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   1. ɺʆʃʆʂʅɸ ʀ ʂʆʄʇʆɿʀʊʓ 

1.1. ʋɻʃɽʈʆɼʅʓɽ ɺʆʃʆʂʅɸ ʀ   ʊʂɸʅʀ, ʋɻʃɽʇʃɸʉʊʀʂʀ 

1.1.1. ʂɽʈɸʄʀʏɽʉʂʀʁ ʂʆʄʇʆɿʀʊ ʅɸ ʆʉʅʆɺɽ ʂɸʈɹʀɼɸ ʂʈɽʄʅʀʗ, 

ɸʈʄʀʈʆɺɸʅʅʓʁ ɺʆʃʆʂʅɸʄʀ SiC 

 

ʌʨʦʣʦʚʘ ʄ.ɻ., ʂʘʨʛʠʥ ʖ.ʌ., ʃʳʩʝʥʢʦʚ ɸ.ʉ. //  ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ï 2020. ï ʊ.56, 

ˉ9. ï ʉ.1039-1044 

  

ʄʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1850Áʉ ʧʦʣʫʯʝʥʳ ʧʣʦʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʚʦʣʦʢʥʘʤʠ SiCf. ɺ ʢʘʯʝʩʪʚʝ 

ʘʨʤʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʣʦʢʥʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʪʢʘʥʠ ʧʘʨʘʤʠ 

SiO. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʦʢʦʥ ʦʪ 1 ʜʦ 7 ʤʘʩ. 

% ʧʣʦʪʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʧʨʠ 7 ʤʘʩ. % ʩʦʩʪʘʚʣʷʶʪ: ɟ = 3.20 Ñ 0.01 ʛ/ʩʤ3, ŭʠʟʛ = 

= 450 Ñ 26 ʄʇʘ, K1ʉ = 5.6 Ñ 0.1 ʄʇʘ ʤ
1/2. ʈʠʩ. ʀʟʣʦʤ (ʈʕʄ) 

ʝʜʠʥʠʯʥʦʛʦ ʚʦʣʦʢʥʘ SiCf ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʪʢʘʥʠ. 

 

 

1.1.2. ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʂʆʅɽʏʅʓʍ ʊɽʄʇɽʈɸʊʋʈ ʆʊɺɽʈɾɼɽʅʀʗ 

ʅɸ ʂʆʄʇʃɽʂʉ ʉɺʆʁʉʊɺ ʉʊɽʂʃʆʋɻʃɽʇʃɸʉʊʀʂɸ 
 

ʂʦʣʧʘʯʢʦʚ ɽ.ɼ., ʂʫʨʥʦʩʦʚ ɸ.ʆ., ʄʘʨʘʭʦʚʩʢʠʡ ʇ.ʉ.  // ʊʨʫʜʳ ɺʀɸʄ. ï 2021. - ˉ6 (100). ï 

ʉ. 66-73 

  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʝʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪʚʝʨʞʜʝʥʠʷ ʥʘ 

ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʤʘʨʢʠ ɺʉʕ-65 ʠ 

ʩʪʝʢʣʦʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʚʝʨʞʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʩʪʘʪʦʯʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʨʝʘʢʮʠʠ ʦʪʚʝʨʞʜʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʩʪʝʢʣʦʫʛʣʝʧʣʘʩʪʠʢʘ ʤʘʨʢʠ ɺʂɻ-6, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʚʘʢʫʫʤʥʦʡ ʠʥʬʫʟʠʠ ʠ ʧʨʦʧʠʪʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩʪʝʢʣʦʫʛʣʝʧʣʘʩʪʠʢ ʤʘʨʢʠ ɺʂɻ-6 ʩ 

ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʩʚʦʡʩʪʚ. 

 

 

1.1.3. ɺʃʀʗʅʀɽ ɸʇʇʈɽʊʀʈʆɺɸʅʅʓʍ ʋɻʃɽʈʆɼʅʓʍ ʄʀʂʈʆɺʆʃʆʂʆʅ ʅɸ 

ʆɻʅɽʊɽʇʃʆɿɸʑʀʊʅʓɽ ʀ ɸɼɻɽɿʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ʕʃɸʉʊʆʄɽʈʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 
 

ʂʘʙʣʦʚ ɺ.ʌ., ʂʝʡʙʘʣ ʅ.ɸ., ʄʦʪʯʝʥʢʦ ɸ.ʆ. // ʂʣʝʠ. ɻʝʨʤʝʪʠʢʠ. ʊʝʭʥʦʣʦʛʠʠ. ï 2021. - ˉ2. ï 

ʉ.8-11  

  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʘʧʧʨʝʪʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʤʠʢʨʦʚʦʣʦʢʦʥ ʥʘ ʦʛʥʝʪʝʧʣʦʟʘʱʠʪʥʳʝ ʠ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʘʩʪʦʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʧʨʝʜʝʣʝʥ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʚʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʦʛʥʝʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʦʣʦʢʦʥ ʨʘʩʪʚʦʨʦʤ ʬʦʩʬʦʨʙʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʦʣʠʛʦʤʝʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʘʩʪʦʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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1.1.4. ɺʆʃʆʂʅʀʉʊʓɽ ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ʉ 

ʄɽʊɸʃʃʀʏɽʉʂʆʁ ʄɸʊʈʀʎɽʁ (ʆɹɿʆʈ) 

 

ɾʘʙʠʥ ɸ.ʅ., ʉʠʜʦʨʦʚ ɼ.ɺ., ʅʷʬʢʠʥ ɸ.ʅ. // ʊʨʫʜʳ ɺʀɸʄ. ï 2021. - ˉ6 (100). ï ʉ.27-35 

  

ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʂʄ) ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʨʠʮ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. 

ʂʨʘʪʢʦ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʪʘʢʠʭ 

ʂʄ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʂʄ ʠʟ ʤʝʪʘʣʣʦ-

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʣʘʤʠʥʘʪʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʤʠ ʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʚʦʣʦʢʥʠʩʪʳʭ ʂʄ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦ-ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʣʘʤʠʥʘʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ ʚʦʣʦʢʦʥ ʩ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤ ʩʣʦʝʤ. ʈʠʩ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ Aɸ6061 ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ 

 

1.1.5.  ʄʆɼʀʌʀʎʀʈʆɺɸʅʀɽ ʂɽʈɸʄʀʏɽʉʂʀʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ SiC ʄɽʊɸʃʃɸʄʀ ʀ ʉʇʃɸɺɸʄʀ 

 

         ʐʠʢʫʥʦʚ ʉ.ʃ., ʂʘʣʝʜʠʥ ɸ.ɺ., ɽʨʰʦʚ ɸ.ɽ. //  ɽʞʝʛʦʜʥʦʝ ʟʘʩʝʜʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʧʦ 

ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ ʈɸʅ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʩʝʤʠʥʘʨʘ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ". ï 2020. -  ʉ.94 

 

ʆʩʥʦʚʥʳʤ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ SiC ʢʝʨʘʤʠʢʠ ʚ 

ʚʳʩʦʢʦʥʘʧʨʷʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʷʚʣʷʝʪʩʷ ʝʝ ʥʠʟʢʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʦʥʥʦ- 

ʢʦʚʘʣʝʥʪʥʳʤ ʪʠʧʦʤ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ. ʆʜʥʠʤʠ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʘʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʠ ʥʝʧʨʝʨʳʚʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʠʣʠ ʧʦʣʫʯʝʥʠʝ 

ʢʦʤʧʦʟʠʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʦʛʦ ʢʘʨʢʘʩʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʧʣʘʚʘʤʠ (SiC/Me ʢʦʤʧʦʟʠʪʳ). ʂʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʜʘʥʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʦʡ ʠ ʩʧʣʘʚʘʤʠ, ʛʜʝ SiC/Mʝ ʢʦʤʧʦʟʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʩʚʘʨʠʚʘʝʤʳʤʠ ʜʝʪʘʣʷʤʠ. 

  

 

1.1.6. ɺʆʃʆʂʅʆʆɹʈɸɿʋʖʑʀɽ ʉʆʇʆʃʀʄɽʈʓ ɸʂʈʀʃʆʅʀʊʈʀʃɸ: ʆʊ 

ʉʀʅʊɽɿɸ ʂ ʉɺʆʁʉʊɺɸʄ ʇʈɽʂʋʈʉʆʈʆɺ ʋɻʃɽʈʆɼʅʆɻʆ ɺʆʃʆʂʅɸ ʀ 

ʇɽʈʉʇɽʂʊʀɺɸʄ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

 

ʏʝʨʥʠʢʦʚʘ ɽ.ɺ., ʊʦʤʩ ʈ.ɺ., ɻʝʨʚʘʣʴʜ ɸ.ʖ. //  ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʝʨʠʷ ʉ. 

ï 2020. ï ʊ.62, ˉ1. ï ʉ.20-54 

  

ʆʙʦʙʱʝʥʳ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʩʦʧʦʣʠʤʝʨʦʚ ʘʢʨʠʣʦʥʠʪʨʠʣʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʵʢʦʣʦʛʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʚ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʠ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʠ ʘʥʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʩʚʦʡʩʪʚʘʤʠ ʩʦʧʦʣʠʤʝʨʦʚ ʘʢʨʠʣʦʥʠʪʨʠʣʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ 

ʘʢʨʠʣʦʥʠʪʨʠʣʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʬʦʨʤʦʚʘʥʠʠ ʚʦʣʦʢʦʥ ʠʟ ʨʘʩʧʣʘʚʘ. ʇʨʦʚʝʜʝʥ 

ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʠ ʦʙʦʙʱʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʦʚʳʭ ʩʧʦʩʦʙʘʭ ʠ ʨʝʮʝʧʪʫʨʘʭ ʩʠʥʪʝʟʘ ʩʦʧʦʣʠʤʝʨʦʚ 

ʘʢʨʠʣʦʥʠʪʨʠʣʘ. 
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 1.1.7. ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʃɸʉʊʆʄɽʈʅʓʍ ʆɻʅɽʊɽʇʃʆɿɸʑʀʊʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ, ʉʆɼɽʈɾɸʑʀʍ ʌʋʅʂʎʀʆʅɸʃʔʅʆ-ɸʂʊʀɺʅʓɽ ʉʊʈʋʂʊʋʈʓ 
 

ʂʘʙʣʦʚ ɺ.ʌ., ʂʝʡʙʘʣ ʅ.ɸ., ʅʦʚʦʧʦʣʴʮʝʚʘ ʆ.ʄ. // ʂʣʝʠ. ɻʝʨʤʝʪʠʢʠ. ʊʝʭʥʦʣʦʛʠʠ. ï 2021. - 

ˉ4. ï ʉ.28-33  

  

ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦ ʪʠʧʫ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʦʛʥʝʪʝʧʣʦʟʘʱʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʘʩʪʦʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʜʠʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ. 

ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʫʢʘʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʢʨʦʩʬʝʨ, ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʠʢʨʦʚʦʣʦʢʥʘ ʠ ʬʦʩʬʦʨʙʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʣʠʛʦʤʝʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʷʚʣʝʥʠʶ ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʢʦʢʩʘ, ʫʩʠʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʘʨʙʦʥʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʨʝʤʝʥʠ ʧʨʦʛʨʝʚʘ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʥʘ 8-17% ʠ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʣʠʥʝʡʥʦʛʦ ʛʦʨʝʥʠʷ ʥʘ 6-17% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʄʠʢʨʦʩʬʝʨʳ ʧʦʟʚʦʣʷʶʪ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʤʠʢʨʦʚʦʣʦʢʥʘ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʢʦʤʧʦʟʠʮʠʠ. 
 

1.1.8. ʄʆɼʀʌʀʂɸʎʀʗ ʇʆɺɽʈʍʅʆʉʊʀ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʀɿ ʋɻʃɽʈʆɼʅʓʍ ɺʆʃʆʂʆʅ ʊɽʈʄʆɺɸʂʋʋʄʅʓʄ ʅɸʇʓʃɽʅʀɽʄ 

 

ɿʝʥʮʦʚ ɸ.ʇ., ɿʝʥʮʦʚʘ ɻ.ɺ., ʎʳʙʠʥ ʈ.ʈ. // ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷè. ï 2021. ï ʉ.46-49 

 

ʘ ʚ         ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʧʫʪʝʤ 

ʪʝʨʤʦʚʘʢʫʫʤʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ  ʘʣʶʤʠʥʠʷ 

ʩ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʎʝʣʴ  ʠʩʩʣʝʜʦʚʘʥʠʡ  ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ  ʝʝ ʪʝʨʤʦʚʘʢʫʫʤʥʳʤ 

ʥʘʧʳʣʝʥʠʝʤ ʘʣʶʤʠʥʠʷ. ʈʠʩ.  ʘ ï ʟʘʛʦʪʦʚʢʘ ʜʣʷ 

ʥʘʧʳʣʝʥʠʷ, ʚ ï ʦʙʨʘʟʝʮ ʩ ʥʘʧʳʣʝʥʠʝʤ. 
 

   

1.1.9. ʄʆɿɸʀʏʅʓʁ ʇʆɼʍʆɼ ʂ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʖ ʉɺʆʁʉʊɺ 

ʋɻʃɽʈʆɼʅʆɻʆ ɺʆʃʆʂʅɸ ɺ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃɸʍ ʅɸ ʆʉʅʆɺɽ 

ʎɽʃʔʅʆʊʂɸʅʓʍ 3D ʇʈɽʌʆʈʄ 

 

ɹʘʣʘʰʦʚ  ɸ.ɹ., ʂʠʩʝʣʝʚ  ʄ.ɺ. // ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 150-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɸ. ɺʘʩʠʣʴʝʚʘ. ï 2021. ï 

ʉ.66-69 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʝʘʣʠʟʫʝʪʩʷ ʤʦʟʘʠʯʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʯʝʪʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʨʠʝʥʪʘʮʠʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʝʨʝʟ ʫʛʣʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ X, Y, Z ʈʠʩ. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʦʣʦʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ ʚʥʫʪʨʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 



7 
 

 

1.1.10. ɺʃʀʗʅʀɽ ʕʃɽʄɽʅʊʆɺ ʉʊʈʋʂʊʋʈʓ ʋɻʃɽʇʃɸʉʊʀʂɸ ʅɸ 

ʊʈɸʅʉɺɽʈʉɸʃʔʅʓɽ ʄʆɼʋʃʀ ʋʇʈʋɻʆʉʊʀ 

 

ʐʠʰʠʛʠʥ  ɼ.ɸ. // ʀʥʥʦʚʘʮʠʠ. ʅʘʫʢʘ. ʆʙʨʘʟʦʚʘʥʠʝ. ï 2021. - ˉ29. ï ʉ.91-95 

  

ʋʛʣʝʧʣʘʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ (ʋɺ) ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʤ ʢʣʘʩʩʦʤ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ), ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʚʦʠʤʠ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ɺ ʩʪʘʪʴʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʫʝʪʩʷ 

ʚʣʠʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʪʨʘʥʩʚʝʨʩʘʣʴʥʳʝ 

ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʪʨʘʥʩʚʝʨʩʘʣʴʥʳʝ ʤʦʜʫʣʠ 

ʫʧʨʫʛʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʧʣʘʩʪʠʢʘ, ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ). ɹʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʦʙʨʘʟʝʮ 

ʫʛʣʝʧʣʘʩʪʠʢʘ, ʢʦʪʦʨʳʡ ʠʤʝʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ [90/0/90], 

ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ ʪʨʘʥʩʚʝʨʩʘʣʴʥʳʝ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ. 

 

 

 

1.1.11. 3D  ʄɸɻʅʀʊʅʓɽ ʇʆʈʀʉʊʓɽ ʋɻʃɽʈʆɼʅʓɽ ɺʆʃʆʂʅɸ ʀɿ 

ɹʀʆʄɸʉʉʓ ʉʆ ʉʇʀʈɸʃʔʅʆ-ʍʀʈɸʃʔʅʆʁ ʉʊʈʋʂʊʋʈʆʁ, ʆɹɽʉʇɽʏʀɺɸʖʑʀɽ 

ʇʈɽɺʆʉʍʆɼʅʆɽ ʇʆɻʃʆʑɽʅʀɽ ʄʀʂʈʆɺʆʃʅ 

           

          Biomass-derived 3D magnetic porous carbon fibers with a helical/chiral structure toward 

superior microwave absorption / Fei Wu, Ke Yang,  Qiang Li  // Carbon. ï 2021. ï Vol.173, March. 

ï P.918-931 

 

          ʇʨʝʜʣʘʛʘʝʪʩʷ  ʩʠʩʪʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʘʤʦʦʩʘʞʜʝʥʠʷ (ʂʉʆ) ʜʣʷ 

ʩʦʟʜʘʥʠʷ  3D   ʤʘʛʥʠʪʥʳʭ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʩʦ ʩʣʦʞʥʦʡ 

ʩʧʠʨʘʣʴʥʦ-ʭʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʣʷ  ʩʚʝʨʭʣʝʛʢʦʛʦ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʥʝʨʛʦʝʤʢʦʛʦ ʤʝʪʦʜʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ (CVD), ʙʠʥʘʨʥʳʡ ʩʦʩʪʘʚ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʢʦʙʘʣʴʪʦʤ ʤʘʩʩʠʚʦʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

(ʄʋʅʊ) ʠ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʨ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʫʪʝʤ  

ʨʝʛʫʣʠʨʦʚʢʠ ʪʝʭʥʦʣʦʛʠʠ  ʂʉʆ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʚʥʝʰʥʝʛʦ ʫʛʣʝʨʦʜʘ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʄʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʵʬʬʝʢʪʳ ʠʥʪʝʛʨʘʮʠʠ 0D/1D, ʤʝʭʘʥʠʟʤʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ / ʤʘʛʥʠʪʥʳʭ 

ʧʦʪʝʨʴ ʠ ʥʝʦʙʳʯʥʘʷ 3D   ʩʧʠʨʘʣʴʥʦ-ʭʠʨʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘʜʝʣʷʶʪ  

ʪʘʢʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘʤʝʯʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʤʠʢʨʦʚʦʣʥ. 

(ʐ.) (ɸʥʛʣ)  

 

  

1.1.12. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʈʆɼʋʂʊʆɺ ʊɽʂʉʊʀʃʔʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ ɺ 

ʂɸʏɽʉʊɺɽ ʇʈɽɼʅɸʇʈʗɾɽʅʅʆɻʆ ɸʈʄʀʈʆɺɸʅʀʗ ʂʆʄʇʆɿʀʊɸ 

 

ʂʦʧʘʥʠʮʘ ʅ.ʆ., ʋʩʪʠʥʦʚ ɸ.ʄ., ʇʣʷʩʢʠʥ ɸ.ʉ. // ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï 2021. - ˉ1 (391). ï ʉ.40-45 

  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʬʦʨʤʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʜʫʢʪʦʚ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʫʛʣʝʨʦʜʥʳʭ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʣʝʥʪ ʠ ʤʘʪʨʠʮʳ - 
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ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. ʈʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ 

ʣʝʥʪ. ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʟʘʧʘʩʦʚʢʠ, ʩʤʘʯʠʚʘʥʠʷ ʠ ʥʘʪʷʞʢʠ ʣʝʥʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʝʜʥʘʧʨʷʞʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʣʝʥʪʳ ʠ ʢʦʤʧʦʟʠʪʘ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʫʛʣʝʨʦʜʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʚ ʢʦʤʧʦʟʠʪʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʥʳʝ ʢʘʨʪʠʥʳ ʧʝʨʝʩʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ. ʌʦʨʤʦʚʘʥʠʝ 
ʢʦʤʧʦʟʠʪʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

ʫʛʣʝʨʦʜʥʦʡ ʣʝʥʪʳ ʧʦʟʚʦʣʠʣʦ ʨʘʩʧʨʘʚʠʪʴ 

ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʚ ʧʨʷʜʠ (ʨʠʩ.  ʩʥʠʤʢʠ ʩ 

ʤʠʢʨʦʩʢʦʧʘ ʫʛʣʝʢʦʤʧʦʟʠʪʘ ʩ ʧʨʝʜʥʘʧʨʷʞʝʥʠʝʤ: ʘ) 

ʤʝʞʜʫ ʪʝʨʤʦʥʠʪʷʤʠ ʫʪʢʘ, ʙ) ʦʢʦʣʦ ʪʝʨʤʦʥʠʪʠ 

ʫʪʢʘ), ʘ ʪʘʢʞʝ ʚʳʧʨʷʤʠʪʴ ʩʘʤʫ ʧʨʷʜʴ ʧʨʠ ʵʪʦʤ 

ʩʦʛʥʫʚ ʥʠʪʠ ʫʪʢʘ ï ʪʝʨʤʦʥʠʪʴ. 

 

 

 

1.2. ʎɽʃʃʖʃʆɿɸ, ɺʀʉʂʆɿɸ, ʉʆʈɹɽʅʊʓ. ʋʄ ɺ ʄɽɼʀʎʀʅɽ 

 

1.2.1. ʇʆʃʋʏɽʅʀɽ ʋɻʃɽʈʆɼʅʓʍ ɹɸʂʊɽʈʀʎʀɼʅʓʍ ʉʆʈɹɽʅʊʆɺ ʀɿ 

ʆʊʍʆɼʆɺ ɼʈɽɺɽʉʅʆʉʊʈʋɾɽʏʅʓʍ ʇʃʀʊ 

 

ɻʣʫʰʘʥʢʦʚʘ  ʀ.ʉ., ʂʦʤʙʘʨʦʚʘ  ʄ.ʄ., ɸʪʘʥʦʚʘ  ɸ.ʉ. // ɺʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ 

ʧʨʘʢʪʠʢʠ. ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ. ï 2021. ï ˉ2 (80). ï ʉ.7-15 

  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ - ʜʨʝʚʝʩʥʦʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ, ʤʝʪʦʜʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʠʨʦʣʠʟʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʠ ʤʝʜʠ ʠ ʥʠʢʝʣʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʘʩʩʦʚʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ çʦʪʭʦʜ: ʠʦʥʳ ʤʝʪʘʣʣʦʚè ʥʘ ʚʳʭʦʜ ʠ ʩʚʦʡʩʪʚʘ ʢʘʨʙʦʥʠʟʘʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʠʨʦʣʠʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʬʦʨʤʠʨʫʶʪʩʷ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʳʩʦʢʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʢʨʘʩʠʪʝʣʶ ʤʝʪʠʣʝʥʦʚʦʤʫ ʩʠʥʝʤʫ ʠ ʡʦʜʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʘʣʣʳ, 

ʢʘʪʘʣʠʟʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʧʠʨʦʣʠʟʘ, ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʩʦʨʙʝʥʪʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʝʯʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʚʦʜʳ ʧʦʢʘʟʘʣʠ 

ʚʳʩʦʢʫʶ ʙʘʢʪʝʨʠʮʠʜʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʨʙʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʠʨʦʣʠʟʘ ʦʪʭʦʜʦʚ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʩʦʨʙʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʣʫʙʦʢʦʡ ʜʦʦʯʠʩʪʢʠ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. 
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1.2.2. ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʂʆʄʇʃɽʂʊʋʖʑʀʍ ɼʃʗ ɸʇʇɸʈɸʊɸ ʀʃʀɿɸʈʆɺɸ 

 

ʀʚʘʥʦʚʘ ʉ.ʅ., ɾʫʢʦʚʘ ʀ.ɺ., ɿʘʛʠʜʫʣʣʠʥʘ ɼ.ʄ. // ɸʣʣʝʷ ʥʘʫʢʠ. ï 2021. ï ʊ.1, ˉ6 (57). ï 

ʉ.900-903 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʩʪʝʦʩʠʥʪʝʟʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʪʝʨʘʧʠʠ ʠ 

ʣʝʯʝʥʠʷ ʧʝʨʝʣʦʤʦʚ, ʘ ʪʘʢʞʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʝʯʥʦʩʪʝʡ ʪʨʝʙʫʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʝʩʘ, ʩʪʦʡʢʦʩʪʠ ʢ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʛʝʥʪʘʤ ʠ 

ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʦʩʪʠ ʘʧʧʘʨʘʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʠ. ʅʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʟʚʦʣʷʶʪ ʧʦʤʦʯʴ ʚ ʨʝʰʝʥʠʠ ʵʪʠʭ ʚʦʧʨʦʩʦʚ. ʇʨʦʯʥʦʩʪʴ ʠ ʞʸʩʪʢʦʩʪʴ 

ʩʘʤʦʛʦ ʢʦʤʧʦʟʠʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʩʚʦʡʩʪʚʘʤʠ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ 

- ʚʦʣʦʢʥʘʤʠ. ɼʣʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʠ ʞʸʩʪʢʦʩʪʴ. ʈʠʩ. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ (ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʣʫʢʦʣʴʮʘʤʠ ʠ ʩ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʤ ʧʦʣʫʢʦʣʴʮʦʤ). 

 

 

1.2.3. ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʆʈʀʉʊʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ʋɻʃɽʈʆɼʅʓʍ 

ɸɼʉʆʈɹɽʅʊʆɺ ʊɽʈʄʆʍʀʄʀʏɽʉʂʆʁ ɸʂʊʀɺɸʎʀʀ ʐʃɸʄ-ʃʀɻʅʀʅɸ 

 

ʉʝʜʦʚʘ ɽ.ʃ., ɺʦʨʦʥʮʦʚ ʂ.ɹ., ɹʦʛʜʘʥʦʚʠʯ ʅ.ʀ. //  ɺʝʩʪʥʠʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʠʟʘʡʥʘ. ʉʝʨʠʷ 4: ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï 

2020. - ˉ2. ï ʉ.95-100 

  

ʄʝʪʦʜʦʤ ʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʦʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʢʪʠʚʥʳʭ ʫʛʣʝʡ. ʆʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʠʨʦʣʠʟʘ, ʜʦʟʠʨʦʚʢʠ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘ ʦʙʱʠʡ 

ʦʙʲʝʤ ʧʦʨ, ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩʨʝʜʥʶʶ ʰʠʨʠʥʫ ʤʠʢʨʦʧʦʨ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʘʜʩʦʨʙʝʥʪʦʚ ʠʟ ʰʣʘʤ-ʣʠʛʥʠʥʘ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ɹʕʊ ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 2000 ʤ2/ʛ. 

 

 

        1.2.4. ʋɻʃɽʈʆɼ-ʋɻʃɽʈʆɼʅʓɽ ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ (Composite 

Carbon-Carbon Materials) 

 

Tkachyov K., Iskakova S. // ɺʝʩʪʥʠʢ ʥʘʫʢʠ ʖʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ï 2021. - ˉ2 (14). ï ʉ.54-59 

  

ʅʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʜʝʣʘʶʪ ʩʘʤʳʡ ʪʝʧʣʦʩʪʦʡʢʠʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʡ 

ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ ʤʘʪʨʠʮʝʡ, ʩʢʣʝʠʚʘʶʱʝʡ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, ʩʣʫʞʠʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʳʡ ʫʛʣʝʨʦʜ. ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʷʜʝ ʦʙʣʘʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʤʝʜʠʮʠʥʝ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʤʝʪʘʣʣʫʨʛʠʠ. ʋʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2500Áʉ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ 

ʙʘʨʴʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʢʠʩʣʠʪʝʣʷʭ. ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʨʤʠʨʫʶʱʠʭ ʧʣʘʩʪʠʥʦʢ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʢʦʩʪʝʡ ʧʨʠ ʧʝʨʝʣʦʤʘʭ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʨʜʝʯʥʳʭ ʢʣʘʧʘʥʦʚ, ʠʤʧʣʘʥʪʘʮʠʠ ʟʫʙʦʚ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠ ʪʠʧʘ ʤʘʪʨʠʮʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʠʨʦʫʛʣʝʨʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ. 



10 
 

1.2.5. ɸʃʔʊɽʈʅɸʊʀɺʅʓɽ ʇʆʈʀʉʊʓɽ ʋɻʃɽʈʆɼʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ 

ʄʆɼʀʎʀʈʆɺɸʅʅʓɽ ʋɻʆʃʔʅʆ-ʄʀʅɽʈɸʃʔʅʓɽ ʉʆʈɹɽʅʊʓ 
 

ʄʫʭʨʳʛʠʥʘ ɺ.ɻ. // ʄʘʪʝʨʠʘʣʳ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ XV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʥʥʦʚʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠè. ï 2021. ï ʉ.80-84 

  

        ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʩʚʷʟʘʥʳ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʠ ʨʘʟʜʝʣʝʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʛʘʟʦʚʳʭ ʠ ʞʠʜʢʠʭ ʩʨʝʜʘʭ. ʇʨʦʛʨʝʩʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʫʛʣʝʨʦʜʥʳʭ ʛʝʤʦʩʦʨʙʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʯʠʩʪʢʠ ʢʨʦʚʠ ʫ ʙʦʣʴʥʳʭ, ʘ ʪʘʢʞʝ 

ʵʥʪʝʨʦʩʦʨʙʝʥʪʦʚ, - ʚ ʮʝʣʷʭ ʦʯʠʩʪʢʠ ʦʨʛʘʥʠʟʤʘ ʦʪ ʪʦʢʩʠʥʦʚ. 

 

 

1.2.6. ʈɽʉʋʈʉʆʉɹɽʈɽɻɸʖʑʀɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆʃʋʏɽʅʀʗ ʊɽʂʉʊʀʃʔʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʀ ʀɿɼɽʃʀʁ ʉ ʇʈʆʃʆʅɻʀʈʆɺɸʅʅʓʄʀ ɸʅʊʀʀʅʌɽʂʎʀʆʅʅʓʄʀ 

ʉɺʆʁʉʊɺɸʄʀ 
 

ɼʳʤʥʠʢʦʚʘ ʅ.ʉ., ɽʨʦʭʠʥʘ ɽ.ɺ., ʄʦʨʳʛʘʥʦʚ ɸ.ʇ. // ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï 2020. - ˉ6 (390). ï ʉ.122-127  

  

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʀʍʈ ʈɸʅ ʧʦ ʩʠʥʪʝʟʫ ʧʨʝʧʘʨʘʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʝʨʝʙʨʘ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʛʨʠʙʢʦʚʳʭ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠʣʠ ʚʠʨʫʣʠʮʠʜʥʳʭ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʩ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʤ ʟʘʱʠʪʥʳʤ ʜʝʡʩʪʚʠʝʤ. ɺʳʧʫʱʝʥʳ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʘʨʪʠʠ ʚʠʨʫʣʠʮʠʜʥʦʡ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ ʠ ʟʘʱʠʪʥʳʭ ʤʘʩʦʢ ʩ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. 

 

 

 

1.3. ʂʆʄʇʆɿʀʊʓ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ. ɹɸɿɸʃʔʊ 

 

1.3.1. ʋʉʀʃɽʅʀɽ ʂʀʈʇʀʏʅʆɻʆ ɿɼɸʅʀʗ ʋɻʃɽʇʃɸʉʊʀʂʆʄ 
 

ɻʦʨʜʝʝʚʘ ɺ. ʉ., ʄʝʜʚʝʜʝʚ ʅ. ɽ. // ʄʘʪʝʨʠʘʣʳ 61-ʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʊʆɻʋ. ï 2021. ï ʉ.251-253 

  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʫʩʠʣʝʥʠʷ ʢʠʨʧʠʯʥʦʛʦ 

ʟʜʘʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʇʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʩʠʣʝʥʠʷ ʢʠʨʧʠʯʥʳʭ ʟʜʘʥʠʡ. 
ʈʘʩʯʝʪ ʟʜʘʥʠʷ ʙʝʟ ʫʩʠʣʝʥʠʷ ʠ ʩ ʫʩʠʣʝʥʠʝʤ ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʤʠ 

ʣʝʥʪʘʤʠ. ɼʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʘʨʠʘʥʪʦʚ 

ʫʩʠʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʟʠʩʥʦ-ʠʥʜʝʢʩʥʳʡ ʤʝʪʦʜ. 

ʋʩʠʣʝʥʠʝ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʝʰʝʚʣʝ 

ʫʩʠʣʝʥʠʷ ʢʦʥʪʨʬʦʨʩʘʤʠ ʥʘ 30%, ʨʘʟʥʠʮʘ ʪʨʫʜʦʝʤʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 78%. ʈʠʩ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʟʜʘʥʠʷ ʩ ʫʩʠʣʝʥʠʝʤ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʤʠ ʣʝʥʪʘʤʠ 
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1.3.2. ʊɽʍʅʆʃʆɻʀʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ɹɸɿɸʃʔʊʆʇʃɸʉʊʀʂʆɺʆʁ ɸʈʄɸʊʋʈʓ 

ʄɽʊʆɼʆʄ ʇʃɸʅɽʊʈʋɿʀʀ (PLANETRUSION) 
 

ʍʘʜʠʫʣʣʠʥ  ʈ.ʈ. // ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ XXI ʚʝʢʝè. ï 2021. ï ʉ.61-64 

  

ʈʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

ʪʝʨʤʦʧʣʘʩʪʦʚ ʧʫʪʝʤ ʧʣʘʥʝʪʨʫʟʠʠ ʚ ʨʘʩʧʣʘʚʝ. ʇʨʠʥʮʠʧ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʦʪʷʞʢʠ ʧʦʟʚʦʣʷʝʪ 
ʠʟʛʦʪʦʚʠʪʴ ʘʨʤʘʪʫʨʫ ʠʟ ʣʶʙʦʛʦ ʚʠʜʘ ʚʦʣʦʢʥʘ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʦʪʚʝʨʜʝʥʠʷ ʩʚʷʟʫʶʱʠʭ ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ 

ʚʝʱʝʩʪʚ, ʫʜʦʚʣʝʪʚʦʨʷʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

  

 

1.3.3. ɹɸɿɸʃʔʊʆɺʆɽ ɺʆʃʆʂʅʆ ʀ ɽɻʆ ʇʈʀʄɽʅɽʅʀɽ ɺ ʇʆʃʀʄɽʈʅʓʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃɸʍ 

 

ɸʤʝʨʭʘʥʦʚʘ  ɻ.ʀ., ʂʠʷʥʝʥʢʦ  ɽ.ɸ., ɿʝʥʠʪʦʚʘ  ʃ.ɸ. // ɹʫʪʣʝʨʦʚʩʢʠʝ ʩʦʦʙʱʝʥʠʷ. ï 2021. ï 

ʊ.67. ˉ8. ï ʉ.25-37 

  

ɹʘʟʘʣʴʪʦʚʳʝ ʚʦʣʦʢʥʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ (ɹɺʂ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʦʨʦʥʥʦʡ ʠ 

ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʪʨʘʥʩʧʦʨʪʝ, ʵʥʝʨʛʝʪʠʢʝ, ʥʝʬʪʝʭʠʤʠʠ, 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʝ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʩʫʜʦʩʪʨʦʝʥʠʠ, ʚʦʜʦʩʙʝʨʝʞʝʥʠʠ ʠ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʝ, ʦʢʝʘʥʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʪ.ʜ. ʏʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹɺʂ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʠʭ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɹɺʂ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʫʯʰʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʛʣʝʧʣʘʩʪʠʢʦʤ, ʘʨʘʤʠʜʥʳʤʠ ʠ ʩʪʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ ʚʦʣʦʢʥʦ-

ʧʦʣʠʤʝʨ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʩʠʣʘʥʘʤʠ, ʢʠʩʣʦʪʘʤʠ, ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʘʤʠ, ʧʣʘʟʤʦʡ 

ʫʣʫʯʰʘʝʪ ʤʝʞʬʘʟʥʫʶ ʘʜʛʝʟʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʘʟʘʣʴʪʦʚʳʝ ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

1.3.4. ʋʉʀʃɽʅʀɽ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ʂʆʄʇʆɿʀʊʅʓʄʀ 

ʄɸʊɽʈʀɸʃɸʄʀ 

 

ɸʙʜʫʣʦʚ ʊ.ʈ., ʉʠʣʴʤʘʥ ʖ.ʖ., ʃʠʩʠʮʳʥʘ ʃ.ɸ. // ʀʟʙʨʘʥʥʳʝ ʜʦʢʣʘʜʳ 67-ʡ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ʊʦʤʩʢ.  ï 

2021. ï ʉ.613-616 

  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʩʠʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʘʤʳʡ 

çʙʝʨʝʞʥʳʡè ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʘʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʛʣʝʨʦʜʥʳʤ 

ʚʦʣʦʢʥʦʤ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʤʝʪʦʜʘ ʫʢʨʝʧʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ɺʳʜʝʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ. 
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1.3.5. ʋʉʀʃɽʅʀɽ ɾɽʃɽɿʆɹɽʊʆʅʅʆʁ ʌɽʈʄʓ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʋɻʃɽʇʃɸʉʊʀʂɸ 

 

ɹʫʣʘʪ ɼ.ɼ. // ʀʟʙʨʘʥʥʳʝ ʜʦʢʣʘʜʳ 67-ʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ʊʦʤʩʢ. ï 2021. ï ʉ.17-20 

  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʫʛʣʝʢʦʤʧʦʟʠʪʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʵʪʘʞʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷ ʚ ʛ. ʊʦʤʩʢʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʷ ʠ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʫʩʠʣʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʬʝʨʤʳ. 
ʆʙʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʵʪʘʞʥʦʝ ʥʝʞʠʣʦʝ ʟʜʘʥʠʝ, ʩʙʦʨʥʳʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʢʘʨʢʘʩ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʥ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʤʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʩʙʦʨʥʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʣʦʥʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʟʜʘʥʠʷ ʠ 

ʰʘʨʥʠʨʥʦ ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʥʠʭ ʧʦʜʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ, ʥʘ ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʠʨʘʶʪʩʷ 

ʩʝʛʤʝʥʪʥʳʝ ʩʪʨʦʧʠʣʴʥʳʝ ʬʝʨʤʳ.   

 

 

 

1.3.6. ʉʆɺʄɽʉʊʀʄʆʉʊʔ ʂʆʄʇʆʅɽʅʊʆɺ ʀ ʈɽʃɸʂʉɸʎʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ 

ʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ ɺʊʆʈʀʏʅʆɻʆ ʇʆʃʀʇʈʆʇʀʃɽʅɸ ʀ 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɹɸɿɸʃʔʊʆɺʓʍ ɺʆʃʆʂʆʅ 

 

ɻʘʣʠʮʝʡʩʢʠʡ ʂ.ɹ., ʊʠʤʘʥʮʝʚ ʗ.ɸ., ɼʦʢʫʯʘʝʚ ʈ.ɺ. //  ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʉʝʨʠʷ ɸ. ï 2020. ï ʊ.62, ˉ5. ï ʉ.357-369   

  

ʉʧʨʦʛʥʦʟʠʨʦʚʘʥʘ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʦʙʨʘʟʫʝʤʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʇʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʧʘʨʘʤʠ CCl4 ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ 

ʩ ʮʝʣʴʶ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʥʘ ʘʪʦʤʳ ʭʣʦʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʘ ʦʙʨʘʙʦʪʢʘ 

ʭʣʦʨʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʢʝ CH4 ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʭʣʦʨʘ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʨʫʧʧʳ. 

ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ñʂʘʩʢʘʜò ʦʧʨʝʜʝʣʝʥʦ ʭʠʤʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʨʫʧʧ, ʥʘʠʙʦʣʝʝ ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʧʦʣʠʧʨʦʧʠʣʝʥʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚʳʭ 

ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʙʘʟʘʣʴʪʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʧʦʢʘʟʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʡ ʨʝʣʘʢʩʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʜʫʣʷ ʧʨʠ ʚʩʝʭ ʚʨʝʤʝʥʘʭ 

ʥʘʙʣʶʜʝʥʠʷ. 

 



13 
 

1.3.7. ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʈʋɹʃɽʅʅʆɻʆ ɹɸɿɸʃʔʊʆɺʆɻʆ ɺʆʃʆʂʅɸ 

ʅɸ ʇʈʆʏʅʆʉʊʅʓɽ ʉɺʆʁʉʊɺɸ ʄɽʃʂʆɿɽʈʅʀʉʊʆɻʆ ɹɽʊʆʅɸ 
 

ʂʘʩʳʤʦʚ ʊ.ʄ., ʂʫʜʘʡʙʝʨʛʝʥʦʚʘ ʅ.ʉ. // ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï 2020. - ˉ1 

(14). ï ʉ.95-104 

  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʜʠʩʧʝʨʩʥʦ 

ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʨʫʙʣʝʥʥʦʝ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ (ʬʠʙʨʘ) ʜʣʠʥʦʡ ʦʪ 5 ʜʦ 30 ʤʤ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʙʘʟʘʣʴʪʦʚ 

ʤʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʠ ʩʞʘʪʠʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʙʝʟ ʘʨʤʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʠ ʩʦʜʝʨʞʘʱʝʛʦ 1,5-6,0 

% ʧʦ ʦʙʲʝʤʫ ʨʫʙʣʝʥʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ. 

 

1.3.8. ʇʆʃʋʏɽʅʀɽ, ʄɽʍɸʅʀʏɽʉʂʀɽ ʀ ʊɽʈʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ɺʊʆʈʀʏʅʆɻʆ 

ʇʆʃʀʇʈʆʇʀʃɽʅɸ ʀ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɹɸɿɸʃʔʊʆɺʓʍ ɺʆʃʆʂʆʅ 
  

ɻʘʣʠʮʝʡʩʢʠʡ ʂ.ɹ., ʊʠʤʘʥʮʝʚ ʗ.ɸ., ɼʦʢʫʯʘʝʚ ʈ.ɺ. //  ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʉʝʨʠʷ ɸ. ï 2020. ï ʊ.62, ˉ5. ï ʉ.370-379 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʢʦʨʦʪʢʦ-ʨʫʙʣʝʥʳʭ ʙʘʟʘʣʴʪʦʚʳʭ 

ʚʦʣʦʢʦʥ. ʂʦʤʧʦʟʠʪʳ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʪ 5 ʜʦ 20% 

ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ; ʢʘʞʜʳʡ ʢʦʤʧʦʟʠʪ ʙʳʣ ʧʨʦʛʨʝʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 500, 650 ʠ 750Áʉ. ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʳ 

ʢʨʠʚʳʝ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʜʦʩʪʠʛʘʝʪ 2120 ʄʇʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ 20%, ʧʨʠʯʝʤ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʵʪʦʪ ʤʦʜʫʣʴ ʨʘʚʝʥ 705 ʄʇʘ.   ʇʦʤʠʤʦ 

ʭʦʨʦʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʙʘʟʘʣʴʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʭʝʤʦ- ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʥʝʧʣʦʭʠʤʠ ʪʝʧʣʦʚʳʤʠ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʊʝʧʣʦʠʟʦʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʘʟʘʣʴʪʘ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʘʩʙʝʩʪʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʙʘʟʘʣʴʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʝ. ʊʘʢʞʝ ʫ ʙʘʟʘʣʴʪʘ ʚ 10 ʨʘʟ ʣʫʯʰʝ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʝʤ ʫ ʪʦʛʦ ʞʝ ʩʪʝʢʣʘ. 

ɹʘʟʘʣʴʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʭʠʤʠʯʝʩʢʠ ʩʪʦʝʢ, ʯʝʤ ʩʪʝʢʣʦʚʦʣʦʢʥʦ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʠʣʴʥʳʭ ʱʝʣʦʯʘʭ. 

 

2.  ɸʊʆʄʅɸʗ ʀ ɸʃʔʊɽʈʅɸʊʀɺʅɸʗ ʕʅɽʈɻɽʊʀʂɸ 

2.1. ɺʃʀʗʅʀɽ ʇʆʈʀʉʊʆʉʊʀ ʉʃʆʗ ʂʈɽʄʅʀʗ ʅɸ ʋʇʈʋɻʀɽ ʉɺʆʁʉʊɺɸ 

ɻʀɹʈʀɼʅʓʍ ʇʆɼʃʆɾɽʂ SiC/Si   
 

ʂʦʨʷʢʠʥ ɸ.ɸ., ɽʨʝʤʝʝʚ ʖ.ɸ., ʆʩʠʧʦʚ ɸ.ɺ. //  ʇʠʩʴʤʘ ʚ ɾʫʨʥʘʣ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ï 

2021. ï ʊ.47, ˉ3. ï ʉ.25-28 

  

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʩʣʦʷ ʢʨʝʤʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʘʢʨʦʧʦʨʳ, ʥʘ ʫʧʨʫʛʠʝ ʠ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʜʣʦʞʝʢ SiC/Si, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ. ʈʘʩʯʝʪ 

ʫʧʨʫʛʠʭ ʢʦʥʩʪʘʥʪ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ 
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ʨʘʩʯʝʪʘ ʤʦʜʫʣʷ ʖʥʛʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [111] ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ 

ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʧʦʜʣʦʞʝʢ SiC/Si(111). ʇʦʩʪʨʦʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʦʜʣʦʞʝʢ SiC/Si ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʠʩʪʳʡ ʢʨʝʤʥʠʡ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ. 

 

2.2. ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈʕɹ ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ 

ʂʆʄʇʆɿʀʊʅʓʍ ɼɽʊɸʃɽʁ ʅɸ ʆʉʅʆɺɽ ʋɻʃɽʈʆɼʅʆʁ ʄɸʊʈʀʎʓ, 

ʇʈʆʇʀʊɸʅʅʆʁ ʈɸɼʀʆʇʆɻʃʆʑɸʖʑʀʄ ʇʆʃʀʄɽʈʅʓʄ ʉɺʗɿʋʖʑʀʄ 

 

ɺʦʣʢʦʚ ɸ.ɺ., ʂʘʣʠʥʠʥ ɸ.ɸ., ʂʨʶʢʦʚ ɸ.ɺ. //  ʈʘʜʠʦʪʝʭʥʠʢʘ. ï 2020. ï ʊ.84, ˉ10 (20). ï 

ʉ.77-84 

  

          ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʉɺʏ-ʤʦʜʫʣʝʡ ʜʣʷ ʠʭ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʣʠʩʪʦʚʳʝ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʧʦʛʣʦʪʠʪʝʣʠ, ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʢʦʨʧʫʩʝ ʤʦʜʫʣʷ. ʅʝʜʦʩʪʘʪʢʘʤʠ 

ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʘʷ ʪʦʣʱʠʥʘ ʥʘʥʝʩʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʩʣʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ 

ʥʘ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʪʴ ʩʘʤʫ ʜʝʪʘʣʴ ʠʟ 

ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʝʩʪʢʦʡ ʦʩʥʦʚʳ. ʎʝʣʴ. ʇʦʣʫʯʠʪʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʧʦʛʣʦʪʠʪʝʣʴ ʠ 

ʠʟʛʦʪʦʚʠʪʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʦʧʳʪʥʳʝ ʜʝʪʘʣʠ ʤʝʪʦʜʦʤ ʬʦʨʤʦʚʘʥʠʷ, ʣʠʪʴʷ. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʩ ʥʝʤʘʛʥʠʪʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 26-37 ɻɻʮ. ʀʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʦʧʳʪʥʳʝ ʜʝʪʘʣʠ ʤʝʪʦʜʦʤ ʬʦʨʤʦʚʘʥʠʷ, ʣʠʪʴʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʧʠʪʢʘ ʧʦʛʣʦʱʘʶʱʝʡ ʧʘʩʪʦʡ ʜʝʪʘʣʝʡ ʠʟ ʫʛʣʝʨʦʜʥʦʡ ʪʢʘʥʠ (ʢʦʤʧʦʟʠʪʳ) 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʠʭ ʤʘʪʨʠʮʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʝʛʨʘʜʦʡ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʉɺʏ-ʧʨʠʙʦʨʦʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. 

 

2.3. ɺʃʀʗʅʀɽ ʇʈɽʂʋʈʉʆʈɸ ʅɸ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ɸʃʄɸɿʆʇʆɼʆɹʅʓʍ ʂʈɽʄʅʀʁ-ʋɻʃɽʈʆɼʅʓʍ ʇʃɽʅʆʂ   
 

ɹʘʨʠʥʦʚ ɸ.ɼ., ɻʫʨʠʥʦʚʠʯ ʊ.ɼ., ʇʦʧʦʚ ɸ.ʀ. //  ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ï 2020. ï ʊ.56, 

ˉ8. ï ʉ.844-853 

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦʪʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ) ʘʤʦʨʬʥʳʭ ʢʨʝʤʥʠʡ-ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ: 

ʧʦʣʠʬʝʥʠʣʤʝʪʠʣʩʠʣʦʢʩʘʥʘ (ʇʌʄʉ) ʠ ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ (ʇʄʉ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ ʇʌʄʉ ʷʚʣʷʶʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʧʦʣʷʨʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʘ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʇʄʉ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʘʙʦʧʦʣʷʨʥʳʡ ʜʠʵʣʝʢʪʨʠʢ. ʇʨʠ ʵʪʦʤ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʟʥʘʯʝʥʠʷ ʠʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ (ʧʨʠ 300 ʂ ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ ʦʥʠ 

ʩʦʩʪʘʚʣʷʶʪ 4.9 ʠ 4.4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʪ ʯʘʩʪʦʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʦʪ ʪʠʧʘ ʧʨʝʢʫʨʩʦʨʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ. 2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ, ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʣʝʥʢʠ ʠʤʝʶʪ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʈʠʩ. ʄʦʨʬʦʣʦʛʠʷ ʢʨʝʤʥʠʡ-ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʦʢ ʇʌʄʉ (ʘ), ʇʄʉ (ʙ). 
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        2.4. ɸɼʉʆʈɹʎʀʗ ʀ ɼɽʉʆʈɹʎʀʗ ʊʈʀʊʀʗ  ʅɸ/ʀɿ ʗɼɽʈʅʆɻʆ ɻʈɸʌʀʊɸ  

ʇʋʊɽʄ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇɽʈɺʆʆʉʅʆɺʓ 

 

        Tritium adsorption and desorption on/from nuclear graphite edge by a first-principles 

study / Mingjun Zhang, Xijun Wu, GuoYang // Carbon. ï 2021. ï Vol.173, March. ï P.676-686 

 

        ʋʜʘʣʝʥʠʝ ʪʨʠʪʠʷ ʠʟ ʦʙʣʫʯʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʷʜʝʨʥʦʛʦ ʛʨʘʬʠʪʘ. ɿʜʝʩʴ ʤʳ ʠʩʧʦʣʴʟʫʝʤ  ʧʝʨʚʦʦʩʥʦʚʫ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ     

(ʌʇ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʝʩʦʨʙʮʠʠ ʠ ʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʩʯʝʪʥʘʷ 

ʵʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -2,6 ʜʦ -5 ʵɺ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʘʝʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠ ʫʨʦʚʥʷ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʠ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʛʨʘʬʠʪʘ. ʋʨʦʚʝʥʴ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʙʳʩʪʨʦ ʧʘʜʘʝʪ 

ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʢʨʘʷ ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʠ ʢ ʧʦʣʥʦʩʪʴʶ 

ʥʘʩʳʱʝʥʥʳʤ ʢʨʘʷʤ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ (ʕaʢ) ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʝʩʦʨʙʮʠʠ 

ʧʫʪʝʤ ʥʘʜʣʝʞʘʱʝʛʦ ʫʯʝʪʘ ʧʦʧʨʘʚʦʢ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʥʫʣʝʚʦʡ ʪʦʯʢʠ.  ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘ ʜʝʩʦʨʙʮʠʠ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ ʠʟ ʷʜʝʨʥʦʛʦ 

ʛʨʘʬʠʪʘ: ʵʪʘʧ 1 (200-300ÁC), ʵʪʘʧ 2 

(500-700ÁC), ʵʪʘʧ 3 (1000-1100ÁC).   ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʫʜʘʣʝʥʠʶ ʪʨʠʪʠʷ ʠʟ ʷʜʝʨʥʦʛʦ ʛʨʘʬʠʪʘ. 

(ʐ.) (ɸʥʛʣ)  

 

 

2.5. ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʇʆʃʀʄɽʈʓ ɼʃʗ ɿɸʑʀʊʓ ʆʊ ʀɿʃʋʏɽʅʀʗ 

 

ɽʛʦʨʦʚ ʄ. ʖ., ʉʪʝʧʘʰʢʠʥʘ ɸ. ʉ. // ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ XXIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɺʦʣʥʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè. ï 2021. ï ʉ.256-260 

  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ ʠ 

ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʤʘʪʨʠʮʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʛʣʝʨʦʜʥʳʝ ʯʘʩʪʠʮʳ ʠ ʤʝʪʘʣʣʳ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʪʘʢʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʱʠʪʥʳʭ ʩʨʝʜʩʪʚ ʦʪ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʠʩ. ʌʦʨʤʦʚʘʥʠʝ 

ʧʣʝʥʦʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʝʟ ʱʝʣʴʝʚʫʶ 

ʬʠʣʴʝʨʫ 

 

 

2.6.   ʇʈʀʄɽʅɽʅʀɽ ʇʆʃʀʊɽʊʈɸʌʊʆʈʕʊʀʃɽʅɸ ɼʃʗ ɼʆɿʀʄɽʊʈʀʏɽʉʂʆɻʆ 

ʂʆʅʊʈʆʃʗ ʇʆ ɼɸʅʅʓʄ ʗʄʈ 19F   
 

ɻʝʨʤʦʚ ɸ.ʖ., ʄʠʭʘʣʸʚ ʂ.ʅ., ʉʢʦʨʶʥʦʚ ʈ.ɺ. //  ɼʝʬʝʢʪʦʩʢʦʧʠʷ. ï 2021. - ˉ7. ï ʉ.52-56 

  

ʀʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʗʄʈ 13C, 19F ʠʩʭʦʜʥʳʭ ʠ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ 

ʚ ʜʠʘʧʘʟʦʥʝ ʜʦʟ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʦ 50 ʢɻʨ. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʗʄʈ 19F 

ʚʦʟʨʘʩʪʘʝʪ ʣʠʥʝʡʥʦ ʩ ʨʦʩʪʦʤ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʟ ʤʝʪʦʜʦʤ ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ. 
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2.7. Si-ɼʆʇʀʈʆɺɸʅʅʓɽ ʆɼʅʆʉʊɽʅʅʓɽ ʋɻʃɽʈʆɼʅʓɽ ʅɸʅʆʊʈʋɹʂʀ ʂɸʂ 

ʇʆʊɽʅʎʀɸʃʔʅʓɽ ʂɸʊɸʃʀɿɸʊʆʈʓ ʈɽɸʂʎʀʀ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʂʀʉʃʆʈʆɼɸ 

(ʘʪʦʤ) 

 

     ɺʘʱʝʥʢʦ ɸ.ɺ., ʂʫʟʴʤʠʥ ɸ.ɺ., ʐʘʠʥʷʥ ɹ.ɸ.// ɾʫʨʥʘʣ ʦʙʱʝʡ ʭʠʤʠʠ. ï 2020. - ˉ3. -  ʉ.483-489 

  

ʄʝʪʦʜʦʤ DFT wB97XD/6-31G* 

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ, SiC119 (NT-1) 

ʠ SiC83 (NT-2), ʜʦʧʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʤ ʢʨʝʤʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʘʜʩʦʨʙʮʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ ʘʪʦʤʝ 

ʢʨʝʤʥʠʷ ʠ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʦʥʘ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʘ ʢʘʪʦʜʝ ʚ ʨʘʤʢʘʭ ʜʚʫʭ- ʠ 

ʯʝʪʳʨʝʭʵʣʝʢʪʨʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʇʦʣʫʯʝʥʳ ʜʠʘʛʨʘʤʤʳ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʠʩʣʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʠʨʘʤʠʜʘʣʴʥʦʩʪʠ ʘʪʦʤʘ 

ʢʨʝʤʥʠʷ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʫʙʢʠ. 

 

 

 

3.  ʅɸʅʆʄɸʊɽʈʀɸʃʓ, ʌʋʃʃɽʈɽʅʓ, ɻʈɸʌɽʅ 

 

3.1. ʀɿʄɽʅɽʅʀɽ ʇʆɺɽʈʍʅʆʉʊʀ ʕʃɸʉʊʆʄɽʈʆɺ ʅɸ ʆʉʅʆɺɽ 

ʕʇʀʍʃʆʈɻʀɼʈʀʅʆɺʆɻʆ ʂɸʋʏʋʂɸ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆɻʆ 

ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʓʄʀ ʋɻʃɽʈʆɼʅʓʄʀ ʅɸʅʆʊʈʋɹʂɸʄʀ 
 

ʄʫʨʘʚʴʝʚʘ ʊ.ʀ., ʑʝʨʙʘʢʦʚʘ ʆ.ʆ., ɿʘʛʦʨʩʢʠʡ ɼ.ʃ. //  ʇʦʚʝʨʭʥʦʩʪʴ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ, 

ʩʠʥʭʨʦʪʨʦʥʥʳʝ ʠ ʥʝʡʪʨʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ.̫ ï 2020. - ˉ11. ï ʉ.45-52 

  

ʀʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʨʝʟʠʥ ʥʘ ʦʩʥʦʚʝ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʚʦʛʦ ʢʘʫʯʫʢʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʦʩʦʙʦʛʦ ʪʠʧʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ 

ʢʠʩʣʦʨʦʜʦʤ. ʎʝʣʴʶ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʧʦʚʳʰʝʥʠʝ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ. ɼʚʘ ʪʠʧʘ ʦʙʨʘʟʮʦʚ ï ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1 ʠ 10% ʥʘʥʦʪʨʫʙʦʢ ï 

ʩʨʘʚʥʠʚʘʣʠ ʩ ʠʩʭʦʜʥʳʤ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʘʫʯʫʢʦʤ. ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʚ ʵʢʩʧʨʝʩʩ-ʨʝʞʠʤʝ. ʕʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʵʣʘʩʪʦʤʝʨʘ ʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʠʣʠ ʝʝ ʠʟʤʝʥʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʘʥʦʪʨʫʙʦʢ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʘʛʣʦʤʝʨʘʪʦʚ ʭʘʨʘʢʪʝʨʥʦʡ ʬʦʨʤʳ, ʧʦʚʳʰʝʥʠʶ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʝ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʪʨʝʥʠʠ. ʈʘʟʣʠʯʠʷ ʚ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʫʞʝ ʚ ʦʙʨʘʟʮʘʭ ʩ 1% ʥʘʥʦʪʨʫʙʦʢ ʠ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʦʙʨʘʟʮʘʭ ʩ 10% 

ʪʨʫʙʦʢ. ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʨʝʟʳ ʦʙʨʘʟʮʦʚ 

(ʪʦʧʦʛʨʘʬʠʷ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ) ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ 

ʢʨʦʤʢʠ ʩʨʝʟʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʝʝ ʧʣʦʪʥʘʷ ʠ ʛʣʘʜʢʘʷ, ʯʝʤ ʚ ʦʙʲʝʤʥʳʭ ʩʣʦʷʭ ʦʙʨʘʟʮʘ, ʦʜʥʘʢʦ 

ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ 

ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʚʳʡ ʢʘʫʯʫʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʫʧʨʦʯʥʝʥʠʶ ʵʣʘʩʪʦʤʝʨʘ ʠ ʧʦʚʳʰʘʝʪ ʝʛʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. 
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3.2. ɺʃʀʗʅʀɽ ʈɸɿʃʀʏʅʓʍ ɸʃʃʆʊʈʆʇʆɺ ʋɻʃɽʈʆɼɸ ʅɸ 

ʊʈʀɹʆʃʆɻʀʏɽʉʂʀɽ ʀ ʈɽʆʃʆɻʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʄʆɼɽʃʔʅʓʍ 

ʉʄɸɿʆʏʅʓʍ ʉʀʉʊɽʄ   

 

ʇʘʨʬʝʥʦʚ ɸ.ʉ., ʐʠʣʦʚ ʄ.ɸ., ʉʤʠʨʥʦʚʘ ɸ.ʀ. //  ʊʨʝʥʠʝ ʠ ʠʟʥʦʩ. ï 2021. ï ʊ.42, ˉ3. ï 

ʉ.338-349 

  

ʈʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʳ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ çɺʘʟʝʣʠʥ 

ʤʝʜʠʮʠʥʩʢʠʡ (VM) - ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ (ʋʅʉ)è. ʋʅʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʘʤʠ 

ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ: ʤʥʦʛʦʩʣʦʡʥʳʤ ʦʢʠʩʣʝʥʥʳʤ ʛʨʘʬʝʥʦʤ (Gr), ʦʜʥʦʩʪʝʥʥʳʤʠ (SWNT) ʠ 

ʤʥʦʛʦʩʪʝʥʥʳʤʠ (MWNT) ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʤʘʪʝʨʠʘʣʦʤ ʊʘʫʥʠʪ-ʄ, ʬʫʣʣʝʨʝʥʦʤ ʉ60 

ʠ ʰʫʥʛʠʪʦʚʳʤ ʥʘʥʦʫʛʣʝʨʦʜʦʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʋʅʉ ʩʦʩʪʘʚʣʷʣʘ 0,5 ʠ 1,0 ʤʘʩ. %. ʀʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʅʉ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ VM-

ʋʅʉ. ʆʙʱʠʤ ʚʳʚʦʜʦʤ ʜʣʷ ʧʨʦʚʝʜʸʥʥʳʭ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʠʩʪʝʤ VM-ʋʅʉ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ 

ʘʣʣʦʪʨʦʧʦʚ ʫʛʣʝʨʦʜʘ ʫʣʫʯʰʘʝʪ ʩʤʘʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʙʘʟʦʚʦʛʦ ʚʘʟʝʣʠʥʘ, ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʸʪ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʪʠʢʩʦʪʨʦʧʠʠ. 

 

 

3.3. ʇʈʆʀɿɺʆɼʉʊɺʆ ɻʈɸʌɽʅʆʉʆɼɽʈɾɸʑʀʍ ʉʋʉʇɽʅɿʀʁ ɾʀɼʂʆʌɸɿʅʆʁ 

ʉɼɺʀɻʆɺʆʁ ʕʂʉʌʆʃʀɸʎʀɽʁ ɻʈɸʌʀʊɸ 

 

ɸʣʴ-ɼʞʘʨʘʭ ʈ.ɸ., ʇʝʨʰʠʥ  ɺ.ʌ., ʆʩʠʧʦʚ  ɸ.ɸ. // ɺʝʩʪʥʠʢ ʊʘʤʙʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2021. ï ʊ.27, ˉ3. ï ʉ.476-485 

  

ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʦʩʦʜʝʨʞʘʱʠʭ ʩʫʩʧʝʥʟʠʡ 

ʞʠʜʢʦʬʘʟʥʦʡ ʩʜʚʠʛʦʚʦʡ ʵʢʩʬʦʣʠʘʮʠʝʡ ʛʨʘʬʠʪʘ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʵʢʩʬʦʣʠʘʮʠʠ ʛʨʘʬʠʪʘ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʘʭ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʵʢʩʬʦʣʠʘʮʠʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ. ʇʨʝʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʨʘʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʫʩʧʝʥʟʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 1,5 

ʨʘʟʘ ʙʳʩʪʨʝʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ, ʯʝʤ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ, ʠ ʝʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʦʣʴʰʝ (ʤʠʥʠʤʫʤ ʥʘ 25 %). 
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3.4. ʂʆʅʉʊʈʋʂʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ʈɸɼʀʆʊɽʍʅʀʏɽʉʂʆɻʆ 

ʅɸɿʅɸʏɽʅʀʗ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓɽ ʋɻʃɽʈʆɼʅʓʄʀ ʅɸʅʆʊʈʋɹʂɸʄʀ 

 

         ʂʨʘʝʚ ʀ.ɼ., ʉʦʨʦʢʠʥ ɸ.ɽ., ʆʣʠʭʦʚʘ ʖ.ɺ.//ʇʣʘʩʪʠʯʝʩʢʠʝ ʤʘʩʩʳ. ï 2020. - ˉ9-10. ï ʉ.62-66 

  

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ) ʥʘ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ), 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ (ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ), ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. ʇʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚʳ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ. ʇʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʋʅʊ. 

 

 

3.5. ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʉʊʈʋʂʊʋʈ ɺ ʉʆʉʊɸɺɽ 

ɼʈɽɺɽʉʅʆ-ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀɺʀʅʀʃʍʃʆʈʀɼɸ 

 

ɸʙʜʨʘʭʤʘʥʦʚʘ  ʃ.ɸ., ɻʘʣʝʝʚ  ʈ.ʈ., ʍʘʥʪʠʤʠʨʦʚ  ɸ.ɻ. // ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: 

ʅʘʫʯʥʳʡ ʠʥʪʝʨʥʝʪ-ʞʫʨʥʘʣ. ï 2021. ï ʊ.13, ˉ3. ï ʉ.150-157 

  

 ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʚʷʟʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ ʚ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʫʣʫʯʰʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʭ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʛʨʝʛʠʨʦʚʘʥʠʷ 

ʯʘʩʪʠʮ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʣʦʞʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠʭ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʪʘʢʠʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʙʳ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ.   

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʘʛʝʥʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʜʨʝʚʝʩʥʦ-

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʥʝʬʪʷʥʳʭ 

ʢʦʢʩʦʚ. ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʯʘʩʪʠʮ ʢʦʢʩʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʢʦʢʩʘ (ʜʦ 10% ʦʪ ʤʘʩʩʳ ʜʨʝʚʝʩʥʦʡ ʤʫʢʠ), ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʠʨʦʜʳ ʢʦʢʩʦʚ 

ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʦʩʥʦʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

(ʪʝʢʫʯʝʩʪʴ ʨʘʩʧʣʘʚʘ) ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

(ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʠʟʛʠʙ, ʤʦʜʫʣʴ 

ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʴ, 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ) 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ.              

ʈʠʩ. ʄʠʢʨʦʩʥʠʤʢʠ ʢʦʢʩʘ 1 ʠ ʢʦʢʩʘ 2. 

 

3.6. ʊɽʈʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʃɪʅʆʏʅʓʍ ʂʆʄʇʆɿʀʊʆɺ, 

ʅɸʇʆʃʅɽʅʅʓʍ ʋɻʃɽʈʆɼʅʓʄʀ ʅɸʅʆʏɸʉʊʀʎɸʄʀ 

 

ʄʘʨʮʝʥʶʢ ɺ.ɺ., ʃʳʩʝʥʢʦ ɸ.ɸ., ʂʦʩʪʶʭʠʥʘ ʗ.ɺ. // ʄʘʪʝʨʠʘʣʳ II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʎɹʇ çʉʦʚʨʝʤʝʥʥʘʷ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ɸʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷè. ï 2020. ï ʉ.102-
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ʅʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʚʦʣʦʢʥʦʦʙʨʘʟʫʶʱʠʭ ʧʦʣʠʤʝʨʦʚ (ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ, 

ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ, ʧʦʣʠʦʢʩʘʜʠʘʟʦʣ) ʧʦʣʫʯʝʥʳ ʧʣʝʥʦʯʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ. ʊʝʨʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʜʝʨʠʚʘʪʦʛʨʘʬʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ- 

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʢʦʣʠʯʝʩʪʚʝ 

0,1 ʤʘʩʩ. % ʚ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʦʟʠʪʘ. 

ʅʘʯʘʣʦ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʦʢʩʘʜʠʘʟʦʣʴʥʳʭ ʧʣʝʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ 7,5 ʤʘʩʩ. % ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʩʥʠʞʘʝʪʩʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʧʦʣʥʝʥʠʝ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʥʳʭ ʧʣʝʥʦʢ ʫʛʣʝʨʦʜʥʳʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ (2 ʤʘʩʩ. %) ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʦʙʨʘʟʮʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʝʥʦʢ.   

 

          3.7. ʉɺɽʈʍʃɽɻʂʀɽ ɻʀɹʈʀɼʅʓɽ ɺʆʃʆʂʅɸ ɻʈɸʌɽʅ/ɻʈɸʌʀʊ, ʇʆʃʅʆʉʊʔʖ 

ʆʉʅʆɺɸʅʅʓɽ ʅɸ ɺʆɼʅʓʍ ʇʈʆʎɽʉʉɸʍ, ʀ ʀʍ ʇʈʀʄɽʅɽʅʀɽ ɺ 

ɺʓʉʆʂʆʕʌʌɽʂʊʀɺʅʓʍ ʂʆʄʇʆɿʀʊɸʍ ʉ ʂʆʅʊʈʆʃʀʈʋɽʄʆʁ ʇʃʆʊʅʆʉʊʔʖ 

 

        Ultralight graphene/graphite hybrid fibers via entirely water -based processes and their 

application to density-controlled high performance composites / Somayeh Zamani, Jong Sung 

Won, Muhammad Salim // Carbon. ï 2021. ï Vol.173, March. ï P.880-890 

 

       ʇʨʦʠʟʚʦʜʩʪʚʦ ʣʝʛʢʠʭ ʚʦʣʦʢʦʥ ʛʨʘʬʝʥ/ʛʨʘʬʠʪ (ɻɺ) ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʭʦʨʦʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʩʪʦʡ ʤʝʪʦʜ 

ʦʙʨʘʙʦʪʢʠ, ʚʩʝ ʝʱʝ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʙʳʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʣʦʢʦʥ 

ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠʟ ʛʨʘʬʠʪʘ ʪʨʝʙʫʝʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʵʪʘʧʦʚ 

ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ ʣʠʩʪʘ ʛʨʘʬʝʥʘ ʢʘʢ  ʝʜʠʥʠʯʥʦʛʦ ʩʣʦʷ ʥʝ ʙʳʣʠ  

ʧʦʣʫʯʝʥʳ ʫ ʪʘʢʠʭ ʚʦʣʦʢʦʥ.  ʉʦʦʙʱʘʝʪʩʷ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʚʝʨʭʣʝʛʢʠʭ ʚʦʣʦʢʦʥ ʛʨʘʬʝʥ/ ʛʨʘʬʠʪ  ʩ 

ʧʣʦʪʥʦʩʪʴʶ 0,25 ʛ/ʩʤ3 ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʧʝʯʘʪʣʷʶʱʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ - ʧʨʦʯʥʦʩʪʴ Ḑ0,5 ɻʇʘ ʠ ʤʦʜʫʣʴ ʖʥʛʘ 40 ɻʇʘ  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʣʥʦʩʪʴʶ ʚʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʪ ʜʦʩʪʠʞʝʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʛʨʘʬʠʪʘ ʜʦ ʩʙʦʨʢʠ ʚ ʚʦʣʦʢʥʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʩʚʝʨʭʣʝʛʢʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ  ɻɺ, ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ  ʧʨʝʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʩʘʤʦʧʣʘʚʘʶʱʠʝ ʣʝʛʢʠʝ ʢʦʤʧʦʟʠʪʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. (ʐ.) (ɸʥʛʣ)  

 

 

4.  ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ. ʉʓʈʔɽ 

4.1. ʆʇʈɽɼɽʃɽʅʀɽ ʄʆɼʋʃʗ ʋʇʈʋɻʆʉʊʀ ʂʆʄʇʆɿʀʎʀʆʅʅʆʁ ʂɽʈɸʄʀʂʀ 

ʅɸ ʆʉʅʆɺɽ SiC 

 

ʂʠʷʰʢʦ ʄ.ɺ., ɻʨʠʥʯʫʢ ʇ.ʉ., ʂʫʟʥʝʮʦʚʘ ʊ.ɸ. //  ʇʠʩʴʤʘ ʚ ɾʫʨʥʘʣ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ï 
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ʅʘ ʦʩʥʦʚʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥ ʤʦʜʫʣʴ ʖʥʛʘ ʛʝʪʝʨʦʬʘʟʥʦʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʠ ʌʦʡʛʪʘ-ʈʝʡʩʩʘ-ʍʠʣʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʦʜʫʣʷ ʖʥʛʘ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʦʥʝʥʪʦʚ ʢʝʨʘʤʠʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʯʝʪʥʳʝ 

ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʠʤʝʶʪ 

ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʩʯʝʪʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ 

ʤʝʥʴʰʠʡ ʨʘʟʤʘʭ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʷ ʖʥʛʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʝʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʘ ʢʝʨʘʤʠʢʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʥʝʥʪʦʚ. 
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 4.2. ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʄɸɿʆʏʅʆɻʆ ɼɽʁʉʊɺʀʗ ʈɸɿʃʀʏʅʓʍ ʇʆ ʇʈʀʈʆɼɽ 

ʀ ʉɺʆʁʉʊɺɸʄ ʉʄɸɿʆʏʅʓʍ ʉʈɽɼ ʅɸ ʊʈɽʅʀɽ ʇɸʈʓ ʕʅɼʆʇʈʆʊɽɿʀʈʆɺɸʅʀʗ 

çʋɻʃɽʈʆɼʅʆɽ ɸʃʄɸɿʆʇʆɼʆɹʅʆɽ ʇʆʂʈʓʊʀɽ - 

ʉɺɽʈʍɺʓʉʆʂʆʄʆʃɽʂʋʃʗʈʅʓʁ ʇʆʃʀʕʊʀʃɽʅè 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʨʠʙʦʤʝʪʨʘ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ 

ʠ ʩʚʦʡʩʪʚʘʤ ʩʤʘʟʦʯʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʪʨʝʥʠʝ ʧʘʨʳ ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʳʚʦʨʦʪʢʠ 

ʢʨʦʚʠ ʠʣʠ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʪʨʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʥʘʪʫʨʘʣʴʥʦʡ 

ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʠʥʦʚʠʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʭʦʣʝʩʪʝʨʠʯʝʩʢʠʝ 

ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʩʫʱʠʝ ʥʘʪʫʨʘʣʴʥʦʡ ʩʠʥʦʚʠʠ, ʠ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʭʦʥʜʨʦʠʪʠʥʩʫʣʴʬʘʪʦʚ (ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ), ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʳ ʭʨʷʱʝʚʦʛʦ ʤʘʪʨʠʢʩʘ, 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʦ, ʯʪʦ, ʢʘʢ ʠ ʧʨʠ 

ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʨʝʥʠʷ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʪʨʠʙʦʤʝʪʨʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʘʨʳ 

çʭʨʷʱ-ʭʨʷʱè ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʠʥʦʚʠʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʭʦʣʝʩʪʝʨʠʯʝʩʢʠʝ ʞʠʜʢʠʝ 

ʢʨʠʩʪʘʣʣʳ, ʧʨʠʩʫʱʠʝ ʥʘʪʫʨʘʣʴʥʦʡ ʩʠʥʦʚʠʠ, ʚ ʩʤʘʟʦʯʥʦʤ ʜʝʡʩʪʚʠʠ ʧʦʢʘʟʘʣʘ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʇʦʩʣʝʜʥʠʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʪʘʢʞʝ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʪʚʸʨʜʳʭ 

ʪʝʣ, ʦʩʦʙʝʥʥʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʧʨʷʞʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʤʘʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʤʘʟʦʯʥʳʭ ʩʦʩʪʘʚʘʭ ʠ ʩʨʝʜʘʭ. 

 

 

4.3. ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ʇʈʆʂɸʊʅʆɻʆ ɼɺʋʊɸɺʈɸ, ʋʉʀʃɽʅʅʆɻʆ 

ʋɻʃɽʇʃɸʉʊʀʂʆʄ. ʄɽʊʆɼ ʂʆʈʈɽʃʗʎʀʀ ʎʀʌʈʆɺʓʍ ʀɿʆɹʈɸɾɽʅʀʁ 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʬʦʨʤʘʮʠʠ 

ʠʟʛʠʙʦʤ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ ʠʟ ʩʪʘʣʠ ʉ235, ʫʩʠʣʝʥʥʦʡ ʫʛʣʝʧʣʘʩʪʠʢʦʚʦʡ ʣʘʤʝʣʴʶ FibARMLamel 

12-50 ʩ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ~2800 ʄʇʘ. ʋʩʠʣʝʥʠʝ ʙʘʣʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʘʨʤʠʨʦʚʘʥʠʝʤ 

ʫʛʣʝʧʣʘʩʪʠʢʦʤ ʚ ʟʦʥʘʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʢʣʝʝʥʥʦʡ ʫʛʣʝʧʣʘʩʪʠʢʦʚʦʡ ʣʘʤʝʣʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Vic-3D. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʫʩʠʣʝʥʥʦʡ ʫʛʣʝʧʣʘʩʪʠʢʦʤ ʜʚʫʪʘʚʨʦʚʦʡ 

ʙʘʣʢʠ ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʜʚʫʪʘʚʨʘ 

ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ ~35 % ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦ 40 % ʚ ʫʧʨʫʛʦʡ 

ʩʪʘʜʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʬʦʨʤʘʮʠʠ ʥʝʫʩʠʣʝʥʥʦʛʦ ʜʚʫʪʘʚʨʘ. 
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4.4. ɸʅɸʃʀɿ ʆʉʆɹɽʅʅʆʉʊɽʁ ʊɽʇʃʆɺʆɻʆ ʇʆʃʗ ʋɻʃɽʈʆɼʅʆʁ ʅʀʊʀ ʅʐ-
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʫʛʣʝʨʦʜʥʦʡ ʥʠʪʠ ʋʨʘʣ ʅʐ-215. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʧʦʜʚʦʜʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʚʳʜʝʨʞʝʢ ʜʦ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʧʣʦʚʳʝ ʧʦʣʷ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ (ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ) ʜʣʷ 

ʦʮʝʥʢʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʦʚʠʟʥʦʡ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ. ʇʦʣʫʯʝʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʧʣʦʚʦʤ ʧʦʣʝ ʥʠʪʠ 

ʤʝʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʙʨʘʟʮʘ ʢ ʦʙʨʘʟʮʫ ʵʪʦʡ ʥʠʪʠ, ʘ ʪʘʢʞʝ ʠ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ 

ʵʪʦʡ ʥʠʪʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʚʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

 

 

4.5. ɸʅɸʃʀɿ ʆʉʆɹɽʅʅʆʉʊɽʁ ʊɽʇʃʆɺʓʍ ʇʆʃɽʁ ʋɻʃɽʈʆɼʅʓʍ ʅʀʊɽʁ 

ʈɸɿʅʓʍ ʊʀʇʆɺ 
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʧʦʜʚʦʜʠʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʢ ʥʠʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʧʣʦʚʳʝ ʧʦʣʷ ʧʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ ʜʣʷ ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʫʛʣʝʨʦʜʥʘʷ ʥʠʪʴ ʚ ʦʙʦʣʦʯʢʝ ʠʤʝʝʪ 

ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʦʣʝ ʪʘʢʞʝ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʦʙʥʦʡ ʥʠʪʴʶ ʙʝʟ 

ʦʙʦʣʦʯʢʠ, ʪ.ʝ. ʚʳʰʝ ʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ. 

 

4.6. ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʇʈɽɼʇʆʉʓʃʂʀ ʇʆʃʋʏɽʅʀʗ ʋɻʃɽʈʆɼʅʓʍ 

ɸʃʃʆʊʈʆʇʅʓʍ ʉʊʈʋʂʊʋʈ C ʇʈʀʄɽʅɽʅʀɽʄ ʇɽʈɽʄɽʅʅʓʍ ʄɸɻʅʀʊʅʓʍ 

ʇʆʃɽʁ 
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ɸʣʣʦʪʨʦʧʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʘ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʫʢʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ. ʀʭ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʧʦʵʪʘʧʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʟ ʤʦʥʦʤʝʨʦʚ ʠ 

ʥʝʦʩʫʱʝʩʪʚʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʚ ʨʘʩʯʝʪʘʭ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ 

çʚʳʨʘʱʠʚʘʥʠʷè ʯʠʩʪʦ ʫʛʣʝʨʦʜʥʳʭ ʘʣʣʦʪʨʦʧʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʛʣʝʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʟ ʤʦʥʦʤʝʨʦʚ. ɼʣʷ ʨʘʟʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʳ ʫʛʣʝʚʦʜʦʨʦʜʘ ʧʝʨʝʤʝʥʥʳʤ 



22 
 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʥʘ ʯʠʩʪʳʡ ʚʦʜʦʨʦʜ ʠ ʫʛʣʝʨʦʜ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʣʝʢʫʣʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʣʶʙʦʛʦ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʘʪʦʤʦʚ ʪʦʣʴʢʦ ʜʚʫʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʩʧʠʥʦʚʳʤ ʤʘʛʥʠʪʥʳʤ 

ʵʬʬʝʢʪʘʤ, ʪʘʢ ʢʘʢ ʚ ʞʠʜʢʦʩʪʷʭ ʚʨʝʤʷ ʩʦʚʤʝʩʪʥʦʡ ʞʠʟʥʠ ʧʘʨ ʨʝʘʛʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʩʨʘʚʥʠʤʦ ʩʦ 

ʚʨʝʤʝʥʝʤ ʩʧʠʥʦʚʦʡ ʵʚʦʣʶʮʠʠ ʠ ʤʘʛʥʠʪʥʳʝ ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʠ ʩʧʠʥʳ 

ʨʘʜʠʢʘʣʦʚ ʩʦʠʟʤʝʨʠʤʦ ʜʦʣʛʦ. 

 

 

4.7. ʈɸɿʈɸɹʆʊʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʉʊɽʅɼɸ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ 

ʂʆʕʌʌʀʎʀɽʅʊɸ ʊʈɽʅʀʗ ʌʈʀʂʎʀʆʅʅʆɻʆ ɼʀʉʂɸ ʀɿ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ 

ʄɸʊɽʈʀɸʃɸ 
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ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʠʤʠ ʪʝʨʤʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʰʠʨʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʰʣʠ 

ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ: ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ ʠ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʘʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʪʴ ʝʛʦ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʣʠʰʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. ʇʫʪʝʤ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʜʦʧʫʩʪʠʤʳʝ ʦʙʣʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʙʨʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʨʘʙʦʪʳ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʠ 

ʠʟʣʦʞʝʥʳ ʧʣʘʥʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.                  ʈʠʩ. ʉʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ ʋʋʂʄ 

 

5.  ʇʆʃʀʄɽʈʓ. ɸʃʄɸɿʓ.  ɼʈʋɻʀɽ ɺʀɼʓ ʋɻʃɽʈʆɼʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 

        5.1. ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʇʆʃʀʄɽʈʅʓʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʉ ʋɻʃɽʈʆɼʅʓʄʀ ɼʀʉʇɽʈʉʀʗʄʀ-
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ʇʦʣʫʯʝʥʳ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʧʣʸʥʦʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ, ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʬʪʦʨʦʧʣʘʩʪʘ ʌ-2ʄ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʦʨʤʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʋʜʝʣʴʥʦʝ 

ʦʙʲʸʤʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʦ ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʣʸʥʦʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʚʩʝʭ ʧʦʣʠʤʝʨʥʳʭ ʧʣʸʥʦʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʦʙʲʸʤʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʠʥʪʝʨʚʘʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʧʦʣʥʠʪʝʣʷ ʦʪ 10 ʜʦ 20 ʤʘʩʩ. %. 
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5.2. ʕʃɽʂʊʈʆʇʈʆɺʆɼʗʑʀɽ ʂʆʄʇʆɿʀʊʓ ʅɸ ʆʉʅʆɺɽ ʕʇʆʂʉʀɼʅʆʁ 

ʉʄʆʃʓ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆʁ ɻʈɸʌɽʅʆʄ 

 

ɻʝʨʘʩʠʤʦʚʘ  ɸ.ɺ., ʄʝʤʝʪʦʚ  ʅ.ʈ., ʊʢʘʯʝʚ  ɸ.ɻ. // ɺʝʢʪʦʨ ʥʘʫʢʠ ʊʦʣʴʷʪʪʠʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2020. - ˉ3 (53). ï ʉ.19-25 

  

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ (ʕʉ), 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʩʰʠʨʝʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʛʨʘʬʠʪʘ 

(ʈʉɻ), ʢʦʪʦʨʦʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʦʡ (ʌʌʉ) ʧʫʪʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʇʦʣʫʯʝʥʥʫʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʜʠʩʧʝʨʩʠʶ 

ʈʉɻ ʩ ʌʌʉ ʬʣʦʢʫʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ. 

ɺʦʜʥʫʶ ʧʘʩʪʫ ʈʉɻ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʌʌʉ, ʚʚʦʜʠʣʠ ʚ ʤʘʪʨʠʮʫ ʕʉ ʤʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʪʨʝʭʚʘʣʢʦʚʦʡ ʤʝʣʴʥʠʮʝ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʈʉɻ ʌʌʉ ʧʝʨʝʜ 

ʚʚʝʜʝʥʠʝʤ ʚ ʵʧʦʢʩʠʜʥʫʶ ʤʘʪʨʠʮʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʘʛʨʝʛʘʪʦʚ ʝʛʦ ʯʘʩʪʠʮ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ- 6,2Ĭ10-4 ʉʤĬʩʤ-1 ʦʙʣʘʜʘʣʠ 

ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ ʕʉ, ʩʦʜʝʨʞʘʱʠʝ 9 ʤʘʩʩ. 

 

 

 5.3. ɺʃʀʗʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ ʇʆɼʐʀʇʅʀʂʆɺ ʉʂʆʃʔɾɽʅʀʗ ʅɸ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʌʊʆʈʆʇʃɸʉʊʆɺʆɻʆ ʄɸʂʈʆʄʆɼʀʌʀʂɸʊʆʈɸ 

ɸʅʊʀʌʈʀʂʎʀʆʅʅʓʍ ʋɻʃɽʇʃɸʉʊʀʂʆɺ 

 

ʃʠʰʝʚʠʯ ʀ.ɺ., ɸʥʠʩʠʤʦʚ ɸ.ɺ., ʅʠʢʦʣʘʝʚ ɻ.ʀ. //  ɺʦʧʨʦʩʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ï 2021. - ˉ1 

(105). ï ʉ.65-75 

  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ 

ʤʘʢʨʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʪʦʨʦʧʣʘʩʪʦʤ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʤʘʨʦʢ ʋɻʕʊ ʠ ʌʋʊ. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ) ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʜʠʬʠʢʘʮʠʠ 

ʫʛʣʝʧʣʘʩʪʠʢʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ 

ʫʟʣʦʚ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʠʬʠʢʘʪʦʨʘ, 

ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʬʪʦʨʦʧʣʘʩʪʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʫʟʣʘ ʪʨʝʥʠʷ ʜʦʣʞʥʘ ʠʩʢʣʶʯʘʪʴ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʡ ʚʦ 

ʬʪʦʨʦʧʣʘʩʪʦʚʳʭ ʧʨʦʪʝʢʪʦʨʘʭ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʭʦʜʘ 

ʬʪʦʨʦʧʣʘʩʪʘ ʠʟ ʟʦʥʳ ʪʨʝʥʠʷ.  

 

5.4. ʇʆʃʀʄɽʈʅʓɽ ʂʆʄʇʆɿʀʊʓ ʅɸ ʆʉʅʆɺɽ ʐʋʅɻʀʊɸ ʀ ʋɻʃɽʈʆɼʅʆɻʆ 

ʅɸʅʆʄɸʊɽʈʀɸʃɸ ʊɸʋʅʀʊ-ʄ ɼʃʗ ʈɸɼʀʆɿɸʑʀʊʅʓʍ ʇʆʂʈʓʊʀʁ 

 

ɹʘʙʘʝʚ ɸ.ɸ., ʉʘʘʜʫʝʚʘ ɸ.ʆ., ʊʝʨʫʢʦʚ ɽ.ʀ.  // ʌʠʟʠʢʦʭʠʤʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʱʠʪʘ 

ʤʘʪʝʨʠʘʣʦʚ. ï 2021. ï ʊ.57, ˉ3. ï ʉ.262-276  
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ɺ ʢʨʘʪʢʦʤ ʦʙʟʦʨʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʉɺʏ 

ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʊʘʫʥʠʪ-ʄ ʠ ʰʫʥʛʠʪʘ ʜʣʷ ʨʘʜʠʦʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ. ʆʙʥʘʨʫʞʝʥʳ ʘʥʦʤʘʣʠʠ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʊʘʫʥʠʪ-ʄ å50%. ʇʨʠʚʝʜʝʥʳ 1) ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʊʘʫʥʠʪ-ʄ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʜʦ 90 

ʤʘʩ. %. ʚ ʧʦʜʦʙʨʘʥʥʳʡ ʧʦʣʠʤʝʨ-ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣʴʥʳʡ ʣʘʪʝʢʩ; 2) ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʊʘʫʥʠʪ-ʄ; 3) ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʫʰʝʥʥʳʭ ʩʣʦʝʚ ʠ ʉɺʏ ʩʚʦʡʩʪʚ; 4) ʢʠʥʝʪʠʢʘ 

ʚʳʩʳʭʘʥʠʷ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʨʝʣʴʝʬ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ 

ʥʘ ʦʩʥʦʚʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʊʘʫʥʠʪ-ʄ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʰʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʩ 80ï

90%-ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

 

 

5.5. Cʀʅʊɽɿ ʀ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʂʆʄʇʆɿʀʊʅʓʍ 

ʇʆʂʈʓʊʀʁ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀɸʅʀʃʀʅɸ ʀ ʉʆɽɼʀʅɽʅʀʁ ʄɸʈɻɸʅʎɸ ʅɸ 

ɸʂʊʀɺʀʈʆɺɸʅʅʆʁ ɻʈɸʌʀʊʆɺʆʁ ʌʆʃʔɻɽ 

 

ɸʙʘʣʷʝʚʘ ɺ.ɺ., ɽʬʠʤʦʚ ʆ.ʅ., ɼʨʝʤʦʚʘ ʅ.ʅ. // ʌʠʟʠʢʦʭʠʤʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʱʠʪʘ 

ʤʘʪʝʨʠʘʣʦʚ. ï 2021. ï ʊ.57, ˉ3. ï ʉ.277-283  

  

ʂʦʤʧʦʟʠʪʥʳʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʧʦʢʨʳʪʠʷ (ʂʕɸʇ) ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʥʠʣʠʥʘ (ʇɸʥʠ) ʠ 

ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ (MnOx) ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʬʦʣʴʛʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʘʪʘ ʘʥʠʣʠʥʘ ʚ 1 ʄ H2SO4 ʩ ʚʚʝʜʝʥʠʝʤ ʚ 

ʩʦʩʪʘʚ ʂʕɸʇ ʠʦʥʦʚ ʤʘʨʛʘʥʮʘ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʂʕɸʇ ʚ ʦʩʥʦʚʥʦʤ ʩʭʦʜʥʦ ʩ ʧʦʚʝʜʝʥʠʝʤ ʯʠʩʪʦʛʦ ʇɸʥʠ ʚ ʢʠʩʣʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʆʜʥʘʢʦ, ʚʚʝʜʝʥʠʝ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʝʤʢʦʩʪʠ ʧʦʯʪʠ ʚʜʚʦʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʦʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ ʜʦ 2.0 ʤɸ ʩʤ-2 ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ ʚ 

ʂʕɸʇ ʤʝʪʦʜʦʤ ʈʌʕʉ ʧʦʢʘʟʘʣʘ ʠʭ ʘʤʦʨʬʥʫʶ ʧʨʠʨʦʜʫ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. 

 

  

5.6. ʃʆʂɸʎʀʗ ʉʀɻʅɸʃʆɺ ɸʂʋʉʊʀʏɽʉʂʆʁ ʕʄʀʉʉʀʀ ɺ ʆɹʈɸɿʎɸʍ ʀɿ 

ɼʖʈɸʃʖʄʀʅʀʗ ʀ ʋɻʃɽʇʃɸʉʊʀʂɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸʅʊɽʅʅʓ, 

ʉʆʉʊʆʗʑɽʁ ʀɿ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʀʍ ɼɸʊʏʀʂʆɺ ʀ 

ʇʔɽɿʆʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ 
 

ʉʝʨʴʝʟʥʦʚ ɸ.ʅ., ʉʪʝʧʘʥʦʚʘ ʃ.ʅ., ʂʘʙʘʥʦʚ ʉ.ʀ. //  ʂʦʥʪʨʦʣʴ. ɼʠʘʛʥʦʩʪʠʢʘ. ï 2021. ï ʊ.24, 

ˉ2. ï ʉ.18-29 

  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʣʦʢʘʮʠʠ ʩʠʛʥʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɸʕ) ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʠʤʠʪʘʪʦʨʘʤʠ (ʉʫ-ʅʠʣʴʩʝʥʘ, ʵʣʝʢʪʨʦʥʥʳʤ ʠʤʠʪʘʪʦʨʦʤ, ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʰʘʨʠʢʘʤʠ 

ʜʠʘʤʝʪʨʦʤ ʦʪ 0,5 ʜʦ 1,5 ʤʤ, ʩʙʨʘʩʳʚʘʝʤʳʭ ʩ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ). ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʣʦʢʘʮʠʷ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʩʪʨʦʝʥʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʠʤʠʪʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʦʚʘʣ ʩʠʛʥʘʣʳ ʩ 

ʯʘʩʪʦʪʦʡ 1 ɻʮ ʠ ʘʥʪʝʥʥʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ (ɺʆɼ) ʌʘʙʨʠ-

ʇʝʨʦ ʠ ʜʚʫʭ ʧʴʝʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʦʙʨʘʟʮʳ ʠʟ ʜʶʨʘʣʶʤʠʥʠʷ ʠ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʊ 800. ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʘ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʩ ʫʢʘʟʘʥʥʦʡ ʘʥʪʝʥʥʦʡ ʧʨʠ 

ʝʛʦ ʫʩʪʘʥʦʚʢʝ ʚ ʚʠʙʨʦʩʪʝʥʜʝ ɺʕɼʉ-10. ʉʠʛʥʘʣʳ ɸʕ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʘʥʪʝʥʥʦʡ ʧʨʠ ʯʘʩʪʦʪʝ 

ʚʠʙʨʘʮʠʠ 20é50 ɻʮ ʚ ʜʠʘʧʘʟʦʥʝ ʫʩʢʦʨʝʥʠʡ 0,3é0,8g . ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʥʦʛʦ 

ʜʨʝʡʬʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʴʝʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ɺʆɼ ʚʨʝʤʝʥʥʦʡ ʜʨʝʡʬ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ, ʦʜʥʘʢʦ ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʥʴʰʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʴʝʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʦʣʝʝ ʯʝʤ ʚ 14 ʨʘʟ. 
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5.7. ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ ʇʕʕʂ ʇʈʀ ʊʈɽʅʀʀ 

ʇʆ ʉʊɸʃʀ 

 

ʄʳʰʢʠʥ ʅ.ʂ., Zhang G., ɻʫʮʝʚ ɼ.ʄ. //  ʊʨʝʥʠʝ ʠ ʠʟʥʦʩ. ï 2021. ï ʊ.42, ˉ3. ï ʉ.350-357 

  

ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʨʝʥʠʶ ʠ ʠʟʥʦʩʫ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʸʤ ʩʦʚʤʝʱʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʩ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝʡ. ɺʘʞʥʝʡʰʘʷ ʛʨʫʧʧʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚʢʣʶʯʘʝʪ ʧʦʣʠʤʝʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ, ʠ ʥʘʥʦʩʠʣʠʢʘʪʳ. ʕʪʠ ʥʘʧʦʣʥʠʪʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʘ ʧʨʠ ʪʨʝʥʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʸʥʦʢ ʧʝʨʝʥʦʩʘ ʠ 

ʯʘʩʪʠʮ ʠʟʥʦʩʘ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʥʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʘ. 

ʅʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʇʕʕʂ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʨʠʙʦʩʠʩʪʝʤʘʭ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣ. ʆʥʠ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʧʨʠ ʪʨʝʥʠʠ ʙʝʟ ʩʤʘʟʢʠ ʧʦ 

ʩʪʘʣʠ ʩ ʫʯʸʪʦʤ ʨʝʢʦʤʝʥʜʘʮʠʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ɼʘʥʥʳʝ 

ʠʩʧʳʪʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʩʦʯʝʪʘʥʠʷ ʥʘʥʦʜʦʙʘʚʦʢ ʩ ʦʙʳʯʥʳʤʠ 

ʜʦʙʘʚʢʘʤʠ ʢ ʤʘʪʨʠʮʝ ʇʕʕʂ. 

 

 

5.8. ɹʋʄɸɻɸ ʀ ʅɽʊʂɸʅʓɽ ʄɸʊɽʈʀɸʃʓ ʅɸ ʆʉʅʆɺɽ ʋɻʃɽʈʆɼʅʓʍ 

ɺʆʃʆʂʆʅ ʀ ʌʊʆʈʆʇʃɸʉʊʆɺ 

 

ʐʠʨʰʦʚʘ ɽ.ʇ., ɸʨʟʘʤʘʩʮʝʚ ʉ.ɺ., ɸʩʪʘʰʢʠʥʘ ʆ.ɺ. // ʄʘʪʝʨʠʘʣʳ II ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʎɹʇ çʉʦʚʨʝʤʝʥʥʘʷ 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ɸʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷè. ï 

2020. ï ʉ.79-83 

  

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʡ ʙʫʤʘʛʠ ʠ/ʠʣʠ ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʪʦʨʦʧʣʘʩʪʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʷʯʝʡʢʘʭ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

 

5.9. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʇʂʄ ɼʃʗ ʉʆɿɼɸʅʀʗ 

ɸɺʀɸʎʀʆʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

 

ʂʦʛʘʥ  ɼ.,  ɻʦʣʠʢʦʚ ɽ.,  ʂʫʟʥʝʮʦʚ ʆ. //  ʂʦʤʧʦʟʠʪʥʳʡ ʤʠʨ. ï 2021. - ˉ3 (96). ï ʉ.48-52  

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʇʂʄ, ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʩʪʝʢʣʦ- ʠ ʫʛʣʝʚʦʣʦʢʥʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ 

ʟʘʜʘʯ ʨʘʩʰʠʨʷʝʪʩʷ ʧʦ ʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʣʠʪʝʣʴʥʦʡ ʠ ʫʩʧʝʰʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʩ 

ʘʨʤʠʨʦʚʘʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ - ʧʨʝʧʨʝʛʘ, ʚ ʢʦʪʦʨʦʤ 

ʘʨʤʠʨʫʶʱʠʝ ʪʢʘʥʠ ʠʣʠ ʚʦʣʦʢʥʘ ʧʨʦʧʠʪʘʥʳ ʥʝʦʪʚʝʨʞʜʝʥʥʳʤ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʤ ʩʚʷʟʫʶʱʠʤ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʢʣʘʜʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʧʨʝʧʨʝʛʘ (ʩʙʦʨʢʘ ʧʘʢʝʪʘ), ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʚʘʢʫʫʤʥʦʛʦ ʠʣʠ ʘʚʪʦʢʣʘʚʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ) ʩ 

ʮʝʣʴʶ ʦʪʚʝʨʞʜʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʠʟ ʇʂʄ. 
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5.10. ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ɿʆʅɼʀʈʋʖʑʀʍ ʆʊɺɽʈʉʊʀʁ ʀ ʄɽʊʆɼɸ 

ʂʆʈʈɽʃʗʎʀʀ ʎʀʌʈʆɺʓʍ ʀɿʆɹʈɸɾɽʅʀʁ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʆʉʊɸʊʆʏʅʓʍ 

ʅɸʇʈʗɾɽʅʀʁ ɺ ʇʆʃʀʄɽʈʅʆʄ ʂʆʄʇʆɿʀʊʅʆʄ ʄɸʊɽʈʀɸʃɽ 

 

ɹʘʙʘʡʮʝʚ  ɸ.ɺ., ʅʘʩʦʥʦʚ  ʌ.ɸ., ʈʘʙʠʥʩʢʠʡ  ʃ.ʅ. // ʄʝʭʘʥʠʢʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ï 2021. ï ʊ.27, ˉ3. ï ʉ.427-440 

  

ʆʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʠʟ-ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʠʟ-ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʫʢʣʘʜʢʠ), ʚʩʣʝʜʩʪʚʠʝ 

ʜʣʠʪʝʣʴʥʳʭ ʩʠʣʦʚʳʭ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʠ ʪ.ʧ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʨʨʝʣʷʮʠʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʤʝʪʦʜʝ ʟʦʥʜʠʨʫʶʱʠʭ ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ 

ʠʟ ʧʘʥʝʣʠ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʫʛʣʝʧʣʘʩʪʠʢʘ) ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʫʢʣʘʜʢʦʡ, ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʷʚʠʚʰʠʝʩʷ ʧʦʩʣʝ ʧʨʦʩʚʝʨʣʠʚʘʥʠʷ ʦʪʚʝʨʩʪʠʷ 

ʚ ʦʙʨʘʟʮʝ. ʌʠʢʩʘʮʠʷ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʙʝʩʢʦʥʪʘʢʪʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʢʦʨʨʝʣʷʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʬʠʢʩʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʦʙʨʘʟʮʳ 

ʥʘʥʦʩʠʣʩʷ ʧʘʪʪʝʨʥ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʘʪʪʝʨʥʘ: ʢʨʫʧʥʳʡ 

(ʨʘʟʤʝʨ ʤʘʨʢʝʨʘ 0,05-0,8 ʤʤ) ʠ ʤʝʣʢʠʡ (ʨʘʟʤʝʨ ʤʘʨʢʝʨʘ 0,02-0,2 ʤʤ). ʊʘʢ ʢʘʢ ʦʩʪʘʪʦʯʥʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʙʳʣ ʥʝʙʦʣʴʰʠʤʠ, ʪʦ ʢʨʫʧʥʳʡ ʧʘʪʪʝʨʥ ʥʝ ʜʘʣ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

 

 

6.  ʆɹɿʆʈ ʈʓʅʂʆɺ ʀ ʇʈʆʀɿɺʆɼʉʊɺɸ   

 

6.1. ʄʀʈʆɺʆʁ ʀ ʈʆʉʉʀʁʉʂʀʁ ʈʓʅʆʂ ʇʆʃʀʄɽʈʅʓʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ. ʊɽʅɼɽʅʎʀʀʀ ʇɽʈʉʇɽʂʊʀɺʓ 

 

ʆ. ʀ. ɻʣʘʜʫʥʦʚʘ, ɸ. ɸ. ʃʳʩʝʥʢʦ // ʂʦʤʧʦʟʠʪʥʳʡ ʤʠʨ. ï 2021. - ˉ3 (96). ï ʉ.28-33 

 

 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʠʨʝ ʠ ʈʦʩʩʠʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʜʚʠʞʫʱʠʝ ʠ ʩʜʝʨʞʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ 

ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ. ʇʦʢʘʟʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʘʢʪʫʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʢʦʤʧʦʟʠʪʦʚ 

(ʢʦʤʧʦʟʠʪʥʳʝ/ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ) (ʂʄ) ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʇʦ 

ʦʮʝʥʢʘʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʢʩʧʝʨʪʦʚ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʢʦʤʧʦʟʠʪʦʚ ʚ 2019 ʛʦʜʫ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 99 

ʤʣʨʜ ʜʦʣʣ. ʚ ʩʪʦʠʤʦʩʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʠ 12,0 ʤʣʥ. ʪ. ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ. ʕʢʩʧʝʨʪʳ 

ʩʯʠʪʘʶʪ, ʯʪʦ ʜʦ 2027 ʛʦʜʘ ʨʳʥʦʢ ʢʦʤʧʦʟʠʪʦʚ ʙʫʜʝʪ ʨʘʩʰʠʨʷʪʴʩʷ ʥʘ 6.8% ʚ ʛʦʜ ʠ ʧʦ ʩʪʦʠʤʦʩʪʠ 

ʚʦʟʨʘʩʪʝʪ ʜʦ 112 ʤʣʨʜ ʜʦʣʣ. 
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6.2. ʄʀʈʆɺʆʁ ʀ ʈʆʉʉʀʁʉʂʀʁ ʈʓʅʆʂ ʇʆʃʀʄɽʈʅʓʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ. ʊɽʅɼɽʅʎʀʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 
 

ɻʣʘʜʫʥʦʚʘ ʆ.ʀ., ʃʳʩʝʥʢʦ ɸ.ɸ. // ɺʝʩʪʥʠʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʠʟʘʡʥʘ. ʉʝʨʠʷ 1: ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ï 2021. - ˉ2. 

ï ʉ.96-100 

  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʠʨʝ ʠ ʈʦʩʩʠʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʜʚʠʞʫʱʠʝ ʠ ʩʜʝʨʞʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ 

ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ. ʇʦʢʘʟʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʘʢʪʫʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

 

 

 

 

 

 

 

 

 

7.  ʅɸʋʏʅʆ-ʇʆʇʋʃʗʈʅʓɽ ʄɸʊɽʈʀɸʃʓ, ʉʆʆɹʑɽʅʀʗ 

 

7.1. ʈɸɿʈɸɹʆʊʂɸ ʋʏɽʅʓʍ ʇɽʈʄʉʂʆɻʆ ʇʆʃʀʊɽʍɸ ʋʃʋʏʐʀʊ 3D-ʊʂɸʅʀ 

ɼʃʗ ɸʈʄʀʈʆɺɸʅʀʗ ʂʆʄʇʆɿʀʊʆɺ ɸɺʀɸʎʀʆʅʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ 

 

ʊʝʧʣʦʚʘ ʅ. // ʂʦʤʧʦʟʠʪʥʳʡ ʤʠʨ. ï 2021. - ˉ3 (96). ï ʉ.42-43 

 

ʇʦ ʩʣʦʚʘʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʪʢʘʥʠ 

ʦʙʲʝʤʥʦʛʦ ʧʣʝʪʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʚ ʩʣʦʞʥʳʭ ʠ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ï ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, 

ʚʠʙʨʘʮʠʠ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʅʘʧʨʠʤʝʨ, ʵʪʠ ʤʘʪʝʨʠʘʣʳ 

ʧʨʠʤʝʥʷʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ çʯʝʨʥʦʛʦ ʢʨʳʣʘè ʩʘʤʦʣʝʪʘ ʄʉ-21. ɺ 

ʧʝʨʩʧʝʢʪʠʚʝ ʙʣʠʞʘʡʰʠʭ 3-5 ʣʝʪ ʠʭ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʬʶʟʝʣʷʞʝʡ ʠ ʜʚʠʛʘʪʝʣʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ. 

ʋʯʝʥʳʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʣʠ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 3D-ʫʛʣʝʧʦʣʦʪʝʥ ʠ ʵʧʦʢʩʠʜʥʳʭ 

ʩʚʷʟʫʶʱʠʭ. ʉ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʭʘʥʠʢʠ 

ʇʝʨʤʩʢʦʛʦ ʇʦʣʠʪʝʭʘ ʦʥʠ ʠʟʫʯʠʣʠ ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʘʨʤʠʨʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʯʝʥʳʝ ʠʩʧʳʪʳʚʘʣʠ 3D-ʪʢʘʥʠ ʩ ʨʘʟʥʳʤʠ 

ʪʠʧʘʤʠ ʧʝʨʝʧʣʝʪʝʥʠʷ: ʠʟʫʯʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚʳʜʝʨʞʠʚʘʪʴ ʨʘʟʨʳʚʳ, ʩʢʨʫʯʠʚʘʥʠʷ, 

ʩʞʘʪʠʷ ʠ ʫʜʘʨʳ. ʈʠʩ. ʆʙʨʘʟʝʮ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 
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7.2. ɺ ʀʊɸʃʀʀ ʆʊʂʈʆʖʊ ʄʋɿɽʁ ʋɻʃɽʈʆɼʅʆɻʆ ɺʆʃʆʂʅɸ 

 

ʂʦʤʧʦʟʠʪʥʳʡ ʤʠʨ. ï 2021. - ˉ3 (96). ï ʉ.18 

 

ɺ ʇʴʷʯʝʥʮʝ, ʀʪʘʣʠʷ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʩʢʣʘʜʘ 

ʦʪʢʨʦʶʪ ʤʫʟʝʡ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʠʩʪʦʨʠʠ ʢʦʤʧʘʥʠʠ MAE, 

ʢʦʪʦʨʘʷ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʝʩʴ ʠʥʪʝʨʴʝʨ ʤʫʟʝʷ 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʦʝʢʪ çMAE Museumè ʨʘʟʨʘʙʦʪʘʥ ʜʠʟʘʡʥʝʨʩʢʦʡ 

ʩʪʫʜʠʝʡ Carlo Ratti Associati. ʋʥʠʢʘʣʴʥʳʡ ʦʙʲʝʢʪ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ 

ʠʟ ʪʨʝʭ ʟʘʣʦʚ, ʧʦʧʘʩʪʴ ʚ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʯʝʨʝʟ ʚʭʦʜ ʚ ʚʠʜʝ 

ʛʠʛʘʥʪʩʢʦʡ ʟʘʩʪʝʞʢʠ-ʤʦʣʥʠʠ. ʇʦʩʝʪʠʪʝʣʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʚʳʩʪʘʚʦʯʥʦʛʦ ʟʘʣʘ ʩʤʦʛʫʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʠʩʪʦʨʠʝʡ ʦʩʚʦʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʦʮʝʥʠʪʴ ʰʠʨʦʪʫ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʰʝʡ ʞʠʟʥʠ. ʀ, ʝʩʣʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʟʘʣʝ 

ʤʦʞʥʦ ʧʦʥʷʪʴ ʚʩʝ ʪʦʥʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʪʦ ʚ ʚʳʩʪʘʚʦʯʥʦʤ - ʫʚʠʜʝʪʴ 

ʧʦʜʚʝʰʝʥʥʳʝ ʥʘ ʪʦʥʢʠʭ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʷʭ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʘʤʦʣʝʪʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʢʦʨʘʙʣʝʡ. ʆʪʢʨʳʪʠʝ ʤʫʟʝʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʧʣʘʥʠʨʫʝʪʩʷ ʫʞʝ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ 

 

8. ʇɸʊɽʅʊʓ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ 

 

1. ɺʓʉʆʂʆʇʈʆʏʅʓʁ ɻʀɹʂʀʁ ɻʈɸʌʀʊʆɺʓʁ ɿɸɿɽʄʃʗʖʑʀʁ ʂʆʈʇʋʉ  
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ʇʦʣʝʟʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʛʠʙʢʠʡ 

ʛʨʘʬʠʪʦʚʳʡ ʟʘʟʝʤʣʷʶʱʠʡ ʢʦʨʧʫʩ, ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʦʧʨʦʯʥʳʡ 

ʛʠʙʢʠʡ ʛʨʘʬʠʪʦʚʳʡ ʟʘʟʝʤʣʷʶʱʠʡ ʢʦʨʧʫʩ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʦʡ 

ʢʦʨʧʫʩ ʟʘʟʝʤʣʷʶʱʝʛʦ ʢʦʨʧʫʩʘ, ʚʥʫʪʨʝʥʥʠʡ ʟʘʱʠʪʥʳʡ ʩʣʦʡ, 

ʫʩʪʦʡʯʠʚʳʡ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʳʡ ʩʣʦʡ, 

ʪʝʨʤʦʩʪʦʡʢʠʡ ʟʘʧʦʣʥʷʶʱʠʡ ʩʣʦʡ, ʠʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʚʥʫʪʨʝʥʥʠʡ ʩʝʨʜʝʯʥʠʢ, ʧʨʠʯʝʤ ʟʘʱʠʪʥʳʡ 

ʩʣʦʡ, ʩʣʦʡ, ʫʩʪʦʡʯʠʚʳʡ ʢ ʩʪʠʨʢʝ, ʪʝʧʣʦʩʪʦʡʢʠʡ ʟʘʧʦʣʥʷʶʱʠʡ 

ʩʣʦʡ, ʠʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʚʥʫʪʨʝʥʥʠʡ 

ʩʝʨʜʝʯʥʠʢ ʨʘʩʧʦʣʦʞʝʥʳ ʩʥʘʨʫʞʠ ʥʘ ʟʘʱʠʪʥʦʤ ʩʣʦʝ ʩ ʠʥʪʝʨʚʘʣʘʤʠ ʨʘʩʧʦʣʦʞʝʥʦ 

ʘʥʪʠʧʨʠʞʠʤʥʦʝ ʢʦʣʴʮʦ, ʘ ʥʘ ʟʘʱʠʪʥʦʤ ʩʣʦʝ ʩ ʠʥʪʝʨʚʘʣʘʤʠ ʨʘʩʧʦʣʦʞʝʥʦ ʘʥʪʠʧʨʠʞʠʤʥʦʝ 

ʢʦʣʴʮʦ ʠʤʝʝʪ ʩʝʪʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʦʧʦʨʥʳʡ ʙʣʦʢ ʩʦʝʜʠʥʝʥ ʩ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʩʪʦʡʢʠʤ 

ʢʦʣʴʮʦʤ ʧʨʠ ʵʪʦʤ ʦʧʦʨʥʳʡ ʙʣʦʢ ʩʦʝʜʠʥʝʥ ʩʦ ʩʣʦʝʤ ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʩʣʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥ ʩ ʠʟʦʣʠʨʫʶʱʠʤ ʩʣʦʝʤ ʯʝʨʝʟ ʠʟʦʣʠʨʫʶʱʫʶ ʧʣʘʩʪʠʥʫ ʠ 

ʠʟʦʣʷʮʠʦʥʥʫʶ ʧʣʘʩʪʠʥʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʤʝʞʜʫ ʩʣʦʝʤ ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʠʟʦʣʠʨʫʶʱʠʤ ʩʣʦʝʤ ʬʦʨʤʘ ʪʝʨʤʦʩʪʦʡʢʠʡ ʟʘʧʦʣʥʷʶʱʠʡ ʩʣʦʡ; ʠ ʧʨʦʚʦʣʦʯʥʫʶ ʚʧʫʩʢʥʫʶ 

ʢʘʤʝʨʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʪʝʨʤʦʩʪʦʡʢʦʤ ʥʘʧʦʣʥʠʪʝʣʴʥʦʤ ʩʣʦʝ ʚ ʢʘʤʝʨʝ ʚʚʦʜʘ ʧʨʦʚʦʜʘ 

ʨʘʟʤʝʱʝʥ ʛʠʙʢʠʡ ʛʨʘʬʠʪʦʚʳʡ ʧʨʦʚʦʜ, ʘ ʚ ʢʘʤʝʨʝ ʚʚʦʜʘ ʧʨʦʚʦʜʘ ʨʘʟʤʝʱʝʥ ʧʨʦʚʦʜʷʱʠʡ 

ʢʣʝʡ ʠʟʦʣʠʨʫʶʱʠʡ ʩʣʦʡ ʩʥʘʙʞʝʥ ʚʥʫʪʨʝʥʥʠʤ ʩʝʨʜʝʯʥʠʢʦʤ ʦʧʦʨʳ, ʘ ʠʟʦʣʠʨʫʶʱʠʡ ʩʣʦʡ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʱʠʱʝʥ. ʉʣʦʡ ʧʨʝʜʦʭʨʘʥʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʢʦʨʧʫʩ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ 

ʧʦʚʨʝʞʜʝʥʠʝ ʛʠʙʢʦʡ ʛʨʘʬʠʪʦʚʦʡ ʣʠʥʠʠ, ʚʳʟʳʚʘʝʤʦʡ ʵʢʩʪʨʫʟʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʦʜʟʝʤʥʦʛʦ ʛʨʘʚʠʷ.   


