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ʌʀɿʀʏɽʉʂʆɽ ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽ ʀ 

ʀʅʌʆʈʄɸʊʀʂɸ 
 

ʋɼʂ 372.853 

ʈɸɿʈɸɹʆʊʂɸ ɹɸʅʂɸ ʊɽʉʊʆɺʓʍ ɿɸɼɸʅʀʁ ʇʆ ɼʀʉʎʀʇʃʀʅɽ 

çɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʏɸʉʊʀʎ ʀ ʍʀʄʀʏɽʉʂɸʗ ʉɺʗɿʔè 

ɺʣʘʩʦʚʘ ɸ.ɼ. 

ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

nastyavlasova421@gmail.com 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʠ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʝʩʪʦʚ.  ɸ ʪʘʢʞʝ 

ʠʟʫʯʝʥʳ ʠ ʧʨʠʤʝʥʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ʇʨʦʚʝʜʝʥʘ ʩʧʝʮʠʬʠʢʘʮʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴè. 

ʈʘʟʨʘʙʦʪʘʥ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʩʚʷʟʴè, ʜʣʷ ʨʘʟʜʝʣʦʚ çʆʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʤʝʪʦʜ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡè, çʉʪʨʦʝʥʠʝ 

ʘʪʦʤʘ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʢʦʥè, çʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠè. 

 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ. ʀ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʙʳʣʦ ʙʳʩʪʨʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ, ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ 

ʪʝʩʪʦʚʫʶ ʬʦʨʤʫ ʢʦʥʪʨʦʣʷ.  ʆʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʘ ʜʘʥʥʘʷ ʬʦʨʤʘ ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ. 

ʄʘʩʩʦʚʳʡ ʧʝʨʝʭʦʜ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚʳʟʚʘʣ ʩʣʦʞʥʦʩʪʠ ʩ ʦʮʝʥʠʚʘʥʠʝʤ ʟʥʘʥʠʡ 

ʫʯʘʱʠʭʩʷ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʘʥʢʦʚ ʪʝʩʪʦʚʳʭ ʟʘʜʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʘʥʢʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 

çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴè. 

ɿʘʜʘʯʠ:  

Ɇ ʠʟʫʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚ; 

Ɇ ʧʨʦʚʝʩʪʠ ʩʧʝʮʠʬʠʢʘʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʯʘʩʪʠʮ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴè; 

Ɇ ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴè 

 

ʊʝʩʪ ï ʵʪʦ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʢʦʪʦʨʳʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʪʝʧʝʥʴ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩʪʫʜʝʥʪʘʤʠ. 

ʂʘʯʝʩʪʚʦ ʪʝʩʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʧʨʦʩʪʦʪʘ, ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʨʘʚʥʘʷ ʩʣʦʞʥʦʩʪʴ. ʅʦ ʪʝʩʪʳ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ, ʠʤʝʶʪ ʠ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘ ʤʦʡ ʚʟʛʣʷʜ ʩʘʤʳʤ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʟʘʪʨʫʜʥʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʫʯʠʪʝʣʷ ʧʨʦʩʣʝʜʠʪʴ ʣʦʛʠʢʫ ʫʯʘʱʝʛʦʩʷ, ʪʘʢ ʢʘʢ ʧʨʦʚʝʨʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʪʦʣʴʢʦ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ.  

ʌʦʨʤʳ ʟʘʜʘʥʠʡ ʚ ʪʝʩʪʦʚʦʡ ʬʦʨʤʝ ʤʦʛʫʪ ʙʳʪʴ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ .ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ (ɸ. ʄʘʡʦʨʦʚ, ʄ. ʏʝʣʳʰʢʦʚʘ, ʉ. ɿʦʨʠʥ, 

ɺ. ɸʚʘʥʝʩʦʚ ʠ ʜʨ.) ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʟʘʜʘʥʠʷ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ - 

ʟʘʜʘʥʠʷ ʚ ʦʪʢʨʳʪʦʡ ʬʦʨʤʝ  ʠ ʟʘʜʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʬʦʨʤʝ [1]. 

ʅʘ ʨʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʳʙʦʨ ʪʠʧʘ ʟʘʜʘʥʠʡ. ʊʘʢ, ʟʘʢʨʳʪʦʛʦ 

ʪʠʧʘ ʟʘʜʘʥʠʷ ʩʦʜʝʨʞʘʪ ʛʦʪʦʚʳʝ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʫʯʘʱʠʝʩʷ ʜʦʣʞʥʳ ʚʳʙʨʘʪʴ 

ʧʨʘʚʠʣʴʥʳʡ .ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʪʚʝʪ ʤʦʞʥʦ ʣʝʛʢʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʦʜʥʦʟʥʘʯʥʦ. ɺ 
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ʟʘʜʘʥʠʷʭ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʢʨʳʪʦʛʦ , ʩʦʜʝʨʞʘʪʴʩʷ ʧʦʜʩʢʘʟʢʠ , ʯʪʦ ʩʥʠʞʘʝʪ 

ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ. 

ʏʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʢʦʥʪʨʦʣʴ ʠ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʠ ʛʣʫʙʠʥʳ ʦʩʚʦʝʥʥʦʩʪʠ 

ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʩʪʫʜʝʥʪʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʠ ʬʦʨʤʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ.  

ʅʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʨʦʚʥʝ ʫʯʝʙʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʘʚʠʣ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ʪʝʩʪʦʚ: 

¶ ʊʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʩʣʝʜʫʝʪ ʫʧʦʨʷʜʦʯʠʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʤʝʪʦʤ ʜʠʩʮʠʧʣʠʥʳ 

¶ ɺʩʝ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʮʝʣʷʤʠ ʦʙʫʯʝʥʠʷ. 

¶ ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʜʘʯʠ ʩ ʦʜʥʦʟʥʘʯʥʳʤʠ ʦʪʚʝʪʘʤʠ 

¶ ʊʝʢʩʪ ʟʘʜʘʥʠʷ ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʫʤʳʰʣʝʥʥʳʭ ʧʦʜʩʢʘʟʦʢ ʠʣʠ ʩʣʝʥʛʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʠʟʫʯʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʘʚʠʣ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʭʦʨʦʰʦ ʦʧʠʩʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʣʷ ʧʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʟʥʘʥʠʡ 

ʩʪʫʜʝʥʪʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴè. 

ʄʥʦʶ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴè [2]. ʇʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ ʠ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦ ʚʳʙʨʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: 

 

      ʊʘʙʣʠʮʘ 1.ʉʧʝʮʠʬʠʢʘʮʠʷ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴè 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʟʜʝʣʘ 

ʜʠʩʮʠʧʣʠʥʳ 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʘ ʜʠʩʮʠʧʣʠʥʳ 

1. ʆʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʠ ʤʝʪʦʜ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 

1. ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ 

2. ʄʝʪʦʜ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. 

3. ɻʠʙʨʠʜʠʟʘʮʠʷ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ 

2. ʉʪʨʦʝʥʠʝ ʘʪʦʤʘ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʢʦʥ 

4. ʕʣʝʢʪʨʦʥʥʘʷ ʦʙʦʣʦʯʢʘ ʘʪʦʤʘ. 

5. ʂʚʘʥʪʦʚʳʝ ʯʠʩʣʘ 

6. ɸʪʦʤʥʳʝ ʝʜʠʥʠʮʳ 

3. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ 

7. ʕʥʝʨʛʠʷ ʩʚʷʟʠ. 

8. ɼʣʠʥʘ ʩʚʷʟʠ. 

9. ʂʨʘʪʥʦʩʪʴ ʩʚʷʟʠ.  

10. ʇʦʣʷʨʥʦʩʪʴ ʩʚʷʟʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʡ ʪʝʩʪʦʚʳʡ 

ʢʦʥʪʨʦʣʴ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʥʣʘʡʥ-ʪʝʩʪʠʨʦʚʘʥʠʝ ʫʯʘʱʠʭʩʷ. ɻʣʘʚʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʰʠʙʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠ ʧʨʦʚʝʨʢʝ ʟʘʜʘʥʠʡ ʪʝʩʪʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʙʘʥʢ ʪʝʩʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ Online Test Pad- ʵʪʦ ʙʝʩʧʣʘʪʥʳʡ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʮʠʬʨʦʚʳʭ 

ʫʯʝʙʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ: ʦʧʨʦʩʳ , ʪʝʩʪʳ,ʩʢʘʥʚʦʨʜʳ,ʣʦʛʠʯʝʩʢʠʝ ʠʛʨʳ,ʜʠʘʣʦʛʠ,ʢʨʦʩʩʚʦʨʜʳ [3]. 

ɻʣʘʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʝʨʚʠʩʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ 

ʘʙʩʦʣʶʪʥʦ ʙʝʩʧʣʘʪʥʦ, ʫʯʘʱʠʝʩʷ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʪʝʩʪʳ ʙʝʟ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʝʨʚʠʩʝ, ʫʜʦʙʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʪʠʣʠʟʘʮʠʠ ʪʝʩʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʟʘʜʘʥʠʡ, ʷ  ʚʳʙʨʘʣʘ ʟʘʜʘʥʠʝ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ (ʈʠʩ.1). ɼʘʥʥʦʝ ʟʘʜʘʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʦʭʚʘʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ ʧʦ ʪʝʤʝ 
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çʂʚʘʥʪʦʚʳʝ ʯʠʩʣʘè ʠʟ ʨʘʟʜʝʣʘ çʉʪʨʦʝʥʠʝ ʘʪʦʤʘ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʢʦʥè, ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʝʢʪʠʚʥʦ ʠ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪ ʫʯʘʱʝʛʦʩʷ. 

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʜʘʥʠʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 

 

ʇʨʦʚʝʜʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ  Online Test Pad ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪ.ʢ. ʦʩʥʦʚʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʠʜʫʪ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʘ ʪʘʢʞʝ ʫʯʘʱʠʡʩʷ ʧʦʣʫʯʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩʨʘʟʫ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʪʝʩʪʘ ʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʥʝʚʝʨʥʳʝ ʦʪʚʝʪʳ (ʈʠʩ.2). 

 
ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪ ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʜʦʙʨʘʥʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʤʦʞʥʦ ʩʢʘʟʘʪʴ,ʯʪʦ  ʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʥʠʡ ʫʯʘʱʠʭʩʷ ʠʤʝʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʝʥʥʳʝ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʩʪʳ.ɺ ʢʘʯʝʩʚʪʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʬʦʨʤʫ , ʪʘʢ ʢʘʢ ʚ ʩʠʣʫ ʩʚʦʝʡ ʥʦʚʠʟʥʳ ʧʦʚʳʰʘʝʪ  ʧʦʟʥʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʫʯʘʱʠʭʩʷ ʢ ʧʨʝʜʤʝʪʫ ʩ ʠʤʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤ ʧʦʜʘʯʠ ʚʦʧʨʦʩʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʄʘʡʦʨʦʚ ɸ.ʅ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚ ʜʣʷ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. (ʂʘʢ 

ʚʳʙʠʨʘʪʴ, ʩʦʟʜʘʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʩʪʳ ʜʣʷ ʮʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ). ï ʄ.: çʀʥʪʝʣʣʝʢʪ-ʮʝʥʪʨè, 

2001 ï 296 ʩ. 

2. ʉʝʯʢʘʨʝʚ ɹ.ɸ., ʊʠʪʦʚ ʌ.ɺ. ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ: ʫʯʝʙʥʥʦʝ ʧʦʩʦʙʠʝ. ʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʝʤʝʨʦʚʦ, 2006-156 ʩ. 

3. ʉʧʨʘʚʢʘ ʧʦ ʨʘʙʦʪʝ ʩ ʚʝʙ-ʩʝʨʚʠʩʦʤ Online Test Pad [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https:// onlinetestpad.com/ru/help/ testmaker (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 6.04.2022) 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ - ʢ.ʭ.ʥ., ʜʦʮʝʥʪ, ʊʠʪʦʚ ʌ.ɺ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 

 

https://onlinetestpad.com/ru/help/testmaker
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ʋɼʂ 620.3  

ʇʆʃʋʏɽʅʀɽ ʕʃɽʂʊʈʆɼʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʅɸ ʆʉʅʆɺɽ ɺʆʃʆʂʆʅ ʀɿ ʉɽʊʆʂ 

ʆɼʅʆʉʃʆʁʅʓʍ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʆʂ ʀ ʆʂʉʀɼɸ ʄɸʈɻɸʅʎɸ 

 ɽʨʦʬʝʝʚʘ ʅ.ʅ, ɺʝʨʰʠʥʠʥʘ ɸ.ʀ. ʃʦʤʘʢʠʥ ʄ.ɺ., ʈʫʩʩʘʢʦʚ ɼ.ʄ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

erofeevan37@gmail.com, annaver89@mail.ru, maximius13@yandex.ru, dm.russakov@gmail.com  
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʝʪʦʢ ʦʜʥʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʦʢʩʠʜ ʤʘʨʛʘʥʮʘ, ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ 

  

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʋʅʊ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʚʠʜʝ ʤʘʢʨʦʦʙʲʝʢʪʦʚ -  ʧʣʝʥʦʢ, ʩʝʪʦʢ, 

ʚʦʣʦʢʦʥ ʠ ʪ.ʜ. ʊʘʢʠʝ ʤʘʢʨʦʦʙʲʝʢʪʳ ʤʦʞʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʛʠʙʢʦʡ ʥʦʩʠʤʦʡ ʵʣʝʢʪʨʦʥʠʢʝ [1]. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʶʪ ʩʦʯʝʪʘʥʠʷ ʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ [2,3].   

ʆʢʩʠʜ ʤʘʨʛʘʥʮʘ ʷʚʣʷʝʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʵʢʦʥʦʤʠʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʥ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʝʤʢʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ [4]. ʅʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʦʡ 

ʥʝʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (10-5 ï10-6 ʉ/ʩʤ) MnxOy [5]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʋʅʊ ʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ 

ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʝʛʦʜʥʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦʣʦʢʥʘ ʠʟ ʩʝʪʦʢ ʦʜʥʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʆʋʅʊ), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ çʤʦʢʨʦʛʦ ʚʳʪʷʛʠʚʘʥʠʷè [1,6]. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ, ʜʝʰʝʚʳʤ ʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʉʫʪʴ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʩʝʪʢʘ ʠʟ ʆʋʅʊ, ʦʩʘʞʜʝʥʥʘʷ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʡ ʬʠʣʴʪʨ, 

ʧʨʦʧʠʪʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʵʪʘʥʦʣʦʤ), ʜʘʣʝʝ, ʟʘʭʚʘʪʠʚ ʢʨʘʡ ʵʪʦʡ ʩʝʪʢʠ ʧʠʥʮʝʪʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʝ ʚʳʪʷʛʠʚʘʥʠʝ ʠʟ ʵʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʣʦʢʥʦ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʦʢʦʥ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʪʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʭʘʦʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʆʋʅʊ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ 80% (ʧʨʠ ɚ=550 ʥʤ), ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʘʵʨʦʟʦʣʴʥʳʤ 

CVD-ʤʝʪʦʜʦʤ [7,8]. ɼʣʠʥʘ ʧʫʯʢʦʚ ʆʋʅʊ ʩʦʩʪʘʚʣʷʝʪ ~20-40 ʤʢʤ, ʘ ʜʠʘʤʝʪʨ ʥʘʥʦʪʨʫʙʦʢ ~2 ʥʤ. 

ʇʦʣʫʯʝʥʥʦʝ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʚʦʣʦʢʥʦ ʠʤʝʣʦ ʜʠʘʤʝʪʨ ~230 ʤʢʤ ʠ ʜʣʠʥʫ ~1,5 ʩʤ. 

ɺʦʣʦʢʥʦ ʧʦʜʚʝʨʛʘʣʦʩʴ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʧʝʯʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʝ ʜʦ 200 Áʉ 

ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ɼʘʣʝʝ ʚʦʣʦʢʥʦ ʦʙʨʘʙʘʪʳʚʘʣʦʩʴ Hʉl ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʙʨʘʟʝʮ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʦʜʢʠʩʣʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ 0,1 ʄ KMnO4 

ʨʘʟʦʛʨʝʪʳʤ ʜʦ 45 Áʉ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 2 ʤʠʥ ʠ ʟʘʪʝʤ ʩʥʦʚʘ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ʇʦʩʣʝ ʧʨʦʩʫʰʢʠ ʚʦʣʦʢʥʦ ʧʦʤʝʱʘʣʦʩʴ ʚ ʧʣʘʩʪʠʢʦʚʫʶ ʨʘʤʢʫ ʩ ʧʨʦʚʦʜʷʱʠʤʠ ʢʦʥʪʘʢʪʘʤʠ.   

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʋʅʊ/MnxOy ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ). ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʩʦʙʦʡ ʪʨʝʭʵʣʝʢʪʨʦʜʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʦʙʨʘʙʦʪʘʥʥʦʝ ʚʦʣʦʢʥʦ ʠʟ ʆʋʅʊ, ʧʣʘʪʠʥʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠ 

Ag/AgCl ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ. ʄʝʪʦʜʦʤ ʎɺɸ ʚ ʩʨʝʜʝ 0,1ʄ KCl, ʧʨʠ pH = 10,585 ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ -0,2ɺ ʜʦ +0,6ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʸʨʪʢʠ 20 ʤɺ/ʩ ʥʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʠ 

ʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʛʦ ʦʙ ʦʩʘʞʜʝʥʠʠ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʥʘ 

ʠʟ ʆʋʅʊ. ʅʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʣʦʢʥʦ ʠʟ ʆʋʅʊ, ʧʦʜʢʣʶʯʝʥʥʦʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ 

ʵʣʝʢʪʨʦʜʘ, ʨʘʙʦʪʘʣʦ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʦ.  ɿʘʪʝʤ, ʥʘ ʵʪʦ ʞʝ ʚʦʣʦʢʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʠʟ ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʚ: 50 ʤʣ 1ʄ MnSO4; 100 ʤʣ 1ʄ NaSO4 ʠ 
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1ʄ CH3COONH4 (ʦʙʘ ʨʘʩʪʚʦʨʘ ʛʦʪʦʚʷʪʩʷ ʦʪʜʝʣʴʥʦ ʠ ʧʦʩʣʝ ʩʤʝʰʠʚʘʶʪʩʷ). ʆʩʘʞʜʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʭʨʦʥʦʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʧʦʪʝʥʮʠʦʩʪʘʪʝ PARSTAT PMC-2000A 

ʧʨʠ +0,6ɺ ʚ ʪʝʯʝʥʠʠ 60 ʩʝʢ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʎɺɸ. ʂʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʣʩʷ ʧʦ 5 ʮʠʢʣʦʚ ʧʨʠ 

ʫʩʣʦʚʠʷʭ: ʦʪ -0,2ɺ ʜʦ +0,6ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl) ʩ ʨʘʟʚʸʨʪʢʦʡ 20 ʤɺ/ʩ. 

ɺ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʠ ʨʦʩʪ ʢʘʪʦʜʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ 

ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 50-200 ʤɺ ʠ ʩʫʤʤʳ ʘʥʦʜʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ï ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʙʦʣʝʝ 300 

ʤɺ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ. 

ʇʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ),  

(ʨʠʩ. 2 (ʘ), (ʙ)) ʚʠʜʥʦ, ʯʪʦ ʆʋʅʊ ʚ ʚʦʣʦʢʥʝ ʧʦʢʨʳʪʳ ʧʣʦʪʥʳʤ ʩʣʦʝʤ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʠ ʠʤʝʶʪ 

ʚʠʜ ʭʣʦʧʴʝʚ. 

 

  
˾͙ͫͯͤͦ͟ м ό͊ύΣ ό͋ύΦ ˽̏˸-͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ Ή͔͔͎ͭͪͦͦͫ͊͗͒ͤͤͦͦ͟͡ ͙ͦͫ͒͊͟ ͎ͣ͊ͪ͊ͤͼ͊ ͤ͊ ˻̂˹́ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʆʋʅʊ. ʇʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ [9]. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʧʨʦʝʢʪ ˉ FZSR-2020-0007 ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 075-03-2020-097/1) 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʧʨʦʚʝʜʝʥʦ ʣʝʛʠʨʦʚʘʥʠʝ ʠʦʥʦʚ ʄʝʜʠ ʚ ʦʙʲʸʤ ʢʨʠʩʪʘʣʣʘ 

ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʩʤʦʛʣʠ ʜʦʩʪʠʯʴ ʪʦʣʱʠʥʳ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 

ʚ 8 ʤʠʢʨʦʤʝʪʨʦʚ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. 

 

ʂʨʠʩʪʘʣʣʳ LiNbO3 ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (ʦʪ ʋʌ ʜʦ ʀʂ). ɺ ʵʪʦʤ ʩʤʳʩʣʝ 

ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʪʦʥʠʢʝ ʦʯʝʥʴ ʚʳʩʦʢʦ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʄʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ LiNbO3 

ʧʦʛʨʫʞʘʶʪ ʚ ʞʠʜʢʠʡ ʢʠʩʣʦʪʥʳʡ ʵʣʝʢʪʨʦʣʠʪ. ʊʘʢʠʤ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʪʦʥʦʚ ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʣʘʙʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʠʤʝʶʱʠʝ ʥʠʟʢʫʶ 

ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʪʦʢʩʠʯʥʦʩʪʴ. ɺʳʜʝʨʞʢʘ ʚ ʨʘʩʧʣʘʚʘʭ ʵʪʠʭ ʢʠʩʣʦʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 160é300 ʉ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ ʠʦʥʦʚ Li
+
 ʠʦʥʘʤʠ H

+
 ʠ ʜʠʬʬʫʟʠʠ ʅ

+
 ʚ ʦʙʲʝʤ ʢʨʠʩʪʘʣʣʘ, ʜʘʣʝʝ çʧʦ 

ʩʣʝʜʘʤ ʅ
+
è ʚ ʢʨʠʩʪʘʣʣ ʧʨʦʥʠʢʘʶʪ ʠʦʥʳ ʤʝʜʠ. ʇʨʦʮʝʩʩ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʦʩʦʙʝʥʥʦ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. [1] ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʳ ʚʳʙʨʘʣʠ ʧʦʣʫʯʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʣʦʸʚ ʚ ʢʨʠʩʪʘʣʣʘʭ LiNbO3 ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ, ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʩʪʠʥʳ LiNbO3 ʩ ʧʨʠʤʝʩʴʶ ʤʘʛʥʠʷ, Z-ʩʨʝʟʘ 

ʢʨʠʩʪʘʣʣʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʀʦʥʥʳʡ ʦʙʤʝʥ ʚʳʧʦʣʥʷʣʩʷ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ 

ʨʘʟʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʠ ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʜʠ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʦʣʱʠʥʝ ʩʣʦʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʨʠʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ.   

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʤʳ ʧʨʦʚʝʣʠ ʣʝʛʠʨʦʚʘʥʠʝ ʚ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʝ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ ʠ ʩʧʫʩʪʷ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ, ʠʩʩʣʝʜʦʚʘʣʠ 

ʦʙʨʘʟʮʳ. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ, ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʢʨʠʩʪʘʣʣ ʥʘʭʦʜʠʪʩʷ ʚ ʩʣʝʛʢʘ 

ʥʘʧʨʷʞʝʥʥʦʡ Ŭ-ʬʘʟʝ ʠ ʪʦʣʱʠʥʘ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5 ʤʠʢʨʦʥ.  ɼʣʷ ʥʘʩ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʢʘʟʘʣʩʷ ʩʣʠʰʢʦʤ çʤʷʛʢʠʡè ʠ ʥʝ ʧʦʟʚʦʣʠʣ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ ʩʣʦʷ, 

ʧʦʵʪʦʤʫ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʤʳ ʫʚʝʣʠʯʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ. ʊʘʢʞʝ ʧʦʜʦʙʨʘʣʠ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʵʣʝʢʪʨʦʣʠʪ - ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ, ʦʥʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʞʠʤ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʩʣʦʡ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʜʠ ʠ ʚʦʜʦʨʦʜʘ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʤʳ ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ. ʊʦʣʱʠʥʘ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 

ʩʦʩʪʘʚʠʣʘ 8 ʤʠʢʨʦʥ, ʘ ʢʨʠʩʪʘʣʣ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʩʪʠʛ ɓ2-ʬʘʟʳ.  
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ʈʠʩʫʥʦʢ 1. ʀʂ-ʧʨʦʧʫʩʢʘʥʠʷ 

 

ɺ ʯʠʩʪʳʭ ʢʨʠʩʪʘʣʣʘʭ LiNbO3, ʙʝʟ ʧʨʠʤʝʩʝʡ, ʧʠʢ OH ʛʨʫʧʧʳ ʧʨʠʭʦʜʠʪʩʷ, ʥʘ 3480, ʥʦ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʩ ʧʨʠʤʝʩʴʶ ʤʘʛʥʠʷ ʵʪʦʪ ʧʠʢ ʩʜʚʠʛʘʝʪʩʷ ʥʘ 3535, ʵʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʩʧʝʢʪʨʝ 

Abs_LN_MG. ʇʨʠ ʦʙʨʘʙʦʪʢʝ, ʅ
+
 ʣʝʛʠʨʫʝʪ ʚ ʢʨʠʩʪʘʣʣ ʠ ʧʠʢ ʧʦʷʚʣʷʝʪʩʷ ʚ çʨʦʜʥʦʤ ʤʝʩʪʝè 

(3480), ʯʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʩʧʝʢʪʨʝ abs_Z-LN_MG_SA.  ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʝ, ʅ
+
 ʣʝʛʠʨʦʚʘʣʦ ʦʯʝʥʴ ʤʥʦʛʦ, ʧʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠ ʦʙʨʘʟʦʚʘʣʠ ʝʜʠʥʳʡ ʧʠʢ ʆʅ 

ʛʨʫʧʧʳ, abs_Z-LN_MG_BA. ʇʦ ʦʜʥʦʤʫ ʜʘʥʥʦʤʫ ʛʨʘʬʠʢʫ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ 

ʭʦʨʦʰʦ çʟʘʰʸʣè ʚʦʜʦʨʦʜ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʝʜʴ ʧʨʠ ʚʪʦʨʦʡ ʦʙʨʘʙʦʪʢʝ.  

 
ʈʠʩʫʥʦʢ 2. ʀʂ-ʦʪʨʘʞʝʥʠʷ 20 ʛʨʘʜʫʩʦʚ 

 

ɹʣʘʛʦʜʘʨʷ ʀʂ-ʦʪʨʘʞʝʥʠʶ ʤʳ ʤʦʞʝʤ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣ Z-LN_MG_BA_20deg 

ʥʘʭʦʜʠʪʩʷ ʚ ɓ-2 ʬʘʟʝ, ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ çʧʣʝʯʦè 800-850, ʪʘʢʞʝ ʵʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʦʜʦʨʦʜʘ ʟʘʰʣʦ ʤʥʦʛʦ, ʘ ʚʦʪ ʢʨʠʩʪʘʣʣ Z-LN_MG_SA_20deg ʥʘʭʦʜʠʪʩʷ ʚ Ŭ-

ʬʘʟʝ. 
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ʈʠʩʫʥʦʢ 3. ʀʂ-ʦʪʨʘʞʝʥʠʷ 20 ʛʨʘʜʫʩʦʚ. ʃʠʙʨʘʮʠʦʥʥʘʷ ʤʦʜʘ 

 

ɽʩʪʴ ʪʝʦʨʠʷ ʦ ʪʦʤ, ʯʪʦ ʧʠʢ ʥʘ 950 ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʣʠʙʨʘʮʠʦʥʥʦʡ ʤʦʜʦʡ, ʥʦ ʵʪʫ 

ʢʦʤʧʦʥʝʥʪʫ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʚ ʩʠʣʴʥʦ ʥʘʚʦʜʦʨʦʞʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʥʘ ʩʚʷʟʘʥʘ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʆʅ ʛʨʫʧʧ. ʅʘ 4436 (ʨʠʩ ʚʳʰʝ) ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʦʩʪʘʚʥʦʡ 

ʪʦʥ. ɽʩʣʠ ʦʩʥʦʚʥʦʡ ʧʠʢ ʆʅ ʛʨʫʧʧʳ ʩʣʦʞʠʪʴ ʩ ʣʠʙʨʘʮʠʦʥʥʦʡ ʤʦʜʦʡ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʵʪʦʪ 

ʩʦʩʪʘʚʥʦʡ ʪʦʥ (3469+950=4436). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʘ ʪʝʦʨʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ. [2] 

 
ʈʠʩʫʥʦʢ 4. UV_Vis ʩʧʝʢʪʨ 

 

ɺ ʜʘʥʥʳʭ ʩʧʝʢʪʨʘʭ ʩʜʚʠʛ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʮʝʥʪʨʘʭ Cu
+
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʛʦʚʦʨʷʪ ʦʙ ʦʛʨʦʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʚ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʷʭ ʦʙʨʘʟʮʘ Z-LN_MG_BA. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʷʤʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʣʦʸʚ ʚ ʢʨʠʩʪʘʣʣʘʭ LiNbO3 ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ, ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ʇʨʦʚʝʜʷ 2 ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘ ʣʝʛʠʨʦʚʘʥʠʷ, ʤʳ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ 

ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʙʨʘʟʮʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʪʦʜʫ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʦʙʨʘʟʮʳ ʩ 

ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʄʝʜʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ.  
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ. ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʉʝʚʦʩʪʴʷʥʦʚ ʆ.ɻ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
372.853 

ʊɽʍʅʆʃʆɻʀʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʅʆɺʆʄɽɼʀʁʅʓʍ ɺʀɿʋɸʃʔʅʓʍ 

ʂʆʄʄʋʅʀʂɸʎʀʁ ɺ ʀɿʋʏɽʅʀʀ ʊɽʄʓ çʀʅʊɽʈʌɽʈɽʅʎʀʗ ʉɺɽʊɸè 

ʃʳʤʘʨʴ ɽ.ɸ. 

ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

el.lymar3107@gmail.com 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʤʝʜʠʡʥʳʭ ʚʠʟʫʘʣʴʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʠʟʫʯʝʥʠʠ ʪʝʤʳ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʙʝʩʧʣʘʪʥʳʝ ʦʥʣʘʡʥ ʩʝʨʚʠʩʳ Miro, Mindomo, Trello. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʦʥʣʘʡʥ ʩʝʨʚʠʩʘʭ Miro ʠ Trello.   ɺ ʦʥʣʘʡʥ ʩʝʨʚʠʩʝ 

Mindomo ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʢʘʨʪʘ ʧʦ ʪʝʤʝ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè. ɺ 

ʧʨʠʣʦʞʝʥʠʠ Microsoft PowerPoint ʈʘʟʨʘʙʦʪʘʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦ ʪʝʤʝ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘ 

ʚ ʙʠʧʨʠʟʤʝ ʌʨʝʥʝʣʷè. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʦʛʨʦʤʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʥʝʩʣʘ 

ʥʦʚʦʤʝʜʠʡʥʘʷ ʩʨʝʜʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ʅʦʚʳʝ ʤʝʜʠʘ ï ʵʪʦ ʘʢʪʠʚʥʳʝ ʫʯʘʩʪʥʠʢʠ ʧʨʦʮʝʩʩʦʚ ʛʝʥʝʨʘʮʠʠ ʠ ʜʚʠʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʩʪʚʘ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʷʚʣʷʝʪʩʷ ʚʩʸ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ 

ʧʘʩʩʠʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʛʦʪʦʚʳʭ ʤʝʜʠʘ-ʩʦʦʙʱʝʥʠʡ. ʆʥʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʷʪ 

ʧʦʣʥʦʮʝʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ, ʦʩʚʘʠʚʘʷ ʠ ʨʝʪʨʘʥʩʣʠʨʫʷ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

[1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʬʝʥʦʤʝʥ ʢʣʠʧʦʚʦʛʦ ʤʳʰʣʝʥʠʷ, ʥʦʚʦʤʫ ʧʦʢʦʣʝʥʠʶ ʚʩʸ 

ʩʣʦʞʥʝʝ ʨʘʙʦʪʘʪʴ ʩ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩ 

ʚʦʩʧʨʠʷʪʠʝʤ ʠ ʟʘʧʦʤʠʥʘʥʠʝʤ. ʕʪʦʪ ʬʘʢʪ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʝʥʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ.  

ʅʦʚʳʝ ʩʧʦʩʦʙʳ ʨʘʟʤʝʱʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʠʨʫʶʪ ʥʦʚʦʤʝʜʠʡʥʫʶ ʩʨʝʜʫ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ, ʢʦʤʤʝʥʪʠʨʦʚʘʪʴ, 

ʧʫʙʣʠʢʦʚʘʪʴ, ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. 

ʅʦʚʦʤʝʜʠʡʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ï ɻ ʪʦ ʩʨʝʜʩʪʚʦ ʦʙʱʝʥʠʷ ʣʶʜʝʡ ʩ ʧʦʤʦʱʴʶ 

ʚʠʟʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʤʝʜʠʡʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʪʨʦʠʪʩʷ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʝʜʠʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʦʥʣʘʡʥ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʊʘʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ ʦʥʣʘʡʥ ʩʝʨʚʠʩʦʚ: Trello, Miro ʠ 

Mindomo. ɼʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʨʚʠʩʳ: 

YouTube, Google ʜʠʩʢ, Imgbb. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʩʧʣʘʪʥʳʝ 

ʦʥʣʘʡʥ ʩʝʨʚʠʩʳ Trello ʠ Miro. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Trello ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʚʝ ʜʦʩʢʠ - ʜʦʩʢʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ 

ʩʪʫʜʝʥʪʘ (ʨʠʩ.1). 

ɼʦʩʢʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʩʦʜʝʨʞʠʪ ʨʘʟʜʝʣʳ: ʨʘʙʦʪʘ ʩ ʪʝʦʨʠʝʡ, ʛʨʫʧʧʦʚʘʷ ʨʘʙʦʪʘ ʚ Mindomo, 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʚʳʧʦʣʥʝʥʦ, ʪʝʩʪʳ, ʧʨʦʚʝʨʢʘ. 

- ʈʘʙʦʪʘ ʩ ʪʝʦʨʠʝʡ ʩʦʜʝʨʞʠʪ ʩʩʳʣʢʠ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʢʦʤʤʝʥʪʘʨʠʠ ʢ 

ʥʠʤ. 
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- ɻʨʫʧʧʦʚʘʷ ʨʘʙʦʪʘ ʚ Mindomo - ʩʪʫʜʝʥʪʳ, ʠʩʧʦʣʴʟʫʷ ʤʘʢʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ ʢʘʨʪʳ ʩ 

ʦʩʥʦʚʥʳʤʠ   ʨʘʟʜʝʣʘʤʠ, ʜʦʣʞʥʳ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʪʝʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʘʜʘʥʠʷ. 

ɼʦʩʢʘ ʩʪʫʜʝʥʪʘ ʩʦʜʝʨʞʠʪ ʨʘʟʜʝʣʳ: ʦʙʱʠʝ ʟʘʜʘʯʠ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʚ ʨʘʙʦʪʝ, 

ʚʳʧʦʣʥʝʥʦ, ʧʨʦʚʝʨʝʥʦ. ʉʪʫʜʝʥʪ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʦʩʪʦʷʪ ʚ ʦʜʥʦʡ ʢʦʤʘʥʜʝ, ʧʦʵʪʦʤʫ ʠʤʝʶʪ 

ʜʦʩʪʫʧ ʢ ʜʦʩʢʘʤ ʜʨʫʛ ʜʨʫʛʘ: 

- ʉʪʫʜʝʥʪ ʬʦʨʤʠʨʫʝʪ ʩʚʦʶ ʜʦʩʢʫ, ʢʦʧʠʨʫʶ ʥʘ ʩʚʦʶ ʜʦʩʢʫ ʧʦ ʟʘʜʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 
ʢʘʨʪʦʯʢʠ ʩ ʟʘʜʘʯʘʤʠ; 

- ɼʘʣʝʝ, ʧʦ ʤʝʨʝ ʚʳʧʦʣʥʝʥʠʷ, ʫʯʘʱʠʡʩʷ ʧʝʨʝʤʝʱʘʝʪ ʢʘʨʪʦʯʢʠ ʩ ʟʘʜʘʯʘʤʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʜʝʣʳ ʠ ʥʘ ʧʨʦʚʝʨʢʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 

 

  
ʈʠʩʫʥʦʢ 5. ɼʦʩʢʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʂʘʨʪʘ-ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦ ʪʝʤʝ "ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘ" 

 

ɺ ʜʘʥʥʦʤ ʨʝʩʫʨʩʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʚ ʢʘʨʪʦʯʢʠ ʩ ʟʘʜʘʯʘʤʠ ʢʦʤʤʝʥʪʘʨʠʝʚ, 

ʥʘʟʥʘʯʝʥʠʝ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ, ʧʨʠʛʣʘʰʝʥʠʝ ʚ ʢʦʤʘʥʜʫ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʜʦʙʘʚʣʝʥʠʷ ʩʩʳʣʦʢ ʥʘ ʣʶʙʳʝ ʦʥʣʘʡʥ ʨʝʩʫʨʩʳ.  

Mindomo ï ʵʪʦ ʩʝʨʚʠʩ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʘʨʪ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʢʘʨʪʳ ï 

ʵʪʦ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʨʘʜʠʘʥʪʥʦʛʦ (ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʙʨʘʟʘ ʧʦ ʨʘʜʠʫʩʫ) 

ʤʳʰʣʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʢʘʨʪʳ-ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦ ʪʝʤʝ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè.  

ɺ ʢʘʨʪʝ ʧʦʢʘʟʘʥʦ ʢʘʢ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʩʚʷʟʠ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʜʘʥʥʦʡ ʪʝʤʳ.  

ʈʠʩʫʥʢʠ ʠ ʚʠʜʝʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʨʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ YouTube ʠ 

ʭʦʩʪʠʥʛʝ ʢʘʨʪʠʥʦʢ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʩʩʳʣʦʢ ʥʘ Google ʜʠʩʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʘʨʪ ʧʦʟʚʦʣʷʝʪ, ʚʳʩʪʨʘʠʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʩʚʷʟʠ, ʧʨʦʨʘʙʦʪʘʪʴ ʠʟʫʯʘʝʤʫʶ ʪʝʤʫ ʚʦ ʚʩʝʭ 

ʜʝʪʘʣʷʭ ʠ ʧʦʜʨʦʙʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʦʙʫʯʘʝʤʦʛʦ ʧʦʣʥʦʝ ʠ ʮʝʣʦʩʪʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʠʟʫʯʘʝʤʦʡ ʪʝʤʳ [2].  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʝ Trello ʷʚʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ Miro. Miro ï ʵʪʦ ʨʦʩʩʠʡʩʢʠʡ ʩʪʘʨʪʘʧ ʠʟ ʇʝʨʤʠ. 

ʇʣʘʪʬʦʨʤʘ Miro ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠ ʥʘʩʳʱʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ.  

ɽʩʣʠ ʚ Trello ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʜʦʩʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʦʜʥʦʪʠʧʥʳʭ ʙʣʦʢʦʚ-ʨʘʟʜʝʣʦʚ ʩ 

ʥʘʙʦʨʦʤ ʢʘʨʪʦʯʝʢ, ʪʦ Miro ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʢʦʥʝʯʥʦʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʷʪʴ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʠʟʘʡʥʝʨʩʢʠʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʷʭ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ Miro ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʝʡ ʤʦʞʥʦ ʢʘʢ 

ʩʦʟʜʘʪʴ ʘʥʘʣʦʛ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʦʩʢʠ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʝʢʪʥʫʶ ʠ ʢʦʤʘʥʜʥʫʶ ʨʘʙʦʪʫ, 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʫʩʪʨʦʠʪʴ ʤʦʟʛʦʚʦʡ ʰʪʫʨʤ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘ ʧʣʘʪʬʦʨʤʝ Miro ʝʜʠʥʦʝ ʠʥʪʝʨʘʢʪʠʚʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦ ʪʝʤʝ çʠʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè (ʨʠʩ. 2).  
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ʈʠʩʫʥʦʢ 6. ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺʠʟʫʘʣʠʟʘʮʠʷ "ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʚ 

ʙʠʧʨʠʟʤʝ ʌʨʝʥʝʣʷ" 

 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʥʪʝʥʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʬʨʝʡʤʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʬʦʨʤʘʪʝ 

ʧʨʦʩʪʳʭ ʠ ʦʟʚʫʯʝʥʥʳʭ ʚʠʜʝʦ. ɺʠʜʝʦʬʘʡʣʳ ʟʘʛʨʫʞʘʶʪʩʷ ʥʘ ʜʦʩʢʫ ʩ YouTube-ʢʘʥʘʣʘ. 

ʋʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʙʣʦʢʘ: ʪʝʦʨʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ɹʣʦʢʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʩʳʣʢʘʤʠ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʫ ʦʙʫʯʘʶʱʝʛʦʩʷ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ, ʦʩʪʘʚʘʷʩʴ ʚʥʫʪʨʠ 

ʜʘʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.   

ʈʘʙʦʪʘʪʴ ʥʘ ʜʦʩʢʝ ʤʦʞʥʦ ʢʘʢ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ʧʨʝʟʝʥʪʘʮʠʠ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʩ 

ʦʙʫʯʘʶʱʠʤʠʩʷ. ɺ ʙʣʦʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʬʦʨʤʳ ʩ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʟʘʜʘʥʠʷʤʠ: ʩ ʫʢʘʟʘʥʠʝʤ ʩʘʤʦʛʦ ʟʘʜʘʥʠʷ, ʩʨʦʢʦʚ 

ʚʳʧʦʣʥʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʢʨʝʧʣʷʪʴ ʚʳʧʦʣʥʝʥʥʳʝ ʟʘʜʘʥʠʷ. 

ɺ ʙʣʦʢʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʤʝʱʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʥʦʡ ʥʘ ʧʣʘʪʬʦʨʤʝ Google Form 

ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʩʪʳ ʩʦʜʝʨʞʘʪ ʚʦʧʨʦʩʳ ʧʦ ʟʘʜʘʯʘʤ, ʨʝʰʝʥʥʳʤ ʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ. ɺʩʝ ʪʝʩʪʳ ʷʚʣʷʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. ʆʮʝʥʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʧʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ Google Form ʚ 

ʘʢʢʘʫʥʪʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  

ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʩʢʠ Miro ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʪʘʚʣʷʪʴ 

ʢʦʤʤʝʥʪʘʨʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʦʩʢʝ ʚʦ ʚʨʝʤʷ ʫʯʝʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʷʚʣʝʥʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ ʚ ʙʠʧʨʠʟʤʝ ʌʨʝʥʝʣʷ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠʣʦʞʝʥʠʝ PowerPoint (ʨʠʩ. 2). 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʥʘʙʣʶʜʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʚʦʣʥ.  

ɹʠʧʨʠʟʤʘ ʌʨʝʥʝʣʷ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʚʦʣʥ ʤʝʪʦʜʦʤ 

ʜʝʣʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ. 

ɺ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚ ʙʠʧʨʠʟʤʝ ʌʨʝʥʝʣʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʙʠʧʨʠʟʤʳ ï ʵʪʦ ʜʚʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʧʨʠʟʤʳ, ʩʢʣʝʝʥʥʳʝ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʛʨʘʥʝʡ ʠ ʠʤʝʶʱʠʝ ʦʯʝʥʴ ʤʘʣʳʡ ʧʨʝʣʦʤʣʷʶʱʠʡ ʫʛʦʣ. 

ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʚʦʣʥ ʚ ʙʠʧʨʠʟʤʝ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʝʣʦʤʣʝʥʠʷ ʩʝʪʘ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘ 

ʩʯʝʪ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʜʦʣʞʝʥʠʷ ʧʨʝʣʦʤʣʝʥʥʳʭ ʣʫʯʝʡ ʜʚʫʭ ʤʥʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘʙʣʶʜʘʪʝʣʶ 

ʙʫʜʝʪ ʢʘʟʘʪʴʩʷ, ʯʪʦ ʜʚʝ ʩʚʝʪʦʚʳʝ ʚʦʣʥʳ ʠʜʫʪ ʯʝʨʝʟ ʧʨʠʟʤʫ ʠʤʝʥʥʦ ʠʟ ʵʪʠʭ ʜʚʫʭ ʤʥʠʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʙʠʧʨʠʟʤʦʡ ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʥʘʢʣʘʜʳʚʘʶʱʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʢʦʛʝʨʝʥʪʥʳʝ ʚʦʣʥʳ ʠ ʥʘ ʵʢʨʘʥʝ ʦʙʨʘʟʫʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ [3]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʤʝʜʠʡʥʳʭ ʚʠʟʫʘʣʴʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʢʦʤʧʣʝʢʩʥʦ ʨʝʰʘʶʪ ʟʘʜʘʯʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʠʟʫʘʣʴʥʳʝ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ ʧʨʦʨʘʙʦʪʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʢʘʨʪʳ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʜʦʩʢʠ ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʠʟʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʨʘʙʦʪʫ ʚ ʛʨʫʧʧʘʭ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 

ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʢʘʨʪʳ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʜʦʩʢʠ ʧʦʣʥʦʩʪʴʶ 
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ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʦʙʝʥʥʦ ʧʨʦʜʫʢʪʠʚʥʳ ʠ ʧʦʣʝʟʥʳ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
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ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ/ ɺʦʨʦʙʴʝʚʘ ɺ.ʄ.- ʄ:ɻɹʆʋ çʊʝʤʦʎʝʥʪʨè,2013. 

3. ʃʘʥʜʩʙʝʨʛ ɻ. ʉ. ʆʧʪʠʢʘ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ: ʜʣʷ ʚʫʟʦʚ, 6-ʝ ʠʟʜ., ʄ.: ʌʠʟʤʘʪʣʠʪ, 2010. 848 ʩ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ɾʫʨʘʚʣʝʚ ʖ.ʅ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚ-ʩʢʠʡ 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʩʪʦʨʠʠ ʠ ʨʘʟʚʠʪʠʷ ʚʥʝʫʨʦʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʈʦʩʩʠʠ, ʧʦʢʘʟʘʥʘ ʚʘʞʥʦʩʪʴ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʧʝʜʝʚʪʠʯʝʩʢʠʡ ʢʫʨʩ çʌʠʟʋʤè ʧʦ ʬʠʟʠʢʝ ʜʣʷ 6 ʢʣʘʩʩʘ. ʂʫʨʩ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʥʘʙʣʶʜʝʥʠʷ, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʬʠʟʠʢʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʥʝʫʨʦʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʌɻʆʉ, ʧʨʦʧʝʜʝʚʪʠʢʘ, ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ. 

 

ɺ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʩʪʘʥʜʘʨʪʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʷʚʣʷʶʱʘʷʩʷ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ çʉʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʷʤ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ, ʦʪʜʳʭʘ ʠ 

ʦʟʜʦʨʦʚʣʝʥʠʷ ʜʝʪʝʡ ʠ ʤʦʣʦʜʝʞʠè (ʉʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʘʪʠʚʳ ʉʘʥʇʠʅ 

2.4.3648-20), ʚ ʢʦʪʦʨʦʤ ʧʨʦʧʠʩʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʥʝʫʨʦʯʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10 ʯʘʩʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʧʝʜʝʚʪʠʯʝʩʢʠʡ ʢʫʨʩ ʧʦ ʬʠʟʠʢʝ 

ʧʨʦʚʦʜʠʪʩʷ ʦʜʠʥ ʨʘʟ ʚ ʥʝʜʝʣʶ, ʠ ʩʦʟʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ ʪʘʢʠʝ ʟʘʜʘʯʠ ʢʘʢ: 

ʜʘʣʴʥʝʡʰʝʝ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʰʢʦʣʴʥʠʢʦʚ ʚ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ; ʫʙʝʞʜʝʥʥʦʩʪʴ ʚ ʪʦ, ʯʪʦ ʤʠʨ 

ʚʦʢʨʫʛ ʥʘʩ ʧʦʟʥʘʚʘʝʤ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʠʨʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ; ʚʦʩʧʠʪʘʥʠʝ ʧʨʝʜʧʨʠʠʤʯʠʚʦʛʦ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ, 

ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ ʥʘ 

ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ. ʇʨʦʧʝʜʝʚʪʠʯʝʩʢʠʡ ʢʫʨʩ çʌʠʟʋʤè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʦʙʱʝʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʀʩʪʦʨʠʷ ʠ ʨʘʟʚʠʪʠʝ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʈʦʩʩʠʠ 

ɺʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʈʦʩʩʠʠ ʟʘʨʦʜʠʣʘʩʴ ʚ 18 ʚʝʢʝ ʥʘ ʙʘʟʝ ʐʣʷʭʝʪʩʢʦʛʦ ʢʘʜʝʪʩʢʦʛʦ 

ʢʦʨʧʫʩʘ ʇʝʪʝʨʙʫʨʛʘ. ɼʦʨʝʚʦʣʶʮʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ, ʨʘʟʚʠʚʘʣʠʩʴ ʠ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʣʠʩʴ ʢ ʩʣʦʞʥʳʤ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʈʦʩʩʠʡʩʢʦʡ 

ʠʤʧʝʨʠʠ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʜʦʨʝʚʦʣʶʮʠʦʥʥʦʡ ʈʦʩʩʠʠ ʙʳʣ ʙʦʣʴʰʦʡ ʩʦʮʠʘʣʴʥʳʡ ʩʣʦʡ 

ʥʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʚʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʩʰʠʨʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚʥʝʰʢʦʣʴʥʦʛʦ 

https://docplayer.com/218921854-Novomediynye-vizualnye-kommunikacii-kak-komponent-realizacii-proektnoy-deyatelnosti-studentov.html
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ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʠ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ çʢʫʣʴʪʫʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘè. ʂʫʣʴʪʫʨʥʦ-

ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ: ʥʘʨʦʜʥʳʝ 

ʯʪʝʥʠʷ ʠ ʧʫʙʣʠʯʥʳʝ ʣʝʢʮʠʠ, ʚʳʩʪʘʚʢʠ, ʵʢʩʢʫʨʩʠʠ, ʥʘʨʦʜʥʳʝ ʪʝʘʪʨʳ ʠ ʢʦʥʮʝʨʪʳ, ʩʧʝʢʪʘʢʣʠ, 

ʥʘʨʦʜʥʳʝ ʛʫʣʷʥʠʷ [1]. 

ɺ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʪʦ ʚʦʟʥʠʢʘʣʘ, ʪʦ ʧʨʦʧʘʜʘʣʘ. ɸ.ʉ. ʄʘʢʘʨʝʥʢʦ 

ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ çʯʝʣʦʚʝʢ ʥʝ 

ʚʦʩʧʠʪʳʚʘʝʪʩʷ ʧʦ ʯʘʩʪʷʤè. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʚʥʝʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ 20-ʭ 

ʛʦʜʦʚ 20 ʚʝʢʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʩʪʘʜʠʠ ʧʦʠʩʢʘ ʠ ʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʫʞʝ ʚ 30-ʝ ʛʦʜʳ ʦʥʘ ʧʦʣʫʯʠʣʘ ʩʚʦʝ 

ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʢʘʢ ʩʠʩʪʝʤʘ ʚʥʝʰʢʦʣʴʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʚʥʝʰʢʦʣʴʥʦʡ ʨʘʙʦʪʳ. 

ʅʘʠʚʳʩʰʠʡ ʧʠʢ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʚʥʝʰʢʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʚʥʝʰʢʦʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ 

ʧʨʠʦʙʨʝʣʠ ʚ 70-80 ʛʛ. 20 ʚʝʢʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʙʳʣʠ ʥʘʟʥʘʯʝʥʳ ʛʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʩʦʜʝʨʞʘʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʬʦʨʤʠʨʦʚʘʥʘ ʫʥʠʢʘʣʴʥʘʷ, ʥʝ ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʦʚ ʚ ʤʠʨʝ ʩʠʩʪʝʤʘ 

ʨʘʙʦʪʳ ʩ ʜʝʪʴʤʠ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʫ, ʷʩʥʦ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʠ ʬʦʨʤʳ 

ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ [2]. 

ɺ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʩʪʘʥʜʘʨʪʝ 2021 ʛ. ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʷʚʣʷʶʱʘʷʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʌɻʆʉ).  

ʉʘʤʘ ʧʦ ʩʝʙʝ ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʠ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʧʨʝʜʤʝʪʘʤ 

ʠ ʢʫʨʩʘʤ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʙʫʜʫʱʝʤ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʯʘʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʘʮʝʣʝʥʥʫʶ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʦʣʥʦʮʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 7 ʢʣʘʩʩʘ, ʪʦ ʜʝʪʠ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚ ʧʦʥʠʤʘʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʦʵʪʦʤʫ, ʟʥʘʢʦʤʩʪʚʦ ʜʝʪʝʡ ʩ ʬʠʟʠʢʦʡ ʥʘ ʙʦʣʝʝ ʨʘʥʥʝʡ ʩʪʫʧʝʥʠ ʦʙʫʯʝʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ. ɺ ʩʠʣʫ 

ʚʦʟʨʘʩʪʘ, ʟʥʘʢʦʤʩʪʚʦ ʜʝʪʝʡ ʩ ʬʠʟʠʢʦʡ ʧʨʦʭʦʜʠʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ʇʨʦʧʝʜʝʚʪʠʢʘ ï 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ, ʚʚʦʜʥʳʡ ʢʫʨʩ ʚ ʢʘʢʫʶ-ʣʠʙʦ ʥʘʫʢʫ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʣʦʞʝʥʥʳʡ ʚ ʩʞʘʪʦʡ 

ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʦʨʤʝ [3]. ʇʨʦʧʝʜʝʚʪʠʢʘ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ 

ʦʙʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʫ ʨʝʙʝʥʢʘ ʬʦʨʤʠʨʫʶʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ ʠ ʠʟʫʯʝʥʠʝ 

ʧʨʝʜʤʝʪʘ ʚ ʜʘʣʴʥʝʡʰʠʤ ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʨʝʙʝʥʢʘ ʯʝʤ-ʪʦ ʩʣʦʞʥʳʤ.  ʊʘʢʞʝ ʧʨʦʧʝʜʝʚʪʠʯʝʩʢʠʡ 

ʢʫʨʩ ʤʦʞʝʪ ʧʦʤʦʯʴ ʫʙʝʨʝʯʴ ʨʝʙʝʥʢʘ ʦʪ ʥʝʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪ.ʢ. ʫ ʨʝʙʝʥʢʘ ʤʦʞʝʪ 

ʩʣʦʞʠʪʴʩʷ ʣʦʞʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ ʠʣʠ ʠʥʦʤ ʧʨʝʜʤʝʪʝ, ʧʨʦʮʝʩʩʝ ʠ ʪ.ʜ. ʥʘ ʦʩʥʦʚʝ 

ʫʚʠʜʝʥʥʦʛʦ ʠʟ ʀʥʪʝʨʥʝʪʘ ʠ ʩʦʮ. ʩʝʪʝʡ. 

ʆʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤ ʦʧʳʪʦʤ ʠ ʥʦʚʝʡʰʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʧʝʜʝʚʪʠʯʝʩʢʠʡ ʢʫʨʩ çʌʠʟʋʤè ʧʦ ʬʠʟʠʢʝ ʜʣʷ 6 ʢʣʘʩʩʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʧʝʜʝʚʪʠʯʝʩʢʠʡ ʢʫʨʩ çʌʠʟʋʤè ʧʦ ʬʠʟʠʢʝ ʜʣʷ 6 ʢʣʘʩʩʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ 4 ʨʘʟʜʝʣʘ ʥʘ 4 ʯʝʪʚʝʨʪʠ, 35 ʯʘʩʦʚ ʥʘ ʫʯʝʙʥʳʡ ʛʦʜ. 

ʇʨʠʤʝʨ ʥʘ ʧʝʨʚʫʶ ʯʝʪʚʝʨʪʴ: 

¶ ʇʦʟʥʘʚʘʝʤ ʣʠ ʤʠʨ? (2 ʯʘʩʘ). ɼʝʤʦʥʩʪʨʘʮʠʠ: ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, ʟʚʫʢʦʚʳʝ ʠ ʩʚʝʪʦʚʳʝ ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ; ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ: 

ʣʠʥʝʡʢʘ, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʣʝʥʪʘ, ʚʝʩʳ, ʪʝʨʤʦʤʝʪʨ, ʤʝʥʟʫʨʢʘ; ʬʠʟʠʯʝʩʢʠʝ ʪʝʣʘ ʠ ʚʝʱʝʩʪʚʘ, ʠʟ 

ʢʦʪʦʨʳʭ ʦʥʠ ʩʦʩʪʦʷʪ. ʃ/ʨ: ʥʘʙʣʶʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ; ʟʥʘʢʦʤʩʪʚʦ ʩ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ; ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ. ɼʦʤʘʰʥʷʷ ʃ/ʨ: 

ʥʘʙʣʶʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ. 

¶ ɺʨʝʤʷ (1 ʯʘʩ). ɼʝʤʦʥʩʪʨʘʮʠʠ: ʠʟʤʝʨʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʤʦʱʠ ʤʘʷʪʥʠʢʘ, 

ʧʝʩʦʯʥʳʭ ʯʘʩʦʚ. ʊʚʦʨʯʝʩʢʘʷ ʨʘʙʦʪʘ: ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʥʘ ʚʳʙʨʘʥʥʫʶ ʪʝʤʫ. 

ʇʦʜʭʦʜ ʪʚʦʨʯʝʩʢʠʡ.  

¶ ʉʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ ʠ ʪʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷ. (8 ʯʘʩʦʚ). ɼʝʤʦʥʩʪʨʘʮʠʠ: ʩʞʘʪʠʝ ʥʘʜʫʪʦʛʦ 

ʤʷʯʘ; ʪʝʣʘ ʨʘʚʥʦʡ ʤʘʩʩʳ, ʥʦ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ; ʪʝʣʘ ʨʘʚʥʦʛʦ ʦʙʲʝʤʘ, ʥʦ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ; 
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ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ; ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ; 

ʜʠʬʬʫʟʠʷ ʛʘʟʦʚ, ʞʠʜʢʦʩʪʝʡ (ʥʘ ʧʨʠʤʝʨʝ ʜʫʭʦʚ); ʦʙʲʝʤ ʠ ʬʦʨʤʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʞʠʜʢʦʩʪʠ; 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ; ʃ/ʨ: ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʣʘʚʣʝʥʠʝʤ ʩʥʝʛʘ; 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ; ʩʤʝʰʠʚʘʥʠʝ ʚʦʜʳ ʠ ʤʘʩʣʘ; ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʚʦʜʦʡ ʠ ʩʘʭʘʨʦʤ. 

ʇʨʠʤʝʨ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪ r ʜʣʷ ʵʪʦʛʦ ʢʫʨʩʘ: çɺʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘè. 

 

ʈʠʩʫʥʦʢ.1. ʌʨʘʛʤʝʥʪ ʠʟ ʣ/ʨ çɺʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘè 

ʎʝʣʴ: ʧʨʦʥʘʙʣʶʜʘʪʴ ʟʘ ʪʝʤ, ʢʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʶʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʪ 

ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ʇʨʠʙʦʨʳ: 3 ʦʜʠʥʘʢʦʚʳʭ ʩʪʘʢʘʥʘ, ʚʦʜʘ, ʛʣʠʮʝʨʠʥ, ʤʘʰʠʥʥʦʝ ʤʘʩʣʦ, ʩʢʨʝʧʢʠ, ʩʪʝʢʣʷʥʥʘʷ 

ʜʦʩʢʘ, ʤʘʛʥʠʪ. 

ʍʦʜ ʚʳʧʦʣʥʝʥʠʷ: 

1. ɺ 3 ʦʜʠʥʘʢʦʚʳʭ ʩʪʘʢʘʥʘ ʥʘʣʠʚʘʶʪ: ʚʦʜʫ, ʛʣʠʮʝʨʠʥ ʠ ʤʘʰʠʥʥʦʝ ʤʘʩʣʦ ʚ ʨʘʚʥʳʭ 

ʧʨʦʧʦʨʮʠʷʭ; 

2. ɺ ʢʘʞʜʳʡ ʩʪʘʢʘʥ ʜʦʙʘʚʣʷʶʪ ʧʦ ʩʢʨʝʧʢʝ; 

3. ʇʦʚʝʨʭ ʩʪʘʢʘʥʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʢʣʘʜʫʪ ʩʪʝʢʣʷʥʥʫʶ ʜʦʩʢʫ; 

4. ɹʝʨʫʪ ʤʘʛʥʠʪ ʠ ʧʦʜʥʦʩʷʪ ʢ ʢʘʞʜʦʤʫ ʩʪʘʢʘʥʫ; 

5. ɼʝʣʘʶʪ ʚʳʚʦʜ ʠʟ ʥʘʙʣʶʜʝʥʠʷ. 

ʀʟ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʝʪʠ ʜʦʣʞʥʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʟʘʚʠʩʠʪ ʦʪ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ 

ʞʠʜʢʦʩʪʠ (ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ), ʪʝʤ ʩʣʦʞʥʝʝ ʧʨʠʪʷʥʫʪʴ ʧʨʝʜʤʝʪ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʩʢʨʝʧʢʫ) ʢ 

ʤʘʛʥʠʪʫ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʳʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʮʝʥʥʦʩʪʴ ʧʨʦʜʝʣʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʷʤʦʝ ʥʘʙʣʶʜʝʥʠʝ ʚʳʷʚʣʷʝʪ ʩʢʨʳʪʳʝ ʩʪʦʨʦʥʳ ʦʙʲʝʢʪʦʚ ʠʣʠ ʨʝʘʣʴʥʳʭ 

ʷʚʣʝʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʨʝʙʝʥʢʫ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚ ʫʤʝ ʢʘʨʪʠʥʫ ʤʠʨʘ ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʥʘʙʣʶʜʝʥʠʡ, ʦʪʚʝʪʘʭ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʪ.ʜ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʠʟʚʦʜʷʱʠʝʩʷ 

ʩ ʧʨʝʜʤʝʪʘʤʠ, ʥʦʩʷʪ ʪʚʦʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʚʳʟʳʚʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ, ʨʘʟʚʠʪʠʝ 

ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʠ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʛʨʘʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʧʦʤʦʱʥʠʢʦʤ ʜʣʷ ʫʯʠʪʝʣʷ ʚ ʧʦʠʩʢʝ ʶʥʳʭ ʪʘʣʘʥʪʦʚ.  

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
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ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ (ʢʦʥʝʮ XVIII ï ʥʘʯʘʣʦ XXI ʚʝʢʘ) // ʏʝʣʦʚʝʢ ʠ ʦʙʨʘʟʦʚʘʥʠʝ. - 2013. 

- ˉ4. - ʉ. 174-179; 

3. ʇʨʦʧʝʜʝʚʪʠʢʘ. ʊʦʣʢʦʚʳʡ ʩʣʦʚʘʨʴ ʆʞʝʛʦʚʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://dic.academic.ru/dic.nsf/ogegova/189990. (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 25.11.2021); 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʭ.ʥ., ɼʷʛʠʣʝʚ ɼ.ɺ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʋɼʂ 372.853 

ʈɸɿʈɸɹʆʊʂɸ ɹɸʅʂɸ ʊɽʉʊʆɺʓʍ ɿɸɼɸʅʀʁ ʇʆ ɼʀʉʎʀʇʃʀʅɽ 

çɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅɸʗ ʂɸʈʊʀʅɸ ʄʀʈɸè 

ʄʠʨʟʦʷʥ ʄ.ɸ. 

ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ʈʘʩʩʤʦʪʨʝʥʳ ʚʠʜʳ ʪʝʩʪʦʚ, ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ʇʨʦʚʝʜʝʥʘ 

ʩʧʝʮʠʬʠʢʘʮʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ 

ʤʠʨʘè. ʈʘʟʨʘʙʦʪʘʥ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ 

ʤʠʨʘè, ʜʣʷ ʨʘʟʜʝʣʦʚ çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷè, çʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ 

ʛʠʜʨʦʩʬʝʨʝè, çʊʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷè. 

ʊʝʩʪ ï ʵʪʦ ʩʠʩʪʝʤʘ ʟʘʜʘʥʠʡ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʘ ʟʥʘʥʠʡ 

ʩʪʫʜʝʥʪʦʚ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʙʦʣʴʰʠʝ 

ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ, ʪ.ʢ. ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚʳʟʚʘʣ 

ʩʣʦʞʥʦʩʪʠ ʚ ʢʦʥʪʨʦʣʝ ʠ ʦʮʝʥʠʚʘʥʠʠ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʘʥʢʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 

çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘè. 

ɿʘʜʘʯʠ:  

1. ʆʧʠʩʘʪʴ ʚʠʜʳ ʪʝʩʪʦʚ ʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ; 

2. ʇʨʦʚʝʩʪʠ ʩʧʝʮʠʬʠʢʘʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ 

ʢʘʨʪʠʥʘ ʤʠʨʘè; 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘè, 
ʜʣʷ ʨʘʟʜʝʣʦʚ çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷè, çʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ 

ʛʠʜʨʦʩʬʝʨʝè, çʊʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷè 

ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʩʪʦʚ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʫʜʝʣʝʥʦ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʚ ʥʘʫʯʥʳʭ 

ʪʨʫʜʘʭ ʠ ʧʫʙʣʠʢʘʮʠʷʭ. ɸʥʘʣʠʟ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ (ɸ. ʄʘʡʦʨʦʚ, 

ʄ. ʏʝʣʳʰʢʦʚʘ, ɺ. ɿʚʦʥʥʠʢʦʚ, ɺ. ɸʚʘʥʝʩʦʚ ʠ ʜʨ.) ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʠ ʦʙʦʙʱʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ: ʟʘʢʨʳʪʘʷ ʠ ʦʪʢʨʳʪʘʷ ʬʦʨʤʳ [1].  ɺ ʟʘʢʨʳʪʦʡ ʬʦʨʤʝ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠʩʧʳʪʫʝʤʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ, ʘ ʚ ʦʪʢʨʳʪʦʡ ʬʦʨʤʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʦʪʩʫʪʩʪʚʫʶʱʫʶ ʯʘʩʪʴ ʟʘʜʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʠ ʬʦʨʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʦʩʚʦʝʥʥʳʝ ʟʥʘʥʠʷ ʠ 

ʫʤʝʥʠʷ ʩʪʫʜʝʥʪʦʚ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʝʜʘʛʦʛ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ  ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʘʚʠʣʘ ʠ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ʪʝʩʪʦʚ:  

Å ʊʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʙʫʯʝʥʠ;̫ 

Å ʅʝʜʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʩʪʝ ʟʘʜʘʥʠʷ-ʣʦʚʫʰʢʠ, ʧʨʦʚʦʢʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ; 

Å ʉʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʠʥʥʳʡ ʚʦʧʨʦʩ ʠ ʢʦʨʦʪʢʠʡ ʦʪʚʝʪ; 

Å ʂʘʞʜʦʝ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʥʫʞʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʚʚʝʩʪʠ ʚ ʟʘʙʣʫʞʜʝʥʠʝ; 

Å ʉʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʦʫʨʦʚʥʝʚʳʝ ʧʦ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʥʠʷ 

https://dic.academic.ru/dic.nsf/ogegova/189990
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʠʟʫʯʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʦʧʠʩʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʣʷ ʧʦʚʝʨʢʠ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘè. 

ʄʥʦʶ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ 

ʢʘʨʪʠʥʘ ʤʠʨʘè ʥʘ ʦʩʥʦʚʝ ʣʝʢʮʠʡ ʠ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ. 

 
ʊʘʙʣʠʮʘ 2 ï ʉʧʝʮʠʬʠʢʘʮʠʷ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘè 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʟʜʝʣʘ ʜʠʩʮʠʧʣʠʥʳ ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʘ ʜʠʩʮʠʧʣʠʥʳ 

1. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷ. 

1. ʀʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

2. ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʵʥʝʨʛʝʪʠʢʘ. 

3. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʟʜʦʨʦʚʴʝ 

ʯʝʣʦʚʝʢʘ. 

4. ʄʦʣʥʠʷ. 

2. 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ 

ʛʠʜʨʦʩʬʝʨʝ. 

1. ɸʪʤʦʩʬʝʨʘ ɿʝʤʣʠ: ʝʝ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ. 

2. ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. 

3. ɺʝʪʨʳ ʠ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

4. ɺʦʜʷʥʳʝ ʧʘʨʳ ʚ ʘʪʤʦʩʬʝʨʝ. 

5. ɻʠʜʨʦʩʬʝʨʘ, ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʜʳ. 

3. 

ʊʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷ 

1. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ. ʀʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 

2. ʊʝʧʣʦʚʳʝ ʜʚʠʛʘʪʝʣʠ. 

3. ʇʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʦʟʜʘʪʴ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʜʘʥʠʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʙʘʥʢ ʪʝʩʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ Hot Potatoes- ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ-

ʦʙʦʣʦʯʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʥʠʷ ʠ ʪʝʩʪʳ ʜʣʷ 

ʦʮʝʥʠʚʘʥʠʷ  ʫʯʘʱʠʭʩʷ. ɺ ʜʘʥʥʦʡ ʦʙʦʣʦʯʢʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ 10 ʨʘʟʣʠʯʥʳʭ ʪʝʩʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʢʩʪʦʚʦʡ, ʛʨʘʬʠʯʝʩʢʦʡ, ʘʫʜʠʦ- ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʟʘʜʘʥʠʡ, ʷ ʚʳʙʨʘʣʘ ʟʘʜʘʥʠʝ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ (ʈʠʩ.1). ɼʘʥʥʦʝ ʟʘʜʘʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʦʭʚʘʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ ʧʦ ʪʝʤʝ 

çɸʪʤʦʩʬʝʨʘ ɿʝʤʣʠ: ʝʝ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝè ʠʟ ʨʘʟʜʝʣʘ çʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ 

ʛʠʜʨʦʩʬʝʨʝè, ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʠ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪ ʫʯʘʱʝʛʦʩʷ. 

 

 

ʈʠʩ. 1. ɿʘʜʘʥʠʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 
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ʊʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʠ ʩʪʫʜʝʥʪʘʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʚʝʙ-ʙʨʘʫʟʝʨ.  ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪ ʩʪʫʜʝʥʪʘ (ʈʠʩ.2). 

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʜʦʙʨʘʥʥʫʶ ʣʠʪʝʨʘʪʫʨʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʥʘʜʝʞʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʠʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ. 
 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʄʘʡʦʨʦʚ ɸ. ʅ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚ ʜʣʷ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. (ʂʘʢ 

ʚʳʙʠʨʘʪʴ, ʩʦʟʜʘʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʩʪʳ ʜʣʷ ʮʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ) / ɸ. ʅ. ʄʘʡʦʨʦʚ. ï ʄ. : 

çʀʥʪʝʣʣʝʢʪ-ʮʝʥʪʨè, 2001. ï 298  ʩ. 

2. ʌ. ɺ. ʊʠʪʦʚ ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ-ʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʝʤʝʨʦʚʦ, 2018 

3. ʋʨʦʢʠ ʧʦ ʨʘʙʦʪʝ ʩ ʧʨʦʛʨʘʤʤʦʡ HotPotatoes [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ Z-ʩʢʘʥ ʧʨʦʧʫʩʢʘʥʠʷ (TZ-ʩʢʘʥ) 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚʢʣʘʜ ʠʟʤʝʥʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ å 1ʤʢʤ, ʥʘ 

ʧʦʜʣʦʞʢʘʭ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʠ ʚʣʠʷʥʠʝ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʣʦʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʦʜʥʠʭ 

ʫʩʣʦʚʠʷʭ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʪʦʥʢʠʭ (å 0,001 % 

ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ) ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʜʣʦʞʢʘʭ LiNbO3 ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʦʡ TZ-

ʩʢʘʥ. ʊʘʢ ʞʝ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ ʚʦʟʤʦʞʥʳʭ ʪʦʥʢʠʭ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʩʣʦʝʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ Z-ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʲʝʤʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʜʦʩʪʫʧʥʳʭ 

ʢʘʢ ʚ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʪʘʢ ʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ, ʘ ʪʘʢ ʞʝ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

https://nsportal.ru/blog/shkola/obshcheshkolnaya-tematika/all/2013/06/06/uroki-po-rabote-s-programmoy-hotpotatoes
https://nsportal.ru/blog/shkola/obshcheshkolnaya-tematika/all/2013/06/06/uroki-po-rabote-s-programmoy-hotpotatoes
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ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ Z-ʩʢʘʥʠʨʦʚʘʥʠʷ. ʈʝʘʣʠʟʫʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ.1): ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʡ ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʚʭʦʜʥʫʶ 

ʬʦʢʫʩʠʨʫʶʱʫʶ ʣʠʥʟʫ (1) ʩʠʩʪʝʤʳ, ʦʙʨʘʟʫʝʪ ʬʦʢʘʣʴʥʫʶ ʧʝʨʝʪʷʞʢʫ, ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ (2) 

ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʵʪʦʛʦ ʧʫʯʢʘ ʦʪ ʚʭʦʜʥʦʡ ʣʠʥʟʳ (-Z) ʜʦ ʧʦʣʦʞʝʥʠʷ ʟʘ ʬʦʢʫʩʦʤ (+Z), ʧʨʠʯʝʤ 

ʧʦʣʦʞʝʥʠʝ (Z=0) ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʢʫʩʦʤ ʣʠʥʟʳ, ʛʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ 

ʦʙʨʘʟʝʮ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʨʦʰʝʜʰʠʡ ʩʢʚʦʟʴ ʦʙʨʘʟʝʮ ʧʫʯʦʢ ʧʦʧʘʜʘʝʪ ʥʘ ʜʝʣʠʪʝʣʴʥʫʶ 

ʧʣʘʩʪʠʥʢʫ (3) ʠ ʜʘʣʝʝ ʥʘ ʜʚʘ ʜʘʪʯʠʢʘ. ʇʝʨʚʳʡ ʜʘʪʯʠʢ (4) ʨʝʛʠʩʪʨʠʨʫʝʪ ʚʩʝ ʠʟʣʫʯʝʥʠʝ, 

ʦʪʢʣʦʥʝʥʥʦʝ ʧʣʘʩʪʠʥʢʦʡ ï ʩʧʝʢʪʨ ʩ ʦʪʢʨʳʪʦʡ ʘʧʝʨʪʫʨʦʡ (OA) ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝʣʠʥʝʡʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ. ʀʟʣʫʯʝʥʠʝ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʚʪʦʨʳʤ ʜʘʪʯʠʢʦʤ (5), ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʠʘʬʨʘʛʤʦʡ 

(6)ʩ ʦʧʪʠʤʘʣʴʥʳʤʣʠʥʝʡʥʳʤ ʧʨʦʧʫʩʢʘʥʠʝʤ ʘʧʝʨʪʫʨʳ 0,3-0,5 ʠ ʬʦʨʤʠʨʫʝʪ ʩʧʝʢʪʨ ʩ ʟʘʢʨʳʪʦʡ 

ʘʧʝʨʪʫʨʦʡ (CA), ʦʪʥʦʰʝʥʠʝ (CA/OA) ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʝʣʠʥʝʡʥʦʡ ʨʝʬʨʘʢʮʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, Z-ʩʢʘʥ ʧʦʟʚʦʣʷʝʪ ʟʘ ʦʜʥʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʴ ʚʢʣʘʜʳ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʥʝʣʠʥʝʡʥʦʡ ʨʝʬʨʘʢʮʠʠ ʦʪʜʝʣʴʥʦ. 

 

ʈʠʩʫʥʦʢ 1. ʋʩʪʘʥʦʚʢʘ TZ-ʩʢʘʥ 

ɺ ʩʭʝʤʝ Z-ʩʢʘʥ ʧʨʦʧʫʩʢʘʥʠʷ (TZ-ʩʢʘʥ), ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ, ʜʘʪʯʠʢʠ ʨʝʛʠʩʪʨʠʨʫʶʪ 

ʠʟʣʫʯʝʥʠʝ, ʧʨʦʰʝʜʰʝʝ ʩʢʚʦʟʴ ʚʝʩʴ ʦʙʨʘʟʝʮ, ʠ ʩʠʛʥʘʣ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʩʫʧʝʨʧʦʟʠʮʠʶ 

ʦʪʢʣʠʢʦʚ ʦʜʥʦʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʥʝʦʜʥʦʨʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʜʝʬʝʢʪʦʚ, ʠ ʩʣʦʝʚ, ʝʩʣʠ ʪʘʢʦʚʳʝ 

ʠʤʝʶʪʩʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʣʘʩʴ ʮʝʣʴ ʚʳʷʩʥʠʪʴ, ʚʦʟʤʦʞʥʦ ʣʠ ʚ ʪʘʢʦʤ ʠʥʪʝʛʨʘʣʴʥʦʤ ʩʠʛʥʘʣʝ 

ʚʳʷʚʠʪʴ ʚʢʣʘʜ ʪʦʥʢʠʭ ʩʣʦʝʚ, ʷʚʣʷʶʱʠʭʩʷ ʚʠʜʦʠʟʤʝʥʝʥʥʳʤ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʦʙʨʘʟʮʘ. 

ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʘʩʪʠʥʢʠ ʥʠʦʙʘʪʘ ʣʠʪʠʷʪʦʣʱʠʥʦʡ L=1 ʤʤ Z-ʩʨʝʟ ʩʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʤ, ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ ʤʢʤ,ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ, 

ʦʙʨʘʟʫʶʱʠʤ ʦʧʪʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ. ʊʦ ʝʩʪʴ ʣʝʛʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʳʝ ʜʦʣʠ 

ʧʨʦʮʝʥʪʘ ʦʪ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʟʘʪʨʘʛʠʚʘʝʪ ʪʦʣʴʢʦ ʚʥʝʰʥʠʝ ʩʣʦʠ ʦʙʨʘʟʮʘ, ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʥʝʰʥʝʤʫ ʣʝʛʠʨʦʚʘʥʥʦʤʫ ʩʣʦʶ. 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 488 ʥʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʬʦʢʫʩʝ 

(Z=0) ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 1,4*106 ɺʪ/ʤ2 ʧʨʠ 4 ʤɺʪ ʚʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʦ1,3*108 ɺʪ/ʤ2 ʧʨʠ 

350 ʤɺʪ. 

ʇʨʠ ʩʣʘʙʦʤ ʣʠʥʝʡʥʦʤ ʧʦʛʣʦʱʝʥʠʠ ʦʙʨʘʟʮʦʚ (ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ Då0,1) ʩʧʝʢʪʨʳ 

ʦʪʢʨʳʪʦʡ ʘʧʝʨʪʫʨʳ (ʨʠʩ.2), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʝʣʠʥʝʡʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʝ 

ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʳʭ ʦʪʣʠʯʠʡ. ʉʣʘʙʳʝ ʨʘʟʣʠʯʠʷ  ʚ ʩʧʝʢʪʨʘʭ ʚʙʣʠʟʠ (Z=0) ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢʘʢ 

ʢ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʩʣʦʷ, ʪʘʢ ʠ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʠ 

ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨʳ ʩ ʦʪʢʨʳʪʦʡ ʘʧʝʨʪʫʨʦʡ (OA) 

 

ʉʧʝʢʪʨʳ ʦʪʥʦʰʝʥʠʷ ʟʘʢʨʳʪʦʡ ʠ ʦʪʢʨʳʪʦʡ ʘʧʝʨʪʫʨ (CA/OA) ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʢ ʠ ʘʤʧʣʠʪʫʜʫ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ȹū0 ʥʝʣʠʥʝʡʥʦʡ ʨʝʬʨʘʢʮʠʠ ʠ ʚʝʣʠʯʠʥʫ ʥʝʣʠʥʝʡʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

n2. 

ʆʯʝʨʝʜʥʦʩʪʴ ʩʣʝʜʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʪ ç-Zè  ʜʦ ç+Zè ʚ 

ʩʧʝʢʪʨʝ ʜʘʝʪ ʟʥʘʢ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʫʤ ʩʣʝʜʫʝʪ ʟʘ ʤʠʥʠʤʫʤʦʤ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ - ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʢʫʩʠʨʫʶʱʠʡ ʣʠʥʟʳ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʭʦʜʷʱʝʛʦ ʩʚʝʪʘ ʩʦ ʩʨʝʜʦʡ. 

                      ȿȹūȿ
ȟ ȟ                                (1) 

ʛʜʝ ʣʠʥʝʡʥʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʘʧʝʨʪʫʨʳ  S=0,3, ȹTpv ï ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʠʥʠʤʫʤʦʤ ʠ 

ʤʘʢʩʠʤʫʤʦʤ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪa ʧʨʝʣʦʤʣʝʥʠʷ n2 

                         ὲ
ȹū

),ɻ ʬʬ
                             (2) 

Lʵʬʬå L ʜʣʷ ʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜ. ʇʦʣʫʯʝʥʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ1. ɿʥʘʯʝʥʠʝ n2 å 10
-13 
ʤ

2
/ɺʪ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʵʪʦʛʦ ʦʙʨʘʟʮʘ. 

ʆʙʨʘʟʝʮ D L,ʤʤ ɺʨʝʤʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, 

ʯ 

ɺʨʝʤʷ  

ʦʪʞʠʛʘ, ʯ 

ȹTpv |ȹū0| n2,ʤ
2
/ɺʪ 

ʭ10
-13 

Z0 0,1 1 0 0 0,37 1 12,5 

Z1 0,1 1 6 1 0,26 0,7 8,8 

Z2 0,1 1 6 0 0,4 1,08 13,55 

Z5 0,1 1 6 7 0,19 0,51 6,4 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʠ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʭʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʫʙʩʪʨʘʪʝ, ʘ ʟʘʪʨʘʛʠʚʘʶʪ ʪʦʣʴʢʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʘ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʦʣʥʦʩʪʴʶ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʤʦʞʝʤ ʩʨʘʚʥʠʪʴ ʭʘʨʘʢʪʝʨ ʛʨʘʬʠʢʦʚ (CA/OA) 

(ʈʠʩ.3) 
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ʈʠʩʫʥʦʢ 3. ʉʧʝʢʪʨʳ ʦʪʥʦʰʝʥʠʷ ʟʘʢʨʳʪʦʡ ʠ ʦʪʢʨʳʪʦʡ ʘʧʝʨʪʫʨ (CA/OA), ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʫʢʘʟʘʥʳ 

ʧʘʨʘʤʝʪʨʳ 488 ʥʤ ï ʜʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʘ, 4 ʠ 350 ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ɺʠʜʠʤ ʯʝʪʢʦʝ ʜʝʣʝʥʠʝ ʥʘ ʦʙʨʘʟʮʳ ʧʨʦʭʦʜʠʚʰʠʝ ʦʪʞʠʛ (Z1,Z5) ʠ ʥʝ ʧʨʦʭʦʜʠʚʰʠʝ ʦʪʞʠʛ 

(Z0,Z2). ʇʨʠʯʝʤ ʭʘʨʘʢʪʝʨ ʦʪʢʣʠʢʘ Z2 ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ, ʥʦ ʥʝ ʧʨʦʭʦʜʠʚʰʝʛʦ ʦʪʞʠʛ ʧʦʭʦʞ ʥʘ 

ʨʝʬʝʨʝʥʩʥʳʡ ʦʙʨʘʟʝʮ Z0 ʥʝ ʧʨʦʭʦʜʠʚʰʠʡ ʦʙʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʜʠʤ ʙʦʣʝʝ ʙʳʩʪʨʫʶ 

ʨʝʣʘʢʩʘʮʠʶ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʣʠʥʟʳ ʚ ʦʙʨʘʟʮʘʭ Z0-ʥʝʦʙʨʘʙʦʪʘʥʥʦʤ ʠ Z5-ʧʨʦʰʝʜʱʝʤ 

ʜʣʠʪʝʣʴʥʳʡ ʦʪʞʠʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠ ʚʣʠʷʥʠʝ ʦʪʞʠʛʘ ʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠʜʝʥʪʠʯʥʳʡ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʪʘʢ ʞʝ ʚʠʜʥʦ ʧʨʠ Z-ʩʢʘʥʠʨʦʚʘʥʠʠ. 

ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʪʦʥʢʠʭ (å 0,001 % ʪʦʣʱʠʥʳ 

ʦʙʨʘʟʮʘ) ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʜʣʦʞʢʘʭ LiNbO3 ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʦʡ TZ-ʩʢʘʥ. ʊʘʢ ʞʝ 

ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ ʚʦʟʤʦʞʥʳʭ ʪʦʥʢʠʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʣʦʝʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ Z-ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
1. Basnin P.P., et al.,ʄicro-optical structures written by photothermal method in a specially 

modified near-surface layer of lithium niobate crystalsò, Russian Physics Journal, V62, N4 (2019), 

pp. 732-734, DOI: 10.17223/00213411/62/4/154 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʦʥʣʘʡʥ 

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʝʥʳ ʦʣʠʤʧʠʘʜʥʳʝ ʟʘʜʘʯʠ ʰʢʦʣʴʥʦʛʦ ʠ 

ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ ʧʦ ʪʝʤʝ çʆʧʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷè. ɼʣʷ ʙʦʣʴʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʦʥʠ ʙʫʜʫʪ 

ʘʥʠʤʠʨʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʯʝʥʠʢʫ ʫʚʠʜʝʪʴ, ʧʦʥʷʪʴ ʠ ʨʘʟʦʙʨʘʪʴ ʟʘʜʘʯʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʦʣʠʤʧʠʘʜʥʳʝ ʟʘʜʘʯʠ, ʦʧʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ 
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ʄʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʦʯʝʥʴ ʚʘʞʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠʟʜʘʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʝʙʝ ʦʙʰʠʨʥʳʡ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʨʘʩʢʨʳʚʘʶʱʠʡ ʩʦʜʝʨʞʘʥʠʝ, ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʫʯʝʙʥʦʤʫ ʢʫʨʩʫ ʚ ʮʝʣʦʤ, ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʜʝʣʫ 

(ʨʘʟʜʝʣʘʤ) ʢʫʨʩʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʚʤʝʱʘʪʴ ʚ ʩʝʙʷ ʧʣʘʥʳ ʠ 

ʢʦʥʩʧʝʢʪʳ ʫʨʦʢʦʚ, ʘ ʪʘʢʞʝ ʜʠʜʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʠʣʣʶʩʪʨʘʮʠʡ, ʨʠʩʫʥʢʦʚ, 

ʜʠʘʛʨʘʤʤ ʠ ʪ.ʧ. ʆʪʣʠʯʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ, 

ʜʦʩʪʫʧʥʦʩʪʴʶ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʤʦʝʡ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʩʧʦʩʦʙʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʘʰʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʦʩʪʫʧ ʚ ʩʝʪʴ ʠʥʪʝʨʥʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ:  

¶ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ 

¶ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʫʯʘʱʠʭʩʷ ʥʘ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ 

¶ ʫʚʝʣʠʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ ʢ ʦʣʠʤʧʠʘʜʘʤ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʷʪ ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʯʝʣʦʚʝʢ 

ʧʨʦʛʨʝʩʩʠʨʫʝʪ, ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʫʯʠʪʴʩʷ ʦʩʚʘʠʚʘʪʴ ʥʦʚʝʡʰʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʧʨʘʢʪʠʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʥʠʣʠʩʴ ʦʨʠʝʥʪʠʨʳ, 

ʪʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʣʫʯʘʪʴ ʠ ʧʣʦʜʦʪʚʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʥʠʷ ʚʤʝʩʪʝ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ.[1] ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

1. ʊʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʣʦʢʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨ r

2. ʉʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʠ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ ʠʥʪʝʨʥʝʪ 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʣʠʤʧʠʘʜʥʳʭ ʟʘʜʘʯ 

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʝʡ ʧʦ ʪʝʤʝ çʆʧʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷè. ʅʘ ʨʠʩʫʥʢʝ 1 ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʨʘʟʤʝʱʝʥʦ ʥʘ ʩʘʡʪʝ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʜʨ ʠʟ ʘʥʠʤʘʮʠʠ ʢ ʟʘʜʘʯʝ. 

ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʩʦʩʝʜʩʪʚʫʶʪ ʩ ʠʟʜʘʥʠʝʤ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪʚʝʯʘʶʱʠʭ ʧʦʪʨʝʙʥʦʩʪʷʤ ʣʠʯʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. ʕʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʨʠʟʚʘʥʳ ʩʦʟʜʘʪʴ ʝʜʠʥʩʪʚʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʦʚʨʝʤʝʥʥʳʭ, ʥʦʚʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʕʣʝʢʪʨʦʥʥʦʝ ʧʦʩʦʙʠʝ ʜʘʝʪ ʫʯʘʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʪʝʤʧ ʠʟʫʯʝʥʠʷ ʪʝʤ, ʩʠʩʪʝʤʫ 

ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʟʘʜʘʥʠʡ ʠ ʟʘʜʘʯ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ. ʊʘʢ ʨʝʘʣʠʟʫʝʪʩʷ 

ʚʘʞʥʝʡʰʝʝ ʪʨʝʙʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ - ʨʘʟʚʠʪʠʝ ʫ ʩʫʙʲʝʢʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʪʠʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʫʣʴʪʫʨʳ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʣʠʯʥʦʩʪʥʦʝ ʨʘʟʚʠʪʠʝ. ʊʘʢʠʝ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʶʪ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʥʦ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦ ʥʦʚʦʤʫ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʩʫʙʲʝʢʪʦʚ 

ʦʙʫʯʝʥʠʷ, ʧʦʩʪʨʦʠʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʱʠʡʩʷ ʙʳʣ ʙʳ ʘʢʪʠʚʥʳʤ ʠ 

ʨʘʚʥʦʧʨʘʚʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.[2] ʊʘʢ ʞʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʯʠʪʝʣʝʤ ʬʠʟʠʢʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʫʯʘʱʠʭʩʷ ʢ ʦʣʠʤʧʠʘʜʘʤ. 

ɿʘʜʘʯʘ. ɺ ʮʝʥʪʨʝ ʩʦʙʠʨʘʶʱʝʡ ʣʠʥʟʳ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ F1 ʚʳʨʝʟʘʥʦ ʢʨʫʛʦʚʦʝ 

ʦʪʚʝʨʩʪʠʝ ʠ ʚ ʥʝʛʦ ʚʩʪʘʚʣʝʥʘ ʩʦʙʠʨʘʶʱʘʷ ʣʠʥʟʘ ʩ ʤʝʥʴʰʠʤ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ F2. 

ʇʦʩʪʨʦʡʪʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʤʝʪʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʚ ʵʪʦʡ ñʜʚʦʡʥʦʡò ʣʠʥʟʝ. 



 

32 

 
 

 
ʈʠʩʫʥʦʢ 7. ʋʩʣʦʚʠʝ ʟʘʜʘʯʠ. 

 

ʈʠʩʫʥʦʢ 8. ʂʘʜʨ ʠʟ ʘʥʠʤʘʮʠʠ ʢ ʟʘʜʘʯʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʝʧʦʜʥʦʩʠʪʴ ʤʘʪʝʨʠʘʣ 

ʫʯʘʱʠʤʩʷ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʪʨʫʜʥʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʟʘʜʘʯʠ ʫʩʚʘʠʚʘʶʪʩʷ ʫʯʘʱʠʤʠʩʷ ʣʝʛʯʝ ʠ 

ʙr ʩʪʨʝʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ɺʦʡʪʦʚʘ ʄ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  / ʄ.ɺ. 
ɺʦʡʪʦʚʘ. ʄ.: ʌɻɹʋ ɼʇʆ çʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʮʝʥʪʨ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝè, 

2019. ï 128 ʩ.  

2. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ  ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  https:// infourok.ru/sovremennie-informacionnie-tehnologii-na-urokah-fiziki-663989.html 

(ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 07.04.2022). 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ 

ʤʳʰʣʝʥʠʷ ʠ ʚʠʜʳ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʚʘʞʥʦʩʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʜʣʷ 

ʫʯʘʱʠʭʩʷ ʦʩʥʦʚʥʦʡ ʰʢʦʣʳ. ʈʘʟʨʘʙʦʪʘʥ ʮʠʢʣ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʜʣʷ ʫʯʘʱʠʭʩʷ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʧʣʠʢʘʮʠʦʥʥʳʭ ʛʝʨʦʝʚ ʬʠʣʴʤʦʚ. 
˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͙͙̅͊͘͟Σ ͔ͤͫͭ͊ͤ͒͊ͪͭͤ·͔ ͊͒͊͘;͙Σ ͙ͨͪ͊ͭͦ͟͟-͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͔ ͊͒͊͘;͙Σ ͔ͣͭͦ͒· 

͔ͪ΄͔͙ͤΎ ͔ͤͫͭ͊ͤ͒͊ͪͭͤ·ͻ ͊͒͊͘;Σ ͍͙͒· ͔ͤͫͭ͊ͤ͒͊ͪͭͤ·ͻ ͊͒͊͘;Σ ͎͙͊ͦͪͭͣ͡ ͔ͪ΄͔͙ͤΎ ͺ͙͙͘;͔͙ͫ͟ͻ ͊͒͊͘; 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʬʠʟʠʢʝ. 

ʉʫʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʙʫʯʝʥʠʠ ʥʘʮʝʣʝʥʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʤʝʥʠʷ ʦʙʫʯʘʪʴʩʷ ʠ 

ʛʦʪʦʚʥʦʩʪʴ ʢ ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯʘʭ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʚ 

ʫʩʣʦʚʠʠ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʠ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʈʝʰʝʥʠʝ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʟʘʜʘʯʠ, ʫʯʠʪ ʯʝʣʦʚʝʢʘ ʥʝʩʪʘʥʜʘʨʪʥʦ ʤʳʩʣʠʪʴ 

ʠ ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʬʠʟʠʢʝ, ʥʦ ʠ ʚ ʞʠʟʥʠ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʦʰʣʠ ʛʣʫʙʦʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʫʯʝʥʠʠ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ çʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʢ ʩʙʦʨʥʠʢʫ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʧʦ ʬʠʟʠʢʝè ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʧʦʣʦʥ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ 

ʩʣʦʞʥʦʩʪʠ. ʏʝʣʦʚʝʢʫ ʚ ʵʪʦʤ ʤʠʨʝ ʪʨʫʜʥʦ ʥʘʭʦʜʠʪʴ ʚʝʨʥʳʝ ʨʝʰʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʝʤʫ ʥʫʞʥʦ 

ʧʨʘʢʪʠʢʦʚʘʪʴʩʷ, ʥʘʭʦʜʠʪʴ ʚʝʨʥʳʝ ʨʝʰʝʥʠʷ, ʪʦ ʝʩʪʴ ʫʣʫʯʰʘʪʴ ʥʘʚʳʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʝʰʝʥʠʷ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʘ ʚ ʣʠʯʥʦʩʪʠ. ɺ ʙʫʜʫʱʝʡ ʞʠʟʥʠ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʨʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʪʫʘʮʠʷʭ,  ʥʘʭʦʜʠʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʣʦʞʥʳʭ ʞʠʟʥʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʜʘʯ[1]:  

¶ ʧʦ ʩʦʜʝʨʞʘʥʠʶ: ʟʘʜʘʯʠ ʧʦ ʤʝʭʘʥʠʢʝ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʝ, 
ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʝ; 

¶ ʧʦ ʩʧʦʩʦʙʫ ʚʳʨʘʞʝʥʠʷ ʫʩʣʦʚʠʷ: ʪʝʢʩʪʦʚʳʝ, ʟʘʜʘʯʠ-ʨʠʩʫʥʢʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, 

ʛʨʘʬʠʯʝʩʢʠʝ; 

¶ ʧʦ ʩʧʦʩʦʙʫ ʨʝʰʝʥʠʷ: ʢʘʯʝʩʪʚʝʥʥʳʝ (ʟʘʜʘʯʠ-ʚʦʧʨʦʩʳ), ʛʨʘʬʠʯʝʩʢʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

(ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ. 

ʉʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ [1]:  

¶ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ (ʧʦ ʜʝʡʩʪʚʠʷʤ); 

¶ ʛʨʘʬʠʯʝʩʢʠʡ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʢʘ); 

¶ ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ (ʯʝʨʝʟ ʦʙʱʫʶ ʬʦʨʤʫʣʫ); 

¶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ). 

ʈʝʰʘʷ ʟʘʜʘʯʠ ʧʦ ʬʠʟʠʢʝ, ʫʯʝʥʠʢ ʨʘʟʚʠʚʘʝʪ ʧʨʝʜʤʝʪʥʦ-ʜʝʡʩʪʚʝʥʥʦʝ, ʫʩʣʦʚʥʦ-ʦʙʨʘʟʥʦʝ ʠ 

ʘʙʩʪʨʘʢʪʥʦ-ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʯʥʦʩʪʠ, ʧʝʜʘʛʦʛ 

ʜʦʣʞʝʥ ʫʯʝʥʠʢʘʤ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʪʘʢʫʶ ʟʘʜʘʯʫ, ʯʪʦʙʳ ʦʥʠ ʩʤʦʛʣʠ ʧʦʥʠʤʘʪʴ ʚʘʞʥʫʶ ʩʫʪʴ ʝʝ 

ʨʝʰʝʥʠʷ. ɸʥʘʣʠʟ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʛʣʫʙʣʝʥʠʶ ʚ ʟʥʘʥʠʷʭ ʰʢʦʣʴʥʠʢʦʚ, ʨʘʟʚʠʪʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ [2]. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʣʝʜʫʶʱʠʝ [2]: 

1. ʚʚʦʜʥʦ-ʤʦʪʠʚʘʮʠʦʥʥʘʷ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ; 

2. ʨʘʟʚʠʚʘʶʱʘʷ ʠ ʚʦʩʧʠʪʳʚʘʶʱʘʷ; 

3. ʠʣʣʶʩʪʨʘʪʠʚʥʘʷ; 

4. ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʫʯʘʱʠʭʩʷ ʩʧʝʮʠʘʣʴʥʳʭ ʠ ʦʙʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ; 
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5. ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʫʯʘʱʠʭʩʷ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ; 

6. ʢʦʥʪʨʦʣʴʥʦ-ʦʮʝʥʦʯʥʘʷ.  
 

ɿʘ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʨʝʰʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʙʝʨʝʤ ʩʪʘʥʜʘʨʪʥʫʶ ʤʝʪʦʜʠʢʫ, ʛʜʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ ʦʙʫʯʝʥʠʷ ʨʝʰʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ [2]: 

1. ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ ʫ ʫʯʘʱʠʭʩʷ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʦʩʦʟʥʘʥʥʦʤʫ ʧʦʠʩʢʫ ʨʝʰʝʥʠʷ 
ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ ʟʘʜʘʯʠ; 

2. ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ ʫʯʘʱʠʝʩʷ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʯʝʪʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦ ʤʝʭʘʥʠʟʤʘʭ ʠ ʧʨʦʮʝʩʩʘʭ ʠʭ ʨʝʰʝʥʠʷ; 

3. ʨʝʰʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʯʠʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʷʜʘ 
ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʦʷʪ ʠʟ ʦʧʝʨʘʮʠʡ; 

4. ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʡ ʩʣʦʞʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʝʩʷ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʦʯʥʳʝ 
ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʚ ʚʳʧʦʣʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʦʧʝʨʘʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʝʝ 

ʩʦʩʪʘʚ; 

5. ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʦʩʦʟʥʘʥʠʷ ʫʯʘʱʠʤʠʩʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʝʩʪʠ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʫ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʡ ʧʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʩʦʩʪʘʚʣʝʥʠʶ ʫʯʘʱʠʤʠʩʷ ʥʦʚʳʭ ʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʥʥʳʤ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ.  

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʫʯʘʱʠʭʩʷ ʨʝʰʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ [2]: 

1. ʠʟʫʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʠʠ ʫʯʝʙʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ;  

2. ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʫʯʘʱʠʭʩʷ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʚ ʚʳʧʦʣʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʠ 
ʦʧʝʨʘʮʠʡ; 

3. ʩʠʩʪʝʤʫ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʡ ʧʦ ʫʩʚʦʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ; 

4. ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʫʯʘʱʠʭʩʷ ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʠʩʢʫ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, 
ʟʥʘʢʦʤʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʠ ʨʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ. 

ʇʈɽɼʃɸɻɸɽʊʉʗ ʅɽʉʊɸʅɼɸʈʊʅɸʗ ɿɸɼɸʏɸ 

 

ʈʠʩʫʥʦʢ 9. ʂʘʜʨ ʠʟ ʘʥʠʤʘʮʠʠ ʢ ʟʘʜʘʯʝ 

 

ɿʘʜʘʯʘ. ɺʠʥʥʠ-ʇʫʭ ʨʝʰʠʣ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʙʦʣʴʰʦʡ ʠʨʠʩʢʠ. ʆʥ ʦʧʫʩʪʠʣ ʝʝ ʚ 

ʩʛʫʱʝʥʢʫ, ʚʝʩ ʠʨʠʩʢʠ ʩʦʩʪʘʚʠʣ 0,08 ʅ. ʇʨʠ ʦʧʫʩʢʘʥʠʠ ʪʦʡ ʞʝ ʠʨʠʩʢʠ ʚ ʤʝʜ, ʝʝ ʚʝʩ ʩʦʩʪʘʚʠʣ 
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0,072 ʅ. ʇʣʦʪʥʦʩʪʴ ʩʛʫʱʝʥʢʠ 1310 ʢʛ/ʤ3. ʇʣʦʪʥʦʩʪʴ ʤʸʜʘ 1510 ʢʛ/ʤ3. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ g=10 ʤ/ʩ2. ʆʪʚʝʪ ʚʳʨʘʟʠʪʴ ʚ ʢʛ/ʤ3. 

ʉʫʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ  ɺʠʥʥʠ-ʇʫʭ ʦʧʫʩʪʠʣ ʚ ʤʝʜ ʠʨʠʩʢʫ, ʚʝʩ 

ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣ ʧʦʩʣʝ ʚʟʚʝʰʠʚʘʥʠʷ ὖ=0,072 ʅ, ʘ ʧʦʪʦʤ ʦʥ ʦʧʫʩʪʠʣ ʪʫ ʞʝ ʠʨʠʩʢʫ ʚ 

ʩʛʫʱʝʥʢʫ, ʚʝʩ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣ ʧʦʩʣʝ ʚʟʚʝʰʠʚʘʥʠʷ ὖ 0,08ʅ. ʆʙʲʸʤ ʠʨʠʩʢʠ ʦʜʠʥʘʢʦʚʳʡ. 

ɽʩʣʠ ʙʳ ʙʳʣ ʦʙʲʸʤ ʠʨʠʩʢʠ, ʪʦ ʭʚʘʪʠʣʦ ʙʳ ʦʜʥʦʡ ʙʘʥʦʯʢʠ. ɸ ʤʥʝ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʚʝ 

ʙʘʥʦʯʢʠ. 

ʉ ʧʦʤʦʱʴʶ ʜʚʫʭ ʚʳʨʘʞʝʥʠʡ ʤʳ ʥʘʭʦʜʠʤ ʦʙʲʸʤ ʠʨʠʩʢʠ 

mg-ʍÇ6 0 (1) 

mg-”Ὣὠ ὖ (2) 

ʀʟ ʚʪʦʨʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚʳʯʠʪʘʝʤ ʧʝʨʚʦʝ 

-ʍÇ6ʍÇ6=0-0 (3) 

ʀʟ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʫʨʘʚʥʝʥʠʷ (3) ʚʳʨʘʞʘʝʤ ʦʙʲʸʤ 

V ʍὫ ʍὫ 0-0 (4) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (4) ʥʘʭʦʜʠʤ ʦʙʲʸʤ ʠ ʧʦʜʩʪʘʚʣʷʝʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ 

V= =
ȟ ȟ ˚

̋̄

̍
ᶻ

˚

̋̄

τz ρπ̍  
(5) 

ɼʘʣʝʝ ʚʳʨʘʞʘʷ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʷ ʥʘʭʦʞʫ ʤʘʩʩʫ ʠʨʠʩʢʠ 

g(m-ʍ6 0 (6) 

Í +ʍ6
ȟ  ̊

 
˚

̋̄

+1510
̋̄

̍
τzz ρπ ̍ πȟπρσςτ̋̄ (7) 

 

ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʦʙʲʸʤʘ(5) ʠ ʤʘʩʩʳ(7), ʦʧʨʝʜʝʣʷʝʤ ʧʣʦʪʥʦʩʪʴ ʙʦʣʴʰʦʡ ʠʨʠʩʢʠ 

ʍ
ȟ  ̋ ̄

ᶻ ̍
=3310 

̋̄

̍
 

 
(8) 

ʆʪʚʝʪ: ʍ  3310 
̋̄

̍
 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʤʘ çʈʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʢ ʩʙʦʨʥʠʢʫ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʧʦ ʬʠʟʠʢʝè ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ, ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʪʦʜʠʢʠ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʫʯʝʥʠʝ 

ʨʝʰʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʬʫʥʢʮʠʠ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ. ɸ ʢ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʟʘʜʘʯʘʤ 

ʥʝʦʙʭʦʜʠʤ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʥʦ ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʪʝʦʨʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʜʘʯ. ʈʘʟʨʘʙʦʪʘʥ ʮʠʢʣ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʧʣʠʢʘʮʠʦʥʥʳʭ ʛʝʨʦʝʚ.  
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʠ ʠʟʫʯʝʥʠʶ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ "Raspberry Pi B+". 

ʕʪʦʪ ʦʜʥʦʧʣʘʪʥʳʡ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ ʦʪʣʠʯʘʝʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ ʜʝʰʝʚʠʟʥʦʡ, ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ. 

  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʦʟʥʘʢʦʤʣʝʥʠʝ, ʧʦʜʛʦʪʦʚʢʘ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ Raspberry Pi, ʚʳʙʦʨ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘʥʦʚʢʦʡ; ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʜʘʪʯʠʢʦʚ, ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʥʠʭ ʚ ʩʨʝʜʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʙʨʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʦʟʥʘʢʦʤʣʝʥʠʝ, ʧʦʜʛʦʪʦʚʢʘ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ Raspberry Pi4, ʚʳʙʦʨ ʧʝʨʠʬʝʨʠʡʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘʥʦʚʢʦʡ; ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʜʘʪʯʠʢʦʚ, ʙʠʙʣʠʦʪʝʢ ʜʣʷ 

ʥʠʭ ʚ ʩʨʝʜʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʧʦʤʦʱʴʶ "Raspberry" ʥʘ 

ʧʨʠʤʝʨʝ ʮʠʬʨʦʚʦʛʦ ʪʝʨʤʦʜʘʪʯʠʢʘ "DS18B20". ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ Raspberry ʥʘʜ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ Arduino ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ ʥʘʜ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ ʚʦʦʙʱʝ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɸ ʠʤʝʥʥʦ, ʜʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ, 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʰʠʨʦʪʥʦ-

ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʬʨʦʚʦʡ ʪʝʨʤʦʜʘʪʯʠʢ DS18B20, LCD 

ʜʠʩʧʣʝʡ 16x2 ʠ ʤʘʪʨʠʯʥʘʷ ʢʣʘʚʠʘʪʫʨʘ 4x4, ʩʚʝʪʦʜʠʦʜ. ʆʧʠʩʘʥʳ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

 ʄʠʢʨʦʢʦʤʧʴʶʪʝʨ - ʵʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʧʦʤʝʱʸʥʥʳʡ ʚ ʦʜʠʥ ʯʠʧ (ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ), ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʠ 

ʚʳʚʦʜʘ, ʘ ʪʘʢʞʝ ʙʣʦʢ ʧʘʤʷʪʠ [4]. 

 ɺʩʝ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʳ ʠʤʝʶʪ ʦʙʱʠʝ ʯʝʨʪʳ: ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʘʤʷʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ, ʥʦ ʥʘ 

ʨʳʥʢʝ ʜʦʩʪʫʧʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ. ʄʠʢʨʦʢʦʤʧʴʶʪʝʨʳ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʠʧʘʤ ʰʠʥ ʜʘʥʥʳʭ ʠ ʘʜʨʝʩʥʳʭ ʰʠʥ. ʐʠʥʘ ʜʘʥʥʳʭ ʠ ʘʜʨʝʩʥʘʷ ʰʠʥʘ ʩʣʫʞʘʪ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʠʭ ʘʜʨʝʩʦʚ. ɪʤʢʦʩʪʴ ʰʠʥʳ ʜʘʥʥʳʭ ʠʟʤʝʨʷʝʪʩʷ ʚ ʙʠʪʘʭ, ʥʘʧʨʠʤʝʨ 32 

ʙʠʪʘ ʠʣʠ 64 ʙʠʪʘ [4]. 

 ʄʠʢʨʦʧʨʦʮʝʩʩʦʨ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʜʚʝ ʯʘʩʪʠ: ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʨʠʬʤʝʪʠʢʦ-

ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʫʞʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ, ʚʳʧʦʣʥʝʥʠʷ 

ʢʦʤʘʥʜ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [4]. 

 ɸʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ (ɸʃʋ) ʧʨʦʠʟʚʦʜʠʪ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, 

ʪʘʢʠʝ ʢʘʢ: ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʠ ʪ. ʜ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʚʳʯʠʩʣʝʥʠʡ ɸʃʋ 

ʠʩʧʦʣʴʟʫʝʪ ʨʝʛʠʩʪʨʳ, ʩʫʤʤʘʪʦʨ, ʧʦʣʫʩʫʤʤʘʪʦʨ, ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʠʣʠ ʬʣʘʛʠ. ʌʣʘʛʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʟʥʘʯʝʥʠʷ ʧʝʨʝʧʦʣʥʝʥʠʷ, ʩʪʘʪʫʩʘ, ʥʫʣʷ, ʧʝʨʝʥʦʩʘ ʠ ʪ. ʜ. 
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 ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʳʧʦʣʥʝʥʠʝʤ ʠʥʩʪʨʫʢʮʠʡ ʠ ʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. ʋʋ ʧʦʣʫʯʘʝʪ ʠʥʩʪʨʫʢʮʠʠ ʦʪ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʝʨʝʚʦʜʠʪ ʵʪʠ 

ʠʥʩʪʨʫʢʮʠʠ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʬʦʨʤʘʪ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʨʘʩʧʦʣʦʞʝʥʠʶ ʜʘʥʥʳʭ ʚ ʧʘʤʷʪʠ ʠ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ ɸʃʋ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʠʥʩʪʨʫʢʮʠʷʤ [4]. 

 ʐʀʄ ʠʣʠ PWM (ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʘʥʛʣ. pulse-width modulation) ï ʵʪʦ 

ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ ʤʦʱʥʦʩʪʠ ʢ ʥʘʛʨʫʟʢʝ. ʋʧʨʘʚʣʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ [3]. 

ʉʨʘʚʥʝʥʠʝ Raspberry Pi ʩ Arduino 

 Arduino ð ʵʪʦ ʧʣʘʪʘ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ ATmega. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʮʠʬʨʦʚʳʤʠ ʠ 

ʘʥʘʣʦʛʦʚʳʤʠ ʚʭʦʜʘʤʠ/ʚʳʭʦʜʘʤʠ ʥʘ ʦʯʝʥʴ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʥʝ ʠʤʝʝʪ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ 

ʪʘʢʦʚʦʡ ʠ ʚʳʧʦʣʥʷʝʪ ʟʘʛʨʫʞʝʥʥʳʡ ʚ ʥʝʝ ʢʦʜ ʥʝʧʨʝʨʳʚʥʦ. Arduino ʧʦʪʨʝʙʣʷʝʪ ʥʠʟʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʦ ʨʝʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʫ Arduino ʢʨʘʡʥʝ ʤʘʣʦ, ʘ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʤʥʦʛʠʝ ʬʫʥʢʮʠʠ ʠ ʧʨʦʪʦʢʦʣʳ ʧʨʠʭʦʜʠʪʩʷ ʩ ʥʫʣʷ. Raspberry Pi ð ʵʪʦ 

ʢʦʤʧʴʶʪʝʨ ʥʘ ʦʜʥʦʡ ʧʣʘʪʝ, ʠʤʝʶʱʠʡ ʥʘ ʙʦʨʪʫ ʚʤʝʩʪʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ SoC (ʉʠʩʪʝʤʫ ʥʘ 

ʢʨʠʩʪʘʣʣʝ) ʥʘ ʙʘʟʝ ʘʨʭʠʪʝʢʪʫʨʳ ARM. Raspberry Pi ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʜʠʩʪʨʠʙʫʪʠʚʦʚ ʆʉ Linux ʠʣʠ Windows 10 IoT. ʆʥʘ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʩʧʘʷʥʥʳʭ 

ʧʠʥʦʚ GPIO (ʚʚʦʜʘ/ʚʳʚʦʜʘ), ʦʙʨʘʱʘʪʴʩʷ ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʛʦʪʦʚʳʭ ʙʠʙʣʠʦʪʝʢ 

[1]. ʀ, ʚ ʦʪʣʠʯʠʝ ʦʪ Arduino, ʧʨʦʛʨʘʤʤʳ ʟʜʝʩʴ ʟʘʧʫʩʢʘʶʪʩʷ ʚʥʫʪʨʠ ʆʉ ʠ ʨʘʙʦʪʘʶʪ ʩ ʧʠʥʘʤʠ 

ʫʞʝ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʥʫʶ ʧʨʦʩʣʦʡʢʫ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʘʙʩʦʣʶʪʥʦ ʥʝ ʤʝʰʘʝʪ 

ʩʦʟʜʘʚʘʪʴ ʧʨʦʩʪʳʝ ʩʭʝʤʳ, ʥʦ ʠʥʦʛʜʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʢʨʠʪʠʯʥʳʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

Raspberry Pi ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚʳʭ ʧʠʥʦʚ, ʚʩʝ ʝʛʦ ʧʠʥʳ ʮʠʬʨʦʚʳʝ. 

ʇʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

 DS18B20 ï ʵʪʦ ʧʦʣʥʦʮʝʥʥʳʡ ʮʠʬʨʦʚʦʡ ʪʝʨʤʦʤʝʪʨ, ʩʧʦʩʦʙʥʳʡ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ -55ʦʉ ʜʦ +125ʦʉ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ 9-12 ʙʠʪ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʘʞʜʦʤʫ ʜʘʪʯʠʢʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʩʚʦʡ ʫʥʠʢʘʣʴʥʦʡ 64-ʙʠʪʥʳʡ ʘʜʨʝʩ, ʘ ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʚʝʜʫʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʠʣʠ ʧʣʘʪʦʡ Arduino) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʰʠʥʝ 1-wire. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʢ ʦʜʥʦʡ ʣʠʥʠʠ ʮʝʣʫʶ 

ʛʨʫʧʧʫ ʜʘʪʯʠʢʦʚ, ʚʧʣʦʪʴ ʜʦ 264 [2]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʨʤʦʜʘʪʯʠʢ DS18B20 ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʢʠ ʤʦʣʦʢʘ. 

 ɼʠʩʧʣʝʡ LCD 1602 ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ ʢʦʥʪʨʦʣʣʝʨʘ ʩʝʨʠʠ HD44780 ʠ ʟʘʧʠʪʳʚʘʝʪʩʷ ʦʪ 5ɺ. 

ʕʢʨʘʥ ʠʤʝʝʪ 2 ʩʪʨʦʢʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 16 ʩʠʤʚʦʣʦʚ. ʌʦʨʤʘʪ ʦʪʦʙʨʘʞʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ð 2 ʩʪʨʦʢʠ ʧʦ 16 ʩʠʤʚʦʣʦʚ; ʪʝʭʥʦʣʦʛʠʷ STN, Transflective, Positive; 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʝʥʠʷ ð HD44780; ʠʥʪʝʨʬʝʡʩ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʳʡ, 8-ʙʠʪ; 

ʧʦʜʩʚʝʪʢʘ ʥʘ ʦʩʥʦʚʝ ʩʚʝʪʦʜʠʦʜʦʚ; ʫʛʦʣ ʦʙʟʦʨʘ ð 180 ʛʨʘʜʫʩʦʚ; ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ð 5 ɺ; 

ʧʦʜʩʪʨʦʡʢʘ ʢʦʥʪʨʘʩʪʘ ð VLCD, ʩ ʦʧʦʨʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 5 ɺ. ʕʪʦʪ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʜʠʩʧʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʚʦʜʘ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʝʸ 

ʠʟʤʝʨʝʥʠʷ. 

 ʂʣʘʚʠʘʪʫʨʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ 4ʭ4, ʢʘʞʜʘʷ ʢʥʦʧʢʘ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ 

ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʜʚʫʤʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʣʦʷʤʠ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘ ʥʠʭ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʧʦʢʨʳʪʠʷʤʠ. ɼʦʨʦʞʢʠ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʧʦʢʨʳʪʠʷ ʦʜʥʦʛʦ ʩʣʦʷ ʥʘʥʝʩʝʥʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ (ʚʳʚʦʜʳ 1-4), ʘ ʜʨʫʛʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦ (ʚʳʚʦʜʳ 5-8). ʅʘʞʘʪʠʝ ʥʘ ʢʥʦʧʢʫ 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʝʜʠʥʝʥʠʶ ʜʦʨʦʞʢʠ ʦʜʥʦʛʦ ʩʣʦʷ ʩ ʜʦʨʦʞʢʦʡ ʜʨʫʛʦʛʦ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʟʘʤʳʢʘʥʠʶ ʦʜʥʦʛʦ ʠʟ ʚʳʚʦʜʦʚ 1-4 ʩ ʦʜʥʠʤ ʠʟ ʚʳʚʦʜʦʚ 5-8. ʕʪʘ ʤʘʪʨʠʯʥʘʷ ʢʣʘʚʠʘʪʫʨʘ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʚʦʜʘ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʢʠ ʤʦʣʦʢʘ. 
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ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʪʚʠʟʝʨʳ ʜʣʷ ʫʜʝʨʞʘʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʣʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʤʠʢʨʦʢʘʧʝʣʴ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ 

ʯʘʩʪʠʮʳ ʬʣʫʦʨʦʬʦʨʘ. ʅʘʙʣʶʜʘʣʠ  ʥʘʯʘʣʦ ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʘʩʩʠʚʘ 

ʢʘʧʝʣʴ ʧʦ ʢʦʥʪʫʨʫ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʙʣʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʚ ʣʝʛʠʨʦʚʘʥʥʦʤ ʩʣʦʝ. 

 

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʠʟʢʦʨʘʟʤʝʨʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʦ ʢʣʶʯʝʚʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ 

ʥʦʚʝʡʰʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠ [1]. ʆʧʪʠʯʝʩʢʠʝ ʪʚʠʟʝʨʳ (ʧʠʥʮʝʪʳ) ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʩʧʦʩʦʙʥʳ ʫʜʝʨʞʠʚʘʪʴ, ʧʝʨʝʤʝʱʘʪʴ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʨʘʥʞʠʨʦʚʘʪʴ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʫʧʦʨʷʜʦʯʠʚʘʪʴ ʘʥʩʘʤʙʣʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʠʭ ʘʛʨʝʛʘʪʳ, ʤʠʢʨʦʢʘʧʣʠ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʠʭ ʩʫʙʩʪʘʥʮʠʡ, ʦʪʜʝʣʴʥʳʝ ʞʠʚʳʝ 

ʢʣʝʪʢʠ ʠ ʜʨ. ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʪʚʠʟʝʨʦʚ [2], 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʦʙʲʝʢʪʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʤʠʢʨʦʯʘʩʪʠʮ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ ñLab-on-Chipò. ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʦʧʪʠʯʝʩʢʠʭ ʧʠʥʮʝʪʦʚ ʩʚʷʟʘʥʦ ʩ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʨʝʜ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʥʝʟʘʚʠʩʠʤʦ ʟʘʜʘʚʘʪʴ ʚʝʣʠʯʠʥʫ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ï ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ 

ʣʠʪʠʷ (LiNbO3) ʠ ʪʘʥʪʘʣʘʪʘ ʣʠʪʠʷ (LiTaO3), ʣʦʢʘʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʩʷʤʠ ʤʝʜʠ ʠ ʚʦʜʦʨʦʜʘ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʧʨʠʦʙʨʝʪʘʝʤʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ: ʛʠʙʢʫʶ ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʜ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʧʨʘʚʣʷʝʤʦʡ ʢʦʥʪʘʢʪʥʦʡ 

ʩʨʝʜʳ; ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʚʠʟʝʨʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʧʨʘʚʣʷʶʱʠʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʯʠʧʦʚ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʆʙʨʘʟʮʳ Cu:H:LiTaO3 ʠ Cu:H:LiNbO3 ʩ ʪʦʣʱʠʥʦʡ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ d=4 ʤʢʤ ʙʳʣʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠʩʭʦʜʥʳʭ ʧʣʘʩʪʠʥ Z-ʩʨʝʟʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ LiTaO3 ʠ LiNbO3 ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʠʟʚʦʜʩʪʚʘ SIOM. ʂʦʥʪʘʢʪʥʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʨʝʜʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ (ʇɼʄʉ) ʩʦʜʝʨʞʘʣʘ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ (ʤʠʢʨʦʢʘʧʣʠ) ʬʣʫʦʨʦʬʦʨʘ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʚ 

ʣʝʛʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ 

https://cdn.sparkfun.com/datasheets/Sensors/Temp/DS18B20.pdf
https://www.analogictips.com/pulse-width-modulation-pwm/
https://techterms.com/
mailto:smykovaa2001@gmail.com
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ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ (ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʚʘʢʫʫʤʝ ɚ0=488 ʥʤ) ʧʦ ʟʘʨʘʥʝʝ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ɺʚʠʜʫ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʨʝʜʳ 

ʣʘʟʝʨʥʘʷ ʵʢʩʧʦʟʠʮʠʷ ʦʙʨʘʟʮʦʚ Cu:H:LiTaO3 ʠ Cu:H:LiNbO3 ʤʦʛʣʘ  ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʧʨʷʤʦʡ ʣʘʟʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʦʙʨʘʟʮʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʩʣʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʨʝʜʳ, ʤʦʞʥʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʘʪʴ ʥʘʯʘʣʦ ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʘʩʩʠʚʘ ʢʘʧʝʣʴ ʬʣʫʦʨʦʬʦʨʘ ʧʦ 

ʢʦʥʪʫʨʫ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʟʘʨʷʜʘ ʚ ʣʝʛʠʨʦʚʘʥʥʦʤ ʩʣʦʝ (ʨʠʩ.1).  

 
ʈʠʩʫʥʦʢ 10. ʉʘʤʦʩʙʦʨʢʘ ʤʠʢʨʦʢʘʧʝʣʴ ʬʣʫʦʨʦʬʦʨʘ ʧʦ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʚ 

ʚʠʜʝ ʩʝʨʜʮʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʥʝʢʦʪʦʨʳʭ ʪʦʯʝʢ ʵʪʦʡ ʦʙʣʘʩʪʠ (ʚ ʤʢʤ) 

ɿʘʧʠʩʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʚ ʣʝʛʠʨʦʚʘʥʥʦʤ ʩʣʦʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʣʠʙʦ ʯʘʩʪʠʯʥʦ ʩʪʝʨʪʘ ʩʪʘʥʜʘʨʪʥʳʤ 

ʦʧʪʠʯʝʩʢʠʤ ʠ/ʠʣʠ ʪʝʨʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʧʨʠ ʨʝʚʝʨʩʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʚ 

ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʩʨʝʜʘʭ; ʜʠʥʘʤʠʯʝʩʢʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʘ ʠʣʠ ʜʦʧʦʣʥʝʥʘ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʥʘʩʪʨʦʡʢʝ ʪʦʧʦʣʦʛʠʠ 

ʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʤʠʢʨʦʯʘʩʪʠʮ.  

 

ʈʠʩʫʥʦʢ 2. ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ ʦʪʢʣʠʢ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʠʚʘ ʤʠʢʨʦʢʘʧʝʣʴ 

ʇʦʣʝʟʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʚʳʙʨʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʦʬʣʶʠʜʠʢʠ ʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ.2) ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ, ʪʘʢ ʠ ʫʞʝ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ, ʢ 

ʨʘʟʣʠʯʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʠʣʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ [3]. ʊʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʠʣʠ ʤʘʪʨʠʯʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʧʨʷʛʘʝʤʳʭ ʩ ʧʣʘʪʬʦʨʤʦʡ.   
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ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʢ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʪʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ. ʆʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʜʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʂʝʨʠ ʃʠ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʫʪʸʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʵʢʦʪʦʢʩʠʢʘʥʪʳ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʦʣʛʦʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ [1], ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʬʝʥʦʣ [2] ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʭʠʤʠʠ [3] ʠ ʤʝʜʠʮʠʥʝ [4]. ʊʘʢʦʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʳʩʦʢʦʡ ʵʢʩʧʨʝʩʩʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʝʛʦ 

ʵʣʝʢʪʨʦʜʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʚʝʱʝʩʪʚʫ ʠʣʠ ʛʨʫʧʧʝ ʚʝʱʝʩʪʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʨʦʛʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺ ʚʠʜʫ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʤʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʵʣʝʢʪʨʦʜʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʝʜʠʥʠʮʳ 

ʤʠʢʨʦʤʦʣʴ, ʘ ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʥʦʤʦʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ (ʉʋʕ) ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʉʋʕ ʤʦʞʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ. ʉʨʝʜʠ ʰʠʨʦʢʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʴ ʉʋʕ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) [5], ʢʘʢ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʛʨʘʬʝʥ, ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʢʩʠʜʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʋʅʊ ʤʦʛʫʪ ʙʳʪʴ 

ʢʦʚʘʣʝʥʪʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʚʝʱʝʩʪʚ. ʊʘʢʠʝ ʨʘʙʦʯʠʝ ʵʣʝʢʪʨʦʜʳ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʥʝʵʥʟʠʤʥʳʝ ʩʝʥʩʦʨʳ [6], ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʠʭ 

ʩʪʦʠʤʦʩʪʴ ʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʭʨʘʥʝʥʠʷ. ɺ ʩʣʫʯʘʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʋʅʊ, ʦʥ ʧʦ ʩʫʪʠ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 
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ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʧʦʜʣʦʞʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʙʦʯʠʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʥʘʥʦʩʠʤʳʡ 

ʢʦʤʧʦʟʠʪ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʋʅʊ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʥʠ 

ʥʝ ʠʤʝʶʪ ʩʚʷʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʫʯʘʶʪʩʷ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʥʘʤʠ 

ʘʵʨʦʟʦʣʴʥʳʡ CVD-ʤʝʪʦʜ ʨʝʰʘʝʪ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʨʝʘʢʪʦʨʘ ʪʦʥʢʠʝ ʩʝʪʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʫʯʢʘʤʠ ʋʅʊ [7]. ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ 

ʋʅʊ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʞʝʣʝʟʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʡ 

ʧʨʠʤʝʩʴʶ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʨʝʘʢʮʠʷʭ, ʦʜʥʘʢʦ 

ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʸʤ ʜʣʠʪʝʣʴʥʦʡ ʧʨʠʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʜʘ ʚ ʢʠʩʣʦʪʥʦʡ 

ʩʨʝʜʝ ʠʣʠ ʧʨʦʤʳʚʢʦʡ. ʉʝʪʢʘ ʋʅʊ ʤʦʞʝʪ ʙʳʪʴ ʥʘʥʝʩʝʥʘ ʥʘ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʡ ʢʘʨʢʘʩ ʠ 

ʩʦʝʜʠʥʝʥʘ ʩ ʪʦʢʦʩʲʸʤʥʠʢʦʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʝʪʢʘ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 
ʈʠʩʫʥʦʢ 11. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʣʝʢʪʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʋʅʊ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʋʅʊ: 1 

ï ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʦʩʥʦʚʘ; 2 ï ʢʦʥʪʘʢʪʥʘʷ ʧʣʦʱʘʜʢʘ ʠʟ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʩʢʦʪʯʘ; 3 ï ʩʧʘʡ 

ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʠ ʠ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ (4) ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʘ; 5 ï ʩʝʪʢʘ ʠʟ ʋʅʊ; 6 

ï ʧʦʢʨʦʚʥʳʡ ʩʣʦʡ ʧʦʣʠʵʪʠʣʝʥʘ; 7 ï ʧʝʨʝʢʨʳʪʠʝ ʧʦʢʨʦʚʥʳʤ ʩʣʦʝʤ ʧʦʣʠʵʪʠʣʝʥʘ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ ʩʝʪʢʠ ʋʅʊ ʠ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʠ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ 

ʵʣʝʢʪʨʦʜʘ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ ʩ ʬʦʥʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʢʦʥʪʘʢʪʠʨʫʝʪ ʪʦʣʴʢʦ ʩʝʪʢʘ 

ʋʅʊ, ʪʦʢʦʩʲʸʤʥʠʢ ʞʝ ʥʘʜʸʞʥʦ ʠʟʦʣʠʨʦʚʘʥ ʧʦʣʠʵʪʠʣʝʥʦʚʳʤ ʢʘʨʢʘʩʦʤ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʡ ʵʣʝʢʪʨʦʜ ʙʳʣ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʛʠʜʨʦʟʦʣʝʤ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʂʝʨʠ ʃʠ (ʮʠʪʨʘʪ-

ʩʫʣʴʬʘʪʥʳʡ ʤʝʪʦʜ) ʠ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʧʨʦʠʟʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʤʝʪʦʜʦʤ ʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʂɺɺɸ). ʄʠʥʠʤʘʣʴʥʘʷ ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 14 

ʤʠʢʨʦʤʦʣʴ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʉʋʕ ʪʘʢʞʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ, ʜʣʷ ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ.  
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ɺ ʨʘʙʦʪʘʭ ʧʦ ʛʦʣʦʛʨʘʬʠʠ ʚ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ (ʌʈʂ) ʦʙʳʯʥʦ ʫʜʝʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʧʠʩʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʦʣʦʛʨʘʤʤ ʌʨʘʫʥʛʦʬʝʨʘ ʠʣʠ ʨʘʟʣʠʯʥʳʭ 

ʛʦʣʦʛʨʘʤʤ ʧʨʦʟʨʘʯʥʳʭ ʪʨʘʥʩʧʘʨʘʥʪʦʚ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʧʨʝʜʤʝʪʥʦʤ ʧʫʯʢʝ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ[1,2]. ʊʘʢʦʡ ʘʢʮʝʥʪ ʦʙʲʷʩʥʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʧʝʮʠʬʠʢʦʡ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʦʧʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠʣʠ ʩʦʟʜʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ 

ʜʠʬʨʘʢʮʠʠ ɹʨʵʛʛʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʪʦʥʠʢʠ ʚ ʛʦʣʦʛʨʘʤʤʥʳʭ 

ʵʣʝʤʝʥʪʘʭ, ʜʠʥʘʤʠʯʝʩʢʠ ʬʦʨʤʠʨʫʶʱʠʭ ʩʣʦʞʥʳʡ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʚ ʨʝʞʠʤʘʭ ʦʪʨʘʞʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ ʚ ʢʦʥʬʦʢʘʣʴʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʚʦʧʨʦʩʳ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʤʤ ʨʝʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʠʭ ʧʦʣʥʦʛʦ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ ʚ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʠʣʠ ʯʘʩʪʠʯʥʦ ʢʦʛʝʨʝʥʪʥʦʤ ʩʚʝʪʝ. 

ʇʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʌʈʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʦʜʥʷ ʨʦʩʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚ ʩʠʣʫ ʤʥʦʞʝʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʨʘʟʚʠʚʘʪʴ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʌʈʂ, ʥʘʧʨʠʤʝʨ 

ï ʢʨʠʩʪʘʣʣʦʚ LiNbO3 ʠ LiTaO3. ʇʨʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʢʨʠʩʪʘʣʣʘʭ ʩ 

ʜʚʦʡʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʚʥʫʰʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʧʪʠʤʠʟʤ, ʪʘʢ ʢʘʢ ʫʜʘʝʪʩʷ ʟʘʧʠʩʳʚʘʪʴ 

ʛʦʣʦʛʨʘʤʤʳ ʦʪʨʘʞʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʧʦ ʩʭʝʤʝ ɼʝʥʠʩʶʢʘ ʩ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʦ70% ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʚʝʪʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʟʘʧʠʩʠ (532 ʥʤ). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʟʘʧʠʩʠ/ʩʯʠʪʳʚʘʥʠʷ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʨʝʰʝʪʦʢ ʚ ʥʘʰʠʭ ʌʈʂ 

ʧʨʝʚʦʩʭʦʜʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʛʦʣʦʛʨʘʤʤʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ ʩʚʝʪʝ. 



 

43 

 
 

 

ʄʳʩʣʠʤʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʌʈʂ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʢʠ ʚ ʚʠʜʝ, ʥʘʧʨʠʤʝʨ, ʦʙʭʦʜʥʦʛʦ 

ʧʫʪʠ ʪ.ʥ. ñʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʬʠʠò ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʙʩʦʣʶʪʥʦ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳ ʥʠ ʧʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʥʠ ʧʦ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʥʠ ʧʦ ʜʦʩʪʠʞʠʤʦʤʫ ʫʨʦʚʥʶ ʰʫʤʦʚ, 

ʧʨʠʯʝʤ ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʘʣʝʢ ʦʪ ʞʝʣʘʝʤʦʛʦ. ʇʨʦʙʣʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʚ 

ʌʈʂ ʛʦʣʦʛʨʘʤʤ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ ʧʦ 

ʤʥʦʛʠʤ ʧʨʠʯʠʥʘʤ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʬʦʪʦʵʤʫʣʴʩʠʷʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʚʥʦ ʠ ʭʦʨʦʰʦ ʨʘʟʚʠʪʦ.ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʨʘʩʪ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʚʳʩʦʢʘʷ ʛʣʫʙʠʥʘ 

ʤʦʜʫʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʡ ʨʝʰʝʪʢʠ, ʜʦʩʪʠʞʠʤʳ ʧʨʠ ʨʘʚʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʦʨʥʦʛʦ ʠ ʧʨʝʜʤʝʪʥʦʛʦ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʚ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʩʨʝʜʫ. ʆʜʥʘʢʦ ʵʪʦ ʫʩʣʦʚʠʝ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ  ʚʳʧʦʣʥʠʪʴ ʚ ʩʣʫʯʘʷʭ 

ʟʘʧʠʩʠ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʘʣʝʢʦ ʥʝ ʝʜʠʥʠʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʣʦʞʝʥʠʝ ʚʦʣʥʦʚʳʭ 

ʚʝʢʪʦʨʦʚ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʧʦʧʳʪʢʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʟʘʧʠʩʳʚʘʶʱʠʭ ʧʫʯʢʦʚ ʚ ʝʜʠʥʠʯʥʦʤ ʪʝʣʝʩʥʦʤ ʫʛʣʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʚ ʦʧʦʨʥʦʡ ʚʦʣʥʝ, ʯʪʦ ʧʣʦʭʦ ʩʦʚʤʝʩʪʠʤʦ ʩ ʥʝʙʦʣʴʰʦʡ  

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʤʥʦʛʠʭ ʌʈʂ. ʇʦʚʳʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʝʜʤʝʪʥʦʤ ʠ ʦʧʦʨʥʦʤ ʢʘʥʘʣʘʭ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯʠ, ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤʦ ʢ ʛʦʣʦʛʨʘʬʠʨʫʝʤʳʤ ʦʙʲʝʢʪʘʤ, ʦʩʦʙʝʥʥʦ ʚ ʚʘʨʠʘʥʪʘʭ ʠʭ 

ʤʘʣʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ (ʚ ʪ.ʯ. ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʦʩʚʝʱʝʥʠʠ) ʧʦʚʳʰʘʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʧʠʩʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʘʨʤʦʥʠʢ ʬʘʟʦʚʦʡ ʨʝʰʝʪʢʠ, ʘ ʪʘʢʞʝ, ʚ ʩʠʣʫ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʚ ʌʈʂ, ʧʦʷʚʣʷʝʪʩʷ ʤʦʱʥʦʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ 

ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʌʀʈʉ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʛʦʣʦʛʨʘʤʤʦʡ ʠ ʝʸ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʟʢʦ ʧʘʜʘʶʪ. 

ʈʘʩʰʠʨʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʠʣʝʥʠʝʤ ʩʣʘʙʳʭ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ ʧʨʠ ʤʥʦʛʦʚʦʣʥʦʚʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʌʈʂ ʥʘ ʧʨʘʢʪʠʢʝ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳ ʠ ʚʨʷʜ ʣʠ ʩʦʚʤʝʩʪʠʤʳ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ, 

ʭʦʪʷ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʯʝʥʴ ʭʦʨʦʰʦ 

ʦʩʥʘʱʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ.   

ɺʝʨʦʷʪʥʦ, ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʙʳ ʫʚʝʣʠʯʝʥʠʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʌʈʂ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʣʦ ʙʳ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʪʦʣʱʠʥʝ ʩʨʝʜʳ (10-100 ʤʢʤ) ʜʦʙʠʪʴʩʷ ʧʨʠʝʤʣʝʤʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʦʣʦʛʨʘʤʤ ʭʦʪʷ ʙʳ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʧʨʦʮʝʥʪʦʚ. ʇʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʌʈʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʦʜʥʷ 

ʨʦʩʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚ ʩʠʣʫ ʤʥʦʞʝʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʨʘʟʚʠʚʘʪʴ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʌʈʂ, ʥʘʧʨʠʤʝʨ ï ʢʨʠʩʪʘʣʣʦʚ LiNbO3 ʠ LiTaO3 ʣʦʢʘʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʪ.ʥ. 

ñʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʤʠò ʠ ñʥʝʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʤʠòʧʨʠʤʝʩʷʤʠ [3], ʚ ʪ.ʯ.ʚ ʪʦʥʢʦʤ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ʊʘʢʠʝ ʩʣʦʠ ʩ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʦʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʶʪʩʷ ʥʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʌʦʪʦʨʝʬʨʘʢʪʠʚʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʚʦʜʠʤʳʭ ʧʨʠʤʝʩʝʡ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʣʠʯʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʝʣʠʯʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ, ʠʩʭʦʜʥʳʤ 

ʢʨʠʩʪʘʣʣʦʤ ʧʫʪʝʤ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʣʝʛʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 12. ɼʠʥʘʤʠʯʝʩʢʘʷ ʛʦʣʦʛʨʘʤʤʘ ʥʝʙʦʣʴʰʦʡ ʩʘʤʦʬʠʢʩʠʨʫʶʱʝʡʩʷ ʛʘʡʢʠ, ʟʘʧʠʩʘʥʥʘʷ ʚʦ 

ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʘʭ ʚ ʦʙʨʘʟʮʝLiNbO3:Fe:Ce 

 

ʇʨʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʢʨʠʩʪʘʣʣʘʭ ʩʜʚʦʡʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ (ʨʠʩ.1) 

ʚʥʫʰʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʧʪʠʤʠʟʤ, ʪʘʢ ʢʘʢ ʫʜʘʝʪʩʷ ʟʘʧʠʩʳʚʘʪʴ ʛʦʣʦʛʨʘʤʤʳ ʦʪʨʘʞʘʶʱʠʭ 

ʦʙʲʝʢʪʦʚ ʧʦ ʩʭʝʤʝ ɼʝʥʠʩʶʢʘ ʩ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦ70% ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʩʚʝʪʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʟʘʧʠʩʠ (532 ʥʤ). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʟʘʧʠʩʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʠʟʣʫʯʝʥʠʝ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʣʘʟʝʨʘ (TekhnoscanMozartS5), ʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ ʛʦʣʦʛʨʘʤʤ, 

ʟʘʧʠʩʘʥʥʳʭ ʪʦʣʩʪʦʤ ʠʦʥʦʦʙʤʝʥʥʦʤ ʩʣʦʝ ʠʣʠ ʦʙʲʝʤʥʦʤ ʌʈʂ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʦʯʝʥʴ 

ʩʪʨʦʛʦʤ ʚʳʧʦʣʥʝʥʠʠ ʩʠʥʭʨʦʥʠʟʤʘ ɹʨʵʛʛʘ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʠʷ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʷʨʢʦʩʪʴ ʠ ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʛʦʣʦʛʨʘʤʤʳ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʙʝʣʦʛʦ ʩʚʝʪʘ. ʕʪʘ 

ʦʩʦʙʝʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʟʘʧʠʩʠ/ʩʯʠʪʳʚʘʥʠʷ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʨʝʰʝʪʦʢ ʚ 

ʥʘʰʠʭ ʌʈʂ ʧʨʝʚʦʩʭʦʜʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʛʦʣʦʛʨʘʤʤʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ ʩʚʝʪʝ, ʥʦ ʦʢʘʟʳʚʘʝʪʩʷ 

ʠʟʙʳʪʦʯʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʠʢʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʤʠʜʞʠʥʛʘ, ʯʪʦ ʦʩʪʘʚʣʷʝʪ ʧʦʣʝ ʜʣʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ ʥʘʰʠʭ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʫʪʦʯʥʝʥʠʷ ʨʝʞʠʤʦʚ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʰʝʥʠʶ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ. 
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ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʭʝʤʠʨʝʟʠʩʪʠʚʥʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʢ ʠʟ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʪʢʣʠʢʘ ʩʝʥʩʦʨʘ ʥʘ ʠʟʤʝʥʝʥʠʝ pH ʚ ʩʨʝʜʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ.  

 

ɿʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (pH) ʘʢʪʫʘʣʴʥʘ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʷʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʭʣʦʨʠʜ-ʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʜʳ. ʆʜʥʘʢʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʙʘʨʠʪʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʵʣʝʢʪʨʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʭʝʤʠʨʝʟʠʩʪʠʚʥʳʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ ʩʣʫʞʠʪ ʥʝ ʚʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʥʘʯʝʥʠʶ pH, ʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʘʪʯʠʢʘ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʳʚʘʶʪʩʷ ʭʝʤʠʨʝʟʠʩʪʠʚʥʳʝ pH-ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ) [1,2]. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʩʝʥʩʦʨ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʫʪʸʤ 

ʘʵʨʦʟʦʣʴʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʱʘʜʢʠ ʪʦʥʢʠʭ ʩʣʦʸʚ ʨʘʙʦʯʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʥʢʠʝ ʩʝʪʢʠ ʠʟ ʋʅʊ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʥʘʤʠ ʘʵʨʦʟʦʣʴʥʦʤ CVD-ʤʝʪʦʜʝ ʩʠʥʪʝʟʘ [3]. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʠʩʧʝʨʩʠʡ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʢ ʋʅʊ. 

 
ʈʠʩʫʥʦʢ 13. ʉʭʝʤʘ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʢ ʋʅʊ 
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ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʥʩʦʨʘ ʷʚʣʷʶʪʩʷ: 1 ï ʧʦʜʣʦʞʢʘ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ; 2 ï ʤʝʜʥʳʝ 

ʢʦʥʪʘʢʪʳ; 3 ï ʩʝʪʢʘ ʋʅʊ; 4 ï ʧʦʢʨʦʚʥʳʡ ʩʣʦʡ ʧʦʣʠʵʪʠʣʝʥʘ, ʟʘʱʠʱʘʶʱʠʡ ʢʦʥʪʘʢʪʳ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʦʡ. 

ʇʦʩʣʝ ʩʙʦʨʢʠ ʩʝʥʩʦʨʘ ʦʥ ʙʳʣ ʚʳʜʝʨʞʘʥ ʚ ʩʤʝʩʠ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ (1:3), 

ʨʘʟʙʘʚʣʝʥʥʦʡ 1:10 ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ęC ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ. ʀʤʝʥʥʦ ʠʭ ʥʘʣʠʯʠʝʤ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [1] 

ʦʙʲʷʩʥʷʶʪ ʨʝʘʢʮʠʶ ʩʝʥʩʦʨʘ ʥʘ ʠʟʤʝʥʝʥʠʝ pH.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ʩʝʥʩʦʨʘ ʥʘ ʠʟʤʝʥʝʥʠʝ pH ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ 

ʨʘʩʪʚʦʨʳ ʩ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʥʩʦʨʘ ʥʝ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʝʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ, 

ʤʝʪʦʜʦʤ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʪʚʦʨʦʚ 

(ʊʘʙʣ. 1).  
ʊʘʙʣʠʮʘ 1. ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ 

pH 1,65 4,01 6,86 9,18 

,̝ ˿ ͣκͣ 1,107 0,363 0,636 0,133 
 

ʉʝʥʩʦʨ ʧʦʦʯʝʨʸʜʥʦ ʧʦʛʨʫʞʘʣʩʷ ʚ ʢʘʞʜʳʡ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʧʨʠ ʩʤʝʥʝ ʨʘʩʪʚʦʨʘ ʩʝʥʩʦʨ 

ʦʧʦʣʘʩʢʠʚʘʣʩʷ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ɿʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʥʩʦʨʘ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʚ 

ʢʘʞʜʳʡ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʦʢʘʟʘʥʠʡ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʪʝʯʝʥʠʝ 

ʤʠʥʫʪʳ. 
ʊʘʙʣʠʮʘ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʥʩʦʨʘ ʦʪ ʟʥʘʯʝʥʠʷ pH 

pH 1,65 4,01 6,86 9,18 

R, ͟ ˻ ͣ 1,167 1,150 1,136 1,130 
 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʘ 

ʪʨʝʙʫʶʪ ʫʣʫʯʰʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʪʦʣʱʠʥʫ ʩʣʦʷ 

ʩʝʪʢʠ ʋʅʊ, ʪʘʢ ʯʪʦʙʳ ʦʪʢʣʠʢ ʩʝʥʩʦʨʘ ʩʪʘʣ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ. ʉʦʧʦʩʪʘʚʠʚ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪ pH ʠ ʦʪʢʣʠʢ ʩʝʥʩʦʨʘ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥʠ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ, ʘ ʟʥʘʯʠʪ ʦʪʢʣʠʢ ʩʝʥʩʦʨʘ ʩʚʷʟʘʥ ʩʦ ʟʥʘʯʝʥʠʝʤ pH. 
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ʄʆɼʀʌʀʂɸʎʀʀ ʂʈʀʉʊɸʃʃʆɺ LINBO3 ʃɽɻʀʈʆɺɸʅʅʓʍ ɺ 

ʇʈʀʇʆɺɽʈʍʅʆʉʊʅʆʄ ʉʃʆɽ 

ʌʘʭʨʠʩʣʘʤʦʚʘ ɸ.ʈ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

f.alina2000@mail.ru 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ 

ʣʠʪʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠʤʝʩʷʤʠ ʤʝʜʠ ʠ ʚʦʜʦʨʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʭʠʤʠʯʝʩʢʦʤ ʪʨʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʨʝʣʴʝʬʘ ʚʳʩʦʪʦʡ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ, ʘ ʫʧʨʘʚʣʝʥʠʝ ʝʛʦ ʛʣʫʙʠʥʦʡ ʜʦʣʞʥʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʢʦʥʪʨʦʣʴ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ, 

ʩʢʦʨʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʦʥʦʦʙʤʝʥʥʳʡ ʩʣʦʡ. 

 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʠ ʪʘʥʪʘʣʘʪʘ ʣʠʪʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʠʥʪʝʛʨʘʣʴʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʐʠʨʦʢʠʡ ʢʨʫʛ ʧʨʠʤʝʥʝʥʠʡ ʠʤʝʝʪʩʷ ʜʣʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʪʘʢʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʘʪʯʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʘʢʪʠʚʥʳʭ MEMS-

ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʦʜʦʙʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʚʜʦʣʴ ʠʣʠ ʧʦʧʨʝʢ ʢʦʪʦʨʳʭ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʣʘʟʝʨʥʳʡ ʣʫʯ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʦʙʳʯʥʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʥʦʛʦʵʪʘʧʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʦʧʨʷʞʝʥʥʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʣʠʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

3D-ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ LiNbO3 ʠ LiTaO3, ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʷʤʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ 

(ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ) ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ [1] ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʨʘʚʣʝʥʠʝʤ ʚ 

ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʣʴʝʬʘ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪ ʪʨʘʚʣʝʥʠʷ 

(ʛʣʫʙʠʥʘ ʩʪʨʫʢʪʫʨʳ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʩʚʷʟʴʶ ʧʘʨʘʤʝʪʨʦʚ ,  ʧʦʜʛʦʪʦʚʢʠ ʧʦʜʣʦʞʝʢ ʠ 

ʨʝʞʠʤʦʚ ʣʘʟʝʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʦʣʫʯʝʥʠʷ ʛʣʫʙʦʢʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ LiNbO3, ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʝʜʴʶ ʠ 

ʚʦʜʦʨʦʜʦʤ ʚ ʩʣʦʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ɓ-ʬʘʟʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ HF. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʩʭʦʜʥʳʝ ʧʣʘʩʪʠʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʣʠʪʠʷ 

(ʥʦʤʠʥʘʣʴʥʦ ʙʝʩʧʨʠʤʝʩʥʳʭ) Z-ʩʨʝʟʘ, ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʢʦʪʦʨʳʭ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʦ Cu:H:LiNbO3. 

ɻʣʫʙʠʥʘ ʜʦʧʠʨʦʚʘʥʠʷ ʧʨʠʤʝʩʷʤʠ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ ʩʦʩʪʘʚʣʷʣʘ 5-8 ʤʢʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ (ɓ2 ʠʣʠ ɓ3) 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ɺ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʣʦʷʭ ʧʦ ʤʝʪʦʜʠʢʝ [1] ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʧʨʘʚʠʣʴʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ. 

ɼʣʠʥʘ ʚʦʣʥʳ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ɚ0=514.5 ʥʤ, ʘ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ I0=108-

109ɺʪ/ʤ2. ʈʵʣʝʝʚʩʢʘʷ ʜʣʠʥʘ ʜʣʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʧʨʠ ʟʘʧʠʩʠ ʚʳʙʠʨʘʣʘʩʴ ʠʟ 

ʨʘʩʯʝʪʘ ʝʝ ʧʨʠʤʝʨʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʩ ʪʦʣʱʠʥʦʡ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. ʉʢʦʨʦʩʪʠ 

ʟʘʧʠʩʠ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 

V=1-10 ʤʤ/c, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʧʦʣʥʷʪʴ ʟʘʧʠʩʴ , ʧʨʝʜʧʦʣʘʛʘʷ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʦʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʧʨʠ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʤ ʵʬʬʝʢʪʝ ʚ ʠʦʥʦʦʙʤʝʥʥʦʤ ʩʣʦʝ. ʇʨʠʤʝʨ 
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ʨʝʟʫʣʴʪʘʪʘ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ ʚ 

ʦʙʨʘʟʮʝ Cu:H:LiNbO3 ʚ ɓ2-ʬʘʟʝ  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʈʠʩʫʥʦʢ 1.ʉʪʨʫʢʪʫʨʳ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʠʦʥʦʦʙʤʝʥʥʦʤ ʩʣʦʝ Cu:H:LiNbO3 ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʣʘʟʝʨʥʦʡ 

ʥʘʢʘʯʢʠ I0=10
8
ɺʪ/ʤ

2
 (ʚʚʝʨʭʫ) ʠ I0=10

9
ɺʪ/ʤ

2
 (ʚʥʠʟʫ) 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨ, ʟʘʧʠʩʘʥʥʳʭ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I0=10
9
ɺʪ/ʤ

2
 

ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ HF:HNO3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ , ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ.  
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ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪ ʪʨʘʚʣʝʥʠʷ ʜʣʷ ʩʪʨʫʢʪʫʨ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʨʝʞʠʤʝ I0=10
9
ɺʪ/ʤ

2
, V=10 ʤʤ/c ʩʦ 

ʩʪʦʨʦʥʳ Z- ʦʙʨʘʟʮʘ Cu:H:LiNbO3 

 

ʀʟ ʦʮʝʥʢʠ ʩʜʚʠʛʘ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠ ʬʦʢʫʩʠʨʦʚʢʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʛʣʫʙʠʥʘ ʨʝʣʴʝʬʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 ʤʢʤ ʧʨʠ ʦʙʱʝʡ ʪʦʣʱʠʥʝ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʩʣʦʷ 8 ʤʢʤ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʥʝʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. ʅʘʠʙʦʣʝʝ ʧʦʣʝʟʥʦʡ ʦʢʘʟʘʣʘʩʴ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʪʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ  ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʩʣʦʷ ʠ 

ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʦʚ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʦʨʦʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʩʦʟʜʘʥ ʠʦʥʦʦʙʤʝʥʥʳʡ ʩʣʦʡ, 

ʪʨʘʚʣʝʥʠʝ ʚʩʝʛʜʘ ʚʳʷʚʣʷʝʪ ʧʦʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʧʨʦʪʨʘʚʣʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʧʝʨʠʬʝʨʠʠ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ñʛʨʝʙʝʥʴò 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʛʨʝʛʘʪʦʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ ʤʠʢʨʦ- ʠ ʥʘʥʦʜʦʤʝʥʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʙʳʩʪʨʦʡ ʣʘʟʝʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ɓ2-

ʬʘʟʥʦʛʦ ʩʣʦʷ Cu:H:LiNbO3 ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʙʦʡ 

ʢʨʠʩʪʘʣʣʘ ʧʦʣʷʤʠ ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, ʧʨʠ ʝʛʦ ʯʘʩʪʠʯʥʳʤ 

ʵʢʨʘʥʠʨʦʚʘʥʠʠ ʟʘ ʩʯʝʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʥʝ ʦʩʚʝʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘ ʛʨʘʥʠʮʝ ʩ ʧʦʜʣʦʞʢʦʡ. ɺ 

ʵʪʠʭ ʧʦʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʠʜʦʤʝʥʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʚ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ, 

ʠʟʥʘʯʘʣʴʥʦ ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʤʦʥʦʜʦʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʘʥʦʜʦʤʝʥʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʘ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʊʨʘʚʣʝʥʠʝ 

ʧʦ ʛʨʘʥʠʮʘʤ ʵʪʠʭ ʘʛʨʝʛʘʪʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʫʯʝʥʥʳʡ ʨʝʣʴʝʬ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ñʧʦʤʦʛʘʶʱʠʤò ʜʘʥʥʦʤʫ ʧʨʦʮʝʩʩʫ, ʦʯʝʚʠʜʥʦ , ʷʚʣʷʝʪʩʷ 

ʧʦʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʚʩʣʝʜʩʪʚʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ (ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ) ʨʦʩʪʘ ʝʛʦ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʩʣʝ ʣʦʢʘʣʴʥʦʛʦ 

ʣʝʛʠʨʦʚʘʥʠʷ ʤʝʜʴʶ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʝʣʘʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʣʫʙʠʥʦʡ 

ʨʝʣʴʝʬʘ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʜʦʣʞʥʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʢʦʥʪʨʦʣʴ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʩʪʝʧʝʥʠ 

ʣʝʛʠʨʦʚʘʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʦʥʦʦʙʤʝʥʥʳʡ ʩʣʦʡ.  
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʬʠʟʠʢʝ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʪʝʤʫ çɼʠʬʨʘʢʮʠʷ ʌʨʘʫʥʛʦʬʝʨʘè, ʚʠʟʫʘʣʠʟʠʨʦʚʘʥ ʢʨʠʪʝʨʠʡ 

ʈʵʣʝʷ. ʂʦʥʢʨʝʪʠʟʠʨʦʚʘʥʳ ʧʦʥʷʪʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʠ 

ʨʘʟʨʝʰʝʥʠʷ ʜʚʫʭ ʙʣʠʟʢʦ ʣʝʞʘʱʠʭ ʣʠʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʬʠʟʠʢʝ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʭ ʚʠʜʦʚ ʟʘʥʷʪʠʡ - ʣʝʢʮʠʡ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ (ʨʝʰʝʥʠʝ 
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ʟʘʜʘʯ) ʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ [ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.] ʩ 

ʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʈʘʟʨʘʙʦʪʘʪʴ ʚ MS Power Point ʚʠʟʫʘʣʠʟʘʮʠʶ ʥʘ ʪʝʤʫ çɼʠʬʨʘʢʮʠʷ ʌʨʘʫʥʛʦʬʝʨʘè. 

ɺʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʨʠʪʝʨʠʡ ʈʵʣʝʷ. 

ʂʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʧʦʥʷʪʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʠ 

ʨʘʟʨʝʰʝʥʠʷ ʜʚʫʭ ʙʣʠʟʢʦ ʣʝʞʘʱʠʭ ʣʠʥʠʡ. 

ʉʚʷʟʴ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʜʘʚʥʦ ʜʦʢʘʟʘʥʘ ʠ ʥʝʦʩʧʦʨʠʤʘ. ʂʦʦʨʜʠʥʘʮʠʷ ʤʝʞʜʫ ʣʝʢʮʠʦʥʥʳʤʠ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʥʷʪʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʝʥʘ ʯʝʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʢʘʢ ʯʘʩʪʠ ʦʙʱʝʡ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʦʡ ʚ ʠʟʣʦʞʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʣʘ. 

ʊʘʢ ʚ ʪʝʦʨʠʠ ʜʠʬʨʘʢʮʠʠ ʌʨʘʫʥʛʦʬʝʨʘ ʥʘ ʤʥʦʛʠʭ ʱʝʣʷʭ ʨʝʰʘʝʪʩʷ ʦʙʱʘʷ ʟʘʜʘʯʘ ʜʠʬʨʘʢʮʠʠ 

ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ. ʀʪʦʛʦʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʫʩʣʦʚʠʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʚʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʠ 

ʧʦʥʷʪʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ. ʀʤʝʥʥʦ ʵʪʠ ʧʦʥʷʪʠʷ 

ʬʠʛʫʨʠʨʫʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʜʘʯʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʘ, ʢʘʢ ʤʠʥʠʤʫʤ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ. 

ʉʚʷʟʴ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤ ʧʨʘʢʪʠʢʫʤʦʤ ʥʝ ʪʘʢ ʦʯʝʚʠʜʥʘ. ʅʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʩʚʷʟʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʠ ʦʯʝʚʠʜʥʳʤ. 

ʊʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʧʦ ʪʝʤʝ çʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʩ ʧʦʤʦʱʴʶ 

ʛʦʥʠʦʤʝʪʨʘè ʩʪʫʜʝʥʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʨʪʫʪʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʘʤʦʡ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʝʪʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʚʝʣʠʯʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʵʪʠʭ ʚʠʜʦʚ ʟʘʥʷʪʠʡ ʙʫʜʝʪ ʚʝʩʴʤʘ ʧʦʣʝʟʥʘ, ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʥʦ ʠ ʜʣʷ ʧʦʠʩʢʘ ʠʭ ʨʝʰʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʨʘʤʢʘʭ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʩ ʫʯʝʪʦʤ ʢʦʦʨʜʠʥʘʮʠʠ ʚʩʝʭ ʚʠʜʦʚ ʟʘʥʷʪʠʡ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʤʝ çɼʠʬʨʘʢʮʠʷ ʌʨʘʫʥʛʦʬʝʨʘ. 

ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘè. 

ɼʣʷ ʩʚʷʟʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʩ ʣʝʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʨʘʟʨʘʙʦʪʘʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʩʪʨʫʢʪʫʨʳ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʪ ʦʜʥʦʡ ʱʝʣʠ ʠ ʜʚʫʭ ʱʝʣʝʡ. ʀʤʝʥʥʦ ʧʦʥʠʤʘʥʠʝ 

ʩʪʨʫʢʪʫʨʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʪʝʦʨʠʠ 

ʜʠʬʨʘʢʮʠʠ ʌʨʘʫʥʛʦʬʝʨʘ ʦʪ ʦʜʥʦʡ ʠ ʤʥʦʛʠʭ ʱʝʣʝʡ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʨʝʜʩʪʚʘʤʠ MS PowerPoint. ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ 

ʚʩʪʨʦʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʉ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʙʳʣʠ 

ʦʪʨʠʩʦʚʘʥʳ ʵʣʝʤʝʥʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʘʥʠʤʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʘʩʩʦʮʠʠʨʦʚʘʣʘʩʴ ʩ ʨʝʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. (ʈʠʩʫʥʦʢ 14). 
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ʈʠʩʫʥʦʢ 14. ɺʠʟʫʘʣʠʟʘʮʠʷ çɼʠʬʨʘʢʮʠʷ ʌʨʘʫʥʛʦʬʝʨʘ ʥʘ ʦʜʥʦʡ ʠ ʜʚʫʭ ʱʝʣʷʭè 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʚʷʟʠ ʣʝʢʮʠʦʥʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ ʩ ʫʯʝʪʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʜʘʯʘ ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʛʦʥʠʦʤʝʪʨʘè: 

ʈʘʩʩʯʠʪʘʡʪʝ ɸ ʜʣʷ ʙʣʠʟʢʠʭ ʚʦʣʥ ʞʝʣʪʳʭ ʣʠʥʠʡ ʩʧʝʢʪʨʘ ʨʪʫʪʠ ‗ υχχ̎̍ ʠ ‗ υχω̎̍., 

ʠʟʤʝʨʴʪʝ ʦʙʱʠʡ ʨʘʟʤʝʨ ʨʝʰʝʪʢʠ ï L. ɿʥʘʷ ʧʦʩʪʦʷʥʥʫʶ ʨʝʰʝʪʢʠ ï d, ʨʘʩʩʯʠʪʘʡʪʝ ʦʙʱʝʝ ʯʠʩʣʦ 

ʱʝʣʝʡ ï N, ʥʘʡʜʠʪʝ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʰʝʪʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ - ˍ̓ ̆̏̑ςψωȟυ, ˍ̞ ̋̒̐ρωz

ρπ ï ʩʠʣʴʥʦ ʨʘʩʭʦʜʷʪʩʷ, ʩʦʟʜʘʚʘʷ ʧʨʦʙʣʝʤʥʫʶ ʩʠʪʫʘʮʠʶ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʨʘʟʨʝʰʝʥʠʷ. 

ʈʘʟʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʚʷʟʴ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ. 
ɿʘʜʘʯʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ: 

ʂʘʢʦʝ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʰʪʨʠʭʦʚ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʨʝʰʝʪʢʘ, ʯʪʦʙʳ ʚ ʩʧʝʢʪʨʝ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʤʦʞʥʦ ʙʳʣʦ ʨʘʟʨʝʰʠʪʴ ʜʚʝ ʞʝʣʪʳʝ ʣʠʥʠʠ ʥʘʪʨʠʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 589 ʥʤ ʠ 589,6 ʥʤ.? 

ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ PowerPoint ʢʨʠʪʝʨʠʷ ʈʵʣʝʷ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ 

ʧʦʥʷʪʠʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʠ ʨʘʟʨʝʰʝʥʠʷ ʜʚʫʭ ʙʣʠʟʢʦ 

ʣʝʞʘʱʠʭ ʣʠʥʠʡ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʚʝʨʥʫʪʴʩʷ ʢ ʧʨʦʙʣʝʤʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʚʦʟʥʠʢʰʝʡ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ.  

 

ʈʠʩʫʥʦʢ 15. ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʨʠʪʝʨʠʷ ʈʵʣʝʷ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʧʦʥʷʪʠʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʨʝʰʝʪʢʠ ʠ ʨʘʟʨʝʰʝʥʠʷ ʜʚʫʭ ʙʣʠʟʢʦ ʣʝʞʘʱʠʭ ʣʠʥʠʡ 

 

ʀʟ ʘʥʘʣʠʟʘ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʨʘʟʥʳʝ ʚʝʣʠʯʠʥʳ:  
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ˍ̓ ̆̏ï̑ ɻ ʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ (ʨʘʟʨʝʰʝʥʠʝ ʣʠʥʠʡ);  

ˍ̞ ̋̒ï̐ ɻ ʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʷʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʦ. 

 

ʈʠʩʫʥʦʢ. 16. ʉʧʝʢʪʨ ʨʪʫʪʠ ʜʣʷ ʜʚʫʭ ʙʣʠʟʢʦ ʣʝʞʘʱʠʭ ʣʠʥʠʡ 

 

ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ: 

ʇʦ ʠʟʚʝʩʪʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ, ʨʘʩʩʯʠʪʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ Dl ʜʣʷ ʜʚʫʭ ʙʣʠʟʢʦ ʣʝʞʘʱʠʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ 

ʩʤʦʞʝʪ ʨʘʟʨʝʰʠʪʴ ʵʪʘ ʨʝʰʝʪʢʘ ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʩʧʝʢʪʨʘ. 

 

ʈʠʩʫʥʦʢ 17. ʌʨʘʛʤʝʥʪ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʀʟ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ: 

 

¶ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʣ.ʨ., ʤʦʞʝʪ ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʨʘʟʨʝʰʠʪʴ 

ʜʚʝ ʣʠʥʠʠ ʩ Dl=0,03 ʥʤ; 

¶ ʠʟ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʚʝ ʞʝʣʪʳʝ ʣʠʥʠʠ ʚ 

ʩʧʝʢʪʨʝ ʨʪʫʪʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ Dl=2,1 ʥʤ >> Dl=0,03 ʥʤ ʠ ʜʣʷ ʠʭ ʨʘʟʨʝʰʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʪʝʢʣʷʥʥʦʡ ʧʨʠʟʤʳ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʧʦ ʬʠʟʠʢʝ, ʦʩʥʦ-

ʚʘʥʥʘʷ ʥʘ ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʭ ʚʠʜʦʚ ʟʘʥʷʪʠʡ - ʣʝʢʮʠʡ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ (ʨʝʰʝʥʠʝ ʟʘʜʘʯ) ʠ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ [1] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ 

CH3NH3PbCl3. ɺʳʯʠʩʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʦʪ ʦʙʲʝʤʘ ʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʦʙʲʝʤʘ ʠ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʲʝʤʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʝʛʦ 

ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʜʘʚʣʝʥʠʶ. 

  

 ʉʘʤʦ ʩʦʝʜʠʥʝʥʠʝ CH3NH3PbCl3 ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʳʤ ʧʝʨʦʚʩʢʠʪʦʤ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʜʨʫʛʠʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʤʠ ʠ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ [1].    

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʠʙʨʠʜʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ 

CH3NH3PbCl3 ʠ ʚʣʠʷʥʠʝ ʥʘ ʥʝʸ ʜʘʚʣʝʥʠʷ, ʥʘʭʦʞʜʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CRYSTAL 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ MAPbCl3, ʧʦʩʪʨʦʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʦʪ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʛʠʙʨʠʜʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ ʠ ʚʳʯʠʩʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

CH3NH3PbCl3 (ʨʘʚʥʦʚʝʩʥʦʛʦ ʦʙʲʝʤʘ, ʦʙʲʝʤʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʝʛʦ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 

ʧʦ ʜʘʚʣʝʥʠʶ). ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ CRYSTAL14 [2]. 

ʇʘʢʝʪ CRYSTAL ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚ Windows ʠ 

Unix/Linux/MacOSX. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʙʘʟʠʩʳ, ʚʠʜ ʢʦʪʦʨʳʭ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ, ʚʢʣʶʯʘʷ ʛʠʙʨʠʜʥʳʝ. ʇʘʢʝʪ 

CRYSTAL ʚʳʧʦʣʥʷʝʪ ab initio ʨʘʩʯʝʪʳ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʛʨʘʜʠʝʥʪʘ ʵʥʝʨʛʠʠ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʩʚʦʡʩʪʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʘʤʠʣʴʪʦʥʠʘʥʳ ʍʘʨʪʨʠ-ʌʦʢʘ ʠʣʠ ʂʦʥʘ-ʐʘʤʘ (ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʧʦʪʝʥʮʠʘʣ ʦʙʤʝʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʫʣʘʪʘʤʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ). ʉʠʩʪʝʤʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚ 0 (ʤʦʣʝʢʫʣʳ, 0D), 1 (ʧʦʣʠʤʝʨʳ, 1D), 2 (ʧʣʠʪʳ, 2D) ʠ 3 ʠʟʤʝʨʝʥʠʷʭ 

(ʢʨʠʩʪʘʣʣʳ, 3D), ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʨʘʚʥʦʡ ʦʩʥʦʚʝ. 

ʈʘʩʯʝʪʳ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʪʴ ʜʚʘ ʩʧʦʩʦʙʘ ʥʘʭʦʞʜʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʥʝʨʛʠʠ ʦʪ ʦʙʲʝʤʘ: ʙʝʟ ʫʯʝʪʘ ʠ ʩ ʫʯʝʪʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʘ [3]. 

ʊʘʙʣʠʮʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʦʪ ʦʙʲʝʤʘ 

ʆʙʲʝʤ 
ʕʥʝʨʛʠʷ ʙʝʟ ʫʯʝʪʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʕʥʝʨʛʠʷ ʩ ʫʯʝʪʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

166,806435  -1480,093868538 

172,018765  -1480,097740942 

177,343296 -1480,060592276 -1480,100219465 

183,250432 -1480,06448892 -1480,101153489 

188,30987 -1480,066595818 -1480,101650834 

193,95372 -1480,067748494 -1480,101415439 

199,719475 -1480,068082057 -1480,100445306 

205,587931 -1480,067579766 -1480,098748507 

211,575558 -1480,066297105 -1480,096408888 

217,678328 -1480,064396992  

223,897338 -1480,06207025  
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ɼʘʣʝʝ ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ (ʨʠʩ. 1), ʠʟ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʫʞʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʜʘʥʥʳʝ. ɼʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʧʦʤʦʱʠ Excel. ɹʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ. ʇʦʩʣʝ ʵʪʦʛʦ ʵʪʘʧʘ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ ʣʠʥʠʶ ʪʨʝʥʜʘ, 

ʚʳʙʨʘʪʴ ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ, ʧʦʩʪʘʚʠʪʴ ʥʫʞʥʫʶ ʩʪʝʧʝʥʴ. ʉʪʝʧʝʥʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 3. ʏʪʦʙʳ 

ʫʨʘʚʥʝʥʠʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʛʨʘʬʠʢʝ, ʥʫʞʥʦ ʚ ʬʦʨʤʘʪʝ ʣʠʥʠʠ ʪʨʝʥʜʘ ʧʦʩʪʘʚʠʪʴ ʛʘʣʦʯʢʫ 

ñʧʦʢʘʟʘʪʴ ʫʨʘʚʥʝʥʠʝ ʥʘ ʜʠʘʛʨʘʤʤʝò.  

ʈʠʩʫʥʦʢ 18. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʦʪ ʜʘʚʣʝʥʠʷ 

 

ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʛʨʘʬʠʢ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟ ʫʯʝʪʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʠʞʥʠʡ ʛʨʘʬʠʢ ï ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʫʯʝʪʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʦʯʥʦʩʪʴ ʜʦ 11 ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ, ʥʫʞʥʦ ʚʳʜʝʣʠʪʴ 

ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠ ʚʳʙʨʘʪʴ ñʬʦʨʤʘʪ ʧʦʜʧʠʩʠ ʣʠʥʠʠ ʪʨʝʥʜʘò. ɺ ʦʪʢʨʳʪʦʤ ʦʢʥʝ ʚ ʩʪʨʦʯʢʝ 

ñʯʠʩʣʦ ʜʝʩʷʪʠʯʥʳʭ ʟʥʘʢʦʚò ʥʘʧʠʩʘʪʴ: 11. 

ɻʠʙʨʠʜʥʳʡ ʧʝʨʦʚʩʢʠʪ CH3NH3PbCl3 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʤʤʝʨʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʜʝʣʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʫʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CRYSTAL. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ 

ʧʝʨʚʦʛʦ ʩʧʦʩʦʙʘ ʙʝʟ ʫʯʝʪʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʚʥʦʚʝʩʥʳʡ ʦʙʲʝʤ 

v0=198,7367808. ɼʣʷ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ v0=188,4302762. ɼʣʷ ʧʝʨʚʦʛʦ ʩʧʦʩʦʙʘ ʦʙʲʝʤʥʳʡ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ B=22,97742121 ɻʇʘ. ɼʣʷ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ B=21,97925038 ɻʇʘ. ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ 

y = -0,00000014799x3 + 0,00010149280x2 - 0,02280552863x - 
1 478,38284600749 

y = -0,00000015134x3 + 0,00009892848x2 - 0,02116182127x - 
1 478,61433096604 

-1480,105

-1480,1

-1480,095

-1480,09
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ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʥʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʜʘʚʣʝʥʠʶ ʦʪ ʦʙʲʝʤʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. 

ɼʣʷ ʧʝʨʚʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʠʣʦʩʴ ʟʥʘʯʝʥʠʝ 5,654270062. ɼʣʷ ʚʪʦʨʦʛʦ ï 5,395213671. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ɺʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʠʙʨʠʜʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ CH3NH3PbCl3 ʠ 

CH3NH3PbBr3/ ʄ. ʉ. ɹʦʣʷʯʢʠʥʘ, ɸ. ʉ. ʉʪʝʧʘʨʫʢ, ɼ. ʉ. ʎʚʝʪʢʦʚ, ʀ. ʃ. ʀʚʘʥʦʚ, ɸ. ʖ. ɿʫʝʚ // 

ʇʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʤʠʠ : ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ XXVII  ʈʦʩʩʠʡʩʢʦʡ 

ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 175-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ʅ. 

ɸ. ʄʝʥʰʫʪʢʠʥʘ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 26-28 ʘʧʨʝʣʷ 2017 ʛ.). ð ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʋʨʘʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2017. ð C. 218-219. 

2. Dovesi R., Saunders V.R., Roetti C., Orlando R. CRYSTAL14 Userôs Manual // June 15, 

2016 ï P. 6. 

3. S. Grimme // J. Comput. Chem. ï 2006. ï V. 27. ï P. 1787-1799. 
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ɺʃʀʗʅʀɽ ɼɸɺʃɽʅʀʗ ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʕʃɽʂʊʈʆʅʅʓɽ ʉɺʆʁʉʊɺɸ 

ʇɽʈʆɺʉʂʀʊɸ KTɸO3 

ʉʫʣʘʡʤʘʥʦʚʘ ʅ.ʆ. 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ KTaO3. ʈʘʩʩʯʠʪʘʥ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚʦʟʨʘʩʪʘʝʪ.   

ʇʝʨʦʚʩʢʠʪʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ABO3 ʧʨʦʷʚʣʷʶʪ ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʪʘʢʠʭ ʢʘʢ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʵʣʝʢʪʨʦʥʠʢʝ [1]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʝʨʦʚʩʢʠʪʘ ʪʘʥʪʘʣʘʪʘ ʢʘʣʠʷ (KTaO3) ʠ ʝʛʦ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ.    

ʈʘʩʯʝʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ KTaO3 ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ CRYSTAL [2]. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʙʘʟʠʩʳ, ʚʠʜ 

ʢʦʪʦʨʳʭ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ [3] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ ʧʣʦʪʥʦʩʪʠ (LDA-PZ, PBE, B3LYP) 

ʠ ʥʘʙʦʨʳ ʙʘʟʠʩʦʚ (K1Ta1O1, K1Ta2O1, K1Ta1O2, K1Ta2O2). ʃʫʯʰʠʡ ʤʝʪʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʘʨʘʤʝʪʨʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 3.988 ¡. 

 
ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ 

˽͔͊ͪ͊ͣͭͪ ͔ͪ΄͔͙ͭ͟ LDA PZ PBE B3LYP 

K1Ta1O1 3.9567 4.0102 3.9864 

K1Ta2O1 3.9680 4.0294 4.0188 

K1Ta1O2 3.9528 4.0068 3.9836 

K1Ta2O2 3.9682 4.0298 4.0195 
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ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ 0.0, 0.5, 1.0, 1.5 ʠ 2.0 ɻʇʘ (ʪʘʙʣ. 2).  

 
ʊʘʙʣʠʮʘ 2. ɺʳʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʠ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ 

ɼʘʚʣʝʥʠʝ, ɻʇʘ  0.00 0.5 1.0 1.5 2.0 

a, ¡ 4.00511040 4.00241496 3.99807824 3.99378498 3.98944570 
Eg, ʵɺ 1.44494342 1.449232592 1.45343445 1.4574421 1.46150904 

 

ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʜʘʚʣʝʥʠʷ. ɺʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷʭ ʥʘ 1 ɻʇʘ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʫʙʳʚʘʝʪ ʥʘ ~ 0.01 ¡, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 0.25 %. ʇʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʥʘʦʙʦʨʦʪ, ʫʙʳʚʘʝʪ ʥʘ ~ 0.02 ʵɺ, ʪʦ ʝʩʪʴ ʥʘ 

1.4 %.        

 
ʈʠʩʫʥʦʢ 1.  ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʦʪ ʜʘʚʣʝʥʠʷ. 

 

 

 
ʈʠʩʫʥʦʢ 2.  ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʜʘʚʣʝʥʠʷ. 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʣʥʘʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʪʦʷʥʠʡ ʩʦʝʜʠʥʝʥʠʡ BeAP2 (A=C, Si) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʘ 

ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʣʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʭʨʘʥʷʶʱʠʭ ʥʦʨʤʫ HGH-ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʚ ʠ ʙʘʟʠʩʘ ʧʩʝʚʜʦ-ʘʪʦʤʥʳʭ 

ʦʨʙʠʪʘʣʝʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

BeAP2 (A=C, Si) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʘʩʯʝʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ BeAP2 (A=C, Si) ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ [1,2] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʧʘʨʘʙʝʣʴʥʳʭ HGH-

ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʚ [3], ʘ ʪʘʢʞʝ ʙʘʟʠʩʘ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʩʝʚʜʦʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ [4] ʚ ʬʦʨʤʝ 

triple-ɕ ʬʫʥʢʮʠʡ. ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʟʦʥʝ ɹʨʠʣʣʶʵʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ k-ʩʝʪʢʘ [5] c 

ʨʘʟʤʝʨʥʦʩʪʴʶ 4x4x4. ʄʝʪʦʜʦʤ BFGS [5] ʚʳʧʦʣʥʷʣʦʩʴ ʧʦʣʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʅʠʞʝ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BeSiP2. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʶʪ: ʜʣʷ 

BeSiP2 a = 5.048 ¡, c = 10.077 ¡, ɔ=c/a = 1.996 (ʪʝʪʨʘʛʦʥʘʣʴʥʦʝ ʩʞʘʪʠʝ), ʘ ʜʣʷ BeCP2 a = 4.585 

¡, c = 8.838 ¡, ɔ=c/a = 1.927. ʂʘʢ ʚʠʜʥʦ, ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʤ 

ʟʥʘʯʝʥʠʷʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 
ʈʠʩʫʥʦʢ 1. BeSiP2 ʠ BeCP2: ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʘ,ʚ), ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ (ʙ,ʛ). 

 

ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʣʥʘʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ BeSiP2 ʠ BeCP2 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ.1. ʂʘʢ ʚʠʜʥʦ, ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 
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ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ BeSiP2 ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʠʤʝʝʪ ʰʠʨʠʥʫ 13,5 ʵɺ ʠ ʩʦʩʪʦʠʪ ʠʟ 

16 ʚʘʣʝʥʪʥʳʭ ʟʦʥ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʪʨʠ ʧʦʣʦʩʳ, ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ ʜʚʫʭ ʚʝʨʭʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʝʢʨʳʚʘʥʠʝ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʦʝ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʠ PŸCŸɻ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʤʝʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʥʦʝ ʩʪʨʦʝʥʠʝ, ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ ʚ ʪʦʯʢʝ ʊ. 

ʃʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʦʯʢʝ ɻ, ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʦʚʦʡ ʜʦʣʠ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʜʦʣʠ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ. ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ, 

ʧʝʨʚʘʷ, ʩʘʤʘʷ ʥʠʞʥʷʷ ʟʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ Be ʠ P, ʚʦ 2 ʠ 3 ʟʦʥʘʭ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ -8,5 ʜʦ -7 ʵɺ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʩʪʦʷʥʠʡ 

ʘʪʦʤʦʚ Si ʠ P, ʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -7 ʜʦ 0 ʵɺ ʘʪʦʤʦʚ Be ʠ P ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ BeCP2 ʥʠʞʥʷʷ 

ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʝ, ʨʘʟʜʝʣʝʥʥʳʝ ʟʘʧʨʝʱʝʥʥʳʤ ʫʯʘʩʪʢʦʤ ʵʥʝʨʛʠʡ, ʠʤʝʶʱʠʤ 

ʰʠʨʠʥʫ ʧʦʨʷʜʢʘ 1 ʵɺ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʠ ʦʪ -12 ʜʦ -10,5 ʵɺ. 

ɺʝʨʭʥʷʷ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʧʦ ʩʦʩʪʘʚʫ ʧʦʜʦʙʥʘ BeSiP2, ʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʦ ʠ 

ʩʧʝʢʪʨ ʠʤʝʝʪ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʫʶ ʤʥʦʛʦʟʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɸʥʘʣʠʟ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʥʦʡ ʚʘʣʝʥʪʥʦʡ ʠ ʧʘʨʮʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʤʝʝʪ ʩʤʝʰʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠ ʵʪʦʤ ʘʪʦʤʳ ʙʝʨʠʣʣʠʷ ʠʛʨʘʶʪ 

ʨʦʣʴ ʢʘʪʠʦʥʦʚ, ʘ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ï ʘʥʠʦʥʦʚ; ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʫʛʣʝʨʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʩʬʦʨʦʤ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ.  
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʝ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʝʸ ʚʝʣʠʯʠʥʘ.   

ʇʦʠʩʢ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʣʝʟʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʜʥʘ ʠʟ 

ʪʝʥʜʝʥʮʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. ɹʨʦʤʠʜ ʘʤʤʦʥʠʷ - ʵʪʦ ʚʝʱʝʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ 

ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʝʟ ʟʘʧʘʭʘ. ʉʦʝʜʠʥʝʥʠʝ ʦʪʣʠʯʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ï ʘʮʝʪʦʥʝ, ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʵʬʠʨʝ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʟʜʫʭʘ ʦʥ ʤʝʜʣʝʥʥʦ 

ʧʨʠʦʙʨʝʪʘʝʪ ʮʚʝʪ ʠʟ-ʟʘ ʦʢʠʩʣʝʥʠʷ ʩʣʝʜʦʚ ʙʨʦʤʠʜʘ (Br 
-
) ʜʦ ʙʨʦʤʘ (Br2), ʠ ʮʚʝʪ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʵʪʠʤ, ʞʝʣʪʳʡ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʚʦʡʩʪʚʝʥʥʘʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʫʙʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʧʝʨʝʭʦʜʠʪ ʠʟ ʘʣʴʬʘ- ʚ ʙʝʪʘ- ʤʦʜʠʬʠʢʘʮʠʶ [1]. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʝʡ [2]. ɹʨʦʤʠʜ ʘʤʤʦʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʘ ï ʚʝʱʝʩʪʚʘ, ʜʦʙʘʚʣʷʝʤʦʛʦ ʚ ʤʘʪʝʨʠʘʣʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ 

ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʦʛʥʝʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʚ ʬʘʨʤʘʢʦʣʦʛʠʠ, ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʡ ʢʦʤʧʦʥʝʥʪ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɻʘʣʦʛʝʥʠʜʳ ʘʤʤʦʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʧʨʦʩʪʦʡ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʛʘʣʦʛʝʥʠʜ ï ʠʦʥʦʚ ʩ ʠʦʥʘʤʠ ʘʤʤʦʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʮʝʥʪʨʘʭ ʢʫʙʘ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʣʝʞʘʪ ʚʜʦʣʴ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʢʫʙʘ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʠʦʥʦʚ ʘʤʤʦʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʦʨʦʪʦʤ ʠʦʥʘ ʥʘ 90 

ʛʨʘʜʫʩʦʚ ʚʦʢʨʫʛ ʦʩʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ.  

ɺ ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ CRYSTAL [3]. ʇʘʢʝʪ CRYSTAL ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ab initio ʨʘʩʯʝʪʳ 

ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʛʨʘʜʠʝʥʪʘ ʵʥʝʨʛʠʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʩʚʦʡʩʪʚ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʘʤʠʣʴʪʦʥʠʘʥʳ ʍʘʨʪʨʠ-ʌʦʢʘ ʠʣʠ ʂʦʥʘ-ʐ ʤɻʘ 

(ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ).  

ɼʣʷ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ ʠ ʬʫʥʢʮʠʦʥʘʣ 

ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ. ɹʳʣʠ ʚʳʙʨʘʥʳ ʬʫʥʢʮʠʦʥʘʣ ʚ ʦʙʦʙʱʝʥʥʦ ʛʨʘʜʠʝʥʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

(PBE), ʛʠʙʨʠʜʥʳʡ ʬʫʥʢʮʠʦʥʘʣ (B3LYP), DFT ʬʫʥʢʮʠʦʥʘʣʦʤ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʣʦʢʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ LDA-PZ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʙʘʟʠʩʳ ʩ ʩʘʡʪʘ [4]. ɼʣʷ ʢʘʞʜʦʛʦ ʘʪʦʤʘ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʦ ʜʚʘ ʙʘʟʠʩʘ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ: N(1) ʵʪʦ ʙʘʟʠʩ N_6-21G*_dovesi_1990; N(2) - 

ʙʘʟʠʩ N_6-31d1G_gatti_1994; H4(1) - ʙʘʟʠʩ H_5-11G*_dovesi_1984; H4(2) - ʙʘʟʠʩ H_3-

1p1G_gatti_1994; Br(1) - ʙʘʟʠʩ Br_HAYWLC31_prencipe_1990; Br(2) - ʙʘʟʠʩ Br_LC_doll_1998. 

ɺ ʮʝʣʦʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 27 ʨʘʩʯʝʪʦʚ ʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ ʠ 

ʬʫʥʢʮʠʦʥʘʣ ʩ ʥʘʠʤʝʥʴʰʝʡ ʧʦʛʨʝʰʥʦʩʪʴʶ (-0.86%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ 4,06 ¡. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ 

ʪʘʙʣʠʮʝ 1.  
ʊʘʙʣʠʮʘ 1. ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʜʣʷ ʢʫʙʠʯʝʩʢʦʛʦ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ 

cubic  4,06           

  B3LYP D% PBE D% ldapz D% 

N(1)H4(1)Br(1) 4,16047841 -2,42% 0 0,00% 3,9391509 3,07% 

N(2)H4(1)Br(1) 0 0,00% 4,1039414 -1,07% 3,92921657 3,33% 

N(1)H4(2)Br(1) 0 0,00% 4,1321254 -1,75% 3,9499543 2,79% 

N(1)H4(1)Br(2) 0 0,00% 4,0952289 -0,86% 0 0,00% 

N(2)H4(2)Br(1) 0 0,00% 0 0,00% 3,93486249 3,18% 

N(2)H4(1)Br(2) 4,13470803 -1,81% 0 0,00% 3,90432044 3,99% 

N(1)H4(2)Br(2) 4,15257115 -2,23% 0 0,00% 3,92484997 3,44% 

N(2)H4(2)Br(2) 4,14407979 -2,03% 0 0,00% 3,91384526 3,73% 

 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ N(1)H4(1)Br(2) ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʝ 

PBE.  

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CRYSTAL ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʥʘ ̫ ʠ ʧʘʨʮʠʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ, ʜʘʥʥʳʝ ʦ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʨʠʩ. 1) ʠ ʙʳʣʘ ʧʦʩʯʠʪʘʥʘ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ.  
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ʈʠʩʫʥʦʢ 1. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ. 

 

 ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 3,97 ʵɺ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʙʨʦʤʠʜ ʘʤʤʦʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 2 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʠʦʥʘʤʠ ʙʨʦʤʘ ʠ ʢʘʪʠʦʥʘʤʠ 

ʘʤʤʦʥʠʷ, ʘ ʪʘʢʞʝ ʦ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ N-H ʚ ʢʘʪʠʦʥʘʭ ʘʤʤʦʥʠʷ.   

ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
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78712, U.S.A 

2. The transformation Fm3m to Pm3m in ammonium bromide. By W. L. FRASER and S. W. 
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3. R. Dovesi, V. R. Saunders, C. Roetti, R. Orlando, C. M. Zicovich ï Wilson, F. Pascale, B. 

Civalleri, K. Doll, N. M. Harrison, L. J. Bush, Ph. DôArco, M. Causa, Y. Noel, L. Maschio, A. Erba, 

M. Rerat, S. Casassa. CRYSTAL17 ï April 20, 2018  

4. CRYSTAL.  URL: https://www.crystal.unito.it/basis-sets.php (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.04.2022) 
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ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʪʦʜʦʤ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ 

ʨʘʩʩʯʠʪʘʥʳ ʟʘʨʷʜʳ ɹʦʨʥʘ, ʬʦʥʦʥʥʳʝ ʩʧʝʢʪʨʳ, ʧʣʦʪʥʦʩʪʠ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʪʝʧʣʦʝʤʢʦʩʪʴ ὅ ʢʨʠʩʪʘʣʣʦʚ N2S, Ŭ-Na2S2 ʠ ɓ-Na2S2.  

 

ʉʫʣʴʬʠʜ ʥʘʪʨʠʷ N2S ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ 

ʘʥʪʠʬʣʶʦʨʠʪʘ Ὂάσά [1], ʜʣʷ ʜʠʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ ʠʟʚʝʩʪʥʳ ʜʚʝ ʧʦʣʠʤʦʨʬʥʳʝ ʬʦʨʤʳ Ŭ-Na2S2 

ʠ ɓ-Na2S2 ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ὖφςά ʠ ὖφȾάάὧ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʳʯʠʩʣʝʥʳ ʟʘʨʷʜʳ ɹʦʨʥʘ, ʬʦʥʦʥʥʳʝ ʩʧʝʢʪʨʳ, ʧʣʦʪʥʦʩʪʠ ʬʦʥʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʪʦʜʦʤ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ Quantum Espresso [3-4], ʜʣʷ ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʠʤʝʥʷʣʘʩʴ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ PBE.  ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʠʣʩʷ ʧʨʠ ʚʳʙʦʨʝ 

ʫʣʴʪʨʘʤʷʛʢʠʭ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʚ GBRV [5]. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʦʩʢʠʝ ʚʦʣʥʳ 

ʩ ʵʥʝʨʛʠʝʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 60 Ry. ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʟʦʥʝ ɹʨʠʣʣʶʵʥʘ ʚ ʦʙʨʘʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʤʝʥʷʣʘʩʴ  ʩʝʪʢʘ 4ʭ4ʭ4, ʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ʄʦʥʢʭʦʨʩʪʘ-ʇʘʢʘ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

[2,6] ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.27 %, ʠ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ 

ʨʝʰʝʪʢʠ ʩ ʚ Ŭ-Na2S2.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʨʷʜʦʚ ɹʦʨʥʘ (ZB) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʠʦʥʥʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʢʨʠʩʪʘʣʣʝ, ʦʥʠ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ LO-TO ʨʘʩʱʝʧʣʝʥʠʷ ʜʣʷ ʀʂ 

ʘʢʪʠʚʥʳʭ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪʢʠ. ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ  

ʵʬʬʝʢʪʠʚʥʳʝ ʟʘʨʷʜʳ ɹʦʨʥʘ ʚ N2S ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʠʦʥʥʦʤʫ ʟʥʘʯʝʥʠʶ -2 ʜʣʷ 

ʘʪʦʤʘ ʩʝʨʳ ʠ +1 ʜʣʷ ʘʪʦʤʘ ʥʘʪʨʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʦʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʩʚʷʟʠ ʚ ʵʪʦʤ 

ʩʦʝʜʠʥʝʥʠʠ. ɺ Ŭ-Na2S2 ʠ ɓ-Na2S2 ʟʘʨʷʜʳ ɹʦʨʥʘ ʥʘ ʘʪʦʤʘʭ ʥʘʪʨʠʷ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ ʢ 

ʬʦʨʤʘʣʴʥʳʤ +1, ʜʣʷ ʘʪʦʤʦʚ ʩʝʨʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʬʦʨʤʘʣʴʥʳʭ ʩʫʱʝʩʪʚʝʥʥʳʝ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʝʨʳ, ʠ 

ʠʦʥʥʦʤʫ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʥʘʪʨʠʷ ʠ ʩʝʨʳ. 

 

ʊʘʙʣʠʮʘ 1. ɺʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʨʷʜʦʚ ɹʦʨʥʘ ZB ʚ ʝʜʠʥʠʮʘʭ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ 

 Na2S Ŭ-Na2S2 ɓ-Na2S2 

ZB(Na) 

0.97 0 0

0 0.97 0

0 0 0.97

å õ
æ ö
æ ö
æ ö
ç ÷

 

1.12 0 0

0 1.14 0

0 0 0.80

å õ
æ ö
æ ö
æ ö
ç ÷

 

1.17 0 0

0 1.17 0

0 0 0.27

å õ
æ ö
æ ö
æ ö
ç ÷
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1.12 0 0

0 1.14 0

0 0 1.10

å õ
æ ö
æ ö
æ ö
ç ÷

 

1.09 0 0

0 1.09 0

0 0 0.75

å õ
æ ö
æ ö
æ ö
ç ÷

 

ZB(S) 

0.94 0 0

0 0.94 0

0 0 0.94

-å õ
æ ö

-
æ ö
æ ö-ç ÷

 

1.13 0 0

0 1.13 0

0 0 0.95

-å õ
æ ö

-
æ ö
æ ö-ç ÷

 

1.14 0 0

0 1.14 0

0 0 1.01

-å õ
æ ö

-
æ ö
æ ö-ç ÷

 

 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʬʦʥʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1ï2. ɼʣʷ Na2S ʧʦʣʫʯʝʥʥʳʝ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʙʣʠʟʢʠ ʢ ʚʳʯʠʩʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [7] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʣʦʯʝʯʥʦʡ 

ʤʦʜʝʣʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʜʘʥʥʳʝ ʧʦ ʨʘʩʩʝʷʥʠʶ ʥʝʡʪʨʦʥʦʚ. ɺ ʧʦʣʫʯʝʥʥʦʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʬʦʥʦʥʦʤ ʩʧʝʢʪʨʝ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʨʘʩʯʝʪʘ [7], ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʝʨʝʩʝʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ɻ-ʍ, ɻ-L, ʘ ʪʘʢʞʝ ʠʥʚʝʨʩʠʷ 

ʧʦʧʝʨʝʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜ ʚ ʪʦʯʢʝ X. ʇʦʣʫʯʝʥʥʳʝ ʧʣʦʪʥʦʩʪʠ 

ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʳʯʠʩʣʝʥʥʳʤʠ ʚ [7]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʤʦʜʳ ʩʚʷʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʜʚʠʞʝʥʠʝʤ ʠʦʥʦʚ Na+, ʘ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʦʧʪʠʯʝʩʢʠʝ ʤʦʜʳ ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʦʤ S. 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʬʦʥʦʥʥʳʝ ʩʧʝʢʪʨʳ ʠʟʫʯʝʥʥʳʭ ʟʜʝʩʴ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʌʦʥʦʥʥʳʡ ʩʧʝʢʪʨ ʚʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʤʝʝʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠ 

ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʪʨʫʜʥʦ ʚʳʜʝʣʠʪʴ ʩʚʷʟʢʠ ʦʧʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ. ɺʩʝ ʚʝʪʚʠ 

ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ Na2S ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʝʪʚʝʡ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ Na2S2 ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʦʪ 0 ʜʦ 280 ʩʤ
-1
. ɺ Ŭ-Na2S2 ʠ ɓ-Na2S2 ʚ ʦʙʣʘʩʪʠ 450 ʩʤ

-1
 ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʷʚʣʷʝʪʩʷ ʥʠʟʢʦʜʠʩʧʝʨʩʥʘʷ ʧʦʣʦʩʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʚ ɓ-Na2S2 ʠ ʪʨʝʭ ʚ Ŭ-Na2S2 ʯʘʩʪʦʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʷʤ ʩʝʨʳ. ɺ ɓ-Na2S2 ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ: ʚ 

ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 214 - 262 ʩʤ
-1
, ʟʜʝʩʴ ʚʢʣʘʜʳ ʚ 

ʧʣʦʪʥʦʩʪʴ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʘʶʪ ʩʦʩʪʦʷʥʠʷ ʦʙʦʠʭ ʪʠʧʦʚ ʘʪʦʤʦʚ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʦʙʫʩʣʦʚʣʝʥ ʢʦʣʝʙʘʥʠʷʤʠ ʥʘʪʨʠʷ. 

ʈʠʩʫʥʦʢ 1. ʌʦʥʦʥʥʳʡ ʩʧʝʢʪʨ ʜʣʷ Na2S. ʊʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ [6]: ʯʝʨʥʳʝ 

ʪʦʯʢʠ ï ʧʦʧʝʨʝʯʥʳʝ ʤʦʜʳ, ʙʝʣʳʝ ï ʧʨʦʜʦʣʴʥʳʝ ʤʦʜʳ 



 

63 

 
 

 
ʈʠʩʫʥʦʢ 2. ʌʦʥʦʥʥʳʡ ʩʧʝʢʪʨ ʜʣʷ Ŭ-Na2S2 (ʩʣʝʚʘ) ʠ ɓ-Na2S2 (ʩʧʨʘʚʘ) 

 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ (ʨʠʩ. 3) 

ʚʳʯʠʩʣʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʛʜʝ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ. ʊʦʛʜʘ, ʟʥʘʷ ʧʣʦʪʥʦʩʪʴ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  
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ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (T Ÿ 0) ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ 

ὅ Ὕ Ὕͯ . ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʪʨʝʤʠʪʩʷ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʟʥʘʯʝʥʠʶ: 

ὅ σὔὙ, ʛʜʝ ὔ ï ʯʠʩʣʦ ʘʪʦʤʦʚ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʟʘʢʦʥʦʤ ɼʶʣʦʥʛʘ-ʇʪʠ.  

 

ʈʠʩʫʥʦʢ 3. ʊʝʧʣʦʝʤʢʦʩʪ ɹὅ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ 800 ʂ 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ BeGeP2 ʠ BeSnP2 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʣʴʢʦʧʠʨʠʪʘ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʠʩʘ ʧʩʝʚʜʦ-ʘʪʦʤʥʳʭ ʬʫʥʢʮʠʡ. ʇʦʣʫʯʝʥʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ, 

ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʣʥʘʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʚʳʯʠʩʣʝʥʳ ʬʫʥʢʮʠʠ 

ɺʘʥʥʴʝ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

 

ʄʝʪʦʜʳ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ 
ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʨʦʡʥʳʭ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ BeGeP2 ʠ BeSnP2. ɼʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʷʚʣʷʶʪʩʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ.  

ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ [1,2], ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʪʝʦʨʠʝʡ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ [3], ʙʘʟʠʩʦʤ ʧʩʝʚʜʦ-ʘʪʦʤʥʳʭ ʬʫʥʢʮʠʡ, ʥʘ k-ʩʝʪʢʝ ʨʘʟʤʝʨʥʦʩʪʠ 

4x4x4. ɼʘʥʥʳʡ ʧʦʜʭʦʜ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ. ʇʦʣʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʠ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʚʳʧʦʣʥʷʣʘʩʴ 

ʤʝʪʦʜʦʤ BFGS [4]. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ BeGeP2 ʠ BeSnP2  ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʟʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ, ʚʘʣʝʥʪʥʦʡ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʬʫʥʢʮʠʷʤ ɺʘʥʴʝ. 

  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1 ʠ ʠʤʝʝʪ ʚʠʜ ʭʘʨʘʢʪʝʨʥʳʡ 

ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʭʘʣʴʢʦʧʠʨʠʪʘ. ɺʘʣʝʥʪʥʘʷ ʦʙʣʘʩʪʴ 

ʩʦʜʝʨʞʠʪ 16 ʟʦʥ, ʧʦʜʝʣʝʥʥʳʭ ʥʘ 3 ʛʨʫʧʧʳ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ, ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʪʦʤʳ ʛʝʨʤʘʥʠʷ ʠ ʦʣʦʚʘ, ʜʘʶʪ ʥʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ ʚʦ 2 ʟʦʥʝ. ɸʪʦʤʳ ʬʦʩʬʦʨʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʶʪ ʥʘʠʤʝʥʴʰʝʡ ʚʢʣʘʜ, 

ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʦʠʭ ʢʨʠʩʪʘʣʣʘʭ. 
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ɸʥʘʣʠʟ ʧʦʣʥʦʡ ʚʘʣʝʥʪʥʦʡ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ (1ρ0) 

ʢʨʠʩʪʘʣʣʘ BeGeP2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʚʷʟʴ IV-P (IV=Ge,Sn) ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʦʚʘʣʝʥʪʥʦʡ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʩʚʷʟʠ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʘʥʠʦʥʦʚ (P). ʉʚʷʟʠ Be-P ʷʚʣʷʶʪʩʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʦʥʥʦ-

ʢʦʚʘʣʝʥʪʥʳʤʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ. ɼʣʷ ʵʪʠʭ ʩʚʷʟʝʡ ʭʘʨʘʢʪʝʨʥʦ ʦʙʦʙʱʝʩʪʚʣʝʥʠʝ ʟʘʨʷʜʦʚʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Be ʠ P. ʆʩʥʦʚʥʦʡ ʟʘʨʷʜ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ, ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ Be ʠ Ge.  

ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ɺʘʥʴʝ, ʨʠʩ.2, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʝ ʚʳʚʦʜʳ ʦ ʭʘʨʘʢʪʝʨʝ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʢʨʠʩʪʘʣʣʦʚ. ʌʦʨʤʘ ʬʫʥʢʮʠʡ ɺʘʥʴʝ ʜʣʷ BeGeP2 ʠ BeSnP2 ʪʠʧʠʯʥʘ ʜʣʷ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ ʩʚʷʟʴ ʦʙʨʘʟʫʝʪʩʷ ʧʦ 

ʤʝʭʘʥʠʟʤʫ sp
3
 ʛʠʙʨʠʜʠʟʘʮʠʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʨʠʩʪʘʣʣʘʭ ʮʝʥʪʨʳ ʬʫʥʢʮʠʠ ɺʘʥʴʝ ʩʤʝʱʝʥʳ 

ʚ ʩʪʦʨʦʥʫ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~ 3/4 ʜʣʠʥʳ ʩʚʷʟʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʯʘʩʪʠʯʥʦ ʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʚʷʟʠ BeïP, ʛʜʝ ʘʥʠʦʥʘʤʠ ʷʚʣʷʶʪʩʷ ʘʪʦʤʳ ʬʦʩʬʦʨʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

ʈʠʩʫʥʦʢ.1. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ BeGeP2 (ʩʣʝʚʘ) ʠ BeSnP2 (ʩʧʨʘʚʘ) 

ʈʠʩʫʥʦʢ.2. ʌʫʥʢʮʠʠ ɺʘʥʥʴʝ BeGeP2 (ʩʣʝʚʘ) ʠ BeSnP2 (ʩʧʨʘʚʘ) 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʧʣʦʚʦʤʫ ʚʟʨʳʚʫ NTO, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ G. Krause. ʆʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʠ ʯʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ 

ʨʝʘʢʮʠʠ ʚʟʨʳʚʯʘʪʦʛʦ ʨʘʟʣʦʞʝʥʠʷ NTO. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ NTO ʚ ʬʦʨʤʝ ʢʫʙʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʷʚʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʰʘʣʠʩʴ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʙʝʟ ʫʯʝʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ NTO, ʪʘʢ ʠ ʩ ʫʯʝʪʦʤ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ. 

ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʰʘʣʦʩʴ ʥʝʷʚʥʳʤ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ. ɸʨʨʝʥʠʫʩʦʚʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ 

ʣʠʥʝʘʨʠʟʦʚʳʚʘʣʘʩʴ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʘʥʢ ï 

ʂʘʤʝʥʝʮʢʦʛʦ. ʇʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʨʘʩʯʝʪʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʞʠʛʘʥʠʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʋʯʝʪ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʞʠʛʘʥʠʷ NTO 

ʧʨʠʚʝʣ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʞʠʛʘʥʠʷ. 

 

1. ɺʚʝʜʝʥʠʝ 

ʅʠʪʨʦʪʨʠʘʟʦʣʦʥ (Nitrotriazolone ï NTO, C2H2N4O3) ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 

ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ʄʏɺɺ). ɺʧʝʨʚʳʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ 1905 ʛʦʜʫ. 

NTO ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʥʘʚʝʩʢʠ NTO ʧʨʠ ɼʊɸ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 269 ʠ 286
0
ʉ. ʆʥ ʧʨʠʚʣʝʢ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʚ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ, ʢʘʢ ʄʏɺɺ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ 

ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ɺɺ ʠ ʢʦʤʧʦʥʝʥʪ ʄʏɺʉ ʠ ʪʚʝʨʜʳʭ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ. NTO 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʢʘʢ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ ʧʦʚʳʰʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʚʦʟʜʝʡʩʪʚʠʷʤ: ʫʜʘʨ, 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʩʢʨʘ [1]. ɹʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʚ ʵʥʝʨʛʠʷʭ ʘʢʪʠʚʘʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ Brill ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʙʲʷʩʥʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ: 

ʩʫʙʣʠʤʘʮʠʠ ʠ ʩʦʙʩʪʚʝʥʥʦ ʨʘʟʣʦʞʝʥʠʷ. ʀʤʠ ʦʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʣʷʝʪ 25,8 ʢʢʘʣ/ʤʦʣʴ (108 ʢɼʞ/ʤʦʣʴ) (ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ) ʠ 28,6 ʢʢʘʣ/ʤʦʣʴ (120 

ʢɼʞ/ʤʦʣʴ) (ʜʣʷ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ). ɼʣʷ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʠʤʠ ʧʨʠʚʦʜʷʪʩʷ 

ʟʥʘʯʝʥʠʝ ɽ = 327ï364 ʢɼʞ/ʤʦʣʴ  ʠ lgZ = 29,0 ï 33,9 c
-1

 [1]. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʟʘʞʠʛʘʥʠʶ NTO ʚ ʬʦʨʤʝ ʢʫʙʘ [2], ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʚ [3], ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [4], ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ 

ʩʢʦʨʦʩʪʠ ʚʟʨʳʚʯʘʪʦʛʦ ʨʘʟʣʦʞʝʥʠʷ NTO ( 621,165=E  ʢɼʞ/ʤʦʣʴ) ʠ ʯʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ (

121069,1 Ö=Z  ʩ-
1
 ). 

 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ  
ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʘʨʨʝʥʠʫʩʦʚʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ:  
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ʋʨʘʚʥʝʥʠʝ (1) ʠ (2) ʠʤʝʁʪ ʩʣʝʜʫʶʱʠʝ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

 

ict
TT =

-=0
,  SS

TT = , 0)0,,,( =h zyx     (3)  

 

ɿʜʝʩʴ c  ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ; r ï ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ; T  ï ʪʝʤʧʝʨʘʪʫʨʘ; t  ï ʚʨʝʤʷ; l ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ; Q  ï ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ; 

R  ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; sT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺɺ; S  ï ʧʦʚʝʨʭʥʦʩʪʴ ɺɺ; 297=icT  ʂ 

ï ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ɺɺ.  

ʋʨʘʚʥʝʥʠʝ (1) ʨʝʰʘʣʦʩʴ ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʤʝʪʦʜʦʤ 

ʧʨʦʛʦʥʢʠ. ɸʨʨʝʥʠʫʩʦʚʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʣʠʥʝʘʨʠʟʦʚʳʚʘʣʘʩʴ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʨʘʥʢ ï ʂʘʤʝʥʝʮʢʦʛʦ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʪʥʦʰʝʥʠʝ 0.1~/ 2hat , ʛʜʝ h  ï ʰʘʛ ʧʦ ʢʦʦʨʜʠʥʘʪʝ, t ï ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ. 

ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (2) ʜʣʷ h ʨʝʰʘʣʦʩʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʥʝʷʚʥʳʤ 

ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ.  

 

3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  
ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʙʝʟ ʫʯʝʪʘ ʨʝʘʢʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʪʘʢ ʠ ʩ ʫʯʝʪʦʤ 

ʨʝʘʢʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʠ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1, 2) ʜʣʷ NTO  ʧʨʠ 01.0=L  ʤ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ NTO  ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ ( 293-= Sc TTD  ʂ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʫʭʦʚʢʠ 

0.487=ST  ʂ (ʢʨʠʚʘʷ 1) ʠ 0.488=ST  ʂ (ʢʨʠʚʘʷ 2). ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ 

ʨʘʟʣʦʞʝʥʠʷ NTO  ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʫʭʦʚʢʠ 0.487=ST  ʂ (ʢʨʠʚʘʷ 

1) ʠ 0.488=ST  ʂ (ʢʨʠʚʘʷ 2).  

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ cTD  ʚ ʮʝʥʪʨʝ NTO ʚ ʬʦʨʤʝ ʢʫʙʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʚʝʨʭʥʦʩʪʠ: 487=ST ʂ (1), 488ʂ (2) (ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʢʫʙʘ 01,0=L  ʤ) 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ch  ʚ ʮʝʥʪʨʝ NTO ʚ ʬʦʨʤʝ ʢʫʙʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ: 487=ST ʂ (1), 488ʂ (2) (ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʢʫʙʘ 01,0=L  ʤ) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 (ʢʨʠʚʘʷ 2), ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ 0.487=ST  NTO ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʞʠʛʘʥʠʝ ɺɺ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ NTO (ʨʠʩ. 2, ʢʨʠʚʘʷ 

2). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ ʚʥʘʯʘʣʝ ʚʳʭʦʜʠʪ ʥʘ 

ʧʣʘʪʦ, ʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʩʘʤʦʨʘʟʦʛʨʝʚʘ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ. ʉʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʛʦʨʘʥʠʷ ʦʙʨʘʟʮʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʢʫʙʠʢʘ 

ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʙʨʘʟʮʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʩʪʨʝʤʠʪʩʷ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ.  

 

ʊʘʙʣʠʮʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʯʝʪʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 
*
ST  ʟʘʞʠʛʘʥʠʷ NTO 

ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ  

L, ʤ *
ST , 

ʵʢʩʧʝʨʠʤʝʥʪ [2] 

*
ST , 

ʨʘʩʯʝʪ ʙʝʟ ʫʯʝʪʘ 

ʨʘʟʣʦʞʝʥʠʷ 

*
ST , 

ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ 

ʨʘʟʣʦʞʝʥʠʷ 

0,005 505,0 504,5 505,5 

0,01 487,0 486,5 488,0 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʞʠʛʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʂʘʢ 

ʚʠʜʥʦ, ʫʯʝʪ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʞʠʛʘʥʠʷ NTO ʧʨʠʚʝʣ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʞʠʛʘʥʠʷ. ʍʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʮʝʥʢʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ 

ʯʘʩʪʦʪʥʦʛʦ ʬʘʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʪʝʨʠʡ ʟʘʞʠʛʘʥʠʷ ɺɺ ʚ ʬʦʨʤʝ ʢʫʙʘ [3]. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
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ʅʘ ʦʩʥʦʚʝ ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Quantum 

Espresso ʠʩʩʣʝʜʦʚʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʨʝʰʝʪʢʠ ʜʣʷ ʛʨʫʧʧʳ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ Be2AB (A = N, B = F, Cl, Br, I) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʥʪʠ-ʭʘʣʴʢʦʧʠʨʠʪʘ. ʆʧʨʝʜʝʣʝʥʳ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʭʠʤʠʯʝʩʢʦʡ 

ʩʚʷʟʠ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʬʦʥʦʥʥʳʭ ʩʧʝʢʪʨʦʚ. 

 

ʄʝʪʦʜʳ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ 
ʇʝʨʚʦʧʨʠʥʮʠʧʥʳʡ ʨʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Quantum 

Espresso [1] (QE) ʚ ʣʦʢʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʭ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʚ ʠ ʙʘʟʠʩʘ ʧʣʦʩʢʠʭ ʚʦʣʥ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʡ ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʚ: ʜʣʷ Be ʠ A (N) ï ʩʦʭʨʘʥʷʶʱʠʝ ʥʦʨʤʫ 

ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʳ, ʜʣʷ B (F, Cl, Br, I) ï ʫʣʴʪʨʘʤʷʛʢʠʡ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣ. ʀʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ 

ʤʠʥʠʤʫʤʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ: ʵʥʝʨʛʠʷ ʦʙʨʝʟʢʠ ʜʣʷ 

ʧʣʦʩʢʠʭ ʚʦʣʥ - Ecutwfc = 100 Ry, ʵʥʝʨʛʠʷ ʦʙʨʝʟʢʠ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ - Ecutrho = 1000 Ry, 

ʨʘʟʤʝʨʥʦʩʪʴ k-ʩʝʪʢʠ 4Ĭ4Ĭ4. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ ʜʣʷ ʚʩʝʡ ʛʨʫʧʧʳ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʅʘʯʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʘʥʪʠ-ʭʘʣʴʢʦʧʠʨʠʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʛʝʦʤʝʪʨʠʠ ʭʘʣʴʢʦʧʠʨʠʪʘ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ D2d, I-42d.) [2], ʚ ʢʦʪʦʨʦʡ ʢʘʪʠʦʥʳ 

ʟʘʤʝʥʷʣʠʩʴ ʥʘ ʘʥʠʦʥʳ ʠ ʥʘʦʙʦʨʦʪ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʘʩʴ ʢʚʘʟʠ-ʥʴʶʪʦʥʦʚʩʢʠʤ 

ʤʝʪʦʜʦʤ ʧʦ ʘʣʛʦʨʠʪʤʫ ɹʨʦʡʜʝʥʘ ð ʌʣʝʪʯʝʨʘ ð ɻʦʣʴʜʬʘʨʙʘ ð ʐʘʥʥʦ (BFGS) [3]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʧʧʳ 

ʢʨʠʩʪʘʣʣʦʚ Be2AB (A = N; B = F, Cl, Br, I) ʩ ʨʝʰʝʪʢʦʡ ʘʥʪʠ-ʭʘʣʴʢʦʧʠʨʠʪʘ.  
ʊʘʙʣʠʮʘ 1. ʉʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʦʚ Be2AB 

ʂʨʠʩʪʘʣʣ a, ᴠ c, ᴠ c/a Be-A, ᴠ Be-B, ᴠ 

Be2NF 3.97 7.98 2.007 1.57 1.91 

Be2NCl 4.47 8.38 1.876 1.64 2.24 

Be2NBr 4.62 8.57 1.856 1.66 2.37 

Be2NI 4.81 8.94 1.858 1.7 2.56 

 

ʈʘʩʯʝʪ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʚʩʝʤ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ 

ʪʦʯʢʘʤ ʠ ʣʠʥʠʷʤ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ ʧʝʨʚʦʡ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʚʩʝʡ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ Be2AB (A = N; B = F, Cl, Br, I) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʢʨʘʱʝʥʥʳʡ ʧʫʪʴ TŸɻŸNŸP. 
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ʈʠʩʫʥʦʢ 1. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʣʥʘʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ Be2AB. ɼʣʷ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ: ʧʦʣʥʘʷ ï ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ, Be ï ʪʦʯʢʠ, A ï ʢʨʝʩʪʠʢʠ ʠ B 

ï ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʧʦ 

ʠʟʦʢʘʪʠʦʥʥʦʤʫ ʨʷʜʫ ʦʪ Be2NF ʢ Be2NI ʠ ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4.47, 3.33, 2.73, 1.9 ʵɺ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʚʘʣʝʥʪʥʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʠʤʝʝʪ ʚʠʜ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʨʘʟʨʝʰʝʥʥʳʭ ʧʦʣʦʩ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʟʘʤʝʪʥʦ 

ʧʝʨʝʢʨʳʚʘʪʴʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʨʷʜʫ ʦʪ Be2NF ʢ Be2NI.  ʉʘʤʘʷ ʥʠʞʥʷʷ ʟʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ s-

ʩʦʩʪʦʷʥʠʷʤʠ ʘʪʦʤʦʚ B, ʩʨʝʜʥʷʷ s-ʩʦʩʪʦʷʥʠʷʤʠ ʘʪʦʤʦʚ ɸ, ʚʝʨʭʥʷʷ ʠʤʝʝʪ ʩʤʝʰʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩ 

ʙʦʣʴʰʠʤʠ ʚʢʣʘʜʘʤʠ p-ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ A ʠ B. ʉʦʩʪʦʷʥʠʷ ʘʪʦʤʘ Be ʥʘʭʦʜʷʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʣʷ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ 

Be2AB. 

 
ʈʠʩʫʥʦʢ 2. ʌʫʥʢʮʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʣʷ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ Be2AB ʩ ʨʝʰʝʪʢʦʡ ʘʥʪʠ-

ʭʘʣʴʢʦʧʠʨʠʪʘ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʪʨʝʪʠʪʴ ʵʣʝʢʪʨʦʥ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʳʤ ʠ ʚ ʦʙʣʘʩʪʷʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

ʊʘʢʦʝ ʞʝ ʩʚʦʡʩʪʚʦ ʠʤʝʶʪ ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʝʥʟʦʨʳ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʨʷʜʦʚ ʧʦ ɹʦʨʥʫ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʳ 

ʢʨʠʩʪʘʣʣʦʚ; ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʠ ʩʪʘʪʠʯʝʩʢʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʝʥʟʦʨʳ ʷʚʣʷʶʪʩʷ 

ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʩ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 
 

ʊʘʙʣʠʮʘ 2. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʢʨʠʩʪʘʣʣʦʚ Be2AB 

ʂʨʠʩʪʘʣ

ʣ 
ŮṶÐ Ů

||
Ð ŮÐ ŮṶ0 Ů

||
0 Ů0 ȹŮÐ ȹŮ0 

Be2NF  3.44 3.24 3.37 13.41 5.38 10.74 -0.2 -8.03 

Be2NCl  4.63 4.19 4.48 13.8 6.1 11.23 -0.44 -7.7 

Be2NBr 5.46 4.8 5.24 15.16 6.75 12.36 -0.66 -8.41 

Be2NI 7.73 6.38 7.28 20.14 8.61 16.3 -1.35 -11.53 

 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʳʤ ʚ ʩʠʣʫ ʥʠʟʢʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʉʪʘʪʠʯʝʩʢʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ 

ʘʥʠʟʦʪʨʦʧʥʳʤ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʥʳʝ ʬʦʥʦʥʥʳʝ ʩʧʝʢʪʨʳ ʜʣʷ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ Be2AB. 

 
ʈʠʩʫʥʦʢ 3. ʌʦʥʦʥʥʳʡ ʩʧʝʢʪʨ, ʧʦʣʥʘʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ Be2AB. ɼʣʷ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ: ʧʦʣʥʘʷ ï ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ, Be ï ʪʦʯʢʠ, A ï ʧʫʥʢʪʠʨ ʠ 

ʪʦʯʢʘ ʠ B ï ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ. 

 

ʀʭ ʦʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʥʦʡ ʰʠʨʠʥʳ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʧʦ 

ʠʟʦʢʘʪʠʦʥʥʦʤʫ ʨʷʜʫ. ʆʪʩʫʪʩʪʚʠʝ ʥʘ ʩʧʝʢʪʨʘʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʛʦʚʦʨʠʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ Be2AB ʩ ʨʝʰʝʪʢʦʡ ʘʥʪʠ-ʭʘʣʴʢʦʧʠʨʠʪʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. GENERAL DOCUMENTATION for Quantum ESPRESSO ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.quantum-espresso.org/resources/users-manual (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2022) 

2. ɹʘʩʘʣʘʝʚ ʖ. ʄ. ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʪʨʦʡʥʳʭ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʭʘʣʴʢʦʧʠʨʠʪʘ: ʤʦʥʦʛʨʘʬʠʷ / ʖ. ʄ. ɹʘʩʘʣʘʝʚ, ɸ. ʉ. ʇʦʧʣʘʚʥʦʡ; ɻʆʋ ɺʇʆ 

ñʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪò. - ʂʝʤʝʨʦʚʦ, 2009. - 226ʩ. 

https://www.quantum-espresso.org/resources/users-manual
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3. Nocedal, Jeorge; Wright, Stephen J. Numerical Optimization. ð 2nd edition. ð USA: Springer, 

2006. ð ISBN 978-0-387-30303-1. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ɻʦʨʜʠʝʥʢʦ ɸ.ɹ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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 ʌʋʅɼɸʄɽʅʊɸʃʔʅɸʗ ʀ ʇʈʀʂʃɸɼʅɸʗ ʍʀʄʀʗ 
 

ʋɼʂ 543.253 

ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʏɽʉʂʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʊʗɾɽʃʓʍ ʄɽʊɸʃʃʆɺ ɺ 

ʊʂɸʅʗʍ ʀ ʆʈɻɸʅɸʍ ʈʓɹ 

ɹʘʣʜʳʰʢʠʥʘ ɸ.ɼ., ʑʝʪʠʥʠʥ ɽ.ʉ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

Baldyshkina1999@mail.ru 

 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʂʫʟʙʘʩʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʨʝʛʠʦʥʘ. ʈʳʙʘ-ʛʠʜʨʦʙʠʦʥʪ, ʩʧʦʩʦʙʥʘʷ ʥʘʢʘʧʣʠʚʘʪʴ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ ʩʚʦʠʭ 

ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Zn, Cd, Pb ʠ Cu) ʚ  ʪʢʘʥʷʭ ʠ 

ʦʨʛʘʥʘʭ ʨʳʙ ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ 

Zn, Cd, Pb ʠ Cu ʧʨʠʤʝʥʷʣʠ ʘʪʪʝʩʪʦʚʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʪʫʪʥʦ-ʧʣʝʥʦʯʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʥʦʛʦ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʧʦʜʣʝʞʘʣʠ ʤʳʰʮʳ, ʠʢʨʘ, ʞʘʙʨʳ ʠ ʧʝʯʝʥʴ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʳʙ. ɺʩʝ ʚʠʜʳ ʙʳʣʠ ʧʨʠʚʝʟʝʥʳ ʠ  ʧʨʝʜʦʩʪʘʚʣʝʥʳ  ʠʟ ʨʘʟʥʳʭ ʤʝʩʪ ʦʙʠʪʘʥʠʷ 

ʵʢʦʣʦʛʘʤʠ ʠʟ ʂʝʤɻʋ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʦʙʨʘʟʮʘʭ, ʯʪʦ ʟʘʪʨʫʜʥʷʣʦ 

ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʪʦʯʥʝʥʠʶ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʚ 

ʯʘʩʪʠ ʫʩʣʦʚʠʡ ʨʝʛʠʩʪʨʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʠʢʨʳ ʢʘʨʘʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Zn, Cd, Pb ʠ 

Cu). ʄʝʪʦʜʦʤ ʜʦʙʘʚʦʢ ʫʩʪʘʥʦʚʣʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ; ʤʝʜʴ ʠ ʩʚʠʥʝʮ ʥʘ ʫʨʦʚʥʝ ʇɼʂ, 

ʢʘʜʤʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʝʤʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʠʚʝʟʝʥʳ ʦʙʨʘʟʮʳ.  

 ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ, ʦʥʠ ʩʧʦʩʦʙʥʳ  ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʝʨʴʝʟʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʢʦʛʜʘ ʧʨʝʚʳʰʘʶʪ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʝʝ 

çʯʠʩʪʦʪʳ ʠ ʟʜʦʨʦʚʴʷè. ʅʘʢʦʧʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʧʫʪʝʤ ʧʘʩʩʠʚʥʦʡ ʜʠʬʬʫʟʠʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʤʝʪʘʙʦʣʠʟʤʘ ʞʠʚʦʪʥʦʛʦ, 

ʩʦʩʪʦʷʥʠʝ ʧʠʪʘʥʠʷ, ʨʘʟʤʝʨ, ʚʦʟʨʘʩʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʳ  [1]. ʎʝʣʴʶ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʮʠʥʢʘ, ʢʘʜʤʠʷ, ʩʚʠʥʮʘ ʠ ʤʝʜʠ) ʚ 

ʦʙʨʘʟʮʘʭ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʨʳʙʳ ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʤʝʥʷʣʩʷ ʘʥʦʜʥʳʡ ʚʘʨʠʘʥʪ ʠʥʚʝʨʩʠʦʥʥʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ [2, 3]. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʪʫʪʥʦ ï ʧʣʝʥʦʯʥʳʡ 

ʵʣʝʢʪʨʦʜ. ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʨʪʫʪʥʦʡ ʧʣʝʥʢʠ ʥʘ ʵʣʝʢʪʨʦʜ ʧʨʠʤʝʥʷʣʩʷ "ʤʝʭʘʥʠʯʝʩʢʠʡò ʩʧʦʩʦʙ 

ʘʤʘʣʴʛʘʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʘ. ʕʣʝʢʪʨʦʜʘʤʠ ʩʨʘʚʥʝʥʠʷ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʩʣʫʞʠʣʠ 

ʭʣʦʨʩʝʨʝʙʨʷʥʳʝ ʵʣʝʢʪʨʦʜʳ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʘʥʘʣʠʟʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʦʣʴʪʘʤʧʝʨʥʫʶ 

ʢʨʠʚʫʶ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʬʦʥʦʚʦʤ ʵʣʝʢʪʨʦʣʠʪʝ. ɼʣʷ ʵʪʦʛʦ ʚ ʷʯʝʡʢʫ ʜʦʙʘʚʣʷʣʠ ʦʢʦʣʦ 

10 ʤʣ ʚʦʜʳ ʠ 0,2 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCOOH. ʋʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦʪʝʥʮʠʘʣ ʥʘʢʦʧʣʝʥʠʷ E= -

1,7 ɺ, ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ t= 90 ʩʝʢ, ʥʘʯʘʣʦ ʨʘʟʚʝʨʪʢʠ Es= -1,3 ɺ, ʢʦʥʝʮ ʨʘʟʚʝʨʪʢʠ Ee= 0,1 ɺ. 

ɿʘʧʫʩʢʘʣʠ ʨʝʛʠʩʪʨʘʮʠʶ ʬʦʥʦʚʦʡ ʢʨʠʚʦʡ. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʦʙʳ HNO3(ʢʦʥʮ.) ʠ 6 ʄ HCl ʢʠʩʣʦʪʘʤʠ ʧʦ ɻʆʉʊ 26929-94.  ʇʦʣʫʯʝʥʥʳʡ 

ʤʠʥʝʨʘʣʠʟʘʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʊɸ-2 ʩ  ʋʌ ï 

ʦʙʣʫʯʝʥʠʝʤ ʧʨʦʙ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ Zn,  ʉu, Pb ʠ Cd ʧʨʦʚʦʜʠʣʠ ʠʟ ʦʜʥʦʡ 

ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ ʧʨʦʙʳ. ʊʘʢ ʢʘʢ ʚ ʧʨʦʙʝ ʨʳʙ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʥʢʘ ʚ 

ʤʝʪʦʜʠʢʫ [4] ʙʳʣʠ ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ: ʚ ʧʨʦʚʝʨʝʥʥʳʡ ʥʘ ʯʠʩʪʦʪʫ ʬʦʥʦʚʳʡ 

ʵʣʝʢʪʨʦʣʠʪ ʜʦʙʘʚʣʷʣʠ ʦʙʲʝʤ ʧʨʦʙʳ (ʦʪ 50 ʤʢʣ ʜʦ 100 ʤʢʣ), ʦʩʫʱʝʩʪʚʣʷʣʠ ʵʣʝʢʪʨʦʣʠʟ ʧʨʠ 
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ʧʦʪʝʥʮʠʘʣʝ ʥʘʢʦʧʣʝʥʠʷ  E= -1,7 ɺ, ʧʦʩʣʝ ʜʦʙʘʚʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ Zn (0,01 ʤʛ/ʢʛ) 

ʦʙʲʝʤʦʤ 10 ʤʢʣ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʠʢʘ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ, ʯʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʨʠʩʫʥʢʝ 1.   

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʢʨʠʚʦʡ ʜʣʷ ʮʠʥʢʘ ʩʥʠʞʘʣʠ ʧʦʪʝʥʮʠʘʣ ʥʘʢʦʧʣʝʥʠʷ ʜʦ E= 

- 1,2 ɺ  ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʠʢ ʮʠʥʢʘ ʥʝ ʦʧʨʝʜʝʣʷʣʩʷ. ɺ ʷʯʝʡʢʫ  ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʣʠ  

ʧʨʦʙʫ ʦʙʲʝʤʦʤ ʜʦ 700 ʤʢʣ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʠʢʦʚ ʉu, Pb ʠ Cd ʜʦʙʘʚʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʡ 

ʨʘʩʪʚʦʨ ʩʤʝʩʠ  

(0,01 ʤʛ/ʢʛ) ʦʙʲʝʤʦʤ 10 ʤʢʣ. ʇʦʣʫʯʝʥʥʘʷ ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

ɼʘʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʪʦʯʥʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʦʧʠʩʘʥʠʶ [4] 

ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʥʘʣʠʟ ʧʨʦʙ ʠʢʨʳ ʠ ʨʳʙ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʢʨʳ ʢʘʨʘʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
  ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʠʢʨʝ ʢʘʨʘʩʷ 

 ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ, ʤʛ/ʢʛ 

Zn Cd Pb Cu 

ʍ1 55,37 - 0,76 2,56 

ʍ2 46,21 - 0,73 2,76 

ὢ 50,79 - 0,75 2,66 

S 6,48 - 0,02 0,14 

Sr 0,13 - 0,03 0,05 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Zn ʚ ʧʨʦʙʘʭ, ʯʪʦ ʚʳʰʝ ʇɼʂ 

(40,0 ʤʛ/ʢʛ); Pb ʠ ʉu ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ ʇɼʂ (1,0 ʠ 10,0 ʤʛ/ʢʛ) 
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ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʘʭ ʪʠʧʘ ʊɸ.  

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɹʫʣʛʘʢʦʚʘ ʆ.ʅ. ʠ ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ʃʫʯʥʠʢʦʚʘ ɽ.ʄ., 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ ï ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʀʚʘʥʦʚʘ ʅ.ɺ., ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 
 

ʋɼʂ 547.567.2 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʉʀʅʊɽɿɸ ʊʀʄʆʍʀʅʆʅɸ 

ɹʫʷʥʢʠʥʘ ʖ.ʉ. 
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ʊʠʤʦʭʠʥʦʥ (I) ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʧʨʠ ʣʝʯʝʥʠʠ ʞʝʣʫʜʦʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪ.ʢ. ʟʘʱʠʱʘʝʪ ʞʝʣʫʜʦʢ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʝʪ ʵʪʘʥʦʣ ʠ ʩʥʠʤʘʝʪ ʩʠʤʧʪʦʤʳ ʛʘʩʪʨʦʵʟʦʬʘʛʝʘʣʴʥʦʛʦ ʨʝʬʣʶʢʩʘ; ʪʘʢʞʝ ʦʥ 

ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʩʪʨʦʡʩʪʚʘʭ, ʜʠʘʙʝʪʝ, 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚʘʭ ʠ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʠʤʦʭʠʥʦʥ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ, 

ʪʘʢ ʢʘʢ ʩʚʷʟʳʚʘʝʪʩʷ ʩ S-ʙʝʣʢʦʤ SARS-CoV-2 ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʣʦʢʠʨʫʝʪ ʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ [1].  

ɺʚʠʜʫ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʩʠʥʪʝʟ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʠʪ ʚ 

ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ ʚ ʦʪʨʘʩʣʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʫʪʚʝʨʞʜʸʥʥʦʡ ʧʨʠʢʘʟʦʤ ʄʠʥʧʨʦʤʪʦʨʛʘ ʈʦʩʩʠʠ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʦʝ ʚʝʱʝʩʪʚʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʙʘʟʝ ʂɸʆ çɸʟʦʪè.   

ʆʙʳʯʥʦ ʪʠʤʦʭʠʥʦʥ ʠʟʚʣʝʢʘʶʪ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ ʵʢʩʪʨʘʢʮʠʝʡ ʠʟ ʩʝʤʷʥ ʯʝʨʥʫʰʢʠ 

ʧʦʩʝʚʥʦʡ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʠʥʪʝʟ ʪʠʤʦʭʠʥʦʥʘ ʠʟ ʪʠʤʦʣʘ ʥʠʪʨʦʟʠʨʦʚʘʥʠʝʤ 

ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʠʪʨʦʟʦʪʠʤʦʣʘ ʚ ʘʤʠʥ, ʟʘʤʝʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʥʘ 

ʛʠʜʨʦʢʩʠʣ ʯʝʨʝʟ ʜʠʘʟʦʩʦʣʴ ʠ ʦʢʠʩʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʜʚʫʭʘʪʦʤʥʦʛʦ ʬʝʥʦʣʘ. ɺʳʭʦʜ 

ʪʠʤʦʭʠʥʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 76%.  

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʭʠʥʦʥʦʚ, ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʫʯʝʥʠʠ ʪʠʤʦʭʠʥʦʥʘ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʦʜʭʦʜʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʪʠʤʦʣ (II) ʠʣʠ ʢʘʨʚʘʢʨʦʣ 

(III ). ʉʚʝʜʝʥʠʡ ʦ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʦʣʫʯʝʥʠʠ ʪʠʤʦʭʠʥʦʥʘ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ.  

  

 



 

76 

 
 

ʅʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʠʤʦʭʠʥʦʥʘ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʜʚʫʭʘʪʦʤʥʦʛʦ ʬʝʥʦʣʘ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʥʠʪʨʦʟʠʨʦʚʘʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʪʠʤʦʣʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʦʜʫʢʪʘ ʚ ʘʤʠʥ, ʜʠʘʟʦʪʠʨʦʚʘʥʠʝʤ 

ʘʤʠʥʦʛʨʫʧʧʳ ʠ ʟʘʤʝʥʦʡ ʝʸ ʥʘ ʛʠʜʨʦʢʩʠʣ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʬʝʥʦʣʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʠʤʦʣ. ʊʠʤʦʣ, 

ʢʘʢ ʠ ʜʨʫʛʠʝ ʬʝʥʦʣʳ, ʧʨʠ ʭʨʘʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʚ 

ʨʝʘʢʮʠʶ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʯʠʩʪʠʪʴ ʦʪ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ.  

ʅʝʫʜʘʯʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʦʧʳʪʢʠ ʦʯʠʩʪʠʪʴ ʪʠʤʦʣ ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʵʪʠʣʘʮʝʪʘʪʘ, ʚʦʜʳ, ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʵʪʘʥʦʣʘ. 

ʏʠʩʪʳʡ ʪʠʤʦʣ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ  ʠʟ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚʦʜʘ-ʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ (1:1). ʏʠʩʪʦʪʫ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʘʥʥʳʤ ʊʉʍ (çsilufolè, ʭʣʦʨʦʬʦʨʤ, ʧʨʦʷʚʣʷʣʠ 

ʚ ʧʘʨʘʭ ʡʦʜʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦʯʠʱʝʥʥʦʛʦ ʪʠʤʦʣʘ: Ô̐ Ȣ̌

τφ τψᴈ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ: Ô̐ Ȣ̌ τψ υςᴈ [3]. 

ʆʯʠʱʝʥʥʳʡ ʪʠʤʦʣ ʧʦʜʚʝʨʛʘʣʠ ʥʠʪʨʦʟʠʨʦʚʘʥʠʶ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʧʦ 

ʦʧʠʩʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʝ [4]. ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ 

ʥʠʪʨʦʟʦʪʠʤʦʣʘ (IV) ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʙʳʪʦʢ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ, ʜʦʙʘʚʣʷʪʴ ʝʛʦ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ  ʠ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʠʟ 

ʙʝʥʟʦʣʘ ʥʠʪʨʦʟʦʪʠʤʦʣʘ: Ô̐ Ȣ̌ ρτφρυςᴈ (ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ:  Ô̐ Ȣ̌ ρφπρφτᴈ 
[3]). 

ʅʠʪʨʦʟʦʪʠʤʦʣ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʘʤʠʥ (V) ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʊ.ʢ. ʘʤʠʥ V 

ʥʝʫʩʪʦʡʯʠʚ ʠ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ, ʝʛʦ ʣʫʯʰʝ ʥʝ ʚʳʜʝʣʷʪʴ ʠʟ ʨʘʩʪʚʦʨʘ. 

ʊ.ʢ. ʜʘʣʴʥʝʡʰʝʝ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʘʤʠʥʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʤʳ ʧʦʧʳʪʘʣʠʩʴ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʠʪʨʦʟʦʪʠʤʦʣ ʮʠʥʢʦʚʦʡ ʧʳʣʴʶ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. ʆʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʝ IV  ʥʝ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʢʠʩʣʦʪʳ ʠ ʧʣʦʭʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʥʝʡ. ɼʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʣʦʞʥʦ. ɼʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʦ ʘʤʠʥ V ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʝʨʦʚʦʜʦʨʦʜʦʤ.  ʇʦʣʫʯʝʥʥʳʡ ʘʤʠʥ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʦʡ 

ʚʦʜʦʡ, ʢʦʥʪʨʦʣʠʨʫʷ, ʯʪʦʙʳ ʧʨʦʜʫʢʪ ʙʳʣ ʧʦʢʨʳʪ ʩʣʦʝʤ ʚʦʜʳ ʠ ʥʝ ʥʘʭʦʜʠʣʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʚʦʟʜʫʭʦʤ. ɺʣʘʞʥʳʡ ʘʤʠʥʦʪʠʤʦʣ ʥʝʤʝʜʣʝʥʥʦ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ. ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʜʠʘʟʦʛʨʫʧʧʘ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʫʶ, ʘ 

ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʨʦʠʟʚʦʜʥʦʝ ʛʠʜʨʦʭʠʥʦʥʘ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʦʡ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʨʘʩʪʚʦʨʝ, ʚ ʪʠʤʦʭʠʥʦʥ. ʇʦʣʫʯʝʥʥʳʡ ʪʠʤʦʭʠʥʦʥ ʚʳʜʝʣʷʣʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʧʝʨʝʛʦʥʢʦʡ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ. ɺʳʭʦʜ ʷʨʢʦ-ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ: Ô̐ Ȣ̌ τπττᴈ (ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ: Ô̐ Ȣ̌ τσ τυ [3]) ʩʦʩʪʘʚʠʣ 76%.  

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʪʠʤʦʭʠʥʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩʫʣʴʬʠʨʦʚʘʥʠʝʤ ʪʠʤʦʣʘ ʠ 

ʦʢʠʩʣʝʥʠʝʤ ʩʫʣʴʬʦʤʘʩʩʳ ʧʝʨʝʢʠʩʴʶ ʤʘʨʛʘʥʮʘ ʠʣʠ ʜʚʫʭʨʦʤʦʢʠʩʣʳʤ ʢʘʣʠʝʤ. ɺ ʧʨʦʮʝʩʩʝ 

ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʦʛʨʫʧʧʘ ʣʝʛʢʦ ʵʣʠʤʠʥʠʨʫʝʪʩʷ ʠ ʦʙʨʘʟʫʝʪʩʷ ʭʠʥʦʥ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʪʠʤʦʭʠʥʦʥʘ ʧʨʠʛʦʜʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʙʦʣʴʰʦʤ ʤʘʩʰʪʘʙʝ ʠ ʧʦ ʪʨʫʜʦʝʤʢʦʩʪʠ ʙʦʣʝʝ ʚʳʛʦʜʝʥ, ʯʝʤ 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ, ʧʨʠʤʝʥʝʥʥʳʡ ʚʳʰʝ. ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʩʫʣʴʬʠʨʦʚʘʥʠʝ ʪʠʤʦʣʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʧʨʦʚʝʩʪʠ ʦʢʠʩʣʝʥʠʝ 

ʜʚʫʭʨʦʤʦʚʦʢʠʩʣʳʤ ʥʘʪʨʠʝʤ ʠʣʠ ʜʠʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ. ʇʦʣʫʯʠʪʴ ʪʠʤʦʭʠʥʦʥ ʩ ʭʦʨʦʰʠʤ 

ʚʳʭʦʜʦʤ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 



 

77 

 
 

1.  ʏʝʨʝʥʝʚʘ, ɺ. ʋʯʝʥʳʝ ʥʘʰʣʠ ʥʝʦʞʠʜʘʥʥʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʦʪ ʢʦʨʦʥʘʚʠʨʫʩʘ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://rg.ru/2021/08/04/uchenye-nashli-neozhidannoe-

effektivnoe-sredstvo-ot-koronavirusa.html - ʩʚʦʙʦʜʥʳʡ. 

2. ʉʘʤʧʠʝʚ, ɸ.ʄ. ʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʤʦʭʠʥʦʥʘ ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ: 

ʧʘʪ. 2571499 ʈʦʩ. ʌʝʜʝʨʘʮʠʷ. ˉ2014130294/15 / ʉʘʤʧʠʝʚ ɸ.ʄ., ʈʫʜʴ ʅ.ʂ., ʗʢʫʙʘ ʖ.ʌ., 

ɼʘʚʠʪʘʚʥ ʅ.ɸ. ; 22.07.2014 ; ʦʧʫʙʣ. 20.12.2015 ; ɹʶʣ. ˉ35. 8 ʩ. 

3. ʍʝʡʣʴʙʨʦʥ, ʀ., ʉʪʨʦʝʥʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʘʞʥʝʡʰʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʊʦʤ 3. / ʀ. ʍʝʡʣʴʙʨʦ, ɻ. ʄ. ɹʵʥʙʝʨʠ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

çʀʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳè, 1949. ï 977 ʉ.  

4. ʉʧʨʘʚʦʯʥʠʢ ʭʠʤʠʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʊʠʤʦʭʠʥʦʥ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://chem21.info/info/120864/ - ʩʚʦʙʦʜʥʳʡ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʊʢʘʯʝʥʢʦ ʊ.ɹ., ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʋɼʂ 541.68:54.03 

ʇʆʃʋʏɽʅʀɽ ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀɺʀʅʀʃʆɺʆɻʆ ʉʇʀʈʊɸ ʀ 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ʆɼʅʆʉʊɽʅʅʓʍ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʆʂ 

ɹʳʢʦʚʘ ʊ.ʇ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

bykova898@gmail.com 
 

 ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʠ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʧʨʠʚʦʜʠʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʜʨʦʛʝʣʝʡ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʠ ʪʠʧʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

 

ɽʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʣʝʪʘʣʴʥʦʩʪʴ ʦʪ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 17 

ʤʠʣʣʠʦʥʦʚ ï ʪʨʝʪʴ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʤʝʨʪʝʡ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ 

ʙʠʦʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʠʪʝʣʝʡ ʪʢʘʥʝʡ ʠ 

ʩʦʩʫʜʦʚ, ʧʨʦʪʝʟʦʚ ʩʝʨʜʝʯʥʳʭ ʢʣʘʧʘʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʫʯʝʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ (ʇɺʉ), 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ, ʥʝʪʦʢʩʠʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʜʥʘʢʦ ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʚ ʫʢʘʟʘʥʥʳʭ ʮʝʣʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʦʟʤʦʞʥʳʤ ʧʫʪʝʤ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʜʝʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʧʦʣʠʤʝʨʘ, ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ). ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʠʟ 

ʩʚʝʨʥʫʪʳʭ ʣʠʩʪʦʚ ʛʨʘʬʝʥʘ ï ʣʠʩʪʢʦʚ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʫʛʣʘʤ 

ʩʦʯʣʝʥʝʥʥʳʭ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ: ʤʘʣʳʝ ʨʘʟʤʝʨʳ, 

ʦʛʨʦʤʥʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʠʤ 

ʧʨʝʚʨʘʱʝʥʠʷʤ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇɺʉ ʠ ʦʜʥʦʩʪʝʥʥʳʭ 

ʋʅʊ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʝʡʥʳʡ ʇɺʉ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 89,000-98,000 ɼʘ ʠ ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʣʠʟʘ ʘʮʝʪʘʪʥʳʭ ʛʨʫʧʧ 99% (Sigma 

Aldrich, ʉʐɸ) ʠ ʣʠʥʝʡʥʳʡ ʇɺʉ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 146,000-186,000 ɼʘ ʠ ʩʪʝʧʝʥʴʶ 

ʛʠʜʨʦʣʠʟʘ ʘʮʝʪʘʪʥʳʭ ʛʨʫʧʧ 99% (Sigma Aldrich, ʉʐɸ). ʅʘʥʦʥʘʧʦʣʥʠʪʝʣʝʤ ʚʳʩʪʫʧʘʣʠ 

ʦʜʥʦʩʪʝʥʥʳʝ ʋʅʊ ʜʠʘʤʝʪʨʦʤ 1.6 Ñ 0.4  ʥʤ, ʠ ʜʣʠʥʦʡ > 5 ʤʢʤ (Ó93% ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ 

ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, Sigma-Aldrich, ʉʐɸ). 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨʘ ʠ ʋʅʊ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʠ ʦʢʠʩʣʠʪʝʣʴʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʪʨʫʙʦʢ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 
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ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʚ ʯʘʩʪʥʦʩʪʠ, ï ʢʘʨʙʦʢʩʠʣʴʥʳʭ.  ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʯʘʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʦʢʠʩʣʷʣʠ ʩʤʝʩʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʝʨʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ, ʜʨʫʛʫʶ 

ʯʘʩʪʴ ï ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʚ ʩʨʝʜʝ 0,5 ʥ. ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʭʦʜʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ ʦʙʨʘʟʫʶʪʩʷ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1746 ʩʤ
-1
, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʉ=ʆ ʠʣʠ ʉʆʆʅ-ʛʨʫʧʧ ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʝʪʦʜʦʤ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʦ ɹʦʵʤʫ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʧʝʨʤʘʥʛʘʥʘʪʦʤ 

ʢʘʣʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʩʤʝʩʴʶ ʢʠʩʣʦʪ. 

ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʨʝʘʢʮʠʝʡ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʩ ʇɺʉ. ʂ ʨʘʩʪʚʦʨʫ ʋʅT ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ (ɼʄʉʆ) ʜʦʙʘʚʣʷʣʠ 1,3-

ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜ, 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ ʠ ʛʠʜʨʦʢʩʠʙʝʥʟʦʪʨʠʘʟʦʣʘ (Sigma-

Aldrich, ʉʐɸ) ʠ ʧʦʜʚʝʨʛʘʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʪʝʯʝʥʠʝ 1 

ʯʘʩʘ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʠʣʠʚʘʣʠ ʨʘʩʪʚʦʨ ʇɺʉ ʚ ɼʄʉʆ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʝʱʝ 24 ʯʘʩʘ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ (10000 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ). 

ʉʫʧʝʨʥʘʪʘʥʪ ʦʩʘʞʜʘʣʠ ʚ ʘʮʝʪʦʥʝ, ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ ʠ ʦʯʠʱʘʣʠ ʦʪ ʩʚʦʙʦʜʥʦʛʦ 

ʧʦʣʠʤʝʨʘ ʬʠʣʴʪʨʦʚʘʥʠʝʤ [3]. ʉʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʣʠ ʜʘʥʥʳʤʠ ʀʂ, 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʣʠ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʇɺʉ ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʠʟʫʯʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ, ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-

ʦʪʪʘʠʚʘʥʠʷ ʠ ʪʠʧʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʨʘʪʢʦ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʨʠʦʛʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʩʪʚʦʨʝʥʠʝ ʥʘʚʝʩʢʠ ʧʦʣʠʤʝʨʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ ʩʪʝʢʣʘʤʠ, ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʧʨʠ -40Üʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʦʩʪʘʜʠʡʥʳʤ ʨʘʟʤʦʨʘʞʠʚʘʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʤʳʚʢʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʦʪ ʦʩʪʘʪʢʦʚ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʇɺʉ ʦʙʲʷʩʥʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʠʜʨʦʛʝʣʝʡ ʧʨʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ ʦʪʪʘʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʯʘʩʪʢʦʚ 

ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʫʩʣʦʚʠʷ 

ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʛʝʣʝʡ.  

ʊʘʙʣʠʮʘ 1. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʛʝʣʝʡ  

ˉ 

ʛʨʫʧʧʳ 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ ʇɺʉ, ɼʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʇɺʉ, % 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝ/ʦʪʪʘʠʚʘʥʠʝ 

ʊʠʧ 

ʨʘʩʪʚʦʨʠʪʝʣʷ 

 

1 
 

89,000-98,000 

 

10, 15, 20 

 

1, 3, 5 

 

H2O 

 

2 
 

146,000-186,000 

 

7, 10, 12, 15 

 

1, 3, 5 

 

H2O 

 

 

 

3 

 

 

 

89,000-98,000 

 

 

 

20% 

 

 

 

1 

ɼʄʉʆ/ H2O 

100/0 

90/10 

80/20 

60/40 

40/60 

20/80 

10/90 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʦʛʝʣʝʡ ʠʟʫʯʘʣʠ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ 

ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʩʝʨʠʠ Z çZwick/Roellè (ɻʝʨʤʘʥʠʷ). 



 

79 

 
 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠ ʥʘ ʚʳʨʫʙʥʦʤ ʧʨʝʩʩʝ ZCP 020 (Zwick GmbH & Co. KG, 

ɻʝʨʤʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʞʘ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ (ɺ083, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʘʥʜʘʨʪʫ 

ISO 37:2017) (n = 4 ʠʣʠ 5). 

ʇʨʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʧʦʣʠʤʝʨʦʚ 

ʦʙʝʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʨʠʦʮʠʢʣʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʙʦʣʝʝ ʧʨʦʯʥʦʤʫ ʛʠʜʨʦʛʝʣʶ (ʨʠʩ. 1). ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʛʠʜʨʦʛʝʣʝʡ ʩ ʨʘʟʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʤʘʩʩʘʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʚʳʰʝ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʩ ʙʦʣʴʰʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ ʛʨʫʧʧ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʠʜʨʦʛʝʣʝʡ ʇɺʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ 12% ʇɺʉ ʩ Mw 

146,000-186,000 ɼʘ ʧʦʩʣʝ 5 ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ (4,08 ʄʇʘ), ʠ ʜʣʷ ʦʙʨʘʟʮʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 20% ʇɺʉ ʩ Mw 89,000-98,000 ɼʘ ʧʦʩʣʝ 5 ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ 

(3,94 ʄʇʘ). ʉʨʝʜʠ ʛʠʜʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʤʝʩʷʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ 20% ʇɺʉ ʩ Mw 89,000-98,000 ɼʘ, 

ʩʦʦʪʥʦʰʝʥʠʝ ɼʄʉʆ/H2O ï 80/20 (2,66 ʄʇʘ). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʨʦʩʣʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʦ ʥʝ ʤʝʥʷʣʦʩʴ ʩ 

ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ. 

 

ʈʠʩ. 1. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʢʨʠʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʇɺʉ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 146,000-

186,000 ɼʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʋʅʊ, ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʩʤʝʩʠ ɼʄʉʆ/H2O ï 80/20) ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʟʠʥʪʝʛʨʘʪʦʨʘ, ʟʘʪʝʤ ʚ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʠ ʩʫʭʦʡ ʧʦʣʠʤʝʨ ʠ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʥʘʛʨʝʚʘʷ ʩʤʝʩʴ ʜʦ 90Áʉ. ʇʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʜʚʝʨʛʘʣʠ ʢʨʠʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ (ʦʧʠʩʘʥʦ 

ʚʳʰʝ).  

ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʋʅʊ ʚ ʫʢʘʟʘʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʩʪʘʙʠʣʴʥʳʝ, ʦʜʥʦʨʦʜʥʳʝ ʜʠʩʧʝʨʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʩʤʝʩʠ ʧʦʣʠʤʝʨʘ ʠ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʦʚʘʥʳ ʦʜʥʦʨʦʜʥʳʝ ʧʦʣʠʤʝʨʳ ʩ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʥʝʝ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʣʦʪʥʳʝ ʛʠʜʨʦʛʝʣʝʚʳʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʯʥʦʩʪʴ ʢʨʠʦʛʝʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ 

ʢʨʠʦʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ. ʆʜʥʘʢʦ ʠ ʪʠʧ ʨʘʩʪʚʦʨʠʪʝʣʷ ʪʦʞʝ 

ʠʤʝʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʛʝʣʝʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʋʅʊ. 
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ʄʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 2-

ʤʝʪʠʣʘʥʪʨʘʭʠʥʦʥʘ ʚ ʤʘʪʨʠʮʝ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʉʂʊ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʥʳʭ ʧʦ ʪʦʣʱʠʥʝ ʝʝ ʩʣʦʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʦʣʠʤʝʨʘ. 

 

ʉʠʣʦʢʩʘʥʦʚʳʝ ʧʦʣʠʤʝʨʳ ʠ ʢʘʫʯʫʢʠ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʬʠʟʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʝʶʪ ʦʯʝʥʴ ʥʠʟʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʨʝʙʫʶʪ ʜʣʷ ʩʚʦʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʚʝʨʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʦʙʳʯʥʦ ʧʨʦʭʦʜʠʪ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ï ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʦʢʩʠʯʥʳʭ ʠ ʚʟʨʳʚʦʦʧʘʩʥʳʭ 

ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʚʳʩʦʢʠʭ ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʠʭ 

ʠʟʣʫʯʝʥʠʡ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ [1, 2]. 

ʅʘ ʢʘʬʝʜʨʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ ʀʌʅ ʂʝʤɻʋ ʨʘʟʨʘʙʦʪʘʥ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʭ ʦʪʚʝʨʞʜʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʠʣʩʦʜʝʨʞʘʱʠʭ 

ʬʦʪʦʠʥʠʮʠʘʪʦʨʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʪʦʥʢʦʩʣʦʡʥʳʝ ʠʟʜʝʣʠʷ ï ʧʦʢʨʳʪʠʷ ʠ ʧʣʝʥʢʠ [3-5].  

ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʠʩʭʦʜʷʪ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʛʘʮʠʠ ʬʦʪʦʠʥʠʮʠʘʪʦʨʦʚ ʚ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ ï ʤʦʣʝʢʫʣʷʨʥʦʡ, ʨʝʘʣʠʟʫʝʤʦʡ ʪʦʣʴʢʦ ʚ ʛʦʤʦʛʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

ʆʜʥʘʢʦ ʬʦʪʦʠʥʠʮʠʘʪʦʨʳ ʧʣʦʭʦ ʩʦʚʤʝʩʪʠʤʳ ʩ ʩʠʣʦʢʩʘʥʦʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʠ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʚʳʧʘʜʘʝʪ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʚ ʚʠʜʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʥʠʮʠʘʪʦʨʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʪʴ 

ʬʦʪʦʠʥʠʮʠʘʪʦʨ ʚ ʧʦʣʠʤʝʨʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʦʤʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ. ʅʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʥ ʦʧʷʪʴ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ, ʚʳʧʘʜʘʷ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʘʩʪʚʦʨʝʥʠʷ (ʠʣʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ) ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʥʠʮʠʘʪʦʨʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 
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ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʧʦʜʙʦʨʘ ʠʥʠʮʠʘʪʦʨʦʚ ʬʦʪʦʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʮʝʥʠʪʴ 

ʧʨʝʜʝʣʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʦʤʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʠʥʠʮʠʘʪʦʨʘʤʠ ʙʫʜʫʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʘ ʟʥʘʯʠʪ 

ï ʩ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʫʧʨʦʩʪʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ʆʜʥʘʢʦ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʦʪʦʠʥʠʮʠʘʪʦʨʘ, ʘ ʟʥʘʯʠʪ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʜʠʬʬʫʟʠʠ ʚ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ. ɸ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʧʦʣʠʤʝʨʘ, ʪ.ʢ. ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʠ ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʦʣʠʤʝʨʘ ʜʠʬʬʫʟʠʷ ʬʦʪʦʠʥʠʮʠʘʪʦʨʘ 

ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʘʟʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ï ʜʣʷ ʪʦʥʢʠʭ ʩʣʦʝʚ ʜʠʬʬʫʟʠʷ ʙʫʜʝʪ ʜʚʫʤʝʨʥʦʡ, ʜʣʷ 

ʪʦʣʩʪʳʭ ï ʪʨʝʭʤʝʨʥʦʡ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 2-

ʤʝʪʠʣʘʥʪʨʘʭʠʥʦʥʘ ï ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʬʦʪʦʠʥʠʮʠʘʪʦʨʦʚ, ʚ ʤʘʪʨʠʮʝ 

ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʉʂʊ ʠ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʩʪʘʥʦʚʢʠ, ʩʦʟʜʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ ʀʌʅ ʂʝʤɻʋ ʥʘ 

ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çɸʣʴʪʘʤʠè ʠ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʷʯʝʡʢʠ, ʫʧʨʘʚʣʷʝʤʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʠʟʤʝʨʠʪʝʣʝʤ-ʨʝʛʫʣʷʪʦʨʦʤ ʊʈʄ-151. 

ʇʦʩʢʦʣʴʢʫ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʳʡ ʢʘʫʯʫʢ ʉʂʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʯʝʥʴ ʚʷʟʢʫʶ 

ʞʠʜʢʦʩʪʴ, ʧʦʣʠʤʝʨʥʳʝ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʦʣʱʠʥʦʡ 0,1, 0,2 ʠ 0,4 ʤʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ ʪʦʣʫʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 2-ʤʝʪʠʣʘʥʪʨʘʭʠʥʦʥʘ ʠ ʉʂʊ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʠʚʦʤ 

ʥʘ ʥʝʙʦʣʴʰʠʝ ʪʦʥʢʠʝ ʩʪʝʢʣʷʥʥʳʝ ʧʣʘʩʪʠʥʢʠ ʠ ʩʫʰʢʦʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ 2-ʤʝʪʠʣʘʥʪʨʘʭʠʥʦʥʘ 

ʩʦʩʪʘʚʣʷʣʘ 0,01 ʤʦʣʴ/ʢʛ ʉʂʊ. ʊʨʝʙʫʝʤʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʦʣʠʤʝʨʘ ʜʦʩʪʠʛʘʣʘʩʴ ʧʫʪʝʤ ʩʥʘʯʘʣʘ 

ʥʘʣʦʞʝʥʠʷ ʥʘ ʩʣʦʡ ʧʦʣʠʤʝʨʘ ʧʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʢʨʘʷʤ ʜʚʫʭ ʦʪʨʝʟʢʦʚ ʢʘʣʠʙʨʦʚʘʥʥʳʭ 

ʤʝʜʥʳʭ ʧʨʦʚʦʣʦʢ (ʜʠʘʤʝʪʨʦʤ 0,1, 0,2 ʠʣʠ 0,4 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʟʘʪʝʤ ʥʘ ʥʠʭ ï ʧʦʢʨʦʚʥʦʛʦ 

ʩʪʝʢʣʘ. ɺʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʤʝʱʘʣʘʩʴ ʥʘ 30 ʤʠʥʫʪ ʧʦʜ ʛʨʫʟ 100 ʛ ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʠ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʣʦʷ ʧʦʣʠʤʝʨʘ ʧʦ ʪʦʣʱʠʥʝ. 

ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʧʨʠ ʪʘʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 2-ʤʝʪʠʣʘʥʪʨʘʠʥʦʥ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ 

ʉʂʊ ʠ ʚʳʧʘʜʘʝʪ ʚ ʚʠʜʝ ʭʘʨʘʢʪʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʚʦʨʝʥʠʝ 

ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ï ʦʧʷʪʴ ʠʭ ʚʳʧʘʜʝʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʨʘʩʪ-

ʚʦʨʝʥʠʷ) ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʩʨʝʜʥʷʣʠʩʴ ʧʦ ʪʨʝʤ ʦʧʳʪʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣ. 1 

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 2-ʤʝʪʠʣʘʥʪʨʘʭʠʥʦʥʘ ʦʪ ʪʦʣʱʠʥʳ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ï 1 
0
ʉ/ʤʠʥ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʝʚʘ ï 100 
0
ʉ)  

 ̄ ʊʦʣʱʠʥʘ ʩʣʦʷ ʧʦʣʠʤʝʨʘ, ʤʤ ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

(ʨʘʩʪʚʦʨʝʥʠʷ), 
0
C 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 
0
C 

1 0,1 84,6Ñ2,0 50,5Ñ2,0 

2 0,2 84,2Ñ1,0 53,1Ñ1,0 

3 0,4 86,2Ñ2,0 51,3Ñ1,0 

 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 2-

ʤʝʪʠʣʘʥʪʨʘʭʠʥʦʥʘ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʳ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʠʟ-ʟʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʠʥʠʮʠʘʪʦʨʘ, ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʩʣʦʷ ʧʦʣʠʤʝʨʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʪʨʝʭʤʝʨʥʳʡ ʚʘʨʠʘʥʪ ʜʠʬʬʫʟʠʠ ʠʥʠʮʠʘʪʦʨʘ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. 
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ʀʩʩʣʝʜʦʚʘʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʪʘʣʦʛʦ ʩʥʝʛʘ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʛ. 

ʂʝʤʝʨʦʚʦ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 16 ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʝʣʠʢʦ ʚʣʠʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɿʘʚʦʜʳ, ʘʚʪʦʤʦʙʠʣʠ, ʦʪʦʧʣʝʥʠʝ ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ ʫʛʣʸʤ ʠ ʜʨʦʚʘʤʠ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ, 

ʩʞʠʛʘʥʠʝ ʤʫʩʦʨʘ ʠ ʜʨ. ʀʟ-ʟʘ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʶʪʩʷ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ), ʢʦʪʦʨʳʝ ʟʘʛʨʷʟʥʷʶʪ ʧʦʯʚʫ, ʚʦʜʫ ʠ ʚʦʟʜʫʭ. ʅʦ ʦʥʠ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ (ʣʝʩʥʳʝ ʧʦʞʘʨʳ, ʠʟʚʝʨʞʝʥʠʝ 

ʚʫʣʢʘʥʦʚ ʠ ʪ. ʜ.). ʄʥʦʛʠʝ ʇɸʋ ʦʙʣʘʜʘʶʪ ʤʫʪʘʛʝʥʥʳʤʠ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʦʵʪʦʤʫ ʠʤ ʧʨʠʩʚʦʝʥ ʧʝʨʚʳʡ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʪʘʣʳʡ ʩʥʝʛ ʠʟ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʩ ʨʘʟʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺɾʕʍ) 

ʩʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 16 ʇɸʋ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʦʙʨʘʟʮʘʭ ʪʘʣʦʛʦ ʩʥʝʛʘ ʠʟ ʨʘʟʥʳʭ ʪʦʯʝʢ ʛʦʨʦʜʘ ʂʝʤʝʨʦʚʦ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʚʳʙʦʨ ʤʝʪʦʜʠʢʠ ʧʨʦʙʦʦʪʙʦʨʘ ʩʥʝʛʘ, ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ, ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ 

ɺʕɾʍ ʥʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʤ ʞʠʜʢʦʩʪʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ SHIMADZU LC-20AD. 

ʇʨʦʙʦʦʪʙʦʨ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ ʥʘ ʥʝʪʨʦʥʫʪʳʭ ʫʯʘʩʪʢʘʭ ʩʥʝʛʘ 

ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʘ. ʈʘʟʤʝʯʘʣʠ ʢʚʘʜʨʘʪ 1Ĭ1 ʤ, ʩʥʝʛ ʟʘʙʠʨʘʣʠ ʧʦ ʫʛʣʘʤ ʠ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʜʠʘʛʦʥʘʣʝʡ ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʢʣʷʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʥʝ ʜʦʭʦʜʷ 5 

ʩʤ ʜʦ ʧʦʯʚʳ [2].  

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ [3]. ʊʘʣʳʡ ʩʥʝʛ ʧʦʤʝʱʘʶʪ ʚ 

ʤʝʨʥʫʶ ʢʦʣʙʫ, ʜʦʙʘʚʣʷʶʪ ʛʝʢʩʘʥ ʠ ʧʨʦʠʟʚʦʜʷʪ ʵʢʩʪʨʘʢʮʠʶ. ɼʘʣʝʝ ʛʝʢʩʘʥʦʚʳʡ ʵʢʩʪʨʘʢʪ 

ʠʟʚʣʝʢʘʶʪ. ʂʦʣʙʫ ʩ ʵʢʩʪʨʘʢʪʦʤ ʫʙʠʨʘʶʪ ʚ ʤʦʨʦʟʠʣʴʥʫʶ ʢʘʤʝʨʫ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ 
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ʚʦʜʳ, ʢʦʪʦʨʘʷ ʦʩʪʘʣʘʩʴ ʚ ʵʢʩʪʨʘʢʪʝ, ʚ ʣʸʜ. ʇʝʨʝʥʦʩʷʪ ʵʢʩʪʨʘʢʪ ʠ ʫʧʘʨʠʚʘʶʪ ʥʘ ʧʝʩʯʘʥʦʡ ʙʘʥʝ. 

ʇʦʩʣʝ ʜʦʙʘʚʣʷʶʪ 0,5 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʶʪ.  

ʉ ʦʜʥʦʡ ʦʙʨʘʟʮʘ ʪʘʣʦʛʦ ʩʥʝʛʘ ʠʟʛʦʪʘʚʣʠʚʘʣʦʩʴ ʧʦ 2 ʧʨʦʙʳ.  

ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ɺʕɾʍ. ɼʝʪʝʢʪʦʨ: ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʩ ʜʠʦʜʥʦʡ 

ʤʘʪʨʠʮʝʡ. ʆʙʨʘʱʸʥʥʦ-ʬʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩ 

ʬʘʟʦʡ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʘʛʝʣʷ ʩ ʧʨʠʚʠʪʳʤʠ ʛʨʫʧʧʘʤʠ C18. ʕʣʶʝʥʪ: ʘʮʝʪʦʥʠʪʨʠʣ ï ʚʦʜʘ. 

ɸʥʘʣʠʟ ʛʨʘʜʠʝʥʪʥʳʡ, ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʶʝʥʪʘ. ɺ ʥʘʯʘʣʝ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʦʜʳ ʢ ʘʮʝʪʦʥʠʪʨʠʣʫ - 50/50, ʚ ʢʦʥʮʝ 100% ʘʮʝʪʦʥʠʪʨʠʣʘ. ɸʥʘʣʠʟ ʜʣʠʪʩʷ 30 ʤʠʥʫʪ. 

ʇʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ 2 ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷ.  

ɿʘʨʘʥʝʝ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʘ ʇɸʋ ʧʦ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʤ ʨʘʩʪʚʦʨʘʤ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʇɸʋ ʚ 

ʪʘʣʦʤ ʩʥʝʛʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʷʪʠ ʧʨʦʙ ʠʟ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʩ ʨʘʟʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 16 ʇɸʋ: ʥʘʬʪʘʣʠʥ, ʘʮʝʥʘʬʪʝʥ, ʬʣʫʦʨʝʥ, ʬʝʥʘʥʪʨʝʥ, 

ʘʥʪʨʘʮʝʥ, ʬʣʫʦʨʘʥʪʝʥ, ʧʠʨʝʥ, ʙʝʥʟ(a)ʘʥʪʨʘʮʝʥ, ʭʨʠʟʝʥ, ʙʝʥʟ(b)ʬʣʫʦʨʘʥʪʝʥ, ʙʝʥʟ(k)ʬʣʫʦʨʘʥʪʝʥ, 

ʙʝʥʟ(a)ʧʠʨʝʥ, ʜʠʙʝʥʟ(a,h)ʘʥʪʨʘʮʝʥ, ʙʠʬʝʥʠʣ,  2-ʤʝʪʠʣʥʘʬʪʘʣʠʥ. 

ʅʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʦʢʘʟʘʣʠʩʴ ʧʨʦʙʳ ʨʘʡʦʥʘ ʯʘʩʪʥʳʭ ʟʘʩʪʨʦʝʢ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ ʠ ʚʙʣʠʟʠ 

ʢʨʫʧʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇɸʋ ʩʦʩʪʘʚʠʣʦ 2,94Ŀ10
-3

 ʤʛ/ʣ 

ʠ 2,91Ŀ10
-3

 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʝʤʥʦʛʦ ʯʠʱʝ ʦʢʘʟʘʣʘʩʴ ʧʨʦʙʘ, ʚʟʷʪʘʷ ʚʙʣʠʟʠ ʢʨʫʧʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʟʣʘ, ʩʦʜʝʨʞʘʥʠʝ ʇɸʋ ʚ ʥʝʡ 2,29Ŀ10
-3
 ʤʛ/ʣ. ʉʘʤʳʤʠ ʥʝʟʘʛʨʷʟʥʸʥʥʳʤʠ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʇɸʋ ʦʢʘʟʘʣʠʩʴ ʧʨʦʙʘ ʠʟ ʩʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʛʦʨʦʜʘ ʠ ʧʨʦʙʘ, ʦʪʦʙʨʘʥʥʘʷ ʚʜʘʣʠ ʦʪ 

ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, 7,49Ŀ10
-4

  ʤʛ/ʣ ʠ 5,88Ŀ10
-4

 ʤʛ/ʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʧʨʦʙʝ, ʦʪʦʙʨʘʥʥʦʡ ʚʙʣʠʟʠ ʢʨʫʧʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʟʣʘ, ʠ ʚ ʧʨʦʙʝ, ʚʟʷʪʦʡ ʚʙʣʠʟʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʩʝ 16 ʠʩʩʣʝʜʫʝʤʳʭ ʇɸʋ. ɺ ʧʨʦʙʝ ʨʘʡʦʥʘ 

ʯʘʩʪʥʳʭ ʟʘʩʪʨʦʝʢ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʙʝʥʟ(k)ʬʣʫʦʨʘʥʪʝʥ. ɹʝʥʟ(a)ʧʠʨʝʥ, 

ʙʝʥʟ(q,h,i)ʧʝʨʠʣʝʥ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʦʙʝ ʠʟ ʩʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʛʦʨʦʜʘ ʠ ʧʨʦʙʝ, ʚʟʷʪʦʡ 

ʚʜʘʣʠ ʦʪ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʧʘʣʴʥʦʤ ʨʘʡʦʥʝ 

ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 2-ʤʝʪʠʣʥʘʬʪʘʣʠʥ. 
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ʊʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʚ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʘ ʢʠʩʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʤʦʣʦʢʘ 

ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʞʠʨʥʦʩʪʴʶ 2,5%. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʝʞʝʩʪʠ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʨʦʚʦʜʠʣʠ, ʩʫʤʤʠʨʫʷ ʛʨʘʜʫʩʳ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʯʠʩʣʘ ʩʚʝʨʪʳʚʘʥʠʷ ʤʦʣʦʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʨʴʝʟʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʘʟʚʠʪʠʷ ʤʦʣʦʯʥʦʛʦ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʦʪ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ɸʇʂ. ʋʚʳ, ʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʚ ʈʦʩʩʠʠ 

ʜʦ 2030 ʛʦʜʘ ʥʝ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʘ ʥʘʦʙʦʨʦʪ ʜʘʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʝʨʴʝʟʥʦʝ ʩʨʝʜʥʝʛʦʜʦʚʦʝ 

ʫʤʝʥʴʰʝʥʠʝ: ʩ 2020 ʧʦ 2030 ʛʦʜʳ ï 0,3%. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʪʫʨʘʣʴʥʘʷ ʤʦʣʦʯʥʘʷ ʧʨʦʜʫʢʮʠʷ 

ʙʫʜʝʪ ʚʳʪʝʩʥʷʪʴʩʷ ʟʘʤʝʥʠʪʝʣʷʤʠ [1]. 

ɻʣʘʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʙʣʝʤʘ ʤʦʣʦʯʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ï ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʤʦʣʦʢʘ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʤʦʣʦʢʘ ʦʯʝʥʴ ʚʘʞʝʥ. ɼʣʷ ʩʙʝʨʝʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʦʣʦʢʘ  

ʥʝʦʙʭʦʜʠʤ ʞʝʩʪʢʠʡ ʢʦʥʪʨʦʣʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʠʱʝʚʘʷ 

ʮʝʥʥʦʩʪʴ ʤʦʣʦʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 200 ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʚʘʞʥʝʡʰʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʞʠʨ, ʙʝʣʦʢ, ʫʛʣʝʚʦʜʳ, ʚʠʪʘʤʠʥʳ, ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʢʨʦʤʝ ʢʘʢ ʚ ʤʦʣʦʢʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʜʨʫʛʠʭ 

ʧʨʦʜʫʢʪʦʚ [2, 3]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʤʦʣʦʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʝʡʩʪʚʫʶʱʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ: ʠʩʩʣʝʜʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʦʢʘ 

ʞʠʨʥʦʩʪʴ 2,5 % ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ɺ ʟʘʜʘʯʠ ʨʘʙʦʪʳ ʚʭʦʜʠʣʦ: 

1. ʧʨʦʨʘʙʦʪʘʪʴ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʤʦʣʦʢʘ; 

2. ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʣʦʢʘ; 

3. ʠʩʩʣʝʜʦʚʘʪʴ ʤʦʣʦʢʦ 2,5 % ʞʠʨʥʦʩʪʠ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ; 

4. ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʧʦ ʢʘʯʝʩʪʚʫ ʤʦʣʦʢʘ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʤʦʣʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʆʉʊ ʈ 52054-2003 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ 

ʤʦʣʦʯʥʘʷ ʧʨʦʙʘ ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʤʝʰʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʠʚʢʫʩ ʠ ʟʘʧʘʭ, 

ʢʨʦʤʝ ʪʦʛʦ, ʧʣʦʪʥʦʩʪʴ ʧʨʦʙʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝ ʤʝʥʝʝ 1,02, ʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝ ʙʦʣʝʝ 

10Áʉ. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʝʟʥʦʩʪʴ ʠ ʮʝʥʥʦʩʪʴ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ: 

ʢʠʩʣʦʪʥʦʩʪʴ, ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ, ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ ʧʦ ʨʝʜʫʢʪʘʟʥʦʡ ʧʨʦʙʝ. ɼʘʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ, ʚʦ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʧʦʩʪʦʷʥʥʦ ʦʮʝʥʠʚʘʶʪ ʢʘʯʝʩʪʚʦ ʤʦʣʦʢʘ, ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʚʦʚʨʝʤʷ 

ʦʧʨʝʜʝʣʷʪʴ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʧʦʣʫʯʝʥʠʷ [4,5]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʪ ʧʦʨʦʜʳ ʠ ʚʦʟʨʘʩʪʘ ʞʠʚʦʪʥʦʛʦ, ʫʩʣʦʚʠʡ ʢʦʨʤʣʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʟʘʚʠʩʠʪ 

ʢʘʯʝʩʪʚʦ ʤʦʣʦʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʦʩʦʙʳ ʢʦʥʩʝʨʚʘʮʠʠ ʤʦʣʦʢʘ, ʫʩʣʦʚʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʭʨʘʥʝʥʠʷ ʠ ʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʠ ʪʝʭ, ʢʪʦ ʧʨʦʠʟʚʦʜʠʪ (ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʦʩʦʟʥʘʥʥʦ 

ʜʦʙʘʚʣʷʪʴ ʚ ʤʦʣʦʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʤʘʩʢʠʨʫʶʪ ʠʩʪʠʥʥʦʝ ʢʘʯʝʩʪʚʦ ʤʦʣʦʢʘ) 

[6]. 

ʄʦʣʦʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʪʠʪʨʫʝʤʦʡ ʠ ʘʢʪʠʚʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʧʣʦʪʥʦʩʪʴʶ, ʚʷʟʢʦʩʪʴʶ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ, ʦʩʤʦʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘʤʝʨʟʘʥʠʷ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ, 

ʩʚʝʪʦʧʨʝʣʦʤʣʝʥʠʝʤ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʫʢʘʟʘʥʥʳʤ 

ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ [4, 5]. 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ:  

ʦʙʨʘʟʝʮ 1 ï ʤʦʣʦʢʦ çʄʘʛʥʠʪè 2,5% ʞʠʨʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʆʆʆ ɼʝʨʝʚʝʥʩʢʦʝ ʤʦʣʦʯʢʦè 

ʛ. ʉʝʚʝʨʩʢ, ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ;  

ʦʙʨʘʟʝʮ 2 ï ʤʦʣʦʢʦ çʗʨʯʝè 2,5% ʞʠʨʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ çɸʣʪʘʡʩʢʘʷ ʙʫʨʝʥʢʘè, 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ;  
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ʦʙʨʘʟʝʮ 3 ï ʤʦʣʦʢʦ çʌʝʨʤʝʨʩʢʦʝ ʣʠʪʚʠʥʦʚʩʢʦʝè 2,5% ʞʠʨʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʆʆʆ 

ʉʢʦʤʦʨʦʰʢʘ, ʂʫʟʙʘʩʩ;  

ʦʙʨʘʟʝʮ 4 ï ʤʦʣʦʢʦ ɺʘʩʴʢʦʚʦ ʬʝʨʤʝʨʩʢʦʝ 2,5% ʞʠʨʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ çɼʝʨʝʚʝʥʩʢʠʡ 

ʤʦʣʦʯʥʳʡ ʟʘʚʦʜè ʛ. ʂʝʤʝʨʦʚʦ;  

ʦʙʨʘʟʝʮ 5 ï ʤʦʣʦʢʦ ʇʨʦʩʪʦʢʚʘʰʝʥʦ 2,5% ʞʠʨʥʦʩʪʴ, ʛ. ʄʦʩʢʚʘ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʪʦʜʦʚ. ɿʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʢʘʢʦʡ ʩʚʝʞʝʩʪʠ ʤʦʣʦʢʦ. ʀʥʦʛʜʘ 

ʚʦʟʤʦʞʥʦ ʫʟʥʘʪʴ ʩʦʨʪ ʤʦʣʦʢʘ, ʧʦʜʭʦʜʠʪ ʣʠ ʜʘʥʥʘʷ ʧʘʨʪʠʷ ʜʣʷ ʧʘʩʪʝʨʠʟʘʮʠʠ, ʧʝʨʝʨʘʙʦʪʢʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʙʦʨʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʅ, ʝʩʣʠ ʘʢʪʠʚʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 6,5 ï 6,7, ʩʯʠʪʘʝʪʩʷ ʤʦʣʦʢʦ ʫʜʦʩʪʦʚʝʨʷʝʪ ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʢʠʩʣʦʪʥʦʩʪʴ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ, ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʥʳʝ ʛʨʘʜʫʩʳ ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʛʨʘʜʫʩʳ ʊʝʨʥʝʨʘ (
ʦ
ʊ). 

ɻʣʘʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʛʨʘʜʫʩʦʚ ʊʝʨʥʝʨʘ ʙʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʠʣʣʠʣʠʪʨʦʚ 0,1 ʥ. ʨʘʩʪʚʦʨʘ 

ʱʝʣʦʯʠ, ʢʦʪʦʨʳʡ ʠʜʝʪ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ (ʪʠʪʨʦʚʘʥʠʝ) 100 ʤʣ ʤʦʣʦʯʥʦʡ ʧʨʦʙʳ, ʨʘʟʙʘʚʣʝʥʥʦʡ 

ʚʜʚʦʝ ʚʦʜʦʡ, ʩ ʠʥʜʠʢʘʪʦʨʦʤ ʬʝʥʦʣʬʪʘʣʝʠʥ. 

ʉʚʝʞʝʩʪʴ ʤʦʣʦʯʥʦʡ ʧʨʦʙʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʪʠʪʨʫʝʤʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, ʜʦʣʞʥʘ ʚʘʨʴʠʨʦʚʘʪʴʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 16 ï 18
 ʦ
ʊ. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʢʠʩʣʦʪʥʳʡ ʭʘʨʘʢʪʝʨ ʙʝʣʢʦʚ 

(5-6
 ʦ
ʊ); ʬʦʩʬʦʨʥʦʢʠʩʣʦʪʥʳʡ, ʣʠʤʦʥʥʦʢʠʩʣʦʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʣʠ (10-11

 ʦ
ʊ); ʨʘʩʪʚʦʨʝʥʥʫʶ 

ʫʛʣʝʢʠʩʣʦʪʫ (1-2
 ʦ
ʊ). 

ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʢʠʩʣʦʪ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ (ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ ʠʣʠ ʥʘʪʨʠʷ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʤʝʪʦʜʘ ʩ ʠʥʜʠʢʘʪʦʨʘ ʬʝʥʦʣʬʪʘʣʝʠʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʛʨʘʜʫʩʳ ʊʝʨʥʝʨʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʚʳʰʘʶʪ 18 ʊ, ʦʙʨʘʟʝʮ 1 ï 27,3 ʊ; ʦʙʨʘʟʝʮ 2 ï 25,7 ʊ; ʦʙʨʘʟʝʮ 3 ï 25 ʊ; ʦʙʨʘʟʝʮ 4 ï 23,6 ʊ; 

ʦʙʨʘʟʝʮ 5 ï 23 ʊ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʵʛʦ ʥʝ ʩʚʝʞʝʩʪʠ.  

ɺʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦ ʢʠʧʷʪʠʣʴʥʦʡ ʧʨʦʙʝ. ʋʢʘʟʘʥʥʘʷ ʧʨʦʙʘ ʦʪʣʠʯʘʝʪ ʨʝʘʣʴʥʦ ʩʚʝʞʝʝ 

ʤʦʣʦʢʦ ʦʪ ʩʤʝʩʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʢʠ ʠʟʥʘʯʘʣʴʥʦ 

ʢʠʩʣʦʛʦ ʤʦʣʦʢʘ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʘʨʠʘʮʠʶ ʩʚʝʨʪʳʚʘʥʠʷ ʤʦʣʦʢʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʷʯʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʠ ʢʠʩʣʦʪʥʦʩʪʠ ʤʦʣʦʢʘ ʚʳʰʝ 25 ʊ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʤʦʣʦʢʦ ʩʚʝʨʪʳʚʘʝʪʩʷ. ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʦʝ ʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʠ ʧʨʠ ʢʠʩʣʦʪʥʦʩʪʠ 

ʤʦʣʦʢʘ ʚ 18 ʊ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʚʦʟʤʦʞʥʦ ʟʥʘʯʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʠ 22 ʊ, 

ʧʦʣʫʯʝʥʥʘʷ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʋʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʤʦʣʦʢʘ ʦʯʝʥʴ ʧʨʦʩʪ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʤʦʣʦʢʦ ʜʦʩʪʘʚʷʪ ʥʘ 

ʤʦʣʦʯʥʳʡ ʟʘʚʦʜ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʙʳ ʥʝ ʩʚʝʨʪʳʚʘʣʠʩʴ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʢʠʧʷʪʠʣʴʥʦʡ ʧʨʦʙʘ ʦʙʨʘʟʮʦʚ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʝ ʚ ʤʦʣʦʢʝ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʷʚʠʣʠ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ ʤʦʣʦʢʘ ʩʚʝʨʥʫʣʠʩʴ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ 0,1 ʤʣ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʦʜʥʘʢʦ ʤʦʣʦʢʦ ʦʙʨʘʟʮʘ 2, ʩʚʝʨʥʫʣʦʩʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 0,2 

ʤʣ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʩʚʝʞʝʝ ʤʦʣʦʢʦ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʠʙʘʚʣʝʥʥʦʡ ʢʠʩʣʦʪʳ ʚʳʜʝʨʞʠʚʘʝʪ 

ʤʦʣʦʢʦ ʙʝʟ ʩʚʝʨʪʳʚʘʥʠʷ.  

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʘʣʢʦʛʦʣʴʥʦʡ ʧʨʦʙʳ (ʚʣʠʷʥʠʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʥʘ 

ʧʨʦʙʫ). 

ʕʪʘʥʦʣ ʨʘʟʨʫʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ, ʜʝʥʘʪʫʨʠʨʫʝʪ ʤʦʣʦʢʦ. ɽʩʣʠ ʩʤʝʰʠʚʘʪʴ 

ʦʜʠʥʘʢʦʚʳʝ ʦʙʲʝʤʳ ʤʦʣʦʯʥʦʡ ʧʨʦʙʳ ʠ 75% ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʪʦ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʚ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʠʷ ʢʠʩʣʦʪʥʦʩʪʠ. ɽʩʣʠ ʤʦʣʦʯʥʘʷ 

ʧʨʦʜʫʢʮʠʷ ʥʝ ʩʚʝʞʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʤʦʣʦʢʦ ʙʫʜʝʪ 

ʩʚʝʨʪʳʚʘʝʪʩʷ ʠ ʦʙʨʘʟʫʝʪʩʷ ʭʣʦʧʴʝʚʠʜʥʳʡ ʦʩʘʜʦʢ, ʩʚʝʞʝʝ ʤʦʣʦʢʦ ʩʚʝʨʪʳʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 
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ɺ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʠʨʦʢ ʜʦʙʘʚʣʷʣʠ ʧʦ 20 ʢʘʧʝʣʴ ʤʦʣʦʢʘ ʠ ʘʥʘʣʦʛʠʯʥʳʡ ʦʙʲʝʤ ʵʪʘʥʦʣʘ. 

ʀʥʪʝʥʩʠʚʥʦ ʧʦʤʝʰʠʚʘʣʠ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ. ʂʦʥʪʨʦʣʠʨʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʯʝʨʝʟ ʜʚʝ 

ʤʠʥʫʪʳ.  

ɼʣʷ ʦʙʨʘʟʮʦʚ 1, 3, 4, 5 ʦʙʥʘʨʫʞʠʣʠ ʥʘ ʩʪʝʥʢʘʭ ʧʨʦʙʠʨʦʢ ʧʨʠ ʩʪʝʢʘʥʠʠ ʩ ʥʠʭ ʤʦʣʦʢʘ 

ʧʦʷʚʠʣʠʩʴ ʭʣʦʧʴʷ, ʵʪʦ ʟʥʘʯʠʪ ʤʦʣʦʢʦ ʥʝ ʩʚʝʞʝʝ. ɺ ʦʙʨʘʟʮʝ 2 ʚʳʷʚʠʣʠ ʝʜʚʘ ʟʘʤʝʪʥʳʝ ʭʣʦʧʴʷ, 

ʯʪʦ ʦʟʥʘʯʘʝʪ ʢʦʘʛʫʣʷʮʠʶ ʙʝʣʢʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʤʦʣʦʢʘ -- 

ʧʦʥʠʞʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ 

Ni-Bi ʘ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʣʝʥʦʢ ʥʠʢʝʣʷ ʠ ʚʠʩʤʫʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=773 K. 

ʄʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʷʭ 

ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. ʄʠʢʨʦ,- ʥʘʥʦʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣ-ʦʢʩʠʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ. ʅʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʚʝʨʜʳʭ ʠ 

ʚʷʟʢʠʭ  ʤʝʪʘʣʣʦʚ. ʆʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ. ɺʠʩʤʫʪ 

ʧʨʠʤʝʥʷʝʪʩʷ  ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʘʛʝʥʪʘ, ʵʣʝʢʪʨʦʥʠʢʝ (ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʠʩʤʫʪʘ). ʅʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʥʠʢʝʣʝʚʳʝ 

ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ-ʚʠʩʤʫʪ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʚ, ʢʦʥʪʘʢʪʦʚ ʠ ʵʣʝʢʪʨʦʜʦʚ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ [1 - 3].  

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ) ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʠʢʝʣʷ, ʚʠʩʤʫʪʘ ʠ ʜʚʫʭʩʣʦʡʥʦʡ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ-ʚʠʩʤʫʪ ʥʘ 

ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ.  

ʇʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [4, 5] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʠʢʝʣʷ, ʚʠʩʤʫʪʘ ʠ ʩʠʩʪʝʤʳ Ni-Bi. ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ 

ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʧʨʠʙʦʨʝ Shimadzu UV-1700. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʨʘʩʩʯʠʪʘʥʳ ʪʦʣʱʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ 

ʥʠʢʝʣʷ, ʚʠʩʤʫʪʘ. ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ ʥʠʢʝʣʷ ʩʦʩʪʘʚʠʣʘ 2 ʥʤ, ʘ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʚʠʩʤʫʪʘ 62 ʥʤ. 

ɼʘʣʝʝ ʥʘ ʦʙʨʘʟʮʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʘ ʪʝʤʧʝʨʘʪʫʨʦʡ T=773 K ʚ 
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ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʥʠʢʝʣʷ, ʚʠʩʤʫʪʘ ʠ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ-ʚʠʩʤʫʪ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʧʣʝʥʢʠ ʥʠʢʝʣʷ ʜʦ ʠ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʘ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɼʘʞʝ ʧʦʩʣʝ ʧʝʨʚʳʭ ʜʝʩʷʪʠ 

ʩʝʢʫʥʜ ʧʨʦʛʨʝʚʘ ʦʙʨʘʟʮʘ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʪʘʣ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ 

ʩʧʝʢʪʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʘ. ʉʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʥʤ ʜʦ 330 ʥʤ. ɼʘʣʝʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 330 ʥʤ ʜʦ 1100 ʥʤ ʚʠʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʧʣʦʪʴ ʜʦ ʝʝ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʦ ʧʨʝʚʨʘʱʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ ʚ ʦʢʩʠʜ ʥʠʢʝʣʷ (II). 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʢʠ ʚʠʩʤʫʪʘ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ 773ʂ. ʅʘ ʩʧʝʢʪʨʝ ʚʠʩʤʫʪʘ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ 

ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ɚ = 450 ʥʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 340 ʥʤ ʜʦ 550 ʥʤ. ɸ ʪʘʢʞʝ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʦʪ 550 ʥʤ ʜʦ 1100. ʅʘʯʠʥʘʷ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʣʝʥʢʫ ʚʠʩʤʫʪʘ 

ʪʝʧʣʦʤ, ʚʠʜʥʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʠ ʧʦʩʣʝ 60 ʩʝʢʫʥʜ ʥʘʛʨʝʚʘ ʦʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʶʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʝʚʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʥʤ ʜʦ 450 ʥʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʥʦʚʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ (III ). 

 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʣʝʥʢʠ ʥʠʢʝʣʷ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʊ = 773 ʂ (1 ï ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ, 2 ï 10 ʩʝʢ, 3 ï 30 ʩʝʢ, 4 ï 60 ʩʝʢ, 5 ï 80 ʩʝʢ, 6 ï 

180 ʩʝʢ) 

 

ɺ ʮʝʣʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ ʠʟʤʝʨʷʝʤʦʤ ʜʠʘʧʘʟʦʥʝ. ʃʠʰʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʥʤ ʜʦ 330 ʥʤ ʟʘʤʝʪʥʦ 

ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʧʝʢʪʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʘ. 
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ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʣʝʥʢʠ ʚʠʩʤʫʪʘ ʜʦ ʠ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʊ = 773 ʂ (1-ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ, 2-10ʩʝʢ, 3 ï 20ʩʝʢ, 4 ï 40ʩʝʢ, 5-

60ʩʝʢ, 6 ï 80ʩʝʢ, 7 ï 120, 8 ï 160ʩʝʢ,9-180ʩʝʢ,10-200ʩʝʢ,11-220ʩʝʢ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ-ʚʠʩʤʫʪ ʜʦ 

ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 773 ʂ. ʄʦʞʥʦ, ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʠʜ 

ʩʧʝʢʪʨʘ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʯʝʥ ʚʠʜʫ ʩʧʝʢʪʨʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʣʝʥʢʠ ʚʠʩʤʫʪʘ. 

 

ʈʠʩʫʥʦʢ 3. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ-ʚʠʩʤʫʪ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʊ=773ʂ. (1-ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ, 2-10ʩʝʢ, 3 ï 20ʩʝʢ, 4 ï 40ʩʝʢ, 5 ï 60ʩʝʢ, 6 ï 80ʩʝʢ, 

7 ï 120ʩʝʢ,8-160ʩʝʢ,9-200ʩʝʢ,10-240ʩʝʢ,11-280ʩʝʢ.) 

 

ʆʯʝʚʠʜʥʦ, ʵʪʦʪ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʚʠʩʤʫʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ ʥʠʢʝʣʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʛʣʦʱʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʛʣʦʱʝʥʠʝʤ ʚʠʩʤʫʪʘ. ʇʦ ʤʝʨʝ ʥʘʛʨʝʚʘ ʥʘ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ 



 

89 

 
 

ʬʦʨʤʘ ʢʨʠʚʦʡ ʠ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʤʝʥʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ 60 ʩʝʢʫʥʜ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚʠʜʠʤ, ʯʪʦ ʚʠʜ ʩʧʝʢʪʨʘ ʥʘʯʠʥʘʝʪ ʤʝʥʷʪʴʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ɚ = 450 ʥʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 340 ʥʤ ʜʦ 550 ʥʤ ʠ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʦʪ 550 ʥʤ ʜʦ 1100 ʧʝʨʝʩʪʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ. ɺ ʮʝʣʦʤ, ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʪʘʢʞʝ ʢʘʢ ʫ ʧʣʝʥʢʠ ʚʠʩʤʫʪʘ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʧʣʘ (773 ʂ) ʜʦ ʥʝʠʟʤʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʥʦʚʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ (III ).  

ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʣʝʥʢʠ ʚʠʩʤʫʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚ 

ʩʠʩʪʝʤʝ ʥʠʢʝʣʴ-ʚʠʩʤʫʪ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʚʨʝʤʝʥʘʭ ʧʨʦʛʨʝʚʘ.  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʦʥʢʨʝʪʥʦʡ ʛʨʫʧʧʝ. 

ʈʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʦʩʴ ʩʤʝʩʴʶ ʘʟʦʪʥʦʡ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʧʨʦʚʝʜʝʥ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʚ ʤʠʥʝʨʘʣʝ ʞʝʣʝʟʘ, 

ʘʣʶʤʠʥʠʷ ʠ ʢʘʣʴʮʠʷ. ʄʝʪʦʜʦʤ ʬʦʪʦʤʝʪʨʠʠ ʦʧʨʝʜʝʣʝʥʘ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʝʣʝʟʘ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʠʣʘ 0,072 %. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʠʪ 95,7 % ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʚʳʚʦʜʳ, ʩʦʦʪʥʝʩʝʥʠʝ ʧʠʢʦʚ 

ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʩʦ ʩʧʨʘʚʦʯʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʟʝʮ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʢʚʘʨʮʝʤ ʩ ʧʨʠʤʝʩʷʤʠ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ. 

ʄʠʥʝʨʘʣʳ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʘʥʘʣʠʟʘ, ʚ ʩʠʣʫ 

ʢʨʘʡʥʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ, ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʤʘʪʨʠʮʳ ʧʨʦʙʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʧʨʠʚʣʝʢʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʦʪʥʝʩʝʥʠʝ ʝʛʦ ʢ ʢʦʥʢʨʝʪʥʦʡ ʛʨʫʧʧʝ. 

ʆʙʨʘʟʝʮ ʙʳʣ ʦʪʦʙʨʘʥ ʚ ʨʝʩʧʫʙʣʠʢʝ ʉʘʭʘ(ʗʢʫʪʠʷ) ʥʘ ʙʝʨʝʛʫ ʨʝʢʠ ʏʘʨʘ (ʢʦʦʨʜʠʥʘʪʳ 

57.0602958, 118.7168410), ʚ ʨʘʡʦʥʝ ʥʘʩʝʣʸʥʥʦʛʦ ʧʫʥʢʪʘ ʀʢʘʙʴʷ. ʆʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʪʚʸʨʜʳʡ ʤʠʥʝʨʘʣ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ 
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ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʠʥʝʨʘʣ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ (ʥʝʬʝʣʠʥ). ʀʟʤʝʣʴʯʸʥʥʳʡ 

ʦʙʨʘʟʝʮ ʧʦʜʚʝʨʛʣʠ ʨʘʟʣʦʞʝʥʠʶ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʢʠʧʷʯʝʥʠʠ, ʥʝ 

ʨʘʩʪʚʦʨʠʚʰʠʡʩʷ ʦʩʘʜʦʢ ʠʤʝʣ ʙʝʣʳʡ ʮʚʝʪ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʚ ʬʠʣʴʪʨʘʪʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʦʥʳ ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠʷ ʠ ʢʘʣʴʮʠʷ. 
ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʣʩʷ ʚ ʨʘʩʪʚʦʨʝʥʠʠ ʧʨʦʙʳ ʚ ʩʤʝʩʠ ʩʦʣʷʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ. ʉʥʘʯʘʣʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ çʦʙʣʘʢʘè ʢʨʝʤʥʝʟʸʤʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʩʤʝʥʠʣʩʷ ʥʘ ʞʸʣʪʳʡ, ʤʠʥʝʨʘʣ ʧʦʣʥʦʩʪʴʶ ʥʝ ʨʘʩʪʚʦʨʠʣʩʷ. ʈʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ ʠ 

ʨʘʟʙʘʚʠʣʠ ʚʦʜʦʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ.  ʇʨʦʚʝʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝ ʩʤʝʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʝʢʣʷʥʥʦʛʦ ʬʠʣʴʪʨʫʶʱʝʛʦ ʪʠʛʣʷ. ʌʠʣʴʪʨʘʪ ʙʳʣ ʧʨʦʟʨʘʯʝʥ, ʦʩʘʜʦʢ ʥʘ ʬʠʣʴʪʨʝ ʠʤʝʣ ʙʝʣʳʡ 

ʮʚʝʪ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʯʸʨʥʳʤʠ ʚʢʨʘʧʣʝʥʠʷʤʠ. ʆʩʘʜʦʢ ʥʘ ʬʠʣʴʪʨʝ ʧʨʦʤʳʣʠ ʚʦʜʦʡ, ʧʦʩʣʝ 

ʯʝʛʦ ʚʳʩʫʰʠʣʠ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʠ ʚʟʚʝʩʠʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ ʚ ʤʠʥʝʨʘʣʝ - 95,7%. 

ʇʨʦʚʝʜʸʥ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʠʣʴʪʨʘʪʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʨʝʘʛʝʥʪʦʤ ʷʚʣʷʣʘʩʴ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 

ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 510 ʥʤ, ʥʘ ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʝ 

AP-101. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʠ 

ʩʦʩʪʘʚʠʣʘ 0,072 %. 

ɼʘʣʝʝ ʚʳʧʦʣʥʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʸʨʜʦʛʦ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ. ʇʨʦʙʘ ʙʳʣʘ ʧʨʦʩʝʷʥʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʝʥʘ ʚ ʷʰʤʦʚʦʡ ʩʪʫʧʢʝ, ʜʘʣʝʝ ʧʨʦʙʫ 

ʚʳʣʦʞʠʣʠ ʨʦʚʥʳʤ ʩʣʦʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʶʚʝʪʳ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ñɼʨʦʥ-8ò. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʨʦʚʝʜʸʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʨʦʠʟʚʦʜʠʣʩʷ ʧʦʠʩʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʦʚ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ 

ʷʚʣʷʝʪʩʷ ʥʝʬʝʣʠʥʦʤ, ʝʛʦ ʩʪʦʠʪ ʦʪʥʦʩʠʪʴ ʢ ʛʨʫʧʧʝ ʩʠʣʠʢʘʪʦʚ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʦ ʢʚʘʨʮ 

ʠ/ʠʣʠ ʤʦʛʘʥʠʪ. 

 
ʈʠʩʫʥʦʢ 1. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ 

 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʚʳʷʚʣʝʥʦ ʜʣʷ ʪʨʠʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʢʚʘʨʮʘ. 

ɺʝʨʦʷʪʥʦʩʪ ɹʩʦʚʧʘʜʝʥʠʷ ʜʣʷ ʢʚʘʨʮʘ ʩʦʩʪʘʚʠʣʘ 16/22 = 0,72, ʜʣʷ ʤʦʛʘʥʠʪʘ ï 11/35 = 0,35. 

ʆʜʥʘʢʦ ʜʣʷ ʤʦʛʘʥʠʪʘ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʙʦʛʘʪʘʷ 

ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ (35 ʠ 31 ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʝʤ ʜʣʷ ʢʚʘʨʮʘ (22 ʧʠʢʘ). 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʘʩʰʠʬʨʦʚʢʘ ʧʨʝʜʣʦʞʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʢʚʘʨʮ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʘ ʚʘʨʠʘʥʪʘ ʩʪʨʫʢʪʫʨ ʠʤʝʶʪ ʧʨʘʚʦ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ɺʦʟʤʦʞʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʤʝʩʴ 

ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʠ ʤʦʛʘʥʠʪʘ ʩ ʧʨʠʤʝʩʷʤʠ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 
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ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʨʝʬʣʝʢʩʘ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ, ʚʦʟʤʦʞʥʦ, ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ ʬʘʟʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʞʝʣʝʟʦ, ʘʣʶʤʠʥʠʡ ʠ 

ʢʘʣʴʮʠʡ, ʪʦ ʝʩʪʴ ʵʣʝʤʝʥʪʘʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʢ.ʭ.ʥ., ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʳ ʍʊʊʠʍʄ ʂʝʤɻʋ ʇʫʛʘʯʸʚʘ ɺ.ʄ. ʟʘ ʧʦʤʦʱʴ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ï ʫʯʠʪʝʣʴ ʭʠʤʠʠ ʇʘʥʶʰʢʠʥʘ ɽ.ɻ., ʄɸʆʋ ʉʆʐ ˉ 93; ʢ.ʭ.ʥ., ʜʦʮʝʥʪ 

ʀʚʘʥʦʚʘ ʅ.ɺ., ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

 

ʋɼʂ 543.552 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʕʃɽʂʊʈʆɼʆɺ ʀɿ 

ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆɺʆʃʆʂʆʅ ɼʃʗ ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʏɽʉʂʆɻʆ 

ʆʇʈɽɼɽʃɽʅʀʗ ʄʓʐʔʗʂɸ 

ʂʨʠʚʦʰʝʠʥʘ ɺ.ɻ., ɺʝʨʰʠʥʠʥʘ ɸ.ʀ., ɻʦʨʜʘʷ ʆ.ʈ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʜʦʚ ʠʟ 

ʚʦʣʦʢʦʥ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʤʦʢʨʦʛʦ ʚʳʪʷʛʠʚʘʥʠʷ ʠʟ ʩʝʪʦʢ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʜʚʫʭ ʪʠʧʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʜʳ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʟʦʣʦʪʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʳʰʴʷʢʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʘ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʜʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʫʪʸʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʟʦʣʦʪʘ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʳʰʴʷʢʘ, ʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʪʝʨʷʶʪ ʩʚʦʠ 

ʩʚʦʡʩʪʚʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʳʰʴʷʢʘ ʦʪ 0,03 ʤʛ/ʣ ʚ 

ʬʦʥʦʚʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ï 0,1ʄ ʨʘʩʪʚʦʨʝ HCl ʠ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ 120 ʩ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʝʦʙʭʦʜʠʤ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʥʘʥʝʩʝʥʠʷ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮ/ʧʣʝʥʦʢ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʤʝʶʱʠʭ ʦʪʢʣʠʢ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʥʘʣʠʪʦʚ: ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʤʝʪʘʙʦʣʠʪʦʚ.  ɺ 

ʯʘʩʪʥʦʩʪʠ, ʢ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʳʰʴʷʢʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʢʘʟʳʚʘʝʪ 

ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʠʜʨʦʙʠʦʥʪʳ ʠ ʯʝʣʦʚʝʢʘ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʜʣʷ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʳʰʴʷʢʘ ʤʠʢʨʦʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʢ ʠʟ 

ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʆʋʅʊ).  

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʦʩʪʘʪʘ/ʛʘʣʴʚʘʥʦʩʪʘʪʘ VersaSTAT 3 ʚ 

ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʩʣʫʞʠʣ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ, ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ - ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʠ 

ʠʥʜʠʢʘʪʦʨʥʳʤ ʵʣʝʢʪʨʦʜʦʤ - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʟʦʣʦʪʦʤ ʵʣʝʢʪʨʦʜ ʠʟ ʫʛʣʝʨʦʜʥʦʛʦ 

ʥʘʥʦʚʦʣʦʢʥʘ. ʌʦʥʦʚʳʡ ʵʣʝʢʪʨʦʣʠʪ ï 0,1 ʄ ʨʘʩʪʚʦʨ HCl. 

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ï 

ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʠʟ ʩʝʪʦʢ ʆʋʅʊ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʟʦʣʦʪʦʤ. 

ʅʘʥʦʚʦʣʦʢʥʦ ʜʚʫʭ ʪʠʧʦʚ (1 ʠ 2, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʅʀʋ ʂʝʤɻʋ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʩʝʪʦʢ) ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʧʫʪʸʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ HAuCl4 ʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʟʦʣʦʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠʟ ʨʘʩʪʚʦʨʘ HAuCl4. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʵʣʝʢʪʨʦʜʦʚ ʢ ʨʘʙʦʪʝ. ʕʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʥʘ ʪʠʧʘ 

1 ʧʝʨʝʜ ʘʥʘʣʠʟʦʤ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʤʥʦʛʦʢʨʘʪʥʫʶ 
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ʦʪʤʳʚʢʫ ʚ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʕʣʝʢʪʨʦʜʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʷʯʝʡʢʫ, 

ʧʦʜʢʣʶʯʘʣʠʩʴ ʠ ʜʘʣʝʝ ʚʳʧʦʣʥʷʣʠʩʴ ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʮʠʢʣʳ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʩʦ 

ʩʤʝʥʦʡ ʵʣʝʢʪʨʦʣʠʪʘ. ʕʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʥʘ ʪʠʧʘ 2 ʪʨʝʙʦʚʘʣʠ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ: ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʧʨʠʤʝʩʝʡ ʵʣʝʢʪʨʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʥʠʪʨʫʶʱʝʡ ʩʤʝʩʴʶ, ʘʮʝʪʦʥʦʤ ʠ ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠʩʴ ʠʟʦʧʨʦʧʘʥʦʣʦʤ. 

ʀʟʫʯʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʜʘ ʠ ʝʛʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʇʨʠ ʭʨʘʥʝʥʠʠ ʵʣʝʢʪʨʦʜʘ ʥʘ ʚʦʟʜʫʭʝ, ʚʦʣʦʢʥʦ ʩʦʨʙʠʨʫʝʪ ʤʝʰʘʶʱʠʝ 

ʘʥʘʣʠʟʫ ʩʦʝʜʠʥʝʥʠʷ. ʍʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʜʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʟʦʣʦʪʦʤ, ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʦʪʢʣʠʢʘ.  ɺʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʚ ʨʘʙʦʪʫ: 

ʣʠʥʝʡʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ɽ1/ɽ2 = 0/0,4 ɺ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʛʨʘʥʠʮ ʜʦ ɽ1/ɽ2 = 

-0,4/0,5 ɺ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʟʦʣʦʪʦʤ, ʧʫʪʸʤ ʥʘʥʝʩʝʥʠʷ ʵʪʘʥʦʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ HAuCl4, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝʜʫʶʱʝʝ çʧʝʨʝʦʩʘʞʜʝʥʠʝè ʟʦʣʦʪʘ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ (ʧʨʠʤʝʨ ʎɺɸ ʢʨʠʚʳʭ ʵʣʝʢʪʨʦʜʘ ʪʘʢʦʛʦ 

ʪʠʧʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1). ʅʦ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʫʩʣʦʚʠʡ ʩʦʟʜʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ. 

  

 
ʈʠʩʫʥʦʢ 1. ʎɺɸ ʢʨʠʚʳʝ ʩ ʜʦʙʘʚʢʘʤʠ As, ʪʠʧ ʵʣʝʢʪʨʦʜʘ 1, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʟʦʣʦʪʦʤ ʧʫʪʸʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ HAuCl4 ʩ ʧʦʩʣʝʜʫʶʱʠʤ çʧʝʨʝʦʩʘʞʜʝʥʠʝʤè : 1 - 

c(As)=0,2 ʤʛ/ʣ; 2 - c(As)=0,4 ʤʛ/ʣ; 3 - c(As)=0,7 ʤʛ/ʣ 

 

ʉʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʳʰʴʷʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʥʘʥʝʩʝʥʠʝ ʟʦʣʦʪʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʢʪʨʦʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʟʦʣʦʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ: ʬʦʥʦʚʳʡ ʵʣʝʢʪʨʦʣʠʪ 

0,1 ʄ HCl;  ʥʘʢʦʧʣʝʥʠʝ ʟʦʣʦʪʘ ʧʨʠ E = ï0,5 ɺ ʚ ʪʝʯʝʥʠʝ 200 ʩ; ʥʘʢʦʧʣʝʥʠʝ ʤʳʰʴʷʢʘ ʚ ʪʝʯʝʥʠʝ 
120 ï 200 ʩ ʧʨʠ E = -0,8 ɺ (ʜʝʘʵʨʠʨʦʚʘʥʠʝ ʘʟʦʪʦʤ). ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʠʢ ʤʳʰʴʷʢʘ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ɽ = 51,5 ʤɺ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʚʦʣʦʢʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʠʢ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʦʣʫʰʠʨʠʥʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ çʧʝʨʝʦʩʘʞʜʝʥʥʳʤè 

ʟʦʣʦʪʦʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ ʟʦʣʦʪʘ ʠ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 

ʧʨʠ ʵʣʝʢʪʨʦʥʘʢʦʧʣʝʥʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʝʥʩʦʨ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 
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As (III) ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 0,03 ʤʛ/ʣ (ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʥʘʥʝʩʝʥʠʠ ʟʦʣʦʪʦʡ 

ʧʣʝʥʢʠ).  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʧʨʦʝʢʪ ˉ FZSR-2020-0007 ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 075-03-2020-097/1). 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʀʚʘʥʦʚʘ ʅ.ɺ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʋɼʂ 544.032 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʇʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʉʀʉʊɽʄʓ ʉU-CR ʇʈʀ ʊ=623ʂ 

ʉʦʣʦʧʦʚ ʅ.ɸ. 
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ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʝʥʦʢ ʤʝʜʠ, ʭʨʦʤʘ ʠ 

ʩʠʩʪʝʤʳ (Cu-Cr) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʊ=623ʂ) ʚʠʜʳ ʩʧʝʢʪʨʦʚ ʧʨʝʪʝʨʧʝʚʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ. ʊʘʢ ʞʝ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Cu-Cr ʦʙʨʘʟʦʚʘʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜ ʭʨʦʤʘ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʦʢʠʩʣʝʥʠʝ ʤʝʜʠ. 

ɹʣʘʛʦʜʘʨʷ ʢʦʤʧʣʝʢʩʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʜʴ ʠ ʭʨʦʤ ʥʘʰʣʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1,2]. ʄʝʜʴ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ [3]. ʊʦʥʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʣʦʠ, çʧʨʦʩʚʝʪʣʝʥʥʳʝè ʦʢʩʠʜʘʤʠ 

ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʧʦʢʨʳʪʠʡ [3]. ɸ ʦʢʩʠʜʳ 

ʭʨʦʤʘ ʦʙʣʘʜʘʶʪ ʣʝʛʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʠ ʦʪʣʠʯʥʦ ʟʘʱʠʱʘʶʪ ʦʪ ʢʦʨʨʦʟʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʤʝʜʠ, 

ʭʨʦʤʘ ʠ ʩʠʩʪʝʤʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (T=623K). 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʚ ʚʘʢʫʫʤʝ (2Ŀ10-3 ʇʘ) ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʩʣʦʝʚ ʭʨʦʤʘ ʠ ʤʝʜʠ ʥʘ ʧʦʜʣʦʞʢʠ ʠʟ 

ʩʪʝʢʣʘ, ʪʘʢ ʞʝ ʛʦʪʦʚʠʣʠ ʠ ʩʠʩʪʝʤʫ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʩʥʘʯʘʣʘ ʥʘʥʦʩʠʣʠ ʧʣʝʥʢʫ ʤʝʜʠ, ʘ ʟʘʪʝʤ 

ʭʨʦʤʘ) ʠʩʧʦʣʴʟʫʷ ʚʘʢʫʫʤʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʩʪ ɺʋʇ-5ʄ [4]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʘʨʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʦʜʦʯʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʤʦʣʠʙʜʝʥʦʚʦʡ ʠ ʪʘʥʪʘʣʦʚʦʡ ʞʝʩʪʠ. ʆʧʪʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʦʜʦʯʢʠ - ʠʩʧʘʨʠʪʝʣʷ ʜʦ ʧʦʜʣʦʞʢʠ ʩʦʩʪʘʚʣʷʝʪ 9-10 ʩʤ. ʇʦʜʣʦʞʢʘʤʠ ʩʣʫʞʠʣʠ 

ʩʪʝʢʣʘ ʦʪ ʬʦʪʦʧʣʘʩʪʠʥʦʢ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ, ʚ ʨʘʩʪʚʦʨʝ ʙʠʭʨʦʤʘʪʘ ʢʘʣʠʷ, ʚ ʢʠʧʷʱʝʡ ʚʦʜʝ, ʧʨʦʤʳʚʘʣʠ 

ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʩʫʰʠʣʠ [5,6]. ʆʙʨʘʙʦʪʘʥʥʳʝ ʧʦʜʣʦʞʢʠ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳ ʥʘ 

ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ (300 ï 1100 ʥʤ).  

ɼʘʣʝʝ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʝʥʦʢ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çShimadzu UV-1700 ʜʦ ʠ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʛʨʝʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ T=623K. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ʀ ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʘʤ ʫʩʪʘʥʦʚʠʣʠ 

ʪʦʣʱʠʥʫ ʧʣʝʥʦʢ ʧʦ ʟʘʢʦʥʫ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ. ɼʣʷ ʤʝʜʠ ʠ ʜʣʷ ʭʨʦʤʘ ʦʥʘ ʦʢʘʟʘʣʘʩʴ 

ʠʜʝʥʪʠʯʥʦʡ d=20 nm. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʪʝʨʧʝʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (1100-300nm) 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʦʚʳʭ ʚʝʱʝʩʪʚ. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʧʣʝʥʢʠ ʭʨʦʤʘ ʜʦ ʠ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ Cr ʜʦ Cr2O3. (ʧʨʠ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ (T=623K) ʜʨʫʛʠʝ ʦʢʩʠʜʳ ʭʨʦʤʘ ʥʝ ʦʙʨʘʟʫʶʪʩʷ).  

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʧʣʝʥʢʠ ʤʝʜʠ ʜʦ ʠ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʭʨʦʤʘ ʤʝʜʴ ʚʝʜʝʪ ʩʝʙʷ ʜʦʩʪʘʪʦʯʥʦ çʥʝʧʨʝʜʩʢʘʟʫʝʤʦè. 
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ɺ ʧʝʨʚʳʝ ʤʠʥʫʪʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʜʣʠʥʥʦ 

ʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ (470-1100 nm), ʥʦ ʜʘʣʴʥʝʡʰʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʧʦʩʣʝ 5 ʤʠʥ) 

ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʧʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʦʢʩʠʜʦʚ ʤʝʜʠ (Cu2O ʠ CuO). ʉʥʘʯʘʣʘ ʤʝʜʴ ʦʢʠʩʣʷʣʘʩʴ ʜʦ Cu2O, 

ʘ ʧʦʪʦʤ ʜʦ CuO. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʉu2O, ʙʦʣʴʰʝ ʯʝʤ 

ʜʣʷ CuO (E=2,15ʵɺ; E=1,2ʵɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʅʘ ʨʠʩ.3 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʝʥʦʢ ʤʝʜʠ ʠ 

ʭʨʦʤʘ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɿʜʝʩʴ ʪʘʢ ʞʝ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʭʨʦʤʘ, ʩʠʩʪʝʤʘ ʚʝʜʝʪ 

ʩʝʙʷ ʥʝ ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚ ʪʝʦʨʠʠ, ʥʦ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʤʝʜʠ ʠ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʳ ʦʯʝʥʴ ʧʦʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʧʝʨʚʳʝ 5 ʤʠʥ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚʝ 

ʚʦʟʨʘʩʪʘʝʪ. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʧʨʠ ʜʘʥʥʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (T=623 K), 

ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʣʝʥʢʠ ʉr2O3 ʠ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ ʢʠʩʣʦʨʦʜʘ ʠʟ ʘʪʤʦʩʬʝʨʳ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʧʦʜʩʣʦʷ ʤʝʜʠ ʠ ʧʦʵʪʦʤʫ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʝʪ ʚ ʜʣʠʥʥʦ 

ʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʪʘʢʞʝ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʣʝʥʢʦʡ ʤʝʜʠ. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʣʝʥʢʠ ʭʨʦʤʘ (d=20 nm) ʜʦ ʠ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʊ=623ʂ 1(0), 2(1), 3(5), 4(10), 5(30), 6(40), 7(240), 8(330) ʤʠʥ 
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ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʣʝʥʢʠ ʤʝʜʠ (d=20 nm) ʜʦ ʠ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʊ=623ʂ: 1(0), 2(1), 3(5), 4(20), 5(60), 6(330) ʤʠʥ 

 

 
ʈʠʩʫʥʦʢ 3. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʳ ʉu-ʉr ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ 

ʊ=623ʂ: 1(0), 2(1), 3(5), 4(130), 5(240), 6(330) ʤʠʥ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʭʨʦʤ (d=20nm) ʧʨʠ T=623K ʥʝ 

ʟʘʱʠʱʘʝʪ ʦʪ ʦʢʠʩʣʝʥʠʷ (ʢʦʨʨʦʟʠʠ) ʥʘʥʦʨʘʟʤʝʨʥʫʶ ʧʣʝʥʢʫ ʤʝʜʠ (d=20nm), ʪʝʤ ʩʘʤʳʤ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʦ ʧʨʦʪʠʚʦʨʝʯʠʠ ʧʨʘʚʠʣʫ ʇʠʣʣʠʥʛʘ-ɹʝʜʚʦʨʩʘ ʦ ʩʧʣʦʰʥʦʩʪʠ ʧʣʝʥʦʢ[4]: 

 

a=VMexOy/VMe 

VMexOy ï ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ 
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VMe ï ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʤʝʪʘʣʣʘ 

ʋʩʣʦʚʠʷ ʩʧʣʦʰʥʦʩʪʠ ʧʣʝʥʦʢ: 

ɽʩʣʠ a<1 - ʧʣʝʥʢʘ ʥʝ ʩʧʣʦʰʥʘʷ 

ɽʩʣʠ a>1 - ʧʣʝʥʢʘ ʩʧʣʦʰʥʘʷ 

ɽʩʣʠ a>>1 ï ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʪʩʣʘʠʚʘʥʠʷ ʧʣʝʥʢʠ 

ɼʣʷ ʉr2O3 a=2,1 - ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʤʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʣʝʥʢʘ ʜʘʥʥʦʛʦ 

ʦʢʩʠʜʘ ʭʨʦʤʘ ʜʦʣʞʥʘ ʙʳʣʘ ʟʘʱʠʪʠʪʴ ʧʣʝʥʢʫ ʤʝʜʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ, ʥʦ ʧʨʠ ʥʘʰʝʡ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʊ=623ʂ) ʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ, ʚʝʨʦʷʪʥʦ, 

ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʭʨʦʤʘ.  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʙʝʥʟʠʥʳ ɸʀ-95, ɸʀ-92, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʢʝʨʦʩʠʥ, ʘ ʠʤʝʥʥʦ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ. 

ʈʦʩʪ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ, ʦʩʦʙʝʥʥʦ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ, ʦʧʨʝʜʝʣʷʶʪ ʦʜʥʦ ʠʟ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠ ʧʨʠʥʮʠʧʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʥʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʫ ʪʦʚʘʨʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (ɻʆʉʊ ʈʌ). ʇʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʦʜʘʞʘ ʟʘʚʦʜʦʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ, ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʟʘʧʨʝʱʘʝʪʩʷ. ʂʘʯʝʩʪʚʦ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʩʪʦʷʥʥʦ, ʥʝʧʨʝʨʳʚʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ, ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʧʦʣʫʯʝʥʠʝʤ ʪʦʚʘʨʦʚ ʧʦʪʨʝʙʠʪʝʣʝʤ [1-2]. 

ʉʝʛʦʜʥʷ ʙʦʣʝʝ ʧʷʪʠʜʝʩʷʪʠ ʧʨʦʮʝʥʪʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʤʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ. 

ʄʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ ʜʝʣʷʪ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʠ ʘʚʠʘʮʠʦʥʥʳʝ ʙʝʥʟʠʥʳ, ʨʘʢʝʪʥʦʝ ʠ ʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ. ɺ ʤʠʨʝ ʧʦʪʨʝʙʣʝʥʠʝ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1,5 ʤʣʨʜ ʪʦʥʥ ʚ ʛʦʜ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ɿʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ: 

1. ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ; 

2. ʨʘʩʩʤʦʪʨʝʪʴ ʜʝʪʦʥʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʙʝʥʟʠʥʦʚ ʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; 



 

97 

 
 

3. ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ; 

4. ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʠʪʴ ʢʠʩʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʙʝʥʟʠʥʳ, ʵʪʦ ʤʥʦʛʦʩʦʩʪʘʚʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ ʠʥʪʝʨʚʘʣʘʤʠ ʢʠʧʝʥʠʷ ʦʪ 38 ʜʦ 205 

Áʉ. ʉʛʦʨʘʷ, ʙʝʥʟʠʥ ʦʙʨʘʟʫʝʪ ʚʦʜʫ ʠ ʫʛʘʨʥʳʡ ʛʘʟ. ʂʘʯʝʩʪʚʦ ʙʝʥʟʠʥʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʷʤʠ: ʜʝʪʦʥʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʠʩʧʘʨʷʝʤʦʩʪʴ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ [1-2].  

ɻʨʝʯʝʩʢʦʝ detono ï ʛʨʝʤʝʪʴ, ʦʙʦʟʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʥʟʠʥʘ ʩʛʦʨʘʪʴ ʚ ʜʚʠʛʘʪʝʣʝ ʩ 

ʠʩʢʨʦʚʳʤ ʟʘʞʠʛʘʥʠʝʤ ʙʝʟ ʜʝʪʦʥʘʮʠʠ, ʠ ʚʩʝ ʵʪʦ ʟʘʣʦʞʝʥʦ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʝʪʦʥʘʮʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ. ʅʝʩʧʝʮʠʬʠʯʝʩʢʦʝ ʛʦʨʝʥʠʝ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʥʘʟʳʚʘʝʪʩʷ ʷʚʣʝʥʠʝ 

ʜʝʪʦʥʘʮʠʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚ ʮʠʣʠʥʜʨʝ ʜʚʠʛʘʪʝʣʷ, ʢʦʛʜʘ ʫʛʣʝʚʦʜʦʨʦʜʳ, 

ʩʦʩʪʦʷʱʠʝ ʚ ʙʝʥʟʠʥʝ, ʨʘʟʨʫʰʘʶʪʩʷ ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʝʨʦʢʩʠʜ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʘʩʧʘʜʘʝʪʩʷ ʩʦ ʚʟʨʳʚʦʤ [3]. 

ʆʢʪʘʥʦʚʦʝ ʯʠʩʣʦ (ʆʏ) ï ʵʪʦ ʤʝʨʘ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʪʘʢʠʭ ʢʘʢ 

ʙʝʥʟʠʥ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʪʦʡ ʰʢʘʣʝ. ʅʦʣʴ ʰʢʘʣʳ ï ʵʪʦ ɼʉ ʥ-ʛʝʧʪʘʥʘ, 100 ï ɼʉ ʠʟʦʦʢʪʘʥʘ 

(2,2,4-ʪʨʠ- 4 ʤʝʪʠʣʧʝʥʪʘʥʘ). ʉʦʛʣʘʩʥʦ ʰʢʘʣʝ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ ʙʝʥʟʠʥʘ ʥʘʟʳʚʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ (% ʦʙ.) 2,2,4-ʪʨʠʤʝʪʠʣʧʝʥʪʘʥʘ ʚ ʩʤʝʩʠ ʩ ʥ-ʛʝʧʪʘʥʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʝʪʦʥʘʮʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ ʵʪʦʡ ʩʤʝʩʠ ʠ ʜʘʥʥʦʛʦ ʙʝʥʟʠʥʘ ʠʜʝʥʪʠʯʥʳ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ).  

ɼʦʙʘʚʣʝʥʠʝ ʘʥʪʠʜʝʪʦʥʘʮʠʦʥʥʳʭ ʧʨʠʩʘʜʦʢ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʜʝʪʦʥʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʙʝʥʟʠʥʘ, ʢʘʢ ʩʧʦʩʦʙ ʫʚʝʣʠʯʝʥʠʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʙʝʥʟʠʥʦʚ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʭʠʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʠ 

ʜʣʠʪʝʣʴʥʦʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʙʝʥʟʠʥʦʚ. 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʘʢʪʠʯʝʩʢʠʭ ʩʤʦʣ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ. 

ɺ ʜʚʠʛʘʪʝʣʷʭ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʦʪ ʩʞʘʪʠʷ ʧʨʠʤʝʥʷʶʪ ʞʠʜʢʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. 

ʆʩʥʦʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ï ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʛʨʫʟʦʚʦʡ 

ʠ ʣʝʛʢʦʚʦʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʚʦʝʥʥʘʷ ʪʝʭʥʠʢʘ, ʜʠʟʝʣʴʥʳʝ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʳ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ. ʃʝʛʢʠʝ (ʤʘʣʦʚʷʟʢʠʝ) ʪʦʧʣʠʚʘ, ʢʠʧʷʱʠʝ ʚ ʧʨʝʜʝʣʘʭ 150ï360 Áʉ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʙʳʩʪʨʦʭʦʜʥʳʭ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ (ɻʊʋ). 

ʊʷʞʝʣʳʝ (ʚʳʩʦʢʦʚʷʟʢʠʝ) ʪʦʧʣʠʚʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 250ï420 Áʉ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʨʝʜʥʝʦʙʦʨʦʪʥʳʭ ʠ ʪʠʭʦʭʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʪʨʘʢʪʦʨʥʳʭ, ʩʫʜʦʚʳʭ ʠ ʜʨ.). ʂ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʦʪʥʦʩʷʪʩʷ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ, 

ʚʷʟʢʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, 

ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ [3-4]. 

ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ (ʎʏ) ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʦʮʝʥʢʠ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʏʝʤ 

ʙʦʣʴʰʝ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʪʝʤ ʤʝʥʴʰʝ ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ ʠ ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʙʦʣʝʝ ʧʣʘʚʥʦ ʠ 

ʤʷʛʢʦ. ʆʥʦ ʦʧʨʝʜʝʣʷʝʪ ʦʙʴʝʤʥʫʶ ʜʦʣʶ Ŭ-ʤʝʪʠʣʥʘʬʪʘʣʠʥʘ ʚ ʩʤʝʩʠ ʩ ʥ-ʛʝʢʩʘʜʝʢʘʥʦʤ 

(ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ ï ʮʝʪʘʥ). ɺ ʠʪʦʛʝ, ʎʏ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʵʪʦ ʦʙʴʝʤʥʘʷ ʜʦʣʷ ʚ (% ʦʙ.) 

ʮʝʪʘʥʘ ʚ ʩʤʝʩʠ ʩ Ŭ-ʤʝʪʠʣʥʘʬʪʘʣʠʥʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʩʤʝʩʠ (ʧʦ ʩʦʚʧʘʜʝʥʠʶ 

ʚʩʧʳʰʝʢ) ʠʜʝʥʪʠʯʥʘ ʠʩʧʳʪʫʝʤʦʤʫ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʙʝʥʟʠʥʝ ʠ ʜʠʟ. ʪʦʧʣʠʚʝ ʩʝʨʦ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʮʝʥʠʪʴ 

ʧʦʢʘʟʘʪʝʣʴ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʢʠʩʣʦʪʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʢʘʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʤʝʨʢʘʧʪʘʥʦʚʦʡ ʩʝʨʳ, ʘ ʪʘʢʞʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ ʚ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ. ʀʩʧʳʪʘʥʠʝ ʥʘ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʕʪʦ 

ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ. ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ, ʪʘʢʦʡ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʤʝʨʢʘʧʪʘʥʦʚʦʡ ʩʝʨʳ 

ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʯʝʤ 0,01 %.  

ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʘʚʪʦʙʝʥʟʠʥʳ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʨʘ ʚʤʝʩʪʝ ʩ ʥʝʬʪʝʧʨʦʜʫʢʪʦʤ ʩʛʦʨʘʝʪ ʠ ʦʙʨʘʟʫʝʪ ʘʛʨʝʩʩʠʚʥʳʝ 

ʢʠʩʣʦʪʳ ï ʩʝʨʥʫʶ ʠ ʩʝʨʥʠʩʪʫʶ, ʢʦʪʦʨʳʝ ʨʘʟʨʫʰʘʶʪ ʜʝʪʘʣʠ ʜʚʠʛʘʪʝʣʷ. ʂʠʩʣʦʪʥʦʩʪʴ 



 

98 

 
 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʂʆʅ, ʧʦʰʝʜʰʠʭ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʢʠʩʣʦʪ (100 ʤʣ). ʅʦʨʤʘ ʜʣʷ 

ʘʚʪʦʙʝʥʟʠʥʦʚ ï ʥʝ ʙʦʣʝʝ 0,8ï3 ʤʛ Kʆʅ/100 ʤʣ ʙʝʥʟʠʥʘ [4]. 

ʆʙʲʝʢʪʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʪʙʠʨʘʣʠ ʥʘ ʘʚʪʦʟʘʧʨʘʚʦʯʥʦʡ ʩʪʘʥʮʠʠ ʃʫʢʦʡʣ ʚ ʢʘʥʠʩʪʨʳ ʦʙʲʝʤʦʤ 

5 ʣʠʪʨʦʚ. ɿʘʪʝʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʝʨʝʥʦʩʠʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʢʦʣʙʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʨʘʟʝʮ 1 ï ʙʝʥʟʠʥ ɸʀ-92, ʦʙʨʘʟʝʮ 2 ï ʙʝʥʟʠʥ ɸʀ-95, ʦʙʨʘʟʝʮ 3 ï 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʦʙʨʘʟʝʮ 4 ï ʢʝʨʦʩʠʥ.  

ʉʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ, ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠ, ʠʟʚʣʝʢʘʷ ʠʭ ʚʦʜʦʡ, ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʠʥʜʠʢʘʪʦʨʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʨʝʘʢʮʠʶ ʩʨʝʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʙʣʶʜʘʣʠ ʦʢʨʘʰʠʚʘʥʠʝ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ 

ʦʙʨʘʟʮʘ ʢʝʨʦʩʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʚʝʪʦʤ ʵʪʘʣʦʥʥʦʡ ʧʨʦʙʠʨʢʠ, ʜʘʥʥʳʡ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʚ ʠʩʧʳʪʫʝʤʦʤ ʥʝʬʪʝʧʨʦʜʫʢʪʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ. ʆʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʦʩʪʘʣʠʩʴ 

ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ɺʦ ʚʪʦʨʫʶ ʧʨʦʙʠʨʢʫ ʩ ʚʦʜʥʦʡ ʚʳʪʷʞʢʦʡ ʜʦʙʘʚʣʷʣʠ ʧʦ 2 ʢʘʧʣʠ ʬʝʥʦʣʬʪʘʣʝʠʥʘ. 

ʆʢʨʘʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʚ ʨʦʟʦʚʳʡ ʠʣʠ ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ ʫʢʘʟʳʚʘʣʦ ʙʳ ʥʘ ʩʣʘʙʦʱʝʣʦʯʥʫʶ ʠʣʠ 

ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ. ʆʜʥʘʢʦ ʫ ʥʘʩ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʦʢʨʘʰʠʚʘʥʠʝ 

ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ, ʧʦʵʪʦʤʫ ʚʩʝ ʦʙʨʘʟʮʳ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʝ ʩʦʜʝʨʞʘʪ ʩʚʦʙʦʜʥʫʶ ʱʝʣʦʯʴ. 

ʂʠʩʣʦʪʥʦʩʪʴ ʩʚʝʪʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʊʠʪʨʦʚʘʣʠ 

ʢʠʩʣʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ KOH ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʥʜʠʢʘʪʦʨʘ ʠ ʠʟʤʝʨʷʣʠ ʢʠʩʣʦʪʥʦʩʪʴ, ʚʳʨʘʞʝʥʥʫʶ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ (ʤʛ) ʥʘ 100 ʩʤ
3
 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʙʝʥʟʠʥʦʚ ɸʀ-92, ɸʀ-95 ʠ ʢʝʨʦʩʠʥ ʧʦʩʣʝ 

ʢʠʧʷʯʝʥʠʷ ʩʦʭʨʘʥʠʣʠ ʩʠʥʶʶ ʦʢʨʘʩʢʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʪʥʦʩʪʠ. 

ɸ ʚʦʪ ʦʙʨʘʟʝʮ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟʤʝʥʠʣ ʦʢʨʘʩʢʫ ʩ ʩʠʥʝʡ ʥʘ ʞʝʣʪʫʶ, ʯʪʦ ʫʢʘʟʘʣʦ ʥʘ 

ʥʘʣʠʯʠʝ ʢʘʪʠʦʥʦʚ H
+
. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʙʭʦʜʠʤʦ ʩʤʝʩʴ ʦʭʣʘʜʠʪʴ ʠ ʟʘʥʦʚʦ ʦʪʪʠʪʨʦʚʘʪʴ 0,05 ʄ 

ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ Kʆʅ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ 

ʩʧʠʨʪʦʚʦʛʦ ʩʣʦʷ ʠʣʠ ʩʤʝʩʠ ʩ ʞʝʣʪʦʡ (ʠʣʠ ʞʝʣʪʦʡ ʩ ʦʪʪʝʥʢʘʤʠ) ʚ ʩʠʥʶʶ (ʠʣʠ ʩʠʥʶʶ ʩ 

ʦʪʪʝʥʢʘʤʠ). ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʦʢʨʘʩʢʘ ʩʪʘʣʘ ʩʪʘʙʠʣʴʥʦʡ ʚ ʪʝʯʝʥʠʠ 30 ʩʝʢʫʥʜ ʵʢʩʧʝʨʠʤʝʥʪ 

ʦʩʪʘʥʦʚʠʣʠ. 

ʂʠʩʣʦʪʥʦʩʪʴ (K) ʦʙʨʘʟʮʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 
ʛʜʝ V ī ʦʙʲʝʤ 0,05 ʄ ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ Kʆʅ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ, 

ʤʣ; ʊ ī ʪʠʪʨ 0,05 ʄ ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ Kʆʅ, ʤʛ/ʤʣ (2,8 ʤʛ/ʤʣ); V0 ī ʦʙʲʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʤʣ; 100 ī ʬʘʢʪʦʨ ʧʝʨʝʩʯʝʪʘ ʥʘ 100 ʤʣ ʧʨʦʜʫʢʪʘ. 

ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʠʩʣʦʪʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʘʥʘʣʠʟʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʠʣʘ 1,66. 

ɼʘʥʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʪʦʧʣʠʚʘ, ʯʪʦ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ɻʆʉʊ 305-2013 ʊʦʧʣʠʚʦ ʜʠʟʝʣʴʥʦʝ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʙʨʘʱʝʥʥʦ-ʬʘʟʦʚʦʡ  ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ 11 ʧʨʦʙ ʪʘʣʦʡ ʚʦʜʳ, 

ʦʪʦʙʨʘʥʥʦʡ ʩ ʤʝʩʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ.  

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ ʦʙʣʘʜʘʶʪ ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ [1]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢ ʢ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʪʦʣʴʢʦ ʨʘʩʪʝʪ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇɸʋ ʩʚʷʟʘʥʦ ʩ ʙʠʦʛʝʥʥʳʤʠ, ʥʘʬʪʠʜʦʛʝʥʥʳʤʠ ʠ 

ʧʠʨʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ [2,3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʪʘʣʳʭ ʚʦʜ 

ʤʝʩʪ ʚʙʣʠʟʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ 11 ʧʨʦʙ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʪʘʣʳʭ ʚʦʜ ʥʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʙʨʘʱʝʥʥʦ 

- ʬʘʟʦʚʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʚʳʧʦʣʥʷʣʘʩʴ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʠʪʴʝʚʳʭ, ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 

ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʚʤʝʩʪʥʦ 16 ʥʘʠʤʝʥʦʚʘʥʠʡ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: 2-

ʤʝʪʠʣʥʘʬʪʘʣʠʥ; ʘʥʪʨʘʮʝʥ; ʘʮʝʥʘʬʪʝʥ; ʙʝʥʟ(g,h,i)ʧʝʨʠʣʝʥ; ʙʝʥʟ(ʘ)ʘʥʪʨʘʮʝʥ; ʙʝʥʟ(ʘ)ʧʠʨʝʥ; 

ʙʝʥʟ(ʙ)ʬʣʫʦʨʘʥʪʝʥ; ʙʝʥʟ(ʢ)ʬʣʫʦʨʘʥʪʝʥ; ʙʠʬʝʥʠʣ; ʜʠʙʝʥʟ(a,h)ʘʥʪʨʘʮʝʥ; ʥʘʬʪʘʣʠʥ; ʧʠʨʝʥ; 

ʬʝʥʘʥʪʨʝʥ; ʬʣʫʦʨʘʥʪʝʥ; ʬʣʫʦʨʝʥ; ʭʨʠʟʝʥ.  

ʀʟʤʝʨʝʥʠʷ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʚʳʧʦʣʥʷʣʠʩʴ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʚʦʜʥʦʡ ʧʨʦʙʳ ʛʝʢʩʘʥʦʤʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʵʢʩʪʨʘʢʪʘ ʠ 

ʫʧʘʨʠʚʘʥʠʷ. ʆʙʨʘʟʮʳ ʩ ʪʘʣʦʡ ʚʦʜʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ, ʟʘʪʝʤ 

ʦʪʙʠʨʘʣʠ 100 ʤʣ ʦʙʨʘʟʮʘ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 250 ʤʣ
, 
ʧʠʧʝʪʢʦʡ ʜʦʙʘʚʣʷʣʠ 5 ʤʣ

 

ʛʝʢʩʘʥʘ ʠ ʧʨʦʚʦʜʠʣʠ ʵʢʩʪʨʘʢʮʠʶ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ. ɿʘʪʝʤ 

ʵʢʩʪʨʘʢʪ ʫʧʘʨʠʚʘʣʠ ʥʘ ʧʝʩʯʘʥʦʡ ʙʘʥʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (60Ñ5) Áʉ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʫʧʘʨʠʚʘʥʠʷ ʚʦ ʬʣʘʢʦʥ ʜʦʙʘʚʣʷʣʠ 0,5 ʩʤ
3
 ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʦʙʨʘʱʝʥʦ-ʬʘʟʦʚʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ ʋʌ- ʠ ʚʠʜʠʤʦʛʦ 

ʩʧʝʢʪʨʦʚ. ʉʠʩʪʝʤʘ LCMS + PDA ʩ ʛʨʘʜʠʝʥʪʦʤ ʧʦ ʚʳʩʦʢʦʤʫ ʜʘʚʣʝʥʠʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ 

ʞʠʜʢʦʩʪʥʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ ʬʠʨʤʳ SHIMADZU ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʥʘʩʦʩ LC-20AD, ʜʝʪʝʢʪʦʨ 

SPD-M20A, ʢʦʣʦʥʦʯʥʳʡ ʪʝʨʤʦʩʪʘʪ CTO-20A, ʘʚʪʦʜʦʟʘʪʦʨ SIL-20A. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʚʳʚʦʜʷʪ ʥʘ ʨʝʞʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʇɸʋ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʶʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʘʮʝʪʦʥʠʪʨʠʣ: ʚʦʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 50:50 ʥʘ ʩʪʘʨʪʝ, ʨʝʞʠʤ 

ʵʣʶʠʨʦʚʘʥʠʷ ʛʨʘʜʠʝʥʪʥʳʡ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʇɸʋ ʧʨʦʚʦʜʠʣʠ ʧʦ ʚʨʝʤʝʥʠ 

ʫʜʝʨʞʠʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʇɸʋ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ. 

ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʝʪ 30 ʤʠʥʫʪ. ɸʥʘʣʠʟ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 2 ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷ. 



 

100 

 
 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚ ʧʨʦʙʘʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʇɸʋ, ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʩʦʜʝʨʞʠʪʩʷ ʘʥʪʨʘʮʝʥ ʠ ʬʝʥʘʥʪʨʝʥ, ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʘʮʝʥʘʬʪʝʥ, 

ʘʮʝʥʘʬʪʠʣʝʥ ʠ ʥʘʬʪʘʣʠʥ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʇɸʋ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʘʭ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5,5Ŀ10
-5

 ʤʛ/ʣ ʠ ʜʦ 5,15Ŀ10
-3

 ʤʛ/ʣ. 

ʇʨʦʙʦʡ, ʚ ʢʦʪʦʨʦʡ ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸʋ ʥʘʠʙʦʣʝʝ ʚʝʣʠʢʘ, ʷʚʣʷʝʪʩʷ ʧʨʦʙʘ ʩ 

ʫʩʣʦʚʥʳʤ ʥʦʤʝʨʦʤ 2  (ʪʘʙʣ.1)  ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʠʣʦ  5,15Ŀ10
-3

 ʤʛ/ʣ, ʚ ʥʝʡ ʦʙʥʘʨʫʞʝʥʦ 9  

ʥʘʠʤʝʥʦʚʘʥʠʡ ʇɸʋ. ʇʨʦʙʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʪʤʝʯʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʇɸʋ, ʷʚʣʷʝʪʩʷ ʧʨʦʙʘ 

 ̄3. ɺ ʥʝʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 12 ʠʩʩʣʝʜʫʝʤʳʭ ʇɸʋ: 2-ʤʝʪʠʣʥʘʬʪʘʣʠʥ, ʘʥʪʨʘʮʝʥ, 

ʙʝʥʟ(ʘ)ʘʥʪʨʘʮʝʥ,  ʙʝʥʟ(ʙ)ʬʣʫʦʨʘʥʪʝʥ, ʙʝʥʟ(ʢ)ʬʣʫʦʨʘʥʪʝʥ, ʙʠʬʝʥʠʣ, ʜʠʙʝʥʟ(a,h)ʘʥʪʨʘʮʝʥ, 

ʧʠʨʝʥ, ʬʝʥʘʥʪʨʝʥ, ʬʣʫʦʨʘʥʪʝʥ, ʬʣʫʦʨʝʥ, ʭʨʠʟʝʥ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 8,7Ŀ10
-4

 ʤʛ/ʣ. 

ʅʘʠʤʝʥʝʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʦʪ ʇɸʋ ʦʢʘʟʘʣʘʩʴ ʧʨʦʙʘ ˉ9, ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʩʦʩʪʘʚʠʣʦ 5,5Ŀ10
-5

 ʤʛ/ʣ. ɺ 

ʥʝʡ ʦʪʤʝʯʝʥʦ ʚʩʝʛʦ ʪʨʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʇɸʋ: ʘʥʪʨʘʮʝʥ, ʙʠʬʝʥʠʣ ʠ ʬʝʥʘʥʪʨʝʥ. 

ɺ ʧʨʦʙʘʭ ʪʘʣʳʭ ʚʦʜ ʩ ʤʝʩʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʩʪʨʝʯʘʝʤʳʤʠ ʇɸʋ ʷʚʣʷʶʪʩʷ: ʘʥʪʨʘʮʝʥ, ʙʝʥʟ(ʙ)ʬʣʫʦʨʘʥʪʝʥ, ʧʠʨʝʥ, 

ʬʝʥʘʥʪʨʝʥ, ʬʣʫʦʨʘʥʪʝʥ, ʭʨʠʟʝʥ. ʅʘʠʤʝʥʝʝ ʚʩʪʨʝʯʘʝʤʳʤʠ ʇɸʋ ʷʚʣʷʶʪʩʷ: ʙʝʥʟ(g,h,i)ʧʝʨʠʣʝʥ, 

ʬʣʫʦʨʝʥ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʱʝʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇɸʋ ʠ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʦʙʘʭ. 
ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʙ ʪʘʣʳʭ ʚʦʜ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʇɸʋ  ʅʘʣʠʯʠʝ ʚ ʧʨʦʙʝ 

1 2 3 4 5 6 7 8 9 10 11 

2-ʤʝʪʠʣʥʘʬʪʘʣʠʥ     +                 

ʘʥʪʨʘʮʝʥ  + + + + + + + + + + + 

ʘʮʝʥʘʬʪʝʥ                       

ʘʮʝʥʘʬʪʠʣʝʥ                       

ʙʝʥʟ(g,h,i)ʧʝʨʠʣʝʥ +             +       

ʙʝʥʟ(ʘ)ʘʥʪʨʘʮʝʥ   + + + +   + +   +   

ʙʝʥʟ(ʘ)ʧʠʨʝʥ               +       

ʙʝʥʟ(ʙ)ʬʣʫʦʨʘʥʪʝʥ + + + + + + + +   +   

ʙʝʥʟ(ʢ)ʬʣʫʦʨʘʥʪʝʥ   + +   + + +         

ʙʠʬʝʥʠʣ +   +   +       + + + 

ʜʠʙʝʥʟ(a,h)ʘʥʪʨʘʮʝʥ   + +   +   + +       

ʥʘʬʪʘʣʠʥ                       

ʧʠʨʝʥ + + + + + + + +   + + 

ʬʝʥʘʥʪʨʝʥ + + + + + + + + + + + 

ʬʣʫʦʨʘʥʪʝʥ   + + + + + + +   +   

ʬʣʫʦʨʝʥ     + + +           + 

ʭʨʠʟʝʥ   + + + + + + +   + + 

ʆʙʱʝʝ ʯʠʩʣʦ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʇɸʋ 

6 9 12 8 11 7 9 10 3 8 6 

ʉʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʇɸʋ, 

ʤʛ/ʣ 

5,95Ŀ

10
-4
 

5,15Ŀ

10
-3
 

8,70Ŀ

10
-4
 

6,05Ŀ

10
-4
 

1,03Ŀ

10
-3
 

3,45Ŀ

10
-4
 

4,20Ŀ

10
-4
 

1,44Ŀ

10
-3
 

5,50Ŀ

10
-5
 

1,76Ŀ

10
-3
 

4,60Ŀ

10
-4
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʞʝʩʪʢʦʡ ʚʦʜʳ ʥʘ ʨʘʩʪʚʦʨʳ ʤʳʣʘ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ. ʆʧʨʝʜʝʣʝʥ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ. ʈʘʩʩʤʦʪʨʝʥ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ. 

ɼʦ ʥʘʰʝʡ ʵʨʳ, ʛʣʫʙʦʢʦ ʚ ʜʨʝʚʥʦʩʪʠ ʠʟʚʝʩʪʥʦ ʯʝʣʦʚʝʢʫ ʤʦʶʱʝʝ ʩʨʝʜʩʪʚʦ ʢʘʢ ʤʳʣʦ. ɺ 

ʨʠʤʩʢʦʡ ʠʤʧʝʨʠʠ ʤʥʦʛʠʝ ʫʯʝʥʳʝ ʟʘʥʠʤʘʣʠʩʴ ʠʟʫʯʝʥʠʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʳʣʘ ʠ ʧʦʣʫʯʝʥʠʝʤ 

ʝʛʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʤʳʣʝʥʠʷ ʞʠʨʦʚ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʣ ʵʪʦʪ ʧʨʦʮʝʩʩ ʇʣʠʥʠʡ 

ʉʪʘʨʰʠʡ (23ï79 ʛʛ.). ɺ ʩʚʦʠʭ ʪʨʫʜʘʭ çɽʩʪʝʩʪʚʝʥʥʘʷ ʠʩʪʦʨʠʷè ʦʥ ʠʟʫʯʘʣ ʩʧʦʩʦʙʳ ʠ ʤʝʪʦʜʠʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʤʳʣʘ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʣ ʠʟ ʩʦʜʳ ʠ ʧʦʪʘʰʘ [1].  

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʳʣʘ ʠʟ ʞʠʚʦʪʥʳʭ ʞʠʨʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʘʩʴ ʤʥʦʛʠʝ ʚʝʢʘ. ɺ 

ʥʘʯʘʣʝ XIX ʚʝʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʘʥʮʫʟʩʢʦʛʦ ʭʠʤʠʢʘ ʄ. ʐʝʚʨʝʣʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʤʳʣʘ ʦʩʦʙʦ ʥʝ ʠʟʤʝʥʠʣʦ ʩʚʦʶ ʪʝʭʥʦʣʦʛʠʶ. ʉʦʚʨʝʤʝʥʥʦʝ 

ʤʳʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʪʨʠʝʚʳʝ ʠʣʠ ʢʘʣʠʝʚʳʝ ʩʦʣʠ ʩʪʝʘʨʠʥʦʚʦʡ, ʦʣʝʠʥʦʚʦʡ ʠ ʜʨʫʛʠʭ 

ʢʠʩʣʦʪ ʩ ʚʘʨʠʘʪʠʚʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʥʘʰʠʭ ʜʥʝʡ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʳʣʘ ʧʦʷʚʠʣʘʩʴ 

ʘʣʴʪʝʨʥʘʪʠʚʘ ʥʘʪʫʨʘʣʴʥʳʤ ʤʳʣʘʤ, ʩʜʝʣʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʞʠʨʦʚ, ʪʘʢʘʷ ʢʘʢ 

ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʤʳʣʦ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ, ʩʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ï ʦʪʭʦʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ [2]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʦʚ ʤʳʣʘ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʨʘʩʩʤʦʪʨʝʪʴ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʩʚʦʡʩʪʚʘʤ ʤʳʣʘ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ; 

2. ʫʩʪʘʥʦʚʠʪʴ, ʯʝʤ ʦʙʫʩʣʦʚʣʝʥʦ ʤʦʶʱʝʝ ʜʝʡʩʪʚʠʝ ʤʳʣʘ ʠ ʉʄʉ; 

3. ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʞʝʩʪʢʦʡ ʚʦʜʳ ʥʘ ʦʙʲʝʢʪʳ ʘʥʘʣʠʟʘ; 

4. ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ pH ʩʨʝʜʳ;  

5. ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʧʦ ʨʘʙʦʪʝ. 

ʉʦʩʪʘʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʝʥ, ʦʥʠ ʙʳʚʘʶʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʝʢʠʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʠʦʜʦʙʘʚʦʢ ʠ ʩ ʙʠʦʜʦʙʘʚʢʘʤʠ ʠ ʜʨʫʛʠʝ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʟʥʘʯʥʦ ʪʨʝʙʫʝʪ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ. ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʉʄʉ ʦʪʣʠʯʘʝʪʩʷ, ʚ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʥʳʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʝʥʦʩ ʢʨʘʩʠʪʝʣʝʡ ʩ ʪʢʘʥʠ ʚ ʨʘʩʪʚʦʨ, 

ʘʨʦʤʘʪʠʟʘʪʦʨʳ ʠ ʜʨʫʛʦʝ. ʇʦʨʦʰʢʠ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ CMC ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ɻʆʉʊ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʙʝʣʴʷ, ʧʦʛʣʦʱʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʠʟʜʝʣʠʡ, ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʟʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥʘʭ. ʇʨʠʨʦʜʥʦʝ 



 

102 

 
 

ʤr ʣʦ ʧʦʣʫʯʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʥʘʛʨʝʚʝ ʪʨʠʩʪʝʘʨʠʥʘ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʠʣʠ ʢʘʨʙʦʥʘʪʦʤ 

ʥʘʪʨʠʷ: 

ʞʠʨʳ + NaOH Ÿ ʛʣʠʮʝʨʠʥ + ʤʳʣʦ 

ʌʦʨʤʫ ʤʳʣʘ ʩʦʟʜʘʶʪ ʧʦʩʪʝʧʝʥʥʦ, ʦʪʜʝʣʷʷ ʩʥʘʯʘʣʘ ʧʦʣʫʯʝʥʥʦʝ ʤʳʣʦ ʦʪ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʧʦʪʦʤ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʣʠʚʘʶʪ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʤʳʣʦ 

ʚʩʧʣʳʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʝʛʦ ʩʦʙʠʨʘʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʠʝ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʦʟʤʦʞʥʦ ʠʟ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʵʪʦ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩ ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʞʠʨʘ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʠʟ ʥʝʝ ʧʨʦʠʟʚʦʜʷʪ 

ʥʘʪʨʠʝʚʳʝ ʠ ʢʘʣʠʝʚʳʝ ʩʦʣʠ: 

ʉ17ʅ35ʉʆʆʅ + NaOH Ÿ ʉ17ʅ35COONa + H2O 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ï ʵʪʦ ʪʚʸʨʜʳʝ ʤʳʣʘ, ʘ ʢʘʣʠʝʚʳʝ ï ʞʠʜʢʠʝ. 

ʋʢʘʟʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʳʣʘ ʫʢʘʟʘʥ ʚ ʨʦʤʘʥʝ ɾ. ɺʝʨʥʘ çʊʘʠʥʩʪʚʝʥʥʳʡ ʦʩʪʨʦʚè. 

ɺ ʨʦʤʘʥʝ ʢʦʣʦʥʠʩʪʳ ʧʨʦʠʟʚʦʜʠʣʠ ʤʳʣʦ ʠʟ ʪʶʣʝʥʴʝʛʦ ʞʠʨʘ ʠ ʚʦʜʦʨʦʩʣʝʡ. ɺ ʥʘʰʠ ʜʥʷ ʤʳʣʦ 

ʧʦʣʫʯʘʶʪ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ï ʦʤʳʣʝʥʠʝʤ ʞʠʨʦʚ. 

ʅʘʪʨʠʝʚʳʝ ʩʦʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʩʫʣʴʬʦʢʠʩʣʦʪ, ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ ʠ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ) ʵʪʦ ʠ ʝʩʪʴ ʦʩʥʦʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʦʶʱʠʭ. ʉʄʉ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ 

ʠʟ ʘʣʢʠʣʩʫʣʴʬʘʪʥʳʭ ʩʦʣʝʡ ʥʘʪʨʠʷ RO-SO2-ONa. R ï ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʨʘʜʠʢʘʣ, ʠʤʝʶʱʠʡ ʚ 

ʩʦʩʪʘʚʝ ʦʪ 8 ʜʦ 18 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ [3]. 

ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʛʦʜʥʦʩʪʴʶ ʤʦʶʱʠʭ ʚʝʱʝʩʪʚ ʢ 

ʧʨʦʷʚʣʝʥʠʶ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʠ ʚ ʨʘʟʣʠʯʥʦʡ ʩʨʝʜʝ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʨʅ, 

ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʶʱʝʛʦ ʨʘʩʪʚʦʨʘ. ɺʦʟʨʘʩʪʘʥʠʝ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ ʤʦʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʤʦʞʝʪ ʫʪʨʘʪʠʪʴʩʷ, ʚ ʚʠʜʫ ʨʘʩʭʦʜʘ ʤʳʣʘ ʥʘ 

ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʶʱʠʝ ʚʝʱʝʩʪʚʘ ʥʘʤʥʦʛʦ ʣʫʯʰʝ ʧʦ ʚʩʝʤ 

ʦʙʣʘʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʞʝʩʪʢʦʡ ʚʦʜʝ ʫʪʨʘʯʠʚʘʶʪ ʣʠʰʴ ʥʝʤʥʦʛʦ ʤʦʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʦʙʣʘʜʘʶʪ ʤʦʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʯʝʣʦʚʝʢʘ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ ʵʪʦ ʦʯʝʥʴ ʚʘʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʊʝʨʤʠʥ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʤʦʶʱʠʝ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ 

ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ, ʦʙʱʝʜʝʟʠʥʬʠʮʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʦʪʜʝʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ ï 

ʪʦʢʩʠʯʥʦʩʪʴʶ. ʉʨʘʚʥʝʥʠʝ ʩ ʤʳʣʦʤ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʠʦʭʠʤʠʯʝʩʢʦʤʫ ʨʘʩʧʘʜʫ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʪʴ ʙʝʥʟʦʣʴʥʳʝ ʷʜʨʘ ʚ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʠ 

ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʘʣʢʠʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ çʪʚʝʨʜʳʤʠè: ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ ʚ 

ʚʦʜʦʝʤʘʭ, ʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʥʠʭ, ʚʳʟʳʚʘʷ ʛʠʙʝʣʴ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ 

ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʦʯʠʩʪʢʝ ʚʦʜʳ. 

ʇʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʤʦʶʱʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʦʶʱʠʭ ʚʝʱʝʩʪʚ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʦʜʳ ʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʧʦʚʳʰʘʪʴ ʠʭ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ, ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʝʥʫ ʠ ʫʩʪʦʡʯʠʚʳʝ ʚʟʚʝʩʠ ʯʘʩʪʠʮ ʚ ʚʦʜʝ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʤʦʶʱʘʷ ʞʠʜʢʦʩʪʴ ʜʦʣʞʥʦ ʠʤʝʪʴ ʦʪʣʠʯʥʫʶ ʩʤʘʯʠʚʘʝʤʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

(ʩʦʜʝʨʞʘʪʴ ʤʳʣʦ ʠʣʠ ʜʨʫʛʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʤʦʶʱʝʝ ʩʨʝʜʩʪʚʦ). ʄʦʶʱʘʷ ʞʠʜʢʦʩʪʴ 

ʙʳʩʪʨʦ ʧʨʦʥʠʢʘʝʪ ʚ ʧʦʨʳ ʪʢʘʥʝʡ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʨʝʱʠʥʢʠ ʛʨʷʟʝʚʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ 

ʤʝʞʜʫ ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʠ ʦʪʩʪʠʨʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʏʘʩʪʠʮʳ ʛʨʷʟʠ ʥʘʙʫʭʘʶʪ, ʜʨʦʙʷʪʩʷ, 

ʦʙʚʦʣʘʢʠʚʘʶʪʩʷ ʧʣʝʥʢʦʡ ʤʳʣʘ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩʮʝʧʣʝʥʠʝ ʯʘʩʪʠʮ ʛʨʷʟʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʦʯʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʠ ʥʝʙʦʣʴʰʦʤ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʧʝʨʝʪʠʨʘʥʠʠ ʨʫʢʘʤʠ 

ʠʣʠ ʚ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʝ) ʯʘʩʪʠʮʳ ʟʘʛʨʷʟʥʝʥʠʡ ʣʝʛʢʦ ʦʪʜʝʣʷʶʪʩʷ ʠ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨ, ʛʜʝ 

ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʳʧʫʯʠʝ ʪʚʝʨʜʳʝ ʦʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠ ʤʝʪʦʜʦʤ ʢʦʥʫʩʘ ʠ ʢʚʘʨʪʦʚʘʥʠʷ. 

ʆʙʨʘʟʝʮ 1 ï ʧʦʨʦʰʦʢ çʃʦʩʢè ʘʚʪʦʤʘʪ; ʦʙʨʘʟʝʮ 2 ï ʧʦʨʦʰʦʢ çʊʘʡʜè ʘʚʪʦʤʘʪ; ʦʙʨʘʟʝʮ 3 ï 

ʧʦʨʦʰʦʢ çʊʘʡʜè ʜʣʷ ʨʫʯʥʦʡ ʩʪʠʨʢʠ; ʦʙʨʘʟʝʮ 4 ï ʧʦʨʦʰʦʢ çʄʠʬè ʘʚʪʦʤʘʪ. 

ʆʙʨʘʟʮʳ ʤʳʣʘ, ʥʘʩʪʨʫʛʘʣʠ ʚ ʩʪʨʫʞʢʫ, ʠʟʤʝʣʴʯʠʣʠ ʚ ʧʦʨʦʰʦʢ: ʦʙʨʘʟʝʮ 5 ï ʤʳʣʦ 

ʭʦʟʷʡʩʪʚʝʥʥʦʝ; ʦʙʨʘʟʝʮ 6 ï ʯʠʩʪʷʱʝʝ ʩʨʝʜʩʪʚʦ çʇʝʤʦʢʩʦʣʴè; ʦʙʨʘʟʝʮ 7 ï ʤʳʣʦ çʚʝʩʥʘè; 
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ʦʙʨʘʟʝʮ 8 ï ʤʳʣʦ çPalmoliveè. 

ɾʠʜʢʠʝ ʦʙʨʘʟʮʳ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ʦʪʙʠʨʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ: ʦʙʨʘʟʝʮ 

9 ï ʛʝʣʴ çFairyè; ʦʙʨʘʟʝʮ 10 ï ʩʨʝʜʩʪʚʦ ʜʣʷ ʤʳʪʴʷ ʧʦʩʫʜʳ çʃʠʤʦʥè; ʦʙʨʘʟʝʮ 11 ï ʛʝʣʴ ʜʣʷ 

ʜʫʰʘ çOriflameè. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʧʨʦʙʠʨʢʠ ʧʦʤʝʱʘʣʠ ʪʚʝʨʜʳʝ ʢʨʠʩʪʘʣʣʠʢʠ 

ʩʳʧʫʯʠʭ ʦʙʨʘʟʮʦʚ, ʩʪʨʫʞʢʠ ʤʳʣʘ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʢ ʞʠʜʢʠʤ ʦʙʲʝʢʪʘʤ 

ʪʘʢʞʝ ʧʨʠʣʠʚʘʣʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. ʇʦʛʨʫʞʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʠʥʜʠʢʘʪʦʨʥʫʶ 

ʙʫʤʘʞʢʫ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ pH ʧʦ ʦʢʨʘʩʢʝ ʠʥʜʠʢʘʪʦʨʘ, ʩʨʘʚʥʠʚʘʣʠ ʟʥʘʯʝʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʩ ʮʚʝʪʦʤ ʙʫʤʘʞʢʠ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 1 ʧʦ 6 ʚʢʣʶʯʠʪʝʣʴʥʦ pH ʩʦʩʪʘʚʠʣ 12-

11, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 7 ʧʦ 11 ʟʥʘʯʝʥʠʝ pH ʩʨʝʜʳ 6-7, 

ʥʝʡʪʨʘʣʴʥʘʷ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʨʠʣʠ ʩ ʜʨʫʛʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʬʝʥʦʣʬʪʘʣʝʠʥ ʠ 

ʤʝʪʠʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ, ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʜʠʣʩʷ. 

ʉ17ʅ35ʉʆʆNa + HOH Ÿ ʉ17ʅ35COOʅ + NaOH 

ɸʮʝʪʘʪ ʠʦʥ ʛʠʜʨʦʬʦʙʝʥ, ʪ.ʝ. ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʦʜʥʦʢʦ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ 

ʞʠʨ; ʘ ʚʦʪ ʥʘʪʨʠʡ ʦʙʣʘʜʘʝʪ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪ.ʝ. ʠʥʪʝʥʩʠʚʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʚʦʜʦʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʟʜʘʝʪʩʷ ʤʠʮʝʣʣʘ ʛʨʷʟʥʦʛʦ ʞʠʨʘ, ʦʥʘ ʤʦʞʝʪ ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ 

ʩʤʳʪʴʩʷ ʚʦʜʦʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʞʝʩʪʢʦʡ ʚʦʜʳ ʥʘ ʦʙʲʝʢʪʳ ʘʥʘʣʠʟʘ. 

ɺ ʧʨʦʙʠʨʢʠ ʥʘʣʠʣʠ ʧʦ 3-4 ʤʣ ʞʝʩʪʢʦʡ ʚʦʜʳ (ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ). ɺ ʢʘʞʜʫʶ ʧʦ 

ʢʘʧʣʷʤ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨʳ ʩʪʠʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ, ʩʪʨʫʞʝʢ ʤʳʣʘ, ʠ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ, 

ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʚʟʙʦʣʪʘʣʠ.  

ɼʣʷ ʦʙʨʘʟʮʦʚ 1-3, 6-7 ʠ 9-11 ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʧʝʥʳ, ʧʨʠ ʯʝʤ ʥʝ ʪʦʣʴʢʦ 

ʧʦʨʦʰʢʠ ʜʘʚʘʣʠ ʧʝʥʫ, ʥʦ ʠ ʨʘʩʪʚʦʨʳ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ʠ ʤʳʣʦ çɺʝʩʥʘè. 

ɸ ʚʦʪ ʜʣʷ ʦʙʨʘʟʮʦʚ 4 ï ʧʦʨʦʰʦʢ ʄʠʬ, 5 ï ʤʳʣʦ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ 8 ï ʤʳʣʦ çPalmoliveè 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʳʧʘʜʝʥʠʝ ʭʣʦʧʴʝʚ ʦʩʘʜʢʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʞʝʩʪʢʦʡ ʚʦʜʝ ʤʳʣʦ ʨʝʘʛʠʨʫʝʪ ʩ ʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʣʷʤʠ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʣʦʧʴʝʚ ï ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʠ ʚʳʩʰʠʭ ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ: 

2ʉ17ʅ35ʉʆʆNa + ʉʘCl2 Ÿ (ʉ17ʅ35COO)2Ca + 2NaCl 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ ʣʫʯʰʝ, ʯʝʤ ʤʳʣʦ ʩʥʠʞʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʚʦʜʳ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʛʦʜʥʷ ʉʄʉ ʟʘʥʠʤʘʪʴ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʥʘ ʨʳʥʢʝ ʤʦʶʱʠʭ 

ʩʨʝʜʩʪʚ.  

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʝʪʩʷ ʣʘʫʨʠʣʩʫʣʴʬʘʪ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʙʨʘʟʫʝʪʩʷ 

ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʣʘʫʨʠʣʩʫʣʴʬʘʪʘ. 

C12H25OH + H2SO4 Ÿ C12H25OSO3H + H2O 

C12H25OSO3H + NaOH Ÿ C12H25OSO3Na + H2O 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʉʄʉ, ʦʥʠ ʘʢʪʠʚʥʦ ʦʙʝʟʞʠʨʠʚʘʶʪ ʢʦʞʫ ʨʫʢ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʜʝʨʤʘʪʠʪʦʚ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʤʦʣʝʢʫʣ ʉʄʉ ʢ 

ʨʘʟʣʦʞʝʥʠʶ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʚʝʪʚʣʸʥ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ 

ʨʘʜʠʢʘʣ, ʪʝʤ ʪʨʫʜʥʝʝ ʙʘʢʪʝʨʠʷʤ ʢ ʥʝʤʫ ʧʦʜʦʙʨʘʪʴʩʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʦʢʦʣʦ 30% 

ʤʘʩʩʳ ʩʪʠʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʶʪ ʬʦʩʬʘʪʳ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʞʸʩʪʢʦʩʪʴ ʚʦʜʳ. ʇʦʧʘʜʘʷ 

ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʠʤ ʠ ʚ ʚʦʜʦʸʤʳ, ʬʦʩʬʘʪʳ ʦʢʘʟʳʚʘʶʪ ʩʝʨʴʝʟʥʦʝ ʨʘʟʚʠʪʠʝ ʩʠʥʝ-

ʟʝʣʸʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, çʮʚʝʪʝʥʠʝ ʚʦʜʳè, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʛʠʙʝʣʴ ʨʳʙ ʠ ʜʨʫʛʠʭ ʚʦʜʥʳʭ 

ʦʙʠʪʘʪʝʣʝʡ.  

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʅʠʢʦʣʘʝʚ, ʇ. ɺ. ʆʩʥʦʚʳ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʶʱʠʭ 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʠʦʥʦʦʙʤʝʥʥʳʭ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʠ ʪʘʥʪʘʣʘʪʘ ʣʠʪʠʷ ʧʨʠ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʚʦʜʠʤʳʭ ʧʨʠʤʝʩʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʪʘʢʠʭ ʩʣʦʝʚ ʣʝʛʢʦ ʜʦʩʪʠʞʠʤʦ ʠʭ ʨʘʟʙʠʝʥʠʝ ʥʘ ʤʠʢʨʦʜʦʤʝʥʳ ʚ ʦʩʚʝʱʘʝʤʦʡ 

ʦʙʣʘʩʪʠ, ʘ ʚ ʩʣʫʯʘʝ ʪʷʞʝʣʦʛʦ ʜʦʟʠʨʦʚʘʥʠʝ ʜʝʥʜʨʠʪʥʳʝ ʜʦʤʝʥʳ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʩʧʦʥʪʘʥʥʦ 

ʧʨʠ ʜʘʞʝ ʥʝʙʦʣʴʰʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʚ ʠʦʥʦʦʙʤʝʥʥʦʤ ʩʣʦʝ ʣʦʢʘʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʠ ʪʘʥʪʘʣʘʪʘ ʣʠʪʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʩʦʟʜʘʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʜʦʤʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʝʣʠʥʝʡʥʦʡ ʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʝ. ʂ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦʥʠʢʠ ʧʦ ʧʨʘʚʫ 

ʦʪʥʦʩʷʪʩʷ ʢʨʠʩʪʘʣʣʳ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʠ ʪʘʥʪʘʣʘʪʘ ʣʠʪʠʷ. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʩʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ 

ʥʠʭ ʦʙʲʝʤʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʢʦʥʚʝʨʩʠʠ ʯʘʩʪʦʪʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʜʦʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ Cu:H:LiNbO3 ʠ Cu:H:LiʊʘO3, ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʭ ʥʘ ʠʩʭʦʜʥʳʭ 

ʧʦʜʣʦʞʢʘʭ Z-ʩʨʝʟʘ ʥʦʤʠʥʘʣʴʥʦ ʙʝʩʧʨʠʤʝʩʥʳʭ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʘʤʠ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ [1]. ʕʢʩʧʦʟʠʮʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʧʦʜʙʠʨʘʝʤʦʡ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʤʝʩʠ ʤʝʜʠ, ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ: 10 ʤʤ/ʩ, 1 ʤʤ/ʩ, 0,1 

ʤʤ/ʩ ʠ 0,001 ʤʤ/ʩ ʠ ʛʣʫʙʠʥʘʤʠ ʧʦʛʨʫʞʝʥʠʷ ʢʘʫʩʪʠʢʠ: 0 ʤʢʤ (ʪ.ʝ. ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ), 4 

ʤʢʤ, 8 ʠ 12 ʤʢʤ. ʋʞʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʥʠʮ ʦʪʜʝʣʴʥʳʭ 

ʤʠʢʨʦʜʦʤʝʥʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʵʢʩʧʦʟʠʮʠʠ. 

 

ʈʠʩʫʥʦʢ 19. ʂʨʠʩʪʘʣʣ ʅʃ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ (ʩʣʝʚʘ-ʥʘʧʨʘʚʦ: ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʫʤʝʥʴʰʘʣʘʩʴ; ʩʚʝʨʭʫ-ʚʥʠʟ: ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʛʣʫʙʠʥʘ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʢʘʫʩʪʠʢʠ) 

ɼʘʣʝʝ ʚʳʧʦʣʥʝʥʦ ʪʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʨʘʩʪʚʦʨʝ ʧʣʘʚʠʢʦʚʦʡ (HF) ʠ 

ʘʟʦʪʥʦʡ (HN/  ʢʠʩʣʦʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2. ʊʨʘʚʣʝʥʠʝ ʧʨʦʜʦʣʞʘʣʦʩʴ 24 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (23
o
C). ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 20. ʆʙʨʘʟʝʮ Cu:H:LiNbO3 ʧʦʩʣʝ ʩʫʪʦʯʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ HF:HN╞(1:2), (ʘ) ï ʦʙʟʦʨʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʨʷʜʘ ʩʪʨʫʢʪʫʨ, (ʙ) -  ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ ʚʠʜʝʪʴ ʘʛʨʝʛʘʪʳ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʜʦʤʝʥʦʚ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʪʨʦʛʦ ʧʦ ʢʦʥʪʫʨʫ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʩʣʦʝ Cu:H:LiNbO3. ʇʨʠ 

ʧʨʦʜʦʣʞʝʥʠʠ ʪʨʘʚʣʝʥʠʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʝʝ 

ʣʦʢʘʣʠʟʘʮʠʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʩʣʦʷ ʧʦ ʛʣʫʙʠʥʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʢʘʫʩʪʠʢʠ ʧʨʠ ʠʭ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ.   

ɺ ʠʦʥʦʦʙʤʝʥʥʦʤ ʩʣʦʝ Cu:H:LiTaO3 ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʩʧʦʥʪʘʥʥʦ, ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʜʦʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʜʝʥʜʨʠʪʥʳʡ ʪʠʧ). 

ʇʨʦʮʝʩʩ ʙʳʣ ʟʘʧʫʱʝʥ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʥʘ 50 ʛʨʘʜʫʩʦʚ, ʧʫʪʝʤ 

ʨʘʟʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ, ʥʘʭʦʜʠʚʰʝʛʦʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʥʘʛʨʝʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3. ʆʙʨʘʟʝʮ Cu:H:LiʊʘbO3, (ʘ) ï ʦʙʟʦʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, (ʙ) -  ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʚ ʧʦʣʫʯʝʥʥʦʤ ʠʦʥʦʦʙʤʝʥʥʦʤ ʩʣʦʝ ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʠ ʪʘʥʪʘʣʘʪʘ 

ʣʠʪʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʭʦʜʠʪʴ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʧʦʜʦʙʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʧʦʟʠʮʠʡ ʜʦʤʝʥʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. Basnin P.P., et al., ʄicro-optical structures written by photothermal method in a specially 

modified near-surface layer of lithium niobate crystalsò, Russian Physics Journal, V62, N4 (2019), 

pp. 732-734, DOI: 10.17223/00213411/62/4/154 
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ʄʀʂʈʆʆʏɸɻʆɺɸʗ ʄʆɼɽʃʔ ʃɸɿɽʈʅʆɻʆ ʀʅʀʎʀʀʈʆɺɸʅʀʗ ɺɿʈʓɺʅʆɻʆ 

ʈɸɿʃʆɾɽʅʀʗ ɺʊʆʈʀʏʅʓʍ ɺɿʈʓɺʏɸʊʓʍ ɺɽʑɽʉʊɺ, ʉʆɼɽʈɾɸʑʀʍ 

ʉɺɽʊʆʇʆɻʃʆʑɸʖʑʀɽ ʅɸʅʆʏɸʉʊʀʎʓ ʉ ʋʏɽʊʆʄ ɿɸɺʀʉʀʄʆʉʊʀ 

ʇɸʈɸʄɽʊʈʆɺ ʆɹʈɸɿʎɸ ʆʊ ʈɸɿʄɽʈɸ ʀ ʊɽʄʇɽʈɸʊʋʈʓ 

ɻʘʟʝʥʘʫʨ ʅ.ɺ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʫʩʢʦʨʷʶʱʝʛʦʩʷ 

ʨʘʟʣʦʞʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʩ 

ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʘ ʦʪ ʨʘʟʤʝʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʫʨʦʚʥʝ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʘʩʧʝʢʪʳ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʦʯʘʛʦʚʦʡ ʤʦʜʝʣʠ ʧʨʝʜʣʦʞʝʥ ʧʘʢʝʪ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ: ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʚʢʣʶʯʝʥʠʡ; 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʦʪ 

ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ; ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ - ʥʘʥʦʯʘʩʪʠʮʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 

ʥʘʥʦʩʝʢʫʥʜ ʦʯʘʛ ʨʝʘʢʮʠʠ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʤʝʱʘʝʪʩʷ ʦʪ 

ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʦʙʲʝʤ ʚʪʦʨʠʯʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ 

ʟʥʘʯʝʥʠʡ ʠʭ ʪʝʧʣʦʝʤʢʦʩʪʠ (ʥʠʟʢʦʛʦ ʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʩʦʢʦʛʦ ʫ ʚʢʣʶʯʝʥʠʷ). 

ɸʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʢʠʥʝʪʠʢʠ ʥʘʛʨʝʚʘ) ʥʘ ʛʨʘʥʠʮʝ ʚʪʦʨʠʯʥʦʝ ʚʟʨʳʚʯʘʪʦʝ 

ʚʝʱʝʩʪʚʦ ï ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʘʷ ʥʘʥʦʯʘʩʪʠʮʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʟʢʠʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʩʪʝʤʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʧʣʦʚʦʤʫ ʚʟʨʳʚʫ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ; ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʛʨʝʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʝʝ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʪʳʚʘʥʠʝʤ. 

ɺʪʦʨʠʯʥʳʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʜʝʰʝʚʣʝʥʠʝʤ ʠ ʫʩʢʦʨʝʥʠʝʤ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʆʜʥʘʢʦ ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʢʘʪʘʩʪʨʦʬʳ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚʪʦʨʠʯʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ ʥʘʜʝʞʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʜʝʪʦʥʘʪʦʨʳ, ʩʝʣʝʢʪʠʚʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʘʩʧʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʭʘʥʠʟʤʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʫʩʢʦʨʷʶʱʝʛʦʩʷ ʨʘʟʣʦʞʝʥʠʷ 

ʚʪʦʨʠʯʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ.  

ɼʦʙʘʚʢʠ ʩʠʣʴʥʦʧʦʛʣʦʱʘʶʱʠʭ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ, ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ 

ʥʘ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʪʘʥʦʚʷʪʩʷ ʮʝʥʪʨʘʤʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʠʪʴ ʤʠʢʨʦʦʯʘʛʦʚʫʶ ʤʦʜʝʣʴ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ 

ʥʘʧʠʩʘʥ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ. ʈʘʩʩʯʠʪʘʥʳ: 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ (ʫʯʪʝʥ ʨʝʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ) 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʦʪ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ; ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʇʦʩʪʨʦʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʚʨʝʤʝʥʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 
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ʤʘʪʝʨʠʘʣ ï ʥʘʥʦʯʘʩʪʠʮʘ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʥʘʛʨʝʚʘ ʥʘ ʥʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʘʛʘ ʨʝʘʢʮʠʠ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʧʦʨʷʜʢʘ ʥʘʥʦʩʝʢʫʥʜ; 

ʧʨʝʜʣʦʞʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʝʛʦ ʩʤʝʱʝʥʠʷ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʘʣʝʥʩʢʠʡ ɸ.ɺ., ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ʂ ɺʆʇʈʆʉʋ ʆ ɺʃʀʗʅʀʀ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʆʃʗ ʅɸ ʇʈʆʎɽʉʉʓ, 

ʇʈʆʊɽʂɸʖʑʀɽ ɺ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʄɸʊɽʈʀɸʃɸʍ ʇʆʉʃɽ ʋʌ-ʆɹʃʋʏɽʅʀʗ 

ɻʫʩʝʚʘ ʖ.ɼ., ʃʘʪʳʧʦʚ ʂ.ʉ., ʂʘʡʪʘʥʦʚʘ ɸ.ʉ. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʫʶ 

ʩʪʘʜʠʶ (ʧʦʩʪ-ʧʨʦʮʝʩʩʳ) ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʚʝʨʰʝʥʥʳʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʥʠʪʝʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʟʠʜʘ ʩʝʨʝʙʨʘ, ʷʚʣʷʶʱʠʭʩʷ ʪʠʧʠʯʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʢʣʘʩʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʢʘʟʘʥʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ 

ʧʦʩʪ-ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ. ɸʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʬʦʪʦʣʠʟʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ, ʢʘʢ ʘʤʧʣʠʪʫʜʳ, ʪʘʢ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʩʪ-ʧʨʦʮʝʩʩʦʚ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʦʣʷʨʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʜʦʣʴʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʨʝʡʬʫ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʋʌ-ʦʙʣʫʯʝʥʠʝʤ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠʟ ʨʝʘʢʮʠʦʥʥʳʭ 

ʦʙʣʘʩʪʝʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʘʪʫʭʘʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʧʦʧʝʨʝʯʥʦʛʦ 

ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʠʟʛʠʙʘ ʟʦʥ ʚ ʨʝʘʢʮʠʦʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʯʪʦ ʚʝʜʝʪ ʪʘʢʞʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ çʟʘʜʘʚʘʪʴ ʨʠʩʫʥʦʢè ʙʫʜʫʱʝʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʢʘʢ ʚ ʘʥʠʦʥʥʦʡ, 

ʪʘʢ ʠ ʚ ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʘʭ ʘʟʠʜʘ ʩʝʨʝʙʨʘ, ʨʝʛʫʣʠʨʫʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʚ ʤʦʤʝʥʪ ʦʙʣʫʯʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ [1-2] ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʠʟʘ ʘʟʠʜʘ ʩʝʨʝʙʨʘ 

(ʪʠʧʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʢʣʘʩʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [3]) ʧʦʢʘʟʘʣʠ ʧʨʦʪʝʢʘʥʠʝ ʚ ʥʠʭ ʚ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʧʦʩʪ-ʧʨʦʮʝʩʩʦʚ [1] ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʤʠʥʫʪʳ) ʧʦʩʣʝ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʄʦʜʝʣʴ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʘʟʠʜʘ ʩʝʨʝʙʨʘ ʚʢʣʶʯʘʝʪ ʨʷʜ ʩʪʘʜʠʡ 

(ʛʝʥʝʨʘʮʠʶ ʵʣʝʢʪʨʦʥ - ʜʳʨʦʯʥʳʭ ʧʘʨ; ʠʭ ʧʝʨʝʥʦʩ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ (ʈʆ) ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ; ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʈʆ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦ ʮʝʧʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [1]), ʥʘ ʧʨʦʪʝʢʘʥʠʝ 

ʢʦʪʦʨʳʝ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [4] ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʪ 1 ɺ/ʩʤ ʜʦ 10 ɺ/ʩʤ ʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʪ 10
-4

 ɺ/ʩʤ ʜʦ 1 ɺ/ʩʤ ʥʘ 

ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʪʘʜʠʶ (ʧʦʩʪ-ʧʨʦʮʝʩʩʳ) ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʠʪʝʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

(ʅʂ) ʘʟʠʜʘ ʩʝʨʝʙʨʘ, ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ, ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [4]. 

ɼʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʅʂ ʦʩʚʝʱʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʚ ʦʙʣʘʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʘʟʠʜʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʘʢʪʠʥʦʤʝʪʨʠʠ - 

1,924*10
15

 ʢʚʘʥʪ/(ʩʤ
2
*ʩ)). ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʧʦʩʪ-

ʧʨʦʮʝʩʩʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ʍʠʣʣʘ [5], ʬʠʢʩʠʨʫʷ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚʳʜʝʣʷʶʱʝʛʦʩʷ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʟʣʦʞʝʥʠʷ (ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ) ʩ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ ʅʂ, 

ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʋʌ-ʚʦʟʜʝʡʩʪʚʠʶ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʨʘʟʙʨʦʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʤʝʥʴʰʘʝʪʩʷ, 
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ʝʩʣʠ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪʥʦʩʠʪʴ ʢ ʧʣʦʱʘʜʠ ʥʘʠʙʦʣʝʝ 

ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. 

ʇʦʢʘʟʘʥʦ (ʩʤ. ʨʠʩ. 1), ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ, ʢʘʢ ʧʦʩʪʦʷʥʥʦʛʦ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ, 

ʪʘʢ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʬʦʪʦʣʠʟʘ ʅʂ ʘʟʠʜʘ ʩʝʨʝʙʨʘ 

çʛʘʩʠʪʩʷè (ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʘʤʧʣʠʪʫʜʘ, ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʩʪ-ʧʨʦʮʝʩʩʦʚ). ʆʪʤʝʪʠʤ, ʯʪʦ ʵʬʬʝʢʪ 

çʛʘʰʝʥʠʷè ʧʦʩʪ-ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʅʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʦ ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʜʦʣʴʥʦʤ ʙʝʩʢʦʥʪʘʢʪʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 10
-2 
ɺ/ʩʤ ʘʤʧʣʠʪʫʜʘ ʧʦʩʪ-ʧʨʦʮʝʩʩʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ.  

 
ʈʠʩʫʥʦʢ 1. ʘ) ʂʠʥʝʪʠʢʘ ʧʦʩʪ-ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʅʂ ʘʟʠʜʘ ʩʝʨʝʙʨʘ (ʙʝʟ ʜʝʡʩʪʚʠʷ 

ʧʦʣʷ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʧʨʦʜʦʣʴʥʳʤ ʧʦʩʪʦʷʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ),  

b) ʠ c) ɿʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʧʝʨʚʦʤ ʤʘʢʩʠʤʫʤʝ 

ʧʦʩʪ-ʧʨʦʮʝʩʩʦʚ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ 120) ʟʘ ʧʨʦʮʝʩʩʦʤ 

ʨʘʟʣʦʞʝʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ çʨʠʩʫʥʦʢè ʙʫʜʫʱʝʛʦ ʨʘʟʣʦʞʝʥʠʷ 

(ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʦʩʣʝ ʋʌ-ʦʙʣʫʯʝʥʠʷ), ʠʟʤʝʥʷʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʧʦʣʷʨʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ ʚ ʤʦʤʝʥʪ ʦʙʣʫʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʅʂ ʘʟʠʜʘ ʩʝʨʝʙʨʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ, ʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʦʩʪʘʚʦʚ ʬʘʟ ʥʘ ʧʨʠʤʝʨʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʞʝʣʝʟʦ-ʧʣʘʪʠʥʘ. ʇʨʠ ʩʦʯʝʪʘʥʠʠ ʤʝʪʦʜʦʚ ʦʧʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɻʎʂ-ʪʠʧʘ ʩ ʧʨʝʜʝʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʞʝʣʝʟʘ 11.6Ñ0.7 ʘʪ. %. ʀʩʭʦʜʷ ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʢʨʦʤʝ ʜʠʬʨʘʢʮʠʦʥʥʦ 

ʚʠʜʠʤʦʛʦ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʦ ʥʝʚʠʜʠʤʘʷ ʬʘʟʘ, ʙʦʛʘʪʘʷ ʞʝʣʝʟʦʤ. 

ʄʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʟʤʝʨʳ ʥʘʙʣʶʜʘʝʤʳʭ ʯʘʩʪʠʮʳ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 15 ʥʤ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʟʤʝʨʘʤʠ 

ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʦʪ 7 ʜʦ 9 ʥʤ), ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʜʘʥʥʳʭ ʧʦ ʫʰʠʨʝʥʠʶ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʬʣʝʢʩʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʚʠʜʠʤʳʭ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ, ʚ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʫʶʪʩʷ ʙʝʩʬʦʨʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʤʝʨʘʤʠ 0.5-2 ʥʤ, 

ʢʦʪʦʨʳʝ ʧʨʠʤʳʢʘʶʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʙʝʩʬʦʨʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʘʤʠ ʜʠʬʨʘʢʮʠʦʥʥʦ ʥʝʚʠʜʠʤʦʡ 

ʬʘʟʳ. ʄʝʪʦʜʦʤ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʬʨʘʢʮʠʦʥʥʦ ʥʝʚʠʜʠʤʦʡ ʬʘʟʦʡ 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜ ʩʦʩʪʘʚʘ Fe12Pt88 ʩʦ ʩʪʨʫʢʪʫʨʦʡ L12. 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʅɹʉ) ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʪʘʢʠʭ ʢʘʢ Fe, Co ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ Pt ʠʣʠ Pd 

ʦʙʣʘʜʘʶʪ ʨʝʢʦʨʜʘʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʨʝʜ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʩʚʝʨʭʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ (ʣʘʟʝʨʥʘʷ ʛʠʧʝʨʪʝʨʤʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ), ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʦʚ ʩʚʝʨʭʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. ʈʝʘʣʠʟʘʮʠʷ ʦʧʠʩʘʥʥʳʭ 

ʚʳʰʝ ʩʚʦʡʩʪʚ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʵʪʠʭ ʅɹʉ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʫʟʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʙʣʠʟʢʠʤ ʢ 1:1 [1-4]. 
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ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ FePt 

ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʝʢʫʨʩʦʨʦʚ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 

ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʩʦʢʦʡ ʨʘʟʥʠʮʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʙʣʘʛʦʨʦʜʥʳʤ ʠ ʥʝ 

ʙʣʘʛʦʨʦʜʥʳʤ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤʘʷ ʥʘʥʦʩʪʨʫʢʫʪʫʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ ʩʦ ʩʪʨʫʢʪʫʨʦʡ A1, ʦʙʦʛʘʱʝʥʥʳʡ 

ʙʣʘʛʦʨʦʜʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʠ ʜʠʬʨʘʢʮʠʦʥʥʦ ʥʝʚʠʜʠʤʫʶ ʬʘʟʫ (ɼʅʌ) ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

Fe [5, 6]. ʇʝʨʝʚʦʜ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ ʚʦʟʤʦʞʝʥ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪ ʢ ʦʙʱʝʤʫ ʫʢʨʫʧʥʝʥʠʶ ʩʠʩʪʝʤʳ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʶ ʝʸ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ FePt, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʚ ʨʘʙʦʪʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ FePt ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪʘ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʝʢʩʘʭʣʦʨʧʣʘʪʠʥʘʪʘ (IV) ʚʦʜʦʨʦʜʘ ʠ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II) ʚ ʦʪʢʨʳʪʦʤ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ 90 ϲʉ. ʄʝʪʦʜʦʤ ʦʧʪʠʢʦ-ʵʤʤʠʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʠʥʜʫʢʠʚʥʦʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ, ʚʳʧʦʣʥʝʥʥʳʤ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ iCAP DUO (ʉʐɸ) ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʦʩʪʘʚʳ ʦʙʨʘʟʮʦʚ: Fe13Pt87, Fe28Pt72, Fe54Pt46, Fe73Pt27. ɼʘʥʥʳʡ ʨʷʜ ʩʦʩʪʘʚʦʚ, 

ʩʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ [7], ʦʭʚʘʪʳʚʘʝʪ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ 

ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ A1, ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ FePt ʩʦ ʩʪʨʫʢʪʫʨʦʡ L10, 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Fe3Pt ʠ FePt3 ʩʦ ʩʪʨʫʢʪʫʨʦʡ L12. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʦʨʦʰʢʦʚʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 ADVANCE A25 (ɻʝʨʤʘʥʠʷ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʜʠʬʨʘʢʮʠʦʥʥʦ ʚʠʜʠʤʦʡ ʬʘʟʦʡ (ɼɺʌ) ʷʚʣʷʝʪʩʷ ɻʎʂ-ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ ʞʝʣʝʟʘ ʚ ʧʣʘʪʠʥʝ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ A1 (ʨʠʩ.1). ʈʘʩʯʸʪ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚʳʧʦʣʥʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [6] 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʝʣʝʟʘ ʚ ʪʚʸʨʜʦʤ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 11.6Ñ 0.7 ʘʪ. %, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [5, 6]. 

 

 
ʈʠʩʫʥʦʢ 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ FePt: Fe13Pt87 (1), Fe22Pt78 (2), Fe28Pt72 (3),  

Fe54Pt46 (4), Fe73Pt27 (5) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʘʨʷʜʫ ʩ ʪʚʸʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʩ ʧʨʝʜʝʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʞʝʣʝʟʘ ʩʫʱʝʩʪʚʫʝʪ ʜʠʬʨʘʢʮʠʦʥʥʦ ʥʝʚʠʜʠʤʘʷ ʬʘʟʘ ʙʦʛʘʪʘʷ ʞʝʣʝʟʦʤ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʦʡ ʬʘʟʳ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ. 

ʆʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʥʘ 

ʤʠʢʨʦʩʢʦʧʝ JEOL JEM-2100 (ʗʧʦʥʠʷ). ʅʘ ʇʕʄ-ʩʥʠʤʢʘʭ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 2) ʥʘʙʣʶʜʘʶʪʩʷ 

ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʘʤʠ ʦʪ 1 ʜʦ 15, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʟʤʝʨʘʤʠ ʨʘʩʯʸʪʦʚ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (7-9 ʥʤ), ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʜʘʥʥʳʭ ʧʦ ʫʰʠʨʝʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʬʣʝʢʩʦʚ (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 2. ʊʠʧʠʯʥʳʝ ʇʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ (ʘ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʥʘ ʧʨʠʤʝʨʝ 

ʦʙʨʘʟʮʘ Fe13Pt87 

 

ʅʘ ʇʕʄ-ʩʥʠʤʢʘʭ ʦʙʨʘʟʮʦʚ ʟʘʯʘʩʪʫʶ ʥʘʙʣʶʜʘʶʪʩʷ ʙʝʩʬʦʨʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʤʝʨʘʤʠ 

ʦʪ 0.5 ʜʦ 2 ʥʤ, ʢʦʪʦʨʳʝ ʧʨʠʤʳʢʘʶʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʦʙʨʘʟʮʝ ʚ ʮʝʣʦʤ. ʅʘʙʣʶʜʘʝʤʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦ ʦʪʥʝʩʪʠ ʢ ʯʘʩʪʠʮʘʤ ɼʅʌ. ʊʘʢ ʚ ʦʙʨʘʟʮʝ Fe73Pt27 ʦʪʯʸʪʣʠʚʦ 

ʬʠʢʩʠʨʫʶʪʩʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʩʪʨʫʢʪʫʨʳ (ʥʘ ʨʠʩʫʥʢʝ 2 ʘ, ʦʪʤʝʯʝʥʳ ʩʪʨʝʣʢʘʤʠ). ʅʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2 ʙ ʵʣʝʢʪʨʦʥʥʦʛʨʘʤʤʝ ʬʠʢʩʠʨʫʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʢʦʣʴʮʦ (211), 

ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ L12. ʈʘʩʯʸʪ ʩʦʩʪʘʚʘ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [6] ʜʘʸʪ ʟʥʘʯʝʥʠʝ Fe88Pt12.  

 

 
ʈʠʩʫʥʦʢ 3. ʌʨʘʛʤʝʥʪ ʇʕʄ-ʩʥʠʤʢʘ (ʩʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʳ ʙʝʩʬʦʨʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ɼʅʌ), 

ʦʢʨʫʞʘʶʱʝʝ ʯʘʩʪʠʮʳ) (ʘ) ʠ ʵʣʝʢʪʨʦʥʥʦʛʨʘʤʤʘ (ʙ) ʦʙʨʘʟʮʘ Fe73Pt27 

 

ʊʘʢʠʤ ʦʙʨʘʟʮʦʤ ʜʠʬʨʘʢʮʠʦʥʥʦ ʥʝʚʠʜʤʦʡ ʬʘʟʦʡ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ FePt 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Fe88Pt12 ʩʦ ʩʪʨʫʢʪʫʨʦʡ L12. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʙʫʜʫʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʘʟʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʠʭ ʚ ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʂʝʤʎʂʇ ʌʀʎ ʋʍʍ ʉʆ ʈɸʅ ʚ ʨʘʤʢʘʭ 

ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ121031500211-9. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʜ.ʭ.ʥ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɿʘʭʘʨʦʚʫ ʖ.ɸ., ʢ.ʭ.ʥ. ʇʦʧʦʚʦʡ ɸ.ʅ. ʠ ʢ.ʭ.ʥ. ʇʫʛʘʯʝʚʫ ɺ.ʄ. ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʦʣʫʯʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʨʘʝʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʥʘ 

ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʨʘʟʣʦʞʝʥʠʝ ʚ ʥʠʪʝʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʘʟʠʜʘ ʩʝʨʝʙʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʧʦʩʦʙʘ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʨʘʝʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʚʳʙʨʘʥʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ï 

ʣʦʢʘʣʴʥʦʝ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ (ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʜʝʥʪʦʨ ʠʟ ʚʦʣʴʬʨʘʤʘ ʩ ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ 10 

ʤʢʤ ʠ ʣʦʢʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ 5Ö10
6
 ʅ/ʤ

2
), ʢʦʪʦʨʳʡ ʚʳʩʪʘʚʣʷʣʠ ʥʘ ʦʙʨʘʟʝʮ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ 

ʥʘ ʟʘʜʘʥʥʦʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʚʳʙʨʘʥʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 

ʜʦ 0,3 ʊʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʚʘʣʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʠʣʣʠʪʝʩʣʘʤʝʪʨʘ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 10
-5 
ʊʣ. ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚʥʝʰʥʝʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ 

ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ ʚ ʤʦʤʝʥʪ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʣʠʙʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʚ 

ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʘ ʦʜʠʥ ʠʟ ʢʦʥʮʦʚ ʢʨʠʩʪʘʣʣʘ 

ʚʳʩʪʘʚʣʷʣʠ ʠʥʜʝʥʪʦʨ ʠ ʥʘʙʣʶʜʘʣʠ ʚ ʦʢʫʣʷʨ ʤʠʢʨʦʩʢʦʧʘ ʟʘ ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʤʝʪʦʜ ʍʠʣʣʘ). ʇʫʟʳʨʴʢʠ ʛʘʟʘ (ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚ 

ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ) ʚʳʜʝʣʷʶʪʩʷ ʯʝʨʝʟ 1 ʤʠʥʫʪʫ ʧʦʩʣʝ ʚʳʩʪʘʚʣʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʩʦ ʚʩʝʭ 

ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ, ʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ï ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʦʙʣʘʩʪʠ ʚʳʩʪʘʚʣʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʢʨʠʩʪʘʣʣ ʧʦʢʨʳʚʘʝʪʩʷ ʢʦʣʣʦʠʜʥʳʤ 

ʩʝʨʝʙʨʦʤ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʤʠʢʨʦ ʠ ʤʘʢʨʦʪʨʝʱʠʥ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʢʘʪʠʦʥʦʚ ʩʝʨʝʙʨʘ ʠ ʜʠʩʣʦʢʘʮʠʡ. ʈʝʘʢʮʠʶ 

ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʥʘʨʫʰʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʦʙʨʘʟʮʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʨʘʟʣʦʞʝʥʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʟʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʙʦʪʦʢ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʣʫʯʰʝʥʠʝʤ 
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ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʝʥʥʳʭ ʠʤ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʜʦʣʞʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ - ʥʠʪʝʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʘʟʠʜʘ ʩʝʨʝʙʨʘ.  

ɸʟʠʜ ʩʝʨʝʙʨʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʝʪʩʷ ʤʦʜʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʚ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ. ʕʪʦʪ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, 

ʯʪʦ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ ï ʙʝʟ ʧʦʜʚʠʞʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʠ ʩ ʥʝʢʦʪʦʨʳʤ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʤʝʱʘʪʴʩʷ ʢʨʘʝʚʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 

ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʤʝʪʦʜʦʤ ʷʤʦʢ ʪʨʘʚʣʝʥʠʷ ʣʠʙʦ ʧʦʨʦʰʢʦʚʳʭ ʬʠʛʫʨ [1]. ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʨʘʝʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʚʳʙʨʘʥʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ï ʣʦʢʘʣʴʥʦʝ 

ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ (ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʜʝʥʪʦʨ ʠʟ ʚʦʣʴʬʨʘʤʘ ʩ ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ 10 ʤʢʤ ʠ 

ʣʦʢʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ 5Ö10
6
 ʅ/ʤ

2
), ʢʦʪʦʨʳʡ ʚʳʩʪʘʚʣʷʣʠ ʥʘ ʦʙʨʘʟʝʮ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʝʢʫʥʜ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ (ʈʠʩ. 1).  

ʊʘʢʞʝ ʦʪʤʝʪʠʤ ʝʱʝ ʦʜʥʫ ʚʘʞʥʫʶ ʧʨʠʯʠʥʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʪʝʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠʥʠʮʠʠʨʫʶʱʠʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ 

ʤʘʢʨʦʦʙʨʘʟʮʳ - ʥʝ ʙʝʟʦʧʘʩʥʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʟʘʜʘʥʥʦʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ 

ʚʳʙʨʘʥʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʜʦ 0,3 ʊʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʩʦʟʜʘʚʘʣʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʣʣʠʪʝʩʣʘʤʝʪʨʘ ʩ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 10
-5 
ʊʣ. 

 

 
ʘ) 

 
 

ʙ) 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʶ ʦʙʨʘʟʮʘ (ʘ): 1 ï ʢʨʠʩʪʘʣʣ,                            

2 ï ʩʪʝʢʣʷʥʥʘʷ ʧʦʜʣʦʞʢʘ, 3 ï ʚʦʣʴʬʨʘʤʦʚʳʡ ʠʥʜʝʢʪʦʨ, 4 ï ʜʦʟʘʪʦʨ; (ʙ) ï ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʥʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʝ  

 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚʥʝʰʥʝʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ ʚ ʤʦʤʝʥʪ ʜʝʡʩʪʚʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʣʠʙʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʭ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʘ ʦʜʠʥ ʠʟ ʢʦʥʮʦʚ ʢʨʠʩʪʘʣʣʘ ʚʳʩʪʘʚʣʷʣʠ ʠʥʜʝʥʪʦʨ ʠ ʥʘʙʣʶʜʘʣʠ ʚ 

ʦʢʫʣʷʨ ʤʠʢʨʦʩʢʦʧʘ ʟʘ ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʤʝʪʦʜ ʍʠʣʣʘ 

[2]). ɻʘʟʦʦʙʨʘʟʥʳʝ ʧʫʟʳʨʴʢʠ (ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ) ʚʳʜʝʣʷʶʪʩʷ ʩʦ 

ʚʩʝʭ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ, ʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ï ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ. ɻʘʟʦʚʳʜʝʣʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ 

ʯʝʨʝʟ ʦʜʥʫ ʤʠʥʫʪʫ ʧʦʩʣʝ ʚʳʩʪʘʚʣʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʠ ʜʣʠʪʩʷ ʜʦ 1 ʤʠʥʫʪʳ. ʈʘʟʣʦʞʝʥʠʝ ʚ 

ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ ʬʠʢʩʠʨʦʚʘʣʠ ʧʦ ʧʦʯʝʨʥʝʥʠʶ ʦʙʨʘʟʮʘ ʚ ʦʙʣʘʩʪʠ ʚʳʩʪʘʚʣʝʥʠʷ 

ʠʥʜʝʥʪʦʨʘ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʢʘʪʠʦʥʦʚ 

ʩʝʨʝʙʨʘ. ɽʩʣʠ ʜʣʠʪʝʣʴʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʧʨʦʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, 

ʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʷʚʣʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʚʠʜʠʤʦʡ ʚ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ ʩ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘ 120. ɺ ʵʪʦʤ ʞʝ ʤʝʩʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʯʝʥʴ ʤʝʣʢʠʭ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ 



 

115 

 
 

(ʧʨʠʤʝʨʥʦ 5 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʝ ʜʦ 3 ʩʝʢʫʥʜ, ʚʥʝʰʥʝʝ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʧʨʠ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ 

ʬʠʢʩʠʨʫʝʪʩʷ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ, ʥʦ ʧʦʩʣʝ 8 ʩʝʢʫʥʜ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ. ʕʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʜʠʩʣʦʢʘʮʠʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʨʠʩʪʘʣʣ ʯʘʩʪʠʯʥʦ 

ʨʘʟʣʘʛʘʝʪʩʷ. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʩʝʛʜʘ, ʢʦʛʜʘ ʚ ʦʙʨʘʟʝʮ ʚʥʦʩʷʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʙʝʟ ʫʯʝʪʘ ʝʝ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʦʪʢʨʝʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʘʚʠʩʠʪ 

ʦʪ ʥʘʣʠʯʠʷ ʧʨʠʤʝʩʠ ʩ ʩʠʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ (çʣʝʩ ʜʠʩʣʦʢʘʮʠʡè) ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ çʤʘʛʥʠʪʥʳʡ ʧʦʨʦʛ 

ʤʘʛʥʠʪʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʶ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘ ʙʦʣʝʝ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʥʘʨʫʰʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʦʙʨʘʟʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ. 
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ɺ ʥʘʰʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʪʨʫʙʢʠ (ʅʊ). 

ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʚʦʝʛʦ ʩʪʨʦʝʥʠʷ ʅʊ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ), ʥʘʧʦʣʥʝʥʥʳʭ ʤʝʪʘʣʣʦʤ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʘʣʣ 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʅʊ ʚ ʥʝʙʦʣʴʰʦʤ ʨʘʟʤʝʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʦʪ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʘ, ʠ ʧʨʠ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʫʛʣʝʨʦʜʦʤ  ʠʟʤʝʥʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʝʛʦ 

ʩʚʦʡʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ 

ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ ʩ ʧʨʠʤʝʨʘʤʠ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ çʤʝʪʘʣʣʠʯʝʩʢʦʝ ʷʜʨʦ ï ʫʛʣʝʨʦʜʥʘʷ 

ʦʙʦʣʦʯʢʘè. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʠʥʪʝʟʳ   ʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʤʠ ʚ ʧʣʘʥʝ 

ʘʧʧʘʨʘʪʫʨʳ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʘʢʪʠʚʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ, ʩʦʩʪʘʚʠʚ ʩʚʦʡ ʭʦʜ ʩʠʥʪʝʟʘ  ʠ 

ʧʨʦʚʝʜʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʧʨʦʜʚʠʛʘʝʪʩʷ  ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʆʉʅʊ), ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ  ʩʦʙʦʡ ʧʦʣʳʡ ʙʝʩʰʦʚʥʳʡ ʮʠʣʠʥʜʨ, ʙʝʟ ʜʝʬʝʢʪʦʚ ʦʪ 0,4 ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʥʦʤʝʪʨʦʚ ʚ ʜʠʘʤʝʪʨʝ ʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ. ʅʊ, ʢʦʪʦʨʳʝ ʥʘʧʦʣʥʝʥʳ 

ʤʝʪʘʣʣʦʤ ʠʣʠ ʠʭ ʩʧʣʘʚʘʤʠ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ, ʦʧʪʠʯʝʩʢʠʤʠ ʠʣʠ ʤʘʛʥʠʪʥʳʤʠ) ʦʙʨʘʟʫʶʪ 

ʥʦʚʳʡ ʢʣʘʩʩ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʮʝʧʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʦʤ. [1] 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʠʩʢʫ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʠ  ʚʳʙʦʨʫ ʤʝʪʦʜʘ 

ʩʠʥʪʝʟʘ ʥʘʧʦʣʥʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʠʥʪʝʨʥʝʪ-

ʠʩʪʦʯʥʠʢʦʚ, ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʧʦʩʪʘʥʦʚʢʫ ʧʨʦʙʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʦʚʝʣʠ ʘʥʘʣʠʟ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ [ʥʘʧʨʠʤʝʨ, 2-7] ʟʘʧʦʣʥʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʢʘʥʘʣʦʚ ʦʜʥʦʩʪʝʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʠʟ ʥʠʭ: 

1. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20-100ęʉ ʋʅʊ ʧʦʤʝʱʘʶʪ ʚ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ 

ʧʨʦʤʳʚʘʶʪ ʥʝʡʪʨʘʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ ʠ ʧʨʦʚʦʜʷʪ ʩʫʰʢʫ ʧʨʠ 100-120ęʉ.ɼʘʣʝʝ, ʅʊ ʥʘʩʳʱʘʶʪ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʠ ʜʘʥʥʦʛʦ ʥʘʤ ʤʝʪʘʣʣʘ. ʂʦʤʧʦʟʠʪ çʋʅʊ- ʩʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʝʪʘʣʣʘè ʧʦʣʫʯʘʶʪ ʚʳʧʘʨʠʚʘʥʠʝʤ ʞʠʜʢʦʩʪʠ ʠʟ ʩʤʝʩʠ , ʠʩʧʦʣʴʟʫʷ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʤʝʰʘʣʢʫ ʩ 

ʧʦʜʦʛʨʝʚʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʅʊ ʩʫʰʘʪ, ʥʘʛʨʝʚʘʶʪ ʚ ʠʥʝʨʪʥʦʡ ʩʤʝʩʠ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʩʨʝʜʝ 

ʤʝʪʘʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ. ʇʨʠ ʚʳʜʝʨʞʢʝ ʚ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʨʝʜʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ 

ʦʙʨʘʟʫʝʪʩʷ ʥʠʪʨʘʪ ʤʝʪʘʣʣʘ, ʨʘʟʣʘʛʘʶʱʠʡʩʷ ʜʦ ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ, ʠ ʜʘʣʝʝ ʜʦ ʤʝʪʘʣʣʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʪʘʣʣʦʤ.  [7] 

2. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʋʅʊ ʩ 
ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʦʙʘʣʴʪʘ ʠʣʠ ʥʠʢʝʣʷ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʚʚʝʜʝʥʠʠ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʦʚ, ʘʮʝʪʘʪʦʚ ʠʣʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʢʦʙʘʣʴʪʘ ʠʣʠ ʥʠʢʝʣʷ ʚ ʪʦʣʫʦʣʝ ʚ 

ʩʤʝʩʠ ʩ ʵʪʘʥʦʣʦʤ.ʊʘʢʞʝ ʜʦʙʘʚʣʷʝʪʩʷ ʪʨʠʤʝʪʠʣʘʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 580 ï 630ęʉ ʠ ʧʦʤʝʱʘʶʪ 

ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʝʨʤʝʪʠʯʥʳʡ ʧʨʦʪʦʯʥʳʡ ʨʝʘʢʪʦʨ, ʧʨʦʜʫʚʘʝʤʳʡ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ. [8] 

ʆʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʠʟʫʯʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʚʦʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘʧʦʣʥʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Fe-Pt:  

ʅʘʚʝʩʢʫ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʧʨʦʙʠʨʢʫ ʕʧʧʝʥʜʦʨʬʘ, ʧʨʦʤʳʚʘʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʤ. ʇʦʩʣʝ, ʜʦʙʘʚʣʷʝʤ ʮʘʨʩʢʫʶ ʚʦʜʢʫ. ʆʪʤʳʚʘʝʤ ʋʅʊ ʥʘ ʚʦʨʦʥʢʝ ɹʶʭʥʝʨʘ. ɼʘʣʝʝ, 

ʜʦʙʘʚʣʷʝʤ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʠ ʨʘʩʪʚʦʨ ʧʣʘʪʠʥʦʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʟʘʧʦʣʥʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ, ʧʦʤʝʱʘʝʤ ʧʨʦʙʠʨʢʫ ʚ ʫʣʴʪʨʘʟʚʫʢ. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʨʦʤʳʚʘʝʤ ʠ 

ʩʫʰʠʤ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ  (ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʤʘʣʦʫʛʣʦʚʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ, ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʋʅʊ ʥʘʧʦʣʥʝʥʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ Fe-Pt ʧʦʣʫʯʝʥʥʳʝ ʩʠʥʪʝʟʦʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ. ʉʥʠʤʦʢ ʩʜʝʣʘʥ ʚʦ ʚʨʝʤʷ ʤʝʪʦʜʘ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.   [9-14] 

 
ʈʠʩʫʥʦʢ 1 ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʥʘʧʦʣʥʝʥʥʳʝ ʯʘʩʪʠʮʘʤʠ Fe-Pt 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
1. Geekometr [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://geekometr.ru/statji/grafenovye-nanotrubki-

primenenie.htm  

2. ɽʣʠʩʝʝʚ ɸ.ɸ. ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʟʘʧʦʣʥʝʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ / ɸ.ɸ. ɽʣʠʩʝʝʚ, ʄ.ɺ. ʍʘʨʣʘʤʦʚʘ, ʄ.ɺ. 

https://geekometr.ru/statji/grafenovye-nanotrubki-primenenie.htm
https://geekometr.ru/statji/grafenovye-nanotrubki-primenenie.htm
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ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ 

ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʥʘʧʦʣʥʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Fe-Pt, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʯʘʩʪʠʮ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʠʨʘʶʪ ʦʙʦʨʦʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʥʦʨʘʟʤʝʨʥʳʤ 

ʩʠʩʪʝʤʘʤ [1-10]. ʆʜʥʠʤʠ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʣʫʞʘʪ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ (ʜʘʣʝʝ ʋʅʊ), ʥʘʧʦʣʥʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Fe-Pt, ʢʦʪʦʨʳʝ, ʢʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, 

ʚʳʟʳʚʘʶʪ ʦʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʪʘʢʞʝ ʚʚʠʜʫ ʩʚʦʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʝʰʝʚʠʟʥʳ ʠ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

¶ ʧʦʪʨʝʙʣʝʥʠʝ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʦʣʠ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ; 

¶ ʩʦʟʜʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʭʝʤ ʤʝʥʴʰʝ 10 ʥʘʥʦʤʝʪʨʦʚ; 

¶ ʩʦʟʜʘʥʠʝ ʜʦʩʪʫʧʥʳʭ ʠ ʜʝʰʝʚʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʮʝʧʝʡ ʠ ʜʨʫʛʠʝ. 

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʚʥʝʜʨʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʷʜʝʨ ʚ ʋʅʊ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʠʞʝ. 

1. ʊʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʪʨʘʭʣʦʨʦʧʘʣʣʘʜʦʘʪʘ ʢʘʣʠʷ K2PdCl4 ʙʝʨʫʪ ʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ 15% 

ʧʦ ʧʘʣʣʘʜʠʶ ʢ ʋʅʊ. ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ (Co (II ), Ni (II) ʠʣʠ Fe (III)) ʙʝʨʫʪ ʠʟ 

ʨʘʩʯʝʪʘ ʤʝʪʘʣʣʦʚ ʢ ʧʘʣʣʘʜʠʶ 1:3, ʟʘʪʝʤ ʚʤʝʩʪʝ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʫʣʴʪʨʘʟʚʫʢʦʤ. ʇʦʣʫʯʝʥʥʫʶ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʩʠʩʪʝʤʫ ʋʅʊ ʩ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ 

ʩʫʰʘʪ ʥʘ ʚʦʟʜʫʭʝ ʩʫʪʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ɼʘʣʝʝ ʙʝʨʫʪ ʥʘʚʝʩʢʫ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠ ʧʦʤʝʱʘʶʪ ʚ ʪʨʫʙʯʘʪʳʡ ʢʚʘʨʮʝʚʳʡ 

ʨʝʘʢʪʦʨ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʧʫʩʢʘʶʪ ʚʦʜʦʨʦʜ ʠ ʘʨʛʦʥ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:4. ʈʝʘʢʪʦʨ ʧʦʩʪʝʧʝʥʥʦ 

ʥʘʛʨʝʚʘʶʪ ʜʦ ʩʣʝʜʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨ: 300, 500, 700, 900Áʉ. ʇʦʩʣʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʜʝʨʞʘʪ ʚ 

ʪʝʯʝʥʠʠ ʯʘʩʘ, ʟʘʪʝʤ ʩʥʠʞʘʶʪ ʜʦ ʢʦʤʥʘʪʥʦʡ [1]. 

2. ʇʨʝʢʫʨʩʦʨʳ ʛʦʪʦʚʷʪ ʧʫʪʸʤ ʨʘʩʪʚʦʨʝʥʠʷ ʚ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-2-

ʥʘʬʪʦʣʘ ʠ ʭʣʦʨʠʜʦʚ ʧʣʘʪʠʥʳ (IV) PtCl4 ʠ ʨʫʪʝʥʠʷ (III) RuCl3. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʧʣʘʪʠʥʳ ʢ ʨʫʪʝʥʠʶ ʚ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 9:1. ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʨʝʢʫʨʩʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʥʦʛʦʩʪʝʥʥʳʝ ʋʅʊ, ʚʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʘʜʠʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ 

ʩʤʝʩʠ 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-2-ʥʘʬʪʦʣʘ ʠ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ.  

ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʜʚʝʨʛʘʶʪ ʀʂ-ʦʪʞʠʛʫ, ʧʨʦʮʝʩʩ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʶʪ ʚ 2 

ʩʪʘʜʠʠ: ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 150 ʠ 200Áʉ ʚ ʪʝʯʝʥʠʠ 15 ʤʠʥʫʪ ʥʘ ʢʘʞʜʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʦʩʥʦʚʥʦʡ ʦʪʞʠʛ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʀʂ-

ʠʟʣʫʯʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʦʪʞʠʛʘ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 400 ʜʦ 1000Áʉ, ʚʨʝʤʷ 

ʦʩʥʦʚʥʦʛʦ ʦʪʞʠʛʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 10 ʜʦ 120 ʩʝʢʫʥʜ [2]. 

3. ɺ ʚʦʜʫ ʧʦʤʝʱʘʶʪ ʋʅʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜʘ C19H42BrN ʠ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 3 ʯʘʩʘ. ɼʘʣʝʝ ʜʦʙʘʚʣʷʶʪ ʚʦʜʥʳʝ 

ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ ʧʘʣʣʘʜʠʷ ʠ ʥʫʞʥʦʛʦ ʤʝʪʘʣʣʘ (Ni (II), Co (II) ʠʣʠ Fe (III)) ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʝʱʸ 1 

ʯʘʩ. 

ɺ ʜʨʫʛʦʡ ʩʪʘʢʘʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʤʝʱʘʶʪ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ Si(OC2H5)4, 

ʤʝʪʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥ CH3(OC2H5)4, ʚʦʜʫ, ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʵʪʠʣʦʚʳʡ 

ʩʧʠʨʪ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʣʷʶʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠ ʧʝʨʝʤʝʰʠʚʘʶʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 4 ʯʘʩʘ. 

ɼʘʣʝʝ ʙʝʨʫʪ ʥʘʚʝʩʢʫ (ʥʝ ʙʦʣʝʝ 100 ʤʛ) ʧʦʣʫʯʝʥʥʦʛʦ ʛʝʣʷ ʠ ʧʦʤʝʱʘʶʪ ʚ ʪʨʫʙʯʘʪʫʶ 

ʢʚʘʨʮʝʚʫʶ ʧʝʯʴ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʧʫʩʢʘʶʪ ʘʨʛʦʥ ʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʶʪ ʜʦ ʪʨʝʙʫʝʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʚʝʩʢʫ ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ, ʟʘʪʝʤ ʩʥʠʞʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ ʢʦʤʥʘʪʥʦʡ. ʊʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʧʝʯʠ: 250, 350 ʠ 600Áʉ [3]. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʠ ʪʘʢʞʝ ʦʪʦʙʨʘʥʳ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ [4-10], ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝ ʤʝʥʴʰʠʡ ʠʥʪʝʨʝʩ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 
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ɼʣʷ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʘʧʦʣʥʝʥʥʳʭ ʋʅʊ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʢʘʧʠʣʣʷʨʥʦʤ ʷʚʣʝʥʠʠ, ʪʦ ʝʩʪʴ ʟʘʧʦʣʥʝʥʠʠ ʪʨʫʙʦʢ ʨʘʩʪʚʦʨʦʤ ʧʨʝʢʫʨʩʦʨʦʚ (ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ 

FeSO4Ā7H2O ʠ ʨʘʩʪʚʦʨ ʧʣʘʪʠʥʦʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ H2PtCl6) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇɸɺ 

(ʧʦʣʠʚʠʥʠʣʧʠʨʦʣʣʠʜʦʥ) ʚ ʫʣʴʪʨʘʟʚʫʢʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʥʘʧʨʘʚʣʝʥ ʥʘ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʣʦʫʛʣʦʚʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ, 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʋʅʊ, ʥʘʧʦʣʥʝʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ Fe-Pt, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

  

 
ʈʠʩʫʥʦʢ 1. ʋʅʊ, ʥʘʧʦʣʥʝʥʥʳʝ ʯʘʩʪʠʮʘʤʠ Fe-Pt 

 

ʈʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ. 
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ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʦʨʙʝʥʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʠʢʝ ʥʘʥʝʩʝʥʠʷ ʤʘʛʥʝʪʠʪʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ 

ʥʘ ʨʝʘʢʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʠ ʣʘʙʠʣʴʥʦʡ ʩʦʣʠ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʢʩʘʣʘʪʘ ʞʝʣʝʟʘ (II). ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʤʘʨʢʠ 

ɹɸʋ-ɸ ʠ ɸɻ-3, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 0,1-0,5 ʤʤ. ʇʦʣʫʯʝʥʥʳʡ ʩʦʨʙʝʥʪ ʦʙʣʘʜʘʝʪ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʥʝʩʝʥʠʝ ʞʝʣʝʟʘ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʬʘʟʘ ʤʘʛʥʝʪʠʪʘ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʯʠʩʪʳʤ ʫʛʣʝʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʜʩʦʨʙʮʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʙʝʥʟʦʣʘ ʠ 

ʢʨʘʩʠʪʝʣʷ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʊʘʢʞʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʷ ʤʘʨʢʠ ɹɸʋ-ɸ ʣʫʯʰʝ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʩʦʨʙʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʨʘʟʮʘʤʠ ʥʘ ʦʩʥʦʚʝ ʫʛʣʷ ʤʘʨʢʠ ɸɻ-3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʦʪʨʘʩʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʦʯʠʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠ ʟʝʤʣʠ ʦʪ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʦʪʦʤʫ ʯʪʦ ʪʘʢʦʛʦ ʨʦʜʘ ʩʦʨʙʝʥʪʳ ʤʦʞʥʦ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʫʜʘʣʠʪʴ 

ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ 

ʨʝʘʣʠʟʘʮʠʠ. 

 

ɺ ʩʚʷʟʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʠʜʝʪ ʘʢʪʠʚʥʳʡ ʧʦʠʩʢ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʣʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʯʠʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʥʝʤʘʣʦʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʳʩʪʨʦ ʫʙʨʘʪʴ ʩʦʨʙʝʥʪ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʦ ʫʩʣʦʚʠʝ, 

ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʦʨʠʩʪʳʝ ʪʝʣʘ ʩ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ʉʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʦʨʙʝʥʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʫʶ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʛʜʝ ʤʘʛʥʠʪʥʳʝ ʩʦʨʙʝʥʪʳ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʚʳʜʝʣʝʥʠʷ ʧʦʧʫʣʷʮʠʡ 

ʢʣʝʪʦʢ, ʩʫʙʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʙʝʣʢʦʚ ʠ ɼʅʂ [3]. ʄʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ 

ʞʝʣʝʟʘ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʯʠʱʝʥʠʷ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʤʝʪʦʜʦʤ 

ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ [4]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʦʛʦ ʩʦʨʙʝʥʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʤʘʨʦʢ ɹɸʋ-ɸ ʠ ɸɻ-3 . 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʢʪʠʚʦʚ ʧʨʠʤʝʥʷʣʠ FeSO4Å7H2O (ʭ. ʯ) ʠ K2C2O4ÅH2O (ʭ. ʯ). 

ʄʦʜʝʣʴʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝʡ ʩʣʫʞʠʣ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʤʘʨʢʠ ɹɸʋ-ɸ (ɻʆʉʊ 6217ï

74, ɿɸʆ çɺʝʢʪʦʥè) ʠ ɸɻ-3, ʢʦʪʦʨʳʡ ʙʳʣ ʤʝʭʘʥʠʯʝʩʢʠ ʠʟʤʝʣʴʯʸʥ ʠ ʨʘʟʜʝʣʝʥ ʥʘ ʬʨʘʢʮʠʠ. ɺ 

ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʛʦʣʴ ʨʘʟʤʝʨʦʤ ʦʪ 0, 1 ʤʤ ʜʦ 0, 5 ʤʤ. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʧʨʠʚʝʜʝʥ ʚ 

ʨʘʙʦʪʝ [5]. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʦʙʣʘʜʘʝʪ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʙʝʟ ʦʪʪʝʥʢʦʚ (ʨʠʩ. 1), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʛʝʤʠʪʘ, ʢʦʪʦʨʳʡ 

ʠʤʝʝʪ ʢʠʨʧʠʯʥʳʡ ʦʪʪʝʥʦʢ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [6] ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʶʩʪʠʪʘ. 

 

ʘ)   ʙ)  
ʈʠʩʫʥʦʢ 1.  ʋʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʠʪʷʛʠʚʘʶʱʠʡʩʷ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʤʘʛʥʠʪʫ (ʘ) ʠ ʬʠʣʴʪʨ ʩ 

ʧʦʣʫʯʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʩʦʨʙʝʥʪʦʤ (ʙ) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ (ʈʌʣɸ). ʀʩʭʦʜʥʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʫʛʦʣʴ ʩʦʜʝʨʞʘʣ ʤʝʜʴ (<0.1%), ʞʝʣʝʟʦ (0.09Ñ0.04%), ʤʘʨʛʘʥʝʮ (0.08Ñ0.03%) ʠ ʮʠʥʢ 

(0.04Ñ0.02%). ʇʦʩʣʝ ʬʫʥʢʮʠʘʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

6.0Ñ1.3%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʩʘʞʜʝʥʠʷ ʤʘʛʥʝʪʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɹɸʋ-ɸ (ʈʠʩ.2.ʘ) 

. 

ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʰʠʨʦʢʠʝ ʧʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 15ï

35Á ʠ 40ï45Á, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ ʪʫʨʙʦʩʪʨʘʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʷʚʣʷʝʪʩʷ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ. ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʩʦʨʙʝʥʪʘ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʨʝʬʣʝʢʩʳ ʬʘʟ ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ð ʤʘʛʥʝʪʠʪʘ 

(ʈʠʩ. 2.ʙ).  
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ʘ) ʙ)  
ʈʠʩʫʥʦʢ 2. ʘ- ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʧʝʢʪʨ ʠ ʙ- ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

 

ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʋʜʝʣʴʥʳʡ ʦʙʲʝʤ ʧʦʨ ʠ ʠʭ ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʘ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʘʜʩʦʨʙʮʠʠ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʙʝʥʟʦʣʘ ʠ ʢʨʘʩʠʪʝʣʷ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʋʤʝʥʴʰʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ɹɸʋ-ɸ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ Fe3O4 ʩʦʩʪʘʚʣʷʝʪ 10%, ʘ ʜʣʷ 

ɸɻ-3 ʧʦʨʷʜʢʘ 26%. ʏʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʷ ʤʘʨʢʠ ɹɸʋ-ɸ. 

ɺʳʚʦʜ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʨʘʥʝʝ ʩʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ ʤʘʛʥʝʪʠʪʘ ʥʘ ʫʛʣʝʨʦʜʥʫʶ ʤʘʪʨʠʮʫ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʩʦʣʠ ʞʝʣʝʟʘ (II), ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʫ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʱʝʤʫ ʤʘʛʥʝʪʠʪ, ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʙʣʠʟʢʠ ʢ 

ʧʘʨʘʤʝʪʨʘʤ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʨʙʘʣʴʥʳʭ ʠ ʤʫʟʳʢʘʣʴʥʳʭ ʪʝʢʩʪʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʯʠʩʣʝʥʥʳʤʠ ʠ ʥʝʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ï ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ, 

ʤʘʪʨʠʯʥʳʤʠ, ʛʨʘʬʘʤʠ. ʆʙʥʘʨʫʞʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʪʝʢʩʪʘʭ ʠ ʧʨʝʜʣʦʞʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ.  

 

ʇʨʝʜʤʝʪ, ʮʝʣʴ ʠ ʤʝʪʦʜʳ. ʇʨʝʜʤʝʪ ï ʪʝʢʩʪʳ IE ï Y-28.5, Y-34.2, Y-47, Yt-1, Av, Sh-N, S-H-

B, SF, BD, Edda, IS. ʎʝʣʴ: ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ, ʩʠʥʪʝʟʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʥʘʨʫʞʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʛʝʥʝʟʠʩʘ ʤʦʜʝʣʝʡ MZ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʢʩʪʦʚ. ʄʝʪʦʜʳ: 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ï ʯʠʩʣʝʥʥʳʝ ʠ ʥʝʯʠʩʣʝʥʥʳʝ ï ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʤʘʪʨʠʯʥʳʝ, 

ʛʨʘʬʳ. ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: [1], [2]. 

ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ H(t) ʜʣʷ MZ ʪʝʢʩʪʦʚ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 

1, 2, 3.  

 

  
t 

ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ H(t) ʜʣʷ MZ(Av)   
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t 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ H(t) ʜʣʷ MZ(Sh-N, S-H-B)   

 

 

 

 
t 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ H(t) ʜʣʷ MZ(SF, BD, Edda, IS)   

 

ʄʘʪʨʠʯʥʳʝ ʤʦʜʝʣʠ ʪʝʢʩʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 
ʊʘʙʣʠʮʘ 1. ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʢʩʪʦʚ 

ʇʨʠʟʥʘʢʠ IE 

Av Sh-N, S-H-

B 

SF BD Edda IS 

ɼʦʣʷ ʚʘʞʥʳʭ ʩʦʙʳʪʠʡ 

ʚ ʪʝʢʩʪʝ ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʳʪʠʡ 

ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ 

ʄʠʥʠ-

ʤʘʣʴʥʘʷ 

ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ 

ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ 

ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ 

ʉʨʝʜʥʷʷ 

ʃʘʥʜʰʘʬʪ ʃʝʩ Razura ʉʪʝʧʠ, 

ʛʦʨʳ 

ʃʝʩ ʈʘʚʥʠʥʘ, 

ʤʦʨʝ 

ʈʘʚʥʠʥʘ, 

ʤʦʨʝ 

ʈʘʚʥʠʥʘ, ʤʦʨʝ 

ɼʦʤʠʥʠʨ. ʧʨʠʥʮʠʧ Mazda ð 

ʄʫʜʨʦʩʪʴ 

ʍʰʘʡʷ ð 

ʉʠʣʘ 

ɼʦʙʨʦ Veselibað 

ʆʙʝʩʧʝ-

ʯʝʥʠʝ, 

ʟʜʦʨʦʚʴʝ 

Rto ð 

ʇʦʨʷʜʦʢ 

ʂʨʘʩʦʪʘ 

ɼʦʤʠʥʠʨ. ʯʘʩʪʴ ʨʝʯʠ ɺʩʝ ʉʫʱʝʩʪ- ʇʨʠʣʘʛ. ð ʇʨʠʣʘʛ. ɻʣʘʛ. ʇʨʠʣʘʛ. ð 
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ʛʣʘʚʥʳʝ ʚʠʪʝʣʴʥʳʝ ʜʦʙʨʳʡ, 

ʢʨʘʩʥʘʷ 

ʦʛʥʝʥʥʳʡ, 

ʘʢʪʠʚʥʳʡ 

ʎʚʝʪ Spenta, 

Spaeta ð 

ʙʝʣʳʡ 

ʆʛʥʝʥʥʳʡ ʂʨʘʩʥʘʷ ɹʝʣʘʷ ʂʨʘʩʥʳʡ ʈʳʞʠʡ 

ɻʨʘʤʤ. ʨʦʜ ʜʦʤʠʥʠʨ. 

ʧʝʨʩʦʥ 

ɻʘʨʤʦʥʠʷ 

ʨʦʜʦʚ 

ʄʫʞ. ð 

ʙʦʝʮ 

ɾʝʥʩ. ð  

ʜʝʚʠʮʘ 

ɾʝʥʩ. ð  

Saule, Laime 

ʄʫʞ. ð 

Odinn, Thor 

ɾʝʥʩ. ð 

Emer, Maha, 

Morri-gan 

Av ð ʛʘʨʤʦʥʠʷ ʨʦʜʦʚ ʞʝʥʩʢ. ð ʨʘʥʥ. MazdǕ, Haurvatat-, Ameretat-, SpentǕ 

Armaiti-, ʩʨʝʜʥ. ɸʨʪʘ-, ʍʰʘʪʨʘ-, ʤʫʞʩʢ. ʧʦʟʜʥ. ʄʘʟʜʘ-, ʄʘʥʘʩ- 

ɼʦʤʠʥʠʨ. ʩʦʩʣʦʚʥʳʡ 

ʧʨʠʥʮʠʧ 

ʄʫʜʨʝʮ, 

ʧʝʚʝʮ, 

ʞʨʝʮ 

ɹʦʝʮ ʄʫʜʨʘʷ 

ʚʦʣʰʝʙ-

ʥʠʮʘ 

ʂʨʘʩʠʚʘʷ 

ʚʦʣʰʝʙʥʠʮʘ 

ɹʦʝʮ ʇʘʩʪʫʭʠ, 

ʙʦʛʠʥʠ 

ɼʦʤʠʥʠʨ. 

ʤʫʟʳʢʘʣʴʥʳʡ ʧʨʠʥʮʠʧ 

ɻʘʨʤʦʥʠʷ  ʄʦʥʦʜʠʷ 

 

ʃʝʛʘʪʦ ʃʝʛʘʪʦ ʉʠʥʢʦʧʘ ʏʝʨʝʩ-

ʧʦʣʦʩʠʮʘ 

Av ð ʛʘʨʤʦʥʠʷ, ʧʦʣʠʬʦʥʠʷ, ʤʥʦʛʦʛʦʣʦʩʠʝ, Y.29, Y.53 ð ʘʢʢʦʨʜʥʳʡ, ʦʧʝʨʥʳʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʧʝʨʩʦʥʘʞʘʤ 

Sh-N, S-H-B ð ʤʦʥʦʜʠʷ, ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʡ, ʤʦʥʦʮʝʥʪʨʠʯʝʩʢʠʡ 

SF ð ʣʝʛʘʪʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʝʨʩʦʥʘʞʘʤ  

BD ð ʣʝʛʘʪʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʝʨʩʦʥʘʞʘʤ 

Edda ð ʩʠʥʢʦʧʘ, ʩʪʘʢʢʘʪʦ 

IS ð Emer, Deirdre ð ʏʝʨʝʩʧʦʣʦʩʠʮʘ ʣʝʛʘʪʦ ʠ ʩʪʘʢʢʘʪʦ 

 

ɺʳʚʦʜʳ ʠ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʯʠʩʣʝʥʥʳʤʠ ʠ ʥʝʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʢʩʪʦʚ.  

ʉʦʢʨʘʱʝʥʠʷ: IE ï Indo-European; Y ï Yasna; Yt ï Yasht;  Av ï Avesta;  Sh-N ï Shah-Name; 

S-H-B ï Sruti-Husravaniki-Barbad, SF ï Slavic Folklore, BD ï Baltu Dainas, IS ï Irish Scelas, MZ 

ð ʤʫʟʳʢʘ ʠ/ʠʣʠ ʩʝʤʘʥʪʠʢʘ, H ï ʚʳʩʦʪʘ (ʩʪʝʧʝʥʴ) ʧʨʠʟʥʘʢʦʚ. 
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ɺ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 200 ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ [1]. ʉʨʝʜʠ ʵʪʦʡ ʛʨʫʧʧʳ ʥʘʩʝʣʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʘʪʝʛʦʨʠʶ 

ʠʥʚʘʣʠʜʦʚ, ʣʠʰʴ 15% ʠʟ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʶʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʝʡ ʨʦʣʠ ʚ ʚʠʜʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʯʣʝʥʘ ʦʙʱʝʩʪʚʘ. ʆʜʥʘʢʦ ʜʘʞʝ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ 

ʚʩʝʭ ʫʩʣʦʚʠʡ ʣʶʜʠ ʩ ʆɺɿ ʤʦʛʫʪ ʥʝ ʫʟʥʘʪʴ ʦ ʧʨʝʜʣʘʛʘʝʤʳʭ ʬʦʨʤʘʪʘʭ ʫʯʘʩʪʠʷ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʛʦʨʦʜʘ ʂʝʤʝʨʦʚʦ ʟʘʥʠʤʘʝʪʩʷ 

ʚʦʧʨʦʩʦʤ ʫʣʫʯʰʝʥʠʷ ʫʨʦʚʥʷ ʞʠʟʥʠ ʣʶʜʝʡ ʩ ʆɺɿ, ʫʯʘʩʪʚʫʷ ʚ ʬʝʜʝʨʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ. 

ʉʦʛʣʘʩʥʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ʂʦʣʣʝʛʠʠ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪ 27.05.2016 ˉ 196 

çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ çɼʦʩʪʫʧʥʘʷ ʩʨʝʜʘ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠè ʥʘ 2016 

- 2024 ʛʦʜʳè, [2] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʠʥʚʘʣʠʜʦʚ ʢ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʦʙʲʝʢʪʘʤ ʠ ʫʩʣʫʛʘʤ ʚ ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʚʘʣʠʜʦʚ ʠ ʜʨʫʛʠʭ 

ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʯʘʩʪʴ ʟʜʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʛʦʨʦʜʩʢʠʭ ʜʦʨʦʛ ʙʳʣʠ ʦʙʦʨʫʜʦʚʘʥʳ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʩʦʮʠʘʣʴʥʦʝ ʠ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠʥʚʘʣʠʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʥʦʚʣʝʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʦʙʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʫʩʣʫʛʘʤ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ɺ ʨʘʙʦʪʝ [3] ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʫʩʣʫʛʘʤ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ. ʆʧʳʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʠʣʦʞʝʥʠʷ ʚʳʷʚʠʣʘ ʨʷʜ ʧʨʦʙʣʝʤ, 

ʤʝʘhʶʱʠʭ ʮʝʣʝʚʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʣʥʦʮʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʣʘʛʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʢ ʢʦʪʦʨʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʷʪʩʷ: 

- ʦʪʩʫʪʩʪʚʠʝ ʬʫʥʢʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 
ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʡ ʘʥʘʣʠʪʠʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

- ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʬʫʥʢʮʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʫʛʠ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ; 

- ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʚʷʟʴ 

ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʩʝʨʚʝʨʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʫʧʦʤʷʥʫʪʳʭ ʧʨʦʙʣʝʤ ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʩʪʠ 

ʨʝʠʥʞʠʥʠʨʠʥʛ ʧʨʦʝʢʪʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʥʦʚʣʝʥʥʦʤʫ 

ʤʦʙʠʣʴʥʦʤʫ ʧʨʠʣʦʞʝʥʠʶ, ʩʝʨʚʝʨʥʦʡ ʣʦʛʠʢʝ, ʤʘʰʠʥʥʦʤʫ ʦʙʫʯʝʥʠʶ, ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ 

ʚʳʙʨʘʥʳ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʠʤʝʥʥʦ: 

- ʦʧʪʠʤʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ; 

- ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʧʠʩʘʪʴ ʤʦʙʠʣʴʥʫʶ ʠ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ (ʥʘ ʈʠʩʫʥʢʝ 1 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ); 

- ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʠʣʦʞʝʥʠʷ; 

- ʩʦʟʜʘʪʴ ʠʥʪʝʨʬʝʡʩ, ʫʜʦʙʥʳʡ ʠ ʧʦʥʷʪʥʳʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʶʜʴʤʠ ʩ ʆɺɿ; 

- ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

- ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ɼʣʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ React-Native 

[4] - ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ReactJS, 

ʩʦʟʜʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Facebook. ɽʛʦ ʧʣʶʩ ʚ ʪʦʤ, ʯʪʦ ʥʘʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʣʘʪʬʦʨʤʳ 

ʟʘʚʝʨʥʫʪʳ ʚ js-ʤʦʜʫʣʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʛʜʝ ʧʨʠʣʦʞʝʥʠʝ ʨʘʙʦʪʘʝʪ ʚ 

webview. 

ɺ ʨʘʟʨʘʙʦʪʢʝ ʩʝʨʚʝʨʥʦʡ ʣʦʛʠʢʠ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ TypeScript [5], ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʷʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʠʧʦʚ, ʧʦʜʜʝʨʞʢʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʥʦʮʝʥʥʳʭ ʢʣʘʩʩʦʚ (ʢʘʢ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʘʭ), ʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʢʦʡ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʝʡ, ʯʪʦ ʧʨʠʟʚʘʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʢʦʤʧʠʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤ. 
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ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ Backend-ʧʨʠʣʦʞʝʥʠʷ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʩʝʨʚʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ NestJS [6]. ʆʥʘ ʧʦʣʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʝʪ TypeScript, ʥʦ ʧʨʠ ʵʪʦʤ 

ʧʦʟʚʦʣʷʝʪ ʧʠʩʘʪʴ ʢʦʜ ʠ ʥʘ ʯʠʩʪʦʤ JavaScript, ʘ ʪʘʢʞʝ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʳʩʪʨʦʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʣʝʛʢʦ ʨʘʩʰʠʨʷʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

ʨʝʘʣʠʟʦʚʘʥʘ ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ ʉʋɹɼ MongoDB. ʕʪʘ ʉʋɹɼ ʫʜʦʙʥʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠ 

ʧʦʤʦʱʠ GUI ï MongoDB Compass, ʘ ʧʦʨʦʛ ʚʭʦʞʜʝʥʠʷ ʤʠʥʠʤʘʣʝʥ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ, ʥʘʣʠʯʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʘʨʠʘʥʪʘ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʚʠʜʝ JSON-

ʦʙʲʝʢʪʦʚ. 

ʇʨʦʙʣʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ Google-ʘʥʘʣʠʪʠʢʠ ʠ ʝʝ ʦʙʨʘʙʦʪʢʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʙʠʙʣʠʦʪʝʢʠ: TensorFlow ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ 

ʚʳʚʦʜʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ; Keras ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ; 

NumPy ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʙʦʣʴʰʠʭ ʤʥʦʛʦʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʤʘʪʨʠʮ; Matplolib ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʛʨʘʬʠʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʙʫʯʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʷʭ ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʢʣʠʝʥʪʦʚ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʅʘ ʙʘʟʝ ʦʙʫʯʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʷʟʳʢʝ Python ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʫʣʠ ʧʦʠʩʢʘ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʫʩʣʫʛʠ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ 

ʧʦ ʧʝʨʝʩʝʢʘʶʱʠʤʩʷ ʧʨʠʟʥʘʢʘʤ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

ʘʚʪʦʨʠʟʘʮʠʷ, ʨʝʛʠʩʪʨʘʮʠʷ, ʟʘʧʠʩʴ ʥʘ ʫʩʣʫʛʠ, ʧʨʦʩʤʦʪʨ ʫʩʣʫʛ ʥʘ ʢʘʣʝʥʜʘʨʝ, ʧʨʦʩʤʦʪʨ ʧʨʦʬʠʣʷ, 

ʧʦʠʩʢ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʫʩʣʫʛʠ, ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ (ʥʘ ʈʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ 

ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ). ɺ ʩʝʨʚʝʨʥʦʡ ʣʦʛʠʢʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 2. ʀʥʪʝʨʬʝʡʩ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʠ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʪʝʩʪʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʦʜʫʣʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʘʥʘʣʠʟ ʦʪʟʳʚʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʏʠʩʣʝʥʥʦʩʪʴ ʠʥʚʘʣʠʜʦʚ ʧʦ ʧʨʠʯʠʥʘʤ ʠʥʚʘʣʠʜʥʦʩʪʠ ʚ ʨʘʟʨʝʟʝ ʩʫʙʲʝʢʪʦʚ ʈʌ: ʩʘʡʪ. ï 

URL: https://sfri.ru/analitika/chislennost (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.01.2022). ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

2. ʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʂʦʣʣʝʛʠʠ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʂʝʤʝʨʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʦʪ 27.05.2016 ˉ 196 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ çɼʦʩʪʫʧʥʘʷ ʩʨʝʜʘ ʚ 

ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠè ʥʘ 2016 - 2024 ʛʦʜʳè [ʊʝʢʩʪ]: ʧʦʩʪʘʥʦʚʣʝʥʠʝ ɸʜʤʠʥʠʩʪʨʘʮʠʠ 

ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪ 25 ʥʦʷʙʨʷ 2021 ʛ. ˉ707 

3. ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʫʩʣʫʛʘʤ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ 

[ʊʝʢʩʪ] / ɺʦʨʦʙʴʝʚ ʅ.ɸ., ɽʬʠʤʦʚʘ ɸ.ʄ // ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
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ʋɼʂ 004 

ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʇʃɽʂʉ ʆɹɽʉʇɽʏɽʅʀʗ ʂɸʏɽʉʊɺɸ ʎʀʌʈʆɺʓʍ 

ʇʈʆɼʋʂʊʆɺ 

ɻʦʨʙʘʪʝʥʢʦ ɼ.ɸ, ʐʘʨʠʬʫʣʣʠʥ ɸ.ʈ, ʐʠʧʠʣʦʚ ɸ.ɺ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

spukipuki85@gmail.com, sharifullin_a@inbox.ru, 445566tir@mail.ru 

 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʭʚʘʪʢʦʡ ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʧʨʦʭʦʞʜʝʥʠʷ ʫʩʧʝʰʥʦ ʧʨʦʡʜʝʥʥʳʭ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʝʚ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʨʦʣʷʤʠ. ʊʘʢʞʝ, 

ʜʣʷ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʟ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʚʳʙʦʨ 

ʨʘʟʣʠʯʥʳʭ ʥʝʦʙʭʦʜʠʤʳʭ ʩʝʨʚʠʩʦʚ ʠʥʪʝʛʨʘʮʠʠ. ɺ ʠʪʦʛʝ, ʥʝʦʙʭʦʜʠʤʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʧʦʣʥʦʮʝʥʥʫʶ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʟʘʪʝʤ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ.  

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʚʠʪʠʠ IT-ʪʝʭʥʦʣʦʛʠʡ. 

ɺʩʝ ʙʦʣʴʰʝ ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʦʚ ʧʝʨʝʭʦʜʠʪ ʚ ʦʥʣʘʡʥ, ʩʝʛʦʜʥʷ ʤʦʞʥʦ ʥʝ ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ, 

ʟʘʢʘʟʘʪʴ ʧʨʦʜʫʢʪʳ, ʜʦʩʪʘʚʢʫ ʠʟ ʣʶʙʠʤʦʛʦ ʟʘʚʝʜʝʥʠʷ ʠ ʜʘʞʝ ʟʘʧʨʘʚʠʪʴ ʘʚʪʦʤʦʙʠʣʴ. ɼʣʷ ʚʩʝʭ 

ʵʪʠʭ ʫʜʦʙʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ.  

ʈʘʩʪʝʪ ʩʢʦʨʦʩʪʴ ʠ ʦʙʲʝʤ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʝʨʚʠʩʦʚ, ʥʦ 

ʩʜʝʣʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʥʝ ʙʫʜʝʪ ʫʩʪʫʧʘʪʴ ʢʦʥʢʫʨʝʥʪʘʤ ʥʝ ʣʝʛʢʘʷ ʟʘʜʘʯʘ. 

ʅʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ ʟʘʯʘʩʪʫʶ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʩʣʦʞʥʳʭ ʬʫʥʢʮʠʡ ʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʪʴ, ʥʝ ʚʳʟʳʚʘʷ ʚʦʧʨʦʩʦʚ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

ʉʦʟʜʘʪʴ ʩ ʥʫʣʷ ʪʘʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʝʟ ʙʘʛʦʚ ʥʝʚʦʟʤʦʞʥʦ, ʠʣʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʩʫʤʤʳ ʜʝʥʝʛ ʠ ʚʨʝʤʝʥʠ. ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʤʝʥʝʝ 

ʟʘʪʨʘʪʥʳʤ ʠ ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʘʢ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʨʠʣʦʞʝʥʠʡ. ʕʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʪʝʩʪʦʚʳʝ ʩʝʩʩʠʠ, ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪ ʩʙʦʠ ʠʣʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ.  

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʧʨʦʭʦʞʜʝʥʠʷ 

ʫʩʧʝʰʥʳʭ ʩʮʝʥʘʨʠʝʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʡʜʝʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʟʘʢʘʟʯʠʢʦʤ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʩʫʨʩʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʩʙʦʨʘ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʧʨʦʭʦʞʜʝʥʠʷ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʲʝʤʘ ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʀʜʝʷ ʫʣʫʯʰʝʥʠʷ ʜʘʥʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪ, 

ʢ ʢʦʪʦʨʦʤʫ ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʚʦʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫ ʢʦʤʧʘʥʠʠ ʦʥʘ ʦʙʨʘʱʘʝʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʝʨʚʠʩʫ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʩʚʦʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʦʪʚʝʪ ʦʥʘ ʧʦʣʫʯʘʝʪ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʫʟʥʘʝʪ ʪʦʯʥʳʝ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʫʶ ʩʫʤʤʫ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʠ 

ʵʪʦʤ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʥʳʡ ʦʪʯʝʪ ʦ ʧʨʦʜʝʣʘʥʥʦʡ 

ʨʘʙʦʪʝ. ʊʦ ʝʩʪʴ, ʥʝ ʪʦʣʴʢʦ ʦʪʯʝʪ ʧʦ ʥʘʡʜʝʥʥʳʤ ʩʙʦʷʤ, ʘ ʝʱʝ ʠ ʦʪʯʝʪ ʧʦ ʫʩʧʝʰʥʦ ʧʨʦʡʜʝʥʥʳʤ 

ʪʝʩʪʘʤ ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʠʭ ʩʢʨʠʥʰʦʪʘʤʠ. ʕʪʦ ʦʜʥʦʟʥʘʯʥʦ ʜʘʩʪ ʧʦʥʷʪʴ ʥʘ ʯʪʦ ʟʘʢʘʟʯʠʢ 

ʧʦʪʨʘʪʠʣ ʩʚʦʠ ʜʝʥʴʛʠ, ʧʦʥʷʪʴ ʦʙʲʝʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ.  

ʇʦʣʦʞʠʪʝʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʨʘʙʦʯʠʭ ʤʝʩʪ. ʕʪʦ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʦʜʥʫ ʠʟ ʚʝʩʦʤʳʭ ʧʨʦʙʣʝʤ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʪʦʤ, ʯʪʦ, 

ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʠʩʢ ʪʦʛʦ, ʯʪʦ ʦʪʜʝʣ ʙʫʜʝʪ ʧʨʦʩʪʘʠʚʘʪʴ ʧʦʢʘ ʧʨʠʣʦʞʝʥʠʝ ʥʝ ʙʫʜʝʪ 
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ʜʦʚʝʜʝʥʦ ʜʦ ʵʪʘʧʘ ʧʨʠʛʦʜʥʦʛʦ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʝʧʦʥʷʪʥʦʡ 

ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ, ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʢʘʢʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ ʠ ʚ ʢʘʢʠʭ ʦʙʲʝʤʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʤʧʘʥʠʠ ʧʨʠʜʝʪʩʷ 

ʧʦʥʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʫʙʳʪʢʠ. ʊʘʢ ʢʘʢ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʦʚʳʭ ʩʝʩʩʠʡ ʟʘʯʘʩʪʫʶ ʥʝ ʥʫʞʥʳ 

ʩʧʝʮʠʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʵʪʠʤ ʤʦʞʝʪ ʟʘʥʷʪʴʩʷ ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʞʝʣʘʶʱʠʡ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʴʥʫʶ 

ʚʳʛʦʜʫ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʩʬʦʢʫʩʠʨʦʚʘʪʴ ʥʘ ʩʪʫʜʝʥʪʘʭ. ʉʪʫʜʝʥʪʘʤ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ 

ʨʘʙʦʪʘ ʥʘ ʥʝ ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ, ʥʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ ʣʝʪʥʠʭ ʢʘʥʠʢʫʣ ʠʣʠ ʜʣʷ ʩʦʚʤʝʱʝʥʠʷ 

ʨʘʙʦʪʳ ʩ ʦʙʫʯʝʥʠʝʤ.  ʇʦʵʪʦʤʫ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʨʘʙʦʪʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ: 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ, ʧʨʦʭʦʜʠʪ ʢʨʘʪʢʦʝ ʦʙʫʯʝʥʠʝ. ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʚr ʙʠʨʘʝʪ ʪʝʩʪʦʚʫʶ ʩʝʩʩʠʶ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʜʝʨʘʪʦʨ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ 

ʧʨʦʚʝʨʷʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʝʩʣʠ ʚʩʝ ʭʦʨʦʰʦ, ʪʦ ʥʘʟʥʘʯʘʝʪ ʥʝʙʦʣʴʰʫʶ 

ʧʦʯʘʩʦʚʫʶ ʦʧʣʘʪʫ ʵʪʦʤʫ ʪʝʩʪʠʨʦʚʱʠʢʫ. ɺʘʞʥʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʷʚʣʷʶʪʩʷ ʬʘʢʪʳ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘʤʠ ʵʢʨʘʥʘ ʠʣʠ 

ʚʠʜʝʦʟʘʧʠʩʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʜʦʢʘʟʘʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʪʝʩʪʦʚʳʭ ʩʝʩʩʠʡ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʫʧʦʨ ʥʘ ʧʨʦʩʪʦʪʫ ʠ ʜʨʫʞʝʣʶʙʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʜʦʙʥʫʶ ʩʠʩʪʝʤʫ ʧʨʠʢʨʝʧʣʝʥʠʷ ʩʥʠʤʢʦʚ ʵʢʨʘʥʘ ʠʣʠ ʚʠʜʝʦ. 

ʄʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ:  

- ʉʦʟʜʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʠ ʫʜʦʙʥʦ ʩʦʭʨʘʥʷʪʴ ʩʥʠʤʢʠ ʵʢʨʘʥʦʚ 

ʜʣʷ ʫʩʧʝʰʥʦ ʧʨʦʡʜʝʥʥʳʭ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʝʚ. ʉ ʫʢʘʟʘʥʠʝʤ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʰʠʪʦʛʦ ʧʨʷʤʦ ʚ 

ʟʘʛʨʫʞʘʝʤʳʝ ʜʘʥʥʳʝ. 

- ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʘʩʰʘʨʠʪʴ ʥʘ ʟʘʢʘʟʯʠʢʘ ʠʣʠ 

ʥʘ ʢʦʤʘʥʜʫ, ʛʜʝ ʙʳʣʠ ʙʳ ʫʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʦʣʙʮʳ ʩ ʠʤʝʥʝʤ ʪʝʩʪʠʨʦʚʱʠʢʘ, ʜʝʚʘʡʩʦʤ, ʪʝʩʪ 

ʨʘʥʦʤ, ʪʝʩʪʦʚʳʤ ʩʮʝʥʘʨʠʝʤ, ʢʦʤʤʝʥʪʘʨʠʝʤ ʦʪ ʪʝʩʪʠʨʦʚʱʠʢʘ, ʩʩʳʣʢʦʡ ʥʘ ʤʝʩʪʦ ʩʦ 

ʩʢʨʠʥʰʦʪʘʤʠ ʠʣʠ ʥʘʧʨʷʤʫʶ ʥʘ ʩʘʤʠ ʩʢʨʠʥʰʦʪʳ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʧʨʦʩʤʦʪʨʘ. ʋ 

ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʷʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʦʞʥʦ ʧʨʷʤʦ 

ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʩʮʝʥʘʨʠʷ ʩʤʦʪʨʝʪʴ, ʢʘʢ ʧʨʦʭʦʜʠʪ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʚʠʜʝʪʴ 

ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʧʨʦʡʜʝʥʦ ʠ ʩʢʦʣʴʢʦ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʦʩʪʘʣʦʩʴ. ɽʱʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʤʦʨʘʣʴʥʦʛʦ ʜʫʭʘ ʧʝʨʩʦʥʘʣʘ, ʙʫʜʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʳʚʦʜʠʤʦʝ 

ʦʧʦʚʝʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʩʜʝʣʘʪʴ ʧʝʨʝʨʳʚ.  

- ɺʦʟʤʦʞʥʦʩʪʴ ʩʤʦʪʨʝʪʴ ʩʨʝʟʳ ʧʦ ʢʝʡʩʘʤ, ʩʪʘʪʠʩʪʠʢʠ ʩʦʪʨʫʜʥʠʢʦʚ. ʇʨʠʤʝʨʳ ʩʨʝʟʦʚ: 

ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʢʝʡʩʦʚ, ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʩʧʝʮʠʘʣʠʩʪʦʤ ʥʘ 

ʧʦʣʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʙʫʜʫʱʝʡ ʦʮʝʥʢʠ 

ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʠʥʪʝʛʨʘʮʠʶ ʩ ʫʞʝ ʚʥʝʜʨʝʥʥʦʡ ʚ ʢʦʤʧʘʥʠʶ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ 

ʟʘʜʘʯ API JIRA, ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ TestRail, ʘ ʪʘʢʞʝ Slack ʜʣʷ 

ʦʧʦʚʝʱʝʥʠʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʝʢʪʘ ʦ ʥʘʯʘʣʝ ʪʝʩʪ-ʨʘʥʘ. ʕʪʠ ʩʠʩʪʝʤʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʧʦʣʴʟʫʶʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ IT ʢʦʤʧʘʥʠʡ, ʩ ʥʠʤʠ ʤʦʞʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʚ ʦʙʭʦʜ ʠʥʪʝʨʬʝʡʩʘ ʯʝʨʝʟ API. ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʝʢʦʡ ʧʨʦʩʣʦʡʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʚʳʙʦʨʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʳ. 

- ɺ ʢʘʯʝʩʪʚʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʰʠʚʘʪʴ Exif ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʘʚʣʷʪʴ ʢ ʠʟʦʙʨʘʞʝʥʠʷʤ ʠ ʧʨʦʯʠʤ ʤʝʜʠʘʬʘʡʣʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

(ʤʝʪʘʜʘʥʥʳʝ), ʢʦʤʤʝʥʪʠʨʫʶʱʫʶ ʵʪʦʪ ʬʘʡʣ ʬʦʪʦʛʨʘʬʠʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʩʢʨʠʥʰʦʪ, ʟʘʛʨʫʞʝʥʥʳʡ ʩ ʜʝʚʘʡʩʘ ʪʝʩʪʠʨʦʚʱʠʢʘ. 

- ʆʢʘʟʘʥʠʝ ʫʩʣʫʛ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ ʠ ʦʪʯʝʪ ʧʦ ʩʝʩʩʠʠ) 

- ɺʳʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʢʨʳʪʠʶ ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʭ ʢʝʡʩʦʚ ʶʥʠʪ-ʪʝʩʪʘʤʠ ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ UI-ʪʝʩʪʘʤʠ. ʊʦ ʝʩʪʴ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʚʩʝʤ ʧʨʦʡʜʝʥʥʳʤ ʢʝʡʩʘʤ ʠ 

ʜʝʣʘʪʴ ʩʨʝʟ ʧʦ ʢʝʡʩʘʤ, ʚʳʟʳʚʘʶʱʠʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. ɸ ʜʘʣʝʝ ʧʨʝʜʣʦʞʠʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
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- ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ ʦʙ ʫʨʦʚʥʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ - ʢʘʢ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʭ 

ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ. ʀʟʤʝʨʝʥʠʝ ʤʝʨʳ ʮʝʥʥʦʩʪʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʫʩʧʝʰʥʦ ʧʨʦʡʜʝʥʥʳʭ ʩʮʝʥʘʨʠʝʚ. 

ʉʚʦʜʢʘ ʩʪʘʪʠʩʪʠʢʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. 

- ɸʥʘʣʠʟ ʨʝʛʨʝʩʩʠʠ ʩʠʩʪʝʤʳ. ɸʥʘʣʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 

ʦʙʥʦʚʣʝʥʠʡ. 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ 

ʩʪʘʥʜʘʨʪʝ IDEFO 

ɺ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʦʛʦ ʢʘʯʝʩʪʚʘ ʜʦʣʞʝʥ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʫʶ ʩ ʪʝʩʪʦʚʳʤʠ ʩʮʝʥʘʨʠʷʤʠ, ʤʝʜʠʘʬʘʡʣʘʤʠ, 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʨʝʦʙʨʘʟʫʝʪ 

ʧʦʣʫʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʚ ʦʪʯʝʪʳ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʪʝʩʪ-ʨʘʥʦʚ, ʩʪʘʪʫʩʳ ʠ ʩʩʳʣʢʠ.  

ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʠʩʪʝʤʘ ʦʙʨʘʟʫʝʪ ʥʝʩʢʦʣʴʢʦ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʚʝʯʘʶʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ, ʧʦʣʫʯʝʥʠʝ ʩʪʘʪʫʩʘ ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʩʪʦʚʦʛʦ ʩʮʝʥʘʨʠʷ ʠ ʩʩʳʣʢʠ ʥʘ ʙʘʛ-ʨʝʧʦʨʪ ʚ ʩʠʩʪʝʤʝ ʚʝʜʝʥʠʷ ʟʘʜʘʯ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 21. ɼʠʘʛʨʘʤʤʘ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ "ʢʘʢ ʙʫʜʝʪ" 

ɺ ʠʪʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʈʦʩʩʠʡʩʢʠʡ 

ʨʳʥʦʢ, ʙʫʜʝʪ ʠʤʝʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʠ ʩʪʦʠʤʦʩʪʴ ʥʠʞʝ ʟʘʨʫʙʝʞʥʳʭ 

ʢʦʥʢʫʨʝʥʪʦʚ. ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʪʝʩʪʠʨʦʚʱʠʢʦʚ ʠ ʜʦʣʞʥʦ ʠʤʝʪʴ 

ʙʳʩʪʨʳʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʩ ʬʫʥʢʮʠʝʡ ʙʳʩʪʨʦʛʦ ʦʙʫʯʝʥʠʷ ʥʦʚʳʭ ʪʝʩʪʠʨʦʚʱʠʢʦʚ. 

ʊʝʩʪʠʨʦʚʱʠʢ ʚ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʛʨʫʞʘʪʴ ʩʢʨʠʥʰʦʪʳ ʫʩʧʝʰʥʦ 

ʚʳʧʦʣʥʝʥʥʳʭ ʢʝʡʩʦʚ, ʘ ʪʘʢʞʝ ʟʘʚʦʜʠʪʴ ʙʘʛʠ ʦ ʥʝʚʳʧʦʣʥʝʥʥʳʭ ʢʝʡʩʘʭ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʝʪ ʟʘʚʝʨʰʝʥʦ, ʜʦʣʞʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʪʴʩʷ ʦʪʯʝʪ ʜʣʷ 

ʟʘʢʘʟʯʠʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʥ ʩʤʦʞʝʪ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʝʛʦ ʧʨʠʣʦʞʝʥʠʝ ʪʦʯʥʦ ʧʨʦʰʣʦ 

ʪʝʩʪʠʨʦʚʘʥʠʝ, ʠ ʦʥ ʥʝ ʧʨʦʩʪʦ ʪʘʢ ʟʘʧʣʘʪʠʣ ʩʚʦʠ ʜʝʥʴʛʠ.  

 
ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
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1. Architectural Styles vs. Architectural Patterns vs. Design Patterns [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï

  ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://herbertograca.com/2017/07/28/architectural-styles-vs-architectural-

patterns-vs-design-patterns/ 

2. ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʝʤ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://habr.com/ru/post/463333/ 

3. OwnCloud. ʄʘʪʝʨʠʘʣ ʠʟ ʅʘʮʠʦʥʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ. [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ru.bmstu.wiki/OwnCloud 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʖʅɽʉʂʆ ʧʦ ʀɺʊ ɹʫʨʤʠʥ ʃ.ʅ., ʌɻɹʆʋ 

ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʋɼʂ 004.418 

ʉʀʉʊɽʄɸ ʇʆɼɼɽʈɾʂʀ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ʉ ʎɽʃʔʖ ʇʆɺʓʐɽʅʀʗ 

ʋʉʇɽɺɸɽʄʆʉʊʀ, ʉʆʍʈɸʅɽʅʀʗ ʂʆʅʊʀʅɻɽʅʊɸ ʀ ʅɸʋʏʅʆʁ 
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ɺʚʝʜʝʥʠʝ 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʧʦʣʘʛʘʷʩʴ 

ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ, ʦʪʚʦʜʠʪʩʷ ʦʩʦʙʘʷ ʨʦʣʴ. ɺ ʪʦʤ ʯʠʩʣʝ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ɺʋɿʦʚ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʚʩʝ ʙʦʣʴʰʝ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʫʯʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʥʦʤ ʦʧʳʪʝ.  

ɿʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʟʘʪʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʠ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, ʠʭ ʧʦʜʛʦʪʦʚʢʫ, ʩʙʦʨ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʜʝʢʚʘʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʯʪʦʙʳ ʩʪʘʪʴ ʝʜʠʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʨʘʚʜʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʨʠʥʠʤʘʪʴ 

ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʚʢʣʶʯʘʷ ʥʘʙʦʨ ʦʙʫʯʘʶʱʠʭʩʷ, ʠʭ ʘʢʘʜʝʤʠʯʝʩʢʫʶ 

ʫʩʧʝʚʘʝʤʦʩʪʴ, ʥʘʛʨʫʟʢʫ ʠ ʥʘʫʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚ ʭʦʜʝ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʙʠʨʘʝʪ 

ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ: 

½ ʈʝʟʫʣʴʪʘʪʳ ʩʝʩʩʠʡ. 
½ ʉʚʝʜʝʥʠʷ ʦ ʢʦʥʪʨʦʣʴʥʳʭ ʮʠʬʨʘʭ ʧʨʠʝʤʘ. 

½ ʉʚʝʜʝʥʠʷ ʦʙ ʫʯʝʙʥʦʡ ʠ ʚʥʝʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʝ. 
½ ʉʧʠʩʦʢ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʩ ʠʭ ʩʪʦʠʤʦʩʪʴʶ. 

½ ʉʧʠʩʢʠ ʜʠʩʮʠʧʣʠʥ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

½ ʉʧʠʩʢʠ ʛʨʫʧʧ ʠ ʩʪʫʜʝʥʪʦʚ. 

½ ʉʧʠʩʢʠ ʩʪʨʘʥ ʠ ʨʝʛʠʦʥʦʚ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʠʨʘʝʤʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʫ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʠʪ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʦʩʥʦʚʥʳʤ ʘʩʧʝʢʪʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ɺʋɿʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ɺʝʩʴ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʚʦʜ 

ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʜʝʣʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʯʝʣʦʚʝʢʦʯʠʪʘʝʤʫʶ ʬʦʨʤʫ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʤʘʩʩʦʚʦʡ ʨʘʙʦʪʳ ʩ ʪʘʢʦʡ ʦʙʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ Business Intelligence 

(BI). 

https://herbertograca.com/2017/07/28/architectural-styles-vs-architectural-patterns-vs-design-patterns/
https://herbertograca.com/2017/07/28/architectural-styles-vs-architectural-patterns-vs-design-patterns/
https://vk.com/away.php?to=https%3A%2F%2Fhabr.com%2Fru%2Fpost%2F463333%2F&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fru.bmstu.wiki%2FOwnCloud&cc_key=
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ɼʣʷ ʦʭʚʘʪʘ ʚʩʝʭ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠʷ BI ʩʠʩʪʝʤʳ, ʦʪ ʧʦʜʛʦʪʦʚʢʠ çʩʳʨʳʭè ʜʘʥʥʳʭ ʜʦ ʠʭ 

ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʠʩʪʝʤ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʣʦʞʥʦʩʪʠ ʩ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʥʘ ʛʨʘʥʠʮʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ. ʇʦʵʪʦʤʫ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʠʥʩʪʨʫʤʝʥʪʳ ʢʦʤʧʘʥʠʠ Microsoft, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ ʥʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʧʦʜʛʦʪʦʚʢʠ BI-ʩʠʩʪʝʤʳ ʠ ʙʝʟ ʧʨʦʙʣʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢ, ʩʨʝʜʩʪʚʘʤʠ 

SQL Server Integration Services (SSIS) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ, ʩʙʦʨ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʦʙʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʘʥʘʣʠʟʘ.  

 

ʏʪʦʙʳ ʩʦʙʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 22. ɼʠʘʛʨʘʤʤʘ ʙʘʟʳ ʜʘʥʥʳʭ 

ʉʭʝʤʘ ʧʦʪʦʢʦʚ ʟʘʜʘʯ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʜʣʷ ʤʠʛʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.  
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ʈʠʩʫʥʦʢ 23. ʉʭʝʤʘ ʧʦʪʦʢʦʚ ʟʘʜʘʯ ʤʠʛʨʘʮʠʠ ʜʘʥʥʳʭ 

ʇʦʩʣʝ ʩʙʦʨʘ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʪʘʙʣʠʯʥʘʷ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʧʦʤʦʱʴʶ SQL Server 

Analysis Services (SSAS). ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.

 

ʈʠʩʫʥʦʢ 24. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʙʣʠʯʥʦʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ɿʘʧʦʣʥʝʥʥʘʷ ʤʦʜʝʣʴ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 20 ʤʠʣʣʠʦʥʦʚ ʩʪʨʦʢ ʚ ʪʘʙʣʠʮʘʭ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣʠ ʨʘʟʚʝʨʥʫʪʳ ʩʨʝʜʩʪʚʘ BI ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʦʚ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʜʣʷ ʵʪʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʣʠʜʝʨ ʨʳʥʢʘ ʨʝʰʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ ï PowerBI (PowerBI Report Server) (ʈʠʩʫʥʦʢ 4).  

ʇʦʩʣʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʝʨʚʝʨʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʪʯʝʪʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ: 






















































































































































































































































































