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ʄʀʂʈʆʈɽɿʆʅɸʊʆʈʓ ʅɸ ʆʉʅʆɺɽ ʅɸʅʆʏɸʉʊʀʎ ɺʆʉʉʊɸʅʆɺʃɽʅʅʓʍ ʄɽʊɸʃʃʆɺ, 

ʌʆʈʄʀʈʋɽʄʓɽ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ɺʓʉʆʂʆʂʈɽʄʅɽɿɽʄʅʓʍ ɿʆʃʔ-ɻɽʃʔ ʄɸʊɽʈʀɸʃʆɺ 
 
ʀʟʫʯʘʣʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʜʚʫʭʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʜʦʤʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʤʝʜʠ (CuÁ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʡ SiO2-

ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ. ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʤʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʜʦʤʝʥʦʚ CuÁ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʜʚʫʭʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʘ 

çʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢè ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ  ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʨʝʟʠʩʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʜʠʩʧʝʨʩʠʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʩ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʨʫʢʪʫʨʠʨʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʘʢ ʠ ʚʝʩʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʦʙʲʝʢʪ (ʧʣʝʥʢʫ, ʧʦʨʦʰʦʢ, ʤʦʥʦʣʠʪʥʳʡ ʦʙʲʝʤʥʳʡ 

ʤʘʪʝʨʠʘʣ), ʧʦʟʚʦʣʷʷ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚʝʱʝʩʪʚʘʭ ʧʨʦʮʝʜʫʨʫ çʚʳʨʘʱʠʚʘʥʠʷè ʥʘʥʦʯʘʩʪʠʮ. 

ʇʦʣʫʯʘʝʤʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʪʜʝʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʠʭ 

ʦʩʥʦʚʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʠʣʠ ʧʨʦʩʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ [1]. 

ʊʘʢʦʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʷʚʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, 

ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʘʭ ʘʢʪʠʚʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ [1,2]. 

ʉʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʠʭ ʨʘʟʤʝʨʘʭ, ʙʣʠʟʢʠʭ ʚ 1 ʥʤ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʧʨʦʮʝʥʪʦʤ ʦʪʥʦʰʝʥʠʷ ʘʪʦʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ ʢ ʠʭ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

[3,4]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ: ʦʪʜʝʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʥʘʥʦʯʘʩʪʠʮʳ ʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ, ʘ ʪʘʢʞʝ ʛʠʙʨʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʪʠʧʘ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ). ʅʘ 

ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ: ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʣʠ ʩʨʝʜʩʪʚʘ ʩʝʣʝʢʪʠʚʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʢʘʢ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʣʝʯʝʥʠʷ 

ʨʷʜʘ ʩʣʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ï ʪʘʢʠʭ ʢʘʢ ʥʘʨʫʰʝʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʙʣʦʢʘʜʘ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʝ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ ʠ ʪ.ʜ. [1]. 

ʀʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʣʠ ʠʭ ʘʛʣʦʤʝʨʘʪʦʚ, ʥʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʳʣ 

ʚʳʙʨʘʥ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʩʠʥʪʝʟ ʦʪʜʝʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʤʘʪʨʠʮ, ʪʘʢ ʠ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ 

ʢʦʥʝʯʥʦʛʦ ʦʙʨʘʟʮʘ [5]. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʪʦʥʢʠʝ ʟʦʣʴ-ʛʝʣʴ ʧʣʝʥʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʠʭ ʧʝʨʝʭʦʜʘ ʚ 

ʩʦʩʪʦʷʥʠʝ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʜʦʤʝʥʦʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʘ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʜʴ, ʜʦʙʘʚʣʷʝʤʘʷ ʚ ʚʠʜʝ ʝʝ ʥʠʪʨʘʪʘ ʧʨʠ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʡ ʨʘʩʪʚʦʨ (ʇʆʈ) ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʢʨʝʤʥʠʝʚʦʡ 

ʢʠʩʣʦʪʳ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [5]. ʀʟ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ, ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʥʘ ʧʦʣʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʢʘʭ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʦʥʢʠʝ SiO2-ʧʣʥyʢʠ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʛʨʝʛʠʨʦʚʘʚʰʠʡ ʩʣʦʡ ʦʢʩʠʜʘ ʤʝʜʠ CuO (ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʣʝʥʢʠ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʧʝʢʘʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʊ= 600 Áʉ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʣʦ 1 ʯ). ʇʦʩʣʝʜʫʶʱʠʡ ʦʪʞʠʛ ʚ 

ʩʨʝʜʝ ʚʦʜʦʨʦʜʘ (ʊ= 800 Áʉ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ï 1 ʯ) ʧʦʟʚʦʣʷʣ ʧʦʣʫʯʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦʢʨʳʪʠʷ, ɸʉʄ-

ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʟʤʝʥʷʷ ʪʠʧ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʠ ʤʝʪʘʣʣʘ ʚ ʇʆʈ, ʤʦʞʥʦ 

ʙʳʣʦ ʫʧʨʘʚʣʷʪʴ ʜʠʩʧʝʨʩʠʝʡ ʨʘʟʤʝʨʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʣʦʢʘʣʠʟʘʮʠʠ ʬʦʨʤʠʨʫʝʤʳʭ ʜʦʤʝʥʥʳʭ ʦʙʣʘʩʪʝʡ [5]. 

ʆʞʠʜʘʝʤʳʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ (ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʩʝʥʩʦʨʥʳʝ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʩʦʩʪʘʚʘ 

SiO2:CuÁ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʤʝʥʦʚ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʤʝʜʠ, ʠʤʝʶʱʠʭ ʢʘʧʣʝʚʠʜʥʫʶ ʬʦʨʤʫ, 



4 ȺȰȷ XXVI : ɒɆɘɋɖɎɆɑɡ ɐɔɓɚɋɖɋɓɜɎɎ. ï ȩɖɔɊɓɔ: ȩɖȩȹ, 2018 
 

 

ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʝʩʢʦʡ (ʩʤ. ʨʠʩʫʥʦʢ 1). ʌʘʢʪʠʯʝʩʢʠ, ʧʦʢʨʳʪʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ 

ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʷʚʣʝʥʳ ʩʝʣʝʢʪʠʚʥʳʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ [1, 2]. ɹʣʘʛʦʜʘʨʷ ʤʠʢʨʦʨʘʟʤʝʨʫ ʬʦʨʤʠʨʫʝʤʳʭ ʜʦʤʝʥʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ 

ʝʜʠʥʠʯʥʦʛʦ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘ, ʥʦ ʫʞʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʣʠ ʚ ʩʪʨʫʢʪʫʨʝ) ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʤʘʪʨʠʮʳ ʟʘʜʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

  

ʈʠʩʫʥʦʢ 1 ï ɸʉʄ ï ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʫʶ CuÜ (ʧʦʢʨʳʪʠʷ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʪʞʠʛʦʤ ʚ ʚʦʜʦʨʦʜʝ ʟʦʣʴ-ʛʝʣʴ ʧʣʝʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜ ʤʝʜʠ ï ʊ= 800 Áʉ, t= 1 ʯ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʠʪʨʘʪʘ ʤʝʜʠ ʚ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʤ ʨʘʩʪʚʦʨʝ ï ʧʦʨʷʜʢʘ 40 ʤʘʩʩ. %) 

 

ɼʣʷ CuÁ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʩʬʝʨʦʦʙʨʘʟʥʳʭ ʜʦʤʝʥʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʠʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʤʝʪʘʣʣʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʠʛʨʘʮʠʝʡ ʘʪʦʤʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʣʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʝʛʦ ʯʘʩʪʠʮ [4], ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʨʝʘʢʮʠʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʝʢʘʶʪ ʚ ʪʦʥʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʟʦʣʴ-ʛʝʣʴ ʧʣʝʥʢʠ (ɿɻʇ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʙʫʜʫʪ ʠʛʨʘʪʴ ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʛʨʝʛʠʨʦʚʘʚʰʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ ʩ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ 

SiO2-ʧʣʝʥʢʦʡ. ɺ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʘʤʦʤ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʤ ʨʘʩʪʚʦʨʝ) ʵʬʬʝʢʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʬʦʨʤʝ, ʧʨʠʯʝʤ ʨʘʟʤʝʨ ʩʬʝʨʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ɿɻʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 2 ʤʢʤ ʜʣʷ Cu, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʵʪʠʭ ʥʘʥʦʦʙʣʘʩʪʝʡ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʘ (ʪ.ʝ. ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿɻʇ ʨʘʩʪʝʪ ʠ ʨʘʟʤʝʨ ʬʦʨʤʠʨʫʝʤʳʭ ʩʬʝʨʦʦʙʨʘʟʥʳʭ ʥʘʥʦʦʙʣʘʩʪʝʡ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʩʠʩʪʝʤʳ SiO2:CuÁ, ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʜʦʤʝʥʦʚ, ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʶʱʠʭʩʷ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʤʠ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 

ʧʦʨʷʜʢʘ 2 ʤʢʤ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʩʝʥʩʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʵʬʬʝʢʪʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ). ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ï ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʦʜʥʦʨʦʜʥʦʩʪʴ (ʜʦʩʪʠʞʠʤʘʷ ʩʪʝʧʝʥʴ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ï ʦʩʯ). 
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Abstract: Abstract: Morphological composition and potential areas of practical applications of two-layer coatings consisting of 

close-packed domains of reduced copper (Cu Á) formed on the surface of a thin SiO2 film and obtained using a sol-gel method were 

studied in the present work. The structure of the formed micro- and nanodomains of Cu Á was established using atomic-force 

microscopy. It is proposed that composite two-layer coatings of the metal-insulator composition can be effectively applied to the 

production of biological and gas sensors with high selective sensitivity due to nonlinear-optical and resistive properties, depending on 

the dispersion of the size of the particles of the nanostructured metal coating. 
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ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʠ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʝ Al ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

(ʃɸʕʄʉ). ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʠʦʥʦʚ ʘʣʶʤʠʥʠʷ ʠ ʘʟʦʪʘ, ʥʘʥʦʢʣʘʩʪʝʨʦʚ AlN ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʠ ʨʘʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʘʣʶʤʠʥʠʝʚʫʶ ʤʠʰʝʥʴ ʚ ʚʦʟʜʫʭʝ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʠ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʧʦʜʣʦʞʝʢ, ʷʚʣʷʝʪʩʷ ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ (AlN) ʠ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʅʠʪʨʠʜʳ ʤʝʪʘʣʣʦʚ ʦʙʣʘʜʘʶʪ ʥʝʦʙʳʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, AlN ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʩʨʘʚʥʠʤʫʶ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ (ʜʦ 260 

ɺʪ.ʤ
-1
ʂ

-1
) ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʜʦ 10

14
 ʆʤ.ʩʤ) ʠ ʪ.ʜ. [1]. 

ɼʦ ʩʠʭ ʧʦʨ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʘʟʦʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ AlN ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ ʠʣʠ ʚ ʩʦʩʪʘʚʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʧʦʢʨʳʪʠʡ ʥʘʯʠʥʘʶʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ 

ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ Al ,  ʥʦ ʧʨʦʮʝʩʩ ʠʜʝʪ ʪʦʣʴʢʦ  ʚ ʘʪʤʦʩʬʝʨʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ [1]. 

ɸʥʘʣʠʟ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ, ʟʘʨʷʜʦʚʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʘʚʘ ʣʘʟʝʨʥʦʛʦ ʬʘʢʝʣʘ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ  ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʝʨʚʠʯʥʫʶ ʧʣʘʟʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʇʨʠ  ʜʚʫʭʠʤʧʫʣʴʩʥʦʤ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʣʫʯʘ ʥʘ ʤʠʰʝʥʴ ʠ 

ʧʣʘʟʤʫ ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʥʪʨʦʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʠ ʫʧʨʘʚʣʝʥʠ ̫ʩʦʩʪʘʚʦʤ ʧʣʘʟʤʳ, ʥʘʧʨʘʚʣʷʝʤʦʡ ʥʘ 

ʧʦʜʣʦʞʢʫ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ  ʧʦʣʫʯʝʥʠʷ ʤʝʪʦʜʦʤ 

ʘʙʣʷʮʠʠ ʩʝʨʠʷʤʠ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʤʠʰʝʥʝʡ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ AlN,  ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʥʘʧʳʣʝʥʠʠ ʪʦʥʢʠʭ ʧʣʸʥʦʢ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʟʝʨʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ 

LSS-1 (ʠʟʛʦʪʦʚʠʪʝʣʴ ʉʇ çʃʆʊʀʉ ʊʀʀè). ʃʘʟʝʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʜʦ 10 ɻʮ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 1064 ʥʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ º 15 ʥʩ. ɺʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ 0 ʜʦ 100 ʤʢʩ ʩ ʰʘʛʦʤ 1 ʤʢʩ. ɼʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ  ʠʟʫʯʝʥʘ ʥʘʤʠ ʧʦ 

ʵʤʠʩʩʠʦʥʥʦʡ ʧʦʣʦʩʝ AlN ʜʣʠʥʦʡ ʚʦʣʥ r508,0 ʥʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʠ ʦʜʠʥʦʯʥʳʭ ʠ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʥʘ ʘʣʶʤʠʥʠʝʚʫʶ ʤʠʰʝʥʴ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 6ï12 ʤʢʩ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʚʘʣʘ 8 ʤʢʩ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʢʣʘʩʪʝʨʦʚ AlN ʠ ʠʦʥʦʚ N II  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ, ʠʭ   

ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʠ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ. ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩr AlN (508,0 ʥʤ), ʙ ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ N II ʦʪ 

ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ; ʚ ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ Al II , Al  III  ʠ N II  ʠ ʧʦʣʦʩʳ AlN ʦʪ 

ʥʦʤʝʨʘ ʠʤʧʫʣʴʩʘ. ɺ ʨʘʤʢʝ: ʘ ʠ ʙ ï ʵʥʝʨʛʠʷ, ʤɼʞ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʢʣʘʩʪʝʨʦʚ AlN ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʜʦ 40 ʤɼʞ, ʟʘʪʝʤ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ (ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ) ʥʝʦʜʥʦʟʥʘʯʥʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 1ʚ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʫ  ʁʢʦʨʨʝʣʷʮʠ ʁʤʝʞʜʫ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ rAlN ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ Al  III  (452,92 

ʥʤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪ ɹ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ  ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʊʘʢʞʝ ʥʘʡʜʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʚ 

ʟʥʘʯʠʪʝʣʥɹʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʯʠʩʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʥʦ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʰʝʥʴ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ. ɼʣʷ 

ʦʮʝʥʢʠ ʩʢʨrʪʳʭ ʤʝʭʘʥʠʟʤʦʚ  ʧʨʦʮʝʩʩʦʚ,  ʧʨʦʠʩʭʦʜʷʱʠʭ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ  ʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʟʤʝ,  

ʥʘʤʠ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʘʪʦʤʥʦʛʦ ʠ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʟʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʩʝʨʠʡ ʦʜʠʥʦʯʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ Al I (394,3 ʥʤ), N II  (399,5 ʥʤ) ʠ  Al  III   

(452,92 ʥʤ)  ʚ ʩʧʝʢʪʨʘʭ ʦʪ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ.  

          
 

ʈʠʩʫʥʦʢ 2 ʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ Al  I  (394,3 ʥʤ), N II  399,5 ʥʤ ʠ Al III  (452,92 ʥʤ) ʦʪ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʠ 

ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ; ʙ ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ AlN ʠ N II  ʦʪ ʥʦʤʝʨʘ ʠʤʧʫʣʴʩʘ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʷ AlN ʠ ʨʘʜʠʢʘʣʦʚ AlO ʚ ʧʣʘʟʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʥʦ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʣʦʩʳ AlN ʠʟʤʝʥʷʝʪʩʷ ʦʯʝʥʴ ʤʘʣʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʦʙʨʘʟʦʚʘʥʠʷ AlN ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʝ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ ʠʦʥʦʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ.  

ɺʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʘʙʣʷʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʠʩʧʘʨʝʥʠʠ ʠ ʠʦʥʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʸʚ ʤʠʰʝʥʠ, ʦʙʨʘʟʦʚʘʥʠʠ ʧʣʦʪʥʦʡ ʧʣʘʟʤʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʙʫʞʜʝʥʠʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʥʝʠʩʧʘʨʠʚʰʝʡʩʷ ʯʘʩʪʠ ʤʠʰʝʥʠ.  

ʇʨʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ ʙʦʣʝʝ 50 ʤɼʞ ʚʦʟʜʫʭ, ʦʢʨʫʞʘʶʱʠʡ ʤʠʰʝʥʴ, ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʝʪʩʷ, ʯʪʦ 

ʩʘʤ ʥʘʯʠʥʘʝʪ ʧʦʛʣʦʱʘʪʴ ʧʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʠ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʳ ʧʝʨʝʙʨʘʩʳʚʘʝʪʩʷ ʠʟ ʧʘʨʦʚ ʤʠʰʝʥʠ 

ʚ ʚʦʟʜʫʭ. ʇʨʦʠʩʭʦʜʠʪ ʧʨʦʙʦʡ ʚʦʟʜʫʭʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʳ ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʦʥʥʦʡ ʣʠʥʠʠ ʘʟʦʪʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ ʙʦʣʝʝ 55 ʤɼʞ ʚʦʟʜʫʰʥʘʷ ʧʣʘʟʤʘ ʥʘʯʠʥʘʝʪ 

ʵʢʨʘʥʠʨʦʚʘʪʴ ʤʠʰʝʥʴ ʦʪ ʧʘʜʘʶʱʝʛʦ ʃʀ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʥʝʨʛʦʚʢʣʘʜ ʚ ʤʠʰʝʥʴ ʠ ʵʨʦʟʠʦʥʥʫʶ ʧʣʘʟʤʫ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʬɻʬʝʢʪʠʚʥʳʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʪʦʤʥʳʭ ʠ ʠʦʥʥʳʭ ʣʠʥʠʡ Al ʩʥʠʞʘʝʪʩʷ. 

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʘ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ q >q4 ʧʣʘʟʤʝʥʥʦʛʦ 

ʩʣʦʷ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʧʣʘʟʤʝ ʥʝ ʩʪʘʥʝʪ ʧʦʛʣʦʱʘʪʴʩʷ ʟʘʤʝʪʥʘʷ ʯʘʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʦʝ ʪʝʣʦ ʩʠʣʴʥʦ 

ʠʣʠ ʩʣʘʙʦ ʧʦʛʣʦʱʘʶʱʠʤ. ɺ ʩʣʫʯʘʝ ʩʣʘʙʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʘʷ ʠʦʥʠʟʘʮʠʷ ʘʪʦʤʦʚ 

ʦʙʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʍʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʛʣʦʱʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʷ 

ʧʣʘʟʤʳ, ʵʢʨʘʥʠʨʫʶʱʠʡ ʤʠʰʝʥʴ ʦʪ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʟʤʝʨʷʝʪʩʷ ʧʦ ʫʜʝʣʴʥʦʤʫ ʠʤʧʫʣʴʩʫ ʦʪʜʘʯʠ. ɼʣʷ 

ʤʝʪʘʣʣʦʚ ʵʪʠ ʟʥʘʯʝʥʠʷ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ (5ï7).10
8
 ɺʪ.ʩʤ
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.  

ʅʘ ʚʝʣʠʯʠʥʫ ʘʙʣʷʮʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʵʢʨʘʥʠʨʦʚʢʘ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʧʣʘʟʤʦʡ ʠʟ-ʟʘ ʦʙʨʘʪʥʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʥʦʛʦʬʦʪʦʥʥʦʡ ʠʦʥʠʟʘʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʦʙʣʘʩʪʴ ʚʳʰʝ 75ï80 ʤɼʞ) ʧʣʘʟʤʦʡ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʧʨʦʛʨʝʚʫ ʠ ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʜʠʩʩʦʮʠʘʮʠʶ ʤʥʦʛʦʘʪʦʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʩʧʘʨʝʥʠʝ ʢʘʧʝʣʴ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʦʥʥʳʭ ʣʠʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ, ʦʙʨʘʟʫʝʤʦʡ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʨʘʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʩʠʜʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʠʥʠʷ ʧʦʢʘʟʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʟʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ AlN ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʝʛʦ ʚ ʧʣʘʟʤʫ. 
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The double laser pulses defocusing effect on the formation of the component and charge composition in the Al laser plasma 

has been studied by the method of multichannel laser atomic-emission spectrometry (LAES).  The possibility to increase the portion 

of aluminum and nitrogen ions,  AlN nanoclusters due to the effect of a series of defocused double pulses on the aluminum target in 

the air has been demonstrated.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʄɽɾʀʄʇʋʃʔʉʅʆɻʆ ʀʅʊɽʈɺɸʃɸ ʅɸ ʇʈʆʎɽʉʉʓ ʆɹʈɸɿʆɺɸʅʀʗ 

AlN ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ ʅɸ ɸʃʖʄʀʅʀɽɺʋʖ ʄʀʐɽʅʔ ʉɼɺʆɽʅʅʓʍ ʃɸɿɽʈʅʓʍ 

ʀʄʇʋʃʔʉʆɺ 

 
ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʵʥʝʨʛʠʠ ʠ ʤʝʞʠʤʧʫʣʴʩʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘ  ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ AlN ʚ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʝ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʱʥʳʭ ʦʜʠʥʦʯʥʳʭ ʠ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ (º 109 ï 5.1010  ɺʪ.ʩʤ-2) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ16ʊ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ ʠ ʤʝʞʠʤʧʫʣʴʩʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪ 0 

ʜʦ 50 ʤʢʩ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ AlN ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 5 ʜʦ 12 ʤʢʩ.  

 

ʈʦʣʴ ʦʙʨʘʟʫʶʱʝʡʩʷ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ ʧʨʠ ʠʤʧʫʣʴʩʥʦʡ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʩʚʝʱʝʥ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ (ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ 

ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ) ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ 

ʩʧʝʢʪʨʦʤʝʪʨ LSS-1. ʃʘʟʝʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʜʦ 10 ɻʮ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1064 ʥʤ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ º 15 ʥʩ. ɺʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 0 ʜʦ 

100 ʤʢʩ ʩ ʰʘʛʦʤ 1 ʤʢʩ. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʦʙʨʘʟʝʮ ʩ ʧʦʤʦʱʴʶ ʘʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʦʨʘ ʩ 

ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 104 ʤʤ. ʈʘʟʤʝʨ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʧʨʠʤʝʨʥʦ 50 ʤʢʤ.  

ɼʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʧʨʦʙʦʷ ʦʪʚʝʨʩʪʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʜʠʥʦʯʥʳʭ ʠ 

ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʣʘʩʪʠʥʢʫ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ16ʊ (ʪʦʣʱʠʥʘ 1 ʤʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ 

ʵʥʝʨʛʠʠ (10-60 ʤɼʞ) ʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ, ʜʦʩʪʠʛʘʶʱʠʭ ʧʨʦʙʦʷ ʦʪʚʝʨʩʪʠʷ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʣʠʥʝʡʥʫʶ 

ʩʢʦʨʦʩʪʴ ʘʙʣʷʮʠʠ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʉʨʝʜʥʠʝ ʣʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ ʘʙʣʷʮʠʠ ʜʣʷ ʟʘʜʝʨʞʝʢ ʚ ʠʥʪʝʨʚʘʣʝ 

0-15 ʤʢʩ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʡ ʟʘʜʝʨʞʢʝ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʠ ʵʥʝʨʛʠʠ 

ʠʤʧʫʣʩɹʦʚ ʠʟʣʫʯʝʥʠʷ ʙʦʣʝʝ 30 ʤɼʞ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʧʨʦʙʦʷ ʦʙʨʘʟʮʘ ʧʨʝʚʳʰʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ, ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪ [1]. 

 

   
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʘʙʣʷʮʠʠ (h) ʦʙʨʘʟʮʘ ʜʶʨʘʣʶʤʠʥʠʷ ɼ16ʊ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʠʥʠʡ ʦʪ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʠʤʧʫʣʴʩʦʤ 
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ʅʘʣʠʯʠʝ ʨʝʟʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʘʙʣʷʮʠʠ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʯʠʥʫ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦʛʦ ʢʘʥʘʣʘ. 

ʂʘʨʪʠʥʘ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʠʟ-ʟʘ ʷʚʣʝʥʠʷ ʧʦʩʣʝʜʝʡʩʪʚʠʷ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʙʝʞʥʦʛʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʣʫʙʦʢʠʭ ʦʪʚʝʨʩʪʠʡ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ, ʯʪʦ ʚʳʟʳʚʘʝʪʩʷ 

ʥʘʢʦʧʣʝʥʠʝʤ ʘʙʣʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʠ ʢʣʘʩʪʝʨʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʣʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʝʜʫʶʱʝʛʦ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʧʦʨʦʛʦʚʦʤʫ 

ʦʧʪʠʯʝʩʢʦʤʫ ʧʨʦʙʦʶ ʚʦʟʜʫʭʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʘ, ʠ ʧʦʷʚʣʝʥʠʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ 

ʨʘʟʥʝʩʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʣʘʟʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʡ ʬʘʢʝʣ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ 

ʥʘ ʘʙʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʪʝʤ ʥʘ ʜʥʝ ʬʦʨʤʠʨʫʝʤʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʜʨʫʛʠʤ ï ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʦʝ ʦʙʣʘʢʦ, 

ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʱʝʝ ʥʘ ʦʩʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʥʦ ʦʪʩʪʦʷʱʝʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʤʦʪʨʠʤ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʤʝʪʘʣʣʘ, ʧʦʣʘʛʘʷ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʵʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʘʙʣʷʮʠʶ ʚʝʱʝʩʪʚʘ. ɺ ʪʘʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʦʣʱʠʥʘ ʠʩʧʘʨʝʥʥʦʛʦ ʩʣʦʷ h 

ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ  ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ q ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ Ű  [1].  ɽʝ 

ʣʝʛʢʦ ʦʮʝʥʠʪʴ, ʩʯʠʪʘʷ, ʯʪʦ ʚʩʷ ʧʦʜʚʝʜʝʥʥʘʷ ʢ ʤʘʪʝʨʠʘʣʫ ʤʦʱʥʦʩʪʴ ʠʜʝʪ ʥʘ ʠʩʧʘʨʝʥʠʝ ʚʝʱʝʩʪʚʘ: 

h = Vʠ ¶ Ű = q Ű/Lʠ, 
ʛʜʝ Vʠ ï ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʚʝʱʝʩʪʚʘ (ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʪʚʝʨʜʦʝ ʪʝʣʦ ï ʛʘʟ), Lʠ ï ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʪʘ ʠʩʧʘʨʝʥʠʷ ʚʝʱʝʩʪʚʘ (ɼʞ/ʩʤ
3
), q ï ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʩʥʠʤʢʠ ʬʦʨʤʳ ʢʨʘʪʝʨʦʚ ʧʦʩʣʝ ʧʨʦʙʠʚʢʠ ʤʠʰʝʥʠ 30 ʠʤʧʫʣʴʩʘʤʠ. ʕʥʝʨʛʠʠ 

ʠʤʧʫʣʴʩʦʚ ï 22 ʤɼʞ, 38 ʤɼʞ, 54 ʤɼʞ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ.   
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ʈʠʩʫʥʦʢ 2 ï ʌʦʨʤʳ ʢʨʘʪʝʨʦʚ ʧʦʩʣʝ ʧʨʦʙʠʚʢʠ ʤʠʰʝʥʠ 30 ʠʤʧʫʣʴʩʘʤʠ ʩ ʵʥʝʨʛʠʝʡ: ʘ ï 22 ʤɼʞ; ʙ ï 38 ʤɼʞ; ʚ ï 54 ʤɼʞ 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʡ ʧʦʨʦʛ ʵʢʨʘʥʠʨʦʚʢʠ. ɺ ɻʪʦʤ  

ʩʣʫʯʘʝ ʛʣʫʙʠʥʘ ʢʘʥʘʣʘ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʯʘʩʪʠʮ, ʘ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ ʩʨʘʚʥʠʤ ʩ 

ʜʠʘʤʝʪʨʦʤ ʧʝʨʝʪʷʞʢʠ ʧʫʯʢʘ. ʉʪʫʧʝʥʯʘʪʘʷ ʬʦʨʤʘ ʢʘʥʘʣʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʦʙʣʘʩʪʝʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ. ʇʝʨʚʘʷ ï ʢʦʥʝʮ ʫʟʢʦʡ ʯʘʩʪʠ, ʢʫʜʘ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʦʧʘʜʘʝʪ ʣʠʰʴ  

~ 10ï20 % ʧʘʜʘʶɦ ʝʡ ʵʥʝʨʛʠʠ. ɺʪʦʨʘʷ ï ʢʦʥʝʮ ʫʪʦʣʱʝʥʥʦʡ ʯʘʩʪʠ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʩʫʞʝʥʠʶ, ʛʜʝ ʚ ʧʣʘʟʤʝ ʧʨʦʙʦʷ 

ʟʘʧʘʩʘʶʪʩʷ ʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʦʩʪʘʚʰʠʝʩʷ 80ï90 % ʵʥʝʨʛʠʠ. ʆʙʣʘʩʪʠ ʦʪʩʪʦʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, 

ʧʨʝʚʳʰʘʶʱʝʝ 50ï100 ʤʢʤ. ʇʨʠ ʪʘʢʦʡ ʬʦʨʤʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʜʘʶʱʝʡ ʵʥʝʨʛʠʠ ʥʝ ʜʦʩʪʠʛʘʝʪ ʜʥʘ ʠ ʨʘʩʭʦʜʫʝʪʩʷ 

ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʘʥʘʣʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʙʦʢʦʚʳʤʠ ʩʪʝʥʢʘʤʠ.  

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʧʨʦʙʦʝ ʚʦʟʜʫʭʘ ʵʢʨʘʥʠʨʦʚʢʘ ʥʘ ʯʘʩʪʠʮʘʭ ʧʨʦʷʚʣʷʝʪʩʷ ʣʠʰʴ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʢʘʥʘʣʦʤ ʘʩʧʝʢʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ɸ (ʦʪʥʦʰʝʥʠʝ ʛʣʫʙʠʥʳ ʢ ʜʠʘʤʝʪʨʫ ʢʘʥʘʣʘ), ʧʨʝʚʳʰʘʶʱʠʭ 1. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʜʘʣʝʥʠʝʤ ʯʘʩʪʠʮ ʠʟ ʢʨʘʪʝʨʘ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ɸ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ 

ʚʦʟʜʫʭʘ.  

ʇʨʠ ʤʥʦʛʦʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʩʠʣʫ ʥʘʢʦʧʣʝʥʠʷ ʘʙʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʚ ʢʘʥʘʣʝ ʚʝʣʠʯʠʥʘ 

ʵʢʨʘʥʠʨʦʚʢʠ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʠ ʵʥʝʨʛʠʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɿʘ ʩʯʝʪ   

ʫʜʘʣʝʥʠʷ ʯʘʩʪʠʮ ʠʟ ʢʘʥʘʣʘ ʠʣʠ ʠʭ ʦʩʝʜʘʥʠʷ ʥʘ ʩʪʝʥʢʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʧʝʨʝʪʷʞʢʝ ʧʫʯʢʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʥʘʡʜʝʥʥʦʝ ʚ ʥʘʰʠʭ ʦʧʳʪʘʭ, ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. ʀʟ-ʟʘ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʜʥʘ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʠ 

ʨʘʩʩʝʷʥʥʘʷ ʧʣʘʟʤʦʡ ʧʨʦʙʦʷ, ʥʝ ʜʘʝʪ ʚʢʣʘʜʘ ʚ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʢʘʥʘʣʘ ʠ ʮʝʣʠʢʦʤ ʧʝʨʝʜʘʝʪʩʷ ʙʦʢʦʚʳʤ 

ʩʪʝʥʢʘʤ, ʚʳʟʳʚʘʷ ʩʪʘʙʠʣʠʟʘʮʠʶ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʘʙʣʷʮʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʠ 

ʠʟʣʫʯʘʶʱʝʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʣʘʢʘ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʨʘʩʩʝʷʥʥʦʛʦ ʧʣʘʟʤʦʡ 

ʠʟʣʫʯʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʪʝʦʨʠʝʡ ʩʠʣʴʥʦʛʦ ʚʟʨʳʚʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʜʘʨʥʳʭ 

ʚʦʣʥ, ʠʥʜʫʮʠʨʫʝʤʳʭ ʧʨʠ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʦʧʪʠʯʝʩʢʠʡ ʧʨʦʙʦʡ ʚ ʙʫʬʝʨʥʦʤ ʛʘʟʝ ʠ 

ʚʦʣʥʘ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʥʠ ʛʝʥʝʨʠʨʫʶʪ  

ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʦʡ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʨʘʟʤʝʨʥʦʩʪʴ). ʇʨʠ 

ʝʜʠʥʠʯʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʦʣʥ ʠʩʧʘʨʝʥʠʷ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ 
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ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʚ ʩʨʝʜʝ ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ, ʯʝʤ ʚ ʙʫʬʝʨʥʦʤ ʛʘʟʝ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʠʭ ʫʜʘʨʥʳʭ ʚʦʣʥ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʘʟʝʨʥʦʡ ʧʨʦʙʠʚʢʠ ʦʪʚʝʨʩʪʠʡ ʚ ʤʝʪʘʣʣʘʭ ʥʘ ʚʦʟʜʫʭʝ ʩʜʚʦʝʥʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʢ ʚ ʬʦʨʤʠʨʫʝʤʳʭ ʢʘʥʘʣʘʭ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʛʦʞʠʚʫʱʘʷ 

ʦʙʣʘʩʪʴ ʨʘʟʨʷʞʝʥʠʷ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʘʭ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ  ʩʣʝʜʫʶʱʠʭ 

ʯʝʨʝʟ ʢʦʨʦʪʢʠʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ (1-5 ʤʢʩ) ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʘʙʣʷʮʠʠ 

ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ  ʩʨʝʜʥʝʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʘʙʣʷʮʠʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ, ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʝʥʥʦ ʚʪʦʨʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʧʨʦʜʫʢʪʳ 

ʢʦʥʜʝʥʩʘʮʠʠ, ʦʩʪʘʶʱʠʝʩʷ ʚ ʤʠʢʨʦʢʘʥʘʣʝ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ. ʕʪʦ ʞʝ 

ʦʧʨʝʜʝʣʷʝʪ ʠʪʦʛʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʠ ʜʚʫʭʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʠʰʝʥʴ.  
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The effect of the energy and interpulse time on the processes of AlN formation in the laser plasma due to the effect of high-

power single and double laser pulses (º 109 ï 5.1010  W.cm-2) on the surface of the aluminum-alloy  target in the air has been studied 

experimentally. It has been shown that, with an increase in the energy and of the interpulse time from 0 to 50 Õm, a maximal rate of 

the AlN formation is varying over the interval 5 ï 12 Õs.  
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ʄʀʂʈʆʉʊʈʋʂʊʋʈɸ ɹʓʉʊʈʆɿɸʊɺɽʈɼɽɺʐʀʍ ʌʆʃʔɻ ʉʇʃɸɺʆɺ 

ʉʀʉʊɽʄʓ Al ï X ʄɸʉ. % Ga (X= 1ï16) 

 
ɹʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʠʝ ʬʦʣʴʛʠ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ 8 ʤʘʩ. % ʛʘʣʣʠʷ ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʠʤʝʶʪ ʟʝʨʥʘ 

ʚʝʣʠʯʠʥʦʡ ʚ ʥʝʩʢʦʣʴʥʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ. ɺ ʬʦʣʴʛʘʭ ʦʙʨʘʟʫʝʪʩʷ ʪʝʢʩʪʫʨʘ (111). ʌʠʟʠʯʝʩʢʦʝ ʫʰʠʨʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʣʠʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ 5Ŀ10-4.  

 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʚʳʟʚʘʥʥʳʝ ʝʛʦ 

ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ 

ʦʪʥʦʩʠʪʩʷ ʠ ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ, 

ʟʘʧʘʩʳ ʢʦʪʦʨʦʡ ʥʘ ɿʝʤʣʝ ʦʛʨʦʤʥʳ. ʈʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ, ʥʘʧʨʠʤʝʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ [1, 2], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜʳ ʩ ʘʣʶʤʠʥʠʝʤ [3, 4, 5]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʙʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʠʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ ï 

ʛʘʣʣʠʡ. 

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ ʠʟʛʦʪʦʚʣʝʥʳ ʩʧʣʘʚʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ. ɿʘʪʝʤ ʥʝʙʦʣʴʰʦʡ 

ʢʫʩʦʯʝʢ ʩʧʣʘʚʘ ʨʘʩʧʣʘʚʣʷʣʩʷ ʠ ʢʘʧʣʷ ʠʥʞʝʢʪʠʨʦʚʘʣʘʩʴ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʝʜʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʈʘʩʧʣʘʚ ʨʘʩʪʝʢʘʣʩʷ ʪʦʥʢʠʤ ʩʣʦʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʠ 

ʟʘʪʚʝʨʜʝʚʘʣ ʚ ʚʠʜʝ ʬʦʣʴʛʠ [6]. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʣʘ 10
6
 ʂ/ʩ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʚ ʤʝʜʥʦʤ ʠʟʣʫʯʝʥʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ɼʈʆʅ ï 3. ʇʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʣʠʥʠʠ 420. ʊʝʢʩʪʫʨʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʳʭ 

ʧʦʣʶʩʥʳʭ ʬʠʛʫʨ. ʈʘʩʯʝʪ ʧʦʣʶʩʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ ʚʳʧʦʣʥʝʥ ʧʦ ʤʝʪʦʜʫ ʍʘʨʨʠʩʘ [5]. 

ɿʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʜʠʬʨʘʢʮʠʠ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʪʘʚʢʠ ʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʢ ʨʘʩʪʨʦʚʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʤʠʢʨʦʩʢʦʧʫ LEO 1455 VP. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʝʨʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʩʣʫʯʘʡʥʳʭ ʩʝʢʫʱʠʭ [7].    

ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʬʦʣɹʛʠ ʩʧʣʘʚʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1ï8 ʤʘʩ. % Ga ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʣʠʥʠʠ 

ʘʣʶʤʠʥʠʷ: 111, 200, 220, ʠ ʜʨ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʬʦʣʴʛʠ ʩʧʣʘʚʘ Al  ï 16 ʤʘʩ. % Ga ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʘʙʳʝ ʣʠʥʠʠ 

ʛʘʣʣʠʷ (111, 220 ʠ ʜʨ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʠʝ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ 1ï8 ʤʘʩ. % Ga, ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʬʘʟʥʳʤʠ, ʘ ʩʧʣʘʚ Al  ï 16 ʤʘʩ. % Ga ï ʜʚʫʭʬʘʟʥʳʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʘʣʶʤʠʥʠʷ ʠ ʛʘʣʣʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʘʣʶʤʠʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʣʣʠʷ ʚ 

ʩʧʣʘʚʘʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  
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10  ȺȰȷ XXVI : ɒɆɘɋɖɎɆɑɡ ɐɔɓɚɋɖɋɓɜɎɎ. ï ȩɖɔɊɓɔ: ȩɖȩȹ, 2018 
 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʩʧʣʘʚʦʚ Al ï Ga ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʣʣʠʷ 

 

ʀʟʦʙʨʘʞʝʥʠʝ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʦʣʴʛʠ ʩʧʣʘʚʘ Al ï 4 ʤʘʩ.% Ga ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʟʝʨʝʥ D=32 ʤʢʤ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚʫʛS = 19 ʤʤ
-1
. ʄʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ (ʤʫʛ) ʥʘ ʨʠʩ. 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʝʣʳʤʠ ʣʠʥʠʷʤʠ. ʄʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ. ʀʭ ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʫʛS = 0,44 ʤʤ
-1
. 

ʇʦʣʶʩʥʳʝ ʧʣʦʪʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ ʘʣʶʤʠʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʅʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʧʦʣʶʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʣʠʥʠʷ 111, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʢʩʪʫʨʳ 

(111) ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʘʣʶʤʠʥʠʷ. ɺ ʩʧʣʘʚʘʭ, ʩʦʜʝʨʞʘʱʠʭ 8 ʠ 16 ʤʘʩ. % Ga, ʪʝʢʩʪʫʨʘ (111) ʦʩʣʘʙʝʚʘʝʪ. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʩʣʘʙʦʚʳʨʘʞʝʥʥʘʷ ʪʝʢʩʪʫʨʘ (420).  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʝʡ ʬʦʣʴʛʠ ʩʧʣʘʚʘ Al ï 4 ʤʘʩ. % Ga 

 
ʊʘʙʣʠʮʘ ï ʇʦʣʶʩʥʳʝ ʧʣʦʪʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ ʘʣʶʤʠʥʠʷ ʚ ʙʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʝʡ ʬʦʣʴʛʝ ʩʧʣʘʚʘ Al ï 4 ʤʘʩ. % Ga 

 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ 

ʣʠʥʠʠ ʘʣʶʤʠʥʠʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʘʣʣʠʷ, ʤʘʩʩ. % 

0 1 2 4 8 16 

111 3,1 3,3 2,9 2,9 2,2 1,6 

200 0,1 0,2 0,2 0,3 0,4 0,4 

220 0,5 0,4 0,4 0,3 0,4 0,5 

311 0,4 0,5 0,3 0,3 0,4 0,5 

331 0,9 1,0 1,0 1,1 1,2 1,4 

420 1,0 1,1 1,2 1,1 1,4 1,6 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʬʠʟʠʯʝʩʢʦʝ ʫʰʠʨʝʥʠʷ ɓ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʣʠʥʠʠ 420. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʣʣʠʷ ʚ 

ʩʧʣʘʚʝ ʦʪ 1 ʜʦ 16 ʤʘʩ. % ʬʠʟʠʯʝʩʢʦʝ ʫʰʠʨʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʣʠʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 1 ʜʦ 3 ʤʨʘʜ. ʀʟ-ʟʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʚʣʠʷʥʠʝʤ ʙʣʦʢʦʚ ʥʘ ʬʠʟʠʯʝʩʢʦʝ 



ȮɍəɝɋɓɎɋ ɒɔɑɋɐəɑɥɖɓɔɏ ɗɘɖəɐɘəɖɡ Ɏ ɗɈɔɏɗɘɈ ɐɔɓɊɋɓɗɎɖɔɈɆɓɓɔɉɔ ɗɔɗɘɔɥɓɎɥ 11  

 

 

ʫʰʠʨʝʥʠʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʦʛʜʘ ʬʠʟʠʯʝʩʢʦʝ ʫʰʠʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 5Ŀ10
-4
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʠʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ ï ʛʘʣʣʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 8 ʤʘʩ. % 

ʛʘʣʣʠʷ, ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʠʤʝʶʪ ʟʝʨʥʘ ʚʝʣʠʯʠʥʦʡ ʚ ʥʝʩʢʦʣʴʥʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ. ɺ ʬʦʣʴʛʘʭ 

ʦʙʨʘʟʫʝʪʩʷ ʪʝʢʩʪʫʨʘ (111). ʌʠʟʠʯʝʩʢʦʝ ʫʰʠʨʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʷʤʠ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ  ʚʝʣʠʯʠʥʳ 5Ŀ10
-4
.  
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The summary: Fast-solidified foils of the aluminum-gallium system alloys containing up to 16 wt. % gallium. Alloys 

containing up to 8 wt. % gallium are solid solutions, have grains of several tens of microns. In foils a texture (111) is formed. The 

physical broadening of the diffraction lines is determined by microstresses, the magnitude of which reaches a value of 5Ŀ10-4. 
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ɸʂʋʉʊʀʏɽʉʂɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ɿʆʅʓ ʃɸɿɽʈʅʆɻʆ ʈɸɿʈʋʐɽʅʀʗ ʄɽʊɸʃʃʀʏɽʉʂʆʁ 

ʄʀʐɽʅʀ  

 
ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʨʦʩʪʦʤ ʜʠʘʤʝʪʨʘ ʠ ʛʣʫʙʠʥʳ ʢʨʘʪʝʨʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʫʯʘʝʤʳʭ ʠʤʧʫʣʴʩʥʳʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩʦ ʩʣʦʞʥʦʡ ʚʨʝʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʟʘ ʭʦʜʦʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʚʝʱʝʩʪʚʦʤ, ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʪʝʥʝʚʳʝ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʢʘʢ ʤʝʪʘʣʣʳ 

ʥʝʧʨʦʟʨʘʯʥʳ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʚʠʜʠʤʦʛʦ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʘʧʦʩʪʝʨʠʦʨʥʳʭ ʤʝʪʦʜʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʧʨʫʛʠʭ ʚʦʣʥ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʙʣʘʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʤʝʪʘʣʣʳ ʠ ʧʨʦʟʨʘʯʥʳʡ ʜʠʵʣʝʢʪʨʠʢ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʨʫʙʠʥʦʚʳʡ ʣʘʟʝʨ ɻʆʈ-100ʄ, ʨʘʙʦʪʘʚʰʠʡ ʚ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʘʪʴ ʠʤʧʫʣʴʩʳ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ű ~ 1,2 ʤʩ ʩ ʵʥʝʨʛʠʝʡ E, ʚʘʨʴʠʨʦʚʘʚʰʝʡʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʜʦ 80 ɼʞ. ʀʟʣʫʯʝʥʠʝ 

ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʣʘʟʝʨʘ, ʧʨʦʡʜʷ ʯʝʨʝʟ ʬʦʢʫʩʠʨʫʶʱʫʶ ʩʠʩʪʝʤʫ, ʥʘʧʨʘʚʣʷʣʦʩʴ ʥʘ ʦʙʨʘʟʝʮ ʠʟ 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʢʫʩʠʨʫʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʦʜʥʦʣʠʥʟʦʚʳʝ, ʪʘʢ ʠ ʜʚʫʭʣʠʥʟʦʚʳʝ 

ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʚʰʠʝ ʩʪʨʦʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠʟʦʙʨʘʞʝʥʠʝ ʢʨʫʛʣʦʡ ʜʠʘʬʨʘʛʤʳ.  

ʂ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʝ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣ ʧʨʠʢʨʝʧʣʝʥ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʧʦʜʘʚʘʣʩʷ ʥʘ 

ʚʭʦʜ ʚʪʦʨʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ ʉ8ï13, ʟʘʧʫʩʢ ʢʦʪʦʨʦʛʦ ʙʳʣ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ ʩ ʟʘʧʫʩʢʦʤ ʦʩʮʠʣʣʦʛʨʘʬʘ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʚʨʝʤʝʥʥʫʶ ʬʦʨʤʫ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʚʣʝʥʠʷ ʚ ʫʜʘʨʥʦʡ ʚʦʣʥʝ, 

ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʘʪʯʠʢ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʎʊʉï19 ʩ 



12  ȺȰȷ XXVI : ɒɆɘɋɖɎɆɑɡ ɐɔɓɚɋɖɋɓɜɎɎ. ï ȩɖɔɊɓɔ: ȩɖȩȹ, 2018 
 

 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʨʘʞʝʥʠʡ. ɺʳʙʦʨ ʪʠʧʘ ʜʘʪʯʠʢʘ ʙʳʣ ʩʚʷʟʘʥ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ (ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ 

ʨʘʟʘ) ʨʘʟʣʠʯʠʝʤ ʝʛʦ ʧʴʝʟʦʤʦʜʫʣʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʥʦʨʤʘʣʴʥʘʷ ʢ ʨʘʙʦʯʝʤʫ 

ʩʨʝʟʫ ʜʘʪʯʠʢʘ ʢʦʤʧʦʥʝʥʪʘ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ůzz. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʜʘʪʯʠʢʘ ʧʦʟʚʦʣʷʣʘ ʜʦʩʪʦʚʝʨʥʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩ ʯʘʩʪʦʪʘʤʠ ʜʦ 1 ʄɻʮ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʧʨʠ ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʩʦ ʩʣʦʞʥʦʡ ʚʨʝʤʝʥʥʦʡ ʬʦʨʤʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʠ ʧʨʦʟʨʘʯʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʦ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʥʘʛʨʫʞʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʨʘʟʤʝʨʘʤʠ, ʠʟʣʫʯʘʶʱʝʡ ʚʦʣʥʳ ʚ ʫʧʨʫʛʫʶ 

ʩʨʝʜʫ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʝʥʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʝʮ ʢʘʞʜʦʛʦ ʧʠʯʢʘ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ ʩ ʜʠʘʤʝʪʨʦʤ ʠ ʛʣʫʙʠʥʦʡ ʢʨʘʪʝʨʘ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʚ ʤʦʤʝʥʪ ʧʘʜʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʧʠʯʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ 

ʚʨʝʤʝʥʥʫʶ ʬʦʨʤʫ ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʚ ʚʦʟʙʫʞʜʝʥʥʳʡ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʚ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʝ, ʩʦʟʜʘʥʥʦʛʦ ʧʝʨʚʳʤ ʧʠʯʢʦʤ, ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʤʝʪʨ ʠ ʛʣʫʙʠʥʫ ʢʨʘʪʝʨʘ.  

 
Besides, relationship between acoustic signal spectrums and the diameter and depth of the crater formed in metals and 

transparent dielectrics exposed to solid-state laser radiation in the free and periodic pulse modes was established and studied. 

 
ɹʦʛʜʘʥʦʚʠʯ ɸʥʜʨʝʡ ʉʪʘʥʠʩʣʘʚʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɻʨɻʋ ʠʤ. ʗ. ʂʫʧʘʣʳ, ɻʨʦʜʥʦ, 

ɹʝʣʘʨʫʩʴ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ɺʘʣʝʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʝʡ 

ʬʠʟʠʢʠ ɻʨɻʋ ʠʤ. ʗ. ʂʫʧʘʣʳ, ɻʨʦʜʥʦ, ɹʝʣʘʨʫʩʴ, s.vasilijev@grsu.by. 
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Aʅɸʃʀɿ ʉʇɽʂʊʈɸʃʔʅʆ-ʌʃʋʆʈɽʉʎɽʅʊʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸʈʀʃɿɸʄɽʑɪʅʅʓʍ 

ʇʆʈʌʀʈʀʅʆɺʓʍ ʌʆʊʆʉɽʅʉʀɹʀʃʀɿɸʊʆʈʆɺ ʀ ʇʈʆʎɽʉʉʆɺ 

ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ ʉ ȸ-ʎʀʂʃʆɼɽʂʉʊʈʀʅɸʄʀ 

 

ʌʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ (ʌɼʊ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ ʩʚʝʪʘ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʠ ʦʩʦʙʳʭ ʚʝʱʝʩʪʚ ï ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ) ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ (ʌʉ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʌɼʊ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ɸʇ ʩ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ (ɓ-ʎɼ). ʇʨʦʠʟʚʦʜʥʳʝ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ɓ-

ʎɼ) ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ ʩ ʘʨʠʣʟʘʤʝʱʸʥʥʳʤʠ ʧʦʨʬʠʨʠʥʘʤʠ (ɸʇ) [1]. 

ʂʦʤʧʣʝʢʩʳ ɸʇ ʩ ɓ-ʎɼ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ [2]. ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʦʩʪʘʚʢʠʧʦʨʬʠʨʠʥʦʚʳʭʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ (ʌʉ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ [3].  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʩʧʝʢʪʨʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʚʢʣʶʯʝʥʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʎɼ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ɸʇ: 5,10,15,20-ʪʝʪʨʘ-(4-ʩʫʣʴʬʦʬʝʥʠʣ)ʧʦʨʬʠʥ (ʊʉʌʇ), 5,10,15,20-ʪʝʪʨʘ- 

(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʧʦʨʬʠʥ (ʊʂʌʇ), 5-(4- ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-10,15,20ïʪʨʠʬʝʥʠʣ-ʧʦʨʬʠʨʠʥ (ʛ-ʊʌʇ), 5,10,15,20-

ʪʝʪʨʘ-(4-ʬʝʥʠʣ)ʧʦʨʬʠʨʠʥ (ʤʊʌʇ), ʤʝʪʘ-ʪʝʪʨʘ(ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʦʨʬʠʨʠʥ (ʤʊɻʌʇ) ʧʨʦʠʟʚʦʜʩʪʚʘ 

(FrontierScientific, ʉʐɸ), ʘ ʪʘʢʞʝ 5,10,15,20-ʪʝʪʨʘ-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʭʣʦʨʠʥ (ʤʊɻʌʍ), ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ 

ʬʠʨʤʦʡ Biolitec (ɻʝʨʤʘʥʠʷ), ʠ ʧʨʦʠʟʚʦʜʥʳʝ ɓ-ʎɼ: ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (ʤ-ɓ-ʎɼ) ʠ ʪʨʠʤʝʪʠʣ-ɓ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥ (ʪʤ-ɓ-ʎɼ). 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ɸʇ ʩ ɓ-ʎɼ ʧʨʠʚʦʜʠʪ ʢ ʤʦʥʦʤʝʨʠʟʘʮʠʠ ʌʉ. ʀʟʫʯʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʝʥʠʷ ɸʇ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ɓ-ʎɼ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ ʠ ʩʪʝʭʠʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ɸʇ ʩ ɓ-ʎɼ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ɸʇ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʋʂʊʋʈʓ ʀ ʉʄɸʏʀɺɸɽʄʆʉʊʔ ʇʆɺɽʈʍʅʆʉʊʀ ʌʆʃʔɻ ʉʇʃɸɺɸ  

ʉʀʉʊɽʄʓ Al-Mg-Li 

 
ʄʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ (ʈʂʋʉ) ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛ 

ʙʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʝʛʦ ʩʧʣʘʚʘ 1421 ʩʠʩʪʝʤʳ Al-Mg-Li. ʆʧʨʝʜʝʣʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʈʂʋʉ ʦʪ ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛ.  

 

ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Mg-Li  ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ [1] ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʪʘʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʤʘʣʘʷ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʭʦʨʦʰʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʣʝʛʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʷ ʵʣʝʤʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʤʘʣʫʶ ʨʘʚʥʦʚʝʩʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ [2], 

ʥʘʧʨʠʤʝʨ, ʧʝʨʝʭʦʜʥʳʤʠ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʷʝʤʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [3] 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʙʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʝʛʦ (ɹɿ) ʩʧʣʘʚʘ 1421 ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠʟ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʧʨʦʤʳʣhʝʥʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʘ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ɹɿ ʬʦʣʴʛ ʩʧʣʘʚʘ 1421 

ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦʡ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʈʆʈ). ʊʘʢʞʝ ʥʘʤʠ ʠʟʫʯʝʥʘ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʧʦʢʦʷʱʝʡʩʷ ʢʘʧʣʠ ʠ ʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛ. 

ʌʦʣʴʛʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʧʣʘʚʘ 1421 (Al  ï 5,5 % Mg ï 2,2 % Li  ï 0,12 % Zr ï 0,2 % Sc) (ʤʘʩ. %) ʚ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʚʝʨʭʙʳʩʪʨʦʡ ʟʘʢʘʣʢʦʡ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʤʝʪʦʜʦʤ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ 

ʦʭʣʘʞʜʝʥʠʷ [3]. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ ʙʳʣʘ ʧʦʨʷʜʢʘ 10
6
 ʂ/ʩ. ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʦʨʬʦʣʦʛʠʷ ʠ 

ʝhʨʦʭʦʚʘʪʦʩʪʴ) ʬʦʣʴʛ ʪʦʣʱʠʥʦʡ 50ï70 ʤʢʤ ʠ ʰʠʨʠʥʦʡ 5ï10 ʤʤ ʙʳʣʘ ʠʟʫʯʝʥʘ ʩ ʧʦʤʦɦ ʴ ʁʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ NTï206. ʇʦʣʫʯʝʥʥʳʝ ʩʥʠʤʢʠ 20Ĭ20 ʤʢʤ
2
 ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʘʤʠ çSurfaceXplorerè ʠ 

çSurfaceViewè (ʆɼʆ çʄʠʢʨʦʪʝʩʪʤʘʰʠʥʳè, ɹʝʣʘʨʫʩʴ). ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʟʮʘ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʚʝʣʠʯʠʥʳ: ʜʚʘ çʚʳʩʦʪʥʳʭè ï Ra (ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʘʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ) ʠ Rz (ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʦʬʠʣʷ) ï ʠ ʦʜʠʥ çh ʘʛʦʚʳʡè ʧʘʨʘʤʝʪʨ S (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʘʛʘ 

ʤʝʞʜʫ ʚʳʩʪʫʧʘʤʠ). ʕʣʝʤʝʥʪʥʳʡ ʧʦʩʣʦʡʥʳʡ ʘʥʘʣʠʟ ʬʦʣʴʛ ʩʧʣʘʚʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʆʈ 

ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʦʚ ʛʝʣʠʷ ʩ E0= 1,3 ʄʵɺ (ʛʝʦʤʝʪʨʠʷ ʨʘʩʩʝʷʥʠʷ ɗ1= 0
0
, ɗ2= 10

0
, ɗʈʆʈ= 170

0
). ʉʧʝʢʪʨ r ʈʆʈ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SIMNRA. ʉʤʘʯʠʚʘʝʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʨʘʚʥʦʚʝʩʥʦʤʫ ʢʨʘʝʚʦʤʫ ʫʛʣʫ ʩʤʘʯʠʚʘʥʠʷ (ʈʂʋʉ) ɗ ʤʝʪʦʜʦʤ ʧʦʢʦʷʱʝʡʩʷ ʢʘʧʣʠ (ʦʙʲʝʤ ʢʘʧʣʠ Ḑ 

0,05 ʤʣ, ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʝʮ-ʢʘʧʣʷ ʩʦʩʪʘʚʣʷʣʦ 60 ʩ). ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ɗ ʙʳʣʘ Ḑ 1 %. 

ɼʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʨʝʣʴʝʬʦʤ ʠ ʦʙʲʝʤʦʤ ʢʘʧʣʠ ʚʦʜʳ, ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʫʛʣʫʙʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛ [4], ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ k= Rz/S. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɹɿ ʬʦʣʴʛ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 1421 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʤʦʨʬʦʣʦʛʠʠ ʦʙʝʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʝʣʴʝʬʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʘʧʝʨʠʦʜʠʯʥʘʷ ʟʝʨʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ. ʈʘʟʤʝʨ ʟʝʨʥʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1ï10 ʤʢʤ. ʅʘ ʨʠʩ. 1 ʘ, ʙ ʧʦʢʘʟʘʥʳ ʪʠʧʠʯʥʳʝ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʦʣʴʛʠ ʩʧʣʘʚʘ: ʧʦʚʝʨʭʥʦʩʪʠ ɸ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʧʨʠ ʟʘʢʘʣʢʝ ʩ ʧʦʜʣʦʞʢʦʡ (ʤʝʜʥʳʤ 

ʮʠʣʠʥʜʨʦʤ), ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɹ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʚʦʟʜʫʭʦʤ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ɸʉʄ ʦ 

ʧʦʧʝʨʝʯʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ Z (x, y) ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʥʳʤ ʛʨʫʧʧʘʤ ʩʨʝʜʥʠʭ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪ ʠ ʚʧʘʜʠʥ ʨʝʣʴʝʬʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ɸʩʩʠʤʝʪʨʠʷ ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ɸ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʠ ʚʧʘʜʠʥ 

ʥʘ ʨʠʩʫʥʢʝ 1 ʘ ʩʚʠʜʝʪʝʣʩɹʪʚʫʝʪ ʦ ʙʦʣʴʰʝʤ ʯʠʩʣʝ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ɹ ʭʘʨʘʢʪʝʨʥʦ ʛʘʫʩʩʦʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʪ ʠ ʚʧʘʜʠʥ: ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʪ/ʚʧʘʜʠʥ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʤʝʝʪʩʷ 

ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʦʡ/ʛʣʫʙʠʥʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚʳʰʝ ʠ ʥʠʞʝ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1 ʙ). ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 
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ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʦʣʴʛʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ɸ Ra= 57,0 ʥʤ ʠ  

k= 0,042, ʘ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ɹ Ra= 55,7 ʥʤ ʠ k= 0,110. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʈʆʈ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1 ʚ, ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʦʙʣʘʩʪʴ ʬʦʣʴʛ ʩʧʣʘʚʘ ʦʙʦʛʘʱʝʥʘ ʤʘʛʥʠʝʤ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸ ʚʳʰʝ, ʯʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɹ: 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʛʥʠʷ ʚ ʦʢʩʠʜʝ MgO ʜʦʩʪʠʛʘʝʪ 10,0 ʘʪ. % ʠ 9,0 ʘʪ. % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʥʘ ʛʣʫʙʠʥʝ 60 ʥʤ ʚ 

ʩʧʣʘʚʝ ï 6,9 ʘʪ. % ʠ 2,4 ʘʪ. % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1 ʛ). 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɹɿ ʬʦʣʴʛʘʤʠ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʬʦʙʥʳʤʠ [5], 

ʬʦʣʴʛʠ ʩʧʣʘʚʘ 1421 ʧʨʦʷʚʣʷʶʪ ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʥʠʞʝ 90Á. ɿʘʚʠʩʠʤʦʩʪʴ ʈʂʋʉ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛ ʠ ʦʪʥʦʰʝʥʠʷ Rz/S ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ɗ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʤʘʛʥʠʷ ʠ ʧʘʨʘʤʝʪʨʘ k, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʝʣʠʯʠʥʫ ʧʦʧʝʨʝʯʥʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʬʦʣʴʛ (ʨʠʩ. 1 ʜ). 

ʆʙʥʘʨʫʞʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʬʦʣʴʛ ʚʦʜʦʡ ʧʨʠ ʨʦʩʪʝ ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʝʣʴʝʬʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʦʤʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʤʘʯʠʚʘʥʠʷ, ʦʧʠʩʳʚʘʝʤʳʡ ʤʦʜʝʣʴʶ ɺʝʥʮʝʣʷ-ɼʝʨʷʛʠʥʘ, ʢʦʛʜʘ 

ʞʠʜʢʦʩʪʴ, ʢʦʥʪʘʢʪʠʨʫʷ ʩ ʪʚʝʨʜʳʤ ʪʝʣʦʤ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʝʪ ʚʧʘʜʠʥʳ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʬʦʣʴʛ ʩʧʣʘʚʘ 1421:  

ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʠ ʚʧʘʜʠʥ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ, ʙ); 

ʩʧʝʢʪʨʳ ʈʆʈ (ʚ) ʠ ʛʣʫʙʠʥʥʳʝ ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆ ʠ Mg (ʛ), ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ  

ʧʨʦʛʨʘʤʤʳ SIMNRA; ʟʘʚʠʩʠʤʦʩʪʴ ʈʂʋʉ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛ ʠ ʧʘʨʘʤʝʪʨʘ k (ʜ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ɹɿ ʩʧʣʘʚʘ 1421 ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Mogucheva, A. Microstructure and mechanical properties of an Al -Li -Mg-Sc-Zr alloy subjected to ECAP / A. Mogucheva, 

R. Kaibyshev // Metals. ï 2016. ï ˉ 6. ï ʉ. 254ï268. 

2. ʂʫʟʝʡ, ɸ. ʄ. ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ / ɸ. ʄ. ʂʫʟʝʡ. ï  

ʄʠʥʩʢ : ɹʝʣʘʨʫʩʢʘʷ ʥʘʚʫʢʘ, 2011. ï 399 ʩ. 

3. ɹʫʰʢʝʚʠʯ, ʀ. ɸ. ɺʣʠʷʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʙʳʪʨʦʟʘʪʚʝʨʜʝʚʰʠʭ ʬʦʣʴʛ ʩʧʣʘʚʘ Al-Mg-Li -Sc-Zr / 

ʀ. ɸ. ɹʫʰʢʝʚʠʯ, ɺ. ɻ. ʐʝʧʝʣʝʚʠʯ // ʇʨʠʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ ʦʧʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ, ʨʘʜʠʦʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ : ʤʘʪʝʨʠʘʣʳ ʪʨʝʪʴʝʡ ʤʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ., ʄʠʥʩʢ, 11ï12 ʤʘʷ 2017 ʛ. / ʄ-ʚʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧ. ɹʝʣʘʨʫʩʴ, ʅʀʋ ʀʥ-ʪ ʧʨʠʢʣʘʜ. ʬʠʟ. ʧʨʦʙʣʝʤ ʠʤ. ɸ. ʅ. ʉʝʚʯʝʥʢʦ ɹʝʣʦʨʫʩ. ʛʦʩ. ʫʥ-ʪʘ ; ʨʝʜʢʦʣ.:  

ɺ. ʀ. ʇʦʧʝʯʠʮ (ʛʣ. ʨʝʜ.), ʖ. ʀ. ɼʫʜʯʠʢ, ɻ. ɸ. ʉʝʥʢʝʚʠʯ. ï ʄʠʥʩʢ, 2017. ï ʉ. 234ï236.  

4. ʊʘʰʣʳʢʦʚʘ-ɹʫʰʢʝʚʠʯ, ʀ. ʀ. ʀʟʫʯʝʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʳʩʪʨʦʟʘʪʚʝʨʜʝʚʰʠʭ ʩʧʣʘʚʦʚ Al-Cr ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʬʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ / ʀ. ʀ. ʊʘʰʣʳʢʦʚʘ-ɹʫʰʢʝʚʠʯ,  

ʖ. ʉ. ʗʢʦʚʝʥʢʦ, ʀ. ɸ. ɹʫʰʢʝʚʠʯ // VI ʂʦʥʛʨʝʩʩ ʬʠʟʠʢʦʚ ɹʝʣʘʨʫʩʠ (20ï23 ʥʦʷʙʨʷ 2017 ʛ.): ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. / 

ʨʝʜʢʦʣ. : ʉ. ʗ. ʂʠʣʠʥ (ʛʣ. ʨʝʜ.) [ʠ ʜʨ.]. ï ʄʠʥʩʢ : ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, 2017. ï ʉ. 246ï247.  

5. ʊʘʰʣʳʢʦʚʘ-ɹʫʰʢʝʚʠʯ, ʀ. ʀ. ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʨʝʣʴʝʬʘ ʥʘ ʩʤʘʯʠʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛ 

ʩʧʣʘʚʦʚ Al-In, ʧʦʣʫʯʝʥʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ / ʀ. ʀ. ʊʘʰʣʳʢʦʚʘ-ɹʫʰʢʝʚʠʯ, ʖ. ʉ. ʗʢʦʚʝʥʢʦ,  

ɺ. ɻ. ʐʝʧʝʣʝʚʠʯ, ʀ. ʉ. ʊʘʰʣʳʢʦʚ // ʌʠʟʠʢʘ ʠ ʭʠʤʠʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ï 2016. ï ˉ 3. ï ʉ. 65ï72. 

 



ȮɍəɝɋɓɎɋ ɒɔɑɋɐəɑɥɖɓɔɏ ɗɘɖəɐɘəɖɡ Ɏ ɗɈɔɏɗɘɈ ɐɔɓɊɋɓɗɎɖɔɈɆɓɓɔɉɔ ɗɔɗɘɔɥɓɎɥ 15  

 

 

Surface structure and wettability of rapidly solidified foils of 1421 Al  alloy of Al -Mg-Li  system have been studied using AFM, 

RBS and sessile-drop method. Numerical values of roughness parameters were determined for sample surface. Water contact angle 

on the foil surface is defined as a function of the microstructural heterogeneity and the elemental composition.  
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ʅɽʆɼʅʆʈʆɼʅʆɽ ʋʐʀʈɽʅʀɽ ʃʆʂɸʃʔʅʆʁ ʂʆʃɽɹɸʊɽʃʔʅʆʁ ʄʆɼʓ ʄɽɾɼʆʋɿɽʃʔʅʆɻʆ 

ʂʀʉʃʆʈʆɼɸ ɺ ɻɽʈʄɸʅʀʀ 

 
ʀʩʩʣʝʜʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʤʝʞʫʟʝʣʴʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʧʨʠ 862 ʩʤ-1 ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʛʝʨʤʘʥʠʠ, ʦʙʦʛʘʱʝʥʥʦʤ ʢʠʩʣʦʨʦʜʦʤ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ (6ï7) ppm. ʇʨʠ ʊ=12ʂ 

ʬʦʨʤʘ ʧʦʣʦʩʳ ʦʧʠʩʳʚʘʝʪʩʷ ʃʦʨʝʥʪʮʝʚʳʤ ʢʦʥʪʫʨʦʤ ʩ ʧʦʣʫʰʠʨʠʥʦʡ Dn=(1,8°0,2) ʩʤ-1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʡ 

ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʵʥʝʨʛʠʠ t = 3 ps, ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝʡ ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ "transient bleaching 

spectroscopy". ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʥʘʨʫʞʝʥ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʜʦ 860 ʩʤ-1 ʠ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʰʠʨʝʥʠʝ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. 

 

ʄʝʞʫʟʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜ (ʆi) ʚ ʛʝʨʤʘʥʠʠ (Ge) ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ 

(ʃʂʄ) ʩ ʯʘʩʪʦʪʘʤʠ ʚʳʰʝ ʛʨʘʥʠʯʥʳʭ ʯʘʩʪʦʪ ʬʦʥʦʥʦʚ (306 ʩʤ
-1
 ʜʣʷ Ge). ʀʟʫʯʝʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʃʂʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʭʦʨʦʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʢʘʢ ʜʠʬʬʫʟʠʷ ʠ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʫʯʘʩʪʠʝʤ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʦʨʤʳ ʧʦʣʦʩʳ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ Oi (862 ʩʤ
-1
) ʚ Ge.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Ge (Sb, ʆ) ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ r=4 ʆʤÖʩʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʢʠʩʣʦʨʦʜʘ º(6·7) ppm, ʢʦʪʦʨʳʡ ʚʚʦʜʠʣʩʷ ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʧʘʨʦʚ ʚʦʜʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ Oi 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʟ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʤʘʢʩʠʤʫʤʝ ʧʦʣʦʩʳ 855 ʩʤ
-1
 (ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʤʥʦʞʠʪʝʣʷ 0,95Ö10
17

 ʩʤ
-2
 [1]. 

ʀʟʤʝʨʝʥʠʷ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ Brucker IFS-113v ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ º0,5ʩʤ
-1
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 ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʩʤ
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ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʤʝʞʫʟʝʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ Ge ʢʘʢ ʬʫʥʢʮʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʊ, ʂ: 1 ï 12, 2 ï 100 

 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʃʂʄ Oi ʚ Ge ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʊ= 12ʂ ʬʦʨʤʘ ʣʠʥʠʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʃʦʨʝʥʪʮʝʚʦʡ ʬʦʨʤʦʡ ʩ ʤʘʢʩʠʤʫʤʦʤ n0= 862 ʩʤ
-1
 ʠ ʧʦʣʫʰʠʨʠʥʦʡ Dn= (1,8°0,2) ʩʤ

-1
. ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 100 ʂ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʜʦ 860 ʩʤ
-1
 ʠ ʥʝʦʜʥʦʨʦʜʥʦʤʫ ʫʰʠʨʝʥʠʶ ʧʦʣʦʩʳ. 
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ɽʩʪʝʩʪʚʝʥʥʘʷ ʧʦʣʫʰʠʨʠʥʘ ʧʦʣʦʩʳ (ɻ) ʩʚʷʟʘʥʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʵʥʝʨʛʠʠ (t) ʠʟʚʝʩʪʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

tpʩ
ɻ

2

1
= , 

ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ʊʦʛʜʘ ʠʟʤʝʨʝʥʥʘʷ ʚʝʣʠʯʠʥʘ Dn ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ t= 3ps. ʕʪʦ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦ ʢ 

ʚʝʣʠʯʠʥʝ t= (4,5°0,4) ps (10 ʂ) ʜʣʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʚʘʣʝʥʪʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ Oi ʚ Si [2]. ʆʜʥʘʢʦ 

ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ t ʤʝʪʦʜʦʤ "transient bleaching spectroscopy" ʜʘʶʪ ʜʣʷ ʃʂʄ Oi ʚ Ge ʟʥʘʯʝʥʠʝ  

t= (125°10) ps, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʰʠʨʠʥʝ Dnº0,04 ʩʤ
-1
, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʥʘʙʣʶʜʘʝʤʦʡ. ɺʦʟʤʦʞʥʳʡ 

ʤʝʭʘʥʠʟʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʫʰʠʨʝʥʠʷ ʧʦʣʦʩʳ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ, ʪʘʢ ʢʘʢ, ʩʦʛʣʘʩʥʦ [3], ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʧʨʠʤʝʩʠ <10ppm. ɺʦʟʤʦʞʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʫʰʠʨʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʫʯʝʪʦʤ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʦʩʳ 

Oi (862 ʩʤ
-1
), ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʨʘʱʝʥʠʝʤ ʘʪʦʤʘ Oi ʚʦʢʨʫʛ ʩʚʷʟʠ Ge-Ge [2]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ Si, ʛʜʝ 

ʫʛʦʣ  Si-O-Si a= 85
0
, ʚ ʢʚʘʟʠʤʦʣʝʢʫʣʝ Ge-O-Ge a= 70

0
. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦ ʜʚʫʤʝʨʥʦʤʫ ʭʘʨʘʢʪʝʨʫ 

ʃʂʄ  Oi ʚ Ge. ɸʚʪʦʨʘʤʠ [2] ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʦʩʳ 862 ʩʤ
-1
, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʚʨʘʱʘʪʝʣʴʥʳʭ ʧʦʣʦʩ ʧʦʣʫʰʠʨʠʥʦʡ Dn~0,04 ʩʤ
-1
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʫʰʠʨʠʥʳ ʧʦʣʦʩ ʧʨʠ 862 ʩʤ
-1
 ʚ Ge ʦʧʨʝʜʝʣʷʪʁʩʷ ʚʨʝʤʝʥʝʤ ʤʫʣʴʪʠʬʦʥʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʵʥʝʨʛʠʠ t. 

ʅʘʙʣʶʜʘʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʬʬʝʢʪ ʩʜʚʠʛʘ ʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʰʠʨʝʥʠʷ ʧʦʣʦʩʳ 862 ʩʤ
-1
 ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥ ʚʦʟʨʘʩʪʘʥʠʝʤ ʨʦʣʠ ʜʝʬʘʟʠʨʦʚʢʠ ʧʨʠ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʃʂʄ ʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ 

ʬʦʥʦʥʥʳʤʠ ʤʦʜʘʤʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ [3]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʵʥʝʨʛʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʃʂʄ ee nn ,1,0 ­  ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʟʘʧʦʣʥʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʤʦʜʳ ne. ʊʝʨʤʠʯʝʩʢʠʝ ʬʣʫʢʪʫʘʮʠʠ ne 

ʧʨʠʚʦʜʷʪ ʢ ʩʣʫʯʘʡʥʦʡ ʤʦʜʫʣʷʮʠʠ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʦʚ ʠ ʧʦʪʝʨʝ ʬʘʟʦʚʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʪ.ʝ. ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʫʰʠʨʝʥʠʶ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʰʠʨʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ne­0. 
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The temperature dependence of the shape of the absorption band of the local vibrational mode of interstitial oxygen at   

862 cm-1 in crystalline germanium enriched with oxygen to a concentration of (6-7) ppm is studied. At T = 12 K, the shape of 

the band is described by the Lorentz contour with the half-width Dn=(1,8°0,2) ʩʤ-1, which corresponds to the energy relaxation time 

constant t = 3 ps, which is more than an order of magnitude smaller than the direct transient bleaching spectroscopy ". With 

increasing temperature, a shift in the maximum of the band to 860 ʩʤ-1 and inhomogeneous broadening was observed. The 

mechanism of this phenomenon is discussed. 
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ɼɽɻʀɼʈɸʊɸʎʀʗ ʂʈʀʉʊɸʃʃʆɺ ʉʃʖɼ 

 
ʀʩʩʣʝʜʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʣʶʜ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 800Áʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʚʳʭʦʜʦʤ ʚʦʜʳ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʠʭ ʧʨʦʢʘʣʠʚʘʥʠʠ. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ  ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʬʣʦʛʦʧʠʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʛʠʜʨʘʪʘʮʠʠ G. 
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KAl 2[AISi3O10](OH)2 ʠ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʬʣʦʛʦʧʠʪ KMg3[AISi 3O10](OH, F)2, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʣʫʯʠʣʠ ʥʘʠʙʦʣʴʰʝʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. 
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ɺʘʞʥʝʡʰʝʡ ʦʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʠʭ ʤʝʞʘʪʦʤʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʧʨʝʜʝʣʘʭ ʘʪʦʤʥʳʭ ʩʝʪʦʢ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʠʦʥʥʦ-ʢʠʩʣʦʨʦʜʥʳʝ ʠ ʩʠʣʠʢʘʪ-

ʢʠʩʣʦʨʦʜʥʳʝ ʩʣʦʠ, ʚ ʢʦʪʦʨʳʭ ʤʝʞʘʪʦʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʘʣʝʥʪʥʳʤʠ ʩʠʣʘʤʠ. 

ɹʣʦʢʠ (ʩʣʦʠ) ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʙʦʣʝʝ ʩʣʘʙʳʤʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ ʩʠʣʘʤʠ. ɺ ʵʪʠ ʤʝʞʙʣʦʯʥʳʝ 

(ʤʝʞʩʣʦʝʚʳʝ) ʧʨʦʤʝʞʫʪʢʠ ʧʨʦʥʠʢʘʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʛʠʜʨʘʪʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʚʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʣʶʜ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʛʠʜʨʘʪʘʮʠʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʪʨʸʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ: 

1.ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʟʘʧʦʣʥʷʶʪ ʫʯʘʩʪʢʠ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʬʦʨʤʠʨʫʶʪ ʚʦʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ï ʚʦʜʷʥʳʝ ʣʠʥʟʳ. 

ʊʘʢʘʷ ʚʦʜʘ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʤʝʩʥʦʡ. ʕʪʠ ʚʢʣʶʯʝʥʠʷ ʧʨʠʤʝʩʥʦʡ ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ ʧʫʪʸʤ ʧʨʦʛʨʝʚʘ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 150 ʉ̄ ï 250 ̄ ʉ. 

2. ɺʦʜʘ, ʦʙʨʘʟʫʶʱʘʷ ʤʦʥʦʩʣʦʡ ʠʣʠ ʙʠʩʣʦʡ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʤʝʞʩʣʦʝʚʳʭ ʧʨʦʤʝʞʫʪʢʘʭ ʚ ʛʠʜʨʦʪʠʨʦʚʘʥʥʳʭ 

ʩʣʜʁʘʭ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʙʠʩʣʦʸʚ ʬʦʨʤʠʨʫʝʪ ʚʝʨʤʠʢʫʣʠʪʦʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʩʠʣʴʥʦ ʛʠʜʨʦʪʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʩʣʶʜ. ʄʝʞʩʣʦʝʚʘʷ ʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʘ ʠʟ ʩʣʶʜʳ ʧʫʪʸʤ ʝʸ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

400  ï 450 ̄ ʉ.  

3. ʉʣʝʜʫʶʱʘʷ ʬʦʨʤʘ ʚʭʦʞʜʝʥʠʷ ʚʦʜʳ ʚ ʩʣʶʜʳ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʵʣʝʤʝʥʪʫ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʠ 

ʢ ʛʨʫʧʧʝ (OH)Ė. ʂʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ HϜO, ʧʦʵʪʦʤʫ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʝʛʦ ʢʘʢ ʬʘʢʪʦʨ 
ʩʪʨʫʢʪʫʨʥʦʡ ʛʠʜʨʘʪʘʮʠʠ, ʙʦʣʝʝ ʪʦʯʥʦ, ʛʦʚʦʨʷʪ ʦ ʛʠʜʨʘʪʘʮʠʠ ʚ ʬʦʨʤʝ ʛʠʜʨʦʢʩʠʣʘʮʠʠ. 

ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʤʦʛʫʪ ʥʝʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʤʝʞʧʘʢʝʪʥʦʡ ʟʦʥʝ, ʦʙʨʘʟʫʷ ʜʝʬʝʢʪʳ ʨʝʰʸʪʢʠ ʪʠʧʘ 

ʜʝʬʝʢʪʦʚ ʧʦ ʌʨʝʥʢʝʣʶ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʡ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʬʣʦʛʦʧʠʪʘ (ʨʠʩʫʥʦʢ 1).[1].  

 
ɺʝʨʭʥʷʷ, ʩʨʝʜʥʷʷ ʠ ʥʠʞʥʷʷ ʢʨʠʚʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ: G = 12 %; G = 6 %; G = 2 %. ñ+ò ï ʥʘʛʨʝʚʘʥʠʝ, ñÅò ï ʦʭʣʘʞʜʝʥʠʝ. 

 

ʈʠʩʫʥʦʢ 1 ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ  ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʬʣʦʛʦʧʠʪʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʛʠʜʨʘʪʘʮʠʠ G 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩʠʣʴʥʦ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʬʣʦʛʦʧʠʪʘ ʩ  = 0,8413  ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʙʘʟʘʣʴʥʳʭ ʤʝʞʧʣʦʩʢʦʩʪʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 160  

(ʨʠʩʫʥʦʢ 2). 

ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ (ʜʦ 800 ) ʥʘ ʪʝʨʤʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʛʠʙ ʚ 

ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 400 ï 600 . ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʤʝʞʜʫ 500 ï 600  ʥʘ ʢʨʠʚʦʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʣʘʪʦ 

(ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʷ  ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 100Á, 160Á, 180Á, 200Á, (ʚʩʝ ʚ Áʉ). 

G = 12 % 

ʏʝʤ ʙʦʣʴʰʝ , ʪʝʤ ʩʠʣʴʥʝʝ ʛʠʜʨʘʪʠʨʦʚʘʥ ʢʨʠʩʪʘʣʣ, ʪ.ʝ. ʪʝʤ ʩʠʣʴʥʝʝ ʦʥ ʙʫʜʝʪ ʪʝʨʷʪʴ ʚʦʜʫ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. 



18  ȺȰȷ XXVI : ɒɆɘɋɖɎɆɑɡ ɐɔɓɚɋɖɋɓɜɎɎ. ï ȩɖɔɊɓɔ: ȩɖȩȹ, 2018 
 

 

.  
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨʳ ʠʟʤʝʥʝʥʠʡ  ʬʣʦʛʦʧʠʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʛʠʜʨʘʪʘʮʠʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 20 ï 800 Áʉ. ʊ ï ʪʚʸʨʜʳʡ ʩʣʘʙʦʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʬʣʦʛʦʧʠʪ; ʉ ï ʬʣʦʛʦʧʠʪ ʩʨʝʜʥʝʡ ʪʚʸʨʜʦʩʪʠ;  

ɻ ï ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʬʣʦʛʧʠʪ 

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 500 Áʉ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʤʷʛʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʬʣʦʛʦʧʠʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1,5ï2,0 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 20ï100Áʉ. 

ʅʝʦʙʨʘʪʠʤʘʷ ʫʩʘʜʢʘ  ʤʦʞʝʪ ʩʪʘʪʴ ʤʝʥʴʰʝ ʯʝʤ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʨʦʛʨʝʚʝ. 

ʇʨʦʛʨʝʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʫʩʢʦʚʠʪʘ ʚʳʟʳʚʘʝʪ ʥʝʦʙʨʘʪʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʢʘʞʝʥʠʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʠ ʢʨʠʩʪʘʣʣʘ ʤʫʩʢʦʚʠʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʪ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʣʦʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʪʠʧʘ ʩʣʶʜ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ï ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʜʨ. [2]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʣʶʜʳ ʛʠʜʨʦʢʩʠʣʦʚ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʣʶʜ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʮʝʩʩʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʤʘʢʨʦʙʣʦʢʦʚ ʩʣʶʜʳ ʠ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʚ ʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
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It was investigated the structure changes of mica crystals, when they were heated to the temperature 800 ÁC. The structural 

changes this crystals correlated with degree of hydration of crystal mica. The most changens are of observed for flogopite with high 

degree of gidratation. 
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ɹʝʣʘʨʫʩʴ. 
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ʋɼʂ 535.338.1 
 

ʇ. ɺ. ɺʃɸʉʆɺ 

 

ɺʃʀʗʅʀɽ ɿɸɼɽʈɾʂʀ ʄɽɾɼʋ ʉɼɺʆɽʅʅʓʄʀ ʀʄʇʋʃʔʉɸʄʀ ɺʆɿɹʋɾɼɽʅʀʗ ʃɸɿɽʈʅʆ-

ʕʄʀʉʉʀʆʅʅʆʁ ʇʃɸɿʄʓ ʅɸ ʀʅʊɽʅʉʀɺʅʆʉʊʔ ʉʇɽʂʊʈɸʃʔʅʓʍ ʃʀʅʀʁ 
 

ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʣʦʡ ʛʣʠʥʳ: 

ɚAl1= 309,4 ʥʤ; ɚMg2= 2 79,6 ʥʤ; ɚTi2= 323,6 ʥʤ; ɚAl2= 358,7 ʥʤ, ʦʪ ʵʥʝʨʛʠʠ ʛʝʥʝʨʘʮʠʠ ʠ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ 

ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʨʘʮʠʠ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ 

ʠʤʧʫʣʴʩʦʚ. 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʩʨʝʜʠ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʠʙʦʣʝʝ ʵʢʩʧʨʝʩʩʥʳʤ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʣʘʟʝʨʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (LIBS) [1ï3]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ YAG:Nd
3+

-ʣʘʟʝʨ (ɚʠʟʣ= 1,06 ʤʢʤ), 

ʨʘʙʦʪʘʶʱʠʡ, ʢʘʢ ʚ ʦʜʥʦ ï ʪʘʢ ʠ ʚ ʜʚʫʭ-ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʘʭ [4ï6]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʝʢʪʨʦʚ ʨʝʞʠʤʘ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʩʜʚʠʥʫʪʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚʦ 

ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ 

ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ [7ï8]. ɼʚʫʭ-ʠʤʧʫʣʴʩʥʘʷ ʣʘʟʝʨʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʘʙʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 



ȮɍəɝɋɓɎɋ ɒɔɑɋɐəɑɥɖɓɔɏ ɗɘɖəɐɘəɖɡ Ɏ ɗɈɔɏɗɘɈ ɐɔɓɊɋɓɗɎɖɔɈɆɓɓɔɉɔ ɗɔɗɘɔɥɓɎɥ 19  

 

 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ ʵʤʠʩʩʠʠ ʚ ʧʣʘʟʤʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʠʤʧʫʣʴʩʥʦʡ. ʊʘʢʞʝ ʧʨʠ ʜʚʫʭʠʤʧʫʣʴʩʥʦʤ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ YAG:Nd
3+

 ï ʣʘʟʝʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ [9ï10]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʩʜʚʦʝʥʥʳʭ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʵʨʦʟʠʦʥʥʦʡ ʧʣʘʟʤʳ ʥʘ ʦʙʨʘʟʮʝ ʙʝʣʦʡ ʛʣʠʥʳ. 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʨʘʣʠʩʴ ʩʧʨʝʩʩʦʚʘʥʥʳʝ ʪʘʙʣʝʪʢʠ ʙʝʣʦʡ ʛʣʠʥʳ ʚʝʩʦʤ ~0,5 ʛ ʠ ʜʠʘʤʝʪʨʦʤ 

~1 ʩʤ. ʀʟ ʪʘʙʣʠʮ çɿʘʡʜʝʣʷè ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʝʣʦʡ ʛʣʠʥʳ: ɚAl1= 309,4 ʥʤ; ɚMg2= 279,6 ʥʤ; ɚTi2= 323,6 ʥʤ; ɚAl2= 358,7 ʥʤ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʭʦʜʠʣʠʩ ɹ

ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʦ ʢʘʞʜʦʡ ʪʘʙʣʝʪʢʝ ʧʨʦʚʦʜʠʣʘʩʴ ʩʝʨʠʷ ʠʟ ʧʷʪʠ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʜʘʥʥʳʝ 

ʦʪʦʙʨʘʞʘʣʠʩʴ ʚ ʚʠʜʝ ʩʧʝʢʪʨʘ ʚ ʧʨʦʛʨʘʤʤʝ Qsp Client. 

ʅʘ ʨʠʩʫʥʢʘʭ 1 (ʘïʛ) ʠʟʦʙʨʘʞʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʝʣʦʡ ʛʣʠʥʳ ʦʪ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʥʝʨʛʠʷʭ ʛʝʥʝʨʘʮʠʠ ʠʤʧʫʣʴʩʦʚ: ʘ) 2,9 ʤɼʞ; 

ʙ) 5,1 ʤɼʞ; ʚ) 6,5 ʤɼʞ; ʛ) 8,2 ʤɼʞ. 
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ʈʠʩʫʥʦʢ 1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʪ ʟʘʜʝʨʞʢʠ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʥʝʨʛʠʷʭ ʛʝʥʝʨʘʮʠʠ: ʘ) 2,9 ʤɼʞ; ʙ) 5,1 ʤɼʞ; ʚ) 6,5 ʤɼʞ; ʛ) 8,2 ʤɼʞ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ 1 (ʘïʛ), ʧʨʠ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 2,9 ʤɼʞ, ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ: ɚAl1= 309,4 ʥʤ; ɚMg2= 279,6 ʥʤ; ɚTi2= 323,6 ʥʤ; ɚAl2= 358,7 ʥʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʟʘʜʝʨʞʢʘʭ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ: 180 ʤʢʩ; 180 ʤʢʩ; 120 ʤʢʩ; 180 ʤʢʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 

ʵʥʝʨʛʠʠ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 5,1 ʤɼʞ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ: 

ɚAl1= 309,4 ʥʤ - 170 ʤʢʩ; ɚMg2= 279,6 ʥʤ - 190 ʤʢʩ; ɚTi2= 323,6 ʥʤ - 230 ʤʢʩ ʠ ɚAl2= 358,7 ʥʤ - 230 ʤʢʩ. 

ʋʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ º(1,4-2) ʤɼʞ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʘʜʝʨʞʝʢ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ  

ɽʠʤʧ= 6,5 ʤɼʞ ʜʣʷ ʣʠʥʠʠ: ɚAl1= 309,4 ʥʤ - 70 ʤʢʩ; ɚMg2= 279,6 ʥʤ - 280 ʤʢʩ; ɚTi2= 323,6 ʥʤ - 210 ʤʢʩ;  

ɚAl2= 358,7 ʥʤ - 300 ʤʢʩ. ʇʨʠ ɽʠʤʧ= 8,2 ʤɼʞ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʣʠʥʠʡ: ɚAl1= 309,4 ʥʤ; 

ɚMg2= 279,6 ʥʤ; ɚTi2= 323,6 ʥʤ; ɚAl2= 358,7 ʥʤ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʢʘʭ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ: 

40 ʤʢʩ; 40 ʤʢʩ; 60 ʤʢʩ; 40 ʤʢʩ. 

ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʩʜʚʦʝʥʥʳʤʠ 

ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʟʘʜʝʨʞʢʫ ʤʝʞʜʫ ʥʠʤʠ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʪʦʨʦʡ 

ʠʤʧʫʣʴʩ ʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʦʥʠʟʠʨʫʝʪ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʚʝʯʝʥʠʷ ʵʨʦʟʠʦʥʥʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʬʘʢʝʣʘ ʠ ʨʦʩʪʫ ʩʠʛʥʘʣʘ ʧʦʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʦʧʪʦʚʦʣʦʢʥʦ ʥʘ ʇɿʉ-ʣʠʥʝʡʢʫ ʤʦʥʦʭʨʦʤʘʪʦʨʘ. 
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The dependences of the intensity of the spectral lines of the main components of white clay have been studied:  

ɚAl1 = 309,4 nm; ɚMg2 = 279,6 nm; ɚTi2 = 323,6 nm; ɚAl2 = 358,7 nm, from the generation energy and the delay between the twin laser 

pulses. Optimum parameters of generation of twin laser pulses are experimentally determined. 
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ɺʃʀʗʅʀɽ ʌʆʂʋʉʀʈʆɺʂʀ ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɸ ʇʆɻʈɽʐʅʆʉʊʔ ʀɿʄɽʈɽʅʀʁ 

ʀʅʊɽʅʉʀɺʅʆʉʊʀ ʆʉʅʆɺʅʓʍ ʂʆʄʇʆʅɽʅʊʆɺ ʂʈɸʉʅʆʁ ʀ ɹɽʃʆʁ ɻʃʀʅ 

 
ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʨʘʩʥʦʡ ʠ ʙʝʣʦʡ ʛʣʠʥʳ (Mg II , Al  I, Al  II , Ti II), ʦʪ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ YAG:Nd3+- ʣʘʟʝʨʘ ʧʨʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʝʱʝʩʪʚ. 

 

ʀʟʣʫʯʝʥʠʝ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʥʝʧʨʝʨʳʚʥʦʛʦ, ʠ ʣʠʥʝʡʯʘʪʦʛʦ ʩʧʝʢʪʨʘ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚ [1ï4]. ʅʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʬʘʢʝʣʘ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨ ʢʘʢ ʬʦʢʫʩʠʨʦʚʢʘ. ʇʨʠ ʨʘʩʬʦʢʫʩʠʨʦʚʢʝ ʠʟʣʫʯʝʥʠʷ 

(ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʦʪʨʠʮʘʪʝʣʴʥʘʷ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʦʮʝʩʩʳ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ [5ï7]. ʋʚʝʣʠʯʝʥʠʝ ʣʠʙʦ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʬʦʢʫʩʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʣʘʟʝʨʥʦ-ʵʤʠʩʩʠʦʥʥʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ (LIBS). ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ, ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ YAG: Nd
3+

-ʣʘʟʝʨʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʘʥʘʣʠʟʘʪʦʨʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ LIBS [8ï10]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʘʩʥʦʡ ʠ ʙʝʣʦʡ ʛʣʠʥʳ: ɚAl1 = 309,4 ʥʤ, ɚMg2 = 279,6 ʥʤ, 

ɚTi2 = 323,6 ʥʤ, ɚAl2 = 358,7 ʥʤ. ʆʙʨʘʟʮʳ ʢʨʘʩʥʦʡ ʠ ʙʝʣʦʡ ʛʣʠʥʳ ʩʧʨʝʩʩʦʚʳʚʘʣʠʩʴ ʚ ʪʘʙʣʝʪʢʠ ʚʝʩʦʤ 

~(0,5°0,005) ʛ ʠ ʜʠʘʤʝʪʨʦʤ ~1 ʩʤ. ʇʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʧʷʪʴʶ ʩʝʨʠʷʤʠ 

ʦʜʠʥʦʯʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠ: ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ Eʠʟʣ= 6,5 ʤɼʞ, ʯʘʩʪʦʪʝ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ï 1 ɻʮ. 

ʊʘʙʣʝʪʢʘ ʧʝʨʝʤʝʱʘʣʘʩʴ ʚʜʦʣʴ ʦʩʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʰʘʛʦʤ 0,5 ʤʤ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ, 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ). ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʷʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ  

Mg II  (279,6 ʥʤ); Al  I (309,4 ʥʤ); Ti II  (323,6 ʥʤ); Al  II  (358,7 ʥʤ) ʠʟʣʫʯʝʥʠʷ ʵʨʦʟʠʦʥʥʦʡ ʧʣʘʟʤʳ ʘ) ʢʨʘʩʥʦʡ ʠ ʙ) 

ʙʝʣʦʡ ʛʣʠʥʳ ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ S, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʵʥʝʨʛʠʝʡ - 6,5 ʤɼʞ. 
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ʈʠʩʫʥʦʢ 1 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: ʘ) ʢʨʘʩʥʦʡ ʠ ʙ) ʙʝʣʦʡ ʛʣʠʥʳ ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʵʥʝʨʛʠʠ 

ʛʝʥʝʨʘʮʠʠ ʠʤʧʫʣʴʩʦʚ 6,5 ʤɼʞ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 1), ʚ ʬʦʢʫʩʝ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʘʩʥʦʡ ʠ ʙʝʣʦʡ ʛʣʠʥʳ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʬʦʢʫʩʘ, ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ. ɼʣʷ ʦʮʝʥʢʠ 

ʠʩʪʠʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʦʜʩʯʠʪʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʘ) ʢʨʘʩʥʦʡ ʠ ʙ) ʙʝʣʦʡ ʛʣʠʥʳ ʦʪ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʢʫʩʘ. 
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ʙ) 

ʈʠʩʫʥʦʢ 2 - ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘ) ʢʨʘʩʥʦʡ ʠ ʙ) ʙʝʣʦʡ ʛʣʠʥʳ ʦʪ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʢʫʩʘ 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 2 (ʘ, ʙ)) ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʬʦʢʫʩʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʘʙʣʝʪʢʠ ʛʣʠʥʳ ʥʘ 2 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 



ȮɍəɝɋɓɎɋ ɒɔɑɋɐəɑɥɖɓɔɏ ɗɘɖəɐɘəɖɡ Ɏ ɗɈɔɏɗɘɈ ɐɔɓɊɋɓɗɎɖɔɈɆɓɓɔɉɔ ɗɔɗɘɔɥɓɎɥ 23  

 

 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ (Mg II , Al  I, Al  II , Ti II): ʜʣʷ ʢʨʘʩʥʦʡ ʛʣʠʥʳ ʥʘ º 30 %; ʜʣʷ ʙʝʣʦʡ ʛʣʠʥʳ  

ʥʘ º 20 %. ɼʣʷ Ti (II ) ʠ Al(II ) ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʙʣʠʟʠ ʬʦʢʫʩʘ ʙʦʣʝʝ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʯʝʤ ʜʣʷ Mg (II ) ʠ Al(I). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʦʜʥʦʠʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ YAG:Nd
3+

-ʣʘʟʝʨʘ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʪ ʧʷʪʠ ʠ ʚʳʰʝ. ʆʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʬʦʢʫʩʘ ʜʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʝ 

ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ º 1,5 ʤʤ. 
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The dependence of the intensity of the spectral lines of the main components of red and white clay (Mg, Al, Ti) on the 

defocusing of laser radiation is studied. Optimal experimental conditions for the applicability of the single-pulse operating mode of 

the YAG:Nd3+-laser are determined for qualitative and quantitative study of substances. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɿʥʦʩʢʦ ʂʘʟʠʤʠʨ ʌʨʘʥʮʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 
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ʋɼʂ 535.338.1 
ʇ. ɺ. ɺʃɸʉʆɺ 

 

ɿɸɺʀʉʀʄʆʉʊʔ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ʉʇɽʂʊʈɸʃʔʅʓʍ ʃʀʅʀʁ ʃɸɿɽʈʅʆʁ ʕʄʀʉʉʀʆʅʅʆʁ 

ʇʃɸɿʄʓ ʆɹʈɸɿʎɸ ɹɽʃʆʁ ɻʃʀʅʓ ʆʊ ʈɸʉʌʆʂʋʉʀʈʆɺʂʀ 

 
ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʝʣʦʡ ʛʣʠʥʳ (Mg II , Al  I, Al  II , Ti II), ʦʪ ʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʢʫʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʷʭ 

ʛʝʥʝʨʘʮʠʠ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ YAG:Nd3+-ʣʘʟʝʨʘ (1,06 ʤʢʤ). 

 

ʇʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ~(10
8
ï10

10
) ɺʪ/ʩʤ

2
 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʣʫʯʘʝʤʦʛʦ ʪʝʣʘ 

ʚʦʟʥʠʢʘʝʪ ʵʨʦʟʠʦʥʥʘʷ ʧʣʘʟʤʘ, ʚ ʵʤʠʩʩʠʦʥʥʦʤ ʩʧʝʢʪʨʝ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʣʝʤʝʥʪʥʦʤ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɼʘʥʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʧʦʣʦʞʝʥʦ ʚ ʦʩʥʦʚʫ ʣʘʟʝʨʥʦ-

ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (LIBS) [1ï3]. ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ (ʩʪʘʙʠʣʴʥʦʩʪʴ) 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʠʤʧʫʣʴʩʘ ʢ ʠʤʧʫʣʴʩʫ. ʅʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʣʘʟʝʨʥʦ-ʵʤʠʩʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʣʠʷʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʩʧʘʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪ ʠʤʧʫʣʴʩʘ ʢ 

ʠʤʧʫʣʴʩʫ ʠ ʬʣʫʢʪʫʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ [4ï6]. ʊʘʢʞʝ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

mailto:v.pavel.03@gmail.com
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʣʠʷʝʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʢʫʩʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

(ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ) [7ï9]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʬʦʢʫʩʘ ʜʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʣʠʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ: ɚAl1 = 309,4 ʥʤ, ɚMg2 = 279,641 ʥʤ, 

ɚTi2 = 323,559 ʥʤ, ɚAl2 = 358,664 ʥʤ. ʇʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʠʟʤʝʥʷʣʘʩʴ ʩʤʝʱʝʥʠʝʤ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʬʦʢʫʩʘ ʬʦʢʫʩʠʨʫʶʱʝʡ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʨʘʩʬʦʢʫʩʠʨʦʚʢʦʡ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ). ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʜʚʫʭʠʤʧʫʣʴʩʥʦʤ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʣʦ 23 ʩʤ. 

ʀʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʢʫʩʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ) 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʚʠʞʝʥʠʝʤ ʦʙʲʝʢʪʘ ʚʜʦʣʴ ʦʩʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʩ ʰʘʛʦʤ 0,5 ʤʤ (ʜʦ 9 ʤʤ). ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʨʘʩʬʦʢʫʩʠʨʦʚʢʝ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩʚʳʰʝ 9 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʠʘʤʝʪʨʘ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ, 

ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʷʚʣʝʥʠʶ ʷʚʣʝʥʠʷ ʚʪʦʨʠʯʥʦʡ ʠʦʥʠʟʘʮʠʠ (ʠʩʢʨʘ ʚ ʚʦʟʜʫʭʝ). 

ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʚʳʥʦʩʦʤ ʚ ʘʪʤʦʩʬʝʨʫ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʠ ʧʦʧʘʜʘʥʠʠ ʝʛʦ ʚ ʬʦʢʫʩ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʦʥʦ ʚʦʟʙʫʞʜʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 1 (ʘïʛ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ  

Mg II  (279,6 ʥʤ); Al  I (309,4 ʥʤ); Ti II  (323,6 ʥʤ); Al  II  (358,7 ʥʤ) ʠʟʣʫʯʝʥʠʷ ʵʨʦʟʠʦʥʥʦʡ ʧʣʘʟʤʳ ʙʝʣʦʡ ʛʣʠʥʳ ʦʪ 

ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ S ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʠʷʭ ʛʝʥʝʨʘʮʠʠ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ: 

ʘ) 17,3 ʤɼʞ, ʙ)30,5 ʤɼʞ ʚ) 45,2 ʤɼʞ ʠ ʛ) 61,6 ʤɼʞ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ Mg II  (279,6 ʥʤ); Al I (309,4 ʥʤ); 

Ti II  (323,6 ʥʤ);Al II  (358,7 ʥʤ) ʠʟʣʫʯʝʥʠʷ ʵʨʦʟʠʦʥʥʦʡ ʧʣʘʟʤʳ ʙʝʣʦʡ ʛʣʠʥʳ ʦʪ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ S ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʠʷʭ ʛʝʥʝʨʘʮʠʠ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ: ʘ) 17,3 ʤɼʞ, ʙ)30,5 ʤɼʞ, 

ʚ) 45,2 ʤɼʞ ʠ ʛ) 61,6 ʤɼʞ 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ1 (ʘïʛ) ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʡ 

ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ï ʠʟʤʝʥʷʶʪʩʷ ʠ ʨʘʟʤʝʨʳ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʬʦʢʫʩʘ ʜʦ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ (æS). ɼʣʷ Mg (II ), Al  (I), Ti (II ), Al  (II )  ʧʨʠ ʵʥʝʨʛʠʷʭ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ: 17,3 ʤɼʞ;  

30,5 ʤɼʞ; 45,2 ʤɼʞ ʠ 61,6 ʤɼʞ - æSMg2 º (4,5ï5,4) ʤʤ; æSAl1 º (4,5ï5,8) ʤʤ; æSTi2 º (4,1ï5,4) ʤʤ;  

æSAl2 º (4,1ï6,3) ʤʤ. ɼʣʷ ʜʘʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʟʥʘʯʝʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʣʠʥʳ (Mg II , Al  I, Al  II , Ti II) ʥʝ ʧʨʝʚʳʰʘʝʪ 10 %. 

ʋʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʩʚʳʰʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʨʦʩʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ.  
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The dependences of the intensities of the analyzed spectral lines of the main components of white clay (Mg, Al, Ti) on the 

position of the object under study with respect to the focus at different generation energies of the twin laser pulses of the 

YAG:Nd3+-laser (1.06 ɛm) are studied. 
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ʋɼʂ 532.12:544.163 
ɸ. ʅ. ɻɽʊɸʃʆ, ɸ. ɺ. ʍʆʈʆʃʔʉʂʀʁ 

 

ʀɿʋʏɽʅʀɽ ʋʇʈʋɻʀʍ ʉɺʆʁʉʊɺ ʌʊʆʈʀʈʆɺɸʅʅʆɻʆ ɻɽʇʊɸʅʆʃɸ 

 
ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʝʧʪʘʥʦʣʘ-1. 

 

ʉʨʝʜʠ ʧʦʣʷʨʥʳʭ ʞʠʜʢʦʩʪʝʡ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʧʠʨʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʘ ʠʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ. ɺ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʜʥʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʪʦʨʟʘʤʝʱʝʥʥʳʭ ʦʜʥʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ ʠʟʫʯʝʥʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ, 

ʢʘʢ ʟʘʤʝʥʘ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʚʣʠʷʝʪ ʥʘ ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʧʦʛʣʦʱʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. ʏʠʩʪʦʪʘ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʧʣʦʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʧʪʘʥʦʣʘ-1 (C7H15OH) ʠ ʜʦʜʝʢʘʬʪʦʨʛʝʧʪʘʥʦʣʘ-1 

(C7H3F12OH) ʧʨʦʚʝʜʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 293ï363 ʂ. ʇʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʩ ʪʦʯʥʦʩʪʴʶ 0,05 %. ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʠʟʤʝʨʷʣʘʩʴ ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ ʯʘʩʪʦʪʝ 27,5 ʄɻʮ ʩ ʪʦʯʥʦʩʪʴʶ 

0,2 % [1]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. 

ʈʠʩʫʥʦʢ 1 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ 

ʛʝʧʪʘʥʦʣʘ-1 (ʙʝʣʳʝ ʢʨʫʞʢʠ) ʠ ʜʦʜʝʢʘʬʪʦʨʛʝʧʪʘʥʦʣʘ -1 

(ʯʝʨʥʳʝ ʢʨʫʞʢʠ) 

ʈʠʩʫʥʦʢ 2 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʝʡ 

ʫʧʨʫʛʦʩʪʠ ʛʝʧʪʘʥʦʣʘ-1 (ʙʝʣʳʝ ʢʨʫʞʢʠ) ʠ 

ʜʦʜʝʢʘʬʪʦʨʛʝʧʪʘʥʦʣʘ -1 (ʯʝʨʥʳʝ ʢʨʫʞʢʠ) 

 

ʇʦʣʠʪʝʨʤʳ ʧʣʦʪʥʦʩʪʠ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʝʧʪʘʥʦʣʘ ʨʘʟʤʝʱʝʥʳ ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʪʝʨʤ ʜʣʷ 

ʥʝʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʝʧʪʘʥʦʣʘ (ʨʠʩ. 1). ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʫʤʝʥʴʰʘʝʪʩʷ ʣʠʥʝʡʥʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʚ ʤʦʣʝʢʫʣʝ ʛʝʧʪʘʥʦʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʞʠʜʢʦʩʪʠ. ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 2cK r=  (ʨʠʩ. 2). ʉʨʘʚʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʤʝʥʘ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʚ ʤʦʣʝʢʫʣʝ ʛʝʧʪʘʥʦʣʘ-1 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ.  
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʈʫʜʝʥʢʦ, ʆ. ʇ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʟʚʫʢʫ ʚ ʨʽʜʠʥʘʭ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʩʪʫʜ. 

ʬʽʟʠʯʥ. ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ / ʆ. ʇ. ʈʫʜʝʥʢʦ, ɺ. ʉ. ʉʧʝʨʢʘʯ. ï ʇʦʣʪʘʚʘ, 1992. ï 68 ʩ.  

 

The results of experimental measurements of density and speed of sound propagation the fluorinated heptanol-1 are discussed. 

 

ɻʝʪʘʣʦ ɸʥʜʨʝʡ ʅʠʢʦʣʘʝʚʠʯ, ʘʩʧʠʨʘʥʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʇʦʣʪʘʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɺ. ɻ. ʂʦʨʦʣʝʥʢʦ,  ʇʦʣʪʘʚʘ, ʋʢʨʘʠʥʘ. 

ʍʦʨʦʣʴʩʢʠʡ ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ, ʘʩʧʠʨʘʥʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʇʦʣʪʘʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɺ. ɻ. ʂʦʨʦʣʝʥʢʦ,  ʇʦʣʪʘʚʘ, ʋʢʨʘʠʥʘ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʈʫʜʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ʇʘʥʪʝʣʝʡʤʦʥʦʚʠʯ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʘʢʘʜʝʤʠʢ ɸʅ ɺʆ ʋʢʨʘʠʥʳ, ʇʦʣʪʘʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ɻ. ʂʦʨʦʣʝʥʢʦ, ʇʦʣʪʘʚʘ, 

ʋʢʨʘʠʥʘ. 
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ʋɼʂ 535.371 
ʉ. ɼ. ɻʆɻʆʃɽɺɸ 

 

ʌʆʊʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʈʆʀɿɺʆɼʅʆɻʆ ʊʀʆʌʃɸɺʀʅɸ ʊ (BTA-2) ɺ ʈɸʉʊɺʆʈʀʊɽʃʗʍ 

ʀ ɾɪʉʊʂʀʍ ʄɸʊʈʀʎɸʍ  

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʪʠʦʥʥʦʡ ʬʦʨʤʳ ʧʨʦʠʟʚʦʜʥʦʛʦ ʪʠʦʬʣʘʚʠʥʘ ʊ (ɺʊɸ-2) ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ 

ʧʣʸʥʢʘʭ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ɺʊɸ-2 ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʚʷʟʢʦʩʪʴ/ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʞʝʩʪʢʠʭ ʤʘʪʨʠʮʘʭ.  
 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʨʦʪʦʨʳ (ʌʄʈ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʣʝʢʫʣʳ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʳʭ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʷʟʢʦʩʪʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʌʄʈ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʘ 

ʪʠʦʬʣʘʚʠʥʘ ʊ (Th T) ʠ ʨʷʜ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ [1], ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʪʝʢʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʧʦʚʦʨʦʪʦʤ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ (ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ TICT ʧʨʦʮʝʩʩ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʪʠʦʥʥʦʡ ʬʦʨʤr ʧʨʦʠʟʚʦʜʥʦʛʦ ʪʠʦʬʣʘʚʠʥʘ T ï2-[4'-

(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʬʝʥʠʣ]-ʙʝʥʟʪʠʘʟʦʣʘ (BTA-2) (ʨʠʩʫʥʦʢ 1) ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʘ ʪʘʢʞʝ ʚ ʧʣʸʥʢʘʭ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ (ʇɺʉ). 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ̫ʬʦʨʤʫʣʘ BTA-2  
 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ ʉʄ2203 

(ʉʦʣʘʨ, ɹʝʣʘʨʫʩʴ). ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʌ ʠʟʤʝʨʷʣʠʩʴ ʧʦ ʤʝʪʦʜʫ Williams ʠ ʜʨ. [2] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʦʬʣʘʚʠʥʘ T ʚ ʙʫʪʘʥʦʣʝ ʩ ʌ=0.0043 ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ʀʟʤʝʨʝʥʠʝ ʢʠʥʝʪʠʢʠ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʣʝʥʢʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ) ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʨʝʤʷ-

ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʛʦ ʩʯʸʪʘ ʦʜʠʥʦʯʥʳʭ ʬʦʪʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʠʢʦʩʝʢʫʥʜʥʳʡ ʜʠʦʜʥʳʡ ʣʘʟʝʨ PDL 800B ʩ ʣʘʟʝʨʥʦʡ ʛʦʣʦʚʢʦʡ LDH-407 (PicoQuant, ɻʝʨʤʘʥʠʷ), ʛʝʥʝʨʠʨʫʶʱʠʡ 

ʠʤʧʫʣʴʩʳ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 407 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ 70 ʧʩ ʠ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ 10 Mɻʮ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʪʠʦʥʘ BTA-2 ʚ ʨʷʜʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʦʪ ʦʪʥʦʰʝʥʠʷ h/ʊ, ʛʜʝ h ï ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ T ï ʪʝʤʧʝʨʘʪʫʨʘ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʪʠʦʥʘ ɺʊɸ-2 ʦʪ ʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʩʪʴ/ʪʝʤʧʝʨʘʪʫʨʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʷʟʢʦʩʪʠ, ʪ.ʝ. ʢʘʪʠʦʥ 

ɺʊɸ-2 ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʌʄʈ. ʉ ʨʦʩʪʦʤ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʦʣʝʢʫʣʘʤ ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʥʝʝ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʚʦʨʦʪ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ TICT-ʧʨʦʮʝʩʩʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʨʦʩʪʫ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ F ʠ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ t ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʧʦʩʢʦʣʴʢʫ F~t).  



28  ȺȰȷ XXVI : ɒɆɘɋɖɎɆɑɡ ɐɔɓɚɋɖɋɓɜɎɎ. ï ȩɖɔɊɓɔ: ȩɖȩȹ, 2018 
 

 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʷʩʥʝʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʣʠ ʙʣʦʢʠʨʦʚʘʥʠʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ 

TICT-ʧʨʦʮʝʩʩʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʢʘʪʠʦʥʘ ɺʊɸ-2 ʚ ʞʝʩʪʢʦʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ (ʧʣʝʥʢʘ ʇɺʉ). ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʢʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʪʠʦʥʥʦʡ ʬʦʨʤʳ BTA-2 ʚ ʧʣʸʥʢʘʭ ʇɺʉ ʧʨʠ ʜʚʫʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (77ʂ ʠ 298ʂ). ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ɺʊɸ-2 ʚ ʧʣʝʥʢʝ ʇɺʉ ʧʨʠ 298 ʂ ʷʚʣʷʝʪʩʷ 

ʥʝʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (77 ʂ ʠ 

298 ʂ) ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʪʠʦʥʘ BTA-2 ʚ ʧʣʸʥʢʝ ʇɺʉ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ T=298 K ʠ T=77 K 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 3) ʚʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʨʠʯʠʥʘʤʠ: 1) ʧʨʦʮʝʩʩʘʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʠʣʠ ʩʦʣʴʚʘʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʬʣʫʦʨʦʬʦʨʦʚ ʚ ʧʣʝʥʢʝ ʇɺʉ,  

2) ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʣʠʯʠʶ ʚ ʩʢʦʨʦʩʪʷʭ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ TICT-

ʧʨʦʮʝʩʩʘ.  

ʇʦʩʢʦʣʴʢʫ ʢʨʠʚʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʪʠʦʥʘ BTA-2 ʚ 

ʧʣʸʥʢʝ ʇɺʉ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳʤʠ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ ʩ ʠʟʣʫʯʝʥʠʝʤ ʙʫʜʝʪ 

ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʥʝʞʝʣʠ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ TICT-ʧʨʦʮʝʩʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʣʝʥʢʘʭ ʇɺʉ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʝʪʩʷ ʧʝʨʝʭʦʜ ʠʟ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(LE) ʚ TICT-ʩʦʩʪʦʷʥʠʝ (ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ) ʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʣʠʰʴ ʠʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʠʟ 

LE-ʩʦʩʪʦʷʥʠʷ ʚ ʦʩʥʦʚʥʦʝ (S0).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʚʳʷʩʥʝʥʦ ʩʣʝʜʫʶʱʝʝ:  

1) ʢʘʪʠʦʥ ɺʊɸ-2 ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʌʄʈ;  

2) ʜʣʷ ʤʦʣʝʢʫʣ ɺʊɸ-2 ʚ ʧʣʸʥʢʘʭ ʇɺʉ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʝʪʩʷ TICT-ʧʨʦʮʝʩʩ, ʠ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʩʪʨʝʤʠʪʩʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ. 
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ʈɽʅʊɻɽʅʆʌʃʋʆʈɽʉʎɽʅʊʅʓʁ ɸʅɸʃʀɿ ɺ ʕʂʆʃʆɻʀʏɽʉʂʆʄ ʄʆʅʀʊʆʈʀʅɻɽ ʇʆʏɺɽʅʅʆɻʆ  

ʇʆʂʈʆɺɸ 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ  ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʠʦʩʬʝʨʳ ʠ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʳ ʙʳʩʪʨʳʝ ʠ ʪʦʯʥʳʝ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ. ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʈʌɸ), 

ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʧʦʣʫʯʘʪʴ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʭʠʤʠʯʝʩʢʠʭ  ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ.  

 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʪʦʢʩʠʢʘʥʪʦʚ. ʇʦʩʪʫʧʣʝʥʠʝ 

ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʥʝʨʝʜʢʦ ʚ ʚʠʜʝ ʟʘʣʧʦʚʳʭ ʚʳʙʨʦʩʦʚ ʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʩ ʟʘʚʝʨʰʝʥʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʅʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʊʕʎ, ʢʦʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ. ʋʛʦʣʴ, ʤʘʟʫʪ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʙʝʥʟʠʥ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ (ʚʘʥʘʜʠʡ, ʥʠʢʝʣʴ, ʙʝʨʠʣʣʠʡ, ʩʚʠʥʝʮ, ʨʪʫʪʴ, ʤʳʰʴʷʢ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʧʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʦʙʨʘʟʫʶʪ ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʪʚʝʨʜʳʝ ʘʵʨʦʟʦʣʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʚ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʘ ʟʘʪʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʦʙʰʠʨʥʳʝ ʧʦʣʷ 

ʟʘʛʨʷʟʥʝʥʠʷ. 

ʇʦʯʚʘ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʦʩʦʙʦʡ ʬʦʨʤʦʡ ʙʠʦʩʬʝʨʳ, ʦʥʘ ʥʝ ʪʦʣʴʢʦ ʥʘʢʘʧʣʠʚʘʝʪ ʚʩʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʥʦ ʠ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʨʠʨʦʜʥʳʡ ʧʝʨʝʥʦʩʯʠʢ ʭʠʤʠʯʝʩʢʠʭ ʪʦʢʩʠʢʘʥʪʦʚ ʠ ʚ ʘʪʤʦʩʬʝʨʫ, ʠ ʚ 

ʛʠʜʨʦʩʬʝʨʫ, ʠ ʚ ʞʠʚʦʝ ʚʝʱʝʩʪʚʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʧʝʨʠʦʜ ʧʦʣʫʫʜʘʣʝʥʠʷ ʠʟ ʧʦʯʚʳ ʜʣʷ ʢʘʜʤʠʷ 

(Cd)ʩʦʩʪʘʚʣʷʝʪ ʜʦ 155 ʣʝʪ, ʮʠʥʢʘ (Zn) ï ʜʦ 500 ʣʝʪ, ʩʚʠʥʮʘ(Pb) ï ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʣʝʪ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʦʢʨʦʚʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʩʥʦʚʫ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛ. ɻʨʦʜʥʦ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩʦʩʪʘʚʣʷʶʪ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ, 

ʩʫʛʣʠʥʠʩʪʳʝ ʠ ʩʫʧʝʩʯʘʥʳʝ ʧʦʯʚʳ. ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ ʩ ʰʘʛʦʤ 1000 ʤ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ ʩ ʛʣʫʙʠʥʳ 0ï10 ʩʤ.  ɺʳʙʦʨ ʠʤʝʥʥʦ ʪʘʢʦʡ ʛʣʫʙʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʚʭʦʜʷʪ ʚ 

ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʦʟʜʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʢʦʤʧʣʝʢʩʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʝ ʠ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʚʠʜʝ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʦʯʚʝʥʥʦʡ ʙʠʦʪʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ  ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʵʥʝʨʛʠʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉɽʈ-01 çElvaXè. 

ʉʧʝʢʪʨʦʤʝʪʨ ʩʦʩʪʦʠʪ ʠʟ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʩ ʨʘʙʦʯʝʡ ʢʘʤʝʨʦʡ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʶʪʩʷ ʠʟʤʝʨʷʝʤʳʝ ʦʙʨʘʟʮʳ, 

ʠ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ElvaX Software 2.4 ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ. ʉʧʝʢʪʨʦʤʝʪʨ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʤʝʥʪʳ ʦʪ S (Z= 16) ʜʦ U (Z= 92). ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʝʪ 20ï1200 ʩ. 

ɼʦʧʫʩʪʠʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʦ 30 %. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʄɺʀ.ʄʅ 4092ï2011, 

ʫʪʚʝʨʞʜʸʥʥʦʡ ɹʝʣɻʀʄ. [1ï5] 

 
ʊʘʙʣʠʮʘ 1 ï ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ, ʤʛ/ʢʛ  

 

ʄʝʩʪʦ ʦʪʙʦʨʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

Mo Zn Cd Pb Hg Cu Cr Mn Sr 

ʈʋʇ çɻʨʦʜʥʝʥʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʢʦʞʝʚʝʥʥʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝè ï ʩʨʝʜʥʝʝ 

6,2 225,0 25,0 20,0 2,0 37,5 400,0 440,0 99,0 

ʆɸʆ çɻʨʦʜʥʝʥʩʢʠʡ 

ʤʷʩʦʢʦʤʙʠʥʘʪè ï ʩʨʝʜʥʝʝ 
17,0 34,0 18,0 10,0 4,5 28,0 115,0 458,0 145,0 

ʆɸʆ çɹʝʣʊɸʇɸɿè ï ʩʨʝʜʥʝʝ 15,0 ï ï ï ï 27,0 150,0 370,0 82,0 



30  ȺȰȷ XXVI : ɒɆɘɋɖɎɆɑɡ ɐɔɓɚɋɖɋɓɜɎɎ. ï ȩɖɔɊɓɔ: ȩɖȩȹ, 2018 
 

 

ʌʠʣʠʘʣ ˉ5  

çɻʨʦʜʥʝʥʩʢʠʡ ʂʉʄè  

ʆɸʆ 

çʂʨʘʩʥʦʩʝʣʴʩʢʩʪʨʦʡʤʘʪʝʨʠʘʣʳè, 

ʢʘʨɹʝʨʳ ï ʩʨʝʜʥʝʝ 

15,0 63,3 10,1 10,5 5,6 40,0 90,8 300,0 91,0 

ɿʘʚʦʜ ɾɹʂ ʆɸʆ 

çɻʨʦʜʥʦʧʨʦʤʩʪʨʦʡè, ʘʩʬʘʣʴʪʥʳʡ 

ʫʯʘʩʪʦʢ ï ʩʨʝʜʥʝʝ 

17,0 ï ï ï ï 19,4 11,2 464,0 82,0 

ʆɸʆ çɻʨʦʜʥʦ ʍʠʤʚʦʣʦʢʥʦè ï 

ʩʨʝʜʥʝʝ 
15,5 25,0 25,4 7,3 1,6 17,0 22,0 298,0 87,0 

ʆɸʆ çɻʨʦʜʥʦ ɸʟʦʪè ï ʩʨʝʜʥʝʝ 8,3 16,0 15,7 7,0 2,1 16,0 110,0 376,0 82,0 

ʈɼʋʇ çɹʝʣʦʨʫʩʥʝʬʪʴ ï 

ɻʨʦʜʥʦʦʙʣʥʝʬʪʝʧʨʦʜʫʢʪè 

(ʥʝʬʪʝʙʘʟʘ) ï ʧʨʦʤʟʦʥʘ, ʩʨʝʜʥʝʝ 

5,8 ï ï ï ï 35,0 121,0 359,0 132,0 

ʇʦʩʝʣʦʢ çɿʘʨʠʮʘè (ʯʠʩʪʘʷ ʟʦʥʘ) ï 

ʩʨʝʜʥʝʝ 
5,3 14,0 25,0 6,0 2,0 12,6 71,5 268,0 69,0 

ʇɼʂ ʠ ʆɼʂ, ʤʛ/ʢʛ [6] > 1,5 23,0 
3,0 ï 

8,0 
32,0 2,1 3,0 6,0 1500,0 675,0 

ʌʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ, 

ʤʛ/ʢʛ [6] 

1,5 49,0 - 19,0 - 23,0 140,0 650,0 - 

 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʧʦʯʚ ʛ. ɻʨʦʜʥʦ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʷʚʣʷʶʪʩʷ 

ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ: I ʢʣ. ʦʧ. (Cd, Hg, Pb, Zn), II  ʢʣ. ʦʧ. (Mo, Cu, Cr), ʠ III  ʢʣ. ʦʧ. 

(Mn, Sr). ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠʤʝʝʪ ʦʪʯʝʪʣʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʦ ʚʨʝʤʝʥʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʳʰʴʷʢ, 

ʢʘʜʤʠʡ, ʨʪʫʪʴ, ʩʚʠʥʝʮ, ʩʝʣʝʥ, ʮʠʥʢ, ʢʦʙʘʣʴʪ, ʥʠʢʝʣʴ, ʤʦʣʠʙʜʝʥ, ʤʝʜʴ, ʭʨʦʤ, ʙʘʨʠʡ, ʚʘʥʘʜʠʡ, ʚʦʣʴʬʨʘʤ, 

ʤʘʨʛʘʥʝʮ, ʩʪʨʦʥʮʠʡ, ʯʪʦ  ʠ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. 
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Today the problem of environmental from technogenic sources of infection is relevant. Fast and precise methods of the 

analysis are necessary for monitoring of safety of the biosphere and health protection of the person. An efficient research technique 

of element structure is the X-ray fluorescence analysis (EDXRF) allowing to obtain in short terms precise informations about 

structure of elements in various objects. 
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ʉʇɽʂʊʈɸʃʔʅʆ-ʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉɺʆʁʉʊɺɸ ʅʆɺʆɻʆ ɹɽʅɿʊʀɸɿʆʃʆɺʆɻʆ ʂʈɸʉʀʊɽʃʗ 

 
ʀʟʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʦʛʦ ʙʝʥʟʪʠʘʟʦʣʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʪʠʦʬʣʘʚʠʥʘ ʊ, ʦʪ ʚʷʟʢʦʩʪʠ ʠ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʡ ʢʨʘʩʠʪʝʣʴ, ʪʘʢʞʝ ʢʘʢ 

ʠ ʪʠʦʬʣʘʚʠʥ ʊ, ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʪʦʨʘ. 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʘʤʠʣʦʠʜʥʳʭ ʬʠʙʨʠʣʣ, ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ 

ʪʷʞʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʇʘʨʢʠʥʩʦʥʘ, ʢʘʪʘʨʘʢʪʘ, 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʘʷ ʤʠʝʣʦʤʘ, ʧʨʠʦʥʥʳʝ ʙʦʣʝʟʥʠ ʠ ʜʨʫʛʠʝ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʚʷʟʘʥʦ ʩ ʥʝʧʨʘʚʠʣʴʥʳʤ ʩʚʦʨʘʯʠʚʘʥʠʝʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʙʝʣʢʘ, ʧʨʠʚʦʜʷʱʝʤʫ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʠʣʦʠʜʥʳʭ ʬʠʙʨʠʣʣ. ɼʣʷ ʜʝʪʝʢʮʠʠ ʘʤʠʣʦʠʜʥʳʭ ʬʠʙʨʠʣʣ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ  

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʟʦʥʜ ʪʠʦʬʣʘʚʠʥ ʊ (ThT) [1]. ʅʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ThT ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ 

ʬʣʫʦʨʝʩʮʠʨʫʝʪ ʚ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (~ 480 ʥʤ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʯʝʚʠʜʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʠʩʢʘ ʥʦʚʳʭ, 

ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʩʝʣʝʢʪʠʚʥʦ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʦʛʦ 

ʙʝʥʟʪʠʘʟʦʣʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ, 3-ʩʫʣʴʬʦʧʨʦʧʠʣ-5-ʤʝʪʦʢʩʠ-2-[3-(3,5-ʜʠʵʪʠʣ-2-ʙʝʥʟʦʪʠʘʟʦʣʠʜʝʥʝ)-1-ʧʨʦʧʠʝʥʠʣ]-

ʙʝʥʟʦʪʠʘʟʦʣʠʡ (Th-C11), ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʛʣʦʱʝʥʠʝʤ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

Th-C11 (ʨʠʩ. 1) ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʪʠʦʬʣʘʚʠʥʘ ʊ. ɺ ʩʦʩʪʘʚ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʚʭʦʜʷʪ 2 ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ (ʉʅ3), 

2 ʤʝʪʠʣʝʥʦʚʳʝ ʛʨʫʧʧʳ (ʉʅ2) ʠ 2 ʢʦʣʴʮʘ ʪʠʘʟʦʣʘ ï ʧʷʪʠʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʚʫʤʷ 

ʛʝʪʝʨʦʘʪʦʤʘʤʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ï ʘʪʦʤ N, ʘ ʚʪʦʨʦʡ ï ʘʪʦʤ S. ThT ʩʦʜʝʨʞʠʪ 4 ʤʝʪʠʣʴʥʳʝ (ʉʅ3) ʛʨʫʧʧʳ, 2 ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʩʚʷʟʴ ʩ ʘʪʦʤʦʤ N, 2 ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʴʮʘ ʠ 1 ʢʦʣʴʮʦ ʪʠʘʟʦʣʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʤʦʣʝʢʫʣʳ Th-C11 

 

ʂʘʢ ʚ ThT, ʪʘʢ ʠ ʚ Th-C11 ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʤʦʣʝʢʫʣ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʷʟʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʵʪʠ ʬʨʘʛʤʝʥʪʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʝʢʫʣʦʡ Thʊ ʚ ʤʦʣʝʢʫʣʝ Th-C11 ʜʣʠʥʘ ʩʚʷʟʳʚʘʶʱʝʡ 

ʮʝʧʦʯʢʠ ʙʦʣʴʰʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ Th-C11 ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʤʝʨʥʳʭ ʬʦʨʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ Th-C11 ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (ʚʦʜʘ, ʵʪʘʥʦʣ, ʤʝʪʘʥʦʣ, 1-

ʧʝʥʪʘʥʦʣ, ʛʣʠʮʝʨʠʥ, DMCO, ʜʠʦʢʩʘʥ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ThT ʟʘʚʠʩʷʪ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʀʟ ʨʠʩ. 

2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ 

ʤʘʢʩʠʤʫʤʦʚ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʦʪ 577 ʥʤ ʫ ʜʠʦʢʩʘʥʘ ʜʦ 553 ʥʤ ʫ ʚʦʜʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʷʨʥʳʭ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʩ ʜʠʧʦʣʷʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [2, 3], ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, 

ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʪʦʨʩʠʦʥʥʦʤʫ ʚʨʘʱʝʥʠʶ ʢʦʣʝʮ.  

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʢʨʘʩʠʪʝʣʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʛʦ ʤʦʣʝʢʫʣʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʦʪʦʨʦʚ 

[4]. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ) ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʦʪʦʨʦʚ ʠʩʧʳʪʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ ʨʦʩʪʦʤ ʚʷʟʢʦʩʪʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ Th-C11 ʦʪ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʣʠʮʝʨʠʥ ʠ ʤʝʪʘʥʦʣ. ɺʳʙʦʨ ʜʘʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʪʝʣʴʥʦʩʪʝʡ  

(Ůʛʣʠʮ= 42,5, Ůʤʝʪ= 32,63) ʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʟʥʘʯʝʥʠʷʤʠ ʚʷʟʢʦʩʪʠ (ɖʛʣʠʮ= 934 ʤʇʘÖʩ, ɖʤʝʪ= 0,544 ʤʇʘÖʩ). ʂʘʢ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ ʩ ɚ= 589 ʥʤ ʚ ʛʣʠʮʝʨʠʥʝ 

ʜʦ ɚ= 612,9 ʥʤ ʚ ʤʝʪʘʥʦʣʝ.  
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ʈʠʩʫʥʦʢ 2 ï ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ Th-C11 ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: 1 ï ʜʠʦʢʩʘʥ, 2 ï ʤʝʪʘʥʦʣ,  

3 ï ʧʝʥʪʘʥʦʣ, 4 ï ʚʦʜʘ, 5 ï ɸʌ 

ʈʠʩʫʥʦʢ 3 ï ʉʧʝʢʪʨ ʠʩʧʫʩʢʘʥʠʷ Th-C11 ʚ ʛʣʠʮʝʨʠʥʦʚʦ-

ʤʝʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

çʛʣʠʮʝʨʠʥ-ʤʝʪʘʥʦʣè (% ï ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ ʚ ʨʘʩʪʚʦʨʝ) 

ʠ ʚ ʤʝʪʘʥʦʣʝ 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʨʘʩʪʚʦʨʝ ʩ 97 % ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʮʝʨʠʥʘ (90,6 ʫʩʣ.ʝʜ.), ʘ ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʠ 30 % ʩʦʜʝʨʞʘʥʠʠ ʛʣʠʮʝʨʠʥʘ  

(10,34 ʫʩʣ.ʝʜ.) ʚ ʨʘʩʪʚʦʨʝ, ʚ ʯʠʩʪʦʤ ʤʝʪʘʥʦʣʝ ʠʩʧʫʩʢʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 4,26 ʫʩʣ.ʝʜ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʚʣʠʷʥʠʝʤ ʚʷʟʢʦʩʪʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʪʦʨʩʠʦʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ [5]. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʠ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪ 

ʚ̫ ʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʚʠʜʝ 1/q-1= f(T/ɖ), ʛʜʝ q ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ, T ʠ  

h ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʚ ʛʣʠʮʝʨʠʥʦʚʦ-ʤʝʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ 293 ʂ ʚʝʣʠʯʠʥʘ 1/q ï 1 ʜʣʷ Th-C11 ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʚʝʣʠʯʠʥʝ T/h. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʪʘʢʠʭ ʨʘʩʪʚʦʨʘʭ ʢʦʥʩʪʘʥʪʘ ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʨʩʠʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʝʡ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʦʛʨʘʥʠʯʝʥʠʝ (ʪʦʨʤʦʞʝʥʠʝ) ʪʦʨʩʠʦʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ Th-C11, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʚʳʡ ʢʨʘʩʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʨʦʪʦʨʦʤ. ɽʛʦ 

ʩʚʦʡʩʪʚʘ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʷʟʢʦʩʪʠ ʠ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ: ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ 

ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ. 
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ʉʊʈʋʂʊʋʈɸ ʀ ʌɸɿʆɺʓʁ ʉʆʉʊɸɺ ʉʀʉʊɽʄʓ Ti-Nb-Si, ʆɹʈɸɹʆʊɸʅʅʆʁ 

ʂʆʄʇʈɽʉʉʀʆʅʅʓʄʀ ʇʃɸɿʄɽʅʅʓʄʀ ʇʆʊʆʂɸʄʀ 

 
ʇʨʝʜʣʦʞʝʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʩʠʣʠʮʠʜʦʚ ʥʠʦʙʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ 

ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʨʘʩʪʫʱʝʡ ʨʦʣʴʶ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʩʪʦʠʪ 

ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, ʚ ʨʘʙʦʪʝ ʢʦʪʦʨʳʭ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ. ʃʦʧʘʪʢʠ 

ʪʫʨʙʠʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʪʠʪʘʥʘ ʠʣʠ ʝʛʦ ʩʧʣʘʚʦʚ, ʪʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ, ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʂʇɼ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʦʢ, ʘ ʝʛʦ 

ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʧʘʪʦʢ ʥʘ 

ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʯʘʩʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʣʠʮʠʜʳ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʩʠʣʠʮʠʜʦʚ ʥʠʦʙʠʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ (ʂʇʇ).  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʣʘʚ ʪʠʪʘʥʘ ɺʊ1-0, ʥʘ ʢʦʪʦʨʳʡ ʥʘʥʦʩʠʣʠʩʴ ʧʦʢʨʳʪʠʷ 

ʢʨʝʤʥʠʷ (ʪʦʣʱʠʥʘ 1 ʤʢʤ) ʠ ʥʠʦʙʠʷ (ʪʦʣʱʠʥʘ 2 ʤʢʤ). ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʢʨʝʤʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 

ʨʘʩʧʳʣʝʥʠʠ ʢʨʝʤʥʠʝʚʦʡ ʤʠʰʝʥʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʩʘʞʜʝʥʠʝ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʪʠʪʘʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʤʠʰʝʥʠ. ʇʦʢʨʳʪʠʝ ʥʠʦʙʠʷ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ Si/Ti ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ 

ʦʩʘʞʜʝʥʠʷ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʠʩʪʝʤʘ Nb/Si/Ti ʧʦʜʚʝʨʛʘʣʘʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʂʇʇ, 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʦʩʪʘʪʦʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ (ʜʘʚʣʝʥʠʝ 3 ʪʦʨʘ). ʆʙʨʘʙʦʪʢʘ ʂʇʇ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ʥʘ ʩʠʩʪʝʤʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 4,0 ʢɺ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 12 ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʜʦ ʵʣʝʢʪʨʦʜʘ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʂʇʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʯʠʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ (ʦʪ 1 ʜʦ 3), ʧʨʠ ʵʪʦʤ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʛʦ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʣʘ 100 ʤʢʩ.  

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (PCA) ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku Ultima IV ʚ ʛʝʦʤʝʪʨʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʫʯʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ɚ=0,15418 ʥʤ).  

ʉʦʛʣʘʩʥʦ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʠʪʘʥ ʂʇʇ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʣʘʚʠʪʴ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʞʠʜʢʦʬʘʟʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʪʠʪʘʥʘ ʠ ʥʘʥʝʩʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʡʩʷ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʣʘʚ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜʣʦʞʢʠ (ʪʠʪʘʥʘ), ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. 

ɺʘʨʴʠʨʫʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʘʝʤʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʫ ʥʘʥʦʩʠʤʳʭ 

ʧʦʢʨʳʪʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʢ ʵʣʝʤʝʥʪʥʳʡ, ʪʘʢ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Ti-Si (ʙʝʟ ʧʦʢʨʳʪʠʷ Nb), 

ʦʙʨʘʙʦʪʘʥʥʘʷ ʂʇʇ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ 

ʧʦʢʨʳʪʠʷ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʪʠʪʘʥʦʤ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʣʠʮʠʜ ʪʠʪʘʥʘ 

Ti5Si3. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʦʙʥʘʨʫʞʝʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʨʝʤʥʠʶ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʣʠʰʴ ʯʘʩʪʴ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʢʨʝʤʥʠʷ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʣʠʮʠʜʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Si-Ti ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʂʇʇ 

 



34  ȺȰȷ XXVI : ɒɆɘɋɖɎɆɑɡ ɐɔɓɚɋɖɋɓɜɎɎ. ï ȩɖɔɊɓɔ: ȩɖȩȹ, 2018 
 

 

ʆʙʥʘʨʫʞʝʥʥʳʡ ʩʠʣʠʮʠʜ (Ti5Si3) ʠʤʝʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʨʝʰʸʪʢʫ ʧʘʨʘʤʝʪʨʳ ,ʢʦʪʦʨʦʡ ʘ= 7,454¡ ʩ= 5,916¡.  

ʎʝʣʴʶ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʂʇʇ ʥʘ ʩʠʩʪʝʤʫ Ti-Si (ʙʝʟ ʧʦʢʨʳʪʠʷ Nb) ʷʚʣʷʣʦʩʴ ʣʝʛʠʨʦʚʘʥʠʝ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʠʪʘʥʘ ʢʨʝʤʥʠʝʤ ʠ ʠʩʢʣʶʯʝʥʠʝ ʝʛʦ ʦʪʩʣʘʠʚʘʥʠʝ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʷ ʥʠʦʙʠʷ.  

ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʂʇʇ ʥʘ ʪʠʪʘʥ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʢʨʝʤʥʠʝʤ ʩ ʥʘʥʝʩʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʥʠʦʙʠʷ, ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʢʨʳʪʠʷ ʥʠʦʙʠʷ (ʨʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʩʠʩʪʝʤʳ Ti-Si-Nb ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʜʥʠʤ ʠʤʧʫʣʴʩʦʤ (1)  

ʠ ʪʨʝʤʷ ʠʤʧʫʣʴʩʘʤʠ (2) ʂʇʇ 

 

ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʘʟʳ 

ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʩ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ (ŭ-TiN), ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʣʠʥʠʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʨʠ ʫʛʣʘʭ ʜʠʬʨʘʢʮʠʠ 36,66 ʠ 42,59 ʛʨʘʜʫʩʘ. ʇʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʜʘʥʥʦʛʦ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ ʘ = 4,2151 ¡ 

(ʧʦʩʣʝ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚʦʟʜʝʡʩʪʚʠʷ ʂʇʇ) ʠ ʘ = 4,1956 ¡ (ʧʦʩʣʝ ʪʨʝʭ ʠʤʧʫʣʴʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ). ʉʦʛʣʘʩʥʦ [1], 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʦʪʘ ʠʟ ʦʩʪʘʪʦʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʘ = 4,2000 ¡. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʳʤ ʪʠʪʘʥʦʤ ʤʦʞʝʪ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʨʝʤʥʠʷ ʠ ʥʠʦʙʠʷ, ʘʪʦʤʳ ʢʦʪʦʨʳʭ, ʚʩʪʨʘʠʚʘʷʩʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʥʠʪʨʠʜʘ, 

ʠʟʤʝʥʷʶʪ ʝʝ ʧʘʨʘʤʝʪʨ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʬʘʟʳ ʥʠʦʙʠʷ (ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʣʠʥʠʷ ʧʨʠ ʫʛʣʝ 

ʜʠʬʨʘʢʮʠʠ 38,82 ʛʨʘʜʫʩʘ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ ʂʇʇ ʜʦ ʪʨʝʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʘʥʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʣʠʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʜʘʥʥʦʡ ʬʘʟʳ.  

ʇʨʦʠʟʚʝʜʷ ʨʘʩʯʝʪ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʸʪʢʠ ʥʠʦʙʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʘ=3.3108¡: 

ʊʘʢ ʢʘʢ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʙʣʠʯʥʦʤʫ ʟʥʘʯʝʥʠʶ ʬʘʟʳ ʥʠʦʙʠʷ, ʪʦ ʧʦʷʚʣʝʥʠʝ ʜʘʥʥʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʣʠʥʠʠ ʩʚʷʟʘʥʦ ʩ ʥʝʨʘʩʧʣʘʚʣʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʜʦʣʷ 

ʥʝʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ Ti-Nb-Si ʩʧʣʘʚʦʚ c ʧʦʤʦʱʴʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ. ʇʨʠʯʝʤ, ʠʟʤʝʥʷʷ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʷʪʴ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʬʘʟ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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In this work, it was proposed to form an alloy based on titanium with the inclusion of niobium silicides using compression 

plasma flows. 
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ɼ. ɺ. ɾɽʃʋɼʂɽɺʀʏ 

 

ʕɺʆʃʖʎʀʗ ʂʈʀʉʊɸʃʃʀʏɽʉʂʆʁ ʉʊʈʋʂʊʋʈʓ ʀ ʇʔɽɿʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʉʆʉʊɸɺʆɺ ɺɹʃʀɿʀ ʌɸɿʆɺʆʁ ɻʈɸʅʀʎʓ ʈʆʄɹʆʕɼʈ-ʆʈʊʆʈʆʄɹ 

 
ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ  

( ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʦʚ ʠʟ ʧʦʣʷʨʥʦʡ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʚ ʥʝʧʦʣʷʨʥʫʶ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʠʟʤʝʨʝʥʥʳʡ ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʴʝʟʦʦʪʢʣʠʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʙʣʠʟʠ ʤʦʨʬʦʪʨʦʧʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚʙʣʠʟʠ ʤʦʨʬʦʪʨʦʧʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ (ʄʌɻ) [1-4]. ʊʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʤʝʶʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ ʚʠʩʤʫʪʘ ʠʦʥʘʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ 

ʷʯʝʡʢʠ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʬʘʟʫ. 

ʉʨʝʜʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʟʘʤʝʱʝʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʩʪʘʚʳ ʩ ʟʘʤʝʱʝʥʠʝʤ ʠʦʥʘʤʠ ʩʘʤʘʨʠʷ. ʄʘʣʳʡ ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʠʦʥʦʚ ʩʘʤʘʨʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʪʦʤʫ, ʯʪʦ ʦʙʣʘʩʪʴ ʜʚʫʭʬʘʟʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʦʤʙʦʵʜʨ-ʦʨʪʦʨʦʤʙ ʩʫʞʘʝʪʩʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʦʩʪʘʚʦʚ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ (ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʜʘʚʣʝʥʠʝ ʠ ʜʨ.). 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ 

ʟʘʤʝʱʝʥʥʦʛʦ ʠʦʥʘʤʠ ʩʘʤʘʨʠʷ ʩ ʩʦʩʪʘʚʘʤʠ ʚʙʣʠʟʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʨʦʤʙʦʵʜʨ-ʦʨʪʦʨʦʤʙ, 

ʦʧʨʝʜʝʣʝʥʘ ʵʚʦʣʶʮʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʉʠʥʪʝʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ    ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʠʥʪʝʟʘ ʠʟ ʠʩʭʦʜʥʳʭ ʦʢʩʠʜʦʚ, , .  ʊʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʦʚ ʩ ʟʘʤʝʱʝʥʠʝʤ ʠʦʥʘʤʠ 

ʩʘʤʘʨʠʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 950 ï 1000  ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʘʤʘʨʠʷ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Rigaku D/MAX -B ʠ ɼʈʆʅ-3ʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ -ʠʟʣʫʯʝʥʠʷ. 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʩʪʘʚʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʴʝʟʦʦʪʢʣʠʢʘ (ʉʄʇ) ʩ 

ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ NTEGRA Prima (NT-MDT) c ʧʨʠʣʦʞʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 5 V ʠ 

ʯʘʩʪʦʪʦʡ 100 kHz. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʘ  ʙʳʣʘ ʦʮʝʥʝʥʘ 

ʵʚʦʣʶʮʠ ̫ʬʘʟ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30   ʜʦ 400  ʅʘ ʨʠʩ.1 ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʠ ʥʝʧʦʣʷʨʥʦʡ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 

ʬʘʟ.  

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʩʦʩʪʘʚʘ   ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 30 ï 400  

 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30ï200   ʧʨʝʦʙʣʘʜʘʶʱʝʡ 

ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʬʣʝʢʩʳ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʥʝʧʦʣʷʨʥʦʡ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ-ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 


