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ʆʈɻɸʅʀɿɸʊʆʈʓ ʂʆʅʌɽʈɽʅʎʀʀ: 

 

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 (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ)è; 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ)è. 
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ɺ.ɽ. ʌʘʨʙʝʨ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄʌʊʀ (ɻʋ) ï ʧʨʝʜʩʝʜʘʪʝʣʴ; 

ɸ.ɺ. ʐʠʰʣʦʚ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄʌʊʀ (ɻʋ) ï ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ; 

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

ɽ.ʅ. ʇʦʧʦʚʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè; 

C.ʇ. ʉʢʦʙʝʣʝʚ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄʌʊʀ (ɻʋ); 

ɸ.ʄ. ʐʠʪʠʢʦʚ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄʌʊʀ (ɻʋ); 

ʆ.ʅ. ʉʤʦʣʴʥʠʢʦʚʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄɸʀ (ʅʀʋ); 

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

ʄ.ɺ. ʕʡʩʳʤʦʥʪ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè; 

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

 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʁ ʂʆʄʀʊɽʊ ʂʆʅʌɽʈɽʅʎʀʀ: 

 

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

ʆ.ʅ. ʉʤʦʣʴʥʠʢʦʚʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʄɸʀ (ʅʀʋ) ï ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ; 

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

ɸ.ɻ. ʎʳʟʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè ï ʩʝʢʨʝʪʘʨʴ; 

ɸ.ɸ. ʂʫʟʠʥ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè; 

ʖ.ʄ. ʍʨʠʧʢʦʚ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè; 

ʉ.ɺ. ʀʚʘʥʦʚ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè; 

ʀ.ɹ. ɸʥʠʢʠʥʘ, ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè; 

ʃ.ɸ. ʄʘʣʦʛʫʣʢʦ, ɸʅʆ ɼʇʆ çʅʆʎ ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè. 
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ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʠ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʳ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ɺʂʆ ʈʌ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ ʠ ʦʧʳʪʫ 
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ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ. 
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ʢʦʩʤʠʯʝʩʢʦʡ ʩʬʝʨʝ ʢ 2020 ʛ. ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʩʷ. ʂ ʪʨʘʜʠʮʠʦʥʥʳʤ ʫʛʨʦʟʘʤ ʫʜʘʨʦʚ 

ʙʦʝʚʳʭ ʨʘʢʝʪ ʦʩʥʦʚʥʳʭ ʷʜʝʨʥʳʭ ʜʝʨʞʘʚ (ʩ ʫʯʝʪʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʭ ʊʊʍ ʠ ʪʘʢʪʠʢʠ 
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ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʳʭ ʦʙʳʯʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ, ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʥʦʛʦʩʬʝʨʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʙʝʩʧʠʣʦʪʥʳʭ ʩʨʝʜʩʪʚ. ɺʦʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʚ ʚʦʟʜʫʰʥʦʤ ʠ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʦʢʘʟʳʚʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʭʦʜ ʠ ʠʩʭʦʜ ʚʦʦʨʫʞʝʥʥʦʡ ʙʦʨʴʙʳ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʚʦʦʨʫʞʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʰʠʨʦʢʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʫʜʘʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʞʠʷ, ʦʨʫʞʠʷ ʥʘ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ, ʩʨʝʜʩʪʚ 

ʜʘʣʴʥʝʛʦ ʦʛʥʝʚʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʩʠʩʪʝʤ ʨʘʟʚʝʜʢʠ, ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ, ʩʚʷʟʠ 

ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ, ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʝʚʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ ʨʘʟʚʠʪʳʭ ʠʥʦʩʪʨʘʥʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʜʘʣʝʝ ī ɺʂʆ), ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʙʦʝʚʳʭ ʩʨʝʜʩʪʚ ɺʂʆ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʩʠʩʪʝʤ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʦʩʥʘʱʝʥʠʷ ʠʤʠ ʚʦʡʩʢ (ʩʠʣ) ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ. 

ɺʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʦʙʦʨʦʥʘ ī ʵʪʦ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʚʦʜʠʤʳʭ 

ʛʦʩʫʜʘʨʩʪʚʦʤ (ʚ ʪʦʤ ʯʠʩʣʝ, ʚʦʝʥʥʳʭ) ʧʦ ʝʜʠʥʦʤʫ ʟʘʤʳʩʣʫ ʠ ʧʣʘʥʫ, ʧʦʜ ʝʜʠʥʳʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ, ʚ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʥʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ, ʚʦʝʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʚʦʡʩʢ, 

ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʠ ʫʱʝʨʙʘ ʛʨʫʧʧʠʨʦʚʢʘʤ ʚʦʡʩʢ, ʥʘʩʝʣʝʥʠʶ, ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʜʨʫʛʠʤ 

ʦʙʲʝʢʪʘʤ. 

ʉ ʚʦʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʩʠʩʪʝʤʘ ɺʂʆ ī ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʣ 

ʠ ʩʨʝʜʩʪʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʝʜʠʥʳʤ ʟʘʤʳʩʣʦʤ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʝʜʝʥʠʷ 

ʙʦʨʴʙʳ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ ʧʨʦʪʠʚʥʠʢʘ. 

ʇʦʥʷʪʠʝ çʩʠʩʪʝʤʘ ɺʂʆè ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʨʘʟʚʝʨʥʫʪʳʭ ʥʘ ʟʝʤʣʝ ʠ ʥʘ 

ʤʦʨʝ, ʚ ʚʦʟʜʫʰʥʦʤ ʠ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʙʲʝʜʠʥʝʥʥʳʭ 
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ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʩʠʣ ʠ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʱʠʪʫ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʝʝ ʩʦʶʟʥʠʢʦʚ ʦʪ ʥʘʧʘʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʥʠʢʦʚ ʠʟ ʢʦʩʤʦʩʘ ʠ ʯʝʨʝʟ 

ʢʦʩʤʦʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺʝʜʫʱʠʝʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ ɺʂʆ ī ʵʪʦ ʩʫʛʫʙʦ ʦʙʦʨʦʥʠʪʝʣʴʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ. ʆʥʠ ʚʳʟʚʘʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʳʟʦʚʳ ʠ ʫʛʨʦʟʳ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 

ʅʘ ʙʣʠʞʘʡʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʦʨʠʪʝʪʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʂʆ ʷʚʣʷʝʪʩʷ 

ʥʘʨʘʱʠʚʘʥʠʝ ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʟʜʘʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ ʚ ʮʝʣʦʤ ʠ ʝʝ ʧʦʜʩʠʩʪʝʤ ʨʘʟʚʝʜʢʠ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʚʦʟʜʫʰʥʦ-

ʢʦʩʤʠʯʝʩʢʦʤ ʥʘʧʘʜʝʥʠʠ, ʧʦʨʘʞʝʥʠʷ ʠ ʧʦʜʘʚʣʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʝʪʩʷ ʥʦʚʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ, ʘ ʥʝ ʧʨʦʩʪʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʨʘʢʝʪʥʦʤ ʥʘʧʘʜʝʥʠʠ, 

ʢʦʥʪʨʦʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ (ʌʝʜʝʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʟʚʝʜʢʠ ʠ ʢʦʥʪʨʦʣʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ), ʟʝʥʠʪʥʦ-ʨʘʢʝʪʥʦʛʦ ʦʛʥʷ, ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ 

ʦʙʦʨʦʥʳ ʠ ʠʩʪʨʝʙʠʪʝʣʴʥʦ-ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʨʠʢʨʳʪʠʷ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʟʜʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʦʛʥʝʚʳʭ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʥʘʟʝʤʥʦʛʦ, ʤʦʨʩʢʦʛʦ, 

ʚʦʟʜʫʰʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ, ʚ ʠʥʪʝʨʝʩʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʧʦʨʘʞʝʥʠʷ ʠ ʧʦʜʘʚʣʝʥʠʷ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʠʧʦʚ 

ʩʨʝʜʩʪʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʂʦʥʮʝʨʥʦʤ ʚʝʜʝʪʩʷ ʢʦʥʢʨʝʪʥʘʷ, ʜʠʥʘʤʠʯʥʘʷ ʠ 

ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ, ʦʪʢʨʳʪʳ ʠ ʧʨʦʚʦʜʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʅʀʆʂʈ. ʇʨʠ ʵʪʦʤ ɺʂʆ ʜʦʣʞʥʘ 

ʙʳʪʴ: 

- ʩʧʦʩʦʙʥʦʡ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʠ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ 

ʦʙʦʨʦʥʳ ʚʘʞʥʝʡʰʠʭ ʦʙʲʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʚʦʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʵʢʦʥʦʤʠʢʠ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʙʲʝʢʪʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʷʜʝʨʥʳʭ ʩʠʣ (ʜʘʣʝʝ ī 

ʉʗʉ) ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʩʥʦʚʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚʦʡʩʢ (ʩʠʣ) ʠ ʦʙʲʝʢʪʦʚ 

ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʨʝʩʝʯʝʥʠʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ 

ʘʢʮʠʡ ʚ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʘʨʠʨʦʚʘʥʠʠ çʨʘʟʦʨʫʞʘʶʱʠʭè ʠ çʦʙʝʟʛʣʘʚʣʠʚʘʶʱʠʭè 

ʫʜʘʨʦʚ; 

- ʩʧʦʩʦʙʥʦʡ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʙʦʝʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚʦʡʩʢ 

(ʩʠʣ) ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʦʙʲʝʢʪʦʚ ʉʗʉ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʤʘʩʩʠʨʦʚʘʥʥʳʭ ʫʜʘʨʦʚ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ 

ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʚʨʝʤʝʥʠ; 

- ʧʦʩʪʨʦʝʥʘ ʧʦ ʝʜʠʥʦʤʫ ʟʘʤʳʩʣʫ ʠ ʧʣʘʥʫ ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. 

 

ɺʂʆ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ: 

 - ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ - 

ɺʝʨʭʦʚʥʦʛʦ ɻʣʘʚʥʦʢʦʤʘʥʜʫʶʱʝʛʦ ɺʦʦʨʫʞʝʥʥʳʤʠ ʉʠʣʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 

ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʥʘʯʘʣʝ ʨʘʢʝʪʥʦʛʦ (ʨʘʢʝʪʥʦ-ʷʜʝʨʥʦʛʦ) ʠ 

ʚʦʟʜʫʰʥʦʛʦ ʥʘʧʘʜʝʥʠʷ ʧʨʦʪʠʚʥʠʢʘ (ʤʘʩʩʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʦʨʫʞʠʷ), ʦʧʦʚʝʱʝʥʠʝ ʦʙ ʵʪʦʤ ʛʣʘʚʥʳʭ ʰʪʘʙʦʚ ʚʠʜʦʚ ʠ ʰʪʘʙʦʚ ʨʦʜʦʚ ʚʦʡʩʢ, ʚʦʝʥʥʳʭ 

ʦʢʨʫʛʦʚ; 

 - ʧʨʠʢʨʳʪʠʝ ʚʘʞʥʝʡʰʠʭ ʚʦʝʥʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʦʙʲʝʢʪʦʚ ʉʗʉ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ ʫʜʘʨʦʚ ʩ ʚʦʟʜʫʭʘ, ʠʟ ʢʦʩʤʦʩʘ ʠ ʯʝʨʝʟ 

ʢʦʩʤʦʩ; 

- ʦʭʨʘʥʫ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʚʦʟʜʫʰʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ; 

 - ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  
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ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ɺʂʆ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ī ʵʪʦ ʰʘʛ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʠʥʪʝʨʝʩʘʭ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʬʝʨʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ, 

ʩʧʦʩʦʙʥʳʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ɺʂʆ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ɺʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʣʘʭ, ɺʄʌ, 

ʉʫʭʦʧʫʪʥʳʭ ʚʦʡʩʢʘʭ ʤʦʛʫʪ ʚʥʝʩʪʠ ʩʚʦʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʩʜʝʨʞʠʚʘʥʠʷ ʧʫʪʝʤ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʨʫʢʦʚʦʜʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʘ ʦ ʥʘʯʘʣʝ 

ʘʛʨʝʩʩʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʘ.  

ɼʦ 2021 ʛʦʜʘ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦʦʨʫʞʝʥʠʷ ɺʂʆ ʠ 

ʥʘʯʘʣʦ ʦʩʥʘʱʝʥʠʷ ʠʤʠ ʚʦʡʩʢ, ʘ ʪʘʢʞʝ ʟʘʚʝʨʰʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦʚʠʜʦʚʳʭ ʩʠʣ ʠ 

ʩʨʝʜʩʪʚ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʠ ɺʂʆ ʚ ʝʜʠʥʦʤ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʧʝʨʠʦʜ ʜʦ 2024 ʛʦʜʘ 

ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʘʣʴʥʝʡʰʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʩʠʩʪʝʤ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ɺʂʆ: ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʥʘʧʘʜʝʥʠʷ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʥʝʤ, ʫʥʠʯʪʦʞʝʥʠʷ (ʧʦʜʘʚʣʝʥʠʷ) ʩʨʝʜʩʪʚ ʥʘʧʘʜʝʥʠʷ, 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʟʘʚʝʨʰʠʪʩʷ ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʚʦʡʩʢ 

ʩʦʚʨʝʤʝʥʥʳʤ ʚʦʦʨʫʞʝʥʠʝʤ, ʚʦʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʦʙʦʨʦʥʳ. 

ʈʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʚʦʦʨʫʞʝʥʠʷ ɺʂʆ ʦʨʛʘʥʠʟʦʚʘʥʳ ʠ 

ʧʨʦʚʦʜʷʪʩʷ ʩ ʫʯʝʪʦʤ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʠʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʚʦʦʨʫʞʝʥʥʦʛʦ 

ʧʨʦʪʠʚʦʙʦʨʩʪʚʘ ʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʬʝʨʝ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʩʥʘʱʝʥʠʶ ʚʦʡʩʢ ʚʦʦʨʫʞʝʥʠʝʤ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʦʡ ɺʂʆ 

ʚʢʣʶʯʝʥʳ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʚʦʦʨʫʞʝʥʠʷ ʥʘ ʧʝʨʠʦʜ ʜʦ 2027 ʛʦʜʘ, ʚ ʢʦʪʦʨʦʡ 

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ɺʂʆ ʠʤʝʝʪ ʧʨʠʦʨʠʪʝʪʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʎʝʣʴʶ ʦʛʥʝʚʦʛʦ ʧʨʠʢʨʳʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʝʥʠʝ 

ʨʘʢʝʪʥʦ-ʷʜʝʨʥʦʛʦ ʠʣʠ ʨʘʢʝʪʥʦʛʦ ʫʜʘʨʘ ʚ ʙʫʢʚʘʣʴʥʦʤ ʩʤʳʩʣʝ ʵʪʦʛʦ ʩʣʦʚʘ, ʧʫʪʝʤ 

ʫʥʠʯʪʦʞʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʪʘʢʫʶʱʠʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʩʜʝʨʞʠʚʘʥʠʝ ʧʨʦʪʠʚʥʠʢʘ ʦʪ 

ʥʘʥʝʩʝʥʠʷ ʪʘʢʦʛʦ ʫʜʘʨʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʧʝʭʘ ʥʘʩʪʫʧʘʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʟʘ ʩʯʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, 

ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʛʠʙʢʦʡ ʦʙʦʨʦʥʳ, ʘʜʝʢʚʘʪʥʳʭ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʦʪʚʝʪʥʳʭ 

ʜʝʡʩʪʚʠʡ. ɺʩʝ ʵʪʦ ʚʝʜʝʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʨʝʩʫʨʩʥʳʭ ʟʘʪʨʘʪ ʧʨʦʪʠʚʥʠʢʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʦʨʦʥʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ɺʂʆ ʩʦʟʜʘʝʪʩʷ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʜʝʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʩʠʣ ʠ ʩʨʝʜʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʚʝʩʪʠ ʙʦʨʴʙʫ ʩʦ 

ʩʨʝʜʩʪʚʘʤʠ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ, ʚ ʠʥʪʝʨʝʩʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʦʨʦʥʳ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʩʜʝʨʞʠʚʘʥʠʷ ʧʨʦʪʠʚʥʠʢʘ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʚʦʧʨʦʩʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ɺʂʆ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʧʘʜʝʥʠʷ ʠ 

ʦʧʳʪʫ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʜʝʨʞʘʚ ʚ ʦʙʣʘʩʪʠ ɺʂʆ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉʍɽʄʓ ɸɼɸʇʊʀɺʅʆʁ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ʌʀʃʔʊʈɸʎʀʀ ʉ ɺʓɼɽʃɽʅʅʓʄ 

ʆʉʅʆɺʅʓʄ ʂɸʅɸʃʆʄ 

 
ɸʣʝʢʩʘʥʜʨ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ʂʠʨʷʢʤʘʩʦʚ (E-mail: otdel-017@mail.ru) 

 

ɸʆ çɺʅʀʀʈʊè, ʛ. ʄʦʩʢʚʘ 

 
ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ 

ʚʳʜʝʣʝʥʥʳʤ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ. ʆʮʝʥʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʭ ʦʰʠʙʦʢ, ʪʦʯʥʦ ʠʟʚʝʩʪʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ, 

ʧʦʣʥʦʡ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʢʘʥʘʣʘʭ ʨʝʰʝʪʢʠ) ʠ ʨʝʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʭʝʤʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʛʝʨʝʥʪʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʧʦʤʝʭ, ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ 

ʨʝʰʝʪʢʘ, ʦʪʥʦʰʝʥʠʝ ʧʦʤʝʭʘ/ʰʫʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʘʧʪʠʚʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ. 

 

ɿʘʜʘʯʘ ʘʜʘʧʪʠʚʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ (ɸʇʌ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʚʣʝʥʠʠ 

ʤʝʰʘʶʱʠʭ ʩʠʛʥʘʣʦʚ (ʘʢʪʠʚʥʳʭ ʧʦʤʝʭ) ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʚʘʣʦʚ ʚ ʧʨʠʝʤʥʦʡ 

ʜʠʘʛʨʘʤʤʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ɸʇʌ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʨʦʜʥʘʷ ʩʭʝʤʘ ï N-ʵʣʝʤʝʥʪʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ ʩ N ʘʜʘʧʪʠʚʥʳʤʠ ʚʝʩʦʚʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʕʪʘ ʩʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʦʙʨʘʟʦʤ [1ï3]. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʢʘʭ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʠʣʠ ʜʘʞʝ ʪʳʩʷʯ, ʠ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʩʥʠʞʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ɸʇʌ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ ʩ ʦʩʥʦʚʥʳʤ ʚʳʜʝʣʝʥʥʳʤ ʢʘʥʘʣʦʤ [4], 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʦʚʘʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ, ʯʝʤ ʦʜʥʦʨʦʜʥʦʡ ʩʭʝʤʳ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʩ ʚʳʜʝʣʝʥʥʳʤ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʘʜʘʧʪʠʚʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʚʳʜʝʣʝʥʥʳʤ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʘʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠ ʨʝʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʭʝʤʳ ʩ ʚʳʜʝʣʝʥʥʳʤ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʠʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʂʅɼ ʨʝʰʝʪʢʠ – ʠ ʚʳʭʦʜʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦʤʝʭʘ/ʰʫʤ (ʆʇʐ) ”. 

ʈʘʩʧʦʣʘʛʘʷ ʵʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʣʝʛʢʦ ʧʝʨʝʡʪʠ ʢ ʠʪʦʛʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ï 

ʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣ/(ʧʦʤʝʭʘ+ʰʫʤ) (ʆʉʇʐ) ή – ρ ”ϳ . ʇʦʪʝʥʮʠʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʤ ʫʩʣʦʚʠʷʤ: ʪʦʯʥʦʝ ʟʥʘʥʠʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ (ʂʄ) ʩʠʛʥʘʣʦʚ ʩ ʚʳʭʦʜʦʚ ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʪʢʠ, ʦʪʩʫʪʩʪʚʠʝ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʭ ʦʰʠʙʦʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʪʨʘʢʪʘʭ ʵʣʝʤʝʥʪʦʚ 

r

+
-

w1 w2 wN-2 wN-1 wNW0 WL
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ʨʝʰʝʪʢʠ. ʈʝʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʵʪʠ ʫʩʣʦʚʠʷ ʥʝ 

ʚʳʧʦʣʥʷʶʪʩʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʘʥʪʝʥʥʫʶ ʨʝʰʝʪʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ὔ ʵʣʝʤʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ L ʵʣʝʤʝʥʪʦʚ 

ʠʤʝʶʪ ʨʝʛʫʣʠʨʫʝʤʳʝ (ʘʜʘʧʪʠʚʥʳʝ) ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʆʧʪʠʤʘʣʴʥʳʡ ʘʜʘʧʪʠʚʥʳʡ 

ʚʝʩʦʚʦʡ ʚʝʢʪʦʨ ʨʘʚʝʥ 

 

◌ ἠ Ἃȟ  
 

ʛʜʝ ╡  ï ʂʄ ʩʠʛʥʘʣʦʚ ʩ ʚʳʭʦʜʦʚ ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, Ἃ Ùᶻ●ï ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʚʝʢʪʦʨ (ʂɺ), Ù  ï ʩʫʤʤʘ ʩʠʛʥʘʣʦʚ ʩ ʚʳʭʦʜʦʚ ʚʩʝʭ N ʵʣʝʤʝʥʪʦʚ, ●ï ʚʝʢʪʦʨ ʩʠʛʥʘʣʦʚ ʩ 
ʚʳʭʦʜʦʚ L ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʪʦʛʦʚʳʡ ʚʝʩʦʚʦʡ ʚʝʢʪʦʨ ʜʣʷ ʚʩʝʡ ʨʝʰʝʪʢʠ ʠʤʝʝʪ ʚʠʜ  

 

◌ ◌ȟ ◌ , 

ʛʜʝ ◌  ï (NïL)-ʵʣʝʤʝʥʪʥʳʡ ʚʝʢʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʝʜʠʥʠʮ. ʅʦʨʤʠʨʦʚʢʘ ʚʝʩʦʚʦʛʦ ʚʝʢʪʦʨʘ ◌ 

ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʦʡ, ʯʪʦʙʳ ʫʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʦʩʪʘʚʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ ʠ ʨʘʚʥʳʤ  

„ὔ, ʛʜʝ „  ï ʤʦʱʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʚ ʵʣʝʤʝʥʪʝ ʨʝʰʝʪʢʠ. ʅʦʨʤʠʨʫʶʱʠʡ 

ʤʥʦʞʠʪʝʣʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʨʘʚʝʥ: 

 

Ὧ  
ρ

ρ
ρ
ὔ
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ὔ
ВὙὩύ

Ȣ 

 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

(ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʂʅɼ ʨʝʰʝʪʢʠ) ʠ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʰʫʤʘ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ὖ ὔȟὖ ὔ„ . 

 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʤʝʭ ʚʝʩʦʚʦʡ ʚʝʢʪʦʨ ʨʘʚʝʥ 

 

◌ ἠ Ἃ ▼ ● ● ▼ὅ, 

 

ʛʜʝ ● ï ʩʠʛʥʘʣʴʥʳʡ ʚʝʢʪʦʨ ʩ ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ● ï ʩʠʛʥʘʣʴʥʳʡ ʚʝʢʪʦʨ ʩ ὔ ὒ 
ʥʝʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ▼  ï ὔ ὒ -ʵʣʝʤʝʥʪʥʳʡ ʚʝʢʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʝʜʠʥʠʮ, 

ʢʦʥʩʪʘʥʪʘ ὅ  ρ ,  „  ï ʤʦʱʥʦʩʪʴ ʧʦʤʝʭʠ ʚ ʵʣʝʤʝʥʪʝ ʨʝʰʝʪʢʠ. 

ɻʣʫʙʠʥʘ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ ʠ ʧʦʪʝʨʠ ʚ ʂʅɼ ʚ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥʩʪʚʘʤʠ  
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ɺ ʩʣʫʯʘʝ M ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ ʂʄ ʠ ʂɺ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

╡ „●● „ἓȟ       Ἃ Ùᶻ● „●▼● „▼Ȣ 
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ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚʳʨʘʞʝʥʠʡ (1) ʠ (2) ʜʣʷ ʩʣʫʯʘʷ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ 

ʧʦʣʫʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʩʣʦʞʥʳʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʥʦ ʨʘʩʯʝʪʳ 

ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʠʤʝʥʥʦ ʧʦ ʥʠʤ.  

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʧʨʠʤʝʨʝ 128-ʵʣʝʤʝʥʪʥʦʡ (N = 128)  

ʣʠʥʝʡʥʦʡ ʨʝʰʝʪʢʠ.  

ʅʘ ʨʠʩ. 2ʘ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʦʜʘʚʣʝʥʠʷ ʦʪ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʯʝʤ ʩʠʣʴʥʝʝ ʤʦʱʥʦʩʪʴ ʧʦʤʝʭʠ, ʪʝʤ ʣʫʯʰʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʚʣʝʥʠʝ, ʛʣʫʙʠʥʘ 

ʧʦʜʘʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʚʥʷʝʪʩʷ L.  

ʅʘ ʨʠʩ. 2ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʦʜʘʚʣʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 8 ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʤʝʭ, ʤʦʱʥʦʩʪʴ ʩʝʤʠ ʠʟ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʦʚʘʥʘ, ʘ ʤʦʱʥʦʩʪʴ ʦʜʥʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʠ 

ʦʪʣʦʞʝʥʘ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʣʫʙʠʥʘ ʧʦʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʳʤ 

ʩʣʘʙʳʤ ʠʩʪʦʯʥʠʢʦʤ: ʣʝʚʘʷ ʪʨʝʪʴ ʩʧʣʦʰʥʦʡ ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʧʦʤʝʭ, ʟʘʪʝʤ ʩʘʤʳʤ ʩʣʘʙʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʪʘʥʦʚʠʪʩʷ ʪʦʪ, ʫ ʢʦʪʦʨʦʛʦ 

ʠʟʤʝʥʷʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʠ ʛʣʫʙʠʥʘ ʧʦʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤ.  

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʚ ʂʅɼ ʦʪ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦʤʝʭ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʪʝʨʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚʦʟʨʘʩʪʘʶʪ. ɺ 

ʩʨʝʜʥʝʤ ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ ρ ὒὔϳ . ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩʨʝʜʥʠʝ ʧʦʪʝʨʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 
ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʘʩʢʨʳʚʫ ʨʝʰʝʪʢʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʠʭ ʯʠʩʣʘ ʚ ʮʝʥʪʨʝ ʨʝʰʝʪʢʠ, ʢʦʛʜʘ ʧʦʪʝʨʠ ʚʳʩʦʢʠ) ʠ ʦʪ ʯʠʩʣʘ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ. 

 

 
ʈʠcʫʥʦʢ 2. ɻʣʫʙʠʥʘ ʧʦʜʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (L = 16). 

ʘ) ʄ = 1 (ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʧʦʤʝʭʠ),  ʙ) ʄ = 8 ( ʚʦʩʝʤʴ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ). 

 

 
ʈʠcʫʥʦʢ 3. ʇʦʪʝʨʠ ʚ ʂʅɼ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʘʢʪʠʚʥʳʭ ʧʦʤʝʭ. 

ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ L = 16, ʧʫʥʢʪʠʨʥʘʷ L = 8.  

ʘ) ɸʜʘʧʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʢʨʘʷʤ ʨʝʰʝʪʢʠ,  

ʙ) ɸʜʘʧʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʢʚʘʟʠʩʣʫʯʘʡʥʦ ʧʦ ʨʘʩʢʨʳʚʫ. 
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ʇʝʨʝʡʜʝʤ ʢ ʨʝʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ɺʣʠʷʥʠʝ ʢʦʥʝʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʦʧʣʝʥʠʷ ʚ ʩʭʝʤʝ ʩ ʦʩʥʦʚʥʳʤ ʚʳʜʝʣʝʥʥʳʤ 

ʢʘʥʘʣʦʤ ʘʥʘʣʦʛʠʯʥʦ ʚʣʠʷʥʠʶ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʭʝʤʝ. ɻʣʫʙʠʥʘ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ 

ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʞʝ ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʚʳʙʦʨʦʢ K, ʠ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʥʠʞʝʥʠʝ 

ʆʉʇʐ ʚʥʦʩʷʪ ʧʦʪʝʨʠ ʚ ʂʅɼ. ʀʟʚʝʩʪʥʦ [5], ʯʪʦ ʜʣʷ ʧʦʪʝʨʴ ʚ ʆʉʇʐ ʥʝ ʙʦʣʝʝ 3 ʜɹ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ὑ ςὒ σ, ʥʝ ʙʦʣʝʝ 1 ʜɹ ï ὑ υὒ φ. ʕʪʦ 
ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩ. 4ʘ, ʛʜʝ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʚ 

ʂʅɼ ʦʪ ʯʠʩʣʘ ʚʳʙʦʨʦʢ.  

ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʝʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʦʧʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʂʄ: ἠ ἠ ‘ἓ, ʛʜʝ ‘  ï ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ [6]. ʅʘ ʨʠʩ. 4ʙ 

ʧʦʢʘʟʘʥ ʵʬʬʝʢʪ ʦʪ ʜʦʙʘʚʣʝʥʠʷ ʨʝʛʫʣʷʨʠʟʘʪʦʨʘ ‘ σ„: ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʳʝ ʜʦʣʠ 
ʜɹ ʫʞʝ ʧʨʠ ʤʘʣʦʤ ὑ. 

 

 
ʈʠcʫʥʦʢ пΦ ˽͔͙ͦͭͪ ͍ ˴˹˨ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ;͙ͫ͊͡ ͦ͋ͯ;͊Ό΅͙ͻ ͍·͋ͦͪͦ͟Φ ͊ύ ˤ͙͡Ύ͙͔ͤ ;͙ͫ͊͡ ͙͍͊͒͊ͨͭͤ·ͻ 

Ή͔͔͍ͣͤͭͦ͡Σ ͋ύ ˤ͙͡Ύ͙͔ͤ ͔͎ͪͯ͡Ύ͙ͪ͊͘ͼ͙͙ ˴˸Φ 

ɼʝʢʦʨʨʝʣʷʮʠʷ ʩʠʛʥʘʣʦʚ ʚ ʪʨʘʢʪʘʭ ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʪʢʠ ʤʦʞʝʪ ʚʳʟʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʘʟʙʨʦʩ ʤʦʤʝʥʪʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʨʘʟʣʠʯʠʷ ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʦʚ ʠ ʜʨ. ɼʝʢʦʨʨʝʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʫʱʝʥʠʶ ʂʄ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢ ʚʦʟʤʫʱʝʥʠʶ ʩʧʝʢʪʨʘ ʝʸ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɸʇʌ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʭʝʤʝ ʧʨʠ ʩʨʝʜʥʝʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʢʦʨʨʝʣʷʮʠʠ ” ʤʦʜʫʣʠ 
ʚʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ρ”ϳ  ʨʘʟ, ʘ ʧʘʨʘʟʠʪʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʛʥʘʣʴʥʳʭ ʚ ρ ”  ʨʘʟ. ɺ ʩʭʝʤʝ 

ʩ ʚʳʜʝʣʝʥʥʳʤ ʢʘʥʘʣʦʤ ʩʦʭʨʘʥʷʶʪʩʷ ʵʪʠ ʞʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʥʦ ʩʘʤʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʝʥʴʰʝ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʜʥʦʨʦʜʥʦʡ ʩʭʝʤʳ ʚ ὔ ὒϳ  ʨʘʟ. ʊʘʢ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʘʷ ʛʣʫʙʠʥʘ ʧʦʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʰʫʤʦʚʳʤ ʩʦʙʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʂʄ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ ʜʦ ʫʨʦʚʥʷ ʥʠʞʝ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʟʘʧʘʩ ʧʦ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʦʨʷʜʢʘ ʯʝʪʳʨʝʭ.  

ʅʘ ʨʠʩ. 5ʘ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʂʄ ʧʨʠ ʧʷʪʠ ʠʩʪʦʯʥʠʢʘʭ ʧʦʤʝʭ ʠ ʦʪʩʫʪʩʪʚʠʠ 

ʜʝʢʦʨʨʝʣʷʮʠʠ. ʂʘʞʜʦʤʫ ʠʩʪʦʯʥʠʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʝ ʩʠʛʥʘʣʴʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʦʩʪʘʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʰʫʤʦʚʳʤʠ. ʅʘ ʨʠʩ. 5ʙ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʂʄ, 

ʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʜʝʢʦʨʨʝʣʷʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʳʭʦʜʥʦʝ ʆʇʐ ʩʦʩʪʘʚʣʷʝʪ 

-2 ʜɹ, ʚʦ ʚʪʦʨʦʤ +8 ʜɹ. 

ɺʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʭ ʦʰʠʙʦʢ (ɸʌʆ) ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʣʠʷʥʠʝʤ 

ʢʦʥʝʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʦʧʣʝʥʠʷ ʂ ʠ ʜʝʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʢʘʥʘʣʘʭ ʨʝʰʝʪʢʠ. 
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ʈʠcʫʥʦʢ 5. ʉʧʝʢʪʨʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʭʝʤʝ ʠ ʩʭʝʤʝ ʩ ʚʳʜʝʣʝʥʥʳʤ ʦʩʥʦʚʥʳʤ 

ʢʘʥʘʣʦʤ (N = 128, L = 16, K = 32).  

ʘ) ʙʝʟ ʜʝʢʦʨʨʝʣʷʮʠʠ, ʙ) ʪʨʠ ʬʘʢʪʦʨʘ ʜʝʢʦʨʨʝʣʷʮʠʠ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ: 

- ʩʭʝʤʘ ɸʇʌ ʩ ʚʳʜʝʣʝʥʥʳʤ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ ʫʩʪʫʧʘʝʪ ʦʜʥʦʨʦʜʥʦʡ ʧʦ ʧʦʪʝʨʷʤ ʚ 

ʂʅɼ; 

- ʩʭʝʤʘ ɸʇʌ ʩ ʚʳʜʝʣʝʥʥʳʤ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʝʪ ʦʜʥʦʨʦʜʥʦʡ 

ʧʦ ʛʣʫʙʠʥʝ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: 

- ɸʌʆ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʭʝʤʳ ʩ ʚʳʜʝʣʝʥʥʳʤ ʦʩʥʦʚʥʳʤ 

ʢʘʥʘʣʦʤ; 

- ʚʣʠʷʥʠʝ ʢʦʥʝʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʦʧʣʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦ ʦʜʥʦʨʦʜʥʦʡ ʩʭʝʤʝ (ʧʨʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʤʝʥʝ ὔ ʥʘ ὒ); 
- ʜʣʷ ʙʦʨʴʙʳ ʩ ʜʝʢʦʨʨʝʣʷʮʠʝʡ ʥʝʦʙʭʦʜʠʤ ʟʘʧʘʩ ʧʦ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʦʨʷʜʢʘ 

4ï5 ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʣʘ ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʃʀʅɽɸʈʀɿɸʎʀʗ ʌɸɿʆɺʆʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʉʀɻʅɸʃʆɺ 

 
ʊʠʭʦʥʦʚʘ ʂʩʝʥʠʷ ɸʥʜʨʝʝʚʥʘ  (E-mail: xiki@list.ru) 

ʃʦʩʝʚ ɸʥʘʪʦʣʠʡ ʄʠʭʘʡʣʦʚʠʯ (E-mail: wolkn@yandex.ru) 

ʂʘʧʫʩʪʠʥʘ ɸʥʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ (E-mail: kapustinaanutka@yandex.ru) 

 

ʇɸʆ çʅʇʆ çɸʣʤʘʟè, ʛ. ʄʦʩʢʚʘ 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʚ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʩʠʛʥʘʣʦʚ 

ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʯʘʩʪʦʪʳ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ 

ʧʨʠʝʤʥʦʤ ʪʨʘʢʪʝ ʥʘ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʣʠʥʝʘʨʠʟʘʮʠʠ ʬʘʟʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʠʛʥʘʣʦʚ, ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʜʘʣʴʥʝʡʰʝʤʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʘʧʧʘʨʘʪʫʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʟʘ ʩʠʛʥʘʣʘ, ʛʨʫʧʧʦʚʘʷ ʟʘʜʝʨʞʢʘ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, 

ʬʘʟʦʚʳʡ ʰʫʤ, ʣʠʥʝʘʨʠʟʘʮʠʷ ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʣʦʢ ʣʠʥʝʘʨʠʟʘʮʠʠ. 

 

ɺ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʄʌʈ) ʫʩʪʨʦʡʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʠʟ ʘʥʘʣʦʛʦʚʦʡ ʬʦʨʤʳ ʚ 

ʮʠʬʨʦʚʫʶ, ʩʪʨʦʷʪʩʷ ʢʘʢ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʕʪʠ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʭ 

(ʧʦʩʪʦʷʥʥʳʭ) ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ. ʆʜʥʘʢʦ, ʜʘʞʝ ʥʝʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ 

ʜʣʠʥʘʭ ʢʘʙʝʣʝʡ ʠ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʫʩʠʣʠʪʝʣʝʡ ʠ ʬʠʣʴʪʨʦʚ ʤʦʞʝʪ ʩʦʟʜʘʪʴ 

ʟʘʜʝʨʞʢʠ ʠʣʠ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ. ʂʨʦʤʝ ʪʦʛʦ, ʬʘʟʘ ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʤʧʦʥʝʥʪʳ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʩʪʨʦʝʥʳ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʬʦʨʤʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʥʦ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ (ʣʠʥʝʡʥʦʡ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧʦʚʦʡ ʟʘʜʝʨʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʇʨʦʙʣʝʤʦʡ ʜʣʷ ʬʘʟʦʩʪʘʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦ 

ʧʨʝʜʩʢʘʟʫʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʥʳʝ ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʢʘʥʘʣʘʤʠ. ʆʙʱʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʵʪʠ ʩʦʦʪʥʦʰʝʥʠʷ, ʷʚʣʷʶʪʩʷ:  

- ʫʨʦʚʝʥʴ ʚʥʫʪʨʝʥʥʝʛʦ ʰʫʤʘ;  

- ʤʝʞʢʘʥʘʣʴʥʘʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ;  

- ʥʝʠʥʜʝʥʪʠʯʥʦʩʪʴ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ;  

- ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʪʨʘʢʪʘʭ ʦʙʨʘʙʦʪʢʠ. 

ʋʧʨʦʱʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʪʝʥʜʘ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ.1. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʠʟ N ʢʘʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʦʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ɹʣʦʢ ʜʠʩʢʨʝʪʠʟʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʝ ʧʦʢʘʟʘʥ, ʥʦ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʩʫʤʤʘʨʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 
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mailto:wolkn@yandex.ru


XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  

ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η ό˸͍ͦͫ͊͟Σ с ͔͒͊͋ͪ͟Ύ нлму ͎Φύ 

 

 

http://izd -mn.com/ 15 

 

 
ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

çʋʟʢʠʤ ʛʦʨʣʳʰʢʦʤè ʚ ʚʦʧʨʦʩʝ ʬʘʟʦʩʪʘʙʠʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʚʳʙʦʨ ʧʦʣʦʩʳ ʩʠʛʥʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʩʝ ʵʣʝʤʝʥʪʳ ʪʨʘʢʪʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ 

(ʢʨʦʤʝ ʬʠʣʴʪʨʘ), çʥʘʙʝʛè ʬʘʟ ʥʝ ʪʘʢʦʡ ʙʦʣʴʰʦʡ, ʥʝ ʙʦʣʝʝ 3 - 4-ʭ ʧʝʨʠʦʜʦʚ ʪʘʢʪʠʨʦʚʘʥʠʷ, 

ʚʳʙʦʨ (ʧʦʜʙʦʨ) ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʝʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ʜʦ 160 ʥʩ ʠ ʙʦʣʝʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʣʴʪʨʦʚ 

(ʛʨʫʧʧʦʚʘʷ ʟʘʜʝʨʞʢʘ) ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʠʷ ʦʪ ʵʢʟʝʤʧʣʷʨʘ ʢ ʵʢʟʝʤʧʣʷʨʫ ʚ 2-10%, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʧʨʠ ʨʘʙʦʪʝ ʩʪʘʥʮʠʠ.  

ʇʨʠʚʝʜʝʥʳ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ ʦʜʠʥʘʢʦʚʦʛʦ ʚʨʝʤʝʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʢʘʢ ʚ ʘʥʘʣʦʛʦʚʦʤ, ʪʘʢ ʠ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʨʘʜʠʦʵʣʝʤʝʥʪʳ ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ ʘʚʪʦʨʩʢʠʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʤʝʥʴʰʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ. 

ʇʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʠ ʩʧʦʩʦʙʳ ʠʭ ʫʤʝʥʴʰʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʫʤʤʘʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʟʘʚʠʩʷʪ 

ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʠ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ.  

ʀʟʤʝʨʝʥʠʝ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʤʝʪʦʜʦʤ 

ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʛʦ (ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ) ʠ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [1]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ, 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚʩʷ ʦʙʨʘʙʦʪʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʮʠʬʨʦʚʦʡ ʯʘʩʪʠ, ʥʦ ʝʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʨʘʙʦʯʠʤ ʯʘʩʪʦʪʘʤ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. 

ɼʣʷ ʣʠʥʝʘʨʠʟʘʮʠʠ ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʢʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʨʘʩʯʝʪʘ ʧʦ ʅʏ-ʧʨʦʪʦʪʠʧʫ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʩ ʣʠʥʝʡʥʳʤ ʌʏʍ [2]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʬʠʣʴʪʨʘ ʩ ʥʝʣʠʥʝʡʥʦʡ ʌʏʍ, 

ʠʤʝʶʱʝʛʦ ʦʙʨʘʪʥʳʡ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʥʘʣʦʛʦʚʦʛʦ ʬʠʣʴʪʨʘ. ʇʨʠ ʪʘʢʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʬʠʣʴʪʨʦʚ ʠʭ ɸʏʍ 

ʧʝʨʝʤʥʦʞʘʶʪʩʷ, ʘ ʌʏʍ ʩʫʤʤʠʨʫʶʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 
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1. ʅʘ ʚʭʦʜ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʛʝʥʝʨʘʪʦʨʘ ʧʦʜʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. 
ʏʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 0,5 ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ. 

ɼʘʥʥʳʝ ʩ ʚʳʭʦʜʘ ʧʝʨʝʜʘʶʪʩʷ ʚ ʇʂ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʩʦʧʨʷʞʝʥʠʷ. 

2. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚʳʯʠʩʣʷʶʪʩʷ ɸʏʍ, ʌʏʍ ʠ ɻɺɿ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʘʢʪʘ. 
ʊʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

3. ʈʝʰʠʚ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʥʘʭʦʜʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ. 

4. ʈʝʘʣʠʟʫʝʤ ʦʙʨʘʪʥʳʡ ʬʠʣʴʪʨ ʚ ʙʣʦʢʝ ʣʠʥʝʘʨʠʟʘʮʠʠ. 

5. ʇʦʚʪʦʨʷʝʤ ʠʟʤʝʨʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʯʝʪʦʤ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ 
ʬʠʣʴʪʨʘ. ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʌʏʍ ʜʦʣʞʥʘ ʙʳʪʴ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʬʘʟʦʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʩʠʛʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʚʥʠʚʘʪʴ ʬʘʟʳ ʚ ʢʘʥʘʣʝ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʮʠʬʨʦʚʦʤ 

ʚʠʜʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʥʝʢʦʪʦʨʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʤʝʪʦʜʦʚ ʥʘʩʪʨʦʡʢʠ ʠ ʩʪʝʥʜʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʵʪʦʡ ʨʘʩʩʪʨʦʡʢʠ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʣʫʯʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʥʘ (0,5é2,5) ʜɹ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆʉʅʆɺʅʓɽ ɸʉʇɽʂʊʓ ʉʆɿɼɸʅʀʗ ʉʀʉʊɽʄ ʕʃɽʂʊʈʆʇʀʊɸʅʀʗ 

ɼʃʗ ɸʌɸʈ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ɹʆʈʊʆɺʓʍ ʈʃʉ 

 
ʈʦʜʠʥ ʄʠʭʘʠʣ ɺʘʣʝʨʴʝʚʠʯ (1), (2) - ʢ.ʪ.ʥ. (E-mail: mail@mrodin.ru) 

ʂʫʰʥʝʨʝʚ ʅʠʢʦʣʘʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ (1) - ʢ.ʪ.ʥ. (E-mail: kushnerev@inbox.ru) 

 

ɸʆ çʂʦʥʮʝʨʥ çɺʝʛʘè (1), ʛ. ʄʦʩʢʚʘ 

ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ (2), ʛ. ʄʦʩʢʚʘ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʘ 

ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨʦʚ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʜʣʷ ʘʢʪʠʚʥʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʩʦʩʪʘʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʨʪʦʚʳʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʥʷʝʤʘʷ ʵʣʝʤʝʥʪʥʘʷ 

ʙʘʟʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʝʸ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʩ ʫʯʸʪʦʤ ʚʦʟʨʘʩʪʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ 

ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʘʢʪʠʚʥʘʷ ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ 

ʨʝʰʸʪʢʘ, ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ 
 

ʆʜʥʦʡ ʠʟ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ (ʜʘʣʝʝ ï ʢʦʤʧʣʝʢʩʳ ʤʦʥʠʪʦʨʠʥʛʘ) ʷʚʣʷʝʪʩʷ 

ʩʪʨʝʤʣʝʥʠʝ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʜʘʶʱʠʡ ʪʨʘʢʪ ʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʈʃʉ) ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦ ʤʥʦʛʠʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʘʢʪʠʚʥʳʝ ʬʘʟʠʨʦʚʘʥʥʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʸʪʢʠ (ɸʌɸʈ) [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝʤʘʣʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʶʪ 

ʨʝʰʝʥʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ɸʌɸʈ ʙʦʨʪʦʚʳʭ ʈʃʉ [3-5]. ʆʯʝʚʠʜʥʦ, ʠʟ-ʟʘ ʩʧʝʮʠʬʠʢʠ ʙʘʟʠʨʦʚʘʥʠʷ ʢ ʪʘʢʠʤ 

ɸʌɸʈ ʧʨʝʜʲʷʚʣʷʶʪ ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʤʠʥʠʤʘʣʴʥʳʭ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʝʛʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ) ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʩʪʠʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʃʉ. ɺʤʝʩʪʝ ʩ ʪʝʤ ɸʌɸʈ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʝʡʰʝʡ ʠ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʵʥʝʨʛʦʧʦʪʨʝʙʣʷʶʱʠʭ ʩʠʩʪʝʤ ʚʦ ʚʩʝʡ ʈʃʉ, ʧʨʠ ʵʪʦʤ ʦʥʘ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʝʝ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ (ʉʕʇ) ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ 

ʥʘ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʉʕʇ ɸʌɸʈ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʵʪʘʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʈʃʉ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʉʕʇ ʜʣʷ ɸʌɸʈ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʩʪʘʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʨʪʦʚʳʭ ʈʃʉ ʢʦʤʧʣʝʢʩʦʚ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʢʘʟʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʘ ʪʘʢʞʝ ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʠʭ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʚʦʟʨʘʩʪʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʙʘʟʠʨʦʚʘʥʠʷ. 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ɸʌɸʈ 
 

ʅʘʟʥʘʯʝʥʠʝʤ ʉʕʇ ɸʌɸʈ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʝʨʝʜʘʶʱʠʤ ʪʨʘʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʉʕʉ) ʥʦʩʠʪʝʣʷ ʈʃʉ ʚ ʵʥʝʨʛʠʶ 

ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʫʝʤʳʤ ʨʝʞʠʤʦʤ 

ʨʘʙʦʪʳ ʈʃʉ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ɸʌɸʈ ʥʝʦʙʭʦʜʠʤʳʤʠ 
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ʥʘʧʨʷʞʝʥʠʷʤʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ [6]. ʇʦʵʪʦʤʫ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʣʶʙʦʡ ʉʕʇ 

ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ (ʀʕʇ), ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚ ʉʕʇ ɸʌɸʈ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʦʩʣʝʜʥʝʡ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʝʜʠʥʠʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʪʳʩʷʯ. 

ɺ ɸʌɸʈ ʢʘʞʜʳʡ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ (ʇʇʄ) ʜʣʷ ʉʕʇ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʚʳʩʦʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʫʣʴʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʅʝʩʦʙʣʶʜʝʥʠʝ 

ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʤʦʞʝʪ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʪʘʢʦʤ ʚʘʞʥʦʤ ʧʘʨʘʤʝʪʨʝ, ʢʘʢ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʦʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʈʃʉ [4]. 

ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʇʇʄ ʢʘʢ ʥʘʛʨʫʟʢʠ ʉʕʇ ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʠʤ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʝʜʠʥʠʮ ʠ ʜʝʩʷʪʢʦʚ ʢʠʣʦʚʘʪʪ ʚ ʠʤʧʫʣʴʩʝ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʉʕʉ, ʦʙʳʯʥʦ ʨʘʩʩʯʠʪʘʥʥʫʶ ʥʘ ʛʦʨʘʟʜʦ ʤʝӢʥʴʰʫʶ ʤʦʱʥʦʩʪʴ, ʠ ʠʤʧʫʣʴʩʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʝʡ 

ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʦʡ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ (ʋʄ) ʧʝʨʝʜʘʶʱʝʛʦ ʢʘʥʘʣʘ ʇʇʄ, ʧʨʠʤʝʥʷʶʪ 

ʥʘʢʦʧʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʅʕ), ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʦʙʳʯʥʦ ʚ ʇʇʄ ʣʠʙʦ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʝʛʦ. 

ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʨʪʦʚʳʭ ʈʃʉ ʩ ɸʌɸʈ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʙʦʨʪʦʚʳʤ ʈʃʉ, 

ʧʦʤʠʤʦ ʚʩʝʭ ʧʨʦʯʠʭ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, 

ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ, ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʭ ʉʕʇ ʠ ʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. 

ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʌɸʈ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʀʕʇ ʠ ʉʕʇ ʚ ʮʝʣʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʚ ʩʣʝʜʫʶʱʠʭ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʚ 

ʦʙʣʘʩʪʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʉʕʇ, ʧʦʚʳʰʝʥʠʷ ʫʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʕʇ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 
 

ʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 
 

ʇʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʉʕʇ ɸʌɸʈ ʜʝʣʷʪ ʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ 

(ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ, ʤʘʪʨʠʯʥʳʝ) ʠ ʩʤʝʰʘʥʥʳʝ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʵʥʝʨʛʦʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ɸʌɸʈ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝʦʜʥʦʢʨʘʪʥʦ, ʥʘʧʨʠʤʝʨ, ʚ [7-11], ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʙʫʜʝʪ 

ʬʦʢʫʩʠʨʦʚʘʪʴ ʥʘ ʥʠʭ ʚʥʠʤʘʥʠʝ. ʆʜʥʘʢʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʦ ʚ ɸʌɸʈ ʙʦʨʪʦʚʳʭ ʈʃʉ 

ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʠ ʩʤʝʰʘʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʉʕʇ, ʘ ʀʕʇ ʟʘʯʘʩʪʫʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʦʩʪʘʚ ʇʇʄ. 

ɺʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʉʕʇ ɸʌɸʈ ʙʦʨʪʦʚʦʡ ʈʃʉ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

- ʪʠʧʘ ʥʦʩʠʪʝʣʷ ʠ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ɸʌɸʈ; 

- ʥʘʣʠʯʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ; 

- ʬʦʨʤʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ; 

- ʯʠʩʣʘ, ʧʨʠʥʮʠʧʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʇʇʄ; 

- ʧʨʠʤʝʥʷʝʤʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ; 

- ʯʠʩʣʘ ʥʦʤʠʥʘʣʦʚ ʥʘʧʨʷʞʝʥʠʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʜʣʷ ʦʜʥʦʛʦ ʇʇʄ; 

- ʥʦʤʠʥʘʣʦʚ ʥʘʧʨʷʞʝʥʠʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʪʦʢʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʇʇʄ; 

- ʪʨʝʙʫʝʤʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʧʫʣʴʩʘʮʠʠ; 

- ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʦʜʘ ʪʦʢʘ ʧʠʪʘʶʱʝʡ ʩʝʪʠ; 

- ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʟʢʠ (ʠʤʧʫʣʴʩʥʘʷ ʠʣʠ ʧʦʩʪʦʷʥʥʘʷ); 

- ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ; 

- ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ, ʤʘʩʩʝ, ʩʪʦʠʤʦʩʪʠ ʠ ʪ.ʜ. 

ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʬʠʛʫʨʘʮʠʷ ʉʕʇ ʟʘʚʠʩʠʪ ʠ ʦʪ ʨʷʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪ ʢ ʘʧʧʘʨʘʪʫʨʝ ɸʌɸʈ ʠ ʈʃʉ ʚ ʮʝʣʦʤ. ʅʘʧʨʠʤʝʨ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʇʇʄ ʚ ʰʠʨʦʢʠʭ 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  

ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η ό˸͍ͦͫ͊͟Σ с ͔͒͊͋ͪ͟Ύ нлму ͎Φύ 

 

 

http://izd -mn.com/ 19 

 

ʧʨʝʜʝʣʘʭ (ʪʨʝʙʫʝʪʩʷ ʦʧʝʨʘʪʠʚʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʥʘʧʨʷʞʝʥʠʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʚʳʭʦʜʥʳʭ 

ʫʩʠʣʠʪʝʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʧʝʨʝʜʘʶʱʝʛʦ ʢʘʥʘʣʘ ʇʇʄ), ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʇʇʄ (ʪʨʝʙʫʝʪʩʷ ʩʪʨʦʙʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ/ʠʣʠ ʩʤʝʱʝʥʠʷ), 

ʦʧʝʨʘʪʠʚʥʦʝ ʚʢʣʶʯʝʥʠʝ/ʦʪʢʣʶʯʝʥʠʝ ʇʇʄ ʠ ʪ.ʜ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʉʕʇ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʉʕʉ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʀʕʇ ʇʇʄ (ʦʜʥʘ ʩʪʫʧʝʥʴ 

ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ), ʪʦ ʝʩʪʴ ʀʕʇ ʜʦʣʞʝʥ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʟ ʩʝʙʷ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ AC-

DC ʠʣʠ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʉʕʉ). ʆʜʥʘʢʦ ʪʘʢʘʷ ʯʠʩʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʉʕʇ ʠʤʝʝʪ ʮʝʣʳʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʝʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ï ʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʀʕʇ ʤʘʣʦʤʦʱʥʳʭ AC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʘʙʝʣʴʥʘʷ ʩʝʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʝʪ ʭʫʜʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʘʷ ʩʝʪʴ ʩ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʫʧʝʥʴ ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ï 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʚʦʣʴʪʥʫʶ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʰʠʥʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʊʘʢ, ʜʣ ̫

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʉʕʉ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʧʨʠʤʝʥʷʪʁ ʪʨʝʭʬʘʟʥʳʝ ʤʦʩʪʦʚʳʝ ʚʳʧʨʷʤʠʪʝʣʠ ʠʣʠ AC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʤʦʱʥʦʩʪʴʶ 

ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʚʘʪʪ. ʆʙʳʯʥʦ ʠʭ ʜʦʧʦʣʥʷʶʪ ʩʭʝʤʘʤʠ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʛʨʫʟʦʢ ʚ 

ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʢʦʨʨʝʢʪʦʨʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʠ ʬʠʣʴʪʨʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʤʝʭ. 

ʅʘʧʨʷʞʝʥʠʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʩʪʫʧʘʝʪ ʫʞʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʞʜʳʡ ʇʇʄ ʠ ʜʨʫʛʫʶ ʘʧʧʘʨʘʪʫʨʫ ɸʌɸʈ ï ʵʪʦ ʚʪʦʨʘʷ ʩʪʫʧʝʥʴ 

ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʝʤʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʀʕʇ ʥʘ ʙʘʟʝ DC-DC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʣʠʥʝʡʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ (ʧʦʩʣʝʜʥʠʝ ʧʨʠʤʝʥʷʶʪ, ʝʩʣʠ 

ʥʝʦʙʭʦʜʠʤʳ ʤʘʣʳʝ ʧʫʣʴʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ï ʤʝʥʝʝ 10 ʤɺ). 

ʉ ʮʝʣʴʶ ʠʣʣʶʩʪʨʘʮʠʠ ʫʯʝʪʘ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʩʪʨʦʝʥʠʷ ʉʕʇ ʨʘʩʩʤʦʪʨʠʤ ʦʨʛʘʥʠʟʘʮʠʶ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ɸʌɸʈ ʥʘ ʧʨʠʤʝʨʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʚʫʭʜʠʘʧʘʟʦʥʥʦʡ ʈʃʉ ʘʚʠʘʮʠʦʥʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. ʆʙʦʙʱʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʢʦʡ ʉʕʇ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ɸʌɸʈ ʜʚʫʭʜʠʘʧʘʟʦʥʥʦʡ ʈʃʉ 
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ʉʕʇ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʪʦʡʢʫ AC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʫʶ ʚ 

ʬʶʟʝʣʷʞʝ ʥʦʩʠʪʝʣʷ. ʉʪʦʡʢʘ ʧʨʝʦʙʨʘʟʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 200 ɺ 

400 ɻʮ ʚ ʥʘʧʨʷʞʝʥʠʝ 270 ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʢʝʩʩʦʥ ʘʥʪʝʥʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʇʇʄ, 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʥʘʧʨʷʞʝʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʤʘʣʳʭ 

ʪʦʢʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʉʕʇ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 

ʤʘʩʩʫ, ʛʘʙʘʨʠʪʳ ʠ ʩʪʦʠʤʦʩʪʴ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ. 

ɺ ɸʌɸʈ 1-ʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʝ 270 ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʢʦʨʦʙʢʠ ʧʦʩʪʫʧʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʞʜʳʡ ʇʇʄ, ʛʜʝ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ ʜʦ ʪʨʝʙʫʝʤʳʭ 

ʥʦʤʠʥʘʣʦʚ ʥʘʧʨʷʞʝʥʠʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ʀʥʪʝʛʨʘʮʠʷ ʀʕʇ ʚ ʩʦʩʪʘʚ ʇʇʄ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʦʛʦ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (270 ɺ) ʚ ʥʠʟʢʦʝ (ʝʜʠʥʠʮʳ ʠ 

ʜʝʩʷʪʢʠ ʚʦʣʴʪ); 

- ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ ʀʕʇ; 

- ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʢʘʞʜʦʛʦ ʋʄ 

ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʇʇʄ ʩ ʚʳʩʦʢʠʤ ʂʇɼ; 

- ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

ʚʳʭʦʜʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʪ.ʜ.; 

- ʫʧʨʘʚʣʝʥʠʝ ʚʢʣʶʯʝʥʠʝʤ/ʚʳʢʣʶʯʝʥʠʝʤ ʇʇʄ ʚʥʝʰʥʠʤ ʩʠʛʥʘʣʦʤ. 

ʉʕʇ ɸʌɸʈ 2-ʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʰʠʥʳ ʚʳʙʨʘʥʦ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʝʣʠʯʠʥʦʡ 50 ɺ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʵʥʝʨʛʦʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ (ʙʦʣʝʝ 1000 ʰʪ.) ʇʇʄ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʢʘʞʜʦʛʦ ʇʇʄ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ DC-DC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 270 ɺ, ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʝ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʥʘ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 50 ɺ, ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʳʭʦʜʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʧʨʠʤʝʥʷʪʴ ʚ ʀʕʇ ʇʇʄ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʨʦʢʦʚ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʉʕʇ. ɺʪʦʨʦʡ ʧʨʠʯʠʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʰʠʥʳ 

ʥʦʤʠʥʘʣʦʤ 50 ɺ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʝʪʴ ʠ ʩʣʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʝʸ ʵʣʝʢʪʨʦʧʨʦʯʥʦʩʪʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 270 ɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʉʕʇ ɸʌɸʈ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʦʨʪʦʚʳʭ ʈʃʉ: 

- ʫʤʝʥʴʰʝʥʠʝ ʩʪʫʧʝʥʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ; 

- ʧʝʨʝʭʦʜ ʢ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʰʠʥʦʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʦʛʜʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʰʠʥʳ ʠ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ 

ʨʘʟʚʷʟʢʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʪʜʝʣʴʥʦ ʚ ʢʘʞʜʦʤ ʀʕʇ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʤ ʚ ʇʇʄ; 

- ʧʝʨʝʭʦʜ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʚʦʣʴʪʥʫʶ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʰʠʥʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʟ-ʟʘ 

ʧʨʠʤʝʥʝʥʠʷ ʥʠʪʨʠʜʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʚʳʭʦʜʥʳʭ ʫʩʠʣʠʪʝʣʴʥʳʭ ʢʘʩʢʘʜʘʭ ʇʇʄ, 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ɸʌɸʈ ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ. 

 

ʇʦʚʳʰʝʥʠʝ ʫʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ɺ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʫʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʕʇ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ: 

- ʧʨʠʤʝʥʝʥʠʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʚ ʢʣʶʯʝʚʳʭ 

ʵʣʝʤʝʥʪʘʭ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʝ 

ʪʦʧʦʣʦʛʠʠ, ʤʥʦʛʦʬʘʟʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩ ʧʨʦʮʝʩʩʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʪ.ʜ.); 
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- ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ (ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʴʶ, ʥʠʟʢʦʧʨʦʬʠʣʴʥʳʝ ʬʝʨʨʠʪʦʚʳʝ ʩʝʨʜʝʯʥʠʢʠ ʩ 

ʨʘʩʰʠʨʝʥʥʳʤʠ ʯʘʩʪʦʪʥʳʤ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʠʘʧʘʟʦʥʘʤʠ, ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʩ ʢʨʘʡʥʝ 

ʤʘʣʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʪʢʨʳʪʦʛʦ ʢʘʥʘʣʘ ʩʪʦʢ-ʠʩʪʦʢ ʠ ʪ.ʜ.); 

- ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, 

ʧʣʘʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʤʦʥʪʘʞʘ ʠ ʪ.ʜ.; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠ 

ʙʝʩʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʤʘʣʦʤʦʱʥʳʭ ʀʕʇ; 

- ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʤʝʥʴʰʝʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʤʠʢʨʦʩʭʝʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ; 

- ʧʝʨʝʭʦʜ ʦʪ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʢ ʤʦʥʦʣʠʪʥʳʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʠʡʥʳʝ 

ʤʦʜʫʣʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ (ʄʕʇ) ʢʘʢ ʦʙʳʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʄʕʇ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʦʚʝʥʴ ʠʭ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, 

ʩʯʠʪʘʝʪʩʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʪ.ʝ. ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʄʕʇ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʦʙʲʝʤʘ. ʇʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʄʕʇ ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʚʳʰʘʝʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʠʞʠʤʦʡ ʩʯʠʪʘʝʪʩʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʨʘʟʚʷʟʘʥʥʳʭ ʤʦʜʫʣʝʡ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʦ 50 ʢɺʪ/ʜʤ3 (ʄʕʇ ʩʝʨʠʠ 

DCM ʢʦʤʧʘʥʠʠ "Vicor") ʠ 7,8 ʢɺʪ/ʜʤ3 ʜʣʷ ʤʦʜʫʣʝʡ AC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʄʕʇ ʩʝʨʠʠ 

PFM ʢʦʤʧʘʥʠʠ "Vicor"). 

ɺ ʪʘʙʣʠʮʝ 1 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʄʕʇ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ 300 ɺ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʂʇɼ ʄʕʇ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʩʨʝʜʥʝʤ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʄʕʇ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʄʕʇ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʠʡʥʳʭ ʤʦʜʫʣʝʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ɺʳʭʦʜʥʘʷ 

ʤʦʱʥʦʩʪʴ, 

ɺʪ 

ɺʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠ

ʝ, ɺ 

ɺʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠ

ʝ, ɺ 

ɼʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʢʠ  

ʥʘʧʨʷʞʝʥʠʷ, % 

ʦʪ Uʚʳʭ.ʥʦʤ 

ʄʘʩʩʘ, ʛ 
ʂʇɼ, 

ʜʦ % 

ʉʇʅʄ300-500 

("ʕʣʀʥ") 
500 246-375 12-60 +11 1000 80 

ʄɼʄ500-ɸ 

("ɸɽɼʆʅ") 
500 270-330 7,5-50 Ñ5 190 90 

ʄɼɼ600 

("ɸʕʀʕʇ") 
600 175-360 3-70 Ñ5 2500 82 

V300A 

("Vicor")  
500 180-375 2-48 +10/-90 232 89 

DCM 

("Vicor" ) 
600 200-420 24 Ñ10 29,2 93,6 

JETND600 

("AEPS group") 
600 180-375 24; 27; 48 Ñ5 387 92 

 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʄʕʇ ʥʝ ʩʚʦʙʦʜʥʳ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʩʪʘʥʦʚʠʪʴ ʨʘʟʨʘʙʦʪʯʠʢʫ ʥʘ ʥʠʭ ʩʚʦʡ ʚʳʙʦʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʩʝ 

ʚʳʧʫʩʢʘʝʤʳʝ ʄʕʇ ʠʣʠ ʥʝ ʨʘʙʦʪʘʶʪ, ʠʣʠ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʨʘʙʦʪʫ ʥʘ ʥʘʛʨʫʟʢʫ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʸʤʢʦʩʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʀʕʇ, ʩʦʜʝʨʞʘʱʠʭ ʅʕ ʙʦʣʴʰʦʡ 

ʝʤʢʦʩʪʠ (ʦʙʳʯʥʦ ʩʚʳʰʝ 10000 ʤʢʌ). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʝʨʠʡʥʳʭ 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  
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ʄʕʇ ʠʤʝʝʪ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʙʦʣʝʝ 95é105% ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʛʣʫʙʦʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 

ʇʇʄ ɸʌɸʈ ʟʘʯʘʩʪʫʶ ʥʝʦʙʭʦʜʠʤ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʢʠ 20é110%. ʕʪʦʪ ʬʘʢʪ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʠʣʠ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʠʡʥʳʭ ʤʦʜʫʣʝʡ DC-DC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʀʕʇ ʇʇʄ. 

ʇʦʚʳʰʝʥʠʝ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʀʕʇ ʘʢʪʫʘʣʴʥʦ ʝʱʝ ʠ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʚ 

ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʌɸʈ ʥʘ ʬʶʟʝʣʷʞʝ, ʢʨʳʣʴʷʭ ʠ ʭʚʦʩʪʦʚʦʤ ʦʧʝʨʝʥʠʠ 

ʥʦʩʠʪʝʣʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʦʥʬʦʨʤʥʳʝ ɸʌɸʈ), ʢʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʳ ʛʘʙʘʨʠʪʳ 

ʇʇʄ ʠ ʫʩʣʦʞʥʝʥ ʦʪʚʦʜ ʪʝʧʣʘ ʦʪ ʥʠʭ. ʊʘʢʞʝ ʢʦʥʬʦʨʤʥʳʝ ɸʌɸʈ ʥʘʡʜʫʪ ʧʨʠʤʝʥʝʥʠʝ ʠ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʢʦʤʧʘʢʪʥʳʭ ʈʃʉ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʦʢʘʟʘʣʠʩʴ ʪʨʫʜʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʦʜʫʣʝʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʥʦ ʠ ʚ ʮʝʣʦʤ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʜʦ ʩʠʭ ʧʦʨ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʀʕʇ ʧʨʠʤʝʥʷʶʪ ʠʤʧʦʨʪʥʫʶ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ, ʚʢʣʶʯʘʷ ʩʠʣʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʧʨʠʙʦʨʳ, ʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʅʘ ʧʨʘʢʪʠʢʝ ʢʘʢ 

ʩʫʱʝʩʪʚʫʶʱʠʝ, ʪʘʢ ʠ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʜʠʦʜʳ ʠ 

ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ, ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ, ʘ 

ʪʘʢʞʝ ʤʘʛʥʠʪʦʤʷʛʢʠʝ ʬʝʨʨʠʪʳ ʜʣʷ ʜʨʦʩʩʝʣʝʡ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʀʕʇ, ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. 

ʂʘʢ ʧʨʠʤʝʨ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʢʨʳʪʦʛʦ ʢʘʥʘʣʘ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʩʪʦʢ-ʠʩʪʦʢ 500 ɺ 2ʇ795ɸ92 (ɸʆ "ɺɿʇʇ-ʉ") ʠ ANB16N50("ɸʥʛʩʪʨʝʤ") 

ʩʦʩʪʘʚʣʷʝʪ 0,4 ʆʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʢʨʳʪʦʛʦ ʢʘʥʘʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʩʪʦʢ-ʠʩʪʦʢ 600 ɺ IPW60R017C7 ("Infineon") ʩʦʩʪʘʚʣʷʝʪ 0,017 ʆʤ, ʯʪʦ ʚ 

23 ʨʘʟʘ ʣʫʯʰʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʀʣʠ ʥʘʠʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʪʠʧʘ ʂ10-84 ("ʄʦʥʦʣʠʪ") ʛʨʫʧʧʳ ʊʂɽ ʅ20 ʩ ʥʘʧʨʷʞʝʥʠʝʤ 100 

ɺ ʠʤʝʶʪ ʛʘʙʘʨʠʪʳ 12ʭ10ʭ6 ʤʤ3 ʠ ʝʤʢʦʩʪʴ 1,8 ʤʢʌ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʨʫʙʝʞʥʳʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ CKG ʩʝʨʠʠ "Megacap" ("TDK") ʛʨʫʧʧʳ ʊʂɽ X7S (ʘʥʘʣʦʛ ʅ20) ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ 100 ɺ ʠʤʝʶʪ ʛʘʙʘʨʠʪʳ 5,7ʭ5,0ʭ5,0 ʤʤ3 ʠ ʝʤʢʦʩʪʴ 22 ʤʢʌ, ʪʦ ʝʩʪʴ ʠʭ 

ʫʜʝʣʴʥʘʷ ʝʤʢʦʩʪʴ ʚʳʰʝ ʚ 60 ʨʘʟ. 

 

ʈʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

 

ɺ ʦʙʣʘʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʀʕʇ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: 

- ʚʚʝʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʡ ʛʣʫʙʦʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʀʕʇ ʋʄ ʧʝʨʝʜʘʶʱʝʛʦ ʢʘʥʘʣʘ ʇʇʄ ï ʵʪʦ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ (ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ) ʫʧʨʘʚʣʝʥʠʝ ʤʦʱʥʦʩʪʴʶ ʇʇʄ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʤʧʣʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʨʘʩʢʨʳʚʝ ɸʌɸʈ [6, 12, 13]; 

- ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʀʕʇ ʋʄ ʧʝʨʝʜʘʶʱʝʛʦ ʢʘʥʘʣʘ ʇʇʄ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ï ʵʪʦ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʬʦʨʤʦʡ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʋʄ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʅʕ. ɼʨʫʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʀʕʇ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʸʤʢʦʩʪʠ ʠ ʤʘʩʩʳ ʅʕ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʧʘʩʘʝʤʦʡ ʚ ʥʸʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʬʦʨʤʠʨʫʝʤʳʭ 

ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ ʙʦʣʝʝ 100 ʤʢʩ [6]; 

- ʧʨʠʤʝʥʝʥʠʝ ʀʕʇ, ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʠ ʟʘʨʷʜʘ ʅʕ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ 

ʤʦʱʥʦʩʪʴʶ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʜʨʦʩʩʝʣʝʡ ʚ ʩʭʝʤʝ 

ʀʕʇ ʠ ʫʤʝʥʴʰʠʪʴ ʧʫʣʴʩʘʮʠʶ ʪʦʢʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʀʕʇ ʦʪ ʧʠʪʘʶʱʝʡ ʩʝʪʠ [14]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʤʝʩʪʦ ʪʝʥʜʝʥʮʠʷ 

ʧʝʨʝʭʦʜʘ ʢ ʮʠʬʨʦʚʳʤ ʩʧʦʩʦʙʘʤ ʫʧʨʘʚʣʝʥʠʷ ʀʕʇ. ɿʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ 

ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

https://www.infineon.com/cms/en/product/power/mosfet/500v-900v-coolmos-n-channel-power-mosfet/600v-coolmos-n-channel-power-mosfet/ipw60r017c7/
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʦʡ ʯʘʩʪʴʶ ʀʕʇ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʕʇ ʠ ʨʘʩʰʠʨʠʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʈʝʟʶʤʠʨʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʉʣʦʞʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʙʦʨʪʦʚʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ɸʌɸʈ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʠʭ ʨʘʟʨʘʙʦʪʢʝ, ʥʝʚʦʟʤʦʞʥʦʡ ʙʝʟ ʪʱʘʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ɸʌɸʈ. 

2. ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʙʦʨʪʦʚʳʭ ʈʃʉ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ɸʌɸʈ, ʨʘʩʰʠʨʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʝʝ ʫʣʫʯʰʝʥʠʝ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ɸʌɸʈ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʧʦʩʣʝʜʥʠʭ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʥʘʜʸʞʥʦʩʪʠ, ʧʦʟʚʦʣʠʪ ʩʦʚʝʨʰʠʪʴ ʩʝʨʴʸʟʥʳʡ ʧʨʦʨʳʚ ʚ ʪʝʭʥʠʢʝ ɸʌɸʈ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʠ ʨʘʙʦʪʳ ʥʘ ʙʦʣʴʰʫʶ ʝʤʢʦʩʪʴ, ʤʘʣʳʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ) ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ɸʌɸʈ ʥʦʚʝʡʰʠʭ ʙʦʨʪʦʚʳʭ ʈʃʉ. 

3. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ɸʌɸʈ ʜʣʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʦʨʪʦʚʳʭ ʈʃʉ ʦʪ ʠʤʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʨʝʡʰʝʝ ʧʨʦʚʝʜʝʥʠʝ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʳʭ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ 

ʫʩʪʨʦʡʩʪʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʫʯʥʦʛʦ ʟʘʜʝʣʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʙʫʜʫʱʝʤ. 
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ʆɹʒɪʄʅʓʍ ʂɽʈɸʄʀʏɽʉʂʀʍ ɼɺʋʍʈɽɿʆʅɸʊʆʈʅʓʍ 

ʄʆʅʆɹʃʆʂɸʍ 
 

ʃʦʙʘʯʸʚ ʅʠʢʠʪʘ ʖʨʴʝʚʠʯ (1) (E-mail: mr.nikitayurievich@mail.ru) 

ʆʯʢʦʚ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ (1)- ʢ.ʪ.ʥ. (E-mail: ochkov@rastr-radio.ru) 

ʐʝʧʝʣʶʢ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ (1) (E-mail: shepelukmu@mail.ru) 

ɹʘʩʦʚ ʅʠʢʠʪʘ ɸʣʝʢʩʝʝʚʠʯ (2) (E-mail: elkerm16@gmail.com) 

ɹʣʠʟʥʶʢ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ (3) (E-mail: luyda@physics.by) 

 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè(1), ʛ. ʄʦʩʢʚʘ 

ʋʇ çʕʣʢʝʨʤè(2), ʛ. ʄʠʥʩʢ 

ɻʆ çʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ ʧʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶè(3), ʛ. ʄʠʥʩʢ 

 

 ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʦʩʥʦ-

ʧʨʦʧʫʩʢʘʶʱʠʭ ʬʠʣʴʪʨʦʚ ʦʪ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʦʢʝʨʘʤʠʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʦʩʪʘʚʦʚ ɸʃʊʂ ʠ ʊɹʅʉ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʨʧʫʩʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʇʌ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʦʢʝʨʘʤʠʢʘ, ɸʃʊʂ, ʊɹʅʉ, ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ 

ʬʠʣʴʪʨ, ʜʚʫʭʨʝʟʦʥʘʪʦʨʥʳʡ ʤʦʥʦʙʣʦʢ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ, ʟʘʜʘʥʥʦʝ ʧʦʜʘʚʣʝʥʠʝ. 

  

ɺʚʝʜʝʥʠʝ 

 

ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ, ʟʘʜʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʭ 

ʬʠʣʴʪʨʦʚ (ʜʘʣʝʝ ʇʇʌ), ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʚʳʙʦʨʫ ʙʘʟʦʚʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ [1]. ʀʤʝʥʥʦ ʦʪ ʥʠʭ ʟʘʚʠʩʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʇʇʌ.  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ʉʨʝʜʠ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʸʥʥʳʭ 

ʚʳʰʝ, ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʩʪʨʫʢʪʫʨ 

ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʦʢʝʨʘʤʠʢʘ ʩʦʩʪʘʚʦʚ ɸʃʊʂ (ʪʠʪʘʥʘʪ ʢʘʣʴʮʠʷ) ʠ ʊɹʅʉ (ʪʠʪʘʥʘʪ ʙʘʨʠʷ) [2]. 

ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ, ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ 

ʣʠʪʴʷ, ʦʙʲʸʤʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʨʧʫʩʘ. ɼʘʣʝʝ, ʤʝʪʦʜʦʤ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ, ʙʳʣʘ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʝʪʘʣʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʢʦʨʧʫʩʦʚ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʠʣʠʩʴ 

ʜʚʫʭʨʝʟʦʥʘʪʦʨʥʳʝ ʤʦʥʦʙʣʦʢʠ. ɼʘʥʥʳʝ ʤʦʥʦʙʣʦʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ  

ʬʠʣʴʪʨʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1 [3]. 
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ʈʠʩ.1 ï ʬʠʣʴʪʨʳ ʢʝʨʘʤʠʯʝʩʢʠʝ 

 

ʉʨʘʚʥʝʥʠʝ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ɸʃʊʂ ʩ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ʊɹʅʉ. 

 

ʇʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʇʇʌ (ɸʏʍ ʠ  ʂʉɺʅ) ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ɸʃʊʂ ʠ ʊɹʅʉ (ʈʠʩ. 2).  

 

 
ʈʠʩ.2 ï ɸʏʍ ʠ ʂʉɺʅ 

 

ɺ ʪʝʨʤʦʢʘʤʝʨʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʜʘʥʥʳʭ ʇʇʌ ʥʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ +85Áʉ ʜʦ -75Áʉ.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ʊɹʅʉ ʥʘ 20é30% ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 
ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ɸʃʊʂ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤ ʂʫʩʘʜʢʠ ʠ ʙʦʣʴʰʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʫ ʩʦʩʪʘʚʘ ʊɹʅʉ (Ůʊɹʅʉå80 ʠ Ůɸʃʊʂå48).  

- ʉʦʩʪʘʚ ʊɹʅʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʇʇʌ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ, ʯʝʤ 
ʘʥʘʣʦʛʠʯʥʳʝ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ɸʃʊʂ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʣʫʯʰʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʚʥʝʧʦʣʦʩʥʦʝ ʧʦʜʘʚʣʝʥʠʝ.  

- ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ʊɹʅʉ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (~ ʦʪ ï 40Áʉ) ʥʘʙʣʶʜʘʝʪʩʷ ʫʭʦʜ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ.  

- ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ɸʃʊʂ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʤ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ 
ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï75é+85Áʉ. 

- ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ʊɹʅʉ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʚ ʧʦʣʦʩʝ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʡ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ɸʃʊʂ.  

 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ- ʠ 

ʯʝʪʳʨʸʭʟʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 300 ʄɻʮ ʜʦ 7 ɻɻʮ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʇʇʌ ʙʳʣʠ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʨʧʫʩʦʚ ʜʣʷ ʥʠʭ. ɼʦʩʪʠʛʥʫʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʇʇʌ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʪʴʷʭ çɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʰʣʠʢʝʨʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʢʦʨʧʫʩʘ ʜʚʫʭʨʝʟʦʥʘʪʦʨʥʦʛʦ ʤʦʥʦʙʣʦʢʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʩʥʦ-

ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʬʠʣʴʪʨʘè ʠ çʆʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʦʚ ʧʣʦʪʥʦʩʪʠ ʰʣʠʢʝʨʘ ʠ ʝʛʦ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʭ ʬʠʣʴʪʨʦʚ (ʇʇʌ) ʥʘ 

ʦʙʲʸʤʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʜʚʫʭʨʝʟʦʥʘʪʦʨʥʳʭ ʤʦʥʦʙʣʦʢʘʭè [4] .  

ɼʘʣʴʥʝʡʰʠʝ ʫʩʠʣʠʷ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʧʨʘʚʠʪʴ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ 

ʜʚʫʭʨʝʟʦʥʘʪʦʨʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʦʥʦʙʣʦʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ ʜʘʥʥʳʭ ʇʇʌ. 

ʊʝʢʫʱʘʷ ʮʝʣʴ ï ʧʦʣʫʯʝʥʠʝ ʯʝʪʳʨʸʭʟʚʝʥʥʳʭ ʇʇʌ ʩ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʡʯʘʩ ʜʚʫʭʟʚʝʥʥʳʭ ʇʇʌ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  
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ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè, ʛ. ʄʦʩʢʚʘ 

 

  ɸʥʥʦʪʘʮʠʷ: ɺ ʩʚʷʟʠ ʩ ʦʩʚʦʝʥʠʝʤ Q-ʜʠʘʧʘʟʦʥʘ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʫʟʣʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʭʦʜʳ, ʬʠʣʴʪʨʳ, 

ʫʩʠʣʠʪʝʣʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ, ʨʝʘʣʠʟʘʮʠʷ 

ʧʝʨʝʭʦʜʦʚ ʩ ʧʦʣʦʩʢʘ ʥʘ ʚʦʣʥʦʚʦʜ ʥʝʦʙʭʦʜʠʤʘ, ʪ.ʢ. ʚʦʣʥʦʚʦʜʥʳʝ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʦʩʪʘʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʥʘ ʯʘʩʪʦʪʘʭ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟ-ʟʘ ʤʘʣʳʭ ʧʦʪʝʨʴ. ɺ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʤʦʜʝʣʠ ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʦʧʠʩʘʥʠʝ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʝʨʝʭʦʜʦʚ, 

ʚʳʙʨʘʥ ʦʜʠʥ ʠʟ ʥʠʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʘʧʧʘʨʘʪʫʨʝ. 

  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʡ ʧʝʨʝʭʦʜ, Q-ʜʠʘʧʘʟʦʥ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʝʨʝʭʦʜʦʚ. 

 

ʉʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʠ ʨʘʜʘʨʳ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʵʚʦʣʶʮʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʥʠʢʘ ʠ ʧʝʨʝʜʘʪʯʠʢʘ ʚ ʚʠʜʝ ʤʠʢʨʦʩʭʝʤ ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʚʦʣʥʦʚʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ʊʘʢʠʝ ʤʠʢʨʦʩʭʝʤʳ ʦʙʳʯʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʣʘʪʳ, ʦʙʨʘʟʫʷ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʩʚʷʟʠ ʤʠʢʨʦʩʭʝʤ ʥʘ ʧʣʘʪʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʦʣʦʩʢʦʚʳʝ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʨʘʜʠʦʫʩʪʨʦʡʩʪʚ ʜʦʣʞʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʤʝʪʴ ʚʦʣʥʦʚʦʜʥʦʝ 

ʠʩʧʦʣʥʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ 

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʨʝʙʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʭʦʜ ʩ ʚʦʣʥʦʚʦʜʘ ʥʘ ʧʦʣʦʩʢʦʚʫʶ 

ʣʠʥʠʶ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʦʤ ʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʪʝ ʧʣʘʥʘʨʥʦʡ ʣʠʥʠʝʡ ʧʝʨʝʜʘʯʠ. 

ʂʨʦʤʝ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ ʠ ʨʘʜʘʨʦʚ, ʪʘʢʠʝ ʧʝʨʝʭʦʜʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʉɺʏ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ, ʛʜʝ ʚʦʣʥʦʚʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʧʦʪʝʨʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʚʳʰʘʶʱʠʡ 

ʢʦʥʚʝʨʪʝʨ ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʝʨʤʠʥʘʣʘ (ʇɺʂʊ) L/Q-ʜʠʘʧʘʟʦʥʘ. ʈʘʥʝʝ ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʣʘ ʨʘʟʨʘʙʦʪʦʢ ʚ Q ʜʠʘʧʘʟʦʥʝ ʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʫʞʥʘ ʪʱʘʪʝʣʴʥʘʷ ʧʨʦʨʘʙʦʪʢʘ 

ʫʟʣʦʚ ʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʘʢʠʭ, ʢʘʢ ʧʝʨʝʭʦʜʳ, ʬʠʣʴʪʨʳ, ʫʩʠʣʠʪʝʣʠ. ʈʘʟʨʘʙʦʪʢʘ ʚʩʝʭ ʵʪʠʭ 

ʫʟʣʦʚ ʥʘʯʘʪʘ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʇɺʂʊ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʭʦʜ ʩ ʧʦʣʦʩʢʦʚʦʡ 

ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʥʘ ʚʦʣʥʦʚʦʜʥʳʡ ʬʠʣʴʪʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʚʦʣʥʦʚʦʜʘ WR-22, ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚ Q ïʜʠʘʧʘʟʦʥʝ (42 ï 44 ɻɻʮ) ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʝʨʝʭʦʜʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʠʟʛʦʪʦʚʣʝʥ ʬʠʣʴʪʨ ʠ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ.  

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʤ ʧʝʨʝʭʦʜʘʤ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʘʷ 

ʨʘʙʦʯʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ, ʤʘʣʳʡ ʫʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʩʠʛʥʘʣʘ ʚ ʧʝʨʝʭʦʜʝ, ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʧʝʨʝʭʦʜʘ ʚ 

ʫʩʪʨʦʡʩʪʚʦ. 

mailto:krumlyakov94@mail.ru
mailto:formalnov@mail.ru
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 ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ 

ʚʦʣʥ. 

 ʀʟʚʝʩʪʝʥ ʣʠʥʝʡʥʳʡ ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʡ ʧʝʨʝʭʦʜ (ʨʠʩʫʥʦʢ 1), ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʩʪʫʧʝʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʚʦʣʥʦʚʦʜʥʦʤ ʢʘʥʘʣʝ. ɺʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʧʦʜʚʦʜʷʱʝʛʦ ʚʦʣʥʦʚʦʜʘ ʧʦʤʝʱʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʘʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʘ 

ʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ. ʕʪʘ ʣʠʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʘ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʫʧʝʥʴʢʦʡ 

ʛʨʝʙʝʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʚʦʣʥʦʚʦʜʝ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʝ 

ʧʦʪʝʨʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 0.24 ʜɹ, ʠ ʰʠʨʦʢʠʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ, ʦʢʦʣʦ 15 ʜɹ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʨʝʙʝʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ 

 

ʈʠʩʫʥʦʢ 1 ï ʃʠʥʝʡʥʳʡ ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʡ ʧʝʨʝʭʦʜ 

ɽʱʝ ʦʜʠʥ ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʡ ʧʝʨʝʭʦʜ ʩʦʜʝʨʞʠʪ ʚʦʣʥʦʚʦʜʥʳʡ ʦʪʨʝʟʦʢ ʩʦ 

ʩʢʚʦʟʥʳʤ ʦʪʚʝʨʩʪʠʝʤ (ʈʠʩʫʥʦʢ 2), ʦʙʨʘʟʫʶʱʠʤ ʦʪʢʨʳʪʳʡ ʚʦʣʥʦʚʦʜʥʳʡ ʢʘʥʘʣ, 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʡ ʚʦʣʥʦʚʦʜʥʳʡ ʦʪʨʝʟʦʢ ʩ ʛʣʫʭʠʤ ʧʘʟʦʤ, ʦʙʨʘʟʫʶʱʠʤ ʟʘʢʨʳʪʳʡ ʚʦʣʥʦʚʦʜʥʳʡ 

ʢʘʥʘʣ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʣʘʪʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʥʳʤʠ ʦʪʨʝʟʢʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʥʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ, 

ʧʦʣʦʩʢʦʚʳʡ ʟʦʥʜ, ʷʚʣʷʶʱʠʡʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ, ʠ ʢʦʥʪʘʢʪʥʳʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʚʦʢʨʫʛ ʧʦʣʦʩʢʦʚʦʛʦ ʟʦʥʜʘ, ʥʝ ʠʤʝʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ 

ʧʦʣʦʩʢʦʚʳʤ ʟʦʥʜʦʤ ʠ ʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʝʡ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʟʫʶʱʠʡ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʪʝ 

ʚʥʫʪʨʝʥʥʶʶ ʦʙʣʘʩʪʴ, ʷʚʣʷʶʱʫʶʩʷ ʦʙʣʘʩʪʴʶ ʚʦʣʥʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ. ɼʘʥʥʳʡ ʧʝʨʝʭʦʜ ʠʤʝʝʪ 

ʤʝʥʝʝ ʰʠʨʦʢʫʶ ʨʘʙʦʯʫʶ ʧʦʣʦʩʫ, ʯʝʤ ʧʨʝʜʳʜʫʱʠʡ, ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʥʘ 6.4 ʜɹ. ʇʦʪʝʨʠ ʚ ʜʘʥʥʦʤ 

ʧʝʨʝʭʦʜʝ ʩʦʩʪʘʚʣʷʶʪ 0.1 ʜɹ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʦʱʝ, ʯʝʤ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ. 
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ʈʠʩʫʥʦʢ 2 ï ɺʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʚʦʣʥʦʚʦʜʥʳʤ ʦʪʨʝʟʢʦʤ 

ɺ ʜʨʫʛʦʤ ʚʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʦʤ ʧʝʨʝʭʦʜʝ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʭʦʞʘ ʥʘ ʧʨʝʜʳʜʫʱʠʡ 

ʚʘʨʠʘʥʪ, ʩʦʩʪʦʠʪ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʩ ʧʨʦʚʦʜʷʱʠʤ ʨʠʩʫʥʢʦʤ ʠ ʟʘʢʨʝʧʣʸʥʥʦʡ ʥʘ 

ʢʦʥʮʝ ʚʦʣʥʦʚʦʜʘ (ʈʠʩʫʥʦʢ 3). ʇʨʦʚʦʜʷʱʠʡ ʨʠʩʫʥʦʢ ʩ ʚʳʨʝʟʦʤ, ʨʝʘʣʠʟʫʶʱʠʡ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʫʶ ʩʪʝʥʢʫ ʚʦʣʥʦʚʦʜʘ, ʠ ʧʦʣʦʩʢʦʚʳʡ ʟʦʥʜ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ, ʘ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʧʘʪʯ) ʠ ʦʢʨʫʞʘʶʱʘʷ ʝʛʦ 

ʤʝʪʘʣʣʠʟʘʮʠʷ ʥʘʥʝʩʝʥʳ ʥʘ ʥʠʞʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʉʢʚʦʟʥʳʝ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʝ ʦʪʚʝʨʩʪʠʷ 

ʚʦʢʨʫʛ ʘʧʝʨʪʫʨʳ ʚʦʣʥʦʚʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʦʝʜʠʥʷʶʪ ʂɿ-ʩʪʝʥʢʫ ʠ ʤʝʪʘʣʣʠʟʘʮʠʶ ʚʦʣʥʦʚʦʜʘ. 

ɿʦʥʜ ʧʝʨʝʢʨʳʚʘʝʪ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʧʘʪʯ). ʈʘʙʦʯʘʷ ʧʦʣʦʩʘ ʚ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ 

ʠʩʧʦʣʥʝʥʠʷ ʧʝʨʝʭʦʜʘ ʥʝʩʢʦʣʴʢʦ ʫʞʝ, ʯʝʤ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʧʝʨʝʭʦʜʦʤ, ʠ ʩʦʩʪʘʚʣʷʝʪ 2 ɻɻʮ, 

ʥʦ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʝʣʴʥʦ ʧʨʦʩʪʘ ʠ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʤʝʥʷʷ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʘʪʯʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭʦʜʘ. ʐʠʨʠʥʫ ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ 

ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʧʫʪʸʤ ʧʦʥʠʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʣʠ ʧʦʚʳʰʝʥʠʝʤ 

ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ. 

 

ʈʠʩʫʥʦʢ 3 ï ɺʦʣʥʦʚʦʜʥʦ-ʧʦʣʦʩʢʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʧʨʦʚʦʜʷʱʠʤ ʨʠʩʫʥʢʦʤ. 
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 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ. ʇʦʣʦʩʢʠ, ʟʘʟʝʤʣʝʥʠʝ, ʵʣʝʤʝʥʪʳ ʩʚʷʟʠ ʜʚʫʭ ʚʠʜʦʚ ʧʨʦʚʦʜʥʠʢʦʚ ʟʘʜʘʥʳ ʚ 

ʧʨʦʛʨʘʤʤʝ ʠʟ ʤʝʜʠ. ʇʦʜʣʦʞʢʘ ʟʘʜʘʥʘ, ʢʘʢ ʤʘʪʝʨʠʘʣ Rogers RT/duroid 5880.  ɺʦʣʥʦʚʦʜʳ ʠʟ 

ʣʘʪʫʥʠ. ʅʦ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨ, ʢʘʢ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚʦʣʥʦʚʦʜʘ, ʥʝ ʫʯʠʪʳʚʘʣʩʷ, ʪ.ʢ. ʦʥ ʷʚʣʷʝʪʩʷ 

ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʭ. 

 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʙʨʘʥʳ ʚ ʪʘʙʣʠʮʫ 1, ʫʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʭʦʜʦʚ, ʢ 

ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʦʤʝʨ 3 

ʚ̫ʣʷʝʪʩʷ ʩʘʤʳʤ ʧʨʦʩʪʳʤ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʩʘʤʳʤ ʵʢʦʥʦʤʠʯʥʳʤ. 

 
ʊʘʙʣʠʮʘ 1 

ʅʦʤʝʨ 

ʚʘʨʠʘʥʪʘ 

ʧʝʨʝʭʦʜʘ 
 

ʐʠʨʠʥʘ 

ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ 

ʯʘʩʪʦʪ, ɻɻʮ 
 

ʉʦʙʩʪʚʝʥʥʳʝ 

ʧʦʪʝʨʠ, ʜɹ 
 

ʂʦʥʩʪʨʫʢʮʠʷ 
 

ʉʪʦʠʤʦʩʪʴ 
 

1 15 0.26 ʉʣʦʞʥʘʷ ɺʳʩʦʢʘʷ 

2 6.4 0.1 ʅʦʨʤʘʣʴʥʘʷ ʉʨʝʜʥʷʷ 

3 2 0.17 ʇʨʦʩʪʘʷ ʅʠʟʢʘʷ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʟʛʦʪʦʚʠʪʴ ʪʨʝʪʠʡ 

ʚʘʨʠʘʥʪʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʠ ʧʨʠʤʝʥʠʪʴ ʝʛʦ ʚ ʧʦʚʳʰʘʶʱʝʤ ʢʦʥʚʝʨʪʝʨʝ 

ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʝʨʤʠʥʘʣʘ Q-ʜʠʘʧʘʟʦʥʘ. 

ʃʠʪʝʨʘʪʫʨʘ: 

 1. Marco Simone, Alessandro Fanti, Giuseppe Valente, Giorgio Montisci, Riccardo Ghiani, 
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 ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʨʘʟʤʝʱʝʥʠʷ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ ʚ ʩʣʦʞʥʳʭ ʨʘʜʠʦʫʩʣʦʚʠʷʭ ʠ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ). 

ʆʙʲʷʩʥʷʝʪʩʷ ʦʪʣʠʯʠʝ ʵʢʚʠʜʠʩʪʘʥʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪ 

ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʊʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʵʪʘʧʳ ʠ ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ, 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʩʥʦʚʥʳʝ ʩʬʝʨʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʦʩʥʦʚʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʜʠʦʩʝʥʩʦʨʥʦʡ ʞʝʩʪʠʢʫʣʷʮʠʠ ʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʤʦʙʠʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ɹʇʃɸ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʇʃɸ-ʘʥʪʝʥʥʘ, ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, ʢʚʘʟʠʵʢʚʠʜʠʩʪʘʥʪʥʘʷ ʨʝʰʝʪʢʘ 

ʠʟ ɹʇʃɸ, ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʘʷ ʨʝʰʝʪʢʘ ʠʟ ɹʇʃɸ, ʨʘʜʠʦʩʝʥʩʦʨʥʘʷ ʞʝʩʪʠʢʫʣʷʮʠʷ. 
 

 ɺ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ (ɸʈ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ). ʋ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

(ʈʊʉ), ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʩʚʝʩʪʠ ʥʘ ʥʝʪ ʩʤʳʩʣ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʜʠʥ ʠʟ 

ʥʠʭ ʚʳʪʝʢʘʝʪ ʠʟ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʤʝʩʪʠʪʴ ʩʪʘʮʠʦʥʘʨʥʫʶ ʈʊʉ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ 

ʥʝ ʥʘʭʦʜʠʣʘʩʴ ʚ ʟʦʥʝ ʨʘʜʠʦʤʦʣʯʘʥʠʷ. ɺʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʦʞʥʦʩʪʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʈʃʉ. ʀʟ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚʳʪʝʢʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ, 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʬʫʥʢʮʠʡ ʈʊʉ ʚ ʩʣʦʞʥʳʭ ʨʘʜʠʦʫʩʣʦʚʠʷʭ 

ʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʧʦʣʥʠʪʴ ʠʭ. 

ɺʩʝ ʧʣʦʩʢʠʝ ɸʈ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʨʝʰʝʪʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʠ ʨʝʰʝʪʢʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʥʘʟʳʚʘʶʪʩʷ ʨʝʰʸʪʢʘʤʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʟʣʫʯʘʪʝʣʝʡ ʠʣʠ 

ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʤʠ ʨʝʰʸʪʢʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ɸʈ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʣʠʥʝʡʥʫʶ ʨʝʰʝʪʢʫ ʩ ʥʝʦʜʠʥʘʢʦʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʠʟʣʫʯʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʘʷ ɸʈ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʣʘʩʩʫ ʘʥʪʝʥʥ, ʣʠʰʝʥʥʳʭ ʬʘʟʦʚʦʛʦ ʮʝʥʪʨʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ ɸʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʬʦʨʤʠʨʫʝʤʳʝ ʠʤʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʝ ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʟʘʜʘʯʘʭ ʩʠʥʪʝʟʘ ʧʨʠ ʚʳʙʦʨʝ ʟʘʜʘʥʥʦʡ ɼʅ, ʪʘʢ 

ʢʘʢ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʝʪʨʠʠ ʘʥʪʝʥʥʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʙʦʨʫ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʜʘʥʥʦʡ ʥʝʨʝʘʣʠʟʫʝʤʦʡ ɼʅ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʤʝʪʥʳʤ ʦʪʣʠʯʠʷʤ ʦʪ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ɼʅ ɸʈ. ɼʅ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʣʠʥʝʡʢʠ ʠʟʣʫʯʘʪʝʣʝʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ [1]: 

ˡʃ   ᷿ Ὡ   ὨὊὼ ȟ    (1) 

ʛʜʝ 

Ὂὼ  ᷿ ὪὼὨὼ      (2) 
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ɿʜʝʩʴ f(x) - ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʜʦʣʴ ʠʟʣʫʯʘʶʱʝʡ 

ʘʧʝʨʪʫʨʳ. ɺʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ F(x) ʧʦʢʘ ʯʪʦ ʯʠʩʪʦ ʬʦʨʤʘʣʴʥʦ. ʆʧʝʨʘʮʠʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ F(x) ʧʨʠʚʦʜʠʪ ʚʳʨʘʞʝʥʠʝ (1) ʢ ʦʙʳʯʥʦʤʫ ʚʠʜʫ, ʧʦʩʢʦʣʴʢʫ dF(x) = f 

(x)dx 

ʈʝʰʝʪʢʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʟʣʫʯʘʪʝʣʝʡ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ 

ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʩʪʨʳʡ ʣʫʯ ʠ ʪʝʤ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʫʛʣʫ ʠʣʠ ʚ ʩʣʫʯʘʝ ʙʦʨʴʙʳ ʩ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʧʦʤʝʭʘʤʠ. ɽʩʣʠ ʚʟʘʠʤʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʷʤʠ ʥʝʚʝʣʠʢʘ, ʪʦ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʘ ʜʣʷ ʂʅɼ ʨʝʰʝʪʢʠ ʠʟʣʫʯʘʪʝʣʝʡ ʠʤʝʝʪ ʚʠʜ: 

                               Ὀ Ὀȟ
В

В ȿȿ
                (3) 

ʛʜʝ Ὅ ï ʘʤʧʣʠʪʫʜʘ ʚ i-ʦʤ ʠʟʣʫʯʘʪʝʣʝ; m ï ʯʠʩʣʦ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʨʝʰʝʪʢʝ; Ὀȟ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ. 

ʅʝʵʢʚʠʜʠʩʪʘʥʪʥʳʝ ɸʈ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʠʟʣʫʯʘʪʝʣʝʡ 

ʚ ʨʝʰʝʪʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʨʝʰʝʪʢʦʡ ʪʘʢʦʛʦ ʞʝ ʨʘʟʤʝʨʘ. ʋʤʝʥʴʰʝʥʠʝ 

ʯʠʩʣʘ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʨʝʰʝʪʢʝ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʥʠʤʠ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʛʣʘʚʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ. 

ɺ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʨʝʰʝʪʢʝ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʯʠʩʣʦʤ ʠʟʣʫʯʘʪʝʣʝʡ ʠʭ ʨʘʩʧʦʣʘʛʘʶʪ ʪʘʢ, ʯʪʦ 

ʤʘʢʩʠʤʫʤʳ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜʘʚʣʝʥʥʳʤʠ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʨʝʰʝʪʦʢ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ʅʝʵʢʚʠʜʠʩʪʘʥʪʥʳʝ ɸʈ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʧʘʩʘ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʪʦʛʦ, ʯʪʦ ʠʭ 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʜʝʪ ʭʫʞʝ, ʯʝʤ ʫ ʢʦʣʴʮʝʚʳʭ ʨʝʰʝʪʦʢ ʪʦʡ ʞʝ ʘʧʝʨʪʫʨʳ. 

ʈʘʩʯʝʪ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʨʝʰʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ. ʆʜʥʘʢʦ ʚ 

ʦʙʱʝʤ ʚʠʜʝ ʵʪʘ ʟʘʜʘʯʘ ʝʱʝ ʥʝ ʨʝʰʝʥʘ: ʜʦ ʩʠʭ ʧʦʨ ʝʱʝ ʥʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʪʦʢʦʚ ʚ ʥʠʭ ʪʘʢ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʩ ʣʶʙʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [5] 

ʧʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʨʝʰʝʪʢʠ ʧʦ ʜʠʘʛʨʘʤʤʝ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʨʝʰʝʪʢʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʳ. ʇʫʪʝʤ 

ʥʝʢʦʪʦʨʦʛʦ ʩʤʝʱʝʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ ʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʨʝʰʝʪʢʠ ʠ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʦʚ 

ʚ ʥʠʭ ʤʦʞʥʦ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ, ʜʦʙʠʪʴʩʷ ʧʦʣʫʯʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʜʘʥʥʦʡ ʰʠʨʠʥʳ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʧʨʠʯʝʤ ʚʩʝ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʫʨʦʚʝʥʴ ʠ ʠʭ ʯʠʩʣʦ ʨʘʚʥʦ ʯʠʩʣʫ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʨʝʰʝʪʢʝ. ɸ ʚ ʨʘʙʦʪʝ [6] 

ʨʘʩʩʤʦʪʨʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʛʜʘ ʨʝʰʝʪʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʢʚʠʜʠʩʪʘʥʪʥʘʷ, 

ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʦʡ ʠʟʲʷʪʘ ʧʦ ʩʣʫʯʘʡʥʦʤʫ ʟʘʢʦʥʫ. ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʵʪʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʞʠʜʘʝʤʳʤʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʪʘʢʦʡ ʤʝʪʦʜ ʜʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʨʝʰʝʪʦʢ: ʙʦʣʴʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʠʟʣʫʯʘʪʝʣʷʤʠ.  

ʋʯʠʪʳʚʘʷ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ɸʈ, ʠʤʝʥʥʦ ʦʥʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʚ ʤʦʙʠʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʥʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ɹʇʃɸ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ 

ʯʠʩʣʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʢʣʘʩʩʘ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʘʥʪʝʥʥ ʜʣʷ ʨʘʟʚʦʨʘʯʠʚʘʝʤʳʭ ʩʨʝʜʩʪʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʠ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ:  

¶ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚʦʦʨʫʞʝʥʠʷ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʪ.ʯ. ʟʘʛʦʨʠʟʦʥʪʥʳʝ 

ʈʃʉ; 

¶ ʩʠʩʪʝʤʘʭ ʤʦʙʠʣʴʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ;  
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¶ ʫʩʣʦʚʠʷʭ ʤʝʛʘʧʦʣʠʩʘ ʠʣʠ ʠʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʧʨʦʟʨʘʯʥʦʡ ʨʘʜʠʦʦʙʩʪʘʥʦʚʢʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ;  

¶ ʤʦʙʠʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʨʘʜʠʦʧʝʣʝʥʛʘʮʠʦʥʥʦʛʦ ʦʙʟʦʨʘ ʠ ʨʘʜʠʦʚʠʜʝʥʠʷ;  

¶ ʟʘʜʘʯʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʝʜʠʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ;  

¶ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʭ 

ʌɸʈ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ɹʇʃɸ-ʘʥʪʝʥʥʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʞʠʤʘ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ;  

¶ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʥʝʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʦʦʨʫʞʝʥʠʡ 
(ʠʩʢʣʶʯʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ);  

¶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʠ ʤʦʙʠʣʴʥʦʩʪʴ (ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʜʠʩʣʦʢʘʮʠʷ); 

¶ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʦʩʪʴ (ʦʧʝʨʘʪʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʝʥʥʳ). 

ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ: 

Á ʊʨʘʥʩʬʦʨʤʠʨʫʝʤʘʷ ɹʇʃɸ-ʘʥʪʝʥʥʘ; 

Á ʅʘʟʝʤʥʘʷ ʩʪʘʥʮʠʷ ʨʘʜʠʦʪʝʣʝʤʝʪʨʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ: 

¶ ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʙʝʩʧʠʣʦʪʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ɹʇʃɸ; 

¶ ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ; 

¶ ʄʦʜʫʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠ ʧʦʜʟʘʨʷʜʢʠ ɹʇʃɸ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʨʘʙʦʪʝ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʶʙʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ɸʈ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ: 

¶ ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʠ; 

¶ ʠʥʝʨʮʠʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʷ; 

¶ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʈʃʉ ʨʘʜʠʦʤʘʷʯʢʦʚʦʛʦ ʪʠʧʘ. 

ʀʟʣʫʯʘʪʝʣʠ, ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ɹʇʃɸ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʦʙʱʝʡ ʜʣʷ ʥʠʭ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ. ɸ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʃɸ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʠʥʩʪʨʫʤʝʥʪ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʠʪʴ ʩʠʥʝʨʛʠʶ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʈʃʉ ʨʘʜʠʦʤʘʷʯʢʦʚʦʛʦ ʪʠʧʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʤʦʙʠʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʟʘʜʘʯ. 

ʊʘʢʞʝ, ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʦ ʮʝʣʠʢʦʤ ʠ ʧʦʣʥʦʩʪʴʶ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʝʤʢʦʩʪʴʶ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʨʘʟʤʝʱʝʥʥʦʡ ʥʘ ʙʦʨʪʫ. ɸʧʧʘʨʘʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʦʟʜʫʭʝ ʥʘ 

ʦʜʥʦʤ ʟʘʨʷʜʝ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʨʠʤʝʨʥʦ 25-40 ʤʠʥʫʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʚʝʪʨʘ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʪʨʫʜʥʦ ʜʦʛʘʜʘʪʴʩʷ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʟʘʤʝʥʳ ʙʘʪʘʨʝʡ ɹʇʃɸ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦʙ ʵʪʦʡ ʧʨʦʮʝʜʫʨʝ: ʟʘʤʝʥʷʝʤʳʡ ɹʇʃɸ ʦʩʚʦʙʦʞʜʘʝʪ ʩʚʦʶ ʷʯʝʡʢʫ ʚ ʘʥʪʝʥʥʝ, 

ʢʦʪʦʨʫʶ ʧʦʯʪʠ ʩʠʥʭʨʦʥʥʦ ʟʘʥʠʤʘʝʪ ʫʞʝ ʧʦʜʥʷʪʳʡ ʚ ʚʦʟʜʫʭ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ. 

ɿʘʤʝʥʷʝʤʳʡ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʟʝʤʣʶ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʤʝʥʘ ʝʛʦ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʥʘ ʫʞʝ 

ʟʘʨʷʞʝʥʥʳʝ, ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʜʦʞʠʜʘʝʪʩʷ ʩʚʦʡ ʦʯʝʨʝʜʠ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ɹʇʃɸ-ʘʥʪʝʥʥʳ: 

¶ ɿʝʨʢʘʣʴʥʦ-ʩʝʛʤʝʥʪʘʣʴʥʘʷ (ɿʉ) ɹʇʃɸ-ʘʥʪʝʥʥʘ (ʨʠʩʫʥʦʢ 1). ɿʘʜʘʥʥʘʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʘʩʢʨʳʚʘ ʨʝʬʣʝʢʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ N ʩʝʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʨʝʬʣʝʢʪʦʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ɹʇʃɸ. ʏʠʩʣʦ ʩʝʢʮʠʡ, ʠʭ 

ʨʘʟʤʝʨ, ʘ ʪʘʢʞʝ ʰʘʛ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʝʪʩʷ ʪʨʝʭʤʝʨʥʦʡ 
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ʤʘʪʨʠʮʝʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ (ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ) ʠ ʪʨʝʙʫʝʤʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ɿʉɹʇʃɸ-ʘʥʪʝʥʥʳ. 

 
ʈʠʩʫʥʦʢ 1 - ɿʝʨʢʘʣʴʥʦ-ʩʝʛʤʝʥʪʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ɹʇʃɸ-ʘʥʪʝʥʥʳ 
 

¶  ʌʘʟʠʨʦʚʘʥʥʘʷ (ʌ) ɹʇʃɸ-ʘʥʪʝʥʥʘ (ʨʠʩʫʥʦʢ 2). ʂʦʥʬʠʛʫʨʘʮʠʷ ʌɹʇʃɸ-ʘʥʪʝʥʥʳ 

ʪʘʢʞʝ, ʢʘʢ ʠ ɿʉɹʇʃɸ-ʘʥʪʝʥʥʳ ʟʘʜʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ɹʇʃɸ, ʥʘ 

ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʘʥʪʝʥʥʳ ʪʠʧʘ PCB. ʏʠʩʣʦ, ʢʦʦʨʜʠʥʘʪʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʌɹʇʃɸ-ʘʥʪʝʥʥʳ ʟʘʜʘʝʪʩʷ ʣʠʥʝʡʥʦʡ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠʣʠ ʢʨʫʛʦʚʦʡ ʤʘʪʨʠʮʝʡ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʟʠʤʫʪʘʣʴʥʦ-ʫʛʣʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʤʦʱʥʦʩʪʴʶ ʠ ʰʠʨʠʥʦʡ ɼʅ. 

 
ʈʠʩʫʥʦʢ 2 - ʌʘʟʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ɹʇʃɸ-ʘʥʪʝʥʥʳ 
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ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η ό˸͍ͦͫ͊͟Σ с ͔͒͊͋ͪ͟Ύ нлму ͎Φύ 

 

 

http://izd -mn.com/ 36 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʪʝʭʥʠʢʦʡ ʧʦ 

ʩʨʝʜʩʪʚʘʤ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʠʡ 

ʧʨʝʜʤʝʪ (ʢʣʘʚʠʘʪʫʨʘ, ʤʘʥʠʧʫʣʷʪʦʨ çʤʳʰʴè). ʅʦ ʫ ʜʘʥʥʳʭ ʪʠʧʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʩʣʦʞʥʦʩʪʴ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʅʦ ʧʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʤʝʞʜʫ ʚʘʰʠʤʠ ʙʦʣʴʰʠʤ ʠ 

ʫʢʘʟʘʪʝʣʴʥʳʤ ʧʘʣʴʮʘʤʠ ʝʩʪʴ ʥʝʚʠʜʠʤʘʷ ʢʥʦʧʢʘ ï ɺʳ ʤʦʞʝʪʝ ʥʘʞʘʪʴ ʝʸ, ʢʦʩʥʫʚʰʠʩʴ ʵʪʠʤʠ 

ʧʘʣʴʮʘʤʠ ʜʨʫʛ ʜʨʫʛʘ. ʀʣʠ ʚʦʟʤʦʞʥʦ ʧʝʨʝʣʠʩʪʳʚʘʪʴ ʩʪʨʘʥʠʮʳ ʧʫʪʸʤ ʪʨʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙ 

ʫʢʘʟʘʪʝʣʴʥʳʡ ʧʘʣʝʮ. ʀ ʜʘʞʝ ʧʦʚʦʨʦʪʦʤ ʣʘʜʦʥʠ ʠʟʤʝʥʷʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ ɹʇʃɸ. 

ʇʨʠʯʝʤ, ʢʘʞʜʦʤʫ ʞʝʩʪʫ ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ ʣʶʙʦʝ ʜʝʡʩʪʚʠʝ ʠʣʠ ʚʚʦʜ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʀʤʝʥʥʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʜʠʦʩʝʥʩʦʨʥʫʶ ʞʝʩʪʠʢʫʣʷʮʠʶ 

(ʈʉɾ). 

ʈʉɾ ʬʫʥʢʮʠʦʥʠʨʫʝʪ (ʨʠʩʫʥʦʢ 3) [3], ʠʩʧʫʩʢʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. ʆʙʲʝʢʪʳ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʚʦʣʥ, ʨʘʩʩʝʠʚʘʶʪ ʵʪʫ ʵʥʝʨʛʠʶ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʦʡ 

ʦʪʨʘʞʘʝʪʩʷ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘʟʘʜ ʢ ʘʥʪʝʥʥʝ. 

 

ʈʠʩʫʥʦʢ 3 - ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʘʜʠʦʩʝʥʩʦʨʥʦʡ ʞʝʩʪʠʢʫʣʷʮʠʠ 

ɸʥʪʝʥʥʘ ʧʨʠʥʠʤʘʝʪ ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ, ʧʦ ʩʚʦʡʩʪʚʘʤ ʢʦʪʦʨʦʛʦ, ʪʘʢʠʤ ʢʘʢ ʵʥʝʨʛʠʷ, 

ʟʘʜʝʨʞʢʘ ʠ ʩʜʚʠʛ ʯʘʩʪʦʪʳ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʜʠʥʘʤʠʢʝ 

ʦʙʲʝʢʪʘ, ʚʢʣʶʯʘʷ ʨʘʟʤʝʨ, ʬʦʨʤʫ, ʦʨʠʝʥʪʘʮʠʶ, ʤʘʪʝʨʠʘʣ, ʨʘʩʩʪʦʷʥʠʝ ʠ ʩʢʦʨʦʩʪʴ. ʇʦʩʣʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ çʩʳʨʦʛʦè (ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ) ʩʠʛʥʘʣʘ (ʨʠʩʫʥʦʢ 4), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʳʧʦʣʥʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʞʝʩʪʘ ʠ ʧʨʦʠʟʚʝʩʪʠ ʜʝʡʩʪʚʠʝ, 

ʢʦʪʦʨʦʝ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ. ʈʉɾ ʩʧʦʩʦʙʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʞʝʩʪʳ, ʚʳʨʘʞʝʥʥʳʝ ʜʚʠʞʝʥʠʷʤʠ ʧʘʣʴʮʝʚ ʠ/ʠʣʠ ʨʫʢʠ. 

 
ʈʠʩʫʥʦʢ 4 - ʉʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 4 ʞʝʩʪʦʚ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʧʷʪʴʶ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʈʉɾ ʚ ʙʫʜʫʱʝʤ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʫʶ 

ʤʘʥʠʧʫʣʷʮʠʶ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ɹʇʃɸ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʫʩʪʨʦʡʩʪʚʘ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ. 

ʄʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʜʠʦʣʦʢʘʮʠʶ ʠʣʠ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʣʦʞʥʳʭ ʨʘʜʠʦʫʩʣʦʚʠʷʭ. ʊʘʢʞʝ ʦʥ ʤʦʞʝʪ 

ʫʜʝʰʝʚʠʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʥʦʚʳʭ ʠʣʠ ʚʨʝʤʝʥʥʳʭ ʈʃʉ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 
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ʄɽʊʆɼ ʀɿʄɽʈɽʅʀʗ ʋɻʃʆɺʓʍ ʆʐʀɹʆʂ ʇɽʃɽʅɻɸ ɺ ʉʀʉʊɽʄɽ 

çɸʅʊɽʅʅɸ ï ʆɹʊɽʂɸʊɽʃʔè ɺ ʆɹʃɸʉʊʀ ʉʂɸʅʀʈʆɺɸʅʀʗ ʃʋʏɸ 

ʌɸʈ 
 

ʄʘʢʫʰʢʠʥ ʀʛʦʨʴ ɽʚʛʝʥʴʝʚʠʯ (E-mail: makushkin.i@nio11.niip.ru) 

ɼʦʨʦʬʝʝʚ ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ (E-mail: Kravchenko.t@otd40.niip.ru) 

ɻʨʠʙʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ï ʢ.ʪ.ʥ. (E-mail: Kravchenko.t@otd40.niip.ru) 

ɻʘʚʨʠʣʦʚʘ ʉʚʝʪʣʘʥʘ ɽʚʛʝʥʴʝʚʥʘ (E-mail: niki.nio11@niip.ru) 

ʉʠʥʘʥʠ ɸʥʘʪʦʣʠʡ ʀʩʘʢʦʚʠʯ ï ʢ.ʪ.ʥ. (E-mail: niki.nio11@niip.ru) 
  

ɸʆ çʅʀʀʇ ʠʤʝʥʠ ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè, ʛ. ɾʫʢʦʚʩʢʠʡ 
 

ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʳʭ ʦʰʠʙʦʢ ʧʝʣʝʥʛʘ (ʋʆʇ) ʚ 

ʩʠʩʪʝʤʝ çʘʥʪʝʥʥʘïʦʙʪʝʢʘʪʝʣʴè ʚ ʜʚʫʤʝʨʥʦʡ ʫʛʣʦʚʦʡ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʫʯʘ ʌɸʈ. 

ʇʨʠʚʝʜʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʤʝʨʝʥʥʳʭ 

ʜʘʥʥʳʭ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʨʠʮʳ ʋʆʇ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ çʢʨʝʥʘè 

ʩʠʩʪʝʤʳ ʘʥʪʝʥʥʘ-ʦʙʪʝʢʘʪʝʣʴ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʣʫʯʘ ʌɸʈ ʚ çʢʦʩʳʭ ʧʣʦʩʢʦʩʪʷʭè. ɼʣʷ 

ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʳʩʪʨʦʩʲʝʤʥʘʷ ʤʦʜʝʣʴ 

ʦʙʪʝʢʘʪʝʣʷ, ʦʙʣʘʜʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʥʦʩʠʪʴ ʋʆʇ. ɼʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʳ 

ʢʦʥʢʨʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʝʥʥʳʭ ʋʆʇ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ) ʤʝʪʦʜʠʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʘʥʪʝʥʥʳ, ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʡ ʦʙʪʝʢʘʪʝʣʴ, ʫʛʣʦʚʳʝ ʦʰʠʙʢʠ ʧʝʣʝʥʛʘ, ʫʧʨʘʚʣʷʶʱʠʝ 

(ʥʘʧʨʘʚʣʷʶʱʠʝ) ʢʦʩʠʥʫʩʳ, ʣʠʥʠʠ ʥʫʣʝʚʳʭ ʫʨʦʚʥʝʡ. 
 

ɺʚʝʜʝʥʠʝ 
 

ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ (ʈʇʆ) ʦʰʠʙʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʝʣʝʥʛʘ (ʋʆʇ) ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʙʦʪʝ 

ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ (ɹʈʃʉ). ʈʘʙʦʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʋʆʇ ʪʦʣʴʢʦ ʚ ʜʚʫʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʘʟʠʤʫʪʘ ʠʣʠ ʫʛʣʘ ʤʝʩʪʘ ʧʨʦʚʦʜʷʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. ʇʨʠ ʵʪʦʤ 

ʋʆʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʥʫʣʝʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʥʦʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ) ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ 

ʦʙʪʝʢʘʪʝʣʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʦʣʴʢʦ ʦʙ ʦʜʥʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʋʆʇ. 

ʇʨʦʠʟʚʦʣʴʥʦ ʦʪʢʣʦʥʝʥʥʳʡ ʣʫʯ ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ (ʌɸʈ) ʨʠʩ.1 ʚ ʩʠʩʪʝʤʝ 

çʘʥʪʝʥʥʘ-ʦʙʪʝʢʘʪʝʣʴè, ʧʨʠʦʙʨʝʪʘʝʪ ʫʛʣʦʚʳʝ ʦʰʠʙʢʠ ʧʝʣʝʥʛʘ ʩʨʘʟʫ ʧʦ ʦʙʝʠʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

 
                                                                   ʈʠʩ.1 
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ʇʦʵʪʦʤʫ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʙʪʝʢʘʪʝʣʷ ʥʘ ʫʭʦʜʳ 

çʥʫʣʝʡè ʧʝʣʝʥʛʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʫʯʘ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. 
 

ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ ʜʣʷ ʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʈʇʆ 

 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʌɸʈ (1), ʮʝʥʪʨ ʘʧʝʨʪʫʨʳ (2) ʢʦʪʦʨʦʡ ʩʚʷʟʘʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ 

ʩʬʝʨʠʯʝʩʢʦʡ (ɗ, Ɋ) ʠ ʜʝʢʘʨʪʦʚʦʡ (X,Y,Z) ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ. ɼʦ ʫʩʪʘʥʦʚʢʠ ʈʇʆ (10), 

ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʘʥʪʝʥʥʳ (ʆʇʋɸ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʡ ʫʛʦʣ 

ʢʨʝʥʘ Ɋj - (5). ʇʨʠ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʫʛʣʝ ʦʪʢʣʦʥʝʥʠʷ ɗi - (8) ʦʪ 

ʥʦʨʤʘʣʠ ʢ ʨʘʩʢʨʳʚʫ ʘʥʪʝʥʥʳ - (7), ʧʦ ʬʦʨʤʫʣʘʤ  cos Lx = sinɗi  x cos Ɋj;   cos Ly = sinɗi  x 

sin Ɋj;  (1-2) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ  ʫʧʨʘʚʣʷʶʱʠʝ ʫʛʣʳ Lx ʠ Ly - (3) ʠ (4), ʘ ʫʛʣʳ ʬʘʟʠʨʦʚʘʥʠʷ, 

ʧʝʨʝʩʳʣʘʝʤʳʝ ʚ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʣʫʯʦʤ ʌɸʈ (Ŭʭ ; Ŭy ) - ʧʦ ʬʦʨʤʫʣʘʤ Ŭʭ =90 - Lx; Ŭy =90 - 

Ly;  (3-4). ʇʦʩʣʝ ʯʝʛʦ, ʣʫʯ ʌɸʈ (6), ʢʘʞʜʳʡ ʨʘʟ ʙʫʜʝʪ ʧʦʧʘʜʘʪʴ ʚ ʧʣʦʩʢʦʩʪʴ ʘʟʠʤʫʪʘʣʴʥʦʛʦ 

ʧʦʚʦʨʦʪʘ ʆʇʋɸ (12). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʦʨʦʪʝ ʆʇʋɸ ʧʦ ʦʩʠ  ʘʟʠʤʫʪʘ 

(11), ʚ ʦʙʣʘʩʪʠ ʫʛʣʘ (-ɗi), ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʤʠʥʠʤʫʤʦʚ ʩʝʯʝʥʠʡ ʦʙʝʠʭ ʨʘʟʥʦʩʪʥʳʭ ʜʠʘʛʨʘʤʤ. 

 
ʈʠʩ.2 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʦʚʳʭ ʦʰʠʙʦʢ ʧʝʣʝʥʛʘ 
 

ʀʟʚʝʩʪʥʦ, ʯʪʦ çʣʠʥʠʠ ʥʫʣʝʚʳʭ ʫʨʦʚʥʝʡè ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ɼʅ ʨʘʟʥʦʩʪʥʳʭ ʢʘʥʘʣʦʚ 

ʧʣʦʩʢʠʭ ʌɸʈ, ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘʧʨʘʚʣʷʶʱʠʭ (ʫʧʨʘʚʣʷʶʱʠʭ) 

ʢʦʩʠʥʫʩʦʚ (u,v) ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ ʚʜʦʣʴ ʦʩʝʡ u ʠʣʠ v. ʅʘ ʨʠʩ.3 (ʘ,ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ɼʅ ʨʘʟʥʦʩʪʥʳʭ ʢʘʥʘʣʦʚ.  
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        (ʘ) ʨʘʟʥʦʩʪʥʘʷ ʘʟʠʤʫʪʘʣʴʥʘʷ ɼʅ                             (ʙ) ʨʘʟʥʦʩʪʥʘʷ ʫʛʣʦʤʝʩʪʥʘʷ ɼʅ 

                     ʥʘ ʧʣʦʩʢʦʩʪʠ (u,v)                                                  ʥʘ ʧʣʦʩʢʦʩʪʠ (u,v) 

                                                                          ʈʠʩ.3 

ʅʘ ʨʠʩ. 4 ʚ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʩʪʥʳʝ ɼʅ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʥʘʧʨʘʚʣʷʶʱʠʭ (ʫʧʨʘʚʣʷʶʱʠʭ) ʢʦʩʠʥʫʩʦʚ U=cosLʭ; V=cosLy. ʜʣʷ ʌɸʈ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʫʛʦʣ ʢʨʝʥʘ Ɋ. ʅʘ ʧʣʦʩʢʦʩʪʠ  (U, V) ʚʳʜʝʣʝʥʳ ʜʚʝ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ: 

ʊʦʯʢʘ 1 ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (u0, v0),  ʜʦ ʫʩʪʘʥʦʚʢʠ ʈʇʆ,  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʥʦʤʫ ʧʝʣʝʥʛʫ 

ʥʘ ʤʠʥʠʤʫʤ, ʬʦʨʤʠʨʫʝʤʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʨʘʟʥʦʩʪʥʳʤʠ ɼʅ, ʧʨʠ ʫʩʪʘʥʦʚʢʠ ʣʫʯʘ 

ʌɸʈ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ  (ɗo, Ɋ- ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ); 

ʊʦʯʢʘ 2 - ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʪʦʯʝʢ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (u1, v1), ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʤʝʥʠʚʰʝʤʫʩʷ ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʣʝʥʛʘ, ʚʳʟʚʘʥʥʦʤʫ ʫʩʪʘʥʦʚʢʦʡ ʈʇʆ; 

        

 

   
                                                    ʈʠʩ.4 

ʊʦʛʜʘ ʫʯʠʪʳʚʘʷ, ʯʪʦ: 

u1=u0+du         u0= sinɗo  x cosɊ        du=( sinɗo  - sinɗa ) x cosɊ    (1-3) 
v1=v0+ dv         v0= sinɗo  x sinɊ         dv=( sin ɗʫ - sinɗo ) x sinɊ    (4-6) 

ʘ ʪʘʢ ʞʝ ʪʦ, ʯʪʦ: 

 arccos u0=Lʭo ; arccos u1= Lʭ1 ; ȹŬʭ= arcos (90- Lʭ1) - arccos (90- Lʭo) ;     (7-9) 

 arccos v0=Lyo ;  arccos v1= Ly1 ;  ȹŬy= arcos (90- Ly1) - arccos (90- Lyo)    (10-12) 
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ʩʘʤʠ ʢʦʤʧʦʥʝʥʪʳ ȹŬʭi,j ,ȹŬʫi,j  ʧʝʣʝʥʛʘʮʠʦʥʥʦʡ ʦʰʠʙʢʠ, ʚʥʦʩʠʤʳʝ ʈʇʆ, ʧʨʠ ʫʛʣʘʭ 

ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ çʘʥʪʝʥʥʘ-ʦʙʪʝʢʘʪʝʣʴè ɗ=ɗoi, Ɋ=Ɋj ʚ ʧʝʨʝʤʝʥʥʳʭ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʘʥʪʝʥʥʳ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʘʤ: 

                             ȹŬʭ i,j = arcsin(sinɗai  ʭ  cosɊj) ï arcsin(sinɗoi  x  cosɊj)   (13) 

                 ȹŬʫ i,j = arcsin(sinɗʫi  x  sinɊj) ï arcsin(sinɗoi   x  sinɊj)            (14) 

ʛʜʝ: 

ȹŬʭi,j - ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʝʣʝʥʛʘʮʠʦʥʥʦʡ ʦʰʠʙʢʠ, ʚʥʦʩʠʤʦʡ ʦʙʪʝʢʘʪʝʣʝʤ, ʧʦ ʫʛʣʫ Ŭʭ (ʧʨʠ 

ɗ=ɗoi; Ɋ=Ɋj);  

ȹŬʫi,j - ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʝʣʝʥʛʘʮʠʦʥʥʦʡ ʦʰʠʙʢʠ, ʚʥʦʩʠʤʦʡ ʦʙʪʝʢʘʪʝʣʝʤ, ʧʦ ʫʛʣʫ Ŭʫ (ʧʨʠ 

ɗ=ɗoi; Ɋ=Ɋj); 

ɗoi - ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ɗ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʌɸʈ, ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ 

ʨʘʩʢʨʳʚʫ ʌɸʈ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʤʠʥʠʤʫʤ, ʬʦʨʤʠʨʫʝʤʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʨʘʟʥʦʩʪʥʳʤʠ ɼʅ, ʜʦ ʫʩʪʘʥʦʚʢʠ ʦʙʪʝʢʘʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʤʝʨʷʝʤʳʝ ʤʠʥʠʤʫʤʳ ʚ 

ʩʝʯʝʥʠʷʭ ʨʘʟʥʦʩʪʥʳʭ ɼʅ - ʩʦʚʧʘʜʘʶʪ;  

Ɋj - ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʢʨʝʥʘ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʆʇʋɸ; 

ɗai - ʠʟʤʝʨʝʥʥʳʡ, ʬʘʢʪʠʯʝʩʢʠʡ ʫʛʦʣ ʤʠʥʠʤʫʤʘ ʨʘʟʥʦʩʪʥʦʡ ʘʟʠʤʫʪʘʣʴʥʦʡ ʜʠʘʛʨʘʤʤʳ (ʧʨʠ 

ɗ=ɗoi; Ɋ=Ɋj) ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʦʙʪʝʢʘʪʝʣʷ; 

ɗʫi - ʠʟʤʝʨʝʥʥʳʡ, ʬʘʢʪʠʯʝʩʢʠʡ ʫʛʦʣ ʤʠʥʠʤʫʤʘ ʨʘʟʥʦʩʪʥʦʡ ʫʛʣʦʤʝʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ (ʧʨʠ 

ɗ=ɗoi; Ɋ=Ɋj) ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʦʙʪʝʢʘʪʝʣʷ; 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʶʩʪʠʨʦʚʢʠ ʆʇʋɸ, ʪ.ʝ. ʩʦʚʧʘʜʝʥʠʠ ʧʣʦʩʢʦʩʪʠ ʝʛʦ ʘʟʠʤʫʪʘʣʴʥʦʛʦ 

ʧʦʚʦʨʦʪʘ (12), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (14), ʚ ʪʦʯʢʘʭ (13), ʛʜʝ ʠʟʤʝʨʷʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʳ ʋʆʇ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʥʠʡ ʤʠʥʠʤʘʣʴʥʳʭ ʫʨʦʚʥʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʜʠʘʛʨʘʤʤ. ʅʘ ʩʥʠʤʢʝ ʵʢʨʘʥʘ ʤʦʥʠʪʦʨʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʨʠʩ.5 (ʘ), ʵʪʦ ʚʳʛʣʷʜʠʪ ʢʘʢ ʩʦʚʧʘʜʝʥʠʝ ʤʠʥʠʤʫʤʦʚ ʠʟʤʝʨʷʝʤʳʭ ʩʝʯʝʥʠʡ ʦʙʝʠʭ 

ʨʘʟʥʦʩʪʥʳʭ ɼʅ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʈʇʆ ʥʘ ʘʥʪʝʥʥʫ, ʥʘ ʪʝʭ ʞʝ ʫʛʣʘʭ, ʠʟʤʝʨʷʶʪʩʷ ʥʦʚʳʝ, 

ʠʟʤʝʥʠʚʰʠʝʩʷ ʢʦʦʨʜʠʥʘʪʳ ʤʠʥʠʤʫʤʦʚ ʩʝʯʝʥʠʡ ʨʘʟʥʦʩʪʥʳʭ ɼʅ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5 (ʙ). 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʟʥʘʢʘʤ ʵʪʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʧʦ ʬʦʨʤʫʣʘʤ (13-14) ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʦʙʝ ʢʦʤʧʦʥʝʥʪʳ ʧʝʣʝʥʛʘʮʠʦʥʥʦʡ ʦʰʠʙʢʠ ȹŬʭi,j ʠ ȹŬʫi,j. ʉʣʝʜʫʝʪ ʝʱʝ ʨʘʟ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ  ʚʳʯʠʩʣʷʝʤʳʭ ʦʰʠʙʢʘʭ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʫʛʣʦʚ 

ʬʘʟʠʨʦʚʘʥʠʷ ʌɸʈ (Ŭʭ ; Ŭy). ʇʦʣʫʯʝʥʥʳʝ ʦʰʠʙʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʩʯʠʪʘʥʳ ʠ ʚ ʜʨʫʛʠʝ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ - ʥʘʧʨʠʤʝʨ ʥʦʩʠʪʝʣʷ. 

 

  
(ʘ) (ʙ) 

                                                               ʈʠʩ.5  

ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ ʜʣʷ ʥʘʙʦʨʘ ʩʝʯʝʥʠʡ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʈʇʆ 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʦʙʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʈʇʆ, ʪ.ʝ. ʧʨʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩʠʩʪʝʤʳ ʌɸʈ-ʈʇʆ ʧʦ ʫʛʣʘʤ ʢʨʝʥʘ 
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(5) ʠ ʫʛʣʘʤ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ (8). ɺ ʦʙʱʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ 

ʨʠʩ.2, ʦʩʴ ʈʇʆ (9) ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʨʤʘʣʴʶ ʢ ʨʘʩʢʨʳʚʫ ʌɸʈ - (7). ʅʘ ʨʠʩ.6 ʫʩʣʦʚʥʦ 

ʧʦʢʘʟʘʥʘ ʩʣʦʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʈʇʆ, ʧʦʧʘʜʘʶʱʘʷ ʚ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʣʫʯʘ ʌɸʈ. ʃʠʥʠʠ ʩʝʯʝʥʠʡ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʢʠ ʥʘ ʥʠʭ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʠʟʤʝʨʝʥʠʷ (ȹŬʭi,j ʠ ȹŬʫi,j ) ʢʦʤʧʦʥʝʥʪ ʋʆʇ ʥʘ ʨʠʩ.6 ʧʦʢʘʟʘʥʳ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ. 

 
ʈʠʩ.6 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʩʪʨʦʩʲʝʤʥʦʛʦ ʤʘʢʝʪʘ-ʠʤʠʪʘʪʦʨʘ ʈʇʆ ʩ çʠʩʢʫʩʩʪʚʝʥʥʦè 

ʚʥʦʩʠʤʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ. 
 

ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʨʫʛʠʭ ʤʝʪʦʜʠʢ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʤʦʜʝʣʴ ʠʤʠʪʘʪʦʨʘ ʈʇʆ, 

ʦʙʣʘʜʘʶʱʘʷ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

- ʨʝʘʣʴʥʘʷ, ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʣʦʤʣʷʪʴ ʬʨʦʥʪ ʧʘʜʘʶʱʝʡ 

ʧʣʦʩʢʦʡ ʚʦʣʥʳ (ʪ.ʝ. ʚʥʦʩʠʪʴ ʋʆʇ ʧʦ ʦʙʝʠʤ ʢʦʤʧʦʥʝʥʪʘʤ  ȹŬʭi,j ʠ ȹŬʫi,j); 

- ʥʠʟʢʠʡ ʚʝʩ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʚʦʜʘ ʆʇʋɸ, ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʤ ɸʉ, ʙʳʣʦ ʙʳ ʤʠʥʠʤʘʣʴʥʳʤ; 

- ʧʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ ʠ ʩʲʝʤʘ ʥʘ ʌɸʈ ʩ ʆʇʋɸ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʫʛʣʳ ʫʩʪʘʥʦʚʢʠ ʆʇʋɸ; 

- ʨʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʠʪʘʪʦʨʘ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʘʟʣʠʯʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʢʘʢ ʵʪʦ ʙʳʚʘʝʪ ʚ ʨʝʘʣʴʥʦʤ ʈʇʆ; 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʋʆʇ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʠʤʠʪʘʪʦʨʝ ʈʇʆ 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʋʆʇ (ȹŬʭi,j ʠ ȹŬʫi,j ), ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʠʤʠʪʘʪʦʨʘ ʈʇʆ, ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʝʛʦ ʩʝʯʝʥʠʡ (ʪ.ʝ. ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʢʨʝʥʘ ʩʠʩʪʝʤʳ çʘʥʪʝʥʥʘ-ʦʙʪʝʢʘʪʝʣʴè), 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7 (ʘ,ʙ). ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʘʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʣʘʚʥʘʷ ʵʚʦʣʶʮʠʷ 

ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʨʝʜʝʣʴʥʳʤ ʫʛʣʘʤ ʢʨʝʥʘ Ɋ=0 ʛʨʘʜ. ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ ȹŬ
ʭ
 ʠ Ɋ =90 

ʛʨʘʜ. ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ ȹŬ
ʫ
. ʅʘ ʵʪʠʭ ʫʛʣʘʭ ʢʦʤʧʦʥʝʥʪʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ çʨʘʟʥʦʩʪʠè. 
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                                             ʈʠʩ.7 (ʘ, ʙ) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʦʥʝʥʪ (ȹŬʭ, ȹŬʫ) ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʠʤʠʪʘʪʦʨʝ ʈʇʆ, ʧʨʠ ʫʛʣʝ 

ʢʨʝʥʘ ʩʠʩʪʝʤʳ çʘʥʪʝʥʥʘ-ʦʙʪʝʢʘʪʝʣʴè (+-60ʛʨʘʜ.), ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʠʩʳʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.8 (ʘ, ʙ), ʘ ʧʦ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʫʶʱʝʡ ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ 

(ɼʇɼʅ) ʥʘ ʨʠʩ.9 (ʘ,ʙ,ʚ,ʛ)  

 

                                                 
                      (ʘ)  ȹŬʭ                                                                         (ʙ) ȹŬʫ          

                                                     ʈʠʩ.8 (ʘ,ʙ) 
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         (ʘ) ȹŬ

ʭ   
ʧʨʠ

  
(Ɋ =-60ʛʨʘʜ.)                                      (ʙ) ȹŬ

ʭ  
ʧʨʠ

 
(Ɋ =+60ʛʨʘʜ.) 

                              
         (ʚ)  ȹŬʫ    ʧʨʠ

  
(Ɋ =-60ʛʨʘʜ.)                                                         (ʛ)  ȹŬʫ ʧʨʠ (Ɋ =+60ʛʨʘʜ.) 

                                                             ʈʠʩ.9 (ʘ,ʙ,ʚ,ʛ) 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʋʆʇ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ ʨʷʜʫ ʩʝʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʈʇʆ 

ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ, ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʣʦʭʦ 

ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʋʆʇ ʧʦ ʪʝʤ ʞʝ ʩʝʯʝʥʠʷʤ, ʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ɼʇɼʅ. 

ɺʳʚʦʜʳ 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʋʆʇ ʚ ʫʛʣʦʚʦʡ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʌɸʈ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʦʙʝ ʢʦʤʧʦʥʝʥʪʳ ʦʰʠʙʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʠʯʠʝʤ ʦʙʪʝʢʘʪʝʣʷ. ʆʥ ʦʪʣʠʯʘʝʪʩʷ 

ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʘʪʪʝʩʪʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʌɸʈ-ʈʇʆ (ʋʆʇ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʦʙʪʝʢʘʪʝʣʷ ʠ ʪ.ʜ.). 

ʃʠʪʝʨʘʪʫʨʘ 

 1. ʂʘʧʣʫʥ ɺ.ɸ. ʆʙʪʝʢʘʪʝʣʠ ʘʥʪʝʥʥ ʉɺʏ (ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ). ʄ.: ʉʦʚ. ʨʘʜʠʦ. 1974. 

 2. ʉʪʦʣʙʦʚʦʡ ɺ.ʉ., ʊʫʨʢʦ ʃ.ʉ., ɿʘʣʝʪʠʥ ʇ.ɺ. ʇʝʣʝʥʛʘʮʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʠʩʪʝʤʳ çʘʥʪʝʥʥʘ-ʦʙʪʝʢʘʪʝʣʴè ʠ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʝʣʝʥʛʘʮʠʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ // ɺʝʩʪʥʠʢ ʂʦʥʮʝʨʥʘ ʇɺʆ çɸʣʤʘʟ-ɸʥʪʝʡè. ï 2016ʛ. - ˉ1.- 

ʩ.52-60. 

3. ʇʘʪ. 2442181 (ʈʌ),ʄʇʂ G01R 29/10, ʅ01Q 1/42. ʀʟʤʝʨʠʪʝʣʴ ʧʝʣʝʥʛʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʘʥʪʝʥʥʘ-ʦʙʪʝʢʘʪʝʣʴ / ʉʪʦʣʙʦʚʦʡ ɺ.ʉ., ʊʫʨʢʦ ʃ.ʉ., ɿʘʣʝʪʠʥ ʇ.ɺ. (ʈʌ) 

- ˉ2010132375/07; ɿʘʷʚʣ.02.08.2010; ʦʧʫʙʣ.10.02.2012.  
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ɺʃʀʗʅʀɽ ʇʈʀʎɽʃʔʅʆʁ ɻɸʈʄʆʅʀʏɽʉʂʆʁ ʇʆʄɽʍʀ ʅɸ 

ʂɸʏɽʉʊɺʆ ʇʈʀɽʄɸ ʉʀɻʅɸʃʆɺ ʉ ʄʅʆɻʆʇʆɿʀʎʀʆʅʅʆʁ 

ʌɸɿʆɺʆʁ ʄɸʅʀʇʋʃʗʎʀɽʁ 
 

ʅʛʫʝʥ ɺʘʥ ɿʫʥʛ (E-mail: codonmaimai92@gmail.com) 

 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʦʩʢʚʘ 

 

 ɸʥʥʦʪʘʮʠʷ: ʉʠʛʥʘʣʳ ʩ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʜʘʚʥʦ ʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʧʨʠʝʤʘ ʥʘ ʬʦʥʝ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. ɺ 

ʩʪʘʪʴʝ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʩ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʰʫʤʦʚʦʡ ʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʝʤ ʩʠʛʥʘʣʦʚ ʩ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʩʠʣʴʥʦ 

ʫʭʫʜʰʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʟʠʮʠʦʥʥʦʩʪʠ ʩʠʛʥʘʣʦʚ 

ʵʪʦ ʚʣʠʷʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ.  ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʮʝʣʴʥʘʷ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ, 

ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʩʧʝʢʪʨʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ, ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ, 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ, ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ. 
 

ɺʚʝʜʝʥʠʝ 

 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ (ʄ-ʌʄ) ʚ 

ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʟʘʣʦʞʝʥʦ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʪʘʥʜʘʨʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ DVB-S ʠ DVB-

S2/S2X. ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʝʤʘ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʬʦʥʝ ʙʝʣʦʛʦ ʰʫʤʘ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʘ [1,2]. ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʨʠʮʝʣʴʥʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ. 

 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʄ-ʌʄ 

 

ʉʠʛʥʘʣ ʄ-ʌʄ ʥʘ ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ, ʨʘʚʥʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ sT , 

ʥʝʩʫʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 2logk M=  ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪʘʭ, ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ 

ʠʟ ʄ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ: 

0 0

2
( ) cos( ),   , (0, ], 0,1,... 1,i i ʩ i s

i
s t A t t T i M

M

p
w j j j= + + = Í = -         (1) 

ʛʜʝ 0 2 /s sA E ʊ= ï ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ; s bE kE= ï ɻ ʥʝʨʛʠʷ ʢʘʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ, bE ï ɻ ʥʝʨʛʠʷ, 

ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜʠʥ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ, ɤ0ï ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ; jʩï ʥʘʯʘʣʴʥʦʝ ʬʘʟʦʚʦʝ ʩʤʝʱʝʥʠʝ 
ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʦʝ ʜʣʷ ʧʨʦʩʪʦʪʳ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ ʠ ʫʧʨʦʱʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ ʨʘʚʥʳʤ ʥʫʣʶ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʧʨʠʝʤ ʩʠʛʥʘʣʘ (1) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ ʩʚʝʨʪʢʠ iI  ʧʨʠʥʠʤʘʝʤʦʛʦ ʢʦʣʝʙʘʥʠʷ x(t) ʠ ʄ 

ʦʧʦʨʥʳʭ ʩʠʛʥʘʣʦʚ: 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  

ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η ό˸͍ͦͫ͊͟Σ с ͔͒͊͋ͪ͟Ύ нлму ͎Φύ 
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0
0

0 0

2 2
( )cos( ) .

sT

i

A i
I x t t dt

N M

p
w= +ñ     (2) 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʣʶʙʦʛʦ ʢʘʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ, ʥʘʧʨʠʤʝʨ, ʩ 

ʠʥʜʝʢʩʦʤ "0", ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ:  

0 { },iI I> 1,  ... 1.i ʄ= - 

 ʆʙʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʢʘʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ ʨʘʚʥʘ  
1

0

1

( )
M

s i i

i

P p I I
-

=

= >Ô ,     (3) 

ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʛʦ ʧʨʠʝʤʘ ʢʘʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʘ: 

1es sP P= - .      (4) 

ʕʪʘ ʦʰʠʙʢʘ ʚʳʟʳʚʘʝʪ ʦʰʠʙʢʫ ʚ ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʨʦʚʥʷ ʧʦʤʝʭʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʦʪʥʦʰʝʥʠʷʭ 

ʩʠʛʥʘʣ/ʰʫʤ ʚ ʩʨʝʜʥʝʤ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ ʧʨʠ 

ʧʨʠʝʤʝ ʢʘʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ ʈs ʠ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʈʝb: 

2/ logeb esP P M= .     (5) 

ʉʯʠʪʘʝʤ, ʯʪʦ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʢʨʦʤʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʝʣʳʡ 

ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ n(t) ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ N0 ʠ ʛʘʨʤʦʥʠʯʝʩʢʘʷ 

ʧʦʤʝʭʘ   
 

0 0( ) cos[( ) ]
ʇ ʇʇs t A tm w w j= +D +      

ʩʦ ʩʣʫʯʘʡʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ űʇ,ʨʘʩʩʪʨʦʡʢʦʡ æɤʇ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʄ-ʌʄ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ɛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ x(t), ʚʭʦʜʷʱʠʡ ʚ (2), ʠʤʝʝʪ ʚʠʜ: 

( ) ( ) ( ) ( )i ʇx t s t s t n t= + + .     

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʠʢʦʡ ʦʮʝʥʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ [2]. 

ʇʨʝʜʧʦʣʦʞʠʤ ʚ ʥʘʯʘʣʝ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ jʇ ʧʦʤʝʭʠ sʇ(t) ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʡ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʣʦʚʥʳʭ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ I i ʥʘ 

ʚʳʭʦʜʘʭ ʚʩʝʭ ʢʦʨʨʝʣʷʪʦʨʦʚ ʜʝʤʦʜʫʣʷʪʦʨʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʥʘ ʚʭʦʜʝ ʜʝʤʦʜʫʣʷʪʦʨʘ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʷʚʣʷʶʪʩʷ 

ʥʦʨʤʘʣʴʥʳʤʠ.  

ʇʨʠ ʵʪʦʤ ʫʯʪʝʤ, ʯʪʦ 

0
1 2 2 1 0( ) 0; ( ) ( ) ( ); 1

2
s

N
n t n t n t t t Td w< >= < >= - >>. 

ɺʳʚʦʜ ʬʦʨʤʫʣ 
 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0

sin
2 2 2 22{1 cos [(1 cos )cos sin sin ]},

2

ʇ s

s
yi

ʇ s

T
E i i i

m
TN M M M

w
p p p
m h h

w

D

= - + - -
D

0

4 2
(1 cos )s

yi

E i
D

N M

p
= -

 

ʛʜʝ ʧʘʨʘʤʝʪʨ 
2

ʇ s
ʇ

Tw
h j
D
= + , ʪʘʢʞʝ ʢʘʢ ʠ ʇj , ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘ ʧʦʣʫʠʥʪʝʨʚʘʣʝ (-p, +p]. 
ʋʩʣʦʚʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʫ ɖ ʚʝʨʦʷʪʥʦʩʪʠ, ʚʭʦʜʷʱʠʝ ʚ (3), ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʧʦ 

ʬʦʨʤʫʣʝ: 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  

ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η ό˸͍ͦͫ͊͟Σ с ͔͒͊͋ͪ͟Ύ нлму ͎Φύ 
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0( ) 1 ( ).
yi

i i

yi

m
p I I Q

D
> = -  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʟʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʰʠʙʢʠ ʧʨʠʝʤʘ ʢʘʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ (4) ʠ 

ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ (5) ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʫʩʨʝʜʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ( )esP h  ʠ 

( )ebP h  ʧʦ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʝ ɖ. ʆʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ   

1
( )

2
ʝs esP P d

p

p

h h
p
-

= ñ    ʠ  1
( )

2
ʝb ebP P d

p

p

h h
p
-

= ñ  

ʠ ʚʳʚʝʩʪʠ ʪʦʯʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʰʠʙʦʢ ʥʝ ʫʜʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʯʠʩʣʝʥʥʳʤ ʫʩʨʝʜʥʝʥʠʝʤ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 

ʅʘ ʨʠʩ. 1 ï 5 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ Peb ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ 0 0/ /b b sE N E kNg= =  ʧʨʠ ʥʫʣʝʚʦʡ ʨʘʩʩʪʨʦʡʢʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ Dwʇʊs, 

ʪʦ ʝʩʪʴ ʧʨʠ ʧʨʠʮʝʣʴʥʦʡ ʧʦʤʝʭʝ. ʂʨʠʚʳʝ ʥʘ ʢʘʞʜʦʤ ʨʠʩʫʥʢʝ ʨʘʟʣʠʯʘʶʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭʠ ɛ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï  ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ 2ʌʄ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ 4ʌʄ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ 8ʌʄ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ 16ʌʄ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ 32ʌʄ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 

 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  
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ɺʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʦʟʠʮʠʦʥʥʦʩʪʠ ʄ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚʣʠʷʥʠʝ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ. ʊʘʢ, ʝʩʣʠ ʩʣʘʙʘʷ ʧʦʤʝʭʘ (ɛ=0,1) ʜʣʷ ʄ=2 

ʠʣʠ 4 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ Peb, ʪʦ ʜʣʷ ʄ=16 ʠʣʠ 32 ʩʥʠʞʝʥʠʝ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ. ʇʨʠʮʝʣʴʥʳʝ ʧʦʤʝʭʠ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ɛÓ0,5) ʦʧʘʩʥʳ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʩʠʛʥʘʣʦʚ ʄ-ʌʄ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʟʨʫʰʘʶʪ ʧʨʠʝʤ. ʕʪʦʪ 

ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠ ʛʨʘʬʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 6, ʛʜʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʘʥʳ ʢʨʠʚʳʝ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ɛ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ, ʝʩʣʠ ʜʣʷ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ (ɛ=0) ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʙʠʪʦʚʦʛʦ ʧʨʠʝʤʘ 2ʌʄ ʠ 4ʌʄ ʦʜʠʥʘʢʦʚʘ, ʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 4ʌʄ 

ʥʘʯʠʥʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʛʨʳʚʘʪʴ. 

 

 

ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 

ʧʨʠ Eb/N0=13 ʜɹ 

 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʠʛʥʘʣʳ ʩ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʚʝʩʴʤʘ ʩʠʣʴʥʦ ʧʦʜʚʝʨʞʝʥʳ 

ʚʣʠʷʥʠʶ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʟʠʮʠʦʥʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʵʪʦ ʚʣʠʷʥʠʝ 

ʫʩʠʣʠʚʘʝʪʩʷ. ʊʘʢ ʜʣʷ ʄ>8 ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʝʤʘ ʥʘ ʬʦʥʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ 

ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʫʨʦʚʥʷʭ ʧʦʤʝʭʠ. 

2. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʙʠʪʦʚʦʛʦ ʧʨʠʝʤʘ 2ʌʄ ʠ 

4ʌʄ ʦʜʠʥʘʢʦʚʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʞʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʧʨʠʝʤʥʠʢ 4ʌʄ ʥʘʯʠʥʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʛʨʳʚʘʪʴ. 

3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʄ-ʌʄ ʥʘ ʬʦʥʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʧʦʤʝʭʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʤʝʭ, ʥʘʧʨʠʤʝʨ, ʘʜʘʧʪʠʚʥʳʝ 

ʨʝʞʝʢʪʦʨʥʳʝ ʬʠʣʴʪʨʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

 1. ʇʨʦʢʠʩ ɼʞ. ʎʠʬʨʦʚʘʷ ʩʚʷʟʴ. ʇʝʨ. ʩ ʘʥʛʣ. / ʇʦʜ ʨʝʜ. ɼ.ɼ. ʂʣʦʚʩʢʦʛʦ. - ʄ.: ʈʘʜʠʦ ʠ 

ʩʚʷʟʴ. 2000. - 800 ʩ. 

 2. ɹʦʢʢʝʨ ʇ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. ʊʦʤ 1. (ʊʝʭʥʠʢʘ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʘʭ ʪʝʣʝʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ). ʊʦʤ I. ʆʩʥʦʚʳ: ʇʝʨ. ʩ ʥʝʤ./ʇʦʜ ʨʝʜ. ɼ. ɼ. ʂʣʦʚʩʢʦʛʦ. ʄ.: ʉʚʷʟʴ, 1980. - 264 ʩ. 

 3. ʂʫʣʠʢʦʚ ɻ.ɺ. ɺʣʠʷʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʤʝʭʠ ʥʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ ʩʠʛʥʘʣʦʚ ʄʏʄ // ʈʘʜʠʦʪʝʭʥʠʢʘ. - 2002. - ˉ 7. - ʉ. 42-44. 
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ʇʆʃʆʉʂʆɺʓʁ ɼɺʋʍʇʆʃʗʈʀɿɸʎʀʆʅʅʓʁ ʀɿʃʋʏɸʊɽʃʔ ʉ 

ʅʀɿʂʀʄ ʋʈʆɺʅɽʄ ʂʈʆʉʉʇʆʃʗʈʀɿɸʎʀʀ ɼʃʗ ʌɸʈ ʉ 

ʆɻʈɸʅʀʏɽʅʅʓʄ ʉɽʂʊʆʈʆʄ ʉʂɸʅʀʈʆɺɸʅʀʗ 
 

ʂʦʣʝʩʥʠʢʦʚ ʈʫʩʣʘʥ ɸʨʪʫʨʦʚʠʯ (1) (E-mail: ruslan77793@bk.ru) 

ʂʦʨʯʝʤʢʠʥ ʖʨʠʡ ɹʦʨʠʩʦʚʠʯ (1), (2) ï ʢ.ʪ.ʥ (E-mail: y.kor@mail.ru) 

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè (1), ʛ. ʄʦʩʢʚʘ  

ʄʌʊʀ (ɻʋ) (2), ʛ. ʄʦʩʢʚʘ 
 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥ ʧʦʣʦʩʢʦʚʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʣʠʥʝʡʥʳʤʠ 

ʧʦʣʷʨʠʟʘʮʠʷʤʠ ʜʣʷ ʌɸʈ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʝʢʪʦʨʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ S-ʜʠʘʧʘʟʦʥʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʠʟʤʝʨʝʥʠʡ ʤʘʢʝʪʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʯʝʪʳʨʝʭ ʠʟʣʫʯʘʪʝʣʝʡ. ʀʟʣʫʯʘʪʝʣʠ ʚ 7% ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠʤʝʶʪ ʨʘʟʚʷʟʢʫ 

ʚʭʦʜʦʚ ʥʝ ʙʦʣʝʝ -30 ʜɹ, ʫʨʦʚʝʥʴ ʢʨʦʩʩʧʦʣʷʨʠʟʘʮʠʠ ʦʪ -22 ʜɹ ʜʦ -30 ʜɹ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʦʩʢʦʚʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʜʚʫʤʷ ʣʠʥʝʡʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʷʤʠ, S-

ʜʠʘʧʘʟʦʥ, ʢʨʦʩʩʧʦʣʷʨʠʟʘʮʠʷ, ʌɸʈ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʝʢʪʦʨʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ. 
 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʣʦʩʢʠʭ ʌɸʈ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʝʢʪʦʨʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʜʚʫʤʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʣʠʥʝʡʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʷʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʣʦʩʢʦʚʳʝ 

ʠʟʣʫʯʘʪʝʣʠ. ʊʘʢʠʝ ʠʟʣʫʯʘʪʝʣʠ ʧʨʦʩʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ. ɺ ʨʝʰʝʪʢʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʝʢʪʦʨʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ (0.8-1,5)ɚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʂʀʇ) ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭ ʧʦʣʷʨʠʟʘʮʠʡ ʚ ʪʘʢʠʭ ʠʟʣʫʯʘʪʝʣʷʭ 

ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ  ʛʨʫʧʧʫ ʯʝʪʳʨʝʭ  ʧʨʦʩʪʳʭ ʠʟʣʫʯʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ[1,2]. ʇʨʠ ʵʪʦʤ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʚ ʩʪʘʪʴʝ [3], ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʧʨʠ ʧʨʦʪʠʚʦʬʘʟʥʦʤ ʧʦʧʘʨʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ  ʚ ʪʘʢʦʤ ʠʟʣʫʯʘʪʝʣʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʷʟʢʠ ʤʝʞʜʫ 

ʚʭʦʜʘʤʠ ʧʦʣʷʨʠʟʘʮʠʡ ʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʢʨʦʩʩʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʧʦʣʦʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʜʣʷ ʌɸʈ ʩ ʰʘʛʦʤ 

~1,3ɚ  ʚ S-ʜʠʘʧʘʟʦʥʝ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʵʪʦʡ ʩʭʝʤʝ. 

ʀʟʣʫʯʘʪʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

 ï ʧʣʘʪʫ ʩ 4 ʜʠʩʢʦʚʳʤʠ ʚʦʟʙʫʜʠʪʝʣʷʤʠ 1 (ʨʠʩʫʥʦʢ 1), ʩʦʝʜʠʥʝʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦʣʦʩʢʦʚʳʤ ʪʨʘʢʪʦʤ 2; 

 ï  ʧʣʘʪʫ ʩ ʜʠʨʝʢʪʦʨʘʤʠ 3 (ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ ʧʣʘʪʳ ʥʝ ʧʦʢʘʟʘʥʘ); 

 ï ʧʣʘʪʫ ʩ ʜʝʣʠʪʝʣʝʤ 1:2, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ180 

ʛʨʘʜʫʩʦʚ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥʘ); 

 ï ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʠʪʫ-ʦʩʥʦʚʘʥʠʝ, ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥʳ  ʧʣʘʪʘ ʩ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʠ ʧʣʘʪʘ ʩ ʜʝʣʠʪʝʣʝʤ 1:2. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʠʟʣʫʯʘʪʝʣʷ 
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ʀʟʣʫʯʘʪʝʣʴ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʩ ʦʪʥʦʰʝʥʠʝʤ 1,15:1 ʨʘʟʤʝʨʘ ʧʦ X ʢ 

ʨʘʟʤʝʨʫ ʧʦ Y.  

ʏʝʪʳʨʝ ʜʠʩʢʦʚʳʭ ʚʦʟʙʫʜʠʪʝʣʷ ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʨʦʪʠʚʦʬʘʟʥʦ ʧʦʧʘʨʥʦ ʩ ʙʦʢʦʚʳʭ 

ʩʪʦʨʦʥ ʠʟʣʫʯʘʪʝʣʷ. ʊʘʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʟʣʫʯʝʥʠʝ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ) ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʣʠʥʝʡʥʳʤʠ 

ʧʦʣʷʨʠʟʘʮʠʷʤʠ ʚ ʧʣʦʩʢʦʩʪʷʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ XOZ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, 

ʨʠʩʫʥʦʢ 1) ʠ ʧʣʦʩʢʦʩʪʠ YOZ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʠʥʦʯʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʩʦʩʪʘʚʝ ʙʝʩʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2.7-3.1 ɻɻʮ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ  CST Microwave Studio. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʂʉɺʥ ʚʭʦʜʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʡ ʠ ʨʘʟʚʷʟʦʢ ʤʝʞʜʫ ʥʠʤʠ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʂʉɺʥ ʚʭʦʜʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʷʤʠ (ʛʨʘʬʠʢʠ ʩʣʝʚʘ) ʠ ʨʘʟʚʷʟʦʢ ʤʝʞʜʫ ʥʠʤʠ (ʛʨʘʬʠʢʠ ʩʧʨʘʚʘ) 
 

ʂʉɺʥ ʥʝ ʙʦʣʝʝ 1.35, ʨʘʟʚʷʟʢʘ ʤʝʥʝʝ -31 ʜɹ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2.7-3.1 ɻɻʮ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʤʘʢʝʪ ʠʟʣʫʯʘʪʝʣʷ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʪʳʨʝʭ ʠʟʣʫʯʘʪʝʣʝʡ (ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ʄʘʢʝʪ ʠʟʣʫʯʘʪʝʣʷ 
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ʇʣʘʪʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ Arlon AD255, ʪʦʣʱʠʥʘ 

ʧʦʜʣʦʞʢʠ 1.016 ʤʤ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ Ůr = 2.55 (10 ɻɻʮ) ʠ ʪʘʥʛʝʥʩʦʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tg(ŭŮ) = 0.0018 (10 ɻɻʮ). ʊʦʣʱʠʥʘ ʤʝʪʘʣʣʠʟʘʮʠʠ 0.035 ʤʤ. ʇʣʠʪʘ-

ʦʩʥʦʚʘʥʠʝ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʩʧʣʘʚʘ ʘʣʶʤʠʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʂʉɺʥ ʜʣʷ ʚʭʦʜʦʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʡ, ʠʟʤʝʨʝʥʥʳʝ ʜʣʷ ʠʟʣʫʯʘʪʝʣʝʡ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʤʘʢʝʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʨʘʩʯʝʪʘ.  

 
ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢʠ ʠʟʤʝʨʝʥʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʂʉɺʥ 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʠʟʤʝʨʝʥʥʳʭ ʂʉɺʥ ʚʭʦʜʦʚ ʤʘʢʝʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,7. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʠ ʠʟʤʝʨʝʥʥʳʝ ʢʨʠʚʳʝ ʂʉɺʥ ʠʤʝʶʪ ʩʦʚʧʘʜʘʶʱʠʡ ʭʘʨʘʢʪʝʨ ʯʘʩʪʦʪʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ʆʪʣʠʯʠʝ ʚʝʣʠʯʠʥ ʤʦʞʥʦ  ʦʙʲʷʩʥʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ ʤʘʢʝʪʘ (ʤʝʩʪʘ ʧʘʡʢʠ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ). 

ʅʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʧʨʠʚʝʜʝʥʳ ʩʝʯʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ɼʅ ʠʟʣʫʯʘʪʝʣʷ 2 ʤʘʢʝʪʘ (ʩʤ. 

ʨʠʩʫʥʦʢ 3) ʥʘ ʯʘʩʪʦʪʝ 2,9 ɻɻʮ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʥʘʧʨʘʚʣʝʥʘ ʧʦ 

ʦʩʠ OY) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʧʦ ʦʩʠ OX). ʀʟʤʝʨʝʥʠʷ ɼʅ ʠʟʣʫʯʘʪʝʣʝʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʜʘʣʴʥʝʡ ʟʦʥʳ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʉʝʯʝʥʠʷ ɼʅ ʠʟʣʫʯʘʪʝʣʷ 2 ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʥʘ ʯʘʩʪʦʪʝ 2,9 ɻɻʮ 
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ʈʠʩʫʥʦʢ 6 ï ʉʝʯʝʥʠʷ ɼʅ ʠʟʣʫʯʘʪʝʣʷ 2 ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ  ʩʧʣʦʰʥʳʤʠ  ʣʠʥʠʷʤʠ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ  ï 

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. ʉʝʯʝʥʠʷ ɼʅ ʚ ʧʣʦʩʢʦʩʪʠ ZOX ʦʪʤʝʯʝʥʳ ʮʠʬʨʦʡ 1, ʘ ʚ ʧʣʦʩʢʦʩʪʠ 

ZOY ïʮʠʬʨʦʡ  2.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ɼʅ ʠʟʣʫʯʘʪʝʣʝʡ ʜʣʷ ʦʩʥʦʚʥʳʭ ʧʦʣʷʨʠʟʘʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʫʨʦʚʥʷʭ ʦʪ 0 ʜʦ -20 ʜɹ. 

ʀʟʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʨʦʩʩʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʘʪʝʣʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ï 22 ʜɹ, ʭʦʪʷ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ɼʅ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ  ʥʠʞʝ -30 ʜɹ. 

ʀʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʤʘʢʝʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʩʨʝʜʥʷʷ ʧʦ ʘʥʩʘʤʙʣʶ ɼʅ ʠʟʣʫʯʘʪʝʣʝʡ ʚʝʣʠʯʠʥʘ ʂʋ ʤʝʥʷʝʪʩʷ ʦʪ 11.4 ʜɹ ʜʦ 12.5 ʜɹ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ~0.8. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʝʰʝʪʢʘʭ ʩ ʪʨʝʫʛʦʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

 1. Handbook of Microstrip Antennas/ Edited by J. R. James & P s Hall. Published by: 

Peter Peregrinus. 1989. 

 2. Microstrip Antennas The analysis and design of microstrip antennas and arrays/ Edited 

by David M. Pozar & Daniel H. Schaubert. Published by:  P.S. Hall  Review of techniques for 

dual and circularly polarised microstrip antennas. 1995. 

  3. J.Huang Dual-polarized microstrip array with high isolation and low cross-

polarization// Microwave and optical technology letters, 1991, Vol. 4, No. 3, pp. 99-103. 
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ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊɸ ʇʆ ʅɸʂʃʆʅʅʆʄʋ 

ɿʆʅɼʀʈʆɺɸʅʀʖ ʀʆʅʆʉʌɽʈʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

ʇʈɸʂʊʀʏɽʉʂʆɻʆ ʇʈʀʄɽʅɽʅʀʗ 

 
ɸʥʦʭʠʥʘ ʅʘʜʝʞʜʘ ʇʘʚʣʦʚʥʘ (E-mail: Nadya.Anokh@mail.ru) 

ʃʠʪʚʠʥʦʚ ʉʚʷʪʦʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ (E-mail: SLitvinov@niidar.ru) 

ʄʫʜʨʠʢ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ (E-mail: MudrikDS@mail.ru) 

ʀʚʘʥʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ʉʝʨʛʝʝʚʥʘ (E-mail: SahaIvanova@mail.ru) 

 

ʆɸʆ çʅʇʂ çʅʀʀɼɸʈè, ʛ. ʄʦʩʢʚʘ 

 
 ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ ʠ ʠʟʤʝʥʝʥʠʷ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʩʝʭ ʨʘʜʠʦʩʨʝʜʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʨʦʪʢʠʭ 

ʚʦʣʥ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚ ʥʦʚʝʡʰʝʡ ʈʦʩʩʠʠ ʩʦʟʜʘʥʘ ʩʝʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠʦʥʦʟʦʥʜʦʚ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ. ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ 

ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʠ 

ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʘʥʘʣʠʟ. ʂʨʘʪʢʦ 

ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʦʥʦʩʬʝʨʳ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʮʝʣʷʭ ʠʦʥʦʩʬʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʟʘʛʦʨʠʟʦʥʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʦʥʦʩʬʝʨʘ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, 

ʠʦʥʦʟʦʥʜ, ʨʘʜʠʦʣʦʢʘʪʦʨ, ʈʃʉ ɿɻʆ 

 

ɺʚʝʜʝʥʠʝ 
 

ʄʦʥʠʪʦʨʠʥʛ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ. ʕʪʠʤ ʫʞʝ ʟʘʥʠʤʘʶʪʩʷ 14 ʩʪʨʘʥ ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʳ 

ʦʢʨʫʞʘʶʱʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʩ ʨʦʩʩʠʡʩʢʦʡ ʩʪʦʨʦʥʳ ʟʘ ʵʪʦ ʦʪʚʝʯʘʝʪ ʀʥʩʪʠʪʫʪ 

ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʬʠʟʠʢʠ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʦʥʦʩʬʝʨʳ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʉ 2011 ʛʦʜʘ ʚ ʈʦʩʩʠʠ ʘʢʪʠʚʥʦ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʩʝʪʴ ʩʪʘʥʮʠʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʥʦʚʝʡʰʠʝ ʠʦʥʦʟʦʥʜʳ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʨʘʟʚʝʨʥʫʪʦ ʜʝʩʷʪʴ ʪʘʢʠʭ ʩʪʘʥʮʠʡ ʧʦ 

ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ: ʦʪ ʂʘʣʠʥʠʥʛʨʘʜʘ ʜʦ ʂʘʤʯʘʪʢʠ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʨʘʙʦʪʳ ʚ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦʤ ʨʝʞʠʤʝ ʠʦʥʦʟʦʥʜʳ ʧʦʩʪʘʚʣʷʶʪ ʢʘʞʜʳʝ 15 ʤʠʥʫʪ ʘʢʪʫʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʠʦʥʦʩʬʝʨʳ. ʇʨʦʚʝʜʝʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʦʧʳʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʠʦʥʦʟʦʥʜʳ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʪʘʢʞʝ ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ. ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʙʣʘʛʦʜʘʨʷ ʧʨʠʚʷʟʢʝ ʚʩʝʭ ʦʪʜʝʣʴʥʳʭ ʩʪʘʥʮʠʡ ʢ ʉʠʩʪʝʤʝ ɽʜʠʥʦʛʦ 

ɺʨʝʤʝʥʠ (ʉɽɺ), ʘ ʪʘʢʞʝ ʤʦʱʥʦʤʫ ʠʟʣʫʯʘʪʝʣʶ (10 ʢɺʪ), ʩʠʛʥʘʣ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ ʙʦʢʦʚʳʝ 

ʣʝʧʝʩʪʢʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 2000 ʢʤ. 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʦʥʦʩʬʝʨʳ 
 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʦʥʦʩʬʝʨʝ 

ʷʚʣʷʝʪʩʷ ʠʦʥʦʛʨʘʤʤʘ. ʕʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʨʘʬʠʢ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ 

ʦʪʨʘʞʘʶʱʝʛʦ ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ ʦʪ ʯʘʩʪʦʪʳ.  ɺʤʝʩʪʝ ʩ ʛʨʘʬʠʢʦʤ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʠ ʜʨʫʛʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʦ ʚʨʝʤʷ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʈʫʢʦʚʦʜʩʪʚʝ 

ʧʦ ʠʦʥʦʩʬʝʨʥʳʤ, ʤʘʛʥʠʪʥʳʤ ʠ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʚʳʧʫʱʝʥʥʳʤ ʀʇɻ. [1] 
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ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʫʪʦʯʥʷʶʪʩʷ 

ʦʧʝʨʘʪʦʨʦʤ. ʇʨʠʤʝʨ ʪʠʧʠʯʥʦʡ ʠʦʥʦʛʨʘʤʤʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 - ʊʠʧʠʯʥʘʷ ʠʦʥʦʛʨʘʤʤʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʩʬʝʨʳ 

 

ʅʘ ʠʦʥʦʛʨʘʤʤʘʭ ʧʦʯʪʠ ʚʩʝʛʜʘ ʚʠʜʥʳ ʥʝʩʢʦʣʴʢʦ ʧʦʭʦʞʠʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩʣʝʜʦʚ 

ʦʪʨʘʞʝʥʠʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʢʨʘʪʥʠʢʦʚè. ʊʘʢʠʝ ʦʪʨʘʞʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ, ʢʦʛʜʘ ʠʤʧʫʣʴʩʳ 

ʧʨʦʭʦʜʷʪ ʦʪ 2 ʜʦ 3 ʨʘʟ (ʘ ʠʥʦʛʜʘ ʠ ʙʦʣʴʰʝ) ʤʝʞʜʫ ʩʪʘʥʮʠʝʡ ʠ ʠʦʥʦʩʬʝʨʦʡ. ɼʝʡʩʪʚʫʶʱʘʷ 

ʚʳʩʦʪʘ ʦʪʨʘʞʝʥʠʡ 2-ʡ (3-ʡ) ʢʨʘʪʥʦʩʪʠ ʙʫʜʝʪ ʚ 2 (3) ʨʘʟʘ ʙʦʣʴʰʝ ʜʝʡʩʪʚʫʶʱʝʡ ʚʳʩʦʪʳ 

ʦʪʨʘʞʝʥʠʷ ʦʩʥʦʚʥʦʛʦ (1-ʛʦ) ʦʪʨʘʞʝʥʠʷ. ɺʩʝ ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʳʯʥʦ ʩʥʠʤʘʶʪʩʷ 

ʧʦ ʦʪʨʘʞʝʥʠʷʤ 1-ʡ ʢʨʘʪʥʦʩʪʠ, ʪ.ʝ. ʧʦ ʦʩʥʦʚʥʦʤʫ ʩʣʝʜʫ. ʊʘʢʞʝ ʥʘ ʠʦʥʦʛʨʘʤʤʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʳʩʦʪʥʳʡ ʧʨʦʬʠʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ (Ne(h)-ʧʨʦʬʠʣʴ ʠʦʥʦʩʬʝʨʳ). 

ʆʩʥʦʚʥʳʤʠ ʠʦʥʦʩʬʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ:  

1. foF2 ï ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʆ-ʢʦʤʧʦʥʝʥʪʳ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʩʣʦʷ ï F2; 

2. hmF2 ï ʤʠʥʠʤʘʣʴʥʘʷ ʜʝʡʩʪʚʫʶʱʘʷ ʚʳʩʦʪʘ ʩʣʦʷ F2; 

3. M3000F2 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʤʝʥʠʤʦʡ 

ʯʘʩʪʦʪʳ (ʄʇʏ), ʦʪʨʘʞʘʶʱʝʡʩʷ ʦʪ ʩʣʦʷ F2 ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʩʢʘʯʢʘ, 

ʨʘʚʥʦʝ 3000 ʢʤ, ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ foF2. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʚʨʝʤʝʥʠ ʛʦʜʘ, ʘ ʪʘʢʞʝ 

11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʭ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ʅʘ ʨʠʩʫʥʢʘʭ 2, 3, 4 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʦʩʢʦʚʩʢʦʤ 

ʨʝʛʠʦʥʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 23 ʥʦʷʙʨʷ 2017 ʛʦʜʘ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ ʠʦʥʦʟʦʥʜʘ çʇʘʨʫʩ-ɸè, 

ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ ʛʦʨʦʜʝ ʊʨʦʠʮʢ. 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʘʭ, ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʵʢʩʪʨʝʤʫʤʳ ʚ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ, ʩʚʷʟʘʥʦ ʵʪʦ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʉʫʪʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ʧʨʠʤʝʨʥʦ ʩʣʝʜʫʶʪ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʚʳʩʦʪʳ ʉʦʣʥʮʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʳʚʘʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʉʦʣʥʮʝ ʟʘʥʠʤʘʝʪ ʥʘʠʚʳʩʰʝʝ ʧʦʣʦʞʝʥʠʝ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʧʦʣʜʝʥʴ ʣʝʪʦʤ ʠ 

ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʦʯʴʶ ʟʠʤʦʡ. 
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ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʘʥʘʣʦʛʠʯʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ M(3000)F2, ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʘʷ ʜʝʡʩʪʚʫʶʱʘʷ ʯʘʩʪʦʪʘ ʩʣʦʷ F2 ʠʟʤʝʥʷʝʪʩʷ 

ʦʙʨʘʪʥʦ. 

 
ʈʠʩʫʥʦʢ 2 - ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ foF2 ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 23.11.2017 ʥʘʜ ʄʦʩʢʚʦʡ 

 

ʈʠʩʫʥʦʢ 3 - ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ hmF2 ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 23.11.2017 ʥʘʜ ʄʦʩʢʚʦʡ 
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ʈʠʩʫʥʦʢ 4 - ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ M(3000)F2 ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 23.11.2017 ʥʘʜ ʄʦʩʢʚʦʡ 

ʂʦʤʧʣʝʢʩʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʝʚʳʭ ʠʦʥʦʟʦʥʜʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʮʝʣʷʭ ʥʘʢʣʘʜʳʚʘʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʊ.ʝ. ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝʣʴʟʷ 

ʦʩʪʘʚʠʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʙʝʟ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʦʧʫʩʢ ʩʝʘʥʩʘ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʝʜʦʧʫʩʪʠʤ, ʩʪʘʥʮʠʷ ʜʦʣʞʥʘ ʚʳʡʪʠ ʚ ʵʬʠʨ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʝʜʘʪʯʠʢ ʥʝ ʦʪʢʣʶʯʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ ʩʦʚʝʨʰʝʥʥʦ 

ʫʥʠʢʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʪʦʤ, ʯʪʦ ʩʣʝʜʳ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʩʣʝʜʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʪ.ʥ. ʢʦʤʧʣʝʢʩʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ). [2] 

ʇʨʠʤʝʨ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩʫʥʦʢ 5 - ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʦʥʦʟʦʥʜʘʤʠ ʥʘ ʩʪ. ʀɿʄʀʈɸʅ-ʂʘʣʠʥʠʥʛʨʘʜ (ʩʣʝʚʘ, ʩʦʚʤʝʱʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʘʥʪʝʥʥʘ) ʠ ʩʪ. 

ʀɿʄʀʈɸʅ-ʊʨʦʠʮʢ (ʩʧʨʘʚʘ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʨʠʝʤ) 17 ʥʦʷʙʨʷ 2017 ʛ 14:57 UTC 

 

ʅʘ ʨʠʩʫʥʢʝ ʢʨʦʤʝ ʠʦʥʦʛʨʘʤʤʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʳ, 

ʥʘʯʠʥʘʶʱʠʝʩʷ ʥʘ ʯʘʩʪʦʪʝ ~ 8 ʄɻʮ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʚʳʩʦʪʝ 600 ʢʤ. ʕʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʜʨʫʛʦʛʦ ʠʦʥʦʟʦʥʜʘ, ʘ ʠʤʝʥʥʦ: ʧʨʠʸʤʥʠʢ ʠʦʥʦʟʦʥʜʘ çʇʘʨʫʩ-ɸè, 
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ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʄʦʩʢʚʝ, ʨʝʛʠʩʪʨʠʨʫʝʪ ʩʣʝʜʳ ʧʝʨʝʜʘʪʯʠʢʘ çʇʘʨʫʩ-ɸè, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʂʘʣʠʥʠʥʛʨʘʜʝ, ʠ ʥʘʦʙʦʨʦʪ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʦʥʦʟʦʥʜʘʤʠ ï 1093 ʢʤ. 

ɺʳʩʦʪʳ 600 ʢʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʦʥʦʟʦʥʜ ʠʟʤʝʨʷʝʪ ʥʝ ʚʳʩʦʪʫ ʥʘʧʨʷʤʫʶ, ʘ 

ʟʘʜʝʨʞʢʫ ʚʦʟʚʨʘʪʘ ʩʠʛʥʘʣʘ. ʉ ʫʯʝʪʦʤ ʫʛʣʘ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʠʦʥʦʩʬʝʨʳ (ʦʪ 140Á ʜʦ 

160Ü) ʧʦʣʫʯʘʝʪʩʷ ʨʝʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʦʥʦʟʦʥʜʘʤʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʀʤʝʶʱʝʝʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʦʥʦʟʦʥʜʦʚ ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʚʝʩʪʠ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʥʘʢʣʦʥʥʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ ʠʦʥʦʩʬʝʨʳ. ɺʩʝʛʦ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʚʝʨʥʫʪʦ ʜʝʩʷʪʴ ʠʦʥʦʟʦʥʜʦʚ: ʊʨʦʠʮʢ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʕʣʝʢʪʨʦʫʛʣʠ, 

ʇʦʜʢʘʤʝʥʥʘʷ ʊʫʥʛʫʩʢʘ, ʄʘʛʘʜʘʥ, ʂʘʣʠʥʠʥʛʨʘʜ, ʉʘʣʝʭʘʨʜ, ʅʦʚʦʩʠʙʠʨʩʢ, ʍʘʙʘʨʦʚʩʢ, 

ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ. ʈʘʟʤʝʱʝʥʥʳʝ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʈʦʩʩʠʠ, ʪʘʢʠʝ ʠʦʥʦʟʦʥʜʳ 

ʦʪʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ ʩʝʢʪʦʨʘ: ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ, ʚ ʉʠʙʠʨʠ ʠ 

ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ (ʨʠʩʫʥʦʢ 6).  

 
ʈʠʩʫʥʦʢ 6 - ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʦʥʦʟʦʥʜʦʚ çʇʘʨʫʩ-ɸè ʠ ʦʩʥʦʚʥʳʝ ʪʨʘʩʩʳ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

 

ɺ 2017 ʛʦʜʫ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʪʨʘʩʩʳ ʚʩʝʭ ʩʝʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʪʨʘʩʩʘ ʄʦʩʢʚʘ-

ʉʘʣʝʭʘʨʜ. [3] ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʠ ʦʪʦʙʨʘʞʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʩʣʝʜʦʚ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʅɿ).  ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʡ ʧʦ ʪʨʘʩʩʘʤ: (ʘ) ï ʊʨʦʠʮʢ ï ʂʘʣʠʥʠʥʛʨʘʜ, (ʙ) ï 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ï ʕʣʝʢʪʨʦʫʛʣʠ, (ʚ) ï ʄʘʛʘʜʘʥ ï ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ, (ʛ) ï ʊʨʦʠʮʢ ï 

ʉʘʣʝʭʘʨʜ.  
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ʈʠʩʫʥʦʢ 7 - ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʥʘʢʣʦʥʥʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ ʠʦʥʦʩʬʝʨʳ 

 

ɺ 2018 ʛʦʜʫ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʜʦʣʞʠʣʠʩʴ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʬʦʨʤʘʪʝ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʦʧʳʪʳ ʧʦ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʧʦʚʝʨʢʝ ʦʜʥʦʛʦ ʠʦʥʦʟʦʥʜʘ ʜʨʫʛʠʤ, ʵʪʘʣʦʥʥʳʤ. ɸ 

ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʫʪʦʯʥʳʝ ʧʨʦʛʦʥʳ ʥʘ ʥʝʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʩʫʪʢʠ.  

 

ʀʤʝʥʥʦ ʪʘʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥ ʥʘ ʫʞʝ ʧʨʦʚʝʨʝʥʥʦʡ ʪʨʘʩʩʝ ʄʘʛʘʜʘʥ ï 

ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ (ʨʠʩʫʥʦʢ 8). [4] ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʪʨʘʩʩʳ ï 910 ʢʤ. ʆʪʤʝʯʝʥʦ, 

ʯʪʦ ʩʦ ʩʧʘʜʦʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʘʩʪʦʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʦʪ 

ʠʦʥʦʩʬʝʨʳ, ʫʤʝʥʴʰʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʠ ʚʳʩʦʪʘ ʦʪʨʘʞʘʶʱʝʛʦ ʩʣʦʷ ʧʨʠ ʅɿ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʣʘʩʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʩʣʝ ʟʘʭʦʜʘ ʉʦʣʥʮʘ ʚʝʨʪʠʢʘʣʴʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʦ, ʩʣʝʜʳ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʝʱʝ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʣʠʩʴ (ʦʢʦʣʦ 

ʜʚʫʭ ʯʘʩʦʚ). ɸʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʥʘ ʩʪʘʥʮʠʠ ʄʘʛʘʜʘʥ ʜʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʩʣʝʜʦʚ ʥʘ ʠʦʥʦʛʨʘʤʤʝ ʚ ʇʝʪʨʦʧʘʚʣʦʚʩʢʝ-ʂʘʤʯʘʪʩʢʦʤ. 
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ʈʠʩʫʥʦʢ 8 - ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʦʥʦʟʦʥʜʘʤʠ ʥʘ ʩʪ. 

ʄʘʛʘʜʘʥ (ʩʣʝʚʘ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʨʠʝʤ) ʠ  

ʩʪ. ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ (ʩʧʨʘʚʘ, ʩʦʚʤʝʱʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʘʥʪʝʥʥʘ) 8 ʥʦʷʙʨʷ 2018 ʛ. 

 

ʊʘʢʦʡ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥ ʥʘ ʪʨʘʩʩʝ ʄʘʛʘʜʘʥ ï ʍʘʙʘʨʦʚʩʢ (ʨʠʩʫʥʦʢ 9). 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʪʨʘʩʩʳ ï 1747 ʢʤ ï ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʜʝʣʴʥʘʷ ʜʣʷ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʠʦʥʦʟʦʥʜʦʤ ʪʘʢʦʛʦ ʪʠʧʘ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ ʫʩʪʦʡʯʠʚʦʝ ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʣ ʪʦʣʴʢʦ ʩ ʧʝʨʝʦʪʨʘʞʝʥʠʝʤ ʦʪ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʪʘʢʞʝ ʷʚʥʦ ʚʠʜʥʦ ʩʥʠʞʝʥʠʝ ʦʪʨʘʞʘʶʱʝʛʦ ʩʣʦʷ. 

 

 
ʈʠʩʫʥʦʢ 9 - ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʦʥʦʟʦʥʜʘʤʠ ʥʘ ʩʪ. 

ʄʘʛʘʜʘʥ (ʩʣʝʚʘ) ʠ ʩʪ. ʍʘʙʘʨʦʚʩʢ (ʩʧʨʘʚʘ) 10 ʥʦʷʙʨʷ 2018 ʛ.  

ʊʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʨʝʜʝʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʝʥ ʚʟʘʠʤʥʳʡ ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʥʘ 

ʪʨʘʩʩʝ ʄʦʩʢʚʘ ï ʉʘʣʝʭʘʨʜ (1972 ʢʤ.). ʉʠʛʥʘʣ ʧʨʠʥʠʤʘʝʪʩʷ ʩʠʣʴʥʦ ʦʩʣʘʙʣʝʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʠʟʣʫʯʝʥʠʝ ʠ ʧʨʠʝʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 
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ʈʠʩʫʥʦʢ 10 - ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʦʥʦʟʦʥʜʘʤʠ ʥʘ ʩʪ. 

ʀɿʄʀʈɸʅ-ʊʨʦʠʮʢ (ʩʣʝʚʘ) ʠ ʩʪ. ʉʘʣʝʭʘʨʜ (ʩʧʨʘʚʘ) 23 ʦʢʪʷʙʨʷ 2018 ʛ. 08:00 UTʉ 

ʃʶʙʦʧʳʪʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʥʫʪ ʚ ʝʚʨʦʧʝʡʩʢʦʤ ʩʝʢʪʦʨʝ ʥʘ ʪʨʘʩʩʝ ʄʦʩʢʚʘ ï 

ʂʘʣʠʥʠʥʛʨʘʜ. ʂ ʩʣʦʚʫ, ʚ ʤʦʩʢʦʚʩʢʦʤ ʨʝʛʠʦʥʝ ʨʘʟʤʝʱʝʥʳ ʩʨʘʟʫ ʜʚʘ ʠʦʥʦʟʦʥʜʘ ï ʚ ʊʨʦʠʮʢʝ 

ʠ ʚ ʨʘʡʦʥʝ ʛʦʨʦʜʘ ʕʣʝʢʪʨʦʫʛʣʠ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 69 ʢʠʣʦʤʝʪʨʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʠʪʦʛʝ ʥʘ 

ʠʦʥʦʛʨʘʤʤʫ ʚ ʂʘʣʠʥʠʥʛʨʘʜʝ ʥʘʣʦʞʠʣʠʩʴ ʩʣʝʜʳ ʩʨʘʟʫ ʜʚʫʭ ʠʦʥʦʟʦʥʜʦʚ (ʨʠʩʫʥʦʢ 11).  

 
ʈʠʩʫʥʦʢ 11 - ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʦʥʦʟʦʥʜʘʤʠ ʥʘ 

ʩʪ. ʀɿʄʀʈɸʅ-ʂʘʣʠʥʠʥʛʨʘʜ (ʩʧʨʘʚʘ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʨʠʝʤ), ʩʪ. ʀɿʄʀʈɸʅ-ʊʨʦʠʮʢ (ʩʣʝʚʘ ʩʚʝʨʭʫ) ʠ 

ʩʪ. ʕʣʝʢʪʨʦʫʛʣʠ (ʩʣʝʚʘ ʩʥʠʟʫ) 30 ʦʢʪʷʙʨʷ 2018 ʛ 08:59 UTʉ 

 

ʇʨʠ ʵʪʦʤ ʥʘ ʠʦʥʦʛʨʘʤʤʝ ʷʚʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʵʪʠ ʩʣʝʜʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ. 

ʇʦʩʢʦʣʴʢʫ ʠʦʥʦʟʦʥʜ ʚ ʕʣʝʢʪʨʦʫʛʣʷʭ ʭʦʪʴ ʠ ʥʝʥʘʤʥʦʛʦ, ʥʦ ʜʘʣʴʰʝ, ʪʦ ʠ ʩʣʝʜʳ ʅɿ ʚʳʰʝ, 

ʯʝʤ ʩʣʝʜʳ ʦʪ ʊʨʦʠʮʢʘ.   
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʡ ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʪʚʝʨʜʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʥʘ ʩʝʪʝʚʳʭ ʠʦʥʦʟʦʥʜʘʭ çʇʘʨʫʩ-ɸè. ʇʨʠ ʵʪʦʤ 

ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʦʨʘʙʦʪʦʢ ʥʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ. 

 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʠʦʥʦʩʬʝʨʳ IRI-2016 (International Reference of 

Ionosphere ï ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʩʧʨʘʚʦʯʥʘʷ ʤʦʜʝʣʴ ʠʦʥʦʩʬʝʨʳ). [5] ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʫʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʦʥʦʩʬʝʨʳ ʚ ʢʦʥʢʨʝʪʥʦʤ ʤʝʩʪʝ ʠ ʚ 

ʢʦʥʢʨʝʪʥʦʝ ʚʨʝʤʷ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ ʤʝʜʠʘʥʥʦʡ ʤʦʜʝʣʴʶ ʠʦʥʦʩʬʝʨʳ (ʪ.ʝ. 

ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʟʝʤʥʦʛʦ ʰʘʨʘ). ʋ ʥʝʝ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠ ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʥʠʞʝ 

ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʩʬʝʨʳ ʜʘʶʪ ʩʨʝʜʩʪʚʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ (ɺɿ) [6]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ɺɿ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʳ (N(h) ï 

ʧʨʦʬʠʣʷ) ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʪʦʣʴʢʦ ʦ ʥʝʥʘʙʣʶʜʘʝʤʦʡ ʧʨʠ ɺɿ ʚʧʘʜʠʥʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ E ʠ 

F. ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ N(h)-ʧʨʦʬʠʣʷ ʠʟ ʜʘʥʥʳʭ ɺɿ ʧʨʦʚʝʨʝʥʘ ʤʥʦʛʦʣʝʪʥʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʷʚʣʷʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʷʤʳʭ ʨʘʢʝʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʵʪʘʣʦʥʥʦʡ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ɺɿ, ʢʦʪʦʨʳʡ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ, ʷʚʣʷʝʪʩʷ 

ʣʦʢʘʣʴʥʦʩʪʴ ʤʝʪʦʜʘ, ʘ ʦʧʝʨʘʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʤʠʨʦʚʦʡ ʩʝʪʠ Inthernet 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

ʄʝʪʦʜ ʥʘʢʣʦʥʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʥʦʩʝ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ʩʠʩʪʝʤ ʠʦʥʦʟʦʥʜʘ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ, ʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʜʘʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʝʡ ʪʦʯʢʠ 

ʨʘʜʠʦʪʨʘʩʩʳ ʧʨʠ ʦʜʥʦʩʢʘʯʢʦʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. ɽʩʣʠ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʠʦʥʦʛʨʘʤʤʘ ʥʘʢʣʦʥʥʦʛʦ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʫʧʧʦʚʦʛʦ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʧʨʦʰʝʜʰʠʭ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ ʚ ʠʦʥʦʩʬʝʨʝ, ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ, ʪ.ʝ. 

ʤʦʜʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ. 

ʅʝʢʦʪʦʨʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʝʪʦʜʘ ʅɿ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʫʯʘʡ ʩʦʚʤʝʱʝʥʠʷ ʧʫʥʢʪʦʚ 

ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ ï ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʝ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ (ɺʅɿ). [7] 

ʕʪʦʪ ʤʝʪʦʜ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʈʃʉ ʟʘʛʦʨʠʟʦʥʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. ʊʘʢ, ʦʜʥʦ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʈʃʉ (ʪʘʢʠʭ, ʢʘʢ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ) ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʘʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʤʠ ʠ ʜʘʣʴʥʦʩʪʥʦ-

ʯʘʩʪʦʪʥʳʤʠ) ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʚʝʜʝʥʠʠ ʚ ʩʦʩʪʘʚ ʈʃʉ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʨʘʢʪʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ. ʅʘʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʪʨʘʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʙʦʨʝ ʧʦʜʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ, ʚ ʢʦʪʦʨʦʤ ʟʘʪʫʭʘʥʠʝ ʥʘ ʪʨʘʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦ, ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʪʨʘʢʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʜʘʥʥʳʡ ʪʨʘʢʪ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʈʃʉ, 

ʚʭʦʜʷʱʫʶ ʚ ʩʦʩʪʘʚ ʦʩʥʦʚʥʦʡ ʈʃʉ, ʩʦ ʩʚʦʠʤ ʚʦʟʙʫʜʠʪʝʣʝʤ ʠ ʦʪʜʝʣʴʥʳʤʠ ʧʨʠʝʤʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. ʂʘʢ, ʥʘʧʨʠʤʝʨ, ʩʪʘʥʮʠʷ ɺʅɿ çʂʨʫʛè, ʚʭʦʜʠʚʰʘʷ ʚ ɿɻ ʈʃʉ çɼʫʛʘè. ʊʘʢʞʝ 

ʵʪʦʪ ʪʨʘʢʪ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʘʤʦʡ ʈʃʉ ʥʘ ʪʝʭ ʞʝ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʯʪʦ ʠ 

ʦʙʥʘʨʫʞʝʥʠʝ, ʵʪʦʪ ʨʝʞʠʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠ ʫʪʦʯʥʷʝʪ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʈʃʉ. 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  
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ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʛʦʨʠʟʦʥʪʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʠ ʧʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ.  

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʟʚʝʩʪʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʊ.ʝ. ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʫʯʠʪʳʚʘʷ 

ʥʝʜʘʚʥʝʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ: ʚʳʩʦʪʳ ʩʣʦʝʚ, 

ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʵʣʝʢʪʨʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʘʣʝʝ ʠʤʝʝʪ ʩʤʳʩʣ ʫʪʦʯʥʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʠʦʥʦʩʬʝʨʳ ʧʫʪʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʘʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʳʤ ʟʦʥʜʠʨʦʚʘʥʠʝʤ. 

ɺʩʝ ʵʪʦ ʥʝ ʧʦʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʦʜʥʘʢʦ ʠ ʥʝ ʜʘʩʪ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ.  ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠʦʥʦʟʦʥʜʦʚ ʚ ʢʦʨʥʝ ʠʟʤʝʥʠʪ 

ʩʠʪʫʘʮʠʶ. ʇʦʩʢʦʣʴʢʫ ʩʦʟʜʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚ ʠʥʪʝʨʝʩʘʭ ʪʦʣʴʢʦ ʦʜʥʦʡ ʈʃʉ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʠʤʝʝʪ ʩʤʳʩʣ ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʚ ʠʥʪʝʨʝʩʘʭ ʚʩʝʡ ʩʪʨʘʥʳ. ʇʦ ʜʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʀʥʩʪʠʪʫʪʘ ʇʨʠʢʣʘʜʥʦʡ ɻʝʦʬʠʟʠʢʠ ʜʣʷ ʧʝʨʝʢʨʳʪʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʠʦʥʦʩʬʝʨʥʳʭ ʜʘʥʥʳʭ 

ʜʦʩʪʘʪʦʯʥʦ 40 ʠʦʥʦʟʦʥʜʦʚ ʥʘ ʈʦʩʩʠʶ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʦʥʦʟʦʥʜʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʥʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʩʝʪʴ, ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʟʣʠʯʥʳʤ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʠ ʥʝ ʧʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʝʜʠʥʳʡ ʮʝʥʪʨ.  

ʆʙʲʝʜʠʥʝʥʥʳʝ ʚ ʝʜʠʥʫʶ ʩʝʪʴ, ʧʫʩʪʴ ʠ ʩʦʩʪʦʷʱʫʶ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʟʦʥʜʦʚ, ʦʥʠ 

ʩʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʢʨʳʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ, 

ʥʝʞʝʣʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʀʦʥʦʟʦʥʜʳ çʇʘʨʫʩ-ɸè ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʦʝ, ʪʘʢ ʠ ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ. ɽʛʦ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʝʜʫʱʠʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʝʛʦ 

ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ ʩʝʪʝʚʳʭ ʩʨʝʜʩʪʚ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʠʩʪʝʤʫ 

ʟʘʛʦʨʠʟʦʥʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ɸʚʩʪʨʘʣʠʠ JORN (Jindalee Operational Radar Network). ʂʨʦʤʝ 

ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʈʃʉ ɿɻʆ çJindaleeè ʚ ʩʠʩʪʝʤʫ ʚʭʦʜʷʪ 12 ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ-

ʥʘʢʣʦʥʥʳʭ ʠʦʥʦʟʦʥʜʦʚ, 5 ʠʦʥʦʟʦʥʜʦʚ ɼʝʧʘʨʪʘʤʝʥʪʘ ʆʙʦʨʦʥʳ ʠ 7 ʧʨʠʝʤʦʦʪʚʝʪʯʠʢʦʚ. ɺʩʝ 

ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʠʦʥʦʩʬʝʨʳ ʚ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ. 

ʀ, ʚʥʦʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʧʨʘʚʢʫ, ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʚʦʟʜʫʰʥʳʭ ʠ 

ʥʘʜʚʦʜʥʳʭ ʮʝʣʝʡ. 
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ɸʆ çʂʦʨʧʦʨʘʮʠʷ çʂʦʤʝʪʘè (1), ʛ. ʄʦʩʢʚʘ  

ʇɸʆ çʈʘʜʠʦʬʠʟʠʢʘè (2), ʛ. ʄʦʩʢʚʘ 
 

ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʣʘʪʳ ʤʦʜʫʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʜʫʣʷ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʝ, ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʧʨʦʮʝʩʩ, ʤʦʜʫʣʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ, ʤʦʜʫʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʥʠʬʠʢʘʮʠʷ, 

ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ. 
 

ɺʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʤʦʜʫʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʘʙʦʨʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʟʣʦʚ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʢʦʥʯʝʥʥʦʝ 

ʠʟʜʝʣʠʝ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ: ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ, ʫʥʠʬʠʢʘʮʠʷ, ʧʦʚʳʰʝʥʠʝ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʨʘʤʢʘʭ ʫʥʠʬʠʢʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʫʣʴ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ [1] (ʈʠʩ. 1, ʜʘʣʝʝ ʤʦʜʫʣʴ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦʪʝ [2]. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ: ʜʚʘ 

ʫʤʥʦʞʠʪʝʣʷ, ʦʜʠʥ ʫʩʠʣʠʪʝʣʴ, ʜʚʘ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʭ ʬʠʣʴʪʨʘ [3,4] (ʜʘʣʝʝ ʇʇʌ), 

ʵʣʝʤʝʥʪʳ ʩʭʝʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʧʠʪʘʥʠʷ.  

 

ʈʠʩ. 1. ʇʣʘʪʘ ʤʦʜʫʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ. 
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ʂʦʥʩʪʨʫʢʪʠʚʥʦ, ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ, ʥʘ ʢʦʪʦʨʦʡ ʤʝʪʦʜʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ [5] ʩʤʦʥʪʠʨʦʚʘʥʳ ʨʘʜʠʦʵʣʝʤʝʥʪʳ ʠ ʦʙʲʸʤʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʨʝʟʦʥʘʪʦʨʳ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʭ ʬʠʣʴʪʨʦʚ. ɺʳʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʤʥʦʞʝʥʠʷ ʤʦʜʫʣʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʦʙʲʸʤʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʨʝʟʦʥʘʪʦʨʦʚ [6,7] ʩ ʟʘʜʘʥʥʦʡ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ (ʜʘʣʝʝ f0). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʇʌ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʜʫʣʷ. 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʜʠʘʧʘʟʦʥʦʚ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, 

ʢʦʪʦʨʳʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 300 ʜʦ 7000 ʄɻʮ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʘʩʪʨʦʡʢʝ ʤʦʜʫʣʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʧʨʠʙʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʜʠʘʧʘʟʦʥʝ. ʅʘʩʪʨʦʡʢʘ ʧʣʘʪʳ ʤʦʜʫʣʷ ʚ ʰʪʘʪʥʦʤ ʢʦʨʧʫʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʘ ʩʧʝʮʠʘʣʴʥʘʷ ʦʩʥʘʩʪʢʘ (ʜʘʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ), ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʠ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʜʣʷ ʘʢʪʠʚʥʳʭ 

ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ. 

 
ʈʠʩ. 2. ʉʦʩʪʘʚ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʜʫʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ. 

 

ʇʨʦʮʝʜʫʨʫ ʥʘʩʪʨʦʡʢʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʜʫʣʷ (ʈʠʩ. 2) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʄʦʜʫʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʦʥʪʘʢʪʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʧʣʘʪʳ ʩ ʢʘʙʝʣʷʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʠ ʠʩʪʦʯʥʠʢʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʠʤʝʝʪ ʯʝʪʳʨʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʦʨʪʘ. ʇʝʨʚʳʡ ʠ 

ʚʪʦʨʦʡ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʚʭʦʜʫ ʠ ʚʳʭʦʜʫ ʤʦʜʫʣʷ. ʊʨʝʪʠʡ ʠ ʯʝʪʚʸʨʪʳʡ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʚʳʚʦʜʘʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʣʘʪʳ.  

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʛʫʣʠʨʦʚʢʠ ʤʦʜʫʣʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

ʥʝʠʟʙʝʞʥʦ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʧʨʠʥʷʪʴ ʨʷʜ ʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʯʸʪʘ ʜʘʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ 

ʤʦʜʫʣʷ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ 

ʧʦʛʨʝʰʥʦʩʪʠ (ʠʩʢʘʞʝʥʠʷ) ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʷ, 

ʚʭʦʜʷʪ: 

- ʢʦʘʢʩʠʘʣʴʥʦ-ʧʦʣʦʩʢʦʚʳʝ ʧʝʨʝʭʦʜʳ ʉʈɻ-50-751ʌɺ ɺʈʆ.364.049 ʊʋ (ʜʘʣʝʝ ʂʇʇ); 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  

ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η ό˸͍ͦͫ͊͟Σ с ͔͒͊͋ͪ͟Ύ нлму ͎Φύ 

 

 

http://izd -mn.com/ 67 

 

- ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʣʘʪʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʢʘʢ ʩʠʛʥʘʣʴʥʳʭ ʮʝʧʝʡ, ʪʘʢ ʠ 

ʮʝʧʝʡ ʧʠʪʘʥʠʷ; 

- ʤʝʩʪʘ ʩʦʝʜʠʥʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʣʘʪʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʚʳʚʦʜʘʤʠ ʧʣʘʪʳ ʤʦʜʫʣʷ (ʧʝʨʝʤʳʯʢʠ); 

- ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʨʝʧʸʞ. 

ʀʩʢʘʞʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʂʇʇ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʟʚʝʩʪʥʳʤʠ, ʪ.ʢ. ʦʥʠ ʦʧʠʩʘʥʳ ʚ ʊʋ. 

ʀʩʢʘʞʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʣʘʪʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʇʄʆ. ʆʧʨʝʜʝʣʝʥʠʝ ʠʩʢʘʞʝʥʠʡ, ʚʥʦʩʠʤʳʭ ʧʝʨʝʤʳʯʢʘʤʠ, ʨʘʩʯʸʪʥʳʤ ʩʧʦʩʦʙʦʤ 

ʟʘʪʨʫʜʥʝʥʳ, ʪ.ʢ. ʠʭ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ. ʆʙʳʯʥʦ ʚ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʪʦʯʥʸʥʥʘʷ 3D ʤʦʜʝʣʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ. 

 
ʈʠʩ. 3. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʝ. ɺʘʨʠʘʥʪ 1. 

 

ʀʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʤʦʜʫʣʴ ʚ ʢʦʥʪʘʢʪʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʨʝʧʝʞʘ, ʟʘʪʝʤ ʧʘʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʝʨʝʤʳʯʢʠ. ʇʨʠ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ, ʫʩʣʦʚʠʷ ʥʘʩʪʨʦʡʢʠ ʤʦʜʫʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʳ ʢ ʨʝʘʣʴʥʳʤ. ʆʜʥʘʢʦ, 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʠʥʪʳ ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʚ ʨʘʙʦʪʫ ʤʦʜʫʣʷ ʠ ʟʘʪʨʫʜʥʷʶʪ 

ʥʘʩʪʨʦʡʢʫ (ʚʠʥʪ ʥʘʭʦʜʠʪʩʷ ʧʝʨʝʜ ʬʠʣʴʪʨʦʤ). ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʝʨʝʧʘʝʢ 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʠʟʥʦʩ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ ʧʣʘʪʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʧʦʨʪʠʪʩʷ 

çʪʦʚʘʨʥʳʡ ʚʠʜè.  
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ʈʠʩ. 4. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʝ. ɺʘʨʠʘʥʪ 2. 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ (ʈʠʩ. 4). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʜʫʣʴ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʞʠʤʥʦʡ ʨʘʤʢʠ ʠ ʚʠʥʪʦʚ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ. 

ʈʘʤʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʧʨʠʞʠʤ ʧʣʘʪʳ ʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʠʪʝʣʷ ʚʳʚʦʜʦʚ ʤʦʜʫʣʷ ʩ ʚʳʚʦʜʘʤʠ ʧʣʘʪʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʧʣʘʪ, ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʤʦʥʪʘʞʝ ʧʝʨʝʤʳʯʝʢ. ʆʜʥʘʢʦ, ʚ ʧʨʦʮʝʩʩʝ ʥʘʩʪʨʦʡʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʩʢʘʞʝʥʠʷ, 

ʚʥʦʩʠʤʳʝ ʧʨʠʞʠʤʥʦʡ ʨʘʤʢʦʡ (ʧʨʠ ʧʨʠʞʠʤʝ ʧʝʨʝʤʳʯʝʢ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘʟʠʪʥʘʷ ʸʤʢʦʩʪʴ);  

 
ʈʠʩ. 5. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʝ. ɺʘʨʠʘʥʪ 3. 
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ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ (ʈʠʩ. 5) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʣʘʪʳ ʤʦʜʫʣʷ. ʊ.ʝ. ʧʣʘʪʘ 

ʤʦʜʫʣʷ ʠʤʝʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ 

ʫʜʘʣʷʝʪʩʷ ʧʦʩʣʝ ʥʘʩʪʨʦʡʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʦʥʪʘʞʝ 

ʧʝʨʝʤʳʯʝʢ, ʫʧʨʦʱʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʜʫʣʷ. ʆʜʥʘʢʦ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ (ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʢʦʥʪʘʢʪ ʂʇʇ ʠ ʬʠʣʴʪʨʦʚ ʧʠʪʘʥʠʷ ʩ ʚʳʚʦʜʘʤʠ ʧʣʘʪʳ ʤʦʜʫʣʷ).  

ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʙʦʣʝʝ ʘʢʪʫʘʣʝʥ ʧʨʠ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʜʫʣʝʡ. 

ɺ ʩʣʫʯʘʝ ʦʪʨʘʙʦʪʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʥʘʩʪʨʦʡʢʠ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʙʦʨʢʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʫʣʝʡ ʥʘ ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʧʣʘʪʝ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʦʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʛʨʫʧʧʦʚʦʛʦ ʢʦʥʪʨʦʣʷ (ʈʠʩ. 6). ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦʪʨʝʙʫʝʪʩʷ ʦʩʦʙʦʝ ʢʦʥʪʘʢʪʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʚʦʜʦʚ, ʢʘʢ ʜʣʷ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʤʦʜʫʣʝʡ, ʪʘʢ ʠ ʮʝʧʝʡ ʉɺʏ ʩʠʛʥʘʣʘ. 

 
ʈʠʩ. 6. ʉʙʦʨʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʫʣʝʡ ʥʘ ʦʜʥʦʡ ʧʣʘʪʝ. 

 

ʄʦʜʫʣʴ, ʥʝ ʧʨʦʰʝʜʰʠʡ ʛʨʫʧʧʦʚʦʡ ʢʦʥʪʨʦʣʴ, ʚʳʨʝʟʘʝʪʩʷ ʚʤʝʩʪʝ ʩʦ ʩʚʦʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʦʡ ʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʂʦʤʤʫʪʘʮʠʷ ʧʨʠʙʦʨʘ ʠ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʩʢʘʞʝʥʠʷ, 

ʚʥʦʩʠʤʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʣʘʪʳ, ʂʇʇ ʠ ʪ.ʧ. ʨʘʩʯʸʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʆʜʥʘʢʦ, 

ʨʘʩʯʸʪʥʘʷ ʤʝʪʦʜʠʢʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʷʭ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʝʙʘʥʠʡ ʨʘʟʤʝʨʦʚ ʠʟʜʝʣʠʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʦʚ, 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʜʝʣʠʝ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʘʠʚʘʪʴ. ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʪʨʝʙʫʝʪʩʷ ʤʘʢʝʪ, ʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ.  

ʊʘʢ ʢʘʢ ʤʦʜʫʣʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʘʨʪʠʠ, ʪʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʦʞʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʫʤʘ ʚʥʦʩʠʤʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʫʣʷ, ʘ ʪʘʢʞʝ ʪʨʫʜʦʸʤʢʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸʅʊɽʅʅʆʁ ʉʀʉʊɽʄʓ, 

ʉʆʉʊʆʗʑɽʁ ʀɿ ʇʃʆʉʂʀʍ ʌɸʈ 

 
ʂʫʟʥʝʮʦʚ ʀʚʘʥ ɸʣʝʢʩʝʝʚʠʯ (E-mail: mr.lionheart7@yandex.ru) 

ɻʨʠʙʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ - ʢ.ʪ.ʥ. (E-mail: niki.nio11@niip.ru) 

ʄʦʩʝʡʯʫʢ ɻʝʦʨʛʠʡ ʌʝʦʜʦʩʴʝʚʠʯ (E-mail: niki.nio11@niip.ru) 

ʉʠʥʘʥʠ ɸʥʘʪʦʣʠʡ ʀʩʘʢʦʚʠʯ - ʢ.ʪ.ʥ. (E-mail: niki.nio11@niip.ru) 

 
ɸʆ çʅʀʀʇ ʠʤʝʥʠ ɺ.ɺ. ʊʠʭʦʤʠʨʦʚʘè, ʛ. ɾʫʢʦʚʩʢʠʡ 

 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʘʩʯʝʪʘ ʦʙʲʝʜʠʥʝʥʥʦʡ ʫʛʣʦʚʦʡ ʦʙʣʘʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ 

ʨʝʰʝʪʦʢ (ʌɸʈ) ʩ ʧʣʦʩʢʠʤʠ ʨʘʩʢʨʳʚʘʤʠ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʦʜʥʦʤ ʥʦʩʠʪʝʣʝ ʧʦʜ ʨʘʟʥʳʤʠ 

ʫʛʣʘʤʠ. ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ. ʇʨʝʜʩʪʘʚʣʝʥ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʝʨʝʩʯʝʪʘ ʦʙʣʘʩʪʝʡ ʚʠʜʠʤʦʩʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ ʠʟ 

ʘʥʪʝʥʥ ʠʟ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʦʩʠʪʝʣʷ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʌɸʈ, ʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʝʜʠʥʦʤ ʫʛʣʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, ʜʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ. 

 

ɸʥʪʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʣʫʯʦʤ (ɸʉ ʩ ʕʋʃ) ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ 

ʚ ʩʝʙʷ ʢʘʢ ʦʜʥʫ, ʪʘʢ ʠ ʥʝʩʢʦʣʴʢʦ ʌɸʈ. ʀʭ ʨʘʩʢʨʳʚʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ 

ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʩʠ ʥʦʩʠʪʝʣʷ (ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʪʨʝʭʘʧʝʨʪʫʨʥʦʡ ɸʉ ʩ ʕʋʃ 

 

ʂʘʞʜʘʷ ʌɸʈ ʩ ʧʣʦʩʢʠʤ ʨʘʩʢʨʳʚʦʤ ʠʤʝʝʪ ʜʚʫʤʝʨʥʫʶ ʫʛʣʦʚʫʶ ʦʙʣʘʩʪʴ, q ¢ 90̄, ʚ 

ʢʦʪʦʨʦʡ ʫʛʣʳ q ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠ ʢ ʨʘʩʢʨʳʚʫ. ʕʪʫ ʦʙʣʘʩʪʴ ʥʘʟʳʚʘʶʪ 
ʧʝʨʝʜʥʝʡ ʧʦʣʫʩʬʝʨʦʡ ʠʣʠ ʦʙʣʘʩʪʴʶ ʚʠʜʠʤʦʩʪʠ ʘʥʪʝʥʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʌɸʈ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʤʝʨʘʤʠ ʫʛʣʦʚʦʡ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ Ñ60.̄ ɺʘʞʥʦ ʪʘʢʞʝ ʟʥʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʦʜʥʦʣʫʯʝʚʳʭ ʟʦʥ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʠʪʴʩʷ ʚʥʝ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

mailto:niki.nio11@niip.ru
mailto:niki.nio11@niip.ru
mailto:niki.nio11@niip.ru
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ɹʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʌɸʈ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʂ) ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ (u,v) ʢ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʦʩʷʤ ʨʘʩʢʨʳʚʘ (u=sinɗĀcosj, v=sinɗĀsinj). ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ 
ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴʶ r=sqrt(u2+v2)=1. ʇʨʠʤʝʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʯʪʦ ʦʙʣʘʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ ʌɸʈ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴʶ ʩ ʨʘʜʠʫʩʦʤ r=sin(60̄ )º0.87 

(ʨʠʩʫʥʦʢ 2ʘ). ɻʨʘʥʠʮʳ ʦʜʥʦʣʫʯʝʚʳʭ ʟʦʥ ʷʚʣʷʶʪʩʷ ʯʘʩʪʷʤʠ ʦʢʨʫʞʥʦʩʪʝʡ ʝʜʠʥʠʯʥʦʛʦ 

ʨʘʜʠʫʩʘ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʝ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ. 

ɺ ʩʦʙʩʪʚʝʥʥʦʡ ʉʂ ɸʟʠʤʫʪ-ʋʛʦʣ ʄʝʩʪʘ (ɸʟ, ʋʤ), ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ ʢʘʞʜʦʡ ʌɸʈ 

ʠʤʝʝʪ ʬʦʨʤʫ ʢʚʘʜʨʘʪʘ, ʩʦ ʩʪʦʨʦʥʘʤʠ Ñ90 ̄ (ʨʠʩʫʥʦʢ 2ʙ). ʌʦʨʤʘ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʜʥʦʣʫʯʝʚʳʭ ʟʦʥ ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. 

 

  
ʘ) ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʉʂ (u, v) ʙ) ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʉʂ (ɸʟ, ʋʤ) 

ʈʠʩʫʥʦʢ 2 - ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʌɸʈ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʉʂ  

---, +++ ï ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ;  

---, +++ ï ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ (q=60 )̄; 

---, +++ ï ʛʨʘʥʠʮʳ ʦʜʥʦʣʫʯʝʚʳʭ ʟʦʥ. 

 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʫʛʣʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʦʩʠʪʝʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʩʝʡ ɸʉ ʩ ʕʋʃ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʌɸʈ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ Matlab. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʦʚʦʨʦʪʦʚ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʦʚ ʕʡʣʝʨʘ [1,2] (ʨʠʩʫʥʦʢ 3). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʦʚʦʨʦʪ ʉʂ 

ʩʚʦʜʠʪʩʷ ʢ ʪʨʝʤ ʯʘʩʪʥʳʤ ʧʦʚʦʨʦʪʘʤ ʚʦʢʨʫʛ ʦʩʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʉʂ XYZ. ʂʘʞʜʳʡ 

ʯʘʩʪʥʳʡ ʧʦʚʦʨʦʪ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʘʪʨʠʮ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ {x2,y2,z2} ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʞʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ {x1,y1,z1} ʫʤʥʦʞʠʪʴ ʥʘ ʤʘʪʨʠʮʫ ʧʝʨʝʩʯʝʪʘ. ʇʝʨʝʤʥʦʞʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʧʨʠ ʧʦʚʦʨʦʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʠʪʦʛʦʚʫʶ ʤʘʪʨʠʮʫ ʧʝʨʝʩʯʝʪʘ ʠʣʠ ʥʘ ʢʘʞʜʫʶ ʠʟ 3-ʭ ʤʘʪʨʠʮ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʩʚʦʠʭ ʦʩʝʡ.  

{x2,y2,z2} = { x1,y1,z1}*[ P]*[ R]*[ Y]     (1) 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, 

ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʦʚʦʨʦʪʦʚ.  
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ʘ) ʙ) ʚ) 
ʈʠʩʫʥʦʢ 3 ï ʏʘʩʪʥʳʝ ʧʦʚʦʨʦʪʳ ʘʥʪʝʥʥʳ ʥʘ ʫʛʣʳ ʕʡʣʝʨʘ. 

 

ʊʘʙʣʠʮʘ 1. ʄʘʪʨʠʮʳ ʧʝʨʝʩʯʝʪʘ ʥʘʧʨʘʚʣʝʥʠʡ  

ʧʨʠ ʧʦʚʦʨʦʪʘʭ ʥʘ ʫʛʣʳ ʕʡʣʝʨʘ. 

ὖὭὸὧὬ ὖ

ρ π π
π ÃÏÓ — ÓÉÎ —
π ÓÉÎ — ÃÏÓ —

 
ʧʦʚʦʨʦʪ ʘʥʪʝʥʥʳ 

ʚʚʝʨʭ-ʚʥʠʟ (ʨʠʩʫʥʦʢ 3ʘ) 

ὙέὰὰὙ
ÃÏÓ — ÓÉÎ — π
ÓÉÎ — ÃÏÓ — π
π π ρ

 
ʧʦʚʦʨʦʪ ʘʥʪʝʥʥʳ  

ʚʦʢʨʫʛ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʩʠ (ʨʠʩʫʥʦʢ 3ʙ) 

ὣὥύ ὣ
ÃÏÓ — π ÓÉÎ —
π ρ π

ÓÉÎ ὣ π ÃÏÓ —
 

ʧʦʚʦʨʦʪ ʘʥʪʝʥʥʳ 

ʚʣʝʚʦ-ʚʧʨʘʚʦ (ʨʠʩʫʥʦʢ 3ʚ) 

 

ɼʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ ʧʦʚʦʨʦʪʦʚ ʘʥʪʝʥʥ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʯʠʪʘʪʴ ʜʘʥʥʳʝ ʠʟ 

ʩʦʙʩʪʚʝʥʥʦʡ ʉʂ (u,v,p) ʚ ʉʂ (ɸʟ, ʋʤ) ʦʙʲʝʢʪʘ. ʉʂ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ (u,v,p) ʢ ʦʩʷʤ 

XYZ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʦʯʝʢ ʥʘ ʩʬʝʨʝ ʝʜʠʥʠʯʥʦʛʦ 

ʨʘʜʠʫʩʘ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ (u,v,p) ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ r2=(u2+v2+p2)=1. 

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ {u1,v1,p1} ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʢʫ 

{x1,y1,z1}, ʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʠ ʧʦʚʦʨʦʪʦʚ ʨʘʩʩʯʠʪʳʚʘʝʤ ʝʝ ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ 

{x2,y2,z2}. ɿʘʪʝʤ, ʦʧʨʝʜʝʣʷʝʤ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʉʂ (u,v,p), ʩʚʷʟʘʥʥʦʡ ʩ ʉʂ 

ʦʙʲʝʢʪʘ. ʅʘʢʦʥʝʮ, ʧʝʨʝʩʯʠʪʳʚʘʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟ ʉʂ (u,v,p) ʚ ʉʂ (ɸʟ, ʋʤ), ʠʩʧʦʣʴʟʫʷ 

ʬʦʨʤʫʣʳ ʧʝʨʝʩʯʝʪʘ  
ˠ̄̏ ̌̇̆̒̓ὥ́ὶὧίὭὲ ὺ

ˍ̈̉̍̔ὥ̓ὶὧὸὥὲ ό ρ ό ὺϳ
     (2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʨʘʩʢʨʳʚ ʌɸʈ ʙʫʜʝʪ ʧʦʚʝʨʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʦʙʲʝʢʪʘ, 

ʥʘʧʨʠʤʝʨ, ʚʚʝʨʭ ʥʘ 15 ̄ ʠ ʚʧʨʘʚʦ ʥʘ 30,̄ ʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʌɸʈ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 2, ʚ ʉʂ ʦʙʲʝʢʪʘ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4ʘ. ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʳʰʝ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ ʠ ʜʠʘʛʨʘʤʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ (ɼʅ 

ʦʜʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʚ ʩʦʩʪʘʚʝ ʨʝʰʝʪʢʠ) ʌɸʈ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4ʙ. 
 



XVI ʕ ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͔ͣͦͦ͒͗ͤ͊͡Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  

ζ˾͙͊͒ͦͦ͊͟͡ͼ͙Ύ ͙ ͍ͫΎ͘Έ ς ͨ ͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡η ό˸͍ͦͫ͊͟Σ с ͔͒͊͋ͪ͟Ύ нлму ͎Φύ 
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ʘ) ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʜʥʦʣʫʯʝʚʳʭ ʟʦʥ.  

ʙ) ɼʅ ʩʢʘʥʠʨʦʚʘʥʠʷ ʌɸʈ ʠ ʛʨʘʥʠʮʘ 

ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ.  
ʈʠʩʫʥʦʢ 4 - ʇʨʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʌɸʈ ʩ ʧʦʚʝʨʥʫʪʳʤʠ ʨʘʩʢʨʳʚʘʤʠ ʚ ʉʂ 

ʦʙʲʝʢʪʘ. ʈʘʩʢʨʳʚ ʌɸʈ ʧʦʚʝʨʥʫʪ ʚʚʝʨʭ ʥʘ 15 ̄ʠ ʚʧʨʘʚʦ ʥʘ 30.̄ 

+++ ï ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ;  

+++ ï ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ (q=60 )̄; 

+++ ï ʛʨʘʥʠʮʳ ʦʜʥʦʣʫʯʝʚʳʭ ʟʦʥ. 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʩʦʩʪʘʚ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʌɸʈ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʦʩʠ ʦʙʲʝʢʪʘ.  

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʨʝʙʦʚʘʥʠʝ, ʯʪʦʙʳ 

ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʣʠ ʨʘʙʦʪʫ ʚʳʰʝ ʛʦʨʠʟʦʥʪʘ ʠ ʥʝ ʠʤʝʣʠ ʨʘʟʨʳʚʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5, ʥʘ 

ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ 

ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 4-ʭ ʌɸʈ (ʩ ʦʙʣʘʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ Ñ60 ̄ʧʦ ʘʟʠʤʫʪʫ ʠ 

ʫʛʣʫ ʤʝʩʪʘ), ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʛʨʘʥʷʭ 4-ʛʨʘʥʥʦʡ ʧʠʨʘʤʠʜʳ. ʈʘʩʢʨʳʚʳ ʘʥʪʝʥʥ ʧʦʚʝʨʥʫʪʳ 

ʚʚʝʨʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘ ʥʘ 10.̄ ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ, ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʦʩʝʜʥʠʭ ʌɸʈ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʥʘ ʫʛʣʳ ʜʦ º60̄  ʧʦ ʫʛʣʫ ʤʝʩʪʘ. ʇʨʠ ʫʛʣʘʭ ʤʝʩʪʘ 600 ʠ ʚʳʰʝ 

ʢʨʫʛʦʚʦʡ ʦʙʟʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʚʠʜʠʤʦʩʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ɸʉ, ʩʦʩʪʦʷʱʝʡ ʠʟ 4-ʭ ʌɸʈ, 

ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʛʨʘʥʷʭ 4-ʛʨʘʥʥʦʡ ʧʠʨʘʤʠʜʳ. 

é. ï ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʚʠʜʠʤʦʩʪʠ;  

ooo ï ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʩʢʘʥʠʨʦʚʘʥʠʷ (q=60 )̄; 

 


