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ʅʘ XXII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʘʜʠʦʣʦʢʘʮʠʷ 

ʠ ʩʚʷʟʴ ï ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 05 ʜʝʢʘʙʨʷ 2024 ʛ. ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʫʯʥʳʝ ʪʨʫʜʳ 

ʩʦʛʣʘʩʥʦ ʩʝʢʮʠʷʤ çʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʠ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘè ʠ çʊʝʦʨʠʷ ʠ ʪʝʭʥʠʢʘ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ʩʚʷʟʠ. ʇʨʦʛʨʘʤʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè 

ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɺ.ɽ. ʌʘʨʙʝʨ. ɺ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʚʝʜʫʱʠʝ 

ʤʦʣʦʜʳʝ ʫʯʝʥʳʝ ʧʨʝʜʧʨʠʷʪʠʡ ɸʆ çʂʦʥʮʝʨʥ ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè, ʘʩʧʠʨʘʥʪʳ ʠ ʩʪʫʜʝʥʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʦʪʨʘʩʣʠ ʩʪʨʘʥʳ. 
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ʆʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ: 

ʇʫʙʣʠʯʥʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʈʘʜʠʦʬʠʟʠʢʘè. 

ɸʚʪʦʥʦʤʥʘʷ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ çɸʣʤʘʟ ï 

ɸʥʪʝʡè ʠʤ. ʘʢʘʜʝʤʠʢʘ ɺ.ʇ. ɽʬʨʝʤʦʚʘ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ)è. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ)è. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ 

ɺ.ɽ. ʌʘʨʙʝʨ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄʌʊʀ (ʅʀʋ) ï ʧʨʝʜʩʝʜʘʪʝʣʴ. 

ʂ.ɺ. ɹʨʫʩʦʚ, ɸʅʆ ɼʇʆ çʅʆʎ ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè ï ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ. 

ɽ.ʅ. ʇʦʧʦʚʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè. 

C.ʇ. ʉʢʦʙʝʣʝʚ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄʌʊʀ (ʅʀʋ). 

ɸ.ʄ. ʐʠʪʠʢʦʚ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄʌʊʀ (ʅʀʋ). 

ʖ.ɺ. ɻʦʥʯʘʨʦʚʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè. 

ʅ.ʉ. ɼʠʥʷʝʚʘ, ʄɸʀ (ʅʀʋ), ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè. 

ʄ.ɺ. ʕʡʩʳʤʦʥʪ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè. 

ɼ.ɸ. ʉʫʜʘʨʝʥʢʦ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄɸʀ (ʅʀʋ). 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ 

ɹ.ɸ. ʃʝʚʠʪʘʥ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄɸʀ (ʅʀʋ), ʄʌʊʀ (ʅʀʋ) ï ʧʨʝʜʩʝʜʘʪʝʣʴ. 

ʖ.ɺ. ɻʦʥʯʘʨʦʚʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè ï ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ. 

ɺ.ɺ. ʌʝʜʦʨʦʚ, ɸʅʆ ɼʇʆ çʅʆʎ ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè ï ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ. 

ɸ.ɻ. ʎʳʟʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè ï ʩʝʢʨʝʪʘʨʴ. 

ʉ.ɺ. ʀʚʘʥʦʚ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè. 

ʀ.ɹ. ɸʥʠʢʠʥʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè. 

ʃ.ɸ. ʄʘʣʦʛʫʣʢʦ, ɸʅʆ ɼʇʆ çʅʆʎ ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè. 
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ʋɼʂ 621.359.3 

ɸʢʠʤʦʚʘ ʄʘʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ɸʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠʤʝʥʠ ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ɾʫʢʦʚʩʢʠʡ 

E-mail: akimova.m@nio10.niip.ru 

 

ʀʣʴʶʰʢʠʥʘ ʖʣʠʷ ɺʘʣʝʨʠʝʚʥʘ 

ɸʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠʤʝʥʠ ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ɾʫʢʦʚʩʢʠʡ 

E-mail: ilyushkina.yu@nio10.niip.ru 

 

ʉʠʤʫʥʦʚʘ ʉʚʝʪʣʘʥʘ ʉʝʨʛʝʝʚʥʘ 

ɸʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠʤʝʥʠ ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ɾʫʢʦʚʩʢʠʡ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

E-mail: simunova.s@nio10.niip.ru 

 

ɻʨʠʙʢʦʚ ʄʠʭʘʠʣ ɸʥʜʨʝʝʚʠʯ 

ɸʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʈʷʟʘʥʩʢʠʡ ʧʨʠʙʦʨʥʳʡ ʟʘʚʦʜè 

ʈʦʩʩʠʷ, ʈʷʟʘʥʴ 

E-mail: gribkov.m.a@grpz.ru 

ɿʘʱʠʪʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʪʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ, ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʡ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʦʡ ʣʘʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʟʘʱʠʪʳ ʠʟʜʝʣʠʡ ʦʪ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ (ɺɺʌ). ʇʦʣʫʯʝʥʦ ʧʦʢʨʳʪʠʝ. ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʠʩʧʳʪʘʥʠʡ 

ʧʦʢʨʳʪʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ; ʣʘʢʦʚʘʷ ʢʦʤʧʦʟʠʮʠʷ; ʟʘʱʠʪʘ ʦʪ ɺɺʌ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʥʘʟʥʘʯʝʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʚʢʣʶʯʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʉɺʏ) ʜʠʘʧʘʟʦʥʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʩ ʚʥʝʰʥʠʤʠ ʨʘʜʠʦʢʘʥʘʣʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉɺʏ-

ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʶʤʠʥʠʡ, ʤʝʜʴ ʠ ʠʭ ʩʧʣʘʚʳ. ʆʜʥʘʢʦ ʥʠʟʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ, ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʟʜʝʣʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʝ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʵʪʦʡ ʟʘʱʠʪʳ ʩʚʷʟʘʥʘ ʩ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʪʨʘʢʪʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚʦ-

ʧʝʨʚʳʭ, ʠʟʤʝʥʝʥʠʝʤ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʫʚʝʣʠʯʝʥʠʝʤ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʦʢʦʥʝʩʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʦ-ʚʪʦʨʳʭ, ʧʨʦʪʝʢʘʥʠʝʤ ʯʘʩʪʠ ʉɺʏ-ʪʦʢʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʨʨʦʟʠʦʥʥʦʤ ʩʣʦʝ. ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʉɺʏ-ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʟʘʱʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʧʦʢʨʳʪʠʷʤʠ, ʚʳʜʝʨʞʠʚʘʶʱʠʤʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ. 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ  ï ʵʪʦ ʩʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʦʩʘʞʜʝʥʠʠ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ 

mailto:akimova.m@nio10.niip.ru
mailto:ilyushkina.yu@nio10.niip.ru
mailto:simunova.s@nio10.niip.ru
mailto:gribkov.m.a@grpz.ru


··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнп ͎Φύ 

 

 

https://radiofizika.ru/ 7 

 

ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʦʩʘʜʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʆʩʘʞʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʜʘʥʠʷ 

ʯʘʩʪʠʮʘʤ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʞʠʜʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʧʦ ʟʥʘʢʫ ʟʘʨʷʜʫ ʧʦʢʨʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʘʥʦʜʥʦʛʦ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

ï ʠʟʜʝʣʠʝ ʩʣʫʞʠʪ ʘʥʦʜʦʤ, ʘ ʢʘʪʦʜʦʤ ʷʚʣʷʶʪʩʷ ʢʦʨʧʫʩ ʚʘʥʥʳ ʠʣʠ ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʥʝʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ (ʨʠʩ.1); 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʥʝʩʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ:1 ï ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; 2 ï ʛʘʣʴʚʘʥʦʤʝʪʨ; 3 ï ʠʟʜʝʣʠʝ;  

4 ï ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜ; 5 ïʚʘʥʥʘ ʩ ʣʘʢʦʢʨʘʩʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

 

ï ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʷ 

ʚ ʪʝʭ ʤʝʩʪʘʭ ʠʟʜʝʣʠʷ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʙʦʣʴʰʝ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʚ ʵʪʠʭ 

ʤʝʩʪʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʦʩʪʘ ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʵʪʠʭ 

ʫʯʘʩʪʢʘʭ ʧʘʜʘʝʪ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʨʦʩʪ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘ ʪʝʭ ʤʝʩʪʘʭ ʠʟʜʝʣʠʷ, ʛʜʝ ʚʥʘʯʘʣʝ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʙʳʣʘ ʤʝʥʴʰʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʥʘ ʠʟʜʝʣʠʷʭ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʧʦ 

ʪʦʣʱʠʥʝ ʩʣʦʡ ʧʦʢʨʳʪʠʷ. ʆʩʘʞʜʝʥʥʘʷ ʧʣʝʥʢʘ ʩʦʜʝʨʞʠʪ 3-5% ʚʦʜʳ, ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʩʨʝʜʝ ʠ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʥʝ ʧʦʚʨʝʞʜʘʷʩʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʩʪʨʫʡʥʦʡ ʧʨʦʤʳʚʢʝ. 

ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʚʦ ʚʩʝʭ ʩʢʨʳʪʳʭ ʧʦʣʦʩʪʷʭ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ.  

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʉʧʦʩʦʙ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʢʨʳʚʘʪʴ ʠʟʜʝʣʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ ʧʣʝʥʢʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʷ, ʠʩʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʪʝʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʪʝʢʘʥʠʝʤ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʢ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ, ʥʘʧʨʠʤʝʨ, ʦʢʫʥʘʥʠʝʤ ʠʣʠ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʨʘʩʧʳʣʝʥʠʝʤ. ʅʘʥʝʩʝʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʝʝ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʦʢʨʘʩʦʯʥʳʭ ʨʘʙʦʪ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʜʨ.). ʂʨʦʤʝ ʪʦʛʦ, ʣʘʢʦʢʨʘʩʦʯʥʘʷ 

ʢʦʤʧʦʟʠʮʠʷ ʜʣʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ï ʝʝ ʩʚʦʡʩʪʚʘ ʥʝ ʜʦʣʞʥʳ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚʘʥʥʳ ʠ ʝʝ ʧʨʦʩʪʘʠʚʘʥʠʷ. ʕʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ 
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ʨʅ ʨʘʩʪʚʦʨʘ, ʪʠʧʘ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ 

ʜʦʙʘʚʦʢ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1].  

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʣʘʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʠʜʨʦʣʘ ɺɸ-133 

(ʧʨʦʠʟʚʦʜʩʪʚʦ ʃʘʪʚʠʷ) ʠʣʠ ʣʘʢʘ ʂʏ-0125. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʷʚʠʣʘʩʴ ʦʩʪʨʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʘʝʤʦʡ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʦʡ ʣʘʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʧʦʢʨʳʪʠʷ ʙʳ 

ʦʙʣʘʜʘʣʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʭʫʞʝ ʨʘʥʝʝ ʧʨʠʤʝʥʷʝʤʳʭ. 

ʇʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ ɸʆ çʅʀʀʇ ʠʤʝʥʠ ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ 

ʤʘʪʝʨʠʘʣ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʟʘʤʝʥʘ ʨʝʟʠʜʨʦʣʘ ɺɸ-133, ʜʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʘʥʘʬʦʨʝʟʥʦʡ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʦʡ ʣʘʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʇʦʢʘʟʘʪʝʣʠ 

ʩʤʦʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

          ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʩʤʦʣʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʷ 

ʋʩʣʦʚʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦ ʚʠʩʢʦʟʠʤʝʪʨʫ ʪʠʧʘ 

ɺɿ-246 (ʠʣʠ ɺɿ-4) ʩ ʜʠʘʤʝʪʨʦʤ ʩʦʧʣʘ  

4 ʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (20,0 Ñ 0,5)Áʉ 

173 ɻʆʉʊ 8420 ï 2022 [2] 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʥʝʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, % 64,8 ɻʆʉʊ 31939 ï 2022 [3] 

ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʤʘʩʩʦʚʫʶ 

ʜʦʣʶ ʥʝʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, ʤʛ ʂʆʅ 

117,7 ɻʆʉʊ 23955 ï 80 [4] 

 

ɺ ɸʆ çʅʀʀʇ ʠʤʝʥʠ ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè ʩʦʩʪʘʚʣʝʥʘ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʘʷ ʣʘʢʦʚʘʷ 

ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʪʘʙʣʠʮʘ 2). 

           ʊʘʙʣʠʮʘ 2  

ʉʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʠ 

ˉ 

ʧ.ʧ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʉʦʩʪʘʚ ʣʘʢʘ, ʤʘʩʩ. ʯ. 

1 ʉʤʦʣʘ 1 (ʩ.ʦ. 64,8 %) 15,8% 

2 ʉʤʦʣʘ 2 (ʩ.ʦ. 50 ° 2%) 1,0% 

3 ʇʝʥʪʘʬʪʘʣʝʚʳʡ ʣʘʢ (ʩ.ʦ. 50 ° 2%) 1,0% 

4 ʄʘʨʛʘʥʝʮ ʩʝʨʥʦʢʠʩʣʳʡ 0,029% 

5 ʊʨʠʵʪʠʣʘʤʠʥ 1,9% 

6 ɺʦʜʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʜʦ 100% 

 

ʉʫʭʦʡ ʦʩʪʘʪʦʢ ʨʘʚʝʥ 9,3%, ʨʅ = 8,3. 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʥʘ ʧʣʘʩʪʠʥʘʭ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ, 

ʤʝʜʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʩʧʣʘʚʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʦʙʝʟʞʠʨʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʆʇ-07 ʠʣʠ ʆʇ-10, ʥʘʥʦʩʠʣʠ ʧʦʢʨʳʪʠʝ, 

ʧʦʜʙʠʨʘʷ ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʚ ʚʘʥʥʝ, ʜʘʣʝʝ ʩʣʝʜʦʚʘʣʘ ʧʨʦʤʳʚʢʘ ʚ 

ʭʦʣʦʜʥʦʡ ʧʨʦʪʦʯʥʦʡ ʚʦʜʝ, ʚʳʜʝʨʞʢʘ ʥʘ ʚʦʟʜʫʭʝ 30 ʤʠʥ ʠ ʢʦʥʚʝʢʮʠʦʥʥʘʷ ʩʫʰʢʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 140ʦʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2 ʘ. 

ʃʘʢʦʚʘʷ ʧʣʝʥʢʘ ʤʦʞʝʪ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʩʣʦʞʥʦʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ  

(ʨʠʩ. 2 ʙ, ʚ) ʠʟ ʣʶʙʳʭ ʤʝʪʘʣʣʦʚ. ʈʝʞʠʤʳ ʥʘʥʝʩʝʥʠʷ (ʥʘʧʨʷʞʝʥʠʝ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʘʣʣʦʤ 

ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʝʤ ʪʦʢʦʥʝʩʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 
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ʈʠʩʫʥʦʢ 2. ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʢʨʳʪʠʷ: 

ʘ ï ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥʘʭ; ʙ, ʚ ï ʥʘ ʩʣʦʞʥʦʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʦʢʨʳʪʠʝ ʤʦʞʝʪ ʪʘʢʞʝ ʩʣʫʞʠʪʴ ʛʨʫʥʪʦʤ ʧʦʜ ʜʨʫʛʠʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ (ʨʠʩ.3). 

 

 

ʈʠʩʫʥʦʢ 3. ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʢʨʳʪʠʷ ʵʤʘʣʴʶ ʕʇ-140 ʧʦ ʣʘʢʫ 

 

ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʣʘʢʦʚʦʡ ʧʣʝʥʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʘʜʛʝʟʠʠ ʤʝʪʦʜʦʤ ʨʝʰʝʪʯʘʪʳʭ 

ʥʘʜʨʝʟʦʚ [5], ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 1 ʙʘʣʣ, ʘ ʪʘʢʞʝ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ 

ʘʛʨʝʩʩʠʚʥʳʭ ʞʠʜʢʦʩʪʝʡ [6]: ʩʧʠʨʪʦ-ʥʝʬʨʘʩʦʚʦʡ ʩʤʝʩʠ (1:1), ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 

çɻʠʜʨʦʥʦʣ ʉ10è, ʢʠʧʷʱʝʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, 15% ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ 50% 

ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʢʨʳʪʠʝ ʚʳʜʝʨʞʘʣʦ ʠʩʧʳʪʘʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ.  

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʩʪʚʦʨʘ NaOH (74 ʛ/ʣ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

70ʦʉ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʝʡ ʫ ʦʩʪʨʳʭ ʢʨʦʤʦʢ ʯʝʨʝʟ 30 

ʤʠʥʫʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʢʨʳʪʠʝ ʥʝ ʫʩʪʦʡʯʠʚʦ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʱʝʣʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʜʦʣʞʠʣʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʱʝʣʦʯʥʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʱʝʣʦʯʥʦʩʪʴ ʥʝ ʤʝʥʝʝ 10 ʩʤ3 ʠ ʩ ʨʅ = 10 ï 14) ʆɾ-65  

çʃʝʥʘè ʊʋ113-07-02 [7], ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʚʦʜʥʦʛʣʠʢʦʣʝʚʳʡ ʨʘʩʪʚʦʨ ʩ 

ʘʥʪʠʚʩʧʝʥʠʚʘʶʱʠʤʠ ʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʅʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 5 ʰʪʫʢ ʥʘʥʝʩʣʠ 

ʣʘʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʠ ʫʩʪʘʥʦʚʠʣʠ ʠʭ ʚ ʩʠʩʪʝʤʫ ʨʝʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ (ʨʠʩ. 4) 
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ʈʠʩʫʥʦʢ 4. ʉʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

 

ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʦʮʝʥʠʚʘʣʩʷ ʚʠʟʫʘʣʴʥʳʤ ʦʩʤʦʪʨʦʤ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʧʨʦʪʦʯʥʦʡ 

ʚʦʜʦʡ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 1 ʨʘʟ ʚ 10 ʤʝʩʷʮʝʚ. 

ʇʦ ʠʩʪʝʯʝʥʠʠ 10 ʤʝʩʷʮʝʚ ʦʪ ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʩʪʨʦʡ ʢʨʦʤʢʝ ʬʘʩʢʠ ʦʙʨʘʟʮʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʣʘʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʙʝʟ ʢʦʨʨʦʟʠʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 

(ʨʠʩ.5). 

 

 

ʈʠʩʫʥʦʢ 5. ʆʙʨʘʟʝʮ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʆɾ-65 çʃʝʥʘè 

 

ʇʦʩʣʝ ʦʩʤʦʪʨʘ ʠʩʧʳʪʘʥʠʷ ʧʨʦʜʦʣʞʠʣʠ. 

ʇʨʦʚʝʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʢʣʝʠʚʘʥʠʷ ʢ ʠʟʜʝʣʠʷʤ ʩ ʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʬʝʨʨʠʪʦʚʳʭ 

ʧʣʘʩʪʠʥʦʢ (ʨʠʩ.6).  

 

 

ʈʠʩʫʥʦʢ 6. ʌʝʨʨʠʪʦʚʳʝ ʧʣʘʩʪʠʥʢʠ ʥʘ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʣʠʢʦʥʦʚʦʤ ʢʣʝʝ 
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ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʘʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʚʘʥʥʝ. ɼʣʷ ʵʪʦʛʦ ʧʦʢʨʳʪʠʝ 

ʥʘʥʦʩʠʣʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʙʨʘʟʮʳ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ï 1 ʨʘʟ ʚ ʥʝʜʝʣʶ/ʤʝʩʷʮ/3-4 ʤʝʩʷʮʘ. ɼʘʣʝʝ 

ʚʘʥʥʫ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʣʠ. ʏʝʨʝʟ ʛʦʜ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʘʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʘʥʥʘ ʧʨʠʛʦʜʥʘ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʜʦ ʦʧʪʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ 

ʨʅ ʠ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ.  

ʇʨʦʚʝʜʝʥʳ ʫʩʢʦʨʝʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʩʦʙʦ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ [8]. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʷʭ. 

ʅʘ ʙʘʟʝ ɸʆ çɻʈʇɿè ʩʦʩʪʘʚʣʝʥʘ ʚʘʥʥʘ ʦʙʲʝʤʦʤ 560 ʣ ʥʦʚʦʡ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʧʦ ʨʝʮʝʧʪʫʨʝ, ʦʪʨʘʙʦʪʘʥʥʦʡ ɸʆ çʅʀʀʇ ʠʤʝʥʠ ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè. ʅʘʥʝʩʝʥʦ 

ʣʘʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ɸʆ çʅʀʀʇ ʠʤʝʥʠ 

ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè ʠ ʚʳʧʫʩʢʘʝʤʳʝ ʚ ɸʆ çɻʈʇɿè ʩ ʮʝʣʴʶ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʧʦʢʨʳʪʠʝʤ ʥʘ ʦʩʥʦʚʝ ʨʝʟʠʜʨʦʣʘ ɺɸ-133, ʩ ʫʯʝʪʦʤ 

ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ.  

ʇʨʦʚʝʜʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠʟʜʝʣʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ (ʊʋ) ʩ ʟʘʤʝʨʦʤ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʈʊʍ) ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ. ʇʦ 

ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ ʠʟʜʝʣʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʊʋ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʦʚʝʜʝʥʳ ʫʩʢʦʨʝʥʥʳʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʩʦʙʦ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ [8]: ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʛʠ 

ʜʦʚʝʜʝʥʦ ʜʦ 56 ʩʫʪʦʢ, ʩʦʣʷʥʦʛʦ ʪʫʤʘʥʘ ʜʦ 7 ʩʫʪʦʢ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʝʨʦʤ ʈʊʍ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʣʘʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʥʘʥʦʩʠʤʦʡ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ, ʥʘ 

ʩʣʦʞʥʦʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ 

ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1.  ʃʫʢʦʤʩʢʠʡ ʖ.ʗ., ɻʦʨʰʢʦʚ ɺ.ʂ. ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʠ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ 

 ʘʣʶʤʠʥʠʠ ʠ ʝʛʦ ʩʧʣʘʚʘʭ. - ʃ.: ʍʠʤʠʷ, 1985. - 184 ʩ., ʠʣ. 

2.  ɻʆʉʊ 8420 ï 2022 ʄʘʪʝʨʠʘʣʳ ʣʘʢʦʢʨʘʩʦʯʥʳʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʥʦʡ 

 ʚʷʟʢʦʩʪʠ. 

3.  ɻʆʉʊ 31939 ï 2022 ʄʘʪʝʨʠʘʣʳ ʣʘʢʦʢʨʘʩʦʯʥʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

 ʥʝʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ 

4.  ɻʆʉʊ 23955 ï 80 ʄʘʪʝʨʠʘʣʳ ʣʘʢʦʢʨʘʩʦʯʥʳʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ 

 ʯʠʩʣʘ. 

5.  ɻʆʉʊ 15140 ï 78 ʄʘʪʝʨʠʘʣʳ ʣʘʢʦʢʨʘʩʦʯʥʳʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʠ. 

6.  ɻʆʉʊ 9.403 ï 2022 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʩʪʘʨʝʥʠʷ (ɽʉɿʂʉ). 

 ʇʦʢʨʳʪʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʝ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʩʪʘʪʠʯʝʩʢʦʤʫ 

 ʚʦʟʜʝʡʩʪʚʠʶ ʞʠʜʢʦʩʪʝʡ. 

7.  ʊʋ 113-07-02-88 ɾʠʜʢʦʩʪʠ ʦʭʣʘʞʜʘʶʱʠʝ ʥʠʟʢʦʟʘʤʝʨʟʘʶʱʠʝ ʆɾ ʂ çʃʝʥʘè, 

 ʆɾ-40 çʃʝʥʘè, ʆɾ-65 çʃʝʥʘè. 

8.  ɻʆʉʊ 16962.1-89 ʀʟʜʝʣʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʥʘ 

 ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʘʤ.  
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ʋɼʂ 621.396.69: 534.015 

ʃʝʰʢʦ ʅʠʢʦʣʘʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʌɻʂɺʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʦʝ ʚʳʩʰʝʝ ʚʦʝʥʥʦʝ ʫʯʠʣʠʱʝ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳè 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʈʦʩʩʠʷ, ʗʨʦʩʣʘʚʣʴ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

E-mail: nikolai_zru@mail.ru 

 

ɸʰʫʨʢʦʚ ʀʚʘʥ ʉʝʨʛʝʝʚʠʯ 

ʌɻʂɺʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʦʝ ʚʳʩʰʝʝ ʚʦʝʥʥʦʝ ʫʯʠʣʠʱʝ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳè 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʈʦʩʩʠʷ, ʗʨʦʩʣʘʚʣʴ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

E-mail: ivan_ashurkov1@mail.ru 

 

ʉʘʣʦʚ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ 

ʌɻʂɺʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʦʝ ʚʳʩʰʝʝ ʚʦʝʥʥʦʝ ʫʯʠʣʠʱʝ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳè  

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʈʦʩʩʠʷ, ʗʨʦʩʣʘʚʣʴ 

E-mail: salov1985@yandex.ru 

 

ʏʝʨʥʦʚ ɸʥʜʨʝʡ ʖʨʴʝʚʠʯ 

ʌɻʂɺʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʦʝ ʚʳʩʰʝʝ ʚʦʝʥʥʦʝ ʫʯʠʣʠʱʝ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳè 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʈʦʩʩʠʷ, ʗʨʦʩʣʘʚʣʴ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

E-mail: ach-yar@yandex.ru 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʘʥʘʣ ʈʃʉ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʘʥʘʣʘ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʥʦʛʦʦʙʟʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʜʘʥʥʳʤʠ ʪʝʣʝʤʝʪʨʠʠ ʘʢʪʠʚʥʦʡ ʈʃʉ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʘʥʘʣ; ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ 

ʘʧʧʘʨʘʪ; ʧʦʨʦʛ ʦʙʥʘʨʫʞʝʥʠʷ; ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʆʧʳʪ ʚʦʡʥ ʠ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʫʶ ʚʦʝʥʥʫʶ ʫʛʨʦʟʫ ʥʘ ʪʘʢʪʠʯʝʩʢʦʤ ʪʝʘʪʨʝ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʣʦʨʘʟʤʝʨʥʳʝ ʤʘʥʝʚʨʠʨʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʚʦʟʜʫʰʥʦʛʦ ʥʘʧʘʜʝʥʠʷ (ʉɺʅ), 

ʜʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 70 ʢʤ. ʇʦʜ ʤʘʣʦʨʘʟʤʝʨʥʳʤʠ ʉɺʅ ʙʫʜʝʤ 

ʧʦʥʠʤʘʪʴ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʧʃɸ) ʫʜʘʨʥʦʛʦ, ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʫʜʘʨʥʦʛʦ ʠ 

ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʛʦ ʪʠʧʘ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʤ/ʩ ʠ 

ʚʳʰʝ, ʘ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ (ʕʇʈ) ï 0.1 ʤ2 ʠ ʤʝʥʝʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʫʩʣʦʞʥʷʶʱʠʭ ʦʙʥʘʨʫʞʝʥʠʝ ɹʧʃɸ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ: 

mailto:nikolai_zru@mail.ru
mailto:ivan_ashurkov1@mail.ru
mailto:salov1985@yandex.ru
mailto:ach-yar@yandex.ru
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1. ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʦʪʠʚʥʠʢ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʚʝʜʢʫ ʧʦʟʠʮʠʡ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʚʦʜʠʪ ʦʮʝʥʢʫ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ 

ʦʙʥʘʨʫʞʝʥʠʶ ɹʧʃɸ [1, 2]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʧʨʠʤʝʥʷʪʴ ʫʜʘʨʥʳʝ ɹʧʃɸ ʚ ʦʙʭʦʜ ʟʦʥ 

ʦʙʥʘʨʫʞʝʥʠʷ (ʧʦʨʘʞʝʥʠʷ), ʘ ʩ ʧʦʤʦʱʴʶ  ɹʧʃɸ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʛʦ ʪʠʧʘ - ʚʝʩʪʠ ʨʘʟʚʝʜʢʫ ʥʘ 

ʛʨʘʥʠʮʝ ʟʦʥ, ʵʬʬʝʢʪʠʚʥʦ ʥʘʚʦʜʠʪʴ ʩʨʝʜʩʪʚʘ ʧʦʨʘʞʝʥʠʷ ʠ ʚʝʩʪʠ ʜʦʨʘʟʚʝʜʢʫ ʧʦʨʘʞʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

2. ɸʥʘʣʠʟ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʧʃɸ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʠʟʤʝʥʷʪʴ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚʧʣʦʪʴ ʜʦ ʥʫʣʝʚʦʛʦ. 

3. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʮʝʣʷʤʠ, ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ɹʧʃɸ 

çʥʝʪʠʧʠʯʥʳʝè ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ (çʟʘʚʠʩʘʥʠʝè, ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ (ʩʢʦʨʦʩʪʠ, 

ʫʩʢʦʨʝʥʠʷ) ʠ ʪ.ʜ.). ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ. 

ʉʨʝʜʩʪʚʘ ʨʘʟʚʝʜʢʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʨʝʣʴʙʦʚʳʝ ʈʃʉ ʙʦʝʚʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ, ʧʨʠ ʨʘʙʦʪʝ ʧʦ ɹʧʃɸ ʩ ʪʘʢʦʡ ʟʘʜʘʯʝʡ 

ʩʧʨʘʚʣʷʶʪʩʷ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʈʝʘʣʠʟʫʝʤʳʝ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʢʦʤʘʥʜʥʳʤ ʧʫʥʢʪʘʤ (ʧʫʥʢʪʘʤ ʫʧʨʘʚʣʝʥʠʷ) ʛʨʫʧʧʠʨʦʚʦʢ ʇɺʆ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʫʧʨʘʚʣʝʥʠʷ ʦʛʥʸʤ ʧʦʜʯʠʥʸʥʥʳʭ ʩʨʝʜʩʪʚ, ʩʥʠʞʘʷ ʪʝʤ ʩʘʤʳʤ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʙʦʝʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʝ ʚ ʧʨʘʢʪʠʢʝ ʤʝʞʜʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ çʩʠʛʥʘʣ-ʰʫʤè ɹʧʃɸ 

ʥʘ ʪʨʝʙʫʝʤʦʡ ʜʘʣʴʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʭ ʫʥʠʯʪʦʞʝʥʠʝ ʦʛʥʝʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʠ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʚʝʜʢʠ. ʉʫʱʝʩʪʚʫʶʱʝʝ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʩʦʟʜʘʸʪ ʫʛʨʦʟʫ ʩʨʳʚʘ ʚʳʧʦʣʥʝʥʠʷ ʙʦʝʚʦʡ ʟʘʜʘʯʠ. 

 

ʊɸʂʊʀʏɽʉʂʀɽ ɹʇʃɸ

Switchblade

SkyStriker
Orbiter -3

Hero

Harop

ʅʘʟʝʤʥʳʝ ʇʋ

10-20ʢʤ

ɹʧʃɸ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʛʦ 

ʪʠʧʘ ɹʧʃɸ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʛʦ 

ʪʠʧʘ

50-70ʢʤ

ʂɸ ʨʘʟʚʝʜʢʠ 

ʧʨʦʪʠʚʥʠʢʘ

ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʥʘʰʠʭ ʩʨʝʜʩʪʚ

ʢʤ 54
ʨʝʘʣ

2ºR

 
ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʨʘʟʚʝʜʢʠ (ʚʘʨʠʘʥʪ) 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ: 

ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʈʃʉ; ʢʦʛʝʨʝʥʪʥʦʝ ʠʣʠ ʥʝʢʦʛʝʨʝʥʪʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʩʠʛʥʘʣʘ; ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʦʙʟʦʨʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʃʉ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʩʪʘʥʮʠʠ, ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʜʦʨʦʞʘʥʠʶ ʩʪʘʥʮʠʠ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʘʪʴ ʚʨʝʤʷ ʦʙʟʦʨʘ ʈʃʉ 

ʜʦ ʤʠʥʠʤʫʤʘ (ʊʦʙʟ = 1 ʩ), ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. ʊʘʢʞʝ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ 
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ʥʘʢʦʧʣʝʥʠʷ ʥʘ ʚʳʠʛʨʳʰ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʚʠʜ ʬʣʫʢʪʫʘʮʠʡ ʘʤʧʣʠʪʫʜ ʠʤʧʫʣʴʩʦʚ ʵʭʦ-ʩʠʛʥʘʣʦʚ. 

ʇʨʠ ʬʣʫʢʪʫʘʮʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ II ʠ IV ʤʦʜʝʣʷʤ ʉʚʝʨʣʠʥʛʘ, ʚʳʠʛʨʳʰ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʥʫʣʶ. ʅʝʢʦʛʝʨʝʥʪʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ ʈʃʉ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʪʝʨʠ, ʚʳʠʛʨʳʰ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʛʝʨʝʥʪʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʩʥʠʞʘʝʪʩʷ ʧʦʯʪʠ ʚ 1,5 ʨʘʟʘ. 

ɼʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ ʘʢʪʠʚʥʳʤʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʭ ʩʦʩʪʘʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʘʥʘʣʘ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʤʥʦʛʦʦʙʟʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ [3ï8], ʵʪʦ ʦʙʝʩʧʝʯʠʪ 

ʦʙʥʘʨʫʞʝʥʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ɹʧʃɸ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ. 

ʇʦʚʳʰʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʦʙʟʦʨʦʚ ʈʃʉ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʘʥʘʣʘ 

ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʫʪʸʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʣʴʥʦʩʪʠ ʜʦ ʮʝʣʠ ʦʪ 

ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ qʪʨʝʙ. 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩʫʥʦʢ 2), ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ 

ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ʥʘ 3ï5 ʜɹ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʠʛʨʳʰ ʚ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʥʝʚʨʠʨʫʶʱʠʭ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ɹʧʃɸ (ů=0.01é0.1 ʤ2) 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʈʃʉ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʘʥʘʣʘ ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʝʜʥʝʤ 

ʥʘ 25%. 

 

 
         ʘ                  ʙ 

ʈʠʩʫʥʦʢ 2.  ʘ) ʢʨʠʚʳʝ ʦʙʥʘʨʫʞʝʥʠʷ, ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ʦʪ ʜʘʣʴʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʈʃʉ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʟʥʘʯʝʥʠʠ ʕʇʈ ʮʝʣʝʡ 

 
ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʜʭʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʢʪʠʚʥʳʭ ʈʃʉ ʜʣ ̫

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʠʪʝʨʠʡ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ, ʘ ʢʦʪʦʨʦʤ 

ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʚ ʦʜʥʦʤ ʵʣʝʤʝʥʪʝ ʨʘʟʨʝʰʝʥʠʷ ʟʘ ʦʜʠʥ ʮʠʢʣ ʦʙʟʦʨʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10ï7 ʜʦ 10ï5. ʇʨʠ ʪʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʧʦʨʦʛ 

ʦʙʥʘʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ-ʜʚʫʭ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʨʘʟʨʝʰʝʥʠʷ ʈʃʉ ʟʘ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ ʦʙʟʦʨʘ ʚ 

ʧʨʦʩʪʦʡ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ. ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ (ʆʉʐ), ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ, ʧʨʠ ʪʘʢʠʭ ʚʝʨʦʷʪʥʦʩʪʷʭ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 0,5 ʪʨʝʙʫʝʤʦʝ ʆʉʐ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 12,7 ʜɹ. ɺ ʩʣʫʯʘʝ 
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ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ɹʧʃɸ ʪʘʢʦʝ ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ ʥʘ 

ʪʨʝʙʫʝʤʳʭ ʜʘʣʴʥʦʩʪʷʭ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʠʞʠʤʳʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʠʩʪʝʤʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʈʃʉ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʢʘʥʘʣʘ, 

ʩʠʛʥʘʣʳ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʮʝʣʠ ʠ ʠʤʝʶʱʠʝ ʫʨʦʚʝʥʴ ʥʠʞʝ ʧʦʨʦʛʘ, ʙʫʜʫʪ ʧʨʦʧʫʱʝʥʳ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʝʩʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʥʦʚʥʦʤʫ ʢʘʥʘʣʫ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʘʥʘʣ 

ʦʙʨʘʙʦʪʢʠ ʩ ʥʠʟʢʠʤ ʧʦʨʦʛʦʤ (ʨʠʩʫʥʦʢ 3), ʚ ʢʦʪʦʨʳʡ ʧʦʧʘʜʫʪ ʩʣʘʙʳʝ ʩʠʛʥʘʣʳ, ʪʦ ʩ ʧʦʤʦʱʴʶ 

ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʦʙʟʦʨʦʚ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʭ 

ɹʧʃɸ. 

 

 
 

ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʈʃʉ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʘʥʘʣʦʤ ʦʙʨʘʙʦʪʢʠ ʈʃʀ 

 
ɺ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʫʨʦʚʝʥʴ ʧʦʨʦʛʘ ʧʝʨʚʠʯʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ qʧʦʨ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʦʙʟʦʨʥʳʭ ʤʝʪʦʜʦʚ ʥʝʩʢʦʣʴʢʦ ʧʦʥʠʞʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-

ʰʫʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 7ï12 ʜɹ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʝʚʳʰʝʥʠʡ 

ʧʦʨʦʛʘ.  

ɺʳʙʦʨ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʘ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʦʙʨʘʙʦʪʢʠ ʦʛʨʘʥʠʯʝʥ 

ʘʥʦʤʘʣʴʥʳʤʠ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ. 

ʆʙʨʘʙʦʪʢʘ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʟʘʜʘʝʪʩʷ ʧʦʥʠʞʝʥʥʳʡ ʧʦʨʦʛ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢʠʭ ʞʝ ʚ ʦʩʥʦʚʥʦʤ ʢʘʥʘʣʝ 

(Fʪʨʝʙ=10-6, Dʪʨʝʙ=0.5), ʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʪ Fʜʦʧ.ʢʘʥʘʣ=10-3, ʧʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ qʜʦʧ.ʢʘʥʘʣ=9.5 ʜɹ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ 

ʪʨʝʚʦʛʠ 10-6 ʩʠʛʥʘʣʳ ʦʪ ʮʝʣʝʡ ʠ ʧʦʤʝʭʦʚʳʝ ʩʠʛʥʘʣʳ, ʧʨʝʚʳʩʠʚʰʠʝ ʧʦʨʦʛ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʟʦʨʦʚ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʟʘʧʦʤʠʥʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʚ 

ʚʠʜʝ ʤʘʩʩʠʚʘ ʦʪʤʝʪʦʢ (1), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪʘʤ ʜʘʣʴʥʦʩʪʠ, ʘʟʠʤʫʪʘ, ʫʛʣʘ ʤʝʩʪʘ ʠ 

ʚʨʝʤʝʥʠ ʦʙʥʘʨʫʞʝʥʠʷ: 

() { } ,1,,,, ʦʪʤʦʪʤʦʪʤ IitR
niiiini 2== ebP                                     (1) 

ʛʜʝ R ï ʜʘʣʴʥʦʩʪʴ ʜʦ ʦʪʤʝʪʢʠ (ʣʦʞʥʦʡ ʣʠʙʦ ʠʩʪʠʥʥʦʡ), ɓʦʪʤ, Ůʦʪʤ ï ʘʟʠʤʫʪ ʠ ʫʛʦʣ ʤʝʩʪʘ 

ʦʪʤʝʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, t ï ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʤʝʪʢʠ, n ï ʥʦʤʝʨ ʦʙʟʦʨʘ ʈʃʉ, i ï 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʪʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ n-ʦʙʟʦʨʝ. 

ɼʘʣʝʝ ʢʦʦʨʜʠʥʘʪʳ ʦʪʤʝʪʦʢ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʠʟ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ: 

ʋʩʪʨʦʡʩʪʚʦ 

ʧʝʨʚʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ

ʇʦʨʦʛʦʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ 

1

ʇʦʨʦʛʦʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ 

2

ʋʩʪʨʦʡʩʪʚʦ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ

ʋʩʪʨʦʡʩʪʚʦ 

ʛʨʫʧʧʠʨʦʚʘʥʠʷ 

ʦʪʤʝʪʦʢ

ʋʩʪʨʦʡʩʪʚʦ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ

ʆʩʥʦʚʥʦʡ ʢʘʥʘʣ ʦʙʨʘʙʦʪʢʠ ʈʃʀ

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʘʥʘʣ ʦʙʨʘʙʦʪʢʠ ʈʃʀ

ʆʪʨʘʞʸʥʥʳʝ 

ʩʠʛʥʘʣʳ 
ʊʨʘʝʢʪʦʨʠʠ

ʋʩʪʨʦʡʩʪʚʦ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʈʅʉ

ʈʝʰʝʥʠʝ ʦʙ 

ʦʙʥʘʨʫʞʝʥʠʠ 

ʮʝʣʝʡ

ʋʩʪʨʦʡʩʪʚʦ 

ʚʪʦʨʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ

ʈʝʰʝʥʠʝ ʦʙ 

ʦʙʥʘʨʫʞʝʥʠʠ ʮʝʣʝʡ
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() { }.,,, niiiini tzyx=P                                                (2) 

ʉ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʧʦʤʝʭʘʭ 

DBSCAN (Density-Based Spatial Clustering of Applications with Noise) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ (ʛʨʫʧʧʠʨʦʚʘʥʠʝ (ʨʘʟʙʠʝʥʠʝ ʥʘ ʢʣʘʩʪʝʨʳ)) ʩ 

ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʠʩʢʣʶʯʝʥʠʷ ʣʦʞʥʳʭ ʦʪʤʝʪʦʢ ʚ ʫʩʪʨʦʡʩʪʚʝ 

ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʦʪʤʝʪʦʢ (ʨʠʩʫʥʦʢ 4). ɺ ʘʣʛʦʨʠʪʤʝ DBSCAN ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʧʨʘʚʠʣʦ ʚʢʣʶʯʝʥʠʷ ʦʪʤʝʪʦʢ ʚ ʛʨʫʧʧʫ (ʢʣʘʩʪʝʨ): 

() () ( )( )( ) ( )( )( ) ( )( ){ }jiiiniiki XAXNXNNXNX "Í<Ç²ÆÍ= minʦʪʤminʦʪʤPP ,     (3) 

ʛʜʝ (Pi)k ï ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ k-ʘʷ ʛʨʫʧʧʘ ʦʪʤʝʪʦʢ; (Pi)n ï ʚʭʦʜʥʦʡ ʤʘʩʩʠʚ ʦʪʤʝʪʦʢ; N(Xi) ï 

ʧʣʦʪʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʦʪʤʝʪʢʠ Xi, A(Xj) ï ʛʨʫʧʧʘ ʩ ʮʝʥʪʨʦʤ ʚ ʦʪʤʝʪʢʠ Xj; (Nʦʪʤ)min ï 

ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʪʦʢ ʚ k-ʦʡ ʛʨʫʧʧʝ. 

 

 

ʈʠʩʫʥʦʢ 4. ʇʦʨʷʜʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʳ ʦʪʤʝʪʦʢ (ʢʣʘʩʪʝʨʘ) 

 
ʇʣʦʪʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʦʪʤʝʪʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (4) 

( ) ( ){ },, e¢Í= jiji XXdDXNXN                                      (4) 

ʛʜʝ D ï ʛʨʫʧʧʘ (ʢʣʘʩʪʝʨ), d(Xi, Xj) ï ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʪʤʝʪʢʘʤʠ Xi ʠ Xj, Ů ï 

ʛʠʧʝʨʧʘʨʘʤʝʪʨ ʧʣʦʪʥʦʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ,( )
minʦʪʤ0max

NTv=e , vmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʮʝʣʠ,  T0 ï ʧʝʨʠʦʜ ʦʙʟʦʨʘ ʈʃʉ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʪʦʢ ʚ ʛʨʫʧʧʝ (Nʦʪʤ)min ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

( ) ,13 ʦʙʟminʦʪʤ -¢< NN                                            (5) 

ʛʜʝ Nʦʙʟ ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʟʦʨʦʚ ʟʘ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ. 

ʃʦʞʥʳʝ ʦʪʤʝʪʢʠ ʠʩʢʣʶʯʘʶʪʩʷ ʧʦ ʧʨʘʚʠʣʫ (6) 

( ) () ( )( )( ) ( )( ){ }jjjnijni XAXNXNX "Î<ÆÍ= minʦʪʤʣʦ PP ,                  (6) 

ʛʜʝ (Pi ʣʦ)n ï ʤʘʩʩʠʚ, ʩʦʜʝʨʞʘʱʠʡ ʣʦʞʥʳʝ ʦʪʤʝʪʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ DBSCAN ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ, ʚʢʣʶʯʘʶʱʠʡ 

ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʦʪʤʝʪʦʢ (ʨʠʩʫʥʦʢ 5) 

 ʁ

- ʣʦʞʥʘʷ ʦʪʤʝʪʢʘ

- ʙʘʟʦʚʘʷ ʦʪʤʝʪʢʘ

- ʢʨʘʡʥʷʷ ʦʪʤʝʪʢʘ

ɻʨʫʧʧʘ ʦʪʤʝʪʦʢ

(ʢʣʘʩʪʝʨ)

d(xi,xj)



··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
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( ) { } ,1,,,, Kktzyx
T
kiiiiki 2==P                                        (7) 

ʛʜʝ k ï ʥʦʤʝʨ ʛʨʫʧʧʳ (ʢʣʘʩʪʝʨʘ). 

 
ʈʠʩʫʥʦʢ 5. ɻʨʫʧʧʳ ʦʪʤʝʪʦʢ (ʢʣʘʩʪʝʨʳ) ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ DBSCAN 

 

ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʦʪʤʝʪʢʠ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʍʘʬʘ ʠ ʈʘʜʦʥʘ (ʇʇʍ ʠ ʈ), ʮʝʣʴʶ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʤʘʩʩʠʚʝ ʦʪʤʝʪʦʢ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʮʝʣʝʡ. ʊʘʢ ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʮʝʣʴ 

ʜʚʠʞʝʪʩʷ, ʪʦ ʨʝʰʝʥʠʝ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʣʴʟʷ ʧʨʠʥʷʪʴ, ʥʝ ʫʯʠʪʳʚʘʷ ʪʨʘʝʢʪʦʨʠʶ ʮʝʣʠ ʟʘ ʵʪʦ 

ʚʨʝʤʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʇʇʍ ʠ ʈ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʤʝʪʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʨʷʤʳʤ ʠ 

ʢʨʠʚʳʤ ʩʝʛʤʝʥʪʘʤ ʪʨʘʝʢʪʦʨʠʠ. ʆʪʤʝʪʢʠ ʧʨʷʤʦʣʠʥʝʡʥʦ ʜʚʠʞʫʱʠʭʩʷ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʘʭ ʦʙʟʦʨʘ, ʙʫʜʫʪ ʚʳʩʪʨʘʠʚʘʪʴʩʷ ʚʜʦʣʴ ʧʨʷʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʦʪ ʦʙʟʦʨʘ ʢ ʦʙʟʦʨʫ. ʆʪʤʝʪʢʠ ʦʪ ʤʘʥʝʚʨʠʨʫʶʱʠʭ ʮʝʣʝʡ ʙʫʜʫʪ 

ʚʳʩʪʨʘʠʚʘʪʴʩʷ ʚʜʦʣʴ ʢʨʠʚʦʡ ʣʠʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʦʪ ʦʙʟʦʨʘ ʢ ʦʙʟʦʨʫ. 

ʃʦʞʥʳʝ ʦʪʤʝʪʢʠ ʧʦʤʝʭ ʧʦʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʦ ʚ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʘʟʨʝʰʝʥʠʷ. 

ɺ ʢʘʞʜʦʤ ʦʙʥʘʨʫʞʝʥʥʦʤ ʩʝʛʤʝʥʪʝ ʪʨʘʝʢʪʦʨʠʠ ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʪʦʢ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʯʠʩʣʦʤ ʦʪʤʝʪʦʢ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʧʦ ʢʨʠʪʝʨʠʶ çm ʠʟ n1 

(n2)è, ʛʜʝ n1 ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʪʦʢ ʚʜʦʣʴ ʧʨʷʤʦʡ (ʧʦʨʦʛ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʳʭ 

ʩʝʛʤʝʥʪʦʚ ʪʨʘʝʢʪʦʨʠʠ), n2 ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʪʦʢ ʚʜʦʣʴ ʢʨʠʚʦʡ (ʧʦʨʦʛ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʩʝʛʤʝʥʪʦʚ ʪʨʘʝʢʪʦʨʠʠ).  

ɿʘʪʝʤ ʦʪʤʝʪʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʘʟʣʠʯʥʳʤ ʦʙʥʘʨʫʞʝʥʥʳʤ ʩʝʛʤʝʥʪʘʤ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʝʜʠʥʳʡ ʤʘʩʩʠʚ. ʀʟ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʚʝʨʦʷʪʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʮʝʣʠ ʟʘ ʚʨʝʤʷ 

ʥʘʢʦʧʣʝʥʠʷ (ʨʠʩʫʥʦʢ 6) 

( ) { } ,1,,,, ʪʨʪʨ Nmtzyx miiiim
2==P                                     (8) 

ʛʜʝ Nʪʨ ï ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʝʢʪʦʨʠʡ ʚ ʛʨʫʧʧʝ (ʢʣʘʩʪʝʨʝ), ʩ ʫʯʸʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʚʨʝʤʝʥʠ ʦʙʥʘʨʫʞʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʪʤʝʪʦʢ 

ʪʨʘʝʢʪʦʨʠʠ). 

ʜʦʧ
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+ ,                      (9) 

ʛʜʝ R ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ i ʠ i+1 ʢʦʦʨʜʠʥʘʪʦʡ; v, a ï ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪʳ; Rʜʦʧ, vʜʦʧ, aʜʦʧ ï ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʠ. 
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ʈʠʩʫʥʦʢ 6. ʅʘʙʦʨ ʚʝʨʦʷʪʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚ k-ʦʡ ʛʨʫʧʧʝ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʲʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʠʩʪʠʥʥʳʝ, ʪʘʢ ʠ ʣʦʞʥʳʝ ʪʨʘʝʢʪʦʨʠʠ. ɼʣʷ 

ʚʳʙʦʨʘ ʦʪʤʝʪʦʢ, ʣʝʞʘʱʠʭ ʚʜʦʣʴ ʠʩʪʠʥʥʦʡ (ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ) ʪʨʘʝʢʪʦʨʠʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʈʅʉ) (ʨʠʩʫʥʦʢ 7). ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʈʅʉ ʷʚʣʷʝʪʩʷ 

ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʩʝʪʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘʤ, ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ ʧʝʨʩʝʧʪʨʦʥʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʈʅʉ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʟʘʧʦʤʠʥʘʥʠʷ ʧʨʝʜʳʜʫʱʠʭ ʚʭʦʜʥʳʭ ʩʦʙʳʪʠʡ ʧʦ ʚʨʝʤʝʥʠ ʠ ʥʘʭʦʜʠʪʴ 

ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ. 

 

ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʤʦʜʝʣʴ ʨʝʰʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʈʅʉ 

 

ʉʢʨʳʪʳʡ ʠ ʚʳʭʦʜʥʦʡ ʩʣʦʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ 
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yn
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h
nnn

bhy
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++= -

V

UW

j

j
                                         (10) 

ʛʜʝ yn ï ʚʳʭʦʜ ʈʅʉ (0<y<1), hn ï ʚʳʭʦʜ ʩʦ ʩʢʨʳʪʦʛʦ ʩʣʦʷ, n ï ʥʦʤʝʨ ʥʝʡʨʦʥʘ, bh, by ï 

ʩʤʝʱʝʥʠʝ, W, V, U ï ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʣʦʷʤʠ, ű ï ʬʫʥʢʮʠʷ 

ʘʢʪʠʚʘʮʠʷ ʥʝʡʨʦʥʘ (çʩʠʛʤʦʠʜʘè). 

ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʮʝʣʠ ʚ ʈʅʉ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʙʦʨ 

ʦʪʤʝʪʦʢ ʥʘ ʝʸ ʚʳʭʦʜʝ ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʨʦʛ 
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͔͙́ͪ͊ͭͦͪ͟Ύ м
͔͙́ͪ͊ͭͦͪ͟Ύ н
͔͙́ͪ͊ͭͦͪ͟Ύ о
͔͙́ͪ͊ͭͦͪ͟Ύ п



··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнп ͎Φύ 

 

 

https://radiofizika.ru/ 19 

 

( )( )( ) ,maxarg 0ʠʩʪ wyy m
n

m
n ²=P                                     (11) 

ʛʜʝ (yn)
m ï ʟʥʘʯʝʥʠʝ ʚʝʩʘ, ʧʨʠʩʚʦʝʥʥʦʛʦ ʈʅʉ m-ʦʤʫ ʥʘʙʦʨʫ ʦʪʤʝʪʦʢ; w0 ï ʧʦʨʦʛ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʙʦʨʦʤ ʥʘʙʦʨʘ ʦʪʤʝʪʦʢ (ʪʨʘʝʢʪʦʨʠʠ) ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ 

ʦʙʥʘʨʫʞʝʥʠʠ ʮʝʣʠ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʨʝʰʝʥʠʝ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʮʝʣʠ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝ ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʧʦʩʣʝ 

ʥʘʢʦʧʣʝʥʠʷ ʦʪʤʝʪʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʧʦʨʦʛʝ, ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʝʸ ʜʚʠʞʝʥʠʷ. 

ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʥʘʨʫʞʝʥʠʷ. ʂʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʦʞʥʳʭ ʪʨʝʚʦʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʩʥʦʚʥʦʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʦʚ ʦʙʨʘʙʦʪʢʠ ʈʃʉ ʩʣʝʜʫʝʪ 

(ʨʠʩʫʥʦʢ 2), ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ D=0.5 ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʩʦʩʪʘʚʣʷʝʪ q=9,5 ʜɹ ʧʨʠ Fʣʪ=10-3, ʘ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ï q=12,7 ʜɹ ʧʨʠ Fʣʪ=10-6. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʧʦʨʷʜʢʘ 3 ʜɹ.  

ʇʦ-ʜʨʫʛʦʤʫ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʫʢʘʟʘʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, 

ʧʫʪʸʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ qʧʦʨ ʦʪ 

ʜʘʣʴʥʦʩʪʠ ʜʦ ʮʝʣʠ (ʨʠʩʫʥʦʢ 8). 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ qʧʦʨ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( ) LRTk
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,                                       (12) 

ʛʜʝ R ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʈʃʉ, ʤ; Pʠʤʧ ï ʠʤʧʫʣʴʩʥʘʷ ʤʦʱʥʦʩʪʴ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, ɺʪ; N0=k*Ts ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ 

ʨʘʜʠʦʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ ʧʦʩʪʦʷʥʥʫʶ ɹʦʣʴʮʤʘʥʘ kʙ=1,38*10-23 ɼʞ/ʂ ʠ 

ʰʫʤʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ Ts, ʂ; ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʤ; Űʠʤʧ ï ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʩ; L ï ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʚ ʨʘʜʠʦʧʨʠʸʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ; G ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ ʈʃʉ; ů ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʮʝʣʠ, ʤ
2.  

ɼʣʷ ʦʮʝʥʢʠ ʟʘʚʠʩʠʤʦʩʪʠ R(qʧʦʨ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʉ: ʠʤʧʫʣʴʩʥʘʷ (ʧʠʢʦʚʘʷ) ʤʦʱʥʦʩʪʴ Pʠʤʧ=700 ɺʪ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 

Űʠʤʧ=64 ʤʢʩ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ G=26 ʜɹ, ʜʣʠʥʘ ʚʦʣʥʳ ɚ=10 ʩʤ, ʕʇʈ ʮʝʣʠ 

ů=0.1 ʤ2. 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ʥʘ 3 ʜɹ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʠʛʨʳʰ ʚ ʜʘʣʴʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʥʝʚʨʠʨʫʶʱʠʭ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ɹʧʃɸ (ů=0.1 ʤ2). 

qͨͦͪ ͒ ͡Ύ ͍͎ͦͫͤͦͤͦͦ ͊ͤ͊͊͟͡ 
͙ͦ͋ͪ͊͋ͦͭ͟

qͨͦͪ ͒ ͡Ύ ͙͔͒ͦͨͦͤͭ͡͡Έ͎ͤͦͦ 
͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͊ͤ͊͊͟͡ ͙ͦ͋ͪ͊͋ͦͭ͟

 
ʈʠʩʫʥʦʢ 8. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ʦʪ ʜʘʣʴʥʦʩʪʠ ʜʦ ʮʝʣʠ 
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ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ï 

ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʘʥʘʣʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʝʡ ʧʦ ʜʘʥʥʳʤ ʪʝʣʝʤʝʪʨʠʠ (ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ) ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ-ʦʙʟʦʨʘ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʈʃʉ-ʆɺʇ, ʎʂɹɸ 

ʛ. ʊʫʣʘ).  

ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 9.  

 

 
ʈʠʩʫʥʦʢ 9. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʘʧʠʩʠ ʪʝʣʝʤʝʪʨʠʠ ʈʃʉ-ʆɺʇ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʦʙʣʸʪʘ ɹʧʃɸ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ ʩ ʕʇʈ ʧʦʨʷʜʢʘ 0.01 ʤ2. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ɹʧʃɸ ʥʘ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, 

ʩʦʜʝʨʞʘʱʠʝ ʦʪʤʝʪʢʠ ʠʭ ʪʨʘʝʢʪʦʨʠʡ, ʥʘʢʣʘʜʳʚʘʣʩʷ ʰʫʤ ʜʣʷ ʠʤʠʪʘʮʠʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʥʜʘʨʪʥʦʡ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʈʃʉ-ʆɺʇ 

ʟʘʰʫʤʣʝʥʥʦʡ ʩʤʝʩʠ ʩ ʧʦʥʠʞʝʥʥʳʤ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ q*=9.5 ʜɹ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ D=0.5, ʥʦ ʧʨʠ ʵʪʦʤ ʫʭʫʜʰʘʝʪʩʷ 

ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʩ 10-7 ʜʦ 10-3.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ: ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ Dʵʢʩʧ=0.81 ʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ 

Fʣʪ_ʵʢʩʧ=1.52*10-7. ʕʪʠ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʟʘ ʩʯʸʪ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʟʘ 10 ʦʙʟʦʨʦʚ ʈʃʉ-ʆɺʇ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʧʦʨʦʛʝ ʦʙʥʘʨʫʞʝʥʠʷ q*=9.5 ʜɹ. ʇʨʠ ʦʮʝʥʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʦʙʥʘʨʫʞʝʥʠʷ [9, 10]: ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ Fʣʪ_ʵʢʩʧ ï ʬʘʢʪ ʣʦʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʠ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʙʦʨʘ ʦʪʤʝʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʩʫʱʝʩʪʚʫʶʱʝʡ 

(ʣʦʞʥʦʡ) ʪʨʘʝʢʪʦʨʠʠ; ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ Dʵʢʩʧ ï ʬʘʢʪ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʠ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʙʦʨʘ ʦʪʤʝʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʵʪʘʣʦʥʥʦʡ (ʠʩʪʠʥʥʦʡ) ʪʨʘʝʢʪʦʨʠʠ. 

ɺ ʦʩʥʦʚʥʦʤ ʢʘʥʘʣʝ ʈʃʉ-ʆɺʇ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʠ ʩ ʕʇʈ = 0.01 ʤ2 ʩʦʩʪʘʚʣʷʝʪ 

Rʦʩʥ = 5.3 ʢʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʈʃʉ-ʆɺʇ ʪʘʢʦʡ ʞʝ ʮʝʣʠ 

ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʘʥʘʣʝ ʙʫʜʝʪ ʨʘʚʥʘ Rʜʦʧ=6.55 ʢʤ. ɺʳʠʛʨʳʰ ʚ ʜʘʣʴʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣ ʧʦʨʷʜʢʘ 24%. 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ 

ʮʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ 

ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʚʥʝʜʨʝʥʠʝ ʚ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʫʶ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʈʃʉ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʈʃʉ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʢʘʥʘʣʦʤ ʦʙʨʘʙʦʪʢʠ ʈʃʀ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

1. ʉʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʘ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. 

2. ʆʙʥʘʨʫʞʝʥʠʝ ʮʝʣʝʡ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ ʥʝ ʭʫʞʝ, ʯʝʤ ʚ ʦʩʥʦʚʥʦʤ. 

3. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʦʙʨʘʙʦʪʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʈʃʉ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ 

ʫʨʦʚʥʝ. 

4.  ɺ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʦʙʟʦʨʦʚ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ï 7é12 ʜɹ. 

5. ɺ ʈʃʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ (ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ) ʦʪʤʝʪʦʢ ʚ ʫʩʪʨʦʡʩʪʚʝ 

ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʚʳʭʦʜʦʚ ʦʩʥʦʚʥʦʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʚ ʩʦʩʪʘʚ ʘʢʪʠʚʥʳʭ ʈʃʉ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʘʥʘʣʘ ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʥʝʚʨʠʨʫʶʱʠʭ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ɹʧʃɸ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 10ï25% ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʦʙʟʦʨʥʳʭ 

ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʘʨʥʦʚ ʀ. ʇʦʯʝʤʫ ʫʢʨʘʠʥʩʢʠʝ ʜʨʦʥʳ ʧʨʦʨʳʚʘʶʪʩʷ ʚ ʥʘʰʠ ʪʳʣʳ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

- URL: https://zvezdaweeklyru.turbopages.org/turbo/zvezdaweekly.ru/s/news/2023313180-

BGzyc.html. (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.11.2024 ʛ.). 

2. ʄʘʢʘʨʝʥʢʦ ʉ.ʀ. ʇʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʘʤ. ʄʦʥʦʛʨʘʬʠʷ. - 

ʉʇʙ.: ʅʘʫʢʦʸʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. 2020. - 204 ʩ. 

3. ɸʰʫʨʢʦʚ ʀ.ʉ., ʃʝʰʢʦ ʅ.ɸ., ɻʨʘʯʝʚ ɸ.ʅ., ʂʘʜʳʢʦʚ ɸ.ɺ., ʂʨʦʪʦʚ ɼ.ʉ. ʉʧʦʩʦʙ 

ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʮʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ // ʋʩʧʝʭʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. 2024. ʊ. 78. ˉ9. - ʉ. 27ï33. 

4. ɾʠʪʢʦʚ ʉ.ɸ., ɸʰʫʨʢʦʚ ʀ.ʉ., ʃʝʰʢʦ ʅ.ɸ., ɿʘʭʘʨʦʚ ʀ.ʅ., ʉʘʭʥʦ ʀ.ɺ., ʄʦʨʦʟ ɸ.ɺ. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ // ʋʩʧʝʭʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. 2020. ʊ. 74. ˉ12. - ʉ.32 ï 44.  

5. ɾʠʪʢʦʚ ʉ.ɸ., ʃʝʰʢʦ ʅ.ɸ., ɸʰʫʨʢʦʚ ʀ.ʉ., ɿʘʭʘʨʦʚ ʀ.ʅ., ʎʳʙʫʣʴʥʠʢ ɸ.ʅ. ʂʦʤʧʣʝʢʩʥʳʡ 

ʦʙʥʘʨʫʞʠʪʝʣʴ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʦʟʜʫʰʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʬʘ. ʇʘʪʝʥʪ ʈʦʩʩʠʠ ˉ2732916. 2020. ʄʇʂ G01S 7/41 

(2006.01), G01S 13/04 (2006.01). 

6. ʃʝʰʢʦ ʅ.ɸ., ɸʰʫʨʢʦʚ ʀ.ʉ., ʂʘʜʳʢʦʚ ɸ.ɺ., ɾʠʪʢʦʚ ʉ.ɸ., ɿʘʭʘʨʦʚ ʀ.ʅ., ʎʳʙʫʣʴʥʠʢ ɸ.ʅ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʦʙʥʘʨʫʞʠʪʝʣʴ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʘʪʝʥʪ ʈʦʩʩʠʠ ˉ2776417, ʄʇʂ 

G01S 7/41 (2006.01), G01S 13/04 (2006.01), ʟʘʷʚʣ.  22.11.2021 ʛ.; ʦʧʫʙʣ. 19.07.2022 ʛ. 

7. ʃʝʰʢʦ ʅ.ɸ., ɸʰʫʨʢʦʚ ʀ.ʉ., ʂʘʜʳʢʦʚ ɸ.ɺ., ʍʘʣʠʣʦʚ ʕ.ɺ., ʉʘʣʦʚ ʉ.ʖ. ʉʧʦʩʦʙ 

ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʥʝʚʨʠʨʫʶʱʠʭ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

https://zvezdaweeklyru.turbopages.org/turbo/zvezdaweekly.ru/s/news/2023313180-BGzyc.html
https://zvezdaweeklyru.turbopages.org/turbo/zvezdaweekly.ru/s/news/2023313180-BGzyc.html
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ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʇʘʪʝʥʪ ʈʦʩʩʠʠ 
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ʋɼʂ 621.372.543.2 

ɹʘʨʩʫʢ ɺʣʘʜʠʤʠʨ ʈʦʤʫʘʣʴʜʦʚʠʯ 

ɸʆ çʀʕʄɿ çʂʫʧʦʣè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: barsukv@inbox.ru 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʧʦʜʣʦʞʢʝ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ 

ʩʚʦʡʩʪʚ 

ɸʥʥʦʪʘʮʠʷ. ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʚʦʜʘ ʩʝʨʠʡʥʦ 

ʚʳʧʫʩʢʘʝʤʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʧʣʘʪ ʩ ʧʦʜʣʦʞʝʢ ʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʨʫʥʜʘ ɺʂ-100 

ʥʘ ʧʦʜʣʦʞʢʠ ʠʟ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʚʳʙʨʘʥ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʢʦʨʫʥʜ (ʩʘʧʬʠʨ) ʢʦʤʧʘʥʠʠ ɸʆ çʄʦʥʦʢʨʠʩʪʘʣʣè, 

ʧʦʩʢʦʣʴʢʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʘʧʬʠʨʘ (ʪʦ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ 

ʟʘʤʝʜʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʚ ʤʘʪʝʨʠʘʣʝ) ʙʣʠʟʢʘ ʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʣʠʢʦʨʘ. ʅʦ ʦʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʘʧʬʠʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʘʥʠʟʦʪʨʦʧʥʘ (ʪʦ ʝʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ) ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʢʨʠʩʪʘʣʣʘ. ʉ ʜʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʚʷʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʘʩʯʝʪʘʭ ʬʠʣʴʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʝʨʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʣʴʪʨ; ʉɺʏ; ʟʚʝʥʴʷ; ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʣʠʥʠʠ. 

 

ʆʪ ʧʨʝʜʧʨʠʷʪʠʷ ɸʆ çʄʦʥʦʢʨʠʩʪʘʣʣè ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʊʋ ʥʘ ʩʘʧʬʠʨʦʚʳʝ ʧʦʜʣʦʞʢʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚʳʜʝʣʷʶʪ 4 ʪʠʧʘ ʧʦʜʣʦʞʝʢ, 

ʩʤʦʪʨʝʪʴ ʪʘʙʣʠʮʫ 1. 

ʉʠʣʴʥʝʝ ʚʩʝʛʦ ʧʨʦʷʚʣʷʝʪʩʷ ʘʥʠʟʦʪʨʦʧʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫ ʧʦʜʣʦʞʝʢ 

ʧʝʨʚʦʛʦ ʪʠʧʘ, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʜʣʷ ʥʠʭ. 

ʉʠʣʴʥʝʝ ʚʩʝʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʭ ʬʠʣʴʪʨʘʭ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʘʣʴʥʦʡ ʠ 

ʨʘʩʯʝʪʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʭʦʜʫ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʟʘ 

ʧʨʝʜʝʣʳ ʥʫʞʥʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. 

            ʊʘʙʣʠʮʘ 1  

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʜʣʦʞʝʢ ʠʟ ʩʘʧʬʠʨʘ  

ʧʦ ʊʋ 2670-020-88190310-2023 

 

mailto:barsukv@inbox.ru
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ʉʠʥʠʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ‐, ʩ ʢʦʪʦʨʦʡ ʙʫʜʫʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʩʯʸʪʳ. 

ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʅʠʞʥʷʷ ʯʘʩʪʦʪʘ ï 745 ʄɻʮ; 

ɺʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ï 755 ʄɻʮ; 

ʇʦʣʦʩʘ ʯʘʩʪʦʪ ï 10 ʄɻʮ; 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʦʨʤʘʣʴʥʦ ʢ ʧʦʜʣʦʞʢʝ ï 9,38; 

ɺʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ï 50 ʆʤ. 

ʈʘʩʯʸʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ: 

 ˜̃ Ȣ̋
Ϸ ρȟς

˜̃

̒̑
ρππϷ

ȟẗ
ρππϷρȟφϷ. 

 
(1) 

ʈʘʩʯʸʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʣʦʩʳ ʟʘʛʨʘʞʜʝʥʠʷ: 

 ˜̈Ϸ πȟω
˜

̒̑
ρππϷ

ȟẗ
ρππϷρπȟψϷ. 

 
(2) 

ʀʟ ʪʘʙʣʠʮʳ 2 ʦʧʨʝʜʝʣʷʝʤ, ʯʪʦ ʧʷʪʠʟʚʝʥʥʳʡ ʬʠʣʴʪʨ ʩ ʨʝʘʣʴʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 

˜̃ ˝
Ϸ ςȟσχϷ ʧʦ ʫʨʦʚʥʶ ῳὒʇ σ ʜɹ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʪʫʭʘʥʠʝ ῳὒ̈ σπ ʜɹ ʚ ʧʦʣʦʩʝ ̃̈

Ϸ

υϷ. 
 

            ʊʘʙʣʠʮʘ 2  

ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʦʚ ʩ ʯʝʙʳʰʝʚʩʢʦʡ ɸʏʍ ʧʨʠ ʯʠʩʣʝ 

ʨʝʟʦʥʘʪʦʨʦʚ (ʟʚʝʥʴʝʚ) n=3, 5 ʠ 7 

ʏʠʩʣʦ 

ʟʚʝʥʴʝʚ n 

ʇʧʪʝʦʨ, % 

(ῳLʧ=0,1ʜɹ) 

ʇʧʨʝʘʣ, % 

(ῳLʧ=0,5ʜɹ) 

ʇʧʨʝʘʣ, % 

(ῳLʧ =3ʜɹ) 
L0, ʜɹ 

ʇʟ, % 

(ῳLʟ=30ʜɹ) 

ʇʟ, % 

(ῳLʟ=50ʜɹ) 

 

 

 
 

3 

2.5 1.85 3.28 2.8 10 26 

5.0 4.55 6.74 1.4 22 60 

7.5 7.65 10.2 1.0 33 ï 

10.0 10.3 13.7 0.76 46 ï 

12.5 13.0 17.1 0.64 60 ï 

15.0 15.7 20.3 0.56 74 ï 

17.5 18.55 23.8 0.48 94 ï 

20.0 21.2 27.0 0.4 ï ï 

5 

2.5 1.22 2.37 6.08 5 7 

5.0 3.1 5.2 3.08 9 15 

7.5 5.36 8.05 2.08 15 23 

10.0 7.75 10.95 1.6 20 32 

12.5 10.55 13.9 1.32 25 40 

15.0 13.2 16.6 1.08 30 51 

17.5 16.0 19.5 0.96 36 61 

20.0 18.8 22.4 0.84 42 72 

 
 

7 

 
 

2.5 0.88 1.95 9.48 3 5 

5.0 2.4 4.55 4.8 7 9 

7.5 4.26 7.26 3.24 11 14 

10.0 6.5 10.05 2.48 15 20 

12.5 8.75 12.75 2.00 19 25 

15.0 11.0 15.55 1.68 22 30 

17.5 13.6 18.2 1.44 26 35 

20.0 14.5 20.9 1.28 31 42 
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ʕʪʠʤ ʟʥʘʯʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ (ʙʝʟ 

ʧʦʪʝʨʴ) ̃ Ȣ̃˟ ˒˛˝
Ϸ ςȟυϷ , ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʨʝʟʦʥʘʪʦʨʦʚ. 

ɿʘʪʫʭʘʥʠʝ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ ʠʟ-ʟʘ ʧʦʪʝʨʴ ὒ φȟπψ ʜɹ. 

ɼʣʷ ʵʪʦʛʦ ʚʳʯʠʩʣʷʶʪʩʷ  

‗
ẗ

ȟ ẗ
σωȟωχʩʤ (3) 

 

- ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

ὦ

Ὤ

σρτ

”Ѝ‐
ρ

σρτ

υπЍωȟσψ
ρḙρ 

 

(4) 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ; 

 

‐̞̕

ρ

ς
‐ ρ

‐ ρ

ρ ρπὬȾὦ
φȟτυσ 

 

(5) 

- ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʥʘ ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʦʛʦ ʦʪʨʝʟʢʘ ʣʠʥʠʠ ʥʘ ʧʦʜʣʦʞʢʝ 

ὰ
ẗ ̞̕

ȟ

Ѝȟ
σωȟστʤʤ. 

 
(6) 

ʀʟ ʨʠʩʫʥʢʘ 1 ʧʨʠ ρ 

πȟσς. 

 
(7) 

ɸʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʫʢʦʨʦʯʝʥʠʷ ῳὰ ʧʨʠ ʚʳʩʦʪʝ (ʪʦʣʱʠʥʝ) ʧʦʜʣʦʞʢʠ Ὤ πȟυ ʤʤ ʧʦ 

ʬʦʨʤʫʣʝ (7) ʙʫʜʝʪ  ῳὰ πȟφτ ʤʤ. ɼʣʠʥʘ ʦʪʨʝʟʢʦʚ ʩʚʷʟʠ ʧʦʩʣʝ ʫʢʦʨʦʯʝʥʠʷ 

ὰ ὰ ῳὰσωȟσσψ πȟφτ σψȟχ ʤʤ. 

 
(8) 

 
ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʢʦʨʦʯʝʥʠʷ ʨʝʟʦʥʘʪʦʨʦʚ 

 

ʇʦ ʪʘʙʣʠʮʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʨʝʟʦʥʘʪʦʨʦʚ [1] ʧʨʠ 

ὲ υ ʠ ̃̃Ȣ˟˒˛˝
Ϸ ςȟυϷ:  

πȟωτ;   ρȟπτ;   ρȟπυ; 

πȟφω;   ςȟυς;   ςȟχ. 
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ʇʨʠ ʚʳʩʦʪʝ (ʪʦʣʱʠʥʝ) ʧʦʜʣʦʞʢʠ Ὤ πȟυ ʤʤ ʨʘʟʤʝʨʳ ʰʠʨʠʥʳ ʦʪʨʝʟʢʦʚ ʣʠʥʠʡ 

ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʥʠʤʠ ʙʫʜʫʪ 

ὦ ὦ πȟτχ ʤʤ;   ὦ ὦ πȟυς ʤʤ;   ὦ ὦ πȟυςυ ʤʤ; 

Ὓ Ὓ πȟστυ ʤʤ;   Ὓ Ὓ ρȟςφ ʤʤ;   Ὓ Ὓ ρȟσυ ʤʤ. 

ʕʩʢʠʟ ʧʷʪʠʟʚʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ ʬʠʣʴʪʨʘ ʝʛʦ ʧʦʣʫʚʦʣʥʦʚʳʝ ʣʠʥʠʠ ʠʟʦʛʥʫʪʳ ʪʘʢ, ʯʪʦʙʳ ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʳʝ ʦʪʨʝʟʢʠ 

ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʜʨʫʛʠʤʠ ʣʠʥʠʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ. ʅʝʩʚʷʟʘʥʥʳʝ ʣʠʥʠʠ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ σὬ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʈʘʟʤʝʨʳ ʬʠʣʴʪʨʘ: 

ὰ σψȟχ ʤʤ;  

ὦ τὦ τὦ τὦ  

ςὛ ςὛ ςὛ υẗσὬ. 
(9) 

ὦ ρωȟτχ ʤʤ.  

 

 

ʈʠʩʫʥʦʢ 2. ʊʦʧʦʣʦʛʠʷ ʬʠʣʴʪʨʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 

ɺ ʧʨʦʛʨʘʤʤʝ CST Studio ʤʦʜʫʣʝ Schematic ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ, ʨʘʟʙʠʚʘʷ ʠʭ 

ʩʪʨʫʢʪʫʨʫ ʥʘ ʙʘʟʦʚʳʝ ʙʣʦʢʠ. ʈʘʟʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʘʠʚʘʪʴ ʝʝ 

ʢʦʤʧʦʥʝʥʪʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʙʳʩʪʨʝʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʙʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʧʨʦʚʦʜʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʬʠʣʴʪʨʘ. ʂʘʞʜʳʡ ʙʣʦʢ ʥʘ ʩʭʝʤʝ ʟʘʜʘʝʪʩʷ 

ʩʚʦʠʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʬʠʣʴʪʨʘ, ʩʦʟʜʘʥʥʘʷ ʚ ʤʦʜʫʣʝ Schematic, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

 
ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʘ ʬʠʣʴʪʨʘ, ʩʦʟʜʘʥʥʘʷ ʚ ʤʦʜʫʣʝ Schematic 

 

ʇʨʦʚʝʨʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ʠ 

ʚʳʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʨʠʩʫʥʢʝ 4. ʄʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʦʯʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ 

ɹʣʦʢ, ʟʘʜʘʶʱʠʡ 

ʧʘʨʘʤʝʪʨʳ ʧʦʜʣʦʞʢʠ 

ɺʭʦʜʥʦʡ ʧʦʨʪ 

ʄʠʢʨʦʧʦʣʦʩʢʦʚʘʷ    ʣʠʥʠʷ 

ʕ/ʤ ʩʚʷʟʴ ʤʝʞʜʫ ʄʇʃ 

ʄʠʢʨʦʧʦʣʦʩʢʦʚʳʡ ʠʟʛʠʙ 
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ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ, ʦʜʥʘʢʦ ʬʦʨʤʘ ɸʏʍ ʬʠʣʴʪʨʘ ʥʝʠʜʝʘʣʴʥʘʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʫʯʠʣʘʩʴ ʯʫʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʟʘʜʫʤʳʚʘʣʘʩʴ (4% ʚʤʝʩʪʦ 2,38%).  

 

 
ʈʠʩʫʥʦʢ 4. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ s-ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʘ 

ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʤʦʜʫʣʝ Schematic 

 

 

ʈʠʩʫʥʦʢ 5. ɺʥʝʰʥʠʡ ʚʠʜ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʙʦʨʢʠ ʬʠʣʴʪʨʘ 

 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟ ʩʭʝʤʘʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘ ʚ ʚʠʜʝ ʙʣʦʢʦʚ ʩʦʟʜʘʪʴ 

ʪʨʝʭʤʝʨʥʫʶ ʩʙʦʨʢʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʥʝʰʥʠʡ ʚʠʜ ʩʙʦʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. ɺ 

ʜʘʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʘʥʠʟʦʪʨʦʧʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʜʣʦʞʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʉʫʱʝʩʪʚʫʝʪ 3 ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

¶  ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʄʂʈɺʆ) (FDTD) 

¶  ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) (FEM) 

¶  ʄʝʪʦʜ ʤʦʤʝʥʪʦʚ (MoM). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʜʦʤ ʤʦʤʝʥʪʦʚ (Method of Moments 

(MoM)). ʊʠʧʠʯʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ɺʏ-ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʧʣʘʥʘʨʥʳʝ ʘʥʪʝʥʥʳ ʠ ʬʠʣʴʪʨʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʤʦʤʝʥʪʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠ 

ʤʦʜʝʣʠ ʬʠʣʴʪʨʘ ʟʘʤʝʥʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʵʪʠʤʠ ʪʦʢʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʬʠʣʴʪʨʘ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 6. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ s-ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʘ ʤʝʪʦʜʦʤ ʤʦʤʝʥʪʦʚ ʩ 

ʫʯʝʪʦʤ ʘʥʠʟʦʪʨʦʧʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʜʣʦʞʢʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. ʄʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ 

ʠʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʥʦʨʤʘʣʴʥʦʤ, 

ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʤʝʩʪʠʣʘʩʴ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʬʠʣʴʪʨʘ. 

ɼʣʷ ʢʦʨʨʝʢʮʠʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʷʪʴ ʜʣʠʥʫ ʨʝʟʦʥʘʪʦʨʦʚ, ʘ ʜʣʷ 

ʢʦʨʨʝʢʮʠʠ ʬʦʨʤʳ ɸʏʍ-ʬʠʣʴʪʨʘ ʧʨʠʤʝʥʠʤ ʚʩʪʨʦʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʪʦʧʦʣʦʛʠʠ 

ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʨʝʟʦʥʘʪʦʨʘʤʠ ʠ ʰʠʨʠʥʫ 

ʧʦʣʦʩʦʢ ʨʝʟʦʥʘʪʦʨʘ. ʅʘʩʪʨʦʡʢʠ ʦʧʪʠʤʠʟʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 

ʈʠʩʫʥʦʢ 7. ʎʝʣʠ ʠ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʤʠʟʘʪʦʨʘ 

 

ʈʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʩʤʝʩʪʠʤ ʢʦʨʨʝʢʮʠʝʡ ʜʣʠʥʳ ʨʝʟʦʥʘʪʦʨʦʚ ʩ 38,7 ʤʤ ʜʦ 39,05 ʤʤ ʠ 

ʧʨʦʚʝʜʝʤ ʦʧʪʠʤʠʟʘʮʠʶ ʪʦʧʦʣʦʛʠʠ ʬʠʣʴʪʨʘ ʠ ʚʳʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʬʠʣʴʪʨʘ ʜʦ ʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ.  

 

ʈʠʩʫʥʦʢ 8. ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʬʠʣʴʪʨʘ 

ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʪʦʨʘ 
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ʅʘ ʨʠʩʫʥʢʝ 8 ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʘ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ï ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ. ʄʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʬʦʨʤʘ ɸʏʍ ʩʪʘʣʘ ʙʦʣʝʝ 

ʛʣʘʜʢʦʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ -0,5 ʜɹ. 
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ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ  

E-mail: goshabenk@gmail.com 

 

ʂʦʟʣʦʚ ɺʘʩʠʣʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: kozlovv92@yandex.ru 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ 

ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʧʦ ʩʭʝʤʝ ɼʦʛʝʨʪʠ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʧʦ ʩʭʝʤʝ ɼʦʛʝʨʪʠ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ 

ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʰʘʩʩʠ National Instruments ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʥʝʤ ʚʝʢʪʦʨʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʙʣʦʢ ʧʠʪʘʥʠʷ 

R&H HMP 4040. ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ 

LabView. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʦʛʝʨʪʠ; LabView; RFSG; OFDM; 5G. 

 

 ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʘʢʪʠʚʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʩʝʪʝʡ ʩʚʷʟʠ 5G, ʚ 

ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ (Orthogonal Frequency 

Division Multiplexing OFDM), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʚʳʩʦʢʠʤ ʧʠʢ-ʬʘʢʪʦʨʦʤ (Peak-to-Average 

Power Ratio PAPR). ɺʩʣʝʜʩʪʚʠʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʩʢʘʜʦʚ ʦʙʳʯʥʦʛʦ ʧʝʨʝʜʘʶʱʝʛʦ 

ʪʨʘʢʪʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʨʝʞʠʤʘʭ ʧʨʠ ʪʘʢʦʤ ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ PAPR, ʝʛʦ ʂʇɼ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 10%. 

 ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʛʦ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʦʛʠʙʘʶʱʝʡ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʧʦ ʩʭʝʤʝ ɼʦʛʝʨʪʠ, ʪʘʢʠʝ ʫʩʠʣʠʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʚ ʢʘʥʘʣʘʭ 

ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤʠ ʧʠʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

OFDM-ʩʠʛʥʘʣʘ [1].  

 ʋʩʠʣʠʪʝʣʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʶ ɼʦʛʝʨʪʠ, ʚʳʧʫʩʢʘʶʪʩʷ ʨʷʜʦʤ ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ 

(Ampleon, NXP Semiconductor ʠ ʜʨ.) ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʀʤʝʥʥʦ ʪʘʢʦʡ ʫʩʠʣʠʪʝʣʴ 

ʪʠʧʘ BLM10D1822-61ABG (ʧʨʦʠʟʚʦʜʠʪʝʣʴ Ampleon, ʅʠʜʝʨʣʘʥʜʳ) [2], ʚʳʧʦʣʥʝʥʥʳʡ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ LDMOS ʠ ʨʘʙʦʪʘʶʱʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1800-2200 ʄɻʮ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʫʩʠʣʠʪʝʣʝ ʤʦʱʥʦʩʪʠ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʜʚʘ ʫʩʠʣʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʘ: ʦʜʠʥ ʠʟ ʥʠʭ, ʥʠʞʥʠʡ ʧʦ ʩʭʝʤʝ ʨʠʩʫʥʢʘ 1, ʨʘʙʦʪʘʝʪ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ 

ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ (ʜʣʷ ʥʝʩʫʱʝʡ), ʘ ʜʨʫʛʦʡ, ʚʝʨʭʥʠʡ ʧʦ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 1, ʚʢʣʶʯʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʧʠʢʦʚʳʭ ʝʝ ʟʥʘʯʝʥʠʷʭ (ʦʙʳʯʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʧʦʣʦʚʠʥʫ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʥʠʞʥʠʡ ʫʩʠʣʠʪʝʣʴ ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʝʨʠʦʜʘ ʦʛʠʙʘʶʱʝʡ, 

ʨʘʙʦʪʘʝʪ ʚ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʤ ʛʨʘʥʠʯʥʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʫʤʤʘʨʥʳʡ ʂʇɼ 

ʤʠʢʨʦʩʭʝʤʳ ʜʦ 20-55%. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʠʣʠʪʝʣʷ BLM10D1822-61ABG [2] 

 

 ʕʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʤʠʢʨʦʩʭʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʘʯʝʡ ʜʚʫʭ ʥʘʧʨʷʞʝʥʠʡ 

ʩʤʝʱʝʥʠʷ: VGS(car) ʜʣʷ ʫʩʠʣʠʪʝʣʷ ʥʝʩʫʱʝʡ ʠ VGS(peak) ʜʣʷ ʫʩʠʣʠʪʝʣʷ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʩʤʝʱʝʥʠʷ VGS(car) = +2,19 ɺ ʠ VGS(peak) = +1,87 ɺ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ (ʧʦʢʘʟʘʪʝʣʴ 

ʣʠʥʝʡʥʦʩʪʠ ï ACPR ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 30 ʜɹ ʩ ʂʇɼ ʜʦ 50%) ʧʨʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ +42 ʜɹʤ 

(ʜʣʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʡ ʨʘʙʦʪʳ 100 ʤʢʩ ʧʨʠ ʩʢʚʘʞʥʦʩʪʠ 10%) [2].  

 ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʩʭʝʤʳ ʚ ʜʨʫʛʦʤ ʨʝʞʠʤʝ, ʢʘʢ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ï ʥʝʧʨʝʨʳʚʥʘʷ ʨʘʙʦʪʘ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ +31 ʜɹʤ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʣʠʥʝʡʥʦʩʪʠ (ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ACPR), ʪʨʝʙʫʝʪʩʷ ʧʦʜʙʦʨ 

ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ VGS(car) ʠ VGS(peak). ɺʩʣʝʜʩʪʚʠʝ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʘʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ +1,6 .. 2,7 ɺ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʧʝʨʝʙʦʨʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (ʥʝ 

ʙʦʣʝʝ 0,05-0,1 ɺ) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

 



··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнп ͎Φύ 

 

 

https://radiofizika.ru/ 32 

 

 

ʆʙʟʦʨ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

 ʆʩʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʰʘʩʩʠ NI PXIe-1085 ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʤʦʜʫʣʷʤʠ PXIe-8880 (ʚʩʪʨʦʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩ ʧʨʦʛʨʘʤʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʚ 

LabView) ʠ PXIe-5673E (ʚʝʢʪʦʨʥʳʡ ʛʝʥʝʨʘʪʦʨ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ). 

 ʇʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʢʦʤʧʣʝʢʩʘ: 

 1) ʟʘʛʨʫʞʘʝʪʩʷ ʬʘʡʣ ʩʦ ʩʧʠʩʢʦʤ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʥʘ 

ʤʠʢʨʦʩʭʝʤʫ ʫʩʠʣʠʪʝʣʷ (VGS(car) ʠ VGS(peak)); 

 2) ʧʦʜʘʸʪʩʷ ʢʦʤʘʥʜʘ ʥʘ ʙʣʦʢ ʧʠʪʘʥʠʷ (ɹʇ) Rohde&Schwarz HMP4040 ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʜʣʷ ʫʩʠʣʠʪʝʣʷ (+28 ɺ), ʟʘʪʝʤ ʧʦʜʘʝʪʩʷ ʧʠʪʘʥʠʝ 

ʥʘ ʫʩʠʣʠʪʝʣʴ ʩ ʧʝʨʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ; 

 3) ʚʝʢʪʦʨʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʦʜʘʝʪ ʥʘ ʚʭʦʜ ʫʩʠʣʠʪʝʣʷ ʘʜʘʧʪʠʚʥʳʡ ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ 

(AWGN), ʦʛʨʘʥʠʯʝʥʥʳʡ ʚ ʧʦʣʦʩʝ 5 ʄɻʮ (ʠʤʠʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ OFDM ʩ ʚʳʩʦʢʠʤ PAPR), ʩ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ ʠ ʫʨʦʚʥʝʤ ʩʠʛʥʘʣʘ Pɺʍ; 

 4) ʩ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʩʠʣʠʪʝʣʷ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʥʘ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ (ɸʉ) Anritsu 

MS2830A, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʷ ACPR; 

 5) ʜʘʣʝʝ, ʩʦʛʣʘʩʥʦ ʩʧʠʩʢʫ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ, ʚʳʙʠʨʘʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ 

VGS(car) ʠ VGS(peak), ʠ ʮʠʢʣ ʠʟʤʝʨʝʥʠʡ ʧʦʚʪʦʨʷʝʪʩʷ. 

 ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʠʨʘʝʪ ʠ ʟʘʧʠʩʳʚʘʝʪ ʚ ʬʘʡʣ 

ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʩ ɸʉ ʠ ɹʇ:  

- ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ VGS(car) ʠ VGS(peak) ʫʩʠʣʠʪʝʣʷ; 

- ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ Iʇʆʊʈ ʫʩʠʣʠʪʝʣʷ; 

- ʤʦʱʥʦʩʪʴ ʚʭʦʜʥʦʛʦ Pɺʍ (ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ) ʠ ʚʳʭʦʜʥʦʛʦ Pɺʓʍ (ʥʘ ʚʭʦʜʝ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ) ʩʠʛʥʘʣʦʚ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ; 

- ʟʥʘʯʝʥʠʝ ACPR ʩ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ; 

- ʬʦʨʤʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ (ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ), ʧʨʠʤʝʨ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 3. 

 ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʚʥʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ Pɺʓʍ, ʟʥʘʯʝʥʠʡ ACPR 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʪʦʢʘ ʧʦʪʨʝʙʣʝʥʠʷ Iʇʆʊʈ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ 

VGS(peak) (ʧʨʠ ʦʜʥʦʤ ʠʟ ʬʠʢʩʠʨʦʚʘʥʥʳʭ VGS(car)) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.  

 ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʣʫʯʘʝ (ʜʣʷ ʪʨʝʙʫʝʤʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ +31 ʜɹʤ) ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʩʤʝʱʝʥʠʷ VGS(car) = +2,10 ɺ ʠ 

VGS(peak) = +1,76 ɺ (ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ) ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ACPR ʥʝ ʙʦʣʝʝ ʤʠʥʫʩ 31 ʜɹ ʧʨʠ ʂʇɼ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 22%. 
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ʈʠʩʫʥʦʢ 3. ɺʠʜ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ 

 

 (ʘ)  (ʙ) 

 (ʚ) 

ʈʠʩʫʥʦʢ 4. ʋʨʦʚʝʥʴ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ (ʘ), ʟʥʘʯʝʥʠʷ ACPR (ʙ) ʠ ʪʦʢʘ ʧʦʪʨʝʙʣʝʥʠʷ (ʚ) 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʈʝʞʠʤ ʨʘʙʦʪʳ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʶ 

ɼʦʛʝʨʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʤ ʫʨʦʚʥʝ ʣʠʥʝʡʥʦʩʪʠ, ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʫʩʠʣʠʪʝʣʴ ʥʝʩʫʱʝʡ ʠ ʫʩʠʣʠʪʝʣʴ ʧʠʢʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ. 

2. ɺʳʙʦʨ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ ʚʦʟʤʦʞʝʥ 

ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 
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ɺʠʥʦʛʨʘʜʦʚ ʄʘʢʩʠʤ ʉʝʨʛʝʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: vinogradov.m.s@yandex.ru 

 

ɽʣʠʟʘʨʦʚ ʉʝʨʛʝʡ ɺʘʣʝʨʴʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: else044@gmail.com 

ɼʠʬʨʘʢʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ ʦʩʪʨʳʭ ʢʨʦʤʢʘʭ ʠ ʩʧʦʩʦʙʳ ʝʝ 

ʤʠʥʠʤʠʟʘʮʠʠ 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʢʣʘʜ ʟʘʜʥʠʭ ʢʨʦʤʦʢ ʦʙʲʝʢʪʘ ʩʦ ʩʥʠʞʝʥʥʦʡ ʟʘʤʝʪʥʦʩʪʴʶ ʚ 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʨʘʩʩʝʷʥʠʷ (ʕʇʈ). ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʘ ʩʥʠʞʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʕʇʈ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ.  
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʨʳʝ ʢʨʦʤʢʠ; ʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʕʇʈ; ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʷʚʣʝʥʠʷ; ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʝʝ ʧʦʢʨʳʪʠʝ; ʜʠʘʛʨʘʤʤʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʷʚʣʷʝʪʩʷ ʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ (ʈʃ) 

ʟʘʤʝʪʥʦʩʪʴ.  

ɿʥʘʥʠʝ ʠ ʫʯʝʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʩʦ ʩʥʠʞʝʥʥʦʡ ʟʘʤʝʪʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʫʩʧʝʰʥʦʡ ʙʦʨʴʙʳ ʩ ʚʦʟʜʫʰʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʥʘʧʘʜʝʥʠʷ 

ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʘʢʝʪʠʨʦʚʘʥʠʝ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʈʃʉ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʩʥʠʞʝʥʠʷ ʕʇʈ ʦʙʲʝʢʪʘ: ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʣʦʞʥʳʭ ʪʝʣ (ʩʠʥʪʝʟ ʤʘʣʦʦʪʨʘʞʘʶʱʝʡ ʬʦʨʤʳ ʦʙʲʝʢʪʘ) ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʘʭ 

ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʧʦʢʨʳʪʠʡ (ʈʇʇ) [1]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè ʤʦʞʝʪ ʜʦʧʦʣʥʷʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚ 

ʙʦʣʴʰʦʡ ʙʝʟʵʭʦʚʦʡ ʢʘʤʝʨʝ (ɹʕʂ) ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ɹʕʂ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʲʝʢʪʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çʉʪʝʣʩè, ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʩʠʩʪʝʤʘʤ ʈʃʉ ʢʘʢ ʥʘʟʝʤʥʦʛʦ, ʪʘʢ ʠ ʚʦʟʜʫʰʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ;  

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠ ʫʩʪʨʦʡʩʪʚ 

ʩʥʠʞʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʟʘʤʝʪʥʦʩʪʠ;  

- ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʈʃ ʟʘʤʝʪʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. 

 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʕʇʈ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʚʥʦʩʷʪ ʟʘʜʥʠʝ ʢʨʦʤʢʠ ʦʙʲʝʢʪʘ.  

ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʵʪʠʭ ʢʨʦʤʢʘʭ ʠ 

ʚʣʠʷʶʱʠʭ ʠʤʝʥʥʦ ʥʘ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʈʇʇ 

mailto:vinogradov.m.s@yandex.ru
mailto:else044@gmail.com
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ʥʘ ʢʨʦʤʢʘʭ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʷʚʣʷʝʪʩʷ ʵʪʘ ʢʨʦʤʢʘ çʦʩʪʨʦʡè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʣʠʥʝ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ.  

ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʈʇʇ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʥʘ ʦʩʪʨʳʭ ʢʨʦʤʢʘʭ ʨʘʥʝʝ ʫʞʝ ʧʨʦʚʦʜʠʣʠʩʴ [2], ʠ ʚʦʧʨʦʩʳ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʪʨʫʜʘʭ ʨʘʟʣʠʯʥʳʭ ʫʯʝʥʳʭ, ʦʜʥʘʢʦ ʜʣʷ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʈʇʇ ʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʫʨʦʚʝʥʴ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʯʝʪʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ.   

ɼʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʕʇʈ ʦʙʲʝʢʪʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦʛʦ ʪʝʣʘ ʩʪʨʦʠʪʩʷ ʝʛʦ 3D-ʤʦʜʝʣʴ ʩ ʫʯʝʪʦʤ 

ʛʝʦʤʝʪʨʠʠ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʈʃ ʮʝʣʝʡ.  

ɺʳʙʦʨ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʫʩʣʦʚʣʝʥ ʢʨʠʪʝʨʠʝʤ ʤʠʥʠʤʫʤʘ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʦʪ ʧʝʨʝʜʥʝʛʦ ʪʦʨʮʘ ʦʙʲʝʢʪʘ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʢʣʘʜʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ 

ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʦʪ ʟʘʜʥʠʭ ʦʩʪʨʳʭ ʢʨʦʤʦʢ. 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʩ ʧʣʦʩʢʠʤ ʟʘʜʥʠʤ ʪʦʨʮʦʤ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ (ʫʛʦʣ ʢʦʥʫʩʘ, ʜʣʠʥʘ ʢʦʥʠʯʝʩʢʦʡ 

ʯʘʩʪʠ, ʦʙʱʘʷ ʜʣʠʥʘ ʦʙʨʘʟʫʶʱʝʡ ʠ ʜʨʫʛʠʭ) ʛʣʘʚʥʳʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʣʝʧʝʩʪʦʢ ʜʠʘʛʨʘʤʤʳ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ɼʆʈ) ʠʟʤʝʥʷʝʪ ʘʤʧʣʠʪʫʜʫ ʠ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʪʦʨʮʝʚʦʡ ʟʘʜʥʝʡ ʯʘʩʪʠ, ʘ ʠʤʝʥʥʦ ʩʢʨʫʛʣʝʥʠʝ ʪʦʨʮʝʚʦʡ ʢʨʦʤʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠ ʤʝʜʠʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʕʇʈ. ɼʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʟʘʜʥʝʛʦ ʪʦʨʮʘ ʥʝ ʚʦʟʥʠʢʘʝʪ ʠʟʣʫʯʝʥʠʷ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ, ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʛʦ ʪʦʨʮʘ 

ʠʤʝʝʪ ʫʨʦʚʝʥʴ ʕʇʈ, ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʶʱʠʡ ʫʨʦʚʝʥʴ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ,  ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʩʢʨʫʛʣʝʥʥʘʷ ʟʘʜʥʷʷ ʢʨʦʤʢʘ ʙʦʣʴʰʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʩʪʨʦʡ.  

 

ʈʠʩʫʥʦʢ 2. ɼʆʈ ʮʠʣʠʥʜʨʘ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʠ ʧʣʦʩʢʠʤ ʟʘʜʥʠʤ ʪʦʨʮʦʤ 
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ʈʠʩʫʥʦʢ 3. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʩ ʩʬʝʨʠʯʝʩʢʠʤ ʟʘʜʥʠʤ ʪʦʨʮʦʤ 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʕʇʈ ʦʪ ʨʘʜʠʫʩʘ ʩʢʨʫʛʣʝʥʠʷ ʜʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʠʣʠʥʜʨʘ. 

           ʊʘʙʣʠʮʘ 1  

ɿʥʘʯʝʥʠʝ ʕʇʈ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʩʢʨʫʛʣʝʥʠʷ ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʮʠʣʠʥʜʨʘ 

R ʩʢʨʫʛʣʝʥʠʷ, ʩʤ 0 1 2 2,5 3 4 

ʋʛʦʣ ʣʦʢʘʮʠʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʣʝʧʝʩʪʢʘ 
10,2 10,2 10,2 10,2 9,6 8,1 

ɿʥʘʯʝʥʠʝ, ʜɹ -15,85 -17,96 -20,95 -22 -22,51 -23,5 

ʇʨʠ ʨʘʜʠʫʩʝ ʩʢʨʫʛʣʝʥʠʷ 2,5 ʩʤ (ʜʠʘʤʝʪʨ ï ɚ/2) ʢʨʦʤʢʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ çʦʩʪʨʦʡè ʠ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʈʇʇ ʥʘ ʟʘʜʥʠʝ ʢʨʦʤʢʠ.  

ʅʘʣʠʯʠʝ ʚʳʪʷʥʫʪʳʭ ʧʨʷʤʳʭ ʛʨʘʥʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʜʘʥʥʳʭ ʫʛʣʦʚ ʣʦʢʘʮʠʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʦʙʲʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʘʤʧʣʠʪʫʜʳ ʫʨʦʚʥʷ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠ 

ʥʘʣʠʯʠʠ ʟʘʜʥʝʡ ʦʩʪʨʦʡ ʢʨʦʤʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʢʨʫʛʣʝʥʥʦʡ ʬʦʨʤʳ ʠ ʥʘʣʠʯʠʝ ʈʇʇ ʥʘ ʟʘʜʥʠʭ ʢʨʦʤʢʘʭ ʦʙʲʝʢʪʘ ʜʘʝʪ 

ʥʘʠʣʫʯʰʠʡ ʚʢʣʘʜ ʚ ʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʕʇʈ. ʇʨʠ ʵʪʦʤ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʨʘʥʠʮ ʧʝʨʝʭʦʜʘ çʄʝʪʘʣʣ ï ʈʇʇè ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʪʦʣʱʠʥʳ ʈʇʄ (ʧʣʘʚʥʳʡ ʩʢʦʩ) ʜʘʸʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʕʇʈ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʠʣʫʯʰʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʈʇʄ ʧʨʠʤʝʥʷʣʦʩʴ ʢʘʨʙʦʥʠʣʴʥʦʝ ʞʝʣʝʟʦ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʕʇʈ ʠʩʭʦʜʥʦʡ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ (ʢʨʫʛʣʘʷ ʢʨʦʤʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇʇ) ʚ ʩʝʢʪʦʨʝ ʫʛʣʦʚ ʣʦʢʘʮʠʠ Ñ45Á. 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʕʇʈ ʠʩʭʦʜʥʦʡ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ 

ʉʝʢʪʦʨ, ʛʨʘʜʫʩ Ñ15 Ñ30  Ñ45  Ñ60  

ʀʩʭʦʜʥʘʷ ʤʦʜʝʣʴ, ʜɹ -19,9 -25,2 -26,8 -27 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ 

(ʢʨʫʛʣʘʷ ʢʨʦʤʢʘ+ʈʇʇ), ʜɹ 
-42,2 -42,1 -42,6 -42,2 

 

ɺʳʚʦʜʳ 

ʋʨʦʚʝʥʴ ʚʢʣʘʜʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʕʇʈ ʦʙʲʝʢʪʘ, ʨʘʩʩʝʷʥʥʦʛʦ ʥʘ ʟʘʜʥʝʡ ʢʨʦʤʢʝ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʣʝʧʝʩʪʢʘ (ʦʥ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʛʦʣ ʣʦʢʘʮʠʠ),  ʣʠʥʝʡʥʦ 
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ʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʫʩʘ ʩʢʨʫʛʣʝʥʠʷ ʢʨʦʤʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʣʠʥʝ ʚʦʣʥʳ ʜʦ ʪʦʛʦ 

ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʨʘʜʠʫʩ ʩʢʨʫʛʣʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʥʳ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʮʠʣʠʥʜʨʘ ʧʨʠʚʦʜʠʪ ʢ ʣʠʥʝʡʥʦʤʫ ʨʦʩʪʫ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʕʇʈ. 

ʇʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʈʇʄ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʝʭʦʜʘ çʄʝʪʘʣʣ ï ʈʇʇè 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʟʥʘʯʝʥʠʝ ʕʇʈ ʦʙʲʝʢʪʘ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɽʣʠʟʘʨʦʚ ʉ.ɺ., ʊʠʭʦʥʦʚʘ ɸ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʕʇʈ ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ 

ʩʝʢʪʦʨʘʭ ʫʛʣʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʟʝʨʢʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʣʦʢʘʮʠʠ / ʉ.ɺ. ɽʣʠʟʘʨʦʚ, 

ɸ.ɺ. ʊʠʭʦʥʦʚʘ // ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ "ʈʘʜʠʦʣʦʢʘʮʠʷ ʠ ʩʚʷʟʴ - 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ". ï ʄʦʩʢʚʘ: ʄʠʨ ʥʘʫʢʠ, 2017. ʉ.59-62. 

2. ɽʣʠʟʘʨʦʚ ʉ.ɺ., ʂʨʘʩʥʦʣʦʙʦʚ ʀ.ʀ., ʃʝʙʝʜʝʚ ɸ.ʄ., ʉʝʤʝʥʝʥʢʦ ɺ.ʅ., ʌʝʜʦʨʝʥʢʦ ɸ.ʀ., 

ʌʫʨʤʘʥʦʚʘ ʊ.ɸ. ʄʠʥʠʤʠʟʘʮʠʷ ʚʢʣʘʜʘ ʚ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʘ 

ʪʦʥʢʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʪʝʨʞʥʝ ʧʫʪʸʤ ʥʘʥʝʩʝʥʠʷ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʜʠʥ 

ʠʟ ʢʦʥʮʦʚ ʩʪʝʨʞʥʷ // ʊʨʫʜʳ ʢʦʥʬʝʨʝʥʮʠʠ "ʀʟʣʫʯʝʥʠʝ ʠ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʀʈʕʄɺ-2013". ʊʘʛʘʥʨʦʛ - ɼʠʚʥʦʤʦʨʩʢ, ʖʌʋ, 2013. ʉ.329-333. 
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ʋɼʂ 621.372 

ɿʠʥʯʝʥʢʦ ʃʶʜʤʠʣʘ ɸʥʘʪʦʣʴʝʚʥʘ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

E-mail: lzinchenko@bmstu.ru 

 

ʂʘʟʘʢʦʚ ɺʘʜʠʤ ɺʷʯʝʩʣʘʚʦʚʠʯ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: kazakov-vadim-v@yandex.ru 

 

ʇʦʣʷʢʦʚ ɽʚʛʝʥʠʡ ʉʝʨʛʝʝʚʠʯ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: polyakoves@student.bmstu.ru 

 

ʍʦʨʠʥ ʅʠʢʠʪʘ ʉʝʨʛʝʝʚʠʯ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: khorin.nik@yandex.ru 

 

ɽʩʘʷʥ ʅʠʢʦʣʘʡ ɸʨʘʨʘʪʦʚʠʯ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: esayannna@gmail.com 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʠʮ ʚ ʧʘʢʝʪʝ GEANT4 ʧʨʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʵʢʨʘʥʦʚ ʟʘʱʠʪʳ ʘʧʧʘʨʘʪʫʨʳ 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ. 

ʆʧʠʩʘʥʦ ʚʣʠʷʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʪʘʢʠʭ ʢʘʢ ʪʷʞʸʣʳʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʵʣʝʢʪʨʦʥʳ ʠ 

ʧʨʦʪʦʥʳ, ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʭʝʤ. ɼʣʷ ʟʘʱʠʪʳ ʘʧʧʘʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ, ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ Geant4. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʵʢʨʘʥʦʚ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʘʢʮʝʥʪ ʥʘ 

ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ FTFP_BERT, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ Geant4, ʜʣʷ 

ʘʥʘʣʠʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʱʠʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ; ʢʦʩʤʠʯʝʩʢʘʷ ʨʘʜʠʘʮʠʷ; ʪʷʞʝʣʳʝ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ; ʵʢʨʘʥʠʨʦʚʘʥʠʝ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ; Geant4; SRIM; FTFP_BERT; 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ, ʢʦʩʤʠʯʝʩʢʠʝ ʤʠʩʩʠʠ. 

ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʷʭ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʘʧʧʘʨʘʪʫʨʘ 
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ʧʦʜʚʝʨʞʝʥʘ ʚʦʟʜʝʡʩʪʚʠʶ ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʊɿʏ), ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʮʠʬʨʦʚʳʭ ʩʭʝʤ [1-4]. ʕʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʙʦʠ ʚ ʩʠʩʪʝʤʝ, ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʤʠʢʨʦʩʭʝʤʘʭ. ɼʣʷ ʟʘʱʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʧʨʠʤʝʥʷʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʥʠʝ [5]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʢʨʘʥʦʚ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʜʝʨʞʢʝ ʯʘʩʪʠʮ 

ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ, ʯʪʦ ʥʝ ʜʘʝʪ ʯʘʩʪʠʮʘʤ ʧʨʦʥʠʢʥʫʪʴ ʜʘʣʝʝ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʵʢʨʘʥʘ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʦʪ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʤʘʪʝʨʠʘʣʳ ʵʢʨʘʥʘ, ʘ ʪʘʢʞʝ ʯʠʩʣʦ ʠ 

ʪʦʣʱʠʥʫ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʟʘʱʠʪʫ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ 

ʚʝʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ [5] ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʧʨʦʛʨʘʤʤʘ SRIM, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Geant4 [6, 7] ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʘʩʪʠʮ ʩ ʤʘʪʝʨʠʘʣʦʤ ʚ ʟʘʜʘʥʥʦʡ ʩʨʝʜʝ. ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ. ʂʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʢʣʘʩʩʦʚ ʠ ʤʦʜʫʣʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ Geant4 ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʦʩʪʫʧʥʳʭ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʣʫʞʘʱʠʭ ʦʩʥʦʚʦʡ ʜʣʷ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ. ʇʨʦʮʝʩʩʳ ʚ Geant4 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ 

ʢʣʘʩʩʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʝʡ ʠ ʚʝʱʝʩʪʚʦʤ [7, 

8].  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʩʣʫʯʘʝ ʦʙʲʝʢʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʥʳʡ 

ʵʢʨʘʥ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʪʦʢ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʀʩʧʦʣʴʟʫʷ ʙʠʙʣʠʦʪʝʢʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʟʘʜʘʚʘʷ ʛʝʦʤʝʪʨʠʶ, ʩʦʟʜʘʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʡ ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ ʟʘʜʘʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʩʪʠʥʫ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʋʧʨʦʱʝʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʩʣʦʞʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʚʳʯʠʩʣʝʥʠʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʥʘ ʨʘʩʯʝʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʦʜʝʣʴ ʵʢʨʘʥʘ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʘʩʪʠʮ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʤʦʛʫʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚʪʦʨʠʯʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ GEANT4 [6] ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʥʦʚʣʝʥʥʳʭ, ʧʨʦʰʝʜʰʠʭ ʠ ʚʪʦʨʠʯʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʵʢʨʘʥʦʤ 

ʚʳʙʨʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʵʢʨʘʥʳ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ. 

ʇʨʦʮʝʩʩʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Geant4 ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʢʘʢ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, 

ʘʜʨʦʥʥʳʝ, ʨʘʩʧʘʜʘ, ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ. ʕʪʠ ʧʨʦʮʝʩʩʳ ̫ ʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʨʘʤʢʘʭ ʥʘʙʦʨʘ PhysicsList, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʶʪʩʷ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʦʜʝʣʠ ʠ 
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ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʧʨʠ ʟʘʜʘʥʠʠ ʵʪʦʛʦ ʥʘʙʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʚ ʤʦʜʝʣʠ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʠ 

ʫʧʨʘʚʣʷʪʴ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʦʙʲʝʜʠʥʷʪʴ ʚ ʥʘʙʦʨ [7-9]. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Geant4 ʩʦʜʝʨʞʠʪ ʛʦʪʦʚʳʝ ʥʘʙʦʨʳ PhysicsList, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʝʨʝʥʘʩʪʨʦʡʢʠ. ʕʪʠ ʩʧʠʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨʳ 

ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ ʠ ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʠʡ. ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ 

ʥʘʙʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʨʘʥʘ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʙʦʨʳ FTFP_BERT ʠ 

QGSP_BERT. ʅʘʙʦʨ FTFP_BERT ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʯʘʩʪʠʮ ʩ ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʠʷʤʠ. ʅʘʙʦʨ QGSP_BERT ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ [8]. ʅʘʙʦʨ QGSP_BERT ʷʚʣʷʝʪʩʷ ʧʨʝʜʳʜʫʱʝʡ 

ʚʝʨʩʠʝʡ ʥʘʙʦʨʘ FTFP_BERT.  

ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʥʘʙʦʨʦʚ ʣʝʞʠʪ ʢʦʤʙʠʥʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ. 

ɸʜʨʦʥʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʥʘʙʦʨʦʚ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʮʝʩʩʦʚ ʫʧʨʫʛʦʛʦ, 

ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʟʘʭʚʘʪʘ ʠ ʜʝʣʝʥʠʷ. ʂʘʞʜʳʡ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥ ʠʟ ʥʘʙʦʨʘ ʥʘʙʦʨʦʚ 

ʩʝʯʝʥʠʡ ʠ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʬʠʟʠʯʝʩʢʫʶ 

ʨʝʘʣʠʟʘʮʠʶ. 

ʅʝʫʧʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʧʘʨʪʦʥʥʦʡ ʤʦʜʝʣʠ Fritiof (FTF), ʢʘʩʢʘʜʥʦʡ ʤʦʜʝʣʠ ɹʝʨʪʠʥ ʠ ʧʨʝʢʦʤʧʘʫʥʜʥʦʡ ʤʦʜʝʣʠ. 

ɺʥʫʪʨʠʷʜʝʨʥʳʡ ʢʘʩʢʘʜ ɹʝʨʪʠʥʠ ʦʪʚʝʯʘʝʪ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ὴ, ὲ, “+, “ī, ὑ+, ὑī, ὑὒ, ὑὛ, ʠ 

ʜʨʫʛʠʭ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 0 ʜʦ 6 ɻʵɺ. ʄʦʜʝʣʴ FTF ʦʙʨʘʙʘʪʳʚʘʝʪ ʪʝ ʞʝ ʯʘʩʪʠʮʳ, 

ʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3 ɻʵɺ ʜʦ 100 ʊʵɺ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʧʨʦʪʦʥʦʚ, ʘʥʪʠʥʝʡʪʨʦʥʦʚ, 

ʘʥʪʠ-ʜʝʡʪʨʦʥʦʚ, ʘʥʪʠ-ʪʨʠʪʦʥʦʚ ʠ ʘʥʪʠ-ʛʠʧʝʨʦʥʦʚ ʦʪ 0 ʜʦ 100 ʊʵɺ/ʥʫʢʣʦʥ. 

ɺ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʪʠʧʳ ʯʘʩʪʠʮ ʠ ʜʠʘʧʘʟʦʥʳ ʵʥʝʨʛʠʡ ʜʣʷ ʤʦʜʝʣʝʡ ɹʝʨʪʠʥʠ 

ʠ FTF, ʤʦʜʝʣʴ ɹʝʨʪʠʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʣʠʥʝʡʥʦ ʦʪ 1,0 ʜʦ 0,0, 

ʘ FTF - ʩ ʜʦʧʦʣʥʷʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʂʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ FTF, ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʝʢʦʤʧʘʫʥʜʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʟʨʷʜʘ ʦʩʪʘʪʢʦʚ ʷʜʨʘ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ. ʕʪʘ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʠ ʨʘʩʧʘʜʘ ʧʦ ʌʝʨʤʠ, ʠʩʧʘʨʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʠ 

ʣʝʛʢʠʭ ʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʬʦʪʦʠʩʧʘʨʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ɹʝʨʪʠʥʠ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʝʸ 

ʩʦʙʩʪʚʝʥʥʳʝ, ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʨʝʢʦʤʧʘʫʥʜʥʳʝ ʠ ʨʘʟʨʷʜʥʳʝ ʤʦʜʝʣʠ. 

ʅʝʫʧʨʫʛʦʝ ʷʜʝʨʥʦʝ ʨʘʩʩʝʷʥʠʝ ʜʣʷ ʚʩʝʭ ʧʨʦʝʢʮʠʡ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʠʥʘʨʥʦʛʦ 

ʣʝʛʢʦʛʦ ʠʦʥʥʦʛʦ ʢʘʩʢʘʜʘ (BIC) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 6 ɻʵɺ/ʥʫʢʣʦʥ ʠ ʤʦʜʝʣʠ FTF ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

3 ɻʵɺ/ʥʫʢʣʦʥ ʜʦ 100 ʊʵɺ/ʥʫʢʣʦʥ. ʉʭʝʤʘ ʚʳʙʦʨʘ ʤʦʜʝʣʝʡ ʜʣʷ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʜʠʘʧʘʟʦʥʦʚ 

ʵʥʝʨʛʠʡ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʜʣʷ FTFP ʠ ɹʝʨʪʠʥʠ. 

ʋʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʴ G4ChipsElasticModel ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 100 ʊʵɺ. ʕʪʘ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʂʦʩʩʦʚʘ. ɼʣʷ ʧʦʯʪʠ ʚʩʝʭ 

ʜʨʫʛʠʭ ʘʜʨʦʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ G4HadronElastic [8.] 

ʇʦʤʠʤʦ ʵʪʦʛʦ, FTFP_BERT ʫʯʠʪʳʚʘʝʪ ʨʘʩʧʘʜʳ ʥʝʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ, ʪʘʢʠʭ ʢʘʢ 

ʤʶʦʥʳ, ʧʠʦʥʳ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ʯʘʩʪʠʮ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ [10]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ Geant4 ʬʠʟʠʯʝʩʢʠʡ ʥʘʙʦʨ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʚ ʢʦʩʤʦʩʝ, 

ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʯʠʩʣʦ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʠ ʠʥʳʭ ʯʘʩʪʠʮ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Geant4 ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʠʣʠ ʚʳʙʨʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ ʥʘʙʦʨ 
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ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʦʜʝʣʝʡ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʢʨʘʥʦʚ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʥʘʙʦʨ FTFP_BERT.  

ʕʪʦʪ ʥʘʙʦʨ PhysicsList ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʜʝʣʠ Fritiof (FTF) ʠ ʢʘʩʢʘʜʘ ɹʝʨʪʠʥʠ. ʆʥ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʨʘʩʧʘʜʳ ʯʘʩʪʠʮ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ɺʳʚʦʜʳ 

ʆʙʦʙʱʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʘʢʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Geant4 

ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʤʘʪʝʨʠʘʣʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʢʝʪʦʤ SRIM. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʘʢʝʪʘ GEANT4 ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʙʦʣʴʰʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʢʝʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ SRIM.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʢʨʘʥʦʚ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [5], 

ʠʩʧʦʣʴʟʫʶʱʝʝ ʧʨʦʛʨʘʤʤʫ SRIM, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [6], ʠʩʧʦʣʴʟʫʶʱʝʝ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ GEANT4.  
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(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: klassen@vector.ru 

 

ʃʝʚʠʪʘʥ ɹʦʨʠʩ ɸʨʢʘʜʴʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠ,̫ ʄʦʩʢʚʘ 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: b.levitan@radiofizika.com 

 

ʉʝʜʝʣʴʥʠʢʦʚ ʖʨʠʡ ɽʚʛʝʥʴʝʚʠʯ 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ 

ʈʦʩʩʠʷ, ʂʘʟʘʥʴ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: sedhome2013@yandex.ru 

 

ʊʦʧʯʠʝʚ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: topus@mail.ru 

ʃʝʪʘʶʱʠʡ ʨʘʜʠʦʟʦʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ (ʌɸʈ). 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥ 

(ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʪ.ʧ.), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʝʤʥʦʛʦ ʣʠʙʦ ʧʝʨʝʜʘʶʱʝʛʦ 
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ʨʘʜʠʦʟʦʥʜʘ, ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ ʘʥʪʝʥʥʳ (ʚ ʟʦʥʝ ʜʠʬʨʘʢʮʠʠ ʌʨʘʫʥʛʦʬʝʨʘ). 

ʀʥʦʛʜʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʣʷ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʘʥʪʝʥʥ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʩʪʘʥʮʠʡ (ʈʃʉ), ʵʪʦ ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʦ ï ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʈʃʉ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʙʝʨʝʛʫ ʤʦʨʷ.   

ʆʧʠʩʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ çʦʙʣʝʪʥʳʡ ʤʝʪʦʜè ʠʟʤʝʨʝʥʠʷ ʚ ʟʦʥʝ ʌʨʝʥʝʣʷ, ʚ ʢʦʪʦʨʦʤ 

ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʨʘʜʠʦʟʦʥʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ (ɹʇʃɸ) 

ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʛʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ɻʃʆʅɸʉʉ. ɹʇʃɸ ʟʘʚʠʩʘʝʪ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ, ʚ 

ʢʦʪʦʨʦʡ ʬʦʢʫʩʠʨʫʶʪ ʠʟʣʫʯʝʥʠʝ ʠʩʧʳʪʳʚʘʝʤʦʡ ʘʥʪʝʥʥʳ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʷʶʪ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ.  

ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʝʪʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʦʥʜʘ ʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʦʟʦʥʜʘ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ; ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ 

ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ; ʮʠʬʨʦʚʘʷ ʘʢʪʠʚʥʘʷ ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ; 

ʧʝʨʝʬʦʢʫʩʠʨʦʚʢʘ; ʬʘʟʦʚʘʷ ʧʦʜʩʪʘʚʢʘ; ʜʠʥʘʤʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʚʝʨʝʥʥʳʝ ʧʨʘʢʪʠʢʦʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʌɸʈ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʘʥʪʝʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʈʃʉ ʚ ʦʙʲʝʤʘʭ ʠ ʩ ʪʦʯʥʦʩʪʷʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. 

ɼʦ ʩʠʭ ʧʦʨ ʜʣʷ ʘʥʪʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʯʘʱʝ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʚʳʰʢʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʟʦʥʜ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ ʚʳʰʢʝ, ʠ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ, ʢʨʦʤʝ ʧʦʛʦʜʥʳʭ, ʥʝ ʤʝʥʷʶʪʩʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʦʪʫ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʢʘ ʨʝʯʴ ʠʜʝʪ ʦʙ 

ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʣʫʯʦʤ ʌɸʈ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ ʜʠʘʛʨʘʤʤʳ, ʩʜʚʠʥʫʪʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʢʩʠʤʫʤʘ ʥʘ ʫʛʦʣ ɗ, ʣʫʯ ʩʤʝʱʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʟʦʥʜ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʩʪʦʨʦʥʫ ʥʘ ʪʦʪ ʞʝ ʫʛʦʣ ɗ ʠ ʠʟʤʝʨʷʶʪ ʫʨʦʚʝʥʴ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʌɸʈ ʚʦʧʨʦʩ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʠʛʦʥʘ ʥʘ ʤʝʩʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʨʘʩʪʘʝʪ ʚ 

ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʤʳʝ ʚʳʩʦʪʳ ʚʳʰʝʢ ʩʦʩʪʘʚʣʷʶʪ ʤʥʦʛʠʝ ʩʦʪʥʠ ʤʝʪʨʦʚ, 

ʘ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʷʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʈʃʉ ʥʘ ʙʝʨʝʛʫ ʤʦʨʷ ʫʩʪʘʥʦʚʢʘ ʚʳʰʢʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʦʧʨʦʩʪʫ ʥʝʚʦʟʤʦʞʥʦʡ. 

ʇʨʦʙʣʝʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʙʣʝʪʥʦʛʦ ʤʝʪʦʜʘ ʩʚʷʟʘʥʳ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʦʣʝʪʦʚ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʱʠʪʳ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʢ ʩʦʟʜʘʥʠʝ, ʪʘʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʦʮʝʜʫʨʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʌɸʈ ʥʘ ʤʝʩʪʝ ʜʠʩʣʦʢʘʮʠʠ, 

ʦʙʣʝʪʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʪʨʫʜʥʦ ʥʘʡʪʠ ʘʣʴʪʝʨʥʘʪʠʚʫ.  

ʉ ʩʝʨʝʜʠʥʳ 2010-ʭ ʛʦʜʦʚ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʦʙʣʝʪʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ɹʇʃɸ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ (ʨʠʩ.1) ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʩʘʤʦʣʝʪʦʚ ʠʣʠ ʚʝʨʪʦʣʝʪʦʚ. 
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ʈʠʩʫʥʦʢ 1. ʆʙʣʝʪʥʳʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʃɸ 

ʊʘʢ, ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʙʘʟʝ ʦʢʪʦʢʦʧʪʝʨʘ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ 

ʧʦ ʯʘʩʪʦʪʝ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʝʤʥʠʢʦʤ ʥʘ ʙʦʨʪʫ (ʨʠʩ. 2) ʧʨʦʠʟʚʦʜʠʣ 

ʠʟʤʝʨʝʥʠʷ ɼʅ ʚ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʨʝʞʠʤʘʭ ʠ ʥʘ ʧʨʠʝʤ, ʠ ʥʘ ʧʝʨʝʜʘʯʫ, ʩʦʚʝʨʰʘʷ 

ʢʨʫʛʦʚʦʡ ʦʙʣʝʪ ʪʝʩʪʠʨʫʝʤʦʡ ʘʥʪʝʥʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʤ [1],[2]. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ, ʟʦʥʜʦʚʘʷ ʘʥʪʝʥʥʘ ʫʜʝʨʞʠʚʘʣʘʩʴ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʩʪʠʨʫʝʤʦʡ ʘʥʪʝʥʥʳ 3-ʦʩʝʚʳʤ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʤr ʧʦʜʚʝʩʦʤ (ʨʠʩ. 3) [3]. 

  

ʈʠʩʫʥʦʢ 2. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ɸʆ ʈʂ 

çɺʝʢʪʦʨè 

ʈʠʩʫʥʦʢ 3. ɹʇʃɸ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ɸʆ ʈʂ çɺʝʢʪʦʨè 

 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ɹʇʃɸ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʯʘʩʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʦʜʥʘʢʦ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʘʥʪʝʥʥ 

ʤʝʪʦʜʘʤʠ ʜʘʣʴʥʝʡ ʟʦʥʳ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʣʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚʳʩʦʪ ʧʦʜʲʝʤʘ. ɼʣʷ 

ʌɸʈ ʩ ʛʨʘʥʠʮʘʤʠ ʟʦʥʳ ʌʨʘʫʥʛʦʬʝʨʘ, ʫʜʘʣʝʥʥʳʤʠ ʥʘ 10 ʠ ʙʦʣʝʝ ʢʠʣʦʤʝʪʨʦʚ, ʪʨʝʙʫʝʤʳʝ 

ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ 5 ʢʤ, ʘ ʩʫʤʤʘʨʥʦʝ ʧʦʣʝʪʥʦʝ ʚʨʝʤʷ - ʩʦʩʪʘʚʣʷʪʴ ʩʦʪʥʠ 

ʯʘʩʦʚ. ɹʇʃɸ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʠʪʴʩʷ ʩ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʝʡ, ʥʝ ʧʦʷʚʪ̫ʩʷ ʚ 

ʙʣʠʞʘʡʰʠʝ 10-15 ʣʝʪ.   

ʅʠʞʝ ʧʦʢʘʞʝʤ, ʢʘʢ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʦʙʣʝʪʥʳʡ ʤʝʪʦʜ ʠ ʩʦʢʨʘʪʠʪʴ ʠ ʪʨʝʙʫʝʤʳʝ ʚʳʩʦʪʳ 

ʧʦʜʲʝʤʘ, ʠ ʧʦʣʝʪʥʦʝ ʚʨʝʤʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʷ ʨʘʜʠʦʟʦʥʜʘ ɹʇʃɸ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ, ʜʦʩʪʫʧʥʳʝ ʫʞʝ ʩʝʛʦʜʥʷ.    

ʅʦʚʳʡ ʤʝʪʦʜ ʘʥʪʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ  

ʉʧʦʩʦʙʳ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ 

ʘʥʪʝʥʥ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʙʣʠʞʝ ʛʨʘʥʠʮʳ ʜʘʣʴʥʝʡ ʟʦʥʳ. 
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ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʬʦʢʫʩʠʨʦʚʢʠ ʟʝʨʢʘʣʴʥʳʭ ʘʥʪʝʥʥ ʧʫʪʝʤ ʩʤʝʱʝʥʠʷ 

ʦʙʣʫʯʘʪʝʣʷ ʧʨʠʤʝʥʷʣʩʷ ʝʱʝ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺ ʌɸʈ ʬʘʟʦʚʫʶ ʦʰʠʙʢʫ, 

ʚʦʟʥʠʢʘʶʱʫʶ ʠʟ-ʟʘ ʦʪʣʠʯʠʷ ʧʦʣʝʡ ʧʣʦʩʢʦʡ ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥ, ʢʦʤʧʝʥʩʠʨʫʶʪ ʚʚʝʜʝʥʠʝʤ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʘʟʦʚʦʡ ʧʦʜʩʪʘʚʢʠ ʚ ʩʠʛʥʘʣʳ ʧʨʠʝʤʥʳʭ ʠʣʠ ʧʝʨʝʜʘʶʱʠʭ ʢʘʥʘʣʦʚ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʢʫʩʠʨʦʚʢʝ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ. ʇʦʩʣʝ ʧʝʨʝʬʦʢʫʩʠʨʦʚʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʥʪʝʥʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ [4]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ 

ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʩʣʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʟʦʚʳʭ ʧʦʜʩʪʘʚʦʢ, ʢʦʪʦʨʳʝ ʚ ʪʨʝʙʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʫʛʣʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʙʳ ʬʘʟʦʚʳʝ ʬʨʦʥʪʳ ʩ ʨʝʣʝʚʘʥʪʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ɽʱʝ ʚ ʥʝʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ 

ʬʦʢʫʩʠʨʦʚʢʘ ʨʝʰʝʪʦʢ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʚʳʨʘʚʥʠʚʘʥʠʷ ʬʘʟ ʚ ʢʘʥʘʣʘʭ ʩ ʧʦʤʦʱʴʶ 

ʬʝʨʨʠʪʦʚʳʭ ʬʘʟʦʚʨʘʱʘʪʝʣʝʡ. ʉ ʥʘʨʘʱʠʚʘʥʠʝʤ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʪʨʫʜʦʝʤʢʦʩʪʴ ʵʪʦʛʦ ʩʧʦʩʦʙʘ 

ʙʳʩʪʨʦ ʨʦʩʣʘ. ʀʤʝʥʥʦ ʵʪʦ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʠʚʘʣʦ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʘ 

ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʧʨʘʢʪʠʢʫ. 

ʉʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʘʜʘʧʪʠʚʥʳʭ ʌɸʈ (ʎɸʌɸʈ), ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʚ ʢʘʞʜʦʤ ʧʨʠʸʤʥʦʤ ʢʘʥʘʣʝ ʠ ʮʠʬʨʦ-

ʘʥʘʣʦʛʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʘʞʜʦʤ ʧʝʨʝʜʘʶʱʝʤ ʢʘʥʘʣʝ, ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʚ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ [5]. ɿʘʜʘʯʘ 

ʬʦʢʫʩʠʨʦʚʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʌɸʈ ʩ ʮʠʬʨʦʚʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ɼʅ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʣʫʯʦʤ ʠ ʩʚʦʜʠʪʩʷ ʢ ʫʩʪʘʥʦʚʢʝ ʪʨʝʙʫʝʤʳʭ ʬʘʟʦʚʳʭ ʧʦʜʩʪʘʚʦʢ 

ʮʠʬʨʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʠʝʤʥʳʭ ʠʣʠ ʧʝʨʝʜʘʶʱʠʭ ʢʘʥʘʣʦʚ. ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʎɸʌɸʈ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʦʙʣʝʪʥʳʡ ʤʝʪʦʜ ʪʘʢ, ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ɹʇʃɸ, ʩʦʭʨʘʥʠʚ ʧʨʠ ʵʪʦʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ.   

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ɹʇʃɸ ʟʘʚʠʩʘʝʪ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʚ ʟʦʥʝ ʌʨʝʥʝʣʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ —ȟ• ȟ ́  ʎɸʌɸʈ ʬʦʢʫʩʠʨʫʶʪ ʚ ʵʪʫ ʪʦʯʢʫ, ʠʟʤʝʨʷʷ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʚ ʛʣʘʚʥʦʤ 

ʣʝʧʝʩʪʢʝ. ɿʘʪʝʤ ʩʤʝʱʘʶʪ ʛʣʘʚʥʳʡ ʣʫʯ ʠʟʤʝʥʝʥʠʝʤ ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʦʡ ʬʘʟʦʚʦʡ ʧʦʜʩʪʘʚʢʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʬʦʢʫʩʠʨʫʶʱʝʡ ʧʦʜʩʪʘʚʢʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʫʷ ʛʣʘʚʥʳʡ ʣʫʯ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ς— — ,  ς• •  ʠ ʧʨʦʠʟʚʦʜʷʪ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼɼʅ). ʕʪʦʪ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʎɸʌɸʈ 

ʙʳʣ ʥʘʟʚʘʥ ʤʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʚʳʰʢʠ [6] 

 

ʈʠʩʫʥʦʢ 4. ʄʝʪʦʜ ʚʠʨʪʫʘʣʴʥʦʡ ʚʳʰʢʠ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʣʘʪʬʦʨʤʝ-ʥʦʩʠʪʝʣʶ ʨʘʜʠʦʟʦʥʜʘ  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʦʙʣʝʪʥʦʛʦ ʤʝʪʦʜʘ ʩʦʯʝʪʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ: 
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V ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʦʙʣʝʪʥʦʛʦ ʤʝʪʦʜʘ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʃɸ ʚ ʢʘʯʝʩʪʚʝ 

ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʜʠʦʟʦʥʜʘ); 

V ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʳʰʢʠ (ʠʟʤʝʨʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʟʦʥʜʘ); 

V ʤʝʪʦʜʘ ʮʠʬʨʦʚʦʡ ʬʦʢʫʩʠʨʦʚʢʠ (ʫʩʪʘʥʦʚʢʘ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʬʘʟʦʚʳʭ ʧʦʜʩʪʘʚʦʢ 

ʮʠʬʨʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ).   

ʇʦʩʢʦʣʴʢʫ ʙʣʠʞʥʷʷ ʛʨʘʥʠʮʘ ʟʦʥʳ ʌʨʝʥʝʣʷ ʜʣʷ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʌɸʈ ʋɺʏ-

ʜʠʘʧʘʟʦʥʘ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 1-2 ʢʤ, ʘ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʨʘʟʳ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʦʙʣʝʪʘ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʦʩʠʪʝʣʷʤ ʟʦʥʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʚʳʰʢʠ ʧʦ 

ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʛʫʪ ʙʳʪʴ ʩʤʷʛʯʝʥʳ. ʆʜʥʘʢʦ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʤʘʨʰʨʫʪʦʚ, ʫʜʝʨʞʘʥʠʶ ʧʦʟʠʮʠʠ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʤʦʱʥʦʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. 

ʇʦ ʩʫʪʠ, ʣʝʪʘʶʱʠʡ ʨʘʜʠʦʟʦʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʪʝʩʥʦʡ çʩʚʷʟʢʝè ʩ ʎɸʌɸʈ. ɺʩʷ ʧʨʦʮʝʜʫʨʘ ʠʟʤʝʨʝʥʠʡ, ʚʢʣʶʯʘʷ ʬʦʢʫʩʠʨʦʚʢʫ ʠ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʫʩʪʘʥʦʚʢʦʡ ʪʨʝʙʫʝʤʳʭ ʬʘʟʦʚʳʭ ʧʦʜʩʪʘʚʦʢ ʚ ʢʘʥʘʣʘʭ ʎɸʌɸʈ, ʬʠʢʩʘʮʠʶ 

ʫʨʦʚʥʝʡ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʟʦʥʜʦʤ ʠʣʠ ʦʩʚʝʱʝʥʠʝ ʠʤ ʧʦʣʦʪʥʘ ʧʨʠʝʤʥʦʡ ʨʝʰʝʪʢʠ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʪʨʦʛʦ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʘ. ɼʣʷ ʵʪʦʛʦ ʚʩʝ ʜʘʥʥʳʝ ʬʠʢʩʠʨʫʶʪʩʷ ʩ ʤʝʪʢʘʤʠ ʚʨʝʤʝʥʠ ʦʪ 

ɻʃʆʅɸʉʉ ʠ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ʩʪʨʦʠʪʩʷ ɼɼʅ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ɹʇʃɸ-ʧʣʘʪʬʦʨʤʝ ʨʘʜʠʦʟʦʥʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʎɸʌɸʈ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʦʙʣʝʪʥʳʤ ʤʝʪʦʜʦʤ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

V ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ 45 ʤʠʥ.; 

V ʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʦʣʦʢ 2500 ʤ; 

V ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 0,2 ʤ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʃʆʅɸʉʉ ʩ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʦʧʨʘʚʢʘʤʠ) 

V ʚʝʪʨʦʫʩʪʦʡʯʠʚʦʩʪʴ  15 ʤ/ʩ; 

V ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ (ʕʄʀ) 300 ɺ/ʤ; 

V ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦʣʝʪʘ ʩ ʟʘʚʠʩʘʥʠʷʤʠ; 

V ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʘʥʘʣ, ʩʚʷʟʳʚʘʶʱʠʡ ʧʦʣʝʪʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ɹʇʃɸ ʩ 

ʢʦʤʧʴʶʪʝʨʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʠ ʥʘʟʝʤʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɺ 2023ʛ. ɸʆ ʈʂ çɺʝʢʪʦʨè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʣʝʪʘʶʱʝʛʦ ʟʦʥʜʘ ʥʘ ʙʘʟʝ ɹʇʃɸ 

çʇʝʛʘʩè (ʨʠʩ. 5-6).  

  

ʈʠʩʫʥʦʢ 5. ʈʘʜʠʦʟʦʥʜ ɸʆ ʈʂ çɺʝʢʪʦʨè 

2023ʛ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʕʄʀ 

ʈʠʩʫʥʦʢ 6. ʈʘʜʠʦʟʦʥʜ ɸʆ ʈʂ çɺʝʢʪʦʨè 

2023ʛ. ɿʘʚʠʩʘʥʠʝ ʠ ʧʨʠʮʝʣʠʚʘʥʠʝ 
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ɿʦʥʜ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣ ʚ ʫʩʣʦʚʠʷʭ ʤʦʱʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʨʦʚʦʜʠʣ ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥ (ʨʠʩ. 7). 

 

ʈʠʩʫʥʦʢ 7. ʈʘʜʠʦʟʦʥʜ ɸʆ ʈʂ çɺʝʢʪʦʨè 2023ʛ. 

ʀʟʤʝʨʝʥʠʝ ʕʀʀʄ 

ʆʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʝʨʚʳʝ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʫʛʣʦʚʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ϽςЎ—ȟ  ʦʪ ʛʣʘʚʥʦʛʦ ʣʫʯʘ ɼɼʅ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

Ὑ σȢσὙ  ʦʢʘʞʫʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʝʪʦʜʦʚ ʜʘʣʴʥʝʡ ʟʦʥʳ. ɿʜʝʩʴ ‗  ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ,  Ὀ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ, ςЎ—ȟ
  
 ï h ʠʨʠʥʘ ʛʣʘʚʥʦʛʦ ʣʫʯʘ ɼɼʅ, 

Ὑ πȢφςὈ   ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʟʦʥʳ ʌʨʝʥʝʣʷ [7]. 

ɼʣʷ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʳ ʦʮʝʥʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʦʥʜʘ ʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ɼʅ ʙʦʨʪʦʚʦʡ ʘʥʪʝʥʥʳ 

ʩ ʫʯʝʪʦʤ ʫʛʣʦʚʳʭ ʵʚʦʣʶʮʠʡ ʥʦʩʠʪʝʣʷ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʦʨʧʫʩʘ ʥʘ ɼʅ ʟʦʥʜʦʚʦʡ ʘʥʪʝʥʥʳ 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʜʠʦʟʦʥʜʦʚ ʥʘ ʧʣʘʪʬʦʨʤʝ ɹʇʃɸ (ʨʠʩ. 8) ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʢʦʨʧʫʩʘ, ʚʠʥʪʦʚ ʠ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʚʝʩʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʟʦʥʜʦʚʦʡ ʘʥʪʝʥʥʳ ʧʨʠʥʠʤʘʣʘʩʴ ʟʦʥʜʦʚʘʷ ʘʥʪʝʥʥʘ ʧʨʦʪʦʪʠʧʘ 2023 ʛ. 

ɸʥʘʣʠʟ ʨʘʩʯʝʪʥʳʭ ɼʅ ʟʦʥʜʦʚʦʡ ʘʥʪʝʥʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʚʟʘʠʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʨʧʫʩʘ ʠ ʘʥʪʝʥʥʳ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʨʝʜʩʪʚʘ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʥʘ ɼʅ ʢʦʨʧʫʩʘ ɹʇʃɸ. ʅʘ ʨʠʩ. 9-

10 ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ɼʅ ʥʘ 10% ʠ ʧʦʷʚʣʝʥʠʝ ʟʘʜʥʝʛʦ ʣʝʧʝʩʪʢʘ ʥʘ ʫʨʦʚʥʝ ʤʠʥʫʩ 

15 ʜɹ.  
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ʈʠʩʫʥʦʢ 8. ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʨʘʜʠʦʟʦʥʜʘ (ɹʇʃɸ ʠʟ ʘʣʶʤʠʥʠʷ) 

ʈʠʩʫʥʦʢ 9. ɼʅ ʟʦʥʜʦʚʦʡ 

ʘʥʪʝʥʥʳ (ʙʝʟ ɹʇʃɸ) 

ʈʠʩʫʥʦʢ 10. ɼʅ 

ʟʦʥʜʦʚʦʡ ʘʥʪʝʥʥʳ (ʩ 

ɹʇʃɸ) 

ʅʝʪʦʯʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʟʦʥʜʘ ʩ ʧʦʤʦʱʴʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʧʨʠʚʦʜʷʪ ʢ ʦʪʢʣʦʥʝʥʠʶ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʦʥʜʘ ʦʪ ʪʦʯʢʠ 

ʬʦʢʫʩʠʨʦʚʢʠ (ʨʠʩ. 9). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʣʥʳ ʦʪ ʠʟʣʫʯʘʪʝʣʝʡ ʢʘʥʘʣʦʚ ʌɸʈ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʟʦʥʜʦʚʦʡ ʘʥʪʝʥʥʝ ʩ ʬʘʟʘʤʠ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʠʭ ʬʘʟ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ,  ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʦʪʣʠʯʠʶ ʠʟʤʝʨʷʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʦʪ ʧʦʣʷ ʜʘʣʴʥʝʡ ʟʦʥʳ.  

 

ʈʠʩʫʥʦʢ 11. ʆʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʦʥʜʘ ʦʪ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ 

ɼʣʷ ʦʮʝʥʢʠ ʵʪʦʛʦ ʚʠʜʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ɼɼʅ ʤʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʚʳʰʢʠ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʣʷ ʎɸʌɸʈ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʟʦʥʜʦʚʦʡ ʘʥʪʝʥʥʳ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʝʝ ʧʦʣʦʞʝʥʠʷ ʦʪ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ. 

ʊʠʧʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʡ ʚ ʟʦʥʝ ʌʨʝʥʝʣʷ (Ὑ ςȢςὙ ) 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 12-13. ʈʠʩ. 12 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʪʠʥʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ ʌɸʈ 

ʘʧʝʨʪʫʨʦʡ φυ‗ σπ‗ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ρπЈυЈ ʛʣʘʚʥʦʛʦ ʣʫʯʘ — ρυЈȠ  • τυЈ, ʨʠʩ.13 ï 

çʠʟʤʝʨʝʥʥʦʡè ɼʅ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʟʦʥʜʘ ʦʪ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ 7ɚ.  

  

ʈʠʩʫʥʦʢ 12. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʌɸʈ  

ʈʠʩʫʥʦʢ 13. çʀʟʤʝʨʝʥʥʘʷè ɼʅ ʌɸʈ 

(ʦʪʢʣʦʥʝʥʠʝ 7ɚ) 
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ɺʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʟʦʥʜʦʚʦʡ ʘʥʪʝʥʥʳ (ʩ ʫʯʝʪʦʤ 

ʩʜʚʠʛʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ), ʦʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʦʥʜʘ ʦʪ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ ʚ 

ʟʦʥʝ ʌʨʝʥʝʣʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ɼʅ ʚʧʣʦʪʴ ʜʦ ʦʪʢʣʦʥʝʥʠʡ 7ɚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʜʝʣʴʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʤʫʣʴʪʠʨʦʪʦʨʥʳʝ ɹʇʃɸ ʫʞʝ ʩʝʛʦʜʥʷ 

ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ɹʇʃɸ-ʧʣʘʪʬʦʨʤʝ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʚʳʰʢʠ, ʧʨʠ 

ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

(ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ɻʃʆʅɸʉʉ), ʤʠʥʠʤʘʣʴʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ 

ʌɸʈ ʩ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʣʝʪʘʶʱʝʛʦ ʨʘʜʠʦʟʦʥʜʘ ʥʘ ʧʣʘʪʬʦʨʤʝ ɹʇʃɸ ʩ 

ʧʦʪʦʣʢʦʤ ʜʦ 3 ʢʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʎɸʌɸʈ ʤʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʚʳʰʢʠ.  
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ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: pasha.korotkov.2003@mail.ru 

 

ʉʝʣʠʚʘʥʦʚ ʅʠʢʦʣʘʡ ʃʝʦʥʠʜʦʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: nick_selivanov@rambler.ru 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʩʠʩʪʝʤʝ ʥʘʚʝʜʝʥʠʷ ʤʦʙʠʣʴʥʦʡ 

ʘʥʪʝʥʥʳ 

ɸʥʥʦʪʘʮʠʷ. ʉʦʧʨʦʚʦʞʜʝʥʠʝ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ ʩʧʫʪʥʠʢʘ ʠʤʝʝʪ ʧʨʦʙʣʝʤʫ 

ʧʦʪʝʨʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʘʥʪʝʥʥʳ ʚ ʪʝʥʴ. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʧʨʠʝʤʘ 

ʩʠʛʥʘʣʘ ʢʨʘʡʥʝ ʚʨʝʤʷʟʘʪʨʘʪʥʦ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʛʠʨʦʩʢʦʧ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘʚʝʜʝʥʠʷ; ʤʘʢʝʪ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘʚʝʜʝʥʠʷ; ʛʠʨʦʩʢʦʧ; ʄɽʄʉ-ʛʠʨʦʩʢʦʧʳ; ʤʦʙʠʣʴʥʘʷ ʘʥʪʝʥʥʘ. 

ɺʚʝʜʝʥʠʝ 

ʅʘʚʝʜʝʥʠʝ ʘʥʪʝʥʥʳ ʥʘ ʩʧʫʪʥʠʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ. ʄʦʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʭʦʞʜʝʥʠʝ ʩʧʫʪʥʠʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʦ ʤʘʢʩʠʤʫʤʫ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

ʋʢʘʟʘʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʫʩʣʦʞʥʷʝʪʩʷ, ʝʩʣʠ ʧʨʠʝʤ ʚʥʝʟʘʧʥʦ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠ ʧʦʧʘʜʘʥʠʠ 

ʘʥʪʝʥʥʳ ʚ ʪʝʥʴ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʦ ʩʠʛʥʘʣʫ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ʆʜʠʥ 

ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʧʝʨʝʤʝʱʝʥʠʝʤ ʘʥʪʝʥʥʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʩʣʝ 

ʚʳʭʦʜʘ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ ʠʟ ʪʝʥʠ, ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʦ ʥʘʚʝʜʝʥʠʝ ʘʥʪʝʥʥʳ ʚ ʦʙʣʘʩʪʴ 

ʩʧʫʪʥʠʢʘ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʠʪʴʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ʀʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʛʠʨʦʩʢʦʧʘ. 

  

mailto:nik.gerasemenko@mail.ru
mailto:pasha.korotkov.2003@mail.ru
mailto:nick_selivanov@rambler.ru


··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнп ͎Φύ 

 

 

https://radiofizika.ru/ 54 

 

 

ɺʳʙʦʨ ʛʠʨʦʩʢʦʧʘ 

ɻʠʨʦʩʢʦʧ ï ʵʪʦ ʠʥʝʨʮʠʘʣʴʥʳʡ ʜʘʪʯʠʢ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʫʛʦʣ, ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʣʠʥʝʡʥʳʝ ʫʩʢʦʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ, ʜʚʫʭ ʠʣʠ ʪʨʸʭ ʦʩʝʡ ʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʸʭʦʩʝʚʦʡ. ʀʥʪʝʛʨʠʨʫʷ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ (ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ). 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ: ʨʦʪʦʨʥʳʝ, 

ʣʘʟʝʨʥʳʝ, ʚʠʙʨʘʮʠʦʥʥʳʝ ʠ ʄɽʄʉ [1]. 

ʈʦʪʦʨʥʳʡ ʛʠʨʦʩʢʦʧ ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʛʠʨʦʩʢʦʧ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʦʩʴ 

ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʫʩʪʨʦʡʩʪʚʦ ʪʘʢʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚʭʦʜʠʪ ʨʦʪʦʨ, 

ʧʨʠʭʦʜʷʱʠʡ ʚ ʜʚʠʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʢʘʢ ʨʦʪʦʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 

ʟʘʢʨʝʧʣʝʥʥʳʡ ʚ ʨʘʤʝ, ʠ ʩʪʘʙʠʣʴʥʳʡ ʢʦʨʧʫʩ. ʊʘʢʠʝ ʛʠʨʦʩʢʦʧʳ ʦʙʲʝʤʥʳʝ ʠ ʜʦʨʦʛʠʝ.  ʈʘʙʦʪʘ 

ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʵʬʬʝʢʪʝ çʉʘʥʴʷʢʘè, ʠ ʪʘʢʦʡ ʜʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ 

ʦʧʪʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʪʨʝʫʛʦʣʴʥʦʡ ʠʣʠ ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ c ʪʨʝʤʷ ʠʣʠ ʯʝʪʳʨʴʤʷ ʟʝʨʢʘʣʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʫʛʣʘʤ ʢʦʥʪʫʨʘ. ʄʝʞʜʫ ʘʥʦʜʦʤ ʠ ʢʘʪʦʜʦʤ ʚʦʟʥʠʢʘʶʪ ʨʘʟʨʷʜʳ, 

ʛʝʥʝʨʠʨʫʶʱʠʝ ʜʚʘ ʣʘʟʝʨʥʳʭ ʣʫʯʘ, ʥʝʧʨʝʨʳʚʥʦ ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚ ʧʦʣʦʩʪʠ ʛʠʨʦʩʢʦʧʘ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠʟ-ʟʘ ʯʝʛʦ ʚ ʜʘʪʯʠʢʝ ʚʦʟʥʠʢʘʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ 

ʢʘʨʪʠʥʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʚʝʪʣʳʭ ʠ ʪʸʤʥʳʭ ʧʦʣʦʩ. ʆʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʛʠʨʦʩʢʦʧʦʚ 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʘ. ɺʠʙʨʘʮʠʦʥʥʳʝ ʛʠʨʦʩʢʦʧʳ  ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʸʤ ʫʩʪʨʦʡʩʪʚʝ ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ 

ʚʨʘʱʝʥʠʝ ʦʙʲʝʢʪʘ ʚʠʙʨʠʨʫʶʱʠʝ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʳ ʩ ʦʧʦʨʦʡ ʛʠʨʦʩʢʦʧʘ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚʠʙʨʠʨʫʝʪ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʧʦʚʦʨʦʪʝ ʦʩʥʦʚʘʥʠʷ, ʠ 

ʘʤʧʣʠʪʫʜʘ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʄɽʄʉ-

ʛʠʨʦʩʢʦʧʦʚ ʩʭʦʞ ʩ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʳʭ ʛʠʨʦʩʢʦʧʦʚ: ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʥʝʦʙʭʦʜʠʤʘ ʚʠʙʨʘʮʠʷ (ʚʦʟʙʫʞʜʝʥʠʝ). ɼʣʷ ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʝ 

ʠʤʝʝʪʩʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ, ʢʦʪʦʨʘʷ ʚʠʙʨʠʨʫʝʪ, ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʵʬʬʝʢʪ 

çʂʦʨʠʦʣʠʩʘè ʚʳʟʳʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʵʪʦʡ ʤʘʩʩʳ ʚ ʜʨʫʛʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʆʞʠʜʘʝʤʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʩʧʫʪʥʠʢ ʥʝʚʝʣʠʢʦ (å 10 ʤʠʥʫʪ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠ ʜʨʝʡʬʫ ʛʠʨʦʩʢʦʧʘ. ɹʣʘʛʦʜʘʨʷ ʤʘʣʳʤ ʛʘʙʘʨʠʪʘʤ, 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʤʦʜʫʣʴ GY-25, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʋʩʪʨʦʡʩʪʚʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʠʨʦʩʢʦʧ MPU-6050 ʠ 

ʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʝʛʦ ʩʠʛʥʘʣʦʚ.  

 

 
 

ʈʠʩʫʥʦʢ 1. ʄʦʜʫʣʴ GY-25 
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MPU-6050 ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʦʜʥʦʦʩʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ (MEMS-ʛʠʨʦʩʢʦʧʦʚ), ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ X-, Y-, Z- ʦʩʝʡ. ɼʚʝ 

ʧʦʜʚʝʰʝʥʥʳʝ ʤʘʩʩʳ ʩʦʚʝʨʰʘʶʪ ʢʦʣʝʙʘʥʠʷ ʧʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʦʩʷʤ. ʉ ʧʦʷʚʣʝʥʠʝʤ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʵʬʬʝʢʪ çʂʦʨʠʦʣʠʩʘè ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʦʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʝʤʢʦʩʪʥʳʤ ʜʘʪʯʠʢʦʤ. ʀʟʤʝʨʷʝʤʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʝʤʢʦʩʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʛʣʫ ʧʝʨʝʤʝʱʝʥʠʷ. ʇʦʣʫʯʠʚʰʠʡʩʷ ʩʠʛʥʘʣ ʫʩʠʣʠʚʘʝʪʩʷ, ʜʝʤʦʜʫʣʠʨʫʝʪʩʷ ʠ 

ʬʠʣʴʪʨʫʝʪʩʷ, ʜʘʚʘʷ ʚ ʠʪʦʛʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. 

ɼʘʥʥʳʡ ʩʠʛʥʘʣ ʦʮʠʬʨʦʚʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʤʦʜʫʣʴ GY-25 16-ʙʠʪʥʦʛʦ ɸʎʇ 

[2]. 

ʇʦʜʢʣʶʯʝʥʠʝ ʛʠʨʦʩʢʦʧʘ 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʘʢʝʪʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʨʦʩʢʦʧʘ 

ʠ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʜʫʣʷ (ʨʠʩʫʥʦʢ 2). ʊʘʢʞʝ ʙʳʣʦ ʠʟʫʯʝʥʦ, ʯʪʦ 

ʧʦʜʢʣʶʯʝʥʠʝ ʛʠʨʦʩʢʦʧʘ ʢ ʕɺʄ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʠʥʪʝʨʬʝʡʩʘ UPORT 1150 ʧʦ ʧʨʦʪʦʢʦʣʫ RS-232, ʘ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦ ʰʠʥʝ ʜʘʥʥʳʭ I2C [3].  

 

 
 

ʈʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʘʢʝʪʘ 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʛʠʨʦʩʢʦʧʘ ʢ ʕɺʄ ʧʦ UPORT 1150. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʷ ʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ STM32, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʨʝʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʠʨʦʩʢʦʧʘ: ʝʛʦ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʠ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʩʦʭʨʘʥʝʥʠʷ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ. ʆʪʣʘʜʢʘ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʚ ʫʯʝʙʥʳʭ 

ʮʝʣʷʭ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʥʘʚʝʜʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʘʥʪʝʥʥ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʋɼʂ 621.396 

ɻʝʨʘʩʝʤʝʥʢʦ ʅʠʢʠʪʘ ɸʥʜʨʝʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: nik.gerasemenko@mail.ru 

 

ʂʦʨʦʪʢʦʚ ʇʘʚʝʣ ɸʥʜʨʝʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: pasha.korotkov.2003@mail.ru 

 

ʉʝʣʠʚʘʥʦʚ ʅʠʢʦʣʘʡ ʃʝʦʥʠʜʦʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: nick_selivanov@rambler.ru 

ʄʘʢʝʪ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʘʨʫʰʝʥʠʷ ʧʨʠʸʤʘ ʩʠʛʥʘʣʘ ʩʚʷʟʥʦʡ 

ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠʝʤʫ, ʪʘʢʠʭ ʢʘʢ ʤʦʩʪʳ, ʪʫʥʥʝʣʠ ʠ ʟʜʘʥʠʷ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʘʥʪʝʥʥʳ ʥʘ ʩʧʫʪʥʠʢ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʝʨʮʠʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʛʠʨʦʩʢʦʧʘ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ ʙʳʣʦ 

ʨʝʰʝʥʦ ʩʦʟʜʘʪʴ ʤʘʢʝʪ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ 

ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʸʤʥʠʢʘ ʥʘʚʝʜʝʥʠʷ ʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʙʠʣʴʥʘʷ ʘʥʪʝʥʥʘ; ʩʠʩʪʝʤʘ ʥʘʚʝʜʝʥʠʷ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ 

ʘʥʪʝʥʥʳ; ʤʘʢʝʪ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ; ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ; ʤʘʢʝʪ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʘ ʥʘʚʝʜʝʥʠʷ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʘʚʪʦʤʦʙʠʣʝ, ʠʤʝʝʪ 

ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʅʘʚʝʜʝʥʠʝ ʘʥʪʝʥʥʳ ʥʘ ʩʧʫʪʥʠʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʉʥʘʯʘʣʘ, ʧʦʢʘ 

ʘʚʪʦʤʦʙʠʣʴ ʥʝʧʦʜʚʠʞʝʥ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ ʩʧʫʪʥʠʢʘ ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʰʠʨʦʢʦʤ ʩʝʢʪʦʨʝ. ɼʘʣʝʝ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʘʥʪʝʥʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪ 

ʩʧʫʪʥʠʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ, ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʨʝʧʷʪʩʪʚʠʡ 

ʧʨʠʸʤʫ, ʪʘʢʠʭ ʢʘʢ ʤʦʩʪʳ, ʪʫʥʥʝʣʠ ʠʣʠ ʟʜʘʥʠʷ, ʧʨʠʸʤ ʩʠʛʥʘʣʘ ʥʘʨʫʰʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠ ʚʳʭʦʜʝ ʠʟ-ʟʘ ʧʨʝʧʷʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʦʚʪʦʨʥʳʡ ʧʦʠʩʢ ʩʠʛʥʘʣʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʝʨʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʧʦʤʦʞʝʪ ʩʦʭʨʘʥʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʘʥʪʝʥʥʳ ʥʘ ʩʧʫʪʥʠʢ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʪʣʘʜʢʠ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʘ ʠʤʝʥʥʦ: ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʠʸʤʥʠʢʘ ʥʘʚʝʜʝʥʠʷ ʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʤʘʢʝʪ ʩʠʩʪʝʤʳ 
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ʥʘʚʝʜʝʥʠʷ. ʉʭʝʤʘ ʤʘʢʝʪʘ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʤʘʢʝʪʘ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ 

ʇʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʇʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʥʘʚʝʜʝʥʠʷ ʥʘ ʠʤʠʪʘʪʦʨ ʀʉɿ. ɺ ʩʠʩʪʝʤʘʭ 

ʥʘʚʝʜʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʘʥʪʝʥʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘʚʝʜʝʥʠʝ ʪʦʣʴʢʦ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʡ 

ʦʩʠ ʟʘ ʩʯʝʪ ʰʠʨʦʢʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦ ʫʛʣʫ-ʤʝʩʪʫ. ɺ ʤʘʢʝʪʝ ʪʘʢʞʝ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʚʝʜʝʥʠʝ ʧʦ ʦʜʥʦʡ, ʘʟʠʤʫʪʘʣʴʥʦʡ ʦʩʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʘ ʧʦʚʦʨʦʪʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʩ ʯʝʨʚʷʯʥʳʤ ʨʝʜʫʢʪʦʨʦʤ. ʆʥ ʙʳʣ ʦʩʥʘʱʸʥ ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ [1] ʠ ʠʥʢʨʝʤʝʥʪʥʳʤ ʜʘʪʯʠʢʦʤ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʜʘʪʯʠʢ ʫʛʣʘ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʥ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʙʳʩʪʨʦʭʦʜʥʦʤ 

ʚʘʣʫ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ. ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʠ ʜʘʪʯʠʢ ʫʛʣʘ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʚʘʣʦʤ ʯʝʨʚʷʯʥʦʛʦ 

ʨʝʜʫʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʫʞʠʥʥʳʭ ʤʫʬʪ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʣʶʬʪʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʣʝʨʘ ʥʘʚʝʜʝʥʠʷ ʚʳʙʨʘʥ ʢʦʥʪʨʦʣʣʝʨ ʩʝʤʝʡʩʪʚʘ STM32F4, ʪʘʢ ʢʘʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ STM32 ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ, ʣʝʛʢʦ ʩʦʧʨʷʛʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʧʝʨʠʬʝʨʠʝʡ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʋʧʨʘʚʣʷʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʙʳʣʦ 

ʨʝʰʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʰʠʨʦʪʥʦ ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ [2]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʧʣʘʪʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ L298N.  

ʇʨʠʸʤʥʠʢ ʥʘʚʝʜʝʥʠʷ 

ʇʨʠʸʤʥʠʢ ʥʘʚʝʜʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʢʠ 

ʥʘʚʝʜʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʢʘʥʘʣʘ, ʘ 

ʠʤʝʥʥʦ ʩʣʦʞʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʩʣʦʞʥʦʩʪʴ ʠʩʧʳʪʘʥʠʷ ʤʘʢʝʪʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠ 

ʪʨʝʙʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʯʘʩʪʦʪʳ, ʚ ʤʘʢʝʪʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʫʶ ʠʤʠʪʘʮʠʶ ʧʨʠʸʤʥʠʢʘ ʥʘʚʝʜʝʥʠʷ ʠ ʥʘʚʦʜʠʪʴʩʷ ʥʘ 

ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ. ʅʘʚʝʜʝʥʠʝ ʠʤʠʪʘʪʦʨʘ ʧʨʠʸʤʥʠʢʘ ʥʘʚʝʜʝʥʠʷ ʥʘ ʠʤʠʪʘʪʦʨ ʀʉɿ ʧʨʦʠʟʚʦʜʠʪʩʷ 
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ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʤʠʪʘʪʦʨ ʧʨʠʸʤʥʠʢʘ ʥʘʚʝʜʝʥʠʷ ʩʢʘʥʠʨʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ 

ʰʠʨʦʢʦʤ ʩʝʢʪʦʨʝ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʚʝʜʝʥʠʝ ʥʘ ʩʠʛʥʘʣ. ʇʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ 

ʩʠʛʥʘʣʘ ʥʘʚʝʜʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʭʦʜ ʢ ʩʣʝʞʝʥʠʶ. ʉʣʝʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʤʘʢʩʠʤʫʤʫ ʩʠʛʥʘʣʘ. ʂʦʥʪʨʦʣʣʝʨ ʦʧʨʝʜʝʣʷʝʪ ʦʰʠʙʢʫ ʥʘʚʝʜʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʦʨʦʪ 

ʠʤʠʪʘʪʦʨʘ ʥʘʚʝʜʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʩʠʛʥʘʣʘ. 

ʀʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʀʥʝʨʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʛʠʨʦʩʢʦʧʘ 

ʪʠʧʘ GY-25, ʦʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʦʙʲʝʢʪ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠ 

ʧʦʪʝʨʝ ʩʠʛʥʘʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʛʠʨʦʩʢʦʧʦʚ. ɺʠʙʨʘʮʠʦʥʥʳʝ ʛʠʨʦʩʢʦʧʳ ʤʠʥʠʘʪʶʨʥʳ ʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʊʘʢʠʝ ʛʠʨʦʩʢʦʧʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʘʜʞʝʪʘʭ, ʩʠʩʪʝʤʘʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʦʜʝʣʷʭ 

ʥʘ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʧʦʪʝʨʝ ʩʠʛʥʘʣʘ, ʢʦʥʪʨʦʣʣʝʨ ʥʘʚʝʜʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʧʦʣʦʞʝʥʠʝʤ ʧʨʠʸʤʥʠʢʘ ʥʘʚʝʜʝʥʠʷ ʧʦ ʩʠʛʥʘʣʘʤ ʦʪ ʛʠʨʦʩʢʦʧʘ ʠ ʧʨʠʸʤʥʠʢ ʧʨʦʜʦʣʞʘʝʪ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ çʥʝʚʠʜʠʤʦʛʦè ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʝʛʦ ʧʦʚʪʦʨʥʳʡ ʟʘʭʚʘʪ ʠ 

ʫʩʢʦʨʠʪ ʧʝʨʝʭʦʜ ʢ ʩʦʧʨʦʚʦʞʜʝʥʠʶ. ʉʦʭʨʘʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʪʝʯʝʥʠʝ ʥʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʧʦʵʪʦʤʫ ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ ʢ 

ʛʠʨʦʩʢʦʧʫ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʤʘʢʝʪʘ, ʧʨʦʨʘʙʦʪʘʥʦ ʧʦʩʪʨʦʝʥʠʝ 

ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʸʤʥʠʢʘ ʥʘʚʝʜʝʥʠʷ ʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʪʣʘʜʢʠ ʥʘʭʦʜʠʪʩʷ 

ʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʛʠʨʦʩʢʦʧʘ ʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʠ ʕɺʄ. 

ʉʦʟʜʘʚʘʝʤʳʡ ʤʘʢʝʪ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʨʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʦʪʣʘʜʠʪʴ 

ʘʧʧʘʨʘʪʫʨʫ ʧʦʜʩʠʩʪʝʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʪʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ 

ʧʦʠʩʢʘ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ʄʘʢʝʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʫʯʝʙʥʳʭ 

ʮʝʣʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʨʘʟʨʘʙʦʪʢʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʦʧʳʪʘ ʨʘʙʦʪʳ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʢʝʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ 

ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ʋɼʂ 621.396 

ɻʝʨʘʩʝʤʝʥʢʦ ʅʠʢʠʪʘ ɸʥʜʨʝʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: nik.gerasemenko@mail.ru 

 

ʂʦʨʦʪʢʦʚ ʇʘʚʝʣ ɸʥʜʨʝʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: pasha.korotkov.2003@mail.ru 

 

ʉʝʣʠʚʘʥʦʚ ʅʠʢʦʣʘʡ ʃʝʦʥʠʜʦʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: nick_selivanov@rambler.ru 

ʄʘʢʝʪ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʘʢʝʪʘ ʧʦʚʦʨʦʪʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʢʝʪ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; ʤʦʙʠʣʴʥʘʷ ʘʥʪʝʥʥʘ; ʩʭʝʤʘ 

ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʤʘʢʝʪʦʤ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ ʦʩʪʨʦ 

ʚʩʪʘʣʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʭʝʤʘ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ: ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ (ʧʦʟ.1), ʜʘʪʯʠʢ ʫʛʣʘ ʧʦʚʦʨʦʪʘ (ʧʦʟ.2), ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ (ʧʦʟ.3), 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʤʫʬʪʳ (ʧʦʟ.4), ʢʦʥʪʨʦʣʣʝʨ ʥʘʚʝʜʝʥʠʷ (ʧʦʟ.5), ʧʣʘʪʫ ʫʧʨʘʚʣʝʥʠʷ (ʧʦʟ.6).  

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʤʘʢʝʪʘ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
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ʇʦʩʪʨʦʝʥʠʝ ʤʘʢʝʪʘ 

ɺ ʤʘʢʝʪʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘʚʝʜʝʥʠʝ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʡ ï ʘʟʠʤʫʪʘʣʴʥʦʡ ʦʩʠ. ɼʣʷ ʝʛʦ 

ʩʦʟʜʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʭʘʥʠʟʤ, ʦʩʪʘʚʰʠʡʩʷ ʦʪ ʩʪʘʨʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʆʥ ʙʳʣ ʜʦʦʩʥʘʱʸʥ 

ʢʦʣʣʝʢʪʦʨʥʳʤ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ZGA37RG [1] ʠ ʠʥʢʨʝʤʝʥʪʥʳʤ ʜʘʪʯʠʢʦʤ 

ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʃʀʈ-137ɸ. ʊʘʢ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʜʘʪʯʠʢ ʫʛʣʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʦʥ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʙʳʩʪʨʦʭʦʜʥʦʤ ʚʘʣʫ ʯʝʨʚʷʯʥʦʡ 

ʧʝʨʝʜʘʯʠ. ʏʝʨʚʷʯʥʦʝ ʢʦʣʝʩʦ ʚʳʧʦʣʥʝʥʦ ʠʟ ʧʣʘʩʪʠʢʘ, ʧʝʨʝʜʘʯʘ ʦʙʣʘʜʘʝʪ ʤʘʣʳʤ ʣʶʬʪʦʤ ʠ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʦʞʠʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ. ʋʛʦʣ ʧʦʚʦʨʦʪʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʨʝʜʫʢʮʠʠ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ. ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʠ ʜʘʪʯʠʢ ʫʛʣʘ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʚʘʣʦʤ 

ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʫʞʠʥʥʳʭ ʤʫʬʪ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʣʶʬʪ 

ʧʝʨʝʜʘʯʠ ʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʩʦʦʩʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʣʝʨʘ ʥʘʚʝʜʝʥʠʷ ʙʳʣʦ ʨʝʰʝʥʦ 

ʚʳʙʨʘʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʝʤʝʡʩʪʚʘ STM32, ʘ ʠʤʝʥʥʦ STM32F407. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ 

STM32 ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʣʝʛʢʦ ʩʦʧʨʷʛʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʧʝʨʠʬʝʨʠʝʡ, 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʙʣʠʦʪʝʢ ʠ 

ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ɿʘ ʦʩʥʦʚʫ ʘʧʧʘʨʘʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʚʟʷʪʘ ʧʣʘʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ L298N. ɼʘʥʥʘʷ ʧʣʘʪʘ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʟʚʦʣʷʝʪ 

ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ ʧʨʠ ʧʦʤʦʱʠ ʰʠʨʦʪʥʦ ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ [2]. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʙʨʘʥ ʤʘʢʝʪ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʜʢʣʶʯʠʪʴ 

ʜʘʪʯʠʢ ʫʛʣʘ, ʦʪʣʘʜʠʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʄʘʢʝʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ 

ʧʦ ʨʘʙʦʪʝ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʨʘʟʨʘʙʦʪʢʝ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʘʢʝʪʘ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ 

ʩʚʷʟʥʦʡ ʤʦʙʠʣʴʥʦʡ ʘʥʪʝʥʥʳ ʠ ʩʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʚʩʝʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʩʚʷʟʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʃʦʜʦʯʥʠʢʦʚ ʕ.ɸ., ʖʬʝʨʦʚ ʖ.ʄ., ʄʠʢʨʦʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʜʣʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ  

 (ʪʝʭʥʠʯʝʩʢʠʡ ʩʧʨʘʚʦʯʥʠʢ). ʄ., çʕʥʝʨʛʠʷè, 1969. 272 ʩ.  

2. ʃʘʢʦʪʘ ʅ.ɸ., ʆʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ. ʄ.: çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè,  

 1978.  391ʩ. 
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ʋɼʂ 621.396.6 

ʄʘʤʝʥʢʦ ɽʛʦʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɸʆ çʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɸ.ʀ. ɹʝʨʛʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: mamenko2002@mail.ru 

 

ʍʘʨʘʣʛʠʥ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɸʆ çʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɸ.ʀ. ɹʝʨʛʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: Hsvl92@mail.ru 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʣʠʥʟʳ 

ʈʦʪʤʘʥʘ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ, 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʦ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʦʩʪʳʭ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʫʶʱʠʭ ʩʭʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʉ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ 3D-ʤʦʜʝʣʴ ʣʠʥʟʳ 

ʈʦʪʤʘʥʘ ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 8 ï 18 ɻɻʮ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʫʶʱʘʷ ʩʭʝʤʘ; ʣʠʥʟʘ; ʣʠʥʟʘ ʈʦʪʤʘʥʘ. 

ɺʚʝʜʝʥʠʝ 

ʂ ʩʦʚʨʝʤʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʰʠʨʦʢʠʡ 

ʥʘʙʦʨ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʟʦʨʘ ʠ ʜʨʫʛʠʝ [1]. ɺ ʩʠʣʫ ʨʘʩʪʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʣʠʥʟʳ ʈʦʪʤʘʥʘ ʩʪʘʥʦʚʷʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʫʶʱʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. 

ʃʠʥʟʘ ʈʦʪʤʘʥʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʧʦ ʧʝʯʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʉɺʏ-ʜʠʘʧʘʟʦʥʘ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʩʠʛʥʘʣʘ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʧʦʨʪʘ ʯʝʨʝʟ ʪʝʣʦ ʣʠʥʟʳ ʠ ʩʠʩʪʝʤʫ ʣʠʥʠʡ ʟʘʜʝʨʞʝʢ ʩʦʟʜʘʸʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʝ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʃʠʥʟʳ ʈʦʪʤʘʥʘ ʉɺʏ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʠ ʦʮʝʥʢʘ ʝʸ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʃʠʥʟʘ 

ʜʦʣʞʥʘ ʠʤʝʪʴ 6 ʚʭʦʜʥʳʭ ʠ 4 ʚʳʭʦʜʥʳʭ ʧʦʨʪʘ, 6 ʧʦʣʦʞʝʥʠʡ ʣʫʯʘ, ʦʪʢʣʦʥʝʥʥʳʭ ʦʪ ʥʦʨʤʘʣʠ 

ʣʠʥʟʳ ʥʘ Ñ50Á, Ñ32Á, Ñ6Á.  

ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʣʠʥʟʳ ʈʦʪʤʘʥʘ ʉɺʏ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʠ ʣʠʥʟʳ ʈʦʪʤʘʥʘ 

ʆʙʱʠʡ ʚʠʜ ʪʦʧʦʣʦʛʠʠ ʣʠʥʟʳ ʈʦʪʤʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

ʃʠʥʟʘ ʠʤʝʝʪ 13 ʧʦʨʪʦʚ: 6 ʚʭʦʜʥʳʭ, 4 ʚʳʭʦʜʥʳʭ ʠ 3 ʙʘʣʣʘʩʪʥʳʭ. ɹʘʣʣʘʩʪʥʳʝ ʧʦʨʪʳ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʦʪʨʘʞʝʥʠʡ ʚ ʣʠʥʟʝ, ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʣʠʥʟʳ. ʃʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʫʞʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʚʝʣʠʯʠʥʳ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ ʧʦʨʪʘʤʠ. 

mailto:mamenko2002@mail.ru
mailto:Hsvl92@mail.ru
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʟʳ ʈʦʪʤʘʥʘ ʩʦʛʣʘʩʥʦ [2] ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ 

[0ÑŬfÁ], ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʚʥʝʦʩʝʚʳʭ ʬʦʢʫʩʦʚ F ʠ ʧʘʨʘʤʝʪʨ g = G/F (ʛʜʝ G ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʛʣʘʚʥʦʛʦ ʬʦʢʫʩʘ) ʠ ʤʘʩʩʠʚ ʦʨʜʠʥʘʪ ʠʟʣʫʯʘʪʝʣʝʡ. 

 

 

ʈʠʩʫʥʦʢ 1. ʊʦʧʦʣʦʛʠʷ ʣʠʥʟʳ ʈʦʪʤʘʥʘ 

ʇʦʩʪʨʦʝʥʠʝ ʣʠʥʟʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3] ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ:  

1. ʇʦʜʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʠʵʣʝʢʪʨʠʢʘ: 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʙʳʣ ʚʳʙʨʘʥ ʌʃɸʅ 5.0 ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ Ů = 5Ñ0.2 ʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ.  

2. ʈʘʩʯʝʪ ʠ ʧʦʩʪʨʦʝʥʠʝ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ ʣʠʥʟʳ:   

ʇʦʜ ʚʳʭʦʜʥʳʤ ʢʦʥʪʫʨʦʤ ʧʦʥʠʤʘʝʪʩʷ ʜʫʛʘ (ʢʨʘʡ ʪʝʣʘ ʣʠʥʟʳ), ʥʘ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʳʭʦʜʥʳʝ ʧʦʨʪʳ, ʦʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (1) - (8): 

ύ
ὦ Ѝὦ τὥὧ

ςὥ
 ȟ (1) 

ὼ
Ὂ

ÃÏÓɻ Ὣ

ʀ

ʀ
ύ Ὣ ρ

–ÓÉÎɻ

ςʀ
 ȟ (2) 

ὼ
ώ

Ѝʀ
ρ

ʀ

ʀ
ύ  ȟ (3) 

ʛʜʝ yai ï ʦʨʜʠʥʘʪʘ i-ʛʦ ʠʟʣʫʯʘʪʝʣʷ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ, 

       wi ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʨʘʟʥʦʩʪʴ ʜʣʠʥ ʣʠʥʠʡ ʟʘʜʝʨʞʝʢ ʤʝʞʜʫ i-ʦʡ ʪʦʯʢʦʡ 

ʧʦʜʢʣʶʯʝʥʠʷ ʠ i-ʤ ʠʟʣʫʯʘʪʝʣʝʤ ʩ ʦʨʜʠʥʘʪʦʡ yai, 

–
ώ

Ὂ
 ȟ (4) 

ὥ
ʀ

ʀ
ρ
–

ʀ

Ὣ ρ

Ὣ ÃÏÓɻ
 ȟ (5) 
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ὦ
ʀ

ʀ

ςὫὫ ρ

Ὣ ÃÏÓɻ

Ὣ ρ–ÓÉÎɻ

ʀὫ ÃÏÓɻ

ς–

ʀ
ςὫ ȟ (6) 

ὧ
Ὣ–ÓÉÎɻ

ʀὫ ÃÏÓɻ

–ÓÉÎɻ

τʀ Ὣ ÃÏÓɻ

–

ʀ
 ȟ (7) 

ʀ
ʀ ρ

ς

ʀ ρ

ς
ρ ρς

Ὄ

ύ
 Ȣ (8) 

ʇʦʜ ʚʭʦʜʥʳʤ ʢʦʥʪʫʨʦʤ ʧʦʥʠʤʘʝʪʩʷ ʜʫʛʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚʭʦʜʥʳʝ ʧʦʨʪʳ, 

ʦʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (9):    

” Ὂ

ở

ờ
Ὣ ρÃÏÓɻ Ὣ ρ ÃÏÓɻ τὫὫ ÃÏÓɻ ὫÃÏÓɻ ρ 

ςὫ ÃÏÓɻ
Ợ

Ỡ Ȣ (9) 

 

3. ʈʘʩʯʝʪ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

4. ʇʦʩʪʨʦʝʥʠʝ ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʣʠʥʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ E-ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʥʘ ʯʘʩʪʦʪʘʭ 8, 10, 13 

ʠ 18 ɻɻʮ ʥʘ ʨʠʩʫʥʢʘʭ 2-5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

  

ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ E ï ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʣʷ ʚ ʣʠʥʟʝ ʥʘ ʯʘʩʪʦʪʝ 8 ɻɻʮ 

ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ E ï ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʣʷ ʚ ʣʠʥʟʝ ʥʘ ʯʘʩʪʦʪʝ 10 ɻɻʮ 

  

ʈʠʩʫʥʦʢ 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ E ï ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʣʷ ʚ ʣʠʥʟʝ ʥʘ ʯʘʩʪʦʪʝ 13 ɻɻʮ 

ʈʠʩʫʥʦʢ 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ E ï ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʣʷ ʚ ʣʠʥʟʝ ʥʘ ʯʘʩʪʦʪʝ 18 ɻɻʮ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʥʝ ʚʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʩʪʨʫʢʪʫʨʝ. ʄʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʩʢʘʞʝʥʠʷ ʬʨʦʥʪʘ ʚʦʣʥʳ, 

ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʬʘʟʦʚʳʭ ʦʰʠʙʦʢ.   
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ɿʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʦʪ ʥʦʨʤʘʣʠ ʢ ʣʠʥʟʝ (ʦʩʴ ʍ) Ŭf ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʦ ʬʦʨʤʫʣʝ (10) [4]: 

ɻ ὥὶὧίὭὲ
ῳ•Ͻὧ

ς“ϽὨϽὪ
 ȟ 

 

(10) 

 ʛʜʝ ῳ• ï ʨʘʟʥʦʩʪʴ ʬʘʟ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʡ ʟʘʜʝʨʞʝʢ, 

       Ὠ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʳʭʦʜʘʤʠ ʣʠʥʠʡ ʟʘʜʝʨʞʝʢ, 

       f  ï ʯʘʩʪʦʪʘ, 

       ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

 ʅʘ ʨʠʩʫʥʢʘʭ 6, 7 ʠ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʦʪ ʥʦʨʤʘʣʠ 

ʣʠʥʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʧʠʪʘʝʤʦʛʦ ʧʦʨʪʘ: 1, 2 ʠʣʠ 3 ʚ ʜʠʘʧʘʟʦʥʝ 8 ï 18 ɻɻʮ, 

ʧʦʩʯʠʪʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ S-ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʦʪ ʥʦʨʤʘʣʠ ʧʨʠ ʧʠʪʘʥʠʠ 1 ʧʦʨʪʘ  

 

ʈʠʩʫʥʦʢ 7. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʦʪ ʥʦʨʤʘʣʠ ʧʨʠ ʧʠʪʘʥʠʠ 2 ʧʦʨʪʘ  
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ʈʠʩʫʥʦʢ 8. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʦʪ ʥʦʨʤʘʣʠ ʧʨʠ ʧʠʪʘʥʠʠ 3 ʧʦʨʪʘ  

ɺʳʚʦʜʳ 

1. ʊʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʣʠʥʟʫ ʈʦʪʤʘʥʘ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʫʯʝʪʦʤ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʩ ʣʶʙʦʡ Ů, ʦʜʥʘʢʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ Ů ʠʤʝʝʪ 

ʤʝʩʪʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʰʠʨʠʥʳ ʧʦʣʦʩʢʘ ʢ ʪʦʣʱʠʥʝ ʧʦʜʣʦʞʢʠ. 

2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʜʣʠʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚʥʫʪʨʠ 

ʣʠʥʟʳ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʨʘʟʥʘʷ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʶʪ ʬʘʟʦʚʳʝ ʦʰʠʙʢʠ 

ï ʦʪʢʣʦʥʝʥʠʝ ʣʫʯʘ ʦʪ ʟʘʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʤʝʪʦʜʳ ʙʦʨʴʙʳ ʩ 

ʥʠʤʠ, ʦʜʠʥ ʠʟ ʥʠʭ ï ʙʘʣʣʘʩʪʥʳʝ ʧʦʨʪʳ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪʩʷ ʚ ʤʝʩʪʘʭ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʦʩʥʦʚʥʳʭ 

ʧʦʨʪʦʚ, ʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʥʘʛʨʫʟʢʝ. 

3. ʇʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚʥʫʪʨʠ ʣʠʥʟʳ ʥʘ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʦʪʘʭ ʤʦʞʝʪ 

ʠʤʝʪʴ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʭʘʨʘʢʪʝʨ. 

4. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʠʤʝʥʥʦ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʣʫʯʘ ʦʪ ʨʘʩʯʝʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ 2é3Á ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʩʯʠʪʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʣʠʥʟʳ ʈʦʪʤʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʫʶʱʝʡ ʩʭʝʤʳ. 

5. ʅʝʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʚ ʨʘʩʯʝʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʣʠʥʟʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʘʟʦʚʳʝ ʦʰʠʙʢʠ, ʷʚʣʷʶʱʠʝʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʠ ʧʝʨʝʦʪʨʘʞʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ. 
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ʃʦʙʘʯʸʚ ʅʠʢʠʪʘ ʖʨʴʝʚʠʯ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: mr.NikitaYurievich@mail.ru 

ʈʘʟʨʘʙʦʪʢʘ ʤʘʢʝʪʘ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʚ ʤʘʩʰʪʘʙʝ 1:16 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʢʝʪʘ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʚ ʤʘʩʰʪʘʙʝ 1:16, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʳ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʘʢʝʪʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʙʘʟʦʚʦʡ ʢʘʬʝʜʨʳ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʨʘʙʦʪʢʘ ʤʘʢʝʪʘ; ʤʘʢʝʪ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ; 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʤʘʢʝʪʠʨʦʚʘʥʠʝ; ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʘʥʪʝʥʥʦʩʪʨʦʝʥʠʷ ʚʣʝʯʸʪ ʚʩʸ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʟʥʘʥʠʷʤʠ ʠ ʥʘʚʳʢʘʤʠ [1-3]. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚʩʸ ʙʦʣʴʰʝ ʥʦʚʳʭ 

ʜʠʩʮʠʧʣʠʥ, ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪ ʢ ʦʪʨʳʚʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʦʪ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ [4-5]. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʘʥʥʦʛʦ ʦʪʨʳʚʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʘʢʝʪ 

ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʚ ʤʘʩʰʪʘʙʝ 1:16. 

ʈʘʟʨʘʙʦʪʢʘ ʤʘʢʝʪʘ 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʘʢʪʫʘʣʴʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʫ ʠ ʧʨʠʥʮʠʧʘʤ ʘʥʪʝʥʥʦʩʪʨʦʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʟʘ ʦʙʨʘʟʝʮ ʛʦʪʦʚʫʶ ʘʥʪʝʥʥʫ. 

ɹʳʣʘ ʚʳʙʨʘʥʘ ʨʝʘʣʴʥʘʷ ʜʚʫʭʟʝʨʢʘʣʴʥʘʷ ʘʥʪʝʥʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ (ɻʀʉɿ) ʩ ʦʜʥʠʤ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʟʝʨʢʘʣʦʤ (ʨʝʬʣʝʢʪʦʨʦʤ) ʠ 

ʦʜʥʠʤ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ ʟʝʨʢʘʣʦʤ (ʢʦʥʪʨʨʝʬʣʝʢʪʦʨʦʤ) ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʂʘʩʩʝʛʨʝʥʘ, 

ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. 

mailto:nigomedzyanov.57@mail.ru
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ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʥʪʝʥʥʳ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ɻʀʉɿ 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʘʥʪʝʥʥʳ, ʚ ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʨʘʟʤʝʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʤʧʘʢʪʥʳʤʠ, ʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘʛʣʷʜʥʳʤ. 

ɼʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʨʘʟʨʝʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

ʨʝʬʣʝʢʪʦʨʘ ʤʘʢʝʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʧʦ ʘʟʠʤʫʪʫ ʠ ʫʛʣʫ ʤʝʩʪʘ ʥʘ 90ʦ, 70ʦ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʝʢʫʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ/ʠʣʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʕʩʢʠʟ, ʚʢʣʶʯʘʶʱʠʡ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʳ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʢʝʪʘ ʚ 

ʤʘʩʰʪʘʙʝ 1:16 ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩʫʥʦʢ 2. ʕʩʢʠʟ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʢʝʪʘ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ 



··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнп ͎Φύ 

 

 

https://radiofizika.ru/ 68 

 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ (ʂɼ) ʤʘʢʝʪʘ 

(ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ, ʯʝʨʪʝʞʠ, ʵʩʢʠʟʳ, ʩʧʝʮʠʬʠʢʘʮʠʠ, ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ) ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʪʦʪʠʧʘ ʠ 3D-ʤʦʜʝʣʠ   

(ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʝʬʣʝʢʪʦʨʘ ʩ ʢʦʥʪʨʨʝʬʣʝʢʪʦʨʦʤ) ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ çʂʦʤʧʘʩ-3Dè, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩʫʥʦʢ 3. 3D-ʤʦʜʝʣʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʤʘʢʝʪʘ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʂɼ ʤʘʢʝʪ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʦ ʩʣʝʜʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ: 

1. ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ ʜʝʪʘʣʝʡ ʧʦʩʨʝʜʩʪʚʦʤ 3D-ʧʝʯʘʪʠ ʠʟ ABS-

ʧʣʘʩʪʠʢʘ; 

2. ʇʦʢʫʧʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʝʜʠʥʠʮ ʠ ʤʘʪʝʨʠʘʣʦʚ; 

3. ʉʙʦʨʢʘ ʠ ʤʦʥʪʘʞ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʢʝʪʘ; 

4. ʇʦʢʨʘʩʢʘ ʤʘʢʝʪʘ ʜʣʷ ʧʨʠʜʘʥʠʷ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʠʜʘ ʠ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʆʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʢʝʪʘ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʟʛʦʪʦʚʣʝʥʳ ʩʙʦʨʦʯʥʳʝ ʝʜʠʥʠʮʳ ʠ ʜʝʪʘʣʠ ʧʦ ʂɼ, ʦʩʫʱʝʩʪʚʣʝʥʘ 3D-

ʧʝʯʘʪʴ ʠʟ ABS-ʧʣʘʩʪʠʢʘ ʥʘ 3D-ʧʨʠʥʪʝʨʝ Picaso Designer X Series 2 (ʨʠʩ. 4) ʩ ʟʘʜʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʯʘʪʠ:  

- ʦʙʣʘʩʪʴ: 201ʭ201ʭ210 ʤʤ; 

- ʪʦʣʱʠʥʘ: ʦʪ 0,01 ʤʤ; 

- ʩʢʦʨʦʩʪʴ: ʜʦ 150 ʤʤ/ʩ. 

 

ʈʠʩʫʥʦʢ 4.  3D-ʧʨʠʥʪʝʨ Picaso Designer X Series 2 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʢʫʧʣʝʥʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʝʜʠʥʠʮʳ ʠ ʤʘʪʝʨʠʘʣʳ: ʩʚʝʪʦʜʠʦʜ, 

ʬʦʪʦʨʝʟʠʩʪʦʨ, ʤʠʢʨʦ-ʜʚʠʛʘʪʝʣʠ ʩ ʨʝʜʫʢʪʦʨʦʤ, ʤʦʥʪʘʞʥʳʝ ʧʨʦʚʦʜʘ, ʥʘʙʦʨ ʚʠʥʪʦʚ, 

ʧʝʨʝʢʣʶʯʘʪʝʣʠ, ʦʙʝʟʞʠʨʠʚʘʪʝʣʴ, ʙʝʣʘʷ ʛʨʫʥʪʦʚʢʘ, ʘʵʨʦʟʦʣʴʥʘʷ ʢʨʘʩʢʘ, ʢʣʝʡ, ʥʘʞʜʘʯʥʘʷ 

ʙʫʤʘʛʘ, ʘʥʘʵʨʦʙʥʳʡ ʬʠʢʩʘʪʦʨ ʨʝʟʴʙʳ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʠʟʚʝʜʝʥʳ ʩʙʦʨʢʘ ʠ ʤʦʥʪʘʞ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʢʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʂɼ. ʅʝʨʘʟʙʦʨʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠ ʨʫʯʥʦʛʦ ʧʨʠʚʦʜʘ (ʣʘʪʫʥʥʘʷ ʪʨʫʙʢʘ, ʰʪʦʢʠ, 

ʧʝʨʝʭʦʜʥʳʝ ʤʫʬʪʳ) ʩʦʝʜʠʥʷʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʚʘʣʴʮʦʚʢʠ, ʘ ʢʦʤʧʦʥʝʥʪʳ ʦʧʦʨʥʦ-

ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ - ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʣʝʠʚʘʥʠʷ. ʇʦʚʦʨʦʪʥʳʝ ʯʘʩʪʠ ʆʇʋ ʩʪʦʧʦʨʠʣʠʩʴ 

ʚʠʥʪʘʤʠ ʩ ʘʥʘʵʨʦʙʥʳʤ ʬʠʢʩʘʪʦʨʦʤ ʨʝʟʴʙʳ, ʘ ʣʝʧʝʩʪʢʠ ʨʝʬʣʝʢʪʦʨʘ ʩʦʝʜʠʥʷʣʠʩʴ ʯʝʨʝʟ 

ʰʪʳʨʝʚʳʝ ʨʘʟʲʸʤʳ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʤʝʪʦʜʦʤ ʧʘʡʢʠ ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘ ʯʝʪʚʸʨʪʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʢʨʘʩʢʘ ʤʘʢʝʪʘ. ʇʝʨʝʜ ʧʦʢʨʘʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʝʬʣʝʢʪʦʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʦʪʰʣʠʬʦʚʘʥʘ ʠ ʦʙʝʟʞʠʨʝʥʘ, ʙʳʣ ʥʘʥʝʩʸʥ ʩʣʦʡ ʙʝʣʦʡ 

ʛʨʫʥʪʦʚʢʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʚʳʩʳʭʘʥʠʷ ʛʨʫʥʪʦʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʙʝʣʘʷ 

ʘʵʨʦʟʦʣʴʥʘʷ ʢʨʘʩʢʘ ʚ ʜʚʘ ʩʣʦʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʫʰʢʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʘʢʝʪ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʚ ʤʘʩʰʪʘʙʝ 1:16, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 5 [6-10]. 

 

ʈʠʩʫʥʦʢ 5. ʄʘʢʝʪ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʚ ʤʘʩʰʪʘʙʝ 1:16 

ɺ ʙʫʜʫʱʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʠʪʴ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʙʘʟʦʚʦʡ ʢʘʬʝʜʨʳ, ʚ ʢʦʪʦʨʦʡ ʤʘʢʝʪ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʩʪʨʫʤʝʥʪʘ [11]. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ; 



··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнп ͎Φύ 

 

 

https://radiofizika.ru/ 70 

 

2. ɼʦʧʦʣʥʠʪʴ ʤʘʢʝʪ ʧʨʦʮʝʩʩʦʨʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʠ ʫʛʣʦʤʝʩʪʥʦʛʦ 

ʧʨʠʚʦʜʦʚ ʩ ʟʘʤʝʥʦʡ ʚ ʙʣʦʢʝ ʧʨʠʸʤʘ-ʧʝʨʝʜʘʯʠ çʉʚʝʪʦʯè ʩʚʝʪʦʜʠʦʜʘ ʥʘ ʣʘʟʝʨʥʳʡ 

ʮʝʣʝʫʢʘʟʘʪʝʣʴ ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʚʦʟʜʫʰʥʳʤʠ ʦʙʲʝʢʪʘʤʠ; 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʢʝʪ ʀʉɿ. 

ʃʠʪʝʨʘʪʫʨʘ 

1.  ɿʦʨʠʥʘ ʆ.ʉ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ // ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ, 2023. - ʉ. 95-100. 

2.  ʂʠʩʝʣʝʚ ɸ.ɸ. ʇʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚʫʟʘʭ 

ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ // ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ 
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ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʚʳʯʠʩʣʝʥʠʷ ʤʝʞʩʣʦʝʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʠʙʨʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʝʞʩʣʦʝʚʳʭ ʩʜʚʠʛʦʚʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʦʝʚ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʪʠʧʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʨʘʥʝʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʨʘʩʩʣʦʝʥʠʝʤ ʢʦʤʧʦʟʠʪʘ ʩ 

ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʫʨʦʚʥʝ 

ʢʘʞʜʦʛʦ ʩʣʦʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 

ʧʨʠ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ.   
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʩʣʦʡʥʘʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ; ʢʦʤʧʦʟʠʪ; ʤʝʞʩʣʦʝʚʳʝ ʥʘʧʨʷʞʝʥʠʷ; 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʢʨʠʪʝʨʠʡ ʧʨʦʯʥʦʩʪʠ. 

 

ɺ ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʢʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʘʥʪʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ (ʄʇʇ), ʩʪʘʥʦʚʠʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʣʘʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʝʥʥʦ 

ʚʳʜʝʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ 

ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [1]. ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʚʫʤʝʨʥʦʤ ʠʣʠ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪ ʩʣʦʝʚ ʚ ʦʜʥʦʤ ʧʘʢʝʪʝ ʫʢʣʘʜʢʠ, ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ 

ʩʦʟʜʘʝʪʩʷ ʦʜʠʥ ʩʣʦʡ ʩ ʦʙʱʝʡ ʩʫʤʤʘʨʥʦʡ ʪʦʣʱʠʥʦʡ ʚʩʝʭ ʩʣʦʝʚ ʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʣʠʥʝʡʥʘʷ ʫʧʨʫʛʘʷ ʠʟʦʪʨʦʧʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʝʞʩʣʦʝʚʳʝ ʩʜʚʠʛʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʤʝʞʜʫ ʩʣʦʝʚ ʚʥʝ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʦʟʠʪʘ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʰʠʚʘʥʠʝ 

ʜʚʫʤʝʨʥʦʡ ʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʛʜʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʣʦʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʤʦʜʝʣʠʨʫʶʪʩʷ ʢʘʢ 

ʪʚʝʨʜʦʝ ʪʝʣʦ, ʘ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʠ ʟʘʱʠʪʥʳʝ ʩʣʦʠ ʟʘʜʘʶʪʩʷ ʥʘ ʝʛʦ ʧʣʦʩʢʦʩʪʷʭ ʚ ʚʠʜʝ 

ʩʣʦʠʩʪʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦʧʝʨʝʯʥʳʭ ʠ 

ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʦʣʴʢʦ ʚ ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʙʝʟ ʫʯʝʪʘ ʜʨʫʛʠʭ 

ʚʢʣʶʯʝʥʠʡ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ.  

ʋʚʝʣʠʯʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʦʙʲʝʤʘ ʧʘʤʷʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʣʦ 

ʧʝʨʝʡʪʠ ʦʪ ʜʚʫʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʢ ʧʦʣʥʦʩʪʴʶ ʪʨʝʭʤʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʣʦʠʩʪʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʦʝʚ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʝʞʩʣʦʝʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʛʝʥʝʨʘʮʠʠ ʛʫʩʪʳʭ ʩʝʪʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. 

mailto:captain_oleg@mail.ru
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ʇʨʠ ʘʥʘʣʠʟʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʝʞʩʣʦʝʚʳʝ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ (ʧʦʧʝʨʝʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʨʘʩʩʣʦʝʥʠʝʤ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʜʝʬʦʨʤʘʮʠʠ 

ʩʜʚʠʛʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʈʦʚʝʨʦʤ [2] ʠ ʈʦʣʴʬʝʩʦʤ [3], ʠʟ ʫʨʘʚʥʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ  
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ʊʘʢ ʢʘʢ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ůx, ůy ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʝ 

ʬʫʥʢʮʠʠ, ʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʯʘʩʪʷʤ. ʇʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ (2) 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ 
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xyyx kkkk     = ī ʚʝʢʪʦʨ ʢʨʠʚʠʟʥʳ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʣʠʷʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʩʠʣ ʚ ʧʣʦʩʢʦʩʪʠ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 
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ʛʜʝ:     [b], [d] ï ʤʘʪʨʠʮʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʙʦʣʦʯʢʠ.  

ʇʨʦʠʟʚʦʜʥʳʝ ʤʦʤʝʥʪʦʚ ʨʘʚʥʳ ʧʦʧʝʨʝʯʥʳʤ ʩʠʣʘʤ, ʚʳʟʳʚʘʶʱʠʤ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʟʛʠʙʘ ʦʙʦʣʦʯʢʠ 
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ʇʨʠʤʝʥʷʷ ʫʨʘʚʥʝʥʠʷ (4) ï (6) ʢ ʫʨʘʚʥʝʥʠʶ (3), ʧʦʣʫʯʘʝʤ 
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ʋʨʘʚʥʝʥʠʝ (7) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʙʦʣʝʝ ʧʨʦʩʪʦʤ ʚʠʜʝ 
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ʛʜʝ:     Fij ï ʢʦʤʧʦʥʝʥʪʳ ʤʘʪʨʠʮʳ 3Ĭ3.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʝʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʠ (8), ʘ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʘʷ ʤʘʪʨʠʯʥʘʷ ʬʫʥʢʮʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ F(z). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʨʘʩʩʣʦʝʥʠʝʤ ʙʳʣʘ 

ʧʦʜʦʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʥʘʙʦʨ ʠʟ ʜʚʫʭ ʦʜʥʦʩʣʦʡʥʳʭ, ʦʜʥʦʡ 

ʜʚʫʭʩʣʦʡʥʦʡ ʠ ʦʜʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 74 Ĭ 64 ʤʤ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʣʠʩʪʘ ʜʠʵʣʝʢʪʨʠʢʘ. ɺʩʝ ʵʪʠ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ ʩʦʝʜʠʥʷʶʪʩʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭ ʩʪʘʣʴʥʳʭ ʩʪʦʝʢ ʟʘʢʨʝʧʣʷʶʪʩʷ ʢ ʘʣʶʤʠʥʠʝʚʦʤʫ ʵʢʨʘʥʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʦʪʚʦʜ ʪʝʧʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 1).  

 

 
 

ʈʠʩʫʥʦʢ 1. ʂʦʥʩʪʨʫʢʮʠʷ ʄʇʇ 

 

ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʙʦʨʪʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʃɸ), ʚ ʤʦʜʫʣʷʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʠʪʘʥʠʷ 

ʘʢʪʠʚʥʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ (ɸʌɸʈ) ʠ ʚ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʄʇʇ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʪʨʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʩʣʦʷ ʩʪʝʢʣʦʪʢʘʥʠ ʠ ʪʨʠ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʩʣʦʷ 

ʤʝʜʥʦʡ ʬʦʣʴʛʠ. ʆʜʥʦʩʣʦʡʥʳʝ ʧʣʘʪʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ FR-

4 ʩ ʜʦʧʫʩʢʘʝʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʤʝʞʩʣʦʝʚʦʛʦ ʩʜʚʠʛʘ ʜʣʷ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʢʦʤʧʦʟʠʪʘ, 

[ů] = 148 ʄʇʘ ʠ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ, ůʚ = 345 ʄʇʘ. ɼʚʫʭʩʣʦʡʥʘʷ ʠ ʤʥʦʛʦʩʣʦʡʥʘʷ 
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ʧʣʘʪʳ, ʜʠʵʣʝʢʪʨʠʢʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʣʘʤʠʥʘʪʘ RO4350B ʩ 

ʜʦʧʫʩʢʘʝʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ [ů] = 100 ʄʇʘ ʠ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʠʟʛʠʙ ůʚ = 255 ʄʇʘ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʦʧʨʠʢʘʩʘʶʱʠʤʠʩʷ ʤʘʪʝʨʠʘʣʘʤʠ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪʳ ʨʘʚʥʳʤʠ 

0,04. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʄʇʇ ʚ ʩʦʩʪʘʚʝ ʚʥʫʪʨʝʥʥʝʡ ʘʧʧʘʨʘʪʫʨʳ ʃɸ ʚʦ 

ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ ʜʝʡʩʪʚʫʝʪ ʚʠʙʨʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʩ ʘʤʧʣʠʪʫʜʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʫʩʢʦʨʝʥʠʷ 5 g (50 ʤ/ʩ2) ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0,5 ʜʦ 500 ɻʮ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ Simcenter Femap ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʝ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ, ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʄʇʇ. ʇʝʨʚʘʷ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʫʶ ʫʧʨʫʛʫʶ ʠʟʦʪʨʦʧʥʫʶ ʤʦʜʝʣʴ, ʧʦʩʪʨʦʝʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʛʜʝ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʣʦʠ ʢʘʞʜʦʡ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ ʩ ʩʫʤʤʘʨʥʦʡ ʪʦʣʱʠʥʦʡ ʢʦʤʧʦʟʠʪʘ ʠ ʦʜʥʦ ʩʝʤʝʡʩʪʚʦ ʥʠʪʝʡ ʩ ʥʘʠʤʝʥʴʰʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ (ʨʠʩ. 2, ʘ). ɺʪʦʨʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʩʣʦʝʚ ʩ ʟʘʜʘʥʥʳʤʠ ʪʦʣʱʠʥʘʤʠ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʩʪʨʫʢʪʫʨʳ ʄʇʇ, ʩ ʫʯʝʪʦʤ ʦʨʪʦʪʨʦʧʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ (ʨʠʩ. 2, ʙ).  

 

 
 

ʘ                                                           ʙ 

ʈʠʩʫʥʦʢ 2. ʈʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʄʇʇ 

 

ʃɸ ʚ ʦʙʝʠʭ ʤʦʜʝʣʷʭ ʟʘʜʘʝʪʩʷ ʢʘʢ ʤʘʩʩʘ ʚʝʣʠʯʠʥʦʡ ʚ 104 ʨʘʟ ʙʦʣʴʰʝ ʤʘʩʩʳ ʄʇʇ, ʢ 

ʢʦʪʦʨʦʡ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʚ ʚʠʜʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ [4], ʧʝʨʝʜʘʚʘʷ 

ʚʠʙʨʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʞʝʩʪʢʠʭ ʩʚʷʟʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʩʪʦʡʢʠ ʢʨʝʧʣʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ Y. ɺʠʟʫʘʣʴʥʦ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʚʳʛʣʷʜʷʪ ʦʜʠʥʘʢʦʚʦ, ʦʜʥʘʢʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ: ʠʟʦʪʨʦʧʥʘʷ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʞʩʣʦʝʚʳʝ ʩʜʚʠʛʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʣʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʠʟʦʪʨʦʧʥʳʡ ʩʣʦʡ ʚ ʢʘʞʜʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʧʨʦʯʥʦʩʪʠ ʧʦ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ ůʚ ʤʘʪʝʨʠʘʣʘ. ʆʨʪʦʪʨʦʧʥʘʷ ʞʝ ʤʦʜʝʣʴ 

ʣʠʰʝʥʘ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, ʯʪʦ ʩʢʘʞʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʦʯʥʦʩʪʠ, ʥʦ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʝ 

ʚʳʜʘʚʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʜʦʣʴʥʳʭ 

ʠ ʧʦʧʝʨʝʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʫʨʦʚʥʝ ʢʘʞʜʦʛʦ ʩʣʦʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʯʝʨʝʟ ʜʦʧʫʩʢʘʝʤʦʝ ʟʥʘʯʝʥʠʝ [ů], ʘ ʪʘʢʞʝ ʨʘʟʨʫʰʝʥʠʷ ʚʩʝʛʦ 

ʢʦʤʧʦʟʠʪʘ, ʠʩʧʦʣʴʟʫʷ ʣʶʙʦʡ ʢʚʘʜʨʘʪʠʯʥʳʡ ʢʨʠʪʝʨʠʡ ʧʨʦʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʍʦʬʬʤʘʥʘ, 

ʥʝʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ IRF ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0 ʜʦ 1, ʢʨʠʪʠʯʝʩʢʠʝ ï ʦʪ 1 ʜʦ Ð [5].  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʠʙʨʦʧʨʦʯʥʦʩʪʠ ʠ ʚʠʙʨʦʩʪʦʡʢʦʩʪʠ ʜʣʷ ʦʙʝʠʭ 

ʤʦʜʝʣʝʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ɜ, ʚʭʦʜʷʱʠʝ ʚ ʟʘʜʘʥʥʳʡ 

ʜʠʘʧʘʟʦʥ ʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ůmax 

ʠ ʜʝʬʦʨʤʘʮʠʡ ŭ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 

ʜʚʫʭ ʤʦʜʝʣʝʡ.  
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʜʚʫʭ ʤʦʜʝʣʝʡ 

ʀʟʦʪʨʦʧʥʘʷ ʤʦʜʝʣʴ 

ɿʦʥʳ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

  

ʇʣʘʪʘ ʜʚʫʭʩʣʦʡʥʘʷ RO4350B 

ɿʦʥʳ ʜʝʬʦʨʤʘʮʠʡ 

  

ʇʣʘʪʘ ʜʚʫʭʩʣʦʡʥʘʷ RO4350B 

ɜ, ɻʮ IRF < 1 ůmax, ʄʇʘ [ů], ʄʇʘ ůʚ, ʄʇʘ ŭ, ʤʤ 

278 - 2,3 - 255 0,4 

ʆʨʪʦʪʨʦʧʥʘʷ ʤʦʜʝʣʴ 

ɿʦʥʳ ʤʝʞʩʣʦʝʚʳʭ ʥʘʧʨʷʞʝʥʠʡ 

 

ʇʣʘʪʘ ʜʚʫʭʩʣʦʡʥʘʷ RO4350B 

ɿʦʥʳ ʜʝʬʦʨʤʘʮʠʡ  

 

ʇʣʘʪʘ ʜʚʫʭʩʣʦʡʥʘʷ RO4350B 

ɜ, ɻʮ IRF < 1 ůmax, ʄʇʘ [ů], ʄʇʘ ůʚ, ʄʇʘ ŭ, ʤʤ 

441 0,003 < 1 19,6 100 - 0,16 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʄʇʇ 

ʷʚʣʷʝʪʩʷ ʧʣʘʪʘ ʜʚʫʭʩʣʦʡʥʘʷ ʪʦʣʱʠʥʦʡ 0,6 ʤʤ, ʧʨʠ ʵʪʦʤ ʝʝ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʚ ʠʟʦʪʨʦʧʥʦʡ 

ʤʦʜʝʣʠ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʥʠʞʝ ʟʥʘʯʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʚ ʦʨʪʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ, ʛʜʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʶʪʩʷ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʩʣʦʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ 

ʞʝʩʪʢʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʟʘ ʩʯʝʪ ʩʚʦʠʭ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʦʥʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ ʧʣʘʪʳ, ʢʦʪʦʨʳʝ 
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ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʝ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ, ʚ 

ʦʙʝʠʭ ʤʦʜʝʣʷʭ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 54%. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʨʘʩʭʦʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʢʦʤʧʦʟʠʪʘ ʢʘʢ ʠʟʦʪʨʦʧʥʦʛʦ ʝʜʠʥʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʜʘʝʪ ʩʠʣʴʥʦ ʟʘʥʠʞʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʙʝʟ ʫʯʝʪʘ ʨʘʙʦʪʳ ʜʨʫʛʠʭ ʩʣʦʝʚ, 

ʘ ʟʥʘʯʠʪ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʨʘʩʩʣʦʝʥʠʝʤ 

ʄʇʇ, ʘ ʪʦʣʴʢʦ ʧʨʦʯʥʦʩʪʴ ʩʣʦʷ ʧʦ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʦʨʪʦʪʨʦʧʥʳʭ ʩʣʦʝʚ ʚ ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦ 

ʪʠʧʫ Simcenter Femap, ʤʦʞʥʦ ʟʘʨʘʥʝʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʨʘʩʩʣʦʝʥʠʝʤ 

ʄʇʇ ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʚʳʯʠʩʣʠʚ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʞʩʣʦʝʚʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʠ ʩʨʘʚʥʠʚ ʠʭ ʩ ʜʦʧʫʩʢʘʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ 

ʧʦʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤʳ ʧʨʦʚʦʜʠʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʘʥʪʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʄʇʇ, ʠʟʙʝʞʘʪʴ ʠʟʣʠʰʥʝʡ ʜʦʨʘʙʦʪʢʠ ʧʣʘʪ ʠʣʠ 

ʧʦʚʪʦʨʥʦʛʦ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʜʝʡʩʪʚʫʶʱʠʝ 

ʥʘʛʨʫʟʢʠ ʧʨʠʚʝʜʫʪ ʢ ʨʘʩʩʣʦʝʥʠʶ ʧʣʘʪ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
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E-mail: krivosheev-yury@yandex.ru 

ʉʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨʳ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʰʠʨʠʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨʳ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʰʠʨʠʥʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʝʨʝʛʦʨʦʜʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʘ, ʦʩʦʙʝʥʥʦ ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʨʝʟʝʨʦʚʘʥʠʝ ʮʝʣʴʥʦʡ ʧʣʠʪʳ ʠʣʠ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʪʦʣʱʠʥʝ ʧʝʨʝʛʦʨʦʜʢʠ ʜʦ 0.1 ɚ0 ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʪʦʣʱʠʥʳ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʦ ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ. ʇʨʠ ʪʦʣʱʠʥʝ 

ʧʝʨʝʛʦʨʦʜʢʠ ʙʦʣʴʰʝ 0.1 ɚ0 ʩʫʞʘʝʪʩʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʧʦʣʷʨʠʟʘʪʦʨʘ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨ; ʧʝʨʝʛʦʨʦʜʦʯʥʳʡ ʧʦʣʷʨʠʟʘʪʦʨ; ʪʦʣʱʠʥʘ 

ʩʪʫʧʝʥʯʘʪʦʡ ʧʝʨʝʛʦʨʦʜʢʠ; ʢʨʫʛʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ. 

ʇʦʣʷʨʠʟʘʪʦʨ ʩʣʫʞʠʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦʣʥ ʩ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʚʦʣʥʳ ʩ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʧʦʣʷʨʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʝʧʪʫʤ-

ʧʦʣʷʨʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʣʥʦʚʦʜ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʨʘʟʜʝʣʷʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ ʥʘ ʜʚʘ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʣʥʦʚʦʜʘ. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʦʛʦ ʧʦʣʷʨʠʟʘʪʦʨʘ ʦʪʥʦʩʷʪʩʷ ʝʛʦ ʤʘʣʳʝ ʧʨʦʜʦʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴ.  

ʉʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨ ʚʧʝʨʚʳʝ ʙʳʣ ʦʧʠʩʘʥ ʚ [1] ʠ [2]. ɺ [2] ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʪʦʣʱʠʥʘ 

ʧʝʨʝʛʦʨʦʜʢʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ 0,014ɚ0, ʛʜʝ ɚ0 ï ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʪʴʷʭ (ʥʘʧʨʠʤʝʨ, [3]) ʪʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ 

ʧʦʣʷʨʠʟʘʪʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʪʦʣʱʠʥʘ tå0,01-0,02 ɚ0. 

ʄʘʣʘʷ ʪʦʣʱʠʥʘ ʧʝʨʝʛʦʨʦʜʢʠ ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʧʦʩʦʙ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ 

ʧʝʨʝʛʦʨʦʜʢʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʧʦʟʚʦʣʠʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʨʝʟʝʨʦʚʘʥʠʝ ʮʝʣʴʥʦʡ ʧʣʠʪʳ ʠʣʠ 

ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʧʪʫʤ-

ʧʦʣʷʨʠʟʘʪʦʨʘ ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ [4].  

ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʝʨʝʛʦʨʦʜʢʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ [5]. ʆʜʥʘʢʦ ʧʨʠʚʝʜʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʴʢʦ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ 

ʪʦʣʱʠʥʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ.  

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʩ ʪʦʣʩʪʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ 

(t=0,11ɚ0) ʠ ʦʮʝʥʝʥʳ ʝʛʦ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʷʨʠʟʘʪʦʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʣʱʠʥʳ.  
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʩʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨʘ ʨʘʩʩʤʦʪʨʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʦʙʱʝʤ ʧʦʨʪʝ ʧʨʠ ʧʦʜʚʝʜʝʥʠʠ ʤʦʱʥʦʩʪʠ ʪʦʣʴʢʦ ʢ ʦʜʥʦʤʫ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ ʚʦʣʥʦʚʦʜʫ. ʉʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʦʣʝ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʨʝʰʝʥʠʡ ʜʚʫʭ ʟʘʜʘʯ: ʢʦʛʜʘ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʦʨʪʳ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʩʠʥʬʘʟʥʦ ʠ ʧʨʦʪʠʚʦʬʘʟʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2 [1].  

 

ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʚʠʜ ʩʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨʘ 

 
ʈʠʩʫʥʦʢ 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ  

ʇʨʠ ʩʠʥʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʧʦ ʫʟʢʠʤ ʩʪʝʥʢʘʤ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʪʦʢ ʪʝʯʝʪ 

ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʧʦ ʧʝʨʝʛʦʨʦʜʢʝ ï ʚ ʨʘʟʥʳʭ. ʇʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʧʝʨʝʛʦʨʦʜʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʘʨʪʠʥʫ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʱʠʡ ʧʦʨʪ ʧʨʠʭʦʜʠʪ ʧʦʣʝ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ.  

ʇʨʠ ʧʨʦʪʠʚʦʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʧʝʨʝʛʦʨʦʜʢʠ ʪʦʢ ʪʝʯʝʪ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʪʘʢ ʯʪʦ ʧʝʨʝʛʦʨʦʜʢʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʘʨʪʠʥʫ ʧʦʣʷ. ʏʘʩʪʴ ʵʥʝʨʛʠʠ ʙʫʜʝʪ 

ʪʝʨʷʪʴʩʷ ʥʘ ʦʪʨʘʞʝʥʠʝ, ʠ ʯʘʩʪʴ ʧʨʠʜʝʪ ʚ ʦʙʱʠʡ ʧʦʨʪ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ.  

ɼʣʷ ʧʦʣʷ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʩʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ 

ʇ-ʦʙʨʘʟʥʳʡ ʚʦʣʥʦʚʦʜ, ʪ.ʝ. ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ. ʋʯʠʪʳʚʘʷ ʦʪʣʠʯʠʷ ʚ ʧʦʩʪʦʷʥʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ, ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ 

ʪʘʢʫʶ ʜʣʠʥʫ ʧʝʨʝʛʦʨʦʜʢʠ, ʯʪʦʙʳ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʥʠʤʠ ʚ ʦʙʱʝʤ ʧʦʨʪʝ ʩʦʩʪʘʚʣʷʣʘ 90Á.  

ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʩʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨʘ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ S11, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ S21 ʤʝʞʜʫ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʧʦʨʪʘʤʠ ʠ ʢʨʦʩʩ-

ʧʦʣʷʨʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

Ὁ̆ ˜̃ ˜ Ѝ
Ὁ ὉὩ Ⱦ ,                                                  
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ʛʜʝ ɽʃʇ(ʇʇ) ï ʚʝʢʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʨʫʛʦʚʦʡ ʧʨʘʚʦʡ ʠʣʠ ʣʝʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ɽ||, ɽ ï 

ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʛʝʦʤʝʪʨʠʷ ʩʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ CST Studio Suite. ɻʝʦʤʝʪʨʠʷ ʧʝʨʝʛʦʨʦʜʦʢ ʧʦʜʙʠʨʘʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 10%. ʊʦʣʱʠʥʘ ʧʝʨʝʛʦʨʦʜʢʠ ʚʩʝʭ 

ʧʦʣʷʨʠʟʘʪʦʨʦʚ t=0,11 ɚ0. 

 

ʈʠʩʫʥʦʢ 3. ɻʝʦʤʝʪʨʠʷ ʧʦʣʷʨʠʟʘʪʦʨʦʚ: ʘ) ʩ ʫʜʣʠʥʝʥʥʦʡ ʩʪʫʧʝʥʴʶ, ʙ) ʩʪʫʧʝʥʯʘʪʳʡ, ʚ) 

ʩʛʣʘʞʝʥʥʳʡ 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʦʚ, ʥʘ ʨʠʩ. 5 - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʧʦʨʪʘʤʠ, ʥʘ ʨʠʩ. 6 ï ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʷ.   

 

ʈʠʩʫʥʦʢ 4. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʦʚ 

 

ʈʠʩʫʥʦʢ 5. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʚʦʣʥʦʚʦʜʘʤʠ 
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ʈʠʩʫʥʦʢ 6. ʋʨʦʚʝʥʴ ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʷʨʠʟʘʪʦʨʦʚ 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʪʨʘʞʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʫʧʝʥʯʘʪʦʤʫ ʧʦʣʷʨʠʟʘʪʦʨʫ. ʅʘʠʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ 

ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʷʨʠʟʘʪʦʨʫ ʩ ʫʜʣʠʥʝʥʥʦʡ 

ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʴʶ.  

ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ -30 ʜɹ ʚ ʧʦʣʦʩʝ 

ʯʘʩʪʦʪ 10% ʜʣʷ ʧʦʣʷʨʠʟʘʪʦʨʦʚ ʩʦ ʩʪʫʧʝʥʷʤʠ ʠ ʩ ʫʜʣʠʥʝʥʥʦʡ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʴʶ, 7% - ʜʣʷ 

ʩʛʣʘʞʝʥʥʦʛʦ ʧʦʣʷʨʠʟʘʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʩʪʦʡ ʩʪʝʥʢʠ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦ ʨʘʩʰʠʨʝʥʠʝ 

ʥʘʙʦʨʘ ʪʝʭʥʦʣʦʛʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥ.  

ʅʘ ʨʠʩʫʥʢʘʭ 7, 8, 9 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʦʣʱʠʥʳ ʧʝʨʝʛʦʨʦʜʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʳʡ ʧʦʣʷʨʠʟʘʪʦʨ ʩ 

ʫʜʣʠʥʝʥʥʦʡ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʴʶ.  

 

ʈʠʩʫʥʦʢ 7. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʘ 

 

ʈʠʩʫʥʦʢ 8. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʚʦʣʥʦʚʦʜʘʤʠ 
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ʈʠʩʫʥʦʢ 9. ʋʨʦʚʝʥʴ ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʷʨʠʟʘʪʦʨʘ 

ʀʟ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʦʣʱʠʥʝ ʧʝʨʝʛʦʨʦʜʢʠ tÒ0.1ɚ0 ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʦ 

ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʙʦʣʝʝ 0.1ɚ0 ʤʦʞʥʦ ʪʘʢʞʝ ʜʦʙʠʪʴʩʷ ʭʦʨʦʰʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. ʊʘʢʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʦʣʱʠʥʳ ʧʦʣʷʨʠʟʘʪʦʨʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʱʘʷ ʜʣʠʥʘ ʩʪʫʧʝʥʝʡ ʥʝ 

ʤʝʥʷʝʪʩʷ.   

ɺʳʚʦʜ 

ɺ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʝʧʪʫʤ-ʧʦʣʷʨʠʟʘʪʦʨʳ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʪʦʣʱʠʥʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʦʣʱʠʥʝ ʧʝʨʝʛʦʨʦʜʢʠ ʜʦ 0.1 ɚ0 ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʦ 

ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ. ʇʨʠ ʪʦʣʱʠʥʝ ʧʝʨʝʛʦʨʦʜʢʠ ʙʦʣʴʰʝ 0.1 ɚ0 ʩʫʞʘʝʪʩʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ 

ʧʦʣʷʨʠʟʘʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʷʨʠʟʘʪʦʨʘ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ ʧʦʟʚʦʣʠʪ 

ʨʘʩʰʠʨʠʪʴ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
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ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

E-mail: lzinchenko@bmstu.ru 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʝʤ ʚ ʩʝʪʷʭ ʩʚʷʟʠ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥ ʩ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠʟʣʫʯʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʥʳʤ ʘʥʪʝʥʥʘʤ 

(Dynamic Metasurface Antenna, DMA), ʚʢʣʶʯʘʷ ʠʭ ʩʪʨʫʢʪʫʨʫ, ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʘʜʘʧʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

DMA, ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʛʨʘʬʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʚ ʩʝʪʠ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʥʪʝʥʥʳ; ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʠʟʣʫʯʝʥʠʝʤ; PIN-ʜʠʦʜʳ; ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ; 5G/6G ʩʝʪʠ; 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʘʥʪʝʥʥʳ; ʤʠʣʣʠʤʝʪʨʦʚʳʝ ʚʦʣʥʳ; ʢʦʛʥʠʪʠʚʥʳʡ ʧʦʪʦʢʦʚʳʡ ʘʥʘʣʠʟ; 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʤʝʪʘʵʣʝʤʝʥʪʳ. 

ɺʚʝʜʝʥʠʝ 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ IMT-2030 ʠ ʧʘʨʘʜʠʛʤʳ ʀʥʜʫʩʪʨʠʠ 5.0, ʢʦʥʮʝʧʮʠʠ ʘʥʪʝʥʥ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʫʯʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ. ʂʦʥʮʝʧʮʠʠ ʫʤʥʳʭ ʘʥʪʝʥʥ 

ʚʢʣʶʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʨʝʰʝʥʠʷ [1ï3]. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ 

ʘʧʧʘʨʘʪʥʳʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ɸʌɸʈ, ʮʠʬʨʦʚʳʭ ʢʦʜʠʨʦʚʘʥʥʳʭ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʤʘʩʩʠʚʦʚ 

ʦʪʨʘʞʘʶʱʠʭ/ʧʝʨʝʜʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [4ï7]. 

ʊʘʢʠʝ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʥʪʝʥʥʳ 

(DMA), ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʠʟʣʫʯʝʥʠʝʤ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʠ ʙʝʩʰʦʚʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ 

[1], [8]. 

ɺ ʦʩʥʦʚʥʦʤ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʜʠʨʦʚʘʥʥʳʝ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʪʘʶʪ ʥʘ ʧʨʠʥʮʠʧʝ 

ʦʪʨʘʞʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʛʨʦʤʦʟʜʢʠʤʠ [9ï11]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʝʨʝʜʘʶʱʠʝ 

ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʣʝʢʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʢʘʢ ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʩʪʴ [7]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ DMA, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʛʨʘʬʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʠʝʨʘʨʭʠʠ. 
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ɼʠʥʘʤʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʚ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʥʪʝʥʥʘʭ 

DMA ʩʦʩʪʦʷʪ ʠʟ ʤʘʩʩʠʚʘ ʤʝʪʘʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ CELC-ʨʝʟʦʥʘʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʫʧʨʘʚʣʷʶʪʩʷ ʯʝʨʝʟ PIN-ʜʠʦʜʳ. ʕʪʠ ʤʝʪʘʵʣʝʤʝʥʪʳ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʞʝʣʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 1) ʧʫʪʸʤ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ, ʟʘʜʘʚʘʝʤʳʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ 

ʣʦʛʠʯʝʩʢʠʤʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʩʭʝʤʘʤʠ (ʇʃʀʉ). 

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʣʫʯʦʤ DMA 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʣʫʯʝʡ ʯʝʨʝʟ ʢʦʜʠʨʫʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [12]: 

 

—ὲ ὥὶὧίὭὲ ὥὶὧίὭὲ  ,                                   (1) 

 

ʛʜʝ ɗn ï ʫʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʤʘʢʩʠʤʫʤʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʤʝʪʘʵʣʝʤʝʥʪʘ ʩ ʥʦʤʝʨʦʤ 

n; ɝ‰ ï ɻ ʣʝʢʪʨʠʯʝʩʢʘʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʵʣʝʤʝʥʪʘ ʩ ʥʦʤʝʨʦʤ N ʜʦ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ; n=0, Ñ1, Ñ2, 

Ñ3, d ï ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʝʪʘʵʣʝʤʝʥʪʘʤʠ, ɼ ςʌȾ‗ ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, ‗ ï 

ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʤʦʜʫʣʴ ʚʳʨʘʞʝʥʠʷ   ʧʨʝʚʳʰʘʝʪ 

ʝʜʠʥʠʮʫ ʜʣʷ ʚʩʝʭ ὲ ρ, ʪʦ ʨʝʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʤʥʠʤʳʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʕʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ ‗ ȾὨ  ρ, ʪʦ ʝʩʪʴ Ὠ ‗. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʦʣʝʝ ʞʸʩʪʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ Ὠ ‗Ⱦς, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ 

ʤʘʢʩʠʤʫʤʳ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ‗ȾὨ  ρ (ʚ ʩʣʫʯʘʝ Ὠ ‗), ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (1) ʚʦʟʤʦʞʥʦ 

ʥʝʩʢʦʣʴʢʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ὲ π, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ (ʠʣʠ ʤʥʦʛʦʣʫʯʝʚʦʤʫ ʩʮʝʥʘʨʠʶ).  

ʆʩʦʙʝʥʥʦʩʪʴ DMA ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʝʪʘʵʣʝʤʝʥʪʘʤʠ ʤʦʞʥʦ 

ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʢʦʜʠʨʫʶʱʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʯʝʛʦ ʩʣʦʞʥʦ ʜʦʩʪʠʯʴ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʸʪʢʘʭ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ. 
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ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ [12] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ DMA, ʠʩʧʦʣʴʟʫʶʱʘʷ 11 ʨʘʟʣʠʯʥʳʭ 

ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʝʤ (ʨʠʩ. 2). ɺʳʙʨʘʥʥʘʷ ʨʘʙʦʯʘʷ 

ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʠʣʘ 60 ɻɻʮ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ. 

 

 

ʈʠʩʫʥʦʢ 2. ʉʦʩʪʦʷʥʠʝ ʠʟʣʫʯʝʥʠʷ DMA ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʯʘʩʪʦʪʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʪʘʵʣʝʤʝʥʪʦʚ  

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ: 

- ʂʘʞʜʘʷ ʢʦʜʠʨʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʫʥʠʢʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʤʝʪʘʵʣʝʤʝʥʪʦʚ (CELC-ʨʝʟʦʥʘʪʦʨʦʚ), ʚʣʠʷʷ ʥʘ ʬʘʟʫ ʠ ʘʤʧʣʠʪʫʜʫ ʠʟʣʫʯʝʥʠʷ. 

- ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [12] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʧʦʟʚʦʣʷʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʫʧʨʘʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʬʦʨʤʦʡ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ.  

- ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʯʘʩʪʦʪʝ 60 ɻɻʮ ʤʥʦʛʦʣʫʯʝʚʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ DMA ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ IoT ʠ ʫʤʥʳʤʠ ʬʘʙʨʠʢʘʤʠ. 

ɻʝʥʝʨʘʮʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʣʫʯʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʟʣʫʯʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺʳʩʦʢʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ DMA ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʸ ʚ ʫʩʣʦʚʠʷʭ 

ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʪʦʢʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʥʪʝʥʥ 

ɺ ʨʘʙʦʪʝ [13] ʧʨʝʜʣʦʞʝʥ ʢʦʛʥʠʪʠʚʥʳʡ ʧʦʪʦʢʦʚʳʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʚʟʚʝʰʝʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʛʨʘʬʘ: 

Ὃ  ὠȟὉȢ                                                               (2) 
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ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʪʦʢʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ [14] ʨʘʩʩʤʦʪʨʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʪʦʢʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ IMT2020. ʅʘ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ 

ʩʚʷʟʠ 4G/5G. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ [13, 14] ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʘ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ DMA. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʦʜʝʣʴ [13] ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʛʨʘʬʘ ʤʝʪʘʛʨʘʬ 

(ʨʠʩ. 3) 

 

 

ʈʠʩʫʥʦʢ 3. ʇʝʨʝʭʦʜ ʦʪ ʛʨʘʬʘ ʢ ʤʝʪʘʛʨʘʬʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʩʚʷʟʠ ʩ DMA 

 

ὓὋ  ὠȟὓὠȟὉȢ                                                       (3) 

 

ɿʜʝʩʴ V ï ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ ʤʝʪʘʛʨʘʬʘ; 

MV ï ʤʥʦʞʝʩʪʚʦ ʤʝʪʘʚʝʨʰʠʥ ʤʝʪʘʛʨʘʬʘ; 

E ï ʤʥʦʞʝʩʪʚʦ ʨʝʙʝʨ ʤʝʪʘʛʨʘʬʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʤʝʪʘʚʝʨʰʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ DMA, ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚʝʨʰʠʥʳ, ʯʠʩʣʦ 

ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʨʘʟʤʝʨʥʦʩʪʠ ʢʦʜʦʚʦʡ ʙʠʥʘʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘ ʨʠʩ. 2 ʚʘʨʠʘʥʪʘ ʯʠʩʣʦ ʚʝʨʰʠʥ ʜʦʣʞʥʦ ʙʳʪʴ 

ʚʳʙʨʘʥʦ 16.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʤʝʪʘʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ 

ʥʘ ʫʨʦʚʥʝ ʘʥʪʝʥʥʳ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʠʝʨʘʨʭʠʠ ʠ 

ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʪʦʢʘʤʠ ʚ ʩʠʩʪʝʤʝ ʩʚʷʟʠ. 

ɺʳʚʦʜʳ 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʥʪʝʥʥʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟʣʫʯʝʥʠʷ, ʪʘʢʠʤʠ ʢʘʢ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʯʘʩʪʦʪʘ ʠ 

ʧʦʣʷʨʠʟʘʮʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʠ ʙʝʩʰʦʚʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʘʶʱʠʭ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʛʨʦʤʦʟʜʢʦʩʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ ʠ 

ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. 
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ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʛʨʘʬʘ ʧʦʟʚʦʣʷʝʪ 

ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʤʝʪʘʵʣʝʤʝʥʪʦʚ ʠ ʥʘ ʫʨʦʚʥʝ ʚʩʝʡ ʘʥʪʝʥʥʳ, ʧʨʠ 

ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʠʝʨʘʨʭʠʠ ʠ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʪʦʢʘʤʠ ʚ ʩʠʩʪʝʤʝ ʩʚʷʟʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1.  Balanis C. A. Antenna theory: analysis and design. John Wiley & sons, 2016. 

2.  Glybovski S. B. et al. Metasurfaces: From microwaves to visible // Physics reports. ï 2016. ï 

Vol. 634. ï pp. 1-72. 

3.  Holloway C. L. et al. An overview of the theory and applications of metasurfaces:  The two-

dimensional equivalents of metamaterials //IEEE antennas and propagation magazine. 2012. 

Vol. 54. ˉ. 2.  pp. 10-35. 

4.  Deng R., Di B., Zhang H. et al. Reconfigurable Holographic Surface: Holographic 

Beamforming for Metasurface-Aided Wireless Communications // IEEE Transactions on 

Vehicular Technology. 2021. vol. 70. no. 6. pp. 6255ï6259. 

5.  Deng R. et al. Reconfigurable Holographic Surfaces for Ultra-Massive MIMO in 6G: Practical 

Design, Optimization and Implementation // IEEE Journal on Selected Areas in 

Communications, 2023. 

6.  Deng R. et al. Reconfigurable Holographic Surfaces for Future Wireless Communications // 

IEEE Wireless Communications. 2021. Vol. 28, no. 6, pp. 126ï131.  

7.  Huang C. et al. Holographic MIMO Surfaces for 6G Wireless Networks: Opportunities, 

Challenges, and Trends // IEEE Wireless Communications. 2020. Vol. 27, no. 5. pp. 118ï125. 

8.  Tao F., Qi Q., Wang L. et al. Digital twins and cyber--physical systems toward smart 

manufacturing and industry 4.0: Correlation and comparison // Engineering. Vol. 5, no. 4. Pp. 

653ï661, 2019. 

9.  Dai J.Y. et al. Wireless communications through a simplified architecture based on time-

domain digital coding metasurface // Advanced materials technologies. 2019. vol. 4, no. 7, p. 

1900044.  

10.  Zheng Y. et al. Metasurface-Assisted Wireless Communication with Physical Level Information 

Encryption // Advanced Science. 2022. Vol. 9, no. 34. P. 2204558.  

11.  Zhang L. et al. A wireless communication scheme based on space-and frequency division 

multiplexing using digital metasurfaces // Nature electronics. 2021. Vol. 4, no. 3, pp. 218ï227. 

12.  Jabbar A.et al. 60 GHz Programmable Dynamic Metasurface Antenna (DMA) for Next-

Generation Communication, Sensing and Imaging Applications: From Concept to Prototype // 

IEEE Open Journal of Antennas and Propagation. 2024. Vol. 5, no. 3. Pp. 705-726. 

13.  Shakhnov V., Rezchikova E., Zinchenko L., Sergeeva N. Flow Analysis and Its Applications for 

Equipment Design // Cyber-Physical Systems: Advances in Design & Modelling. Studies in 

Systems, Decision and Control. 2019. Vol. 259, pp. 3-11. 

14.  Prokhin I., Zinchenko L. A framework for 4G/5G radiocommunication systems modeling using 

Cognitive Flow Analysis // Proc. 2024 6th REEPE. 2024. Pp. 1-5. 

  



··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнп ͎Φύ 

 

 

https://radiofizika.ru/ 87 

 

ʋɼʂ 621.372.852.37 

ʉʤʠʨʥʦʚ ʆʣʝʛ ɽʚʛʝʥʴʝʚʠʯ 

ɸʆ çʀʕʄɿ çʂʫʧʦʣè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: oesmirnov@bk.ru 

 

ʇʘʨʣʠʢʦʚ ɺʘʣʝʥʪʠʥ ʀʚʘʥʦʚʠʯ 

ɸʆ çʀʕʄɿ çʂʫʧʦʣè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: parlikovvi@rambler.ru 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʠ 

ʚʦʣʥʦʚʦʜʥʦʛʦ ʘʪʪʝʥʶʘʪʦʨʦʚ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʠ ʚʦʣʥʦʚʦʜʥʦʛʦ ʘʪʪʝʥʶʘʪʦʨʦʚ. ʀʟʚʝʩʪʥʳ ʤʦʜʝʣʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʥʦʛʦ ʠ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʘʪʪʝʥʶʘʪʦʨʦʚ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʱʝʣʝʚʘʷ ʣʠʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʠ ʦʩʣʘʙʣʝʥʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʸʤ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʱʝʣʠ ʩʪʝʨʞʥʷ ʠʟ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɿʥʘʯʝʥʠʝ 

ʚʥʦʩʠʤʦʛʦ ʠʤʠ ʦʩʣʘʙʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʪʪʝʥʶʘʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ 

ʧʨʦʜʫʢʮʠʠ, ʚʳʧʫʩʢʘʝʤʦʡ ɸʆ çʀʕʄɿ çʂʫʧʦʣè. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʦʩʠʤʦʛʦ 

ʦʩʣʘʙʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʘʪʪʝʥʶʘʪʦʨʦʚ, ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ ʚ ʥʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʦʡ ʩʠʩʪʝʤʳ ʘʪʪʝʥʶʘʮʠʠ. ʇʨʠʤʝʥʷʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʙʦʨʢʫ ʠʟ pin-ʜʠʦʜʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʪʦʢʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Siemens NX ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɺʏ-ʫʩʪʨʦʡʩʪʚ CST Studio Suite. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʪʝʥʶʘʪʦʨ; ʚʥʦʩʠʤʦʝ ʦʩʣʘʙʣʝʥʠʝ; ʚʦʣʥʦʚʦʜʥʘʷ ʣʠʥʠʷ; 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ; ʱʝʣʝʚʘʷ ʣʠʥʠʷ. 

 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʡ ʘʪʪʝʥʶʘʪʦʨ (ʥʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥ ʙʝʟ ʢʦʨʧʫʩʘ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʴʮʝʚʫʶ ʱʝʣʝʚʫʶ ʣʠʥʠʶ, ʚʭʦʜ ʠ ʚʳʭʦʜ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʥʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʣʠʥʠʠ (ʩʤ. ʨʠʩʫʦʢ 2). ʅʘʜ ʱʝʣʝʚʦʡ ʣʠʥʠʝʡ 

ʨʘʩʧʦʣʦʞʝʥ ʧʦʜʚʠʞʥʳʡ ʮʠʣʠʥʜʨ ʠʟ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚʤʝʩʪʝ ʩ ʤʝʭʘʥʠʟʤʦʤ ʝʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʧʦʩʪʫʧʘʝʪ ʩ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʚ 

ʱʝʣʝʚʫʶ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʥʝʡ, ʧʦʜʚʝʨʛʘʷʩʴ ʧʨʠ ʵʪʦʤ ʚʣʠʷʥʠʶ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʦʩʣʘʙʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʢ 

ʱʝʣʠ ʟʘ ʩʯʸʪ ʧʦʛʣʦʱʝʥʠʷ ʠʤ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ 

ʚʦʣʥʳ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʱʝʣʝʚʦʡ ʣʠʥʠʠ ʚʦʣʥʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʪʦʨʫʶ ʤʠʢʨʦʧʦʣʦʩʢʦʚʫʶ 

ʣʠʥʠʶ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʚʥʦʩʠʤʦʛʦ 

ʦʩʣʘʙʣʝʥʠʷ ʜʘʞʝ ʧʨʠ ʧʦʜʚʝʜʸʥʥʦʤ ʩʪʝʨʞʥʝ ʢ ʱʝʣʝʚʦʡ ʣʠʥʠʠ ʚʧʣʦʪʥʫʶ, ʧʨʠ ʦʧʨʝʜʣʸʥʥʦʡ ʝʸ 

ʧʣʦʱʘʜʠ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥ ʤʦʜʫʣʴ ʉɺʏ ʩ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʤʠ ʛʠʙʨʠʜʥʳʤ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʘʪʪʝʥʶʘʪʦʨʘʤʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʱʝʣʝʚʫʶ ʣʠʥʠʶ ʩ pin-ʜʠʦʜʘʤʠ ʥʘ 

ʧʣʘʪʝ (1), ʱʝʣʝʚʫʶ ʣʠʥʠʶ ʙʝʟ pin-ʜʠʦʜʦʚ ʥʘ ʧʣʘʪʝ (2), ʧʦʛʣʦʱʘʶʱʠʝ ʵʣʝʤʝʥʪʳ (3 ʠ 4), 

ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʧʦʛʣʦʱʘʶʱʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ (5) 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʘ ʦʙʦʨʦʪʥʘʷ ʩʪʦʣʦʥʘ ʧʣʘʪʳ, ʟʜʝʩʴ ʦʙʦʟʥʘʯʝʥʳ: ʚʭʦʜ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ (1), ʚʭʦʜ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ (2), ʚʳʭʦʜ 

mailto:oesmirnov@bk.ru
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ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ (3), ʚʳʭʦʜ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ (4), ʦʪʚʝʨʩʪʠʝ ʧʦʜ 

ʫʧʨʘʚʣʷʶʱʠʡ ʧʨʦʚʦʜ. 

 

 
ʈʠʩʫʥʦʢ 1.  ʄʦʜʫʣʴ ʉɺʏ ʩ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʤ ʘʪʪʝʥʶʘʪʦʨʘʤʠ  

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ  

 

ʈʠʩʫʥʦʢ 2. ʆʙʦʨʦʪʥʘʷ ʩʪʦʨʦʥʘ ʧʣʘʪʳ 

 

ɺʦʟʤʦʞʥʦ ʦʩʫʱʝʪʚʣʝʥʠʝ ʦʩʣʘʙʣʝʥʠʷ ʧʫʪʸʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʱʝʣʝʚʦʡ 

ʣʠʥʠʠ pin-ʜʠʦʜʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʘʪʪʝʥʶʘʮʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 3).  

ʋʧʨʘʚʣʝʥʠʝ pin-ʜʠʦʜʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʧʦʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ 

ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [2].  

ɺ ʦʪʩʫʪʩʪʚʠʠ ʪʦʢʘ pin-ʜʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʆʤ. ɺ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʪ.ʝ. ʥʝ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ.  
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ʇʨʠ ʧʦʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ pin-ʜʠʦʜ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ. ʏʝʤ ʚʳʰʝ 

ʟʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ, ʪʝʤ ʤʝʥʴʰʠʤ ʩʦʧʨʦʩʪʠʚʣʝʥʠʝʤ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʜʠʦʜ, ʧʨʠ ʵʪʦʤ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʆʤ. ɺ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ 

pin-ʜʠʦʜ ʚʚʦʜʠʪ ʱʝʣʝʚʫʶ ʣʠʥʠʶ ʚ ʨʝʞʠʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʨʘʞʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʪ ʜʠʦʜʘ ʠ ʥʘ ʚʳʭʦʜ ʱʝʣʝʚʦʡ ʣʠʥʠʠ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ 

ʩʠʛʥʘʣ ʩ ʚʥʝʩʸʥʥʳʤ ʦʩʣʘʙʣʝʥʠʝʤ [1]. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥʘ ʱʝʣʝʚʘʷ ʣʠʥʠʷ ʩ pin-ʜʠʦʜʘʤʠ ʥʘ ʧʣʘʪʝ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ: pin-ʜʠʦʜʳ (1), ʩʣʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (2), ʩʣʦʡ ʟʘʟʝʣʷʶʱʠʡ (3), ʱʝʣʝʚʫʶ 

ʣʠʥʠʶ (4). 

 

 
ʈʠʩʫʥʦʢ 3. ʑʝʣʝʚʘʷ ʣʠʥʠʷ ʩ pin-ʜʠʦʜʘʤʠ (ʫʚʝʣʠʯʝʥʥʳʡ ʤʘʩʰʪʘʙ) 

 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʘʪʪʝʥʶʘʮʠʠ ʚ ʧʝʨʚʦʥʘʯʘʣʴʫʶ ʤʦʜʝʣʴ 

ʘʪʪʝʥʶʘʪʦʨʘ ʧʦʣʫʯʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʦʝ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʦʤ ʞʝ ʦʙʲʸʤʝ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʛʠʙʨʠʜʥʦʛʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ pin-ʜʠʦʜʦʚ. ʅʫʤʝʥʢʣʘʪʫʨʘ ʜʠʦʜʦʚ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʦʯʝʥʴ ʥʠʟʢʘʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʢʦʚ, ʨʝʟʠʥʦʚʳʭ ʧʨʦʢʣʘʜʦʢ ʠʣʠ ʛʝʨʤʝʪʠʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʩʪʝʧʝʥʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʩʦ ʩʢʦʨʦʩʴʶ ʥʘʪʝʢʘʥʠʷ ʥʝ ʙʦʣʝʝ 10-1 ʣ/ʩ. [3]. 

ɺʦʣʥʦʚʦʜʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʪʪʝʥʶʘʪʦʨ ʚ ʩʦʩʪʘʚʝ ʚʦʣʥʦʚʦʜʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ (ʩʤ. 

ʨʠʩʫʥʦʢ 5), ʩʥʘʙʞʝʥʥʦʛʦ ʱʝʣʷʤʠ ʩʚʷʟʠ, ʚʳʧʦʣʥʝʥ ʪʘʢʞʝ ʚ ʚʠʜʝ ʧʦʜʚʠʞʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠʟ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʚʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʣʥʦʚʦʜ (ʩʤ. ʨʠʩʫʥʦʢ 6), 

ʧʨʠ ʵʪʦʤ ʧʨʝʛʨʘʞʜʘʷ ʧʫʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ.  

ɿʥʘʯʝʥʠʝ ʚʥʦʩʠʤʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ, ʚʚʝʜʸʥʥʦʡ ʚ 

ʚʦʣʥʦʚʦʜ. ʏʝʤ ʦʥʘ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ [4]. 
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ʈʠʩʫʥʦʢ 4. ɸʪʪʝʥʶʘʪʦʨ ʚʦʣʥʦʚʦʜʥʳʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʸʥ ʘʪʪʝʥʶʘʪʦʨ ʚʦʣʥʦʚʦʜʥʳʡ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ: ʚʭʦʜ 

ʘʪʪʝʥʶʘʪʦʨʘ (1), ʚʳʭʦʜ ʘʪʪʝʥʶʘʪʦʨʘ ʧʨʷʤʦʡ (2), ʚʳʭʦʜ ʘʪʪʝʥʶʘʪʦʨʘ ʦʪʚʝʪʚʣʸʥʥʳʡ (3), 

ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʥʘʛʨʫʟʢʫ (4), ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʘʪʪʝʥʶʘʪʦʨʘ (5), ʧʣʘʩʪʠʥʫ ʩʚʷʟʠ (6) ʠ 

ʨʘʟʲʸʤ ʧʦʜ ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʚʦʜʘ (7). 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʣʘʙʣʝʥʠʝʤ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʚʥʝʩʝʥʠʷ 

pin-ʜʠʦʜʦʚ ʚ ʱʝʣʠ ʩʚʷʟʠ ʧʣʘʩʪʠʥʳ (ʩʤ. ʨʠʩʫʥʦʢ 6), ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʜʚʫʤʷ 

ʚʦʣʥʦʚʦʜʘʤʠ ʦʪʚʝʪʚʠʪʝʣʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ, ʪ.ʝ. ʧʨʠ ʧʦʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʠʦʜʳ ʚʚʦʜʷʪ ʱʝʣʠ ʚ 

ʨʝʞʠʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʠ ʥʘ ʦʪʚʝʪʚʣʸʥʥʳʡ ʚʳʭʦʜ ʘʪʪʝʥʶʘʪʦʨʘ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʩʠʛʥʘʣ ʩ ʚʥʝʩʸʥʥʳʤ 

ʦʩʣʘʙʣʝʥʠʝʤ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʦʪʤʝʯʝʥʳ: ʧʣʘʩʪʠʥʘ ʩʚʷʟʠ (1), ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʘʪʪʝʥʶʘʪʦʨʘ (2), 

ʧʦʛʣʦʱʘʶʱʠʡ ʵʣʝʤʝʥʪ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʥʘʛʨʫʟʢʠ (3) ʠ ʧʦʛʣʦʱʘʶʱʠʡ ʤʘʪʝʨʠʘʣ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʘʪʪʝʥʶʘʪʦʨʘ (4). 



··LL ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ τ ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнп ͎Φύ 

 

 

https://radiofizika.ru/ 91 

 

 

 
ʈʠʩʫʥʦʢ 5. ɸʪʪʝʥʶʘʪʦʨ ʚʦʣʥʦʚʦʜʥʳʡ ʚ ʨʘʟʨʝʟʝ 

 

 

 
ʈʠʩʫʥʦʢ 6. ʇʣʘʩʪʠʥʘ ʩʚʷʟʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 6 ʠʟʦʙʨʘʞʝʥʘ ʧʣʘʩʪʠʥʘ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: pin-ʜʠʦʜʳ (1) ʠ 

ʱʝʣʠ ʩʚʷʟʠ (2). 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʛʠʙʨʠʜʥʦʛʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʤ, ʩʣʦʞʥʦʩʪʴ 

ʤʦʥʪʘʞʘ pin-ʜʠʦʜʦʚ ʚ ʨʝʟʦʥʘʥʩʥʳʭ ʱʝʣʷʭ, ʢ ʪʦʤʫ ʞʝ ʜʘʥʥʳʡ ʘʪʪʝʥʶʘʪʦʨ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤʠ 

ʛʘʙʘʨʠʪʘʤʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʘʪʪʝʥʶʘʪʦʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʘʪʪʝʥʶʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʥʦʩʠʤʦʝ ʦʩʣʘʙʣʝʥʠʝ 
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ʥʘ 12 ʜɹ ʜʣʷ ʚʦʣʥʦʚʦʜʥʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ ʠ ʥʘ 35 ʜɹ ʜʣʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʚ ʩʣʫʯʘʷʭ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʩʣʘʙʣʝʥʠʝ.  

ʅʘ ʨʠʩʫʥʢʘʭ 7,8 ʠ 9 ʚʝʨʭʥʷʷ ʣʠʥʠʷ ʛʨʘʬʠʢʦʚ ʦʧʠʩʳʚʘʝʪ ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ, 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩ ʚʭʦʜʘ ʘʪʪʝʥʶʘʪʦʨʘ ʥʘ ʧʨʷʤʦʡ ʝʛʦ ʚʳʭʦʜ, ʘ ʥʠʞʥʷʷ ʣʠʥʠʷ ʛʨʘʬʠʢʦʚ ï 

ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩ ʚʭʦʜʘ ʘʪʪʝʥʶʘʪʦʨʘ ʥʘ ʦʪʚʝʪʚʣʸʥʥʳʡ ʝʛʦ ʚʳʭʦʜ. 

 

 
ʈʠʩʫʥʦʢ 7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʙʨʠʜʥʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʪʦʢʘ ʥʘ 

ʜʠʦʜʘʭ ʠ ʧʦʣʥʦʩʪʴʶ ʚʳʚʝʜʝʥʥʦʤ ʮʠʣʠʥʜʨʝ ʠʟ ʚʦʣʥʦʚʦʜʘ 

 

  
ʈʠʩʫʥʦʢ 8. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʙʨʠʜʥʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ ʘʪʪʝʥʶʘʪʦʨʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʪʦʢʘ ʥʘ 

ʜʠʦʜʘʭ ʠ ʧʦʣʥʦʩʪʴʶ ʚʚʝʜʸʥʥʦʤ ʮʠʣʠʥʜʨʝ ʠʟ ʚʦʣʥʦʚʦʜʘ 






























































