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ʄɽʊɸʃɼɸʈ ʄɽʅ פʆʈʓʊʇɸʃɸʈɼɸנʓ ʌɸɿɸʃʓפ ɾᴄʅɽ ױפʈʓʃʓʄɼʓפ ʊתʈʃɽʅʋʃɽʈ, 

ʄɽʊɸʃɼɸʈ ʄɽʅ פʆʈʓʊʇɸʃɸʈɼʓר ʌʀɿʀʂɸʃʓפ-ʄɽʍɸʅʀʂɸʃʓפ פɸʉʀɽʊʊɽʈɯʅɯר 

ʄʆɼʀʌʀʂɸʎʀʗʉʓ 

ʌɸɿʆɺʓɽ ʀ ʉʊʈʋʂʊʋʈʅʓɽ ʇʈɽɺʈɸʑɽʅʀʗ ɺ ʄɽʊɸʃʃɸʍ ʀ ʉʇʃɸɺɸʍ, ʄʆɼʀʌʀʂɸʎʀʗ 

ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʄɽʊɸʃʃʆɺ ʀ ʉʇʃɸɺʆɺ 
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ʊʗʈ-ɼʓר ʂɸʅɼʀɼɸʊʊʓפ ʄɸʊɽʈʀɸʃʓʄɽʅ ʀʄʇʋʃʔʉʊɯʂ ʇʃɸɿʄɸ ɸנʓʅʓʅʓר ᴆɿɸʈɸ ᴄʈɽʂɽʊʊɽʉʋɯʅ ɿɽʈʊʊɽʋ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʀʄʇʋʃʔʉʅʆɻʆ ʇʃɸɿʄɽʅʅʆɻʆ ʇʆʊʆʂɸ ʉ ʂɸʅɼʀɼɸʊʅʓʄ ʄɸʊɽʈʀɸʃʆʄ 

ʊʗʈ 

STUDY OF INTERACTION OF PULSED PLASMA FLOW WITH CANDIDATE MATERIAL OF TNR  

 

ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʪʦʢʘʤʘʢʠ, ʩʪʝʣʣʘʨʘʪʦʨʳ) ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʚʦʡ ʩʪʝʥʢʠ ʠ ʜʠʚʝʨʪʦʨʥʳʭ ʧʣʘʩʪʠʥ ʚ 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʟʦʥʝ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʧʦʪʦʢʠ ʪʝʧʣʘ ʠ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʢʠ ʠ ʜʠʚʝʨʪʦʨʥʳʭ ʧʣʘʩʪʠʥ, ʚ ʩʣʫʯʘʝ ʨʘʟʚʠʪʠʷ ʧʣʘʟʤʝʥʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ, ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʳ ʩʠʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ (ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʵʨʦʟʠʷ) 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1-3]. ʅʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʝ ʫʜʘʨʥʦʝ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʭʦʣʦʜʥʳʡ 

ʚʦʣʴʬʨʘʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɺʦʣʴʬʨʘʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʢʘʥʜʠʜʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʜʣʷ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʘʩʧʳʣʝʥʠʷ [4, 5]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦ-ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʢʘʭ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʗʈ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʷ 

ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ~ 1 ʄɼʞ/ʤ2 ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ ~ 0,3 ʤʩ ʚ ʫʩʪʘʥʦʚʢʝ PW-7 [6]. ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʧʫʣʴʩʥʳʡ 

ʧʣʘʟʤʝʥʥʳʡ ʫʩʢʦʨʠʪʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʊʗʈ, ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. ʇʣʘʟʤʘ ʟʘʞʠʛʘʝʪʩʷ ʤʝʞʜʫ ʵʪʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʠ 

ʫʩʢʦʨʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ɸʤʧʝʨʘ.  

ɺʦʣʴʬʨʘʤʦʚʘʷ ʧʣʘʩʪʠʥʘ ʤʥʦʛʦʢʨʘʪʥʦ ʦʙʣʫʯʘʣʘʩʴ ʧʣʘʟʤʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʩʦʩʪʘʚʣʷʣʠ 13, 26, ʠ 39. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʜʚʘ ʵʪʘʧʘ: ʙʝʟ [7] ʠ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ (ὸ υυπυϷ ᴈ) [8] ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ (ʨʠʩʫʥʦʢ 1).  

 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ  ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ 
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ʇʦʚʝʨʭʥʦʩʪʴ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʣʘʟʤʝʥʥʳʤ ʧʦʪʦʢʦʤ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʉʕʄ ʘʥʘʣʠʟʘ. ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʧʦʷʚʣʷʶʱʘʷʩʷ ʚ ʪʦʥʢʦʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ, ʙʳʣʘ ʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (XRD) ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ Rigaku MiniFlex 600. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 40 

ʢɺ ʠ ʪʦʢʝ 15 ʤɸ. ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 30Ü ʜʦ 140Ü ʩ ʰʘʛʦʤ 0,02Ü. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʘ) ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʙʦʣʴʰʠʭ ʤʠʢʨʦʪʨʝʱʠʥ ʩ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 4-7 ʤʢʤ (ʨʠʩʫʥʦʢ 2ʚ-

2ʞ). ʐʠʨʠʥʘ ʵʪʠʭ ʤʠʢʨʦʪʨʝʱʠʥ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʦʪ 13 ʜʦ 26 ʠ 39. ɺ 

ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ, ʛʜʝ ʥʘʙʣʶʜʘʣʠʩʴ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʙʳʣʠ ʟʘʨʝʛʝʩʪʨʠʨʚʘʥʳ 

ʩʬʝʨʠʯʝʩʢʠʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʜʨʦʙʣʝʥʠʷ ʠ ʨʘʩʧʣʘʚʣʝʥʠʷ 

ʦʩʪʨʳʭ ʢʨʘʝʚ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ, ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʨʠʩʫʥʦʢ 2ʚ ʠ 2ʞ). ʊʘʢʞʝ ʧʠʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʚʦ ʚʩʝʭ ʜʠʘʧʘʟʦʥʘʭ ʩʤʝʱʘʣʠʩʴ 

ʚʧʨʘʚʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 0,19 ʛʨʘʜʫʩʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ. ʉʤʝʱʝʥʠʝ ʧʠʢʦʚ ʚʧʨʘʚʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʦʣʴʬʨʘʤʘ, ʪʦʯʥʝʝ, ʫʧʣʦʪʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʳʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʚʦʣʴʬʨʘʤʘ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ. ʇʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʝʥʥʳʤ ʧʦʪʦʢʦʤ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ 

ʥʘ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʦ ʝʩʪʴ, ʧʨʦʠʩʭʦʜʠʪ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʦʣʴʬʨʘʤʦʚʦʡ 

ʧʣʘʩʪʠʥʳ ʧʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ.   

 

 

 
ʈʠʩʫʥʦʢ 2. ʇʦʚʝʨʭʥʦʩʪʴ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ  

ʧʣʘʟʤʝʥʥʳʤ ʧʦʪʦʢʦʤ ʘ), ʙ) 13 ʠʤʧʫʣʴʩʦʚ; ʚ), ʛ) 26 ʠʤʧʫʣʴʩʦʚ; ʜ), ʞ) 39 ʠʤʧʫʣʴʩʦʚ 
 

ʙ) ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʜʦ 5500 ʉ ʰʠʨʠʥʘ ʤʠʢʨʦʪʨʝʱʠʥ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ (ʨʠʩʫʥʢʠ 3a-3ʞ). ʀʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ 

ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʦʪ 13 ʜʦ 26 ʠ 39 ʙʳʣʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ʆʜʥʘʢʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʧʫʥʢʪʝ ʘ), ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʠʤʧʫʣʴʩʦʚ ʜʦ 26 (ʨʠʩʫʥʢʠ 3ʚ ʠ 3ʛ) ʠ 39 (ʨʠʩʫʥʢʠ 3ʜ ʠ 3ʞ) ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʚʠʜʘ ʠ ʦʨʠʝʥʪʘʮʠʠ 

ʤʠʢʨʦʪʨʝʱʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʣʘʩʪʠʥʳ. 
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ʈʠʩʫʥʦʢ 3. ʇʦʚʝʨʭʥʦʩʪʴ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʧʦʩʣʝ ʘ), ʙ) 13 ʠʤʧʫʣʴʩʦʚ; 

ʚ), ʛ) 26 ʠʤʧʫʣʴʩʦʚ; ʜ), ʞ) 39 ʠʤʧʫʣʴʩʦʚ 

 

ɺʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʴʬʨʘʤʘ ʚʦ 

ʚʨʝʤʷ ʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʪʦʥʢʦʤ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʧʨʠ ʙʳʩʪʨʦʤ ʥʘʛʨʝʚʝ 

ʧʦʚʝʨʭʥʦʩʪʠ). ɺʦʟʥʠʢʘʶʱʝʝ ʦʩʪʘʪʦʯʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʧʫʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʠʟʤʝʥʝʥʠʝʤ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʦʣʴʬʨʘʤʘ [9]. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ 

ʨʘʩʯʝʪʘ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʣʠʥʠʷ (321), ʣʝʞʘʱʘʷ ʚ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʫʛʣʦʚ (— φπ). ʉʜʚʠʛ ʵʪʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʣʠʥʠʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʦʛʦ ʫʛʣʘ 
ʫʢʘʟʳʚʘʣʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʪʨʘʞʘʶʱʠʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʣʦʩʢʦʩʪʷʤʠ (Ὠ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʩʪʘʪʦʯʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʩʞʠʤʘʶʱʠʤ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʥʝʥʘʧʨʷʞʝʥʥʦʤ ʠ ʥʘʧʨʷʞʝʥʥʦʤ 

ʚʦʣʴʬʨʘʤʝ ʩʦʩʪʘʚʣʷʣʠ 0,08235 ʠ 0,08232 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 
Ў

 ʙʳʣʦ ʨʘʚʥʦ 0,000364, ʘ ʠʩʢʦʤʦʝ ʟʥʘʯʝʥʠʝ ʩʞʠʤʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʝ ʧʨʠ 

ʵʪʦʤ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4ʛ, ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 0,1256 ɻʇʘ.  

 

 
 

ʈʠʩʫʥʦʢ 4. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

a) ʦʙʱʘʷ ʢʘʨʪʠʥʘ, ʙ) ʫʛʦʣ 40.274, ʚ) ʫʛʦʣ 87.053 ʠ ʛ) ʫʛʦʣ 131.208 
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ʋʰʠʨʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʠ ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘʛʨʝʪʦʡ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ 

(ʨʠʩʫʥʢʠ 4ʙ-4ʛ). ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʦʪ 13 ʜʦ 26 ʠ 39 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʪʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ.  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʫʥʢʪʝ ʙ) ʩʣʝʜʫʝʪ, ʯʪʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʧʣʘʟʤʳ. ɼʝʛʨʘʜʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʳ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʥʳʭ ʧʣʘʟʤʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʠʪʴ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʩʝ ʝʱʝ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʰʠʨʠʥʳ, ʛʣʫʙʠʥʳ ʠ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʪʨʝʱʠʥʘʤʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ ʀ ʌɸɿʆɺʆɻʆ ʉʆʉʊɸɺɸ ʉʇʃɸɺʃɽʅʅʆʁ ʇʃɸʊʓ 

ɹɸʃפʓʊʓʃנɸʅ ʊɸפʊɸʅʓר ʄʀʂʈʆױפʈʓʃʓʄʓ ʄɽʅ ʌɸɿɸʃʓױפ פʈɸʄʓʅ ɿɽʈʊʊɽʋ 

INVESTIGATION OF THE MICROSTRUCTURE AND PHASE COMPOSITION OF THE FUSED BOARD  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʣʝʥʥʦʡ ʧʣʘʪʳ SIM-ʢʘʨʪʳ. ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ TESCAN VEGA 4 ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

XôPertPRO. ʀʟʫʯʝʥ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ SIM-ʢʘʨʪ: ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʧʣʘʩʪʠʢʦʚʦʡ ʦʩʥʦʚʳ ʠ ʤʠʢʨʦʩʭʝʤ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʞʢʘ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʣʘʚʣʝʥʠʶ ʠ ʩʧʣʘʚʣʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʣʝʤʝʥʪʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʦʤ ʕɼʉ ʚʳʷʚʠʣʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʠ ʥʘʣʠʯʠʝ ʧʘʣʣʘʜʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʤʦʩʪʦʡʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʤ-ʢʘʨʪʘ, ʧʣʘʪʘ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

 

ɸϬʜʘʪʧʘ. ɹϰʣ ʞϰʤʳʩʪʘ SIM-ʢʘʨʪʘ ϨʦʨʳʪʧʘʩʳʥʳϬ ʙʘʣϨʳʪʳʣϤʘʥ ϮʣʛʽʩʽʥʽϬ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ ʤʝʥ ʬʘʟʘʣʳϨ Ϩϰʨʘʤʳ 

ʟʝʨʪʪʝʣʜʽ. ʊʘʣʜʘʫ TESCAN VEGA 4 ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʳ ʞϸʥʝ XôPertPRO ʨʝʥʪʛʝʥʦʬʘʟʘʣʳϨ ʜʠʬʨʘʢʪʦʤʝʪʨʽ 

ʢϺʤʝʛʽʤʝʥ ʞϮʨʛʽʟʽʣʜʽ. SIM-ʢʘʨʪʘʣʘʨʜʳ Ϩʘʡʪʘ ϺϬʜʝʫ ʧʨʦʮʝʩʽ ʟʝʨʪʪʝʣʜʽ: ʧʣʘʩʪʠʢʘʣʳϨ ʥʝʛʽʟʽ ʤʝʥ ʤʠʢʨʦʩʭʝʤʘʣʘʨʳ ʘʣʳʥʳʧ 

ʪʘʩʪʘʣϤʘʥʥʘʥ ʢʝʡʽʥ, ʤʝʪʘʣʣ Ϯʛʽʥʜʽʣʝʨʽ ʞʦϤʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳϨ ϺϬʜʝʫʜʝʥ Ϻʪʢʽʟʽʣʽʧ, ʙʘʣϨʳʪʫ ʞϸʥʝ Ϩʦʨʳʪʧʘ ʘʣʫ ʞϮʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. ʕɼʉ ϸʜʽʩʽʤʝʥ ʵʣʝʤʝʥʪʪʽʢ ʢʘʨʪʘ ʞʘʩʘʫ ʥϸʪʠʞʝʩʽʥʜʝ ϮʣʛʽʥʽϬ ʥʝʛʽʟʽʥʝʥ ʤʳʩ Ϩϰʨʘʡʪʳʥʳ ʞϸʥʝ ʧʘʣʣʘʜʠʡʜʽϬ ʙʦʣʫʳ 

ʩʠʨʝʢ ʞʝʨ ʤʝʪʘʣʜʘʨʳʥʳϬ ʙʘʨ ʝʢʝʥʽʥ ʢϺʨʩʝʪʪʽ. ɸʣʳʥϤʘʥ ʜʝʨʝʢʪʝʨ ʪʝʨʤʠʷʣʳϨ ʪϺʟʽʤʜʽ ʵʣʝʢʪʨʦʥʜʳϨ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ϸʟʽʨʣʝʫʛʝ 

ʧʘʡʜʘʣʳ ʙʦʣʫʳ ʤϮʤʢʽʥ.  

ʂʽʣʪʪʽ ʩϺʟʜʝʨ: SIM-ʢʘʨʪʘ, ʧʣʘʪʘ, ʬʘʟʘʣʳϨ Ϩϰʨʘʤʳ, ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳϨ ʤʠʢʨʦʩʢʦʧʠʷ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʷʣʳϨ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

 

Abstract. This study investigates the microstructure and phase composition of a fused SIM card board. Analysis was conducted using 

a TESCAN VEGA 4 scanning electron microscope and an XôPertPRO X-ray diffractometer. The recycling process of SIM cards was 

examined: after removing the plastic base and microchips, the metal shavings underwent high-temperature treatment, leading to melting 

and alloy formation. Elemental mapping using EDS revealed that the sample predominantly contains copper, with the presence of 

palladium indicating rare-earth elements. The obtained data may be useful for the development of heat-resistant electronic components. 

Keywords: SIM card, plate, phase composition, scanning electron microscopy, energy-dispersive spectroscopy. 

 
ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʠʤ-ʢʘʨʪ, 

ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤʳ ʩ ʠʭ ʫʪʠʣʠʟʘʮʠʝʡ. ʆʜʥʠʤ ʠʟ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ 

ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʣʘʚʣʝʥʥʳʭ ʧʣʘʪ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ SIM-ʢʘʨʪʘʭ. ɿʘ 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʨʘʚʠʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʠʤ-ʢʘʨʪ ʠ 

ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʧʦʣʝʟʥʳʭ ʤʝʪʘʣʣʦʚ.  

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʦʪʭʦʜʦʚ ʩ ʧʦʤʦʱʴʶ 

ʘʵʨʦʛʝʣʝʡ AF ʠʟ ʩʳʚʦʨʦʪʢʠ. ɹʝʣʢʠ ʩʳʚʦʨʦʪʢʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʘʤʠʣʦʠʜʥʳʝ ʬʠʙʨʠʣʣʳ, 

ʬʦʨʤʠʨʫʷ ʧʦʨʠʩʪʳʝ ʘʵʨʦʛʝʣʠ, ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʱʠʝ ʠʦʥʳ ʟʦʣʦʪʘ. ʄʝʪʦʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʩʘʤʦʨʦʜʢʠ (å21ï22 ʢʘʨʘʪʘ), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʵʢʦʣʦʛʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

ɼʣʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʪʭʦʜʦʚ ʠ ʦʪʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢʠʩʣʦʪʳ, ʚʢʣʶʯʘʷ ʘʟʦʪʥʫʶ 

[2]. ʐʣʘʤ ʤʘʛʥʠʪʦʚ Nd-Fe-B-Dy (35,1 % Nd; 29,5 % Fe; 1,1 % Dy; 0,5 % B) ʦʙʨʘʙʦʪʘʥ 1M HNO3 

+ 0,3M H2O2, ʟʘ 10 ʤʠʥʫʪ ʠʟʚʣʝʯʝʥʦ 98 % Nd ʠ 81 % Dy ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ (Ò15 %) ʨʘʩʪʚʦʨʝʥʠʠ 

Fe. ɾʝʣʝʟʦ ʦʩʘʞʜʘʣʠ ʛʠʜʨʦʣʠʟʦʤ (pH = 3), ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ï ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʦʡ 

(ʚʳʭʦʜ ʦʢʩʘʣʘʪʦʚ Nd ï 91,5 %, Dy ï 81,8 %). ʇʨʦʢʘʣʠʚʘʥʠʝ ʧʨʠ 800 ÁC ʜʘʣʦ Nd2O3 ʠ Dy2O3 

(ʯʠʩʪʦʪʘ 68 %). ʆʙʱʝʝ ʠʟʚʣʝʯʝʥʠʝ ʥʝʦʜʠʤʘ ʩʦʩʪʘʚʠʣʦ 69,7%, ʘ ʜʠʩʧʨʦʟʠʷ ï 51 %. [3] 
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SIM-ʢʘʨʪʳ ʧʦʛʨʫʞʘʶʪ ʚ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʨʘʟʨʫʰʘʶʱʠʡ ʧʣʘʩʪʠʢʦʚʫʶ ʦʩʥʦʚʫ. ɿʘʪʝʤ ʤʘʪʝʨʠʘʣ 

ʠʟʤʝʣʴʯʘʶʪ, ʦʙʨʘʟʫʷ ʩʪʨʫʞʢʫ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʣʷ ʩʧʣʘʚʣʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʘʥʘʣʠʟʠʨʫʶʪ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ (ʕɼʉ).  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʣʝʥʥʦʡ ʧʣʘʪʳ ʩʠʤ-ʢʘʨʪʳ.  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟ ʩʧʣʘʚʣʝʥʥʦʡ ʩʠʤ-ʢʘʨʪʳ ʙʳʣ ʚʳʨʝʟʘʥ ʦʙʨʘʟʝʮ ʥʘ ʦʪʨʝʟʥʦʤ ʩʪʘʥʢʝ 

DTQ-5.  

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʧʣʘʚʣʝʥʥʘʷ ʧʣʘʪʘ ʩʠʤ-ʢʘʨʪʳ: ʘ) ʦʙʨʘʟʝʮ ʧʦʩʣʝ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ; ʙ) ʦʙʱʠʡ ʚʠʜ ʦʙʨʘʟʮʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

TESCAN VEGA 4 ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ. ʇʝʨʝʜ ʧʦʤʝʱʝʥʠʝʤ ʚ ʢʘʤʝʨʫ ʉʕʄ ʦʙʨʘʟʝʮ 

ʦʯʠʱʘʝʪʩʷ ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ (ʤʘʩʝʣ, ʧʳʣʠ) ʜʣʷ ʟʘʱʠʪʳ ʚʘʢʫʫʤʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʌʠʢʩʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʨʘʬʠʪʦʚʦʡ ʣʝʥʪʦʡ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʨʷʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʨʘʟʮʳ ʥʘʜʝʞʥʦ ʟʘʢʨʝʧʣʷʶʪʩʷ: ʢʨʫʧʥʳʝ ʬʠʢʩʠʨʫʶʪ 

ʩʪʨʫʙʮʠʥʘʤʠ, ʘ ʤʝʣʢʠʝ ʠ ʧʦʨʦʰʢʠ ï ʥʘ ʜʚʫʩʪʦʨʦʥʥʝʤ ʧʨʦʚʦʜʷʱʝʤ ʩʢʦʪʯʝ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ 

ʩʤʝʱʝʥʠʝ ʧʨʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ [4]. 

ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ ʥʘʩʪʨʘʠʚʘʶʪ ʚʘʢʫʫʤʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʘʨʘʤʝʪʨʳ ʉʕʄ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ. ʌʦʢʫʩʠʨʦʚʢʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 100x, ʟʘʪʝʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 500ï2000x ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʦʨʨʝʢʮʠʷ ʘʩʪʠʛʤʘʪʠʟʤʘ ʫʩʪʨʘʥʷʝʪ 

ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ Ó5000x. ʇʘʨʘʤʝʪʨʳ: 10ï20 ʢɺ, 1 ʥɸ, 15 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʅʘ ʉʕʄ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʩʧʣʘʚʣʝʥʥʦʡ ʧʣʘʪʳ ʩʠʤ-ʢʘʨʪʳ (ʜʘʣʝʝ ʦʙʨʘʟʝʮ) ʤʝʪʦʜʦʤ ʪʦʯʝʯʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ). ʅʘ 

ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʜʚʫʭ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʩʲʝʤʢʠ ʩ 

ʫʢʘʟʘʥʠʝʤ ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʯʝʢ (ʩʧʝʢʪʨʳ: 2; 3; 4 ʠ 5). ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʨʝʟʫʣʴʪʘʪʳ 

ʕɼʉ ʘʥʘʣʠʟʘ, ʘ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʕɼʉ ʘʥʘʣʠʟʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ: ʘ) ʚ ʨʝʞʠʤʝ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ; ʙ) ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ 

ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ  
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ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʕɼʉ ʘʥʘʣʠʟʘ 

ʉʧʝʢʪʨʳ C O Cl K Ca Cu Ag As Sb Re ɺʩʝʛʦ, 

ʚʝʩ. % 

ʉʧʝʢʪʨ 2 10.08 1.10 0.05 0.03 0.06 88.15 0.53 - - - 100.00 

ʉʧʝʢʪʨ 3 9.74 0.98 0.06 - - 84.03 2.09 3.00 0.10 - 100.00 

ʉʧʝʢʪʨ 4 8.28 0.43 - - - 89.67 0.57 0.88 0.08 0.09 100.00 

ʉʧʝʢʪʨ 5 11.96 3.54 0.10 0.07 0.06 83.76 0.29 - 0.21 - 100.00 

ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʦʙʨʘʟʝʮ (ʩʤ. ʪʘʙʣʠʮʫ 1) ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ.  ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʩʦʜʝʨʞʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ: ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ, 

ʭʣʦʨʘ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʤʝʜʠ, ʩʝʨʝʙʨʘ, ʤʳʰʴʷʢʘ, ʩʫʨʴʤʳ ʠ ʨʝʥʠʷ.  ʆʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ï ʤʝʜʴ, ʪʘʢ 

ʢʘʢ ʧʨʦʮʝʥʪʥʦʝ ʫ ʥʝ ʤʝʜʠ ʙʦʣʴʰʝ. ʋʛʣʝʨʦʜ (C) ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʦʙʲʝʤʘʭ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʝ ʫʛʣʝʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠʣʠ ʚʢʣʶʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʙʨʘʙʦʪʢʦʡ ʤʘʪʝʨʠʘʣʘ. ʍʦʪʴ ʠ ʤʘʣʦʝ, ʥʦ ʚ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʝʥʠʡ (Re). ʊʦ ʝʩʪʴ ʚ ʦʙʨʘʟʮʝ 

ʝʩʪʴ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʠʢʦʚ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʕɼʉ ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʥʳ ʚ 

ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3. ʈʝʟʫʣʴʪʘʪʳ ʕɼʉ ʘʥʘʣʠʟʘ ʠʟ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʦʙʨʘʟʮʘ ʩ ʨʠʩʫʥʢʘ 2 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

 

ʕʣʝʤʝʥʪ ɺʝʩ (%) ʉʠʛʤʘ ɺʝʩ (%) 

O 1.24 0.00 

Cu 94.74 0.01 

As 2.8 0.01 

Ag 1.22 0.01 

ɺʩʝʛʦ 100  

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʙʨʘʟʝʮ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʠʪ ʠʟ ʤʝʜʠ ʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʕʪʦʪ ʩʧʣʘʚ ʩʦʜʝʨʞʠʪ 2,8% ʤʳʰʴʷʢʘ (As), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ.   
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ʈʠʩʫʥʦʢ 4. ʈʝʟʫʣʴʪʘʪ ʕɼʉ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

 

 
 

ʈʠʩʫʥʦʢ 5. ʉʫʤʤʘʨʥʳʡ ʩʧʝʢʪʨ ʢʘʨʪʳ ʕɼʉ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʤʝʪʦʜʦʤ ʕɼʉ ʘʥʘʣʠʟʘ.  

ɿʘʢʣʶʯʝʥʠʝ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʠʤ-ʢʘʨʪ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ 

ʩʧʦʩʦʙʦʤ ʠʟʫʯʝʥʠʷ ʠʭ ʩʦʩʪʘʚʘ. ɺʳʚʦʜʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʤ ʥʘʤ ʦʙʨʘʟʝʮ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʩʦʩʪʦʠʪ ʠʟ ʤʝʜʠ (Cu). ʆʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ. ɸ 

ʪʘʢʞʝ ʚ ʦʙʨʘʟʮʝ ʙʳʣ ʚʳʷʚʣʝʥ ʨʝʥʠʡ (Re). ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʥʘʤ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʦʙʨʘʟʮʘʭ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʠʤ-ʢʘʨʪ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʊʦ ʝʩʪʴ, 

ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʠ ʠʟʚʣʝʢʘʪʴ ʜʨʫʛʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʧʝʨʝʨʘʙʦʪʢʠ ʩʠʤ-ʢʘʨʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʮʝʣʴʶ 

ʠʟʫʯʝʥʠʷ ʠʭ ʩʦʩʪʘʚʘ, ʤʝʪʦʜʦʤ ʉʕʄ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʧʦʩʦʙ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ, ʜʦʩʪʫʧʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ.  

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʦʪʭʦʜʦʚ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ // ʄʝʪʘʣʣʫʨʛʠʷ. ï 2017. ï Vol. 1, No. 37. ï Pp. 34-40. 
4. TESCAN. ʂʦʨʦʪʢʦ ʦ ʉʕʄ // TESCAN. - 2025. 
5. Komisov A.A.Osipova O.ɸ., Shepel' R.N., Kletkina A.S. Methodology analysis mapping elemental composition of 
myocardial tissue with a scanning transmission microscopy // ʉʝʪʝʚʦʡ ʞʫʨʥʘʣ çʅʘʫʯʥʳʡ ʨʝʟʫʣʴʪʘʪè. ʉʝʨʠʷ çʄʝʜʠʮʠʥʘ 
ʠ ʬʘʨʤʘʮʠʷè. ï 2015. ï ʊ.1, ˉ4(6).- 36-39. 
6. ɺʦʢʨʫʛ ʩʚʝʪʘ. ɸʣʭʠʤʠʷ XXI ʚʝʢʘ: ʥʘʡʜʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʘʪʴ ʟʦʣʦʪʦ ʠʟ ʩʪʘʨʳʭ SIM-ʢʘʨʪ ʠ ʢʘʨʪʨʠʜʞʝʡ // ɺʦʢʨʫʛ ʩʚʝʪʘ. 
ï 2024. 
7. Ellis S.R. Prog Lipid Res. Surface analysis of lipids by mass spectrometry: more than just imaging. /Ellis S.R., Brown S.H., 
In Het Panhuis M., Blanksby S.J., Mitchell T.W. // 2013. 52(4): 329-ʈ.53. 
8. Koen H. A. Janssens Microscopic X-Ray Fluorescence Analysis. - Wiley-ʈ.434 

ʄʈʅʊʀ 29.15.29 
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ɹ. ʄʫʭʘʤʝʪʫʣʳ  
 

ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ʀ.ʄ. ʌʨʘʥʢʘ, ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ. ɼʫʙʥʘ, 

ʈʦʩʩʠʷ 

E-mail: bagdaulet_m@mail.ru 

 
ʀ.ʄ. ʌʈɸʅʂ ɸʊʓʅɼɸנʓ ʅɽʁʊʈʆʅɼʓפ ʌʀɿʀʂɸ ɿɽʈʊʍɸʅɸʉʓʅʓר ʄתʄʂɯʅɼɯʂʊɽʈɯ 

ɺʆɿʄʆɾʅʆʉʊʀ ʃɸɹʆʈɸʊʆʈʀʀ ʅɽʁʊʈʆʅʅʆʁ ʌʀɿʀʂʀ ʀʄɽʅʀ ʀ.ʄ. ʌʈɸʅʂɸ 

CAPABILITIES OF THE  FRANK LABORATORY OF NEUTRON PHYSICS  

 
ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ʀ.ʄ. ʌʨʘʥʢʘ (ʃʅʌ) ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʷʜʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʆʀʗʀ) ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʥʘʫʯʥʳʤ ʮʝʥʪʨʦʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʥʝʡʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʠ ʝʸ ʧʨʠʣʦʞʝʥʠʡ. ʆʩʥʦʚʘʥʥʘʷ ʚ 1960-ʭ ʛʦʜʘʭ, ʣʘʙʦʨʘʪʦʨʠʷ ʩʳʛʨʘʣʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʚ ʨʘʟʚʠʪʠʠ ʥʝʡʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʤʝʪʦʜʦʚ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. ɺ ʃʅʌ ʨʘʟʚʠʚʘʝʪʩʷ, ʘ ʪʘʢʞʝ ʧʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʬʠʟʠʢʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʠ ʚ ʨʷʜʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ: ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʝʡʪʨʦʥʦʚ, ʬʠʟʠʢʘ ʫʣʴʪʨʘʭʦʣʦʜʥʳʭ ʥʝʡʪʨʦʥʦʚ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ, ʧʨʠʢʣʘʜʥʳʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʜʝʪʝʢʪʦʨʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʜʨʫʛʠʭ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʜʠʥʘʤʠʢʠ, ʩʪʨʫʢʪʫʨʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ 

(ʩʠʣʴʥʦ-ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʠʩʪʝʤ ʥʠʟʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, 

ʧʦʣʠʤʝʨʦʚ, ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ 

ʠ ʜʨ.), ʦʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʟʜʝʣʠʷʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʧʨʦʚʝʨʢʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʤʦʜʝʣʝʡ, ʦʙʥʘʨʫʞʝʥʠʝ ʥʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ.  

ʆʩʥʦʚʥʘʷ ʙʘʟʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʣʘʙʦʨʘʪʦʨʠʠ - ʠʤʧʫʣʴʩʥʳʡ ʨʝʘʢʪʦʨ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʀɹʈ-2, 

ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ ʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʚ ʤʠʨʝ.  

ʈʝʘʢʪʦʨ ʦʩʥʘʱʝʥ ʢʦʤʧʣʝʢʩʦʤ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ. ɺ ʃʅʌ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʩʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʫʯʝʥʳʤ (ʬʠʟʠʢʘʤ, ʭʠʤʠʢʘʤ, 

ʙʠʦʣʦʛʘʤ, ʛʝʦʣʦʛʘʤ, ʤʘʪʝʨʠʘʣʦʚʝʜʘʤ ʠ ʪ.ʜ.) ʧʦʣʫʯʠʪʴ ʥʘ ʢʦʥʢʫʨʩʥʦʡ ʦʩʥʦʚʝ ʚʨʝʤʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʨʝʘʢʪʦʨʘ ʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚʝʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʃʅʌ. 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʩʫʞʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʃʘʙʦʨʘʪʦʨʠʠ ʥʝʡʪʨʦʥʥʦʡ ʬʠʟʠʢʠ 

ʠʤʝʥʠ ʀ.ʄ. ʌʨʘʥʢʘ (ʃʅʌ) ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʆʀʗʀ). ʄʳ ʨʘʩʩʤʦʪʨʠʤ 

ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʦʩʪʫʧʥʳʝ ʥʘʫʯʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʫʥʠʢʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 

 

 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ZeleŔ§kov§, Hrubovļ§k, Kapusta, Kuļerka, Kuklin, Ivankov, ZeleŔ§k, Scientific Reports 9 (2019) 

2. ZeleŔ§kov§, Hrubovļ§k, Berkutova, Ġofranko, Kuļerka, Ivankov, Kuklin, Girman, ZeleŔ§k, Sci Rep 12 (2022) 
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ɹ. ɽʨʞʘʥʦʚ1,2,3*, ɹ. ʄʫʭʘʤʝʪʫʣʳ1,3, ʉ.ɺ. ʉʫʤʥʠʢʦʚ1, ɸ.ʄ. ɹʘʣʘʛʫʨʦʚ1,4, ʀ.ʉ. ɻʦʣʦʚʠʥ4 

 
1 ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʌ 
2 ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ, ʈʂ 
3 ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʌ 
4 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʠʉè, ʄʦʩʢʚʘ, ʈʌ 

*E-mail: bekarys@jinr .ru 

 

ʄɸʊɽʈʀɸʃʊɸʅʋɼɸנʓ ʅɽʁʊʈʆʅɼʓפ ɼʀʌʈɸʂʎʀʗ: Fe-Ga פʆʈʓʊʇɸʃɸʈʓʅɼɸנʓ ױפʈʓʃʓʄ ʄɽʅ ʌɸɿɸʃʓפ 

ɸʋʓʉʋʃɸʈɼʓ ɿɽʈʊʊɽʋ 

ʅɽʁʊʈʆʅʅɸʗ ɼʀʌʈɸʂʎʀʗ ɺ ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀʀ: ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ ʀ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ ɺ Fe-Ga 

ʉʇʃɸɺɸʍ 

NEUTRON DIFFRACTION IN MATERIALS SCIENCE: INVESTIGATION OF STRUCTURE AND PHASE TRANSITIONS IN Fe -Ga 

ALLOYS  

 
ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʦʙʣʘʜʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʣʝʟʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʜʘʚʥʦ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ çʛʠʛʘʥʪʩʢʘʷè 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, ʦʪʢʨʳʪʘʷ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʚ ʩʧʣʘʚʘʭ Fe-Ga ʩ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ Ga, ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʘʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ 

ʜʝʩʷʪʠʣʝʪʠʡ [1]. ʌʠʟʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ ʠ 

ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [2]. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʭʘʥʠʟʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʚ ʩʧʣʘʚʘʭ Fe-Ga ʠ ʝʛʦ ʩʚʷʟʴ ʩ ʘʪʦʤʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʜʦ 

ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. 

ʇʨʷʤʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ 

ʙʨʵʛʛʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʥʝʡʪʨʦʥʦʚ. ʇʦ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʚ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʣʘʚʘʭ ʠ ʜʦʣʠ ʬʘʟ ʚ ʤʥʦʛʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘʨʷʜʫ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʷʭ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ, ʪʠʧʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʪʘʢʠʝ ʨʘʟʤʝʨʳ ʦʙʳʯʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠʣʠ ʞʝ ʩʦʚʧʘʜʘʶʪ ʩ ʥʠʤʠ) ʠ 

ʪʝʢʩʪʫʨʝ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʣʘʚʦʚ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʩʢʘʞʝʥʠʡ ʧʦʣʫʯʘʝʤʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʜʠʬʨʘʢʮʠʷ ʥʝʡʪʨʦʥʦʚ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʤʝʪʦʜ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʩʴ ʦʙʲʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, 

ʘ ʥʝ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ, ʣʝʛʯʝ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʩʦʢʦ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʭʦʜʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʚ ʢʣʶʯʝʚʳʭ ʪʦʯʢʘʭ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. 

ɺ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʣʠʪʳʭ ʩʧʣʘʚʦʚ Fe100-(x+y)GaxREy, (ʩ x å 27 ʘʪ.%), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

(RE) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʤʝʥʪʳ Er ʠ Yb (y = 0.5 ʠ 0.2 ʘʪ.%). ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʮʠʠ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʢʝ ʌɼɺʈ (ʆʀʗʀ, ʀɹʈ-2, ɼʫʙʥʘ) ʚ ʜʚʫʭ 

ʨʝʞʠʤʘʭ: ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʤʝʞʧʣʦʩʢʦʩʪʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʠ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ~ 900Áʉ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ °2 Áʉ/ʤʠʥ [3]. ʀʥʬʦʨʤʘʮʠʷ ʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʧʣʘʚʦʚ ʧʦʣʫʯʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ɺʠʣʴʷʤʩʦʥʘ-ʍʦʣʣʘ ʠ ʇʝʣʘʰʝʢʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ 

ʨʘʟʤʝʨʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʝʡ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʨʠ 

ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʣʠʪʳʭ ʩʧʣʘʚʦʚ Fe100-(x+y)GaxREy. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ RE ʚ ʩʧʣʘʚʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʜʘʚʣʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ɻʎʂ (A1, L12) ʠ ɻʇʋ (A3, D019) ʩʪʨʫʢʪʫʨ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʩʧʣʘʚʝ ʩ Yb. 
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ʊʘʙʣʠʮʘ 1. ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʪʨʦʡʥʳʭ ʩʧʣʘʚʘʭ Fe-Ga-RE ʚ ʭʦʜʝ ʥʝʡʪʨʦʥʥʳʭ in situ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ. ɺ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʆʎʂ ʩʪʨʫʢʪʫʨʳ ɸ2, B2, D03; ɻʎʂ ʩʪʨʫʢʪʫʨʳ A1, L12 

ʠ ɻʇʋ ʩʪʨʫʢʪʫʨʳ A3, D019 

ʉʦʩʪʘʚ 

ʦʙʨʘʟʮʘ, ʘʪ.% 

ʅʘʛʨʝʚ ʆʭʣʘʞʜʝʥʠʝ 

Fe72.36Ga27.4

Er0.24 

D03 Ÿ L12Ÿ D019 Ÿ B2 ŸA2 A2 Ÿ B2 Ÿ D03 Ÿ L12+D019 

Fe73.1Ga26.7Y

b0.2 

D03+L12 Ÿ L12 Ÿ D019+A1 Ÿ 

A2+A1 

A2+A1Ÿ A1+B2 Ÿ 

L12+D03+D019 
Fe72.1Ga27.4E

r0.5 

D03 Ÿ D03+A1 Ÿ D03+A3 Ÿ A2 A2 Ÿ D03 

Fe72.8Ga26.7Y

b0.5 

D03 Ÿ A2 A2 Ÿ D03 

 

ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ Fe100-(x+y)GaxREy ʩ RE = Er ʠ Yb ʚ ʢʦʣʠʯʝʩʪʚʝ 0.5 ʘʪ.% 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ ʤʘʪʨʠʮʫ (ʬʘʟʘ ɸ2) ʩ ʢʣʘʩʪʝʨʘʤʠ ʚ ʚʠʜʝ ʢʦʛʝʨʝʥʪʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ D03. ʆʙʲʝʤʥʘʷ ʜʦʣʷ  

D03-ʢʣʘʩʪʝʨʦʚ ʚ ʩʧʣʘʚʝ ʩ Er ʚ ~2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʧʣʘʚʝ ʩ Yb. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (as-cast) ʩʧʣʘʚʦʚ 

ʩ RE å 0.2 ʘʪ.% ʢʣʘʩʪʝʨʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʥʦ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʩʠʣʴʥʦ ʫʰʠʨʝʥʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ. ʇʦʜʨʦʙʥʦʝ ʠʟʣʦʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʣʘʚʦʚ  

Fe-Ga-RE ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʥʘʰʝʡ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ [4]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 19-72-20080 ʈʅʌ. 
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ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓɽ ʉʇʃɸɺʓ: ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ʉ ʋʅʀʂɸʃʔʅʓʄʀ ʉɺʆʁʉʊɺɸʄʀ  

HIGH -ENTROPY ALLOYS: INNOVATIVE MATERIALS WITH UNIQUE PROPERTIES  

 
ɸϬʜʘʪʧʘ. ɹϰʣ ʞϰʤʳʩʪʘ Ϩʘʟʽʨʛʽ ʟʘʤʘʥϤʳ ʢϺʧʢʦʤʧʦʥʝʥʪʪʽ ʞϮʡʝʣʝʨʜʝʛʽ ʢʝʤʽʥʜʝ ʙʝʩ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʽ 

ʵʢʚʠʘʪʦʤʜʳϨ ʥʝʤʝʩʝ ʦʣʘʨϤʘ ʞʘϨʳʥ ʧʨʦʧʦʨʮʠʷʣʘʨʜʘ Ϩʘʤʪʠʪʳʥ ʞʦϤʘʨʳ ʵʥʪʨʦʧʠʷʣʳ ϨʦʨʳʪʧʘʣʘʨʜʳϬ (ɾʕϧ) 

ʪϮʟʽʣʫʽʥʽϬ ʪʝʦʨʠʷʣʳϨ ʘʩʧʝʢʪʽʣʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ϧʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨ ʤʝʥ ʘʤʦʨʬʪʳ ʬʘʟʘʣʘʨʜʳϬ ʪϮʟʽʣʫʽʥʝ ϸʩʝʨ 

ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳϨ ʧʘʨʘʤʝʪʨʣʝʨ ï ʘʨʘʣʘʩʫ ʵʥʪʨʦʧʠʷʩʳ, ʘʨʘʣʘʩʫ ʵʥʪʘʣʴʧʠʷʩʳ, ʘʪʦʤʜʳϨ 

ϺʣʰʝʤʜʝʨʜʽϬ ʘʡʳʨʤʘʰʳʣʳϤʳ ʞϸʥʝ ɋ ʧʘʨʘʤʝʪʨʽ ʟʝʨʪʪʝʣʛʝʥ. ʂʦʥʬʠʛʫʨʘʮʠʷʣʳϨ ʵʥʪʨʦʧʠʷʥʳϬ Ϩʘʨʘʧʘʡʳʤ Ϩʘʪʪʳ 

ʝʨʽʪʽʥʜʽʣʝʨʜʽϬ ʪϰʨʘϨʪʳʣʳϤʳʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝʛʽ ʰʝʰʫʰʽ ʨϺʣʽ ʢϺʨʩʝʪʽʣʛʝʥ. ɾʕϧ ʬʘʟʘʣʳϨ ʢϮʡʣʝʨʽʥ ʙʦʣʞʘʫ 

ʤϮʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ ʦʣʘʨʜʳϬ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ ʪʘʣϨʳʣʘʥʘʜʳ. 

ʅʝʛʽʟʛʽ ʩϺʟʜʝʨ: ʞʦϤʘʨʳ ʵʥʪʨʦʧʠʷʣʳ Ϩʦʨʳʪʧʘʣʘʨ, Ϩʘʪʪʳ ʝʨʽʪʽʥʜʽ ʬʘʟʘʣʘʨʳ, ʘʨʘʣʘʩʫ ʵʥʪʨʦʧʠʷʩʳ, ʘʨʘʣʘʩʫ 

ʵʥʪʘʣʴʧʠʷʩʳ, ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳϨ ʪϰʨʘϨʪʳʣʳϨ. 

  

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ 

(ɺʕʉ) ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʢʚʠʘʪʦʤʥʳʭ 

ʠʣʠ ʙʣʠʟʢʠʭ ʢ ʥʠʤ ʧʨʦʧʦʨʮʠʷʭ. ʀʩʩʣʝʜʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʘʤʦʨʬʥʳʭ ʬʘʟ: ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ, ʵʥʪʘʣʴʧʠʷ ʩʤʝʰʝʥʠʷ, ʨʘʟʥʠʮʘ ʚ ʘʪʦʤʥʳʭ ʨʘʟʤʝʨʘʭ ʠ 

ʧʘʨʘʤʝʪʨ ɋ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʩʪʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʆʙʩʫʞʜʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ɺʕʉ ʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ, ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʳʝ ʬʘʟʳ, ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ, ʵʥʪʘʣʴʧʠʷ 

ʩʤʝʰʝʥʠʷ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

 

Abstract. The paper discusses the theoretical aspects of the formation of high-entropy alloys (HEAs) in modern 

multicomponent systems containing at least five main elements in equiatomic or near-equiatomic proportions. The key 

thermodynamic parameters influencing the formation of solid solutions and amorphous phases, including mixing entropy, 

mixing enthalpy, atomic size difference, and the ɋ parameter, are investigated. It is shown that configurational entropy 

plays a crucial role in stabilizing simple solid solutions. The possibilities of predicting the phase states of HEAs and their 

physicochemical properties are discussed. 

Keywords: high-entropy alloys, solid solution phases, mixing entropy, mixing enthalpy, thermodynamic stability. 

 

ɺʚʝʜʝʥʠʝ. ʅʘʯʠʥʘʷ ʩ ʢʦʥʮʘ XX ʚʝʢʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʧʨʘʢʪʠʢʝ ʫʩʪʫʧʘʶʪ ʤʝʩʪʦ ʥʦʚʳʤ ʢʣʘʩʩʘʤ ï ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʤ (ɺʕʉ). ɺ ɺʕʉ ʦʙʳʯʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʵʢʚʠʘʪʦʤʥʳʭ ʠʣʠ ʧʦʯʪʠ ʵʢʚʠʘʪʦʤʥʳʭ 

ʧʨʦʧʦʨʮʠʷʭ [1,2]. ʊʘʢʘʷ ʢʦʥʮʝʧʮʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʜʚʠʥʫʪʘ ʂʘʥʪʦʨ ʠ ʜʨ. [3], ʘ ʪʘʢʞʝ ʁʝ ʠ ʜʨ. [4]. ʂʘʥʪʦʨ ʧʦʣʫʯʠʣ 20-ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʧʣʘʚ, 

ʩʦʜʝʨʞʘʱʠʡ 5 ʘʪ.% Mn, Cr, Fe, Co, Ni, Cu, Ag, W, Mo, Nb, Al, Cd, Sn, Pb, Bi, Zn, Ge, Si, Sb, Mg. ʇʨʘʚʠʣʦ 

ʬʘʟ ɻʠʙʙʩʘ ʜʦʧʫʩʢʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦ 21 ʬʘʟʳ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ) ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, ʥʦ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʬʘʟʦʡ ʙʳʣʘ ɻʎʂ ʬʘʟʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʘʷ ʚ ʦʩʥʦʚʥʦʤ 

Fe, Ni, Cr, Co ʠ ʄn. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʣʘʚ FeCrMnNiCo, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʪʦʣʴʢʦ 

ʬʘʟʫ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ɺʕʉ ʨʘʟʨʘʙʦʪʘʥʥʳʝ Yeh, ʪʘʢʞʝ ʚ ʦʩʥʦʚʥʦʤ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʣʠ ʠʟ ʬʘʟ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʚʦʧʨʝʢʠ ʪʦʤʫ, ʯʪʦ ʦʞʠʜʘʣʦʩʴ. ʁʝ ʦʙʲʷʩʥʠʣ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʚʳʩʦʢʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʠʣʠ ʵʥʪʨʦʧʠʝʡ ʩʤʝʰʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʨʘʚʥʦʚʝʩʠʠ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ ʩ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ (ЎG). ʋʚʝʣʠʯʝʥʠʝ ЎS 

(ʵʥʪʨʦʧʠʠ) ʫʚʝʣʠʯʠʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʬʘʟʘ ʙʫʜʝʪ ʩʪʘʙʠʣʴʥʦʡ. 

ɼʣʷ ɺʕʉ ʧʨʝʜʣʦʞʝʥʳ ʠ ʜʨʫʛʠʝ ʥʘʟʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ Multicomponent alloys, Multi-principal element 

alloys (MPEAs), Complex concentrated alloys (CCAs), Concentrated solid solution alloys. ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩ ʮʝʣʴʶ ʧʨʠʟʥʘʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨʦʚ, ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʚʰʠʭ ʢʦʥʮʝʧʮʠʶ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ, ʪʝʨʤʠʥ ɺʕʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺʕʉ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ (ɺʕʉ) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 35 ʘʪʦʤʥʳʭ ʧʨʦʮʝʥʪʦʚ. ʕʪʠ ʵʣʝʤʝʥʪʳ, ʚʳʩʪʫʧʘʷ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʚʥʦʟʥʘʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʪ ʩʣʦʞʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪ ɺʕʉ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʠʥʘʨʥʳʭ ʠʣʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʚ ɺʕʉ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʠʞʝ 

5 ʘʪ.% [5]. ʊʝʨʤʠʥ "ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ" ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ 

ʞʠʜʢʠʭ ʠʣʠ ʪʚʝʨʜʳʭ ʬʘʟʘʭ ʵʪʠʭ ʩʧʣʘʚʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʤʝʥʴʰʠʤ 

ʯʠʩʣʦʤ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʬʬʝʢʪ ʵʥʪʨʦʧʠʠ ʚ ɺʕʉ ʚʳʨʘʞʝʥ ʥʘʤʥʦʛʦ ʩʠʣʴʥʝʝ, 

ʦʢʘʟʳʚʘʷ ʢʨʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʧʣʘʚʦʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ɺʕʉ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʧʣʘʚʘ 

ʢʘʢ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʠ ʚʣʠʷʥʠʝʤ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʦʚ. 

ɺʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ 

G = ЎHmix ï ʊẗЎSmix  

ʛʜʝ ЎHmix ï ʵʥʪʘʣʴʧʠʷ ʩʤʝʰʝʥʠʷ, ʘ ʊ ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʕʥʪʨʦʧʠʷ S ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʝʪ ʘʜʜʠʪʠʚʥʳʤ ʩʚʦʡʩʪʚʦʤ. ɼʣʷ ʯʠʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʵʥʪʨʦʧʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʘʪʦʤʦʚ. ɺ ʩʣʫʯʘʝ ʩʧʣʘʚʦʚ, ʧʦʤʠʤʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ, ʩʫʱʝʩʪʚʫʝʪ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʚʢʣʘʜ ʚ ʵʥʪʨʦʧʠʶ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ ʚ ʨʝʰʝʪʢʝ ʠ 

ʧʦʷʚʣʝʥʠʝʤ ʚʘʢʘʥʩʠʡ. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʙʦʣʴʰʠʝ ʚʢʣʘʜʳ ʚ ʵʥʪʨʦʧʠʶ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʝʩʧʦʨʷʜʢʘ. ɺ ʠʪʦʛʝ, ʦʙʱʘʷ ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʢʦʤʧʦʥʝʥʪʘ: 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʵʥʪʨʦʧʠʶ (Sʢʦʥʬ), ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʵʥʪʨʦʧʠʶ (Sv), ʤʘʛʥʠʪʥʫʶ ʵʥʪʨʦʧʠʶ (Sm) ʠ 

ʵʣʝʢʪʨʦʥʥʫʶ ʵʥʪʨʦʧʠʶ (Se) [6].   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ:  

æSmix = æSconf + æSv + æSm + æSe 

 

ʉʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ɹʦʣʴʮʤʘʥʘ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʥʪʨʦʧʠʝʡ ʠ ʩʣʦʞʥʦʩʪʴʶ ʩʠʩʪʝʤʳ [7] ʠʟʤʝʥʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʥʘ ʤʦʣʴ (æSmix) ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ ὲ ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʚʥʦʡ ʤʦʣʷʨʥʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ:  

Smix = kĿlnw  

ʛʜʝ Ὧ - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ (1, 38Ŀ10-23 ɼʞĿʂ-1); ύ - ʯʠʩʣʦ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʤʠʢʨʦʩʦʩʪʦʷʥʠʡ, ʧʨʠ 

ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʚʥʦ  

w = N!/NA! ĿNB!  

ʯʪʦ ʤʦʞʥʦ ʣʝʛʢʦ ʚʳʯʠʩʣʠʪʴ ʜʣʷ ὔὄ=1,2,é,ὲ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʚʥʳʭ ʤʦʣʷʨʥʳʭ ʜʦʣʷʭ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

æSʩʤʝʰ = - RВ ὧÌÎὧ = - R ln1/n = R lnn , 

ʛʜʝ ὲ - ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʡ, ʘ Ὑ - ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ (R=8,314 (ɼʞ/ʂĿʤʦʣʴ)). ʇʨʠ ʵʢʚʠʘʪʦʤʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʩi=1/N. ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ N 

ʵʣʝʤʝʥʪʦʚ ʩ ʜʦʣʝʡ ʩi ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʙʫʜʝʪ Smix = RInN. ʋʚʝʣʠʯʝʥʠʝ ЎSmix ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʧʣʘʚʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ɼʣʷ 

ʧʷʪʠʵʣʝʤʝʥʪʥʦʛʦ ʩʧʣʘʚʘ ʩ ʨʘʚʥʳʤʠ ʜʦʣʷʤʠ ʵʣʝʤʝʥʪʦʚ ЎSmix=1,61R. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʧʣʘʚʘ.  

 
ʈʠʩʫʥʦʢ 1. (A) ʧʷʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʵʢʚʠʘʪʦʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦ ʩʤʝʰʠʚʘʥʠʷ ʠ (ɺ) ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ 

ʩʤʝʰʠʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʪʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ  

  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ. ʇʦʤʠʤʦ ʚʳʩʦʢʦʡ ʵʥʪʨʦʧʠʠ, ʚʳʜʝʣʠʣʠ ʪʨʠ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʘ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʦʨʬʥʳʭ ʬʘʟ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʘʭ. 
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ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʚʢʣʶʯʘʶʪ: ʨʘʟʥʠʮʫ ʚ ʘʪʦʤʥʳʭ ʨʘʟʤʝʨʘʭ (ŭ), ʵʥʪʘʣʴʧʠʶ ʩʤʝʰʝʥʠʷ (æHmix) ʠ ʵʥʪʨʦʧʠʶ 

ʩʤʝʰʝʥʠʷ (æSmix). ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ:  

- enthalpy of mixing [8]: 

æHmix =  4ɋǉʩicj 

ʛʜʝ ci ʠ cj  - ʩʦʜʝʨʞʘʥʠʝ (ʘʪ. %) i-ʛʦ ʠ j-ʛʦ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɋǉ=4Ў(̱ ˏ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ; 

- ʩʨʝʜʥʷʷ ʨʘʟʥʠʮʘ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ: 

( )
2

100% 1 /i ir c r rd= -ä  

ʛʜʝ ci ï ʩʦʜʝʨʞʘʥʠʝ (ʘʪ. %) i-ʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʧʣʘʚʝ, ri ï ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ i-ʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʧʣʘʚʝ, a ὶӶ
 ὧὶ - ʩʨʝʜʥʠʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʩʧʣʘʚʘ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ (ɋ) ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ: 

 

ɋ=ὝЎὛ / |ЎὌ |, 

 

ʛʜʝ Ὕ  ὧὝ  ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʈʘʩʯʝʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ɋ ʠ ŭr, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ɺʕʉ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ɋÓ1.1 ʠ ‏ὶÒ6.6, ʪʦʛʜʘ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʬʘʟʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 1.1<ɋ<10 ʠ 

ŭr>3.8. ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʘʨʘʤʝʪʨ ɋ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤ 

çʠʥʩʪʨʫʤʝʥʪʦʤè ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʤʝʞʜʫ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ. ɺʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɋ (ʙʦʣʝʝ 1,1) ʠ ʥʠʟʢʘʷ ʚʝʣʠʯʠʥʘ ŭ (ʤʝʥʝʝ 

6,6%) ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ɺʕʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʦʪʘ ʬʘʟ ʚ 

ʪʘʢʠʭ ʩʧʣʘʚʘʭ, ʚʦʧʨʝʢʠ ʦʞʠʜʘʥʠʷʤ ʩʣʦʞʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʘ ʩ ʠʭ ʫʥʠʢʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʵʥʪʨʦʧʠʡʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʨʕʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʚʳʩʦʢʦʡ ʵʥʪʨʦʧʠʝʡ ʩʤʝʰʝʥʠʷ ʠ ʩʣʦʞʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ, ɺʕʉ ʯʘʩʪʦ ʬʦʨʤʠʨʫʶʪ ʧʨʦʩʪʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ 

ʵʥʪʨʦʧʠʝʡ. ɸʥʘʣʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  ʵʥʪʘʣʴʧʠʠ ʩʤʝʰʝʥʠʷ, ʨʘʟʥʠʮʳ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ɺʕʉ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʋʥʠʢʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʵʥʪʨʦʧʠʡʥʳʝ ʵʬʬʝʢʪʳ ɺʕʉ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʛʨʘʥʪ ˉ BR24992854 çʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠè). 
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EXPERIMENTAL CONFIRMATION OF THE EFFECT OF WAVE PACKETS IN A SOLID BARRIER DURING A HIGH -

SPEED IMPACT 
 

ɸϬʜʘʪʧʘ. ʄʘϨʘʣʘʜʘ ʙʦʣʘʪ ʰʘʨʜʳϬ ʤʳʩ ʪʘʩʧʘʩʳ ʤʝʥ ʤʳʩ ʧʣʘʩʪʠʥʘʩʳʥʳϬ ʢʝʜʝʨʛʽʣʝʨʽʥʝ ʞʦϤʘʨʳ ʞʳʣʜʘʤʜʳϨʧʝʥ ʩʦϤʫ 

ʥϸʪʠʞʝʣʝʨʽ ʪʘʣʜʘʥʘʜʳ. ʈʘʩʪʨʣʳϨ ʤʠʢʨʦʩʢʦʧʪʳϬ ʩʫʨʝʪʪʝʨʽ ʞϸʥʝ ʵʥʝʨʛʠʷ ʜʠʩʧʝʨʩʠʷʩʳʥ ʪʘʣʜʘʫ ʜʝʨʝʢʪʝʨʽ ʙʝʨʽʣʛʝʥ. ʐʘʨ ʤʝʥ 

ʤʳʩ ʧʣʘʩʪʠʥʘʩʳʥʳϬ ʙʘʡʣʘʥʳʩ ʠʥʪʝʨʬʝʡʩʽʥʽϬ ʩʘʥʜʳϨ ʤʦʜʝʣʽ Ϩϰʨʳʣʜʳ ʞϸʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳϨ ʪʘʣʜʘʫ Ϯʰʽʥ ʙʘʨʣʳϨ Ϩʘʞʝʪʪʽ 

Ϻʣʰʝʤʜʝʨʜʽ ʘʣʫ ʤϮʤʢʽʥʜʽʢʪʝʨʽ ʢϺʨʩʝʪʽʣʛʝʥ. 

ɸʣʳʥϤʘʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨ ʩʦϨϨʳ ʪʦʣϨʳʥʜʘʨʳʥʳϬ ϨϰʙʳʣʳʩʪʘʨʳʥʳϬ ʞʘϬʘ ʬʠʟʠʢʘʣʳϨ ʢϺʨʽʥʽʩʪʝʨʽʥ ʪʦʣʳϤʳʤʝʥ 

ʨʘʩʪʘʡʜʳ, ʤϰʥʜʘ ʤʝʟʦʩʢʘʣʴʜʘϤʳ ʜʝʬʦʨʤʘʮʠʷ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʳ Ϻʟʘʨʘ ϸʨʝʢʝʪʪʝʩʝʪʽʥ ʪʦʣϨʳʥʜʳϨ ʧʘʢʝʪʪʝʨ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʤʳʩ, ʪʦʩϨʘʫʳʣ, ʩʦϨϨʳ ʪʦʣϨʳʥʳ, ʞʦϤʘʨʳ ʞʳʣʜʘʤʜʳϨʪʳ ʩʦϨϨʳ, ʘʙʣʷʮʠʷ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʩʢʦʩʢʦʨʦʩʪʥʦʛʦ ʫʜʘʨʘ ʩʪʘʣʴʥʦʛʦ ʰʘʨʘ ʦ ʧʨʝʛʨʘʜʳ ʠʟ ʤʝʜʥʦʡ ʣʝʥʪʳ 

ʠ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʳ. ʇʨʠʚʝʜʝʥʳ ʩʥʠʤʢʠ ʨʘʩʪʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠ ʜʘʥʥʳʝ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʩʪʨʦʝʥʘ ʮʠʬʨʦʚʘʷ 

ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʘʨʘ ʠ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʳ ʠ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʨʘʟʤʝʨʦʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʶʪ  ʥʦʚʫʶ ʬʠʟʠʯʝʩʢʫʶ ʢʘʨʪʠʥʳ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʷʚʣʝʥʠʡ, 

ʛʜʝ ʥʦʩʠʪʝʣʷʤʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʤʝʟʦʤʘʩʰʪʘʙʝ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʚʦʣʥʦʚʳʝ ʧʘʢʝʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʜʴ, ʧʨʝʛʨʘʜʘ, ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʫʜʘʨ, ʘʙʣʷʮʠʷ. 
 

Abstract. The article analyzes the results of a high-velocity impact of a steel ball against obstacles made of copper tape and a copper 

plate.. Scanning microscope images and energy dispersion analysis data are presented. A digital model of the area of contact interaction 

between a ball and a copper plate is constructed and the possibilities of obtaining all the necessary dimensions for mathematical analysis 

are shown. 

The experimental data obtained fully confirm the new physical picture of shock wave phenomena, where interacting wave packets 

are the carriers of deformation on the mesoscale.. 

Keywords: copper, barrier, shock wave effect, high-speed impact, ablation. 

 

ɺʚʝʜʝʥʠʝ.  ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʫʜʘʨʘ  

ʥʘ ʧʨʝʛʨʘʜʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʧʦʣʫʯʠʣʦ ʨʘʟʚʠʪʠʝ ʠ ʦʬʦʨʤʠʣʦʩʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʚʷʟʠ 

ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʩʤʦʥʘʚʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʪʝʤʘ ʥʝ ʫʪʨʘʪʠʣʘ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʧʨʦʜʦʣʞʘʷ 

ʙʳʪʴ ʦʙʲʝʢʪʦʤ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ  [1]. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʙʦʪʘ [2] ʧʨʠʚʦʜʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ 

ʫʜʘʨʥʦʤ ʬʨʦʥʪʝ, ʘʙʣʷʮʠʠ; ʦʥʘ ʪʘʢʞʝ ʜʝʣʠʪ ʩʦʙʳʪʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʫʜʘʨʘ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ: 

ʨʘʥʥʷʷ ʩʪʘʜʠʷ ʫʜʘʨʘ (ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʚʩʧʳʰʢʘ ʫʜʘʨʘ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʥʘʙʣʶʜʝʥʠʷʤʠ) ʠ ʧʦʟʜʥʷʷ ʩʪʘʜʠʷ 

ʫʜʘʨʘ ʠ ʚʳʙʨʦʩʘ (ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʨʘʟʚʠʚʘʝʪʩʷ ʫʜʘʨʥʳʡ ʢʨʘʪʝʨ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʬʦʨʘʮʠʷ ʮʝʣʠ). ʉʪʘʪʴʷ 

[3] ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʭʠʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʘʪʦʤʥʳʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʲʷʩʥʷʶʱʫʶ (ʠ ʧʨʝʜʩʢʘʟʳʚʘʶʱʫʶ) 

ʠʟʤʝʥʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʚʪʦʨʘʤʠ [4] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ  

ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʨʝʘʢʮʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʩʣʦʞʥʘ ʠ ʜʦ ʢʦʥʮʘ ʥʝ 

ʠʟʫʯʝʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ. 

ɸʚʪʦʨʘʤʠ [5] ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʬʠʟʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʷʚʣʝʥʠʡ, ʛʜʝ ʥʦʩʠʪʝʣʷʤʠ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʤʝʟʦʤʘʩʰʪʘʙʝ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʚʦʣʥʦʚʳʝ ʧʘʢʝʪʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ 

ʧʨʝʛʨʘʜʦʡ ʠʟ ʤʝʜʠ, ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ. 

mailto:y.nedob@gmail.com
mailto:kveglis@list.ru
mailto:anis@hydro.nsc.ru
mailto:ANedobitkov@ektu.kz
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʩʪʘʣʠ ʐʍ15, ʠ  ʤʝʜʥʳʝ  ʣʝʥʪʘ ʠ ʧʣʘʩʪʠʥʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʤʝʜʠ ʤʘʨʢʠ ʄ2 ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʘʚʪʦʨʦʚ [6]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʝʥʪʘ ʙʳʣʘ  ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʧʦʜʣʦʞʢʝ 

ʠʟ ʩʠʣʫʤʠʥʘ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʭʨʘʥʝʥʥʳʭ ʧʦʩʣʝ ʫʜʘʨʥʦʛʦ ʩʞʘʪʠʷ ʦʙʨʘʟʮʦʚ (ʩʤ. 

ʨʠʩ.1).  
 

ʘ)  ʙ)  ʚ)  
 
ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ - ʫʜʘʨʥʳʡ ʢʨʘʪʝʨ ʚ ʩʠʣʫʤʠʥʦʚʦʡ ʧʦʜʣʦʞʢʝ, ʙ, ʚ ï ʫʜʘʨʥʳʡ ʢʨʘʪʝʨ 

ʚ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʝ 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JSM-6390LV ʩ 

ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus BX51. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ Autodesk 

Meshmixer, Geomagic Controls IX   ʠ Blender. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʦʯʝʥʴ ʫʜʦʙʥʘ ʜʣʷ ʩʥʷʪʠʷ ʣʶʙʳʭ ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʨʘʟʤʝʨʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʪʦʯʥʦʩʪʠ (D, hk, h0, H, t, ŭ), ʯʪʦ ʥʝʜʦʩʪʫʧʥʦ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ 

ʠʟʤʝʨʝʥʠʷ (ʨʠʩ.2). ɼʣʷ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ (ʨʠʩ. 3). 

ʅʘ ʧʦʩʪʨʦʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ (ʨʠʩ.2) ʚʠʜʥʦ, ʯʪʦ ʜʠʘʤʝʪʨ ʜʥʘ ʢʨʘʪʝʨʘ ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ ʰʘʨʘ, ʯʪʦ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʢʦʥʪʘʢʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʪʚʝʨʜʳʭ ʪʝʣ. 

 

 

 
 

ʈʠʩʫʥʦʢ 2. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʘʨʘ ʠ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʳ 

 

ɺ ʨʘʙʦʪʝ [7] ʘʥʘʣʦʛʠʯʥʳʡ ʢʨʘʪʝʨ ʚ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʝ ʙʳʣ ʧʦʣʫʯʝʥ ʠʤʠʪʘʮʠʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ 

ʧʦʜʚʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʢʩʧʝʨʠʤʝʥʪ ʘʚʪʦʨʦʚ [7] ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ  ʠʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ ʠ ʩʚʦʡʩʪʚ ʧʨʝʛʨʘʜʳ ʚʳʟʳʚʘʝʪ ʥʝ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʪʚʝʨʜʳʭ ʪʝʣ, ʘ ʚʦʣʥʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʩʪʘʪʴʝ [8] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʝʜʝʥʠʷ ʧʨʝʛʨʘʜʳ ʠʟ ʛʠʧʝʨʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘ ʧʨʠʤʝʨʝ ʨʝʟʠʥʳ ʧʨʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʫʜʘʨʝ. ɸʚʪʦʨʘʤʠ [8] ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʢʨʘʪʝʨʘ ʧʨʝʛʨʘʜʳ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝ ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʥʘ ʢʨʘʶ ʢʨʘʪʝʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʝʜʴ 

ʥʝ ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʫʧʨʫʛʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʝʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʫʜʘʨʝ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ [8]. ʋʢʘʟʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʫʜʘʨʥʘʷ ʚʦʣʥʘ 

ʧʝʨʝʚʦʜʠʪ ʤʝʪʘʣʣ ʚ ʧʣʘʩʪʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʳʟʳʚʘʝʪ ʝʛʦ çʪʝʯʝʥʠʝè ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʘʟʜʦ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩ.2.3). 
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ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʠʠ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʳ ʧʨʠ ʫʜʘʨʝ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ; 1- ʦʩʴ ʩʠʤʤʝʪʨʠʠ, 2 ï ʧʣʘʩʪʠʥʘ, 

3 ï ʢʦʥʫʩʦʦʙʨʘʟʥʳʡ ʚʳʩʪʫʧ ʚ ʢʦʥʮʝ ʩʦʫʜʘʨʝʥʠʷ, 4 ï ʧʦʧʝʨʝʯʥʳʡ ʧʨʦʛʠʙ ʧʣʘʩʪʠʥʳ, 5 ï ʰʘʨʠʢ ʚ ʢʦʥʮʝ ʫʜʘʨʘ 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʤʝʜʥʳʤʠ ʧʣʘʩʪʠʥʦʡ ʠ ʣʝʥʪʦʡ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʥʢʘ, ʢʦʪʦʨʳʡ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʩʦʜʝʨʞʘʣʩʷ ʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʦʙʲʝʢʪʘʭ  (ʩʤ. 

ʨʠʩ.4). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʮʠʥʢʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚʜʦʣʴ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʣʳ Pʫʜ , ʪʦ ʝʩʪʴ ʚ ʟʦʥʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 4. ʊʦʯʢʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ  

 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʮʠʥʢ ʦʙʥʘʨʫʞʝʥ ʚ 4 ʠʟ 11 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʦʯʝʢ (ʩʤ. ʨʠʩ.4, ʪʘʙʣ .1), ʯʪʦ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʶ ʮʠʥʢʘ ʩʦʧʫʪʩʪʚʫʝʪ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ. 

 
ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʘʥʘʣʠʟʘ ʫʯʘʩʪʢʘ ʥʘ ʨʠʩ. 4 

 

ʊʦʯʢʠ 
ʠʟʤʝʨʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, % ʤʘʩʩ. 

O Al  Fe Cu Zn 
ʉʧʝʢʪʨ 1  0.68 1.73 2.12 95.48 0 

ʉʧʝʢʪʨ 2  5.22 1.57 2.38 88.32 2.51 

ʉʧʝʢʪʨ 3 12.28 1.72 1.43 81.99 2.16 

ʉʧʝʢʪʨ 5 5.94 3.19 1.00 86.03 1.71 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʂʘʱʝʥʢʦ ʄ.ʇ. [9] ʧʨʠʚʝʣ ʧʨʠʤʝʨ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʚ ʯʘʩʪʠʮʘʭ 

ʧʦʨʦʰʢʘ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʠʟ ʤʝʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ NaCl. ʋʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ ʩʠʥʪʝʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʟʘʭʚʘʪʘ ʧʨʦʪʦʥʦʚ 
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ʷʜʨʘʤʠ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʟʘʭʚʘʪʘ ʧʨʦʪʦʥʘ ʧʨʦʙʣʝʤʘ ʧʨʝʦʜʦʣʝʥʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʙʘʨʴʝʨʘ ʩʥʠʤʘʝʪʩʷ ʧʨʠ ʫʯʝʪʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʚʘʟʠʥʝʡʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (p+e): Cu+(p+e)ŸZn+e.  

ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʚʘʟʠʥʝʡʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʪʦʥʫ ʧʨʠʙʣʠʟʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʧʦʨʷʜʢʘ ʢʨʠʪʠʯʝʩʢʠʭ Rc~10ī13 ʤ. ʜʣʷ ʟʘʭʚʘʪʘ ʧʨʦʪʦʥʘ ʷʜʨʦʤ ʤʝʜʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʩʪʘʪʴʝ [10] ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʧʦʣʦʞʝʥʘ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʛʝʨʝʥʪʥʘʷ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʘʷ ʧʘʨʘ. ʆʥʘ ʬʦʨʤʠʨʫʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʦʣʥʫ ʟʘʨʷʜʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ï ɻ ʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʡ ʧʣʘʟʤʦʠʜ ʠ 

ʨʘʟʨʫʰʘʝʪ ʚ çʥʘʥʦè-ʤʘʩʰʪʘʙʝ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. 

ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʙʦʪʳ [5,10] ʩʦʟʚʫʯʥʳ ʠ ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʦʙʲʷʩʥʷʶʪ ʧʨʝʚʨʘʱʝʥʠʝ ʤʝʜʠ ʚ ʮʠʥʢ 

ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʫʜʘʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠʚʝʜʝʥʳ ʫʙʝʜʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʚʦʣʥʦʚʳʝ ʧʘʢʝʪʳ ʧʨʠ 

ʫʜʘʨʥʦ ʚʦʣʥʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʥʘ ʧʨʠʤʝʨʝ ʤʝʜʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʷʚʣʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʝʡ ʜʝʬʦʨʤʘʮʠʶ ʩ ʬʦʥʦʥʥʦʡ ʧʝʨʝʜʘʯʝʡ 

ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʥʘ ʤʝʟʦʤʘʩʰʪʘʙʝ. 
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ʊʀʊɸʅ ʂɸʈɹʀɼɯ ʅɸʅʆױʅʊɸנʓ ʅɽɻɯɿɯʅɼɽɻɯ ɻʈɸɼʀɽʅʊʊɯ ʂɽʋɽʂʊɯ ױפʈʓʃʓʄʓ ɹɸʈ ᴆʊʂɯɿɻɯʐ 

ʄɸʊɽʈʀɸʃɼɸʈɼʓױ רʅʊɸפʊʓ ʄɽʊɸʃʃʋʈɻʀʗ ᴄɼɯʉʊɽʈɯʄɽʅ ᴄɿɯʈʃɽʋ ɾᴄʅɽ ױפʈʓʃʓʄɼʓפ-ʌɸɿɸʃʓפ ɾɸנɼɸʁʓʅ 

ɿɽʈʊʊɽʋ  

ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʅʆ - ʌɸɿʆɺʆɻʆ ʉʆʉʊʆʗʅʀʗ ʇʈʆʅʀʎɸɽʄʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ 

ʆʉʅʆɺɽ ʅɸʅʆʇʆʈʆʐʂʆɺ ʂɸʈɹʀɼɸ ʊʀʊɸʅɸ ʉ ɻʈɸɼʀɽʅʊʅʆʁ ʇʆʈʀʉʊʆʁ ʉʊʈʋʂʊʋʈʆʁ ʄɽʊʆɼɸʄʀ ʇʆʈʆʐʂʆɺʆʁ 

ʄɽʊɸʃʃʋʈɻʀʀ  
DEVELOPMENT AND STUDY OF THE STRUCTURAL -PHASE STATE OF PERMEABLE MATERIALS BASED ON TITANIUM 

CARBIDE NANOPOWDERS WITH A GRADIENT POROUS STRUCTURE USING POWDER METALLURGY METHODS  

 
ɸϬʜʘʪʧʘ. ϧʘʟʽʨʛʽ ʟʘʤʘʥϤʳ ʙʽʨʝʛʝʡ ϨϰʨʳʣʳʤʜʳϨ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʜʘʤʳʪʫ Ϥʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳϬ 

ʤʘϬʳʟʜʳ ʤʽʥʜʝʪʪʝʨʽʥʽϬ ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. Ϸʩʽʨʝʩʝ, ʤʝʭʘʥʠʢʘʣʳϨ ʙʝʨʽʢʪʽʢ, ʞʳʣʫʣʳϨ ʪϰʨʘϨʪʳʣʳϨ ʞϸʥʝ ʞʦϤʘʨʳ 

Ϻʪʢʽʟʛʽʰʪʽʢ ʩʠʷϨʪʳ ʥʝʛʽʟʛʽ Ϩʘʩʠʝʪʪʝʨʜʽ ʙʽʨʽʢʪʽʨʝʪʽʥ ʛʨʘʜʠʝʥʪʪʽ ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʟʝʨʪʪʝʫ Ϻʟʝʢʪʽ ʤϸʩʝʣʝ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹϰʣ ϸʩʽʨʝʩʝ ʘʛʨʝʩʩʠʚʪʽ ʦʨʪʘʜʘ Ϩʦʣʜʘʥʫ Ϯʰʽʥ ʤʘϬʳʟʜʳ. ʂϺʧʪʝʛʝʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘϤʳʪʪʘʨʜʳϬ ʙʽʨʽ ï ʪʠʪʘʥ 

ʢʘʨʙʠʜʽ (TiC) ʥʘʥʦʧʦʨʦʰʦʢʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ. ʆʣʘʨ ʞʦϤʘʨʳ ϨʘʪʪʳʣʳϤʳʤʝʥ, ʪʦʪʳϤʫϤʘ ʪϺʟʽʤʜʽʣʽʛʽʤʝʥ ʞϸʥʝ 1000ÁC-Ϩʘ ʜʝʡʽʥʛʽ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪϰʨʘϨʪʳʣʳϤʳʤʝʥ ʪʘʥʳʤʘʣ. TiC ʥʘʥʦʧʦʨʦʰʦʢʪʘʨʳ ϰʩʘϨ ʪϮʡʽʨʰʽʢʪʽ ϨϰʨʳʣʳʤʥʳϬ Ϩʘʣʳʧʪʘʩʫʳʥʘ ʳϨʧʘʣ 

ʝʪʝʜʽ, ʙϰʣ Ϻʟ ʢʝʟʝʛʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳϬ ʤʝʭʘʥʠʢʘʣʳϨ Ϩʘʩʠʝʪʪʝʨʽʥ ʞϸʥʝ ʦʥʳϬ ʙʝʨʽʢʪʽʛʽʥ ʞʘϨʩʘʨʪʘʜʳ. ɻʨʘʜʠʝʥʪʪʽ ʢʝʫʝʢʪʽ 

Ϩϰʨʳʣʳʤʜʳ Ϩʘʣʳʧʪʘʩʪʳʨʫ, ʤϰʥʜʘ ʢʝʫʝʢʪʽʣʽʢ Ϩʘʙʘʪʪʘʥ ϨʘʙʘʪϨʘ Ϻʟʛʝʨʽʧ ʦʪʳʨʘʜʳ, ʤʝʭʘʥʠʢʘʣʳϨ ʞϮʢʪʝʤʝʣʝʨʜʽ ʪʠʽʤʜʽʨʝʢ 

ʙϺʣʫʛʝ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɯʨʽ ʢʝʫʝʢʪʽ Ϩʘʙʘʪʪʘʨ ʙʝʨʽʢʪʽʢ ʧʝʥ Ϻʪʢʽʟʛʽʰʪʽʢʪʽ ʘʨʪʪʳʨʘʜʳ, ʘʣ ϰʩʘϨ ʢʝʫʝʢʪʽ Ϩʘʙʘʪʪʘʨ ϰʩʘϨ 

ʜʠʩʧʝʨʩʪʽ ʙϺʣʰʝʢʪʝʨʜʽϬ ʪʠʽʤʜʽ ʩϮʟʛʽʣʝʥʫʽʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ϧʦʩʳʤʰʘ ʘʨʪʳϨʰʳʣʳϤʳ ï ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳϨ ʢʝʜʝʨʛʽʥʽϬ 

ʪϺʤʝʥʜʝʫʽ, ʙϰʣ ʩϰʡʳϨʪʳϨʪʘʨ ʤʝʥ ʛʘʟʜʘʨʜʳϬ ʤʘʪʝʨʠʘʣ ʘʨϨʳʣʳ ʪʘʩʳʤʘʣʜʘʥʫʳʥ ʞʘϨʩʘʨʪʘʜʳ. ʄϰʥʜʘʡ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʞʘʩʘʫ 

Ϯʰʽʥ ϰʥʪʘϨʪʳ ʤʝʪʘʣʣʫʨʛʠʷ ϸʜʽʩʪʝʨʽ ʙʝʣʩʝʥʜʽ Ϩʦʣʜʘʥʳʣʘʜʳ. ɹʽʨʽʥʰʽ ʢʝʟʝϬʜʝ TiC ϰʥʪʘϨʪʘʨʳ ʧʦʨʦʛʝʥʜʝʨʤʝʥ(ʘʤʤʦʥʠʡ 

ʢʘʨʙʦʥʘʪʳ) ʥʝʤʝʩʝ ʢʝϬʽʩʪʽʢ ϰʩʪʘϤʳʰʪʘʨʤʝʥ(ʪʝʤʽʨ ʥʝʤʝʩʝ ʥʠʢʝʣʴ) ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. ɹϰʣ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽϬ ʙʽʨʢʝʣʢʽ 

ʪʘʨʘʣʫʳʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫ Ϯʰʽʥ ʧʣʘʥʝʪʘʣʳϨ ʰʘʨʣʳ ʜʠʽʨʤʝʥʜʝ ʞϮʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʦʩʳʣʘʡʰʘ ʢʝʫʝʢʪʽʣʽʢ 30-50% ʜʝϬʛʝʡʽʥʝ 

ʞʝʪʝʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ Ϩʦʩʧʘ ʰʘʤʘʤʝʥ 1300ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ, 5 ʤʠʥʫʪ ϰʩʪʘʣʫ ʫʘϨʳʪʳʤʝʥ ʞϸʥʝ ʰʘʤʘʤʝʥ 50ï150 ÁC/ʤʠʥ 

Ϩʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳϤʳʤʝʥ ϰʰϨʳʥ-ʧʣʘʟʤʘʣʳϨ ʢϮʡʜʽʨʫ (ϯʇʂ) ϸʜʽʩʽʤʝʥ ʥʳϤʳʟʜʘʣʘʜʳ. ʂϮʡʜʽʨʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ, ʤʳʩʘʣʳ, Ϩʳʩʳʤ, 

ʪʦʢ ʞϸʥʝ ʠʤʧʫʣʴʩ ʞʠʽʣʽʛʽʥ ʙʘϨʳʣʘʫ ʪϰʨʘϨʪʳ ʘʨʘʣʳϨ ʙϺʣʰʝʢ ʙʘʡʣʘʥʳʩʪʘʨʳʥ ʞϸʥʝ ʤʘʪʝʨʠʘʣʜʳϬ ʦϬʪʘʡʣʳ ʤʠʢʨʦϨϰʨʳʣʳʤʳʥ 

Ϩʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɸʥʘʣʠʟʜʽϬ ʢʝʰʝʥʜʽ ϸʜʽʩʪʝʨʽʥ, ʩʦʥʳϬ ʽʰʽʥʜʝ ʵʥʝʨʛʠʷ-ʜʠʩʧʝʨʩʠʷʣʳϨ ʘʥʘʣʠʟʽ (EDS) ʙʘʨ ʩʢʘʥʝʨʣʝʫʰʽ 

ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (SEM) ʞϸʥʝ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ (XRD) Ϩʦʣʜʘʥʫ ʘʨϨʳʣʳ ʤʦʨʬʦʣʦʛʠʷʥʳ, ʬʘʟʘʣʳϨ Ϩϰʨʘʤʜʳ 

ʞϸʥʝ ʢʝʫʝʢʪʝʨʜʽϬ ʪʘʨʘʣʫʳʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʟʝʨʪʪʝʫʛʝ ʙʦʣʘʜʳ, ʙϰʣ ʪʝʭʥʦʣʦʛʠʷʣʳϨ ʧʨʦʮʝʩʪʝʨʜʽ ʞʝʪʽʣʜʽʨʫʛʝ ʳϨʧʘʣ ʝʪʝʜʽ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ϯʥʪʘϨʪʳ ʤʝʪʘʣʣʫʨʛʠʷ, ʪʠʪʘʥ ʢʘʨʙʠʜʽ, ʘʨʘʣʘʩʪʳʨʫ, ʧʦʨʦʛʝʥ, ʢʝϬʽʩʪʽʢ ϰʩʪʘϤʳʰ, ʧʣʘʥʝʪʘʣʳϨ ʰʘʨʣʳ ʜʠʽʨʤʝʥ, 

ϰʰϨʳʥ-ʧʣʘʟʤʘʣʳϨ ʢϮʡʜʽʨʫ (ϯʇʂ). 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʥʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʜʠʝʥʪʥʦ-ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʲʝʜʠʥʷʶʪ ʪʘʢʠʝ ʢʣʶʯʝʚʳʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ʆʜʥʠʤ ʠʟ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ (TiC). ʆʥʠ ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʢʠʩʣʝʥʠʶ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 1000ÁC. ʅʘʥʦʧʦʨʦʰʢʠ TiC ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʜʠʝʥʪʥʦʡ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʧʦʨʠʩʪʦʩʪʴ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ, ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. 

ʂʨʫʧʥʦʧʦʨʠʩʪʳʝ ʩʣʦʠ ʧʦʚʳʰʘʶʪ ʧʨʦʯʥʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʣʢʦʧʦʨʠʩʪʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ 

ʬʠʣʴʪʨʘʮʠʶ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʯʝʨʝʟ ʤʘʪʝʨʠʘʣ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʨʦʰʢʠ TiC ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʧʦʨʦʛʝʥʘʤʠ ʠʣʠ ʜʝʨʞʘʪʝʣʷʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʘʢʠʤʠ ʢʘʢ ʢʘʨʙʦʥʘʪ ʘʤʤʦʥʠʷ, ʞʝʣʝʟʦ ʠʣʠ ʥʠʢʝʣʴ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ, ʛʜʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ, ʯʪʦʙʳ ʧʦʨʠʩʪʦʩʪʴ ʜʦʩʪʠʛʣʘ 30-50%. ɿʘʪʝʤ ʩʤʝʩʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʀʇʉ), ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1300ÁC, ʩ ʚʳʜʝʨʞʢʦʡ ʚ 5 ʤʠʥʫʪ ʠ 

ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ ʦʢʦʣʦ 50ï150 ÁC/ʤʠʥ. ʂʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʜʘʚʣʝʥʠʝ, ʪʦʢ ʠ ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ, 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʳʝ ʤʝʞʯʘʩʪʠʯʥʳʝ ʩʚʷʟʠ ʠ ʦʧʪʠʤʘʣʴʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ ʢʘʢ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (SEM) ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ (EDS) 

ʠ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ (XRD), ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʤʦʨʬʦʣʦʛʠʶ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʢʘʨʙʠʜ ʪʠʪʘʥʘ, ʩʤʝʰʠʚʘʥʠʝ, ʧʦʨʦʛʝʥ, ʜʝʨʞʘʪʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʧʣʘʥʝʪʘʨʥʘʷ ʰʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ, ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ(ʀʇʉ). 

 

Abstract. The modern development of materials with unique structural characteristics represents one of the most significant 

challenges in science and engineering. Particularly relevant is the study of gradient-porous materials, which combine key properties 

such as mechanical strength, thermal stability, and high permeability. This is especially important for applications in aggressive 

environments. One promising direction is the use of titanium carbide (TiC) nanopowders, which are known for their high hardness, 
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oxidation resistance, and stability at temperatures up to 1000ÁC. TiC nanopowders contribute to the formation of a fine-grained 

structure, which in turn enhances the mechanical properties and durability of the material. The formation of a gradient porous structure, 

where porosity varies from layer to layer, allows for a more efficient distribution of mechanical loads. Large-pore layers improve strength 

and permeability, while small-pore layers provide effective filtration of fine particles. An additional advantage is the reduction of 

hydrodynamic resistance, which improves the transport of liquids and gases through the material. Powder metallurgy methods are 

actively used to create such materials. In the initial stage, TiC powders are mixed with porogens or space holders such as ammonium 

carbonate, iron, or nickel. This process takes place in a planetary ball mill, where the components are evenly distributed to achieve a 

porosity of 30ï50%. The mixture is then consolidated using the spark plasma sintering (SPS) method at a temperature of approximately 

1300ÁC, with a holding time of 5 minutes and a heating rate of about 50ï150 ÁC/min. Controlling sintering parameters such as pressure, 

current, and pulse frequency ensures stable interparticle bonds and an optimal microstructure of the material. A comprehensive set of 

analysis methods, including scanning electron microscopy (SEM) with energy-dispersive spectroscopy (EDS) and X-ray diffraction 

(XRD), allows for a detailed study of morphology, phase composition, and pore distribution, contributing to the improvement of 

technological processes. 

Keywords: Powder metallurgy, titanium carbide, mixing, porogen, space holder, planetary ball mill, spark plasma sintering (SPS). 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʶʪ ʧʨʦʯʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ʂʘʨʙʠʜ ʪʠʪʘʥʘ (TiC) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʠ ʜʦ 1000ÁC, ʦʪʣʠʯʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʠʥʝʨʪʥʦʩʪʠ. ʊʘʢʠʝ ʧʦʨʠʩʪʳʝ TiC-ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʬʠʣʴʪʨʘʮʠʠ, ʢʘʪʘʣʠʟʝ, ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʘʚʠʘʮʠʦʥʥʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʨʝʘʢʪʦʨʘʭ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʦʨʠʩʪʦʩʪʴʶ, ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ. ɺʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ 

ʫʣʫʯʰʘʝʪ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʜʥʘʢʦ ʩʥʠʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʨʘʜʠʝʥʪʥʳʭ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʤʘʪʝʨʠʘʣʘ. ʄʝʪʦʜʳ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ TiC ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʪʝʢʩʪʫʨʳ ʠ ʫʣʫʯʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʩʧʝʢʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʨʦʛʝʥʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ɻʨʘʜʠʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʫʣʫʯʰʘʷ ʢʘʢ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʪʘʢ ʠ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. [ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.][ʆʰʠʙʢʘ! 

ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.][ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.][ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ 

ʥʝ ʥʘʡʜʝʥ.][6]  

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ. ʇʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ï ʵʪʦ ʩʪʨʫʢʪʫʨʳ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ (ʧʦʨʘʤʠ), 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʤʠ ʧʦ ʨʘʟʤʝʨʘʤ: ʤʠʢʨʦʧʦʨʳ (<2 ʥʤ), ʤʝʟʦʧʦʨʳ (2ï50 ʥʤ) ʠ ʤʘʢʨʦʧʦʨʳ (>50 ʥʤ) 

ʩʦʛʣʘʩʥʦ IUPAC [5]. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

ʇʦʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʦʙʱʝʡ ʠ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ʆʙʱʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʦʪʨʘʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʧʦʨ, ʘ ʦʪʢʨʳʪʘʷ ï ʠʭ ʩʦʝʜʠʥʝʥʥʦʩʪʴ, ʚʣʠʷʶʱʫʶ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ɼʣʷ 

ʬʠʣʴʪʨʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 30ï50%. ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʜʦʣʞʥʘ ʧʨʝʦʙʣʘʜʘʪʴ, ʪʘʢ ʢʘʢ 

ʟʘʢʨʳʪʳʝ ʧʦʨʳ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʬʠʣʴʪʨʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʐʫʩʪʦʚʘ ʠ ʩʦʘʚʪʦʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʨʦʛʝʥʘ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʥʦ ʩʥʠʞʘʝʪ ʦʪʢʨʳʪʫʶ. [1][3] 

ɻʨʘʜʠʝʥʪʥʘʷ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ. ɻʨʘʜʠʝʥʪʥʘʷ ʧʦʨʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʧʦʨʠʩʪʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʣʦʷʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʠ 

ʩʪʨʫʢʪʫʨʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʬʠʣʴʪʨʘʮʠʷ, 

ʢʘʪʘʣʠʟ ʠ ʪʝʧʣʦʦʙʤʝʥ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʪʦʢʘʤʠ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ, 

ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʠ ʢʦʨʨʦʟʠʠ. [7] 

ɻʨʘʜʠʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʟʘ ʩʯʸʪ ʩʣʦʝʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ: ʢʨʫʧʥʦʧʦʨʠʩʪʳʝ ʩʣʦʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ, ʘ 

ʤʝʣʢʦʧʦʨʠʩʪʳʝ ï ʵʬʬʝʢʪʠʚʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ʕʪʦ ʩʦʯʝʪʘʥʠʝ ʜʝʣʘʝʪ ʤʘʪʝʨʠʘʣ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʣʷ ʫʩʣʦʚʠʡ, ʪʨʝʙʫʶʱʠʭ ʢʘʢ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʦʪʣʠʯʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʝʨʞʘʥʠʝ ʢʘʢ ʢʨʫʧʥʳʭ, ʪʘʢ ʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ 

ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʭʨʘʥʷʷ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʣʠ ʚ ʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ. ʅʘʣʠʯʠʝ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʫʣʫʯʰʘʷ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʷʭ ʜʘʚʣʝʥʠʷ. [5][8] 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʥʠʮʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʩ ʛʨʘʜʠʝʥʪʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʟʜʘʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʶʪʩʷ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʛʝʥʦʚ 

ʠʣʠ ʜʝʨʞʘʪʝʣʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ ʩʯʝʪ ʛʨʘʜʠʝʥʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ. 

ʄʝʪʦʜʠʢʘ ʩʤʝʰʠʚʘʥʠʷ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ (TiC). ʉʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ (50ï

70 ʥʤ) ʠ ʧʦʨʦʛʝʥʘ, ʪʘʢʦʛʦ ʢʘʢ ʢʘʨʙʦʥʘʪ ʘʤʤʦʥʠʷ ((NHϞ)ϜCOϝ) ʠʣʠ ʜʝʨʞʘʪʝʣʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʢ 
ʞʝʣʝʟʦ(Fe) ʠʣʠ ʥʠʢʝʣʴ(Ni) (40ï50 ʤʢʤ ʠ 315ï400 ʤʢʤ) ʩ ʦʙʲʝʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 7:10, 6:10 ʠ 5:10 ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ 30%, 40% ʠ 50% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. [1][9][10] 

 
ʊʘʙʣʠʮʘ 1. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʠʚʘʥʠʷ 
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ʈʘʚʥʦʤʝʨʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʦʧʨʝʜʝʣʷʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (SEM) (ʩ ʧʦʜʜʝʨʞʢʦʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, EDS) ʧʦʩʣʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʤʝʰʠʚʘʥʠʷ (ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ). SEM-

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʠʪ ʚʠʟʫʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʧʦʨʦʛʝʥʳ ʠʣʠ ʜʝʨʞʘʪʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʳʣʠ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʫʞʝ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ. [7][11]  

ɼʣʷ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʘʣʠʟʘʪʦʨ ʯʘʩʪʠʮ. 

ʇʦʩʢʦʣʴʢʫ ʜʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʪʠʪʘʥʘ ʠ ʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʰʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ, ʠʭ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʥʘ ʦʩʥʦʚʝ ʩʝʨʠʠ 

ʠʟʤʝʨʝʥʠʡ. 

ʄʝʪʦʜʠʢʘ ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʀʇʉ, SPS) ʥʘʥʦʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʩ ʛʨʘʜʠʝʥʪʥʦʡ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ ʛʨʘʜʠʝʥʪʥʦʡ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʀʇʉ). ʕʪʠ ʤʝʪʦʜʳ ʨʘʟʣʠʯʘʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʠʜʦʤ ʧʦʨʦʦʙʨʘʟʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʧʦʨʦʛʝʥʘ ʠʣʠ ʜʝʨʞʘʪʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘ). ɺ ʧʝʨʚʦʤ 

ʤʝʪʦʜʝ ʧʦʨʦʛʝʥ ʫʜʘʣʷʝʪʩʷ ʜʦ ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ, ʘ ʚʦ ʚʪʦʨʦʤ ðʜʝʨʞʘʪʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʫʜʘʣʷʝʪʩʷ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ. ʉʚʝʟʠ ʩ ʵʪʠʤ ʚ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʘʭ ʫ ʥʠʭ ʨʘʟʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʩʧʝʢʘʥʠʠ. 

(ʈʠʩ.1) [12] 

ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʤʝʪʦʜʫ ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʀʇʉ)(SPS). ʉʘʤʳʝ 

ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʩʧʝʢʘʥʠʠ ʤʝʪʦʜʦʤ ʀʇʉ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ), ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʩʠʣʘ ʪʦʢʘ, 

ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ), ʘʪʤʦʩʬʝʨʘ, ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. [13][14][15] 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʀʇʉ ï ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ï ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʢʨʘʱʘʝʪ ʧʨʦʮʝʩʩ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʨʦʩʪ ʟʝʨʝʥ ʠ ʩʦʭʨʘʥʷʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʩʪʴ, ʘ ʤʝʜʣʝʥʥʳʡ ʥʘʛʨʝʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʧʦʨʦʛʝʥʦʚ ʠ 

ʩʥʠʞʝʥʠʶ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʠʬʬʫʟʠʶ ʠ ʧʣʦʪʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʢʦʨʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʯʘʩʪʠʯʥʳʭ ʩʚʷʟʝʡ, ʥʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ 

ʨʦʩʪʫ ʟʝʨʝʥ ʠ ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ ʟʘʚʝʨʰʘʝʪ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ 

ʠ ʫʧʣʦʪʥʝʥʠʷ, ʧʦʚʳʰʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʫʩʪʨʘʥʷʷ ʜʝʬʝʢʪʳ, ʦʜʥʘʢʦ ʨʠʩʢ ʧʝʨʝʨʘʟʤʝʨʝʥʥʦʩʪʠ ʟʝʨʝʥ ʦʩʪʘʸʪʩʷ. 
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ʆʧʪʠʤʠʟʘʮʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʴʶ, ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʀʇʉ 

 
ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʜʣʷ ʩʧʝʢʘʥʠʷ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ (TiC): 1100 ÁC, 

1200 ÁC, 1300 ÁC ʠ 1400 ÁC. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʚʣʷʝʪʩʷ 1300 ÁC. ɺʨʝʤʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʠʥʫʪ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ, ʦʜʥʘʢʦ ʚ 

ʫʩʣʦʚʠʷʭ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʀʇʉ) ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʘʧʘʟʦʥ 50ï150 ÁC/ʤʠʥ, ʧʨʠ 

ʵʪʦʤ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80 ÁC/ʤʠʥ. [16] 

ɼʣʷ ʤʝʪʦʜʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʛʦ ʫʜʘʣʝʥʠʝ ʧʦʨʦʛʝʥʘ ʜʦ ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, ʚʳʜʝʨʞʢʫ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʧʘʨʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʧʦʨʦʛʝʥʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ 50 ÁC/ʤʠʥ, 

ʚʳʜʝʨʞʢʘ ʥʫʞʥʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʘʨʙʦʥʘʪ ʘʤʤʦʥʠʷ ʠ ʨʘʥʘ 10 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ÁC/ʤʠʥ. [1][12][17] 

ɼʣʷ ʤʝʪʦʜʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʫʜʘʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ (ʜʝʨʞʘʪʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ, 

ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ. ʕʪʦ ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʚ 

ʚʳʙʦʨʝ ʧʦʜʭʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʸʥʥʳʤ ʚʧʦʩʣʝʜʩʪʚʠʠ. [12][15] 

ʉʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʘʥʜʠʜʘʪʘ ʥʘ ʵʪʫ 

ʨʦʣʴ: ʞʝʣʝʟʦ (Fe) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 1538ÁC ʠ ʥʠʢʝʣʴ (Ni) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 1455ÁC. 

ʆʙʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʣʘʚʷʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʫʜʘʣʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ (HCl).[11] 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʀʇʉ) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʫʧʣʦʪʥʝʥʠʠ ʧʦʨʦʰʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʞʯʘʩʪʠʯʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʚ ʢʦʥʪʨʦʣʝ ʧʦʨʠʩʪʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ. ʆʥʦ ʫʣʫʯʰʘʝʪ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʘʢʪʠʚʠʨʫʝʪ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ 

ʫʩʢʦʨʷʝʪ ʩʧʝʢʘʥʠʝ. ʇʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ, 

ʯʪʦ ʧʦʤʦʛʘʝʪ ʫʤʝʥʴʰʠʪʴ ʜʝʬʝʢʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʧʦʨʠʩʪʦʩʪʴ. 

ɼʘʚʣʝʥʠʝ ʥʘ ʦʙʨʘʟʮʳ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʤʝʪʦʜʘ ʫʜʘʣʝʥʠʷ ʧʦʨʦʛʝʥʘ ʜʦ 

ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ ʜʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 20 ʄʇʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʜʝʨʞʘʪʝʣʴʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʦʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 30 ʜʦ 50 ʄʇʘ. ʇʝʨʝʜ ʟʘʛʨʫʟʢʦʡ 

ʧʦʨʦʰʢʘ ʚ ʬʦʨʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʦʜʧʨʝʩʩʦʚʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʚʣʝʥʠʷ 300 

ʄʇʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʣʦʪʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʩ ʢʘʨʙʦʥʘʪʦʤ 

ʘʤʤʦʥʠʷ. 
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ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʩʠʣʘ ʪʦʢʘ, ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ) ʚ ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʤ ʩʧʝʢʘʥʠʠ (ʀʇʉ) 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʘ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ 

ʫʩʠʣʠʚʘʝʪ ʜʞʦʫʣʝʚ ʥʘʛʨʝʚ, ʫʩʢʦʨʷʝʪ ʩʧʝʢʘʥʠʝ ʤʠʥʠʤʠʟʠʨʫʷ ʨʦʩʪ ʟʝʨʝʥ ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʫʣʫʯʰʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʯʘʩʪʠʯʥʳʭ ʩʚʷʟʝʡ. ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ ʚʣʠʷʝʪ 

ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʢʦʥʪʨʦʣʴ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʪʝʨʤʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʣʦʪʥʦʩʪʴʶ, ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɸʪʤʦʩʬʝʨʘ ʚ ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʤ ʩʧʝʢʘʥʠʠ (ʀʇʉ) ʚʣʠʷʝʪ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʢʠʩʣʝʥʠʷ, ʢʦʥʪʨʦʣʴ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ɺʘʢʫʫʤ ʠ ʠʥʝʨʪʥʳʝ ʛʘʟʳ ʟʘʱʠʱʘʶʪ ʦʪ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʨʦʛʝʥʦʚ. ɺʳʙʦʨ ʘʪʤʦʩʬʝʨʳ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʠ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʜʣʷ ʥʘʰʝʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʘʢʫʫʤʥʘʷ ʩʨʝʜʘ. 

ɺʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʚ ʠʩʢʨʦ-ʧʣʘʟʤʝʥʥʦʤ ʩʧʝʢʘʥʠʠ (ʀʇʉ) ʚʣʠʷʝʪ ʥʘ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʄʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʠ 

ʜʝʬʦʨʤʘʮʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʂʦʥʪʨʦʣʴ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʨʦʩʪ ʟʝʨʝʥ ʠ ʩʦʭʨʘʥʷʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 

ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʛʨʘʜʠʝʥʪʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʨʘʜʠʝʥʪʥʦʡ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ (TiC) ʙʫʜʝʪ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ 

ʚʩʝʩʪʦʨʦʥʥʶʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (SEM) ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ (EDS). ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʤʦʨʬʦʣʦʛʠʶ ʧʦʨ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʨʘʟʤʝʨʳ, ʬʦʨʤʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ 

ʩʪʝʧʝʥʴ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʨʙʠʜʘ 

ʪʠʪʘʥʘ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʦʥʪʨʦʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ (XRD). ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʘʟʤʝʨʳ 

ʢʨʠʩʪʘʣʣʠʪʦʚ, ʩʪʝʧʝʥʴ ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ TiC ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʨʘʜʠʝʥʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ɼʘʨʩʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ 

ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʦʙʨʘʟʮʳ ʧʦʜ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʜʘʚʣʝʥʠʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʢ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʯʝʨʝʟ ʝʛʦ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ TiC ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʦʙʣʘʩʪʷʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʚʝʰʠʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʩʨʘʚʥʝʥʠʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʚ ʚʦʟʜʫʭʝ ʠ ʚ 

ʞʠʜʢʦʩʪʠ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʦʙʱʫʶ, ʪʘʢ ʠ ʦʪʢʨʳʪʫʶ ʧʦʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, 

ʯʪʦ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʥʪʨʦʣʝ ʝʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʦʚʦʢʫʧʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʠʢ ʜʘʝʪ ʚʩʝʩʪʦʨʦʥʥʶʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ TiC, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ 

ʩʪʝʧʝʥʴʶ ʧʦʨʠʩʪʦʩʪʠ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʘʜʘʧʪʘʮʠʶ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʪʢʨʳʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. [1][15][18][19]  
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ʈɸɿʈɸɹʆʊʂɸ ʉʇʃɸɺʆɺ ʉ ʕʌʌɽʂʊʆʄ ʇɸʄʗʊʀ ʌʆʈʄʓ, ʉ ʇʆʄʆʑʔʖ ɺʓʉʆʂʆʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ 

ʀɿʄɽʃʔʏɽʅʀʗ ʇʆʈʆʐʂʆɺ ʅɸ ʆʉʅʆɺɽ NiTiCu 

DEVELOPMENT OF SHAPE  MEMORY ALLOYS USING  HIGH ENERGY MILLING  OF NiTiCu BASED POWDERS 

 

ɸʥʜʘʪʧʘ: ɾϰʤʳʩʪʘ NiTiCu ʞϮʡʝʩʽ ʥʝʛʽʟʽʥʜʝ ʞʦϤʘʨʳ ʵʥʝʨʛʠʷʣʳ ϰʥʪʘϨʪʳ ϰʥʪʘϨʪʘʫ ϸʜʽʩʽʤʝʥ ʧʽʰʽʥʜʽ ʝʩʪʝ ʩʘϨʪʘʫ ϸʩʝʨʽ 

ʙʘʨ Ϩʦʨʳʪʧʘʣʘʨʜʳ (SME) ϸʟʽʨʣʝʫ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨʜʽϬ ʥϸʪʠʞʝʣʝʨʽ ʙʝʨʽʣʛʝʥ. ɿʝʨʪʪʝʫʜʽϬ ʤʘϨʩʘʪʳ ʞʦϤʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪϰʨʘϨʪʳʣʳϤʳ, ʪϺʤʝʥ ʬʘʟʘʣʳϨ ʘʫʳʩʫ ʛʠʩʪʝʨʝʟʠʩʽ ʞϸʥʝ ʞʦϤʘʨʳ ʮʠʢʣʜʽʢ ʪϺʟʽʤʜʽʣʽʢ ʩʠʷϨʪʳ ʞʘϨʩʘʨʪʳʣϤʘʥ ʬʫʥʢʮʠʦʥʘʣʜʳϨ 

Ϩʘʩʠʝʪʪʝʨʽ ʙʘʨ ʤʠʢʨʦϨϰʨʳʣʳʤʜʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʣʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦϤʘʨʳ ʵʥʝʨʛʠʷʣʳ ϰʥʪʘϨʪʘʫ ϸʜʽʩʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽϬ 

ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥʘ Ϩʦʣ ʞʝʪʢʽʟʫʛʝ ʞϸʥʝ ʬʘʟʘʣʳϨ Ϻʟʛʝʨʽʩʪʝʨʜʽ ʦϬʪʘʡʣʘʥʜʳʨʫϤʘ ʞϸʥʝ ϨʦʨʳʪʧʘʣʘʨʜʳϬ ʤʝʭʘʥʠʢʘʣʳϨ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘϨʩʘʨʪʫϤʘ ʢϺʤʝʢʪʝʩʝʪʽʥ ʤʠʢʨʦ Ϻʣʰʝʤʜʽ Ϩϰʨʳʣʳʤʜʳ ϨʘʣʳʧʪʘʩʪʳʨʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣʳʥϤʘʥ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳϬ ʤʠʢʨʦϨϰʨʳʣʳʤʳʥʘ, ʬʘʟʘʣʳϨ Ϩϰʨʘʤʳʥʘ ʞϸʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳϨ Ϩʘʩʠʝʪʪʝʨʽʥʝ ϺϬʜʝʫ ʫʘϨʳʪʳ ʤʝʥ ϸʩʝʨ ʝʪʫ 

ʵʥʝʨʛʠʷʩʳ ʩʠʷϨʪʳ ϰʥʪʘϨʪʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽϬ ϸʩʝʨʽ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ ʞϮʨʛʽʟʽʣʜʽ. ʅϸʪʠʞʝʣʝʨ Ϻʥʽʤʜʽʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʞʘϨʩʘʨʪʳʣϤʘʥ NiTiCu Ϩʦʨʳʪʧʘʣʘʨʳʥ ʞʘʩʘʫ Ϯʰʽʥ ʞʦϤʘʨʳ ʵʥʝʨʛʠʷʣʳ ʬʨʝʟʝʨʣʝʫʜʽ ϨʦʣʜʘʥʫʜʳϬ ϸʣʝʫʝʪʽʥ ʢϺʨʩʝʪʝʜʽ, ʦʣʘʨʜʳ 

ϨʦʣʜʘʥʫʜʳϬ ʞʘϬʘ ʤϮʤʢʽʥʜʽʢʪʝʨʽʥ ʘʰʘʜʳ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʇʽʰʽʥʜʽ ʝʩʪʝ ʩʘϨʪʘʫ ʵʬʬʝʢʪʽʩʽ, ϰʥʪʘϨ ʤʝʪʘʣʣʫʨʛʠʷʩʳ, ʤʝʭʘʥʠʢʦʩʠʥʪʝʟ, ʪʠʪʘʥ ʥʠʢʝʣʠʜʽ, ʤʳʩ, 

ʤʝʪʘʣʘʨʘʣʳϨ Ϩʦʩʳʣʳʩʪʘʨ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʣʘʚʦʚ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ (ʕʇʌ) 

ʥʘ ʦʩʥʦʚeʝ ʩʠʩʪʝʤʳ NiTiCu ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʨʦʰʢʦʚ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʠʢʨʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʥʠʟʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʧʦʚʳʰʝʥʥʘʷ ʮʠʢʣʠʯʝʩʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

ʄʝʪʦʜ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦ-ʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʫʣʫʯʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʣʴʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠ ʵʥʝʨʛʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʧʣʘʚʦʚ NiTiCu ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ, ʧʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʤʝʭʘʥʦʩʠʥʪʝʟ, ʥʠʢʝʣʠʜ ʪʠʪʘʥʘ, ʤʝʜʴ, 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ  

 

Abstract: The paper presents the results of studies on the development of alloys with shape memory effect (SME) based on the NiTiCu 

system using the high-energy powder milling method. The aim of the study is to obtain microstructured materials with improved 

functional properties, such as high temperature stability, low phase transition hysteresis and increased cyclic durability. The high-energy 

milling method allows achieving a uniform distribution of components and the formation of a micro-sized structure, which contributes 

to the optimization of phase transformations and improvement of the mechanical properties of the alloys. The influence of milling 

parameters, such as processing time and impact energy, on the microstructure, phase composition and functional properties of the 

obtained materials were studied. The results demonstrate the promise of using high-energy milling to create NiTiCu alloys with improved 

performance characteristics, which opens up new possibilities for their application. 

Keywords: Shape memory effect, powder metallurgy, mechanosynthesis, titanium nickelide, copper, intermetallic compounds 

 

ɺʚʝʜʝʥʠʝ. ʉʧʣʘʚʳ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ (ʕʇʌ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʳʡ ʢʣʘʩʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʩʣʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʙʨʘʪʠʤʳʤ ʤʘʨʪʝʥʩʠʪʥʳʤ ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ 

ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ (NiTi), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʚʦʡʩʪʚ, 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ.[1] 

ʄʦʜʠʬʠʢʘʮʠʷ ʩʧʣʘʚʦʚ NiTi, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʣʝʛʠʨʦʚʘʥʠʝ ʤʝʜʴʶ (Cu), ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʢʣʶʯʝʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. [2,3] ɺʚʝʜʝʥʠʝ Cu ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʫʚʝʣʠʯʝʥʠʶ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ NiTiCu ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ NiTiCu. ɺ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ (ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʵʥʝʨʛʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
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ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʧʣʘʚʦʚ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. 

ʇʨʦʷʚʣʝʥʠʝ ʕʇʌ ʦʙʫʩʣʦʚʣʝʥʦ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ: 

ʘʫʩʪʝʥʠʪʥʦʡ (ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ) ʠ ʤʘʨʪʝʥʩʠʪʥʦʡ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ). ɸʫʩʪʝʥʠʪʥʘʷ ʬʘʟʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʠʤʤʝʪʨʠʠ ʘʪʦʤʥʦʡ ʨʝʰʸʪʢʠ (ʢʫʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ B2), ʪʦʛʜʘ ʢʘʢ 

ʤʘʨʪʝʥʩʠʪʥʘʷ ʬʘʟʘ ʠʤʝʝʪ ʤʦʥʦʢʣʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (B19'). ʇʝʨʝʭʦʜ ʤʝʞʜʫ ʵʪʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟʜʠʬʬʫʟʠʦʥʥʳʤ ʧʫʪʸʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. [4,5]  

ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʩʠʥʪʝʟʘ ʩʧʣʘʚʦʚ ʩ ʕʇʌ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠ ʛʦʤʦʛʝʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʷʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ (ʜʫʛʦʚʘʷ ʧʣʘʚʢʘ, ʣʠʪʴʸ) ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʬʘʟ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ. [6-8] 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ɺʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʨʦʰʢʠ ʥʠʢʝʣʷ, 

ʪʠʪʘʥʘ ʠ ʤʝʜʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ 

 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʄʘʨʢʘ 

ʏʠʩʪʦʪʘ, 

% 

ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ, ʤʢʤ 

1 ʇʦʨʦʰʦʢ ʥʠʢʝʣʝʚʳʡ 
SY-

60820241025 
99,8% <50um(ʤʢʤ) 

2 

ʊʠʪʘʥʦʚʳʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʧʦʨʦʰʦʢ 

SY-

60820241025 
99,8% <50um(ʤʢʤ) 

3 

ʄʝʜʥʳʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʧʦʨʦʰʦʢ 

SY-

60820241025 
99,8% <50um(ʤʢʤ) 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳ  ʨʘʟʤʦʣʴʥʳʝ ʩʪʘʢʘʥʳ, ʝʤʢʦʩʪʴʶ 45 ʤʣ, ʠ 

ʤʝʣʶʱʠʝ ʰʘʨʳ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ, ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʤʘʨʢʠ 1.4125 / X105CrMo17. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʜʭʦʜʷʱʝʛʦ ʨʘʟʤʝʨʘ ʰʘʨʘ ʜʣʷ ʪʨʝʙʫʝʤʦʡ ʢʦʥʝʯʥʦʡ ʪʦʥʢʦʩʪʠ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʞʠʪʝʣʴ ʨʘʚʥʳʡ 

ʧʨʠʤʝʨʥʦ 1000. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʝʯʥʘʷ ʮʝʣʴ - ʠʟʤʝʣʴʯʝʥʠʝ ʜʦ 5 ʤʢʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʨʘʟʤʝʨ ʰʘʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʤʦʣʴʥʦʡ ʛʘʨʥʠʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 

 
ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʤʦʣʴʥʦʡ ʛʘʨʥʠʪʫʨʳ 

 

 

 

 

 

 

 

 

 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʫʯʘʝʪʩʷ, ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʩʠʥʪʝʟʘ ð ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʣʶʱʠʭ ʰʘʨʦʚ ʢ ʧʦʨʦʰʢʫ, 

ʫʩʢʦʨʝʥʠʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ð ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʩʠʩʪʝʤʳ Ni-Ti-

Cu. ʇʦʜʙʠʨʘʷ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʝʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʳ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʠ ʚ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ 

ʨʝʞʠʤʘ ð 650 ʠ 750 ʦʙ/ʤʠʥ. ʄʝʜʴ ʜʦʙʘʚʣʷʶʪ ʚ ʩʧʣʘʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʫʣʫʯʰʘʝʪ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʩʥʠʞʘʝʪ ʛʠʩʪʝʨʝʟʠʩ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʟʠʮʠʠ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʚʝʨʜʦʩʪʴ 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, % 

ʈʘʟʤʦʣʴʥʳʡ 

ʩʪʘʢʘʥ 
ʦʙʲʝʤ - 45 ʤʣ 

60 HRC 

Fe (81,4), Cr 

(17), C (1.1), 

Mo (0,5) 
ʄʝʣʶʱʠʝ 

ʰʘʨʳ 
ʜʠʘʤʝʪʨ - 5 ʤʤ 
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ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʦʚʳʰʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʬʘʟʳ TiϝNiϞ. 
ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʦʨʦʰʢʘ NiTi45Cu10 ʧʨʦʚʦʜʷʪ ʚ ʪʝʯʝʥʠʝ ʨʘʟʥʦʛʦ ʚʨʝʤʝʥʠ ð 1, 3, 5 ʠ 8 ʯʘʩʦʚ 

ð ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʏʝʤ ʜʦʣʴʰʝ ʠʜʸʪ ʦʙʨʘʙʦʪʢʘ, ʪʝʤ ʣʫʯʰʝ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʨʘʩʪʸʪ ʪʝʤʧʝʨʘʪʫʨʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʥʘʡʪʠ 

ʙʘʣʘʥʩ ʤʝʞʜʫ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʨʦʰʢʘ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʊʘʢ ʞʝ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ 

Ni-Ti-Cu ʩʚʷʟʘʥʘ ʩ ʨʠʩʢʦʤ ʥʘʣʠʧʘʥʠʷ ʧʦʨʦʰʢʦʚ ʥʘ ʤʝʣʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʪʝʨʷʤ ʤʘʪʝʨʠʘʣʘ. ʆʧʳʪ ʨʘʙʦʪʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʦʰʢʘʤʠ, ʚʢʣʶʯʘʷ ʧʣʘʩʪʠʯʥʳʝ ʤʝʪʘʣʣʳ, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʝʸ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʜʚʘ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʩʠʥʪʝʟʘ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ.[10] 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʠ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʇʦʨʦʰʢʠ NiTiCu ʙʳʣʠ ʠʟʤʝʣʴʯʝʥʳ ʠ ʤʝʭʘʥʦcʠʥʪʝʟʠʨʦʚʘʥʳ ʚ 

ʧʣʘʥʝʪʘʨʥʦ-ʰʘʨʦʚʦʡ ʤʠʢʨʦʤʝʣʴʥʠʮʝ FRITSCH Pulverisette 7, ʯʪʦ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ XRD ʘʥʘʣʠʟʝ 

ʧʦʨʦʰʢʦʚ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ ʥʦʚʳʝ ʬʘʟʳ ʘʫʩʪʝʥʠʪʘ (B2) ʠ ʤʘʨʪʝʥʩʠʪʘ (B19Ớ). ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

TESCAN ʠ ʘʥʘʣʠʟʘʪʦʨʝ ʯʘʩʪʠʮ FRITSCH Analysette 22. ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʟʝʨʥʘ ʧʦʩʣʝ ʤʝʭʘʥʦʩʠʥʪʝʟʘ 

ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʦʡ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ XRD ʘʥʘʣʠʟʘ ʧʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ  

 

 
ʈʠʩʫʥʦʢ 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʦʨʦʰʢʦʚ NiTi45Cu10 ʧʦʩʣʝ ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʧʨʠ 750ʦʙ/ʤʠʥ  

 
ʈʠʩʫʥʦʢ 2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʦʨʦʰʢʦʚ NiTi45Cu10 ʧʦʩʣʝ ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʧʨʠ 650 ʦʙ/ʤʠʥ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ (XRD) ʘʥʘʣʠʟʘ ʧʦʨʦʰʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2, 

ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʬʘʟ ʘʫʩʪʝʥʠʪʘ (B2) ʠ ʤʘʨʪʝʥʩʠʪʘ (B19'). ʅʘʙʣʶʜʘʝʤʳʡ ʩʜʚʠʛ ʧʦ ʬʘʟʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʘʟʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʜʠʬʨʘʢʪʦʛʨʘʤʤ. ʊʘʢ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʦʚʦʝ 
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ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ (Ni TI, Ni2 Ti, Ni3 Ti) ʠ ʥʠʢʝʣʠʜʘ ʤʝʜʠ (Ni Cu). 

ʊʘʢʠʝ ʬʘʟʦʦʙʨʦʟʦʚʘʥʠʷ ʛʦʚʦʨʷʪ ʦ ʥʘʣʠʯʠʝ ʟʸʨʝʥ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʨʦʰʢʘ, ʘ ʠʤʝʥʥʦ 

SPS ʩʧʝʢʘʥʠʝʤ, ʧʦʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʙʦʣʝʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ, ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʠʚ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʧʦʨʦʰʢʘ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʦʩʣʝ ʤʝʭʘʥʦʩʠʥʪʝʟʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ 

ʟʝʨʝʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 3. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʦʨʦʰʢʦʚ, ʧʦʩʣʝ ʤʝʭʘʥʦʩʠʥʪʝʟʘ 

 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨʦʰʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʳ ʧʨʦʠʩʭʦʜʠʪ ʩʦʝʜʠʥʝʥʠʝ ʯʘʩʪʠʮ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʧʦʨʦʰʢʘ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʟʸʨʝʥ. 

 

    
                                       (ʘ)                                                                                 (ʙ) 

ʈʠʩʫʥʦʢ 4. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʯʘʩʪʠʮ ʧʨʠ 750ʦʙ/ʤʠʥ, (ʘ)-8ʯ, (ʙ)-3ʯ 

 

   
                                 (ʘ)                                                                                    (ʙ) 

ʈʠʩʫʥʦʢ 5. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʯʘʩʪʠʮ ʧʨʠ 650ʦʙ/ʤʠʥ, (ʘ)-8ʯ, (ʙ)-3ʯ 
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ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʧʦʟʚʦʣʠʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʶ ʧʦʨʦʰʢʦʚ 

NiTiCu ʧʦʩʣʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ. ʅʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʯʝʪʢʦ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʤʝʣʴʥʠʮʳ ʠ ʚʨʝʤʝʥʠ ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʥʘ 

ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʯʘʩʪʠʮ. ʇʨʠ ʩʢʦʨʦʩʪʠ 750 ʦʙ/ʤʠʥ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ 

ʜʠʩʧʝʨʩʠʶ ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʥʦ ʪʦʥʢʦ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ, ʢʦʪʦʨʳʝ ʯʝʪʢʦ ʦʯʝʨʯʝʥʳ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʧʦʜʚʝʨʛʣʠʩʴ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʦʯʝʥʴ ʩʠʣʴʥʦʤʫ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʬʝʨʠʯʝʩʢʠʝ ʠʣʠ 

ʥʝʧʨʘʚʠʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʷʚʣʝʥʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ 

ʩʪʦʣʢʥʦʚʝʥʠʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ, 

ʥʦ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʘʛʣʦʤʝʨʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ 

ʯʘʩʪʠʮ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʣʳ. 

ʇʨʠ ʩʢʦʨʦʩʪʠ 650 ʦʙ/ʤʠʥ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʧʦʢʘʟʳʚʘʶʪ ʤʝʥʴʰʫʶ ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʠʠ, ʩʦʭʨʘʥʷʶʪ 

ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ. ʂʦʥʪʫʨʳ ʯʘʩʪʠʮ ʤʝʥʝʝ ʯʝʪʢʠʝ ʠ 

ʚ ʦʩʥʦʚʥʦʤ ʥʝʧʨʘʚʠʣʴʥʳʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʜʘʝʪʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʝʜʦʩʪʘʪʦʯʥʘ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʣʢʦʩʪʠ ʧʦʨʦʰʢʘ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʬʨʘʛʤʝʥʪʳ ʩ ʥʝʢʦʪʦʨʦʡ 

ʩʪʝʧʝʥʴʶ ʨʘʟʨʫʰʝʥʥʳʭ ʟʝʨʝʥ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʠ ʵʪʦʡ ʥʘʩʪʨʦʡʢʝ. ʂʦʛʜʘ 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʚʦʩʴʤʠ ʯʘʩʦʚ, ʧʦʩʪʝʧʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, 

ʭʦʪʷ ʵʪʦʪ ʵʬʬʝʢʪ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʧʦʨʦʰʢʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ 750 ʦʙ/ʤʠʥ. ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʪʘʢʞʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʜʦʣʴʰʝ, ʯʝʤ ʫ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʙʦʣʝʝ 

ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʝʭʘʥʦʭʠʤʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ 

ʠʥʪʝʥʩʠʚʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ, ʚʝʨʦʷʪʥʦ, ʧʨʠʚʝʜʝʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʛʣʦʤʝʨʘʪʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ ʨʝʞʠʤʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʷ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʨʦʰʢʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʦʣʫʯʝʥʠʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʠʟʤʝʣʴʝʥʠʷ ʧʦʨʦʰʢʦʚ, ʩʧʣʘʚʦʚ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ NiTiCu. ʆʩʥʦʚʥʘʷ ʮʝʣʴ 

ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʠʥʪʝʟʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʠʟʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʚʳʩʦʢʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚ ʨʘʙʦʪʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ 

ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʥʝ ʪʦʣʴʢʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʪʠʤʠʟʠʨʫʝʪ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʫʣʫʯʰʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʚʨʝʤʷ ʠ ʵʥʝʨʛʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʠʤʝʶʪ ʧʨʠʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʢʨʦʩʪʨʫʢʪʫʨʳ, ʝʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʛʦʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ XRD ʠ SEM ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ 

ʘʫʩʪʝʥʠʪʥʦʡ (B2) ʠ ʤʘʨʪʝʥʠʪʥʦʡ (B19ô) ʬʘʟ, ʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. ʉʥʠʞʝʥʠʝ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʠ ʧʦʚʳʰʝʥʠʝ ʠʭ ʤʦʨʬʦʣʦʛʠʠ ʚ 

ʮʝʣʦʤ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʨʦʙʣʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ. 

 ʃʝʛʠʨʦʚʘʥʠʝ ʤʝʜʴʶ (Cu) ʩʧʣʘʚʦʚ NiTi  ʧʦʢʘʟʘʣʦ ʩʚʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚ ʫʤʝʥʴʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʚ ʫʚʝʣʠʯʝʥʠʠ ʮʠʢʣʠʯʝʩʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʕʪʦ ʜʝʣʘʝʪ NiTiCu ʩʧʣʘʚʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ, 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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12ʍ18ʅ10ʊ ɾᴄʅɽ AISI 316 ʄɸʈʂɸʃʓ ᴄʈʊɽʂʊɯ ʊɸʊʊɸʅɹɸʁʊʓʅ ɹʆʃɸʊʊɸʈɼʓר ɼᴄʅɽʂɽʈʃɽʅɻɽʅ פʆʉʓʃʓʉʓʅʓר 

ʊתʁɯʈʐɯʂʃɸʈɸʃʓפ ʂʆʈʈʆɿʀʗנɸ ʊᴆɿɯʄɼɯʃɯɻɯʅ ɹɸנɸʃɸʋ 

ʆʎɽʅʂɸ ʉʊʆʁʂʆʉʊʀ ʉɺɸʈʅʆɻʆ ʉʆɽɼʀʅɽʅʀʗ ʈɸɿʅʆʈʆɼʅʓʍ ʅɽʈɾɸɺɽʖʑʀʍ ʉʊɸʃɽʁ 12ʍ18ʅ10ʊ ʀ AISI 316 ʂ 

ʄɽɾʂʈʀʉʊɸʃʃʀʊʅʆʁ ʂʆʈʈʆɿʀʀ 

EVALUTION OF THE RESISTANCE OF A WELDED JOINT OF DISSIMILAR STAIN LESS STEELS 12Cr18Ni10Ti AND AISI 316 

TO INTERGRANULAR CORROSION  

 

ɸϬʜʘʪʧʘ. ʆʩʳ ʞϰʤʳʩʪʘ 12ʍ18ʅ10ʊ ʞϸʥʝ AISI 316 ʤʘʨʢʘʣʳ ϸʨʪʝʢʪʽ ʪʘʪʪʘʥʙʘʡʪʳʥ ʙʦʣʘʪʪʘʨʜʳϬ 

ʜϸʥʝʢʝʨʣʝʥʛʝʥ ϨʦʩʳʣʳʩʳʥʳϬ ʪϮʡʽʨʰʽʢʘʨʘʣʳϨ ʢʦʨʨʦʟʠʷϤʘ ʪϺʟʽʤʜʽʣʽʛʽ ʟʝʨʪʪʝʣʜʽ. ʄʝʪʘʣʣ ʪʽʛʽʩʽʥʜʝ ʝʢʽ ʬʘʟʘʣʳ 

ʘʫʩʪʝʥʠʪ-ʬʝʨʨʠʪ Ϩϰʨʳʣʳʤʳʥ Ϩʘʣʳʧʪʘʩʪʳʨʫ Ϯʰʽʥ ER316L ʤʘʨʢʘʣʳ ʜϸʥʝʢʝʨʣʝʫ ʩʳʤʳ Ϩʦʣʜʘʥʳʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪϮʨʜʝ ʤʝʪʘʣʣ ʪʽʛʽʩʽʥʜʝʛʽ ʬʝʨʨʠʪ ʬʘʟʘʩʳʥʳϬ ʤϺʣʰʝʨʽ 2,78-3,70 % ʝʢʝʥʽ ʘʥʳϨʪʘʣʜʳ. 

ʊϮʡʽʨʰʽʢʘʨʘʣʳϨ ʢʦʨʨʦʟʠʷϤʘ ʪϺʟʽʤʜʽʣʽʛʽ ʩʳʥʘϨʪʘʨʳʥʳϬ ʥϸʪʠʞʝʣʝʨʽ 12ʍ18ʅ10ʊ ʙʦʣʘʪʳ ʞʘϤʳʥʜʘϤʳ ʤʝʪʘʣʣ ʪʽʛʽʩʽ 

ʤʝʥ ʪʝʨʤʠʷʣʳϨ ϸʩʝʨ ʘʡʤʘϤʳʥʳϬ ŭ-ʬʝʨʨʠʪʪʽϬ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʦʨʨʦʟʠʷϤʘ ʞʦϤʘʨʳ ʪϺʟʽʤʜʽʣʽʢʢʝ ʠʝ ʝʢʝʥʽʥ 

ʢϺʨʩʝʪʪʽ. ɸʣʘʡʜʘ, AISI 316 ʙʦʣʘʪʳ ʞʘϤʳʥʜʘϤʳ ʙʘʣϨʫ ʘʡʤʘϤʳʥʜʘ ʪϮʡʽʨʰʽʢʘʨʘʣʳϨ ʰʝʢʘʨʘʣʘʨ ʙʦʡʳʥʜʘ ʭʨʦʤ 

ʢʘʨʙʠʜʪʝʨʽʥʽϬ ʪϮʟʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʡϨʳʥ ʢʦʨʨʦʟʠʷʣʳϨ ʟʘϨʳʤʜʘʥʫʣʘʨ ʘʥʳϨʪʘʣʜʳ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʊʦʪʪʘʥʙʘʡʪʳʥ ʙʦʣʘʪʪʘʨ, ʜϸʥʝʢʝʨʣʝʥʛʝʥ Ϩʦʩʳʣʳʩ, ʪϮʡʽʨʰʽʢʘʨʘʣʳϨ ʢʦʨʨʦʟʠʷ, ʬʝʨʨʠʪ ʬʘʟʘʩʳ, 

ʘʫʩʪʝʥʠʪ-ʬʝʨʨʠʪʪʽʢ Ϩϰʨʳʣʳʤ. 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʦʡʢʦʩʪʠ ʢ ʤʝʞʢʨʠʩʩʪʘʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ (ʄʂʂ) ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ 12ʍ18ʅ10ʊ ʠ AISI 316. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʘʫʩʪʝʥʠʪʥʦ-ʬʝʨʨʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʰʚʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠʩʘʜʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ ER316L. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 

ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ʚ ʤʝʪʘʣʣʝ ʰʚʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 2,78-3,70 %. ʀʩʧʳʪʘʥʠʷ ʥʘ ʄʂʂ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʘʣʣ ʰʚʘ ʠ ʟʦʥʘ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊɺ) ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ŭ-ʬʝʨʨʠʪʘ. ʆʜʥʘʢʦ ʚ ʟʦʥʝ ʩʧʣʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ AISI 316 ʦʙʥʘʨʫʞʝʥʳ ʚʳʨʘʞʝʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ ʚʜʦʣʴ ʛʨʘʥʠʮ ʟʝʨʝʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ, ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʘʷ ʢʦʨʨʦʟʠʷ, ʬʝʨʨʠʪʥʘʷ ʬʘʟʘ, ʘʫʩʪʝʥʠʪʥʦ-

ʬʝʨʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ. 
 

Abstract. This study investigates the resistance to intergranular corrosion of a welded joint between dissimilar stainless 

steels 12Cr18Ni10Ti and AISI 316. To form a dual-phase austenitic-ferritic structure in the weld metal, ER316L filler wire 

was used. The ferrite phase content in the weld metal was experimentally determined to be 2.78ï3.70%. Intergranular 

corrosion tests showed that the weld metal and heat-affected zone on the 12Cr18Ni10Ti steel side exhibited high corrosion 

resistance due to the presence of ŭ-ferrite. However, significant corrosion damage was detected in the fusion zone on the 

AISI 316 steel side, caused by the formation of chromium carbides along the grain boundaries. 

Keywords: Stainless steels, welded joint, intergranular corrosion, ferrite phase, austenitic-ferritic structure. 

 

ɺʚʝʜʝʥʠʝ.  ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʦʚʤʝʩʪʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʩ ʟʘʨʫʙʝʞʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ.  

ʆʢʦʣʦ 70 % ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʪʘʣʠ 

ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩʩʘ. ɹʣʘʛʦʜʘʨʷ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʩʦʨʪʘʤʝʥʪʝ 

ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ ʧʨʝʦʙʣʘʜʘʶʪ ʭʨʦʤʦʥʠʢʝʣʝʚʳʝ ʩʪʘʣʠ ʪʠʧʘ 18-10, ʘ ʚ ʤʝʥʴʰʠʭ ʦʙʲʝʤʘʭ ï 

ʭʨʦʤʦʥʠʢʝʣʴʤʦʣʠʙʜʝʥʦʚʳʝ ʩʪʘʣʠ ʪʠʧʘ 17-13-3 [1]. ɺ ʩʪʨʘʥʘʭ ʉʅɻ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʪʠʪʘʥʦʤ ʠ ʙʦʨʦʤ ʩʪʘʣʠ ʪʠʧʘ 18-10, ʪʘʢʠʝ ʢʘʢ 12ʍ18ʅ10ʊ, 08ʍ18ʅ10ʊ, 08ʍ18ʅ12ɹ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘ ʨʫʙʝʞʦʤ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʩʪʘʣʷʤ AISI 316 ʠ 316L. ʆʜʥʘʢʦ 

ʩʨʝʜʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʩʚʘʨʢʝ 
ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʥʝʨʞʘʚʝʶʱʠʤʠ ʩʪʘʣʷʤʠ ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʦ ʦʮʝʥʢʝ ʩʪʨʫʢʪʫʨʳ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʚʘʨʢʘ ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʥʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʣʦʞʥʦʩʪʝʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʰʚʘ. ʆʜʥʘʢʦ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʦʝ ʢ ʩʚʘʨʥʳʤ 
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ʩʦʝʜʠʥʝʥʠʷʤ ʷʚʣʷʝʪʩʷ ʩʪʦʡʢʦʩʪʴ ʢ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʡ (ʄʂʂ). ʄʝʭʘʥʠʟʤʳ ʜʘʥʥʦʛʦ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʝʱʝ 1950-ʭ ʛʦʜʘʭ [2,3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʄʂʂ [4-8]. ʆʙʦʙʱʘʷ ʵʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʣʦʥʥʦʩʪʴ ʜʘʥʥʳʭ ʩʪʘʣʝʡ ʢ ʄʂʂ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʧʨʦʮʝʩʩʝ 

ʩʚʘʨʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠʟ ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 470-840Áʉ ʫ ʛʨʘʥʠʮ ʟʝʨʝʥ ʤʝʪʘʣʣʘ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʫʩʣʦʚʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʛʣʝʨʦʜʘ ʩ ʭʨʦʤʦʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʣʦʞʥʳʭ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ ʧʦ ʛʨʘʥʠʮʘʤ ʢʨʠʩʪʘʣʣʦʚ ʘʫʩʪʝʥʠʪʘ. ʉʪʘʣʴ ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʩʧʨʠʠʤʯʠʚʦʡ 

ʢ ʄʂʂ ʚ ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʭʨʦʤʘ ʚ ʧʦʛʨʘʥʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʟʝʨʝʥ. 
ʉʫʱʝʩʪʚʫʶʪ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʄʂʂ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʜʚʫʭʬʘʟʥʦʡ ʘʫʩʪʝʥʠʪʥʦ-ʬʝʨʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʰʚʘ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ 

ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʧʝʨʚʠʯʥʦʛʦ ʬʝʨʨʠʪʘ ʚ ʘʫʩʪʝʥʠʪʥʦʤ ʰʚʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʳʩʪʨʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʤʘ ʚ ʦʙʝʜʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʭʨʦʤʘ ʚ ʬʝʨʨʠʪʝ. ʆʜʥʘʢʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʨʠʪʘ (ʙʦʣʝʝ 8 %) ʚ 

ʩʚʘʨʥʦʤ ʰʚʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʙʘʟʝ ʞʝʣʝʟʘ ʠ ʭʨʦʤʘ, 

ʦʙʣʘʜʘʶʱʠʭ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʭʨʫʧʢʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʪʘʣʠ [4]. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʧʳʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʨʠʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʚʘʨʥʦʛʦ 

ʰʚʘ ʥʝ ʙʦʣʝʝ 5 % ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʘ ʰʚʘ ʧʨʠ ʩʚʘʨʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʙʦʨʘ 

ʧʨʠʩʘʜʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʩʚʘʨʢʝ ʨʘʟʥʦʨʦʜʥʳʭ ʩʪʘʣʝʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ ʩ 

ʥʘʟʥʘʯʝʥʠʝʤ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʦʮʝʥʢʫ ʩʪʫʢʪʫʨʫ ʤʝʪʘʣʣʘ ʰʚʘ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʳ ʐʝʬʬʣʝʨʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ.    

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝ ʠʟʣʦʞʝʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ (ʉʌʌ) ʚ ʤʝʪʘʣʣʝ ʰʚʘ ʠ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʢʣʦʥʥʦʩʪʠ ʢ ʄʂʂ ʜʣʷ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʦʤ ʩʪʘʣʠ ʤʘʨʢʠ 12ʍ18ʅ10ʊ ʩ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʩʪʘʣʴʶ ʤʘʨʢʠ 

AISI 316. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʨʛʦʥʦʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʘʧʧʘʨʘʪʝ ʠʥʚʝʨʪʦʨʥʦʛʦ ʪʠʧʘ Fronius Magicwave 230i ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ. ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʩʚʘʨʢʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʠʢʣʦʛʨʘʤʤʘ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʟʘʛʦʪʦʚʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʫʙʳ Ï42ʭ3,5 ʤʤ ʠʟ ʩʪʘʣʝʡ 12ʍ18ʅ10ʊ ʠ AISI 316. ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʳʢʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʠʧʫ ʉ-23-2 ʧʦ ʅʇ-104-18 [9] ʩ ʫʛʣʦʤ ʨʘʟʜʝʣʢʠ 35Á. 
 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʩʚʘʨʢʠ 

 

 

 
ʈʠʩʫʥʦʢ 1. ʎʠʢʣʦʛʨʘʤʤʘ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʘ ʘʨʛʦʥʦʜʫʛʦʡ ʩʚʘʨʢʠ 

ʈʘʙʦʯʠʡ 

ʪʦʢ, ɸ 

ɹʘʟʦʚʳʡ 

ʪʦʢ, ɸ 

ʏʘʩʪʦʪʘ 

ʠʤʧʫʣʴʩʦʚ, ɻʮ 

ʅʘʧʨʷʞʝʥʠʝ 

ʩʚʘʨʢʠ, ɺ 

ʉʢʦʨʦʩʪʴ 

ʩʚʘʨʢʠ, 

ʤʤ/ʩ 

ʈʘʩʭʦʜ ʘʨʛʦʥʘ, ʣ/ʤʠʥ 

ɺ ʛʦʨʝʣʢʫ ʅʘ ʧʦʜʜʫʚ 

90 45 1 13-14 0,30 ~ 0,60 8 ~ 10 4 ~ 5 



35 

ɼʣʷ ʚʳʙʦʨʘ ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ 

ʰʚʘ ʧʦ ʫʪʦʯʥʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʐʝʬʬʣʝʨʘ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʨʠʩʘʜʦʯʥʳʭ 

ʧʨʦʚʦʣʦʢ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [10]: 

1. ʉʚ-04ʍ17ʅ10ʄ2 ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʚ %) ï 0,4ʉ; 0,7Si; 1Mn; 18Cr; 10Ni; 2,8ʄʦ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʝ ʜʣʷ ʩʚʘʨʢʠ ʩʪʘʣʝʡ 12ʍ18ʅ10ʊ ʧʦ ʅʇ-108-18 [9]; 

2. ER316L ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʚ %) ï 0,02ʉ; 0,5Si; 1.7Mn; 18Cr; 14Ni; 2ʄʦ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʝ ʜʣʷ ʩʚʘʨʢʠ ʩʪʘʣʝʡ AISI316 ʧʦ ASTM A312/A312M [11]; 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʵʢʚʠʚʘʣʝʥʪʘ Crɻ ʢʚʠNiʵʢʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 ʠ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʠ ʵʢʚʠʚʘʣʝʥʪʘ Crɻ ʢʚʠNiʵʢʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʧʨʦʚʦʣʦʢʘ ʤʘʨʢʠ ER316L, ʪʘʢ ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ŭ-ʬʝʨʨʠʪʘ ʚ ʤʝʪʘʣʣʝ ʰʚʘ ʧʦʩʣʝ ʥʘʧʣʘʚʢʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʭʬʘʟʥʦʡ ʘʫʩʪʝʥʠʪʥʦ-ʬʝʨʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ.  

 
ʊʘʙʣʠʮʘ 2. ʕʢʚʠʚʘʣʝʥʪʳ Crʵʢʚ ʠ Niʵʢʚ ʚ ʤʝʪʘʣʣʝ ʰʚʘ 

 

ʇʨʠʩʘʜʦʯʥʘʷ 

ʧʨʦʚʦʣʦʢʘ 

ʕʢʚʠʚʘʣʝʥʪʳ 

Crʵʢʚ, % 

ʕʢʚʠʚʘʣʝʥʪʳ 

Niʵʢʚ, % 

ʆʪʥʦʰʝʥʠʝ 

Crʵʢʚ/ Niʵʢʚ, % 

ʉʚ-04ʍ17ʅ10ʄ2 21,33 16,98 1,29 

ER316L 20,94 14,51 5,93 

 

 
ʈʠʩʫʥʦʢ 2. ʉʦʜʝʨʞʘʥʠʝ ʬʝʨʨʠʪʘ ʚ ʤʝʪʘʣʣʝ ʰʚʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʐʝʬʬʣʝʨʘ ʧʨʠ ʩʚʘʨʢʝ ʩʪʘʣʝʡ 12ʍ18ʅ10ʊ ʩ 

AISI 316 ʜʣʷ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʉʚ-04ʍ17ʅ10ʄ2 ʠ ER316L 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʩʚʘʨʢʠ. 

 

ʈʠʩʫʥʦʢ 3. ɺʥʝʰʥʠʡ ʚʠʜ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʩʚʘʨʢʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʉʌʌ ʚ ʤʝʪʘʣʣʝ ʰʚʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʝʨʨʠʪʦʤʝʪʨʘ 

Ferritscope FMP30 ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ FGAB1.3-Fe ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈ 53686-2009 

[12]. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʯʝʪʳʨʝʭ ʪʦʯʢʘʭ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʣʠʥʝ ʰʚʘ (ʨʠʩ.4). ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ.  
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ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʉʌʌ 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣʘ ʰʚʘ ʢ ʄʂʂ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ ɸʄʋ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 6032-2017 [13]. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʚʳʧʦʣʥʝʥʥʳʡ ʦʙʨʘʟʝʮ ʙʳʣ ʨʘʟʨʝʟʘʥ ʥʘ ʩʝʛʤʝʥʪʳ 

ʰʠʨʠʥʦʡ 10 ʤʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʜʦʙʩʪʚʦ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʙʳʣʘ 

ʩʜʝʣʘʥʘ ʤʝʪʢʘ çʍè ʫʜʘʨʥʳʤ ʩʧʦʩʦʙʦʤ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʢʘʣʠʥʳ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʦʩʣʝ ʩʚʘʨʢʠ, 

ʨʘʟʨʝʟʘʥʥʳʝ ʩʝʛʤʝʥʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʭʠʤʠʯʝʩʢʦʤʫ ʪʨʘʚʣʝʥʠʶ (ʨʠʩ. 5).  

 

 
ʈʠʩʫʥʦʢ 5. ʇʨʦʪʨʘʚʣʝʥʥʳʝ ʩʝʛʤʝʥʪʳ ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʥʘ ʩʢʣʦʥʥʦʩʪʴ ʢ ʄʂʂ 

 

ʉʝʛʤʝʥʪʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʢʠʧʷʱʝʤ ʨʘʩʪʚʦʨʝ ʧʨʦʚʦʮʠʨʫʶʱʠʡ ʄʂʂ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʄʂʂ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʩʦʛʣʘʩʥʦ ʧʫʥʢʪʘ 5.5.2, ɻʆʉʊ 6032-2017 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʚʘʨʥʦʛʦ ʰʚʘ. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

TM4000Plus Hitachi. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʜʚʘ 

ʰʣʠʬʘ ʠʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʝʛʦʩʷ ʠʩʧʳʪʘʥʠʷʤ, ʘ ʪʘʢʞʝ ʠʟ ʩʝʛʤʝʥʪʘ ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʜʣʠʥʥʘʷ ʩʪʦʨʦʥʘ ʰʣʠʬʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩʪʘʣʠ 

AISI 316 (ʨʠʩ. 6). ʅʘʣʠʯʠʝ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ ʦʮʝʥʠʚʘʣʠʩʴ ʥʘ ʧʨʦʪʨʘʚʣʝʥʥʳʭ ʰʣʠʬʘʭ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʥʝ ʤʝʥʝʝ 200 ʢʨʘʪ. ʊʨʘʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 3 % ʨʘʩʪʚʦʨʝ HNO  + 3 % HCl, ʧʨʠ ʵʪʦʤ ʩʦ 

ʩʪʦʨʦʥʳ AISI 316 ʵʢʩʧʦʟʠʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 4 ʩʝʢʫʥʜʳ, ʜʣʷ ʤʝʪʘʣʣʘ ʰʚʘ ʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 12ʍ18ʅ10ʊ 

ï 12 ʩʝʢʫʥʜ. 

 
                                                                ʘ)                          ʙ) 

ʈʠʩʫʥʦʢ 6. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʰʣʠʬʳ ʠʟ ʩʝʛʤʝʥʪʦʚ: ʘ) ʜʦ ʠʩʧʳʪʘʥʠʷ ʥʘ ʄʂʂ, ʙ) ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʄʂʂ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʉʌʌ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʉʌʌ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʧʦ ʜʠʘʛʨʘʤʤʝ ʐʝʬʬʣʝʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ER316L ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭʬʘʟʥʦʡ 

ʘʫʩʪʝʥʠʪʥʦ-ʬʝʨʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʰʚʘ, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,78ï3,70 %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ. 
 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʉʌʌ 

ʅʦʤʝʨ ʫʯʘʩʪʢʘ ʧʦ ʨʠʩ.4 1 2 3 4 

ʉʨ. ʟʥʘʯʝʥʠʝ ʉʌʌ 2,80Ñ0,53 2,78Ñ0,58 3,70Ñ0,93 3,25Ñ0,47 
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ʆʜʥʘʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʟʦʥʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊɺ) ʩʦ ʩʪʨʦʥʳ ʩʪʘʣʠ AISI 316. 
ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʝʤʩʷ ʠʩʧʳʪʘʥʠʶ ʥʘ ʄʂʂ, ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʪʘʣʣʘ ʰʚʘ ʠ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 12ʍ18ʅ10ʊ ʠ AISI 316 ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʨʠ ʵʪʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʤʝʪʘʣʣʘ ʰʚʘ ʙʦʣʝʝ ʩʭʦʞʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 12ʍ18ʅ10ʊ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʠʟʤʝʣʴʯʝʥʥʫʶ 

ʜʝʥʜʨʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ.7ʘ). ʏʝʪʢʘʷ ʛʨʘʥʠʮʘ ʟʦʥʳ ʩʧʣʘʚʣʝʥʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ AISI 

316. ɺ ʵʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚʜʦʣʴ ʣʠʥʠʠ ʩʧʣʘʚʣʝʥʠʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʣʦʢʘʣʴʥʫʶ ʩʢʣʦʥʥʦʩʪʴ ʤʝʪʘʣʣʘ ʢ ʄʂʂ (ʨʠʩ. 7ʙ). 

                                ʘ) ʙ) 

ʈʠʩʫʥʦʢ 7. ɿʦʥʘ ʤʝʪʘʣʣʘ ʰʚʘ ʠ ɿʊɺ ʜʦ ʠʩʧʳʪʘʥʠʷ ʥʘ ʄʂʂ: ʘ) ʩʦ ʩʪʦʨʦʥʳ 12ʍ18ʅ10ʊ, ʙ) ʩʦ ʩʪʦʨʦʥʳ 

AISI 316 

 

ɺ ʦʙʨʘʟʮʝ, ʧʦʜʚʝʨʛʘʚʰʝʤʩʷ ʠʩʧʳʪʘʥʠʶ ʥʘ ʄʂʂ, ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʰʚʘ ʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 

12ʍ18ʅ10ʊ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʥʜʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ. ɺ ɿʊɺ 

ʜʝʥʜʨʠʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 12ʍ18ʅ10ʊ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʰʚʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʝʧʣʦʦʪʚʦʜʘ (ʨʠʩ. 8). ɼʝʥʜʨʠʪʳ, ʟʘʣʝʛʘʶʱʠʝ ʚ ɿʊɺ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʠʤʝʶʪ 

ʙʦʣʝʝ ʨʘʟʚʠʪʦʝ ʩʪʨʦʝʥʠʝ ʛʨʘʥʠʮ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [14], ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʩʚʘʨʢʝ ʜʝʥʜʨʠʪʳ ʤʦʛʫʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ŭ-ʬʝʨʨʠʪʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 8, ŭ-ʬʝʨʨʠʪ ʚ ʤʝʪʘʣʣʝ ʰʚʘ ʠ ɿʊɺ ʩʦ ʩʪʦʨʦʥʳ 12ʍ18ʅ10ʊ 

ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʢʝʣʝʪʥʫʶ ʠ ʚʝʨʤʠʢʫʣʷʨʥʫʶ ʤʦʨʬʦʣʦʛʠʶ. ʄʝʞʜʝʥʜʨʠʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʟʘʧʦʣʥʝʥʦ ʘʫʩʪʝʥʠʪʦʤ. 

 

   
 

ʈʠʩʫʥʦʢ 8. ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʰʚʘ ʠ ɿʊɺ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʄʂʂ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ 12ʍ18ʅ10ʊ 

 

   
 

ʈʠʩʫʥʦʢ 9. ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʰʚʘ ʠ ɿʊɺ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʄʂʂ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ AISI 316 
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ʆʜʥʘʢʦ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʟʦʥʝ ʩʧʣʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 

AISI 316, ʩʪʘʣʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʠ ʫʚʝʣʠʯʠʣʠʩʴ ʚ ʨʘʟʤʝʨʘʭ, ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʚʢʣʶʯʝʥʠʷ (ʨʠʩ. 9). ɼʝʛʨʘʜʘʮʠʷ ʤʝʪʘʣʣʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʵʪʦʡ ʟʦʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʫʩʪʝʥʠʪ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʙʠʜʦʚ. ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʨʙʠʜʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʪʘʣʴ AISI 316 ʙʦʣʝʝ 

ʩʢʣʦʥʥʘ ʢ ʄʂʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʣʴʶ 12ʍ18ʅ10ʊ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ER316L 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭʬʘʟʥʦʡ ʘʫʩʪʝʥʠʪʥʦ-ʬʝʨʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʩʚʘʨʢʝ ʨʘʟʥʦʨʦʜʥʳʭ 

ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ 12ʍ18ʅ10ʊ ʠ AISI 316 ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ʚ ʜʠʘʧʘʟʦʥʝ 2,78ï3,70 %. 

2) ʀʩʧʳʪʘʥʠʷ ʥʘ ʄʂʂ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʘʣʣ ʰʚʘ ʠ ɿʊɺ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʄʂʂ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ŭ-ʬʝʨʨʠʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʨʦʤʘ ʠ ʩʥʠʞʘʶʱʝʛʦ ʩʢʣʦʥʥʦʩʪʴ ʢ ʣʦʢʘʣʴʥʦʤʫ ʦʙʝʜʥʝʥʠʶ ʭʨʦʤʦʤ ʚʙʣʠʟʠ ʛʨʘʥʠʮ 

ʟʝʨʝʥ. 

3) ʆʜʥʘʢʦ ʚ ʟʦʥʝ ʩʧʣʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʠ AISI 316 ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚʳʨʘʞʝʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʣʠʩʴ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʄʂʂ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʦʚ 

ʭʨʦʤʘ ʚʜʦʣʴ ʛʨʘʥʠʮ ʟʝʨʝʥ. 

4) ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ 

12ʍ18ʅ10ʊ ʠ AISI 316 ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʠ ʦʧʨʝʜʝʣʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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Ni-Al -Ti ɾתʁɽʉɯ ʅɽɻɯɿɯʅɼɽɻɯ ʊתʈʃɯ ʂʆʄʇʆʅɽʅʊʊɯʂ פɸʊʓʅɸʉʓʄɽʅ ʄɽʍɸʅʆʉʀʅʊɽɿ ɸʈפʓʃʓ 

ʀʅʊɽʈʄɽʊɸʃʃɼʓפ פʆʉʓʃʓʉʊɸʈɼʓ ʉʀʅʊɽɿɯ 

ʉʀʅʊɽɿ ʀʅʊɽʈʄɽʊɸʃʃʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ʉʀʉʊɽʄʓ Ni-Al -Ti ʉ ʈɸɿʃʀʏʅʓʄʀ 

ʉʆʆʊʅʆʐɽʅʀʗʄʀ ʂʆʄʇʆʅɽʅʊʆɺ ʄɽʊʆɼʆʄ ʄɽʍɸʅʆʉʀʅʊɽɿɸ 

SYNTHESIS OF INTERME TALLIC COMPOUNDS BAS ED ON THE Ni-Al -Ti SYSTEM WITH VARIOUS COMPONENT RATIO BY 

MECHANOSYNTHESIS  

 

ɸϬʜʘʪʧʘ. ɹϰʣ ʟʝʨʪʪʝʫʜʝ Ni-Al-Ti ʞϮʡʝʩʽ ʥʝʛʽʟʽʥʜʝʛʽ ʠʥʪʝʨʤʝʪʘʣʜʳϨ Ϩʦʩʳʣʳʩʪʘʨ ϸʨʪϮʨʣʽ ʢʦʤʧʦʥʝʥʪʪʽʢ Ϩʘʪʳʥʘʩʪʘʨʜʘ 

ʤʝʭʘʥʦʩʠʥʪʝʟ ϸʜʽʩʽ ʘʨϨʳʣʳ ʩʠʥʪʝʟʜʝʣʜʽ. ɸʣʳʥϤʘʥ ʤʘʪʝʨʠʘʣʜʘʨ ʦʣʘʨʜʳϬ Ϩϰʨʳʣʳʤʳʥ, ʤʦʨʬʦʣʦʛʠʷʩʳʥ ʞϸʥʝ ʙϺʣʰʝʢ Ϻʣʰʝʤʜʝʨʽʥ 

ʟʝʨʪʪʝʫ ʤʘϨʩʘʪʳʥʜʘ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ, ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳϨ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʞϸʥʝ ʙϺʣʰʝʢʪʝʨʜʽ ʪʘʣʜʘʫ 

ϸʜʽʩʪʝʨʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. ɽʨʝʢʰʝ ʥʘʟʘʨ Ni, Al ʞϸʥʝ Ti ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽϬ ϸʨʪϮʨʣʽ ϨʘʪʳʥʘʩʪʘʨʳʥʳϬ ʠʥʪʝʨʤʝʪʘʣʜʳϨ 

ʬʘʟʘʣʘʨʜʳϬ ʪϮʟʽʣʫʽʥʝ ʞϸʥʝ ʦʣʘʨʜʳϬ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʣʳϨ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ϸʩʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʘʫʜʘʨʳʣʜʳ. ʅϸʪʠʞʝʣʝʨ 

ʢϺʨʩʝʪʢʝʥʜʝʡ, ʤʝʭʘʥʦʩʠʥʪʝʟ ϸʜʽʩʽ ʘʨϨʳʣʳ ʥʘʥʦϺʣʰʝʤʜʽ Ϩϰʨʳʣʳʤʳ ʙʘʨ ʢϮʨʜʝʣʽ ʠʥʪʝʨʤʝʪʘʣʜʳϨ Ϩʦʩʳʣʳʩʪʘʨʜʳ ʘʣʫϤʘ ʙʦʣʘʜʳ, 

ʩʦʥʜʘʡ-ʘϨ ʞϮʡʝʥʽϬ Ϩϰʨʘʤʳ ʤʝʥ ʬʘʟʘʣʳϨ Ϻʟʛʝʨʽʩʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ Ϩʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽϬ ʪϮʟʽʣʫ ʟʘϬʜʳʣʳϨʪʘʨʳ ʘʥʳϨʪʘʣʜʳ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʤʝʭʘʥʦʩʠʥʪʝʟ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʙϺʣʰʝʢ Ϻʣʰʝʤʽ, ʬʘʟʘʣʳϨ Ϩϰʨʘʤ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʠʥʪʝʟ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ni-Al-Ti ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʤʝʭʘʥʦʩʠʥʪʝʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ ʘʥʘʣʠʟʘ ʯʘʩʪʠʮ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ, 

ʤʦʨʬʦʣʦʛʠʠ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ Ni,-Al-

Ti ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʠ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʤʝʭʘʥʦʩʠʥʪʝʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʣʦʞʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʦʩʠʥʪʝʟ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ. 

 

Abstract. In this study, intermetallic compounds based on the Ni-Al-Ti system with various component ratios were synthesized using 

the mechanosynthesis method. The obtained materials were analyzed using X-ray diffraction, scanning electron microscopy (SEM), and 

particle analysis to investigate their structure, morphology, and particle size. Special attention was given to studying the influence of 

different Ni, Al, and Ti component ratios on the formation of intermetallic phases and their microstructural features. The results showed 

that mechanosynthesis enables the production of complex intermetallic compounds with a nanostructured architecture, and revealed the 

patterns of solid solution formation and phase transformations depending on the system composition. 

Keywords: mechanosynthesis, intermetallic, microstructure, particle size, phase composition. 

 

ɺʚʝʜʝʥʠʝ. ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ NiAl  ʧʨʠʚʣʝʢʣʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (16380C), ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʦʪʣʠʯʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 14000C [1, 2], ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʩʚʦʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [3]. ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ NiAl  ʦʭʚʘʪʳʚʘʝʪ ʪʘʢʠʝ ʢʨʠʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ, 

ʢʘʢ ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠ ʪ. ʜ. [4-6]. ʆʜʥʘʢʦ ʦʜʥʦʬʘʟʥʳʡ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʧʣʘʚ NiAl, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʭʨʫʧʢʦʩʪʴʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩʝʛʨʝʛʘʮʠʷ ʘʣʶʤʠʥʠʷ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ [7,8]. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚʢʣʶʯʘʷ ʣʝʛʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʫʚʝʣʠʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʩʢʦʣʴʞʝʥʠʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʠʣʠ ʚʚʝʜʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ [9,10]. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʫʩʠʣʠʚʘʶʪ ʤʝʭʘʥʠʟʤʳ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ, ʧʦʚʳʰʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʘ ʚʚʝʜʝʥʠʝ 

ʘʨʤʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʫʣʫʯʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʩʧʣʘʚʦʚ NiAl  ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

[11,12]. 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ [4,13] ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ [14,15]. ʃʠ ʠ ʩʦʘʚʪ. [16] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ti ʚ ʩʠʩʪʝʤʝ Ni-Al -Ti 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʠ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 750 ÁC. ɺ ʨʘʙʦʪʝ 

[17] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ 4-ʯʘʩʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʬʘʟʳ B2-NiAl  ʫʤʝʥʴʰʘʝʪʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʜʦʙʘʚʣʝʥʠʝ Ti ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʘʥʥʦʡ ʬʘʟʳ. ʊʠʪʘʥ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ 

ʠʛʨʘʝʪ ʨʦʣʴ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʫʣʫʯʰʘʷ ʟʝʨʥʦʛʨʘʥʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʘʢʪʠʚʠʨʫʷ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʢʦʣʴʞʝʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʈʠʷʜʠ ʠ ʩʦʘʚʪ. [18] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʩʚʳʰʝ 10% ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ 20% Ti ʚ ʤʘʪʝʨʠʘʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʝʱʠʥʳ, ʘ ʧʨʠ 30% Ti ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ Ti ʚ ʩʠʩʪʝʤʫ Ni-Al  ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʜʦʩʪʠʞʝʥʠʶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʚʝʨʜʦʩʪʴ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʆʜʥʘʢʦ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ Ti ʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. ɺʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Ti ʚ ʩʠʩʪʝʤʝ Ni-Al -Ti, ʘ ʪʘʢʞʝ 

ʧʦʜʦʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʠʣʫʯʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Ti ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ Ni-Al-Ti. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʧʦʨʦʰʢʠ Ni (ʯʠʩʪʦʪʘ 99 %, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ <50 ʤʢʤ), Al (ʯʠʩʪʦʪʘ 99,5 %, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

<90 ʥʤ) ʠ Ti (ʯʠʩʪʦʪʘ 99 %, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ <50 ʤʢʤ).  

ʅʘʯʘʣʴʥʳʝ ʧʦʨʦʰʢʠ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʩʦʩʪʘʚʘʤʠ NiϠϢAlϜϟTiϡ, NiϡϜAlϜϜTiϠ, NiϡϚAlϜϛTiϣ ʠ NiϡϟAlϜϟ 
ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ Frisch Pulverisette 

7 classic line.  ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʤʝʣʶʱʠʭ ʰʘʨʦʚ ʢ ʧʦʨʦʰʢʫ ʩʦʩʪʘʚʣʷʣʦ 10:1. ɺ ʢʘʯʝʩʪʚʝ ʤʝʣʶʱʠʭ ʪʝʣ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʘʨʳ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ, ʘ ʦʙʲʝʤ ʨʘʟʤʦʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʩʦʩʪʘʚʣʷʣ 45 ʤʣ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1, 3 ʠ 6 ʯʘʩʦʚ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 600 ʦʙ/ʤʠʥ, ʩ 5-

ʤʠʥʫʪʥʳʤʠ ʧʘʫʟʘʤʠ ʢʘʞʜʳʝ 10 ʤʠʥʫʪ ʨʘʙʦʪʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʠ ʨʘʟʤʦʣʴʥʳʭ ʩʪʘʢʘʥʦʚ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʘʛʣʦʤʝʨʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʘʨʠʥʘ (2% ʦʪ ʤʘʩʩʳ ʧʦʨʦʰʢʘ). ɺʝʩʴ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ 

ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʜ ʦʩʥʦʚʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ ʩʢʦʨʦʩʪʠ 200 ʦʙ/ʤʠʥ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʤʝʣʴʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ X'Pert PRO (Malvern Panalytical Empyrean, ʅʠʜʝʨʣʘʥʜʳ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʥʦʜʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ (CuKŬϛ, ɚ = 1.5406 ¡). ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʫʛʦʣ ʠʟʤʝʨʝʥʠʷ 

20 - 100Á, ʥʘʧʨʷʞʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ 45 ʢɺ, ʪʦʢ 40 ʤɸ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (TESCAN 

MIRA LMS (S6123)). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ  ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʘʥʘʣʠʟʘʪʦʨ ʯʘʩʪʠʮ (Fritsch Analysette 22 NEXT). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʤʦʨʬʦʣʦʛʠʷ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʧʦʩʣʝ 10 ʤʠʥʫʪʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʠ 1, 3 ʠ 6-ʯʘʩʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 10-18 ʤʢʤ. 

ʇʦʩʣʝ 1 ʯʘʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʢʨʫʧʥʝʥʠʝ ʯʘʩʪʠʮ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʥʘʣʠʧʘʥʠʝʤ ʠ ʘʛʣʦʤʝʨʘʮʠʝʡ 

ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʉʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʣʠ 31,1; 35,3; 23 ʠ 40,5 ʤʢʤ ʜʣʷ ʦʙʨʘʟʮʦʚ Ni68Al 25Ti7; Ni72Al 22Ti6; 

Ni70Al 21Ti9 ʠ Ni75Al 25 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ 3-ʯʘʩʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʦʙʨʘʟʦʚʘʣʩʷ ʠʟʣʦʤ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ 

ʩ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʚʝʣʠʯʠʥ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʦʢʦʣʦ 11,3; 6,04; 15,7 ʠ 6,4 ʤʢʤ ʜʣʷ ʦʙʨʘʟʮʦʚ 

Ni68Al 25Ti7; Ni72Al 22Ti6; Ni70Al 21Ti9 ʠ Ni75Al 25 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʜʦ 6 ʯʘʩʦʚ 

ʧʨʠʚʝʣʦ ʢ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 7,6; 8,05; 9 ʠ 9,8 ʤʢʤ ʜʣʷ ʦʙʨʘʟʮʦʚ 

Ni68Al 25Ti7; Ni72Al 22Ti6; Ni70Al 21Ti9 ʠ Ni75Al 25 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʧʦʩʣʝ 10 ʤʠʥʫʪʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʠ 1, 3 ʠ 6-ʯʘʩʦʚʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ. ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Ti ʚ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʆʙʨʘʟʝʮ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ Ti, ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠʤʝʣ ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 6 ʯʘʩʦʚ ʜʣʷ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 



41 

 
 

ʈʠʩʫʥʦʢ 1. ʄʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʦʚ: ʘ) Ni68Al 25Ti7, ʙ) Ni72Al 22Ti6, ʚ) Ni70Al 21Ti9, ʛ) Ni75Al 25 

 
ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ 

 
ʆʙʨʘʟʮʳ ʧʦʨʦʰʢʘ ʉʤʝʱʠʚʘʥʠʝ 

10 ʤʠʥ 

(ʤʢʤ) 

1 ʯʘʩ 

(ʤʢʤ) 

3 ʯʘʩʘ 

(ʤʢʤ) 

6 ʯʘʩʦʚ 

(ʤʢʤ) 

Ni68Al 25Ti7  

(ʆʙʨʘʟʝʮ ˉ1) 

10 31,1 11,3 7,6 

Ni72Al 22Ti6  

(ʆʙʨʘʟʝʮ ˉ2) 

18,3 35,3 6,04 8,05 

Ni70Al 21Ti9  

(ʆʙʨʘʟʝʮ ˉ3) 

17,2 23 15,7 9 

Ni75Al 25  

(ʆʙʨʘʟʝʮ ˉ4) 

18,6 40,5 6,4 9,8 
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ʈʠʩʫʥʦʢ 2.  ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʣʷ ʩʤʝʰʘʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʨʦʰʢʦʚ 

Ni ʠ Al ʙʝʟ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ Ti ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ. ɺ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ Ni-Al  ʧʨʠ 

ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʜʦ 1 ʯʘʩʘ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʯʝʪʣʠʚʳʝ ʠ ʦʩʪʨʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ Ni ʠ Al, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʤ ʨʘʟʤʝʨʝ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

ʇʦʩʣʝ 3 ʯʘʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ Al, ʠʩʯʝʟʘʶʪ, ʘ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ Ni ʩʤʝʱʘʶʪʩʷ 

ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ ʘʪʦʤʦʚ Al ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ Ni, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ni(Al). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ 

ʜʦ 6 ʯʘʩʦʚ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʨʘʩʰʠʨʷʶʪʩʷ, ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʧʠʢʠ Ni ʠʩʯʝʟʘʶʪ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʠʢʠ Ni3Al, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ni3Al  ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʣʝʥʠʷ. 

ʆʪʩʫʪʩʪʚʠʝ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʬʘʟʘ Ni3Al  

ʠʤʝʝʪ ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɺ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Ni-Al -Ti ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʰʠʨʷʶʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʟʝʨʝʥ. ʇʦʩʣʝ 1 ʯʘʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʬʘʟʳ Ni, Al  ʠ Ti. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʠʟʤʝʣʴʯʝʥʠʠ ʜʦ 3 ʯʘʩʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ Al ʠ Ti ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʩʪʚʦʨʝʥʠʠ ʠʭ ʘʪʦʤʦʚ ʚ ʨʝʰʝʪʢʝ Ni ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ni(Al ,Ti). ʇʦʩʣʝʜʫʶʱʝʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʜʦ 6 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʩʤʝʱʝʥʠʶ ʦʩʥʦʚʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʚ ʩʪʦʨʦʥʫ 

ʤʝʥʴʰʠʭ ʫʛʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʫʰʠʨʝʥʠʶ ʠ ʧʦʷʚʣʷʝʪʩʷ Ni3(Al ,Ti)  ʚʦ ʚʩʝʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʷʭ. ʆʪʩʫʪʩʪʚʠʝ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ Ni3(Al ,Ti) ʠʤʝʝʪ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɸʥʘʣʠʟ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Ti ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ 

ʩʪʘʥʦʚʷʪʩʷ ʰʠʨʝ ʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ Ti ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʳ Ni3(Al ,Ti). ɺ ʦʙʨʘʟʮʝ ʩ ʩʦʩʪʘʚʦʤ Ni70Al21Ti9 ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ 

Ni3(Al ,Ti) ʧʨʦʠʩʭʦʜʠʣ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ. 

. 
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ʈʠʩʫʥʦʢ 3. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʣʷ ʩʤʝʰʘʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʨʦʰʢʦʚ Ni, Al  ʙʝʟ ʠ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ Ti ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ɸ) Ni68Al 25Ti7; ɹ) Ni72Al 22Ti6; ɺ) Ni70Al 21Ti9 ; ɻ) Ni75Al 25 

ɿʘʢʣʶʯʝʥʠʝ. ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ NiïAl-Ti c ʨʘʟʣʠʯʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Ni68Al25Ti7, 

Ni72Al22Ti6, Ni70Al21Ti9 ʠ Ni75Al25 ʚ ʘʪ% ʙʳʣʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʧʣʘʚʣʝʥʳ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʝ. ʇʦʩʣʝ 3 ʯʘʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Ni(Al) ʠ Ni(Al ,Ti). ɼʘʣʴʥʝʡʰʝʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʜʦ 6 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟʳ Ni3Al  ʠ Ni3(Al ,Ti) ʩ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʜʣʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Ni-Al  ʠ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ  Ni-Al -Ti ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Ti ʩ 6 ʜʦ 9 ʘʪ% ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ Ni3(Al ,Ti). ʆʙʨʘʟʮʳ ʙʝʟ ʠʣʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ti ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʠʟʤʝʣʴʯʝʥʠʷ. ʆʧʪʠʤʘʣʴʥʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʠʣʘ 6 ʯʘʩʦʚ ʜʣʷ 

ʚʩʝʭ ʦʙʨʘʟʮʦʚ. 
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ɸϬʜʘʪʧʘ. ɹϰʣ ʞϰʤʳʩʪʘ ʊʶʨʝʭʦʜʞʘʝʚ ɸ.ʅ. ʞʘʣʧʳʣʘʥϤʘʥ ʬʫʥʢʮʠʷʣʘʨ ʪʝʦʨʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ Ϩʘʙʘʪʪʳ ʦʨʪʘʜʘϤʳ 

ʞʳʣʫϺʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽϬ ʩʳʟʳϨʪʳϨ ʟʘϬʳ ʙʘʨ ʞʘʟʳϨ ʞʳʣʫ ʪʦʣϨʳʥʜʘʨʳ, ʞʳʣʫϺʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽϬ 

Ϻʟʛʝʨʫ ʟʘϬʜʳʣʳϨʪʘʨʳ ʙʦʡʳʥʰʘ ʞʳʣʫ ʪʦʣϨʳʥʜʘʨʳʥʳϬ ʤϸʩʝʣʝʩʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ʉʳʟʳϨʪʳ ʝʤʝʩ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳϨ 

ʪʝϬʜʝʫʣʝʨʜʽ ʽʰʽʥʘʨʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷʣʘʫ ϸʜʽʩʽʥ Ϩʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞʘʣʧʳ ʞʘϤʜʘʡ Ϯʰʽʥ ʝʩʝʧʪʽϬ ʰʝʰʽʤʽ ʞϸʥʝ Ϩʘʨʘʩʪʳʨʳʣʘʪʳʥ 

ʦʙʲʝʢʪʽʥʽϬ ʞʳʣʫϺʪʢʽʟʛʽʰʪʽʛʽʥ ϺʟʛʝʨʪʫʜʽϬ ʧʨʘʢʪʠʢʘʣʳϨ ϨʳʟʳϨʪʳ ʟʘϬʜʘʨʳ Ϩϰʨʘʩʪʳʨʳʣʘʜʳ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ. Ϩʘʙʘʪʪʳ ʦʨʪʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳϨ ʪʝϬʜʝʫʣʝʨ, ʞʳʣʫ ʪʦʣϨʳʥʜʘʨʳ, ʽʰʽʥʘʨʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷʣʘʫ ϸʜʽʩʽ, Ϻʟʛʝʨʫ 

ʟʘϬʜʳʣʳϨʪʘʨʳ, ʞʳʣʫϺʪʢʽʟʛʽʰʪʽʢ.  

  

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʊʶʨʝʭʦʜʞʘʝʚ ɸ.ʅ. ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʦʙʦʙʱʝʥʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ 

ʧʣʦʩʢʠʭ ʪʝʧʣʦʚʳʭ ʚʦʣʥʘʭ ʚ ʩʣʦʝ ʩ ʣʠʥʝʡʥʳʤ ʟʘʢʦʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʧʣʦʚʳʭ ʚʦʣʥ ʧʦ ʟʘʢʦʥʘʤ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʯʘʩʪʠʯʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳʝ ʟʘʢʦʥʳ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʩʣʦʠʩʪʘʷ ʩʨʝʜʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʪʝʧʣʦʚʳʝ ʚʦʣʥʳ, ʤʝʪʦʜ ʯʘʩʪʠʯʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, 

ʟʘʢʦʥʳ ʠʟʤʝʥʝʥʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 
 

Abstract.In this work, Tyurekhodzhaev A.N. is based on the theory of generalized functions, the problem of plane heat waves in a 

layer with a linear law of the thermal conductivity coefficient, thermal waves according to the laws of variation of the thermal 

conductivity coefficient is considered. Using the method of partial discretization of nonlinear differential equations, the solution of the 

problem for the general case and the practical interesting laws of changing the thermal conductivity of the considered object are 

formulated. 

Keywords. layered medium, differential equations, heat waves, method of partial discretization, laws of change, thermal conductivity. 

 
ʂʽʨʽʩʧʝ. ɾʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ï ʜʝʥʝʥʽש ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʤʘʩʳ ʙʘʨ ʥװʢʪʝʣʝʨʽ ʘʨʘʩʳʥʜʘ ʙʽʨ ʥװʢʪʝʜʝʥ 

ʝʢʽʥʰʽ ʥװʢʪʝʛʝ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʞʝʪʢʽʟʫ ץʘʩʠʝʪʽ; ʜʝʥʝʥʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳ ʞʘץʪʘʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

ʪᴇʤʝʥ ʞʘסʳʥʘ ץʘʨʘʡ ʞʳʣʫ ᴇʪʢʽʟʫ ץʘʙʳʣʝʪʽ. פʘʪʪʳ ʜʝʥʝʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʨʽʩʽ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷ ᴇʨʽʩʽ, 

ʞʘʣʧʳ ʘʡʪץʘʥʜʘ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ. ɸʣʘʡʜʘ, ʙʽʨʢʝʣʢʽ ʝʤʝʩ ץʳʟʜʳʨʳʣסʘʥ ʜʝʥʝʜʝ ץʦʨʰʘסʘʥ ʦʨʪʘʤʝʥ ʽʰʢʽ 

ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ᴅʩʝʨʽʥʝʥ ץʘʨʘʧʘʡʤ ʞʳʣʫ ʪʘʨʘʣʫ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɼʝʥʝ ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥʳש ʦʥʜʘסʳ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳʥʳש ʪʘʨʘʣʫʳʥʘ ᴅʩʝʨʽʥ  ʝʣʝʤʝʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʜʝʥʝʥʽש ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥʝ 

 ʘʪʪʳ ʜʝʥʝʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʨʽʩʽʥץ ʜʘʡʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʪʽʥסʘʨʘʤʘʩʪʘʥ, ʙʝʣʛʽʣʽ ʙʽʨ ʞʳʣʫ ʘʣʤʘʩʫ ʞʘץ

ʟʝʨʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʘʪʪʳ ʜʝʥʝʜʝ ʞʳʣʫ ʘʣʤʘʩʫ ʪʝʢ ʤʦʣʝʢʫʣʘʣʳץ ï ʘʪʦʤʜʳץ ʩʠʧʘʪץʘ ʠʝ 

ʞʳʣʫᴇʪʢʽʟʛʽʰ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ɼʝʥʝ ʙʝʪʽʥʜʝʛʽ ʞʳʣʫ ʘʣʤʘʩʫ װʰ ʞʦʣʤʝʥ ʞװʨʫʽ ʤװʤʢʽʥ: 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ, ʢʦʥʚʝʢʮʠʷ ʞᴅʥʝ ʰʳסʘʨʫ [1]. 

ɽʩʝʧʪʽϬ Ϩʦʡʳʣʳʤʳ. ɹײʣ ʞײʤʳʩʪʘ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʛʘʨʤʦʥʠʢʘʣʳץ ʬʫʥʢʮʠʷʣʘʨסʘ ʩᴅʡʢʝʩ ʪʘʨʘʣʘʜʳ 

ʜʝʛʝʥ ʙʦʣʞʘʤ ʙʦʡʳʥʰʘ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʠʮʠʝʥʪʪʝʨʽʥʽש ʦʨʪʘʥʳש ʪʝʨʝשʜʽʛʽ ʙʦʡʳʥʰʘ, ᴇʟʛʝʨʫ 

ʟʘשʜʳʣʳץʪʘʨʳ ʙʦʡʳʥʰʘ ʞʘʟʳץ ʞʳʣʫ ʪʦʣץʳʥʜʘʨʳʥʳש ʤᴅʩʝʣʝʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʉʳʟʳץʪʳ ʝʤʝʩ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ ʽʰʽʥʘʨʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷʣʘʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʳʧ [2;3], ʞʘʣʧʳ ʞʘסʜʘʡ װʰʽʥ 

ʝʩʝʧʪʽש ʰʝʰʽʤʽ ʞᴅʥʝ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ ʦʙʲʝʢʪʽʥʽש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽʥʽש ᴇʟʛʝʨʽʩʪʝʨʽ װʰʽʥ ʧʨʘʢʪʠʢʘʣʳץ 

 ᴇʟʛʝʨʫʽʥʝ שʜʝʫʽ  ʘʤʧʣʠʪʫʜʘʩʳʥʳשʨʘʩʪʳʨʳʣʜʳ. ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʪʝײץ ʪʘʨץʜʳʣʳשʪʳ ʢʝʡʙʽʨ ʟʘץʳʟʳץ

 .ʦʡʳʣʤʘʡʜʳץ ʘ ʰʝʢʪʝʫʣʝʨץʘʪʪʘʥʜʳʨʫʜʘʥ ʙʘʩסʘʥʘץ

ʄײʥʜʘ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʠʮʠʝʥʪʪʝʨʽʥʽש ᴇʟʛʝʨʫ ʟʘשʜʳʣʳץʪʘʨʳ ʙʦʡʳʥʰʘ ʞʳʣʫ ʪʦʣץʳʥʜʘʨʳ 

ʪʫʨʘʣʳ ʝʩʝʧʪʽ ץʘʨʘʩʪʳʨʘʤʳʟ. פʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʞʘסʜʘʡʜʘ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢʪʽש ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

ʪʝשʜʝʫʽ ʤʳʥʘ ʪװʨʛʝ ʢʝʣʝʜʽ: 

 

ὧ
‬Ὕᾀȟὸ

‬ὸ

‬

‬ᾀ
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‬ᾀ
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ʤײʥʜʘסʳ ὧï ʢᴇʣʝʤʜʽʢ ʞʳʣʫʩʳʡʳʤʜʳʣʳץ, ‗ᾀ ï ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ, Ὕᾀȟὸ ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ɸʡʪʘʣʳ(1) ,ץ ᴇʨʥʝʢʪʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʪᴇʤʝʥʜʝʛʽ ʟʘשʜʳʣʳץʧʝʥ ʙʝʨʽʣʩʽʥ 

 

Ὕᾀȟὸ • ᾀÓÉÎ…ὸ • ᾀÃÏÓ…ὸȟ ς 

 

ʤײʥʜʘסʳ … ï ʞʳʣʫʣʳץ ᴅʩʝʨ ᴇʟʛʝʨʽʩʽʥʽש ʘʡʥʘʣʤʘʣʳ ʞʠʽʣʽʛʽ 

ʉʦʥʜʘ ʢʝʣʝʩʽ ʪװʨʜʝʛʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ [4] ʘʣʘʤʳʟ 
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ɾʳʣʫ ʪʦʣץץʳʥʜʘʨʳ ʪʫʨʘʣʳ ʝʩʝʧʪʝʨʜʽש ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ץʘʤʪʫ ʢʝʨʝʢ 

 

ᾀ πȟװὝ ὈÓÉÎ…ὸ ὈÃÏÓ…ὸ 
 

ᾀ ὬȟװὝ ὈÓÉÎ…ὸ ὈÃÏÓ…ὸȢװ 
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1-ʩʫʨʝʪ. פʘʣʳשʜʳסʳ Ὤ ʙʦʣʘʪʳʥ ץʘʙʘʪʪʳש ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʳ 

ɹʽʨʽʥʰʽ (3) ʪʝשʜʝʫʜʝʛʽ • ᾀ ʬʫʥʢʮʠʷʩʳʥ ʜʠʩʢʨʝʪʪʝʧ, ʦʥʳ ʝʢʽʨʰʽ ʪʝשʜʝʫʛʝ ץʦʡʳʧ ʞʘʣʧʳ ʰʝʰʽʤʽʥ 

ʘʣʘʤʳʟ 
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ʐʝʛʘʨʘʣʳץ ʰʘʨʪʪʘʨʜʳ (4) ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʣʘʤʳʟ 
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ʄᴅʩʝʣʝʥʽש ʥʘץʪʳ ʰʝʰʽʤʽʥ ץʘʣʘʡ ʘʣʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʫ װʰʽʥ ʘʣʜʳʤʝʥ ץʫʘʪ ʟʘשʳʥʘ ʩᴅʡʢʝʩ 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʬʬʠʮʠʝʥʪʽ ᴇʟʛʝʨʝʪʽʥʠʞʳʣʫ ʪʦʣץʳʥʜʘʨʳ ʤᴅʩʝʣʝʩʽʥ ץʘʨʘʩʪʳʨʘʡʳ[5] ץ. 

ɾʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ‗ᾀ ʙʦʣʩʳʥ  

 

‗ᾀ ‗ ρ Ὠᾀ  χ 
 

ϧʘʙʘʪʪʳ ʦʨʪʘʜʘϤʳ ʞʳʣʫϺʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ʘʡʥʳʤʘʣʳ ʙʦʣʘʪʳʥ ʞʳʣʫ 

ʪʦʣϨʳʥʜʘʨʳʥʳϬ ʪʘʨʘʣʫʳ. ὓ ρ ʢʝʟ̔ʥʜʝ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ (8) ʩʳʟʳץʪʳץ ʟʘסשʘ ʩᴅʡʢʝʩ 

ᴇʟʛʝʨʝʜʽ 

 
ᾀ‗װ ‗ ρ Ὠᾀװװװװ ψ 

 

 

2-ʩʫʨʝʪ. פʘʙʘʪʪʘסʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʬʬʠʮʠʝʥʪʽ 

 

ɹײʣ ʞʝʨʜʝ ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʤᴅʩʝʣʝʛʝ ɸ.ʌ. ʏʫʜʥʦʚʩʢʠʡ ʪʘʣʜʘʫ ʞʘʩʘסʘʥ. ʉʦʥʜʘ, • ᾀ ʞᴅʥʝ • ᾀ 

ʬʫʥʢʮʠʷʩʳʥʳש ʬʦʨʤʘʩʳʥ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʦשʘʡ ʘʣʫסʘ ʙʦʣʘʜʳ 

 

• ᾀ
ρ

ς
ὧ…ɫᾀ ᾀ • ᾀ Ὄᾀ ᾀ ‚ ᾀȟᾀ • ᾀ Ὄᾀ ᾀ  

 

‚ ᾀȟᾀ ὅὪᾀ ὅװὪᾀ ὅὪᾀ ὅװװ ω 

 

• ᾀ
ρ

ς
ὧ…ɫᾀ ᾀ • ᾀ Ὄᾀ ᾀ ‚װ ᾀȟᾀ • ᾀ Ὄᾀ ᾀ ᾀȟᾀ‚װ ὅὪᾀ

ὅװװ 
 ρπ 

 

   π  • π Ὀȟװ• π Ὀ                             π           ‗            ‗ ρ ὨὬװװ‗ᾀ 

 

 

 

 

 

 Ὤ 
 Ὤ         • Ὤ Ὀȟװװ• Ὤ Ὀ  

   ᾀ                                                                                    ᾀ 
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ʐʝʛʘʨʘʣʳץ ʰʘʨʪʪʘʨʜʳ (4) ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʣʘʤʳʟ 
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• ᾀװ‚ Ὤȟᾀ • ᾀ ‚װ Ὤȟᾀ Ὀ  ρσ 
 

   

ὤ ʥװʢʪʝʣʝʨʽʥʜʝ • ᾀ ʞᴅʥʝ • ᾀ ʣʝʨʜʽ (2) ᴇʨʥʝʢʢʝ ץʦʡʳʧ ᴇʨʥʝʢʪʽש ʰʝʰʽʤʽʥ ʘʣʘʤʳʟ 

 

Ὕᾀȟὸ • ᾀ ÓÉÎ…ὸ • ᾀ ÃÏÓ…ὸȟ ρτ 
 

ʇʘʨʘʙʦʣʘʣʳץ ʜʠʬʬʝʨʝʥʮʠʘʣʤʝʥ ʩʠʧʘʪʪʘʣסʘʥ ʞʳʣʫʣʳץ ʪʦʣץʳʥʜʘʨ ʪʝʦʨʠʷʩʳʥʜʘסʳ ʞʘʟʳץ ʝʩʝʧʪʽש 

ʘʥʘʣʠʪʠʢʘʣʳץ ʰʝʰʽʤʽ ʘʣʳʥʜʳ. ʉʳʟʳץʪʳץ ʟʘש ʙʦʡʳʥʰʘ ᴇʟʛʝʨʝʪʽʥ ʘʡʥʳʤʘʣʳ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ 

ʢʦʬʬʠʮʠʝʥʪʽ ʙʘʨ ʪʝשʜʝʫ. 

ϧʦʨʪʳʥʜʳ. ɹײʣ ʞײʤʳʩʪʘ ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʞᴅʥʝ ʩʳʟʳץʪʳ ʝʤʝʩ ʦʨʪʘʣʘʨʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʨʽʩʽʥ ʪʘʙʫ װʰʽʥ 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʪʝʦʨʠʷʩʳʥʳש ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʞᴅʥʝ ʩʳʟʳץʪʳ ʝʤʝʩ ʝʩʝʧʪʝʨʽ װʰʽʥ ʩʳʟʳץʪʳ ʝʤʝʩ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ ʽʰʽʥʘʨʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷʣʘʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ʉʳʟʳץʪʳ ʝʤʝʩ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ ʽʰʽʥʘʨʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷʣʘʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ᴇʟʛʝʨʫ ʟʘשʳʥʳʥʘ ʩᴅʡʢʝʩ ץʘʙʘʪʪʳץ ʦʨʪʘ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢ װʰʽʥ 

 .ʘʥסʰʝʰʽʤʜʝʨʽ ʘʣʳʥ ץʘʥʘʣʠʪʠʢʘʣʳ שʩʠʧʘʪʪʘʤʘʣʘʨ ʝʩʝʧʪʝʨʽʥʽ ץʟʽʣʽʩʩʽʟ ʪʝʨʤʦʬʠʟʠʢʘʣʳװ

ɸʣϤʳʩ. ɼ. ʉʝʨʽʢʙʘʝʚ ʘʪʳʥʜʘסʳ ʐʳסʳʩ פʘʟʘץʩʪʘʥ ʪʝʭʥʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʙʘʩʰʳʣʳסʳʥʘ ʞᴅʥʝ ʦʩʳ 

ʢʦʥʬʝʨʝʥʮʠʷʥʳ ( ʧʨʦʬʝʩʩʦʨ ʇʣʦʪʥʠʢʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ-ʪʽ ʝʩʢʝ ʘʣʫסʘ ʘʨʥʘʣסʘʥ çפʘʪʪʳ ʜʝʥʝ 

ʬʠʟʠʢʘʩʳè XVI ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʘ) ײʡʳʤʜʘʩʪʳʨʫ ʢʦʤʠʪʝʪʽʥʽײץ שʨʘʤʳʥʘ ʰʳʥ 

ʞװʨʝʢʪʝʥ ʘʣסʳʩ ʙʽʣʜʽʨʝʤʽʥ! 
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 ʅʀʊʈʆʎɽʄɽʅʊʊɽʋ פɹʆʃɸʊʊɸʈɼʓ ʕʃɽʂʊʈʆʃʀʊʊɯʂ-ʇʃɸɿʄɸʃʓ פʈʓʃʓʄɼʓױפ

ʕʃɽʂʊʈʆʃʀʊʅʆ-ʇʃɸɿʄɽʅʅɸʗ ʅʀʊʈʆʎɽʄɽʅʊɸʎʀʗ ʂʆʅʉʊʈʋʂʎʀʆʅʅʓʍ ʉʊɸʃɽʁ  

ELECTROLYTE -PLASMA NITROCEMENTATION OF STRUCTURAL STEELS  

 
ɸϬʜʘʪʧʘ. ɹϰʣ ʞϰʤʳʩʪʘ 20ʭ2ʥ4ʘ ϨϰʨʳʣʳʤʜʳϨ ɹʦʣʘʪʪʳϬ ʵʣʝʢʪʨʦʣʠʪʪʽʢ-ʧʣʘʟʤʘʣʳϨ ʥʠʪʨʦʮʝʤʝʥʪʪʝʣʫʽʥ ʟʝʨʪʪʝʫ 

ʥϸʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ʵʣʝʢʪʨʦʣʠʪʪʽϬ ϸʨʪϮʨʣʽ Ϩϰʨʘʤʜʘʨʳʥ Ϩʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʬʘʟʘʣʳϨ ʞϸʥʝ ϨϰʨʳʣʳʤʜʳϨ 

Ϻʟʛʝʨʽʩʪʝʨʛʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞʘʩʘʣʜʳ. ʇʨʦʮʝʩʪʽϬ ʩʧʝʢʪʨʣʽʢ ʪʘʣʜʘʫʳ ϮʣʛʽʣʝʨʜʽϬ ʙʝʪʽʥʽϬ ʘʟʦʪ ʧʝʥ ʢϺʤʽʨʪʝʛʽʤʝʥ 

ʙʝʣʩʝʥʜʽ ϨʘʥʳϤʫʳʥ ʨʘʩʪʘʜʳ, ʘʣ ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳϨ ʪʘʣʜʘʫ ʥʠʪʨʠʜʪʝʨ ʤʝʥ ʪʝʤʽʨ ʢʘʨʙʠʜʪʝʨʽʥʽϬ ʬʘʟʘʣʘʨʳʥʳϬ, ʩʦʥʜʘʡ-ʘϨ 

ʦʢʩʠʜʪʽ ϨʦʩʳʣʳʩʪʘʨʜʳϬ ʪϮʟʽʣʫʽʥ ʢϺʨʩʝʪʪʽ. ʕʣʝʢʪʨʦʣʠʪ Ϩϰʨʘʤʳʥʘ ʛʣʠʮʝʨʠʥ Ϩʦʩʫ Ϩʘʪʪʳ ʬʘʟʘʣʘʨʜʳϬ ʪϮʟʽʣʫʽʥ ʢϮʰʝʡʪʫʛʝ 

ʞϸʥʝ ʪʦʟʫϤʘ ʪϺʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫϤʘ ʳϨʧʘʣ ʝʪʝʪʽʥʽ ʘʪʘʧ Ϻʪʽʣʜʽ. ʅϸʪʠʞʝʣʝʨ ɹʦʣʘʪʪʳϬ Ϻʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ Ϯʰʽʥ 

ʵʣʝʢʪʨʦʣʠʪʪʽʢ-ʧʣʘʟʤʘʣʳϨ ʥʠʪʨʦʮʝʤʝʥʪʪʝʫʜʽϬ ʞʦϤʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥ ʢϺʨʩʝʪʝʜʽ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʵʣʝʢʪʨʦʣʠʪʪʽʢ-ʧʣʘʟʤʘʣʳϨ ʥʠʪʨʦʮʝʤʝʥʪʪʝʫ, ϨϰʨʳʣʳʤʜʳϨ ʙʦʣʘʪ, ʬʘʟʘʣʳϨ ʪϮʨʣʝʥʜʽʨʫʣʝʨ, ʩʧʝʢʪʨʣʽʢ 

ʪʘʣʜʘʫ, ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳϨ ʪʘʣʜʘʫ.. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ 20ʍ2ʅ4ɸ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʵʣʝʢʪʨʦʣʠʪʘ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʧʦʜʪʚʝʨʜʠʣ ʘʢʪʠʚʥʦʝ ʥʘʩʳʱʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ, ʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟ ʥʠʪʨʠʜʦʚ ʠ ʢʘʨʙʠʜʦʚ ʞʝʣʝʟʘ, 

ʘ ʪʘʢʞʝ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʛʣʠʮʝʨʠʥʘ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʬʘʟ ʠ ʫʚʝʣʠʯʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʷ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ, ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. 
 

Abstract. This study presents the results of research on electrolytic plasma nitrocarburizing of structural steel 20ʍ2ʅ4ɸ. A 

comparative analysis of the phase and structural changes occurring with the use of different electrolyte compositions was conducted. 

Spectral analysis confirmed the active saturation of the sample surfaces with nitrogen and carbon, while X-ray phase analysis revealed 

the formation of iron nitride and carbide phases, as well as oxide compounds. It was noted that the addition of glycerin to the electrolyte 

composition enhances the formation of hard phases and increases wear resistance. The results indicate the high efficiency of electrolytic 

plasma nitrocarburizing for improving the operational characteristics of steel. 

Keywords: electrolytic plasma nitrocarburizing, structural steel, phase transformations, spectral analysis, X-ray phase analysis. 

 

ɺʚʝʜʝʥʠʝ.  ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʩʪʘʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʦʜʥʘʢʦ ʜʝʪʘʣʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʥʝʨʝʜʢʦ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ ʜʣʷ 

ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʩʪʘʣʝʡ, ʚʢʣʶʯʘʷ ʣʝʛʠʨʦʚʘʥʠʝ, ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʫʧʨʦʯʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ð ʥʘʧʨʠʤʝʨ, ʛʘʟʦʚʦʝ ʥʠʪʨʦʚʘʥʠʝ ʠʣʠ 

ʮʝʤʝʥʪʘʮʠʷ ð ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʪʴ ʪʚʝʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠʟʜʝʣʠʡ [1]. ʆʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ ʦʙʳʯʥʦ ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 

ʠ ʩʣʦʞʥʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʨʝʜʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ [2]. ʇʦʤʠʤʦ ʪʝʨʤʠʯʝʩʢʠʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʣʘʟʝʨʥʘʷ ʟʘʢʘʣʢʘ (ʧʦʚʳʰʘʶʱʘʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʩʪʘʣʠ)[3], ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʥʠʪʨʠʜʠʨʦʚʘʥʠʝ, ʥʘʥʝʩʝʥʠʝ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʠ ʜʨ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʩʪʘʣʝʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʩʪʠʤʫʣʠʨʫʶʱʝʡ ʧʦʠʩʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʘʷ 

ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʷ ï ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ ʚ ʧʣʘʟʤʝ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʧʨʦʚʦʜʷʱʠʡ ʨʘʩʪʚʦʨ [4]. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ 

ʜʝʪʘʣʴ, ʧʦʛʨʫʞʝʥʥʘʷ ʚ ʵʣʝʢʪʨʦʣʠʪ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ: ʣʦʢʘʣʴʥʳʡ 

ʢʠʧʷʱʠʡ ʩʣʦʡ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʝʪ ʤʝʪʘʣʣ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (~400ï1100 ÁC) [5], ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʘʪʦʤʘʨʥʦʛʦ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʤʝʪʘʣʣ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʶʪʩʷ, ʧʦʟʚʦʣʷʷ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
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ʦʙʨʘʙʦʪʢʠ ʜʦ ʙʫʢʚʘʣʴʥʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ (ʦʢʦʣʦ 5ï10 ʤʠʥ) [6]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʚʘʞʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ: ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʥʘʩʳʱʝʥʠʷ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʚ ʦʜʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ [7]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦ-

ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʛʨʝʚʘ ʜʦʩʪʠʛʘʶʪʩʷ ʢʨʘʡʥʝ ʚʳʩʦʢʠʝ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʜʦ 

250 Áʉ/ʩ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʬʫʟʠʠ (ʨʦʩʪ ʥʘʩʳʱʝʥʥʦʛʦ ʩʣʦʷ ʜʦ ~20 ʤʢʤ ʚ ʤʠʥʫʪʫ)[8]. ʋʞʝ ʟʘ ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʴʶ, 

ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ [9]. ʅʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ 

ʨʘʩʪʚʦʨʝ ʩʦʣʝʡ ʘʤʤʦʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 750 ÁC ʚʩʝʛʦ ʟʘ 5 ʤʠʥʫʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩʣʦʡ ʩ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ ʜʦ ~1060 HV [10]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʵʣʝʢʪʨʦʣʠʪʥʦ-

ʧʣʘʟʤʝʥʥʦʛʦ ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʫʶʱʠʡʩʷ ʦʢʩʠʜʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʩʪʘʣʠ [11]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʵʣʝʢʪʨʦʣʠʪʥʦ-

ʧʣʘʟʤʝʥʥʦʝ ʥʘʩʳʱʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʘʢ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ, ʪʘʢ ʠ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ [12,13,14]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʫʙʠʥʘ 

ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʧʨʠ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ ʚ ʧʣʘʟʤʝ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʩʷʪʢʘʤʠ 

ʤʠʢʨʦʤʝʪʨʦʚ [15,16], ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʷʞʝʣʦ ʥʘʛʨʫʞʝʥʥʳʭ ʫʟʣʦʚ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʜʝʪʘʣʝʡ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʠ 

ʩʪʦʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʜʘʥʥʳʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʫʝʤ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʧʨʠ 

ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʤ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʡ ʠ ʩʨʘʚʥʠʚʘʝʤ ʬʘʟʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʥʠʪʨʦʮʝʤʝʥʪʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʠ ʪʘʢ ʞʝ ʠʭ ʩʨʘʚʥʠʚʘʝʤ ʩ ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʦʛʨʘʤʤʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʥʠʪʨʦ ʮʝʤʝʥʪʘʮʠʡ 

(ʕʇʅʎ) ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʩʪʘʣʴ 20ʍ2ʅ4ɸ, ʢʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ ʜʘʥʥʳʡ ʪʠʧ ʩʪʘʣʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʋʛʣʝʨʦʜ 
(C): 0.17ï0.23%, ʂʨʝʤʥʠʡ (Si): 0.17ï0.37%, ʄʘʨʛʘʥʝʮ (Mn): 0.50ï0.80%, ʍʨʦʤ (Cr): 1.50ï1.80%, ʅʠʢʝʣʴ 

(Ni): 3.25ï3.75%, ʉʝʨʘ (S): ʥʝ ʙʦʣʝʝ 0.025%, ʌʦʩʬʦʨ (P): ʥʝ ʙʦʣʝʝ 0.025%, ɾʝʣʝʟʦ (Fe): ʦʩʪʘʣʴʥʦʝ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʕʇʅʎ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ɼʣʷ ʕʇʅʎ ʙʳʣʠ ʚʳʙʨʘʥʳ ʵʣʝʢʪʨʦʣʠʪʳ ʚʦʜʷʥʦʤ 

ʦʩʥʦʚʝ 10% ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʡ ʩʦʜʳ, 20% ʢʘʨʙʘʤʠʜʘ, 70% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʳʡ ʚʦʜʳ ʠ 10% 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʡ ʩʦʜʳ, 20% ʢʘʨʙʘʤʠʜʘ, 5% ʛʣʠʮʝʨʠʥʘ, 65% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʳʡ ʚʦʜʳ.  

ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʥʘʯʘʣʝ ʨʘʙʦʯʫʶ ʚʘʥʥʫ (5) 

ʟʘʧʦʣʥʠʣʠ ʵʣʝʢʪʨʦʣʠʪʦʤ. ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ (4), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʜʥʝ ʚʘʥʥʳ, ʵʣʝʢʪʨʦʣʠʪ 

ʧʦʜʘʚʘʣʩʷ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜʳ (8) ʚ ʧʣʘʟʤʘʪʨʦʥ (3), ʢʦʪʦʨʳʡ ʨʘʩʧʣʦʞʸʥ ʚ ʢʘʤʝʨʝ ʦʙʨʘʙʦʪʢʠ (2). ʇʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʧʣʘʟʤʘʪʨʦʥ, ʵʣʝʢʪʨʦʣʠʪ ʚʦʟʚʨʘʱʘʣʩʷ ʦʙʨʘʪʥʦ ʚ ʨʘʙʦʯʫʶ ʚʘʥʥʫ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʩʣʠʚʘ, ʩʦʟʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʮʠʨʢʫʣʷʮʠʶ ʞʠʜʢʦʩʪʠ. ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 4-7 ʣ/ʤʠʥ, ʘ ʦʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ, ʧʦʜʘʚʘʝʤʘʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ, 

ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 3-6 ʣ/ʤʠʥ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʫʨʦʚʥʝ 

50-60ÁC ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʦʚ 700-750ÁC. ʆʙʨʘʟʮʳ (6) ʟʘʢʨʝʧʣʷʣʠʩʴ ʚ ʜʝʨʞʘʪʝʣʝ ʠ ʧʦʛʨʫʞʘʣʠʩʴ ʚ 

ʵʣʝʢʪʨʦʣʠʪ ʪʘʢ, ʯʪʦʙʳ ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ ʟʦʥʘ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2-3 ʤʤ ʦʪ ʦʪʚʝʨʩʪʠʷ 

ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ. ʏʝʨʝʟ ʵʪʦ ʦʪʚʝʨʩʪʠʝ ʧʦʜʘʚʘʣʘʩʴ ʩʪʨʫʷ ʵʣʝʢʪʨʦʣʠʪʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʣʘ 

ʦʭʣʘʞʜʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ. ɸʥʦʜ (7) ʩʦʝʜʠʥʷʣʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʣʶʩʦʤ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ (1), ʘ ʦʙʨʘʟʮʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʢʘʪʦʜʘ, ʧʦʜʢʣʶʯʘʣʠ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʧʦʣʶʩʫ. 

ʇʦʩʣʝ ʥʘ ʦʙʨʘʟʮʳ ʧʦʜʘʚʘʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʚ 320 ɺ ʥʘ 20 ʩʝʢʫʥʜ ʜʣʷ ʟʘʞʠʛʘʥʠʷ ʧʣʘʟʤʳ ʧʦʩʣʝ 3 ʤʠʥʫʪʳ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʣʘʟʤʫ ʧʨʠ 180 ɺ [17]. 

https://www.mdpi.com/2073-4352/14/9/759#:~:text=Under%20conditions%20of%20electrolyte%E2%80%93plasma%20heating,for%20some%20applications%20requiring%20deeper
https://www.mdpi.com/2073-4352/14/9/759#:~:text=treatment%20up%20to%205%E2%80%9310%20min,saturation%20with%20hardening%20in%20one
https://www.mdpi.com/2073-4352/14/9/759#:~:text=current%20density%2C%20frequency%2C%20and%20electrolyte,layer%20on%20the%20surface%2C%20which
https://www.mdpi.com/2073-4352/14/9/759#:~:text=During%20electrolytic%20plasma%20nitriding%20technology%2C,layer%20on%20the%20surface%2C%20which
https://www.researchgate.net/publication/296632058_Plasma_Electrolytic_Hardening_and_Nitrohardening_of_Medium_Carbon_Steels#:~:text=NH4Cl%20allows%20one%20to%20obtain,sectional
https://www.mdpi.com/2073-4352/14/9/759#:~:text=current%20density%2C%20frequency%2C%20and%20electrolyte,139
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ʈʠʩʫʥʦʢ 1. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʳʡ ʦʙʨʘʙʦʪʢʠ 

 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʥʠʪʨʦʮʝʤʝʥʪʮʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ATP3030 (Optosky, ʂʠʪʘʡ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʝʢʪʨʘ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ (NIST). ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʧʨʠʙʦʨʝ Xpert PRO 

PANalytical (PANAlytical BV, ʅʠʜʝʨʣʘʥʜʳ). ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʘʥʦʜʥʫʶ ʤʝʜʥʫʶ ʪʨʫʙʢʫ ʧʦʜʘʚʘʣʦʩʴ 

ʥʘʧʨʷʞʝʥʠʝ 40 ʢɺ ʠ ʪʦʢ 30 ʤɸ, ʠʟʣʫʯʝʥʠʝ Cu-KŬ (ɚ = 1,541 ¡) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 100, ʰʘʛ ʩʲʝʤʢʠ 

ʩʦʩʪʘʚʣʷʣ 0,02, ʚʨʝʤʷ ʩʯʝʪʘ ð 0,5 ʩ/ʰʘʛ. ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʣʠʥʠʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ HighScore Plus.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʩ ʜʘʥʥʳʤʠ ʙʘʟʳ NIST 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʤʥʦʞʝʩʪʚʦ ʣʠʥʠʡ ʥʝʡʪʨʘʣʴʥʦʛʦ ʞʝʣʝʟʘ (Fe I) ʠ 

ʦʜʥʘ ʣʠʥʠʷ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʞʝʣʝʟʘ (Fe II) ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʞʝʣʝʟʘ ʚ ʦʙʨʘʟʮʝ, ʯʪʦ ʦʞʠʜʘʝʤʦ 

ʜʣʷ ʩʪʘʣʠ, ʭʘʨʘʢʪʝʨʥʘʷ D-ʣʠʥʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʥʘʪʨʠʷ ʧʨʠ 588,65 ʥʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʘʪʨʠʷ, ʚʝʨʦʷʪʥʦ, ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ (ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ), ʣʠʥʠʷ HŬ ʧʨʠ 656,24 ʥʤ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʨʝʘʢʮʠʷʤʠ, ʃʠʥʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 777,53 ʥʤ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʦʢʩʠʜʥʳʭ 

ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ ʃʠʥʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʧʨʠ 819,50 ʥʤ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʥʝʜʨʝʥʠʝ ʘʟʦʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ. 

 
 

ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʪʦʜʦʤ ʠ ʞʠʜʢʠʤ ʘʥʦʜʦʤ 
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ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ (XRD) ʦʪʨʘʞʸʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 20ʍ2ʅ4ɸ, ʨʠʩʫʥʢʝ 3(a) ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ ʬʘʟ FeϡCϝ, FeϝC, FeϝN, 

FeN, ʘ ʪʘʢʞʝ FeϝOϞ. ʇʨʠʩʫʪʩʪʚʠʝ ʬʘʟ ʥʠʪʨʠʜʦʚ (FeϝN, FeN) ʠ ʢʘʨʙʠʜʦʚ (FeϡCϝ, FeϝC) ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʫʩʧʝʰʥʦʝ ʥʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ. ʌʘʟʘ FeϝOϞ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʦʢʠʩʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʙʦʪʢʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʠʪʨʠʜʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʪʚʸʨʜʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 3(b), ʛʜʝ ʵʣʝʢʪʨʦʣʠʪ ʩʦʜʝʨʞʘʣ 5% ʛʣʠʮʝʨʠʥʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʥʠʪʨʠʜʦʚ (FeϝN) ʠ ʢʘʨʙʠʜʦʚ (FeϡCϝ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʘ 
ʥʘʩʳʱʝʥʠʷ ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ ʙʣʘʛʦʜʘʨʷ ʜʦʙʘʚʣʝʥʠʶ ʛʣʠʮʝʨʠʥʘ, ʢʦʪʦʨʳʡ, ʚʝʨʦʷʪʥʦ, ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʫʛʣʝʨʦʜ ʠ ʧʦʚʳʰʘʝʪ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʣʘʟʤʝʥʥʦʡ ʟʦʥʝ. ʊʘʢʞʝ ʚʠʜʥʳ ʧʠʢʠ CrϜFeOϞ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʨʦʤʘ ʚ ʩʪʘʣʠ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʣʠʪʘ.  

ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʛʣʠʮʝʨʠʥʘ ʚ ʵʣʝʢʪʨʦʣʠʪ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʘʟ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʦʚʳʰʝʥʠʝ ʪʚʸʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʩʪʘʣʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʛʣʠʮʝʨʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʪʝʨʤʦʜʠʬʬʫʟʠʶ 

ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ. ʆʜʥʘʢʦ ʦʩʪʘʸʪʩʷ ʟʘʤʝʪʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʢʠʩʥʳʭ ʬʘʟ, ʯʪʦ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʠʬʠʢʘʮʠʷ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʦʙʘʚʣʝʥʠʷ ʛʣʠʮʝʨʠʥʘ ʫʣʫʯʰʘʝʪ ʩʚʦʡʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʫʚʝʣʠʯʠʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʝʟʥʳʭ ʬʘʟ. ʆʜʥʘʢʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʘʣʠ 20ʍ2ʅ4ɸ ʧʦʩʣʝ ʕʇʅʎ: 

a) Steel 20KH2N4A-1; b) Steel 20KH2N4A -2 
 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʦʙʘʚʣʝʥʠʝ ʛʣʠʮʝʨʠʥʘ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʪʨʠʜʥʳʭ ʠ ʢʘʨʙʠʜʥʳʭ ʬʘʟ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʣʫʯʰʝʥʠʷ, ʦʩʪʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʥʳʭ ʬʘʟ, ʯʪʦ ʪʨʝʙʫʝʪ 
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ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. çɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʣʦʩʴ ʂʦʤʠʪʝʪʦʤ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʛʨʘʥʪ ˉ BR24992870)è. 
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ʄɽʊɸʃɼɸʈ ʄɽʅ פʆʈʓʊʇɸʃɸʈɼɸנʓ ʌɸɿɸʃʓפ ɾᴄʅɽ ױפʈʓʃʓʄɼʓפ ʊתʈʃɽʅʋʃɽʈ, ʄɽʊɸʃɼɸʈ ʄɽʅ 

 ʄʆɼʀʌʀʂɸʎʀʗʉʓ רɸʉʀɽʊʊɽʈɯʅɯפ פʄɽʍɸʅʀʂɸʃʓ-פʌʀɿʀʂɸʃʓ רʆʈʓʊʇɸʃɸʈɼʓפ

ʌɸɿʆɺʓɽ ʀ ʉʊʈʋʂʊʋʈʅʓɽ ʇʈɽɺʈɸʑɽʅʀʗ ɺ ʄɽʊɸʃʃɸʍ ʀ ʉʇʃɸɺɸʍ, ʄʆɼʀʌʀʂɸʎʀʗ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ 

ʉɺʆʁʉʊɺ ʄɽʊɸʃʃʆɺ ʀ ʉʇʃɸɺʆɺ 

PHASE AND STRUCTURAL TRANSFORMATIONS IN METALS AND ALLOYS, MODIFICATION OF THE PHYSICAL AND 

MECHANICAL PROPERTIES OF METALS AND ALLOYS  

 
Abstract. The main types of phase transformations, their causes, the effect of structural changes on mechanical properties, and the 

role of temperature and pressure are analyzed. In addition, the modification of the physical and mechanical properties of metals and 

alloys, research results, and practical application possibilities are discussed. 

Keywords:  temperature, pressure, physical, mechanical properties 

ɸϬʜʘʪʧʘ. ʌʘʟʘʣʳϨ ʪϮʨʣʝʥʫʣʝʨʜʽϬ ʥʝʛʽʟʛʽ ʪϮʨʣʝʨʽ, ʦʣʘʨʜʳϬ ʧʘʡʜʘ ʙʦʣʫ ʩʝʙʝʧʪʝʨʽ, ϨϰʨʳʣʳʤʜʳϨ ϺʟʛʝʨʽʩʪʝʨʜʽϬ ʤʝʭʘʥʠʢʘʣʳϨ 

Ϩʘʩʠʝʪʪʝʨʛʝ ϸʩʝʨʽ ʞϸʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ϨʳʩʳʤʥʳϬ ʨϺʣʽ ʪʘʣʜʘʥʘʜʳ. ʉʦʥʳʤʝʥ Ϩʘʪʘʨ, ʤʝʪʘʣʜʘʨ ʤʝʥ ϨʦʨʳʪʧʘʣʘʨʜʳϬ 

ʬʠʟʠʢʘʣʳϨ-ʤʝʭʘʥʠʢʘʣʳϨ Ϩʘʩʠʝʪʪʝʨʽʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ, ʟʝʨʪʪʝʫ ʥϸʪʠʞʝʣʝʨʽ ʞϸʥʝ ʦʣʘʨʜʳϬ ʧʨʘʢʪʠʢʘʣʳϨ Ϩʦʣʜʘʥʫ 

ʤϮʤʢʽʥʜʽʢʪʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʪʝʤʧʝʨʘʪʫʨʘ, Ϩʳʩʳʤ, ʬʠʟʠʢʘʣʳϨ, ʤʝʭʘʥʠʢʘʣʳϨ Ϩʘʩʠʝʪʪʝʨ. 

ɸʥʥʦʪʘʮʠʷ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʠʭ ʧʨʠʯʠʥʳ, ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʬʠʟʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

ʂʽʨʽʩʧʝ. ʄʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʳʪʧʘʣʘʨʜʘ ʦʨʳʥ ʘʣʘʪʳʥ ʬʘʟʘʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʪװʨʣʝʥʫʣʝʨ ʦʣʘʨʜʳש 

ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ʪװʨʣʝʥʫʣʝʨʜʽ ʟʝʨʪʪʝʫ ʤʝʪʘʣʜʘʨʜʳש 

ʙʝʨʽʢʪʽʛʽ, ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʩʠʷץʪʳ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʆʩʳ ʤʘץʘʣʘʜʘ ʬʘʟʘʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽ, ʦʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ 

ʩʝʙʝʧʪʝʨʽ ʤʝʥ ʩʘʣʜʘʨʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʳʪʧʘʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ-

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫ ᴅʜʽʩʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʌʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʠʧʘʪʪʘʤʘʩʳ. ʌʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ï ʤʝʪʘʣʜʳש ʘʪʦʤʜʳץ 

 ʳʩʳʤ ʥʝʤʝʩʝץ ,ʣ ᴇʟʛʝʨʽʩʪʝʨ ʪʝʤʧʝʨʘʪʫʨʘײʳ ʬʘʢʪʦʨʣʘʨ ᴅʩʝʨʽʥʝʥ ᴇʟʛʝʨʫʽ. ɹץʩʳʨʪ שʨʳʣʳʤʳʥʳײץ

ʭʠʤʠʷʣʳײץ ץʨʘʤסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ʅʝʛʽʟʛʽ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ: 

ʇʦʣʠʤʦʨʬʪʳ ʪװʨʣʝʥʫʣʝʨ ï ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʩʳʤʜʘ ʤʝʪʘʣʜʳש ᴅʨʪװʨʣʽ ʢʨʠʩʪʘʣʜʳץ 

 ;[1] (Ŭ, ɔ ʞᴅʥʝ ŭ ʬʘʟʘʣʘʨʳ שʤʳʩʘʣʳ, ʪʝʤʽʨʜʽ) ʘ ʘʫʳʩʫʳסʨʳʣʳʤʜʘʨײץ

ʇʦʣʠʤʦʨʬʳ ʪװʨʣʝʥʫʣʝʨ ð ʙײʣ ʤʝʪʘʣʜʘʨʜʳש ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʩʳʤ ʞʘסʜʘʡʣʘʨʳʥʜʘ 

ʦʣʘʨʜʳש ʢʨʠʩʪʘʣʣʳײץ ץʨʳʣʳʤʜʘʨʳʥʳש ᴇʟʛʝʨʫ ʧʨʦʮʝʩʽ. ʄײʥʜʘʡ ʪװʨʣʝʥʫʣʝʨ ʤʝʪʘʣʜʳש ʘʪʦʤʜʘʨʳʥʳש 

ʦʨʥʘʣʘʩʫ ʪᴅʨʪʽʙʽʥʽש ᴇʟʛʝʨʫʽʥʝ ᴅʢʝʣʝʜʽ, ʷסʥʠ ʙʝʣʛʽʣʽ ʙʽʨ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʝʜʽ. 

ʇʦʣʠʤʦʨʬʳ ʪװʨʣʝʥʫʣʝʨ ʢᴇʙʽʥʝʩʝ ʤʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʪʧʘʣʘʨ װʰʽʥ ʤʘשʳʟʜʳ, ʩʝʙʝʙʽ ʙײʣ ʧʨʦʮʝʩʪʝʨ ʦʣʘʨʜʳש 

ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. 

ʄʳʩʘʣʳ, ʪʝʤʽʨʜʽש ʙʽʨʥʝʰʝ ʧʦʣʠʤʦʨʬʳ ʪװʨʣʝʥʫʽ ʙʝʣʛʽʣʽ. ʆʣʘʨ ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ץʳʩʳʤʜʘ 

ʧʘʡʜʘ ʙʦʣʘʜʳ: 

ʊʝʤʽʨʜʽש Ŭ-ʬʘʟʳ (ʬʝʨʨʠʪ) ð ʙײʣ ʪʝʤʽʨʜʽש ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘסʳ ʙʽʨʝʛʝʡ ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ, 

ʦʥʜʘ ʪʝʤʽʨ ʘʪʦʤʜʘʨʳ ʮʝʥʪʨʦʩʪʨʝʤʘʣʳץ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʜʘ ʦʨʥʘʣʘʩʘʜʳ. ɹײʣ ײץʨʳʣʳʤ ʪʝʤʽʨʜʽש ʞײʤʩʘץ ᴅʨʽ 

ʤʘʛʥʠʪʪʠʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʠʝ. 

ʊʝʤʽʨʜʽש ɔ-ʬʘʟʳ (ʘʫʩʪʝʥʠʪ) ð ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʳʜʘ, 912Áʉ ʤʝʥ 1394Áʉ ʘʨʘʣʳסʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥ 

 ,ʦʨʥʘʣʘʩʫʳ ᴇʟʛʝʨʽʧ שʘʣ ʪʝʤʽʨ ʘʪʦʤʜʘʨʳʥʳ ,ץʪʦʨʳ ʢʫʙʪʳ ץʢʨʠʩʪʘʣʜʳ שʣ ʢʝʟʜʝ ʪʝʤʽʨʜʽײʨʳʣʳʤ. ɹײץ

ʤʝʪʘʣʜʳץ ʤʝʭʘʥʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʙʝʨʽʢʪʽʨʝʢ ʙʦʣʘʜʳ. ʆʩʳ ʬʘʟʘ ʪʝʤʽʨʜʽש ʤʘʛʥʠʪʪʠʢ ץʘʩʠʝʪʪʝʨʥʽ 

ʞʦסʘʣʪʘʜʳ. 

ʊʝʤʽʨʜʽש ŭ-ʬʘʟʳ ð ʙײʣ ײץʨʳʣʳʤ ᴇʪʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʳʜʘ, 1394ÁC-ʪʘʥ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʝʟʜʝʩʝʜʽ. ȹ-ʬʘʟʘ ʪʝʤʽʨ ʘʪʦʤʜʘʨʳ ʙʽʨʰʘʤʘ ᴇʟʛʝʰʝ ʦʨʥʘʣʘʩʳʧ, ʦʥʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʜʘ ʪʝʢ ץʘʪʪʳ ʢװʡʜʝ 

 .ʘ ʙʦʣʘʜʳסʩʪʘʫײ ʘʥʘס

ʊʝʤʽʨʜʽש ʧʦʣʠʤʦʨʬʳ ʪװʨʣʝʥʫʣʝʨʽʥʽש ʙʘʩץʘ ʤʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʪʧʘʣʘʨʜʘסʳ ʪװʨʣʝʥʫʣʝʨʤʝʥ 

 ʘ ʞᴅʥʝסʪʝʤʧʝʨʘʪʫʨʘ שʨʣʝʥʫʣʝʨ ʤʝʪʘʣʜʘʨʜʳװʥʜʘʡ ʪײʪʘʨʳ ʤʝʥ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʢᴇʧ. ʄץʩʘʩʪʳץײ

ʤʝʭʘʥʠʢʘʣʳץ ʢװʰʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʝʪʽʥ ץʘʩʠʝʪʪʝʨʽʥ ʪװʩʽʥʫ װʰʽʥ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ 
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ᴅʩʽʨʝʩʝ ʠʥʞʝʥʝʨʣʽʢ ʧʝʥ ʤʘʪʝʨʠʘʣʪʘʥʫ ʩʘʣʘʩʳʥʜʘ, ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ײץʨʘʣ-ʞʘʙʜʳץʪʘʨʜʳש 

ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ץʘʩʠʝʪʪʝʨʽʥ ʙʦʣʞʘʫ װʰʽʥ ʤʘשʳʟʜʳ. 

ʇʦʣʠʤʦʨʬʪʘʨ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʞᴅʥʝ ʢʠʥʝʪʠʢʘʣʳץ ʘʩʧʝʢʪʳʜʝ ʤʘשʳʟʜʳ,  ᴇʟʘʨʘ ʙײʣ ʧʨʦʮʝʩʪʝʨ 

ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʩʳʤ ʞʘסʜʘʡʳʥʜʘ ʤʝʪʘʣʜʳש ʥʘץʪʳ ʬʘʟʘʩʳʥʘ ᴇʪʫʜʽש ʞʳʣʜʘʤʜʳסʳʥ 

ʘʥʳץʪʘʡʜʳ. ʂᴇʧʪʝʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ, ʧʦʣʠʤʦʨʬʪʘʨ ʪװʨʣʝʥʫʣʝʨʜʽ ʙʘʩץʘʨʫʜʘ ʤʝʪʘʣʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ 

ʤʘץʩʘʪʪʳ ʪװʨʜʝ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʤʳʩʘʣʳ, ʦʣʘʨʜʳ ץʘʪʘʡʪʫ ʥʝʤʝʩʝ ʙʘʣץʳʪʳʣסʘʥ ʢװʡʜʝ 

ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʘʨץʳʣʳ. 

ʕʚʪʝʢʪʠʢʘʣʳץ ʞᴅʥʝ ʧʝʨʠʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ï ץʦʨʳʪʧʘʣʘʨʜʘ ʢʝʟʜʝʩʝʪʽʥ ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ [2]; 

ʕʚʪʝʢʪʠʢʘʣʳץ ʞᴅʥʝ ʧʝʨʠʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ð ʙײʣ ץʦʨʳʪʧʘʣʘʨʜʳש ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽ, ʦʣʘʨʜʳ 

ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪװʩʽʥʫ ʤʘʪʝʨʠʘʣʪʘʥʫ ʤʝʥ ʤʝʪʘʣʣʫʨʛʠʷʜʘ ᴇʪʝ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹײʣ ʧʨʦʮʝʩʪʝʨ ץʦʨʳʪʧʘʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ᴅʨ ʪװʨʣʽ ʢʦʤʧʦʥʝʥʪʪʝʨ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽש 

ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ ʞᴅʥʝ  ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʪʝʨʝש ᴅʩʝʨ ʝʪʝʜʽ. 

ʕʚʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ. ʕʚʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ- ʙײʣ ʩײʡʳץ ʢװʡʜʝʥ ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ ץʘʪʪʳ 

ʬʘʟʘʥʳש ʙʽʨ ʫʘץʳʪʪʘ ʢʨʠʩʪʘʣʜʘʥʫʳ. ʕʚʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ʦʣ ʙʝʣʛʽʣʽ ʙʽʨ ʦʨʥʘʪʳʣסʘʥ ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʦʣ ʩʘʣץʳʥʜʘʪʫ ʢʝʟʝשʽ װʰʽʥ ʞʘʙʳʣʤʘʫʳ ʢʝʨʝʢ. ʄײʥʜʘʡ ᴇʟʛʝʨʽʩ ʵʚʪʝʢʪʠʢʘʣʳץ ʞװʡʝ ʜʝʧ 

ʘʪʘʣʘʪʳʥ ʬʘʟʘʣʳץ ʜʠʘʛʨʘʤʤʘ ʘʨʥʘʡʳ ʥװʢʪʝʜʝ ʦʨʥʘʣʘʩʘʜʳ, ʙײʣ ʥװʢʪʝʜʝ ץʦʨʪʧʘʥʳץ שʘʪʪʳ ʬʘʟʘʩʳ ʙʽʨ 

ʫʘץʳʪʪʘ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʕʚʪʝʢʪʠʢʘʣʳץ ץʦʨʪʧʘʣʘʨ װʰʽʥ ʪʠʧʪʽʢ ʤʳʩʘʣ ʨʝʪʽʥʜʝ ʪʝʤʽʨ-ʢᴇʤʽʨʪʝʢʪʽ ץʦʨʪʧʘʣʘʨʜʘסʳ ʧʣʘʪʠʥʘʣʳץ 

ʵʚʪʝʢʪʠʢʘ ʥʝʤʝʩʝ ʪʝʤʽʨ-ʢᴇʤʽʨʪʝʢʪʽ ʵʚʪʝʢʪʠʢʘ ʘʣʫסʘ ʙʦʣʘʜʳ. ʊʝʤʽʨ ʤʝʥ ʢᴇʤʽʨʪʝʢʪʽש ʘʨʘʣʘʩʫʳʥʘʥ 

 ʡʛʝ ʘʫʳʩʫʳװʘʪʪʳ ʢץ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʥʘ שʪʳץʪʳץʡʳײʨʳʣʳʤ ʢᴇʙʽʥʝʩʝ ʩײץ ץʘʥ ʵʚʪʝʢʪʠʢʘʣʳץʘʣʳʧʪʘʩץ

ʙʘʨʳʩʳʥʜʘ ʝʢʽ ʬʘʟʘʥʳש ð ʬʝʨʨʠʪ (ʪʝʤʽʨʜʽש Ŭ-ʬʘʟʳ) ʞᴅʥʝ ʮʝʤʝʥʪʠʪ (FeϝC) ð ʙʽʨʛʝ ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʝʜʽ. 

ʕʚʪʝʢʪʠʢʘʣʳײץ ץʨʳʣʳʤʥʳש ʝʨʝʢʰʝʣʽʛʽ ð ʙײʣ ײץʨʘʤʳʥʜʘ ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʛʝʥ ʢʨʠʩʪʘʣʜʘʨʜʳש ʞװʡʝʣʽ 

ʪװʨʜʝ ʪװʟʽʣʫʽ, ʙײʣ ץʦʨʳʪʧʘʥʳש ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ, ʤʳʩʘʣʳ, 

 .ʘ ʪᴇʟʽʤʜʽʣʽʢסʙʝʨʽʢʪʽʢ ʞᴅʥʝ ʢʦʨʨʦʟʠʷ ,ץʘʪʪʳʣʳץ

ʇʝʨʠʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ. ʇʝʨʠʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ð ʙײʣ ץʦʨʳʪʧʘ ʩײʡʳץ ʢװʡʜʝʥ ʙʽʨ ץʘʪʪʳ 

ʬʘʟʘ ʨʝʘʢʮʠʷʩʳʥʘ ʪװʩʽʧ, ʝʢʽʥʰʽ ץʘʪʪʳ ʬʘʟʘʥʳש ʪװʟʽʣʫʽ. ɽʛʝʨ ʨʝʘʢʮʠʷ, ʧʝʨʠʪʝʢʪʠʢʘʣʳץ ʬʘʟʘʣʳץ 

ʜʠʘʛʨʘʤʤʘʣʘʨ ʤװʤʢʽʥ ʝʤʝʩ ʙʦʣסʘʥʜʳץʪʘʥ, ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʧʨʦʮʝʩʪʽש ʘʷץʪʘʣʫ ʬʘʟʘʩʳʥʘ ʪʝש ʙʦʣʘʪʳʥ ʫʘץʳʪ 

ʬʘʟʘʣʳץ ʧʝʨʠʦʜʪʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ ʞᴅʥʝ ʞʘשʘ ץʘʪʪʳ ʬʘʟʘ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʇʝʨʠʪʝʢʪʠʢʘʣʳץ 

ʪװʨʣʝʥʫʣʝʨʜʽש ʤʳʩʘʣʳ ʨʝʪʽʥʜʝ ʪʝʤʽʨ-ʢᴇʤʽʨʪʝʢ ʞװʡʝʩʽʥʜʝʛʽ ʧʝʨʠʪʝʢʪʠʢʘʣʳץ ʥװʢʪʝ ʤʝʥ ʪʝʤʽʨʜʽש ʜʝʣʴʪʘ-

ʬʘʟʘ ʘʨʘʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʞװʡʝʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘ (ʢʝʡʜʝ 

tᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʞʦסʘʨʳ ץʳʩʳʤʜʘ) ʞʦסʘʨʳ ʢᴇʤʽʨʪʝʢʪʽ ʬʝʨʨʠʪ ʞᴅʥʝ ʮʝʤʝʥʪʠʪ ʬʘʟʘʣʘʨʳ ʙʽʨ-

ʙʽʨʽʤʝʥ ʘʨʘʣʘʩʳʧ, ʩʦשʳʥʜʘ ʧʝʨʠʪʝʢʪʠʢʘʣʳײץ ץʨʳʣʳʤ ʪװʟʝʜʽ. 

ʇʝʨʠʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫ ʢʝʟʽʥʜʝ ץʦʨʳʪʧʘʜʘ ʝʢʽ ץʘʪʪʳ ʬʘʟʘʣʘʨ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʽʧ, ʞʘשʘ ʙʽʨʪʝʢʪʽ 

 .ʩʘʨʪʘʜʳץʪʘʡ ʞʘץʘʩʠʝʪʪʝʨʽʥ ʘʡʪʘʨʣʳץ ʘץʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʙʘʩ שʣ ʦʥʳײʘ ʘʫʳʩʘʜʳ, ʙסʨʳʣʳʤײץ

ʕʚʪʝʢʪʠʢʘʣʳץ ʞᴅʥʝ ʧʝʨʠʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨʜʽש ʤʘשʳʟʳ. ʕʚʪʝʢʪʠʢʘʣʳץ ʞᴅʥʝ ʧʝʨʠʪʝʢʪʠʢʘʣʳץ 

ʪװʨʣʝʥʫʣʝʨʜʽש ʤʘשʳʟʜʳʣʳסʳ ð ʙײʣ ץʦʨʳʪʧʘʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʧʨʦʮʝʩʪʝʨʜʽש ʙʽʨʽ. ɹײʣ ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʪʘʣʣʫʨʛʠʷʜʘ ץʦʨʳʪʧʘʣʘʨʜʳש ᴇשʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞᴅʥʝ ʦʣʘʨʜʳץ שʦʣʜʘʥʳʣʫ ʘʷʩʳʥ ʢʝשʝʡʪʝʜʽ. ʄʳʩʘʣʳ, ʵ ʕʚʪʝʢʪʠʢʘʣʳץ ץʦʨʳʪʧʘʣʘʨ 

ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴇʥʜʽʨʽʩʪʝ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨʜʘ ʢʨʠʩʪʘʣʜʘʨʜʳש ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʫʤʝʥ  ʞᴅʥʝ 

ʞʘץʩʳ ʤʝʭʘʥʠʢʘʣʳץ  ץʘʩʠʝʪʪʝʨʽ ʙʘʨ. ʇʝʨʠʪʝʢʪʠʢʘʣʳץ ץʳʨʪʧʘʣʘʨ, ᴇʟ ʢʝʟʝʛʽʥʜʝ, ʝʨʝʢʰʝ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ  

ʨʝʞʠʤʜʝ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ᴅʩʽʨʝʩʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʜʘ ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʪײʪץʳʨʣʳסʳ ʤʘשʳʟʜʳ 

ʙʦʣʘʪʳʥ ʞʘסʜʘʡʣʘʨʜʘ. ʆʩʳ ʪװʨʣʝʥʫʣʝʨʜʽש ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʞᴅʥʝ ʢʠʥʝʪʠʢʘʣʳץ ʘʩʧʝʢʪʽʣʝʨʽʥ ʟʝʨʪʪʝʫ 

 ʨʣʽװʘʨʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʦʣʘʨʜʳ ᴅʨʪץʘʩʠʝʪʪʝʨʽʥ ʙʘʩץ ʘץʳʥ, ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʙʘʩסʪʳʣʳץʨʘײʪ שʦʨʳʪʧʘʣʘʨʜʳץ

ʠʥʜʫʩʪʨʠʘʣʜʳץ ץʦʩʳʤʰʘʣʘʨסʘ ʙʝʡʽʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɽʨʽʪʫ ʞᴅʥʝ ץʘʪʫ ʧʨʦʮʝʩʪʝʨʽ ï ʤʝʪʘʣʜʳש ʩײʡʳץ ʢװʡʜʝʥ ץʘʪʪʳ ʢװʡʛʝ ʥʝʤʝʩʝ ʢʝʨʽʩʽʥʰʝ ʘʫʳʩʫʳ [3] 

ɽʨʽʪʫ ʞᴅʥʝ ץʘʪʫ ʧʨʦʮʝʩʪʝʨʽ ð ʙײʣ ʤʝʪʘʣʜʘʨʜʳש ʩײʡʳץ ʢװʡʜʝʥ ץʘʪʪʳ ʢװʡʛʝ ʥʝʤʝʩʝ ʢʝʨʽʩʽʥʰʝ ʘʫʳʩʫ 

ʧʨʦʮʝʩʪʝʨʽ, ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʤʘשʳʟʜʳ ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɽʨʽʪʫ ð ʙײʣ ʤʝʪʘʣʣʜʳץ שʘʪʪʳ ʢװʡʜʝʥ ʩײʡʳץ ʢװʡʛʝ ʘʫʳʩʫ ʧʨʦʮʝʩʩʽ. ʄʝʪʘʣʣ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ᴇשʜʝʫ 

ʧʨʦʮʝʩʽʥʜʝ, ʦʣʘʨ ʙʘʩʪʘʧץʳ   ʢʝʟʜʝ,   ײץʨʳʣʳʤʳ ʳʜʳʨʘʧ ʞᴅʥʝ  ץʦʟסʘʣʘ ʙʘʩʪʘʡʜʳ. ɽʽʠʪʫ ʢʝʟʽʥʜʝ ʤʝʪʘʣʣ 

ʵʥʝʨʛʠʷʥʳ ʩʽשʽʨʝʜʽ. 

 ʘʥ ʢʝʟʜʝסʳʥʜʘץʤʝʪʘʣʣ ʩʘʣ ץʡʳײʡʛʝ ʘʫʳʩʫ ʧʨʦʮʝʩʩʽ. ʉװʘʪʪʳ ʢץ ʡʜʝʥװʢ ץʡʳײʩ שʣ ʤʝʪʘʣʣʜʳײʘʪʫ ð ʙפ

ʦʥʳש ʘʪʦʤʜʘʨʳ ץʘʡʪʘʜʘʥ ʙʝʣʛʽʣʽ ʙʽʨ ײץʨʳʣʳʤסʘ ʦʨʥʘʣʘʩʳʧ, ץʘʪʪʳ ʢװʡʛʝ ᴇʪʝʜʽ. ɹײʣ ʧʨʦʮʝʩʩ ʢʝʟʽʥʜʝ 

ʤʝʪʘʣʜʳץ ʵʥʝʨʛʠʷʣʘʨ ʰʳסʘʨʘʜʳ. 

ɽʨʽʪʫ ʤʝʥ ץʘʪʫ ʧʨʦʮʝʩʪʝʨʽ ʤʝʪʘʣʜʳש ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ, 

ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴇשʜʝʫ ʤʝʥ ײץʶ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʙʘʩץʘʨʫ ᴇʪʝ 

ʤʘשʳʟʜʳ. 



59 

 שʨʫʣʝʥʫʣʝʨ ʤʝʪʘʣʜʳװʪ ץʨʳʣʳʤʜʳײפ .ᴅʩʝʨʽ שʨʣʝʥʫʣʝʨ ʞᴅʥʝ ʦʣʘʨʜʳװʪ ץʨʳʣʳʤʜʳײפ

ʤʠʢʨʦײץʨʳʣʳʤʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 
 ʨʳʣʳʤʳʥʜʘ ʙʦʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨ, ʦʣʘʨײץʤʠʢʨʦ שʣ ʤʝʪʘʣʜʘʨʜʳײʨʣʝʥʫʣʝʨ ð ʙװʪ ץʨʳʣʳʤʜʳײפ

ʤʝʪʘʣʜʳץ שʘʩʠʝʪʪʝʨʽʥʝ, ʦʥʳש ʤʝʭʘʥʠʢʘʣʳץ, ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ 

ʝʪʝʜʽ. ʄײʥʜʘʡ ʪװʨʣʝʥʫʣʝʨ ᴅʜʝʪʪʝ ʪʝʤʧʝʨʘʪʫʨʘ, ץʳʩʳʤ, ʤʝʭʘʥʠʢʘʣʳץ ʢʝʨʥʝʫ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ᴅʩʝʨʣʝʨʜʽש 

ʥʝʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

 שʨʳʣʳʤʳ ʤʝʥ ʦʥʳײץ ץʘʪʦʤʜʳ שʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʛʽ ð ʤʝʪʘʣʜʳ שʨʣʝʥʫʣʝʨʜʽװʪ ץʨʳʣʳʤʜʳײפ

ʢʨʠʩʪʘʣʜʳץ ʪʦʨʳʥʳש ᴇʟʛʝʨʫʽ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨʜʽ ᴇשʜʝʫʜʝ, ʩʦʜʘʡ-ʘץ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ʙʦʣʞʘʫʜʘ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

  שʨʣʝʥʫʣʝʨ ð ʪʝʤʧʝʨʘʪʫʨʘʜʘ  ʤʝʪʘʣʜʳװʨʣʝʨʽ. ʇʦʣʠʤʦʨʬʪʳ ʪװʪ שʨʣʝʥʫʣʝʨʜʽװʪ ץʨʳʣʳʤʜʳײפ

 Ŭ, ɔ, ŭ ʬʘʟʘʣʘʨʳ שʘ ʘʫʳʩʫʳ. ʄʳʩʘʣʳ, ʪʝʤʽʨʜʽסʨʳʣʳʤʜʘʨײץ ץʨʣʽ ʢʨʠʩʪʘʣʣʳװᴅʩʝʨʽʥʝʥ ᴅʨʪ שʳʩʳʤʥʳץ

ʩʠʷץʪʳ ʪװʨʣʝʥʫʣʝʨ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʪʘʣʣʜʳץ שʘʪʪʳʣʳסʳʥ, ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥ 

ᴇʟʛʝʨʪʝ ʘʣʘʜʳ. 

ʌʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ð ʙײʣ ʤʝʪʘʣʜʳײץ שʨʘʤʳʥʜʘסʳ ʬʘʟʘʣʘʨ ᴇʟʛʝʨʽʩʪʝʨʽ. ʄʳʩʘʣʳ, ʧʝʨʠʪʝʢʪʠʢʘʣʳץ 

ʪװʨʣʝʥʫʣʝʨ, ʦʥʜʘ ʩײʡʳץ ʤʝʪʘʣʣ ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʢᴇʧ ץʘʪʪʳ ʬʘʟʘʣʘʨסʘ ʘʫʳʩʘʜʳ. ɹײʣ ײץʨʳʣʳʤʜʳץ 

ʪװʨʣʝʥʫʣʝʨ ʤʝʪʘʣʣʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. 

ʂʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨ ð ʤʝʪʘʣʜʳש ʢʨʠʩʪʘʣʜʳץ ʪʦʨʳʥʳײץ שʨʳʣʫʳ, ʤʳʩʘʣʳ, 

ʢʨʠʩʪʘʣʜʳץ ʜʝʬʝʢʪʽʣʝʨʜʽש ʪװʟʽʣʫʽ ʥʝʤʝʩʝ ץʘʡʪʘ ʦʨʥʳסʫʳ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʪʘʣʣʜʳש ʙʝʨʽʢʪʽʛʽʥ, 

ʠʢʝʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʙʘʩץʘ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ ʥʝʤʝʩʝ ʥʘʰʘʨʣʘʪʘʜʳ. 

ɸʫʳʩʫ ʪװʨʣʝʥʫʣʝʨʽ ð ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʩʳʤ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʤʝʪʘʣʜʳש ʘʪʦʤʜʘʨʳ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ᴇʟʛʝʨʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʘשʘ ײץʨʳʣʳʤʜʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʪװʨʣʝʥʫʣʝʨ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʥʝʤʝʩʝ ʙʝʣʛʽʣʽ ʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʞײʤʳʩ ʞʘʩʘʫסʘ 

 .ʦʣʘʡʣʳ ʝʪʝʜʽץ

 ,ʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ ᴇʪʝ ʟʦʨץ שʤʝʪʘʣʜʳ שʨʣʝʥʫʣʝʨʜʽװʪ ץʨʳʣʳʤʜʳײפ .ᴅʩʝʨʽ שʨʣʝʥʫʣʝʨʜʽװʪ ץʨʳʣʳʤʜʳײפ

ʩʝʙʝʙʽ ʦʣʘʨʜʳש ʤʠʢʨʦײץʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʤʝʪʘʣʣʜʳש ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʞʘץʩʘʨʪʳʣʫʳ ʥʝʤʝʩʝ ʥʘʰʣʘʨʣʘʫʳ ʤװʤʢʽʥ. 

ɹʝʨʽʢʪʽʢ ð ײץʨʳʣʳʤʜʳץ ʪװʨʣʝʥʫʣʝʨ ʤʝʪʘʣʜʳש ʙʝʨʽʢʪʽʛʽʥ ᴇʟʛʝʨʪʝ ʘʣʘʜʳ. ʄʳʩʘʣʳ, ʢʨʠʩʪʘʣʣʜʳץ 

 .ʤʢʽʥװʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫʳ ʤ שʟʽʣʫʽ ʤʝʪʘʣʣʜʳװʪ שᴇʟʛʝʨʫʽ ʥʝʤʝʩʝ ʜʠʩʣʦʢʘʮʠʷʣʘʨʜʳ שʨʳʣʳʤʥʳײץ

ʀʢʝʤʜʽʣʽʢ ʧʝʥʦʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ð ʤʠʢʨʦײץʨʳʣʳʤʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʪʘʣʣʜʳץ ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ 

ʧʣʘʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ ʥʝʤʝʩʝ ʪᴇʤʝʥʜʝʪʝʜʽ. ʂʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʜʘסʳ ʘץʘʫʣʘʨʜʳש ʙʦʣʫʳ 

ʤʘʪʝʨʠʘʣʜʳש ʧʣʘʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. 

 ʘסʳʥʘ ʞᴅʥʝ ʞʳʣʫסʘʪʪʳʣʳץ שʨʣʝʥʫʣʝʨ ʦʥʳװʳ ʪסʨʳʣʳʤʳʥʜʘײץ שʧʝʥ ʪᴇʟʽʤʜʽʣʽʢ ð ʤʝʪʘʣʣʜʳ ץʘʪʪʳʣʳפ

ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. ʄʳʩʘʣʳ, ʢʝʡʙʽʨ ײץʨʳʣʳʤʜʳץ ʪװʨʣʝʥʫʣʝʨ ʤʝʪʘʣʣʜʳש ʪʦʟʫסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽʥ 

ʞʘץʩʘʨʪʘʜʳ. 

ʊʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽʣʽʢ ð ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘסʘ ᴅʩʝʨ ʝʪʫ ʢʝʟʽʥʜʝ ʤʝʪʘʣʣʳײץ שʨʳʣʳʤʳ ᴇʟʛʝʨʽʧ, 

ʦʥʳש ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ ʥʝʤʝʩʝ ʪᴇʤʝʥʜʝʡʜʽ. ʄʳʩʘʣʳ, ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʜʘ ʪʝʨʤʠʷʣʳץ 

ᴇשʜʝʫ ʘʨץʳʣʳ ʤʝʪʘʣʜʳ ʙʝʨʽʢʪʝʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. 

ʄʘʛʥʠʪʽʢ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨ ð ʤʝʪʘʣʣʜʳײץ שʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʽ ʦʥʳש ʤʘʛʥʠʪʪʽʢ ʞᴅʥʝ 

ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʜʝ ᴅʩʝʨ ʝʪʝʜʽ. ʄʳʩʘʣʳ, ץʘʨʘ ʧʦʣʠʤʦʨʬ ʪװʨʣʝʥʫʣʝʨʽ ʦʥʳש ʤʘʛʥʠʪʪʠʢ ץʘʩʠʝʪʪʝʨʽʥ 

ᴇʟʛʝʨʪʝ ʘʣʘʜʳ. 

 שʳʣʳ ʤʝʪʘʣʣʜʳץʘʨʫ ʘʨץʨʣʝʥʫʣʝʨʜʽ ʙʘʩװʪ ץʨʳʣʳʤʜʳײפ .ʘʨʫץʨʣʝʥʫʣʝʨʜʽ ʙʘʩװʪ ץʨʳʣʳʤʜʳײפ

 ʨʣʽװʳʟʜʳ, ᴇʡʪʢʝʥʽ ᴅʨʪשʣ, ᴅʩʽʨʝʩʝ, ʤʝʪʘʣʣʫʨʛʠʷ ʤʝʥ ʪʘʥʫ ʩʘʣʘʩʳʥʜʘ ʤʘײʘ ʙʦʣʘʜʳ. ɹסʘʨʫץʘʩʠʝʪʪʝʨʽʥ ʙʘʩץ

ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ ʤʘʪʝʨʠʘʣʜʘʨ ץʘʞʝʪ. ʄʳʩʘʣʳ, ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ (ץʘʪʫ, 

 ʘʩʠʝʪʪʝʨʽʥץ שʨʳʣʳʤʳʥ ʨʝʪʪʝʧ, ʦʥʳײץʤʠʢʨʦ שʳʣʳ ʤʝʪʘʣʜʳץʜʝʬʦʨʤʘʮʠʷ) ʘʨ ץʞᴅʥʝ ʩʫʳ ץʳʟʜʳʨʫ, ʳʩʪʳץ

ʞʘץʩʘʨʪʫסʘ ʙʦʣʘʜʳ. 

 :ʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨץ ʰʽʥװ ʳʣʘʫץʨʣʝʥʫʣʝʨʜʽ ʙʘװʪ ץʨʳʣʳʤʜʳײפ

 ʳʣʳץʳʟʜʳʨʫ ʥʝʤʝʩʝ ʩʫʳʪʫ ʘʨץ ʘ ʜʝʡʽʥסʳʥʜʘʪʫ ð ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘץʳʟʜʳʨʫ ʞᴅʥʝ ʩʘʣפ

 .ʘ ʙʦʣʘʜʳסʘʨʫץʨʣʝʥʫʣʝʨʜʽ ʙʘʩװʪ ץʨʳʣʳʤʜʳײץ

ʄʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ð ץʳʩʳʤ, ʩʦʟʫ ʥʝʤʝʩʝ ץʳʩץʘʨʪʫ ʩʠʷץʪʳ ʤʝʭʘʥʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʣʜʳש 

 .ʩʘʨʪʘ ʘʣʘʜʳץʘʩʠʝʪʪʝʨʽʥ ʞʘץ שʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʽʧ, ʦʥʠײץ

 ʘʩʠʝʪʪʝʨʽʥ ʨʝʪʪʝʫʛʝץ שʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʽʧ, ʦʥʠײץ שʣ ʧʨʦʮʝʩʪʝʨ ʜʝ ʤʝʪʘʣʣʜʳײʘʣʳʧʪʘʫ ð ʙץ ʁʞᴅʥʝ ײפ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ,ʤʝʨʟʽʤʜʽʣʽʛʽʥ ץʟʘײ ,ʙʝʨʽʢʪʽʛʽʥ שʘʨʳʣʫʳ ʤʝʪʘʣʣʜʘʨʜʳץʪʠʽʤʜʽ ʙʘʩ שʨʣʝʥʫʣʝʨʜʽװʪ ץʨʳʣʳʤʜʳײפ

ʠʢʝʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʙʘʩץʘ ץʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆʣʘʨʜʳש ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽ: 



60 

 ʘʥʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥסʳʟʜʳʨץ ʜʝʬʦʨʤʘʮʠʷʜʘʥ ʢʝʡʽʥ ʤʝʪʘʣʣʜʳ ץʘʡʪʘ ʢʨʠʩʪʘʣʜʘʥʫ ï ʧʣʘʩʪʠʢʘʣʳפ

ʪװʡʽʨʰʽʢʪʝʨʜʽש ʞʘשʘʨʫʳ [4]; 

ʊװʟʽʣʽʤʜʽʢ ʙʝʨʽʢʪʝʥʫ ï ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʝʨʽʢʪʽʢʪʽש ʘʨʪʫʳ [5]; 

ɼʠʬʬʫʟʠʷʣʳץ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ï ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʪʦʤʜʘʨʜʳץ שʘʡʪʘ ʪʘʨʘʣʫʳ [6]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʩʳʤʥʳש ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʛʝ ᴅʩʝʨʽ ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʩʳʤ ʬʘʟʘʣʳץ 

ʪװʨʣʝʥʫʣʝʨʜʽש ʞװʨʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʤʝʭʘʥʠʟʤʜʝʨʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ʄʳʩʘʣʳ: 

ʊʝʤʧʝʨʘʪʫʨʘʥʳ ʘʨʪʪʳʨʫ ʤʝʪʘʣʜʳש ʙʦʩʘשʩʫʳʥʘ ʞᴅʥʝ ʙʝʨʽʢʪʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ; 

 ;ʤʢʽʥװʳ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ᴇʟʛʝʨʪʫʽ ʤסʳʟʜʳסʪʳ שʳʩʳʤʜʳ ʘʨʪʪʳʨʫ ʤʝʪʘʣʜʳפ

ʉʘʣץʳʥʜʘʪʫ ʞʳʣʜʘʤʜʳסʳ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ᴅʩʝʨ ʝʪʝʜʽ [7]. 

 ץʦʨʳʪʧʘʣʘʨʜʘ ʙʽʨ ʤʝʟʛʽʣʜʝ ʙʽʨʥʝʰʝ ʬʘʟʘʣʳפ ʝʨʝʢʰʝʣʽʢʪʝʨʽ שʨʣʝʥʫʣʝʨʜʽװʪ ץʳ ʬʘʟʘʣʳסʦʨʳʪʧʘʣʘʨʜʘפ

ʪװʨʣʝʥʫʣʝʨ ʦʨʳʥ ʘʣʫʳ ʤװʤʢʽʥ.  

 ,ᴇʟʛʝʨʫʽ שʨʣʽ ʬʘʟʘʣʘʨʜʳװʳ ᴅʨʪסʨʘʤʳʥʜʘײץ שʦʨʳʪʧʘʥʳץ ʣײʨʣʝʥʫʣʝʨ ð ʙװʪ ץʳ ʬʘʟʘʣʳסʦʨʳʪʧʘʣʘʨʜʘפ

ʦʣʘʨ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʞᴅʥʝ ʢʠʥʝʪʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʧʘʡʜʘ ʙʦʣʘʜʳ. פʦʨʳʪʧʘʣʘʨʜʘסʳ 

ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ᴅʜʝʪʪʝ ʙʽʨ ʤʝʟʛʽʣʜʝ ʙʽʨʥʝʰʝ ʬʘʟʘʥʳש ʪװʟʽʣʫʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ ʞᴅʥʝ ʙײʣ ʝʨʝʢʰʝʣʽʢ 

ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 

 ʜʠʘʛʨʘʤʤʘ ʤʝʥ ץʜʘʡʜʘ, ʬʘʟʘʣʳסʣ ʞʘײʝʨʝʢʰʝʣʽʢʪʝʨʽʥʙ שʨʣʝʥʫʣʝʨʜʽװʪ ץʳ ʬʘʟʘʣʳסʦʨʳʪʧʘʣʘʨʜʘפ

ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ  ʧʨʦʮʝʩʪʝʨ ʥʝʛʽʟʜʝʨʽʥ ʙʽʣʫ ץʘʞʝʪ. ʌʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ʙʽʨʥʝʰʝ ʬʘʢʪʦʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ץʳʩʳʤ, ʭʠʤʠʷʣʳײץ ץʨʘʤ ʞᴅʥʝ ץʦʨʳʪʧʘʥʳש ᴇʪʫ 

ʞʳʣʜʘʤʜʳסʳ. 

1. ʌʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʜʽש ʪװʨʣʝʨʽ 

 :ʨʣʝʥʫʣʝʨװʽʰʽʥʜʝ ʥʝʛʽʟʛʽ ʪ שʨʣʝʥʫʣʝʨ ʦʨʳʥ ʘʣʘʜʳ, ʦʣʘʨʜʳװʪ ץʨʣʽ ʬʘʟʘʣʳװʦʨʳʪʧʘʣʘʨʜʘ ᴅʨʪפ

ʕʚʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ð  ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ײץʨʘʤʳʥʜʘ ʩײʡʳץ ʤʝʪʘʣʜʘ ʙʽʨ ʤʝʟʛʽʣʜʝ ʝʢʽ ץʘʪʪʳ 

ʬʘʟʘסʘ ʘʫʳʩʘʜʳ. ɹײʣ ʪʠʧʪʽʢ ʤʳʩʘʣʜʘʨ ʪʝʤʽʨ-ʢᴇʤʽʨʪʝʢ ʞװʡʝʩʽʥʜʝ ʢʝʟʜʝʩʝʜʽ. 

ʇʝʨʠʪʝʢʪʠʢʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ð ʩײʡʳץ ʢװʡʜʝ ʙʦʣסʘʥ ץʦʨʳʪʧʘ ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʽʨ ץʘʪʪʳ ʬʘʟʘ 

ʤʝʥ ʩײʡʳץ ʢװʡʜʽש ᴅʨʝʢʝʪʪʝʩʫʽ ʘʨץʳʣʳ ʞʘשʘ ץʘʪʪʳ ʬʘʟʘʥʳ ʪװʟʫʽ. ɹײʣ ʧʨʦʮʝʩʪʝ ʙʽʨ ʬʘʟʘ ʝʢʽʥʰʽʩʽʥ 

ʪײʥʜʳʨʳʧ, ʞʘשʘ ײץʨʳʣʳʤ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

ɸʫʩʪʝʥʠʪʪʝʥ ʬʝʨʨʠʪʢʝ ʘʫʳʩʫ ð ʙײʣ ᴇʟʛʝʨʽʩ ʪʝʤʽʨ-ʢᴇʤʽʨʪʝʢ ʞװʡʝʩʽʥʜʝ ʪʝʤʽʨʜʽש ɔ-ʬʘʟʳ (ʘʫʩʪʝʥʠʪ) ʤʝʥ 

Ŭ-ʬʘʟʳʩʳʥʳש (ʬʝʨʨʠʪ) ʘʨʘʩʳʥʜʘ ʙʦʣʘʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ײץʨʘʤʳʥʳש ᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

ɾʘʣʧʳ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ð ʙײʣ ʫʘץʳʪץʘ ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ ʬʘʟʘʣʘʨ ʙʽʨ-ʙʽʨʽʤʝʥ ʘʨʘʣʘʩʳʧ, ʦʩʳ ʬʘʟʘ 

 .ʘ ʘʫʳʩʘʜʳסʨʣʽ ʬʘʟʘʣʘʨװʨʘʤʜʘʨ ᴅʨʪײץ  ʨʜʝʣʽװʘʣʳʧʪʘʩʘʜʳ. ʄʳʩʘʣʳ, ʢץ

2. ɹʽʨ ʤʝʟʛʽʣʜʝ ʙʽʨʥʝʰʝ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ 

 ʨʣʽװʣ ʢʝʟʜʝ ᴅʨʪײʤʢʽʥ, ʙװʨʣʝʥʫʣʝʨ ʦʨʳʥ ʘʣʫʳ ʤװʪ ץʦʨʳʪʧʘʣʘʨʜʘ ʙʽʨ ʤʝʟʛʽʣʜʝ ʙʽʨʥʝʰʝ ʬʘʟʘʣʳפ

ʬʘʟʘʣʘʨ (ץʘʪʪʳ, ʩײʡʳץ) ץʘʪʘʨʣʘʩʳʧ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʧ, ʞʘשʘ ײץʨʳʣʳʤʜʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹײʣ ʪʠʧʪʠʢ 

 .ʘʥʜʘ ʢʝʟʜʝʩʝʜʽסʨʘʤʳʥʜʘ ʙʽʨʥʝʰʝ ʢʦʤʧʦʥʝʥʪ ʙʦʣײץ שʦʨʳʪʧʘʣʘʨʜʘ, ʦʣʘʨʜʳץ ʨʜʝʣʽװʙʳʣʳʩ ʢᴇʙʽʥʝʩʝ ʢײץ

ʄʳʩʘʣʳ: 

ʕʚʪʝʢʪʠʢʘʣʳץ ʞᴅʥʝ ʧʝʨʠʪʝʢʪʠʢʘʣʳץ ʬʘʟʘʣʘʨ ʙʽʨ ʫʘץʳʪʪʘ ʪװʟʽʣʫʽ ʤװʤʢʽʥ. ʆʥʩʳʟ ʜʘ  ʵʚʪʝʢʪʠʢʘʣʳץ  

ʬʝʨʨʠʪ ʢʝʟʽʥʜʝ ʮʝʤʝʥʪʠʪ ʧʝʥ ʬʝʨʨʠʪ ʙʽʨ ʤʝʟʛʽʣʜʝ ʪװʟʽʣʩʝ, ʧʝʨʠʪʝʢʪʠʢʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʢʝʟʽʥʜʝ ʬʝʨʨʠʪ ʧʝʥ 

ʘʫʩʪʝʥʠʪʪʽש ʘʨʘʣʘʩʫʳ ʙʘʡץʘʣʘʜʳ. 

 ʨʘʤʳʥʜʘײץ ʦʨʳʪʧʘץ ʦʩʳʤʰʘ ʵʣʝʤʝʥʪʪʝʨץ ᴅʩʝʨʽ ð שʦʩʳʤʰʘ ʵʣʝʤʝʥʪʪʝʨʜʽץ ʳסʨʘʤʳʥʜʘײץ ʦʨʳʪʧʘפ

ʪװʨʣʽ ʬʘʟʘʣʘʨʜʳש ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, ʘʣʶʤʠʥʠʡ ץʦʩʳʣסʘʥ ץʦʨʳʪʧʘ ײץʨʘʤʳʥʜʘ ʘʣʶʤʠʥʠʡ 

ʤʝʥ ʪʝʤʽʨʜʽש ʙʽʨ ʤʝʟʛʽʣʜʝ ʪװʨʣʽ ʬʘʟʘʣʘʨסʘ ʘʫʳʩʫʳ ʙʘʡץʘʣʘʜʳ. 

 ʝʨʝʢʰʝʣʽʢʪʝʨʽ שʨʣʝʥʫʣʝʨʜʽװʪ ץʳ ʬʘʟʳʣʳסʦʨʳʪʧʘʣʘʨʜʘפ .3

ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ײץʨʘʤʳʥʳש ᴅʩʝʨʽ ð ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ץʦʨʳʪʧʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘʥ ʞᴅʥʝ 

 ʬʘʟʘʣʘʨ ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ ץʡʳײʨʘʤʳʥʘʥ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ. ɹʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩײץ

 ʘʪʪʳ ʙʦʣʫʳʥʘ ᴅʩʝʨץ ʙʝʨʽʢ, ʠʣʛʽʰ ʥʝʤʝʩʝ שʦʨʳʪʧʘʥʳץ ʣ ᴇʟʛʝʨʽʩʪʝʨײʘ ʙᴇʣʽʥʝʜʽ, ʞᴅʥʝ ʙסʘʪʪʳ ʬʘʟʘʣʘʨץ

ʝʪʝʜʽ. פʦʨʳʪʧʘʥʳײץ שʨʘʤʳʥ ᴇʟʛʝʨʪʫ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʜʽש ʪʠʧʽʥ ʞᴅʥʝ ʞʳʣʜʘʤʜʳסʳʥ ᴇʟʛʝʨʪʝ ʘʣʘʜʳ. 

 שʨʣʝʥʫʣʝʨ ʤʝʪʘʣʣʜʳװʪ ץʧʘʣʳ ð ʙʽʨ ʤʝʟʛʽʣʜʝ ʙʽʨʥʝʰʝ ʬʘʟʘʣʳץʳ שᴇʟʛʝʨʽʩʪʝʨʜʽ ץʨʳʣʳʤʜʳײפ

ʤʠʢʨʦײץʨʳʣʳʤʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. פʘʪʪʳ ʬʘʟʘʣʘʨʜʳש ʙᴇʣʽʥʫʽ ʥʝʤʝʩʝ  ʬʘʟʘʣʘʨʜʳש ʪװʟʽʣʫʽ ץʦʨʳʪʧʘʥʳש 

 ץʤʢʽʥ. ʄʳʩʘʣʳ, ʵʚʪʝʢʪʠʢʘʣʳװʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʫʽ ʤץ ʘץʙʝʨʽʢʪʽʛʽʥ, ʠʢʝʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʙʘʩ ץʨʳʣʳʤʜʳײץ

 ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫʳ שʣ ʤʝʪʘʣʜʳײʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʫʽʥʝ ᴅʢʝʣʝʜʽ, ʙ שʨʳʣʳʤʜʘʨʜʳײץ ʘʪʪʳץ ʨʳʣʳʤʜʘʨײץ

ʤװʤʢʽʥ. 

ʌʘʟʘʣʘʨʜʳש ʘʨʘʣʘʩʫʳ ʞᴅʥʝ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ ð ץʦʨʳʪʧʘʜʘסʳ ʬʘʟʘʣʘʨ ʙʽʨ-ʙʽʨʽʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʽʧ, 

ʙʽʨ ʤʝʟʛʽʣʜʝ ʪװʟʽʣʫʽ ʤװʤʢʽʥ. ɹʽʟʜʽש ʦʡʳʤʳʟʰʘ, ʷסʥʠ ʮʝʤʝʥʪʠʪ ʧʝʥ ʬʝʨʨʠʪʪʽש ʪװʟʽʣʫʽ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳש 

 ץʤʝʭʘʥʠʢʘʣʳ שʦʨʳʪʧʘʥʳץ ʣײʤʢʽʥ, ʙװʘʣʳʧʪʘʩʫʳ ʤץ ʘʫʣʘʨ ʤʝʥ ʜʝʬʝʢʪʽʣʝʨץʨʳʣʳʤʜʘʨʳ ʘʨʘʩʳʥʜʘ ʘײץ

 ʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʜʝ ʘʨʪʪʳʨʫʳסᴇʟʘʨʘ ᴅʩʝʨ ʝʪʫʽ ʢʦʨʨʦʟʠʷ שʘʪʘʨ, ʬʘʟʘʣʘʨʜʳץ ʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʝʜʽ. ʉʦʥʳʤʝʥץ

ʥʝʤʝʩʝ ʪᴇʤʝʥʜʝʪʫʽ ʤװʤʢʽʥ. 
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ʂʠʥʝʪʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨ ð ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʜʽש ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʨʝʪʽ ʢᴇʙʽʥʝʩʝ ʢʠʥʝʪʠʢʘʣʳץ 

ʬʘʢʪʦʨʣʘʨסʘ ʪᴅʫʝʣʜʽ, ʷסʥʠ ץʦʨʳʪʧʘʥʳש ʩʘʣץʳʥʜʘʫ ʞʳʣʜʘʤʜʳסʳ, ʢʨʠʩʪʘʣʜʘʥʫ ʧʨʦʮʝʩʽ ʞᴅʥʝ ʞʳʣʫ 

ᴇʪʢʽʟʛʽʰʪʽʢ ᴅʩʝʨ ʝʪʝʜʽ. ɹʽʨ ʤʝʟʛʽʣʜʝ ʙʽʨʥʝʰʝ ʬʘʟʘʥʳש ʪװʟʽʣʫʽ ʞʳʣʜʘʤ ʩʘʣץʳʥʜʘʫ ʥʝʤʝʩʝ ʘʨʥʘʡʳ ᴇשʜʝʫ 

ʧʨʦʮʝʩʪʝʨʽ ʢʝʟʽʥʜʝ ʦʨʳʥ ʘʣʫʳ ʤװʤʢʽʥ. 

ʊʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳץ ð ᴅʨʙʽʨ ʬʘʟʘ ץʦʨʳʪʧʘʥʳײץ שʨʘʤʳʥʜʘסʳ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ 

ʪײʨʘץʪʳʣʳץץʘ ʥʝʛʽʟʜʝʣʝʜʽ. ʊʝʤʧʝʨʘʪʫʨʘʜʘ ʙʦʣʪʪʘʨʜʳש ʪײʪʘʥʫ ʬʘʟʘʩʳʥʜʘ, ʩʦʥʜʘʡ-ʘץ ʢʝʨʥʝʫ ʤʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘסʘ, ʬʘʟʘʣʘʨסʘ ʪʝש ʙʦʣʫʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹײʣ ʪײʨʘץʪʳʣʳץ ץʦʨʳʪʧʘʥʳץ שʦʣʜʘʥʳʣʘʪʳʥ ʦʨʪʘʩʳ 

ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʫʽ ʤװʤʢʽʥ. 

 ʘʨʫץʨʣʝʥʫʣʝʨʜʽ ʙʘʩװʪ ץʳ ʬʘʟʳʣʳסʦʨʳʪʧʘʣʘʨʜʘפ .4

 ʧʨʦʮʝʩʪʝʨʜʝ ץʘʨʫ ʪʝʭʥʦʣʦʛʠʷʣʳץʨʣʝʥʫʣʝʨʜʽ ʙʘʩװʪ ץʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ʙʽʨʥʝʰʝ ʬʘʟʘʣʳסʦʨʳʪʧʘʣʘʨʜʘפ

ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʝʪʘʣʣʫʨʛʠʷʜʘ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʪʘʥʫʜʘ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʜʽ ʜײʨʳʩ ʙʘʩץʘʨʫ 

ʘʨץʳʣʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ: 

ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ (ץʳʟʜʳʨʫ, ʩʘʣץʳʥʜʘʪʫ) ץʦʨʳʪʧʘʥʳש ʤʠʢʨʦײץʨʳʣʳʤʳʥ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ʧʨʦʮʝʩʩ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʜʽש ʞʳʣʜʘʤʜʳסʳʥ ʞᴅʥʝ ײץʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫʛʝ ᴅʩʝʨ ʝʪʝʜʽ. 

ʁ ײפ ʞᴅʥʝ ץʘʣʳʧʪʘʫ ʧʨʦʮʝʩʪʝʨʽ ʢʝʟʽʥʜʝ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʜʽש ʪװʨʽ ʤʝʥ ʞʳʣʜʘʤʜʳסʳʥ ʨʝʪʪʝʫ 

ʘʨץʳʣʳ ץʦʨʳʪʧʘʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ᴇʟʛʝʨʪʫʛʝ ʙʦʣʘʜʳ. 

 ʦʩʫץ ʦʩʳʤʰʘ ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨפ .ʤʢʽʥװʘʨʫ ʤץᴇʟʛʝʨʽʩʪʝʨʜʽ ʙʘʩ ץʳʣʳ ʬʘʟʘʣʳץʨʘʤʜʳ ᴇʟʛʝʨʪʫ ʘʨײפ

 .ʤʢʽʥװʥᴅʪʠʞʝʣʝʨʽʥ ᴇʟʛʝʨʪʫʽ ʤ שᴇʟʛʝʨʽʩʪʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳ ץʬʘʟʘʣʳ שʦʨʳʪʧʘʥʳץ

 ʘʨʫ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʠʽʤʜʽץʩʽʥʫ ʤʝʥ ʙʘʩװʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʪ שʨʣʝʥʫʣʝʨʜʽװʪ ץʳ ʬʘʟʘʣʳסʦʨʳʪʧʘʣʘʨʜʘפ

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ ʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥץ ץʟʘײ ʙʝʨʽʢʪʽʛʽ ʤʝʥ שʘ, ʦʣʘʨʜʳסʦʣʜʘʥʫץ

ʄʳʩʘʣʳ: 

¶ ɹʦʣʘʪʪʘסʳ ʢᴇʤʽʨʪʝʢ ʤᴇʣʰʝʨʽ ʦʥʳץ שʘʪʪʳʣʳסʳ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ; 

¶ ɸʣʶʤʠʥʠʡ ץʦʨʳʪʧʘʣʘʨʳʥʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʘʨץʳʣʳ ʙʝʨʽʢʪʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʜʳ; 

¶ ʊʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳʥʜʘ ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʞװʢʪʝʤʝʣʝʨʛʝ 

ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʥʳץʪʘʡʜʳ [8]. 

ʄʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʳʪʧʘʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʤʦʜʠʬʠʢʘʮʠʷʩʳ ʄʝʪʘʣʜʘʨ ʤʝʥ 

 שʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳײʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ ð ʙ שʘʩʠʝʪʪʝʨʽʥʽץ ץʤʝʭʘʥʠʢʘʣʳ-ץʬʠʟʠʢʘʣʳ שʦʨʳʪʧʘʣʘʨʜʳץ

 ʘʩʠʝʪʪʝʨʽʥץ ץʞᴅʥʝ ʭʠʤʠʷʣʳ ץʬʠʟʠʢʘʣʳ ,ץʤʝʭʘʥʠʢʘʣʳ שʳʣʳ ʦʣʘʨʜʳץʨʘʤʳʥ ᴇʟʛʝʨʪʫ ʘʨײץ ʨʳʣʳʤʳ ʤʝʥײץ

ʞʘץʩʘʨʪʫ ʥʝʤʝʩʝ ᴇʟʛʝʨʪʫ ʧʨʦʮʝʩʪʝʨʽ. ʆʩʳʥʜʘʡ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨ ʤʝʪʘʣʜʘʨʜʳץ שʦʣʜʘʥʫ ʘʷʩʳʥ ʢʝשʝʡʪʝʜʽ 

ʞᴅʥʝ ʦʣʘʨʜʳש ᴅʨʪװʨʣʽ ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ʌʠʟʠʢʘʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

 ץʨʳʣʳʤʳʥ, ʢʨʠʩʪʘʣʜʳײץʤʠʢʨʦ שʦʨʳʪʧʘʥʳץ ʥʝʤʝʩʝ שʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ ᴅʜʝʪʪʝ ʤʝʪʘʣʜʳ שʘʩʠʝʪʪʝʨʜʽץ

 ץʣ ʪʝʭʥʦʣʦʛʠʷʣʳײʟʝʛʝ ʘʩʘʜʳ. ɹװʳʣʳ ʞץʨʘʤʳʥ ᴇʟʛʝʨʪʫ ʘʨײץ ץʘʫʣʘʨʳʥ ʞᴅʥʝ ʭʠʤʠʷʣʳץʨʳʣʳʤʳʥ, ʘײץ

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥ, ʠʢʝʤʜʽʣʽʛʽʥ, ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ, ʞʳʣʫ ʞᴅʥʝ ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰʪʽʛʽʥ, 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʩʘʨʪʫץʘʩʠʝʪʪʝʨʽʥ ʞʘץ ʘ ʜʘץʳʥ ʞᴅʥʝ ʙʘʩסʘʪʪʳʣʳץ

 ʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫײץʤʠʢʨʦ שʦʨʳʪʧʘʥʳפ .(ʨʣʝʥʫʣʝʨװʪ ץʨʳʣʳʤʜʳײץ) ʤʦʜʠʬʠʢʘʮʠʷ ץʨʳʣʳʤʜʳײפ

ʘʨץʳʣʳ ʦʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʙʘʩʪʘʧץʳ ײץʨʳʣʳʤʜʳץ ץʘʩʠʝʪʪʝʨʽʥ ᴅʢʝʣʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʧʨʦʮʝʩʩ ʥʝʛʽʟʛʽ 

 .ʘʤʪʠʜʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽ ץʨʣʝʥʫʣʝʨ ʤʝʥ ʬʘʟʘʣʳװʪ ץʨʳʣʳʤʜʳײץ

ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ ð ʤʝʪʘʣʜʘʨʜʳ ץʳʟʜʳʨʫ ʞᴅʥʝ ʩʘʣץʳʥʜʘʪʫ ʧʨʦʮʝʩʪʝʨʽ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥ 

ᴇʟʛʝʨʪʽʧ, ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ. ʄʳʩʘʣʳ, ʙʦʣʘʪʪʳש ʪʝʤʧʝʨʘʪʫʨʳʣʳץ ᴇשʜʝʫʽ 

 .ʩʘʨʪʘʜʳץʳʥ, ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʠʢʝʤʜʽʣʽʛʽʥ ʞʘסʘʪʪʳʣʳץ שʦʥʠ (ʳʟʜʳʨʫ, ʩʫʳʪʫץ)

 ʳסʨʘʤʳʥʜʘײץ שʜʝʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳשʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ᴇץ ʡʜʝʛʽ ʜʠʬʬʫʟʠʷ ð ʤʝʪʘʣʜʘʨʜʳװʘʪʪʳ ʢפ

ʣɻʝʤʝʥʪ ʜʠʬʬʫʟʠʷʣʘʥʳʧ, ʞʘשʘ ʬʘʟʘʣʘʨ ʪװʟʽʣʝʜʽ. ɹײʣ ʤʘʪʝʨʠʘʣʜʳש ʙʝʨʽʢʪʽʛʽʥ, ʢʦʨʨʦʟʠʷ ʪᴇʟʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘ ʘʣʘʜʳ. 

ʇʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ð ʩʦʟʫ, ץʳʩʫ ʥʝʤʝʩʝ ʠʽʣʫ ʩʠʷץʪʳ ʧʨʦʮʝʩʪʝʨ ʤʝʪʘʣʜʳײץ שʨʳʣʳʤʳʥ 

ᴇʟʛʝʨʪʽʧ, ʦʥʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ. ʄʳʩʘʣʳ, ʤʝʪʘʣʣʜʳש ʢʨʠʩʪʘʣʜʳץ ʪʦʨʳ ץʘʡʪʘ 

 .ʳ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʘʜʳסʘʪʪʳʣʳץ שʨʳʣʳʧ, ʤʘʪʝʨʠʘʣʳʜʳײץ

ʍʠʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ. ʄʝʪʘʣʜʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ᴇʟʛʝʨʪʫ ʦʣʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥʝ 

ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. ʃʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨʜʽ ץʦʩʫ ʥʝʤʝʩʝ ʦʣʘʨʜʳש ʤᴇʣʰʝʨʽʥ ᴇʟʛʝʨʪʫ ץʦʨʳʪʧʘʥʳש 

 .ʩʘʨʪʘʜʳץʘʩʠʝʪʪʝʨʽʥ ʞʘץ

ʃʝʛʽʨʣʝʫ ð ʤʝʪʘʣʣסʘ ץʦʩʳʤʰʘ ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨ ץʦʩʫ ʘʨץʳʣʳ ʦʥʳש ʙʝʨʽʢʪʽʛʽʥ, ʢʦʨʨʦʟʠʷסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʭʨʦʤ, ʥʠʢʝʣʴ, ʤʦʣʠʙʜʝʥ ץʦʩʳʣסʘʥ 

ʙʦʣʘʪʪʳש ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳʣʘʡʜʳ. 

ʅʘʥʦײץʨʳʣʳʤʜʘʨ ʞʘʩʘʫ ð ʤʝʪʘʣʣʜʳײץ שʨʘʤʳʥʘ ʥʘʥʦᴇʣʰʝʤʜʽ ʙᴇʣʰʝʢʪʝʨ ʥʝʤʝʩʝ ʙʘʩץʘ ʤʘʪʝʨʠʘʣʜʘʨ 

 ʩʘʨʪʘʜʳ. ʄʳʩʘʣʳ, ʢᴇʤʽʨʪʝʢץʪʘʡ ʞʘץʘʩʠʝʪʪʝʨʽʥ ʘʡʪʘʨʣʳץ ץʞᴅʥʝ ʬʠʟʠʢʘʣʳ ץʤʝʭʘʥʠʢʘʣʳ שʦʩʫ ʦʥʳץ

ʥʘʥʦײץʨʳʣʳʤʜʘʨʳ ʥʝʤʝʩʝ ʥʘʥʦʙᴇʣʰʝʢʪʝʨ ʤʝʪʘʣʜʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. 
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ʊʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳץʪʳ ʘʨʪʪʳʨʫ ð ץʦʨʳʪʧʘ ײץʨʘʤʳʥʜʘ ʵʣʝʤʝʥʪʪʝʨʜʽש ʘʨʥʘʡʳ 

 ʘʨʳסʞʦ שʳʣʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳץʦʣʜʘʥʫ ʘʨץ ʦʩʳʣʫʣʘʨʳ ʥʝʤʝʩʝ ʬʘʟʘʣʘʨ ʜʠʘʛʨʘʤʤʘʣʘʨʳʥʜʘץ

ʪʝʤʧʝʨʘʪʫʨʣʘʨʳʥʜʘ  ʜʘ ʪײʨʘץʪʳʣʳסʳʥ ʞʘץʩʘʨʪʫסʘ ʙʦʣʘʜʳ. 

ʌʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ.ʄʝʪʘʣʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʫ 

ʢᴇʙʽʥʝʩʝ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥ, ʬʘʟʘʣʳײץ ץʨʘʤʳʥ ʞᴅʥʝ ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ʨʝʪʪʝʫ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʘʜʳ. ɾʳʣʫʣʳץ  ץʘʩʠʝʪʪʝʨʽ ð ʤʝʪʘʣʜʘʨʜʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽʥ ʥʝʤʝʩʝ ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳʥ 

ᴇʟʛʝʨʪʫ װʰʽʥ ʘʨʥʘʡʳ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʥʝʤʝʩʝ ץʦʩʳʤʰʘ ʵʣʝʤʝʥʪʪʝʨ ץʦʩʫ ץʘʞʝʪ. ʄʳʩʘʣʳ, ʤʳʩ ʧʝʥ 

ʘʣʶʤʠʥʠʡ ץʦʨʳʪʧʘʣʘʨʳ ʞʦסʘʨʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʕʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽ ð ʤʝʪʘʣʜʘʨʜʳש ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰʪʽʛʽ ײץʨʘʤʳʥʜʘסʳ ʵʣʝʤʝʥʪʪʝʨ ʤʝʥ ʦʣʘʨʜʳש 

ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥʘ ʪᴅʫʝʣʜʽ. פʦʨʳʪʧʘʣʘʨʜʘסʳ ʤʝʪʘʣʣ ץʦʩʧʘʣʘʨʳ ɻ ʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʽʧ, 

ʦʣʘʨʜʳש ᴇʪʢʽʟʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʥʝʤʝʩʝ ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʳʩʘʣʳ, ʞʦסʘʨʳ 

ᴇʪʢʽʟʛʽʰʪʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʢװʤʽʩ ʥʝʤʝʩʝ ʤʳʩ ץʦʣʜʘʥʫ. 

ʄʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽ ð ʬʝʨʨʦʤʘʛʥʠʪʪʽʢ ʥʝʤʝʩʝ ʧʘʨʘʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨ ʤʝʪʘʣʣʜʳש 

 ʦʩʧʘʣʘʨʳץ  ʦʨʥʘʣʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʝʜʽ. ʄʳʩʘʣʳ, ʥʠʢʝʣʴ ʥʝʤʝʩʝ שʳ ʵʣʝʤʝʥʪʪʝʨʜʽסʨʘʤʳʥʜʘײץ

ʤʘʛʥʠʪʪʠʢ ץʘʩʠʝʪʪʝʨʽ װʰʽʥ ʙʝʣʛʽʣʽ. 

ʄʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ. ʄʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʞʘץʩʘʨʪʫ װʰʽʥ 

 ,ʙʝʨʽʢʪʽʛʽʥ שʣ ʤʝʪʘʣʣʜʳײʘʞʝʪ. ɹץ ʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫײץʨʳʣʳʤʳʥ ʞᴅʥʝ ʤʠʢʨʦײץ שʦʨʳʪʧʘʣʘʨʜʳץ

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʩʘʨʪʫץʘʩʠʝʪʪʝʨʽʥ ʞʘץ ץʳʥ, ʠʢʝʤʜʽʣʽʛʽ ʞᴅʥʝ ʧʣʘʩʪʠʢʘʣʳסʘʪʪʳʣʳץ

 ʳʣʳץʦʩʫ ʘʨץ ʳʥʜʘʪʫ ʥʝʤʝʩʝ ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨץʡʜʝ ʩʘʣװʘʪʪʳ ʢץ ʪʳ ʘʨʪʪʳʨʫ ðץʘʪʪʳʣʳפ

 ʳ ʢᴇʤʽʨʪʝʢ ʤᴇʣʰʝʨʽʥ ʘʨʪʪʳʨʫסʨʘʤʳʥʜʘײץ ʦʣʘ ʤʝʥ ʙʦʣʘʪʪʘץ ,ʘ ʙʦʣʘʜʳ. ʄʳʩʘʣʳסʪʳ ʘʨʪʪʳʨʫץʘʪʪʳʣʳץ

ʦʣʘʨʜʳץ שʘʪʪʳʣʳסʳʥ ʞʦסʘʨʣʘʪʘʜʳ. 

ʀʢʝʤʜʽʣʽʢ ʞᴅʥʝ ʧʣʘʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫ ð ʤʝʪʘʣʣʜʳש ʧʣʘʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʦʥʳש 

 ʠʽʣʛʽʰʪʽʛʽ שʳʣʳ ʤʘʪʝʨʠʘʣʜʳץʜʝʫʣʝʨ ʘʨשᴇ ץʜʝʫ ʤʝʥ ʪʝʨʤʠʷʣʳשᴇ ץʨʳʣʳʤʳʥʘ ʪᴅʫʝʣʜʽ. ʇʣʘʩʪʠʢʘʣʳײץ

ʤʝʥ ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷʩʳʥ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʙʦʣʘʪʪʳש ʧʣʘʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʦʥʳ 

ʩʘʣץʳʥʜʘʪʫ ʤʝʥ ʞװʢʪʝʫ ʘʨץʳʣʳ ʨʝʪʪʝʣʝʜʽ. 

ʊʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ð ʤʝʪʘʣʣʜʘʨʜʳײץ שʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫ, ץʦʨʳʪʧʘʣʘʨסʘ ʘʨʥʘʡʳ 

ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨ ץʦʩʫ ʘʨץʳʣʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʭʨʦʤʤʝʥ 

ʣʝʛʽʨʣʝʥʛʝʥ ʙʦʣʘʪʪʘʨ ʞʘץʩʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽ. 

ʐʦʢץʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ð ʤʝʪʘʣʣʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʪᴇʟʽʤʜʽʣʽʛʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʥʝʤʝʩʝ 

ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ʘʨץʳʣʳ ʞʘץʩʘʨʘʜʳ. ɹײʣ ץʘʩʠʝʪ ʤʝʪʘʣʣʜʳש ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʞᴅʥʝ ץʘʪʪʳ 

ʩʦץץʳʣʘʨ ʢʝʟʽʥʜʝ ʙʝʨʽʢʪʽʛʽʥ ʩʘץʪʘʡʜʳ. 

ʂʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽש ʘʨʪʪʳʨʳʣʫʳ. ʄʝʪʘʣʜʘʨʜʳץ שʦʨʰʘסʘʥ ʦʨʪʘסʘ, ᴅʩʽʨʝʩʝ ʳʣסʘʣ ʤʝʥ ʦʪʪʝʛʽʥʽש 

ᴅʩʝʨʽʥʝ ץʘʨʩʳ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʘʨʥʘʡʳ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. 

 ʘסʢʦʨʨʦʟʠʷ שʣ ʵʣʝʤʝʥʪʪʝʨ ʤʝʪʘʣʜʘʨʜʳײʦʩʫ ð ʙץ ʘ ʭʨʦʤ, ʥʠʢʝʣʴ, ʤʦʣʠʙʜʝʥסʦʨʳʪʧʘʣʘʨפ

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ʄʳʩʘʣʳ, ʪʦʪ ʙʘʩʧʘʡʪʳʥ  ʙʦʣʘʪ ײץʨʘʤʳʥʜʘסʳ ʭʨʦʤ ʦʥʳש ʢʦʨʨʦʟʠʷסʘ ץʘʨʩʳ 

 .ʩʘʨʪʘʜʳץʘʩʠʝʪʪʝʨʽʥ ʞʘץ

ɾʳʣʫ ᴇשʜʝʫ ʞᴅʥʝ ʧʘʩʩʠʚʪʝʫ ð ʤʝʪʘʣʜʳ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʦʥʳש ʙʝʪʽʥʜʝ ץʦʨסʘʥʳʰ ץʘʙʘʪʪʘʨʳ ʪװʟʽʣʝʜʽ, 

ʦʣʘʨ ʢʦʨʨʦʟʠʷʥʳש ʘʣʜʳʥ ʘʣʘʜʳ. 

 שʘʩʠʝʪʪʝʨʽʥʽץ ץʤʝʭʘʥʠʢʘʣʳ-ץʬʠʟʠʢʘʣʳ שʦʨʳʪʧʘʣʘʨʜʳץ ʦʨʳʪʳʥʜʳʩʳʥʜʘ, ʤʝʪʘʣʜʘʨ ʤʝʥפ

ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ ʦʣʘʨʜʳ ʙʝʣʛʽʣʽ ʙʽʨ ʞʘסʜʘʡʣʘʨסʘ ʞᴅʥʝ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥʘ ʙʝʡʽʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɹײʣ ʧʨʦʮʝʩʩ ʤʘʪʝʨʠʘʣʜʘʨʜʳײ שʟʘץ ʤʝʨʟʽʤʜʽʣʽʛʽʥ, ʪʠʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ʄʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʳʪʧʘʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʞʘץʩʘʨʪʫ װʰʽʥ ᴅʨʪװʨʣʽ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ: 

¶ ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ ï ʤʝʪʘʣʜʳש ʙʝʨʽʢʪʽʛʽʥ, ʠʽʣʛʽʰʪʽʛʽʥ ʞᴅʥʝ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʘʪʳʥ 

ʤʘשʳʟʜʳ ʪʝʭʥʦʣʦʛʠʷ [9]; 

¶ ʇʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ï ʩʫʳץ ʞᴅʥʝ ʳʩʪʳץ ʠʣʝʤʜʝʫ ʘʨץʳʣʳ ʪװʡʽʨʰʽʢʪʝʨʜʽש 

 ;ʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫ [10]ײץ

¶ ʃʝʛʠʨʣʝʫ ï ʤʝʪʘʣʜʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʦʣʘʨʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ 

ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ [11]; 

¶ ɹʝʪʪʽʢ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ ï ʥʠʪʨʠʜʪʝʫ, ʢʘʨʙʠʜʪʝʫ ʞᴅʥʝ ʘʥʦʜʪʳץ ʦʢʩʠʜʪʝʫ ʘʨץʳʣʳ 

ʤʘʪʝʨʠʘʣʜʳש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ [12]. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ ץʦʣʜʘʥʫ.  

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʤʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʳʪʧʘʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ 

 ץʭʠʤʠʷʣʳ ,ץʨʳʣʳʤʜʳײץ שʽʥʝʥ ʪʘʣʜʘʥʳʧ, ʦʣʘʨʜʳשʤʦʜʠʬʠʢʘʮʠʷʣʘʨ ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʢʝ שʘʩʠʝʪʪʝʨʽʥʽץ

ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʪװʨʣʽ ʬʘʢʪʦʨʣʘʨ ʘʥʳץʪʘʣʜʳ. ᴄʩʽʨʝʩʝ, ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ, 

ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ʞᴅʥʝ ʣʝʛʽʨʣʝʫ ʩʠʷץʪʳ ᴅʜʽʩʪʝʨ ʤʝʪʘʣʜʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥ, ץʘʪʪʳʣʳסʳʥ, 
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ʠʢʝʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɿʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤʝʪʘʣʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʦʣʘʨʜʳץ שʦʣʜʘʥʫ ʘʷʩʳ ʢʝשʝʡʪʽʣʽʧ, 

ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʪײʨʤʳʩʪʳץ ʩʘʣʘʣʘʨʜʘסʳ ʪʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ. 

 ,ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʣʘʨʳ ʨʝʪʪʝʣʜʽ שʳʣʳ ʤʝʪʘʣʜʘʨʜʳץʜʝʫ ʘʨשᴇ ץᴅʩʝʨʽ: ʊʝʨʤʠʷʣʳ שʜʝʫʜʽשᴇ ץʨʳʣʳʤʜʳײפ

ʙײʣ ʦʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʄʳʩʘʣʳ, ʙʦʣʘʪʪʳץ שʘʪʪʳʣʳסʳ ʤʝʥ 

ʙʝʨʽʢʪʽʛʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ (ץʘʪʪʳ ʢװʡʜʝ ʩʘʣץʳʥʜʘʪʫ, ץʳʟʜʳʨʫ) ʘʨץʳʣʳ 15%-סʘ ʜʝʡʽʥ ʘʨʪʪʳ. 

ʃʝʛʽʨʣʝʫ ʞᴅʥʝ ʭʠʤʠʷʣʳײץ ץʨʘʤʥʳש ᴅʩʝʨʽ: פʦʨʳʪʧʘʣʘʨסʘ ץʦʩʳʤʰʘ ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨʜʽ ץʦʩʫ 

ʦʣʘʨʜʳש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʪʳ. ʄʳʩʘʣʳ, ʭʨʦʤ, ʥʠʢʝʣʴ ʞᴅʥʝ 

ʤʦʣʠʙʜʝʥ ץʦʩʳʣסʘʥ ʙʦʣʘʪʪʘʨʜʳש ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ 30%-סʘ ʞʦסʘʨʳʣʘʜʳ. ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʭʠʤʠʷʣʳץ 

 .ʤʢʽʥʜʽʛʽ ʙʘʨ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʜʽװʘʤʪʘʤʘʩʳʟ ʵʪʠʛʝ ʤץ ʤʝʨʟʽʤʜʽʣʽʛʽʥ ץʟʘײ שʤʝʪʘʣʣʜʘʨʜʳ שʨʘʤʥʳײץ

ʌʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽש ᴇʟʛʝʨʫʽ: ʄʝʪʘʣʜʘʨʜʳש ʵʣʝʢʪʨʣʽʢ ʞᴅʥʝ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ײץʨʘʤʳʥʜʘסʳ 

ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨʜʽש ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽʥʽש ᴅʩʝʨʽʥʝʥ ᴇʟʛʝʨʜʽ. ʄʳʩʘʣʳ, ʘʣʶʤʠʥʠʡ ʞᴅʥʝ 

ʤʳʩ ץʦʨʳʪʧʘʣʘʨʳ ʞʦסʘʨʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽʤʝʥ ʙʝʣʛʽʣʽ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣʘʨʜʳש ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽ ʜʝ 

ʞʘץʩʘʨʜʳ. 

ʄʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽש ʞʘץʩʘʨʫʳ: ʄʝʪʘʣʣʜʘʨʜʳש ʧʣʘʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʤʝʥ 

ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ʘʨץʳʣʳ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʜʳ. ɹײʣ ᴅʜʽʩʪʝʨʜʽש ʥʝʪʠʞʝʩʽʥʜʝ  ʧʣʘʩʪʠʢʘʣʳץ 

ʜʝʬʦʨʤʘʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ  ʞʦסʘʨʳ ʙʝʨʽʢʪʠʢ ʧʝʥ ʠʢʝʤʜʽʣʽʢʢʝ ʙʝʡʽʤ. 

ʊᴅʞʠʨʠʙʝʣʽʢ ץʦʣʜʘʥʫ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫ ʤʝʪʘʣʜʘʨʜʳש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ 

ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊᴇʤʝʥʜʝ ʢʝʡʙʽʨ ʤʘשʳʟʜʳ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ: 

 ʳʣʳץʩʘʨʪʫ ʘʨץʘʩʠʝʪʪʝʨʽʥ ʞʘץ ץʤʝʭʘʥʠʢʘʣʳ שʦʨʳʪʧʘʣʘʨʜʳפ :ʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳײץ ʨʳʣʳʩ ʞᴅʥʝײפ

 ʘʨʣʘʪʫסʳʥ ʞʦסʘʪʪʳʣʳץ שʘ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʙʦʣʘʪʪʳסʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫ שʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳײץ

ʘʨץʳʣʳ ײץʨʳʣʳʩ ʙײʡʳʤʜʘʨʳʥʳץ שʘʞʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʘʨ. ɸʨʥʘʡʳ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ ʘʨץʳʣʳ 

ʜʘʡʳʥʜʘʣסʘʥ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ᴅʩʽʨʝʩʝ ʪʘʙʠסʠ ʘʧʘʪʪʘʨ ʤʝʥ ʘʫʳʨ ʞװʢʪʝʤʝʣʝʨʛʝ ʪᴇʟʽʤʜʽ ʙʦʣʘʨ ʝʜʽ. 

ɸʚʪʦʤʦʙʠʣʴ ʞʝʥʝ ʘʚʠʘʮʠʦʥʜʳץ ʩʘʣʘʩʳ: ɸʚʪʦʤʦʙʠʣʴʜʝʨ ʤʝʥ ʘʚʠʘʮʠʷ ץʦʣʜʘʥʳʣʘʪʳʥ ץʦʨʳʪʧʘʣʘʨʜʳש 

ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫ, ʦʣʘʨʜʳ ʞʝשʽʣʜʝʪʫ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ װʰʽʥ ʣʝʛʽʨʣʝʫʰʽ 

ʵʣʝʤʝʥʪʪʝʨ ʤʝʥ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ɹײʣ ʘʚʠʘʮʠʷ ʤʝʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨ װʰʽʥ 

 .ʘʫʽʧʩʽʟʜʽʢʪʽ ʘʨʪʪʳʨʘʜʳץ ,ʟʘʨʪʳʧײ ʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥץ

ʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʞᴅʥʝ ʵʥʝʨʛʝʪʠʢʘ ʩʘʣʘʩʳ: ɾʦסʘʨʳ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʙʘʨ ץʦʨʳʪʧʘʣʘʨ ʵʣʝʢʪʨʣʽʢ ʞʘʙʜʳץʪʘʨ 

ʤʝʥ ʵʥʝʨʛʝʪʠʢʘʣʳײץ ץʨʳʣסʳʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʄʳʩʘʣʳ, ʞʦסʘʨʳ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʙʘʨ ʤʳʩ ʥʝʤʝʩʝ 

ʘʣʶʤʠʥʠʡ ץʦʨʳʪʧʘʣʘʨʳʥʳש ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʫ ʘʨץʳʣʳ ʵʥʝʨʛʠʷʣʘʨ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ץʥʝʤʝʩʝ ʭʠʤʠʷʣʳ שʽʟ ʘʫʘʩʳʥʳשʪʝ ,שʦʨʳʪʧʘʣʘʨ ʩʫʜʳץ ʘ ʪᴇʟʽʤʜʽסʘ ᴅʩʝʨʽ: ʂʦʨʨʦʟʠʷסʘʥ ʦʨʪʘסʦʨʰʘפ

ʦʨʪʘʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ײץʨʳʣסʳʣʘʨ ʤʝʥ ʞװʡʝʣʝʨ װʰʽʥ ʪʠʽʤʜʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ץʦʨʳʪʧʘʣʘʨ ʩʫ 

ʪʘʟʘʨʪʫ, ʤײʥʘʡ ʞᴅʥʝ ʛʘʟ ᴇʥʜʽʨʽʩʽʥʜʝ, ʩʦʜʘʡ-ʘץ ʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʝ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ. 

ʄʝʜʠʮʠʥʘʣʳײץ ץʨʘʣʜʘʨ: פʦʨʳʪʧʘʣʘʨʜʘסʳ ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʞʘץʩʘʨʪʫ 

ʤʝʜʠʮʠʥʘʣʳײץ ץʨʘʣʜʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥ, ʙʠʦʣʦʛʠʷʣʳץ ʙʝʡʽʤʜʝʣʫʽʥ ʞᴅʥʝ ײʟʘץ ץʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥ 

 ʩʘʨʪʫץʙʝʨʽʢʪʽʛʽʥ ʞʘ  ץʦʨʳʪʧʘʣʘʨ ʙʠʦʩᴅʡʢʝʩʪʽʛʽʥ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʄʳʩʘʣʳ, ʪʠʪʘʥʜʘʨץ

 .ʤʢʽʥװʦʣʜʘʥʳʣʫʳ ʤץ ʰʽʥװ

ʄʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʳʪʧʘʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ ʦʣʘʨʜʳש 

ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʳʧ, ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʪײʨʤʳʩʪʳץ ʩʘʣʘʣʘʨʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʤʝʪʘʣʣʫʨʛʠʷ, ʤʘʪʝʨʠʘʣ ʞᴅʥʝ ʙʘʩץʘ ʚ ʩʘʣʘʣʘʨʜʘ ʞʦסʘʨʳ ʩʘʧʘʣʳ ᴇʥʽʤʜʝʨ ʞʘʩʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʞʘשʘ ᴅʜʽʩʪʝʨ ʤʝʥ ʪᴅʩʽʣʜʝʨʜʽ ײʩʳʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. פʦʨʳʪʧʘʣʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ʪʠʽʤʜʽ 

ʨʝʪʪʝʫ ʘʨץʳʣʳ ʦʣʘʨʜʳץ שʦʣʜʘʥʳʣʫ ʘʷʩʳ ʢʝשʝʡʽʧ, ʦʣʘʨʜʳײ שʟʘץ ʤʝʨʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʙʦʣʘʜʳ. 

ʌʘʟʘʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʪװʨʣʝʥʫʣʝʨʜʽ ʟʝʨʪʪʝʫ ʤʝʪʘʣʜʘʨʜʳש ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ 

ʞᴅʥʝ ʦʣʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʳʩʘʣʳ, ʟʝʨʪʪʝʫʣʝʨʜʝ: 

¶ ʄʝʪʘʣʜʘʨʜʳש ʞʳʣʫʣʳץ ᴇשʜʝʫʛʝ ʙʘʡʣʘʥʳʩʪʳ ʙʝʨʽʢʪʽʢ ᴇʟʛʝʨʽʩʪʝʨʽ [13]; 

 ;ʘ ᴅʩʝʨʽ [14]סʨʳʣʳʤײץ שʧʨʦʮʝʩʪʝʨʜʽ ץʡʜʝʛʽ ʜʠʬʬʫʟʠʷʣʳװʘʪʪʳ ʢפ ¶

¶ ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ץʦʨʳʪʧʘʣʘʨʜʳש ʬʘʟʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ץʘʨʘʩʪʳʨʳʣʜʳ [15]. 

ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʤʝʪʘʣʣʫʨʛʠʷ, ʤʘʰʠʥʘ ʞʘʩʘʫ ʞᴅʥʝ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ᴇʥʜʽʨʽʩʽʥʜʝ ʢʝשʽʥʝʥ 

 ʘʤʪʘʤʘʩʳʟץ ʘʨʳ ʩʘʧʘʣʳ ʤʘʪʝʨʠʘʣʜʘʨ ᴇʥʜʽʨʽʩʽסʳʣʳ ʞʦץʜʝʫ ᴅʜʽʩʪʝʨʽ ʘʨשʦʣʜʘʥʳʣʘʜʳ. ɿʘʤʘʥʘʫʠ ʤʝʪʘʣʣ ᴇץ

ʝʪʽʣʝʜʽ. 

 שʘʩʠʝʪʪʝʨʽʥʽץ ץʤʝʭʘʥʠʢʘʣʳ-ץʬʠʟʠʢʘʣʳ שʦʨʳʪʧʘʣʘʨʜʳץ ʦʨʳʪʳʥʜʳ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʤʝʪʘʣʜʘʨ ʤʝʥפ

ʤʦʜʠʬʠʢʘʮʠʷʣʳץ ᴅʜʽʩʪʝʨʽ ʞʘʥ-ʞʘץʪʳ ץʘʨʘʩʪʳʨʳʣʜʳ. ʄʝʪʘʣʜʘʨʜʳײץ שʨʳʣʳʤʳ ʤʝʥ ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ 

ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʦʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ, ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ 
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ʙʝʨʝʪʽʥ ʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪᴅʩʽʣʜʝʨʽ ʟʝʨʪʪʝʣʜʽ. ɹײʣ ʧʨʦʮʝʩʪʝʨ ʤʝʪʘʣʣʜʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥ, ʠʢʝʤʜʽʣʽʛʽʥ, 

ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ, ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ʞᴅʥʝ ʣʝʛʽʨʣʝʫ ᴅʜʽʩʪʝʨʽ ʤʝʪʘʣʜʘʨʜʳײץ שʨʳʣʳʤʳʥ 

ʨʝʪʪʝʫʜʽש ʪʠʽʤʜʽ ʪᴅʩʽʣʜʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʦʨʳʪʧʘʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʨʝʪʪʝʫ ʦʣʘʨʜʳץ שʦʣʜʘʥʳʣʫ ʘʷʩʳʥ ʢʝשʝʡʪʽʧ, ᴇʥʜʽʨʽʩʪʽʢ ʩʘʣʘʣʘʨʜʘ ʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ʄʝʪʘʣʜʘʨʜʳש 

ʙʝʨʽʢʪʽʛʽʥ, ʠʢʝʤʜʽʣʽʛʽʥ, ץʘʪʪʳʣʳסʳʥ ʞʵʥʝ ʙʘʩץʘ ʜʘ ץʘʩʠʝʪʪʝʨʽʥ ʙʘʩץʘʨʫ ʘʨץʳʣʳ ʦʣʘʨʜʳ ʞʘשʘ ʞᴅʥʝ 

ʢװʨʜʝʣʽ ʞʘסʜʘʡʣʘʨʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ᴄʩʽʨʝʩʝ, ײץʨʳʣʳʩ, ʘʚʪʦʤʦʙʠʣʴ ᴇʥʝʨʢᴅʩʽʙʽ, ʵʥʝʨʛʝʪʠʢʘ, 

ʤʝʜʠʮʠʥʘʣʳײץ ץʨʘʣ-ʞʘʙʜʳץʪʘʨ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ץʦʨסʘʫ ʩʘʣʘʣʘʨʳʥʜʘ ʙײʣ ץʘʩʠʝʪʪʝʨʜʽש 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥʜʳסʳ ʜᴅʣʝʣʜʝʥʜʽ. 

ʊᴅʞʽʨʠʙʝʣʽʢ ץʦʣʜʘʥʫ ʪײʨסʳʩʳʥʘʥ ʘʣסʘʥʜʘ, ʤʝʪʘʣʣʫʨʛʠʷ ʤʝʥ ʤʘʪʝʨʠʘʣʪʘʥʫ ʩʘʣʘʣʘʨʳʥʜʘסʳ ʞʘשʘ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ ʪײʨסʳʩʳʥʘʥ ᴇʥʜʽʨʽʩʪʝʛʽ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʳʧ, ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ᴅʩʝʨʽʥ 

ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʦʨʳʪʧʘʣʘʨסʘ ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨ ץʦʩʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʝʨʤʠʷʣʳץ 

ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ ʤʝʪʘʣʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫ װʰʽʥ ʪʘʧʪʳʨʤʘʩ ײץʨʘʣ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʘʩʠʝʪʪʝʨʽʥץ ץʤʝʭʘʥʠʢʘʣʳ-ץʬʠʟʠʢʘʣʳ שʦʨʳʪʧʘʣʘʨʜʳץ ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʤʝʪʘʣʜʘʨ ʤʝʥפ

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ð ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʠʽʤʜʽ ᴅʨʽ ײʟʘץ ʤʝʨʟʽʤʜʽ ץʦʣʜʘʥʫ װʰʽʥ ʤʘשʳʟʜʳ ץʘʜʘʤ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʧʨʦʮʝʩʪʝʨ ʪʝʢ ʪʝʦʨʠʷʣʳץ ʪײʨסʳʜʘʥ סʘʥʘ ʝʤʝʩ, ʥʘץʪʳ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʣʘʨʜʘ ʜʘ ʢʝשʽʥʝʥ 

 .ʦʣʜʘʥʳʣʫʳ ʢʝʨʝʢץ
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STRUCTURE, MODIFICATION AND TECHNOLOGICAL PROPERTIES OF VT6 TITANIUM ALLOYS  

 
ɸϬʜʘʪʧʘ: ʄʘϨʘʣʘʜʘ ʪʠʪʘʥ ϨʦʨʳʪʧʘʣʘʨʳʥʳϬ Ϩϰʨʳʣʳʤʳ, ʤʦʜʠʬʠʢʘʮʠʷʩʳ ʩʦʥʜʘʡ-ʘϨ  ʪʝʭʥʦʣʦʛʠʷʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ 

Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɺʊ6 ʪʠʪʘʥ ϨʦʨʳʪʧʘʩʳʥʳϬ ʤʝʭʘʥʠʢʘʣʳϨ ʞϸʥʝ ʬʠʟʠʢʘʣʳϨ ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ʦʥʳϬ Ϩʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳ ʩʦʥʳϬ 

ʽʰʽʥʜʝ: ʘʚʠʘʮʠʷ, Ϥʘʨʳʰ, ʙʠʦʤʝʜʠʮʠʥʘ ʩʘʣʘʣʘʨʳ ϨʘʨʘʩʪʳʨʳʣϤʘʥ.ʉʦʥʜʘʡ-ʘϨ, ʙʝʪʢʽ Ϩʘʙʘʪʪʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ϸʜʽʩʪʝʨʽ, ʦʥʳϬ 

ʽʰʽʥʜʝ ʘʥʦʜʪʳ ʪʦʪʳϤʫ, ʣʘʟʝʨʣʽʢ ϺϬʜʝʫ, ʧʣʘʟʤʘʣʳϨ ʙϮʨʢʫ ʞϸʥʝ ʧʣʘʟʤʘʣʳϨ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ϺϬʜʝʫ ϸʜʽʩʪʝʨʽʥʽϬ ϸʩʝʨʽ ʪʘʣʜʘʥϤʘʥ. 

ʊʠʪʘʥ ϨʦʨʳʪʧʘʣʘʨʳʥʳϬ ʙʝʨʽʢʪʽʛʽ, ʪʦʟʫϤʘ ʞϸʥʝ ʢʦʨʨʦʟʠʷϤʘ ʪϺʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞʦʣʜʘʨʳ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. 

ʂʽʣʪ ʩϺʟʜʝʨ: ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ, ɺʊ6, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ,ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʣʘʟʤʳ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʤʦʜʠʬʠʢʘʮʠʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ.ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6, ʦʙʣʘʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ: 

ʘʚʠʘʮʠʦʥʥʘʷ, ʢʦʩʤʠʯʝʩʢʘʷ, ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ.ʊʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʣʘʟʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʠ ʤʝʪʦʜʳ ʧʣʘʟʤʝʥʥʦʡ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ.ʈʘʩʩʤʦʪʨʝʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ, ɺʊ6, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘʥʦʜʥʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʣʘʟʝʨʥʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ. 

 

Abstract: The article discusses the structure, modifications, as well as technological properties of titanium alloys. The mechanical 

and physical features of the VT6 titanium alloy, its areas of application are considered, including: aviation, space, biomedicine.The 

impact of surface modification methods, including anode oxidation, laser treatment, Plasma Spraying, and plasma electrolytic treatment 

methods, was also analyzed. Ways to increase the strength, wear and corrosion resistance of titanium alloys are considered. 

Keywords: Titanium alloy, VT6, mechanical properties, anodic oxidation,Plasma Spraying, plasma electrolytic treatment, corrosion 

resistance, wear resistance. 

 

ʊʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳ ʟʘʤʘʥʘʫʠ ᴇʥʝʨʢᴅʩʽʧʪʽש ʤʘשʳʟʜʳ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳש 

ʞʦסʘʨʳ ʙʝʨʽʢʪʽʛʽ, ʪᴇʤʝʥ ʪʳסʳʟʜʳסʳ, ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽװ שʡʣʝʩʫʽ 

ʘʚʠʘʮʠʷ, סʘʨʳʰʪʳץ ʪʝʭʥʠʢʘ, ʤʝʜʠʮʠʥʘ ʞᴅʥʝ ʤʘʰʠʥʘ ʞʘʩʘʫ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʳʥʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʤʘץʘʣʘʜʘ ɺʊ6 ʪʠʪʘʥ ץʦʨʳʪʧʘʩʳʥʳײץ שʨʳʣʳʤʳ, ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞᴅʥʝ ʦʥʳ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ [1]. 

ʊʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: 

ʊʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳʥʳש ʥʝʛʽʟʛʽ ʣʝʛʠʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨʽ ʘʣʶʤʠʥʠʡ (Al), ʚʘʥʘʜʠʡ (V), ʭʨʦʤ (Cr), 

ʤʦʣʠʙʜʝʥ (Mo), ʤʘʨʛʘʥʝʮ (Mn) ʞᴅʥʝ ץʘʣʘʡʳ (Sn) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʵʣʝʤʝʥʪʪʝʨ ץʦʨʳʪʧʘʥʳש 

ʙʝʨʽʢʪʽʛʽʥ, ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ.ɺʊ6 ץʦʨʳʪʧʘʩʳ (Ti-Al-

V ʞװʡʝʩʽ) ʘʚʠʘʮʠʷ ʞᴅʥʝ ʤʘʰʠʥʘ ʞʘʩʘʫ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ [2-6]. 

ʊʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳ ʞʝשʽʣ ᴅʨʽ ʙʝʨʽʢ ʤʘʪʝʨʠʘʣʜʘʨ ץʘʪʘʨʳʥʘ ʞʘʪʘʜʳ. ʆʣʘʨ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ 

ʙʝʨʽʢʪʽʢʢʝ ʠʝ ʞᴅʥʝ ץʘʪʪʳ ʤʝʭʘʥʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨʛʝ ʪᴇʪʝʧ ʙʝʨʝ ʘʣʘʜʳ. ɺʊ6 ץʦʨʳʪʧʘʩʳ ᴅʩʽʨʝʩʝ ʦʥʳש 

ʧʣʘʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷסʘ ʠʢʝʤʜʽʣʽʛʽ ʘʨץʘʩʳʥʜʘ ײץʡʤʘ ʞᴅʥʝ ʧʨʦʢʘʪ ᴇʥʽʤʜʝʨʽ ʪװʨʽʥʜʝ 

ᴇʥʜʽʨʽʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳ ʘʛʨʝʩʩʠʚʪʽ ʦʨʪʘʜʘ ʪײʨʘץʪʳ ʙʦʣʳʧ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ 

ʪʝʨʤʠʷʣʳץ ᴅʩʝʨʣʝʨʛʝ ʞʦסʘʨʳ ʪᴇʟʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʝʜʽ [ 1]. 

ɺʊ6 ץʦʨʳʪʧʘʩʳʥʳש ʪʳסʳʟʜʳסʳ ï 4450 ʢʛ/ʤį, ʙײʣ ʘʣʶʤʠʥʠʡʜʝʥ ʞʦסʘʨʳ, ʙʽʨʘץ ʙʦʣʘʪʪʘʥ ʪᴇʤʝʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʥʳש ʤʝʥʰʽʢʪʽ ʙʝʨʽʢʪʽʛʽ ʞʦסʘʨʳ, ʙײʣ ʦʥʳ ʞʝשʽʣ, ʙʽʨʘץ ʙʝʨʽʢ ײץʨʳʣʳʤʜʳץ ʤʘʪʝʨʠʘʣ 

ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʥʳש ʭʠʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʦʥʳ 

ʪʝשʽʟ ʪʝʭʥʠʢʘʩʳʥʜʘ ʜʘ ʧʘʡʜʘʣʘʥʫסʘ ʞʦʣ ʘʰʘʜʳ [7]. 

ɹʝʪʢʽ ץʘʙʘʪʪʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʪʝʨʽ 

ɹᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʢʽ ץʘʙʘʪʳʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʦʣʘʨʜʳץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʢװʰʝʡʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ɹʝʪʢʽ ץʘʙʘʪʪʳ ᴇשʜʝʫ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʪʪʳʣʳסʳʥ ʘʨʪʪʳʨʫʤʝʥ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʩʘʨʪʫץʘʩʠʝʪʪʝʨʽʥ ʞʘץ ʬʫʥʢʮʠʦʥʘʣʜʳ שʘʪʘʨ, ʦʣʘʨʜʳץ

1. ɸʥʦʜʪʳ ʪʦʪʳסʫ (ʘʥʦʜʪʘʫ) ï ʪʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳʥʳש ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ 

ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʩ. ɹײʣ ᴅʜʽʩ ʪʠʪʘʥʥʘʥ ʞʘʩʘʣסʘʥ ʙᴇʣʰʝʢʪʝʨʜʽ ץʦʨסʘʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʵʩʪʝʪʠʢʘʣʳץ 

mailto:orazqanova@mail.ru
mailto:sagidugumar@gmail.com
https://elar.urfu.ru/bitstream/10995/28698/1/978-5-7996-1096-8_2014.pdf


66 

 ʘʙʽʣʝʪʽʥʝ ʠʝץ ʰʘʫʣʘʫץʘʥ ʞʘʙʳʥʜʘʨ ʵʣʝʢʪʨ ʦסʳʣʳ ʘʣʳʥץʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ɸʥʦʜʪʘʫ ʘʨסʩʘʨʪʫץʘʩʠʝʪʪʝʨʽʥ ʞʘץ

ʙʦʣʳʧ, ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳʣʘʡʜʳ [8]. 

2. ʃʘʟʝʨʣʽʢ ᴇשʜʝʫ ï ʣʘʟʝʨ ʩᴅʫʣʝʩʽʥʽש ᴅʩʝʨʽʥʝʥ ʤʝʪʘʣʜʳײץ שʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫ ʧʨʦʮʝʩʽ. ʆʣ ʙʝʪʢʽ 

 ʘʥ ʞʘʙʳʥʜʘʨסʳʣʳ ʘʣʳʥץʜʝʫ ʘʨשʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ʃʘʟʝʨʣʽʢ ᴇסʘʪʘʡʪʳʧ, ʪʦʟʫץ ʘʙʘʪʪʳץ

ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʽʨʽʣʜʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɹײʣ ᴅʜʽʩ ʤʘʰʠʥʘ ʞʘʩʘʫ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʜʘ ʞʠʽ 

 .ʦʣʜʘʥʳʣʘʜʳ [9]ץ

3. ʇʣʘʟʤʘʣʳץ ʙװʨʢʫ ï ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳ ʧʣʘʟʤʘʣʳץ ʘסʳʥ ʘʨץʳʣʳ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʽʥʝ 

 .ʩʘʨʪʘʜʳץʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞʘסʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʢʦʨʨʦʟʠʷ שʣ ʧʨʦʮʝʩʩ ʞʘʙʳʥʥʳײʫ ᴅʜʽʩʽ. ɹסʘʙʘʪ ʞʘץ ʘʥʳʰסʦʨץ

ʇʣʘʟʤʘʣʳץ ʙװʨʢʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ʤʝʪʘʣʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʝʜᴅʫʽʨ ʞʘץʩʘʨʘʜʳ. 

 ʘסʣ ʦʥʳ ʪʦʟʫײʤʢʽʥ, ʙװʳ ʙʽʨʥʝʰʝ ʤʠʢʨʦʥʥʘʥ ʙʽʨʥʝʰʝ ʤʠʣʣʠʤʝʪʨʛʝ ʜʝʡʽʥ ᴇʟʛʝʨʫʽ ʤסʜʳשʘʣʳץ שʘʧʪʘʤʘʥʳפ

ʞᴅʥʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽ ʝʪʝʜʽ. 

4. ʇʣʘʟʤʘʣʳץ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ᴇשʜʝʫ (ʇʕᴆ) ï ʘʥʦʜʪʘʫסʘ ץײʩʘʩ, ʙʽʨʘץ ʞʦסʘʨʳ ʢʝʨʥʝʫʣʽ ʧʣʘʟʤʘʣʳץ 

ʨʘʟʨʷʜʪʘʨʜʳ ץʦʣʜʘʥʘʪʳʥ ᴅʜʽʩ. ɹײʣ ᴅʜʽʩ ʘʨץʳʣʳ ʢʝʫʝʢʪʽ, ʙʽʨʘץ ᴇʪʝ ץʘʪʪʳ ʢʝʨʘʤʠʢʘ ʪᴅʨʽʟʜʽ ʞʘʙʳʥʜʘʨ ʘʣʫסʘ 

ʙʦʣʘʜʳ. ɹײʣ ᴅʜʽʩ ʤʝʜʠʮʠʥʘʜʘ ʠʤʧʣʘʥʪʘʪʪʘʨʜʳש ʙʠʦʣʦʛʠʷʣʳץ ʩᴅʡʢʝʩʪʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʞʠʽ 

 ʘʫʽʧʩʽʟ ʞᴅʥʝץ ʳʜʘʥסʨײʪ ץʘʥ ʞʘʙʳʥʜʘʨ ʵʢʦʣʦʛʠʷʣʳסʣ ᴅʜʽʩʧʝʥ ʘʣʳʥײʘʪʘʨ, ʙץ ʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥץ

 .ʘʞʝʪ ʝʪʧʝʡʜʽ [10]ץ ʘʙʘʪʳʥץ ʘʥʳʩסʦʨץ ʦʩʳʤʰʘץ

ʇʕᴆ ʧʨʦʮʝʩʽʥʜʝ ʙײʡʳʤ ʵʣʝʢʪʨʦʣʠʪʢʝ ʙʘʪʳʨʳʣʘʜʳ.ʇʕᴆ ʧʨʦʮʝʩʽʥʽש ʧʨʠʥʮʠʧʪʽʢ ʩʭʝʤʘʩʳ (ʩʫʨʝʪ 1.1) 

ʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 1-ʙײʡʳʤ ʜʘʡʳʥʜʘʤʘʩʳ 4-ʵʣʝʢʪʨʦʜ ʧʝʥ ʙʽʨʛʝ 2-ʵʣʝʢʪʨʦʣʠʪʪʽ ʚʘʥʥʘסʘ ʙʝʢʽʪʽʣʝʜʽ, ʩʦʜʘʥ 

ʢʝʡʽʥ 3-ʵʣʝʢʪʨʦʜ-ײץʨʘʣ ʜʘʡʳʥʜʘʤʘ ʙʝʪʽʥʝ ʞʘץʳʥʜʘʪʳʣʘʜʳ ʞᴅʥʝ 5-ץʫʘʪ ʢᴇʟʽʥʝʥ ʵʣʝʢʪʨʦʜʪʘʨסʘ ʢʝʨʥʝʫ 

ʙʝʨʽʣʝʜʽ, ʙײʣ ʵʣʝʢʪʨʦʜ-ײץʨʘʣʜʳש ʙʝʪʽʥʜʝ ʧʣʘʟʤʘʣʳץ ʨʘʟʨʷʜʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ʇʘʡʜʘ ʙʦʣסʘʥ 

ʧʣʘʟʤʘʣʳץ ʨʘʟʨʷʜʪʘʨʜʳש ʜʘʡʳʥʜʘʤʘ ʤʘʪʝʨʠʘʣʳʥʘ ʞʳʣʫʣʳץ ᴅʩʝʨ ʝʪʫʽ ʦʥʳש ʙʘʣץʫʳ ʤʝʥ ʙʫʣʘʥʫʳ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʙײʟʳʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ. 

 

 
1-ʩʫʨʝʪ. ʇʕᴆ ʧʨʦʮʝʩʽʥʽש ʩʭʝʤʘʩʳ:1-ʙײʡʳʤ ʜʘʡʳʥʜʘʤʘʩʳ,2-ʵʣʝʢʪʨʦʣʠʪʪʽ ʚʘʥʥʘ,3-ʵʣʝʢʪʨʦʜ ײץʨʘʣʳ,4-ʘʥʦʜ,5-

 .ʫʘʪ ʢᴇʟʽ [11]ץ

 

ɺʊ6 ϨʦʨʳʪʧʘʩʳʥʳϬ Ϩʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳ. ɺʊ6 ץʦʨʳʪʧʘʩʳ ʢʝש ʘʫץʳʤʜʘ ץʦʣʜʘʥʳʣʘʜʳ: 

¶ ɸʚʠʘʮʠʷ ʞᴅʥʝ סʘʨʳʰ ᴇʥʝʨʢᴅʩʽʙʽ: ײʰʫ ʘʧʧʘʨʘʪʪʘʨʳʥʳש ʙᴇʣʰʝʢʪʝʨʽ, ʛʘʟ ʪʫʨʙʠʥʘʣʳ 

 ʬʶʟʝʣʷʞʳ ʤʝʥ ʙʝʢʽʪʢʽʰ ʵʣʝʤʝʥʪʪʝʨʽ ʞʘʩʘʣʘʜʳ. ʊʠʪʘʥ ץʰʘײ ,ʪʘʨʳץʘʣʘץ שʳʰʪʘʨʜʳץʘʣʪסʦʟץ

 ʘʨʳʰ ʩʘʣʘʩʳʥʜʘס ʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʦʣʘʨʜʳסʙʝʨʽʢʪʽʛʽ ʤʝʥ ʢʦʨʨʦʟʠʷ ץʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳסʞʦ שʦʨʳʪʧʘʣʘʨʳʥʳץ

ʢʝשʽʥʝʥ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [12]. 

¶ ʄʝʜʠʮʠʥʘ: ʞʦסʘʨʳ ʙʠʦʩᴅʡʢʝʩʪʽʣʽʛʽʥʽש ʘʨץʘʩʳʥʜʘ ɺʊ6 ץʦʨʳʪʧʘʩʳ ʩװʡʝʢ ʠʤʧʣʘʥʪʘʪʪʘʨʳ ʤʝʥ ʪʽʩ 

ʧʨʦʪʝʟʜʝʨʽʥ ʞʘʩʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɹײʣ ץʦʨʳʪʧʘ ʘʜʘʤ ʘסʟʘʩʳʥʘ ʟʠʷʥʩʳʟ, ᴅʨʽ ʩװʡʝʢ ʪʽʥʜʝʨʽʤʝʥ 

ʞʘץʩʳ װʡʣʝʩʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʠʤʧʣʘʥʪʘʪʪʘʨʜʳש ʙʝʪʽʥʝ ʘʨʥʘʡʳ ʧʣʘʟʤʘʣʳץ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ᴇשʜʝʫ 

ʞװʨʛʽʟʽʣʽʧ, ʦʣʘʨʜʳץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ ײʟʘʨʪʳʣʳʧ, ʪʽʥʜʝʨʤʝʥ ʙʘʡʣʘʥʳʩʳ ʞʘץʩʘʨʪʳʣʘʜʳ. ɺʊ6 

 ʤʢʽʥʜʽʢװʘ ʤסʦʣʜʘʥʫץ ʪʘʨʜʘץʨʘʣ-ʞʘʙʜʳײץ ץʠʥʝʨʪʪʽʣʽʛʽ ʦʥʳ ʤʝʜʠʮʠʥʘʣʳ ץʙʠʦʣʦʛʠʷʣʳ שʦʨʳʪʧʘʩʳʥʳץ

ʙʝʨʝʜʽ [12]. 

¶ ʄʘʰʠʥʘ ʞʘʩʘʫ: ʢʦʤʧʨʝʩʩʦʨʣʘʨ, ʞʝʣʜʝʪʢʽʰʪʝʨ, ץʦʟסʘʣʪץʳʰ ʙᴇʣʰʝʢʪʝʨʽ ᴇʥʜʽʨʽʣʝʜʽ. ʊʠʪʘʥ 

 ʢ ʢᴇʪʝʨʝʪʽʥ ʤʝʭʘʥʠʟʤʜʝʨ ʤʝʥ ʘʚʪʦʤʦʙʠʣʴװʽʣʜʽʛʽ ʦʣʘʨʜʳ ʘʫʳʨ ʞשʙʝʨʽʢʪʽʛʽ ʤʝʥ ʞʝ שʦʨʪrʧʘʣʘʨʳʥʳץ

https://de.donstu.ru/CDOCourses/TM/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F%20%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%BE%D1%81%D1%82%D1%80%D0%BE%D0%B5%D0%BD%D0%B8%D1%8F/%D0%9E%D1%81%D0%BD%D0%BE%D0%B2%D1%8B%20%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D0%BE%D0%B2%20%D0%BE%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B8/Allfiles/gl2.htm
https://www.photonics-expo.ru/ru/articles/lazernaya-obrabotka-metalla/
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ᴇʥʜʽʨʽʩʽʥʜʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʥʳװ שʡʢʝʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʪᴇʤʝʥʜʽʛʽ ʤʝʭʘʥʠʟʤʜʝʨʜʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ [12]. 

¶ ʕʥʝʨʛʝʪʠʢʘ ʩʘʣʘʩʳ: ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ɺʊ6 ץʦʨʳʪʧʘʩʳ ʷʜʨʦʣʳץ ʵʥʝʨʛʝʪʠʢʘ ʩʘʣʘʩʳʥʜʘ ʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʤʘʪʝʨʠʘʣ ʨʝʘʢʪʦʨ ײץʨʳʣʳʤʜʘʨʳʥʜʘ 

ʞᴅʥʝ ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʪʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ [12]. 

ϧʦʨʳʪʳʥʜʳ. ʊʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳ, ᴅʩʽʨʝʩʝ ɺʊ6, ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ᴇʥʝʨʢᴅʩʽʧʪʝ ʤʘשʳʟʜʳ ʦʨʳʥ ʘʣʘʜʳ. 

ʆʥʳש ʞʦסʘʨʳ ʙʝʨʽʢʪʽʛʽ, ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʦʥʳ ʘʚʠʘʮʠʷ, ʤʝʜʠʮʠʥʘ 

ʞᴅʥʝ ʤʘʰʠʥʘ ʞʘʩʘʫ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʝʪʢʽ ץʘʙʘʪʪʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

ᴅʜʽʩʪʝʨʽ ʙײʣ ʤʘʪʝʨʠʘʣʜʳץ שʘʩʠʝʪʪʝʨʽʥ ʦʜʘʥ ᴅʨʽ ʞʘץʩʘʨʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ɹʦʣʘʰʘץʪʘ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʪʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳʥʳש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ 

ʦʣʘʨʜʳץ שʦʣʜʘʥʫ ʘʷʩʳʥ ʢʝשʝʡʪʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ʟʦʨ. פʘʟʽʨʛʽ ʟʝʨʪʪʝʫʣʝʨ ʙײʣ ʤʘʪʝʨʠʘʣʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ 

ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞʦʣʜʘʨʳʥ ʽʟʜʝʫʜʝ. ᴄʩʽʨʝʩʝ ʥʘʥʦײץʨʳʣʳʤʜʳץ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʪʝʨʽ ʪʠʪʘʥ 

 ʘʨʳסʪʘ ʞʦץʣ ʟʝʨʪʪʝʫʣʝʨ ʙʦʣʘʰʘײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʘ ʤסʘʩʠʝʪʪʝʨʽʥ ʘʰʫץ ʘשʞʘ שʦʨʳʪʧʘʣʘʨʳʥʳץ

ʪʠʽʤʜʽʣʽʢʢʝ ʠʝ ʞʘשʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʳץʧʘʣ ʝʪʧʝʢ. 
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ɾʆנɸʈʓ ʕʅɽʈɻɽʊʀʂɸʃʓפ ʄɽʍɸʅʀʂɸʃʓפ ʃɽɻʀʈʃɽʋ ױɿɸפʊʓנʓʅʓר ɾʆנɸʈʓ ʕʅʊʈʆʇʀʗʃʓפ 

 ʈɸʄʓʅɸ ᴄʉɽʈɯױפ פʈʓʃʓʄʓ ʄɽʅ ʌɸɿɸʃʓױפ רʆʈʓʊʇɸʃɸʈɼʓפ

ɺʃʀʗʅʀɽ ʇʈʆɼʆʃɾʀʊɽʃʔʅʆʉʊʀ ɺʓʉʆʂʆʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʄɽʍɸʅʀʏɽʉʂʆɻʆ ʃɽɻʀʈʆɺɸʅʀʗ ʅɸ 

ʉʊʈʋʂʊʋʈʋ ʀ ʌɸɿʆɺʓʁ ʉʆʉʊɸɺ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓʍ ʉʇʃɸɺʆɺ 

EFFECT OF DURATION OF HIGH -ENERGY MECHANICAL ALLOYING ON STRUCTURE AND PHASE COMPOSITION OF 

HIGH -ENTROPY ALLOYS  

 

Abstract. This study investigates the effect of mechanical synthesis duration on the production of high-entropy alloys (HEAs) using 

the mechanical alloying method. The experiments were conducted with a powder mixture of Al-Co-Cr-Fe-Ni subjected to high-energy 

mechanical alloying (HEMA) for 15, 30, 45, 60, and 120 minutes. The morphology and elemental composition of the powders were 

examined using scanning electron microscopy (SEM) and energy-dispersive spectroscopy (EDS). The studies revealed a uniform 

distribution of elements without signs of macrosegregation both before and after mechanical alloying. XRD analysis results showed that 

the content of phases with a BCC crystal lattice gradually decreased, while the fraction of FCC phases increased with milling time. The 

findings also demonstrated that with an increase in synthesis duration, metallic phases evolved into more stable and ordered phases, 

such as B2 and Laves phases. 

Keywords: high-entropy alloys, mechanical alloying, high-energy ball mill, phase and elemental analysis, particle size distribution. 

 

Introduction.  The history of high-entropy alloys (HEAs) is generally considered to have begun in 2004 when 

Cantor synthesized these alloys. These alloys differ from conventional multicomponent alloys in that they 

consist of several principal elements in equimolar or near-equimolar ratios, resulting in high configurational 

entropy, which facilitates the stabilization of solid solutions [1]. This type of alloy represents a new class of 

metallic materials. They contain at least five principal elements, each with a concentration ranging from 5 to 35 

atomic percent [2-3]. Due to the high-entropy effect, their structure often forms simple solid solutions with either 

a face-centered cubic (FCC) or body-centered cubic (BCC) crystal lattice. Currently, HEA research is attracting 

significant attention in the field of metallic materials, and numerous new HEAs with exceptional properties have 

been developed [4-5]. These alloys are promising for industrial applications as high-performance structural 

materials and can be utilized in the aerospace industry, marine equipment, energy transportation, and other fields 

[6-7]. 

One of the most extensively studied HEAs is the CoCrNi-based alloy, which typically exhibits a single-phase 

FCC structure [8-10]. However, the properties of such alloys are limited, significantly reducing their potential 

for practical applications. To address this issue, researchers are exploring the addition of various elements based 

on 3d transition metals, which exhibit good ductility and high work-hardening rates [11-15]. This enables the 

formation of multi-component HEAs with multiple phases. These phases play a key role in improving HEA 

characteristics, making their study a relevant topic in materials science. 

HEAs can be synthesized using the same methods as conventional alloys, including casting, rapid 

solidification, mechanical alloying (MA), and thin-film deposition [16-17]. Each method has its advantages and 

disadvantages. Among these, mechanical alloying is distinguished by its ability to form a stable microstructure 

with a homogeneous chemical composition. Enhancing the homogeneity of solid solutions at room-temperature 

processing conditions is a primary advantage of MA over casting, especially for HEAs with significant 

differences in the melting temperatures of their constituent elements. Furthermore, mechanical alloying 

promotes the formation of a nanocrystalline structure, thereby enhancing the mechanical properties of these 

alloys. 

Mechanical alloying (MA) is a widely used method for refining and alloying metallic powders, based on 

intense plastic deformation and low-temperature synthesis of metallic compounds. The key parameters of the 

MA process include the ball-to-powder weight ratio, rotation speed, milling duration, and temperature 

conditions, which significantly influence the final material structure. At high temperatures, recovery and 

recrystallization processes facilitate the formation of stable phases, such as intermetallic compounds. In contrast, 

low-temperature conditions lead to the formation of amorphous or nanocrystalline phases, where defect recovery 

is limited [18]. 

One of the primary advantages of mechanical alloying is its ability to form stable microstructures with a high 

degree of homogeneity in the powder state, which can later be consolidated into complex-shaped products [19-
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20]. Solid-state reactions occurring during MA are particularly sensitive to defects created by mechanical 

processing. However, the mechanical alloying process for multicomponent powders often takes considerable 

time (over 60 hours), which limits its applicability for rapid phase transformation analysis [21-22]. 

Despite active research, many aspects of phase composition formation and microstructure evolution in 

multicomponent systems remain insufficiently understood. In particular, the effect of short milling durations 

(ranging from minutes to hours) on phase formation and microstructure has not been thoroughly investigated. 

These time intervals are crucial for optimizing synthesis processes as they help identify critical parameters 

influencing phase transformations and structural changes in the material. Previous studies [23] have shown that 

during MA of multicomponent metallic powders, a single-phase thermodynamically stable substitutional solid 

solution with a predominantly FCC or BCC structure can form. However, the mechanisms behind the formation 

of such structures and the influence of mechanical synthesis parameters on phase transformations in 

multicomponent systems remain subjects of debate. 

The objective of this study is to investigate the stages of phase composition and microstructure formation in 

the AlCoCrFeNi powder system depending on milling time (from 15 to 120 minutes) using HEMA at 

temperatures ranging from 23ÁC to 33ÁC. The results obtained provide insights into the effect of milling duration 

on phase state formation mechanisms and the microstructure of multicomponent powders. 

Materials and methods of research. The powder material with an equimolar composition of Al, Co, Cr, Fe, 

and Ni powders was prepared using the mechanical alloying (MA) method. Mechanical alloying was carried out 

in a high-energy ball mill, Emax (Retsch, Germany), using stainless steel grinding jars and balls. The alloying 

process was conducted for durations ranging from 15 to 120 minutes under a temperature range of 23ÁC to 33ÁC. 

The starting materials consisted of metallic powders with a purity of 99.7% and particle sizes up to 40 Õm, taken 

in equimolar proportions. 

The mechanical alloying conditions included accelerating the milling balls to 1500 rpm with a ball-to-powder 

mass ratio of 10:1. Prior to alloying, the powders were pre-mixed at a jar rotation speed of 300 rpm for 15 

minutes to ensure uniformity of the mixture. 

Phase analysis of the synthesized powders was performed using an XôPert PRO diffractometer with CuKŬ 

radiation. The microstructure and elemental composition of the synthesized powders were examined using a 

Tescan Vega scanning electron microscope (SEM) equipped with an energy-dispersive spectroscopy (EDS) 

system. The particle size distribution of the powders before and after mechanical alloying was analyzed using a 

Winner 2005 A Laser Particle Size Analyzer. 

Results and discussion. The equiatomic Al-Co-Cr-Fe-Ni powders synthesized by the mechanical alloying 

(MA) method were milled at 1500 rpm for various time intervals (0ï120 minutes). The initial powder particles 

were in the form of granules with sizes up to 40 Õm. The morphology of the mixed Al-Co-Cr-Fe-Ni powder and 

the powders after high-energy mechanical alloying (HEMA) are presented in Figure 1. Repeated cycles of 

fracturing and cold-welding during milling in a high-energy ball mill led to the gradual refinement of powder 

composites into smaller particles. This process, in turn, is expected to accelerate the interdiffusion of metallic 

elements and facilitate the alloying process between different components of the powder mixture. 

If the powders had a perfectly spherical shape, their size could be determined by measuring the particle 

diameter using direct measurement techniques such as scanning electron microscopy (SEM). However, in 

practice, mechanically alloyed powders rarely exhibit a perfect spherical form. At early milling stages, and 

sometimes even at later stages, particles acquire a flaky morphology. During the initial milling stages (Figure 

1a), distinct unconsolidated powder particles are observed. As mechanical alloying progresses, particles begin 

to consolidate, adopting a characteristic flaky morphology (Figure 1b-f). 

For irregularly shaped particles, the equivalent spherical diameter can be determined based on volume 

measurements, surface area, projected area, or sieving methods. In this study, a Winner 2005 A Laser Particle 

Size Analyzer was used to analyze the particle size distribution before and after HEMA. Measurements were 

taken every 15 minutes, enabling real-time monitoring of particle size evolution. This method also allows for 

the calculation of the weight percentage of each particle fraction, which was used to construct histograms of the 

particle size distribution. The results of the granulometric analysis confirmed the data obtained through electron 

microscopy. 

Figure 1 shows the sequential evolution of particle sizes during HEMA. Initially, the average particle size 

was 23.865 Õm. After 15 minutes of HEMA, an increase in the fraction of larger particles was observed, with 

the average size reaching 26.815 Õm. By the 30th minute, the average particle size increased to 83.561 Õm, 

exceeding the initial size by a factor of 3.5. However, at 45 minutes, the average particle size decreased to 32.296 

Õm. By 60 minutes, the average size increased slightly to 37.566 Õm, while at 120 minutes, a significant increase 

was recorded, with the average particle size reaching 559.776 Õm. 
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The particle size distribution after HEMA exhibited features of log-normal (or Gaussian) distribution, 

forming a bell-shaped curve when plotted on a logarithmic scale. This distribution reflects the complex processes 

of particle fracturing and agglomeration occurring during mechanical alloying. 

The results of the granulometric analysis revealed that in the early stages of HEMA, mechanical 

fragmentation of particles occurs due to the impact of milling balls, accompanied by cold welding due to their 

high plasticity. This process leads to the formation of larger agglomerates. In the later milling stages, due to 

plastic deformation and work hardening, the hardness of the particles increases, promoting their refinement to 

more uniform sizes. Repeated cycles of fracturing and cold-welding result in the formation of equiaxed particles, 

facilitating atomic diffusion and accelerating the synthesis of powder components. 

 

 

 

 
 

Figure 1. Morphology and granulometric composition of the powders: (a) mixed powder, (b) after 15 minutes of 

HEMA,  

(c) 30 minutes, (d) 45 minutes, (e) 60 minutes, and (f) 120 minutes 

 
The chemical composition of the powder before and after high-energy mechanical activation (HEMA) was 

analyzed using energy-dispersive X-ray spectroscopy (EDS), employing elemental mapping. The results of the 

EDS mapping of AlCoCrFeNi powders after HEMA demonstrated a uniform elemental distribution with no 

signs of macrosegregation (see Figure 2 and Table 1). This indicates a high degree of compositional 

homogeneity and a successful reaction between the initial powders, leading to the formation of BCC and FCC 

phases during the mechanical alloying process. 

The formation mechanism of such structures can be explained by intense plastic deformation, particle 

fracturing, and their subsequent cold welding during HEMA. These phenomena promote accelerated atomic 

diffusion, which in turn leads to the formation of a multicomponent solid solution. The high degree of elemental 

distribution homogeneity confirms the effectiveness of the mechanical alloying method in creating uniform 

multicomponent systems. 
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Figure 2. SEM image combined with EDS mapping of AlCoCrFeNi 

 
Table 1. Nominal chemical composition of individual phases of powders 
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w
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w
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1
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1

5.51 

2
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2
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1

4.15 

1
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1

9.23 

2

2.18 

1

7.42 

2

1.11 

3

0 

1
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2

0.09 

1

0.74 

2

0.09 

2

3.46 

2

0.11 

2

0.73 

2

0.07 

2

2.22 

1

9.64 

2

2.85 

4

5 

1
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1

2.26 

6

.28 

2

4.53 

2

7.44 

2

3.91 

2

3.60 

2

0.57 

2

1.80 

1

8.74 

2

0.88 

6

0 

1

500 

2

0.12 

1

0.76 

2

0.80 

2

4.29 

2

0.20 

2

4.29 

1

9.60 

2

1.69 

1

9.29 

2

2.44 

1

20 

1

500 

1

7.63 

9

.29 

2

0.94 

2

4.09 

2

0.21 

2

0.52 

2

0.50 

2

2.35 

2

0.73 

2

3.76 

 
Structural analysis was conducted using X-ray diffraction (XRD), and the results are presented in Figure 3. 

The diffraction peaks of the initial (mixed) powder primarily correspond to the pure elements present in the 

mixture. 

At the early stages of mechanical alloying (MA) using high-energy mechanical activation (HEMA), a 

significant decrease in the intensity of diffraction peaks was observed. This indicates the initiation of the 

disruption of the original crystalline structures and the formation of a solid solution. 
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After 15 minutes of milling, the diffraction peaks corresponding to Al and Co completely disappeared, 

signifying a high degree of interaction and dissolution of these elements during alloying. This phenomenon can 

be attributed to the high diffusivity of Al and Co, which actively interact with other elements, facilitating the 

formation of BCC and FCC crystalline phases. 

 

 
Figure 3. Results of X-ray diffraction analysis of AlCoCrFeNi alloy powders 

 

X-ray diffraction (XRD) analysis of Al-Co-Cr-Fe-Ni samples, performed before and after HEMA at various milling 

durations, revealed key phase transformations occurring during the mechanical synthesis process. 

Across all samples, starting from 15 minutes to 120 minutes of milling, the FCC phase was consistently detected, 

indicating its stability throughout the synthesis process. At early milling stages (15ï30 minutes), the FCC diffraction peaks 

corresponding to the (111), (200), and (220) planes were highly intense, suggesting a high degree of crystallinity. However, 

with increased milling time, the intensity of these peaks gradually decreased. This decline can be attributed to partial 

degradation of the crystalline structure under prolonged plastic deformation and material redistribution into other phases. 

The formation of the BCC phase was observed at later synthesis stages. The first indications of BCC phase emergence 

were detected between 45ï60 minutes, confirmed by the appearance of characteristic peaks such as (110) and (200). By 

120 minutes, the intensity of these peaks significantly increased, indicating further development of the BCC phase. The 

increased fraction of the BCC structure is likely associated with the transition of material from the FCC phase into the more 

thermodynamically stable BCC phase under prolonged mechanical alloying. 

At early synthesis stages (15ï30 minutes), the HCP phase was detected, as evidenced by diffraction peaks corresponding 

to the (100) and (002) planes. However, with increasing milling time, the fraction of the HCP phase gradually decreased. 

This phenomenon is attributed to atomic redistribution and the transformation of the HCP structure into more stable FCC 

or BCC phases. By 60ï120 minutes, the HCP peaks became weakly expressed, indicating a significant reduction in its 

fraction. 

At later mechanical synthesis stages (45ï120 minutes), an increase in the fraction of intermetallic compounds and oxides 

was observed. Diffraction peaks corresponding to intermetallics (such as NiAl) and oxides (such as AlϜOϝ) became evident. 

This could be attributed to chemical reactions between the powder mixture components during alloying, as well as 

interactions with oxygen that occur under standard atmospheric conditions. 

The XRD results demonstrate that prolonged milling leads to the progressive formation and strengthening of FCC, BCC, 

and HCP structures. At early synthesis stages, individual metallic phases dominate, which gradually transform into more 

stable and ordered phases, such as B2 or Laves phases, with continued processing. This confirms the complex nature of 

phase transformations and highlights the formation of multicomponent solid solutions and phase regions during mechanical 

alloying. 

Conclusions.This study analyzed the effect of mechanical alloying time on the phase composition and 

microstructure of the AlCoCrFeNi system, synthesized via high-energy mechanical alloying (HEMA) at 23ï

33ÁC. The AlCoCrFeNi system was chosen for its high compressive strength and hardness, with HEMA enabling 

rapid synthesis at room temperature. Key findings: 

- Particle size increased due to agglomeration (0ï60 min), then decreased (120 min) due to fracturing. 

- Uniform elemental distribution was confirmed by EDS, with no macrosegregation. 
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- FCC phase was dominant at early stages (15ï30 min), while BCC phase developed at later stages (45ï

120 min). 

- HCP phase formed initially but diminished over time, indicating instability. 

- Intermetallics (NiAl) and oxides (AlϜOϝ) appeared after 45 min, driven by chemical reactions. 

- B2 and Laves phases emerged at later stages, confirming complex phase transformations. 

HEMA effectively promotes solid solution formation, stabilizing FCC and BCC phases while enabling B2 

and Laves phase formation, making it a promising method for advanced material synthesis. 
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PLASMA ELECTROLYTIC OXIDATION (PEʆ): PROPERTIES, PARAMETER EFFECTS, AND TECHNOLOGY 

DEVELOPMENT OVERVIEW  

 
ɸʥʜʘʪʧʘ ʇʣʘʟʤʘʣʳϨ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʦʪʳϤʫ (ʇʕʊ) ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʪʘʣʜʘʨʜʳ ʘʥʦʜʪʘʫ ʞϸʥʝ ʧʣʘʟʤʘʣʳϨ 

ϺϬʜʝʫʜʽϬ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʧʨʦʮʝʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ϨʦʨϤʘʥʳʩ ʞʘʙʳʥʜʘʨʳʥ ʞʘʩʘʫʜʳϬ ʙʽʨʝʛʝʡ ϸʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʇʕʊ 

ʪʠʪʘʥ, ʘʣʶʤʠʥʠʡ ʞϸʥʝ ʤʘʛʥʠʡ Ϩʦʨʳʪʧʘʣʘʨʳ ʩʠʷϨʪʳ ϸʨʪϮʨʣʽ ʤʝʪʘʣʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʢʦʨʨʦʟʠʷʜʘʥ, ʪʦʟʫʜʘʥ 

ϨʦʨϤʘʫ ʞϸʥʝ ʳʩʪʳϨϨʘ ʪϺʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ Ϯʰʽʥ Ϩʦʣʜʘʥʳʣʘʜʳ. ʇʕʊ ϸʜʽʩʽ ʙʝʨʽʢʪʽʢ, ʢʦʨʨʦʟʠʷϤʘ ʪϺʟʽʤʜʽʣʽʢ, 

ʳʩʪʳϨϨʘ ʪϺʟʽʤʜʽʣʽʢ ʞϸʥʝ ʪʦʟʫϤʘ ʪϺʟʽʤʜʽʣʽʢ ʩʠʷϨʪʳ Ϻʥʽʤʜʽʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʜϸʩʪϮʨʣʽ ʞʘʙʳʥʜʘʨʜʘʥ 

ʘʡʪʘʨʣʳϨʪʘʡ ʘʩʳʧ ʪϮʩʝʪʽʥ ʞʘʙʳʥʜʘʨʜʳ ϨʘʣʳʧʪʘʩʪʳʨʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʇʕʊ ʥʝʛʽʟʛʽ 

ʤʝʭʘʥʠʟʤʜʝʨʽ, ʦʥʳϬ ʞʘʙʳʥ Ϩʘʩʠʝʪʪʝʨʽʥʝ ϸʩʝʨʽ ʞϸʥʝ ʧʨʦʮʝʩʪʽϬ ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳϨʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʧʨʦʮʝʩʩ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʪʘʣϨʳʣʘʥʘʜʳ. ʇʕʊ ʪʝʭʥʦʣʦʛʠʷʩʳ ʢʝϬ ʘʫϨʳʤʜʳ Ϩʦʣʜʘʥʙʘʣʘʨʜʘ ʤʝʪʘʣʜʘʨʜʳϬ 

Ϩʘʩʠʝʪʪʝʨʽʥ ϨʦʨϤʘʫ ʞϸʥʝ ʞʘϨʩʘʨʪʫ Ϯʰʽʥ ʞʘϬʘ ʤϮʤʢʽʥʜʽʢʪʝʨʜʽ ʘʰʳʧ, ʜʘʤʫʳʥ ʞʘʣϤʘʩʪʳʨʫʜʘ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ:  ʧʣʘʟʤʘʣʳϨ-ʵʣʝʢʪʨʦʣʠʪʪʽʢ, ʧʣʘʟʤʘʣʳϨ ʨʘʟʨʷʜ, ʵʣʝʢʪʨʦʣʠʪ, ʪʦʪʳϤʫ. 

 

ɸʥʥʦʪʘʮʠʷ  ʊʝʭʥʦʣʦʛʠʷ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ (ʇʕʆ) ð ʫʥʠʢʘʣʴʥʳʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʦʚʤʝʱʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʘʥʦʜʠʨʦʚʘʥʠʷ ʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ. 

ʇʕʆ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʠʪʘʥʦʚʳʝ, ʘʣʶʤʠʥʠʝʚʳʝ ʠ 

ʤʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʦʪ ʢʦʨʨʦʟʠʠ, ʠʟʥʦʩʘ ʠ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ. ʄʝʪʦʜ ʇʕʆ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʪʘʢʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʇʕʆ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʊʝʭʥʦʣʦʛʠʷ ʇʕʆ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʟʘʱʠʪʳ ʠ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʧʨʠʤʝʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ, ʧʣʘʟʤʝʥʥʳʡ ʨʘʟʨʷʜ, ʵʣʝʢʪʨʦʣʠʪ, ʦʢʠʩʣʝʥʠʝ. 

 

Abstract  Plasma electrolytic oxidation (PEʆ) technology is a unique method for creating protective coatings based on 

a combined process of anodizing and plasma treatment of metals. PEʆ is used to protect various metallic materials such 

as titanium, aluminum and magnesium alloys from corrosion, wear and increase heat resistance. The PEʆ method allows 

the formation of coatings that significantly exceed traditional coatings in terms of performance characteristics such as 

strength, corrosion resistance, heat resistance and wear resistance. This article discusses in detail the basic mechanisms 

of PEʆ, its effect on coating properties and the key process parameters that determine the efficiency of the process. PEʆ 

technology continues to evolve, opening up new opportunities to protect and enhance the properties of metals in a wide 

range of applications. 

Keywords: plasma-electrolytic, plasma discharge, electrolyte, oxidation. 

 

ʂʽʨʽʩʧʝ. ʇʣʘʟʤʘʣʳץ-ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʦʪʳסʫ ʧʨʦʮʝʩʽ ʪʫʨʘʣʳ ʥʝʛʽʟʛʽ ʠʜʝʷʣʘʨ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ 

 שʘʣʳץ ʘ ʜʘ ʤʝʪʘʣʜʘʨʜʘץʘʥʜʘ ʙʘʩסʦʩʘ ʘʣץ ʣ ʧʨʦʮʝʩʪʽ ʘʣʶʤʠʥʠʡ, ʤʘʛʥʠʡ ʞᴅʥʝ ʪʠʪʘʥʜʳײʘʣʳʧʪʘʩʪʳ. ɹץ

(ʦʥʜʘסʘʥ ʥʝʤʝʩʝ ʞװʟʜʝʛʝʥ ʤʠʢʨʦʤʝʪʨ) ʢʨʠʩʪʘʣʜʳ ʦʢʩʠʜʪʽ ʞʘʙʳʥʜʘʨʜʳ ʞʘʩʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

ᴄʜʽʩ ʧʣʘʟʤʘʣʳץ ʨʘʟʨʷʜʪʘʨʤʝʥ ʞװʨʝʪʽʥ ʵʣʝʢʪʨʦʣʠʪʪʝʨʜʝ ʤʝʪʘʣʜʘʨʜʳ ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ 

ᴇשʜʝʫʛʝ ʥʝʛ̔ʟʜʝʣʛʝʥ, ʙײʣ ʙʽʨʝʛʝʡ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ ʦʢʩʠʜʪʽ ץʘʙʘʪʪʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʫʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ. ʇʕʊ ʧʨʦʮʝʩʽʥʽש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʵʣʝʢʪʨʦʣʠʪ ײץʨʘʤʳ, ʢʝʨʥʝʫ ʤʝʥ ʪʦʢʪʳש ʪʳסʳʟʜʳסʳ, 

ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʙʝʨʫ ʨʝʞʠʤʽ (ʪʫʨʘ, ʠʤʧʫʣʴʩʪʽʢ ʥʝʤʝʩʝ ʘʡʥʳʤʘʣʳ ʪʦʢ) ʞᴅʥʝ ᴇשʜʝʫ ײʟʘץʪʳסʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʙʘץʳʣʘʫ ץʘʞʝʪʪʽ ᴇʥʽʤʜʽʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʢʩʠʜʪʽ 

ʞʘʙʳʥʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ʤʘץʩʘʪʪʳ ᴇʟʛʝʨʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.ɾʦסʘʨʳ ץʘʪʪʳʣʳץ ʧʝʥ װʟʜʽʢʩʽʟ ʪʦʩץʘʫʳʣ 

 ʰʘʫʣʘʫʜʳ ʞᴅʥʝ ʪʦʟʫʜʘʥ, ʪʦʪʪʘʥʫʜʘʥ ʞᴅʥʝץʣ ʞʘʙʳʥʜʘʨ ʵʣʝʢʪʨʣʽʢ ʦײʘʙʽʣʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙץ ʨʫײץ

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʜʳ. [1]ץ ʘʫʜʳסʦʨץ ʳʟʫʜʘʥץ

 ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʟʝʨʪʪʝʫ ϸʜʽʩʪʝʨʽ ɿʝʨʪʪʝʫʜʽש ʦʩʳ ʩʘʣʘʩʳʥʜʘסʳ ʞʘʣʧʳ ʙʝʣʛʽ-ʵʣʝʢʪʨʦʣʠʪʢʝ 

ʙʘʪʳʨʳʣסʘʥ ʵʣʝʢʪʨʦʜʪʘʨʜʳש ʙʝʪʽʥʜʝʛʽ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʝʛʽ ʞʘʨץʳʨʘʫ ʥʝʤʝʩʝ ʵʣʝʢʪʨ 

ʨʘʟʨʷʜʳʥʳש ʢᴇʨʽʥʫʣʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 
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ʇʣʘʟʤʘʥʳש ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʦʪʳסʫʳ ʵʣʝʢʪʨʦʣʠʟ ʧʨʦʮʝʩʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ, ʦʥʜʘ ʤʝʪʘʣʣ ʙʝʪʽ 

ʞʦסʘʨʳ ʪʦʢ ʪʳסʳʟʜʳסʳʥʘ ײʰʳʨʘʧ, ʵʣʝʢʪʨʦʣʠʪʪʝ ʧʣʘʟʤʘʣʳץ ʨʘʟʨʷʜ ʧʘʡʜʘ ʙʦʣסʳʟʘʜʳ. ʈʘʟʨʷʜ ʵʣʝʢʪʨʦʣʠʪ 

ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʳʜʳʨʘʫʳʤʝʥ ʙʽʨʛʝ ʞװʨʝʜʽ, ʙײʣ ʤʝʪʘʣʜʘ ʦʢʩʠʜʪʽ ץʘʙʘʪʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʳץʧʘʣ 

ʝʪʝʜʽ. ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ᴅʩʝʨʽʥʝʥ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʧʨʦʮʝʩʪʝʨ ʦʨʳʥ ʘʣʘʜʳ: 

ɹʝʪʪʽʢ ʪʦʪʳסʫ: ʵʣʝʢʪʨʦʣʠʪʪʝʛʽ ʵʣʝʢʪʨʦʜʪʘʨ ʤʝʪʘʣʤʝʥ ᴅʨʝʢʝʪʪʝʩʽʧ, ʘʣʶʤʠʥʠʡ װʰʽʥ !Ì/  ʥʝʤʝʩʝ ʪʠʪʘʥ 

 .ʟʽʣʫʽʥ ʪʫʜʳʨʘʜʳװʪ שʪʳ ʦʢʩʠʜʪʽʢ ʬʘʟʘʣʘʨʜʳץʰʽʥ 4É/ ʩʠʷװ

 ʀʦʥ ʘʣʤʘʩʫ ʨʝʘʢʮʠʷʣʘʨʳ:  ʧʨʦʮʝʩʩ ʢʝʟʽʥʜʝ ʝʨʽʪʽʥʜʽʜʝ ʠʦʥ ʘʣʤʘʩʫ ʞװʨʝʜʽ, ʙײʣ ʤʝʪʘʣʣ ʙʝʪʽʥʜʝ ʦʢʩʠʜ 

ʞᴅʥʝ ʛʠʜʨʦʢʩʠʜ ץʘʙʘʪʪʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ.  

 ʕʣʝʢʪʨʦʣʠʪʪʽʢ ʜʠʩʩʦʮʠʘʮʠʷ: ʞʘʙʳʥʥʳש ʪװʟʽʣʫ ʧʨʦʮʝʩʽ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʦʣʠʪ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש 

ʜʠʩʩʦʮʠʘʮʠʷʣʘʥʫʳ ʞװʨʝʜʽ. ɹײʣ ʟʘʪʪʳש ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʷʩʳʥ ʜʘ, ʞʘʙʳʥʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘ 

ʦʪʳʨʳʧ, ʞʘשʘ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳש ʪװʟʽʣʫʽʥ ʜʝ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ. ɾᴅʥʝ ʘʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, פʘʟʽʨʛʽ 

ʫʘץʳʪʪʘ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽʣʽʢ ʥʝʤʝʩʝ ʞʘץʩʘʨʪʳʣסʘʥ ʘʜʛʝʟʠʷ ʩʠʷץʪʳ ʞʘץʩʘʨʪʳʣסʘʥ ᴇʥʽʤʜʽʣʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ ʞʘʙʳʥʜʘʨʜʳ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞʘשʘ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʢʦʤʧʦʟʠʮʠʷʣʘʨ ᴅʟʽʨʣʝʥʫʜʝ. 

ʕʣʝʢʪʨʦʣʠʪ ײץʨʘʤʳ ʤʝʪʘʣʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ, ץʘʣʳשʜʳסʳʥ, ץʘʪʪʳʣʳסʳʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

 ʦʣʜʘʥʳʣʘʪʳʥץ ʞʠʽ שʘʨʘʜʳ. ɽץʟʽʣʫ ʧʨʦʮʝʩʽʥʜʝ ʰʝʰʫʰʽ ʨᴇʣ ʘʪװʪ שʪʘʡʪʳʥ ʞʘʙʳʥʥʳץʘʩʠʝʪʪʝʨʽʥ ʘʥʳץ

ʵʣʝʢʪʨʦʣʠʪʪʝʨ ʪʫʨʘʣʳ ʘʡʪʘʪʳʥ ʙʦʣʩʘץ, ʦʣʘʨ: 

 ʳʣ ʵʣʝʢʪʨʦʣʠʪʪʝʨץʳʰפ .1

 ʙʝʣʩʝʥʜʽ ץʪʳ ʭʠʤʠʷʣʳץʳʣʳ ((0/) ʩʠʷץʳʰץ ʳʣʳ ((3/), ʦʨʪʦʬʦʩʬʦʨץʳʰץ ʢʽʨʪװʨʘʤʳ: ʂײפ
 ʩʳץʘ ʞᴅʥʝ ʞʘץץʳʟʜʳסʘʨʳ ʪʳסʘʥ ʞʘʙʳʥʜʘʨ ᴅʜʝʪʪʝ ʞʦסʳʣ ʵʣʝʢʪʨʦʣʠʪʪʝʨʜʝ ʘʣʳʥץʳʰפ.ʳʣʜʘʨץʳʰץ

ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʉʝʙʝʙʽ ץʳʰץʳʣʜʘʨ ʪʳסʳʟʳʨʘץ ʞᴅʥʝ ʢװʰʪʽ ʦʢʩʠʜʪʽ ץʘʙʘʪʪʘʨʜʳש 

ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʳץʧʘʣ ʝʪʝ ʘʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʤײʥʜʘʡ ʞʘʙʳʥʜʘʨʜʘ ʞʦסʘʨʳ ʢʝʫʝʢʪʽʣʽʢ ʙʘʩʳʤʜʳʨʘץ ʙʦʣʘʜʳ. 

2. ʉʽʣʪʽʣʽʢ ʵʣʝʢʪʨʦʣʠʪʪʝʨ 

 ʘ ʩʽʣʪʽʣʝʨ ʙʘʨץʨʘʤʳʥʜʘ ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ (NaOH), ʢʘʣʠʡ ʛʠʜʨʦʢʩʠʜʽ (KOH) ʞᴅʥʝ ʙʘʩײץ :ʨʘʤʳײפ

ʩʽʣʪʽʣʽ ʝʨʽʪʽʥʜʽʣʝʨ. ɹײʣ ʞʘʙʳʥʜʘʨ ץʘʣʳשʳʨʘץ ʙʦʣʫʳ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʤʘʪʝʨʠʘʣסʘ ʞʦסʘʨʳ ʘʜʛʝʟʠʷʩʳ 

ʙʦʣʫʳʤʝʥ ʩʠʧʘʪʪʘʣʳʧ, ʦʣʘʨʜʳ ʘʨʤʘʪʫʨʘʣʳץ ʞᴅʥʝ ץʦʨסʘʥʳʩ ץʘʙʘʪʪʘʨʳ װʰʽʥ ץʦʣʘʡʣʳ ʝʪʝ ʘʣʘʜʳ. 

3. ɸʨʘʣʘʩ (ʢʦʤʧʦʟʠʮʠʷʣʳץ) ʵʣʝʢʪʨʦʣʠʪʪʝʨ 

 ,ʢʨʝʤʥʠʡ, ʪʠʪʘʥ ץʦʩʧʘʩʳ, ʩʦʥʜʘʡ-ʘץ ʞᴅʥʝ ʩʽʣʪʽʣʽ ʢʦʤʧʦʥʝʥʪʪʝʨ ץʳʣʜʳץʳʰץ ʨʘʤʳʥʜʘײפ :ʨʘʤʳײפ

ʮʠʨʢʦʥʠʡ ʥʝʤʝʩʝ ʤʘʛʥʠʡ ʩʠʷץʪʳ ץʦʩʧʘʣʘʨ ʙʘʨ ʢʦʤʧʦʟʠʮʠʷʣʘʨʜʳ ʞʘʪץʳʟʘʤʳʟ[1]. 

ʕʣʝʢʪʨʦʣʠʪʪʝʨʜʽץ שʦʩʳʣʫ ʤᴇʣʰʝʨʣʝʤʝʩʽʥ ʘʡʪʘʪʳʥ ʙʦʣʩʘץ: ʬʦʩʬʘʪ ʵʣʝʢʪʨʦʣʠʪʪʝʨ: 15-30% ʬʦʩʬʘʪ 

ʪײʟʜʘʨʳ ʙʘʨ ʝʨʽʪʽʥʜʽʣʝʨ ᴅʜʝʪʪʝ ץʦʣʜʘʥʳʣʘʜʳ. ʉʠʣʠʢʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨ: ʞʘʙʳʥʥʳץ שʘʞʝʪʪʽ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽ 

 שʳʣʳ: ʞʘʙʳʥʥʳץʳʰץ ʘ ʜʝʡʽʥ ᴇʟʛʝʨʝʜʽ. ɹʦʨס- ʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʠʽ 5% -ʜʘʥ 20%ץ

ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ 10-20%. ɸʣʶʤʠʥʠʡ װʰʽʥ 20% ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʙʘʨ 

ʬʦʩʬʘʪ ʵʣʝʢʪʨʦʣʠʪʽ ʞʠʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ [1].  

ʕʣʝʢʪʨʦʣʠʪ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʨʅ ʞᴅʥʝ ʦʥʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʘʙʳʥʥʳש 

 .ʘʩʠʝʪʪʝʨʽʥʝ ʙʽʨʪʘʣʘʡ ᴅʩʝʨ ʝʪʝʜʽץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʵʣʝʢʪʨʦʣʠʪʪʽײץ שʨʘʤʳ ʞʘʙʳʥʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ʄʳʩʘʣʳ, ʬʦʩʬʘʪ 

ʵʣʝʢʪʨʦʣʠʪʪʝʨʽʥ ץʦʣʜʘʥʫ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʞʘʙʳʥʜʘʨʜʳ ʘʣʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ, ʘʣ 

ʙʦʨʦʩʠʣʠʢʘʪʪʳ ʵʣʝʢʪʨʦʣʠʪʪʝʨ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ. ʌʦʩʬʘʪʪʘʨ, ʙʦʨʘʪʪʘʨ, ʚʦʣʴʬʨʘʤʜʘʨ, 

ʩʠʣʠʢʘʪʪʘʨ, ʘʣʶʤʠʥʘʪʪʘʨ ʙʘʨ ʝʨʽʪʽʥʜʽʣʝʨʜʝ ʇʕʊ ʧʨʦʮʝʩʽʥ ʞװʨʛʽʟʫ ʙʝʪʪʽש ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥʽש 

 ʣײʘ ʪᴇʟʽʤʜʽʣʽʢ. ɹסʘ ʪᴇʟʽʤʜʽʣʽʢ, ʢʦʨʨʦʟʠʷץץʘ ʪᴇʟʽʤʜʽʣʽʢ, ʳʩʪʳסʪʦʟʫ ,ץʘʪʪʳʣʳץ :ʘʣʳʧʪʘʩʫʳʥʘ ᴅʢʝʣʝʜʽץ

 ʘʪʳʩʘץ ʘסʨʝʘʢʮʠʷʣʘʨ ץʞᴅʥʝ ʤʠʢʨʦʧʣʘʟʤʘʣʳ ץʵʣʝʢʪʨʦʭʠʤʠʷʣʳ ,ץʠʦʥʜʘʨʳ ʭʠʤʠʷʣʳ שʦʩʧʘʣʘʨʜʳץ

ʘʣʘʪʳʥʜʳסʳʥ ʞᴅʥʝ ʦʢʩʠʜʪʽ ץʦʩʳʣʳʩʪʘʨ ʪװʨʽʥʜʝ ʞʘʙʳʥסʘ ʝʥʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʵʣʝʢʪʨʦʣʠʪʪʝʨ 

ʤʠʢʨʦʧʣʘʟʤʘʣʳץ ʨʝʞʠʤʜʝ ʞʘʙʳʥʜʘʨʜʳ ʩʠʥʪʝʟʜʝʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. [2]. 

ɼʝʛʝʥʤʝʥ, ʇʕʊ ʪʝʭʥʦʣʦʛʠʷʩʳ ץʘʪʘʡʪʳʣסʘʥ ʦʢʩʠʜʪʽ ץʘʙʘʪʪʘʨʜʳש ʙʽʨʜʝʡ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝ ʙʝʨʤʝʡʜʽ. ʄʝʪʘʣʣ-ʦʢʩʠʜʪʽ ʞʘʙʳʥʥʳש ʠʥʪʝʨʬʝʡʩʽʥʝʥ ʩʳʨʪץʳ װʩʪʽשʛʽ ץʘʙʘʪץʘ ʜʝʡʽʥ 

 ʧʘʣץʳʥʜʳ ʪʦʟʫʳʥʘ ʳץʘʨץ שʡʽʩʝʪʽʥ ʙᴇʣʽʢʪʝʨʜʽװʤʳʩ ʢʝʟʽʥʜʝ ʪײʣ ʞײʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳ ʙʘʨ, ʙ שʪʳץʘʪʪʳʣʳץ

ʝʪʝʜʽ. ʇʕʊ ᴅʜʽʩʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʢװʰʝʡʪʝʪʽʥ ᴇשʜʝʫʽʥ ʞʘץʩʘʨʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʩʘʧʘʣʳ ʞʘשʘ ץʘʜʘʤ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʦʥʳש ʧʨʦʮʝʩʽʥʜʝ ʦʢʩʠʜ ץʘʙʘʪʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ʧʣʘʟʤʘʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ 

ʤʝʭʘʥʠʟʤʜʝʨʽ ʙʽʨʽʢʪʽʨʽʣʝʜʽ. ʇʕʊ ʞʘʙʳʥʜʘʨʳʥʳש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʙʽʨʽ ʦʣʘʨʜʳש ʞʦסʘʨʳ 

 ʳץץʡʢʝʣʽʩ ʞᴅʥʝ ʩʦװ ʘʫʜʘ, ᴅʩʽʨʝʩʝסʦʨץ ʪʦʟʫʜʘʥ ץʣ ʦʣʘʨʜʳ ʤʝʭʘʥʠʢʘʣʳײʳ ʩʘʥʘʣʘʜʳ. ɹסʘʪʪʳʣʳץ

ʞװʢʪʝʤʝʣʝʨʽ ʞʘסʜʘʡʳʥʜʘ ʪʠʽʤʜʽ ʝʪʝʜʽ. ɼᴅʩʪװʨʣʽ ʘʥʦʜʪʘʣסʘʥ ʞʘʙʳʥʜʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʇʕʊ 

ʞʘʙʳʥʜʘʨʳ ʘʥʦʜʪʘʣסʘʥ ʞʘʙʳʥʜʘʨסʘ ʪᴅʥ ʩʪʘʥʜʘʨʪʪʳ 400-500 HV ʘʡʪʘʨʣʳץʪʘʡ ʘʩʳʧ ʪװʩʝʪʽʥ 2000 HV 

ʜʝʡʽʥ ץʘʪʪʳʣʳץץʘ ʞʝʪʫʽ ʤװʤʢʽʥ[1]. ɾʘʙʳʥʥʳץ שʘʪʪʳʣʳסʳ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨסʘ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʵʣʝʢʪʨʦʣʠʪʪʽײץ שʨʘʤʳʥʘ, ʧʨʦʮʝʩʩ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʝʨʥʝʫʛʝ ʞᴅʥʝ ʤʝʪʘʣʜʳש ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

ʂʝʨʥʝʫ ʥʝײסʨʣʳʤ ʞʦסʘʨʳ ʙʦʣʩʘ, ʞʘʙʳʥ ʪʳסʳʟʳʨʘץ ʞᴅʥʝ ץʘʪʪʳʨʘץ ʙʦʣʘʜʳ. ɹʽʨʘץ ʘʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, ʪʝʧʝ-
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ʪʝשʜʽʢʪʽ ʩʘץʪʘʫ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʢʝʣʝʜʽ, ᴇʡʪʢʝʥʽ ʰʘʤʘʜʘʥ ʪʳʩ ʢʝʨʥʝʫ ʞʘʙʳʥʜʘסʳ  ʘץʘʫ ʤʝʥ ʞʳʨʳץʪʘʨסʘ 

ᴅʢʝʣʫʽ ʤװʤʢʽʥ [3]. 

ʄʳʩʘʣʳ, ʇʕʊ ᴅʜʽʩʽʤʝʥ ᴇʥʜʽʨʽʣʛʝʥ ʪʠʪʘʥ ʞʘʙʳʥʳ ʪʝשʽʟ ʩʫʳʥʳש ʘʛʨʝʩʩʠʚʪʽ ᴅʩʝʨʽʥʝ ʪᴇʪʝʧ ʙʝʨʝ ʘʣʘʜʳ, 

ʙײʣ ʦʥʳ ʪʝשʽʟ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʞᴅʥʝ ʢʝʤʝʣʝʨ ʤʝʥ ʩʫ ʘʩʪʳʥʜʘסʳ ʢᴇʣʽʢʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ 

ᴇʥʜʽʨʫʜʝ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ᴇʪʝ ץʦʣʘʡʣʳ ץʳʣʘʜʳ[4].  

ʇʕʊ ʞʘʙʳʥʜʘʨʳʥʳש ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʘʨʪʳץʰʳʣʳסʳ ʦʣʘʨʜʳש ʞʦסʘʨʳ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʞʘʙʳʥʜʘʨ ײץʨʘʤʳ ʤʝʥ ץʘʙʘʪʳʥʳץ שʘʣʳשʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 1000ÁC ʞᴅʥʝ ʦʜʘʥ ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘסʘ ʰʳʜʘʤʜʳ ʙʦʣʳʧ ʢʝʣʝʜʽ. ɹײʣ  ʞʘʙʳʥʜʘʨʳʥ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʪʫʨʙʠʥʘʣʘʨ, ץʦʟסʘʣʪץʳʰʪʘʨ 

ʞᴅʥʝ ʞʳʣʳʪʫ ʞװʡʝʩʽʥʽײץ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽ ʩʠʷץʪʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ײʰʳʨʘʡʪʳʥ ץʦʣʜʘʥʙʘʣʘʨ 

 .ʤʢʽʥʜʽʢ[5]װʰʽʥ ʢʝʨʝʤʝʪ ʤװ

ʄʳʩʘʣʳ, ʩʠʣʠʢʘʪ ʵʣʝʢʪʨʦʣʠʪʪʝʨʽʥ ʧʘʡʜʘʣʘʥסʘʥ ʢʝʟʜʝ, ʇʕʊ ʞʘʙʳʥʜʘʨʳ ʘʵʨʦסʘʨʳʰʪʳץ ʞᴅʥʝ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ װʣʛʽʥʽ ʘʣʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ɾʘʙʳʥʜʘ ʙʠʦװʡʣʝʩʽʤʜʽ P, Ca ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʙʦʣʫʳ ʵʣʝʢʪʨʦʣʠʪʪʝʨʜʝ ʥʘʪʨʠʡ ʬʦʩʬʘʪʳʥʳש ʞᴅʥʝ ʢʘʣʴʮʠʡ 

ʘʮʝʪʘʪʳʥʳש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʅʘʪʨʠʡ ʩʠʣʠʢʘʪʳʥʳש ʞᴅʥʝ ʙʦʨ ץʳʰץʳʣʳʥʳש 

 .ʨʘʤʳʥʘ ʘʟ ᴅʩʝʨ ʝʪʝʜʽ. [2]ײץ ʳסʞʘʙʳʥʜʘ שʦʩʧʘʣʘʨʳ ʦʣʘʨʜʳץ

ʄʝʜʠʮʠʥʘʣʳץ ʪᴅʞʽʨʠʙʝʜʝ ʇʕʊ ʞʘʙʳʥʜʘʨʳ ʠʤʧʣʘʥʪʘʮʠʷʣʘʥʘʪʳʥ ʤʝʜʠʮʠʥʘʣʳײץ ץʨʳʣסʳʣʘʨʜʳ 

 ʘʥ ʇʕʊסʦʨʳʪʧʘʣʘʨʳʥʜʘ ʞʘʩʘʣץ שʘʥ ʙʦʣʘʪʳʥ. ʊʠʪʘʥ ʤʝʥ ʦʥʳץʦʣʜʘʥʙʘʥʳ ʪʘʧץ ʘʥסʘ ʘʨʥʘʣסʘʫסʦʨץ

ʞʘʙʳʥʜʘʨʳ ʪʘʤʘʰʘ ʙʠʦװʡʣʝʩʽʤʜʽʣʽʢʢʝ ʠʝ, ʙײʣ ʦʣʘʨʜʳ ʙʫʳʥ ʧʨʦʪʝʟʜʝʨʽ, ʩʪʝʥʪʪʝʨ ʞᴅʥʝ ʙʘʩץʘ ײץʨʳʣסʳʣʘʨ 

ʩʠʷץʪʳ ʠʤʧʣʘʥʪʘʪʪʘʨʜʘ ץʦʣʜʘʥʫסʘ ᴇʪʝ ץʦʣʘʡʣʳ ʝʪʝʜʽ[6]. ɹײʣ ʞʘʙʳʥʜʘʨʜʳש ʝש ʤʘשʳʟʜʳ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

- ʜʝʥʝʥʽץ שʘʙʳʣʜʘʤʘʫ ʳץʪʠʤʘʣʜʳסʳʥ ʘʟʘʡʪʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʨʪװʨʣʽ ʙᴇʣʰʝʢʪʝʨʜʽ ʥʳסʘʡʪʫ 

ʞᴅʥʝ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʜʝ ʩʦסשʳ ʫʘץʳʪʪʘ ᴇʟʜʽʛʽʥʝʥ ʘסʳʥʜʳ ץʦʨʳʪʧʘʣʘʨʳ ʙʘʨ ʧʣʘʟʤʘʣʳץ 

ʞʘʙʳʥʜʘʨ [5] ʞᴅʥʝ ᴅʨʪװʨʣʽ ʢʦʤʧʦʟʠʪʪʽʢ ʞʘʙʳʥʜʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʜʘ. 

ʇʣʘʟʤʘʣʳץ-ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʦʪʳסʫ ʧʨʦʮʝʩʽ ʢʝʟʽʥʜʝ ʢᴇʧʪʝʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨ ʞʘʙʳʥʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ 

ʝʪʫʽ ʤװʤʢʽʥ ʩʦʣ װʰʽʥ ʦשʪʘʡʣʳ ʥᴅʪʠʞʝ ʘʣʫʜʘ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ᴅʨץʘʡʩʳʩʳʥ ʜײʨʳʩ ʨʝʪʪʝʫ ʤʘשʳʟʜʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

 ʇʨʦʮʝʩʪʝʛʽ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʙʽʨʽ ʢʝʨʥʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʝʨʥʝʫʜʽ ʞʦסʘʨʳʣʘʪʫ ʘʨץʳʣʳ ץʘʣʳש 

ʞᴅʥʝ ʢװʰʪʽ ʞʘʙʳʥסʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ, ʙʽʨʘץ ʢʝʫʝʢʪʽʣʽʢ ʧʝʥ ʞʳʨʳץʪʘʨ ʩʠʷץʪʳ ʘץʘʫʣʘʨʜʳש ʧʘʡʜʘ 

ʙʦʣʫʳ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, ʘʣʶʤʠʥʠʡ ץʦʨʳʪʧʘʣʘʨʳ װʰʽʥ ʢʝʨʥʝʫ ᴅʜʝʪʪʝ 300-400 ɺ, ʪʠʪʘʥ װʰʽʥ - ʰʘʤʘʤʝʥ 

500 ɺ [7]. 

ʊʦʢʪʳש ʪʳסʳʟʜʳסʳʥ ʙʘץʳʣʘʫ ʜʘ ʤʘשʳʟʜʳ ʙʽʨ ʙᴇʣʽʢ, ᴇʡʪʢʝʥʽ ʞʦסʘʨʳ ʤᴅʥʜʝʨ ץʳʟʳʧ ʢʝʪʫʛʝ ʞᴅʥʝ 

ʞʘʙʳʥ ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

ʇʣʘʟʤʘʣʳץ-ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʦʪʳסʫ ʧʨʦʮʝʩʽʥʜʝ ʵʣʝʢʪʨʦʣʠʪ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʘשʳʟʜʳ ʨᴇʣʛʝ ʠʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʳʤ ʞʦסʘʨʳ ʙʦʣʩʘ, ʙײʣ ʞװʡʝʥʽץ שʳʟʳʧ ʢʝʪʫʽʥʝ ʞᴅʥʝ ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʣʫʽʥʝ ᴅʢʝʣʫʽ 

ʤװʤʢʽʥ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʞʘʙʳʥʜʘ ʪʝʩʽʢʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ʂᴇʧʪʝʛʝʥ ʵʣʝʢʪʨʦʣʠʪʪʝʨ װʰʽʥ 

ʦשʪʘʡʣʳ ʪʝʤʧʝʨʘʪʫʨʘ 20-30 Á C ײץʨʘʡʜʳ [7]. 

ɾʦסʘʨʳ ʩʘʧʘʣʳ ʞʘʙʳʥʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʧʨʦʮʝʩʪʽײ שʟʘץʪʳסʳ ʜʘ ʤʘשʳʟʜʳ. ʊʳʤ ץʳʩץʘ ᴇשʜʝʫ 

ʫʘץʳʪʳ ʞʘʙʳʥ ץʘʣʳשʜʳסʳʥʳש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ʘʣ ʪʳʤ ײʟʘץ ʫʘץʳʪ ʢʝʫʝʢʪʽʣʽʢ ʩʠʷץʪʳ 

ʘץʘʫʣʘʨʜʳש ʳץʪʠʤʘʣʜʳסʳʥ ʘʨʪʪʳʨʘʜʳ. ᴄʜʝʪʪʝ ʇʕʊ ʧʨʦʮʝʩʽ ʤʘʪʝʨʠʘʣ ʪװʨʽʥʝ ʞᴅʥʝ ץʘʞʝʪʪʽ ʞʘʙʳʥ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 10 ʤʠʥʫʪʪʘʥ 30 ʤʠʥʫʪץʘ ʜʝʡʽʥ ʩʦʟʳʣʘʜʳ [8]. 

ɾʘʙʳʥʜʳ ʘʣʫʜʘ ᴇשʜʝʫ ʫʘץʳʪʳ ʜʘ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʤʳʩʘʣʳ: 

Å פʳʩץʘ ʫʘץʳʪ (5-10 ʤʠʥ): ʞץײʘ, ʞʦסʘʨʳ ʪʳסʳʟʜʳץʪʘסʳ ʞʘʙʳʥ ʪװʟʝʪʽʥ ʙʦʣʩʘ, 

Å ʆʨʪʘʰʘ ʫʘץʳʪ (15ï30 ʤʠʥ): ץʘʣʳשʜʳץ, ʪʳסʳʟʜʳץ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʢ ʘʨʘʩʳʥʜʘסʳ ʦשʪʘʡʣʳ 

 .ʣʛʽʥʽ ʘʣʘʜʳװ

Å ױʟʘץ ʫʘץʳʪ (30 ʤʠʥ-ʪʘʥ ʢᴇʙʽʨʝʢ): ʞʘʙʳʥ ץʘʣʳש, ʙʽʨʘץ ʢʝʫʝʢʪʽʣʽʢ ʧʝʥ ʢʨʝʢʠʥʛ 

ʳץʪʠʤʘʣʜʳסʳ ʞʦסʘʨʳ ʙʦʣʘʜʳ.  
ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʇʕʊ-ʜʘ ʜʠʬʬʫʟʠʷʣʳץ, ʞʳʣʫʣʳץ, ʧʣʘʟʤʘʣʳץ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʦʬʠʟʠʢʘʣʳץ 

ʧʨʦʮʝʩʪʝʨ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ, ʘʣ  ʞᴅʥʝ ʦʩʳ ʘʪʘʣסʘʥ ʤʘשʳʟʜʳ ʨᴇʣʜʝʨ ʧʨʦʮʝʩʪʽש ᴅʨʪװʨʣʽ ʢʝʟʝשʜʝʨʽʥʜʝ 

ᴇʟʛʝʨʝʜʽ.  

ʊʦʟʫסʘ ʪᴇʟʽʤʜʽ, ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ, ʜʠʵʣʝʢʪʨʣʽʢ, ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽ ʞᴅʥʝ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʩᴅʥʜʽʢ 

ʞʘʙʳʥʜʘʨʜʳ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʧʝʥ, ʘʧʧʘʨʘʪʪʳץ ʜʠʟʘʡʥʥʳש 

 ʥʝʤʜʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʧʨʦʮʝʩʪʽװ ,ʳʤʝʥסʪʘʟʘʣʳ ץʵʢʦʣʦʛʠʷʣʳ שʳʤʝʥ ʞᴅʥʝ ʵʣʝʢʪʨʦʣʠʪʪʝʨʜʽסʘʨʘʧʘʡʳʤʜʳʣʳץ

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ װʡʣʝʩʝʜʽ-ʤײʥʳש ʙᴅʨʽ ʇʕʊ ʧʨʦʮʝʩʽʥ ᴇʥʝʨʢᴅʩʽʧʢʝ ʢʝשʽʥʝʥ ʝʥʛʽʟʫ װʰʽʥ 

 .ʦʣʘʡʣʳ ʬʘʢʪʦʨʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [9]ץ

ʇʣʘʟʤʘʣʳץ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʦʪʳסʫ ʩʘʣʘʩʳʥʜʘסʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʽʣʛʝʥ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʞʘʙʳʥʜʘʨʜʳ ʞʘʩʘʫ װʰʽʥ ʙײʣ ᴅʜʽʩʪʽש ʢʝש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ[10]. ʇʨʦʮʝʩʪʝ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʵʣʝʢʪʨʦʣʠʪ ײץʨʘʤʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʤʝʭʘʥʠʢʘʣʳץ, ʢʦʨʨʦʟʠʷʣʳץ ʞᴅʥʝ ʢʘʪʘʣʠʪʠʢʘʣʳץ 
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ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞʘץʩʘʨʪʳʣסʘʥ ʞʘʙʳʥʜʘʨʜʳ ʘʣʫסʘ ʙʦʣʘʪʳʥʳʥ, ʙײʣ ʦʣʘʨʜʳ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʫ 

ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥ ʘʰʘ ʘʣʘʪʳʥʜʳסʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ [11]. 

ϧʦʨʳʪʳʥʜʳ: ʇʣʘʟʤʘʣʳץ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʦʪʳסʫ ᴅʜʽʩʽ ʤʝʪʘʣʜʘʨסʘ ץʦʨסʘʥʳʩ ʞʘʙʳʥʜʘʨʳʥ ʞʘʩʘʫʜʳש ʝש 

ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʇʕʊ ʧʨʦʮʝʩʽ ʞʦסʘʨʳ ʙʝʨʽʢʪʽʛʽ, ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ, ʳʩʪʳץץʘ 

ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʙʘʨ ʞʘʙʳʥʜʘʨʜʳ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʦʥʳ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨ װʰʽʥ 

ʪʘʧʪʳʨʤʘʩ ʝʪʝʜʽ. ʂʝʨʥʝʫ, ʵʣʝʢʪʨʦʣʠʪ ײץʨʘʤʳ ʞᴅʥʝ ᴇשʜʝʫ ʫʘץʳʪʳ ʩʠʷץʪʳ ʧʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ᴅʩʝʨʽ 

 ץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʇʣʘʟʤʘʣʳװʘ ʤסʪʘʡʣʘʥʜʳʨʫשʘʩʠʝʪʪʝʨʽʥ ʦץ ʘ ʙʘʡʣʘʥʳʩʪʳ ʞʘʙʳʥסʘʞʝʪʪʽ ʩʠʧʘʪʪʘʤʘʣʘʨץ

ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʦʪʳסʫʳ ʙʽʨʝʛʝʡ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ ʞʘʙʳʥʜʘʨʜʳ ʘʣʫʜʳש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʊʝʭʥʦʣʦʛʠʷʥʳש ʜʘʤʫʳ, ʞʘʙʜʳץʪʳש ʞʝʪʽʣʜʽʨʽʣʫʽ ʞᴅʥʝ ʵʣʝʢʪʨʦʣʠʪʪʝʨʜʽש ʤʦʜʠʬʠʢʘʮʠʷʩʳ 

ʞʘʙʳʥʜʘʨʜʳש ᴇʥʽʤʜʽʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘץʩʘʨʪʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʷʩʳʥ ʢʝשʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʇʕʊ ʪʝʭʥʦʣʦʛʠʷʩʳ ʢʝש ʘʫץʳʤʜʳ ץʦʣʜʘʥʙʘʣʘʨʜʘ ʤʝʪʘʣʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ץʦʨסʘʫ ʞᴅʥʝ ʞʘץʩʘʨʪʫ 

  .ʘʩʪʳʨʫʜʘסʤʢʽʥʜʽʢʪʝʨʜʽ ʘʰʳʧ, ʜʘʤʫʳʥ ʞʘʣװʘ ʤשʰʽʥ ʞʘװ
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ɻɸɿʆʊɽʈʄʀʗʃʓפ ᴄɼɯʉʊɽʈʄɽʅ ɸʃʓʅנɸʅ WC-Co-Cr , WC-Ni Cr , WC-Ni, AL 2O3-Ni Cr  ɾᴄʅɽ CR3C2-NiCr  ʄɽʊɸʃʃ 

ʂɽʈɸʄʀʂɸʃʓפ ɾɸɹʓʅɼɸʈʓʅʓר ʌʀɿʀʂɸ-ʄɽʍɸʅʀʂɸʃʓפ פɸʉʀɽʊʊɽʈɯʅ ɿɽʈʊʊɽʋ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʄɽʊɸʃʃʆʂɽʈɸʄʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ WC-Co-Cr , WC-

Ni Cr , WC-Ni, AL 2O3-Ni Cr  ʀ CR3C2-NiCr, ʇʆʃʋʏɽʅʅʓʍ ɻɸɿʆʊɽʈʄʀʏɽʉʂʀʄʀ ʄɽʊʆɼɸʄʀ 

INVESTIGATION OF THE PHYSICO -MECHANICAL PROPERTIES OF METAL -CERAMIC COATINGS CR3C2-NiCr  AND CR3C2-NiCr  

OBTAINED BY GAS -THERMAL METHODS  

 
ɸϬʜʘʪʧʘ. ɻʘʟʦʪʝʨʤʠʷʣʳϨ ʙϮʨʢʫ (ɻʊɹ) - ʢϺʧʪʝʛʝʥ ʤʘʪʝʨʠʘʣʜʘʨϤʘ ϨʦʨϤʘʥʳʩ ʞϸʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳ ʞʘʙʳʥʜʘʨʜʳ ϨʦʣʜʘʥʫʜʳϬ 

ʢʝϬ ʪʘʨʘʣϤʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳϬ ʙʽʨʽ. ɹϰʣ ʧʨʦʮʝʩʩ ʞʦϤʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘϤʘ ʪϺʟʽʤʜʽ ʞϸʥʝ ʞʦϤʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʳʜʳʨʘʤʘʡʪʳʥ ʩʳʤʜʘʨ, h ʳʙʳϨʪʘʨ ʞϸʥʝ ϰʥʪʘϨʪʘʨ ʩʠʷϨʪʳ ϸʨʪϮʨʣʽ ʙʘʩʪʘʧϨʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳ Ϩʘʤʪʫʳ ʤϮʤʢʽʥ. 

ɹϰʣ ʤʘϨʘʣʘʜʘ WC-Co-Cr, WC-Ni-Cr, WC-Ni, Al2O3-Ni-Cr ʞϸʥʝ Cr3C2-NiCr ʥʝʛʽʟʽʥʜʝʛʽ ʞʘʙʳʥʜʘʨʜʳ ϨʦʣʜʘʥʫʜʳϬ ʝϬ ʪʠʽʤʜʽ 

ϸʜʽʩʪʝʨʽʥʽϬ ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʜʝʪʦʥʘʮʠʷʣʳϨ ʙϮʨʢʫʛʝ ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʘ ʦʪʳʨʳʧ, ʛʘʟʦʪʝʨʤʠʷʣʳϨ ʙϮʨʢʫ ϸʜʽʩʽ 

Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɼʝʪʦʥʘʮʠʷʣʳϨ ʙϮʨʢʫ ʛʘʟʦʪʝʨʤʠʷʣʳϨ ϸʜʽʩʪʽϬ ʙʽʨ ʪϮʨʽ ʙʦʣʘ ʦʪʳʨʳʧ, Ϻʥʽʤʜʽʣʽʛʽ ʞʦϤʘʨʳ ʞʘʙʳʥʜʘʨʜʳ ʘʣʫϤʘ 

ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʳʩʘʣʳ, WC-Co-Cr ʞϸʥʝ WC-Ni-Cr ʥʝʛʽʟʽʥʜʝʛʽ ʞʘʙʳʥʜʘʨ ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʜʘʥ ʪʠʽʤʜʽ ϨʦʨϤʘʫʜʳ Ϩʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʢʘʨʙʠʜʪʽ ʬʘʟʘʣʘʨʜʳϬ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦϤʘʨʳ ʪʦʟʫϤʘ ʪϺʟʽʤʜʽʣʽʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. Ϲʟ ʢʝʟʝʛʽʥʜʝ, Al2O3-Ni-Cr 

ʞϸʥʝ Cr3C2-NiCr ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨ ʢʦʨʨʦʟʠʷϤʘ ʞϸʥʝ ʳʩʪʳϨϨʘ ʪϺʟʽʤʜʽ Ϩʘʩʠʝʪʪʝʨʛʝ ʠʝ, ʙϰʣ ʦʣʘʨʜʳ ϸʩʽʨʝʩʝ ʘʛʨʝʩʩʠʚʪʽ 

ʦʨʪʘʜʘ ʞϸʥʝ ʞʦϤʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ϨʦʣʜʘʥʫϤʘ ʞʘʨʘʤʜʳ ʝʪʝʜʽ. ɾʘʙʳʥ ʙʝʪʽʥʽϬ ʥʘϨʪʳ ʩʫʨʝʪʪʝʨʽʥ ʘʣʫ, ϰʥʪʘϨ ʙϺʣʰʝʢʪʝʨʽʥʽϬ 

ʧʽʰʽʥʽ ʤʝʥ ʪʘʨʘʣʫʳʥ, ʦʣʘʨʜʳϬ ʩʫʙʩʪʨʘʪʧʝʥ Ϻʟʘʨʘ ϸʨʝʢʝʪʪʝʩʫʽʥ ʟʝʨʪʪʝʫ ʞϸʥʝ ʢʝʫʝʢʪʽʣʽʢ ʧʝʥ ʘϨʘʫʣʘʨʜʳ ʩʢʘʥʝʨʣʝʫʰʽ 

ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʳϬ (ʉʕʄ) ʢϺʤʝʛʽʤʝʥ ʙʘϤʘʣʘʫϤʘ ʙʦʣʘʜʳ. ʉʕʄ ϸʨʪϮʨʣʽ ʙϮʨʢʫ ʪʝʭʥʠʢʘʩʳ, ʩʦʥʳϬ ʽʰʽʥʜʝ ʜʝʪʦʥʘʮʠʷʣʳϨ 

ʙϮʨʢʫ ʘʨϨʳʣʳ ʞʘʩʘʣϤʘʥ ʞʘʙʳʥʜʘʨʜʳϬ ʤʠʢʨʦϨϰʨʳʣʳʤʳʥ ʪʘʣʜʘʫ Ϯʰʽʥ Ϩʦʣʜʘʥʳʣʘʜʳ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʜʝʪʦʥʘʮʠʷʣʳϨ ʙϮʨʢʫ, ʞʘʙʳʥʜʘʨ, ʤʝʪʘʣʣ ϰʥʪʘϨʪʘʨʳ. 

 

ɸʥʥʦʪʘʮʠʷ. ɻʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (ɻʊʅ) ð ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʚʦʣʦʢʘ, ʧʨʫʪʢʠ ʠ ʧʦʨʦʰʢʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʥʝ 

ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩ ʘʢʮʝʥʪʦʤ 

ʥʘ ʜʝʪʦʥʘʮʠʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ WC-

Co-Cr, WC-Ni-Cr, WC-Ni, Al2O3-Ni-Cr ʠ Cr3C2-NiCr. ɼʝʪʦʥʘʮʠʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʷʚʣʷʷʩʴ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʢʨʳʪʠʷ ʩ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ 

WC-Co-Cr ʠ WC-Ni-Cr ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʘʨʙʠʜʥʳʭ ʬʘʟ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʱʠʪʫ ʦʪ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ Al2O3-Ni-Cr ʠ Cr3C2-NiCr ʦʪʣʠʯʘʶʪʩʷ 

ʫʣʫʯʰʝʥʥʳʤʠ ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʠ ʪʝʨʤʦʩʪʦʡʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.ʇʦʣʫʯʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʬʦʨʤʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʜʣʦʞʢʦʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʜʝʬʝʢʪʳ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ). ʉʕʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʦʢʨʳʪʠʡ, ʩʦʟʜʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʠʢʘʤʠ ʥʘʧʳʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʝʪʦʥʘʮʠʦʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʪʦʥʘʮʠʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʧʦʢʨʳʪʠʷ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ. 

 

Annotation. Gas thermal spraying (GTN) is one of the most common technologies for applying protective and functional coatings to 

numerous materials. This process may involve the use of various raw materials such as wire, rods, and powders that are highly heat 

resistant and do not decompose at high temperatures. This article discusses the gas thermal spraying method with an emphasis on 

detonation spraying, which is one of the most effective coating methods based on WC-Co-Cr, WC-Ni-Cr, WC-Ni, Al2O3-Ni-Cr and 

Cr3C2-NiCr. Detonation spraying, being a type of gas-thermal method, makes it possible to obtain coatings with high performance 

characteristics. For example, coatings based on WC-Co-Cr and WC-Ni-Cr are characterized by high wear resistance due to the presence 

of carbide phases, which provides effective protection against abrasive wear. In turn, materials based on Al2O3-Ni-Cr and Cr3C2-NiCr 

are characterized by improved corrosion and heat-resistant properties, which makes them particularly suitable for use in aggressive 

environments and at high temperatures. It is possible to obtain detailed images of the coating surface, study the shape and distribution 

of powder particles, their interaction with the substrate, as well as evaluate porosity and defects using a scanning electron microscope 

(SEM). SEM is used to analyze the microstructure of coatings created by various spraying techniques, including detonation spraying. 

Keywords: detonation spraying, coatings, metal powders. 
 

ʂʽʨʽʩʧʝ. ɻʊɹ-ʙײʣ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʟʘʤʘʥʘʫʠ ᴅʜʽʩ. ᴄʜʽʩ ʩʝʥʽʤʜʽ ץʦʨסʘʥʳʩ ʞᴅʥʝ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ ʩʠʷץʪʳ ʞʘץʩʳ ץʘʩʠʝʪʪʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.  ʇʨʦʮʝʩʩ ʙʘʨʳʩʳʥʜʘ 

ʤʝʪʘʣʣ ʥʝʤʝʩʝ ʤʝʪʘʣʣ ʝʤʝʩ ײʥʪʘץʪʘʨ ʪᴇʩʝʤʝʥʽש ʙʝʪʽʥʝ ʰʘʰʳʨʘʪʳʣʘʜʳ. ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ-

ʛʘʟʦʪʝʨʤʠʷʣʳץ ʞʘʙʳʥʥʳש ʙʽʨ ʪװʨʽ. ʆʣ ʤʘʪʝʨʠʘʣʜʳ ʞʳʣʳʪʫ ʧʨʠʥʮʠʧʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ, ʩʦʜʘʥ ʢʝʡʽʥ ʦʣ 

 .ʘʣʘʨץʙʝʪʽʥʝ ʪʘʩʳʤʘʣʜʘʥʘʜʳ. ʋʠʣʴʷʤʩ ʞᴅʥʝ ʙʘʩ שʜʝʪʽʣʽʧ, ʜʝʪʦʥʘʮʠʷ ᴇʥʽʤʜʝʨʽʥ ʧʘʡʜʘʣʘʥʳʧ ʙᴇʣʽʢʪʽװ

(2003) ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʝʥ ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʜʝ WC-Co ʜʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ (ʙᴇʣʰʝʢʪʝʨ 

ʞʳʣʜʘʤʜʳסʳ > 800 ʤ/ʩ, ʪʝʤʧʝʨʘʪʫʨʘ ʰʘʤʘʤʝʥ 1700ÁC) ʪʳסʳʟʜʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʛʽ ʪᴇʤʝʥ 

ʞʘʙʳʥʜʘʨסʘ ᴅʢʝʣʝʪʽʥʽʥ (1% - ʜʘʥ ʘʟ) ʞᴅʥʝ ʞʘʙʳʥʜʘʨʜʳש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʞʘץʩʘʨʪʳʣסʘʥ ᴇʥʽʤʜʽʣʽʛʽʥ 
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ʘʙʨʘʟʠʚʪʽ ʪʦʟʫ ʩʳʥʘץʪʘʨʳʥʜʘ ʢᴇʨʩʝʪʝʪʽʥʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ: WC-Co ʞʘʙʳʥʳʥʳש ʪʦʟʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʢᴅʜʽʤʛʽ ʪʘʟʘ ʚʦʣʴʬʨʘʤ ʢʘʨʙʠʜʪʽ ʞʘʙʳʥʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 2-3 ʝʩʝ ʪᴇʤʝʥ ʙʦʣʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ HVOF 

ʩʠʷץʪʳ ʙʘʩץʘ ᴅʜʽʩʪʝʨʤʝʥ ʘʣʳʥסʘʥ ʞʘʙʳʥʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 1,5-2 ʝʩʝ ʞʦסʘʨʳ ʙʦʣʜʳ [1]. Lopez et al., 

2022 ʤʘץʘʣʘʩʳʥʜʘ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ NiCr ʜʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʢʝʟʽʥʜʝ ʞʘʙʳʥʜʘʨ 

ʤʠʥʠʤʘʣʜʳ ʢʝʫʝʢʪʽʣʽʢʧʝʥ (1% - ʜʘʥ ʘʟ) ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʽʥʝ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥʘ ʠʝ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ, 

ʙײʣ ʩʫʙʩʪʨʘʪץʘ ʘʜʛʝʟʠʷʥʳש ʞʘץʩʘʨʫʳʥʘ ʞᴅʥʝ ʞʘʙʳʥʥʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʞʦסʘʨʳʣʘʫʳʥʘ 

ʳץʧʘʣ ʝʪʝʜʽ. ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ NiCr ʞʘʙʳʥʜʘʨʳ ʙʘʩץʘ ʙװʨʢʫ ᴅʜʽʩʪʝʨʽʤʝʥ (ʤʳʩʘʣʳ, 

HVOF) ʘʣʳʥסʘʥ ʞʘʙʳʥʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʪʳ. ɸʙʨʘʟʠʚʪʽ 

ʪʦʟʫʜʳ ʩʳʥʘʫ ʢʝʟʽʥʜʝ ʞʘʙʳʥʥʳש ʪʦʟʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʘʥʘʣʦʛʪʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 1,5 ʝʩʝ ʪᴇʤʝʥ 

ʙʦʣʜʳ.[2] Santos et al., 2009 ʤʘץʘʣʘʩʳʥʜʘ , ʜʝʪʦʥʘʮʠʷʣʳץ ʪʦʟʘשʜʘʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ Al O -NiCr 

ʞʘʙʳʥʜʘʨʳ HVOF ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ ʞʘʙʳʥʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪʦʟʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʝʢʽ ʝʩʝ ʪᴇʤʝʥ 

ʝʢʝʥʽʥ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʞʦסʘʨʳ ʪʨʠʙʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽ. ɾʘʙʳʥʜʘʨ 950 HV ʜʝʡʽʥ 

 ʣײʪʘʡ ʘʨʪʪʳʨʜʳ.[3] ɹץʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʙʝʨʽʢʪʽʛʽʥ ʘʡʪʘʨʣʳסʪʦʟʫ שʣ ʦʣʘʨʜʳײʘ ʞʝʪʪʽ, ʙץץʘʪʪʳʣʳץ

ʤʘץʘʣʘʥʳש ʤʘץʩʘʪʳ-ʜʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ᴅʜʽʩʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʩʠʧʘʪʪʘʫ, ʦʥʳש ʥʝʛʽʟʛʽ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽʥ ץʘʨʘʩʪʳʨʫ, ʩʦʥʜʘʡ-ʘײ ץʥʪʘץʪʘʨ ײץʨʘʤʳ ʤʝʥ ʧʨʦʮʝʩʩ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʦʩʳ ᴅʜʽʩʧʝʥ ʘʣʳʥסʘʥ ʞʘʙʳʥʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ᴅʩʝʨʽ 

ʪʫʨʘʣʳ ʙʘʨ ʜʝʨʝʢʪʝʨʜʽ ץʦʨʳʪʳʥʜʳʣʘʫ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʞϸʥʝ ʟʝʨʪʪʝʫ ϸʜʽʩʪʝʨʽ. ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʢʝʟʽʥʜʝ ʙװʨʽʢʢʽʰ ʤʘʪʝʨʠʘʣʜʳ ץʳʟʜʳʨʫ 

ʞᴅʥʝ ʞʝʜʝʣʜʝʪʫ ʛʘʟ-ʦʪʪʝʛʽ ʦʪʳʥʳʥʳש ʜʝʪʦʥʘʮʠʷ ᴇʥʽʤʜʝʨʽʥʽש ʵʥʝʨʛʠʷʩʳ ʝʩʝʙʽʥʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

   :ʘʤʪʠʜʳץ ʘʜʘʤʜʘʨʜʳץ ʘʧʪʘʫ ʧʨʦʮʝʩʽ ʢʝʣʝʩʽפ

ɹʽʨʽʥʰʽʜʝʥ, ʜʝʪʦʥʘʮʠʷʣʳץ ʟʝשʙʽʨʝʢʪʽש ʦץʧʘʥʳʥ ʞʘʨʳʣסʳʰ ʛʘʟ ץʦʩʧʘʩʳʤʝʥ ʪʦʣʪʳʨʫ;   

ɽʢʽʥʰʽʜʝʥ, ײʥʪʘץʪʳ ʟʝשʙʽʨʝʢ ʦץʧʘʥʳʥʘ ʙʝʨʫ;   

 ʞʘʨʳʣʫʳ. [4] שʦʩʧʘʩʳʥʳץ ʰʽʥʰʽʜʝʥ, ʙᴇʰʢʝʜʝʛʽ ʛʘʟת

ʆʩʳ ʢʝʟʝשʜʝʨʜʽש ᴅʨץʘʡʩʳʩʳ ʘʣʳʥʘʪʳʥ ʞʘʙʳʥʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. ɹᴇʣʰʝʢʪʝʨʜʽש 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ (600-1000 ʤ/ʩ) ʜʝʪʦʥʘʮʠʷʣʳץ ʞʘʙʳʥʜʘʨ ʞʦסʘʨʳ ʪʳסʳʟʜʳץץʘ ʠʝ. ɹײʣ 

ᴅʜʽʩ ʤʝʪʘʣʜʘʨ ʤʝʥ ʦʣʘʨʜʳץ שʦʨʳʪʧʘʣʘʨʳʥ, ʦʢʩʠʜʪʝʨʜʽ ʞᴅʥʝ ʢʘʨʙʠʜ ʥʝʛʽʟʽʥʜʝʛʽ ץʘʪʪʳ ץʦʨʳʪʧʘʣʘʨʜʳ ץʦʩʘ 

ʘʣסʘʥʜʘ, ʢᴇʧʪʝʛʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʰʘʰʳʨʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫʜʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 

- ʞʘʙʳʥʥʳש ʞʦסʘʨʳ ʘʜʛʝʟʠʷʩʳ (80-250 ʄʇʘ); 

- ʞʘʙʳʥʥʳש ʪᴇʤʝʥ ʢʝʫʝʢʪʽʣʽʛʽ (0,5-1%); 

-ʙװʨʢʫ ʢʝʟʽʥʜʝ ʥʝʛʽʟʛʽ ʤʘʪʝʨʠʘʣʜʘ ʙװʨʽʢʢʽʰ ʙᴇʣʽʢʪʽש ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ 

ᴇʟʛʝʨʽʩʪʝʨʜʽש ʙʦʣʤʘʫʳ; 

-ʪʦʟʫʜʘʥ, ʢʦʨʨʦʟʠʷʜʘʥ ʞᴅʥʝ ʵʨʦʟʠʷʜʘʥ ץʦʨסʘʫ. 

ɼʝʪʦʥʘʮʠʷ ʧʨʦʮʝʩʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘ 3000-4000 ʉ ʜʝʡʽʥ ʞʝʪʫʽ ʤװʤʢʽʥ, ʙײʣ ʞʘʙʳʥ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʝʨʫʽʥʝ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʙʝʪʽʥʝ ʩʘʧʘʣʳ ʞʘʙʳʩʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. ɹʽʨʘץ ʞʘʙʳʥʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʧʨʦʮʝʩʪʽש 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʨʝʪʪʝʫ ʘʨץʳʣʳ ʙʘʩץʘʨʫסʘ ʙʦʣʘʜʳ, ʙײʣ ʥʝʛʽʟʜʽץ שʳʟʳʧ ʢʝʪʫ ץʘʫʧʽʥ ʘʟʘʡʪʘʜʳ. פʘʧʪʘʫ ʙʝʪʽʥʝ 

ʙʽʨʥʝʰʝ ʨʝʪ ץʘʪʘʨʳʥʘʥ ʪװʩʽʨʽʣʝʜʽ. ᴄʨ ʘʪʫ װʰʽʥ ʞʘʙʳʥʥʳץ שʘʣʳשʜʳסʳ 5-8 ʤʢʤ, ʩʝʢʫʥʜʳʥʘ 4 ʘʪʫ.  ɹᴇʣʽʢ 

ʢʝʩʫ ʘʣʜʳʥʜʘ ʤʘʥʠʧʫʣʷʪʦʨ ʘʨץʳʣʳ ץʦʟסʘʣʘʜʳ. ʊʝʛʽʩʪʝʫʜʝʥ ʢʝʡʽʥʛʽ ʞʘʙʳʥʥʳץ שʘʣʳשʜʳסʳ 0,25-0,30 ʤʤ-

ʛʝ ʜʝʡʽʥ ʙʘʨʫʳ ʤװʤʢʽʥ. 

ɾʘʙʳʥ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʢʝʣʝʪʽʥ ʙʦʣʩʘץ, ʙװʨʢʫ ʢʝʟʽʥʜʝ ʤʦʥʦʣʠʪʪʽ ײץʨʳʣʳʤ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʦʥʳש 

ʙʝʨʽʢʪʽʛʽ ʙװʨʽʢʢʽʰ ʤʘʪʝʨʠʘʣʜʳש ʙʝʨʽʢʪʽʛʽʤʝʥ ʩʘʣʳʩʪʳʨʳʣʘʜʳ. ʄײʥʜʘʡ ʞʘʙʳʥʜʘʨ ʞʦסʘʨʳ ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʢʪʽ, ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ, ʵʣʝʢʪʨ ʙʝʨʽʢʪʽʛʽʥ, ʞʳʣʫ ץʦʨסʘʥʳʩʳʥ ʞᴅʥʝ ʪ.ʙ. ץʦʩʘ ʘʣסʘʥʜʘ, ʞʘץʩʳ 

 .ʘʩʠʝʪʪʝʨʽʥʝ ʠʝץ ʘʥʳʩסʦʨץ

ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʢʝʟʽʥʜʝ WC-Co-Cr ʩʠʷץʪʳ ײʥʪʘץʪʘʨ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ ץʳʟʘʜʳ ʞᴅʥʝ 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ ʩʦץץʳ ʪʦʣץʳʥʜʘʨʳʥʳש ᴅʩʝʨʽʥʝ ײʰʳʨʘʡʜʳ, ʙײʣ ʙʽʨʝʛʝʡ ʤʠʢʨʦײץʨʳʣʳʤʥʳש 

 .ʧʘʣ ʝʪʝʜʽץʘʣʳʧʪʘʩʫʳʥʘ ʳץ

ɺʦʣʴʬʨʘʤ ʢʘʨʙʠʜʽʥʽש (WC) ʙᴇʣʰʝʢʪʝʨʽ ʞʦסʘʨʳ ץʘʪʪʳʣʳץʪʳ ʩʘץʪʘʡʜʳ, ʙʽʨʘץ ʜʝʪʦʥʘʮʠʷʣʳץ 

ʪʦʟʘשʜʘʥʫסʘ ʪᴅʥ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (3000-4000ÁC ʜʠʘʧʘʟʦʥʳʥʜʘ) ʞʘʨʪʳʣʘʡ ʳʜʳʨʘʫסʘ ʥʝʤʝʩʝ 

ʪʦʣʳץʪʘʡ ʳʜʳʨʘʫסʘ ײʰʳʨʘʫʳ ʤװʤʢʽʥ. ɹײʣ ʤʠʢʨʦײץʨʳʣʳʤʜʘ ʚʦʣʴʬʨʘʤ ʢʘʨʙʠʜʽ ʘʟʘʡסʘʥ ʘʡʤʘץʪʘʨʜʳש 

ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. [5] 

ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʢʝʟʽʥʜʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴅʩʝʨʽʥʝʥ  ʞʘʙʳʥʥʳץ שʘʪʪʳʣʳסʳ ᴇʟʛʝʨʫʽ 

ʤװʤʢʽʥ. ʆʩʳ ᴅʜʽʩʧʝʥ ʘʣʳʥסʘʥ WC-Co-Cr ʞʘʙʳʥʳʥʳש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʦʥʳש ʤʠʢʨʦײץʨʳʣʳʤʳʥʘ ʜʘ 

ʙʘʡʣʘʥʳʩʪʳ. ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʞʘʙʳʥʥʳש ʢʝʜʽʨ-ʙײʜʳʨʣʳסʳ ײʥʪʘץʪʳ ʙʝʨʫ 

ʞ ʣrʜʘʤʜʳסʳ ʤʝʥ ץʳʩʳʤʳ, ʩʦʥʜʘʡ-ʘץ ʦʥʳש ʤᴇʣʰʝʨʽ ʩʠʷץʪʳ ʧʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ʂʝʜʽʨ-ʙײʜʳʨ ײʥʪʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʪᴇʩʝʤʝʛʝ ʩʦסʫ ʘʨץʳʣʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. 
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ɺʦʣʴʬʨʘʤ ʢʘʨʙʠʜʽ ʙᴇʣʰʝʢʪʝʨʽʥʽש (WC) ʪʘʨʘʣʫʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʤʝʪʘʣʣ ʤʘʪʨʠʮʘʩʳʤʝʥ (Co ʥʝʤʝʩʝ Cr) 

ʙʽʨʽʛʫʽʥ ʉʕʄ ʢʝʩʢʽʥʜʝʨʽʥʜʝ ʞʠʽ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ʂʘʨʙʠʜ ʙᴇʣʰʝʢʪʝʨʽ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ 

ʩʦץץʳʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʽʰʽʥʘʨʘ ʜʝʬʦʨʤʘʮʠʷʣʘʥʫʳ ʤװʤʢʽʥ, ʙײʣ ʦʣʘʨʜʳש ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʜʝשʛʝʡʜʝʛʽ 

ʙʝʨʽʢʪʽʢ ʧʝʥ ץʘʪʪʳʣʳץ ʩʠʷץʪʳ ʢʝʡʙʽʨ ץʘʩʠʝʪʪʝʨʽʥ ʞʦסʘʣʪʫʳʥʘ ᴅʢʝʣʝʜʽ.  ʄʠʢʨʦʩʳʟʘʪʪʘʨ ʤʝʥ ʘץʘʫʣʘʨʜʳש 

ʧʘʡʜʘ ʙʦʣʫʳ ʜʘ ʢᴇʨʽʥʫʽ ʤװʤʢʽʥ, ʙײʣ ʞʘʙʳʥʥʳש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ʆʥʳש 

ʽʰʽʥʜʝ WC ʙᴇʣʰʝʢʪʝʨʽʥʽש ʳʜʳʨʘʫ ʘʡʤʘץʪʘʨʳ ʙʘʡץʘʣʘʜʳ, ʦʣʘʨ ʞʘʙʳʥ ʧʨʦʮʝʩʽʥʜʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʨʳʥʜʘʨʳʥʜʘ ʘʟ ץʘʪʪʳ ʬʘʟʘʣʘʨ ʪװʟʝʜʽ. ʉʕʄ ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ, WC-Co-Cr ײʥʪʘץ ʞʘʙʳʥʜʘʨʳʥʳש 

ʢʝʫʝʢʪʽʣʽʛʽ ʪᴇʤʝʥ, ᴅʜʝʪʪʝ 0,5-1% ʘʨʘʣʳסʳʥʜʘ. 

ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ WC-Co-Cr ʞʘʙʳʥʜʘʨʳ ʦʩʳ ʧʨʦʮʝʩʢʝ ʪᴅʥ ʞʦסʘʨʳ ץʳʩʳʤ ʤʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʘʨץʘʩʳʥʜʘ ʪᴇʩʝʤʝʜʝ ʞʘץʩʳ ʘʜʛʝʟʠʷסʘ ʠʝ. Al O-NiCr ײʥʪʘץ ʞʘʙʳʥʜʘʨʳʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ, ʜʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ WC-Co-Cr ʞʘʙʳʥʜʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ, ץʳʩʳʤ, ʙװʨʢʫ 

ʞʳʣʜʘʤʜʳסʳ ʞᴅʥʝ ײʥʪʘײץ ץʨʘʤʳ ʩʠʷץʪʳ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ʝʨʝʢʰʝ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʠʝ ʙʦʣʘʜʳ. 

Al ʆ3 ʞᴅʥʝ NiCr ײʥʪʘץʪʘʨʳʥ ʙʽʨʽʢʪʽʨʫ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʙᴇʣʰʝʢʪʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ 

ʤʝʪʘʣʣ ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʘʙʨʘʟʠʚʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ץʦʨסʘʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʞʘʙʳʥʜʘʨʜʳ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʣʶʤʠʥʠʡ ʦʢʩʠʜʽ (Al O ) ð ץʘʪʪʳ, ʙʝʨʽʢ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ᴅʩʝʨʛʝ ʪᴇʟʽʤʜʽ ʤʘʪʝʨʠʘʣ. ɼʝʪʦʥʘʮʠʷʣʳץ 

ʙװʨʢʫ ʢʝʟʽʥʜʝ Al O  ʪᴇʩʝʤʝʛʝ ʞʦסʘʨʳ ʘʜʛʝʟʠʷʩʳ ʙʘʨ ʪʳסʳʟ ʘʤʦʨʬʪʳ ʥʝʤʝʩʝ ʧʦʣʠʢʨʠʩʪʘʣʜʳ ʞʘʙʳʥʜʘʨʜʳ 

 ʣײʘ ʪᴇʟʽʤʜʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, ʙסʫ ʤʝʥ ʢʦʨʨʦʟʠʷסʘʨʳ ʪʦʪʳסʨʘʡʜʳ. NiCr ʥʝʛʽʟʽʥʜʝʛʽ ʞʘʙʳʥʜʘʨ ʞʦײץ

ʦʣʘʨʜʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʘʫʳʨ ʞװʢʪʝʤʝʣʝʨ ʞʘסʜʘʡʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʫʛʝ ᴇʪʝ ʳסשʘʡʣʳ ʝʪʝʜʽ. 

ɸʣʁʤʠʥʠʡ ʦʢʩʠʜʽ ʄʦʦʩʘ ʰʢʘʣʘʩʳ ʙʦʡʳʥʰʘ ʰʘʤʘʤʝʥ 9 ץʘʪʪʳʣʳץץʘ ʠʝ, ʙײʣ ʦʥʳ ʞʘʙʳʥ ʘʣʫ װʰʽʥ 

 שʦʨʳʪʧʘʥʳץ ʳסʘʪʪʳʣʳץ שʙʽʨʽʥʝ ʘʡʥʘʣʜʳʨʘʜʳ. Niʉr ʞʘʙʳʥʳʥʳ שʘʪʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʦʣʜʘʥʳʣʘʪʳʥ ʝץ

 ʳ ʄʦʦʩʘסʘʪʪʳʣʳץ שʦʣʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ: ʤʳʩʘʣʳ, ʪʘʟʘ ʥʠʢʝʣʴʜʽץ ʨʘʤʳʥʘ ʞᴅʥʝײץ

ʰʢʘʣʘʩʳ ʙʦʡʳʥʰʘ ʰʘʤʘʤʝʥ 4-ʢʝ ʪʝש, ʙʽʨʘץ ʭʨʦʤʜʳ ץʦʩʫ ץʘʪʪʳʣʳץʪʳ 6-7-ʛʝ ʜʝʡʽʥ ʘʨʪʪʳʨʘ ʦʪʳʨʳʧ, ʙײʣ 

ʩʠʧʘʪʪʘʤʘʥʳ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʘʜʳ.[6] 

ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ɸl ʆ3 ʞʘʙʳʥʜʘʨʳ ʞʦסʘʨʳ ץʘʪʪʳʣʳץʧʝʥ ʞᴅʥʝ ʪᴇʤʝʥ װʡʢʝʣʽʩ 

ʢʦʵʬʬʠʮʠʝʥʪʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʄײʥʜʘʡ ʞʘʙʳʥʜʘʨʜʳש ʢʝʜʽʨ-ʙײʜʳʨʣʳסʳ ץʳʩʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ 

ʙװʨʢʫ ʞʳʣʜʘʤʜʳסʳ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʧʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ᴅʜʝʪʪʝ 1-5 ʤʢʤ 

ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʝʜʽ, ʙײʣ ʢᴇʧʪʝʛʝʥ ץʦʣʜʘʥʙʘʣʘʨ װʰʽʥ ʦשʪʘʡʣʳ. 

ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ NiCr ʞʘʙʳʥʜʘʨʳ ץʦʨʳʪʧʘʥʳײץ שʨʘʤʳʥʘ ʞᴅʥʝ ʙװʨʢʫ 

ʞʘסʜʘʡʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦסʘʨʳ ʢʝʜʽʨ-ʙײʜʳʨʣʳץץʘ ʠʝ ʙʦʣʫʳ ʤװʤʢʽʥ. ʄʠʥʠʤʘʣʜʳ ʢʝʜʽʨ-ʙײʜʳʨʣʳץʪʳ 

ʘʣʫ װʰʽʥ ʞʳʣʪʳʨʘʪʫ ʥʝʤʝʩʝ ʪʝʛʽʩʪʝʫ ʩʠʷץʪʳ ץʦʩʳʤʰʘ ץʘʜʘʤʜʘʨ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. ᴄʜʝʪʪʝ  ʢᴇʧʪʝʛʝʥ 

ʪʘʣʘʧʪʘʨʜʳ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ ʢʝʜʽʨ-ʙײʜʳʨʣʳ5-10 ץ ʤʢʤ ײץʨʘʡʜʳ. 

Al2O3 NiCr-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʉr3ʉ2-NiCr ײʥʪʘסʳʤʝʥ ʘʣʳʥסʘʥ ʞʘʙʳʥʜʘʨ ʭʨʦʤʢʘʨʙʠʜʪʝʨʜʽש 

(Cr3C2) ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ  ץʘʪʪʳʣʳץ  ʧʝʥ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ. ɾʘʙʳʥʜʘʨ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽ, ᴇʡʪʢʝʥʽ ʭʨʦʤ 

ʢʘʨʙʠʜʽ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʜʘ ײץʨʳʣʳʤʳ ʤʝʥ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʩʘץʪʘʡ ʘʣʘʜʳ ( 900-1000ʉ 

ʜʝʡʽʥ). ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʧʨʦʮʝʩʽʥʜʝ ʞʦסʘʨʳ ץʳʩʳʤ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʘʨץʘʩʳʥʜʘ ʞʘʙʳʥʥʳש 

ʪᴇʩʝʤʝʛʝ ʘʜʛʝʟʠʷʩʳ ʞʦסʘʨʳ. ɸʜʛʝʟʠʷ 80-250 ʄʇʘ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙײʣ ʦʣʘʨʜʳ ʞװʢʪʝʤʝʣʝʨʛʝ 

ʪᴇʟʽʤʜʽ ʝʪʝʜʽ. ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ʢʝʟʽʥʜʝ Cr C-NiCr ײʥʪʘץʪʘʨʳ ʢʝʫʝʢʪʽʣʽʛʽ ʪᴇʤʝʥ ʞʘʙʳʥʜʘʨʜʳ ײץʨʘʡʜʳ 

(ᴅʜʝʪʪʝ 1% - ʜʘʥ ʘʟ), ʙײʣ ʦʣʘʨʜʳש ʞʦסʘʨʳ ʙʝʨʽʢʪʽʛʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. פʳʩʳʤ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʷץʪʳ ʙװʨʢʫ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ᴇʟʛʝʨʛʝʥ ʢʝʟʜʝ ʢʝʫʝʢʪʽʣʽʢ ʞʦסʘʨʳʣʘʫʳ ʤװʤʢʽʥ. [7] 

WC-Ni-Cr ײʥʪʘסʳʥʘʥ ʘʣʳʥסʘʥ ʞʘʙʳʥʜʘʨ ʭʨʦʤʥʳץ שʦʩʳʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦסʘʨʳ ץʘʪʪʳʣʳץʧʝʥ, 

ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʧʝʥ ʞᴅʥʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳ ʪʦʪʳסʫסʘ ʞʘץʩʳ ʪᴇʟʽʤʜʽʣʽʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 

 ʘʫʜʳ ʝʜᴅʫʽʨסʦʨץ ᴅʩʝʨʽʥʝʥ שʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳסʳ ʍʨʦʤ ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʜʘʥ ʞᴅʥʝ ʞʦסʨʘʤʳʥʜʘײפ

ʘʨʪʪʳʨʘʜʳ. ʄײʥʜʘʡ ʞʘʙʳʥʜʘʨ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʞᴅʥʝ ʪʦʪʳסʫסʘ ʞʘץʩʳ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ. ʆʣʘʨ 

ʪᴇʩʝʤʝʛʝ ʞʘץʩʳ ʘʜʛʝʟʠʷʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʞʘʙʳʥʥʳש ʞʦסʘʨʳ ʪʳסʳʟʜʳסʳ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳש ʞʘץʩʘʨʫʳ ʘʨץʳʣʳ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. 

WC-Ni-Cr ײʥʪʘץʪʘʨʳʥʘʥ ʘʣʳʥסʘʥ ʞʘʙʳʥʜʘʨʜʘ ʉʕʄ ʚʦʣʴʬʨʘʤ ʢʘʨʙʠʜʽ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʪʘʨʘʣʫʳʥ, 

ʩʦʥʜʘʡ-ʘץ ʭʨʦʤ ʤʝʥ ʥʠʢʝʣʴʜʽש ʪʘʨʘʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. WC ʙᴇʣʰʝʢʪʝʨʽ ʧʽʰʽʥʽ ʤʝʥ ץʘʪʪʳʣʳסʳʥ ʩʘץʪʘʡʜʳ, 

ʙʽʨʘץ WC-Co-Cr ʞʘʙʳʥʜʘʨʳʥʘ ץʘʨʘסʘʥʜʘ ʳʜʳʨʘʫסʘ ʙʝʡʽʤ ʝʤʝʩ, ʙײʣ ʞʘʙʳʥʥʳץ שʘʪʪʳʣʳסʳʥ 

ʞʦסʘʨʳʣʘʪʘʜʳ. ʉʕʄ-ʜʝ WC ʙᴇʣʰʝʢʪʝʨʽʥʽש ʥʘץʪʳ  ʰʝʢʘʨʘʣʘʨʳʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ ʞᴅʥʝ ʦʣʘʨ 

ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥ ʩʘץʪʘʡʜʳ, ʙײʣ ʞʘʙʳʥʥʳש ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ.  

ᴆʟ ʢʝʟʝʛʽʥʜʝ, WC-Ni ײʥʪʘסʳʥʳץ שʘʪʪʳʣʳסʳ ʤʝʥ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʙʽʨʰʘʤʘ ʪᴇʤʝʥ. ײפʨʘʤʳʥʜʘ 

ʭʨʦʤʥʳש ʙʦʣʤʘʫʳ ʦʥʳץ שʦʨסʘʥʳʩ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ 

ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʪᴇʤʝʥʜʝʪʝʜʽ. WC-Ni ʞʘʙʳʥʳʥʳש ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ WC-Ni-Cr-ʛʝ ץʘʨʘסʘʥʜʘ 

ʪᴇʤʝʥ, ʙײʣ ʦʥʳ ʭʠʤʠʷʣʳץ ᴅʩʝʨʣʝʨʜʝʥ ʞᴅʥʝ ʪʦʪʳסʫʜʘʥ ʘʟ ץʦʨסʘʡʜʳ. ʆʩʳסʘʥ ץʘʨʘʤʘʩʪʘʥ, ʦʥʳש ʘʜʛʝʟʠʷʩʳ 

ʞʘץʩʳ, ʙʽʨʘץ ʦʣ ײץʨʘʤʳʥʜʘסʳ ʭʨʦʤʳ ʙʘʨ ʞʘʙʳʥʜʘʨסʘ ץʘʨʘסʘʥʜʘ ʪᴇʤʝʥ ʙʦʣʫʳ ʤװʤʢʽʥ. [8] 
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ϧʦʨʳʪʳʥʜʳ. ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ᴅʜʽʩʽʤʝʥ ᴅʨ ʪװʨʣʽ ײʥʪʘץʪʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʞʘʙʳʥʜʘʨ 

ᴅʨʪװʨʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʠʝ, ʦʣʘʨʜʳ ʞʘʙʳʥסʘ ʙʘʡʣʘʥʳʩʪʳ ʪʘשʜʘʫʜʳ ʘʥʳץʪʘʡʜʳ.  WC-Co-Cr ʞᴅʥʝ WC-Ni-

Cr ʞʘʙʳʥʜʘʨʳ ʚʦʣʴʬʨʘʤ ʢʘʨʙʠʜʪʝʨʽ ʤʝʥ ʭʨʦʤ ץʦʩʧʘʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʞʦסʘʨʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ, 

ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ץʘʩʠʝʪʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽ. WC-Ni ʞʘʙʳʥʜʘʨʳ ʞʘץʩʳ ʤʝʭʘʥʠʢʘʣʳץ 

 ʜʘʫשʩʳ ʪʘץʰʽʥ ʞʘװ ʜʘʡʣʘʨʳסʤʳʩ ʞʘײʨʣʽ ʞװʣ ʦʣʘʨʜʳ ʪײʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʜʽ, ʙסʘʩʠʝʪʪʝʨ ʤʝʥ ʪʦʟʫץ

ʞʘʩʘʡʜʳ. Al O-NiCr ʞʘʙʳʥʜʘʨʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʢ ʧʝʥ ʭʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʢʪʽ 

 ʘסʙʝʨʽʢʪʽʛʽ ʢʘʨʙʠʜʪʽ ʞʘʙʳʥʜʘʨ ץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʤʝʭʘʥʠʢʘʣʳסʪʦʟʫ שʦʣʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙʽʨʘץ

ʘʥʜʘ ʙʽʨʰʘʤʘ ʪᴇʤʝʥ ʙʦʣʳʧ ʢʝʣʝʜʽ. Crסʘʨʘץ C-NiCr ʞʘʙʳʥʜʘʨʳ ʭʨʦʤ ʤʝʥ ʢʘʨʙʠʜʪʝʨʜʽץ שʦʩʳʥʜʳʩʳ 

ʘʨץʘʩʳʥʜʘ ʞʦסʘʨʳ ʪʦʟʫסʘ ʞᴅʥʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ, ʙײʣ ʦʣʘʨʜʳ ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʪʝʨʤʠʷʣʳץ ʞװʢʪʝʤʝʣʝʨ ʞʘסʜʘʡʳʥʜʘ ץʦʨסʘʥʳʰ ʨʝʪʽʥʜʝ ᴇʪʝ ʳסשʘʡʣʳ ʝʪʝʜʽ. ɹײʣ ʞʘʙʳʥʜʘʨʜʳש ᴅʨץʘʡʩʳʩʳ 

 ʘʥסʳʣʳ ʘʣʳʥץʨʢʫ ʘʨװʙ ץʦʣʜʘʥʳʣʫʳʥ ʪʘʙʘʜʳ. ɼʝʪʦʥʘʮʠʷʣʳץ ʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟסʘʞʝʪʪʽ ʩʠʧʘʪʪʘʤʘʣʘʨץ

ʞʘʙʳʥʜʘʨʜʳ ʪʘʣʜʘʫ װʰʽʥ ʉʕʄ-ʜʳ ץʦʣʜʘʥʫ ʦʣʘʨʜʳש ʤʠʢʨʦײץʨʳʣʳʤʳʥ ʥʘץʪʳ ʟʝʨʪʪʝʫʛʝ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʢ, 

ʘʜʛʝʟʠʷ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʪʘʨʘʣʫʳ ʩʠʷץʪʳ ʤʘשʳʟʜʳ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ.ɼʝʪʦʥʘʮʠʷʣʳץ ʙװʨʢʫ ᴅʜʽʩʽ ʞʘʙʳʥʜʘʨʜʳש ʞʦסʘʨʳ ʪʳסʳʟʜʳסʳ ʤʝʥ ʘʜʛʝʟʠʷʩʳʥʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʦʣʘʨʜʳ ʘʫʳʨ ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ᴅʨʪװʨʣʽ ʙᴇʣʰʝʢʪʝʨʜʽ ץʦʨסʘʫʜʘ ʪʠʽʤʜʽ ʝʪʝʜʽ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʨʘʚʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ 47ʍʅʄ, 40ʍʅʖ ʠ 67ʂʅ5ɹ, 36ʅʍʊʖ, 

ʦʙʣʘʜʘʶʱʠʭ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʝʞʟʝʨʝʥʥʳʭ ʤʝʞʛʨʘʥʠʯʥʳʭ ʧʨʦʩʣʦʡʢʘʭ ʚ ʩʧʣʘʚʘʭ 40ʍʅʖ, 47ʍʅʄ, 

67ʂʅ5ɹ, 36ʅʍʊʖ ʧʨʠ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʳ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʌʨʘʥʢʘ-ʂʘʩʧʝʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʧʦʷʚʣʝʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʩʚʝʨʭʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʙʣʘʛʦʜʘʨʷ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʯʝʪʦʤ ʩʧʝʢʪʨʦʚ ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʇʨʠʨʦʜʘ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʢʥʘ ʩ ʟʘʨʦʞʜʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʣʘʟʤʦʥʦʚ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʢʘʭ ʚ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʳ ʌʨʘʥʢʘ-ʂʘʩʧʝʨʘ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʣʘʟʤʦʥʳ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ. 
 

ɺʚʝʜʝʥʠʝ. ʉʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʝʝ ʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʜʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʨʘʩʪʷʞʝʥʠʷ (ʜʦ 1000% ʠ ʙʦʣʝʝ) ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ. 

ʕʪʦ ʷʚʣʝʥʠʝ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [1]. ɺ ʦʩʥʦʚʝ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʣʝʞʘʪ ʩʣʦʞʥʳʝ 

ʧʨʦʮʝʩʩʳ ʥʘ ʥʘʥʦ- ʠ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʷʭ, ʚʢʣʶʯʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʧʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ [2]. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʢʣʘʩʪʝʨʥʫʶ ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʠ ʧʣʘʟʤʦʥʥʳʝ ʵʬʬʝʢʪʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʨʨʝʣʷʮʠʠ ʘʪʦʤʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [3]. 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʥʠʢʝʣʝ ʠ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ. ʅʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʤʝʪʘʣʣʦʤ ʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʪʝʨʠʘʣʘʤ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ [4]. ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ [5]. ʕʪʦ ʷʚʣʝʥʠʝ 

ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ, ʩʦʭʨʘʥʷʷ 

ʧʨʠ ʵʪʦʤ ʮʝʣʦʩʪʥʦʩʪʴ [6]. ʉʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʩʣʦʞʥʳʝ ʜʝʪʘʣʠ ʤʝʪʦʜʦʤ 

ʩʫʧʝʨʧʣʘʩʪʠʯʝʩʢʦʡ ʬʦʨʤʦʚʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʝ ʩʧʣʘʚʳ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [7]. ʇʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ʠ ʩʧʠʥʦʚʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʧʣʘʟʤʦʥʳ (SASP). ɺ ʨʘʙʦʪʝ [8] ʧʨʠʚʦʜʷʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʣʘʟʤʦʥʦʚ (ASP) ʚ Ni(111). ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʝʷʥʠʷ ʘʪʦʤʦʚ Ne ʠ He ʧʦʢʘʟʘʣʠ ʩʚʷʟʴ 

ASP ʩ ʬʦʥʦʥʘʤʠ ʚʥʫʪʨʠ ʬʦʥʦʥʥʦʛʦ ʢʦʥʪʠʥʫʫʤʘ, ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ [9]. ɸʥʘʣʠʟ, 

ʧʦʜʢʨʝʧʣʝʥʥʳʡ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤ ʨʘʩʯʝʪʦʤ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʪʦʣʢʥʦʚʝʥʠʷ ʘʪʦʤʦʚ ʠ 

ʜʠʥʘʤʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʬʦʥʦʥʦʚ ʧʝʨʚʦʛʦ ʧʨʠʥʮʠʧʘ Ni(111), ʧʦʢʘʟʘʣ, ʯʪʦ ʚ Ni(111) ASP ʚʦʟʥʠʢʘʶʪ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʐʦʢʣʠ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʩʧʠʥʦʤ [10]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʢʦʣʣʝʢʪʠʚʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʧʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ 

ʥʦʚʳʡ ʚʠʜ ʢʦʣʣʝʢʪʠʚʥʦʡ ʢʚʘʟʠʯʘʩʪʠʮʳ ï ʩʧʠʥʦʚʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʣʘʟʤʦʥ (SASP).  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʨʘʟʮʳ ʩʧʣʘʚʘ 47ʍʅʄ ʠʤʝʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: 

47%-Cr, 5%-Mo, 48%-Ni ʙʳʣʠ ʧʨʦʢʘʪʘʥʳ ʥʘ 50%, ʠ ʟʘʪʝʤ ʧʦʜʚʝʨʛʥʫʪʳ ʦʪʞʠʛʫ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 

700Áʉ. ɿʘʪʝʤ ʧʘʨʪʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʟʘʢʘʣʝʥʘ ʦʪ 1250Áʉ (2 ʤʠʥ) ʠ ʧʦʜʚʝʨʛʥʫʪʘ ʩʪʘʨʝʥʠʶ ʧʨʠ 700 Áʉ. 
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ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʉʇɼ ʧʨʠ 950Áʉ. 

ʆʙʨʘʟʮʳ ʩʧʣʘʚʘ 40ʍʅʖ ʚʘʢʫʫʤʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʝ 

ʩʦʩʪʘʚʠʣʦ (% ʧʦ ʤʘʩʩʝ): ʉr 39,5; Al 3,75; ʉ 0,015, ʦʩʪʘʣʴʥʦʝ Ni. ʇʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ 0.3 ʤʤ ʧʦʣʫʯʝʥʥʳʝ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ (ʟʘʢʘʣʢʘ 1250 Áʉ, ʧʨʦʢʘʪʢʘ 90%, ʩʪʘʨʝʥʠʝ ʧʨʠ 700 Áʉ) ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʤʫ ʨʘʩʪʷʞʝʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 Áʉ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ŭ ʧʦʩʣʝ ʨʘʟʨʳʚʘ 

ʩʦʩʪʘʚʠʣʦ 400%. 

ʉʧʣʘʚ 67ʂʅ5ɹ ʧʦʜʚʝʨʛʘʣʠ ʟʘʢʘʣʢʝ ʦʪ 950 Üʉ (10 ʤʠʥ) + ʜʝʬʦʨʤʘʮʠʷ ʩʦ ʩʪʝʧʝʥʴʶ ʦʙʞʘʪʠʷ 90% + ʉʇɼ 

(t=870 Üʉ); ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ ʜʦ 1000%. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ   ʩ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʦʧʨʝʜʝʣʷʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ çBrukerè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʤʝʜʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ. ɺ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ, ʪʘʢʠʭ ʢʘʢ 40ʍʅʖ, 47ʍʅʄ, 67ʂʅ5ɹ, 

ʧʨʠ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʉʇɼ) ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʞʟʝʨʝʥʥʳʡ ʤʝʞʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʢʣʘʩʪʝʨʦʚ. [13] ʕʪʠ ʢʣʘʩʪʝʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʨʝʰʝʪʦʢ ʙʘʟʦʚʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʪʦʤʦʚ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ 

ʢʣʘʩʪʝʨʦʚ. ʄʝʭʘʥʠʟʤ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʧʨʠ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʫʜʝʣʴʥʳʡ 

ʘʪʦʤʥʳʡ ʦʙʲʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʤʧʬʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʘʜʘʧʪʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʢ ʉʇɼ.  

ʄʝʞʟʝʨʝʥʥʳʝ ʛʨʘʥʠʮʳ ʠ ʞʠʜʢʦʧʦʜʦʙʥʘʷ ʬʘʟʘ. ʇʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ 

ʩʧʣʘʚʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʞʠʜʢʦʧʦʜʦʙʥʘʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʘʷ ʬʘʟʘ ʥʘ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮʘʭ. ʕʪʘ ʬʘʟʘ 

ʩʦʩʪʦʠʪ ʠʟ ʢʣʘʩʪʝʨʦʚ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʚʥʝʰʥʠʤ ʥʘʛʨʫʟʢʘʤ ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʪʠʧʘ 

ʩʜʚʠʛ-ʧʦʚʦʨʦʪ[14]. ʄʝʞʟʝʨʝʥʥʘʷ ʞʠʜʢʦʧʦʜʦʙʥʘʷ ʬʘʟʘ ʩʥʠʞʘʝʪ ʚʷʟʢʦʩʪʴ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ, ʦʙʣʝʛʯʘʷ ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʤʘʪʝʨʠʘʣʫ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʝʧʝʥʷʭ 

ʜʝʬʦʨʤʘʮʠʠ. 

ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʨʠ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ. ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʝʭʘʥʠʟʤʝ 

ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ. ʇʨʠ ʥʘʛʨʝʚʝ ʤʘʪʝʨʠʘʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 0.5 ʦʪ ʝʛʦ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʠʥʘʤʠʯʝʩʢʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ (HAGBs), ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʤʫ ʩʢʦʣʴʞʝʥʠʶ. ʉ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʙʳʣʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʘʪʦʤʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

9R [15]  

 

 
 
ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʪʝʪʨʘʵʜʨʦʚ ʚ ʤʝʞʟʝʨʝʥʥʦʡ ʛʨʘʥʠʮʝ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʇʕʄ ʠ 

ʢʣʘʩʪʝʨʥʘʷ 3D-ʤʦʜʝʣʴ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʦʢʪʘʵʜʨʦʚ ʠ ʪʝʪʨʘʵʜʨʦʚ 

 

ɺ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʬʘʟ, ʪʘʢʠʭ 

ʢʘʢ Cr-Mo-Ni ʠʣʠ AlϝNi. ʕʪʠ ʬʘʟʳ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʦʩʪ ʟʝʨʝʥ 
ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʫʣʫʯʰʘʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʧʨʝʨʳʚʠʩʪʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʥʘʥʦʢʣʘʩʪʝʨʥʦʡ P-ʬʘʟʳ ï Cr-Mo-Ni ʩʦ ʩʬʝʨʦʠʜʠʟʘʮʠʝʡ. ʄʦʜʝʣʴ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ 

ʪʝʪʨʘʵʜʨʦʚ ʚ ʤʝʞʟʝʨʝʥʥʦʡ ʛʨʘʥʠʮʝ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʇʕʄ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʣʘʩʪʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʠ ʝʝ ʨʦʣʴ ʦʙʝʩʧʝʯʝʥʠʠ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ. 
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ʄʝʭʘʥʠʟʤ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʟʝʨʥʦʛʨʘʥʠʯʥʦʝ 

ʩʢʦʣʴʞʝʥʠʝ (Grain Boundary Sliding, GBS), ʧʨʠ ʢʦʪʦʨʦʤ ʟʝʨʥʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ 

ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ: 

¶ ʉʜʚʠʛ ʠ ʧʦʚʦʨʦʪ ʟʝʨʝʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ. 

¶ ɼʠʬʬʫʟʠʶ ʘʪʦʤʦʚ ʚʜʦʣʴ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʣʦʢʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. 

¶ ɼʠʥʘʤʠʯʝʩʢʫʶ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. 
ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʘʪʦʤʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠ ʩʤʝʱʝʥʠʠ ʘʪʦʤʦʚ ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʝʤʧʬʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʘʜʘʧʪʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʢ ʚʥʝʰʥʠʤ ʥʘʛʨʫʟʢʘʤ. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ. ʄʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ. ɿʘʭʚʘʪ ʥʝʡʪʨʦʥʘ ʷʜʨʦʤ (n,ɔ-ʨʝʘʢʮʠʷ) 

ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʥʝʡʪʨʦʥ ʧʦʛʣʦʱʘʝʪʩʷ ʷʜʨʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʤʘʩʩʦʚʦʝ ʯʠʩʣʦ ʥʘ ʝʜʠʥʠʮʫ. ʀʟʙʳʪʦʯʥʘʷ 

ʵʥʝʨʛʠʷ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʚʠʜʝ ʛʘʤʤʘ-ʢʚʘʥʪʘ (ɔ)  

ʉʦʛʣʘʩʥʦ ʠʟʦʪʦʧʥʦʤʫ ʘʥʘʣʠʟʫ, ʧʦʩʣʝ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʡ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʠʟ ʠʟʦʪʦʧʦʚ ʥʠʢʝʣʷ ʦʩʪʘʝʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ Ni-62. ʕʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ: 

 
 ╝░ ▪ᶻO ╝░ ♬ 
 ╝░ ▪ᶻO ╝░ ♬ 

 

ʠ ʨʝʘʢʮʠʷ: 

 

 ╝░ ▪zᴼ ╝░ ♬ 
 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ. ɺ ʵʪʠʭ ʨʝʘʢʮʠʷʭ n* ʦʙʦʟʥʘʯʘʝʪ çʤʷʛʢʠʡ ʥʝʡʪʨʦʥè, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʢʚʘʟʠʥʝʡʪʨʦʥ, ʟʘʭʚʘʪ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ. ʇʨʠʨʦʜʘ ʧʦʷʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʩʧʣʘʚʘʭ 

40ʍʅʖ ʠ 47ʍʅʄ, ʦʙʣʘʜʘʶʱʠʭ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʈʘʩʯʝʪʳ ʧʣʦʪʥʦʩʪʠ 

ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʰʝʩʪʠʘʪʦʤʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘ ʘʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0.52 ÕB ʜʣʷ ɻʎʂ ʥʠʢʝʣʷ ʠ 0.67 ÕB ʜʣʷ ʆʎʂ 

ʭʨʦʤʘ. 

ʀʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ. 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨ 36ʅʍʊʖ, 

47ʍʅʄ, 40ʍʅʄ, 67ʂʅ5ɹ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʷʚʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʪʷʞʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʟʦʥʘʭ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʨʘʩʰʠʬʨʦʚʢʠ ʢʘʨʪʠʥ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʧʨʝʜʣʘʛʘʶʪʩʷ 

3D-ʤʦʜʝʣʠ ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʩʧʣʘʚʘʭ. ʅʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʘ 47ʍʅʄ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʆʎʂ-

ʨʝʰʝʪʢʠ ʭʨʦʤʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʪʦʤʦʚ ʥʠʢʝʣʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʝʝ ʫʟʣʳ. ɺ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ 

ʥʠʢʝʣʷ ʤʘʣʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʦʩʦʙʥʳ ʠʥʠʮʠʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʘʟʤʦʥʘ. 

ʇʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʬʣʫʢʪʫʘʮʠʷʤ. ʕʪʠ ʬʣʫʢʪʫʘʮʠʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ 

ʤʝʞʘʪʦʤʥʳʝ ʩʚʷʟʠ. 
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ʈʠʩʫʥʦʢ 2. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʦʙʨʘʟʝʮ ʩʧʣʘʚʘ 40ʍʅʖ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦʣʷ. ʅʘ 

ʚʩʪʘʚʢʝ ï ʧʦʜʛʦʥʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʝʤ

 ʛʜʝ M s ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ; K 1, 

K0 ï ʢʦʥʩʪʘʥʪʳ ʦʜʥʦʦʩʥʦʡ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ű1, ű0 ï ʫʛʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʝʡ ʘʥʠʟʦʪʨʦʧʠʠ. 

 

ʇʨʝʜʣʘʛʘʶʪʩʷ ʨʘʩʯʸʪʳ ʧʣʦʪʥʦʩʪʠ ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʙʲʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʧʦʷʚʣʝʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʚ ʵʪʠʭ ʩʧʣʘʚʘʭ. 

 
ʈʠʩʫʥʦʢ 3. ʈʘʩʯʝʪ ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʥʠʢʝʣʷ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʩʚʝʨʭʧʣʘʩʪʠʯʥʳʭ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ. ʉʚʝʨʭʧʣʘʩʪʠʯʥʳʝ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʝ 

ʩʧʣʘʚʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ: 

Å ɸʚʠʘʮʠʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʩʫʧʝʨʧʣʘʩʪʠʯʝʩʢʦʡ 

ʬʦʨʤʦʚʢʠ. 

Å ɸʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ: ʩʦʟʜʘʥʠʝ ʣʝʛʢʠʭ ʠ ʧʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

Å ʕʥʝʨʛʝʪʠʢʘ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʪʫʨʙʠʥ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

Å ʄʝʜʠʮʠʥʩʢʘʷ ʪʝʭʥʠʢʘ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʤʧʣʘʥʪʘʪʦʚ ʠ ʜʨʫʛʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (400ï480 ÁC), ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. 

ʆʙʦʙʱʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠ ʢʣʘʩʪʝʨʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʩʭʝʤʳ (ʂʂʉ). ʉʦʛʣʘʩʥʦ 

ʦʙʦʙʱʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʜʣʷ ʵʥʝʨʛʠʠ E ʠ ʚʨʝʤʝʥʠ t ʐʨʝʜʠʥʛʝʨʘ ï ʈʦʙʝʨʪʩʦʥʘ: 

 

ɲEẗɲtҗᴐκόнҞόмςrcчύύ 
 

ʛʜʝ rʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. ʀʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʳʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ɻʝʡʟʝʥʙʝʨʛʘ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤ (ʧʨʠ rʩ = 0). ʅʘʧʨʦʪʠʚ, ʜʣʷ rʩ Ÿ1 ʧʨʠ ʢʦʥʝʯʥʦʤ 
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ʟʥʘʯʝʥʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʨʝʤʝʥʠ ȹt ʚʝʣʠʯʠʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʵʥʝʨʛʠʠ ȹE ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ 

ʣʶʙʦʝ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɼʦʧʫʩʢʘʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʂʂʉ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʪʫʥʥʝʣʠʨʦʚʘʥʠʶ ʚ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʷ ʅʕʄʀ 

(ʥʝʦʜʥʦʨʦʜʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʤʝʭʘʥʠʟʤ ʟʘʭʚʘʪʘ ʷʜʨʦʤ ʵʥʝʨʛʠʠ 

ȹE ʠʟʦʵʣʝʢʪʨʦʥ-ʠʟʦʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ, ʩʧʦʩʦʙʥʦʡ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ ʩ 

ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʟʘ ʩʯʝʪ ʥʝʙʦʣʴʰʦʡ ʜʦʣʠ ʦʪ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ Eʧʦʣ ʠʤʧʫʣʴʩʘ ʅʕʄʀ. 

ɿʘʢʣʶʯʝʥʠʝ. ʉʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ 

ʢʦʤʧʣʝʢʩ ʷʚʣʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʂʣʘʩʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʫʧʘʢʦʚʢʠ ʘʪʦʤʦʚ, ʞʠʜʢʦʧʦʜʦʙʥʘʷ ʤʝʞʟʝʨʝʥʥʘʷ ʬʘʟʘ ʠ 

ʧʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʥʠʢʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʪ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʨʘʩʰʠʨʠʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʧʨʦʬʝʩʩʦʨʘ ɼ.ɽ. ɽʨʙʦʣʘʪʫʣʳ ʟʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ 

ʦʙʨʘʟʮʳ.  
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ʄɸɻʅʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

THE EFFECT OF HIGH PRESSURE ON THE CRYSTALLINE AND MAGNETIC STRUCTURES OF QUASI -TWO-DIMENSIONAL 

MAGNETIC MATERIALS  

 

ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ c ʩʦʭʨʘʥʷʶʱʠʤʩʷ ʜʘʣʴʥʠʤ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʚ ʠʭ 

ʜʚʫʤʝʨʥʳʭ ʬʦʨʤʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʱʘʷ ʠʤ ʨʝʰʝʪʢʘ ʪʠʧʘ çʧʯʝʣʠʥʳʝ ʩʦʪʳè, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ ʩʣʦʝʚ. 

ʉʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʥʝʦʙʳʯʥʳʭ ʷʚʣʝʥʠʡ: 

ʟʘʨʷʜʦʚʦʝ, ʦʨʙʠʪʘʣʴʥʦʝ ʠ ʩʧʠʥʦʚʦʝ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʦʷʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ 

ʍʦʣʣʘ, ʩʢʠʨʤʠʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʜʨ., ʪʘʢʞʝ ʚʘʞʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, 

ʥʘʧʨʠʤʝʨ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʠʥʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʗʨʢʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʙʨʦʤʠʜ ʠ ʭʣʦʨʠʜ ʭʨʦʤʘ (CrBr3,CrCl3), ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʥʝʦʙʳʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʟʘ ʩʯʝʪ ʚʘʨʠʘʮʠʠ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʜʘʶʪ ʫʥʠʢʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʘ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ. ʅʝʡʪʨʦʥʥʘʷ ʜʠʬʨʘʢʮʠʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʠ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʳ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ, ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ CrBr3 ʠ CrCl3 ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ. ɼʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʅ-6 ʨʝʘʢʪʦʨʘ ʀɹʈ-2 (ʃʅʌ, ʆʀʗʀ, ɼʫʙʥʘ, ʈʦʩʩʠʷ).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ CrBr3 ʧʦʟʚʦʣʠʣʠ ʦʙʥʘʨʫʞʠʪʴ ʚ ʦʙʣʘʩʪʠ ʥʠʞʝ TC = 

37 ʂ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʪʝʧʣʦʚʦʝ ʦʙʲʝʤʥʦʝ ʨʘʩʰʠʨʝʥʠʝ [1], ʘ ʪʘʢʞʝ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ, ʫʛʣʦʚ ʠ ʯʘʩʪʦʪ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʩʠʣʴʥʫʶ ʩʧʠʥ-

ʨʝʰʝʪʦʯʥʫʶ ʩʚʷʟʴ. ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, 

ʘ ʧʦʣʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʌʄ-ʩʦʩʪʦʷʥʠʷ ʠ ʤʘʛʥʠʪʥʳʡ ʧʝʨʝʭʦʜ ʣʠʙʦ ʚ ɸʌʄ-ʩʦʩʪʦʷʥʠʝ, ʣʠʙʦ ʚ ʤʘʛʥʠʪʥʦ-

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʞʠʜʘʝʪʩʷ ʧʨʠ P~8,4 ɻʇʘ [2]. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʚʳʷʚʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʚ ʧʦʚʝʜʝʥʠʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʠʩʭʦʜʥʦʡ ʢʚʘʟʠʜʚʫʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʪʨʝʭʤʝʨʥʫʶ. 

CrCl3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʩʪʝʧʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ ʬʘʟʫ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ɸʌʄ-ʫʧʦʨʷʜʦʯʝʥʠʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ TN = 17 ʂ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʠʩʭʦʜʥʦʡ ʤʦʥʦʢʣʠʥʥʦʡ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʊʘʢʞʝ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ɸʌʄ-ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʤʫ ʧʝʨʝʭʦʜʫ ʢ ʌʄ-ʫʧʦʨʷʜʦʯʝʥʠʶ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʆʙʲʝʜʠʥʝʥʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʆʄʋʉ) ʆʀʗʀ, ɼʫʙʥʘ, 

ʈʦʩʩʠʷ (ʛʨʘʥʪ ˉ24-401-05). 
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ɾʆנɸʈʓ ʕʅʊʈʆʇʀʗʃʓפ פʆʈʓʊʇɸʃɸʈɼʓ ɸʃʋɼʓפ רɸʉʀɽʊʊɽʈɯ ʄɽʅ ᴄɼɯʉʊɽʈɯʅ ʊɸʃɼɸʋ 

ɸʅɸʃʀɿ ʉɺʆʁʉʊɺ ʀ ʄɽʊʆɼʆɺ ʇʆʃʋʏɽʅʀʗ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓʍ ʉʇʃɸɺʆɺ 

ANALYSIS OF PROPERTIES AND METHODS FOR OBTAINING HIGH -ENTROPY ALLO YS 

 
ɸϬʜʘʪʧʘ. ɾʦϤʘʨʳ ʵʥʪʨʦʧʠʷʣʳϨ Ϩʦʨʳʪʧʘʣʘʨ (ɾʕϧ) - ʙʝʨʽʢʪʽʢʪʽϬ, ʠʢʝʤʜʽʣʽʢʪʽϬ, ʢʦʨʨʦʟʠʷϤʘ ʪϺʟʽʤʜʽʣʽʢʪʽϬ ʞϸʥʝ ʪʝʨʤʠʷʣʳϨ 

ʪϰʨʘϨʪʳʣʳϨʪʳϬ ʙʽʨʝʛʝʡ Ϯʡʣʝʩʽʤʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʢϺʧ ʢʦʤʧʦʥʝʥʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳϬ ʠʥʥʦʚʘʮʠʷʣʳϨ ʢʣʘʩʳ. ʄʘϨʘʣʘʜʘ ɾʕϧ-ʪʽϬ 

ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʦʣʘʨʜʳϬ ʤʦʨʬʦʣʦʛʠʷʣʳϨ ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ʤʝʭʘʥʠʢʘʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ, ʩʦʥʜʘʡ-ʘϨ ʩʫʪʝʛʽ ʵʥʝʨʛʝʪʠʢʘʩʳʥʜʘ 

Ϩʦʣʜʘʥʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ϨʘʨʘʩʪʳʨʳʣϤʘʥ.  

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʞʦϤʘʨʳ ʵʥʪʨʦʧʠʷʣʳϨ Ϩʦʨʳʪʧʘʣʘʨ, ʤʝʭʘʥʠʢʘʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ, ʩʠʥʪʝʟ, Ϩϰʨʳʣʳʤʳ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ (ɺʕʉ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʢʣʘʩʩ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʨʦʯʥʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɺ 

ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʕʉ, ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ. 

 

Abstract. High-entropy alloys (HES) are an innovative class of multicomponent materials characterized by a unique combination of 

strength, ductility, corrosion resistance, and thermal stability. The article discusses the main characteristics of wind farms, their 

morphological features, mechanical properties, as well as the prospects for use in hydrogen energy.  

Keywords: high-entropy alloys, mechanical properties, synthesis, structure. 
 

ʂʽʨʽʩʧʝ. ɾʦסʘʨʳ ʵʥʪʨʦʧʠʷʣʳץ ץʦʨʳʪʧʘʣʘʨ (ɾʕפ) ʙʘʩʳʤ ʵʣʝʤʝʥʪʽʥʩʽʟ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣʘʨʜʳש ʙʽʨʝʛʝʡ ײץʨʳʣʳʤʳ ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨʫʜʳש ʞʦסʘʨʳ ʵʥʪʨʦʧʠʷʩʳ ץʘʪʪʳ 

ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʪװʟʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʽʧ, ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ. ʉʦסשʳ ʞʳʣʜʘʨʳ 

ɾʕפ ʘʵʨʦסʘʨʳʰʪʳץ, ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʣʳץ ʩʘʣʘʣʘʨʜʘסʳ ᴅʣʝʫʝʪʪʽ ץʦʣʜʘʥʫʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ᴇʟʜʝʨʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʜʳ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʞϸʥʝ ʟʝʨʪʪʝʫ ϸʜʽʩʪʝʨʽ. ɾʕץ פʘʩʠʝʪʪʝʨʽʥ ʪʘʣʜʘʫ װʰʽʥ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ, 

ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʞᴅʥʝ ʩʠʥʪʝʟ ᴅʜʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫ ʜʝʨʝʢʪʝʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. ɾʕפ ʘʣʫʜʳש ʥʝʛʽʟʛʽ 

ᴅʜʽʩʪʝʨʽ ʨʝʪʽʥʜʝ ʚʘʢʫʫʤʜʳ ʜʦסʘʣʳץ ʙʘʣץʳʪʫ, ʤʝʭʘʥʠʢʘʣʳץ ʣʝʛʠʨʣʝʫ, ʣʘʟʝʨʣʽʢ ʧʣʘʢʘʮʠʷ ʞᴅʥʝ ײʰץʳʥ 

ʧʣʘʟʤʘʣʳץ ʘʛʣʦʤʝʨʘʮʠʷ (SPS) ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɾʕפ ʪײʞʳʨʳʤʜʘʤʘʩʳ ʥʝʙᴅʨʽ 15 ʞʳʣ ʙײʨʳʥ ʧʘʡʜʘ ʙʦʣʜʳ, ʙʽʨʘץ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ ʦʩʳ ʩʘʣʘסʘ װʣʢʝʥ 

 ʘʨʳ ʘʨʘʣʘʩʪʳʨʫסʙʝʢʪʝʨ ʞʘʨʠʷʣʘʥʜʳ [1,2]. ɾʦשʳʣʳʤʠ ʝס ʪʘʥʳʪʘʪʳʥ 5000-ʥʘʥ ʘʩʪʘʤ ץʫʰʳʣʳסʳʟʳץ

ʵʥʪʨʦʧʠʷʩʳ ץʘʨʘʧʘʡʳʤ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ ʤʝʪʘʣʣʠʜ ʘʨʘʣʳץ ʬʘʟʘʣʘʨʜʳש 

ʪװʟʽʣʫʽʥ ʪʝʞʝʡʜʽ ʜʝʧ ʝʩʝʧʪʝʣʜʽ. ɸʣʘʡʜʘ, ʦʜʘʥ ᴅʨʽ ʟʝʨʪʪʝʫʣʝʨ ɾʕפ-ʪʝ ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨ 

 ʽʰʽʥʜʝ ʨʝʪʪʝʣʛʝʥ ʬʘʟʘʣʘʨ ʤʝʥ ʘʤʦʨʬʪʳ שʨʳʣʳʤʜʘʨ, ʩʦʥʳײץ ʨʜʝʣʽ ʢᴇʧ ʬʘʟʘʣʳװʘʪʘʨ ʢץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס

ʪװʟʽʣʽʤʜʝʨ ʜʝ ʧʘʡʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ [3,4,5]. ɹײʣ ʞʦסʘʨʳ ʘʨʘʣʘʩʪʳʨʫ ʵʥʪʨʦʧʠʷʩʳ ץʦʨʳʪʧʘʥʳש 

 .ʳʟ ʬʘʢʪʦʨ ʝʤʝʩ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽסʪʘʡʪʳʥ ʞʘʣץʨʳʣʳʤʳʥ ʘʥʳײץ

ɾװʡʝʥʽש S ʵʥʪʨʦʧʠʷʩʳ ʘʜʜʠʪʠʚʪʽ: ʪʘʟʘ ʵʣʝʤʝʥʪʪʝʨ װʰʽʥ ʦʣ ʘʪʦʤʜʘʨʜʳש ʞʳʣʫ ץʦʟסʘʣʳʩʳʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ. פʦʨʳʪʧʘʣʘʨʜʘ ʪʝʨʙʝʣʤʝʣʽ װʣʝʩʪʝʨʜʝʥ ʙʘʩץʘ, ʘʪʦʤʜʘʨʜʳש ʦʨʥʘʣʘʩʫʳʥʘ ʞᴅʥʝ ʙʦʩ ʞײʤʳʩ 

ʦʨʳʥʜʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʦʥʬʠʛʫʨʘʮʠʷʣʳװ ץʣʝʩʪʝʨ, ʩʦʥʜʘʡ-ʘץ ʰʘסʳʥ ʤʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʜʳ װʣʝʩʪʝʨ 

 ʵʥʪʨʦʧʠʷ ץʘʤʪʠʜʳ: ʢʦʥʬʠʛʫʨʘʮʠʷʣʳץ ʦʩʳʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘʨʘʣʘʩʪʳʨʫ ʵʥʪʨʦʧʠʷʩʳ ʪᴇʨʪ ʢʦʤʧʦʥʝʥʪʪʽץ

(Sʢʦʥʬ), ʪʝʨʙʝʣʤʝʣʽ ʵʥʪʨʦʧʠʷ (Sv), ʤʘʛʥʠʪʪʽʢ ʵʥʪʨʦʧʠʷ (Sm) ʞᴅʥʝ ʵʣʝʢʪʨʦʥʜʳ ʵʥʪʨʦʧʠʷ (Se) [6]. 

ʆʩʳʣʘʡʰʘ, ʘʨʘʣʘʩʪʳʨʫ ʵʥʪʨʦʧʠʷʩʳ: 

 

 æSʘʨʘʣʘʩʪʳʨʫ = æSʢʦʥʬ + æSv + æSm + æSe  

 

ɸʚʪʦʨʜʳש ʘʡʪʫʳ ʙʦʡʳʥʰʘ [1], ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ɾʕפ-ʪʝ (ʙʝʩ ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ ʵʣʝʤʝʥʪʪʝʨ) 

ʢʦʥʬʠʛʫʨʘʮʠʷʣʳץ ʘʨʘʣʘʩʪʳʨʫ ʵʥʪʨʦʧʠʷʩʳ ʙʘʩʳʤ ʙʦʣʳʧ, ʙʦʩ ʵʥʝʨʛʠʷʥʳ ʘʟʘʡʪʘʜʳ. ɹʦʣʴʮʤʘʥ ʛʠʧʦʪʝʟʘʩʳʥʘ 

ʩᴅʡʢʝʩ [7], ʵʥʪʨʦʧʠʷʥʳש ʙʽʨ ʤʦʣʴʛʝ ᴇʟʛʝʨʫʽ (æSʘʨʘʣʘʩʪʳʨʫ) ʤʦʣʷʨʣʳץ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʪʝש n ʵʣʝʤʝʥʪʪʝʨʽʥʝʥ 

 :ʳʣʳ ʝʩʝʧʪʝʣʝʜʽץʜʝʫ ʘʨשʟʽʣʛʝʥʜʝ ʢʝʣʝʩʽ ʪʝװʘʪʪʳ ʝʨʽʪʽʥʜʽ ʪץ

 

Sʘʨʘʣʘʩʪʳʨʫ = - klnw 
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ʤײʥʜʘסʳ Ὧ - ɹʦʣʴʮʤʘʥ ʪײʨʘץʪʳʩʳ (1,38Ŀ10-23 ɼʞĿʂ-1); ύ - ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʪװʙʝʛʝʡʣʽ ᴅʨʪװʨʣʽ 

 :ʩʘʥʳ שʪʠʤʘʣ ʤʠʢʨʦʩʪʘʪʪʘʨʜʳץʳ שʙʦʣʘʪʳʥ ʪʝ שʩʘʥʳ ʪʝ שʣʝʩʪʽʨʽʤʜʝʨʜʽװ

 

×  
.Ȧ

.̱Ȧ
.ˏȦ 

ὔὄ=1,2,é,ὲ װʰʽʥ ʦשʘʡ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ.   

 

ʆʩʳʣʘʡʰʘ, ᴅʨ ʵʣʝʤʝʥʪʪʽש ʤʦʣʷʨʣʳװ ץʣʝʩʪʝʨʽ ʪʝש ʙʦʣסʘʥ ʢʝʟʜʝ, ʘʨʘʣʘʩʪʳʨʫ ʵʥʪʨʦʧʠʷʩʳ ʢʝʣʝʩʽʜʝʡ 

ʙʦʣʘʜʳ: 
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ʤײʥʜʘסʳ ὲ - ʤʦʣʴ ʩʘʥʳ, Ὑ - ʛʘʟ ʪײʨʘץʪʳʩʳ (R = 8,314 ʢɼʞ/(ʢʤʦʣʴĿʂ)) [8]. 1-ʩʫʨʝʪʪʝ ʙʝʩ ʢʦʤʧʦʥʝʥʪʪʽ 

ʵʢʚʠʘʪʦʤʜʳץ ץʦʨʳʪʧʘʥʳש ʪװʟʽʣʫʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʤʳʩʘʣ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 1. (A) ʘʨʘʣʘʩʪʳʨʫסʘ ʜʝʡʽʥʛʽ ʵʢʚʠʘʪʦʤʜʳץ ץʘʪʳʥʘʩʪʘסʳ ʙʝʩ ʢʦʤʧʦʥʝʥʪ ʞᴅʥʝ (ɺ) ץʘʨʘʧʘʡʳʤ ץʘʪʪʳ 

ʝʨʽʪʽʥʜʽ ʪװʟʽʣʝʪʽʥ ʘʨʘʣʘʩʪʳʨʫʜʘʥ ʢʝʡʽʥʛʽ ʢװʡ [8] 

 

 ᴅʩʝʨʽʥ שʘʨʳ ʵʥʪʨʦʧʠʷʥʳסʙʘʩʳʣʫʳʥʘ ʞʦ שʟʽʣʫʽʥʝ ʞᴅʥʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʪʝʨʜʽװʪ שʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽפ

ʙʘסʘʣʘʫ װʰʽʥ ʘʨʘʣʘʩʪʳʨʫ ʵʥʪʘʣʴʧʠʷʩʳʥʳװ שʣʢʝʥ ʪʝʨʽʩ ʤᴅʥʜʝʨʽ ʙʘʨ ʵʣʝʤʝʥʪʪʝʨʤʝʥ ɾʕפ-ʪʽ ץʘʨʘʩʪʳʨסʘʥ 

ʞᴇʥ. פʘʨʘʧʘʡʳʤ ʩᴇʟ ʪʽʨʢʝʩʪʝʨʽʥʽש ʢʽʰʢʝʥʪʘʡ ʪʝʨʽʩ ʩᴇʟʜʝʨʽ ʙʘʨ ȹHʘʨʘʣʘʩʪʳʨʫ ʞᴅʥʝ ȹSʘʨʘʣʘʩʪʳʨʫ, ᴇʡʪʢʝʥʽ 

 ʘסʨʳʣʳʤײץ ʦʩʳʣʳʩʪʘʨ ʪᴇʤʝʥʽʨʝʢ ʩʠʧʘʪʪʘʣʘʜʳ ȹSʘʨʘʣʘʩʪʳʨʫ ʨʝʪʪʝʣʛʝʥפ .ʨʘʤʳʥʜʘ ʙʽʨ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪ ʙʘʨײץ

ʙʘʡʣʘʥʳʩʪʳ, ʙʽʨʘץ ʪʝʨʽʩ ʩʠʧʘʪץʘ ʠʝ ȹHʘʨʘʣʘʩʪʳʨʫ. ʂᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝ ʦʨʪʘʰʘ ʪʝʨʽʩ 

ȹHʘʨʘʣʘʩʪʳʨʫ ʢʝʟʜʝ ȹSʘʨʘʣʘʩʪʳʨʫ ʤᴅʥʽ ʘʪʦʤʜʳץ ʞײʧʪʘʨʜʳש ʘʣʫʘʥ ʪװʨʣʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʤʘʢʩʠʤʘʣʜʳ. ʄʳʩʘʣʳ, 

NiAl (B2) ʠʥʪʝʨʤʝʪʘʣʣʠʜʽʥʜʝ ʪʦʣʳץ ʨʝʪʪʝʣʛʝʥ ʢʝʟʜʝ Ni-Al ʙʘʡʣʘʥʳʩʪʘʨʳʥʳװ שʣʝʩʽ ʨʝʪʩʽʟ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʛʝ 

 .ʘʨʳ ʙʦʣʘʜʳסʘʥʜʘ ʞʦסʘʨʘץ

 
ʂʝʩʪʝ 1. ɸʪʦʤ ʨʘʜʠʫʩʳ, ʵʣʝʢʪʨʪʝʨʽʩʪʽʛʽ, ʚʘʣʝʥʪʪʽʣʽʢ ʵʣʝʢʪʨʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ (ɺʕʂ), ץʦʨʳʪʧʘʥʳש 

 ʘʥסʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ. ɼʝʨʝʢʪʝʨ ᴅʜʝʙʠ ʢᴇʟʜʝʨʜʝʥ ʘʣʳʥץʨʳʣʳʤʳ ʞᴅʥʝ ʙʘʣײץ ץʢʨʠʩʪʘʣʜʳ שʨʘʤʜʘʩ ʵʣʝʤʝʥʪʪʝʨʽʥʽײץ

[28]. 

 

ʕʣʝʤʝʥʪ  Co Cr Fe Ni Mn V Al  Cu 

ɸʪʦʤ 

ʨʘʜʠʫʩʳ, ʧʤ  

125 128 126 124 127 134 143 128 

ʉʜʳʩʫ 

ʤʦʜʫʣʽ, GPA  

75 115 82 76 81 47 26 45 

ʇʦʣʠʥʛ 

ʙʦʡʳʥʰʘ 

ʵʣʝʢʪʨʪʝʨʽʩʘʪ  

1.88 1.66 1.83 1.91 1.55 1.63 1.61 1.90 

ɺʕʂ  9 6 8 10 7 5 3 11 

ʂʨʠʩʪʘʣʜ

ʳײץ ץʨʳʣʳʤ 

ɻʆʐ  

(ʊ>

422 Áʉ)  

ɻʝʢʩʘʛʦʥ  

(ʊ>

422 Áʉ)  

  

  

ʂʆʐ  

ʂʆʐ  

(ʊ>1394Áʉ

),  

ɻʆʐ  

(911ÁC<ʊ<

1394ÁC),  

  

  

ɻʆʐ  

ʂʆʐ  

(ʊ>1138Áʉ),  

ɻʆʐ  

(1087ÁC<ʊ<1

139ÁC),  

  

  

ʂʆʐ  

  

  

ɻʆʐ 

  

  

ɻ

ʆʐ  
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ʂʆʐ(ʊ<9

11ÁC)  

ɸʨʘʣʘʩ ʪʝʢʰʝ 

(ʊ<911ÁC)  

  

ᴄʜʝʙʠ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʪᴅʩʽʣ ɾʕפ-ʪʝ ײץʨʳʣʳʤʜʘʨʜʳץ שʘʣʳʧʪʘʩʫʳʥ ᴅʨʜʘʡʳʤ ʜᴅʣ 

ʙʦʣʞʘʡ ʙʝʨʤʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ ʖʤ-ʈʦʟʝʨʠ ʝʨʝʞʝʣʝʨʽ ץʦʩʳʤʰʘ ץʦʣʜʘʥʳʣʘʜʳ [9]: 

1. ɸʪʦʤʜʳץ ʨʘʜʠʫʩʪʘʨʜʳש ʘʡʳʨʤʘʰʳʣʳסʳ Ò15%;   

2. ɹʽʨʜʝʡ ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤ;   

3. ɹʽʨʜʝʡ ʚʘʣʝʥʪʪʽʣʽʢ;   

4. ʕʣʝʢʪʨʪʝʨʽʩʪʽʣʽʢ ʘʡʳʨʤʘʰʳʣʳסʳ Ò0,2-0,4. 

ʆʣʘʨʜʳש ᴅʨʝʢʝʪʽʥ HCC ʪʦʨʳʤʝʥ CoCrFeNiMn ץʦʨʳʪʧʘʩʳʥʳש ʤʳʩʘʣʳʥʜʘ ץʘʨʘʩʪʳʨʘʡʳ[10] ץ. 

ʕʣʝʤʝʥʪʪʝʨʜʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳ 1-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʂʝʩʪʝʥʽ ʪʘʣʜʘʫ ɾʕפ-ʪʝ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʙʦʣʞʘʫ װʰʽʥ ʖʤ-ʈʦʟʝʨʠ ʝʨʝʞʝʣʝʨʽʥ ץʦʣʜʘʥʫ ʪʦʨʣʘʨʳ ʤʝʥ 

ʚʘʣʝʥʪʪʽʣʽʛʽ ʙʽʨʜʝʡ ʵʣʝʤʝʥʪʪʝʨʜʽ ʪʘשʜʘʫ ץʠʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʠʳʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʄʳʩʘʣʳ, ʦʩʳ 

ɽʨʝʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ ᴅʨʪװʨʣʽ ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʜʘʨʳ ʙʘʨ Co-Cr-Fe-Ni-Mn ץʦʨʳʪʧʘʩʳ ʢᴇʧ ʬʘʟʘʣʳ 

 .ʨʫʳ ʢʝʨʝʢ ʝʜʽײץ ʨʳʣʳʤʜʳײץ

ɾʕפ ʘʣʫ ᴅʜʽʩʪʝʨʽ ʜᴅʩʪװʨʣʽ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ײʥʪʘץʪʳ ʤʝʪʘʣʣʫʨʛʠʷ ʤʝʥ 

ʤʝʭʘʥʦʩʠʥʪʝʟʜʽש ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽʥ ץʦʩʘ ʘʣסʘʥʜʘ, ץʘʞʝʪʪʽ ץʘʩʠʝʪʪʝʨ ʤʝʥ ץʦʣʜʘʥʫ ʩʘʣʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

ʄʠʢʨʦײץʨʳʣʳʤʜʳ ʞᴅʥʝ ʬʘʟʘʣʳײץ ץʨʘʤʜʳ ʙʘץʳʣʘʫ ᴇʪʝ ʤʘשʳʟʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʤʝʭʘʥʠʢʘʣʳץ, ʪʝʨʤʠʷʣʳץ 

ʞᴅʥʝ ʩʫʪʝʛʽ ʩʘץʪʘʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. 

 ʧʘʡʜʘ ʙʦʣʫʳ ʧʨʦʮʝʩʪʽ שʘʪʪʳ ʝʨʽʪʽʥʜʽʥʽץ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ץʘʣʘ ʙʝʨʝʜʽ, ʙʽʨʘץ ʘʥ ᴅʜʽʩ ʙʦʣʳʧסʪʘʨʘʣ שʶ ʢʝײפ

 .ʙʽʨʢʝʣʢʽ ʚʳʟʳʚʩʪʽʛʽʥ ʪʫʜʳʨʘʜʳ שʪʘʨʘʣʫʳ ʤʝʥ ʽʰʢʽ ʢʝʨʥʝʫʣʝʨʜʽ שʣ ʵʣʝʤʝʥʪʪʝʨʜʽײʠʳʥʜʘʪʘʜʳ, ʙץ

ɹʽʨʪʝʢʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫ װʰʽʥ ʙʽʨʥʝʰʝ ʨʝʪ ʙʘʣץʳʪʫ ʞᴅʥʝ ʩʘʣץʳʥʜʘʪʫ ʞʳʣʜʘʤʜʳסʳʥ ʙʘץʳʣʘʫ ץʘʞʝʪ, ʙʽʨʘץ ʙײʣ 

   .ʤʢʽʥװʘ ᴅʢʝʣʫʽ ʤסʨʳʣʳʤײץ ʡʽʨʰʽʢʪʽװʘʞʝʪʩʽʟ ʬʘʟʘʣʘʨ ʤʝʥ ʽʨʽ ʪץ

ɽש ʢᴇʧ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ-ʚʘʢʫʫʤʜʳ ʜʦסʘʣʳץ ʙʘʣץʳʪʫ, ʦʥʜʘ ʪʘʟʘ ʤʝʪʘʣʜʘʨ (>99%) ʠʥʝʨʪʪʽ ʛʘʟ 

ʘʪʤʦʩʬʝʨʘʩʳʥʜʘ ʙʽʨʥʝʰʝ ʨʝʪ ʙʘʣץʳʪʳʣʘʜʳ ʞᴅʥʝ ʙʘʣץʳʪʳʣʘʜʳ. ɹײʣ ʙʽʨץʘʪʘʨ ʟʝʨʪʪʝʫʣʝʨʜʝ ʨʘʩʪʘʣסʘʥ 

ʞʦסʘʨʳ ʭʠʤʠʷʣʳץ ʙʽʨʪʝʢʪʽʣʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [11-14]. 

 

 
ʉʫʨʝʪ 2. פʦʨʳʪʧʘ ײץʡʤʘʣʘʨʳ ʙʝʪʽʥʽש ʉʕʄ ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ ʩʫʨʝʪʪʝʨʽ: ʘ) CrNbVTiZr ʙ) FeCoCuNiSn0.5 [15] 

 

2-ʩʫʨʝʪʪʝ ʚʘʢʫʫʤʜʳ-ʜʦסʘʣʳ ʙʘʣץʳʪʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ײץʡʤʘ ʙʝʪʽʥʽש ʩʘʣʤʘסʳ ʙʝʡʥʝʣʝʥʛʝʥ. ɹʝʪʪʽש 

ʢʝʫʝʢʪʽʣʽʛʽ ʤʝʥ ʢʝʜʽʨ-ʙײʜʳʨʣʳסʳ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ײץʨʳʣʳʤʜʳ ʞʘץʩʘʨʪʫ װʰʽʥ ʳʩʪʳץ 

ʠʟʦʩʪʘʪʠʢʘʣʳץ ʧʨʝʩʪʝʫ (ʛʠʧʩ) ץʦʣʜʘʥʳʣʘʜʳ [15]. פʦʨʳʪʧʘʣʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥʝ ʙʘʣץʳʤʘʣʘʨʜʳש ʩʘʥʳ, 

ʩʘʣץʳʥʜʘʪʫ ᴅʜʽʩʽ (ʘʫʘ ʥʝʤʝʩʝ ʩʫ), ʩʘʣץʳʥʜʘʪʫ ʞʳʣʜʘʤʜʳסʳ ʞᴅʥʝ ʙʘʩץʘ ʧʘʨʘʤʝʪʨʣʝʨ ᴅʩʝʨ ʝʪʝʜʽ. 

ɿʝʨʪʪʝʫʣʝʨ ɾʕײץ פʨʳʣʳʤʳʥʜʘ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ ʢװʨʜʝʣʽ ʢᴇʧ ʬʘʟʘʣʳ ץʦʨʳʪʧʘʣʘʨסʘ ʜʝʡʽʥ 

ʘʡʪʘʨʣʳץʪʘʡ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʜʳ. 

CoCrFeNi ʞᴅʥʝ CoCrFeNiMn ʩʠʷץʪʳ ץʘʨʘʧʘʡʳʤ ɾʕפ ʞʦסʘʨʳ ʠʢʝʤʜʽʣʽʢʢʝ (ʰʘʤʘʤʝʥ 40%) ʞᴅʥʝ ʪᴇʤʝʥ 

ʢʽʨʽʩʪʽʣʽʢʢʝ (å200 ʄʇʘ) ʠʝ ʨʝʪʩʽʟ FCC-ʪʦʨʣʳ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ײץʨʘʡʜʳ. ʂʨʠʦʛʝʥʜʽʢ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʦʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʤʠʢʨʦʜʚʦʡʥʠʢʘʮʠʷʥʳ ʙʝʣʩʝʥʜʽʨʫ ʘʨץʳʣʳ ʞʘץʩʘʨʘʜʳ. ʂʦʨʨʦʟʠʷʣʳץ 

 ʝʢʝʥʽʥ ץʩʳʨʘץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʘסʘʥʜʘ ʢʦʨʨʦʟʠʷסʘʩʠʝʪʪʝʨʜʽ ʟʝʨʪʪʝʫ Co Cr Fe Ni 304L ʙʦʣʘʪʧʝʥ ʩʘʣʳʩʪʳʨץ

ʢᴇʨʩʝʪʪʽ. ɼʝʛʝʥʤʝʥ, Cu ץʦʩʳʣʫʳ ʦʥʳש ʙᴇʣʽʥʫʽʥʝ ʞᴅʥʝ ʜʝʥʜʨʠʪʪʽ ʘʡʤʘץ ʰʝʢʘʨʘʣʘʨʳʥʳש ʩʝʣʝʢʪʠʚʪʽ 

ʙײʟʳʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʪʽʥ ʠʥʪʝʨʝʥʜʨʠʪʪʽ ץʘʙʘʪʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ᴅʢʝʣʝʜʽ. 
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ɾʦסʘʨʳ ʵʥʪʨʦʧʠʷʣʳ ʤʝʪʘʣʣʘʨʘʣʳץ ץʦʨʳʪʧʘʣʘʨסʘ FCC ʬʘʟʘʩʳʥʘʥ, R ʬʘʟʘʩʳʥʘʥ, ů ʬʘʟʘʩʳʥʘʥ ʞᴅʥʝ ʃʘʚʝʩ 

ʬʘʟʘʩʳʥʘʥ ʪײʨʘʪʳʥ ʤʠʢʨʦײץʨʳʣʳʤʳ ʙʘʨ CoCrFeNiTi0.5 ʞװʡʝʩʽ ʞʘʪʘʜʳ.Ti ʜʦʧʠʥʛʽ ץʘʪʪʳʣʳץʪʳ 75% - סʘ (515 

HV-ʛʝ ʜʝʡʽʥ) ʘʨʪʪʳʨʘʜʳ, ץʘʪʪʳʣʳץʪʳ ץʘʪʘʡʪʫ ʞᴅʥʝ ץʘʡʪʘʣʘʤʘ ʬʘʟʘʣʘʨʜʳ ʦץʰʘʫʣʘʫ ʘʨץʳʣʳ. ץױʩʘʩ ᴅʩʝʨ 

CoCrFeNiMoʭ ץʦʨʳʪʧʘʩʳʥʜʘ ʜʘ ʙʘʡץʘʣʘʜʳ (x = 0-0,85) [16]. 

CoCrFeNi-ʛʝ Mo (x = 0,3) ץʦʩʫ Cr (28 ʘʪ.%)  ʞᴅʥʝ Mo (22 ʘʪ.%) ʙʘʡʳʪʳʣסʘʥ ů ʬʘʟʘʩʳʥʳש ʪװʟʽʣʫʽʥ 

ʪʫʜʳʨʘʜʳ. Mo (x Ó 0,85) ʤʘʟʤײʥʳʥʳש ʦʜʘʥ ᴅʨʽ ʞʦסʘʨʳʣʘʫʳʤʝʥ ץʦʩʳʤʰʘ ɛ-ʬʘʟʘ (Cr, Mo ï 23 ʘʪ.% ʞᴅʥʝ 31 

ʘʪ.% ʩᴅʡʢʝʩʽʥʰʝ) ץʘʣʳʧʪʘʩʘʜʳ. ʄʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʟʝʨʪʪʝʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, Mo ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש 

ʞʦסʘʨʳʣʘʫʳ ץʦʨʳʪʧʘʥʳש ʢʽʨʽʩʪʽʣʽʛʽʥ 136 ʄʇʘ-ʜʘʥ 929 ʄʇʘ-סʘ ʜʝʡʽʥ ʘʨʪʪʳʨʘʜʳ, ʙʽʨʘץ ʩʳʥסʳʰ ʬʘʟʘʣʘʨʜʳש 

ʢᴇʣʝʤʜʽʢ װʣʝʩʽʥ ʘʨʪʪʳʨʫ ʘʨץʳʣʳ ʦʥʳש ʠʢʝʤʜʽʣʽʛʽʥ 75% - ʜʘʥ 21% - סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. 

 

  

 
ʉʫʨʝʪ 3. CoCrFeNiMoʭ  ץʦʨʳʪʧʘʩʳʥ ץʳʩʫ ʩʳʥʘץʪʘʨʳʥʘʥ ʘʣʳʥסʘʥ ʢʝʨʥʝʫʜʽש ʜʝʬʦʨʤʘʮʠʷסʘ ʪᴅʫʝʣʜʽʣʽʢ 

 ʪʘʨʳ [16]ץʠʩʳץ

 

Kunce ʞᴅʥʝ ʙʽʨʣʝʩʢʝʥ ʘʚʪʦʨʣʘʨ [17] ײʥʪʘץʪʘʨʜʳש ʣʘʟʝʨʣʽʢ ʘʛʣʦʤʝʨʘʮʠʷʩʳʥʘʥ ʘʣʳʥסʘʥ CrFeNiTiVZr 

 ʩʘʨʪʳʧ, C14 ʙʘʩʳʤ ʃʘʚʝʩ ʬʘʟʘʩʳץʙʽʨʪʝʢʪʽʣʽʢʪʽ ʞʘ ץʡʜʽʨʫ ʭʠʤʠʷʣʳװʢ (ס24 ʩʘ) ʦʨʳʪʧʘʩʳʥ ʟʝʨʪʪʝʜʽ. 1000ÁCץ

ʞᴅʥʝ ʘʟ Ŭ-Ti ʙʘʨ ʝʢʽ ʬʘʟʘʣʳ ײץʨʳʣʳʤʜʳ ץʘʣʳʧʪʘʩʪʳʨʜʳ. ʏʝʥʛ ʞᴅʥʝ ʙʽʨʣʝʩʢʝʥ ʘʚʪʦʨʣʘʨʳ [18] 

CoCrCuFeNiNb ʞʘʙʳʥʳʥ ʧʣʘʟʤʘʣʳץ ʜʦסʘʣʳץ ʙװʨʢʫ ᴅʜʽʩʽʤʝʥ ʞʘʩʘʜʳ. Nb ʙʦʣʤʘʩʘ, ʦʣ ʙʽʨ ʬʘʟʘʣʳ ɻʆʐ 

 ʦʩʫץ Nb .(ʳʟשʘʨʘץ 4-ʩʫʨʝʪʪʽ) ʨʳʣʳʤʳʥʘ ʠʝ ʙʦʣʜʳ, ʘʣ Nb -ʤʝʥ ʙʽʨʛʝ ʃʘʚʝʩ ʬʘʟʘʩʳ (CoCr)Nb ʧʘʡʜʘ ʙʦʣʜʳײץ

ʞʘʙʳʥʥʳץ שʘʪʪʳʣʳסʳʥ, ʖʥʛ ʤʦʜʫʣʽʥ, ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʜʳ. 

 

  

 
ʉʫʨʝʪ 4. (A) CoCrCuFeNi ʞᴅʥʝ CoCrCuFeNiNb ץʦʨʳʪʧʘʩʳʥʳש ʞʘʙʳʥʜʘʨʳʥʳש ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʣʘʨʳ ʤʝʥ 

ʤʠʢʨʦʛʨʘʬʪʘʨʳ, (ɹ) CoCrCuFeNiNb, ʞᴅʥʝ (ɺ) CoCrCuFeNi [18] 
 

AlCrMoTaTiZr [19] ʩʠʷץʪʳ ʘʤʦʨʬʪʳ ɾʕפ ʨʝʪʩʽʟ ײץʨʳʣʳʤסʘ ʠʝ. ʄʘʛʥʝʪʨʦʥʜʳ ʙװʨʢʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ 

ʙײʣ ץʦʨʳʪʧʘ ʪʝʛʽʩ ץʘʙʳץʰʘ ʪװʟʝʜʽ (ʢʝʜʽʨ-ʙײʜʳʨʣʳסʳ 0,2 ʥʤ). ʆʣ ʞʦסʘʨʳ ץʘʪʪʳʣʳץʧʝʥ (11,2 ʂʧʘ), 

ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽʤʝʥ (193 ɻʇʘ) ʞᴅʥʝ ײץʨסʘץ ʞʘʥʘʩʫ ʢʝʟʽʥʜʝ װʡʢʝʣʽʩʪʽ ʘʟʘʡʪʘʪʳʥ MoOϝ ʦʢʩʠʜʽ ʘʨץʳʣʳ 
ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 
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ɿʝʨʪʪʝʫʜʝ [20] ʞʳʣʜʘʤ ʩʘʣץʳʥʜʘʪʫ ᴅʜʽʩʽʤʝʥ TiZrHfCuNi (1,5 ʤʤ, L=50 ʤʤ) ʢᴇʣʝʤʜʽ ʘʤʦʨʬʪʳ ץʦʨʳʪʧʘ 

ʘʣʳʥʜʳ. ʉʳסʳʤʜʘʫ ʩʳʥʘץʪʘʨʳ (8,3Ĭ10ϖώ ʩϖĭ) 1920 ʄʇʘ ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 0,3% 

 .ʟʘʨʪʫʜʳ ʢᴇʨʩʝʪʪʽײ

  

 
ʉʫʨʝʪ 5. TiZrHfCuNi ʘʤʦʨʬʪʳ ץʦʨʳʪʧʘʩʳʥʳש ʩʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʢʝʨʥʝʫ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷ ץʠʩʳץʪʘʨʳ [20] 

  

ʆʩʳʣʘʡʰʘ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʪʝʨ ʤʝʥ ʘʤʦʨʬʪʳ ײץʨʳʣʳʤʜʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞʦסʘʨʳ ʵʥʪʨʦʧʠʷʣʳץ 

 .ʠʢʝʤʜʽʣʽʛʽ ʪᴇʤʝʥ ץʘ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ, ʙʽʨʘסʘ ʞᴅʥʝ ʪʦʟʫץץʘʪʪʳʣʳץ ,ʘʨʳ ʙʝʨʽʢʪʽʢʢʝסʦʨʳʪʧʘʣʘʨ ʞʦץ

ʅϸʪʠʞʝʣʝʨʽ ʞϸʥʝ ʦʣʘʨʜʳ ʪʘʣϨʳʣʘʫ. ɾʕפ ʞʦסʘʨʳ ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʞʦסʘʨʳ ʙʝʨʽʢʪʽʢʪʽ (~1000 ʄʇʘ), ץʘʪʪʳʣʳץʪʳ (600-900 HV), ʢʦʨʨʦʟʠʷסʘ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʢʪʽ 

ʢᴇʨʩʝʪʝʜʽ. ʆʣʘʨʜʳײץ שʨʳʣʳʤʳ ʙʽʨ ʬʘʟʘʣʳ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ ʠʥʪʝʨʤʝʪʘʣʣʠʜʪʽ ʞᴅʥʝ ʘʤʦʨʬʪʳ 

 .ʡʝʣʝʨʛʝ ʜʝʡʽʥ ᴇʟʛʝʨʝʜʽװʨʜʝʣʽ ʢᴇʧ ʬʘʟʘʣʳ ʞװʦʩʳʥʜʳʣʘʨʳ ʙʘʨ ʢץ

ɾʕץ פʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʜʝ, ʢװʨʜʝʣʽ ʢᴇʧ ʬʘʟʘʣʳ ײץʨʳʣʳʤʜʘʨʜʳ ʜʘ ײץʨʘ ʘʣʘʜʳ. CoCrFeNi ʞᴅʥʝ 

CoCrFeNiMn ʩʠʷץʪʳ ץʘʨʘʧʘʡʳʤ ɾʕפ ʞʦסʘʨʳ ʠʢʝʤʜʽʣʽʢ ʧʝʥ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʜʽ, ʙʽʨʘץ 

ʦʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʙʝʣʛʽʣʽ ʙʽʨ ʵʣʝʤʝʥʪʪʝʨʜʽ (ʤʳʩʘʣʳ, Cu) ץʦʩץʘʥʜʘ ʥʘʰʘʨʣʘʫʳ ʤװʤʢʽʥ. 

 ʘʨʳʣʘʫʳʥסʞʦ שʧʝʥ ʙʝʨʽʢʪʽʢʪʽ ץʘʪʪʳʣʳץ ,ʘʣʫʳʤʝʥסʞʦ שʠʢʝʤʜʽʣʽʢʪʽ פʨʘʤʳʥʜʘ Ti ʞᴅʥʝ Mo ʙʘʨ ɾʕײפ

ʢᴇʨʩʝʪʝʜʽ. 

ɾʕפ ʘʣʫ װʰʽʥ ʜᴅʩʪװʨʣʽ ײץʶ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨʘץ ʦʣʘʨ ײץʨʳʣʳʤʥʳש ʛʝʪʝʨʦʛʝʥʜʽʣʽʛʽʥʝ ᴅʢʝʣʫʽ 

ʤװʤʢʽʥ. ɺʘʢʫʫʤʜʳ ʜʦסʘʣʳץ ʙʘʣץʳʪʫ ʞᴅʥʝ ײʰץʳʥ-ʧʣʘʟʤʘʣʳץ ʘʛʣʦʤʝʨʘʮʠʷ (SPS) ʙʽʨʪʝʢʪʽ ʬʘʟʘʣʳץ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʃʘʟʝʨʣʽʢ ʧʣʘʢʘʮʠʷ ʞᴅʥʝץ ʘʩʠʝʪʪʝʨʜʽץ ץʘʥ ʤʝʭʘʥʠʢʘʣʳסʩʘʨʪʳʣץʣʝʩʪʽʨʫʜʽ ʞᴅʥʝ ʞʘװ

ʨʝʘʢʪʠʚʪʽ ʤʘʛʥʝʪʨʦʥʜʳ ʙװʨʢʫ ʩʽʟʛʝ ʪʦʟʫסʘ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ץʦʨסʘʥʳʩ ʞʘʙʳʥʜʘʨʳʥ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ϧʦʨʳʪʳʥʜʳ. ɾʕפ ʘʣʫ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ᴅʜʽʩʪʝʨʽʥ ʪʘʣʜʘʫ ʢʝʣʝʩʽ ץʦʨʳʪʳʥʜʳʣʘʨ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ:   

- ɾʕפ ʦʣʘʨʜʳש ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ײץʨʳʣʳʤʳʥ ʪײʨʘץʪʘʥʜʳʨʘʪʳʥ ʞʦסʘʨʳ ʘʨʘʣʘʩʪʳʨʫ ʵʥʪʨʦʧʠʷʩʳʥʘ ʠʝ. 

ɹʽʨʪʝʢʪʽ ײץʨʳʣʳʤʜʳ ʘʣʫ װʰʽʥ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ, ʤʳʩʘʣʳ, ʙʘʣץʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʘʨʘץʘʪʳʥʘʩʳʥ ʝʩʢʝʨʫ ץʘʞʝʪ.   

- ɾʕפ ʤʦʨʬʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʜʘʨʳʥʳש ᴅʨʪװʨʣʽʣʽʛʽ, ʦʥʳש ʽʰʽʥʜʝ ʪʝʢʰʝ ʞᴅʥʝ ʘʣʪʳʙײʨʳʰʪʳ 

ʩʠʤʤʝʪʨʠʷʩʳ ʙʘʨ ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘʣʘʨ ʘʥʳץʪʘʣʜʳ. ɹײʣ ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨʽʥʽש ʙʽʨʝʛʝʡ 

 ʘʨʳסʞʦ ץʘ ʪᴇʟʽʤʜʽʣʽʢ, ʩʦʥʜʘʡ - ʘסʞᴅʥʝ ʪʦʟʫ ץʪʝʨʤʠʷʣʳ ,ץʘʪʪʳʣʳץ ,ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ: ʙʝʨʽʢʪʽʢץ ʡʣʝʩʽʤʽʥװ

ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢ, ʙײʣ ʦʣʘʨʜʳ ʵʢʩʪʨʝʤʘʣʜʳ ʞʘסʜʘʡʣʘʨʜʘ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʝʪʝʜʽ.   

- ɾʕפ ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʘʪʳʥ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳ ʤʝʥ ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʩʫʪʝʢʪʽ ʩʘץʪʘʫʜʘ ᴅʣʝʫʝʪʢʝ ʠʝ. ʆʣʘʨ ʪᴇʤʝʥ ץʳʩʳʤ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʫʪʝʢʪʽש ʪʝʟ ʘʜʩʦʨʙʮʠʷʩʳʥ, ʩʦʥʜʘʡ-ʘץ 

ʞʦסʘʨʳ ʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʩʳʡʳʤʜʳʣʳץץʘ (~4 ʤʘʩʩʘ) ʳץʧʘʣ ʝʪʝʪʽʥ ʜʝʩʦʨʙʮʠʷסʘ ʘʨʥʘʣסʘʥ ʰʘסʳʥ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʦʩץʘʫʳʣʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɾᴅʥʝ ʪײʨʘץʪʳ ʪʝʧʝ-ʪʝשʜʽʢ ץʳʩʳʤʜʘʨʳʥʘ (35 ʄʇʘ ʜʝʡʽʥ). 

ɸʣϤʳʩ. ɹײʣ ʟʝʨʪʪʝʫʜʽ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽנ שʳʣʳʤ 

ʢʦʤʠʪʝʪʽ ץʘʨʞʳʣʘʥʜʳʨʘʜʳ (BR24992854 ʐʳסʳʩ פʘʟʘץʩʪʘʥ ʦʙʣʳʩʳʥʳש ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ᴇʥʝʨʢᴅʩʽʙʽʥʽש 

ʪײʨʘץʪʳ ʜʘʤʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ סʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝ 

ʝʥʛʽʟʫ). 
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FEATURES OF THE STATE OF COPPER UNDER IMPACT LOADING  

 
ɸʥʥʦʪʘʮʠʷ: ɹϰʣ ʞϰʤʳʩʪʘ 780 ʤ/ʩ ʞʳʣʜʘʤʜʳϨʧʝʥ ϨʦʟϤʘʣʘʪʳʥ ʙʦʣʘʪ ʰʘʨʤʝʥ ʩʦϨϨʳʜʘʥ ʢʝʡʽʥ ʤʳʩ ʬʦʣʴʛʘʜʘ ʧʘʡʜʘ ʙʦʣϤʘʥ 

ʤʳʨʳʰ ʙϺʣʰʝʢʪʝʨʽʥ ʘʥʳϨʪʘʫ Ϯʰʽʥ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ ʞϸʥʝ ʤʠʢʨʦʘʥʘʣʠʟ Ϩʦʣʜʘʥʳʣʜʳ. ʄʳʩ ʬʦʣʴʛʘʩʳʥʳϬ 

ʜʝʬʦʨʤʘʮʠʷʩʳ ʦʥʳϬ ϨʘʣʳϬʜʳϤʳʥ ʝʢʽ ʝʩʝʛʝ ʞʫʳϨ ϨʳʩϨʘʨʪϨʘʥʳ ʘʥʳϨʪʘʣʜʳ. ɼʝʬʦʨʤʘʮʠʷʣʘʥϤʘʥ ʤʳʩ ʬʦʣʴʛʘʩʳʥʳϬ ʢϺʣʜʝʥʝϬ 

ʞʘʨʳʣϤʘʥ ʞʝʨʽʥʜʝ ʜʠʘʤʝʪʨʽ ʰʘʤʘʤʝʥ 1 ʤʢʤ ʙʦʣʘʪʳʥ ʩʬʝʨʘʣʳϨ ʤʳʨʳʰ ʙϺʣʰʝʢʪʝʨʽ ʘʥʳϨʪʘʣʜʳ. ʄʝʭʘʥʠʢʘʣʳϨ ʵʥʝʨʛʠʷʥʳϬ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʵʥʝʨʛʠʷʩʳʥʘ ʘʡʥʘʣʫʳ ʰʘʨ ʙʝʪʽʥʜʝʛʽ ʢʝʜʽʨ-ʙϰʜʳʨ ʥϮʢʪʝʣʝʨ ʤʝʥ ʤʳʩ ʬʦʣʴʛʘ ʘʨʘʩʳʥʜʘϤʳ ʘʜʠʘʙʘʪʘʣʳϨ 

ϸʨʝʢʝʪʪʝʩʫ ʘʨϨʳʣʳ ʞϮʨʝʜʽ. ʉʦϨϨʳ ʪʦʣϨʳʥʜʘʨʳ ʘʨϨʳʣʳ ʷʜʨʦʣʳϨ Ϻʟʛʝʨʽʩʪʝʨʜʽ ʙʘʩʪʘʫ ʞʦϤʘʨʳ ʵʥʝʨʛʠʷʥʳ Ϩʘʞʝʪ ʝʪʧʝʡʜʽ. 

ʄʳʩʪʳϬ ʤʳʨʳʰϨʘ ʘʡʥʘʣʫʳʥʳϬ ʬʠʟʠʢʘʣʳϨ ʪʘʙʠϤʘʪʳʥ ʪϮʩʽʥʜʽʨʫ ʤʝʭʘʥʠʢʘʣʳϨ ϸʩʝʨ ʝʪʫ ʢʝʟʽʥʜʝ ʘʢʫʩʪʠʢʘʣʳϨ ʧʣʘʟʤʦʥʜʘʨʜʳϬ 

ʧʘʡʜʘ ʙʦʣʫ ʧʦʟʠʮʠʷʩʳʥʘʥ ϰʩʳʥʳʣʘʜʳ. ʇʣʘʟʤʦʥʜʘʨ ʵʣʝʢʪʨʦʥʜʳ ʪʳϤʳʟʜʳϨʪʳϬ ʪʝʨʙʝʣʽʩʽ ʨʝʪʽʥʜʝ ʤʳʩʪʳϬ ʤʳʨʳʰϨʘ ʷʜʨʦʣʳϨ 

ʪϮʨʣʝʥʫʽʥ ʙʘʩʪʘʫʳ ʤϮʤʢʽʥ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʯʘʩʪʠʮ ʮʠʥʢʘ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʝʜʥʦʡ ʬʦʣʴʛʝ ʧʦʩʣʝ ʫʜʘʨʘ ʩʪʘʣʴʥʳʤ 

ʰʘʨʠʢʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 780 ʤ/ʩ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʢʘʥʠʨʫʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ ʠ ʤʠʢʨʦʘʥʘʣʠʟ.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʫʤʝʥʴʰʠʣʘ ʝʝ ʪʦʣʱʠʥʫ ʧʦʯʪʠ ʚʜʚʦʝ. ɺ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʨʳʚʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʮʠʥʢʘ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 1 ʤʢʤ. ʇʨʦʠʩʭʦʜʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʠʶ ʪʨʘʥʩʤʫʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʰʝʨʦʭʦʚʘʪʳʤʠ ʪʦʯʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʠʢʘ ʠ ʤʝʜʥʦʡ ʬʦʣʴʛʠ. ɼʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʷʜʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʫʜʘʨʥʳʭ ʚʦʣʥ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʙʲʷʩʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʪʨʘʥʩʤʫʪʘʮʠʠ ʤʝʜʠ ʚ ʮʠʥʢ ʩ 

ʧʦʟʠʮʠʠ ʟʘʨʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʣʘʟʤʦʥʦʚ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʫʜʘʨʝ. ʇʣʘʟʤʦʥʳ ʢʘʢ ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʛʫʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʷʜʝʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʤʝʜʠ ʚ ʮʠʥʢ. 
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Abstract: In this paper, scanning electron microscopy and microanalysis were used to detect zinc particles that appeared in copper 

foil after impact with a steel ball moving at a speed of 780 m/s. It was found that the deformation of the copper foil reduced its thickness 

by almost half. Spherical zinc particles with a diameter of about 1 ɛm were identified in local areas of transverse rupture of the deformed 

copper foil. The mechanical energy is converted into transmutation energy by adiabatic interaction between rough points of the ball and 

copper foil surfaces. High energy is not required to initiate nuclear transformations under the influence of shock waves. An explanation 

of the physical nature of copper-to-zinc transmutation is proposed from the position of the emergence of acoustic plasmons under 

mechanical impact. Plasmons as oscillations of electron density can initiate the nuclear transformation of copper into zinc.  

Keywords: Copper, zinc, plasmon, transmutation, microanalysis, transformation, energy. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʯʸʥʳʝ ʚʩʸ ʙʦʣʴʰʝ ʥʘʯʘʣʠ ʠʥʪʝʨʝʩʦʚʘʪʴʩʷ ʪʨʘʥʩʤʫʪʘʮʠʝʡ. 

ʊʨʘʥʩʤʫʪʘʮʠʷ ð ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʘʪʦʤʦʚ ʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʪʦʤʳ ʜʨʫʛʦʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʷʜʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʅʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʷʜʝʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [1], ʚ 

ʢʦʪʦʨʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʤʝʝʪ ʤʝʩʪʦ ʨʝʘʢʮʠʷ ʩʠʥʪʝʟʘ D+D ʙʝʟ ʧʨʠʜʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʜʝʡʪʝʨʦʥʘʤ ʙʦʣʴʰʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʪʨʝʙʫʝʤʦʡ ʚ ʨʝʘʢʮʠʷʭ ʛʦʨʷʯʝʛʦ 

(ʪʝʨʤʦʷʜʝʨʥʦʛʦ) ʩʠʥʪʝʟʘ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʙʘʨʴʝʨʘ. ɺ ʨʘʙʦʪʝ [2] ʥʘʙʣʶʜʘʣʘʩʴ ʦʙʨʘʪʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ 64Zn ʚ 65Cu ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ZnO ʤʝʜʴʶ. ʇʨʠʚʝʜʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ 

ʷʜʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʪʨʝʙʫʝʤʦʡ ʵʥʝʨʛʠʠ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ (42K, 56Fe, 
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60Co, 94Nb, 107Cd, 127Te, 148Pm, 155Eu, 161Dy, 162Dy, 172Yb, 194Ir, 237U, 239Pu) ʪʨʝʙʫʝʤʘʷ ʵʥʝʨʛʠʷ ʜʣʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʷʜʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 500 ʂʵɺ [3]. ʂʘʢ ʫʢʘʟʘʥʦ ʚ [4], ʩʧʝʢʪʨ ʵʥʝʨʛʠʠ 

ʥʝʡʪʨʦʥʦʚ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʢʵɺ ʜʦ 30 ʢʵɺ. ɺʦ ʚʨʝʤʷ ʫʜʘʨʥʦʛʦ ʩʞʘʪʠʷ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʧʘʨʘʟʠʪʥʳʡ ʬʦʥʦʚʳʡ ʰʫʤ. ʌʦʥʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʚʦʟʤʦʞʥʘ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢʠʭ ʢʘʢ ʤʝʜʥʘʷ ʧʦʜʣʦʞʢʘ [5]. ʅʝʡʪʨʦʥ, ʥʘʭʦʜʷʱʠʡʩʷ ʚʙʣʠʟʠ ʘʪʦʤʘ ʤʝʜʠ, ʤʦʞʝʪ ʩʧʦʥʪʘʥʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʪʦʥ ʠ ʵʣʝʢʪʨʦʥ [6]. 

 

ὲᴼ ὴO Ὡ ’ 

  

ʕʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʪʘʢʦʡ ʨʝʘʢʮʠʠ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ 1175 ʢʵɺ [7]. 

ɺʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʪʨʘʥʩʤʫʪʘʮʠʠ ʤʝʜʠ ʚ ʮʠʥʢ: 

 
29
63Cu + 11p + -e = 3064Zn 

 

ɺ ʨʘʙʦʪʝ [2] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ çʗʜʝʨʥʘʷ ʪʨʘʥʩʤʫʪʘʮʠʷè 64Zn ʚ 65Cu. ɻʘʤʤʘ-ʩʧʝʢʪʨ, ʧʦʣʫʯʝʥʥʳʡ 

ʯʝʨʝʟ 10 ʜʥʝʡ ʧʦʩʣʝ 20-ʯʘʩʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʘʤʠ, ʧʦʢʘʟʳʚʘʝʪ ʧʠʢʠ ʥʘ 1115,5 ʠ 511 ʢʵɺ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʨʦʞʜʝʥʠʝ 65Zn, ʢʦʪʦʨʳʡ ʨʘʩʧʘʜʘʝʪʩʷ ʚ 65Cu.  ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʨʘʟʨʷʜʘʤʠ ʚ ʚʦʜʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʯʘʩʪʠʮʘʭ ʧʦʨʦʰʢʘ, ʚʦʟʥʠʢʰʝʛʦ ʠʟ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ, ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ [9]. 

ʇʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ ʩʠʥʪʝʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʟʘʭʚʘʪʘ ʧʨʦʪʦʥʦʚ ʷʜʨʘʤʠ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ. 

ɺ ʩʣʫʯʘʝ ʟʘʭʚʘʪʘ ʧʨʦʪʦʥʘ ʧʨʦʙʣʝʤʘ ʧʨʝʦʜʦʣʝʥʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʙʘʨʴʝʨʘ ʩʥʠʤʘʝʪʩʷ ʧʨʠ ʫʯʝʪʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʚʘʟʠʥʝʡʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (p+e): 

 

Cu+(p+e) = Zn+e 

 

ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʠʨʦʜʝ ʠʤʝʝʪʩʷ ʜʚʘ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʘ ʤʝʜʠ Cu-63 (69.15%), Cu-63 

(30.85%), ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʪʦʧʘ Zn-66 ʠ Zn-64 ʙʫʜʝʪ ʙʣʠʟʢʠʤ ʢ 

ʩʦʦʪʥʦʰʝʥʠʶ ʜʦʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʪʦʧʦʚ ʤʝʜʠ ʚ ʧʨʠʨʦʜʝ, ʪʦ ʝʩʪʴ: 

 

Zn-66 / Zn-64 å ʉu-65 / Cu-63å 0.446 [10, 11, 12] 

 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʤʝʜʠ ʚ ʮʠʥʢ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʘʤʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʫʜʘʨʘ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ ʠ ʤʝʜʥʦʡ 

ʬʦʣʴʛʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʨʘʛʤʝʥʪʳ ʤʝʜʥʦʡ ʬʦʣʴʛʠ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʫʜʘʨʫ ʩʪʘʣʴʥʳʤ 

ʰʘʨʠʢʦʤ. ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʬʦʣʴʛʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʯʘʩʪʠʮʳ ʮʠʥʢʘ ʜʠʘʤʝʪʨʦʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ʤʢʤ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʪʨʘʥʩʤʫʪʘʮʠʠ ʤʝʜʠ ʚ ʮʠʥʢ ʧʨʠ ʢʠʥʝʪʠʯʝʩʢʦʤ ʫʜʘʨʝ 

ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ ʦ ʤʝʜʥʫʶ ʬʦʣʴʛʫ, ʘ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʪʨʘʩʤʫʪʘʮʠʠ ʤʝʜʠ ʚ ʮʠʥʢ ʩ ʧʦʟʠʮʠʠ 

ʟʘʨʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʣʘʟʤʦʥʦʚ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʫʜʘʨʝ. ʇʣʘʟʤʦʥʳ ʤʦʛʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʷʜʝʨʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʤʝʜʠ ʚ ʮʠʥʢ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʐʘʨʠʢ ʣʝʪʠʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 780 ʤ/ʩ, ʠ ʫʜʘʨʷʝʪʩʷ ʚ ʧʣʘʩʪʠʥʫ ʠʟ 

ʜʶʨʘʣʶʤʠʥʠʷ ɼ16. ʇʝʨʝʜ ʫʜʘʨʦʤ ʤʝʞʜʫ ʰʘʨʠʢʦʤ ʠ ʜʶʨʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʦʡ ʧʦʤʝʱʘʣʘʩʴ ʤʝʜʥʘʷ 

ʬʦʣʴʛʘ ʤʘʨʢʠ ʄ1. ʄʠʢʨʦʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʰʘʨʠʢʘ ʩ ʜʶʨʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʦʡ ʠ 

ʤʝʜʥʳʤ ʩʣʦʝʤ ʯʘʩʪʠʮʳ ʞʝʣʝʟʘ ʧʝʨʝʥʦʩʠʣʠʩʴ ʢʘʢ ʚ ʩʪʨʫʢʪʫʨʫ ʧʣʘʩʪʠʥ.r ʇʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ, ʦʩʪʘʚʣʝʥʥʦʛʦ ʰʘʨʠʢʦʤ ʚ ʧʣʘʩʪʠʥʝ, ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ ʩʘʤʦʛʦ ʰʘʨʠʢʘ 

(ʈʠʩʫʥʦʢ 1 ʘ, ʙ).  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʤʝʥʷʣʘʩʴ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

(ʉʕʄ), ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JSM-6390LV, 

ʦʩʥʘʱʝʥʥʦʛʦ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ INCA Penta FETx3. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʰʘʨʠʢʘ ʠ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ɻʆʉʊ 801) [15] ʠ (ɻʆʉʊ 1173-2006) [16]. 
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   ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 1. ʉʪʘʣʴʥʦʡ ʰʘʨʠʢ, ʟʘʩʪʨʷʚʰʠʡ ʚ ʜʶʨʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ: 

(ʘ) ʚʠʜ ʩʙʦʢʫ; (ʙ) ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʦʪʧʨʘʚʣʝʥʠʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʤʝʜʥʦʡ 

ʬʦʣʴʛʠ, ʠʟʚʣʝʯʝʥʥʦʡ ʠʟ-ʧʦʜ ʩʪʘʣʴʥʦʛʦ ʰʘʨʘ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ, 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 
 
 
 
 

 

 
 

 

 

 

ʈʠʩʫʥʦʢ 2. ʌʨʘʛʤʝʥʪ ʤʝʜʥʦʡ ʬʦʣʴʛʠ, ʠʟʚʣʝʯʝʥʥʦʡ ʠʟ-ʧʦʜ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ 

 

 
 
ʈʠʩʫʥʦʢ 3. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʨʘʟʦʨʚʘʥʥʦʡ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʩ ʟʦʥʳ ʨʘʟʨʳʚʘ, ʩ 

ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ, ʛʜʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ 

 
ʊʘʙʣʠʮʘ 1. ʊʘʙʣʠʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʠʩʫʥʢʫ 3 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʩʝʯʝʥʠʶ ʬʦʣʴʛʠ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʥʘʣʠʯʠʝ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ ʧʦʩʣʝ ʫʜʘʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʬʨʘʛʤʝʥʪʘ ʬʦʣʴʛʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊ 1173-2006.  

ɺ ʨʘʙʦʪʝ [13] ʘʚʪʦʨ ʚʳʜʚʠʥʫʣ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʩʯʝʪ ʨʝʟʦʥʘʥʩʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʕʪʘ ʥʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʥʦʚʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ, ʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ: 

ʩʧʠʥ-ʥʫʢʣʝʠʜ-ɻ ʣʝʢʪʨʦʥʥʳʡ ʢʦʥʜʝʥʩʘʪ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʥʦʚʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʣʦʢʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʤʝʜʥʦʡ ʬʦʣʴʛʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ „ʊ=29574,4ʄʈʘ (N/mm2) ʩʪʘʣʠ ʦʯʝʚʠʜʥʳ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʝ ʠ ʷʜʝʨʥʳʝ ʧʨʦʮʝʩʩʳ 

[10]. 

ʇʨʦʪʝʢʘʶʱʠʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʦʙʲʷʩʥʷʶʪʩʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ 

ʧʨʦʯʥʦʩʪʠ, ʦʩʥʦʚʥʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [14]: 
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ʛʜʝ: Ű - ʩʨʦʢ ʩʣʫʞʙʳ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʝʜʤʝʪʘ, ʝʛʦ ʧʨʦʯʥʦʩʪʴ; 

Ű0 - ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ10-13 ʩʝʢʫʥʜ; 

ʝ - ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ (ʯʠʩʣʦ ʕʡʣʝʨʘ); 

ů - ʣʦʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠʣʦʞʝʥʥʦʝ ʩ ʤʦʤʝʥʪʘ ʨʘʩʪʷʞʝʥʠʷ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʧʨʝʚʳʰʘʶʱʝʝ 40 ɻʇʘ; 

ɔ - ʦʙʲʝʤ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ, ʠʟʤʝʥʠʚʰʠʭ ʩʚʦʶ ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ; 

ʂɹ - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; 

ʊmelting - ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ ʩ ʤʝʜʥʦʡ ʬʦʣʴʛʦʡ ʦʙʨʘʟʦʚʘʣʘʩʴ ʯʘʩʪʠʮʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʮʠʥʢ, ʢʦʪʦʨʦʛʦ ʥʝ ʙʳʣʦ ʚ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʪʝʣʘʭ. ʌʦʨʤʫʣʘ ɾʫʨʢʦʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʥʝ ʢʦʨʦʯʝ 10-13 ʩ. ʇʨʦʮʝʩʩʳ ʧʨʝʚʨʘʱʝʥʠʷ 

ʤʝʜʠ ʚ ʮʠʥʢ ʥʦʩʷʪ ʷʜʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʣʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 10-18ʩ. ʂʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩ ʪʨʘʥʩʤʫʪʘʮʠʠ ʟʘ ʩʯʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʯʝʢ 

ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʠʢʘ ʠ ʤʝʜʥʦʡ ʬʦʣʴʛʠ. ɺ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʘʢ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʪʘʢ ʠ ʷʜʝʨʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ 

ʥʘ ʤʝʜʥʫʶ ʬʦʣʴʛʫ. ʅʝʚʦʟʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʪʴ ʜʚʠʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ çʢʦʥʩʪʨʫʠʨʦʚʘʪʴè ʧʨʦʮʝʩʩʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʩʝ 

ʠʟʚʝʩʪʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʠʩʭʦʜʷ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʦʙʱʠʭ ʟʘʢʦʥʦʚ 

ʧʨʠʨʦʜʳ. ʅʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʯʘʩʪʴ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ, ʜʘʶʱʝʡ ʦʙʲʷʩʥʝʥʠʝ ʩʫʪʠ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʝ ʥʘ ʨʘʩʢʨʳʪʠʠ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʠʨʦʜʝ, ʘ ʥʘ ʧʦʥʠʤʘʥʠʠ 

ʤʝʭʘʥʠʟʤʘ ʵʥʝʨʛʦʛʝʥʝʨʠʨʫʶʱʝʛʦ ʚʥʫʪʨʠʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʫʣʴʩʘʮʠʶ ʠ ʩʦʭʨʘʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʠʢʨʦʤʠʨʝ, ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʥʝʝ 10-15 ʤʝʪʨʦʚ [14].  

ɿʘʢʣʶʯʝʥʠʝ. ɹʳʣʠ ʦʧʠʩʘʥʳ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʷʜʝʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. ɺ 

ʩʪʘʪʴʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʝʚʨʘʱʝʥʠʝ 63Cu ʚ 64Zn. ɼʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʷʜʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ. ʉ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JSM-6390LV ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 
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ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʫʤʝʥʴʰʠʣʘ ʝʝ ʪʦʣʱʠʥʫ ʧʦʯʪʠ ʚʜʚʦʝ, ʩ 200 ʤʢʤ ʜʦ 100 ʤʢʤ. ʉ ʧʦʤʦʱʴʶ 

ʧʨʠʩʪʘʚʢʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ INCA Penta FETx3 ʚ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʚʳʷʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʮʠʥʢʘ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 1 ʤʢʤ. 
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Ar/C 2H2 פʆʉʇɸʉʓʅɼɸ ɾɸʅɸʊʓʅ ɻɸɿ ʈɸɿʈʗɼʓʅʓר ʇʃɸɿʄɸʉʓʅɼɸ ʉʀʅʊɽɿɼɽʃɻɽʅ ʅɸʅʆʄɸʊɽʈʀɸʃɼɸʈɼʓר 

ʉʀʇɸʊʊɸʄɸʉʓ 

ʍɸʈɸʂʊɽʈʀɿɸʎʀʗ ʅɸʅʆʄɸʊɽʈʀɸʃʆɺ ʉʀʅʊɽɿʀʈʆɺɸʅʅʓʍ ɺ ʇʃɸɿʄɽ ʊʃɽʖʑɽɻʆ ɻɸɿʆɺʆɻʆ ʈɸɿʈʗɼɸ ɺ 

ʉʄɽʉʀ Ar/C2H2 

CHARACTERIZATION OF NANOMATERIALS SYNTHESIZED IN A GLOW -GAS DISCHARGE PLASMA IN AN Ar/C 2H2 

MIXTURE  

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʧʳʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʣʘʟʤʝʥʥʦʡ ʩʨʝʜʝ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ Ar/C2H2 ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʟʤʝʥʥʦʡ ʩʨʝʜʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʠ Ʉ-ʪʠʧʘ (ʘʥʘʣʦʛʠʯʥʦ 

ʫʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ PK-4, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʥʘ ʙʦʨʪʫ ʄʂʉ [1]) ʩ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟ 

ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʠ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʩʦʩʦʚ ʠ ʩʠʩʪʝʤʦʡ ʚʚʦʜʘ ʛʘʟʘ ʠʟ ʨʝʛʫʣʷʪʦʨʦʚ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ 

100 ʠ 1 ʢʫʙ. ʩʤ ʜʣʷ Ar ʠ C2H2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʩʠʥʪʝʟʘ 

ʚ ʧʣʘʟʤʝʥʥʦʡ ʩʨʝʜʝ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʘʟʝʨʥʘʷ ʩʠʩʪʝʤʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ LSR-PS-II. ʄʘʪʝʨʠʘʣʳ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʩʦʙʠʨʘʣʠʩʴ ʚ 

ʧʨʠʵʣʝʢʪʨʦʜʥʳʭ ʦʙʣʘʩʪʷʭ, ʪ.ʝ. ʢʨʝʤʥʠʝʚʳʝ ʧʣʘʩʪʠʥʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʘʥʦʜʘ ʠ ʢʘʪʦʜʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʩʷ ʮʠʢʣʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʪʦ ʝʩʪʴ ʧʣʘʟʤʘ 

ʚʢʣʶʯʘʣʘʩʴ ʥʘ 30 ʩʝʢʫʥʜ ʠ ʚʳʢʣʶʯʘʣʘʩʴ ʥʘ 60 ʩʝʢʫʥʜ ʩ ʦʙʱʠʤ ʯʠʩʣʦʤ ʮʠʢʣʦʚ 25. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʤʠʤʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʞʠʛʘʥʠʝʤ ʩʘʤʦʡ 

ʧʣʘʟʤʳ, ʨʦʩʪ ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʦʢʦʣʝʥʠʷʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʦʤʫ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ 

ʚ ʧʣʘʟʤʝʥʥʦʡ ʩʨʝʜʝ, ʚʳʷʚʣʷʝʤʦʤʫ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʥʘʙʣʶʜʝʥʠʠ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʘʟʤʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1 [3,4]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʛʝʥʝʨʘʮʠʷʤʠ ʥʘʥʦʯʘʩʪʠʮ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʨʷʜʘ.  
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SiO2/Si ʊʈɽʂʊɯʂ ʊɽʄʇʃʕʁʊɯʅɼɽɻɯ ʊʀʊɸʅ ʆʂʉʀɼɯ ɾɸʈʊʓʃɸʁ ᴆʊʂɯɿɻɯʐ ʄɸʊɽʈʀɸʃɼɸʈʓʅ ʉʀʅʊɽɿɼɽʋ 

ʉʀʅʊɽɿ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʍ ʄɸʊɽʈʀɸʃʆɺ ʆʂʉʀɼɸ ʊʀʊɸʅɸ ɺ ʊʈɽʂʆɺʆʄ ʊɽʄʇʃɽʁʊɽ SiO2/Si 

SYNTHESIS OF TITANIUM OXIDE SEMICONDUCTOR MATERIALS IN SiO2/Si TRACK TEMPLATE  

ɸϬʜʘʪʧʘ. ɹϰʣ ʞϰʤʳʩʪʘ SiO2/Si ʪʨʝʢʪʽʢ ʪʝʤʧʣʵʡʪʽʥʝ ʟʦʣʴ-ʛʝʣʴ ϸʜʽʩʽ ʘʨϨʳʣʳ ʘʣʳʥϤʘʥ ʪʠʪʘʥ ʦʢʩʠʜʽ (TiO2) 

ʥʘʥʦʢʨʠʩʪʘʣʜʘʨʳʥʳϬ ʤʦʨʬʦʣʦʛʠʷʣʳϨ, ʵʣʝʤʝʥʪʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞϸʥʝ ʢʦʤʙʠʥʘʮʠʷʣʳϨ ʰʘʰʳʨʘʫ ʩʧʝʢʪʨʣʝʨʽʥʽϬ ʟʝʨʪʪʝʫ 

ʥϸʪʠʞʝʣʝʨʽ ϰʩʳʥʳʣϤʘʥ. SiO2 ϨʘʙʘʪʳʥʜʘϤʳ ʣʘʪʝʥʪʪʽ ʪʨʝʢʪʝʨ ʌ = 108 ʩʤ-2 ʬʣʶʝʥʩʪʝ ʵʥʝʨʛʠʷʩʳ 200 ʄʵɺ Xe ʞʳʣʜʘʤ ʘʫʳʨ 

ʠʦʥʜʘʨʳʤʝʥ ʩϸʫʣʝʣʝʥʜʽʨʫ ʞϸʥʝ ʬʪʦʨ ϨʳʰϨʳʣʳʥʳϬ (HF) 4% ʩʫʣʳ ʝʨʽʪʽʥʜʽʩʽʥʜʝ ϺϬʜʝʫ ʘʨϨʳʣʳ ʞʘʩʘʣʜʳ. ɿʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʽ 

ʪϺʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʣʫʜʳϬ ʪʘʤʘʰʘ ϸʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹϰʣ ʩʠʥʪʝʟʜʽϬ ʝʨʝʢʰʝʣʽʛʽ - 

ʫʣʴʪʨʘʜʳʙʳʩʪʳϨ ϺϬʜʝʫʜʽ Ϩʦʣʜʘʥʫ, ʙϰʣ Ϻʪʝ ʪϺʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞʦϤʘʨʳ ʬʦʪʦʢʘʪʘʣʠʪʠʢʘʣʳϨ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ 

ʥʘʥʦʢʨʠʩʪʘʣʜʘʨʜʳ ʘʣʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɿʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʽʥʝʥ ʢʝʡʽʥ ʢʝʫʝʢʪʝʨʜʽϬ ʪʦʣʪʳʨʳʣʫ ʜʝϬʛʝʡʽʥ ʪʘʣʜʘʫ Ϯʰʽʥ Hitachi SU-

70 ʩʢʘʥʝʨʣʝʫʰʽ ʤʠʢʨʦʩʢʦʧʳʥʳϬ ʢϺʤʝʛʽʤʝʥ ϮʣʛʽʣʝʨʜʽϬ ʙʝʪʪʽʢ ʤʦʨʬʦʣʦʛʠʷʩʳ ʞϸʥʝ ʵʣʝʤʝʥʪʪʽʢ Ϩϰʨʘʤʳ ʟʝʨʪʪʝʣʜʽ. ϭʣʛʽʣʝʨʜʽϬ 

ϺϬʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ϰʣϤʘʡʪϨʘʥ ʩʘʡʳʥ, ʥʘʥʦʢʝʫʝʢʪʝʨʜʽϬ ʪʦʣʪʳʨʫ ʜϸʨʝʞʝʩʽʥʽϬ ʘʨʪʘʪʳʥʳ ʘʡϨʳʥʜʘʣʜʳ. ϷʨʪϮʨʣʽ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ϺϬʜʝʣʛʝʥ TiO  ϮʣʛʽʣʝʨʽʥʽϬ ʨʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ, 800 ÁC ʘʷϨʪʘʣʘʪʳʥ ʘʥʘʪʘʟʜʘʥ ʨʫʪʠʣʛʝ ʬʘʟʘʣʳϨ ʘʫʳʩʫʜʳ 

ʢϺʨʩʝʪʝʜʽ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: SiO2/Si ʪʨʝʢʪʽʢ ʪʝʤʧʣʵʡʪʽ; TiO2 ʥʘʥʦʙϺʣʰʝʢʪʝʨʽ; ʪʠʪʘʥ ʦʢʩʠʜʽ; ʪʝʤʧʣʵʡʪʪʽʢ ʩʠʥʪʝʟ. 

ʂʽʨʽʩʧʝ. ʅʘʥʦʤʘʪʝʨʠʘʣʜʘʨ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʞʝʪʽʣʜʽʨʝʪʽʥ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷʣʘʨ װʰʽʥ ʰʝʢʩʽʟ 

ʤװʤʢʽʥʜʽʢʪʝʨ ʘʰʘʪʳʥ ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʪװʨʣʽ ץʦʣʜʘʥʳʩʪʘʨʜʘ ʘʡʪʘʨʣʳץʪʘʡ 

 ץʳ ʤʝʥ ʝʨʝʢʰʝ ʦʧʪʠʢʘʣʳסʪʘʥrʪʫʜʘ. ʅʘʥʦᴇʣʰʝʤʜʽ ʪʠʪʘʥ ʦʢʩʠʜʽ (ʥʘʥʦ-TiO2) ᴇʟ ᴅʤʙʝʙʘʧʪʳ ץʫʰʳʣʳסʳʟʳץ

[1-3], ʜʠʵʣʝʢʪʨʣʽʢ [4-6], ʬʦʪʦʢʘʪʘʣʠʪʠʢʘʣʳ[7-9] ץ, ʵʥʝʨʛʠʷ ʞʠʥʘץʪʘʫʳʰ [2,10, 11] ʞᴅʥʝ ʙʠʦʤʝʜʠʮʠʥʘʣʳץ 

 שʡʝʣʝʨʜʽװʞᴅʥʝ ʞ שʳʣʘʨʜʳסʨʳʣײץ ,שʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳסʘʟʽʨʛʽ ʟʘʤʘʥץ ʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳץ [18 - 12]

ʢʝש ʘʫץʳʤʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʋʣʴʪʨʘʜʠʩʧʝʨʩʪʽʢ ʪʠʪʘʥ ʜʠʦʢʩʠʜʽ ʪʘʣʰʳץʪʳ-

ʦʧʪʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘʜʘ, ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ, ʷʜʨʦʣʳץ ʞᴅʥʝ סʘʨʳʰʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ, ʢᴇʧʪʝʛʝʥ ʪʦʪʳסʫ ʧʨʦʮʝʩʪʝʨʽʥʽש ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʝʪʽʥʜʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʪʳʥ ʵʣʝʤʝʥʪʪʝʨʽ 

 ʘʩʠʝʪʪʝʨʽ, ʘʪʘʧץ ץʬʦʪʦʭʠʤʠʷʣʳ שʦʣʜʘʥʳʣʘʜʳ. ʊʠʪʘʥ ʜʠʦʢʩʠʜʽʥʽץ ʽʥʝʥשʰʽʥ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʢʝװ

ʘʡʪץʘʥʜʘ TiO2 ʙʝʪʽʥʜʝ ʩʫסʘ ʞᴅʥʝ ʉʆ2-ʛʝ ʜʝʡʽʥ ʬʦʪʦʢʘʪʘʣʠʪʠʢʘʣʳץ ʪʦʪʳסʫ ʘʨץʳʣʳ ʫʣʳ ץʘʣʜʳץʪʘʨʜʳ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳ ʤʠʥʝʨʘʣʠʟʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʛʽ װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ [19]. ɾʦסʘʨʳ 

ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ʙײʣ ʤʘʪʝʨʠʘʣʜʳ ʰʘסʳʣʳʩʪʳʨʫסʘ ץʘʨʩʳ ʙʝʪʪʝʨʜʝ ʞᴅʥʝ ʤʝʪʘʣʣ-

ʦʢʩʠʜ-ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ᴇʨʽʩʪʽʢ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘ ʜʠʵʣʝʢʪʨʣʽʢ ʙʝʢʽʪʧʝ ʤʘʪʝʨʠʘʣʳ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ 

ʩʠʷץʪʳ ʢᴇʧʪʝʛʝʥ ץʦʣʜʘʥʙʘʣʘʨסʘ ᴅʢʝʣʝʜʽ [20-24]. ʆʩʳʣʘʡʰʘ, ʪʠʪʘʥ ʜʠʦʢʩʠʜʽ סʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳש 

ʟʘʤʘʥʘʫʠ ʩʘʣʘʣʘʨʳʥʜʘ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ᴇʪʝ ʧʝʨʩʧʝʢʪʠʚʪʽ ʢᴇʧ ʬʫʥʢʮʠʦʥʘʣʜʳ ʤʘʪʝʨʠʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʅʘʥʦᴇʣʰʝʤʜʽ ʪʠʪʘʥ ʜʠʦʢʩʠʜʽ ʜʠʵʣʝʢʪʨʠʢ ʙʦʣʘ ʦʪʳʨʳʧ, ʩʧʝʢʪʨʜʽש ʢᴇʨʽʥʝʪʽʥ ʦʙʣʳʩʳʥʜʘסʳ 

ʤᴇʣʜʽʨʣʽʛʽʥʝ ʞᴅʥʝ ʞʦסʘʨʳ ʩʳʥʫ ʢᴇʨʩʝʪʢʽʰʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʵʣʝʢʪʨʦʥʠʢʘʜʘ ʞᴅʥʝ ʵʣʝʢʪʨʦʦʧʪʠʢʘʜʘ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʛʽ ʞʦסʘʨʳ. ʊʠʪʘʥ ʜʠʦʢʩʠʜʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ץʦʩʳʣʳʩ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʳש ᴅʨʙʽʨ ʢʨʠʩʪʘʣʜʳץ 

ʤʦʜʠʬʠʢʘʮʠʷʩʳ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʦʥʘ ʝʥʽʥʽש ᴇʟʽʥʜʽʢ ʤᴅʥʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ: ʘʥʘʪʘʟ ï 3,2 ʵɺ, ʞײʪʳʣʫ ʰʝʛʽ 

388 ʥʤ ʙʦʣʘʪʳʥ ʩʧʝʢʪʨʜʽש ʫʣʴʪʨʘʢװʣʛʽʥ ʘʡʤʘסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ (100ï400 ʥʤ) [25ï29]; ʨʫʪʠʣ ʬʘʟʘʩʳ װʰʽʥ 

3,02 ʵɺ, ʢᴇʨʽʥʝʪʽʥ ʘʡʤʘץʪʘ ʦʨʥʘʣʘʩץʘʥ ʞײʪʳʣʫ ʰʝʛʽ 410 ʥʤ ʙʦʣʘʜʳ (400ï700 ʥʤ), ʘʣ ʙʨʫʢʠʪ ʬʘʟʘʩʳʥʳש 

ʝʥ̔ 2,96 ʵɺ, ʦʣ ʞʘץʳʥ ʢᴇʨʽʥʝʪʽʥ ʞʘʨʳץʪʳ ʞײʪʘʜʳ. ʊʠʪʘʥ ʜʠʦʢʩʠʜʽʥʽש ʞץײʘ ץʘʙʳץʰʘʣʘʨʳ ʢᴇʨʽʥʝʪʽʥ 

ʪʦʣץʳʥ ײʟʳʥʜʳסʳ ʜʠʘʧʘʟʦʥʳʥʜʘ ʞʦסʘʨʳ ʤᴇʣʜʽʨʣʽʢʢʝ ʠʝ, ʙʽʨʘץ ʫʣʴʪʨʘʢװʣʛʽʥ ʩᴅʫʣʝʣʝʨʜʽ ʞʘץʩʳ ʩʽשʽʨʝʜʽ 

[30]. ɽʢʝʫʽ ʜʝ ʪʝʪʨʘʛʦʥʘʣʴʜʳ ײץʨʳʣʳʤסʘ ʠʝ, ʘʪʘʧ ʘʡʪץʘʥʜʘ: ʘʥʘʪʘʟ (TiO2 (A): ʪʦʨ ʧʘʨʘʤʝʪʨʽ c / a >1; 

ʬʦʪʦʢʘʪʘʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽ) ʞᴅʥʝ ʨʫʪʠʣ (TiO2 (R): ʪʦʨ ʧʘʨʘʤʝʪʨʽ c / a <1; ʦʧʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽ) [9]. 

ɸʥʘʪʘʟ ʙʝʥ ʨʫʪʠʣʜʽש ʥʝʛʽʟʛʽ ʘʡʳʨʤʘʰʳʣʳסʳ - ʦʪʪʝʛʽ ʘʪʦʤʜʘʨʳʥʳש ʘʡʥʘʣʘʩʳʥʜʘסʳ ʩʠʤʤʝʪʨʠʷ, ʩʦʥʳʤʝʥ 

 .ʪʘʨ [31]ץʳ ʘʡʳʨʤʘʰʳʣʳסʧʦʣʷʨʠʟʘʮʠʷʩʳʥʜʘ שʘʪʘʨ ʦʪʪʝʛʽ ʠʦʥʜʘʨʳʥʳץ

TiO2-ʥʽ ʥʘʥʦᴇʣʰʝʤʛʝ ʜʝʡʽʥ ʢʝʣʪʽʨʫ ʦʥʳש ʙᴇʣʰʝʢʪʝʨʽʥʽש ʙʝʪʽʥʜʝʛʽ ʦʪʪʝʛʽ ʙʦʩ ʦʨʳʥʜʘʨʳʥʳש ʤᴇʣʰʝʨʽʥ 

 ʵʥʝʨʛʠʷʩʳʥ ʘʨʪʪʳʨʘʜʳ. ɹᴇʣʰʝʢʪʝʨʜʽ שʘʫʜʘʥʳ ʤʝʥ ʙʝʪʽʥʽ שʙʝʪʽʥʽ שʘʡʪʘʜʳ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽסʣײ

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʛʝ ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʤʝʥ ʪװʨʣʝʥʜʽʨʫʛʝ ʙʦʣʘʜʳ, ʤʳʩʘʣʳ, ʛʠʜʨʦʪʝʨʤʠʷʣʳץ ᴅʜʽʩʪʝʨ [32, 33], 

ʵʣʝʢʪʨʦʥʜʳ-ʩᴅʫʣʝʣʽʢ ʙʫʣʘʥʫ [34, 32], ʪײʨʘץʪʳ ʪʦʢʧʝʥ ʞᴅʥʝ ʨʘʜʠʦʞʠʽʣʽʢʪʽ ʤʘʛʥʠʪʨʦʥʜʳ ʰʘʰʳʨʘʪʫ [35, 

22, 24], ʩʦʣʚʦʪʝʨʤʠʷʣʳץ ʩʠʥʪʝʟ [36] ʞᴅʥʝ ʟʦʣʴ-ʛʝʣʴ ᴅʜʽʩʪʝʨʽ [37, 38].  
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ɿʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʽ - ᴅʨʪװʨʣʽ ʥʘʥʦײץʨʳʣʳʤʜʘʨʜʳ, ᴅʩʽʨʝʩʝ ʤʝʪʘʣʣ ʦʢʩʠʜʽʥʽש ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ 

ʩʠʥʪʝʟʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʭʠʤʠʷʣʳץ ᴅʜʽʩ (ʜʳʤץʳʣ ʭʠʤʠʷʣʳץ ᴅʜʽʩ). ɹײʣ ᴅʜʽʩʪʝ ʤʦʣʝʢʫʣʘʣʳץ ʧʨʝʢʫʨʩʦʨ 

(ᴅʜʝʪʪʝ ʤʝʪʘʣʣ ʘʣʢʦʢʩʠʜʽ) ʩʫʜʘ ʥʝʤʝʩʝ ʩʧʠʨʪʪʝ ʝʨʽʪʽʣʽʧ, ץʳʟʜʳʨʫ ʞᴅʥʝ ʛʠʜʨʦʣʠʟʙʝʥ ʘʨʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ 

ʛʝʣʴʛʝ ʘʡʥʘʣʘʜʳ. ʄʝʪʘʣʣ ʘʣʢʦʢʩʠʜʪʝʨʽ ʝש ʪʘʥʳʤʘʣ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʩʫʤʝʥ ʦשʘʡ ᴅʨʝʢʝʪʪʝʩʝʜʽ [38]. ɹײʣ ᴅʜʽʩ 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʨʦʮʝʩʩ ʞʘסʜʘʡʣʘʨʳʥ, ʜʝʤʝʢ, ʘʣʳʥסʘʥ ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽʥ ʠʢʝʤʜʽ ʨʝʪʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʣסʘʥ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ ʤʘʪʝʨʠʘʣ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɿʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷʩʳ װʣʢʝʥ ʰʳסʳʥʜʘʨʜʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʝʨʝʢʰʝ 

ʪʘʟʘʣʳץʪʘסʳ ᴇʥʽʤʜʝʨʜʽ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʞϸʥʝ ʟʝʨʪʪʝʫ ϸʜʽʩʪʝʨʽ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ ʞʦסʘʨʳ ʪʘʟʘ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ 

ʧʨʝʢʫʨʩʦʨʳ ʨʝʪʽʥʜʝ ʪʠʪʘʥ ʠʟʦʧʨʦʧʦʢʩʠʜʽ (C שʦʣʜʘʥʳʣʜʳ. ʊʠʪʘʥʥʳץ H O Ti; TTIP, 97,0%, Sigma-

Aldrich) ʧʘʡʜʘʣʘʥʳʣʜʳ. ɹײʣ ʧʨʝʢʫʨʩʦʨ ʙʘʩץʘ ʘʥʘʣʦʛʪʘʨסʘ ץʘʨʘסʘʥʜʘ ʧʘʡʜʘʣʘʥʫʜʳ ʳסשʘʡʣʳ ʝʪʽʧ, 

ᴇשʜʝʫʜʽץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳʥʘ ʞᴅʥʝ ʩʫʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ ʨʝʘʢʪʠʚʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʪʘשʜʘʣʜʳ. ʊᴇʤʝʥ ʙʫʣʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʙʘʨ TiO  ʪװʟʽʣʫʽ ץʦʩʳʤʰʘ ʦʪʪʝʛʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʤʝʡ 

ʞװʨʛʽʟʽʣʜʽ. ʂʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʘʟʦʪ ץʳʰץʳʣʳ (HNO ; 69,0%, Merck) ץʦʣʜʘʥʳʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʩʠʥʪʝʟ ʧʨʦʮʝʩʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʘץʳʣʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʵʪʘʥʦʣ (C H OH; Sigma-Aldrich) ʞᴅʥʝ 

ʜʝʠʦʥʠʟʘʮʠʷʣʘʥסʘʥ ʩʫ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ɹײʣ ʞײʤʳʩʪʘ SiO2/Si (p-ʪʠʧʪʽ) ײץʨʳʣʳʤʳ ʢʨʝʤʥʠʡ ʧʣʘʩʪʠʥʘʩʳʥ ʳʣסʘʣʜʳ ʦʪʪʝʛʽ ʘʪʤʦʩʬʝʨʘʩʳʥʜʘ T = 

900ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳץ ʪʦʪʳסʫʳ ʘʨץʳʣʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. ʕʣʣʠʧʩʦʤʝʪʨʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨ 

ʙʦʡʳʥʰʘ ʦʢʩʠʜ ץʘʙʘʪʳʥʳץ שʘʣʳשʜʳסʳ 700 ʥʤ. SiO2 ץʘʙʘʪʳʥʜʘ ʞʘʩʳʨʳʥ ʽʟʜʝʨʜʽ ײץʨʫ ʤʘץʩʘʪʳʥʜʘ 

ᴇʣʰʝʤʽ 10ʭ10 ʤʤ SiO2/Si װʣʛʽʣʝʨʽʥ ʩᴅʫʣʝʣʝʥʜʽʨʫ DC-60 ʮʠʢʣʦʪʨʦʥʳʥʜʘ (ɸʩʪʘʥʘ, פʘʟʘץʩʪʘʥ) ʞװʨʛʽʟʽʣʜʽ. 

 ʘʣʳʧʪʳ ʞʠʽʣʽʢʪʝ 200 ʄʵɺ 132Xe ʠʦʥʜʘʨʳʤʝʥ 108 ʩʤ-2 ʬʣʶʝʥʩʽʤʝʥ ʩᴅʫʣʝʣʝʥʜʽʨʽʣʜʽ. ɾʳʣʜʘʤץ ʣʛʽʣʝʨת

ʘʫʳʨ ʠʦʥʜʘʨʤʝʥ ʩᴅʫʣʝʣʝʥʛʝʥ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽʥʽש ʥʘʥʦʢʝʫʝʢʪʽ ץʘʙʘʪʪʘʨʳʥ ʘʣʫ װʰʽʥ 4% ʩʫʣʳ HF 

ʝʨʽʪʽʥʜʽʩʽʥʜʝ ᴇשʜʝʫ ʞװʨʛʽʟʽʣʜʽ. ᴆשʜʝʫ ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪ ʽʰʽʥʜʝ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ʅʘʥʦʢʝʫʝʢʪʝʨʜʽש ᴇʣʰʝʤʜʝʨʽ ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʘʩץʘʨʳʣʜʳ. HF ʝʨʽʪʽʥʜʽʩʽʥʜʝ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ 

 .ʘʥ ʩʫʜʘ (18,2 ʄɋ) ʪʘʟʘʨʪʳʣʜʳסʣʛʽʣʝʨ ʜʝʠʦʥʠʟʘʮʠʷʣʘʥװ

ʉʠʥʪʝʟʜʝ ʢʨʝʤʥʠʡ ʪʝʤʧʣʵʡʪʪʝʨʽʥ ץʦʣʜʘʥʙʘʩ ʙײʨʳʥ, ʙʝʪʽ ʘʙʩʦʣʶʪʪʽ ʪʘʟʘ ʙʦʣʫ ʤʘץʩʘʪʳʥʜʘ װʣʛʽʣʝʨ 

ʘʨʥʘʡʳ ᴅʜʽʩʧʝʥ ʪʘʟʘʨʪʳʣʜʳ. ʆʩʳ ʤʘץʩʘʪʪʘ 70:30 ץʘʪʳʥʘʩʳʥʜʘ H2SO4 ʞᴅʥʝ H2O2 ʢʦʥʮʝʥʪʨʣʽ 

ʝʨʽʪʽʥʜʽʣʝʨʽʥʽץ שʦʩʧʘʩʳ ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ʝʨʽʪʽʥʜʽ ʭʠʤʠʷʣʳץ ʪᴅʞʽʨʠʙʝʜʝ ʙʝʪʪʝʨʜʽ ʢʝʟ ʢʝʣʛʝʥ ʦʨʛʘʥʠʢʘʣʳץ 

ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʘʥ ʪʘʟʘʨʪʫ װʰʽʥ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ װʣʛʽʣʝʨ ʙʝʪʪʽ ʪʘʟʘʣʘʫ ʞᴅʥʝ ʦʥʳ 

ʧʣʘʟʤʘʤʝʥ ʙʝʣʩʝʥʜʽʨʫ װʰʽʥ ʧʣʘʟʤʘʣʳץ ʪʘʟʘʣʘʫ ʞᴅʥʝ ʧʦʣʠʤʝʨʣʝʫ ʞʘʙʜʳסʳʥʘ (Nano Diener Electronic) 

ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. 

ʅʘʥʦʘʨʥʘʣʘʨʜʳ ʪʦʣʪʳʨʫ װʰʽʥ ʟʦʣʴ-ʛʝʣʴ ᴅʜʽʩʽ ʘʨץʳʣʳ ʥʘʥʦײץʨʳʣʳʤʜʳץ ʪʠʪʘʥ ʦʢʩʠʜʽ ʩʠʥʪʝʟʜʝʣʜʽ. 

TiO2-ʅʂ/SiO2/Si ʘʣʫ װʰʽʥ ʧʨʝʢʫʨʩʦʨʣʳץ ʝʨʽʪʽʥʜʽʣʝʨ ʰʘʤʘʤʝʥ ʦʥ ʤʠʥʫʪ ʙʦʡʳ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 

(25,0 ÁC) 5,0 ʤʣ TTIP ʞᴅʥʝ 50,0 ʤʣ Eth ʙʘʨ ʣʘʙʦʨʘʪʦʨʠʷʣʳץ ʩʪʘʢʘʥʜʘ (50,0 ʤʣ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳ ʪװʨʜʝ 

ʘʨʘʣʘʩʪʳʨʳʣʜʳ. ɹʘʩץʘ 500,0 ʤʣ ʩʪʘʢʘʥסʘ (2,0, 2,5) ʨʅ ʙʘʨ 50,0 ʤʣ ʜʝʠʦʥʠʟʘʮʠʷʣʘʥסʘʥ ʩʫ ץʦʩʳʣʜʳ, ʦʣ 

ʘʥʘʪʘʟʘ, ʨʫʪʠʣ, ʙʨʫʢʠʪ TiO2 ʙʘʩʳʤ ʧʦʣʠʤʦʨʬʳ װʰʽʥ ʢʦʥʜʠʮʠʷʣʘʫ ʨʝʘʢʮʠʷʩʳʥʳש ʦʨʪʘʩʳʥ ᴇʟʛʝʨʪʫ װʰʽʥ 

ʛʠʜʨʦʣʠʟ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʘʟʦʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ײʩʪʘʣʜʳ. פʳʰץʳʣʜʳץ שʦʩʳʣʫʳ 

H+ ʠʦʥʜʘʨʳʥʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ, ʦʩʳʣʘʡʰʘ ʛʠʜʨʦʣʠʟ ʨʝʘʢʮʠʷʩʳʥ ʞʳʣʜʘʤʜʘʪʘʜʳ[30, 37, 38]. 

ɻʝʣʴʜʽ ʜʘʡʳʥʜʘʫ ʧʨʦʮʝʩʽ ʝʢʽ ʝʨʽʪʽʥʜʽʥʽ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25,0 ÁC) 450,0 ʘʡʥ/ʤʠʥ ץʘʨץʳʥʜʳ 

ʘʨʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. ʨʅ ʧʨʦʮʝʩʽʥʽש ʰʘʨʪʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʫʩʧʝʥʟʠʷʥʳש ʩʳʨʪץʳ ʪװʨʽ ʘץ-

ʢᴇʢ ʥʝʤʝʩʝ ʞʦסʘʨʳ ʪײʪץʳʨʣʳסʳ ʙʘʨ ʤᴇʣʜʽʨ ʝʤʝʩ ʙʦʣʜʳ, ʦʣ ʦʜʘʥ ᴅʨʽ ʢʨʝʤʥʠʡ ʪʝʤʧʣʵʡʪʽʥ ʩʘʣʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. פʦʩʧʘ ʫʣʴʪʨʘʜʳʙʳʩʧʝʥ (ʞʠʽʣʽʢ 20,4 ʢɻʮ, ʤʝʥʰʽʢʪʽ ץʫʘʪ 0,1-1 ɺʪ/ʩʤ3) 20 ʤʠʥʫʪ ʙʦʡʳ 

ᴇשʜʝʣʜʽ. ʅʘʥʦʙᴇʣʰʝʢʪʝʨʜʽש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳ ʥʝʤʝʩʝ ʜʠʩʧʝʨʩʠʷʩʳ, ʙʝʪʽʥʽש ʩᴅʣ ʞʦסʘʨʳ ʙʦʣʫʳ, ʞʘץʩʳ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץ, ʬʘʟʘʣʳץ ʪʘʟʘʣʳץ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʝשʽʣ ʙᴇʣʰʝʢʪʝʨʜʽש ᴇʣʰʝʤʽʥ 

ʥʘʥʦʤʝʪʨʣʽʢ ʜʝשʛʝʡʛʝ ʜʝʡʽʥ ʘʟʘʡʪʫ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ᴇשʜʝʫ ʘʨץʳʣʳ ʥʘʥʦʢʨʠʩʪʘʣʜʳ ʪʠʪʘʥ ʘʣʫʜʳש ʢʝʡʙʽʨ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ [31]. ʇʨʝʢʫʨʩʦʨʣʘʨʜʳש ʛʠʜʨʦʣʠʟʽ TiO2 

ʥʘʥʦʢʨʠʩʪʘʣʳʥʳש ʪװʟʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙײʣʜʳʨ ʝʨʪʽʥʜʽʛʝ ʘʡʥʘʣʜʳ, ʦʣ ʪᴇʤʝʥ ʙʫʣʘʥʫ ʞʳʣʜʘʤʜʳסʳʥ 

ʙʘץʳʣʘʫ ʤʘץʩʘʪʳʥʜʘ 60,0ï65,0 ÁC ʜʝʡʽʥ ץʳʟʜʳʨʳʣʜʳ. ʆʣ ʢʦʣʣʦʠʜʪʳ ʝʨʽʪʽʥʜʽ ʪװʟʫ װʰʽʥ 11,0-13,0 ʩʘס 

ʜʝʨʣʽʢ ʧʝʧʪʠʟʘʮʠʷʜʘ ʞʘʣסʘʩʪʳʨʳʣʘʜʳ. ʊʦʣʳץ ʧʝʧʪʠʟʘʮʠʷ ʧʨʦʮʝʩʽʥʝʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʥʽש ʢᴇʣʝʤʽ ʘʟʘʡʳʧ, 

ʰʝʢʪʝʫʰʽ ʧʨʝʢʫʨʩʦʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʘʰʳץ ʘץ ʩʫʩʧʝʥʟʠʷ ʧʘʡʜʘ ʙʦʣʜʳ. 120 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴅʨʽ 

 ʨʣʽװʘʡʩʳʩʳ ᴅʨ ʪץᴅʨ שʘ ʙᴇʣʽʥʽʧ, ʦʣʘʨʜʳסʜʝʫʜʝʥ ʢʝʡʽʥ TiO2 ʙʝʩ ʘʣʠʢʚʦʪʘשᴇ ץʘʨʘʡ ʪʝʨʤʠʷʣʳץ

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʤʫʬʝʣʴʜʽ ʧʝʰʪʝ ᴇשʜʝʣʝʜʽ. ʊʝʤʧʝʨʘʪʫʨʘ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘʥ 500 ÁC, 600 ÁC, 700 ÁC 

ʞᴅʥʝ 800 ÁC ʜʝʡʽʥ 10 ÁC/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ ʢᴇʪʝʨʽʣʜʽ. תʣʛʽʣʝʨ ʦʩʳ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 2 ʩʘסʘʪ ʙʦʡʳ 

ʪײʨʘץʪʳ ʢװʡʜʝ ץʘʣʜʳʨʳʣʘʜʳ [39]. 

ʅʘʥʦʢʝʫʝʢʪʝʨʜʽש ʪʦʣʪʳʨʳʣʫʳ ʞᴅʥʝ ʩʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ Hitachi 

SU-70 (FE-SEM) ᴇʨʽʩʪʽʢ ʵʤʠʩʩʠʷʣʳץ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ. ʈʘʤʘʥ 
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ʩʧʝʢʪʨʣʝʨʽ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ, 532 ʥʤ ץʦʟʜʳʨʫ ʣʘʟʝʨ ʢᴇʟʽʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ײץʨʘʤʜʘʩʪʳʨʳʣסʘʥ 

ʨʘʤʘʥʜʳץ ʞᴅʥʝ ʩʢʘʥʝʨʣʝʫʰʽ ʞʘץʳʥ ᴇʨʽʩʪʽʢ ʦʧʪʠʢʘʣʳץ ʤʠʢʨʦʩʢʦʧ (SNOM) WiTec Alpha 300 R ʢᴇʤʝʛʽʤʝʥ 

ʪʽʨʢʝʣʜʽ. 

ʅϸʪʠʞʝʣʝʨʽ ʞϸʥʝ ʦʣʘʨʜʳ ʪʘʣϨʳʣʘʫ. ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ᴅʜʽʩʽ ʘʨץʳʣʳ 

ʟʝʨʪʪʝʣʛʝʥ ʥʘʥʦʢʝʫʝʢʪʽ װʣʛʽʣʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʦʣʘʨʜʳש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇשʜʝʫ 

ʨʝʞʠʤʽʥʝ ʪᴅʫʝʣʜʽ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. 1-ʩʫʨʝʪʪʝ ᴅʨ ʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʩʠʥʪʝʟʜʝʥ ʢʝʡʽʥʛʽ ʙʝʪʪʽש ʉʕʄ 

ʩʫʨʝʪʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʘ) 

  
 SiO2/Si ʙʝʪʽʥʽϬ ʉʕʄ ʩʫʨʝʪʽ; ʥʘʥʦʢʝʫʝʢʪʝʨʜʽϬ Ϯʣʢʝʡʪʽʣʛʝʥ ʩʫʨʝʪ 

ᴅ) 

  
 SiO2/Si ʙʝʪʽʥʽϬ ʉʕʄ ʩʫʨʝʪʽ; ʥʘʥʦʢʝʫʝʢʪʝʨʜʽϬ Ϯʣʢʝʡʪʽʣʛʝʥ ʩʫʨʝʪ 

ʙ) 

  
 SiO2/Si ʙʝʪʽʥʽϬ ʉʕʄ ʩʫʨʝʪʽ; ʥʘʥʦʢʝʫʝʢʪʝʨʜʽϬ Ϯʣʢʝʡʪʽʣʛʝʥ ʩʫʨʝʪ 

ʚ) 

  
 SiO2/Si ʙʝʪʽʥʽϬ ʉʕʄ ʩʫʨʝʪʽ; ʥʘʥʦʢʝʫʝʢʪʝʨʜʽϬ Ϯʣʢʝʡʪʽʣʛʝʥ ʩʫʨʝʪ 
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ʉʫʨʝʪ 1. ᴄʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʽʥʝʥ ʢʝʡʽʥʛʽ ʪʝʤʧʣʵʡʪ ʙʝʪʽʥʽש ʉʕʄ ʩʫʨʝʪʪʝʨʽ: ʘ) 1 װʣʛʽ ï 500 

ÁC; ᴅ) 2 װʣʛʽ ï 600 ÁC; ʙ) 3 װʣʛʽ ï 700 ÁC; ʚ) 4 װʣʛʽ ï 800 ÁC 
 

500 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ װʣʛʽ װʰʽʥ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש ʪʦʣʪʳʨʫ ʜᴅʨʝʞʝʩʽ 95% 

 ʜʠʘʤʝʪʨʽ 286 ʥʤ-ʜʝʥ 365 ʥʤ-ʛʝ ʜʝʡʽʥʛʽ שʨʘʜʳ (1ʘ-ʩʫʨʝʪ). ʉʕʄ ʪʘʣʜʘʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽײץ

ʜʠʘʧʘʟʦʥʜʘ ᴇʟʛʝʨʝʪʽʥʽʥ ʢᴇʨʝʤʽʟ. 600 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʣʛʝʥ װʣʛʽʜʝ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש ʪʦʣʪʳʨʫ 

ʜᴅʨʝʞʝʩʽ 89% ʙʦʣסʘʥʳ ʙʘʡץʘʣʜʳ (1ᴅ-ʩʫʨʝʪ). ʄʘʩʰʪʘʙʳ 2ɛʤ ʙʦʣʘʪʳʥ ʉʕʄ ʩʫʨʝʪʽʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʦʩʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש ʜʠʘʤʝʪʨʽ 285 ʥʤ ʤʝʥ 428 ʥʤ ʘʨʘʣʳסʳʥʜʘ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. 700 

ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʣʛʝʥ װʣʛʽʣʝʨʜʝ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש ʜʠʘʤʝʪʨʽ 340ï381 ʥʤ ʜʠʘʧʘʟʦʥʳʥʜʘ ᴇʟʛʝʨʜʽ (1ʙ-

ʩʫʨʝʪ). ɹײʣ ʞʘסʜʘʡʜʘ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש ʪʦʣʪʳʨʫ ʜᴅʨʝʞʝʩʽ 98% ʞʝʪʪʽ. ʂʝʣʝʩʽ װʣʛʽʜʝ (1ʚ-ʩʫʨʝʪ) 

ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש ʪʦʣʪʳʨʫ ʜᴅʨʝʞʝʩʽ 98,9% ʜʝʡʽʥ ʘʨʪץʘʥʳ ʘʥʳץʪʘʣʜʳ, ʘʣ ʦʣʘʨʜʳש ʜʠʘʤʝʪʨʽ 350ï430 ʥʤ 

ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʜʽ. 

ʆʩʳʣʘʡʰʘ, ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש ʪʦʣʪʳʨʫ ʜᴅʨʝʞʝʩʽ ʤʝʥ 

ᴇʣʰʝʤʜʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽʥʜʝ ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ 

ʝʪʝʜʽ. 

ʕʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ ʤʝʥ ʪʘʟʘʣʳץ ʜᴅʨʝʞʝʩʽ EDX ʜʝʪʝʢʪʦʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʩʢʘʥʝʨʣʝʫʰʽ 

ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʪʳ (TM3000; Hitachi) ʧʘʡʜʘʣʘʥʳʧ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʷʣʳץ ʨʝʥʪʛʝʥʜʽʢ ʪʘʣʜʘʫ 

(EDX) ʘʨץʳʣʳ ʨʘʩʪʘʣʜʳ. EDX Ti ʞᴅʥʝ O ʙʦʣʫʳʥ ʘʥʳץʪʘʜʳ, ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʽʥʜʝ ʤʝʪʘʣʣ ʦʢʩʠʜʽʥʽש 

ʪװʟʽʣʫʽʥ ʨʘʩʪʘʜʳ, ʩʦסשʳ ʥᴅʪʠʞʝʣʝʨ ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʕʣʝʤʝʥʪʪʽʢ ʪʘʣʜʘʫʜʳש ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʽ 2-ʩʫʨʝʪʪʝʨ ʞᴅʥʝ 1-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. EDX ʜʝʨʝʢʪʝʨʽ, 

ʩᴅʡʢʝʩʽʥʰʝ, 65,645, 33,308 ʞᴅʥʝ 1,047 ʘʪ.% ʤᴇʣʰʝʨʽʥʜʝ ʢʨʝʤʥʠʡ, ʦʪʪʝʛʽ ʞᴅʥʝ ʪʠʪʘʥʥʳש ʙʦʣʫʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 2. ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽ EDX ʪʘʣʜʘʫ 

 
1-ʢʝʩʪʝ. ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʷʣʳץ ʨʝʥʪʛʝʥʜʽʢ (EDX) ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ 

 

ʕʣʝʤʝʥʪ 

ʉʘʣʤʘסʳ, 

% 

ʉʘʣʤʘסʳ, % 

ů ɸʪʦʤ, % 

ʆʪʪʝʛʽ 33.308 0.362 46.879 

ʂʨʝʤʥʠʡ 65.645 0.361 52.629 

ʊʠʪʘʥ 1.047 0.084 0.492 

 

ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ï ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʜʝʛʨʘʜʘʮʠʷ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ װʰʽʥ 

 ץʨʳʣʳʤʜʳײץ שʨʳʣʳʤʜʘʨʳʥʳײץ ᴅʜʽʩ. ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ ʤʝʪʘʣʣ-TiO2-p-Si ץʦʣʜʘʥʳʣʘʪʳʥ ʘʥʘʣʠʪʠʢʘʣʳץ

ʞᴅʥʝ ʙʝʪʪʽʢ ʭʠʤʠʷʩʳ ʪʫʨʘʣʳ ʪʦʣʳץ ʘץʧʘʨʘʪʪʳ ʘʰʘ ʘʣʘʜʳ, TiO2 ײץʨʳʣʳʤʜʘʨʳʥ ʘʥʳץʪʘʡ ʘʣʘʜʳ, ʪʦʪʳסʫ 

ʤʝʥ ʪʦʨʜʳש ʜʝʛʨʘʜʘʮʠʷʩʳʥ ʙʘסʘʣʘʡ ʘʣʘʜʳ. 
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ʉʫʨʝʪ 3. ᴄʨ ʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ TiO2 װʣʛʽʣʝʨʽʥʽש ʢʦʤʙʠʥʘʮʠʷʣʳץ ʰʘʰʳʨʘʫ ʩʧʝʢʪʨʣʝʨʽ 

3-ʩʫʨʝʪʪʝ ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʣʛʝʥ TiO2 װʣʛʽʣʝʨʽʥʽש ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 500 ÁC 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʨʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ ʩᴅʡʢʝʩʽʥʰʝ ʢʦʤʙʠʥʘʮʠʷʣʳץ ʰʘʰʳʨʘʫ 

ʞʠʽʣʽʢʪʝʨʽ144 (A), 248 (R), 445 (R) ʞᴅʥʝ 612 (R) ʩʤ-1 ʦʨʪʘʣʳץʪʘʨʳ ʙʘʨ ʘʨʘʣʘʩ ʘʥʘʪʘʟ ʞᴅʥʝ ʨʫʪʠʣ 

ʬʘʟʘʣʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʩʳʟʳץʪʘʨʜʳץ שʘʨץʳʥʜʳʣʳסʳ ᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ 

 ʘʥʘʪʘʟ שʳʥʜʳ ʰʳץʘʨץ ʳʥץʰʘʰʳʨʘʫ ʩʧʝʢʪʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ 144 ʩʤ-1-ʜʝʛʽ ʘʡ שʘʷʜʳ. ʈʘʤʘʥʥʳסʣײ

ʬʘʟʘʩʳʥʳש ʙʦʣʫʳʥ ʨʘʩʪʘʡʜʳ, ʘʣ ʙʘʩץʘ ʤʘʢʩʠʤʫʤʜʘʨ, [40] ʞײʤʳʩʪʘ ʭʘʙʘʨʣʘʥסʘʥʜʘʡ, ʨʫʪʠʣ ʧʦʣʠʤʦʨʬʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 800 ÁC-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʥʘʪʘʟ ʬʘʟʘʩʳʥʘ ʪᴅʥ ʰʳשʜʘʨʜʘʥ ʙʘʩץʘ 144, 235, 443 ʞᴅʥʝ 

610 ʩʤī1-ʜʝ ʞʘשʘ ʈʘʤʘʥ ʰʳשʜʘʨʳ ʙʘʡץʘʣʘʜʳ, ʦʣʘʨ TiO2 ʨʫʪʠʣʜʽʢ ʬʘʟʘʩʳʥʘʥ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʷסʥʠ ʦʩʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ װʣʛʽʣʝʨ ʘʥʘʪʘʟ ʞᴅʥʝ ʨʫʪʠʣ ײץʨʳʣʳʤʜʘʨʳʥʘʥ ʪײʨʘʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ. ɹʘץʳʣʘʥסʘʥ 

ʞʦʣʘץʪʘʨʜʳש ʦʨʥʘʣʘʩʫʳ, ʘʥʘʪʘʟ ʙʝʥ ʨʫʪʠʣ ײʥʪʘץʪʘʨʳ ʤʝʥ ʤʦʥʦʢʨʠʩʪʘʣʜʘʨʳʥʘ ʘʨʥʘʣסʘʥ ʘʣʜʳסשʳ 

ʟʝʨʪʪʝʫʣʝʨʜʝʛʽ ʥᴅʪʠʞʝʣʝʨʤʝʥ ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [41-43]. 800 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ TiO2 ʘʥʘʪʘʟʳʥʳש 

ʰʳשʜʘʨʳ ʞʦʡʳʣʘʜʳ, ʙײʣ TiO2 װʣʛʽʣʝʨʽʥʽש ʘʥʘʪʘʟ ʬʘʟʘʩʳʥʘʥ ʨʫʪʠʣʜʽʢ ʬʘʟʘסʘ ʪװʨʣʝʥʫʽʥʽש ʘʷץʪʘʣסʘʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʐʘʤʘʤʝʥ 515 ʩʤī1 ʙʦʣʘʪʳʥ ʞʦʣʘץ ʢʨʝʤʥʠʡ ʪʝʤʧʣʵʡʪʽ ʞᴅʥʝ SiïO ʩʦʟʳʣʫ ʞʦʣʘסʳʥʘ ʞʘʪʘʜʳ. 

ϧʦʨʳʪʳʥʜʳ. פʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, 25ï800 ÁC ʜʠʘʧʘʟʦʥʳʥʜʘ ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ SiO2/Si ʪʨʝʢʪʽʢ 

ʪʝʤʧʣʵʡʪʽʥʜʝ ʘʥʘʪʘʟ ʞᴅʥʝ ʨʫʪʠʣ TiO2 ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʪײʥʜʳʨʫ װʰʽʥ ʟʦʣʴ-ʛʝʣʴ ᴅʜʽʩʽ ʩᴅʪʪʽ 

 ʜʝʫשᴇ שʘʥʳʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ʉʕʄ ʩʫʨʝʪʪʝʨʽʥ ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʜʽסʦʣʜʘʥʳʣץ

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʞʦסʘʨʳʣʘʪץʘʥ ʩʘʡʳʥ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש TiO2 ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʤʝʥ ʪʦʣʪʳʨʫ ʜᴅʨʝʞʝʩʽʥʽש 

 ʨʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ TiO2 שʣʛʽʣʝʨʜʽװ ʘʥסʥʜʳʨʳʣײʘʣʜʳ. 500 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪץʘʷʪʳʥʳ ʙʘʡסʣײ

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʘʨʘʣʘʩ ʬʘʟʘʩʳʥ ʨʘʩʪʘʜʳ. ɼʝʛʝʥʤʝʥ, ʘʥʘʪʘʟ ʬʘʟʘʩʳ 800 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʨʫʪʠʣ 

ʬʘʟʘʩʳʥʘ ʪʦʣʳץ ᴇʟʛʝʨʝʜʽ. 
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ʅɸʅʆױפʈʓʃʓʄɼʓפ p-n ʀʅʊɽʈʌɽʁʉɯʅ ʋʃʔʊʈɸ ɾʆנɸʈʓ ʉɽɿɯʄʊɸʃɼʓפ ʄɸפʉɸʊʓʅɼɸ ʄɸʅʀʇʋʃʗʎʀʗʃɸʋ 

ʉʊʈɸʊɽɻʀʗʉʓ 

ʉʊʈɸʊɽɻʀʗ ʄɸʅʀʇʋʃʀʈʆɺɸʅʀʗ ʅɸʅʆʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʓʄʀ p-n-ʀʅʊɽʈʌɽʁʉɸʄʀ ɼʃʗ ɼʆʉʊʀɾɽʅʀʗ 

ʉɺɽʈʍɺʓʉʆʂʆʁ ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʀ 

THE NANOSTRUCTURED p-n INTERFACES MANIPULATION STRATEGY TOWARD  ULTRA -HIGH SENSITIVITY  

Nitrous oxide (N2O) is a dangerous gas commonly used as an anesthetic in surgeries and released into the 

atmosphere without any treatment [1]. Although it exists in low concentrations, it has a greenhouse warming 

coefficient that is 300 times higher than CO2 [2]. While there have been limited studies on the development of 

N2O gas sensors, there are none specifically for detecting it at room temperature and ultra-low concentrations 

[3-5]. In this research, we created a highly sensitive gas-sensing device that operates at RT. The device is based 

on CuO/TiO2 nanointerfaces, which were produced using a scalable reactive magnetron sputtering technique 

with glancing angle deposition. 

 The CuO/TiO2 nanointerfaces exhibited 9% response to N2O gas, which is two times higher than a TiO2 

mono-layer. Additionally, the device demonstrated exceptional performance with a detection limit of 50 parts 

per billion (ppb) at room temperature and quick response/recovery times of approximately 36 seconds and 50 

seconds, respectively. The sensitivity/temperature coefficient was evaluated over a 20-30ÁC temperature range, 

showing an impressive value of 0.014 ppm/ÁC, demonstrating outstanding stability. Likewise, the 

sensitivity/room humidity coefficient was determined for a range of 25-75% humidity, resulting in a coefficient 

value of -0.019 ppm/RH, indicating remarkable stability even under varying humidity conditions. The long-term 

stability test of CuO/TiO2 heterostructures was evaluated over a period of six months. The sensor exhibited 

minimal fluctuations in response, which was less than 1.8%. 

The outstanding sensitivity of the gas sensor was achieved by controlling the nanoarchitecture and ensuring 

that the nanorods-like structure had a comparable size to double the Debye lengths, which ranged from 70 to 80 

nanometers. This nanoarchitecture design offers a versatile platform for various gas sensing devices, utilizing 

an efficient and technologically simple array of p-n heterojunction nanorods. The statistical analysis of the 

obtained data indicates increased confidence and reproducibility. 
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ɾʆנɸʈʓ ʕʅɽʈɻʀʗʃʓ Xe ʀʆʅɼɸʈʓʄɽʅ Cᴄʋʃɽʃɽʅɻɽʅ Y3AL 5O12 (100) ʄʆʅʆʂʈʀʉʊɸʃɼɸʈʓʅʓר ʆʇʊʀʂɸʃʓפ 

 ɸʉʀɽʊʊɽʈɯפ

ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ Y3AL 5O12 (100), ʆɹʃʋʏɽʅʅʓʍ ɺʓʉʆʂʆʕʅɽʈɻɽʊʀʏɽʉʂʀʄʀ ʀʆʅɸʄʀ Xe 

OPTICAL PROPERTIES OF Y3AL 5O12 (100)  MONOCRYSTALS IRRADIATED WITH HIGH -ENERGY Xe IONS 

 
ɸϬʜʘʪʧʘ. ɹϰʣ ʟʝʨʪʪʝʫ ʞʳʣʜʘʤ ʘʫʳʨ ʠʦʥʜʘʨʤʝʥ ʩϸʫʣʝʣʝʥʛʝʥ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʡ ʛʨʘʥʘʪʳ (Y3Al5O12, YAG) 

ʤʦʥʦʢʨʠʩʪʘʣʜʘʨʳʥʳϬ ʙʝʪʢʽ ϨʘʙʘʪʳʥʳϬ Ϻʟʛʝʨʽʩʪʝʨʽʥ ʪʘʣʜʘʫϤʘ ʙʘϤʳʪʪʘʣϤʘʥ. ɾʳʣʜʘʤ ʘʫʳʨ ʠʦʥʜʘʨʤʝʥ Ϻʟʘʨʘ ϸʨʝʢʝʪʪʝʩʫ 

ʥϸʪʠʞʝʩʽʥʜʝ ʢʨʠʩʪʘʣʣ ʪʦʨʳʥʜʘ ʘϨʘʫʣʘʨʜʳϬ ʪϮʟʽʣʫʽ, ϨϰʨʳʣʳʤʜʳϨ ʞϸʥʝ ʦʧʪʠʢʘʣʳϨ ϨʘʩʠʝʪʪʝʨʽʥʽϬ Ϻʟʛʝʨʫʽ ʤϮʤʢʽʥ. ɿʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ʩϸʫʣʝʣʝʥʫʜʽϬ ϸʩʝʨʽʥ ʘʥʳϨʪʘʫ Ϯʰʽʥ ʟʘʤʘʥʘʫʠ ʩʠʧʘʪʪʘʫ ϸʜʽʩʪʝʨʽ Ϩʦʣʜʘʥʳʣʜʳ. ɸʣʳʥϤʘʥ ʥϸʪʠʞʝʣʝʨ YAG ʥʝʛʽʟʽʥʜʝʛʽ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳϬ ʨʘʜʠʘʮʠʷʣʳϨ ʪϰʨʘϨʪʳʣʳϤʳʥ ʞʘϨʩʘʨʪʫϤʘ ʞϸʥʝ ʦʣʘʨʜʳϬ ʙʦʣʘʰʘϨ ʪʝʭʥʦʣʦʛʠʷʣʳϨ Ϩʦʣʜʘʥʫ ʤϮʤʢʽʥʜʽʢʪʝʨʽʥ 

ʢʝϬʝʡʪʫʛʝ ʳϨʧʘʣ ʝʪʝʜʽ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʡ ʛʨʘʥʘʪʳ, YAG, ʠʦʥʜʳϨ ʩϸʫʣʝʣʝʥʫ,ʞʳʣʜʘʤ ʘʫʳʨ ʠʦʥʜʘʨ, ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨ.  

ʂʽʨʽʩʧʝ. ʉʦסשʳ ʞʳʣʜʘʨʳ ʙʽʨʝʛʝʡ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ Y3Al 5O12 

(YAG) ʤʦʥʦʢʨʠʩʪʘʣʜʘʨʳʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ץʦʣʜʘʥʫ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳ. ɹײʣ ʤʘʪʝʨʠʘʣʜʘʨ ʞʦסʘʨʳ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ, ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ ʞᴅʥʝ ʦʧʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʘʨץʘʩʳʥʜʘ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʘ, ʣʘʟʝʨʣʽʢ ʞװʡʝʣʝʨ ʞᴅʥʝ ץʘʪʪʳ ʜʝʥʝʣʽʢ ʵʣʝʢʪʨʦʥʠʢʘ ʩʠʷץʪʳ ʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʢʝשʽʥʝʥ 

 ,ץʵʣʝʢʪʨʦʥʜʳ שʳʟʜʳ ʘʩʧʝʢʪʽʩʽ ï ʦʣʘʨʜʳשʤʘ שʦʣʜʘʥʳʣʘʜʳ. YAG ʥʝʛʽʟʽʥʜʝʛʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʜʘʤʳʪʫʜʳץ

ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʪʝʨʝש ʪװʩʽʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ 

ʟʘʤʘʥʘʫʠ ʟʝʨʪʭʘʥʘʣʳײץ ץʨʳʣסʳʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʤװʤʢʽʥ ʙʦʣʘʜʳ. 

ɻʨʘʥʘʪ ʢʨʠʩʪʘʣʜʘʨʳ A3B2C3O12 ʪװʨʽʥʜʝʛʽ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʤײʥʜʘ A, B ʞᴅʥʝ C ð 

ᴅʜʝʪʪʝ ᴅʨʪװʨʣʽ ᴇʣʰʝʤʜʝʛʽ ʤʝʪʘʣʜʳץ ʢʘʪʠʦʥʜʘʨ, ʘʣ B ʤʝʥ C ʙʽʨ ʵʣʝʤʝʥʪ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ ʢʘʪʠʦʥʜʘʨ 

ʦʪʪʝʛʽ ʠʦʥʜʘʨʳʤʝʥ ʜʦʜʝʢʘʵʜʨʣʽʢ (A ʦʨʥʳ), ʦʢʪʘʵʜʨʣʽʢ (B ʦʨʥʳ) ʞᴅʥʝ ʪʝʪʨʘʵʜʨʣʽʢ (C ʦʨʥʳ) װʡʣʝʩʪʽʨʫʜʝ 

 ʨʘʤʳʥʜʘ 8 A3B2C3O12ײץ ʘ ʠʝ ʞᴅʥʝסʨʳʣʳʤײץ ץʳ ʢʫʙʪʳסʷʰʳײ ʵʣʝʤʝʥʪʘʨ שʡʳʤʜʘʩʪʳʨʳʣʘʜʳ. ɻʨʘʥʘʪʪʳײ

ʤʦʣʝʢʫʣʘʩʳ ʥʝʤʝʩʝ 160 ʞʝʢʝ ʘʪʦʤ ʙʘʨ, ʩʦʥʜʘʡ-ʘץ, Ia3d ʢʝשʽʩʪʽʢʪʽʢ ʪʦʙʳʥʘ ʞʘʪʘʜʳ.  

ʆʧʪʠʢʘʣʳץ ץʦʣʜʘʥʙʘʣʘʨʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʛʨʘʥʘʪ ʢʨʠʩʪʘʣʳ ð ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʡ ʛʨʘʥʘʪʳ ( 

Y3Al 5O12, YAG). ɹײʣ ʢʨʠʩʪʘʣʜʘ ʠʪʪʨʠʡ ʠʦʥʳ ʜʦʜʝʢʘʵʜʨʣʽʢ ʦʨʳʥסʘ, ʘʣ ʘʣʶʤʠʥʠʡ ʠʦʥʳ ʦʢʪʘʵʜʨʣʽʢ ʞᴅʥʝ 

ʪʝʪʨʘʵʜʨʣʽʢ ʦʨʳʥʜʘʨסʘ ʦʨʥʘʣʘʩʘʜʳ, ʦʥʳש ʪʦʨʣʳץ ʪײʨʘץʪʳʩʳ 12 ¡ [1]. ʂʘʪʠʦʥʜʘʨ ʙʝʢʽʪʽʣʛʝʥ ʦʨʳʥʜʘʨʜʘ 

ʦʨʥʘʣʘʩץʘʥ, ʘʣ ʦʪʪʝʢ ʢʽʰʽʛʽʨʽʤ ʙײʨʤʘʣʘʥʫסʘ ײʰʳʨʘʡʜʳ, ʦʣ ʽʰʢʽ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ.  

ʕʣʝʤʝʥʪʘʨʣʳ ײʷʰʳץ ʩʝʛʽʟ ʬʦʨʤʫʣʘʣʳץ ʙʽʨʣʽʢʪʝʥ ʪײʨʘʜʳ ʞᴅʥʝ ʦʥʳײץ שʨʘʤʳʥʘ 24 ʜʦʜʝʢʘʵʜʨʣʽʢ Y 

ʧʦʟʠʮʠʷʩʳ, 16 ʦʢʪʘʵʜʨʣʽʢ Al(1) ʧʦʟʠʮʠʷʩʳ ʞᴅʥʝ 24 ʪʝʪʨʘʵʜʨʣʽʢ Al(2) ʧʦʟʠʮʠʷʩʳ ʢʽʨʝʜʽ. 

 

1-ʩʫʨʝʪ. ʇʦʣʠʵʜʨʣʽʢ ײץʨʳʣʳʤʳʥʜʘסʳ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʡ-ʛʨʘʥʘʪʳʥʳש ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ. ʉʫʨʝʪ 

Vesta ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʞʘʩʘʣʳʥʜʳ 
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YAG ʬʦʪʦʥʜʳץ ʢʨʠʩʪʘʣ ʨʝʪʽʥʜʝ ʘʣסʘʰ ʨʝʪ 1964 ʞʳʣʳ Geusic ʞᴅʥʝ ʦʥʳש ᴅʨʽʧʪʝʩʪʝʨʽ [2] ʘʰץʘʥʥʘʥ 

ʢʝʡʽʥ, ʦʥʳש ʦʧʪʠʢʘ ʩʘʣʘʩʳʥʜʘ ʢᴇʧʪʝʛʝʥ ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ ʝʢʝʥʜʽʛʽ ʘʡץʳʥ ʙʦʣʜʳ. ɹײʣ ʤʝʭʘʥʠʢʘʣʳץ 

ʪײʨסʳʜʘʥ ץʘʪʪʳ ʢʨʠʩʪʘʣʣ, ʄʦʦʩ ʰʢʘʣʘʩʳ ʙʦʡʳʥʰʘ ץʘʪʪʳʣʳסʳ ʰʘʤʘʤʝʥ 8, ʪʳסʳʟʜʳסʳ 4,55 ʛ/ʩʤį, ʪᴇʤʝʥ 

ʪʝʨʤʠʷʣʳץ ʢʝשʝʶʛʝ ʠʝ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ʪײʨʘץʪʳʣʳץ ʢᴇʨʩʝʪʝʜʽ. YAG ʢʨʠʩʪʘʣʳ 

ʦʧʪʠʢʘʣʳץ ʠʟʦʪʨʦʧʪʳ, ʞʦסʘʨʳ ʦʧʪʠʢʘʣʳץ ʤᴇʣʜʽʨʣʽʢʢʝ ʞᴅʥʝ ʪᴇʤʝʥ ʘʢʫʩʪʠʢʘʣʳץ ʰʳסʳʥסʘ ʠʝ, ʩʦʥʳʤʝʥ 

 ʘʙʳʣʜʘʡץ ʠʦʥʜʘʨʳʥ ʘʣʤʘʩʪʳʨʳʧ שʰʚʘʣʝʥʪʪʽ ʩʠʨʝʢ ʞʝʨ ʵʣʝʤʝʥʪʪʝʨʽ (RE) ʤʝʥ ʪʝʤʽʨ ʪʦʧʪʘʨʳʥʳװ ʘʪʘʨץ

ʘʣʘʜʳ. RE ץʦʩʧʘʣʘʥסʘʥ ʙʽʨ ʢʨʠʩʪʘʣʜʳ (SC) YAG ʣʘʟʝʨʣʽʢ ʤʘʪʝʨʠʘʣ, ʩʮʠʥʪʠʣʣʷʪʦʨ ʞᴅʥʝ ʣʶʤʠʥʦʬʦʨ 

ʨʝʪʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

YAG-ʪʳש ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʘʡʤʘסʳ ʰʘʤʘʤʝʥ 6,5 ʵɺ (190 ʥʤ) ײץʨʘʡʜʳ. ɹײʣ ʜʠʘʧʘʟʦʥʜʘ ץʦʩʧʘʣʘʨ ʤʝʥ 

ʘץʘʫʣʘʨʜʳש ʵʥʝʨʛʠʷ ʜʝשʛʝʡʣʝʨʽ ʦʨʥʘʣʘʩץʘʥʜʳץʪʘʥ, ʦʣʘʨʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ᴅʜʽʩʪʝʨ ʘʨץʳʣʳ ʘʥʳץʪʘʫסʘ 

ʙʦʣʘʜʳ. YAG ʢʨʠʩʪʘʣʜʘʨʳʥ ʣʘʟʝʨʣʽʢ ʤʘʪʝʨʠʘʣ ʥʝʤʝʩʝ ʩʮʠʥʪʠʣʣʷʪʦʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʩᴅʫʣʝʣʝʥʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʘץʘʫʣʘʨ ʤʝʥ ʦʥʳש ʨʘʜʠʘʮʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʛʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ᴇʪʝ ʤʘשʳʟʜʳ. 

ʉʝʙʝʙʽ ʩᴅʫʣʝʣʝʥʫ ᴅʩʝʨʽʥʝʥ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʟʘץʳʤʜʘʥʫʣʘʨ ʢʨʠʩʪʘʣʜʘʨʜʳש ʦʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʝʜᴅʫʽʨ 

ᴇʟʛʝʨʪʝʜʽ, ʦʣʘʨʜʳש ʣʘʟʝʨʣʽʢ ʞᴅʥʝ ʩʮʠʥʪʠʣʣʷʮʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ɹײʣ ʟʝʨʪʪʝʫ YAG-ʪʳש 

ʘץʘʫʣʳץ ʩʠʧʘʪʪʘʤʘʩʳʥ ʞʘץʩʘʨʪʫ ʘʨץʳʣʳ ʩʮʠʥʪʠʣʣʷʪʦʨʣʘʨ ʤʝʥ ʙʘʩץʘ ʬʦʪʦʥʜʳײץ ץʨʳʣסʳʣʘʨʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʞϸʥʝ ʟʝʨʪʪʝʫ ϸʜʽʩʪʝʨʽ. ʆʩʳ ʤʘץʘʣʘʜʘ ALINEASON (ɻʝʨʤʘʥʠʷ) ʢʦʤʧʘʥʠʷʩʳʥʳ(100) ש 

ʙʘסʳʪʪʘʣסʘʥ Y3Al 5O12, (YAG) ʢʨʠʩʪʘʣʜʘʨʳ ʟʝʨʪʪʝʣʜʽ. 1-ʩʫʨʝʪʪʝ YAG ʤʦʥʦʢʨʠʩʪʘʣʜʘʨʳʥʳײץ שʨʳʣʳʤʳ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ʏʦʭʨʘʣʴʩʢʠʡ ᴅʜʽʩʽʤʝʥ ᴇʩʽʨʽʣʛʝʥ [3] ʥʦʤʠʥʘʣʜʳ ץʦʩʧʘʣʘʥʙʘסʘʥ (YAG) Y3Al 5O12, (100) 

ʤʦʥʦʢʨʠʩʪʘʣʜʘʨʳ DC-60 װʜʝʪʢʽʰʽʥʜʝ (ɸʩʪʘʥʘ, פʘʟʘץʩʪʘʥ) 1010ï1013 ʠʦʥ/ʩʤ2 ʬʣʶʝʥʩ ʜʠʘʧʘʟʦʥʳʥʜʘ 230 

ʄʵɺ Xe ʠʦʥʜʘʨʳʤʝʥ ʩᴅʫʣʝʣʝʥʜʽʨʽʣʜʽ. 230 ʄʵɺ ʍe ʠʦʥʜʘʨʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ SRIM [4] ʢʦʜʳʥʘ ʩᴅʡʢʝʩ 1-

ʢʝʩʪʝʜʝ ʞᴅʥʝ 2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 
1-ʢʝʩʪʝ. YAG ʢʨʠʩʪʘʣʜʘʨʳʥʜʘסʳ 230 ʄʵɺ ʍe ʠʦʥʜʘʨʳʥʳש ʨʘʜʠʘʮʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ 

 

ʀʦʥ 
Eʠʦʥ, 

ʄʵɺ 

ʀʦʥ ʟʘʨʷʜʳ, 

ʵʣʝʤʝʥʪʘʨ ʟʘʨʷʜ 

ʙʽʨʣʽʢʪʝʨʽʥʜʝ 

ʀʦʥʥʳש 

ʦʨʪʘʰʘ 

ʞװʛʽʨʽʩʽ, ʤʢʤ 

ʕʣʝʢʪʨʦʥʜʳץ 

ʰʳסʳʥʜʘʨ Se, 

ʢʵɺ/ʥʤ 

ʗʜʨʦʣʳץ 

ʰʳסʳʥʜʘʨ Sn, 

ʢʵɺ / ʥʤ 

132Xe 230 22+ 14,25 25,2 0,08 

Se/Sn ץʘʪʳʥʘʩʳ = 25,2/0,08 = 315, ʷסʥʠ ʤʝʥʰʽʢʪʽ ʠʦʥʠʟʘʮʠʷʣʳץ ʰʳסʳʥʜʘʨ ʙʘʩʳʤ. 

ʆʧʪʠʢʘʣʳץ ʩʽשʽʨʫ ʩʧʝʢʪʨʣʝʨʽ Agilent Cary 7000 UMS ᴅʤʙʝʙʘʧ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ (Agilent, Santa Clara, 

USA) ʢᴇʤʝʛʽʤʝʥ ᴇʣʰʝʥʜʽ.ʂʦʤʙʠʥʘʮʠʷʣʳץ ʰʘʰʳʨʘʫ ʩʧʝʢʪʨʣʝʨʽ TriVista 777 װʰ ʪʦʨʣʳ ʩʧʝʢʪʨʦʤʝʪʨʽʥ 

(TELEDYNE, USA) ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʪʽʨʢʝʣʜʽ. 

 
2-ʩʫʨʝʪ. 1,75 ʄʵɺ Xe ʠʦʥʳʥʳש YAG ʢʨʠʩʪʘʣʜʘʨʳʥʜʘסʳ ʵʥʝʨʛʠʷ ʞʦסʘʣʪʫʳ  

1 ï ʤʝʥʰʽʢʪʽ ʠʦʥʠʟʘʮʠʷʣʳץ ʰʳסʳʥʜʘʨ Se (ʵʣʝʢʪʨʦʥʜʳץ), 2 ï ʩʝʨʧʽʤʜʽ ʵʥʝʨʛʠʷ ʰʳסʳʥʜʘʨʳ Sn (ʷʜʨʦʣʳץ) 

ʅϸʪʠʞʝʣʝʨʽ ʞϸʥʝ ʦʣʘʨʜʳ ʪʘʣϨʳʣʘʫ. ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʢʨʠʩʪʘʣʜʳץ 

 ʙʽʨʽ ʙʦʣʳʧ שʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ᴅʜʽʩʪʝʨʜʽװʘ ʤסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʪʘʣʜʘʫסʳ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʞʦסʨʳʣʳʤʳʥʜʘײץ



111 

ʪʘʙʳʣʘʜʳ. ʆʩʳ ʟʝʨʪʪʝʫʜʝ 230 ʄʵɺ ʵʥʝʨʛʠʷʣʳ Xe ʠʦʥʜʘʨʳʤʝʥ ʩᴅʫʣʝʣʝʥʜʽʨʽʣʛʝʥ YAG 

ʤʦʥʦʢʨʠʩʪʘʣʜʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʽ ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ. 

ɹʘʣץʳʤʘʜʘʥ ᴇʩʽʨʽʣʛʝʥ ʩᴅʫʣʝʣʝʥʙʝʛʝʥ YAG ʢʨʠʩʪʘʣʜʘʨʳʥʜʘ ᴅʨʪװʨʣʽ ʥװʢʪʝʣʽʢ ʘץʘʫʣʘʨ ʢʝʟʜʝʩʝʜʽ. ᴄʜʝʙʠ 

ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ, ʦʣʘʨʜʳש ʽʰʽʥʜʝ ʝש ʢʝש ʪʘʨʘʣסʘʥʳ ï Y_Al^(3+) ʘʥʪʠ-ʩʘʡʪ ʘץʘʫʣʘʨʳ, ʩʝʙʝʙʽ ʛʨʘʥʘʪ 

 שʘʫʣʘʨʜʳץʪᴇʤʝʥ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. [5, 6] ʆʩʳʥʜʘʡ ʘ שʟʽʣʫ ʵʥʝʨʛʠʷʩʳ ʝװʪ שʘʫʜʳץʣ ʘײʨʳʣʳʤʳʥʜʘ ʙײץ

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 0,1ï0,2 ʘʪ. % ʜʝʡʽʥ ʞʝʪʫʽ ʤװʤʢʽʥ. [7] ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʨʠʩʪʘʣʜʘʨʜʘ ʦʪʪʝʢ ʚʘʢʘʥʩʠʷʣʘʨʳ 

ʢʝʟʜʝʩʽʧ, ʦʣʘʨ ʵʣʝʢʪʨʦʥʜʘʨ װʰʽʥ ʪʠʽʤʜʽ ʪײʟʘץʪʘʨ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ. ɹײʣ ʚʘʢʘʥʩʠʷʣʘʨ ʟʘʨʷʜʪʘʣסʘʥ F+ 

ʞᴅʥʝ ʙʝʡʪʘʨʘʧ F ʦʨʪʘʣʳץʪʘʨʳʥ ʪװʟʝ ʘʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʢװʨʜʝʣʽ ʘץʘʫʣʘʨʜʳש ʙʽʨʽ ï F+ (Y_Al^(3+)) 

ʦʨʪʘʣʳץʪʘʨʳ, ʦʥʜʘ ʠʪʪʨʠʡ ʠʦʥʳ ʘʣʶʤʠʥʠʡ ʠʦʥʳʥ ʘʣʤʘʩʪʳʨʳʧ, ʦʢʪʘʵʜʨʣʽʢ ʪʦʨʜʘ ʦʨʥʘʣʘʩʘʜʳ. (2-ʩʫʨʝʪ) 

[8]. 

 

 

3-ʩʫʨʝʪ. (100) ʙʘסʳʪʳʥʜʘסʳ YAG ʤʦʥʦʢʨʠʩʪʘʣʳʥʳש ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ, ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 230 

ʄʵɺ ʵʥʝʨʛʠʷʣʳ Xe ʠʦʥʜʘʨʳʤʝʥ ʞᴅʥʝ ʬʣʶʝʥʩʪʝʨʽ 10ĭϊï10ĭį ʠʦʥ/ʩʤĮ ʜʝʡʽʥʛʽ ʜʠʘʧʘʟʦʥʜʘ ʩᴅʫʣʝʣʝʥʜʽʨʽʣʛʝʥ 

3 ʩʫʨʝʪʪʝ (100) ʙʘסʳʪʳʥʜʘ ᴇʣʰʝʥʛʝʥ YAG ʤʦʥʦʢʨʠʩʪʘʣʜʘʨʳʥʳש ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ ᴅʨʪװʨʣʽ ʩᴅʫʣʝʣʝʥʫ 

ʜʦʟʘʣʘʨʳʥʜʘ ʟʝʨʪʪʝʣʜʽ. ʉᴅʫʣʝʣʝʥʙʝʛʝʥ ʪʘʟʘ װʣʛʽʣʝʨʜʝ Eg, T2g ʞᴅʥʝ A1g ʩʠʤʤʝʪʨʠʷʣʳ ʪʝʨʙʝʣʽʩ ʤʦʜʘʣʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʘʡץʳʥ ʞᴅʥʝ ʪʘʨ ʰʳשʜʘʨ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʦʣʘʨʜʳש ʞʦסʘʨʳ ʢʨʠʩʪʘʣʜʳץ ʪᴅʨʪʽʙʽʥ ʢᴇʨʩʝʪʝʜʽ. 
 

2-ʢʝʩʪʝ. ʈʘʤʘʥʥʳש ʙʝʣʩʝʥʜʽ ʨʝʞʠʤʽʥʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʠʽʣʽʢʪʝʨʽ  [10, 13] 

ʉʠʤʤʝʪʨʠ

ʷ ʤʦʜʘʩʳ 

Exp., 

ɤexp (cm-1) 

[10] 

Exp. 

ɤexp (cʤ-

1) [13] 

ʕʢʩʧ. 

ɤexp 

(cʤ-1) 

Virgin 

ʌʣʶ

ʝʥʩ 

6Ĭ1010 

cʤ-2 

ʌʣʶ

ʝʥʩ 

1Ĭ1012 

cm-2 

ʌʣʶ

ʝʥʩ 

1Ĭ1013 

cm-2 

ʊʝʨʙʝʣʽʩʪ

ʝʨ  

[13] 

A1g 370 373 370 370 370 370  

A1g 559 556 567 566    

A1g 783 784 780 780 780   

Eg 163 164 162 162 162 162 Y 

Eg 310  310 310 310   

Eg 340 340 339 338 337   

Eg 402  400 400 400 401  
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Eg 523       

Eg 536       

Eg 712 720 716.5 715    

Eg 754       

T2g 45       

T2g 220 220 218 218 218  Translation 

T2g 243       

T2g 261 263 259 259 260 260 

Translation 

+ Rotation + 

ɜ3 (AlO4) 

T2g 295       

T2g 361       

T2g 372       

T2g 406 403 400 400    

T2g 438       

T2g 545 544 545 545   ɜ3 (AlO4) 

T2g 691 690 689 689   
ɜ1+ ɜ4 

(AlO4) 

T2g 718 720 716 715    

T2g 857 857 854 854    

 

ʉᴅʫʣʝʣʝʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨ ʘʥʳץʪʘʣʜʳ. 10ĭϊ ʠʦʥ/ʩʤĮ ʬʣʶʝʥʩʪʝ ʢʝʡʙʽʨ ʩʧʝʢʪʨʣʽʢ 
ʩʳʟʳץʪʘʨʜʳץ שʘʨץʳʥʜʳʣʳסʳ ᴇʟʛʝʨʽʧ, ʰʳשʜʘʨʜʳש ʢʝשʝʶʽ ʙʘʡץʘʣʜʳ. ɹײʣ ײץʙʳʣʳʩ ʩᴅʫʣʝʣʝʥʫ-

ʠʥʜʫʮʠʨʣʝʥʛʝʥ ʘץʘʫʣʘʨʜʳש ʪװʟʽʣʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ, ʩʦʥʳש ʽʰʽʥʜʝ ʦʪʪʝʢ ʚʘʢʘʥʩʠʷʣʘʨʳ ʤʝʥ ʘʥʪʠ-ʩʘʡʪ 

ʘץʘʫʣʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʘʨʪʫʳ. 

ʌʣʶʝʥʩʪʽש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʩᴅʫʣʝʣʝʥʫ ᴅʩʝʨʽ ʢװʨʜʝʣʝʥʝ ʪװʩʝʜʽ. 10ĭĮ ʠʦʥ/ʩʤĮ ʞᴅʥʝ 10ĭį ʠʦʥ/ʩʤĮ 

ʜʦʟʘʣʘʨʳʥʜʘ ʈʘʤʘʥ ʰʘʰʳʨʘʫ ʩʠʛʥʘʣʳʥʳץ שʘʨץʳʥʜʳʣʳסʳ ʘʡʪʘʨʣʳץʪʘʡ ᴅʣʩʽʨʝʧ, ʢʝʡʙʽʨ ʰʳשʜʘʨ 

ʪʦʣʳץʪʘʡ ʞʦʡʳʣʜʳ. ɹײʣ ײץʙʳʣʳʩ ʞʦסʘʨʳ ʩᴅʫʣʝʣʝʥʫ ʜʦʟʘʩʳ ʢʝʟʽʥʜʝ ײץʨʳʣʳʤʜʳץ ʙײʟʳʣʫʜʳץ שʘʨץʳʥ 

ʘʣʳʧ, ʤʘʪʝʨʠʘʣʜʳש ʘʤʦʨʬʠʟʘʮʠʷʣʘʥʫ ʧʨʦʮʝʩʽʥʽש ʙʘʩʪʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɿʝʨʪʪʝʫ [9] ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ, A1g ʩʠʤʤʝʪʨʠʷ ʤʦʜʘʣʘʨʳ ʤʦʣʝʢʫʣʘʣʳץ ʩʠʧʘʪץʘ ʠʝ ʞᴅʥʝ ʦʣʘʨʜʳ AlO4 
ʪʝʪʨʘʵʜʨʣʽʢ ʢʽʰʽ ʙʽʨʣʽʢʪʝʨʽʥʽש ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʤʦʜʘʣʘʨʳ ʨʝʪʽʥʜʝ ʞʽʢʪʝʫʛʝ ʙʦʣʘʜʳ. ʉᴅʫʣʝʣʝʥʙʝʛʝʥ 

ʢʨʠʩʪʘʣʜʘ ʞᴅʥʝ 10ĭϊ  ʠʦʥ/ʩʤĮ ʬʣʶʝʥʩʽʥʝ ʜʝʡʽʥ ʩᴅʫʣʝʣʝʥʜʽʨʽʣʛʝʥ װʣʛʽʜʝ װʰ ץʘʨץʳʥʜʳ ʘʡץʳʥ A1g ʤʦʜʘʩʳ 

ʙʘʡץʘʣʘʜʳ, ʘʣ ʩᴅʫʣʝʣʝʥʜʽʨʽʣʛʝʥ װʣʛʽʜʝ 1200-1500 ʩʤϖĭ ʘʡʤʘסʳʥʜʘ ʞʦʣʘץʪʘʨʜʳש ʢʝשʝʶʽ ʢᴇʨʽʥʝʜʽ. 

ʊʘʣʜʘʫסʘ [9,10,11] ʩᴅʡʢʝʩ, ʪᴇʤʝʥ ʞʠʽʣʽʢʪʽ ʤʦʜʘʣʘʨ ʥʝʛʽʟʽʥʝʥ ʘʫʳʨ Y ʘʪʦʤʜʘʨʳʥʳש ʪʨʘʥʩʣʷʮʠʷʣʳץ 

 ʘʥסʘʟʜʘ שʘʣʳʩʪʘʨʜʳסʦʟץ ץʘʪʘʨ ʘʡʥʘʣʤʘʣʳ ʞᴅʥʝ ʪʨʘʥʩʣʷʮʠʷʣʳץ ʘʣʳʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʩʦʥʳʤʝʥסʦʟץ

 ʤʦʜʘʣʘʨ ץvϝ ʪʝʨʙʝʣʤʝʣʽ ʤʦʜʘʣʘʨʳ ʜʘ ᴅʩʝʨ ʝʪʝʜʽ. ʆʨʪʘʰʘ ʵʥʝʨʛʝʪʠʢʘʣʳ שʣʝʩʽ ʞᴅʥʝ AlO4 ʪʝʪʨʘʵʜʨʣʝʨʽʥʽװ

ʢʚʘʜʨʫʧʦʣʴʜʽʢ (vϜ) ʤʦʣʝʢʫʣʘʣʳץ ʤʦʜʘסʘ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ ʞʦסʘʨʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʤʦʜʘʣʘʨ ʥʝʛʽʟʽʥʝʥ AlO4 
ʤʦʣʝʢʫʣʘʣʳץ ʤʦʜʘʣʘʨʳʥʳש ʪʳʥʳʩ ʘʣʫ (v1) ʞᴅʥʝ v4 ʪʝʨʙʝʣʽʩʪʝʨʽʥʝʥ ʪײʨʘʜʳ [12]. 

ʌʣʶʝʥʩ 1Ĭ10ĭĮ ʩʤϖĮ ʞʝʪʢʝʥʜʝ, ʈʘʤʘʥ ʩʧʝʢʪʨʽʥʜʝ 566, 715, 400, 545 ɜϝ (AlOϞ), 689 ɜϛ + ɜϞ (AlO4), 715, 

854 ʩʤϖĭ ʞʦʣʘץʪʘʨʳ ʞʦʡʳʣʘʜʳ. ɸʣ ʬʣʶʝʥʩ 1Ĭ10ĭį ʩʤϖĮ ʜʝʡʽʥ ʘʨʪץʘʥʜʘ, ʈʘʤʘʥ ʩʧʝʢʪʨʽʥʜʝ ʪʝʢ ʢʝʣʝʩʽ 
ʪʝʨʙʝʣʽʩ ʤʦʜʘʣʘʨʳ ץʘʣʘʜʳ: 370, 162 Y, 401 ʞᴅʥʝ 260 (ʪʨʘʥʩʣʷʮʠʷ + ʘʡʥʘʣʫ + ɜϝ (AlO4)) ʩʤϖĭ. 
ɸʡʪʘ ʢʝʪʝʪʽʥ ʞʘʡʪ, ʞʦסʘʨʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʤʦʜʘʣʘʨ 10ĭϊ ʠʦʥ/ʩʤĮ ʬʣʶʝʥʩʽʥʝʥ ʙʘʩʪʘʧ ʢʝשʝʡʝ ʙʘʩʪʘʡʜʳ, 

ʷסʥʠ ʦʣʘʨ ʤʘʪʝʨʠʘʣʜʳש ʘʤʦʨʬʪʘʣʫ ʧʨʦʮʝʩʽʥʽש ʙʘʩʪʘʣʫʳʥʘ ʘʩʘ ʩʝʟʽʤʪʘʣ. ɾɸʀ-ʜʳש ʞʦסʘʨʳ ᴅʩʝʨʽʥ ʝʩʢʝʨʝ 
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ʦʪʳʨʳʧ, 10ĭĮ ʠʦʥ/ʩʤĮ ʬʣʶʝʥʩʽʥʝʥ ʙʘʩʪʘʧ ʙʘʨʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʽʩ ʞװʟʽʥʜʝ ʙײʟʳʣʘʪʳʥʳʥ, ʙײʣ 

ʨʘʜʠʘʮʠʷʣʳץ ʪʨʝʢʪʝʨʜʽץ שʘʙʘʪʪʘʩʫʳʥʘʥ ʙʦʣʘʪʳʥʳʥ ʘʡʪʫסʘ ʙʦʣʘʜʳ. 
ϧʦʨʳʪʳʥʜʳ . ʄʦʥʦʢʨʠʩʪʘʣʜʳ YAG (100) װʣʛʽʣʝʨʽ Xe ʠʦʥʜʘʨʳʤʝʥ 230 ʄʵɺ ʵʥʝʨʛʠʷʜʘ ɼʎ-60 

 ,שʘʪʳʥʘʩʳ 315-ʢʝ ʪʝץ ʳʣʳ 6Ĭ10ĭϊ ï 10ĭį ʠʦʥ/ʩʤĮ ʬʣʶʝʥʩʪʝʨʽʥʝ ʜʝʡʽʥ ʩᴅʫʣʝʣʝʥʜʽʨʽʣʜʽ. Se/Snץʜʝʪʢʽʰʽ ʘʨװ

ʙײʣ 14,5 ʤʢʤ ʜʠʘʧʘʟʦʥʳʥʜʘ ʠʦʥʜʘʥʫ ʰʳסʳʥʜʘʨʳʥʳש ʙʘʩʳʤ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʊᴇʤʝʥ ʞʠʽʣʽʢʪʽ ʤʦʜʘʣʘʨ 

ʥʝʛʽʟʽʥʝʥ ʘʫʳʨ Y ʘʪʦʤʜʘʨʳʥʳש ʪʨʘʥʩʣʷʮʠʷʣʳץ ץʦʟסʘʣʳʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʳʥʳʩ ʘʣʫ 

ʞᴅʥʝ ʪʨʘʥʩʣʷʮʠʷʣʳץ ץʦʟסʘʣʳʩʪʘʨʜʳש ʘʟʜʘסʘʥ װʣʝʩʽ ʞᴅʥʝ AlO4 ʪʝʪʨʘʵʜʨʣʝʨʽʥʽש vϝ ʪʝʨʙʝʣʤʝʣʽ ʤʦʜʘʣʘʨʳ 
ʜʘ ᴅʩʝʨ ʝʪʝʜʽ. ʆʨʪʘʰʘ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʤʦʜʘʣʘʨ ʢʚʘʜʨʫʧʦʣʴʜʽʢ (vϜ) ʤʦʣʝʢʫʣʘʣʳץ ʤʦʜʘסʘ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ 
ʞʦסʘʨʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʤʦʜʘʣʘʨ ʥʝʛʽʟʽʥʝʥ AlO4 ʤʦʣʝʢʫʣʘʣʳץ ʤʦʜʘʣʘʨʳʥʳש ʪʳʥʳʩ ʘʣʫ (vϞ) 
ʪʝʨʙʝʣʽʩʪʝʨʽʥʝʥ ʪײʨʘʜʳ. 

ʌʣʶʝʥʩ 1Ĭ10ĭį ʩʤϖĮ ʞʝʪʢʝʥʜʝ, ʈʘʤʘʥ ʩʧʝʢʪʨʽʥʜʝ ʪʝʢ ʢʝʣʝʩʽ ʪʝʨʙʝʣʽʩ ʤʦʜʘʣʘʨʳ ץʘʣʘʜʳ: 370, 162 Y, 401 
ʞᴅʥʝ 260 (ʪʨʘʥʩʣʷʮʠʷ + ʘʡʥʘʣʫ + ɜϝ (AlO4)) ʩʤϖĭ. ɹײʣ ʙʘʨʣʳץ ʪʨʝʢʪʝʨʜʽץ שʘʙʘʪʪʘʩʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʩᴅʫʣʝʣʝʥʫʜʽש YAG ʤʦʥʦʢʨʠʩʪʘʣʜʘʨʳʥʳײץ שʨʳʣʳʤʳʥʘ ᴅʩʝʨʽʥ ʩʠʧʘʪʪʘʜʳ. ʀʦʥʜʳץ 

ʩᴅʫʣʝʣʝʥʫ ʜʦʟʘʩʳʥʳש ʘʨʪʫʳ ʤʘʪʝʨʠʘʣʜʘסʳ ʘץʘʫʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʞʦסʘʨʳʣʘʪʳʧ, ײץʨʳʣʳʤʜʳץ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʪʝʨʝשʜʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɸʣסʘʰʳʥʜʘ ʣʦʢʘʣʠʟʘʮʠʷʣʘʥסʘʥ ʘץʘʫʣʘʨ ʞʦסʘʨʳ ʬʣʶʝʥʩʪʝʨʜʝ 

ʢװʨʜʝʣʽ ײץʨʳʣʳʤʜʳץ ץʘʡʪʘ ײץʨʫʣʘʨסʘ ײʣʘʩʫʳ ʤװʤʢʽʥ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ ʤʘʪʝʨʠʘʣʜʳש ʤʝʭʘʥʠʢʘʣʳץ, 

ʵʣʝʢʪʨʣʽʢ ʞᴅʥʝ ʦʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʪʽʢʝʣʝʡ ʳץʧʘʣ ʝʪʝʜʽ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʩᴅʫʣʝʣʝʥʫʛʝ ʪᴇʟʽʤʜʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʜʘʤʳʪʫ װʰʽʥ ʤʘשʳʟʜʳ ʤᴅʣʽʤʝʪʪʝʨ 

 ʘסʘʣʘʫסʳʥ ʙʘסʪʳʣʳץʨʘײʪ שʩʳʥʘʜʳ. ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽʥʜʝʛʽ ᴇʟʛʝʨʽʩʪʝʨ ʩᴅʫʣʝʣʝʥʛʝʥ YAG ʢʨʠʩʪʘʣʜʘʨʳʥʳײ

ʞᴅʥʝ ʦʣʘʨʜʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʘʡץʳʥʜʘʫסʘ ʥʝʛʽʟ ʙʦʣʘʜʳ. ɹײʣ ʙʘסʳʪʪʘסʳ 

ʟʝʨʪʪʝʫʣʝʨ ʙʦʣʘʰʘץʪʘ ʞʦסʘʨʳ ʨʘʜʠʘʮʠʷʣʳץ ʞװʢʪʝʤʝʣʝʨʛʝ ʪᴇʟʽʤʜʽ ʞʘשʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫ װʰʽʥ 

  .ʘʣʳʧʪʘʩʪʳʨʘʜʳץ ʳʣʳʤʠ ʥʝʛʽʟס

ɸʣϤʳʩ. ɹϰʣ ʟʝʨʪʪʝʫʜʽ ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ϣʳʣʳʤ ʞϸʥʝ ʞʦϤʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽϬ ϣʳʣʳʤ 

ʢʦʤʠʪʝʪʽ Ϩʘʨʞʳʣʘʥʜʳʨʜʳ (ʛʨʘʥʪ ˉ AP19574768). 
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ʄʓʉ פʆʉʓʃנɸʅ CDSE ʅɸʅʆʂʈʀʉʊɸʃʃɼɸʈɼʓר ʉʀʅʊɽɿɯ ʄɽʅ ʃʖʄʀʅɽʉʎɽʅʎʀʗ ʊɸɹʀנɸʊʓʅ ɿɽʈʊʊɽʋ 

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʀʈʆɼʓ ʃʖʄʀʅɽʉʎɽʅʎʀʀ ʅɸʅʆʂʈʀʉʊɸʃʃʆɺ CDSE, ʃɽɻʀʈʆɺɸʅʅʓʍ ʄɽɼʔʖ 

SYNTHESIS AND INVESTIGATION OF THE NATUR E OF LUMINESCENCE OF  CDSE NANOCRYSTALS DOPED WITH 

COPPER 

 

Abstract. Interest in the synthesis and study of nanoscale semiconductor particles, i.e.quantum dots (QDs), is caused 

by the study of their energy spectra and future practical applications. Of particular interest to the researchers are 

luminescent QDs embedded in different matrices. Depending on the method of synthesis and the size of active QDs it is 

possible to get a luminescent matrix with predetermined spectral characteristics. A key role in the optical properties of 

quantum dots is played by quantum-dimensional effects, which enable us to easily control absorption or luminescence 

wavelengths by varying the size of quantum dots. The dependence of the energy spectrum of semiconductor nanocrystals 

on their size gives a great potential for their practical application [1,2].  

One of the ways of increasing the efficiency of solar cells is the use of colloidal quantum dots (CQD) directly in the 

construction of photovoltaic cells (solar cells), which can lead to a significant widening of the total bandgap of the solar 

cell and thus to extend the spectral range of its effective electric conversion. These effects are achieved by down- and up-

shifts in the solar radiation spectrum in the region of the most efficient photoelectric conversion and concentration of the 

solar energy flux [3,4]. 

In this research, synthesized semiconductor quantum dots CdSe, CdSe-Cu and CdSe-CdS have been studied using 

spectroscopic methods. We measured the absorption spectrum of CdSe-Cu quantum dots. Based on the experimental data, 

the diameter of quantum dots, band gap and concentration were calculated. Photoluminescence spectra were measured for 

five samples of quantum dots with different copper concentration  1, 3, 6, 10, 15%. It was shown experimentally that the 

maximum luminescence exciton emission band is observed in the CdSe-Cu quantum dot with 1% impurity concentration. 

We determined that a decrease in the intensity of the intrinsic luminescence is caused by the radiative recombination of 

defects on copper impurities localized near the surface. Accordingly, an increase in the long-wave radiation with a 

maximum at 780 nm is caused by the radiative decay of excitons near surface defects. 
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ʂʆʃʆʀɼʊʓ CDTE ɾɸʈʊʓʃɸʁᴆʊʂɯɿɻɯʐ ʅɸʅʆʇʃɸʉʊʀʅɸʃɸʈʓʅʓר ᴆʃʐɽʄɻɽ ʊᴄʋɽʃɼɯ ʆʇʊʀʂɸʃʓפ 

 ɸʉʀɽʊʊɽʈɯ ʄɽʅ ʉʀʅʊɽɿ ʇɸʈɸʄɽʊʈʃɽʈɯפ

ʈɸɿʄɽʈʅʆ-ɿɸɺʀʉʀʄʓɽ ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀ ʇɸʈɸʄɽʊʈʓ ʉʀʅʊɽɿɸ ʂʆʃʃʆʀɼʅʓʍ 

ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʍ ʅɸʅʆʇʃɸʉʊʀʅʆʂ CDTE 

SIZE-DEPENDENT OPTICAL PROPERTIES AND SYNTHESIS PARAMETERS OF COLLOIDAL CDTE SEMICONDUCTOR 

NANOPLATELETS  

 

Abstract. Colloidal two-dimensional (2D) semiconductor nanocrystals are an important research object due to their 

outstanding optical and electronic properties. With a pronounced quantum thickness limitation, NPLs exhibit an electronic 

structure similar to quantum wells, and their thickness, which determines these properties, can be precisely controlled at 

the atomic level [1].   

The high oscillator strength and short emission lifetime make these nanoplatelets promising for practical applications 

in devices such as LEDs, lasers, photodetectors, and field-effect transistors [2]. The objects of study are samples of 

semiconductor nanoplatelets (NPLs) based on CdTe, synthesized using the colloidal method. This solution-based synthesis 

method provides access to colloidal 2D structures and offers several advantages. It is fast and allows for the production of 

large quantities of material with controlled thickness, which, in some cases, can be achieved with atomic precision [3]. 

NPLs, in particular, are characterized by a lack of spectral tunability, as the band edge energy can change only discretely 

with increasing thickness. Secondly, the photoluminescence (PL) of nanoplatelets consisting solely of a core remains 

insufficiently high, at approximately 20%. These two issues may be attributed to the surface chemistry of NPLs. In the case 

of the photoluminescence quantum yield (QY), this dependence is particularly evident, as it is known that the reduction in 

luminescence is associated with partial surface passivation [4].  

In this work, we investigate the optimal synthesis method for CdTe nanoplatelets using a cadmium precursor, aiming 

to ensure high-quality growth at the initial stage. Additionally, we analyze their optoelectronic properties, as well as the 

influence of temperature, concentration, and the chemical reactivity of the tellurium precursor on the CdTe nanoplatelet 

formation process. Cadmium propionate is used as the cadmium precursor, and the synthesis temperature [5] is varied to 

study its effect on nanoplatelet growth. Optical characteristics, such as photoluminescence, were measured using a CM 

2203 spectrofluorimeter, while absorption spectra were recorded with a Jasco V-770 spectrophotometer. Hexane was used 

as a solvent for sample measurements in quartz cuvettes. 

The aim of this work is to study the optical properties of nanoplatelets, which are directly related to their thickness and 

size. The increase in monolayer thickness, variation in precursor concentrations, and the influence of temperature on 

growth play a crucial role in further research and applications. 
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ʇʆʃʀʄɽʈʃɯ ױפʄɼʓ ʄɸʊɽʈʀɸʃʓʅʓױפ רʈɸʄʓʅʓר ʆʃɸʈɼʓר ʄɽʍɸʅʀʂɸʃʓפ ɹɽʈɯʂʊɯɻɯʅɽ ᴄʉɽʈɯʅ ɿɽʈʊʊɽʋ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʉʆʉʊɸɺɸ ʇʆʃʀʄɽʈʇɽʉʏɸʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʅɸ ʀʍ ʄɽʍɸʅʀʏɽʉʂʋʖ ʇʈʆʏʅʆʉʊʔ 

INVESTIGATION OF THE EFFECT OF POLYMER -SANDED MATERIAL COMPOSITION ON THEIR MECHANICAL STRENGTH 
 

ɸʥʥʦʪʘʮʠʷ. ɹϰʣ ʞϰʤʳʩ ʧʣʘʩʪʠʢʘʣʳϨ ϨʘʣʜʳϨʪʘʨʜʳ Ϩʘʡʪʘ ϺϬʜʝʫ ʘʨϨʳʣʳ ʘʣʳʥϤʘʥ ʧʦʣʠʤʝʨʣʽ-Ϩϰʤʜʳ ʤʘʪʝʨʠʘʣʜʳ 

ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣϤʘʥ. ɹʘʩʪʘʧϨʳ ʢʦʤʧʦʥʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (PET) ʞϸʥʝ ʞʦϤʘʨʳ Ϩʳʩʳʤʜʳ ʧʦʣʠʵʪʠʣʝʥ 

(HDPE) Ϩʦʣʜʘʥʳʣʘʜʳ. ϯʩʘϨʪʘʣϤʘʥ ʧʣʘʩʪʠʢ ʝʣʝʥʛʝʥ Ϩϰʤʤʝʥ ʘʨʘʣʘʩʳʧ, ʧʦʣʠʤʝʨʣʽ Ϩϰʤʜʳ ʤʘʪʝʨʠʘʣʜʘʥ ʢʽʨʧʽʰ ʘʣʫ Ϯʰʽʥ 

ʪʝʨʤʠʷʣʳϨ ϺϬʜʝʫʜʝʥ Ϻʪʪʽ. ʉʦʥʜʘʡ-ʘϨ, ʞϰʤʳʩʪʘ ʪʝʭʥʦʣʦʛʠʷʣʳϨ ʧʨʦʮʝʩʪʽϬ ʥʝʛʽʟʛʽ ʢʝʟʝϬʜʝʨʽ ʞϸʥʝ ʧʣʘʩʪʠʢʪʽϬ Ϩʳʟʜʳʨʫ ʢʝʟʽʥʜʝ 

Ϩϰʤʤʝʥ ϸʨʝʢʝʪʪʝʩʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ʅϸʪʠʞʝʣʝʨ ʧʦʣʠʤʝʨʣʽ Ϩϰʤʜʳ ʤʘʪʝʨʠʘʣʜʳϬ ʤʝʭʘʥʠʢʘʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ 

ʞʘϨʩʘʨϤʘʥʳʥ ʢϺʨʩʝʪʪʽ, ʙϰʣ ʦʥʳ ʪϰʨʘϨʪʳ ʞϸʥʝ ϸʨʪϮʨʣʽ ʩʘʣʘʣʘʨʜʘ ϨʦʣʜʘʥʫϤʘ ʞʘϬʘ ʤϮʤʢʽʥʜʽʢʪʝʨ ʘʰʘʜʳ. ʉʦʥʳʤʝʥ Ϩʘʪʘʨ, 

ʞϰʤʳʩ ϧʦʨʰʘϤʘʥ ʦʨʪʘʥʳ ʧʣʘʩʪʠʢʧʝʥ ʣʘʩʪʘʫʜʳϬ Ϻʟʝʢʪʽ ʤϸʩʝʣʝʩʽʥʝ ʞϸʥʝ ϨʘʣʜʳϨʪʘʨʜʳ Ϩʘʡʪʘ ϺϬʜʝʫʜʽϬ ʤʘϬʳʟʜʳʣʳϤʳʥʘ ʥʘʟʘʨ 

ʘʫʜʘʨʘʜʳ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ. ʇʦʣʠʤʝʨʣʽ Ϩϰʤʜʳ ʤʘʪʝʨʠʘʣ, ʧʣʘʩʪʤʘʩʩʘʥʳ Ϩʘʡʪʘ ϺϬʜʝʫ, ʤʠʢʨʦϨʘʪʪʳʣʳϨ, Ϩϰʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ, 

ʵʢʦʣʦʛʠʷʣʳϨ Ϩʘʫʽʧʩʽʟʜʽʢ, ϨʘʣʜʳϨʪʘʨʜʳ Ϩʘʡʪʘ ϺϬʜʝʫ. 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (PET) ʠ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ (HDPE). ʀʟʤʝʣʴʯʸʥʥʳʡ ʧʣʘʩʪʠʢ ʙʳʣ ʩʤʝʰʘʥ ʩ ʧʨʦʩʝʷʥʥʳʤ ʧʝʩʢʦʤ ʠ ʧʦʜʚʝʨʛʥʫʪ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʠʨʧʠʯʝʡ ʠʟ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʘʩʪʠʢʘ ʩ ʧʝʩʢʦʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʦʙʣʘʜʘʝʪ ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʦʠʪʝʣʴʩʪʚʝ 

ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʣʘʩʪʠʢʦʤ ʠ ʚʘʞʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʦʣʠʤʝʨʧʝʩʯʘʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʝʨʝʨʘʙʦʪʢʘ ʧʣʘʩʪʠʢʘ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ, 

ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ. 

 

Abstract. This work is devoted to the study of polymer-sanded material obtained by processing plastic waste. Polyethylene 

terephthalate (PET) and high-pressure polyethylene (HDPE) were used as the initial components. The crushed plastic was mixed with 

sifted sand and subjected to heat treatment to produce bricks made of polymer-sanded material. The paper also examines the main stages 

of the technological process and the features of plastic interaction with sand during heating. The results showed that the polymer-sanded 

material has improved mechanical properties, which opens up new possibilities for its use in construction and in various industries. In 

addition, the work focuses on the urgent problem of environmental pollution by plastic and the importance of waste recycling. 

Keywords: Polymer sand material, plastic recycling, microhardness, building materials, environmental safety, waste recycling. 

 
ɺʚʝʜʝʥʠʝ. ʇʣʘʩʪʤʘʩʩʘ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʧʣʘʩʪʠʢʦʚʘʷ ʤʘʩʩʘ ʠʣʠ ʧʣʘʩʪʠʢ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʣʠ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʳ. ʊʝʨʤʠʥ çʧʣʘʩʪʤʘʩʩʘè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʣʦʚʘ çʧʣʘʩʪʠʯʥʦʩʪʴè ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʬʦʨʤʫ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʧʣʘ ʠ ʜʘʚʣʝʥʠʷ, ʘ ʟʘʪʝʤ 

ʩʦʭʨʘʥʷʪʴ ʟʘʜʘʥʥʫʶ ʬʦʨʤʫ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʧʣʘʩʪʤʘʩʩ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ: 

1. ʊʝʨʤʦʧʣʘʩʪʳ - ʤʦʛʫʪ ʤʥʦʛʦʢʨʘʪʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʧʨʠʥʠʤʘʪʴ ʥʦʚʫʶ ʬʦʨʤʫ ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ. ʇʨʠʤʝʨ: ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʧʨʦʧʠʣʝʥ, ʧʦʣʠʩʪʠʨʦʣ. 

2. ʊʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʧʣʘʩʪʤʘʩʩʳ - ʥʝ ʤʦʛʫʪ ʤʥʦʛʦʢʨʘʪʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʧʦʣʠʤʝʨʠʟʫʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʥʝ ʤʦʛʫʪ ʚʝʨʥʫʪʴʩʷ ʢ ʩʚʦʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʝ. ʇʨʠʤʝʨ: 

ʵʧʦʢʩʠʜʥʳʝ, ʧʦʣʠʵʩʪʝʨʥʳʝ ʠ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʩʤʦʣʳ. 

3. ʕʣʘʩʪʦʤʝʨʳ - ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʛʠʙʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʝʟʠʥʦʚʳʭ ʠʟʜʝʣʠʡ, ʨʝʟʠʥʦʚʦʡ ʦʙʫʚʠ ʠ ʪ.ʜ. 

4. ʇʝʥʦʤʘʪʝʨʠʘʣʳ - ʧʣʘʩʪʤʘʩʩʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʧʫʩʪʦʪʳ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʣʝʛʢʠʤʠ ʠ ʫʜʦʙʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʧʘʢʦʚʢʝ, ʠʟʦʣʷʮʠʠ ʠ ʪ.ʜ. 

5. ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ - ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʫʩʠʣʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʢʣʦʚʦʣʦʢʥʦ, 

ʫʛʣʝʨʦʜʥʦʝ ʠʣʠ ʘʨʘʤʠʜʥʦʝ ʚʦʣʦʢʥʦ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʪʦʤʦʙʠʣʝʡ, ʣʦʜʦʢ, ʩʘʤʦʣʝʪʦʚ ʠ ʜʨ. 
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ʄʘʨʢʠʨʦʚʢʘ ʧʣʘʩʪʠʢʘ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʧʣʘʩʪʠʢʘ ʠ ʫʧʨʦʱʝʥʠʷ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ. ʂʘʞʜʳʡ ʪʠʧ ʧʣʘʩʪʠʢʘ ʠʤʝʝʪ ʩʚʦʡ 

ʫʥʠʢʘʣʴʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʬʨʫ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʦ ʩʪʨʝʣʢʘʤʠ. 

1. PET (ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ) - ʣʝʛʢʠʡ, ʧʨʦʯʥʳʡ ʠ ʫʜʦʙʥʳʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ 

ʧʦʣʠʤʝʨ. ʆʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʪʳʣʦʢ ʜʣʷ ʥʘʧʠʪʢʦʚ ʠ ʫʧʘʢʦʚʢʠ ʧʨʦʜʫʢʪʦʚ. PET 

- ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʪʠʧ ʧʣʘʩʪʠʢʘ, ʢʦʪʦʨʳʡ ʥʝ ʩʦʜʝʨʞʠʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʣʝʛʢʦ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ ʠʣʠ ʭʠʤʠʯʝʩʢʠ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʫʜʘʨʘʤ, ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʚʣʘʛʝ ʠ ʛʥʠʝʥʠʶ. 

2.HDPE (ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ) ð ʵʪʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʫʜʘʨʦʧʨʦʯʥʦʩʪʴʶ. ʆʥ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʧʘʢʦʚʢʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ. ʗʚʣʷʝʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʝʨʝʨʘʙʦʪʘʥ. 

3. PVC (ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ) - ʞʝʩʪʢʠʡ ʧʦʣʠʤʝʨ, ʫʩʪʦʡʯʠʚʳʡ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʠʟʥʦʩʫ. 

ʇʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʫʙ, ʦʢʦʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʜʥʘʢʦ ʧʝʨʝʨʘʙʦʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʳʭ ʚʨʝʜʥʳʭ ʜʦʙʘʚʦʢ. 

4. LDPE (ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ) - ʧʨʦʟʨʘʯʥʳʡ ʧʦʣʠʤʝʨ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ 

ʭʦʨʦʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʜʝ, ʢʠʩʣʦʪʘʤ, ʱʝʣʦʯʘʤ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʣʫʯʘʤ. ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ, ʚʢʣʶʯʘʷ ʫʧʘʢʦʚʢʫ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʊʘʢʞʝ 

ʧʦʜʜʘʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʝ. 

5. PP (ʧʦʣʠʧʨʦʧʠʣʝʥ) - ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚ ʢ ʭʠʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʦʙʣʘʜʘʝʪ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ ʜʦ 120ÁC. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʧʘʢʦʚʢʝ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ ʠ ʪ. ʜ. PP ʤʦʞʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠ, 

ʭʠʤʠʯʝʩʢʠ ʠ ʪʝʨʤʠʯʝʩʢʠ. 

6. PS (ʧʦʣʠʩʪʠʨʦʣ) ð ʵʪʦ ʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʩʚʝʪʫ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʋʌ-ʣʫʯʝʡ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʢʠʩʣʦʪʘʤ 

ʠ ʱʝʣʦʯʘʤ, ʘ ʪʘʢʞʝ ʧʨʦʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʧʝʨʝʨʘʙʦʪʢʘ PS ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ ʠʟ-ʟʘ ʝʛʦ ʭʨʫʧʢʦʩʪʠ ʠ 

ʥʠʟʢʦʡ ʩʪʦʡʢʦʩʪʠ ʢ ʫʜʘʨʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʦ ʚʨʝʤʷ ʧʝʨʝʨʘʙʦʪʢʠ. 

7. Other ʧʦʣʠʤʝʨʳ - ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʚʠʜʳ ʧʣʘʩʪʤʘʩʩ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʢʘʪʝʛʦʨʠʠ 1-6. ʆʥʠ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʨʘʙʦʪʘʥʳ, ʥʦ ʤʝʪʦʜʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʤʝʨʳ: ʧʦʣʠʢʘʨʙʦʥʘʪʳ, 

ʘʮʝʪʘʪʳ ʮʝʣʣʶʣʦʟʳ, ʥʝʡʣʦʥ ʠ ʧʦʣʠʠʤʠʜʳ [1-4]. 

ʅʝʜʦʩʪʘʪʢʠ ʧʣʘʩʪʤʘʩʩʳ: ʥʠʟʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʘʷ ʥʝʩʪʦʡʢʦʩʪʴ. ʆʧʘʩʥʦʩʪʴ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʨʘʥʝʝ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʩʪʠʨʦʣʘ ʙʳʣʦ ʩʦʧʨʷʞʝʥʦ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʪʨʠʭʣʦʨʬʪʦʨʤʝʪʘʥʘ (ʬʨʝʦʥʘ), ʢʦʪʦʨʳʡ ʨʘʟʨʫʰʘʣ ʦʟʦʥʦʚʦʡ ʩʣʦʡ ɿʝʤʣʠ. ʇʦʣʠʩʪʠʨʦʣ ʧʦʣʫʯʘʶʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʘʥʮʝʨʦʛʝʥʥʦʤ. 

ʋ ʧʣʘʩʪʠʢʦʚ ʥʝ ʪʘʢ ʤʥʦʛʦ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʦ ʦʥʠ ʝʩʪʴ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʥʝʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʩʪʠʢʠ ʧʣʘʚʷʪʩʷ, ʪʝʨʷʷ ʬʦʨʤʫ. ʃʠʰʴ 

ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʧʣʘʩʪʤʘʩʩ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʝʚ ʚʳʰʝ 80-100ÁC. ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʩʪʠʢʦʚʳʝ ʠʟʜʝʣʠʷ ʩʪʘʥʦʚʷʪʩʷ ʭʨʫʧʢʠʤʠ, ʪʝʨʷʶʪ ʫʧʨʫʛʦʩʪʴ, ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʠʨʧʠʯʘ) ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʣʘʩʪʠʢʦʤ ʚʩʸ ʝʱʸ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʞʝ ʚʝʜʸʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ. ʕʪʦ ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʧʦʯʝʤʫ ʟʘʠʥʪʝʨʝʩʦʚʘʣʘ ʜʘʥʥʘ ̫

ʪʝʤʘ. ʃʠʜʠʨʫʶʱʠʤʠ ʩʪʨʘʥʘʤʠ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʘʩʪʠʢʘ ʷʚʣʷʶʪʩʷ ɻʝʨʤʘʥʠʷ, ʋʵʣʴʩ, ʐʚʝʡʮʘʨʠʷ, 

ʗʧʦʥʠʷ, ʃʠʪʚʘ, ʉʐɸ. B ɻʝʨʤʘʥʠʠ ʨʘʟʜʝʣʴʥʳʡ ʩʙʦʨ ʤʫʩʦʨʘ ʧʨʘʢʪʠʢʫʝʪʩʷ ʫʞʝ ʜʘʚʥʦ ʠ ʚʝʩʴʤʘ ʘʢʪʠʚʥʦ. 

ʆʪʢʘʟ ʦʪ ʩʦʨʪʠʨʦʚʢʠ ʤʫʩʦʨʘ ʛʨʘʞʜʘʥʘʤʠ ʤʦʞʝʪ ʦʙʝʨʥʫʪʴʩʷ ʚʳʩʦʢʠʤ ʰʪʨʘʬʦʤ. ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ, ʧʦʵʪʦʤʫ ɻʝʨʤʘʥʠʷ ʠʤʝʝʪ ʭʦʨʦʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʐʚʝʡʮʘʨʠʠ ʧʣʘʩʪʠʢʦʚʳʝ ʠ ʩʪʝʢʣʷʥʥʳʝ ʦʪʭʦʜʳ ʥʝ ʪʦʣʴʢʦ ʚʳʙʨʘʩʳʚʘʶʪ ʦʪʜʝʣʴʥʦ, ʥʦ ʠ ʩʦʨʪʠʨʫʶʪ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦ ʮʚʝʪʫ. ɹʦʣʝʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʢʦʥʪʝʡʥʝʨʳ ʜʘʞʝ ʜʣʷ ʧʣʘʩʪʠʢʦʚʳʭ ʢʨʳʰʝʢ. ʊʘʢʘʷ 

ʧʨʦʜʫʤʘʥʥʘʷ ʩʦʨʪʠʨʦʚʢʘ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʠ ʫʜʝʰʝʚʣʷʝʪ ʜʘʣʴʥʝʡʰʫʶ 

ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ. 

ɺ ʗʧʦʥʠʠ ʤʫʩʦʨ ʩʦʨʪʠʨʫʶʪ ʫʞʝ ʙʦʣʝʝ 20 ʣʝʪ. ʉʪʠʤʫʣʦʤ ʜʣʷ ʛʨʘʞʜʘʥ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʣʴʛʦʪʳ, 

ʥʘʧʨʠʤʝʨ, ʩʢʠʜʢʠ ʥʘ ʢʦʤʤʫʥʘʣʴʥʳʝ ʧʣʘʪʝʞʠ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ ʠʣʠ ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ ʜʣʷ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʫʪʠʣʠʟʘʮʠʝʡ ʤʫʩʦʨʘ. 



118 

ɺ ʉʐɸ ʪʦʞʝ ʧʨʘʢʪʠʢʫʝʪʩʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʛʨʘʞʜʘʥ ʚ ʬʦʨʤʝ ʥʘʣʦʛʦʚʳʭ ʧʦʩʣʘʙʣʝʥʠʡ ʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʦʱʨʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʤ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʘʢʦʚʢʘ, ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʠʟ 

ʚʪʦʨʩʳʨʴʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦʜʘʭ, ʥʘʧʨʠʤʝʨ, ʄʠʥʥʝʘʧʦʣʠʩʝ ʠ ʉʝʥʪ-ʇʦʣʝ, ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʚ 

ʧʣʘʩʪʠʢʦʚʦʡ ʪʘʨʝ ʚʦʦʙʱʝ ʟʘʧʨʝʱʝʥʳ ʢ ʧʨʦʜʘʞʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ 

ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʦʩʦʙʦʤ ʠʟʤʝʣʴʯʝʥʠʷ 474 ʛ 

ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (15 ʙʫʪʳʣʦʢ ʧʦ 0.5 ʣ ʠ 3 ʙʫʪʳʣʢʠ ʧʦ 1ʣ), ʘ ʪʘʢʞʝ 50 ʛ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ (20 ʢʨʳʰʝʢ). ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʠʨʧʠʯʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʝʷʪʴ ʧʝʩʦʢ ʠ ʥʘʯʘʪʴ 

ʨʘʟʦʛʨʝʚʘʪʴ ʝʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 ÁC, ʧʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʣʷʝʤ ʠʟʤʝʣʴʯʸʥʥʳʡ ʧʣʘʩʪʠʢ, ʧʦʤʝʰʠʚʘʷ 

ʩʤʝʩʴ. ɽʩʣʠ ʞʝ ʚ ʥʘʯʘʣʝ ʟʘʩʳʧʘʪʴ ʧʣʘʩʪʠʢ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥ ʨʘʩʧʣʘʚʠʪʩʷ, ʪʦ ʧʝʩʦʢ ʥʘʯʥʝʪ ʥʘ ʥʝʛʦ 

ʧʨʠʣʠʧʘʪʴ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʠʪʩʷ ʧʣʘʩʪʠʢ, ʧʦʢʨʳʪʳʡ ʧʝʩʢʦʤ ʩʚʝʨʭʫ ï ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

(ʠʣʠ ʭʨʫʧʢʠʡ ʢʠʨʧʠʯ) (ʈʠʩʫʥʦʢ 1). ʉʦʩʪʘʚ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ   

 
ˉ ʉʤʝʩʴ ʇʨʦʧʦʨʮʠʷ ɺʨʝʤʷ ʚ ʚʦʜʝ ɺʨʝʤʷ 

ʧʣʘʚʣʝʥʠʷ. 

ʤʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ. 

ÁC 

1 ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ + 

ʧʝʩʦʢ 

70/30 1 ʤʠʥʫʪʘ ʚ ʬʦʨʤʝ, 

2-3 ʤʠʥʫʪʳ ʚ ʚʦʜʝ 

20 250 

1.2 ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ + 

ʧʝʩʦʢ 

60/40 1 ʤʠʥʫʪʘ ʚ ʬʦʨʤʝ, 

2-3 ʤʠʥʫʪʳ ʚ ʚʦʜʝ 

20 253 

2 ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ + 

ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ +ʧʝʩʦʢ 

35/35/35 1 ʤʠʥʫʪʘ ʚ ʬʦʨʤʝ, 

2-3 ʤʠʥʫʪʳ ʚ ʚʦʜʝ 

25 252 

3 ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ + 

ʧʝʩʦʢ (ʚ ʙʦʣʝʝ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ) 

70/30 1 ʤʠʥʫʪʘ ʚ ʬʦʨʤʝ, 

2-3 ʤʠʥʫʪʳ ʚ ʚʦʜʝ 

32 260 

 
ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʣʘʩʪʠʢ ʨʘʩʧʣʘʚʠʪʩʷ ʠ ʩʤʝʩʴ ʩʪʘʥʝʪ ʦʜʥʦʨʦʜʥʦʡ ʝʸ ʧʝʨʝʣʦʞʠʪʴ ʚ ʬʦʨʤʫ ʠ ʩʧʨʝʩʩʦʚʘʪʴ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʫʜʠʪʴ ʩʤʝʩʴ, ʜʣʷ ʵʪʦʛʦ ʢʠʨʧʠʯ ʧʦʣʠʚʘʝʪʩʷ ʚʦʜʦʡ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʝʛʦ ʤʦʞʥʦ ʜʦʩʪʘʪʴ ʠʟ ʬʦʨʤʳ ʠ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʟʠʪʴ ʚ ʚʦʜʫ ʝʱʸ ʥʘ 2ï3 ʤʠʥʫʪʳ ʜʦ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʆʙʨʘʟʮʳ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 
ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʩʠ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʣʘʩʪʠʢʘ ʠʟʛʦʪʦʚʠʣʠ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʚ ʬʦʨʤʝ 

ʢʠʨʧʠʯʘ. ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʞʸʩʪʢʦʩʪʴ, ʪʚʸʨʜʦʩʪʴ, 

ʩʪʦʡʢʦʩʪʴ ʢ ʜʝʬʦʨʤʘʮʠʷʤ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʠʨʧʠʯʝʡ ʙʳʣʠ 

ʧʨʦʚʝʨʝʥʳ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʩʤʝʩʠ ʦʙʨʘʟʮʘ 1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʩʪʘʪʴ ʩʘʤʳʤ 

ʧʨʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚ ʩʦʩʪʘʚʝ, ʢʦʪʦʨʦʛʦ 

70% ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ ʠ 30% ʧʝʩʢʘ. 
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ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ɿʘʢʣʶʯʝʥʠʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʮʝʣʴ ʨʘʙʦʪʳ ʜʦʩʪʠʛʥʫʪʘ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʚʘʨʠʘʥʪʳ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʣʠʤʝʨʧʝʩʯʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʠʨʧʠʯʘ) ʠʟ ʩʤʝʩʠ ʧʣʘʩʪʠʢʘ ʩ ʧʝʩʢʦʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. ʋʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʩʤʝʩʠ ʦʙʨʘʟʮʘ 1, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʥ 

ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʨʘʙʦʪʘ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʣʘʩʪʠʢʦʤ 

ʠ ʚʘʞʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʧʨʦʙʦʚʘʪʴ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʠʨʧʠʯʝʡ ʠʟ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʩʤʝʩʠ ʧʣʘʩʪʠʢʘ ʩ 

ʛʣʠʥʦʡ, ʛʫʜʨʦʥʦʤ, ʟʦʣʦʡ, ʧʝʧʣʦʤ ʠ ʜʨʫʛʠʤʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɸɻʅɽʊʀɿʄɸ ʀ ʉɺɽʈʍʇʈʆɺʆɼʀʄʆʉʊʀ ɺ ʇɽʈʀʆɼʀʏɽʉʂʀʍ ʀ ʂɺɸɿʀʇɽʈʀʆɼʀʏɽʉʂʀʍ 

ʉʃʆʀʉʊʓʍ ʅɸʅʆʉʀʉʊɽʄɸʍ ʉ ʇʆʄʆʑʔʖ ʈɽʌʃɽʂʊʆʄɽʊʈʀʀ ʇʆʃʗʈʀɿʆɺɸʅʅʓʍ ʅɽʁʊʈʆʅʆɺ 

ʂʚʘʟʠʢʨʠʩʪʘʣʣ ï ʪʚʸʨʜʦʝ ʪʝʣʦ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ, ʥʦ 

ʥʝ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ, ʪ.ʝ. ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʝʡ, ʟʘʧʨʝʱʸʥʥʦʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ [1]. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʚʘʟʠʢʨʠʩʪʘʣʣʦʚ ʥʘʨʷʜʫ ʩ ʦʙʳʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʭʘʨʘʢʪʝʨʥʘ 

ʜʠʩʢʨʝʪʥʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʡ ʘʙʩʪʨʘʢʮʠʝʡ ʦʧʠʩʳʚʘʶʱʝʡ ʢʚʘʟʠʢʨʠʩʪʘʣʣʳ 

ʷʚʣʷʝʪʩʷ ʤʦʟʘʠʢʘ ʇʝʥʨʦʫʟʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʶʱʠʭ 

ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʘʪʫʨʘʣʴʥʳʭ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʶʪʩʷ ʠʥʪʨʠʛʫʶʱʠʤʠ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʚʘʟʠʢʨʠʩʪʘʣʣʦʚ. ɺ ʨʘʙʦʪʝ [4] ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʙʲʝʤʥʦʤ ʢʚʘʟʠʢʨʠʩʪʘʣʣʝ Al-Zn-Mg ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Tc<0.05 ʂ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʢʦʨʨʝʣʷʮʠʡ ʚ 

ʢʚʘʟʠʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʜʘʥʥʳʡ ʚʠʜ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʟʚʘʣʠ "ʬʨʘʢʪʘʣʴʥʳʤ". ɻʦʚʦʨʷ ʦ 

ʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʠ ʚ ʨʷʜʝ ʢʚʘʟʠʢʨʠʩʪʘʣʣʦʚ, ʥʘʙʣʶʜʘʣʦʩʴ ʩʦʩʪʦʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʪʝʢʣʘ, ʥʦ ʚ ʨʘʙʦʪʝ [5] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʚʘʟʠʢʨʠʩʪʘʣʣʘʭ AuīGaīGd ʠ AuīGaīTb ʚʦʟʤʦʞʝʥ "ʵʢʟʦʪʠʯʝʩʢʠʡ" ʜʘʣʴʥʠʡ ʤʘʛʥʠʪʥʳʡ 

ʧʦʨʷʜʦʢ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʜʣʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ 

TCurie<25 K. ʆʧʠʩʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʳ, ʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ. ʊʘʢ 

ʚ ʨʘʙʦʪʘʭ [6,7] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʛʝʨʝʥʪʥʳʡ ʤʘʛʥʠʪʥʳʡ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʣʦʸʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ Nb ʠ ʤʘʛʥʠʪʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ Gd, Dy ʠʣʠ Ho. 

ɼʘʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʱʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʩʣʦʞʥʦ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʫʨʘʥʦʚʳʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ [8]. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʦʟʜʘʪʴ ʩʣʦʠʩʪʳʝ ʢʚʘʟʠʢʨʠʩʪʘʣʣʳ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʣʦʸʚ. ɼʘʥʥʳʝ 

ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʩʪʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʧʦʟʚʦʣʷʪ ʠʟʫʯʘʪʴ ʥʝʪʨʠʚʠʘʣʴʥʳʝ 

ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʬʨʘʢʪʘʣʴʥʘʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʜʘʣʴʥʠʡ ʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʚ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʞʜʝ ʚ ʩʣʦʠʩʪʳʭ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠʩʩʣʝʜʦʚʘʣʩʷ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ [9], ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʠʯʥʦʛʦ ʪʠʧʘ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʩʚʝʨʭʨʝʰʸʪʢʠ ʌʠʙʦʥʘʯʯʠ ʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ 

ʩʣʦʠʩʪʳʝ ʢʚʘʟʠʢʨʠʩʪʘʣʣʳ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʣʦʸʚ, ʦʧʪʠʤʘʣʴʥʳʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʪ 

ʠʟʫʯʘʪʴ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʩʠʣʴʥʦʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʬʨʘʢʪʘʣʴʥʘʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʠ 

ʜʘʣʴʥʠʡ ʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʚ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʇʨʦʚʝʜʝʥʳ 

ʥʝʡʪʨʦʥʥʳʝ ʨʘʩʯʝʪʳ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʧʝʨʝʩʪʘʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʥʘʯʠʥʘʷ ʩ 

ʧʦʨʷʜʢʘ ʌʠʙʦʥʘʯʠ F10. ɼʣʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʝ 

"ʢʚʘʟʠ-ʙʨʵʛʛʦʚʩʢʠʝ" ʧʠʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-72-00124. 
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COLLOIDAL QUASI -TWO-DIMENSIONAL CDSE NANOPLATELETS: INFLUENCE OF SYNTHESIS AND POST-SYNTHETIC 

PURIFICATION ON OPTICAL PROPERTIES  

ʂʆʃʃʆʀɼʊʓ ʂɺɸɿʀɽʂɯᴆʃʐɽʄɼɯ CDSE ʅɸʅʆʇʃɸʉʊʀʅɸʃɸʈʓ: ʉʀʅʊɽɿ ʐɸʈʊʊɸʈʓ ɾᴄʅɽ 

ʇʆʉʊʉʀʅʊɽʊʀʂɸʃʓפ ʊɸɿɸʈʊʋɼʓר ʆʇʊʀʂɸʃʓפ פɸʉʀɽʊʊɽʈɻɽ ᴄʉɽʈɯ 

ʂʆʃʃʆʀɼʅʓɽ ʂɺɸɿʀɼɺʋʄɽʈʅʓɽ ʅɸʅʆʇʃɸʉʊʀʅʓ CDSE: ɺʃʀʗʅʀɽ ʋʉʃʆɺʀʁ ʉʀʅʊɽɿɸ ʀ 

ʇʆʉʊʉʀʅʊɽʊʀʏɽʉʂʆʁ ʆʏʀʉʊʂʀ ʅɸ ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

 

Keywords: CdSe nanoplatelets, colloidal synthesis, FTIR, spectroscopy 

 

Colloidal semiconductor CdSe nanoplatelets have attracted great interest due to their unique optical and 

electronic properties [1]. Their atomically controlled thickness and significant lateral dimensions impart a quasi-

two-dimensional structure [2]. This structure enhances absorption and emission properties, provides narrow 

photoluminescence (PL) lines, and exhibits high oscillator strengths, making them promising for optoelectronic 

applications [3,4]. 

Controlling the concentration, temperature, and duration of the synthesis of CdSe nanoplatelets is crucial for 

achieving the desired optical properties. A deep understanding of the correlation between synthesis conditions 

and the final optical properties of materials enables the development of nanostructures with predictable and 

tunable characteristics. 

This study investigates the influence of synthesis conditions and post-synthetic purification of colloidal 

solutions on the optical properties of synthesized CdSe nanoplatelets using Fourier-transform infrared (FTIR) 

spectroscopy, UV-Vis spectroscopy, and photoluminescence spectroscopy. 

The synthesis method was adapted from [5]. CdSe nanoplatelets were synthesized at high temperatures 

ranging from 160ÁC to 200ÁC by introducing a selenium precursor into a solution with a cadmium precursor. 

The study of synthesis conditions revealed that increasing temperature and synthesis duration leads to 

structural changes in the nanoplatelets, affecting their spectral characteristics. Additionally, the influence of the 

purification process on the quality of the nanoplatelets was investigated. It was found that a multi-step 

purification process involving precipitation and re-dispersion in a solvent minimizes residual organic 

compounds and improves the optical properties of the material, as confirmed by FTIR spectroscopy data, as well 

as absorption and luminescence spectra in the UV and visible regions. 
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ʍʀʄʀʗʃʓפ ʊױʅɼʓʈʋ ᴄɼɯʉɯ ɸʈפʓʃʓ SiO2/Si ʊʈɽʂ ʐɸɹʃʆʅɼɸʈʓʅɼɸ ɸʃʓʅנɸʅ CdS ʅɸʅʆʉʓʄɼɸʈʓʅʓר 

 ʉʀʇɸʊʊɸʄɸʃɸʈʓ פʈʓʃʓʄɼʓױפ

ʉʊʈʋʂʊʋʈʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ  ʅɸʅʆʇʈʆɺʆʃʆʂ CdS ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ ʍʀʄʀʏɽʉʂʆɻʆ ʆʉɸɾɼɽʅʀʗ ɺ 

ʊʈɽʂʆɺʆʄ ʐɸɹʃʆʅɽ SiO2/Si 

STRUCTURAL CHARACTERISTICS OF CdS NANOWIRES PRODUCED BY CHEMICAL DEPOSITION IN A SiO 2/Si TRACK 

TEMPLATE  

 
ɸϬʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ CdS ʥʘʥʦʩʳʤʜʘʨʳʥ SiO2/Si ʪʨʵʢ ʪʝʤʧʣʝʡʪʽʥʜʝ ʘʣʫʜʳϬ ʭʠʤʠʷʣʳϨ ʪϰʥʜʳʨʫ ϸʜʽʩʽʥ Ϩʘʨʘʩʪʳʨʘʤʳʟ.  

SiO2/Si ʰʘʙʣʦʥʜʘʨʳ n-ʪʠʧʪʽ Si ʩʫʙʩʪʨʘʪʳʥʳϬ ʙʝʪʽʥʜʝ ϨʘʣʳϬʜʳϤʳ 700 ʥʤ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ ʧʣʝʥʢʘʩʳ ʪʝʨʤʠʷʣʳϨ ʪϮʨʜʝ 

ʜʘʡʳʥʜʘʣʜʳ, Xe 200 ʄʵɺ ʞʳʣʜʘʤ ʘʫʳʨ ʠʦʥʜʘʨʳʤʝʥ ʩϸʫʣʝʣʝʥʜʽʨʫ ʘʨϨʳʣʳ, ʰʘʙʣʦʥʜʘʨʜʘ ʬʣʶʝʥʮʠʷʩʳ 108 ʩʤ-2 ʙʦʣʘʪʳʥ 

ʥʘʥʦʢʝʫʝʢʪʝʨ ʧʘʡʜʘ ʙʦʣʘʜʳ.   SiO2/Si ʰʘʙʣʦʥʳ ʙʝʪʽʥʜʝ ʪϮʟʽʣʛʝʥ ʥʘʥʦʢʝʫʝʢʪʝʨʜʽ ʢʘʜʤʠʡ ʩʫʣʴʬʠʜʽʤʝʥ ʪʦʣʪʳʨʫ ʭʠʤʠʷʣʳϨ 

ʪϰʥʜʳʨʫ ϸʜʽʩʽ ʘʨϨʳʣʳ ʞϮʟʝʛʝ ʘʩʪʳ. ʍʠʤʠʷʣʳϨ ʪϰʥʜʳʨʫʜʘʥ ʢʝʡʽʥ, ʥʘʥʦʢʝʫʝʢʪʝʨʜʽϬ ʢϺʣʝʤʽʥ ʞϸʥʝ ʦʣʘʨʜʳϬ ʪʦʣʪʳʨʳʣʫ 

ʜϸʨʝʞʝʩʽʥ ʘʥʳϨʪʘʫ Ϯʰʽʥ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳϨ ʤʠʢʨʦʩʢʦʧ (ʉʕʄ) Ϩʦʣʜʘʥʳʣʜʳ. ʉʕʄ ʪʘʣʜʘʫʣʘʨ ʥϸʪʠʞʝʩʽʥʜʝ  30 

ʤʠʥʫʪʪʳϨ ʭʠʤʠʷʣʳϨ ʪϰʥʜʳʨʫʜʘʥ ʢʝʡʽʥ CdS ʥʘʥʦʩʳʤʜʘʨʳʤʝʥ ʪʦʣʪʳʨʳʣʫ ʜϸʨʝʞʝʩʽ ʰʘʤʘʤʝʥ 85-90 % Ϩϰʨʘʜʳ ʞϸʥʝ  

ʥʘʥʦʢʝʫʝʢʪʝʨʜʽϬ ʦʨʪʘʰʘ ʜʠʘʤʝʪʨʽ 260 ʥʤ ʪʝϬ. ʅʘʥʦʩʳʤʜʘʨʜʳϬ ϨϰʨʳʣʳʤʜʳϨ ʟʝʨʪʪʝʫ ʥϸʪʠʞʝʣʝʨʽʥʝʥ ʘʥʳϨ ʙʦʣϤʘʥʜʘʡ,  

ʩʠʤʤʝʪʨʠʷ ʪʦʙʳ ʦʨʪʦʨʦʤʙʪʳ Ϩϰʨʳʣʳʤʳ ʙʘʨ CdS ʥʘʥʦʢʨʠʩʪʘʣʜʘʨʳʥʳϬ ʪϮʟʽʣʫʽʥ ʢϺʨʩʝʪʪʽ. ɹϺʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘϤʳ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩʧʝʢʪʨʽ Ϻʣʰʝʥʽʧ, ʦʨʪʘʣʳϨʪʘʨʳ 2.53 ʵɺ, 2.45 ʵɺ ʞϸʥʝ 2.37 ʵɺ ʵʥʝʨʛʠʷʣʘʨʳʥʘ ʞʘϨʳʥ ʩϸʫʣʝʣʝʥʫ 

ʞʦʣʘϨʪʘʨʳ ʘʥʳϨʪʘʣʜʳ.  

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʪʵʤʧʣʝʡʪʪʽ ʩʠʥʪʝʟ SiO2/Si; ʭʠʤʠʷʣʳϨ ʪϰʥʜʳʨʫ; ʭʠʤʠʷʣʳϨ ʪϰʥʜʳʨʫ; ʵʣʝʢʪʨʦʭʠʤʠʷʣʳϨ ʪϰʥʜʳʨʫ;  

ʥʘʥʦʢʨʠʩʪʘʣʣ CdS; ʨʝʥʪʛʝʥʜʽʢ ϨϰʨʳʣʳʤʜʳϨ ʪʘʣʜʘʫ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʨʦʚʦʣʦʢ CdS ʥʘ 

ʰʘʙʣʦʥʝ ʪʨʝʢʘ SiO2/Si. ʐʘʙʣʦʥʳ SiO2/Si ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

ʪʦʣʱʠʥʦʡ 700 ʥʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ Si n-ʪʠʧʘ ʠ ʦʙʣʫʯʝʥʠʷ ʝʝ ʙʳʩʪʨʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ Xe ʩ ʵʥʝʨʛʠʝʡ 200 ʄʵɺ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ 108 ʩʤ-2, ʚ ʰʘʙʣʦʥʘʭ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘʥʦʧʦʨʳ. ɿʘʧʦʣʥʝʥʠʝ ʥʘʥʦʧʦʨ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

SiO2/Si, CdS ʜʦʩʪʠʛʘʣʦʩʴ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʇʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ) ʦʧʨʝʜʝʣʷʣʠ ʨʘʟʤʝʨ ʥʘʥʦʧʦʨ ʠ ʩʪʝʧʝʥʴ ʠʭ ʟʘʧʦʣʥʝʥʠʷ. ɸʥʘʣʠʟ ʉʕʄ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ 30 ʤʠʥʫʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʧʨʦʚʦʣʦʢ CdS ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 85ï90%, ʘ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʥʘʥʦʧʦʨ 

ʩʦʩʪʘʚʠʣ 260 ʥʤ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʧʨʦʚʦʣʦʢ, ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʫʢʘʟʘʣʘ ʥʘ ʥʘʣʠʯʠʝ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ CdS ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʉʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟʤʝʨʷʣʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ 

ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ ʩ ʮʝʥʪʨʘʤʠ ʚʙʣʠʟʠ ʵʥʝʨʛʠʡ 2.53 ʵɺ, 2.45 ʵɺ ʠ 2.37 ʵɺ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʵʤʧʣʝʡʪʥʳʡ ʩʠʥʪʝʟ SiO2/Si; ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ; ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ; ʥʘʥʦʢʨʠʩʪʘʣʣʳ 

CdS; ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

 

Annotation. This paper deals with the chemical deposition method for the preparation of CdS nanowires on SiO2/Si track template. 

SiO2/Si templates were prepared by thermal deposition of a 700 nm thick silicon dioxide film on the surface of an n-type Si substrate and 

irradiating it with fast heavy Xe ions with an energy of 200 MeV and a flux density of 108 cm-2, nanopores were formed in the templates. 

The filling of nanopores formed on the SiO2/Si, CdS surface was achieved by chemical deposition. After chemical deposition, the size of 

nanopores and their filling degree were determined using scanning electron microscope (SEM). SEM analysis showed that after 30 min 

of chemical deposition of CdS nanowires, the filling degree was approximately 85-90%, and the average diameter of nanopores was 260 

nm. According to the results of the structural study of the nanowires, the symmetry group indicated the presence of CdS nanocrystals 

with orthorhombic structure, with 59 Pmmn. The photoluminescence spectrum was measured at room temperature, and emission bands 

with centres near 2.53 eV, 2.45 eV and 2.37 eV were identified. 

Keywords: SiO2/Si tamplate synthesis; chemical deposition; electrochemical deposition; CdS nanocrystals; X-ray diffraction study. 

 
ʂʽʨʽʩʧʝ. פʘʟʽʨʛʽ ʪʘשʜʘ ʙʽʨ ᴇʣʰʝʤʜʽ ʥʘʥʦʪװʪʽʢʪʝʨ, ʥʘʥʦʢʝʫʝʢʪʝʨ, ʥʘʥʦʩʳʤʜʘʨ, ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨ ʽʨʛʝʣʽ 

ʬʠʟʠʢʘ װʰʽʥ סʘʥʘ ץʦʣʜʘʥʳʧ ץʦʡʤʘʡ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʥʘʥʦײץʨʳʣסʳʣʘʨʜʘ ʜʘ ʢʝש ʘʫץʳʤʜʳ ץʦʣʜʘʥʳʩץʘ ʠʝ 

[1-2]. ɾʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʽʰʽʥʜʝ ʢʘʜʤʠʡ ʩʫʣʴʬʠʜʽ (CdS)  ʢʝʜʝʨʛʽ ʘʡʤʘסʳʥʳש 

ʪʠʽʤʜʽʣʽʛʽʤʝʥ, ʫʣʴʪʨʘʢװʣʛʽʥ ʞᴅʥʝ ʢᴇʨʽʥʝʪʽʥ ʪʦʣץʳʥ ײʟʳʥʜʳץ ʘʡʤʘסʳʥʜʘ ʞʘʪʫʳʤʝʥ ʝʨʝʢʰʝʣʝʥʽʧ, 

ʘʫץʳʤʜʳ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʘʨʟʘʥ ʢʦʤʤʝʨʮʠʘʣʳץ ᴇʥʽʤʛʝ ʘʡʥʘʣʫʳ ʤװʤʢʽʥ.   CdS 
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ʥʘʥʦʩʳʤʜʘʨʳ ʦʧʪʦʵʣʝʢʪʨʦʥʜʳ ײץʨʳʣסʳʣʘʨʜʘ, ʬʦʪʦʢʘʪʘʣʠʟ, ʣʘʟʝʨ, ʞʘʨʳץ ʜʠʦʜʪʘʨʳ ʞᴅʥʝ ᴇʨʽʩ 

ʪʨʘʥʟʠʩʪʦʨʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʫʜʘ.   

CdS ʥʘʥʦײץʨʳʣʳʤʜʘʨʳʥ ʘʣʫʜʳש ʢᴇʧʪʝʛʝʥ ᴅʜʽʩʪʝʨʽ ʙʘʨ. ʂʦʣʣʦʠʜʪʳץ ʩʠʥʪʝʟ, ʟʦʣ-ʛʝʣʴ ᴅʜʽʩʽ, ʬʠʟʠʢʘʣʳץ 

ʪײʥʜʳʨʫ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʽ ʙʘʨ. ᴄʜʽʩʪʝʨʜʽש ᴅʨץʘʡʩʳʩʳʥ ʙʝʣʛʽʣʽ-ʙʽʨ ʞʘסʜʘʡʣʘʨ 

 שʰʽʥ ʧʣʝʥʢʘʥʳװ ʨʣʝʥʜʽʨʛʽʰʪʝʨ ʥʝʤʝʩʝ ʬʦʪʦʜʝʪʝʢʪʦʨʣʘʨװʦʣʜʘʥʳʣʘʜʳ. ʄʳʩʘʣʳ, ʬʦʪʦʪץ ʰʽʥװ

ʤʘʢʩʠʤʘʣʜʳ ʙʽʨʪʝʢʪʽʣʽʛʽ ʤʘשʳʟʜʳ, ʘʣ ʩʝʥʩʦʨʣʳ ץʦʣʜʘʥʳʩʪʘ ʥʘʥʦײץʨʳʣʳʤʜʘʨʜʳש ʞʦסʘʨסʳ ʙʝʪʽʥʽש 

ʘʫʜʘʥʳ ʤʝʥ ʨʝʘʢʪʠʚʪʽʣʽʛʽ ʤʘשʳʟʜʳ [3]. ʍʠʤʠʷʣʳץ ʪײʥʜʳʨʫ (ʍʊ) ᴅʜʽʩʽ ʞʽשʽʰʢʝ ʥʘʥʦײץʨʳʣʳʤʜʳ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴅʨ ʪװʨʣʽ ʰʘʙʣʦʥʜʘʨʜʘ (ʰʳʥʳ, ʢʨʝʤʥʠʡ, ʧʦʣʠʤʝʨʣʝʨ) CdS ʥʘʥʦʩʳʤʜʘʨʳʥ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ,  ץʳʤʙʘʪ ʝʤʝʩ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ץʘʨʘʧʘʡʳʤ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ [4]. ɹʽʨʥʝʰʝ 

ʟʝʨʪʪʝʫʰʽʣʝʨ ʢᴇʧʪʝʛʝʥ ʢװʥ ʙʘʪʘʨʝʷʣʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽ CdS ʙʫʬʝʨʣʽʢ ץʘʙʘʪʳʥʳץ שʘʩʠʝʪʽʥʝ ᴇʪʝ ʪᴅʫʝʣʜʽ 

ʝʢʝʥʽʥ ʞᴅʥʝ ʙײʣʘʨʜʳ ʭʠʤʠʷʣʳץ ʪײʥʜʳʨʫ ᴅʜʽʩʽ ץʘʙʘʪʪʘʨʜʳ ʪײʥʜʳʨʫʜʳש ʝץ שʦʣʘʡʣʳ ᴅʜʽʩʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ 

[5]. ʄʘץʘʣʘʜʘ ʭʠʤʠʷʣʳץ ʪײʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ, SiO2 /Si ʪʨʝʢ ʪʵʤʧʣʝʡʪʽ ʰʘʙʣʦʥʜʘʨʳʥ ʧʘʡʜʘʣʘʥʳʧ, 

ʥʘʥʦײץʨʳʣʳʤסʘ ʠʝ CdS  ʥʘʥʦʩʳʤʜʘʨʳʥ ʘʣʘʤʳʟ. ʍʊ-ʜʘʥ ʢʝʡʽʥ Zeiss Crossbeam 540 ץʦʩ ʩᴅʫʣʝʣʽ ʩʢʘʥʝʨʣʝʫ 

ʤʠʢʨʦʩʢʦʧʳʥʳש ʢᴇʤʝʛʽʤʝʥ װʣʛʽʣʝʨ װʰʽʥ ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ ʘʣʳʥʜʳ ʞᴅʥʝ Rigaku SmartlabSE 

ʜʠʬʨʘʢʪʦʤʝʪʨʽ ʘʨץʳʣʳ CdS ײץʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽש ʤʦʨʬʦʣʦʛʠʷʩʳ ʟʝʨʪʪʝʣʜʽ. ɹײʣ ʟʝʨʪʪʝʫʜʝ ʙʽʟ 

CdS ʥʘʥʦʩʳʤʜʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ, ʤʦʨʬʦʣʦʛʠʷʣʳץ, ʦʧʪʠʢʘʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥ 

ʭʘʙʘʨʣʘʡʤʳʟ. 

CdS ʥʘʥʦʩʳʤʜʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʞᴅʥʝ ʘʣʫ ᴅʜʽʩʪʝʨʽ. ױʩʳʥʳʣʳʧ ʦʪʳʨסʘʥ ʞʘשʘ 

ʥʘʥʦʤʘʪʝʨʠʘʣ Si ץʘʙʘʪʳʥʘʥ ʞᴅʥʝ CdS ʥʘʥʦʩʳʤʜʘʨʳʤʝʥ ʪʦʣʪʳʨʳʣסʘʥ SiO2 ʥʘʥʦʢʝʫʝʢʪʽ ץʘʙʘʪʳʥʘʥ 

ʪײʨʘʜʳ. פʘʣʳשʜʳסʳ ~700 ʥʤ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ (SiO2) ʧʣʝʥʢʘʩʳ n-Si (100) ʧʣʘʩʪʠʥʘʩʳʥʜʘ ʪʝʨʤʠʷʣʳץ 

ʪװʨʜʝ ᴇʩʽʨʽʣʜʽ.  ᴆʣʰʝʤʜʝʨʽ ʰʘʤʘʤʝʥ 5Ĭ5 ʤʤ ʞᴅʥʝ 20Ĭ20 ʤʤ SiO2/Si װʣʛʽʣʝʨ ʜʘʡʳʥʜʘʣʜʳ. SiO2 

 ʪʨʝʢʪʝʨ 200 ʄʵɺ ʵʥʝʨʛʠʷʩʳ ʙʘʨ ʞᴅʥʝ 108 ʩʤ-2 ʬʣʶʝʥʩʢʝ ʜʝʡʽʥ ʘʫʳʨ ץʳ ʞʘʩʳʨʳʥ ʠʦʥʜʳסʘʙʘʪʳʥʜʘץ

ʞʳʣʜʘʤ ʠʦʥʜʘʨʳʤʝʥ (Xe) ʩᴅʫʣʝʣʝʥʫ ʘʨץʳʣʳ ʞʘʩʘʣʜʳ. ʌʪʦʨ ץʳʰץʳʣʳʥʜʘסʳ ʞʘʩʳʨʳʥ ʞʦʣʜʘʨʜʳ ʦʶ ᴅʨ 

ʪװʨʣʽ ʜʠʘʤʝʪʨʣʽ ʢʝʩʽʣʛʝʥ ʢʦʥʫʩʪʘʨ ʪװʨʽʥʜʝ ʩʪʦʭʘʩʪʠʢʘʣʳץ ʙᴇʣʽʥʛʝʥ ʢʝʫʝʢʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʜʽ. 

ʊʨʝʢʪʝʨʜʽ ʦʶ ʘʣʜʳʥʜʘ 6.SB25-12DTS ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʪʘʟʘʨʪץʳʰʳʥʜʘ 15 ʤʠʥʫʪ ʙʦʡʳ ʙʝʪʪʽ 

ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʪʘʟʘʣʘʫ ʞװʨʛʽʟʽʣʜʽ. ɹʘʨʣʳװ ץʣʛʽʣʝʨʜʽ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʠʦʥʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʩʫʜʘ (18.2 

ʄʆʤ) ʞʫʳʣʜʳ. 

ɾʽשʽʰʢʝ ץʘʙʘʪʪʳ CdS ʥʘʥʦʩʳʤʜʘʨʳʥ ʭʠʤʠʷʣʳץ ʪײʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ʝʨʽʪʽʥʜʽ 100 ʤʣ ʜʠʩʪʠʣʣʜʝʥʛʝʥ 

ʩʫʜʘ ʢʝʣʝʩʽʜʝʡ ײץʨʘʤʜʘ ʙʦʣʜʳ: ʢʘʜʤʠʠ ʭʣʦʨʠʜʽ (CdCl2) ï 3,66 ʛ/ʣ;  ʘʤʤʦʥʠʡ ʭʣʦʨʠʜʽ (NH4Cl) ï 2.67 ʛ/ʣ; 

ʪʠʤʦʯʝʚʠʥʘ (CH4N2S) ï 3.8 ʛ/ʣ. ʂʝʡʽʥ pH ʪʝשʛʝʨʽʤʽʥ 11- ʛʝ ʞʝʪʫ װʰʽʥ, ʪʘʤʰʳʣʘʧ 38 ʤʣ ʘʤʤʠʘʢ ʛʠʜʨʠʜʽ 

 ʨʘʜʳ. ɼʘʡʳʥײץ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 70Ñ3 Áʉ שʪᴅʞʽʨʠʙʝ ʙʘʨʳʩʳʥʜʘ ʝʨʽʪʽʥʜʽʥʽ ץʡʳʧ ʦʪʳʨʳʣʜʳ.  ɹʘʨʣʳײץ

ʙʦʣסʘʥ ʝʨʽʪʽʥʜʽʜʝ ʰʘʙʣʦʥʜʘʨ 20,30,40 ʤʠʥ ʘʨʘʣʳץʪʘʨʳʥʜʘ ʪײʥʜʳʨʳʣʜʳ.  

ʍʠʤʠʷʣʳץ ᴅʜʽʩʧʝʥ ʪײʥʜʳʨʳʣסʘʥ CdS ʥʘʥʦʩʳʤʜʘʨʳʥʳש ʤʦʨʬʦʣʦʛʠʷʩʳ Zeisscrossbeam 540 

ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ (ʉɽʄ)  ʢᴇʤʝʛʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. ɸʣ ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ 

RigakuSmartLab ʜʠʬʨʘʢʪʦʤʝʪʨʽʥʜʝ (ʊʦʢʠʦ, ɾʘʧʦʥʠʷ) ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫ ʘʨץʳʣʳ 

ʟʝʨʪʪʝʣʜʽ. ʊװʩʽʨʫ 40Á-ʪʘʥ 70Á-ץʘ ʜʝʡʽʥʛʽ ʙײʨʳʰʪʘʨ ʜʠʘʧʘʟʦʥʳʥʜʘ 0,01Á ץʘʜʘʤʤʝʥ ʩʢʘʥʝʨʣʝʫ ʨʝʞʠʤʽʥʜʝ  

ʞװʨʛʽʟʽʣʜʽ. ʊʦʨ ʪײʨʘץʪʳʣʘʨʳ ᴇʣʰʝʥʜʽ ʞᴅʥʝ TOPAS 4.2 ʙʘסʜʘʨʣʘʤʘʩʳ ʢᴇʤʝʛʽʤʝʥ ʪײʥʜʳʨʳʣסʘʥ ʢʘʜʤʠʡ 

ʩʫʣʴʬʠʜʽʥʽײץ שʨʳʣʳʤʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʥʘץʪʳʣʘʥʜʳ. 

ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ   ʩʧʝʢʪʨʣʝʨʽ 240 ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘ ץʦʟʫ ʢʝʟʽʥʜʝ 300-ʜʝʥ 800 ʥʤ-ʛʝ ʜʝʡʽʥʛʽ 

ʩʧʝʢʪʨʣʽʢ ʜʠʘʧʘʟʦʥʜʘ CM 2203 (SOLAR) ʩʧʝʢʪʨʦʬʣʶʦʨʠʤʝʪʨʽ ʘʨץʳʣʳ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 

ᴇʣʰʝʥʜʽ. 

ɹʝʪʪʽʢ, ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʦʧʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ. CdS  ʥʘʥʦʩʳʤʜʘʨʳʥʳש  ʙʝʪʽʥʽש 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ 1(a,b,ʩ,d)  ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʪʠʽʩʽʥʰʝ 1a ʩʫʨʝʪʪʝ SiO2/Si 

ʰʘʙʣʦʥʜʘʨʳʥʳש ʪײʥʜʳʨʫסʘ ʜʝʡʽʥʛʽ ʞʘסʜʘʡʳ, 1 b,c ʞᴅʥʝ d ʩʫʨʝʪʪʝʨʽʥʜʝ CdS ʥʘʥʦʩʳʤʜʘʨʳʤʝʥ ʭʠʤʠʷʣʳץ 

ʪײʥʜʳʨʫʜʘʥ ʢʝʡʽʥʛʽ ʉʕʄ ʩʫʨʝʪʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ.  

ɹʘʨʣʳװ ץʣʛʽʣʝʨ װʰʽʥ ײץʨʘʤʳ ʙʽʨʜʝʡ ʝʨʽʪʽʥʜʽ ץʦʣʜʘʥʳʣʜʳ, ʪײʥʜʳʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 70Ñ3Á ʉ, ʪײʥʜʳʨʫ 

ʫʘץʳʪʳ 30 ʤʠʥʫʪʪʳ ײץʨʘʡʜʳ. SiO2/Si ʪʨʝʢ ʰʘʙʣʦʥʜʘʨʳʥʜʘ CdS ʥʘʥʦʩʳʤʜʘʨʳʥʳש ʪʦʣʳץ ʦʪʳʨסʳʟʳʣʫʳ 

ʪʽʢʝʣʝʡ ʝʨʽʪʽʥʜʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ ʞᴅʥʝ ʩʽʣʪʽʣʽ ʦʨʪʘʥʳש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ 

ʞᴇʥ, ʙʽʟʜʽש ʞʘסʜʘʡʳʤʳʟʜʘ pH ʪʝשʛʝʨʽʤʽʥ 11 ï ʛʝ ʞʝʪʫ װʰʽʥ ʰʘʤʘʤʝʥ 38 ʤʣ ʘʤʤʠʘʢ ʛʠʜʨʠʜʽ ץʦʣʜʘʥʳʣʜʳ. 

ʂᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ 1 b,c ʞᴅʥʝ d ʩʫʨʝʪʪʝʨʽʥʜʝ CdS ʥʘʥʦʩʳʤʜʘʨʳʤʝʥ 30 ʤʠʥʫʪʪʳץ ʭʠʤʠʷʣʳץ 

ʪײʥʜʳʨʫʜʘʥ ʢʝʡʽʥ ʪʦʣʪʳʨʳʣʫ ʜᴅʨʝʞʝʩʽ ʰʘʤʘʤʝʥ 85-90 % ײץʨʘʡʜʳ ʞᴅʥʝ  ʥʘʥʦʢʝʫʝʢʪʝʨʜʽש ʦʨʪʘʰʘ 

ʜʠʘʤʝʪʨʽ 260 ʥʤ ʪʝש. 

 

 

 

 



124 

 

 

(a)                                                                                     (b) 

  
 

(c) 

 

(d) 

  
 

 
ʉʫʨʝʪ 1.  SiO2/Si ʪʨʝʢ ʰʘʙʣʦʥʜʘʨʳʥʜʘ CdS ʥʘʥʦʩʳʤʜʘʨʳʥ ʉʕʄ  ʩʫʨʝʪʪʝʨʽ: (a) ʭʠʤʠʷʣʳץ ʪײʥʜʳʨʫסʘ 

ʜʝʡʽʥʛʽ, (b,c) ʞᴅʥʝ (d) ʭʠʤʠʷʣʳץ ʪײʥʜʳʨʫʜʘʥ ʢʝʡʽʥʛʽ. ʊײʥʜʳʨʫ ʫʘץʳʪʳ 30 ʤʠʥʫʪ,  T=70Á C 

 
ʉʫʨʝʪ 2. CdS ʥʘʥʦʩʳʤ װʣʛʽʣʝʨʽʥʽש ʨʝʥʪʛʝʥʦʛʨʘʬʠʷʩʳ: 

ʪײʥʜʳʨʫ ʫʘץʳʪʳ 30 ʤʠʥ, T=70Á C 


