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Abstract. The article is devoted to the description of problematic issues related to the 

procedure for training radiation, chemical and biological protection specialists in rescue military 
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creating a promising image of radiation, chemical and biological protection units of rescue military 
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ʉʧʘʩʘʪʝʣʴʥʳʝ ʚʦʠʥʩʢʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʏʉ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʥʳ 

ʨʝʰʘʪʴ ʰʠʨʦʯʘʡʰʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʦʧʨʝʜʝʣʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʭ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ [1]. 
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ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʩʧʘʩʘʪʝʣʴʥʳʝ ʚʦʠʥʩʢʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʏʉ 

ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʘʪʝʣʷʤʠ ʪʨʘʜʠʮʠʡ ʚʦʡʩʢ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ. ʉʦʟʜʘʥʠʝ 

ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ ʚ 60-ʭ ʛʦʜʘʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʴʶ 

ʦʨʫʞʠʷ ʤʘʩʩʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ ʥʘ ʧʦʣʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʦʷ ʠ ʫʪʚʝʨʞʜʝʥʠʝʤ ʜʦʢʪʨʠʥ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʦʙʲʝʢʪʘʤ ʦʙʦʨʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɼʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʢʘʢ ʧʝʨʝʯʝʥʴ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʪʘʢ ʠ ʪʘʢʪʠʢʫ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʣʝʜʫʝʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʘʢʪ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ 

ʪʘʢʪʠʢʫ ʧʨʠʤʝʥʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ (ʅʘʩʪʘʚʣʝʥʠʝ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʝʡʩʪʚʠʡ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ [2]) ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʠʭ ʧʦʣʦʞʝʥʠʡ (ʩʪʘʪʝʡ) ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʝʡʩʪʚʠʷʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ 

ʦʯʘʛʘʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ (ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ) ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʯʘʩʪʠ ʢʘʩʘʶʱʝʡʩʷ ʤʝʨʦʧʨʠʷʪʠʡ ʨʘʜʠʘʮʠʦʥʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʜʘʣʝʝ ï ʈʍɹ ʟʘʱʠʪʘ) ʰʪʘʪʦʤ ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ (ʯʘʱʝ ʚʩʝʛʦ ʩʧʘʩʘʪʝʣʴʥʘʷ ʨʦʪʘ ʈʍɹ ʟʘʱʠʪʳ), 

ʘ ʧʨʠʣʦʞʝʥʠʝʤ ʢ ʰʪʘʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʭʥʠʢʘ. 

ʉʧʘʩʘʪʝʣʴʥʘʷ ʨʦʪʘ ʈʍɹ ʟʘʱʠʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ 

ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʡ (ʙʠʦʣʦʛʠʯʝʩʢʦʡ) ʨʘʟʚʝʜʢʠ ʚ ʤʝʩʪʘʭ ʧʨʦʚʝʜʝʥʠʷ 

ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʥʝʦʪʣʦʞʥʳʭ ʨʘʙʦʪ (ʜʘʣʝʝ ï ɸʉɼʅʈ), ʘ ʪʘʢʞʝ ʥʘ ʤʘʨʰʨʫʪʘʭ 

ʚʳʜʚʠʞʝʥʠʷ ʢ ʥʠʤ, ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʭʥʠʢʠ, ʩʦʦʨʫʞʝʥʠʡ, ʜʝʛʘʟʘʮʠʠ ʠ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʤʝʩʪʥʦʩʪʠ, ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʩʝʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʨʝʤʦʥʪʘ ʩʨʝʜʩʪʚ ʨʘʜʠʘʮʠʦʥʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. ʈʦʪʫ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʘʩʘʪʝʣʴʥʳʤ ʮʝʥʪʨʦʤ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʥʘ 

ʨʘʜʠʘʮʠʦʥʥʦ ʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʊʘʢ ʢʘʢ ʩʧʘʩʘʪʝʣʴʥʘʷ ʨʦʪʘ ʈʍɹ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʩʦ ʩʤʝʰʘʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʰʪʘʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʫ ʢʘʞʜʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʩʚʦʠ ʟʘʜʘʯʠ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʚʦʠ ʩʧʦʩʦʙʳ ʜʝʡʩʪʚʠʡ, ʪʦ ʧʦʪʨʝʙʫʝʪ ʦʪ ʢʦʤʘʥʜʠʨʦʚ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʈʍɹ 

ʟʘʱʠʪʳ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʧʘʩʘʪʝʣʴʥʦʡ ʨʦʪʳ ʈʍɹ ʟʘʱʠʪʳ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚ ʮʝʣʦʤ, ʫʢʘʟʘʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʳ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʚʦʟʣʦʞʝʥʥʳʤʠ ʥʘ ʥʠʭ ʟʘʜʘʯʘʤʠ, ʯʝʤʫ ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ 

ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʙʦʨʦʚ ʈʍɹ ʟʘʱʠʪʳ, ʦʜʥʘʢʦ ʠʭ 

ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʙʦʪʘ ʩ ʦʙʨʘʟʮʘʤʠ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʢʣʶʯʝʚʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

ʦʪʩʫʪʩʪʚʠʝ ʚ ʄʏʉ ʈʦʩʩʠʠ ʜʦʢʫʤʝʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʝʨʝʯʝʥʴ ʦʙʨʘʟʮʦʚ ʚʦʦʨʫʞʝʥʠʡ 

ʠ ʩʨʝʜʩʪʚ ʈʍɹ ʟʘʱʠʪʳ ʧʨʠʥʷʪʳʭ ʥʘ ʩʥʘʙʞʝʥʠʝ ʚ ʄʏʉ ʈʦʩʩʠʠ, ʯʪʦ ʩʪʘʚʠʪ ʬʘʢʪʠʯʝʩʢʠ çʚʥʝ 

ʟʘʢʦʥʘè ʪʘʢʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʢʘʢ ʤʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʜʘʣʝʝ ï ʄʂʉʆ), ʚr ʩʦʢʦʤʦʙʠʣʴʥʳʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʦʜʫʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʜʘʣʝʝ ï ɺʄʄʂ-ʉʉʆ), ʘʚʪʦʤʦʙʠʣʴ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ (ʜʘʣʝʝ ï ɸʈʍʈ) ʠ ʪ.ʧ.; 
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ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʧʦʜʛʦʪʦʚʢʠ (ʇʨʦʛʨʘʤʤʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ. ʂʥʠʛʘ 2 [3]), ʢʦʪʦʨʘʷ ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʟʘʥʷʪʠʷ ʩ ʫʩʪʘʨʝʚʰʠʤʠ ʦʙʨʘʟʮʘʤʠ ʚʦʦʨʫʞʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʈʍɹ ʟʘʱʠʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʣʝʜʫʝʪ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ (ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ), 

ʢʘʩʘʶʱʠʝʩʷ ʧʨʦʛʨʘʤʤ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ: 

ʜʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʠ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʠʤʝʶʱʠʭ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʈʍʄ-4-01, ɹʊʈ-80. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʝʣʷʤʠ ʢ ʰʪʘʪʫ ʪʘʢʦʡ ʦʙʨʘʟʝʮ ʢʘʢ ʈʍʄ-4-01 ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʤʘʰʠʥʘ ʨʘʟʚʝʜʢʠ ʈʍʄ-6, ʧʨʠʙʦʨʥʘʷ ʙʘʟʘ ʢʦʪʦʨʦʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʈʍʄ-4-01, ʯʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʩʤʦʪʨʘ ʧʨʦʛʨʘʤʤ ʧʦʜʛʦʪʦʚʢʠ; 

ʜʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʠ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʠʤʝʶʱʠʭ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʈʉʄ-41-02. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʈʍɹ ʟʘʱʠʪʳ ʥʝ ʫʢʦʤʧʣʝʢʪʦʚʘʥʦ ʜʘʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʪʝʭʥʠʢʠ, 

ʦʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʚ ʩʧʘʩʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ ʧʦʩʪʫʧʘʶʪ ʪʘʢʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʨʘʟʮʳ 

ʢʘʢ ʄʂ-ʈʍʈ, ɸʈʍʈ, ʂɸʄ-ʈʈ, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʚ ʮʝʣʦʤ, ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʨʠʙʦʨʥʦʡ ʙʘʟʳ, ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʨʘʟʚʝʜʢʠ ʠ 

ʢʦʥʪʨʦʣʷ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʝʨʝʨʘʙʦʪʢʘ 

ʧʨʦʛʨʘʤʤ ʧʦʜʛʦʪʦʚʢʠ ʧʦʜ ʵʪʠ ʦʙʨʘʟʮʳ; 

ʜʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚʦʟʤʦʞʥʦ ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʚʚʠʜʫ ʪʦʛʦ ʯʪʦ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʪʠʧʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ 

ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʡ ʧʫʥʢʪ ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ                               

(ʜʘʣʝʝ ï ʂʇʉʉʆ) (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʢʘʟʦʤ ʄʏʉ ʧʦʩʪʘʚʣʝʥ ʥʘ ʩʥʘʙʞʝʥʠʝ) ʠ ʄʂʉʆ 

(ʧʦʩʪʘʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʚʚʦʜʷʪʩʷ ʧʦ ʟʘʤʝʥʝ ɸʈʉ-14) ʯʘʩʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ; 

ʧʦʜʚʠʞʥʳʝ ʨʝʤʦʥʪʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʘʩʪʝʨʩʢʠʝ (ʜʘʣʝʝ ï ʇʈʍʄ-1) ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ 

ʣʘʙʦʨʘʪʦʨʠʠ (ʜʘʣʝʝ ï ɸʃ-4ʤ) ʥʫʞʜʘʶʪʩʷ ʚ ʟʘʤʝʥʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʨʝʰʘʝʤʳʤʠ ʄʏʉ ʈʦʩʩʠʠ ʟʘʜʘʯʘʤʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʠʭ ʩʦʟʜʘʥʠʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʂʨʦʤʝʪʦʛʦ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: 

ʧʨʦʛʨʘʤʤʘ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʯ ʧʦʣʠʛʦʥʥʦʡ ʧʨʘʢʪʠʢʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʈʍɹ ʟʘʱʠʪʳ 

ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ ʥʫʞʜʘʝʪʩʷ ʚ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʝ (ʘ ʚʦ 

ʤʥʦʛʠʭ ʤʦʤʝʥʪʘʭ ʠ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ), ʯʪʦ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ; 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʦʩʥʘʱʝʥʠʷ ʫʯʝʙʥʦ-ʤʘʪʝʨʠʘʣʴʥʦʡ ʙʘʟʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ (ʨʘʟʨʘʙʦʪʢʘ ʪʨʝʥʘʞʝʨʦʚ, ʤʘʢʝʪʦʚ, ʩʭʝʤ ʠ ʪ.ʧ.); 

ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʩʙʦʨʥʠʢʘ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʩʧʘʩʘʪʝʣʴʥʳʭ 

ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ ʚ ʯʘʩʪʠ ʢʘʩʘʶʱʝʡʩʷ ʠʩʢʣʶʯʝʥʠʷ ʥʦʨʤʘʪʠʚʦʚ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʨʘʙʦʪʫ ʩ ʤʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʚʰʠʤʠ ʦʙʨʘʟʮʘʤʠ ʚʦʦʨʫʞʝʥʠʡ ʠ 

ʩʨʝʜʩʪʚ ʈʍɹ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʠʷ ʚ ʩʙʦʨʥʠʢ ʥʦʨʤʘʪʠʚʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʧʦʨʷʜʢʘ ʨʘʙʦʪʳ 

ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ (ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ) ʪʝʭʥʠʢʦʡ ʠ ʧʨʠʙʦʨʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʥʘ ʩʥʘʙʞʝʥʠʝ 

ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ; 
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ʨʘʟʨʘʙʦʪʢʘ ʥʘʩʪʘʚʣʝʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʈʍɹ ʟʘʱʠʪʳ ʩʧʘʩʘʪʝʣʴʥʳʭ 

ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʪʘʢʪʠʢʫ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ 

ʦʙʨʘʟʮʦʚ ʚʦʦʨʫʞʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʈʍɹ ʟʘʱʠʪʳ. 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʦʜʥʠʤʘʝʤʳʝ ʧʨʦʙʣʝʤʳ ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʥʝ 

ʨʘʟʨʦʟʥʝʥʥʦ, ʘ ʚ ʢʦʤʧʣʝʢʩʝ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʫʪʦʯʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚʝʜʝʪ ʢ ʧʝʨʝʩʤʦʪʨʫ ʧʦʣʦʞʝʥʠʡ ʧʦ ʦʩʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʦʜʥʠʤʘʝʤʳʭ ʚʦʧʨʦʩʦʚ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʩʦʚʤʝʩʪʥʘʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ çʇʝʨʩʧʝʢʪʠʚʥʳʡ ʦʙʣʠʢ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʈʍɹ ʟʘʱʠʪʳ ʩʧʘʩʘʪʝʣʴʥʳʭ 

ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠè ʦʙʲʝʜʠʥʷʶʱʘʷ ʚ ʩʝʙʝ: 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʜʘʯ, ʚ ʯʘʩʪʠ ʢʘʩʘʶʱʝʡʩʷ ʚʳʧʦʣʥʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ 

ʈʍɹ ʟʘʱʠʪʳ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʪʘʪʘ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʈʍɹ ʟʘʱʠʪʳ (ʠʩʭʦʜʷ ʠʟ ʦʙʲʝʤʦʚ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ); 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʙʝʣʷ ʢ ʰʪʘʪʘʤ (ʩ ʫʯʝʪʦʤ ʚʚʦʜʘ ʚ ʩʪʨʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ 

ʚʦʦʨʫʞʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʈʍɹ ʟʘʱʠʪʳ); 

ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫʶ ʙʘʟʫ (ʨʘʟʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʦʚ, 

ʥʘʩʪʘʚʣʝʥʠʡ, ʧʨʠʢʘʟʦʚ) 

ɼʣʷ ʨʝʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ ʫʩʠʣʠʡ: 

ʧʨʦʬʠʣʴʥʳʭ ʜʝʧʘʨʪʘʤʝʥʪʦʚ ʄʏʉ ʈʦʩʩʠʠ (ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʙʱʠʭ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʨʘʟʮʘʤ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʈʍɹ ʟʘʱʠʪʳ, 

ʢʫʨʠʨʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʜʝʡʩʪʚʠʡ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ), 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʙʨʘʟʮʦʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʜʦʨʘʙʦʪʢʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʢʣʘʤʘʮʠʡ), ʦʩʥʦʚʥʳʭ ʵʢʩʧʣʫʘʪʘʥʪʦʚ 

(ʦʨʛʘʥʠʟʘʮʠʷ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ, 

ʩʙʦʨʥʠʢʠ ʥʦʨʤʘʪʠʚʦʚ, ʜʦʨʘʙʦʪʢʫ ʦʙʨʘʟʮʦʚ), ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʚ ʯʘʩʪʠ 

ʢʘʩʘʶʱʝʡʩʷ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪ) ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʧʦʜʛʦʪʦʚʢʘ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʙʣʠʢʦʤ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʟʘʱʠʪʳ ʄʏʉ ʈʦʩʩʠʠ ʤʦʞʝʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʷʜ ʨʘʙʦʪ ʠ ʚʦʟʛʣʘʚʠʪʴ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʢ ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʝʝ ʚʳʧʫʩʢʥʠʢʘʤ ʧʨʝʜʩʪʦʠʪ ʧʨʦʭʦʜʠʪʴ ʩʣʫʞʙʫ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ 

ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ. 

  

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 30 ʩʝʥʪʷʙʨʷ 2011 ʛ. ˉ 1265 çʆ 
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determining the size of the circulation zones of air masses entering the ventilation system of this kind 

of objects. 
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ʉʦʚʨʝʤʝʥʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʧʦʣʠʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʡ 

ʠ ʥʝʫʩʪʦʡʯʠʚʳʡ ʭʘʨʘʢʪʝʨ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʝ ʦʢʘʟʳʚʘʶʪ ʩʠʩʪʝʤʥʳʝ ʢʨʠʟʠʩʳ 

ʛʣʦʙʘʣʴʥʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʦʚ. ʆʪʤʝʯʘʝʪʩʷ ʥʘʨʘʩʪʘʥʠʝ ʢʦʥʬʣʠʢʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʟʦʥʘʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠʥʪʝʨʝʩʦʚ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʚʳʟʦʚʳ ʠ ʨʠʩʢʠ, 

ʢʦʪʦʨʳʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʦʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʈʦʩʩʠʠ, ʩʚʷʟʘʥʳ ʩ 

ʚʦʦʨʫʞʝʥʥʳʤ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝʤ ʥʘ ʋʢʨʘʠʥʝ, ʩʦʭʨʘʥʝʥʠʝʤ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʫʛʨʦʟ ʚ ʉʠʨʠʠ, 

ʜʘʣʴʥʝʡʰʠʤ ʦʙʦʩʪʨʝʥʠʝʤ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʠ ʶʞʥʦʤ ʨʫʙʝʞʘʭ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ 

ʨʝʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʵʩʢʘʣʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʨʠʟʠʩʦʚ, ʚ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʙʳʪʴ ʚʪʷʥʫʪʘ 

ʥʘʰʘ ʩʪʨʘʥʘ [1]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʦʣʴ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ (ʜʘʣʝʝ ï ɻʆ), ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ ʩʨʝʜʠ ʤʠʨʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʫʨʦʚʥʷ ʧʨʠʯʠʥʷʝʤʦʛʦ ʫʱʝʨʙʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʚʘʨʠʡʥʦ-

ʩʧʘʩʘʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʥʝʦʪʣʦʞʥʳʭ ʨʘʙʦʪ ʥʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʘʭ, ʜʦʣʞʥʘ 

ʚʦʟʨʘʩʪʘʪʴ. ʅʘʧʨʠʤʝʨ, ʄʦʩʢʚʘ ï ʢʨʫʧʥʝʡʰʠʡ ʚ ʩʪʨʘʥʝ ʧʨʦʤʳʰʣʝʥʥʳʡ ʛʦʨʦʜ. ɺ ʛʦʨʦʜʝ 

ʨʘʟʤʝʱʝʥʦ ʙʦʣʝʝ 280 ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʟʦʥ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ (ʜʘʣʝʝ ï ʏʉ) ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʠ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 460 ʢʤ2 ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 2 ʤʣʥ ʯʝʣ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ʛʦʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʦ 19 ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʣʦʱʘʜʴ ʟʦʥ ʚʦʟʤʦʞʥʦʡ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ï ʙʦʣʝʝ 47 ʢʤ2 ʩ ʥʘʩʝʣʝʥʠʝʤ ʜʦ 60 ʪʳʩ. ʯʝʣ. ɺ ʛʦʨʦʜʝ ʠʤʝʝʪʩʷ 50 

ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ (ʜʘʣʝʝ ï ʍʆʆ). ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʟʦʥ ʚʦʟʤʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʟʘʨʘʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 250 ʢʤ2 ʩ ʥʘʩʝʣʝʥʠʝʤ ʦʢʦʣʦ 2 ʤʣʥ ʯʝʣ [2]. 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 12.02. 1998 ˉ 28-ʌɿ çʆ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʝè ʦʧʨʝʜʝʣʝʥʦ 

ʚʳʧʦʣʥʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʧʦʣʥʦʤʦʯʠʷ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʧʦ ɻʆ 

ʠ ʟʘʱʠʪʝ ʥʘʩʝʣʝʥʠʷ ʦʪ ʏʉ [3]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚʨʝʤʝʥʠ ʢʨʫʛ ʨʝʰʘʝʤʳʭ ɻʆ ʚʦʧʨʦʩʦʚ ʨʘʩʰʠʨʠʣʩʷ: ʚ 

ʥʝʛʦ ʚʭʦʜʠʪ ʠ ʟʘʱʠʪʘ ʥʘʩʝʣʝʥʠʷ ʦʪ ʫʛʨʦʟ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ï 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʘʚʦʜʥʝʥʠʡ, ʘʚʘʨʠʡ ʠ ʢʘʪʘʩʪʨʦʬ. ʆʛʨʦʤʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ, ʪʝʭʥʠʯʝʩʢʠʡ ʠ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʝʩʫʨʩ ɻʆ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʥʠʤʘʝʪ ʩʦ ʩʚʦʠʭ ʧʣʝʯ ʠ ʛʨʫʟ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘ ʧʝʨʠʦʜ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʠ ʚʦʝʥʥʳʭ ʫʛʨʦʟ, ʦʢʘʟʳʚʘʷ ʧʦʩʠʣʴʥʫʶ 

ʧʦʤʦʱʴ ɽʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʏʉ ʤʠʨʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ɻʆ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʦʮʠʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʦʙʱʝʩʪʚʘ, ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʙʳʪʴ ʛʦʪʦʚʦʡ ʜʣʷ ʦʪʚʝʪʘ ʚʳʟʦʚʘʤ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʝ ʘʢʪʳ [4]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ɻʆ ʚ ʩʠʩʪʝʤʝ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʘ ʦʩʦʙʝʥʥʦ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ, ʜʦʣʞʥʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦ, ʯʪʦ ʚ ʤʠʨʥʦʝ ʚʨʝʤʷ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʫʞʜ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʚʢʣʶʯʘʶʪ: 

ʞʠʣʳʝ ʜʦʤʘ, ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʥʠʭ ʧʦʤʝʱʝʥʠʷʤʠ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ, ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʥʠʭ ʧʦʤʝʱʝʥʠʷʤʠ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 
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ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ, ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʧʦʜʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʮʝʣʠʢʦʤ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

ʧʦʜʟʝʤʥʳʝ ʛʘʨʘʞʠ. 

ɺʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʜʘʣʝʝ ï ɺʉ) ʚ ʪʘʢʠʭ ʧʦʤʝʱʝʥʠʷʭ ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʥʦ ʠ ʙʳʪʴ ʦʩʥʘʱʝʥʘ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʚʦʟʜʫʭʦʚʦʜʘʤ ʧʝʨʝʤʝʱʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ 

ʚʦʟʜʫʭʘ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʚʝʜʝʥʠʝ 

ʚʨʝʜʥʳʭ ʚʳʜʝʣʝʥʠʡ: ʫʛʣʝʢʠʩʣʦʪʳ, ʠʟʙʳʪʢʘ ʪʝʧʣʘ, ʚʣʘʛʠ, ʧʳʣʠ ʠ ʜʨʫʛʠʭ ʪʦʢʩʠʯʥʳʭ ʧʨʠʤʝʩʝʡ.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʞʠʣʳʭ ʟʜʘʥʠʷʭ ʚ ʈʦʩʩʠʠ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʩʘʥʠʪʘʨʥʳʤʠ ʥʦʨʤʘʤʠ ʉʅʠʇ 41-01-2003 çʆʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝè [5], ʘ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ 

ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʇʨʠʢʘʟʦʤ ʄʏʉ ʈʦʩʩʠʠ ʦʪ 

15.12.2002 ˉ 583 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʦʙʦʨʦʥʳè (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ ʥʘ 26 ʠʶʥʷ 2018 ʛ.) [6]. 

ɺʝʥʪʠʣʷʮʠʷ ï ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʨʝʛʫʣʠʨʫʝʤʳʡ ʚʦʟʜʫʭʦʦʙʤʝʥ ʚ 

ʧʦʤʝʱʝʥʠʷʭ (ʟʘʤʢʥʫʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʦʟʜʘʥʠʝ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ɺ ʦʙʱʝʩʪʚʝʥʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʟʜʘʥʠʷʭ, ʛʜʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʤʝʱʝʥʠʡ 

ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʫʱʝʩʪʚʫʶʪ ɺʉ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʙʫʞʜʝʥʠʝʤ ʫʜʘʣʝʥʠʷ ʠʣʠ ʧʦʜʘʯʠ 

ʚʦʟʜʫʭʘ. ʇʨʠʪʦʯʥʳʝ ʢʘʤʝʨʳ ʚ ʪʘʢʠʭ ʧʦʤʝʱʝʥʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʧʦʜʚʘʣʴʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʘʷ ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʱʝʩʪʚʝʥʥʦ-

ʢʦʤʤʫʥʘʣʴʥʳʭ ʟʜʘʥʠʡ [7] 

1 ï ʚʦʟʜʫʭʦʟʘʙʦʨʥʘʷ ʨʝʰʝʪʢʘ; 2 ï ʚʦʟʜʫʭʦʟʘʙʦʨʥʘʷ ʰʘʭʪʘ; 3 ï ʫʪʝʧʣʝʥʥʳʡ ʢʣʘʧʘʥ;                        4 

ï ʬʠʣʴʪʨ; 5 ï ʢʘʣʦʨʠʬʝʨʳ; 6 ï ʚʝʥʪʠʣʷʪʦʨ; 7 ï ʚʦʟʜʫʭʦʚʦʜʳ; 8 ï ʚʦʟʜʫʭʦʚʳʧʫʩʢʥʳʝ ʠ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʳʝ ʨʝʰʝʪʢʠ; 9 ʚʳʪʷʞʥʘʷ ʰʘʭʪʘ ʩ ʟʦʥʪʦʤ 

 

ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʤʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ɺʉ 

ʦʙʱʝʩʪʚʝʥʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʟʜʘʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, 
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ʠʤʝʶʱʠʭ ʪʝʥʜʝʥʮʠʶ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʦ ʚʩʝʤʫ ʧʦʤʝʱʝʥʠʶ. ɺʉ ʪʘʢʦʛʦ ʨʦʜʘ ʩʦʩʪʦʷʪ ʠʟ 

ʩʝʪʠ ʚʳʪʷʞʥʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ, ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʟʘʙʦʨʘ ʚʦʟʜʫʭʘ ʠ ʚʳʪʷʞʥʳʭ ʢʘʤʝʨ, ʚ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʳ ʩ ʵʣʝʢʪʨʦʤʦʪʦʨʘʤʠ, ʠ ʰʘʭʪʳ ʜʣʷ ʚʳʙʨʦʩʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʤʝʱʝʥʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʜʘʣʝʝ ï ɺʋ) ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʙʦʨʦʤ ʠ ʚʳʚʝʜʝʥʠʝʤ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʪʝʧʣʘ ʠ ʠʟʙʳʪʦʯʥʦʡ ʚʣʘʛʠ ʠʣʠ ʩʥʠʞʘʶʱʠʭ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʦ ʜʦʧʫʩʪʠʤʳʭ 

ʥʦʨʤ. ʅʝʵʬʬʝʢʪʠʚʥʘʷ ʠ ʥʝ ʨʘʮʠʦʥʘʣʴʥʘʷ ʨʘʙʦʪʘ ɺʋ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʦʰʠʙʢʘʤʠ ʫʞʝ ʥʘ 

ʩʪʘʜʠʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢʦʛʦ ʨʦʜʘ ʦʰʠʙʢʠ ʦʪʥʦʩʷʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢ ʨʘʩʯʝʪʘʤ ɺʉ 

ʜʣʷ ʦʙʱʝʦʙʤʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʢʦʛʜʘ ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʙʝʟ ʫʯʝʪʘ ʦʙʱʠʭ 

ʦʙʲʝʤʦʚ ʚʳʜʝʣʝʥʠʡ ʚʨʝʜʥʳʭ ʛʘʟʦʚ, ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʘʨʦʚ ʚʦʟʜʫʭʘ, ʩʪʝʧʝʥʠ 

ʫʧʨʫʛʦʩʪʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʤʝʱʝʥʠʠ ʛʘʟʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʩʘʤʦʛʦ ʧʦʤʝʱʝʥʠʷ. 

ʆʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʳʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɺʋ ʧʦʤʝʱʝʥʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʦ ʪʘʢʠʤ ʧʨʦʝʢʪʘʤ, ʘ ʟʘʪʝʤ ʧʦʩʣʝʜʫʶʱʠʡ ʤʦʥʪʘʞ ʪʘʢʦʛʦ ʨʦʜʘ ɺʋ ʚʣʝʢʫʪ ʟʘ 

ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, ʢʦʤʧʣʝʢʪʦʚʘʥʠʝ 

ʪʘʢʠʤʠ ɺʋ ʧʦʤʝʱʝʥʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʘʣʦʛʦ ʠʣʠ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʣʝʢʦ ʦʪ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɺʉ, ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʢʣʘʜʢʠ ʚʦʟʜʫʭʦʚʦʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʠ ʩʥʠʞʝʥʠʶ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ɺʋ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʘʤ ʪʨʫʜʥʦ ʧʨʝʜʫʛʘʜʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʜʝʣʷʪʴʩʷ ʚ 

ʚʦʟʜʫʭ ʧʦʤʝʱʝʥʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɿʘʯʘʩʪʫʶ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɺʋ ʧʨʠʙʝʛʘʶʪ ʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʝʪʘʤ ʚʦʟʜʫʭʦʦʙʤʝʥʘ: 

 

ὒ
̐ ˗
ȟ̎                                                                (1) 

 

ʛʜʝ L ī ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ, ʤ3 /ʯ; 

ʉ ï ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʛ/ʤ3; 

ʂʧ ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʛ/ʤ3; 

ʂʥ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʜʘʚʘʝʤʦʤ ʥʘʨʫʞʥʦʤ ʚʦʟʜʫʭʝ, ʤʛ/ʤ3. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʤʝʱʝʥʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʩʦʚʝʪʩʢʠʡ 

ʧʝʨʠʦʜ, ʦʙʱʝʦʙʤʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɺʋ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʧʦ 

ʪʘʢʦʤʫ ʨʦʜʫ ʨʘʩʯʝʪʦʚ, ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʘ. ʇʦʪʦʤʫ ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʘʢʠʭ ɺʋ ʤʦʛʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʧʦʤʝʱʝʥʠʷ 

ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʪʦʯʢʘʭ ʦʧʘʩʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʤ ʛʨʘʞʜʘʥ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʝ ʦʙʱʝʦʙʤʝʥʥʦʡ ʧʨʠʪʦʯʥʦ-

ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɿʥʘʯʝʥʠʝ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ 
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ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʫʧʨʫʛʦʩʪʠ ʧʘʨʦʚ, ʧʣʦʪʥʦʩʪʠ) ʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʜʚʫʭ ʜʦ ʰʝʩʪʠ. 

ɽʩʣʠ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʚ ʚʦʟʜʫʭ ʧʦʤʝʱʝʥʠʷ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ 

ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ ʠ ʠʭ ʧʘʨʦʚ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʧʦ ʪʦʤʫ ʚʝʱʝʩʪʚʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʝʛʦ ʦʙʲʝʤ. ʆʙ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɺʋ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʊʘʢ 

ʢʘʢ ʧʨʠ ʘʢʪʝ ʪʝʨʨʦʨʠʟʤʘ ʥʝ ʠʩʢʣʶʯʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʝʱʝʩʪʚ ʩ ʘʜʜʠʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʜʨʘʞʘʶʱʠʭ ʛʘʟʦʚ, ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʪ.ʜ., ʨʘʩʯʝʪ ʪʨʝʙʫʝʤʦʛʦ 

ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ὒ  C1/K1+C2/K2+é+ Cn/Kn ,                                                       (2) 

 

ʛʜʝ L ī ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʜʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʜʘʣʝʝ ï ʇɼʂ), ʤ3 /ʯ; 

ʉ1, ʉ2éʉn ï ʨʝʘʣʴʥʳʝ ʠʣʠ ʨʘʩʯʝʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʩʦʜʝʨʞʘʥʠʝ) ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʤʛ/ ʤ3; 

ʂ1, ʂ2, éʂn ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʤʛ/ʤ
3. 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʤʝʩʪʝʥ ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

 

ὒ  g1/K1+g2/K2+é+ gn/Kn,                                                       (3) 

 

ʛʜʝ L ī ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ, ʤ3 /ʯ; 

g1, g2égn ï ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʛʦ ʢʘʞʜʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʛ/ʯ; 

 

ʈʘʩʯʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʚʦʟʜʫʭʝ ʧʦʤʝʱʝʥʠʷ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʪʦʢʩʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʤʫʣ ʷʚʣʷʝʪʩʷ ʪʘʢ ʞʝ ʚʝʩʴʤʘ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʝʘʣʴʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦ ʚʩʝʤʫ ʧʦʤʝʱʝʥʠʶ (ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ) ʟʘʯʘʩʪʫʶ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʆʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʯʝʨʝʟ ɺʋ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʛʨʘʞʜʘʥʩʢʠʝ ʦʙʲʝʢʪʳ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ, 

ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʪʝʯʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʚʦʟʥʠʢʘʶʱʠʝ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʘʚʪʦʨʦʤ [5] ʧʨʠʚʝʜʝʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʣʦʞʥʳʭ 

ʤʝʞʢʦʨʧʫʩʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʟʦʥ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʪʦʢʩʠʯʥʳʝ ʧʨʠʤʝʩʠ, ʜʳʤ: 

ʥʘ ʚʝʨʭʥʝʤ ʨʠʩʫʥʢʝ ʠʩʪʦʯʥʠʢ ʜʳʤʘ ʥʘʭʦʜʠʪʩʷ ʫ ʥʘʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʯʝʪʚʝʨʪʦʛʦ 

ʟʜʘʥʠʷ ï ʜʳʤ ʧʝʨʝʥʦʩʠʪʩʷ ʢ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʝʥʝ ʪʨʝʪʴʝʛʦ ʟʜʘʥʠʷ, ʧʦʜʥʠʤʘʝʪʩʷ ʢʚʝʨʭʫ ʠ 

ʚʳʥʦʩʠʪʩʷ ʠʟ ʤʝʞʢʦʨʧʫʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘ ʢʨʳʰʝ ʪʨʝʪʴʝʛʦ ʟʜʘʥʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʳ 

ʥʝʪ; 
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ʥʘ ʩʨʝʜʥʝʤ ʨʠʩʫʥʢʝ ï ʠʩʪʦʯʥʠʢ ʜʳʤʘ ʥʘʭʦʜʠʪʩʷ ʫ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʝʥʳ ʪʨʝʪʴʝʛʦ ʟʜʘʥʠʷ, 

ʜʳʤ ʧʝʨʝʥʦʩʠʪʩʷ ʦʙʨʘʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʢ ʧʝʨʚʦʤʫ ʟʜʘʥʠʶ ʠ ʟʘʪʝʤ ʧʨʦʥʠʢʘʝʪ ʚʦ ʚʩʝ 

ʤʝʞʢʦʨʧʫʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

ʥʘ ʥʠʞʥʝʤ ʨʠʩʫʥʢʝ ï ʠʩʪʦʯʥʠʢ ʜʳʤʘ ʥʘʭʦʜʠʪʩʷ ʫ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʝʥʳ ʯʝʪʚʝʨʪʦʛʦ 

ʟʜʘʥʠʷ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʜʳʤʦʤ ʘʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʩʨʝʜʥʝʤ ʨʠʩʫʥʢʝ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ 

ʤʝʞʢʦʨʧʫʩʥʦʡ ʟʦʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʢʘʨʪʠʥʫ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠ ʧʝʨʝʥʦʩʘ 

ʪʦʢʩʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʤʝʞʢʦʨʧʫʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʘʤʠ, 

ʧʨʠʚʝʜʸʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [8; 9], ʧʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ ʚʪʦʨʦʝ ʧʦ ʧʦʪʦʢʫ ʟʜʘʥʠʝ ʚʳʰʝ ʧʝʨʚʦʛʦ, ʪʦ 

ʟʦʥʘ ʧʦʜʧʦʨʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚʪʦʨʦʛʦ ʟʜʘʥʠʷ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʘʚʝʪʨʝʥʥʦʡ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʦʡ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʩʣʦʞʥʳʭ ʤʝʞʢʦʨʧʫʩʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚʦʟʜʫʰʥʳʭ 

ʧʦʪʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʢʩʠʯʥʳʝ ʧʨʠʤʝʩʠ ʜʳʤʘ 

 

ʊʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʟʥʠʢʘʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʟʦʥʘ ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʝʨʝʜ ʚʪʦʨʳʤ ʟʜʘʥʠʝʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʳʰʠ ʧʝʨʚʦʛʦ ʟʜʘʥʠʷ. ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʘʚʝʪʨʝʥʥʳʤʠ 

ʩʪʝʥʘʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʟʜʘʥʠʡ: 

ˢ̋ Ì ̎ σÌ̎  Â̙ȟ                                                          (4) 

 

ʛʜʝ lʥ1 ï ʜʣʠʥʘ ʥʘʚʝʪʨʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʳ ʧʝʨʚʦʛʦ ʟʜʘʥʠʷ, ʤ; 

Ì̎ ï ʜʣʠʥʘ ʟʦʥʳ ʧʦʜʧʦʨʘ ʚʪʦʨʦʛʦ ʟʜʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʨʘʟʥʦʩʪʠ ʜʣʠʥ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʟʜʘʥʠʡ, ʤ; 
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Â̙ ï ʰʠʨʠʥʘ ʧʝʨʚʦʛʦ ʧʦ ʧʦʪʦʢʫ ʚʝʪʨʘ ʟʜʘʥʠʷ, ʤ. 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ˢ̋  ī ʤʝʞʢʦʨʧʫʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʝʜʠʥʘʷ 

ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠ ʧʝʨʝʥʦʩʠʤʳʭ ʠʤʠ ʧʨʠʤʝʩʝʡ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʣʠʥ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʟʦʥ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʟʜʘʥʠʡ ʧʨʦʩʪʦʡ ʬʦʨʤʳ, ʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ï ʜʣʷ ʟʜʘʥʠʡ 

ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʇʦʪʦʤʫ ʯʪʦ ʦʙʪʝʢʘʥʠʝ ʚʝʪʨʦʤ ʚʪʦʨʦʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʟʜʘʥʠʡ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʦʞʥʝʝ, ʯʝʤ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʭ ʟʜʘʥʠʡ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʚʧʝʨʝʜʠ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʟʜʘʥʠʷ ʥʘ ʦʙʪʝʢʘʥʠʝ ʚʦʟʜʫʰʥʳʤʠ ʧʦʪʦʢʘʤʠ ʟʜʘʥʠʷ, ʩʪʦʷʱʝʛʦ ʟʘ ʥʠʤ [10]. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɺʋ ʚ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʘʭ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ. 

ʆʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʧʨʠ ʚʣʠʷʥʠʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʟʦʥ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʯʝʨʝʟ ɺʋ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʢʘʟʳʚʘʶʪ ʠ ʚʝʥʪʠʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ 

ʠʣʠ ʜʨʫʛʠʭ ʛʘʟʦʚ ʧʦ ʚʦʟʜʫʭʦʚʦʜʘʤ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʙʦʪʫ 

ʚʝʥʪʠʣʷʪʦʨʦʚ, ʚʢʣʶʯʘʶʪ: ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʤ3/ʛ; ʜʘʚʣʝʥʠʝ, ʇʘ; ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ, ʦʙ/ʤʠʥ; 

ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ, ʢɺʪ; ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʂʇɼ ʠ ʪ.ʜ. 

ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʚʝʥʪʠʣʷʪʦʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʨʘʜʠʘʣʴʥʳʝ 

(ʮʝʥʪʨʦʙʝʞʥʳʝ), ʦʩʝʚʳʝ (ʘʢʩʠʘʣʴʥʳʝ), ʜʠʘʤʝʪʨʘʣʴʥʳʝ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʜʫʰʥʳʭ ʩʨʝʜ ʚʝʥʪʠʣʷʪʦʨʳ 

ɺʋ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ: ʦʙʳʯʥʳʝ ʜʣʷ ʥʝʘʛʨʝʩʩʠʚʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʨʝʜ ʩ tÜ ʜʦ + 80 Üʉ; 

ʪʝʨʤʦʩʪʦʡʢʠʝ ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʩʨʝʜ ʩ tÜ ʙʦʣʝʝ + 80 Üʉ; ʢʦʨʨʦʟʠʡʥʦ-ʩʪʦʡʢʠʝ; ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʳʝ 

ʠ ʪ.ʜ. 

ɺ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʘʭ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ 

ʨʘʡʦʥʘʭ, ʚ ʢʦʤʧʣʝʢʪʳ ɺʋ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʨʘʜʠʘʣʴʥʳʝ (ʮʝʥʪʨʦʙʝʞʥʳʝ) ʚʝʥʪʠʣʷʪʦʨʳ 

ʥʠʟʢʦʛʦ, ʩʨʝʜʥʝʛʦ ʠʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠʣʠ ʜʚʫʩʪʦʨʦʥʥʠʤ ʚʩʘʩʳʚʘʥʠʝʤ, 

ʪ.ʢ. ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʚʦʟʜʫʭʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ɺʋ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʜʠʘʣʴʥʳʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ ʧʨʘʚʦʛʦ ʠʣʠ 

ʣʝʚʦʛʦ ʚʨʘʱʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʳ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʞʫʭʦʚ ʨʘʜʠʘʣʴʥʳʭ 

(ʮʝʥʪʨʦʙʝʞʥʳʭ) ʚʝʥʪʠʣʷʪʦʨʦʚ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʞʫʭʦʚ ʨʘʜʠʘʣʴʥʳʭ (ʮʝʥʪʨʦʙʝʞʥʳʭ) ʚʝʥʪʠʣʷʪʦʨʦʚ:                 

ʘ) ʧʨʘʚʦʛʦ ʚʨʘʱʝʥʠʷ (ʇʨ); ʙ) ʣʝʚʦʛʦ ʚʨʘʱʝʥʠʷ (ʃ) [7] 
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ɺ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʘʭ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ 

ʨʘʡʦʥʘʭ, ɺʋ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʢʣʶʯʘʶʪ: ʜʦ 72 % ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʜʫʭʦʚʦʜʦʚ ī ʪʨʫʙʳ; ʥʘ ʦʪʚʦʜʳ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 15 %, ʪʨʦʡʥʠʢʠ ï 6 %, ʥʘ ʧʝʨʝʭʦʜʳ ʜʦ 5 % ʠ 

2 % ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʨʦʙʢʠ, ʟʦʥʪʳ ʠ ʪ.ʜ. 

ɺ ɺʋ ʥʝ ʧʦʩʣʝʜʥʶʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʛʨʘʶʪ ʬʘʩʦʥʥʳʝ ʯʘʩʪʠ 

ʢʨʫʛʣʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ (ʨʠʩʫʥʦʢ 4). ɹʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʚʳʚʦʜ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʠʟ 

ʧʦʤʝʱʝʥʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʚʦʜʠʪʩʷ ʦʪ 92,3 % ʜʦ 96,8 %. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʘʩʦʥʥʳʭ ʯʘʩʪʝʡ ʢʨʫʛʣʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʱʘʜʠ 

ʩʝʯʝʥʠʷ ʢʨʫʛʣʳʝ ʚʦʟʜʫʭʦʚʦʜʳ ɺʋ ʩʦʟʜʘʶʪ ʤʝʥʴʰʝʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʝʤ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʠ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʛʣʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ ʪʨʝʙʫʝʪʩʷ ʥʘ 18-20 % ʤʝʥʴʰʝ ʤʝʪʘʣʣʘ. 

 

 

 

ʈʠʩʫʥʦʢ 4 ï ʌʘʩʦʥʥʳʝ ʯʘʩʪʠ ʢʨʫʛʣʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ: 

ʘ ï ʦʪʚʦʜ ʜʣʷ ʩʠʩʪʝʤ ʘʩʧʠʨʘʮʠʠ; ʙ, ʚ ï ʦʪʚʦʜʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʫʛʣʦʤ ʜʦ 90Ü ʠ 45Ü;                      ʛ 

ï h ʪʘʤʧʦʚʘʥʥʳʡ ʦʪʚʦʜ; ʜ ï ʫʛʣʦʬʠʮʠʨʦʚʘʥʥʳʡ ʫʟʝʣ ʦʪʚʝʪʚʣʝʥʠʷ; ʝ ï ʧʨʷʤʘʷ ʚʨʝʟʢʘ;                    ʞ 

ï ʧʨʷʤʦʡ ʪʨʦʡʥʠʢ ʜʣʷ ʩʠʩʪʝʤ ʘʩʧʠʨʘʮʠʠ; ʟ ï ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʢʨʝʩʪʦʚʠʥʘ;                           ʠ ï 

ʢʨʝʩʪʦʚʠʥʘ ʩ ʧʨʷʤʳʤʠ ʚʨʝʟʢʘʤʠ; ʢ ï ʢʨʝʩʪʦʚʠʥʘ ʜʣʷ ʩʠʩʪʝʤ ʘʩʧʠʨʘʮʠʠ;                                ʣ ï 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜ; ʤ ï ʰʪʘʥʦʦʙʨʘʟʥʳʡ ʪʨʦʡʥʠʢ; 1 ï ʩʪʘʢʘʥ; 2 ï ʟʚʝʥʦ;                  3 ï 

ʦʩʥʦʚʘʥʠʝ; 4 ï ʧʨʦʭʦʜ; 5 ï ʦʪʚʝʪʚʣʝʥʠʝ [7] 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʩʪʨʘʥʝ ʠ ʚʥʝʰʥʝʡ ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ 

ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ ʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʄʏʉ ʈʦʩʩʠʠ,  
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ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ 

ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ,  ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʢʨʳʪʠʷ ʚ ʥʠʭ ʥʘʩʝʣʝʥʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʘʢʦʛʦ ʨʦʜʘ ʦʙʲʝʢʪʦʚ, ʧʦʵʪʦʤʫ ʩ ʮʝʣʴʶ 

ʫʩʪʨʘʥʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʥʠʭ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʝʦʙʭʦʜʠʤʦ: 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʚʦʟʜʫʭʦʚʦʜʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʥʠʭ ʩʚʦʜʠʪʴ ʜʦ ʤʠʥʠʤʫʤʘ ʨʘʟʚʝʪʚʣʝʥʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʷʷ ʬʘʩʦʥʥʳʝ ʯʘʩʪʠ 

ʢʨʫʛʣʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ ʠ ʩʘʤʠ ʢʨʫʛʣʳʝ ʚʦʟʜʫʭʦʚʦʜʳ; 

ʧʨʠʪʦʯʥʳʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʱʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʟʘʙʦʨ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʟ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʟʦʥ. ʉʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʚ 

ʧʦʩʪʫʧʘʶʱʝʤ ʥʘʨʫʞʥʦʤ ʚʦʟʜʫʭʝ ʚ ʧʦʤʝʱʝʥʠʝ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 

ʜʦʧʫʩʪʠʤʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʜʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ; 

ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ, ʚʣʠʷʶʱʝʛʦ ʥʘ ʜʚʠʞʝʥʠʝ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠ ʧʝʨʝʥʦʩ ʪʦʢʩʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʤʝʞʢʦʨʧʫʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʟʦʥ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʧʦʩʪʫʧʘʶʱʠʭ ʯʝʨʝʟ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚ ʛʨʘʞʜʘʥʩʢʠʝ ʦʙʲʝʢʪʳ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʤʝʱʘʝʤʳʝ ʚ 

ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ ʩʦ ʚʪʦʨʦʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʩ ʥʠʤʠ 

ʟʜʘʥʠʡ, ʫʞʝ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʨʝʚʘʣʠʨʫʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩʝʯʝʥʠʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʧʣʦʩʢʦʩʪʴ ʥʘʚʝʪʨʝʥʥʦʡ ʩʪʝʥʳ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʩ ʛʨʘʞʜʘʥʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  
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ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʜʝʡʩʪʚʠʡ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʄʏʉ ʈʦʩʩʠʠ 

ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʚʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ; ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʦʡ 

ʩʨʝʜʳ; ʟʘʪʦʧʣʝʥʥʳʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ; ʟʘʪʦʧʣʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ 

ʦʪʭʦʜʳ; ʤʦʙʠʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 
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Abstract. The article presents data on submerged radiation-hazardous objects in the seas of 

the Arctic Ocean; the objects are divided by the degree of danger and offers options for each group 

of objects. To solve the tasks of the EMERCOM of Russia for the prevention of emergencies, methods 

and devices for rapid long-term monitoring of the state of underwater potentially dangerous objects 

are considered. 

Keywords: underwater potentially dangerous objects; monitoring of the water environment; 

submerged radiation-hazardous objects; submerged solid radioactive waste; mobile laboratory of 

environmental control. 

 

ʇʦʜ ʪʝʨʤʠʥʦʤ çʧʦʜʚʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳè ʧʦʥʠʤʘʶʪʩʷ ʩʫʜʘ, ʠʥʳʝ 

ʧʣʘʚʩʨʝʜʩʪʚʘ, ʢʦʩʤʠʯʝʩʢʠʝ ʠ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʵʣʝʤʝʥʪʳ, ʠ ʜʨʫʛʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʙʦʝʧʨʠʧʘʩʳ, ʵʣʝʤʝʥʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ, ʧʦʣʥʦʩʪʴʶ 

ʠʣʠ ʯʘʩʪʠʯʥʦ ʟʘʪʦʧʣʝʥʥʳʝ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʘʭ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʤʦʨʝ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʷʜʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ, ʭʠʤʠʯʝʩʢʠʝ ʦʪʨʘʚʣʷʶʱʠʝ, ʚʟʨʳʚʯʘʪʳʝ ʠ ʜʨʫʛʠʝ ʦʧʘʩʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʩʦʟʜʘʶʱʠʝ ʫʛʨʦʟʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʄʏʉ ʈʦʩʩʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 11 ʠʶʣʷ 2004 ʛ. ˉ 868 

çɺʦʧʨʦʩʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʜʝʣʘʤ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, 

ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡè ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 

1. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʠ ʣʠʢʚʠʜʘʮʠʶ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʘʭ ʠ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʤʦʨʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

2. ɺʝʜʝʥʠʝ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʨʝʝʩʪʨʘ ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʘʭ ʠ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʤʦʨʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʜʚʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ). 

ʇʦʜʚʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʨʘʜʠʘʮʠʦʥʥʫʶ 

ʦʧʘʩʥʦʩʪʴ, ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ.  

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ï ʵʪʦ ʦʙʲʝʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʚʳʛʨʫʞʝʥʥʦʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ, (ʜʘʣʝʝ ï 

ʆʗʊ) ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ï ɿʘʪʦʧʣʝʥʥʳʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ ʈʆʆ (ʜʘʣʝʝ ï ʈʆʆ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʤʦʤʝʥʪ ʟʘʪʦʧʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʨʝʘʢʪʦʨʘ ʙʝʟ ʆʗʊ 

ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʧʦ ʚʝʣʠʯʠʥʝ ʩ ʨʝʘʢʪʦʨʦʤ ʩ ʆʗʊ, ʥʦ ʢ 2000 ʛ. ʦʥʠ ʩʪʘʣʠ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. 

ʆʙʲʷʩʥʝʥʠʝ ʵʪʦʤʫ ʬʘʢʪʫ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʚ ʆʗʊ 

ʨʘʩʩʯʠʪʳʚʘʶʪ, ʠʩʭʦʜʷ ʠʟ ʢʘʤʧʘʥʠʠ ʧʦʩʣʝʜʥʝʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʘ ʧʨʦʜʫʢʪʦʚ ʘʢʪʠʚʘʮʠʠ ʚ 

ʨʝʘʢʪʦʨʝ ʙʝʟ ʆʗʊ ï ʧʦ ʩʫʤʤʘʨʥʦʡ ʥʘʨʘʙʦʪʢʝ ʨʝʘʢʪʦʨʘ ʩ ʫʯʝʪʦʤ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʛʨʫʟʦʢ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. 
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ʊʘʙʣʠʮʘ 1 ï ɸʢʪʠʚʥʦʩʪʴ ʦʙʲʝʢʪʦʚ, ʟʘʪʦʥʫʚʰʠʭ ʠʣʠ ʟʘʪʦʧʣʝʥʥʳʭ ʩ ʆʗʊ 

 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʙʝʟ ʆʗʊ, ʟʘʪʦʧʣʝʥʥʳʭ ʚ ʨʘʡʦʥʝ ʘʨʭʠʧʝʣʘʛʘ ʅʦʚʘʷ 

ɿʝʤʣʷ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʫʤʤʘʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʙʝʟ ʆʗʊ, ʟʘʪʦʧʣʝʥʥʳʭ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ  

 

 

 ̄

ʧ/ʧ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʲʝʢʪʘ 

ʉʫʤʤʘʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʢKu (ʊɹʢ)  

ʅʘ ʤʦʤʝʥʪ ʟʘʪʦʧʣʝʥʠʷ ʥʘ 2000 ʛ. 

ɹʂ-93 50 ɹʂ-2000 

1 ʈʆʆ ɸʇʃ ʟʘʢʘʟ ˉ 254 ʩ ʜʚʫʤʷ ʨʝʘʢʪʦʨʘʤʠ - 49,7 

(1839) 

1,1 (39,2) 

2 ʈʆʆ ɸʇʃ ʟʘʢʘʟ ˉ 260 ʩ ʜʚʫʤʷ ʨʝʘʢʪʦʨʘʤʠ - 29,6 

(1097) 

0,8 

(30) 

3 ʈʆʆ ʩ ʫʩʪʘʥʦʚʢʦʡ ʆʂ-150 ʣʝʜʦʢʦʣʘ 

çʃʝʥʠʥè ʩ ʪʨʝʤʷ ʨʝʘʢʪʦʨʘʤʠ 

50 (1850) 206,0 

(7624) 

1,6(60) 

4 ʂʨʳʰʢʠ ʨʝʘʢʪʦʨʦʚ - 4 ʰʪ. - 0,1 

(3,7) 

0,001 

(0,04) 

5 ʂʨʳʰʢʘ ʨʝʘʢʪʦʨʘ - 0,05(1,9) 0,001(0,04) 

6 ɹʘʨʞʘ çʅʠʢʝʣʴè ʩ ʢʨʳʰʢʘʤʠ ʨʝʘʢʪʦʨʦʚ ï           

7 ʰʪ. 

- 0,02 

(0,7) 

0,0004 

(0,01) 

7 ʃʠʭʪʝʨ çʃ-8711è ʩ ʢʦʨʧʫʩʦʤ ʨʝʘʢʪʦʨʘ - 0,01(0,4) < 0,0001 (< 

0,01) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʲʝʢʪʘ 

ɿʘʚʝʨʰʝʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠ

ʠ, ʛʦʜ 

ɸʢʪʠʚʥʦʩʪʴ 

ʘʙʩʦʣʶʪʥʘʷ, 

ʊɹʢ (ʢKu) 

ɸʢʪʠʚʥʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ, 

% 

ɸʪʦʤʥʘʷ ʧʦʜʣʦʜʢʘ ɸʇʃ (ʜʘʣʝʝ ï ɸʇʃ) 

çʂ-159è 
1989 4000 (110) 34,5 

ɸʇʃ çʂʦʤʩʦʤʦʣʝʮè 1989 3550 (97) 30,6 

ʕʢʨʘʥʥʘʷ ʩʙʦʨʢʘ (ʜʘʣʝʝ ï ʕʉ) ʨʝʘʢʪʦʨʘ 

ˉ 2 ʗʕʋ ʆʂ-150 ʣʝʜʦʢʦʣʘ çʃʝʥʠʥè 
1966 1579 (42,7) 13,6 

ɸʇʃ çʂ-27è ʩ ʜʚʫʤʷ ʨʝʘʢʪʦʨʘʤʠ ʩ ʆʗʊ 1968 831 (22,5) 7,2 

ʆʪʩʝʢ ɸʇʃ ʟʘʢʘʟ ˉ 901ʩ ʜʚʫʤʷ 

ʨʝʘʢʪʦʨʘʤʠ ʩ ʆʗʊ 
1961 759 (20,5) 6,5 

ʆʪʩʝʢ ɸʇʃ ʟʘʢʘʟ ˉ 285 ʩ ʜʚʫʤʷ 

ʨʝʘʢʪʦʨʘʤʠ (ʆʗʊ ʚ ʨʝʘʢʪʦʨʝ) 
1964 628 (17) 5,4 

ʈʝʘʢʪʦʨ ʣʝʚʦʛʦ ʙʦʨʪʘ ʩ ʆʗʊ ɸʇʃ ʟʘʢʘʟ 

ˉ 421 
1968 251 (6,8) 2,2 

ɺʩʝʛʦ: - 
11598 

(316,5) 
100 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ.2 

 

8 ɹʘʨʞʘ çʂʫʨʝʡʢʘè ʩ ʢʨʳʰʢʘʤʠ ʨʝʘʢʪʦʨʦʚ ï 

15 ʰʪ. 

- 0,03 

(1,1) 

0,001 

(0,04) 

9 ʃʠʭʪʝʨ-4: 

- ʜʚʘ ʨʝʘʢʪʦʨʘ ɸʇʃ ʟʘʢʘʟ ˉ 538 

- ʵʢʨʘʥʥʘʷ ʩʙʦʨʢʘ 

- 114,6 

(4240) 

0,4(13) 

20,1 

(744) 

0,04(1,3) 

 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ ï ɿʘʪʦʧʣʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ ʊʈʆ (ʜʘʣʝʝ ï ʊʈʆ). 

ɿʘʪʦʧʣʝʥʠʝ ʊʈʆ ʧʨʦʚʦʜʠʣʠ ʩʦ ʩʧʝʮʠʘʣʴʥʳʭ ʩʫʜʦʚ (ʣʠʭʪʝʨʦʚ, ʧʣʘʚʙʘʟ çʃʝʧʩʝè, 

çɺʦʣʦʜʘʨʩʢʠʡè ʠ ʜʨ.) ʠ ʟʘʯʘʩʪʫʶ ʚʤʝʩʪʝ ʩʦ ʩʧʠʩʘʥʥʳʤʠ ʩʫʜʘʤʠ. ɺ ɸʨʢʪʠʢʝ ʙʳʣʦ ʟʘʭʦʨʦʥʝʥʦ 

31033 ʤ3 ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 17105 ʢʦʥʪʝʡʥʝʨʦʚ ʘʢʪʠʚʥʦʩʪʴʶ 1,24 ʇɹʢ (33,5 ʢKu). ʏʘʩʪʴ ʊʈʆ 

ʩʦʜʝʨʞʘʣʘʩʴ ʚ 19 ʟʘʪʦʧʣʝʥʥʳʭ ʩʧʠʩʘʥʥʳʭ ʩʫʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʤʘʩʰʪʘʙ ʘʢʪʠʚʥʦʩʪʠ ʟʘʪʦʧʣʝʥʥʳʭ ʊʈʆ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ, ʘ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʦʥʪʝʡʥʝʨʘʤ 

ʚ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʨʘʟ ʙʳʣ ʤʝʥʴʰʝ, ʯʝʤ ʘʢʪʠʚʥʦʩʪʴ ʦʙʲʝʢʪʦʚ, ʟʘʪʦʧʣʝʥʥʳʭ ʩ ʆʗʊ. ʅʘ ʨʠʩʫʥʢʝ 

1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʟʘʭʦʨʦʥʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʠʯʥʳʝ ʟʘʭʦʨʦʥʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʪʚʝʨʜʳʤʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʦʧʘʩʥʦʩʪʴʶ ʷʚʣʷʶʪʩʷ 

ʦʙʲʝʢʪʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. 

ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʜʚʝ ɸʇʃ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʆʗʊ, 

ʥʦ ʠ ʜʨʫʛʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ɸʇʃ çʂ-159è ʥʘʭʦʜʠʪʩʷ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʚ 3-ʭ ʤʠʣʷʭ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʦʩʪʨʦʚʘ 

ʂʠʣʴʜʠʥ. ɻʣʫʙʠʥʘ ʤʝʩʪʘ 238 ʤ. ʆʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʙʣʠʟʦʩʪʴ ʢ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ ʦʩʪʨʦʚʘ ʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ ʦʙ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ - ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʮʝʧʥʦʡ 

ʨʝʘʢʮʠʠ ʚ ʨʝʘʢʪʦʨʘʭ ʟʘʪʦʧʣʝʥʥʳʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʩ ʆʗʊ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ʩʪʘʣʘ 

ʧʦʷʚʣʷʪʴʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʇʦ ʩʣʦʚʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ɸʇʃ çʂ-27è, ʟʘʪʦʧʣʝʥʥʘʷ 6 ʩʝʥʪʷʙʨʷ 1982 ʛʦʜʘ ʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʅʦʚʦʡ ɿʝʤʣʠ 

ʚ ʟʘʣʠʚʝ ʉʪʝʧʦʚʦʛʦ. ɽʝ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʝʘʢʪʦʨ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ï ʩʧʣʘʚʦʤ çʩʚʠʥʝʮ-ʚʠʩʤʫʪè. ʇʦʩʣʝ ʨʷʜʘ ʘʚʘʨʠʡ ʥʘ ɸʇʃ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʝʘʢʪʦʨʦʤ, ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦ ʚʩʝʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʙʳʣʘ ʟʘʧʦʣʥʝʥʘ 

ʩʧʝʮʠʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. ɿʘʪʝʤ ʦʪʩʝʢ ʟʘʣʠʣʠ ʙʠʪʫʤʦʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 270 ʪʦʥʥ, ʢʦʪʦʨʳʡ 
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ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʣ ʨʝʘʢʪʦʨʳ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʙʫʜʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʤʦʨʩʢʦʡ ʚʦʜʳ ʢ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʯʘʩʪʷʤ ʣʦʜʢʠ, ʠʭ ʚʳʤʳʚʘʥʠʶ ʠ ʟʘʨʘʞʝʥʠʶ ʤʦʨʷ.  

ʆʜʥʘʢʦ ʨʦʩʩʠʡʩʢʠʝ ʵʢʩʧʝʨʪʳ ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʦʙ ʦʧʘʩʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʘ ʮʝʧʥʦʡ 

ʨʝʘʢʮʠʠ, ʝʩʣʠ ʤʦʨʩʢʘʷ ʚʦʜʘ ʧʦʩʪʫʧʠʪ ʚ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʠ ʚʩʪʫʧʠʪ ʢʦʥʪʘʢʪ ʩ ʫʨʘʥʦʚʳʤ 

ʪʦʧʣʠʚʦʤ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ. ʆʜʠʥ ʨʝʘʢʪʦʨ ʚ ʤʦʤʝʥʪ ʟʘʪʦʧʣʝʥʠʷ ʥʘʭʦʜʠʣʩʷ ʚ ʙʦʣʝʝ-

ʤʝʥʝʝ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʜʨʫʛʦʡ ʞʝ - ʘʚʘʨʠʡʥʳʡ ʩ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʟʦʥʦʡ. 

ɿʘʧʦʣʥʝʥʠʝ ʨʝʘʢʪʦʨʘ ʬʫʨʬʫʨʦʣʦʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʣʦ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʜʦʧʫʩʪʠʤʦʩʪʴ ʢʦʥʪʘʢʪʘ ʚʦʜʳ ʩ ʦʙʦʣʦʯʢʦʡ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʜʘʣʝʝ ï ʊɺʕʃ) ʥʘ 

ʩʨʦʢ ʜʦ 500 ʣʝʪ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ï ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ɸ. ʀ. ʃʝʡʧʫʥʩʢʦʛʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʪʝʯʝʥʠʝ 30-50 ʣʝʪ ʘʜʛʝʟʠʷ ʬʫʨʬʫʨʦʣʘ ʩ ʦʙʦʣʦʯʢʦʡ ʊɺʕʃ ʥʘʨʫʰʘʝʪʩʷ. ʇʦʩʣʝ ʵʪʦʛʦ, ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʚ ʨʝʘʢʪʦʨ 5-6 ʣ ʚʦʜʳ, ʥʝ ʠʩʢʣʶʯʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʜʫʢʪʘʤʠ ʜʝʣʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʳʭʦʜʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʪ 10 ʜʦ 100 ʊɹʢ/ʛʦʜ. 

ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʳʙʥʳʡ ʧʨʦʤʳʩʝʣ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʧʨʠʜʸʪʩʷ 

ʟʘʢʨʳʪʴ ʥʘ ʩʨʦʢ ʜʦ ʜʚʫʭ ʣʝʪ, ʪʘʢ ʢʘʢ ɸʇʃ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʚʩʝʛʦ 30 ʤʝʪʨʦʚ, ʨʘʜʠʦʥʫʢʣʠʜʳ 

ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʚʦʟʜʫʭ. ɺ ʚʦʟʜʫʭʝ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ 

ʠ ʥʘ ʙʦʣʝʝ ʜʘʣʸʢʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʯʝʤ ʚ ʚʦʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʜʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʲʝʢʪʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. ɺʩʝ ʦʙʲʝʢʪʳ ʛʨʫʧʧʳ ʧʦʜʣʝʞʘʪ ʧʦʜʲʝʤʫ ʠ ʜʘʣʴʥʝʡʰʝʡ ʫʪʠʣʠʟʘʮʠʠ. 

ɼʣʷ ʧʦʜʲʝʤʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ɸʇʃ çʂ-159è ʠ çʂ-27è, ʦʩʪʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʧʦʩʪʘʚʠʪʴ ʥʘ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠʭ ʩʦʩʪʦʷʥʠʷ. 

ʕʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʚʦʜʘʤʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʇʣʘʥʘ 

ʜʝʡʩʪʚʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʤʫ ʦʙʨʘʱʝʥʠʶ/ʫʪʠʣʠʟʘʮʠʠ ʟʘʪʦʧʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʝʚʝʨʥʳʭ ʤʦʨʷʭ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ɽʚʨʦʩʦʶʟʦʤ (ʢʦʤʧʘʥʠʷ SOGIN ʀʪʘʣʠʷ).  

ɺ ʄʏʉ ʈʦʩʩʠʠ ʩ 2004 ʛʦʜʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʧʣʘʥʠʨʫʝʤʳʝ ʩʨʝʜʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʄʏʉ ʈʦʩʩʠʠ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʟʘʜʘʯʝ.  

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʥʦʡ ʩʨʝʜʳ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʧʦʜʲʝʤʫ ʠʣʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʜʚʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʦʙʲʝʢʪʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʦʟʜʘʝʪʩʷ ʤʦʙʠʣʴʥʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʦʙʲʝʜʠʥʷʝʪ ʤʦʙʠʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʣʘʙʦʨʘʪʦʨʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʦʜʩʠʩʪʝʤ: ʧʦʜʩʠʩʪʝʤʳ ʘʚʪʦʥʦʤʥʳʭ ʜʦʥʥʳʭ ʩʪʘʥʮʠʡ ʠ ʧʦʜʩʠʩʪʝʤʳ ʘʚʪʦʥʦʤʥʦʛʦ 

ʥʝʦʙʠʪʘʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʜʘʣʝʝ ï ɸʅʇɸ), ʩʦʧʨʷʞʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʩʠʩʪʝʤʳ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʠ ʨʘʟʜʝʣʴʥʦ. ʃʘʙʦʨʘʪʦʨʠʷ ʦʩʥʘʱʝʥʘ 

ʩʠʩʪʝʤʦʡ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɸʥʘʣʦʛʠʯʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʣʷ ʧʦʠʩʢʘ ʠ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ɿʘʜʘʯʠ ʣʘʙʦʨʘʪʦʨʠʠ: 

ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʧʝʨʚʠʯʥʳʡ ʢʦʥʪʨʦʣʴ ʚʦʟʥʠʢʰʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ; 

ʦʧʝʨʘʪʠʚʥʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʩʥʷʪʠʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʢʚʘʪʦʨʠʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʫʛʨʦʟʳ ʟʘʛʨʷʟʥʝʥʠʷ;  

ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʢʚʘʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʥʦʤʥʳʭ ʜʦʥʥʳʭ ʩʪʘʥʮʠʡ ʠ ɸʅʇɸ; 

ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ, ʨʘʜʠʦ- ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʧʨʠ ʢʦʥʪʨʦʣʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʡ; 

ʦʙʝʩʧʝʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɸʅʇɸ ʠ ʤʦʙʠʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ 

ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ; 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʙʠʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʣʘʙʦʨʘʪʦʨʠʠ (ʥʘʟʝʤʥʳʡ, 

ʤʦʨʩʢʦʡ ʠ ʘʚʠʘʮʠʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʤʝʩʪʘʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʢʚʘʪʦʨʠʠ. 

ʄʦʙʠʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʘʢʚʘʪʦʨʠʡ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʢʚʘʪʦʨʠʡ ʦʪ 

ʧʦʜʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 2000 ʤʝʪʨʦʚ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʳʝ ʜʦʥʥʳʝ ʩʪʘʥʮʠʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʚ 

ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʩ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʤʦʙʠʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʦʩʥʘʱʝʥʠʠ ɸʅʇɸ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʙʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ. 

ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʠʦʥ-ʩʝʣʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʤʝʪʦʜʦʚ 

ʨʘʤʘʥʦʚʩʢʦʡ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʆʙʲʝʜʠʥʝʥʠʝ 

ʤʦʙʠʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ɸʅʇɸ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʢʚʘʪʦʨʠʡ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ.  

ʇʨʠ ʵʪʦʤ ɸʅʇɸ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʦʙʠʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʧʦʣʥʦʩʪʴʶ ʘʛʨʝʛʘʪʠʨʦʚʘʥʥʳʤ ʩ ʝʝ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʇʦʩʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ 

ʘʚʪʦʥʦʤʥʦʛʦ ʥʝʦʙʠʪʘʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʣʘʙʦʨʘʪʦʨʠʠ.  

ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ, ʥʘʟʝʤʥʳʤ 

ʨʘʜʠʦʢʘʥʘʣʘʤ ʠ ʩʧʫʪʥʠʢʦʚʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ.  

ɺʩʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʦʙʲʝʜʠʥʝʥʳ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʧʦʜʩʠʩʪʝʤʦʡ, ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʦʩʪʫʧʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʘʢ ʚ ʤʦʙʠʣʴʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ, 

ʪʘʢ ʠ ʚ ʥʘʟʝʤʥʳʝ ʩʣʫʞʙʳ.  

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʣʘʙʦʨʘʪʦʨʠʠ: 

1. ʇʝʨʚʠʯʥʳʡ ʧʦʜʚʦʜʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʢʚʘʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʠʯʥʳʡ 

ʦʩʤʦʪʨ ʧʨʦʚʦʜʠʪʩʷ ɸʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʝ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʤʝʩʪʘ 

ʫʩʪʘʥʦʚʢʠ ʜʦʥʥʳʭ ʩʪʘʥʮʠʡ. 

2. ʆʧʝʨʘʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘʛʨʷʟʥʝʥʠʡ. ʋʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦʥʥʳʝ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ 

ʠʟʤʝʨʷʶʪ ʪʝʢʫʱʠʝ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʡ, ʥʘʢʘʧʣʠʚʘʶʪ ʜʘʥʥʳʝ ʚ ʧʘʤʷʪʠ ʠ ʧʦ ʟʘʧʨʦʩʫ ʠʣʠ ʧʦ 

ʪʘʡʤʝʨʫ ʧʝʨʝʜʘʶʪ ʯʝʨʝʟ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʩʚʷʟʠ ʥʘ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʙʫʡ ʠ ʜʘʣʝʝ ʧʦ 

ʨʘʜʠʦʢʘʥʘʣʫ ʚ ʧʦʜʩʠʩʪʝʤʫ ʩʙʦʨʘ ʜʘʥʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʣʠʙʦ, ʥʘʧʨʷʤʫʶ 
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ʥʘ ʧʨʠʝʤʥʳʡ ʤʦʜʝʤ ʤʦʙʠʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʀʟʙʠʨʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ɸʅʇɸ. ʇʝʨʠʦʜ ʨʘʙʦʪʳ - 

ʧʝʨʠʦʜ ʣʠʢʚʠʜʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʡ ʘʢʚʘʪʦʨʠʠ ʠʣʠ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʊʝʭʥʦʣʦʛʠʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʦʥʥʳʝ ʩʪʘʥʮʠʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʧʣʘʚʫʯʝʩʪʴʶ ʩ ʛʨʫʟʦʤ ʠ ʨʘʟʤʳʢʘʪʝʣʝʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʪʦʯʢʠ ʢʦʥʪʨʦʣʷ ʥʘ ʟʘʜʘʥʥʫʶ 

ʛʣʫʙʠʥʫ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ ʩ ʙʦʨʪʘ ʩʫʜʥʘ. ʉ ʙʦʨʪʘ ʩʫʜʥʘ ʦʧʫʩʢʘʝʪʩʷ ʧʨʠʝʤʥʳʡ ʤʦʜʝʤ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʣʘʚʫʯʠʡ ʤʦʜʝʤ, ʢʦʪʦʨʳʡ ʨʝʪʨʘʥʩʣʠʨʫʝʪ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʝʥʥʫʶ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ, ʚ ʨʘʜʠʦʢʘʥʘʣ ʠʣʠ ʧʨʠ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʠ ʯʝʨʝʟ ʩʧʫʪʥʠʢʦʚʳʡ ʢʘʥʘʣ ʩʚʷʟʠ.  

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʜʥʦ ʩʪʘʥʮʠʠ ʥʘʯʠʥʘʶʪ ʤʦʥʠʪʦʨʠʥʛ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʟʘʜʘʥʥʦʡ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʦʪ ʩʪʘʥʮʠʡ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʥʘ 

ʧʣʘʚʫʯʠʡ ʤʦʜʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʜʫʣʴʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʠ ʜʘʣʝʝ, 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʠʣʠ ʩʧʫʪʥʠʢʦʚʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ ʥʘ ʘʚʠʘʮʠʦʥʥʳʡ ʠʣʠ 

ʥʘʟʝʤʥʳʡ ʙʣʦʢ ʢʦʥʪʨʦʣʷ.  

ɸʅʇɸ, ʦʩʥʘʱʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʤ ʠ ʨʘʜʠʘʮʠʦʥʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ, 

ʧʨʦʚʦʜʠʪ ʠʟʤʝʨʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʟʘʜʘʥʥʳʭ ʧʦ ʧʨʦʛʨʘʤʤʝ ʪʦʯʢʘʭ ʠ ʪʘʢʞʝ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʯʝʨʝʟ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʩʚʷʟʠ, ʣʠʙʦ ʧʦʩʣʝ ʧʦʜʲʝʤʘ ʥʘ ʙʦʨʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʝʤʥʳʡ ʪʨʘʢʪ ʣʘʙʦʨʘʪʦʨʠʠ. 

ɹʣʦʢ ʢʦʥʪʨʦʣʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʡ ʩʨʝʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʦʢʨʫʞʘʶʱʝʡ 

ʚʦʜʥʦʡ ʩʨʝʜʳ.  

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ 

ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦ ʤʦʤʝʥʪʘ ʠʭ ʧʦʜʲʝʤʘ ʠʣʠ ʣʦʢʘʣʠʟʘʮʠʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʘʚʪʦʥʦʤʥʳʭ ʜʦʥʥʳʭ ʩʪʘʥʮʠʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʠ ʨʘʜʠʦʢʘʥʘʣʦʤ ʩʚʷʟʠ, ʠ ʙʣʦʢʦʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʦʤʧʣʝʢʩ 

ʧʦʟʚʦʣʷʝʪ:  

ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʧʝʨʚʠʯʥʳʡ ʢʦʥʪʨʦʣʴ ʚʦʟʥʠʢʰʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ; 

ʦʧʝʨʘʪʠʚʥʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʩʥʷʪʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʘʢʚʘʪʦʨʠʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʫʛʨʦʟʳ ʟʘʛʨʷʟʥʝʥʠʷ; 

ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʘʢʚʘʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʥʦʤʥʳʭ ʜʦʥʥʳʭ ʩʪʘʥʮʠʡ;  

ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ, ʠ ʨʘʜʠʦʢʘʥʘʣʦʚ ʩʚʷʟʠ ʧʨʠ ʢʦʥʪʨʦʣʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʡ;  

ʧʨʠ ʥʘʣʠʯʠʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʙʝʩʧʝʯʠʪʴ ʨʝʞʠʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʨʷʜ 

ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʜʦʥʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʙʝʨʝʛʦʚʦʡ ʤʦʜʫʣʴ.  

ʉʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ:  

ʘʚʪʦʥʦʤʥʳʝ ʜʦʥʥʳʝ ʩʪʘʥʮʠʠ;  

ʨʘʜʠʦʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʙʫʡ;  

ʝʜʠʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ.  

ɼʦʥʥʳʝ ʩʪʘʥʮʠʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʨʝʞʠʤ ʤʦʥʠʪʦʨʠʥʛʘ ï ʧʦʩʪʦʷʥʥʘʷ 

ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʛʨʷʟʥʝʥʠʷʭ ʩ ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ 
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ʜʠʥʘʤʠʢʫ ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʝʥʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺʪʦʨʦʡ ʨʝʞʠʤ ï ʨʝʞʠʤ ʢʦʥʪʨʦʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʜʦʥʥʳʭ ʩʪʘʥʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʨʦʛʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɹʣʦʢ ʢʦʥʪʨʦʣʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʵʢʩʪʨʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ 

ʩʧʫʪʥʠʢʦʚʳʡ ʢʘʥʘʣ ʩʚʷʟʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʜʦʥʥʳʝ ʩʪʘʥʮʠʠ ʚʳʟʳʚʘʶʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʩʠʛʥʘʣʫ, ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʙʦʨʪ ʩʫʜʥʘ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ.  
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Abstract. After the Chernobyl accident (1986), the problem of radiation, damage to the thyroid 

gland when contaminated with unstable isotopes remains relevant today. On the territory of Russia, 

nuclear power plants, test sites, and burial sites are preserved. If they are not used correctly, there is 

a risk of a radiation accident. The article discusses the prospects of using food additives, the main 

component of which is F. vesiculosis, as a means of preventing destructive lesions of the thyroid 

gland when damaged by ionizing radiation. 

Keywords: ionizing radiation; radionuclide contamination; radiation accidents; fucus 
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ɺʩʝ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʦʥʠʟʠʨʫʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ. 

ʇʨʠ ʵʪʦʤ, ʚ ʦʜʥʦʤ ʦʨʛʘʥʠʟʤʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʨʘʞʝʥʠʷ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ [1]. ʇʨʠ 

ʫʯʝʪʝ ʜʘʥʥʦʛʦ ʧʨʘʚʠʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʫʣʷʮʠʶ 

ʚʳʩʦʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ.  

ʀʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʧʨʠ ʦʙʱʝʤ ʚʥʝʰʥʝʤ 

ʦʙʣʫʯʝʥʠʠ ʦʨʛʘʥʠʟʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ ʛʠʧʦʬʠʟʘ. ɺ ʧʝʨʚʳʝ ʯʘʩʳ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʤʘʣʳʤʠ ʜʦʟʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʝʨʬʫʥʢʮʠʷ ʞʝʣʝʟʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʛʠʧʦʬʫʥʢʮʠʝʡ ʠ 

ʧʨʠʭʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʦʨʤʫ. ʅʦ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʙʦʣʴʰʠʭ ʜʦʟ ʨʘʜʠʘʮʠʠ 

ʤʦʛʫʪ ʥʘʩʪʫʧʘʪʴ ʪʷʞʝʣʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʚʣʝʢʫʱʠʝ ʟʘ ʩʦʙʦʡ 

ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʠʨʝʦʠʜʥʦʡ ʧʘʨʝʥʭʠʤʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʧʫʭʦʣʝʡ [2].  

ʈʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʦʨʘʞʝʥʠʡ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʧʦʟʚʦʣʠʪ ʟʘʱʠʪʠʪʴ 

ʪʢʘʥʴ ʦʪ ʛʣʫʙʦʢʠʭ ʧʦʨʘʞʝʥʠʡ ʨʘʜʠʘʮʠʝʡ, ʩʥʠʟʠʪ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʢʘ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʫ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ (ʜʘʣʝʝ ï ɸʕʉ) ʠ ʫʨʘʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʨʤʦʚʳʝ ʜʦʙʘʚʢʠ ʜʣʷ 

ʞʠʚʦʪʥʳʭ ʠ ʧʠʱʝʚʳʝ ʜʦʙʘʚʢʠ ʜʣʷ ʣʶʜʝʡ ʥʘ ʦʩʥʦʚʝ F. veiculosis ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʨʘʞʝʥʠʡ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʥʦ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʩʪʘʙʠʣʴʥʦʛʦ ʡʦʜʘ, ʤʦʛʫʪ ʧʨʦʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʟʘʥʷʪʴ ʤʝʩʪʦ ʚ 

ʥʠʰʝ ʬʘʨʤʧʨʝʧʘʨʘʪʦʚ ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ (ʜʘʣʝʝ ï 

ʏʉ) ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦ-ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʬʫʢʫʩʘ ʧʫʟʳʨʯʘʪʦʛʦ (F. vesiculosis) ʠ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 
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ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʚʝʪʝʨʠʥʘʨʠʠ ʢʘʢ ʩʨʝʜʩʪʚʘ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʧʦʨʘʞʝʥʠʷʭ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʥʘ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʷʚʣʝʥʥʦʡ ʮʝʣʴʶ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʀʩʩʣʝʜʦʚʘʪʴ ʩʦʩʪʘʚ ʠʟʫʯʘʝʤʦʡ ʚʦʜʦʨʦʩʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʤʠʢʨʦ ï ʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ; 

2) ʀʟʫʯʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʚ ʧʠʱʫ ʠ ʚ ʢʦʨʤʣʝʥʠʠ ʞʠʚʦʪʥʳʭ. 

ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʜʦʙʘʚʦʢ ʥʘ ʦʩʥʦʚʝ F. vesiculosis ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʨʘʞʝʥʠʷʭ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʚ 

ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩ ʚʳʧʘʜʝʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʠʟʦʪʦʧʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʜʘʣʝʝ ī ɸʆɸ) ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʜʘʣʝʝ ī ɹɸɺ) ʠ 

ʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʕʢʩʪʨʘʢʪʳ ʠʟ ʬʫʢʫʩʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʬʝʥʦʣʦʚ ʠ ʬʫʢʦʠʜʘʥʘ, 

ɸʆɸ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ ʨʷʜʦʤ ʘʚʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʡ ʨʦʣʴʶ ʜʨʫʛʠʭ ɹɸɺ ʚʦʜʦʨʦʩʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ [6]. ʉʚʦʙʦʜʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʠ ʚʦʜʦʨʦʩʣʝʡ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚ, ʧʨʦʷʚʣʷʶʪ ʪʘʢʞʝ 

ʠ ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ 

ʬʫʢʫʩʝ ʧʫʟʳʨʯʘʪʦʤ ʩʦʜʝʨʞʘʪʩʷ ʩʦʣʠ ʘʣʴʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï ʘʣʴʛʠʥʘʪʳ ʂ, Na, Mg ʠ ʉʘ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʚʝʣʠʢʦʣʝʧʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ ʩʦʣʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ [8].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʫʢʫʩʦʚ 

ɹʘʨʝʥʮʝʚʘ ʠ ɹʝʣʦʛʦ ʤʦʨʝʡ, ʚʢʣʶʯʘʶʱʠʝ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʦʝ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ (ʩʮʝʥʘʨʠʷ) ʧʦʣʫʯʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʬʫʢʫʩʦʚʳʭ ʙʠʦʧʨʝʧʘʨʘʪʦʚ. ɺʪʦʨʦʝ 

ï ʩʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ, ʢʘʯʝʩʪʚʝʥʥʳʭ, ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʥʘ 

ʦʩʥʦʚʝ ʩʫʭʠʭ ʵʢʩʪʨʘʢʪʦʚ ʠʟ ʬʫʢʫʩʦʚ [6; 7]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʘʪʝʥʪʦʚ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʪ. ʯ. ʧʘʪʝʥʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʫʢʫʩʦʚʦʡ ʢʨʫʧʢʠ, ʧʨʠʛʦʜʥʦʡ ʢ 

ʫʧʦʪʨʝʙʣʝʥʠʶ ʚ ʧʠʱʫ. ʉʦʟʜʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʥʝʜʦʨʦʛʦʡ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ ʚʠʜʝ ɹɸɺ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ 

ʨʘʩʰʠʨʝʥ ʘʨʩʝʥʘʣ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ ʚʠʜʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [3; 8]. ʄʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʬʫʢʦʠʜʦʚ: ʚʦʜʥʳʡ ʦʩʪʘʪʦʢ ʠ ʦʩʪʘʪʦʢ ʚʦʜʦʨʦʩʣʝʡ ʧʦʩʣʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʳʨʘʞʝʥʥʦʝ ʘʥʪʠʤʠʢʨʦʙʥʦʝ ʜʝʡʩʪʚʠʝ, ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʤʦʜʝʣʠ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘ ʤʦʜʝʣʷʭ ʠʤʤʫʥʦʜʝʧʨʝʩʩʠʡ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ, 

ʚʳʨʘʞʝʥʥʦʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʧʨʦʪʠʚʦʨʘʜʠʦʥʫʢʣʠʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [3; 6]. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠʟ ʬʫʢʫʩʘ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʠʤ 

ʚʦʜʫ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʢʦʨʤʣʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʩ 

ʮʝʣʴʶ ʙʘʣʘʥʩʠʨʦʚʢʠ ʨʘʮʠʦʥʘ ʧʦ ʡʦʜʫ [5]. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʦʜʘ, ʬʫʢʫʩʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʢʘʞʜʦʛʦ ʚʠʜʘ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʚʦʠʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʊʘʢ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʭʠʭ ʵʢʩʪʨʘʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʫʢʫʩʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʪʨʘʢʪʳ ʠʟ Fucus vesiculosus ʦʢʘʟʳʚʘʶʪ ʚʳʨʘʞʝʥʥʦʝ 



 

 

30 

 

ʠʤʤʫʥʦʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʧʦʚʳʰʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʘʢʨʦʬʘʛʦʚ ʠ 

ʥʝʡʪʨʦʬʠʣʴʥʳʭ ʛʨʘʥʫʣʦʮʠʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʦʢʘʟʳʚʘʶʪ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʠʤʤʫʥʦʜʝʧʨʝʩʩʠʝʡ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ, ʧʨʠʯʝʤ 

ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʦʚ ʠʟ Fucus vesiculosus ʚʳʨʘʞʝʥʦ ʩʠʣʴʥʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʢʩʪʨʘʢʪʘʤʠ ʠʟ Fucus distichus [7]. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʙʫʨʘʷ ʤʦʨʩʢʘʷ ʚʦʜʦʨʦʩʣʴ ʌʫʢʫʩ ʧʫʟʳʨʯʘʪʳʡ 

(Fucus vesiculosis), ʜʦʙʳʚʘʝʤʘʷ ʩʧʦʩʦʙʦʤ ʨʫʯʥʦʛʦ ʢʦʰʝʥʠʷ ʠ ʩʙʦʨʘ ʚ ʩʘʯʢʠ ʥʘ ʰʝʣʴʬʘʭ ɹʝʣʦʛʦ 

ʤʦʨʷ, ʧʨʦʰʝʜʰʘʷ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʫʰʢʫ ʥʘ ʩʦʣʥʮʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʜʦ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘʚʝʩʢʫ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʚʟʚʝʰʠʚʘʶʪ, ʧʦʤʝʱʘʶʪ ʚ 

ʬʘʨʬʦʨʦʚʫʶ ʚʳʧʘʨʠʪʝʣʴʥʫʶ ʯʘʰʢʫ (d=100ʤʤ) ʚ ʢʦʣʠʯʝʩʪʚʝ 50 ʛ, ʟʘʣʠʚʘʶʪ ʚʦʜʦʡ ʠ ʧʦʤʝʱʘʶʪ 

ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʧʨʠ 1800 Áʉ ʜʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʟʦʣʝʥʠʷ. ɿʦʣʫ ʩʦʙʠʨʘʶʪ ʩʪʝʢʣʷʥʥʦʡ 

ʧʘʣʦʯʢʦʡ ʚ ʢʶʚʝʪʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʧʨʦʠʟʚʦʜʷʪ ʘʥʘʣʠʟ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ1.  

 

ʊʘʙʣʠʮʘ 1 - ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʴʥʦʤ ʦʙʨʘʟʮʝ F. Vesiculosis 

 

ʂʦʤʧʦʥʝʥʪ ʉʦʜʝʨʞʘʥʠʝ, ʤʛ/ʢʛ 

ʅʘʪʨʠʡ (Na) 11000 

ʄʘʛʥʠʡ (Mg) 13400 

ʂʘʣʠʡ (K) 2950 

ʂʘʣʴʮʠʡ (Ca) 21200 

ɾʝʣʝʟʦ (Fe) 82 

ʉʪʨʦʥʮʠʡ (Sr) 650 

ʌʦʩʬʦʨ (P) 540 

ʉʝʨʘ (S) 4800 

ʁʦʜ (I) 120 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʦʩʣʠ 

ʌʫʢʫʩ ʧʫʟʳʨʯʘʪʳʡ ʦʯʝʥʴ ʧʠʪʘʪʝʣʴʥʳʡ, ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʚʦʜʦʨʦʩʣʠ ʚ ʢʦʨʤʣʝʥʠʠ ʞʠʚʦʪʥʳʭ 

ʠ ʚ ʧʠʱʫ ʯʝʣʦʚʝʢʫ ʫʣʫʯʰʠʪ ʚ ʦʨʛʘʥʠʟʤʝ ʙʘʣʘʥʩ ʤʠʢʨʦ ï ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʬʠʟʠʦʣʦʛʦ ï ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. 

ʆʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʢʫʩʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʨʘʡʥʝ ʦʙʰʠʨʥʘ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʢʨʫʧʢʠ ʬʫʢʫʩʘ ʚ 

ʨʘʮʠʦʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʝʡ ʬʫʢʫʩʘ ʚ ʢʦʨʤʣʝʥʠʠ ʢʫʨ-ʥʝʩʫʰʝʢ ʦʙʝʩʧʝʯʠʣʦ ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʠʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘʯʝʩʪʚ ʧʪʠʮʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʢʘʯʝʩʪʚʦ ʧʠʱʝʚʳʭ ʷʠʮ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʘʢʦʧʣʝʥʠʶ ʡʦʜʘ ʚ ʷʡʮʝ [4]. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʪʠʮʳ, ʚ ʨʘʮʠʦʥʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʙʘʚʢʘ ʬʫʢʫʩʘ, ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʨʝʘʛʠʨʫʶʪ ʜʦʩʪʦʚʝʨʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʫʞʝ ʚ ʫʨʘʚʥʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʨʠ 

ʩʫʪʦʯʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 1% ʬʫʢʫʩʦʚʦʡ ʢʨʫʧʢʠ ʚ ʨʘʮʠʦʥʝ. ʌʫʢʫʩʦʚʫʶ ʢʨʫʧʢʫ ʨʝʢʦʤʝʥʜʫʶʪ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʨʤʦʚʫʶ ʜʦʙʘʚʢʫ ʜʣʷ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʠ ʢʫʨ-ʥʝʩʫʰʝʢ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʧʨʠʨʦʩʪʘ ʤʘʩʩʳ ʪʝʣʘ ʮʳʧʣʷʪ ʠ ʢʘʯʝʩʪʚʘ ʷʠʮ.  
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ɺʳʩʦʢʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʚʦʜʦʨʦʩʣʝʡ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʤʘʢʨʦ-, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʝʝ ʚ ʢʦʤʙʠʢʦʨʤʘʭ, ʙʝʣʢʦʚʦʚʠʪʘʤʠʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʢʘʭ ʠ ʧʨʝʤʠʢʩʦʚ ʜʣʷ 

ʩʝʣɹʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʠ ʧʪʠʮʳ ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ.  

ɹʣʘʛʦʜʘʨʷ ʙʦʛʘʪʦʤʫ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ, ʬʫʢʫʩ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʤʧʣʝʢʩ ʥʘʪʫʨʘʣʴʥʳʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʆʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʜʨʫʛʠʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʚʳʧʝʯʢʘ, ʧʘʰʪʝʪʳ ʠ ʪ.ʜ.). ʌʫʢʫʩ ʙʝʣʦʤʦʨʩʢʠʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʡʦʜʘ, ʠ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʜʦʙʘʚʢʘ (ʜʘʣʝʝ ï ɹɸɼ) ʢ ʧʠʱʝ ʯʝʣʦʚʝʢʘ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʛʠʧʦʪʠʨʝʦʟʘ, ʪ.ʢ. ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʵʥʜʝʤʠʯʥʘ ʧʦ 

ʡʦʜʫ. ʊʘʢ ʢʘʢ ʟʜʦʨʦʚʴʝ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ï ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʦʙʱʝʛʦ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ, 

ʧʨʠʤʝʥʝʥʠʝ ʬʫʢʫʩʘ ʚ ʧʠʱʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʚʝʩʘ, ʢʦʥʪʨʦʣʶ ʘʧʧʝʪʠʪʘ ï ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ ʚʢʫʧʝ ʩ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʦʙʤʝʥʦʤ 

ʚʝʱʝʩʪʚ ʠ ʫʨʦʚʥʝʤ ʤʠʢʨʦ ï ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʨʝʛʫʣʠʨʫʝʪ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʪʘʪʫʩ 

ʯʝʣʦʚʝʢʘ, ʧʨʦʷʚʣʷʝʪ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʚʳʰʘʝʪ 

ʥʘʩʪʨʦʝʥʠʝ ʠ ʦʙʱʝʝ ʩʘʤʦʯʫʚʩʪʚʠʝ ʯʝʣʦʚʝʢʘ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʜʦʙʘʚʦʢ ʥʘ ʦʩʥʦʚʝ F. vesiculosis ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʨʘʞʝʥʠʷʭ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩ ʚʳʧʘʜʝʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʝʝ: ʩʫʱʝʩʪʚʫʶʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ 

ʄʠʥʟʜʨʘʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʜʦʙʘʚʢʠ, ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʚ ʢʦʪʦʨʳʭ ʠʜʝʥʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ ʩʪʘʪʴʝ ʦʙʨʘʟʮʫ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʯʠʩʪʦʡ ʚʦʜʦʨʦʩʣʠ F. vesiculosis. ʇʨʠ 

ʜʦʩʪʦʯʥʦʡ ʘʧʨʦʙʘʮʠʠ ʪʘʢʦʚʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʷʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʧʨʝʧʘʨʘʪʳ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ çʁʦʜ ï ɸʢʪʠʚè, ɼʀʆɼ ʟʘʚʦʜ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʵʢʦʧʠʪʘʥʠʷ 

ʆɸʆ (ʈʦʩʩʠʷ), çʁʦʜʦʤʘʨʠʥ 200è BERLIN-CHEMIE/MENARINI PHARMA GmbH (ɻʝʨʤʘʥʠʷ) 

ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʊʘʢʞʝ, ʩʫʱʝʩʪʚʫʶʪ ɹɸɼʳ ʥʘ ʦʩʥʦʚʝ ʬʫʢʫʩʘ ʙʝʣʦʤʦʨʩʢʦʛʦ, ʥʘʧʨʠʤʝʨ, 

ʬʫʢʫʩ ʜʨʦʙʣʝʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʆʆʆ çɸʨʭʘʥʛʝʣʴʩʢʠʡ ɺʦʜʦʨʦʩʣʝʚʳʡ ʂʦʤʙʠʥʘʪè, 

ʧʨʦʰʝʜʰʠʡ ʛʦʩʨʝʛʠʩʪʨʘʮʠʶ, ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʧʦʨʘʞʝʥʠʡ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʘʚʘʨʠʷʭ ʥʘ ɸʕʉ ʠʣʠ ʷʜʝʨʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʜʝʩʪʨʫʢʪʠʚʥʳʭ 

ʧʦʨʘʞʝʥʠʡ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʠ ʠʟʤʝʥʝʥʠʷ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʦʨʛʘʥʠʟʤʘ.  

ʇʝʨʩʧʝʢʪʠʚʘ ʧʨʠʤʝʥʝʥʠʷ ʫ ʞʠʚʦʪʥʳʭ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʘʧʨʦʙʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʜʠʦʠʤʤʫʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʝʪʦʜʠʢʠ ʤʝʯʝʥʳʭ 

ʘʪʦʤʦʚ [9], ʧʨʦʮʝʩʩ ʩʢʘʨʤʣʠʚʘʥʠʷ ʞʠʚʦʪʥʳʤ ʪʘʢʦʡ ʜʦʙʘʚʢʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʦʨʤʳ ʢʦʨʤʣʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʌʝʜʝʨʘʣʴʥʳʤ ʥʘʫʯʥʳʤ ʮʝʥʪʨʦʤ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ɺʩʝʨʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʧʪʠʮʝʚʦʜʩʪʚʘ, ʪʘʢ ʢʘʢ ʤʦʨʩʢʠʝ ʙʫʨʳʝ 

ʚʦʜʦʨʦʩʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʚʠʜʘʤ ʢʦʨʤʦʚ ʠ ʠʤʝʶʪ ʩʚʦʠ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʦʨʤʘʤ ʚʚʦʜʘ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ. ʅʦ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʚ ʜʘʥʥʦʡ 

ʜʦʙʘʚʢʝ ʢʨʘʡʥʝ ʚʝʣʠʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ, ʘʥʘʣʦʛʦʚʳʤʠ ʜʦʙʘʚʢʘʤʠ, ʘ ʪʘʢʞʝ, ʩʪʘʙʠʣʴʥʳʝ 

ʘʪʦʤʳ ʡʦʜʘ ʩʦʩʪʘʚʣʷʶʪ ʝʩʪʝʩʪʚʝʥʥʳʡ çʙʘʨʴʝʨè ʜʣʷ ʥʝʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʝ Fucus vesiculoisis ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʢʘʢ ʩʨʝʜʩʪʚʦ 
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ʧʨʦʬʠʣʘʢʪʠʢʠ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʦʨʘʞʝʥʠʡ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʠ ʥʘʨʫʰʝʥʠʷ ʛʦʨʤʦʥʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʘ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩ ʚʳʧʘʜʝʥʠʝʤ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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Abstract. The paper presents the results of studies of the drying of peat. The thermokinetic 

characteristics of the drying process were determined using the modified expression of the Hertz-

Knudsen law under isothermal heating. The desired kinetic characteristics were found from the 

condition of matching the experimental and calculated data for a given mathematical model of the 

mass values of the sample of the peat under study for different heating times. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʘ ʣʝʩʥʦʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʢʘʢ ʥʘ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʘʭ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʤʥʦʛʦʬʘʟʥʳʭ ʩʨʝʜ, ʪʘʢ ʠ ʥʘ ʤʝʪʦʜʘʭ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ ʧʨʦʬʝʩʩʦʨʘ ɻʨʠʰʠʥʘ ɸ.ʄ. [1-3], ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʦʚʳʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʘ ʣʝʩʦʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ); ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʠ 

ʧʨʠʨʦʜʥʫʶ ʥʘʛʨʫʟʢʠ ʥʘ ʣʝʩʥʳʝ ʬʠʪʦʮʝʥʦʟʳ (ʢʦʩʪʨʳ, ʧʨʝʜʥʘʤʝʨʝʥʥʳʝ ʧʦʜʞʦʛʠ, ʤʦʣʥʠʝʚʳʝ 

ʨʘʟʨʷʜʳ ʧʨʠ ʩʫʭʠʭ ʛʨʦʟʘʭ); ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʣʦʝ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʩʫʰʢʘ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʜʘʣʝʝ ī ʃɻʄ), ʪʝʧʣʦʦʙʤʝʥ ʩʣʦʷ ʃɻʄ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ). ʇʦʜʦʙʥʳʝ ʧʨʦʛʥʦʟʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʨʝʤʷ ʠ ʤʝʩʪʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ: ʦʪ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʛʥʦʟʘ (ʥʘ ʙʣʠʞʘʡʰʠʝ ʯʘʩʳ) ʜʦ ʜʦʣʛʦʩʨʦʯʥʦʛʦ (ʥʘ ʙʣʠʞʘʡʰʠʡ ʤʝʩʷʮ ʠʣʠ ʧʦʞʘʨʦʦʧʘʩʥʳʡ 

ʩʝʟʦʥ). ʊʦʯʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʧʨʦʛʥʦʟʦʚ ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʣʦʝ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ ʃɻʄ ʢ ʚʦʩʧʣʘʤʝʥʝʥʠʶ ʦʪ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʠʯʠʥ, ʪʘʢ ʠ ʥʘ ʩʪʘʜʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʦʚ. ʅʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʝʩʦʧʦʞʘʨʥʳʭ ʩʠʪʫʘʮʠʡ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʟʘʜʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ 

ï ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʜʥʦʟʥʘʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʚʦʡʩʪʚʘ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ 

ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʨʝʘʛʠʨʫʶʱʠʭ 

ʩʨʝʜ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʨʬʦʚ 

ʅʦʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʪʦʨʬʦʚ ʠ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʟʘʢʦʥʘ ɻʝʨʮʘ-ʂʥʫʜʩʝʥʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩ 

ʫʙʳʣʠ ʚʣʘʛʠ ʠʟ ʪʦʨʬʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʞʘʨʦʦʧʘʩʥʦʛʦ ʩʝʟʦʥʘ ʚ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʪʦʨʬʷʥʠʢʘʭ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʦʜʟʝʤʥʳʭ ʧʦʞʘʨʦʚ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʪʦʨʬ, ʚʟʷʪʳʡ ʥʘ ʪʦʨʬʷʥʠʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʜʝʨʝʚʥʠ ɼʘʣʴʥʷʷ ʅʦʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʚʟʷʪʠʷ ʧʨʦʙ ʥʘ 

ʪʦʨʬʷʥʠʢʝ ʦʪʨʳʚʘʣʘʩʴ ʢʦʣʦʥʢʘ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦ ʩʪʦʨʦʥʦʡ 10 ʩʤ ʠ ʚʳʩʦʪʦʡ 80 ʩʤ. 

ɺʝʨʭʥʠʡ ʪʨʠʜʮʘʪʠʩʘʥʪʠʤʝʪʨʦʚʳʡ ʩʣʦʡ ʢʦʣʦʥʢʠ, ʧʨʝʜʩʪʘʚʣʷʚʰʠʡ ʩʦʙʦʡ ʙʦʣʦʪʥʳʝ ʨʘʩʪʝʥʠʷ 

(ʞʠʚʳʝ ʠ ʦʪʤʝʨʰʠʝ), ʧʦʣʫʨʘʟʣʦʞʠʚʰʠʝʩʷ ʣʠʩʪʚʘ, ʭʚʦʷ, ʪʨʘʚʘ ʠ ʪʦʥʢʠʝ ʚʝʪʦʯʢʠ, ʫʜʘʣʷʣʩʷ. 

ɿʘʪʝʤ ʢʦʣʦʥʢʘ ʥʘʨʝʟʘʣʘʩʴ ʥʘ ʩʣʦʠ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʳ ï 10 ʩʤ. ɺʩʝʛʦ ʦʪʙʠʨʘʣʠ 5 ʩʣʦʝʚ: ʧʝʨʚʳʡ 

ʩʣʦʡ ʩ ʛʣʫʙʠʥʳ 30 õ 40 ʩʤ, ʚʪʦʨʦʡ ï 40 õ 50 ʩʤ é ʧʷʪʳʡ ʩʣʦʡ ï 70 õ 80 ʩʤ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ ʐʉ 35/250-250-ʇ-

ʉʪʘʥʜʘʨʪ. ʉʫʰʢʫ ʦʙʨʘʟʮʦʚ ʪʦʨʬʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 30, 60 ʠ 95 Áʉ. ɼʣʷ 

https://miroborudovaniya.ru/product/laboratornyj-sushilnyj-shkaf-shs-35-250-250-p-standart/
https://miroborudovaniya.ru/product/laboratornyj-sushilnyj-shkaf-shs-35-250-250-p-standart/
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʠʩʴ 5 ʦʙʨʘʟʮʦʚ ʠʟ ʢʘʞʜʦʛʦ ʩʣʦʷ ʪʦʨʬʘ, ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʫʰʢʝ ʚ ʰʢʘʬʫ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʪʦʨʬʘ 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʚʘʨʮʝʚʳʝ ʙʶʢʩʳ. ɼʣʷ ʟʘʤʝʨʘ ʫʙʳʣʠ ʤʘʩʩʳ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʵʣʝʢʪʨʦʥʥʳʝ ʚʝʩʳ Sartorius ʩ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 0.1 ʤʛ. ɺʝʣʠʯʠʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʥʘʚʝʩʢʠ 

ʩʦʩʪʘʚʣʷʣʘ ʝʜʠʥʠʮʳ ʛʨʘʤʤ. ʕʢʩʧʝʨʠʤʝʥʪ ʩʯʠʪʘʣʩʷ ʦʢʦʥʯʝʥʥʳʤ, ʢʦʛʜʘ ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʦʧʳʪʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,0001 ʛ. 

ʂʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ: ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ű ʚ ʦʙʲʝʤʝ ʩʫʰʠʣʴʥʦʛʦ ʰʢʘʬʘ ʩ 

ʧʦʤʦʱʴʶ ʚʣʘʛʦʤʝʨʘ ɺʂʌ-43 ʠ ʧʩʠʭʨʦʤʝʪʨʘ ʘʩʧʠʨʘʮʠʦʥʥʦʛʦ ʄ-34, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʈ c 

ʧʦʤʦʱʴʶ ʙʘʨʦʤʝʪʨʘ-ʘʥʝʨʦʠʜʘ ɹɸʄʄ-1, ʪʝʤʧʝʨʘʪʫʨʘ T ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʚ ʩʫʰʠʣʴʥʦʤ 

ʰʢʘʬʝ - ʨʪʫʪʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʪʝʨʤʦʤʝʪʨʦʤ (ʊmax = 250 Áʉ).  

ʉʫʤʤʘʨʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʧʨʝʚʳʰʘʣʠ dm < 2,1 %,                  dT 

< 4 %, dp < 3.7 %. ʂʘʞʜʳʡ ʦʧʳʪ ʧʦʚʪʦʨʷʣʩʷ ʧʦ 5 ʨʘʟ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʭ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

0,95. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʧʨʦʮʝʩʩʘ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʪʦʨʬʘ ʧʨʠ ʠʭ ʚʳʝʤʢʝ ʠʟ ʩʫʰʠʣʴʥʦʛʦ ʰʢʘʬʘ ʠ ʚʟʚʝʰʠʚʘʥʠʠ ʥʘ 

ʚʝʩʘʭ, ʩʫʰʢʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʠ ʦʙʨʘʟʮʘ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʚʟʚʝʰʠʚʘʣʠʩʴ ʚ 

ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʯʝʨʝʟ 1-5 ʤʠʥ., ʘ ʪʨʝʪʠʡ ï ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʩʫʰʢʠ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʚʳʰʘʣʘ 4,3 %.  

ɿʘʚʠʩʠʤʦʩʪʴ ʫʙʳʣʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʪʦʨʬʘ ʧʝʨʚʦʛʦ ʩʣʦʷ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʩʫʰʢʠ (ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ) ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʨʠʩʫʥʢʦʤ 1.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ (ʜʘʣʝʝ ï ʊʂʇ) ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʪʦʨʬʘ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʃɻʄ ʠʟʣʦʞʝʥʥʘʷ ʚ [4]. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʠʟ ʥʝʢʦʪʦʨʦʛʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʃɻʄ ʩ ʤʘʩʩʦʡ m ʦʧʠʩʳʚʘʶʪ ʩʣʝʜʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ: 
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                                             (1) 

ʛʜʝ ʪ ï ʪʝʢʫʱʘʷ ʤʘʩʩʘ ʚʣʘʞʥʦʛʦ ʚʝʱʝʩʪʚʘ; 

ʪÐ ï ʤʘʩʩʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʦʙʨʘʟʮʘ;
 

)exp(0*
RT

L
PP -=  ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ; 

*PP=j  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ; 

k ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ (ʂ1/2/(ʩĀʇʘ)); 

ʈ ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ; 

R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

L ï ʪʝʧʣʦʪʘ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ.  

 

 

 

ʊʘʙʣʠʮʘ 1 ï ʋʙʳʣʴ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʪʦʨʬʘ ʦʪ ʚʨʝʤʝʥʠ (ʪʦʨʬ ʧʝʨʚʦʛʦ ʩʣʦʷ, ʪʝʤʧʝʨʘʪʫʨʘ - 368 

ʂ, ʦʧʳʪ ˉ 5, mʪʦʨʬʘ ʥʘʯ. = 0,919 ʛ, mʙʶʢʩʳ = 25,287 ʛ) 
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ʚʨʝʤʷ,ʤʠʥ. 0 1 2 3 4 5 6 7 8 

ʤʘʩʩʘ, ʛ 26.206 26.192 26.1717 26.1494 26.1245 26.102 26.0815 26.0603 26.0384 

ʚʨʝʤʷ, ʤʠʥ. 9 10 11 12 13 14 15 16 17 

ʤʘʩʩʘ, ʛ 26.018 25.9956 25.9755 25.9545 25.938 25.9214 25.905 25.8892 25.8747 

ʚʨʝʤʷ, ʤʠʥ. 18 19 20 21 22 23 24 25 26 

ʤʘʩʩʘ, ʛ 25.8615 25.8494 25.8364 25.8265 25.8168 25.8064 25.7981 25.7902 25.7841 

ʚʨʝʤʷ,ʤʠʥ. 27 28 29 30 31 32 33 34 35 

ʤʘʩʩʘ, ʛ 25.7769 25.7717 25.766 25.762 25.760 - 25.7565 25.754 25.7515 

ʚʨʝʤʷ,ʤʠʥ. 36 37 38 39 40 41 42 43 44 

ʤʘʩʩʘ, ʛ 25.7505 25.7498 25.7478 25.7469 25.7454 25.7449 25.7445 25.7445 25.7444 

 

    

   ʘ)      ʙ)  

 
ʚ) 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʙʳʣʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʪʦʨʬʘ ʧʝʨʚʦʛʦ ʩʣʦʷ ʦʪ ʚʨʝʤʝʥʠ 

ʘ) ʊ=300 ʂ, mʥʘʯ. ʪʦʨʬʘ = 0,9956 ʛ, mʙʶʢʩʳ,ʛʦʨʷʯ. = 23,5252 ʛ; ʙ) ʊ = 333 ʂ, mʥʘʯ.ʪʦʨʬʘ = 0,9959 ʛ, 

mʙʶʢʩʳ,ʛʦʨʷʯ.= 22,4186 ʛ; ʚ) ʊ = 368 ʂ, mʥʘʯ.ʪʦʨʬʘ = 0,919ʛ., mʙʶʢʩʳ,ʛʦʨʷʯ.= 25,287 ʛ. 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʫʰʢʝ ʪʦʨʬʘ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ, ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʠ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʧʘʨʦʚ ʚʦʜʳ. 

ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ kP0, L ʧʦ ʠʟʚʝʩʪʥʳʤ ʥʘʯʘʣʴʥʦʤʫ 

ʫʩʣʦʚʠʶ, ʤʘʩʩʝ ʦʙʨʘʟʮʘ ʠ ʦʩʪʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʜʝʣʠ. 

ʕʪʘ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦʡ. ʅʝʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʠʣʠ ʝʛʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʜʚʫʭ ʠ 

ʙʦʣʝʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʚ [4] ʨʘʟʨʘʙʦʪʘʥ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʣʫʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʩʪʴʶ.  

ʀʩʢʦʤʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ (ʧʦ ʤʘʪ. ʤʦʜʝʣʠ (1)) ʟʥʘʯʝʥʠʡ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ t.  
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ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʚ (1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ [4] ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: 
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ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʫʜʦʚʣʝʪʚʦʨʷʣʠ 

ʫʨʘʚʥʝʥʠʶ (2) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘ Ts,i . ʀʩʢʦʤʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ kP0 ʠ L   ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ: 
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ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʝʚʷʟʢʠ ʫʨʘʚʥʝʥʠʷ (2) ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ [tʥ; tʢ], ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ ʥʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  

ʟʘʚʠʩʠʤʦʩʪʝʡ mi
exp(t) (i= N,1 ), ʛʜʝ N ï ʯʠʩʣʦ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘ. ɺ ʫʨʘʚʥʝʥʠʠ (3) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
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ʀʥʜʝʢʩ i ʩʦʦʪʚʝʪʩʪʚʫʝʪ i-ʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊs,i. 

ʋʜʦʚʣʝʪʚʦʨʷʷ ʬʫʥʢʮʠʶ I (B, L) ʠʟ (5) ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʪʨʝʤʫʤʘ  

.0

,0

=
µ

µ

=
µ

µ

L

I

B

I

                                                         (5) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɺ ʚ [4] ʧʦʣʫʯʝʥʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ:  
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ʊʝʧʣʦʪʘ ʠʩʧʘʨʝʥʠʷ ʤʦʣʷ ʩʚʷʟʘʥʥʦʡ ʩ ʚʝʱʝʩʪʚʦʤ ʚʦʜʳ L ʥʘʭʦʜʠʪʩʷ ʠʟ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ: 
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ɸʥʘʣʠʟ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ 

ʪʝʤʧʝʨʘʪʫʨʳ Ts,i (i=1,2). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʧʷʪʴ ʦʙʨʘʟʮʦʚ ʪʨʝʪʴʝʛʦ ʩʣʦʷ 

ʪʦʨʬʘ) ʠ ʨʘʩʯʝʪʘ ʧʦ ʤʦʜʝʣʠ (1) ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʜʚʘ ʨʝʞʠʤʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 
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ʩʫʰʢʠ: ʧʨʠ ʊ1 = 300 ʂ ʠ ʊ2 = 333 ʂ; ʧʨʠ ʜʚʫʭ ʟʥʘʯʝʥʠʷʭ ű: ű1 = 50 % ʠ ű2 = 30%) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʪʦʨʬʘ (ʪʘʙʣʠʮʘ 2).  

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʦʙʨʘʟʮʦʚ ʪʦʨʬʘ 

 

ˉ ʦʙʨʘʟʮʘ L (ɼʞ/ʤʦʣʴ) kP0 (K
0.5/ʩ) ű, % 

1 25136 0,337Ö103 50 

0,241Ö103 30 

2 26626 0,613Ö103 50 

0,438Ö103 30 

3 23860 0,202Ö103 50 

0,144Ö103 30 

4 23361 0,166Ö103 50 

0,118Ö103 30 

0,101Ö103 30 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 24391 0,292Ö103 50 

0,284Ö103 30 

 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʥʘʡʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ mi
exp(t) ʠ ʨʘʩʯʝʪʥʳʭ mi(t) ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʪ 

ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ mi(t) ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (2) ʩ 

ʥʘʡʜʝʥʥʳʤʠ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ kP0 , L.  

ʉʨʘʚʥʝʥʠʝ ʫʙʳʣʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʪʦʨʬʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʩʫʰʢʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʨʘʩʯʝʪʥʦʡ ʜʣʷ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ ʪʨʝʪʴʝʛʦ ʩʣʦʷ ʪʦʨʬʘ ʩ ʚʣʘʞʥʦʩʪʴʶ 50 % ʠ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʩʫʰʢʠ 300 ʂ ʠ 333 ʂ (ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.                 

 
ʈʠʩʫʥʦʢ 2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʩʧʣʦʰʥʳʝ) ʠ ʨʘʩʯʝʪʥʳʝ (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (1) ʠ 333 ʂ (2) ʠ ʚʣʘʞʥʦʩʪʠ 50 % 

ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʢʨʠʚʳʭ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʯʥʦʩʪʠ ʥʘʡʜʝʥʥʳʭ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʪʦʨʬʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʪʦʨʬʦʚ 

ʐʘʪʫʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʊʂʇ ʪʦʨʬʦʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [5; 6], ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʭ ʨʘʟʣʠʯʠʝ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ 
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ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʦ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʫʙʳʣʠ ʤʘʩʩʳ ʪʦʨʬʘ ʚ ʧʨʦʮʝʩʩʝ 

ʝʛʦ ʩʫʰʢʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʪʠʭ ʨʘʙʦʪ, ʥʘ 

ʚʝʣʠʯʠʥʳ L ʠ kP0 ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʟʦʣʴʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʪʦʨʬʘ. ʋʥʦʩ 

ʩʚʦʙʦʜʥʦʡ ʠ ʩʚʷʟʘʥʥʦʡ ʚʣʘʛʠ ʧʨʠ ʩʫʰʢʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʧʨʠ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʨʬʘ. 

ʆʜʥʘʢʦ ʥʠʟʢʘʷ ʟʦʣʴʥʦʩʪʴ ʪʦʨʬʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʩʫʰʢʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʪʦʨʬʝ ʠ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ ʠ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʦʢ ʚʨʝʤʝʥʠ 

ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʨʬʷʥʳʭ ʧʦʞʘʨʦʚ ʜʣʷ 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʪʠʧʘ ʪʦʨʬʷʥʳʭ ʟʘʣʝʞʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʥʝʦʙʭʦʜʠʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʘʟʳ ʜʘʥʥʳʭ (ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʭ 

ʢʦʥʩʪʘʥʪ), ʦʜʥʦʟʥʘʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʚʦʡʩʪʚʘ ʪʦʨʬʘ ʢʦʥʢʨʝʪʥʦʡ ʟʘʣʝʞʠ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʪʦʨʬʷʥʦʛʦ ʧʦʞʘʨʘ. 
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Abstract. The article is devoted to the problem of the anthropogenic impact of rocket and 

space technology on the environment, which poses an environmental hazard during operation, testing 

and launching missiles, eliminating and destroying weapons and military equipment that have reached 

the warranty period, and emissions of pollutants into the environment. 

Keywords: environment; environmental hazard; human impact; rocket and space technology; 

space rocket activity; rocket fuels. 

 

ɸʥʘʣʠʟ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʙʣʝʤʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʘ ʠ 

ʩʝʨʴʝʟʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʚʝʨʜʳʭ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ (ʜʘʣʝʝ ī ʊʈʊ), ʧʨʦʤʩʪʦʢʠ, 
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ʚʳʙʨʦʩʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʭʦʜʳ ʠ, ʦʩʦʙʝʥʥʦ, ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʠ ʚʟʨʳʚʘ (ʜʘʣʝʝ ī ʇʉ ʠ 

ʇɺ), ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʠ ʧʫʩʢʦʚ, ʣʠʢʚʠʜʘʮʠʠ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʨʘʢʝʪ 

ʠ ʫʥʠʯʪʦʞʝʥʠʠ ʟʘʨʷʜʦʚ, ʚʳʩʣʫʞʠʚʰʠʭ ʛʘʨʘʥʪʠʡʥʳʝ ʩʨʦʢʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪ.ʝ. ʩʪʝʧʝʥʠ ʠʭ ʚʨʝʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʜʘʣʝʝ ī ʇɼʂ) ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʙʠʦʩʬʝʨʳ (ʚʦʟʜʫʭʝ, 

ʚʦʜʝ, ʧʦʯʚʝ) [1; 2]. 

ʇɼʂ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʵʪʦ ʪʘʢʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʪʦʨʦʡ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ, 

ʧʨʷʤʦ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʥʝ ʚʦʟʥʠʢʘʝʪ ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ 

ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʨʘʟʫ ʠʣʠ ʚ ʦʪʜʘʣʝʥʥʳʝ ʩʨʦʢʠ ʞʠʟʥʠ ʥʘʩʪʦʷʱʝʛʦ ʠʣʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

ɺ ʧʨʘʢʪʠʢʝ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʜʣʷ ʩʘʥʠʪʘʨʥʦʡ ʦʮʝʥʢʠ ʚʦʟʜʫʰʥʦʡ ʠ ʚʦʜʥʦʡ 

ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʇɼʂ [3]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʇɼʂ: 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ (ʇɼʂʨʟ, ʤʛ/ʤ
3) 

ï ʵʪʦ ʪʘʢʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʚʦʟʜʫʭʝ, ʢʦʪʦʨʘʷ ʥʝ ʚʳʟʳʚʘʝʪ ʫ 

ʨʘʙʦʪʘʶʱʠʭ ʣʶʜʝʡ ʧʨʠ ʝʞʝʜʥʝʚʥʦʤ ʚʜʳʭʘʥʠʠ ʟʘ 8 ʯʘʩʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʨʘʙʦʯʝʛʦ ʩʪʘʞʘ 

ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʦʪʢʣʦʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ; 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʚʦʟʜʫʭʝ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ (ʇɼʂʩʩ, ʤʛ/ʤ
3) ï ʵʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʯʝʣʦʚʝʢʘ ʧʨʷʤʦʛʦ ʠʣʠ 

ʢʦʩʚʝʥʥʦʛʦ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʦʣʛʦʛʦ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ 

ʚʜʳʭʘʥʠʷ ʚʦʟʜʫʭʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʳ; 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʝ ʚʦʜʦʝʤʦʚ (ʇɼʂʚ, ʤʛ/ʣ) ï ʵʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʥʝ ʦʢʘʟʳʚʘʶʱʘʷ ʧʨʷʤʦʛʦ ʠʣʠ ʢʦʩʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʡ ʝʛʦ ʞʠʟʥʠ ʠ ʥʘ ʟʜʦʨʦʚʴʝ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʭʫʜʰʘʶʱʘʷ 

ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʇɼʂ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʊʈʊ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʊʈʊ 

 

 

ʂʦʤʧʦʥʝʥʪʳ 
ʊʦʢʩʠʯʥʦʝ 

ʜʝʡʩʪʚʠʝ  

ʇɼʂ 

ʚ ʚʦʜʝ ʚʦʜʦʝʤʦʚ, 

ʤʛ/ʣ 

ʚ ʚʦʟʜʫʭʝ, 

ʤʛ/ʤ3 

ʇʝʨʭʣʦʨʘʪ ʘʤʤʦʥʠʷ 

 

ʆʢʪʦʛʝʥ (ʛʝʢʩʦʛʝʥ) 

ɸʣʶʤʠʥʠʡ 

ʅʠʪʨʦʛʣʠʮʝʨʠʥ 

ʇʦʨʘʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ (ʎʅʉ) 

ʇʦʨʘʞʝʥʠʝ ʎʅʉ, ʢʨʦʚʷʥʦʡ ʷʜ 

ʇʦʨʘʞʝʥʠʝ ʣʝʛʢʠʭ 

ʂʨʦʚʷʥʦʡ ʷʜ 

5,0 

 

0,1 

- 

0,01 

1,0 

 

1,0 

2,0 

1,0 

 

ʆʩʥʦʚʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʭʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ ʠ ʜʨʫʛʠʝ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʅʘʨʷʜʫ ʩ ʪʦʢʩʠʯʝʩʢʠʤ 
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ʚʦʟʜʝʡʩʪʚʠʝʤ, ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʨʘʟʨʫʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʟʦʥʥʳʡ ʩʣʦʡ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʫʩʢʘʭ ʨʘʢʝʪ. 

ʇʦʤʠʤʦ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʠʤʝʶʪʩʷ ʙʦʣʴʰʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʘ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ 

ʩʛʦʨʘʥʠʷ. ɼʨʫʛʦʡ ʧʨʦʜʫʢʪ ʛʦʨʝʥʠʷ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʚ 

ʙʣʠʞʥʠʭ ʟʦʥʘʭ ʤʝʩʪʘ ʧʦʜʨʳʚʘ, ʧʫʩʢʘ ʠʣʠ ʠʩʧʳʪʘʥʠʷ. ʇʨʠ ʩʞʠʛʘʥʠʠ ʟʘʨʷʜʦʚ ʩʤʝʩʝʚʳʭ ʊʈʊ 

ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ (ʙʝʟ ʩʦʧʣʦʚʦʛʦ ʙʣʦʢʘ) ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʷʚʣʷʶʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʘ.  

ʊʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

 

ɺʝʱʝʩʪʚʦ 
ʇɼʂʨʟ, 

ʤʛ/ʤ3 

ʇɼʂʤʨ, 

ʤʛ/ʤ3 

ʇɼʂʩʩ, 

ʤʛ/ʤ3 

ʇɼʂʚ, 

ʤʛ/ʤ3 

HCl 

CO 

CO2 

Al2O3 

Cl2 

NO2 

NH3 

5 

20 

9000 

2 

1 

2 

20 

0,2 

5,0 

- 

- 
0,1 

0,085 

0,2 

0,2 

3,0 

- 

- 
0,03 

0,04 

0,04 

300(ʉl) 

- 

- 

- 

- 

- 
2 

ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʣʠʢʚʠʜʘʮʠʠ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʟʘʨʷʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʚ [4], ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʥʪʳ ʧʦʜʨʳʚʘ, ʩʞʠʛʘʥʠʷ ʠʣʠ 

ʛʠʜʨʦʨʘʟʤʳʚʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʚʳʰʝ ʩʧʝʢʪʨʘ ʪʝʭʥʦʣʦʛʠʡ ʣʠʢʚʠʜʘʮʠʠ ʟʘʨʷʜʦʚ 

ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʩʝʨʴʝʟʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʘʟʦʧʳʣʝʚʳʝ ʚʳʙʨʦʩʳ ʠ 

ʧʨʦʤʩʪʦʢʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʉʊʈʊ, ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ 

ʠ ʚʟʨʳʚʘ (ʇʉ ʠ ʇɺ), ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʟʘʨʷʜʦʚ (ʨʠʩʫʥʦʢ 1). 

ʉʫʱʝʩʪʚʝʥʥʦ ʟʥʘʯʠʤʳʤʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʠʟʘʮʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʘʟʦʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʠ 

ʧʨʦʤʩʪʦʢʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ.  

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ 

ʟʘʨʷʜʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ 
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ɺʦʟʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʳʙʨʦʩʘʭ ʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʚʦʟʜʫʭʝ, ʚʦʜʝ ʠ 

ʧʦʯʚʝ. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʜʘʣʝʝ - ʆʉ) ʧʨʠ 

ʫʪʠʣʠʟʘʮʠʠ ʊʈʊ 

 

ɺʳʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʆʉ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʙʣʘʛʦʜʘʨʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ 

ʠ ʦʯʠʩʪʢʫ ʚʳʙʨʦʩʦʚ [5; 6]. 

ʇʨʦʣʠʚʳ ʠʟ ʩʨʝʜʩʪʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʟʘʧʨʘʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʚʳʨʘʙʦʪʘʥʥʳʝ 

ʦʩʪʘʪʢʠ ʪʦʧʣʠʚ ʚ ʦʪʜʝʣʷʶʱʠʭʩʷ ʯʘʩʪʷʭ ʈʅ, ʧʨʦʜʫʢʪʳ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚ ʚ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʷʭ, ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʠ  ʜʘʣʝʢʦ ʥʝʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʫʪʝʡ ʧʦʧʘʜʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʞʠʜʢʠʭ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ (ʜʘʣʝʝ ī ʂɾʈʊ) ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʣʠʚʳ ʠ ʚʳʙʨʦʩʳ ʂɾʈʊ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʨʘʚʢʠ ʠ 

ʩʣʠʚʘ ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʩʩʪʳʢʦʚʢʝ ʟʘʧʨʘʚʦʯʥʳʭ ʠ ʜʨʝʥʘʞʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʤʝʩʪʘʭ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʢʘʯʢʠ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ. ʀʭ ʦʙʲʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢ 

ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʛʨʫʥʪʘ, ʧʦʯʚʳ, ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʝ ʦʙʲʝʢʪʳ ʭʨʘʥʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʩ ʂɾʈʊ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʩʨʝʜʩʪʚʘʤʠ ʩʙʦʨʘ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʨʦʣʠʚʦʚ ʠ 

ʜʨʝʥʘʞʥʳʭ ʚʳʙʨʦʩʦʚ.  

ɹʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʚʘʨʠʠ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ 

ʧʝʨʝʚʦʟʢʝ ʂɾʈʊ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʧʦʧʘʜʘʥʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʪʦʥʥ) ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚ. ɺ ʤʝʩʪʝ ʘʚʘʨʠʠ ʥʝʠʟʙʝʞʥʦ ʙʫʜʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʦʙʣʘʢʦ ʧʘʨʦʚ ʧʨʦʣʠʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʨʦʜʫʢʪ ʙʫʜʝʪ ʨʘʩʪʝʢʘʪʴʩʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʧʘʜʘʪʴ ʚ ʚʦʜʦʝʤʳ, ʧʨʦʥʠʢʘʪʴ ʚ ʛʨʫʥʪ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ. 

ʄʘʩʰʪʘʙʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʣʠʪʳʭ ʂɾʈʊ, ʥʦ ʠ ʦʪ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʆʧʳʪʥʳʝ ʠ ʫʯʝʙʥʳʝ ʧʫʩʢʠ ʨʘʢʝʪ, ʟʘʧʫʩʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩʚʷʟʘʥʳ ʩ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʤʝʩʪʘʭ ʧʘʜʝʥʠʷ ʦʪʜʝʣʷʶʱʠʭʩʷ ʯʘʩʪʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ 

(ʜʘʣʝʝ ī ʆʏʈʅ). ɺ ʦʜʥʦʡ ʪʘʢʦʡ ʆʏʈʅ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʥʝʚʳʨʘʙʦʪʘʥʥʳʝ ʂɾʈʊ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʛʨʘʤʤʦʚ. ɽʩʣʠ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʚʘʨʠʡʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʣʠʚʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʝʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʚʟʘʠʤʥʳʡ ʢʦʥʪʘʢʪ ʨʘʢʝʪʥʳʭ ʛʦʨʶʯʠʭ ʠ ʦʢʠʩʣʠʪʝʣʝʡ, ʪʦ ʚ ʤʝʩʪʘʭ ʧʘʜʝʥʠʷ ʆʏʈʅ ʵʪʦ 
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ʧʨʦʠʩʭʦʜʠʪ ʥʝʠʟʙʝʞʥʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʪʘʪʢʦʚ ʂɾʈʊ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʚʦʩʧʣʘʤʝʥʝʥʠʶ, 

ʘ ʪʘʢʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʈʘʡʦʥʳ ʧʘʜʝʥʠʷ ʆʏʈʅ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʤʘʣʦʥʘʩʝʣʝʥʥʳʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ 

ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʦʚ ʫʪʠʣʠʟʘʮʠʠ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʂɾʈʊ ʥʘʨʷʜʫ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʩʧʝʢʪʳ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ ʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʅʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʢʦʤʧʦʟʠʮʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘʣʘʛʘʶʪ ʩʪʨʦʛʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂɾʈʊ. ɺʩʝ ʨʘʙʦʪʳ ʩ 

ʨʘʢʝʪʥʳʤʠ ʪʦʧʣʠʚʘʤʠ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦʜ 

ʧʦʩʪʦʷʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ. 

ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʂɾʈʊ ʩʦʩʪʘʚʣʷʶʪ ʦʢʠʩʣʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʪʝʪʨʘʦʢʩʠʜʘ ʘʟʦʪʘ, ʛʦʨʶʯʝʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʤʝʪʠʣʛʠʜʨʦʟʠʥ (ʜʘʣʝʝ ï ʅɼʄɻ). 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʠ ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʚʝʱʝʩʪʚʦʤ. ɺ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ, 

ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʂɾʈʊ 

ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ: ʦʢʠʩʣʝʥʠʝ ʠ ʨʘʟʣʦʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʛʣʦʱʝʥʠʝ ʚʣʘʛʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʉʣʦʞʥʳʡ ʩʦʩʪʘʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʧʘʩʦʚ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʝ ʠʭ ʦʙʲʝʤʳ ʜʝʣʘʶʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ. 

ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʢ ʫʪʠʣʠʟʘʮʠʠ ʧʨʠʛʦʜʥʳ ʘʟʦʪʥʦʢʠʩʣʦʪʥʳʝ ʦʢʠʩʣʠʪʝʣʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʟʙʘʚʣʝʥʥʦʡ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 50é60 % ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ.  

ʇʝʨʝʨʘʙʦʪʢʘ ʛʦʨʶʯʝʛʦ ʅɼʄɻ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʠʭ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚʘ, ʚ ʩʠʣʫ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʤʝʨʦʚ, ʢʨʘʩʦʢ, 

ʛʝʨʙʠʮʠʜʦʚ, ʥʝʢʦʪʦʨʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʉ ʜʨʫʛʦʡ, ʧʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʨʦʜʫʢʮʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʡ. ʇʨʠʯʝʤ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ, ʥʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ, 

ʦʙʫʩʣʦʚʣʝʥ ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʯʠʩʪʢʦʡ ʦʪ ʦʩʪʘʪʦʯʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʫʪʠʣʠʟʘʮʠʠ ʛʦʨʶʯʝʛʦ ʅɼʄɻ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. ʊʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʝʥʘ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʝʥʪʘʙʝʣʴʥʘ. 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʣʠʢʚʠʜʘʮʠʠ ʚʳʩʚʦʙʦʞʜʘʶʱʠʭʩʷ 

ʟʘʧʘʩʦʚ ʂɾʈʊ ʩʚʷʟʘʥʦ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦ ʧʨʷʤʦʤʫ ʥʘʟʥʘʯʝʥʠʶ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʥʠʯʪʦʞʝʥʠʷ 

ʠʟʣʠʰʢʦʚ, ʘ ʪʘʢʞʝ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʠ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚ. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʞʠʜʢʠʭ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘ ʩʘʤʠʭ ʂɾʈʊ, ʥʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʩʛʦʨʘʥʠʷ.   

ʋʞʝ ʚ 90-ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ ʝʞʝʛʦʜʥʳʡ ʚʳʙʨʦʩ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʤʠ ʩʪʨʘʥʘʤʠ ʤʠʨʘ ʜʦʩʪʠʛʘʣ 

ʩʫʤʤʘʨʥʦ 100 ʪʳʩʷʯ ʪʦʥʥ ʚ ʛʦʜ, ʯʪʦ ʩʦʩʪʘʚʣʷʣʦ ʤʝʥʴʰʝ 0,01 % ʚʩʝʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʳʙʨʦʩʦʚ.  

ʂ ʧʨʦʜʫʢʪʘʤ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʂɾʈʊ ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʚʦʜʫ (ʅ2ʆ), ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ 

(ʉʆ2) ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ (N2). ɺʩʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ. ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʚʳʩʦʪʘʭ ʜʦ 20 ʢʤ, ʢʦʛʜʘ ʩʛʦʨʘʝʪ ʙʦʣʝʝ 

50 % ʟʘʧʘʩʘ ʂɾʈʊ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʙʦʨʪʫ ʨʘʢʝʪʳ, ʥʘ ʜʦʣʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ 99,6...99,85 % ʤʘʩʩʳ ʚʩʝʭ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʢʣʦʥʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʂɾʈʊ ʚ ʨʘʢʝʪʥʦʤ ʜʚʠʛʘʪʝʣʝ ʦʪ ʠʜʝʘʣʴʥʦʛʦ 

ʨʝʞʠʤʘ. ʆʩʪʘʚʰʠʝʩʷ ʜʝʩʷʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʚʢʣʶʯʘʶʪ ʚʦʜʦʨʦʜ, ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʪʦʢʩʠʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʳ ʘʟʦʪʘ, ʬʦʨʤʘʣʴʜʝʛʠʜ, ʘʤʤʠʘʢ, ʘ ʥʘ ʧʝʨʝʭʦʜʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʨʦʜʫʢʪʳ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ. ʅʘ 

ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʜʦʣʷ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ (ʚ ʦʩʥʦʚʥʦʤ ʦʢʠʩʠ 

ʫʛʣʝʨʦʜʘ) ʚʦʟʨʘʩʪʘʝʪ ʜʦ 8 %.  

ɺʳʙʨʦʩʳ ʞʠʜʢʦʩʪʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʢʨʠʦʛʝʥʥʦʡ ʪʦʧʣʠʚʥʦʡ 

ʧʘʨʝ çʢʠʩʣʦʨʦʜ-ʚʦʜʦʨʦʜè, ʘ ʪʘʢʞʝ ʥʘ ʞʠʜʢʦʤ ʢʠʩʣʦʨʦʜʝ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʛʦʨʶʯʝʤ, ʩʦʜʝʨʞʘʪ 

ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʪʦʣʴʢʦ ʥʝʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʜʫ ʠ ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʘ 

ʪʘʢʞʝ ʚ ʥʠʯʪʦʞʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ. ʇʦʵʪʦʤʫ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ. 

ʇʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʘʟʦʪʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʛʦʨʶʯʝʛʦ ʅɼʄɻ ʩʦʩʪʦʷʪ ʥʘ 90 % ʠʟ ʚʦʜʳ, 

ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ʀʟ ʯʠʩʣʘ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʠʭ ʩʦʩʪʘʚ 

ʚʭʦʜʷʪ ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʳ ʘʟʦʪʘ, ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʢʠʩʣʦʪʳ ʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ                 

0,01é0,5 % ʩʠʥʠʣʴʥʘʷ ʢʠʩʣʦʪʘ, ʘʤʤʠʘʢ, ʬʦʨʤʘʣʴʜʝʛʠʜ.  

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʂɾʈʊ ʚ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  

 

ʊʘʙʣʠʮʘ 3 ï ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʂɾʈʊ 

 

ɺʝʱʝʩʪʚʦ 

ʂʣʘʩʩ 

ʦʧʘʩʥʦʩʪʠ 
ɺ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʤʛ/ʤ3 

ɺ ʚʦʜʝ, ʤʛ/ʜʤ3 ɺ ʧʦʯʚʝ, 

ʤʛ/ʢʛ 

ʇɼʂʩʩ ʇɼʂʤʨ ʇɼʂʨʟ ʇɼʂʚ ʇɼʋʧ 

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ 4 3,0 5,0 20,0 - - 

ʆʢʩʠʜ ʘʟʦʪʘ 

(ʦʢʩʠʜ ʘʟʦʪʘ II) 
3 0,06 0,4 5,0 - - 

ɼʚʫʦʢʠʩʴ ʘʟʦʪʘ 

(ʦʢʩʠʜ ʘʟʦʪʘ IV) 
2 0,04 0,085 2,0 ʩʤ. ʪʘʙʣ. 2 

ʎʠʘʥʠʩʪʳʡ 

ʚʦʜʦʨʦʜ 

3 0,01 0,2 0,3 0,035 (ʧʦ CN-) - 

ʌʦʨʤʘʣʴʜʝʛʠʜ 3 0,003 0,035 0,5 0,05 - 
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ʊʦʢʩʠʢʦ-ʛʠʛʠʝʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʞʠʜʢʠʭ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʠʭ ʤʝʥʴʰʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ 

ʨʘʢʝʪʥʳʤʠ ʪʦʧʣʠʚʘʤʠ ʚ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʭʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ, ʭʣʦʨ, 

ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʠ ʜʨʫʛʠʝ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ [2; 4; 6]. 

ɺ ʩʚʷʟʠ ʩ ʦʧʘʩʥʦʩʪʴʶ ʠ ʨʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʨʘʢʝʪʥʳʝ ʪʦʧʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʩʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ. ʈʘʙʦʪʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʝʜʫʪʩʷ ʚ ʨʘʤʢʘʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʩʣʝʜʫʶʱʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ: 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʘʧʧʘʨʘʪʦʚ ʧʦ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʥʘ ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ ʠ ʧʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ 

ʚʦʧʨʦʩʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʷʭ; 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʩʥʠʞʝʥʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ; 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ; 

ʦʯʠʩʪʢʘ ʨʘʡʦʥʦʚ ʧʘʜʝʥʠʷ ʦʪ ʦʪʜʝʣʷʶʱʠʭʩʷ ʯʘʩʪʝʡ ʩʨʝʜʩʪʚ ʚʳʚʝʜʝʥʠʷ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʧʦ ʚʩʝʤ ʚʦʧʨʦʩʘʤ ʵʢʦʣʦʛʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

ʤʝʪʦʜʠʯʝʩʢʠʤ, ʥʦʨʤʘʪʠʚʥʳʤ, ʩʧʨʘʚʦʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠ ʪ.ʧ. 

ʇʦ ʚʩʝʤ ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʣʫʯʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ  
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ɺ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʧʨʦʠʟʚʦʜʷʪʩʷ, ʭʨʘʥʷʪʩʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ 
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ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ: ʘʤʤʠʘʢ, ʭʣʦʨ, ʩʝʨʦʚʦʜʦʨʦʜ, ʩʝʨʦʫʛʣʝʨʦʜ, ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʠ ʜʨ. 

ɼʘʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʜʨ. ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʩʝ ʵʪʠ ʦʧʘʩʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʦ ʚʨʝʤʝʥʝʤ, ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʭʠʤʠʯʝʩʢʠʤ ʘʚʘʨʠʷʤ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʧʦʚʣʝʯʴ ʛʠʙʝʣʴ ʣʶʜʝʡ, 

ʟʘʨʘʞʝʥʠʶ ʠʣʠ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.   

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʜʘʥʥʳʭ ʘʚʘʨʠʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʣʫʞʙʳ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʄʏʉ [1]. ɼʘʥʥʳʝ ʩʣʫʞʙʳ ʦʙʨʘʟʦʚʘʥʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ 

ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʄʏʉ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡ ʥʘ 

ʭʠʤʠʯʝʩʢʠʭ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʣʫʞʙʳ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ 

ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʚʦʦʨʫʞʝʥʠʶ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʙʦʝʚʫʶ ʛʦʪʦʚʥʦʩʪʴ. ʅʦ ʧʦ ʩʦʩʪʦʷʥʠʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʣʫʞʙ ʥʘ 2020 ʛʦʜ ʥʝ ʚʩʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʄʏʉ ʦʪʚʝʯʘʶʪ ʚʳʰʝʫʢʘʟʘʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ɼʣʷ ʧʨʠʤʝʨʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʣʫʞʙʳ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ. ʆʩʥʦʚʥʦʡ ʠ 

ʛʣʘʚʥʳʡ ʢʨʠʪʝʨʠʡ ʩʥʠʞʝʥʠʷ ʙʦʝʚʦʡ ʛʦʪʦʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʧʦʩʪʨʦʝʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʰʪʘʪʥʳʭ ʩʪʨʫʢʪʫʨ ʭʠʤʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʄʏʉ. ɼʘʥʥʘʷ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʤʘʣʦʯʠʩʣʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʩʧʘʩʘʪʝʣʝʡ ʚ ʢʘʞʜʦʡ 

ʰʪʘʪʥʦʡ ʩʣʫʞʙʝ.  ʊʘʢ ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʪʦʣʴʢʦ ʪʨʠ 

ʰʪʘʪʥʳʝ ʩʣʫʞʙʳ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʩʚʦʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʦʧʘʩʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʙʦʣʝʝ 20, ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʩʣʫʞʙʳ ʚʦʩʧʨʠʥʠʤʘʶʪ ʙʦʣʴʰʠʝ 

ʥʘʛʨʫʟʢʠ.  

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʰʪʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʫʞʙʘʤ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʠʝʨʘʨʭʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩ ʫʯʝʪʦʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʧʨʠ ʧʦʤʦʱʠ ʩʫʞʜʝʥʠʡ ʠ 

ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʠʟ ʠʤʝʶʱʠʭʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʣʫʞʙ. ʅʘ ʨʠʩʫʥʢʝ 1 ʦʧʨʝʜʝʣʝʥʘ 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʠ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʚʠʜʝ ʢʨʠʪʝʨʠʝʚ.  

 

ʈʠʩʫʥʦʢ 1 ï ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ 
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ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ: 

ʢʦʣʠʯʝʩʪʚʦ ʩʧʘʩʘʪʝʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʙʦʝʚʦʡ ʨʘʩʯʝʪ ʰʪʘʪʥʳʭ ʩʣʫʞʙ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʟʘʩʪʫʧʘʶʱʠʭ ʥʘ ʜʝʞʫʨʥʳʝ ʩʫʪʢʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʝʟʞʘʶʱʠʝ ʥʘ 

ʩʣʦʞʠʚʰʠʝʩʷ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ; 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʢʦʤʘʥʜʠʨʦʚ ʚ ʩʘʤʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ 

ʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʣʫʞʙʳ; 

ʙʦʝʛʦʪʦʚʥʦʩʪʴ ʩʘʤʠʭ ʩʣʫʞʙ, ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ, ʥʘʚʳʢʠ, ʩʣʘʞʝʥʥʦʩʪʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʠʠ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ; 

ʪʨʫʜʦʚʘʷ ʜʠʩʮʠʧʣʠʥʘ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ 

ʢ ʨʫʢʦʚʦʜʠʪʝʣʶ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʫʢʘʟʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʥʘʯʘʣʴʥʠʢʦʚ. 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʤʥʝʥʠʡ, ʤʥʦʞʝʩʪʚʦ ʩʪʠʣʝʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʨʘʙʦʪʢʠ ʝʜʠʥʦʛʦ 

ʨʝʰʝʥʠʷ ʚʦʟʤʦʞʥʳ ʢʦʥʬʣʠʢʪʳ. ʇʦʵʪʦʤʫ ʥʫʞʥʳ ʤʝʭʘʥʠʟʤʳ ʜʦʩʪʠʞʝʥʠʷ ʩʦʛʣʘʩʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʚʳʙʦʨʘ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ 

ʨʘʩʩʫʞʜʝʥʠʡ, ʢʦʛʜʘ ʠʟ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʠ ʢʦʤʧʨʦʤʠʩʩʳ ʥʝ 

ʜʦʧʫʩʪʠʤʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʷʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤ ʤʝʭʘʥʠʟʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʨʘʥʞʠʨʦʚʘʥʠʷ (ʫʩʪʘʥʦʚʢʠ ʧʨʠʦʨʠʪʝʪʦʚ) ʜʣʷ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʚ ʤʝʪʦʜʝ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ 

ʨʘʟʨʘʙʦʪʘʥʘ ʰʢʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ [4]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʟʘʜʘʶʪʩʷ ʚʦʧʨʦʩʳ. ʊʘʢ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ 

Ai ʠ Aj ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʡ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʝʝ, ʠʤʝʝʪ ʙʦʣʴʰʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʮʝʣʴ, ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ. 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʠʝʨʘʨʭʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʧʘʨʥʳʭ ʩʫʙʲʝʢʪʠʚʥʳʭ ʩʫʞʜʝʥʠʡ 

ʩʣʝʜʫʝʪ ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʫʞʜʝʥʠʷ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʩʤʳʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʳʭ ʩʨʘʚʥʝʥʠʡ ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʧʨʠʥʷʪʳʭ 

ʵʢʩʧʝʨʪʘʤʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʣʦʩʴ ʢʨʠʪʝʨʠʶ çʢʦʣʠʯʝʩʪʚʫ 

ʩʧʘʩʘʪʝʣʝʡ ʚ ʙʦʝʚʦʤ ʨʘʩʯʝʪʝè. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʨʝʜʠ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʢʨʠʪʝʨʠʝʚ ʥʘʠʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʠʣ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ. ɼʘʥʥʦʝ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʧʨʘʚʦʚʳʤʠ ʘʢʪʘʤʠ, 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʧʦʣʦʞʝʥʠʷʤʠ ʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʣʫʞʙʘʭ, ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʟʦʥʘʭ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʜʳʭʘʥʠʷ ʩʨʝʜʝ, ʚ 

ʢʦʪʦʨʦʡ, ʩʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʶ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʘʩʘʪʝʣʝʡ ʜʣʷ ʨʘʙʦʪʘʶʱʝʛʦ ʟʚʝʥʘ ʚ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʜʳʭʘʥʠʷ ʩʨʝʜʝ [5].   

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʞʜʝʥʠʡ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʦʣʞʥʦʩʪʥʳʝ ʣʠʮʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ 

ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ 1), ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʩʧʠʩʦʢ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʜʘʥʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. ʕʢʩʧʝʨʪʳ ʚʳʙʠʨʘʣʠʩʴ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʪʘʢʠʤ ʢʘʢ: 

ʩʪʘʞ ʨʘʙʦʪʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʥʝ ʤʝʥʝʝ 5 ʣʝʪ; 

ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʩʪʘʞ ʥʘ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʣʞʥʦʩʪʷʭ; 

ʫʯʘʩʪʠʝ ʚ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡ ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. 



 

 

50 

 

ʊʘʙʣʠʮʘ 1 ï ʉʧʠʩʦʢ ʵʢʩʧʝʨʪʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʡ 

 

 

ɼʘʥʥʳʝ ʩʫʙʲʝʢʪʠʚʥʳʝ ʩʨʘʚʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʢʘʞʜʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ 

(ʜʝʡʩʪʚʫʶʱʝʡ ʰʪʘʪʥʦʡ ʩʣʫʞʙʳ ʭʠʤʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ), ʦʧʨʝʜʝʣʷʷ ʠʥʜʝʢʩʳ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʪʦʚ ʠ ʚʝʢʪʦʨʘ 

ʧʨʠʦʨʠʪʝʪʦʚ ʜʣʷ ʢʘʞʜʦʡ ʩʣʫʞʙʳ. ʀʪʦʛʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʚʳʙʦʨʘ 

ʘʣʴʪʝʨʥʘʪʠʚ (ʨʠʩʫʥʦʢ 2), ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʣʫʞʙʘ ˉ3.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʀʪʦʛʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚ 

 

ʉʣʫʞʙʘ ˉ1

15%

ʉʣʫʞʙʘ ˉ2

25%

ʉʣʫʞʙʘ ˉ3

60%

ˉˉ 

ʧ/ʧ 
ʆʨʛʘʥ ʫʧʨʘʚʣʝʥʠʷ ɿʘʥʠʤʘʝʤʘʷ ʜʦʣʞʥʦʩʪʴ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

1. ʇʦʞʘʨʥʳʡ ʘʚʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʡ 

ʦʪʨʷʜ (ʇɸʉʆ) ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʅʘʯʘʣʴʥʠʢ ʩʣʫʞʙʳ 

ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ  

ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 5 ʣʝʪ; 

2. ʎʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʦʪʨʷʜʘ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ɿʘʤʝʩʪʠʪʝʣʴ ʥʘʯʘʣʴʥʠʢʘ 

ʎʍʈɿ 

ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 7 ʣʝʪ; 

3. ʇʦʞʘʨʥʳʡ ʘʚʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʡ 

ʦʪʨʷʜ (ʇɸʉʆ) ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ  

ʀʥʞʝʥʝʨ ʉʍʈɿ ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 5 ʣʝʪ; 

4. ʄʠʥʩʢʦʝ ʦʙʣʘʩʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʄʏʉ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ʅʘʯʘʣʴʥʠʢ ʮʝʥʪʨʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 9 ʣʝʪ; 

5. ʄʠʥʩʢʦʝ ʦʙʣʘʩʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʄʏʉ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ɿʘʤʝʩʪʠʪʝʣʴ ʥʘʯʘʣʴʥʠʢʘ  ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 6 ʣʝʪ; 

6. ʆʪʜʝʣ ʄʏʉ ʛ. ɺʦʣʦʞʠʥʘ  

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ʅʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ɺʳʩʝhʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 9 ʣʝʪ; 

7. ʆʪʜʝʣ ʄʏʉ ʛ. ɺʠʣʝʡʢʠ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ʅʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 6 ʣʝʪ; 

8. ʆʪʜʝʣ ʄʏʉ ʛ. ʄʦʣʦʜʝʯʥʦ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ɿʘʤʝʩʪʠʪʝʣʴ ʥʘʯʘʣʴʥʠʢʘ 

ʦʪʜʝʣʘ 

ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 10 ʣʝʪ; 

9. ʇʦʞʘʨʥʳʡ ʘʚʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʡ 

ʦʪʨʷʜ (ʇɸʉʆ) ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ  

ʀʥʞʝʥʝʨ 2 ʩʤʝʥʳ ʉʍʈɿ ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 5 ʣʝʪ; 

10. ʇʦʞʘʨʥʳʡ ʘʚʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʡ 

ʦʪʨʷʜ (ʇɸʉʆ) ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ  

ʀʥʞʝʥʝʨ 3 ʩʤʝʥʳ ʉʍʈɿ ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ ʨʘʙʦʪʳ 6 ʣʝʪ; 
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ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʜʘʥʥʳʭ ʩʣʫʞʙ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʣʫʞʙʳ ˉ1 ï 0,149; 

2. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʣʫʞʙʳ ˉ2 ï 0,248; 

3. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʣʫʞʙʳ ˉ3 ï 0,602. 

ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦʣʫʯʠʣʘ ʩʣʫʞʙʘ ˉ3 ʩʦ ʟʥʘʯʝʥʠʝʤ 0,602 (60%).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ, ʤʳ ʤʦʞʝʤ 

ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʩʪʘʥʦʚʢʠ ʧʨʠʦʨʠʪʝʪʦʚ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʩʠʪʫʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ.  

ʊʘʢʞʝ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʚʳʙʠʨʘʪʴ 

ʨʘʮʠʦʥʘʣʴʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʩʪʘʥʦʚʢʠ 

ʠʟʤʝʥʷʪʴ ʠʣʠ ʜʦʧʦʣʥʷʪʴ ʘʣʴʪʝʨʥʘʪʠʚʳ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʨʘʩʯʸʪʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ 

ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʩʝʣʝʥʠʷ ʚ ʟʦʥʘʭ ʟʘʨʘʞʝʥʠʷ ʥʘ ʩʣʝʜʝ ʦʙʣʘʢʘ ʧʦ ʟʘʜʘʥʥʦʡ ʜʦʟʝ ʠʟʣʫʯʝʥʠʷ. 
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ʦʙʦʨʦʥʦʡ, ʘ ʪʘʢʞʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʧʦ ʧʨʦʬʠʣʴʥʳʤ 

ʜʠʩʮʠʧʣʠʥʘʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʞʜʘʥʩʢʘʷ ʦʙʦʨʦʥʘ; ʦʨʛʘʥʳ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; ʷʜʝʨʥʦʝ 

ʦʨʫʞʠʝ; ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʨʘʞʝʥʠʝ; ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 
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Abstract. The article presents an example of the implementation of the existing calculation 

methodology for determining the length of stay of personnel and the population in the zones of 

infection on the trail of the cloud for a given radiation dose in the form of a computer program 

intended for use in civil defense control bodies. 

Keywords: civil defense; daily command and control; nuclear weapons; radioactive 

contamination; software. 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʣʠʪʠʢʦʡ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʨʘʞʜʘʥ 

[1; 2].  

ʇʨʠ ʵʪʦʤ ʥʘʨʘʩʪʘʶʪ ʠ ʚʥʝʰʥʠʝ ʫʛʨʦʟʳ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʜʥʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ XX ʚʝʢʘ ï ʦʚʣʘʜʝʥʠʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʝʡ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʚʦʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʢʨʫʧʥʷʶʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ 

ʦʙʲʝʢʪʳ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ.   

ɺ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʥʦʚʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ, 

ʪʝʭʥʦʛʝʥʥʦʛʦ, ʙʠʦʣʦʛʦ-ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʚʦʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʠ, 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʠʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʠʯʥʳʡ 

ʩʦʩʪʘʚ ʠ ʥʘʩʝʣʝʥʠʝ ʧʨʦʥʠʢʘʶʱʝʡ ʨʘʜʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʥʘ 

ʨʘʜʠʦʘʢʪʠʚʥʦ ʟʘʛʨʷʟʥʸʥʥʦʡ ʤʝʩʪʥʦʩʪʠ [3; 4; 5].  

ʀʩʭʦʜʷ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ [1] ʪʨʝʙʫʝʪʩʷ 

ʜʘʣʴʥʝʡʰʝʝ ʟʥʘʯʠʤʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ, ʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʟʘʱʠʪʝ 

ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʡ. 

ɺ ɻʪʦʡ ʩʚ̫ʟʠӢ ʘʢʪʫʘʣɹʥrʤ ʧʨʝʜʩʪʘʚʣ̫ʝʪʩ̫ ʚʦʧʨʦʩ ʜʘʣɹʥʝʡh ʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʘʥʪʠʢʨʠʟʠʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ, ʪʝʭʥʦʛʝʥʥʦʛʦ, ʙʠʦʣʦʛʦ-ʩʦʮʠʘʣʴʥʦʛʦ ʠ 

ʚʦʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʦʙʩʪʘʥʦʚʢʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʦʥʠʢʘʶʱʝʡ ʨʘʜʠʘʮʠʠ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ: 

ʫʛʨʦʟʳ ʧʨʠʤʝʥʝʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ; 

ʦʧʘʩʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʡ ʷʜʝʨʥʦʛʦ ʪʝʨʨʦʨʠʟʤʘ; 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; 

ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ʠ ʦʪʨʘʙʦʪʘʚʰʠʤ 

ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ; 

ʫʭʫʜʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ; 

ʫʪʨʘʪʘ ʤʝʜʠʮʠʥʩʢʠʭ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ; 

ʦʚʣʘʜʝʥʠʝ ʧʨʝʜʤʝʪʘʤʠ, ʚʳʚʝʟʝʥʥʳʤʠ ʠʟ ʟʦʥ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʗʜʝʨʥʳʤʠ ʜʝʨʞʘʚʘʤʠ ʚ 2019 ʛʦʜʫ ʷʚʣʷʶʪʩʷ 9 ʩʪʨʘʥ: ʈʦʩʩʠʷ, ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, 

ʌʨʘʥʮʠʷ, ʂʠʪʘʡ, ʀʥʜʠʷ, ʇʘʢʠʩʪʘʥ, ʀʟʨʘʠʣʴ, ʂʅɼʈ [3]. 
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ʇʨʠ ʵʪʦʤ ʩʦʚʨʝʤʝʥʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚʦʝʥʥʳʭ 

ʢʦʥʬʣʠʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʤʝʞʜʫ ʇʘʢʠʩʪʘʥʦʤ ʠ ʀʥʜʠʝʡ ʫʞʝ ʧʨʦʠʩʭʦʜʠʣʠ ʚʦʝʥʥʳʝ ʢʦʥʬʣʠʢʪʳ. 

ʇʦʜʦʙʥʳʝ ʚʦʝʥʥʳʝ ʢʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʜʚʫʤʷ ʷʜʝʨʥʳʤʠ ʜʝʨʞʘʚʘʤʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ.  

ʅʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩʣʦʞʠʣʘʩʴ ʚ ʉʠʨʠʠ, ʀʨʘʢʝ, ʃʠʚʠʠ. 

ʈʘʟʚʠʚʘʶʪʩʷ ʚʦʝʥʥʳʝ ʢʦʥʬʣʠʢʪʳ ʉʐɸ ʩ ʂʅɼʈ ʠ ʀʨʘʥʦʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʳʝ ʚ ʤʠʨʝ ʦʙʨʘʟʮʳ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ʙʳʣʠ ʩʦʟʜʘʥʳ ʚ ʉʐɸ 

ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʷʧʦʥʩʢʠʝ ʛʦʨʦʜʘ ʍʠʨʦʩʠʤʘ ʠ ʅʘʛʘʩʘʢʠ. 

ɺ ʮʝʣʷʭ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʟʘʜʘʯʠ ʚ ʟʦʥʘʭ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʨʘʞʝʥʠʷ, ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʦʝʥʥʳʭ ʫʛʨʦʟʘʭ.  

ɺ ʦʩʥʦʚʝ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʟʚʝʩʪʥʳʝ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦ ʦʮʝʥʢʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ 

ʧʨʠʤʝʥʝʥʠʷ ʦʨʫʞʠʷ ʤʘʩʩʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʩʝʣʝʥʠʷ ʚ 

ʟʦʥʘʭ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʩʪʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

1. ɸʥʘʣʠʟ ʠʤʝʶʱʝʛʦʩʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʨʛʘʥʘʤʠ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ, ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʠ 

ʦʙʲʝʢʪʦʚʦʤ ʫʨʦʚʥʷʭ. 

2. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʦʮʝʥʢʝ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʫʪʸʤ ʨʘʟʨʘʙʦʪʢʠ, ʘʧʨʦʙʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʨʘʩʯʸʪʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʝʘʣʠʟʫʝʤʦʡ ʥʘʫʯʥʦʡ ʤʝʪʦʜʠʢʝ. 

3. ʆʙʦʩʥʦʚʘʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʩʝʣʝʥʠʷ ʚ ʟʦʥʘʭ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʩʪʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʚʥʝʜʨʝʥʦ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʧʝʨʘʪʠʚʥʳʭ ʜʝʞʫʨʥʳʭ ʩʤʝʥ, 

ʦʪʜʝʣʦʚ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʜʝʣʦʚ ʮʝʥʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʝʜʠʥʳʭ ʜʝʞʫʨʥʳʭ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʩʣʫʞʙ, ʜʝʞʫʨʥʳʭ ʜʠʩʧʝʪʯʝʨʩʢʠʭ 

ʩʣʫʞʙ, ʩʠʪʫʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. 

ʀʩʧʦʣʴʟʫʝʤʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʂɸʉʂɸɼ, ʉʆʋ, ɹʈʀɿ, ɸʀʋʉ ʈʉʏʉ, ʕʉʇʃɸ-ʄ) ʩ 

web-ʠʥʪʝʨʬʝʡʩʦʤ, ʨʝʘʣʠʟʫʶʱʠʝ ʩʚʦʠ ʬʫʥʢʮʠʠ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʫʩʪʦʡʯʠʚʳʭ ʢʘʥʘʣʦʚ 

ʚʥʫʪʨʝʥʥʝʡ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʠʣʠ ʀʥʪʝʨʥʝʪ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ (ʩʢʦʨʦʩʪʴʶ). 

ʋʯʠʪʳʚʘʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʩʦ ʩʚʷʟʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ 

ʧʨʦʚʦʜʥʦʛʦ ʀʥʪʝʨʥʝʪʘ ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʚʩʝʤʝʩʪʥʳʭ ʟʦʥ 

ʧʦʢʨʳʪʠʷ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʥʘʣʦʚ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʘʞʝ ʩʪʘʙʠʣʴʥʫʶ 
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ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʴ ʩʦ ʚʩʝʤʠ ʝʜʠʥʳʤʠ ʜʝʞʫʨʥʦ-ʜʠʩʧʝʪʯʝʨʩʢʠʤʠ 

ʩʣʫʞʙʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦʸʤʢʠʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ʟʘʧʘʩʥʳʭ ʠ ʧʦʜʚʠʞʥʳʭ ʧʫʥʢʪʘʭ ʫʧʨʘʚʣʝʥʠʷ 

(ʨʠʩʫʥʦʢ 1) ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʦʜʚʠʞʥʳʡ ʧʫʥʢʪ ʫʧʨʘʚʣʝʥʠʷ ɻʣʘʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʄʏʉ ʈʦʩʩʠʠ 

 

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʩʣʦʞʠʚʰʝʛʦʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʫʧʘ ʢ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦʡ ʙʘʟʳ ʘʚʪʦʥʦʤʥʳʭ ʨʘʩʯʸʪʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʃʦʢʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʫʶʪ ʘʣʛʦʨʠʪʤʳ ʠʟʚʝʩʪʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, ʧʦ ʦʮʝʥʢʝ ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ.  

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʡ, ʠʟʫʯʝʥʠʷ 

ʠʤʝʶʱʝʛʦʩʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʨʛʘʥʘʤʠ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʥʘʣʠʯʠʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʟʚʝʩʪʥʘʷ ʥʘʫʯʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʩʝʣʝʥʠʷ ʚ ʟʦʥʘʭ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʩʪʥʦʩʪʠ [6]. 

ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʠ [6] ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ (Windows-ʧʨʠʣʦʞʝʥʠʝ), ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʥ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ HiAsm. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ 

ʧʨʠʤʝʨʦʤ ʨʘʩʯʸʪʘ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 ï ʀʥʪʝʨʬʝʡʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

 

ʇʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ, ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʙʣʦʢ-

ʩʭʝʤʳ (ʨʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 3 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʨʘʤʤʳ 

 

ʆʙʦʩʥʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʦʣʫʯʘʝʤʳʭ 

ʨʘʩʯʸʪʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʙʥʳʤ ʧʦʩʦʙʠʝʤ [6] ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʨʘʜʠʘʮʠʠ ʥʘ ʟʘʨʘʞʸʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ὖ ὖ ὖ ὸ ,                                              (1) 

 

ʛʜʝ ὖ ï ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ ὸ ρ ̘́̒ ʧʦʩʣʝ 

ʘʚʘʨʠʡʥʦʛʦ ʚʳʙʨʦʩʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ); 

ὖ ï ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ ʧʦʩʣʝ ʘʚʘʨʠʡʥʦʛʦ ʚʳʙʨʦʩʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ (ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ); 

ὸ ï ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ὖ; 
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ὲ ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʝʣʠʯʠʥʫ ʩʧʘʜʘ ʨʘʜʠʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ (ʧʨʠ ʷʜʝʨʥʦʤ ʚʟʨʳʚʝ ὲ ρȟς; ʧʨʠ ʘʚʘʨʠʠ ʥʘ 

ɸʕʉ ὲ πȟτ). 

 

ʇʝʨʝʩʯʸʪ ʫʨʦʚʥʝʡ ʨʘʜʠʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʘʚʘʨʠʡʥʦʛʦ ʚʳʙʨʦʩʘ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ὑ .                                                                (2) 

 

ʋʧʨʦʱʸʥʥʘʷ ʬʦʨʤʫʣʘ ʧʝʨʝʩʯʸʪʘ ʫʨʦʚʥʝʡ ʨʘʜʠʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʜʣʷ ʷʜʝʨʥʦʛʦ 

ʚʟʨʳʚʘ ʠʤʝʝʪ ʚʠʜ: 

 

ὖ + ὖ.                                                               (3) 

 

ʕʢʩʧʦʟʠʮʠʦʥʥʘʷ ʜʦʟʘ, ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʝʪ ʥʘʩʝʣʝʥʠʝ ʠ ʣʠʯʥʳʡ ʩʦʩʪʘʚ, ʥʘʭʦʜʷʩʴ ʥʘ 

ʟʘʨʘʞʸʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘ ʚʨʝʤʷ ʦʪ ὸ̎ ʜʦ ὸ̋ ʩʦʩʪʘʚʣʷʝʪ: 

 

ˑ ὖὸ ὖ̎ὸ̎ ,                                                     (4) 

 

ʛʜʝ ὖ̎, ὖ ï ʫʨʦʚʥʠ ʨʘʜʠʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʧʨʝʙʳʚʘʥʠʷ ʚ ʟʦʥʝ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ; 

ὸ̎, ὸ ï ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʧʨʝʙʳʚʘʥʠʷ ʚ ʟʦʥʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʟʘʨʘʞʸʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʩʪʝʧʝʥʴ 

ʟʘʱʠʱʸʥʥʦʩʪʠ. 

ʕʢʩʧʦʟʠʮʠʦʥʥʘʷ ʜʦʟʘ, ʧʦʣʫʯʘʝʤʘʷ ʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʟʘʨʘʞʸʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ˑ̞ ̋̒ ὖ̒̑
̏̒̌

̒̑

̏̒̌
,                                                      (5) 

ʛʜʝ ὖ̒  ̑ï ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʠ; 

ὸ ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ, ʯ; 

ὑ̏ ̒̌ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ; 

ὒ ï ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʟʘʨʘʞʸʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʤ; 

ὺ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʨʝʦʜʦʣʝʥʠʠ ʟʦʥʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʤ/ʯ. 

 

ɼʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ (ʨʘʙʦʪʳ) ʥʘ ʟʘʨʘʞʸʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʦʟʘ ʨʘʜʠʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʘ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʟʦʥʝ ʟʘʨʘʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʫʯʘʝʤʘʷ ʜʦʟʘ ʨʘʜʠʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ.  

ɼʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ (ʨʘʙʦʪʳ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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˟̐ ̑
˗̏ ̒̌ˑ ̔̒̓

˝̒ ̑

˗̏ ̒̌ˑ̔̒̓
Ȣ                                                 (6) 

 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ˟̐  ̠̑ ̏̒ȟ̌ˑ ̔̒ȟ̓+ȟὖ  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

  

ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ˟̐  ̠̑ ̏̒ȟ̌ˑ ̔̒ȟ̓+ȟὖ  

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʸʪʥʦʡ ʤʝʪʦʜʠʢʠ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ HiAsm ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 

 

ʈʠʩʫʥʦʢ 5 ï ʉʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʳ 

 

ʇʨʦʝʢʪ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʦʚ ʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʩ 

ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ʀʥʪʝʨʬʝʡʩ ʦʢʦʥ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʸʪʩʷ ʚ 

ʨʝʜʘʢʪʦʨʝ ʬʦʨʤ (ʨʠʩʫʥʦʢ 6). 
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ʈʠʩʫʥʦʢ 6 ï ʈʝʜʘʢʪʦʨ ʬʦʨʤʳ ʧʨʦʛʨʘʤʤʳ 

 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʚʝʜʝʥʘ ʩʙʦʨʢʘ ʧʨʦʝʢʪʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʳ. 

ɺ ʨʘʤʢʘʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʟʦʥʝ ʟʘʨʘʞʝʥʠʷ ˟̐  ̑ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʠʟʣʫʯʝʥʠʷ ὖ̒  ̑ʚ ʟʦʥʘʭ ɸ (1é8 

ʨʘʜ/ʯ), ɹ (8é80 ʨʘʜ/ʯ), ɺ (80é240 ʨʘʜ/ʯ), ɻ (240é600 ʨʘʜ/ʯ) ʯʝʨʝʟ 1 ʯʘʩ ʧʦʩʣʝ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ 

ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦʣʫʯʝʥʥʦʡ ʜʦʟʝ ˑ̔ ̒̓ὧέὲίὸρππ ̑́̅ (ʨʠʩʫʥʦʢ 7). 

 

 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ T(P) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʂʦʩʣ = 1é1000 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʸʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ                             

˗̏ ̒̌ ρȣ ρπππ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʧʦʣʦʞʝʥʠʶ ʥʘʩʝʣʝʥʠʷ ʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʪʢʨʳʪʦʡ 

ʤʝʩʪʥʦʩʪʠ ˗̏ ̒̌ ρ, ʚ ʧʨʦʩʪʝʡʰʠʭ ʫʢʨʳʪʠʷʭ ˗̏ ̒̌ ρπ, ʚ ʧʨʦʪʠʚʦʨʘʜʠʘʮʠʦʥʥʳʭ ʫʢʨʳʪʠʷʭ 

˗̏ ̒̌ τππ ʠ ʚ ʫʙʝʞʠʱʘʭ ˗̏ ̒̌ ρπππ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ. 

ʂʦʩʣ=400 

ʂʦʩʣ=100 

ʂʦʩʣ=1000 

ʂʦʩʣ=10 ʂʦʩʣ=1 


