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ʇʦʩʚʷʱʘʝʪʩʷ 110-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ  

ʂʠʨʴʷʰʢʠʥʦʡ ɿʠʥʘʠʜʳ ʀʚʘʥʦʚʥʳ ï ʧʝʨʚʦʛʦ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ 

ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

 

 

ɿʀʅɸʀɼɸ ʀɺɸʅʆɺʅɸ ʂʀʈʔʗʐʂʀʅɸïʆʈɻɸʅʀɿɸʊʆʈ ʅɸʋʂʀ ʀ 

ʆɹʈɸɿʆɺɸʅʀʗ, ʀɿɺɽʉʊʅʓʁ ʉʆɺɽʊʉʂʀʁ ʋʏɽʅʓʁ,  

ʇɽʈɺɸʗ ɿɸɺɽɼʋʖʑɸʗ ʂɸʌɽɼʈʆʁ ʌʀɿʀʂʀ ʊɺɽʈɼʆɻʆ ʊɽʃɸ 

 

ɸʣ.ɺ. ʉʢʨʠʧʘʣʴ 

ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

E-mail: skripala_v@info.sgu.ru 
 

ɸʥʥʦʪʘʮʠʷ: ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʂʠʨʴʷʰʢʠʥʘï ʩʦʚʝʪʩʢʠʡ ʭʦʟʷʡʩʪʚʝʥ-

ʥʳʡ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠ ʧʦʣʠʪʠʯʝʩʢʠʡ ʜʝʷʪʝʣʴ, ʦʨʛʘʥʠʟʘʪʦʨ ʥʘʫʢʠ ʠ ʦʙʨʘ-

ʟʦʚʘʥʠʷ, ʠʟʚʝʩʪʥʳʡ ʫʯʝʥʳʡ, ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʉʌʉʈ, ʜʦʢʪʦʨ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʝʨʚʘʷ ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ 

ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʉʘʨʘʪʦʚʩʢʦʛʦ ʦʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ʟʥʘʤʝʥʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠ ʧʦʣʠʪʠʯʝʩʢʠʡ ʜʝʷʪʝʣʴ, ʦʨʛʘʥʠʟʘ-

ʪʦʨ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʫʯʸʥʳʡ ʠ ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, ɿʠʥʘʠʜʘ ʀʚʘ-

ʥʦʚʥʘ ʂʠʨʴʷʰʢʠʥʘ 

 

 
 

10.05.1914ï15.01.1985 

 

10 ʤʘʷ 2024 ʛʦʜʘ ʠʩʧʦʣʥʠʣʦʩʴ 110 ʣʝʪ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɿʠʥʘʠʜʳ 

ʀʚʘʥʦʚʥʳ ʂʠʨʴʷʰʢʠʥʦʡ ï ʩʦʚʝʪʩʢʦʛʦ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ 
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ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʜʝʷʪʝʣʷ, ʦʨʛʘʥʠʟʘʪʦʨʘ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʟʚʝʩʪʥʦʛʦ 

ʫʯʝʥʦʛʦ, ɿʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʈʉʌʉʈ, ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ, ʧʝʨʚʦʡ ʟʘʚʝʜʫʶʱʝʡ ʢʘʬʝʜʨʦʡ ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʉʘʨʘʪʦʚʩʢʦʛʦ ʦʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ʟʥʘʤʝʥʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ[1ï11]. 

ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʨʦʜʠʣʘʩʴ 10 ʤʘʷ 1914 ʛ. ʚ ʛ. ʉʘʨʘʪʦʚʝ. ɺ 1930 ʧʦ-

ʩʣʝ ʦʢʦʥʯʘʥʠʷ ʰʢʦʣïrʜʝʚʷʪʠʣʝʪʢʠ ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠʟʙʳ ï ʯʠʪʘʣʴʥʠ ʥʘ ʭʫʪʦʨ ɼʦʣʛʦʚʩʢʠʡ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘ-

ʩʪʠ. ɺ 1931 ʛʦʜʫ ʨʘʡʢʦʤʦʤ ʢʦʤʩʦʤʦʣʘ ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʙʳʣʘ ʢʦʤʘʥʜʠʨʦ-

ʚʘʥʘ ʥʘ ʫʯʝʙʫ ʚ ʉʘʨʘʪʦʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʚ ʵʪʦʤ ʞʝ ʛʦʜʫ ʦʥʘ ʩʪʘʣʘ ʩʪʫ-

ʜʝʥʪʢʦʡ ʬʠʟʠʢʦ- ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʉɻʋ. ʋʥʠʚʝʨʩʠʪʝʪ ɿʠʥʘʠʜʘ 

ʀʚʘʥʦʚʥʘ ʦʢʦʥʯʠʣʘ ʚ 1936 ʛʦʜʫ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʬʠʟʠʢʘè, ʟʘʱʠʪʠʚ ʜʠ-

ʧʣʦʤʥʫʶ ʨʘʙʦʪʫ ʥʘ ʪʝʤʫ çʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʟʘʢʠʩʠ ʤʝʜʠ ʚ ʧʦʨʦʰʢʘʭè. 

ʉʚʦʶ ʞʠʟʥʴ ʚ ʥʘʫʢʝ ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʘ ʥʘʯʘʣʘ ʚ ʉʘʨʘʪʦʚʩʢʦʤ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʥʘ ʢʘʬʝʜʨʝ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʚ ʜʦʣʞʥʦʩʪʠ ʘʩʩʠʩʪʝʥʪʘ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ ɿʠʥʘʠʜʳ ʀʚʘʥʦʚʥʳ ʬʦʨʤʠʨʦ-

ʚʘʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʟʚʝʩʪʥʦʛʦ ʫʯʸʥʦʛʦ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚ ʙʣʠʞʘʡʰʝʛʦ ʩʦʪʨʫʜʥʠʢʘ ɸ.ʌ. ʀʦʬʬʝ ï ɺʣʘʜʠʤʠʨʘ ʇʘʥʪʝʣʝʡʤʦʥʦʚʠʯʘ 

ɾʫʟʝ, ʨʘʙʦʪʘʚʰʝʛʦ ʩ 1935 ʛ. ʚ ʜʦʣʞʥʦʩʪʠ ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʉɻʋ. 

ɺ 1941 ʛʦʜʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʇ. ɾʫʟʝ ʚ ʉɻʋ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʧʝʮʠ-

ʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ɺ ʛʦʜʳ ɺʝʣʠʢʦʡ ʆʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʩ ʣʝʪʘ 1943 ʛ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʇ. ɾʫʟʝ, ʧʨʠ ʫʯʘʩʪʠʠ 

ʉ.ʕ. ʌʨʠʰ (ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʇ.ɺ. ɻʦʣʫʙʢʦʚʘ, 

ɿ.ʀ.ʂʠʨʴʷʰʢʠʥʦʡ ʠ ɺ.ɺ. ʀʛʦʥʠʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʘʤʠ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʠʷ ʘʮʝ-

ʪʠʣʝʥʘ ʚ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʧʦʣʫʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʪʠʧʘ. 

ʉ 1944 ʛʦʜʘ ʧʦʩʣʝ ʦʪʲʝʟʜʘ ɺ.ʇ. ɾʫʟʝ ʥʘ ʨʘʙʦʪʫ ʚ ʂʘʟʘʥʴ ʨʫʢʦʚʦʜʠʪʝ-

ʣʝʤ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩʪʘʣʘ ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʘ. 

ʈʘʙʦʪʘ ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʦʡ çʕʣʝʢʪʨʦʢʨʝʢʠʥʛ ʤʝʪʘʥʘ ʚ ʚʳʩʦʢʦʚʦʣʴʪ-

ʥʦʡ ʜʫʛʝè ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝ-

ʥʠ ʢʘʥʜʠʜʘʪʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʠ ʫʩʧʝʰʥʦ ʟʘʱʠʱʝʥʘ ʚ 1945ʛ. 

ʈʘʙʦʪʘʷ ʘʩʩʠʩʪʝʥʪʦʤ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʢʠ, ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʚʝʣʘ ʣʝʢ-

ʮʠʦʥʥʫʶ ʯʘʩʪʴ ʢʫʨʩʦʚ ʦʙʱʝʡ ʬʠʟʠʢʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ, ʨʘʟʜʝʣ 

ʢʫʨʩʘ ʦʙʱʝʡ ʬʠʟʠʢʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʠ ʤʝʭʘʥʠʢʦ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴ-

ʪʝʪʘʭ (ʦʧʪʠʢʘ ʠ ʚʚʝʜʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʬʠʟʠʢʫ) ʠ ʢʫʨʩ çʌʠʟʠʢʘ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚè ʥʘ  ʬʠʟʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭ-

ʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

 ɺ 1947 ʛʦʜʫ ɺɸʂ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʉʉʉʈ ʙʳ-

ʣʦ ʧʨʠʥʷʪʦ ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʦʙ ʫʪʚʝʨʞʜʝʥʠʠ ɿʠʥʘʠʜʳ ʀʚʘʥʦʚʥʳ ʚ ʫʯʝʥʦʤ 

ʟʚʘʥʠʠ ʜʦʮʝʥʪʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɿʠʥʘʠʜʳ ʀʚʘʥʦʚʥʳ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʧʦʣʫʯʠʚʰʠʝ ʰʠʨʦʢʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʧʦ ʩʦʟʜʘʥʠʶ ʩʦʚʤʝʩʪʥʦ ʩ 



14 
 

ɼ.ʀ. ɹʠʣʝʥʢʦ, ɺ.ɽ. ʆʨʣʦʚʳʤ ʠ ʖ.ɺ. ɹʫʨʘʢʦʚʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝ-

ʪʝʢʪʦʨʦʚ ʩ ʨʝʢʦʨʜʥʳʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ (ʧʦ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ). ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʢʦʥ-

ʩʪʨʫʢʮʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʨʘʤʦʯʥʳʡ ʵʣʝʤʝʥʪ ʩʚʷʟʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʰʠʨʦʢʦʧʦʣʦʩ-

ʥʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʩʙʦʨʢʠ ʜʠʦʜʘ. ʅʘ ʵʪʫ 

ʢʦʥʩʪʨʫʢʮʠʶ ʜʠʦʜʘ, ʢʘʢ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʚʪʦʨʩʢʦʝ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʦ. ʕʪʦ ʙʳʣʦ ʧʝʨʚʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʥʘ ʢʘʬʝʜʨʝ ʠ ʣʘʙʦʨʘʪʦʨʠʠ.  

ʀʟʦʙʨʝʪʝʥʠʝ ʥʦʚʦʛʦ ʪʠʧʘ ʜʝʪʝʢʪʦʨʘ ʩʜʝʣʘʣʦ ʢʦʣʣʝʢʪʠʚ, ʨʘʙʦʪʘʚʰʠʡ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɿʠʥʘʠʜʳ ʀʚʘʥʦʚʥʳ, ʠʟʚʝʩʪʥʳʤ ʩʨʝʜʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ ʠ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʜʝʪʝʢ-

ʪʦʨʥʳʭ ʠ ʩʤʝʩʠʪʝʣʴʥʳʭ ʜʠʦʜʦʚ ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʠ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʤ 

ʜʠʘʧʘʟʦʥʘʭ ʨʘʜʠʦʚʦʣʥ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ ʛʦʨʦʜʦʚ ʄʦʩʢʚʳ, ʃʝʥʠʥʛʨʘʜʘ, ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ, ʍʘʨʴʢʦʚʘ, ʂʠʝʚʘ, 

ʊʫʣʳ, ʉʘʨʘʪʦʚʘ. 

ʉʚʦʝʛʦ ʨʦʜʘ ʦʮʝʥʢʦʡ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʚ 1957 ʛʦʜʫ ʧʨʠʢʘʟʦʤ 

ʄʠʥʠʩʪʨʘ ɺʆ ʉʉʉʈ ʧʨʦʙʣʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʢʦʪʦʨʦʡ ʩʪʘʣʘ ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʘ. ʆ ʩʦʟʜʘʥʠʠ ʚ ʉɻʋ ʧʨʦ-

ʙʣʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʝʨʝʜ ɸ.ʌ. ʀʦʬʬʝ, ʚʳʩʪʫʧʠʚʰʠʤ 

ʩ ʠʥʠʮʠʘʪʠʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʉʉʉʈ ʩʝʪʠ ʪʘʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʭʦʜʘʪʘʡʩʪʚʦ-

ʚʘʣ ɺ.ʇ. ɾʫʟʝ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʧʦʜʜʝʨʞʠʚʘʚʰʠʡ ʩʚʷʟʴ ʩ ʩʦ-

ʪʨʫʜʥʠʢʘʤʠ ʉɻʋ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʦʡ. 

ʉ ʥʘʯʘʣʘ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʚ ʣʘʙʦʨʘ-

ʪʦʨʠʠ ʚʳʧʦʣʥʷʣʠʩʴ ʚʘʞʥʝʡʰʠʝ ʅʀʈ, ʦʪʢʨʳʚʘʝʤʳʝ ʧʦ ʇʦʩʪʘʥʦʚʣʝʥʠʷʤ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ɺʆ ʉʉʉʈ ʠ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʉʉʉʈ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʜʝʪʝʢʪʦʨʥʳʭ ʠ ʩʤʝʩʠʪʝʣʴʥʳʭ ʜʠʦʜʦʚ ʩʫʙʤʠʣ-

ʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʢʦ ʦʮʝʥʠʣ ʄʠʥʠʩʪʨ ʦʙʦʨʦʥʳ ʉʉʉʈ, ʄʘʨʰʘʣ 

ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʈ.ʗ. ʄʘʣʠʥʦʚʩʢʠʡ ʚʦ ʚʨʝʤʷ ʩʚʦʝʛʦ ʚʠʟʠʪʘ ʚ ʣʘʙʦʨʘʪʦ-

ʨʠʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ɿʠʥʘʠʜʦʡ ʀʚʘʥʦʚʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʚ 

ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʦʪʦʨʫʶ ʦʥʘ ʟʘʱʠʪʠʣʘ ʚ 1967 ʛʦʜʫ. 

ʉ 1973ʛ. ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʩʪʘʣʘ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʦʪʜʝʣʘ 

ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʅʀʀʄʌ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ, ʢʨʦʤʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʚʦʰʣʘ ʣʘʙʦʨʘʪʦʨʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʙʣʝʤʥʦʡ ʚ 1962ʛ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʳ ʬʠʟʠ-

ʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ɼ.ʀ. ɹʠʣʝʥʢʦ. 

ɺ 1951 ʛʦʜʫ ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʙʳʣʘ ʥʘʟʥʘʯʝʥʘ ʟʘʚʝʜʫʶʱʝʡ ʢʘʬʝʜ-

ʨʦʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɺ ʵʪʦʡ ʜʦʣʞʥʦʩʪʠ ʦʥʘ ʧʨʦʨʘʙʦʪʘʣʘ ʜʦ 1985 ʛʦ-

ʜʘ. 

ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʘ ʙʳʣʘ ʠʥʠʮʠʘʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʚ ʉɻʋ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʷʚʣʝʥʠʡ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. ʈʘʙʦʪʫ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʚʦʟʛʣʘʚʣʷʣ ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʃ.ʀ. ɹʘʨʘʥʦʚ. 
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ʀʟʚʝʩʪʥʦʩʪʴ ʢʘʬʝʜʨʝ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʉɻʋ ʢʘʢ ʚʝʜʫʱʝʤʫ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʦʤʫ ʢʦʣʣʝʢʪʠʚʫ ʧʨʠʜʘʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ɿʠʥʘʠʜʳ 

ʀʚʘʥʦʚʥʳ ʚʧʝʨʚʳʝ ʚ ʉʉʉʈ ʧʨʦʛʨʘʤʤʳ ʢʫʨʩʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʦʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çʌʠʟʠʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚè (1979ʛ.). ɸʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʳ 

ʵʪʠʭ ʢʫʨʩʦʚ ʙʳʣʠ ʃ.ʀ. ɹʘʨʘʥʦʚ, ʩʦʪʨʫʜʥʠʢʠ ʢʘʬʝʜʨʳ ɿ.ʀ. ʆʨʥʘʪʩʢʘʷ. 

ɼ.ʀ. ɹʠʣʝʥʢʦ, ɺ.ʌ. ʅʘʟʚʘʥʦʚ, ɸ.ʄ. ʉʚʝʨʜʣʦʚʘ. ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʙʳʣʘ ʦʨ-

ʛʘʥʠʟʘʪʦʨʦʤ ʠ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʩʝʢʮʠʠ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢ-

ʪʨʠʢʦʚ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʉʦʚʝʪʘ ʄʠʥʚʫʟʘ ʉʉʉʈ. 

ʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ, ʨʫʢʦʚʦʜʠʤʦʛʦ ɿʠʥʘʠ-

ʜʦʡ ʀʚʘʥʦʚʥʦʡ, ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚ 1981ʛ. ʢʘʬʝʜʨʳ 

ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʢʦʪʦʨʫʶ ʚʦʟʛʣʘʚʠʣ ʝʝ ʫʯʝʥʠʢ ï ʧʨʦʬʝʩʩʦʨ 

ɹ.ʅ. ʂʣʠʤʦʚ. 

ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʦʙʣʘʜʘʣʘ ʦʛʨʦʤʥʳʤ ʪʘʣʘʥʪʦʤ ʦʨʛʘʥʠʟʘʪʦʨʘ, ʢʦʪʦ-

ʨʳʡ ʩʦʯʝʪʘʣʩʷ ʩ ʣʠʯʥʦʡ ʩʢʨʦʤʥʦʩʪʴʶ, ʙʝʟʟʘʚʝʪʥʳʤ ʠ ʙʝʩʢʦʨʳʩʪʥʳʤ ʩʣʫ-

ʞʝʥʠʶ ʜʝʣʫ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʦʤʫ ʦʥʘ 

ʧʦʩʚʷʪʠʣʘ ʩʚʦʶ ʞʠʟʥʴ, ʧʨʠʥʮʠʧʠʘʣʴʥʦʩʪʴʶ ʠ ʠʥʪʝʣʣʠʛʝʥʪʥʦʩʪʴʶ.  

ʉ 1952 ʧʦ 1955 ʛ.ʛ. ʠ ʩ 1974 ʧʦ 1976 ʛ.ʛ. ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʘ ʨʘʙʦʪʘʣʘ 

ʜʝʢʘʥʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʉɻʋ. 

ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʚ 1958 ʛʦʜʫ ʦʥʘ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʠ ʠʟʙʨʘʥʘ ʜʝʧʫ-

ʪʘʪʦʤ ʉʦʚʝʪʘ ʉʦʶʟʘ ɺʝʨʭʦʚʥʦʛʦ ʉʦʚʝʪʘ ʉʉʉʈ 5-ʛʦ ʩʦʟʳʚʘ. ɺ 1971 ʛ. ʦʥʘ 

ʠʟʙʠʨʘʣʘʩʴ ʜʝʣʝʛʘʪʦʤ 24 ʩʲʝʟʜʘ ʂʇʉʉ. ʊʨʫʜʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ɿʠʥʘʠʜʳ 

ʀʚʘʥʦʚʥʳ ʧʦ ʜʦʩʪʦʠʥʩʪʚʫ ʙʳʣʘ ʦʮʝʥʝʥʘ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʉʉʉʈ. ɺ 1961 ʛ. 

ʦʥʘ ʙʳʣʘ ʥʘʛʨʘʞʜʝʥʘ ʆʨʜʝʥʦʤ çɿʥʘʢ ʇʦʯʝʪʘè. ɺ 1971 ʛ. ï ʆʨʜʝʥʦʤ ʃʝʥʠʥʘ 

ï ʚʳʩʰʝʡ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʥʘʛʨʘʜʦʡ ʉʉʉʈ. ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʙʳʣʘ 

ʥʘʛʨʘʞʜʝʥʘ ʤʝʜʘʣʷʤʠ çɿʘ ʜʦʙʣʝʩʪʥʳʡ ʪʨʫʜ ʚ ʛʦʜʳ ɺʝʣʠʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʚʦʡʥʳè, çɺ ʦʟʥʘʤʝʥʦʚʘʥʠʝ 100-ʣʝʪʠʷ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɺ.ʀ. ʃʝʥʠʥʘè, 

çʊʨʠʜʮʘʪʴ ʣʝʪ ʧʦʙʝʜʳ ʚ ɺʝʣʠʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ 1941-1945 ʛ.ʛ.è. ɺ 

1980 ʛ. ʝʡ ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ ʟʚʘʥʠʝ çɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʉʌʉʈè. 

ɿʠʥʘʠʜʘ ʀʚʘʥʦʚʥʘ ʩʫʤʝʣʘ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʳ ʉʘʨʘʪʦʚʩʢʦʡ ʰʢʦʣʳ ʬʠ-

ʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʇʦʜ ʝʝ ʨʫʢʦ-

ʚʦʜʩʪʚʦʤ ʙʳʣʦ ʟʘʱʠʱʝʥʦ ʙʦʣʝʝ 25 ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ 1 ʜʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘ-

ʮʠʠ. ʄʥʦʛʠʝ ʠʟ ʝʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʫʯʝʥʠʢʦʚ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʜʦʢʪʦʨʘʤʠ 

ʥʘʫʢ, ʩʨʝʜʠ ʥʠʭ: ɹ.ʅ. ʂʣʠʤʦʚ, ɼ.ɸ. ʋʩʘʥʦʚ, ɺ.ʌ. ʅʘʟʚʘʥʦʚ, ɸ.ɻ. ʈʦʢʘʭ, 

ɸ.ʄ. ʉʚʝʨʜʣʦʚʘ, ɸʣ.ɺ. ʉʢʨʠʧʘʣʴ, ɸʥ.ɺ. ʉʢʨʠʧʘʣʴ, ʉ.ɹ. ɺʝʥʠʛ, 

ɸ.ʀ. ʄʠʭʘʡʣʦʚ, ʉ.ʉ. ɻʦʨʙʘʪʦʚ, ɸ.ɸ. ʉʝʤʸʥʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ɺ 1985 ʛʦʜʫ ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩʪʘʣ ʟʘ-

ʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʟʘʩʣʫʞʝʥʥʳʡ ʠʟʦʙʨʝʪʘ-

ʪʝʣʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʋʩʘʥʦʚ, ʚʦʟʛʣʘʚʣʷʚʰʠʡ ʢʘʬʝʜʨʫ ʜʦ 2019 ʛʦʜʘ. 

ʈʘʟʚʠʚʘʷ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʰʢʦʣʫ, ʫ ʠʩʪʦʢʦʚ ʢʦʪʦʨʦʡ ʩʪʦʷʣʠ 

ʚʳʜʘʶʱʠʝʩʷ ʫʯʝʥʳʝ ʠ ʦʨʛʘʥʠʟʘʪʦʨʳ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ɸ.ʌ. ʀʦʬʬʝ, 

ɺ.ʇ. ɾʫʟʝ, ɽ.ʌ. ɻʨʦʩʩʝ, ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʘ [1, 12ï14] ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦ-
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ʚʠʯ ʋʩʘʥʦʚ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʬʦʨʤʠ-

ʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ 1989 ʛʦʜʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʋʩʘʥʦʚʘ ɼ.ɸ. ʚ ʉʘʨʘʪʦʚʩʢʦʤ ʛʦʩʫʥʠ-

ʚʝʨʩʠʪʝʪʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʪʨʘʩʣʝʚʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʉʉʈ. 

ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚʧʝʨʚʳʝ ʚ ʉʘʨʘʪʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠ-

ʚʝʨʩʠʪʝʪʝ ʩ 1998ï1999 ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʦʪʢʨʳʪʘ ʧʦʜʛʦʪʦʚʢʘ ʙʘʢʘʣʘʚʨʦʚ, ʘ ʩ 

1999ï2000 ʫʯʝʙʥʦʤ ʛʦʜʫ ï ʧʦʜʛʦʪʦʚʢʘ ʤʘʛʠʩʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʕʣʝʢ-

ʪʨʦʥʠʢʘ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘè. ɺ 2000 ʛ. ʚ ʉɻʋ, ʚ ʯʠʩʣʝ ʧʝʨʚʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʙʳʣʘ ʦʪʢʨʳʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʴ çʄʝʜʠʮʠʥʩʢʘʷ ʬʠʟʠʢʘè. 

ɺ 2014 ʛʦʜʫ ʚ ʛʦʜ 100-ʣʝʪʠʷ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɿ.ʀ. ʂʠʨʴʷʰʢʠʥʦʡ ʙʳ-

ʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʚʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ çɺʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ, ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʤʝʪʘʤʘʪʝʨʠʘʣʘʤʠ ʠ ʙʠʦ-

ʦʙʲʝʢʪʘʤʠè, ʙʝʩʩʤʝʥʥʳʤ ʇʨʝʜʩʝʜʘʪʝʣʝʤ ʦʨʛʢʦʤʠʪʝʪʘ ʢʦʪʦʨʦʡ ʩ 2014 ʛ. ʧʦ 

2019 ʛ. ʷʚʣʷʣʩʷ ɼ.ɸ. ʋʩʘʥʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʢʘʬʝʜʨʘ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩ-

ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʪʘʣʘ ʠʟʚʝʩʪʥʦʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʘ ʉʘʨʘʪʦʚʩʢʠʡ 

ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ ʚ 2015 ʛʦʜʫ ʩʪʘʣ ʫʯʘʩʪʥʠʢʦʤ ʫʯʨʝʜʠʪʝʣʴʥʦʛʦ ʩʦʙʨʘʥʠʷ ɸʩ-

ʩʦʮʠʘʮʠʠ ʈʦʩʩʠʡʩʢʠʭ ʚʫʟʦʚ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʝ (ʕʂɹ). 

ʆʙʲʝʜʠʥʸʥʥʳʡ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʢʦʣʣʝʢʪʠʚ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʶʪ ʩʝʛʦʜʥʷ ʫʯʝʥʠʢʠ ɿʠʥʘʠʜʳ ʀʚʘʥʦʚʥʳ, ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʸ ʜʘʣʴ-

ʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, ʪʚʝʨʜʦ-

ʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉɺʏ, ʤʝʜʠʮʠʥʩʢʦʡ ʬʠʟʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠ-

ʩʪʨʘʪʫʨʳ çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘ-

ʮʠʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ ʤʠʢʨʦ- ʠ ʥʘʥʦ-

ʵʣʝʢʪʨʦʥʠʢʠ, ʢʚʘʥʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚè. ʉʧʝʮʠʘʣʠʩʪʳ ʵʪʦʛʦ ʧʨʦʬʠʣʷ ʚʦʩʪʨʝ-

ʙʦʚʘʥʳ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʛ. ʉʘʨʘʪʦʚʘ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʦʢʣʘʜʝ ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ çɸʣʤʘʟ-

ʌʘʟʦʪʨʦʥè ʢʘʢ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʝʘʣʠʟʘʮʠʶ ʧʝʨʝʜʦʚʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʠʥʪʝʟʘ ʠ ʧʨʠʝʤʘ ʉɺʏ ʩʠʛʥʘʣʦʚ ʥʘ 

ʙʘʟʝ ʮʠʬʨʦʚʳʭ ʠ ʘʢʫʩʪʦʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉɺʏ ʧʨʠʙʦʨ, ʩʠʥʪʝʟʘʪʦʨ ʯʘʩʪʦʪ, ʟʘʜʘʶʱʠʡ ʛʝʥʝ-

ʨʘʪʦʨ ʯʘʩʪʦʪ 

 

ɸʆ çʅʇʎ çɸʣʤʘʟ-ʌʘʟʦʪʨʦʥè ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʧʨʝʜʧʨʠʷ-

ʪʠʡ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʉɺʏ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɺ ʧʝʨʠʦʜ ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣʦ ʚʣʘʜʝʥʠʝ 

ʫʥʠʢʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʢʫʩʪʦʵʣʝʢʪʨʦʥ-

ʥʳʭ ʉɺʏ ʧʨʠʙʦʨʦʚ ʥʘ ʇɸɺ ʚ ʢʨʠʩʪʘʣʣʘʭ (ʬʠʣʴʪʨʦʚ, ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ, ʚʳ-

ʩʦʢʦʩʪʘʙʠʣʴʥʳʭ ʩʚʝʨʭʤʘʣʦʰʫʤʷʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ), ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉɺʏ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʠʟʜʝʣʠʡ, ʘ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ï ʧʨʠʤʝʥʝʥʠʝ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ  ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʩʫʙʤʠʢʨʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʉɺʏ 

ʩʭʝʤ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʥʦʣʠʪʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʣʘʟʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʦʪʦʰʘʙʣʦʥʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʣʠʪʦʛʨʘʬʠʠ ʠ ʧʨ. 

ʉʝʛʦʜʥʷ ʅʇʎ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʝʨʠʡʥʳʝ ʧʦʩʪʘʚʢʠ ʘʥʘʣʦ-

ʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʩʠʥʪʝʟʘʪʦʨʦʚ ʯʘʩʪʦʪ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʝʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʘʥʥʳʝ ʉɺʏ-ʩʠʥʪʝʟʘʪʦʨʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʝʨʝʜʘʪʯʠʢʘʭ ʙʦʨʪʦʚʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ ʨʦʩ-

ʩʠʡʩʢʦʡ ʘʚʠʘʮʠʠ. ʈʷʜ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʟʜʝʣʠʡ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʘʨʘʤʝʪʨʦʚ ï 

ʬʘʟʦʚʳʡ ʰʫʤ, ʫʨʦʚʝʥʴ ʧʘʨʘʟʠʪʥʳʭ ʩʧʝʢʪʨʘʣʥɹʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʨʝʤʷ ʠ 

ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ - ʙʳʣ ʧʨʠʟʥʘʥ ʢʦʤʠʩʩʠʝʡ ʧʦ ʧʨʠʝʤʢʝ ʦʧʳʪ-

ʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ (ʆʂʈ) ʢʘʢ ʧʨʝʚʦʩʭʦʜʷɦʠʡ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ. 

ʅʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʝʨʠʡ-

ʥʳʝ ʧʦʩʪʘʚʢʠ ʟʘʜʘʶʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ - ʮʠʬʨʦʚʳʭ ʩʠʥʪʝʟʘʪʦʨʦʚ ʯʘʩʪʦʪ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʞʠʤʦʚ "ʦʙʟʦʨ", "ʧʦʜʩʚʝʪ" ʠ ʨʘʜʠʦʢʦʨʨʝʢʮʠʠ ʚ ʤʥʦ-
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ʛʦʢʘʥʘʣʴʥʳʭ ʚʳʩʦʢʦʤʦʙʠʣʴʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ɼʘʥ-

ʥʳʝ ʉɺʏ-ʩʠʥʪʝʟʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʝʥʠʪʥʦ-ʨʘʢʝʪʥʳʭ 

ʩʠʩʪʝʤ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʤʥʦʛʦʢʘʥʘʣʴ-

ʥʦʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʝʤʦ-ʟʘʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʄʌʇɿʋ) ʩ 

ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʦʙʤʝʥʘ ʜʦ 12 ɻʙʠʪ/ʩ, ʘ ʪʘʢʞʝ ʙʣʦʢʘ ʦʧʦʨʥʳʭ ʯʘʩʪʦʪ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʛʦ ʩʠʥʭʨʦʥʥʫʶ ʨʘʙʦʪʫ ʥʝʩʢʦʣʴʢʠʭ ʄʌʇɿʋ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʯʘʩʪʦʪʳ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʚʦʜʦʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨ-

ʪʘ ʯʘʩʪʦʪʳ ʠ ʚʨʝʤʝʥʠ.  

ɺ ʨʘʤʢʘʭ ʆʂʈ ʧʨʝʜʧʨʠʷʪʠʝʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʙʳʩʪ-

ʨʦʜʝʡʩʪʚʫʶʱʠʡ ʩʠʥʪʝʟʘʪʦʨ ʯʘʩʪʦʪ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʬʘʟʦʚʦʛʦ ʰʫʤʘ. ʆʪ-

ʥʦʩʠʪʝʣʴʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʯʘʩʪʦʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ 

ʜʘʥʥʦʛʦ ʉɺʏ-ʩʠʥʪʝʟʘʪʦʨʘ ʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 12 ɻɻʮ ʧʨʠ ʦʪʩʪʨʦʡʢʝ 100 

ʢɻʮ ʩʦʩʪʘʚʣʷʝʪ ʤʠʥʫʩ 136 ʜɹʥ/ɻʮ. ɼʘʥʥʳʡ ʯʘʩʪʦʪʥʳʡ ʩʠʥʪʝʟʘʪʦʨ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʦʪ 0,8 ʜʦ 12,0 ɻɻʮ. ʆʥ ʦʩʥʘʱʝʥ ʚʩʪʨʦʝʥʥʦʡ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʴʶ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʭʨʘʥʠʪʴ 5601 ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ, ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʤʝʞʜʫ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʩ ʤʠʥʠ-

ʤʘʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ, ʥʘʯʠʥʘʷ ʦʪ 400 ʥʩ [2]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʉɺʏ-ʩʠʥʪʝʟʘʪʦʨʘʭ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʠʢʨʦʩʭʝʤʳ ʇʃʀʉ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʳ 

ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʯʘʩʪʦʪ (DDS). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʦʯʝʪʘʥʠʝ ʨʘʟ-

ʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ ʚʳʭʦʜʥʳʭ ʉɺʏ-ʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʷ ɸʀʄ, ʌʂʄ, 

ʐʌʂʄ, ʏʄ, ʃʏʄ, ɺʀʃʏʄ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʦʩʪʠ ʨʝʞʠʤʦʚ ʏʄ, ʃʏʄ, 

ɺʀʃʏʄ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʩʪʴ ʩʜʚʠʛʘ ʯʘʩʪʦʪ. 

ʅʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʉɺʏ-ʘʧʧʘʨʘʪʫʨʘ, ʚʢʣʶʯʘʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ 

ʚʦʣʥ. ɼʘʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʘ 

ʙʘʟʝ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʚʢʣʶʯʘʷ ʟʘʨʫʙʝʞʥʳʭ ʟʘʢʘʟʯʠʢʦʚ. ɹʣʘ-

ʛʦʜʘʨʷ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʝ ʧʣʘʥʠʨʫʝʪ ʚʳʡʪʠ ʥʘ 

ʨʳʥʦʢ ʧʝʨʝʜʦʚʦʡ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʉɺʏ-ʪʝʭʥʠʢʠ. 

ʅʇʎ ʠʥʠʮʠʠʨʫʝʪ ʆʂʈ ʠ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘ-

ʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʝʣʘ ʠ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʩʚʦʝʥʠʶ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʉɺʏ ʩʠʛʥʘʣʦʚ, ʩʦʟʜʘʥʠʝ ʥʘ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨ-

ʤʝ ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚ ʪ. ʯ. ʮʠʬʨʦʚʦʡ ʩʠʥʪʝʟ ʤʥʦʞʝ-

ʩʪʚʘ ʨʝʞʠʤʦʚ ʤʦʜʫʣʷʮʠʠ ʠ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ. ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʮʠʬʨʦʚʘʷ 

ʧʣʘʪʬʦʨʤʘ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʧʨʠʸʤʦ-

ʟʘʜʘʶʱʠʝ ʤʦʜʫʣʠ ʜʣʷ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ɹʈʃʉ ʚʝʨʪʦʣʝʪʦʚ, ʩʘʤʦʣʸʪʦʚ ʠ ʙʝʩ-
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ʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʣʘʥʠ-

ʨʫʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʠʥʠʮʠʘʪʠʚʥʦʡ ʆʂʈ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʚʝʨʭʤʘ-

ʣʦʰʫʤʷʱʝʛʦ ʚʠʙʨʦʟʘʱʠʱʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʇɸɺ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜ-

ʩʪʨʦʡʢʦʡ ʯʘʩʪʦʪʳ ʠ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʛʦʪʦʚʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʞʝʩʪʢʠʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʢʘʢ ʢʦʤʧʣʝʢʪʫ-

ʶʱʝʛʦ ʠʟʜʝʣʠʷ ʤʝʞʦʪʨʘʩʣʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʜʠʢʪʦʚʘʥʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʨʫ-

ʙʝʞʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʳ ʚ ʤʦʜʫʣʷʭ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ ʦʧʦʨʥʳʭ ʛʝʥʝʨʘʪʦ-

ʨʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʘ ʩ ʜʨʫ-

ʛʦʡ ʩʪʦʨʦʥʳ ʦʪʩʫʪʩʪʚʠʝʤ ʘʥʘʣʦʛʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠ-

ʷʤ (ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʝʨʤʦʫʜʘʨʳ, ʤʘʣʦʝ ʚʨʝʤʷ ʛʦ-

ʪʦʚʥʦʩʪʠ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʬʘʟʦʚʦʛʦ ʰʫʤʘ (1 ʢɻʮ -145ʜɹʥ/ɻʮ, 1 ʄɻʮ ï 178 

ʜɹʥ/ɻʮ), ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ), ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʠʩʪʦʯʥʠʢʘʤ ʦʧʦʨʥʳʭ ʩʠʛ-

ʥʘʣʦʚ ʚ ʘʚʠʦʥʠʢʝ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝ-

ʥʠʷ[3]. 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʥʘʫʢʦʸʤʢʠʭ ʩʠʥʪʝʟʘʪʦʨʦʚ ʉɺʏ ʜʠʘ-

ʧʘʟʦʥʘ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʧʨʠʥʮʠʧʫ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ, ʠʩʧʦʣʴʟʫ-

ʶʱʠʭ ʚ ʦʩʥʦʚʝ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʦʧʦʨʥʳʡ ʤʘʣʦʰʫʤʷʱʠʡ ʪʝʨʤʦ-

ʩʪʘʪʠʨʦʚʘʥʥʳʡ ʛʝʥʝʨʘʪʦʨ. ʉʠʛʥʘʣʳ ʉɺʏ ʜʠʘʧʘʟʦʥʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ ʠ ʜʦʙʘʚʣʝʥʠʷ çʩʝʪʢʠè ʧʝ-

ʨʝʢʣʶʯʘʝʤʳʭ ʯʘʩʪʦʪ çʧʦʜʩʪʘʚʦʢè. ɼʣʷ ʬʠʣʴʪʨʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʯʘ-

ʩʪʦʪ ʧʨʠʤʝʥʷʶʪʩʷ ʇɸɺ-ʬʠʣʴʪʨʳ ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʭ ʯʘʩʪʦʪʘʭ ʄʇʇ-ʬʠʣʴʪʨʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪ çʧʦʜʩʪʘʚʦʢè ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʇɸɺ-ʛʝʥʝʨʘʪʦʨʘʤʠ ʠʣʠ ʩʭʝʤʦʡ ʮʠʬʨʦʚʳʭ ʜʝʣʠʪʝʣʝʡ ʯʘʩʪʦʪ, ʩʦʜʝʨ-

ʞʘʱʠʭ ʢʦʤʤʫʪʠʨʫʝʤʳʝ ʇɸɺ-ʬʠʣʴʪʨʳ ʠ ʩʤʝʩʠʪʝʣʠ ʯʘʩʪʦʪ. 

ʉʝʨʠʡʥʳʡ ʚʳʧʫʩʢ ʠʟʜʝʣʠʡ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʙʣʦʢʦʚ ʠ ʤʦʜʫ-

ʣʝʡ, ʦʩʚʦʝʥʥʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝ-

ʧʦʯʢʫ ʥʘʫʯʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʩ ʛʦʣʦʚʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʩʦʟʜʘʶʪ ʫʩʪʦʡʯʠ-

ʚʳʡ ʩʧʨʦʩ ʥʘ ʧʨʦʜʫʢʮʠʶ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʅʇʎ ʨʘʩʧʦʣʘʛʘʝʪ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚ ʦʙ-

ʣʘʩʪʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʉɺʏ ʵʣʝʢʪʨʦʥʠʢʠ: 

- ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦ-

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʠ ʤʦʜʫʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ; 

- ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʩ ʫʯʘʩʪʢʦʤ ʣʘʟʝʨʥʦʡ ʣʠʪʦʛʨʘʬʠʠ,; 

- ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʥʦʣʠʪʥʳʭ ʉɺʏ 

ʧʨʠʙʦʨʦʚ; 

- ʮʝʭʦʤ ʧʦ ʚʳʧʫʩʢʫ ʛʠʙʨʠʜʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʧʦʜʣʦʞʢʘʭ ʩ ʫʯʘʩʪʢʘʤʠ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ, ʛʘʣʴʚʘʥʠ-

ʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʨʝʟʢʠ ʠ ʣʘʟʝʨʥʦʛʦ ʩʚʝʨʣʝʥʠʷ 

ʦʪʚʝʨʩʪʠʡ; 

- ʩʙʦʨʦʯʥʦ-ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʮʝʭʦʤ, ʦʩʥʘʱʝʥʥʳʤ ʥʝʦʙʭʦʜʠʤʳʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ; 

- ʫʯʘʩʪʢʦʤ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʚʠʙʨʦ-ʫʜʘʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ; 
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- ʤʝʭʘʥʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʮʝʭʦʤ ʩ ʫʯʘʩʪʢʦʤ ʏʇʋ; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩʦʤ 

ʜʣʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʘʥʪʝʥʥ ʚ ʙʝʟʵʭʦʚʦʡ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʢʘ-

ʤʝʨʝ. 

ɼʘʥʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ 

ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʉɺʏ ʵʣʝʢʪʨʦ-

ʥʠʢʠ. 

ʅʘ ʙʘʟʝ ɸʆ çʅʇʎ çɸʣʤʘʟ-ʌʘʟʦʪʨʦʥè ʩʦʟʜʘʥʘ ʠ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦ-

ʥʠʨʫʝʪ ʢʘʬʝʜʨʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʉɺʏ ʵʣʝʢʪʨʦʥʠʢʠ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʘ ʪʘʢʞʝ ʬʠʣʠʘʣ ʢʘʬʝʜʨʳ 

çʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠè ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻʘʛʘʨʠʥʘ. ɸʆ çʅʇʎ çɸʣʤʘʟ-ʌʘʟʦʪʨʦʥè ʥʘ 

ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ ʫʯʘʩʪʚʫʝʪ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʤʠʥʘʨʘʭ, ʢʨʫʛʣʳʭ 

ʩʪʦʣʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʬʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ 

ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʅʇʎ. 

ʄʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ ʥʘʣʘʞʝ-

ʥʦ ʧʨʦʜʫʢʪʠʚʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ɸʆ çʅʇʎ çɸʣʤʘʟ-ʌʘʟʦʪʨʦʥè ʧʨʦʚʦʜʷʪ 

ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, 

ʪʘʢʞʝ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ ʚʳʧʫʩʢʥʠʢʦʚ 

ʜʘʥʥʳʭ ʚʫʟʦʚ ʧʦ ʧʨʦʬʠʣʴʥʳʤ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ 

ʢʘʜʨʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. 20 ʣʝʪ ɸʆ çʅʇʎ çɸʣʤʘʟ-ʌʘʟʦʪʨʦʥè: ʩʦʙʳʪʠʷ, ʣʶʜʠ, ʜʦʩʪʠʞʝʥʠʷ. ï ʉʘʨʘʪʦʚ, 

2017, 159 ʩ. 

2. ʐʠʭʘʣʦʚ ʄ.ʃ. ʈʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ 

ʧʨʠʦʨʠʪʝʪ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ // ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ XV ʦʪ-

ʨʘʩʣʝʚʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʨʳʥʢʠ ï ʚʟʛʣʷʜ ʚ ʙʫʜʫʱʝʝè. 2016. 

3. ʄ.ʃ. ʐʠʭʘʣʦʚ, ɸ.ʖ. ʃʠʬʘʥʦʚ, ʊ.ʉ. ɹʦʯʢʦʚʘ. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʉɺʏ 

ɸʆ çʅʇʎ çɸʣʤʘʟ-ʌʘʟʦʪʨʦʥè: ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ //ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ, ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳ-

ʤʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʤʝʪʘʤʘʪʝʨʠʘʣʘʤʠ ʠ ʙʠʦʦʙʲʝʢʪʘʤʠ.ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʜʝʩ̫-

ʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ / ʧʦʜ ʨʝʜ. ʧʨʦʬ. ɸʣ.ɺ. ʉʢʨʠʧʘʣʷ. ï ʉʘʨʘ-

ʪʦʚ: ʀʟʜ-ʚʦ çʉʘʨʘʪʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢè, 2023. ʉ.40-45.  
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ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
2
ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
3
ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 
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ɸʥʥʦʪʘʮʠʷ: ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʛʝʥʝ-

ʨʘʮʠʠ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦ-

ʚʝ ʧʣʝʥʦʢ ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (Y3Fe5O12(YIG)) ʠ ʧʣʘʪʠʥʳ (Pt). ʈʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚ ʩʧʝʢʪʨʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʥʘ 

ʩʧʠʥʦʚʫʶ ʥʘʢʘʯʢʫ ʢʦʛʝʨʝʥʪʥʳʤʠ ʩʧʠʥʦʚʳʤʠ ʚʦʣʥʘʤʠ (ʉɺ) ʠ ʥʝʣʦʢʘʣʴʥʦʝ 

ʤʘʛʥʠʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʩʧʠʥʦʚʦʡ 

ʥʘʢʘʯʢʠ ʙʝʛʫʱʠʤʠ ʉɺ ʥʘ ʯʘʩʪʦʪʘʭ ʜʠʧʦʣʴʥʦ-ʦʙʤʝʥʥʳʭ ʠ ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ 

ʨʝʟʦʥʘʥʩʦʚ. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt 

ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ YIG ʨʝʰʝʪʢʠ ʠʟ ʢʘʥʘʚʦʢ. ʆʙʩʫʞʜʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʝ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʉɺ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʠʥʦʚʦʡ 

ʥʘʢʘʯʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʣʝʥʢʘʭ 

YIG.ɺʳʷʩʥʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt ʩʬʦʢʫ-

ʩʠʨʦʚʘʥʥʳʤʠ ʧʫʯʢʘʤʠ ʉɺ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʘʛ-

ʥʠʪʥʳʭ ʘʧʧʣʠʢʘʮʠʡ ʥʘ ʥʝʣʦʢʘʣʴʥʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʩʧʠʥʦʚʫʶ 

ʥʘʢʘʯʢʫ ʙʝʛʫʱʠʤʠ ʉɺ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʠʥʪʨʦʥʠʢʘ, ʩʧʠʥʦʚʳʡ ʪʦʢ, ʩʧʠʥʦʚʳʝ ʚʦʣʥʳ, 

ʩʧʠʥʦʚʘʷ ʥʘʢʘʯʢʘ, ʥʝʣʦʢʘʣʴʥʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʙʨʘʪʥʳʡ ʩʧʠʥʦ-

ʚʳʡ ʵʬʬʝʢʪ ʍʦʣʣʘ, ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʚʘʥ ʍʦʚʘ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʝʨʝʥʦʩ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʘ ʚ ʤʘʛʥʠʪʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʬʠʟʠʢʝ ʠ ʫʩʪʨʦʡʩʪʚʘʭ ʩʧʠʥʪʨʦʥʠʢʠ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʜʠʵʣʝʢ-

ʪʨʠʢʦʚ ʠ ʤʝʪʘʣʣʦʚ ʩ ʩʠʣʴʥʳʤ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʛʜʝ ʪʦ-

ʢʠ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠʣʠ ʩʧʠʥʦʚʳʝ ʪʦʢʠ ʧʝʨʝʜʘʶʪʩʷ ʩʧʠʥʦʚʳʤʠ ʚʦʣʥʘʤʠ 

(ʉɺ) ʠʣʠ ʤʘʛʥʦʥʘʤʠ [1]. ɺ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦ ʩʧʠʥʘʤʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʛʨʘʥʠʮʝ ʜʠ-

ʵʣʝʢʪʨʠʢ-ʤʝʪʘʣʣ, ʠ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʷʪ ʢ ʩʧʠʥ-
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ʟʘʚʠʩʠʤʦʤʫ ʵʣʝʢʪʨʦʥ-ʤʘʛʥʦʥʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʠ ʪʨʘʥʩʧʦʨʪʫ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ 

ὐίʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʙʘʟʦʚʳʭ ʩʪʨʫʢʪʫʨ ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʤʘʛʥʦʥʥʦʡ ʩʧʠʥʪʨʦʥʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

ʧʣʝʥʦʢ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (Y3Fe5O12 (YIG)) ʠ ʧʣʘʪʠʥʳ (Pt) [1], ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʤ ʟʘʪʫʭʘʥʠʝʤ ʉɺ ʚ YIG ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʚʝʣʠʯʠʥʦʡ ʩʧʠʥʦʚʦʛʦ ʫʛʣʘ ʍʦʣʣʘ ʚ Pt. ɺ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt ʟʘ ʩʯʝʪ ʩʧʠʥʦ-

ʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ [2] ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ Pt ʚ 

ʉɺ ʚ YIG [3] ʠ ʫʧʨʘʚʣʷʪʴ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ [4]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʣʘ-

ʛʦʜʘʨʷ ʦʙʨʘʪʥʦʤʫ ʩʧʠʥʦʚʦʤʫ ʵʬʬʝʢʪʫ ʍʦʣʣʘ (ʆʉʕʍ) ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʩʧʠʥʦʚʳʡ ʪʦʢὐί, ʠʥʞʝʢʪʠʨʫʝʤʳʡ ʚ ʧʣʝʥʢʫ Pt ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʧʨʠ 
ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʝ ʢʘʢ ʥʝʢʦʛʝʨʝʥʪʥʳʤʠ [3,5], ʪʘʢ ʠ ʢʦʛʝʨʝʥʪʥʳʤʠ ʉɺ ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) [6] ʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

[7-9] ʉɺ. 

ʉʧʠʥʦʚʳʡ ʪʦʢ ὐί, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʠʥʪʝʨʬʝʡʩʘ 
YIG/Pt, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʠʮʝʡ ʚ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʝʢʪʨʦʥʘʤ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʩʧʠʥʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʵʣʝʢʪʨʦʥ-ʤʘʛʥʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɺʝʣʠʯʠʥʘ ὐί ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 
ʯʠʩʣʫ ʢʘʥʘʣʦʚ ʨʘʩʩʝʷʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ 

Fe, ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʦʥʘʤʠ Pt ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ YIG, ʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʚʳʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʰʝʨʦ-

ʭʦʚʘʪʦʩʪʴ, ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠʥʪʝʨʬʝʡʩʘ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚʝʣʠʯʠʥʘ ὐί ʦʪʨʘʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʥ-

ʤʘʛʥʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʢʘʞʜʦʤ ʠʟ ʢʘʥʘʣʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʤʘʛʥʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤ. ɺ ʨʘʤʢʘʭ ʧʦʜ-

ʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʵʣʝʢʪʨʦʥ-ʤʘʛʥʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt ʥʘ 

ʦʩʥʦʚʝ sd-ʤʦʜʝʣʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [10], ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʦʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʠʥʦʚʳʡ ʪʦʢ ὐί ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ, ʷʚʣʷʝʪʩʷ 
ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ (DOS) ʚ ʩʧʝʢʪʨʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ”(:(‫ 

ὐίḐÚɋ((1) ,(‫)Ὠ(‫)”Ŀ(‫ 

ʛʜʝ ɋ(-ʩʦʜʝʨʞʠʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʩ (‫

ʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʢʦʨʦʩʪʷʭ ʥʝʫʧʨʫʛʠʭ 

ʧʝʨʝʭʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʘʛʥʦʥʦʚ ʥʘ ʯʘʩʪʦʪʝ -ɺ ʵʢʩʧʝʨʠ .‫

ʤʝʥʪʘʭ ʧʦ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʝ ʢʦʛʝʨʝʥʪʥʳʤʠ ʉɺ ʩʚʷʟʴ ʤʝʞʜʫ ὐί ʠ ”(-ʤʦ (‫
ʞʝʪ ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʜʣʷ ʯʘʩʪʦʪ Ὢ* (Ὢ = ʥʘ ʢʦʪʦʨʳʭ ,((“2)/‫ 
ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʉɺ ὺὫ(Ὢ*) Ÿ 0, ʠ ʚ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚ ʩʧʝʢʪʨʝ ʉɺ 
”(Ὢ) ʚʦʟʥʠʢʘʶʪ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʚʘʥ ʍʦʚʘ (VHS) (”(Ὢ*) Ÿ Ð) [11]. ʇʨʠ ʯʘ-

ʩʪʦʪʝ ʥʘʢʘʯʢʠ ὪåὪ * ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ὐί(Ὢ*) ʠ, 
ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ (ʕɼʉ) 

ὠ(Ὢ*), ʛʝʥʝʨʠʨʫʝʤʦʡ ʟʘ ʩʯʝʪ ʆʉʕʍ (ὠḐὐί). 
ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʥʘ ʛʝʥʝʨʘʮʠʶ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt 

ʢʘʢ ʢʦʛʝʨʝʥʪʥʳʤʠ ʤʘʛʥʦʥʘʤʠ, ʪʘʢ ʠ ʥʝʢʦʛʝʨʝʥʪʥʳʤʠ. ʇʝʨʚʳʡ ʪʠʧ ʥʘʢʘʯʢʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʩʣʫʯʘʷ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʛʫʱʠʭ ʧʦʚʝʨʭ-
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ʥʦʩʪʥʳʭ (ʇʄʉɺ) ʠ ʦʙʨʘʪʥʳʭ ʦʙʲʝʤʥʳʭ (ʆʆʄʉɺ) ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʦʣʥ (ʄʉɺ). ɺ ʢʘʯʝʩʪʚʝ ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʥʘʢʘʯʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʢʘʯʢʘ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʩʧʠʥʦʚʳʤʠ ʚʦʣʥʘʤʠ (ʇʉɺ), ʚʦʟʙʫʞʜʘʝʤʳʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʇʄʉɺ, ʘ ʪʘʢʞʝ ʥʘʢʘʯʢʘ ʪʝʧʣʦʚʳʤʠ ʤʘʛ-

ʥʦʥʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʥʝʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ. 

 

ʉʧʠʥʦʚʘʷ ʥʘʢʘʯʢʘ ʙʝʛʫʱʠʤʠ ʜʠʧʦʣʴʥʳʤʠ ʄʉɺ 

ʊʠʧʠʯʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʠ 

ʙʝʛʫʱʠʤʠ ʇʄʉɺ ʠ ʆʆʄʉɺ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. ɺʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ H 

ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 

ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ YIG ʪʦʣʱʠʥʦʡ d>8 ʤʢʤ, ʢʦʛʜʘ ʩʧʝʢʪʨ ʄʉɺ ʠʤʝʝʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʜʠʧʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʆʆʄʉɺ ʩ ʚʦʣʥʦʚʳʤ 

ʚʝʢʪʦʨʦʤ ἳ ἒ᷆ ʟʘʥʠʤʘʶʪ ʦʙʣʘʩʪʴ ʯʘʩʪʦʪ ὪȟὪ, ʛʜʝ Ὢ Ὢ ὪὪ, 

Ὢ ‎Ὄ, Ὢ ‎τ“ὓ, ɔ ʠ 4ˊM, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ 
ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ YIG. ʇʄʉɺ ʧʨʠ ἳṶἒ ʟʘʥʠʤʘʶʪ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ὪȟὪ , 

ʛʜʝ Ὢ Ὢ Ὢ ςϳ. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ DOS ʚ ʩʧʝʢʪʨʝ ʆʆʄʉɺ ” Ὢ 

ʠ ʇʄʉɺ ” Ὢ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [12] ʠʟ ʘʥʘʣʠʟʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ Ὢ Ὢ▓ ʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ: 

” Ὢ ,   ” Ὢ Ͻ .            (2) 

 

 

ʍʘʨʘʢʪʝʨ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ” Ὢ ʠ ” Ὢ (2) ʧʦʢʘʟʘʥ ʧʫʥʢ-

ʪʠʨʥʳʤʠ ʢʨʠʚʳʤʠ ʥʘ ʨʠʩ. 2(ʩ) ʠ 3(ʩ). ʇʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚ ʩʧʝʢʪʨʝ 

ʆʆʄʉɺ ʠʤʝʝʪ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʥʘ ʯʘʩʪʦʪʝ Ὢ” Ὢ ᴼÐ  ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ 

(Ὧᴼπ) ʛʨʘʥʠʮʳ ʩʧʝʢʪʨʘ ʠ ʦʪʨʘʞʘʝʪ ʚʳʨʦʞʜʝʥʠʝ ʧʦ ʯʘʩʪʦʪʝ ʤʦʜ ʜʠʧʦʣʴ-

ʥʳʭ ʆʆʄʉɺ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ N ʧʦʣʫʚʦʣʥ ʧʦ ʪʦʣʱʠʥʝ d ʧʣʝʥʢʠ ʠ 

ἳṶἒ. 

ɺ ʩʣʫʯʘʝ ʇʄʉɺ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʚ DOS ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʘʭ Ὢ ʠ 

Ὢ. ʇʦʣʶʩ ʧʨʠ ὪᴼὪ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ (ὯᴼÐ) ʛʨʘʥʠʮʝ 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʪʨʫʢʪʫʨʘ 

YIG/Pt. ʈʠʤʩʢʠʤʠ I ʠ II ʧʦʢʘʟʘʥʳ ʧʦʣʦʩʢʦʚʳʝ 

ʤʠʢʨʦʘʥʪʝʥʥʳ (ʄɸ) ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʧʣʦʱʘʜ-

ʢʘʤʠ ʜʣʷ ʉɺʏ-ʟʦʥʜʦʚ. ʅʘ ʚʩʪʘʚʢʝ ʮʚʝʪʦʤ ʧʦʢʘ-

ʟʘʥ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʧʦʣʴʥʦʡ 

ʇʄʉɺ, ʦʪʚʝʯʘʶʱʠʡ ʢʨʠʚʳʤ 1ï4 ʥʘ ʨʠʩ. 3(c). 

ʉʪʨʝʣʢʦʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ y ʧʦʢʘʟʘʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H ʚ ʛʝʦʤʝʪʨʠʠ 

ʇʄʉɺ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʛʝʦʤʝʪʨʠʠ ʆʆʄʉɺ ʧʦʣʝ 

H ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚʜʦʣʴ ʦʩʠ x. 
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ʩʧʝʢʪʨʘ. ʉʠʥʛʫʣʷʨʥʦʩʪʴ ʧʨʠ ὪᴼὪ ʦʪʚʝʯʘʝʪ ʇʄʉɺ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ  

ἳ, ʩʦʩʪʘʚʣʷʶʱʠʤ ʩ ʧʦʣʝʤ ἒ ʫʛʦʣ —ᴼ—ʩ, ʛʜʝ —ʩ ÁÒÃÓÉÎ Ⱦ   - ʫʛʦʣ 

ʦʪʩʝʯʢʠ ʇʄʉɺ ʠ — —ʩ [12]. ʇʨʠ Ὧ π ʠ —ᴼ—ʩ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʦ-

ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ Ɋ ʧʦ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ Ɋ ὃὩ ὄὩ ,  

Ὧ Ὧ ίὭὲ— ὧέί— ʠ ʧʨʠ ὪᴼὪ  ʠʤʝʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘ ʨʠʩ. 2 ʠ 3 ʜʣʷ ʩʣʫʯʘʝʚ ʆʆʄʉɺ ʠ ʇʄʉɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʝ-

ʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʝʥʝʨʠʨʫʝʤʦʡ 

ʕɼʉὠὪ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ Ὓ Ὢ, ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘὯ ὯὪ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ȾὪ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ Pinʚ ʤʦʱʥʦʩʪʴ 

ʄʉɺ ʚ ʠʟʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʀʟʤʝʨʝʥʠʝ ʕɼʉ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ὖ =-5 

ʜɹʤ. ɿʘʚʠʩʠʤʦʩʪʠ Ὓ Ὢ, Ὧ ὯὪ, ȾὪ ʧʦʣʫʯʝʥʳ ʧʨʠ ὖ =-20 ʜɹʤ. ʂʨʠ-

ʚʳʝ 1 ʠ 2 ʦʪʚʝʯʘʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʄʉɺ ʘʥʪʝʥ-

ʥʦʡ I ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ἒ ʠ ἒ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ ʆʆʄʉɺ (ʨʠʩ.2) ʥʘʧʨʘʚʣʝʥʠʝ ἒ  ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ● (ʩʤ. ʨʠʩ.1), ʘ ʜʣʷ ʩʣʫʯʘʷ ʇʄʉɺ (ʨʠʩ.3) ʧʦʣʝ ἒ ʥʘʧʨʘʚ-

ʣʝʥʦ ʧʦ ʦʩʠ ◐ (ʩʤ. ʨʠʩ.1). ʂʨʠʚʳʤʠ 3 ʠ 4 ʥʘ ʨʠʩ.3(c) ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ὠὪ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʇʄʉɺ ʘʥʪʝʥʥʦʡ II  ʠ ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʘʚ-

ʣʝʥʥʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʪʠʚ (ἒ) ʠ ʧʦ (ἒ)ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ◐. ɺʝʨʪʠ-

ʢʘʣʴʥʳʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩ. 2 ʠ 3 ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʦʪ 

Ὢ ςȢφσɻɻʮ,Ὢ τȢτυɻɻʮ ʠ Ὢ υȢρρɻɻʮ, ʦʪʚʝʯʘʶʱʠʝ ʛʨʘʥʠʮʘʤ ʩʧʝʢʪʨʘ 

ʜʠʧʦʣʴʥʳʭ ʆʆʄʉɺ ʠ ʇʄʉɺ ʧʨʠ H=939 ʕ, ɔ=2.8 ʄɻʮ/ʕ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ YIGτ“ὓ ρχψφ ɻʩȢ 
 

 

 

ʈʠʩʫʥʦʢ 2. ɻʝʦʤʝʪʨʠʷ ʆʆʄʉɺ ἳ ἒ᷆, 

YIG(8.8ʤʢʤ)/Pt(4ʥʤ)/GGG(111). ʏʘʩʪʦʪ-

ʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: (a) ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝ-

ʜʘʯʠ Ὓ Ὢ; (b) ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ k=k(f) ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʜʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ὖ  ʚ ʤʦʱʥʦʩʪʴ ʆʆʄʉɺ Ⱦ(f); 

(c) ὠὪ ʜʣʷ ὖ =-5 ʜɹʤ ï ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ 

ʠ DOS” Ὢ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (2), 
ï ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ. ʂʨʠʚʳʝ 1 ʠ 2 ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʜʦʣʴ ʠ ʧʨʦʪʠʚ ʦʩʠ ● ʥʘ ʨʠʩ.1. 
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ʀʟ ʨʠʩ. 2(ʩ) ʠ 3(ʩ) ʚʠʜʥʦ, ʯʪʦ ʯʠʩʣʦ ʤʘʢʩʠʤʫʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ὠὪʢʦʨʨʝʣʠʨʫʝʪ ʩ ʯʠʩʣʦʤ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ ” Ὢ ʠ 

” Ὢ.ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʩʧʠʥ-

ʪʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʥʘʢʘʯʢʦʡ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʙʝʛʫʱʠʤʠ ʉɺ 

ʯʝʨʝʟ ʫʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʦʤ ʉɺ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʤʠʤʦ ʯʘʩʪʦʪ Ὢ0 ʠ Ὢί ʚ 
ʩʧʝʢʪʨʝ ʉɺ, VHS ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʯʘʩʪʦʪʘʭ Ὢ* ʨʘʟʣʠʯʥʳʭ ʨʝʟʦ-

ʥʘʥʩʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʩ ὺὫ(Ὢ * ) Ÿ 0 ʚ ʟʘʢʦʥʝ ʜʠʩʧʝʨʩʠʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʯʘʩʪʦʪ Ὢ* ʤʦ-
ʛʫʪ ʙʳʪʴ ʯʘʩʪʦʪʳ ʜʠʧʦʣʴʥʦ-ʦʙʤʝʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʚ ʩʧʝʢʪʨʝ ʇʄʉɺ 

[13,14]ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ [15]. 

 

ʉʧʠʥʦʚʘʷ ʥʘʢʘʯʢʘ ʙʝʛʫʱʠʤʠ ʜʠʧʦʣʴʥʦ-ʦʙʤʝʥʥʳʤʠ ʇʄʉɺ 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʇʄʉɺ, ʧʦʤʠʤʦ ʯʘʩʪʦʪ Ὢ ʠ Ὢ, ʯʘʩʪʦʪʳ Ὢᶻ ʤʦʛʫʪ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʯʘʩʪʦʪʘʤ Ὢ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʧʦʣʴʥʦʡ 

ʇʄʉɺ ʩ ʦʙʤʝʥʥʳʤʠ ʤʦʜʘʤʠ ʧʣʝʥʢʠ YIG [13,14], ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʚ ʚʠʜʝ: 

Ὢ Ὢ Ὢ Ὢ Ὢ Ὢ  ,                                                  (3) 

ʛʜʝ Ὢ ς‎ὃὗȾὓ, ὗ Ὧ Ὧȟ, Ὧȟ “ὔȾὨ ð ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʧʦ 

ʪʦʣʱʠʥʝ d ʧʣʝʥʢʠ, N ð ʥʦʤʝʨ ʤʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʠʩʣʫ ʧʦʣʫʚʦʣʥ ʧʦ 

ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ, ɸ ð ʦʙʤʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ. ʈʝʟʦʥʘʥʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʇʄʉɺ ʩ ʦʙʤʝʥʥʳʤʠ ʤʦʜʘʤʠ ʧʣʝʥʢʠ ʥʘ ʯʘʩʪʦʪʘʭ (3) ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ὰ ςὨ, ʛʜʝ ὰï ʜʣʠʥʘ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʦʙʤʝʥʥʳʭ ʉɺ. ʋʩʣʦʚʠʝὰ ςὨ ʚ ʪʠʧʠʯʥʳʭ ʧʣʝʥʢʘʭ 

YIG ʩ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʌʄʈ ЎὌ πȢυ ʕ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʪʦʣʱʠʥʘʭ ʧʣʝʥʢʠ 

ʈʠʩʫʥʦʢ 3. ɻʝʦʤʝʪʨʠʷ ʇʄʉɺ ἳṶἒ, 

YIG(8.8ʤʢʤ)/Pt(8ʥʤ)/GGG(111). ʏʘʩʪʦʪʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ: (a) ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

Ὓ Ὢ ʜʣʷ ʇʄʉɺ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦ 

ʛʨʘʥʠʮʘʤ YIG/Pt (ʢʨʠʚʳʝ 1) ʠ YIG/GGG 

(ʢʨʠʚʳʝ 2); (b) ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ k=k(f) ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘȾ(f) ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʜʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ὖ  ʚ ʤʦʱʥʦʩʪʴ ʇʄʉɺ; (c) ʩʧʣʦʰ-

ʥʳʝ ʣʠʥʠʠ 1-4ὠὪ ʧʨʠ ὖ =-5 ʜɹʤ, ʛʜʝ ʢʨʠ-

ʚʳʝ 1, 3 ʠ 2, 4 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʶ ʇʄʉɺ ʚʜʦʣʴ ʛʨʘʥʠʮʳ YIG/Pt ʠ 

YIG/GGG ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʤ. ʨʠʩ.1. ʇʫʥʢ-

ʪʠʨʥʘʷ ʣʠʥʠʷ ʨʘʩʯʝʪ ” Ὢ ʧʦ ʬʦʨʤʫʣʝ (2). 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘ-

ʶʪ ʧʦʣʦʞʝʥʠʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ (Ὢ) ʠ ʢʦʨʦʪ-

ʢʦʚʦʣʥʦʚʦʡ (Ὢ) ʛʨʘʥʠʮ ʩʧʝʢʪʨʘ ʇʄʉɺ. 
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d<8 ʤʢʤ. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʪʨʫʢʪʫʨʘʭ 

YIG(3.4 ʤʢʤ)/Pt(4 ʥʤ) (S1) ʠ YIG(900 ʥʤ)/Pt(3 ʥʤ) (S2). 

 

 
ʈʠʩʫʥʦʢ 4. ɼʣʷ ʩʪʨʫʢʪʫʨ S1(ʣʝʚʳʡ ʩʪʦʣʙʝʮ) ʠ S2 (ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘ-

ʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: (a) ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʝʨʝʜʘʯʠ ʇʄʉɺ S(f) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Ὼ ῺὪʧʘʜʘʶʱʝʡ ʉɺʏ-ʤʦʱʥʦʩʪʠ ὖʚ ʤʦʱʥʦʩʪʴ ʇʄʉɺ ὖ; (b) ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʘ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʇʄʉɺ k=k(f); (ʩ) ʠʟʤʝʨʝʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ὠὪ, ʧʫʥʢʪʠʨʥʦʡ ʢʨʠʚʦʡ ʧʦʢʘʟʘʥ ʨʘʩʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ” Ὢ ʜʣʷ ʜʠʧʦʣʴʥʦʡ 

ʇʄʉɺ ʧʦ ʬʦʨʤʫʣʝ (2). ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ (Ὢ) ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ (Ὢ) ʛʨʘʥʠʮ ʩʧʝʢʪʨʘ ʜʠʧʦʣʴʥʦʡ ʇʄʉɺ ʚ ʩʪʨʫʢ-

ʪʫʨʘʭ S1 ʠ S2 ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʵʬʬʝʢʪʠʚʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʣʝʥʦʢ YIG4ˊM=1857 ɻʩ ʠ 

4ˊM =1889 ɻʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʠ-

ʥʦʚʦʡ ʥʘʢʘʯʢʠ ʙʝʛʫʱʠʤʠ ʇʄʉɺ  ʦʩʮʠʣʣʠʨʫʝʪ ʥʘ ʯʘʩʪʦʪʘʭ Ὢ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʤʝʥʥʳʤʠ ʪʦʣʱʠʥʥʳʤʠ ʤʦʜʘʤʠ ʥʦʤʝʨʦʚ N. ʕʬʬʝʢʪ ʨʝ-

ʟʦʥʘʥʩʥʦʛʦ ʫʩʠʣʝʥʠʷ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʠ ʥʘ ʯʘʩʪʦʪʘʭ Ὢ ʦʙʫʩʣʦʚʣʝʥ ʨʦʩʪʦʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʥ-ʤʘʛʥʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʠʥʪʝʨʬʝʡʩʝ YIG/Pt ʟʘ 

ʩʯʝʪ ʛʠʙʨʠʜʠʟʘʮʠʠ ʜʠʧʦʣʴʥʦʡ ʇʄʉɺ ʩ ʪʦʣʱʠʥʥʳʤʠ ʦʙʤʝʥʥʳʤʠ ʤʦʜʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ VHS ” Ὢ ᴼÐ  ʚ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ. 
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ʉʧʠʥʦʚʘʷ ʥʘʢʘʯʢʘ ʆʆʄʉɺ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʛʥʦʥʥʳʡ ʢʨʠʩʪʘʣʣ-Pt 

ʉ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʧʠʥʦ-

ʚʘʷ ʥʘʢʘʯʢʘ ʦʙʨʘʪʥʳʤʠ ʦʙʲʝʤʥʳʤʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ 

(ʆʆʄʉɺ) ʚ ʩʪʨʫʢʪʫʨʝ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʄʂ) ʠʟ ʧʣʝʥʢʠ 

YIG ʠ ʤʠʢʨʦʧʦʣʦʩʢʠ Pt. ʆʜʥʦʤʝʨʥʳʡ ʄʂ ʠʟʛʦʪʘʚʣʠʚʘʣʩʷ ʠʟ ʧʣʝʥʢʠ YIG 

ʪʦʣʱʠʥʦʡ 7.4 ʤʢʤ ʚʳʪʨʘʚʣʠʚʘʥʠʝʤ ʨʝʰʝʪʢʠ ʠʟ ʢʘʥʘʚʦʢ ʰʠʨʠʥʦʡ w=10 

ʤʢʤ, ʛʣʫʙʠʥʦʡ ŭ=0.2 ʤʢʤ, ʜʣʠʥʦʡ 6 ʤʤ ʠ ʧʝʨʠʦʜʦʤ ȿ=170 ʤʢʤ. ʄʠʢʨʦʧʦ-

ʣʦʩʢʘ ʧʣʘʪʠʥʳ ʠʤʝʣʘ ʪʦʣʱʠʥʫ 4 ʥʤ, ʰʠʨʠʥʫ 25 ʤʢʤ, ʜʣʠʥʫ 6 ʤʤ ʠ ʦʨʠʝʥ-

ʪʠʨʦʚʘʣʘʩʴ ʚʜʦʣʴ ʢʘʥʘʚʦʢ, ʨʠʩ. 5.  

 

 
 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʪʨʫʢʪʫʨʘ ʄʂ/Pt. ʅʘ ʚʩʪʘʚʢʝ ʬʦʪʦʛʨʘʬʠʷ ʫʯʘʩʪʢʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʄʂ ʩ ʤʠʢʨʦʧʦʣʦʩʢʦʡ ʧʣʘʪʠʥʳ. ʎʠʬʨʘʤʠ 1 ʠ 2 ʧʦʢʘʟʘʥʳ ʘʥʪʝʥʥʳ ʉɺ, ʧʦʜ-

ʢʣʶʯʝʥʥʳʝ ʢ ʚʳʭʦʜʘʤ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. 

 

ʅʘ ʨʠʩ. 6(ʘ) ʢʨʠʚʦʡ 2 ʧʦʢʘʟʘʥ ʚʠʜ ʠʟʤʝʨʝʥʥʦʡ ɸʏʍ ʄʂ, ʛʜʝ ʚʠʜʥʳ 

ʧʦʣʦʩʳ ʥʝʧʨʦʧʫʩʢʘʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʯʘʩʪʦʪʘʤ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ 

(ɹʈ), ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʩʧʝʢʪʨʘ ʆʆʄʉɺ ʚ ʄʂ, ʩʤ. ʨʠʩ. 6(b) ʠ ɸʏʍ ʩʪʨʫʢʪʫʨʳ, ʩʤ. ʢʨʠʚʫʶ 1 ʥʘ 

ʨʠʩ. 6(ʘ). ʆʙʥʘʨʫʞʝʥ ʨʝʟʦʥʘʥʩʥʳʡ ʨʦʩʪ ʩʠʛʥʘʣʘ ʕɼʉ ʥʘ ɹʈ, ʩʤ. ʢʨʠʚʫʶ 3 

ʥʘ ʨʠʩ. 6(ʘ), ʯʪʦ ʦʪʨʘʞʘʝʪ ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʠ. ʈʝʟʦ-

ʥʘʥʩʥʦʝ ʫʩʠʣʝʥʠʝ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʠ ʦʙʲʷʩʥʷʝʪʩʷ ʨʦʩʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥ-ʤʘʛʥʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʧʝʢʪʨʝ ʆʆʄʉɺ 

ʥʘ ʯʘʩʪʦʪʘʭ ɹʈ ʫʯʘʩʪʢʦʚ ʜʠʩʧʝʨʩʠʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩʦʩʪʦʷʥʠʡ ï 

ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʚʘʥ ʍʦʚʘ . 
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ʈʠʩʫʥʦʢ 6. (a) ʨʘʩʩʯʠʪʘʥʥʘʷ (ʢʨʠʚʘʷ 1) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʢʨʠʚʘʷ 2) ʟʘʚʠʩʠʤʦʩʪʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ Ὓ Ὢ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʕɼʉV(f) ʟʘ ʩʯʝʪ ʆʉʕʍ. 

(b) ʤʠʢʨʦʤʘʛʥʠʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʆʆʄʉɺ ʚ ʄʂ, ʛʜʝ 1-4 ʥʦʤʝʨʘ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʤʦʜ ʆʆʄʉɺ, ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʶʪ ʠʩʭʦʜʥʦʡ ʧʣʝʥʢʝ 

YIG. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʯʘʩʪʦʪʳ (GHz) ʥʘ ʢʨʠʚʳʭ 1-3 ʧʦʢʘʟʳʚʘʶʪ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʯʘʩʪʦʪʘʤ ɹʈ ʚ ʩʧʝʢʪʨʝ ʥʘ 

ʨʠʩ. (ʘ). H=590 ʕ. 

 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʧʫʯʢʦʚ ʇʄʉɺ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG /Pt 

ɺ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt (ʩʤ. ʨʠʩ. 7(ʘ)) ʠʩʩʣʝʜʦʚʘʥʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʆʉʕʍ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʧʫʯʢʦʚ ʇʄʉɺ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʬʦʢʫʩʠ-

ʨʫʶʱʠʤ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʩʤ. ʨʠʩ. 7(ʩ). ʅʘ 

ʨʠʩ. 8ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝ-

ʜʘʯʠ S12 ʠ ʕɼʉ ὠὪ, ʥʘʚʦʜʠʤʳʭ ʥʘ ʢʦʥʪʘʢʪʘʭ ʢ Pt, ʚ ʫʩʣʦʚʠʷʭ ʬʦʢʫʩʠʨʦʚ-

ʢʠ ʇʄʉɺ (ʢʨʠʚʳʝ 1) ʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʤ (ʢʨʠʚʳʝ 2). ʅʘ ʚʝʣʠʯʠʥʫὠὪ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤʠ 

ʇʄʉɺ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʭʨʦʤʘʪʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʬʦʢʫʩʠʨʫʶʱʝʡ ʘʥ-

ʪʝʥʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʇʄʉɺ (ʨʠʩ. 9). ʀʟ ʨʠʩ. 8 ʚʠʜʥʦ, ʯʪʦ 

ʬʦʢʫʩʠʨʦʚʢʘ ʇʄʉɺ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʠʛʥʘʣʘ ʕɼʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʫʯʘʷ 

ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʳ ʥʘ ʪʝʭ ʯʘʩʪʦʪʘʭ f<f**, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʠʝ 

ʬʦʢʫʩʘ ʇʄʉɺ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʢʨʳʪʦʤ Pt. ʅʘ ʯʘʩʪʦʪʘʭ 

f>f**, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʠʝ ʬʦʢʫʩʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʘʥʪʝʥʥʦʡ ʠ ʦʙʣʘ-

ʩʪʴʶ YIG, ʧʦʢʨʳʪʦʡ Pt, ʩʠʛʥʘʣ ʕɼʉ, ʥʘʦʙʦʨʦʪ, ʧʘʜʘʝʪ. ʋʢʘʟʘʥʥʳʡ ʨʦʩʪ 

ʕɼʉ ʥʘ ʯʘʩʪʦʪʘʭ f<f**  ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʛʦʥʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʇʄʉɺ ʠ ʢʘʫʩʪʠʢʘʤʠ, ʬʦʨʤʠʨʫʝʤʳʤʠ ʧʨʠ ʬʦʢʫʩʠʨʦʚʢʝ, 

ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʨʦʩʪ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚ ʩʧʝʢʪʨʝ ʇʄʉɺ, ʯʪʦ ʜʦʣʞʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʫʩʠʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʥ-ʤʘʛʥʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 
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ʈʠʩʫʥʦʢ 7. (a) ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʇʄʉɺ ʥʘ ʩʪʨʫʢʪʫʨʝ YIG/Pt, ʛʜʝ 1 ʠ 2 ï ʘʥʪʝʥʥʳ ʜʣʷ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ ʇʄʉɺ, 3 ʠ 4 ï ʢʦʥʪʘʢʪʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʕɼʉ ʚ Pt ʧʣʝʥʢʝ ʜʣʠʥʦʡ 

L=620 ʤʢʤ ʠ ʰʠʨʠʥʦʡ w=200 ʤʢʤ; (b) ʬʦʨʤʘ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʳ ʘʧʝʨʪʫʨʦʡ b=250 

ʤʢʤ ʠ ʰʠʨʠʥʦʡ ʩ=4 ʤʢʤ; (c) ʬʦʨʤʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʳ ʘʧʝʨʪʫʨʦʡ b=250 ʤʢʤ, ʰʠ-

ʨʠʥʦʡ ʩ=4 ʤʢʤ ʠ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ R=300 ʤʢʤ. ɼʣʠʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ a=300 

ʤʢʤ 
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ʈʠʩʫʥʦʢ 8. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

S12(ʘ) ʠ ʕɼʉ V(b) ʧʨʠ Pin=-20 ʠ -10 ʜɹʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ ʢʨʠʚʳʝ 1 ʠ 2 ʦʪʚʝʯʘʶʪ 

ʩʣʫʯʘʷʤ ʚʦʟʙʫʞʜʝʥʠʷ ʇʄʉɺ ʬʦʢʫʩʠʨʫʶʱʝʡ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʘʤʠ, ʧʦʣʦʞʝʥʠʷ 

ʯʘʩʪʦʪ f*  ʥʘ ʨʠʩ. (ʘ) ʠ f**  ʥʘ ʨʠʩ. (b), ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ çʚʳʨʘʚʥʠʚʘʥʠʝè ʟʥʘʯʝʥʠʡ 

ʢʨʠʚʳʭ 1 ʠ 2, ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. 
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ʈʠʩʫʥʦʢ 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʌʫʨʴʝ-ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʇʄʉɺ, ʚʦʟʙʫʞʜʘʝʤʦʡ ʬʦʢʫʩʠʨʫʶ-

ʱʝʡ ʘʥʪʝʥʥʦʡ (1) ʚ ʧʣʦʩʢʦʩʪʠ XY ʥʘ ʯʘʩʪʦʪʘʭ f=4.65-4.9 ɻɻʮ, ʛʜʝ 2 ï ʬʦʨʤʠʨʫʝʤʳʝ ʢʘʫ-

ʩʪʠʢʠ, 3 ï ʧʦʣʦʞʝʥʠʝ ʬʦʢʫʩʘ ʇʄʉɺ. 

 

ɺʣʠʷʥʠʝ ʚʪʦʨʠʯʥʳʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʥʘ ʩʧʠʥʦʚʫʶ ʥʘʢʘʯʢʫ ʧʨʠ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʇʄʉɺ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG /Pt 
ʉ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʧʠʥʦ-

ʚʘʷ ʥʘʢʘʯʢʘ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt ʙʝʛʫʱʠʤʠ ʇʄʉɺ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦ 

ʩʪʨʫʢʪʫʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ YIG ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

(111) ʠ (100). ʀʩʩʣʝʜʦʚʘʣʩʷ ʚʢʣʘʜ ʚ ʩʧʠʥʦʚʫʶ ʥʘʢʘʯʢʫ ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʠʯ-

ʥʳʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ɺʉɺ) [16], ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʝʩʧʦʨʦʛʦʚʳʭ 

ʇʦʚʝʨʭʥʦʩʪʴ YIG, 

ʧʦʢʨʳʪʘʷ Pt 



31 
 

ʧʨʦʮʝʩʩʦʚ ʩʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʇʉɺ) ʩ ʟʘʢʦʥʘʤʠ ʩʦ-

ʭʨʘʥʝʥʠʷ: Ὢ1 + Ὢ2 = Ὢ3, ▓ ▓ ▓, ʛʜʝ ʯʘʩʪʦʪʳ Ὢ1,2 ʠ ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʘ 

▓ȟ ʦʪʚʝʯʘʶʪ ʇʉɺ, ʘ Ὢ3 ʠ k3 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ɺʉɺ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟʠʨʦʚʘ-

ʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʕɼʉ V, ʛʝʥʝʨʠʨʫʝʤʦʡ ʥʘ ʢʦʥʪʘʢʪʘʭ ʢ ʧʣʘʪʠʥʝ 

ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ, ʦʪ ʫʨʦʚʥʷ ʧʘʜʘʶʱʝʡ ʤʦʱʥʦ-

ʩʪʠ P (V=V(P)). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ɺʉɺ Ὢ3 ʦʪʚʝʯʘ-

ʝʪ ʯʘʩʪʦʪʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠ [12] ʚ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚ ʩʧʝʢʪʨʝ ʩʧʠʥʦʚʳʭ 

ʚʦʣʥ (ʉɺ) ʟʘʚʠʩʠʤʦʩʪʴ V=V(P) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʇʄʉɺ ʟʘ ʩʯʝʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝ-

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çʥʝʣʠʥʝʡʥʦʝ ʫʩʠʣʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘè 

[17,18] ʠ ʦʙʲʷʩʥʷʣʩʷ ʧʝʨʝʜʘʯʝʡ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠʟ ʨʝʰʝʪʢʠ ʤʘʛʥʦʥʘʤ 

[17] ʠ ʤʘʣʳʤ ʟʘʪʫʭʘʥʠʝʤ ʉɺ ʥʘ çʜʥʝè ʩʧʝʢʪʨʘ [18]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʝ ʇʄʉɺ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ V=V(P) ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ æὪ ʚʙʣʠʟʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʛʨʘʥʠʮʳ 

ʩʧʝʢʪʨʘ ʇʄʉɺ Ὢ0 ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʯʘʩʪʦʪʳ ʇʉɺ Ὢ1,2ʦʪʚʝʯʘʶʪ ʯʘʩʪʦʪʝ 

çʜʥʘè ὪὌ ʚ ʩʧʝʢʪʨʝ ʉɺ (Ὢ1,2 å ὪὌ), ʘ ʯʘʩʪʦʪʘ ɺʉɺ Ὢ3 ʧʦʧʘʜʘʝʪ ʚ ʧʦʣʦʩʫ ʯʘ-

ʩʪʦʪ æὪ, ʩʤ. ʨʠʩ. 10. ʇʨʦʚʝʜʝʥʦ ʤʠʢʨʦʤʘʛʥʠʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʜʠʧʦʣʴʥʦ-ʦʙʤʝʥʥʳʭ ʉɺ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʥʪʝʨʚʘʣʘ ʯʘʩʪʦʪ ʜʣʷ ʧʣʝʥʦʢ YIG(111) ʠ 

(100). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʫʙʠʯʝʩʢʘʷ ʤʘʛʥʠʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʚʣʠʷʪʴ ʥʘ ʠʥʪʝʨʚʘʣ ʧʦʣʝʡ ʚ ʢʦʪʦʨʦʤ ʟʘʚʠʩʠʤʦʩʪʴ V=V(P) ʜʝʤʦʥʩʪʨʠʨʫ-

ʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ.  

 
ʈʠʩʫʥʦʢ 10. ʉʧʠʥʦʚʘʷ ʥʘʢʘʯʢʘ ʚ ʩʪʨʫʢʪʫʨʝ GGG(100)/YIG(16.1 ʤʢʤ)/Pt(5 ʥʤ) ʧʨʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ (a) ʚ ʣʝʛʢʦʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ╗᷆ , (b) ʚ 

ʪʨʫʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ╗᷆ . ʎʚʝʪʥʘʷ ʰʢʘʣʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɺʉɺ ʚ 

ʩʧʝʢʪʨʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʇʄʉɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʊʦʯʢʘʤʠ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʧʠʢʘ ʕɼʉ ʥʘ ʯʘʩʪʦʪʝ Ὢ Ὢ (V(fåf0)). ɺʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʅå580-600 ʕ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɺʉɺ ʠ ʚʝʣʠʯʠʥʘ V(fåf0) ʤʘʢʩʠʤʘʣʴʥʳ.  

 

ɻʝʥʝʨʘʮʠʷ ʕɼʉ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ 

YIG(111)īPt ʚ ʩʣʘʙʳʭ ʧʦʣʷʭ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ 

ɺ ʩʪʨʫʢʪʫʨʝ ʠʟ ʧʣʝʥʢʠ ʧʣʘʪʠʥʳ (Pt) ʪʦʣʱʠʥʦʡ 5 ʥʤ ʠ ʧʣʝʥʢʠ YIG ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (111) ʪʦʣʱʠʥʦʡ 11.8 ʤʢʤ ʠʩʩʣʝʜʦʚʘʥ 

ʵʬʬʝʢʪ ʛʝʥʝʨʘʮʠʠ ʕɼʉ ʙʝʛʫʱʠʤʠ ʄʉɺ ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʢʘʩʘʪʝʣʴʥʦʛʦ ʧʦʣʷ 

ʅ ʤʝʥʴʰʠʭ, ʯʝʤ ʧʦʣʝ ʥʘʩʳʱʝʥʠʷ Hså65 ʕ ʧʣʝʥʢʠ YIG. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʅ 
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ʦʨʠʝʥʪʠʨʦʚʘʣʦʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ [1ς1] 

ʠ ʘʥʪʝʥʥʘʤ ʄʉɺ, ʘ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʭʦʜʥʦʡ ʘʥʪʝʥʥʳ ʜʦ ʚʳʭʦʜʥʦʡ ʠ ʜʦ 

ʧʣʝʥʢʠ Pt ʩʦʩʪʘʚʣʷʣʠ å8 ʤʤ ʠ å0.5 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʪʨʫʢʪʫʨʝ ʧʨʠ |ʅ|<Hs ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦʣʦʩʦʚʘʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

(ʇɼʉ), ʢʦʪʦʨʘʷ ʚ ʧʦʣʷʭ |ʅ|<ȿὌȿ Ὄ 5é7 ʕ ʧʨʠʦʙʨʝʪʘʣʘ ʚʝʪʚʷʱʠʡʩʷ ʭʘ-

ʨʘʢʪʝʨ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʨʠʩ. 11(ʘ). ɺ ʠʥʪʝʨʚʘʣʝ ʧʦʣʝʡ H1< |H|< 

H2å40 ʕ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄʉɺ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 

ȹFḐ300ī550ʄɻʮ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʛʝʥʝʨʘʮʠʝʡ ʕɼʉ ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʦʛʦ 

ʩʧʠʥʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ, ʨʠʩ. 11(b). ɺ ʠʥʪʝʨʚʘʣʝ H2<|H Ò Hs ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʄʉɺ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ȹFå750ī1750 ʄɻʮ, ʧʨʠ ʵʪʦʤ ʠʥ-

ʪʝʨʚʘʣ ʯʘʩʪʦʪ, ʚ ʢʦʪʦʨʦʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʩʠʛʥʘʣ ʕɼʉ, ʦʢʘʟʳʚʘʣʩʷ ʚ ʨʘʟʳ 

ʤʝʥʴʰʝ ʠʟ-ʟʘ ʨʘʟʚʠʪʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʄʉɺ. ʇʨʠ ʵʪʦʤ 

ʚʝʣʠʯʠʥʘ ʩʠʛʥʘʣʘ ʕɼʉ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʵʬʬʝʢ-

ʪʘ ʍʦʣʣʘ, ʤʦʞʝʪ ʙʳʪʴ ʩʦʠʟʤʝʨʠʤʘ ʩ ʠʟʤʝʨʷʝʤʦʡ ʜʣʷ ʩʣʫʯʘʷ ʥʘʩʳʱʝʥʥʦʡ 

ʧʣʝʥʢʠ YIG, ʩʤ. ʚʩʪʘʚʢʫ ʢ ʨʠʩ. 11(b). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠ-

ʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt ʉɺʏ ʩʧʠʥʦʚʫʶ 

ʥʘʢʘʯʢʫ ʧʨʠ ʩʣʘʙʳʭ ʧʦʣʷʭ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ (ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʝʡ), ʯʪʦ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚ ʩʧʠʥʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ. 

 
ʈʠʩʫʥʦʢ 11. (ʘ) ɿʘʚʠʩʠʤʦʩʪʠ S12(f) ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ɼʉ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʄʉʄ ʧʨʠ ʚʝʣʠʯʠʥʘʭ H, ʫʢʘʟʘʥʥʳʭ ʫ ʢʨʠʚʳʭ. ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥ ʚʠʜ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ɼʉ ʧʣʝʥʢʠ, ʠʟʚʣʝʯʝʥʥʦʡ ʠʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ʄʘʩʰʪʘʙ ʥʘ 

ʚʩʝʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʢʨʦʤʝ ʧʦʤʝʯʝʥʥʦʛʦ ʩʪʨʝʣʢʦʡ, ʦʜʠʥʘʢʦʚ. ɼʣʠʥʘ ʤʘʩʰʪʘʙʥʦʡ ʤʝʪʢʠ 

20 ʤʢʤ. (b) ɿʘʚʠʩʠʤʦʩʪʠ V(f ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ ʧʦʣʷ H (ʫʢʘʟʘʥʳ ʫ ʢʨʠʚʳʭ ʚ ʕ). 

ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ Vmax(H). ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʥʪʝʨʚʘʣ 

ʧʦʣʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʥʝʥʘʩʳʱʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʣʝʥʢʠ YIG. 

 

ɺʣʠʷʥʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʜʝʢʦʨʘʮʠ Fe ʥʘ ʩʧʠʥʦʚʫʶ ʥʘʢʘʯʢʫ 

ʙʝʛʫʱʠʤʠ ʇʄʉɺ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʭ YIG /Pt 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʠʥʦʚʦʡ 

ʥʘʢʘʯʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʧʨʘʚʣʝʥʠʠ DOS ʚ ʩʧʝʢʪʨʝ ʉɺ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʪʦʥʢʠʤʠ ʧʣʝʥʢʘʤʠ ʞʝʣʝʟʘ (Fe), ʨʘʟʤʝʱʝʥ-

ʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ YIG ʚʙʣʠʟʠ Pt ʵʣʝʤʝʥʪʘ. ʇʣʝʥʢʘ Fe ʩ ʥʘʤʘʛ-

ʥʠʯʝʥʥʦʩʪʴʶ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ YIG, ʠʛʨʘʝʪ ʨʦʣʴ ʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʠ-



33 
 

ʪʘ, ʢʦʪʦʨʳʡ ʤʝʥʷʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʝ Heff ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʝʥʢʠ 

Pt.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʤʘʢʝʪʘʤʠ ʪʠʧʘ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ (ʃɿ) 

(ʨʠʩ. 12(ʘ)) ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʢʠYIG ʪʦʣʱʠʥʦʡ 42 ʤʢʤ ʠ 4ˊM0=1750 ɻʩ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ YIG ʤʝʪʦʜʘʤʠ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ, ʬʦʪʦʣʠʪʦ-

ʛʨʘʬʠʠ, ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʥʜʫʢʮʠʦʥʥʳʝ ʤʝʜʥʳʝ ʘʥʪʝʥ-

ʥʳ I ʠ II  ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ ʇʄʉɺ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʙʳʣʦ 265 ʤʢʤ, ʤʝʜʥʳʝ ʢʦʥʪʘʢʪʳ (Cu), ʩ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʣʘʩʴ ʕɼʉ, ʛʝʥʝʨʠ-

ʨʫʝʤʘʷ ʚ Pt ʤʠʢʨʦʧʦʣʦʩʢʘʭ 1-4 ʜʣʠʥʦʡ 200 ʤʢʤ ʠ ʰʠʨʠʥʦʡ W=2 ʤʢʤ, 

ʨʠʩ. 12(a, b). ɺʙʣʠʟʠ Pt ʤʠʢʨʦʧʦʣʦʩʦʢ ʠʟʛʦʪʘʚʣʠʚʘʣʘʩʴ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʜʝ-

ʢʦʨʘʮʠʷ ʠʟ ʧʣʝʥʢʠ Fe (120 ʤʢʤ Ĭ 180 ʤʢʤ, 4ˊM0=21000 ɻʩ) ʪʦʣʱʠʥʦʡ 

dFe=70 ʠ 280 ʥʤ. Pt ʤʠʢʨʦʧʦʣʦʩʢʠ 1 ʠ 4 ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

a1=4 ʤʢʤ ʠ a4=16 ʤʢʤ ʦʪ ʢʨʘʷ ʧʣʝʥʢʠ Fe. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʤʠʢʨʦʧʦʣʦʩʢʘʤʠ Pt å2.6 ʤʢʤ. ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʝ ʜʝʢʦʨʘʮʠʡ Fe ʥʘ ʚʠʜ 

ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʕɼʉ V(f) ʙʳʣʘ ʪʘʢʞʝ ʠʟʛʦʪʦʚʣʝʥʘ ʃɿ ʙʝʟ ʜʝʢʦʨʘ-

ʮʠʡ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʘʚʠʩʠʤʦʩʪʴ V(f) ʚ ʪʘʢʦʤ ʤʘʢʝʪʝ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ 

ʢʘʢ dFe=0. 

ʅʘ ʨʠʩ. 13(ʘ-b) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʳ ʅy ʧʦ ʪʦʣʱʠʥʝ (ʘ) ʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ (b) ʧʣʝʥʢʠ YIG ʩ 

Fe ʵʣʝʤʝʥʪʦʤ (dFe=280), Pt ʤʠʢʨʦʧʦʣʦʩʢʘʤʠ, ʛʜʝ ʥʘʧʨʘʚʣʝʥʠʝ ʅyʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʅ=939 ʕ, ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʢʦʪʦʨʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʢʨʦʧʦʣʦʩʦʢ Pt ʠ ʧʣʝʥʢʠ Fe ʧʦʢʘʟʘʥʦ ʩʪʨʝʣ-

ʢʘʤʠ ʥʘ ʨʠʩ. 13(ʘ-b). ʀʟ ʨʠʩ. 13(ʘ-b) ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʜ ʧʣʝʥʢʦʡ Fe ʚʝʣʠʯʠʥʘ ʅy ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʚʝʣʠʯʠʥʳ å600 ʕ ʥʘ ʛʣʫʙʠʥʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʢʤ. ɺ ʦʙʲʝʤʝ ʧʣʝʥʢʠ YIG ʤʝʞʜʫ Feʠ Pt ʤʠʢʨʦʧʦʣʦʩʢʦʡ 1 ʟʥʘ-

ʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʅy, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ å1280 ʕ. ɺ ʦʙʣʘʩʪʠ Pt 

ʤʠʢʨʦʧʦʣʦʩʢʠ 4 ʟʥʘʯʝʥʠʝ ʅyʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʚʥʝʰʥʠʤ ʧʦʣʝʤ 

ʅ=939 ʕ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʙʫʞʜʘʶʱʠʝ ʘʥʪʝʥʥʳ ʦʪʩʪʦʷʪ ʦʪ 

ʧʣʝʥʢʠ Fe ʥʘ ʨʘʩʩʪʦʷʥʠʝ å30 ʤʢʤ ʠ ʚʦʟʙʫʞʜʘʶʪ ʇʄʉɺ ʚ ʧʦʣʝ ʅå939 ʕ.  

ʅʘ ʨʠʩ. 13(c-d) ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʕɼʉ V, ʠʟʤʝʨʝʥʥʳʝ ʚ 

cPt ʤʠʢʨʦʧʦʣʦʩʦʢ 1(ʨʠʩ. 13(ʩ)) ʠ 4 (ʨʠʩ. 13(d)) ʚ ʤʘʢʝʪʘʭ ʩ Fe ʵʣʝʤʝʥʪʘʤʠ 

ʪʦʣʱʠʥʦʡ dFe=0, 70 ʠ 280 ʥʤ, ʧʨʠ ʫʨʦʚʥʝ Pin=10 ʜɹʤ ʠ ʚʥʝʰʥʝʤ ʧʦʣʝ ʧʦʜ-

ʤʘʛʥʠʯʠʚʘʥʠʷ ʅ=939 ʕ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ Fe ʵʣʝʤʝʥ-

ʪʘ ʟʘʚʠʩʠʤʦʩʪʠ V(f) ʜʣʷ Ptʤʠʢʨʦʧʦʣʦʩʦʢ 1 ʠ 4 ʙʣʠʟʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʚʫʤʷ ʧʠʢʘʤʠ ʚʙʣʠʟʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ f0 ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡfs ʛʨʘʥʠʮ ʩʧʝʢ-

ʪʨʘ ʇʄʉɺ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʠʜʦʤ DOS ʚ ʩʧʝʢʪʨʝ ʇʄʉɺ ” Ὢ (2). 

ʀʟ ʨʠʩ. 13(ʩ-d) ʚʠʜʥʦ, ʯʪʦ ʧʣʝʥʢʘ Fe ʩ dFe=70 ʥʤ ʫʤʝʥʴʰʘʝʪ ʘʤʧʣʠʪʫ-

ʜʫ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʧʠʢʘ ʕɼʉ, ʘ ʘʤʧʣʠʪʫʜʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʧʠʢʘ ʕɼʉ, 

ʥʘʦʙʦʨʦʪ, ʨʘʩʪʝʪ. ɹʦʣʝʝ ʷʨʢʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʜʣP̫t ʤʠʢʨʦʧʦ-

ʣʦʩʢʠ 1. ʀʟʤʝʥʝʥʠʷ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ V(f) ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʧʣʝʥʢʦʡ Feʪʦʣʠɦ-

ʥʦʡ dFe=280 ʥʤ ʧʨʦʷʚʣʷʶʪʩʷ ʷʨʯʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ V(f) ʠʟʤʝʨʝʥʥʦʡPt ʤʠʢ-

ʨʦʧʦʣʦʩʢʠ 1 ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ ʧʠʢ ʩʤʝʱʝʥ ʚʚʝʨʭ ʧʦ ʯʘʩʪʦʪʝ ʥʘ ʚʝʣʠʯʠʥʫ 

å400 ʄɻʮ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʚʝʣʠʯʠʥʝ ʅefå1060 ʕ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʠʢ ʩʪʘʥʦʚʠʣʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʤ æfʕɼʉå200 
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ʄɻʮ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ dFe=0 ʥʤ. ʊʘʢʦʡ ʩʜʚʠʛ ʩʚʷʟʘʥ ʩʦ ʩʤʝʱʝʥʠʝʤ 

çʚʚʝʨʭè ʧʦ ʯʘʩʪʦʪʝ ʚ ʦʙʣʘʩʪʠ Pt ʤʠʢʨʦʧʦʣʦʩʢʠ ʩʧʝʢʪʨʘ ʇʄʉɺ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʬʫʥʢʮʠʠ DOS, ʘ ʪʘʢʞʝ çʫʰʠʨʝʥʠʝʤè ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩ ʚʳʩʦʢʦʡ 

DOSʚ ʩʧʝʢʪʨʝ ʟʘ ʩʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʘʷ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʝʥʢʠ YIG ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʨʠʜʠʟʘʮʠʠ ʜʠʧʦʣʴ-

ʥʦʡ ʇʄʉɺ ʩ ʦʙʤʝʥʥʳʤʠ ʚʦʣʥʘʤʠ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦ-

ʮʝʩʩʘʭ ʵʣʝʢʪʨʦʥ-ʤʘʛʥʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʠʥʪʝʨʬʝʡʩʝ YIG/Pt. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ ʅef ʚ ʦʙʣʘʩʪʠ Pt ʩʠʛʥʘʣ ʕɼʉ ʥʘ ʯʘʩʪʦ-

ʪʘʭ f>fså 5.2 ɻɻʮ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ Fe ʵʣʝʤʝʥʪ ʩʣʘʙʦ 

ʚʣʠʷʝʪ ʥʘ ʅefʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʘʥʪʝʥʥʦʡ, ʘ ʧʦʪʦʤʫ ʥʘ ʯʘʩʪʦʪʘʭ f> 5.2 

ɻɻʮ ʧʨʠ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʅ=939 ʕ ʇʄʉɺ ʥʝ ʚʦʟʙʫʞʜʘʝʪʩʷ.  

 

ʈʠʩʫʥʦʢ 12. (ʘ-b)ʆʧʪʠʯʝʩʢʦʝ ʠʟʦʙ-

ʨʘʞʝʥʠʝ ʤʘʢʝʪʘ ʃɿ (ʘ), ʛʜʝ 1 ʠ 2 ï 

ʘʥʪʝʥʥʳ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ 

ʇʄʉɺ, Cu ï ʤʝʜʥʳʝ ʢʦʥʪʘʢʪʳ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʕɼʉ V ʩ Pt ʤʠʢʨʦʧʦʣʦ-

ʩʦʢ 1 ʠ 4 (b) ʰʠʨʠʥʦʡ w=2 ʤʢʤ ʠ 

ʜʣʠʥʦʡ 200 ʤʢʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʘ1=4 

ʤʢʤ ʠ ʘ2=16 ʤʢʤ ʦʪ Fe ʵʣʝʤʝʥʪʘ ʩ 

ʧʣʦʩʢʦʩʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

120 ʤʢʤ Ĭ 180 ʤʢʤ. (c-d) ʩʭʝʤʳ ʠʟ-

ʤʝʨʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ (c) ʠ ʥʝʣʦ-

ʢʘʣʴʥʦʛʦ (d) ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt. 

 

 

ʈʠʩʫʥʦʢ 13. (ʘ-b) ʄʠʢʨʦʤʘʛʥʠʪʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʅy ʧʦ ʪʦʣʱʠʥʝ ʧʣʝʥ-

ʢʠ YIG (ʘ) ʠ ʚ ʧʣʦʩʢʦʩʪʠ ʝʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ (ʙ), ʚʙʣʠʟʠ Pt ʤʠʢʨʦʧʦ-

ʣʦʩʦʢ 1 ʠ 4 ʠ ʩ Fe ʵʣʝʤʝʥʪʦʤ 

120 ʤʢʤ Ĭ 180 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ 280 

ʥʤ, ʛʜʝ ʥʘʧʨʘʚʣʝʥʠʝ ʅy ʦʪʚʝʯʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʅ=939 ʕ; (c-d) ʯʘʩʪʦʪʥʳʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʕɼʉ V, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ 

Pin=10 ʜɹʤ ʠ ʅ=939 ʕ ʩ Pt ʤʠʢʨʦ-

ʧʦʣʦʩʦʢ 1 (c) ʠ 4 (d) ʚ ʤʘʢʝʪʘʭ ʃɿ ʩ 

Fe ʵʣʝʤʝʥʪʘʤʠ 120 ʤʢʤ Ĭ 180 ʤʢʤ, 

ʪʦʣʱʠʥʦʡ dFe=0, 70 ʠ 280 ʥʤ. 

 

ɺʣʠʷʥʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʜʝʢʦʨʘʮʠ Fe ʥʘ ʣʦʢʘʣʴʥʦʝ ʠ ʥʝʣʦʢʘʣʴʥʦʝ 

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʭ YIG /Pt 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʧʧʣʠʢʘʮʠʝʡ, ʥʘ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʧʠʥʦʚʳʤ ʵʬʬʝʢʪʦʤ ʍʦʣʣʘ [2] 

ʵʬʬʝʢʪʳ ʣʦʢʘʣʴʥʦʛʦ ʠ ʥʝʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʄʉ) ʚ ʩʪʨʫʢ-

ʪʫʨʘʭ YIG/Pt. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʢʘʟʘʥʥʳʤʠ 

ʥʘ ʨʠʩ. 12. ʅʘ ʨʠʩ. 12(c) ʠ 12(d)ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 
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ʪʦʢʘ ʠ ʠʟʤʝʨʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʠ ʥʝʣʦʢʘʣʴʥʦʛʦ 

ʄʉ.  

ʅʘ ʨʠʩ. 14 ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɼʉ) ʚ 

ʧʣʝʥʢʝ YIG ʧʨʠ ʅ=0 ʙʝʟ ʘʧʧʣʠʢʘʮʠʠ ʠʟ ʧʣʝʥʢʠ Fe (a) ʠ ʚ ʩʣʫʯʘʝ ʥʘʥʝʩʝʥʠʷ 

ʧʣʝʥʢʠ ʞʝʣʝʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ YIG (b). ɺʠʜʥʦ, ʭʘʨʘʢʪʝʨ ɼʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʣʝʥʢʠ Fe ʠʟʤʝʥʠʣʩʷ.  

 
ʈʠʩʫʥʦʢ 14. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚ ʤʘʢʝʪʘʭ (ʘ) ʙʝʟ ʧʣʝʥʢʠ ʠ (b) ʩ ʧʣʝʥʢʦʡ Fe.  

  

ʅʘ ʨʠʩ. 15 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʣʦʢʘʣʴʥʦʛʦ ʄʉ ʚ ʩʪʨʫʢʪʫʨʘʭ ʜʣʷ ʤʠʢʨʦʧʦʣʦʩʦʢ Pt 1 ʠ 4, ʩʤ. ʨʠʩ.12. ɺ ʣʝ-

ʚʦʡ ʢʦʣʦʥʢʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʪʨʫʢʪʫʨʳ YIG/Ptʙʝʟ ʧʣʝʥʢʠ Fe. ʉʨʝʜʥʷʷ ʠ 

ʧʨʘʚʘʷ ʢʦʣʦʥʢʠ ʦʪʚʝʯʘʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʷ ʩʪʨʫʢʪʫʨ YIG/Pt ʩ ʘʧʧʣʠʢʘʮʠʝʡ 

ʠʟ ʧʣʝʥʢʠ Fe ʪʦʣʱʠʥʦʡ dFe=70 ʥʤ ʠ dFe=280 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʠʜʥʦ, ʯʪʦ 

ʧʣʝʥʢʘ Fe ʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʝʡ ʅ, ʦʪʚʝʯʘʶʱʠʭ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʶ ʧʣʝʥʢʠ YIG. ʇʨʠ ʵʪʦʤ ʧʦʣʥʦʝ ʄʉ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚ-

ʣʷʝʪ ʚʝʣʠʯʠʥʫ å0.03%. 

 
ʈʠʩʫʥʦʢ 15. ʃʦʢʘʣʴʥʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʧʠʥʦʚʳʤ ʵʬʬʝʢʪʦʤ 

ʍʦʣʣʘ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt, ʜʣʷ ʤʠʢʨʦʧʦʣʦʩʦʢ Pt 1 ʠ 4, ʩʤ. ʨʠʩ. 12(b,c). ʃʝʚʘʷ ʢʦʣʦʥʢʘ ï

MCʚ ʩʪʨʫʢʪʫʨʝ ʙʝʟ ʧʣʝʥʢʠ Fe, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 14(ʘ). ʉʨʝʜʥʷʷ ʠ ʧʨʘʚʘʷ ʢʦʣʦʥʢʠ ʠʣ-

ʣʶʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʣʦʢʘʣʴʥʦʤ ʄʉ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʘʧʧʣʠʢʘʮʠʠ ʠʟ ʧʣʝʥʢʠ Fe ʪʦʣ-

ʱʠʥʦʡ dFe=70 ʥʤ dFe= 280 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʦʪʚʝʯʘʝʪ ʥʘʤʘʛʥʠʯʠʚʘ-

ʥʠʶ ʚʜʦʣʴ ʤʠʢʨʦʧʦʣʦʩʢʠ H || I, ʯʝʨʥʘʷ ʣʠʥʠʷ ʦʪʚʝʯʘʝʪ ʥʘʤʘʛʥʠʯʠʚʘʥʠʶ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦ ʤʠʢʨʦʧʦʣʦʩʢʝ Pt (H Î). 

 

ʅʘ ʨʠʩ.16 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʥʝʣʦʢʘʣʴʥʦʛʦ ʄʉ ʚ 

ʩʪʨʫʢʪʫʨʘʭ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʘʧʧʣʠʢʘʮʠʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨ 

ʥʝʣʦʢʘʣʴʥʦʛʦ ʄʉ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʟʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʦʣʝʡ ʚ ʦʙʣʘʩʪʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʣʝʥʢʠ YIG. ʆʪʩʫʪʩʪʚʠʝ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʘʧʧʣʠʢʘʮʠʡ ʥʘ ʄʉ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʦʙʲʷʩʥʷʝʪʩʷ ʜʦʤʠʥʠʨʫʁ-

ʱʠʤ ʚʢʣʘʜʦʤ ʚ ʄʉ ʩʦ ʩʪʦʨʦʥʳ ʪʝʧʣʦʚʳʭ ʤʘʛʥʦʥʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ 

ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʠ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʕɼʉ ʜʘʶʪ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʤʘʛʥʦʥʳ ʥʘ 

ʯʘʩʪʦʪʝ ʚʦʟʙʫʞʜʝʥʠʷ ʄʉɺ. 
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ʈʠʩʫʥʦʢ 16. ʅʝʣʦʢʘʣʴʥʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʧʠʥʦʚʳʤ ʵʬʬʝʢʪʦʤ 

ʍʦʣʣʘ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.12(d), ʛʜʝ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ 

I(ʤʢɸ) ʧʦʜʘʝʪʩʷ ʥʘ Pt ʤʠʢʨʦʧʦʣʦʩʢʫ 1. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ἒṶἓ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʤʠʢʨʦ-

ʧʦʣʦʩʢʝ Pt.ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. (a),(b), ʧʦʢʘʟʳʚʘʶʪ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʥʘʧʨʷʞʝʥʠʷV ʥʘ ʢʦʥʪʘʢʪʘʭ ʢ Pt ʤʠʢʨʦʧʦʣʦʩʢʝ 2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ (ʘ) ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʢʘ I(ʤʢɸ),  (b) ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ȹV ʥʘ Pt ʤʠʢʨʦʧʦʣʦʩʢʝ 2 ʦʪ ʩʠʣʳ ʪʦʢʘ I(ʤʢɸ) ʚ ʧʝʨ-

ʚʦʡ ʤʠʢʨʦʧʦʣʦʩʢʝ ʚ ʤʘʢʝʪʝ ʙʝʟ ʧʣʝʥʢʠ Fe (Ὅͅὠ) ʠ ʩ ʧʣʝʥʢʦʡ Fe(Ὅͅὠ(Fe)). 

(c)ʟʘʚʠʩʠʤʦʩʪʴ ȹV ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʠʢʨʦʧʦʣʦʩʢʘʤʠ Pt ʚ ʤʘʢʝʪʝ ʙʝʟ ʧʣʝʥʢʠ Fe 

(Ὅͅὠȟȟ) ʠ ʩ ʧʣʝʥʢʦʡ Fe (Ὅͅὠȟȟ(Fe)).  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʳ ʵʬʬʝʢʪʳ ʩʧʠʥʦʚʦʡ ʥʘʢʘʯʢʠ ʙʝʛʫʱʠʤʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝ-

ʩʢʠʤʠ ʚʦʣʥʘʤʠ ʚ ʩʪʨʫʢʪʫʨʘʭ YIG/Pt. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʯʘʩʪʦʪʥʳʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ ʕɼʉ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʵʬʬʝʢʪʘ 

ʍʦʣʣʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷ-

ʥʠʡ ʚ ʩʧʝʢʪʨʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʩʪʨʫʢʪʫʨʳ, ʠ ʕɼʉ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘ ʯʘʩʪʦʪʘʭ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʚʘʥ ʍʦʚʘ. 

 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ 22-19-00500. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʛʣʫ-

ʙʦʢʦʛʦ ʋʌ ʜʦ ʪʝʨʘʛʝʨʮʦʚʳʭ ʚʦʣʥ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʦʢʦʥ ʧʨʦ-

ʟʨʘʯʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʦʢʦʥ ʚ ʙʠʦʬʦʪʦʥʠʢʝ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʪʢʘʥʷʤʠ, ʦʙʩʫʞʜʘʝʪʩʷ ʧʦʥʷʪʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʳ. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʪʣʝʥʠʷ ʪʢʘʥʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʤʝʨʩʠʦʥʥʳʭ ʘʛʝʥʪʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʭʘ-

ʥʠʟʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʠ ʟʜʦʨʦʚʳʭ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʠʤ-

ʤʝʨʩʠʦʥʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʧʨʦʩʚʝʪʣʝʥʠʝ, ʪʝʨʘʛʝʨʮʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʙʠʦʬʦʪʦʥʠʢʠ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʦʜʥʘ ʠʟ ʥʠʭ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʘ ʜʨʫʛʘʷ ʠʩʧʦʣʴʟʫʝʪ ʧʨʷʤʳʝ ʨʘʩʯʝʪʳ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʨʘʪʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʢʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ, ʄʦʥ-

ʪʝ-ʂʘʨʣʦ ʠ ʜʦʙʘʚʣʝʥʠʷ-ʫʜʚʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʪʢʘʥʝʡ [1ï9]. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʥʘʙʦʨ ʠʟ ʜʚʫʭ ʠʣʠ ʪʨʝʭ 

ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝ-

ʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʪʘʢʠʭ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʧʦʣʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ (Tt), ʧʦʣʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 

(Rt) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ (Tc). ʉ ʮʝʣʴʶ ʧʦʣʫʯʝ-

ʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʠ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʥʚʝʨʩʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʴ ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ l ʚ 

ʧʨʝʜʝʣʘʭ ʞʝʣʘʝʤʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʯʪʦʙʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʦʞʥʦ ʙʳʣʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ ʜʣʷ ʨʝʢʦʥ-

ʩʪʨʫʠʨʫʝʤʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʪʘʢʠʭ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝ-

ʷʥʠʷ ms(l), ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ma(l) ʠ ʬʘʢʪʦʨ ʘʥʠʟʦʪʨʦʧʠʠ ʨʘʩʩʝʷ-

ʥʠʷ, g(l). ʊʘʢʘʷ ʟʘʜʘʯʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʠʪʴ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ. ɹʦʣʝʝ ʙʳʩʪʨʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʤʝʪʦʜʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ 

ʧʫʪʝʤ ʧʨʷʤʳʭ ʨʘʩʯʝʪʦʚ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ 

ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ [1, 9ï13]. ɹʳʣʠ ʨʘʟʚʠʪʳ ʤʝʪʦʜʳ ʩ ʚʨʝ-

ʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʨʷʪʴ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝ-

ʞʠʤʝ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ in vivo ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʟʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʧʨʠʥʮʠʧʳ, ʧʨʠʣʦʞʝ-

ʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʢʦʪʦʨʦʛʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [1, 12, 13]. ɺʩʝ ʵʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʪʢʘʥʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʡ ʚ ex vivo 

ʠʣʠ in vivo ʠʩʩʣʝʜʦʚʘʥʠʷʭ [9], ʘ ʪʘʢʞʝ ʚ ʭʠʨʫʨʛʠʠ ʠ ʪʝʨʘʧʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʣʷ ʦʮʝʥʢʠ ʥʘʢʦʧʣʝʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʧʦʜʞʝʣʫʜʦʯ-

ʥʦʡ ʞʝʣʝʟʝ ʢʨʦʣʠʢʦʚ ʠ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʫ ʯʝʣʦʚʝ-

ʢʘ, ʜʣʷ ʧʨʦʛʥʦʟʘ ʚ ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʠ, ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʢʘʥʝʡ ʛʦʣʦʚʥʦ-

ʛʦ ʤʦʟʛʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʛʣʠʦʤʳ ʫ ʢʨʳʩ, ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘ-

ʮʠʠ ʟʜʦʨʦʚʳʭ ʠ ʦʧʫʭʦʣʝʚʳʭ ʪʢʘʥʝʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʯʝʣʦʚʝʢʘ, ʜʣʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʦʞʠʨʝʥʠʷ ʫ ʯʝʣʦʚʝʢʘ, ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʦʞʠ ʚ ʢʣʠ-

ʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʜʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴ-

ʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʚʦ ʚʨʝ-

ʤʷ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʬʦʪʦʠʤʤʫʥʦʪʝʨʘʧʠʠ 

ʧʣʦʩʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʛʦʣʦʚʳ ʠ ʰʝʠ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʧʨʠʤʝʥʝʥʠʷʤ ʪʝʨʘʛʝʨʮʦʚʦʛʦ (ʊɻʮ) ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʘʤʠ 

å0,1ï3,0 ʊɻʮ ʠʣʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ å3 ʤʤï100 ʤʢʤ 

[14ï20]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʊɻʮ-ʚʦʣʥ ʩ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʪʢʘʥʷʤʠ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʙʳʩʪʨʳʡ ʧʨʦʛʨʝʩʩ ʊɻʮ ʪʝʭʥʦʣʦʛʠʡ. 

ʊɻʮ ʠʟʣʫʯʝʥʠʝ ʥʝʠʦʥʠʟʠʨʫʶʱʝʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʙʝʟʚʨʝʜʥʦ ʜʣʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʊɻʮ ʚʦʣʥʳ ʩʠʣʴʥʦ ʧʦʛʣʦʱʘʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʚ ʪʦʤ ʯʠʩ-

ʣʝ ʪʢʘʥʝʚʦʡ ʚʦʜʦʡ ʚ ʩʚʦʙʦʜʥʦʤ ʠʣʠ ʚ ʩʚʷʟʘʥʥʦʤ ʝʝ ʩʦʩʪʦʷʥʠʠ. ɺʳʩʦʢʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʛʣʫʙʠ-

ʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʥʠʭ ʊɻʮ ʚʦʣʥ ʩʦʪʥʷʤʠ ʠ ʜʘʞʝ ʜʝʩʷʪʢʘʤʠ ʤʠʢʨʦʥ, ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠ ʪʠʧʘ ʪʢʘʥʠ. ʉ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʵʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʊɻʮ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʪʝʤ ʟʦʥʜʠʨʦʚʘ-

ʥʠʷ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ in vivo ʠʣʠ ex vivo ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ 

ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʊɻʮ 

ʠʟʫʯʝʥʠʷ ʢ ʩʦʩʪʦʷʥʠʶ ʪʢʘʥʝʚʦʡ ʚʦʜʳ ʜʝʣʘʝʪ ʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʤʝʜʠ-
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ʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʧʘʪʦʣʦʛʠʡ, ʧʦʩʢʦʣʴʢʫ 

ʩʦʩʪʦʷʥʠʝ ʚʦʜʳ ʠʛʨʘʝʪ ʨʦʣʴ ʦʩʥʦʚʥʦʛʦ ʵʥʜʦʛʝʥʥʦʛʦ ʤʘʨʢʝʨʘ ʧʘʪʦʣʦʛʠʠ. ʉ 

ʧʦʤʦʱʴʶ ʊɻʮ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʨʘʥʥʝʡ ʥʝʠʥʚʘʟʠʚʥʦʡ ʠ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʣʦʢʘ-

ʯʝʩʪʚʝʥʥʳʭ ʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʥʦʟʦʣʦʛʠʡ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ [9, 14ï20], ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʦʥʜʠʨʦʚʘʥʠʝ ʛʣʠʢʠʨʦʚʘʥʥʳʭ ʪʢʘ-

ʥʝʡ ʠ ʢʨʦʚʠ ʚ ʢʦʥʪʝʢʩʪʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʩʘ-

ʭʘʨʥʦʤ ʜʠʘʙʝʪʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʪʨʘʚʤʘʪʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, 

ʫʨʦʚʥʷ ʛʠʜʨʘʪʘʮʠʠ ʪʢʘʥʝʡ ʠ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʠʘ-

ʛʥʦʩʪʠʢʦʡ ʊɻʮ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʠ ʚ ʪʝʨʘʧʠʠ, ʥʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʥʝʪʝʨʤʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʥʢʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʠʣʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʤʝʪʠ-

ʣʠʨʦʚʘʥʠʝʤ ʨʘʢʦʚʦʡ ɼʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʘʢʪʫʘ-

ʣʝʥ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʛʣʫʙʦʢʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ (ʋʌ) 

ʜʦ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɿʥʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʠʭ 

ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ. ʊʘʢʞʝ ʚʘʞʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʜʦʨʦʚʳʭ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʛʨʘʥʠʮ 

ʧʘʪʦʣʦʛʠʠ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʙʠʦʪʢʘʥʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʠʤʤʝʨʩʠʦʥʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʪʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʚʠʨʪʫʘʣʴʥʳʭ 

ʠ ʨʘʩʰʠʨʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʦʢʦʥ ʧʨʦʟʨʘʯʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʡ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ ʛʣʫʙʦʢʦʛʦ ʋʌ ʠ ʜʦ ʊɻʮ ʚʦʣʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʙʦ-

ʣʝʝ ʜʦʩʪʦʚʝʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʟʜʦʨʦʚʳʭ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ˉ FSRR-2023-0007). 
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ʇʆ ʊɽʆʈʀʀ ʕʃɽʂʊʈʆʅʅʓʍ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺ 

 

ɺ.ʄ. ɸʥʠʢʠʥ 

ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

E-mail: AnikinVM @sgu.ru 

 

ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʦʜʷʪʩʷ ʙʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ɸʛʥʝʩʩʝ ʅʠ-

ʢʦʣʘʝʚʥʝ ɸʨʩʝʥʴʝʚʦʡ-ɻʝʡʣʴ (1901 ï 1991), ʩʧʝʮʠʘʣʠʩʪʝ ʧʦ ʬʠʟʠʢʝ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚ, ʘʚʪʦʨʝ (ʩʦʚʤʝʩʪʥʦ ʩ ʄʘʪʚʝʝʤ ʇʝʪʨʦʚʠʯʝʤ ɹʨʦʥʰʪʝʡʥʦʤ 

(1906 ï 1938)) ʧʝʨʚʦʛʦ ʥʘʫʯʥʦʛʦ ʦʙʟʦʨʘ ʚ ʉʉʉʈ (1932) ʧʦ ʪʝʦʨʠʠ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ɺ 1929 ʛ. ʚ ɻʸʪʪʠʥʛʝʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ɸ.ʅ. ɸʨʩʝʥʴʝʚʘ ʟʘʱʠʪʠʣʘ ʜʠʩʩʝʨʪʘʮʠʶ (PhD Thesis). ɺ 1934 ï 1935 ʛʛ. ʨʘ-

ʙʦʪʘʣʘ ʚ ʂʘʚʝʥʜʠʰʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʕ. ʈʝʟʝʨʬʦʨʜʘ. ɺʝʨʥʫʚʰʠʩʴ ʚ ʃʝʥʠʥ-

ʛʨʘʜ, ʪʨʫʜʠʣʘʩʴ ʚ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥ-

ʩʪʠʪʫʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʦʝʥʥʳʝ ʛʦʜʳ, ʘ ʩ ʥʘʯʘʣʘ 1950-ʭ ʛʛ. ï ʚ ʃʝʥʠʥʛʨʘʜ-

ʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ɺ 1969 ʛ. ʟʘʱʠʪʠʣʘ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʧʦ ʧʨʦ-

ʙʣʝʤʘʤ ʬʦʪʦʵʤʠʩʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʝʤʝʪʘʣʣʦʚ. ɸʚʪʦʨ ʤʦʥʦʛʨʘʬʠʠ çɺʥʝʰ-

ʥʠʡ ʬʦʪʦʵʬʬʝʢʪ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚè (1957). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʪʦʨʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ɸʛʥʝʩ-

ʩʘ ʅʠʢʦʣʘʝʚʥʘ ɸʨʩʝʥʴʝʚʘ-ɻʝʡʣʴ, ʄʘʪʚʝʡ ʇʝʪʨʦʚʠʯ ɹʨʦʥʰʪʝʡʥ. 

 

ʉʠʪʫʘʮʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʢ ʥʘʯʘʣʫ 1930-ʭ ʛʛ. 

 

ʂ 1930-ʤ ʛʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʥʝʢʦʪʦʨʳʭ ʦʙʱʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠ-

ʯʘʣʠʩʴ ʦʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʦʙʲʷʩʥʝ-

ʥʳ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʄʘʢʩʚʝʣʣʘ
1
. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʧʨʘʢʪʠʢʝ 

ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦ-

ʩʪʠ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʚʝʨʜʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ, 

ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʠ ʠʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʡʪʠ ʤʠʤʦ 

ʠʤʝʥʠ ʆʣʝʛʘ ɺʣʘʜʠʤʠʨʦʚʠʯʘ ʃʦʩʝʚʘ (1903 ï 1942), ʯʴʠ ʚʳʜʘʶʱʠʝʩʷ ʨʘʟ-

ʨʘʙʦʪʢʠ 1920ï1930-ʭ ʛʛ. ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʦʙʨʘʟʳ ʧʦʩʣʝʜʫʶ-

ʱʠʭ ʧʨʠʙʦʨʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʤʝʯʝʥʥʳʭ 

                                                 
1
 ʂ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʠʣʠʩʴ: ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʨʠ-

ʩʪʘʣʣʘʭ (ʧʝʨʚʳʡ ʠʟʚʝʩʪʥʳʡ ʦʧʳʪ: ʄ. ʌʘʨʘʜʝʡ, 1833 ʛ.; ʚʝʱʝʩʪʚʦ ï ʩʫʣʴʬʠʜ ʩʝʨʝʙʨʘ Ag2S); ʦʪʢʨʳʪʠʝ ʬʦ-

ʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʩʝʣʝʥʘ, ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʣʝʥʦʚʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʝʛʦ ʦʩʚʝʱʝʥʠʠ ʩʦʣʥʝʯʥʳʤ 

ʩʚʝʪʦʤ (ʧʝʨʚʳʡ ʦʧʳʪ: ʋ. ʉʤʠʪ, 1873); ʦʪʢʨʳʪʠʝ ʵʬʬʝʢʪʘ ʚʳʧʨʷʤʣʝʥʠʷ (ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʜʝʪʝʢʪʦʨʥʦʛʦ ʜʝʡʩʪʚʠʷ) ʚ ʪʦʯʝʯʥʦʤ ʢʦʥʪʘʢʪʝ ʤʝʪʘʣʣ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢ (ʧʝʨʚʳʡ ʦʧʳʪ: ʂ. ʌ. ɹʨʘʫʥ, 1874; 

ʩʠʩʪʝʤʘ: ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʩʪʨʠʝ ï ʢʨʠʩʪʘʣʣ ʩʚʠʥʮʦʚʦʛʦ ʙʣʝʩʢʘ, ʪ.ʝ. ʩʫʣʴʬʠʜ ʩʚʠʥʮʘ PbS, ʠ ʜʨʫʛʠʝ ʩʫʣʴʬʠ-

ʜʳ ʤʝʪʘʣʣʦʚ; ʧʦʜʪʚʝʨʞʜʝʥʠʝ ï ɺ. ʬʦʥ ʉʠʤʝʥʩ ʠ ɸ. ʐʫʩʪʝʨ, 1874), ʧʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʘʢʪʘ ʥʝ 

ʧʦʜʯʠʥʷʣʦʩʴ ʟʘʢʦʥʫ ʆʤʘ; ʦʪʢʨʳʪʠʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʦʙʨʘʟʮʝ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ) (ʕ. ʍʦʣʣ, 1879). ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠʥʦʛʜʘ ʥʘʟʚʘʣʠ çʧʣʦʭʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠè.  
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ʅʦʙʝʣʝʚʩʢʠʤʠ ʧʨʝʤʠʷʤʠ (ZnO-ʫʩʠʣʠʪʝʣʴ, ZnO-ʛʝʥʝʨʘʪʦʨ, ʩʚʝʪʦʜʠʦʜʳ ʥʘ 

ʦʩʥʦʚʝ SiC, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʘ).  

ʉʠʪʫʘʮʠʶ ʨʘʟʨʳʚʘ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ, ʩʫʱʝʩʪʚʦʚʘʚʰʫʶ ʚ ʬʠʟʠʢʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʢ ʥʘʯʘʣʫ 1930-ʭ ʛʛ., ʘʢʘʜʝʤʠʢ ɸ. ʌ. ʀʦʬʬʝ ʧʨʦʢʦʤʤʝʥ-

ʪʠʨʦʚʘʣ ʚʦ ʚʩʪʫʧʠʪʝʣʴʥʦʤ ʩʣʦʚʝ ʥʘ ʂʦʥʬʝʨʝʥʮʠʠ ʧʦ ʪʚʝʨʜʳʤ ʚʳʧʨʷʤʠʪʝ-

ʣʷʤ ʠ ʬʦʪʦʵʣʝʤʝʥʪʘʤ (ʃʝʥʠʥʛʨʘʜ, ʩʝʥʪʷʙʨʴ 1931 ʛ.)
2
: 

 

çɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, 

ʥʦ ʥʝʪ ʠʭ ʪʝʦʨʠʠ. <é> ʕʪʘ ʦʙʣʘʩʪʴ ʚ ʩʚʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʳʷʩʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʥʘʭʦʜʠʪʩʷ ʝʱʝ ʚ ʥʘʯʘʣʴ-

ʥʦʡ ʩʪʘʜʠʠ. ʀ ʧʦʵʪʦʤʫ, ʝʩʪʝʩʪʚʝʥʥʦ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ 

ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʢʘʢ ʬʠʟʠʢʠ, ʪʘʢ ʠ ʪʝʭʥʠʢʠè [1]. 

 

ɺ çɾʫʨʥʘʣʝ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠè (ʪʦʤ 1, ˉ 7 ʟʘ 1931 ʛ.) ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʦʙʟʦʨʥʳʝ ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʦʢʣʘʜʳ, ʧʨʦʟʚʫʯʘʚʰʠʝ ʥʘ ʵʪʦʡ ʢʦʥʬʝʨʝʥ-

ʮʠʠ. ʀʭ ʧʝʨʝʯʠʩʣʝʥʠʝ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʣʶʜʷʭ, ʢʦʪʦʨʳʝ ʩʪʦʷʣʠ ʫ ʠʩʪʦ-

ʢʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

 

ʆʙʟʦʨʳ: çʊʚʝʨʜʳʝ ʚʳʧʨʷʤʠʪʝʣʠè (ʀ. ɺ. ʂʫʨʯʘʪʦʚ), çʇʨʠʤʝʥʝʥʠʝ 

ʪʚʝʨʜʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ ʚ ʪʝʭʥʠʢʝè (ʂ. ʇ. ʐʠʨʦʢʦʚ), çʊʚʝʨʜʳʝ, ʠʣʠ ʚʝʥ-

ʪʠʣʴʥʳʝ ʬʦʪʦʵʣʝʤʝʥʪʳè (ʀ. ɺ. ʂʫʨʯʘʪʦʚ, ʂ. ɼ. ʉʠʥʝʣʴʥʠʢʦʚ), çɺʥʫʪʨʝʥ-

ʥʠʡ ʬʦʪʦʵʬʬʝʢʪ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭè (ɹ. ɺ. ʂʫʨʯʘʪʦʚ), çʌʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʣʝʥʘè) (ʂ. ɼ. ʉʠʥʝʣʴʥʠʢʦʚ).  

ʆʨʠʛʠʥʘʣʴʥʳʝ ʜʦʢʣʘʜʳ: çɿʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʵʬʬʝʢʪʘ ʚ ʤʝʜʥʦʟʘʢʠʩʥʦʤ 

ʬʦʪʦʵʣʝʤʝʥʪʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪ ʚʳʧʨʷʤʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʝʛʦè 

(ɺ. ʇ. ɾʫʟʝ, ɼ. ʅ. ʅʘʩʣʝʜʦʚ), çʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʥʪʠʣʴʥʳʭ ʬʦʪʦ-

ʵʣʝʤʝʥʪʦʚè (ʂ. ɼ. ʉʠʥʝʣʴʥʠʢʦʚ, ɸ. ʂ. ɺʘʣʴʪʝʨ), çʇʨʦʭʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ 

ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚè (ʃ. ɺ. ʈʦʟʝʥʢʝ-

ʚʠʯ), çʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʦʩʦʙʦʤ ʘʢʪʠʚʥʦʤ ʩʣʦʝ ʢʨʠʩʪʘʣʣʦʚ 

ʢʘʨʙʦʨʫʥʜʘè (ʆ. ɺ. ʃʦʩʝʚ). 

ɸʚʪʦʨʝʬʝʨʘʪʳ ʜʦʢʣʘʜʦʚ: çʇʨʠʤʝʥʝʥʠʝ ʤʝʜʥʦʟʘʢʠʩʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʢ 

ʥʝʢʦʪʦʨʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʩʭʝʤʘʤ ʠ ʧʨʠʙʦʨʘʤè (ɺ. ʅ. ʃʝʧʝʰʠʥʩʢʘʷ), çʆ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʚ ʤʘʣʦʚʦʣʴʪʥʳʭ ʧʨʠʙʦʨʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ 

ʤʝʜʥʦʟʘʢʠʩʥʳʤ ʜʝʪʝʢʪʦʨʦʤè (ɺ. ʅ. ʈʦʞʜʝʩʪʚʝʥʩʢʠʡ), çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ ʚ ʤʝʜʥʦʟʘʢʠʩʥʳʭ ʬʦʪʦʵʣʝʤʝʥ-

ʪʘʭè (ɺ. ʅ. ʃʝʧʝʰʠʥʩʢʘʷ), çʆ ʥʝʢʦʪʦʨʳʭ ʥʝʚʳʷʩʥʝʥʥʳʭ ʚʦʧʨʦʩʘʭ ʠʟ ʦʙʣʘ-

ʩʪʠ ʠʟʫʯʝʥʠʷ ʟʘʢʠʩʠ ʤʝʜʠè (ɹ. ɸ. ʆʩʪʨʦʫʤʦʚ). 

 

ɺ ʜʠʩʢʫʩʩʠʷʭ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ɸ. ʌ. ʀʦʬʬʝ, 

ʗ. ʀ. ʌʨʝʥʢʝʣʴ, ʀ. ɺ. ʂʫʨʯʘʪʦʚ, ɹ. ɸ. ʆʩʪʨʦʫʤʦʚ, ʂ. ɼ. ʉʠʥʝʣʴʥʠʢʦʚ, 

ɸ. ʅ. ʉʳʩʦʝʚ. ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʥʘʤʝʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪ ʧʦ 

                                                 
2
 ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʫ ʢʦʥʬʝʨʝʥʮʠʶ ʩʪʘʣʠ ʠʤʝʥʦʚʘʪʴ ʇʝʨʚʦʡ ɺʩʝʩʦʶʟʥʦʡ ʢʦʥʬʝʨʝʥʮʠʝʡ ʧʦ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʘʤ. 
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ʠʟʫʯʝʥʠʶ ʪʚʝʨʜʳʭ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʠ ʚʳʧʨʷʤʠʪʝʣʝʡ ʤʝʞʜʫ ʥʘʫʯʥʳʤʠ 

ʫʯʨʝʞʜʝʥʠʷʤʠ ʉʉʉʈ. ʈʫʢʦʚʦʜʠʪʝʣʝʤ (ʙʨʠʛʘʜʠʨʦʤ) ʨʘʙʦʪ ʙʳʣ ʚʳʙʨʘʥ 

ɸ. ʌ. ʀʦʬʬʝ. 

ʇʦʩʣʝ ʢʦʥʬʝʨʝʥʮʠʠ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʣʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʜʝʡʩʪʚʠʷ. ɺ ʦʢʪʷʙʨʝ 1931 ʛ. ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ɻʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʙʳʣ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʃʝʥʠʥʛʨʘʜʩʢʠʡ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ɸ. ʌ. ʀʦʬʬʝ ʨʘʟʜʝʣʠʣ ʝʛʦ ʥʘʫʯʥʳʡ ʠ ʪʝʭ-

ʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘ 8 ʛʨʫʧʧ, ʠʛʨʘʚʰʠʭ ʨʦʣʴ ʦʪʜʝʣʦʚ, ʧʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚ 

ʧʝʨʚʦʡ, ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʛʨʫʧʧʳ, ʢʦʪʦʨʫʶ ʦʥ ʚʦʟʛʣʘʚʠʣ ʩʘʤ, ʙʳʣʘ ʚʢʣʶʯʝ-

ʥʘ ʙʨʠʛʘʜʘ ˉ 6 çʇʦʣʫʧʨʦʚʦʜʥʠʢʠè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʘ ɻʸʪʪʠʥʛʝʥ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸʛʥʝʩʩʳ ʅʠʢʦʣʘʝʚʥʳ ɸʨʩʝʥʴʝʚʦʡ. ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ ʛʦʜ 

ʩʪʨʫʢʪʫʨʘ ʠʥʩʪʠʪʫʪʘ ʙʳʣʘ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʘ, ʠ ʚ ʩʦʩʪʘʚ ʦʪʜʝʣʘ ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚʦʰʣʘ ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʚʦ ʛʣʘʚʝ ʩ ɸ. ʅ. ɸʨʩʝʥʴʝʚʦʡ [2, ʩ. 271ï 273]. 

 

ʆʙʟʦʨ ɸ. ʅ. ɸʨʩʝʥʴʝʚʦʡ ʠ ʄ. ʇ. ɹʨʦʥʰʪʝʡʥʘ 

çʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚè (1932) 

 

ɺ ˉ 9-10 ʚʪʦʨʦʛʦ ʪʦʤʘ çɾʫʨʥʘʣʘ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠè ʟʘ 1932 ʛ. [3] 

ʦʧʫʙʣʠʢʦʚʘʥ ʦʙʟʦʨ ʩʦʪʨʫʜʥʠʢʦʚ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʛʥʝʩʩʳ 

ʅʠʢʦʣʘʝʚʥʳ ɸʨʩʝʥʴʝʚʦʡ ʠ ʄʘʪʚʝʷ ʇʝʪʨʦʚʠʯʘ ɹʨʦʥʰʪʝʡʥʘ çʌʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚè. ɸʚʪʦʨʳ ʟʘʢʦʥʯʠʣʠ ʝʛʦ ʥʘʧʠʩʘ-

ʥʠʝ ʚ ʤʘʝ 1932 ʛ. ʧʦʩʣʝ ʟʥʘʢʦʤʩʪʚʘ ʩ ʜʚʫʤʷ ʩʪʘʪʴʷʤʠ ɸ. ɺʠʣʴʩʦʥʘ 1931 ʛ. ʚ 

ʞʫʨʥʘʣʝ Proceedings of The Royal Society:  

 

Wilson A.H. The Theory of Electronic Semi-conductors // Proc. R. Soc. A. 

1931.V.133. P. 458ï491.  

Wilson A. H. The Theory of Electronic Semi-conductors. II // Proc. R. 

Soc. A. 1931. V. 134. P. 277 ï 287. 

 

ɸ. ɺʠʣʴʩʦʥ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 1928ï1929 ʛʛ. ʌ. ɹʣʦʭʦʤ 

(ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ), ʃ. ɹʨʠʣʣʶʵʥʦʤ (ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ) ʠ 

ʈ. ʇʘʡʝʨʣʩʦʤ (ʢʦʥʮʝʧʮʠʷ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʟʦʥʥʦʡ ʪʝʦʨʠʠ ʪʚʝʨʜʳʭ ʪʝʣ ʩʦʟʜʘʣ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʚ 

ʢʦʪʦʨʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʙʨʘʟʫʶʪ ʪʨʠ ʟʦʥʳ ï ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ, ʨʘʟʜʝʣʝʥʥʳʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ (ʠʩʪʦ-

ʨʠʷ ʚʦʧʨʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʥʘʧʨʠʤʝʨ, ʚ [4]). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ɺʠʣʴʩʦʥ ʧʨʦ-

ʚʝʣ ʢʘʯʝʩʪʚʝʥʥʦʝ ʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʜʠʵʣʝʢʪʨʠʢʠ (çʙʦʣʴʰʘʷè ʟʘʧʨʝ-

ʱʝʥʥʘʷ ʟʦʥʘ ʩʚʳʰʝ 4 ï 5 ʵɺ, ʠʩʢʣʶʯʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦ-

ʩʪʠ), ʤʝʪʘʣʣʳ (ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ), ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ (ʟʘ-

ʧʨʝʱʝʥʥʘʷ ʟʦʥʘ ʦʪ ʜʦʣʝʡ ʵʣʝʢʪʨʦʥ-ʚʦʣʴʪʘ ʜʦ 3 ï 4 ʵɺ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

çʧʨʝʦʜʦʣʝʥʘè ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʪʝʧʣʦʚʦʛʦ ʠʣʠ ʩʚʝʪʦʚʦʛʦ ʚʦʟ-

ʙʫʞʜʝʥʠʷ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ).  
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ʆʩʚʦʙʦʜʠʚʰʠʝʩʷ ʦʪ ʵʣʝʢʪʨʦʥʦʚ ʤʝʩʪʘ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʝʨʝʭʦʜʘ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʫʶʪ ʚʘʢʘʥʩʠʠ (ʜʳʨʢʠ), ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʩʚʦʙʦʜʥʳ-

ʤʠ ʥʦʩʠʪʝʣʷʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ. ʇʦʚʝʜʝʥʠʝ ʜʳʨʦʢ ʘʥʘʣʦʛʠʯʥʦ ʧʦ-

ʚʝʜʝʥʠʶ ʚʦʟʙʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʤʘʩʩʦʡ ʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦ-

ʪʦʨʦʛʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʪʦʢʫ ʵʣʝʢʪʨʦʥʦʚ. ʊʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʵʣʝʢʪʨʦʥʥʘʷ 

ʠʣʠ ʜʳʨʦʯʥʘʷ) ʚʳʷʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ.  

ɿʦʥʥʘʷ ʪʝʦʨʠʷ ʜʘʣʘ ʢʣʶʯ ʢ ʦʙʲʷʩʥʝʥʠʶ ʨʷʜʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʦʣʥʦʚʘʷ ʤʝʭʘ-

ʥʠʢʘ ʙʳʣʘ ʛʣʘʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ ʥʘ VI ʩʲʝʟʜʝ ʈʦʩʩʠʡʩʢʦʡ ʘʩʩʦ-

ʮʠʘʮʠʠ ʬʠʟʠʢʦʚ ʚ ʘʚʛʫʩʪʝ 1928 ʛ. ɿʘʢʣʶʯʠʪʝʣʴʥʦʝ ʟʘʩʝʜʘʥʠʝ ʩʲʝʟʜʘ ʧʨʦ-

ʰʣʦ ʚ ʉʘʨʘʪʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 15 ʘʚʛʫʩʪʘ 1928 ʛ. ʅʘ ʥʝʤ ʩ çʢʚʘʥʪʦʚʦʤʝ-

ʭʘʥʠʯʝʩʢʠʤè ʜʦʢʣʘʜʦʤ ʚʳʩʪʫʧʠʣ ʄʘʢʩ ɹʦʨʥ [5 ï 7].  

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʩʚʦʝʛʦ ʦʙʟʦʨʘ çʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚè ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʠ ʄ. ʇ. ɹʨʦʥʰʪʝʡʥ ʩʦ ʩʩʳʣʢʦʡ ʥʘ 

ɸ. ɺʠʣʴʩʦʥʘ ʢʨʘʪʢʦ ʚʦʩʧʨʦʠʟʚʝʣʠ ʧʦʣʦʞʝʥʠʷ ʟʦʥʥʦʡ ʪʝʦʨʠʠ, ʦʪʤʝʪʠʣʠ 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʪʠʧʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʳʨʦʯʥʦʡ), ʫʢʘʟʘʣʠ ʥʘ 

ʨʦʣʴ ʧʨʠʤʝʩʝʡ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʨʤʠʥ çʘʥʦʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʍʦʣʣʘè ʚ ʩʣʫ-

ʯʘʝ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʥʠ ʫʧʦʪʨʝ-

ʙʠʣʠ ʦʙʨʘʟʥʳʡ ʪʝʨʤʠʥ çʧʨʦʧʘʩʪʴè. ɸʚʪʦʨʳ ʚʳʜʝʣʠʣʠ ʩʫʪʴ ʷʚʣʝʥʠʷ: 

 

çé ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʠʟʦʣʷʪʦʨʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʝʩʪʴ ʯʠʩʪʦ ʢʚʘʥ-

ʪʦʚʳʡ ʵʬʬʝʢʪ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʘʣʠʯʠʠ ʧʝʨʝʨʳʚʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʥʘʯʝ-

ʥʠʡ ʵʥʝʨʛʠʠ ʠ ʥʘ ʧʨʠʥʮʠʧʝ ʇʘʫʣʠ: ʪʝʦʨʠʷ ʠʟʦʣʷʪʦʨʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, 

ʥʝ ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʚʦʣʥʦʚʫʶ ʤʝʭʘʥʠʢʫ, ʧʦʵʪʦʤʫ ʥʝʚʦʟʤʦʞʥʘè [3, ʩ. 922]. 

 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʦʙʟʦʨʘ ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʠ ʄ. ʇ. ɹʨʦʥʰʪʝʡʥ ʧʨʦ-

ʚʝʣʠ çʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘè, ʦʪʤʝʪʠʚ, ʯʪʦ çʥʘʢʦʧʠʚ-

ʰʠʡʩʷ ʤʘʪʝʨʠʘʣ ʭʦʪʷ ʠ ʦʙʰʠʨʝʥ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʝʪ, ʦʜʥʘʢʦ, ʩʜʝʣʘʪʴ ʦʢʦʥʯʘ-

ʪʝʣʴʥʳʭ ʚʳʚʦʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʦʪʜʝʣʴʥʳʭ ʘʚʪʦʨʦʚ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʳ ʠ 

ʯʘʩʪʦ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʜʨʫʛ ʜʨʫʛʫè. çʈʘʟʥʦʨʝʯʠʚʦʩʪʴ ʨʝʟʫʣʴ-

ʪʘʪʦʚè ʘʚʪʦʨʳ ʩʚʷʟʘʣʠ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ çʚ 

ʫʜʦʙʥʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʠʜʝè. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʦʙʟʦʨʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʦʧʠʩʘʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʜʘʚʣʝʥʠʷ ʦʢʨʫʞʘʶʱʠʭ ʛʘʟʦʚ, ʥʘʣʠʯʠʷ ʧʨʠʤʝ-

ʩʝʡ) ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʬʦʪʦʵʬʬʝʢʪʘ ʚʝʱʝʩʪʚʘ, çʣʝʛʢʦ ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʯʠʩʪʦʤ 

ʚʠʜʝè, ï ʟʘʢʠʩʠ ʤʝʜʠ Cu2O. 

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʨʘʙʦʪʳ ɸ. ʅ. ɸʨʩʝʥʴʝʚʦʡ ʠ ʄ. ʇ. ɹʨʦʥʰʪʝʡʥʘ ʨʘʟ-

ʚʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʪʝʦʨʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ çʧʨʦ-

ʩʪʝʡʰʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʩʣʫʯʘʷ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠè, ʦʧʨʝʜʝʣʷʝ-

ʤʦʛʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ: çʚ ʨʝʰʝʪʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʷʚʣʷʶʱʝ-

ʛʦʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠʟʦʣʷʪʦʨʦʤ, ʠʤʝʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-
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ʩʪʚʦ ʘʪʦʤʦʚ ʧʨʠʤʝʩʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ED  ʥʠʞʝ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʧʨʦʧʘʩʪʠ, ʦʪʜʝʣʷʶʱʝʡ ʟʘʥʷʪʳʝ 

ʧʨʠ ʘʙʩʦʣʶʪʥʦʤ ʥʫʣʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠʟʦʣʷʪʦʨʘ ʦʪ ʥʝʟʘʥʷʪʳʭè; 

çʵʥʝʨʛʠʷ ʩʘʤʦʛʦ ʥʠʞʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʟʘʥʷʪʦʡ ʧʦʣʦʩʳ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶè; 

çʵʣʝʢʪʨʦʥʥʳʡ ʫʨʦʚʝʥʴ ʘʪʦʤʦʚ ʧʨʠʤʝʩʠ, ʩ ʢʦʪʦʨʦʛʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʙʫʜʫʪ ʧʝʨʝʭʦʜʠʪʴ ʥʘʚʝʨʭ ʵʣʝʢʪʨʦʥʳ, ʨʘʚʝʥ ED è, çʥʠʢʘʢʠʭ ʜʨʫʛʠʭ 

ʫʨʦʚʥʝʡ ʘʪʦʤʦʚ ʧʨʠʤʝʩʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʧʘʩʪʠ ʥʝʪè.  

ɽʩʣʠ 
0

n  ï ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʫʨʦʚʥʝ ED  ʚ ʝʜʠʥʠʮʝ 

ʦʙʲʝʤʘ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤ ʥʫʣʝ, ʪʦ ʧʨʠ ʦʪʣʠʯʥʦʡ ʦʪ ʥʫʣʷ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʵʪʦʤ ʫʨʦʚʥʝ ʙʫʜʝʪ çʩʠʜʝʪʴè ʣʠʰʴ ʯʘʩʪʴ ʵʪʦʛʦ ʯʠʩʣʘ, ʦʩʪʘʣʴʥʘʷ ʞʝ ʯʘʩʪʴ 

ʧʝʨʝʡʜʝʪ ʚ ʥʝʟʘʥʷʪʫʶ ʧʦʣʦʩʫ ʠ ʩʪʘʥʝʪ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʨʝʰʘʶʪʩʷ ʜʚʝ ʟʘʜʘʯʠ: 

1) ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʠ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʟʦʥʘ-

ʤʠ ʩ ʵʥʝʨʛʠʝʡ ED-  (
0

n  ʩʦʩʪʦʷʥʠʡ) ʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʚ ʥʝʟʘʥʷ-

ʪʦʡ ʧʦʣʦʩʝ ʠʟʦʣʷʪʦʨʘ; 

2) ʟʘʜʘʯʘ ʦ (ʧʝʨʝ)ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ (ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 1) ʧʦ 

ʩʦʩʪʦʷʥʠʷʤ ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚ ʟʘʜʘʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠʣʠ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟ-

ʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʚʳʯʠʩʣʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ, ʚʳʜʝʣʷ-

ʶʱʝʝʩʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʪʝʧʣʦ ʠ ʪ. ʜ., ʪ. ʝ. ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʍʦʣʣʘ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʝ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʤʘʛʥʠʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥ-

ʪʳ. ʉʨʘʚʥʝʥʠʝ ʨʷʜʘ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʟʘʢʠʩʠ ʤʝʜʠ 

ʧʦʢʘʟʘʣʦ ʠʟʚʝʩʪʥʦʝ ʩʦʚʧʘʜʝʥʠʝ. ʏʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ (ʧʦ ʵʬʬʝʢʪʘʤ ʇʝʣʴʪʴʝ ʠ 

ʊʦʤʩʦʥʘ) ʥʦʩʠʣʘ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ, ʯʝʪʚʝʨʪʳʡ, ʨʘʟʜʝʣ ʦʙʟʦʨʘ ɸ. ʅ. ɸʨʩʝʥʴʝʚʦʡ ʠ 

ʄ. ʇ. ɹʨʦʥʰʪʝʡʥʘ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ ʷʚʣʝʥʠʷʭ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʤʝʞʜʫ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʠ ʤʝʪʘʣʣʦʤ. ʇʨʠʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʤʦʜʝ-

ʣʠ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʥʘʣʠʯʠʝ ʚʳʧʨʷʤʣʷʶʱʝʛʦ ʜʝʡ-

ʩʪʚʠʷ. ʆʜʥʘʢʦ ʨʘʟʜʝʣ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʬʨʘʟʦʡ: çʊʝʦʨʠʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʧʨʦ-

ʚʦʜʥʠʢʦʤ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʜʦ ʩʠʭ ʧʦʨ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪè. ʂʘʢ ʠʟʚʝʩʪ-

ʥʦ, ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʨʝʰʝʥʘ ʚ 1938 ʛ. ɹ. ʀ. ɼʘʚʳʜʦʚʳʤ ʠ ɸ. ʌ. ʀʦʬʬʝ. 

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ [8, ʩ. 94], ʦʙʟʦʨ ɸ. ʅ. ɸʨʩʝʥʴʝʚʦʡ ʠ ʄ. ʇ. ɹʨʦʥ-

ʰʪʝʡʥʘ ʥʘʧʠʩʘʥ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘʤ ʠ ʩʳʛʨʘʣ ʩʚʦʶ ʧʦ-

ʣʝʟʥʫʶ ʧʝʨʚʦʧʨʦʭʦʜʯʝʩʢʫʶ ʨʦʣʴ. 
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ʉʪʨʘʥʠʮʳ ʙʠʦʛʨʘʬʠʠ ɸ. ʅ. ɸʨʩʝʥʴʝʚʦʡ-ɻʝʡʣʴ (1901 ï 1991) 

 

ɸʛʥʝʩʩʘ ʅʠʢʦʣʘʝʚʥʘ ɸʨʩʝʥʴʝʚʘ ʨʦʜʠʣʘʩʴ 5 ʠʶʣʷ 1901 ʛ. ʚ ʇʝʪʝʨʙʫʨ-

ʛʝ. ɺ 1917 ʛ. ʦʢʦʥʯʠʣʘ ʇʝʪʨʦʛʨʘʜʩʢʦʝ ʚʦʩʴʤʠʢʣʘʩʩʥʦʝ ʢʦʤʤʝʨʯʝʩʢʦʝ ʫʯʠ-

ʣʠʱʝ ʚ ʃʝʩʥʦʤ
3
, ʘ ʟʘʪʝʤ ï ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ.  

ʉ ʤʦʤʝʥʪʘ ʦʩʥʦʚʘʥʠʷ (1924) ʨʘʙʦʪʘʣʘ ʚ ʨʫʢʦʚʦʜʠʤʦʡ ɸ.ʌ. ʀʦʬʬʝ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ [2, ʩ. 259]. ʃʘʙʦʨʘʪʦʨʠʷ, 

ʥʘʭʦʜʠʚʰʘʷʩʷ ʧʦʜ ʵʛʠʜʦʡ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ ɺʳʩʰʝʛʦ ʩʦ-

ʚʝʪʘ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʉʉʉʈ, ʙʳʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ɺ ʝʝ ʩʧʠʩʦʯʥʦʤ ʩʦʩʪʘʚʝ ʟʘ 1924 ï 1930 ʛʛ. ʯʠʩ-

ʣʠʣʦʩʴ 800 ʯʝʣʦʚʝʢ! ɺ 1930 ʛ. ʵʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʙʳʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ɻʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʚ ʬʝʚ-

ʨʘʣʝ 1931 ʛ., ʙʳʣ ʦʙʲʝʜʠʥʝʥ ʩ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʨʘ-

ʜʠʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ. ɿʘ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʟʘʢʨʝʧʠʪʩʷ 

ʥʘʟʚʘʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ɸ ʫʞʝ ʚ ʦʢʪʷʙʨʝ 

1931 ʛ. ʝʛʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʙʫʜʝʪ ʚʦʟʚʝʜʝʥ ʚ ʨʘʥʛ ʃʝʥʠʥ-

ʛʨʘʜʩʢʦʛʦ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʚ ʧʦʩʣʝʜ-

ʥʝʤ ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʨʫʢʦʚʦʜʠʣʘ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ʈʦʩʪʫ ʥʘʫʯʥʦʛʦ ʢʨʫʛʦʟʦʨʘ ʬʠʟʪʝʭʦʚʩʢʦʡ ʤʦʣʦʜʝʞʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʇ. ʉ. ʕʨʝʥʬʝʩʪʘ ʠ ʗ. ʀ. ʌʨʝʥʢʝʣʷ, 

ʧʨʠʚʝʜʰʝʝ ʢ ʩʪʘʥʦʚʣʝʥʠʶ ʢʨʫʧʥʳʭ ʫʯʝʥʳʭ. 

 

 
 
ʋʯʘʩʪʥʠʢʠ ʩʝʤʠʥʘʨʘ ʇ. ʉ. ʕʨʝʥʬʝʩʪʘ ʚ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ): 

ʇ. ʉ. ʕʨʝʥʬʝʩʪ, ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ, ɹ. ʄ. ɻʦʭʙʝʨʛ, ʅ. ɺ. ʊʦʤʘʰʝʚʩʢʠʡ, ʇ. ʆ. ʋʩʘʪʘʷ,  

ɹ. ʗ ʇʠʥʝʩ, ʅ. ɸ. ɹʨʠʣʣʠʘʥʪʦʚ, ɸ. ʀ. ʐʘʣʴʥʠʢʦʚ, ɺ. ʉ. ɻʦʨʩʢʠʡ (ʃʝʥʠʥʛʨʘʜ, 1924 ʛ.) 

(ɸʨʭʠʚ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ) 

 

                                                 
3
 ʎɻʀɸ ʉʇʙ ʬ.357 ʦʧ.1 ʜ.211. ɸʨʩʝʥʴʝʚʘ ɸʛʥʝʩʩʘ ʅʠʢʦʣʘʝʚʥʘ. 



48 
 

 
 
ʋʯʘʩʪʥʠʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʝʤʠʥʘʨʘ ʗ. ʀ. ʌʨʝʥʢʝʣʷ ʚ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ): ʃ. ʕ. ɻʫʨʝʚʠʯ, ʃ. ɼ. ʃʘʥʜʘʫ, ʃ. ɺ. ʈʦʟʝʥʢʝʚʠʯ, ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ, 

ʗ. ʀ. ʌʨʝʥʢʝʣʴ, ɻ. ɸ. ɻʘʤʦʚ, ʄ. ɺ. ʄʘʯʠʥʩʢʠʡ, ɼ. ɼ. ʀʚʘʥʝʥʢʦ, ɻ. ɸ. ʄʘʥʜʝʣʴ (ʃʝʥʠʥ-

ʛʨʘʜ, ʚʪʦʨʘʷ ʧʦʣʦʚʠʥʘ 1920-ʭ ʛʛ.) (ɸʨʭʠʚ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ) 

 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 1920-ʭ ʛʛ. ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʧʨʦʭʦʜʠʣʘ ʩʪʘʞʠʨʦʚ-

ʢʫ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ɻʝʦʨʛʘ-ɸʚʛʫʩʪʘ ʚ ɻʝʪʪʠʥʛʝʥʝ. ɿʜʝʩʴ ʫ ʄ. ɹʦʨʥʘ ʚ 1929 ʛ. 

ʟʘʱʠʪʠʣʘ ʜʠʩʩʝʨʪʘʮʠʶ (PhD thesis) ç¦ber den EinfluÇ des Rºntgenlichtes auf 

die Absorptionsspektra der Alkalihalogenidphosphoreè (çʆ ʚʣʠʷʥʠʠ ʨʝʥʪʛʝ-

ʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʱʝʣʦʯʥʦ-ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʶ-

ʤʠʥʦʬʦʨʦʚè). ɽʝ ʜʠʩʩʝʨʪʘʮʠʷ ʞʫʨʥʘʣʦʤ çThe British Journal of Radiologyè 

ʚʢʣʶʯʝʥʘ ʚ ʥʘʫʯʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʨʘʙʦʪ ʧʦ ʨʘʜʠʦʣʦʛʠʠ.  

 

 
 

ɸ. ʌ. ʀʦʬʬʝ, ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʠ ʇ. ʀ. ʃʫʢʠʨʩʢʠʡ (ɻʸʪʪʠʥʛʝʥ, 1926 ʛ.)  

(ʌʨʘʛʤʝʥʪ ʬʦʪʦʛʨʘʬʠʠ, ɸʨʭʠʚ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ) 
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ɺ ʘʚʛʫʩʪʝ 1928 ʛ. ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʚʭʦʜʠʣʘ ʚ ʯʠʩʣʦ ʦʨʛʘʥʠʟʘʪʦʨʦʚ VI 

ʩʲʝʟʜʘ ʈʦʩʩʠʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʬʠʟʠʢʦʚ [5 ï 7]. 

 

 
 

ʄ. ɹʦʨʥ, ʇ. ɼʠʨʘʢ, ɺ. ʅ. ʂʦʥʜʨʘʪʴʝʚ, ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʠ ʖ. ɹ. ʍʘʨʠʪʦʥ 

ʥʘ ʙʦʨʪʫ ʧʘʨʦʭʦʜʘ çʇʨʫʩʩʠʷè, ʩ ʢʦʪʦʨʳʤ ʥʘ VI ʩʲʝʟʜ ʈɸʌ  

ʧʨʠʙʳʣʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʘʩʪʥʠʢʠ. ɸʚʛʫʩʪ 1928 ʛ. 

(ɸʨʭʠʚ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ) 

 

ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ï ʫʯʘʩʪʥʠʮʘ ʇʝʨʚʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʉʉʉʈ ʧʦ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʚ ʍʘʨʴʢʦʚʝ ʚ 1929 ʛ., ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʝʭʘʣʠ 

ʗ. ʀ ʌʨʝʥʢʝʣʴ, ʀ. ɽ. ʊʘʤʤ, ʃ. ɼ. ʃʘʥʜʘʫ, ɻ. ɸ. ɻʘʤʦʚ, ɼ. ɼ. ʀʚʘʥʝʥʢʦ, 

ʇ. ʀ. ʃʫʢʠʨʩʢʠʡ, ɺ. ɸ. ʌʦʢ, ʀ. ɺ. ʆʙʨʝʠʤʦʚ, ʖ. ɸ. ʂʨʫʪʢʦʚ, 

ɺ. ʂ. ʌʨʝʜʝʨʠʢʩ, ɺ. ʈ. ɹʫʨʩʠʘʥ, ɹ. ʀ. ɼʘʚʳʜʦʚ, ʉ. ʕ. ʌʨʠʰ ʠ ʜʨ.  

ɺ ɻʸʪʪʠʥʛʝʥʝ ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʧʦʟʥʘʢʦʤʠʣʘʩʴ ʩ ʥʝʤʝʮʢʠʤ ʬʠʟʠʢʦʤ 

ʆʩʢʘʨʦʤ ɻʝʡʣʝʤ (1908ï1994), ʟʘʱʠʪʠʚʰʠʤ ʜʠʩʩʝʨʪʘʮʠʶ ʚ 1933 ʛ. ɺ 1934 ʛ. 

ʚ ʃʝʥʠʥʛʨʘʜʝ ʦʥʘ ʚʳʰʣʘ ʟʘ ʥʝʛʦ ʟʘʤʫʞ. ɺ 1934ï1935 ʛʛ. ʦʥʠ ʚʤʝʩʪʝ ʨʘʙʦ-

ʪʘʣʠ ʫ ʕ. ʈʝʟʝʨʬʦʨʜʘ ʚ ʂʘʚʝʥʜʠʰʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʇʨʦʜʫʢʪʦʤ ʠʭ ʩʦʚ-

ʤʝʩʪʥʦʛʦ ʪʚʦʨʯʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʣʘ ʩʪʘʪʴʷ
4
, ʚ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (çʪʨʫʙʢʠ 

ɻʝʡʣʷè), ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʤʦʜʫʣʷʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʩʢʦʨʦʩʪʷʤ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ çʩʛʫʩʪʢʦʚè ʠ ʛʝʥʝʨʘʮʠʷ ʩʚʝʨʭʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʨʫʙʢʘ ɻʝʡʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʩʚʦʝʛʦ ʨʦʜʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʢʣʠʩʪʨʦʥʘ.  

                                                 
4
 Arsenjewa-Heil A.; Heil O. Eine neue Methode zur Erzeugung kurzer, ungedªmpfter elektromagneti-

scher Wellen groÇer Intensitªt // Zeitschrift f¿r Physik. 1935. Bd. 95. ˉ 11ï12. S. 752ï762. 

https://doi.org/10.1007/bf01331341 
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ʋʯʘʩʪʥʠʢʠ ʇʝʨʚʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʉʉʉʈ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ (ʍʘʨʴʢʦʚ, 19 ï 25 ʤʘʷ 

1929 ʛ.). ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ï ʪʨʝʪʴʷ ʩʧʨʘʚʘ ʚʦ ʚʪʦʨʦʤ ʨʷʜʫ ʩʚʝʨʭʫ (ʚ ʙʝʣʦʡ ʰʘʧʦʯʢʝ). 

(ʌʦʪʦ ʠʟ ʞʫʨʥʘʣʘ çʇʨʠʨʦʜʘè ˉ 7 ʟʘ 1990 ʛ.) 

 

ɺ 1932 ʛ. ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ ʫʯʘʩʪʚʦʚʘʣʘ ʚʦ ɺʪʦʨʦʡ ɺʩʝʩʦʶʟʥʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ ʧʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ. ʉʨʝʜʠ ʩʦʙʨʘʚʰʠʭʩʷ ʙʳʣʠ ɸ.ʌ. ʀʦʬʬʝ, 

ʗ. ʀ. ʌʨʝʥʢʝʣʴ, ʀ. ɺ. ʂʫʨʯʘʪʦʚ, ɸ. ɻ. ɻʦʣʴʜʤʘʥ, ɸ. ɸ. ɸʥʩʝʣʴʤ, ɺ.ʇ. ɾʫʟʝ, 

ɸ.ʇ. ɸʣʝʢʩʘʥʜʨʦʚ ʠ ʜʨ. 

 

 
 
ʋʯʘʩʪʥʠʢʠ ɺʪʦʨʦʡ ɺʩʝʩʦʶʟʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ):  

?, ?, ?, ɸ. ɻ. ɻʦʣʴʜʤʘʥ, ?, ɸ. ʌ. ʀʦʬʬʝ, ʇ. ɺ. ʐʘʨʘʚʩʢʠʡ, ʗ. ʀ. ʌʨʝʥʢʝʣʴ, ʀ. ɺ. ʂʫʨʯʘ-

ʪʦʚ, ɸ. ɸ. ɸʥʩʝʣʴʤ, ɺ. ʇ. ɾʫʟʝ, ʃ. ʄ. ʅʝʤʝʥʦʚ, ɼ. ʅ. ʅʘʩʣʝʜʦʚ, ʖ. ʇ. ʄʘʩʣʘʢʦʚʝʮ, 

ɸ. ʇ. ɸʣʝʢʩʘʥʜʨʦʚ, ?, ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ (ʂʠʝʚ, 1932 ʛ.) 

(ɸʨʭʠʚ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ) 

 

ʇʦʩʣʝ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʃʝʥʠʥʛʨʘʜ ʚ 1935 ʛ. ʆ. ɻʝʡʣʴ (ʝʤʫ ʧʨʠʥʘʜʣʝ-

ʞʠʪ ʪʘʢʞʝ ʠʟʦʙʨʝʪʝʥʠʝ ʨʘʥʥʝʛʦ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ) ʚʩʢʦʨʝ ʫʝʭʘʣ ʚ ɺʝ-
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ʣʠʢʦʙʨʠʪʘʥʠʶ, ʘ ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ-ɻʝʡʣʴ ʦʩʪʘʣʘʩʴ ʚ ʃʝʥʠʥʛʨʘʜʝ, ʧʦʩʢʦʣʴʢʫ 

ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʚʳʝʟʜ ʥʝ ʧʦʣʫʯʠʣʘ. ʉʚʦʝʛʦ ʤʫʞʘ ʦʥʘ ʙʦʣʴʰʝ ʥʝ ʫʚʠʜʝʣʘé 

ɻʦʜʳ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ɸʛʥʝʩʩʘ ʅʠʢʦʣʘʝʚʥʘ ʧʨʦʚʝʣʘ ʚ 

ʃʝʥʠʥʛʨʘʜʝ. ʋʯʘʩʪʚʦʚʘʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʳʪʘʥʠʷʭ çʧʨʦʛʠʙʦʛʨʘʬʘè ʜʣʷ 

ɼʦʨʦʛʠ ʞʠʟʥʠ ʚʤʝʩʪʝ ʩ ʇ.ʇ. ʂʦʙʝʢʦ ʠ ʅ.ʄ. ʈʝʡʥʦʚʳʤ [9], ʧʨʠʯʝʤ ʦʜʥʘʞʜʳ 

ʧʨʦʞʠʣʘ ʤʝʩʷʮ ʙʝʟ ʧʨʦʜʫʢʪʦʚʦʡ ʢʘʨʪʦʯʢʠ, ʢʦʪʦʨʫʶ ʩʯʠʪʘʣʘ ʧʦʪʝʨʷʥʥʦʡ.  

 

  
 

ɸʛʥʝʩʩʘ ɸʨʩʝʥʴʝʚʘ,  

1920-ʝ ʛʛ. [9] 

 

ɸ. ʅ. ɸʨʩʝʥʴʝʚʘ-ɻʝʡʣʴ,  

1950-ʝ ʛʛ. [9] 

 

ɺ ʥʘʯʘʣʝ 1950-ʭ ʛʛ. ʇ. ʀ. ʃʫʢʠʨʩʢʠʡ ʧʨʠʛʣʘʩʠʣ ɸ. ʅ. ɸʨʩʝʥʴʝʚʫ-

ɻʝʡʣʴ ʥʘ ʢʘʬʝʜʨʫ ʵʣʝʢʪʨʦʥʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝ-

ʪʘ, ʛʜʝ ʦʥʘ ʠ ʧʨʦʨʘʙʦʪʘʣʘ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ. çʉʚʝʪʣʦʡ ʠ ʜʦʨʦʛʦʡ ʧʘ-

ʤʷʪʠ ʇʝʪʨʘ ʀʚʘʥʦʚʠʯʘ ʃʫʢʠʨʩʢʦʛʦè ɸʛʥʝʩʩʘ ʅʠʢʦʣʘʝʚʥʘ ʧʦʩʚʷʪʠʣʘ ʩʚʦʶ 

ʤʦʥʦʛʨʘʬʠʶ çɺʥʝʰʥʠʡ ʬʦʪʦʵʬʬʝʢʪ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚè 

[10]. ɺ 1969 ʛ. ɸ. ʅ ɸʨʩʝʥʴʝʚʘ-ɻʝʡʣʴ ʟʘʱʠʪʠʣʘ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʵʤʠʩʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʝʤʝʪʘʣʣʦʚè. 

ɿʥʘʚʰʠʝ ɸʛʥʝʩʩʫ ʅʠʢʦʣʘʝʚʥʫ ʦʩʪʘʚʠʣʠ ʪʝʧʣʳʝ ʚʦʩʧʦʤʠʥʘʥʠʷ ʦ ʥʝʡ 

ʢʘʢ ʦ ʩʪʨʘʩʪʥʦʤ ʠ ʯʝʩʪʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʝ, ʩʦʭʨʘʥʠʚʰʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ ʜʦ 90 ʣʝʪ, ʯʝʣʦʚʝʢʝ ʞʠʚʦʛʦ ʫʤʘ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʠ ʜʨʫʞʝʣʶʙʥʦʤ. ɺʦʪ 

ʦʪʨʳʚʦʢ ʠʟ ʚʦʩʧʦʤʠʥʘʥʠʡ ɺ. ʉ. ʀʚʣʝʚʘ : 

 

çʅʘ ʯʝʪʚʝʨʪʦʤ ʢʫʨʩʝ ɸʛʥʝʩʩʘ ʅʠʢʦʣʘʝʚʥʘ ʧʨʝʜʩʪʘʣʘ ʧʝʨʝʜ ʥʘʰʝʡ 

ʛʨʫʧʧʦʡ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʪʦʨʘ. ʂʫʨʩ ʣʝʢʮʠʡ ʙʳʣ ʧʦʩʚʷʱʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. <é> ɽʝ ʣʝʢʮʠʠ 

ʙʳʣʠ ʧʝʨʝʧʦʣʥʝʥʳ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʨʦʚʦʜʠʤʳʭ ʫ ʥʘʩ ʠ ʥʘ ɿʘʧʘʜʝ ʨʘʟʣʠʯ-

ʥʳʭ ʦʧʳʪʘʭ. ʏʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʘ ʙʳʣʘ ʤʘʥʝʨʘ ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ: 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ, ʚʦʩʭʠʱʝʥʠʝ ʥʦʚʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥr-

ʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʳʨʘʞʝʥʥʦʝ ʯʠʩʪʦ ʧʦ-ʞʝʥʩʢʠ ʢʘʢ ʚʦʩʢʣʠʮʘʥʠʷʤʠ, ʪʘʢ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʦʛ. ʆʥʠ ʫ ʥʝʝ ʚʳʧʠʩʳʚʘʣʠ ʧʘ, 

ʙʦʣʝʝ ʩʚʦʡʩʪʚʝʥʥʳʝ ʚʦʩʝʤʥʘʜʮʘʪʠʣʝʪʥʠʤ ʜʝʚʫʰʢʘʤ, ʯʝʤ ʫʯʝʥʳʤ ʜʘʤʘʤ ʚ 

ʚʦʟʨʘʩʪʝ ʟʘ 50. ʆʯʝʥʴ ʟʘʙʘʚʥʦ ʚʳʛʣʷʜʝʣʦ ʝʝ ʣʸʛʢʦʝ ʚʳʪʷʛʠʚʘʥʠʝ ʛʫʙ ʜʫʜʦʯ-
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ʢʦʡ ʠ ʛʨʘʩʩʠʨʦʚʘʥʠʝ ʟʚʫʢʦʤ, ʢʦʛʜʘ ʦʥʘ ʭʦʪʝʣʘ ʧʦʜʯʝʨʢʥʫʪʴ ʟʥʘʯʠʤʦʩʪʴ 

ʩʢʘʟʘʥʥʦʛʦ. 

ɸʛʥʝʩʩʘ ʅʠʢʦʣʘʝʚʥʘ ʙʳʣʘ ʫʜʠʚʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʠ ʨʘʩʢʦʚʘʥʥʦʡ ʞʝʥ-

ʱʠʥʦʡ. ʉʢʣʘʜʳʚʘʣʦʩʴ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʦʥʘ ʧʦʣʫʯʠʣʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʀʥ-

ʩʪʠʪʫʪʝ ʙʣʘʛʦʨʦʜʥʳʭ ʜʝʚʠʮ. ɺʝʣʠʢʦʣʝʧʥʦʝ ʟʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʝʚʨʦʧʝʡʩʢʠʭ 

ʷʟʳʢʦʚ, ʫʤʝʥʠʝ ʩʚʦʙʦʜʥʦ ʜʝʨʞʘʪʴʩʷ ʚ ʣʶʙʦʤ ʦʙʱʝʩʪʚʝ, ʧʨʝʢʨʘʩʥʦʝ ʚʣʘʜʝ-

ʥʠʝ ʪʘʥʮʝʚʘʣʴʥʳʤʠ ʧʘ. <é> 

ʆʨʝʦʣ ʚʦʢʨʫʛ ɸʛʥʝʩʩʳ ʅʠʢʦʣʘʝʚʥʳ ʚ 1960-ʭ ʛʛ. ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʧʨʠ-

ʝʟʜʘʤʠ ʥʘ ʬʘʢʫʣʴʪʝʪ ʟʘʨʫʙʝʞʥʳʭ ʬʠʟʠʢʦʚ: ʅʠʣʴʩʘ ɹʦʨʘ, ʇʦʣʷ ɼʠʨʘʢʘ, ʆʛʝ 

ɹʦʨʘ. ʇʨʠ ʚʳʩʪʫʧʣʝʥʠʷʭ ʵʪʠʭ ʫʯʝʥʳʭ ʥʘ ʬʘʢʫʣʴʪʝʪʝ ɹʦʣʴʰʘʷ ʌʠʟʠʯʝʩʢʘʷ 

ʘʫʜʠʪʦʨʠʷ ʙʳʣʘ ʧʝʨʝʧʦʣʥʝʥʘ ʩʪʫʜʝʥʪʘʤʠ ʠ ʠʟʚʝʩʪʥʳʤʠ ʩʦʚʝʪʩʢʠʤʠ ʫʯʝ-

ʥʳʤʠ-ʬʠʟʠʢʘʤʠ. ɼʦʢʣʘʜʳ ʠʥʦʩʪʨʘʥʥʳʭ ʫʯʝʥʳʭ ʦʙʳʯʥʦ ʧʝʨʝʚʦʜʠʣʘ ɸʛʥʝʩ-

ʩʘ ʅʠʢʦʣʘʝʚʥʘ. ɼʣʷ ʥʝʝ ʠʩʪʠʥʥʳʤ ʥʘʩʣʘʞʜʝʥʠʝʤ ʙʳʣʦ ʦʢʫʥʫʪʴʩʷ ʚ ʘʪʤʦ-

ʩʬʝʨʫ ʧʨʦʰʣʦʛʦ, ʩʥʦʚʘ ʫʚʠʜʝʪʴ ʜʨʫʟʝʡ ʤʦʣʦʜʦʩʪʠ, ʧʦʜʯʝʨʢʥʫʪʴ ʧʝʨʝʜ 

ʩʣʫʰʘʪʝʣʷʤʠ ʩʚʦʶ ʙʣʠʟʦʩʪʴ ʢ ʵʪʠʤ ʪʠʪʘʥʘʤ. ʆʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʯʝʨ-

ʢʠʚʘʣʠ ʛʣʫʙʦʢʦʝ ʫʚʘʞʝʥʠʝ ʢ ʥʝʡ. ñɸʭ, ʵʪʦʪ ʅʠʣʴʩ, ʦʥ ʥʠʢʦʛʜʘ ʥʝ ʫʤʝʣ ʭʦ-

ʨʦʰʦ ʪʘʥʮʝʚʘʪʴ. ʊʦʣʴʢʦ ʠ ʩʣʝʜʠ, ʢʘʢ ʙʳ ʥʝ ʦʪʪʦʧʪʘʣ ʥʦʛʠñ. ʕʪʦ ʜʝʣʘʣʦ 

ʪʝʦʨʠʶ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʅʠʣʴʩʘ ɹʦʨʘ ʥʘʤ ʙʦʣʝʝ ʙʣʠʟʢʦʡ ʠ ʧʦʥʷʪʥʦʡè [11, ʩ. 

20, 21]. 

 

ɿʘʧʦʤʠʥʘʶʱʠʤʠʩʷ ʙʳʣʠ ʠ ʜʨʫʛʠʝ ʚʳʩʢʘʟʳʚʘʥʠʷ ɸʛʥʝʩʩʳ ʅʠʢʦʣʘʝʚ-

ʥʳ: 

çɺʦʪ ʢʦʛʜʘ ʷ ʨʘʙʦʪʘʣʘ ʩ ʈʝʟʝʨʬʦʨʜʦʤéè (ʥʦʩʪʘʣʴʛʠʯʝʩʢʦʝ). 

çɺʳ ʥʝ ʩʤʦʛʣʠ ʙʳ ʨʘʙʦʪʘʪʴ ʫ ʈʝʟʝʨʬʦʨʜʘè (ʚ ʘʜʨʝʩ ʥʝʨʘʜʠʚʳʭ, ʥʘ ʝʝ 

ʚʟʛʣʷʜ, ʩʪʫʜʝʥʪʦʚ). 

ʇʦʩʣʝʩʣʦʚʠʝ 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ [2, ʩ. 562] ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʩʧʠʩʢʝ ʩʦʪʨʫʜʥʠʢʦʚ 

ʣʘʙʦʨʘʪʦʨʠʡ ʘʢʘʜʝʤʠʢʘ ɸ. ʌ. ʀʦʬʬʝ, ʜʦʩʪʠʛʰʠʭ ʩʝʨʴʝʟʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʠʟʫʯʝʥʠʠ ʧʨʠʨʦʜʳ, ʩʪʨʫʢʪʫʨʥʳʭ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʚʝʱʝʩʪʚ, ʠʤʷ ɸ. ʅ. ɸʨʩʝʥʴʝʚʦʡ ʩʪʦʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʠʤʝʥʝʤ 

ɸ. ʌ. ʀʦʬʬʝ.  

 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʧʨʦʬʝʩʩʦʨʘ ɺ. ʌ. ʅʘʟʚʘʥʦʚʘ ʟʘ ʫʪʦʯʥʷʶʱʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸ. ʅ. ɸʨʩʝʥʴʝʚʦʡ. 
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ɸʥʥʦʪʘʮʠʷ: ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜ-

ʭʦʜʘ ʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟ-

ʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʨʘʩʩʤʦʪʨʝʥʳ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʣʘʟʤʦʥʳ ʚ ʤʘʣʳʭ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʠ ʧʨʦʚʦʜʷʱʠʭ ʯʘʩʪʠʮʘʭ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʙʣʠʞʝʥʥʳʝ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʥʳʡ 

ʧʦʜʭʦʜ ʜʘʝʪ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʚ ʩʣʫʯʘʝ ʤʘʣʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜ-

ʢʘ ʥʝʩʢʦʣʴʢʠʭ ʥʤ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʤʝʜʠʮʠʥʩʢʠʭ 

ʮʝʣʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʣʘʟʤʦʥʳ, ʬʫʣʣʝʨʝʥʳ, ʜʠʩʧʝʨ-

ʩʠʷ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ 

 

ɺ ʤʝʜʠʮʠʥʝ ʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʬʠʟʠʢʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʘʟʝʨʥʳʤʠ 

ʧʫʯʢʘʤʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʥʘʥʦʯʘʩʪʠʮʳ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʟʦʣʦʪʳʝ, ʘ ʪʘʢʞʝ ʬʫʣʣʝʨʝʥʳ ʠ ʫʛʣʝʨʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ). ʇʨʦʚʦʜʷʱʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ (ʥʘʥʦʢʣʘʩʪʝʨʳ) ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ ʩ ʤʦʣʝʢʫʣʦʡ, ʩʦʜʝʨʞʘʱʝʡ 

ʤʥʦʛʦ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʙʱʠʝ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʅʝʢʠʡ 

ʨʘʟʤʝʨ (ʨʘʜʠʫʩ) ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 1 ʥʤ ʜʦ ʜʝʩʷʪʢʦʚ ʠ 

ʜʘʞʝ ʩʦʪʝʥ ʥʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ ʢʣʘʩʪʝʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʘʪʦʤʳ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʷʭ (ʬʫʣʣʝʨʝʥʳ, ʋʅʊ), ʠʣʠ ʚ ʦʙʲʝʤʝ (ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ). 

ʌʫʣʣʝʨʝʥʳ ʠ ʋʅʊ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʢʘʢ ʧʨʦʚʦʜʷʱʠʝ ʦʙʦʣʦʯʢʠ. ʏʠʩʣʦ 

ʘʪʦʤʦʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʜʝʩʷʪʢʦʚ (ʬʫʣʣʝʨʝʥʳ ʉ28, ʉ60) ʜʦ ʩʦʪʝʥ 

ʪʳʩʷʯ (3.56Ā10
5
 ʜʣʷ ʤʝʜʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʜʠʫʩʘ r=10 ʥʤ). ʈʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʝ ʥʘʥʦʢʣʘʩʪʝʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʣʘʟʤʦʥʳ (ʃʇ) ï ʢʦʣʝ-

ʙʘʥʠʷ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʯʘʩʪʦʪʘʤʠ [1 3]. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʩʦ-

ʧʨʷʞʝʥʠʠ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʩ ʯʘʩʪʦʪʘʤʠ ʣʘʟʝʨʦʚ. ʇʦʩʣʝ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʨʦʪʢʠʤ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ ʢʦʣʝʙʘʥʠʷ ʟʘʪʫʭʘʶʪ ʪʝʤ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ 

ʙʦʣʴʰʝ ʜʦʙʨʦʪʥʦʩʪʴ. ɿʘʜʘʯʘ ʦ ʚʦʟʙʫʞʜʝʥʠʠ ʰʘʨʦʚʦʡ ʯʘʩʪʠʮʳ ʜʘʝʪʩʷ ʢʣʘʩ-

ʩʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʄʠ, ʢʦʪʦʨʦʝ ʧʨʠʛʦʜʥʦ ʢʘʢ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʪʘʢ ʠ 

ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ. ɼʣʷ ʬʫʣʣʝʨʝʥʦʚ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʚʚʝʜʝʥʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʦʣʦʯʢʠ, ʨʘʩʩʤʦʪʨʝʥ ʚ [3]. ʂʨʦʤʝ ʵʣʝʢʪʨʦʜʠʥʘ-
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ʤʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, ʥʘ ʢʦʪʦ-

ʨʳʭ ʦʩʥʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ʪʠʧʘ Gaussian 9. 

ʀʥʪʝʨʝʩʥʘ ʢʘʢ ʟʘʜʘʯʘ ʦ ʚʦʟʙʫʞʜʝʥʠʠ ʟʘʜʘʥʥʳʤ ʧʦʣʝʤ 

() ( )krErE iin -= exp0  c ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʚʨʝʤʝʥʠ ( )tiwexp , ʪʘʢ ʠ ʟʘʜʘʯʘ ʦ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. ɺʝʢʪʦʨ-ʧʦʪʝʥʮʠʘʣ ʨʘʩʩʝʷʥʥʦʛʦ ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʦʣʷ ʠʤʝʝʪ ʚʠʜ 

() ( )()ñ ¡¡¡-=
V

rdkG 3

0, rJrrrA  .                                                (1) 

ʇʦʣʷ ʚʳʨʘʞʘʶʪʩʷ ʢʘʢ () ()( ) ()( )()rArArErE ÐÃÐ++=
- 2

00

1

0 kikin h , 

() () ()rArHrH ³Ð+= in , 
000 /emh= . ɺ (1) ʚʭʦʜʠʪ ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷ ɻʨʠʥʘ 

(ʌɻ) ʠ () ()( )()rErrJ 10 -= ewei   ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʦʙʲʝʤʝ V. ɺ 

ʩʣʫʯʘʝ ʬʫʣʣʝʨʝʥʦʚ ʠ ʋʅʊ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʪʝʛʨʘʣ ʧʦ ʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʫʜʝʣʴʥʫʶ (ʦʙʲʝʤʥʫʶ) ʧʨʦʚʦʜʠʤʦʩʪʴ ()( )10 -rewei  ʩʣʝʜʫʝʪ 

ʟʘʤʝʥʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʫʶ s, ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʪʦʢʘ  () () ()wwsw tEj = . ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʩʪʨʦʛʠʡ ʧʦʜʭʦʜ ʥʘ 

ʦʩʥʦʚʝ (1) ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʨʠʙʣʠʞʝʥʥʳʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʣʘʟʤʦʥʦʚ. ʇʨʠʙʣʠʞʝʥʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʧʨʦʚʦʜʷʱʠʭ ʦʙʦʣʦ-

ʯʝʢ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʠʤʝʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ E-ʧʣʘʟʤʦʥʦʚ ()wV2

0 /41-=kks
 ʠ ʅ-ʧʣʘʟʤʦʥʦʚ ()4/1 2

0 wx-=kks
, 

() () 00 /emwswx = . ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʨʘ-

ʜʠʫʩʘʭ ʢʨʠʚʠʟʥʳ. ɿʜʝʩʴ ʚʚʝʜʝʥʳ ʧʦʩʪʦʷʥʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʜʦʣʴ ʥʝʢʦʡ 

ʟʘʤʢʥʫʪʦʡ ʜʫʛʠ s ʩ ʧʝʨʠʤʝʪʨʦʤ sL . ɺ ʩʠʣʫ ʟʘʤʢʥʫʪʦʩʪʠ ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʷ 

pkLk ss 2=  ʠʣʠ () sLck /2/41 2 pwxw =- , , k=1,2,... ɼʣʷ 

ʬʫʣʣʝʨʝʥʘ C60 ʠʤʝʝʤ 25.2=sL  ʥʤ, ʪ.ʝ. ʜʘʞʝ ʧʨʠ ʟʘʤʝʜʣʝʥʠʷʭ ʧʦʨʷʜʢʘ 100 

ʚʦʟʤʦʞʥʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʣʝʞʘʪ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ ʦʙʳʯʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʣʷ ʵʪʠʭ ʯʘʩʪʦʪ ʪʝʨʷʝʪ ʩʤʳʩʣ. ʆʜʥʘʢʦ ʧʨʠ ʋʌ ʯʘʩʪʦʪʘʭ ʩ 

ʢʚʘʥʪʘʤʠ ʙʦʣʝʝ 3 ʵɺ ʚʩʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʠʦʥʠʟʠʨʫʶʪʩʷ, ʪ.ʝ. ʧʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʞʝʩʪʢʦʛʦ ʋʌ ʣʘʟʝʨʘ ʦʙʦʣʦʯʢʫ ʬʫʣʣʝʨʝʥʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʣʘʟʤʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʘʪʦʤ ʦʪʜʘʝʪ ʰʝʩʪʴ ʵʣʝʢʪʨʦʥʦʚ. ʊʘʢʘʷ ʦʙʦʣʦʯʢʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ɼʕɻ [3]. ɹʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʫʣʣʝʨʝʥʘʤ ʩ ʙʦʣʴʰʠʤʠ ʨʘʜʠʫʩʘʤʠ ʠ ʯʠʩʣʘʤʠ ʘʪʦʤʦʚ. ʇʨʠ ʨʘʜʠʫʩʝ r ʧʦ-

ʚʝʨʭʥʦʩʪʠ 24 rS p=  ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

nS=3.82Ŀ10
19

 ʤ
ī2

  ʠʤʝʝʤ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 

( )( )cp itik wwwwx --= 22

0 /1 . ɺ ʥʝʡ ( )tmne eSp 0

22 /ew = , ʛʜʝ t ï ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ 

ʧʦʨʷʜʢʘ 0.1 ʥʤ. ɺ ʦʙʣʘʩʪʠ ʧʣʘʟʤʦʥʠʢʠ ʦʥʘ ʤʘʣʘ: ( )( ) 22 10~// --º wwx pcti , ʧʦ-

ʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʧʣʘʟʤʦʥʦʚ () 10~/41 2 wx-=n , ʪ.ʝ. ʨʝʟʦ-

ʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤʫ ʋʌ ʜʠʘʧʘʟʦʥʫ. ɼʣʷ ʋʅʊ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʣʘʟʤʦʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʜʣʠʥʘʤ L, ʧʦʩʢʦʣʴʢʫ ʠʭ ʨʘʜʠ-

ʫʩʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ r<< L. ʕʪʠ ʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ 

() sLck /24/1 2 pwxw =-
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() pwx mLk =- 2

0 /41 , m=1,2,é ʠ ʤʦʛʫʪ ʣʝʞʘʪʴ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʠ ʜʘʞʝ ʚ ʊɻʏ 

ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʜʣʠʥʥʳʭ ʋʅʊ. 

 ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʘʩʪʠʮʳ ʩʪʨʦʛʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʀʋ ʠʣʠ ʠʥʪʝʛʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʀɼʋ) [4]. ɺ 

ʩʣʫʯʘʝ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʯʘ ʠʤʝʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. 

ɼʣʷ ʟʘʜʘʯʠ ʦ ʚʦʟʙʫʞʜʝʥʠʠ ʰʘʨʘ ʧʣʦʩʢʦʡ ʚʦʣʥʦʡ ʵʪʦ ʨʝʰʝʥʠʝ ʄʠ. ʀʩʧʦʣʴ-

ʟʫʷ ʧʦʪʝʥʮʠʘʣʳ ɼʝʙʘʷ ʠ ʩʰʠʚʘʷ ʧʦʣʷ ʧʨʠ ʫʯʝʪʝ ʥʘ ʯʘʩʪʠʮʝ ʧʨʦʚʦʜʷʱʝʡ 

ʦʙʦʣʦʯʢʠ, ʥʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ E-ʤʦʜ ʠ H-ʤʦʜ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʬʫʣʣʝʨʝʥʘʭ: 

( ) ( ) ( )[ ]000 ceycycyx -+- -=µ nnnnx fi ,                                        (2) 

( ) ( ) ( )[ ]000 cycycxy -+- µ-µ= nxnynn gi .                                      (3) 

ɺ ʥʠʭ 0Zsx= , 000 rk=c , 0r  ï ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, ʚʚʝʜʝʥʳ ʬʫʥʢʮʠʠ ʈʠʢʢʘʪʠ-

ɹʝʩʩʝʣʷ () ()xJxx nn 2/12/ +

- = py , ʈʠʢʢʘʪʠ-ʍʘʥʢʝʣʷ  () () ()xHxx nn

2

2/12/ +

+ = py  ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ 

( )
( )

( ) ( )
() ( ) () ( )0

2

2/10

2

2/10

02/102/104/1

0

0

ccc

ccc
e

cy

cy

+-

+-

+

-

-

-
=

µ

µ
=

nn

nn

nr

nr
n

nHH

nJJ
f ,                                     (4) 

( )
( )

( )
() ( )0
2

2/1

02/14/1

0

0

c

c
e

cy

cy

+

+

+

-

==
n

n

n

n
n

H

J
g  .                                                 (5) 

ɼʣʷ ʰʘʨʘ ʢʣʘʩʩʠʯʝʩʢʦʝ ʩʪʨʦʛʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʟʘʜʘʯʠ ʨʘʩʩʝʷʥʠʷ ʜʘʝʪ ʬʦʨʤʫ-

ʣʘ ʄʠ. ʆʜʥʘʢʦ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩ ɼʇ ɼʨʫʜʝ-ʃʦʨʝʥʮʘ 

() 22 /wwewe pL-=  ʩʧʝʢʪʨ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ [1,2] 

15/12/11/ 0rkmLpm -++= eww , m=1,2,...                          (6) 

ʆʙʦʟʥʘʯʘʷ 1/0 += Lp eww ,  rcr /=w  ʦʪʩʶʜʘ ʠʤʝʝʤ 

( )
( ) ö

ö
÷

õ
æ
æ
ç

å

+

-
-º

12

15//12/1
1 0

0

L

r
m

m

e

ww
ww ,                                           (7) 

ʪ.ʝ. ʩʧʝʢʪʨ ʩʛʫʱʘʝʪʩʷ ʢ ʯʘʩʪʦʪʝ 0w. ʉʪʨʦʛʦʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʜʣʷ Hnm ʤʦʜʳ ʠʤʝʝʪ ʚʠʜ [3] 

( )
( )

( )
( )rkH

rkH

rkJ

rkJ

n

n

n

n

0

)2(

2/1

0

)2(

2/1

02/1

02/1

+

-

+

- =
ee

e
.                                         (8) 

ʇʨʠʙʣʠʞʝʥʥʦ ʯʘʩʪʦʪʳ (6) ʠ (8) ʤʦʞʥʦ ʪʘʢʞʝ ʥʘʡʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʜʚʠʞʝ-

ʥʠʝ ʧʣʘʟʤʦʥʘ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʰʘʨʘ, ʩʯʠʪʘʷ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʎʝʥʥʝʢʘ 

() ()( )1/0 += wewej kk . ʊʦʛʜʘ 

( )
( )22

2

1
1/

mLp

m
rm m

wew

w
ww

+-
+= . 

ʆʧʪʠʯʝʩʢʠʤʠ ʵʪʠ ʯʘʩʪʦʪʳ ʤʦʛʫʪ ʙʳʪʴ, ʪʦʣʴʢʦ ʝʩʣʠ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʚʝ-

ʣʠʢ, ʪ.ʝ. ʵʪʠ ʯʘʩʪʦʪʳ ʜʦʣʞʥʳ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ (6). 

ʇʦʵʪʦʤʫ 
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( )
( ) 0222

24

0
12

1
1 w

ew

ew
ww º

ö
ö

÷

õ

æ
æ

ç

å

+

+
-º

Lp

Lm
m

ʩm

r
.                                    (9) 

ɺʟʷʚ ʧʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ  ()
0

0 ww =m , ʧʦʣʫʯʘʝʤ ʫʪʦʯʥʝʥʠʝ 

ö
ö

÷

õ

æ
æ

ç

å
-º

22

22

0
2

1
ʩm

rp

m

w
ww .                                              (10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ (10) ʙʣʠʟʢʘ ʢ (6) ʠ ʩʧʝʢʪʨ ʪʘʢʞʝ ʩʛʫʱʘʝʪʩʷ ʢ 

0w. ʀʟ (8) ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ ʜʠʩʩʠʧʘʮʠʝʡ ʜʣʷ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ ʠ ʧʝʨʚʦʛʦ ʨʝ-

ʟʦʥʘʥʩʘ ʧʦʣʫʯʘʝʤ ( )( ) ( )[ ]irkrk 21/2
2

00 ++= ee , ʦʪʢʫʜʘ 

( )( )
( )

ö
ö

÷

õ

æ
æ

ç

å -
+º

--
º

prLL

p

LL

p i

rki wwee

w

ee

w
w

/10

21
1

5/21 0

1 .                   (11) 

ɼʣʷ ʤʦʜʳ n=2 ʧʦʣʫʯʘʝʤ ʘʥʘʣʦʛʠʯʥʦ ( ) 39
2

0 -ºerk  ʠ 

( )( ) 3/19///
2

2 +-º LrpLp ewweww . ɺʳʩʰʠʝ ʨʘʜʠʘʣʴʥʳʝ ʤʦʜʳ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ  

ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (8), ʦʜʥʘʢʦ ʜʣʷ ʥʠʭ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʭʫʞʝ. ʋʩʣʦʚʠʷ  ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ( )Lpr eww 10/>>  ʠ ( )Lpr eww 3/>> , ʪ.ʝ. 30<r  ʥʤ.  

 ɺ ʩʣʫʯʘʝ ʋʅʊ ʠʣʠ ʥʘʥʦʧʨʦʚʦʣʦʯʝʢ ʜʣʠʥʳ L ʩʪʨʦʛʠʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ 

ʥʘ ʨʝʰʝʥʠʠ ʦʜʥʦʨʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ ɻʘʣʣʝʥʘ ʠʣʠ ʇʦʢʣʠʥʛʪʦʥʘ [5]. ʆʜʥʘʢʦ 

ʜʣʷ ʪʘʢʠʭ ʯʘʩʪʠʮ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʥʳʡ ʧʦʜʭʦʜ, ʦʧʨʝʜʝʣʷʷ 

ʪʦʢ () ( ) ()RzELznzI z //sin == p , ʛʜʝ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʣʠʥʝʡʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

( ) ( )( )cpLr iciRY wwwwewwp ---== 222 /1//1 . ʊʦʛʜʘ ʧʦʣʫʯʠʤ 

( ) ( )( ) pwwwwewwp miYk cpLr =---º- 22222

0 /1/2/41 . ʆʪʩʶʜʘ ʠʤʝʝʤ  
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ɿʜʝʩʴ ʫʯʪʝʥʘ ʜʠʩʩʠʧʘʮʠʷ. ʇʨʠ m=1 ʠʤʝʝʤ ʜʠʧʦʣʴʥʫʶ ʤʦʜʫ. ɼʣʷ ʫʯʝʪʘ ʝʝ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʩʣʝʜʫʝʪ ʢ R ʜʦʙʘʚʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ 

ʜʠʧʦʣʷ. ɼʣʷ ʋʅʊ ʩʣʝʜʫʝʪ ʚʟʷʪʴ ()wsp zzrRY 2/1 == , ʛʜʝ ʚʚʝʜʝʥʘ ʝʝ ʧʨʦʜʦʣʴ-

ʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʳ ʩʪʨʦʛʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʃʇ ʚ ʩʬʝʨʠʯʝʩʢʠʭ 

ʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ. ɼʣʷ ʤʘʣʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩ ʨʘʜʠʫʩʘʤʠ ʤʝ-

ʥʝʝ 30 ʥʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʝʤʫ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʨʝ-

ʟʦʥʘʥʩ ʢʘʢ ʟʘʤʢʥʫʪʦʝ ʜʚʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʘ ʧʦ ʢʦʥʪʫʨʫ. ʃʇ 

ʠʤʝʶʪ ʨʘʜʠʘʮʠʦʥʥʫʶ ʜʠʩʩʠʧʘʮʠʶ ʠ ʜʠʩʩʠʧʘʮʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʪʝʨʷʤʠ. 

ʇʦʵʪʦʤʫ ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʚʳʩʦʢʦʡ. ʆʜʥʘʢʦ ʧʨʠ ʚʦʟ-

ʜʝʡʩʪʚʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʘ ʣʦʢʘʣʴʥʦʝ ʧʦʣʝ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ 

ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ. ɼʣʷ ʩʝʨʝʙʨʘ 3.9=Le , 161056.1 Ö=pw  ɻʮ ʠʤʝʝʤ 

ʪʦʯʢʫ ʩʛʫʱʝʥʠʷ ʩʧʝʢʪʨʘ 15

0 10937.4 Ö=w  ɻʮ. 
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ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ˉ FSRR-2023-0008). 
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ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʦʧʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʥʘ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʤʠʢʨʦʩʤʝʱʝʥʠʷʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʣʘʟʝʨʥʦʛʦ ʘʚʪʦʜʠʥʘ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʦʧʪʠʯʝʩʢʦʡ ʦʙ-

ʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ. ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʩʢʦʨʝʥʠʷ ʧʦ ʩʧʝʢʪʨʫ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʦʙ-

ʨʘʪʥʦʡ ʩʚʷʟʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʟʝʨʥʳʡ ʘʚʪʦʜʠʥ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ, ʠʟʤʝʨʝʥʠʝ ʫʩʢʦʨʝʥʠʷ, ʩʧʝʢʪʨ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

 

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʜʚʠ-

ʞʝʥʠʷʭ ʤʠʢʨʦʦʙʲʝʢʪʦʚ ʩ ʫʩʢʦʨʝʥʠʝʤ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʚʷʟ-

ʢʠ ʤʝʞʜʫ ʢʚʘʜʨʘʪʘʤʠ ʦʪʢʣʦʥʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʝ-

ʣʠʯʠʥ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ [1,2], ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʬʦʨʤʳ ʘʚ-

ʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ [3].  

ʃʘʟʝʨʥʳʝ ʘʚʪʦʜʠʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʣʫʯʝʚʳʤʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʩʦ-

ʟʜʘʚʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʦʧ-

ʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ 

ʚ ʄʕʄʉ ʠʥʪʝʛʨʘʣʴʥʳʭ ʜʘʪʯʠʢʘʭ [4-6]. 

ɺ ʨʘʙʦʪʝ [3] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʧʦ ʩʧʝʢʪʨʫ ʘʚ-

ʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛ-

ʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʘʚʪʦʜʠʥʥʦ-

ʛʦ ʩʠʛʥʘʣʘ. 

ɺʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʦʧʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʚʳʟʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠ-

ʝʤ ʯʘʩʪʦʪʳ ʣʘʟʝʨʥʦʛʦ ʘʚʪʦʜʠʥʘ ʠ ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʠʩʢʘʞʝʥʠʠ ʬʦʨʤʳ ʘʚ-

ʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʩʧʝʢʪʨʘ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʤʝʪʦ-

ʜʘ. ʅʘʧʨʠʤʝʨ, ʚ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʰʥʷʷ ʦʧʪʠʯʝʩʢʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʤʦ-

ʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʰʠʙʢʘʤ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʚʥʝʰʥʝʡ ʦʧ-

ʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛ-

ʥʘʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʉ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʫʨʦʚʥʝ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 0.1 ʠ 0.8. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

mailto:sunbeam18.95@mail.ru
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ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʢ ʩʧʝʢʪʨʘ ʚ ʦʙʣʘʩʪʠ çʧʦʜʲʝʤʘè 

ʠ çʩʧʘʜʘè, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʯʘ-

ʩʪʦʪ. ʇʨʠ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʦʪ 0 ʜʦ 0.2) ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʠʤʝʝʪ ʧʦ ʦʜʥʦʡ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ çʧʦʜʲʝʤʘè ʠ çʩʧʘʜʘè 

ʩʧʝʢʪʨʘ ʩ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʧʦʣʦʚʠʥʫ ʫʨʦʚʥʷ çʧʣʘʪʦè. ʆʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʦʪ 0 ʜʦ 2.5%. ʇʨʠ 

ʟʥʘʯʝʥʠʷʭ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʙʦʣʴʰʝ 0.2 ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ ʧʦʣʦʚʠʥʥʦʛʦ ʫʨʦʚʥʷ 

çʧʣʘʪʦè. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʷʤʘʷ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʦʣʦʚʠʥʥʳʡ ʫʨʦʚʝʥʴ çʧʣʘʪʦè, ʧʝʨʝʩʝʢʘʝʪ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ ʚ ʜʚʫʭ ʪʦʯʢʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯ-

ʥʳʭ ʯʘʩʪʦʪ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʛʨʘʥʠʯʥʳʝ ʯʘʩʪʦʪʳ ʠ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ.  

 
ʘ 

 
ʙ 

ʈʠʩ. 1. ʉʧʝʢʪʨ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʫʨʦʚʥʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʉ:  

ʘ ï 0.1, ʙ ï 0,8 

 

ʅʘ ʨʠʩʫʥʢʝ 1ʙʜʣʷ ʩʧʝʢʪʨʘ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʫʨʦʚʥʝ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ 0.8 ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʢ ʥʘ 

çʩʧʘʜʝè ʩʧʝʢʪʨʘ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʦʯʝʢ ʧʝ-

ʨʝʩʝʯʝʥʠʷ ʧʦʣʦʚʠʥʥʦʛʦ ʫʨʦʚʥʷ çʧʣʘʪʦè ʩ ʣʠʥʠʝʡ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʇʦʷʚʠʚʰʘʷʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʯʘ-

ʩʪʦʪʳ ʥʘ çʩʧʘʜʝè ʩʧʝʢʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʨʘʩʭʦʞʜʝʥʠʶ ʨʘʩʩʯʠʪʘʥ-

ʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩ ʵʪʘʣʦʥʥʳʤ. ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʚʙʣʠʟʠ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦ-

ʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʢʦʥʢʨʝʪʥʫʶ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝ-

ʛʦ ʨʘʩʯʝʪʘ ʫʩʢʦʨʝʥʠʷ ʦʪʨʘʞʘʪʝʣʷ. ɺʳʙʦʨ ʢʦʨʨʝʢʪʥʳʭ ʛʨʘʥʠʯʥʳʭ ʯʘʩʪʦʪ 

ʧʦʟʚʦʣʠʣ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʦʪ-

ʨʘʞʘʪʝʣʷ ʦʪ ʫʨʦʚʥʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʅʘ ʨʠʩ. 2ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝ-
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ʪʘ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ ʦʪ ʫʨʦʚʥʷ ʦʙ-

ʨʘʪʥʦʡ ʩʚʷʟʠ ʉ.  

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʦʪ ʫʨʦʚʥʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʝ 

ʧʦ ʩʧʝʢʪʨʫ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʜʘʞʝ ʧʨʠ 

ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʮʝʥ-

ʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʋʩʘʥʦʚ ɼ. ɸ., ʉʢʨʠʧʘʣʴ ɸ. ɺ., ʂʘʱʘʚʮʝʚ ɽ. ʆ., ɼʦʙʜʠʥ ʉ. ʖ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʤʝʱʝʥʠʷʭ ʦʙʲʝʢʪʘ ʧʦ ʘʚʪʦʜʠʥʥʦʤʫ ʩʠʛʥʘʣʫ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʡ ʦʧʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ // ɾʊʌ 2013, ʊ. 

83, ʚʳʧ. 7, ʉ. 156-158.  

2. ʏʘʥʠʣʦʚ ʆ. ʀ., ʋʩʘʥʦʚ ɼ. ɸ., ʉʢʨʠʧʘʣʴ ɸ. ɺ., ʂʘʤʳʰʘʥʩʢʠʡ ɸ. ʉ. ɺʝʡʚʣʝʪï

ʘʥʘʣʠʟ ʣʘʟʝʨʥʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʫʜʘʨʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʦʪʨʘʞʘʪʝʣʷ // 

ʇʠʩʴʤʘ ʚ ɾʊʌ, 2005, ʊ.31, ˉ21, ʉ. 9-16. 

3. ʉʢʨʠʧʘʣʴ ɸ. ɺ., ɼʦʙʜʠʥ ʉ. ʖ., ɼʞʘʬʘʨʦʚ ɸ. ɺ., ʉʘʜʯʠʢʦʚʘ ʂ. ɸ., ʏʝʨʥʝʮʦʚʘ 

ʀ. ɸ. ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʫʩʢʦʨʝʥʠʷ ʧʦ ʩʧʝʢʪʨʫ ʘʚʪʦʜʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦ-

ʛʦ ʣʘʟʝʨʘ // ʀʟʚʝʩʪʠʷ ʉʘʨʘʪʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʅʦʚʘʷ ʩʝʨʠʷ. ʉʝʨʠʷ: ʌʠʟʠʢʘ, 2019, ʊ. 

19, ʚʳʧ. 4, ʉ. 279-287.  

4. Guo D., Jiang H., Shi L., Wang M. Lasery  Self-Mixing Grating Interferometer for 

MEMS Accelerometer Testing //IEEE Photonics Journal,2018,Vol. 10, iss. 1,no. 6800609. 

5. Du Y.J., Yang T.T., Gong D.D., Wang Y.C., Sun X.Y., Qin F., Dai G. High Dy-

namic Micro Vibrator with Integrated Optical Displacement Detector for In-Situ Self-

Calibration of MEMS Inertial Sensors // Sensors,2018, Vol. 18, no.2055. 

6. ʄʦʢʨʦʚ ɽ. ɸ., ʇʘʧʢʦ ɸ. ɸ. ɸʢʩʝʣʝʨʦʤʝʪʨʳ ʅʀʀ ʌʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ï 

ʵʣʝʤʝʥʪʳ ʤʠʢʨʦʩʠʩʪʝʤʦʪʝʭʥʠʢʠ// ʅʘʥʦ-ʠ ʤʠʢʨʦʩʠʩʪʝʤʥʘʷ ʪʝʭʥʠʢʘ, 2002,ʊ. 1, ʉ. 3-9. 

  

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4563994
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=8233353


62 
 

ɺʃʀʗʅʀɽ ʀʅɾɽʂʎʀʀ ʀ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ 

ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ɸʃʄɸɿʆɻʈɸʌʀʊʆɺʓʍ ʇʃɽʅʆʏʅʓʍ ʂʆʄʇʆɿʀʊʆɺ 
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ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʠʥʞʝʢʮʠʠ ʵʣʝʢ-

ʪʨʦʥʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʦʣʴʪ ï ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʜʝʣʴʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʣʘʟʤʝ ʧʘʨʦʚ ʵʪʘʥʦʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʷʚ-

ʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʪʦ-

ʢʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʨʷʜʦʤ ʚ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢ-

ʪʫʨʘʭ ʩ ʣʦʚʫʰʢʘʤʠ ʟʘʭʚʘʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫ ʢʨʘʷ ʨʘʟʨʝʰʝʥ-

ʥʦʡ ʟʦʥʳ ʧʦʣʦʩʳ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦ-

ʩʪʦ̫ʥʠʡ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0, 032 eV.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʡ ʢʦʤʧʦʟʠʪ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ, ʣʦʚʫʰʢʠ ʟʘʭʚʘʪʘ, ʪʦʢʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʨʷʜʦʤ  

 

ɺʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ 

ʙʘʟʳ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʟʣʫʯʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʕʪʠ ʩʚʦʡʩʪʚʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʟʘʜʘʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢ-

ʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʇʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜ-

ʥʳʝ ʧʣʝʥʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʣʘʟʤʝ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʦʥ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʣʘʟʤʝ. 

ʇʦʣʫʯʝʥʠʝ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ ʧʘʨʦʚ ʵʪʘʥʦʣʘ ʥʘ ʯʘʩʪʦʪʝ 2.45 ɻɻʮ [1]. 

ʄʦʱʥʦʩʪʴ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʠ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʣʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, 250 ɺʪ ʠ 875 ɻʩ. ʇʣʝʥʢʠ ʦʩʘʞʜʘʣʠʩʴ ʥʘ ʧʦʣʠʢʦʨʦʚʫʶ ʧʦʜʣʦʞ-

ʢʫ, ʠʭ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 100 ʥʤ (ʨʠʩ. 1). ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʠʩʪʦʯʥʠ-

ʢʫ ʧʠʪʘʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ ʦʩʘʞʜʝʥʥʳʝ ʪʝʨʤʠʯʝʩʢʠʤ ʠʩʧʘʨʝʥʠʝʤ ʚ ʚʘʢʫʫʤʝ ʥʠʢʝ-

ʣʝʚʳʝ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʱʘʜʢʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝ-
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ʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 350 
ʦ
ʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ GW 

Instek PSP-603, ʥʘʧʨʷʞʝʥʠʝ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0 ʜʦ 60 ɺ ʩ ʰʘʛʦʚ 1 ɺ.  

  
ʈʠʩ.1. ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʦʡ  ʧʣʝʥʢʠ 

 

ʅʘ ʨʠʩ. 2  ʧʨʠʚʝʜʝʥʳ ɺɸʍ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʧʣʘʟʤʝ ʧʘʨʦʚ ʵʪʘʥʦʣʘ  ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ  ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʦʚ ʠ ɟ ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺʝʣʠʯʠʥʘ ʠ ʢʨʫʪʠʟʥʘ ʤʘʢʩʠʤʫʤʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ɟ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʥʘʧʨʷʞʝʥʠʷ. 
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d e 
ʈʠʩ.2. ɺɸʍ ʠ  ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʫʛʣʝʨʦʜʥʳʭ 

ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʠʥʞʝʢʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 
ʦ
ʉ: ʘ - 30, 

b ï 80, c -170, d ï 250, e ï 350 

 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɺɸʍ ʠ ʫʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝ-

ʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʦʞʝʥʠʡ ʪʝʦ-

ʨʠʠ ʪʦʢʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʨʷʜʦʤ (ʊʆʇɿ) ʚ ʥʝʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʣʦʚʫʰʢʘʤʠ ʟʘʭʚʘʪʘ [2]. ɺ ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʪʦʢʦʚ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʷʭ ʦʪ 0 ʜʦ 3é5 ɺ, ʢʦʛʜʘ ʪʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦ-

ʜʠʤʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ, ʥʝʢʦʪʦʨʘʷ ʜʦʣʷ ʜʨʝʡʬʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʟʘʭʚʘʪʳʚʘ-

ʝʪʩʷ ʣʦʚʫʰʢʘʤʠ ï ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʢʦʪʦʨʦʛʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʣʝʚʦʤʫ 

ʜʨʝʡʬʫ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, ʪʦʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʧʦ ʟʘʢʦʥʫ ʆʤʘ, ʯʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʨʦ-

ʩʪʦʤ ʫʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʥʘʯʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʠʥ-

ʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ.  ʇʨʠ ʥʠʟʢʦʡ ʪʝʧ-

ʣʦʚʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʫʶ ʦʥʠ ʠʤʝʶʪ ʧʨʠ   ʊ = 30 
ʦ
ʉ, ʟʘʧʦʣʥʝʥʠʝ 

ʣʦʚʫʰʝʢ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 15-20 ɺ. ʇʨʠ ʵʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ 

ʠ ʪʦʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʆʤʘ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ɟ. ʅʘ ʫʯʘʩʪʢʝ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʣʦʚʫʰʝʢ (ʇɿʃ) ʚ ʠʥʪʝʨʚʘʣʝ ʥʘʧʨʷʞʝʥʠʡ 

ʦʪ 20 ʜʦ 60 ɺ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʨʝʡʬʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʤʝʥʴʰʝʥʠʶ ɟ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʝʣʠʯʠʥʘ 

ʪʦʢʘ ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʘʢʦʥʫ ʄʦʪʪʘ, 

ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʥʦʚʴ ʦʧʠʩʳʚʘʪʴ-

ʩʷ ʟʘʢʦʥʦʤ ʆʤʘ ʩ ʙʦʣʴʰʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦ-

ʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʫ 

ʧʣʝʥʢʠ nk. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ, ʪʝʧʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʜʚʠʞ-

ʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʠ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ. ʀʥʪʝʛʨʘʣʴʥʦ ʧʨʠ ʊ = 80 
ʦ
ʉ ʠ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʪʦʢʦʚ ʵʪʦ ʧʨʠʚʦʜʠʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ             
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ʊ = 30 
ʦ
ʉ, ʢ ʨʝʟʢʦʤʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʫʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ɟ. ʇʨʠ ʦʜʠʥʘʢʦ-

ʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠʥʞʝʢʮʠʠ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʫʩʢʦʨʷʝʪ ʟʘʧʦʣʥʝʥʠʝ ʣʦʚʫʰʝʢ ʠ ʩʦʢʨʘʱʘʝʪ ʠʥʪʝʨʚʘʣ ʥʘʧʨʷʞʝʥʠʡ ʫʯʘʩʪʢʘ 

ʇɿʃ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʪʦʢ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʥʘʧʨʷʞʝʥʠʷ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʨʫʪʦʛʦ ʫʯʘʩʪʢʘ ʫʚʝʣʠʯʝʥʠʷ ʪʦʢʘ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʦ ʟʘʢʦʥʫ 

ʆʤʘ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʦ ʢʨʫʪʠʟʥʝ ʫʤʝʥʴʰʝʥʠʶ ɟ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, 

ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʪʦʢʦʤ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʘʢʦʥʫ, 

ʦʥ  ʩ ʫʚʝʣʠʯʝʥʠʝʤ  ʥʘʧʨʷʞʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʆʤʘ  ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ɟ, 

ʙʣʠʟʢʠʤ  ʧʦ ʚʝʣʠʯʠʥʝ ʢ ɟ ʧʨʠ ʊ = 30 
ʦ
ʉ (ʨʠʩ. 2 ʙ). 

ʇʨʠ ʊ Ó 170 
ʦ
ʉ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʠ 

ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʢʦʨʦʩʪʠ ʦʧʫʩʪʦ-

ʰʝʥʠʷ ʣʦʚʫʰʝʢ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ ʊ = 170 
ʦ
ʉ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊ = 80 

ʦ
ʉ, ʵʪʦ ʫʤʝʥʴʰʘʝʪ ɟ ʚ ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʪʦʢʦʚ ʠ 

ʝʛʦ ʟʥʘʯʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʫʯʘʩʪʦʢ ʇɿʃ. ʊʝʧʣʦʚʦʡ ʚʳʙʨʦʩ 

ʵʣʝʢʪʨʦʥʦʚ ʟʘʤʝʜʣʷʝʪ ʧʝʨʝʭʦʜ ʢ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ, 

ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʆʤʘ ʩ  

ʧʦʩʪʦʷʥʥʳʤ ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊ = 30 ʠ 80 
ʦ
ʉ, ɟ. ʈʝʟʢʦʝ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʫʢʨʘʪʥʦʝ  ʫʤʝʥʴʰʝʥʠʝ ɟ ʚ ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʪʦʢʦʚ, ʢʦʪʦʨʦʝ 

ʩʪʘʥʦʚʠʪʩʷ ʪʘʢʠʤ ʞʝ ʢʘʢ  ʧʨʠ ʊ = 30 
ʦ
ʉ,  ʢʨʦʤʝ ʥʘʟʚʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʝʨʦ-

ʷʪʥʝʝ ʚʩʝʛʦ,  ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʫ ʢʨʘʷ ʨʘʟʨʝʰʝʥʥʦʡ ʟʦʥʳ ʧʦʣʦ-

ʩʳ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʀʭ ʟʘ-

ʧʦʣʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʘʷ ʜʣʷ ʊ 

= 80 
ʦ
ʉ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0, 032 eV. ɺʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʵʪʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʡ ʟʘʨʷʜ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʨʝʡʬʫ ʵʣʝʢʪʨʦʥʦʚ ʠ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ɟ.  

ɽʛʦ ʫʤʝʥʴʰʝʥʠʝ ʧʨʠ ʊ = 170 
ʦ
ʉ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʦʩʘ ʣʦʢʘʣʠ-

ʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ ʥʘ ʛʣʫʙʠʥʫ, ʢʦʪʦ-

ʨʘʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 0,039 eV. ʕʪʦ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʧʨʠ k = 2400 ʩm
-1
, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʦʡ ʧʣʝʥʦʯʥʦʡ ʩʪʨʫʢʪʫ-

ʨʳ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʩ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʬʠʨʤʳ ʐʠʤʘʜʟʫ IRAffinity -1 [3]. 

ʇʨʠ ʊ Ó 250 
ʦ
ʉ ʧʦʚʳʰʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪʝʧʣʦʚʦʡ 

ʜʝʩʦʨʙʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʫʤʝʥʴʰʘʶʪ ʤʘʢʩʚʝʣʣʦʚʩʢʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ.  ʕʪʦ 

ʫʤʝʥʴʰʘʝʪ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʠʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ɟ ʚ ʨʝʞʠʤʝ ʩʣʘʙʳʭ 

ʪʦʢʦʚ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠʥʪʝʨʚʘʣʳ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ ʇɿʃ. ʇʨʠ 

ʊ = 350 
ʦ
ʉ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊ = 250 

ʦ
ʉ, ʧʨʠ ʤʝʥʴʰʝʤ ʥʘʧʨʷʞʝʥʠʠ ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʫʯʘʩʪʦʢ ɟ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦ-

ʥʳ ʠʜʫʪ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʣʦʚʫʰʝʢ ʟʘʭʚʘʪʘ. ʇʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠʥʞʝʢ-

ʮʠʠ ʦʢʦʣʦ 0,015 V/ɛm ʚʦʟʥʠʢʘʝʪ ʫʯʘʩʪʦʢ ʇɿʃ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʜʣʷ ʊ = 250 
ʦ
ʉ. ʇʨʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦʣʦ 0,03 V/ɛm ʜʦʩʪʠʛʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝ-

ʥʠʷ ʪʦʢʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʩʥʠʞʝʥʠʝ ɟ ʧʨʝʢʨʘʱʘʝʪʩʷ ʩ ʚʳʭʦʜʦʤ ʥʘ ʥʦʚʳʡ 
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ʩʪʘʮʠʦʥʘʨʥʳʡ ʫʨʦʚʝʥʴ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɟ ʚ ʨʝʞʠʤʝ ʩʣʘʙʳʭ ʪʦʢʦʚ 

ʜʣʷ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʧʨʝʚʳʰʘʶʪ 90 ʢɋ/Ǐ.   
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E-mail: pirpc@yandex.ru 
 

ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠʥ-

ʞʝʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘ ʚʦʣʴʪ ï ʘʤʧʝʨ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʜʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʣʤʘʟʦʛʨʘ-

ʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʣʘʟʤʝ ʧʘʨʦʚ 

ʵʪʘʥʦʣʘ. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʝ ʧʣʝʥʢʠ, ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ, ʧʘʨʳ 

ʚʦʜʳ, ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 
 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʜʘʧʪʘʮʠʶ ʦʙʱʝ-

ʩʪʚʘ ʢ ʠʟʤʝʥʝʥʠʶ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠ ʜʦʩʪʦʚʝʨʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʝ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʨʘʟ-

ʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫ-

ʯʘʪʴ, ʥʘʢʘʧʣʠʚʘʪʴ, ʧʝʨʝʜʘʚʘʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʠ, ʪʝʤ ʩʘʤʳʤ, 

ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ.   ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʠʛ-

ʥʫʪʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʚ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ, ʩʦʟʜʘʥʳ ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʛʘʟʦʚʳʭ 

ʩʤʝʩʝʡ ʠ ʟʘʧʘʭʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʝʥʩʦʨʳ, ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ ʨʝ-

ʞʠʤʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ 

ʝʜʠʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʠʢʨʦ- ʠ ʥʘʥʦ-

ʵʣʝʢʪʨʦʥʠʢʠ [1-3].  

ɻʘʟʦʚʳʝ ʩʝʥʩʦʨʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦʟʦʥʥʳʭ ʤʝʪʘʣʣʦʦʢ-

ʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʜʠʦʢʩʠʜ ʦʣʦʚʘ, ʧʦʟʚʦʣʷʶʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʰʠ-

ʨʦʢʠʡ ʩʧʝʢʪʨ ʛʘʟʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʠʤʝʶʪ ʨʷʜ 

ʥʝʦʩʧʦʨʠʤʳʭ ʜʦʩʪʦʠʥʩʪʚ. ʆʜʥʘʢʦ ʢʨʫʛ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ, ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝ-

ʙʝʟʚʨʝʜʝʥ. ɺ ʨʘʟʚʠʪʠʝ çʟʝʣʝʥʳʭè ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʚʘʞʥʳʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨ, 

ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʘʨʘʤ ʚʦʜʳ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ. 
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ʇʦʣʫʯʝʥʠʝ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʧʘʨʦʚ ʵʪʘʥʦʣʘ ʥʘ ʯʘʩʪʦ-

ʪʝ 2.45 ɻɻʮ [4]. ʄʦʱʥʦʩʪʴ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʠ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦ-

ʩʪʘʚʣʷʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 250 ɺʪ ʠ 875 ɻʩ. ʇʣʝʥʢʠ ʦʩʘʞʜʘʣʠʩʴ ʥʘ ʧʦʣʠʢʦ-

ʨʦʚʳʝ ʧʦʜʣʦʞʢʠ, ʠʭ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 100 ʥʤ (ʨʠʩ. 1ʘ). ʈʘʟʤʝʨ 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ ʠ/ʠʣʠ ʧʘʨʘʤʠ 

ʚʦʜʳ ʩʦʩʪʘʚʣʷʣ 2 ʭ 10 ʤʤ (ʨʠʩ.1 ʙ). ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʥʦʡ ʦʙʣʘʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ɟ) ʛʘʟʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʧʨʠ ʠʟʤʝ-

ʨʝʥʠʷʭ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ ʦʩʘ-

ʞʜʝʥʥʳʝ ʪʝʨʤʠʯʝʩʢʠʤ ʠʩʧʘʨʝʥʠʝʤ ʚ ʚʘʢʫʫʤʝ ʥʠʢʝʣʝʚʳʝ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦ-

ʱʘʜʢʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 

350 
ʦ
ʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ GW Instek PSP-603, ʥʘʧʨʷʞʝ-

ʥʠʝ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0 ʜʦ 60 ɺ ʩ ʰʘʛʦʚ 1 ɺ.  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ɟ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜʦʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʫʭʦʤ ʠ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʷʭ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ɟ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ ʚ 3-4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚʦ ʚʣʘʞʥʦʤ 

ʚʦʟʜʫʭʝ. ɺʝʣʠʯʠʥʘ ʠ ʢʨʫʪʠʟʥʘ ʤʘʢʩʠʤʫʤʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ɟ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠ ʊ = 80 
ʦ
ʉ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʥʘʧʨʷʞʝʥʠʷ ʠʥʞʝʢʮʠʠ. ʇʨʠ ʠʟʤʝ-

ʨʝʥʠʷʭ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʠʥʞʝʢʮʠʠ ʙʦʣʴʰʝ 40 ɺ ɟ ʣʠʥʝʡ-

ʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 2ʘ). 

  
ʘ)                                                ʙ) 

ʈʠʩ.1. ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʦʡ ʧʣʝʥʢʠ (ʘ); (ʙ) - ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝ-

ʥʠʝ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʚʠʜ ʩʚʝʨʭʫ): 1-  ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʘʷ  ʧʣʝʥʢʘ; 2 ï ʥʠ-

ʢʝʣʝʚʳʝ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʱʘʜʢʠ. 
 

ɺ ʨʘʙʦʪʝ [5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ɺɸʍ ʠ ʫʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʫʭʦʤ ʚʦʟ-

ʜʫʭʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʠʥʞʝʢʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʪʦʢʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʟʘʨʷʜʦʤ (ʊʆʇɿ) ʚ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʣʦʚʫʰʢʘʤʠ ʟʘʭʚʘʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫ ʢʨʘʷ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʦʩʳ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0, 032 eV. ʇʦʣʦʩʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ ʥʘ 

ʛʣʫʙʠʥʫ, ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ ʨʘʚʥʫʶ 0,039 eV.  ɽʝ ʚʣʠ-

b 

a 2 

1 
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ʷʥʠʝ ʥʘ ɟ ʘʣʤʘʟʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʟʘʭʚʘʯʝʥʥʳʤʠ ʣʦʚʫʰʢʘʤʠ ʵʣʝʢʪʨʦʥʦʚ, ʠʥʜʫʮʠ-

ʨʦʚʘʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʢʦʪʦʨʦʛʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʧʦʣʝʚʦʤʫ ʜʨʝʡʬʫ. 

ʉʥʠʞʝʥʠʝ ʚʣʠʷʥʠʷ ʣʦʚʫʰʝʢ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʚʦʢʫʧ-

ʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʷʚʣʷ-

ʶʪʩʷ: 1 - ʫʚʝʣʠʯʝʥʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʦʚʫʰʝʢ ʟʘʭʚʘʪʘ; 2 - ʫʚʝʣʠʯʝʥʠʝ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʧʨʷʞʝʥʠʷ ʠʥʞʝʢʮʠʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ. 

ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʥʘʧʨʷʞʝʥʠʷʭ ʠʥʞʝʢʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʙʦʣʴʰʠʝ 

ʚʨʝʤʝʥʘ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʥʠʟʢʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʠ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ɟ ʥʘ ʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ɟ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠʥʞʝʢʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʝʧʣʦʚʘʷ ʢʠʥʝʪʠʯʝ-

ʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʧʦʣʦʩʳ ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʨʠʩ. 2ʘ, ʢʨʠʚʳʝ 1-3); 3 ï ʫʤʝʥʴʰʝʥʠʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʧʨʦʣʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʕʪʦʪ ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʦʣʝʪʥʦʝ ʚʨʝʤʷ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʤʘʢʩʚʝʣʣʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦ-

ʛʦ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʷʭ ʧʦʣʷ ʠʥʞʝʢʮʠʠ ʙʦʣʴʰʝ 0,02 ɺ/ʤʢʤ ʟʘʚʠʩʠʤʦʩʪʠ ɟ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʠʤʝʶʪ ʵʢʩʪʨʝʤʫʤʦʚ, ʧʨʠʦʙʨʝʪʘʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʝʝ ʫʚʝʣʠʯʝʥʠʝʤ (ʨʠʩ.2ʘ, ʢʨʠʚʳʝ 4-6).  

 
 

ʘ ʙ 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʫʭʦʤ 

(ʘ) ʠ ʚʣʘʞʥʦʤ (ʙ) ʚʦʟʜʫʭʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʠʥʞʝʢʮʠʠ, ɺ: 1-10, 2-  20, 3-30, 

4-40, 5-50, 6- 60. 
 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʥʝʨʛʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʦʯʝʥʴ 

ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ (1,846 ʢʢʘʣ/ʤʦʣʴ) ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʩʩʦʮʠ-

ʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʦʠʟʚʝʜʝʥʠʝ ʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʚʦʜʳ 

[H
+
]Ŀ[HO

-
] ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ  1Ŀ10

-14
 ʧʨʠ 22ÁC  ʜʦ 5,9Ŀ10

-13
 ʧʨʠ 100ÁC. ʇʨʠ 

ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ
 
ʢʦʤʧʣʝʢʩʳ

 
ʆʅ

- 
ʭʝʤʦʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ - ʆʅ ʜʠʧʦʣʝʡ ʩ ʚʝʢʪʦʨʦʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʚ ʘʪʤʦʩʬʝʨʫ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʠʧʦ-

ʚʝʨʭʥʦʩʪʥʳʡ ʟʘʨʷʜ ʜʠʧʦʣʝʡ ʦʙʦʛʘʱʘʝʪ ʧʣʝʥʢʫ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ ʧʨʠ ʧʦʜ-
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ʢʣʶʯʝʥʠʠ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʝʝ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ. ʇʨʠ ʥʠʟʢʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʫʶ ʦʥʠ ʠʤʝʶʪ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢʞʝ ʢʘʢ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷ-

ʞʝʥʠʷ ʠʥʞʝʢʮʠʠ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʧʦʣʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʣʦʚʫʰʝʢ 

ʟʘʭʚʘʪʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝ ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʤʘʢʩʚʝʣʣʦʚʩʢʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ɟ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʀʟʤʝʥʝʥʠʷ ɟ ʚ ʩʫʭʦʤ ʠ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʨʘʟʣʠʯʠʝ ʚ 

ʜʝʩʷʪʢʠ ʨʘʟ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 50 ʜʦ 250 
ʦ
ʉ 

ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ 

ʧʦʣʦʩʳ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʛ-

ʣʝʨʦʜʥʦʡ ʧʣʝʥʢʝ. ʈʘʟʣʠʯʠʝ ʩʦʩʪʦʠʪ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚʦ 

ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ, ʚ ʩʚʷʟʠ ʩ ʦʙʦʛʘʱʝʥʠʝʤ ʧʣʝʥʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʜʠ-

ʧʦʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʣʠʷʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʠʟʤʝʨʝʥʠʡ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ, ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳʡ ʭʦʜ ʟʘʚʠʩʠʤʦʩʪʝʡ ɟ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

80 ʜʦ 250 ʦʉ. ʇʨʠ ʊ Ó 250 
ʦ
ʉ ʫʚʝʣʠʯʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢ-

ʪʨʦʥʦʚ ʫʤʝʥʴʰʘʝʪ ʨʘʜʠʫʩ ʜʝʙʘʝʚʩʢʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘ-

ʨʷʜʦʚ ʜʠʧʦʣʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ɟ. ɼʨʫʛʠʤ ʚʦʟ-

ʤʦʞʥʳʤ ʬʘʢʪʦʨʦʤ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʜʠʧʦʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ɟ ʚ ʧʘʨʘʭ 

ʚʦʜʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʝʪʩʷ ʜʝʩʦʨʙʮʠʷ ʨʘʜʠʢʘʣʦʚ ʆʅ
-
. 

ʋʤʝʥʴʰʝʥʠʝ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʥʠʞʘʝʪ ʦʙʦʛʘʱʝʥʠʝ ʵʣʝʢ-

ʪʨʦʥʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʨʦʚʥʝʡ ʠ ɟ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠ-

ʚʘʶʪʩʷ (ʨʠʩ.2b). 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʘʟʦʚʦʛʦ 

ʵʣʝʤʝʥʪʘ ʪʨʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʦʡ ʣʦʛʠʢʠ ð ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʨʦʠʯ-

ʥʦʛʦ RS-ʪʨʠʛʛʝʨʘ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʤʝʪʘʣʣïʦʢʠʩʝʣï

ʦʢʠʩʝʣïʤʝʪʘʣʣ (ʄʆʆʄ), ʦʙʣʘʜʘʶʱʝʡ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʫʯʘʩʪʢʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠ ʘʩʠʥʭʨʦʥʥʳʡ ʪʨʦ-

ʠʯʥʳʡ RS-ʪʨʠʛʛʝʨ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠʜʝʥʪʠʯʥʦ ʜʚʦʠʯʥʦʤʫ RS-

ʪʨʠʛʛʝʨʫ, ʚʳʧʦʣʥʝʥʥʦʤʫ ʧʦ ʩʭʝʤʝ ʠʟ ʜʚʫʭ ʪʫʥʥʝʣʴʥʳʭ ʜʠʦʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʪʨʦʠʯʥʦʛʦ RS-ʪʨʠʛʛʝʨʘ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʨʦʠʯʥʦʛʦ RS-

ʪʨʠʛʛʝʨʘ, ʚʳʷʚʣʝʥʳ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʝʛʦ ʨʘʙʦʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʦʠʯʥʘʷ ʣʦʛʠʢʘ, ʪʨʦʠʯʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʘʷ ʣʦʛʠʢʘ, ʪʨʠʛʛʝʨʥʳʝ ʩʭʝʤʳ, ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ. 

 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʠʢ-

ʨʦʧʨʦʮʝʩʩʦʨʦʚ ʙʝʟ ʦʪʢʘʟʘ ʦʪ ʧʨʠʚʳʯʥʳʭ ʠ ʦʪʣʘʞʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ 

ʩʪʘʪʴ ʧʝʨʝʭʦʜ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʦʪ ʜʚʦʠʯʥʦʡ ʦʩʥʦʚʳ ʢ ʪʨʦʠʯʥʦʡ ʩʠʩʪʝʤʝ 

ʩʯʠʩʣʝʥʠʷ [1,2]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʦʠʯʥʦʡ 

ʣʦʛʠʢʠ ʩʜʝʨʞʠʚʘʣʦʩʴ ʠ ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʫʜʘʯʥʳʭ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʙʘʟʦʚʳʭ ʪʨʦʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [1-3] ʙʳʣʠ ʩʦʟʜʘʥʳ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʪʨʦʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʝ 

ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩ ʟʘʜʘʯ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʩʭʝʤʳ çʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʥʦʛʦè ʪʠʧʘ, ʩʦʩʪʦʷʥʠʝ ʚʳʭʦʜʦʚ ʢʦʪʦʨʳʭ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʘʭ, ʥʦ ʠ ʦʪ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʧʦʜʘʯʠ, ʪʦ ʝʩʪʴ, ʩʭʝʤʳ, ʦʙʣʘʜʘʶʱʠʝ çʧʘʤʷʪʴʶè. ʆʩʥʦʚʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʪʘʢʦʛʦ ʪʠʧʘ ʚ ʜʚʦʠʯʥʦʡ ʣʦʛʠʢʝ ʷʚʣʷʝʪʩʷ 

ʘʩʠʥʭʨʦʥʥʳʡ RS-ʪʨʠʛʛʝʨ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [4,5] ʙʳʣʠ ʩʦʟʜʘʥʳ ʘʩʠʥʭʨʦʥʥʳʡ ʠ 

ʩʠʥʭʨʦʥʥʳʡ ʪʨʦʠʯʥʳʝ ʪʨʠʛʛʝʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʪʨʦʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʪʠʧʘ [1-3]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʪʨʠʛʛʝʨʦʤ ʚ ʜʚʦʠʯʥʦʡ ʣʦʛʠʢʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʣʦʛʠ-

ʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʦʛʦ ʪʠʧʘ ʩ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ, ʦʙ-

ʣʘʜʘʶʱʝʝ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʠʥʘʯʝ ʛʦʚʦʨʷ ð 
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ʙʠʩʪʘʙʠʣʴʥʘʷ ʷʯʝʡʢʘ). ʀ ʚ ʩʭʝʤʦʪʝʭʥʠʢʝ ʢʘʢ ʜʚʦʠʯʥʳʭ ʪʨʠʛʛʝʨʦʚ [6], ʪʘʢ ʠ 

ʠʭ ʪʨʦʠʯʥʳʭ ʘʥʘʣʦʛʦʚ [4,5] ʧʨʠʩʫʪʩʪʚʫʶʪ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʜʚʘ ʣʦʛʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʩʭʝʤʦʪʝʭʥʠʢʘ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʘ [2]. 

ʀʟʚʝʩʪʥʦ [7-9], ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʧʨʦʩʪʠʪʴ ʩʭʝʤʦʪʝʭʥʠʢʫ 

ʫʩʠʣʠʪʝʣʴʥʳʭ, ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʳʭ [10,11] ʠ ʮʠʬʨʦʚʳʭ ʩʭʝʤ [10-13] ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʭ ʩʦʩʪʘʚʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ʆɼʉ). ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʦʜʦʙʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝ ʦʩʣʘʙʝʚʘʝʪ ʠ ʧʦ ʩʝʡ ʜʝʥʴ 

[14], ʯʪʦ ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʪʨʦʠʯʥʳʭ ʪʨʠʛʛʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨ 

ʩ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʡ ɺɸʍ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [15] ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫ-

ʨʘ ʤʝʪʘʣʣïʦʢʠʩʝʣïʦʢʠʩʝʣïʤʝʪʘʣʣ (ʄʆʆʄ), ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠʞʠʤʥʳʤ 

ʢʦʥʪʘʢʪʦʤ ʵʣʝʢʪʨʦʜʦʚ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʮʠʥʢʘ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʦʢʠʩʥʳʤʠ 

ʩʣʦʷʤʠ ʠ ʦʙʣʘʜʘʶʱʘʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʦʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʫʯʘʩʪʢʘʤʠ ʆɼʉ Nïʪʠʧʘ, ʢʘʢ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, 

ʪʘʢ ʠ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʪʚʠ. ʇʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʛʦ ʪʨʠʛ-

ʛʝʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʨʘʤʠ ʧʨʝʜʧʨʠʥʷʪʦ ʥʝ ʙʳʣʦ, ʭʦʪʷ ʪʘʢʘʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠ ʦʙʩʫʞʜʘʣʘʩʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ɺɸʍ ʦʜʥʦʛʦ ʠʟ ʫʯʘʩʪʢʦʚ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1 ʘ, ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʣʠ-

ʥʝʡʥʦʡ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʩʪʝʧʝʥʥʦʛʦ ʧʦʣʠʥʦʤʘ 

V = (0,0969 + (ï0,8698 + (16,282 + (105,33ÅU ï 77,46)ÅU)ÅU)ÅU)ÅU , (1) 

ʠ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʩ ʟʘʪʫʭʘʶʱʠʤʠ ʘʤʧʣʠʪʫʜʦʡ ʠ ʧʝʨʠʦʜʦʤ 

V = 1 ï |Sin (600ÅU
4
)/(600ÅU

4
)|          (2) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʫʣʘʭ ʙʳʣʠ ʵʤʧʠʨʠʯʝʩʢʠ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ 

ʙʳʩʪʨʦʦʩʮʠʣʣʠʨʫʶʱʘʷ ʯʘʩʪʴ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʧʘʜʘʶʱʝʤʫ ʫʯʘʩʪʢʫ ʩʪʝʧʝʥʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʯʪʦ ʚ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʣʦ ʭʦʨʦʰʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʫʥʢʮʠʠ (ʩʤ. ʨʠʩ. 1 ʙ). 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʡ ɺɸʍ ʄʆʆʄ ʩʪʨʫʢʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ [16] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦ-

ʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʧʦ ʩʭʝʤʝ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʪʫʥʥʝʣʴʥʦʤ 

ʜʠʦʜʝ [11 ʩʪʨ. 22, ʨʠʩ. 13 ʚ]. 

ʇʨʠ ʚʳʙʦʨʝ ʪʘʢʦʛʦ ʥʘʧʨʷʞʝʥʠʠ ʩʤʝʱʝʥʠʷ, ʯʪʦ ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʧʦʧʘ-

ʜʘʣʘ ʚ ʪʦʯʢʠ A ʠ B ʢʨʠʚʦʡ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ɺɸʍ 

ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ (ʨʠʩ. 1 ʙ), ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʫʩʪʦʡʯʠ-

ʚʳʝ ʘʚʪʦʢʦʣʝʙʘʥʠʷ, ʢʘʢ ʵʪʦ ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʚʪʦʨʘʤʠ 

[15], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʝʤʣʝʤʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʠ ɺɸʍ. 
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ʘ) ʙ) 

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ɺɸʍ ʦʜʥʦʛʦ ʠʟ ʫʯʘʩʪʢʦʚ ʤʫʣʴʪʠʩʪʘʙʠʣʴ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ (ʘ)  ʠ  ʝʸ ʘʧʧʨʦʢʩʠʤʘʮʠʷ (ʙ) 

 

ɺ ʧʘʢʝʪʝ ʉɸʇʈ [16] ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩ-

ʥʦʚʝ ʪʨʸʭ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥ-

ʢʝ 2, ʘ. 

  
ʘ) ʙ) 

ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ: ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ ʩ 

ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʡ ɺɸʍ (ʘ)  ʠ  ʘʩʠʥʭʨʦʥʥʦʛʦ RS-ʪʨʠʪʪʝʨʘ ʥʘ ʝʸ ʦʩʥʦʚʝ (ʙ) 

 

ɿʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʝʨʚʳʭ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʣʦʩʴ çVè, ʠ ʚʳ-

ʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʩʪʦʯʥʠʢʘ V(U1) ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʥʘʧʨʷʞʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ 

ʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ U1 ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1). ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʟʘʚʠʩʠʤʦ-

ʛʦ ʠʩʪʦʯʥʠʢʘ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʥʘ ʩʭʝʤʝ ʢʘʢ Sin(U1)/U1, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʣ 

ʩʦʙʦʡ ʥʘʧʨʷʞʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ U1, ʥʦ ʫʞʝ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ (2). ɿʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʪʨʝʪʴʝʛʦ ʟʘʚʠʩʠʤʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʦʙʦ-

ʟʥʘʯʝʥʥʦʛʦ ʥʘ ʩʭʝʤʝ ʢʘʢ i(U1+U2), ʷʚʣʷʣʦʩʴ çIè, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʬʦʨʤʠ-

ʨʦʚʘʣ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʢʘʢ ʪʦʢ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʫʤʤʳ ʝʛʦ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

U1 ʠ U2, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʟʘʚʠʩʠʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʤʝʣʘʩʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʚʝʩʪʠ ʚ ʪʨʝʪʴʝʤ ʟʘʚʠʩʠʤʦʤ ʠʩʪʦʯʥʠʢʝ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɽʤʢʦʩʪʴ C (2é5 ʧʌ) ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʝʤʢʦʩʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʩʪʨʫʢʪʫʨʳ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ð ʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. ʇʦʩʢʦʣʴʢʫ ʧʘʜʝʥʠʝ 
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ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʦʢʫ, ʧʨʦʭʦʜʷʱʝʤʫ 

ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ, ʝʛʦ ʚʝʣʠʯʠʥʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʘʚʥʦʡ 0,1 ʆʤ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ɺɸʍ ʩʪʨʫʢʪʫʨʳ. 

ʉʭʝʤʘ ʩʘʤʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʨʠʪʪʝʨʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2, ʙ. 

ʉʦʙʩʪʚʝʥʥʦ ʪʨʠʪʪʝʨʦʤ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴ ʩʭʝʤʳ, ʚʢʣʶʯʘʶʱʘʷ ʥʝʣʠʥʝʡ-

ʥʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʫʧʨʘʚʣʷʝʤʳʡ ʥʘʧʨʷʞʝʥʠʝʤ ï I (U1), ʦʣʠʮʝʪʚʦʨʷʶʱʠʡ ʚ 

ʩʭʝʤʝ ʩʪʨʫʢʪʫʨʫ ʩ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʡ ɺɸʍ, ʪʦʢʦʟʘʜʘʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

R3 ʠ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ E3, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʥʘʛʨʫʟʦʯʥʦʡ ʢʨʠ-

ʚʦʡ ʥʘ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ (ʨʠʩ. 3, ʘ). 

  
ʘ) ʙ) 

ʈʠʩ. 3. ʅʘʛʨʫʟʦʯʥʘʷ ʧʨʷʤʘʷ ʠ ʫʩʪʦʡʯʠʚʳʝ ʪʦʯʢʠ ʥʘ ɺɸʍ ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ 

(ʘ), ʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʪʨʠʪʪʝʨʘ (ʙ) 

 

ʆʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩʭʝʤʳ ʬʦʨʤʠʨʫʶʪ ʙʠʧʦʣʷʨʥʳʝ ʠʤʧʫʣʴʩʥʳʝ 

ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʠʪʪʝʨʦʤ. ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ S1 ʠʤʧʫʣʴʩ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ E1 ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ C1 ʠ ʜʠʦʜ VD3 ʧʦ-

ʩʪʫʧʘʝʪ ʥʘ ʩʭʝʤʫ ʪʨʠʪʪʝʨʘ ʠ ʧʝʨʝʢʣʶʯʘʝʪ ʪʨʠʪʪʝʨ ʠʟ ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ çï1è ʚ ʩʦʩʪʦʷʥʠʝ ç0è, ʠʣʠ ʞʝ ʠʟ ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ç0è ʚ ʩʦʩʪʦʷ-

ʥʠʝ ç+1è. ɽʩʣʠ ʪʨʠʪʪʝʨ ʥʘʭʦʜʠʪʩʷ ʚ ʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ç+1è, ʜʘʥʥʳʡ 

ʩʠʛʥʘʣ ʚʣʠʷʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ. ʕʣʝʤʝʥʪʳ R1 ʠ VD1 ʦʩʫʱʝʩʪʚʣʷʶʪ ʛʘʰʝʥʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʥʦʧʢʠ S1. 

ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ S2 ʠʤʧʫʣʴʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ E2 ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ C2 ʠ ʜʠʦʜ VD4 ʧʝʨʝʢʣʶʯʘʝʪ ʪʨʠʪʪʝʨ ʠʟ ʣʦ-

ʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ç+1è ʚ ʩʦʩʪʦʷʥʠʝ ç0è, ʠʣʠ ʞʝ ʠʟ ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ç0è ʚ ʩʦʩʪʦʷʥʠʝ çï1è, ʥʝ ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʨʠʪʪʝʨ 

ʥʘʭʦʜʠʪʩʷ ʚ ʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ çï1è. ʕʣʝʤʝʥʪʳ R2 ʠ VD2 ʦʩʫʱʝʩʪʚʣʷ-

ʶʪ ʛʘʰʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʥʦʧʢʠ 

S2. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʪʨʠʪʪʝʨʘ ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥ-

ʪʘ ʩ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʡ ɺɸʍ ʚ ʜʠʥʘʤʠʢʝ ʢʥʦʧʢʠ S1 ʠ S2 ʚ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥ-

ʢʝ 2, ʙ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʧʝʨʝʢʣʶʯʘʪʝʣʷʤʠ, ʫʧʨʘʚʣʷʝʤʳʤʠ ʥʘʧʨʷʞʝʥʠʝʤ, ʘ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʙʳʣ ʟʘʜʝʡʩʪʚʦʚʘʥ ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʝʡ ʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʉɸʇʈ [16]. 

ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʪʨʠʪʪʝʨʘ, ʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3, ʙ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʜʦʩʪʠʛʘʣʘ 8 ʄɻʮ. ɹʝʟʫʩʣʦʚʥʦ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨʳ ʪʘʢʦʛʦ ʪʠʧʘ ʙʳʣʦ 
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ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʠ ʜʣʷ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʥʦ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʦʡ-

ʩʪʚʝʥʥʳʝ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʧʘʢʝʪʫ ʉɸʇʈ [16], ʥʝ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦ-

ʚʝʩʪʠ ʧʦʜʦʙʥʦʝ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʥʦʡ ʣʦʛʠʢʠ ð ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʨʦʠʯʥʦʛʦ RS-ʪʨʠʛʛʝʨʘ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʳ ʄʆʆʄ, ʦʙʣʘʜʘʶʱʝʡ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʡ ɺɸʍ. 
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ʙʳʪɹ ʧʝʨʝʭʦʜ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʦʪ ʜʚʦʠʯʥʦʡ ʦʩʥʦʚʳ ʢ ʪʨʦʠʯʥʦʡ ʩʠʩʪʝʤʝ 

ʩʯʠʩʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʨʘʟʨʷʜʘ ʪʨʸʭ ʚʦʟʤʦʞ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ð ʣʦʞʴ/ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ/ʠʩʪʠʥʘ ð ʠʣʠ ʞʝ ï1, 0 ʠ 1, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ [1]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʨʦʠʯʥʦʡ ʩʠʩʪʝʤʳ ʠʟʚʝʩʪʥʳ ʜʘʚʥʦ, ʥʦ ʰʠʨʦʢʦʝ ʝʸ 

ʧʨʠʤʝʥʝʥʠʝ ʩʜʝʨʞʠʚʘʣʦʩʴ ʠ ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʫʜʘʯʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʙʘʟʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʷʜ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʦʠʯʥʦʡ 

ʪʨʘʥʟʠʩʪʦʨʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʦʡ ʣʦʛʠʢʠ: çINV-MINè, çINV-MAXè, çINVè ð 

ʪʨʦʠʯʥʳʭ ʘʥʘʣʦʛʦʚ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ çʀ-ʅɽè, çʀʃʀ-ʅɽè, çʅɽè (ʠʥ-

ʚʝʨʪʦʨ) ʜʚʦʠʯʥʦʡ ʣʦʛʠʢʠ [2,3]. 

ʅʦ ʚ ʪʨʦʠʯʥʦʡ ʣʦʛʠʢʝ ʘʥʘʣʦʛʠ ʜʚʦʠʯʥʳʭ çʅɽè, çʀè, çʀʃʀè ʥʝ ʦʙʨʘ-

ʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʦʣʥʫʶ ʩʠʩʪʝʤʫ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʙʘʟʠʩʦʤ), ʧʦ-

ʩʢʦʣʴʢʫ ʪʨʦʠʯʥʳʡ ʠʥʚʝʨʪʦʨ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʦʛʠʯʝ-

ʩʢʠʭ ʫʨʦʚʥʝʡ ç1èŸçï1è; ç0èŸç0è; çï1èŸç1è, ʥʦ ʥʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʘ 

ç1èŸç0è; ç0èŸçï1è; çï1èŸç1è ʠʣʠ ç1èŸçï1è; çï1èŸç0è; ç0èŸç1è. 
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ʊʘʢʠʝ ʦʧʝʨʘʮʠʠ ʚ ʪʨʦʠʯʥʦʡ ʣʦʛʠʢʝ ʥʦʩʷʪ ʥʘʟʚʘʥʠʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠʥʚʝʨʩʠʡ (rotate down cycle; left cycle; double inverse cycle ʠ 

rotate up cycle; right inverse cycle) [4]. ʃʶʙʘʷ ʠʟ ʵʪʠʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʦʙʳʯʥʫʶ ʪʨʦʠʯʥʫʶ ʠʥʚʝʨʩʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʪʥʦʝ ð ʥʝʚʦʟ-

ʤʦʞʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʨʦʠʯʥʦʡ ʣʦʛʠʢʝ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʤʦʞʝʪ ʦʙʣʘ-

ʜʘʪʴ ʣʶʙʦʡ ʠʟ ʜʚʫʭʚʭʦʜʦʚʳʭ ʚʝʥʪʠʣʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʡ ʠʟ ʮʠʢʣʠʯʝʩʢʠʭ 

ʠʥʚʝʨʩʠʡ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʪʨʦʠʯʥʦʡ ʣʦʛʠʢʝ ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ 

ʮʠʢʣʠʯʝʩʢʠʝ ʠʥʚʝʨʩʠʠ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʫʥʢʮʠʠ ʜʝʢʨʝ-

ʤʝʥʪʘ ʠ ʠʥʢʨʝʤʝʥʪʘ, ʪʦ ʝʩʪʴ, ʫʤʝʥʴʰʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʠ ʫʚʝʣʠʯʝʥʠʷ ʥʘ ʝʜʠ-

ʥʠʮʫ, ʧʦʵʪʦʤʫ ʙʝʟ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʪʨʦʠʯʥʳʭ 

ʩʯʝʪʯʠʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨʥʦ-

ʪʨʘʥʟʠʩʪʦʨʥʦʡ ʣʦʛʠʢʠ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʦʠʯʥʦʡ ʣʦʛʠʢʠ ð ʪʨʦʠʯʥʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʮʠʢʣʠʯʝʩʢʠʭ ʠʥʚʝʨʩʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʪʨʦʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʙʳʣ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚʩʸ ʪʦʪ ʞʝ ʠʟʫʯʝʥʥʳʡ ʨʘʥʝʝ ʚʭʦʜʥʦʡ ʢʘʩʢʘʜ 

ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʵʤʠʪʪʝʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (ʄʕʊ) [2,3]. 

ɺʭʦʜʥʦʡ ʢʘʩʢʘʜ ʪʨʦʠʯʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʊʊʃ ʥʘ ʦʩʥʦʚʝ 

ʄʕʊ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʠʥʚʝʨʩʠʡ ʦʩʪʘʚʣʝʥ ʣʠʰʴ 

ʦʜʠʥ ʚʭʦʜ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʣʠʰʴ ʬʫʥʢʮʠʶ ʩʦʛʣʘʩʦʚʘʥʠʷ ï 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ ʢʘʩʢʘʜʘ ʊʊʃ. 

ɺ ʢʦʣʣʝʢʪʦʨʥʫʶ ʮʝʧʴ ʄʕʊ (ʨʠʩ.1, ʘ) ʙʳʣ ʚʢʣʶʯʝʥ ʥʘʛʨʫʟʦʯʥʳʡ ʨʝ-

ʟʠʩʪʦʨ R1', ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʘʟʦʚʳʡ ʪʦʢ ʪʨʘʥʟʠʩʪʦʨʘ VT2 ʚ ʩʠʪʫʘʮʠʠ, ʢʦ-

ʛʜʘ ʄʕʊ ʧʝʨʝʭʦʜʠʪ ʚ ʠʥʚʝʨʩʥʳʡ ʨʝʞʠʤ ʠ ʪʦʢ ʝʛʦ ʢʦʣʣʝʢʪʦʨʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʤʘʣ. 

ɺ ʵʤʠʪʪʝʨʥʫʶ ʮʝʧʴ ʵʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʙʳʣʠ ʚʚʝʜʝʥʳ ʜʠʦʜʳ 

VD2éVD4, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʘʢʦʡ ʧʦʨʦʛ ʚʢʣʶʯʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ VT11, 

ʯʪʦ ʦʥ ʦʪʢʨʳʚʘʣʩʷ ʣʠʰʴ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʠʣʦʦʙʨʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʚʭʦʜʝ ʄʕʊ ʧʨʝʚʳʰʘʣʦ ʫʨʦʚʝʥʴ ʧʨʠʤʝʨʥʦ ʚ 2/3 ʦʪ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʚʝʨʩʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʣʦʛʠʯʝʩʢʦʡ ç1è. ʌʘʢʪʠʯʝʩʢʠ 

ʪʨʘʥʟʠʩʪʦʨ VT11 ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʣʦʛʠʯʝʩʢʦʡ çï1è ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʝʛʦ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʢʝ ʨʘʙʦʪʳ ʩʭʝʤʳ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʥʚʝʨʪʦʨʘ. 

ʇʦʣʥʦʩʪʴʶ ʩʠʤʤʝʪʨʠʯʥʳʡ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʢʘʩʢʘʜ ʥʘ ʜʚʫʭ ʪʨʘʥʟʠ-

ʩʪʦʨʘʭ VT3, VT6 p-n-pïʪʠʧʘ, ʜʠʦʜʘʭ VD5éVD7 ʠ ʨʝʟʠʩʪʦʨʘʭ R4, R6. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʘʩʢʘʜʘ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʝʥ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ, ʥʦ 

ʢʣʶʯ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ VT6 ʦʪʢʨʳʚʘʣʩʷ ʣʠʰʴ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʠʣʦʦʙ-

ʨʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ ʄʕʊ ʦʧʫʩʢʘʣʦʩʴ ʥʠʞʝ ʫʨʦʚʥʷ ʧʨʠʤʝʨʥʦ ʚ 1/3 

ʦʪ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʚʝʨʩʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʣʦʛʠʯʝʩʢʦʡ çï1è. ʇʨʠ ʵʪʦʤ ʪʨʘʥʟʠʩʪʦʨ VT6 ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʪʨʦʠʯʥʦʡ 

ʣʦʛʠʯʝʩʢʦʡ ç1è ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʢʝ ʨʘʙʦʪʳ ʩʭʝʤʳ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʥʚʝʨʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʥʟʠʩʪʦʨʳ VT2, VT3 ʩ ʜʠʦʜʘʤʠ 

ʠ ʨʝʟʠʩʪʦʨʘʤʠ ʚ ʠʭ ʵʤʠʪʪʝʨʥʳʭ ʮʝʧʷʭ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝ-
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ʪʝʢʪʦʨʳ ʪʨʦʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ç1è ʠ çï1è ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸ ʪʨʘʥ-

ʟʠʩʪʦʨʳ VT11, VT6 ʬʦʨʤʠʨʫʶʪ ʠʟ ʥʠʭ ʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠ çï1è ʠ ç1è. 

  

  
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʨʦʠʯʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʣʝʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ (ʘ)  ʠ  ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʝʛʦ ʚʭʦʜʥʦʛʦ ʠ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʦʚ (ʙ); ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʨʦʠʯʥʦʛʦ 

ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʘʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ (ʚ)  ʠ  ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʝʛʦ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʦʚ (ʛ). 

 

ʈʝʟʠʩʪʦʨʳ R2, R5 ʚ ʮʝʧʷʭ ʢʦʣʣʝʢʪʦʨʦʚ ʪʨʘʥʟʠʩʪʦʨʦʚ VT2, VT3 ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʝ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ. 

ʊʨʦʠʯʥʳʡ ʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʣʝʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘ-

ʚʠʣʫ: 

ç1èŸç0è; ç0èŸçï1è; çï1èŸç1è. 

ʆʧʝʨʘʮʠʷ çï1èŸç1è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʢʝ ʨʘʙʦʪʳ ʦʙʳʯʥʦʛʦ ʠʥʚʝʨ-

ʪʦʨʘ, ʠ ʝʸ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʝʪ ʪʨʘʥʟʠʩʪʦʨ VT4, ʠʥʚʝʨʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʜʝ-

ʪʝʢʪʦʨʘ ʪʨʦʠʯʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ çï1è ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʟʠʩʪʦʨʘ VT3 ʠ 

ʧʦʜʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʰʠʥʳ ʧʠʪʘʥʠʷ +Uʧ ʚ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʦʡ ç1è ʥʘ 

ʚʳʭʦʜ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ Q (ʨʠʩ. 1, ʘ). 

ʂʘʩʢʘʜ ʥʘ ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʣʶʯʘʭ VT8 ʠ VT10, ʙʘʟʳ 

ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʝʥʳ ʢ ʢʦʣʣʝʢʪʦʨʘʤ ʪʨʘʥʟʠʩʪʦʨʦʚ VT11 ʠ VT6 ʩʦʦʪʚʝʪ-
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ʩʪʚʝʥʥʦ, ʦʪʩʣʝʞʠʚʘʝʪ ʩʠʪʫʘʮʠʶ ʥʘ ʚʭʦʜʝ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ: ʅɽ ç1è ʠ 

ʅɽ çï1è, ʘ ʵʪʦ ï ʣʦʛʠʯʝʩʢʠʡ ç0è. ʅʦ ʵʪʠʤ ʩʠʛʥʘʣʦʤ, ʚʳʜʝʣʝʥʥʳʤ ʥʘ ʨʝʟʠ-

ʩʪʦʨʝ R8, ʚʢʣʶʯʘʝʪʩʷ ʢʣʶʯ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ VT5, ʧʦʜʘʶʱʠʡ ʥʘ ʚʳʭʦʜ Q ʧʦ-

ʪʝʥʮʠʘʣ ʰʠʥʳ ʧʠʪʘʥʠʷ ïUʧ ʚ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʦʡ çï1è. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ç0èŸçï1è. 

ʊʨʘʥʟʠʩʪʦʨ VT12 ʜʫʙʣʠʨʫʝʪ ʩʠʛʥʘʣ ʦʙʥʘʨʫʞʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ç0è 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʢʝ ʨʘʙʦʪʳ ʩʭʝʤʳ, 

ʥʦ ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ çï1è. 

ʂʘʩʢʘʜ ʥʘ ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʣʶʯʘʭ VT7 ʠ VT9, ʙʘʟʳ ʢʦ-

ʪʦʨʳʭ ʧʦʜʢʣʶʯʝʥʳ ʢ ʢʦʣʣʝʢʪʦʨʘʤ ʪʨʘʥʟʠʩʪʦʨʦʚ VT6 ʠ VT12, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʦʪʩʣʝʞʠʚʘʝʪ ʩʣʝʜʫʶʱʫʶ ʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ: ʝʩʣʠ ʥʘ ʢʦʣʣʝʢ-

ʪʦʨʘʭ ʅɽ ç1è ʠ ʅɽ çï1è, ʪʦ ʥʘ ʚʭʦʜʝ A ð ʅɽ çï1è ʠ ʅɽ ç0è, ʘ ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʦʙʥʘʨʫʞʝʥ ʫʨʦʚʝʥʴ ç1è, ʠ ʥʘ ʚʳʭʦʜ Q ʧʦʜʘʸʪʩʷ ʧʦʪʝʥʮʠʘʣ ʦʙʱʝʛʦ 

ʧʨʦʚʦʜʘ, ʢʘʢ ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʛʦ ç0è. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ç1èŸç0è. 

ʇʦʜʦʙʥʘʷ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʦʡ, 

ʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʥʘ ʪʝʤ, ʯʪʦ ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʛʦ ç0è ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʧʨʠʭʦ-

ʜʠʪʩʷ ʬʦʨʤʠʨʦʚʘʪʴ ʩʜʚʦʝʥʥʳʤ ʢʣʶʯʦʤ ʥʘ ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʪʨʘʥʟʠʩʪʦʨʘʭ. ɺ ʩʭʝʤʝ ʪʘʢʞʝ ʧʨʠʥʷʪʳ ʤʝʨʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʢʣʶʯʝʡ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʞʥʷʝʪ ʝʸ, ʥʦ ʧʦʚʳʰʘʝʪ ʥʘʜʸʞʥʦʩʪʴ 

ʨʘʙʦʪʳ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʨʦʠʯʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʧʨʘʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʚ. ʕʪʦʪ 

ʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʩʦ-

ʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: ç1èŸçï1è; çï1èŸç0è; ç0èŸç1è. 

ɺ ʝʛʦ ʩʭʝʤʦʪʝʭʥʠʢʝ ʣʠʰʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ç1èŸçï1è ʚʳʧʦʣʥʷʝʪʩʷ 

ʪʘʢʞʝ ʢʘʢ ʚ ʦʙʳʯʥʦʤ ʪʨʦʠʯʥʦʤ ʠʥʚʝʨʪʦʨʝ, ʘ ʜʣʷ ʚʘʨʠʘʥʪʦʚ çï1èŸç0è ʠ 

ç0èŸç1è ʧʨʠʤʝʥʝʥʳ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʦʧʠʩʘʥʥʳʤ 

ʚʳʰʝ ʜʣʷ ʪʨʦʠʯʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʣʝʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʨʦʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʮʠʢʣʠʯʝʩʢʦʡ 

ʠʥʚʝʨʩʠʠ ʚ ʧʘʢʝʪʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5] ʙʳʣʠ ʨʝʘʣʠʟʦʚʘ-

ʥʳ ʠʭ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ SPICE-ʤʦʜʝʣʝʡ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʪʨʠ-

ʦʜʘʤ ʪʠʧʘ ʂʊ3102, ʂʊ3107 [6]. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʪʨʦʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʣʝʚʦʡ ʮʠʢʣʠʯʝ-

ʩʢʦʡ ʠʥʚʝʨʩʠʠ ʥʘ ʝʛʦ ʚʭʦʜ A ʧʦʜʘʚʘʣʦʩʴ ʧʠʣʦʦʙʨʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʘʤʧʣʠ-

ʪʫʜʦʡ 2,5 ɺ (ʨʠʩ. 1, ʙ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ Q ʵʣʝʤʝʥʪʘ ʧʨʠ ʵʪʦʤ ʬʦʨʤʠ-

ʨʦʚʘʣʩʷ ʪʨʝʭʫʨʦʚʥʝʚʳʡ ʩʠʛʥʘʣ (ʨʠʩ. 1, ʙ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʘʚʠʣʫ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ: ç1èŸç0è; ç0èŸçï1è; çï

1èŸç1è, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 

1, ʘ). 

ʅʘ ʚʭʦʜ A ʤʦʜʝʣʠ ʪʨʦʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʘʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ 

ʪʘʢʞʝ ʧʦʜʘʚʘʣʦʩʴ ʧʠʣʦʦʙʨʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʘʤʧʣʠʪʫʜʦʡ 2,5 ɺ (ʨʠʩ. 1, ʛ), ʘ 
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ʥʘ ʝʛʦ ʚʳʭʦʜʝ Q ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʦʚʘʣʩʷ ʪʨʝʭʫʨʦʚʥʝʚʳʡ ʩʠʛʥʘʣ (ʨʠʩ. 1, ʛ), 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʭʦʜʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʧʨʝʪʝʨʧʝʚʘʣʠ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: ç1èŸçï1è; çï1èŸç0è; ç0èŸç1è, ʯʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

(ʨʠʩ. 1, ʚ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʘʟʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʨʦʠʯʥʦʡ ʪʨʘʥʟʠʩʪʦʨʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʦʡ ʣʦʛʠʢʠ ð ʪʨʦʠʯʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠʥʚʝʨʪʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʷʭ ʙʠʧʦʣʷʨʥʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʤ ʪʨʠʦʜʘʤ ʪʠʧʘ ʂʊ3102, ʂʊ3107, ʠ ʫʧʨʘʚʣʝʥʠʠ ʚʭʦʜʥʳʤ ʧʠ-

ʣʦʦʙʨʘʟʥʳʤ ʩʠʛʥʘʣʦʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʨʦʠʯʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʠʥʚʝʨʪʦ-

ʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʩʭʝʤʘʤ, ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʯʘʩʪʦʪʳ 9 

ʄɻʮ, ʧʨʠʯʝʤ ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦʡ, ʥʘʯʠʥʘʷ ʩ 

ʯʘʩʪʦʪʳ 3 ʄɻʮ. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʨʦʠʯʥʦʛʦ 

ʩʯʝʪʯʠʢʘ ï ʫʟʣʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʧʦʜʩʯʝʪ ʯʠʩʣʘ 

ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʨʝʟʫʣʴʪʘʪ ʚ ʪʨʦʠʯʥʳʡ ʩʠʤʤʝʪʨʠʯ-

ʥʳʡ ʢʦʜ. ʈʘʟʨʘʙʦʪʘʥ ʪʨʦʠʯʥʳʡ ʩʯʸʪʥʳʡ ʊïʪʨʠʛʛʝʨ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʪʫʧʝʥ-

ʯʘʪʦʛʦ ʪʨʦʠʯʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ Dïʪʨʠʛʛʝʨʘ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ, 

ʜʦʧʦʣʥʝʥʥʦʛʦ ʵʣʝʤʝʥʪʦʤ ʧʨʘʚʦʡ ʠʣʠ ʣʝʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ N-ʨʘʟʨʷʜʥʳʡ ʪʨʦʠʯʥʳʡ ʩʯʸʪʯʠʢ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ 

ʢʘʩʢʘʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʦʠʯʥʳʭ ʊïʪʨʠʛʛʝʨʦʚ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦ 

ʝʛʦ ʜʚʦʠʯʥʦʤʫ ʘʥʘʣʦʛʫ. ɺʳʧʦʣʥʝʥʳ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ʉɸʇʈ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʨʦʠʯʥʳʭ ʩʯʸʪʥʳʭ ʩʭʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʦʠʯʥʘʷ ʣʦʛʠʢʘ, ʪʨʦʠʯʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ-

ʥʘʷ ʣʦʛʠʢʘ, ʪʨʠʛʛʝʨʥʳʝ ʩʭʝʤʳ, ʩʯʸʪʥʳʝ ʩʭʝʤʳ, ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ. 

 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʙʝʟ ʦʪʢʘʟʘ ʦʪ ʧʨʠʚʳʯʥʳʭ ʠ ʦʪʣʘʞʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʝʭʦʜ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʦʪ ʜʚʦʠʯʥʦʡ ʦʩʥʦʚʳ ʢ ʪʨʦʠʯʥʦʡ 

ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ [1,2]. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [1-5] ʙʳʣʠ ʩʦʟʜʘʥʳ ʯʠʩʣʝʥʥʳʝ 

ʤʦʜʝʣʠ ʪʨʦʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʣʦ-

ʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʚʤʝʩʪʠʤʳʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʝʨʠʷʤʠ ʜʚʦʠʯʥʳʭ ʣʦ-

ʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʩʦʟʜʘ-

ʚʘʪʴ ʮʠʬʨʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ. ʊʘʢ ʚ ʨʘʙʦʪʘʭ [6,7] ʘʚʪʦʨʘ-

ʤʠ ʙʳʣʠ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʫʤʥʦʞʠʪʝʣʴ ʠ ʜʝʣʠʪʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʪʠʧʘ ʜʣʷ ʯʠʩʝʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʨʦʠʯʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩ-

ʣʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʪʨʦ-

ʠʯʥʳʭ ʩʯʸʪʥʳʭ ʩʭʝʤ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʦʠʯʥʦʡ ʣʦʛʠʢʠ. 

ʉʯʸʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʚʪʦʨʷʝʤʦʝ ʧʨʠʙʘʚʣʝʥʠʝ (ʠʣʠ ʚʳʯʠʪʘʥʠʝ) ʝʜʠ-

ʥʠʮʳ ʢ ʥʘʯʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʙʠʨʘ-

ʝʪʩʷ 0, ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʚʧʣʦʪʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʛʨʘʥʠʯʥʦ-

ʛʦ/ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʯʸʪʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʯʸʪʯʠʢ ï ʵʪʦ ʫʟʝʣ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ ʚʭʦʜʥʳʭ ʠʤʧʫʣʴ-

ʩʦʚ. ʉʯʝʪʯʠʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʘʚ-

ʪʦʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʜʩʯʝʪʘ ʰʘ-

ʛʦʚ ʧʨʦʛʨʘʤʤʳ, ʜʣʷ ʧʦʜʩʯʝʪʘ ʮʠʢʣʦʚ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝ-
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ʥʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʜʦʚ, ʚ ʜʝʣʠʪʝʣʷʭ ʯʘ-

ʩʪʦʪʳ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʭ ʩʠʛʥʘʣʦʚ. ʉʯʸʪʯʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʜʚʦʠʯʥʦʡ ʩʠ-

ʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʣʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʙʠʥʘʨʥʳʭ, ʠʣʠ ʞʝ ʜʚʦʠʯʥʳʭ 

ʩʯʸʪʯʠʢʦʚ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʵʪʦʡ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʩʯʸʪʯʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ 

ʪʨʦʠʯʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʝʨʥʘʨʥʳʤʠ 

ʠʣʠ ʪʨʦʠʯʥʳʤʠ ʩʯʸʪʯʠʢʘʤʠ. 

ʇʨʦʩʪʝʡʰʠʤ ʜʚʦʠʯʥʳʤ ʩʯʝʪʯʠʢʦʤ ʷʚʣʷʝʪʩʷ ʊïʪʨʠʛʛʝʨ ʩʦ ʩʯʝʪʥʳʤ 

ʚʭʦʜʦʤ, ʧʦʜʩʯʠʪʳʚʘʶʱʠʡ ʚʭʦʜʥʳʝ ʠʤʧʫʣʴʩʳ ʧʦ ʤʦʜʫʣʶ 2, ʪʦ ʝʩʪʴ ʦʩʫ-

ʱʝʩʪʚʣʷʶʱʠʡ ʩʯʝʪ ʠ ʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʩʯʝʪʘ ʥʝ ʙʦʣʝʝ ʜʚʫʭ ʠʤʧʫʣʴʩʦʚ. 

ʉʦʝʜʠʥʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʦ ʩʯʝʪʥʳʭ ʪʨʠʛʛʝʨʦʚ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʭʝʤʫ ʤʥʦʛʦʨʘʟʨʷʜʥʦʛʦ ʩʯʝʪʯʠʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ Dïʪʨʠʛʛʝʨʳ ʠ JKï

ʪʨʠʛʛʝʨʳ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠʤʝʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʘ-

ʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʝʨʠʡ ʣʦʛʠʯʝʩʢʠʭ ʤʠʢʨʦʩʭʝʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Dïʪʨʠʛʛʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʩʯʝʪʥʦʛʦ, ʝʛʦ ʠʥʚʝʨʩʥʳʡ 

ʚʳʭʦʜ /Q ʩʦʝʜʠʥʷʶʪ ʩ ʝʛʦ ʞʝ ʚʭʦʜʦʤ D, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1 

[8,9]. ɺʭʦʜʥʳʝ ʠʤʧʫʣʴʩʳ ʚʳʟʳʚʘʶʪ ʧʝʨʝʟʘʧʠʩʴ ʩʦʩʪʦʷʥʠʷ ʠʥʚʝʨʩʥʦʛʦ ʚʳ-

ʭʦʜʘ ʪʨʠʛʛʝʨʘ ʥʘ ʝʛʦ ʚʳʭʦʜ Q, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʢʣʶʯʝʥʠʶ ʩʦʩʪʦʷʥʠʷ 

ʪʨʠʛʛʝʨʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʳ 

ʠʟ 0 ʚ 1  ʠ ʠʟ 1 ʚ 0, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʢʨʝʤʝʥʪʫ (ʜʝʢʨʝʤʝʥʪʫ) ʧʦ ʤʦʜʫʣʶ 

2. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʚʦʠʯʥʳʡ ʪʨʠʛʛʝʨ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʦʙʳʯʥʦ ʚ ʧʨʦʠʟʚʦʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʥʘʯʘʪʴ ʩʯʝʪ ʢʘʢ ʩ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ 0, ʪʘʢ ʠ ʩ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʦʛʠʯʝ-

ʩʢʦʡ 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʜʚʦʠʯʥʦʛʦ ʩʯʸʪʥʦʛʦ ʪʨʠʛʛʝʨʘ ʥʘ ʙʘʟʝ ʜʚʦʠʯʥʦʛʦ D-ʪʨʠʛʛʝʨʘ(ʘ) 

ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʝʛʦ ʨʘʙʦʪʳ (ʙ) 

 

ɽʩʣʠ ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ ʚʳʰʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ-

ʚʪʦʨʠʪʴ ʜʣʷ ʪʨʦʠʯʥʦʛʦ D-ʪʨʠʛʛʝʨʘ, ʪʦ ʧʦʚʝʜʝʥʠʝ ʪʘʢʦʡ ʩʭʝʤʳ ʥʝ ʙʫʜʝʪ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʦʠʯʥʦʤʫ ʩʯʸʪʫ, ʧʦʩʢʦʣʴʢʫ ʦʧʝʨʘʮʠʷ ʠʥʚʝʨʩʠʠ (INV) ʚ 

ʪʨʦʠʯʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʢʨʝʤʝʥʪʫ ʠ 

ʜʝʢʨʝʤʝʥʪʫ ʧʦ ʤʦʜʫʣʶ 3, ʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʭʦʜʳ ʠʟ -1 ʚ 1, ʠʟ 0 ʚ 0, ʠʟ 1 ʚ 

-1. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʢʨʝʤʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ 

ʠʟ -1 ʚ 0, ʠʟ 0 ʚ 1, ʠʟ 1 ʚ -1, ʘ ʜʝʢʨʝʤʝʥʪʫ ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ 

ʠʟ -1 ʚ 1, ʠʟ 1 ʚ 0, ʠʟ 0 ʚ -1. ʆʧʝʨʘʮʠʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʠʥʢʨʝʤʝʥʪ ʠ ʜʝʢʨʝ-

ʤʝʥʪ ʧʦ ʤʦʜʫʣʶ ʚ 3, ʚ ʪʨʦʠʯʥʦʡ ʣʦʛʠʢʝ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ, ʠʣʠ ʚʨʘʱʝʥʠʷ ʚʚʝʨʭ (ROT_UP ï 
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Rotate Up) ʠ ʚʨʘʱʝʥʠʷ ʚʥʠʟ (ROT_DN ï Rotate Down) [1]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʦʠʯʥʳʡ ʩʯʝʪʥʳʡ ʪʨʠʛʛʝʨ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʦʝʜʠ-

ʥʝʥʠʝ ʚʳʭʦʜʘ Q ʪʨʦʠʯʥʦʛʦ Dïʪʨʠʛʛʝʨʘ ʩ ʝʛʦ ʚʭʦʜʦʤ D ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʮʠʢ-

ʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ (ʧʨʘʚʦʡ ʜʣʷ ʩʯʸʪʘ ʥʘ ʫʚʝʣʠʯʝʥʠʝ, ʣʝʚʦʡ ð ʜʣʷ ʩʯʸʪʘ ʥʘ 

ʫʤʝʥʴʰʝʥʠʝ). ʄʦʜʝʣʠ ʪʨʦʠʯʥʳʭ ʩʯʸʪʥʳʭ  ʪʨʠʛʛʝʨʦʚ  ʥʘ  ʦʩʥʦʚʝ  ʜʚʫʭʩʪʫ-

ʧʝʥʯʘʪʳʭ  ʪʨʦʠʯʥʳʭ  Dïʪʨʠʛʛʝʨʦʚ (Dï ʪʨʠʪʪʝʨʦʚ) ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʧʨʘʚ-

ʣʝʥʠʝʤ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ʉɸʇʈ [8], ʘ ʪʘʢʞʝ ʦʩʮʠʣʣʦ-

ʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʠʭ ʨʘʙʦʪʫ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 

  
ʘ) ʙ) 

ʈʠʩ. 2. ʊʨʦʠʯʥʳʡ ʊ-ʪʨʠʛʛʝʨ ʥʘ ʫʚʝʣʠʯʝʥʠʝ (ʘ) ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʝʛʦ ʨʘʙʦʪʳ 

(ʙ). ʉʭʝʤʘ ʪʘʢʪʠʨʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʤ ʩʠʛʥʘʣʦʤ ʩ ʯʘʩʪʦʪʦʡ 100 ʢɻʮ, ʘʤʧʣʠʪʫ-

ʜʦʡ 12 ɺ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ 10%. ʕʣʝʤʝʥʪ D_TRITT ʥʘ ʩʭʝʤʝ ð

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ  Dïʪʨʠʪʪʝʨ  ʩ  ʜʠʥʘʤʠʯʝʩʢʠʤ  ʫʧʨʘʚʣʝʥʠʝʤ,  ʘ  ROT_UP ð 

ʪʨʦʠʯʥʳʡ ʵʣʝʤʝʥʪ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ ʚʧʨʘʚʦ 

 

  
ʘ) ʙ) 

ʈʠʩ. 3. ʊʨʦʠʯʥʳʡ ʊ-ʪʨʠʛʛʝʨ ʥʘ ʫʤʝʥʴʰʝʥʠʝ (ʘ) ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʝʛʦ ʨʘʙʦʪʳ 

(ʙ). ʉʭʝʤʘ ʪʘʢʪʠʨʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʤ ʩʠʛʥʘʣʦʤ ʩ ʯʘʩʪʦʪʦʡ 100 ʢɻʮ, ʘʤʧʣʠʪʫʜʦʡ 

12 ɺ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ 10%. ʕʣʝʤʝʥʪ D_TRITT ʥʘ ʩʭʝʤʝ ð

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ  Dïʪʨʠʪʪʝʨ  ʩ  ʜʠʥʘʤʠʯʝʩʢʠʤ  ʫʧʨʘʚʣʝʥʠʝʤ,  ʘ  ROT_DN ð 

ʪʨʦʠʯʥʳʡ ʵʣʝʤʝʥʪ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ ʚʣʝʚʦ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʨʦʠʯʥʳʡ ʊïʪʨʠʛʛʝʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ-

ʩʪʫʧʝʥʯʘʪʦʛʦ Dïʪʨʠʪʪʝʨʘ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʢʦʨʨʝʢʪʥʦ ʦʪʨʘʙʘ-

ʪʳʚʘʝʪ ʩʯʝʪ ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʨʘʟʨʷʜʘ, ʢʘʢ ʥʘ ʫʚʝʣʠ-

ʯʝʥʠʝ, ʪʘʢ ʠ ʥʘ ʫʤʝʥʴʰʝʥʠʝ. ʇʝʨʝʢʣʶʯʝʥʠʝ ʩʦʩʪʦʷʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʟʘʜʥʝʤʫ ʬʨʦʥʪʫ ʩʠʥʭʨʦʩʠʛʥʘʣʘ. ɸʥʘʣʦʛʠʯʥʫʶ ʩʭʝʤʫ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʠ 

ʥʘ ʪʨʦʠʯʥʦʤ Dïʪʨʠʛʛʝʨʝ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʦʜʥʘʢʦ ʧʨʝʜʣʦ-
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ʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʊïʪʨʠʪʪʝʨʘ ʥʝ ʥʫʞʜʘʝʪʩʷ ʥʠ ʚ ʧʦʜʙʦʨʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤ-

ʧʫʣʴʩʦʚ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʥʠ ʚ ʮʝʧʷʭ ʟʘʜʝʨʞʢʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʶ ʧʘʨʘʟʠʪʥʦʡ ʛʝʥʝʨʘʮʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʦʠʯʥʳʡ ʊïʪʨʠʛʛʝʨ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʫʩʪʦʡʯʠʚʦʝ ʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ Q = ç0è, /Q = ç0è ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ, ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʝʛʦ ʦʪ ʜʚʦʠʯʥʦʛʦ ʘʥʘʣʦʛʘ. 

ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʨʦʠʯʥʳʭ ʊïʪʨʠʛʛʝʨʦʚ ʤʦʞʥʦ 

ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʘʩʠʥʭʨʦʥʥʳʡ ʪʨʦʠʯʥʳʡ N-ʨʘʟʨʷʜʥʳʡ ʩʯʸʪʯʠʢ, ʚʢʣʶʯʘʷ 

N ʪʨʦʠʯʥʳʭ ʩʯʸʪʥʳʭ ʪʨʠʛʛʝʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, ʚ ʧʦʣʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʚʦʠʯʥʳʤʠ ʩʭʝʤʘʤʠ [9, 10]. ʅʘ ʨʠʩʫʥʢʝ 4, ʘ  

ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʦʠʯʥʳʡ ʪʨʸʭʨʘʟʨʷʜʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʩʯʝʪʯʠʢ ʥʘ ʫʚʝʣʠʯʝ-

ʥʠʝ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɸʇʈ 

[8] ʧʫʪʸʤ ʢʘʩʢʘʜʠʨʦʚʘʥʠʷ ʪʨʸʭ ʪʨʦʠʯʥʳʭ ʩʯʝʪʥʳʭ ʪʨʠʛʛʝʨʦʚ ʥʘ ʫʚʝʣʠʯʝ-

ʥʠʝ. ʉʭʝʤʘ ʜʦʧʦʣʥʝʥʘ ʫʥʘʨʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʫʨʦʚʥʷ ʣʦʛʠʯʝʩʢʦʡ ï1 

(EQU_FALS), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʫʪʦʡ ʧʝʨʝʧʘʜ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘ-

ʣʘ ʠʟ 1 ʚ ï1 ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʤʦʞʥʳʝ ʩʙʦʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʫʨʦ-

ʚʝʥʴ ʪʨʦʠʯʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ 0.  

ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʪʨʦʠʯʥʦʛʦ 

ʪʨʸʭʨʘʟʨʷʜʥʦʛʦ ʩʯʝʪʯʠʢʘ (ʨʠʩʫʥʦʢ 4, ʙ), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʨʨʝʢʪʥʳʡ ʩʯʝʪ 

ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦ ʩʨʝʟʘʤ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʦʠʯʥʦʛʦ ʪʨʸʭʨʘʟʨʷʜʥʦʛʦ ʩʯʝʪʯʠʢʘ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢ-

ʥʫʪʴ, ʯʪʦ ʪʨʸʭʨʘʟʨʷʜʥʳʡ ʪʨʦʠʯʥʳʡ ʩʯʸʪʯʠʢ ʩʧʦʩʦʙʝʥ ʧʦʜʩʯʠʪʘʪʴ ʜʦ 27 

ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʦ ʧʝʨʝʧʦʣʥʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʸʭʨʘʟʨʷʜʥʳʡ ʜʚʦ-

ʠʯʥʳʡ ʩʯʝʪʯʠʢ ʩʧʦʩʦʙʝʥ ʧʦʜʩʯʠʪʘʪʴ ʚʩʝʛʦ ʣʠʰʴ 8, ʘ ʯʝʪʳʨʝʭʨʘʟʨʷʜʥʳʡ ð 

ʣʠʰʴ 16. ʊʘʢʞʝ, ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʪʨʦʠʯʥʳʝ ʊïʪʨʠʛʛʝʨʳ ʧʨʠ ʚʢʣʶʯʝʥʠʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʥʝʡʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʨʦʚʥʶ 0, ʪʨʦʠʯʥʳʝ ʩʯʸʪʯʠʢʠ ʦʙʣʘʜʘʶʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʯʘʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʮʝʧʝʡ ʥʘʯʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

 

 
 

ʘ) 
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ʙ) 

ʈʠʩ. 4. ʊʨʸʭʨʘʟʨʷʜʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʪʨʦʠʯʥʳʡ ʩʯʸʪʯʠʢ (ʘ) ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʝʛʦ ʨʘʙʦʪʳ (ʙ). ʉʭʝʤʘ ʪʘʢʪʠʨʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʤ ʩʠʛʥʘʣʦʤ ʩ ʯʘʩʪʦʪʦʡ 100 ʢɻʮ, 

ʘʤʧʣʠʪʫʜʦʡ 12 ɺ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ 10%. ʕʣʝʤʝʥʪ T_TR_UP ʥʘ 

ʩʭʝʤʝ ð ʪʨʦʠʯʥʳʡ ʊ-ʪʨʠʛʛʝʨ ʥʘ ʫʚʝʣʠʯʝʥʠʝ, ʘ EQU_FALS ï ʫʥʘʨʥʳʡ ʜʝʪʝʢʪʦʨ 

ʫʨʦʚʥʷ ç-1è 

 

ɸʩʠʥʭʨʦʥʥʳʡ ʪʨʦʠʯʥʳʡ ʩʯʸʪʯʠʢ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠ-

ʟʦʚʘʥ ʪʦʯʥʦ ʪʘʢʞʝ, ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʦʠʯʥʳʝ ʩʯʸʪʥʳʝ ʪʨʠʛʛʝʨʳ 

ʥʘ ʫʤʝʥʴʰʝʥʠʝ. ʊʘʢʞʝ, ʠʩʧʦʣʴʟʫʷ ʪʨʦʠʯʥʳʝ ʊïʪʨʠʛʛʝʨʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʤʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʚʭʦʜʘʤʠ ʧʨʝʜʫʩʪʘʥʦʚʢʠ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʪʨʦʠʯʥʳʝ 

ʧʝʨʝʩʯʸʪʥʳʝ ʩʭʝʤʳ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʩʯʝʪʘ, ʧʦʜʦʙʥʦ 

ʜʚʦʠʯʥʳʤ ʘʥʘʣʦʛʘʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʨʘʥʝʝ 

ʪʨʦʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʦʡ ʣʦʛʠʢʠ, 

ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʦʠʯʥʳʭ ʧʝʨʝʩʯʸʪʥʳʭ ʩʭʝʤ 

ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʨʦʠʯʥʳʝ ʩʯʸʪʯʠʢʠ ʦʙ-

ʣʘʜʘʶʪ ʨʷʜʦʤ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪ ʠʭ ʦʪ ʜʚʦʠʯʥʳʭ ʘʥʘʣʦ-

ʛʦʚ, ʘ ʠʤʝʥʥʦ ï ʥʘʣʠʯʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʚ ʢʦʪʦʨʦʝ ʩʭʝʤʘ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʚʢʣʶʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʳʡ, ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʜʚʦʠʯʥʳʤʠ ʩʯʸʪʯʠʢʘʤʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʸʪʘ ʧʨʠ ʪʦʡ ʞʝ, ʠ ʜʘ-

ʞʝ ʤʝʥʴʰʝʡ, ʨʘʟʨʷʜʥʦʩʪʠ. ʊʘʢ ʪʨʦʠʯʥʳʡ ʪʨʝʭʨʘʟʨʷʜʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ 

ʩʯʸʪʯʠʢ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʧʦʜʩʯʸʪ ʜʦ 27 ʠʤʧʫʣʴʩʦʚ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 3 

ʧʨʝʚʳʰʘʝʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʪʨʝʭʨʘʟʨʷʜʥʦʛʦ ʜʚʦʠʯʥʦʛʦ ʘʥʘʣʦʛʘ ʠ ʙʦʣʝʝ 
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ʯʝʤ ʚ 1.5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʯʸʪʘ ʜʚʦʠʯʥʦʛʦ ʯʝʪʳ-

ʨʸʭʨʘʟʨʷʜʥʦʛʦ ʩʯʸʪʯʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʨʦʠʯ-

ʥʳʭ ʩʯʝʪʥʳʭ ʪʨʠʛʛʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʨʦʠʯʥʳʭ Dïʪʨʠʛʛʝʨʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʙʘʟʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʨʦʠʯʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ. ʂʘʩʢʘʜʠʨʫʷ ʪʨʦ-

ʠʯʥʳʝ ʩʯʝʪʥʳʝ ʪʨʠʛʛʝʨʳ, ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʦʠʯʥʳʝ ʩʯʝʪʯʠʢʠ ï ʫʟʣʳ 

ʪʨʦʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʳʧʦʣʥʷʶʱʠʝ ʧʦʜʩʯʝʪ ʯʠʩʣʘ ʚʭʦʜ-

ʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪ ʚ ʪʨʦʠʯʥʳʡ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʢʦʜ. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʦʠʯʥʳʭ ʩʯʝʪʯʠʢʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʧʦʚʳʰʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʫʧʨʦʱʘʝʪ ʠʭ 

ʩʭʝʤʦʪʝʭʥʠʢʫ. 
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ʤʠ, ʤʝʪʘʤʘʪʝʨʠʘʣʘʤʠ ʠ ʙʠʦʦʙʲʝʢʪʘʤʠ: ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʜʝʩʷʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ / ʧʦʜ ʨʝʜ. ʧʨʦʬ. ɸʣ.ɺ. ʉʢʨʠʧʘʣʷ ï ʉʘʨʘʪʦʚ: ʀʟʜ-ʚʦ çʉʘʨʘʪʦʚʩʢʠʡ ʠʩ-

ʪʦʯʥʠʢè, 2023. ʉ. 122-127. 

6. ɼʨʦʥʢʠʥ ɸ.ʉ., ʉʝʤʸʥʦʚ ɸ.ɸ. ʊʨʦʠʯʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʫʤʥʦʞʠʪʝʣʴ, ɺʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ, ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʤʝʪʘʤʘʪʝʨʠʘʣʘʤʠ ʠ ʙʠʦʦʙʲʝʢʪʘʤʠ: ʉʙʦʨ-

ʥʠʢ ʩʪʘʪʝʡ ʜʝʚʷʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ / ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɸʣ.ɺ. 

ʉʢʨʠʧʘʣʷ ï  ʉʘʨʘʪʦʚ: ʀʟʜ-ʚʦ çʉʘʨʘʪʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢè, 2022. ʉ. 62-67. 

7. ʉʝʤʸʥʦʚ ɸ.ɸ., ɼʨʦʥʢʠʥ ɸ.ʉ. ʊʨʦʠʯʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʜʝʣʠʪʝʣʴ, ɺʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ, ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʣʫʧʨʦ-
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷ-

ʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʜʚʫʤʷ ʚʨʝʤʝʥʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʥʘ ʨʝ-

ʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʚʳʩʰʠʭ ʛʘʨʤʦ-

ʥʠʢ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʥʘ ʛʨʘʬʝʥ ʚ ʧʦʜʭʦʜʝ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʥʪʦʚʦʝ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʚʨʝʤʷ ʨʝʣʘʢ-

ʩʘʮʠʠ, ʚʨʝʤʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ, ʛʝʥʝʨʘʮʠʷ ʚʳʩʰʠʭ ʛʘʨ-

ʤʦʥʠʢ 

 

ɺʚʝʜʝʥʠʝ 

ʅʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʛʝʥʝʨʘʮʠʠ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ ʢʦʥʜʝʥʩʠʨʦ-

ʚʘʥʥʳʭ ʩʨʝʜʘʭ ʩʪʘʣʠ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠʩ-

ʪʦʯʥʠʢʦʚ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʈʘʙʦʪʳ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʛʨʘʬʝʥʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤʠ ʝʛʦ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʝ 

ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʥʝʰʥʝʤ ʢʣʘʩʩʠʯʝʩʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʩ ʧʨʦʠʟ-

ʚʦʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʚʨʝʤʝʥʠ ʙʳʣ ʨʘʟʚʠʪ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʢʚʘʥʪʦʚʦʤ ʢʠʥʝʪʠʯʝʩʢʦʤ ʫʨʘʚʥʝʥʠʠ (ʂʂʋ) [1-3]. ʆʥ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʟʚʦʣʷ-

ʝʪ ʚʳʯʠʩʣʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʪʦʢʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ ʩʣʦʞʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʘʤʦ ʂʂʋ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜ-

ʩʪʚʠʝʤ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʠ ʙʝʟʜʠʩʩʠʧʘʪʠʚʥʦ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ 

ʜʠʩʩʠʧʘʮʠʷ ʚʚʦʜʠʪʩʷ ʯʝʨʝʟ ʧʨʠʙʣʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʠ ʦʢʘʟʳʚʘʝʪ 

ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚʢʣʶʯʘʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ [4]. 

ʂʦʨʨʝʢʪʥʘʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝ-

ʤʦʡ ʚ ʩʠʣʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠ ʚʥʦʩʷʱʠʭ ʩʚʦʡ ʚʢʣʘʜ  ʧʨʦʮʝʩ-

ʩʦʚ. ɼʣʷ ʝʸ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʥʠʤʘʣʦʩʴ ʠ ʧʨʝʜʧʨʠʥʠʤʘʝʪʩʷ ʤʥʦʛʦ ʫʩʠ-

ʣʠʡ [5-8]. ɺʘʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʩʚʝʨʭʙʳʩʪʨʦʡ 

ʢʚʘʥʪʦʚʦʡ ʜʠʥʘʤʠʢʝ ʵʣʝʢʪʨʦʥʦʚ ʩʫʱʝʩʪʚʝʥʥʳ ʜʚʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘ: 

ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʫʶ ʜʘʣʝʝ 

ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ †, ʠ ʚʨʝʤʷ ʢʚʘʥʪʦʚʦʡ ʜʝʢʦʛʝʨʝʥʪʥʦʩʪʠ  † [8]. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʪʘʢʦʡ ʜʚʫʭʤʘʩʰʪʘʙʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦ-
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ʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʥʪʦʚʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

 

ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʧʨʠʩʫʪʩʪʚʠʷ ʜʚʫʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʨʝʣʘʢʩʘʮʠʠ 

ʦʧʨʝʜʝʣʠʤ ʩʠʩʪʝʤʫ ʢʚʘʥʪʦʚʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ: 

ὪὴӶȟὸ
ὪὴӶȟὸ ὪὴӶ

†

‗ὴӶȟὸ

ς
 όὴӶȟὸȟ 

όὴӶȟὸ
Ӷȟ Ӷ

‗ὴӶȟὸρ ςὪὴӶȟὸ
Ӷȟ

ǩ
ὺὴӶȟὸȟ                   (1) 

ὺὴӶȟὸ
ὺὴӶȟὸ ὺ ὴӶ

†

ς‐ὴӶȟὸ

ǩ
όὴӶȟὸȢ 

ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʢʫ ʟʘʩʝʣʝʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ὪὴӶȟὸ ʩ ʫʯʝ-

ʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ †. ɺʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʷ 
ʚ ʵʪʦʤ ʬʦʨʤʘʣʠʟʤʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʡ όὴӶȟὸ ʠ ὺὴӶȟὸ, ʥʝʩʫ-

ʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʠ ʟʦʥʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [2]. ʇʦʵʪʦʤʫ ʚ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʨʝʤʷ ʨʝʣʘʢ-

ʩʘʮʠʠ †. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʷʚʥʦʛʦ ʚʠʜʘ ʫʨʘʚʥʝʥʠʡ (1) ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʙʝʟʤʘʩʩʦʚʳʭ ʬʝʨʤʠʦʥʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʣʷ 

Ὁ ὸ ὃ ὸ, ʛʜʝ ὃ  - ʦʜʥʘ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʢʘʣʠʙʨʦʚʢʝ ɻʘʤʠʣʴʪʦʥʘ ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ, ʚʚʦʜʷ ʧʩʝʚʜʦʠʤʧʫʣʴʩ 

ὖ ὴ Ὡὃ ὸ, ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 

‗ὴӶȟὸ Ὡὠ
Ӷȟ

,                                    (2) 

‐ὴӶȟὸ ὠ ὖ ὖȢ                                            (3) 

ɿʜʝʩʴ ὠ ʩʢʦʨʦʩʪʴ ʌʝʨʤʠ, Ὡ ï ʵʣʝʤʝʥʪʘʨʥʳʡ ʟʘʨʷʜ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʥʘ ʛʨʘʬʝʥ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʝʥʝʨʠʨʫʝ-

ʤʳʤʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʪʦʢʘʤʠ  [4]. ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʠʭ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠʚʝʜʝʤ ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʪʦʢʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʚʥʫʪʨʠʟʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʟʘʨʷʜʦʚ ʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʯʝʨʝʟ ὪὴӶȟὸ, ʠ ʧʦʣʷʨʠ-

ʟʘʮʠʦʥʥʦʛʦ ʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʞʟʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʯʝʨʝʟ όὴӶȟὸ: 

Ὦ ὸ ὩὠὊ
ςτ᷿

ǩ Ӷȟ
ὪὴӶȟὸȟ                                (4) 

Ὦ ὸ ὩὠὊ
ςτ᷿

ǩ Ӷȟ
ὪὴӶȟὸȟ                                (5) 

Ὦ ὸ ὩὠὊ
ςς᷿

ǩ Ӷȟ
όὴӶȟὸȟ                                (6) 

Ὦ ὸ ὩὠὊ
ςς᷿

ǩ Ӷȟ
όὴӶȟὸȢ                                   (7) 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʃʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʚʥʝʰʥʠʡ ʠʤʧʫʣʴʩ ʦʧʨʝʜʝʣʠʤ ʯʝʨʝʟ ʢʦʤ-

ʧʦʥʝʥʪʳ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʚʠʜʝ: 
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ὃ ὸ ÓÉÎς“’ὸὩ Ⱦ ȟ  ὃ ὸ πȢ                      (8) 

 ɿʜʝʩʴ Ὁ  - ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ, ’ ï ʯʘʩʪʦʪʘ ʠ  Ὕ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ʟʘʜʘʥʥʘʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ς“’Ὕρπ. ɼʘʣʝʝ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʚʦʙʦʜʥʘ: ὪὴӶ ό ὴӶ ὺ ὴӶ π. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʦʣʠ ʧʨʦʮʝʩʩʦʚ ʨʝʣʘʢʩʘʮʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʝʨʠʠ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʨʘʟʥʳʭ ʯʘʩʪʦʪ ʠ ʘʤʧʣʠʪʫʜ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʣʘʩʴ ʙʝʟʜʠʩʩʠʧʘʪʠʚʥʘʷ ʚʝʨʩʠʷ ʤʦʜʝʣʠ. ʋʯʝʪ ʜʠʩʩʠʧʘʮʠʠ ʨʝʘʣʠʟʦʚʳ-

ʚʘʣʩʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: † † ρςπ Ὢί  ʠ † ρςπ Ὢίȟ† ρπ Ὢί. 
 

 
 

ʈʠʩ. 1 ʇʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ὢὸ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

όὸȟὺὸ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʬʦʥʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ 

Ὁὸ (ʫʩʣʦʚʥʳʝ ʝʜʠʥʠʮʳ): a ï ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʩʠʧʘʮʠʠ, b - † † ρςπ Ὢί ʠ c - 

† ρςπ Ὢίȟ† ρπ Ὢί. ʇʘʨʘʤʝʪʨʳ ʠʤʧʫʣʴʩʘ ’ σ ρπὌᾀȟὉ ρȢυ ρπ ὠȾὧά. 
 

ʀʣʣʶʩʪʨʘʮʠʷ ʫʯʝʪʘ ʜʠʩʩʠʧʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʜʝʥʠʷ ʨʝʰʝʥʠʡ ʂʂʋ 

(1) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1. ʊʦʯʢʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʙʨʘʥʘ ʠʟ 

ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦʩʪʠʛʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ Ὢὸ. ɺ ʙʝʟʜʠʩʩʠʧʘʪʠʚʥʦʤ 

ʨʝʞʠʤʝ ʬʫʥʢʮʠʷ Ὢὸ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʷ 

Ὁὸ ʩ ʝʛʦ ʚʳʢʣʶʯʝʥʠʝʤ ʧʨʠʥʠʤʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ. ʉʦʩʪʦʷʥʠʝ 

ʦʩʪʘʝʪʩʷ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ, όὴӶȟὸ ʠ ὺὴӶȟὸ ʧʨʦʜʦʣʞʘʶʪ ʦʩʮʠʣʣʠʨʦʚʘʪʴ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ. ʉ ʚʚʝʜʝʥʠʝʤ ʢʦʥʝʯʥʳʭ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ, ʧʦʩʣʝ 

ʚʳʢʣʶʯʝʥʠʷ ʧʦʣʷ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʩʝʣʝʥʠʷ ʫʨʦʚʥʷ ʩʪʨʝʤʠʪʴʩʷ ʢ ʠʩʭʦʜʥʦʤʫ 

ʥʫʣʝʚʦʤʫ ʟʥʘʯʝʥʠʶ, ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ ʨʘʟʨʫʰʘʝʪʩʷ.  
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ʈʠʩ. 2 ɼʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʘ ’ σ ρπὌᾀȟὉ ρȢυ ρπ ὠȾὧά ʚ ʪʨʝʭ 

ʨʝʞʠʤʘʭ ʨʝʣʘʢʩʘʮʠʠ: a ï ʪʦʢ ʧʨʦʚʦʜʠʤʦʩʪʠ, b ï ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʠ c ï ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʪʦʢʘ (ʯʘʩʪʦʪʳ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʯʘʩʪʦʪʫ ʚʥʝʰʥʝʛʦ ʧʦʣʷ). 

 

ʈʘʩʧʦʣʘʛʘʷ ʨʝʰʝʥʠʷʤʠ ʩʠʩʪʝʤʳ (1) ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦ-

ʛʦ ʥʘʙʦʨʘ ʪʦʯʝʢ ʚ ʠʤʧʫʣʴʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʯʠʩʣʝʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʡ (4) ï (7). ɼʣʷ ʧʦʣʷ (8), ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʜʚʘ ʩʣʘʛʘʝʤʳʭ ʧʝʨʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʦʢʘ (4) ʠ (6).   ʅʘ 

ʈʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʭ ʨʝʘʢʮʠʠ ʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʍʦʪʷ 

ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʩʣʘʛʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ 

ʚʝʣʠʢʠ, ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʙʳʩʪʨʦʡ ʢʚʘʥʪʦʚʦʡ ʜʝʢʦʛʝʨʝʥʮʠʠ. ʊʘʢ, ʧʨʦʷʚʣʷʝʪʩʷ ʨʷʜ ʥʝʯʝʪʥʳʭ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʢ ʩ ʢʨʘʪʥʦʩʪʴʶ υȟχȟωȟρρ (ʠ ʜʘʣʝʝ) ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʘʭ ʜʦ τ υ ʧʦʨʷʜʢʦʚ. 

ʈʝʘʢʮʠʷ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʟʥʘʯʝʥʠʡ †ȟ†, ʪʘʢ ʠ ʦʪ ʚʳʙʨʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ 

ʟʘʜʘʚʘʝʤʳʤ ʢʨʠʪʝʨʠʷʤ.    

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦʛʦ ʢʠʥʝʪʠ-

ʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩʳ  ʨʝʣʘʢʩʘ-

ʮʠʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʠ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʢʦʛʝ-

ʨʝʥʪʥʦʩʪʠ. ɺʳʙʦʨ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʥʘʙʣʶʜʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʪʘʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʢ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡ-

ʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥ-

ʜʘ ˉ 23-21-00047, https://rscf.ru/project/23-21-00047/  
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ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʤʝʤʨʠʩʪʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʧʦʨʠʩʪʳʭ ʤʝʤ-

ʙʨʘʥ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʥʘ  ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʜʦ 50 ʥɸ ʚ ʠʥʪʝʨʚʘʣʝ 

ʥʘʧʨʷʞʝʥʠʡ (-3,+3 ɺ) ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʦʪ 20 ʜʦ 180 
0
ʉ. 

ʆʙʥʘʨʫʞʝʥʳ ʙʠʩʪʘʙʠʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʩ ʥʠʟʢʠʤ ʠ ʚʳʩʦʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʩʪʝʨʝ-

ʟʠʩʥʘʷ ʪʦʢʦʚʘʷ ʧʝʪʣʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩ ʥʠʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʅʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ 1 ʄɻʮ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 20 ʜʦ 180 
0
ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩ ʨʝʘʣʴʥʦʡ 

ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 90 
0
ʉ. ɺʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʙʠʩʪʘʙʠʣʴʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʷʟʘʥ ʩ 

ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʠ ʟʘʭʚʘʪʦʤ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʘ ʤʝʣʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʣʦʚʫʰʢʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʠʩʪʘʷ ʤʝʤʙʨʘʥʘ, ʘʥʦʜʥʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, 

ʤʝʤʨʠʩʪʦʨʥʳʡ ʵʬʬʝʢʪ. 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʠʧʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʧʘʤʷʪʠ [1,2]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʠʧʘʤʠ ʟʘʧʦʤʠ-

ʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʜʠʥʘʤʠʯʝʩʢʦʡ, ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʬʣʝʰ-ʧʘʤʷʪʠ) ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʝʟʠʩʪʠʚʥʦʡ ʠʣʠ ʤʝʤʨʠʩʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʩʦʯʝ-

ʪʘʝʪ ʜʦʩʪʦʠʥʩʪʚʘ ʙʳʩʪʨʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʩʪʴʶ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʧʘʤʷʪʠ. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʪʠʧʘ ʧʘʤʷʪʠ ʣʝʞʠʪ ʪʫʥʥʝʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣïʠʟʦʣʷʪʦʨïʤʝʪʘʣʣ (ʄʀʄ). ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʤʝʤʨʠʩʪʦʨ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʃʝʦʥʦʤ ʆ. ʏʫʘ ʚ ʢʘʯʝʩʪʚʝ ʯʝʪʚʝʨʪʦʛʦ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʭʝʤʳ 

ʚ 1971 ʛʦʜʫ [3], ʘ ʧʝʨʚʘʷ ʬʠʟʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʤʨʠʩʪʦʨʘ ʙʳʣʘ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʉʪʨʫʢʦʚʳʤ ʠ ʜʨ. ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ Hewlett-

Packard (HP) ʚ 2008 ʛʦʜʫ [4]. ʄʝʤʨʠʩʪʦʨʳ ʠʤʝʶʪ ʧʨʦʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʳ-

ʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ, ʭʦʨʦʰʫʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʚʳʩʦʢʫʶ 

ʧʣʦʪʥʦʩʪʴ, ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʩʦʚʤʝʩʪʠʤʳ ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ ʤʝʪʘʣʣʦ-

ʦʢʩʠʜʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʧʨʦʮʝʩʩʦʤ (ʂʄʆʇ). 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʤʨʠʩʪʦʨʘ ʪʘʢʠʝ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝ-

ʢʣʶʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (ʇʉʉ), ʨʝʞʠʤ SET/RESET ʩ ʥʠʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

(LR) ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (HR) ʠ ʥʘʦʙʦʨʦʪ, ʢʦʵʬʬʠʮʠ-
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ʝʥʪ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʫʜʝʨʞʘʥʠʝ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʪ. ʜ. ʟʘʚʠʩʷʪ ʦʪ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʪʘʢʪʦʚ ʠ 

ʜʠʵʣʝʢʪʨʠʢʘ. ʄʝʤʨʠʩʪʦʨʥʳʝ ʵʣʝʢʪʨʦʜʳ ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ, ʥʦ ʠ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʟʠʩʪʠʚʥʦʡ ʨʝʘʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʤʝʜʥʳʝ 

ʵʣʝʢʪʨʦʜʳ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʥʠʪʝʡ (ʇʅ) ʚ ʤʝʤʨʠ-

ʩʪʦʨʝ ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ ʢʘʪʠʦʥʦʚ. ɺ ʵʪʠʭ ʤʝʤʨʠʩʪʦʨʘʭ ʇʅ ʦʙʨʘʟʫʶʪʩʷ ʧʫ-

ʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢ-

ʪʠʚʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʦʩʥʦʚʥʦʤ Cu [5]. ʄʘʪʝ-

ʨʠʘʣʳ ʇʉʉ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʤʝʤʨʠʩʪʦʨʦʚ, ʠ ʨʘʟʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ ʇʉʉ ʠʤʝʶʪ ʨʘʟʥʳʝ ʨʝʟʠʩʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʪʝʨʠʘʣʳ 

ʇʉʉ ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠ-

ʘʣʳ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (ʙʠʥʘʨʥʳʡ ʦʢʩʠʜ, ʧʝʨʦʚʩʢʠʪ, 2D-

ʤʘʪʝʨʠʘʣʳ ʠ ʪ. ʜ.) ʦʙʳʯʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ, ʙʳʩʪʨʦʝ ʠ 

ʥʘʜʝʞʥʦʝ ʧʦʚʝʜʝʥʠʝ ʇʉʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʠ, ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʠ. ʉʨʝʜʠ ʤʥʦʛʠʭ ʨʝʟʠʩʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʠʥʘʨʥʳʝ ʦʢʩʠʜʳ ʷʚ-

ʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʦʙʣʘʜʘʶʪ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʨʝʟʠ-

ʩʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʚʝʨʭʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʢʣʶʯʝ-

ʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ >10
10

 ʚ HfOx [6] ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ >10
12 

ʮʠʢʣʦʚ ʚ TaOx [7]. ʉʨʝʜʠ ʙʠʥʘʨʥʳʭ ʦʢʩʠʜʦʚ ʢʘʢ ʤʝʤʨʠʩʪʦʨʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ TiOx [8] ʠ 

HfOx. ʆʢʩʠʜ ʘʣʶʤʠʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤ ʤʝʤʨʠʩʪʦʨʥʳʤ ʤʘʪʝ-

ʨʠʘʣʘʤ. ʊʨʘʩʧʦʨʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦ-

ʥʦʩʣʦʷʭ Al2O3 ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʝ [9]. ʆʜʥʘʢʦ, ʧʦʨʠʩʪʳʝ ʦʢʩʠʜʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʥʳʤʠ.ʉʨʝʜʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʦ-

ʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʦʨʠʩʪʳʡ ʘʥʦʜʥʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (ʇɸʆɸ).  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʧʦʨʠʩʪʳʭ ʤʝʤʙʨʘʥ ʘʥʦʜʥʦʛʦ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʠ ʧʝʨʝʤʝʥʥʦʤ (1 ʄɻʮ) ʪʦʢʝ ʚ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʥʘʥʦʧʦʨʠʩʪʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ 

Al2O3 ʧʦʜʨʦʙʥʦ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [10]. ʇʦʚʝʨʭʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʳʭ ʤʝʤ-

ʙʨʘʥ ʥʘ ʦʩʥʦʚʝ Al2O3 ʠʤʝʣʘ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʫʶ ʜʚʫʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʚ ʚʠʜʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʨ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʘʨʪʝʬʘʢʪʳ ʠ ʜʝʬʝʢʪʥʳʝ ʦʙʣʘʩʪʠ. ʆʨʠʝʥʪʘʮʠʷ ʧʦʨʠʩʪʳʭ ʢʘ-

ʥʘʣʦʚ ʥʦʩʠʣʘ ʚʟʘʠʤʦʧʘʨʘʣʣʝʣʴʥʳʡ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʭʦʜʥʦʡ ʧʦʜʣʦʞʢʝ ʭʘʨʘʢʪʝʨ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʉʕʄ 

ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ ʚ 

0,3 ʄ ʨʘʩʪʚʦʨʝ H2C2O4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2-4 
ʦ
ʉ ʠ ʥʘʧʨʷʞʝʥʠʠ 30 ɺ (ʨʠʩ. 

1a). ʆʙʱʠʡ ʚʠʜ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 1b. ɼʠʘʤʝʪʨ ʢʨʫʛ-

ʣʦʛʦ ʦʢʩʠʜʘ ʤʝʤʙʨʘʥʳ ʙʳʣ ʨʘʚʝʥ 10 ʤʤ. ɼʣʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ 30 ɺ ʜʠʘʤʝʪʨ ʧʦʨ ʩʦʩʪʘʚʠʣ 35Ñ3 ʥʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥ-

ʪʨʘʤʠ ʧʦʨ 78Ñ7 ʥʤ, ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ 195Ñ4 ʤʢʤ
-2
, ʧʦʨʠʩʪʦʩʪʴ 19,0 %.  
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ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ ʧʣʦʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʛʜʝ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ ʷʚʣʷʣʘʩʴ ʩʘʤʘ ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ, 

ʘ ʚʝʨʭʥʠʤ- ʤʝʭʘʥʠʯʝʩʢʠ ʧʨʠʞʠʤʘʝʤʘʷ ʢʨʫʛʣʘʷ ʤʝʜʥʘʷ ʧʣʘʩʪʠʥʘ ʜʠʘʤʝʪʨʦʤ 

7 ʤʤ.  

 

a) b) 

  
ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʉʕʄ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʦʜʠʨʦ-

ʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ (ʨʠʩ. 1ʘ) ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ 

ʇɸʆɸ (ʨʠʩ. 1b) 

 

ʀʟʤʝʨʝʥʠʝ ɺɸʍ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʯʝʪʳʨʝʭʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʘ AgilentB2901A (ʨʠʩ. 2). ʈʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝ-

ʥʠʷ U ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ (Al- ʧʦʨʠʩʪʘʷ ʤʝʤʙʨʘʥʘ ʘʥʦʜʥʦʛʦ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ) ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʝʣʠʯʠʥʦʡ I=50ʥɸ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʦʜʠʥ ʪʦʢʦʚʳʡ ʠ ʦʜʠʥ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʡ ʢʦʥʪʘʢʪʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ Al ʦʩʥʦʚʝ, ʜʨʫʛʠʝ ʪʦʢʦʚʳʡ ʠ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʡ ʢʦʥʪʘʢʪʳ - ʥʘ ʤʝʤʙʨʘʥʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ.  

 
ʈʠʩ. 2. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʦʙʨʘʟʮʦʚ 

ʇɸʆɸ ʩ 4-ʭ ʧʨʦʚʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

 

ʂʨʦʤʝ ʠʟʤʝʨʝʥʠʷ ɺɸʍ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʧʨʦʚʦʜʠʣʠʩʴ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʸʤʢʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʷ ɽ7-12. ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩ ʫʯʝʪʦʤ 
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ʧʦʨʠʩʪʦʩʪʠ ʠ ʠʟʤʝʨʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥʳ. 

ʅʘ ʨʠʩ.3 ʧʨʠʚʝʜʝʥʘ ɺɸʍ ʤʝʤʙʨʘʥʳ ʇɸʆɸ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʨʘʟʮʝ ʠʟʤʝʥʷʣʘʩʴ ʦʪ -2,6 ɺ ʜʦ +3.4 ɺ ʠ ʦʙʨʘʪʥʦ. ʀʟʤʝʨʝ-

ʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʨʝʞʠʤʘ SET ʠʟ ʩʦʩʪʦʷʥʠʷ ʥʠʟʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ (ʢʨʠʚʘʷ 1) ʚ ʩʦʩʪʦʷʥʠʝ ʚʳʩʦʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʢʨʠʚʘʷ 2). 

ʊʦʯʢʘ a ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚ ʩʦʩʪʦʷʥʠʠ LR ʨʘʚʥʦʝ 50 

ʥɸ. 

 
ʈʠʩ. 3. ɺɸʍ ʤʝʤʙʨʘʥʳ ʇɸʆɸ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ  

 

a) b) 

  
ʈʠʩ.4. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ (ʨʠʩ. 4ʘ) ʠ ɺɸʍ ʤʝʤʙʨʘʥʳ ʇɸʆɸ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ 1 

ʄɻʮ (ʨʠʩ. 4b) 

 

ʉʦʛʣʘʩʥʦ ʉʪʝʥʬʦʨʜʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʣʦʞʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚʳʰʝ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Vset (ʨʠʩ.3, ʪ. b) ʚ ʩʦʩʪʦʷʥʠʠ ʩ 

ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (HR) ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ʚ ʩʦʩʪʦʷʥʠʝ LR, ʩʦ-

ʩʪʦʷʱʝʤʫ ʠʟ ʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʧʦʚʪʦʨʥʦʛʦ ʨʦʩʪʘ ʥʠʟʢʦʦʤʥʳʭ ʧʨʦʚʦʜʷʱʠʭ 

ʢʘʥʘʣʦʚ ʚ ʜʠʵʣʝʢʪʨʠʢʝ, ʘʥʘʣʦʛʠʯʥʦ ʵʬʬʝʢʪʫ ʧʨʦʙʦʷ ʜʠʵʣʝʢʪʨʠʢʘ [11]. ɺ 

ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠʟ ʩʦ-

ʩʪʦʷʥʠʷ LR ʚ ʩʦʩʪʦʷʥʠʝ HR, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʜʨʫʛʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ. ʅʘ ʥʘʰ 

ʚʟʛʣʷʜ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʩʚʷʟʘʥ ʩ ʠʦʥʠʟʘʮʠʝʡ (ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʟʘʭʚʘʯʝʥʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ) ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ ʚʙʣʠʟʠ ʜʥʘ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦ-
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ʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ (ʨʠʩ.3, ʢʨʠʚʘʷ 1) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʭʚʘʪʦʤ ʥʦʩʠʪʝʣʝʡ ʟʘ-

ʨʷʜʘ ʥʘ ʣʦʚʫʰʢʘʭ (ʨʠʩ. 3, ʢʨʠʚʘʷ 2). 

ʇʨʠʚʝʜʸʥʥʘʷ ʥʘ ʨʠʩ.4 ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʛʠʩʪʝʨʝʟʠʩʥʦʡ ʧʝʪʣʸʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 90 
0
ʉ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʄʠʥʦʙʨʘʥʘʫʢʠ ʈʌ (ʛʦʩʟʘʜʘʥʠʝ 

ʀʈʕ ʠʤ.ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ ˉFFWZ-2022-0002). 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɸʥʥʦʪʘʮʠʷ: ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʘʣʣʦʪʨʦʧʳ ʧʨʦʷʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʩʪʝʧʝʥʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʤʦʜʠʬʠʢʘʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘʭ. ʆʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʇʨʝʞʜʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʪʫʙʫʣʝʥʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʠʟʤʝʥʝ-

ʥʠʝ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʪʘʢ ʠ ʥʘ ʠʭ ʩʦʨʙʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʷ ʢ ʜʝʪʝʢʪʠʨʫʝʤʳʤ ʚʝʱʝ-

ʩʪʚʘʤ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʩʦʨʙʮʠʦʥʥʦʛʦ ʠ ʩʝʥʩʦʨ-

ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʤʠʥʥʦʡ ʛʨʫʧʧʦʡ ʙʦʨʦ-

ʫʛʣʝʨʦʜʥʦʡ (ɺC) ʥʘʥʦʪʨʫʙʢʦʡ ʩ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʘ 

ʠʤʝʥʥʦ ʩ ʤʦʣʝʢʫʣʦʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2 ʠ ʩ ʤʦʣʝʢʫʣʦʡ ʘʮʝʪʦʥʘ 

(C3H6O) ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦ-

ʛʦ ʩʝʥʩʦʨʥʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʦʨʦʫʛʣʝʨʦʜʥʦʡ 

ʥʘʥʦʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʨʦʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʩʦʨʙʮʠʦʥʥʦʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ, ʩʝʥʩʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʘʮʝʪʦʥ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

ʆʜʥʦʩʪʝʥʥʳʝ ʙʦʨʦʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʫʜʝʣʴ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝ-

ʩʪʚʝ ʛʠʙʢʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʚʳʟʳʚʘʝʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  ɹʣʘʛʦʜʘʨʷ ʠʟʫʯʝʥʠʶ ʠ 

ʨʘʟʚʠʪʠʶ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚ ʤʝʜʠʮʠʥʝ, ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʠ [1]. 

ʈʘʥʝʝ ʫʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ 

ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ [2]. ʇʦ ʠʭ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʦʨʙʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʅʊ ʧʦʚʳʰʘʝʪʩʷ. ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʣʦʩʴ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʦ-

ʨʦʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙ ʧʨʠ ʠʭ ʢʨʘʝʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʘʤʠʥʥʦʡ ʛʨʫʧʧʦʡ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʦʛʨʫʧʧʳ (-NH2) ʢ ʦʜ-
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ʥʦʩʪʝʥʥʦʡ BC ʥʘʥʦʪʨʫʙʢʝ [3]. ɹʦʨʦʫʛʣʝʨʦʜʥʘʷ ʥʘʥʦʪʨʫʙʢʘ ʪʠʧʘ çʟʠʛ-ʟʘʛè 

ʭʠʨʘʣʴʥʦʩʪʴ (6, 0) ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʘʩʪʝʨʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʤʠʥʥʘʷ ʛʨʫʧʧʘ ʙʳʣʘ ʧʨʠʩʦʝʜʠʥʝʥʘ ʥʘ ʦʪʢʨʳʪʦʡ ʛʨʘʥʠʮʝ 

ʙʦʨʦʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʢ ʘʪʦʤʫ ʙʦʨʘ (B). ʆʪʥʦʩʠʪʝʣʴʥʦ BC ʪʨʫʙʢʠ 

ʘʤʠʥʦʛʨʫʧʧʘ ʧʨʠʢʨʝʧʣʝʥʘ ʧʦʜ ʫʛʣʦʤ 179ᴈ. ɼʣʠʥʘ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʦʤ 
ʘʟʦʪʘ -NH2 ʛʨʫʧʧʳ ʠ ʘʪʦʤʦʤ B ʥʘʥʦʪʨʫʙʢʠ ʩʦʩʪʘʚʣʷʝʪ 1.4 ¡.  ʊʘʢʞʝ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʛʨʫʧʧʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦ-

ʨʦʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʷʚʣʝʥʠʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ. 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʦʨʦʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʩ ʤʦʣʝʢʫʣʦʡ 

CO2. ʕʪʦ ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʟʘ ʩʯʝʪ ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ CO2 ʢ ʥʘʥʦ-

ʩʠʩʪʝʤʝ çɺʉ- NH2è. ʄʦʣʝʢʫʣʘ ʜʚʠʛʘʣʘʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ɺʉ ʥʘʥʦʪʨʫʙʢʠ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢ ʘʪʦʤʫ ʚʦʜʦʨʦʜʘ -NH2 ʛʨʫʧʧʳ. ʈʘʩʧʦʣʘ-

ʛʘʣʘʩʴ ʦʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4 ¡ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ, ʤʦʜʠʬʠʮʠʨʫʶ-

ʱʝʡ ʢʨʘʡ ʥʘʥʦʪʨʫʙʢʠ, ʠ ʜʚʠʛʘʣʘʩʴ ʩ ʰʘʛʦʤ 0,1 ¡ ʜʦ ʨʘʩʩʪʦʷʥʠʷ ʚ 1,7 ¡. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʧʦʩʪʨʦʝʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʘʜʩʦʨʙʮʠʶ ʤʦʣʝ-

ʢʫʣʳ CO2 ʥʘʥʦʩʠʩʪʝʤʦʡ çʙʦʨʦʫʛʣʝʨʦʜʥʘʷ ʥʘʥʦʪʨʫʙʢʘ ï ʘʤʠʥʦʛʨʫʧʧʘè. 

ʇʨʦʠʩʭʦʜʠʪ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  

 

 
ʈʠʩʫʥʦʢ 1. ʂʨʠʚʘʷ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʩʠʩʪʝʤʳ çɺʉ- ʘʤʠʥʦʛʨʫʧʧʘ -NH2è ʩ 

ʤʦʣʝʢʫʣʦʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ CO2. 

 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ -NH2 ʛʨʫʧʧʦʡ ʙʦʨʦʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʦʣʝʢʫʣʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘ-

ʯʠ ʙʳʣʦ ʧʨʦʜʝʣʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʤʦʣʝʢʫʣʫ CO2 ʠ ʧʩʝʚʜʦʘʪʦʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʨʠ-

ʝʥʪʘʮʠʠ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ.  

ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʧʦʰʘʛʦʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ 

CO2 ʢ ʧʩʝʚʜʦʘʪʦʤʫ ʧʦ ʧʨʷʤʦʡ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʝ, ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʚʠʞʝʥʠʝʤ ʩʝʥʩʦʨʘ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚ-

ʣʷʣʦ ʦʪ 6,8 ¡ ʜʦ 3,7 ¡ ʩ ʰʘʛʦʤ 0,1 ¡.  

 

 
ʈʠʩ. 2. ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʦʣʝʢʫʣʫ CO2 ʠ 

ʧʩʝʚʜʦʘʪʦʤ. 

 

ɺ ʭʦʜʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʨʝʘʢʮʠʷ ʥʘʥʦʩʠʩʪʝʤʳ çɺʉ 

ʥʘʥʦʪʨʫʙʢʘ ï ʘʤʠʥʥʘʷ ʛʨʫʧʧʘè ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʇʦ ʧʦʣʫ-

ʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ, ʥʘ ʢʦʪʦʨʦʤ ʯʝʪʢʦ ʚʠʜʥʳ ʤʠ-

ʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʦʣʦʞʝʥʠʶ ʤʦʣʝʢʫʣʳ 

ʧʦʜ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʤʠʥʥʦʛʨʫʧʧʳ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʨʘʥʠʯʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ BC ʪʨʫʙʢʠ ʢ CO2.  

 

 
ʈʠʩ. 3. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ CO2 ʠ BC ʥʘʥʦʪʨʫʙʢʦʡ, 

 ʛʨʘʥʠʯʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʧʦʣʫʯʝʥʥʘʷ  

ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

ʅʘ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʦʡ ʘʮʝʪʦʥʘ (C3H6O) 

ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʙʳʣ ʤʦʜʝʣʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʨʦʫʛʣʝʨʦʜ-

ʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʤʠʥʦʛʨʫʧʧʦʡ ʩ ʤʦʣʝʢʫʣʦʡ C3H6O. 

ʄʦʣʝʢʫʣʘ ʘʮʝʪʦʥʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢ ʘʪʦʤʫ ʚʦʜʦʨʦʜʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʦʰʘʛʦʚʦ ʜʚʠʛʘʣʘʩʴ ʢ ʥʘʥʦʩʠʩʪʝʤʝ çɺʉ- NH2è. 

ɼʚʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʥʘʥʦʪʨʫʙʢʠ, ʦʪ ʨʘʩʩʪʦʷʥʠʷ 7 ¡ ʜʦ 

2 ¡, ʧʨʠ ʰʘʛʝ ʚ 0,1 ¡. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨ-

ʛʠʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʬʠʟʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ.  
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ʈʠʩ. 4. ʂʨʠʚʘʷ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʩʠʩʪʝʤʳ çɺʉ- ʘʤʠʥʦʛʨʫʧʧʘ -NH2è 

 ʩ ʤʦʣʝʢʫʣʦʡ C3H6O. 

 

ʊʘʢʞʝ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʥʦʩʠʩʪʝʤʳ çʙʦʨʦʫʛʣʝʨʦʜ-

ʥʘʷ ʥʘʥʦʪʨʫʙʢʘ ï ʘʤʠʥʦʛʨʫʧʧʘè ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʘʮʝʪʦʥʘ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʤʦʣʝʢʫʣʫ C3H6O ʠ ʧʩʝʚʜʦʘʪʦʤ. ʄʦʣʝʢʫʣʘ ʩʦʚʝʨʰʘʣʘ 

ʧʦʰʘʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʧʩʝʚʜʦʘʪʦʤʫ ʧʦ ʧʨʷʤʦʡ, ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʦʡ ʦʩʠ BC ʥʘʥʦʪʨʫʙʢʠ ʠ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʘʜʩʦʨʙʮʠʠ, 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʜʳʜʫʱʠʭ ʨʘʩʯʝʪʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 5. ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʦʣʝʢʫʣʫ C3H6O 

ʠ ʧʩʝʚʜʦʘʪʦʤ. 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʧʦʩʪʨʦʝʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʢʨʠʚʘʷ. ʅʘ ʛʨʘʬʠʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʤʠʥʠʤʫʤʘ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʝʘʢʮʠʶ 

ʥʘʥʦʩʠʩʪʝʤʳ çʙʦʨʦʫʛʣʝʨʦʜʥʘʷ ʥʘʥʦʪʨʫʙʢʘ ï ʘʤʠʥʥʘʷ ʛʨʫʧʧʘè ʥʘ ʥʘʭʦʞʜʝ-

ʥʠʝ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʘ ʧʦʜ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ -NH2 ʛʨʫʧʧʳ.  
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ʈʠʩʫʥʦʢ 6. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ C3H6O ʠ BC ʥʘʥʦʪʨʫʙʢʦʡ, 

ʛʨʘʥʠʯʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʧʦʣʫʯʝʥʥʘʷ ʧʫʪʝʤ  

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

ʇʦ ʠʪʦʛʘʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʝʥʩʦʨ-

ʥʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ BC ʥʘʥʦʪʨʫʙʢʠ ʩ ʘʤʠʥʥʦʡ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʦʪʣʠʯʠʪʝʣʴ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ DFT. ʀʭ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢ ʥʘʥʦʪʫʙʫʣʷʨʥʦʡ ʩʠʩʪʝʤʝ, ʚʳʩʪʫʧʘʶʱʝʡ ʚ ʨʦʣʠ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʘʪʯʠʢʘ. ʀʟʫʯʝʥʥʘʷ ʥʘʥʦʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʩʦʝʜʠʥʝʥʠʷʤ. ʕʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ -NH2 ʛʨʫʧʧʦʡ ʙʦʨʦʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʝʥʩʦʨʥʳʭ ʜʘʪʯʠʢʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʛʦʚʦʨʷʪ ʦ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʚʦʟʤʦʞ-

ʥʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʩʝʥʩʦʨʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʨʘʙʦʪʳ ʜʘʪʯʠʢʦʚ ʙʫʜʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʠʩʪʝʤʳ ʚ ʦʪʚʝʪ ʥʘ ʘʜʩʦʨʙʮʠʶ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʤʦʣʝʢʫʣ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨ-

ʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʪʝʤʘ "FZUU-2023-0001"). 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʥʳʭ ʘʪʦ-

ʤʦʚ ʙʦʨʘ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʬʫʣʣʝʨʝʥʦʚ ʉ20 ʠ C24, ʩʦ-

ʜʝʨʞʘʱʠʭ 15 %, 25 % ʠ 50 % ʘʪʦʤʦʚ ʙʦʨʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ 

B3LYP ʠ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ 6-31G. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠ 

ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʙʥʘʨʫʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʰʠʨʠʥʦʡ ʟʘʧʨʝ-

ʱʝʥʥʦʡ ʟʦʥʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʣʳʝ ʬʫʣʣʝʨʝʥʳ, ʜʦʧʠʨʦʚʘʥʠʝ, ʙʦʨ, ʰʠʨʠʥʘ ʟʘ-

ʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʬʦ-

ʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

 

ʌʫʣʣʝʨʝʥʳ ʩʝʛʦʜʥʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʀʤʝʝʪʩʷ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʠ ʦʙʦʩʥʦʚʳʚʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʠʤʝʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʬʫʣ-

ʣʝʨʝʥʳ, ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʦʥ-

ʢʠʭ ʩʣʦʠʩʪʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʜʨ. ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠ-

ʢʠ [1-3]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ C60 ï ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʦʛʦ ʬʫʣʣʝʨʝʥʘ, ʢʦʪʦʨʳʡ ʩʝʛʦʜʥʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʬʫʣʣʝʨʝʥʳ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʘʪʦ-

ʤʦʚ ʫʛʣʝʨʦʜʘ ï ʤʘʣʳʝ ʬʫʣʣʝʨʝʥʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʢʨʘʡʥʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳ ʜʣʷ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [4, 5]. 

ɼʦʧʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʙʦʨʦʤ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʠʭ ʩʚʦʡʩʪʚʘ-

ʤʠ ʠ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʮʝʥʥʳʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʳ. 

ɼʦʧʠʨʦʚʘʥʥʳʡ ʙʦʨʦʤ ʬʫʣʣʝʨʝʥ C60 ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʜʣʷ ʩʝʥʩʦʨʦʚ ʛʠʩʪʘʤʠʥʘ ʠ ʛʣʠʮʠʥʘ [6, 7]. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʙʦ-

ʪʘʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʩ ʬʫʣʣʝʨʝʥʦʤ, ʠʤʝʶ-

ʱʠʤ ʪʦʯʝʯʥʫʶ ʧʨʠʤʝʩʴ ʙʦʨʘ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷ-

ʝʪʩʷ ʜʨʫʛʠʤ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ, ʜʦʧʠʨʦʚʘʥʥʳʤ ʘʪʦʤʘʤʠ ʙʦʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʛ-

ʣʝʨʦʜʥʳʤ ʥʘʥʦʪʨʫʙʢʘʤ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʙʦʨʦ-

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ [8, 9].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-

ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʙʦʨʘ ʤʘʣʳʭ ʬʫʣʣʝʨʝʥʦʚ C20 ʠ 

C24.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦ-

ʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ B3LYP ʠ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ 6-31G. ʐʠ-

ʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ȹEg ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʥʝʨʛʠʷ-
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ʤʠ ʥʠʞʥʝʡ ʚʘʢʘʥʪʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ ELUMO ʠ ʚʝʨʭʥʝʡ ʟʘʧʦʣʥʝʥ-

ʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ EHOMO: 

HOMOLUMOg EEE -=D . 

ɼʣʷ ʙʦʨʦʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʫʩʪʦʷʣʩʷ ʧʦʜʭʦʜ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ 15 %, 25 % ʠ 50 

% ʘʪʦʤʦʚ ʙʦʨʘ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ BC5, BC3 ʠ BC 

ʥʘʥʦʪʨʫʙʢʠ ʧʦ ʯʠʩʣʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʦʢʨʫʞʘʶʱʠʭ ʚ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤ ʙʦʨʘ 

[10]. ʈʘʩʧʨʦʩʪʨʘʥʷʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘ ʨʦʜʩʪʚʝʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʤʳ 

ʜʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʤʘʣʳʝ ʬʫʣʣʝʨʝʥʳ ʠʤʝʥʥʦ ʩ ʪʘʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʪʦʤʦʚ 

ʙʦʨʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʬʫʣʣʝʨʝʥʦʚ ʚʦʟʤʦʞʥʦ 

ʥʝʢʦʪʦʨʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ BC5, BC3 ʠ 

BC, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ. ʊʘʢ, ʜʘʣʝʝ ʙʫʜʝʪ ʚʠʜʥʦ, ʯʪʦ ʚ BC5 ʙʦ-

ʨʦʟʘʤʝʱʝʥʥʦʤ ʬʫʣʣʝʨʝʥʝ C20 ʚ ʦʢʨʫʞʝʥʠʠ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʙʦʨʘ ʥʘʭʦʜʠʪʩʷ 

ʣʠʙʦ 5, ʣʠʙʦ 6 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ; ʚ BC5 ʥʘʥʦʪʨʫʙʢʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʙʦʟʥʘ-

ʯʝʥʠʷ, ʩʪʨʦʛʦ 5. ʆʜʥʘʢʦ ʧʦʜʦʙʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʤʠ, ʠ ʚ ʮʝʣʦʤ ʩʯʠʪʘʪʴ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤʳʤ ʠ ʢ ʬʫʣʣʝʨʝ-

ʥʘʤ. ɼʘʞʝ ʚ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʘ ʢ ʜʨʫʛʦʡ ʚʟʘʠʤʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥ-

ʪʘʮʠʠ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʤʝʱʘʶʱʠʭ ʘʪʦʤʦʚ ʙʦʨʘ ʚ ʬʫʣʣʝʨʝʥʝ ʩʦʭʨʘ-

ʥʷʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ ʘʪʦʤʥʦʝ ʫʧʦ-

ʨʷʜʦʯʝʥʠʝ ʘʪʦʤʦʚ ʙʦʨʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʥʠʭ. 

ɺʥʘʯʘʣʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʧʪʠʤʠʟʘʮʠʷ ʠʩʭʦʜʥʳʭ ʬʫʣʣʝʨʝʥʦʚ, ʜʘʣʝʝ ʚ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʦʠʟʚʦʜʠʣʠ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʥʘ ʘʪʦʤʳ ʙʦʨʘ, ʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦʚʪʦʨʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʙʦʨʦʟʘʤʝʱʝʥʥʳʝ ʬʫʣʣʝʨʝʥʳ C20 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

1. ʆʯʝʚʠʜʥʦ, ʚ ʩʣʫʯʘʝ BC5 ʚ ʬʫʣʣʝʨʝʥʝ ʟʘʤʝʱʝʥʦ 3 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, BC3 ï 5 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, BC ï 10 ʘʪʦʤʦʚ. ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 50 %: ʦʥʠ ʙʳʣʠ ʦʙʦ-

ʟʥʘʯʝʥʳ ʢʘʢ ʪʠʧ A (ʨʠʩ. 1ʚ) ʠ ʪʠʧ B (ʨʠʩ. 1ʛ). 

 
ʈʠʩ. 1. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʛʝʦʤʝʪʨʠʠ BC5 (ʘ), BC3 (ʙ), BC ʪʠʧʘ A (ʚ) ʠ ʪʠʧʘ B (ʛ) ʙʦʨʦ-

ʟʘʤʝʱʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʬʫʣʣʝʨʝʥʘ C20. 

 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺʠʜʥʦ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʜʦ-

ʧʠʨʦʚʘʥʠʝ ʙʦʨʦʤ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʟʘʧʨʝ-

ʝɦʥʥʦʡ ʟʦʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʬʫʣʣʝʨʝʥʦʤ C20. ʊʘʢ, ʩʪʨʫʢʪʫʨʫ BC5 

ʫʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʠʟ-ʟʘ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ 
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ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʨʷʜʢʘ 3 ʵɺ. ʆʜʥʘʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʙʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ. ʋʚʝʣʠʯʝʥʠʝ ʝʝ ʜʦ 50 % ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ 

ʠʩʭʦʜʥʦʛʦ ʬʫʣʣʝʨʝʥʘ C20 ʧʨʠ ʣʶʙʦʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʙʦʨʘ. 

ʊʘʙʣʠʮʘ 1. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ȹEg ʜʣʷ ʙʦʨʦʟʘʤʝʱʝʥʥʳʭ ʬʫʣʣʝʨʝ-

ʥʦʚ C20 ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʪʦʤʦʚ ʙʦʨʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ B, % ȹEg, ɻ ɺ 

0 1,83 

15 3,01 

25 2,69 

50 (ʪʠʧ A) 1,52 

50 (ʪʠʧ B) 1,64 

 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʙʦʨʦʟʘʤʝʱʝʥʥʳʭ ʬʫʣʣʝʨʝʥʦʚ C24, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ɺ 

ʩʪʨʫʢʪʫʨʝ BC5 ʟʘʤʝʱʝʥʦ 4 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʚ ʩʪʨʫʢʪʫʨʝ BC3 ï 6 ʘʪʦʤʦʚ, ʚ 

ʩʪʨʫʢʪʫʨʝ BC ï 12 ʘʪʦʤʦʚ. ɿʜʝʩʴ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʫʞʝ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʙʦʨʘ ʚ 25 %, ʦʙʦʟʥʘʯʝʥʥʳʝ 

ʢʘʢ ʪʠʧ A (ʨʠʩ. 2ʙ) ʠ ʪʠʧ B (ʨʠʩ. 2ʚ), ʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ï ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʦʚ ʙʦʨʘ ʚ 50 %, ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ ʪʠʧ A (ʨʠʩ. 2ʛ) ʠ ʪʠʧ B (ʨʠʩ. 

2ʜ). 

 
ʈʠʩ. 2. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʛʝʦʤʝʪʨʠʠ BC5 (ʘ), BC3 ʪʠʧʘ A (ʙ) ʠ ʪʠʧʘ B (ʚ), BC ʪʠʧʘ A (ʛ) 

ʠ ʪʠʧʘ B (ʜ) ʙʦʨʦʟʘʤʝʱʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʬʫʣʣʝʨʝʥʘ C24. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ 

ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʬʫʣʣʝʨʝʥʘ C24 ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʘ ʦʪ ʪʦʡ, ʯʪʦ ʥʘʙʣʶʜʘ-

ʣʘʩʴ ʚ ʩʣʫʯʘʝ ʬʫʣʣʝʨʝʥʘ C20 (ʪʘʙʣ. 2). ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʙʦʨʘ ʨʘʚ-

ʥʦʡ 15 % ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʠ ʚ ʩʣʫʯʘʝ ʬʫʣʣʝʨʝʥʘ C20. ʆʜʥʘʢʦ, ʫʚʝ-

ʣʠʯʝʥʠʝ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʮʝʣʦʤ ʚʩʝ ʙʦʨʦʟʘʤʝʱʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ C24 ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ. ɼʘʣʝʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʣʠʯʥʘʷ ʦʪ ʩʣʫʯʘʷ C20 ʟʘʚʠʩʠʤʦʩʪʴ: ʝʩʣʠ ʚ ʩʣʫʯʘʝ C20 ʧʨʠ ʧʝ-

ʨʝʭʦʜʝ ʦʪ 15 % ʢ 25 % ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘʤʠ ʙʦʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʪʦ ʟʜʝʩʴ ʠʤʝʝʪ ʤʝʩʪʦ ʝʝ ʜʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʙʦʨʘ ʚ 50 % ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʰʠ-

ʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
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ʊʘʙʣʠʮʘ 2. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ȹEg ʜʣʷ ʙʦʨʦʟʘʤʝʱʝʥʥʳʭ ʬʫʣ-

ʣʝʨʝʥʦʚ C24 ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʪʦʤʦʚ ʙʦʨʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ B, % ȹEg, ɻ ɺ 

0 1,86 

15 1,95 

25 (ʪʠʧ A) 2,13 

25 (ʪʠʧ B) 2,22 

50 (ʪʠʧ A) 1,80 

50 (ʪʠʧ B) 1,53 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥ-

ʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʫʣʣʝʨʝʥʦʚ C20 ʠ ʉ24, ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʙʦʨʘ, ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦ-ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʥʘʥʦ-

ʩʪʨʫʢʪʫʨ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʙʦʨʘ. ʇʦʜʪʚʝʨʞʜʝʥʥʘʷ ʚ ʭʦʜʝ 

ʨʘʙʦʪʳ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʬʫʣʣʝʨʝʥʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʧʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʙʦʨʘ ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢʞʝ ʦʙʨʘ-

ʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤ-

ʣʝʥʠʷ ʠ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [11]. ɼʦʧʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʙʦʨʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦ-

ʥʳ, ʘ,  ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʘ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣ-

ʣʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨ-

ʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʪʝʤʘ ñFZUU-2023-0001ò). 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʵʣʣʠʧ-

ʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʘʥʠʟʦʪʨʦʧʥʳʡ ʩʣʦʡ 

ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʵʣʣʠʧʩ ʧʦʣʷ-

ʨʠʟʘʮʠʠ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʦʪ ʠʟʥʘʯʘʣʴʥʦ ʢʨʫʛʦʚʦʡ ʜʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ. 

ɸ ʪʘʢʞʝ ʥʘʡʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʍ ʠ 
ɝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ʒ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʛʨʘʥʠʮʝ ʩʣʦʷ ʠ ʦʧ-

ʪʠʯʝʩʢʦʡ ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʢʦʤʧʦʟʠʪ, ʵʣʣʠʧʩʦʤʝʪʨʠʷ, ʥʘʥʦʯʘʩʪʠʮʘ, ʜʠ-

ʵʣʝʢʪʨʠʢ, ʦʜʥʦʦʩʥʳʡ ʢʨʠʩʪʘʣʣ. 

 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʘ ʢʨʫʛʦʚʦʡ ʧʦ-

ʣʷʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1-2]. ʇʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠ-

ʟʘʮʠʠ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʧʣʝʥʢʠ [3].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʜʣʷ ʪʦʥʢʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʣʦʷ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ • ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʛʨʘʥʠʮʝ ʩʣʦʷ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ (ʩʤ. ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1. ʆʨʠʝʥʪʘʮʠʷ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʩʣʦʷ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

 

ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ: ‐᷆  ςȢυȟ‐ ςȢρȟ ʪʦʣʱʠʥʘ ʩʣʦʷ  d = 2 

ɛ, ʜʣʠʥʘ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ  ɚ = 0.64 ɛ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʠ ʩʨʝʜ 1  ʠ  3 ʨʘʚʥʳ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ‐  ρȟ‐ τȢ 

• 

Z 

1 

2 

3 
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ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ-

ʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʘ  • ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʠ ʥʦʨʤʘʣʴʶ ʢ ʛʨʘʥʠʮʳ 

ʩʣʦʷ. ʕʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʝʥʳ ʦʙʳʯʥʳʤ ʦʙʨʘʟʦʤ: 

”
Ὑ

Ὑ
”Ὡȹ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 - 4. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʫʛʣʦʚʦʡ ʩʧʝʢʪʨ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʜʣʷ 

p ï ʧʦʣʷʨʠʟʘʮʠʠ. ɺʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʛʣʦʚʳʝ ʩʧʝʢʪʨʳ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ  ɟ , ʘ ʥʘ ʨʠʩʫʥʢʝ 4 ï ʘʥʘʣʦʛʠʯʥʳʝ ʩʧʝʢʪʨʳ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ȹ. 

 

 
ʈʠʩʫʥʦʢ 2. ʋʛʣʦʚʳʝ ʩʧʝʢʪʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ 

ʩʣʦʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ  •  ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʛʨʘʥʠʮʝ ʩʣʦʷ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ ï  • =30Á (RRp30) ,   • =60Á (RRp60). 

 

 
ʈʠʩʫʥʦʢ 3. ʋʛʣʦʚʳʝ ʩʧʝʢʪʨʳ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ  ɟ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʜʣʷ  

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʣʦʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ  •  ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʛʨʘʥʠʮʝ ʩʣʦʷ 

ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ ï       • =30Á (fi -30) ,   • =60Á (fi -60). 
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ʈʠʩʫʥʦʢ 4. ʋʛʣʦʚʳʝ ʩʧʝʢʪʨʳ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ  ȹ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʜʣʷ  

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʣʦʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ  •  ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʛʨʘʥʠʮʝ ʩʣʦʷ 

ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ ï       • =30Á (fi -30) ,   • =60Á (fi -60). 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʛʣʦʚʳʝ ʩʧʝʢʪʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ-

ʨʘʞʝʥʠʷ, ʢʘʢ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ, ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʵʣʣʠʧʩʦʤʝʪʨʠ-

ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʦʥʢʠʭ ʩʣʦʝʚ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʜʘʝʪ ʙʦʣʝʝ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʘʥʠ-

ʟʦʪʨʦʧʥʳʭ ʩʣʦʝʚ ʯʝʤ ʦʙʳʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ.  

ʀʟ ʨʠʩʫʥʢʘ 4 ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʘʥʠʟʦʪʨʦʧʥʳʡ ʩʣʦʡ, ʧʨʠ 

ʵʪʦʤ ʵʣʣʠʧʩ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʦʪ ʠʟʥʘʯʘʣʴʥʦ ʢʨʫʛʦʚʦʡ ʜʦ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ. ʇʨʠ ʢʘʞʜʦʤ ʠʟʤʝʥʝʥʠʠ ʟʥʘʢʘ ʧʘʨʘʤʝʪʨʘ ȹ ʧʦʣʷʨʠʟʘʮʠʷ 

ʩʤʝʥʷʝʪʩʷ ʩ ʧʨʘʚʦʡ ʥʘ ʣʝʚʫʶ ʠ ʥʘʦʙʦʨʦʪ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʦʨ-

ʤʳ ʵʣʣʠʧʩʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʘ ʦʪ ʪʦʥʢʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʧʦʣʷʨʠʟʘʮʠʶ ʩʚʝʪʘ. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Yatsyshen V.V. The use of plasmon resonance spectroscopy to analyze the param-

eters of thin layers // Journal of Physics: Conference Series, 2020, 1515(2), p. 022047  

2. Yatsishen V.V., Amelchenko Y., Ellipsometry of biological objects in the mode of 

attenuated total reflection (ATR) using a circularly polarized laser light // Progress in Bio-

medical Optics and Imaging - Proceedings of SPIE, 2020, p. 11458 

3. Yatsyshen V.V., Potapova I.I., Verevkina K.Y. Ellipsometry of nanocomposite lay-

ered materials // Lecture Notes in Networks and Systems. 2021, 155, p. 258-268 
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ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ 

ɸɿʆʊʉʆɼɽʈɾɸʑʀʍ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʆʂ ɸʄʀʅʅʆʁ 

ɻʈʋʇʇʆʁ 

 

ɽ.ʉ.ɼʨʶʯʢʦʚ
1
, ɺ.ʉ. ʂʫʣʝʟʥʝʚ

1 

1
ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

E-mail: dryuchkov@volsu.ru 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ C5N ʥʘʥʦʪʨʫʙʢʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʙʳʣʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠ-

ʨʦʚʘʥ ʘʘʤʠʥʥʦʡ ʛʨʫʧʧʦʡ (NH2) ʥʘ ʜʚʘ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʘ (ʥʘʜ ʘʪʦʤʦʤ 

ʫʛʣʝʨʦʜʘ, ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ). ɺʳʷʚʣʝʥʳ ʨʘʩʩʪʦʷʥʠʷ ʘʜʩʦʨʙʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʡ ʛʨʫʧʧʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʥʝʨʛʠʠ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʱʝʣʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʩʠʩʪʝʤ, ʠ ʟʘʨʷʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʈʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ DFT, ʬʫʥʢʮʠʦʥʘʣʘ B3LYP, ʠ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ 6-31g. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʥʩʦʨ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʣʝʞʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘʥʦʩʠ-

ʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʪʨʫʙʢʠ, ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ, ʘʤʠʥʥʘʷ ʛʨʫʧʧʘ, 

ʘʟʦʪʥʳʝ ʧʨʠʤʝʩʠ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ. 

 

ʇʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʥʦʡ ʛʨʫʧʧʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ 

ʚʦʟʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʩʣʝʜʥʠʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘ-

ʤʠ ʠ ʩʨʝʜʘʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʥʘʥʦ- ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ, ʤʝʜʠʮʠʥʘ, ʵʥʝʨ-

ʛʝʪʠʢʘ ʠ ʵʢʦʣʦʛʠʷ [1-2]. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʟʦʪʩʦʜʝʨʞʘ-

ʱʠʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʵʣʝʢʪʨʦʜʘʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʩʫʧʝʨʢʦʥʜʝʥ-

ʩʘʪʦʨʦʚ, ʠʣʠ ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ [3], ʩʧʦʩʦʙʥʳʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʚʝʨʭʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʨʝʜʥʳʭ ʛʘʟʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦ-

ʪʨʫʙʦʢ ʘʤʠʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦ-

ʛʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʥʦʪʨʫʙʢʠ, ʚ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ 

ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ ʰʝʩʪʠʫʛʦʣʴʥʠʢʝ ʟʘʤʝʥʝʥ ʘʪʦʤʦʤ ʘʟʦʪʘ, ʪʦ ʝʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ C5N, ʩʦʜʝʨʞʘʱʠʝ 15 % ʘʪʦʤʦʚ ʙʦʨʘ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʥʘʥʦʪʨʫʙʢʠ. ʅʘ ʨʠ-

ʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ C5N ʥʘʥʦʪʨʫʙʢʠ ʪʠʧʘ "ʟʠʛʟʘʛ" (6, 0). 

ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʥʘʥʦʪʨʫʙʢʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʘʤʠʥʥʘʷ ʛʨʫʧʧʘ ʧʦʰʘʛʦʚʦ ʧʨʠʙʣʠʞʘʣʘʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʥʘʥʦʪʨʫʙʢʠ 

ʩʥʘʯʘʣʘ ʢ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʮʝʥʪʨʝ ʢʣʘʩʪʝʨʘ, 

ʟʘʪʝʤ ʥʘ ʙʣʠʞʘʡʰʠʡ ʘʪʦʤ ʘʟʦʪʘ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʵʥʝʨ-

ʛʠʷ ʥʘʥʦʪʨʫʙʢʠ, ʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʦʨʤʠʨʦʚʢʘ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚʟʘ-
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ʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʥʘʥʦʪʨʫʙʢʦʡ ʠ ʘʤʠʥʥʦʡ ʛʨʫʧʧʦʡ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʦʪʨʘʞʝʥʳ ʥʘ ʢʨʠʚʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʨʠʩ. 2). 
 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ C5N ʪʠʧʘ (6, 0). 

ʐʘʨ ʙʝʣʦʛʦ ʮʚʝʪʘ ʦʟʥʘʯʘʝʪ ʘʪʦʤ ʚʦʜʦʨʦʜʘ; ʩʝʨʦʛʦ ʮʚʝʪʘ ï ʘʪʦʤ ʫʛʣʝʨʦʜʘ; 

ʩʠʥʝʛʦ ʮʚʝʪʘ ï ʘʪʦʤ ʘʟʦʪʘ 
 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʥʘʥʦʪʨʫʙʢʦʡ, ʚ ʩʣʫʯʘʝ ʩ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʘ ʘʪʦʤ ʫʛʣʝʨʦʜʘ (I), ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,6¡, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʨʘʚʥʦʡ 1,2 ʵɺ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ 

ʩʣʫʯʘʝ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʘ ʘʪʦʤ ʘʟʦʪʘ (II) ʧʦʚʝʨʭʥʦʩʪʠ, ʵʥʝʨʛʠʷ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩʪʘʥʦʚʠʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʚ ʪʦʯʢʝ 2,8¡, ʠ ʨʘʚʥʘ 0,76 ʵɺ. ʇʨʠʩʦ-

ʝʜʠʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʪʘʢʦʤ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʥʝʚʳʛʦʜʥʦ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʙʫʜʝʪ. 
 

 
ʈʠʩ. 2. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʠʥʦʡ 

ʛʨʫʧʧʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ C5N ʥʘʥʦʪʨʫʙʢʠ: ʯʝʨʥʘʷ ʣʠʥʠʷ ʦʟʥʘʯʘʝʪ ʧʨʠʩʦ-

ʝʜʠʥʝʥʠʝ ʢ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʢʨʘʩʥʘʷ ï ʥʘ ʘʪʦʤ ʘʟʦ-

ʪʘ. 
 

ɼʘʣʝʝ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʱʝʣʠ DEg, ʢʘʢ ʨʘʟʥʦʩʪʴ 

ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ (HOMO) ʠ ʥʠʟʰʝʡ ʚʘʢʘʥʪʥʦʡ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ (LUMO).ɺ ʩʣʫʯʘʝ (I) ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʱʝʣʠ 

ʨʘʚʥʘ 0,77 ʵɺ, ʘ ʚ ʩʣʫʯʘʝ (II) ʨʘʚʥʘ 0,72 ʵɺ, ʢʦʛʜʘ ʫ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

C5N ʥʘʥʦʪʨʫʙʢʠ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,54 ʵɺ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤ ʚ ʤʦʤʝʥʪʝ 

ʠʭ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʘ ʪʘʢʞʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ. 
 

 
          ʘ)           ʙ) 

ʈʠʩ. 3. ʇʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʜʣʷ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʦʡ ʘʤʠʥʥʦʡ ʛʨʫʧʧʦʡ C5N ʥʘʥʦʪʨʫʙʢʠ: ʘ) ʥʘʭʦʞʜʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʥʘ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʠʩʪʝʤʳ; ʙ) ʥʘʭʦʞʜʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʧʨʠ ʧʨʠʩʦʝʜʠ-

ʥʝʥʠʠ ʥʘ ʘʪʦʤ ʘʟʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ. 
 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʨʘʙʦʪʝ ʘʟʦʪʫʛʣʝ-

ʨʦʜʥʘʷ C5N ʥʘʥʦʪʨʫʙʢʘ ʩʧʦʩʦʙʥʘ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʤʠʥʥʦʡ ʛʨʫʧʧʦʡ. ʕʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʠ-

ʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʢʠ. 

ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʱʝʣʠ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʤʦʜʠʬʠʢʘʮʠʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,72 ʜʦ 0,77 ʵɺ. ʇʦʣʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʇʦʜʦʙʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʤʠ ʠ ʩʝʥʩʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ ʚʨʝʜʥʳʭ 

ʛʘʟʦʚ, ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʪʝʤʘ çFZUU-

2023-0001è). 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʫʩʠʣʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 26,6 Ñ 

7,4 ʥʤ, ʥʘʥʝʩʝʥʥʳʭ ʤʝʪʦʜʦʤ ʤʠʢʨʦʧʣʦʪʪʝʨʥʦʡ ʧʝʯʘʪʠ ʥʘ ʘʣʶʤʠʥʠʝʚʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ 300 ʠ 325 ʥʤ. ʅʘʥʦʯʘʩʪʠʮʳ 

ʘʣʶʤʠʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝʚ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 

14,3Ñ6,6 ʥʤʥʘʥʦʩʠʣʠʩʴ ʤʝʪʦʜʦʤ ʩʫʭʦʡ ʘʵʨʦʟʦʣʴʥʦʡ ʧʝʯʘʪʠ ʥʘ ʢʚʘʨʮʝʚʳʝ 

ʧʦʜʣʦʞʢʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʩ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʚ ʜʠʧʘʟʦʥʝ ʦʪ 0,08 ʜʦ 0,27. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʥʘʥʦʪʨʫʢʪʫʨ ʘʣʶʤʠʥʠʷ ʚʣʠʷʝʪ ʥʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʶ ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 377 ʥʤ ʠʝʸ ʦʧʪʠʤʘʣʴʥʦʝʟʥʘ-

ʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,12 ʜʦ 0,15 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʧʣʘʟʤʦʥʥʦʛʦ ʫʩʠʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʣʘʟʤʦʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʥʘʥʦʯʘʩʪʠʮʳ ʘʣʶ-

ʤʠʥʠʷ, ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʦʢʩʠʜʘ ʮʠʥʢʘ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʌʃ), ʫʣʴʪʨʘ-

ʬʠʦʣʝʪ (ʋʌ), ʧʣʘʟʤʦʥʥʦʝ ʫʩʠʣʝʥʠʝ, ʤʝʪʦʜ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʩʫʭʘʷ ʘʵʨʦ-

ʟʦʣʴʥʘʷ ʧʝʯʘʪʴ, ʤʠʢʨʦʧʣʦʪʪʝʨʥʘʷ ʧʝʯʘʪʴ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʥʦʧʣʘʟʤʦʥʠʢʘ ʩʯʠʪʘʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʥʘʧʨʘʚʣʝ-

ʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʯʝʥʳʭ ʩʦ ʚʩʝʛʦ ʤʠʨʘ ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʷʭ ʪʝʭʥʦ-

ʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʯʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ ʪʨʝʙʫʝʤʳʤʠ ʦʧʪʠʯʝʩʢʠ-

ʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʘʥʦʯʘʩʪʠʮʘʤ ʘʣʶʤʠʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʠ 

ʩʧʦʩʦʙʥʳ ʫʩʠʣʠʚʘʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʠ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʤʝʜʠʮʠʥʝ ʠ ʪʝʭ-

ʥʠʢʝ [1, 2]. 

ʄʝʪʦʜ ʩʫʭʦʡ ʘʵʨʦʟʦʣʴʥʦʡ ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʝʥʦʢ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʟʦʚʦʛʦ 

ʨʘʟʨʷʜʘ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʚʘʨʠʘʮʠʠ 

ʨʘʟʤʝʨʦʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ 
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ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʠ ʯʝʨʝʟ ʩʦʧʣʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠ ̫ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʣʝʥʦʢ [3 - 5]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʧʣʝ-

ʥʦʢ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ, ʠʟʫʯʝʥʠʝ ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʧʦʣʫʯʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʧʣʝʥʦʢ ʥʘ ʧʣʘʟʤʦʥʥʦʝ 

ʫʩʠʣʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʶʤʠʥʦʬʦʨʘ, ʘ ʠʤʝʥʥʦ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ. 

ʃʶʤʠʥʦʬʦʨ ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ ʦʩʘʞʜʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ 

ʯʠʩʪʳʝ ʢʚʘʨʮʝʚʳʝ ʧʦʜʣʦʞʢʠ. ʇʣʦʱʘʜʴ ʧʣʝʥʦʢ ʩʦʩʪʘʚʣʷʣʘ(1ʭ1,5) ʩʤ
2
. 

ʇʣʝʥʢʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 26,6 Ñ 7,4 ʥʤ 

ʩʦʟʜʘʥʳ ʠʟ ʜʚʫʭ ʩʫʩʧʝʥʟʠʡ (ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,22 ʠ 1,1 ʛ/ʣ), ʧʦʣʫʯʝʥʳʭ 

ʤʝʪʦʜʦʤ ʫʢʘʟʘʥʥʦʤʫ ʚ ʥʘʰʝʤ ʧʨʝʜʳʜʫʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [5], ʤʝʪʦʜʦʤ 

ʤʠʢʨʦ ʧʣʦʪʪʝʨʥʦʡ ʧʝʯʘʪʠ (SonoPlot GIX Microplotter II).ʇʣʝʥʢʘ ʣʶʤʠʥʦ-

ʬʦʨʘ ʦʢʩʠʜʘ ʮʠʥʢʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘʥʝʩʝʥʠʝʤ ʧʝʨʚʦʛʦ ʩʣʦʷ(0,22 ʛ/ʣ), ʘ ʟʘ-

ʪʝʤ ʧʦʚʝʨʭ ʙʳʣʠ ʥʘʥʝʩʝʥ ʚʪʦʨʦʡ ʩʣʦʡ (1,1 ʛ/ʣ). 

ɸʣʶʤʠʥʠʝʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʷʜʨʦ -

ʘʤʦʨʬʥʘʷ ʦʢʩʠʜʥʘʷ ʦʙʦʣʦʯʢʘ ʚ ʘʛʣʦʤʝʨʘʪʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʛʘʟʦʚʦʤ ʨʘʟ-

ʨ̫ ʜʝ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ[3, 4], ʧʨʠ ʵʨʦʟʠʠ 

ʧʦʣʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠʟ ʘʣʶʤʠʥʠʷ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 5,3 ʤʤ ʠ ʚʥʫʪʨʝʥ-

ʥʠʤ 2 ʤʤ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʥʪʝʟʘ: ʨʘʙʦʯʠʡ ʛʘʟ ʘʨʛʦʥ 6.0, 

ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʨʷʜʘ 1,6 ʢɺ, ʢʦʥʜʝʥʩʘʪʦʨ 107 ʥʌ, ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤ-

ʧʫʣʴʩʦʚ 500 ɻʮ, ʧʦʪʦʢ ʛʘʟʘ 50 ʤʣ/ʤʠʥ. ɼʘʣʝʝ ʘʵʨʦʟʦʣʴʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʬʦ-

ʢʫʩʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʦʧʣʘ ʥʘ ʢʚʘʨʮʝʚʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨ [3, 4].ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʟʤʝʥʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʧʝʯʘʪʠ (ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ, ʧʦʪʦʢ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʛʘʟʘ, ʰʘʛ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝ-

ʥʦʢ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʦʣʱʠʥʘʤʠ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʷʪʴ ʧʣʝʥʦʢ ʘʣʶʤʠʥʠʷ ʩʦ 

ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʦʡ ʦʪ 10 ʜʦ 45 ʥʤ ʧʦ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʬʠʣʦʤʝʪʨʠʠ. 

ʅʘ ʢʘʞʜʫʶ ʠʟ ʥʠʭ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʧʣʝʥʢʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ (1 

ʩʣʦʡ (0,22 ʛ/ʣ) ʠ ʧʦʪʦʤ ʚʪʦʨʦʡ ʩʣʦʡ (1,1 ʛ/ʣ)). ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʨʘʟʝʮ ʯʠ-

ʩʪʦʛʦ ʣʶʤʠʥʦʬʦʨʘ ZnO ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʧʣʝʥʢʫ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʮʠʥʢʘ 

(2 ʩʣʦʷ) ʥʘ ʢʚʘʨʮʝʚʦʡ ʧʦʜʣʦʞʢʝ ʙʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʈʘʟʤʝʨ ʠ ʩʪʨʫʢʪʫʨʘ ʧʝʨʚʠʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦ-

ʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ) Jeol JEM 2100 

(200 ʢɺ) ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʕʈʉ) X-

MAXN OXFORD Instruments. ɸ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʘʣʶʤʠʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʈʕʄ, JSM 7001F, JEOL) ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 5 ʢɺ. ʊʦʣʱʠʥʘ ʧʦ-

ʣʫʯʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ 3D ʧʨʦʬʠʣʦ-

ʤʝʪʨʘ (S neox, Sensofar). ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʤʝʪʨʦʚ (JASCO V-770) ʠ (JASCO FP-8300), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʇʦ ʜʘʥʥʳʤ ʇʕʄ ʠ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤ ʯʘʩʪʠʮʳ ʘʣʶʤʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪ ʩʦʙʦʡ ʘʛʣʦʤʝʨʘʪʳ ʯʘʩʪʠʮ ʦʢʦʣʦʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʷʜ-

ʨʦ-ʦʙʦʣʦʯʢʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʷʜʨʦʤ ʠ ʦʢʩʠʜʥʦʡ ʘʤʦʨʬ-

ʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʉʨʝʜʥʝ ʯʠʩʣʝʥʥʳʡ ʨʘʟʤʝʨ ʧʝʨʚʠʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Al, ʦʙʨʘ-

ʟʫʶʱʠʭ ʢʨʫʧʥʳʝ ʘʛʣʦʤʝʨʘʪʳ, ʩʦʩʪʘʚʠʣ 14,3Ñ6,6 ʥʤ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ 

ʦʙʦʣʦʯʢʠ (ʦʢʦʣʦ 3 ʥʤ), ʘ ʨʘʟʤʝʨ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ZnO ʩʦʩʪʘʚʠʣ 26,6 Ñ 7,4 

ʥʤ. 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʠʟ ʘʣʶʤʠʥʠ-

ʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʢʚʘʨʮʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴ-

ʥʦʡ ʧʝʯʘʪʠ, ʩʦ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʦʡ 45 ʥʤ ʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 300 ʥʤ - 0,26. 

 

 
 

ʈʠʩ. 1. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ, ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʥʳʭ ʚ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢ-

ʩʠʜʘ ʮʠʥʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʘʣʶʤʠʥʠʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ 

ʜʣʠʥʘʭ ʚʦʣʥ 300 ʠ 325 ʥʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʪʠʯʝ-

ʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʣʝʥʦʢ ʘʣʶʤʠʥʠʷ (ʙʝʟ ʦʢʩʠʜʘ ʮʠʥʢʘ). 

ɿʘʤʝʯʝʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʥʦʪʨʫʢʪʫʨ ʘʣʶʤʠʥʠʷ ʚʣʠʷʝʪ 

ʥʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ 377 ʥʤ. ɼʣʷ ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨ ʦʢʦʣʦ 10 ʥʤ ʦʙʥʘʨʫʞʝʥʦ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʩʠʜʘ ʮʠʥʢʘ, ʜʣʷ 

ʧʣʝʥʦʢ ʩ ʪʦʣʱʠʥʦʡ 45 ʥʤ ʥʘʙʣʶʜʘʣʦʩʴ ʪʫʰʝʥʠʝ ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ, ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʝʥʢʠ ʩ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,08 ï 0,16 

ʩʧʦʩʦʙʥʳ ʫʚʝʣʠʯʠʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʩʠʜʘ ʮʠʥʢʘ 

ʟʘ ʩʯʝʪ ʧʣʘʟʤʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʜʦ 1,5 ʨʘʟ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ 300 ʥʤ. ʇʦ 

ʨʠʩ.2 ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʥʘʥʦʯʘʩʪʠʮ 

ʘʣʶʤʠʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʞʜʫ 0,12 ʠ 0,15 ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʬʦʪʦʣʁ -

ʤʠʥʝʩʮʝʥʮʠʠ ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 377 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ 

ʜʚʫʭ ʜʣʠʥʘʭ ʚʦʣʥ 300 ʥʤ ʠ 325 ʥʤ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʘʣʶʤʠʥʠʷ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʚʘʞʥʳʝ ʟʥʘʥʠʷ ʦ ʧʣʘʟʤʦʥʦʤ ʫʩʠʣʝʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ-

ʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠ-

ʤʝʥʝʥʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʛʦʩʟʘʜʘʥʠʝ) ˉ075-03-2024-

107, ʥʦʤʝʨ ʧʨʦʝʢʪʘ FSMG-2022-0034. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʧʠʥʦʚʳʭ ʚʦʣʥʚ ʩʵʥʜʚʠʯ-ʩʪʨʫʢʪʫʨʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʤʘʛʥʦʥʥʳʭ ʢʨʠ-

ʩʪʘʣʣʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʣʦʝʤ. ʄʘʛʥʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʝʨʨʠʪʦʚʳʝ ʧʣʝʥʢʠ YIG ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʢʘʥʘʚʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʦʥʥʳʡ ʢʨʠʩʪʘʣʣ, ʙʨʵʛʛʦʚʩʢʠʡ ʨʝʟʦʥʘʥʩ, ʩʣʦʠ-

ʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʧʣʝʥʢʘ 

 

ʌʝʥʦʤʝʥʳ ʜʠʥʘʤʠʢʠ ʩʧʠʥʘ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʝʥʠʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʠʣʠ ʤʘʛʥʦʥʦʚ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ 

ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ. ʄʘʛʥʦʥʳ ð ʵʪʦ ʯʘʩʪʠʮʝ ʧʦʜʦʙʥʳʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʠʥʘ ʚ 

ʤʘʛʥʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɸ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, 

ʥʘʟʳʚʘʶʪ ʩʧʠʥʦʚʳʤʠ ʚʦʣʥʘʤʠ. ʇʨʦʜʚʠʞʝʥʠʷ ʚ ʤʝʪʦʜʘʭ ʥʘʥʦʥʘʥʝʩʝʥʠʷ ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʪʝʧʝʨʴ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʵʪʠ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʥʦʚʳʤ ʤʝʪʦʜʠʢʘʤ 

ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʣʦʩʴ ʢʚʘʥʪʦʚʘʥʠʝ[1], ʣʦʢʘʣʠʟʘʮʠʷ[2] ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʷ[3] 

ʩʧʠʥʦʚʳʭ ʚʦʣʥ. ʉʧʠʥʦʚʳʝ ʚʦʣʥʳ ʧʨʦʷʚʣʷʶʪ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʢʚʘʥ-

ʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʣʥ. ʆʥʠ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴʩʷ ʧʨʠ ʧʦʧʘʜʘʥʠʠ 

ʥʘ ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʷʤʳ ʠ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʤʘʛʥʠʪʥʳʝ ʙʘʨʴʝ-

ʨʳ[4,5]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷʩʚʷʟʘʥʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʚʠʜʝ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭʤʘʛʥʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (MC-1, MC2) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʝʨʠʦʜʘʤʠ ʠ ʧʨʦʩʣʦʡʢʦʡ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ (dielectric) (ʈʠʩ. 

1).ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʢʘʥʘʚʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ MC-1 ʠ MC-2.ʅʘʣʠʯʠʝ ʚʪʦʨʦʡ ʧʣʝʥʢʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʩʠʤʤʝʪʨʠʯʥʫʶ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʫʶ ʤʦʜʳ. 

ɺ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʤʤʝʪʨʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʨʷ-

ʤʦʡ ʠ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʨʵʛʛʦʚʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʥʘʨʫ-

ʰʘʝʪʩʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʚ ʪʘ-

ʢʦʡ ʩʪʨʫʢʪʫʨʝ.  

 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʢʝʪʳ, ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ ʞʝʣʝʟʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (YIG) ʩ ʪʦʣʱʠʥʘʤʠ 
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a1,2 = 12 ʤʢʤ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷM0 = 140 ʢɸ/ʤ. ʇʣʝʥʢʘ ʙʳʣʘ 

ʚʳʨʘʱʝʥʘ ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ ʥʘ ʛʘʣʠʡ-ʛʘʜʦʣʠʥʠʝʚʦʤ ʛʨʘʥʘ-

ʪʝ (ɻɻɻ)ʧʦʜʣʦʞʢʝ ʪʦʣʱʠʥʦʡ 0,5 ʤʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʘʥʘʚʦʢ ʩ ʧʝʨʠʦʜʘʤʠ L1 = 150 ʤʢʤ, L2 = 200 ʤʢʤ, 

ʰʠʨʠʥʦʡ ʢʘʥʘʚʢʠ c1,2 =L1,2/2, ʠ ʛʣʫʙʠʥʦʡ ʢʘʥʘʚʢʠ ȹ1,2 = 1 ʤʢʤ. MC-1 ʠʤʝʣ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ: ʰʠʨʠʥʘ ʩʦʩʪʘʚʣʷʣʘ 3 ʤʤ, ʘ ʜʣʠʥʘ - 13 ʤʤ. ʇʣʘʩʪʠ-

ʥʘ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʣʶʜʳ ʪʦʣʱʠʥʦʡ D = 25 ʤʢʤ, ʜʣʠʥʦʡ 5 ʤʤ ʠ ʰʠʨʠ-

ʥʦʡ 3 ʤʤ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ MC-1. MC-2 ʙʳʣ ʧʦʤʝʱʝʥ ʧʦ-

ʚʝʨʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ. ɼʣʠʥʘ MC-2 ʩʦʩʪʘʚʣʷʣʘ 4 ʤʤ ʠ ʙʳʣʘ 

ʤʝʥʴʰʝ ʜʣʠʥʳ MC-1. ʄʘʢʝʪʳ ʩ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʰʠʨʠʥʦʡ 30 ʤʢʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ. ɺʥʝʰ-

ʥʝʝ ʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ H0= 80 ʤʊʣ ʙʳʣʦ ʧʨʠʣʦʞʝʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷʤ, ʧʨʠ ʵʪʦʤ ʚʦʟʙʫʞʜʘʣʠʩʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʩʧʠ-

ʥʦʚʳʝ ʚʦʣʥʳ (ʇʄʉɺ) ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʣʝʥʢʘʭ. 

 

 
 

ʈʠʩ.1 ʀʩʩʣʝʜʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ 

 

ʅʘ ʈʠʩ. 2 ʭʦʨʦʰʦ ʚʠʜʥʘ ʢʘʨʪʠʥʘ ʯʝʨʝʜʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠ-

ʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʘʷ 

ʢʘʨʪʠʥʘ ʦʙʲʷʩʥʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʤʝʞʜʫ MC-1 ʠ 

MC-2 ʚ ʩʚʷʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʇʝʨʝʜʘʯʘ ʤʦʱʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ. ʄʘʢ-

ʩʠʤʫʤʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʝʨʝʜʫʶʪʩʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʠʦʜʦʤ ȿ = 

2ˊ/ȹk = 0,53 ʤʤ, ʛʜʝ ȹk = k1-k2, k1 - ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʩʠʤʤʝʪʨʠʯʥʦʡ ʚʦʣʥʳ, 

k2 - ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʚʦʣʥʳ. 
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ʈʠʩ. 2ʂʘʨʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ BLS ʚ MC-2 ʠ MC-1 ʥʘ ʯʘʩʪʦʪʝf = 4,55 ɻɻʮ. 

 

ʅʘ ʦʩʥʦʚʝ ʩʵʥʜʚʠʯ-ʩʪʨʫʢʪʫʨʄʉ-1/dielectric/MC-2 ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʦʚ 

ʧʝʨʝʢʘʯʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʧʝʨʝ-

ʩʪʨʘʠʚʘʝʤʳʝ ʉɺʏ ʬʠʣʴʪʨʳ, ʬʘʟʦʚʨʘʱʘʪʝʣʠ, ʣʦʛʠʯʝʩʢʠ ʫʩʪʨʦʡʩʪʚʘ ʠʪʜ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ  ̄23-79-30027). 
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ʊɽʆʈɽʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʃɽʂʊʈʆʅʅʆï

ʕʅɽʈɻɽʊʀʏɽʂʆɻʆ ʉʊʈʆɽʅʀʗ Cu-Co-Si/ʇʇɸʅ, Cu-Ni-Si/ʇʇɸʅ, 

Cu-Fe-Si/ʇʇɸʅ 

 

ɼ.ʇ ʈʘʜʯʝʥʢʦ, ʀ.ɺ. ɿʘʧʦʨʦʮʢʦʚʘ 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʠ ʢʨʝʤʥʠʷ (Cu-Co-

Si/ʇʇɸʅ, Cu-Ni-Si/ʇʇɸʅ, Cu-Fe-Si/ʇʇɸʅ). ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʳ 

ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ DFT, ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ 

B3LYP ʠ ʙʘʟʠʩʦʤ 6-31G(d). ɺ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʝʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ ʱʝ-

ʣʠ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤ ʘʪʦʤ 

ʢʨʝʤʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʡ ʥʘʥʦʢʦʤʧʦʟʠʪ, ʫʛʣʝʨʦʜʥʘʷ 

ʤʘʪʨʠʮʘ, ʥʘʥʦʯʘʩʪʠʮʳ, ʇʇɸʅ, ʤʝʪʘʣʣʳ, DFT. 

 

ʇʠʨʦʣʠʟʦʚʘʥʥʳʡ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ (ʇʇɸʅ) ʥʘʨʘʚʥʝ ʩ ʛʨʘʬʝʥʦʤ 

ʦʙʣʘʜʘʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʝʢʫʨʩʦʨʦʤ. 

ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʫ ʩʠʥʪʝʟʘ ʇʇɸʅ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʫʩʣʦʚʠ-

ʷʤʠ ʝʛʦ ʧʦʣʫʯʝʥʠʷ[1ï6]. ɼʦʙʘʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʦʣʫ-

ʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʇɸʅ ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝ-

ʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ ʚ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝ ʇʇɸʅ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʘʢ Cu-Co-Si/ʇʇɸʅ, Cu-Ni-Si/ʇʇɸʅ, Cu-

Fe-Si/ʇʇɸʅ. 

ʅʠʢʝʣʴ, ʢʦʙʘʣʴʪ ʠ ʞʝʣʝʟʦ ʷʚʣʷʶʪʩʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ, ʩʧʦʩʦʙʥʳʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʫʤʝʥʴʰʠʪʴ ʰʠʨʠʥʫ 

ʟʘʧʨʝʱʸʥʥʦʡ ʱʝʣʠ. ʄʝʜʴ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʯʪʦ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʟʚʦʣʠʪ ʪʘʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʨʘʩʩʝʠʚʘʪʴ ʪʝʧʣʦ ʧʦʣʫʯʘʝʤʦʝ ʦʪ 

ʧʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʜʠ ʪʘʢʞʝ ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʚ ʢʦʪʦʨʳʝ ʚʩʪʨʘʠʚʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʫʩʪʘʥʦʚʣʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʇʇɸʅ ʠ ʤʝ-

ʜʴʶ. ʂʨʝʤʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʤʦʨʬʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʡ ʟʘʨʦʞʜʝʥʠʶ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ 

ʙʦʣʝʝ ʤʝʣʢʠʭ ʟʸʨʝʥ ʚ ʤʘʪʨʠʮʝ ʇʇɸʅ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʨʘʟʤʝʱʝʥʠʷ 

ʘʪʦʤʘ Siʥʘ ʨʘʩʩʪʦʷʥʠʷ 2 ᴠ ʥʘʜ ʨʘʥʝʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 
ʦʧʠʩʘʥʥʳʤʠ ʚ ʩʪʘʪʴʝ[7].ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʠʙʨʠʜʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ B3LYP ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ 6-31G(d) 

[8].ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʚ ʨʘʤʢʘʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʘ-

ʩʪʝʨʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ DFT (Density Functional 

Theory).ʕʥʝʨʛʠʷ ʩʚʷʟʠ Ὁʩʚʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ: 
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Ὁʩʚ
ВὉʘʪz ὲʘʪ  Ὁʩʠʩ

ὔ
 (1) 

ʛʜʝ %ʘʪï ʵʥʝʨʛʠʷ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʄʂ, ὲʘʪï ʢʦʣʠʯʝ-
ʩʪʚʦ ʘʪʦʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʄʂ,Ὁʩʠʩï ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ. 

ɺ ʪʘʙʣʠʮʝ 1 ʦʜʠʥ ʧʨʠʚʝʜʝʥʘ ʵʥʝʨʛʠʷ E ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʠ ʠʭ 

ʵʥʝʨʛʠʷ ʩʚʷʟʠ D.ʅʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʦʙʘʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʫʤʝʥʴʰʘʝʪ ʰʠʨʠ-

ʥʫ ʟʘʧʨʝʱʸʥʥʦʡ ʱʝʣʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʱʝʣʠ ʚ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʳ FeïCu/ʇʇɸʅ ʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʠ 

ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʠ ʵʪʦʤ ʥʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʦʨʦʛʠʤ 

ʤʝʪʘʣʣʦʤ, ʯʝʤ ʞʝʣʝʟʦ ʠ ʢʨʝʤʥʠʡ.  

 

ʊʘʙʣʠʮʘ1. ʕʣʝʢʪʨʦʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʇɸʅ ʩ ʚʥʝʜʨʝʥʥʳʤʠ ʧʘʨʘʤʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ 

ʠ ʘʤʦʨʬʠʟʨʫʶʱʠʤʠ ʘʪʦʤʘʤʠ: ῳὉ ï ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʱʝʣʠ, Ὁʩʚ ï 

ʵʥʝʨʛʠʷ ʩʚʷʟʠ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʝʪʘʣ-

ʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 
ῳὉ, ʵɺ Ὁʩʚ, ʵɺ 

ʏʠʩʪʳʡ ʇʇɸʅ 1.00 ï9.93 

Cu-Co-Si 0.65 -8,49 

Fe-Cu-Si 0.51 -8,67 

Cu-Ni-Si 0.65 -8,54 

NiïCu 0.51 ï8.72 

CoïCu 0.72 ï8.72 

FeïCu 0.98 ï9.14 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. ɸʥʘ-

ʣʠʟ ʟʘʨʷʜʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʣ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ 

ʘʪʦʤʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʙʣʠʞʘʡʰʠʝ ʢ ʥʠʤ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ. ɿʘʨʷ-

ʜʳ ʘʪʦʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ2. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ 

ʤʦʥʦʩʣʦʷ ʇʇɸʅ, ᴠ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʝ-

ʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 
 Fe Ni Co Cu Si 

Cu-Co-Si 
Cu   2.65  2.53 

Co     2.51 

Cu-Ni-Si 
Cu  2.71   2.45 

Ni     2.45 

Cu-Fe-Si 
Cu 2.95    2.32 

Fe     2.47 
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ʊʘʙʣʠʮʘ 0. ɿʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ ʤʝʪʘʣʣʦʚ ʚ ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ 

ʇʇɸʅ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʤʝʪʦʜʦʤ NBO. 

ʅʘʠʤʝʥʦʚʘ-

ʥʠʝ ʤʝʪʘʣʣʦʚ 

ʚ ʩʪʨʫʢʪʫʨʝ 

ɾʝʣʝʟʦ ʅʠʢʝʣʴ ʂʦʙʘʣʴʪ 
ʂʨʝʤ-

ʥʠʡ 
Cu ʍʨʦʤ 

Cu-Co-Si   0.167 0.246 0.124  

Fe-Cu-Si 0.918   0.531 0.826  

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʦ-

ʜʝʣʠʨʫʝʤʳʭ ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʦʚ. ʇʦʩʣʝʜʥʷʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠ-

ʪʘʣʴ (ʄʆ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʚʘʣʝʥʪʥʦʡ ʟʦ-

ʥʳ, ʥʘ ʨʠʩʫʥʢʝ ʦʪʤʝʯʝʥʘ ʩʪʨʝʣʦʯʢʘʤʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʪʦʤʳ 

ʤʝʪʘʣʣʦʚ ʫʯʫʚʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʩʣʝʜʥʝʡ ʟʘʥʷʪʦʡ ʘʪʦʤʥʦʡ ʦʨʙʠʪʘʣʠ. 

ɺ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʳ Cu-Ni-Si/ʇʇɸʅ ʜʦʧʠʨʦʚʘʥʥʳʝ ʘʪʦʤʳ ʫʯʘʩʪʚʫʶʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ. ɸʥʘʣʠʟ ʠʟʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦ-

ʙʘʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʚʢʣʘʜ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʚ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ. 

 
  

ʘ) ʙ) ʚ) 
ʈʠʩ.3. ɺʢʣʘʜ ɸʆ ʤʝʪʘʣʣʦʚ ʚ ʩʧʝʢʪʨʳ ʤʝʪʘʣʣʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʇɸʅ: ʘ) Cu-Co-

Si/ʇʇɸʅ, ʙ) Cu-Ni-Si/ʇʇɸʅ, ʚ) Cu-Fe-Si/ʇʇɸʅ. ʎʚʝʪʦʚʘʷ ʛʨʘʜʘʮʠʷ: Fe ï ʢʨʘʩʥʳʡ, Ni ï 

ʞʸʣʪʳʡ, Co ï ʟʝʣʸʥʳʡ, Si ï ʙʠʨʶʟʦʚʳʡ, ʦʩʪʘʣʴʥʳʝ ʘʪʦʤʳ ï ʩʝʨʳʡ. ʇʦʩʣʝʜʥʷʷ ʟʘʥʷʪʘʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ, ʷʚʣʷʶʱʘʷʩʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʚʘʣʝʥʪʥʦʡ ʱʝʣʠ, ʦʪʤʝʯʝʥʘ 

ʩʪʨʝʣʦʯʢʘʤʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩ ʥʘʠʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʱʝʣʠ ï Fe-Cu-

Si/ʇʇɸʅ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ˉ FZUU-2023- 0001). 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʵʚʦʣʶʮʠʷ ʩʦʩʪʦʷʥʠʡ ʩʪʨʫʢ-

ʪʫʨ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʣʘʪʝʨʘʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʠ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʟʘʧʠʩʳʚʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʛʠʙʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʣʴʮʝ-

ʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ çʤʘʛʥʦʥʥʘʷ ʣʦʛʠʢʘè ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʣʝʥʠʷ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʴʮʝʚʦʡ ʤʦʜʳ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠ ʩʢʦʨʦʩʪʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ çʧʦʪʦʢʘè ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʦʥʥʘʷ ʣʦʛʠʢʘ, ʚʦʣʥʦʚʦʜ, ʩʧʠʥʦʚʳʝ ʚʦʣʥʳ, ʟʘ-

ʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ, YIG, ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ. 

 

ʈʘʟʚʠʪʠʝ ʤʘʛʥʦʥʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʬʠʟʠʢʝ ʤʘʛʥʝʪʠʟʤʘ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʩʪʦʷʥʥʦ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʧʦʠʩʢʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ 

ʢʦʤʧʣʝʢʩʥʳʝ ʤʦʜʫʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʝʥʝʨʘʮʠʶ, ʧʝʨʝʜʘʯʫ ʠ 

ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʡ ʩʨʝʜʳ ï ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʦʩʥʦʚʝ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. ʅʘ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘ-

ʢʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʟʳʚʘʝʤʦʛʦ çʤʘʛʥʦʥʥʦʡ ʣʦʛʠʢʦʡè ʦʢʘʟʳʚʘʝʪʩʷ ʚʘʞʥʳʤ ʠ 

ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʚʥʫʪʨʠ ʤʘʛʥʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʠ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʟʘʧʠʩʠ 

ʩʠʛʥʘʣʘ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʪʦʣʴʢʦ ʥʘʯʠʪʘʶʪ ʧʦʷʚʣʷʪʴʩʷ [1,2]. ʇʨʠ ʵʪʦʤ 

ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɺ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʜʝ-

ʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʢʘʢ ʩ ʧʦ-

ʤʦʱʴʶ ʘʤʧʣʠʪʫʜʳ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʬʘʟʳ ʉɺ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʘʸʪ ʧʝʨʩʧʝʢ-

ʪʠʚʫ ʢ ʩʦʟʜʘʥʠʶ ʩʣʦʞʥʦʡ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʩʠʩʪʝʤʳ ʢʦʥʚʝʨʪʘʮʠʠ ʠʥ-

ʬʦʨʤʘʮʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʤʘʛʥʦʥʥʳʝ ʠ ʦʙʨʘʪ-

ʥʦ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʵʪʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʉɺ, ʢʘʢ ʥʦ-

ʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʪʘʢʪʦʚʳʝ ʯʘʩʪʦʪʳ ʫʩʪʨʦʡʩʪʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʠʨʤʠʦʥʦʚ ʢʘʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʟʘʱʠʱʝʥ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ), ʘ ʪʘʢʞʝ ʝʸ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʟʘ 

ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʜʨʝʡʬʦʚʳʭ ʪʦʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ [4].   
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʭ ʨʝʟʦʥʘʪʦʨʦʚ, ʢʘʢ ʢʦʥʚʝʨʪʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ 

ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʘ ʩʠʩʪʝʤʳ ʚ ʢʦʤʧʘʢʪʥʳʡ ʜʚʦʠʯʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ. ʊʘʢʦʡ 

ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ ʚʢʣʶʯʠʪʴ ʠʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʣʘʩʪʴ çʤʘʛʥʦʥʥʦʡ 

ʣʦʛʠʢʠè, ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʜʘʯ. ʆʩʥʦʚʦʡ ʜʣʷ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ ʧʦʩʣʫʞʘʪ, ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʝ ʚ ʚʳʰʝ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʪʚʝʪʚʣʝʥʠʶ ʠ ʨʘʟ-

ʚʦʨʦʪʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʪʨʫʢ-

ʪʫʨʝ. ʋʧʨʘʚʣʷʷ ʯʘʩʪʦʪʦʡ ʧʦʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ, ʢʘʢ ʘʤʧʣʠʪʫʜʫ ʉɺ, ʪʘʢ ʠ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ [1]. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʦ-

ʣʦʩʢʠ ʰʠʨʠʥʦʡ ʚ 500 ʤʢʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʨʘʟʤʝʱʝʥʳ ʜʚʘ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʘ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ 

ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʢʠ ʞʝʣʝʟʦ - ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ɾʀɻ, YIG) ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 

ʛʘʣʣʠʡ ï ʛʘʜʦʣʣʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘ. ʊʦʣʱʠʥʘ ʩʣʦʷ ɾʀɻ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʢʤ, ʘ 

ʟʘʟʦʨ ʤʝʞʜʫ ʤʠʢʨʦʚʦʣʥʦʚʦʜʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 50 ʤʢʤ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʟʘ-

ʟʦʨʘ ʚʳʙʨʘʥʘ ʠʟ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʤʥʦʛʦʤʦʜʦʚʦʡ ʩʚʷʟʠ ʤʘʛʥʠʪʦ-

ʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʨʝʟʦʥʘʪʦʨʘʤʠ d ʤʦʞʝʪ ʚʘʨʴʠ-

ʨʦʚʘʪʴʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʰʘʙʣʦʥʦʚ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʇʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ ʚʳʙʠʨʘʶʪʩʷ ʜʣʠʥʥʳ ʧʣʝʯ ʨʝʟʦʥʘʪʦʨʦʚ ï R1 ʠ 

R2 ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ x ʠ y, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʚʩʝʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʝʪʩʷ ʦʜʥʦʨʦʜʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ H, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʜʦʣʴ ʦʩʠ x ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʅʘ ʢʦʥʮʘʭ ʢʘʞʜʦʡ ʧʦʣʦʩʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʘʥ-

ʪʝʥʥʳ P1 ï P4.  ɸʥʪʝʥʥʳ ï ʚʳʭʦʜʳ P2, P3, P4 ʨʘʩʧʦʣʦʞʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʷ 

ʩʚʦʝʤʫ ʧʦʨʷʜʢʫ, ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʚʦʣʥʦʚʦʜʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 

ʢʦʥʮʘʭ ʚʪʦʨʦʛʦ. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʥʷʪʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʭʦ-

ʜʷʱʝʡ ʚʦʣʥʳ. ɸʥʪʝʥʥʘ P1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ 

ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʚʦʣʥʦʚʦʜʘ. [1] 

ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ ʩʧʠʥ-ʚʦʣʥʦʚʘʷ ʩʚʷʟʴ ʚʩʝ ʝʱʸ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʬʘʟʦʚʦʤ 

ʩʦʛʣʘʩʦʚʘʥʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʤʘʛʥʦʥʥʳʤʠ ʚʦʣʥʦʚʦʜʘʤʠ, ʢʦʪʦʨʦʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʧʦʣʴʥʳʤ ʧʦʣʷʤ ʢʘʢ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʪʘʢ ʠ ʚʥʝ ʧʣʦʩʢʦʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ, ʚʣʠʷʥʠʝ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ. [3] 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʤʝʪʦʜʘ ʟʘʧʠʩʠ ʠʥ-

ʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʩʠʩʪʝʤʳ. ʇʦʜ ʥʠʤʠ ʙʫʜʫʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴʩʷ ʨʘʟʥʳʝ ʨʘʩʩʪʦʷʥʠʷ d, R1 ʠ R2. 

ʂʘʞʜʦʝ ʠʭ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʧʝʨʚʠʯʥʦʤʫ ʤʘʩʩʠʚʫ 

ʜʘʥʥʳʭ ʠ ʟʘʥʦʩʠʪʩʷ ʚ ʥʝʛʦ ʜʚʦʠʯʥʳʤ ʢʦʜʦʤ (ʜʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʥʳʝ 

ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʩʪʘʚʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʤʘʩʩʠʚʘ). ʉʦʟʜʘʥʠʝ ʢʦʥ-

ʬʠʛʫʨʘʮʠʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʇʨʦʠʟʚʝʜʷ ʥʘʯʘʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ ʩʠʩʪʝ-

ʤʳ, ʙʫʜʝʪ ʟʘʧʫʩʢʘʪʴʩʷ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʵʚʦʣʶʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɿʘ ʦʪʚʝʜʸʥʥʦʝ ʚʨʝʤʷ ʠʟʤʝʨʝ-
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ʥʠʡ (ʩʪʘʥʜʘʨʪʥʦ ʚʳʜʝʣʷʝʪʩʷ 300 ʥʩ) ʙʫʜʫʪ ʩʥʷʪʳ ʦʪ 10 ʜʦ 30 ʩʦʩʪʦʷʥʠʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʩʦʩʪʦʷʥʠʷ-ʰʘʙʣʦʥʳ, ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥ-

ʥʳʝ ʧʦ ʠʭ ʧʦʢʘʟʘʥʠʷʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʚʳʭʦʜʘʭ P2, P3, P4.  

 
ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʩʦʩʪʦʷʥʠʷ-ʰʘʙʣʦʥʘ. ʂʨʘʩʥʘʷ ʩʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʥ-

ʪʝʥʥʳ P1, ʟʝʣʸʥʳʝ ʠ ʨʦʟʦʚʳʝ ʢʚʘʜʨʘʪʳ ï ʚʳʭʦʜʳ P2, P3, P4. 

 

ʅʘ ʈʠʩ. 1 ʟʝʣʸʥʳʝ ʢʚʘʜʨʘʪʳ ʦʪʦʙʨʘʞʘʶʪ ʩʦʩʪʦʷʥʠʷ ʚʳʭʦʜʦʚ, ʧʨʠʥʷ-

ʪʳʝ ʟʘ ʣʦʛʠʯʝʩʢʫʶ ʝʜʠʥʠʮʫ, ʨʦʟʦʚʳʝ ï ʣʦʛʠʯʝʩʢʠʡ ʥʦʣʴ. ʋʩʣʦʚʠʷ ʧʨʠʥʷʪʠʷ 

ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʠʣʠ ʝʜʠʥʠʮʳ ʥʘ ʚʳʭʦʜʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ 

ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʦʙʱʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʟʘ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʊʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʚʳʙʦʨʘ 1 ʠʣʠ 0 ʚ 

ʩʦʩʪʦʷʥʠʝ-ʰʘʙʣʦʥʝ B ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʩʣʦʚʠʡ ʚʳʙʦʨʘ ʚ ʩʦʩʪʦʷʥʠʝ-ʰʘʙʣʦʥʝ 

ɸ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʜʠʘʧʘʟʦʥʘʤ ʯʘʩʪʦʪ. ʇʨʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʚʳʭʦʜʘʭ P2, P3, P4, ʢʦʪʦ-

ʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 0 ʣʠʙʦ 1, ʢʘʢ ʙʳʣʦ ʫʞʝ ʦʙʦʟʥʘʯʝʥʦ ʚʳʰʝ. ʂʘʞʜʦʝ ʩʦ-

ʩʪʦʷʥʠʝ-ʰʘʙʣʦʥ ʧʨʠʥʠʤʘʝʪʩʷ, ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʚʢʣʶʯʘ-

ʶʱʠʡ ʚ ʩʝʙʷ ʧʦʢʘʟʘʥʠʷ ʥʘ ʚʳʭʦʜʘʭ P2, P3, P4 ʠ ʢʦʥʚʝʨʪʠʨʫʝʤʳʡ ʚ ʜʚʦʠʯ-

ʥʳʡ ʢʦʜ. ɼʘʥʥʳʝ ʤʘʩʩʠʚʳ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʈʠʩ. 1, ʩʦʩʪʦʷ-

ʥʠʷ-ʰʘʙʣʦʥʳ A,B,C,D,F ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʩʩʠʚʘʤ: [1,1,1], [1,0,0], [0,0,0], 

[0,0,1], [1,0,1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʝ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ-ʰʘʙʣʦʥ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʢʪ-

ʥʳʤ ʧʝʨʝʥʦʩʯʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʤʘʩʩʠʚ ʜʚʦʠʯʥʳʭ 

ʜʘʥʥʳʭ. ʕʚʦʣʶʮʠʷ ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʡ-ʰʘʙʣʦʥʦʚ ʬʦʨʤʠʨʫʝʪ çʧʦʪʦʢè ʠʥʬʦʨ-

ʤʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʧʠʩʠ ʠ ʩʢʦʨʦʩʪʴʶ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ 100 ʥʩ. 

ʕʚʦʣʶʮʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʤʝʥʳ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʥʦ ʠ ʦʪ ʯʘʩʪʦʪʳ. ʅʘ 

ʈʠʩ. 2 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʚ ʦʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʥʦ ʥʘ 

ʨʘʟʥʦʡ ʯʘʩʪʦʪʝ. ʅʘʙʣʶʜʝʥʠʷ ʚʟʷʪʳ ʚ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 110 ʥʩ ï 270 ʥʩ.  
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ʈʠʩ 2 ʕʚʦʣʶʮʠʷ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʥʘ ʯʘʩʪʦʪʝ 5.21e9 ɻʮ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜʙʠʨʘʝʪʩʷ ʥʘʙʦʨ ʫʥʠ-

ʢʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʥʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʨʫʛʦʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ ʠʣʠ ʜʨʫʛʦʡ ʯʘʩʪʦʪʝ ʟʘ ʪʦʪ ʞʝ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ɺʝʩʴ ʤʘʩʩʠʚ 

ʜʘʥʥʳʭ ʙʫʜʝʪ ʩʦʙʠʨʘʪʴʩʷ ʠʟ 10-30 (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʥʘʯʘʣʴʥʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʩʦʩʪʦʷʥʠʡ-ʰʘʙʣʦʥʦʚ) ʪʘʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʤʘʩʩʠʚʦʚ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʡ ʜʚʦʠʯʥʳʡ ʢʦʜ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʤʝʨʘʤʠ 

ʜʦ 90 ʙʠʪ. 

ʇʝʨʚʠʯʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʘʤʝʪʨʳ ʚʦʟʙʫʞʜʘ-

ʝʤʦʡ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ, ʨʘʩʩʪʦʷʥʠʷ d, R1, R2; ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H, 

ʠ ʪ.ʧ. ɼʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʚʥʝʩʸʥʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʠ ʚʥʝʩʪʠ ʚ ʥʘʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʚʳʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙ-

ʨʘʟʫʝʪʩʷ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦ z-ʢʦʤʧʦʥʝʥʪʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʪʚʝ-

ʯʘʝʪ ʟʘ ʧʝʨʝʥʘʩʪʨʦʡʢʫ ʩʪʨʫʢʪʫʨʳ ʥʘ ʚʳʭʦʜʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ ʠ 

ʩʢʦʨʦʩʪʠ ʟʘʧʠʩʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʩʘʤʙʣʴ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʢʦ-

ʪʦʨʳʝ ʨʘʩʰʠʨʷʪ ʜʠʘʧʘʟʦʥ ʜʦʩʪʫʧʥʳʭ ʩʦʩʪʦʷʥʠʡ-ʰʘʙʣʦʥʦʚ. ʂʘʞʜʳʡ ʵʣʝ-

ʤʝʥʪʘʨʥʳʡ ʤʘʩʩʠʚ ʪʘʢʦʛʦ ʘʥʩʘʤʙʣʷ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʥʝ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ-

ʰʘʙʣʦʥʘ, ʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʪʦʷʥʠʡ-ʰʘʙʣʦʥʦʚ 

ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʯʘʩʪʦʪ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʝʨʚʠʯʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ 

ʚʢʣʶʯʠʪ ʚ ʩʝʙʷ ʩʧʠʩʦʢ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʘʩʩʠʚʦʚ ʧʦ ʢʘʞʜʦʡ ʠʟ ʢʦʥʬʠʛʫʨʘ-

ʮʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʟʘʧʠʩʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʀʟʤʝʥʝʥʠʷ ʣʶ-

ʙʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʩʝ ʥʦʚʳʭ ʩʦʩʪʦʷ-

ʥʠʡ-ʰʘʙʣʦʥʦʚ. ʉʢʦʨʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʩʤʝʥʦʡ ʧʝʨʚʠʯ-

ʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʩʘʤʙʣʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʠʭ ʯʘʩʪʦʪ, ʘ 

ʪʘʢʞʝ ʚʨʝʤʝʥʝʤ ʥʘʙʣʶʜʝʥʠʷ ʩʠʩʪʝʤʳ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 20-79-10191. 
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ɸʥʥʦʘʮʠʷ: ʂʦʣʣʦʠʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʚʠʥʮʘ ʠ 

ʨʪʫʪʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʩʝʥʩʦʨʦʚ 

ʜʣʷ ʩʨʝʜʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʦʚ. ʈʷʜ ʥʦʚʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʭʘʣʴʢʦʛʝ-

ʥʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʚ ʩʠʥʪʝʟʝ ʥʘʥʦʯʘʩʪʠʮ HgTe, PbTe ʠ HgSe. 

ʉʠʥʪʝʟʳ ʢʦʣʣʦʠʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩʝʣʝʥʠʜʦʚ ʠ ʪʝʣʣʫʨʠʜʦʚ ʩ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʠ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʣʦʠʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʩʝ-

ʣʝʥʠʜʳ, ʪʝʣʣʫʨʠʜʳ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʣʣʦʠʜʥʳʡ ʩʠʥʪʝʟ. 

 

ʍʘʣʴʢʦʛʝʥʠʜʳ ʩʚʠʥʮʘ (PbSe/PbTe) ʚ ʦʙʲʝʤʝ ʷʚʣʷʶʪʩʷ ʫʟʢʦʟʦʥʥʳʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʦ 0.32 ʵɺ ʜʣʷ PbTe ʧʨʠ 

300 K. ʍʘʣʴʢʦʛʝʥʠʜʳ ʨʪʫʪʠ (HgSe/HgTe) ʷʚʣʷʶʪʩʷ ʧʦʣʫʤʝʪʘʣʣʘʤʠ ʪ.ʝ. ʰʠ-

ʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʥʠʭ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 0 ʵɺ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʢʚʘʥʪʦ-

ʚʦ-ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʵʪʠʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠʤʝʶʪ ʧʦʪʝʥ-

ʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʜʝʪʝʢʪʦʨʘʭ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʦʪ ʙʣʠʞʥʝʛʦ ʜʦ 

ʩʨʝʜʥʝʛʦ ʀʂ ʜʣʷ HgSe/PbSe ʠ ʜʘʞʝ ʜʘʣʴʥʝʛʦ ʀʂ ʜʣʷ HgTe. [1] ʋʥʠʢʘʣʴʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʨʘʜʠʫʩʦʤ ʵʢʩʠʪʦʥʘ 

ɹʦʨʘ ʧʨʠʚʣʝʢʘʝʪ ʢ ʥʠʤ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʠʥ-

ʜʫʩʪʨʠʠ, ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʠ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ [2].  

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʬʦʪʦʩʝʥʩʦʨʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩ-

ʥʦʚʝ ʢʦʣʣʦʠʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩʝʣʝʥʠʜʦʚ ʠ ʪʝʣʣʫʨʠʜʦʚ ʥʝʦʙʭʦʜʠʤʳ 

ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʩʧʝʢʪʨʘ 

ʩ ʭʦʨʦʰʝʡ ʢʦʣʣʦʠʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝ-

ʨʘʤ. ʊʘʢʞʝ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʩʦʟʜʘʥʠʠ ʨʝʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʳ-

ʨʴʷ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʨʦʩʩʠʡʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. 

ʉʘʤʳʤ ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʘʛʝʥʪʦʤ ʚ ʩʠʥʪʝʟʝ ʥʘʥʦ-

ʯʘʩʪʠʮ ʩʝʣʝʥʠʜʦʚ ʠ ʪʝʣʣʫʨʠʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʢʫʨʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʦʚ 

ʪʝʣʣʫʨʘ ʠ ʩʝʣʝʥʘ ʚ ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʝ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʨʝʘ-

ʛʝʥʪʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʠʢʨʦʧʨʠʤʝʩʝʡ. ɺ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ 
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ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʘʣʴʪʝʨʥʘʪʠʚ - ʧʨʝʢʫʨʩʦʨʦʚ ʵʪʠʭ 

ʭʘʣʴʢʦʛʝʥʦʚ. 
 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʇʕʄ ʂʂʊ HgTe  

 

 

ʀʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʩʠʥʪʝʟʦʚ ʥʘʥʦʯʘʩʪʠʮ ʪʝʣʣʫʨʠʜʦʚ, ʥʘʤʠ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʨʷʜ ʪʝʣʣʫ-

ʨʠʜʦʚ ʪʨʝʪʠʯʥʳʭ ʬʦʩʬʠʥʦʚ ʚ ʧʦʣʫʯʝʥʠʠ ʂʂʊ HgTe ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦ-

ʨʦʚ. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʧʨʘʢʪʠʯʥʳʤ ʚ ʧʨʠʤʝʥʝʥʠʠ ʧʨʠʟʥʘʥ ʪʨʠʮʠʢʣʦ-

ʛʝʢʩʠʣʬʦʩʬʠʥ ʪʝʣʣʫʨʠʜ (ʈʠʩ 1). [4]. ʀʩʧʦʣʴʟʫʷ ʨʝʘʛʝʥʪ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʂʂʊ HgTe ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʢʩʠʪʦʥʥʦʛʦ ʧʠʢʘ ʦʪ 1380 ʥʤ 

ʜʦ 2800 ʥʤ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʜʨʫʛʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʂʂʊ PbTe ʩ ʤʦʨʬʦʣʦʛʠʝʡ ʥʘʥʦʢʫʙʦʚ. 
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ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʇʕʄ ʂʂʊ HgSe ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʝʢʫʨʩʦʨʦʤ ʨʘʩʪʚʦʨʦʤ ʩʝʣʝ-

ʥʘ ʚ ʜʝʮʝʥʝ-1 ʧʨʠ 80 Áʉ ʠ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ; 

 

ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʣʝʥʘ ʚ ʜʝʮʝʥʝ-1 ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʨʝʘʛʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʩʣʫʞʠʪʴ ʧʨʝʢʫʨʩʦʨʦʤ ʩʝʣʝʥʘ ʚ 

ʩʠʥʪʝʟʝ ʥʘʥʦʯʘʩʪʠʮ.   ʆʥ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʚ ʩʠʥʪʝʟʝ ʂʂʊ HgSe 

ʠ PbSe ʩʝʣʝʥʠʜʦʚ ʩʚʠʥʮʘ ʠ ʨʪʫʪʠ (ʈʠʩ. 2). [5] ʕʪʦʪ ʨʝʘʛʝʥʪ ʫʜʦʙʝʥ ʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʚ  ʩʠʣʫ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ. 
 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʬʦʥʜʦʤ ʈʅʌ (ʇʨʦʝʢʪ No 23-23-00300). 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ʪʠʪʘʥʘʪʘ-

ʮʠʨʢʦʥʘʪʘ ʩʚʠʥʮʘ ʤʘʨʢʠ ʎʊʉ-19 ʠ ʎʊʉ-35. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʦʪ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʫʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʧʴʝʟʦʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʜʠʘʬʨʘʛʤʳ ʠʟ ʩʝʛʥʝʪʦʚʦʡ ʩʦʣʠ, ʤʘʨʢʠ MTB-12T-

7,2A1,ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʛʝʥʝʨʘʪʦʨʫ ʩʠʛʥʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʢʝʨʘʤʠʢʘ, ʧʴʝʟʦʵʬʬʝʢʪ, ʯʘʩʪʦʪʘ, ʩʠʛʥʘʣ, ʩʝ-

ʛʥʝʪʦʚʘ ʩʦʣʴ, ʎʊʉ, ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʛʘʨʤʦʥʠʢʘ, ʬʘʟʘ. 

 

ɺʦʧʨʦʩ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʴʝʟʦʵʣʝʤʝʥ-

ʪʦʚ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʢʫʩʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʚʥʠʤʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʠʘʬʨʘʛʤʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʜʨʫʛʦʡ ʨʘ-

ʙʦʪʝ [1], ʷʚʣʷʝʪʩʷ ʧʴʝʟʦʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ʪʠʪʘʥʘʪʘ-ʮʠʨʢʦʥʘʪʘ 

ʩʚʠʥʮʘ ʤʘʨʢʠ ʎʊʉ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʠʩʢʘ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟ-

ʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʛʘʨʤʦʥʠʢ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʦʙʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, 

ʦʥʠ ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʮʠʬʨʦʚʦʡ ʦʩʮʠʣʣʦʛʨʘʬ ʤʦʜʝʣʠ 

GWInstekGDS-71062ʠ ʛʝʥʝʨʘʪʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ɸʢʪʘʢʦʤ ɸʅʈ-1011. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʧʴʝʟʦʢʝʨʘʤʠʢʘʎʊʉ-19 ʨʘʟ-

ʤʝʨʘʤʠ 12x5,5x0,32ʤʤ [2], ʎʊʉ-35 ʨʘʟʤʝʨʘʤʠ 7x1,5x0,5ʤʤ ʠ ʧʴʝʟʦʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʜʠʘʬʨʘʛʤʘ ʄʊɺ-12ʊ-7,2Al  ʜʠʘʤʝʪʨʦʤ 12 ʤʤ ʠʟ ʣʘʪʫʥʠ ʠ ʩʝʛʥʝ-

ʪʦʚʦʡ ʩʦʣʠ [3, ʉ.278]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʚʝʪʨʠʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂ ʢʦʥʪʘʢʪʘʤ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʠʘʬʨʘʛʤʳ ʙʳʣʠ ʧʨʠʧʘʷʥʳ ʧʨʠʧʦʝʤ ʤʘʨʢʠ ʇʆʉ-61 ʦʜʥʦʞʠʣʴʥʳʝ ʤʝʜʥʳʝ 

ʧʨʦʚʦʜʥʠʢʠ ʩʝʯʝʥʠʝʤ 0,5 ʤʤ. ʀʟʤʝʨʝʥʠʷ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʈʘʟʚʝʨʪʢʘ ʜʝʣʝʥʠʡ ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʦ ʦʩʷʤ ʫʢʘʟʘʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ 

ʨʠʩʫʥʢʘʤʠ. ɼʣʷ ʧʨʦʩʪʦʪʳ, ʦʧʠʩʘʥʠʝ ʨʘʟʚʝʨʪʢʠ ʜʘʝʪʩʷ ʚ ʧʦʨʷʜʢʝ: ʨʘʟʚʝʨʪʢʘ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʘʤʧʣʠʪʫʜʝ, ʨʘʟʚʝʨʪʢʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʘʤʧʣʠʪʫ-
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ʜʝ ʠ ʨʘʟʚʝʨʪʢʘ ʚʨʝʤʝʥʠ. ʅʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘʭ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʥʘʠʤʝ-

ʥʝʝ ʠʩʢʘʞʝʥʥʫʶ ʬʦʨʤʫ. 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʠʘʬʨʘʛʤʘ, ʧʦʜʢʣʶʯʘʣʘʩʴ ʥʘʧʨʷʤʫʶ ʢ ʛʝʥʝʨʘʪʦ-

ʨʫ ʩʠʛʥʘʣʦʚ, ʘ ʧʴʝʟʦʢʝʨʘʤʠʢʘ ʎʊʉ-19 ʠ ʎʊʉ-35 ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ ʦʩʮʠʣʣʦ-

ʛʨʘʬʫ. ʉʦʟʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʴʝʟʦʢʝʨʘ-

ʤʠʢʠ ʠ ʜʠʘʬʨʘʛʤʦʡ ʧʫʪʝʤ ʠʭ ʟʘʞʠʤʘ [4]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʡ ʩʜʚʠʛ ʬʘʟʳ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ, ʟʘʚʠʩʠʪ ʤʘʪʝʨʠʘʣʘ.  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʨʠ ʠʩʭʦʜʥʦʡ ʚʭʦʜʥʦʛʦ ʛʘʨʤʦ-

ʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪʝ 200 ʢɻʮ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʜʚʠʛ ʬʘʟʳ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ. 
 

ʈʠʩ. 1. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʦʚ ʧʦʣʫʯʝʥʥʳʭ ʦʪ (ʘ) ʎʊʉ-19 - 

ʧʨʠ ʨʘʟʚʝʨʪʢʝ: 5ɺ/ʜʝʣ, 5ʤɺ/ʜʝʣ,5ʤʢʩ/ʜʝʣ; (ʙ) ʜʠʘʬʨʘʛʤʘ - ʧʨʠ ʨʘʟʚʝʨʪʢʝ: 2ɺ/ʜʝʣ, 

2ʤɺ/ʜʝʣ, 1ʤʢʩ/ʜʝʣ;(ʚ) ʎʊʉ-35 - ʧʨʠ ʨʘʟʚʝʨʪʢʝ: 5ɺ/ʜʝʣ, 20ʤɺ/ʜʝʣ, 1ʤʢʩ/ʜʝʣ 
 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ ʥʘ ʨʠʩ. 1 ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ:  ́ʜʣʷ ʎʊʉ-19, 

1/5ˊ ʜʣʷ ʜʠʘʬʨʘʛʤʳ ʠ 2/3ˊ ʜʣʷ ʎʊʉ-35[5, ʩ. 564].  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʨʠ ʠʩʭʦʜʥʦʡ ʯʘʩʪʦʪʝ ʚʭʦʜʥʦʛʦ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ 400 ʢɻʮ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʩʜʚʠʛʘ ʬʘʟʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʦʚ ʧʦʣʫʯʝʥʥʳʭ(ʘ) ʎʊʉ-19 - ʧʨʠ 

ʨʘʟʚʝʨʪʢʝ: 2ɺ/ʜʝʣ, 2ʤɺ/ʜʝʣ, 1ʤʢʩ/ʜʝʣ; (ʙ) ʜʠʘʬʨʘʛʤʘ - ʧʨʠ ʨʘʟʚʝʨʪʢʝ: 5ɺ/ʜʝʣ, 2ʤɺ/ʜʝʣ, 

50ʥʩ/ʜʝʣ;(ʚ) ʎʊʉ-35 - ʧʨʠ ʨʘʟʚʝʨʪʢʝ: 1ɺ/ʜʝʣ, 2ʤɺ/ʜʝʣ, 1ʤʢʩ/ʜʝʣ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ ʥʘ ʨʠʩ. 2 ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ: ˊʜʣʷ ʎʊʉ-19, 

2/5ˊ ʜʣʷ ʜʠʘʬʨʘʛʤʳ ʠ ˊ/2 ʜʣʷ ʎʊʉ-35. 
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ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʨʠ ʠʩʭʦʜʥʦʡ ʯʘʩʪʦʪʝ ʚʭʦʜʥʦʛʦ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ 200 ʢɻʮ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʥʘʣʠʯʠʝ ʛʘʨʤʦʥʠʢ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʷʭ ʥʘ ʨʠʩ. 1ʙ, ʨʠʩ. 2ʙ ʠ ʨʠʩ. 3ʙ ʧʦʜʢʣʶʯʝʥʠʝ 

ʙʳʣʦ ʥʘʦʙʦʨʦʪ, ʪʦ ʝʩʪʴ ʜʠʘʬʨʘʛʤʘ ʧʦʜʢʣʶʯʘʣʘʩʴ ʢ ʦʩʮʠʣʣʦʛʨʘʬʫ ʠ ʢʨʝʧʠ-

ʣʘʩʴ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʎʊʉ-19, ʘ ʎʊʉ-19 ʙʳʣ ʧʦʜʢʣʶʯʝʥ ʢ ʛʝ-

ʥʝʨʘʪʦʨʫ. 
 

 
ʈʠʩ. 3. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʦʚ ʧʦʣʫʯʝʥʥʳʭ (ʘ) ʎʊʉ-19 - ʧʨʠ 

ʨʘʟʚʝʨʪʢʝ: 5ɺ/ʜʝʣ, 10ʤɺ/ʜʝʣ, 500ʥʩ/ʜʝʣ; (ʙ) ʜʠʘʬʨʘʛʤʘ - ʧʨʠ ʨʘʟʚʝʨʪʢʝ: 5ɺ/ʜʝʣ, 

10ʤɺ/ʜʝʣ, 50ʥʩ/ʜʝʣ 
 

ʇʦ ʨʠʩ. 3 ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʛʘʨʤʦʥʠʢ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʜʠʘʬʨʘʛʤʫ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝʝ, ʯʝʤ ʥʘ ʧʴʝʟʦʵʣʝʤʝʥʪ ʎʊʉ-19[5, ʩ. 

564]. ʇʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʎʊʉ-35 ʧʦʣʫʯʠʣʠʩʴ 

ʩ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʦʥʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʧʴʝʟʦʢʝʨʘʤʠʢʘ ʎʊʉ-19 ʦʙʣʘʜʘʝʪ ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʘʬʨʘʛʤʦʡ ʠ ʧʴʝʟʦʢʝʨʘʤʠʢʦʡ ʎʊʉ-35, ʘ 

ʪʘʢʞʝ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʠ ʥʘʣʠʯʠʝ ʨʘʟʥʳʭ ʛʘʨʤʦʥʠʢ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʤʘʪʝʨʠʘ-

ʣʘ, ʪʘʢ ʠ ʦʪ ʝʛʦ ʨʘʟʤʝʨʦʚ.  
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɺʘʭʠʪʦʚ, ɸ. ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʠʘʬʨʘʛʤ ʨʘʟʥʳʭ ʜʠʘʤʝʪ-

ʨʦʚ ʠʟ ʞʝʣʝʟʘ ʠ ʤʝʜʠ / ɸ. ɸ. ɺʘʭʠʪʦʚ, ʗ. ɽ. ʀʛʦʰʠʥ, ʈ. ʄ. ʄʫʨʘʪʦʚ // ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ, ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳ-

ʤʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʤʝʪʘʤʘʪʝʨʠʘʣʘʤʠ ʠ ʙʠʦʦʙʲʝʢʪʘʤʠ : ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʜʝ-

ʩʷʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣ-rʩʝʤʠʥʘʨʘ, ʉʘʨʘʪʦʚ, 25 ʤʘʷ 2023 ʛʦʜʘ / ʇʦʜ ʨʝʜʘʢ-

ʮʠʝʡ ɸʣ.ɺ. ʉʢʨʠʧʘʣʷ. ï ʉʘʨʘʪʦʚ: ʀʟʜʘʪʝʣʴʩʪʚʦ "ʉʘʨʘʪʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢ", 2023. ï ʉ. 191-

195. ï EDN NNVILH. 

2. http://www.piezotech.ru/PKR.htmʆʪʜʝʣʝʥʠʝ ʩʝʛʥʝʪʦʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ ʆʙʨʘʱʝʥʠʝ ʢ ʨʝʩʫʨʩʫ 25.04.2024. 

3. ʋʣʴʪʨʘʟʚʫʢ. ʄʘʣʝʥʴʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ / ɻʣʘʚ. ʨʝʜ. ʀ. ʇ. ɻʦʣʷʤʠʥʘ. ð ʄ.: 

çʉʦʚʝʪʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷè, 1979. ð 400 ʩ. 

4. Zhou, W.; Du, D.; Cui, Q.; Lu, C.; Wang, Y.; He, Q. Recent Research Progress in 

Piezoelectric Vibration Energy Harvesting Technology. Energies 2022, 15, 947. 

https://doi.org/10.3390/en15030947. 

5. ɸʢʮʠʧʝʪʨʦʚ, ʆ.ɸ., ɸʧʫʭʪʠʥʘ, ʉ.ɹ., ɺʦʨʦʪʠʣʦʚ, ʂ.ɸ., ʄʠʰʠʥʘ, ɽ.ɼ., ʅʠʢʫʣʠʥ, 
ɸ.ɸ., ʉʠʛʦʚ, ɸ.ʉ.ɻʝʥʝʨʘʮʠʷ ʦʪʨʘʞʝʥʥʦʡ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʠ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʦʥʢʠʭ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ// ʇʠʩʴʤʘ ʚ ɾʕʊʌ. 1991. - ʊʦʤ 54, ʚ. 10, ʉ. 562-565.  



136 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ). ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʘʢ ʩʫʤʤʳ ʬʫʥʢʮʠʡ ɻʘʫʩʩʘ ʦʪ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ, ʤʘʛʥʝʪʨʦʥʥʦʝ 

ʨʘʩʧʳʣʝʥʠʝ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʘʟʣʦʞʝʥʠʝ ʧʦ ʛʘʫʩʩʦʚʳʤ ʧʠʢʘʤ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʨʝʙʦʚʘʥʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʙʦʣʦʤʝʪʨʦʚ ʠ ʜʨʫʛʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ [1], ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʣʸʥʦʢ ʚ ʦʙʣʘʩʪʠ ʉɺʏ-

ʪʝʭʥʠʢʠ [2]. 

ʆʩʘʞʜʝʥʠʝ ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʢʚʘʨʮʝʚʳʝ ʧʦʜʣʦʞʢʠ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ 

ʪʦʢʝ ʥʘ ʫʩʪʘʥʦʚʢʝ Angstrom NEXDEP (Angstrom Engineering, ʂʘʥʘʜʘ) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʘʨʛʦʥʘ ʠ ʘʟʦʪʘ ʚ ʨʘʙʦʯʝʡ ʩʤʝʩʠ. 

 

ʈʠʩ. 1. ʀʂ-ʩʧʝʢʪʨʳ ʅʇɺʆ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʤʘʛʥʝʪʨʦʥʥʳʤ 

ʨʘʩʧʳʣʝʥʠʝʤ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʛʘʟʦʚ ʘʨʛʦʥʘ ʠ ʘʟʦʪʘ: 1 - 10/10, 2 - 12/8, 3 - 

14/6, 4 - 16/4, 5 - 18/2, 6 - 20/0. 
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ʂʘʞʜʳʡ ʩʧʝʢʪʨ ʙʳʣ ʨʘʟʣʦʞʝʥ ʥʘ ʛʘʫʩʩʦʚʳ ʧʠʢʠ ʩʚʷʟʝʡ ʚ ʧʨʦʛʨʘʤʤʝ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʥʝʣʠʥʝʡʥʦʡ ʧʦʜʛʦʥʢʠ ʢʨʠʚʳʭ fityk-1.3.1 [6]. ɺ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʢʦʥʪʫʨʝ Si-N ʦʪ 600 ʩʤ
-1 
ʜʦ 1100 ʩʤ

-1 
ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʢʮʠʦʥʥʳʭ ʛʘʟʦʚ 10:10, 12:8, 14:6 ʠ 16:4, 

ʩʪʘʙʠʣʴʥʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʪʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʧʠʢʠ) ʩ 

ʧʦʣʦʞʝʥʠʝʤ ʤʘʢʩʠʤʫʤʦʚ  ɜ1=730 ʩʤ
-1 
, ɜ2=900 ʩʤ

-1 
ʠ ɜ3=1015 ʩʤ

-1 
[7]. 

 

ʈʠʩ.2 ʄʥʦʞʝʩʪʚʝʥʥʘʷ ʛʘʫʩʩʦʚʘ ʩʦʩʪʘʚʣʷʶʱʘʷ ʀʂ-ʩʧʝʢʪʨʘ ʅʇɺʆ ʜʣʷ ʦʙʨʘʟʮʘ 2 ï 12/8, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ fityk . 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʚʦʛʦ ʩʘʤʦʛʦ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʦʛʦ ʛʘʫʩʩʦʚʘ ʧʠʢʘ 

ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ ɜ1=730 ʩʤ
-1 
ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʦʚ 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ. 
ʊʘʙʣʠʮʘ  

ʆʩʥʦʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʚʦʛʦ ʛʘʫʩʩʦʚʘ ʧʠʢʘ ɜ1  
 ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʛʘʟʦʚ ʚ 

ʨʘʙʦʯʝʡ ʩʤʝʩʠ 

 1-10/10 2-12/8 3-14/6 4-16/4 

ʎʝʥʪʨ, ʩʤ
-1
 720 741 727 727 

ɺʳʩʦʪʘ 0,273 0,380 0,312 0,277 

ʇʣʦʱʘʜʴ 78 103 85 75 

ʇʦʣʫʰʠʨʠʥʘ, ʩʤ
-1
 134 128 128 128 

 

ɸʥʘʣʠʟ ʧʝʨʚʦʛʦ ʛʘʫʩʩʦʚʘ ʧʠʢʘ ɜ1 ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʢʮʠʦʥʥʳʭ ʛʘʟʦʚ 12:8, ʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʘʟʦʚ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ 

ʦʩʘʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʝʨʚʦʛʦ ʧʠʢʘ ʥʘʠʙʦʣʝʝ 

ʩʤʝʱʝʥʦ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ. 

1 

2 

3 

4 5 
6 

ɜ1 ɜ2 ɜ3 N-H 






























































































































































































































































































































































































































































































































