ) ʥʘ ʩʳʨʴʝʚʦʡ ʦʩʥʦʚʝ ʚ ʚʠʜʝ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʚʳʩʦʢʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʚʷʟʫʶʱʠʤ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ, ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʫʢʦʨʠʪʝʣʷ: ʘ) 

ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʙ) ʨʘʙʦʪʘ ʫʩʢʦʨʠʪʝʣʷ. 1. ʎʝʥʪʨʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜ. 2. ʕʣʝʢʪʨʦʜ-ʩʪʚʦʣ. 3. ʀʟʦʣʷʪʦʨ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 4. ʕʣʝʢʪʨʦʚʟʨʳʚʘʶʱʠʝʩʷ ʧʨʦʚʦʜʥʠʢʠ. 5. ʀʥʜʫʢʪʦʨ (5'-ʢʦʥʪʘʢʪʥʳʡ ʮʠʣʠʥʜʨ, 

5"-ʩʦʣʝʥʦʠʜ, 5'"-ʢʦʥʪʘʢʪʥʳʡ ʬʣʘʥʝʮ). 6. ɿʘʛʣʫʰʢʘ. 7. ʂʦʨʧʫʩ. 8. ʀʟʦʣʷʮʠʷ (ʩʪʝʢʣʦʵʧʦʢʩʠʜʥʳʡ ʢʦʤʧʘʫʥʜ). 

9. ʇʣʘʟʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʨʘʟʨʷʜʘ (9'-ʧʣʘʟʤʝʥʥʳʡ ʞʛʫʪ Z-ʧʠʥʯ, 9"-ʢʨʫʛʦʚʘʷ ʧʣʘʟʤʝʥʥʘʷ 

ʧʝʨʝʤʳʯʢʘ). 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʉʊʄ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʨʘʚʥʦʤʝʨʥʦ ʩʤʝʰʘʥʥʫʶ ʰʠʭʪʫ ʪʨʝʙʫʝʤʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ. ʕʪʠ ʫʩʣʦʚʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʳʤʠ ʠʟ-ʟʘ ʩʢʣʦʥʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʢ ʘʛʣʦʤʝʨʘʮʠʠ ʠ 

ʥʝʧʨʘʚʠʣʴʥʦʩʪʠ ʠʭ ʬʦʨʤ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʘʭ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʝʜʠʥʦʤ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ [1-5]. ʕʪʘ ʟʘʜʘʯʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʨʠ 
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ʧʨʦʚʝʜʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʚ ʛʠʧʝʨʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʝ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ, ʛʝʥʝʨʠʨʫʝʤʦʡ 

ʩʠʣʴʥʦʪʦʯʥʳʤ ʢʦʘʢʩʠʘʣʴʥʳʤ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʳʤ ʫʩʢʦʨʠʪʝʣʝʤ (ʂʄʇʋ) [2] (ʨʠʩ. 1). 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʢʘʯʢʝ ʫʧʣʦʪʥʝʥʠʷ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʚ ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ 

ʵʨʦʜʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʚʩʪʨʝʯʥʦ ʜʠʬʬʫʥʜʠʨʫʝʪ ʛʘʟ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʝʛʦ 

ʨʘʩʧʳʣʝʥʠʠ ʩ ʛʨʘʥʠʮʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʳʣʝʥʠʷ ʟʘʜʘʝʪʩʷ ʵʥʝʨʛʝʪʠʢʦʡ ʩʠʩʪʝʤʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʛʨʘʥʠʮʝ ʩʪʨʫʠ ʠ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʬʦʨʤʳ ʯʘʩʪʠʮ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘʢʘʣʢʠ ʧʘʨʦʛʘʟʦʚʦʡ ʬʘʟʳ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʟʘʨʦʜʳʰʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. 

ʉʦʩʪʘʚ ʩʤʝʩʠ  

ɼʣʷ ʩʧʝʢʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʜʚʫʭ ʨʘʟʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʧʣʘʟʤʝʥʥʦʤʫ ʩʠʥʪʝʟʫ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʤʝʩʠ ʚ ʰʠʭʪʝ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʳʡ ʘʟʦʪ, ʚ ʢʦʪʦʨʦʤ ʜʦʧʫʩʪʠʤʦ ʩʦʜʝʨʞʘʥʠʝ 

ʜʝʩʷʪʠ ʧʨʦʮʝʥʪʦʚ ʢʠʩʣʦʨʦʜʘ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʚʦʟʜʫʰʥʦʡ ʧʨʠʤʝʩʠ ʧʨʠʤʝʥʷʣʘʩʴ ʤʥʦʛʦʢʨʘʪʥʘʷ 

ʧʨʦʢʘʯʢʘ ʢʘʤʝʨʳ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʚʦʟʜʫʰʥʳʭ ʧʨʠʤʝʩʝʡ ʧʘʜʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ɺ ʠʪʦʛʦʚʦʡ ʩʤʝʩʠ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ 1,0 ʛ ʧʦʨʦʰʢʘ ʠʟ ʦʧʳʪʘ 1 ʠ 1,7 ʛ ï ʠʟ ʦʧʳʪʘ 2. ɺ ʠʪʦʛʝ ʚ  ʩʤʝʩʠ ʜʣʷ ʩʧʝʢʘʥʠʷ, ʚʝʩʦʤ 2,7 ʛ, 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ 93,47% TiN, 4,83% TiO2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʨʫʪʠʣʘ ʠ 1,70% TiO2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʥʘʪʘʟʘ.  

ʇʦʩʣʝ ʩʧʝʢʘʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʚ ʦʙʨʘʟʮʝ ʚʳʨʦʩʣʦ ʜʦ 98,1%, ʵʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʩʧʝʢʘʥʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʣʦʞʝʥʠʝʤ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ 

ʨʫʪʠʣʘ ʚ ʘʥʘʪʘʟ. ʆʩʪʘʪʦʢ ʘʥʘʪʘʟʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʚʨʝʤʝʥʠ ʩʧʝʢʘʥʠʷ. 

ʊʘʙʣʠʮʘ 1. 

ʀʥʜʝʥʪʠʨʦʚʘʥʠʝ ʩʧʝʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ TiN. 

TiN 1 2 3 4 5 

 
Hv ɺʠʢʢʝʨʩ 1088 1285 1416 1576 1371 

H ɻʇʘ 11,53 13,61 14,99 16,70 14,52 

E ɻʇʘ 241.99 238.61 288.44 265.98 209.84 

  6 7 8 9 10 ʉʨʝʜʥʝʝ 

Hv ɺʠʢʢʝʨʩ 1015.47 1503.69 1132.32 793.31 1002.69 1 218,26 

H ɻʇʘ 10,76 15,93 11,99 8,40 10,62 12,91 

E ɻʇʘ 208.76 268.28 222.99 184.25 192.67 232,18 

 

ʊʚʝʨʜʦʩʪʴ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦ-ʠʩʢʨʦʚʦʛʦ 

ʩʧʝʢʘʥʠʷ (ʨʠʩ. 2) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʡ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ. ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʜʘʞʝ 

ʩʘʤʳʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʚʝʨʜʦʩʪʠ Hv ʠ ʅ ʩʦʧʦʩʪʘʚʠʤ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ 

ʩʧʣʘʚʦʚ ʊ15ʂ6, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦ ʵʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ (ʪʘʙʣ. 2).  

ʀʟ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʵʪʠʭ ʪʘʙʣʠʮ ʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʦʙʲʝʤʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʥʦ ʠ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʷ 

ʖʥʛʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʤʦʞʝʪ 



VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          73 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ʙʳʪʴ ʝʛʦ ʩʫʙʤʠʢʨʦʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 3, 4), ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʪʘʥʜʘʨʪʥʳʭ ʪʚʝʨʜʦʩʧʣʘʚʦʚ T15K6. ʇʣʦʪʥʦʩʪʴ ʩʧʝʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ 90% ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ. 

 

ʈʠʩ. 2 ɺʥʝʰʥʠʡ ʚʠʜ ʩʧʝʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʲʝʤʥʳʝ 

ʩʚʝʨʭʪʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ.  

ʊʘʙʣʠʮʘ 2 

ʀʥʜʝʥʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʪʚʝʨʜʦʩʧʣʘʚʘ ʊ15ʂ6 

ʆʙʨʘʟʮʳ ʊ15ʂ6 1 2 3 4 5 6 7 8 ʉʨʝʜʥʝʝ 

Hv ɺʠʢʢʝʨʩ 1107 187 256 851 1949 1087 1044 1092 1256 

H GPa 11.73 1.98 2.72 9.02 20.65 11.52 11.06 11.57 11.18 

E GPa 317 172 180 296 401 175 300 293 267 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʝʮ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʪʦʥʢʦʡ ʰʣʠʬʦʚʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʍ4000 ʠ ʚ ʍ30000. 
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ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʩʦʟʜʘʪʴ ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ ʧʨʦʝʢʪ ʥʘ ʙʘʟʝ Macromedia Flash, ʢʦʪʦʨʳʡ 

ʫʧʨʦʱʘʝʪ ʧʦʥʠʤʘʥʠʝ ʙʘʟʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʩʝʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ʇʨʦʝʢʪ ʩʦʜʝʨʞʠʪ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʷʜʝʨʥʦʛʦ ʠ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʨʝʘʢʪʦʨʦʚ. ʇʨʦʝʢʪ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʩʪʫʜʝʥʪʘʭ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʊʦʤʩʢʦʤ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ.  

 

 

1. What is visual material, the task they solve to contribute to understanding of a subject? 

Attention should be attracted to the fact that visual image is a property that expresses the degree of 

accessibility and intelligibility of mental images of objects of knowledge for the knowing subject. 

2. Modern application of visual aids during a lesson in relation to the problem of understanding the 

processes of nuclear physics 

Firstly, it worthwhile mentioning, that todayôs education requires a lot of innovational ideas to improve the 

process itself, to make educational process easier for students, teachers and lecturers. Unfortunately, today only 

few students attend the library to take the books and learn ñHow it worksò. Moreover, the high speed of the 

Development of the Internet and mass media leads to changes in peopleôs mind. Besides, al the high tech 

technologies contribute to the changes in the way of perception of new information. 

The fact that should be taken into account is that there are some subjects in the university which are very hard 

even with using of books and lectures. For example, studying of physics as well as some of the physical 

processes isnôt very hard and they are intuitively clear for students such as low of uniform and direct motion. 

However there are a lot of processes in physics such as nuclear processes and thermodynamics processes which 

are extremely difficult for students even for students of technical specialties. 

Thus, it leads to the idea that educational process must be improved anyway. 

The point which should be noticed is that multimedia technology is one of the easiest ways to solve the 

problem which was discussed above. The most of lecturers got used to apply the multimedia technology; in 

general itôs Microsoft PowerPoint presentations. It makes them free from writing and gives time to explain the 

slides and the process which is described. 
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There is one very useful program which helps to create multimedia animation projects ï Macromedia Flash. 

3. Macromedia Flash (MF) 

To begin with, it must be pointed out that Macromedia Flash is multimedia software which allows people 

create different types of multimedia production from movies and little games to serious educational programs. 

There are some programs which allow doing the same work, but MF is the most widespread. The great 

advantage of MF is user-friendly interface and possibility to create projects without experience. There a lot of 

people in the world used this software; create a lot of animation movies, games and educational programs. A lot 

of educational projects were created with help of MF. And in modern time their authors get a lot of money from 

these projects [8]. 

4. ñNuclear Transformationsò ï the project in nuclear physics 

on the platform of MF 

Thus, if taking all stated into account it was decided to create 

multimedia Flash Project on the basis of Macromedia Flash to 

contribute to understanding nuclear physics processes. This project 

shows common nuclear reactions, include nuclear fusion and nuclear 

decay. In addition project contains schematic example of nuclear 

reactor and thermonuclear reactor. And as example of innovations, it 

contains the experimental thermonuclear reactor which was created 

in Tomsk Polytechnic University by the group of engineers. 

So the example of such a project is about nuclear 

processes and it will show how ease can physics be: 

1) The first step is to start main menu ï there 

student can choose the theme of nuclear physics. Very 

user-friendly interface and this program can show to 

even a little child the processes in the atom. 

2) After that to know all the processes in detail 

the theory of the topic is given. 

3) Then the example of nuclear reaction is 

presented to help students to acquire new knowledge 

and understand all the nuisances. All the processes will be shown, all the reactions will be on the panel, itôs like a 

game. But on should not forget that itôs an educational program!  

4)  The next step is to give information about nuclear factory and to show clearly ñhow does it worksò. 

You will see the way of working of a nuclear plant with the help of animation which makes the cognitive 

processes work and establish gooʚ connections between the image and theoretical information. 

5)  By continuing using the menu we can easily the information about thermonuclear device. There is still 

not working models in the world. But the potential of such a device is incredible! 

Results 

The educational program was created with the intention to simplify the process of acquiring knowledge in the 

sphere of nuclear physics. The results were approbated on different groups of Tomsk Polytechnic University. 

To make the situation clear it should be stated that the results of approbation met all requirements as long as 
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the program: 

- is very simple in use; 

- does the nuclear processes very clear to all students of the group; 

- contributes to the development of visual-image thinking; 

- allows to specify the theoretical issues; 

- makes the scope of practical application of material under study much broader; 

- creates opportunities for modeling a number of processes; 

- establishes lasting connections between the form of the theoretical material and its content; 

- helps to enhance learning and cognitive activities of students. 

Thus, resuming all the above aspects it must be noted that this project can be used by the students of non-

technical faculties and even the students in high schools to simplify the process of studying. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅʀɿʂʆʋɻʃɽʈʆɼʀʉʊʆʁ ʌɽʈʈʀʊʆ-ʄɸʈʊɽʅʉʀʊʅʆʁ ʉʊɸʃʀ 06ʄɹʌ 

ʇʆʉʃɽ ʀʅʊɽʅʉʀɺʅʆʁ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ ʈɸɺʅʆʂɸʅɸʃʔʅʓʄ ʋɻʃʆɺʓʄ 

ʇʈɽʉʉʆɺɸʅʀɽʄ ʀ ʇʆʉʃɽɼʋʖʑʀʍ ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ ʆʊɾʀɻʆɺ 
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Mechanical properties, microstructure and thermal stability of low-carbon ferritic-martensitic steel Fe-

1Mo-0,1V-0,1Nb-0,06C (wt.%) after severe plastic deformation by equal channel angular pressing (ECAP) 

was investigated. It was shown that ultrafine-grained structure formed by ECAP possesses high 

microhardness (Hɛ=3,3ɻʇʘ) and high thermal stability up to the temperature of 500Üʉ. The average (sub-

)grain size of UFG steel was 320 nm. The small carbides formed after ECAP contributed to a high 

mechanical property and they were responsible for high thermal stability of UFG steel. 

 

 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʚʥʦʢʘʥʘʣʴʥʳʤ ʫʛʣʦʚʳʤ 

ʧʨʝʩʩʦʚʘʥʠʝʤ (ʈʂʋʇ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 06ʄɹʌ (Fe-1Mo-0,1V-0,1Nb-0,06C, 

ʤʘʩ.%) ʚ ʬʝʨʨʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʟʘʢʘʣʢʘ ʦʪ 920Áʉ-30ʤʠʥ. ʚ ʚʦʜʫ ʠ ʦʪʧʫʩʢ 670Áʉ-1ʯ.). ʈʂʋʇ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʨʝʞʠʤʫ ɺʉ, ʌ=120Á, 6 ʧʨʦʭʦʜʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=300Áʉ. ʇʦʩʣʝ ʈʂʋʇ ʩʪʘʣʴ ʧʦʜʚʝʨʛʘʣʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʪʞʠʛʘʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 400õ700Üʉ (1 ʯʘʩ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ  

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus GX-71 ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Philips ʉʄ200 ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 200ʢɺ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʩʯʠʪʘʣʠ ʤʝʪʦʜʦʤ 

ʩʝʢʫʱʠʭ ʧʦ ʪʝʤʥʦʧʦʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʨʘʩʪʷʞʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ 

Instron 3369 (3.5*10
-3
ʩ

-1
). ʆʙʨʘʟʮʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚ ʚʠʜʝ ʜʚʦʡʥʳʭ ʣʦʧʘʪʦʢ ʠʤʝʣʠ ʨʘʟʤʝʨ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 

2.6*0.5*10 ʤʤ
3
. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨ Duramin 5 ʩ ʥʘʛʨʫʟʢʦʡ ʥʘ 

ʠʥʜʝʥʪʦʨ ʈ=200 ʛ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu XRD-6000.  

ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʩʪʘʣʴ ʥʘʭʦʜʠʣʘʩʴ ʚ ʬʝʨʨʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ 

ʥʘʙʣʶʜʘʣʠ ʧʘʢʝʪʥʳʡ ʤʘʨʪʝʥʩʠʪ ʩʦ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʦʡ ʧʣʘʩʪʠʥ ~ 0,4mm ʠ ʛʣʦʙʫʣʷʨʥʳʡ ʬʝʨʨʠʪ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ~ 0,8 mm (ʨʠʩ.1ʘ, ʙ). ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʤʘʨʪʝʥʩʠʪʘ ʩʦʩʪʘʚʣʷʣʘ ~20 %. ɺ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʢʘʨʙʠʜʳ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ Fe3C, M6C, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʠ 

ʤʘʨʪʝʥʩʠʪʥʳʭ ʣʘʤʝʣʝʡ ʠ ʢʘʨʙʠʜʳ Fe3C ʚʥʫʪʨʠ ʟʝʨʝʥ (ʪʘʙʣ. 1). 
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ʈʂʋʇ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 320 ʥʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʪʨʫʢʪʫʨʘ ʥʝʨʘʚʥʦʚʝʩʥʘʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʥʪʫʨʳ ʵʢʩʪʠʥʢʮʠʠ ʚʥʫʪʨʠ 

ʟʝʨʝʥ ʠ ʬʨʘʛʤʝʥʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʈʂʋʇ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʣʴʯʝʥʠʶ ʢʘʨʙʠʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʦʙʥʘʨʫʞʝʥʳ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ Fe3C, Fe3C, V8C7 (ʊʘʙʣʠʮʘ 1). 

ʄʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʩʣʝ ʈʂʋʇ, ʤʦʛʫʪ ʠʤʝʪʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ, ʪʘʢ ʠ ʜʣʷ ʝʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʈʂʋʇ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʨʘʟʤʝʨ ʟʝʨʥʘ ʩʪʘʣʠ 06ʄɹʌ 

ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʈʂʋʇ 

ʈʘʟʤʝʨ ʢʘʨʙʠʜʦʚ, ʥʤ 

15-20 (Fe3C)-ʚʥʫʪʨʠ ʟʝʨʥʘ 

90 (Fe3C, M6C, V8C7)  - ʥʘ ʛʨʘʥʠʮʘʭ  

2-3 (Fe3C)-ʚʥʫʪʨʠ ʟʝʨʥʘ 

70 (Fe3C, V8C7) ï ʚʥʫʪʨʠ ʟʝʨʥʘ ʠ ʥʘ ʛʨʘʥʠʮʘʭ 

ʈʘʟʤʝʨ ʟʝʨʥʘ, ʥʤ 

800Ñ 617 (ʬʝʨʨʠʪ) 

400Ñ200 (ʪʦʣʱʠʥʘ ʤʘʨʪ. ʧʣʘʩʪʠʥ) 
320Ñ198 (ʬʝʨʨʠʪ) 

 

  

  

ʈʠʩ.1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 06ʄɹʌ ʜʦ ʠ ʧʦʩʣʝ ʈʂʋʇ: ʘ) 

ʠʩʭʦʜʥʦ ʬʝʨʨʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ; ʙ) ʩʪʨʫʢʪʫʨʘ ʧʘʢʝʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ ʜʦ ʈʂʋʇ; ʚ) 

ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʧʦʩʣʝ ʈʂʋʇ ʠ ʤʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʧʦʣʫʯʝʥʥʘʷ 

ʩ ʫʯʘʩʪʢʘ ʬʦʣʴʛʠ ʧʣʦʱʘʜʴʶ S=0,5 ʤʢʤ
2
; ʛ) ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʧʦʩʣʝ ʈʂʋʇ, 

ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʬʣʝʢʩʝ a-Fe. 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ 06ʄɹʌ ʩʦʩʪʘʚʣʷʣʦ 2,1 ɻʇʘ. ʈʂʋʇ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ ʜʦ 3,3ɻʇʘ. ʆʪʞʠʛ 400
ʦ
ʉ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʧʘʜʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ 

ʪʘʢʞʝ ʢ ʨʦʩʪʫ ʟʝʨʥʘ, ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʩʦʩʪʦʷʥʠʶ ʧʦʩʣʝ ʈʂʋʇ (ʈʠʩ. 2). 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʧʦʩʣʝ ʈʂʋʇ ʠ ʦʪʞʠʛʦʚ 400
ʦ
ʉ ʠ 500

ʦ
ʉ ʩʦʩʪʘʚʣʷʝʪ 320 ʥʤ. ʉʧʘʜ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʦʪʞʠʛʘ 

600
ʦ
ʉ. ɿʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʘʜʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 2,8 ɻʇʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʩʦʙʠʨʘʪʝʣʴʥʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ. 

ʇʦʩʣʝ ʦʪʞʠʛʘ 700
ʦ
ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʳʡ ʩʧʘʜ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʦ Hɛ=1,5ɻʇʘ, ʩʪʨʫʢʪʫʨʘ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ~ 3 ʤʢʤ. 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ 06ʄɹʌ ʧʦʩʣʝ ʈʂʋʇ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ. 

ɺʢʣʝʡʢʠ: ʩʚʝʪʣʦʧʦʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʦʩʪʦʷʥʠʷʤ: a) ʧʦʩʣʝ ʈʂʋʇ; ʙ) ʧʦʩʣʝ ʈʂʋʇ ʠ ʦʪʞʠʛʘ ʧʨʠ 400Üʉ; ʚ) ʧʦʩʣʝ ʈʂʋʇ ʠ ʦʪʞʠʛʘ ʧʨʠ 500Üʉ ;ʛ) 

ʧʦʩʣʝ ʈʂʋʇ ʠ ʦʪʞʠʛʘ ʧʨʠ 600Üʉ ;ʜ) ʧʦʩʣʝ ʈʂʋʇ ʠ ʦʪʞʠʛʘ ʧʨʠ 700 Üʉ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʬʝʨʨʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ 06ʄɹʌ ʧʦʩʣʝ ʀʇɼ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʈʂʋʇ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 320 ʥʤ) ʩ ʩʠʩʪʝʤʦʡ ʤʝʣʢʦʨʘʟʤʝʨʥʳʭ ʢʘʨʙʠʜʦʚ. ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝ ʈʂʋʇ 

ʩʪʨʫʢʪʫʨʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʪʘʣʠ 3,3 ɻʇʘ) ʠ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʦ 500Üʉ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʢʘʨʙʠʜʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ. 

 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩʚʦʠʤ ʢʦʣʣʝʛʘʤ ʧʨʦʬʝʩʩʦʨʫ ɼʦʙʘʪʢʠʥʫ ʉ.ɺ. ʠ ʢ.ʬ.-ʤ.ʥ. 

ʅʘʡʜʝʥʢʠʥʫ ɽ.ɺ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʈʦʩʩʠʠè ʜʣʷ ʘʩʧʠʨʘʥʪʦʚ 2009-2013ʛ. (ɻʂ ˉʇ151 ʦʪ 15.04.2010) ʠ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʄʂ-43.2011.8). 
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ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʇʈʆʎɽʉ ʄɸʉʉʆʇɽʈɽʅʆʉɸ, ʆɹʋʉʃʆɺʃɽʅʆɻʆ 

ʅɸʃʀʏʀɽʄ ʄɽɾʋɿɽʃʔʅʆɻʆ ɸʊʆʄɸ ɺ ʇʆʃɽ ɼʀʉʃʆʂɸʎʀʁ ʅɽʉʆʆʊɺɽʊʉʊɺʀʗ, ʅɸ 

ʄɽɾʌɸɿʅʆʁ ɻʈɸʅʀʎɽ ʉʇʃɸɺɸ Ni-Al  

ʇ.ɺ.ɿʘʭʘʨʦʚ  

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬʝʩʩʦʨ,  ʜ. ʬ.-ʤ. ʥ.  ʄ.ɼ. ʉʪʘʨʦʩʪʝʥʢʦʚ; ʜʦʮʝʥʪ, ʢ. ʬ.-ʤ. ʥ. ʅ.ʅ. ʄʝʜʚʝʜʝʚ  
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The method of molecular dynamics models interphase border of alloy Ni-Al. Character of influence of 

temperature on process mass transfer, caused by presence interstitia atom in the field misfit  dislocation, is 

revealed. 

 

 

ʅʘʣʠʯʠʝ ʤʝʞʫʟʝʣʴʥʦʛʦ ʘʪʦʤʘ  (ʄɸ) ʚ ʙʣʠʟʠ  ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʩʧʣʘʚʘ (ʄɻʉ)  NI-Al  ʚʳʟʳʚʘʝʪ 

ʵʩʪʘʬʝʪʥʳʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚ ʩʪʦʨʦʥʫ ʄɻʉ.  ʇʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚʝʱʝʩʪʚʘ 

ʚʥʫʪʨʠ ʥʝʢʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʠ ʚʥʝʜʨʝʥʠʝ ʄɸ ʚʙʣʠʟʠ ʄɻʉ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʩʪʘʬʝʪʥʳʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʩ ʜʠʩʣʦʢʘʮʠʷʤʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʝʤ ʚ  

ʟʥʘʯʝʥʠʠ ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʢʠ Ni ʠ Al [1, 3, 4].  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ Ni-Al  ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʘʪʦʤʳ ʢʦʪʦʨʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʪʝʥʮʠʘʣʘ ʄʦʨʟʝ [3, 5]:  

() ( )rr eeDrU aabb -- -= 22
 

ʉʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ, ʢʘʢ ʧʨʝʜʣʦʞʝʥʦ ʚ [3], ʚʢʣʶʯʘʣ ʪʨʠ 

ʩʪʘʜʠʠ: ʧʦʩʪʨʦʝʥʠʝ, ʧʝʨʚʠʯʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʠ ʦʭʣʘʞʜʝʥʠʝ. 

ʄʝʞʬʘʟʥʘʷ ʛʨʘʥʠʮʘ ʚ ʙʠʤʝʪʘʣʣʝ Ni-Al  ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʷʯʝʡʢʠ ʨʘʟʤʝʨʦʤ 8040³  ʯʘʩʪʠʮ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʟʘʜʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦ ʦʩʠ x ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ, ʧʦ 

ʦʩʠ y ï ʩʚʦʙʦʜʥʳʝ.  ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʯʝʝʢ ʟʘʜʘʚʘʣʘʩʴ ʨʘʚʥʦʡ ʥʫʣʶ ʂʝʣʴʚʠʥ.  

ʀʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣʦʚ, ʧʦʜʚʝʨʛʘʣʘʩʴ ʧʨʦʮʝʜʫʨʝ ʨʝʣʘʢʩʘʮʠʠ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʡ ʛʨʘʥʠʯʥʳʝ ʘʪʦʤʳ ʟʘʥʠʤʘʣʠ ʨʘʚʥʦʚʝʩʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʣʘʢʩʘʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʂʝʣʴʚʠʥ. ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʷʯʝʡʢʠ ʩʦʩʪʘʚʠʣʦ 100 
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ʧʩ, ʥʘ ʵʪʘʧ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʦ ʦʪʚʝʜʝʥʦ 10 ʧʩ. ʊʘʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʘʤʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʷʯʝʡʢʘ ʫʩʧʝʣʘ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʣʠʰʥʝʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʣ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ [3]. ɺ ʠʪʦʛʝ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʤʝʞʬʘʟʥʘʷ ʛʨʘʥʠʮʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʜʠʩʣʦʢʘʮʠʷʤʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʷʣ ʠʟ ʚʥʝʜʨʝʥʠʷ ʄɸ ʥʘ ʨʘʟʣʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʳ ʠ ʟʘʜʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ. ɺʥʝʜʨʷʣʩʷ ʘʪʦʤ Ni ʚ ʤʝʞʫʟʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʠʢʝʣʷ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʡ ʨʝʣʘʢʩʘʮʠʠ ʷʯʝʡʢʠ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚ ʩʪʦʨʦʥʫ ʄɻʉ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʪʝʩʥʝʥʠʝʤ ʘʪʦʤʘ ʠʟ ʢʨʘʡʥʝʛʦ ʨʷʜʘ ʚ ʩʦʩʝʜʥʠʡ ʤʝʪʘʣʣ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʄɸ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʩʤʝʱʝʥʠʶ ʘʪʦʤʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʛʦ ʨʷʜʘ ʩ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝʡ ʠ ʚʳʪʝʩʥʝʥʠʝ ʘʪʦʤʘ ʠʟ ʢʨʘʡʥʝʛʦ ʨʷʜʘ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩʦʩʝʜʥʝʛʦ ʤʝʪʘʣʣʘ, ʧʨʠ ʵʪʦʤ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʦʨʦʥʫ 

ʙʣʠʞʘʡʰʝʡ ʜʠʩʣʦʢʘʮʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʘʥʥʠʛʠʣʷʮʠʷ ʜʝʬʝʢʪʦʚ. 

 

ʈʠʩ. 1. ʄʝʞʬʘʟʥʘʷ ʛʨʘʥʠʮʘ ʩʧʣʘʚʘ Ni-Al ʧʦʩʣʝ ʨʝʣʘʢʩʘʮʠʠ 

ʍʘʨʘʢʪʝʨ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥ ʫʜʘʣʝʥʥʦʩʪʴʶ ʄɸ ʦʪ ʄɻʉ, ʢʨʦʤʝ ʪʦʛʦ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ.  

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʘʪʦʤʘ Ni, ʛʣʫʙʠʥʘ, ʥʘ ʢʦʪʦʨʦʡ, ʄɸ ʚʳʟʳʚʘʣ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʚ ʩʪʦʨʦʥʫ 

ʙʣʠʞʘʡʰʝʡ ʜʠʩʣʦʢʘʮʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʥʘ ʄɻʉ ʜʦʩʪʠʛʣʘ 13ï14 ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʢʠ ʦʪ ʄɻʉ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʧʦʜʦʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʘʣʝʝ 11 ʨʷʜʘ ʘʪʦʤʦʚ ʦʪ ʛʨʘʥʠʮʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʛʨʝʚʘʪʴ 

ʷʯʝʡʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ. ʊʘʢ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʄɸ ʚ 12 ʠ 13 ʨʷʜ ʧʨʠʰʣʦʩʴ 

ʧʦʜʦʛʨʝʚʘʪʴ ʷʯʝʡʢʫ ʥʘ 100 ʠ 150 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʣʝʝ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʚʥʝʜʨʝʥʠʷ ʄɸ ʦʪ ʄɻʉ, ʚʳʟʳʚʘʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʩʤʝʱʝʥʠʝ ʘʪʦʤʦʚ.  

ʍʘʨʘʢʪʝʨ ʩʤʝʱʝʥʠʡ, ʚʳʟʚʘʥʥʦʛʦ ʄɸ ʦʙʫʩʣʦʚʣʝʥ ʪʘʢ ʞʝ ʨʘʩʩʪʦʷʥʠʝʤ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʘ ʦʪ ʄɻʉ. 

ʇʨʷʤʦʣʠʥʝʡʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʚʦʡʩʪʚʝʥʥʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʦʪ 3 ʜʦ 10 ʨʷʜʦʚ.  

ʇʨʠ ʙʦʣʝʝ ʦʪʜʘʣʝʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʥʝʜʨʝʥʥʦʛʦ ʘʪʦʤʘ (10 ʠ ʙʦʣʝʝ ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʢʠ), ʟʘʯʘʩʪʫʶ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʦʤʘʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ. ʇʨʠ ʥʘʯʘʣʴʥʦʡ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʦ ʯʘʱʝ ʚʩʝʛʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʥʝʜʨʝʥʥʦʛʦ ʘʪʦʤʘ ʠ ʙʣʠʞʘʡʰʝʡ ʜʠʩʣʦʢʘʮʠʠ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʘʢʪʠʚʘʮʠʠ ʵʩʪʘʬʝʪʥʳʭ ʩʤʝʱʝʥʠʡ ʘʪʦʤʦʚ. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɸʪʦʤ Ni ʚʥʝʜʨʷʣʩʷ ʚ ʤʝʞʜʦʫʟʝʣʴʝ ʤʝʞʜʫ 3 ʠ 4, 7 ʠ 8, 11 ʠ 12 ʨʷʜʘʤʠ 

ʘʪʦʤʦʚ ʦʪ ʛʨʘʥʠʮʳ ʤʝʪʘʣʣʦʚ. ɺʳʙʦʨ ʪʘʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʄɻʉ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʣʠʟʢʦʤʫ, ʩʨʝʜʥʝʤʫ ʠ 

ʜʘʣʴʥʝʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʄɸ. ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʯʝʡʢʠ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0 ʂ ʜʦ 900 ʂ, 
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ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚʨʝʤʷ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʡʜʝʪ ʚʳʪʝʩʥʝʥʠʝ ʠʟ ʢʨʘʡʥʝʛʦ ʨʷʜʘ ʘʪʦʤʘ.  

ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʄɸ ʤʝʞʜʫ 3 ʠ 4 ʨʷʜʘʤʠ  ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʚ ʨʷʜʝ ʟʘʤʝʜʣʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʫʚʝʣʠʯʠʚʰʝʡʩʷ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʦʢʦʣʦ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ. ɺ ʩʨʝʜʥʝʤ ʩʢʦʨʦʩʪʴ ʵʩʪʘʬʝʪʥʳʭ ʩʤʝʱʝʥʠʡ ʘʪʦʤʦʚ ʦʩʪʘʣʘʩʴ ʧʨʝʞʥʝʡ.  

ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʄɸ ʤʝʞʜʫ 7 ʠ 8 ʨʷʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʅʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 2 ʨʘʟʘ.  ʇʨʠ 

ʵʪʦʤ ʧʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʦʩʤʘʪʨʠʚʘʣʘʩʴ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ.  ʀʟʤʝʥʠʣʩʷ ʭʘʨʘʢʪʝʨ 

ʪʨʘʝʢʪʦʨʠʠ, ʝʩʣʠ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʷʤʦʣʠʥʝʡʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʤʝʱʝʥʠʷ 

ʘʪʦʤʦʚ, ʪʦ ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʯʠʥʘʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʣʦʤʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʠʚʰʝʡʩʷ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ  ʘʪʦʤʦʚ ʩʠʩʪʝʤʳ. 

ʋʩʪʦʡʯʠʚʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʘʢʪʠʚʘʮʠʶ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʄɸ ʤʝʞʜʫ 11 ʠ 12 ʨʷʜʘʤʠ, ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 5ï75 ʂ. ɺ ʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʩʦʢʨʘʪʠʣʩʷ ʚ 3ï5 ʨʘʟ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʨʘʟʙʨʦʩ ʚ ʟʥʘʯʝʥʠʷʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʬʣʫʢʪʫʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʢ 

ʜʠʩʣʦʢʘʮʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʥʘ ʄɻʉ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 100 ï 900 ʂ. ʬʣʫʢʪʫʘʮʠʠ 

ʧʨʠʚʦʜʠʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʜʝʨʞʢʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʢ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

325 ʂ ʚʳʪʝʩʥʝʥʠʝ ʘʪʦʤʘ ʠʟ ʢʨʘʡʥʝʛʦ ʨʷʜʘ ʧʨʦʠʟʦʰʣʦ ʪʦʣʴʢʦ ʯʝʨʝʟ 32,2 ʧʩ, ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʚʨʝʤʷ ʩʦʩʪʘʚʠʣʦ 4 ʧʩ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠ 0 ʂ . ɺ ʩʨʝʜʥʝʤ ʚ ʜʠʘʧʘʟʦʥʝ 100ï900 ʂ ʚʨʝʤʷ ʥʘ ʩʤʝʱʝʥʠʷ 

ʘʪʦʤʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʚ 2 ʨʘʟʘ. 

ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʚʳʟʚʘʥʥʦʛʦ ʚʥʝʜʨʝʥʠʝʤ ʄɸ ʚ ʧʦʣʝ ʜʠʩʣʦʢʘʮʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚʙʣʠʟʠ ʄɻʉ. 
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An electron microscopy study of Fe ï 18%Cr ï 8%Ni (wt. %) metastable austenitic steel after severe 

plastic deformation by rolling was conducted. It is shown that severe plastic deformation leads to formation 

of two-phase submicrocrystalline structure. Fragments of disorientation, formation of which can be 

explained by mechanism of direct and reverse martensitic transformation, were found. Possible mechanisms 

of crystal lattice fragmentation and formation of submicro- and nanostructured states are discussed. 

 

 

ɿʥʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲʝʤʥʳʭ ʩʫʙʤʠʢʨʦï ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

(ʉʄʂ ʠ ʅʂ) ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʘʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʚʣʠʷʪʴ ʥʘ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʷʭ ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʟʘʚʠʩʷʪ ʦʪ 

ʫʨʦʚʥʷ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʬʘʟʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʩʢʣʦʥʥʦʩʪʠ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ). ɺ ʨʘʙʦʪʘʭ [1, 2] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʣʦʢʘʣʴʥʳʭ ʦʙʨʘʪʠʤʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ g­a­g ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʪʠʧʘ ʩ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʦʙʨʘʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʜʘʝʪʩʷ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʩʪʘʙʠʣʴʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʩʪʘʣʴ Fe ï 

18Cr % ï  8%Ni (ʚʝʩ. %) ʚ ʠʩʭʦʜʥʦ ʘʫʩʪʝʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʧʨʦʢʘʪʢʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʠʥʪʝʨʚʘʣʝ ʜʝʬʦʨʤʘʮʠʡ Ů º 30 ï 98%. ɼʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). ʌʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʩʪʘʣʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʠʟʫʯʘʣʠ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ (a' ï ʤʘʨʪʝʥʩʠʪʘ) ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ (ɼʋ) ʠ ʷʯʝʠʩʪʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ 

mailto:iojig@sibmail.com
mailto:iojig@sibmail.com


VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          84 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ ʤʝʟʦï ʠ ʤʠʢʨʦʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ, ʥʘʯʠʥʘʷ ʫʞʝ ʩ Ů = 30% ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʣʘʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ g ï ʘʫʩʪʝʥʠʪʘ (ʩʦʜʝʨʞʘʱʠʝ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʤʘʨʪʝʥʩʠʪʘ), 

ʦʙʣʘʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ a' ï ʤʘʨʪʝʥʩʠʪʘ, ʨʘʟʤʝʨʘʤʠ ʜʝʩʷʪʢʠ ʤʢʤ ʠ ʜʚʫʭʬʘʟʥʳʝ ʦʙʣʘʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʨʘʛʤʝʥʪʘʤʠ g ï ʠ a' ï ʬʘʟ (ʨʠʩ. 1.). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʫʩʪʝʥʠʪʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ Ů = 30% ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʠʢʨʦʜʚʦʡʥʠʢʦʚ ʠ ʧʦʣʦʩ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩ ʚʥʫʪʨʝʥʥʝʡ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʢʘʪʢʦʡ ʜʦ Ů å 30%: (ʘ) ï ʩʚʝʪʣʦʧʦʣʴʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ; (ʙ) ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʘʷ (ʄɼ) ʢʘʨʪʠʥʘ. 
 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦ Ů = 50% ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʤʠʢʨʦʜʚʦʡʥʠʢʦʚ 

ʜʝʬʦʨʤʘʮʠʠ, ʰʠʨʠʥʦʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʠʢʨʦʥʘ. ʊʘʢʞʝ 

ʧʨʠ ʜʘʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ů = 30%, ʩʦʜʝʨʞʘʥʠʝ Ŭ' ï ʤʘʨʪʝʥʩʠʪʘ. 

ʇʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ Ů = 70% ʚ ʘʫʩʪʝʥʠʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʬʨʘʛʤʝʥʪʳ ʉʄʂ ʤʘʩʰʪʘʙʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʯʘʩʪʠʝʤ ʧʦʣʦʩ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ, ʤʠʢʨʦʜʚʦʡʥʠʢʦʚ ʠ ʯʘʩʪʠʮ Ŭ' ï 

ʤʘʨʪʝʥʩʠʪʘ, ʩʚʷʟʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʦʨʠʝʥʪʘʮʠʦʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʨʠʩ. 

2.). ʉʨʝʜʠ ʬʨʘʛʤʝʥʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʦʫʛʣʦʚʳʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ, ʩ ʚʝʢʪʦʨʘʤʠ ʨʘʟʦʨʠʝʥʪʘʮʠʠ, 

ʙʣʠʟʢʠʤʠ ʢ ~ 60̄ <110> ʠ ~ 35̄ <110>. 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʢʘʪʢʦʡ ʜʦ Ů å 70%: (ʘ) ï ʪʝʤʥʦʧʦʣʴʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʤʘʪʨʠʯʥʦʤ (ʄ) ʨʝʬʣʝʢʩʝ; (ʙ) ï ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʜʚʦʡʥʠʢʦʚʦʤ (ʊ) ʨʝʬʣʝʢʩʝ; 

(ʚ) ï ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ ʢ (ʘ) ʠ (ʙ), ʦʩʴ ʟʦʥʳ ʄ ï [110], ʦʩʴ ʟʦʥʳ ʊ ï [ -1-10]. 
 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦ Ů å 90 ï  98% ʚ ʩʪʘʣʠ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʫʭʬʘʟʥʘʷ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʨʘʟʤʝʨʘʤʠ ʬʨʘʛʤʝʥʪʦʚ ʉʄʂ ʠ ʅʂ ʤʘʩʰʪʘʙʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʫʩʪʝʥʠʪʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʠʢʨʦï (ʨʠʩ. 3.) ʠ ʥʘʥʦʜʚʦʡʥʠʢʦʚ, ʧʦʣʦʩ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʧʦʣʦʩʘʭ ʦʙʥʘʨʫʞʝʥʳ ʬʨʘʛʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʙʣʠʟʢʠʝ ʢ ~ 60̄ <110>, ~ 50̄ <110> ʠ ~ 35̄ <110>. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʨʝʘʣʠʟʘʮʠʝʡ ʤʝʭʘʥʠʟʤʘ ʧʨʷʤʳʭ ʧʣʶʩ ʦʙʨʘʪʥʳʭ 
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(ɔ Ÿ Ŭ' Ÿ ɔ) ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʪʠʧʘ, ʩ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʦʙʨʘʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ [1, 2]. ʊʘʢʞʝ ʚʥʫʪʨʠ ʉʄʂ ʠ ʅʂ ʬʨʘʛʤʝʥʪʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʥʦʜʚʦʡʥʠʢʠ 

ʜʝʬʦʨʤʘʮʠʠ ʰʠʨʠʥʦʡ 2 ï 10 ʥʤ (ʨʠʩ. 3.). 

 

 

 

 

 

 

 

ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʢʘʪʢʦʡ ʜʦ Ů å 90%: (ʘ) ï ʄɼ ʢʘʨʪʠʥʘ, ʦʩʴ ʟʦʥʳ ʄ ï 

[110], ʦʩʴ ʟʦʥʳ ʊ ï [-1-10] (ʙ) ï ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʜʚʦʡʥʠʢʦʚʦʤ (ʊ) ʨʝʬʣʝʢʩʝ (110). 
 

ɺ ʤʘʨʪʝʥʩʠʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʥʦʨʘʟʤʝʨʥʳʝ (ʜʝʩʷʪʢʠ ʥʘʥʦʤʝʪʨʦʚ) ʧʦʣʦʩʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʤʘʣʦ- ʠ 

ʚʳʩʦʢʦʫʛʣʦʚʳʤʠ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘʤʠ (ʨʠʩ. 4.). ɺʥʫʪʨʠ ʩʫʙʤʠʢʨʦï ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʬʦʨʤʠʨʫʝʪʩʷ 

ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʜʦ 10
12
ʩʤ

-2
. ʊʘʢʞʝ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʦʙʥʘʨʫʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʥʢʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʘʩʪʠʥʦʢ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ Ů ï ʤʘʨʪʝʥʩʠʪʘ. 

 

 

 

 

 

 

 

ʈʠʩ. 4. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʢʘʪʢʦʡ ʜʦ Ů å 90%: (ʘ) ï ʄɼ ʢʘʨʪʠʥʘ; (ʙ) ï

 ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʭʝʤʘ ʦʩʝʡ ʟʦʥ Ŭ' ï ʤʘʨʪʝʥʩʠʪʘ (ʦʩʠ ʟʦʥ [110]ʠ [111] ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 35,26Ü); 

(ʚ) ï ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 
 

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʟʤʝʨʝʥʠʡ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʙʲʝʤʥʘʷ ʜʦʣʷ Ŭ' ï ʬʘʟʳ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50%. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʚ ʧʨʦʮʝʩʩʝ ʙʦʣʴʰʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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There are an experimentôs results of oversize rock blasting. Breakage was developed for free-surface of 

concrete blocks and natural rocks. The copper wires of different length were used as an explosive wire. The 

values of released energy in discharge channel were calculated for each of them. After that the optimal length 

of discharge channel was chosen. 

 

 

ɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ (ɺɺ) ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ 

ʥʝʛʘʙʘʨʠʪʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʨʘʩʰʠʨʝʥʠʝ ʪʫʥʥʝʣʝʡ. ʈʘʟʨʫʰʝʥʠʝ 

ʥʝʛʘʙʘʨʠʪʦʚ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʢʘʨʴʝʨʘʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʚʳʚʦʟʘ. ʇʨʠ ʨʘʟʨʫʰʝʥʠʝ ʥʝʛʘʙʘʨʠʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ɺɺ ʥʝʦʙʭʦʜʠʤʘ ʵʚʘʢʫʘʮʠʷ ʧʝʨʩʦʥʘʣʘ ʩ ʢʘʨʴʝʨʘ, ʚʳʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪʴ ʢ ʦʩʪʘʥʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʘʩʰʠʨʝʥʠʠ ʪʫʥʥʝʣʝʡ ʧʦ ʤʠʤʦ ʵʚʘʢʫʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪʘʭ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʝʝ 

ʧʨʦʯʥʦʩʪʠ, ʘ ʝʩʣʠ ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ ʚ ʛʦʨʦʜʝ, ʪʦ ʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʢʨʫʞʘʶʱʠʭ ʧʦʩʪʨʦʝʢ. ɺ ʩʚʷʟʠ ʩ 

ʫʯʘʱʝʥʠʝʤ ʪʝʨʘʢʪʦʚ, ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ɺɺ, ʩʪʘʣʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʦʨʦʞʘʥʠʶ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʕʣʝʢʪʨʦʨʘʟʨʷʜʥʳʡ ʤʝʪʦʜ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʥʝʛʘʙʘʨʠʪʦʚ ʨʝʰʘʝʪ 

ʵʪʠ ʧʨʦʙʣʝʤʳ[1]. ʈʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʥʝʛʘʙʘʨʠʪʦʚ ʧʨʠ ʵʣʝʢʪʨʦʚʟʨʳʚʝ ʠʜʝʪ ʟʘ ʩʯʝʪ ʨʘʩʪʷʞʝʥʠʷ, ʘ 

ʥʝ ʟʘ ʩʯʝʪ ʩʞʘʪʠʷ ʢʘʢ ʚ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ ɺɺ. ʈʘʟʨʫʰʝʥʠʝ ʟʘ ʩʯʝʪ ʨʘʩʪʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʤʝʥʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʪ.ʢ. ʧʨʦʯʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʯʝʤ 

ʥʘ ʩʞʘʪʠʝ. ʕʪʦ ʩʥʠʞʘʝʪ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʨʘʟʨʫʰʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʪʫʥʥʝʣʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʡ ʩʧʦʩʦʙ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʣʶʩʘʤʠ: ʥʝ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ɺɺ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, ʥʝ ʪʨʝʙʫʝʪ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʠʟ ʟʦʥʳ ʨʘʙʦʪ, ʣʝʛʢʦ 

ʚʠʨʠʨʫʝʪʩʷ ʩʠʣʘ ʵʣʝʢʪʨʦʚʟʨʳʚʘ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʝʤʢʦʩʪʠ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ ʦʢʨʫʞʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ,. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʪʢʦʣʫ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʟʘʛʣʫʙʣʝʥʥʦʤ ʵʣʝʢʪʨʦʚʟʨʳʚʝ. ɼʣʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʘʟʨʷʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʟʨʳʚʘʶʱʠʡʩʷ ʧʨʦʚʦʜʥʠʢ ʜʣʠʥʘʤʠ: 60, 80, 100 ʤʤ. ʠ ʜʠʘʤʝʪʨʦʤ 

0,37 ʤʢʤ. ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʨʘʟʨʷʜʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʟʨʳʚʘʶʱʠʤ ʧʨʦʚʦʜʥʠʢʦʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʜʦ 20 ʢɺ ʠ ʥʠʞʝ, ʪ.ʢ. ʵʪʦ ʫʜʝʰʝʚʣʷʝʪ ʫʩʪʘʥʦʚʢʫ ʠ ʨʘʩʰʠʨʷʪ ʦʙʣʘʩʪʴ ʝʝ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʭʦʜʝ 
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ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʜʣʠʥʳ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʵʥʝʨʛʠʶ, ʚʚʦʜʠʤʫʶ ʚ ʢʘʥʘʣ ʨʘʟʨʷʜʘ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʪ ʨʘʟʨʷʜʘ ʢʘʥʘʣʘ ʚ ʪʚʝʨʜʦʝ ʪʝʣʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʘʨʪʨʠʜʞ (ʨʠʩ.1) ʠʟ ʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ[2], ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʘʨʪʨʠʜʞʝʤ ʠ ʩʪʝʥʢʦʡ ʰʧʫʨʘ 

ʟʘʧʦʣʥʷʣʦʩʴ ʚʦʜʦʡ. 

 

ʈʠʩ. 1. ʢʘʨʪʨʠʜʞ ʜʣʷ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ: 1-ʟʘʟʝʤʣʝʥʥʳʡ ʵʣʝʢʪʨʦʜ, 2-ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ 

ʵʣʝʢʪʨʦʜ, 3-ʚʟʨʳʚʘʶʱʝʡʩʷ ʧʨʦʚʦʜʥʠʢ, 4-ʢʦʧʫʩ ʧʘʪʨʦʥʘ ʠʟ ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. 
 

ʂʘʥʘʣ ʨʘʟʨʷʜʘ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʟʤʝ ʧʦʩʣʝ ʚʟʨʳʚʘ ʧʨʦʚʦʜʥʠʢʘ ʠ ʥʘʭʦʜʠʪʴʩʷ ʚʥʫʪʨʠ 

ʧʦʣʠʵʪʠʣʝʥʘ, ʵʪʦ ʧʦʚʳʰʘʝʪ ʜʘʚʣʝʥʠʝ ʨʘʟʨʷʜʘ, ʪ.ʢ. ʦʥ ʷʚʣʷʝʪʩʷ ʢʘʧʠʣʣʷʨʥʳʤ[3]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ɻʀʊ-200 ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʀʊ-200 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ 25 ʢɺ 

ɿʘʧʘʩʘʝʤʘʷ ʝʤʢʦʩʪʴ  168 ʤʢʌ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʟʘʧʘʩʘʝʤʘʷ ʵʥʝʨʛʠʷ 52.5 ʢɼʞ 

ʊʠʧ ʢʦʥʜʝʥʩʘʪʦʨʘ ʀʂ  25-12 

ʅʦʤʠʥʘʣʴʥʳʡ ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ  25 ʢɺ 

ʅʦʤʠʥʘʣʴʥʘʷ ʝʤʢʦʩʪʴ ʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 12ʤʢʌ 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ L, ʤʢɻ (at C=168 ʤʢʌ) 1.21 

ʀʤʧʝʜʘʥʩ Z, ʆʤ (ʩ C=168 ʤʢʌ) 0.085 

 

ɼʣʷ ʠʤʠʪʘʮʠʠ ʥʝʛʘʙʘʨʠʪʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ ʤʘʨʦʢ: ɺ-75, ɺ-225, ɺ-400 ʨʘʟʤʝʨʘʤʠ 

100ʭ60ʭ60 ʩʤ. ɺ ʙʣʦʢʘʭ ʜʝʣʘʣʩʷ ʰʧʫʨ ʛʣʫʙʠʥʦʡ 30 ʩʤ, ʦʪʚʝʨʩʪʠʝ ʥʘʭʦʜʠʣʦʩʴ ʧʦ ʮʝʥʪʨʫ ʙʣʦʢʘ. ʂʘʨʪʨʠʜʞʠ 

ʚʩʪʘʚʣʷʣʠʩʴ ʚ ʥʝʛʘʙʘʨʠʪ, ʧʦʩʣʝ ʯʝʛʦ ʪʫʜʘ ʟʘʣʠʚʘʣʘʩʴ ʚʦʜʘ.  

ʕʥʝʨʛʠʷ, ʚʚʦʜʠʤʘʷ ʚ ʢʘʥʘʣ, ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ 1. ʅʘ 

ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʚʚʦʜʠʤʦʡ 

ʵʥʝʨʛʠʠ.  
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ɻʜʝ u-ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, i-ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ, W-ʵʥʝʨʛʠʷ ʚʳʜʝʣʠʚʰʘʷʩʷ ʚ 

ʢʘʥʘʣʝ ʨʘʟʨʷʜʘ, ʊ-ʚʨʝʤʷ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ. 



VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          88 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ʕʥʝʨʛʠʷ, ʚʚʦʜʠʤʘʷ ʚ ʢʘʥʘʣ ʨʘʟʨʷʜʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠ ʜʣʠʥʥʳ ʚʟʨʳʚʘʝʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.3. ɹʝʪʦʥʥʳʝ ʙʣʦʢʠ ʨʘʟʨʫʰʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʟʘʛʣʫʙʣʝʥʥʦʤʫ 

ʵʣʝʢʪʨʦʚʟʨʳʚʫ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.4. 

 
ʈʠʩ.2. ʇʨʠʤʝʨ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

 
ʈʠʩ. 3. ʕʥʝʨʛʠʷ, ʚʚʦʜʠʤʘʷ ʚ ʢʘʥʘʣ ʨʘʟʨʷʜʘ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʜʣʠʥʳ ʢʘʥʘʣʘ ʨʘʟʨʷʜʘ. 

 

 

ʈʠʩ.4. ʇʨʠʤʝʨ ʙʣʦʢʦʚ ʨʘʟʨʫʰʝʥʥʳʭ ʵʣʝʪʨʦʚʟʨʳʚʦʤ. 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 10 ʙʣʦʢʘʭ, ʠ ʜʚʫʭ ʢʘʤʥʷʭ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ɺ ʢʘʞʜʦʤ 

ʙʣʦʢʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ ʦʜʥʦʤʫ ʟʘʛʣʫʙʣʝʥʥʦʤʫ ʵʣʝʢʪʨʦʚʟʨʳʚʫ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʘʨʠʨʦʚʘʣʘʩʴ 

ʧʨʦʯʥʦʩʪʴ ʧʘʨʦʜʳ ʠ ʜʣʠʥʥʘ ʚʟʨʳʚʘʶʱʝʛʦʩʷ ʧʨʦʚʦʜʥʠʢʘ(ʜʣʠʥʘ ʨʘʟʨʷʜʥʦʛʦ ʢʘʥʘʣʘ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʣʝʢʪʨʦʚʟʨʳʚʘ ʦʮʝʥʠʚʘʣʘʩʴ ʚʠʟʫʘʣʴʥʦ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʥʳʡ ʵʥʝʨʛʠʠ ʚʚʦʜʠʤʳʝ ʚ ʢʘʥʘʣ ʚ ʟʘʚʠʩʝʤʦʩʪʠ ʦʪ 

ʜʣʠʥʥʳ ʨʘʟʨʷʜʥʦʛʦ ʢʘʥʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʚʘʨʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʚʘʨʢʘ, ʠ ʨʘʩʭʦʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʩʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ ʠʟ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʭʨʘʥʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʦʢʘʣʠʥʘ, ʨʞʘʚʯʠʥʘ ʠ ʜʨʫʛʠʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʥʪʘʢʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʣʦʢʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʚʘʨʢʠ. ʅʝ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʤʝʪʦʜʳ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʤʘʣʦʟʘʪʨʘʪʥʳʤʠ, ʦʪʩʫʪʩʪʚʫʝʪ 

ʦʙʦʙʱʝʥʥʘʷ ʪʝʦʨʠʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʦʯʠʩʪʢʠ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʩʪʘʣʠ ʉɺ08ɻ2ʉ ʦʩʫʱʝʩʪʚʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʣʠʩʪʦʚʦʤ ʧʨʦʢʘʪʝ; ʠʟʤʝʨʝʥʳ ʢʦʥʪʘʢʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʜʦ ʠ ʧʦʩʣʝ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ; ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʠʛʦʜʥʦʩʪʠ ʤʝʪʦʜʘ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʦʯʠʩʪʢʠ ʤʝʪʘʣʣʦʚ. 

 

 

1. Introduction  

Nowadays the automated method of welding by consumable electrode in the conditions of shielding gases or 

under a flux layer is widespread in the industry [1]. In this method of junctions formation a consumable material 

is welding wire with a diameter 0,3é12 mm. The quality of the wire is determined by the following indicators 

[2]: 1) the correspondence of chemical structure to the State Standard; 2) the uniformity of the profile and 

winding; 3) the surface condition. The worsening of these parameters causes the productivity slowdown of 

welding and accelerated wear of equipment. In order to improve the quality, the wire with diameters if 0,8é5 

mm is covered with copper and spooled on cassettes which causes a 10é20% rise of prices. The main function 

of the copper coating is facilitating the passage of current through the sliding contact between the mouthpiece of 

the welding machine and wire. But the main disadvantages of copper coating are increasing the sputtering of 

metal during the welding and vapors of oxides exuding during the welding, which have negative influence on the 

environment and health (chronic excess of copper causes the haemolysis, low hemoglobin and damage to the 

liver, kidneys and brain tissues) [3]. For wire with diameters of less than 0,8 and over than 5 mm no coppering is 

provided [2]. Many companies buy non-coppered welding wire in skeins and coils. As time goes by with 

transportation and storage an oxide layer is formed on the surface of the wire in addition to protective and 
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technological coating and natural contaminations.  

2. Surface contaminations and cleaning methods  

The oxide layer of carbon steel consists of 3 layers, they are FeO (wustite) located directly on the surface, 

Fe3O4 (magnetite), Fe2O3 (hematite) [4]. In order to compensate for the negative effects of surface contamination 

listed earlier, the welding wire is being cleaned by mechanical or electrolytic methods [5] that cannot be 

admitted as universal and cheap methods meeting the modern requirements. The main disadvantage of these 

techniques is that soon after the treatment the metal products begin to corrode again. In this connection there is a 

necessity of reasonably priced facilities for surface cleaning that can provide high corrosion stability. The arc-

plasmas and electric-spark ways of treatment meet these requirements. The research in the area of modification 

of metal surface with concentrated energy streams, among which are descaling and removal of organic 

contaminants, has been led by various groups of scientists in Russia and abroad since the middle of XX century. 

However, in spite of the significant quantity of Russian [1ï3, etc.] and foreign publications, there is no common 

theory of choosing of optimal parameters of treating conditions depending on metal products and the facility 

used. 

3. Experimental 

In order to determine the optimal parameters of cleaning conditions of the most widely used steel CV08G2S 

an experimental research on a 4 mm sheet of metal was carried out. Electric-spark treatment was made on the 

plant the structural scheme of which is shown in Fig. 1. The cuvette was filled by propane (C3H8); the working 

pressure was ~ 1 atm. As materials of the positive electrode (anode), tungsten (W) and copper (Cu) were used, 

the electrode gap h was 2 mm, the broach speed was 8 mm/s. The measurement of contact resistance was made 

on the experimental facility [9]. The current registration was made by çRogovskiy coilè, the voltage registration 

was conducted by an amplifier with galvanic isolation. The spherical electrodes made of bronze with the radius 

R = 4 mm were used. The compression force was ~ 200 N, the value of current 150 A. The resistance was 

determined by processing the measured parameters of voltage and current between the electrodes after the 

completion of transient processes in the secondary circuit (approximation with the subsequent calculation of 

Ohm'saw). 

 

Fig. 1. The structural scheme of experimental facility. PG ï Pulse Generator, C ï Cuvette, 1ï Anode, 2 ï 

Cathode (cleaned surface), 3 ï Broach Mechanism, OS ï Oscilloscope.  
 

4. Results and discussion 

Initially the dependence of contact resistance on the number of passes of cleaned surface under the anode was 

investigated with the parameters of generator given in the 1
st
 line of Table 1. The results are shown in Fig. 2, a. 

By analyzing the given dependence a conclusion was drawn that the contact resistance becomes stable after 4 

passes. The given value, however, is higher than the value obtained as a result of mechanic cleaning. Meanwhile, 

the contact resistance reduced 2,5ï 4 times compared with the resistance of the non-treated metal sheet. A 



VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          91 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

supposition was made that the increasing roughness of the surface due to electro-spark treatment prevents 

reducing the contact resistance and the value of pulse energy was decreased in order to reduce the depth of 

microcraters formed under the anode (2
d
 line of Table 1). As a result a higher range of values of the contact 

resistance was obtained compared with previous experiment (Fig. 2, b). 

Table 1 

Parameters of Generator 

Number of mode Pulse Energy Wp, J Pulse Duration tp, ns Open-Curcuit Voltage UIV, kV Frequency f, kHz 

1 0,4 80 40 1,0 

2 0,1 150 40 1,5 

 

Fig. 2. Resistance of steel sheet 08G2S with a width of 4 mm; 

 a) the parameters of the processing mode 1; b) the parameters of the processing mode 2. 

 

5. Conclusions 

During the experimental time it was noticed that the method exposed the following advantages: no waste 

production, so that it is an environmentally friendly method; absence of a loud noise, so that it is friendly and 

safe for workers; no vacuum is necessary for the facility, so that the expenditures for the exhaustion can be 

significantly reduced; a treated surface reveals a good properties and lower contact resistance, what is very 

important for quality of welding wire. Thereby, the obtained results may be a reason for the conclusion that there 

is a necessity of optimizing pulse parameters of the electro-spark cleaning method, because the surface of a 

metal treated in this way becomes cleaner and acquires lower contact resistance.  
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For the first time on single crystal of ferromagnetic Ni49Fe18Ga27Co6 shape memory alloy oriented along 

[123] direction, the effect of stress-assisted aging on the stress-induced martensitic transformation and 

superelasticity was studied. It is shown that the stress-assisted aging of 100 MPa at 673 K, 4 hours leads to a 

reduction of the critical stress level to initiate stress-induced transformation of 40-50 MPa at a certain 

temperature, and a decrease in the mechanical hysteresis ȹů by 2 times as compared to stress-free aged 

under the same conditions single crystals. A small value of mechanical hysteresis ȹů is a key mechanical 

parameter responsible for obtaining a reversible magnetic field-induced phase transformation with rapid 

response in ferromagnetic shape memory alloys. 

 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʪʝʨʤʦʫʧʨʫʛʠʝ ʤʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ (ʄʇ) ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʵʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ (ʕʇʌ) ʠ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʴ (ʉʕ) ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ [1-3]. ɺ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʠʝ ʜʦ 9% ʦʙʨʘʪʠʤʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

[1]. ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Ni-Fe-Ga-(ʉo) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ [2]. ɺʳʜʝʣʝʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʩʪʘʨʝʥʠʠ ʚ ʩʧʣʘʚʘʭ Ni-Fe-Ga-(Co) 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʘʪʨʠʮʘ ʠʩʧʳʪʳʚʘʝʪ ʪʝʨʤʦʫʧʨʫʛʠʝ 

ʄʇ, ʘ ʯʘʩʪʠʮʳ ï ʥʝʪ. ɺ ʥʘʰʠʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [3, 4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Ni49Fe18Ga27ʉʦ6 (ʘʪ.%) ʟʘ ʩʯʝʪ ʩʪʘʨʝʥʠʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʄʇ, ʚʝʣʠʯʠʥʦʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʙʨʘʪʠʤʦʡ 

(ʫʧʨʫʛʦʡ, ʧʦʚʝʨʭʥʦʩʪʥʦʡ) ʵʥʝʨʛʠʠ ȹGrev ʠ ʜʠʩʩʠʧʠʨʦʚʘʥʦʡ ʵʥʝʨʛʠʝʡ ȹGfr ʧʨʠ ʨʘʟʚʠʪʠʠ ʄʇ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ Ni49Fe18Ga27ʉʦ6ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ: ʦʪʞʠʛ ʧʨʠ 1373 ʂ, 25 ʤʠʥ + ʧʨʠ 673 ʂ, 1 ʯ ʠ 4 ʯ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʘʫʩʪʝʥʠʪʥʦʡ ʠ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ 

ʨʝʣʘʢʩʘʮʠʠ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʨʝʚʨʘʱʝʥʠʡ [3, 4]. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʚ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʙʠʤʦʜʘʣʴʥʘʷ ʛʝʪʝʨʦʬʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ: ʚʦ-ʧʝʨʚʳʭ, ʚʳʜʝʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ɔ-ʬʘʟʳ ʨʘʟʤʝʨʦʤ ʚ ʜʣʠʥʫ 
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5-10 ʤʢʤ, ʚʦ-ʚʪʦʨʳʭ, ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ɔô-ʬʘʟʳ ʨʘʟʤʝʨʦʤ 10-50 ʥʤ. ʏʘʩʪʠʮʳ ɔË-ʬʘʟʳ ʚ ʩʧʣʘʚʘʭ Ni-Fe-Ga-

(Co) ʚʳʪʷʥʫʪʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ ʪʠʧʘ <111> ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʩʪʘʨʝʥʠʠ ʙʝʟ ʥʘʛʨʫʟʢʠ ʚʳʜʝʣʷʝʪʩʷ 4 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʘʨʠʘʥʪʘ ʯʘʩʪʠʮ. ʀʟʚʝʩʪʥʦ, ʝʩʣʠ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʥʝʨʘʚʥʦʦʩʥʫʶ 

ʬʦʨʤʫ, ʪʦ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʯʠʩʣʦʤ ʚʘʨʠʘʥʪʦʚ ʯʘʩʪʠʮ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʟʘ ʩʯʝʪ ʩʪʘʨʝʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʦʩʦʙʫʶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʨʪʝʥʩʠʪʘ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄʇ ʟʘ ʩʯʝʪ 

ʚʥʫʪʨʝʥʥʠʭ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ [5]. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʩʪʘʨʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʨʤʦʫʧʨʫʛʠʭ ʄʇ ʠ 

ʵʬʬʝʢʪ ʉʕ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Ni49Fe18Ga27ʉʦ6, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʜʦʣʴ [123] ʥʘʧʨʘʚʣʝʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ ʩʞʘʪʠʷ [123] ʚʘʨʠʘʥʪʳ ʯʘʩʪʠʮ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʩʠʤʤʝʪʨʠʯʥʦ. ʋʯʠʪʳʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʤʘʪʨʠʮʝ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʯʘʩʪʠʮʘʤʠ, ʚʳʪʷʥʫʪʳʤʠ ʚʜʦʣʴ <111> ʤʦʞʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʟʘʢʣʶʯʠʪʴ: ʧʨʠ 

ʩʪʘʨʝʥʠʠ ʧʦʜ ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ ʙʫʜʝʪ ʨʘʩʪʠ ʚʘʨʠʘʥʪ ʚʜʦʣʴ [111] ʥʘʧʨʘʚʣʝʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ 

ʦʩʠ ʩʞʘʪʠʷ [123], ʘ ʨʦʩʪ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ ʙʫʜʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝ ʚʳʛʦʜʝʥ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʪʘʨʝʥʠʝ 

ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʧʨʠ ʊ=673 ʂ ʚ ʪʝʯʝʥʠʝ 1 ʠ 4 ʯ ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʝ. ʆʙʨʘʟʮʳ ʩʪʘʨʠʣʠʩʴ ʧʘʨʘʤʠ ï ʦʜʠʥ ʧʦʜ 

ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ 100 ʄʇʘ, ʜʨʫʛʦʡ ʙʝʟ ʥʘʛʨʫʟʢʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʘʨʝʥʠʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʧʨʠ 673 ʂ, 1 ʯʘʩ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʚʠʪʠʷ ʄʇ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 10 ʥʤ ʠ ʠʭ 

ʬʦʨʤʦʡ ʙʣʠʟʢʦʡ ʢ ʨʘʚʥʦʦʩʥʦʡ, ʪʘʢ ʯʪʦ ʩʪʘʨʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʪʘʨʝʥʠʷ ʧʨʠ 673 ʂ ʜʦ 4 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʄʇ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʠ ʉʕ ʜʣʷ ʩʦʩʪʘʨʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 673 ʂ, 4 

ʯʘʩʘ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ.  

 

ʈʠʩ. 1. ʂʨʠʚʳʝ çʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ [123] ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, 

ʩʦʩʪʘʨʝʥʥʳʭ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 673 ʂ, 4 ʯʘʩʘ (ʘ) ʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʧʨʠ 673 ʂ, 4 ʯʘʩʘ (ʙ) 

 

ɺʦ-ʧʝʨʚʳʭ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʨʝʥʠʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʄʇ ʥʘ ~20 ʂ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷʤʠ ʄʇ ʚ ʦʙʨʘʟʮʝ, ʩʦʩʪʘʨʝʥʥʳʤ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʥʘ 40-50 ʄʇʘ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ, ʯʝʤ ʚ ʩʦʩʪʘʨʝʥʥʳʭ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʨʘʟʮʘʭ 

(ʨʠʩ. 1). ɺʦ-ʚʪʦʨʳʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
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ʤʝʭʘʥʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ Ds, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʣʠʯʠʥʫ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʙʨʘʪʠʤʳʭ 

ʄʇ ʧʦʜ ʥʘʛʨʫʟʢʦʡ (ʨʠʩ. 1). ʈʘʟʚʠʪʠʝ ʄʇ ʚ ʮʠʢʣʘʭ ʥʘʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʚ ʩʦʩʪʘʨʝʥʥʳʭ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʢʨʠʩʪʘʣʣʘʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʰʠʨʦʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ Ds. ɺ ʥʘʯʘʣʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʉʕ 

ʧʨʠ ʊ=ʊ1 ʚʝʣʠʯʠʥʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩʦʩʪʘʚʣʷʝʪ Ds =120 ʄʇʘ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ 

ʚʝʣʠʯʠʥʘ ʛʠʩʪʝʨʝʟʠʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʚʙʣʠʟʠ ʢʦʥʮʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʊ=ʊ2 

Ds= 90 ʄʇʘ (ʨʠʩ. 1 ʘ). ɺ ʩʦʩʪʘʨʝʥʥʳʭ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʢʨʠʩʪʘʣʣʘʭ ʚʝʣʠʯʠʥʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʯʪʠ ʚ 

ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʧʨʠ ʊ=ʊ1 Ds=75 ʄʇʘ ʠ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 5 ʨʘʟ: ʧʨʠ ʊ=ʊ2 

ʚʝʣʠʯʠʥʘ ʛʠʩʪʝʨʝʟʠʩʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ Ds=15 ʄʇʘ (ʨʠʩ. 1 ʙ). ʇʨʠ ʨʘʟʚʠʪʠʠ ʄʇ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʚ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʤʘʨʪʝʥʩʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʚʫʭ ʪʠʧʦʚ: 1) ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʘʨʪʝʥʩʠʪ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚ ʩʠʩʪʝʤʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʐʤʠʜʘ; 2) 

ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʘʨʪʝʥʩʠʪ ʛʝʥʝʨʠʨʫʝʪʩʷ ʫʧʨʫʛʠʤʠ ʧʦʣʷʤʠ ʦʪ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʷ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʢʨʠʩʪʘʣʣʦʚ ʤʘʨʪʝʥʩʠʪʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʦʣʝ ʚʥʝʰʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʛʝʥʝʨʘʮʠʠ ʜʠʩʣʦʢʘʮʠʡ ʠ ʰʠʨʦʢʦʤʫ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʛʠʩʪʝʨʝʟʠʩʫ ʚ ʩʦʩʪʘʨʝʥʥʳʭ ʚ 

ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʨʠʩʪʘʣʣʘʭ. ʇʨʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʝʩʣʠ 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʷʤʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʯʘʩʪʠʮ ʢʨʠʩʪʘʣʣʳ ʤʘʨʪʝʥʩʠʪʘ ʠʤʝʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʐʤʠʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʪ.ʝ. ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʘʨʪʝʥʩʠʪ. ɺ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʩʦʩʪʘʨʝʥʥʳʭ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʚʝʣʠʯʠʥʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚʢʣʘʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʜʠʩʩʠʧʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ, ʚ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʛʠʩʪʝʨʝʟʠʩ. 
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Phase composition, thin structure of intermetallic coatings it is investigated by electron microscopy, X-

ray methods. It is shown that Ni3Al intermetallide is the basic phase of a coating for all investigated samples. 

Ionic implantation of coatings by aluminium and boron ions leads to change of crystalline lattice, long-range 

order parameters, internal elastic stresses, grains sizes and type of dislocation structure. 

 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʨʝʩ ʢ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʥʠʢʝʣʷ ʩ ʘʣʶʤʠʥʠʝʤ ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʢ ʠʥʪʝʨʤʝʪʘʣʣʠʜʫ 

Ni3Al ʢʘʢ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʥʘʦʙʦʨʦʪ ʚʦʟʨʘʩʪʘʶʪ. ɺ ʯʠʩʪʳʭ ʤʝʪʘʣʣʘʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʚʩʝʛʜʘ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ [1]. 

ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʧʫʯʢʘʤʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʦʥʦʚ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʝʡ.  

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʘʣʶʤʠʥʠʷ ʠ ʙʦʨʘ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʪʦʥʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ni - Al, ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʛʦ 

ʠʦʥʘʤʠ Al ʠ ɺ. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦʢʨʳʪʠʝ ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ʪʠʧʘ çʂɺɸʅʊè. ʀʦʥʥʫʶ 

ʠʤʧʣʘʥʪʘʮʠʶ ʧʦʢʨʳʪʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʤʧʣʘʥʪʦʨʝ çɼʀɸʅɸ-2è. ɺ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Ni3Al  ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦʢʨʳʪʠʷ ʥʘʥʦʩʠʣʠ ʥʘ ʦʙʨʘʟʮʳ ʩʪʘʣʠ ʐʍ-15, ʧʦʣʠʨʦʚʘʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠ ʜʦ ʟʝʨʢʘʣʴʥʦʛʦ ʙʣʝʩʢʘ.  

ʈʝʥʪʛʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʈʉɸ) ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

ɼʈʆʅ - 7 ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ~20 - 165 ʛʨʘʜʫʩʦʚ ʚ 

ʉoKa - ʠʟʣʫʯʝʥʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʠʢ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ, ʧʘʨʘʤʝʪʨʳ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʷ II ʨʦʜʘ [2]. ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ (ʇʕʄ) ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ 

ʕʄ-125. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʜʚʝ ʧʘʨʪʠʠ ʦʙʨʘʟʮʦʚ: 1. ʤʘʛʥʝʪʨʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʧʨʠ ʥʘʛʨʝʪʦʡ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 600 ʂ ʩ ʧʦʤʦʱʴʶ ʨʘʟʦʛʨʝʪʦʡ ʩʧʠʨʘʣʠ ʧʦʜʣʦʞʢʠ (ʦʙʨʘʟʮʳ I ʪʠʧʘ) ʠ 2. ʤʘʛʥʝʪʨʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ 

ʧʨʠ ʥʘʛʨʝʪʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 600 ʂ ʧʦʜʣʦʞʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʝʡ ʠʦʥʦʚ Al ʠ B.  

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʧʦʢʨʳʪʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ ʥʘʭʦʜʠʪʩʷ 

ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Ni3Al  ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L12 ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ 3,578 Ȕ ʠ ʬʘʟʘ NiAl  

c ɺ2 ʩʪʨʫʢʪʫʨʦʡ. ɺ ʧʦʢʨʳʪʠʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʦʩʣʝ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʥʘʨʫʞʝʥʘ ʬʘʟʘ 

AlB 12. (ʨʠʩ.1)  ɺ ʮʝʣʦʤ, ʚʦ ʚʩʝʭ ʧʦʢʨʳʪʠʷʭ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʬʘʟʳ Ni3Al  ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨʳ - 3,57 ¡[3]. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʝʡ ʚʥʝʜʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʦʢʨʳʪʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ 

ʤʠʢʨʦʘʥʘʣʠʟʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʠʭ ʩʦʜʝʨʞʠʪʩʷ 2-3 % ʫʛʣʝʨʦʜʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʦʙʨʘʟʦʚʘʣʩʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ Ni3Al, ʠʤʝʶʱʠʡ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʠ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ 

ʨʝʬʣʝʢʩʦʚ ʦʧʨʝʜʝʣʠʣʠ ʧʘʨʘʤʝʪʨ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʘʨʘʤʝʪʨ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ ʧʦʨʷʜʢʘ ʥʠʞʝ 1. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ [3].  

ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʧʦʢʨʳʪʠʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʦʚ. ɺʠʜʥʦ, ʯʪʦ ʚ ʧʦʢʨʳʪʠʠ ʧʝʨʚʦʛʦ ʪʠʧʘ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʜʚʝ ʬʘʟʳ: ʦʩʥʦʚʥʘʷ Ni3Al, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʚ ʧʦʢʨʳʪʠʠ ʩʦʩʪʘʚʣʷʝʪ 98% ʠ ʬʘʟʘ NiAl  ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʪʦʨʦʡ ʦʢʦʣʦ 2%. ʏʘʩʪʠʮʳ ʬʘʟʳ Ni3Al  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ (150 ʥʤ). ɺ 

ʩʪʳʢʘʭ ʟʝʨʝʥ ʠ ʧʦ ʛʨʘʥʠʮʘʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʟʝʨʥʘ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʘʟʫ NiAl . 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʵʪʦʡ ʬʘʟʳ ʜʣʷ ʧʦʢʨʳʪʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ 50 ʥʤ. 

  

ʈʠʩ.1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʢʨʳʪʠʡ Ni3Al ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʦʚ: 

ʘ, ʛ - ʩʚʝʪʣʦʧʦʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʙ, ʜ - ʤʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ, ʚ, ʝ - ʩʭʝʤʳ ʠʭ 

ʠʥʜʠʮʠʨʦʚʘʥʠʷ. ǒ - Ni3Al (111); ³ï ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʨʝʬʣʝʢʩʳ Ni3Al; ƴïNiAl (111), ƶïAlB12 ( 204 ) 
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ɺ ʧʦʢʨʳʪʠʷʭ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʘʣʶʤʠʥʠʷ ʠ ʙʦʨʘ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 210 ʥʤ ʜʣʷ ʟʝʨʝʥ Ni3Al  ʠ 75 ʥʤ ʜʣʷ NiAl. ʇʣʘʩʪʠʥʯʘʪʳʝ ʚʳʜʝʣʝʥʠʷ ʬʘʟʳ 

AlB 12 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ Ni3Al. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʟʘ Ni3Al  ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ ʪʠʧʘʤʠ 

ʟʝʨʝʥ: ʙʝʟʜʠʩʣʦʢʘʮʠʦʥʥʳʤʠ (ɹɼɿ), ʜʠʩʣʦʢʘʮʠʦʥʥʳʤʠ (ɼɿ), ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʤʠ (ʌɿ), ʢʦʪʦʨʳʝ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʨʘʟʤʝʨʘʤ. ɺʧʝʨʚʳʝ ʪʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 15 ʣʝʪ ʥʘʟʘʜ ʚ ʨʘʙʦʪʘʭ 

ʧʨʦʬʝʩʩʦʨʘ ʅ.ɸ. ʂʦʥʝʚʦʡ ʥʘ ʯʠʩʪʳʭ ʤʝʪʘʣʣʘʭ ʜʣʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ Cu, Ni ʠ CuAlO [14]. ɼʣʷ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʪʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʧʝʨʚʳʝ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʧʦʢʨʳʪʠʡ, ʠʟʤʝʨʝʥʥʘʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚʩʝʭ ʪʠʧʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʥʘ ʠʤʝʝʪ ʜʣʷ ʧʦʢʨʳʪʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʤʧʣʘʥʪʘʮʠʝʡ ʠʦʥʦʚ Al ʠ B 

(ʦʙʨʘʟʮʳ II  ʪʠʧʘ).  

ɿʘʢʣʶʯʝʥʠʝ 

1. ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Ni3Al  ʚ ʯʘʩʪʠʯʥʦ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ c ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ ʨʘʚʥʳʤ 0.63. ɺ ʧʦʢʨʳʪʠʠ, ʢʨʦʤʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʘʟʘ NiAl  ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʦʢʨʳʪʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʨʦʤʝ 

ʬʘʟ Ni3Al  ʠ NiAl, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ AlB 12.  

2. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ. 
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The possibility of determination of active metal content in aluminum nanopowders by digital pressure 

sensor is investigated. It is shown that the activity of samples under investigation depends on energy content 

during aluminum nanopowders production by wire explosion process. 

 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʤ ʚʟʨʳʚʦʤ ʧʨʦʚʦʜʥʠʢʦʚ (ʕɺʇ) ʥʘʟʳʚʘʶʪ ʷʚʣʝʥʠʝ ʚʟʨʳʚʦʦʙʨʘʟʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʝʛʦ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ (ʙʦʣʝʝ 

10
10
ɸ/ʤ

2
). ʇʨʦʜʫʢʪʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʷʚʣʷʶʪʩʷ ʧʘʨʳ ʠ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʦʙʨʘʟʫʷ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʥʠʢʘ ʠ ʨʦʜʘ ʛʘʟʘ, ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʚʦʜʥʠʢ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʧʦʨʦʰʢʠ ʤʝʪʘʣʣʦʚ, ʩʧʣʘʚʦʚ, ʧʦʨʦʰʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʧʦʨʦʰʢʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ [1]. ʅʘʥʦʧʦʨʦʰʢʠ ʘʣʶʤʠʥʠʷ (ʅʇ Al), ʧʦʣʫʯʘʝʤʳʝ ʤʝʪʦʜʦʤ ʕɺʇ, ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2], ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʥʘ ʧʦʨʷʜʦʢ ʩʥʠʟʠʪʴ ʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʣʦʪʥʳʭ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ 

Al 2O3 ʩ ʩʫʙʤʠʢʨʦʥʥʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ [3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʅʇ Al, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʕɺʇ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʨʘʟʥʳʭ 

ʵʥʝʨʛʦʩʦʜʝʨʞʘʥʠʷʭ (e/ec). ʇʘʩʩʠʚʘʮʠʷ ʅʇ Al ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʤʝʜʣʝʥʥʳʤ ʥʘʧʫʩʢʦʤ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ 2-3 

ʩʫʪʦʢ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʇ Al  ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ ʚ 

ʥʘʥʦʧʦʨʦʰʢʝ. ʊʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʦʣʶʤʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ [4]. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʦʥ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

 ï ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ; 

 ï ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ,  ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʢʠʥʝʪʠʢʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ; 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʅʇ Al ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʪʠʧʘ 

mailto:rabo_120@mail.ru


VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          99 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

ɼʄ5007. ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ.  

          

ʈʠʩ 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʆʙʨʘʟʝʮ ʅʇ Al (ʦʢʦʣʦ 50 ʤʛ) ʥʘʩʳʧʘʣʠ ʚ ʧʣʘʩʪʠʢʦʚʫʶ ʣʦʜʦʯʢʫ 3, ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʣʠ ʚ ʨʝʟʝʨʚʫʘʨ 4 ʩ 

ʦʜʥʦʤʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʦʤ NaOH. ɺʥʫʪʨʠ ʢʦʨʧʫʩʘ ʣʦʜʦʯʢʠ 3 ʟʘʧʘʷʥʘ ʧʣʘʩʪʠʥʘ ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʇʦʩʣʝ ʯʝʛʦ ʫʩʪʘʥʦʚʢʫ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʞʠʤʘ 5. ɿʘʪʝʤ ʣʦʜʦʯʢʫ ʩ 

ʠʟʤʝʨʷʝʤʳʤ ʦʙʨʘʟʮʦʤ ʧʦʛʨʫʞʘʣʠ ʚ ʨʘʩʪʚʦʨ NaOH ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ. ʇʨʠ ʵʪʦʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʘʣʶʤʠʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ NaOH, ʚʳʜʝʣʷʣʩʷ ʚʦʜʦʨʦʜ, ʠ ʚ ʦʙʲʝʤʝ 2 ʫʚʝʣʠʯʠʚʘʣʦʩʴ 

ʜʘʚʣʝʥʠʝ. ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 1 ʧʨʝʦʙʨʘʟʦʚʳʚʘʣ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʚʘʣʩʷ ʥʘ ʯʝʪʳʨʝʭʢʘʥʘʣʴʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬ 6 (Tektronix 2103). ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʚʳʜʝʣʝʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ ʄʝʥʜʝʣʝʝʚʘ-ʂʣʘʡʧʝʨʦʥʘ:  

 

ʛʜʝ ɡ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʚʦʜʦʨʦʜʘ; p ï ʜʘʚʣʝʥʠʝ ʠʟʤʝʨʝʥʥʦʝ ʜʘʪʯʠʢʦʤ; V ï ʚʥʫʪʨʝʥʥʠʡ 

ʦʙʲʝʤ ʫʩʪʘʥʦʚʢʠ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ; R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, 62400 

ʤʣĿʤʤ.ʨʪ.ʩʪ/(ʤʦʣʴĿʂ) ʠʣʠ  8,31441 ʇʘĿʤ
3
/(ʤʦʣʴĿʂ) ʠʣʠ 0,08206 ʘʪʤĿʣ/(ʤʦʣʴĿʂ) 

ɿʘʪʝʤ ʧʦ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ (1) ʨʘʩʩʯʠʪʳʚʘʝʤ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ ʚ ʥʘʚʝʩʢʝ ʠ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʦʙʨʘʟʮʝ. 

                                               x                                                              ɡ 

2Al + 6NaOH + 6H2O --> 2Na3[Al(OH)6] + 3H2¬ (1) 

                                             54         6 
 

ʛʜʝ x ï ʤʘʩʩʘ Al ʚʩʪʫʧʠʚʰʝʛʦ ʚ ʨʝʘʢʮʠʶ (ʤʛ), ɡ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʚʦʜʦʨʦʜʘ ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʧʦ (1). ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ï 1000 54
3

Alm
u

= Ö Ö (ʤʛ) ʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʚ 

ʦʙʨʘʟʮʝ 
*

100Al
Al

Al

m
c

m
= Ö  (%). ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʨʘʟʮʦʚ ʅʇ Al ʩ NaOH ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʝʨʚʳʝ 

ʩʝʢʫʥʜʳ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʣʦʜʦʯʢʠ 3 ʩ ʦʙʨʘʟʮʦʤ ʅʇ Al ʚ ʨʘʩʪʚʦʨ ʱʝʣʦʯʠ ʥʘʙʣʶʜʘʣʩʷ ʨʝʟʢʠʡ ʨʦʩʪ 

ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʙʫʨʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʇ Al ʩ ʨʘʩʪʚʦʨʦʤ NaOH. 

ʋʩʣʦʚʥʦ ʭʦʜ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʩʪʘʜʠʠ: ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʫʨʥʳʤ 

TR
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ʧʨʦʪʝʢʘʥʠʝʤ ʨʝʘʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʘʛʠʨʫʝʪ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʤʝʪʘʣʣʘ ʚ ʦʙʨʘʟʮʝ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʨʷʜʢʘ 1-

3 ʩ) ʠ ʚʪʦʨʘʷ ʩʪʘʜʠʷ - ʤʝʜʣʝʥʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʨʝʘʢʮʠʠ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʢʦʣʦ 10-15 ʤʠʥ).  

ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʅʇ Al ʩ ʨʘʟʥʳʤʠ ʵʥʝʨʛʦʩʦʜʝʨʞʘʥʠʷʤʠ (e/ec) 

ʥʘʙʣʶʜʘʣʠʩʴ ʩʢʘʯʢʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʦʨʦʰʢʘ (ʨʠʩ. 2). ʋʯʘʩʪʢʠ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʦʪʨʘʞʘʶʱʠʝ ʩʢʘʯʢʠ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ ʨʘʟʥʫʶ ʚʳʩʦʪʫ, ʢʦʪʦʨʘʷ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ e/ec. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ e/ec, ʚʦʟʨʘʩʪʘʝʪ ʠ ʚʝʣʠʯʠʥʘ 

ʩʢʘʯʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʅʇ Al. ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʶʤʠʥʠʝʚʫʶ ʧʨʦʚʦʣoʯʢʫ (ʩʘʤʘʷ ʥʠʞʥʷʷ 

ʢʨʠʚʘʷ ʥʘ ʨʠʩ. 2). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʚʦʣʦʯʢʠ ʩʦ ʱʝʣʦʯʴʶ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʅʇ Al, ʠʟ-ʟʘ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 1) ʫʤʝʥʴʰʝʥʥʳʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ; 2) ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ; 3) ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ 

ʢʠʥʝʪʠʢʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʚʦ ʚʨʝʤʝʥʠ. 

 

ʈʠʩ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʚʦʜʘʭ ʜʘʪʯʠʢʘ ʦʪ ʚʨʝʤʝʥʠ 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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In foundry the great bulk of casts from a steel and iron is produced in expendable sandy forms. Casts 

production with a pure surface (without burning-in) and the sizes which are as much as possible coming 

nearer to finished product, is one of the primary goals of founders. One of the most effective ways of struggle 

with burning-in is application antiburning-on paints on the basis of heat-resisting pigments. 

 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʪʠʚʦʧʨʠʛʘʨʥʳʭ ʢʨʘʩʦʢ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʞʘʨʦʩʪʦʡʢʠʭ 

ʧʠʛʤʝʥʪʦʚ, ʦʧʝʨʘʮʠʠ ʧʦ ʦʙʨʫʙʢʝ ʠ ʦʯʠʩʪʢʝ ʜʝʪʘʣʝʡ ʦʪ ʧʨʠʛʘʨʘ ʜʦʩʪʠʛʘʶʪ 30% ʦʙʱʝʡ ʪʨʫʜʦʝʤʢʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʣʠʚʦʢ, ʘ ʦʯʠʩʪʢʘ ʦʪʣʠʚʦʢ ʦʪ ʧʨʠʛʘʨʘ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʝʡ ʚʨʝʜʥʦʡ ʜʣʷ ʟʜʦʨʦʚʴʷ [1]. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʣʘʟʤʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʞʘʨʦʩʪʦʡʢʠʭ ʧʠʛʤʝʥʪʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʧʨʠʛʘʨʥʳʭ ʢʨʘʩʦʢ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʦʛʦ ʦʙʟʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʩʧʦʩʦʙʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʞʘʨʦʩʪʦʡʢʠʭ ʧʠʛʤʝʥʪʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʧʠʛʤʝʥʪʦʚ 

ʜʚʫʦʢʠʩʠ ʮʠʨʢʦʥʠʷ ʠʟ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ (ɻɺʂʎ) ʮʠʨʢʦʥʠʣʥʠʪʨʘʪ-ʚʦʜʘ-

ʩʧʠʨʪ ʠ ʮʠʨʢʦʥʠʣʥʠʪʨʘʪ-ʚʦʜʘ-ʘʮʝʪʦʥ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ. 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʣʥʠʪʨʘʪʘ ʠ ʩʧʠʨʪʘ (ʘʮʝʪʦʥʘ) ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ɻɺʂʎ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ 

ʛʦʨʶʯʠʝ ʚʦʜʥʦʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʠʨʢʦʥʠʣʥʠʪʨʘʪʘ, ʠʤʝʶʱʠʝ 

ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ å1200 
ʦ
ʉ: 

1. ɻɺʂʎ1 (45% ʮʠʨʢʦʥʠʣʥʠʪʨʘʪ: 33% ʚʦʜʘ : 22% ʩʧʠʨʪ). 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʣʥʠʪʨʘʪʘ 

ʠ ʘʮʝʪʦʥʘ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʦʨʝʥʠʷ ɻɺʂʎ (ʮʠʨʢʦʥʠʣʥʠʪʨʘʪ- ʚʦʜʘ-ʘʮʝʪʦʥ). 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʣʥʠʪʨʘʪʘ ʠ 

ʩʧʠʨʪʘ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 

ɻɺʂʎ (ʮʠʨʢʦʥʠʣʥʠʪʨʘʪ- ʚʦʜʘ-ʩʧʠʨʪ). 

mailto:karenginaa@sibmail.com
mailto:karenginaa@sibmail.com
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2. ɻɺʂʎ2 (45% ʮʠʨʢʦʥʠʣʥʠʪʨʘʪ : 35,8% ʚʦʜʘ : 19,3% ʘʮʝʪʦʥ). 

ʅʘ ʨʠʩ. 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʘʚʳ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɻɺʂʎ1 ʠ ɻɺʂʎ2 ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʧʨʠ ʈ=0,1 ʄʇʘ. 

 

ʀʟ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2000ʂ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʣʘʟʤʝʥʥʦʛʦ 

ʛʦʨʝʥʠʷ ʷʚʣʷʶʪʩʷ CO2 ʠ ZrO2(c), ʘ ʦʪʩʫʪʩʪʚʠʝ ʩʘʞʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ CO ʠ NO ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤ ʛʦʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ɻɺʂʎ1 ʠ ɻɺʂʎ2 ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ZrO2(c). ʉʥʠʞʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʦʟʜʫʭʘ ʥʠʞʝ 55% 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʘʞʠ ʚ ʧʨʦʜʫʢʪʘʭ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ. 

ʅʘ ʨʠʩ. 5 ʠ 6 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʣʥʠʪʨʘʪʘ ʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ 

ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ɻɺʂʎ1 ʠ ɻɺʂʎ2 ʥʘ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʦʣʫʯʝʥʠʝ 1 ʢʛ ZrO2(c). 

 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʨʘʚʥʦʤ ʚʳʭʦʜʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʦʣʫʯʝʥʠʝ 

1ʢʛ ʧʠʛʤʝʥʪʘ ʜʚʫʦʢʠʩʠ ʮʠʨʢʦʥʠʷ ʠʟ ɻɺʂʎ2 ʤʝʥʴʰʝ ʥʘ å10% , ʯʝʤ ʠʟ ɻɺʂʎ1. 

ʇʨʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʨʝʞʠʤʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʧʳʪʥʳʝ ʧʘʨʪʠʠ ʞʘʨʦʩʪʦʡʢʠʭ ʧʠʛʤʝʥʪʦʚ ʜʚʫʦʢʠʩʠ 

ʮʠʨʢʦʥʠʷ ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 25ʤ
2
/ʛ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 99,6%, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʥʳ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʠʚʦʧʨʠʛʘʨʥʳʭ ʢʨʘʩʦʢ ʥʘ ʣʠʪʝʡʥʳʭ ʬʦʨʤʘʭ ʧʨʠ ʯʫʛʫʥʥʦʤ ʠ ʩʪʘʣʴʥʦʤ ʣʠʪʴʝ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
 

1. ɼʦʨʦʰʝʥʢʦ ʉ. ʇ., ɼʨʦʙʷʟʢʦ ɺ. ʅ., ɺʘʱʝʥʢʦ ʂ. ʀ. ʇʦʣʫʯʝʥʠʝ ʦʪʣʠʚʦʢ ʙʝʟ ʧʨʠʛʘʨʘ ʚ ʧʝʩʯʘʥʳʭ 

ʬʦʨʤʘʭ. ī ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1978. ï 206 ʩ. 

  

ʈʠʩ. 6. ɺʣʠʷʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʮʠʨʢʦʥʠʣʥʠʪʨʘʪʘ ʚ ʢʦʤʧʦʟʠʮʠʠ ɻɺʂʎ2 ʥʘ ʫʜʝʣʴʥʳʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʦʣʫʯʝʥʠʷ ʜʚʫʦʢʠʩʠ ʮʠʨʢʦʥʠʷ. 

ʈʠʩ. 5. ɺʣʠʷʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʮʠʨʢʦʥʠʣʥʠʪʨʘʪʘ ʚ ʛʦʨʶʯʝʡ ʢʦʤʧʦʟʠʮʠʠ ɻɺʂʎ1 ʥʘ 

ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʦʣʫʯʝʥʠʷ ʜʚʫʦʢʠʩʠ 

ʮʠʨʢʦʥʠʷ. 

ʈʠʩ 3. ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ 

ʛʦʨʝʥʠʷ ʛʦʨʶʯʝʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ (55% 

ɺʦʟʜʫʭ : 45% ɻɺʂʎ1). 

ʈʠʩ 4. ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʛʦ 

ʛʦʨʝʥʠʷ ʛʦʨʶʯʝʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ (55% 

ɺʦʟʜʫʭ : 45% ɻɺʂʎ2). 
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In the article are showed results of the experiment about a research of connection between parameters of the 

external influence and value of the diffracted x-rays. It is observed an increase of value of the diffracted x-rays. 

 

 

ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʧʨʝʦʙʨʘʟʫʶʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʙʦʨʦʚ ʠ ʪʝʭʥʠʢʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʞʠʟʥʠ  ʠ ʪʨʫʜʘ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʟʘʪʨʘʛʠʚʘʝʪ, ʥʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ, ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʥʦʭʨʦʤʘʪʦʨʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʪʦʣʴ ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ ʢʘʢ ʤʝʜʠʮʠʥʘ ʠ ʥʝʨʘʟʨʫʰʘʶʱʠʡ 

ʢʦʥʪʨʦʣʴ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ: 

ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʷ ʙʝʣʦʛʦ ʩʧʝʢʪʨʘ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʷ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʂʦʤʧʪʦʥ-

ʵʬʬʝʢʪʝ. ʅʠʟʢʠʡ ʂʇɼ ʟʘ ʩʯʝʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ ʚʦ ʚʪʦʨʦʤ  ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʢ ʧʦʠʩʢʫ ʥʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ 

ʧʫʯʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ [1,2] ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʦʙʲʸʤʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʥʘ ʧʴʝʟʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʦʥʦʭʨʦʤʘʪʦʨʳ. ɸʚʪʦʨʳ ʨʘʙʦʪ [3-4] ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ.  

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ ʈɸʇ 160-5. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʪʨʫʙʢʠ: ʥʘʧʨʷʞʝʥʠʝ ʠ ʩʨʝʜʥʠʡ ʪʦʢ ʙʳʣʠ 60 ʢɺ ʠ 1 ʤɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʟʣʫʯʝʥʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʢʦʣʣʠʤʘʪʦʨʦʤ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 90 ʤʤ ʦʪ 

ʚʳʭʦʜʥʦʛʦ ʦʢʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʘʜʘʣʦ ʥʘ ʢʨʠʩʪʘʣʣ ʢʚʘʨʮʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʫʧʨʘʚʣʷʝʤʦʤ ʛʦʥʠʦʤʝʪʨʝ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 215 ʤʤ ʦʪ ʢʦʣʣʠʤʘʪʦʨʘ. 

ɻʦʥʠʦʤʝʪʨ ʠʤʝʝʪ ʪʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʠ ʪʨʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʩ ʪʦʯʥʦʩʪʴʶ ʦʨʠʝʥʪʘʮʠʠ 

ʥʝ ʤʤ ʭʫʞʝ 0,5 ʠ 10 ʤʢʨʘʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɗB ï ʫʛʦʣ ɹʨʵʛʛʘ, ɗD ï ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ, n ï ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ. 
 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʩʪʘʣʣ ʢʚʘʨʮʘ X-ʩʨʝʟʘ, ʜʠʘʤʝʪʨʦʤ 15 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ, ʩ 

ʩʝʨʝʙʨʷʥʳʤ ʥʘʧʳʣʝʥʠʝʤ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʦʪʨʘʞʝʥʠʝ ʦʪ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ (10-11) ʩ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ d = 3,3429 ¡. 

ʀʟʣʫʯʝʥʠʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʃʘʫʵ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (NaI), 

ʨʘʙʦʪʘʶʱʠʤ ʚ ʪʦʢʦʚʦʤ ʨʝʞʠʤʝ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʢʨʠʩʪʘʣʣʘ-ʤʦʥʦʭʨʦʤʘʪʦʨʘ 300 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ 

ʙʳʣʘ ʚʳʙʨʘʥʘ Lɓ1-ʣʠʥʠʷ ʚʦʣʴʬʨʘʤʘ ʩ ʵʥʝʨʛʠʝʡ 9,671 ʢʵɺ, ʜʣʷ ʢʦʪʦʨʦʡ ʫʛʦʣ ɹʨʵʛʛʘ ʩʦʩʪʘʚʠʣ ʚʝʣʠʯʠʥʫ ɗB = 

11,09Á ʜʣʷ ʨʝʬʣʝʢʩʘ (10-11). ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʢʚʘʨʮʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʦʪ 0 ʜʦ 10 ɺ 

ʠ ʯʘʩʪʦʪʳ ʦʪ 1 ɻʮ ʜʦ 25 ʄɻʮ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʫʩʠʣʠʪʝʣʴ (ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 1 ʜʦ 10 ʄɻʮ, 

ʫʩʠʣʝʥʠʝ ʦʪ 0 ʜʦ 50 ɺ). 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ 

ʧʫʯʢʘ ʦʪ ʯʘʩʪʦʪʳ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʏʘʩʪʦʪʘ ʧʴʝʟʦʨʝʟʦʥʘʥʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ fn = 

ncs/(2l), ʛʜʝ n ï ʥʝʯʸʪʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ, l ï ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʘ, cs ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʚ ʢʚʘʨʮʝ ʧʦʨʷʜʢʘ 5700 ʤ/ʩ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2 ʥʘ ʯʘʩʪʦʪʘʭ 2,8115 ʠ 8,4675 ʄɻʮ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʚʦʤʫ ʠ ʪʨʝʪʴʝʤʫ ʧʴʝʟʦʨʝʟʦʥʘʥʩʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ 

ʢʚʘʨʮʝʚʦʤ ʤʦʥʦʭʨʦʤʘʪʦʨʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʦʪ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ 

ʵ/ʤ ʢʦʣʝʙʘʥʠʡ ʙʘʣʘ ʨʘʚʥʘ 50 ɺ. 
 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʠʩʪʘʣʣ-

ʤʦʥʦʭʨʦʤʘʪʦʨ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʦ 40 ɺ ʣʠʥʝʡʥʦ ʨʘʩʪʸʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʠʬʨʘʢʮʠʠ. 



VII I  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ ʉʊʋɼɽʅʊʆɺ ʀ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʂè                                                          105 

 

ʈʆʉʉʀʗ, ʊʆʄʉʂ, 26 ï 29 ɸʇʈɽʃʗ 2011 ʛ.                          ʌʀɿʀʂɸ 

 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʦʪ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʨʝʟʦʥʘʥʩʦʚ. 
 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ U = 50 ɺ ʚ ʩʣʫʯʘʝ ʨʝʟʦʥʘʥʩʦʚ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. 

 

ʈʠʩ. 4. ʂʨʠʚʳʝ ʢʘʯʘʥʠʷ. 

ʅʘ ʨʠʩ. 4 ʥʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʫ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʘ 11,09Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ. ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʚʳʰʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʝʟ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ 2 ʨʘʟʘ, ʧʨʠʯʝʤ ʰʠʨʠʥʳ ʢʨʠʚʳʭ ʢʘʯʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʥʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʥʳʭ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʠʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʚ ʥʠʭ ʦʙʲʸʤʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʚʘʨʮʝʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʦʩʫʱʝʩʪʚʣʝʥʦ ʫʧʨʘʚʣʷʝʤʦʝ 

ʠʟʤʝʥʝʥʠʝ ʠ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ ʚʣʠʷʥʠʠ ʦʙʲʝʤʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʫʩʠʣʝʥʠʝ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ 

ʧʫʯʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʦʧʪʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʂʇɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʚʝʩʪʚʫʝʪʩʷ ʦ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʩʧʳʪʘʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʤʝʥʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʪ. ʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʠʝ ʢʘʢ, ʤʝʪʦʜ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʪʥʳʭ 

ʙʝʟʜʝʬʝʢʪʥʳʭ ʧʣʝʥʦʢ ʵʣʝʢʪʨʦʣʠʪʘ. ʊʘʢ ʞʝ ʠʤʧʫʣʴʩʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ (ʕʇʆ), 

ʧʦʟʚʦʣʷʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʳʭ ʘʥʦʜʥʳʭ ʧʦʜʣʦʞʝʢ.  

 

 

Die oxidkeramische Brennstoffzelle (Solid Oxide Full Cell - SOFC) - ein vielversprechender Weg, um 

Energie f¿r die Zukunft zu produzieren. Ihre Attraktivitªt beruht auf der hohen Effizienz der direkten 

Umwandlung der chemischen Energie des Brennstoffs in Elektrizitªt. Der Entwicklung von SOFC widmet die 

Aufmerksamkeit eine Reihe von f¿hrenden Lªndern der Welt, darunter in Russland. Bis heute ist ein Faktor, der 

den breiten Vertrieb dieser Art der Brennstoffzelle (FC) zur¿ckhªlt, ihre hohe Betriebstemperatur von ca. 800
0
 

bis 1000
0
 ʉ [1]. F¿r die Bildung der kommerziellen und wirksamen SOFC muss man das aktuelle Problem lºsen 

- seine Betriebstemperatur auf 600
0
 - 750

0
 C zu reduzieren. Dies kann entweder durch den Einsatz neuer 

Materialien Elektrolyten erreicht werden, die eine hohe ionische Leitfªhigkeit bei tiefen Temperaturen haben, 

oder durch eine Verringerung der Dicke der wichtigsten funktionellen Schichten des FC in erster Linie die Dicke 

des Elektrolyt. In Zusammenhang mit den oben genannten Problemen ist ein Objekt der Forschung der 

ultrafeinen Niedrigtemperatur SOFC. Der Zweck der vorliegenden Arbeit ist es, den Einflussgrad der 

Elektronenstrahlsverarbeitung (ESV) von der Anodensubstrat und Elektrolyt, der durch die 

Magnetronsputteranlage auf die Charakteristiken des SOFC zum Verringern von Betriebstemperaturen 

aufgetragen wird. Die Aufgabe der Arbeit ist die Untersuchung den Voltamper ï und Leistungscharakteristiken 

mailto:artemija@sibmail.com
mailto:artemija@sibmai.com
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Abb 1. Schema der Experimentalsanlage (1 ï 

Elektrolyt; 2 ïAnode; 3 ïKathode; 4 ï 

Verdichter (Glasring); 5 ï Platinnetz; 6 ï 

Platindrahten; 7 ï Arbeitsvolumen von Ofen). 

der SOFC bei Temperaturen 550
0
 - 800

0
 C, hergestellt mit unterschiedlichen Verarbeitungsmethoden. 

Zur Zeit werden die Materialien f¿r SOFC verwendet: leitfªhiger zu Sauerstoff-Ionen aus Zirkonoxid mit 

Yttriumoxid (YSZ) stabilisiert, es durch Elektrolyt, Lanthan-Strontium-Manganit (LSM) - eine Kathode, eine 

Nickel-Cermet (Ni + YSZ) - Anode [2]. Aufgrund des gegebenen Elementes wird unmittelbar die Zelle 

hergestellt. Hier ist die eingestellte Eingabe des Oxydiermittels (Sauerstoff oder Luft) auf die Kathode und des 

Wasserstoffes auf die Anode. Ein wichtiger Teil des Brennstoffelementes ist eine einzelne Zelle. Gerade ihre 

Charakteristiken, und zwar, die Abhªngigkeit der Ausgangsspannung von der Stromdichte bestimmen die 

Charakteristiken des Brennstoffelementes insgesamt. Die Verzeichnis und Beschreibung der untersuchten Probe 

sind in Tabelle 1 vorgestellt. 

Tabelle 1 

 Probe 1* Probe 2**  Probe 3***  

Anode Ni+YSZ Ni+YSZ Ni+YSZ 

Elektrolyt YSZ (15 mkm) 

YSZ - 5 mkm (ɜ ~ 50 

kHz, I ~ 3,2 - 3,6 ɸ, U 

~ 420 - 460 V, v ~ 2,3 

mkm/st, P ~ 1,5 kWt) 

YSZ ï 2,7 mkm (ɜ ~ 50 kHz, I 

~ 3,2 - 3,6 ɸ, U ~ 420 - 460 V, 

v ~ 2,3 mkm/st, P ~ 1,5 kWt) 

+ESV (0,8 J/cm
2
, 2 Imp mit 

Erwªrmung bis 700Áʉ) 

Katode LSM (50 mkm) LSM (50 mkm) LSM (50 mkm) 
 

* Das Planarefragment der Konstruktion SOFC ist mit der tragenden Anode. Er ist vom gemeinsamen 

Pressen der Filmkomposition und dem nachfolgenden gemeinsamen Sintern bei der Temperatur bei 1150
0
 C im 

Laufe von 540 Minuten bekommen. Die Kathode war auf den Films Elektrolyt und dem nachfolgenden 

gemeinsamen Sintern bei der Temperatur bei 140
0
 C schmiert. Das resultierende Fragment hatte eine Dicke von 

165 mkm. 

** Experimentells Element wurde mit der Methode der Magnetronsabscheidung hergestellt. Als Substrate hat 

man die restoren porºsen Anoden SOFC verwendet. Die Abscheidung von den Elektrolytsfilm wurden auf einer 

Vakuumanlage gemacht. Sie ist mit einem unausgewogenen Magnetron Ausscheidungssystem mit einer 

Scheibenkathode ausgestattet. Die Kathode besteht aus der Legierung(Zr0,86Y0,14) mit dem Durchmesser von 120 

mm und Dicke von 8 mm. 

*** Verwendet wurde eine Elektronequelle. Er erzeugt den 

niederenergetischen hochstromen Elektronenstrahl mit Energien von 10 

bis 12 keV, Strahlstrom von ~ 15 kA, einen Strahldurchmesser von 70 

bis 80 mm und einer Impulsdauer von 2 bis 3,5 mks. Betriebsdruck in 

der Kammer war 3,8Å10
-4
 Torr. 

Zur Untersuchung der Elektrischeneigenschaften von SOFC mit 

D¿nnschichtselektrolyt haben die elektrochemische Zelle vorbereitet, 

darstellend das System: ʆ2, Pt, La0,7Sr0,3MnO3/ZrO2: Y2O3/(Ni/ ZrO2: 

Y2O3), Pt, H2. Bei der Installation der experimentellen Probe, wirden 

zwei Kissen aus dem Metalldraht (Abb. 1) verwendet, f¿r eine 

optimale Klemmung das Platinnetz mit den Elektroden. 

Prªsentiert in Abb. 2 Voltamper ï und Leistungscharakteristiken der Probe f¿r die Temperatur von 750
0
C 

wurden beim Verbrauch von Wasserstoff (40 ml/min) in dem Anodegasraum und Sauerstoff (250 ml/min) in dem 

Kathodengasraum erhalten. 
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Die Leerlaufspannung Ux von den Brennstoffzellen mit den D¿nnschichtelektrolyten wurde von 1,025 bis 

0,97 V bei der Betriebstemperatur von 750
0
C. Wªhrend des Experiments behielt die Leerlaufspannung seinen 

Wert f¿r alle Muster. Aus der Voltampercharakteristik ist zu erkennen, dass der Spannungsabfall in der Probe 3 

mehr fliessend erfolgt, weil die elektrochemische Reaktion an den Elektroden schneller geschieht. Nach der 

Form der Spannung ¿ber der Stromdichte der Zelle (Abb. 2) ist es klar, dass die Abhªngigkeit der 

Leistungsdichte auf der Stromdichte auch extrem wird. F¿r die Probe wurde schnelles Wachstum der  

Leistungabdenommenen bei der Verkleinerung der Dicke des Elektrolyts beobachtet. Maximale Leistungsdichte 

ist Pmax=427mW/cm
2
, und f¿r Probe 1 (ohne spezielle Behandlung der Elektroden) ist die Leistungsdichte 

Pmax=166 mW/cm
2
. F¿r die experimentellen Proben ist es klar ausgeprªgt, dass die Belastung des 

Stoffaustausches erheberen bei hohen Stromdichten ist. Damit die Leistungsdichte sinkt rasch nach dem 

Erreichen von maximum. 

Die obengegebenen Ergebnisse zeigen die Aussichten mit der Methode der Magnetronsabscheidung f¿r die 

Bildung von dichten fehlerfreien Filmen des Elektrolyts. Gepulste Elektronenstrahlverarbeitung kann eine 

erhebliche  nderung der Mikrostruktur der Oberflªche der porºsen Anodesubstrate hervorrufen. Aufgrund der 

Strahlung ist das Schmelzen der Oberflªchenschicht auf eine Tiefe bis 1 ï 1,5 mkm. Die dichtesten Abdeckungen 

ZrO2:Y2O3 (Gasdurchlªssigkeit -1Å10
-6
cm

4
/gÅs) erhalten im Falle der Anwendung auf die Anodensubstrate, die 

vorher mit Hilfe Impuls ESV abgeªndert sind. Die Ergebnisse der Messung von elektrischen Charakteristiken 

des SOFC zeigen, dass die Methode der Magnetronsabscheidung D¿nnschichtelektrolyten auf die 

Anodensubstrat vorher mit dem Puls des EVS vorlªufig sein, erfolgreich f¿r die Herstellung von SOFC in 

Betriebstemperatur 650
0
-750

0
C verwendet werden kann.  

Diese Daten zeugen davon, dass die Ber¿cksichtigung des technologischen Schemas zur SOFC mit hohen 

elektrischen Parametern erhalten lªsst. Es ermºglicht den Betrieb bei niedrigeren Temperaturen. 
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Abb. 2. Voltamper ï (links) und Leistungscharakteristiken (rechts) der Probe 1, 2, 3 bei 7500 ʉ. 
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COMPARATIVE INVESTIG ATIVE OF INFLUENCE O F VOLTAGE OF MICRO -ARC OXIDATION 
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The influence of voltage of micro-arc oxidation on the properties of calcium-phosphate coating such as 

thickness, porosity, pores sizes, and adhesive behavior has been studied. It was shown that at the increasing 

voltage the line growth of coating parameters as thickness, rougnesss takes place. The optimal range of 

voltage which allows to form of calcium-phosphate coating with the best characteristics was revealed.  

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʨʘʙʦʪ ʧʦ ʥʘʥʝʩʝʥʠʶ ʢʘʣʴʮʠʡʬʦʩʬʘʪʥʳʭ (ʉʘʈ) ʧʦʢʨʳʪʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʠʪʘʥʘ ʤʠʢʨʦʜʫʛʦʚʳʤ ʤʝʪʦʜʦʤ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʨʢʦʥʠʷ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʥʠʦʙʠʝʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʘʈ 

ʧʦʢʨʳʪʠʡ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʘʈ ʧʦʢʨʳʪʠʷ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʪʝʭʥʠʯʝʩʢʠ 

ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ ɺʊ1-0 ʠ ʮʠʨʢʦʥʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʥʠʦʙʠʝʤ (Zr-1 ʤʘʩ.%Nb) ʨʘʟʤʝʨʦʤ 10³10³1 ʤʤ
3
. 

ʄʠʢʨʦʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ MicroArcï3.0 ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ [1]. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʥʘʥʝʩʝʥʠʷ ʉʘʈ ʧʦʢʨʳʪʠʡ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ï 100 ʤʢʩ, ʯʘʩʪʦʪʘ ï 50 ɻʮ, ʚʨʝʤʷ ï ʜʦ 10 

ʤʠʥ ʥʘ ʪʠʪʘʥʝ ʠ ʜʦ 5 ʤʠʥ ʥʘ ʮʠʨʢʦʥʠʠ, ʥʘʧʨʷʞʝʥʠʝï 150õ400 ɺ - ʜʣʷ ʪʠʪʘʥʘ ʠ 150õ300ɺ - ʜʣʷ ʮʠʨʢʦʥʠʷ.  

ʄʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʈʕʄ) ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ SEM 515 (Phillips) ʚ ʅʆʎ ʊɻʋ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʩʬʝʨʦʣʠʪʦʚ ʠ ʧʦʨ) ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ çʩʝʢʫʱʝʡè [2]. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʧʨʦʬʠʣʦʤʝʪʨʝ-296 ʧʦ Ra. ʆʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ 

ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʥʘ ʧʦʨʳ, ʢ ʦʙʱʝʡ ʜʣʠʥʝ ʩʝʢʫʱʠʭ ʣʠʥʠʡ [2]. ʀʩʧʳʪʘʥʠʷ ʥʘ ʘʜʛʝʟʠʦʥʥʫʶ 
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ʧʨʦʯʥʦʩʪʴ çʤʝʪʦʜʦʤ ʦʪʨʳʚʘè [3] ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Instron-1185, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ 

ʘʜʛʝʟʠʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʩʠʣʦʡ, ʦʪʥʝʩʝʥʥʦʡ ʢ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʈʕʄ- ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʜʫʛʦʚʳʭ ʉʘʈ ʧʦʢʨʳʪʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ (ʨʠʩ.1 ʘ-ʚ) ʠ ʮʠʨʢʦʥʠʷ (ʨʠʩ. 1 ʛ-ʝ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ 

ʦʢʩʠʜʠʨʦʚʘʥʠʷ. ʇʨʠ ʥʘʧʨʷʞʝʥʠʠ ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ 150 ɺ, ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ, ʪʘʢ ʠ ʮʠʨʢʦʥʠʷ, 

ʥʘʯʠʥʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʤʠʢʨʦʨʘʟʨʷʜʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʢʨʳʪʠʷ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʮʠʨʢʦʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʣʠʰʴ çʦʩʪʨʦʚʢʠè CaP ʧʦʢʨʳʪʠʷ ʩ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨ ï 0,48 ʤʢʤ, 

ʧʦʨʠʩʪʦʩʪʴ 10%, ʨʠʩ. 1, ʛ, ʪʘʙʣ. 1), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ ʫʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʢʨʳʪʠʝ, 

ʩʦʜʝʨʞʘʱʝʝ ʩʬʝʨʦʠʜʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʨʘʤʠ (ʨʠʩ. 1 ʘ). ʇʨʠ ʵʪʦʤ ʧʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʷ ʥʘ ʪʠʪʘʥʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʨʢʦʥʠʝʤ ʚʦʟʨʘʩʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʥʘʧʨʷʞʝʥʠʠ (ʪʘʙʣ. 1, U=150 ɺ). 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 200-250 ɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦʥʠʷ ʪʘʢʞʝ ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʩʬʝʨʦʣʠʪʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʧʦʨʳ (ʨʠʩ. 1 ʜ). ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʩʬʝʨʦʣʠʪʦʚ ʠ ʧʦʨ, ʘ ʪʘʢʞʝ 

ʧʦʨʠʩʪʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʜʣʷ ʉʘʈ ʧʦʢʨʳʪʠʷ ʥʘ ʮʠʨʢʦʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʪʘʥʦʤ. ʇʦʚʳʰʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʜʦ 300 ɺ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦʥʠʷ ʩ ʨʝʣʴʝʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʯʝʨʝʜʦʚʘʥʠʝ ʛʨʝʙʥʝʡ ʠ ʚʧʘʜʠʥ, ʧʨʠʯʸʤ ʛʨʝʙʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʦʧʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʬʝʨʦʣʠʪʦʚ (ʨʠʩ. 1ʝ). ʆʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 300 ɺ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 15%, ʘ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨ ʜʦ 1,81 ʤʢʤ. 

ʈʠʩ. 1. ʈʕʄ - ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʣʴʮʠʡʬʦʩʬʘʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʥʘʥʝʩʝʥʥʳʭ ʤʝʪʦʜʦʤ ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʠʪʘʥʘ (ʘ, ʙ, ʚ): ʘ) 150 ɺ; ʙ) 200 ɺ; ʚ) 400 ɺ ʠ ʮʠʨʢʦʥʠʷ (ʛ, ʜ, ʝ): ʛ) 150 ɺ; ʜ) 250 ɺ; ʝ) 300 ɺ 
 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 
 

ʇʦʜʣʦʞʢʘ ʅʘʧʨʷʞʝʥʠʝ U, ɺ ʈʘʟʤʝʨ ʧʦʨ Rʧʦʨ, ʤʢʤ ʈʘʟʤʝʨ ʩʬʝʨ Rʩʬʝʨ, ʤʢʤ ʇʦʨʠʩʪʦʩʪʴ ʈ, % 

Ti 150 1,37 6,21 18,7 

Zr-Nb 0,48 - 10 

Ti 200 3,06 14,83 20,34 

Zr-Nb 1,44 6,69 12 

Ti 250 4,79 21,21 22,37 

Zr-Nb 1,49 9,66 13 

Ti 300 3,57 24,97 17,85 

Zr-Nb 1,81 10,32 15 

Ti 350 2,63 31,52 17,71 

Ti 400 5,43 22,79 21,35 

ʘ ʙ ʚ 

ʛ ʜ ʝ 
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ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʪʦʣʱʠʥʳ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ  ʉʘʈ 

ʧʦʢʨʳʪʠʷ. ʊʘʢ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ 150ï300 ɺ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 10 ʜʦ 95 ʤʢʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʢʘʢ ʜʣʷ ʪʠʪʘʥʘ, ʪʘʢ ʠ ʜʣʷ ʮʠʨʢʦʥʠʷ (ʨʠʩ. 2, ʘ). ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʦʚʳʰʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʜʦ 400 ɺ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʧʝʨʝʭʦʜʦʤ ʧʨʦʮʝʩʩʘ 

ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʚ ʜʫʛʦʚʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʧʦʢʨʳʪʠʡ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ 100 ʤʢʤ. ɼʣʷ ʪʠʪʘʥʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʢʨʳʪʠʷ ʨʘʩʪʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 

1,9õ6 ʤʢʤ (ʨʠʩ. 2, ʚ), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʮʠʨʢʦʥʠʷ ʧʘʨʘʤʝʪʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʩʪʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,6õ4,5 ʤʢʤ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 150 ʜʦ 250 ɺ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 300 ɺ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʩʢʘʯʝʢ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʦ 12 ʤʢʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʝʙʥʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʢʦʧʣʝʥʠʝ ʩʬʝʨʦʣʠʪʦʚ, 

ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (ʨʠʩ. 2, ʝ). ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʡ, ʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 

150 ʜʦ 300 ɺ ʜʣʷ ʪʠʪʘʥʘ ʠ ʜʦ 250 ɺ ʜʣʷ ʮʠʨʢʦʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʩʥʠʞʝʥʠʶ ʦʪ 27-10 ʄʇʘ  ʜʣʷ ʪʠʪʘʥʘ ʠ ʦʪ 24 ʜʦ 

4 ʄʇʘ ʜʣʷ ʮʠʨʢʦʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3 ʛ.), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʡ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʧʨʝʚʳʰʘʝʪ 100 ʤʢʤ (ʥʘʧʨʷʞʝʥʠʝ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ï 400 ɺ ʜʣʷ ʪʠʪʘʥʘ ʠ 300 ɺ ʜʣʷ ʮʠʨʢʦʥʠʷ) 

ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʢ ʧʦʜʣʦʞʢʝ ʧʘʜʘʝʪ ʜʦ 2-4 ʄʇʘ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʘʜʛʝʟʠʶ ʧʦʢʨʳʪʠʷ ʢ ʧʦʜʣʦʞʢʝ ʜʦ 35 ʄʇʘ ʠ ʙʦʣʝʝ. 

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʚʦʡʩʪʚ ʉʘʈ ʧʦʢʨʳʪʠʡ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʠʪʘʥʘ ʠ  ʮʠʨʢʦʥʠʷ 

ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ: ʘ) ʪʦʣʱʠʥʳ; ʙ) ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʚ) ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʥʘʥʝʩʝʥʠʷ ʉʘʈ ʧʦʢʨʳʪʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ ʥʘ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʠ ʚʳʷʚʣʝʥ ʜʠʘʧʘʟʦʥ 

ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ ʩ ʥʘʠʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  
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ɽʞʝʛʦʜʥʦ ʚ ʈʦʩʩʠʠ ʦʙʨʘʟʫʶʪʩʷ ʤʠʣʣʠʦʥʳ ʪʦʥʥ ʛʦʨʶʯʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʘʩʣʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʸʟʥʫʶ 

ʫʛʨʦʟʫ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʪʘʢʠʭ 

ʦʪʭʦʜʦʚ (ʚ ʦʩʥʦʚʥʦʤ, ʪʝʨʤʠʯʝʩʢʠʝ) ʩʚʷʟʘʥʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʨʝʜʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʪʭʦʜʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʠ ʧʦʣʫʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ 

ʩʞʠʛʘʥʠʷ ʞʠʜʢʠʭ ʛʦʨʶʯʠʭ ʦʪʭʦʜʦʚ ʚ ʧʣʘʟʤʝʥʥʦʤ ʨʝʘʢʪʦʨʝ. 

 

 

Working process of technological equipment at ISP PC çSiberian chemical enterpriseè leads to formation and 

accumulation of used oil like ʀ-50ɸ and ɺʄ-4, which are utilized in technological furnace by burning [1, 2]. 

Waste gases of technological furnace contain soot, fluorine and uranium compounds, carbon and nitrogen oxides. 

In connection with this, itôs urgent to create new effective technologies for environmental-friendly utilization of 

such wastes [3-5]. 

This work is devoted to the valuation and optimization of used oil burning rates in plasma reactor as 

dispersed combustible compositions of optimal composition (DCC), which have an adiabatic combustion 

temperature not less than 1200
ʦ
ʉ [6]. Reactor circuit is showed at the picture 1. 

 

Pic.1 Plasma reactor circuit: 

1 ï air flow; 2 ï air plasma jet; 3 ï disperser; 4 ï waste gases. 
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Air input into the reactor is carried out via impeller for an achievement of definite swirl angle, which is 

necessary for the uniform distribution by reactor volume of input DCC for burning and stabilization of burning 

flame pattern. Reactor valuations were carried out for the following combustible composition, which has 

adiabatic combustion temperature å1200
ʦ
ʉ (22% of used oil ɺʄ4 : 78% of water). Metrics for PFB reactor 

valuation are showed at the table 1. 

Table 1. 

Metrics for PFB reactor valuation 

Parameter Values range 
Sampling 

increment 

Air flow rate at reactor inlet, Vaf 30é100 m/s 10 m/s 

Air flow swirl angle at the reactor inlet, j 30é60
0
 15

0
 

Air  plasma jet rate at the reactor inlet, Vpj 5é20 m/s 5 m/s 

Temperature of the air plasma jet at the reactor inlet, Tpj 2000é4000 K 500 K 

CWFC droplets size at the reactor inlet, VCWFC 10
-6
é10

-5
 m 2Ŀ10

-6
 m 

CWFC droplets rate, VCWFC 1é10 m/s 1 m/s 

CWFC droplets temperature at the reactor inlet, TCWFC 300é600 K 100 K 

CWFC flowrate at the reactor inlet, WCWFC 500é1500 l/h 500 l/h 

 

 

For PFB reactor valuation a software package ANSYS FLUENT 6.3 was used, which has a large database of 

gaseous, liquid and solid fuels and allows to estimate multi-phase laminar and turbulent flows, heat transfers, 

chemical reactions. For the construction of the PFB reactor model geometry and computational grid program 

Gambit 2.4 was used (pic. 2).  

For PFB reactor valuation non-premixed combustion model was chosen. DCC droplets motion inside the 

reactor was estimated using discrete phase model. Exchange of momentum, heat and mass between the gas and 

Pic.3. Temperature profile of DCC combustion by: 

ʊPJ = 2000 K; VPJ= 20 m/s; VAF=80 m/s; TDCC=600 K; 

WDCC=1000 l/h; VDCC=3 m/s; j=600. 

Pic.2. PFB reactor model computational grid at the 

Gambit 2.4 program 

Pic.4. Temperature profile of DCC combustion by: 

ʊPJ =4000 K; VPJ =20 m/s; VAF =80 m/s; TDCC = 

600K; WCWFC = 1000 l/h; VCWFC = 3m/s; j= 60 

Pic.5. Temperature profile of DCC combustion by: 

ʊPJ = 4000K; VPJ = 20m/s; VAF = 0 m/s; TDCC=600 K; 

WDCC = 1000 l/h; VDCC = 3 m/s; j=300. 
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droplets included in the calculation, alternating with the valuation of droplets trajectories and the continuity 

equation of the gas phase. The initial conditions of the input into the PFB reactor were set by the disperser 

surface with uniformly distributed on its finite number of point sources. 

Pictures 3 ï 5 shows typical temperature profiles of DCC combustion along the reactor at different initial 

parameters of his work 

According to the results of the spent valuations and the analysis of the received results are defined and can be 

recommended for practical realization following reactor operation rates for environmental-friendly used oil 

combustion as DCC of an optimal composition (22% used oil ɺʄ4 : 78% water): 

¶ ʊPJ = 3000 K 

¶ VPJ = 20 m/s 

¶ VAF = 80 m/s 

¶ TDCC = 600 K 

¶ WDCC = 1000 l/h 

¶ VDCC = 3m/s 

¶ j= 30
0
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There is contamination of vacuum oils compounds of uranium and fluorine in the process of technological 

equipment work at the isotope separation plant PC çSiberian Chemical Combineè. Dispose of used oils is carried 

out by spraying and burning in the technological furnace to produce the wet water of flue gas of uranium oxide 

concentrate powders which due to the high content of carbon black is subjected to additional annealing. 

 

 

ʉʞʠʛʘʥʠʝ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ɺʄ-4 ʠ ʀ-50ɸ (ɹʋʄ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʤʝʜʠ ʠ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʦʚ ʛʦʨʝʥʠʷ ʥʝ 

ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʪʭʦʜʦʚ [1, 2]. 

ɼʣʷ ʵʪʠʭ ʦʪʭʦʜʦʚ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʙʫʜʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʫʪʠʣʠʟʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʳ ʚ 

ʚʠʜʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʛʦʨʶʯʠʭ ʚʦʜʦʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (ɻɺʊʂ) ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ [3,4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʝʥʠʷ ɹʋʄ ʦʧʨʝʜʝʣʸʥ ʩʣʝʜʫʶʱʠʡ ʦʧʪʠʤʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ɻɺʊʂ ʩ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʝʥʠʷ å1200
ʦ
ʉ: 22% ɹʋʄ : 78% ɺʦʜʘ. ʇʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚʝ 

ɹʋʄ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʠʣʬʪʦʨʠʜʘ ʠ ʬʪʦʨʘ ʩʦʩʪʘʚʣʷʣʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,00087% ʠ 0,009% [2]. 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʣʘʟʤʝʥʥʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʠ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ ʚʠʜʝ ɻɺʊʂ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300õ4000 ʂ ʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 20õ80 %. 

 

ʈʠʩ.2. ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʩʘʞʠ) ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ɹʋʄ. 

(ʈ=0,1 ʄʇʘ, 92% ʚʦʟʜʫʭ : 8% ɹʋʄ ) 

ʈʠʩ.1  ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʛʘʟʦʦʙʨʘʟʥʳʭ 
ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ɹʋʄ. 

(ʈ=0,1 ʄʇʘ, 92% ɺʦʟʜʫʭ : 8% ɹʋʄ) 

mailto:razor1989@sibmail.com
mailto:razor1989@sibmail.com
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ʅʘ ʨʠʩ. 1 ï 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʘʚʳ ʦʩʥʦʚʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ. 

ʀʟ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 1200-1500 ʂ 

ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ɹʋʄ ʷʚʣʷʶʪʩʷ CO2 ʠ UO2(c). ʆʪʩʫʪʩʪʚʠʝ ʩʘʞʠ ʠ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʉʆ ʠ ʅ2 ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʣʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ ʚʦʟʜʫʰʥʦʡ 

ʧʣʘʟʤʝ. ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ɹʋʄ ʩʚʳʰʝ 8 % ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʩʘʞʠ C(c) ʚ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʘʭ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ 

ʧʣʘʟʤʝʥʥʘʷ ʫʪʠʣʠʟʘʮʠʠ ʪʦʣʴʢʦ ɹʋʄ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʠʭ ʥʝʚʳʩʦʢʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ (ʥʝ ʙʦʣʝʝ 8 %) ʚ 

ʚʦʟʜʫʰʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝ.  

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ɹʋʄ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ɻɺʊʂ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʅʘ ʨʠʩʫʥʢʘʭ 4-6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʘʚʳ ʦʩʥʦʚʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ ʚʠʜʝ ɻɺʊʂ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ. 

ʀʟ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 1200-1500 ʂ 

ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ ʚʠʜʝ ɻɺʊʂ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ CO2 ʠ UO2(c), ʘ ʦʪʩʫʪʩʪʚʠʝ ʩʘʞʠ ʠ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʆ ʠ ʅ2 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʣʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ. 

 

ʈʠʩ.4 ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ɻɺʊʂ. 

(ʈ=0,1 ʄʇʘ, 60% ʚʦʟʜʫʭ : 40% ɻɺʊʂ) 

ʈʠʩ.3. ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (UO2) ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ɹʋʄ. 

(ʈ=0,1 ʄʇʘ, 92% ʚʦʟʜʫʭ : 8% ɹʋʄ) 

ʈʠʩ.5. ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʩʘʞʠ) ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ɻɺʊʂ. 

(ʈ=0,1 ʄʇʘ, 60% ʚʦʟʜʫʭ : 40% ɻɺʊʂ) 

ʈʠʩ.6.  ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (UO
2
(c) ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ɻɺʊʂ. (ʈ=0,1 ʄʇʘ, 60% ʚʦʟʜʫʭ : 40% ɻɺʊʂ) 
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ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ɻɺʊʂ ʩʚʳʰʝ 40 % ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʩʘʞʠ C(c) ʚ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʘʭ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʧʣʘʟʤʝʥʥʘʷ ʫʪʠʣʠʟʘʮʠʠ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ 

ʚʠʜʝ ɻɺʊʂ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ɹʋʄ (22 %) ʚ 

ʚʦʟʜʫʰʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʣʘʟʤʝʥʥʫʶ ʫʪʠʣʠʟʘʮʠʶ 1 ʢʛ ʙʳʚʰʠʭ ʚ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ ʚʠʜʝ ɹʋʄ ʠ ɻɺʊʂ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʊʘʙʣʠʮʘ 1  

ʋʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʣʘʟʤʝʥʥʫʶ ʫʪʠʣʠʟʘʮʠʶ 1 ʢʛ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ 

Tʨʘʙ, K 500 1000 1500 

ʕʫʜ, ʄɼʞ/ʢʛ (92 % ɺʦʟʜʫʭ : 8 % ɹʋʄ) 2,75 10,88 19,25 

ʕʫʜ, ʄɼʞ/ʢʛ (60 % ɺʦʟʜʫʭ : 40 % ɻɺʊʂ) 0,75 3,55 5,85 

 

ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʣʘʟʤʝʥʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʙʳʚʰʠʭ ʚ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʘʩʝʣ ʚ ʚʠʜʝ ɻɺʊʂ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ɹʋʄ.  

ʉ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ɹʋʄ ʚ ʚʠʜʝ ɻɺʊʂ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ: 

¶ ʠʥʪʝʨʚʘʣ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 1200-1500ʂ; 

¶ 60% ɺʦʟʜʫʭ : 40% ɻɺʊʂ (22% ɹʋʄ : 78% H2O).  
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This paper focuses on the results of electro physics characteristics measurements of 

polymethylmethacrylate + multiwall carbon nanotubes (MWCNT) and/or nanopowders of M-, W-, Z- 

hexaferrite composites. Composite containing MWCNTs has a frequency dependence of permittivity. 

Composite with MWCNTs and nanopowders do not have the frequency dependence of permittivity. Obtained 

results can be used for calculation of microwave absorbers. 

 

 

ʅʘʥʦʪʨʫʙʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʫʛʣʝʨʦʜʘ, ʜʠʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʧ., 

ʥʘʥʦʧʦʨʦʰʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʝʦʙʳʯʥʳʝ ʩʚʦʡʩʪʚʘ 

ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ (ʤʘʣʳʡ ʚʝʩ, ʥʘʥʦʨʘʟʤʝʨʳ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚ ʢʘʢ 

ʩʘʤʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʪʘʢ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ï ʩʧʝʢʪʨʘʭ ʤʘʛʥʠʪʥʦʡ (ʄʇ) ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ (ɼʇ) ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ï ʥʝʦʙʭʦʜʠʤʘ: ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʪʘʢʠʭ ʢʘʢ ʬʠʣʴʪʨʳ, ʬʘʟʦʚʨʘʱʘʪʝʣʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ ʜʨ.); ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʛʣʦʱʘʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʙʣʦʢʦʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʙʝʟʵʭʦʚʳʭ ʢʘʤʝʨ. 

ʀʜʝʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʕʄʀ) ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣ, ʫ 

ʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ Ů = Ůô ï iŮò ʠ ʤʘʛʥʠʪʥʦʡ ɛ = ɛô ï iɛò ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʨʘʚʥʳ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʠʤʝʶʱʝʛʦ |Ů| = |ɛ|, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ɹʣʠʟʦʩʪʴ ʟʥʘʯʝʥʠʡ ɼʇ ʠ ʄʇ ʚ 

ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, 

ʧʨʠʯʝʤ ʥʘ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʨʘʟʤʝʨʳ ʚʢʣʶʯʝʥʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʧʝʢʪʨʦʚ ɼʇ ʠ ʄʇ) ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ 
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ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʦʢʩʠʜʥʳʭ ʬʝʨʨʠʤʘʛʥʝʪʠʢʦʚ ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʂʦʤʧʦʟʠʪʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʀʥʩʪʠʪʫʪʝ ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʨʠʤʝʥʷʣʠʩʴ 

ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʄʋʅʊ) ʩ ʚʥʝʰʥʠʤʠ ʜʠʘʤʝʪʨʘʤʠ: 8ï10 ʥʤ ʠ ʜʣʠʥʦʡ 10ï30 ʤʢʤ, ʘ 

ʪʘʢʞʝ ʧʦʨʦʰʢʠ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 100 ʥʤ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩ 2%-ʦʡ ʚʝʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʄʋʅʊ ʠ 35% ʚʝʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʬʝʨʨʠʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʜʣʠʥʥʳʝ ʪʦʥʢʠʝ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʩʪʝʨʞʥʠ ʰʠʨʠʥʦʡ 2ï3 ʤʤ ʠ ʜʣʠʥʦʡ 60ï70 ʤʤ. ʊʦʣʱʠʥʘ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 

0,20Ñ0,03 ʤʤ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ɼʇ ʢʦʤʧʦʟʠʪʘ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʟʦʥʘʥʩʥʳʡ ʤʝʪʦʜ. ʀʟʤʝʨʠʪʝʣʴʥʳʤʠ ʷʯʝʡʢʘʤʠ 

ʷʚʣʷʣʠʩʴ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʤʥʦʛʦʤʦʜʦʚʳʝ ʨʝʟʦʥʘʪʦʨʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʷʣʘ ʠʟ 

ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ Agilent Teʩhnologies E8363B ʠ ʥʘʙʦʨʘ ʪʨʝʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ, 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 3 ɻɻʮ ʜʦ 13 ɻɻʮ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʠʟʤʝʨʝʥʠʷ, ʩʥʘʯʘʣʘ ʩʥʠʤʘʝʪʩʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

(ɸʏʍ) ʧʫʩʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʘ ʟʘʪʝʤ ɸʏʍ ʨʝʟʦʥʘʪʦʨʘ ʩ ʧʦʤʝʱʝʥʥʳʤ ʚ ʥʝʛʦ ʦʙʨʘʟʮʦʤ. ʇʨʠ ʵʪʦʤ 

ʠʟʤʝʨʷʶʪʩʷ: ɤ0 ʠ ɤ ï ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ, ʠ ʧʦʣʫʰʠʨʠʥʳ ʨʝʟʦʥʘʥʩʥʳʭ ʢʨʠʚʳʭ ɽ ʠʣʠ H-ʤʦʜʳ ʧʫʩʪʦʛʦ ʠ 

ʥʘʛʨʫʞʝʥʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʪʨʦʷʪʩʷ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɼʇ ʠʣʠ ʄʇ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ [1].  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʮʳ ʥʝ ʚʥʦʩʷʪ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ɸʏʍ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ H-ʚʦʣʥʝ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʙʣʠʟʢʘ ʢ 1. ʇʨʠ ʠʟʤʝʨʝʥʠʠ 

ɸʏʍ ʨʝʟʦʥʘʥʩʥʳʭ ʢʨʠʚʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɽ-ʚʦʣʥʝ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ 

ʧʦʪʝʨʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝ ʫʜʘʣʦʩʴ ʚʳʯʠʩʣʠʪʴ ʤʥʠʤʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 22,5Ñ0,5 Áʉ. 

 ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ɼʇ eô(f) ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʄʋʅʊ ʠ ʧʦʨʦʰʢʠ ʬʝʨʨʠʪʦʚ ʄ-, W- ʠ Z-ʪʠʧʘ. ʋ ʢʦʤʧʦʟʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʰʢʠ ɺʘʄ ʠ ʉʦ2Z, ɼʇ 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʦʨʷʜʢʘ 20, ʧʨʠʯʝʤ ʚʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ. ʂʦʤʧʦʟʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʦʨʦʰʦʢ 

 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʄʋʅʊ ʠ 

ʧʦʨʦʰʢʠ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʄ-, W- ʠ Z-ʪʠʧʘ. 
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ʬʝʨʨʠʪʘ ʉʦ0,6Zn1,4W, ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ɼʇ ï ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʩʧʘʜ ʦʪ 43 

ʦʪʥ.ʝʜ. ʥʘ ʯʘʩʪʦʪʝ 3 ɻɻʮ ʜʦ 25 ʦʪʥ.ʝʜ. ʥʘ ʯʘʩʪʦʪʝ 12 ɻɻʮ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʚʣʠʷʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ɼʇ 

ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ ʇʄʄɸ + ʄʋʅʊ (ʜʠʘʤʝʪʨ 8ï10 ʥʤ) ʠ/ʠʣʠ ʧʦʨʦʰʦʢ ʬʝʨʨʠʪʘ (ʨʠʩʫʥʦʢ 2).  

ʂʦʤʧʦʟʠʪʳ, ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʬʝʨʨʠʪʦʚʳʝ ʧʦʨʦʰʢʠ (ʇʄʄɸ + Ba3Co2Fe24O41 ʠ 

ʇʄʄɸ + BaFe12O19), ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ eô å 3 ʦʪʥ. ʝʜ., ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɼʇ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʚ ʇʄʄɸ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ɼʇ ʢʦʤʧʦʟʠʪʘ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʇʄʄɸ + ʄʋʅʊ + ʧʦʨʦʰʦʢ ʛʝʢʩʘʬʝʨʨʠʪʘ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ 20 ʦʪʥ. ʝʜ. ʚʦ ʚʩʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ ʩ ʄʋʅʊ 

ʠʤʝʶʪ ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ɼʇ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʚ ʥʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʧʦʨʦʰʢʦʚ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʄ- ʠ Z-ʪʠʧʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ɼʇ ʥʘ ʫʨʦʚʥʝ 20 ʦʪʥ.ʝʜ. ʅʘʥʦʨʘʟʤʝʨʥʳʡ 

ʧʦʨʦʰʦʢ ʛʝʢʩʘʬʝʨʨʠʪʘ W-ʪʠʧʘ, ʜʦʙʘʚʣʝʥʥʳʡ ʚ ʢʦʤʧʦʟʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʄʋʅʊ, ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʝʛʦ 

ɼʇ ʧʨʠʤʝʨʥʦ ʥʘ 5ï7 ʦʪʥ.ʝʜ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ) 

ʧʦʛʣʦʪʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʟʘʱʠʪʳ ʦʪ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʩʦʪʨʫʜʥʠʢʘʤ 

ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʠʤ. ʂ.ɻ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ɺ.ʃ. ʂʫʟʥʝʮʦʚʫ ʠ ʀ.ʅ. ʄʘʟʦʚʫ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘʤʠ ɸɺʎʇ ˉ 2.1.1./13631, ˉ 2.1.1./13220 ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʥʪʨʘʢʪʦʤ ˉ 8691ʨ/13125. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʄʋʅʊ ʠ/ʠʣʠ: (ʘ) ʧʦʨʦʰʦʢ ʛʝʢʩʘʬʝʨʨʠʪʘ Co2Z; (ʙ) ʧʦʨʦʰʦʢ ʛʝʢʩʘʬʝʨʨʠʪʘ BaM. 
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There was made a research of the security control of çdryè storing of used nuclear and radioactive fuel 

after discharge it from the reactors PWR and BWR. Problem with storing used fuel is one of the most 

important nowadays, because the fuel from PWR and BWR is not converted and it is stored in çwetè 

temporary fuel storage pools at nuclear plants. The main theme of this work is to examine a storability of dry 

nuclear fuel storage. There is given an analyze of multiplication constant kʵʬʬ for dry storage. The summary 

of the work is that there is an ability of storing irradiated nuclear and radioactive fuel in çdryè storing 

systems and it is much more safety than çwetè storage. 

 

 

ʉʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʝʤʧʳ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʝʰʥʠʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʷʜʝʨʥʦ-ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʭʨʘʥʝʥʠʝʤ ʆʗʊ ʠ ʝʛʦ 

ʧʝʨʝʨʘʙʦʪʢʦʡ. 

ʇʨʦʛʥʦʟʳ, ʩʜʝʣʘʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ 20ï30 ʣʝʪ ʦʞʠʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʥʘʢʦʧʣʝʥʠʷ ʆʗʊ ʚ ʤʠʨʝ ʧʨʠʤʝʨʥʦ ʚ 2ï3 ʨʘʟʘ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʭʨʘʥʝʥʠʝ ʆʗʊ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ʈɹʄʂ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʭʨʘʥʠʣʠʱʘʭ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʍʨʘʥʠʣʠʱʘ ʆʗʊ ʈɹʄʂ-1000, ɺɺʕʈ-440, -1000, ɹʅ-600, ʕɻʇ-6 ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʚ 60ï70 ʛʦʜʘʭ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʢʦʛʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʟʘʤʢʥʫʪʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʮʠʢʣʘ ʠʟʤʝʥʠʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ ʭʨʘʥʝʥʠʷ ʪʦʧʣʠʚʘ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʚʤʝʩʪʠʤʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʭʨʘʥʠʣʠʱ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʆʗʊ 

ʨʝʘʢʪʦʨʦʚ ʈɹʄʂ ʠ ɺɺʕʈ, ʪʘʢ ʢʘʢ ʪʦʧʣʠʚʦ ʈɹʄʂ-1000, ɺɺʕʈ-1000, ʕɻʇ-6 ʥʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʭʨʘʥʝʥʠʠ çʤʦʢʨʳʤè ʩʧʦʩʦʙʦʤ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ-ʭʨʘʥʠʣʠʱʘʭ ʥʘ ɸʕʉ, ʢʦʪʦʨʳʝ 

ʙʣʠʟʢʠ ʢ ʟʘʧʦʣʥʝʥʠʶ. ɼʣʷ ʩʥʷʪʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤʫ ʭʨʘʥʝʥʠʶ (50 ʠ ʙʦʣʝʝ ʣʝʪ) ʆʗʊ. 

ɽʱʝ ʦʜʥʘ ʧʨʠʯʠʥʘ ʧʦʚʳʰʝʥʠʷ ʚʤʝʩʪʠʤʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʤʝʪʴ ʨʝʟʝʨʚʥʳʝ ʤʝʩʪʘ ʜʣʷ 
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ʚʳʛʨʫʟʢʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʘʚʘʨʠʡʥʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠʣʠ ʝʸ ʯʘʩʪʝʡ. ʅʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʪʨʝʙʦʚʘʣʠ ʘʥʘʣʠʟʘ ʦʙʰʠʨʥʦʛʦ ʧʝʨʝʯʥʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʡ. 

ʇʦʩʣʝ ʟʘʤʝʪʥʦʛʦ ʨʘʩʧʘʜʘ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʝ ʆʗʊ ʚ ʚʦʜʝ 

ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʝʨʝʭʦʜ ʥʘ çʩʫʭʦʡè ʤʝʪʦʜ ʭʨʘʥʝʥʠʷ ʆʗʊ. 

ʀʤʝʥʥʦ ʢʦʥʪʨʦʣʴ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʠʩʪʝʤʘʭ çʩʫʭʦʛʦè ʭʨʘʥʝʥʠʷ ʆʗʊ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. ʊʘʢʞʝ ʥʘ ʧʨʠʤʝʨʝ ʩʫʭʦʛʦ ʭʨʘʥʠʣʠʱʘ ʆʗʊ (ʉʍʆʗʊ) ʥʘ ʌɻʋʇ çɻʦʨʥʦ-

ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʟʘʛʨʫʟʦʢ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʫʨʦʚʥʠ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʭʨʘʥʠʣʠʱʘ ʜʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ. 

ʅʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʉʍʆʗʊ. 

ʄʠʨʦʚʦʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʩʫʭʠʭè ʭʨʘʥʠʣʠʱ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ, ʯʝʤ ʚ ʙʘʩʩʝʡʥʘʭ ʩ ʚʦʜʦʡ, ʫʨʦʚʝʥʴ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʧʨʦʯʥʳʭ ʠ ʛʝʨʤʝʪʠʯʥʳʭ ʛʥʝʟʜ ʭʨʘʥʝʥʠʷ ʠ ʧʝʥʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʝʢʪʥʳʝ ʠ 

ʟʘʧʨʦʝʢʪʥʳʝ ʘʚʘʨʠʠ, ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʤʝʜʣʠʪʝʣʝʡ ʥʝʡʪʨʦʥʦʚ ʚ ʢʘʤʝʨʘʭ ʠ ʧʝʥʘʣʘʭ. 

ʍʨʘʥʝʥʠʝ ʆʊɺʉ ʚ ʈʦʩʩʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʛʥʝʟʜʘʭ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʘʶʪʩʷ 

ʛʝʨʤʝʪʠʯʥʳʝ ʧʝʥʘʣʳ ʩ ʆʊɺʉ. ʂʘʞʜʘʷ ʢʘʤʝʨʘ ʭʨʘʥʝʥʠʷ ʠʤʝʝʪ 242 ʛʥʝʟʜʘ ʜʣʷ ʛʝʨʤʝʪʠʯʥʳʭ ʧʝʥʘʣʦʚ ʩ 

ʆʊɺʉ ʈɹʄʂ-1000, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʥʝʟʜʝ ʚ ʜʚʘ ʷʨʫʩʘ. ɺ ʢʘʞʜʦʤ ʛʥʝʟʜʝ ʨʘʟʤʝʱʘʝʪʩʷ 3,503 ʪ (ʧʦ ʫʨʘʥʫ) 

ʆʗʊ ʨʝʘʢʪʦʨʘ ʈɹʄʂ-1000 (ʠʣʠ 2,4 ʪʦʥʥʳ ʆʗʊ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000). 

ɼʣʷ ʨʘʩʯʝʪʦʚ kʵʬʬ ʉʍʆʗʊ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ SCALE 5.0. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʧʣʠʚʘ ʨʝʘʢʪʦʨʘ ʈɹʄʂ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

¶ ʫʨʘʥʦʚʦʝ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʩ ʦʙʦʛʘʱʝʥʠʝʤ ʦʪ 1,6 % ʜʦ 2,8 %; 

¶ ʫʨʘʥ-ʵʨʙʠʝʚʦʝ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʤʝʩʠ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʩ ʦʙʦʛʘʱʝʥʠʝʤ 2,0, 2,4, 2,6 ʠ ʦʢʠʩʠ ʵʨʙʠʷ ʩ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʨʙʠʷ ʚ ʫʨʘʥʝ 0,41 %; 

¶ ʫʨʘʥ-ʵʨʙʠʝʚʦʝ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʤʝʩʠ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʩ ʦʙʦʛʘʱʝʥʠʝʤ 2,8 % ʠ ʦʢʠʩʠ ʵʨʙʠʷ ʩ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʨʙʠʷ ʚ ʫʨʘʥʝ 0,6 %. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ: 

¶ ʊʦʧʣʠʚʦ ʚ ʧʝʥʘʣʘʭ çʩʚʝʞʝʝè (ʧʨʦʝʢʪʥʘʷ ʘʚʘʨʠʷ). 

¶ ʆʙʲʝʤ ʧʝʥʘʣʘ ʧʦʣʥʦʩʪʴʶ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥ. 

¶ ɸʥʘʣʠʟ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʡ ʧʨʦʠʟʚʦʜʝʥ ʩ ʫʯʸʪʦʤ ʛʣʫʙʠʥʳ ʚʳʛʦʨʘʥʠʷ. 

¶ ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ (U
235

, Pu
239

, Pu
241
) ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ ʦʮʝʥʝʥʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ. 

¶ ʀʟ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ Sm
149

. 

¶ ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. 

¶ ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʧʦʥʪʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʠʟʦʪʦʧʳ Pu, Am ʠ Cm. 

¶ ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (a,n)-ʥʝʡʪʨʦʥʦʚ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʠʦʢʩʠʜʳ: Pu
238
ʆ2, Am

241
ʆ2, 

Cm
242
ʆ2 ʠ Cm

244
ʆ2. 

¶ ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʷʜʝʨʥʦ-ʙʝʟʦʧʘʩʥʦʡ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ kʵʬʬÒ0,85. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ. 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʷ kʵʬʬ ʠ ʥʝʡʪʨʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʗʊ ʩ ʥʘʯʘʣʴʥʳʤ 

ʦʙʦʛʘʱʝʥʠʝʤ 2 % ʧʦ U
235

 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 
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ʈʠʩ. 1. ɿʥʘʯʝʥʠʝ ʧʦʪʦʢʦʚ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʶʥʠʪʘ ʚ ʤʘʩʩʠʚʝ. 

ɺʳʚʦʜʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʨʝʛʣʘʤʝʥʪʥʳʭ ʩʭʝʤ 

çʟʘʛʨʫʟʢʠè ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʧʨʦʮʝʜʫʨʳ çʟʘʛʨʫʟʢʠè ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʥʘʣʦʚ ʩ ʆʊɺʉ ʚ ʉʍʆʗʊ. ʕʪʦ ʚʳʟʚʘʥʦ 

ʪʝʤ, ʯʪʦ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʜʢʨʠʪʠʯʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʉʍʆʗʊ 

ʚʣʠʷʶʪ: 

1) ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʧʝʥʘʣʦʚ; 

2) ʥʘʯʘʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʠ ʩʦʩʪʘʚ ʆʊɺʉ; 

3) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʉʍʆʗʊ ʧʝʥʘʣʘʤʠ ʩ ʆʊɺʉ. 

 

Cʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɺʥʫʢʦʚ ɺ.ʉ. ɻʣʫʙʠʥʘ ʚʳʛʦʨʘʥʠʷ ʢʘʢ ʧʘʨʘʤʝʪʨ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʧʘʢʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʪʦʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ. ï ɸʪʦʤʥʘʷ ʪʝʭʥʠʢʘ ʟʘ ʨʫʙʝʞʦʤ, 1990, 

ˉ 12, ʩ. 9 ï 11. 
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ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʙʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʜʝʩʦʨʙʮʠʶ ʚʦʜʦʨʦʜʘ ʠʟ ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʘ ɺʊ1-0. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ, ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ, ʦʙʣʫʯʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʦʙʩʫʞʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

 

 

Researching of hydrogen influence on the metal properties and opportunity of using hydrogen as a fuel makes it 

necessary to study the behavior of hydrogen in metals. One of the methods of preparing experimental samples is the 

hydrogen saturation from the gas environment. The aim of our study is to study the influence of  X-rays on the 

hydrogen desorption from titanium alloys VT1-0. 

Experimental technique. Experimental samples were prepared from titanium alloy 5 Ĭ 10 mm. The process of 

sample preparation included grinding, polishing and annealing. Grinding was carried out with sandpaper with different 

grain sizes from 500mkm to 2500mkm. When changing the sandpaper from one to another the direction of grinding 

(horizontal or vertical) with respect to the samples was changed and the samples were rubbed with alcohol to remove 

the accumulated metal dust. In the horizontal direction of grinding amplitude of the arm swing is maximum and in the 

vertical direction - minimal. Polishing was performed with very fine sandpaper (4000) in the horizontal direction to the 

luster of the samples. The samples were then annealed in a vacuum oven at 750
0
C for 60 minutes. 

Hydrogenation was performed at the facility çGas Reaction Controllerè (Fig. 1). The vacuum chamber was 

evacuated to the pressure p0 = 10
-6
 atm and heating of the samples was carried out to the temperature of 550

0
C. After 

Figure 1. The equipment çGas Reaction Controllerè. 
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pumping out the gases that are desorbed from the sample during heating, 

the chamber was quickly filled with hydrogen to a predetermined pressure. 

The initial hydrogen pressure was 2 atm., while the time of keeping the 

samples in a hydrogen atmosphere was 60 and 180 minutes for different 

samples. Depended of the chamber pressure on time and temperature is 

automatically recorded by the computer. In the same mode two samples 

were placed in the camera. In one sample, the hydrogen concentration was 

measured immediately after the saturation in the gas phase and the second 

sample had previously been irradiated and then examined for the hydrogen 

content in it. The samples were irradiated by X-ray machine INTROVOLT 

- 180 (Fig. 2) (anode material is tungsten). Irradiation parameters: current 

5mkA, 120 volt, 30 minutes. 

The measurement of hydrogen concentration in the samples was 

carried out using the RHEN602 hydrogen gas analyzer (Figure 3). 

RHEN602 analyzer is used to measure hydrogen in large quantities of 

metals and inorganic materials, using the principle of melting in an inert atmosphere. The pre-weighed sample is 

placed in the gateway, and after the degassing of the graphite crucible is dropped into it. The sample is melted in 

a reducing atmosphere of the graphite crucible in an inert gas. Hydrogen present in the sample is released as 

molecular hydrogen and measured in the hot cell. Averaged results of measurements of hydrogen concentration 

are presented in table 1. 

Table 1. 

The hydrogen content in the samples in weight percent. 

Saturation times H H+X-ray 

60 minutes 0,0145 0,0122 

180 minutes 0,0162 0,00921 
 

Discussion of results. The hydrogen content in the irradiated samples was on average 25% less than the 

hydrogen content in the samples measured without irradiation. In the process of x-irradiation the sample was 

exposed to an intense flux of ionizing radiation. As a result, hydrogen as the most lightweight and mobile 

impurity could be redistributed in the analyzed layer or leave the sample through the surface. 

The development of theoretical ideas about mechanisms of radiation-stimulated migration is presented in the 

theory proposed in [1], it is assumed that radiation-stimulated migration of light impurity atoms and defects is 

stimulated by the heavy traffic of hydrogen. As a result of studies a new phenomenon has been founded - excitation of 

the hydrogen subsystem by radiation. Hydrogen occupies the equivalent position within the metal forms its own sub-

system in the crystal lattice, having frequencies that lie outside the phonon spectrum of the crystal. When the energy is 

supplied by radiation the excitation of vibrational degrees of freedom of the hydrogen subsystem occurs. 

Nonequilibrium fluctuations in the hydrogen subsystem are long-lived in the time scale of electron relaxation in 

metals. Thus, migration in and out of the hydrogen atoms is not driven by the energy of thermal fluctuations equal to 

kT and the energy of the nonequilibrium fluctuations of the hydrogen subsystem is significantly greater than kT. 

The cause of the acceleration of hydrogen desorption from metals and alloys under the action of  ionizing 

radiation may be a reduction in the surface potential barrier to the neutralization of H + ,the formation of H2 

molecules and its desorption into the gas phase . Desorption of molecules, as a rule, energetically more favorable 

compared to desorption of atoms [1]. 

Fig. 2. X-ray machine INTROVOLT - 180. 

Fig. 3. Hydrogen analyzer RHEN-602. 
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At the X-ray irradiation of titanium alloy VT1-0, pre-saturated with hydrogen, hydrogen desorption observed, 

which confirms the theoretical concepts of the influence of X-radiation on metal-hydrogen system. 
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Examinations of a composition of the TiO2 and TiNxOy structures gained by a plasma spraying on 

stainless steel and ability of their structures to hydrogen accumulate are presented. Examinations were made 

by thermo-stimulated gas extraction method, together with the secondary ion mass spectrometry and electron 

auger- spectrometry methods. 

 

 

ɺʚʝʜʝʥʠʝ. ʀʥʪʝʨʝʩ, ʧʨʦʷʚʣʷʝʤʳʡ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʩʚʷʟʘʥ ʩ ʠʭ 

ʥʝʦʙʳʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʝʥʩʦʨʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʇʦʢʨʳʪʠʷ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ, ʪʘʢʠʝ ʢʘʢ ʝʛʦ ʦʢʩʠʜʳ ʠ ʥʠʪʨʠʜʳ, ʩʧʦʩʦʙʥʳ ʫʣʫʯʰʠʪʴ ʘʥʪʠʪʨʦʤʙʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʭ ʠʤʧʣʘʥʪʘʪʦʚ [1].  

ʀʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʢʨʳʪʠʷ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦ ʧʨʝʞʥʝʤʫ ʜʘʣʝʢʘ ʦʪ ʠʜʝʘʣʘ. ɺ ʨʘʙʦʪʝ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʫʝʤʳʝ TiO2 ʧʣʝʥʢʠ 

ʫʣʫʯʰʘʶʪ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʝʤʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʜʛʝʟʠʷ ʪʨʦʤʙʦʮʠʪʦʚ ʠ ʘʜʩʦʨʙʮʠʷ 

ʬʠʙʨʠʥʦʛʝʥʘ ʥʠʞʝ ʜʣʷ TiNxOy ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ TiO2, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʝʥʴʰʝʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʣʷʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ TiNxOy. ʅʘʠʣʫʯʰʘʷ 

ʛʝʤʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʫ ʧʦʢʨʳʪʠʡ ʩʦʩʪʘʚʘ TiN0.4O1.6 [3]. 

ʇʘʨʘʣʣʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʦʩʪʘʚʦʚ ʫʢʘʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʨʘʟʮʳ ʥʘʩʳʱʘʣʠʩʴ ʚʦʜʦʨʦʜʦʤ ʠ 
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ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʠ 

ʭʨʘʥʝʥʠʶ ʚʦʜʦʨʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʝʩʪʴ ʜʘʥʥʳʝ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʭʨʘʥʠʪʝʣʷʤʠ ʚʦʜʦʨʦʜʘ, ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɹʠʦʩʦʚʤʝʩʪʠʤʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ 

(TiO2) ʠ ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ (TiON) 

ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʳ ʧʣʦʱʘʜʴʶ 1³1ʩʤ
2
 

ʤʝʪʦʜʦʤ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 

çʋɺʅ-200ʄʀè [4]. ʅʘʧʳʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 
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 ʘʪʤ. ʚ ʩʨʝʜʝ ʢʠʩʣʦʨʦʜʘ ʠʣʠ 

ʘʟʦʪʘ, ʣʠʙʦ ʚ ʩʤʝʩʠ ʫʢʘʟʘʥʥʳʭ ʛʘʟʦʚ ʩ ʘʨʛʦʥʦʤ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʛʘʟʦʚ ʜʣʷ ʧʣʝʥʢʠ TiO2 (ʨʝʞʠʤ I) - 

ʢʠʩʣʦʨʦʜ: ʘʨʛʦʥ = 3,5:0,05, ʜʣʷ TiON (ʨʝʞʠʤ II) 

- ʢʠʩʣʦʨʦʜ:ʘʟʦʪ:ʘʨʛʦʥ = 2,0:2,5:0,05. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʠ 12ʍ18ʅ10ʊ. ʅʘʧʨʷʞʝʥʠʝ ʨʘʟʨʷʜʘ ʩʦʩʪʘʚʠʣʦ 335 ɺ, ʪʦʢ 2,3 ɸ, ʚʨʝʤʷ ʥʘʧʳʣʝʥʠʷ ʜʣʷ ʧʣʝʥʢʠ 

TiON ʩʦʩʪʘʚʠʣʦ 1 ʯ 20 ʤʠʥ, ʜʣʷ ʧʣʝʥʢʠ TiO - 1 ʯ 30 ʤʠʥ. ʊʦʣʱʠʥʘ ʧʦʢʨʳʪʠʡ ~230 ʥʤ.  

ʅʘʩʳʱʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʉʠʚʝʨʪʩʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 

P=2 ʘʪʤ. ʠ P=5 ʘʪʤ. ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʮʘ ʊ=773 ʂ ʚ ʪʝʯʝʥʠʝ 2 ʠ 4 ʯ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʨʤʦʜʝʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʨʘʟʮʦʚ (ʊɼʉ-ʘʥʘʣʠʟ) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʫʩʪʘʥʦʚʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [5]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʪʦʤʥʦʛʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʚʪʦʨʠʯʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɺʀʄʉ) ʥʘ ʧʨʠʙʦʨʝ ʄʉ-7201ʄ 

ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕʆʉ) ʥʘ 

ʫʩʪʘʥʦʚʢʝ çʐʭʫʥʘè. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

OriginPro 7.0 (OriginLab Comporation). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʣʝʥʢʠ 

ʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʕʆʉ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʚ ʩʦʩʪʘʚʝ ʧʦʢʨʳʪʠʷ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʠʪʘʥ ʠ ʢʠʩʣʦʨʦʜ. ʆʜʥʘʢʦ ʥʠ 

ʕʆʉ, ʥʠ ɺʀʄʉ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʠʩʫʪʩʪʚʠʷ ʘʟʦʪʘ ʚ ʧʦʢʨʳʪʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʞʠʤʝ II. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʨʘʟʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʩ ʧʣʝʥʢʦʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʠ 

ʦʢʩʠʥʠʪʨʠʜʘ ʪʠʪʘʥʘ, ʠʩʭʦʜʥʳʭ ʠ ʥʘʩʳʱʝʥʥʳʭ ʚʦʜʦʨʦʜʦʤ ʤʝʪʦʜʦʤ ʉʠʚʝʨʪʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʪʠʪʘʥʝ ʚ ʧʣʝʥʢʘʭ 

ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʠ ʦʢʩʠʥʠʪʨʠʜʘ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ɺʀʄʉ. 1 - TiO2, ʠʩʭʦʜʥʳʡ ʙʝʟ ʚʦʜʦʨʦʜʘ; 2 - TiO2, 

ʥʘʩʳʱʝʥʥʳʡ ʤʝʪʦʜʦʤ ʉʠʚʝʨʪʩʘ, ʊ=773 ʂ, ʈ=2 ʘʪʤ., t=2 ʯ; 3 

- TiON, ʠʩʭʦʜʥʳʡ ʙʝʟ ʚʦʜʦʨʦʜʘ; 4 ï TiON, ʥʘʩʳʱʝʥʥʳʡ 

ʤʝʪʦʜʦʤ ʉʠʚʝʨʪʩʘ, ʊ=773 ʂ, ʈ=2 ʘʪʤ., t=2 ʯ. 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʧʦ ʛʣʫʙʠʥʝ. 1 ï ʫʛʣʝʨʦʜ; 2 ï ʪʠʪʘʥ; 3 ï ʢʠʩʣʦʨʦʜ; 4 ï ʞʝʣʝʟʦ. 
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ɺʀʄʉ. ʀʟ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʠʩʭʦʜʥʳʭ ʥʝʥʘʚʦʜʦʨʦʞʝʥʥʳʭ ʧʣʝʥʦʢ, ʢʘʢ ʦʢʩʠʜʘ ʪʠʪʘʥʘ, 

ʪʘʢ ʠ ʦʢʩʠʥʠʪʨʠʜʘ (ʨʠʩ. 2, ʢʨʠʚʳʝ 1,3) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʜʦʨʦʜ, ʧʨʠʯʝʤ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʘ ʦʢʩʠʜʝ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 2 ʯ (ʨʠʩ. 1, ʢʨʠʚʘʷ 2) 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ ʩʥʠʞʘʝʪʩʷ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ, ʚʦʜʦʨʦʜ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ ʥʘ ʛʨʘʥʠʮʝ ʦʢʩʠʜʥʦʡ ʪʠʪʘʥʦʚʦʡ ʧʣʝʥʢʠ ʠ ʧʦʜʣʦʞʢʠ. ɼʣʷ ʧʣʝʥʢʠ ʦʢʩʠʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʙʝʟ 

ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ (ʨʠʩ. 1, ʢʨʠʚʘʷ 3) ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ ʧʦ 

ʠʩʩʣʝʜʫʝʤʦʡ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ (ʨʠʩ. 1, ʢʨʠʚʘʷ 4) ʚʳʭʦʜ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʧʨʠʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʛʣʫʙʠʥʝ.  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʧʝʢʪʨʳ ʛʘʟʦʚʳʜʝʣʝʥʠʷ (ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʢʝ [5]) 

ʦʙʨʘʟʮʦʚ ʦʢʩʠʜʘ ʠ ʦʢʩʠʥʠʪʨʠʜʘ ʪʠʪʘʥʘ, ʠʩʭʦʜʥʳʭ ʠ ʥʘʚʦʜʦʨʦʞʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉʠʚʝʨʪʩʘ. ʀʟ ʜʘʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ. 3) ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʩʢʦʨʦʩʪʴ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʚʦʜʦʨʦʜʘ ʠʟ 

ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~800 

ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ, ʢʦʪʦʨʳʡ, ʧʦ 

ʚʠʜʠʤʦʤʫ ʩʚʷʟʘʥ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ 

ʧʦʜʣʦʞʢʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ 

ʚʨʝʤʝʥʝʤ ʧʨʦʛʨʝʚʘ ʦʙʨʘʟʮʘ.  

ɺʳʚʦʜʳ 

1. ʄʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ. ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʞʠʤʳ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʚʚʝʩʪʠ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʚ 

ʧʦʢʨʳʪʠʝ. 

2. ʀʟʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʧʣʘʥʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ï 

ʥʘʢʦʧʠʪʝʣʝʡ ʠ ʭʨʘʥʠʪʝʣʝʡ ʚʦʜʦʨʦʜʘ. 

 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 11.G34.31.0003 ʦʪ 01.12.2010 ʛ. ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʊʝʭʥʦʣʦʛʠʠ ʚʦʜʦʨʦʜʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠè ʠ ʌʎʇ, ʅʂ-558ʇ, ɻʦʩʢʦʥʪʨʘʢʪ ˉʇ861 ʦʪ 25.05.2010ʛ.  ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʩʦʪʨʫʜʥʠʢʦʚ ʅʀʗʋ çʄʀʌʀè 

ɹʝʛʨʘʤʙʝʢʦʚʘ ʃ.ɹ., ʉʘʜʦʚʩʢʦʛʦ ʗ.ɸ., ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʦʚ ʅʀ ʊʇʋ ʃʠʜʝʨʘ ɸ.ʄ., ʇʫʰʠʣʠʥʫ ʅ.ʉ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ  
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ʈʠʩ. 3. ʊɼʉ-ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʠ ʦʢʩʠʥʠʪʨʠʜʘ ʪʠʪʘʥʘ, 

ʠʩʭʦʜʥʳʭ ʠ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʧʦ ʤʝʪʦʜʫ ʉʠʚʝʨʪʩʘ ʧʨʠ 

ʊ=773 ʂ, ʈ=5 ʘʪʤ., t=4 ʯ.  

1 - TiO2, ʠʩʭʦʜʥʳʡ ʙʝʟ ʚʦʜʦʨʦʜʘ; 2 ï TiON, ʠʩʭʦʜʥʳʡ ʙʝʟ ʚʦʜʦʨʦʜʘ; 

3 - TiO2, ʥʘʩʳʱʝʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ʉʠʚʝʨʪʩʘ, ʊ=773 ʂ, ʈ=5 ʘʪʤ., 

t=4 ʯ; 4 - TiON, ʥʘʩʳʱʝʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ʉʠʚʝʨʪʩʘ, ʊ=773 ʂ, ʈ=5 

ʘʪʤ., t=4 ʯ. 
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Constructed phase diagrammes model one-dimensional nanomagnetic with the torn off ends a Gibbs method 

and influence of temperature on them taking into account interaction of the third neighbours is investigated 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʝʪʠʟʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʦʨʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ [1]. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ 

ʥʘʥʦʤʘʛʥʝʪʠʢʦʚ ʦʯʝʥʴ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʠʘʛʨʘʤʤ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʪʠʭ ʤʘʛʥʝʪʠʢʦʚ, ʠ ʪʝʤ 

ʙʦʣʝʝ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ. 

ɼʠʘʛʨʘʤʤʳ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʘʛʥʝʪʠʢʘ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʚ ʤʦʜʝʣʴʥʦʤ 

ʛʘʤʠʣʴʪʦʥʠʘʥʝ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʩʪʨʫʢʪʫʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. 

ʆʜʥʘʢʦ ʜʠʘʛʨʘʤʤʳ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʝ ʫʯʠʪʳʚʘʶʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ: 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ, ʥʘʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ, ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ, 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ [2]. 

ʈʘʥʝʝ, ʜʣʷ ʫʯʝʪʘ ʪʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʘʢʩʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʀʟʠʥʛʘ ʢʦʥʝʯʥʦʛʦ 

ʨʘʟʤʝʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʭʦʜʠʣʦʩʴ ʞʜʘʪʴ ʧʦʢʘ ʩʠʩʪʝʤʘ 

ʧʨʠʜʝʪ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ɻʠʙʙʩʘ [3]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʤʦʜʝʣʠ ʦʜʥʦʤʝʨʥʦʛʦ ʥʘʥʦʤʘʛʥʝʪʠʢʘ ʩ 

ʦʙʦʨʚʘʥʥʳʤʠ ʢʦʥʮʘʤʠ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʪʴʠʭ ʩʦʩʝʜʝʡ.  

ɻʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ [3]:  
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ʛʜʝ ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʩʧʠʥʘ ʥʘ ʥʝʢʫʶ ʦʩʴ ʨʘʚʥʘ Si =1(ʝʩʣʠ ʩʧʠʥ ʥʘʧʨʘʚʣʝʥ ʚʚʝʨʭ ŷ), Si =-

1 (ʝʩʣʠ ʩʧʠʥ ʥʘʧʨʘʚʣʝʥ ʚʥʠʟ Ź). h ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʧʨʦʝʢʮʠʷ ʥʘ ʪʫ ʞʝ 

ʦʩʴ), E0 ï ʵʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʘ, ɤ1 ï ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, J2=w2/w1 ï 
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ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʪʦʨʳʭ ʩʦʩʝʜʝʡ, J3=w3/w1 ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʪʴʠʭ ʩʦʩʝʜʝʡ.  

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ɻʠʙʙʩʘ [4]  
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     (2) 

ʛʜʝ r - ʥʦʤʝʨ ʢʦʥʬʠʛʫʨʘʮʠʠ, P (r) ï ʚʝʨʦʷʪʥʦʩʪʴ r ï ʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, Er ï ʵʥʝʨʛʠʷ r-ʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ. ʊʝʤʧʝʨʘʪʫʨʘ q ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ: 

1w
q kT=       (3) 

ʛʜʝ k-ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɺ ʭʦʜʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʦʜʥʦʤʝʨʥʦʛʦ 

ʠʟʠʥʛʦʚʩʢʦʛʦ ʥʘʥʦʤʘʛʥʝʪʠʢʘ, ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʟʤʝʨʘʭ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 1 ʠ 2.  

 

 ʘ)     ʙ)     ʚ) 

ʈʠʩ.1. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ N=8,  j2=-0.5 a) ɗ=0.1, ʙ) ɗ=0.9, ʚ) ɗ=1.5 

 

ʘ)     ʙ)     ʚ) 

ʈʠʩ.2. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ N=10,  j2=-1.3 a) ɗ=0.1, ʙ) ɗ=0.9, ʚ) ɗ=1.5 

ʆʙʦʟʥʘʯʝʥʠʷ ʨʠʩʫʥʢʘ 2: ʌ:1111111111; ʌô:-1-1-1-1-1-1-1-1-1-1; b:111-1-1-1111-1; c:1-1-1-1111-1-1-1; 

d:1111-1-1-1111; e:-1-1-1111-1-1-1-1;  f:111-1-1111-1-1; g:11-1-1-111-1-1-1; h:11111-1-1111; j:-1-1-111-1-1-1-1-

1; k:11-1-111-1-111; l:-1-111-1-111-1-1; m:11-1-111-1-111; n:1-1-111-1-111-1; o:-111-111-111-1; p:1-1-11-1-11-

1-11. 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































