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ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ ʤʘʶʪʴ ʙʽʪʫʤʥʽ 
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ʥʝʨʫʭʦʤʠʤ ʰʘʨʦʤ ʢʘʪʘʣʽʟʘʪʦʨʘ. ʈʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʚʘʜʠʣʦʩʷ ʟ 

ʪʦʯʥʽʩʪʶ Ñ5Áʉ. ʋ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʫ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʮʽʣʘ ʥʠʟʢʘ 

ʢʦʥʪʘʢʪʥʠʭ ʤʘʩ ʥʘ ʦʩʥʦʚʽ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ, ʦʢʩʠʜʽʚ ʤʘʨʛʘʥʮʶ, ʤʽʜʽ, 

ʢʦʙʘʣʴʪʫ, ʘ ʪʘʢʦʞ ʦʢʩʠʜʥʽ ʢʦʥʪʘʢʪʠ, ʘʢʪʠʚʦʚʘʥʽ ʙʣʘʛʦʨʦʜʥʠʤʠ ʤʝʪʘʣʘʤʠ. 

ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʟʥʝʰʢʦʜʞʝʥʥʷ ʛʘʟʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʦʧʢʠ 1; ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʨʝʘʢʪʦʨʘ 2; ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ 3; ʨʝʢʫʧʝʨʘʮʽʡʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 4; ʚʝʥʪʠʣʷʪʦʨʘ 5 ʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʡ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ. 

ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩ.1 ï ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 
 

ʉʧʦʯʘʪʢʫ ʟʘʧʘʣʶʻʪʴʩʷ ʧʘʣʠʚʦ ʚ ʪʦʧʮʽ 1, ʪʘʢʦʞ ʫ ʪʦʧʢʫ ʧʦʜʘʶʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʛʘʟ, ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ 300Áʉ ʡʦʛʦ ʥʘʧʨʘʚʣʷʶʪʴ 

ʫ ʢʘʪʘʣʽʪʠʯʥʠʡ ʨʝʘʢʪʦʨ 2. ʇʽʩʣʷ ʨʝʘʢʪʦʨʘ ʟʥʝʰʢʦʜʞʝʥʠʡ ʛʘʟ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ 3, ʜʝ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʦʣʫʢʠ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ, ʘ ʧʦʪʽʤ ʛʘʟ 

ʧʨʦʭʦʜʠʪʴ ʥʘ ʨʝʢʫʧʝʨʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 4 ʽ ʚʠʚʦʜʠʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʃʘʙʦʨʘʪʦʨʥʠʡ ʢʘʪʘʣʽʪʠʯʥʠʡ ʨʝʘʢʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʠʡ ʘʧʘʨʘʪ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 200 ʤʤ ʽ ʚʠʩʦʪʦʶ 500 ʤʤ. ɯʟ 

ʜʚʦʭ ʩʪʦʨʽʥ ʚʽʥ ʟʘʢʨʠʚʘʻʪʴʩʷ ʧʣʘʩʢʠʤʠ ʢʨʠʰʢʘʤʠ, ʜʦ ʷʢʠʭ ʧʨʠʚʘʨʝʥʽ ʰʪʫʮʝʨʘ 

ʚʚʦʜʫ (ʚʠʚʦʜʫ). ʋʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʫ ʚʠʢʦʥʘʥʽ ʧʨʦʪʦʯʢʠ, ʥʘ ʷʢʽ ʢʨʽʧʣʷʪʴʩʷ ʦʧʦʨʥʽ 

ʨʝʰʽʪʢʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʰʘʨʫ ʢʘʪʘʣʽʟʘʪʦʨʘ. 

ʅʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʨʦʟʪʘʰʦʚʘʥʽ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʬʽʢʩʫʚʘʪʠ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢ ʜʦ ʨʝʘʢʪʦʨʘ, ʪʘʢ ʽ ʧʽʩʣʷ ʥʴʦʛʦ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʯʠʱʝʥʥʷ ʚʠʢʠʜʽʚ ʚʽʜ ʙʽʪʫʤʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʽʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ʰʘʨʽʚ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ï ʤʽʜʥʦ-ʭʨʦʤʦʚʦʛʦ ʤʘʨʢʠ ʀʂʊ-12-8, ʪʘ ʥʠʟʴʢʦʧʨʦʮʝʥʪʥʦʛʦ 

ʧʘʣʘʜʽʻʚʦʛʦ ʤʘʨʢʠ ʇ-2. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʤʠʩʣʦʚʫ ʫʩʪʘʥʦʚʢʫ 

ʜʣʷ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ. 
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ʃʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʟʘʢʣʘʜʠ  ʻ ʜʞʝʨʝʣʘʤʠ ʫʪʚʦʨʝʥʥʷ ʧʨʠʙʣʠʟʥʦ 1% 

ʚʩʽʭ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʊʇɺ)[2]. ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʬʘʢʪʠ ʚ ʋʢʨʘʾʥʽ 

ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʊʇɺ ʫ 312,3 ʤʣʥ ʪ/ʨʽʢ ʪʘʢʽ ʚʽʜʭʦʜʠ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠ 

3,123 ʤʣʥ ʪ/ʨʽʢ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʫ ʇʦʣʴʱʽ ï 1,393 ʤʣʥ ʪ/ʨʽʢ, ʘ ʫ ɹʽʣʦʨʫʩʽ ï 

0,2728 ʤʣʥ ʪ/ʨʽʢ ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʢʘ ʽʥʬʽʢʦʚʘʥʠʭ ʚʽʜʭʦʜʽʚ ʫ ʊʇɺ ʜʘʥʦʛʦ ʪʠʧʫ 

ʩʢʣʘʜʘʻ 18%, ʩʢʣʷʥʠʭ ï 7%, ʥʝʙʝʟʧʝʯʥʠʭ ï 3%. ʂ̔ ʣʴʢʽʩʪʴ ʤʝʜʠʯʥʠʭ ʚʽʜʭʦʜʽʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʟʘʢʣʘʜʫ ʽ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ 

ʩʚʽʪʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ (ʢʛ/ʧʘʮʽʻʥʪ/ʜʝʥʴ): ʣʽʢʘʨʥʽ ï 3,2; ʧʦʣʽʢʣʽʥʽʢʠ ï 2,3; 

ʧʨʠʚʘʪʥʽ ʩʘʥʘʪʦʨʽʾ ï 1,4; ʣʘʙʦʨʘʪʦʨʽʾ ï 0, 2 [2] ɺ ʋʢʨʘʾʥʽ ʞ ʢʦʞʥʝ ʣʽʢʘʨʥʷʥʝ 

ʣʽʞʢʦ ʛʝʥʝʨʫʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 0,8-1,2 ʢʛ ʪʚʝʨʜʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ ʥʘ ʜʦʙʫ [5]. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʤʝʜʠʯʥʠʭ ʚʽʜʭʦʜʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. ʄʦʞʣʠʚʦ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʫ ʥʝʜʘʣʝʢʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʤʝʜʠʯʥʠʭ ʚʽʜʭʦʜʽʚ ʚ ʋʢʨʘʾʥʽ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʫ ʙʽʣʴʰʦʤʫ 

ʩʪʫʧʝʥʽ, ʪʘʢ ʷʢ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷʤ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ, ʚʞʠʚʘʥʥʷ ʷʢʠʭ ʪʨʘʜʠʮʽʡʥʦ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʪʘ ʷʢʦʩʪʽ 

ʞʠʪʪʷ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ. 

ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʦʙʩʷʛʠ ʫʪʚʦʨʝʥʥʷ ʽ ʫʪʠʣʽʟʘʮʽʾ ʤʝʜʠʯʥʠʭ ʚʽʜʭʦʜʽʚ ʤʘʻ 

ʜʦʩʢʦʥʘʣʽʩʪʴ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʪʘʢʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʘ ʪʘʢʦʞ 

ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʭʚʦʨʠʭ. 

ʉʝʨʝʜ ʤʝʜʠʯʥʠʭ ʚʽʜʭʦʜʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʢʦʤʧʣʝʢʩʥʦʾ ʥʝʙʝʟʧʝʢʠ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʜʽʣʷʶʪʴʩʷ ʚʽʜʭʦʜʠ ʫ ʚʠʜʽ ʩʢʣʷʥʠʭ ʘʤʧʫʣʴʥʠʭ 

ʬʦʨʤ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʌɸʈ), 

ʷʢʽ ʟʘʣʠʰʠʣʠʩʴ ʫ ʘʤʧʫʣʽ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʥôʻʢʮʽʡ, ʘ ʪʘʢʦʞ ʘʤʧʫʣ, ʱʦ ʤʽʩʪʷʪʴ 

ʥʝʷʢʽʩʥʽ ʣʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ. ʇʽʜ ʦʩʪʘʥʥʽʤʠ ʨʦʟʫʤʽʶʪʴ ʪʘʢʽ ʟʘʩʦʙʠ, ʪʝʨʤʽʥ 

ʧʨʠʜʘʪʥʦʩʪʽ ʷʢʠʭ ʤʠʥʫʚ, ʘʙʦ ʞ ʬʘʣʴʩʠʬʽʢʦʚʘʥʽ ʯʠ ʥʝʟʘʨʝʻʩʪʨʦʚʘʥʽ ʣʽʢʘʨʩʴʢʽ 

ʟʘʩʦʙʠ. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʜʦʩʠʪʴ ʨʽʟʥʦʩʪʦʨʦʥʥʴʦ ʚʠʚʯʝʥʘ ʥʝʛʘʪʠʚʥʘ ʜʽʷ ʌɸʈ ʥʘ 

ʝʣʝʤʝʥʪʠ ʜʦʚʢʽʣʣʷ [3]. ʊʘʢ, ʜʘʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʚʦʜʦʡʤ ʟʽ 

ʩʪʽʯʥʠʤʠ ʪʘ ʘʪʤʦʩʬʝʨʥʠʤʠ ʚʦʜʘʤʠ, ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʾʭ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ, ʫ 

ʬʣʦʨʽ ʪʘ ʬʘʫʥʽ, ʩʧʨʠʯʠʥʷʶʯʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʚʦʜʥʦʾ 

ʝʢʦʩʠʩʪʝʤʠ  ̔ʧʦʛʽʨʰʫʶʪ ɹʾʾ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ. ʅʝʛʘʪʠʚʥʫ ʜʽʶ ʌɸʈ ʯʠʥʷʪʴ ʽ ʥʘ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ˇʨʫʥʪʫ, ʧʦʨʫʰʫʶʯʠ ʾʭ ʤʝʪʘʙʦʣʽʟʤ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʥʝʙʝʟʧʝʯʥʽ 
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ʜʣʷ ʢʦʤʘʭ, ʪʘʢ ʷʢ ʟʤʽʥʶʶʪʴ ʾʭ ʞʠʪʪʻʚʠʡ ʮʠʢʣ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʦʨʷʜ ʽʟ 

ʟʘʟʥʘʯʝʥʠʤ, ʥʝʛʘʪʠʚʥʦ ʜʽʻ ʥʘ ʜʦʚʢʽʣʣʷ ʽ ʤʝʜʠʯʥʘ ʪʘʨʘ. ʊʘʢ, ʟ ʤʝʜʠʯʥʦʛʦ 

ʘʤʧʫʣʴʥʦʛʦ ʩʢʣʘ (ʩʢʣʦʙʦʶ), ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʣʽʛʦʥʠ, ʚʠʤʠʚʘʶʪʴʩʷ ʽʦʥʠ 

ʥʘʪʨʽʶ, ʷʢʽ ʩʫʪʪʻʚʦ ʟʘʣʫʞʫʶʪʴ ʩʪʦʢʠ [4]. ɿʘʙʨʫʜʥʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʡ ʦʥʢʦʣʦʛʽʯʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʜʠʩʪʨʦʬʽʯʥʠʭ ʟʤʽʥ, ʘʣʝʨʛʽʾ, ʛʦʨʤʦʥʘʣʴʥʦʾ ʜʠʩʬʫʥʢʮʽʾ, ʟʤʽʥ 

ʽʤʫʥʥʦʾ ʽ ʝʥʜʦʢʨʠʥʥʦʾ ʩʠʩʪʝʤ, ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ ʽ ʥʘʨʦʜʞʝʥʥʷ ʜʽʪʝʡ 

ʟ ʨʽʟʥʠʤʠ ʚʨʦʜʞʝʥʠʤʠ ʧʘʪʦʣʦʛʽʷʤʠ [5]. 

ʅʘ ʞʘʣʴ, ʚ ʋʢʨʘʾʥʽ ʫ ʢʦʞʥʦʤʫ ʣʽʢʘʨʥʷʥʦʤʫ ʟʘʢʣʘʜʽ ʱʝ ʥʝ ʚʝʜʝʪʴʩʷ ʥʘʣʝʞʥʘ 

ʩʪʘʪʠʩʪʠʢʘ ʱʦʜʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʤʝʜʠʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʠʡ 

ʜʝʨʞʘʚʥʠʡ ʢʦʥʪʨʦʣʴ. ʈʘʟʦʤ ʟ ʪʠʤ, ʷʢ ʧʦʟʠʪʠʚʥʝ ʷʚʠʱʝ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʛʦʩʧʦʜʘʨʯʠʤ ʩʫʙô̒ʢʪʘʤ ʚʠʜʘʶʪʴʩʷ ʣʽʮʝʥʟʽʾ ʥʘ ʟʙʠʨʘʥʥʷ, ʧʝʨʝʚʝʟʝʥʥʷ, 

ʟʙʝʨʽʛʘʥʥʷ, ʫʪʠʣʽʟʘʮʽʶ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ (ʣʽʢʘʨʩʴʢʠʭ) ʧʨʝʧʘʨʘʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘ 

ʍʘʨʢʽʚʱʠʥʽ ï ʊʆɺ çɭʜʠʥʽ ʝʢʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠè, ʊʆɺ çʍʘʨʢʽʚ-ɽʂʆè ʪʘ ʽʥ.). 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʛʣʷʥʫʪʦʛʦ, ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʤʝʜʠʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʚ ʋʢʨʘʾʥʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟʘ ʢʦʤʧʣʝʢʩʥʠʤ ʧʽʜʭʦʜʦʤ, 

ʷʢʠʡ ʚʢʣʶʯʘʻ: 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ; 

- ʨʦʟʰʠʨʝʥʥʷ ʨʦʟʨʦʙʦʢ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ  ʫʪʠʣʽʟʘʮʽʾ 
ʚʽʜʭʦʜʽʚ; 

- ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʣʽʢʘʨʥʷʥʠʭ ʟʘʢʣʘʜʽʚ ʱʦʜʦ ʩʭʝʤʠ 
ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ (ʟʛʽʜʥʦ ʥʘʢʘʟʫ ʄʆɿ ʋʢʨʘʾʥʽ 08.06.2015 ˉ 325) [1]; 

- ʨʦʟʨʦʙʢʫ ʜʦʩʢʦʥʘʣʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʤʝʜʠʯʥʠʭ ʚʽʜʭʦʜʽʚ ʚʽʜ ʣʽʢʘʨʥʷʥʠʭ 
ʟʘʢʣʘʜʽʚ ʪʘ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʪʦʩʫʻʪʴʩʷ  ʥʘʡʙʽʣʴʰ ʾʭ 

ʨʦʟʧʦʚʩʶʜʞʝʥʦʾ  ʘʤʧʫʣʴʥʦʾ ʬʦʨʤʠ; 

- ʧʨʦʚʝʜʝʥʥʷ ʨʦʟ'ʷʩʥʶʚʘʣʴʥʦʾ ʨʦʙʦʪʠ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʙʦʨʫ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʥʝʷʢʽʩʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. 
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ʆʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ  ʧʨʦʙʣʝʤ ʩʴʦʛʦʜʝʥʥʷ ʻ ʟʤʽʥʘ 

ʟʘʛʘʣʴʥʦʧʣʘʥʝʪʘʨʥʦʛʦ ʢʣʽʤʘʪʫ,  ʱʦ ʤʘʻ  ʨʽʟʢʦ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ. ʆʩʪʘʥʥʻ 

ʦʩʦʙʣʠʚʦ  ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʝʣʠʢʠʭ ʤʽʩʪ, ʫ ʷʢʠʭ ʟʤʽʥʘ ʢʣʽʤʘʪʫ ʧʦʻʜʥʫʻʪʴʩʷ ʟ 

ʫʨʙʘʥʽʟʘʮʽʻʶ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʻʪʴʩʷ  ʟʘʛʨʦʟʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ, ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʧʽʜʩʠʩʪʝʤ ʧʦʤʝʰʢʘʥʥʷ ʣʶʜʝʡ. ɾʠʪʣʦʚʽ 

ʨʘʡʦʥʠ ʤʽʩʪ  ʦʜʥʦʯʘʩʥʦ ʻ ʷʢ  ʥʘʡʤʝʥʰ ʧʨʠʩʪʦʩʦʚʘʥʠʤʠ ʜʦ ʧʨʦʪʠʜʽʾ ʟʘʛʨʦʟʽ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʪʘʢ ʽ ʣʦʢʘʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ  ʚʠʥʠʢʥʝʥʥʷ ʜʘʥʦʛʦ ʷʚʠʱʘ. 

ɺʽʜʦʤʦ, ʱʦ ʙʫʜʽʚʣʽ ʚʩʴʦʛʦ ʩʚʽʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʷ 40 % ʫʩʽʻʾ ʩʧʦʞʠʚʘʥʦʾ 

ʝʥʝʨʛʽʾ, 67% ʚʩʽʻʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʧʨʦʜʫʢʫʶʪʴ 35 % ʚʩʽʭ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ. ʅʝʜʦʣʽʢʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ ʤʽʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ (ʦʧʘʣʝʥʥʷ, 

ʚʝʥʪʠʣʷʮʽʷ, ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʘʥʘʣʽʟʘʮʽʾ), ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ 

(ʪʝʧʣʦʚʠʭ, ʟʦʚʥʽʰʥʽʭ ʤʝʨʝʞ ʚʦʜʦʧʨʦʚʦʜʫ, ʢʘʥʘʣʽʟʘʮʽʾ) ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ 

(ʪʝʧʣʦʚʽ ʧʫʥʢʪʠ, ʢʦʪʝʣʴʥʽ) ʻ ʾʭ ʥʠʟʢʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʦʚ
,
ʷʟʘʥʘ ʟʽ 

ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʠʜʘʤʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʪʘʨʠʭ ʦʙ
,
ʻʢʪʽʚ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʙʽʣʴʰʝ ʥʽʞ 50 ʨʦʢʽʚ ʧʦʪʦʤʫ.  

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ [1] ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ  ʛʘʟ̔ʚ ʪʽʣʴʢʠ ʧʦ 

ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣ. ʫ 2014 ʨ. ʩʪʘʥʦʚʠʣʠ  9,65 (ʉʆ2 ï ʝʢʚ.). ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰʘ 

ʯʘʩʪʢʘ ʟ ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʥʘ ʤʽʩʪʦ ʍʘʨʢʽʚ, ʥʘʩʝʣʝʥʥʷ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 1452,887 ʪʠʩ. 

ʯʦʣ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʜʘʥʠʡ ʧʝʨʽʦʜ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʙʘʩʝʡʥʽ ʤʽʩʪʘ ʬʽʢʩʫʚʘʣʘʩʴ 

ʤʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʫ  ʚʫʛʣʝʮʶ ʫ 2,8 ɻɼʂ ʪʘ   ʜʽʦʢʩʠʜʫ ʘʟʦʪʫ  ʫ 2,9 

ɻɼʂ.   

ʅʘ ʞʘʣʴ, ʚʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʥʝ ʻ ʟʝʣʝʥʠʤ ʽ ʟʘʛʘʣʦʤ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʢʽʣʣʷ, ʬʦʨʤʫʶʯʠ ʬʘʢʪʦʨʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʈʦʟʚʠʪʦʢ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʪʢʽʚ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʧʣʘʥʫʶʪʴʩʷ, ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʙʫʜʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʟʨʦʩʪʘʶʯʠʡ ʧʦʧʠʪ ʥʘ ʝʣʝʢʪʨʦ- ʪʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ. ɸʣʝ ʨʘʟʦʤ ʟ ʪʠʤ 

ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚʠʨʽʰʫʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ. ʊʘʢ, ʟʘ ʜʘʥʠʤʠ ʋʢʨʘʾʥʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʩʪʘʥʦʤ ʥʘ ʩʝʨʧʝʥʴ 2016 ʨʦʢʫ, ʯʘʩʪʢʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ, ʷʢʘ  ʙʫʣʘ ʚʠʨʦʙʣʝʥʘ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

1,25 %, ʱʦ ʻ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʨʘʾʥʘʤʠ ɭʉ [2].  

ɯʥʰʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʧʦʚ
,
ʷʟʫʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ, ʻ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʩʪ. ʇʦʪʝʥʮʽʘʣ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʽ 

ʥʘʩʝʣʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʻ ʚʝʣʠʯʝʟʥʠʤ ï ʚʽʥ ʩʢʣʘʜʘʻ 7,4 ʤʣʥ ʪʦʥʥ ʥʘʬʪʦʚʦʛʦ 
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ʝʢʚʽʚʘʣʝʥʪʘ, ʱʦ ʩʪʘʥʦʚʠʪʴ 9,1 ʤʣʨʜ ʢʫʙʽʯʥʠʭ ʤʝʪʨʽʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʘʙʦ 

ʧʦʣʦʚʠʥʫ ʨʽʯʥʦʛʦ ʽʤʧʦʨʪʫ. ʇʨʠ ʮʴʦʤʫ ʍʘʨʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ, ʱʦ ʤʘʻ ʦʜʠʥ ʽʟ ʥʘʡʥʠʞʯʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ï 42 % [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ,  ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ  ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ  ʍʘʨʢʦʚʘ, ʱʦ ʤʘʻ ʚʝʣʠʢʽ 

ʞʠʪʣʦʚʽ ʤʘʩʠʚʠ, ʻ ʥʘʛʘʣʴʥʠʤ ʪʘ ʛʦʩʪʨʠʤ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʛʣʷʥʫʪʦʛʦ,  ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʧʦ ʧʨʦʪʠʜʽʾ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʫ ʩʬʝʨʽ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʍʘʨʢʦʚʘ ʜʦʮʽʣʴʥʦ:  

ï ʧʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʩʘʥʘʮʽʾ ʙʫʜʽʚʝʣʴ ( ʫʪʝʧʣʝʥʥʷ ʩʪʽʥ ʙʫʜʠʥʢʽʚ, ʟʘʤʽʥʘ 

ʚʽʢʦʥ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʣʽʬʪʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ); 

ï ʫʩʪʘʥʦʚʢʘ ʥʦʚʦʛʦ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦ  ʛʝʥʝʨʘʮʽʾ 

ʪʝʧʣʘ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ ʦʙʣʘʜʥʘʥʥʷ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʛʦʨʽʣʦʢ, ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʽʚ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʙʫʜʽʚʝʣʴ ʟ ʮʽʣʴʶ ʚʠʟʥʘʯʝʥʥʷ ʟʘʭʦʜʽʚ ʧʦ 

ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʦʧʘʣʝʥʥʷ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʦʤʬʦʨʪʥʠʭ 

ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʤʝʰʢʘʥʮʽʚ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥ.; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ  ʘʚʪʦʥʦʤʥʠʭ ʢʦʪʝʣʴʥʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʘʣʠʚʽ;  

ï ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʫʩʪʘʥʦʚʦʢ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʠʨʦʙʣʷʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʪʘ 

ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ; 

ï ʫʩʪʘʥʦʚʢʘ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʦʙʣʽʢʫ ʝʥʝʨʛʽʾ, ʙʘʛʘʪʦʪʘʨʠʬʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ ( ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʪʘʨʠʬʘʤʠ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʨʠ ʜʦʙʠ); 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʧʘʣʝʥʥʷ, ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʪʝʧʣʘ ɿʝʤʣʽ; 

ï ʙʫʜʽʚʥʠʮʪʚʦ ʙʽʦʛʘʟʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʙʽʦʛʘʟʫ ʟ ʦʩʘʜʫ 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʩʪʦʢʽʚ ʤʽʩʪ; 

ï  ʩʪʚʦʨʝʥʥʷ  ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʧʝʨʝʨʦʙʢʠ ʧʦʙʫʪʦʚʦʛʦ ʩʤʽʪʪʷ ʟ ʤʝʪʦʶ     

ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ï ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʚʽʜʦʤʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʫ ʧʠʪʘʥʥʷʭ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 
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ʅʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʥʘʢʦʧʠʯʝʥʦ ʙʽʣʴʰʝ 70 ʤʣʥ ʪ 

ʰʣʘʤʽʚ, ʟ ʷʢʠʭ ʧʨʠʙʣʠʟʥʦ ʪʨʝʪʠʥʘ ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʛʘʣʫʟʽ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚ ʷʢʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʯʘ ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ ʧʝʯʝʡ ʽ ʢʦʥʚʝʨʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ 

ʤʦʢʨʦʛʦ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʜʦʤʝʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʩʪʽʯʥʠʭ ʚʦʜ: 

1. ɺʦʜʘ ʚʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʤʝʥʥʦʾ ʧʝʯʽ, ʮʝ ʪʘʢ ʟʚʘʥʘ 

ñʫʤʦʚʥʦ ʯʠʩʪʘ ʚʦʜʘò, ʷʢʘ ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʥʘʛʨʽʚʘʻʪʴʩʷ ʽ ʥʝ 

ʟʘʙʨʫʜʥʶʻʪʴʩʷ. 

2. ʉʪʽʯʥʽ ʚʦʜʠ ʚʽʜ ʛʘʟʦʦʯʠʩʪʦʢ ʜʦʤʝʥʥʠʭ ʧʝʯʝʡ. ʎʽ ʚʦʜʠ ʟʘʙʨʫʜʥʝʥʽ 

ʟʘʚʠʩʣʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 200 ʤʛ/ʣ, ʘ ʪʘʢʦʞ ʮʽʣʦʶ ʥʠʟʢʦʶ 

ʨʦʟʯʠʥʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. 

3. ʉʪʽʯʥʽ ʚʦʜʠ ʚʽʜ ʛʨʘʥʫʣʷʮʽʾ ʰʣʘʢʫ. ʎʽ ʚʦʜʠ ʟʘʙʨʫʜʥʝʥʽ ʟʘʚʠʩʣʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 1000 ʤʛ/ʣ, ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʩʽʨʢʦʚʦʜʥʝʤ H2S (ñʙʨʫʜʥʠʡ ʮʠʢʣò). 

4. ʉʪʽʯʥʽ ʚʦʜʠ ʚʽʜ ʤʘʰʠʥ ʨʦʟʣʠʚʘʥʥʷ ʯʘʚʫʥʘ. ʎʽ ʚʦʜʠ ʪʘʢʦʞ 

ʟʘʙʨʫʜʥʝʥʽ ʟʘʚʠʩʣʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 500 ʤʛ/ʣ ʪʘ ʭʽʤʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʛʦʣʦʚʥʠʤ ʟ ʷʢʠʭ ʻ ʨʦʟʯʠʥʥʝ ʫ ʚʦʜʽ ʚʘʧʥʦ Ca(OH)2 (ñʙʨʫʜʥʠʡ 

ʮʠʢʣò).  

ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʛʘʟʦʦʯʠʱʝʥʥʷ ʩʫʯʘʩʥʦʾ ʜʦʤʝʥʥʦʾ ʧʝʯʽ 

ʦʙ'ʻʤʦʤ 2700-3200 ʤ
3
, ʩʷʛʘʻ 2000-4000 ʤ

3
/ʛʦʜ, ʘ ʜʣʷ ʜʦʤʝʥʥʦʾ ʧʝʯʽ ʦʙ'ʻʤʦʤ 5000 

ʤ
3
 ï 5000-6000 ʤ

3
/ʛʦʜ.  ʉʪʽʯʥʽ ʚʦʜʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʧʨʘʚʠʣʦ ʟʘʙʨʫʜʥʝʥʽ 

ʪʚʝʨʜʠʤʠ ʟʘʚʠʩʣʠʤʠ ʯʘʩʪʢʘʤʠ ʪʘ ʤʘʶʪʴ ʨʦʟʯʠʥʝʥʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʥʘʧʨʠʢʣʘʜ, 

ʩʦʣʽ ʞʦʨʩʪʢʦʩʪʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʩʠʩʪʝʤʽ ʚʦʜʦʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʫ ʧʽʜʧʨʠʻʤʩʪʚ 

ʯʝʨʝʟ ʚʠʩʢʦʠʡ ʚʤʽʩʪ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʟʘ ʽʩʥʫʶʯʠʤʠ ʥʦʨʤʘʤʠ 

ʜʣʷ ʦʙʦʨʦʪʥʠʭ ʚʦʜ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʾʭ ʦʯʠʱʝʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʩʢʘʟʘʥʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ 

ʦʯʠʱʝʥʥʷ ʪʘ ʟʥʝʚʦʜʥʝʥʥʷ ʰʣʘʤʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʧʦʰʫʢ 

ʰʣʷʭʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʰʣʘʤʽʚ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ. 
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1
ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʍʊʇʕ, ʅʊʋ "ʍʇʀ", ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

2
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʍʊʇʕ, ʢʘʥʜ. ʪʝʭʥ.ʥʘʫʢ, ʅʊʋ "ʍʇʀ", ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

3
ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʳ ʍʊʇʕ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʅʊʋ "ʍʇʀ", ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

*
email: ipitak5@gmail.com 

 

ʄʥʦʛʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʳ, ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʘʭʘʨʘ ʠ ʜʨ.) ʚʢʣʶʯʘʶʪ ʧʝʨʝʜʝʣ ʦʙʞʠʛʘ ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʳʨʴʷ, 

ʧʨʦʜʫʢʪ ʦʙʞʠʛʘ ʢʦʪʦʨʦʛʦ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʩʠʜʳ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʝʨʝʜʝʣʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʙʞʠʛ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʩʳʨʴʷ ʧʨʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʰʘʭʪʥʳʭ ʧʝʯʘʭ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʞʠʛʘ ʠʩʧʦʣʴʟʫʶʪʩʷ: 

ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʢʦʢʩ, ʘʥʪʨʘʮʠʪ ʠ ʜʨ. ɺʳʙʦʨ ʪʠʧʘ ʪʦʧʣʠʚʘ ʩʚʷʟʘʥ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʧʦ ʯʠʩʪʦʪʝ ʠ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʪʘ ʦʙʞʠʛʘ, ʘ ʪʘʢ ʞʝ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ. ʆʪʭʦʜʘʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʝʨʝʜʝʣʝ ʦʙʞʠʛʘ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʩʳʨʴʷ ʷʚʣʷʶʪʩʷ ʦʪʚʦʜʠʤʳʝ ʠʟ ʧʨʦʮʝʩʩʘ ʛʘʟʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ ʠ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʜ ʧʳʣʝʫʣʦʚʠʪʝʣʝʤ 280 ï 320Áʉ. 

ʇʨʠ ʵʪʦʤ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʞʠʛʝ ʠʟʚʝʩʪʥʷʢʘ ʚ ʰʘʭʪʥʳʭ ʧʝʯʘʭ ʢʦʣʠʯʝʩʪʚʦ 

ʛʘʟʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʦʯʠʩʪʢʫ ʜʦʩʪʠʛʘʝʪ 16000 ï 25000 ʥʤ
3
/ʯʘʩ (4,5 ï 7,0 ʥʤ

3
/ʩ), 

ʘ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʠ (ʚ ʦʩʥʦʚʥʦʤ ʠʟʚʝʩʪʥʷʢ ʠ ʠʟʚʝʩʪʴ) ~ 6 ï 7 ʛ/ ʥʤ
3
. ʂʨʦʤʝ ʪʦʛʦ 

ʚ ʛʘʟʘʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʦʯʠʩʪʢʫ ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ: NO2 ~ 50 ï 60 

ʤʛ/ʥʤ
3
, CO ~ 50 ï 100 ʤʛ/ʥʤ

3
, SO2 ~ 20 ï 35 ʤʛ/ʤ

3
, CO2 ~ 26 ï 32 %, N2 ~ 15%, O2 

~ 1,5 ï 6,5%. ʂʦʣʠʯʝʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʪʦʧʣʠʚʘ ʠ 

ʨʝʞʠʤʦʚ ʦʙʲʝʢʪʘ. ʀʟʙʳʪʦʯʥʳʝ ʛʘʟʳ ʠ ʛʘʟʳ ʤʝʞʢʦʥʫʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠʟʚʝʩʪʢʦʚʦ-ʦʙʞʠʛʘʪʝʣʴʥʳʭ ʧʝʯʝʡ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʙʝʟ ʦʯʠʩʪʢʠ ʦʪ 

ʧʳʣʠ, ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪ 8 ï 10 ʛ/ʥʤ
3
. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ 

ʪʝʭʥʦʛʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʛʜʝ ʝʩʪʴ ʧʝʨʝʜʝʣ 

ʦʙʞʠʛʘ ʠʟʚʝʩʪʥʷʢʘ ʧʦʢʘʟʘ [1], ʯʪʦ ʛʘʟʦʚʳʝ ʠ ʧʳʣʝʚʳʝ ʚʳʙʨʦʩʳ, ʘ ʪʘʢ ʞʝ 

ʘʵʨʦʟʦʣʴʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʘ ʵʬʬʝʢʪʠʚʥʘʷ ʦʯʠʩʪʢʘ 

ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ ʛʘʟʦʚ ʦʪ ʚʩʝʭ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʜʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʟʘʧʳʣʝʥʥʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʦʙʝʩʧʳʣʠʚʘʶʱʫʶ ʫʩʪʘʥʦʚʢʫ ʩʚʳʰʝ 5 

ï 7 ʛ/ʤ
3
 ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʩʪʫʧʝʥʝʡ, ʥʘʧʨʠʤʝʨ, ʪʨʫʙʘ ɺʝʥʪʫʨʠ ʩ ʮʠʢʣʦʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʧʣʝʫʣʦʚʠʪʝʣʷ ʠ 

ʤʦʢʨʳʡ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ʪʠʧʘ ʉʄʉ-6,2 ʈ, ʠʣʠ ʪʨʫʙʘ ɺʝʥʪʫʨʠ ʩ ʧʝʥʥʳʤ 

ʘʧʧʘʨʘʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʧʣʝʫʣʦʚʠʪʝʣʷ ʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ʪʠʧʘ ʇɻ-8. ʇʨʠʤʝʥʝʥʠʝ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʛʘʟʘ 
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ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʠʭ ʚ ʢʦʤʧʨʝʩʩʦʨʳ (ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʠ ʚ ʦʯʠʱʝʥʥʦʤ ʛʘʟʝ ʤʝʥʴʰʝ 5 

ʤʛ/ʤ
3
). ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪʳ ʧʦ ʪʠʧʫ ʮʝʥʪʨʦʙʝʞʥʳʭ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ [2], ʚ 

ʯʘʩʪʥʦʩʪʠ ʨʦʪʦʨʥʳʭ ʘʧʧʘʨʘʪʦʚ.  

ɺʳʰʝʦʪʤʝʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʫʜʦʙʥʳʤʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʯʨʝʟʤʝʨʥʦ ʜʦʨʦʛʠʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʦʯʠʩʪʢʫ ʩʦʩʪʘʚʣʷʝʪ 0,3 ï 0,8 ʢʛ/ʤ
3
, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʩʧʝʥʟʠʡ ʠ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʰʣʘʤʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʘʢ ʞʝ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʦʯʠʩʪʢʘ ʛʘʟʦʚ ʦʪ 

ʢʦʤʧʦʥʝʥʪʦʚ ʉʆ, NOx, SOx ʥʝ ʵʬʬʝʢʪʠʚʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. 

ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʛʘʟʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʦʯʠʩʪʢʫ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʦʚʦʛʦ ʪʦʨʦʦʙʨʘʟʥʦʛʦ 

ʨʦʪʦʨʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʚ ʢʦʪʦʨʦʤ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ 

ʦʩʥʦʚʥʳʭ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʦʛʠʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ 

ʨʝʰʝʥʠʠ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ʛʘʟʘ ʥʘ ʦʯʠʩʪʢʫ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʨʦʪʦʨʘ ʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʩʚʦʙʦʜʥʦʡ ʢʘʤʝʨʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʣʦʩʘ ʠ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʮʝʣʦʤ ʚ ʘʧʧʘʨʘʪ ʧʦʪʦʢʦʤ ʛʘʟʘ. ʆʙʱʠʡ ʧʦʪʦʢ ʛʘʟʘ ʚ ʘʧʧʘʨʘʪʝ 

ʩʦʩʪʦʠʪ ʠʟ ʧʦʪʦʢʦʚ ʚ ʩʚʦʙʦʜʥʦʡ ʢʘʤʝʨʝ ʠ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ. ʀʟ-ʟʘ ʨʘʟʥʦʩʪʠ 

ʥʘʧʦʨʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʚʦʟʥʠʢʘʝʪ ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʛʘʟʘ 

(ʧʨʦʜʦʣʴʥʳʡ ʚʠʭʨʴ) ʚ ʩʚʦʙʦʜʥʦʡ ʢʘʤʝʨʝ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʢʘʥʘʣ ʚ ʚʠʜʝ ʪʦʨʘ. ɼʨʫʛʠʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʜʘʯʘ 

ʞʠʜʢʦʩʪʠ ʚ ʘʧʧʘʨʘʪ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʚʘʣ ʨʦʪʦʨʘ 

(ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʭʝʤʘ), ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʚʦʙʦʜʥʫʶ ʢʘʤʝʨʫ ʠʣʠ ʚ ʦʙʣʘʩʪʴ 

ʣʦʧʘʪʦʢ ʨʦʪʦʨʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʠ ʘʧʧʘʨʘʪʘ ʩ ʫʩʪʘʥʦʚʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʠʭ ʩʚʦʙʦʜʥʳʭ ʢʘʤʝʨ ʧʦʢʘʟʘʣʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʦʯʠʩʪʢʠ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʧʳʣʠ ʠ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʉʆ, NOx, SOx. 

ɼʦʩʪʘʪʦʯʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʦʯʠʩʪʢʠ ʦʪ 

ʧʳʣʠ, ʢʘʢ ʠ ʚ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʚ ʧʨʝʜʣʘʛʘʝʤʳʡ ʘʧʧʘʨʘʪ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ ʚʦʜʳ 0,005 ï 0,008 ʢʛ/ʤ
3
, ʪʦ ʝʩʪʴ ʧʨʠʤʝʨʥʦ ʚ 100 ʨʘʟ 

ʤʝʥʴʰʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʚ ʨʘʙʦʯʠʭ ʢʘʤʝʨʘʭ ʘʧʧʘʨʘʪʘ, ʢʦʘʛʫʣʷʮʠʠ 

ʧʳʣʝʦʙʨʘʟʥʳʭ ʯʘʩʪʠʮ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ ʜʦʣʞʥʳ ʠʟʤʝʥʠʪʴʩʷ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʆ, NOx, SOx. ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚʝʜʫʪʩʷ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɿʘʠʨïɹʝʢ, ʗ. ʉ. ʊʝʭʥʠʢʘ ʦʙʝʩʧʳʣʠʚʘʥʠʷ ʥʘ ʩʦʜʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ / ʗ. ʉ. ɿʘʠʨïɹʝʢ, 

ʊ. ʂ. ʃʫʢʴʷʥʦʚʠʯ // ʆʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʩʦʜʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʨʫʜʳ 

ʅʀʆʍʀʄ. ï 1978. ï ʊ. ʍ LVII. ï ʉ. 51 ï 55. 

2. ʇʨʦʩʢʫʨʽʥʘ, ɯ. ɺ. ɿʥʠʞʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʚʽʜ ʧʠʣʦʚʠʭ ʚʠʢʠʜʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʘʚʪʦʨʝʬʝʨʘʪ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʧʝʮ.: 

21.06.01 - ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ / ɯ. ɺ. ʇʨʦʩʢʫʨʽʥʘ. ï ʉʫʤʠ: ʉʫʤɼʋ, 2011. ï 20 ʩ. 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 
 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ, 2017. ʏ. 3. 13 

ʋɼʂ 66-9 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɸɼʉʆʈɹʎɯʁʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ɺʋɻʃɽʎɽɺʀʍ ɺʆʃʆʂʅʀʉʊʀʍ ʉʆʈɹɽʅʊɯɺ 
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ɼʣʷ ʘʜʩʦʨʙʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʫʛʣʝʮʝʚʽ 

ʤʘʪʝʨʽʘʣʠ. ʅʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʛʨʘʥʫʣʴʦʚʘʥʝ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ (ɻɸɺ) ʘʙʦ 

ʚʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʠʩʪʽ ʘʜʩʦʨʙʝʥʪʠ(ɺɺɸ). ɻɸɺ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʘʜʩʦʨʙʮʽʡʥʫ 

ʻʤʥʽʩʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʨʦʟʯʠʥʥʠʢʽʚ (ʤʝʥʰʝ 1 ʛ/ʤ
3
), ʪʦʤʫ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɺɺɸ. ɺʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʠʩʪʽ ʘʜʩʦʨʙʝʥʪʠ 

ʤʘʶʪʴ ʟʥʘʯʥʽ ʦʙôʻʤʠ ʤʽʢʨʦʧʦʨ ʽ ʩʠʩʪʝʤʫ ʤʝʟʦʧʦʨ, ʷʢʽ ʨʦʟʚʠʥʝʥʽ ʫ ʨʽʟʥʽʡ ʤʽʨʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ. ʉʘʤʝ ʮʝ ʽ ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʘʥʠʭ ʘʜʩʦʨʙʝʥʪʽʚ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʽʚ, ʱʦ ʫʣʦʚʣʶʶʪʴʩʷ. ʊʘʢʦʞ ʦʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ɺɺɸ ʥʘʜ ɻɸɺ ʻ ʪʘ, ʱʦ 

ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʥʠʩʪʠʭ ʘʜʩʦʨʙʝʥʪʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʪʠ 

ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʫ ʥʝʦʙʭʽʜʥʠʭ ʤʝʞʘʭ ʽ ʥʘʜʘʚʘʪʠ ʾʡ ʦʜʥʦʨʽʜʥʦʾ ʬʦʨʤʠ ʧʦ 

ʚʩʴʦʤʫ ʦʙôʻʤʫ ʘʜʩʦʨʙʝʥʪʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʢʨʘʱʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɺɺɸ 

ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʫʚʘʥʥʷ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ  ʚʠʭʽʜʥʦʛʦ ɺɺɸ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʫ ʜʚʽ ʩʪʘʜʽʾ: ʧʝʨʰʘ ʩʪʘʜʽʷ ʧʦʣʷʛʘʻ ʚ  ʦʩʘʜʞʝʥʥʽ ʚʫʛʣʝʮʶ ʟ ʛʘʟʦʚʦʾ 

ʬʘʟʠ ʧʨʠ ʪʝʨʤʽʯʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʤʝʪʘʥʫ. ʅʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ʧʨʦʚʦʜʠʣʦʩʴ 

ʘʢʪʠʚʫʚʘʥʥʷ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʦʜʝʨʞʘʥʦʛʦ ʟʨʘʟʢʘ ʟ ʦʩʘʜʞʝʥʠʤ ʚʫʛʣʝʮʝʤ. ʄʠ 

ʚʽʜʜʘʣʠ ʧʝʨʝʚʘʛʫ ʮʴʦʤʫ ʤʝʪʦʜʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʦʤʫ, ʱʦ ʚʽʥ ʩʪʘʥʦʚʠʪʴ 

ʧʨʘʢʪʠʯʥʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʫ ʷʢʽʡʩʴ ʤʽʨʽ ʤʽʥʷʪʠ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʘʜʩʦʨʙʝʥʪʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʘʜʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʽʜʥʦʛʦ ʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ɺɺɸ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʽʟʦʪʝʨʤ ʘʜʩʦʨʙʮʽʾ ʤʠ ʦʙʨʘʣʠ 

ʝʢʩʠʢʘʪʦʨʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʻ ʜʫʞʝ ʧʨʦʩʪʠʤ ʚ ʘʧʘʨʘʪʫʨʥʦʤʫ ʦʬʦʨʤʣʝʥʥʽ ʽ 

ʦʜʥʦʯʘʩʥʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ ʧʨʦ ʘʜʩʦʨʙʮʽʶ. 

ʇʝʨʝʜ ʘʜʩʦʨʙʮʽʻʶ ʝʣʝʤʝʥʪʘʨʥʫ ʧʨʦʙʫ ɺɺɸ ʤʘʩʦʶ ʙʣʠʟʴʢʦ 2 ʛ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʫ ʧʦʧʝʨʝʜʥʴʦ ʟʚʘʞʝʥʦʤʫ  ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛʘʭ ʙʦʢʩʽ ʽ 

ʚʠʩʫʰʫʚʘʣʠ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 180 ï 200
0
ʉ ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʙʦʢʩ ʟ ʘʜʩʦʨʙʝʥʪʦʤ ʦʭʦʣʦʜʞʫʚʘʣʠ ʚ ʝʢʩʠʢʘʪʦʨʽ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʽʶ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʟʚʘʞʫʚʘʣʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʟʚʘʞʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʤʘʩʫ ʘʜʩʦʨʙʝʥʪʫ. 

ɸʜʩʦʨʙʮʽʶ ʙʝʥʟʦʣʫ ʝʣʝʤʝʥʪʘʨʥʦʶ ʧʨʦʙʦʶ ɺɺɸ ʧʨʦʚʦʜʠʣʠ ʚ ʝʢʩʠʢʘʪʦʨʽ, 

ʱʦ ʤʘʻ ʢʨʠʰʢʫ ʟ ʢʨʘʥʦʤ. ɼʦ ʢʨʘʥʫ ʧʨʠʻʜʥʫʚʘʣʠ ʨʪʫʪʥʠʡ ʤʘʥʦʤʝʪʨ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ. ʈʽʟʥʠʡ ʪʠʩʢ ʧʘʨʽʚ ʙʝʥʟʦʣʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʦʙôʻʤʽ 
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ʝʢʩʠʢʘʪʦʨʘ ʫʪʚʦʨʶʚʘʣʠ ʨʦʟʯʠʥʘʤʠ ʙʝʥʟʦʣʫ ʚ ʩʠʣʽʢʦʥʦʚʽʡ ʦʣʽʾ, ʷʢʽ ʨʦʟʤʽʱʘʣʠ ʫ 

ʯʘʰʮʽ ʥʘ ʜʥʽ ʝʢʩʠʢʘʪʦʨʘ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʧʝʚʥʠʪʠʩʴ, ʱʦ ʩʠʣʽʢʦʥʦʚʘ ʦʣʽʷ ʥʝ ʜʘʻ 

ʚʢʣʘʜ ʫ ʪʠʩʢ ʥʘʩʠʯʝʥʠʭ ʧʘʨʽʚ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʜʦʩʣʽʜ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʚ ʝʢʩʠʢʘʪʦʨʽ 

ʨʦʟʤʽʱʫʚʘʣʠ ʣʠʰʝ ʪʽʣʴʢʠ ʩʠʣʽʢʦʥʦʚʫ ʦʣʽʶ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʠʩʢ ʚ 

ʩʠʩʪʝʤʽ ʥʝ ʟʙʽʣʴʰʫʚʘʚʩʷ. 

ʆʭʦʣʦʜʞʝʥʠʡ ʪʘ ʚʠʩʫʰʝʥʠʡ ɺɺɸ ʚ ʙʦʢʩʽ ʟ ʚʽʜʢʨʠʪʦʶ ʢʨʠʰʢʦʶ ʩʪʘʚʠʣʠ ʥʘ 

ʨʝʰʽʪʢʫ ʝʢʩʠʢʘʪʦʨʘ. ʉʠʩʪʝʤʫ ʧʽʜʜʘʚʘʣʠ ʩʪʘʪʠʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʙʽʦʣʦʛʽʯʥʦʤʫ 

ʪʝʨʤʦʩʪʘʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25
0
 ʉ. 

ʏʝʨʝʟ 12 ʛʦʜʠʥ ʙʦʢʩ ʟ ʘʜʩʦʨʙʝʥʪʦʤ ʟʘʢʨʠʚʘʣʠ ʢʨʠʰʢʦʶ, ʚʠʡʤʘʣʠ ʟ 

ʝʢʩʠʢʘʪʦʨʘ ʽ ʟʚʘʞʫʚʘʣʠ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛʘʭ. ɿʘ ʨʽʟʥʠʮʝʶ ʤʘʩ ʜʦ ʪʘ ʧʽʩʣʷ 

ʘʜʩʦʨʙʮʽʾ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚʝʣʠʯʠʥʫ ʘʜʩʦʨʙʮʽʾ ʙʝʥʟʦʣʫ ʚ ʤʤʦʣʴ ʥʘ 1 ʛ ʘʜʩʦʨʙʝʥʪʫ 

ɸ. ɼʘʥʽ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʧʨʠ ʘʜʩʦʨʙʮʽʾ ʙʝʥʟʦʣʫ, ʽʥʪʝʨʧʨʝʪʫʚʘʣʠ ʫ ʚʠʛʣʷʜʽ ʽʟʦʪʝʨʤ 

ʘʜʩʦʨʙʮʽʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɸ ï ʨ/ʨs (ʨʽʚʥʦʚʘʞʥʠʡ ʚʽʜʥʦʩʥʠʡ ʪʠʩʢ, ʜʝ ʨs ï ʪʠʩʢ 

ʥʘʩʠʯʝʥʠʭ ʧʘʨʽʚ ʙʝʥʟʦʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʩʣʽʜʫ (ʤʤ ʨʪ. ʩʪ.), ʨ ï ʨʽʚʥʦʚʘʞʥʠʡ 

ʚʽʜʥʦʩʥʠʡ ʪʠʩʢ ʧʘʨʽʚ ʙʝʥʟʦʣʫ (ʤʤ ʨʪ. ʩʪ.)). 

ɼʘʣʽ ʧʨʦʚʦʜʠʣʠ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʠʨʘʶʯʠʩʴ ʥʘ 

ʪʝʦʨʽʶ ʦʙôʻʤʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʤʽʢʨʦʧʦʨ (ʊʆɿʄ) ʄ. ʄ. ɼʫʙʽʥʽʥʘ. ɺʝʣʠʯʠʥʘ 

ʨʽʚʥʦʚʘʞʥʦʾ ʘʜʩʦʨʙʮʽʾ (ʘ), ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʊʆɿʄ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ: 

 

 ʘ = Wo exp[ -
 
{A / (B Eo)}

n 
]

 
, (1) 

 

ʜʝ ʘ ï ʨʽʚʥʦʚʘʞʥʘ ʘʜʩʦʨʙʮʽʷ, ʤʦʣʴ/ʛ;  

Wo ï ʛʨʘʥʠʯʥʠʡ ʦʙʩʷʛ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʩʤ
3
/ʛ;  

A ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʤʦʣʴʥʘ ʨʦʙʦʪʘ ʘʜʩʦʨʙʮʽʾ: A = R
 
T

 
ln (ps/p), ɼʞ/ʤʦʣʴ (ps ï

ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʙʝʥʟʦʣʫ, ʇʘ; p ïʨʽʚʥʦʚʘʞʥʠʡ ʪʠʩʢ ʙʝʥʟʦʣʫ,ʇʘ; ʊ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʣʽʜʫ, ʂ);  

ɺ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʙʥʦʩʪʽ, ʨʽʚʥʠʡ ʚʽʜʥʦʰʝʥʥʶ ʧʘʨʘʭʦʨ ʘʜʩʦʨʙʝʥʪʫ ʽ 

ʙʝʥʟʦʣʫ; 

Eo ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʝʥʝʨʛʽʷ ʘʜʩʦʨʙʮʽʾ, ɼʞ / ʤʦʣʴ; 

n ï ʧʘʨʘʤʝʪʨ ʨʽʚʥʷʥʥʷ (ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ n = 2). 

ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʽʟʦʪʝʨʤʘʤʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʩʪʨʫʢʪʫʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʨʽʚʥʷʥʥʷ ʊʆɿʄ: Wo ï ʛʨʘʥʠʯʥʠʡ ʦʙôʻʤ 

ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ɽʦ ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʝʥʝʨʛʽʷ ʘʜʩʦʨʙʮʽʾ. ɼʣʷ ɺɺɸ 

ʪʘʢʦʞ ʚʠʟʥʘʯʠʣʠ ʚʝʣʠʯʠʥʠ ʦʙôʻʤʫ ʤʽʢʨʦʧʦʨ (Vʤʠ), ʧʝʨʝʭʽʜʥʠʭ ʧʦʨ (Vʧ), 

ʛʨʘʥʠʯʥʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʦʙôʻʤʫ (Vs), ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʧʝʨʝʭʽʜʥʠʭ ʧʦʨ (Sn). 
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çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
2
ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
3
ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

ʝmail: rassan2000@ukr.net 

 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʭʠʩʥʠʭ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʪʘ ʮʠʚʽʣʴʥʦʤʫ 

ʙʫʜʽʚʥʠʮʪʚʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʫʶʪʴʩʷ ʧʨʠʥʮʠʧʠ çʟʝʣʝʥʦʾ ʭʽʤʽʾè ï ʥʦʚʠʡ, 

ʽʥʥʦʚʘʮʽʡʥʠʡ ʥʘʧʨʷʤ ʚ ʭʽʤʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʟ ʤʝʪʦʶ ʧʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʬʫʨʘʥʦï

ʝʧʦʢʩʠʜʥʠʭ  ʧʦʢʨʠʪʪʽʚ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʦï ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʤʝʥʰʝ ʟʘʙʨʫʜʥʶʶʪʴ  ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʧʨʠʥʮʠʧʽʚ çʟʝʣʝʥʦʾ ʭʽʤʽʾè, ʱʦ ʟʘʢʣʘʜʝʥʽ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʠʨʦʚʠʥʠ ʟ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ (ʧʨʦʜʫʢʪʠ ʬʦʪʦʩʠʥʪʝʟʫ): ʧʦʭʽʜʥʽ ʧʝʥʪʦʟʘʥʚʤʽʩʢʠʭ 

ʜʞʝʨʝʣ ʪʦʱʦ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʭʽʤʽʢʦïʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʦʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ; 

ï ʟʘʤʽʥʘ ʘʙʦ ʧʦʚʥʘ ʚʽʜʤʦʚʘ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʦʢʩʠʯʥʠʭ 
ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. 

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʠʡ ʜʝʪʘʣʴʥʠʡ ʢʦʥʢʨʝʪʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ 

çʟʝʣʝʥʦʾ ʭʽʤʽʾè ʧʨʠ ʨʦʟʨʦʙʮʽ ʽ ʬʦʨʤʫʚʘʥʥʽ ʟʘʭʠʩʥʠʭ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʷʢʽ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʪʘ ʮʠʚʽʣʴʥʦʤʫ 

ʙʫʜʽʚʥʠʮʪʚʽ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʘʜʘʚʘʣʠ ʚ ʜʘʥʥʽ ʨʦʙʦʪʽ ʥʘʩʪʫʧʥʠʤ ʧʨʠʥʮʠʧʘʤ 

çʟʝʣʝʥʦʾ ʭʽʤʽʾè: 

ï ʚʠʭʽʜʥʽ ʠ ʚʠʪʨʘʪʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ ʧʦʚʠʥʥʽ 
ʙʫʪʠ ʟ ʧʨʦʜʫʢʪʽʚ ʬʦʪʦʩʠʥʪʝʟʫ, ʪʦʤʫ ʱʦ ʮʝ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ; 

ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʝʬʝʢʪʠʚʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʢʘʪʽʦʥʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʬʫʨʬʫʨʠʣʽʜʝʥʘʮʝʪʦʥʽʚ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʝʣʝʢʪʠʚʥʦʩʪʽ; 

ï ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʽʜʥʠʭ ʪʘ ʧʨʦʤʽʞʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʘʢʩʠʤʘʣʴʥʠʡ ʽ 

ʥʘ 99,5 % ʚʦʥʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʢʽʥʮʝʚʦʤʫ ʭʽʤʽʯʥʦʤʫ ʧʨʦʜʫʢʪʽ (ʬʫʨʘʥʦï

ʝʧʦʢʩʠʜʥʠʡ ʧʦʣʽʤʝʨ); 

ï  ʧʦʚʥʝ ʚʠʢʣʶʯʝʥʥʷ  ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. 
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ɿʘʚʦʜʳ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʪʦʚʘʨʥʦʛʦ ʙʝʪʦʥʘ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. 

ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʟʘʚʦʜʦʚ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʨʝʜʥʳʤʠ ʛʘʟʦʚʳʤʠ ʠ ʧʳʣʝʚʳʤʠ ʚʳʙʨʦʩʘʤʠ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ (ʚ ʟʦʥʝ ʚʳʙʨʦʩʦʚ). ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʧʳʣʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʩʢʣʘʜʘʭ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʝʡ, ʚʷʞʫʱʠʭ. ʇʦʣʠʜʠʩʧʝʨʩʥʘʷ ʧʳʣʴ, 

ʩʦʜʝʨʞʘʱʘʷ ʜʦ 20% SiO2, ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʠ ʩʫʰʢʝ ʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʘʧʦʣʥʠʪʝʣʝʡ, ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʧʨʠ ʩʤʝʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. ʂʨʦʤʝ 

ʛʨʘʥʠʪʥʦʡ, ʧʝʩʯʘʥʦʡ ʠ ʮʝʤʝʥʪʥʦʡ ʧʳʣʠ ʟʘʚʦʜʳ ɾɹʂ ʚʳʙʨʘʩʳʚʘʶʪ ʚ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʦʢʩʠʜʳ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ (ʘʨʤʘʪʫʨʥʳʝ ʮʝʭʘ). 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʚ ʢʫʟʦʚʘʭ ʘʚʪʦʤʘʰʠʥ 

(ʠʣʠ ʦʪʢʨʳʪʳʭ ʚʘʛʦʥʘʭ) ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠʟ-ʟʘ ʚʳʜʫʚʘʥʠʷ ʵʪʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʚʦʜʳ ɾɹʂ ʦʪʥʦʩʷʪ ʢ ʥʘʠʙʦʣʝʝ ʚʦʜʦʝʤʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʘʤ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʠʥʜʫʩʪʨʠʠ. ʕʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʚʦʜʳ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʪʚʦʨʝʥʠʷ ʙʝʪʦʥʦʚ, ʤʳʪʴʷ ʤʠʢʩʝʨʦʚ, ʬʦʨʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʨʦʤʳʚʢʠ ʙʘʨʘʙʘʥʦʚ ʠ ʢʦʣʸʩ ʙʝʪʦʥʦʚʦʟʦʚ. ɼʦ 800 ʢʛ ʧʘʨʘ ʥʘ 1 ʤ
3
 ʠʟʜʝʣʠʡ 

ʨʘʩʭʦʜʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʧʘʨʠʚʘʥʠʠ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʂʨʦʤʝ ʠʩʪʦʱʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘʚʦʜʳ ɾɹʂ ʥʘʨʫʰʘʶʪ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʝʤʦʚ, ʩʙʨʘʩʳʚʘʷ ʦʪʨʘʙʦʪʘʥʥʳʝ 

ʚʦʜʳ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʦʤ ʚʠʜʝ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʤʝʩʠ ʛʠʜʨʦʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʨʠʤʝʩʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʤʘʟʫʪʘ ʠ ʤʘʩʝʣ. ʇʨʠ 

ʠʭ ʩʙʨʦʩʝ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʦʝʤʦʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʸ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʠʟʤʝʥʷʝʪʩʷ pH, ʥʦ ʠ ʦʙʨʘʟʫʶʪʩʷ 

ʥʦʚʳʝ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ. ʆʙʲʝʤ ʠ ʩʦʩʪʘʚ ʩʙʨʘʩʳʚʘʝʤʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚʠʜʦʤ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʤʦʱʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʷ 1]. 

ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʫʤʝʥʴʰʠʪʴ ʥʘ ʟʘʚʦʜʘʭ ɾɹʂ ʦʙʲʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʰʣʘʤʘ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʙʝʪʦʥʘ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 
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ʨʝʮʠʢʣʠʥʛʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʛʦ ʨʘʟʜʝʣʝʥʠʝ ʩʤʝʩʠ ʙʝʪʦʥʥʳʭ ʦʪʭʦʜʦʚ ʥʘ 

ʬʨʘʢʮʠʠ (ʢʨʫʧʥʳʡ ʠ ʤʝʣʢʠʡ ʟʘʧʦʣʥʠʪʝʣʴ, ʮʝʤʝʥʪʥʦʝ çʤʦʣʦʢʦè) ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʢʫʫʤʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ ʠ ʨʝʮʠʢʣʠʥʛʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʩʣʝʜʥʝʛʦ 

ʧʦʢʦʣʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʭʦʜʳ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʤʠʢʩʝʨʦʚ ʠ 

ʙʝʪʦʥʦʥʘʩʦʩʦʚ ʩʣʠʚʘʶʪʩʷ ʚ ʷʤʳ, ʛʜʝ ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʚʳʩʳʭʘʝʪ, ʨʘʩʪʨʝʩʢʠʚʘʝʪʩʷ 

ʠ ʟʘʪʝʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʥʘ ʧʦʣʠʛʦʥ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ. ʊʘʢʦʡ ʨʝʮʠʢʣʠʥʛ ʢʨʘʡʥʝ 

ʥʝʵʬʬʝʢʪʠʚʝʥ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʦʪʭʦʜʦʚ. 

ɿʘʚʦʜʳ ɾɹʂ ʷʚʣʷʶʪʩʷ ʩʝʨʴʸʟʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ. ɿʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʧʫʪʝʤ ʠʥʬʠʣʴʪʨʘʮʠʠ 

ʯʝʨʝʟ ʟʦʥʫ ʘʵʨʘʮʠʠ ʛʨʫʥʪʦʚ ʧʦʧʘʜʘʶʪ ʚ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʦ ʩʪʦʢʦʤ ʩʦ ʩʚʘʣʦʢ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʫʩʦʨʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʦʱʘʜʦʢ ʠ ʩʢʣʘʜʦʚ ʩʳʨʴʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʪʦʢ ʩ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʵʪʠʭ ʟʘʚʦʜʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ 

ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʜʪʦʧʣʝʥʠʷ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʨʘʟʚʠʪʠʷ 

ʪʘʢʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʦʩʘʜʢʠ ʛʨʫʥʪʘ, ʦʧʦʣʟʥʠ ʠ 

ʪ. ʧ. 

ɿʘʚʦʜʳ ɾɹʂ ʠʥʪʝʥʩʠʚʥʦ ʟʘʛʨʷʟʥʷʶʪ ʠ ʟʘʩʦʨʷʶʪ ʩʚʝʨʭʫ ʧʦʯʚʳ ʥʘ 

ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʤʘʩʩʠʚʳ ʛʨʫʥʪʦʚ ʛʨʘʥʠʪʥʦʡ, ʧʝʩʯʘʥʦʡ ʠ ʮʝʤʝʥʪʥʦʡ 

ʧʳʣʴʶ, ʛʘʟʦʜʳʤʦʚʳʤʠ ʚʳʙʨʦʩʘʤʠ ʠ ʩʤʳʚʘʝʤʳʤʠ ʩ ʪʝʭ ʧʣʦʱʘʜʦʢ 

ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʚʦʜʘʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʠ ʩʦʭʨʘʥʝʥʠʶ ʚ ʧʦʯʚʘʭ ʥʘ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʪʦʢʩʠʢʘʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʦʧʫʣʷʮʠʡ 

ʣʁ ʙʳʭ ʦʨʛʘʥʠʟʤʦʚ; ʠʟ-ʟʘ ʦʪʚʝʜʝʥʠʷ ʧʦʜ ʩʢʣʘʜʳ ʠ ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘʨʫʰʘʝʪʩʷ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. 

ʉʝʛʦʜʥʷ ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [2] ʥʘ ʟʘʚʦʜʘʭ ɾɹʂ 

ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʧʦʣʥʦʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʩʬʝʨʫ. ʇʦʵʪʦʤʫ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʳʣʝʛʘʟʦʦʯʠʩʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʚʝʩʴʤʘ ʥʝʧʝʨʩʧʝʢʪʠʚʥʦʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʫʜʫʱʝʛʦ. ɼʣʷ ʩʤʷʛʯʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘʠʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʦʡ 

ʤʝʨʦʡ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʶʱʘʷ: 

1- ʚʥʝʜʨʝʥʠʝ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʟʘʤʢʥʫʪʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʩʙʨʘʩʳʚʘʝʤʳʭ ʦʪʨʘʙʦʪʘʥʥʳʭ ʚʦʜ ʟʘ 

ʩʯʸʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʟʘʤʢʥʫʪʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ; 

2- ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʠʥʬʠʣʴʪʨʘʪʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʚ ʧʦʯʚʳ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʦʱʘʜʦʢ, ʩʢʣʘʜʦʚ ʩʳʨʴʷ ʠ ʤʫʩʦʨʘ; 

3- ʩʥʠʞʝʥʠʝ ʦʙʲʸʤʦʚ ʦʪʢʨʳʪʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʳʧʫʯʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʚʳʜʫʚʘʥʠʶ ʧʳʣʠ. 

4- ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʮʠʢʣʠʥʛʘ ʦʪʭʦʜʦʚ. 
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ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʫʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ, 

ʱʦ ʚʠʢʠʜʘʶʪʴʩʷ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [1-3]. ɻʦʣʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʻ ʧʨʦʮʝʩʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʘ ʧʨʦʮʝʩʠ ʚʠʧʘʣʫ ʚʘʧʥʷʢʫ. ʇʽʩʣʷ ʢʘʨʙʦʥʽʟʘʮʽʾ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʥʝ 

ʜʦʩʷʛʘʶʪʴʩʷ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ ʦʯʠʩʪʢʠ ʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ ʚʽʜ ʘʤʽʘʢʫ.  

ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʨʝʛʽʦʥʽʚ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ 

ʩʦʜʠ ï ʮʝ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴ, ʨʽʯʦʢ, ʧʦʚʽʪʨʷ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʨʦʙʦʪʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʥʘʧʨʷʤʢʘʭ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʤʝʥʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ ʽ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʾʭ ʫʪʠʣʽʟʘʮʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʨʦʙʦʪʦʶ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʋʢʨʘʾʥʠ, ʘ ʡ ʜʣʷ ʫʩʴʦʛʦ ʩʚʽʪʫ. 

ʆʜʥʘʢ, ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ, ʦʢʨʽʤ ʧʨʦʙʣʝʤ 

ʝʢʦʣʦʛʽʾ, ʚʝʣʠʢʽ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʩʦʢʘ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʩʪʨʠʤʫʻ ʪʘ ʟʤʝʥʰʫʻ ʧʦʜʘʣʴʰʽ ʪʝʤʧʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʜʠ. 

ʆʩʥʦʚʥʠʤ ʪʘ ʛʦʣʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʜʽʶʯʠʭ ʤʘʩʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʻ ʙʘʨʙʦʪʘʞʥʠʡ ʧʨʠʥʮʠʧ. ɿʘʛʘʣʴʥʘ 

ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ ʢʦʣʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʜʠ ʩʷʛʘʻ ʜʝʩʷʪʢʠ 

ʪʠʩʷʯ ʪʦʥʥ ʽʟ-ʟʘ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʘ 

ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ ʘʧʘʨʘʪʽʚ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʪʘʢʦʞ ʩʢʣʘʣʘʩʷ ʩʢʣʘʜʥʘ 

ʝʢʦʣʦʛʽʯʥʘ ʦʙʩʪʘʥʦʚʢʘ. ʊʘʢʠʡ ʘʧʘʨʘʪ ʷʢ ʧʨʦʤʠʚʘʯ ʛʘʟʽʚ ʢʦʣʦʥʥ-2 ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ ʚʠʤʦʛ ʥʝ ʪʽʣʴʢʠ ʧʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʙʩʦʨʙʮʽʾ 

ʘʤʽʘʢʫ, ʘʣʝ ʡ ʧʦ ʣʽʢʚʽʜʘʮʽʾ ʙʨʠʟʢʦʫʥʝʩʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ.  

ʈʦʟʨʦʙʢʘ ʢʦʤʧʘʢʪʥʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ, ʢʨʽʤ ʚʝʣʠʢʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ, ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʨʽʰʝʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʩʢʣʘʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʚʠʨʦʙʥʠʮʪʚʽ ʛʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʢʠ, ʻ 

ʫʣʦʚʣʶʚʘʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʘʤʽʘʢʫ. ʆʜʥʘʢ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʦʙʭʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʘʚʠʣʴʥʦ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩ 

ʦʯʠʩʪʢʠ ʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ ʚʽʜ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʝʢʦʣʦʛʽʯʥʫ 

ʙʝʟʧʝʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɺ ʦʩʥʦʚʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʧʦʢʣʘʜʝʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʘʧʘʨʘʪʫ ʧʦ 

ʛʘʟʦʚʽʡ ʬʘʟʽ ʜʦ 10000 ʤ
3
/ʛʦʜ ʪʘ ʧʦ ʨʽʜʢʽʡ ʬʘʟʽ ʜʦ 100 ʪ/ʛʦʜ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʘʤʽʘʢʫ 
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ʥʘ ʚʭʦʜʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 65-130 ʛ/ʤ
3
, ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʚʠʭʦʜʽ ʚ ʤʝʞʘʭ 0,1-

0,2 ʛ/ʤ
3
. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʣʽʪʝʨʘʪʫʨʽ ʤʘʣʦ ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʠ ʦʧʠʩʫ 

ʙʨʠʟʢʦʫʥʝʩʝʥʥʷ ʪʘ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʘ 

ʚʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʛʦ ʙʨʠʟʢʦʫʥʝʩʝʥʥʷ ʤʽʞ ʩʪʫʧʝʥʷʤʠ ʚ ʙʘʨʙʦʪʘʞʥʠʭ ʘʧʘʨʘʪʘʭ 

ʨʽʚʥʘ 10 % ʚʽʜ ʥʘʜʭʦʜʷʯʦʾ ʥʘ ʪʘʨʽʣʢʫ ʨʽʜʠʥʠ. 

ɼʣʷ ʩʢʦʨʦʯʝʥʥʷ ʙʨʠʟʢʦʫʥʝʩʝʥʥʷ ʨʽʜʠʥʠ ʚ ʦʩʥʦʚʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʤʠʚʘʯʘ 

ʛʘʟʽʚ ʢʦʣʦʥ-2 ʤʦʞʝ ʙʫʪʠ ʟʘʢʣʘʜʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʫʢʘʚʥʠʭ ʚʦʣʦʢʥʠʩʪʠʭ 

ʛʦʣʢʦʧʨʦʙʠʚʥʠʭ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʬʽʣʴʪʨʽʚ. 

ʅʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʨʘʥʽʰʝ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ [4, 5, 6]. ɹʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʠʭʨʦʚʦʛʦ ʘʙʩʦʨʙʝʨʘ, ʥʘ ʷʢʫ ʧʦʜʘʥʦ ʜʦʢʫʤʝʥʪʠ ʥʘ 

ʦʪʨʠʤʘʥʥʷ ʧʘʪʝʥʪʫ ʋʢʨʘʾʥʠ ʪʘ ʩʪʚʦʨʶʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʧʨʦʚʘʜʠʪʠ ʜʘʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ɼʣʷ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʟʨʽʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʠʭ 

ʦʩʥʦʚ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʢʦʤʧʘʢʪʥʠʭ ʪʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʚʠʭʨʦʚʠʭ 

ʘʙʩʦʨʙʝʨʽʚ, ʧʨʘʮʝʟʜʘʪʥʠʭ ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʽʜʥʦʰʝʥʥʽ L/Q ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠʭ ʥʝ 

ʪʽʣʴʢʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʽʚ ʘʙʩʦʨʙʮʽʾ ʛʘʟʽʚ, ʘʣʝ ʡ ʨʽʰʝʥʥʷ ʚʘʞʣʠʚʽʰʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʘʙʩʦʨʙʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʭʨʦʚʦʛʦ ʘʧʘʨʘʪʫ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ. 

ʅʦʚʠʡ ʘʧʘʨʘʪ ʜʦʟʚʦʣʠʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʮʝʩ ʦʯʠʩʪʢʠ ʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʟʥʠʟʠʪʠ ʾʾ ʚʘʨʪʽʩʪʴ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʊʠʪʦʚ, ɺ. ʄ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ // ɺ. ʄ. ʊʠʪʦʚ, 

 ɻ. ɸ. ʊʢʘʯ, ɺ. ʇ. ʐʘʧʦʨʝʚ, ɸ. ɺ. ʂʦʣʦʩʦʚ. ï ʍʠʤʨʝʘʢʪʦʨ ï 11. ʈʝʘʢʪʦʨʳ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. XI ɺʩʝʩʦʶʟʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʪʦʨʘʤ. ï 

ɸʣʫʰʪʘ, 1992. ï 12 ʩ.  

2. ʊʠʪʦʚ, ɺ. ʄ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʘʣʦʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: 

ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ / ɺ. ʄ. ʊʠʪʦʚ. ï ʍʘʨʴʢʦʚ, 2001. ï 32 ʩ. 

3. ɿʝʣʠʢʠʥ, ʄ. ɹ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ / ʄ. ɹ. ɿʝʣʠʢʠʥ,  

ɭ. ʄ. ʄʠʪʢʝʚʠʯ, ɭ. ʉ. ʅʝʥʢʦ ʠ ʜʨ. ï ʄ.: ɻʦʩʭʠʤʠʟʜʘʪ, 1959. ï 422 ʩ.  
4. ʀʥʪʝʥʩʠʚʥʳʝ ʢʦʣʦʥʥʳʝ ʘʧʧʘʨʘʪʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʘʟʦʚ ʞʠʜʢʦʩʪʠ / ʇʦʜ ʨʝʜ.  

ʕ. ʗ. ʊʘʨʘʪʘ. ï ʃ.: ʍʠʤʠʷ, 1976. ï 100 ʩ. 

5. Hatch, T. F. Simultaneous Absorption of Carbon Dioxide and Amonia in Water //  

T .F. Hatch., R. I. Pigford. ï Ind. & Chem. Fundam. ï 1962. ï ˉ3. ï ʈ.209 ï 214. 

6. ʎʝʡʪʣʠʥ, ʄ. ɸ. ʈʘʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʙʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʩʦʜʦʚʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ // ʄ. ɸ. ʎʝʡʪʣʠʥ, ɺ. ʄ. ʌʨʫʤʠʥ. ï ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 1984. ï ˉ7. ï ʉ.424 

ï 426. 

 

 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 
 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ, 2017. ʏ.3. 20 

ʋɼʂ 662.997: 621.365 

 

ɯʅʊɽɻʈɸʎɯʗ ʇʈʆʎɽʉɯɺ ʊɽʇʃʆʆɹʄɯʅʋ ʊɽʇʃʆɽʅɽʈɻɽʊʀʏʅʆɰ 

ʋʉʊɸʅʆɺʂʀ 
 

ɺ.ɸ. ɼɸɺʀɼʆɺĭ*, ʖ.ɸ. ʉɽʃɯʍʆɺ
2
, ɺ.ʆ. ʂʆʎɸʈɽʅʂʆ

2
 

 
ĭʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ɯʊʇɸ ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
2
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʠ ɯʊʇɸ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ çʍʇɯè, ʍʘʨʢʚ̔, ʋʂʈɸɰʅɸ 

*
email: slavadavydovv@gmail.com 

 

ɼʦʩʚʽʜ, ʥʘʢʦʧʠʯʝʥʠʡ ʨʽʟʥʠʤʠ ʢʨʘʾʥʘʤʠ ʚ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ 

ʢʦʣʝʢʪʦʨʽʚ ʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʩʪʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʷʢʘ ʤʦʞʝ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʦʩʪʘʯʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʽ ʦʧʘʣʝʥʥʷ ʧʦʤʝʰʢʘʥʴ 

ʜʝʨʞʘʚʥʠʭ ʽ ʧʨʠʚʘʪʥʠʭ ʜʦʤʦʚʦʣʦʜʽʥʴ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 

ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ ʥʝ ʪʽʣʴʢʠ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ [1]. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʝʢʦʥʦʤʽʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ʨʘʡʦʥʫ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʜʘʯʘʤʠ.   

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʤʽʥʘ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʪʣʘ ʂɺɻ 

ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 40 ɻʢʘʣ/ʨʽʢ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʤʘʟʫʪʽ, ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 

ʧʦʩʪʘʯʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʪʘ ʦʧʘʣʝʥʥʷ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʟʤʦʥʪʦʚʘʥʘ ʥʘ ʦʜʥʦʤʫ 

ʧʨʠʚʘʪʥʦʤʫ ʧʦʜʚʽʨ'ʾ ʚ ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʢʦʪʝʜʞʫ. ʅʘʤʠ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ  ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʪʝʧʣʦʥʦʩʽʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ 

ʜʚʦʢʦʥʪʫʨʥʦʾ ʩʦʥʷʯʥʦʾ ʫʩʪʘʥʦʚʢʠ [2] ʪʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ [3]. ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʧʦʩʪʘʯʘʥʥʷ. ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʪʠ 0,432 ɻʢʘʣ /ʜʦʙʫ ʪʘ 

ʯʘʩʫ ʨʦʙʦʪʠ 5760 ʛʦʜ/ʨʽʢ, ʨʽʯʥʘ ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʘ ʩʢʣʘʜʘʻ 7200 ʤ
3
ʫ.ʧ./ʨʽʢ. ʊʝʨʤʽʥ 

ʦʢʫʧʥʦʩʪʽ ʜʦʩʷʛʘʻ 4,3 ʨʦʢʫ.  

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʩʪʘʯʘʥʥʷ 

ʛʘʨʷʯʦʾ ʚʦʜʠ ʪʘ ʦʧʘʣʝʥʥʷ, ʚ ʷʢʽʡ ʩʫʤʽʩʥʦ ʟ ʜʚʦʢʦʥʪʫʨʥʦʶ ʩʦʥʷʯʥʦʶ ʫʩʪʘʥʦʚʢʦʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ, ʜʦʟʚʦʣʷʻ: ʟʤʝʥʰʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ ʪʘ ʚʠʪʨʘʪ ʥʘ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ; ʝʢʦʥʦʤʠʪʠ ʦʨʛʘʥʽʯʥʝ ʧʘʣʠʚʦ; ʟʤʝʥʰʠʪʠ ʪʝʧʣʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʨʠʟʠʩʳ ʠ ʨʦʩʪ ʮʝʥ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦʩʣʫʞʠʣʠ 

ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɺ ʋʢʨʘʠʥʝ  ʚʝʪʨʦʣɻʝʢʪʨʦʛʝʥʝʨʘʪʦʨʳ ʥʘ 

ʦʙʲʝʢʪʘʭ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴʶ ʨʳʥʢʘ  ʢ 

ʚʳʧʫʩʢʫ ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʚ [1]. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʝʪʨʦʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ (ʅɺʀʕ) 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʩʥʘʙʞʘʶʱʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʢʦʪʪʝʜʞ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʩʪʨʦʡʢʠ ʥʘ ʦʜʥʦʤ 

ʯʘʩʪʥʦʤ ʜʚʦʨʝ ʚ ʍʘʨʴʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [2]. ʅʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʧʦʜʦʙʨʘʥʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ 50 ʢɺʊ/ʯ ʤʦʱʥʦʩʪʠ.  

ʋʩʪʘʥʦʚʢʘ ʢʫʧʣʝʥʘ ʚ ʐʚʝʮʠʠ ʠ ʩʦʩʪʦʠʪ ʠʟ: ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʨʝʛʫʣʷʪʦʨʘ ʟʘʨʷʜʘ, 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʠʥʚʝʨʪʦʨʘ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʧʦʩʪʦʯʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʩʪʘʥʜʘʨʪʥʦʝ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 220 ɺ ʠ 

ʯʘʩʪʦʪʦʡ 50 ɻʮ, ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʚʩʝ ʤʦʱʥʦʩʪʠ ʢʦʪʪʝʜʞʘ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʧʦʩʪʨʦʝʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠ ʜʘʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ: ʥʝ ʟʘʚʠʩʠʪʴ ʦʪ ʚʝʝʨʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʦʣʫʯʘʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʙʝʩʧʣʘʪʥʦ ʢʨʫʛʣʳʝ ʩʫʪʢʠ, ʧʨʦʠʟʚʦʜʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ 

ʠʟʙʳʪʦʢ ʝʝ ʦʪʜʘʚʘʪʴ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʵʣʝʢʪʨʦʩʝʪʴ. 
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ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ, ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʅɺʀʕ ʘʢʪʫʘʣʝʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʦʙʦʟʥʘʯʠʣʘʩʴ ʚ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ɾʂʍ, ʛʜʝ 

ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʨʝʚʦʩʭʦʜʷʪ ʚ 2,7 ʨʘʟʘ ʟʘʪʨʘʪ ʥʘ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ [1]. ʈʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʧʦʤʦʞʝʪ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʅɺʀʕ. ʉʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʥʘʛʨʝʚʘ 

ʚʦʜʳ ʠ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʡ ʟʘ ʩʯʝʪ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ (ʊʅ) ʷʚʣʷʝʪʩʷ ʩʘʤʠʤʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʳʥʢʝ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ: ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʠ ʦʪʦʧʣʝʥʠʝʤ ʟʜʘʥʠʡ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʤʦʥʪʠʨʦʚʘʥʘ ʥʘ ʦʜʥʦʤ ʯʘʩʪʥʦʤ ʜʚʦʨʝ ʚ ʍʘʨʴʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʦʪʪʝʜʞʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪʳ ʧʦ ʟʘʤʝʥʝ ʢʦʪʣʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ 

ʤʘʟʫʪʝ ( ʧʷʪʴ ʪʦʥʥ ʟʘ ʦʪʦʧʠʪʝʣʴʥʳʡ ʩʝʟʦʥ) ʥʘ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ (ʊʅ) [3]. ɹʳʣ 

ʚrʙʨʘʥ ʰʚʝʜʩʢʠʡ ʊʅ çʛʨʫʥʪ ï ʚʦʜʘè, ʟʘʙʠʨʘʶʱʠʡ ʪʝʧʣʦ ʠʟ ʛʨʫʥʪʘ ʧʦ 

ʟʘʛʣʫʙʣʝʥʥʦʤʫ ʥʘ 1,5 ʤʝʪʨʘ ʟʤʝʝʚʠʢʦʚʦʤʫ ʪʝʧʣʦʦʙʤʝʥʥʠʢʫ ʧʣʦʱʘʣʴʶ 500 

ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʤʦʱʥʦʩʪʴʶ 50 ʢɺʪ. ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ ʨʘʙʦʪʘʝʪ ʮʝʣʳʡ ʛʦʜ. 

ʉʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʝ: ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʠ ʚʦʜʷʥʦʡ ʪʝʧʣʳʡ ʧʦʣ (ʪʨʫʙʳ 

ʇɺʍ). ɺʦʜʷʥʦʡ ʪʝʧʣʳʡ ʧʦʣ - ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 50-75 Áʉ. ɽʩʣʠ ʞʝ 

ʩʨʘʚʥʠʚʘʪʴ ʝʸ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ çʨʘʜʠʘʪʦʨʥʦʡè (ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 75-

90 ʛʨʘʜʫʩʦʚ) ʩʠʩʪʝʤʦʡ ʦʪʦʧʣʝʥʠʷ, ʪʦ ʵʢʦʥʦʤʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʜʦ 40-50%. 

ɺʳʚʦʜʳ.  

1. ʕʢʦʥʦʤʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ.  

2. ʋʤʝʥʴʰʝʥʠʝ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. 3. ʊʅ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ. 4. ʋʣʫʯʰʘʝʤ ʵʢʦʣʦʛʠʶ ʨʘʡʦʥʘ. 
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ʀʟ ʦʙʱʝʛʦ ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʘ ʚʳʨʘʙʦʪʢʫ ʢʦʪʦʨʦʡ 

ʨʘʩʭʦʜʫʝʪʩʷ 9 ʤʣʨʜ. ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʦʜ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝ ʙʦʣʝʝ  

3õ5 % ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʪʝʧʣʦʪʳ ʟʘ ʩʯʝʪ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [1]. ʆʜʥʘʢʦ ʠ ʪʘʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʤʥʦʛʦ ʩʦʪʝʥ 

ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʵʪʦʤʫ, ʨʘʟʚʠʪʠʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ.  

ʅʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ, ʩʤʦʥʪʠʨʦʚʘʥʘ ʠ ʨʘʙʦʪʘʝʪ ʥʘ ʢʨʳʰʝ ʦʜʥʦʛʦ ʠʟ 

ʧʘʥʩʠʦʥʘʪʦʚ ʖʞʥʦʛʦ ʨʝʛʠʦʥʘ ʋʢʨʘʠʥʳ ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʩʦʣʥʝʯʥʘʷ ʫʩʪʘʥʦʚʢʘ 

[2], ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʩʦʣʥʝʯʥʦʛʦ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʚ 

ʧʝʨʠʦʜ ʩ ʤʘʷ 2004 ʛʦʜʘ ʧʦ ʥʦʷʙʨʴ 2016 ʛʦʜʘ. ɹʳʣʘ ʧʨʠʤʝʥʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ [3] ʠ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ [4], ʚʳʜʝʨʞʠʚʘʶʱʝʛʦ 

ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʦʣʥʝʯʥʫʶ ʨʘʜʠʘʮʠʶ, ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ, ʚʣʘʛʫ, 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʛʘʟʳ ʠ ʜʨ. ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ  ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʘ ʪʘʢʞʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

(ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʜʨ.).  

ʇʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʪ. ʝ. ʚ ʧʦʜʙʦʨʝ ʬʦʨʤʫʣ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʜʩʪʨʦʡʢʠ ʩʨʝʜʳ Excel (ʧʘʢʝʪ ʘʥʘʣʠʟʘ), ʘ ʠʤʝʥʥʦ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ [5]. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

(ɖ) ʦʪ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q), ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (V), ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ (T) ʚ ʩʦʣʥʝʯʥʦʤ ʢʦʣʣʝʢʪʦʨʝ, ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ (Ű) ʩʦʣʥʝʯʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʚ ʪʝʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ. ɹʳʣ ʚʳʧʦʣʥʝʥ  ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ V ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ 0,5 ʜʦ  3,5 ʤ
3
/ʯ ʠ ʧʦʣʫʯʝʥʳ 

ʦʙʦʙʱʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ q =f(T,Ű) ʧʨʠ V=const ʠ ɖ = f(q,V,T,Ű). 

ɺ ʫʩʪʘʥʦʚʢʝ  ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ (ɸʈʄ),  

ʠ ʚʳʙʨʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʤ ʢʦʥʪʨʦʣʝʨʝ 

ʩʝʨʠʠ ʂʆʅʊʈɸʉʊ "ʂʈ-500" [6]. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʚʫʭʢʦʥʪʫʨʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʣʘ ʢʨʫʛʣʦʩʫʪʦʯʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, 
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ʟʘʱʠʪʫ ʫʩʪʘʥʦʚʢʠ ʦʪ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ, ʘ ʪʘʢʞʝ, ʩʠʛʥʘʣʠʟʘʮʠʶ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠ ʦʭʨʘʥʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʪʦ  ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʤʝʥʴʰʠʣʦ ʨʘʩʭʦʜʳ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ.  

ʇʦ ʦʩʥʦʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʨʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʦʚʦʡ ʩʦʣʥʝʯʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʩʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪʳ ʩʨʦʢʘ 

ʦʢʫʧʘʝʤʦʩʪʠ ʥʦʚʦʡ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ɺʳʚʦʜʳ. 1. ɼʣʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʦʣʥʝʯʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʚʳʙʨʘʥʳ: ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ɸʈʄ.  

2. ʇʦʣʫʯʝʥʳ ʦʙʦʙʱʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

(ɖ) ʦʪ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (q), ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (V), ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ (T) ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ (Ű) 

ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʪʝʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʭʦʜʘʭ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʠʩʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ 1 %.  3. ɺʚʝʜʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʫʣʫʯʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʨʘʡʦʥʘ ʧʦʪʨʝʙʣʝʥʠʷ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ ï 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 4. ʇʦʚʳʩʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʜʦ 95 Áʉ ʠ 

ʂʇɼ ʜʦ 92 %, 5. ʋʤʝʥʴʰʠʣʠ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ. 6. ʉʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʩʨʘʚʥʠʤ ʩʦ ʩʨʦʢʦʤ ʤʦʥʪʘʞʘ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ ï ʦʢʦʣʦ 

ʯʝʪʳʨʝʭ ʤʝʩʷʮʝʚ.  
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ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ ʮʠʚʽʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʌʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʷʢʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʙʘʣʦʢ, ʬʫʥʜʘʤʝʥʪʽʚ ʪʘ ʽʥʰ.), ʟʘʭʠʩʥʠʭ 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ,  ʘʜʛʝʟʽʡʥʠʡ ʪʘ ʛʝʨʤʝʪʠʟʫʶʯʠʭ ʢʦʤʧʘʫʥʜʽʚ ʽ ʩʠʩʪʝʤ 

(ʥʘʧʨʠʢʣʘʜ, ʚ ʩʠʩʪʝʤʽ ʘʥʢʝʨʥʠʭ ʝʣʝʤʝʥʪʽʚ). 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʜʝʬʦʨʤʘʮʽʡʥʦïʤʽʮʥʦʩʪʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʨʘʥʦïʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʨʦʚʦʜʠʣʠ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʠʬʽʢʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʟ ʢʣʘʩʫ 

ʧʦʣʽʘʮʝʪʘʣʝʡ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ çʟʝʣʝʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽè ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʥʘ ʜʦʚʢʽʣʣʷ, ʩʧʨʠʷʥʥʷ 

ʩʪʚʦʨʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʪʝʭʥʽʯʥʦʤʫ ʦʙôʻʢʪʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʪʘ ʧʦʚʩʷʢʜʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʬʫʨʘʥʦï

ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ çʟʝʣʝʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽè 

ʟʘʩʪʦʩʫʚʘʣʦʩʴ çʧʨʘʚʠʣʦ 3 ɽè: ʝʬʝʢʪʠʚʥʽʩʪʴ (ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʪʝʭʥʽʯʥʘ 

ʜʦʩʢʦʥʘʣʽʩʪʴ), ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ. 

ɺ ʜʘʥʥʽʡ ʨʦʙʦʪʽ ʥʘʜʘʥʽ ʢʦʥʢʨʝʪʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʝʮʝʧʪʫʨʥʦï

ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʬʫʨʘʥʦïʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʫ çʟʝʣʝʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽè. 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 
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1
ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
2
ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
3
ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ, ʍɼʊʋɹɸ, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

4
ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ, ʍɼʊʋɹɸ, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

ʝ-mail  vladimirlebedev@bk.ru 

 

ɼʝʨʝʚʥʦ-ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʪʠ (ɼʇʂ) ʥʘ ʦʩʥʦʚʽ ʚʪʦʨʠʥʥʠʭ ʧʦʣʽʦʣʝʬʽʥʽʚ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʙʫʜʽʚʝʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʩʫʪʪʻʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ: ʙʝʟʧʝʯʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ, ʤʦʞʣʠʚʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ, ʣʝʛʢʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʪʘ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʠʨʦʙʥʠʮʪʚʦ 

ʜʝʨʝʚʥʦ-ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ï ʮʝ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ 

ʣʽʩʦʧʠʣʷʥʥʷ, ʤʝʙʣʝʚʦʛʦ ʪʘ ʜʝʨʝʚʦʦʙʨʦʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʩʦʨʪʥʦʾ ʜʝʨʝʚʠʥʠ, ʨʦʩʣʠʥʥʠʭ ʮʝʣʶʣʦʟʦʚʤʽʩʥʠʭ ʚʽʜʭʦʜʽʚ ʽ ʚʪʦʨʠʥʥʠʭ 

ʧʦʣʽʤʝʨʽʚ.  

ɸʢʪʫʘʣʴʥʠʤʠ ʻ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʡ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʨʦʩʣʠʥʥʦʾ ʙʽʦʤʘʩʠ, ʷʢʽ ʚ ʜʦʩʪʘʪʢʫ ʻ ʚ 

ʋʢʨʘʾʥʽ (ʩʦʣʦʤʠ, ʣʫʰʧʠʥʥʷ ʛʨʝʯʢʠ, ʨʠʩʫ, ʚʽʚʩʘ, ʩʦʥʷʰʥʠʢʫ, ʩʫʭʦʩʪʽʡ ʽ ʪ.ʧ.), ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʭʽʜʥʫ ʩʠʨʦʚʠʥʫ ʟ ʦʪʨʠʤʘʥʥʷʤ 

ʮʽʥʥʠʭ ʧʨʦʜʫʢʪʽʚ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʽʯʥʠʭ, ʧʦʚʝʨʭʥʝʚʠʭ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ɼʇʂ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʰʫʢ ʢʦʨʝʣʷʮʽʾ ʮʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʾʭ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʽʯʥʽ, 

ʧʦʚʝʨʭʥʝʚʽ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢʽ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʽʚ ɼʇʂ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺʠʷʚʣʝʥʦ, ʱʦ ʛʨʝʯʘʥʝ ʪʘ ʚʽʚʩʷʥʝ ʣʫʰʧʠʥʥʷ ʤʘʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʻ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʥʦʚʠʭ ɼʇʂ, ʥʽʞ ʜʝʨʝʚʥʝ ʙʦʨʦʰʥʦ ʪʘ 

ʙʦʨʦʰʥʦ ʭʚʦʾ. ʎʝ ʧʦʚôʷʟʘʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʟ ʪʠʤ, ʱʦ ʣʫʰʧʠʥʥʷ ʥʝ ʧʽʜʣʷʛʘʻ 

ʧʦʤʽʪʥʽʡ ʜʝʩʪʨʫʢʮʽʾ ʧʨʠ ʊ Ò 200 ςʉ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʦʨʦʰʥʘ, ʷʢʝ ʨʦʟʢʣʘʜʘʻʪʴʩʷ 

ʧʨʠ ʊ = 160-170ςʉ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʝʯʘʥʦʛʦ ʪʘ ʚʽʚʩʷʥʦʛʦ 
ʣʫʰʧʠʥʥʷ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʽʚ ʟ ɼʇʂ, ʧʽʜʚʠʱʠʪʠ 

ʝʢʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 
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 ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʍʊʇɽ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
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 ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʍʊʇɽ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

3
 ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʍʊʇɽ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

4
 ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʍʊʇɽ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

 *
email: dimanechiporenko@mail.ru 

 
ɿʘ ʧʨʦʰʝʜʰʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ 

ʩʪʦʣʦʚʳʤ ʚʠʥʘʤ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʩʣʘʜʢʠʭ ʚʠʥ [1]. ɹʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʩʣʘʜʢʠʭ ʚʠʥ ʧʦ çʧʦʵʪʘʧʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠè, ʢʦʪʦʨʘʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʥ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ, ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʣʫʩʣʘʜʢʠʝ ʚʠʥʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʠ ʚ 

ʯʝʤ ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʚʠʥʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚ ʪʦʞʝ 

ʚʨʝʤʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʘʮʝʨʘʮʠʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʠ ʵʢʩʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʨʘʩʥʳʭ 

ʧʨʠʨʦʜʥʦ-ʧʦʣʫʩʣʘʜʢʠʭ ʚʠʥ ï 30 ʯʘʩʦʚ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 

ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 20Á ʉ. ɸ ʪʘʢʞʝ 

ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʘʮʝʨʘʮʠʠ ʠ 

ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ [2]. 

ʊʘʙʣʠʮʘ 1 ï ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʪʠʨʦʟʠʥʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʧʨʠʨʦʜʥʦ-ʧʦʣʫʩʣʘʜʢʠʭ ʚʠʥ 

 
ʇʦʵʪʘʧʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩ 

ʚʥʝʩʝʥʠʝʤ SO2 

ʇʦʵʪʘʧʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩ 

ʚʥʝʩʝʥʠʝʤ Na2S 

ɼʦ ʤʘʮʝʨʘʮʠʠ 46% 0% 

ʇʦʩʣʝ ʤʘʮʝʨʘʮʠʠ 3% 0% 

ʉʝʨʝʜʠʥʘ ʙʨʦʞʝʥʠʷ 4% 0% 

ʉʫʭʦʡ ʚʠʥʦʤʘʪʝʨʠʘʣ 0% 0% 

ʇʦʣʫʩʣʘʜʢʠʡ ʚʠʥʦʤʘʪʝʨʠʘʣ 4% 0% 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ʄɽʊɸʃɽɺʀʁ ʍɯʄɯʏʅʀʁ ʎʀʂʃ ʉʀʅʊɽɿʋ ɺʆɼʅʖ ɼʃʗ ʇʆʊʈɽɹ 

ɽʅɽʈɻɽʊʀʂʀ 

 

ʅ.ɸ. ɿɸɹɯʗʂɸ
1*
, ɺ.ɹ. ɹɸʁʈɸʏʅʀʁ

2 

 
1
 ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʦʣʦʛʽʾ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, 

ʋʂʈɸɰʅɸ  
2  
ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʦʣʦʛʽʾ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

* email: zabiyaka.nata@mail.ru 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʚʦʜʥʶ 

ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʘʢʪʠʚʥʠʭ ʤʝʪʘʣʽʚ (ʮʠʥʢʫ, ʘʣʶʤʽʥʽʶ) ʪʘ ʾʭ ʩʧʣʘʚʽʚ ʟ 

ʥʝʡʪʨʘʣʴʥʠʤʠ ʪʘ ʣʫʞʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʩʫʣʴʬʘʪʽʚ, ʭʣʦʨʠʜʽʚ. 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʜʣʷ ʧʦʪʨʝʙ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʻ ʧʨʦʮʝʩʠ ʚ ʧʨʠʚʝʜʝʥʽʡ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʉʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ 

     

 ̄

                                 

ʅʘʟʚʘ ʩʧʦʩʦʙʫ 

ʋʤʦʚʠ ʦʪʨʠʤʘʥʥʷ  ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʘʢʮʽʾ ʫʤʦʚʠ 

1. ʇʘʨʦʬʘʟʦʚʘ ʢʦʥʚʝʨʩʽʷ 

ʤʝʪʘʥʫ 

ʨʦʟʢʣʘʜ CH4 t=600ÁC ʢʨʫʧʥʦʪʦʥʘʞʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ, 

ʩʠʥʪʝʟ ʘʤʽʘʢʫ 

2. ɽʥʝʨʛʦʘʢʫʤʫʣʶʶʯʽ 

ʨʝʯʦʚʠʥʠ (ɽɸʈ) 

Ca, Mg, Li, 

ʛʽʜʨʠʜʠ 

t=20-60ÁC ʝʥʝʨʛʝʪʠʢʘ, 

ʤʝʪʘʣʫʨʛʽʷ 

3. ɹʽʦʢʘʪʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ ʚʽʜʥʦʚʣʝʥʥʷ 

H2 

t=20-50ÁC ʧʦʙʫʪ, ʘʛʨʘʨʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

4. ɽʣʝʢʪʨʦʣʽʟ ʚʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ 

H
+
  

t=20-80ÁC ʭʽʤʽʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

5. ʊʝʨʤʦʝʣʝʢʪʨʦʭʽʤʽʯʥʽ 

ʮʠʢʣʠ 

ʨʦʟʢʣʘʜ ʚʦʜʠ t=100-600ÁC ʭʽʤʽʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

6. ʄʝʪʘʣʝʚʠʡ ʭʽʤʽʯʥʠʡ 

ʮʠʢʣ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ʤʝʪʘʣʘʤʠ 

t=20-70ÁC ʦʨʛʘʥʽʯʥʽ 

ʩʠʥʪʝʟʠ, ʧʦʙʫʪ 

 

ʇʘʨʦʬʘʟʦʚʠʡ ʩʧʦʩʽʙ ʩʠʥʪʝʟʫ ʚʦʜʥʶ ʟ ʤʝʪʘʥʫ ʻ ʥʘʡʙʽʣʴʰ ʤʘʩʰʪʘʙʥʠʤ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʷʢ CH4 ʪʘʢ ʽ ʚʦʜʠ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʷʚʣʷʻʪʴʩʷ ʩʢʣʘʜʥʠʤ ʚ 

ʫʩʪʘʪʢʫʚʘʥʥʽ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʻ 

ʪʝʨʤʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʮʠʢʣ. ɺʽʥ ʟʥʘʯʥʦ ʙʣʠʞʯʠʡ ʜʦ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʧʨʦʪʝ, 

ʡʦʛʦ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʘ ʣʠʰʝ ʚ ʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʟ 

https://e.mail.ru/messages/inbox/
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ. ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʚ 

ʪʝʨʤʦʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʮʠʢʣʽ ʷʚʣʷʻʪʴʩʷ ʫʪʠʣʽʟʘʮʽʷ SO2, ʷʢʠʡ ʦʜʝʨʞʫʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ. 

ʆʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʪʘʢʦʞ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʥʝʨʛʦʘʢʫʤʫʣʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʪʘʢ ʷʢ ʮʝ ʤʝʪʦʜ, ʫ ʷʢʦʤʫ ʮʽ ʨʝʯʦʚʠʥʠ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʦʢʠʩʣʶʶʪʴʩʷ ʪʘ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, ʘʣʝ ʮʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʫʶʪʴ 

ʚʦʜʝʥʴ ʚ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ. 

ʄʝʪʦʜ ʙʽʦʢʘʪʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʤʘʻ ʚʝʣʠʢʫ ʧʝʨʩʧʝʢʪʠʚʫ ʥʘ ʨʦʟʚʠʪʦʢ, ʘʣʝ ʚʽʥ 

ʧʨʠʚ'ʷʟʘʥʠʡ ʜʦ ʩʠʨʦʚʠʥʠ. 

ɽʣʝʢʪʨʦʣʽʟ ʚʦʜʠ ï ʮʝ ʨʝʪʝʣʴʥʦ ʚʠʚʯʝʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʧʨʦʮʝʩ, ʫ ʷʢʦʤʫ 

ʜʦʩʪʫʧʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘʣʝ 

ʤʘʻ ʚʠʩʦʢʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ [1]. 

ɸʢʪʫʘʣʴʥʠʤʠ ʮʠʢʣʘʤʠ ʩʠʥʪʝʟʫ ʚʦʜʥʶ ʜʣʷ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚ ʦʪʨʠʤʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʪʝʧʣʘ ʻ ʭʽʤʽʯʥʠʡ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʩʧʦʩʽʙ ʩʠʥʪʝʟʫ ʚʦʜʥʶ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʶ ʟ ʣʫʞʥʠʤʠ 

ʨʦʟʯʠʥʘʤʠ ʟ ʜʦʤʽʰʢʘʤʠ ʘʢʪʠʚʘʪʦʨʽʚ (ʭʣʦʨʠʜʽʚ ʘʙʦ ʩʫʣʴʬʘʪʽʚ). ʆʩʥʦʚʥʘ ʨʝʘʢʮʽʷ 

ʩʠʥʪʝʟʫ ʧʨʦʭʦʜʠʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

 

2Al+6H2OŸ2Al(OH)3+3H2+6e 

 

Al(OH)3+NaOHŸNaAlO2+2H2O 

 

ʊʘʢʠʡ ʩʧʦʩʽʙ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ ʚʦʜʥʶ ʻ ʦʜʥʠʤ ʽʟ ʧʨʦʩʪʽʰʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ. 

ɺʽʥ ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʾ ʤʘʪʝʨʽʘʣʦ ʪʘ ʝʥʝʨʛʦʻʤʥʦʩʪʽ. ɼʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ 

ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʩʠʨʦʚʠʥʠ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʜʦʩʪʫʧʥʽ 

ʭʽʤʽʯʥʽ ʨʝʘʢʪʠʚʠ ʪʘ ʧʨʦʩʪʝ ʧʦ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʷʢʝ ʚʢʣʶʯʘʻ ʭʽʤʽʯʥʠʡ 

ʨʝʘʢʪʦʨ, ʬʽʣʴʪʨʠ ʦʯʠʩʪʢʠ ʚʦʜʥʶ ʪʘ ʻʤʥʦʩʪʽ ʜʣʷ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ [2]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʷʚʣʷʻʪʴʩʷ ʤʝʪʘʣʝʚʠʡ ʭʽʤʽʯʥʠʡ ʮʠʢʣ. 

ɼʘʥʠʡ ʩʧʦʩʽʙ ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʪʨʝʙ ʤʘʣʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʥʝʚʝʣʠʢʠʭ 

ʢʽʣʴʢʦʩʪʷʭ.  
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ʆ.ɻ. ʂɸʈɸʅɼɸʐʆɺ
1
, ɺ.ʃ. ɸɺʈɸʄɽʅʂʆ
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, ʃ.ʇ. ʇɯɼɻʆʈʅɸ

3 

 
1
ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 
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çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
3
ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

ʝ-mail  avramenko@kpi.Kharkov.ua 

   

ʆʩʢʽʣʴʢʠ ʝʧʦʢʩʠʜʥʽ ʩʢʣʦʧʣʘʩʪʠʢʦʚʽ ʪʨʫʙʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʠʪʥʽʡ ʚʦʜʠ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʫʩʽʤ ʟʜʽʡʩʥʶʚʘʪʠ ʾʭ ʩʘʥʽʪʘʨʥʦ-

ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ. 

ʇʠʪʥʘ ʚʦʜʘ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʪʨʫʙʘʤʠ, ʥʝ ʧʦʚʠʥʥʘ ʤʘʪʠ ʩʧʝʮʠʬʽʯʥʦʛʦ ʩʤʘʢʫ, 

ʟʘʧʘʭʫ, ʢʦʣʴʦʨʫ ʘʙʦ ʤʫʪʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʚʦʜʘ ʥʝ ʧʦʚʠʥʥʘ ʚʤʽʱʫʚʘʪʠ 

ʟʘʣʠʰʢʠ ʙʫʜʴ-ʷʢʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʟʽ ʩʢʣʦʧʣʘʩʪʠʢʫ. 

ʅʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ (ʤʫʪʥʽʩʪʴ, 

ʧʨʦʟʦʨʽʩʪʴ, ʢʦʣʽʨ, ʟʘʧʘʭ, ʩʤʘʢ), ʱʦ ʢʦʥʪʘʢʪʫʚʘʣʘ ʟʽ ʩʢʣʦʧʣʘʩʪʠʢʦʚʠʤʠ ʪʨʫʙʘʤʠ 

ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ S:V = 1:1 ʧʨʦʪʷʛʦʤ 1-30 ʜʽʙ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20, 37, 60 Ǔʉ. 

ɺʠʟʥʘʯʘʣʠʩʴ ʪʘʢʦʞ ʦʢʠʩʥʽʩʪʴ ʚʦʜʥʠʭ ʚʠʪʷʛʽʚ ʽʦʜʘʪʥʠʤ ʽ  ʙʽʭʨʦʤʘʪʥʠʤ 

ʤʝʪʦʜʘʤʠ ʪʘ ʨʽʚʝʥʴ ʤʽʛʨʘʮʽʾ ʤʦʞʣʠʚʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ 

ʝʧʽʭʣʦʨʛʽʜʨʠʥ, ʜʠʬʝʥʽʣʦʣʧʨʦʧʘʥ, ʘʥʛʽʜʨʠʜ, ʘʤʽʥ, ʬʦʨʤʘʣʴʜʝʛʽʜ. 

ɼʦ ʩʢʣʘʜʫ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʥʦʛʦ ʛʘʨʷʯʦʛʦ ʪʚʝʨʜʥʝʥʥʷ ʚʭʦʜʠʣʠ ʝʧʦʢʩʠʜʥʽ 

ʦʣʽʛʦʤʝʨʠ ʤʘʨʦʢ Epicote 828, CHS Epoxy 520, ʪʚʝʨʜʥʠʢ 

ʽʟʦʤʝʪʠʣʪʝʪʨʘʛʽʜʨʦʬʪʘʣʝʚʠʡ ʘʥʛʽʜʨʠʜ, ʧʨʠʩʢʦʨʶʚʘʯ ʋʇ 606/2, ʘ ʪʘʢʦʞ 

ʧʦʣʽʫʨʝʪʘʥʦʚʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʇʣʘʩʪʫʨ, ʋʈɽʇ ʪʘ  ʧʦʭʽʜʥʽ 

ʦʢʩʠʧʨʦʧʽʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʽʚ  ʤʘʨʦʢ GLIMO ʪʘ MEMO. 

ɺʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʥʠʭ ʚʠʪʷʛʘʭ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʦʩʥʦʚʥʦʤʫ 

ʬʦʪʦʤʝʪʨʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ ʧʦ ʨʝʘʢʮʽʷʤ ʽʟ ʭʨʦʤʦʪʨʦʧʦʚʦʶ ʢʠʩʣʦʪʦʶ 

(ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʪʘ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ), ʝʦʟʠʥʦʤ ʽ ʢʦʤʧʣʝʢʩʦʤ ʤʽʜʽ 

(ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʘʤʽʥʽʚ), ʧʘʨʘ-ʥʠʪʨʦʬʝʥʽʣʜʽʘʟʦʥʽʻʤ (ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʜʠʬʝʥʽʣʦʣʧʨʦʧʘʥʫ), ʘ ʪʘʢʦʞ ʧʦʣʷʨʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ (ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʽʟʦʤʝʪʠʣʪʝʪʨʘʛʽʜʨʦʬʪʘʣʝʚʦʛʦ ʘʥʛʽʜʨʠʜʫ).  

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʩʣʽʜʞʝʥʠʭ 

ʚʠʪʷʛʽʚ (ʧʦʢʘʟʥʠʢ ʟʘʧʘʭʫ ʪʘ ʧʨʠʩʤʘʢʫ ʜʦʨʽʚʥʶʻ 1 ʙʘʣ, ʚʠʪʷʛʠ ʥʝ ʤʘʶʪʴ ʢʦʣʴʦʨʫ, 

ʤʫʪʥʦʩʪʽ, ʧʨʦʟʦʨʽʩʪʴ ʜʦʨʽʚʥʶʻ 25 ʩʤ), ʧʦʢʘʟʥʠʢʦʤ ʦʢʠʩʥʦʩʪʽ (10 ʤʛ ʆ2/ʣ) ʪʘ 

ʨʽʚʥʝʤ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ (ʚʽʜʩʫʪʥʽʡ ʘʙʦ ʤʝʥʰʝ ʟʥʘʯʝʥʴ ɼʂʄ ʥʘ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ) ʝʧʦʢʩʠʜʥʽ ʩʢʣʦʧʣʘʩʪʠʢʦʚʽ ʪʨʫʙʠ, ʱʦ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ çʉʢʣʦʧʣʘʩʪʠʢʦʚʽ ʪʨʫʙʠè (ʤ. ʍʘʨʢʽʚ), ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ. 
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ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
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 ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʙʽʦʬʽʟʠʢʠ ʪʘ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʚʩʷ ʧʦʧʠʪ ʥʘ ʤʠʶʯʽ ʟʘʩʦʙʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʨʝʜʤʝʪʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ 

ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʊʘʢʦʞ ʽʩʥʫʻ ʪʝʥʜʝʥʮʽʷ ʜʦ ʧʝʨʝʭʦʜʫ ʥʘ çʤôʷʢʽè ʪʘ 

ʥʘʪʫʨʘʣʴʥʽ ʧʨʝʧʘʨʘʪʠ, ʪʦʤʫ ʨʦʟʨʦʙʢʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʙʨʫʜʫ ʻ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʘ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʬʝʨʤʝʥʪʠ (ʙʽʣʢʠ-ʢʘʪʘʣʽʟʘʪʦʨʠ) 

ʧʨʦʪʝʦʣʽʪʠʯʥʦʾ ʜʽʾ, ʱʦ ʜʽʶʪʴ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʥʘʧʨʘʚʣʝʥʽ ʥʘ 

ʨʦʟʯʠʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʢʫ ʟʘʩʦʙʫ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʙʽʣʢʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ.  

ɿʘʚʜʘʥʥʷʤ  ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʝʨʤʝʥʪʫ (Food grade alkaline protease), ʟʘ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʢʣʘʜ ʙʽʣʢʽʚ ʜʦ ʾʭ ʤʦʥʦʤʝʨʽʚ (ʦʢʨʝʤʠʭ ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ ʥʝʚʝʣʠʢʠʭ ʧʝʧʪʠʜʽʚ). 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʬʝʨʤʝʥʪʫ ʦʙʠʨʘʣʠ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʧʨʦʪʝʦʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʙʨʘʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʠʡ 

ʦʧʪʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ [1]. ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠ ʫ ʪʨʠʢʨʘʪʥʦʤʫ ʧʦʚʪʦʨʝʥʥʽ; 

ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʘʥʘʣʽʟʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 3,5 % ʧʨʠ ʜʦʚʽʨʯʽʡ ʽʤʦʚʽʨʥʦʩʪʽ 95 %. 

ɺʠʭʦʜʷʯʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʝʢʩʧʦʟʠʮʽʾ 

ʬʝʨʤʝʥʪʫ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 2 % ʥʝ 

ʧʨʠʟʚʦʜʠʣʠ ʜʦ ʧʦʚʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʙʽʣʢʽʚ. ʆʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʝʨʤʝʥʪʫ ʦʙʨʘʥʦ  5 %. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʙʽʦʢʘʪʘʣʽʟʘʪʦʨʫ ʜʦ 20 % ʧʨʦʪʝʦʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧʨʝʧʘʨʘʪʫ ʟʙʽʣʴʰʫʚʘʣʘʩʴ 

ʥʝʟʥʘʯʥʦ, ʧʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʝʨʤʝʥʪʫ ʫ ʩʢʣʘʜʽ ʤʠʶʯʦʛʦ 

ʟʘʩʦʙʫ ʥʝ ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʬʝʨʤʝʥʪʫ ʧʨʦʪʝʦʣʽʪʠʯʥʦʾ ʜʽʾ Food grade alkaline protease ʜʣʷ ʚʥʝʩʝʥʥʷ ʜʦ 

ʩʢʣʘʜʫ ʥʘʪʫʨʘʣʴʥʦʛʦ ʤʠʶʯʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ. 
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In the context of social, economic and ecological current global trend, there is a 

tendency crossing in an increasingly higher percent, from the system of industrial 

agriculture, the supra intensive one, to ecologic agriculture systems. 

It was established that the use of ozone, with low concentrations, mixed with 

various gases bring positive results, like faster growth and development of the root 

system of plants, better adaptation  to stressful environmental conditions, greater 

resistance to diseases, the yield increase and improving the quality of cultures [1,2]. 

The purpose of this work is to study the influence of ozonated water, with low 

concentration of ozone, as bioïstimulating and unstressed factor for cultures of wheat 

and corn, in order to study the manifestation and their growth. 

In order to prepare the ozonated water, was used the electrochemical method. 

Therefore, oxygen at low pressure was passed through a quartz tube in which were 

installed two electrodes connected to 10 kV voltage. The concentration of ozone in 

the mixture was determined by the flow rate through the oxygen the tube which was 

dissolved in water later. For experimental tests, initially water was  cooled to a 

temperature of  ï18 Á C and maintained for 24 h. Determination of the concentration 

of ozone in the water was measured by iodometric titration method. 

Lately, water ozonization is used owed to its potential oxidizing and solubility, 

to neutralize harmful products in the water. Ozone oxidizes decomposition of protein 

products, thus reducing the organic load in the water, which will turn weaker 

products, like nitrite (NO2), that are toxic,  into NO3 ï nitrates [3]. 

For experimental tests were prepared samples of wheat and maize. For the 

purpose of treating was used ozonated water  with concentration  1.4 õ 4.5 mg/l. The 

seeds were maintained for 30 minutes in ozonated water, later they were placed in 

enclosures, prepared  in the following way: on pressed soil were placed on few layers 

of gauze and over has been arranged seeds. After germination they were placed into 

the soil. During growth were evaluated growth dynamics and the root system 

compared with the control sample. Growth dynamic  is presented in Fig. 1. From 

dependence of average height of time function of the try enclosures and those treated 

with ozonated water for corn and wheat crops, was determined that, at the initial 
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growth phase (48h) are not highlights pronounced  the difference between the control 

sample and treated seeds for both cultures. 

 
          a         b 

Fig. 1 ï crop growth dynamics: a ï corn; b ï wheat 

 

After 72 h appears relatively a small difference, but which continue to highlight 

gradually. The same results were obtained for 7 series of samples. For comparative 

study, in Fig. 2 are presented control plant, and the treated plant 288 hours after 

planting in soil. 

 
Fig. 2 ï The image corn crop development after 12 days: 1ïcontrol (strain 17.2 cm, 11.9 cm 

root), 2 ï treated (strain 26 cm, 12.2 cm root) 

 

Control plant height is 8.8 cm smaller than the treated plant. For samples 

investigated it was determined that the average difference between the control and 

treated plant is 34%. The results demonstrate that seed treatment with ozonated water 

contributes to increase germination and improve the growth rate of the studied 

cultures, which reflects positively on the productive potential, plants presenting 

vigorous strains and a well developed root system.  
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ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʠ ʢʦʤʧ'ʶʪʝʨʥʦï̔ ʥʪʝʛʨʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʢʩʫʚʘʥʥʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʢʦʢʩʦʚʽʡ ʙʘʪʘʨʝʾ, ʱʦ ʻ ʟʘʧʦʨʫʢʦʶ ʷʢʦʩʪʽ ʢʦʢʩʫ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘ ʩʫʯʘʩʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʜʦʤʝʥʥʠʡ ʧʨʦʮʝʩ ʟʙʝʨʝʞʝ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ɸ 

ʥʘʡʙʣʠʞʯʽ ʢʦʥʢʫʨʝʥʪʠ ʤʝʪʘʣʫ, ʷʢ ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʽ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʱʝ ʜʝʩʷʪʢʠ ʨʦʢʽʚ ʙʫʜʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʚ ʨʘʟʠ ʜʦʨʦʞʯʝ ʽ ʪʦʤʫ ʚ ʨʘʟʠ 

ʤʝʥʰʝ ʟʘʪʨʝʙʫʚʘʥʠʤʠ. 

ʂʦʢʩ ʻ ʻʜʠʥʠʤ ʚʠʜʦʤ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʜʦʤʝʥʥʦʾ ʧʣʘʚʢʠ ʚ ʫʩʽʡ ʩʚʽʪʦʚʽʡ 

ʧʨʘʢʪʠʮʽ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʪʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙʠ ʚ 

ʢʦʢʩʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʽ ʟʫʩʠʣʣʷ ʽʟ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʢʦʢʩʫ ʚ 

ʜʦʤʝʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ʊʝʭʥʦʣʦʛʽʷ ʢʦʢʩʫʚʘʥʥʷ ï ʮʝ ʤʝʪʦʜ ʪʝʨʤʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ 

ʙʝʟ ʜʦʩʪʫʧʫ ʧʦʚʽʪʨʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1000ï1100 ÁC. ʈʝʟʫʣʴʪʘʪʦʤ ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʢʩʫʚʘʥʥʷ ʻ ʪʘʢʽ ʧʨʦʜʫʢʪʠ: ʢʦʢʩ, ʢʦʢʩʦʚʠʡ ʛʘʟ, ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʘ ʩʤʦʣʘ. 

ʊʝʭʥʦʣʦʛʽʷ ʢʦʢʩʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʧʝʨʝʜʙʘʯʘʻ ʮʽʣʠʡ ʢʦʤʧʣʝʢʩ ʨʽʟʥʠʭ ʩʪʘʜʽʡ, 

ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʧʽʜʛʦʪʦʚʢʘ ʩʠʨʦʚʠʥʠ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʝ ʢʦʢʩʫʚʘʥʥʷ, 

ʚʠʚʘʥʪʘʞʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ ʢʦʢʩʫ, ʘ ʪʘʢʦʞ ʧʝʨʝʨʦʙʢʘ ʣʝʪʶʯʠʭ 

ʨʝʯʦʚʠʥ. ʊʝʧʣʦʪʝʭʥʽʯʥʠʡ ʂʂɼ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʢʩʦʚʠʭ ʧʝʯʝʡ ʩʪʘʥʦʚʠʪʴ 

72-77%. 

ɺʝʨʪʠʢʘʣʴʥʘ ʢʦʢʩʦʚʘ ʙʘʪʘʨʝʷ, ʨʦʟʨʽʟ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ  ʨʠʩ. 1, ʷʚʣʷʻ 

ʩʦʙʦʶ ʙʣʦʢ ʢʦʢʩʦʚʠʭ ʧʝʯʝʡ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʤʽʞ ʥʠʤʠ ʦʙʽʛʨʽʚʘʣʴʥʠʤʠ 

ʧʨʦʩʪʽʥʢʘʤʠ. ʇʨʦʩʪʽʥʦʢ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʧʘʨʥʽ ʚʝʨʪʠʢʘʣʽ, ʚ ʷʢʠʭ ʧʨʦʭʦʜʠʪʴ 

ʨʝʮʠʨʢʫʣʷʮʽʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʛʘʟʫ, ʱʦ ʩʧʘʣʶʻʪʴʩʷ ʜʣʷ ʦʙʽʛʨʽʚʫ ʢʦʢʩʦʚʠʭ ʧʝʯʝʡ. 

ʂʦʤʧ'ʶʪʝʨʥʦï̔ ʥʪʝʛʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʢʦʢʩʫʚʘʥʥʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʢʦʢʩʦʚʽʡ 

ʙʘʪʘʨʝʾ ʻ ʨʦʟʧʦʜʽʣʝʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʦʙ'ʻʜʥʘʥʠʭ ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʜʽʣʠʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʨʽʚʥʽ: 

¶ ʨʽʚʝʥʴ 0 ï ʙʘʟʦʚʠʡ ʨʽʚʝʥʴ ʢʦʤʧ'ʶʪʝʨʥʦï̔ ʥʪʝʛʨʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʧʦʣʴʦʚʠʡ 

ʨʽʚʝʥʴ) ï ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʩʠʛʥʘʣʽʚ, ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ, 

ʥʘʩʦʩʠ, ʟʘʩʫʚʢʠ ʪʦʱʦ; 

¶ ʨʽʚʝʥʴ 1 ï ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʻʶ ï 

ʧʨʦʛʨʘʤʦʚʘʥʽ ʣʦʛʽʯʥʽ ʢʦʥʪʨʦʣʝʨʠ, ʩʪʘʥʮʽʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʪʦʱʦ; 

¶ ʨʽʚʝʥʴ 2 ï ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʻʶ. 
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ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʢʦʤʧ'ʶʪʝʨʥʦï̔ ʥʪʝʛʨʦʚʘʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʢʦʢʩʦʚʦʾ ʙʘʪʘʨʝʾ ʻ: 

¶ ʢʦʥʪʨʦʣʴ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʦʙʽʛʨʽʚʫ; 

¶ ʢʦʥʪʨʦʣʴ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʝʞʠʤʫ ʙʘʪʘʨʝʾ; 

¶ ʢʦʥʪʨʦʣʴ, ʦʙʣʽʢ ʽ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ çʨʽʚʥʷ 0è ʧʝʨʝʪʚʦʨʶʶʪʴ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ ʚ 

ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʦʨʤʘʪʫ, ʚʦʥʠ ʻ ʩʚʦʻʨʽʜʥʠʤ çʬʫʥʜʘʤʝʥʪʦʤè 

ʢʦʤʧ'ʶʪʝʨʥʦï̔ ʥʪʝʛʨʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʟʘ ʾʭ ʧʦʢʘʟʥʠʢʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʪʨʦʣʴ 

ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʚʩʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʢʩʫʚʘʥʥʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʭ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʜʝʜʘʣʽ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʷʢʽ 

ʧʽʜʪʨʠʤʫʶʪʴ ʪʘʢʽ ʧʨʦʪʦʢʦʣʠ ʷʢ HARD, PROFIBUS-PA, FOUNDATION 

FIELDBUS H1 ʪʘ ʽʥʰʽ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʢʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʾʭ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ. 

 

 

 
 

ʈʠʩ. 1 ï ʂʦʢʩʦʚʘ ʙʘʪʘʨʝʷ ʚ ʨʦʟʨʽʟʽ 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʉʀʅʊɽɿʋ ʇɽʈʉʇɽʂʊʀɺʅʆɻʆ 

ʇʈʆʊʀʂʆʈʆɿɯʁʅʆɻʆ ʇɯɻʄɽʅʊʋ ʅɸ ʆʉʅʆɺɯ ʌʆʉʌɸʊʋ ɿɸʃɯɿɸ 
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1*

,  ɻ.ɯ. ɻʋʈɯʅɸ
2
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1
 ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʊʇʂʄʪʘʇ,  ʅʊʋ  çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

2
  ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʊʇʂʄʪʘʇ, ʢʘʥʜ. ʭʽʤ. ʥʘʫʢ,  ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

 3
  ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʶ ʊʇʂʄʪʘʇ, ʜ-ʨ. ʭʽʤ. ʥʘʫʢ,  ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

*
email: gigurina@ukr.net 

 

 

ɸʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʩʫʯʘʩʥʦʾ ʣʘʢʦʬʘʨʙʦʚʦʾ ʛʘʣʫʟʽ ʻ ʨʦʟʰʠʨʝʥʥʷ 

ʘʩʦʨʪʠʤʝʥʪʫ ʥʦʚʠʭ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ, ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ 

ʧʽʛʤʝʥʪʽʚ ʟʘʤʽʩʪʴ ʭʨʦʤʘʪʽʚ ʮʠʥʢʫ, ʩʪʨʦʥʮʽʶ, ʢʘʣʴʮʽʶ, ʦʩʥʦʚʥʠʭ ʭʨʦʤʘʪʽʚ 

ʩʚʠʥʮʶ, ʷʢʽ ʟʘʙʦʨʦʥʝʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ɽʉ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʧʨʦʪʠʢʦʨʦʟʽʡʥʦʛʦ ʧʽʛʤʝʥʪʫ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʠʨʦʜʥʦʛʦ ʙʝʥʪʦʥʽʪʫ 

ɻʨʠʛʦʨôʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʜʣʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ï 

ʝʤʘʣʝʡ, ʛʨʫʥʪʽʚʦʢ ʪʘ ʛʨʫʥʪ-ʝʤʘʣʝʡ. 

ʉʠʥʪʝʟ ʧʨʦʪʠʢʦʨʦʟʽʡʥʦʛʦ ʧʽʛʤʝʥʪʫ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ 

ʧʨʠʨʦʜʥʦʛʦ ʙʝʥʪʦʥʽʪʫ ʬʦʩʬʘʪʦʚʤʽʩʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʚʥʘʩʣʽʜʦʢ ʧʘʨʘʣʝʣʴʥʦ 

ʧʝʨʝʙʽʛʘʶʯʠʭ  ʧʨʦʮʝʩʽʚ ʦʩʘʜʞʝʥʥʷ ʬʦʩʬʘʪʽʚ ʟʘʣʽʟʘ, ʽʥʪʝʨʢʘʣʷʮʽʾ ʫ ʤʽʞʰʘʨʦʚʽ 

ʧʨʦʤʽʞʢʠ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʧʨʦʜʫʢʪʽʚ ʦʩʘʜʞʝʥʥʷ ʪʘ ʾʭ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʘʤʽʥʘʤʠ 

ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ʅʝʡʪʨʘʣʽʟʘʮʽʶ ʟʜʽʡʩʥʶʚʘʣʠ ʘʤʽʘʯʥʦʶ ʚʦʜʦʶ, ʨʦʟʯʠʥʘʤʠ 

ʛʝʢʩʘʤʝʪʠʣʝʥʜʽʘʤʽʥʫ ʘʙʦ ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥʫ ʜʦ ʨʅ=5.5-8. 

ɼʦʩʣʽʜʞʝʥʽ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʩʢʣʘʜʽ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʟ ʬʦʩʬʘʪʤʦʜʠʬʽʢʫʶʯʠʤʠ ʨʦʟʯʠʥʘʤʠ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʫ 

ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʫ ʜʽʘʧʘʟʦʥʽ 400-720 ʥʤ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟʘ 

ʟʤʽʥʘʤʠ ʧʦʣʦʞʝʥʥʷ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ɜ(SiO), ɜ(OH), ɜ(NH). 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʠʚʯʝʥʦ ʧʨʦʮʝʩ ʽʥʪʝʨʢʘʣʷʮʽʾ ʪʘ 

ʟʘʬʽʢʩʦʚʘʥʦ  ʟʙʽʣʴʰʝʥʥʷ  ʚʝʣʠʯʠʥʠ ʤʽʞʰʘʨʦʚʠʭ ʚʽʜʩʪʘʥʝʡ ʘʙʦ ʧʘʨʘʤʝʪʨʫ çʩè 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʤʦʥʪʤʦʨʠʣʦʥʽʪʘ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʛʤʝʥʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʽ ʾʭ ʙʨʫʪʪʦ 

ʬʦʨʤʫʣʠ. ɺʤʽʩʪ ʘʟʦʪʫ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʂʴʝʣʴʜʘʣʷ, ʚʤʽʩʪ ʟʘʣʽʟʘ ï 

ʧʝʨʤʘʥʛʘʥʘʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɺʩʪʘʥʦʚʣʝʥʘ ʬʦʨʤʘ ʯʘʩʪʦʢ ʧʽʛʤʝʥʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʚʠʥʥʽ ʯʘʩʪʢʠ 

ʧʽʛʤʝʥʪʽʚ ʤʘʶʪʴ ʧʣʘʩʪʠʥʯʘʩʪʫ ʬʦʨʤʫ.  

ɺʠʟʥʘʯʝʥʽ ʩʪʘʜʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ ʧʽʛʤʝʥʪʫ ʪʘ ʚʠʟʥʘʯʝʥʽ 

ʥʦʨʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʠʟʥʘʯʝʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʽʛʤʝʥʪʽʚ: ʦʣʽʻ ʻʤʢʽʩʪʴ, ʨʅ ʚʦʜʥʦʾ ʚʠʪʷʞʢʠ, ʚʤʽʩʪ ʚʦʜʦʨʦʟʯʠʥʥʠʭ 

ʨʝʯʦʚʠʥ, ʫʢʨʠʚʽʩʪʽʩʪʴ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʩʠʥʪʝʟʫ ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʩʧʝʨʩʽʷ 

ʘʛʨʝʛʘʪʽʚ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʢʨʠʩʪʘʣʽʚ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʦʢ ʧʽʛʤʝʥʪʽʚ. 
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ʊɽʍʅʆʃʆɻɯʏʅʀʄ ʇʈʆʎɽʉʆʄ ʂʆʅɺɽʈʉɯɰ ʄɽʊɸʅʋ 

 

ɺ.ɸ. ʇɸʉʊʋʐʅʀʁ
1
, ɸ.ʆ. ɹʆɹʋʍ
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1 
ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ɸʊʉ ʪʘ ɽʄ , ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

2 
ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ɸʊʉ ʪʘ ɽʄ , ʢʘʥʜ.. ʪʝʭʥ.. ʥʘʫʢ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

*email: aabobukh@ukr.net 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʢʦʥʚʝʨʩʽʾ (ʣʘʪʠʥʩʴʢʝ conversio ï 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʟʤʽʥʝʥʥʷ; ʢʦʥʚʝʨʩʽʷ ʛʘʟʽʚ ï ʧʝʨʝʨʦʙʢʘ ʛʘʟʽʚ ʽʟ ʤʝʪʦʶ ʟʤʽʥʠ ʩʢʣʘʜʫ 

ʧʦʯʘʪʢʦʚʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ) ʤʝʪʘʥʫ (ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ). ʅʘ ʩʴʦʛʦʜʥʽ ʮʝʡ ʧʨʦʮʝʩ ʻ 

ʦʩʥʦʚʥʠʤ ʧʨʦʤʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʪʘ ʢʦʥʚʝʨʪʦʚʘʥʠʭ ʛʘʟʽʚ ʜʣʷ 

ʩʠʥʪʝʟʫ ʤʝʪʘʥʦʣʫ, ʘʤʽʘʢʫ ʪʘ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ. ɺʽʜ ʤʝʪʦʜʫ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ 

ʟʘʣʝʞʘʪʴ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʘ, ʪʘʢ ʽ ʝʥʝʨʛʝʪʠʯʥʘ ʩʭʝʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʥʦʣʫ ʚ 

ʮʽʣʦʤʫ. ʂʦʨʦʪʢʦ ʨʦʟʛʣʷʥʝʤʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʧʨʦʮʝʩʫ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ. 

ʄʝʪʘʥ ʧʽʜ ʪʠʩʢʦʤ 0,08ï0,13 ʄʇʘ ʪʘ ʚʠʪʨʘʪʦʶ ʚʽʜ 4200 ʜʦ 8000 ʤ
3
/ʛʦʜ. 

ʧʦʩʪʫʧʘʻ ʚ ʩʘʪʫʨʘʮʽʡʥʫ ʙʘʰʪʫ, ʜʝ ʟʨʦʰʫʻʪʴʩʷ ʞʠʚʠʣʴʥʦʶ ʚʦʜʦʶ ʽʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 60ï105 Üʉ, ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 50ï95 Üʉ ʪʘ ʥʘʩʠʱʘʻʪʴʩʷ 

ʧʘʨʘʤʠ ʚʦʜʠ ʜʦ ʦʙ'ʻʤʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘ / ʛʘʟ 0,16ï0,7. ɺ ʪʨʫʙʦʧʨʦʚʽʜʽ 

ʧʦʜʘʯʽ ʤʝʪʘʥʫ ʧʝʨʝʜ ʩʘʪʫʨʘʮʽʡʥʦʶ ʙʘʰʪʦʶ ʚʠʢʦʥʘʥʘ ʚʩʪʘʚʢʘ ʜʣʷ ʧʦʜʘʯʽ ʘʟʦʪʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʽʛʨʽʚʘʥʥʽ ʪʘ ʦʢʠʩʣʝʥʥʽ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ. ɯʟ ʩʘʪʫʨʘʮʽʡʥʦʾ ʙʘʰʪʠ ʧʘʨʘ-ʛʘʟʦʚʘ ʩʫʤʽʰ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 50ï95 Üʉ ʽ ʪʠʩʢʦʤ ʥʝ ʙʽʣʴʰʝ 0,069 ʄʇʘ ʧʦʩʪʫʧʘʻ ʚ ʤʽʞ-ʪʨʫʙʥʠʡ 

ʧʨʦʩʪʽʨ ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ʎʠʨʢʫʣʷʮʽʷ ʛʘʨʷʯʦʾ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ ʚ 

ʩʘʪʫʨʘʮʽʡʥʦʤʫ ʮʠʢʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʥʘʩʦʩʘʤʠ, ʘ ʧʽʩʣʷ ʥʴʦʛʦ ʚʦʜʘ 

ʧʦʜʘʻʪʴʩʷ ʚ ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʚʦʜʦʥʘʛʨʽʚʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʧʦ ʤʽʞ 

ʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʫ ʷʢʦʛʦ ʧʨʦʭʦʜʠʪʴ ʢʦʥʚʝʨʪʦʚʘʥʠʡ ʛʘʟ. 

ʇʦʜʘʣʴʰʝ ʥʘʩʠʯʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʟ ʚʠʪʨʘʪʦʶ 800ï

3200 ʤ
3
/ʛʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʘʯʽ ʾʾ ʚ ʪʨʫʙʦʧʨʦʚʽʜ ʧʘʨʘ-ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ 

ʥʘ ʚʭʦʜʽ ʚ ʛʘʟʦʚʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʽ ʚ ʪʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ ʢʠʩʥʶ ʧʝʨʝʜ 

ʟʤʽʰʫʚʘʯʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘ/ʛʘʟ ʚʽʜ 0,4 ʜʦ 0,8. ʅʘʩʠʯʝʥʥʷ 

ʤʝʪʘʥʦʣʫ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʟʘʧʦʙʽʛʘʻ ʧʨʦʪʽʢʘʥʥʶ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʡʜʫʪʴ ʽʟ 

ʫʪʚʦʨʝʥʥʷʤ ʚʽʣʴʥʦʛʦ ʚʫʛʣʝʮʶ, ʪʘ ʚʠʢʣʠʢʘʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ. 

ʇʘʨʘ-ʛʘʟʦʚʘ ʩʫʤʽʰ, ʱʦ ʧʦʩʪʫʧʘʻ ʚ ʤʽʞ-ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʛʘʟʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 550 Üʉ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʘ 

ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʛʘʟʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ ʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʫ ʛʘʟʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ʇʽʜʽʛʨʽʪʘ ʚ ʥʴʦʤʫ ʧʘʨʘ-ʛʘʟʦʚʘ ʩʫʤʽʰ ʧʦʩʪʫʧʘʻ ʚ ʤʽʞ ʪʨʫʙʥʠʡ 

ʧʨʦʩʪʽʨ ʟʤʽʰʫʚʘʯʘ, ʚ ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʷʢʦʛʦ ʧʦʜʘʻʪʴʩʷ ʢʠʩʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʚ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʠʩʝʥʴ/ʤʝʪʘʥ ʚʽʜ 0,4 ʜʦ 0,65. ʎʝʡ ʢʠʩʝʥʴ ʧʦʩʪʫʧʘʻ ʚ ʘʛʨʝʛʘʪ 

ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ ʧʦ ʢʦʣʝʢʪʦʨʫ ʧʽʜ ʪʠʩʢʦʤ 0,08ï0,14 ʄʇʘ. ɺ ʪʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʢʠʩʥʶ ʧʝʨʝʜ ʟʤʽʰʫʚʘʯʝʤ ʧʦʜʘʻʪʴʩʷ ʘʟʦʪ ʪʝʭʥʦʣʦʛʽʯʥʠʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 
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ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʣʫʤ'ʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʾ 

ʩʫʤʽʰʽ, ʜʣʷ ʨʦʟʙʘʚʣʝʥʥʷ ʢʠʩʥʶ ʪʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʘ-ʛʘʟʦ-

ʢʠʩʥʝʚʦʾ ʩʫʤʽʰʽ ʥʘʜ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʧʽʜ ʯʘʩ ʟʘʛʦʨʷʥʥʷ. ɯʟ ʟʤʽʰʫʚʘʯʘ ʧʘʨʘ-ʛʘʟʦ-

ʢʠʩʥʝʚʘ ʩʫʤʽʰ ʧʦʩʪʫʧʘʻ ʚ ʢʘʥʘʣ ʟʤʽʰʫʚʘʯʘ, ʧʽʩʣʷ ʷʢʦʛʦ ʧʦʩʪʫʧʘʻ ʚ ʢʦʥʚʝʨʪʦʨ 

ʤʝʪʘʥʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 350 Üʉ ʽ ʪʠʩʢʦʤ 0,06 ʄʇʘ.  

ʇʨʦʮʝʩ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ ʧʨʦʪʽʢʘʻ ʥʘ ʥʽʢʝʣʝʚʦʤʫ ʢʘʪʘʣʽʟʘʪʦʨʽ. ʇʦʢʘʟʥʠʢʦʤ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʠʩʦʢʘ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʫʤʽʰʽ ʤʝʪʘʥʫ, ʧʘʨʠ, ʢʠʩʥʶ, ʘ 

ʤʝʪʦʶ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ ʻ ʦʪʨʠʤʘʥʥʷ ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʛʘʟʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʝʪʘʥʦʣʫ. ʂʦʥʚʝʨʪʦʚʘʥʠʡ ʛʘʟ ʜʣʷ ʩʠʥʪʝʟʫ ʤʝʪʘʥʦʣʫ ʛʘʟʫ ʦʜʝʨʞʫʶʪʴ ʤʝʪʦʜʦʤ 

ʧʘʨʘ-ʢʠʩʥʝʚʦʾ (ʘʙʦ ʧʘʨʘ-ʢʠʩʥʝʚʦʾ ʟ ʜʦʟʫʚʘʥʥʷʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ) ʢʘʪʘʣʽʪʠʯʥʦʾ 

ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ ʚ ʨʝʘʢʪʦʨʽ ʧʨʠ ʪʠʩʢʫ ʜʦ 0,7 ʄʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 930 Üʉ. 

ʇʽʩʣʷ ʢʦʥʚʝʨʪʦʨʘ ʤʝʪʘʥʫ ʢʦʥʚʝʨʪʦʚʘʥʠʡ ʛʘʟ ʧʦʩʪʫʧʘʻ ʫ ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʧʝʨʰʠʡ ʢʦʪʝʣ-ʫʪʠʣʽʟʘʪʦʨ, ʧʽʩʣʷ ʷʢʦʛʦ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʝ ʙʽʣʴʰʝ 650 Üʉ 

ʧʦʩʪʫʧʘʻ ʚ ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʜʝ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʽʛʨʽʚʫ ʧʘʨʘ-

ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 350 Üʉ ʽ ʧʦʩʪʫʧʘʻ ʫ ʜʨʫʛʠʡ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʢʦʪʝʣ-ʫʪʠʣʽʟʘʪʦʨ, ʚ ʷʢʦʤʫ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 200 Üʉ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʛʘʟ ʧʦʩʪʫʧʘʻ ʚ ʤʽʞ-ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʚʦʜʦʥʘʛʨʽʚʘʣʴʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʜʝ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 130 Üʉ. 

ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʥʥʷ ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʛʘʟʫ ʧʝʨʝʜʙʘʯʝʥʘ ʩʭʝʤʘ 

ʦʭʦʣʦʜʞʫʚʘʥʥʷ ʮʴʦʛʦ ʛʘʟʫ ʦʙʦʨʦʪʥʦʶ ʚʦʜʦʶ, ʱʦ ʧʦʩʪʫʧʘʻ ʚ ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʛʘʟʫ, ʘ ʛʘʟ ʧʦʜʘʻʪʴʩʷ ʚ ʡʦʛʦ ʤʽʞ-ʪʨʫʙʥʠʡ 

ʧʨʦʩʪʽʨ ʪʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 70 Üʉ. 

ʅʦʨʤʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʢʦʥʚʝʨʪʦʨʫ ʤʝʪʘʥʫ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 930 Üʉ. ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʥʚʝʨʪʦʨʽ ʤʝʪʘʥʫ ʥʠʞʯʘ ʘʙʦ ʚʠʱʘ 

ʧʦʨʫʰʠʪʴʩʷ ʚʠʭʽʜʥʠʡ ʩʢʣʘʜ ʩʫʤʽʰʽ, ʷʢʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʤʝʪʘʥʦʣʫ), ʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ 

ʢʦʥʚʝʢʪʦʨʘ ʪʨʝʙʘ ʫʧʨʘʚʣʷʪʠ ʟʤʽʥʦʶ ʚʠʪʨʘʪ ʩʫʤʽʰʽ ʛʘʟʽʚ (ʤʝʪʘʥʫ, ʧʘʨʠ ʽ ʢʠʩʥʶ) 

ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʗʢʱʦ ʤʝʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʷʛʥʫʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʬʽʢʩʦʚʘʥʘ, ʚʠʭʽʜ ʟ ʢʦʥʚʝʢʪʦʨʫ ʤʝʪʘʥʫ 

ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʧʦʩʪʽʡʥʠʡ ʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ 

ʚʠʭʦʜʽ ʟ ʘʧʘʨʘʪʫ, ʪʦ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʠʩʢʦʤ ʽ ʚʠʪʨʘʪʦʶ ʫʩʪʘʥʦʚʣʝʥʘ ʪʘ 

ʜʦʪʨʠʤʫʻʪʴʩʷ ʧʝʚʥʘ ʟʘʣʝʞʥʽʩʪʴ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʢʦʥʚʝʨʪʦʨʫ 

ʤʝʪʘʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʨʘ ï ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʯʝʨʝʟ 

ʢʦʥʚʝʨʪʦʨ ʤʝʪʘʥʫ ʪʘ ʾʾ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ ʚʠʭʦʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ 

ʥʘ ʢʦʪʣʘʭ ʫʪʠʣʽʟʘʪʦʨʘʭ ʪʘ ʚʦʜʷʥʠʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ 

ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ ʥʘ ʧʽʜ-ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʦʢʨʝʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʦʢʨʝʤʘ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʪʠʩʢʘʤʠ, ʚʠʪʨʘʪʘʤʠ, ʨʽʚʥʷʤʠ ʨʽʜʠʥ ʪʦʱʦ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʢʦʥʚʝʨʩʽʾ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ ʪʘ ʚʠʩʦʢʦ ʥʘʜʽʡʥʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʢʦʥʪʨʦʣʝʨʽʚ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʘ ʢʦʥʪʨʦʣʴʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʽ ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʦʢʨʘʱʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ. 
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ʊʝʭʥʦʣʦʛʽʷ  ï ʥʘʫʢʦʚʘ ʜʠʩʮʠʧʣʽʥʘ, ʱʦ ʨʦʟʨʦʙʣʷʻ ʽ ʫʜʦʩʢʦʥʘʣʶʻ ʧʨʠʡʦʤʠ 

ʪʘ/ʘʙʦ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʢʠ ʘʙʦ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʚʠʨʦʙʽʚ, ʽʥʬʦʨʤʘʮʽʾ ʪʦʱʦ, ʷʢʘ ʚʢʣʶʯʘʻ ʪʝʭʥʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ 

ʦʧʠʩ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʨʘʚʠʣʘ (ʽʥʩʪʨʫʢʮʽʾ) ʜʣʷ ʾʭ ʚʠʢʦʥʘʥʥʷ. ɿʘʚʜʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʥʘʫʢʠ ʻ ʚʠʷʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʽ ʜʨʫʛʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰʝ 

ʝʬʝʢʪʠʚʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʥʘʡʤʝʥʰʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʯʘʩʫ. 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʚôʷʟʘʥʠʡ ʟ ʥʘʡʙʽʣʴʰʝ ʧʦʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, ʝʥʝʨʛʽʾ, ʧʘʣʠʚʘ ʪʦʱʦ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʘʙʦ ʧʦʚʥʽʩʪʶ ʣʽʢʚʽʜʫʚʘʪʠ ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚ ʽ ʟʜʽʡʩʥʠʪʠ 

ʟʘʭʦʜʠ ʜʣʷ ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ɽʢʦʣʦʛʽʷ (ʚʽʜ ʛʨʝʮʴʢʦʛʦ: oikos ï 

ʤʽʩʮʝ ʧʝʨʝʙʫʚʘʥʥʷ, ʞʠʪʣʦ, ʪʘ logos) ï ʥʘʫʢʘ ʧʨʦ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ ʦʨʛʘʥʽʟʤʽʚ 

ʧʦʤʽʞ ʩʦʙʦʶ ʪʘ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʩʫʯʘʩʥʘ ʝʢʦʣʦʛʽʷ ʽʥʪʝʥʩʠʚʥʦ 

ʚʠʚʯʘʻ ʧʨʦʙʣʝʤʠ ʚʟʘʻʤʦʜʽʾ ʣʶʜʝʡ ʪʘ ʙʽʦʩʬʝʨʠ. 

ʈʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʷʢ ʨʘʟ ʽ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʷʢʽ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʧʨʦʜʫʢʮʽʶ, ʷʢʘ ʚʠʧʫʩʢʘʻʪʴʩʷ, ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʝʡ. 

ʆʜʥʽʻʶ ʽʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʩʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʘ 

ʝʢʦʣʦʛʽʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ (ʂɯɽʆʊ) ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʟʘ 

ʘʤʽʘʯʥʠʤ ʩʧʦʩʦʙʦʤ (ɺʂʉ), ʦʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ ʩʠʨʦʚʠʥʠ ʷʢʦʾ ʻ: ʭʣʦʨʠʜ ʥʘʪʨʽʶ, 

ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ, ʘʤʽʘʯʥʘ ʚʦʜʘ ʪʘ ʛʽʜʨʦʩʫʣʴʬʽʜ ʥʘʪʨʽʶ. ɼʦ ʩʢʣʘʜʫ ʂɯɽʆʊ ɺʂʉ 

ʚʭʦʜʷʪʴ ʦʩʥʦʚʥʽ ʪʘ ʜʦʧʦʤʽʞʥʽ ʝʢʦʣʦʛʽʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɽʆʊ). 

ʆʩʥʦʚʥʽ ɽʆʊ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʨʦʙʢʫ ʩʠʨʦʚʠʥʠ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʨʝʛʣʘʤʝʥʪʘʤʠ, ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 1.1 ï ʦʯʠʱʝʥʥʷ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ 

ʚʘʧʥʷʥʦʶ ʩʫʩʧʝʥʟʽʻʶ ʪʘ ʩʦʜʦʚʠʤ ʨʦʟʯʠʥʦʤ ʟ ʦʪʨʠʤʘʥʥʷʤ ʦʯʠʱʝʥʦʛʦ ʨʦʟʩʦʣʫ; 

1.2 ï ʥʘʩʠʯʝʥʥʷ ʮʴʦʛʦ ʨʦʟʩʦʣʫ ʛʘʟʘʤʠ ɺʂʉ ʽʟ ʦʪʨʠʤʘʥʥʷʤ ʘʤʦʥʽʟʦʚʘʥʦʛʦ 

ʨʦʟʩʦʣʫ; 1.3 ï ʨʝʛʝʥʝʨʘʮʽʾ ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽʟ ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʘʧʥʷʥʦʾ ʩʫʩʧʝʥʟʽʾ (1.3.1) ʪʘ çʩʣʘʙʢʠʭè ʨʽʜʠʥ ɺʂʉ (1.3.2) ʽʟ 

ʦʪʨʠʤʘʥʥʷʤ ʧʘʨʘ-ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ; 1.4 ï ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ 

ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʽʟ ʦʪʨʠʤʘʥʥʷʤ ʛʽʜʨʦ-ʢʘʨʙʦʥʘʪʥʦʾ ʩʫʩʧʝʥʟʽʾ; 1.5 ï 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʮʽʻʾ ʩʫʩʧʝʥʟʽʾ ʟ ʦʪʨʠʤʘʥʥʷʤ ʚʦʣʦʛʦʛʦ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʪʘ 
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ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ; 1.6 ï ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʦʣʦʛʦʛʦ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʟ 

ʦʪʨʠʤʘʥʥʷʤ ʩʦʜʠ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ; 1.7 ï ʦʙʧʘʣʶʚʘʥʥʷ 

ʢʦʢʩʦʤ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʟ ʦʪʨʠʤʘʥʥʷʤ ʥʝʛʘʰʝʥʦʛʦ ʚʘʧʥʷʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ; 1.8 ï ʛʘʰʝʥʥʷ ʮʴʦʛʦ ʚʘʧʥʷʢʫ ʚʦʜʦʶ ʟ ʦʪʨʠʤʘʥʥʷʤ ʚʘʧʥʷʥʦʾ ʩʫʩʧʝʥʟʽʾ. ɿʘ 

ʨʘʭʫʥʦʢ ʩʚʦʻʯʘʩʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʦʩʥʦʚʥʽ 

ɽʆʊ, ʜʦʧʦʤʽʞʥʽ ɽʆʊ ʩʧʨʠʷʶʪʴ ʚʠʢʦʥʘʥʥʶ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ, ʜʦ 

ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 2.1 ï ʧʦʩʪʘʯʘʥʥʷ ʢʦʤʧʨʝʩʦʨʘʤʠ ʛʘʟʽʚ ʧʽʜ ʪʠʩʢʦʤ; 2.2 ï 

ʧʦʩʪʘʯʘʥʥʷ ʥʘʩʦʩʘʤʠ ʨʽʜʠʥ; 2.3 ï ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ ʚʘʢʫʫʤ-ʥʘʩʦʩʘʤʠ; 2.4 ï 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʦʨʦʪʥʠʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ ʪʘ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷʤ. 

ɸʥʘʣʽʟ ɺʂʉ ʽʟ ʜʝʪʘʣʽʟʘʮʽʻʶ ʜʦ ɽʆʊ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʮʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʢʣʘʜʥʠʭ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʟ ʜʝʢʽʣʴʢʦʤʘ 

ʟʘʤʢʥʝʥʠʤʠ ʮʠʢʣʘʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 

ʟʦʢʨʝʤʘ: ʦʩʥʦʚʥʠʡ ʮʠʢʣ ʘʤʽʘʢʫ: ɽʆʊ 1.3.1 ï 1.2 ï 1.4 ï 1.5 ï 1.3.1; ʜʦʜʘʪʢʦʚʠʡ 

ʮʠʢʣ ʘʤʽʘʢʫ: ɽʆʊ 1.3.1 ï 1.3.2 ï 1.2 ï 1.4 ï 1.5 ï 1.3.1; ʦʩʥʦʚʥʠʡ ʮʠʢʣ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: ɽʆʊ 1.7 ï 1.4 ï 1.5 ï 1.6 ï 1.4; ʜʦʜʘʪʢʦʚʠʡ ʮʠʢʣ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ: ɽʆʊ 1.6 ï 1.4 ï 1.5 ï1.3.1 ï 1.2 ï 1.4. 

ʅʘʷʚʥʽʩʪʴ ʟʘʤʢʥʝʥʠʭ ʮʠʢʣʽʚ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʫʩʢʣʘʜʥʶʻ ʨʝʘʣʽʟʘʮʽʶ ʂɯɽʆʊ ɺʂʉ ʚ ʮʽʣʦʤʫ ʪʘ ʡʦʛʦ ʦʩʥʦʚʥʠʤʠ ɽʆʊ ʪʦʤʫ, 

ʱʦ ʧʦʨʫʰʝʥʥʷ ʙʫʜʴ ʷʢʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ çʥʝʧʝʨʝʜʙʘʯʝʥʦè, 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʥʘ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʠʢʣʠʢʘʶʪʴ ʪʘʤ ʥʝʙʘʞʘʥʽ ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʨʝʛʣʘʤʝʥʪʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ. 

ɻʦʣʦʚʥʦʶ ʽʟ ʦʩʥʦʚʥʠʭ ɽʆʊ ɺʂʉ ʚʠʷʚʣʷʻʪʴʩʷ ɽʆʊ 1.4, ʪʦʤʫ ʱʦ ʚʽʜ ʾʾ 

ʨʦʙʦʪʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʨʦʙʦʪʘ ʜʨʫʛʠʭ ʦʩʥʦʚʥʠʭ ɽʆʊ ʽ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ɺʂʉ ʚ ʮʽʣʦʤʫ. ʇʨʠ ʥʦʨʤʘʣʴʥʽʡ ʨʦʙʦʪʽ ɺʂʉ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɽʆʊ 1.4 ʚʠʟʥʘʯʘʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʽʭ ɽʆʊ. ɸʣʝ ʜʣʷ ʜʝʷʢʠʭ 

ʦʩʥʦʚʥʠʭ ɽʆʊ ɺʂʉ ʮʷ ʚʠʤʦʛʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ, ʘʣʝ 

ʥʝ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ, ʷʢʱʦ ʜʦʜʝʨʞʫʚʘʪʠʩʷ 

ʧʨʠʥʮʠʧʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ɽʆʊ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɽʆʊ 

1.4, ʪʦ ʮʝ ʧʨʠʚʝʣʦ ʙ ʜʦ ʥʝʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʾʭ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ɽʆʊ 1.4 ʤʘʻ ʜʝʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʚʝʩʴ ʯʘʩ ʤʘʪʠ ʩʪʘʙʽʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʚʠʧʫʩʢʫ ʛʽʜʨʦ-

ʢʘʨʙʦʥʘʪʥʦʾ ʩʫʩʧʝʥʟʽʾ ʟʘʜʘʥʦʾ ʨʝʛʣʘʤʝʥʪʦʤ ʷʢʦʩʪʽ ʧʨʠ ʥʝʦʙʭʽʜʥʽʡ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ. ʋʩʫʥʫʪʠ ʟʚʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʣʠʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɽʆʊ 1.4 ʽ ʧʦʛʽʨʰʘʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. 

ɸ ʦʩʢʽʣʴʢʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ɺʂʉ ʩʚʽʪʫ ʚ ʷʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ɽʆʊ 1.4 

ʧʨʠʡʥʷʪʠʡ ʧʦʪʽʢ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʦʩʥʦʚʥʦʾ ɽʆʊ 1.7, ʪʦ ʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʂɯɽʆʊ 

ɺʂʉ ʚ ʷʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʧʦʪʦʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ ʮʝʡ ʧʦʪʽʢ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʢʠ ʂɯɽʆʊ ɺʂʉ ʥʘ ʧʽʚ-ʟʘʜʘʯʽ ʨʦʟʨʦʙʢʠ ʂɯ 

ʦʩʥʦʚʥʠʭ ɽʆʊ ʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ ʽ ʚʠʩʦʢʦ-ʥʘʜʽʡʥʠʭ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟ 

ʤʝʪʦʶ ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʘʭʫʥʦʢ ʫʟʛʦʜʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʽʭ ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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ʈʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʂɯɽʆʊ) ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚ, ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʨʦʜʫʢʮʽʶ, ʷʢʘ ʚʠʧʫʩʢʘʻʪʴʩʷ, ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʪʘ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʆʜʥʽʻʶ ʽʟ ʥʠʭ ʤʦʞʝ ʩʪʘʪʠ ʝʢʦʣʦʛʽʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ (ɽʆʊ) 

ʨʝʛʝʥʝʨʘʮʽʾ ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (ʈɸ ʪʘ ɺɻ) ʽʟ ʨʦʟʯʠʥʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʟʘ ʘʤʽʘʯʥʠʤ ʩʧʦʩʦʙʦʤ (ɺʂʉ). ʎʷ ɽʆʊ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʧʦʚʥʦʾ ʨʝʛʝʥʝʨʘʮʽʾ ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽʟ ʨʦʟʯʠʥʽʚ (ʽʟ ʥʠʭ 80% ʟʘʛʨʫʟʢʠ 

ʦʙôʻʢʪʫ ʻ ʬʽʣʴʪʨʦʚʘ ʨʽʜʠʥʘ) ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʟʘ ʘʤʽʘʯʥʠʤ 

ʩʧʦʩʦʙʦʤ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʘʨʘʛʘʟʦʚʦʾ 

ʩʫʤʽʰʽ, ʱʦ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ɽʆʊ ʥʘʩʠʯʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʨʦʟʩʦʣʫ (ʅʆʈ). ʆʢʨʽʤ 

ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ ʚ ʮʴʦʤʫ ʦʙôʻʢʪʽ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ ʪʘʢʦʞ ʫʩʽ ʨʽʜʠʥʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʨʦʤʠʚʮʽ ʛʘʟʽʚ, ʘʧʘʨʘʪʽʚ, ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʽʥ., ʷʢʽ ʥʘʟʠʚʘʶʪʴ 

ʩʣʘʙʢʠʤʠ ʨʽʜʠʥʘʤʠ. ʇʨʦʮʝʩʠ ɽʆʊ ʨʝʛʝʥʝʨʘʮʽʾ ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽʟ 

ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ ʪʘ ʩʣʘʙʢʠʭ ʨʽʜʠʥ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ, ʪʦʤʫ ʚʦʥʠ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʫ ʩʢʣʘʜʽ ʦʩʥʦʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʻ ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ 

ɽʆʊ ɺʂʉ, ʘ ʪʦʤʫ ʜʣʷ ʥʝʾ, ʷʢ ʽ ʜʣʷ ʽʥʰʠʭ ʦʩʥʦʚʥʠʭ ɽʆʊ, ʪʨʝʙʘ ʚʠʢʦʥʫʚʘʪʠ 

ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʂɯɽʆʊ ɺʂʉ. 

ɺ ɽʆʊ ʈɸ ʪʘ ɺɻ ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʘʥʥʷ ʢʘʨʙʦʥʘʪʥʠʭ ʩʦʣʝʡ 

ʘʤʦʥʽʶ ʟʘ ʨʘʭʫʥʦʢ ʥʘʛʨʽʚʫ ʨʦʟʯʠʥʽʚ ʪʘ ʨʝʘʢʮʽʾ  ʨʦʟʢʣʘʜʘʥʥʷ ʟʚ'ʷʟʘʥʦʛʦ ʘʤʽʘʢʫ 

ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʡʦʛʦ ʟ ʚʘʧʥʷʥʦʶ ʩʫʩʧʝʥʟʽʻʶ. ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʽ ʘʤʽʘʢ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ, ʚʠʚʦʜʷʪʴ ʚʽʜʛʦʥʢʦʶ ʽʟ ʨʦʟʯʠʥʽʚ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ʇʨʦʮʝʩ 

ʨʝʛʝʥʝʨʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʘʤʽʘʢʫ ʽʟ ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʜʠʩʪʠʣʷʮʽʡʥʽʡ ʢʦʣʦʥʽ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʦʥʜʝʥʩʘʪʦʨʘ-ʭʦʣʦʜʠʣʴʥʠʢʘ ʛʘʟʫ 

ʜʠʩʪʠʣʷʮʽʾ (ʂʍɼʉ), ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʜʠʩʪʠʣʷʮʽʾ (ʊɼʉ) ʽ ʜʠʩʪʠʣʝʨʘ (ɼʉ). ʆʢʨʽʤ 

ʮʴʦʛʦ, ʚ ʢʦʞʥʽʡ ʜʠʩʪʠʣʷʮʽʡʥʽʡ ʢʦʣʦʥʽ ʧʨʘʮʶʶʪʴ ʘʧʘʨʘʪʠ: ʟʤʽʰʫʚʘʯ ʟ ʤʽʰʘʣʢʦʶ 

(ɿʄ) ʪʘ 2 ʚʠʧʘʨʥʠʢʘ (ɺʇ). 

ʌʽʣʴʪʨʦʚʘ ʨʽʜʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25ï30Áʉ ʧʦʜʘʻʪʴʩʷ ʚ ʂʍɼʉ, ʜʝ 

ʥʘʛʨʽʚʘʻʪʴʩʷ ʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 35ï40Áʉ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʢʣʘʜʘʥʥʷ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʘʤʦʥʽʶ ʪʘ ʚʠʜʽʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʮʽʻʾ 

ʨʽʜʠʥʠ ʜʦ 65ï70 Áʉ ʨʦʟʧʦʯʠʥʘʻ ʜʠʩʦʮʽʶʚʘʪʠ ʢʘʨʙʦʥʘʪ ʘʤʦʥʽʶ. ʈʽʜʠʥʘ ʧʽʩʣʷ 

ʂʍɼʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 70ï78Áʉ ʥʘʜʭʦʜʠʪʴ ʚ ʊɼʉ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʫ 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 
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ʨʽʜʠʥʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 90Áʉ, ʘ ʨʘʟʢʣʘʜʘʥʥʷ ʢʘʨʙʦʥʘʪʫ ʘʤʦʥʽʶ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ 

ʽʟ ʂʍɼʉ ʚ ʡʦʛʦ ʭʦʣʦʜʠʣʴʥʫ (ʚʝʨʭʥʶ) ʯʘʩʪʠʥʫ ʧʦʜʘʻʪʴʩʷ ʚʦʜʘ ʟ ʜʦʧʦʤʽʞʥʦʾ ɽʆʊ 

ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ɺʂʉ, ʚʠʪʨʘʪʦʶ ʷʢʦʶ ʥʝʦʙʭʽʜʥʦ ʫʧʨʘʚʣʷʪʠ ʟ 

ʢʦʨʝʢʮʽʷʤʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʽʜʠʥʠ ʧʽʩʣʷ ʂʍɼʉ ʚ ʊɼʉ ʪʘ ʛʘʟʘ ʧʽʩʣʷ ʊɼʉ ʚ 

ʂʍɼʉ. 

ʈʽʜʠʥʘ ʟ ʊɼʉ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ɿʄ, ʩʶʜʠ ʞ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 90Áʉ ʥʘʜʭʦʜʠʪʴ 

ʟ ɽʆʊ ʛʘʩʽʥʥʷ ʚʘʧʥʷʢʫ ʚʘʧʥʷʢʦʚʘ ʩʫʩʧʝʥʟʽʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚ ɿʄ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʮʝʩ ʨʝʛʝʥʝʨʘʮʽʾ ʘʤʽʘʢʫ ʟ ʭʣʦʨʠʜʫ ʘʤʦʥʽʶ. ʋʪʚʦʨʝʥʠʡ ʧʨʠ ʮʴʦʤʫ 

ʚʽʣʴʥʠʡ ʘʤʽʘʢ, ʚʠʜʽʣʷʶʯʠʩʴ ʚ ʧʘʨʦʛʘʟʦʚʫ ʩʫʤʽʰ, ʥʘʜʭʦʜʠʪʴ ʚ ʊɼʉ  ʪʘ ʜʘʣʽ ʚ 

ʂʍɼʉ, ʘ ʩʫʩʧʝʥʟʽʷ ʟ ɿʄ ʥʘʜʭʦʜʠʪʴ ʚ ɼʉ ʪʘ ʨʫʭʘʻʪʴʩʷ ʟʚʝʨʭʫ ʚʥʠʟ ʧʦʩʪʫʧʦʚʦ 

ʚʪʨʘʯʘʶʯʠ ʘʤʽʘʢ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʧʘʨʦʛʘʟʦʚʦʶ ʩʫʤʽʰʶ, ʱʦ ʧʽʜʥʽʤʘʻʪʴʷ ʚʛʦʨʫ. 

ʇʦʚʥʘ ʨʝʛʝʥʝʨʘʮʽʷ ʘʤʽʘʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʘʨʦʤ, ʷʢʠʡ ʧʽʜ ʪʠʩʢʦʤ ʥʘʜʭʦʜʠʪʴ ʚ 

ʥʠʞʥʶ ʯʘʩʪʠʥʫ ɼʉ, ʘ ʟ ʥʴʦʛʦ ʧʘʨʦʛʘʟʦʚʘ ʩʫʤʽʰ ʩʧʦʯʘʪʢʫ ʥʘʜʭʦʜʠʪʴ ʚ ɿʄ, ʘ 

ʧʦʪʽʤ ï ʧʨʦʭʦʜʠʪʴ ʧʨʦʪʠʚʦʪʦʢʦʤ ʚʢʘʟʘʥʽ ʚʠʱʝ ʘʧʘʨʘʪʠ. ɿ ɼʉ ʩʫʩʧʝʥʟʽʷ 

ʜʠʩʪʠʣʷʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 108ï115Áʉ ʥʘʜʭʦʜʠʪʴ ʚ ɺʇ, ʟ ʷʢʦʛʦ ʧʘʨ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʘʤʦʚʠʧʘʨʦʚʫʚʘʥʥʷ ʧʨʠ ʟʥʠʞʝʥʥʽ  ʪʠʩʢʫ, ʥʘʜʭʦʜʠʪʴ ʚ ʘʧʘʨʘʪʠ ɽʆʊ ʈɸ ʪʘ ʅɻ ʽʟ 

ʩʣʘʙʢʠʭ ʨʽʜʠʥ, ʘ ʩʫʩʧʝʥʟʽʷ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ. 

ʉʣʘʙʢʘ ʨʽʜʠʥʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʭʦʣʦʜʠʣʴʥʽʡ ʯʘʩʪʠʥʽ ʂʍɼʉ, ʧʦʜʘʻʪʴʩʷ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨʥʫ ʯʘʩʪʠʥʫ ʢʦʥʜʝʥʩʘʪʦʨʘ-ʭʦʣʦʜʠʣʴʥʠʢʘ ʜʠʩʪʠʣʷʮʽʾ ʩʣʘʙʢʠʭ ʨʽʜʠʥ 

(ʂʍɼʉʈ). ɺʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʥ ʚʽʜ ʂʍɼʉ ʣʠʰʝ ʪʠʤ, ʱʦ ʩʣʘʙʢʘ ʨʽʜʠʥʘ ʭʦʣʦʜʠʣʴʥʦʾ 

ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʘʧʘʨʘʪʫ, ʟʤʽʰʫʶʯʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 73ï77Áʉ, 

ʥʘʜʭʦʜʷʪʴ ʚ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʜʠʩʪʠʣʝʨʘ ʩʣʘʙʢʦʾ ʨʽʜʠʥʠ (ɼʉʈ), ʚ ʥʴʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʝʥʝʨʘʮʽʷ ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽʟ ʩʣʘʙʢʠʭ ʨʽʜʠʥ ʧʘʨʦʤ 

ʧʽʩʣʷ ɺʇ. ʇʘʨʦʛʘʟʦʚʘ ʩʫʤʽʰ, ʱʦ ʧʨʦʡʰʣʘ ɼʉʈ ʪʘ ʧʦʪʽʤ ʂʍɼʉʈ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

58ï60Áʉ, ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ɽʆʊ ʅʆʈ ʛʘʟʘʤʠ ɺʂʉ, ʟôʻʜʥʫʶʯʠʩʴ ʟ ʪʘʢʦʶ ʞ 

ʩʫʤʽʰʰʶ ʟ ʂʍɼʉ. ʈʽʜʠʥʘ ʧʽʩʣʷ ɼʉʈ ʧʦʜʘʻʪʴʩʷ ʚ ʟʙʽʨʥʠʢ, ʟʚʽʜʢʠ ʾʾ ʥʘʧʨʘʚʣʷʶʪʴ 

ʚ ʧʨʦʤʠʚʘʯ ʛʘʟʫ ʦʩʥʦʚʥʦʛʦ ɽʆʊ ʢʘʣʴʮʽʥʘʮʽʾ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʦʛʘʟʦʚʽʡ ʩʫʤʽʰʽ 

ʧʽʩʣʷ ʂʍɼʉʈ ʚ ʚʝʨʭʥʶ ʡʦʛʦ ʯʘʩʪʠʥʫ ʧʦʜʘʻʪʴʩʷ ʚʦʜʘ ʟ ʜʦʧʦʤʽʞʥʦʾ ɽʆʊ 

ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ɺʂʉ, ʚʠʪʨʘʪʦʶ ʷʢʦʶ ʥʝʦʙʭʽʜʥʦ ʫʧʨʘʚʣʷʪʠ ʟ 

ʢʦʨʝʢʮʽʻʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʘʟʫ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ɼʉʈ. 

ɺʠʪʨʘʪʘʤʠ ʧʘʨʘ ʚ ɼʉ ʪʘ ʚʘʧʥʷʢʦʚʦʾ ʩʫʩʧʝʥʟʽʾ ʚ ɿʄ ʥʝʦʙʭʽʜʥʦ ʫʧʨʘʚʣʷʪʠ ʟ 

ʢʦʨʝʢʮʽʻʶ ʟʘ ʚʠʪʨʘʪʦʶ ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ ʷʢ ʚʝʜʫʯʦʛʦ ʧʦʪʦʢʫ ɽʆʊ ʈɸ ʪʘ ɺɻ 

ɺʂʉ . ɺʠʪʨʘʪʦʶ ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ ʷʢ ʚʝʜʫʯʠʤ ʧʦʪʦʢʦʤ ɽʆʊ ʈɸ ʪʘ ɺɻ ɺʂʉ 

ʥʝʦʙʭʽʜʥʦ ʫʧʨʘʚʣʷʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɺʂʉ. 

ʈʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʂɯ ɽʆʊ ʈɸ ʪʘ ɺɻ ɺʂʉ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘʡʙʽʣʴʰʝ ʧʨʦʩʪʦ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ, ʚʠʩʦʢʦ ʥʘʜʽʡʥʠʭ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ ʪʘ ʟʘʛʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʽʟ ʤʝʪʦʶ ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʈʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʂɯɽʆʊ) ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚ, ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʨʦʜʫʢʮʽʶ, ʷʢʘ ʚʠʧʫʩʢʘʻʪʴʩʷ, ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʪʘ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʆʜʥʽʻʶ ʽʟ ʥʠʭ ʤʦʞʝ ʩʪʘʪʠ ʝʢʦʣʦʛʽʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ (ɽʆʊ) 

ʥʘʩʠʯʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʨʦʟʩʦʣʫ (ʅʆʈ) ʛʘʟʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ 

ʟʘ ʘʤʽʘʯʥʠʤ ʩʧʦʩʦʙʦʤ (ɺʂʉ). ʎʷ ɽʆʊ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ 

ʨʦʟʩʦʣʫ ʽʟ ʟʘʜʘʥʠʤʠ ʨʝʛʣʘʤʝʥʪʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘ ʚʤʽʩʪʦʤ ʚ ʥʴʦʤʫ ʘʤʽʘʢʫ ʪʘ 

ʭʣʦʨʠʜ-ʽʦʥʽʚ ʫ ʚʠʛʣʷʜʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ɽʆʊ 

ʧʦʜʘʚʘʥʥʷ ʥʘʩʦʩʘʤʠ ʨʽʜʠʥ ʧʦʤʧʫʶʪʴ ʥʘ ɽʆʊ ʥʘʩʠʯʝʥʥʷ ʮʴʦʛʦ ʨʦʟʩʦʣʫ 

ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʽʟ ʦʪʨʠʤʘʥʥʷʤ ʛʽʜʨʦ-ʢʘʨʙʦʥʘʪʥʦʾ ʩʫʩʧʝʥʟʽʾ. 

ʆʯʠʱʝʥʠʡ ʨʦʟʩʽʣ, ʚʽʜ ɽʆʊ ʦʯʠʱʝʥʥʷ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ, ɽʆʊ 

ʧʦʩʪʘʯʘʥʥʷ ʥʘʩʦʩʘʤʠ ʨʽʜʠʥ ʧʦʤʧʫʶʪʴ ʥʘ ɽʆʊ ʅʆʈ ʛʘʟʘʤʠ ɺʂʉ ʜʣʷ ʥʘʩʠʯʝʥʥʷ 

ʧʘʨʘ-ʛʘʟʦʚʦʶ ʩʫʤʽʰʰʶ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ɽʆʊ ʨʝʛʝʥʝʨʘʮʽʾ ʘʤʽʘʢʫ ʪʘ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽʟ ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ ʪʘ çʩʣʘʙʢʠʭè ʨʽʜʠʥ, ʘ ʪʘʢʦʞ ʛʘʟʽʚ ʚʽʜ 

ʘʧʘʨʘʪʽʚ ɺʂʉ, ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ ʚ ʥʠʭ ʜʦ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ 

ʥʦʨʤ ʫ ʚʠʧʘʜʢʫ çʥʝʧʝʨʝʜʙʘʯʝʥʠʭè ʩʠʪʫʘʮʽʡ. ʊʦʙʪʦ ʟʘʟʥʘʯʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʻ 

ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ ɽʆʊ ɺʂʉ, ʘ ʪʦʤʫ ʜʣʷ ʥʝʾ, ʷʢ ʽ ʜʣʷ ʽʥʰʠʭ ʦʩʥʦʚʥʠʭ ɽʆʊ, 

ʪʨʝʙʘ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʂɯɽʆʊ ɺʂʉ. 

ʊʠʧʦʚʘ ɽʆʊ ʅʆʈ ʛʘʟʘʤʠ ɺʂʉ ʤʘʻ ʯʦʪʠʨʠ ʘʙʩʦʨʙʮʽʡʥʽ ʢʦʣʦʥʠ, ʚ ʩʢʣʘʜ 

ʢʦʞʥʦʾ ʽʟ ʥʠʭ ʚʭʦʜʷʪʴ ʯʦʪʠʨʠ ʘʧʘʨʘʪʠ (ʟʚʝʨʭʫ ʚʥʠʟ): ʪʨʠ ʽʟ ʥʠʭ, ʷʢʽ ʧʨʦʤʠʚʘʶʪʴ: 

ʧʦʚʽʪʨʷ ʚʽʜ ɽʆʊ ʬʽʣʴʪʨʫʚʘʥʥʷ ʛʽʜʨʦ-ʢʘʨʙʦʥʘʪʥʦʶ ʩʫʩʧʝʥʟʽʾ (ʇʇʌʃ), ï ʛʘʟʠ ʚʽʜ 

ʫʩʽʭ ʘʧʘʨʘʪʽʚ ɺʂʉ (ʇɻɸɹ), ï ʛʘʟʠ ʚʽʜ ɽʆʊ ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ 

ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ (ʇɻʂʃ-2), ʘ ʪʘʢʦʞ ï ʘʙʩʦʨʙʝʨ (ɸɹ), ʥʘ ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʧʘʨʘ -

ʛʘʟʦʚʘ ʩʫʤʽʰ ʚʽʜ ɽʆʊ ʨʝʛʝʥʝʨʘʮʽʾ ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽʟ ʬʽʣʴʪʨʦʚʦʾ 

ʨʽʜʠʥʠ ʪʘ çʩʣʘʙʢʠʭè ʨʽʜʠʥ. ʆʯʠʱʝʥʠʡ ʨʦʟʩʽʣ ʧʦʤʧʫʶʪʴ ʚ ʘʧʘʨʘʪʠ ʟʚʝʨʭʫ ʽ ʚʽʥ 

ʨʫʭʘʻʪʴʩʷ ʧʨʦʪʠʪʦʢʦʤ ʜʦ ʧʘʨʘ- ʪʘ ʧʦʚʽʪʨʷ-ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʷʢʘ ʥʘʜʭʦʜʷʪʴ ʟʥʠʟʫ ʚ 

ʢʦʞʥʠʡ ʘʧʘʨʘʪ. ʋʩʽ ʘʧʘʨʘʪʠ ɽʆʊ ʅʆʈ ʛʘʟʘʤʠ ɺʂʉ, ʦʢʨʽʤ ʇɻʂʃ-2, ʧʨʘʮʶʶʪʴ 

ʧ̔ ʜ ʚʘʢʫʫʤʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ɽʆʊ ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ ʚʘʢʫʫʤ-ʥʘʩʦʩʘʤʠ. ɻʘʟʠ 

ʚ ʇɻʂʃ-2 ʧʦʩʪʫʧʘʶʪʴ ʚʽʜ ɽʆʊ ʧʦʜʘʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʘʤʠ ʛʘʟʽʚ ʧʽʜ ʪʠʩʢʦʤ. 

ʆʢʨʽʤ ʪʦʛʦ, ʢʦʞʥʘ ʘʙʩʦʨʙʮʽʡʥʘ ʢʦʣʦʥʘ ʟôʻʜʥʘʥʘ ʟ ʧʣʘʩʪʠʥʯʘʪʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ 

(ʇʍʃ) ʪʘ ʟʙʽʨʥʠʢʦʤ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ (ɿɸʈ). 
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ɺ ʇʇʌʃ ʧʦʩʪʫʧʘʻ ʜʦ 20% ʦʯʠʱʝʥʦʛʦ ʨʦʟʩʦʣʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʘʙʩʦʨʙʮʽʡʥʫ ʢʦʣʦʥʫ, ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʣʦʚʣʶʚʘʥʥʷ ʘʤʽʘʢʫ ʽʟ ʧʦʚʽʪʨʷ-ʛʘʟʦʚʦʾ 

ʩʫʤʽʰʽ ʚʽʜ ɽʆʊ ʬʽʣʴʪʨʫʚʘʥʥʷ ʛʽʜʨʦ-ʢʘʨʙʦʥʘʪʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʷʢʘ ʧʨʦʩʤʦʢʪʫʻʪʴʩʷ 

ʚʘʢʫʫʤ-ʥʘʩʦʩʘʤʠ ɽʆʊ ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ, ʧʨʠ ʮʴʦʤʫ ʚ ʘʪʤʦʩʬʝʨʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʠʜʘʪʠ ʧʨʘʢʪʠʯʥʦ ʯʠʩʪʝ ʧʦʚʽʪʨʷ. ʈʽʜʠʥʘ ʽʟ ʇʇʌʃ ʧʝʨʝʪʽʢʘʻ ʚ ʇɻɸɹ, ʯʝʨʝʟ 

ʷʢʠʡ ʚʘʢʫʫʤ-ʥʘʩʦʩʘʤʠ ɽʆʊ ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ ʧʨʦʩʤʦʢʪʫʶʪʴʩʷ ʛʘʟʦʚʽ ʩʫʤʽʰʽ, 

ʷʢʽ ʧʦʩʪʫʧʘʶʪʴ ʽʟ ɸɹ, ʪʘʢʦʞ ï ʫʩʽ ʛʘʟʠ ʚʽʜ ʘʧʘʨʘʪʽʚ ɺʂʉ, ʧʨʠ ʮʴʦʤʫ ʘʤʽʘʢ 

ʘʙʩʦʨʙʫʻʪʴʩʷ, ʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʧʦʜʘʻʪʴʩʷ ʜʣʷ ʡʦʛʦ ʧʨʦʤʠʚʢʠ ʚ ʘʧʘʨʘʪʽ ɽʆʊ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ. ɺ ʇɻʂʃ-2 ʧʦʩʪʫʧʘʻ ʙʣʠʟʴʢʦ 80% 

ʦʯʠʱʝʥʦʛʦ ʨʦʟʩʦʣʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʘʙʩʦʨʙʮʽʡʥʫ ʢʦʣʦʥʫ, ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʛʣʠʥʘʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽʟ ʧʘʨʘ-ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʚʽʜ ɽʆʊ ʥʘʩʠʯʝʥʥʷ 

ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ. ʎʷ ʩʫʤʽʰ ʧʦʜʘʻʪʴʩʷ ɽʆʊ ʧʦʩʪʘʯʘʥʥʷ 

ʢʦʤʧʨʝʩʦʨʘʤʠ ʛʘʟʽʚ ʧʽʜ ʪʠʩʢʦʤ, ʘ ʧʽʩʣʷ ʇɻʂʃ-2 ʚ ʘʪʤʦʩʬʝʨʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʠʜʘʪʠ ʧʨʘʢʪʠʯʥʦ ʯʠʩʪʝ ʧʦʚʽʪʨʷ. ɯʟ ʇɻɸɹ ʽ ʇɻʂʃ-2 ʨʽʜʠʥʠ ʧʦʩʪʫʧʘʶʪʴ ʚ ɸɹ, 

ʜʝ ʥʘʩʠʯʫʶʪʴʩʷ ʘʤʽʘʢʦʤ ʪʘ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʧʘʨʘ-ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʱʦ ʤʘʻ 

ʟʚʠʯʥʦ 52% (ʤʘʩ.) ʘʤʽʘʢʫ, 25% (ʤʘʩ.) ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʨʝʰʪʘ ï ʧʘʨʘ ʚʦʜʠ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʫ 52 ï 60 Áʉ. ʇʘʨʘ-ʛʘʟʦʚʘ ʩʫʤʽʰ ʧʦʩʪʫʧʘʻ ʚʽʜ ɽʆʊ ʨʝʛʝʥʝʨʘʮʽʾ ʮʠʭ 

ʛʘʟʽʚ ʽʟ ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ ʪʘ çʩʣʘʙʢʠʭè ʨʽʜʠʥ.  

ɸʤʽʘʢ ʜʦʙʨʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ ʪʘ ʨʦʟʩʦʣʽ, ʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʷʢʠʡ 

ʧʨʠʩʫʪʥʽʡ ʚ ʘʤʽʘʯʥʠʭ ʨʦʟʯʠʥʘʭ, ʟʚôʷʟʫʻ ʘʤʽʘʢ ʫ ʩʦʣʽ ʢʘʨʙʘʤʘʪʘ ʘʤʦʥʽʶ, 

ʚʠʥʠʢʥʝʥʥʷ ʷʢʦʛʦ ʩʪʚʦʨʶʻ ʧʨʠʻʤʥʽ ʫʤʦʚʠ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʘʤʽʘʢʫ ʪʘ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʪʦʤʫ ʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʪʠʩʢʫ ʮʠʭ ʛʘʟʽʚ ʥʘʜ  

ʨʦʟʯʠʥʦʤ. ɺ ʪʦʡ ʩʘʤʝ ʯʘʩ ʧʦʛʣʠʥʘʥʥʷ ʘʤʽʘʢʫ ʨʽʜʠʥʘʤʠ ʚ ɸɹ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ, ʱʦ ʧʨʠʚʦʜʝ ʜʦ ʨʦʟʽʛʨʽʚʫ ʨʦʟʯʠʥʫ ʪʘ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʦʚʘʛʠ 

ʪʠʩʢʫ ʘʤʽʘʢʫ ʥʘʜ ʨʦʟʯʠʥʦʤ ʽ ʟʥʠʞʝʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʘʙʩʦʨʙʮʽʾ, ʦʩʢʽʣʴʢʠ ʪʠʩʢ 

ʘʤʽʘʢʫ ʚ ʧʘʨʘ-ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ, ʧʦʨʽʚʥʷʥʦ ʧʦʩʪʽʡʥʠʡ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ ʦʪʨʠʤʘʥʠʡ ʘʤʦʥʽʟʦʚʘʥʠʡ ʨʦʟʩʽʣ ʚ ɸɹ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰʝ 68 Áʉ, ʱʦ ʤʦʞʝ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʧʨʠʯʠʥʠʪʠ ʥʝʙʘʞʘʥʽ 

ʚʠʢʠʜʠ ʘʤʽʘʢʫ ʚ ʘʪʤʦʩʬʝʨʫ ʪʘ ʧʦʛʽʨʰʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. 

ʊʦʤʫ ʧʝʨʝʜʙʘʯʝʥʝ ʜʚʦʨʘʟʦʚʝ ʦʭʦʣʦʜʞʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʚʦʜʦʶ 

ʽʟ ɽʆʊ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʦʨʦʪʥʠʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ ʪʘ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷʤ. 

ʇʝʨʰʠʡ ʧʦʪʽʢ ʦʭʦʣʦʜʞʫʶʯʦʾ ʚʦʜʠ ʧʦʜʘʶʪʴ ʚ ʭʦʣʦʜʠʣʴʥʫ ʯʘʩʪʠʥʫ ɸɹ, ʜʝ ʮʝʡ 

ʨʦʟʩʽʣ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 60 ï 65 Áʉ, ʘ ʜʨʫʛʠʡ ʧʦʪʽʢ ï ʥʘ ʇʍʃ, 

ʧʽʩʣʷ ʷʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʨʝʛʣʘʤʝʥʪʥʦʛʦ 

ʟʥʘʯʝʥʥʷ 28 ï 32 Áʉ. ʎʝʡ ʨʦʟʩʽʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʆʊ ʧʦʜʘʚʘʥʥʷ ʥʘʩʦʩʘʤʠ ʨʽʜʠʥ 

ʯʝʨʝʟ ɿɸʈ ʧʦʤʧʫʶʪʴ ʜʦ ɽʆʊ ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʚʫʛʣʝʢʠʩʣʠʤ 

ʛʘʟʦʤ ʽʟ ʦʪʨʠʤʘʥʥʷʤ ʛʽʜʨʦ-ʢʘʨʙʦʥʘʪʥʦʾ ʩʫʩʧʝʥʟʽʾ. 

ʈʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʝʢʦʣʦʛʽʯʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʩʠʯʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʨʦʟʩʦʣʫ ʛʘʟʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʟʘ ʘʤʽʘʯʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘʡʙʽʣʴʰʝ ʧʨʦʩʪʦ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ, ʚʠʩʦʢʦ ʥʘʜʽʡʥʠʭ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ ʪʘ ʟʘʛʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʽʟ ʤʝʪʦʶ ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʨʠ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʟʫʤʦʚʣʶʻ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʧʨʦʜʫʢʪʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ. ʇʝʨʰʝ ʩʪʘʚʠʪʴ ʩʚʦʾʤ ʟʘʚʜʘʥʥʷʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʧʨʠʨʦʜʥʦ ʾ ʩʠʨʦʚʠʥʠ ʷʢʘ ʤʽʩʪʠʪʴ ʙʦʨ. ɼʨʫʛʝ - 

ʨʦʟʨʦʙʢʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ ʧʦ 

ʨʦʟʨʦʙʮʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʙʫʨʠ ʪʝʭʥʽʯʥʦʾ. ʋ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ'ʷʩʦʚʘʥʦ, ʱʦ ʚ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʨʠʡʥʷʪʠʡ 

ʧʝʨʽʦʜʠʯʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʙʫʨʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʦʩʦʙʫ 

ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ, ʧʦʣʽʧʰʠʪʠ ʫʤʦʚʠ ʨʦʙʦʪʠ, ʘ 

ʪʘʢʦʞ ʥʘʧʨʘʚʠʪʠ ʚʫʛʣʝʢʠʩʣʦʪʫ ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʫʛʣʝʢʠʩʣʦʾ 

ʤʘʛʥʝʟʽʾ ʙʽʢʘʨʙʦʥʘʪʥʠʤ ʩʧʦʩʦʙʦʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʧʦʜʘʯʽ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʽ ʩʦʜʠ ʚ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʤʫ 

ʩʪʘʥʽ. ʇʦʜʘʯʘ ʩʠʧʫʯʠʭ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʽ ʩʦʜʠ ʤʘʻ ʪʫ ʧʝʨʝʚʘʛʫ, ʱʦ ʤʦʞʥʘ 

ʦʪʨʠʤʫʚʘʪʠ ʨʦʟʯʠʥʠ ʙʫʨʠ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (201 ʛ ʚ 100 ʛ ʚʦʜʠ), ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʧʨʠ 100Áʉ ʥʝ ʧʝʨʝʚʠʱʫʻ 40,3 ʛ ʚ 100 ʛ ʚʦʜʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ, ʟʤʽʥʶʶʯʠ ʢʽʣʴʢʽʩʪʴ ʧʦʜʘʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʦʪʨʠʤʫʚʘʪʠ ʨʦʟʯʠʥʠ ʙʫʨʠ 

ʧʦʪʨʽʙʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʝʩʷʪʠ- ʘʙʦ ʧôʷʪʠʚʦʜʥʦʾ ʙʫʨʠ, 

ʤʠʥʘʶʯʠ ʩʪʘʜʽʶ ʚʠʧʘʨʶʚʘʥʥʷ. 

ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʙʫʨʠ ʙʝʟʧʝʨʝʨʚʥʠʤ ʩʧʦʩʦʙʦʤ. ʈʦʟʨʦʙʣʝʥʦ 

ʩʭʝʤʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʙʫʨʠ. 

 ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʨʦʙʦʯʠʡ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ, ʧʝʨʝʦʭʦʣʦʜʞʫʚʘʯʘ ʽ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʣʷ ʦʜʥʽʻʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʥʠʪʢʠ ʧʨʠʙʣʠʟʥʦ 20-25 

ʪʠʩ.ʪʦʥʥ ʥʘ ʨʽʢ.  

ʇʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʨʠ 

ʚ 2,5 ʨʘʟʠ. 
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Nowadays, resources of high-grade iron ores and the ones that can be enriched 

easily (e.g. magnetite quartzite) are almost gone for most deposits. That's why there is 

an increasing pressure regarding iron ore concentrates production from low-grade 

oxidized iron ores (e.g. hematite quartzite) and from iron-processing gangue (e.g. 

tailings). It is important to emphasize that production of iron ore concentrates from 

low-grade oxidized iron ores and ore-processing gangue, are typically quite cheaper 

in comparison with production of the high-grade iron ores. It is because high-grade 

iron ores, in most cases, are located at big depths. Since high-grade iron ores that are 

situated near the surface, as a rule, are already extracted or absent. At the same time, 

production of competitive ore concentrates from low-grade oxidized iron ores and 

iron-processing gangue causes significant difficulties because of insufficient 

development of the necessary technologies. 

Transformation of goethite or hematite to magnetite with different reducing 

agents (coal [1], hydrogen [2], carbon monoxide [3], biomass etc. [4] at increased 

temperatures open many opportunities for the different applications. Therefore, 

number of investigations of magnetizing roasting of oxidized iron ore (containing 

hematite and goethite) that leads to formation of magnetic iron oxides (mainly 

magnetite that is suitable for magnetic separation) has been conducted in order to 

develop new technologies of low-grade oxidized iron ores beneficiation. 

Nevertheless, the most suitable methodology of the chemical reduction of the iron 

oxide with low roasting temperature and low energy consumption requires many 

improvements. 

The aim of this work was to investigate the phase transformation of weakly 

magnetic iron minerals from tailings (Kryvyi Rih region) to a strongly magnetic 

magnetite in the presence of starch for the iron ore concentrate production.  

The investigated sample was collected from the tailings of mine ñSevernayaò. 

This sample mainly consisted of quartz and hematite. The initial and obtained 

samples were investigated by the methods of X-Ray Diffraction (XRD), 

magnetometry, and thermomagnetic analysis. The initial samples were mixed with 

the 4 wt.% of starch (ñChimlaborreactiveò, Ukraine). Afterwards, this mixture (0,2-

0,5 g) was used for the following thermomagnetic analysis using quartz mini-reactor, 

isolated from the atmospheric oxygen (Vreactor=4 cm
3
), under heating up to 650 ÁC. 

The rate of sample heating/cooling was 65Á /min.  
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Heating of the sample mixed with the starch caused the increasing of the 

magnetization at the temperature of 380 ÁC due to the formation of a strongly 

magnetic phase (fig. 1a). Decrease of the magnetization after the maximum (T~530 

ÁC) at heating curve is due to the phase transition of newly formed ferromagnetic 

phase into paramagnetic state. It is shown at cooling curve that magnetization of the 

sample increases considerably due to the new phase of magnetite, hence, the shape of 

cooling curve is determined by the temperature variation of the exchange energy.  

 

 
   a                                                                     b 

Fig. 1 ï Thermomagnetic curves: a ï tailing reduction with starch; b ï analyzing the obtained 

sample. 

 

The second thermomagnetic run (analyzing) of obtained sample (fig. 1b) 

indicates only one strong magnetic phase with Curie temperature of 568 ÁC that is 

close to Curie temperature of pure magnetite (580 ÁC). The formation of magnetite is 

confirmed by XRD measurements (data not shown). After reduction, the main peaks 

of magnetite were detected in the sample (characteristic peaks with d-spacing 2.95 ¡, 

2.52 ¡, 2.09 ¡, 1.61 ¡, 1.48 ¡) while the hematite peaks reduced their intensity. 

Therefore, the hematite partly transformed to magnetite at heating to 650 ÁC in the 

presence of starch; the characteristic peaks of quartz were stable after heating. 

Saturation magnetization of the sample increased considerably to 35 AĿm
2
/kg.  

The chemical reduction of tailings from Kryvyi Rih region at heating to 650 ÁC 

in the presence of starch led to the transformation of hematite to magnetite with Curie 

temperature of 568 ÁC. Being suitable for the magnetic separation, newly formed 

magnetite is useful for the development of the new technology of the iron ore 

concentrate production from tailings. 
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ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʧʽʢʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʢʦʶ ʥʝʜʦʣʽʢʽʚ, ʱʦ 

ʧʦʣʷʛʘʶʪʴ ʫ ʟʥʘʯʥʽʡ ʪʨʠʚʘʣʦʩʪʽ, ʚʠʩʦʢʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ, ʥʠʟʴʢʦʤʫ ʂʂɼ ʪʦʱʦ. 

ɼʣʷ ʾʭ ʫʩʫʥʝʥʥʷ ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ 

ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

(ɽʂʅ).  

ʄʝʪʦʜ ɽʂʅ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʠʤ ʪʘ ʨʽʚʥʦʤʽʨʥʠʤ ʧʨʦʛʨʽʚʦʤ ʟʘ 

ʦʙ'ʻʤʦʤ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʢʦʤʙʽʥʦʚʘʥʽ 

ʧʨʦʮʝʩʠ, ʘ ʪʘʢʦʞ ʧʦʟʙʫʪʠʩʷ ʥʝʜʦʣʽʢʽʚ, ʧʨʠʪʘʤʘʥʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʘʤ 

ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ.  

ʇʨʠ ʢʦʥʪʘʢʪʥʦʤʫ ʚʧʣʠʚʽ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʝʧʣʦʚʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ ɽʂʅ ʥʝ ʜʦʟʚʦʣʷʻ ʥʘʛʨʽʪʠ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʫ ʚʠʱʝ 100 Áʉ 

ʡ ʚʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʘʪʠ ʧʽʜʩʤʘʞʝʥʫ ʩʢʦʨʠʥʢʫ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ɽʂʅ.  

ʆʪʞʝ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʝʯʝʥʠʭ ʚʠʨʦʙʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɽʂʅ ʤʦʞʝ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʠʤ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʦʪʨʝʙʫʻ ʢʦʤʙʽʥʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ, 

ʥʘʧʨʠʢʣʘʜ, ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. 

ʋ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʥʝʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʽʚ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʧʽʜ ʯʘʩ ʾʭ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ 

ʤʝʪʦʜʦʤ ɽʂʅ (ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʤʽʥʥʠʡ ʩʪʨʫʤ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʦʪʠ ʟ 

ʥʘʧʨʫʛʦʶ 40 ɺ) ʪʘ ʚʠʧʽʢʘʥʥʷʤ ʫ ʞʘʨʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 200 Üʉ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. ʊʘʢ, ʧʽʜ ʯʘʩ ɽʂʅ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʯʠʥʘʻ ʽʥʪʝʥʩʠʚʥʦ ʟʨʦʩʪʘʪʠ ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ. ɿʘ ʫʤʦʚ ʚʠʧʽʢʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ.  

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʥʘ ʜʨʫʛʽ ʭʚʠʣʠʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ɽʂʅ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 22 Üʉ, ʘ 

ʧʨʠ ʚʠʧʽʢʘʥʥ ̔ï ʣʠʰʝ ʥʘ 2 Üʉ. ʊʘʢʝ ʧʦʚʽʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʯʘʩ 

ʚʠʧʽʢʘʥʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʩʦʢʦʶ ʽʥʝʨʮʽʡʥʽʩʪʶ ʚ ʫʤʦʚʘʭ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʚ ʪʦʡ 

ʞʝ ʯʘʩ ʧʨʠ ɽʂʅ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ ʦʜʥʦʯʘʩʥʦ ʪʘ ʨʽʚʥʦʤʽʨʥʦ ʟʘ ʚʩʽʤ 

ʦʙ'ʻʤʦʤ ʟʨʘʟʢʘ.  

ʃʠʰʝ ʧʽʩʣʷ 4-ʦʾ ʭʚʠʣʠʥʠ ʦʙʨʦʙʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʧʨʠ ʚʠʧʽʢʘʥʥʽ 

ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʪʘ ʥʘ 6-ʽʡ ʭʚʠʣʠʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʘʜʘʻ 40 

Üʉ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʘ ɽʂʅ ʥʘ 4-ʽʡ ʭʚʠʣʠʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 75 Üʉ, ʘ ʥʘ 
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6-ʽʡ ʭʚʠʣʠʥʽ ï 90 Üʉ. ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʝ 

ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ, ʥʽʞ ʥʘʛʨʽʚʘʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝʶ, ʱʦ 

ʟʫʤʦʚʣʶʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɽʂʅ. 

 

 
ʈʠʩ. 1 ï ʂʽʥʝʪʠʢʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʽʚ ʟ 

ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʧʽʜ ʯʘʩ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ: 

1 ï ɽʂʅ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʧʨʦʤʠʩʣʦʚʦʾ 

ʯʘʩʪʦʪʠ ʟ ʥʘʧʨʫʛʦʶ 40 ɺ; 

2 ï ʚʠʧʽʢʘʥʥʷ ʫ ʞʘʨʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨ ̔200 Üʉ 

ʈʠʩ. 2 ï ʂʽʥʝʪʠʢʘ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʟʨʘʟʢʽʚ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʧʽʜ ʯʘʩ ɽʂʅ 

ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʦʪʠ ʟ 

ʥʘʧʨʫʛʦʶ 40 ɺ 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʽʥʝʪʠʢʘ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʽʚ ʧʽʜ ʯʘʩ 

ɽʂʅ. ʅʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʻ ʤʽʥʽʤʘʣʴʥʦʶ, ʪʘ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 8Ŀ10
-3
 (ʆʤĀʤ)

-1
, ʜʘʣʽ ʧʨʦʪʷʛʦʤ 4 ʭʚʠʣʠʥ ʚʦʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 65 %, ʪʘ 

ʥʘʜʘʣʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʾ ʟʨʦʩʪʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʢʣʘʜʘʻ 24Ā10
-2
(ʆʤĀʤ)

-1
 ʜʝʩʴ ʥʘ 4,5 ʭʚʠʣʠʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʪʝʤʧʝʨʘʪʫʨʽ ʟʨʘʟʢʘ 75é78 Üʉ.  

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʭʚʠʣʠʥʫ-ʧʽʚʪʦʨʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ 

ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʮʝʩʫ ʚʦʥʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 24Ā10
-2
(ʆʤĀʤ)

-1
. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʫʤʦʚʣʝʥʠʡ ʥʘʩʪʫʧʥʠʤ: ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʞʝ ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 70 Üʉ 

ʧʦʯʠʥʘʻʪʴʩʷ ʜʝʥʘʪʫʨʘʮʽʷ ʙʽʣʢʘ, ʱʦ ʧʦʛʽʨʰʫʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʨʠʢʽʥʮʽ 

ʧʨʦʮʝʩʫ.  

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʧʢ̔ʘʥʥʷ 

ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɽʂʅ. 
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ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʩʦ ʩʪʦʨʦʥʳ ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʠ ʛʨʝʶʱʠʭ ʢʘʤʝʨʘʭ ʚʳʧʘʨʥʳʭ ʘʧʧʘʨʘʪʘʭ.  

ʉʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʣʝʜʫʶʱʠʤʠ [1]: ʚʦʟʜʝʡʩʪʚʠʝ ʪʫʨʙʫʣʠʟʘʮʠʠ ʚ ʢʘʥʘʣʝ; ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ 

ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ; ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʪʦʢ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʬʦʨʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ; ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʤʘʛʥʠʪʥʳʤ ʠʣʠ 

ʘʢʫʩʪʠʯʝʩʢʠʤ ʧʦʣʝʤ; ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ 

ʚʨʘʱʝʥʠʝʤ, ʚʠʙʨʘʮʠʝʡ, ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠʣʠ ʧʫʣʴʩʘʮʠʝʡ ʜʘʚʣʝʥʠʷ ʚ ʧʦʪʦʢʝ 

ʞʠʜʢʦʩʪʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ɺ ʛʨʝʶʱʠʭ ʢʘʤʝʨʘʭ ʚʳʧʘʨʥʳʭ ʘʧʧʘʨʘʪʦʚ ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ. ʊʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ 

ʧʘʨʘ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʣʸʥʢʠ ʦʙʨʘʟʫʶʱʝʡ ʢʦʥʜʝʥʩʘʪ ʠ ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ, ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʨʫʰʝʥʠʝʤ ʠʣʠ ʪʫʨʙʫʣʠʟʘʮʠʝʡ ʧʣʝʥʢʠ ʢʦʥʜʝʥʩʘʪʘ [2].  

ɺ ʨʘʙʦʪʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʪʨʠ ʚʠʜʘ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ: ʛʣʘʜʢʠʝ ʪʨʫʙʳ 

(ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ), ʪʨʫʙʳ ʩ ʧʨʦʜʦʣʴʥʳʤ ʨʠʬʣʝʥʠʝʤ ʠ ʪʨʫʙʳ ʩ 

ʚʠʥʪʦʚʳʤ ʧʨʦʜʦʣʴʥʳʤ ʨʠʬʣʝʥʠʝʤ. ʀʩʩʣʝʜʦʚʘʥʳ ʛʨʝʶʱʠʝ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 25 

ʠ 38 ʤʤ ʩ ʥʘʨʫʞʥʳʤ ʩʧʠʨʘʣʴʥʳʤ ʨʠʬʣʝʥʠʝʤ ʠ ʛʣʫʙʠʥʦʡ ʢʘʥʘʚʦʢ 0,5 ʤʤ. ʇʦ 

ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʵʪʠ ʪʨʫʙʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʥʘ 20 ʠ 24 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʘʜʢʠʤʠ ʪʨʫʙʘʤʠ. 
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ɿɸʂʆʈʅʆʄɯʈʅʆʉʊɯ ʇʈʆʎɽʉʋ ɺʀʉʋʐʋɺɸʅʅʗ ɿɽʈʅʆɺʀʍ 

ʂʋʃʔʊʋʈ ʇɯɼ ɼɯɭʖ ʅɺʏ 
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1
ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʦʣʦʛʽʾ ʅʊʋ  çʍʇɯè, ʍʘʨʢʽʚ, 

ʋʂʈɸɰʅɸ 
2
ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʦʣʦʛʽʾ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ʅʊʋ çʍʇɯè, 

ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

  

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʩʫʰʽʥʥʷ ʟʝʨʥʘ ʻ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʚʦʣʦʛʦʩʪʽ ʜʦ ʪʘʢʦʾ 

ʚʝʣʠʯʠʥʠ, ʧʨʠ ʷʢʽʡ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʠʚʘʣʝ ʪʘ ʙʝʟʧʝʯʥʝ ʟʙʝʨʽʛʘʥʥʷ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʧʽʜ ʩʫʰʽʥʥʷʤ ʨʦʟʫʤʽʶʪʴ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ. ʎʝʡ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʫʻʪʴʩʷ ʟ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʟʝʨʥʫ ʥʘʛʨʽʪʠʤ 

ʧʦʚʽʪʨʷʤ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʣʦʛʘ ʟ ʩʝʨʝʜʠʥʠ ʟʝʨʥʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʜʦ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʚ ʧʝʨʠʬʝʨʽʡʥʠʭ ʰʘʨʘʭ ʢʦʞʥʦʾ ʟʝʨʥʽʚʢʠ. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ï ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʨʫ ʟ ʧʝʨʠʬʝʨʽʡʥʠʭ ʜʦ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʟʝʨʥʘ ʪʘ ʚ ʤʽʞʟʝʨʥʦʚʠʡ ʧʨʦʩʪʽʨ, ʜʘʣʽ ʚʠʜʘʣʝʥʥʷ ʡʦʛʦ ʟ ʤʘʩʠ ʟʝʨʥʘ [1,2]. 

ɹʽʣʴʰʽʩʪʴ ʟʝʨʥʦʩʫʰʘʨʦʢ ʻ ʜʦʨʦʛʠʤʠ, ʽ ʨʘʟʦʤ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ ʩʫʰʢʫ ʤʘʶʪʴ ʜʫʞʝ 

ʚʠʩʦʢʠʡ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʛʦʩʧʦʜʘʨʩʪʚ, ʮʽʢʘʚʠʤ ʚʠʷʚʣʷʻʪʴʩʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʫʰʢʠ ʟʝʨʥʘ. ʆʜʥʦʶ 

ʟ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʭ ʻ ʩʫʰʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʶʚʘʥʥʷ 

[1,2].  

ɯʩʥʫʶʯʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʅɺʏ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʩʫʰʽʥʥʷ ʚ 

ʰʘʭʪʥʠʭ ʪʘ ʢʦʥʚʝʻʨʥʠʭ ʩʫʰʘʨʢʘʭ, ʦʜʥʘʢ ʤʘʡʞʝ ʥʝ ʚʠʚʯʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʅɺʏ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʜʣʷ ʩʫʰʽʥʥʷ ʚ ʙʫʥʢʝʨʘʭ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʶʚʘʥʥʷ. 

ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʧʨʦʩʪʦʪʘ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʘʢʪʠʚʥʦʛʦ 

ʚʝʥʪʠʣʶʚʘʥʥʷ ʥʘʜʘʶʪʴ ʾʡ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʩʫʰʢʠ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ.  

ʄʦʞʣʠʚʽʩʪʴ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʪʝʭʥʦʣʦʛʽʡ ʽ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʣʘʩʪʠʚʘ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʙʫʥʢʝʨʘʤ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʶʚʘʥʥʷ 

[3,4]. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʥʝʨʝʘʣʽʟʦʚʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʩʫ ʩʫʰʽʥʥʷ ʚ ʙʫʥʢʝʨʘʭ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʶʚʘʥʥʷ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ: 

1. ɽʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʧʘʨʫ ʚ ʧʦʣʽ 

ʅɺʏ. 
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2. ɽʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʅɺʏ  

ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʧʨʠ ʥʝʨʫʭʦʤʦʤʫ ʰʘʨʽ ʟʝʨʥʘ. 

3. ɽʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʘʢʪʠʚʘʮʽʾ 

ʽ ʩʫʰʢʠ ʟʝʨʥʘ ʘʢʪʠʚʥʠʤ ʚʝʥʪʠʣʶʚʘʥʥʷʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʨʤʦʧʘʨʫ ʚ ʧʦʣʽ ʅɺʏ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʟʝʨʥʽʚʮʽ ʽ ʟʝʨʥʦʚʦʤʫ ʰʘʨʽ ʚ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʠʭ ʧʨʦʜʫʢʪʦʤ ʅɺʏ ʘʢʪʠʚʥʠʭ 

ʟʦʥʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʦʥʢʽ ʪʝʨʤʦʧʘʨʠ. ʅʝʚʠʩʦʢʘ ʧʦʭʠʙʢʘ ʢʦʥʪʨʦʣʶ 

ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʪʦʯʥʦ ʩʪʝʞʠʪʠ ʟʘ ʜʠʥʘʤʽʢʦʶ ʧʨʦʮʝʩʫ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʅɺʏ  

ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʧʨʠ ʥʝʨʫʭʦʤʦʤʫ ʰʘʨʽ ʟʝʨʥʘ ʧʦʢʘʟʘʚ, ʱʦ ʦʪʨʠʤʘʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʟʝʨʥʘ ʚ ʅɺʏ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʚʽʜ ʦʜʥʦʛʦ 

ʤʘʛʥʝʪʨʦʥʘ ʜʦʟʚʦʣʷʻ ʚʥʦʩʠʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʪʘ ʚʠʟʥʘʯʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʤʘʛʥʝʪʨʦʥʽʚ ʽ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʚ ʨʷʜʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʘʢʪʠʚʘʮʽʾ ʽ ʩʫʰʢʠ ʟʝʨʥʘ ʘʢʪʠʚʥʠʤ ʚʝʥʪʠʣʶʚʘʥʥʷʤ ʧʦʢʘʟʘʣʦ, ʱʦ ʜʠʥʘʤʽʢʘ 

ʥʘʛʨʽʚʫ ʟʝʨʥʘ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʅɺʏ ʚʧʣʠʚʽ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʘʢʦʚʦʶ. ʎʝ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʤʘʛʥʝʪʨʦʥʽʚ ʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʚʘʥʪʘʞʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʅɺʏ ʘʢʪʠʚʘʮʽʾ ʧʨʠ ʩʫʰʽʥʥʽ ʟʝʨʥʘ ʘʢʪʠʚʥʠʤ ʚʝʥʪʠʣʶʚʘʥʥʷʤ. 
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ʇʽʜʧʨʠʻʤʩʪʚʘ ʛʘʟʦ- ʪʘ ʥʘʬʪʦʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʠʜʘʶʪʴ ʚ 

ʜʦʚʢʽʣʣʷ ʪʘʢʽ ʧʨʦʜʫʢʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ, ʷʢ ʩʪʽʯʥʽ ʚʦʜʠ, ʪʚʝʨʜʽ ʚʽʜʭʦʜʠ, 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʛʘʟʠ ʪʘ ʙʫʨʦʚʠʡ ʰʣʘʤ, ʧʨʠ ʯʦʤʫ ʷʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ 

ʚʽʜʭʦʜʽʚ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʬʽʣʶ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʤʽʩʮʷ ʚʠʜʦʙʫʪʢʫ.  

ʆʜʥʠʤ ʽʟ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʦʙôʻʢʪʽʚ ʛʽʜʨʦ-, ʙʽʦ-, ʪʘ ʣʽʪʦʩʬʝʨʠ ʻ ʙʫʨʦʚʠʡ ʰʣʘʤ, 

ʷʢʠʡ ʚʠʣʫʯʘʻʪʴʩʷ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ [1]. 

ɿʛʽʜʥʦ ʆʉʊ 51.01-06-85 ʙʫʨʦʚʠʡ ʰʣʘʤ - ʮʝ ʧʦʜʨʽʙʥʝʥʘ ʚʠʙʫʨʝʥʘ ʧʦʨʦʜʘ, 

ʱʦ ʟʘʙʨʫʜʥʝʥʘ ʟʘʣʠʰʢʘʤʠ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ. 

ɺʧʣʠʚ ʙʫʨʦʚʠʭ ʰʣʘʤʽʚ ʨʦʟʛʣʷʥʫʪʦ ʥʘ ʧʨʠʢʣʘʜʽ ʙʫʨʽʥʥʷ ʨʦʟʚʽʜʫʚʘʣʴʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʦʜʥʦʛʦ ʟ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ ʨʦʜʦʚʠʱ ɼʦʥʝʮʴʢʦ - ɼʥʽʧʨʦʚʩʴʢʦʾ 

ʟʘʧʘʜʠʥʠ.  

ʊʘʙʣʠʮʷ 1. ï ʂʽʣʴʢʽʩʪʴ ʰʣʘʤʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥʠ 

ɯʥʪʝʨʚʘʣ ʙʫʨʽʥʥʷ, ʤ ɼʽʘʤʝʪʨ 

ʜʦʣʦʪʘ, ʤʤ 

ʆʙôʻʤ 

ʰʣʘʤʫ, ʤ
3 
ʑʽʣʴʥʽʩʪʴ 

ʧʦʨʦʜʠ ʪ/ʤ
3 
ʄʘʩʘ 

ʰʣʘʤʫ, ʪ ʚʽʜ ʜʦ 

0 200 444,5 49,2 1,86 76,3 

200 2150 311,1 235,1 2,37 464,4 

2150 3360 215,9 70,3 2,46 144,0 

ɺʩʴʦʛʦ:                                                       354,6                                      684,7 

1.ʆʙ'ʻʤ ʰʣʘʤʫ, ʤ
3                                                                                                                                    

354,6 

2. ʆʙ'ʻʤ ʚʠʜʘʣʝʥʦʾ ʧʦʨʦʜʠ ʧʽʩʣʷ ʩʠʩʪʝʤʠ ʦʯʠʱʝʥʥʷ, ʤ
3                                   

301,4 

3. ʆʙ'ʻʤ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʫ ʙʫʨʦʚʦʤʫ ʰʣʘʤʽ, ʤ
3      

53,2 

 

ʊʘʙʣʠʮʷ 2. ï ɻʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʧʨʠʩʫʪʥʽ ʫ ʙʫʨʦʚʦʤʫ ʰʣʘʤʽ 

ˉʧ/ʧ ʂʦʤʧʦʥʝʥʪ ʙʫʨʦʚʦʛʦ 

ʰʣʘʤʫ 
      ʂʽʣʴʢʽʩʪʴ, ʪ       ʂʽʣʴʢʽʩʪʴ, % 

1 2 3 4 

1 ʉʫʛʣʠʥʢʠ 1,36 0,23 

2 ɻʣʠʥʘ 55,25 9,49 

3 ʇʽʩʦʢ 16,15 2,77 

4 ʄʝʨʛʝʣʴ 14,28 2,45 

5 ʂʨʝʡʜʘ 35,36 6,09 

6 ʇʽʱʘʥʠʢ 154,7 26,58 

7 ɺʘʧʥʷʢ 59,76 10,27 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣʠʮʽ 2 

1 2 3 4 

8 ɸʣʝʚʨʦʣʽʪ 93,16 16,01 

9 ɸʨʛʽʣʽʪ 149,94 25,76 

10 ɻʨʘʥʽʪ 2,04 0,35 

      ɺʩʴʦʛʦ                                                    582 

 

ʉʢʣʘʜ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ: ʛʣʠʥʦʧʦʨʦʰʦʢ ʇɹʄ (ʪʦʢʩʠʯʥʽʩʪʴ 4 ʢʣʘʩʫ); ɺʃʈ 

(ʚʫʛʣʠʮʝʚʦʣʫʞʥʠʡ ʨʝʘʛʝʥʪ) (4 ʢʣʘʩ); ʢʘʣʴʮʠʥʦʚʘʥʘ ʩʦʜʘ (Na2CO3) (3 ʢʣʘʩ); 

ɻʨʘʬʽʪ (4 ʢʣʘʩ); AbramiX ï ʽʥʛʽʙʽʪʦʨ ʛʣʠʥʦʚʤʽʩʥʠʭ ʧʦʨʽʜ (3 ʢʣʘʩ); ʇʦʣʽʘʥʽʦʥʥʘ 

ʮʝʣʶʣʦʟʘ (4 ʢʣʘʩ); ʈʇʉ ï ʨʦʟʨʽʜʞʫʚʘʯ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ (4 ʢʣʘʩ); ʂʘʣʽʡ 

ʭʣʦʨʠʩʪʠʡ (3 ʢʣʘʩ); Detergent ï ʤʘʩʣʷʥʠʩʪʘ ʙʝʟʙʘʨʚʥʘ ʘʙʦ ʩʦʣʦʤʷʥʦ-ʞʦʚʪʘ 

ʨʽʜʠʥʘ (4 ʢʣʘʩ); ɺʘʧʥʦ (ʉʘ(ʆʅ)2) (2 ʢʣʘʩ); ʉʫʧʝʨ-ʣʶʙ (4 ʢʣʘʩ); ɼʄ-ɼʉ ï 

ʜʦʙʘʚʢʘ ʤʘʩʪʠʣʴʥʘ ʜʦ ʧʨʦʤʠʚʘʣʴʥʠʭ ʨʽʜʠʥ ʧʨʠ ʙʫʨʽʥʥʽ ʥʘʬʪʦʚʠʭ ʪʘ ʛʘʟʦʚʠʭ 

ʩʚʝʨʜʣʦʚʠʥ (4 ʢʣʘʩ); ʇɸɸ - ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʧʦʣʽʘʢʨʠʣʘʤʽʜ (2 ʢʣʘʩ); ʇʽʥʦʛʘʩʥʠʢ 

ʪʠʧʫ ʇʽʛʘʩ - (4 ʢʣʘʩ); ʅʘʪʨʽʡ ʭʣʦʨʠʩʪʠʡ (NaCl) (3 ʢʣʘʩ); ʂʄʎ (3 ʢʣʘʩ); ɹʽʦʢʘʨ-

ʂʦʥʮʝʥʪʨʘʪ (4 ʢʣʘʩ); ʆʨʛʘʥʽʯʥʠʡ ʙʣʦʢʘʪʦʨ (4 ʢʣʘʩʫ); ʂʘʨʙʦʥʘʪʥʠʡ ʙʣʦʢʘʪʦʨ  

ʢʘʨʙʦʥʘʪ  ʢʘʣʴʮʽʶ (4 ʢʣʘʩ);  ɸʥʪʠʬʝʨʤʝʥʪʘʪʦʨ (3 ʢʣʘʩ).  

ɺʧʣʠʚ ʙʫʨʦʚʦʛʦ ʰʣʘʤʫ ʥʘ ʧʽʜʟʝʤʥʽ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʦʙʫʤʦʚʣʝʥʠʡ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʥʝʥʦʨʤʘʪʠʚʥʠʤ ʦʙʣʘʰʪʫʚʘʥʥʷʤ ʰʣʘʤʦʚʦʛʦ ʘʤʙʘʨʫ, ʧʦʨʫʰʝʥʥʷʤ 

ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʶ ʛʽʜʨʦʽʟʦʣʷʮʽʾ ʘʤʙʘʨʫ, ʚʽʜʩʫʪʥʽʩʪʶ ʦʙʚʘʣʦʚʦʢ, ʚʦʜʦʚʽʜʚʽʜʥʠʭ 

ʢʘʥʘʚ ʽ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʧʨʠ ʢʦʥʪʘʢʪʽ ʙʫʨʦʚʦʛʦ ʰʣʘʤʫ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʙʫʨʦʚʦʾ ʧʦʟʘ ʰʣʘʤʦʚʠʤ ʘʤʙʘʨʦʤ, ʟ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ, 

ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʙʫʨʦʚʦʾ ʚ ʧʝʨʽʦʜ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʥʽʛʦʪʘʥʝʥʥʷ.  

ʇʨʠ ʧʦʨʫʰʝʥʥʽ ʛʽʜʨʦʽʟʦʣʷʮʽʾ ʘʤʙʘʨʫ ʟʥʠʞʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ ʩʥʽʛʦʪʘʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ ʟ ʙʫʨʦʚʦʛʦ ʰʣʘʤʫ ʫ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʟ ʤʽʛʨʘʮʽʻʶ ʮʠʭ ʨʝʯʦʚʠʥ ʫ 

ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ.  ɹʫʨʦʚʽ ʰʣʘʤʠ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʘʶʪʴ ʣʫʞʥʫ 

ʨʝʘʢʮʽʶ, ʱʦ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʣʝʛʢʦʨʦʟʯʠʥʥʠʭ ʛʫʤʽʪʽʚ, ʷʢʽ ʚʠʤʠʚʘʶʪʴʩʷ ʟ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʽʚ, ʟʥʠʞʫʶʯʠ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʛʫʤʫʩʫ.  ɹʫʨʦʚʽ ʰʣʘʤʠ ʻ 

ʥʝʙʝʟʧʝʯʥʠʤ ʜʞʝʨʝʣʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʦʩʠʩʪʝʤʫ, ʘʣʝ ʟ 

ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʜʦʨʦʞʥʴʦ-ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ˇʨʫʥʪʦʚʦʾ 

ʩʫʤʽʰʽ, ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʽʜʩʠʧʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʧʨʦʤʠʩʣʦʚʠʭ ʜʦʨʽʛ ʪʘ ʙʫʨʦʚʠʭ 

ʤʘʡʜʘʥʯʠʢʽʚ [2].  
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ʊɽʇʃʆɺɯ ɽʃɽʂʊʈʆʉʊɸʅʎɯɰ ʊɸ ɰʍ ɺʇʃʀɺ ʅɸ ɼʆɺʂɯʃʃʗ 

 

ʆ.ʉ. ʈʆʄɸʅɽʅʂʆ
1*
, ɺ.ɯ. ɸɺɽʈʏɽʅʂʆ

2
 

 
1*

 ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʦʣʦʛʽʾ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, 

ʋʂʈɸɰʅɸ 
2
 ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʦʣʦʛʽʾ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
 

ʆʜʥʽʻʶ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʧʨʦʙʣʝʤ ʩʴʦʛʦʜʝʥʥʷ ʻ ʧʨʦʙʣʝʤʘ ʚʧʣʠʚʫ 

ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʜʦʚʢʽʣʣʷ, ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ (ʊɽʉ) ʧʦʚ'ʷʟʘʥʘ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɼʣʷ ʨʦʙʦʪʠ ʊɽʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʫʛʽʣʣʷ ʪʘ ʤʘʟʫʪ, ʷʢʽ ʻ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʠʤ 

ʦʨʛʘʥʽʯʥʠʤ ʧʘʣʠʚʦʤ. ʇʨʠ ʩʧʘʣʶʚʘʥʥʽ ʪʘʢʦʛʦ ʧʘʣʠʚʘ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʦʜʫʢʪʠ 

ʟʛʦʨʷʥʥʷ, ʚ ʷʢʠʭ ʤʽʩʪʷʪʴʩʷ: ʯʘʩʪʠʥʢʠ ʧʠʣʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ, ʱʦ ʥʝ ʟʛʦʨʽʣʠ, 

ʛʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ: ʣʝʪʶʯʘ ʟʦʣʘ, ʩʽʨʯʘʥʠʡ ʽ ʩʽʨʯʠʩʪʠʡ 

ʘʥʛʽʜʨʠʜ, ʦʢʩʠʜ ʘʟʦʪʫ.  

ɸʣʝ ʊɽʉ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʥʝ ʣʠʰʝ ʷʢ ʟʘʙʨʫʜʥʶʚʘʯʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʦʢʩʠʜʘʤʠ ʩʽʨʢʠ, ʘʟʦʪʫ ʽ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʘʣʝ ʪʘʢʦʞ ʽ  ʽʥʰʠʤʠ ʜʦʤʽʰʢʘʤʠ, 

ʚ ʯʠʩʣʽ ʷʢʠʭ ʻ ʜʫʞʝ ʪʦʢʩʠʯʥʽ - ʙʝʨʠʣʽʡ, ʤʠʰ'ʷʢ, ʩʝʣʝʥ, ʚʘʥʘʜʽʡ, ʢʘʜʤʽʡ, ʨʪʫʪʴ, 

ʚʘʞʢʽ ʤʝʪʘʣʠ ʽ ʧʨʠʨʦʜʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʟʫʪʫ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ  ʫʪʚʦʨʶʶʪʴʩʷ ʩʧʦʣʫʢʠ ʚʘʥʘʜʽʶ, 

ʯʘʩʪʠʥʢʠ ʩʘʞʽ, ʢʦʢʩ ʽ ʩʦʣʽ ʥʘʪʨʽʶ. [ 1] 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʩʪʽʡʢʦʩʪʽ ʣʽʩʽʚ ʜʦ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ.  

ʉʝʨʝʜ ʥʠʭ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʣʽʩʽʚ, ʪʦʙʪʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʫʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʾʭ 

ʦʩʣʘʙʣʝʥʥʷ ʪʘ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʢʦʨʠʛʫʚʘʥʥʷ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʤʝʪʦʶ 

ʧʦʤôʷʢʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʣʽʩʠ. ʇʦʰʠʨʝʥʽʩʪʴ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʧʦʨʫʰʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʦʙʤʝʞʝʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʧʝʨʝʚʘʞʥʦ ʩʫʪʪʻʚʦ 

ʧʝʨʝʚʠʱʫʻ ʧʨʠʨʦʜʥʠʡ ʨʽʚʝʥʴ ʽ ʪʦʤʫ ʣʽʩʦʚʽ ʝʢʦʩʠʩʪʝʤʠ ʥʝ ʚʩʪʠʛʘʶʪʴ ʩʚʦʻʯʘʩʥʦ 

ʜʦ ʥʠʭ ʧʨʠʩʪʦʩʫʚʘʪʠʩʷ. [2]. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʻ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʊɽʉ ʥʘ ʟʦʥʠ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʦʩʦʙʣʠʚʦʶ ʦʭʦʨʦʥʦʶ ʜʝʨʞʘʚʠ. ʎʝ ʟʦʥʠ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ, ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʪʘ ʢʫʣʴʪʫʨʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ 

ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʚʞʝ ʜʘʚʥʦ ʧʨʠʚʝʨʥʫʣʦ ʫʚʘʛʫ ʥʘʫʢʦʚʮʽʚ, ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʽ 

ʙʘʛʘʪʦ ʢʨʘʾʥ ʧʦʯʘʣʠ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʣʽʩʽʚ ʯʝʨʝʟ ʚʧʣʠʚ ʥʘ ʥʠʭ ʧʦʚʽʪʨʷʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʩʘʤʝ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ.   

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʥʝ ʚʠʩʪʘʯʘʻ ʷʢʽʩʥʦʛʦ ʧʘʣʠʚʘ, ʪʦʤʫ ʪʝʧʣʦʚʽ 

ʩʪʘʥʮʽʾ ʟʤʫʰʝʥʽ ʧʨʦʜʦʚʞʫʚʘʪʠ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʘʣʠʚʽ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ. ʇʨʠ 
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ʟʛʦʨʷʥʥʽ ʪʘʢʦʛʦ ʧʘʣʠʚʘ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʪʨʘʧʣʷʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʙʝʟʧʝʯʥʠʭ 

ʨʝʯʦʚʠʥ, ʪʘʢʦʞ ʥʝʙʝʟʧʝʯʥʽ ʨʝʯʦʚʠʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ˇʨʫʥʪ ʨʘʟʦʤ ʟ ʟʦʣʦʶ. 

ɿʦʣʦʚʽʜʚʘʣʠ ï ʮʝ ʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, ʧʦʚ'ʷʟʘʥʘ ʟ ʚʫʛʽʣʴʥʠʤʠ ʊɽʉ.  

ɿʦʣʦʚʽʜʚʘʣʠ ʟʘʡʤʘʶʪʴ ʟʥʘʯʥʽ ʪʝʨʠʪʦʨʽʾ, ʚʦʥʠ ʻ ʦʩʝʨʝʜʢʘʤʠ ʩʢʫʧʯʝʥʥʷ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ. 

ʇʨʦʛʦʣʦʰʝʥʽ ʚ ʋʢʨʘʾʥʽ ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʠ ʩʧʠʨʘʶʪʴʩʷ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʥʘ ʷʢʽʩʥʝ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ 

ʜʦʚʢʽʣʣʷ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʦʭʦʨʦʥʽ 

ʪʘ ʚʽʜʥʦʚʣʝʥʥʶ.  

ʃʽʩʠ ʻ ʥʘʡʤʝʥʰ ʘʥʪʨʦʧʦʛʝʥʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʝʢʦʩʠʩʪʝʤʘʤʠ ʽ ʪʦʤʫ ʣʠʰʝ 

ʤʦʥʽʪʦʨʠʥʛ ʫ ʟʤʦʟʽ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʽʚʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʩʪʘʥ ʜʦʚʢʽʣʣʷ. [3] ʆʩʦʙʣʠʚʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʶʪʴ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʻ ʝʪʘʣʦʥʘʤʠ ʩʪʘʥʫ 

ʢ̫ʽʩʥʦʛʦ ʜʦʚʢʽʣʣʷ ï ʮʝ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʪʝʨʠʪʦʨʽʾ.  

ʈʦʟʤʽʱʝʥʥʷ ʧʦʙʣʠʟʫ ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʡ ʦʙôʻʢʪʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʟʦʥ 

ʧʽʜʚʠʱʝʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ï ʚʞʝ ʜʘʚʥʦ ʩʪʘʣʠ ʟʘʛʨʦʟʦʶ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʣʽʩʦʚʠʭ 

ʥʘʩʘʜʞʝʥʴ, ʘʣʝ ʡ ʤʘʶʪʴ ʙʽʣʴʰ ʚʽʜʜʘʣʝʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʪʘ ʚʩʽʻʾ 

ʙʽʦʩʬʝʨʠ.   

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʊɽʉ ʥʘ ʜʦʚʢʽʣʣʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʚʘʪʠ ʧʽʜʭʦʜʠ ʜʦ ʨʦʙʦʪʠ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ, 

ʘ ʩʘʤʝ:  

- ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʥʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ ʜʣʷ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ; 

- ʟʘʧʨʦʚʘʜʞʫʚʘʪʠ ʟʘʤʢʥʫʪʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ; 

-  ʫʜʦʩʢʦʥʘʣʠʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʧʦʚʥʫ ʧʝʨʝʨʦʙʢʫ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

(ʟʦʣʠ, ʰʣʘʢʽʚ, ʚʠʢʠʜʽʚ); 

-  ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʘʣʠʚʘ (ʟʙʘʛʘʯʝʥʥʷ ʚʫʛʽʣʣʷ); 

- ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʶ ʚʠʚʝʜʝʥʥʷ ʟʘʩʪʘʨʽʣʠʭ ʝʥʝʨʛʦ-ʙʣʦʢʽʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʧʨʦʚʝʩʪʠ ʨʝʬʦʨʤʫʚʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, 

ʥʝʫʭʠʣʴʥʝ ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʥʦʨʤ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʘ 

ʣʽʩʦʚʽ ʝʢʦʩʠʩʪʝʤʠ. 
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ʫʧʨʘʚʣʽʥʥʷ ɺʂʉ, ʦʩʢʣ̔ʴʢʠ ʚʠʥʠʢʘʶʯʽ çʥʝʧʝʨʝʜʙʘʯʝʥʽè ʧʦʨʫʰʝʥʥʷ ʥʘ ʦʜʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ ʜʫʞʝ ʰʚʠʜʢʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʽʥʰʽ ʪʘ ʚʠʢʣʠʢʘʻ ʥʝʙʘʞʘʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʝʛʣʘʤʝʥʪʥʠʭ ʥʦʨʤ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚ, ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʨʦʜʫʢʮʽʶ, ʷʢʘ ʚʠʧʫʩʢʘʻʪʴʩʷ, ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʪʘ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʆʜʥʽʻʶ ʽʟ ʥʠʭ ʤʦʞʝ ʩʪʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʩʠʯʝʥʥʷ 

ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ. ʎʝʡ ʨʦʟʩʽʣ ʥʘʩʦʩʘʤʠ ʧʦʜʘʻʪʴʩʷ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘʩʠʯʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʨʦʟʩʦʣʫ ʧʘʨʘ-ʛʘʟʦʚʦʶ ʩʫʤʽʰʰʶ ʪʘ ʛʘʟʘʤʠ 

ɺʂʉ. ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʢʦʤʧʨʝʩʦʨʘʤʠ ʧʦʜʘʻʪʴʩʷ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚʦʣʦʛʦʛʦ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʪʘ ʦʙʧʘʣʶʚʘʥʥʷ ʢʦʢʩʦʤ ʢʘʨʙʦʥʘʪʫ 

ʢʘʣʴʮʽʶ. 

ʆʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ 

ʨʦʟʩʦʣʫ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʠʡ 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʧʦʪʽʢ ʩʫʩʧʝʥʟʽʾ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʽʟ ʨʝʛʣʘʤʝʥʪʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʚ ʦʩʚʽʪʣʝʥʽʡ ʯʘʩʪʠʥʽ ʩʫʩʧʝʥʟʽʾ ʟʘ ʚʤʽʩʪʦʤ ʟʘʛʘʣʴʥʦʛʦ ʘʤʽʘʢʫ 92ï97 

ʥ.ʜ., ʭʣʦʨʠʜ-ʽʦʥʽʚ 95 ʥ.ʜ. ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 26ï32 Üʉ. ʎʷ ʩʫʩʧʝʥʟʽʷ ʩʘʤʦʧʣʠʚʦʤ 

ʧʦʩʪʫʧʘʻ ʥʘ ʪʝʭʥʦʣʦʛʽʶ ʚʠʜʽʣʝʥʥʷ ʥʘ ʙʘʨʘʙʘʥʥʠʭ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘʭ ʚʦʣʦʛʦʛʦ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʽ ʡʦʛʦ ʧʨʦʤʠʚʢʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʬʽʣʴʪʨʦʚʦʾ ʨʽʜʠʥʠ. 

ʊʝʭʥʦʣʦʛʽʷ ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʜʣʷ ɺʂʉ ʻ 

ʦʩʥʦʚʥʦʶ, ʪʘʢ ʷʢ ʚʽʜ ʾʾ ʨʦʙʦʪʠ ʟʘʣʝʞʘʪʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚ ʮʽʣʦʤʫ 

ʚʩʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʘʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʫʩʽʭ ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɺʂʉ. ɺʽʜʦʤʦ, ʱʦ 76% ʩʦʜʠ ʚ ʩʚʽʪʽ 

ʚʠʧʫʩʢʘʻʪʴʩʷ ʚʠʨʦʙʥʠʮʪʚʘʤʠ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ ʟʘ ʘʤʽʘʯʥʠʤ ʩʧʦʩʦʙʦʤ. ɸ ʚ 

ʷʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʧʦʪʦʢʫ ʥʘ ʮʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ ʥʘʩʠʯʝʥʥʷ 

ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʧʨʠʡʥʷʪʽ ʚʠʪʨʘʪʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʦʣʦʛʦʛʦ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʪʘ ʦʙʧʘʣʶʚʘʥʥʷ ʢʦʢʩʦʤ 

ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ. ʉʫʤʘʨʥʘ ʚʝʣʠʯʠʥʘ ʮʠʭ ʚʠʪʨʘʪ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ɺʂʉ ʚ ʮʽʣʦʤʫ. 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ ʚ ʷʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʧʦʪʦʢʫ, ʷʢ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ, ʪʘʢ ʽ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ɺʂʉ ʚ ʮʽʣʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʚʠʪʨʘʪʠ  

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʦʣʦʛʦʛʦ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ 

ʥʘʪʨʽʶ ʪʘ ʦʙʧʘʣʶʚʘʥʥʷ ʢʦʢʩʦʤ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ. 

ʊʝʭʥʦʣʦʛʽʷ ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʚʫʛʣʝʢʠʩʣʠʤʠ ʛʘʟʦʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʘʧʘʨʘʪʘʭ: ʢʦʣʦʥʘ ʧʦʧʝʨʝʜʥʴʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ (ʂʃʇʂ), 

ʭʦʣʦʜʠʣʴʥʠʢ ʧʝʨʝʜ ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʨʽʜʠʥʠ (ʍʇʈ), ʧʝʨʰʠʡ ʘʧʘʨʘʪ ʜʣʷ 

ʧʨʦʤʠʚʘʥʥʷ ʛʘʟʫ ʢʦʣʦʥ (ʇɻʂʃ-1), ʨʦʙʦʯʽ ʢʘʨʙʦʥʽʟʘʮʽʡʥʽ ʢʦʣʦʥʠ (ʨʦʙʦʯʽ ʂʃ) ʪʘ 

ʥʘʩʦʩʠ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʜʣʷ ʧʝʨʝʢʘʯʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʜʠʥ. ʎʽ ʘʧʘʨʘʪʠ 

ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʩʝʨʽʷʤʠ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʾ ʩʝʨʽʾ ʜʦʨʽʚʥʶʻ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʩʦʨʙʮʽʡʥʦʾ ʢʦʣʦʥʠ. ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʽ ʩʝʨʽʾ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʧôʷʪʠ ʂʃ, ʇɻʂʃ-1, ʍʇʈ, ʥʘʩʦʩʽʚ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʧʝʨʝʢʘʯʢʠ 

ʨʽʜʠʥʠ ʽʟ ʇɻʂʃ-1 ʚ ʍʇʈ ʽ ʧʦʜʘʯʽ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʥʘ ʪʝʭʥʦʣʦʛʽʶ 

ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʚʫʛʣʝʢʠʩʣʠʤʠ ʛʘʟʦʤ. ɯʟ ʧôʷʪʠ ʂʃ ï ʪʨʠ 

ʧʨʘʮʶʶʪʴ ʧʦ 48 ʛʦʜʠʥ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ, ʦʜʥʘ ï 16 ʛʦʜʠʥ ï ʂʃʇʂ, ʘ ʦʜʥʘ ï ʚ 

ʨʝʟʝʨʚʽ ʘʙʦ ʨʝʤʦʥʪʽ. 

ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʚ ʨʦʙʦʯʠʭ ʂʃ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ 

ʟʘʛʘʣʴʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʪʘ ʟʘʣʝʞʠʪʴ ʨʘʥʽʰ ʟʘ ʚʩʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ. ʇʨʦʮʝʩ ʥʘʩʠʯʝʥʥʷ 

ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʚʫʛʣʝʢʠʩʣʠʤʠ ʛʘʟʦʤ ʻ ʝʢʟʦʪʝʨʤʽʯʥʠʤ (ʚʠʜʽʣʷʻʪʴʩʷ ʤʘʡʞʝ 

1260 ʄɼʞ ʥʘ 1 ʪ ʩʦʜʠ). ʊʝʧʣʦ ʨʝʘʢʮʽʡ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʟʘʢʣʶʯʥʽʡ ʩʪʘʜʽʾ, 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʦʜʠʪʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʩʪʫʧʽʥʴ ʢʘʨʙʦʥʽʟʘʮʽʾ ʨʦʟʯʠʥʫ 

ʪʘ ʫʪʠʣʽʟʘʮʽʶ (ʚʠʢʦʨʠʩʪʘʥʥʷ) ʥʘʪʨʽʶ. ʇʦʢʘʟʥʠʢʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʝʨʝʭʽʜ 

ʥʘʪʨʽʶ ʽʟ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʚ ʘʤʦʥʽʟʦʚʘʥʦʤʫ ʨʦʟʩʦʣʽ (1) ʚ ʚʦʣʦʛʠʡ ʛʽʜʨʦʢʘʨʙʦʥʘʪ 

ʥʘʪʨʽʶ (2), ʩʣʫʛʫʻ ʩʪʫʧʽʥʴ ʫʪʠʣʽʟʘʮʽʾ ʥʘʪʨʽʶ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʥʘʪʨʽʶ ʚ ʜʨʫʛʦʤʫ ʜʦ ʧʝʨʰʦʛʦ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʫʧʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

60ï72 Üʉ ʚ ʟʦʥʽ ʾʭ ʫʪʚʦʨʝʥʥʷ ʪʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʟʨʦʩʪʘʥʥʷ. ʏʘʩʪʠʥʘ ʚʠʩʦʪʠ 

ʨʦʙʦʯʠʭ ʂʃ, ʜʝ ʩʪʫʧʽʥʴ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʨʦʩʪʘʻ ʜʦ 110ï120 % ʪʘ ʨʦʟʧʦʯʠʥʘʶʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʨʠʩʪʘʣʠ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʟʦʥʦʶ çʟʘʚôʷʟʢʠè 

ʢʨʠʩʪʘʣʽʚ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʾʭ ʟʙʽʣʴʰʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ, 

ʪʦʤʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʶ ʫʪʠʣʽʟʘʮʽʾ ʥʘʪʨʽʶ ʩʫʩʧʝʥʟʽʶ ʧʨʠ ʧʦʜʘʣʴʰʽʡ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʪʨʝʙʘ ʦʭʦʣʦʜʞʫʚʘʪʠ ʜʦ 26ï32 Üʉ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʩʠʯʝʥʥʷ ʘʤʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʚʫʛʣʝʢʠʩʣʠʤ 

ʛʘʟʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʢʦʥʪʨʦʣʝʨʽʚ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʽʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʾ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʦʢʨʘʱʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ɺʂʉ ʚ ʮʽʣʦʤʫ. 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʫ ʇʦʣʴʱʽ, ʷʢ ʫ ʦʜʥʽʡ ʽʟ ʢʨʘʾʥ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ, ʱʦ 

ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʧʨʦʭʦʜʷʪʴ ʘʢʪʠʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʰʣʷʭʫ ʩʪʚʦʨʝʥʥʷ 

smart cities, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʧʦʚ
ô
ʷʟʘʥʽ ʟ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʠʤʠ  ʧʠʪʘʥʥʷʤʠ ʦʭʦʨʦʥʠ 

ʜʦʚʢʽʣʣʷ.   

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʇʦʣʴʱʽ ʜʦʤʽʥʫʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʧʦʢʦʣʽʥʥʶ ʢʦʥʮʝʧʮʽʾ çʨʦʟʫʤʥʦʛʦ ʤʽʩʪʘè (smart cities 1.0.). 

ʋ ʡʦʛʦ ʨʘʤʢʘʭ ʜʽʾ ʟʦʩʝʨʝʜʞʝʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʥʘ ʟʤʽʥʽ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʩʪʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʤʫʥʽʢʘʮʽʡ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚʝʣʠʢʠʤʠ 

ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʤʽʩʴʢʽ ʩʣʫʞʙʠ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, 

ʱʦ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʜʘʥʠʭ ʩʠʩʪʝʤ ʥʘʩʫʱʥʽ ʧʦʪʨʝʙʠ ʛʦʨʦʜʷʥ ʚʽʜʩʫʚʘʶʪʴʩʷ ʥʘ 

ʟʘʜʥʽʡ ʧʣʘʥ. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʦʩʪʫʧʦʚʦ ʫ ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ ʢʨʘʾʥʠ ʧʨʦʭʦʜʠʪʴ 

ʝʚʦʣʶʮʽʷ ʢʦʥʮʝʧʮʽʾ "smart cities", ʪʦʙʪʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʢʦʥʮʝʧʮʽʾ 

smart cities 2.0 ʽ ʤʫʥʽʮʠʧʘʣʴʥʘ ʚʣʘʜʘ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʛʦʨʦʜʷʥ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ  

ʨʝʘʣʽʟʘʮʽʷ ʫ ɺʘʨʰʘʚʽ ʧʨʦʛʨʘʤʠ "Open data", ʷʢʘ ʚʽʜʢʨʠʚʘʻ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʧʨʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʩʪʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʇʦʜʽʙʥʽ ʧʨʦʛʨʘʤʠ ʚʠʢʣʠʢʘʶʪʴ 

ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʫ ʧʽʜʧʨʠʻʤʮʽʚ, ʷʢʽ ʭʦʯʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʮʠʬʨʦʚʽ 

ʧʨʦʜʫʢʪʠ. 

ʇʨʦʪʝ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʟʥʘʡʪʠ ʧʦʣʴʩʴʢʠʡ ʧʨʠʢʣʘʜ smart cities 3.0, ʧʨʠ ʷʢʦʤʫ 

ʪʝʭʥʦʣʦʛʽʾ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʩʧʽʣʴʥʦ ʛʦʨʦʜʷʥʘʤʠ ʽ ʤʫʥʽʮʠʧʘʣʽʪʝʪʦʤ. ɸʣʝ 

ʝʣʝʤʝʥʪʠ ʦʩʪʘʥʥʴʦʛʦ ʢʦʥʮʝʧʪʫ ʨʦʟʫʤʥʠʭ ʤʽʩʪ, ʙʝʟ ʩʫʤʥʽʚʽʚ, ʽʩʥʫʶʪʴ. 

ɯʣʶʩʪʨʘʮʽʻʶ ʮʴʦʛʦ ʩʣʫʞʠʪʴ ʚʞʝ ʟʘʧʫʱʝʥʘ ʧʣʘʪʬʦʨʤʘ "Otwarta Warszawa", ʷʢʘ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʜʝʡ ʞʠʪʝʣʽʚ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʽʩʪʘ. ɺʦʥʘ ʧʨʘʮʶʻ ʚ 

ʚʠʛʣʷʜʽ ʜʠʩʢʫʩʽʡʥʠʭ ʬʦʨʫʤʽʚ, ʜʝ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʨʽʟʥʠʭ ʽʜʝʡ ʽ 

ʧʨʦʛʦʣʦʩʫʚʘʪʠ ʟʘ ʾʭ ʨʝʘʣʽʟʘʮʽʶ. 

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ ʢʦʥʪʝʢʩʪʽ smart cities ʤʘʶʪʴ ʜʦʩʢʦʥʘʣʽ ʩʠʩʪʝʤʠ ʦʯʠʩʪʢʠ 

ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʦʱʘʜʣʠʚʝ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʧʠʪʘʥʥʷ 

ʩʫʯʘʩʥʦʾ ʢʦʤʧ
,
ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫ ʛʘʣʫʟʽ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʢʘʥʘʣʽʟʘʮʽʾ ʫ 

ʇʦʣʴʱʽ ʚʢʣʶʯʝʥʽ ʫ ʧʨʦʛʨʘʤʫ  V Smart City ʬʦʨʫʤʫ [1]. 
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ʇʨʠʢʣʘʜʦʤ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ  ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ 

ʢʦʤʫʥʘʣʴʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʨʦʙʦʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʦʯʠʩʪʮʽ 

ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʩʪʦʢʽʚ ʫ ɺʘʨʰʘʚʽ. ɺʦʥʦ ʧʨʦʚʦʜʠʪʴ ʦʯʠʱʝʥʥʷ 500 ʤ
3
/ʜʦʙʫ 

ʟʘʙʨʫʜʥʝʥʠʭ ʩʪʦʢʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʙʽʣʷ 380 ʪ ʰʣʘʤʫ, ʷʢʠʡ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʫ ʙʽʦʛʘʟ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʘ ʽ ʝʥʝʨʛʽʾ ʫ 

ʧʦʪʨʝʙʘʭ ʤʽʩʪʘ.  

ʇʦʯʠʥʘʶʯʠ ʟ 2007 ʨʦʢʫ, ʫ ʇʦʣʴʱʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ 

ʤʝʪʦʜʦʤ ʬʣʦʪʘʮʽʾ, ʽ ʫ ʮʴʦʤʫ ʟʚ
ô
ʷʟʢʫ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚʩʝ ʤʝʥʰʝ ʚʠʥʠʢʘʶʪʴ 

ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʆʜʥʘʢ ʚ ʛʽʨʩʴʢʽʡ ʯʘʩʪʠʥʽ ʢʨʘʾʥʠ ʧʦʚʝʨʭʥʝʚʽ 

ʚʦʜʠ ʧʽʜʜʘʶʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʶ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʷʢʽ ʧʦʩʪʫʧʘʶʪʴ ʫ 

ʥʠʭ ʟ ʰʘʭʪʥʠʭ ʚʦʜ. ɺʯʝʥʠʤʠ ʃʶʙʣʽʥʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʩʤʘʨʪ-ʪʝʭʥʦʣʦʛʽʾ ʚ ʦʯʠʱʝʥʥʽ ʮʠʭ ʚʦʜ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʨʘʜʽʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʩʠʣʽʢʘʪʽʚ ʘʣʶʤʽʥʽʶ ʟ ʩʠʣʴʥʦʶ ʘʜʩʦʨʙʮʽʻʶ 

ʛʘʟʽʚ. ʅʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʰʚʠʜʢʦʾ ʽ ʙʝʟʧʝʯʥʦʾ 

ʦʯʠʩʪʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʟ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ [2]. 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʫ ʢʨʘʾʥʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ  

ʧʨʦʝʢʪʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʤʽʩʪʽ ʐʨʦʜʘ ɺʝʣʢʦʧʦʣʩʢʘ ʚ ʤʽʩʴʢʫ ʩʠʩʪʝʤʫ ʙʫʣʦ 

ʟʘʧʨʦʚʘʜʞʝʥʦ ʝʣʝʤʝʥʪʠ ʩʤʘʨʪ-ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ.       

ʎʝ ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʠʪʠ ʟʥʘʯʥʽ ʢʦʰʪʠ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʧʨʦʪʽʢʘʥʥʷ ʽ ʘʚʘʨʽʡ, ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʘʣʴʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʯʝʨʝʟ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʧʦʜʘʯʽ ʚʦʜʠ ʥʘ ʥʝʩʧʨʘʚʥʽ 

ʜʽʣʷʥʢʠ ʤʝʨʝʞʽ. 

ɾʠʪʝʣʽ ʇʦʣʴʱʽ ʧʦʯʠʥʘʶʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʫ ʩʚʦʾʭ ʙʫʜʠʥʢʘʭ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʝʢʦʥʦʤʠʪʠ ʚʦʜʫ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʙʫʜʠʥʢʫ EcoSmart 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʧʦʜʘʯʫ ʚʦʜʠ ʚ ʦʩʝʣʽ. ʉʪʘʥʜʘʨʪʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʟ ʧʝʨʰʦʛʦ 

ʢʨʘʥʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 13 ʣ / ʭʚ. ɼʘʣʽ ʩʠʩʪʝʤʘ ʟʤʽʥʶʻ ʪʠʩʢ ʚʦʜʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʜʞʝʨʝʣʘ. ɼʣʷ ʤʠʪʪʷ ʧʦʩʫʜʫ ʥʘ ʢʫʭʥʽ ʜʦʩʪʘʪʥʽʤ ʻ ʪʠʩʢ ʚ 5 

ʣ / ʭʚ, ʜʣʷ ʧʨʠʡʦʤʫ ʜʫʰʫ ï 9 ʣ / ʭʚ. ʅʘ ʢʨʘʥʠ ʩʪʘʚʣʷʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʘʝʨʘʪʦʨʠ, 

ʷʢʽ ʨʦʟʩʽʶʶʪʴ ʧʦʪʽʢ ʚʦʜʠ ʽ ʩʪʚʦʨʶʶʪʴ ʚʽʜʯʫʪʪʷ ʙʽʣʴʰ ʱʽʣʴʥʦʛʦ ʧʦʪʦʢʫ. ʂʨʽʤ 

ʪʦʛʦ, ʩʠʩʪʝʤʘ ʚʠʷʚʣʷʻ ʧʨʦʪʽʢʘʥʥʷ ʚ ʙʫʜʠʥʢʫ, ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʢʨʠʚʘʶʯʠ ʧʦʜʘʯʫ 

ʚʦʜʠ, ʽ ʽʥʬʦʨʤʫʻ ʧʨʦ ʮʝ ʚʣʘʩʥʠʢʘ. ʇʝʨʝʜʙʘʯʝʥʘ ʪʘʢʦʞ ʦʧʮʽʷ, ʷʢʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʨʦʛʥʦʟʫ ʧʦʛʦʜʠ, ʨʝʛʫʣʶʻ ʧʦʣʠʚ ʧʨʠʩʘʜʠʙʥʠʭ ʪʝʨʠʪʦʨʽʡ [3] 

ʊʘʢʠʤ ʯʠʥʦʤ, ʇʦʣʴʱʘ ʻ ʢʨʘʾʥʦʶ, ʚ ʷʢʽʡ ʘʢʪʠʚʥʦ ʟʘʧʨʦʚʘʜʞʫʶʪʴʩʷ ʽʜʝʾ ʪʘ 

ʥʦʚʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʝʣʝʤʝʥʪʘʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ smart cities.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. V Smart City Forum. 8 marca 2017 r. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://smartcityforum.pl/rejestracja/#page-title , ʚʽʣʴʥʠʡ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 11.02.2017).  

2. Nauka w Polsce [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://portalkomunalny.pl/w-polsce-powstal-pionierski-system-oczyszczania-wod-

kopalnianych-z-radioaktywnych-pierwiastkow-354291, ʚʽʣʴʥʠʡ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 9.02.2017).   

3. Oszczňdzanie wody w kuchni u ğazience [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] . ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://muratordom.pl/lazienka/baterie/oszczedzanie-wody-w-kuchni-i-azience,49_121.html, 

ʚʽʣʴʥʠʡ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 10.02.2017).   
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʊɽʉʊ-ʉʀʉʊɽʄ ɼʃʗ ɸʅɸʃʀɿɸ 

ʂɸʏɽʉʊɺɸ ɺʆɼʓ 

 

ɺ.ʖ. ʉʊɸɼʅʀʂ 
1
, ʊ.ʉ. ʊʀʍʆʄʀʈʆɺɸ

2 

 
1
ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʍʊʇʕ,  ʅʊʋ  çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

2
  ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʍʊʇʕ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ʅʊʋ  çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

*
email: veronika_stadnik@mail.ru  

 

ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ, ʙʝʟ ʥʝʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɼʣʷ ʯʝʣʦʚʝʢʘ, ʢʘʢ 

ʠ ʜʣʷ ʚʩʝʭ ʞʠʚʳʭ ʦʛʨʘʥʠʟʤʦʚ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʚʦʜʳ ʠ ʝʝ 

ʢʦʣʠʯʝʩʪʚʦ, ʥʦ ʠ ʢʘʯʝʩʪʚʦ. ʀʤʝʥʥʦ ʢʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʪ.ʢ. ʩʦʜʝʨʞʠʱʠʝʩʷ ʚ ʚʦʜʝ ʧʨʠʤʝʩʠ ʤʦʛʫʪ ʚʳʟʚʘʪʴ 

ʨʷʜ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʥʘʨʫʰʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʥʘ ʦʛʨʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʱʠʭʩʷ ʚ ʚʦʜʝ ʧʨʠʤʝʩʝʡ 

ʅʘʟʚʘʥʠʝ ʊʨʝʙʦʚʘʥʠʷ 

ɼʉʘʥʇʠʅ 

2.2.4-171-10 

ʤʛ/ʣ 

ɺʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 

ʉʚʠʥʝʮ 0,03 ʋ ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʚʳʢʠʜʳʰʝʡ, 

ʨʦʞʜʝʥʠʝ ʜʝʪʝʡ ʩ ʜʝʬʝʢʪʘʤʠ ʨʘʟʚʠʪʠʷ; ʫ ʜʝʪʝʡ 

ʚʳʟʳʚʘʝʪ ʨʘʟʚʠʪʠʝ ʧʦʨʦʢʘ ʩʝʨʜʮʘ; ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ  ʙʝʩʧʣʦʜʠʷ ʫ ʞʝʥʱʠʥ 

ɾʝʣʝʟʦ 0,3 ɺʳʟʳʚʘʝʪ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ; 

ʨʘʟʚʠʚʘʝʪ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ 

ʉʫʣʴʬʘʪʳ 500 ʇʨʠʚʦʜʷʢ ʢ ʩʥʠʞʝʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ ʞʝʣʫʜʦʯʥʦʛʦ 

ʩʦʢʘ, ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ 

ʅʠʪʨʘʪʳ  45 ɺʳʟʳʚʘʶʪ ʢʠʩʣʦʨʦʜʥʦʝ ʛʦʣʦʜʘʥʠʝ ʪʢʘʥʝʡ 

ʍʣʦʨ 0,8-1,2 ɺʳʟʳʚʘʶʪ ʟʘʙʦʣʝʚʘʥʠʷ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ 

 

ʇʦʤʠʤʦ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʩʦʜʝʨʞʘʪʩʷ ʧʝʩʪʠʮʠʜʳ, 

ʭʣʦʨʦʬʦʨʤ (ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ), ʘ ʪʘʢ ʞʝ ʇɸɺ ï 

ʷʚʣʷʶʪʩʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʧʘʩʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺʚʠʜʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʧʘʩʥʦʩʪʝʡ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʦʜʭʜʠʪʴ ʢ 

ʚʦʧʨʦʩʫ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʦʛʨʦʤʥʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʤʝʶʪ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʬʠʟʠʯʝʩʢʠʝ  (ʟʥʘʯʝʥʠʝ ʨʅ, ʞʸʩʪʢʦʩʪʴ ʚʦʜʳ), ʭʠʤʠʯʝʩʢʠʝ 

mailto:veronika_stadnik@mail.ru
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(ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʞʝʣʝʟʘ, ʭʣʦʨʘ, ʥʠʪʨʘʪʦʚ, ʬʦʩʳʘʪʦʚ, ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, 

ʧʝʨʤʘʥʛʘʥʘʪʥʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ) ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʳ 

(ʇɼʂ). ʆʩʥʦʚʥʳʤʠ  ʤʝʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʷʚʣʷʶʪʩʷ: ʪʠʪʨʠʤʝʪʨʠʷ, 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʪʫʨʙʠʜʠʤʝʪʨʠʷ, ʥʝʬʝʣʦʤʝʪʨʠʷ, 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʷ, ʬʣʶʦʨʦʤʝʪʨʠʷ, ʬʦʪʦʤʝʪʨʠʷ, ʪʘʢ ʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʪʝʩʪ-ʥʘʙʦʨʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ.  

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʢʨʦʤʝ ʪʝʩʪ-ʥʘʙʦʨʦʚ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ 

ʪʘʢʠʭ ʢʘʢ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʥʠ ʦʛʨʘʥʠʯʝʥʳ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʤʝʶʪ ʩʣʦʞʥʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʪʝʩʪ-ʥʘʙʦʨʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚ ʛ. 

ʂʨʘʤʘʪʦʨʩʢʝ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʢ: ʩʚʠʥʝʮ, ʞʝʣʝʟʦ, ʭʣʦʨ, ʥʠʪʨʘʪʳ ʠ 

ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ.  ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʨʝʩʩ ʪʝʩʪ ʥʘʙʦʨʳ 

ʜʣʷ ʘʥʘʣʠʟʘ ʚʦʜʳ çʂʦʣʦʜʝʮè, Oase ʠ FXT-Q. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜ r

ʇʦʢʘʟʘʪʝʣʴ ʊʝʩʪ-ʥʘʙʦʨ 

Oase 

ʊʝʩʪ-ʥʘʙʦʨ 

FXT-Q 

ʊʝʩʪ-ʥʘʙʦʨ 

çʂʦʣʦʜʝʮè 

ʈʝʟʫʣʴʪʘʪʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʉʚʠʥʝʮ 0,1 0,1 0,1 0,1 

ɾʝʣʝʟʦ 0,03 0,02 0,02 0,02 

ʍʣʦʨ 0,97 1 0,98 0,98 

ʅʠʪʨʘʪʳ 2,6 2,4 2,7 2,6 

ɾʝʩʪʢʦʩʪʴ 

ʚʦʜʳ 

5,7 5,7 5,7 5,7 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʷʚʣʷʝʪʩʷ 

ʪʝʩʪ-ʥʘʙʦʨ çʂʦʣʦʜʝʮè, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʩʦʚʧʘʜʘʶʪ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢ ʞʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʠ ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʨʝʙʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʧʠʪʴʝʚʘʷ ʚʦʜʘ ï ʦʩʥʦʚʘ ʟʜʦʨʦʚʴʷ ʠ ʜʦʣʛʦʣʝʪʠʷ, ʧʦʵʪʦʤʫ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʘʥʠʪʘʨʥʳʤʠ 

ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ 

ʤʝʪʦʜʦʤ ʜʣʷ ʵʢʩʧʨʝʩʩ ʦʮʝʥʢʠ ʢʘʯʝʪʚʘ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʩʪ-

ʥʘʙʦʨʦʚ, ʥʘʠʣʫʯʰʠʤ ʠʟ ʢʦʪʦʨʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʦʢʘʟʘʣʩʷ çʂʦʣʦʜʝʮè. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʩʩʣʝʜʫʝʤʳʤʠ ʪʝʩʪ-ʥʘʙʦʨʘʤʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ ʚ ʛ.ʂʨʘʤʘʪʦʨʩʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʘʥʠʪʘʨʥʳʤ ʥʦʨʤʘʤ. 
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ʌʈɸʂʊɸʃʔʅʆ-ʉʀʅɽʈɻɽʊʀʏʅʀʁ ɸʅɸʃɯɿ ʉʊʈʋʂʊʋʈʀ 

ɻɽʊɽʈʆɻɽʅʅʀʍ ʉʀʉʊɽʄ ʅɸ ʆʉʅʆɺɯ ʌʋʈɸʅʆ-ɽʇʆʂʉʀɼʅʀʍ 

ʇʆʃɯʄɽʈɯɺ 

 

ɸ. ɯ. ʊʖʇʆɺɸ
1*
,  ʆ. ʄ. ʈɸʉʉʆʍɸ

2
, ɻ. ʄ. ʏɽʈʂɸʐʀʅɸ

3
  

 
1
ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
2
ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
3
ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
*
ʝmail: rassan2000@ukr.net 

 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʬʫʨʘʥʦï

ʝʧʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʘʶʪʴ ʯʽʪʢʫ ʛʝʪʝʨʦʛʝʥʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘ ʤʘʢʨʦʨʽʚʥʽ 

ʚʠʥʠʢʘʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʧʨʦʚʝʩʪʠ ʨʝʪʝʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʘ ʪʘ ʾʾ 

ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʥʠʡ, ʤʝʭʘʥʽʯʥʠʡ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʬʘʢʪʦʨʠ). 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠ ʘʥʘʣʽʟʽ ʩʪʨʫʢʪʫʨʠ ʬʫʨʘʥʦïʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʫʣʴʪʽʬʨʘʢʪʨʘʣʴʥʠʡ ʧʽʜʭʽʜ ʥʘ ʧʽʜʩʪʘʚʽ ʤʝʪʦʜʘ 

çʟʦʣʦʪʦʛʦ ʧʝʨʝʪʠʥʫè. 

ɺ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ ʚʠʙʨʘʥʽ ʬʫʨʘʥʦïʝʧʦʢʩʠʜʥʽ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽ  ʤʘʪʝʨʽʘʣʠ, ʱʦ ʻ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʩʫʤʽʱʝʥʥʷ 

ʬʫʨʬʫʨʦʣʘʮʝʪʦʥʦʚʦʛʦ ʤʦʥʦʤʝʨʫ ʤʘʨʢʠ ʌɸʄ, ʝʧʦʢʩʽʜʽʘʥʦʚʦʛʦ ʦʣʽʛʦʤʝʨʫ ɽɼ-20 

ʫ ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1.  

ʅʘʧʦʚʥʶʚʘʯʘʤʠ ʩʣʫʛʫʚʘʣʠ ʥʫʣʴʜʠʩʧʝʨʩʥʽ ʤʘʪʝʨʽʘʣʠ (ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ) 

ʨʽʟʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ.  

ʊʫʞʘʚʣʶʚʘʯʘʤʠ ʙʫʣʠ ʚʠʙʨʘʥʽ ʘʤʽʥʦï ʪʘ ʘʤʽʥʦʬʝʥʦʣʴʥʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, 

ʷʢʽ ʙʫʣʠ ʜʦʜʘʥʽ ʫ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ. 

ʈʝʞʠʤ ʬʦʨʤʫʚʘʥʥʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʯʘʩ ʪʦʱʦ) ʢʦʤʧʦʟʠʪʽʚ ʙʫʚ ʩʪʘʥʜʘʨʪʥʠʤ 

ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ. 

ɺ ʨʦʙʦʪʽ ʚ ʨʘʤʢʘʭ ʬʨʘʢʪʘʣʴʥʦ-ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʬʫʨʘʥʦïʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʧʨʦʚʝʜʝʥʠʡ 

ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦïʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʦʙʨʦʙʢʘ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ  ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ 

ʪʦʱʦ)  ʥʘ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʘʩʧʝʢʪʠ ʪʘ ʩʪʫʧʽʥʴ ʘʜʘʧʪʠʚʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʨʦʮʝʩʽ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʘʥʘʣʽʟʫʚʘʣʠʩʷ. 

ʇʨʦʚʝʜʝʥʠʡ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʩʪʘʙʽʣʴʥʠʡ ʪʘ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʧʨʦʜʦʚʞ ʤʘʡʞʝ ʚʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽʩʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 
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ʇʀʅʏïʀʅʊɽɻʈʈɸʎʀʗ ʇʈʆʎɽʉʉɸ ʇɽʈɽʈɸɹʆʊʂʀ ʅɽʌʊʀ ʅɸ 

ɸʊʓʈɸʋʉʂʆʄ  ʅʇɿ 
 

ʈ.ɺ. ʏɽʈʂɸʉʆɺ
1*

,  ʃ.ʄ. ʋʃʔɽɺ
2 

 
1
 ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʀʊʇɸ,  ʅʊʋ  çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

2
  ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʀʊʇɸ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ,  ʅʊʋ çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

*
email: rcherkasov2@gmail.com 

 

 ʈʦʩʪ ʮʝʥ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ  ʚʳʥʫʞʜʘʝʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ  

ʠʩʢʘʪʴ ʩʧʦʩʦʙʳ ʵʢʦʥʦʤʠʠ  ʵʥʝʨʛʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ. ʆʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ 

ʤʝʪʦʜʦʚ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʧʠʥʯ ï ʘʥʘʣʠʟ. 

ʇʨʦʚʝʜʝʥʠʝ ʧʠʥʯ ï ʘʥʘʣʠʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʢʠ ʧʠʥʯʘ, 

ʧʦʩʪʨʦʝʥʠʝ ʩʦʩʪʘʚʥʳʭ ʢʨʠʚʳʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʳʭ ʫʪʠʣʠʪ. ʊʝʤ ʩʘʤʳʤ ʩʚʦʜʷ ʢ ʤʠʥʠʤʫʤʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʧʨʝʜʣʦʞʝʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʨʦʝʢʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʪʝʧʣʦʦʙʤʝʥʘ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʝʢʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ 

ʥʘ ʫʩʪʘʥʦʚʢʝ ʪʠʧʘ ɸɺʊ ʥʘ ɸʪʳʨʘʫʩʢʦʤ ʅʇɿ ʚ ʨʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. 

ɺ ʨʘʙʦʪʝ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʧʨʝʜʝʣʝʥʳ ʠʟʣʠʰʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ 

ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʭʝʤʝ, ʧʨʦʚʝʜʝʥ ʧʠʥʯ ï ʘʥʘʣʠʟ, ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʘʚʥʳʭ ʢʨʠʚʳʭ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʠʤʝʥʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʷʯʠʭ ʠ ʭʦʣʦʜʥʳʭ ʫʪʠʣʠʪ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪ ʧʨʦʮʝʩʩ, ʧʨʝʜʣʦʞʝʥ 

ʧʨʦʝʢʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʟʘʤʝʥʳ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʭʝʤʳ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ, ʥʘ ʥʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʈʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʘ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ, ʧʨʠʨʦʩʪ 

ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʨʝʭʩʪʦʨʦʥʥʝʤʫ ʜʦʛʦʚʦʨʫ  ʤʝʞʜʫ ʅʊʋ "ʍʇʀ", 

ʍʘʨʴʢʦʚ, ʊʆʆ "ɸʪʳʨʘʫʩʢʠʡ ʅʇɿ", ɸʪʳʨʘʫ, ʊʆʆ "ʅʀʀ ʂʘʟʘʭʩʪʘʥ 

ʀʥʞʠʥʠʨʠʥʛ", ɸʩʪʘʥʘ, ˉ785-16 ʦʪ 04.08.2016. 
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ʇʈʆɼʋʂʊɯɺ ɺ ʈɽɾʀʄɯ ʈɽɸʃʔʅʆɻʆ ʏɸʉʋ 

 

ɺ.ɺ. ʏʀɾʆɺ
1
*, ɼ.ʀ. ʅɽʏʀʇʆʈɽʅʂʆ
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ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʍʊʇɽ, ʅʊʋ çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 
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 ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʍʊʇɽ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 
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ɺ ʩʫʯʘʩʥʠʭ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘʣʝ ʽ ʜʦʩʽ ʤʘʣʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʪʨʴʦʭ ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ ʚ ʦʜʥʦʤʫ ʧʨʦʩʪʦʤʫ ʧʨʠʩʪʨʦʾ 

ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʩʠʨʦʚʠʥʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦ ʯʘʩʫ ʽ ʟʥʘʭʦʜʞʝʥʥʶ 

ʩʢʣʘʜʥʦʱʽʚ ʽ ʧʨʦʙʣʝʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. 

ɹʫʣʦ ʟ'ʷʩʦʚʘʥʦ, ʱʦ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʙʫʣʦ ʚʤʦʥʪʫʚʘʥʥʷ ʪʨʴʦʭ ʥʦʚʠʭ ʜʘʪʯʠʢʽʚ ʚ 

ʙʘʛʘʪʦʩʝʥʩʦʨʥʠʡ ʧʨʠʩʪʨʽʡ Multi Sensor Device (MSD) ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʧʨʠʥʮʠʧʽ 

ʛʥʫʯʢʦʾ ʤʦʜʫʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʜʦʟʚʦʣʷʶʯʠ ʜʦʜʘʪʢʦʚʽ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜ ʽʥʰʠʭ 

ʜʘʪʯʠʢʽʚ, ʷʢʽ ʚʞʝ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʣʽʥʽʾ. ʎʽ ʧʨʠʩʪʨʦʾ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʽ ʧʦʪʽʤ ʧʨʦʪʝʩʪʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʪʨʴʦʭ ʪʝʤʘʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ: ʚʠʨʦʙʥʠʮʪʚʦ ʭʣʽʙʘ, ʚʠʨʦʙʥʠʮʪʚʦ ʯʽʧʩʽʚ ʽ ʚʠʨʦʙʥʠʮʪʚʦ ʧʠʚʘ. 

ʇʝʨʰʠʡ ʜʘʪʯʠʢ ï ʚʠʤʽʨ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʩʢʣʘʜʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʙʨʦʜʽʥʥʷ ʪʽʩʪʘ. ɼʨʫʛʠʡ ʜʘʪʯʠʢ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʯʘʩʪʢʦʚʫ ʚʽʟʫʘʣʽʟʘʮʽʶ (ʦʙʨʦʙʢʘ ʢʘʨʪʠʥʢʠ) ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʩʧʝʢʪʨ. ʊʨʝʪʽʡ ʜʘʪʯʠʢ ï ʦʧʪʠʢʦʘʢʫʩʪʠʯʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʟʜʘʪʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ CO2, 

ʝʪʘʥʦʣʦʤ, ʘ ʪʘʢʦʞ ʚʦʣʦʛʽʩʪʶ ʧʽʜ ʯʘʩ ʚʠʧʽʢʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ, ʟʽʙʨʘʥʽ MSD, ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ, ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʽ ʩʪʘʣʠ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ʂʃɽʁʆɺʀʁ ʉʂʃɸɼ ɼʃʗ ʃʀʇʂʀʍ ʉʊʈɯʏʆʂ 

 

ɸ.ʉ. ʏʆʇ
1*

, ɻ.ʄ. ʏɽʈʂɸʐʀʅɸ
2
, ɸ.ʅ. ʈɸʉʉʆʍɸ

3
  

 
1
ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

2ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
3 
ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 
*
ʝmail:  annikcherkashina@gmail.com 

 

ɹʽʣʴʰʽʩʪʴ ʣʠʧʢʠʭ ʩʪʨʽʯʦʢ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʤʘʪʝʨʽʘʣ, 

ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʧʽʜʣʦʞʢʘ ʟ ʥʘʥʝʩʝʥʠʤ ʥʘ ʥʝʾ ʢʣʝʡʦʚʠʤ ʰʘʨʦʤ, ʷʢʠʡ 

ʟʙʝʨʽʛʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʧʨʠʢʣʝʶʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ 

ʷʢʦʩʪʽ ʧʽʜʣʦʞʢʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʦʥʢʽ ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, 

ʪʘʢʽ ʷʢ: ʧʘʧʽʨ ʨʽʟʥʦʾ ʱʽʣʴʥʦʩʪʽ; ʪʢʘʥʠʥʠ ʟ ʚʽʩʢʦʟʥʠʭ, ʧʦʣʽʘʤʽʜʥʠʭ, ʙʘʚʦʚʥʷʥʠʭ 

ʘʙʦ ʩʢʣʷʥʠʭ ʚʦʣʦʢʦʥ; ʧʦʣʽʤʝʨʥʽ ʧʣʽʚʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʣʘʩʪʠʬʽʢʦʚʘʥʦʛʦ 

ʽ ʥʝʧʣʘʩʪʠʬʽʢʦʚʘʥʦʛʦ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ, ʧʦʣʽʝʬʽʨʽʚ, ʧʦʣʽʦʣʝʬʽʥʽʚ, ʧʦʣʽʘʤʽʜʽʚ, 

ʢʦʧʦʣʽʤʝʨʽʚ ʝʪʠʣʝʥʫ ʟ ʧʦʣʽʧʨʦʧʽʣʝʥʦʤ ʪʘ ʽʥ. ʂʣʝʡʦʚʽ ʩʢʣʘʜʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʣʠʧʢʦʛʦ ʰʘʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʯʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʥʪʝʪʠʯʥʠʭ ʽ ʥʘʪʫʨʘʣʴʥʠʭ 

ʢʘʫʯʫʢʽʚ; ʨʦʟʯʠʥʥʽ ʢʦʤʧʦʟʠʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʢʨʠʣʦʚʠʭ ʧʦʣʽʤʝʨʽʚ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ, ʧʦʣʽʦʣʝʬʽʥʽʚ ʽ ʪʝʨʤʦʝʣʘʩʪʦʧʣʘʩʪʽʚ, ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʧʦʣʽʤʝʨʽʚ, ʘ ʪʘʢʦʞ ʘʢʨʠʣʦʚʽ ʚʦʜʥʽ ʜʠʩʧʝʨʩʽʾ. ɸʢʨʠʣʦʚʘ ʚʦʜʥʘ ʜʽʩʧʝʨʩʽʷ- ʮʝ 

ʛʝʪʝʨʦʛʝʥʥʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʯʘʩʪʠʥʢʠ ʘʢʨʠʣʦʚʠʭ ʧʦʣʽʤʝʨʽʚ ʜʠʩʧʝʨʛʦʚʘʥʽ ʫ ʚʦʜʽ ʽ 

ʩʪʘʙʽʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʟʘʛʫʩʥʠʢʽʚ ʽ 

ʽʥʰʠʭ ʜʦʙʘʚʦʢ. 

ʂʣʝʶʯʘ ʟʜʘʪʥʦʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʨʠʨʦʜʦʶ ʧʦʣʽʤʝʨʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʽ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʩʢʣʘʜʦʤ, ʘʣʝ ʽ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʪʦʚʱʠʥʦʶ 

ʥʘʥʝʩʝʥʥʷ, ʫʤʦʚʘʤʠ ʧʝʨʝʨʦʙʢʠ, ʚʠʜʦʤ ʧʽʜʣʦʞʢʠ, ʾʾ ʪʦʚʱʠʥʦʶ, ʞʦʨʩʪʢʽʩʪʶ ʽ ʽʥ. 

ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʢʣʝʡʦʚʽ ʩʢʣʘʜʠ ʥʘ ʦʩʥʦʚʽ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʚʦʜʥʦʾ ʧʦʣʽʤʝʨʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ɸʂʈʆʅɸʃ 290 D (ʚʦʜʥʘ ʜʠʩʧʝʨʩʽʷ ʩʪʠʨʦʣ-ʘʢʨʠʣʘʪʥʦʛʦ ʢʦʧʦʣʠʤʝʨʫ) ʽ 

ʘʢʨʠʣʦʚʦʾ ʝʤʫʣʴʩʽʾ ʈʫʟʽʥ-12 (ʚʦʜʥʘ ʜʠʩʧʝʨʩʽʷ ʢʦʧʦʣʽʤʝʨʽʚ ʝʬʽʨʽʚ ʘʢʨʠʣʦʚʦʾ ʽ 

ʤʝʪʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪ). ɼʦ ʩʢʣʘʜʫ ʨʦʟʨʦʙʣʝʥʠʭ ʢʣʝʡʦʚʠʭ ʩʢʣʘʜʽʚ ʚʚʦʜʠʣʠ 

ʥʘʧʦʚʥʶʚʘʯʽ ʽ ʧʽʛʤʝʥʪʠ (ʢʨʝʡʜʘ, ʪʘʣʴʢ, ʢʘʦʣʽʥ, ʜʚʦʦʢʠʩ ʪʠʪʘʥʫ), ʟʘʛʫʩʥʠʢʠ ʥʘ 

ʦʩʥʦʚʽ ʘʢʨʠʣʘʪʽʚ, ʝʬʽʨʽʚ ʮʝʣʶʣʦʟʠ ʪʘ ʧʦʣʽʚʽʥʽʣʦʚʦʛʦ ʩʧʠʨʪʫ, ʧʣʘʚʩʪʠʬʽʢʘʪʦʨʠ-

ʬʪʘʣʘʪʠ ʽ ʘʣʢʽʣʬʝʥʽʣʦʚʠʡ ʝʬʽʨ ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ. ɼʠʩʧʝʨʩʽʾ ʤʘʶʪʴ ʭʦʨʦʰʫ 

ʩʫʤʽʩʥʽʩʪʴ ʟ ʤʝʣʘʤʽʥʦ- ʽ ʢʘʨʙʦʤʽʜʚʤʽʩʥʠʤʠ ʦʣʠʛʦʤʝʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ ʜʠʩʧʝʨʩʽʾ, 

ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʟʤʽʰʫʚʘʣʠ ʟ ʥʝʽʦʥʦʛʝʥʥʠʤʠ ʽ ʘʥʽʦʥʥʠʤʠ ʧʦʣʽʚʽʥʽʣʝʬʽʨʥʠʤʠ 

ʜʠʩʧʝʨʩʠʷʤʠ. ɺʠʟʥʘʯʘʣʠ ʣʠʧʢʽʩʪʴ ʩʢʣʘʜʽʚ, ʦʧʽʨ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ ʣʠʧʢʦʛʦ ʰʘʨʫ 

ʚʽʜ ʧʽʜʣʦʞʢʠ ʽ ʪʦʚʱʠʥʫ ʢʣʝʡʦʚʦʛʦ ʰʘʨʫ.  
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ʇʆʃʀɼʀʉʇɽʈʉʅʆɻʆ ʐʃɸʄɸ 

 

ɸ.ɸ. ʐʂʆʇ1, ɸ.ɺ. ʐɽʉʊʆʇɸʃʆɺ2*  

 

1
 ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ (ʍʊʇʕ),  ʅʊʋ 

"ʍʇʀ", ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 
2
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʍʊʇʕ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ "ʍʇʀ", ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

*
email: pheonix_alex@mail.ru 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʣʦʢʫʣʷʮʠʠ ʰʣʘʤʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʳ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʩʪʨʦʝʥʠʝ ʠ 

ʩʪʨʫʢʪʫʨʫ ʬʣʦʢʫʣ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʰʣʘʤʦʚ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʠʟʤʝʥʝʥʠʷ 

ʬʣʦʢʫʣ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʤʝʭʘʥʠʟʤ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʣʦʢʫʣʷʮʠʠ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʰʣʘʤʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʤʦʜʝʣʥɹʳʭ ʰʣʘʤʘʭ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʰʣʘʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʪʚʝʨʜʦʡ ʬʘʟʳ 30 ʛ/ʜʤ
3
 ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ 

ʨʘʟʤʝʨʦʤ 40ï100 ʤʢʤ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 0 ʜʦ 30 %. ɿʘʪʝʤ ʚ ʤʝʨʥʳʡ ʮʠʣʠʥʜʨ ʩʦ 

ʰʣʘʤʦʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʦʪ 0 ʜʦ 30% ʩʦʜʝʨʞʘʥʠʷ 

ʬʨʘʢʮʠʠ 40 ï 100 ʤʢʤ) ʜʦʙʘʚʣʷʣʠ ʥʝʠʦʥʦʛʝʥʥʳʡ ʬʣʦʢʫʣʷʥʪ ʚ ʢʦʣʠʯʝʩʪʚʝ 40 ʛ/ʪ. 

ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʧʨʦʢʠʜʳʚʘʥʠʝʤ ʮʠʣʠʥʜʨʘ ʚʚʦʜʠʣʠ ʘʥʠʦʥʦʛʝʥʥʳʡ 

ʬʣʦʢʫʣʷʥʪ ʚ ʢʦʣʠʯʝʩʪʚʝ 160 ʛ/ʪ ʠ ʦʧʷʪʴ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʣʦʢʫʣ ʠ ʠʭ ʦʩʝʜʘʥʠʷ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩʬʣʦʢʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʤ ʤʝʰʘʣʢʦʡ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʥʘ ʢʦʥʮʝ ʣʦʧʘʩʪʠ ʧʨʠʤʝʨʥʦ 2 ʤ/ʩ ʚ ʪʝʯʝʥʠʠ 40 ʩʝʢ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʝʤʢʦʩʪʠ 120Ĭ70 ʤʤ [1]. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩ. 1), ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʩʣʝʜʫʶʱʝʤ 

ʤʝʭʘʥʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʣʦʢʫʣ: ʘʜʩʦʨʙʮʠʷ ʧʦʣʠʤʝʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʠ 

ʟʘʪʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʦʡ ʬʣʦʢʫʣʷʮʠʠ. ʇʨʠ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʰʣʘʤʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʜʠʩʧʝʨʩʥʳʤ ʩʦʩʪʘʚʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ (ʚʚʦʜ 

ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʬʣʦʢʫʣʷʥʪʘ, ʩʤ. ʨʠʩ. 1 ʚʝʨʭʥʠʝ ʬʦʪʦʛʨʘʬʠʠ) ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ ʘʛʨʝʛʘʪʦʚ ʠ ʤʠʢʨʦʬʣʦʢʫʣ. ʇʨʠ ʥʘʣʠʯʠʠ ʯʘʩʪʠʮ 

ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʜʚʠʞʫʱʠʭʩʷ ʚ ʞʠʜʢʦʩʪʠ, ʩʦʟʜʘʝʪʩʷ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʤʘʩʩʝ ʯʘʩʪʠʮ, ʧʦʟʚʦʣʷʶʱʠʡ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʯʘʩʪʠʮʝ 

ʵʬʬʝʢʪʠʚʥʝʝ (ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ) ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʤʝʣʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʟʘ 

ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʘʛʨʝʛʘʮʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩ 

ʢʨʫʧʥʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʳʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʯʠʩʪʦʡ ʦʩʚʝʪʣʝʥʥʦʡ ʞʠʜʢʦʡ ʬʘʟʳ [2]. ʕʪʦ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 
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ʬʦʪʦʛʨʘʬʠʡ ʬʣʦʢʫʣʷʮʠʠ ʪʦʣʴʢʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʰʣʘʤʦʚ ʩ ʰʣʘʤʘʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʨʘʢʮʠʷ ʢʨʫʧʥʦʩʪʴʶ ʙʦʣʝʝ 40 ʤʢʤ ʥʘ ʫʨʦʚʥʝ 20-30%. 

 
ʈʠʩ. 1 ï ʌʦʪʦʛʨʘʬʠʠ ʟʘʨʦʜʳʰʝʡ ʬʣʦʢʫʣ, ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʢʨʦʬʣʦʢʫʣ ʠ 

ʦʩʪʘʪʦʯʥʳʭ ʬʣʦʢʫʣ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ʛ/ʣ 

ʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʰʣʘʤʝ ʬʨʘʢʮʠʠ ʢʨʫʧʥʦʩʪʴʶ ʙʦʣʝʝ 40 ʤʢʤ, % 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ (ʤʦʩʪʠʢʦʚʘʷ ʬʣʦʢʫʣʷʮʠʷ, ʩʤ. ʨʠʩ. 1 ʩʨʝʜʥʠʝ 

ʬʦʪʦʛʨʘʬʠʠ) ʧʨʠ ʚʦʜʝ ʘʥʠʦʥʥʦʛʦ ʬʣʦʢʫʣʷʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʘʛʨʝʛʘʮʠʷ ʯʘʩʪʠʮ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʢʨʦʬʣʦʢʫʣ. ʍʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʦʚʘʥʥʳʝ ʬʣʦʢʫʣʷʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʩʤ. 

ʨʠʩ. 1 ʥʠʞʥʠʝ ʬʦʪʦʛʨʘʬʠʠ) ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʪʦʨʠʯʥʳʭ ʬʣʦʢʫʣ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʨʝʜʥʝʡ ʬʨʘʢʮʠʠ ʙʦʣʝʝ 15% ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʦʩʪʘʪʦʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ (ʙʦʣʝʝ 2 ʤʤ/ʩ). ɺ ʦʪʩʫʪʩʪʚʠʝ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʘʛʨʝʛʘʪʳ ʬʣʦʢʫʣ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʪʝʧʦʜʦʙʥʳʭ ʩʛʫʩʪʢʦʚ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʣʦʢʫʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʝʡ ʬʫʥʢʮʠʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ. ɺʥʝʩʝʥʠʝ ʚ 

ʰʣʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʨʫʙʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʬʣʦʢʫʣ ʠ ʧʦʣʫʯʠʪʴ ʧʨʦʯʥʳʝ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

ʘʛʨʝʛʘʪʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʦʩʪʘʪʦʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʝʜʘʥʠʷ. 
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ɺ ʣʠʪʝʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ 1 ʪ. ʦʪʣʠʚʦʢ ʦʙʨʘʟʫʝʪʩʷ ʦʪ 1 ʜʦ 3 ʪʦʥʥ 

ʦʪʭʦʜʦʚ, ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʬʦʨʤʦʚʦʯʥʳʝ ʩʤʝʩʠ. ɻʦʨʝʣʳʝ 

ʬʦʨʤʦʚʦʯʥʳʝ ʟʝʤʣʠ ï ʵʪʦ ʦʪʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʣʠʪʝʡʥʳʭ 

ʬʦʨʤ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʠʣʠ ʰʪʘʤʧʦʚʢʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʬʦʨʤʦʚʦʯʥʳʭ ʩʤʝʩʝʡ. ʇʦʩʣʝʜʥʠʝ ʛʦʪʦʚʷʪ ʠʟ ʧʝʩʢʘ, ʛʣʠʥʳ, 

ʧʳʣʝʚʠʜʥʳʭ ʬʨʘʢʮʠʡ ʫʛʣʷ, ʢʦʢʩʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʳʛʦʨʘʶʱʠʭ ʜʦʙʘʚʦʢ, 

ʥʘʧʨʠʤʝʨ, ʦʧʠʣʦʢ, ʮʝʣʣʶʣʦʟʳ, ʧʣʘʩʪʤʘʩʩ. ʊʚʸʨʜʳʝ ʦʪʭʦʜʳ ʣʠʪʝʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʝʨʞʘʪ ʜʦ 90 % ʦʪʨʘʙʦʪʘʥʥʳʭ ʬʦʨʤʦʚʦʯʥʳʭ ʠ ʩʪʝʨʞʥʝʚʳʭ 

ʩʤʝʩʝʡ, ʚʢʣʶʯʘʷ ʙʨʘʢ ʬʦʨʤ ʠ ʩʪʝʨʞʥʝʡ; ʪʘʢʞʝ ʦʥʠ ʩʦʜʝʨʞʘʪ ʧʨʦʩʳʧʠ ʠ ʰʣʘʢʠ 

ʠʟ ʦʪʩʪʦʡʥʠʢʦʚ ʧʳʣʝʦʯʠʩʪʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʫʩʪʘʥʦʚʦʢ ʨʝʛʝʥʝʨʘʮʠʠ ʩʤʝʩʝʡ; 

ʣʠʪʝʡʥʳʝ ʰʣʘʢʠ; ʘʙʨʘʟʠʚʥʫʶ ʠ ʛʘʣʪʦʚʦʯʥʫʶ ʧʳʣʴ; ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʢʝʨʘʤʠʢʫ. 

ʉʝʛʦʜʥʷ ʤʥʦʛʦʪʦʥʘʞʥʳʝ ʦʪʭʦʜʳ ʣʠʪʝʡʥʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʨʘʟʫʶʪ 

ʦʛʨʦʤʥʳʝ ʦʪʚʘʣʳ, ʥʝʨʝʜʢʦ ʚ ʧʦʡʤʝ ʨʝʢ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʢ ʠʟʤʝʣʴʯʝʥʥʳʭ 

ʦʪʭʦʜʦʚ ʛʦʨʝʣʦʡ  ʟʝʤʣʠ, ʪʘʢ ʠ ʥʝ ʠʟʤʝʣʴʯʝʥʥʳʭ ʩʧʝʢʰʠʭʩʷ ʢʫʩʢʦʚ (ʨʠʩ. 1).  

ʂʨʦʤʝ ʪʦʛʦ ʦʪʚʘʣʠ ʙʣʘʛʦʜʘʨʷ ʧʳʣʠʤʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʶ (ʚʳʤʳʚʘʥʠʶ) ʠʟ ʥʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʘʜʢʦʚ 

ʧʨʠʚʦʜʷʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʩʚʘʣʢʝ ʟʝʤʝʣʴ ʠ ʨʝʢʠ, ʯʪʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʯʚʝʥʥʫʶ ʠ ʚʦʜʥʫʶ ʙʠʦʪʫ. 

 

  
 

ʈʠʩ. 1 ï ʌʦʪʦʛʨʘʬʠʠ ʦʪʚʘʣʦʚ ʛʦʨʝʣʦʡ ʟʝʤʣʠ ʠ ʬʦʨʤʦʚʦʯʥʳʭ ʩʤʝʩʝʡ 
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ʕʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʣʠʪʝʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. ʅʘʧʨʠʤʝʨ, 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʜʠʩʧʝʨʩʥʳʝ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʝ, ʢʘʢ ʬʦʨʤʦʚʦʯʥʳʝ 

ʧʝʩʢʠ ʠ ʩʪʝʨʞʥʠ ʣʠʪʝʡʥʳʭ ʬʦʨʤ ʤʦʛʫʪ ʙʳʪʴ ʚʪʦʨʠʯʥʦ ʧʝʨʝʨʘʙʦʪʘʥʳ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʇʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʚ ʧʦʣʥʦʤ ʝʝ ʩʤʳʩʣʝ ʥʝ ʨʝʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʮʠʢʣʦʚ ʨʘʙʦʪʳ ʜʠʩʧʝʨʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʩʦʩʪʘʚʝ 

ʬʦʨʤʦʚʦʯʥʳʭ ʠ ʩʪʝʨʞʥʝʚʳʭ ʩʤʝʩʝʡ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʦʪʚʘʣʘʭ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʩʣʫʞʠʚʰʘʷ ʩʚʦʡ ʨʝʩʫʨʩ ʬʦʨʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʢʘʢ ʰʠʭʪʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠ ʧʣʘʚʢʝ ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʝʨʨʦʩʠʣʠʮʠʡ 

[2]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʫʪʠʣʠʟʘʮʠʠ ʬʦʨʤʦʚʦʯʥʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ 

ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʠʟʤʝʣʴʯʠʪʴ 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʣʠʪʝʡʥʳʝ ʬʦʨʤʳ, ʧʨʦʠʟʚʝʩʪʠ ʤʘʛʥʠʪʥʫʶ ʩʝʧʘʨʘʮʠʶ ʦʩʪʘʪʢʦʚ 

ʤʝʪʘʣʘ ʚʳʧʣʘʚʢʠ ʜʝʪʘʣʝʡ, ʦʪʤʳʪʴ ʧʝʩʯʘʥʫʶ ʬʨʘʢʮʠʶ ʦʪ ʧʨʠʤʝʩʝʡ, ʧʨʦʠʟʚʝʩʪʠ 

ʧʨʦʙʥʳʝ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʠʣʠʮʠʷ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʦʮʝʥʠʪʴ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʩʠʣʠʮʠʷ ʰʠʭʪʫ, ʩʦʜʝʨʞʘʱʫʶ ʦʪʭʦʜʳ ʬʦʨʤʦʚʦʯʥʦʛʦ 

ʧʝʩʢʘ, ʩʧʣʘʚʣʷʶʪ ʚ ʜʫʛʦʚʳʭ ʧʝʯʘʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʪʠʧʘ (ɼʕʇʊ-3) ʩ ʢʠʩʣʦʡ 

ʬʫʪʝʨʦʚʢʦʡ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ʩ ʩʦʩʪʘʚʦʤ ʰʠʭʪʳ: ʦʪʭʦʜʳ 

ʥʝʤʘʛʥʠʪʥʳʝ ï 40 ʢʛ, ʢʦʢʩ ï 4,5 ʢʛ, ʩʪʘʣʴʥʦʡ ʣʦʤ ï 0,5 ʢʛ, ʠʟʚʝʩʪʴ ï 5 ʢʛ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʝʨʨʦʩʠʣʠʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʨʢʠ ʌʄ-20.  

ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʬʦʨʤʦʚʦʯʥʳʭ ʠ ʩʪʝʨʞʥʝʚʳʭ ʩʤʝʩʝʡ, ʘ ʪʘʢʞʝ 

ʢʨʝʤʥʠʩʪʦʛʦ ʰʣʘʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩ ʧʦʟʠʮʠʠ 

ʚʪʦʨʠʯʥʦʛʦ ʨʝʩʫʨʩʘ, ʚʦʚʣʝʢʘʝʤʦʛʦ ʚʥʦʚʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

ɺʦ ʚʩʝʭ ʦʙʦʟʥʘʯʝʥʥʳʭ ʩʣʫʯʘʷʭ ï ʵʪʦ ʚʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪ.ʝ ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʝʜʧʨʠʷʪʠʝ, ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʟʨʷʜ 

ʤʘʣʦʦʪʭʦʜʥʳʭ (ʠʤʝʷ ʧʨʷʤʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʫʤʝʥʴʰʝʥʠʝ ʫʱʝʨʙʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ), ʠʩʧʦʣʴʟʫʷ ʦʪʭʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʝʨʨʦʩʠʣʠʮʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʝʨʨʦʩʠʣʠʮʠʷ ʠʟ ʦʪʭʦʜʦʚ ʣʠʪʝʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʬʦʨʤʦʚʦʯʥʳʭ ʩʤʝʩʝʡ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ɽʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʘ ʢʨʠʟʘ, ʷʢʘ ʩʢʣʘʣʘʩʷ ʚ ʢʨʘʾʥʽ, ʤʘʻ ʨʷʜ ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤʠ ʧʠʪʘʥʥʷʤʠ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʉʪʨʘʪʝʛʽʾ  

ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʜʦ 2020 ʨʦʢʫ ʻ ʧʨʦʙʣʝʤʠ 

ʥʝʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʘʩʪʘʨʽʣʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʦʯʠʩʪʢʠ, ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʪʘ ʥʝʜʦʚʝʨʰʝʥʦʾ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ [1].  

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʪʘʣʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚ 

ʋʢʨʘʾʥʽ ʻ ʝʢʦʣʦʛʽʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ. 

ɽʢʦʣʦʛʽʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ï ʩʢʣʘʜʥʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʥʘʫʢʘ, ʤʝʪʦʶ ʷʢʦʾ ʻ 

ʟʥʘʭʦʜʞʝʥʥʷ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʨʽʰʝʥʴ, 

ʧʨʠʡʥʷʪʠʭ ʚ ʦʙʣʘʩʪʽ ʢʝʨʫʚʘʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʶ ʜʽʷʣʴʥʽʩʪʶ. 

ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʶ ʙʘʟʦʶ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚ 

ʋʢʨʘʾʥʽ ʻ ɿʘʢʦʥ ʋʢʨʘʾʥʠ "ʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ", ʧʨʠʡʥʷʪʠʡ ʚ 1991 ʨʦʮʽ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʟʘʢʦʥʦʜʘʚʯʦ-ʧʨʘʚʦʚʽ     ʘʢʪʠ 

[2]. ɺʠʢʦʥʘʥʥʷ ʩʪʨʘʪʝʛʽʾ  ʩʪʘʣʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ 

ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʘʤʧʝʨʝʜ ʛʘʨʤʦʥʽʟʘʮʽʶ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʥʦʨʤʘʤʠ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʪʦʚʘʨʠʩʪʚʘ (ʩʝʨʽʾ ISO 14000)  ʪʘ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʨʘʚʘ,  ʚ ʪʦʤʫ 

ʯʠʩʣʽ, ʟ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʘʫʜʠʪʫ. 

ɼʦʩʚʽʜ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚʢʘʟʫʻ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʩʝʨʝʜ  ʧʽʜʧʨʠʻʤʩʪʚ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʱʦ 

ʟʘʮʽʢʘʚʣʝʥʥʽ ʚ ʧʦʰʠʨʝʥʥʽ ʩʚʦʻʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʻʚʨʦʧʝʡʩʴʢʠʭ ʨʠʥʢʘʭ [3].  

ʇʦʰʪʦʚʭʦʤ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʉɽʄ ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ ʫʢʨʘʾʥʩʴʢʠʭ ʢʦʤʧʘʥʽʡ ʩʪʘʣʦ 

ʟʘʢʨʠʪʪʷ ʨʠʥʢʫ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ, ʷʢʽ ʥʝ ʤʘʶʪʴ 

ʩʝʨʪʠʬʽʢʘʮʽʶ ISO 14000.  ʅʘʙʣʠʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ, ʚʠʤʦʛ ʪʘ ʧʨʘʚʠʣ ʜʦ 

ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʨʽʰʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʪʘ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚ ʋʢʨʘʾʥʽ.  

ʆʩʥʦʚʥʽ ʧʠʪʘʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ: 

- ʩʪʚʦʨʠʪʠ ʧʨʠ ʧʽʜʪʨʠʤʮʽ ʚʠʱʠʭ ʨʽʚʥʽʚ (ʟʦʢʨʝʤʘ, 

ɼʝʨʞʢʦʤʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʋʢʨʘʾʥʠ) ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʽʚ (ʨʦʙʽʪ, ʧʦʩʣʫʛ) ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʬʽʣʶ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʽ ʩʮʝʥʘʨʽʡ 

ʩʚʦʻʯʘʩʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʷʢʘ ʙ 

ʨʝʛʣʘʤʝʥʪʫʚʘʣʘ ʜʽʷʣʴʥʽʩʪʴ ʮʠʭ ʩʪʨʫʢʪʫʨ; 
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- ʟʜʽʡʩʥʠʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʪʠʤʫʣʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 
ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʘʫʜʠʪʫ  

- ʧʦʩʠʣʠʪʠ ʤʝʭʘʥʽʟʤ ʩʧʨʠʷʥʥʷ ʚʣʘʜʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʨʝʞʠʤʫ 

ʧʨʦʪʝʢʮʽʦʥʽʟʤʫ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʨʦʬʽʣʶ, ʚʩʝʙʽʯʥʦ ʩʪʠʤʫʣʶʚʘʪʠ ʩʪʚʦʨʝʥʥʷ ʨʠʥʢʫ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʩʣʫʛ, ʧʽʜʪʨʠʤʢʫ ʤʘʣʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʮʽʡ ʩʬʝʨʽ; 

- ʩʬʦʨʤʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʨʝʛʫʣʶʶʯʽ ʟʘʩʘʜʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ 

ʝʢʦʘʫʜʠʪʫ, ʣʽʮʝʥʟʫʚʘʥʥʷ ʮʴʦʛʦ ʨʦʜʫ ʜʽʷʣʴʥʦʩʪʽ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʘʢʨʝʜʠʪʘʮʽʾ 

ʩʫʙ'ʻʢʪʽʚ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ, ʱʦ ʚʠʨʦʙʣʷʶʪʴ ʪʦʚʘʨʠ (ʨʦʙʦʪʠ, ʧʦʩʣʫʛʠ) ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ. 

ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʚʠʤʦʛʠ ʜʦ 

ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʷʢʦʩʪʽ ʪʦʚʘʨʽʚ ʪʘ ʧʦʩʣʫʛ 

ʥʘʜʘʩʪʴ ʧʝʨʝʚʘʛʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʫ ʧʽʜʚʠʱʝʥʥʽ ʽʤʽʜʞʫ ʪʘ 

ʢʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʦʩʪʽ ʩʝʨʝʜ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʩʧʽʣʴʥʦʪʠ (ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʤʽʞʥʘʨʦʜʥʦʾ), ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ ʪʘ ʝʥʝʨʛʽʾ, ʟʥʠʞʝʥʥʽ ʚʠʪʨʘʪ ʥʘ ʫʪʠʣʽʟʘʮʽʶ 

ʚʽʜʭʦʜʽʚ, ʧʦʢʨʘʱʝʥʥʽ ʩʠʩʪʝʤʠ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. 

ʈʦʟʨʦʙʢʘ ʧʽʜʩʠʩʪʝʤʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ, ʟʘʪʚʝʨʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʛʘʨʤʦʥʽʟʫʚʘʥʥʷ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʟʽ ʩʪʘʥʜʘʨʪʘʤʠ ʽ ʥʦʨʤʠ ɭʉ ʪʘ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʩʝʨʽʡ ISO 14000, ISO 19000 ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʪʨʦʣʶ ʟ ʙʦʢʫ 

ʜʝʨʞʘʚʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʨʢʫʚʘʥʴ, ʦʩʦʙʣʠʚʦ ʱʦʜʦ ʚʤʽʩʪʫ 

ʛʝʥʝʪʠʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʜʘʩʪʴ ʟʥʘʯʥʠʡ ʧʦʰʪʦʚʭ ʚ ʧʨʦʚʘʜʞʝʥʥʽ 

ʉɽʄ. ʅʘʜʘʣʽ, ʥʘ ʨʽʚʥʽ ʜʝʨʞʘʚʠ, ʧʨʽʦʨʠʪʝʪʦʤ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʪʦʚʘʨʦʚʠʨʦʙʥʠʢʘ ʧʨʦʜʫʢʮʽʾ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʯʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ, ʘ ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʪʘ ʩʠʩʪʝʤ ʜʝʨʞʘʚʥʦʛʦ ʦʙʣʽʢʫ ʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʚʽʪʥʦʩʪʽ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ ʩʪʠʤʫʣʶʶʪʴ ʟʤʦʛʫ ʫʩʧʽʰʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʉʪʨʘʪʝʛʽʶ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ, ʘ 

ʪʘʢʦʞ ʚʠʚʦʜʷʪʴ ʚʽʪʯʠʟʥʷʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʤʽʞʥʘʨʦʜʥʠʡ ʨʠʥʦʢ, ʪʠʤ ʩʘʤʠʤ 

ʧʽʜʽʡʤʘʶʯʠ ʽʤʽʜʞ ʥʘʰʦʾ ʜʝʨʞʘʚʠ.   
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1.  ʄʽʥʽʩʪʝʨʩʪʚʦ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 
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ɽʅɽʈɻʆɿɹɽʈɯɻɸʖʏʀʁ ʇʆʊɽʅʎɯɸʃ ʋʉʊɸʅʆɺʂʀ ɿʅɽʉʆʃʖɺɸʅʅʗ 

ʅɸʌʊʀ ɽʃɿʋ-6 
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, ʄ.ɺ. ɯʃʔʏɽʅʂʆ
2 

 
1
 ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ɯʊʇɸ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

2
  ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ɯʊʇɸ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

*
email: vikitoria609@gmail.com 

 

ɺʠʤʦʛʠ ʩʫʯʘʩʥʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʥʘʬʪʦʧʝʨʝʨʦʙʢʠ, ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʧʨʘʮʽ, ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ (ʚʢʣʶʯʘʶʯʠ ʪʝʧʣʦʚʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʚʠʢʠʜʠ CO2), ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʩʴʦʛʦ ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʥʘʬʪʦʛʘʟʦʭʽʤʽʯʥʦʛʦ ʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

ʢʨʘʾʥʠ [1]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʩʫʪʪʻʚʦʾ ʝʢʦʥʦʤʽʾ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʝʥʝʨʛʦʥʦʩʽʾʚ, 

ʰʣʷʭʦʤ ʤʘʢʩʠʤʽʟʘʮʽʾ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʚ ʤʝʞʘʭ ʨʦʟʛʣʷʥʫʪʦʾ 

ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ɺ ʨʦʙʦʪʽ [2] ʧʦʢʘʟʘʥʦ, ʱʦ ʝʢʦʥʦʤʽʷ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʽʥʯ-ʘʥʘʣʽʟʫ 

ʥʘ ʪʨʴʦʭ ɭʚʨʦʧʝʡʩʴʢʠʭ ʅʇɿ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ~ 20-50 ʪʠʩ. ʪʦʥʥ ʩʠʨʦʾ 

ʥʘʬʪʠ ʥʘ ʨʽʢ ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ 13.7 ʤʣʥ. ʜʦʣ. ʉʐɸ ʥʘ ʨʽʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʧʽʥʯ-ʘʥʘʣʽʟʫ ʥʘ ɻʫʘʥʴʜʫʥʴʩʴʢʦʤʫ ʅʇɿ ʚ ʂʠʪʘʾ ʜʦʟʚʦʣʠʣʦ ʟʘʦʱʘʜʞʫʚʘʪʠ 

16 ʤʣʥ. ʜʦʣ. ʉʐɸ ʥʘ ʨʽʢ ʟʘ ʨʘʭʫʥʦʢ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʚʚʝʣʦ ʮʝʡ ʟʘʚʦʜ ʜʦ 

ʯʠʩʣʘ ʢʨʘʱʠʭ ʅʇɿ ʩʚʽʪʫ (3%) [3]. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʫʩʪʘʥʦʚʢʠ 

ʟʥʝʩʦʣʶʚʘʥʥʷ ʥʘʬʪʠ ɽʃɿʋ-6 (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ɽʃɿʋ-6 

 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 
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ɼʣʷ ʽʩʥʫʶʯʦʾ ʩʭʝʤʠ ʧʦʙʫʜʦʚʘʥʽ ʩʢʣʘʜʦʚʽ ʢʨʠʚʽ (ʨʠʩ.2.ʘ) ʽ ʧʨʦʚʝʜʝʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʩʧʦʞʠʚʘʥʦʾ ʪʝʧʣʦʪʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʪʦʯʢʘ ʧʽʥʯʫ 

ʪʘ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʩʭʝʤʠ. ʇʦʙʫʜʦʚʘʥʽ ʩʢʣʘʜʦʚʽ ʢʨʠʚʽ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ.2.ʙ), ʚ ʷʢʦʤʫ ʥʝʤʘʻ ʧʝʨʝʭʨʝʩʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ 

ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʧʽʥʯ, ʜʦʩʷʛʥʫʪʦ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ. 

 

   
ʘ             ʙ 

 

ʈʠʩ. 2 ï ʉʢʣʘʜʦʚʽ ʢʨʠʚʽ ʧʨʦʮʝʩʫ ʧʝʨʚʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ ʜʣʷ: 

 ʘ ï ̔ ʩʥʫʶʯʦʛʦ ʧʨʦʮʝʩʫ, ʙ ï ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ;  

1 ï ʛʘʨʷʯʘ ʩʢʣʘʜʦʚʘ ʢʨʠʚʘ, 2 ï ʭʦʣʦʜʥʘ ʩʢʣʘʜʦʚʘ ʢʨʠʚʘ. 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʽʥʯ-ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʧʠʪʦʤʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʛʘʨʷʯʠʭ ʫʪʠʣʽʪ ʥʘ 1,15 ʄɺʪ, ʘ ʭʦʣʦʜʥʠʭ ʥʘ 0,94 ʄɺʪ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ 49,60 % ʟʘ ʛʘʨʷʯʠʤʠ ʫʪʠʣʽʪʘʤʠ ʪʘ 54,48 % ʟʘ ʭʦʣʦʜʥʠʤʠ ʫʪʠʣʽʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʽʩʥʫʶʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ ʧʨʦʝʢʪʦʚʘʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ. 
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