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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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ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʩʪʘʥʮʠʡ ʢʦʥʪʨʦʣʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʮʠʬʨʦʚʳʭ ʘʢʪʠʚʥʳʭ ʌɸʈ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʷʪʘʷ ʦʙʱʝʤʠʨʦʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʨʝʜʩʪʚ 

ʥʘʙʣʶʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ ʚʳʧʦʣʥʷʝʤʳʤ ʟʘʜʘʯʘʤ. ʇʨʦʚʝʜʝʥ 

ʦʙʟʦʨ ʩʦʟʜʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʠʧʦʚʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʘʢʪʠʚʥʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ (ʎɸʌɸʈ), ʥʝ 

ʫʩʪʫʧʘʶʱʠʭ ʧʝʨʝʜʦʚʳʤ ʤʠʨʦʚʳʤ ʦʙʨʘʟʮʘʤ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʈʃʉ ʢʦʥʪʨʦʣʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʘʥʪʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠʝʤʦ-

ʧʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ, ʮʠʬʨʦʚʘʷ ʘʥʪʝʥʥʘʷ ʬʘʟʠʨʦʚʘʥʥʘʷ ʨʝʰʝʪʢʘ, ʩʨʝʜʩʪʚʘ ʜʝʞʫʨʥʦʛʦ 

ʨʝʞʠʤʘ, ʚʳʩʦʢʦʪʦʯʥʳʝ ʩʨʝʜʩʪʚʘ, ʪʨʘʝʢʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʩʠʛʥʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, 

ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ, ʨʘʜʠʦʠʟʦʙʨʘʞʝʥʠʷ. 

 

ɺʦʧʨʦʩ ʢʦʥʪʨʦʣʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʆʂʇ) ʙʳʣ ʧʦʩʪʘʚʣʝʥ 

ʧʝʨʝʜ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʩʨʘʟʫ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʧʝʨʚʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ. ʉ ʫʯʝʪʦʤ 

ʚʦʟʤʦʞʥʦʛʦ ʟʘʧʫʩʢʘ ʦʨʫʞʠʷ ʚ ʢʦʩʤʦʩ, ʵʪʦ ʩʪʘʣʦ ʚʘʞʥʦʡ ʦʙʦʨʦʥʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʉʐɸ ʠ ʉʉʉʈ 

ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʉʂʂʇ). ʆʩʥʦʚʥʳʤ ʪʠʧʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚʘ ʚ ʥʠʭ ʩʪʘʣʠ 

ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ 

ʩʪʘʥʮʠʠ (ʈʃʉ). 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʨʝʰʘʝʤʳʤ ʟʘʜʘʯʘʤ ʜʣʷ ʈʃʉ ʢʦʥʪʨʦʣʷ ʢʦʩʤʦʩʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʬʦʥʦ-ʮʝʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʦʡ (ʌʎʆ) ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʦʩʪʘʚʦʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʥʳʭ ʟʘʜʘʯ.   

ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʈʃʉ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ʇʨʠ 

ʵʪʦʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʙʦʪʳ ʈʃʉ ʧʨʠ ʠʭ 

ʚʳʧʦʣʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʈʃʉ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ.  

ʊʘʢ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʘʝʢʪʦʨʥʦʡ (ʢʦʦʨʜʠʥʘʪʥʦʡ) ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʩʤʠʯʝʩʢʦʤ ʦʙʲʝʢʪʝ 

(ʂʆ) ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʈʃʉ ʜʝʞʫʨʥʦʛʦ ʨʝʞʠʤʘ ʩ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʩʪʦʷʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʠʟʤʝʨʷʶʱʝʛʦ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚ ʥʝʝ ʚʣʝʪʘʶʱʠʭ. 
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ʈʠʩʫʥʦʢ 1.  ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʈʃʉ ʚ ʉʂʂʇ 

 

ʆʧʝʨʘʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʦʨʙʠʪ ʧʨʠ ʤʘʥʝʚʨʘʭ ʠ ʟʘʧʫʩʢʘʭ, ʧʨʠʚʷʟʢʘ 

(ʩʝʣʝʢʮʠʷ) ʵʪʠʭ ʦʨʙʠʪ ʢ ʵʣʝʤʝʥʪʘʤ ʟʘʧʫʩʢʘ (ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ (ʂɸ), ʩʪʫʧʝʥʴ ʨʘʢʝʪʳ-

ʥʦʩʠʪʝʣʷ (ʈʅ), ʬʨʘʛʤʝʥʪʳ ʚʳʚʦʜʘ) ʪʨʝʙʫʝʪ ʦʪ ʈʃʉ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʠʩʢʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʜʠʥʦʯʥʦʡ ʠʣʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʮʝʣʝʡ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ ʩʝʢʪʦʨʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʠʭ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. 

ɿʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʂɸ ʨʝʰʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʪʠʧʥʦʡ ʥʝʢʦʦʨʜʠʥʘʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʅʂʀ), ʧʦʣʫʯʘʝʤʦʡ ʈʃʉ ʦʪ ʂʆ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʜʠʦʧʦʨʪʨʝʪʦʚ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʈʃʉ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʈʃ-ʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʷ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʝ, ʠʟʤʝʨʝʥʠʷ 

ʠ ʥʘʢʦʧʣʝʥʠʷ  ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʯʘʩʪʦʪʥʳʭ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʆ 

ʧʨʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʩʬʝʨʝ ʧʦ ʪʦʯʥʦʤʫ ʮʝʣʝʫʢʘʟʘʥʠʶ [1, 2]. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʠʥʞʝʥʝʨʳ ʠ ʫʯʝʥʳʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʈʃʉ ʧʨʠʰʣʠ ʢ ʩʭʦʞʠʤ ʨʝʰʝʥʠʷʤ ʧʦ 

ʢʦʤʧʦʥʦʚʢʝ ʠ ʧʨʠʥʮʠʧʘʤ ʨʘʙʦʪʳ (ʨʠʩ. 2). 

 

ʈʠʩʫʥʦʢ 2. ɼʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʈʃʉ ʉʂʂʇ 

 

ɺʦ-ʧʝʨʚʳʭ, ʙʳʣ ʩʦʟʜʘʥ ʢʣʘʩʩ ʣʦʢʘʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʧʨʝʨʳʚʥʳʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʦʥʪʨʦʣʴ ʟʘ ʆʂʇ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠ ̫ʢʦʦʨʜʠʥʘʪ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʦʨʙʠʪ ʂʆ (ʢʣʶʯʝʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʜʘʣʴʥʦʩʪʴ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ). 

ɺʦ-ʚʪʦʨʳʭ, ʢʣʘʩʩ ʣʦʢʘʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʦʪʦʯʥʳʝ ʢʦʥʪʨʦʣʴ ʪʨʘʝʢʪʦʨʠʡ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʢʦʩʤʦʩʝ, ʧʦʷʚʠʚʰʠʡʩʷ ʚ ʉʐɸ ʚ 1961 ʛʦʜʫ ʧʦʩʣʝ ʧʦʣʝʪʘ ɻʘʛʘʨʠʥʘ. 

ʊʝʨʤʠʥ çʘʥʘʣʠʟ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʪʫʨè ʙʳʣ ʚʚʝʜʝʥ ʘʤʝʨʠʢʘʥʮʘʤʠ ʕʙʝʨʭʘʨʜʦʤ ʠ 

ɹʨʠʥʜʣʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʈʃʉ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʨʝʩʘʭ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʘʧʫʱʝʥʥʦʛʦ ʥʘ ʦʨʙʠʪʫ ʂʆ [2, 3]. ʕʪʦʪ ʢʣʘʩʩ ʈʃʉ 

ʦʙʝʩʧʝʯʠʚʘʣ ʚʳʩʦʢʦʪʦʯʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʧʦʣʫʯʝʥʠʝ ʥʝʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʂʆ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʤʥʦʛʦʬʨʘʛʤʝʥʪʥʳʤ ʮʝʣʷʤ (ʢʣʶʯʝʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʟʦʥʘ, ʪʦʯʥʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʅʂʀ). 
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ɺ ʉʉʉʈ ʵʨʘ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʈʃʉ ʥʘʯʘʣʘʩʴ ʩ ʈʃʉ çɼʥʝʩʪʨè, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩ 1962 ʛʦʜʘ ʥʘ ʦʩʥʦʚʝ ʎʉʆ-ʇ (ʮʝʥʪʨʘʣʴʥʘʷ ʩʪʘʥʮʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʠʛʦʥʥʘʷ) 

ʠʤʝʥʥʦ ʚ ʠʥʪʝʨʝʩʘʭ ʢʦʥʪʨʦʣʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʆʂʇ). ʆʥʠ ʚʭʦʜʠʣʠ 

ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʆʉ (ʦʙʥʘʨʫʞʠʪʝʣʴ ʩʧʫʪʥʠʢʦʚ), ʩʦʟʜʘʥʥʦʛʦ ʜʣʷ ʙʳʩʪʨʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠʥʦʩʪʨʘʥʥʦʛʦ ʂɸ ʥʘ ʦʨʙʠʪʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʀʉ (ʠʩʪʨʝʙʠʪʝʣʴ ʩʧʫʪʥʠʢʦʚ), ʩʦʟʜʘʚʘʝʤʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʘʢʘʜʝʤʠʢʘ ɸ.ʀ. ʉʘʚʠʥʘ. ʆʉ ʦʙʝʩʧʝʯʠʚʘʣ ʧʝʨʝʢʨʳʪʠʝ ʥʝ ʤʝʥʝʝ 3 ʚʠʪʢʦʚ (ʙʦʣʝʝ 5000 ʢʤ) ʧʦ 

ʜʦʣʛʦʪʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʂʆ ʚ ʟʦʥʝ ʦʪ 1 ʜʦ 90 ʛʨʘʜʫʩʦʚ ʧʦ ʫʛʣʫ ʤʝʩʪʘ.  

ʇʨʠ ʵʪʦʤ ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʦʨʙʠʪ ʠ ʨʘʟʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʧʫʩʢʝ, 

ʢʦʤʧʝʥʩʠʨʦʚʘʣʦʩʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʣʠʢʘ ʣʦʢʘʪʦʨʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʎʝʥʪʨʘ ʢʦʥʪʨʦʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ 70-80-ʭ ʛʦʜʘʭ ʛʨʫʧʧʠʨʦʚʢʘ 

ʜʝʞʫʨʥʳʭ ʈʃʉ ʜʦʧʦʣʥʠʣʘʩʴ ʈʃʉ ʪʠʧʘ çɼʘʨʴʷʣè, çɺʦʣʛʘè ʘ ʪʘʢʞʝ ʈʃʉ ʜʘʣʴʥʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ çɼʫʥʘʡ-3ʋè, ʢʦʪʦʨʳʝ ʟʘ ʩʯʝʪ ʌɸʈ ʩ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʨʘʟʥʝʩʝʥʥʳʤʠ 

ʧʨʠʸʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ʧʦʟʠʮʠʷʤʠ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ [6, 7]. ɺ 2020 ʛʦʜʫ ʥʘ 

ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʣʦʢʘʪʦʨʘ çɼʫʥʘʡ-3ʋè ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʈʃʉ 

çʈʘʟʚʷʟʢʘè (ʨʠʩ. 3)  

 

ʈʠʩʫʥʦʢ 3. ɹʘʨʴʝʨʥʳʝ ʠ ʙʘʨʴʝʨʥʦ-ʩʣʝʜʷʱʠʝ ʈʃʉ (ʈʃʉ çʈʘʟʚʷʟʢʘè, ʈʃʉ Space Fence System, 

ʈʃʉ Leolabs) 

ɺ ʢʘʯʝʩʪʚʝ ʣʦʢʘʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʅʂʀ ʜʦ ʩʝʨʝʜʠʥʳ 90-ʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʣʠʛʦʥʥʳʝ ʈʃʉ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʚʚʝʜʸʥʥʦʡ ʚ ʩʪʨʦʡ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ 

ʦʙʦʨʦʥʳ ʛ. ʄʦʩʢʚʳ. ɼʘʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʨʘʙʦʪʘʷ ʚ ʢʦʨʦʪʢʦʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʦʚʳʭ ʂɸ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʩʬʝʨʝ ʠ ʟʘʧʠʩʴ ʜʠʥʘʤʠʢʠ 

ʘʤʧʣʠʪʫʜʥʳʭ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ 

ʠ ʨʘʟʚʠʪʴ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʰʢʦʣʫ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʪ.ʥ. 

ʧʨʦʬʝʩʩʦʨʘ ɸ.ʀ. ʃʘʜʳʛʠʥʘ. ɺ 1991 ʛʦʜʫ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʩʪʨʦʡ ʧʝʨʚʘʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʈʃʉ 20ɾ6 ʢʦʤʧʣʝʢʩʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ çʂʨʦʥʘè [6, 7] (ʨʠʩ. 4). 

ʉʐɸ ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʈʃʉ ʜʣʷ ʉʂʂʇ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʪʦʛʦ ʎɸʌɸʈ. ʉʘʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʈʃʉ ʂʂʇ  ʙʘʨʴʝʨʥʦ-ʩʣʝʜʷʱʝʛʦ ʪʠʧʘ ʚ 

ʤʠʨʝ ʩʯʠʪʘʝʪʩʷ ʘʤʝʨʠʢʘʥʩʢʘʷ ʈʃʉ Space Fence System, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʘʪʦʣʣʝ 

ʂʚʘʜʞʝʣʝʡʥ. ʆʪʜʝʣʴʥʦ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʈʃʉ ʙʘʨʴʝʨʥʦʛʦ ʪʠʧʘ 

ʬʠʨʤʳ LEO LABS (ʨʠʩ. 3). ʃʫʯʰʠʤ ʨʘʜʠʦʣʦʢʘʪʦʨʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʚ 

ʤʠʨʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʈʃʉ HUSIR ʢʦʤʧʣʝʢʩʘ HEYSTACK W-ʜʠʘʧʘʟʦʥʘ ʩ ʰʠʨʠʥʦʡ ʩʠʛʥʘʣʘ ʜʦ 

10 ɻɻʮ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʜʘʣʴʥʦʩʪʠ ʜʦ 1,5 ʩʘʥʪʠʤʝʪʨʦʚ (ʨʠʩ. 4) 

ʠ ʥʘʙʣʶʜʝʥʠʝ ʂʆ ʩ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʩʤ [5]. 

 

ʈʠʩʫʥʦʢ 4. ʂʨʫʛʦʚʳʝ ʈʃʉ ʩ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ ʮʝʣʠ (ʢʦʤʧʣʝʢʩ ʈʃʉ HEYSTACK, ʈʃʉ 

 ʈʂʎ-35 çʊʦʙʦʣè, ʈʃʉ çʈʫʟʘè, ʈʃʉ çʂʨʦʥʘè) 
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ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʷʜʦʢ ʧʨʠʤʝʥʝʥʠʷ ʈʃʉ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ (ʨʠʩ. 5). ʎʠʢʣ 

ʧʨʠʤʝʥʝʥʠʷ ʈʃʉ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 1 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʈʃʉ 

ʦʙʥʘʨʫʞʠʪʝʣʴʥʳʭ ʟʦʥ (ʙʘʨʴʝʨʦʚ); 2 ï ʦʙʥʘʨʫʞʝʥʠʝ ʂʆ ʚ ʙʘʨʴʝʨʝ ʠ ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ; 3 ï 

ʦʙʨʘʙʦʪʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʠ ʦʨʙʠʪ ʂʆ; 4 - ʚʳʜʘʯʘ ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʫʥʢʪ 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʧʝʨʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʈʃʉ. 

 

ʈʠʩʫʥʦʢ 5.   ʎʠʢʣ ʧʨʠʤʝʥʝʥʠʷ ʈʃʉ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʙʠʪ ʠ ʧʦʜʜʝʨʞʘʥʠʷ 

ʢʘʪʘʣʦʛʘ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʈʃʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʂʆ, ʧʦʟʚʦʣʷʝʪ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʝ ʙʘʡʝʩʦʚʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʨʘʟʜʝʣʝʥʠʷ 

(ʩʝʣʝʢʮʠʠ) ʵʣʝʤʝʥʪʦʚ ʟʘʧʫʩʢʘ ʂɸ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ (ʧʨʦʚʦʜʠʪʴ ʪʠʧʠʟʘʮʠʶ) ʂɸ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʠ ʩʪʨʦʠʪʴ ʛʠʧʦʪʝʟʳ ʦ ʮʝʣʝʚʦʤ ʥʘʟʥʘʯʝʥʠʠ [4]. ɺʠʜʳ ʅʂʀ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 6. 

 

ʈʠʩʫʥʦʢ 6. ɺʠʜʳ ʫʟʢʦʧʦʣʦʩʥʦʡ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʥʝʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ  

(1 ï ʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʕʇʈ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʷʭ; 2 ï ʘʤʧʣʠʪʫʜʥʦ-

ʜʦʧʧʣʝʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ; 3 ï ʚʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʰʠʨʠʥʳ ɸɼʉ;  4,5 ï ʨʘʜʠʦʧʦʨʪʨʝʪʳ) 
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ʉ ʫʯʝʪʦʤ ʫʩʪʘʨʝʚʘʥʠʷ ʧʘʨʢʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʈʃʉ ʉʂʂʇ, ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, 

ʢʘʢʠʝ ʈʃʉ ʥʫʞʥʳ ʚ ʩʠʩʪʝʤʝ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠ ʧʝʨʩʧʝʢʪʠʚʫ? 

ʉ 2016 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʥʘ ʦʨʙʠʪʘʭ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʪʘʣʦʛʝ ʉʐɸ ʥʘʭʦʜʷʪʩʷ ʙʦʣʝʝ 30000 ʂʆ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 10 ʩʤ. 

ʅʘʙʨʘʥʥʳʝ ʪʝʤʧʳ ʧʫʩʢʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʨʦʩʪ ʦʪ 3 ʜʦ 3,5 ʪʳʩʷʯ ʂʆ ʚ ʛʦʜ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʦʨʙʠʪ ʦʪ 300 ʜʦ 600 ʢʤ, ʛʜʝ ʩʪʦʠʪ 

ʦʞʠʜʘʪʴ ʥʘʠʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 7). ʆʩʥʦʚʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʚ ʠʟʤʝʥʝʥʠʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʩʪʘʥʦʚʠʪʩʷ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʂɸ, 

ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʝʨʝʞʘʝʪ ʜʨʫʛʠʝ ʢʘʪʝʛʦʨʠʠ. ɺ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʴ ʣʝʪ ʥʘ ʦʨʙʠʪʳ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥʦ ʝʱʝ ʙʦʣʝʝ 40000 ʂɸ [5].  

 

ʈʠʩʫʥʦʢ 7.  ɻʨʘʬʠʢ ʨʦʩʪʘ ʟʘʩʝʣʝʥʥʦʩʪʠ ʆʂʇ ʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʦ ʚʳʩʦʪʘʤ ʦʨʙʠʪ 

 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʶʱʠʭ ʩʨʝʜʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ 

ʂʆ ʙʘʨʴʝʨʥʦ-ʩʣʝʜʷʱʝʛʦ ʪʠʧʘ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʉʂʂʇ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʧʦʣʥʦʪʳ ʠ 

ʪʦʯʥʦʩʪʠ ɻʣʘʚʥʦʛʦ ʢʘʪʘʣʦʛʘ. ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè ʨʘʟʨʘʙʦʪʘʥʳ 3 ʚʠʜʘ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʈʃʉ ʪʘʢʦʛʦ ʢʣʘʩʩʘ. 

ʕʪʦ ʩʝʢʪʦʨʥʘʷ ʈʃʉ ʩ ʎɸʌɸʈ P-ʜʠʘʧʘʟʦʥʘ ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ ʠ ʨʘʟʚʷʟʘʥʥʳʤʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ ʧʨʠʝʤʥʳʤ ʠ ʧʝʨʝʜʘʶʱʠʤ ʧʦʩʪʘʤʠ (ˉ1 ʥʘ ʨʠʩ. 8, ʩʝʢʪʦʨʥʘʷ ʈʃʉ ʩ ʎɸʌɸʈ 

P-ʜʠʘʧʘʟʦʥʘ ʩ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʤ ʧʦʩʪʦʤ (ˉ2) ʠ, ʫʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʠ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʨʦʩʪʫ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʦʦʨʜʠʥʘʪ, ʩʦʚʨʝʤʝʥʥʘʷ ʈʃʉ ʙʘʨʴʝʨʥʦ-ʩʣʝʜʷʱʝʛʦ ʪʠʧʘ S- 

ʜʠʘʧʘʟʦʥʘ (ˉ3) [8]. 

 

ʈʠʩʫʥʦʢ 8. ʊʠʧʳ ʙʘʨʴʝʨʥʳʭ ʠ ʙʘʨʴʝʨʥʦ-ʩʣʝʜʷʱʠʭ ʈʃʉ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

 

ʇʝʨʝʡʜʝʤ ʢ ʚʳʩʦʢʦʪʦʯʥʳʤ ʪʨʝʢʠʥʛʦʚʳʤ ʈʃʉ ʩ ʎɸʌɸʈ, ʦʩʥʘʱʝʥʥʳʤ ʆʇʋ ʠ ʟʦʥʦʡ 

ʜʝʡʩʪʚʠʷ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʩʬʝʨʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʪʠʧʘ (ʪʨʝʢʠʥʛʦʚʳʭ ʣʦʢʘʪʦʨʦʚ) ʚʦ ʛʣʘʚʫ ʫʛʣʘ ʧʨʝʜʧʨʠʷʪʠʝʤ ʩʪʘʚʠʣʩʷ 

ʧʨʠʥʮʠʧ ʈʃʉ ʪʨʘʝʢʪʦʨʥʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ 

ʟʘʢʘʟʯʠʢʘ. ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʥʠʬʠʢʘʮʠʷ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʨʝʰʝʥʠʡ. ʊʘʢ, 

ʧʨʝʜʧʨʠʷʪʠʝʤ ʨʘʟʨʘʙʦʪʘʥʳ (ʨʠʩʫʥʦʢ 9): 

- ʤʘʩʰʪʘʙʠʨʫʝʤʘ ̫ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʘʥʪʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ [9, 10, 11]; 

- ʤʘʩʰʪʘʙʠʨʫʝʤʦʝ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʝ ʫʢʨʳʪʠʝ; 

- ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʝ ʤʦʜʫʣʠ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʫʩʪʘʥʦʚʢʝ ʚ ʧʦʣʦʪʥʦ ɸʌɸʈ 

[10]; 
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- ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʮʠʬʨʦʚʘʷ ʩʠʩʪʝʤʘ ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

[12, 13, 14]; 

- ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʙʠʙʣʠʦʪʝʢʠ ʪʠʧʦʚʳʭ 

ʧʨʦʛʨʘʤʤ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʦʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʈʃʉ ʚ S- ʠ ʍ-ʜʠʘʧʘʟʦʥʘʭ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʩ ʪʦʯʢʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʂʆ ʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʣʦʢʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʈʃʉ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʧʨʠʷʪʠʝ ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʚ ʈʦʩʩʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ 

ʈʃʉ ʂʘ-ʜʠʘʧʘʟʦʥʘ [16].  

 

ʈʠʩʫʥʦʢ  9.  ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʵʣʝʤʝʥʪʳ ʈʃʉ 

 

ʂʨʦʤʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ, ʩ ʈʃʉ ʜʨʫʛʠʭ ʜʠʘʧʘʟʦʥʦʚ ʈʃʉ ʩ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʎɸʌɸʈ, 

ʥʦʫ-ʭʘʫ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʈʃʉ ʥʘ ʦʩʥʦʚʝ ʤʘʣʦʵʣʝʤʝʥʪʥʦʡ ʎɸʌɸʈ ʩ ʟʝʨʢʘʣʴʥʳʤʠ 

ʠʟʣʫʯʘʪʝʣʷʤʠ ʠ ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ ʇʇʄ (ʨʠʩ. 10). ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʡ ʈʃʉ 

ʷʚʣʷʝʪʩʷ ʜʝʰʝʚʠʟʥʘ ʩʦʟʜʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʎɸʌɸʈ ʩ ʪʦʡ ʞʝ ʘʧʝʨʪʫʨʦʡ [15, 

16]. 

 

ʈʠʩʫʥʦʢ 10.   ɺʠʜ ʈʃʉ ʩ ʤʘʣʦʵʣʝʤʝʥʪʥʦʡ ʎɸʌɸʈ ʂʘ-ʜʠʘʧʘʟʦʥʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʇɸʆ ʈʘʜʠʦʬʠʟʠʢʘ ʩʦʟʜʘʥ ʛʣʫʙʦʢʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʝʣ ʧʦ 

ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʈʃʉ ʩ ʎɸʌɸʈ ʚ ʦʩʥʦʚʥʳʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ 

ʚʦʣʥ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʧʳʪ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʪʘʢʠʭ ʈʃʉ ʧʦʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʦʚʳʭ ʚʠʜʦʚ 

ʩʠʛʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ  

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʈʃʉ ʚ ʫʩʣʦʚʠʷʭ ʫʩʣʦʞʥʷʶʱʝʡʩʷ ʬʦʥʦ-ʮʝʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʫʯʝʪʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʊʘʢ, ʘʢʪʫʘʣʴʥʳʤ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ:  

-  ʦʙʨʘʙʦʪʢʘ ʥʝʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʈʃʉ ʂʘ-ʜʠʘʧʘʟʦʥʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʠʥʪʝʟʫ ʜʚʫʤʝʨʥʳʭ ʨʘʜʠʦʠʟʦʙʨʘʞʝʥʠʡ ʢʦʩʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ; 

-  ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʈʃʉ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʆʂʇ ʚ 

ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ ʚ ʫʩʣʦʚʠʷʭ ʣʘʚʠʥʦʦʙʨʘʟʥʦʛʦ ʨʦʩʪʘ ʧʦʪʦʢʘ ʮʝʣʝʡ; 
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-  ʚʥʝʜʨʝʥʠʝ ʚ ʈʃʉ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʙʦʨʘ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

-  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʈʃ-

ʠʥʬʦʨʤʘʮʠʠ, ʩʝʣʝʢʮʠʠ ʠ ʦʧʦʟʥʘʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʩʦʢʨʘʱʸʥʥʦʡ ʚʳʙʦʨʢʠ ʠʟʤʝʨʝʥʠʡ; 

-  ʧʦʠʩʢ ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ ʤʘʣʦʵʣʝʤʝʥʪʥʦʡ ʧʩʝʚʜʦ-ʎɸʌɸʈ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʫʧʥʦ-

ʘʧʝʨʪʫʨʥʳʭ ʈʃʉ ʢʦʥʪʨʦʣʷ ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘ ʠ ʨʘʜʠʦʛʦʣʦʛʨʘʬʠʠ. 
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ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: lena.senina.2002@mail.ru 

 

ʉʝʣʠʚʘʥʦʚ ʅʠʢʦʣʘʡ ʃʝʦʥʠʜʦʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: nick_selivanov@rambler.ru 

ʇʨʠʤʝʥʝʥʠʝ CANopen ʚ ʩʠʩʪʝʤʝ ʥʘʚʝʜʝʥʠʷ ʘʥʪʝʥʥʳ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʰʠʥʳ CAN ʠ ʝʝ 

ʧʨʦʪʦʢʦʣʘ CANopen ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʘʥʪʝʥʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʩʩʤʦʪʨʝʥ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʧʨʠʚʦʜ ʩ ʩʠʥʭʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʛʜʝ ʚʝʜʫʱʠʡ ʢʘʥʘʣ ʨʘʙʦʪʘʝʪ 

ʚ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ, ʘ ʚʝʜʦʤʳʡ ï ʚ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʠ ʠʩʢʣʶʯʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʟʘʢʣʠʥʠʚʘʥʠʝ 

ʩʠʩʪʝʤʳ. ʉʠʥʭʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʦ ʧʨʦʪʦʢʦʣʫ CANopen ʯʝʨʝʟ PDO. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʠʥʳ CAN, ʠʟʫʯʝʥ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ PDO, 

ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʦʚ, ʩʦʟʜʘʥ 

ʠ ʦʧʠʩʘʥ ʩʪʝʥʜ ʜʣʷ ʦʪʣʘʜʢʠ ʘʧʧʘʨʘʪʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ. 
 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʣʦʚʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʧʨʠʚʦʜ, ʠʥʪʝʨʬʝʡʩ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʠʥʭʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʚʝʜʫʱʠʡ/ʚʝʜʦʤʳʡ ʧʨʠʚʦʜ, CAN, CANopen, PDO.  
 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʨʘʩʪʘʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʥʘʚʝʜʝʥʠʷ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ [1]. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ 

ʧʨʠʚʦʜʘ.  

ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʧʨʠʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʩ ʫʯʝʪʦʤ 

ʢʦʤʧʦʥʦʚʢʠ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʘʥʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʠʥʘʢʦʚʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚʘʣʦʚ ʜʚʠʛʘʪʝʣʝʡ ʢʘʥʘʣʦʚ. 

ʉʠʥʭʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ, ʠʩʢʣʶʯʠʪʴ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʟʘʢʣʠʥʠʚʘʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʝʭʘʥʠʟʤʘ,  ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʣʶʬʪʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ 

ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʰʠʥʳ CAN. 

ɺ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʧʨʠʚʦʜ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 2. ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʧʨʠʚʦʜ ʩ ʩʠʥʭʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 
 

ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʧʨʠʚʦʜ, ʠʟʦʙʨʘʞʸʥʥʳʡ ʥʘ ʨʠʩ. 2, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʠʚʦʜʦʚ: ʚʝʜʫʱʝʛʦ 

(ʧʨʠʚʦʜ 1) ʠ ʚʝʜʦʤʦʛʦ (ʧʨʠʚʦʜ 2). ɺʝʜʫʱʠʡ ʧʨʠʚʦʜ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦ 

ʩʢʦʨʦʩʪʠ, ʘ ʚʝʜʦʤʳʡ - ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ. ʉʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ, ʧʦʜʘʸʪʩʷ ʥʘ ʚʭʦʜ ʚʝʜʫʱʝʛʦ (ɻ̈) ʩʝʨʚʦʫʩʠʣʠʪʝʣʷ 1. ɻ ï ʫʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ʚʝʜʫʱʝʛʦ ʧʨʠʚʦʜʘ 1. ʌʘʢʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ ʚʝʜʫʱʝʛʦ ʧʨʠʚʦʜʘ (‌) 

ʧʝʨʝʜʘʸʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʭʦʜ ʚʝʜʦʤʦʛʦ ʧʨʠʚʦʜʘ 2, ʢʦʪʦʨʳʡ 

ʩʠʥʭʨʦʥʥʦ ʦʪʩʣʝʞʠʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ. ɿʘʜʘʥʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʜʦʤʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʚʝʜʫʱʝʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʜʦʤʳʡ çʧʦʤʦʛʘʝʪè 

ʚʝʜʫʱʝʤʫ ʧʝʨʝʤʝʱʘʪʴ ʥʘʛʨʫʟʢʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ. 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʳʜʝʣʷʶʪ: STEP/DIR, 

CAN, Modbus, EtherCAT [2]. ʀʥʪʝʨʬʝʡʩʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʣʘʜʘʶʪ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ.  

ʇʦʤʝʭʦʟʘʱʠʱʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ CAN (Controlled Area Network) ʠʣʠ ʝʛʦ ʚʝʨʩʠʷ 

CANopen ʩʦʟʜʘʚʘʣʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ 

ʘʚʪʦʤʦʙʠʣʝ [3]. ɼʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʳʡ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥ, ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʩʦʧʨʷʞʝʥʠʷ, ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʚʦʜʘʭ. 

ʇʦ ʚʠʪʦʡ ʧʘʨʝ ʧʝʨʝʜʘʶʪʩʷ ʜʚʘ ʩʠʛʥʘʣʘ: CANH ʠ CANL. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʘ 

ʢʣʶʯʘ ʟʘʢʨʳʪʳ ʠ ʧʦʪʝʥʮʠʘʣʳ ʧʨʦʚʦʜʦʚ CANH  ʠ  CANL ʨʘʚʥʳ ʧʦʣʦʚʠʥʝ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ Uʧʠʪ, ʪ.ʝ. 2,5 ɺ. ʊʦʢ ʧʦ ʣʠʥʠʠ ʥʝ ʧʨʦʪʝʢʘʝʪ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʨʝʮʝʩʩʠʚʥʳʤ 

(ʧʘʩʩʠʚʥʳʤ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʡ 1. ɼʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ ï ʜʦʤʠʥʘʥʪʥʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʦʛʠʯʝʩʢʦʤʫ 0, ʦʙʘ ʢʣʶʯʘ ʦʪʢʨʳʪʳ ʠ ʣʠʥʠʷ CANH ʧʦʜʪʷʥʫʪʘ ʢ + Uʧʠʪ, ʘ ʣʠʥʠʷ CANL - ʢ 

GND. 

ʀʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʸʪʩʷ ʜʣʷ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ, ʦʜʥʘʢʦ ʧʨʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʩʦʦʙʱʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ CAN. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʷʪ ʘʧʧʘʨʘʪʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʦʪʦʢʦʣʘ CAN 

ʤʥʦʛʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ ʥʘʣʠʯʠʝ ʥʘʜʝʞʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʜʨʘʡʚʝʨʦʚ CAN ʚ 

ʚʠʜʝ ʤʠʢʨʦʩʭʝʤ. ʀʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ CAN ʠʤʝʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ 

ʦʰʠʙʦʢ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪʩʷ ʘʧʧʘʨʘʪʥʦ ʚ ʢʦʥʪʨʦʣʣʝʨʝ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪ ʚʦʟʤʦʞʥʫʶ 
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ʧʝʨʝʛʨʫʟʢʫ ʰʠʥʳ, ʪ.ʢ. ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʛʥʘʣʘʤʠ ʧʝʨʝʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʞʝ CAN ʠʤʝʝʪ ʥʝʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʟʲʝʤ DB-9. 

ʆʩʦʙʝʥʥʦʩʪʠ CAN: 

- ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ï ʚʠʪʘʷ ʧʘʨʘ (ʥʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥ); 

- ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʢʦʨʦʪʢʠʤʠ ʧʘʢʝʪʘʤʠ (ʜʦ 8 ʙʘʡʪ), ʢʦʪʦʨʳʝ ʟʘʱʠʱʝʥʳ ʢʦʨʦʪʢʠʤʠ 
ʩʫʤʤʘʤʠ; 

- ʦʪʩʫʪʩʪʚʫʝʪ ʷʚʥʘʷ ʘʜʨʝʩʘʮʠʷ ʩʦʦʙʱʝʥʠʡ, ʚʤʝʩʪʦ ʵʪʦʛʦ ʢʘʞʜʳʡ ʧʘʢʝʪ ʩʥʘʙʞʸʥ 
ʧʦʣʝʤ ʘʨʙʠʪʨʘʞʘ, ʢʦʪʦʨʳʝ ʟʘʜʘʸʪ ʧʨʠʦʨʠʪʝʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ (ʧʝʨʚʳʤʠ ʧʝʨʝʜʘʶʪʩʷ 

ʩʦʦʙʱʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ); 

- ʠʤʝʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʦʰʠʙʦʢ (ʨʝʘʣʠʟʫʝʪʩʷ ʘʧʧʘʨʘʪʥʦ ʚ 
ʢʦʥʪʨʦʣʣʝʨʝ); 

- ʠʤʝʝʪʩʷ ʩʧʦʩʦʙ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʫʟʣʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʦʰʠʙʦʯʥʳʭ ʧʘʢʝʪʦʚ; 

- ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʦʦʙʱʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʚʩʝʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʦʜʥʘʢʦ ʫʩʪʨʦʡʩʪʚʦ 
ʩʯʠʪʳʚʘʝʪ ʜʘʥʥʳʝ ʧʘʢʝʪʘ ʪʦʣʴʢʦ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʢʦʜʘ ʘʨʙʠʪʨʘʞʘ; 

- ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ CAN ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʘʪʴ ʥʦʚʳʝ 
ʫʩʪʨʦʡʩʪʚʘ ʢ ʠʟʤʝʥʷʶʱʝʡ ʩʠʩʪʝʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʝʝ ʧʝʨʝʥʘʩʪʨʦʡʢʠ. 

ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʰʠʥʝ CAN, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʞʥʦ 

ʧʦʜʢʣʶʯʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʝʜʦʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʫʩʪʘʥʦʚʠʚ ʥʘ ʢʦʥʮʘʭ ʩʦʛʣʘʩʫʶʱʠʝ ʨʝʟʠʩʪʦʨʳ 

ʥʦʤʠʥʘʣʦʤ 120 ʆʤ (ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʚʠʪʦʡ ʧʘʨʳ), ʯʪʦʙʳ ʩʠʛʥʘʣ 

ʧʝʨʝʜʘʚʘʣʩʷ ʙʝʟ ʠʩʢʘʞʝʥʠʡ. ʂʘʞʜʦʝ CAN ʫʩʪʨʦʡʩʪʚʦ (ʫʟʝʣ) ʩʦʜʝʨʞʠʪ CAN ʢʦʥʪʨʦʣʣʝʨ 

(ʬʦʨʤʠʨʫʝʪ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʰʠʥʳ ʧʦ ʩʪʘʥʜʘʨʪʫ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʜʝʣʴʥʘʷ ʤʠʢʨʦʩʭʝʤʘ, 

ʯʘʩʪʦ ʵʪʘ ʯʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʨʦʝʥʘ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʨʠʚʦʜʘ. 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʰʠʥʝ CAN 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʭʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨ ʦʩʠ ʥʘ ʦʩʥʦʚʝ 

STM32.  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 
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ʈʠʩʫʥʦʢ 4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʘʥʘʣʴʥʳʤ 

ʧʨʠʚʦʜʦʤ 

ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʷʪ: 

- ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ); 

- ʢʦʥʪʨʦʣʣʝʨ ʦʩʠ; 

- ʩʝʨʚʦʫʩʠʣʠʪʝʣʴ (ʉʋ1, ʉʋ2); 

- ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ (ʄ1, ʄ2); 

- ʵʥʢʦʜʝʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ENC1, ENC2); 

- ʥʘʛʨʫʟʢʘ; 

- ʨʝʜʫʢʪʦʨ (ʈ); 

- ʜʘʪʯʠʢ ʫʛʣʘ (ɼʋ). 

ʂʦʥʪʨʦʣʣʝʨ ʦʩʠ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ STM32F427VIT6. ɼʘʥʥʳʡ 

ʢʦʥʪʨʦʣʣʝʨ ʫʞʝ ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʷʜʝ ʨʘʟʨʘʙʦʪʦʢ ʠ ʧʦʢʘʟʳʚʘʣ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʀʤʝʶʪʩʷ 

ʦʪʣʘʞʝʥʥʳʝ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ, ʇʆ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ (ʌʇʆ) ʠ ʦʪʣʘʜʦʯʥʳʝ ʩʨʝʜʩʪʚʘ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ:  

- ʨʝʘʣʠʟʘʮʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʘʤʠ; 

- ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʚʝʨʭʥʠʤ ʫʨʦʚʥʝʤ. 

ɼʘʪʯʠʢ ʫʛʣʘ ʦʧʨʝʜʝʣʷʝʪ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʥʘʛʨʫʟʢʠ ʠ ʧʝʨʝʜʘʸʪ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʢʦʥʪʨʦʣʣʝʨ. 

ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) ʬʦʨʤʠʨʫʝʪ ʪʨʝʙʫʝʤʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʘʥʪʝʥʥʳ ʠ 

ʧʝʨʝʜʘʸʪ ʠʭ ʚ ʢʦʥʪʨʦʣʣʝʨ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ RS-422.  

ʂʦʥʪʨʦʣʣʝʨ ʦʩʠ ʧʨʠʥʠʤʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʨʘʝʢʪʦʨʠʠ ʦʪ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʘʥʪʝʥʥʳ ʦʪ ʜʘʪʯʠʢʘ ʫʛʣʘ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠʚʦʜʦʚ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʘʢʦʥʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪ ʟʘʜʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʣʷ ʩʝʨʚʦʫʩʠʣʠʪʝʣʷ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʧʨʠʚʦʜʘ.  

ɺʨʘʱʝʥʠʝ ʚʘʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ (ʥʘʛʨʫʟʢʫ). 

ʉʠʥʭʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʚʦʜʘʤʠ ʙʦʣʝʝ ʫʜʦʙʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʪʦʢʦʣʘ ʦʙʤʝʥʘ CANopen.  

ʇʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʰʠʥʝ CAN ʜʘʥʥʳʝ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʬʨʝʡʤʳ. 

ʇʦʣʝ ʜʘʥʥʳʭ ʟʘʥʠʤʘʝʪ ʦʪ 0 ʜʦ 8 ʙʘʡʪ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʧʦ CAN ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʩʪʚʘ CANopen. 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ CANopen ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ PDO 

 (Process Data Object-ʦʙʲʝʢʪʥʳʡ ʧʨʦʪʦʢʦʣ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ). PDO ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʯʪʝʥʠʷ 

ʠ ʟʘʧʠʩʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʘʜʨʝʩʫ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [7].  

ʉʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. 
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ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʥʠʷ 

PDO ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʦʙʱʝʥʠʝ CAN, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʘ. ʇʦʣʝ 

ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʜʣʠʥʦʡ ʦʪ 0 ʜʦ 8 ʙʘʡʪ.  ʉʦʦʙʱʝʥʠʷ ʜʣʠʥʦʡ ʜʦ 8 ʙʘʡʪ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʦʜʠʥ 

PDO ʣʠʙʦ ʩ ʫʩʪʨʦʡʩʪʚʘ, ʣʠʙʦ ʥʘ ʥʝʛʦ. ʆʜʠʥ PDO ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʘʧʠʩʝʡ 

ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʘ (ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʠʣʠ ʧʨʠʥʠʤʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ). ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 

ʯʝʨʝʟ PDO ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʦʙʲʝʢʪʦʚ ʠʟ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ ʚ ʢʦʥʢʨʝʪʥʳʝ PDO 

ʩʦʦʙʱʝʥʠʷ. PDO ʟʘʧʫʩʢʘʝʪʩʷ, ʢʦʛʜʘ ʧʨʠʭʦʜʠʪ ʩʠʥʭʨʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʝʨʝʜʘʯʠ SYNC, 

ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʧʨʠʦʨʠʪʝʪ. ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ 

ʢʘʞʜʦʤʫ ʫʟʣʫ ʜʘʥʥʳʝ ʧʦ ʦʯʝʨʝʜʠ, ʘ ʟʘʪʝʤ ʦʪʧʨʘʚʠʪʴ ʢʦʤʘʥʜʫ SYNC, ʢʦʪʦʨʫʶ ʚʩʝ ʫʟʣʳ 

ʧʦʣʫʯʘʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʘʯʥʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʥʭʨʦʥʥʦ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ PDO: 

- TPDO (Transmit Process Data Object) ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʜʘʸʪ ʜʘʥʥʳʝ ʚ ʩʝʪʴ;  

- RPDO (Receive Process Data Object) ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ ʠʟ ʩʝʪʠ. 

ʉʦʜʝʨʞʠʤʦʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ COB-ID (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʦʦʙʱʝʥʠʷ), 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʨʠʦʨʠʪʝʪ (ʯʝʤ ʤʝʥʴʰʝ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʪʝʤ ʚʳʰʝ ʧʨʠʦʨʠʪʝʪ).   

TPDO ʠ RPDO ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦ 4 ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚʨʝʤʷ ʦʪʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʷ, ʪʠʧ ʧʝʨʝʜʘʯʠ). 

ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʰʠʥʳ. TPDO 1 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʪʧʨʘʚʣʷʶʪʩʷ ʢʘʞʜʳʝ 

10 ʤʩ. ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʩʦʦʙʱʝʥʠʷ COB-ID ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʙʘʟʦʚʳʡ ʘʜʨʝʩ ʠ ʫʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʟʣʘ (Node ID). Communication object (ʦʙʲʝʢʪ ʩʚʷʟʠ) ʦʪʦʙʨʘʞʘʝʪ ʢʦʜ ʦʙʲʝʢʪʘ. 

Mapping object (ʦʙʲʝʢʪ ʦʪʦʙʨʘʞʝʥʠʷ) ï ʠʥʜʝʢʩ ʚ ʦʙʲʝʢʪʥʦʤ ʩʣʦʚʘʨʝ CANopen, ʚ ʢʦʪʦʨʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢʠʝ ʢʦʥʢʨʝʪʥʳʝ ʜʘʥʥʳʝ ʦʙʲʝʢʪʘ ʧʝʨʝʜʘʶʪʩʷ ʠʣʠ ʧʨʠʥʠʤʘʶʪʩʷ ʚ PDO.  

ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʪʨʦʣʝʨʘ ʠ ʜʚʫʭ ʩʝʨʚʦʫʩʠʣʠʪʝʣʝʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6. ʂ ʰʠʥʝ 

ʧʦʜʢʣʶʯʝʥʳ ʜʚʘ ʫʩʪʨʦʡʩʪʚʘ - ʩʝʨʚʦʫʩʠʣʠʪʝʣʷ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʚʝʜʫʱʠʡ (master), ʚʪʦʨʦʡ 

ʚʝʜʦʤʳʡ (slave). ʇʝʨʚʳʡ ʫʧʨʘʚʣʷʝʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʸʪʩʷ ʦʪ ʢʦʥʪʨʦʣʣʝʨʘ. 

ɺʪʦʨʦʡ ʩʝʨʚʦʫʩʠʣʠʪʝʣʴ ʫʧʨʘʚʣʷʝʪʩʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʨʦʪʦʨʘ ʚʝʜʫʱʝʛʦ ʩʝʨʚʦʫʩʠʣʠʪʝʣʷ.  

 

ʈʠʩʫʥʦʢ 6. ʇʦʜʢʣʶʯʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʩʝʨʚʦʫʩʠʣʠʪʝʣʝʡ ʧʦ ʰʠʥʝ CAN ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

CANopen 
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ʊʘʢʞʝ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 7. 

 

ʈʠʩʫʥʦʢ 7. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʢʦʥʪʨʦʣʣʝʨ ʧʦ ʰʠʥʝ CAN. 

ɺʝʜʫʱʠʡ ʧʨʠʚʦʜ ʥʘʩʪʨʦʠʪʴ ʚ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ, ʘ ʚʝʜʦʤʳʡ ï ʧʦ ʧʦʣʦʞʝʥʠʶ. 

ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʝ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʚʝʜʫʱʠʡ ʢʘʥʘʣ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ 

ʧʨʠʚʦʜʘ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ RS-422. ɺʝʜʫʱʠʡ ʢʘʥʘʣ ʚʳʜʘʸʪ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ. 

ɺʝʜʦʤʳʡ ʩʝʨʚʦʫʩʠʣʠʪʝʣʴ ʩʯʠʪʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ʚʝʜʫʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ 

ʧʦʜ ʥʝʛʦ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ 

ʢʦʥʪʨʦʣʣʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ, ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʣʶʙʦʡ ʦʰʠʙʢʠ ʚ ʧʨʠʚʦʜʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʚʪʦʨʦʡ.  

ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʜʚʫʭ ʢʘʥʘʣʦʚ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ, ʣʶʙʘʷ 

ʦʰʠʙʢʘ ʘʧʧʘʨʘʪʫʨʳ ʩʝʨʚʦʫʩʠʣʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʠ ʦʪʢʣʶʯʝʥʠʶ ʘʚʘʨʠʡʥʦʛʦ 

ʢʘʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʜʨʫʛʦʡ ʢʘʥʘʣ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʦʤʢʝ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʠʚʦʜʦʚ ʠ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʣʦʤʦʢ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ 

ʟʘʱʠʪʳ. ɼʣʷ ʵʪʦʛʦ ʘʢʪʠʚʠʨʫʶʪ ʘʚʘʨʠʡʥʳʝ ʩʦʦʙʱʝʥʠʷ EMCY (80h+Node ID), ʢʦʪʦʨʳʝ 

ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʥʪʨʦʣʣʝʨ. ʉʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʨʤʦʞʝʥʠʝ ʧʨʠʚʦʜʦʚ ʚ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʶʙʦʡ ʦʰʠʙʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʤʝʭʘʥʠʯʝʩʢʦʝ ʟʘʢʣʠʥʠʚʘʥʠʝ 

ʩʠʩʪʝʤʳ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʪʝʥʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 8.  
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ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʦʪʣʘʜʢʠ ʘʧʧʘʨʘʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ  

ʅʘ ʨʠʩ. 8 ʧʦʜ ʧʦʟʠʮʠʷʤʠ ʫʢʘʟʘʥʳ: 1-ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ; 2,4,6,8,9-ʢʘʙʝʣʴ;  

3-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʪʝʨʬʝʡʩʘ; 5-ʢʦʥʪʨʦʣʣʝʨ ʦʩʠ; 7-ʜʚʠʛʘʪʝʣʴ; 10-ʩʝʨʚʦʫʩʠʣʠʪʝʣʴ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ 

ʘʥʪʝʥʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʥʳ CAN; ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PDO; ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ; ʨʘʟʨʘʙʦʪʘʥ 

ʩʪʝʥʜ ʜʣʷ ʦʪʣʘʜʢʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  
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ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʫʧʣʦʪʥʠʪʝʣʷ ʫʧʘʢʦʚʢʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʘʥʪʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʳʭ ʥʘʛʨʫʟʦʢ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʫʧʣʦʪʥʠʪʝʣʷ ʫʧʘʢʦʚʢʠ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ɸʋ) ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Simcenter Femap. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʢʦʨʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ɸʋ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʫʧʣʦʪʥʠʪʝʣʷ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʪʦʣʱʠʥʳ ʫʧʣʦʪʥʠʪʝʣʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʘʥʪʝʥʥʳ ʙʫʜʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʚʥʝʰʥʶʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʢʘʢ ʩʪʘʪʠʯʝʩʢʫʶ - 

ʧʦʩʪʦʷʥʥʫʶ ʚʦ ʚʨʝʤʝʥʠ ʠ ʙʝʟ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʝʝ ʠʟʤʝʥʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʫʜʘʨ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʝʥʦʧʦʣʠʵʪʠʣʝʥ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʟʘʠʤʥʳʤ ʧʝʨʝʤʝʱʝʥʠʷʤ ʠ ʜʝʬʦʨʤʘʮʠʷʤ 

ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʫʧʘʢʦʚʢʠ, ʢʦʪʦʨʘʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʨʝʚʷʥʥʳʡ ʠʣʠ ʘʣʶʤʠʥʠʝʚʳʡ ʷʱʠʢ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʘʤʦʨʪʠʟʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʤʝʨʳ, ʥʘʧʨʠʤʝʨ, ʧʝʥʦʧʦʣʠʵʪʠʣʝʥ, 

ʧʝʥʦʧʣʘʩʪ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʘʤʳʭ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ1  

ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʜʘʨʳ ʩ ʚʳʩʦʢʠʤ ʧʠʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʫʩʢʦʨʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʠʥʦʛʜʘ ʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʳ, ʢʦʪʦʨʳʝ 

ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ 

ʪʦʣʴʢʦ ʩʪʘʪʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. ʆʪʢʣʠʢ (ʨʝʘʢʮʠʷ) ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʚʥʝʰʥʝʝ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʝʝ ʫʧʨʫʛʦ-ʤʘʩʩʦʚʳʭ ʩʚʦʡʩʪʚ, ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ, ʥʦ ʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʧʣʦʪʥʠʪʝʣʷ, ʝʛʦ 

ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʚʩʧʝʥʝʥʥʳʡ ʧʝʥʦʧʦʣʠʵʪʠʣʝʥ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʪʨʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: 

ʬʠʟʠʯʝʩʢʠ ʩʰʠʪʳʡ ʇʇʕ-ʈ, ʭʠʤʠʯʝʩʢʠ ʩʰʠʪʳʡ ʇʇʕ ʠ ʥʝʩʰʠʪʳʡ ʅʇʕ [1].  

ʉʰʠʪʳʝ ʇʇʕ-ʈ ʠ ʇʇʕ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʫʜʘʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʭʦʨʦʰʠʤʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʠ ʜʝʤʧʬʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʫʧʘʢʦʚʢʠ 

ʪʷʞʝʣʳʭ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʝʨʝʜʠʩʣʦʢʘʮʠʠ ʚ 

ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ. ʅʝʩʰʠʪʳʡ ʅʇʕ ʠʤʝʝʪ ʥʝ ʩʚʷʟʘʥʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʳʤ ʨʘʟʨʳʚʘʤ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʦʥ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʥ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʫʧʘʢʦʚʢʠ ʣʝʛʢʠʭ ʠ ʭʨʫʧʢʠʭ 

ʠʟʜʝʣʠʡ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ [3]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʇʕ-ʈ, ʇʇʕ ʠ ʅʇʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.   

 

                                                 
1 ɻʆʉʊ 23216  78 ʀʟʜʝʣʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ. ʍʨʘʥʝʥʠʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ, ʚʨʝʤʝʥʥʘʷ 

ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʘʷ ʟʘʱʠʪʘ, ʫʧʘʢʦʚʢʘ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ. 

mailto:captain_oleg@mail.ru


XXIII ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнр ͎Φύ 

 

 

https://radiofizika.ru/ 22 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʇʕ-ʈ, ʇʇʕ ʠ ʅʇʕ 

ʇʘʨʘʤʝʪʨ, ʝʜ. ʠʟʤ. 

ʇʇʕ-ʈ 

 

ʇʇʕ 

 

ʅʇʕ 

 

ʂʘʞʫʱʘʷʩʷ 

ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 
33 20 

ʈʘʙʦʯʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, C̄ 
ʆʪ -60 ʜʦ +105 ʆʪ -60 ʜʦ +75 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ɺʪ/(ʤĬʂ)  
0,033 0,038 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ ʟʘ 

24 ʯʘʩʘ,  

% ʦʙʲʝʤʘ 

1 5 

ʇʨʦʯʥʦʩʪʴ ʥʘ 

ʩʞʘʪʠʝ, ʄʇʘ 
0,035 ʃʝʛʢʦ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ 

 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʘ ʫʧʣʦʪʥʠʪʝʣʷ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʨʝʘʢʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʚʥʝʰʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʝʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚ ʫʧʘʢʦʚʦʯʥʦʡ ʪʘʨʝ, ʷʚʣʷʶʪʩʷ ʧʣʦʪʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʪʦʣʱʠʥʘ, ī ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʫʶ ʘʤʦʨʪʠʟʘʮʠʶ ʠ ʟʘʱʠʪʫ ʦʪ ʫʜʘʨʦʚ, 

ʩʞʘʪʠʷ ʠ ʠʟʛʠʙʘ. ʆʜʥʘʢʦ ʩʣʠʰʢʦʤ ʪʦʣʩʪʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʝʩ ʫʧʘʢʦʚʢʠ ʠ 

ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ 

ʫʧʣʦʪʥʠʪʝʣʷ ʤʝʪʦʜʦʤ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʬʦʨʤʳ ʘʥʪʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʴʥʳʭ ʦʩʥʘʩʪʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʚʠʙʨʦʫʜʘʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʘʥʪʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʫʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʧʘʢʦʚʢʝ. ʕʪʦ ʧʝʨʝʣʠʚʘʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ: ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʩʨʦʢʠ ʧʦʩʪʘʚʢʠ ʠʟʜʝʣʠʷ ʟʘʢʘʟʯʠʢʫ, ʘ ʚ ʩʣʫʯʘʝ 

ʦʪʩʫʪʩʪʚʠʷ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ 

ʪʘʢʦʡ ʪʦʣʱʠʥʳ ʫʧʣʦʪʥʠʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʝʨʝʚʦʟʠʤʘʷ ʚ ʫʧʘʢʦʚʢʝ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʜʝʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʳʝ ʥʘʛʨʫʟʢʠ ʢʘʢ ʧʦʩʪʦʷʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʚ ʚʠʜʝ ʩʪʘʪʠʯʝʩʢʦʛʦ 
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ʦʪʢʣʠʢʘ, ʙʝʟ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʭ ʠʟʤʝʥʝʥʠʷ, ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʝʝ ʤʦʜʝʣʠ ʚ ʨʘʩʯʝʪʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʧʨʦʩʪʝʡʰʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ a(t), ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʝʨʝʤʝʱʝʥʠʝʤ u(t), ʧʝʨʚʦʡ ¼(t) ʠ ʚʪʦʨʦʡ Ť(t) ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 1) 
[3].  

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ   

                                           m Ĭ Ť(t) + c Ĭ ¼(t) + k Ĭ u(t) = a(t),                                         (1) 

ʛʜʝ:  m Ĭ Ť(t) ï ʠʥʝʨʮʠʦʥʥʘʷ ʩʠʣʘ (m ï ʤʘʩʩʘ); 

c Ĭ ¼(t) ï ʩʠʣʘ ʚʷʟʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ (c ï ʵʥʝʨʛʠʷ ʨʘʩʩʝʷʥʠʷ, ʜʝʤʧʬʠʨʦʚʘʥʠʝ); 

k Ĭ u(t) ï ʫʧʨʫʛʘʷ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (k ï ʞʝʩʪʢʦʩʪʴ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʩʠʣʘ); 

a(t) = a0 Ĭ f(t) ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʚʳʟʚʘʥʥʘʷ ʜʝʡʩʪʚʠʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ (ʫʩʢʦʨʝʥʠʷ); 

a0 ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ; 

Ű

tˊ
tf

³
=sin)( ï ʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʬʦʨʤʫ ʠʤʧʫʣʴʩʘ ʧʨʠ ʫʜʘʨʝ ʚ ʚʠʜʝ 

ʧʦʣʫʩʠʥʫʩʦʠʜʳ (ʨʠʩ. 2); 

Ű ï ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ. 

 

ʈʠʩʫʥʦʢ 2. ʌʦʨʤʘ ʠʤʧʫʣʴʩʘ ʧʨʠ ʫʜʘʨʝ 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʢʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʜʝʡʩʪʚʫʶʱʝʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ ʫʩʢʦʨʝʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ɼʣʷ ʦʜʥʦʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ ʤʦʞʥʦ 

ʦʙʦʟʥʘʯʠʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʇ(t) ʠ 

ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ    
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                                                           ʇ(t) = ʇ0 Ĭ ʂ,                                                         (2) 

ʛʜʝ:  ʇ0 ī ʧʘʨʘʤʝʪʨ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʩ ʘʤʧʣʠʪʫʜʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʬʘʢʪʦʨʘ f0; 

ʂ = ʇ(t)/ʇ0 ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ.  

ɼʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʢʘʟʳʚʘʝʪ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʇ(t) 

(ʥʘʧʨʠʤʝʨ, ʫʩʢʦʨʝʥʠʝ) ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʟʘʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʂ Ò 1, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩʪʘʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʚ ʪʦʡ ʞʝ ʬʘʟʝ, ʯʪʦ ʠ ʧʨʠʣʦʞʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʨʘʚʥʳʡ 

ʘʤʧʣʠʪʫʜʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚʥʝʰʥʝʛʦ ʬʘʢʪʦʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʥʘ ʵʣʝʤʝʥʪʳ ʘʥʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʪʴ ʠʭ ʢʦʣʝʙʘʥʠʷ ʚʥʫʪʨʠ ʫʧʘʢʦʚʢʠ ʧʫʪʝʤ ʧʦʜʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠʘʣʘ ʫʧʣʦʪʥʠʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʥʝ ʧʨʝʚʳʩʠʪ ʟʥʘʯʝʥʠʷ 1,0, ʪ.ʝ. a(t) Ò a0. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʳʭ ʤʝʨ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ɸʋ ʚ ʚʠʜʝ ʨʫʧʦʨʘ ʩ ʫʢʨʳʪʠʝʤ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ 

ʚʭʦʜʠʪ ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʚʦʟʙʫʜʠʪʝʣʴ ʢʨʫʛʣʦʛʦ ʚʦʣʥʦʚʦʜʘ (ʢʨʝʩʪʦʚʠʥʘ) ʩʦ ʩʪʝʨʞʥʝʤ, 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʧʣʘʪʳ, ʟʘʢʨʳʚʘʝʤʳʝ ʢʨʳʰʢʦʡ, ʜʝʨʞʘʪʝʣʴ ʣʘʟʝʨʥʦʛʦ ʧʨʠʙʦʨʘ ʭʦʣʦʜʥʦʡ 

ʧʨʠʩʪʨʝʣʢʠ (ʃʇʍʇ) ʠ ʧʘʥʝʣʴ ʩ ʤʘʨʢʝʨʘʤʠ, ʟʘʢʨʝʧʣʝʥʥʘʷ ʢ ʨʫʧʦʨʫ ʧʨʠ ʧʦʤʦʱʠ ʫʛʦʣʢʦʚ 

(ʨʠʩ. 3, ʘ).  

 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 3. ʂʦʥʩʪʨʫʢʮʠʷ ɸʋ 

ɼʣʷ ʨʘʟʤʝʱʝʥʠʷ ʘʥʪʝʥʥʳ ʥʘ ʤʝʩʪʝ ʜʠʩʣʦʢʘʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʪʘʣʴʥʦʡ ʢʨʦʥʰʪʝʡʥ. 

ʄʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʧʣʘʪʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʭʨʫʧʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʝʨʝʛʨʫʟʢʠ, ʧʦʩʢʦʣʴʢʫ ɸʋ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ 

ʯʝʨʝʟ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʢʦʙʫ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʢ ʦʩʥʦʚʘʥʠʶ ʘʣʶʤʠʥʠʝʚʦʛʦ ʷʱʠʢʘ (ʪʘʨʳ), ʛʜʝ ʧʦ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʘʩʧʨʝʜʝʣʝʥ ʧʝʥʦʧʦʣʠʵʪʠʣʝʥ ʇʇʕ-ʈ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʫʜʘʨʦʚ ʠ 

ʚʠʙʨʘʮʠʡ (ʨʠʩ. 3, ʙ). 
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʫʧʘʢʦʚʦʯʥʘʷ ʪʘʨʘ ʩ ɸʋ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʩʧʳʪʳʚʘʝʪ 

ʦʜʥʦʢʨʘʪʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʫʜʘʨ ʩʦ ʚʨʝʤʝʥʝʤ ʜʝʡʩʪʚʠʷ Ű = 5 ʤʩ ʠ ʘʤʧʣʠʪʫʜʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʫʩʢʦʨʝʥʠʷ a0 = 5 g (50 ʤ/ʩ2). ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Simcenter Femap ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ, ʛʜʝ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʥʪʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʢʦʙʘ ʷʱʠʢʘ 

ʠ ʇʇʕ-ʈ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʲʝʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʨʠʩ. 4). ʋʧʘʢʦʚʦʯʥʘʷ ʪʘʨʘ ʠ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ (ʊʉ), ʥʘʧʨʠʤʝʨ, ʛʨʫʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ, ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʙʦʣʴʰʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ 

ʧʨʝʚʦʩʭʦʜʠʪ ʤʘʩʩʫ ʩʘʤʦʛʦ ɸʋ ʚ 104 ʨʘʟ ʠ ʯʝʨʝʟ ʞʝʩʪʢʠʝ ʩʚʷʟʠ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʙʘʟʦʡ ʢʨʝʧʣʝʥʠʷ 

ʘʥʪʝʥʥʳ ʧʦ ʢʦʥʪʫʨʫ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ ʙʦʣʴʰʦʡ ʤʘʩʩʳ 

ʟʘʜʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʤʦʛʣʘ ʠʤʝʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Y ʧʨʠʣʦʞʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ a(t), ʛʜʝ ʦʞʠʜʘʝʤʳʡ 

ʦʪʢʣʠʢ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʝʪ ʥʘʠʙʦʣʴʰʠʤ [4].       

 

ʈʠʩʫʥʦʢ 4. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ɸʋ 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ɸʋ ʧʨʦʚʦʜʠʣʩʷ ʜʠʩʢʨʝʪʥʦ ʧʨʠ ʨʘʟʥʦʡ 

ʪʦʣʱʠʥʝ ʧʝʥʦʧʦʣʠʵʪʠʣʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 20 ʤʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʦʪʢʣʠʢ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʫʩʢʦʨʝʥʠʷʭ ʵʣʝʤʝʥʪʦʚ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʧʣʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʫʩʢʦʨʝʥʠʡ a, ʤ/ʩ2 ʚ ʧʨʦʮʝʩʩʝ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʥʷʪʦʡ ʪʦʣʱʠʥʳ ʇʇʕ-ʈ ȹ, ʤʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 5).         

 

ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʢʦʨʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʧʣʘʪ ʦʪ 

ʪʦʣʱʠʥʳ ʇʇʕ-ʈ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʚʠʜʝ 

ʥʘʠʙʦʣʴʰʠʭ ʫʩʢʦʨʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʦʣʱʠʥʝ ʧʝʥʦʧʦʣʠʵʪʠʣʝʥʘ ʜʦ 15 ʤʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
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ʜʣʷ 20 ʤʤ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ 1,0. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ɸʋ ʙʫʜʝʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʧʨʠʣʦʞʝʥʥʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʢʘʢ ʩʪʘʪʠʯʝʩʢʫʶ, ʨʘʚʥʫʶ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʩʠʣʳ ʚ ʠʤʧʫʣʴʩʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʡ amax 

ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 43,4 ʤ/ʩ2 ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʥʘʧʨʷʞʝʥʠʷ ůmax ʠ ůʨʘʩʯ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ [ů] (ʩʤ. ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ɿʦʥʳ ʫʩʢʦʨʝʥʠʡ ɿʦʥʳ ʥʘʧʨʷʞʝʥʠʡ 

 

ʉʢʦʙʘ ʇʣʘʪʳ 

  

amax = 43,4 ʤ/ʩ
2 

ůmax = 39,3 ʄʇʘ < 

< [ů] = 255 ʄʇʘ  

(ʉʪ3) 

ůmax = 0,035 ʄʇʘ < 

< [ů] = 255 ʄʇʘ 

(RO4350B) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦ ʪʠʧʫ Simcenter Femap ʧʫʪʝʤ 

ʚʳʧʦʣʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ ʘʥʪʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʫʧʘʢʦʚʢʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʫʧʣʦʪʥʠʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ 

ʩʪʘʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʚ ʪʦʡ ʞʝ ʬʘʟʝ, ʯʪʦ ʠ ʧʨʠʣʦʞʝʥʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʘʷ ʥʘʛʨʫʟʢʘ, ʪ.ʝ. ʙʝʟ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʘʥʪʝʥʥʳ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʟʙʝʞʘʪʴ ʬʠʥʘʥʩʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʪʦʨʥʳʤ ʠʟʛʦʪʦʚʣʝʥʠʝʤ 

ʚʳʰʝʜʰʠʭ ʠʟ ʩʪʨʦʷ ʵʣʝʤʝʥʪʦʚ, ʫʤʝʥʴʰʠʪʴ ʚʝʩ ʫʧʘʢʦʚʦʯʥʦʡ ʪʘʨʳ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʝʤ ʩʘʤʳʤ ʩʦʢʨʘʪʠʚ ʦʙʲʝʤʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʩʨʦʢʠ ʧʦʩʪʘʚʢʠ 

ʠʟʜʝʣʠʷ ʟʘʢʘʟʯʠʢʫ. 
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ʧʨʠʤʝʥʝʥʠʝ. ʃʝʥʠʥʛʨʘʜ: ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʜʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʧʘʛʘʥʜʳ, 1973. 

16 ʩ. 

3. ʈʳʯʢʦʚ ʉ.ʇ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʨʝʜʝ Femap with NX Nastran. ʄ.: ɼʄʂ 

ʇʨʝʩʩ, 2013. 784 c. 

4. ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʫʜʘʨʦʚ ʚ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ 

ʠ ʞʝʩʪʢʦʩʪʠ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʩʙʦʨʥʠʢʝ: ʈʘʜʠʦʣʦʢʘʮʠʷ ʠ ʩʚʷʟʴ ī ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. XXI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ. ʄ.: 

ʄʠʨ ʥʘʫʢʠ, 2024. ʉ. 83-88.  
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ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 
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ɸʜʘʧʪʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʱʝʥʠʷ 

ʢ ʮʝʣʷʤ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʢʦʥʠʯʝʩʢʦʡ ɸʌɸʈ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʩʝʢʪʦʨʦʚ ʘʧʝʨʪʫʨʳ 

ʢʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ (ʂɸʌɸʈ), ʬʦʨʤʠʨʫʶʱʠʭ ʣʫʯʠ, ʠ ʠʭ 

ʩʦʚʤʝʱʝʥʠʷ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʥʝʩʢʦʣʴʢʠʤ ʮʝʣʷʤ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʦʤ ʤʥʦʛʦʣʫʯʝʚʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ, ʩ ʘʜʘʧʪʘʮʠʝʡ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʮʝʣʝʚʦʡ ʠ 

ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʩʶ ʧʣʦʱʘʜʴ  

ʂɸʌɸʈ ʚ ʨʝʞʠʤʝ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʚʦʢʫʧʥʦʛʦ ʚʨʝʤʝʥʠ 

ʦʙʨʘʱʝʥʠʷ ʢʦ ʚʩʝʤ ʩʦʧʨʦʚʦʞʜʘʝʤʳʤ ʮʝʣʷʤ, ʯʪʦ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ (ʈʃʉ), ʧʦʟʚʦʣʷʷ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʮʝʣʝʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʘʷ ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, ʢʦʥʬʦʨʤʥʘʷ 

ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, ʘʣʛʦʨʠʪʤ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʝʡ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʘʢʪʠʚʥʘʷ 

ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ. 

 

ɺʚʝʜʝʥʠʝ 
 

ʇʦʷʚʣʝʥʠʝ ʩʧʦʩʦʙʥʳʭ ʤʘʥʝʚʨʠʨʦʚʘʪʴ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʨʘʢʝʪ ʠ ʦʙʰʠʨʥʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʟʘʧʫʩʪʠʣʠ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʩʝʨʴʝʟʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʩʨʝʜʩʪʚ ʚʦʟʜʫʰʥʦʛʦ ʥʘʧʘʜʝʥʠʷ ʟʘ ʚʩʶ 

ʠʩʪʦʨʠʶ, ʯʪʦ ʪʨʝʙʫʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʈʃʉ, ʩʧʦʩʦʙʥʳʭ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʫʚʝʣʠʯʠʪʴ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ, ʟʘʭʚʘʪʘ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʮʝʣʝʡ. ɺʳʟʦʚʦʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʈʃʉ ʪʘʢʞʝ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʙʝʟʵʢʠʧʘʞʥʳʭ ʢʘʪʝʨʦʚ, ʢʦʪʦʨʳʝ, ʧʦʤʠʤʦ ʨʝʞʠʤʘ çʢʘʤʠʢʘʜʟʝè, ʫʞʝ ʩʧʦʩʦʙʥʳ ʥʝʩʪʠ ʥʘ ʩʝʙʝ 

ʩʪʨʝʣʢʦʚʦʝ ʠ ʨʘʢʝʪʥʦʝ ʚʦʦʨʫʞʝʥʠʝ, ʘ ʪʘʢʞʝ ɹʇʃɸ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʜʫʱʠʝ ʤʠʨʦʚʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʢ ʘʜʘʧʪʘʮʠʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʨʘʢʝʪ ʚ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʨʘʢʝʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʧʨʠʤʝʨ M142 HIMARS ʠ M270 (ʟʘʧʫʩʢ ʥʝʫʧʨʘʚʣʷʝʤʳʭ 

ʨʝʘʢʪʠʚʥʳʭ ʩʥʘʨʷʜʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʨʘʢʝʪ GMLRS ʠ ʪʘʢʪʠʯʝʩʢʠʭ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪ 

ATACMS). 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʚʦʟʜʫʰʥʦʛʦ ʥʘʧʘʜʝʥʠʷ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʢ ʈʃʉ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʝʡʰʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚʝʜʫʱʠʤʠ ʤʠʨʦʚʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. ʅʘʧʨʠʤʝʨ, ʈʃʉ LTAMDS ʜʣʷ ɿʈʂ Patriot 

(ʉʐɸ) ʠ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ/ʥʘʚʝʜʝʥʠʷ Rada ieMHR (ʀʟʨʘʠʣʴ) ʜʣʷ ʙʦʨʴʙʳ ʩ ɹʇʃɸ. ʆʙʝ 

ʩʪʘʥʮʠʠ ʨʝʘʣʠʟʫʶʪ ʢʨʫʛʦʚʦʡ ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʟʦʨ ʥʘ 360Á ʧʦ ʘʟʠʤʫʪʫ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʨʸʭ ʠ ʯʝʪʳʨʸʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʠʨʘʤʠʜʘʣʴʥʦ ʩʢʦʤʧʦʥʦʚʘʥʥʳʭ ʧʣʦʩʢʠʭ 

ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ (ʌɸʈ). ʇʨʠʤʝʯʘʪʝʣʴʥʳ ʩʪʘʥʮʠ ̫ʢʦʥʪʨʙʘʪʘʨʝʡʥʦʡ ʙʦʨʴʙʳ 

AN/TPQ-48 ʠ ʝʸ ʧʨʠʝʤʥʠʢ AN/TPQ-50 ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʌɸʈ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ 

ʟʘʩʣʫʞʠʚʘʶʪ ʤʦʜʫʣʴʥʳʝ ʤʥʦʛʦʛʨʘʥʥʳʝ ʌɸʈ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʤʦʥʪʠʨʦʚʘʪʴ 

ʠʟʣʫʯʘʶʱʠʝ ʧʣʦʩʢʠʝ ʤʦʜʫʣʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʢʦʨʘʙʝʣʴʥʘʷ 

CEAFAR/AUSPAR [1, 2], ʝʝ ʥʘʟʝʤʥʘʷ ʚʝʨʩʠʷ CEA GBMMR ʠ ʘʚʩʪʨʘʣʠʡʩʢʠʡ ɿʈʂ NASAMS 2 

[3]. ʊʘʢʞʝ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʩʪʨʘʥ ʅɸʊʆ ʫʞʝ ʥʘʯʘʣ ʧʦʩʪʫʧʘʪʴ ʧʝʨʝʜʚʠʞʥʦʡ ʟʝʥʠʪʥʳʡ 

ʘʨʪʠʣʣʝʨʠʡʩʢʠʡ ʢʦʤʧʣʝʢʩ MSI-DS Terrahawk Paladin, ʦʩʥʘʱʝʥʥʳʡ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɹʇʃɸ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʝʭ ʧʣʦʩʢʠʭ ʧʠʨʘʤʠʜʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɸʌɸʈ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʣʦʩʢʠʭ, ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʌɸʈ (ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, ʢʦʥʠʯʝʩʢʠʝ) ʠʤʝʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʘʟʠʤʫʪʫ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʅɼ), ʰʠʨʠʥʳ ʣʫʯʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ) [4]. 

ʂɸʌɸʈ, ʟʘ ʩʯʝʪ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʝʪ ʨʝʞʠʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʳʡ 

ʦʙʟʦʨ ʧʦ ʘʟʠʤʫʪʫ ʠ ʫʛʣʫ ʤʝʩʪʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [4, 5, 6]. 

ɸʩʧʝʢʪʳ ʨʝʘʣʠʟʘʮʠʠ ʈʃʉ ʩ ʂɸʌɸʈ, ʨʝʞʠʤʳ ʠ ʩʧʦʩʦʙʳ ʦʙʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʘʪʝʥʪʘʭ [7], [8] ʠ ʨʘʙʦʪʝ [5]. ɺ [7] ʧʨʝʜʣʦʞʝʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʂɸʌɸʈ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʬʦʨʤʠʨʫʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʣʫʯʠ ʩʝʢʪʦʨʘ. ɺ [8] ʧʦʢʘʟʘʥ ʤʝʪʦʜ 

ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʝʞʠʤʘ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸʌɸʈ ʥʘ ʩʝʢʪʦʨʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʫʯʝʡ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʌɸʈ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚ [9], ʘ ʨʘʙʦʪʘ [10] 

ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʢʦʥʬʦʨʤʥʳʭ 

ʨʝʰʝʪʦʢ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʝʪʦʜʦʤ ʢʫʙʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʤʝʪʦʜʦʤ 

ʦʙʦʙʱʝʥʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ [11], ʛʜʝ ʦʧʠʩʘʥʦ ʩʦʟʜʘʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʮʝʣʝʡ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʥʠʤ ʧʨʠ ʩʦʧʨʦʚʦʞʜʝʥʠʠ 

ʠʭ ʂɸʌɸʈ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʩʦʚʤʝʱʝʥʠʷ ʩʝʢʪʦʨʦʚ ʚ ʧʘʨʘʣʣʝʣʴʥʳʝ ʮʠʢʣʳ 

ʦʩʤʦʪʨʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʫʯʝʡ ʩʪʨʦʛʦ ʧʦ ʥʦʨʤʘʣʠ ʢ ʚʳʜʝʣʝʥʥʳʤ ʩʝʢʪʦʨʘʤ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʛʦ ʨʘʩʢʨʳʚʘ ʂɸʌɸʈ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʱʝʥʠʠ ʢ ʮʝʣʷʤ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʦʩʪʘʚʣʷʷ ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʦʡ ʧʣʦʱʘʜʴ ʂɸʌɸʈ, ʢʦʪʦʨʘʷ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʢʪʦʨʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʦʙʨʘʱʝʥʠʷ ʢʦ ʚʩʝʤ ʮʝʣʷʤ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʧʦ ʵʥʝʨʛʝʪʠʢʝ. 
 

ʈʝʞʠʤʳ ʦʙʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʝʡ ʂɸʌɸʈ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʫʯʝʡ ʂɸʌɸʈ ʘʤʧʣʠʪʫʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʳʙʨʘʥʦ ʨʘʚʥʦʤʝʨʥʳʤ ʥʘ ʧʝʨʝʜʘʯʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʂʅɼ ʥʘ ʠʟʣʫʯʘʝʤʫʶ ʤʦʱʥʦʩʪʴ), ʘ ʬʘʟʦʚʦʝ ï ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʅɼ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʩʪʨʦʛʦ ʣʫʯʘ [5]. 

ɼʣʷ ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʂɸʌɸʈ ʚ ʨʝʞʠʤʝ ʧʝʨʝʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʦ ʥʦʨʤʘʣʠ ʢ ʘʧʝʨʪʫʨʝ K (1 ï 4) ʦʩʪʨʳʭ ʣʫʯʘ, ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ ʘʟʠʤʫʪʫ ʩ ʰʘʛʦʤ 

360Á/K. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʟʙʠʝʥʠʷ ʧʦʣʦʪʥʘ ʂɸʌɸʈ ʥʘ ʩʝʢʪʦʨʘ ʜʣʷ ʦʙʟʦʨʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʝʞʠʤʘʭ 2-ʭ ʠ 4-ʭ ʣʫʯʝʡ. ʉʢʘʥʠʨʦʚʘʥʠʝ ɼʅ ʥʘ ʧʝʨʝʜʘʯʫ ʧʦ ʘʟʠʤʫʪʫ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʚʦʨʦʪʘ ʘʧʝʨʪʫʨʳ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʣʫʯʝʡ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʫʛʣʫ ʤʝʩʪʘ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ ʂɸʌɸʈ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʬʘʟʦʚʳʤ ʩʧʦʩʦʙʦʤ. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʥʥʳʡ ʧʦʚʦʨʦʪ ʩʝʢʪʦʨʦʚ ʘʧʝʨʪʫʨʳ ʂɸʌɸʈ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦ 

ʘʟʠʤʫʪʫ: ʘ ï 2 ʣʫʯʘ; ʙ ï 4 ʣʫʯʘ 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʞʠʤʦʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷ: 

ʢʦʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʮʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʘʟʠʤʫʪʘʣʴʥʦʤ ʩʝʢʪʦʨʝ Ñ 45Á ʠ ʢʦʛʜʘ ʮʝʣʠ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʦʢʨʫʛ ɸʌɸʈ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʮʝʣʷʤ ʚ ʨʝʞʠʤʝ ʦʜʥʦʛʦ 

ʣʫʯʘ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʷ ʚʠʜʠʤʘʷ ʩ ʥʘʧʨʘʚʣʝʥʠʷ ʮʝʣʠ ʯʘʩʪʴ 
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ʘʥʪʝʥʥʦʛʦ ʧʦʣʦʪʥʘ ʂɸʌɸʈ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. ʉʢʘʥʠʨʦʚʘʥʠʝ ʣʫʯʦʤ ʧʦ ʘʟʠʤʫʪʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʚʦʨʦʪʘ ʘʧʝʨʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʝʡ ʣʫʯ, ʢʦʪʦʨʳʡ 

ʦʩʪʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʦ ʥʦʨʤʘʣʠ ʢ ʨʘʩʢʨʳʚʫ.  

  

ʈʠʩʫʥʦʢ 2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʦʩʤʦʪʨ ʮʝʣʝʡ ʚ ʨʝʞʠʤʝ ʦʜʥʦʛʦ ʣʫʯʘ 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3. ʄʥʦʛʦʣʫʯʝʚʳʝ ʨʝʞʠʤʳ: ʘ ï ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʭ ʣʫʯʝʡ ʧʦ ʥʦʨʤʘʣʠ 

ʢ ʘʧʝʨʪʫʨʝ ʩʝʢʪʦʨʦʚ; ʙ ï ʨʝʞʠʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʮʝʣʷʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʲʝʜʠʥʠʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʩʝʢʪʦʨʘ ʘʧʝʨʪʫʨʳ, ʚʳʜʝʣʝʥʥʳʝ ʧʦʜ ʟʘʜʘʥʥʳʝ ʮʝʣʠ, ʚ ʝʜʠʥʳʡ ʮʠʢʣ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʮʝʣʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʦʢʨʫʛ ʂɸʌɸʈ, 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʫʯʝʡ ʥʘ ʧʝʨʝʜʘʯʫ ʠʤʝʶʪ ʤʝʩʪʦ ʜʚʘ ʢʨʘʡʥʠʭ ʨʝʞʠʤʘ, ʪʦʛʜʘ ʢʘʢ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʨʝʞʠʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʘʨʠʘʮʠʠ ʤʝʞʜʫ ʥʠʤʠ: 

- ʚʩʝ ʣʫʯʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʘʧʝʨʪʫʨʝ ʚʳʜʝʣʝʥʥʳʭ ʜʣʷ ʥʠʭ ʩʝʢʪʦʨʦʚ 

(ʨʠʩ. 3, ʘ). ʕʪʦʪ ʨʝʞʠʤ ʚʦʟʤʦʞʝʥ, ʢʦʛʜʘ ʜʣʷ ʦʜʥʦʛʦ ʮʠʢʣʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʚʳʙʨʘʥʳ 

ʮʝʣʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʢʦʪʦʨʳʝ ʩʦʚʧʘʜʘʶʪ ʩ ʥʦʨʤʘʣʴʶ ʢ ʬʦʨʤʠʨʫʶʱʠʤ ʠʭ ʩʝʢʪʦʨʘʤ 

ʘʧʝʨʪʫʨʳ ʂɸʌɸʈ; 

- ʣʫʯʠ ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 

ʘʟʠʤʫʪʫ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʦʣʦʞʝʥʠʝ ʩʝʢʪʦʨʦʚ ʘʧʝʨʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʠʭ ʣʫʯʠ, ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ, ʘ ʣʫʯʠ ʦʪʢʣʦʥʷʶʪʩʷ ʧʦ ʘʟʠʤʫʪʫ ʵʣʝʢʪʨʦʥʥʳʤ ʬʘʟʦʚʳʤ ʩʧʦʩʦʙʦʤ (ʨʠʩ. 3, ʙ). 

ʇʝʨʚʳʡ ʨʝʞʠʤ ʦʙʣʘʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ ï 

ʤʠʥʠʤʘʣʴʥʦʡ, ʚ ʩʠʣʫ ʫʭʫʜʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʦʪ 

ʥʦʨʤʘʣʠ ʢ ʨʝʰʝʪʢʝ [5]. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʞʠʤʘ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʝʡ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʵʪʠ ʜʚʘ ʨʝʞʠʤʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʨʘʟʤʝʨʦʚ ʩʝʢʪʦʨʦʚ ʠ ʦʙʲʝʜʠʥʝʥʠʠ ʠʭ ʚ ʦʜʠʥ ʮʠʢʣ ʜʘʣʴʥʦʩʪʴ ʜʦ ʮʝʣʠ, ʝʸ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, 

ʩʢʦʨʦʩʪʴ, ʘ ʪʘʢʞʝ ʪʝʢʫʱʫʶ ʮʝʣʝʚʫʶ ʠ ʧʦʤʝʭʦʚʫʶ ʦʙʩʪʘʥʦʚʢʫ.  
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ʆʧʠʩʘʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʱʝʥʠʷ 

ʢ ʮʝʣʷʤ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʢʦʥʠʯʝʩʢʦʡ ɸʌɸʈ 

ʅʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʂɸʌɸʈ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦ ʘʟʠʤʫʪʫ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʧʦʚʦʨʦʪ ʘʧʝʨʪʫʨʳ, ʪʘʢ ʢʘʢ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʠʟʤʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʘʢʦ, ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʘʨʘʣʣʝʣʴʥʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʮʝʣʷʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʣʦʚʝʨʦʷʪʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʢ ʮʝʣʷʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʬʦʨʤʦʡ ʂɸʌɸʈ [5] 

ʠʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʝʡ, ʜʘʣʴʥʦʩʪʠ ʜʦ ʥʠʭ, ʧʨʠʦʨʠʪʝʪʘ ʠ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ.  

ʉʭʝʤʘ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʢ ʮʝʣʷʤ 

ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʢʦʥʠʯʝʩʢʦʡ ɸʌɸʈ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 
 

 

ʈʠʩʫʥʦʢ 4. ɸʜʘʧʪʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʢ 

ʮʝʣʷʤ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʢʦʥʠʯʝʩʢʦʡ ɸʌɸʈ 
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ɸʣʛʦʨʠʪʤ ʦʙʲʝʜʠʥʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʧʦʜ ʢʘʞʜʫʶ ʮʝʣʴ ʩʝʢʪʦʨʦʚ ʂɸʌɸʈ ʚ ʦʜʠʥ ʮʠʢʣ ʜʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʩʤʦʪʨʘ ʮʝʣʝʡ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʩʪʨʦʝʥ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ:  

- ʤʠʥʠʤʠʟʘʮʠʷ ʧʝʨʝʩʝʯʝʥʠʡ ʩʝʢʪʦʨʦʚ ʘʧʝʨʪʫʨʳ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʫʯʝʡ; 

- ʤʘʢʩʠʤʠʟʘʮʠʷ ʟʘʧʦʣʥʝʥʠʷ ʘʧʝʨʪʫʨʳ; 

- ʤʠʥʠʤʠʟʘʮʠʷ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʝʡ ʦʪ ʥʦʨʤʘʣʠ ʢ ʌɸʈ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤ 

ʩʢʘʥʠʨʦʚʘʥʠʝʤ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʱʝʥʠʷ ʢ ʮʝʣʷʤ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 4, 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʥʘ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʮʝʣʝʡ ʜʣʷ ʦʩʤʦʪʨʘ, ʧʨʠʦʨʠʪʝʪ ʠ 

ʜʘʣɹʥʦʩʪʴ ʜʦ ʥʠʭ. ɼʘʣʝʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʠʩʦʢ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʮʝʣʝʡ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʦʜʠʥ ʮʠʢʣ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʫʯʝʡ; 

- ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘ ʦʙʨʘʱʝʥʠʝ ʚ ʢʘʞʜʦʡ ʮʝʣʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʩʝʢʪʦʨʘ ʘʧʝʨʪʫʨʳ, 

ʚʳʜʝʣʷʝʤʦʛʦ ʥʘ ʢʘʞʜʫʶ ʮʝʣʴ; 

- ʜʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʫʯʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʩʝʢʪʦʨʘʭ ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʮʝʥʪʨ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʮʝʣʴ. 

ʊʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʩʦʚʤʝʱʝʥʠʷ ʩʝʢʪʦʨʦʚ; 

- ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʢʦʤʙʠʥʘʮʠʡ ʣʫʯʝʡ, ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʢʦʪʦʨʳʭ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʮʝʣʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʷʭ ʧʝʨʝʩʝʯʝʥʠʷ ʩʝʢʪʦʨʦʚ 

ʤʠʥʠʤʘʣʴʥʦ, ʠ ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʘʧʝʨʪʫʨʝ 

ʂɸʌɸʈ; 

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ, ʥʘ ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʤʝʩʪʥʦ ʧʦʚʝʨʥʫʪʴ 

ʩʝʢʪʦʨʘ ʚ ʦʜʥʦʤ ʮʠʢʣʝ, ʯʪʦʙʳ ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʧʫʩʪʦʪʳ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʩʝʢʪʦʨʦʚ. ɼʘʣʝʝ ʥʘ 

ʜʘʥʥʳʡ ʫʛʦʣ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤ ʩʧʦʩʦʙʦʤ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʥʦʨʤʘʣʠ ʢ ʩʝʢʪʦʨʫ ʚʩʝ ʣʫʯʠ 

ʠʟ ʦʜʥʦʛʦ ʮʠʢʣʘ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʫʯʝʡ ʚ ʟʘʜʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʦʜʥʦʤ 

ʮʠʢʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʜʣʷ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʘʧʝʨʪʫʨ, ʯʪʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ [9].  

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʠʟʚʝʩʪʥʦʛʦ [11] ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʱʝʥʠʷ ʢ ʮʝʣʷʤ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʂɸʌɸʈ.  

 

ʀʟʚʝʩʪʥʳʡ ʘʣʛʦʨʠʪʤ ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ 

1 ʮʠʢʣ 2 ʮʠʢʣ 1 ʮʠʢʣ 1 ʮʠʢʣ 

ʠʣʠ

 

ʈʠʩʫʥʦʢ 5. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʱʝʥʠʷ ʢ ʮʝʣʷʤ ʂɸʌɸʈ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʤ ʠ ʧʨʝʜʣʘʛʘʝʤʳʤ ʘʣʛʦʨʠʪʤʘʤʠ 
 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʟʘ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ ʮʠʢʣ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʪʠʪʴʩʷ 

ʢ ʯʝʪʳʨʝʤ ʠʥʪʝʨʝʩʫʶʱʠʤ ʮʝʣʷʤ, ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʚʦʨʦʪʘ ʣʫʯʝʡ, ʪʦʛʜʘ ʢʘʢ ʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ ʘʣʛʦʨʠʪʤ ʨʘʟʙʠʚʘʝʪ ʦʙʨʘʱʝʥʠʝ ʥʘ 

ʜʚʘ ʚʨʝʤʝʥʥʳʭ ʮʠʢʣʘ, ʧʨʠ ʵʪʦʤ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟʣʫʯʘʪʝʣʝʡ ʂɸʌɸʈ. 
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ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʜʦ ʯʫʪʴ ʤʝʥʝʝ ʯʝʤ ʜʚʫʭ ʨʘʟ ʚʨʝʤʷ ʦʩʤʦʪʨʘ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʮʝʣʝʡ. 

ʆʮʝʥʢʘ ʨʝʞʠʤʦʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʝʡ ʪʨʝʙʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʠ ʜʝʪʘʣʴʥʦʡ 

ʧʨʦʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʧʦ ʩʢʦʨʦʩʪʠ ʦʩʤʦʪʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʟʦʨʘ. ʉʨʘʚʥʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʂɸʌɸʈ ʩ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʡ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʧʠʨʘʤʠʜʘʣʴʥʦʡ ɸʌɸʈ 

(ʇɸʌɸʈ). ɸʤʧʣʠʪʫʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇɸʌɸʈ ʥʘ ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ ʧʨʠʥʷʪʦ ʨʘʚʥʦʤʝʨʥʳʤ, 

ʘ ʬʘʟʦʚʦʝ ï ʣʠʥʝʡʥʳʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʵʭʦ-ʩʠʛʥʘʣʘ ʦʪʩʫʪʩʪʚʫʶʪ 

ʢʘʢʠʝ-ʣʠʙʦ ʚʦʟʤʦʞʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʣʠ. ʊʦʛʜʘ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ 

ʦʙʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʬʦʨʤʫʣʳ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠ ʦʙʟʦʨʝ [5]:  

 

Ὕ
 τʌ Ὁ Ὑɱ

ὖὃʎ
 ȟ (1) 

ʛʜʝ:  Ὁ  ï ʤʠʥʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʟʘʜʘʥʥʳʤ 

ʚʝʨʦʷʪʥʦʩʪʷʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ; ɱ ï ʩʝʢʪʦʨ ʦʙʟʦʨʘ (ʩʪʝʨʘʜʠʘʥ); R ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ; ὖ ï ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ; ὃ ï ʧʣʦʱʘʜʴ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʪʝʥʥʳ ʥʘ ʧʨʠʝʤ; ů ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ (ʕʇʈ) 

ʮʝʣʠ. 

 

ʌʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʩʪʠʪʴ ʚ ʂɸʌɸʈ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ (ʚ 1,23 ï 

2,8 ʨʘʟʘ) ʢʦʣʠʯʝʩʪʚʦ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʛʘʙʘʨʠʪʘʭ (ʛʘʙʘʨʠʪʳ ʇɸʌɸʈ ʦʧʠʩʘʥʳ ʠ 

ʚʧʠʩʘʥʳ ʚ ʂɸʌɸʈ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʚʳʙʦʨʘ ʩʝʪʢʠ ʨʘʟʤʝʱʝʥʠʷ ʢʨʠʪʝʨʠʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʟʣʫʯʘʪʝʣʝʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʝʧʝʩʪʢʦʚ. ʇʦʵʪʦʤʫ, 

ʦʮʝʥʢʘ ʦʪʥʦʰʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʠʟʚʝʜʝʥʘ ʜʣʷ ʩʣʫʯʘʝʚ 

ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʣʫʯʘʪʝʣʝʡ (ʛʘʙʘʨʠʪʳ ʂɸʌɸʈ ʤʝʥʴʰʝ ʥʘ 20 ï 30%) ʠ ʦʜʠʥʘʢʦʚʳʭ 

ʛʘʙʘʨʠʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʂɸʌɸʈ ʠ ʇɸʌɸʈ ʜʣʷ ʪʨʝʫʛʦʣʴʥʦʡ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʠ 

ʇɸʌɸʈ S-ʜʠʘʧʘʟʦʥʘ. ʉʝʪʢʘ ʨʘʟʤʝʱʝʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʂɸʌɸʈ ï ʪʨʝʫʛʦʣʴʥʘʷ. ʕʣʝʢʪʨʦʥʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ï ʢʨʫʛʦʚʦʝ ʧʦ ʘʟʠʤʫʪʫ ʠ 0 - 85Á ʧʦ ʫʛʣʫ ʤʝʩʪʘ. 

ʆʪʥʦʰʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʟʦʨʘ ʇɸʌɸʈ ʢ ʂɸʌɸʈ 

ʜʣʷ 2-ʭ ʠ ʙʦʣʝʝ ʣʫʯʝʡ ʥʘ ʧʝʨʝʜʘʯʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʆʪʥʦʰʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʟʦʨʘ ʇɸʌɸʈ ʠ ʂɸʌɸʈ 

Ὕ  ̐́̑/Ὕ  ̋́,̑ ʦʪʥ. ʝʜ. 

ʆʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʣʫʯʘʪʝʣʝʡ 
ʆʜʠʥʘʢʦʚʳʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ʇɸʌɸʈ æ ʇɸʌɸʈ Ǐ 
ʇɸʌɸʈ ʦʧʠʩʘʥʥʳʡ ʇɸʌɸʈ ʚʧʠʩʘʥʥʳʡ 

æ Ǐ æ Ǐ 

1,1 1,3 2,38 1,98 8 6,54 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʂɸʌɸʈ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʦʙʟʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇɸʌɸʈ ʘʥʘʣʦʛʠʯʥʳʭ 

ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ (1,98 ï 8 ʨʘʟ) ʠʣʠ ʦʜʠʥʘʢʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʣʫʯʘʪʝʣʝʡ (1,1 ï 1,3 ʨʘʟʘ), 

ʘ ʪʘʢʞʝ ʜʦ ʯʫʪʴ ʤʝʥʝʝ ʯʝʤ ʜʚʫʭ ʨʘʟ ʫʩʢʦʨʠʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʮʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʟʚʝʩʪʥʳʤ ʘʣʛʦʨʠʪʤʦʤ.  
 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʢ ʮʝʣʷʤ 

ʂɸʌɸʈ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʩʝʢʪʦʨʦʚ ʘʧʝʨʪʫʨʳ, ʚʳʜʝʣʷʝʤʳʭ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʫʯʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʮʝʣʠ, ʠ ʠʭ ʩʦʚʤʝʱʝʥʠʝ ʚ ʮʠʢʣʳ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 



XXIII ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнр ͎Φύ 
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ʦʙʨʘʱʝʥʠʷ ʢ ʥʝʩʢʦʣʴʢʠʤ ʮʝʣʷʤ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʤ ʤʥʦʛʦʣʫʯʝʚʦʤ 

ʩʦʧʨʦʚʦʞʜʝʥʠʠ. ʉʦʚʤʝʱʝʥʠʝ ʩʝʢʪʦʨʦʚ ʚ ʮʠʢʣ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʩʤʦʪʨʘ ʮʝʣʝʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʝʚ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʷʭ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩʝʢʪʦʨʦʚ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʚ 

ʘʧʝʨʪʫʨʝ ʂɸʌɸʈ. ʈʘʟʤʝʨʳ ʩʝʢʪʦʨʦʚ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘ ʢʦʥʪʘʢʪ ʩ ʢʘʞʜʦʡ ʮʝʣʴʶ ʚ ʮʠʢʣʝ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʚʳʜʝʣʷʝʤʦʝ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ ʈʃʉ, ʪʘʢ ʢʘʢ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʙʟʦʨʘ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʧʦ ʘʟʠʤʫʪʫ ʧʨʠ ʟʘʜʝʡʩʪʚʦʚʘʥʠʠ ʚʩʝʡ ʧʣʦʱʘʜʠ ʂɸʌɸʈ, 

ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʈʃʉ, ʩʦʢʨʘʱʘʷ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʩ ʮʝʣʴʶ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʜʣʷ ʂɸʌɸʈ, ʫʤʝʥʴʰʘʷ ʧʦʪʝʨʠ ʂʅɼ ʠ ʫʚʝʣʠʯʠʚʘʷ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ ʠ ʧʣʦʩʢʠʤʠ ɸʌɸʈ.  
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ʂʘʤʳʰʥʠʢʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʩʣʘʚʦʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: kamyshnikoffal@yandex.ru 

ɺʨʝʤʷʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ time-to-digital converter ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʥʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤʘʭ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ time-to-digital converter 

(TDC) ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ (ʇʃʀʉ) ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʥʘ ʫʨʦʚʥʝ ʧʠʢʦ - ʠ ʥʘʥʦʩʝʢʫʥʜ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ, ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʢ ʚʳʩʦʢʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʢʣʶʯʝʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨ TDC ʥʘ ʇʃʀʉ. ʆʧʠʩʘʥʘ ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʝ ʇʃʀʉ Xilinx. ʇʨʠʚʝʜʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ. ʆʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʣʘʥ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʘ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: time-to-digital converter (TDC), ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (ʇʃʀʉ), ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; 

Xilinx . 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʝ, ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʥʘ ʫʨʦʚʥʝ ʧʠʢʦ - ʠ ʥʘʥʦʩʝʢʫʥʜ 

[1]. ʉʠʩʪʝʤʳ time-to-digital converter (TDC) ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ ʩ ʫʣʴʪʨʘʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʈʝʘʣʠʟʘʮʠʷ TDC ʥʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤʘʭ (ʇʃʀʉ) ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ, ʛʠʙʢʦʩʪʴʶ ʠ ʩʪʦʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ. 

ʇʃʀʉ (ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ, FPGA - Field-Programmable 

Gate Array) - ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʥʬʠʛʫʨʠʨʫʝʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʩʣʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʇʃʀʉ ʨʝʘʣʠʟʫʝʪ ʣʦʛʠʢʫ ʥʘ ʘʧʧʘʨʘʪʥʦʤ 

ʫʨʦʚʥʝ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʠ ʤʝʞʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. 

TDC (time-to-digital converter) - ʫʩʪʨʦʡʩʪʚʦ, ʠʟʤʝʨʷʶʱʝʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʦʙʳʪʠʷʤʠ (ʩʪʘʨʪ - ʠ ʩʪʦʧ-ʩʠʛʥʘʣʘʤʠ) ʠ ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʝʛʦ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ. 

ʂʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ: 

-  ʨʘʟʨʝʰʝʥʠʝ (ʤʠʥʠʤʘʣʴʥʳʡ ʠʟʤʝʨʷʝʤʳʡ ʠʥʪʝʨʚʘʣ); 

-  ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ; 

-  ʥʝʣʠʥʝʡʥʦʩʪʴ; 

-  ʩʢʦʨʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ɸʨʭʠʪʝʢʪʫʨʳ TDC ʥʘ ʇʃʀʉ [2]: 

1. ʄʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʟʘʜʝʨʞʢʠ (delay line TDC). ʆʩʥʦʚʘʥ ʥʘ ʧʨʦʭʦʞʜʝʥʠʠ ʩʠʛʥʘʣʘ 

ʯʝʨʝʟ ʮʝʧʦʯʢʫ ʵʣʝʤʝʥʪʦʚ ʩ ʠʟʚʝʩʪʥʦʡ ʟʘʜʝʨʞʢʦʡ. ʇʦʟʠʮʠʷ çʬʨʦʥʪʘè ʚ ʮʝʧʦʯʢʝ ʢʦʜʠʨʫʝʪʩʷ ʚ 

ʮʠʬʨʦʚʦʡ ʚʳʭʦʜ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ʘ) ʨʘʟʨʝʰʝʥʠʝ ʜʦ 10ï50 ʧʩ; 

ʙ) ʧʨʦʩʪʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʨʝʩʫʨʩʘʭ ʇʃʀʉ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ʘ) ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ; 

ʙ) ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. 

2. ʄʝʪʦʜ ʩʯʸʪʯʠʢʘ ʩ ʚʳʩʦʢʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ. ʀʩʧʦʣʴʟʫʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ 

ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ (ʥʘʧʨʠʤʝʨ, 1 ɻɻʮ) ʜʣʷ ʧʦʜʩʯʸʪʘ ʠʤʧʫʣʴʩʦʚ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ʘ) ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ; 

ʙ) ʥʠʟʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ʘ) ʨʘʟʨʝʰʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ (ʥʘʧʨʠʤʝʨ, 1 ʥʩ ʧʨʠ 1 ɻɻʮ); 

ʙ) ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʘʢʪʦʚʦʤʫ ʛʝʥʝʨʘʪʦʨʫ. 

3. ɻʠʙʨʠʜʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ. ʂʦʤʙʠʥʠʨʫʶʪ ʠʥʪʝʨʧʦʣʷʮʠʶ ʟʘʜʝʨʞʢʠ ʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʩʯʸʪʯʠʢ: ʛʨʫʙʦʝ ʠʟʤʝʨʝʥʠʝ ð ʩʯʸʪʯʠʢ (ʜʠʘʧʘʟʦʥ); ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ð 

ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ (ʥʘʥʦʩʝʢʫʥʜʥʦʝ ʨʘʟʨʝʰʝʥʠʝ). ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

2. 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʘʥʘʣʦʛʦʚʦʡ ʠ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ 

 

ʈʠʩʫʥʦʢ 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʎʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ TDL-TDC ʚʚʦʜʠʪ ʩʠʛʥʘʣ ʦʪ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʧʦ ʚʨʝʤʝʥʠ ʚ 

ʮʝʧʦʯʢʫ ʵʣʝʤʝʥʪʦʚ ʩ ʟʘʜʝʨʞʢʦʡ ὸ. ɿʥʘʷ ʟʘʜʝʨʞʢʫ, ʛʝʥʝʨʠʨʫʝʤʫʶ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʧʫʩʢʦʤ ʠ ʦʩʪʘʥʦʚʢʦʡ, ʧʦʜʩʯʠʪʘʚ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʫʧʝʥʝʡ, ʥʘ ʢʦʪʦʨʳʝ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʵʣʝʢʪʨʠʯʝʩʢʠʡ. ɺ ʵʪʦʤ ʪʠʧʝ ʩʪʘʨʪ ʚʚʦʜʠʪʩʷ ʚ time 

digital line (ʙʫʬʝʨʳ), ʘ ʩʪʦʧ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʢʠ ʩʦʩʪʦʷʥʠʷ ʮʝʧʠ ʩ ʧʦʤʦʱʴʶ ʪʨʠʛʛʝʨʦʚ. 

ʋʯʠʪʳʚʘʷ ʧʨʦʩʪʦʪʫ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʧʦʜʜʘʝʪʩʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʫʩʪʨʦʡʩʪʚʘ ʇʃʀʉ. 

ʆʧʦʨʥʳʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʚ ʙʦʣʝʝ ʦʙʱʝʤ ʩʤʳʩʣʝ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʪʘʢʪʦʚʳʤ ʩʠʛʥʘʣʦʤ, ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʚʜʦʣʴ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʩʠʛʥʘʣʘ ʩʪʦʧ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʪʙʠʨʘʶʪʩʷ ʦʪʩʨʦʯʝʥʥʳʝ ʚʝʨʩʠʠ ʩʠʛʥʘʣʘ ʩʪʘʨʪ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠʛʛʝʨʳ.  

ʇʨʦʮʝʩʩ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʟʘʤʦʨʘʞʠʚʘʝʪ ʩʦʩʪʦʷʥʠʠ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ 

ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ʦʩʪʘʥʦʚʢʠ. ɺʩʝ ʵʪʘʧʳ ʟʘʜʝʨʞʢʠ, ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʙʳʣʠ ʧʨʦʡʜʝʥʳ ʩʠʛʥʘʣʦʤ 

ʟʘʧʫʩʢʘ, ʜʘʶʪ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʣʦʞʝʥʠʝ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʤʘʢʩʠʤʫʤʦʤ ʠ ʤʠʥʠʤʫʤʦʤ ʚ 

ʵʪʦʤ ʢʦʜʝ ʫʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʜʘʣʝʢʦ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʩʠʛʥʘʣ ʟʘʧʫʩʢʘ ʚ ʪʝʯʝʥʠʝ 

ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʦʭʚʘʪʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʦʤ ʟʘʧʫʩʢʘ ʠ ʦʩʪʘʥʦʚʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦʪ 

ʧʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʂʦʣʠʯʝʩʪʚʦ N  ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ʩ 

ʚʳʩʦʢʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝʥʠʷ T. 

ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʠʟ ʯʠʩʣʘ ʚʳʩʦʢʠʭ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ.  

ʉʠʛʥʘʣ ʟʘʧʫʩʢʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʙʫʬʝʨʥʦʡ ʮʝʧʦʯʢʝ, ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ ʩʠʛʥʘʣʳ 

ʟʘʜʝʨʞʢʠ ʩʪʘʨʪ. ʊʨʠʛʛʝʨʳ ʧʦʜʢʣʶʯʝʥʳ ʢ ʚʳʭʦʜʘʤ ʵʣʝʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʩʦʩʪʦʷʥʠʝ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʧʦ ʥʘʨʘʩʪʘʶʱʝʤʫ ʬʨʦʥʪʫ ʩʠʛʥʘʣʘ ʦʩʪʘʥʦʚʢʠ. ʉʠʛʥʘʣ ʦʩʪʘʥʦʚʢʠ 

ʟʘʧʫʩʢʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʛʛʝʨʦʚ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʙʫʬʝʨʥʦʝ ʜʝʨʝʚʦ. ʃʶʙʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʚ ʵʪʦʤ ʜʝʨʝʚʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʥʝʣʠʥʝʡʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ TDC. 
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ʈʝʘʣʠʟʘʮʠʷ TDC ʥʘ ʇʃʀʉ [3]: 

1. ɸʧʧʘʨʘʪʥʘʷ ʧʣʘʪʬʦʨʤʘ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʦʪʣʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʪ ʥʘ ʙʘʟʝ ʇʃʀʉ Xilinx Artix-7: 

ʘ) ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʩʠʩʪʝʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: 100 ʄɻʮ; 

ʙ) ʜʦʩʪʫʧʥʳʝ ʨʝʩʫʨʩʳ: 33 000 ʣʦʛʠʯʝʩʢʠʭ ʷʯʝʝʢ, 120 ʂɹ ʙʣʦʯʥʦʡ ʧʘʤʷʪʠ; 

ʚ) ʚʩʪʨʦʝʥʥʳʝ ʬʘʟʦʚʳʝ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʜʣʷ ʫʤʥʦʞʝʥʠʷ ʯʘʩʪʦʪʳ. 

2. ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʛʠʙʨʠʜʥʘʷ TDC ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʘ) ʨʘʟʨʝʰʝʥʠʝ: 50 ʧʩ; 

ʙ) ʜʠʘʧʘʟʦʥ: 0ï10 ʤʢʩ. 

ʆʩʥʦʚʥʳʝ ʙʣʦʢʠ: 

1) ʚʭʦʜʥʦʡ ʙʫʬʝʨ - ʩʦʛʣʘʩʦʚʘʥʠʝ ʫʨʦʚʥʝʡ ʠ ʧʦʜʘʚʣʝʥʠʝ ʜʨʝʙʝʟʛ; 

2) ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ - ʮʝʧʦʯʢʘ ʠʟ 32 ʵʣʝʤʝʥʪʦʚ IDELAYE3 (ʚʩʪʨʦʝʥʥʳʝ ʚ Artix-7; 

3) ʩʯʸʪʯʠʢ - 16 ʙʠʪʥʳʡ ʜʚʦʠʯʥʳʡ ʩʯʸʪʯʠʢ ʥʘ ʨʝʛʠʩʪʨʝ FDRE; 

4) ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ - ʢʦʥʚʝʨʪʘʮʠʷ ʢʦʜʘ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʚ ʮʠʬʨʦʚʦʡ ʨʝʟʫʣʴʪʘʪ; 

5) ʢʦʥʪʨʦʣʣʝʨ serial peripheral interface (SPI) 7 ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨ. 

3. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ: 

-  ʩʪʘʨʪ-ʩʠʛʥʘʣ ʟʘʧʫʩʢʘʝʪ ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ ʠ ʩʯʸʪʯʠʢ; 

-  ʩʪʦʧ-ʩʠʛʥʘʣ ʬʠʢʩʠʨʫʝʪ ʢʦʜ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ (ʪʦʯʥʦʩʪʴ ~50 ʧʩ) ʠ ʟʥʘʯʝʥʠʝ ʩʯʸʪʯʠʢʘ 

(ʛʨʫʙʦʝ ʚʨʝʤʷ); 

-  ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ ʚʳʯʠʩʣʷʝʪ ʠʪʦʛʦʚʦʝ ʚʨʝʤʷ: 

4 .Ͻ4 -Ͻ4 ,  

ʛʜʝ N ï ʢʦʜ ʩʯʝʪʯʠʢʘ, 4 ρπ ̎  ̒(ʧʝʨʠʦʜ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ), M ï ʢʦʜ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, 

4 υπ ̐ Ȣ̒ 

4. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʦʚ ɸʂʀʇ-3302 (ʨʘʟʨʝʰʝʥʠʝ 10 ʧʩ). 

ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ: 

ʘ) ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʫʣʴʩʘʮʠʷ: 15 ʧʩ; 

ʙ) ʥʝʣʠʥʝʡʥʦʩʪʴ: < 0,5 %; 

ʚ) ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʡ: 1 ʄɻʮ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʀʩʪʠʥʥʦʝ ʚʨʝʤʷ (ʥʩ) ʀʟʤʝʨʝʥʥʦʝ ʚʨʝʤʷ (ʥʩ) ʇʦʛʨʝʰʥʦʩʪʴ (ʧʩ) 

100.00 100.02 +20 

500.00 499.95 -50 

1000.00 1000.08 +80 
 

5. ʆʧʪʠʤʠʟʘʮʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʳ: ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ; ʢʘʣʠʙʨʦʚʢʘ ʧʦ ʵʪʘʣʦʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ [4]. 

ʈʝʘʣʠʟʘʮʠʷ TDC ʥʘ ʇʃʀʉ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ. ɻʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʯʝʪʘʝʪ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʠ 

ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʘ ʛʠʙʢʦʩʪʴ ʇʃʀʉ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ 

ʟʘʜʘʯʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ - ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʜʝʪʝʢʪʦʨʘʭ. 
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ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ) ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʚʝʩʪʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ ʠ ʙʣʦʢʦʚ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʤʝʪʦʜ, 

ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ, ʢʦʨʧʫʩ, ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ, ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʡ ʤʘʪʝʨʠʘʣ. 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʈʕʉ) ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʫʨʦʚʥʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʠʤʠ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʠ ʧʦʣʷ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʧʦʤʝʭʘʤʠ ʜʣʷ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʫʭʫʜʰʘʷ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʦʥʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ [1]. ʇʨʠʝʤʦʧʝʨʝʜʘʶʱʠʝ ʤʦʜʫʣʠ (ʇʇʄ) ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʙʦʣʴʰʠʥʩʪʚʘ ʈʕʉ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʇʇʄ ʚ ʫʩʣʦʚʠʷʭ ʟʘʜʘʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ (ʕʄʉ) [2]. ʕʄʉ ï 

ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʦʪ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʩʪʨʦʡʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ 

ʟʘʜʘʥʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʝ ʩʦʟʜʘʝʪ ʧʦʤʝʭ ʜʣʷ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ.   

ʇʨʦʮʝʩʩ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʥʘ ʫʨʦʚʥʝ ʨʘʟʨʘʙʦʪʢʠ ʇʇʄ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

ʘʥʘʣʠʟ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʕʄʉ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ (ʇʇ) ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʕʄʉ ʇʇʄ ʥʘ ʫʨʦʚʥʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʫʣʷ.  

1. ɸʥʘʣʠʟ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ.  

ʇʣʘʥʠʨʦʚʘʪʴ ʧʦʤʝʭʦʚʫʶ ʦʙʩʪʘʥʦʚʢʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʤʝʭ [3].   

ɸʥʘʣʠʟ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʫʨʦʚʥʝ ʨʘʟʨʘʙʦʪʢʠ ʇʇʄ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʟʘʜʘʯ: ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʥʘ ʨʘʙʦʪʫ ʤʦʜʫʣʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʙʦʨʴʙʳ ʩ ʧʦʤʝʭʘʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʧʨʠʙʝʛʘʶʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʟʘʤʝʥʠʪʴ ʨʝʘʣʴʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʝʸ 

ʧʨʠʙʣʠʞʸʥʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʚ ʚʠʜʝ ʤʦʜʝʣʠ. çCST Studio Suiteè  ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ. çɸʉʆʅʀʂɸ-

ʕʄʉè  ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚ ʪʨʸʭ 

ʠʟʤʝʨʝʥʠʷʭ ʚʥʫʪʨʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ.   

2. ʆʙʝʩʧʝʯʝʥʠʝ ʕʄʉ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. 

ʈʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʇʇʄ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʫʟʣʦʚ ʷʚʣʷʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʥʠʝ. ʇʝʨʚʳʤ 

ʩʧʦʩʦʙʦʤ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʩʣʫʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʦʜʮʝʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʠʥʮʠʧʫ ʢʣʝʪʢʠ 

ʌʘʨʘʜʝʷ [4]. ʂʦʣʦʜʝʮ ʟʘʱʠʱʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʇʇ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
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ʠʟʣʫʯʝʥʠʷ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʷ ʟʘʨʷʜʳ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʠ ʟʘʨʷʜʳ ʩʦʟʜʘʶʪ ʩʦʙʩʪʚʝʥʥʦʝ 

ʧʦʣʝ, ʢʦʪʦʨʦʝ ʛʘʩʠʪ ʚʥʝʰʥʝʝ ʠʟʣʫʯʝʥʠʝ (ʨʠʩ. 1).  

 

ʈʠʩʫʥʦʢ 1. ʂʣʝʪʢʘ ʌʘʨʘʜʝʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʥʝʛʦ ʵʣʝʤʝʥʪʘʤʠ 2: 

1 ï ʢʦʣʦʜʝʮ; 3 ï ʨʘʟʚʦʜʢʘ ʉɺʏ-ʵʣʝʤʝʥʪʦʚ; 4 ï ʟʘʟʦʨ ʜʣʷ ʢʦʤʧʣʘʥʘʨʥʳʭ ʣʠʥʠʡ; 

5 ï ʧʝʨʝʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ; 6 ï ʙʘʨʴʝʨʥʳʡ ʵʢʨʘʥ; 7 ï ʦʢʥʘ; 

8 ï ʧʨʦʚʦʜʷʱʠʝ ʩʣʦʠ; 9 ï ɻʢʨʘʥʠʨʫʶʱʠʡ ʧʝʨʝʭʦʜ 

ʂʨʦʤʝ ʪʦʛʦ, ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦ ʢʨʘʷʤ ʧʣʘʪʳ ʟʝʤʣʷʥʳʭ 

ʧʦʣʠʛʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʛʣʦʱʘʶʪ ʠ ʦʪʨʘʞʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʨʠʩ. 2) [5].  

 

ʈʠʩʫʥʦʢ 2. ɿʝʤʣʷʥʳʝ ʧʦʣʠʛʦʥʳ 

ʊʘʢʞʝ ʧʨʠ ʵʢʨʘʥʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʵʢʨʘʥʠʨʫʶʱʠʝ ʩʣʦʠ ʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ, ʩʧʦʩʦʙ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʟʘʟʝʤʣʷʶʱʠʭ ʧʣʦʩʢʦʩʪʝʡ ʤʝʞʜʫ ʩʠʛʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʚʦʜʷʱʠʝ ʜʦʨʦʞʢʠ (ʨʠʩ. 3).  

 

ʈʠʩʫʥʦʢ 3. ɿʘʟʝʤʣʷʶʱʠʝ ʩʣʦʠ 

3. ʆʙʝʩʧʝʯʝʥʠʝ ʕʄʉ ʇʇʄ ʥʘ ʫʨʦʚʥʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʫʣʷ. 
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ʕʄʉ ʇʇʄ ʥʘ ʫʨʦʚʥʝ ʢʦʨʧʫʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ: 

ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ, ʚʳʙʦʨʦʤ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ ʢʦʨʧʫʩʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʵʢʨʘʥʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʟʘʤʢʥʫʪʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʥʪʫʨ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʩʚʳʰʝ 100 ʜɹ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʵʪʦ 

ʥʝʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʥʝʦʙʭʦʜʠʤʳ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʚʚʦʜʘ ʢʘʙʝʣʝʡ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʘʧʧʘʨʘʪʫʨʳ [6]. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʇʇʄ ʥʘ ʫʨʦʚʥʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʢʦʨʧʫʩʘ: ʧʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʨʘʤʦʯʥʳʝ, ʷʯʝʠʩʪʳʝ ʠ ʯʘʰʝʯʥʳʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʤʦʯʥʦʛʦ ʢʦʨʧʫʩʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʦʜʥʦ- ʠ ʜʚʫʭʲʷʨʫʩʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʣʘʪ. ʂʨʝʧʣʝʥʠʝ ʧʣʘʪʳ ʚ ʢʦʨʧʫʩʝ ʧʨʦʚʦʜʠʪʩʷ 

ʫʩʪʘʥʦʚʢʦʡ ʝʝ ʥʘ ʫʩʪʫʧʳ ʚʜʦʣʴ ʩʪʝʥʦʢ ʠʣʠ ʚʳʩʪʫʧʳ ʚ ʫʛʣʘʭ ʨʘʤʢʠ. ʗʯʝʠʩʪʳʡ ʢʦʨʧʫʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʧʫʩ, ʚ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʝʥʦ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʧʦʜʣʦʞʢʘʭ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ 

ʇʇ. ʏʘʰʝʯʥʳʡ ʢʦʨʧʫʩ ʩʦʩʪʦʠʪ ʠʟ ʮʝʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʩʪʝʥʦʢ, ʢʨʝʧʣʝʥʠʝ ʧʣʘʪʳ ʚ ʢʦʨʧʫʩ 

ʧʨʦʚʦʜʷʪʩʷ ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʞʠʤʦʤ ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʦʚ, ʣʠʙʦ ʧʘʡʢʦʡ ʧʦʜʣʦʞʢʠ ʢʦ ʜʥʫ 

ʢʦʨʧʫʩʘ. ʇʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʕʄʉ ʇʇʄ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʨʦʢʣʘʜʢʠ ʠ ʫʧʣʦʪʥʠʪʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʱʝʣʝʡ ʠ 

ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʇʇʄ. ʂʦʨʧʫʩʘ ʠʤʝʶʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ 

ʥʝʜʦʩʪʘʪʢʠ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʢʦʨʧʫʩʦʚ 

ʊʠʧ 

ʢʦʨʧʫʩʘ 

ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʈʘʤʦʯʥʳʡ ʇʨʦʩʪʦʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ, 

ʫʜʦʙʩʪʚʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʚʝʩʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʧʣʘʪʳ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʣʝʛʢʦʩʪʴ ʩʤʝʥʳ ʧʣʘʪʳ 

ʧʨʠ ʨʝʤʦʥʪʝ 

ɼʦʚʦʣʴʥʦ ʙʦʣʴʰʘʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

ʢʦʨʧʫʩʦʚ ʧʨʦʪʷʞʥʦʩʪʴ ʰʚʦʚ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʛʝʨʤʝʪʠʟʠʨʦʚʘʪʴ 

ʗʯʝʠʩʪʳʡ ʆʪʣʠʯʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ, ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ɺʏ ʧʨʠ ʤʘʣʦʤ 

ʨʘʟʤʝʨʝ ʷʯʝʡʢʠ, ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʢʦʤʧʦʥʦʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ 

ʇʇ 

ʉʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʩʙʦʨʢʠ ʷʯʝʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʠʭ ʢʦʨʧʫʩʦʚ 

ʏʘʰʝʯʥʳʡ ɺʳʩʦʢʘʷ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʮʝʣʴʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʥʦʚʘʥʠʷ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʢʦʤʧʦʥʦʚʢʠ ʵʣʝʤʝʥʪʦʚ 

ʊʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʨʦʢʣʘʜʢʠ ʨʘʟʥʳʭ ʬʦʨʤ: ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʵʣʘʩʪʦʤʝʨʳ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʧʨʫʞʠʥʥʳʝ ʠ ʩʧʠʨʘʣʴʥʳʝ ʛʨʝʙʝʥʢʠ, ʧʣʝʪʝʥʢʠ ʠ ʧʨʦʢʣʘʜʢʠ ʠʟ ʧʝʥʦʨʝʟʠʥʳ (ʨʠʩ. 4). ʇʨʦʢʣʘʜʢʘ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʜʣʝʞʘʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʦʙʝʩʧʝʯʠʪ ʭʦʨʦʰʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʤʝʞʜʫ ʩʦʧʨʷʛʘʝʤʳʤʠ ʯʘʩʪʷʤʠ, ʪʝʤ ʩʘʤʳʤ ʤʠʥʠʤʠʟʠʨʫʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʢʦʨʧʫʩʘ. ʅʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʢʣʘʜʦʢ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʨʦʚʦʣʦʯʥʫʶ ʦʧʣʝʪʢʫ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʢʣʘʜʢʠ ʩ 

ʬʦʨʤʦʚʢʦʡ ʧʦ ʤʝʩʪʫ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʞʝ ʧʨʦʢʣʘʜʢʠ ʜʦʩʪʫʧʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʦʣʦʚʦ, ʥʠʢʝʣʴ, ʙʝʨʠʣʣʠʝʚʫʶ ʙʨʦʥʟʫ, ʩʝʨʝʙʨʦ, ʥʝʨʞʘʚʝʶʱʫʶ ʩʪʘʣʴ.  
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ʈʠʩʫʥʦʢ 4. ɺʠʜr ʧʨʦʢʣʘʜʦʢ 

 ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʥʳʭ ʚʠʜʦʚ ʧʨʦʢʣʘʜʦʢ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʥʳʭ ʚʠʜʦʚ ʧʨʦʢʣʘʜʦʢ 

ʇʘʨʘʤʝʪʨ \ ʊʠʧ 

ʧʨʦʢʣʘʜʢʠ 

ʊʦʢʦʧʨʦʚʦʜʷʱʠʝ 

ʵʣʘʩʪʦʤʝʨʳ 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʣʝʪʝʥʢʘ 

ʇʝʥʦʨʝʟʠʥʘ ʩ 

ʧʨʦʚʦʜʷʱʝʡ 

ʪʢʘʥʴʶ 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ 

ʛʨʝʙʝʥʢʠ  

ʄʘʪʝʨʠʘʣ 

ʉʠʣʠʢʦʥ ʩ 

ʧʨʦʚʦʜʷʱʠʤʠ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ 

ʇʨʦʚʦʣʦʢʘ 

(ʣʫʞʝʥʘʷ ʩʪʘʣʴ, 

ʘʣʶʤʠʥʠʡ, 

ʥʝʨʞʘʚʝʶʱʘʷ 

ʩʪʘʣʴ) 

ʇʝʥʦʨʝʟʠʥʘ + 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʘ

ʷ ʪʢʘʥʴ 

ɹʝʨʠʣʣʠʝʚʘʷ 

ʙʨʦʥʟʘ, 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

ʕʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ / 

ʕʢʨʘʥʠʨʦʚʘʥʠʝ 

ɺʳʩʦʢʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩ

ʪʴ, ʵʬʬʝʢʪʠʚʥʦʝ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ  

ʍʦʨʦʰʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, 

ʦʪʣʠʯʥʦʝ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʜʦ 

10 ɻɻʮ 

ɺʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ

, ʥʠʟʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 

ʩʞʘʪʠʠ 

ʏʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ 

ʐʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʘʜʘʝʪ ʧʦʩʣʝ 1 

ɻɻʮ 

ʕʬʬʝʢʪʠʚʥʦ ʜʦ 10 

ɻɻʮ 
ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ  

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ / 

ʋʧʣʦʪʥʝʥʠʝ 

ʕʣʘʩʪʠʯʥʦʩʪʴ, 

ʭʦʨʦʰʝʝ 

ʫʧʣʦʪʥʝʥʠʝ 

ɻʠʙʢʦʩʪʴ, 

ʩʪʦʡʢʦʩʪʴ ʢ 

ʧʦʚʨʝʞʜʝʥʠʷʤ 

ʆʪʣʠʯʥʦʝ 

ʫʧʣʦʪʥʝʥʠʝ, 

ʛʠʙʢʦʩʪʴ 

ɾʝʩʪʢʦʩʪʴ, 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʦʚʨʝʞʜʝʥʠʷʤ 
 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʛʦ 

ʤʦʜʫʣʷ ʧʨʠʤʝʥʷʶʪ ʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʨʘʥʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʠ ʧʦʛʣʦʱʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ [7]. ɼʣʷ ʟʘʱʠʪʳ ʦʪ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (0ï10 ʢɻʮ) ʠʩʧʦʣʴʟʫʶʪ ʤʘʪʝʨʠʘʣ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ ʩʪʘʣʴ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʧʨʠʤʝʥʷʪʴ ʥʝʤʘʛʥʠʪʥʳʝ ʤʝʪʘʣʣʳ ï ʤʝʜʴ, ʘʣʶʤʠʥʠʡ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʦʚʦʜʷʱʠʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ (ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, 

ʛʨʘʬʝʥ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ), ʩʦʯʝʪʘʶʱʠʝ ʫʤʝʨʝʥʥʳʝ ʵʢʨʘʥʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ, ʣʸʛʢʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 

ʇʦʪʝʨʠ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʣʱʠʥʳ ʠ ʯʘʩʪʦʪʳ 

 ʄʝʜʴ, ʜɹ ɸʣʶʤʠʥʠʡ, ʜɹ ʉʪʘʣʴ, ʜɹ 

ʊʦʣʱʠʥʘ, ʤʤ 

0,01 0,1 1 0,01 0,1 1 0,01 0,1 1 
30 ʄɻʮ 7 70 700 5,2 52 520 3 28 200 
100 

ʄɻʮ 
13 130 >1000 9,5 95 950 5 50 500 

300 

ʄɻʮ 
22 220 >1000 17 170 >1000 9 88 880 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʕʄʉ ʜʦʣʞʥʦ ʧʨʠʥʠʤʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ 

ʫʩʪʨʦʡʩʪʚʘ, ʫʨʦʚʥʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʧʦʤʝʭ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʝʧʣʦʦʪʚʦʜʫ, 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ ʮʝʣʝʚʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʪʘ.   

ɺʳʚʦʜ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʚʝʩʪʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʥʘ 

ʫʨʦʚʥʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ ʠ ʙʣʦʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʕʄʉ ʇʇʄ ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʨ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. ʋʩʧʝʰʥʦʝ 

ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʘʤʦʛʦ ʤʦʜʫʣʷ ʠ 

ʢʦʨʨʝʢʪʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʦʥ ʚʭʦʜʠʪ.  
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ʋɼʂ 621.375.026 

ʂʦʣʶʰʝʚ ɼʘʥʠʣʘ ɸʣʝʢʩʝʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: moto747@yandex.ru 

ʉʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʣʠʥʝʡʥʦʩʪʠ ʠ ʂʇɼ ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʩ ʙʦʣʴʰʠʤ 

ʧʠʢ-ʬʘʢʪʦʨʦʤ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʠʣʠʪʝʣʠ ʩʠʛʥʘʣʦʚ ʩ ʙʦʣʴʰʠʤ ʧʠʢ-

ʬʘʢʪʦʨʦʤ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʠ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʣʫʯʰʠʪʴ ʣʠʥʝʡʥʦʩʪʴ ʫʩʠʣʠʪʝʣʝʡ ʠ ʧʦʚʳʩʠʪʴ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ, ʩʠʛʥʘʣ ʩ ʙʦʣʴʰʠʤ ʧʠʢ-ʬʘʢʪʦʨʦʤ, ʫʩʠʣʠʪʝʣʴ 

ʧʦ ʩʭʝʤʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʫʩʠʣʝʥʠʷ, ʣʠʥʝʡʥʦʩʪʴ, ʂʇɼ. 

 

ʈʘʜʠʦʯʘʩʪʦʪʥʳʝ (ʈʏ) ʫʩʠʣʠʪʝʣʠ ʤʦʱʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʱʥʦʩʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʨʘʜʠʦʩʚʷʟʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʈʏ-ʫʩʠʣʠʪʝʣʝʡ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, 

ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʝ ʚ ʥʦʩʠʤʦʡ ʘʧʧʘʨʘʪʫʨʝ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʠʥʝʡʥʳʭ ʫʩʠʣʠʪʝʣʝʡ 

ʤʦʱʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʣʠʷʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ 

ʫʩʠʣʠʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʝʨʝʜʘʪʯʠʢʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʦʙʰʠʨʥʘ. ʅʦ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʟʘʪʨʘʪʥʳʝ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ) ʩʧʦʩʦʙʳ, ʪʘʢʠʝ ʢʘʢ 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʨʝʞʠʤʦʚ (ɸʈʈ) ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ ɼʦʛʝʨʪʠ [2]. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ɼʦʛʝʨʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʚʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʩ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʧʠʢʦʚʦʡ ʢ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ [2]. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʩʠʣʠʪʝʣʝʡ, ʚʢʣʶʯʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʚʳʩʦʢʠʤ ʧʠʢ-ʬʘʢʪʦʨʦʤ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʢʘʢ ʠ ʚʩʝʭ ʤʦʩʪʦʚʳʭ ʩʭʝʤ ʩʣʦʞʝʥʠʷ 

ʤʦʱʥʦʩʪʝʡ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʣʦʩʳ ʫʩʠʣʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ ʫʩʠʣʠʪʝʣʷʭ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʫʩʠʣʝʥʠʝʤ (ʋʈʋ) ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʦʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʩʠʣʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʪʘʢ ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʨʠ 

ʣʶʙʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʜʘʞʝ ʝʩʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʦʧʨʝʜʝʣʠʣʦ ʝʛʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʣʦʩʘ 

ʫʩʠʣʠʚʘʝʤʳʭ ʯʘʩʪʦʪ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʄɻʮ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 1-2 ɻɻʮ, ʦʜʥʘʢʦ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʫʩʠʣʠʪʝʣʠ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʩ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ, ʜʦʩʪʠʛʘʶʱʠʤ 

ʜʝʩʷʪʢʦʚ ɻɻʮ, ʥʘʧʨʠʤʝʨ, GaAs ʉɺʏ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ ʂ1324ʋɺ28ʋ1, 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 12 ɻɻʮ [3]. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʋʈʋ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʋʈʋ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʭ ʫʩʠʣʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (ʋʇ), ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ (ʃɿ), 

ʵʣʝʤʝʥʪʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʥʘʛʨʫʟʢʦʡ ʠ ʧʠʪʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʠʣʠʪʝʣʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʫʩʠʣʝʥʠʝʤ 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ ʚʭʦʜʥʦʡ ʃɿ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʫʩʠʣʠʪʝʣʠ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʟʘʜʝʨʞʢʦʡ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩʣʦʞʝʥʠʝ ʫʩʠʣʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʚ ʚʳʭʦʜʥʦʡ ʃɿ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2 [3].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʋʈʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʈʈ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʩʚʝʪʝ ʩʣʝʜʫʶʱʠʭ 

ʬʘʢʪʦʚ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʥʮʠʧʦʚ ʣʠʥʝʘʨʠʟʘʮʠʠ ʫʩʠʣʠʪʝʣʝʡ 

ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʭʝʤ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʨʝʤʝʥʥʦʤʫ ʩʦʚʤʝʱʝʥʠʶ ʫʩʠʣʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʫʩʠʣʠʪʝʣʷ 

ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ ʠʟ ʮʝʧʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʭʝʤʳ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʤʦʛʫʪ ʙʳʪʴ ʥʝʫʩʪʦʡʯʠʚʳ. ʋʩʠʣʠʪʝʣʴ ʩ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʫʩʠʣʝʥʠʝʤ, ʷʚʣʷʷʩʴ ʢʘʢ ʙʳ ʩʘʤ ʣʠʥʠʝʡ ʟʘʜʝʨʞʢʠ, ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʥʝʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʳ ʣʠʥʝʘʨʠʟʘʮʠʠ ʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʘ ʥʘʦʙʦʨʦʪ, ʩʚʷʟʴʶ 

ʚʧʝʨʸʜ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʶʱʠʝ: ʩʠʩʪʝʤʘ ʫʩʠʣʝʥʠʷ ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚʩʝʛʜʘ 

ʫʩʪʦʡʯʠʚʘ; ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʩʪʝʤʝ ʩ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ; ʩʠʩʪʝʤʘ ʫʩʠʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ. 

ʀ, ʥʘʢʦʥʝʮ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ï ʟʜʝʩʴ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʫʩʣʦʚʠʷ ʚʨʝʤʝʥʥʦʛʦ 

ʩʦʚʤʝʱʝʥʠʷ ʫʩʠʣʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʩ ʩʠʛʥʘʣʦʤ ʨʝʛʫʣʠʨʦʚʢʠ ʨʝʞʠʤʘ: ʩʠʛʥʘʣ ʨʝʛʫʣʠʨʦʚʢʠ 

ʨʝʞʠʤʘ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʫʩʠʣʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴ, ʘ ʜʦ 

ʵʪʦʛʦ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʢʘʩʢʘʜʦʚ ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚʳʩʦʢʦʡ ʣʠʥʝʡʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʫʩʠʣʠʪʝʣʠ ʢʣʘʩʩʘ ɸ ʩ ʧʨʠʩʫʱʠʤ ʠʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ï ʦʯʝʥʴ ʥʠʟʢʠʤ ʂʇɼ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʝʪʦʜʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝ 

ɸʈʈ ʨʘʙʦʪʳ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʝʜʥʠʡ ʂʇɼ ʫʩʠʣʠʪʝʣʷ 

ʫʜʘʝʪʩʷ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʫʩʠʣʝʥʠʠ ʩʣʘʙʳʭ ʩʠʛʥʘʣʦʚ.  

ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʫʩʠʣʠʪʝʣʷ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ 

ʫʩʠʣʝʥʠʝʤ ʩ ʧʦʚʳʰʝʥʥʳʤ ʂʇɼ ʧʦ ʤʝʪʦʜʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʨʝʞʠʤʘ ʩʤʝʱʝʥʠʝʤ, 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʠʣʠʪʝʣʷ ʩ ʚʳʩʦʢʠʤ ʂʇɼ 
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ʋʩʠʣʠʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʝʡ: 

1. ʋʩʠʣʠʪʝʣʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʋ1). 

2. ʅʘʧʨʘʚʣʝʥʥʳʡ ʦʪʚʝʪʚʠʪʝʣʴ (ʅʆ) ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

3. ɼʝʪʝʢʪʦʨ (ɼ) ʦʛʠʙʘʶʱʝʡ. 

4. ʋʩʠʣʠʪʝʣʴ ʦʛʠʙʘʶʱʝʡ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʋ2). 

5. ʋʈʋ ʫʩʠʣʠʪʝʣʴ ʉɺʏ, ʚr ʧʦʣʥʝʥʥʳʡ ʧʦ ʩʭʝʤʝ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ  ʫʩʠʣʝʥʠʝʤ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ ʫʩʠʣʠʪʝʣʷ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʫʩʠʣʝʥʠʝʤ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʩʭʝʤʳ ɸʈʈ, ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʤʘʢʝʪʘ. ʊʘʢʦʡ ʤʘʢʝʪ 

ʧʦʟʚʦʣʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʩʢʘʜʘʭ ʫʩʠʣʠʪʝʣʷ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʫʩʠʣʝʥʠʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʫʩʠʣʠʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʮʝʧʝʡ ʫʧʨʘʚʣʝʥʠʷ 

ʩʤʝʱʝʥʠʝʤ (ɸʈʈ). 
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ɿʘʭʘʨʢʠʥ ɺʣʘʜʠʩʣʘʚ ɼʤʠʪʨʠʝʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: zacharkin.v@mail.ru 

ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ʙʦʨʪʦʚʳʭ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʠʟʘʮʠʶ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ 

ʩʧʦʩʦʙʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʚʝʜʝʥʠʷ ʦʙ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ʥʘ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʸʤʦ-

ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʨʠʸʤʦ-

ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʠʤʝʥʴʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʨʦʢʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ, ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʩʧʦʩʦʙ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ, ʢʦʨʧʫʩ, 

ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ. 
 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʙʦʨʪʦʚʳʭ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʠʟʘʮʠʶ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʨʦʢʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʫʯʠʪʳʚʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʘ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ 

ʤʦʜʫʣʷ: ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʜ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʦʙʲʸʤʝ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʩʦʭʨʘʥʷʝʪʩʷ ʠʥʝʨʪʥʳʡ 

ʛʘʟ, ʟʘʢʘʯʘʥʥʳʡ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʸʤ ʧʦʣʦʡ ʦʙʦʣʦʯʢʠ ʤʦʜʫʣʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʛʝʨʤʝʪʠʟʘʮʠʠ. 

ʇʦʜ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴʶ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʠʥʠʤʫʤ ʜʚʫʭ 

ʮʠʢʣʦʚ ʫʩʪʘʥʦʚʢʠ/ʩʥʷʪʠʷ ʢʨʳʰʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʚʳʙʨʘʥ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ, ʧʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʚʦ 

ʚʥʫʪʨʝʥʥʝʤ ʦʙʲʸʤʝ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʸʞʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʦʜʫʣʷ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʸʤ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʦʣʳʤʠ ʦʙʦʣʦʯʢʘʤʠ. ʂʦʥʢʨʝʪʠʟʠʨʫʝʤ ʦʙʣʘʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʨʠʚʝʜʸʤ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ 

ʛʝʨʤʝʪʠʟʘʮʠʠ.  
 

ɻʝʨʤʝʪʠʟʘʮʠʷ ʧʘʡʢʦʡ 

ʆʩʥʦʚʘʥʘ ʥʘ ʩʦʟʜʘʥʠʠ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʢʨʳʰʢʦʡ ʧʨʠʸʤʦ-

ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʣʳʭ ʦʙʦʣʦʯʢʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʧʦʢʨʳʪʳʭ ʩʧʣʘʚʦʤ ʦʣʦʚʦ-ʚʠʩʤʫʪ.  

ʆʙʝʩʧʝʯʠʚʘʝʤʘʷ ʩʪʝʧʝʥʴ ʥʘʪʝʢʘʥʠʷ ʛʘʟʘ ʧʦ ʘʟʦʪʫ - 1,33Ā10-7 ʜʤ3 Ā ʇʘ/ʩ [1]. 

ɼʦʩʪʦʠʥʩʪʚʘ:  

- ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʝʨʤʝʪʠʟʘʮʠʠ; 

- ʦʪʩʫʪʩʪʚʠʝ ʢʨʝʧʸʞʥʳʭ ʠʟʜʝʣʠʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʨʳʰʢʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

 - ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʫʩʪʘʥʦʚʢʠ/ʩʥʷʪʠʷ ʢʨʳʰʢʠ (3-4 ʮʠʢʣʘ); 

- ʫʟʝʣ ʛʝʨʤʝʪʠʟʘʮʠʠ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʸʤ; 

- ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ. 
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ɻʝʨʤʝʪʠʟʘʮʠʷ ʩʚʘʨʢʦʡ 

ʆʩʥʦʚʘʥʘ ʥʘ ʩʦʟʜʘʥʠʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʢʨʳʰʢʦʡ ʧʨʠʸʤʦ-

ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ. ʀʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʳʭ ʦʙʦʣʦʯʝʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʣʠ ʠ ʪʠʪʘʥʘ.  

ʆʙʝʩʧʝʯʠʚʘʝʤʘʷ ʩʪʝʧʝʥʴ ʥʘʪʝʢʘʥʠʷ ʛʘʟʘ ʧʦ ʘʟʦʪʫ - 1,33Ā10-10 ʜʤ3 Ā ʇʘ/ʩ [1]. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

 - ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʝʨʤʝʪʠʟʘʮʠʠ; 

- ʦʪʩʫʪʩʪʚʠʝ ʢʨʝʧʸʞʥʳʭ ʠʟʜʝʣʠʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʨʳʰʢʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

 - ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʫʩʪʘʥʦʚʢʠ/ʩʥʷʪʠʷ ʢʨʳʰʢʠ (ʜʦ 5 ʮʠʢʣʦʚ); 

- ʫʚʝʣʠʯʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ ʧʦ ʚʳʩʦʪʝ, ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʘʟʦʚ ʥʘ ʢʦʨʧʫʩʝ ʠ ʢʨʳʰʢʝ, ʧʦʜ ʩʚʘʨʢʫ; 

- ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʣʳʭ ʦʙʦʣʦʯʝʢ ʩʪʘʣʠ ʠʣʠ ʪʠʪʘʥʘ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʵʣʝʢʪʨʦʨʘʜʠʦʠʟʜʝʣʠʡ ʧʨʠ ʜʝʤʦʥʪʘʞʝ 

ʢʨʳʰʢʠ, ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʧʦʧʘʜʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʞʢʠ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʸʤ 

ʦʙʦʣʦʯʢʠ; 

- ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ 

ʛʠʙʨʠʜʥʦʡ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʠʣʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʩʚʘʨʢʠ; 

- ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʧʦʣʦʡ 

ʦʙʦʣʦʯʢʠ - ʪʠʪʘʥʘ. 
 

ɻʝʨʤʝʪʠʟʘʮʠʷ ʨʝʟʠʥʦʚʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ 

ʆʩʥʦʚʘʥʘ ʥʘ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚʘʭ ʨʝʟʠʥʳ ʧʨʠ ʝʸ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʟʘʪʷʞʢʠ 

ʢʨʝʧʸʞʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʢʨʳʰʢʠ ʚ ʢʦʨʧʫʩ. ʉʧʦʩʦʙ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʦʣʳʭ ʦʙʦʣʦʯʝʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʨʝʟʠʥʦʚʦʡ 

ʧʨʦʢʣʘʜʢʠ ʥʘ ʢʦʨʧʫʩʝ ʠʟʜʝʣʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʢʘʥʘʚʢʫ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ ʟʘʚʠʩʷʪ ʦʪ 

ʨʘʟʤʝʨʦʚ ʨʝʟʠʥʦʚʦʡ ʧʨʦʢʣʘʜʢʠ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ. ʉʪʝʧʝʥʴ ʩʞʘʪʠʷ ʧʨʦʢʣʘʜʢʠ 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20 ʜʦ 40 % [2].  

ʆʙʝʩʧʝʯʠʚʘʝʤʘʷ ʩʪʝʧʝʥʴ ʥʘʪʝʢʘʥʠʷ ʛʘʟʘ ʧʦ ʘʟʦʪʫ - 1,33Ā10-4 ʜʤ3 Ā ʇʘ/ʩ [1]. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

- ʥʠʟʢʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ; 

- ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ:  

- ʦʙʝʩʧʝʯʝʥʠʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʛʝʨʤʝʪʠʟʘʮʠʠ; 

- ʥʘʣʠʯʠʝ ʢʨʝʧʸʞʥʳʭ ʠʟʜʝʣʠʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʨʳʰʢʠ; 

- ʫʚʝʣʠʯʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʠʟ-ʟʘ ʫʩʪʘʥʦʚʢʠ ʢʨʝʧʸʞʥʳʭ ʠʟʜʝʣʠʡ. 
 

ʂʣʝʝʚʘʷ ʛʝʨʤʝʪʠʟʘʮʠʷ 

ʆʩʥʦʚʘʥʘ ʥʘ ʟʘʧʦʣʥʝʥʠʠ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʨʳʰʢʦʡ ʠ ʢʦʨʧʫʩʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʡʩʪʚ 

ʚʷʟʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʟʘʪʚʝʨʜʝʥʠʶ. ʀʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʳʭ 

ʦʙʦʣʦʯʝʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʘʜʛʝʟʠʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʣʝʷ (ʛʝʨʤʝʪʠʢʘ) ʢ ʤʘʪʝʨʠʘʣʫ ʧʦʣʦʡ ʦʙʦʣʦʯʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʣʝʷ (ʛʝʨʤʝʪʠʢʘ) ʠ ʤʘʪʝʨʠʘʣʘ ʧʦʣʦʡ ʦʙʦʣʦʯʢʠ. 

ʆʙʝʩʧʝʯʠʚʘʝʤʘʷ ʩʪʝʧʝʥʴ ʥʘʪʝʢʘʥʠʷ ʛʘʟʘ ʧʦ ʘʟʦʪʫ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʣʝʷ 

(ʛʝʨʤʝʪʠʢʘ) ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 10-3 ʜʤ3Āʇʘ/ʩ. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

- ʥʠʟʢʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ; 

- ʥʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ. 
 

ʅʝʜʦʩʪʘʪʢʠ:  

- ʚʦʟʤʦʞʥʦʝ ʚʳʜʝʣʝʥʠʝ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʸʤ ʛʘʟʦʚ ʠ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʠʟ ʢʣʝʝʚ ʠ 

ʛʝʨʤʝʪʠʢʦʚ; 
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- ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʚʦʟʤʦʞʥʘ ʩ ʟʘʤʝʥʦʡ ʢʨʳʰʢʠ. 
 

ɻʝʨʤʝʪʠʟʘʮʠʷ ʠʥʜʠʝʚʦʡ ʧʨʦʚʦʣʦʢʦʡ 

ʆʩʥʦʚʘʥʘ ʥʘ ʩʦʟʜʘʥʠʠ ʚʘʢʫʫʤʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʬʦʨʤʘʮʠʠ ʠʥʜʠʝʚʦʡ 

ʧʨʦʚʦʣʦʢʠ ʤʝʞʜʫ ʢʨʳʰʢʦʡ ʠ ʢʦʨʧʫʩʦʤ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʳʭ 

ʦʙʦʣʦʯʝʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʆʙʝʩʧʝʯʠʚʘʝʤʘʷ ʩʪʝʧʝʥʴ ʥʘʪʝʢʘʥʠʷ ʛʘʟʘ ʧʦ ʛʝʣʠʶ - 10-3é10-4 ʜʤ3 Ā ʇʘ/ʩ [3]. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

- ʥʠʟʢʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ; 

- ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: - ʫʚʝʣʠʯʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ, ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʫʟʣʘ 

ʛʝʨʤʝʪʠʟʘʮʠʠ (ʤʠʥʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʢʘʥʘʚʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʫʧʣʦʪʥʝʥʠʷ ï 5 ʤʤ) [4]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ ʥʘ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʚʝʜʸʤ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʦʚ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʥʘ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʳʭ 

ʦʙʦʣʦʯʝʢ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʣʘʪʳ ʩ ʟʘʜʘʥʥʦʡ ʧʣʦʱʘʜʴʶ [5]. 

ʄʝʪʦʜʦʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ SolidWorks ʨʘʩʩʯʠʪʘʝʤ ʚʥʫʪʨʝʥʥʠʡ 

ʦʙʲʸʤ, ʤʘʩʩʫ ʠ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʧʦʣʳʭ ʦʙʦʣʦʯʝʢ, ʧʨʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʢʘʞʜʳʤ ʠʟ ʩʧʦʩʦʙʦʚ, 

ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʜʦʧʫʱʝʥʠʡ:  

- ʧʣʦʱʘʜʴ ʧʣʘʪʳ - 8833 ʤʤ2;  

- ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʧʣʘʪʳ - 130 ʤʤ ʭ 68 ʤʤ ʭ 0,254 ʤʤ;  

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ ï 10 ʤʤ; 

- ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʢʨʝʧʠʪʩʷ ʢʦ ʜʥʫ ʢʦʨʧʫʩʘ ʚʠʥʪʘʤʠ ʩ ʜʠʘʤʝʪʨʦʤ ʨʝʟʴʙʳ ʄ2,5.  

ʀʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ, ʩʣʝʜʫʝʪ ʜʦʧʫʩʪʠʪʴ ʜʣʷ ʚʩʝʭ ʩʧʦʩʦʙʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʩʣʝʜʫʶʱʝʝ: 

- ʪʦʣʱʠʥʘ ʜʥʘ ʢʦʨʧʫʩʘ ʇʇʄ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʩʢʚʦʟʥʳʭ ʤʦʥʪʘʞʥʳʭ ʦʪʚʝʨʩʪʠʡ 

ʜʠʘʤʝʪʨʦʤ ʄ2,5 ʜʣʷ ʧʣʘʪʳ - 6,5 ʤʤ; 

- ʟʘʟʦʨ ʤʝʞʜʫ ʢʘʞʜʦʡ ʩʪʝʥʢʦʡ ʢʦʨʧʫʩʘ ʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʦʡ - 0,2 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʸʤʘ ʢʦʨʧʫʩʘ, ʤʘʩʩʳ, ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ 

ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʠ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʣʘʪʳ ʩ ʟʘʜʘʥʥʦʡ ʧʣʦʱʘʜʴʶ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʦʙʲʸʤʘ, ʤʘʩʩʳ, ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʇʇʄ ʠ ʥʝʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ ʟʘʜʘʥʥʦʡ 

ʧʣʦʱʘʜʴʶ 

ʉʧʦʩʦʙ 

ɻʝʨʤʝʪʠ- 

ʟʘʮʠʠ 

ʇʘʨʘʤʝʪʨ 

ʇʘʡʢʘ ʉʚʘʨʢʘ 
ʇʨʦʢʣʘʜʢʘ 

ʠʟ ʨʝʟʠʥʳ 

ʂʣʝʝʚʘʷ 

ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʀʥʜʠʝʚʘʷ 

ʧʨʦʚʦʣʦʢʘ 

ʈʘʩʩʯʠʪʘʥʥʳʡ 

ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʸʤ 

ʢʦʨʧʫʩʘ, ʤʤ3 
98028 98028 126991 98028 126991 

ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ʙʝʟ ʫʯʸʪʘ ʨʘʟʲʸʤʦʚ ʠ 

ʢʨʝʧʸʞʥʳʭ ʣʘʧʦʢ, ʤʤ 

143,4 ʭ  

74,4 ʭ  

20 

143,4 ʭ 

 72,4 ʭ  

23,5 

145,4 ʭ 

 83,4 ʭ 

 24,35 

143,4 ʭ 

 72,4 ʭ 

 20 

155,4 ʭ 

 93,4 ʭ 

 26,05 

ʄʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ ʠ 

ʢʨʳʰʢʠ 

ʘʣʶʤʠ-

ʥʠʝʚʳʡ 

ʩʧʣʘʚ 

ɼ16 

ʪʠʪʘʥʦʚʳʡ 

ʩʧʣʘʚ  

ɺʊ1-00 

ʘʣʶʤʠ-

ʥʠʝʚʳʡ 

ʩʧʣʘʚ ɼ16 

ʘʣʶʤʠ-

ʥʠʝʚʳʡ ʩʧʣʘʚ 

ɼ16 

ʘʣʶʤʠ-

ʥʠʝʚʳʡ 

ʩʧʣʘʚ ɼ16 
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ʈʘʩʩʯʠʪʘʥʥʘʷ ʤʘʩʩʘ, ʛ 311,8 414,5 

333,1 (ʚ ʪ.ʯ. 

ʤʘʩʩʘ 

ʢʨʝʧʸʞʥʳʭ 

ʠʟʜʝʣʠʡ 

10,2) 

300,3 

393,6 (ʚ ʪ.ʯ. 

ʤʘʩʩʘ 

ʢʨʝʧʸʞʥʳʭ 

ʠʟʜʝʣʠʡ 

15,2) 

ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ 3-4 

ʮʠʢʣʘ 

ɼʦ 5 

ʮʠʢʣʦʚ  

ʅʝʦʛʨʘ-

ʥʠʯʝʥʘ 

ʈʝʤʦʥʪʦ-

ʧʨʠʛʦʜʝʥ, 

ʧʨʠ ʫʣʦʚʠʠ 

ʟʘʤʝʥʳ 

ʢʨʳʰʢʠ. 

ʅʝʦʛʨʘ-

ʥʠʯʝʥʘ 

ʉʢʦʨʦʩʪʴ ʥʘʪʝʢʘʥʠʷ,  

ʜʤ3 Ā ʇʘ/ʩ 
1,33Ā10-7 1,33Ā10-10 1,33Ā10-4 10-3 10-3é10-4 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ ʥʘ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʙʦʨʪʦʚʦʛʦ 

ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ: 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʳʭ ʜʘʥʥʳʭ ʦ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʘʭ 

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʧʝʯʘʪʥʳʭ ʧʣʘʪ), ʨʘʟʤʝʱʘʝʤʦʡ ʚ ʢʦʨʧʫʩʝ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ 

ʤʦʜʫʣʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʩʭʝʤʳ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʥʫʪʨʝʥʥʠʡ 

ʦʙʲʸʤ ʢʦʨʧʫʩʘ ï V ʚ ʜʤ3. 

2. ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʸʤʘ ʢʦʨʧʫʩʘ V ʠ ʠʟʚʝʩʪʥʦʛʦ ʪʨʝʙʫʝʤʦʛʦ 

ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ Ű, ʚʳʨʘʞʝʥʥʦʛʦ ʚ ʩʝʢʫʥʜʘʭ, ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʫʝʤʫʶ ʩʢʦʨʦʩʪʴ ʥʘʪʝʢʘʥʠʷ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʠʟʤʝʨʷʝʤʫʶ ʚ  ʜʤ3Āʇʘ/ʩ, ʧʦ ʬʦʨʤʫʣʝ: 

̒
ὠϽЎὖ

†
 ȟ                                                                          ρ 

ʛʜʝ: æP ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʟʥʘʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʥʝʨʪʥʳʤ 

ʛʘʟʦʤ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʦʙʲʸʤʝ ʢʦʨʧʫʩʘ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʇʘ, ʨʘʚʥʘʷ 

30397,5 ʇʘ (0,3 ʘʪʤ.). 

3. ʇʦ ʚʳʯʠʩʣʝʥʥʦʤʫ ʚ ʧ. 2 ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʥʘʪʝʢʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮʳ 2 

ʦʧʨʝʜʝʣʠʪʴ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʇʨʠ ʵʪʦʤ ʚʳʙʠʨʘʝʤʦʝ 

ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʪʝʢʘʥʠʷ ʚ ʪʘʙʣʠʮʝ 2 ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʥʘʪʝʢʘʥʠʷ c ʚ ʧ.2. 

ʊʘʙʣʠʮʘ 2 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʢʨʠʪʝʨʠʶ ʩʨʦʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ 

ʉʢʦʨʦʩʪʴ ʥʘʪʝʢʘʥʠʷ, 

ʜʤ3Āʇʘ/ʩ 

ʆʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʠʥʠʤʠʟʘʮʠʠ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

1,33Ā10-10 5 - 

1,33Ā10-7 2 - 

1,33Ā10-4 3 2 

10-3é10-4 4 2, 3 

10-3 1 - 
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ɺ ʪʘʙʣʠʮʝ 2, ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʪʝʢʘʥʠʷ, ʚ ʩʨʝʜʥʝʤ ʩʪʦʣʙʮʝ ʧʨʠʚʝʜʝʥʦ 

ʦʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʘ ʚ ʧʨʘʚʦʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ ʧʨʠʚʝʜʝʥʳ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ. 

4. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʪʝʢʫʱʠʭ ʨʝʤʦʥʪʦʚ ʧʨʠʸʤʦ-

ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʫʩʪʘʥʦʚʢʠ/ʩʥʷʪʠʷ ʢʨʳʰʢʠ. 

5. ʇʦ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʚ ʧ. 4 ʢʦʣʠʯʝʩʪʚʫ ʮʠʢʣʦʚ ʫʩʪʘʥʦʚʢʠ/ʩʥʷʪʠʷ ʢʨʳʰʢʠ ʠ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʚ ʧ.3 ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮʳ 3, ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʪʘʢʠʤʠ ʞʝ ʟʥʘʯʝʥʠʷʤʠ. 

ɺ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʚ ʪʘʙʣʠʮʝ 3, ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚ ʧ. 3 ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ 

ʫʩʪʘʥʦʚʢʠ/ʩʥʷʪʠʷ ʢʨʳʰʢʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ, ʩʨʝʜʠ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʠʟ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧ. 

3, ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʚ ʧ. 3, ʠʣʠ 

ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʟ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʧ. 3 ʠ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʤʝʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ. 
 

ʊʘʙʣʠʮʘ 3 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʢʨʠʪʝʨʠʶ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ 

ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ 

(ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ 

ʫʩʪʘʥʦʚʢʠ/ʩʥʷʪʠʷ ʢʨʳʰʢʠ 

ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ 

ʤʦʜʫʣʷ) 

ɺʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ 

ʤʦʜʫʣʷ 

ɹʦʣʝʝ 5 ʮʠʢʣʦʚ 1*, 3, 4 

ʆʪ 1 ʜʦ 5 ʮʠʢʣʦʚ 1*, 3, 4, 5 

ʆʪ 1 ʜʦ 4 ʮʠʢʣʦʚ 1*, 2, 3, 4, 5  

 

6. ʉʨʝʜʠ ʥʘʡʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3 ʪʘʢʠʭ ʞʝ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʯʪʦ ʠ ʚ ʧ. 3, ʚʳʙʨʘʪʴ ʥʘʠʤʝʥʴʰʝʝ.  

7. ʇʦ ʪʘʙʣʠʮʝ 4 ʠ ʟʥʘʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʚʳʙʨʘʥʥʦʛʦ ʚ ʧ. 7, 

ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ. 
 

ʊʘʙʣʠʮʘ 4 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʦʩʦʙʘʤ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ 

ɿʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʉʧʦʩʦʙ ʛʝʨʤʝʪʠʟʘʮʠʠ ʇʇʄ 

1 ʂʣʝʝʚʘʷ ʛʝʨʤʝʪʠʟʘʮʠʷ 

2 ʇʘʡʢʘ 

3 ʇʨʦʢʣʘʜʢʘ ʠʟ ʨʝʟʠʥʳ 

4 ʀʥʜʠʝʚʘʷ ʧʨʦʢʣʘʜʢʘ 

5 ʉʚʘʨʢʘ 

 

ɺʳʚʦʜʳ 
 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʸʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ 

ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʧʨʠʚʝʜʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ ʥʘ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 
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ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ, ʧʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʚʳʙʦʨʘ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ʥʘ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʙʦʨʪʦʚʳʭ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ 

ʤʦʜʫʣʷ, ʩʧʦʩʦʙ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʠʤʝʥʴʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʨʦʢʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ. 
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ʋɼʂ 621.396.1 

ʂʦʧʳʣʦʚ ɸʥʜʨʝʡ ʀʛʦʨʝʚʠʯ 

ɸʆ çʄʅʀʀ çɸʛʘʪè 

ʈʦʩʩʠʷ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ɾʫʢʦʚʩʢʠʡ 

E-mail: kopylov_a98@list.ru 

 

ɻʨʠʛʦʨʷʥ ɼʘʥʠʝʣ ʉʝʨʛʝʝʚʠʯ 

ɸʆ çʄʅʀʀ çɸʛʘʪè 

ʈʦʩʩʠʷ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ɾʫʢʦʚʩʢʠʡ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: Grigoryan.DS@siagat.loc 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ çʟʘʧʠʩʘʣ-ʠʟʣʫʯʠʣè ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʩ ʮʠʬʨʦʚʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʦʙʨʘʙʦʪʢʦʡ ʩʠʛʥʘʣʦʚ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ çʟʘʧʠʩʘʣ-ʠʟʣʫʯʠʣè. ʆʧʠʩʳʚʘʝʪʩʷ ʘʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʙʘʟʝ ʇʃʀʉ, 

ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ JESD204B, ʘ ʪʘʢʞʝ 

ʘʣʛʦʨʠʪʤʳ ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠʝʤʘ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʘʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʧʨʠʝʤ ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʠʛʥʘʣʦʚ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʮʠʬʨʦʚʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, 

ʧʦʟʚʦʣʷʶʱʫʶ: 

1) ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʛʝʨʝʥʪʥʳʝ ʧʘʯʢʠ ʩʣʦʞʥʳʭ ʠ ʧʨʦʩʪʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʭ 

ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʯʘʩʪʦʪʫ ʠ ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʚ ʧʝʨʝʜʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ; 

2) ʧʨʠʥʠʤʘʪʴ ʠʟ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʢʦʛʝʨʝʥʪʥʳʝ ʧʘʯʢʠ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʮʝʣʠ ʩʣʦʞʥʳʭ 

ʠ ʧʨʦʩʪʳʭ ʩʠʛʥʘʣʦʚ, ʚʳʧʦʣʥʷʪʴ ʠʭ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʬʠʣʴʪʨʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʠ 

ʧʝʨʝʜʘʚʘʪʴ ʠʭ ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʡ.  

ɼʣʷ ʫʩʪʦʡʯʠʚʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʫʩʪʨʦʡʩʪʚʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ) ʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʎɸʇ), ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʠʥʪʝʨʬʝʡʩ JESD204B [1].  

ʀʥʪʝʨʬʝʡʩ JESD204B ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʚʳʙʦʨʦʢ 

ʩ ɸʎʇ/ʎɸʇ ʧʦ ʩʠʥʭʨʦʥʥʳʤ ʩʝʨʠʡʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ. ɺʩʪʨʦʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʜʝʣʘʶʪ ʵʪʦʪ ʩʪʘʥʜʘʨʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʚʨʝʤʝʥʥʦʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ. 

ɺ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞʜʳʡ ɸʎʇ ʠ ʎɸʇ ʩʚʷʟʘʥ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʦʡ (ʇʃʀʉ) ʯʝʪʳʨʴʤʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʜʘʥʥʳʭ (ʣʵʡʥʘʤʠ), 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 2.4 Gbps, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʚʫʤ ɸʎʇ ʠ 

ʎɸʇ, ʨʘʟʨʷʜʥʦʩʪʴʶ 16 ʙʠʪ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

240 ʄɻʮ. 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʢʘʞʜʦʡ ʤʠʢʨʦʩʭʝʤʳ ɸʎʇ ʠ ʎɸʇ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʩʭʦʜʷ 

ʠʟ ʧʘʨʘʤʝʪʨʦʚ LMFS (ʨʠʩ. 1), ʛʜʝ L ï ʯʠʩʣʦ ʣʠʥʠʡ, M ï ʯʠʩʣʦ ʢʦʥʚʝʢʪʦʨʦʚ, F ï ʯʠʩʣʦ ʦʢʪʝʪʦʚ 

ʚ ʢʘʜʨʝ, S ï ʯʠʩʣʦ ʩʝʤʧʣʦʚ ʥʘ ʬʨʝʡʤ. ʉʚʷʟʴ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ: 

Gbps=
M*S*N'*

10

8
*Fs

L*109
, 

ʛʜʝ: Ὂ ï ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, . ï ʨʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ LMFS=4211, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʤʠʢʨʦʩʭʝʤ ɸʎʇ, ʎɸʇ ʠ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 240 ʄɻʮ. 
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Gbps=
2*1*16*

10
8
*240*10

6

4*10
9

=2,4 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢʦʥʬʠʛʫʨʘʮʠʡ ʣʠʥʠʡ JESD204B (LMFS) 

ʇʝʨʝʜʘʶʱʠʡ ʢʘʥʘʣ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʥʪʝʨʚʘʣʘ 

ʦʙʤʝʥʘ ʚ ʧʘʤʷʪʴ ʩʠʥʭʨʦʥʠʟʘʪʦʨʘ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ (ʋɺɺ) ʠʟ ʙʣʦʢʘ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ ʩʠʛʥʘʣʴʥʦʛʦ (ʎʇʉ) ʟʘʛʨʫʞʘʶʪʩʷ ʩʠʛʥʘʣʳ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʩʢʨʝʪʥʳʭ ʯʠʩʝʣ (ʜʠʩʢʨʝʪʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ 

ʦʛʠʙʘʶʱʘʷ), ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʘʢʦʥʦʤ ʘʤʧʣʠʪʫʜʥʦʡ ʠ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʟʦʥʜʠʨʫʶʱʝʛʦ 

ʩʠʛʥʘʣʘ. ʉ ʥʘʯʘʣʦʤ ʥʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʙʤʝʥʘ ʧʦ ʢʦʤʘʥʜʝ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʙʣʦʢʘ ʎʇʉ ʚ ʙʣʦʢ 

ʋɺɺ, ʤʝʪʦʜʦʤ ʯʪʝʥʠʷ ʠʟ ʧʘʤʷʪʠ ʚ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ ʥʘʯʠʥʘʶʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʚʝ ʢʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ I ʠ Q ʩʠʛʥʘʣʘ. ʅʘʯʘʣʦ ʮʠʬʨʦʚʦʡ 

ʛʝʥʝʨʘʮʠʠ ʧʨʠʚʷʟʘʥʦ ʢ ʠʤʧʫʣʴʩʫ ʟʘʧʫʩʢʘ ʧʝʨʝʜʘʪʯʠʢʘ (ʀɿʇ), ʦʛʠʙʘʶʱʘʷ ʢʦʪʦʨʦʛʦ 

ʧʝʨʝʜʘʝʪʩʷ ʠʟ ʧʘʤʷʪʠ ʩʠʥʭʨʦʥʠʟʘʪʦʨʘ ʋɺɺ. ʉ ʢʘʞʜʳʤ ʥʦʚʳʤ ʀɿʇ ʧʨʦʮʝʜʫʨʘ ʮʠʬʨʦʚʦʛʦ 

ʩʠʥʪʝʟʘ ʩʠʛʥʘʣʘ ʧʦʚʪʦʨʷʝʪʩʷ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʩʧʦʩʦʙ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʨʝʘʢʮʠʠ ʬʦʨʤʠʨʫʶʱʝʛʦ ʬʠʣʴʪʨʘ ʥʘ ʜʠʩʢʨʝʪʥʫʶ ʝʜʠʥʠʯʥʫʶ 

ʬʫʥʢʮʠʶ [2]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʣʠʥʝʡʥʦʛʦ ʬʠʣʴʪʨʘ (ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ) ʩ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ hʬt ʥʘ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ (ʚʦʟʜʝʡʩʪʚʠʝ) xt ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʝʨʪʢʦʡ ʠʣʠ, ʧʦ-

ʜʨʫʛʦʤʫ, ʠʥʪʝʛʨʘʣʦʤ ɼʶʘʤʝʣʷ ʚʠʜʘ 

yŰ= xŰ-thʬt dt,

Ð

-Ð

 

ʛʜʝ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʳ ʝʩʪʴ ʝʝ ʨʝʘʢʮʠʷ  

hʬŰ= ŭŰ-thʬt dt

Ð

-Ð

 

ʥʘ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʶ (ʬʫʥʢʮʠʶ ɼʠʨʘʢʘ) ŭt. ɺ ʘʥʘʣʦʛʦʚʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ 

ʧʦʜʙʠʨʘʶʪ ʬʦʨʤʠʨʫʶʱʠʡ ʬʠʣʴʪʨ ʩ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ hʬt, ʷʚʣʷʶʱʝʡʩʷ 

ʦʙʨʘʪʥʦʡ ʢʦʧʠʝʡ ʪʨʝʙʫʝʤʦʛʦ ʩʠʛʥʘʣʘ s0t, ʪ. ʝ. hʬt= s0 - t. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʚʝʨʪʢʫ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʝʝ ʪʘʢ 

yŰ= xŰ+thʬ
*
t dt;

Ð

-Ð

 hʬŰ= ŭŰ+thʬ
*
t dt

Ð

-Ð

, 

ʛʜʝ: * ï ʟʥʘʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ. ɺ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʠʯʥʳʡ ʠʤʧʫʣʴʩ ŭns2, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʜʠʩʢʨʝʪʥʳʡ ʠʤʧʫʣʴʩ ʫʜʘʨʥʦʛʦ 
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ʚʦʟʙʫʞʜʝʥʠʷ (ʀʋɺ) ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʠʩʣʦ, ʨʘʚʥʦʝ ʝʜʠʥʠʮʝ ʩʨʝʜʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʣʝʡ, ʩʣʝʜʫʶʱʠʭ ʩ ʯʘʩʪʦʪʦʡ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ Fs2=15 ʄɻʮ. ʉ ʧʦʤʦʱʴʶ ʦʧʦʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ 15 ʄɻʮ ʠʟ 

ʪʘʙʣʠʮʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʦʡ ʚ ʧʘʤʷʪʴ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ ʚ ʥʘʯʘʣʝ ʪʘʢʪʘ ʦʙʤʝʥʘ, ʜʦʣʞʥʳ ʩʯʠʪʳʚʘʪʴʩʷ ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʘ 

ʫʜʘʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʝʨʚʦʝ ʨʘʚʥʦ ʝʜʠʥʠʮʝ, ʘ ʦʩʪʘʣʴʥʳʝ NT15-1 

ʨʘʚʥʳ ʥʫʣʶ. ʕʪʘ ʝʜʠʥʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪʥʳʡ ʠʤʧʫʣʴʩ ʫʜʘʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ts2 = 66,67 ʥʩ ʠ ʧʝʨʠʦʜʦʤ ʩʣʝʜʦʚʘʥʠʷ Ts2 NT15 ʩʦ ʩʢʚʘʞʥʦʩʪʴʶ NT15. ʇʨʠ 

ʧʦʜʘʯʝ ʠʤʧʫʣʴʩʘ ʫʜʘʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʬʠʣʴʪʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ (ʌʌʉ) ʩ ʂʀʍ, 

ʝʛʦ ʦʪʢʣʠʢ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʠʤʧʫʣʴʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʌʌʉ ʜʣʠʪʝʣʴʥʦʩʪʴʶ Nh ʩ 

ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 15 ʄɻʮ. 

ʂʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʜʠʩʢʨʝʪʥʦ ʩ ʙʘʟʦʚʦʡ 

ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 15 ʄɻʮ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʤ) ʧʦʩʪʫʧʘʶʪ ʚ 

ʠʥʪʝʨʧʦʣʷʪʦʨʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʢʘʩʢʘʜʥʳʭ ʛʨʝʙʝʥʯʘʪʳʭ ʠʥʪʝʛʨʘʪʦʨʦʚ ʠʣʠ CIC (Cascaded 

Integrator Comb). ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʨʧʦʣʷʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʷ ʩʠʛʥʘʣʘ ʩ 

ʯʘʩʪʦʪʳ 15 ʄɻʮ ʥʘ ʯʘʩʪʦʪʫ 240 ʄɻʮ, ʧʦʩʣʝ ʯʝʛʦ ʢʚʘʜʨʘʪʫʨʥʳʝ ʮʠʬʨʦʚʳʝ ʠʤʧʫʣʴʩʳ 

ʧʦʩʪʫʧʘʶʪ ʥʘ ʢʚʘʜʨʘʪʫʨʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʚʚʝʨʭ ʠʣʠ DUC (Digital Up Converter). 

ɺ ʵʣʝʤʝʥʪʝ DUC ʢʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ ʫʤʥʦʞʘʶʪʩʷ 

ʥʘ ʢʚʘʜʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʛʝʥʝʨʘʪʦʨ ʩ ʮʠʬʨʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠʣʠ 

Numerical Control Oscillator (NCO). ʂʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ NCO ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ 

ʩʭʝʤʦʡ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

240 ʄɻʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʟʦʥʜʠʨʫʶʱʝʛʦ 

ʩʠʛʥʘʣʘ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʥʫʣʝʚʦʡ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʯʘʩʪʦʪʫ.  

ʇʦʩʣʝ ʪʨʝʙʫʝʤʳʭ ʧʨʦʮʝʜʫʨ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʢʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʘ 

ʧʦʩʪʫʧʘʶʪ ʥʘ ʎɸʇ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʩʠʛʥʘʣ ʚ ʜʠʩʢʨʝʪʥʫʶ ʬʦʨʤʫ ʩ ʯʘʩʪʦʪʦʡ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 240 ʄɻʮ ʠ ʩʣʝʜʫʶʪ ʚ ʧʝʨʝʜʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʚʝʨʭ ʥʘ ʥʝʩʫʱʫʶ. 

ʎʠʬʨʦʚʳʝ ʩʠʛʥʘʣʳ ʧʦʩʣʝ ɸʎʇ ʧʦʩʪʫʧʘʶʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʚ ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʯʘʩʪʦʪʳ ʚʥʠʟ ʠʣʠ Digital Down Converter (DDC), ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ ʇʃʀʉ. ʉʠʛʥʘʣ ʩ 

ɸʎʇ ʧʝʨʝʤʥʦʞʘʝʪʩʷ ʩ ʢʚʘʜʨʘʪʫʨʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ NCO ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʯʘʩʪʦʪʦʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʥʫʣʝʚʫʶ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʝʤʢʦʩʪʠ ʇʃʀʉ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʮʝʣʠʢʦʤ ʥʘ ʇʃʀʉ.  

ʋʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʩʭʝʤ DDC ʚ ʢʘʞʜʦʤ ʧʝʣʝʥʛʘʮʠʦʥʥʦʤ ʢʘʥʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʎʇʉ, ʢʦʪʦʨʳʡ ʟʘʛʨʫʞʘʝʪ ʚ ʥʠʭ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʮʠʬʨʦʚʦʛʦ ʛʝʪʝʨʦʜʠʥʘ NCO. 

ʅʘʟʥʘʯʝʥʠʝ ʛʨʝʙʝʥʯʘʪʳʭ ʬʠʣʴʪʨʦʚ ʠʥʪʝʛʨʘʪʦʨʦʚ CIC ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ 

ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʳʭʦʜʥʦʡ ʬʠʣʴʪʨ 

ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʠ ʫʟʢʦʡ ʧʦʣʦʩʳ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʜʝʮʠʤʘʪʦʨʘ ï ʚ ʬʠʣʴʪʨʘʮʠʠ 

ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʤʝʶʱʝʛʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʙʘʟʦʚʫʶ ʪʘʢʪʦʚʫʶ ʯʘʩʪʦʪʫ 15 ʄɻʮ ʩ ʚʳʭʦʜʘ CIC 

ʢʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʘ xk AB,Cns2 ʧʦʩʪʫʧʘʶʪ ʥʘ ʫʧʨʘʚʣʷʝʤʳʡ 

ʠʟ ʎʇʉ ʦʧʪʠʤʘʣʴʥʳʡ ʬʠʣʴʪʨ ʚʥʫʪʨʠʧʝʨʠʦʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʨʝʘʣʠʟʫʶʱʠʡ 

ʢʦʤʧʣʝʢʩʥʫʶ ʩʚʝʨʪʢʫ ʩ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʥʫʪʨʠʧʝʨʠʦʜʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʬʠʣʴʪʨʘ (ɺʆʌ), ʩ ʟʘʜʘʚʘʝʤʦʡ ʜʣʠʥʦʡ Nh ʚ ʦʪʩʯʝʪʘʭ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Fs2. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʚʘʜʨʘʪʫʨ ɺʆʌ ʢʦʤʧʣʝʢʩʥʘʷ ʩʚʝʨʪʢʘ ʜʦʣʞʥʘ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭ 

ʚʝʱʝʩʪʚʝʥʥʳʭ ʩʚʝʨʪʦʢ ʠ ʜʚʫʭ ʩʫʤʤʠʨʦʚʘʥʠʡ. ʆʧʪʠʤʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ 

ʯʝʪʳʨʝʭ ʢʘʥʘʣʦʚ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʜʨʘʪʫʨ. 

ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʂʀʍ ʬʠʣʴʪʨʘ ʚʥʫʪʨʠʧʝʨʠʦʜʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʢʦʤʤʫʪʘʪʦʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠʟʚʣʝʢʘʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 15 ʄɻʮ (ʩ ʰʘʛʦʤ 1
Fs2
) ʦʪʩʯʝʪʳ 

ʝʛʦ ʨʝʘʢʮʠʠ ʜʣʷ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʦʤʝʥʪʦʚ. ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʨʦʮʝʜʫʨʝ ʩʪʨʦʙʠʨʦʚʘʥʠʷ 



XXIII ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнр ͎Φύ 

 

 

https://radiofizika.ru/ 55 

 

ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʬʠʣʴʪʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʘʥʘʣʦʛʦʚʳʭ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʮʠʬʨʦʚʳʭ 

ʈʃʉ. ɼʘʣʝʝ ʜʘʥʥʳʝ ʨʝʘʢʮʠʠ ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ ʩʪʨʦʙʘʤʠ. 

ʉʪʨʦʙʳ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʤʧʫʣʴʩʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʜʣʠʥʥʦʡ 1
Fs2
, ʨʘʟʜʝʣʝʥʥʳʤʠ 

ʧʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʳʭʦʜʝ ʤʦʜʫʣʷ ʩʪʨʦʙʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʚʝʨʪʢʠ ʦʙʨʘʟʫʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʩ ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʛʥʘʣʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʪʨʦʙʦʚ 

ʜʣʠʥʦʡ, ʨʘʚʥʦʡ ʢʦʣʠʯʝʩʪʚʫ ʟʘʜʘʚʘʝʤʳʭ ʩʪʨʦʙʦʚ. ʏʠʩʣʦ ʩʪʨʦʙʦʚ, ʠʭ ʩʤʝʱʝʥʠʝ ʠ 

ʨʘʟʜʝʣʝʥʥʦʩʪʴ ʧʦ ʚʨʝʤʝʥʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʎʇʉ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʋɺɺ ʯʝʨʝʟ ʢʘʥʘʣ 

ʩʠʥʭʨʦʥʠʟʘʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 2. ɿʘʭʚʘʪ ʩʪʨʦʙʘʤʠ ʨʝʟʫʣʴʪʘʪʘ ʚʥʫʪʨʠʧʝʨʠʦʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʃʏʄ 

ʇʦʣʫʯʠʚʰʠʡʩʷ ʧʦʩʣʝ ʩʪʨʦʙʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʜʝʮʠʤʠʨʫʶʱʠʭ CIC- ʠ FIR-ʬʠʣʴʪʨʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʢʘʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʜʥʦʤʫ ʩʪʨʦʙʫ ʜʘʣʴʥʦʩʪʠ. ɿʜʝʩʴ ʩʠʛʥʘʣʳ ʧʨʦʨʝʞʠʚʘʶʪʩʷ ʜʦ ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʣʦʩʝ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʌʅʏ ʪʠʧʘ FIR ʧʦʜʘʚʣʷʶʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʛʘʨʤʦʥʠʢʠ 

çʘʣʘʡʟʠʥʛʘè. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʬʠʣʴʪʨʦʚ ɼʇʌ ʧʨʠ ʦʮʝʥʢʝ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ FIR-ʬʠʣʴʪʨʘ ʢ ʩʠʛʥʘʣʫ ʧʨʠʤʝʥʷʝʪʩʷ ʦʢʥʦ ʂʘʡʟʝʨʘ-ɹʝʩʩʝʣʷ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʪʦʨʦʛʦ ʟʘʨʘʥʝʝ ʟʘʧʠʩʘʥʳ ʚ ʧʘʤʷʪʴ. 

ʇʨʦʮʝʩʩ ʚʨʝʤʝʥʥʦʡ ʩʝʣʝʢʮʠʠ, ʜʝʮʠʤʘʮʠʠ-ʬʠʣʴʪʨʘʮʠʠ ʠ ʚʟʚʝʰʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʩʪʨʦʙʘ ʜʘʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʘʥʘʣʦʚ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʩʯʸʪʦʚ 

ʚ ʜʠʩʢʨʝʪʥʳʡ ʩʧʝʢʪʨ [3]: 

- ʩʝʨʠʘʣʠʟʘʮʠʷ ʩʠʛʥʘʣʦʚ ʚ ʯʝʪʳʨʸʭʙʠʪʦʚʫʶ ʣʠʥʠʶ ʧʦʩʣʝ ʚʟʚʝʰʠʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʩ 

ʧʦʤʦʱʴʶ ɹʇʌ ʥʘ ʎʇʉ; 

- ɼʇʌ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʇʃʀʉ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʝʨʠʘʣʠʟʘʮʠʝʡ ʠ ʦʪʧʨʘʚʣʝʥʠʝʤ 

ʜʘʥʥʳʭ ʩʧʝʢʪʨʘ ʥʘ ʎʇʉ. 

ʂʘʞʜrʡ ʤʝʪʦʜ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ɹʇʌ ʥʘ ʎʇʉ ʩʠʣʴʥʦ ʫʩʢʦʨʷʝʪ ʨʘʟʨʘʙʦʪʢʫ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʦʪʣʘʜʢʠ ɼʇʌ ʥʘ ʇʃʀʉ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʠʡ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʩʙʦʨʢʠ ʙʦʣʴʰʦʛʦ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʜʝ.  

ɼʇʌ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʇʃʀʉ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʫʟʠʪʴ ʎʇʉ ʜʣʷ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ, ʧʨʠ 

ʵʪʦʤ ʧʦʪʨʝʙʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʨʝʩʫʨʩʦʚ ʩʘʤʦʡ ʇʃʀʉ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ɼʇʌ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʜʘʚʘʪʴ ʩ ʎʇʉ ʯʝʨʝʟ ʤʦʜʫʣʴ ʩʠʥʭʨʦʥʠʟʘʪʦʨʘ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʝʢ, ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʨʦʙʦʚ ʜʘʣʴʥʦʩʪʠ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʠ ʠʥʢʨʝʤʝʥʪ ʬʘʟ. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʎʇʉ ʧʦʩʣʝ ɼʇʌ ʥʘ ʇʃʀʉ ʤʦʞʥʦ ʟʘʜʘʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʘʥʘʣʦʚ. ɿʘʪʝʤ ʩʝʨʠʘʣʠʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʧʦ ʯʝʪʳʨʝʭʙʠʪʦʚʦʡ ʣʠʥʠʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʎʇʉ ʠ ʇʃʀʉ. 

1 2 3 4 5 6 7 8 91011121314151617181920

1 2 3 4 5 6 7 8 91011121314151617181920

1 2 3 4 5 6 7 8 91011121314151617181920

1 2 3 4 5 6 7 8 91011121314151617181920

1 2 3 4 5 6 7 8 91011121314151617181920
1 2 3 4 5 6 7 8 91011121314151617181920

1 2 3 4 5 6 7 8 91011121314151617181920
1 2 3 4 5 6 7 8 91011121314151617181920

1-

1

2

3 0 127

T 15 = 380N

†15 = 38N

T 15 = 760NRcic2 

Ὅή ὃὄ,ὅ,(Ὀ )1 ὲί3  (         )

Qή ὃὄ,ὅ,(Ὀ )1 ὲί3  (         )

ὲί3

ὲί3

ὲί2

0 Rcic2 ɀ 12

0 100 200 300 0 475 575 675

370

0 850 950 1050

740 1110

1 2

0 45880 46250 46620

200 300

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1

†̒̇  =  0,14 0,16 ̍ ̋̒

46990



XXIII ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнр ͎Φύ 

 

 

https://radiofizika.ru/ 56 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʨʝʜʝ Matlab Simulink ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Xilinx system generator. ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʩʦʟʜʘʚʘʣʘʩʴ ʦʙʱʘʷ ʩʭʝʤʘ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʇʃʀʉ. 

ɼʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʨʝʜʝ Vivado 2019.1. ɺ ʥʝʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʇʃʀʉ.  

ʆʪʣʘʜʢʘ ʧʨʦʝʢʪʘ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɼʣʷ ʥʦʚʳʭ ʤʦʜʫʣʝʡ ʙʳʣʠ ʥʘʧʠʩʘʥʳ 

ʦʪʜʝʣʴʥʳʝ ʪʝʩʪʙʝʥʯʠ, ʢʦʪʦʨʳʝ ʧʨʦʚʝʨʷʣʠ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʠʤʫʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʚ Vivado ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʦʩʣʝ ʚʩʪʨʘʠʚʘʥʠʷ ʤʦʜʫʣʝʡ ʚ ʦʙʱʠʡ ʧʨʦʝʢʪ ʫʩʪʨʦʡʩʪʚʦ ʪʝʩʪʠʨʦʚʘʣʦʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʣʘʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ integrated logic analyzer (ILA), ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʳʚʦʜʠʪʴ ʚʳʙʨʘʥʥʳʝ ʩʠʛʥʘʣʳ ʩ ʧʣʘʪʳ ʥʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ ʥʝʡ ʯʝʨʝʟ JTAG 

ʧʨʦʛʨʘʤʤʘʪʦʨ ʢʦʤʧʴʶʪʝʨ. 

Post-Implementation Timing Simulation ʚʩʝʛʦ ʧʨʦʝʢʪʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ, ʪʘʢ ʢʘʢ ʟʘʥʠʤʘʣʘ 

ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʦʪʣʘʜʢʘ ʯʝʨʝʟ ILA ʥʘ ʇʃʀʉ. 

ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʝ ʩʠʛʥʘʣʳ ʚʳʚʦʜʠʣʠʩʴ ʥʘ ILA. ʇʦʩʣʝ 

ʚʠʟʫʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʠʛʥʘʣʘ ʝʛʦ ʤʦʜʝʣʠ, ʚʳʙʦʨʢʘ 

ʦʪʩʯʸʪʦʚ ʟʘʧʠʩʳʚʘʣʘʩʴ ʚ ʧʘʤʷʪʴ ʧʨʦʮʝʩʩʦʨʘ ʠ ʜʘʣʝʝ ʧʝʨʝʜʘʚʘʣʘʩʴ ʥʘ ʦʪʣʘʜʦʯʥʳʡ ʇʂ. 

ʅʘ ʇʂ ʩ ʧʦʤʦʱʴʶ Mathcad 14.0 ʧʨʦʠʩʭʦʜʠʣʘ ʢʦʥʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʠ ʝʛʦ 

ʚʠʟʫʘʣʠʟʘʮʠʷ (ʨʠʩ. 3). 

 

ʈʠʩʫʥʦʢ 3. ʂʦʥʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʚ ʩʨʝʜʝ Mathcad 14.0 

ʇʨʦʝʢʪ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʤʦʜʫʣʴʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʘʩʰʠʨʝʥʠʷ 

(ʜʦʙʘʚʣʝʥʠʝ ʢʘʥʘʣʦʚ, ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʮʠʤʘʮʠʠ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʧʨʦʝʢʪʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣ ʧʦʣʫʯʝʥ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʃʀʉ 

ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Analog Devices, Inc. JESD204B Survival Guide: technical article/ Analog Devices, Inc. ï 

Norwood, MA: Analog Devices, Inc., 2014. 78 ʩ.  

2. ʃʦʧʘʨʝʚ ɸ.ɺ. ʆʩʥʦʚʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ 

ʦʙʨʘʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. 2023 ʛ. 

3. ɺʘʩʠʣʴʝʚ ʆ.ɸ., ɺʠʥʦʛʨʘʜʦʚ ɼ.ɸ., ʄʦʠʩʝʝʚ ʉ.ɸ. ʂʦʥʮʝʧʮʠʷ ʨʘʟʨʘʙʦʪʢʠ ʃʏʄ-ʨʘʜʘʨʘ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɹʇʃɸ // ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 2023 ʛ. 

  



XXIII ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнр ͎Φύ 

 

 

https://radiofizika.ru/ 57 

 

ʋɼʂ 621.314 

ʐʠʨʰʠʥ ʂ.ɸ. 

ɸʆ çʌʅʇʎ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠè 

ʈʦʩʩʠʷ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: kshirshin@gmail.com 

 

ɹʦʙʳʣʝʚ ʀ.ɺ. 

ɸʆ çʌʅʇʎ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠè 

ʈʦʩʩʠʷ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: igbo@yandex.ru 

 

ʉʝʨʝʙʨʷʢʦʚ ɸ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

ʈʦʩʩʠʷ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: artemserebryakov@yandex.ru 

 

ʌʨʦʣʦʚʘ ɼ.ʄ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, 

ʈʦʩʩʠʷ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: d.fro1ova@yandex.ru 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʠ ʪʨʝʭʫʨʦʚʥʝʚʳʭ ʠʥʚʝʨʪʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʫʩʪʨʦʡʩʪʚ ʚʨʘʱʝʥʠʷ ʈʃʉ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʠ 

ʪʨʸʭʫʨʦʚʥʝʚʳʭ ʠʥʚʝʨʪʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʫʩʪʨʦʡʩʪʚ ʚʨʘʱʝʥʠʷ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʠʣʦʚʳʭ ʩʭʝʤ, ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʫʨʦʚʝʥʴ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʠ ʚʭʦʜʥʦʛʦ 

ʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʸʭʫʨʦʚʥʝʚʦʛʦ 

ʠʥʚʝʨʪʦʨʘ ʊ-ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʂʇɼ ʥʘ 1 %, ʩʥʠʟʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ 

ʠʩʢʘʞʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʜʦ 3,5 % ʠ ʚʭʦʜʥʦʛʦ - ʜʦ 20 %, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʧʫʣʴʩʘʮʠʠ 

ʤʦʤʝʥʪʘ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ 

ʨʘʙʦʪʳ ʈʃʉ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʠʥʚʝʨʪʦʨ, ʪʨʝʭʫʨʦʚʥʝʚʳʡ ʠʥʚʝʨʪʦʨ, ʊ-ʪʠʧ, 

ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʂʇɼ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ, 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʧʫʣʴʩʘʮʠʠ ʤʦʤʝʥʪʘ. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʩʠʩʪʝʤʝ ʥʘʚʝʜʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʈʃʉ), ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʵʨʦʥʘʚʠʛʘʮʠʠ, ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʠ, ʩʠʩʪʝʤʘʭ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ 

(ʇɺʆ) ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ, 

ʜʠʥʘʤʠʢʝ ʠ ʥʘʜʝʞʥʦʩʪʠ [1]. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʚʨʘʱʝʥʠʷ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʳʩʪʨʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʘʥʪʝʥʥʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʤʦʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʘʢʠʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʚʩʝʡ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʚʫʭʫʨʦʚʥʝʚʳʝ ʠʥʚʝʨʪʦʨʳ 

ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

[2]:  

- ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʫʣʴʩʘʮʠʷʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ [3];  
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- ʢʦʤʤʫʪʘʮʠʷ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʥʬʘʟʥʦʡ 

ʧʦʤʝʭʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʘʧʧʘʨʘʪʫʨʫ ʈʃʉ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʚʝʨʪʦʨʘ ʩ ʫʯʝʪʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. 

 

ʈʠʩʫʥʦʢ 1. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʚ Matlab 
 

ʉʠʣʦʚʘʷ ʯʘʩʪʴ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʧʦʣʫʤʦʩʪʦʚʳʭ ʧʣʝʯ. ʂʘʞʜʦʝ ʧʣʝʯʦ ʩʦʜʝʨʞʠʪ ʜʚʘ ʫʧʨʘʚʣʷʝʤʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʣʶʯʘ ʩ 

ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʠʦʜʘʤʠ. ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʦʜʥʦʤ ʧʦʣʫʤʦʩʪʦʚʦʤ ʧʣʝʯʝ 

ʚʢʣʶʯʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʢʣʶʯ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʚʳʭʦʜʝ ʢʘʞʜʦʡ ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʜʚʘ ʫʨʦʚʥʷ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʣʦʚʘʷ ʯʘʩʪʴ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʊ-ʪʠʧʘ. ʀʥʚʝʨʪʦʨ 

ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʩʠʣʦʚʳʭ ʢʣʶʯʘ ʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʭ ʜʠʦʜʘ. ɼʚʘ ʩʠʣʦʚʳʭ ʢʣʶʯʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʨʝʜʥʝʡ ʪʦʯʢʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʢʣʶʯʝʥʳ ʥʝ 

ʙʦʣʝʝ ʜʚʫʭ ʢʣʶʯʝʡ ʚ ʧʣʝʯʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʥʘ ʢʘʞʜʦʤ 

ʧʣʝʯʝ.  

 

ʈʠʩʫʥʦʢ 2. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʚ Matlab 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ -ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʳʙʦʨʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʚʦʜʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʮʠʢʣʝ ʨʘʙʦʪʳ [4]. ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 

ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʠ 

ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʛʨʫʟʢʠ. 
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ʈʠʩʫʥʦʢ 3. ʂʇɼ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʠ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʤʦʱʥʦʩʪʠ 3 ʢɺʪ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʂʇɼ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 1% ʙʦʣʴʰʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʣʶʯʝʡ ʚ ʜʚʫʭʫʨʦʚʥʝʚʦʤ ʠʥʚʝʨʪʦʨʝ, 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ (THD) 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʤʫʪʠʨʦʚʘʪʴʩʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ.  

 

ʈʠʩʫʥʦʢ 4. THD ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʠ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʦʚ 
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ʈʠʩʫʥʦʢ 5. THD ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʠ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4, ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ 

ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ [5], ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ 

ʟʘʜʘʥʠʷ ʪʦʢʘ ʠ ʩʥʠʞʝʥʠʝ ʚʠʙʨʘʮʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʥʪʝʥʥʳ. ʊʨʸʭʫʨʦʚʥʝʚʳʡ ʠʥʚʝʨʪʦʨ 

ʢʦʤʤʫʪʠʨʫʝʪ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʤʝʥʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ (ʨʠʩ. 

5).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʠʡ ʂʇɼ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʈʃʉ ʚ ʩʨʝʜʥʝʤ ʥʘ 1%, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠ ʤʝʥʴʰʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʘʧʧʘʨʘʪʫʨʫ ʈʃʉ. ʉʥʠʞʝʥ THD ʚʭʦʜʥʦʛʦ 

ʪʦʢʘ ʜʦ 20%, ʘ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ - ʜʦ 3,5%. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʉʪʨʝʣʢʦʚ ɺ.ʌ., ɸʥʜʨʶʭʠ ʄ.ɺ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʚʨʘʱʝʥʠʷ 

ʘʥʪʝʥʥʳ ʈʃʉ // ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ. 2018. ˉ4. ʉ. 100-108. 

2. ʌʠʣʘʪʦʚ ɺ. ɼʚʫʭ- ʠ ʪʨʝʭʫʨʦʚʥʝʚʳʝ ʠʥʚʝʨʪʦʨʳ ʥʘ IGBT // ʉʠʣʦʚʘʷ ʕʣʝʢʪʨʦʥʠʢʘ. 2012.  

ˉ4. ʉ. 38-41. 

3. ʊʦʤʘʩʦʚ ɺ., ʋʩʦʣʴʮʝʚ ɸ., ɺʝʨʪʝʛʝʣ ɼ., ɼʝʥʠʩʦʚ ʂ. ʄʥʦʛʦʫʨʦʚʥʝʚʳʝ ʠʥʚʝʨʪʦʨʳ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʝʮʠʟʠʦʥʥʦʤ ʩʝʨʚʦʧʨʠʚʦʜʝ // ʉʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. 2019. ˉ2. ʉ. 42-

49. 

4. ʂʦʣʧʘʭʯʴʷʥ ʇ.ɻ., ʂʦʞʝʤʷʢʘ ʅ.ʇ., ʇʦʟʜʥʷʢʦʚ ɺ.ʀ. ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ- ʠ ʪʨʝʭʫʨʦʚʥʝʚʳʭ 

ʠʥʚʝʨʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʚʦʟʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ // ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ. ʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘ. 2008. ˉ 5. ʉ. 30-36. 

5. ʄʘʣʴʥʝʚ ɸ.ʀ., ɹʘʭʦʚʮʝʚ ʀ.ɸ., ɿʠʥʦʚʴʝʚ ɻ.ʉ. ʆʙʟʦʨ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʠʥʚʝʨʪʦʨʦʚ ʪʦʢʘ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ // ʀʥʞʠʥʠʨʠʥʛ ʛʝʦʨʝʩʫʨʩʦʚ. 2015. ˉ7. ʉ. 15-23.   



XXIII ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнр ͎Φύ 

 

 

https://radiofizika.ru/ 61 

 

ʋɼʂ 004.94:621.316.79 

ɹʘʨʘʥʦʚʘ ɽʢʘʪʝʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: cat08122002@yandex.ru 

 

ʌʝʜʦʪʦʚ ɸʣʝʢʩʝʡ ʉʪʘʥʠʩʣʘʚʦʚʠʯ 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè 

ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: rbordovski@mail.ru 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʡ 

ʩʫʜʦʚʦʡ ʘʥʪʝʥʥʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʜʝʣʴʪʘ-ʨʦʙʦʪʘ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʫʜʦʚʳʭ ʘʥʪʝʥʥ ʥʘ ʦʩʥʦʚʝ ʜʝʣʴʪʘ-ʨʦʙʦʪʘ. ʀʩʩʣʝʜʦʚʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʠʥʝʤʘʪʠʢʠ ʠ ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʦʚ ʩʠʩʪʝʤʳ. ʇʨʝʜʩʪʘʚʣʝʥ ʠʥʩʪʨʫʤʝʥʪ 

ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ Python. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʙʠʣʠʟʘʮʠʷ ʘʥʪʝʥʥ, ʜʝʣʴʪʘ-ʨʦʙʦʪ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʘʚʪʦʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʇʆ. 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʘʥʪʝʥʥʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ 

ʧʦʜʚʠʞʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʪʨʝʙʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʦʯʥʦʛʦ ʥʘʚʝʜʝʥʠʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʧʨʦʪʠʚʦʨʝʯʠʷ. 

ʇʝʨʚʘʷ ʯʘʩʪʴ - ʵʪʦ ʫʩʣʦʚʠʷ ʤʦʨʩʢʦʡ ʢʘʯʢʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ ʩʦʟʜʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʩʫʜʥʦ. ʈʝʯʴ ʠʜʝʪ ʥʝ ʧʨʦʩʪʦ ʦ ʧʣʘʚʥʳʭ ʢʦʣʝʙʘʥʠʷʭ, ʘ ʦ ʤʦʱʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʩ ʫʛʣʦʚʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʜʦ 35Á/ʩ ʠ ʫʩʢʦʨʝʥʠʷʤʠ ʜʦ 350Á/ʩĮ [1]. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝ 

ʚʩʝʛʜʘ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʪʘʢʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ 

ʠʟ-ʟʘ ʧʨʠʩʫʱʠʭ ʠʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʧʦ ʘʥʘʣʠʟʫ 

ʤʦʨʩʢʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [2, 3]. 

ɺʪʦʨʘʷ ʯʘʩʪʴ - ʵʪʦ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʥʪʝʥʥʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʥʪʝʥʥʳ ʩʧʫʪʥʠʢʦʚʦʡ 

ʩʚʷʟʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʠʛʥʘʣʘ ʪʨʝʙʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʦʯʥʦʛʦ ʥʘʚʝʜʝʥʠʷ. 

ɼʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ Ñ0,2 ʛʨʘʜʫʩʘ. ʃʶʙʦʝ ʧʨʝʚʳʰʝʥʠʝ ʵʪʦʛʦ ʧʦʨʦʛʘ 

ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʡ ʩʚʷʟʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʙʘʟʠʩʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ - ʞʝʩʪʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʥʘʚʝʜʝʥʠʷ ʘʥʪʝʥʥʳ, ʩ ʜʨʫʛʦʡ - ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʚ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʜʣʷ ʤʦʨʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʤʦʨʩʢʠʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ VSAT-ʩʠʩʪʝʤ 

ʪʝʨʷʝʪʩʷ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʝʥʩʘʮʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʫʜʥʘ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ [4]. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʨʩʢʦʡ 

ʩʚʷʟʠ ʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. 

mailto:cat08122002@yandex.ru
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ: ʩʦʟʜʘʪʴ 

ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʜʝʣʴʪʘ-ʨʦʙʦʪʘ. ɿʘʜʘʯʘʤʠ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʩʪʘʣʠ: 

ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ, ʠʭ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠ 

ʩʦʟʜʘʥʠʝ ʫʜʦʙʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʠʥʚʝʨʩʥʦʛʦ 

ʜʝʣʴʪʘ-ʨʦʙʦʪʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

 

ʈʠʩʫʥʦʢ 1. ʋʩʣʦʚʥʘʷ ʩʭʝʤʘ ʠʥʚʝʨʩʥʦʛʦ ʜʝʣʴʪʘ-ʨʦʙʦʪʘ 

 

ʂʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ: 

- ʠʥʚʝʨʩʥʘʷ ʢʠʥʝʤʘʪʠʢʘ (ʧʨʠʚʦʜʳ ʥʘ ʦʩʥʦʚʘʥʠʠ); 

- ʢʨʝʧʣʝʥʠʝ ʧʣʝʯ ʚ ʩʝʨʝʜʠʥʘʭ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʦʚ (ʦʩʥʦʚʘʥʠʝ ʠ ʧʣʘʪʬʦʨʤʘ); 

- ʞʝʩʪʢʦʝ ʥʠʞʥʝʝ ʧʣʝʯʦ (L2), ʘʢʪʠʚʥʦʝ ʚʝʨʭʥʝʝ ʧʣʝʯʦ (L1). 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʩʭʝʤʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʨʦʙʦʪ ʠʤʝʝʪ ʥʝʧʦʜʚʠʞʥʦʝ ʦʩʥʦʚʘʥʠʝ, ʞʝʩʪʢʦ 

ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʠʞʥʠʝ ʧʣʝʯʠ ʠ ʘʢʪʠʚʥʳʝ ʚʝʨʭʥʠʝ ʧʣʝʯʠ, ʫʛʣʳ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʢʣʦʥʘ. ʕʪʦ ʠʟʤʝʥʷʝʪ ʢʠʥʝʤʘʪʠʢʫ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʚʷʟʴ ʜʝʣʴʪʘ-ʨʦʙʦʪʘ ʠ 

ʢʦʨʘʙʣʷ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʤʦʤʝʥʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʘʥʠʝ ʨʦʙʦʪʘ ʞʝʩʪʢʦ 

ʟʘʢʨʝʧʣʝʥʦ ʥʘ ʢʦʨʧʫʩʝ ʩʫʜʥʘ ʠ ʜʚʠʞʝʪʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ ʚ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 2.  

 

ʈʠʩʫʥʦʢ 2. ʄʠʨʦʚʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʜʚʠʞʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʞʝ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʳ, ʢʦʤʧʝʥʩʠʨʫʷ ʚʩʝ ʢʦʣʝʙʘʥʠʷ, ʥʦ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʣʦʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʜʚʠʞʥʦʡ 

ʧʣʘʪʬʦʨʤʦʡ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 3. 
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ʈʠʩʫʥʦʢ 3. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʫʩʪʘʥʦʚʢʠ 

 

ɼʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʦʙʦʪʘ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʢʨʘʡʥʝ ʤʘʣʳʝ ʫʛʣʳ ʨʳʩʢʘʥʠʷ 

ʩʫʜʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʳʩʢʘʥʠʝ ʩʫʜʥʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ (ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ), ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʢʨʝʥʘ Ŭ ʠ ʪʘʥʛʘʞʘ ɓ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1 ʠ 2) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʤʘʪʨʠʮʫ ʧʦʚʦʨʦʪʘ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʨʝʘʣʴʥʦʛʦ ʥʘʢʣʦʥʘ ʩʫʜʥʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʫʛʣʳ űi ʤʝʞʜʫ ʧʣʝʯʘʤʠ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʢʘʯʢʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʧʣʘʪʬʦʨʤʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʵʪʦʡ ʩʚʷʟʠ ʩʪʨʦʠʪʩʷ ʥʘ ʩʝʤʠ ʢʣʶʯʝʚʳʭ ʫʨʘʚʥʝʥʠʷʭ ʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʪʨʠ ʨʠʩʫʥʢʘ ʦʙʦʟʥʘʯʝʥʥʳʝ ʨʘʥʝʝ: ʨʠʩʫʥʦʢ 1 ï ʦʧʠʩʳʚʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚʘ; ʨʠʩʫʥʦʢ 2 ï ʫʛʣʳ ʢʨʝʥʘ ʠ ʪʘʥʛʘʞʘ; ʨʠʩʫʥʦʢ 3 ï ʧʦʢʘʟʳʚʘʝʪ ʤʝʩʪʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʨʦʙʦʪʘ. 

1. ʇʝʨʚʦʝ, ʠ ʩʘʤʦʝ ʚʘʞʥʦʝ, ʫʨʘʚʥʝʥʠʝ (1) ʚʳʩʦʪʳ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʝʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʩ ʝʝ ʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʳʩʦʪʘ z ʟʘʚʠʩʠʪ 

ʦʪ ʩʨʝʜʥʝʛʦ ʫʛʣʘ ű ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ᾀ ὒ ÓzÉÎ ‎ ὒ ÃzÏÓ• ,     (1) 

ʛʜʝ: L1, L2 - ʜʣʠʥʳ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʧʣʝʯ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɔ - ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʥʠʞʥʠʭ 

ʧʣʝʯ; •        - ʩʨʝʜʥʠʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʝʯʘʤʠ. 

2. ʄʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʬʦʨʤʫʣʦʡ (2), ʦʧʠʩʳʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʥʘʢʣʦʥʝ ʦʩʥʦʚʘʥʠʷ. ʇʦʟʚʦʣʷʝʪ ʧʝʨʝʩʯʠʪʘʪʴ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʫʜʥʘ.  

Ὑ
ÃÏÓ‍ ÓÉÎ‌ÓÉÎ‍ ÃÏÓ‌ÓÉÎ‍
π ÃÏÓ‌ ÓÉÎ‌
ÓÉÎ‍ ÓÉÎ‌ÃÏÓ‍ ÃÏÓ‌ÃÏÓ‍

,    (2) 

ʛʜʝ: Ŭ - ʫʛʦʣ ʢʨʝʥʘ ʩʫʜʥʘ; ɓ - ʫʛʦʣ ʪʘʥʛʘʞʘ ʩʫʜʥʘ. 

3. ʋʛʣʳ ʤʝʞʜʫ ʧʣʝʯʘʤʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3) ʯʝʨʝʟ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʚʝʢʪʦʨʦʚ - ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚʝʢʪʦʨʥʦʡ ʘʣʛʝʙʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʨʘʩʯʝʪʦʚ. ʆʧʨʝʜʝʣʷʝʪ ʪʨʝʙʫʝʤʳʡ ʫʛʦʣ ű ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ. 

•  ÁÒÃÃÏÓ 
ᶻ

ᴁ ᴁzᴁ ᴁ
,     (3) 

ʛʜʝ: L2i - ʚʝʢʪʦʨ ʥʠʞʥʝʛʦ ʧʣʝʯʘ ʜʣʷ i-ʛʦ ʧʨʠʚʦʜʘ. 

4. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4), 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʩʠʩʪʝʤʳ, ʛʘʨʘʥʪʠʨʫʷ, ʯʪʦ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʚʳʭʦʜ ʟʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʝʜʝʣʳ ʠ ʩʣʦʤ ʫʩʪʨʦʡʩʪʚʘ. ʄʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ 

ʧʣʘʪʬʦʨʤʳ (zmin ʠ zmax ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʟʘʚʠʩʷʪ ʦʪ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʦʚ ű. ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ 
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ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʛʦ ʧʣʝʯʘ, ʪ.ʢ. ʜʨʫʛʠʝ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ (ʢʨʦʤʝ ʫʛʣʦʚ •). 

ᾀ ὒ ÓzÉÎ ‎ ὒ ÃzÏÓ•

ᾀ ὒ ίzὭὲ ‎ ὒ ὧzέί•
,    (4) 

ʛʜʝ: [űmin, űmax] ï ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʤʝʞʜʫ ʧʣʝʯʘʤʠ, ʥʘ ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ. 

5. ʋʛʣʳ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʰʘʨʥʠʨʘʭ, ʦʧʠʩʳʚʘʝʤʳʝ ʫʨʘʚʥʝʥʠʝʤ (5), ʧʦʢʘʟʳʚʘʶʪ, 

ʥʘʩʢʦʣʴʢʦ ʦʪʢʣʦʥʝʥʳ ʚʝʨʭʥʠʝ ʧʣʝʯʠ ʦʪ ʚʝʨʪʠʢʘʣʠ - ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ, ʧʦʟʚʦʣʷʷ ʩʠʩʪʝʤʝ ʜʚʠʛʘʪʴʩʷ ʧʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

—  ÁÒÃÃÏÓ 
ᶻ

ᴁ ᴁzᴁ ᴁ
,     (5) 

ʛʜʝ: ez = [0, 0, 1]T ï ʝʜʠʥʠʯʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʝʢʪʦʨ. 

6. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (6), 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ - ʯʝʤ ʦʥʘ ʚʳʰʝ, ʪʝʤ ʣʫʯʰʝ ʩʠʩʪʝʤʘ ʩʧʨʘʚʣʷʝʪʩʷ 

ʩ ʥʘʢʣʦʥʘʤʠ. 

Ὧ
ᶻ

,       (6) 

ʛʜʝ: Rbase 
Ѝz

 ï ʨʘʜʠʫʩ ʦʩʥʦʚʘʥʠʷ, ɔ ï ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʥʠʞʥʠʭ ʧʣʝʯ. 

7. ʋʨʘʚʥʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʜʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʧʨʠ ʟʘʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʛʜʝ 

ʧʨʠʚʦʜʳ ʨʘʟʥʝʩʝʥʳ ʥʘ 120Á, ʢʨʝʥ ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʨʠʚʦʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ 

ʦʩʠ ʢʨʝʥʘ (ʢʦʵʬʬʠʮʠʝʥʪ k), ʠ ʚ ʜʚʘ ʨʘʟʘ ʩʣʘʙʝʝ - ʥʘ ʜʚʘ ʜʨʫʛʠʭ (ʢʦʵʬʬʠʮʠʝʥʪ 2k). ʊʘʥʛʘʞ 

ʨʘʚʥʦʤʝʨʥʦ, ʥʦ ʪʘʢʞʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 2k, ʚʣʠʷʝʪ ʥʘ ʚʩʝ ʪʨʠ ʧʨʠʚʦʜʘ. ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ 

ʣʠʥʝʡʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʫʩʣʦʚʠʝ, ʯʪʦ ʚʩʝ ʫʛʣʳ űi ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʟʘʜʘʥʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ [űmin, űmax], ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (7), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʫʛʣʳ ʥʘʢʣʦʥʘ ʢʨʝʥʘ Ŭmax ʠ ʪʘʥʛʘʞʘ ɓmax.  

ừ
Ừ

ứ‌ άὭὲ
Ὧ• • ȟςὯ• • ȟςὯ• • ȟ

Ὧ• • ȟςὯ• • ȟςὯ• •

‍ ςὯz άὭὲ
• • ȟ• • ȟ• • ȟ

• • ȟ• • ȟ• •

 ,  (7) 

ʛʜʝ: ű10, ű20, ű30 ï ʥʘʯʘʣʴʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʧʣʝʯʘʤʠ. 

ʆʧʠʩʘʥʥʘʷ  ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʝʨʝʚʝʜʝʥʘ ʚ ʨʘʙʦʪʘʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ Python 3.7, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʨʝʭ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʦʜʫʣʝʡ: 

1. ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ (delta_robot_7.py): 

-  ʠʩʧʦʣʴʟʫʝʪ numpy ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʨʘʩʯʝʪʦʚ ʫʛʣʦʚ; 

-  Math - ʜʣʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʛʝʦʤʝʪʨʠʠ; 

-  ʨʝʘʣʠʟʫʝʪ ʧʨʷʤʫʶ/ʦʙʨʘʪʥʫʶ ʢʠʥʝʤʘʪʠʢʫ ʠʥʚʝʨʩʥʦʛʦ ʜʝʣʴʪʘ-ʨʦʙʦʪʘ; 

-  ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʦʚ. 

2. ʉʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ (delta_robot_7.py): 

-  ʧʦʩʪʨʦʝʥʘ ʥʘ matplotlib ʩ 3d-ʤʦʜʫʣʝʤ mpl_toolkits.mplot3d; 

-  ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʦʩʪʦʷʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʢʦʤʧʝʥʩʘʮʠʠ; 

-  ʮʚʝʪʦʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʥʝʣʠ; 

-  ʠʥʪʝʨʘʢʪʠʚʥʳʝ 3d-ʚʠʜʳ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

3. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (demonstration_7.py + visual_7.py): 

-  ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʤʝʥʶ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʨʝʨʳʚʘʥʠʡ keyboardinterrupt; 

-  ʨʝʞʠʤʳ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʘʯʢʠ (random). 
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ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʢʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.  

 

 
 

ʈʠʩʫʥʦʢ 4. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʛʠʙʢʦ ʥʘʩʪʨʦʠʪʴ ʚʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʨʦʙʦʪʘ ʠ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʫʛʣʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʚʝʜʝʥʠʶ ʘʥʪʝʥʥʳ ʥʘ ʮʝʣʝʚʦʡ 

ʩʧʫʪʥʠʢ. ʉʠʩʪʝʤʘ ʧʨʦʚʝʨʷʝʪ ʠʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʯʪʦʙʳ 

ʥʘʩʪʨʦʡʢʠ ʥʝ ʚʳʭʦʜʠʣʠ ʟʘ ʙʝʟʦʧʘʩʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʝʜʝʣʳ. ʊʘʢ, ʥʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥ ʚʚʦʜ 

ʚʘʣʠʜʥʳʭ ʜʘʥʥʳʭ ʠ ʦʪʚʝʪ ʥʘ ʥʠʭ, ʘ ʥʘ ʨʠʩ. 6 - ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʚʚʦʜʥʳʭ ʠ ʚʳʚʦʜ ʦʰʠʙʢʠ.  

ɿʘʪʝʤ ʚʚʦʜʷʪʩʷ ʫʛʣʳ ʥʘʢʣʦʥʘ ʩʫʜʥʘ (ʢʨʝʥ ʠ ʪʘʥʛʘʞ). ʇʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʥʦʚʳʝ 

ʫʛʣʳ ʤʝʞʜʫ ʧʣʝʯʘʤʠ ʨʦʙʦʪʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʵʪʦʛʦ ʥʘʢʣʦʥʘ, ʧʨʦʚʝʨʷʝʪ ʠʭ ʥʘ ʜʦʧʫʩʪʠʤʦʩʪʴ 

ʠ ʚʳʚʦʜʠʪ ʨʝʟʫʣʴʪʘʪ, ʚʢʣʶʯʘʷ ʚʠʟʫʘʣʠʟʘʮʠʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʙʦʯʠʝ ʜʠʘʧʘʟʦʥʳ ʩʠʩʪʝʤʳ ʠ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʫʛʣʳ, ʘ ʪʘʢʞʝ 

ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʦʙʦʪʘ ʜʦ ʠ ʧʦʩʣʝ ʢʦʤʧʝʥʩʘʮʠʠ. ʀʪʦʛ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 7. 

ɼʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʩʧʦʩʦʙʝʥ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʨʝʥ ʜʦ Ñ250 ʠ ʪʘʥʛʘʞ ʜʦ Ñ120. ʕʪʠ 

ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ű ʚ ʙʝʟʦʧʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʣʦʤʳ ʠ ʟʘʢʣʠʥʠʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 5. ʀʥʪʝʨʬʝʡʩ ʧʨʠ ʢʦʨʨʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
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ʈʠʩʫʥʦʢ 6. ʀʥʪʝʨʬʝʡʩ ʧʨʠ ʥʝʢʦʨʨʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

 

ʈʠʩʫʥʦʢ 7. ɺʳʚʦʜ ʧʨʦʛʨʘʤʤʳ 
 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: 

-  ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʯʪʦ ʚ ʨʘʟʳ ʜʝʰʝʚʣʝ ʠ ʙʳʩʪʨʝʝ 
ʥʘʪʫʨʥʳʭ; 

-  ʵʪʦ ʛʦʪʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʥʞʝʥʝʨʦʚ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʨʝʘʣʴʥʳʭ ʩʫʜʦʚʳʭ 

ʪʝʨʤʠʥʘʣʦʚ; 

-  ʦʪʢʨʳʪʳʡ ʢʦʜ ʠ ʤʦʜʫʣʴʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʧʨʦʚʦʜʠʪʴ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʥʘʨʘʱʠʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʦʤʧʣʝʢʩ ʛʦʪʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʣʷ ʫʛʣʫʙʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʧʣʘʥʠʨʫʝʪʩʷ ʫʯʝʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʠ ʚʢʣʶʯʠʪʴ ʚ ʩʦʩʪʘʚ 

ʤʦʜʝʣʠ ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʣʴʪʘ-ʨʦʙʦʪʦʚ, 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʘʥʪʝʥʥ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʩʪʵʢʪ-ʧʘʪʯ-

ʘʥʪʝʥʥ ʦʪ ʪʦʣʱʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʩʪʵʢʪ-

ʧʘʪʯ-ʘʥʪʝʥʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ ʘʢʪʠʚʥʦʛʦ ʧʘʪʯʘ. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʜʣʦʞʢʠ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʥʪʝʥʥʳ ʦʪ ʪʦʣʱʠʥʳ 

ʧʦʜʣʦʞʢʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʘʥʪʝʥʥʳ, ʰʠʨʠʥʘ ʧʦʣʦʩʳ, ʩʪʵʢʪ-ʧʘʪʯ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ. 

 

ʇʘʪʯ-ʘʥʪʝʥʥʳ ʦʙʣʘʜʘʶʪ ʢʦʤʧʘʢʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʪʝʣʝʡ ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʳʭ 

ʘʥʪʝʥʥ ʚ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʩʚʷʟʠ ʠ ʥʘʚʠʛʘʮʠʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʜʠʥʦʯʥʳʝ ʧʘʪʯ-ʘʥʪʝʥʥʳ (ʨʠʩ. 1, ʘ) ʦʙʣʘʜʘʶʪ ʫʟʢʦʡ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʥʝ ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ [1]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʣʦʩʫ ʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʘʥʪʝʥʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʘʩʩʠʚʥʦʛʦ ʧʘʪʯʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʘʢʪʠʚʥʦʛʦ. ʊʘʢʠʝ ʘʥʪʝʥʥʳ ʥʘʟʳʚʘʶʪ ʩʪʵʢʪ-ʧʘʪʯ-ʘʥʪʝʥʥʘʤʠ (stacked patch, 

ʨʠʩ.1, ʙ). ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʦʣʦʩʳ ʜʦ 70% [1ï3]. 
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          ʘ)         ʙ) 

ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʘʥʪʝʥʥʳ: ʘ) ʦʜʠʥʦʯʥʘʷ ʧʘʪʯ-ʘʥʪʝʥʥʘ; ʙ) ʩʪʵʢʪ-ʧʘʪʯ 

(1 ï ʵʢʨʘʥ; 2 ï ʧʦʜʣʦʞʢʘ ʘʢʪʠʚʥʦʛʦ ʧʘʪʯʘ; 3 ï ʘʢʪʠʚʥʳʡ ʧʘʪʯ; 4 ï ʧʦʜʣʦʞʢʘ 

ʧʘʩʩʠʚʥʦʛʦ ʧʘʪʯʘ; 5 ï ʧʘʩʩʠʚʥʳʡ ʧʘʪʯ.) 
 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʜʠʥʦʯʥʳʡ ʧʘʪʯ, ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʜʘʥʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ [1] ʧʨʠʚʝʜʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ, ʩʧʨʘʚʝʜʣʠʚʘʷ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʧʦ ʥʘʧʨʷʞʝʥʠʶ (ʂʉɺʅ), ʨʘʚʥʦʤʫ ʜʚʫʤ: 

                         ὄ σȟχχ        ὬḺ‗, ʧʨʠ ʂʉɺʅ=2,                                            (1) 

ʛʜʝ: ὄ ï ʰʠʨʠʥʘ ʧʦʣʦʩʳ, %; 

ὡ ï ʰʠʨʠʥʘ ʧʘʪʯʘ, ʤʤ; 

ὒ ï ʜʣʠʥʘ ʧʘʪʯʘ, ʤʤ; 

Ὤ - ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ, ʤʤ; 

‐ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʜʣʦʞʢʠ; 

‗ ï ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʤ. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʫʜʦʙʥʘ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʦʮʝʥʦʢ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʦ 

ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʟʣʫʯʘʪʝʣʷ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʘʥʪʝʥʥʳ. 

ɼʣʷ ʘʥʪʝʥʥ ʪʠʧʘ ʩʪʵʢʪ-ʧʘʪʯ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʣʦʞʢʫ 

ʪʦʣʱʠʥʦʡ 0.01é0.04ɚ [2, 3]. ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥʳ ʦʪ ʪʦʣʱʠʥʳ 

ʧʦʜʣʦʞʢʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʠʚʦʜʠʪʩʷ. ʊʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʥʪʝʥʥʳ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʵʢʪ-ʧʘʪʯʘ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ ʘʢʪʠʚʥʦʛʦ ʧʘʪʯʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʩ ʟʘʧʠʪʢʦʡ ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʝʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʨʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ 

ʨʠʩ. 2.  
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ʈʠʩʫʥʦʢ 2. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ (1 ï ʣʠʥʠʷ ʧʠʪʘʥʠʷ; 2 ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 3 ï ʘʢʪʠʚʥʳʡ ʧʘʪʯ; 

4 ï ʧʦʜʣʦʞʢʘ ʘʢʪʠʚʥʦʛʦ ʧʘʪʯʘ; 5 ï ʵʢʨʘʥ; 6 ï ʧʘʩʩʠʚʥʳʡ ʧʘʪʯ) 
 

ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʦʩʢʦʚʫʶ ʣʠʥʠʶ ʧʠʪʘʥʠʷ 1, ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʳʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ 2 ʰʠʨʠʥʦʡ wt, ʘʢʪʠʚʥʳʡ ʧʘʪʯ 3, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʝ 4; ʵʢʨʘʥ 5 ʠ ʧʘʩʩʠʚʥʳʡ ʧʘʪʯ 6. ɸʢʪʠʚʥʳʡ ʠ ʧʘʩʩʠʚʥʳʡ ʧʘʪʯ ʚʳʧʦʣʥʝʥʳ 

ʢʚʘʜʨʘʪʥʳʤʠ ʩʦ ʩʪʦʨʦʥʘʤʠ w1 ʠ w2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ï h, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʘʪʯʘʤʠ ï h2 (ʧʘʪʯʠ ʨʘʟʜʝʣʝʥʳ ʚʦʟʜʫʭʦʤ). ʇʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ ʚ ʤʦʜʝʣʠ 

ʠʤʝʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 50 ʆʤ. ɿʘ ʩʯʸʪ ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʵʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Zʚʭ ʥʘ ʚʭʦʜʝ ʘʥʪʝʥʥʳ. 

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʣʱʠʥʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʜʣʦʞʢʠ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥʳ (wt, w1, w2, h2) ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʦ ʫʨʦʚʥʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ -10 ʜɹ. ʈʘʩʩʤʦʪʨʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʜʣʦʞʢʠ Ů=2,2 ʠ Ů=3,5. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʦʣʱʠʥʘʭ ʧʦʜʣʦʞʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3 ʠ 4. ʇʦʣʫʯʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʠ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 5 ʠ 6. ɿʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʦʪ ʪʦʣʱʠʥ ʧʦʜʣʦʞʝʢ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. ʇʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ: 

                                                                    ὄ Ὧ ЍὬ,                                                                     (2) 

ʛʜʝ: ὄ ï ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, %; 

Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

Ὤ - ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ, ʤʤ. 

ɼʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. ɺʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʪʘʢʞʝ ʚʣʠʷʝʪ ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʳʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʸʪʳ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʝ ʚʥʦʩʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʪʝʥʥʳ ʙʣʠʟʢʦ ʢ 50 ʆʤ 

ʧʨʠ ʪʦʣʱʠʥʝ ʧʦʜʣʦʞʢʠ ʦʢʦʣʦ 0.02 ɚ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʫʶ ʪʦʣʱʠʥʫ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʰʠʨʠʥʳ ʧʦʣʦʩʳ. ʆʜʥʘʢʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ ʦʪ 0.02 ɚ 

ʜʦ 0.005 ɚ, ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 19% ʜʦ 13%. 
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʣʱʠʥ 

ʧʦʜʣʦʞʢʠ ʧʨʠ ‐ ςȟς   
 

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʣʱʠʥ 

ʧʦʜʣʦʞʢʠ ʧʨʠ ‐ σȟυ   

 

ʈʠʩʫʥʦʢ 5. ʉʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ 
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ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Zʚʭ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ 

 

  ʊʘʙʣʠʮʘ 1 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ 

h ɺ (Ů=2,2), % ɺ (Ů=3,5), % 

0,00125‗ 8,22 6,51 

0,0025‗ 10,19 10,81 

0,005‗ 12,73 13,4 

0,01‗ 15,85 17,28 

0,02‗ 19,25 20,82 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʨʠ ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥ rʟʘʚʠʩʠʤʦʩʪʴ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʩʪʵʢʪ-ʧʘʪʯ-ʘʥʪʝʥʥ ʦʪ ʪʦʣʱʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʘʢʪʠʚʥʦʛʦ ʧʘʪʯʘ 

ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʥʪʝʥʥʳ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʘʥʪʝʥʥ ʩ ʧʦʣʦʩʢʦʚʦʡ ʠʣʠ ʢʦʘʢʩʠʘʣʴʥʦʡ ʟʘʧʠʪʢʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʥʪʝʥʥ ʜʘʥʥʦʛʦ ʪʠʧʘ. 
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ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

E-mail: else044@gmail.com 

ɼʠʬʨʘʢʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ ʱʝʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʠ ʩʧʦʩʦʙʳ ʝʝ 

ʤʠʥʠʤʠʟʘʮʠʠ 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʢʣʘʜ ʱʝʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʙʲʝʢʪʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʨʘʩʩʝʷʥʠʷ (ʕʇʈ). ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʕʇʈ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʱʝʣʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʱʝʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʱʝʣʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʕʇʈ, 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʝʝ ʧʦʢʨʳʪʠʝ, ʜʠʘʛʨʘʤʤʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʝʰʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʙʝʟ ʫʯʝʪʘ ʚʢʣʘʜʘ ʱʝʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʙʲʝʢʪʦʚ. ʅʘʣʠʯʠʝ ʱʝʣʝʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʰʠʨʠʥʘ ʠ ʛʣʫʙʠʥʘ ʢʘʥʘʚʢʠ) ʚʣʠʷʶʪ ʥʘ 

ʫʨʦʚʝʥʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ (ʈʃ) ʦʙʲʝʢʪʦʚ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʕʇʈ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʚʥʦʩʷʪ ʱʝʣʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʝʢʪʘ.  

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʡ 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 ʧʦʚʝʨʭʥʦʩʪʠ ʈʃ ʮʝʣʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʚʟʷʪʘ ʰʝʩʪʠʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʩ ʨʘʟʤʝʨʘʤʠ 4ɚ ʥʘ 2ɚ. ʊʦʣʱʠʥʘ 

ʧʣʘʩʪʠʥʳ ɚ/8. ʑʝʣʝʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʧʦ ʮʝʥʪʨʫ ʧʣʘʩʪʠʥʳ.  ʐʝʩʪʠʫʛʦʣʴʥʘʷ 

ʬʦʨʤʘ ʤʦʜʝʣʠ ʧʣʘʩʪʠʥʳ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʢʣʘʜ ʚ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʙʦʢʦʚʳʭ ʢʨʦʤʢʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʧʨʠ ʢʦʩʳʭ ʫʛʣʘʭ 

ʧʘʜʝʥʠʷ [1] (ʚʦ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʦʙʲʝʢʪʘ ʚʦʢʨʫʛ ʦʩʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʱʝʣʝʚʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ).  

ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʣʘʩʪʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʣʘʩʪʠʥʳ 
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ʑʝʣʴ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʠʧʘ ʰʠʨʠʥʦʡ a ʠ ʛʣʫʙʠʥʦʡ b ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʱʝʣʠ 

ɿʥʘʯʝʥʠʝ ʕʇʈ ʩ ʧʦʷʚʣʝʥʠʝʤ ʱʝʣʠ ʤʝʥʷʝʪʩʷ ʥʘ 1,5 ʜɹ ʚ ʩʝʢʪʦʨʝ ʫʛʣʦʚ Ñ15 ʛʨʘʜʫʩʦʚ. 

ʏʝʤ ʰʠʨʝ ʩʝʢʪʦʨ ʫʛʣʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʣʠʷʝʪ ʱʝʣʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʸ ʰʠʨʠʥʳ ʠ 

ʛʣʫʙʠʥʳ: ʦʪ 1,5 ʜʦ 7 ʜɹ.  

ʀʟ ʨʠʩ. 3, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʜʠʘʛʨʘʤʤʳ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ɼʆʈ), ʧʦʥʷʪʥʦ 

ʚʣʠʷʥʠʝ ʱʝʣʠ ʥʘ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʧʨʠʯʝʤ ʛʨʘʬʠʢ ʠʩʭʦʜʥʦʡ ɼʆʈ 

ʙʝʟ ʱʝʣʠ (ʬʦʨʤʘʪ ʱʝʣʠ 0, 0, 0) ʧʦʢʘʟʘʥ, ʥʘ ʨʠʩ. 3 ʩʠʥʠʤ ʮʚʝʪʦʤ. ʈʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʣʷ 

ʜʣʠʥʳ ʚʦʣʥʳ 10 ʩʤ. 

 

ʈʠʩʫʥʦʢ 3. ɼʆʈ ʦʙʲʝʢʪʘ (ʬʦʨʤʘʪ ʱʝʣʠ ʘ, b, L-ʩʤʝʱʝʥʠʝ ʱʝʣʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʱʝʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʥʘʯʠʥʘʷ ʩ 

ʚʘʨʠʘʥʪʘ ʙʝʟ ʱʝʣʠ ʠ ʜʘʣʝʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ 

ʱʝʣʠ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ. 

ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʱʝʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʙʲʝʢʪʘ, ʘ ʠʤʝʥʥʦ ʩʢʨʫʛʣʝʥʠʝ ʦʩʪʨʳʭ ʢʨʘʝʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʱʝʣʠ (ʨʠʩ. 4), ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʟʥʘʯʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠ 

ʩʢʨʫʛʣʝʥʠʠ ʦʩʪʨʳʭ ʟʘʜʥʠʭ ʢʨʦʤʦʢ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ [2], ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʕʇʈ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʘʩʪʠʥʳ ʦʪ ʢʦʥʢʨʝʪʥʳʭ çʩʢʦʣʴʟʷʱʠʭè ʫʛʣʦʚ 

ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 5). 

 
ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 4. ʑʝʣʴ ʩ ʨʘʜʠʫʩʦʤ ʩʢʨʫʛʣʝʥʠʷ 2,5 ʩʤ (ʘ) ʠ 5 ʩʤ (ʙ) 
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ʈʠʩʫʥʦʢ 5. ɼʆʈ ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʩʢʨʫʛʣʝʥʠʷ ʱʝʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʝʛʦ ʧʦʢʨʳʪʠʷ (ʈʇʇ) ʥʘ ʦʩʪʨʳʭ ʢʨʘʷʭ ʱʝʣʠ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʟʘʜʥʠʭ ʢʨʦʤʦʢ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ [2], ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ (ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ), ʧʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʕʇʈ ʦʙʲʝʢʪʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʝʢʪʦʨʘʭ ʫʛʣʦʚ ʥʘʙʣʶʜʝʥʠʷ ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʦʣʱʠʥʳ ʈʇʇ. 

ʉʧʦʩʦʙʳ ʥʘʥʝʩʝʥʠʷ ʧʦʛʣʦʱʘʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʱʝʣʝʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 6, ʘ ɼʆʈ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘʥʝʩʝʥʠʷ ʈʇʇ ï ʥʘ ʨʠʩ. 7. 

 

 

ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 6. ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʥʘʥʝʩʝʥʠʷ ʈʇʇ ʥʘ ʱʝʣʴ 

 

ʈʠʩʫʥʦʢ 7. ɼʆʈ ʦʙʲʝʢʪʘ ʩ ʱʝʣʴʶ, ʩ ʈʇʇ 
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ɼʆʈ çʩʢʨʫʛʣʝʥʠʝè, ʥʘ ʨʠʩ. 7, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʦʩʦʙʫ ʥʘʥʝʩʝʥʠʷ ʈʇʇ ʥʘ ʢʨʦʤʢʫ 

ʱʝʣʝʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 6ʘ). ɼʆʈ çʧʦʣʥʦʝ ʟʘʧʦʣʥʝʥʠʝè, ʥʘ ʨʠʩ. 7, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʦʩʦʙʫ 

ʥʘʥʝʩʝʥʠʷ ʈʇʇ ʥʘ ʢʨʦʤʢʫ ʱʝʣʝʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 6ʙ). 

ʀʪʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʧʣʘʩʪʠʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʱʝʣʝʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʚʘʨʠʘʥʪʘʤʠ ʙʝʟ ʱʝʣʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʱʝʣʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ ʫʛʣʦʚ ʥʘʙʣʶʜʝʥʠʷ. 

ʊʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʢʘʯʦʢ ŮË ʧʨʠ ʩʪʳʢʝ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʦʙʲʝʢʪʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʝʢʪʦʨʘʭ ʫʛʣʦʚ ʙʦʣʴʰʝ, ʯʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʩʧʣʦʰʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʱʝʣʴ ʥʘ ʧʣʦʩʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʟʘʟʦʨ ʧʨʠ ʩʪʳʢʝ ʧʣʦʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ). 

 

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 çʈʘʜʠʦʣʦʢʘʮʠʷ ʠ ʩʚʷʟʴ - 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè. ʄ.: ʄʠʨ ʥʘʫʢʠ, 2017. ʉ.59-62.  

2. ɺʠʥʦʛʨʘʜʦʚ ʄ.ʉ., ɽʣʠʟʘʨʦʚ ʉ.ɺ. ɼʠʬʨʘʢʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ ʟʘʜʥʠʭ 

ʢʨʦʤʢʘʭ ʠ ʩʧʦʩʦʙʳ ʝʝ ʤʠʥʠʤʠʟʘʮʠʠ // ʊʨʫʜʳ ʢʦʥʬʝʨʝʥʮʠʠ çʀʟʣʫʯʝʥʠʝ ʠ ʨʘʩʩʝʷʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʀʈʕʄɺ-2025è. ʊʘʛʘʥʨʦʛ. ɼʠʚʥʦʤʦʨʩʢ, ʖʌʋ, 2025. 
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ʋɼʂ 621.311.68 

ʂʣʘʩʩʝʥ ɺʠʢʪʦʨ ʀʚʘʥʦʚʠʯ 

ɸʆ ʈʂ çɺʝʢʪʦʨè 

ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʏʠʩʪʦʧʦʣʴ 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʈʦʩʩʠʷ, ɼʦʣʛʦʧʨʫʜʥʳʡ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

E-mail: klassen@vector.ru 

 

ʆʩʠʥʮʦʚʘ ʅʘʪʘʣʴʷ ɺʘʩʠʣʴʝʚʥʘ 

ɸʆ ʈʂ çɺʝʢʪʦʨè 

ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʏʠʩʪʦʧʦʣʴ 

E-mail: onv@vector.ru 

 

ɻʦʛʦʙʝʨʠʜʟʝ ʊʝʥʛʠʟ ʆʤʘʨʦʚʠʯ 

ɸʆ ʈʂ çɺʝʢʪʦʨè 

ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʏʠʩʪʦʧʦʣʴ 

E-mail: gto@vector.ru 

 

ʉʝʨʛʝʝʚ ʉʪʘʥʠʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ 

ɸʆ ʈʂ çɺʝʢʪʦʨè 

ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʏʠʩʪʦʧʦʣʴ 

E-mail: ssv@vector.ru 

 

ʆʚʩʷʥʥʠʢʦʚ ɺʘʣʝʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɸʆ ʈʂ çɺʝʢʪʦʨè 

ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʏʠʩʪʦʧʦʣʴ 

E-mail: ovvl@vector.ru 

 

ʂʦʨʯʘʛʠʥ ʈʦʤʘʥ ɸʥʜʨʝʝʚʠʯ 

ɸʆ ʈʂ çɺʝʢʪʦʨè 

ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʏʠʩʪʦʧʦʣʴ 

E-mail: kra@vector.ru 

 

ʅʠʢʠʪʠʥ ʉʝʨʛʝʡ ʀʛʦʨʝʚʠʯ 

ɸʆ ʈʂ çɺʝʢʪʦʨè 

ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʏʠʩʪʦʧʦʣʴ 

E-mail: nsi@vector.ru 

ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʜʣʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ʩʚʷʟʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ 

ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ɸʀʕ) ʩʣʫʞʘʪ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʩʝʪʷʤ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ 5 ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ɸʀʕ ʜʣʷ 

ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʅʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʰʠʙʢʠ, ʜʦʧʫʩʢʘʝʤʳʝ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ɸʀʕ, ʠ ʩʧʦʩʦʙʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʠ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣ ʩʦʙʨʘʥ ʩʪʝʥʜ ʦʪʣʘʜʢʠ ʩʠʩʪʝʤ ɸʀʕ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʘ ʜʣʷ ʦʥʣʘʡʥ-ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʚʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ.  

mailto:klassen@vector.ru
mailto:onv@vector.ru
mailto:gto@vector.ru
mailto:ssv@vector.ru
mailto:ovvl@vector.ru
mailto:kra@vector.ru
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʥʦʤʥʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʘʷ 

ʫʩʪʘʥʦʚʢʘ, ʜʝʢʦʤʧʨʝʩʩʦʨ, ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʙʝʟʦʪʢʘʟʥʘʷ ʨʘʙʦʪʘ. 
 

ɸʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ɸʀʕ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ 

ʵʣʝʢʪʨʦʩʝʪʷʤ, ʣʠʙʦ ʪʨʝʙʫʝʪʩʷ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʧʠʪʘʥʠʝ ʚ ʩʣʫʯʘʝ ʧʨʝʢʨʘʱʝʥʠʷ ʝʛʦ ʧʦʜʘʯʠ ʦʪ 

ʩʝʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʝʙʦʣʴʰʠʝ ʙʳʩʪʨʦ ʨʘʟʚʝʨʪʳʚʘʝʤʳʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʧʦʩʪʳ ʠʣʠ ʧʫʥʢʪʳ ʩʚʷʟʠ. ɼʘʣʝʝ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʦʜ ɸʀʕ ʛʠʙʨʠʜʥʫʶ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʫ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʠʧʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ (ɼɻʋ) ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ).  

ɺ 2018-2020 ʛʦʜʘʭ ʚ ʨʘʤʢʘʭ ʅʀʆʂʈ ɸʆ ʈʂ çɺʝʢʪʦʨè, ʩʦʚʤʝʩʪʥʦ ʩ ʄʌʊʀ ʠ ʇɸʆ 

çʈʘʜʠʦʬʠʟʠʢʘè, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʤʦʜʫʣʴ ʘʨʢʪʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ ʩʚʷʟʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʭʦʜʷʱʝʛʦʩʷ ʪʘʤ ʧʝʨʩʦʥʘʣʘ ʩʨʝʜʩʪʚʘʤʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

(ʨʠʩ.1). ʄʦʜʫʣʴ ʦʩʥʘʱʝʥ ʩʠʩʪʝʤʦʡ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʪʨʦʩʦʣʥʝʯʥʦʡ ʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ɿʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʤʘʩʰʪʘʙʠʨʫʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʪʳʢʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ [1].  

ʇʨʠʦʙʨʝʪʝʥʥʳʡ ʦʧʳʪ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʪʘʣ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ɸʀʕ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦ 30 ʢɺʪ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʧʝʨʩʦʥʘʣʘ ʠ 

ʜʦʟʘʧʨʘʚʢʠ ʪʦʧʣʠʚʦʤ. ʉʨʦʢ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ɼɻʋ ʩʦʩʪʘʚʣʷʝʪ 3 ʤʝʩʷʮʘ, ʣʠʙʦ 

100 ʯʘʩʦʚ ʨʘʙʦʪʳ ɼɻʋ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʇʨʠʤʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ɸʀʕ ʥʘ ʤʝʩʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. ʕʪʘʧʳ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ [2] ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3, ʘ  

ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 

  
ʈʠʩʫʥʦʢ 1. ʉʣʫʞʝʙʥʳʡ ʤʦʜʫʣʴ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʧʫʥʢʪʘ ʩʚʷʟʠ 

ʈʠʩʫʥʦʢ 2. ɸʀʕ 6 ʢɺʪ 

 

 

ʈʠʩʫʥʦʢ 3. ʕʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ 
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ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ɸʀʕ ʜʣʷ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʨʷʜʘ ʪʨʝʙʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʣʠʤʘʪʘ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

[3], [4]. 

ʊʘʙʣʠʮʘ 1 

ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʜ ʟʘʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʊʨʝʙʦʚʘʥʠʝ ʆʙʣʘʩʪʴ ʈʝʘʣʠʟʘʮʠʷ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 

ʤʠʥʫʩ 50 Áʉ  

ʂʦʥʩʪʨʫʢʮʠʷ ɸʀʕ 1) ʂʘʨʢʘʩ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʧʦʣʥʝʥ ʠʟ ʩʪʘʣʠ 

09ɻ2ʉ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ 

ʤʠʥʫʩ 70Áʉ. 

2) ʀʩʧʦʣʴʟʦʚʘʥ ʥʝʛʦʨʶʯʠʡ ʫʪʝʧʣʠʪʝʣʴ ʠʟ 

ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ ʙʘʟʘʣʴʪʦʚʳʭ ʧʦʨʦʜ 

ʪʦʣʱʠʥʦʡ 200 ʤʤ. 

3) ʀʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʥʦʤʥʳʡ ʦʪʦʧʠʪʝʣʴ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʥʫʪʨʠ ʦʪ +9Áʉ ʜʦ +20Áʉ. 

4) ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʤʠʥʫʩ 60Áʉ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ɸʀʕ 

ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʤ 

ʤʝʩʪʝ, ʜʦʙʨʘʪʴʩʷ ʜʦ 

ʥʝʛʦ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʚʦʟʤʦʞʥʳʤ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʜʝʣʴ 

ɸʚʪʦʤʘʪʠʢʘ ʠ 

ʪʝʣʝʤʝʪʨʠʷ 

1) ʇʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʥʫʪʨʠ ɸʀʕ ʠ ʘʣʛʦʨʠʪʤʳ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʚʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ. 

2) ʇʦʞʘʨʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ. 

3) ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʦʙʠʨʘʶʱʘʷ ʜʘʥʥʳʝ 

ʦ ʧʦʢʘʟʘʪʝʣʷʭ ʜʘʪʯʠʢʦʚ, ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʠ 

ʧʝʨʝʜʘʶʱʘʷ ʠʭ ʜʠʩʧʝʪʯʝʨʫ. 

ʉʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ 

ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʂʦʥʩʪʨʫʢʮʠʷ ɸʀʕ 1) ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʚʳʥʝʩʝʥʘ ʚ ʦʪʜʝʣʴʥʳʡ 

ʦʪʩʝʢ. 

2) ʇʦʤʝʱʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʦ ʤʦʜʫʣʝʤ 

ʧʦʨʦʰʢʦʚʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʧʦʞʘʨʥʳʤʠ 

ʠʟʚʝʱʘʪʝʣʷʤʠ, ʜʘʪʯʠʢʘʤʠ, ʩʠʩʪʝʤʘʤʠ 

ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʧʦʞʘʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ, ʩʠʩʪʝʤʦʡ ʦʧʦʚʝʱʝʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ. 

ɺʳʩʦʢʘʷ 

ʘʚʪʦʥʦʤʥʦʩʪʴ 

ɻʝʥʝʨʠʨʫʶʱʠʝ 

ʤʦʜʫʣʠ, ʩʠʩʪʝʤʘ 

ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ 

1) ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ɼɻʋ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʟʘʧʫʩʢʝ ɼɻʋ ʚ ʣʝʪʥʝʝ 

ʚʨʝʤʷ.  

2) ʇʨʠʤʝʥʝʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ 

(ɸʂɹ) ʙʦʣʴʰʦʡ ʦʙʱʝʡ ʝʤʢʦʩʪʴʶ.  

ʅʘʜʝʞʥʦʩʪʴ  ʉʠʩʪʝʤʘ ʥʘʢʦʧʣʝʥʠʷ 

ʵʥʝʨʛʠʠ 

ɽʩʣʠ ʦʪʦʧʠʪʝʣʴ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ, ʣʠʙʦ 

ʟʘʢʦʥʯʠʪʩʷ ʟʘʨʷʜ ʙʘʪʘʨʝʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʧʦʤʝʱʝʥʠʠ ʦʧʫʩʪʠʪʩʷ ʥʠʞʝ ʥʫʣʷ ʛʨʘʜʫʩʦʚ, 

ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʦʥ ʦʩʥʘʱʝʥ 

ʩʠʩʪʝʤʦʡ BMS, ʢʦʪʦʨʘʷ ʨʘʟʨʳʚʘʝʪ ʮʝʧʴ ʧʨʠ 

ʥʝʜʦʧʫʩʪʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʀʕ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʨʘʙʦʪʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ:  
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1. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʣʦʤʦʱʥʳʭ ɼɻʋ, ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʟʘʧʫʩʢ ʜʠʟʝʣʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣ 

ʦʩʣʦʞʥʝʥ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʫʯʥʦʛʦ ʦʪʞʘʪʠʷ ʜʝʢʦʤʧʨʝʩʩʦʨʘ. ʏʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʟʘʧʫʩʢ, 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʞʘʪʠʷ ʜʝʢʦʤʧʨʝʩʩʦʨʘ, ʢʦʪʦʨʦʝ 

ʧʝʨʝʚʦʜʠʣʦ ʝʛʦ ʚ ʦʪʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʧʦʜʘʯʝ ʩʠʛʥʘʣʘ ʥʘ ʩʪʘʨʪʝʨ. ʇʨʦʮʝʩʩ ʜʦʨʘʙʦʪʢʠ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4. 

2. ʐʪʘʪʥʳʡ ʧʫʩʢʦʚʦʡ ʘʢʢʫʤʫʣʷʪʦʨ ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʥʦʚʥʦʡ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʝ ʦʩʥʘʱʘʝʪʩʷ ʟʘʱʠʪʦʡ ʦʪ 

ʩʘʤʦʨʘʟʨʷʜʘ, ʯʪʦ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʥʝʟʘʧʫʩʢʫ ɼɻʋ ʧʦʩʣʝ ʦʙʝʩʪʦʯʠʚʘʥʠʠ ʢʦʥʪʝʡʥʝʨʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʥʫʪʨʠ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ ʙʳʣʦ ʨʝʰʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʫʩʢʦʚʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʨʦʟʦʩʪʦʡʢʠʝ ʥʘʪʨʠʡ-ʠʦʥʥʳʝ 

ʘʢʢʫʤʫʣʷʪʦʨʳ. 

 

 

ʈʠʩʫʥʦʢ 4. ɼʦʨʘʙʦʪʢʘ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ɸʀʕ ʠ ʥʘʭʦʜʠʪʴ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʦʡ ʥʝʰʪʘʪʥʦʡ ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʳʣ ʩʦʙʨʘʥ ʩʪʝʥʜ, 

ʚʢʣʶʯʘʶʱʠʡ ʚʩʝ ʢʦʥʪʨʦʣʣʝʨʳ ʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʫʟʣʳ ʜʣʷ ʦʪʣʘʜʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʨʠʩ. 5). 

 

 

 

ʈʠʩʫʥʦʢ 5. ʀʤʠʪʘʮʠʦʥʥʳʡ ʩʪʝʥʜ 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʥʘ ʫʜʘʣʝʥʥʳʡ ʧʫʥʢʪ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʦʥʣʘʡʥ-ʜʘʥʥʳʝ ʦ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʦʢʥʝ 

ʧʨʦʛʨʘʤʤʳ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ ʦʧʝʨʘʪʦʨʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 6, 7. 
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ʈʠʩʫʥʦʢ 6. ʍʘʨʘʢʪʝʨʥʳʝ ʪʨʝʥʜʳ ʧʘʨʘʤʝʪʨʦʚ ɸʀʕ (ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ï 1 ʩʫʪʢʠ). 1 ï 

ʥʘʧʨʷʞʝʥʠʝ ɸʂɹ, 2 ï ʥʘʧʨʷʞʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, 3 ï ʪʦʢ ʟʘʨʷʜʘ, 4 ï ʩʦʩʪʦʷʥʠʝ 

ʦʪʦʧʠʪʝʣʷ, 5ï ʩʦʩʪʦʷʥʠʝ ʚʝʥʪʠʣʷʮʠʠ, 6 ï ʩʦʩʪʦʷʥʠʝ ɼɻʋ, 7 ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʘʨʫʞʠ, 8 ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ, 9 ï ʪʝʤʧʝʨʘʪʫʨʘ ɼɻʋ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʠ ʠʜʝʪ ʧʦʩʪʦʷʥʥʳʡ ʘʥʘʣʠʟ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ɸʀʕ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘ ʪʨʝʥʜʘʭ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ, ʥʘ ʢʘʢʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʠ ʩʢʦʣʴʢʦ ʨʘʟ ʚʢʣʶʯʘʣʠʩʴ ʦʪʦʧʠʪʝʣʠ, ʢʘʢ ʙʳʩʪʨʦ 

ʦʭʣʘʞʜʘʝʪʩʷ ʧʦʤʝʱʝʥʠʝ, ʨʘʟʨʷʞʘʶʪʩʷ ʠʣʠ ʟʘʨʷʞʘʶʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʥʘʩʢʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʩʦʩʪʦʷʥʠʝ ʜʨʫʛʠʭ ʩʠʩʪʝʤ. 

 

 

ʈʠʩʫʥʦʢ 7. ʊʝʣʝʤʝʪʨʠʷ 

 

ʊʘʢ, ʩʦʛʣʘʩʥʦ ʪʨʝʥʜʘʤ, ʟʘ 9 ʤʝʩʷʮʝʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʀʕ ˉ9, ɼɻʋ ʦʪʨʘʙʦʪʘʣ 119 ʯʘʩʦʚ. 

ʇʘʩʧʦʨʪʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ɼɻʋ ʩʦʩʪʘʚʣʷʝʪ 2 ʣʠʪʨʘ ʚ ʯʘʩ ʧʨʠ ʥʘʛʨʫʟʢʝ 70% ʚ ʨʝʞʠʤʝ ʟʘʨʷʜʘ. 

ʆʙʱʝʝ ʨʘʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʟʘ ʧʝʨʠʦʜ ï 238 ʣʠʪʨʦʚ  

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʦʢʘʟʘʥʠʷʤ ʜʘʪʯʠʢʘ ʪʦʧʣʠʚʘ. 

ʀʪʦʛʦʤ ʧʨʠʤʝʥʝʥʥʳʭ ʜʦʨʘʙʦʪʦʢ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (ʊʆ ɼɻʋ, ʦʪʦʧʠʪʝʣʷ, ʨʝʛʫʣʠʨʦʚʢʘ ʜʘʪʯʠʢʦʚ) ʩʪʘʣʘ ʙʝʟʦʪʢʘʟʥʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ 

ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11 ʤʝʩʷʮʝʚ ʥʘ ʤʝʩʪʝ ʜʠʩʣʦʢʘʮʠʠ ʚ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʤ ʘʚʪʦʥʦʤʥʦʤ ʦʢʨʫʛʝ 

(ʍʄɸʆ-ʖʛʨʘ). ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʥʫʩ 

41ÁC ʜʦ +33ÁC. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʝʨʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʧʨʠʥʷʪʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ɸʀʕ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ʩʚʷʟʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ.   
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ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

E-mail: brusov.v@radiofizika.com 

ɸʥʘʣʠʟ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʥʘ ʧʨʠʤʝʨʘʭ Iridium , 

Glʦbalstar, Starlink  ʠ ʨʘʩʯʝʪ ʙʶʜʞʝʪʘ ʨʘʜʠʦʣʠʥʠʠ ʢʘʥʘʣʘ çʉʧʫʪʥʠʢ ï ɿʝʤʣʷè 

ʩʠʩʪʝʤʳ Starlink 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ Iridium, Globalstar, 

Starlink. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʘʢʪʦʨʳ, ʦʢʘʟʘʚʰʠʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ Iridium ʠ Globalstar. 

ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʙʶʜʞʝʪʘ ʘʙʦʥʝʥʪʩʢʦʡ ʣʠʥʠʠ çʉʧʫʪʥʠʢ - ɿʝʤʣʷè ʩʠʩʪʝʤʳ Starlink ʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʫʣʷʮʠʡ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʩʯʝʪ 

ʙʶʜʞʝʪʘ ʨʘʜʠʦʣʠʥʠʠ, ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ.  
 

ʉʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʦʤ ʩʚʷʟʠ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢʠʤʠ ʝʝ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʙʦʥʝʥʪʦʚ ʚ ʣʶʙʳʭ ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ; ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʟʘʪʨʘʪ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ ʟʝʤʥʳʭ ʩʪʘʥʮʠʡ (ɿʉ) ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʷʟʠ [1]. 

ɺ 1990-ʭ ʛʦʜʘʭ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʘʣʦʩʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ 

ʤʦʙʠʣʴʥʦʡ ʧʝʨʩʦʥʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ - ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʝ Iridium ʠ Globalstar. 

ʉʦʛʣʘʩʥʦ ʣʝʛʝʥʜʝ, ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ Iridium ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʞʝʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʜʠʨʝʢʪʦʨʘ ʢʦʤʧʘʥʠʠ Motorola ɹʘʨʠ ɹʝʨʪʠʜʞʝʨʘ, ʂʘʨʝʥ ɹʝʨʪʠʜʞʝʨ, ʩʪʦʣʢʥʫʚʰʠʩʴ ʩ 

ʧʨʦʙʣʝʤʦʡ ʧʦʟʚʦʥʠʪʴ ʚ ʉʐɸ ʩ ʂʘʨʠʙʩʢʠʭ ʦʩʪʨʦʚʦʚ. ʆʥʘ ʫʙʝʜʠʣʘ ʝʛʦ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʟʜʘʥʠʡ ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʣʶʜʷʤ ʟʚʦʥʠʪʴ ʜʨʫʛ ʜʨʫʛʫ ʠʟ ʣʶʙʦʡ 

ʪʦʯʢʠ ɿʝʤʣʠ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʚʷʟʝʡ (ʉʉʉ) ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝʤ 

ʤʝʞʩʧʫʪʥʠʢʦʚʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʫ Iridium (ʨʠʩ. 1 ʘ), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʰʣʶʟʦʚʳʭ ʩʪʘʥʮʠʡ (ʐʉ) ʫ Globalstar (ʨʠʩ. 1 ʙ) 

(https://habr.com/ru/companies/ruvds/articles/446708/ ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 08.11.25). 

 
                          ʘ)                                                ʙ) 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ: ʘ) Irid ium ʙ) Globalstar 

mailto:s.negretskiy@gmail.com
mailto:brusov.v@radiofizika.com
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XXIII ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η 
ό˸͍ͦͫ͊͟Σ лр ͔͒͊͋ͪ͟Ύ нлнр ͎Φύ 

 

 

https://radiofizika.ru/ 84 

 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Iridium ʠ Globalstar ʦʛʨʘʥʠʯʠʚʘʣʘ ʧʦʣʴʟʦʚʘʥʠʝ ʫʩʣʫʛʘʤʠ ʥʘ 

ʫʨʦʚʥʝ ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ, ʧʝʡʜʞʠʥʛʦʚʳʭ ʩʦʦʙʱʝʥʠʡ, ʬʘʢʩʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʠʥʪʝʨʝʩʥʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤʫ ʢʨʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʵʢʩʪʨʝʤʘʣʘʤ, 

ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʘʤ ʠ ʜʨ. ɹʦʣʴʰʠʥʩʪʚʫ ʧʦ-ʧʨʝʞʥʝʤʫ ʙʳʣʦ ʚʳʛʦʜʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʪʦʚʳʡ 

ʪʝʣʝʬʦʥ ʩ ʨʦʫʤʠʥʛʦʤ. ʇʣʘʥʠʨʦʚʘʚʰʠʡʩʷ ʦʛʨʦʤʥʳʡ ʧʨʠʪʦʢ ʢʣʠʝʥʪʦʚ ʦʢʘʟʘʣʩʷ ʤʠʬʦʤ: ʚ 1999 

ʛʦʜʫ ʩʠʩʪʝʤʦʡ Iridium ʧʦʣʴʟʦʚʘʣʦʩʴ ʚʩʝʛʦ 12 ʪʳʩ. ʢʣʠʝʥʪʦʚ ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʳʭ 1,5 ʤʣʥ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʧʨʦʝʢʪʳ, ʙʫʜʫʯʠ ʥʘ ʛʨʘʥʠ ʙʘʥʢʨʦʪʩʪʚʘ, ʧʦʜʚʝʨʛʣʠʩʴ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ. ʇʦʩʣʝ çʧʝʨʝʟʘʛʨʫʟʢʠè ʧʨʦʠʟʦʰʣʦ ʨʘʩʰʠʨʝʥʠʝ ʘʙʦʥʝʥʪʩʢʦʡ ʝʤʢʦʩʪʠ 

ʩʝʪʝʡ, ʦʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦʥʳ, ʥʘʙʨʘʚʰʠʭ ʦʙʦʨʦʪʳ, ʩʦʪʦʚʳʭ ʢʦʤʧʘʥʠʡ, 

ʧʨʝʜʣʘʛʘʶʱʠʭ ʫʩʣʫʛʠ ʧʦ ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʮʝʥʝ, ʨʦʩʪ ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʧʦ-

ʧʨʝʞʥʝʤʫ ʙʳʣ ʤʝʜʣʝʥʥʳʤ.  

ʇʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʢ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʚ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʦʙʷʟʳʚʘʣʦ ʉʉʉ ʦʙʝʩʧʝʯʠʪʴ ʘʙʦʥʝʥʪʦʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʚʷʟʴʶ ʩ ʥʠʟʢʦʡ 

ʟʘʜʝʨʞʢʦʡ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʩʚʷʟʠ ʪʨʝʙʦʚʘʣʘ ʩʦʟʜʘʥʠʡ ʥʦʚʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʉʉʉ [2]. 

ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʙʦʣʴʰʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʩʧʫʪʥʠʢʦʚ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ., 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ çʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠè ʩʧʫʪʥʠʢʘ. 

ʇʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʦʙʩʫʞʜʘʶʪʩʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʝ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʪʠʧʘ LEO-HTS (ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʡ ʩʧʫʪʥʠʢ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ). ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ Starlink, 

ʩʪʘʨʪʦʚʘʚʰʠʡ ʚ 2015 ʛʦʜʫ. 

ɺ ʥʘʯʘʣʝ 2018 ʛ. ʙʳʣʠ ʟʘʧʫʱʝʥʥʳ ʧʝʨʚʳʝ ʪʝʩʪʦʚʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʘ ʚ 

ʩʝʥʪʷʙʨʝ 2020 ʛ. ʧʨʦʰʣʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ʩʚʷʟʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʠʟʢʘʷ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʘʙʦʥʝʥʪʩʢʦʡ ʣʠʥʠʠ ʙʦʣʝʝ 

100 ʄʙʠʪ/ʩ. 

ɺ ʦʢʪʷʙʨʝ 2025 ʛʦʜʘ Starlink ʦʪʤʝʪʠʣ 8-ʤʠʣʣʠʦʥʦʛʦ ʧʦʢʫʧʘʪʝʣʷ (ʨʠʩ. 2) 

(https://habr.com/ru/news/963542 ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 06.11.2025) (ʯʝʨʝʟ 5 ʣʝʪ ʧʦʩʣʝ ʚʚʦʜʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ). Iridium ʞʝ ʜʦʩʪʠʛ ʤʠʣʣʠʦʥʘ ʧʦʢʫʧʘʪʝʣʝʡ ʣʠʰʴ ʚ 2018 ʛʦʜʫ, ʩʧʫʩʪʷ ʜʚʘ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʣʝ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

 

 

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʢʦʣʠʯʝʩʪʚʘ ʢʣʠʝʥʪʦʚ Starlink 
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ɺ ʩʠʩʪʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 3, ʢʘʞʜʳʡ ʩʧʫʪʥʠʢ ʦʙʩʣʫʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʷʯʝʝʢ. ɺ 

ʦʜʥʦʡ ʷʯʝʡʢʝ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤ/ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʦʪ ʘʙʦʥʝʥʪʩʢʠʭ ʪʝʨʤʠʥʘʣʦʚ (ɸʊ) 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʝʪʨʘʥʩʣʠʨʫʝʪ ʠʭ ʧʦ ʬʠʜʝʨʥʳʤ ʣʠʥʠʷʤ ʥʘ ʐʉ. ʐʉ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʡ ʞʝ ʷʯʝʡʢʝ, ʜʦʩʪʘʪʦʯʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʝ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʩʧʫʪʥʠʢʘ. 

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ Starlink 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ɸʊ, 

ʩʥʘʙʞʸʥʥʳʭ ʘʥʪʝʥʥʳʤʠ ʨʝʰʸʪʢʘʤʠ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʢʦʤʧʘʥʠʠ 

Spaceʍ (https://starlink.com ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 05.11.2025) ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʥʝʡʢʘ ɸʊ 
ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʦʩʪʫʧʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʡ (ʨʠʩ. 4 ʘ) ʠ 

ʤʦʙʠʣʴʥʳʡ (ʨʠʩ. 4 ʙ) ɸʊ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ (Gen 2). 

         

                                            ʘ)                                                                     ʙ) 

ʈʠʩʫʥʦʢ 4. ɸʊ Starlink Gen 2: ʘ) ʩʪʘʮʠʦʥʘʨʥʳʡ ʙ) ʤʦʙʠʣʴʥʳʡ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʚ ʨʘʜʠʦʣʠʥʠʠ ʉʉʉ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ: ʨʘʩʩʯʠʪʘʪʴ ʨʘʙʦʪʫ 

ʨʘʜʠʦʣʠʥʠʠ ʚ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʟʘʪʨʘʪʘʤʠ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ɸʊ Gen 2, ʚ ʨʘʙʦʪʝ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʙʶʜʞʝʪʘ ʨʘʜʠʦʣʠʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʢʘʥʘʣʘ çʉʧʫʪʥʠʢ - ɿʝʤʣʷè 

ʩʠʩʪʝʤʳ Starlink, ʩʦʛʣʘʩʥʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1 [2-5]. 
























































































































