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ɺʉʊʋʇ 

ʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦ–ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ɿʝʤʣʽ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʡʦʛʦ ʜʦʙʨʦʙʫʪʫ ʧʨʠʟʚʝʣʠ ʜʦ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʩʚʽʪʦʚʠʭ ʦʙʩʷʛʽʚ 

ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ. ɿʥʘʯʠʤʽʩʪʴ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʢʦʞʥʦʛʦ ʨʦʢʫ ʟʨʦʩʪʘʻ ʜʦʩʠʪʴ 

ʰʚʠʜʢʦ. ʊʦʤʫ ʚ ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ 

ʧʦʪʨʽʙʥʦ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʚʠʱʠʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʣʫʟʝʡ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʮʽʣʦʤʫ. 

ɽʢʩʧʝʨʪʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʦʮʽʥʶʚʘʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʧʨʦʮʝʩʠ 

ʧʽʜʛʦʪʦʚʢʠ, ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʽʥʥʦʚʘʮʽʾ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʢʘʟʫʻ ʥʘ ʪʝ, 

ʱʦ ʜʣʷ ʚʪʽʣʝʥʥʷ ʫ ʚʠʨʦʙʥʠʯʽ ʫʤʦʚʠ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʧʝʨʝʜʫʤʦʚʠ, ʷʢʽ 

ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʛʦʪʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ 

100 %-ʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ɺ ʢʦʞʥʽʡ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʽʡ ʢʨʘʾʥʽ ʚʠʨʦʙʥʠʢʘʤʠ ʪʘ ʥʘʫʢʦʚʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʙʦʪʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʙʝʟʚʽʜʭʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʯʥʦʩʪʽ, 

ʬʽʥʘʥʩʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʠʟʴʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ. 

ɺ ʋʢʨʘʾʥʽ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʠʭ 

ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʛʘʣʫʟʷʭ, ʻ ʪʝʭʥʽʯʥʦ ʟʘʩʪʘʨʽʣʦʶ. ʅʠʟʴʢʘ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ 

ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʟʥʠʞʫʻ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʽʜʚʠʱʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʾʾ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʡ ʩʠʩʪʝʤ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʱʦ ʯʘʩʪʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʊʘʢʠʡ ʩʪʘʥ ʩʧʨʘʚ ʥʝ ʣʠʰʝ ʚʧʣʠʚʘʻ ʥʘ 

ʝʢʦʥʦʤʽʢʫ ʢʨʘʾʥʠ, ʘ ʡ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʜʣʷ ʝʢʦʣʦʛʽʾ ʪʘ ʟʜʦʨʦʚ'ʷ ʥʘʩʝʣʝʥʥʷ. 

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʩʚʽʜʯʠʪʴ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʬʘʢʪʦʨ ʨʝʩʫʨʩʦʦʱʘʜʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʪʘʢʽʡ ʢʣʶʯʦʚʽʡ ʛʘʣʫʟʽ ʷʢ ʚʦʜʦʧʽʜʛʦʪʦʚʢʘ, ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʨʦʩʪʘʥʥʷ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ɺʽʥ ʪʘʢʦʞ ʚʠʩʪʫʧʘʻ ʚʘʞʣʠʚʠʤ 

ʯʠʥʥʠʢʦʤ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʰʣʷʭʦʤ ʜʦ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ. ɺ 

ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ, ʜʝ ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʨʝʩʫʨʩʽʚ ʩʪʦʷʪʴ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ 

ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ[25]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʨʝʩʫʨʩʦʦʱʘʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʚʦʜʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʨʝʩʫʨʩʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʟ ʜʦʙʦʚʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 83540 

ʤ3/ʜʦʙʫ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʧʦʨʫʜ 

ʜʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʪʘ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʚʠʯʘʡʥʦʾ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʫ ʩʠʩʪʝʤʫ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʽʩʪ. 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʰʣʷʭʦʤ ʚʣʘʰʪʫʚʘʥʥʷ 

ʪʦʥʢʦʰʘʨʦʚʠʭ ʤʦʜʫʣʽʚ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʪʘ ʪʨʠʚʘʣʽʩʪʴ 

ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʦʯʠʱʝʥʥʷ. ʄʦʜʝʨʥʽʟʘʮʽʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʟʙʽʣʴʰʫʻ ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ, 

ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʽʩʪʴ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʮʠʢʣʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʟʤʝʥʰʫʻ 

ʦʙôʻʤ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ. ɻʦʣʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʨʫʢʫʚʘʣʠʩʴ ʚ ʟʙʽʨʥʠʢʫ: 

çɽʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ. ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ: 

ʟʘʭʠʩʪ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɽʥʝʨʛʦʦʱʘʜʥʽʩʪʴ. ɿʙʘʣʘʥʩʦʚʘʥʝ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ: ʟʙ. ʪʝʟ ʜʦʧ. IX ʄʽʞʥʘʨʦʜʥʦʛʦ ʤʦʣʦʜʽʞʥʦʛʦ ʢʦʥʛʨʝʩʫ, 

ʤ. ʃʴʚʽʚ [11], 28-29 ʙʝʨʝʟʥʷ.  
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ʈʆɿɼɯʃ 1 ʈɽʉʋʈʉʆɿɹɽʈɽɾɽʅʅʗ ɺ ʊɽʍʅʆʃʆɻɯʗʍ 

ɺʆɼʆʇɯɼɻʆʊʆɺʂʀ 

 1.1 ʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʚ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 

ʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʻ ʧʨʦʛʨʝʩʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʠʪʨʘʪ ʩʠʨʦʚʠʥʠ. 

ʆʩʥʦʚʥʠʤʠ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʫ ʮʽʡ ʩʬʝʨʽ ʻ ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʨʦʚʠʥʥʠʭ ʽ ʧʘʣʠʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʷ ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ ʫ ʧʨʦʤʠʩʣʦʚʽ ʛʘʣʫʟʽ. 

ʋ ʨʘʤʢʘʭ ʨʝʩʫʨʩʥʦʾ ʪʝʦʨʽʾ ʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʘʭ 

ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʘʢʽ ʢʣʶʯʦʚʽ ʧʦʥʷʪʪʷ, ʷʢ çʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣè. 

ʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ, ʥʝʟʘʣʝʞʥʠʭ ʚʽʜ ʩʫʙôʻʢʪʘ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʘ ʟ ʽʥʰʦʛʦ ï ʚʨʘʭʦʚʫʻ 

ʧʦʪʝʥʮʽʘʣ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʢʣʶʯʘʻ ʥʝ ʣʠʰʝ ʥʘʷʚʥʽ ʨʝʩʫʨʩʠ, ʘʣʝ ʡ ʾʭ ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʷʤ ʧʝʨʩʦʥʘʣʫ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [25] 

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʩʚʽʜʯʠʪʴ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʩʬʝʨʽ 

ʨʝʩʫʨʩʦʦʱʘʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʝʢʦʥʦʤʽʢʠ, ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʾ ʪʘ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ. ɺ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ, ʜʝ 

ʪʝʭʥʽʯʥʘ ʙʘʟʘ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʩʪʘʨʽʣʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʜʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʚʘʞʣʠʚʦʩʪʽ. 

ɹʫʜʽʚʝʣʴʥʽ ʧʨʦʻʢʪʠ, ʷʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ, ʪʘʢ ʽ ʞʠʪʣʦʚʽ, ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʙʽʣʴʰʠʭ ʩʧʦʞʠʚʘʯʽʚ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʜʥʘʢ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʷʢʽ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʤʘʶʪʴ ʟʥʘʯʥʽ 

ʥʝʜʦʣʽʢʠ: ʚʦʥʠ ʻ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ 

ʩʪʚʦʨʶʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ, ʱʦ ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʙʫʜʽʚʝʣʴʥʦʶ ʛʘʣʫʟʟʶ 

ʋʢʨʘʾʥʠ, ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʧʽʜʭʦʜʽʚ. ʇʝʨʝʨʦʙʢʘ 

ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʦʱʘʜʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʜʦʟʚʦʣʷʪʴ ʥʝ ʣʠʰʝ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ, ʘʣʝ ʡ 
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ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʎʝ ʩʧʨʠʷʪʠʤʝ 

ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʫʟʽ ʪʘ ʩʪʚʦʨʝʥʥʶ ʩʪʽʡʢʠʭ ʫʤʦʚ ʜʣʷ ʾʾ 

ʨʦʟʚʠʪʢʫ[25]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʥʝ 

ʣʠʰʝ ʝʢʦʥʦʤʽʯʥʦʶ ʧʦʪʨʝʙʦʶ, ʘ ʡ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ 

ʩʧʨʠʷʪʠʤʝ ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʧʨʦʻʢʪʽʚ, ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

 ɼʝʷʢʽ ʥʘʫʢʦʚʮʽ ʦʙʤʝʞʝʥʦ ʧʦʚ'ʷʟʫʶʪʴ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʣʠʰʝ ʨʽʚʥʷ ʤʘʪʝʨʽʘʣʦ ʪʘ ʝʥʝʨʛʦʤʽʩʪʢʦʩʪʽ ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ 

ʨʝʩʫʨʩʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘ ʾʭ ʜʫʤʢʫ, ʪʨʝʙʘ ʨʦʟʫʤʽʪʠ ʷʢ ʧʨʦʮʝʩ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʚʽʜʥʦʩʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ.  

ʋʢʨʘʾʥʩʴʢʽ ʜʦʩʣʽʜʥʠʢʠ ʖ. ʃʝʙʝʜʠʥʩʴʢʠʡ, ʖ. ʉʢʣʷʥʢʽʥ, ʇ. ʇʦʧʦʚ [23] 

ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʩʫʪʥʽʩʪʴ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʩʢʦʨʦʯʝʥʥʽ 

ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. ʎʽ ʧʨʠʥʮʠʧʠ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ 

ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ, ʷʢʘ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʉʫʯʘʩʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʚʠʢʣʠʢʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ, 

ʦʜʥʦʯʘʩʥʦ ʟʥʠʞʫʶʯʠ ʚʠʪʨʘʪʠ ʥʘ ʨʝʩʫʨʩʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʨʝʩʫʨʩʦʦʱʘʜʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʩʪʘʶʪʴ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [3]. 

ɽʚʦʣʶʮʽʷ ʪʨʘʢʪʫʚʘʥʥʷ ʪʝʨʤʽʥʫ çʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷè ʟʘʟʥʘʣʘ ʩʫʪʪʻʚʠʭ ʟʤʽʥ 

ʟ ʤʦʤʝʥʪʫ ʡʦʛʦ ʧʝʨʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʥʘʫʢʦʚʫ ʪʝʨʤʽʥʦʣʦʛʽʶ. ʎʷ ʢʘʪʝʛʦʨʽʷ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʷʢ ʫ ʪʝʦʨʝʪʠʯʥʦʤʫ, ʪʘʢ ʽ ʚ ʧʨʘʢʪʠʯʥʦʤʫ ʘʩʧʝʢʪʘʭ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʫʪʥʦʩʪʽ. 
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ʋ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʘʞʣʠʚʠʤ ʻ ʨʦʟʰʠʨʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʡʦʛʦ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ: 

ʨʝʩʫʨʩʘʤʠ, ʨʝʩʫʨʩʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʨʘʢʪʠʢʘʤʠ ʟʙʝʨʝʞʝʥʥʷ 

ʨʝʩʫʨʩʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʘʣʝ ʡ ʟʘʩʪʦʩʫʚʘʪʠ ʡʦʛʦ ʧʨʠʥʮʠʧʠ ʫ ʩʧʝʮʠʬʽʯʥʠʭ ʛʘʣʫʟʷʭ, 

ʪʘʢʠʭ ʷʢ ʚʦʜʦʧʽʜʛʦʪʦʚʢʘ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʪʨʘʢʪʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ 

çʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣè ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʜʫʤʦʢ ʱʦʜʦ ʾʾ ʩʫʪʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢ, ʨʷʜ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʧʽʜʧʨʠʻʤʩʪʚʘ [12] ʟ ʧʦʛʣʷʜʫ ʡʦʛʦ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʨʽʟʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʰʦʛʦ ʧʽʜʭʦʜʫ, ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʫʞʠʪʴ 

ʤʘʪʝʨʽʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʱʦ ʻ ʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʋ ʨʦʙʦʪʘʭ ʙʽʣʴʰʦʩʪʽ ʥʘʫʢʦʚʮʽʚ ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʩʽʤʘ 

ʨʝʩʫʨʩʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘ ʧʝʚʥʽʡ ʩʪʘʜʽʾ. ɺʠʟʥʘʯʘʶʯʠ 

ʜʘʥʫ ʩʧʝʮʠʬʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʷʢ ʦʩʥʦʚʦʧʦʣʦʞʥʫ, ʪʨʝʙʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʽ 

ʥʘʷʚʥʽʩʪʴ ʷʢʽʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʇʝʨʰ ʟʘ 

ʚʩʝ, ʮʝ ʡʦʛʦ ʮʽʣʴʦʚʘ ʽ ʩʪʨʘʪʝʛʽʯʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ 

ʩʠʥʝʨʛʝʪʠʯʥʠʤ ʝʬʝʢʪʦʤ ʚʽʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʟʘʻʤʦʟʚ'ʷʟʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ ʽ ʧʦʪʝʥʮʽʡʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ [14]. 

ɯʟ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʪʨʘʢʪʫʚʘʥʥʷ 

ʢʘʪʝʛʦʨʽʾ çʧʦʪʝʥʮʽʘʣè. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʰʦʛʦ ʧʦʪʝʥʮʽʘʣ ʜʝʪʝʨʤʽʥʫʻʪʴʩʷ 

ʩʫʢʫʧʥʽʩʪʶ ʨʝʩʫʨʩʽʚ, ʢʦʰʪʽʚ, ʟʘʧʘʩʽʚ, ʦʙ'ʻʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʧʦʚ'ʷʟʫʻ ʧʦʪʝʥʮʽʘʣ ʟ ʽʩʥʫʶʯʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, 

ʟʜʽʙʥʦʩʪʷʤʠ ʧʨʦʜʫʢʪʠʚʥʠʭ ʩʠʣ. 

ɸʣʝ ʥʝ ʚʘʨʪʦ ʨʦʟʨʽʟʥʷʪʠ ʮʽ ʧʽʜʭʦʜʠ. ʊʨʝʙʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʥʷʪʪʷ 

çʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣè [15] ̫ ʢ ʩʫʢʫʧʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʱʦʜʦ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʢʘʪʝʛʦʨʽʷʤʠ çʨʝʩʫʨʩʠè, 

çʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣè ʪʘ çʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.1.1. 
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ʇʝʨʝʜʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʻ 

ʧʨʠʥʮʠʧʠ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʜʦ ʷʢʠʭ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʩʢʣʘʜʫ ʨʝʩʫʨʩʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʾʭ ʩʪʨʫʢʪʫʨʥʦïʢʦʤʧʦʥʝʥʪʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʪʘ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʮʽʣʴʦʚʫ ʪʘ ʩʪʨʘʪʝʛʽʯʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ. 

ɼʦʪʨʠʤʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʻ ʧʽʜˇʨʫʥʪʷʤ ʪʘ ʦʩʥʦʚʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʛʦ ʪʠʧʫ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʦʙʪʦ, ʩʫʢʫʧʥʽʩʪʴ ʚʩʽʭ ʚʠʜʽʚ [18] 

ʨʝʩʫʨʩʽʚ, ʷʢʽ ʤʘʻ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʧʽʜʧʨʠʻʤʩʪʚʦ. 

 

 
ʈʠʩʫʥʦʢ 1.1 ʉʭʝʤʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʧʦʥʷʪʪʷʤʠ çʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣè, 

çʨʝʩʫʨʩʠè, çʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷè 
 

ʄʘʶʯʠ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʪʨʫʜʦʚʽ ʨʝʩʫʨʩʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ 

ʢʚʘʣʽʬʽʢʘʮʽʾ, ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʝ ʟʜʘʪʥʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʚʦʶ 

ʝʬʝʢʪʠʚʥʫ ʜʽʷʣʴʥʽʩʪʴ ʙʝʟ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ ʜʚʽ ʥʘʡʙʽʣʴʰ 

ʟʘʛʘʣʴʥʽ ʛʨʫʧʠ ʯʠʥʥʠʢʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ: ʪʝʭʥʽʢʦ- 
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ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦïʝʢʦʥʦʤʽʯʥʽ. ʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʪʘʢʠʭ ʧʨʠʥʮʠʧʘʭ ʬʦʨʤʫʚʘʥʥʷ[28] ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʯʠʥʥʠʢʘʭ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘ ʡ ʝʢʦʣʦʛʽʯʥʫ, ʧʦʻʜʥʘʥʥʷ ʷʢʠʭ ʩʪʚʦʨʶʻ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ. 

ɽʢʦʥʦʤʽʢʦïʝʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʝ ʣʠʰʝ ʫ ʟʤʝʥʰʝʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʜʦʩʷʛʥʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʰʪʨʘʬʽʚ ʟʘ ʚʠʢʠʜʠ ʽ ʩʢʠʜʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʘ ʡ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʛʨʦʰʦʚʽ ʧʦʪʦʢʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ. 

ʇʦʥʷʪʪʷ çʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷè ʙʫʣʦ ʚʚʝʜʝʥʝ ʜʦ ʥʘʫʢʦʚʦʾ ʣʝʢʩʠʢʠ ʚ 

ʩʝʨʝʜʠʥʽ 80ïʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʨʽʟʥʦʧʣʘʥʦʚʽʩʪʴ 

ʧʽʜʭʦʜʽʚ ʜʦ ʪʨʘʢʪʫʚʘʥʥʷ ʪʝʨʤʽʥʫ çʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷè. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʚʘʨʪʦ 

ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʽ ʧʽʜ-ʭʦʜʠ ʜʦ ʡʦʛʦ ʪʨʘʢʪʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʰʦʛʦ 

ʧʽʜʭʦʜʫ (ɯ), ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʷʚʣʷʻʪʴʩʷ ʙʫʜʴïʷʢʦʶ ʜʽʷʣʴʥʽʩʪʶ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʦ ʩʫʪʽ ʚʽʥ ʧʝʨʝʜʙʘʯʘʻ ʦʨʽʻʥʪʘʮʽʶ ʥʘ 

çʢʦʥʩʝʨʚʫʚʘʥʥʷè ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʘ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʢʘʪʝʛʦʨʽʻʶ 

ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʇʈʇ). ɼʨʫʛʠʡ ʧʽʜʭʽʜ (ɯɯ) ʻ ʙʽʣʴʰ ʰʠʨʦʢʠʤ ʽ 

ʩʪʚʝʨʜʞʫʻ, ʱʦ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʽʭ 

ʙʝʟ ʚʠʥʷʪʢʫ ʨʝʩʫʨʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʨʠʨʦʜʥʽ [24]. 

1.2 ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ 

ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʧʦʛʣʷʜʽʚ ʥʘ ʩʫʪʥʽʩʪʴ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʜʦʟʚʦʣʠʣʘ 

ʟʛʨʫʧʫʚʘʪʠ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʾʾ ʦʟʥʘʢʠ:  

1. ɼʽʷʣʴʥʽʩʪʴ ʫ ʩʬʝʨʽ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʦʙ'ʻʜʥʫʻ ʩʫʢʫʧʥʽʩʪʴ ʜʽʡ ʨʽʟʥʠʭ 

ʩʫʙ'ʻʢʪʽʚ ʝʢʦʥʦʤʽʢʠ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʩʪʽʡʥʝ ʧʦʢʨʘʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ. ʎʝ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʟʘʭʦʜʠ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʽʻʾ ʩʬʝʨʠ, ʟʦʢʨʝʤʘ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʘ. ɺʦʜʦʧʽʜʛʦʪʦʚʢʘ, ʷʢ ʯʘʩʪʠʥʘ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʧʦʪʨʝʙʫʻ ʦʨʛʘʥʽʟʘʮʽʾ ʻʜʠʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ 

ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʘʮʽʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 
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ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʢʦʥʪʝʢʩʪʽ ʟʘʛʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʮʽʡ ʩʬʝʨʽ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʻ ʟʨʦʩʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʨʝʩʫʨʩʦʻʤʥʦʩʪʽ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʟʙʽʣʴʰʝʥʥʽ ʦʙʩʷʛʽʚ ʦʯʠʱʝʥʦʾ ʚʦʜʠ ʪʘ 

ʟʥʠʞʝʥʥʽ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʮʝʩʠ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʱʦ ʧʨʷʤʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʊʘʢʽ ʟʘʭʦʜʠ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʚʦʜʦʧʽʜʛʦʪʦʚʢʦʶ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ɿʘʛʘʣʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʦʜʦʧʽʜʛʦʪʦʚʢʫ 

ʩʧʨʠʷʻ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʪʘ ʝʢʦʥʦʤʽʾ ʷʢ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʪʘʢ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ 

[25]. 

ʇʨʦʮʝʩ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʽʜʦʙʨʘʞʘʻ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ ʪʘ ʩʪʽʡʢʽ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ̔  ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ, ̫ ʢʽ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʚʩʽʭ 

ʨʽʚʥʷʭ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ. ʋ ʮʽʡ ʩʬʝʨʽ ʚʽʥ ʚʢʣʶʯʘʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʝʪʘʧʘʤʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʨʽʰʝʥʴ. ɺʦʜʦʧʽʜʛʦʪʦʚʢʘ, ʷʢ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʥʘʧʨʷʤʫ ʟʘʯʽʧʘʻ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ: 

ʷʢʽʩʪʴ ʚʦʜʠ, ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʝʢʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʮʝʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʩʫʨʩʽʚ ʽ ʢʽʥʮʝʚʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʟʤʝʥʰʫʶʯʠ ʾʭʥʶ ʨʝʩʫʨʩʦʻʤʥʽʩʪʴ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʝʪʘʧʘʤʠ ʚʦʜʦʦʯʠʱʝʥʥʷ, ʟʥʠʞʫʻ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʪʘ ʤʽʥʽʤʽʟʫʻ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 
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ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʘʣʝ ʡ ʧʽʜʚʠʱʫʚʘʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘ ʨʠʥʢʫ ʧʦʩʣʫʛ, 

ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

2. ʄʝʪʦʜ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʦʭʦʧʣʶʻ ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ 

ʟʘʜʦʚʦʣʝʥʥʷ ʟʨʦʩʪʘʶʯʠʭ ʧʦʪʨʝʙ ʫ ʚʦʜʽ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʦʱʘʜʣʠʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʝʢʦʥʦʤʽʾ. ʋ ʢʦʥʪʝʢʩʪʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʮʝ ʚʢʣʶʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ, 

ʦʧʪʠʤʽʟʘʮʽʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʦʜʦʦʯʠʩʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ 

ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʢʦʥʪʨʦʣʶ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ɽʥʝʨʛʦʦʱʘʜʞʝʥʥʷ ʚʠʩʪʫʧʘʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʙʦʨʦʤ, ʦʯʠʱʝʥʥʷʤ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ 

ʽ ʧʦʚʪʦʨʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʠ. ʊʘʢʽ ʧʽʜʭʦʜʠ ʩʧʨʠʷʶʪʴ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʡ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, 

ʟʥʠʞʫʶʯʠ ʦʙʩʷʛʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ, 

ʥʘʧʨʠʢʣʘʜ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤ ʦʱʘʜʣʠʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʘʙʦ 

ʨʝʮʠʢʣʽʥʛʫ, ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʽʥʪʝʛʨʫʚʘʪʠ ʤʝʪʦʜʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʚ ʦʧʝʨʘʮʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʧʽʜʚʠʱʫʶʯʠ ʾʭ ʝʢʦʥʦʤʽʯʥʫ ʪʘ 

ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ[19].  

3. ʆʨʛʘʥʽʟʘʮʽʡʥʦ-ʝʢʦʥʦʤʽʯʥʘ ʩʠʩʪʝʤʘ ʦʭʦʧʣʶʻ ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ, 

ʝʢʦʥʦʤʽʯʥʠʭ ̔  ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʽ ʟʘʜʦʚʦʣʝʥʥʷ ʟʨʦʩʪʘʶʯʠʭ ʧʦʪʨʝʙ ʫ ʚʦʜʽ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʾʾ 

ʦʱʘʜʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʝʢʦʥʦʤʽʾ. ʋ ʩʬʝʨʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʪʘʢʘ ʩʠʩʪʝʤʘ 

ʚʢʣʶʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ, ʧʝʨʝʨʦʙʢʠ ʪʘ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ, ʟʦʢʨʝʤʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʙʣʽʢʫ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ 

ʨʝʩʫʨʩʽʚ. ɽʢʦʥʦʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʪʠʤʫʣʶʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʪʘʢʠʭ ʷʢ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʪʘʨʠʬʽʚ ʥʘ ʚʦʜʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʦʙʩʷʛʽʚ ʾʾ ʩʧʦʞʠʚʘʥʥʷ, ʥʘʜʘʥʥʷ ʛʨʘʥʪʽʚ ʘʙʦ ʩʫʙʩʠʜʽʡ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ 



16 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʩʫʨʩʦʦʱʘʜʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʪʝʭʥʽʯʥʠʤʠ ʟʘʭʦʜʘʤʠ, 

ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʝʢʦʥʦʤʽʯʥʘ 

ʩʠʩʪʝʤʘ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʧʽʜʚʠʱʝʥʥʶ ʾʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʟʥʠʞʝʥʥʶ ʟʘʛʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʝʥʝʨʛʦʦʱʘʜʞʝʥʥʷ ʚ ʦʨʛʘʥʽʟʘʮʽʡʥʦïʝʢʦʥʦʤʽʯʥʫ ʩʠʩʪʝʤʫ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʝʢʦʥʦʤʽʶ ʨʝʩʫʨʩʽʚ, ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ ʪʘ ʝʢʦʣʦʛʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

4. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʚʠʜʽʚ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʪʨʫʜʦʚʠʭ, ʬʽʥʘʥʩʦʚʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʮʝ ʦʟʥʘʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʦʯʠʱʝʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʚʦʜʠ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʨʝʩʫʨʩʽʚ. ɽʥʝʨʛʦʦʱʘʜʞʝʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʫ ʮʽʡ ʩʬʝʨʽ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʥʘʩʦʩʽʚ, 

ʤʝʤʙʨʘʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ, ʪʘʢʠʭ ʷʢ 

ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʷ ʯʠ ʝʣʝʢʪʨʦʜʽʘʣʽʟ, ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʚʦʜʠ ʪʘ ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʂʨʽʤ ʪʦʛʦ, 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʢʣʶʯʘʻ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ 

ʚʦʜʠ, ʾʾ ʧʦʚʪʦʨʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʮʠʢʣʘʭ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʧʽʜʚʠʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʪʨʘʪ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʩʧʨʠʷʻ 

ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤʠ 

ʫʤʦʚʘʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

5. ʅʘʧʨʷʤʦʢ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʦʜʦʧʽʜʛʦʪʦʚʮʽ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʽ 

ʚʢʣʶʯʘʻ ʝʢʦʥʦʤʽʯʥʽ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʽ, ʧʨʘʚʦʚʽ ʪʘ ʩʦʮʽʘʣʴʥʽ ʘʩʧʝʢʪʠ, ʱʦ 

ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʪʘ 

ʦʱʘʜʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʶ ʝʥʝʨʛʦʦʱʘʜʥʠʭ 

ʨʽʰʝʥʴ ʫ ʧʨʦʮʝʩʠ ʚʦʜʦʦʯʠʱʝʥʥʷ. ɯʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ, ʪʘʢʠʭ ʷʢ 

ʤʝʤʙʨʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʷ, ʙʽʦʣʦʛʽʯʥʝ ʦʯʠʱʝʥʥʷ ʪʘ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ. ɽʢʦʥʦʤʽʯʥʠʡ ʘʩʧʝʢʪ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʪʨʘʪ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʽ ʨʦʟʨʦʙʢʫ ʤʦʜʝʣʝʡ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ. ʇʨʘʚʦʚʽ ʜʠʩʮʠʧʣʽʥʠ ʩʧʨʠʷʶʪʴ 

ʩʪʚʦʨʝʥʥʶ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʦʱʘʜʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ, 

ʧʽʜʪʨʠʤʢʠ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʉʦʮʽʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʫʣʴʪʫʨʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʩʫʯʘʩʥʠʡ ʥʘʧʨʷʤʦʢ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʦʜʦʧʽʜʛʦʪʦʚʮʽ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʤʫ ʧʽʜʭʦʜʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ, 

ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ, ʥʦʨʤʘʪʠʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʦʮʽʘʣʴʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ. 

1.3 ʇʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ 

 
ʊʘʙʣʠʮʷ 1.1 ï ʇʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ: 
 

ʅʘʟʚʘ ʧʦʢʘʟʥʠʢʘ ʌʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ 

1 2 3 

ʄʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ ʄʄ=ʄ/ʇ 

ʄʄ ï ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ, 
ʛʨʥ;  
ʇ ï ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʦʾ 
ʧʨʦʜʫʢʮʽʾ;  
ʄ ï ʚʘʨʪʽʩʪʴ ʚʠʪʨʘʯʝʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ. 

ʇʠʪʦʤʘ 
ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ ʄʧ= ʄ1/ɺ 

ʄʧ ï ʧʠʪʦʤʘ 
ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ, ʛʨʥ;  
ʄ1 ï ʚʠʪʨʘʪʠ ʢʦʥʢʨʝʪʥʦʛʦ 
ʚʠʜʫ ʨʝʩʫʨʩʽʚ;  
ɺ ï ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ 
ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ.  
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ɿʘʛʘʣʴʥʘ 
ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ ʄʟ= ʄʟ.ʩ/ɺ 

ʄʟï ʟʘʛʘʣʴʥʘ 
ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ, ʛʨʥ;  
ʄʟ.ʩ ï ʟʘʛʘʣʴʥʘ ʩʫʤʘ ʚʠʪʨʘʪ 
ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ;  
ɺ ï ʦʙʩʷʛ ʚʠʛʦʪʦʚʣʝʥʦʾ 
ʧʨʦʜʫʢʮʽʾ ʫ ʛʨʦʰʦʚʦʤʫ  
ʦʙʯʠʩʣʝʥʥʽ, ʛʨʥ.  

ʄʘʪʝʨʽʘʣʦʚʽʜʜʘʯʘ ʄʚ=ʇ/ʄ 

ʄʚ ï ʤʘʪʝʨʽʘʣʦʚʽʜʜʘʯʘ, ʛʨʥ;  
ʇ ï ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʦʾ 
ʧʨʦʜʫʢʮʽʾ;  
ʄ ï ʚʘʨʪʽʩʪʴ ʚʠʪʨʘʯʝʥʠʭ 
ʤʘʪʝ- ʨʽʘʣʽʚ.  

ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʤʽʨʫ 
ʚʽʜʭʦʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ 
ʄʚʽʜ=ɺʜ/ɺʪ 

ʂʚʽʜ ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʤʽʨʫ 
ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ;  
ɺʜ ï ʟʘʛʘʣʴʥʘ ʚʝʣʠʯʠʥʘ 
ʚʽʜʭʦʜʽʚ;  
ɺʪ ï ʚʝʣʠʯʠʥʘ ʟʘʛʘʣʴʥʠʭ 
ʚʠʪʨʘʪ ʚʠʨʦʙʥʠʮʪʚʘ.  

1.4 ɸʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʨʝʩʫʨʩʽʚ ʦʯʠʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʄʫʣʦʚʽ ʦʩʘʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʰʣʷʭʦʤ 

ʘʥʘʝʨʦʙʥʦʛʦ ʟʙʨʦʜʞʫʚʘʥʥʷ. ɹʽʦʛʘʟ ʤʦʞʝ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʣʷ ʨʦʙʦʪʠ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʱʦ ʟʥʠʞʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

ʇʝʨʝʨʦʙʢʘ ʦʩʘʜʽʚ ʫ ʜʦʙʨʠʚʘ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʯʠʱʝʥʥʷ, ɦ ʦ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ 

ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ. 

ʆʯʠʱʝʥʫ ʚʦʜʘ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʮʽʣʝʡ (ʦʭʦʣʦʜʞʝʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʮʝʩʠ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʨʦʰʫʚʘʥʥʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ[25]. 

ʊʝʧʣʦʚʽ ʨʝʩʫʨʩʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʫʪʠʣʽʟʘʮʽʷ ʪʝʧʣʘ, ̫ ʢʝ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʜʣʷ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʘʙʦ ʧʽʜʽʛʨʽʚʫ ʚʦʜʠ. 

ɺʠʜʘʣʝʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ï ʮʝ, ʥʘʩʘʤʧʝʨʝʜ, ʝʢʩʪʨʘʢʮʽʷ ʮʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ 

ʚʦʜʠ, ʥʘʧʨʠʢʣʘʜ, ʩʦʣʝʡ, ʤʝʪʘʣʽʚ ʘʙʦ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʨʝʩʫʨʩʽʚ: 

• ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʚʽʜʭʦʜʽʚ; 

• ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ; 

• ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ; 

• ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ. 
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ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʧʨʘʢʪʠʢ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʨʦʟʚʠʪʢʫ ʦʱʘʜʣʠʚʠʭ 

ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʩʪʘʣʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʱʦ ʩʧʨʠʷʻ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʝʢʦʥʦʤʽʢʠ ʟʘʛʘʣʦʤ. 

 1.5 ɿʘʜʘʯʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

• ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ; 

• ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ; 

• ʨʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʽʜʩʪʽʡʥʠʢʽʚ; 

• ʨʦʟʨʦʙʣʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʤʠʚʥʠʭ ʚʦʜ; 

• ʝʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʩʠʩʪʝʤʠ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ; 

• ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ. 
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ʈʆɿɼɯʃ 2 ʈʆɿʈɸʍʋʅʆʂ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʉʊɸʅʎɯɰ ʆʏʀʑɽʅʅʗ 

ʇʀʊʅʆɰ ɺʆɼʀ 

2.1 ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

2.1.1 ʈʦʟʨʘʭʫʥʦʢ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ 

ɿʘ ʩʪʫʧʝʥʝʤ ʙʣʘʛʦʫʩʪʨʦʶ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʟʘʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʷ ʤʽʩʪʘ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʜʽʣʝʥʘ ʥʘ ʪʨʠ ʨʘʡʦʥʠ. ɺ  ʧʝʨʰʦʤʫ ʨʘʡʦʥʽ ʽ ʜʨʫʛʦʤʫ ʨʘʡʦʥʘʭ - 9-ʪʠ 

ʧʦʚʝʨʭʦʚʽ ʙʫʜʠʥʢʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʚʦʜʦʧʨʦʚʦʜʦʤ, ʢʘʥʘʣʽʟʘʮʽʻʶ ʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ 

ʛʘʨʷʯʠʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ, ʪʨʝʪʽʡ ʨʘʡʦʥ ʤʘʻ ʧʝʨʝʚʘʞʥʦ 5-ʪʠ ʧʦʚʝʨʭʦʚʫ ʟʘʙʫʜʦʚʫ: 

ʙʫʜʠʥʢʠ ʦʙʣʘʜʥʘʥʽ ʚʥʫʪʨʽʰʥʽʤ ʚʦʜʦʧʨʦʚʦʜʦʤ, ʢʘʥʘʣʽʟʘʮʽʻʶ ʪʘ ʚʘʥʥʘʤʠ ʟ  

ʤʽʩʮʝʚʠʤʠ ʚʦʜʦʥʘʛʨʽʚʘʯʘʤʠ,  ʋ ʤʽʩʪʽ ʻ ʜʚʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʧʦʜʘʶʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 2.1 

ʊʘʙʣʠʮʷ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʜʧʨʠʻʤʩʪʚ 

ʅʘʟʚʘ 
ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɺʠʪʨʘʪʘ ʚʦʜʠ ʥʘ 
ʦʜ. ʧʨʦʜʫʢʮʽʾ 

 
ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɺʠʪʨʘʪʘ ʚʦʜʠ ʥʘ 
ʚʠʨʦʙʥʠʮʪʚʦ 

ʂʽʣʴʢʽʩʪʴ 
ʧʨʘʮʶʶʯʠʭ ʧʦ 

ʟʤʽʥʘʭ 
ʋʩʴʦʛʦ 

 ʤ3/ʪ ʪ/ʜʦʙ ʤ3/ʜʦʙ 1 2 3 

ʇʽʜʧʨʠʻʤʩʪʚʦ 
ˉ1(ʩʦʜʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚʦ) 
95 84,2 8000 1000 1000 800 2800 

ʇʽʜʧʨʠʻʤʩʪʚʦ ˉ2 
(ʭʽʤʽʢʦ-

ʤʝʪʘʣʫʨʛʽʡʥʝ 
ʧʽʜʧʨʠʻʤʩʪʚʦ) 

120 100 12000 1200 1200 1000 3400 

 

ʂʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʚ ʢʦʞʥʦʤʫ   ʨʘʡʦʥʽ ʤʽʩʪʘ ʦʙʯʠʩʣʝʥʦ ʧʦ ʬʦʨʤʫʣʽ: 

 
i

F
i

P
i

N =  (2.1) 

ʜʝ 
i

P -ʛʫʩʪʠʥʘ ʥʘʩʝʣʝʥʥʷ, ʯʦʣ/ʛʘ; 

i
F ʧʣʦʱʘ i-ʛʦ ʨʘʡʦʥʫ. 

411844808.851 ==N ʯʦʣ.; 

355584603.772 ==N ʯʦʣ.;  

329152905.1133 ==N ʯʦʣ. 
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2.1.2 ɸʥʘʣʽʟ ʫʤʦʚ ʟʘʙʦʨʫ ʚʦʜʠ 

ɼʞʝʨʝʣʦʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʻ ʨʽʯʢʘ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʥʽʡ ʥʘʚʝʜʝʥʽ 

ʥʠʞʯʝ. 

ɺʠʪʨʘʪʘ ʚʦʜʠ: 

-ʤʘʢʩʠʤʘʣʴʥʘ 15 ʤ3/ʩ 

-ʤʽʥʽʤʘʣʴʥʘ  10 ʤ3/ʩ 

ʐʚʠʜʢʽʩʪʴ ʚʦʜʠ ʚ ʨʽʯʮʽ 

-ʤʘʢʩʠʤʘʣʴʥʘ  0,8 ʤ/ʩ 

-ʤʽʥʽʤʘʣʴʥʘ 0,5 ʤ/ʩ 

ʈʽʚʝʥʴ ʚʦʜʠ ʚ ʨʽʯʮʽ  

-ʟʠʤʦʚʠʡ  6,6 ʤ (62,6ʤ) 

-ʣʽʪʥʽʡ  4,1 ʤ (60,1ʤ) 

-ʚ ʧʘʚʦʜʦʢ 8,0 ʤ (64ʤ) 

ɻʽʜʨʘʚʣʽʯʥʘ ʢʨʫʧʥʽʩʪʴ ʥʘʥʦʩʽʚ 100 ʤʤ/ʩ 

ʊʦʚʱʠʥʘ ʣʴʦʜʫ 0,8 ʤ 

ɺʠʩʦʪʘ ʭʚʠʣʽ 0,5 ʤ 

ˆʨʫʥʪʠ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʙʝʨʝʛ ʨʽʯʢʠ: 

-ʜʦ 3 ʤ ʧʽʩʦʢ 

-ʜʦ 6 ʤ ʩʫʧʽʩʴ 

-ʙʽʣʴʰʝ 6 ʤ ʩʫʛʣʽʥʦʢ 

ʗʢʽʩʥʠʡ ʩʢʣʘʜ ʚʦʜʠ: 

-ʢʘʣʘʤʫʪʥʽʩʪʴ 140 ʤʛ/ʣ 

-ʢʦʣʴʦʨʦʚʽʩʪʴ 85 ʛʨʘʜ 

-ʣʫʞʥʽʩʪʴ 3,4 ʤʛ-ʝʢʚ/ʣ 

ʨʅ 7,8 

- ʚʤʽʩʪ ʉʘ2+ 88 ʤʛ/ʣ 

- ʚʤʽʩʪ ʄg2+ 24,3 ʤʛ/ʣ 

- ʚʤʽʩʪ Na++K+ 18 ʤʛ/ʣ 

- ʚʤʽʩʪ ʉl 58 ʤʛ/ʣ 

- ʚʤʽʩʪ SO2-
4 102,8 ʤʛ/ʣ 
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ʉʦʣʝʚʤʽʩʪ 470 ʤʛ/ʣ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚʟʠʤʢʫ 00ʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚʣʽʪʢʫ 200ʉ 

ʊʚʝʨʜʽʩʪʴ ʚʦʜʠ 4,5 ʤʛ-ʝʢʚ/ʣ 

ʉʫʭʠʡ ʟʘʣʠʰʦʢ 470 ʤʛ/ʣ 

2.1.3 ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʪʨʘʪ ʚʦʜʠ  

ɺ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ ʚʦʜʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦïʧʠʪʥʽ ʧʦʪʨʝʙʠ 

ʥʘʩʝʣʝʥʥʷ, ʧʦʣʠʚ ʚʫʣʠʮʴ ʪʘ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʥʘ ʧʦʪʨʝʙʠ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʪʨʴʦʭ ʨʘʡʦʥʽʚ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ ïʧʠʪʥʽ 

ʧʦʪʨʝʙʠ ʪʘ ʥʘ ʧʦʣʠʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʢʨʝʤʦ. ʉʝʨʝʜʥʴʦʜʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʽ-ʛʦ 

ʨʘʡʦʥʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʤ3/ʜʦʙ: 

 1000/iiдобi qNQ =  (2.2) 

ʜʝ 
iq  ʧʠʪʦʤʝ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʝ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ,  

ʣ/ʜʦʙ [1. ʪʘʙʣ.1]. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʜʣʷ ʦʢʨʝʤʠʭ ʨʘʡʦʥʽʚ ʫ ʜʦʙʫ ʥʘʡʙʽʣʴʰʦʛʦ ʪʘ 

ʥʘʡʤʝʥʰʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʤ3/ʜʦʙ, ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 добiм аксiдобм аксiдоб QKQ = ...  (2.3) 

 добм iнiдобм инiдоб QKQ = ...  (2.4) 

ʜʝ ..м аксiдобK ..м інiдобK - ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʽ ʤʽʥʽʤʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʜʦʙʦʚʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ i-ʛʦ ʨʘʡʦʥʫ [1,ʧ. 2.2]. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʜʦʙʦʚʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 2.2.  
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ʊʘʙʣʠʮʷ 2.2 ï ɼʦʙʦʚʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ ʧʦʪʨʝʙʠ 
ʥʘʩʝʣʝʥʥʷ 

ʈʘʡʦʥ ʂʽʣʴʢʽʩʪʴ 
ʥʘʩʝʣʝʥʥ

ʷ 

ʇʠʪʦʤʝ 
ʚʦʜʦʩʧʦ 
ʞʠʚʘʥʥʷ, 
ʣ/ʜʦʙ ʯʦʣ 

ʂʜʦʙ.ʤʘ.ʩ. ʂʜʦʙ.ʤʽʥ. 
м аксiдобQ .   

м інiдобQ .  ..сердобQ  

1 41184 350 1,2 0,8 17297  11531 14414 
2 35558 350 1,2 0,8 14934  9956 12445 
3 32915 240 1,25 0,85 9875  6715 7899 
  109657       42106  28202 34759 

ɼʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʧʦʣʠʚ ʚʫʣʠʮʴ ʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʧʠʪʦʤʠʤʠ ʚʠʪʨʘʪʘʤʠ ʚʦʜʠ ʚ ʧʝʨʝʨʘʭʫʚʘʥʥʽ ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʩʪʫʧʝʥʷ 

ʙʣʘʛʦʫʩʪʨʦʶ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʧʦʣʠʚ ʥʘ ʦʜʥʦʛʦ ʞʠʪʝʣʷ ʧʨʠʡʥʷʪʘ 70 ʣ/ʜʦʙ 

ʜʣʷ ʚʩʽʭ ʨʘʡʦʥʽʚ. ɯʟ ʟʘʛʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ 40% ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽʨʥʠʢʽʚ, 60% 

- ʧʦʣʠʚʘʣʴʥʽ ʤʘʰʠʥʠ. ʋ ʪʘʙʣʠʮʽ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ 

ʧʦʣʠʚ ʚʫʣʠʮʴ ʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ. 

ʊʘʙʣʠʮʷ 2.3 ï ɼʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʧʦʣʠʚ ʚʫʣʠʮʴ ʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ 

ʈʘʡʦʥ ʤʽʩʪʘ ʂʽʣʴʢʽʩʪʴ 
ʤʝʰʢʘʥʮʽʚ 

ʇʠʪʦʤʘ 
ʚʠʪʨʘʪʘ 

ʥʘ 
ʧʦʣʠʚ, 
ʣ/ʤʝʰ 

ɼʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʧʦʣʠʚ, ʤ3/ʜʦʙ 
ɺʩʴʦʛʦ 

ʧʦ 
ʨʘʡʦʥʫ 

ɼʚʽʨʥʠʢʘʤʠ, 
40% 

ʄʘʰʠʥʘʤʠ, 
60% 

ʇʝʨʰʠʡ ʨʘʡʦʥ 41184 70 2883 1153 1730 

ɼʨʫʛʠʡ ʨʘʡʦʥ  35558 70 2489 996 1493 

ʊʨʝʪʽʡ ʨʘʡʦʥ 32915 70 2304 922 1382 

ʋʩʴʦʛʦ 109657   7676 3070 4606 

ʅʘ ʧʨʦʤʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʠʪʨʘʪʘ ʚʦʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ 

ʧʦʪʨʝʙʠ ʨʦʙʽʪʥʠʢʽʚ, ʧʨʠʡʦʤ ʜʫʰʫ ʪʘ ʚʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ. ʇʠʪʦʤʝ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʮʝʭʽʚ ʟ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ ʙʽʣʴʰʝ 80 ʢɼʞ (20 ʢʢʘʣ) ʥʘ 1 ʤ3/ʛʦʜ (ʛʘʨʷʯʽ ʮʝʭʠ) ʧʨʠʡʤʘʻʪʴʩʷ 

ʥʘ ʦʜʥʫ ʣʶʜʠʥʫ 45 ʣ/ʟʤ, ʜʣʷ ʽʥʰʠʭ ʮʝʭʽʚ- 25 ʣ/ʟʤ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ 

ʧʨʦʤʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ  ʚ ʪʘʙʣʠʮʽ 2.4. 
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ʊʘʙʣʠʮʷ 2.4 ï ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ ʧʦʪʨʝʙʠ 
ʨʦʙʽʪʥʠʢʽʚ 

ɿʤʽʥ
ʘ 

ʂʽʣʴʢʽʩʪ
ʴ 

ʨʦʙʽʪʥʠ 
ʢʽʚ 

ɻʘʨʷʯʽ ʮʝʭʘ ʍʦʣʦʜʥʽ ʮʝʭʘ ɿʘʛʘʣʴ 
ʥʘ 

ʚʠʪʨʘ 
ʪʘ 

ʂʽʣʴʢʽʩʪ
ʴ 

ʨʦʙʽʪʥʠ 
ʢʽʚ, ʯʦʣ 

ʇʠʪʦ 
ʤʘ 

ʚʠʪʨʘ 
ʪʘ, ʣ/ʟʤ 

ʯʦʣ 

ɺʠʪʨʘ
ʪʘ 

ʚʦʜʠ, 
ʤ3 

ʂʽʣʴʢʽʩʪʴ 
ʨʦʙʽʪʥʠ 
ʢʽʚ.ʯʦʣ 

ʇʠʪʦ 
ʤʘ 

ʚʠʪʨʘ 
ʪʘ, 

ʣ/ʟʤ 
ʯʦʣ 

ɺʠʪʨʘ 
ʪʘ 

ʚʦʜʠ, 
ʤ3 

ʇʽʜʧʨʠʻʤʩʪʚʦ ˉ 1 
1 1000 600 45 

  

27 400 25 

  

10 37 

2 1000 600 27 400 10 37 

3 800 480 21,6 320 8 29,6 

     75,6  28 103,6 

ʇʽʜʧʨʠʻʤʩʪʚʦ ˉ 2 
1 1200 720 45 32,4 480 25 12 44,4 

2 1200 720 32,4 480 12 44,4 
3 1000 600 27 400 10 37 
      91,8   34 125,8 

 

ɺʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʫʰʝʤ ʥʘ ʧʨʦʤʧʽʜʧʨʠʻʤʩʪʚʽ: 

 = ii nNQ /5,0  (2.5) 

ʜʝ 0.5-ʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʫ ʜʫʰʦʚʫ ʩʽʪʢʫ, ʤ3; 

iN -ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ ʫ ʮʝʭʘʭ ʟ i-ʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ; 

in -ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʥʘ ʦʜʥʫ ʜʫʰʦʚʫ ʩʽʪʢʫ ʜʣʷ i-ʦʾ ʩʘʥʽʪʘʨʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ [9]. 

ʇʽʜʧʨʠʻʤʩʪʚʦ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʩʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻ 95 ʤ3 ʚʦʜʠ ʥʘ 1ʪ 

ʧʨʦʜʫʢʮʽʾ, ʚʠʛʦʪʦʚʣʷʻ 84,2ʪ ʧʨʦʜʫʢʮʽʾ ʟʘ ʜʦʙʫ, ʪʘʢʠʤ ʯʠʥʦʤ, ʜʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ 

ʩʢʣʘʜʘʻ 8000 ʤ3. ʍʽʤʽʢʦ-ʤʝʪʘʣʫʨʛʽʡʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 120 ʤ3 ʚʦʜʠ ʥʘ 

1 ʪ  ʧʨʦʜʫʢʮʽʾ, ʚʠʛʦʪʦʚʣʷʻ 100 ʪ ʧʨʦʜʫʢʮʽʾ ʟʘ ʜʦʙʫ, ʪʘʢʠʤ ʯʠʥʦʤ, ʜʦʙʦʚʘ ʚʠʪʨʘʪʘ 

ʚʦʜʠ ʩʢʣʘʜʘʻ 12000 ʤ3.  ʅʘʩʝʣʝʥʥʷ ʤʽʩʪʘ ʙʽʣʴʰʝ 25 ʪʠʩ. ʯʦʣ. ʽ ʧʣʦʱʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʝʥʰʝ 150 ʛʘ ʪʦʤʫ ʟʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʥʘ ʛʘʩʽʥʥʷ ʦʜʥʽʻʾ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʞʝʞʽ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʥʝʦʙʭʽʜʥʦʾ ʚʠʪʨʘʪʠ ʚ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ ʪʘ 50% ʚʠʪʨʘʪʠ 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. ɺʠʪʨʘʪʘ ʥʘ ʟʦʚʥʽʰʥʻ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʚ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ ʟ 

ʢʽʣʴʢʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʙʽʣʴʰʝ 100 ʪʠʩ. ʯʦʣ. ʽ ʧʦʚʝʨʭʦʚʽʩʪʶ ʙʫʜʠʥʢʽʚ ʙʽʣʴʰʝ 3 

ʧʦʚʝʨʭʽʚ ʜʦʨʽʚʥʶʻ 40 ʣ/ʩ ʟ ʢʽʣʴʢʽʩʪʶ ʦʜʥʦʯʘʩʥʠʭ ʧʦʞʝʞ 3 [1]. ɺʠʪʨʘʪʘ ʥʘ 
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ʟʦʚʥʽʰʥʻ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ˉ1 ʟʽ ʩʪʫʧʝʥʝʤ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ 

ʙʫʜʠʥʢʽʚ ɯ ʽ ɯɯ ʽ ʢʘʪʝʛʦʨʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʧʦʞʝʞʥʦʶ ʙʝʟʧʝʢʦʶ ɼ ʧʨʠ ʦʙôʻʤʘʭ  

ʙʫʜʠʥʢʽʚ ʚʽʜ 20 ʜʦ 50 ʪʠʩ. ʤ3 ʩʢʣʘʜʘʻ 10 ʣ/ʩ;  ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ˉ2 ʟʽ ʩʪʫʧʝʥʝʤ 

ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʙʫʜʠʥʢʽʚ ɯ ʽ ɯɯ ʽ ʢʘʪʝʛʦʨʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʧʦʞʝʞʥʦʶ ʙʝʟʧʝʢʦʶ 

ɸ, ɹ ʧʨʠ ʦʙôʻʤʘʭ  ʙʫʜʠʥʢʽʚ ʚʽʜ 20 ʜʦ 50 ʪʠʩ. ʤ3 ï 20 ʣ/ʩ [1].   

ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʥʘ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 Qп = підвнзов qq 5.0)n(q ++  (2.6) 

ʜʝ nʧ ï ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʠʭ ʧʦʞʝʞ 

зовq  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʛʘʩʽʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʞʝʞʽ, ʣ/ʩ; 

qʚʥ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʚʥʫʪʨʽʰʥʻ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʣ/ʩ; 

підq - ʚʠʪʨʘʪʘ ʥʘ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

Qʧ =3(40+5)+*0,5*(10+20)=150 ʣ/ʩ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʨʠʚʘʣʦʩʪʽ ʛʘʩʽʥʥʷ ʧʦʞʝʞʽ, ʱʦ ʜʦʨʽʚʥʶʻ 3 ʛʦʜʠʥʘʤ, 

ʦʙôʻʤ ʚʦʜʠ ʥʘ ʧʦʪʨʝʙʠ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʩʪʘʥʦʚʠʪʴ: 

=пожW 3*3600*150/1000=1620 ʤ3 
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ʈʠʩʫʥʦʢ 2.1 ï ɺʠʙʽʨ ʨʝʞʠʤʫ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ 
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ʊʘʙʣʠʮʷ 2.5 ï ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʧʨʠʡʤʘʥʥʷ ʜʫʰʘ 

ʅʘʟʚʘ   1 2 3 ʂʽʣʴʢʽʩʪʴ 
ʨʦʙʽʪʥʠʢʽʚ ʂʽʣʴʢʽʩʪʴ ʩʽʪʦʢ  ɺʠʪʨʘʪʘ ʚʦʜʠ, ʢʫʙ. ʤ  

        1 2 3 1 2 3 ʋʩʴʦʛʦ 

ɻʘʨ. ʮʝʭ   600 600 480 7 86 86 69 43 43 34 120 

ʍʦʣ. ʎʝʭ   400 400 320 15 27 27 21 13 13 11 37 

ʋʩʴʦʛʦ   1000 1000 800 21    56 56 45 157 

               

               

ɻʘʨ. ʮʝʭ   720 720 600 7 103 103 86 51 51 43 146 

ʍʦʣ. ʎʝʭ   480 480 400 15 32 32 27 16 16 13 45 

ʋʩʴʦʛʦ   1200 1200 1000 21    67 67 56 191 
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2.2 ɸʥʘʣʽʟ ʨʝʞʠʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʦʜʠʥʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ 

ʨʝʞʠʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ ʧʦʪʨʝʙʠ ʽ-ʛʦ ʨʘʡʦʥʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ:  

 Kʛʦʜ 1=1 1 (2.7) 

 Kʛʦʜ 2=2 2 (2.8) 

ʜʝ  - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʙʣʘʛʦʫʩʪʨʦʶ ʙʫʜʠʥʢʽʚ,  

1=1,2; 2=1,2 , 3=1,25 [1,ʧ. 2,2]; 

 - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʠʩʣʦ ʤʝʰʢʘʥʮʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʘʡʦʥʽ, 

1=1,16;  2=1,17, 2=1,18[9]. 

ʂʛʦʜ 1= 39,116.12,1 =  

Kʛʦʜ 2= 41,117.12,1 =  

Kʛʦʜ 2= 48,118.125,1 =  

ɺʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ Kгод ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʘʙʣʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ [1]. 

ʈʦʟʧʦʜʽʣ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʛʦʜʠʥʘʤʠ ʜʦʙʠ ʧʨʠʡʤʘʻʤʦ ʜʣʷ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ 

ʨʘʡʦʥʽʚ ï ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ Kгод =1,4; ʜʣʷ ʪʨʝʪʴʦʛʦ ï Kгод =1, 5. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ 

ʚʠʪʨʘʪʠ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ Qʜʦʙ ʫ ʛʦʜʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʟʤʽʥʝʥʽ ʥʘ 

ʟʥʘʯʝʥʥʷ: 

 ʈʩʢ = ʂʽ * 4,17 (2.9) 

ʈʩʢI =1.39 * 4.17 = 5,79 

ʈʩʢII = 1.41 * 4.17 =5,88 

ʈʩʢIɯI = 1.48 * 4.17 =6,17 

ɺʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ ʧʦʪʨʝʙʠ ʜʣʷ ʢʦʞʥʦʾ ʛʦʜʠʥʠ ʜʦʙʠ 

ʚʠʟʥʘʯʝʥʘ ʧʦ ʬʦʨʤʫʣʽ: 

 Qi = Pi * Qiдоб макс/100 (2.10) 

ʜʝ Pi ï ʟʥʘʯʝʥʥʷ ʽ-ʾ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ; 

Qi ʜʦʙ ʤʘʢʩ ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʜʣʷ ʽ-ʛʦ ʨʘʡʦʥʫ ʤʽʩʪʘ. 

ʈʝʞʠʤ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʧʦʣʠʚ ʧʨʠʡʥʷʪʦ ʨʽʚʥʦʤʽʨʥʠʤ ʧʨʦʪʷʛʦʤ ʯʘʩʪʠʥʠ 

ʜʦʙʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʣʠʚ ʩʠʣʘʤʠ ʜʚʽʨʥʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ 4 ʛʦʜʠʥʠ ʨʘʥʢʦʤ ʽ 
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ʚʚʝʯʝʨʽ. ʇʦʣʠʚ ʤʘʰʠʥʘʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʙʝʟʫʧʠʥʥʦ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʟʤʽʥ ʧʦ 7 ʛʦʜʠʥ. 

ɻʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʥʘ ʧʦʣʠʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

 Qʯ ʧʦʣ=Qʛʦʜ ʧʦʣ/Tʧʦʣ (2.11) 

ʜʝ Qʜʦʙ ʧʦʣ ï ʚʠʪʨʘʪʘ ʥʘ ʧʦʣʠʚʘʥʥʷ, ʤ3/ʜʦʙ; 

Tʧʦʣ ï ʪʨʠʚʘʣʽʩʪʴ ʧʦʣʠʚʫ, ʛʦʜ. 

ɼʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ ï ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʨʠʡʥʷʪʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʛʦʜʠʥʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚ ʛʘʨʷʯʠʭ ʮʝʭʘʭ ï 2,5, ʫ ʭʦʣʦʜʥʠʭ ï 3. 

ɺʦʜʘ ʥʘ ʧʨʠʡʥʷʪʪʷ ʜʫʰʝʤ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʟʤʽʥ. ʈʝʞʠʤ ʚʠʪʨʘʪʠ 

ʚʦʜʠ ʥʘ ʚʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ. 

2.3 ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ 

ɼʞʝʨʝʣʦʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʻ ʨʽʯʢʘ. ɺʦʜʦʟʘʙʽʨʥʽ ʩʧʦʨʫʜʠ ʪʘ ʦʯʠʩʥʘ ʩʪʘʥʮʽʷ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʛʦʨʫ ʧʨʦʪʠ ʪʝʯʽʾ ʚʦʜʦʪʦʢʫ ʥʘ ʚʽʜʩʪʘʥʽ 2,7 ʢʤ ʚʽʜ ʤʝʞʽ ʞʠʪʣʦʚʦʾ 

ʟʘʙʫʜʦʚʠ. ʅʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʮʽʾ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ. ʅʘ  ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʦʣʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʦʜʦʧʨʠʡʤʘʣʴʥʦʾ ʩʧʦʨʫʜʠ 1 ʚʦʜʘ ʟʘʙʠʨʘʻʪʴʩʷ ʽʟ 

ʜʞʝʨʝʣʘ  ʽ ʧʦʜʘʻʪʴʩʷ ʥʘʩʦʩʘʤʠ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ 2 ʧʦ ʚʦʜʦʚʦʜʘʤ 3 ʥʘ ʦʯʠʩʥʽ 

ʩʧʦʨʫʜʠ 4. ʆʯʠʱʝʥʘ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʚ ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ 5,ʟ ʷʢʠʭ ʥʘʩʦʩʘʤʠ 

ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ 6 ʧʦ ʚʦʜʦʚʦʜʘʭ 7 ʧʦʜʘʻʪʴʩʷ ʚ ʤʽʩʴʢʫ ʚʦʜʦʧʨʦʚʽʜʥʫ ʤʝʨʝʞʫ 8. ɺ 

ʩʭʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʦʜʦʥʘʧʽʨʥʦʾ ʙʘʰʪʠ 9. 
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ʈʆɿɼɯʃ 3 ʈʆɿʈʆɹʂɸ ʈɽʉʋʈʉʆʆʑɸɼʅʆɰ ʊɽʍʅʆʃʆɻɯɰ 

ɺʆɼʆʇɯɼɻʆʊʆɺʂʀ 

3.1 ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ 

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [9] ʚʠʙʨʘʥʦ ʤʝʪʦʜ ʪʘ ʩʭʝʤʫ ʦʙʨʦʙʢʠ ʚʦʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʜʞʝʨʝʣʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʥʷ ʚʦʜʦʧʨʦʚʦʜʫ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʥʮʽʾ ʪʘ ʤʽʩʮʝʚʠʭ ʫʤʦʚ. ɼʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʯʢʦʚʫ ʚʦʜʫ, ʚʦʜʘ 

ʦʩʚʽʪʣʶʻʪʴʩʷ, ʟʥʝʙʘʨʚʣʶʻʪʴʩʷ, ʫʩʫʚʘʶʪʴʩʷ ʟʘʧʘʭʠ ʪʘ ʧʨʠʚʢʫʩʠ ʚʦʜʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʚʦʜʠ: ʚʤʽʩʪ ʟʘʚʠʩʣʠʭ 

ʨʝʯʦʚʠʥ 140 ʤʛ/ʣ, ʢʦʣʴʦʨʦʚʽʩʪʴ 86 ʛʨʘʜ ʽ ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ 72000 ʤ3/ʜʦʙ, ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʩʭʝʤʘ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʚʽʜʩʪʽʡʥʠʢʘʤʠ ʪʘ ʰʚʠʜʢʠʤʠ ʬʽʣʴʪʨʘʤʠ (ʨʠʩ. 3.1), ʤʝʪʦʜ 

ʦʙʨʦʙʢʠ ʚʦʜʠ ï ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʘʛʫʣʷʥʪʫ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʚ ʢʽʣʴʢʦʩʪʽ 4% ʩʪʘʥʦʚʠʪʴ: 

𝑄 = 72000 × 1,04 = 74880м3/доб = 3120м3/год = 860л/с 

2 31 4

5 6

До н.с. II 

підйому

 
ʈʠʩʫʥʦʢ 3.1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ 

1-ʟʤʽʰʫʚʘʯ; 2-ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʚʽʜʩʪʽʡʥʠʢ ʟ ʢʘʤʝʨʦʶ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ; 

3-ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ; 4-ʨʝʟʝʨʚʫʘʨ ʯʠʩʪʦʾ ʚʦʜʠ; 5-ʨʝʘʛʝʥʪʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ; 6-

ʭʣʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʘ 
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3.2 ʈʦʟʨʘʭʫʥʦʢ ʨʝʘʛʝʥʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʟʠ ʢʦʘʛʫʣʷʥʪʫ 

ɼʦʟʫ ʢʦʘʛʫʣʷʥʪʫ, Дк, ʤʛ/ʣ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʥʘ Al(SO4)3 ʧʦ ʙʝʟʚʦʜʥʽʡ 

ʨʝʯʦʚʠʥʽ, ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʧʨʠ ʦʙʨʦʙʮʽ ʤʫʪʥʠʭ ʚʦʜ ʟʘ ʪʘʙʣ. 16 [9]: 

Дк.=34 ʤʛ/ʣ 

ɼʦʟʘ ʢʦʘʛʫʣʷʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʣʴʦʨʦʚʠʭ ʚʦʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Дк.= Ц4 , (3.1) 
ʜʝ Ц ï ʢʦʣʴʦʨʦʚʽʩʪʴ ʚʦʜʠ, ʛʨʘʜ. 

Дк = 4√86 = 37,09 мг/л 

ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʤʽʩʪʽ ʫ ʚʦʜʽ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʽ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʧʨʠʡʤʘʻʪʴʩʷ ʙʽʣʴʰʘ ʽʟ ʜʦʟ ï ɼʢ.= 37,09 ʤʛ/ʣ. 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʟʠ ʧʽʜʣʫʞʥʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ 

ɼʦʟʠ ʧʽʜʣʫʞʥʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ, Длуг,, ʤʛ/ʣ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

),1/( 0 +−= ЩеДКД кклуглуг  (3.2) 
ʜʝ Дк-ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʧʝʨʽʦʜ ʧʽʜʣʫʞʥʝʥʥʷ ʜʦʟʘ ʙʝʟʚʦʜʥʦʛʦ ʢʦʘʛʫʣʷʥʪʫ, ʤʛ/ʣ; 

ке -ʝʢʚʽʚʘʣʝʥʪʥʘ ʤʘʩʘ ʢʦʘʛʫʣʷʥʪʫ, ʤʛ-ʝʢʚ/ʣ; 

лугК -ʢʦʝʬʽʮʽʻʥʪ, ʧʨʠʡʥʷʪʠʡ ʨʽʚʥʠʤ ʜʣʷ ʚʘʧʥʘ (ʧʦ ʉʘʆ)-28; 

0Щ -ʤʽʥʽʤʘʣʴʥʘ ʣʫʞʥʽʩʪʴ ʚʦʜʠ, ʤʛ-ʝʢʚ/ʣ. 

Длуг=28(37,09/57-3,4+1)= - 28 ʤʛ/ʣ 

ʆʪʨʠʤʘʥʝ ʯʠʩʣʦ ʟʽ ʟʥʘʢʦʤ ñ-ñ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʽʜʣʫʞʝʥʥʷ ʥʝ ʧʦʪʨʽʙʥʝ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʦʜʠ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʢʦʘʛʫʣʷʥʪʫ 

ʇʝʨʝʜ ʚʠʟʥʘʯʝʥʥʷʤ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʦʜʠ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʚʩʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʡʦʥʽʚ ʚ ʦʜʠʥʠʮʽ ʤʽʣʽʛʨʘʤ-ʝʢʚʽʚʘʣʝʥʪ ʥʘ ʣʽʪʨ: 

ʉʘ2+-5,1 ʤʛ-ʝʢʚ/ʣ, ʄg2+-2,4 ʤʛ-ʝʢʚ/ʣ, Na++K+- 78.0
23
18

= ʤʛ-ʝʢʚ/ʣ, ʉl -2,1 ʤʛ-ʝʢʚ/ʣ, 

SO2-
4-2.62 ʤʛ-ʝʢʚ/ʣ. 

 ʉʘ2++ ʄg2++( Na++K+)=  ʉl-+ SO2-
4+ʅʉʆ2-

3 

ʅʉʆ2-
3=5,1+2,4+0,78-2,1-2,62=3,54 ʤʛ-ʝʢʚ/ʣ 



32 

ʉʘ(ʅʉʆ3)2=33*82=270 ʤʛ/ʣ 

ʉʘSO4=1,07*70=74,9, ʄgSO4=1,16*62=67,92 ʤʛ/ʣ,  

ʄg ʉl2=0,84*48,5=40,74 ʤʛ/ʣ, Naʉl=0,78*61,4=47,9 ʤʛ/ʣ 

ʉʫʤʘ ʩʦʣʝʡ ʩʢʣʘʜʘʻ 505,46 ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦʤʫ ʟʥʘʯʝʥʥʶ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʫ ʚʠʭʽʜʥʽʡ ʚʦʜʽ, ʤʛ/ʣ: 

+



=

рН
К

Щ
СО

10
44

1
2 , (3.3) 

ʜʝ Щ -ʚʠʭʽʜʥʘ ʣʫʞʥʽʩʪʴ, ʤʛ-ʝʢʚ/ʣ; 

1К -ʢʦʥʩʪʘʥʪʘ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʜʠʩʦʮʽʘʮʽʾ ʚʫʛʽʣʴʥʦʾ ʢʠʩʣʦʪʠ, 

ʇʨʠ t0=00ʉ  1К =2,61*10-7 

ʧʨʠ t0=200ʉ  1К =4,05*10-7 

 -ʽʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ: 

 Р000022,0= , (3.4) 

ʜʝ Р ï ʩʦʣʝʚʤʽʩʪ, ʤʛ/ʣ 

𝜇 = 0,000022 ∗ 505,46 = 0,01 мг/л 

 

𝐶𝑂2
0С

44 × 3,4

2,61 × 10−7×107,8+√0,01
= 7,21 мг/л 

 
𝐶𝑂2

20С
44 × 3,4

4.05 × 10−7×107,8+√0,01
= 4.65 мг/л 

 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʫ ʚʦʜʽ ʚʽʣʴʥʦʾ ʚʫʛʣʝʢʠʩʣʦʪʠ ʧʽʩʣʷ ʢʦʘʛʫʣʷʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

,/*44)( 22 ккв іл еДCOCO +=  (3.5) 
 

(CO2)0C
віл=7,21+44*37,09/57=35,84 мг/л 

(CO2)20C
віл=4,65+44*37,09/57=33 мг/л 
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ʃʫʞʥʽʩʪʴ ʚʦʜʠ ʧʽʩʣʷ ʢʦʘʛʫʣʷʮʽʾ ʜʦʨʽʚʥʶʻ: 

,/0 ккк еДЩЩ −=  (3.6) 
Щк = 3,4-37,09/57=2,74 ʤʛ-ʝʢʚ/ʣ 

ɿʘ ʥʦʤʦʛʨʘʤʦʶ ʨʠʩ.2 ʜʦʜʘʪʢʫ 5 [9] ʚʠʟʥʘʯʘʻʪʴʩʷ 0рН ï ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ 

ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʫ ʚʦʜʫ ʢʦʘʛʫʣʷʥʪʫ ʧʨʠ ʨH=7,8, ʩʦʣʝʚʤʽʩʪʽ ʈ=0,01 ʤʛ/ʣ, ʣʫʞʥʦʩʪʽ 

ʑ=5,1 ʤʛ-ʝʢʚ/ʣ: 

pH0
вліт=7,0; pH0

вліт=7,3 

ʇʦ ʥʦʤʦʛʨʘʤʽ ʨʠʩ.1 ʜʦʜʘʪʦʢ 5 [9] ʚʠʟʥʘʯʘʻʪʴʩʷ sрН  ï ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ 

ʚ ʫʤʦʚʘʭ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ ʧʨʠ ʧʨʠ ʨH=7,8, ʩʦʣʝʚʤʽʩʪʽ ʈ=0,5 

ʤʛ/ʣ, ʣʫʞʥʦʩʪʽ ʑ=3,6 ʤʛ-ʝʢʚ/ʣ, ʚʤʽʩʪʽ ʢʘʣʴʮʽʶ ʉʘ2+-90 ʤʛ/ʣ: 

pHвліт
s=7.5; pHвліт

s=7.9 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʽʥʜʝʢʩ ʥʘʩʠʯʝʥʥʷ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ: 

spHpHJ −= 0  (3.7) 
Jʽʥʜʝʢʩ = 7,0 - 7,5= -0,5 
Jʽʥʜʝʢʩ = 7,3 - 7,9= -0,6 

ʆʪʨʠʤʘʥʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʥʘʩʠʯʝʥʥʷ ʤʘʶʪʴ ʟʥʘʢ ñ-ñ , ʪʦʙʪʦ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʚʦʜʠ ʥʝʦʙʭʽʜʥʘ ʾʾ ʦʙʨʦʙʢʘ ʣʫʞʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʚʦʜʠ ʚʘʧʥʦʤ. ɼʦʟʘ ʚʘʧʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ЩКД tвихв 28= , (3.8) 
ʜʝ в их -ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʦʤʦʛʨʘʤʤʦʶ ʨʠʩ.4, ʜʦʜ.5 [9]; 

tК -ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ: ʧʨʠ t=200ʉ tК = 1; 

Щ -ʣʫʞʥʽʩʪʴ ʚʦʜʠ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ, ʤʛ-ʝʢʚ/ʣ. 

ɼʚ=28*0,035*1*3,4=3,332 ʤʛ-ʝʢʚ/ʣ 

 

ɼʦʙʦʚʘ ʧʦʪʨʝʙʘ ʚ ʪʝʭʥʽʯʥʦʤʫ ʢʦʘʛʫʣʷʥʪʽ: 

k

к
доб

Д
G




=

10000
Q

, (3.9) 
ʜʝ кД -ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʦʟʘ ʢʦʘʛʫʣʷʥʪʫ, ʤʛ/ʣ; 

Q-ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʦʙʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ3/ʜʦʙ; 
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к -ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʯʠʩʪʦʾ ʙʝʟʚʦʜʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʜʫʢʪʽ, 

ʜʣʷ ʦʯʠʱʝʥʦʛʦ ʢʦʘʛʫʣʷʥʪʫ %5.33=к  

𝐺доб =
37,09 × 74880

10000 × 33,5
= 8,29мг/л 

ʄʽʩʷʯʥʘ ʧʦʪʨʝʙʘ ʚ ʪʝʭʥʽʯʥʦʤʫ ʢʦʘʛʫʣʷʥʪʽ: 

 𝐺міс = 𝐺доб × 30  (3.10) 

𝐺_міс = 8.29 × 30 = 248,7 мг/л 

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʦʘʛʫʣʷʥʪʫ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʢʨʦʛʦ ʩʧʦʩʦʙʫ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʢʦʘʛʫʣʷʥʪʫ ʚ ʨʦʟʯʠʥʥʽ ʙʘʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʘʤʦʩʢʠʜʘʤʠ. ʋ ʙʘʢʘʭ 

ʛʦʪʫʻʪʴʩʷ 15%-ʡ ʨʦʟʯʠʥ, ʷʢʠʡ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, 

ʧʦʜʘʥʦʛʦ ʧʦʚʽʪʨʦʜʫʚʢʘʤʠ. ʇʽʜʛʦʪʦʚʣʝʥʠʡ ʨʦʟʯʠʥ ʥʘʩʦʩʘʤʠ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ 

ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜʠ ʜʦ ʨʝʟʝʨʚʫʘʨʽʚïʩʭʦʚʠʱ, ʜʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 15 ʜʽʙ. 

ɼʘʣʽ 15%-ʡ ʨʦʟʯʠʥ ʢʦʘʛʫʣʷʥʪʫ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʫ ʚʠʪʨʘʪʥʽ ʙʘʢʠ, ʜʝ ʨʦʟʙʘʚʣʷʻʪʴʩʷ 

ʚʦʜʦʶ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 5%. ʇʨʦʮʝʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘʢʦʞ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʪʨʦʜʫʚʦʢ. ɯʟ ʚʠʪʨʘʪʥʠʭ ʙʘʢʽʚ 5%-ʡ ʨʦʟʯʠʥ ʧʦʜʘʻʪʴʩʷ ʫ ʟʤʽʰʫʚʘʯʽ. 

ɭʤʥʽʩʪʴ ʨʦʟʯʠʥʥʠʭ ʙʘʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

k

к

розч

Д
W




=

p

kʛʦʜ

b10
nQ

 (3.11) 

ʜʝ годQ - ʛʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʤ3/ʛʦʜ; 

nk- ʯʘʩ, ʥʘ ʷʢʠʡ ʟʘʛʦʪʦʚʣʶʻʪʴʩʷ ʨʦʟʯʠʥ ʢʦʘʛʫʣʷʥʪʫ, ʛʦʜ; 

pb - ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ, %; 

k - ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ, ʢʛ/ʤ3. 

𝑊розч =
37,09 × 3120 × 12

10 × 15 × 1000
= 9.25м3 

ɺʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʨʠ ʙʘʢʠ ʧʦʚʥʦʶ ʻʤʥʽʩʪʶ 3,08 ʤ3 ʢʦʞʥʠʡ. ʈʦʟʤʽʨʠ ʙʘʢʫ ʫ 

ʧʣʘʥʽ: 1,6ʤ*1,6ʤ*1,6ʤ (ʧʨʠ  ʚʠʩʦʪʽ ʰʘʨʫ ʨʦʟʯʠʥʫ 1,3 ʤ). 

ɭʤʥʽʩʪʴ ʚʠʪʨʘʪʥʠʭ ʙʘʢʽʚ: 
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b
витр

pʨʦʟʯ bW
W


= , (3.12) 

ʜʝ b - ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ ʫ ʚʠʪʨʘʪʥʦʤʫ ʙʘʮʽ, %. 

𝑊витр =
9,25 × 15

5
= 27,5 м3 

ɺʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʚʘ ʚʠʪʨʘʪʥʠʭ ʙʘʢʠ ʻʤʥʽʩʪʶ 13,75 ʤ3 ʢʦʞʥʠʡ. ʈʦʟʤʽʨʠ ʚ 

ʧʣʘʥʽ 2,5*2,5*2,6 ʤ3 (ʧʨʠ ʚʠʩʦʪʽ ʰʘʨʫ ʨʦʟʯʠʥʫ -2,4 ʤ). 

ʅʝʦʙʭʽʜʥʠʡ 15-ʪʠ ʜʦʙʦʚʠʡ ʟʘʧʘʩ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ ʟʙʝʨʽʛʘʻʪʴʩʷ  ʚ 

ʨʝʟʝʨʚʫʘʨʘʭ-ʩʭʦʚʠʱʘʭ: 

k

к

сх

Д
W




=

pb10
15Q

 (3.13) 

 

𝑊сх =
37,09 × 74880 × 15

10 × 15 × 1000
= 277м3 

 
ʅʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʨʠ ʨʝʟʝʨʚʫʘʨʠ-ʩʭʦʚʠʱʘ 

ʦʙôʻʤʦʤ 92 ʤ3 ʢʦʞʥʠʡ ʟ ʨʦʟʤʽʨʘʤʠ ʚ ʧʣʘʥʽ ï 5,2*5,2*3,5 ʤ3 (ʧʨʠ ʚʠʩʦʪʽ ʰʘʨʫ 

ʨʦʟʯʠʥʫ -3,6 ʤ). 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʽʪʨʦʜʫʚʦʢ 

ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʢʦʘʛʫʣʷʥʪʫ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʟʘʧʣʘʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʙʘʢ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʽʧF06,0 = іпіпк іQ , (3.14) 
ʜʝ іпі ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ, ʣ/(ʩ*ʤ2 ), [9]; 

ʽʧF - ʧʣʦʱʘ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʢʽʚ ʫ ʧʣʘʥʽ, ʤ2 . 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʨʦʟʯʠʥʥʽ ʙʘʢʠ: 

𝑄1𝑛𝑘 = 0.06 × 10 × (1.6 × 1.6 × 6) =
9,21 м3

хв
 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʙʘʢʠ-ʩʭʦʚʠʱʘ: 

𝑄2𝑛𝑘 = 0.06 × 3 × (5,2 × 5,2 × 3,5) = 17,03
м3

хв
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ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʪʨʘʪʥʽ ʙʘʢʠ: 

𝑄3𝑛𝑘 = 0.06 × 5 × (2,5 × 2,5 × 3,5) = 6,52 м3/хв 

ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ: 

 пкQ = пкQ1 + пкQ2 + пкQ3 , (3.15) 

пкQ =9,21+17,03+6,52=32,76 м3/хв. 

ʅʘ ʩʪʘʥʮʽʾ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 3 ʧʦʚʽʪʨʦʜʫʚʢʠ (2 ʨʦʙʦʯʠʭ,1 ʨʝʟʝʨʚʥʘ) ʤʘʨʢʠ 

ɺʂ-12 ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 12 ʤ3/ʭʚ ʢʦʞʥʘ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʪʠʧʫ ɸ72-4 

ʧʦʪʫʞʥʽʩʪʶ 28 ʢɺʪ ʽ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 1450 ʦʙ/ʭʚ. 

ɼʦʟʫʶʯʽ ʧʨʠʩʪʨʦʾ 

ɼʣʷ ʜʦʟʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘʩʦʩʠ ï ʜʦʟʘʪʦʨʠ ʤʘʨʢʠ 

ʅɼ.  ɻʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʘ-ʜʦʟʘʪʦʨʘ: 

k

ʚʠʪʨ
.. n

1000W 
=днQ  (3.16) 

ʜʝ витрW - ʢʦʨʠʩʥʠʡ ʦʙôʻʤ ʚʠʪʨʘʪʥʦʛʦ ʙʘʢʫ, ʤ3 ; 

kn -ʯʘʩ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ, ʛʦʜ. 

𝑄н.д. =
13,75 × 1000

12
= 1145 м3/год 

ɼʦ ʫʩʪʘʥʦʚʢʠ ʧʨʠʡʤʘʶʪʴʩʷ 3 ʥʘʩʦʩʠ (ʜʚʘ ʨʦʙʦʯʠʭ ʪʘ ʦʜʠʥ ʨʝʟʝʨʚʥʠʡ) 

ʤʘʨʢʠ ʅɼ 500/10 ʟ ʜʚʠʛʫʥʦʤ  ʧʦʪʫʞʥʽʩʪʶ  3 ʢɺʪ. 

ʈʦʟʯʠʥ ʢʦʘʛʫʣʷʥʪʫ ʟʘʙʠʨʘʻʪʴʩʷ ʟ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ  ʚʠʪʨʘʪʥʠʭ ʙʘʢʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʧʣʘʚʮʽʚ. 

ɺʘʧʥʷʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʚʘʧʥʘ, ʱʦ ʤʽʩʪʠʪʴ 78% ʙʝʟʚʦʜʥʦʛʦ ʧʨʦʜʫʢʪʫ: 

 1000078
Qɼ

W ʚʘʧ




=  (3.17) 

 

ʜʝ Двап - ʜʦʟʘ ʚʘʧʥʘ, ʤʛ/ʣ; 

Q - ʜʦʙʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ3/ʜʦʙ. 

𝑊 =
2.7 × 74880

78 × 10000
= 0.26 м3 
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ʇʨʠ ʚʠʩʦʪʽ ʰʘʨʫ ʥʝʛʘʰʝʥʦʛʦ ʚʘʧʥʘ -1 ʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ 

ʧʨʦʭʦʜʽʚ ʪʘ ʧʨʦʾʟʜʽʚ ʨʦʟʤʽʨʠ ʩʢʣʘʜʫ ʚ ʧʣʘʥʽ ʩʢʣʘʜʫʪʴ 10*10 ʤ. 

ɼʣʷ ʛʘʩʽʥʥʷ ʚʘʧʥʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʘʧʘʨʘʪ ʉ-322 ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1 ʪ/ʛʦʜ 

(ʨʦʟʤʽʨ ʚ ʧʣʘʥʽ 1,5*2,0*1,6ʤ) ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ɸʆ-5114 ʧʦʪʫʞʥʽʩʪʶ 4,7 ʢɺʪ. 

ʇʽʩʣʷ ʛʘʩʽʥʥʷ ʨʦʟʯʠʥ ʧʦʜʘʻʪʴʩʷ ʚ ʙʘʢ ʚʘʧʥʷʥʦʛʦ ʤʦʣʦʢʘ, ʦʙʣʘʜʥʘʥʠʡ ʤʽʰʘʣʢʦʶ, 

ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʧʥʘ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 5 %. 

ɭʤʥʽʩʪʴ ʚʠʪʨʘʪʥʠʭ ʙʘʢʽʚ: 

вапвап

вап
вап

b

nqД
W




=

10000 , (3.18) 

ʜʝ q -ʛʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ3/ʛʦʜ; 

n -ʯʘʩ, ʥʘ ʷʢʠʡ ʟʘʛʦʪʦʚʣʶʻʪʴʩʷ ʧʨʦʜʫʢʪ, 6-12 ʛʦʜ; 

в апb -ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʧʥʘ,%; 

вап -ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʪ/ʤ3 

𝑊вап =
2.7 × 3120 × 12

5 × 1 × 10000
= 2,02 м3 

ʇʨʠʡʤʘʻʪʴʩʷ ʜʚʘ ʙʘʢʠ ʻʤʥʽʩʪʶ W=1,2 ʤ3 ʢʦʞʥʠʡ. ɺʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ D 

ʙʘʢʫ ʜʦ ʡʦʛʦ ʚʠʩʦʪʠ ʅ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 1, ʪʦʜʽ: 

ì
W

D 13,1
14.3

144 / =


=


=


 (3.19) 
ɼʣʷ ʜʦʟʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʚʘʧʥʘ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘʩʦʩʠ-ʜʦʟʘʪʦʨʠ ʤʘʨʢʠ ʅɼ. 

ɻʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʘïʜʦʟʘʪʦʨʘ: 

n
1000W

Q ʚʘʧ
ʥ.ʜ.


=  (3.20) 

 
𝑊вап =

2,02 × 1000

12
= 168,33 м3/год 

ɼʦ ʫʩʪʘʥʦʚʢʠ ʧʨʠʡʤʘʶʪʴʩʷ ʜʚʘ ʥʘʩʦʩʠ-ʜʦʟʘʪʦʨʠ ʤʘʨʢʠ ʅɼ 500/10 (ʦʜʠʥ 

ʨʦʙʦʯʠʡ ʪʘ ʦʜʠʥ ʨʝʟʝʨʚʥʠʡ). 

3.3 ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʰʫʚʘʯʽʚ 

ɯʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʽʟ ʚʦʜʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʰʫʚʘʯʘʭ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʥʮʽʾ ʪʘ ʧʦʪʨʽʙʥʦʛʦ 
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ʩʪʫʧʝʥʷ ʟʤʽʰʫʚʘʥʥʷ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʦʪʠʨʴʦʭ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʚʠʭʨʦʚʦʛʦ ʪʠʧʫ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʜʥʦʛʦ ʟʤʽʰʫʚʘʯʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ  ʟʘ ʬʦʨʤʫʣʦʶ: 

 
n

Q
Q доб

зм


=
24  (3.21) 

ʜʝ n - ʢʽʣʴʢʽʩʪʴ ʟʤʽʰʫʚʘʯʽʚ, n=4. 

 

𝑄зм =
74880

24 × 4
= 780

м3

год
= 0,213

м3

с
 

 

ʇʣʦʱʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʤʽʰʫʚʘʯʘ, ʤ2 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

B

зм
B

V

Q
F = , (3.22) 

 

ʜʝ VB ï ʰʚʠʜʢʽʩʪʴ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ, VB = 100ʤ/ʛʦʜ [9]. 

𝐹𝑏 =
780

100
= 7,8м2 

ɼʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ʚ ʧʣʘʥʽ ʰʠʨʠʥʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ, ʤ: 

BB Fb =  (3.23) 
 

𝑏𝐵 = √7.8 = 2.79 

ʈʦʟʤʽʨʠ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʜʽʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʱʦ ʧʽʜʚʦʜʠʪʴ ʚʦʜʫ. ɼʽʘʤʝʪʨ ʧʨʠʡʤʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟʽ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 1-1,2 ʤ/ʩ [9]. ɿʘ [9] ʧʨʠʡʤʘʻʤʦ ʜʽʘʤʝʪʨ 500 ʤʤ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 1,0 

ʤ/ʩ. 

ɺʠʩʦʪʘ ʥʠʞʥʴʦʾ, ʧʽʨʘʤʽʜʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( )
22

1 
ctgbbh HBH −= , (3.24) 

ʜʝ bH - ʰʠʨʠʥʘ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ, ʤ; 

 - ʢʫʪ ʤʽʞ ʩʪʽʥʢʘʤʠ ʜʥʘ. 

( ) ìctghH 2,3
2
4048,08,2

2
1

=−=  
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ɭʤʥʽʩʪʴ ʧʽʨʘʤʽʜʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ, ʤ3: 

( )HBHBHH FFFFhW ++=
3
1  (3.25) 

𝑊вап =
1

3
× 3,4 [7.8 + (0,48)2 + √7.8 × 0.482] = 10,1 м3 

  ʇʦʚʥʘ ʻʤʥʽʩʪʴ ʟʤʽʰʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

60
tQ

W зм = , (3.26) 

ʜʝ t ï ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʚ ʟʤʽʰʫʚʘʯʽ (2 ʭʚʠʣʠʥʠ). 

𝐹𝑏 =
780

60
= 13 м3 

ɭʤʥʽʩʪʴ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ: 

 WB = W – WH. (3.27) 

WB =25,4-10,1=15,3 м3. 

ɺʠʩʦʪʘ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

ℎ𝑀 =
15,3

7,5
= 2,04 м 

ʇʦʚʥʘ ʚʠʩʦʪʘ ʟʤʽʰʫʚʘʯʘ: 

HB hhh += ; (3.28) 
 

ℎ = 2,0 + 3,3 = 5,3 м2 
. 

ʇʣʦʱʘ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʚʦʜʦʟʙʽʨʥʦʛʦ ʣʦʪʢʘ: 

 
nv

Q
w зм

л


= , (3.29) 

 

ʜʝ v -ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʫ ʣʦʪʢʫ, [9]; 
n -ʯʠʩʣʦ ʚʦʜʦʟʙʽʨʥʠʭ ʣʦʪʢʽʚ. 

𝐹𝑏 =
3120

0,6 × 2 × 3600
= 7,22 м2 

ʇʨʠ ʰʠʨʠʥʽ ʣʦʪʢʘ 0,5 ʤ ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʩʦʪʘ ʰʘʨʫ ʚʦʜʠ ʚ ʣʦʪʢʫ: 
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ʣ

ʣ
ʣ b

w
h = , (3.30) 

ℎм =
0.18

0.5
= 0.38 

ʋʭʠʣ ʜʥʘ ʣʦʪʢʘ ʧʨʠʡʤʘʻʪʴʩʷ ʽ=0,02. ʇʣʦʱʘ ʚʩʽʭ ʟʘʪʦʧʣʝʥʠʭ ʦʪʚʦʨʽʚ ʚ 

ʩʪʽʥʢʘʭ ʟʙʽʨʥʠʭ ʣʦʪʢʽʚ: 

3600
=

o

o
v

Q
F  (3.31) 

ʜʝ ov - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʯʝʨʝʟ ʦʪʚʦʨʠ, ʤ/ʛʦʜ. 

𝐹0 =
3120

1 × 3600
= 0.86 м2 

ʇʨʠ ʜʽʘʤʝʪʨʽ ʦʜʥʦʛʦ ʦʪʚʦʨʫ ʨʽʚʥʦʤʫ od =80 ʤʤ, ʧʣʦʱʘ ʦʜʥʦʛʦ ʦʪʚʦʨʫ: 

 2
22

0 00503.0
4

08.014.3
4

м
d

fo =


=


=
  (3.32) 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʪʚʦʨʽʚ: 

 𝑛 =
𝐹0

𝑓0
=

0.21

0.00503
≈ 52 отв.  (3.33) 

ʆʪʚʦʨʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʧʦ  ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʣʦʪʢʘ ʥʘ ʚʽʜʩʪʘʥʽ h=110ʤʤ ʚʽʜ 

ʚʝʨʭʥʴʦʾ ʢʨʦʤʢʠ ʣʦʪʢʘ ʜʦ ʦʩʽ ʦʪʚʦʨʽʚ. ɿʽ ʟʙʽʨʥʦʛʦ ʣʦʪʢʘ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʫ ʙʽʯʥʠʡ 

ʢʘʨʤʘʥ ʰʠʨʠʥʦʶ 0,8 ʤ. 

3.4 ʈʦʟʨʘʭʫʥʦʢ ʩʧʦʨʫʜ ʜʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ 

ʅʘ ʩʪʘʥʮʽʾ  ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ ʚʦʜʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʚʽʜʩʪʽʡʥʠʢʠ - ʨʝʟʝʨʚʫʘʨʠ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʷʢʽ  

ʦʙʣʘʜʥʘʥʽ ʚʦʜʦʨʦʟʧʦʜʽʣʴʥʠʤʠ ʪʘ ʚʦʜʦʟʙʽʨʥʠʤʠ ʫʣʘʰʪʫʚʘʥʥʷʤʠ, 

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʚʦʜʠ ʪʘ ʾʾ ʚʽʜʚʝʜʝʥʥʷ ʧʽʩʣʷ ʦʩʚʽʪʣʝʥʥʷ, 

ʫʣʘʰʪʫʚʘʥʥʷʤʠ ʜʣʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ. 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 




=
06.3 U

q
F , (3.34) 

ʜʝ q - ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ, ʤ3/ʛʦʜ ; 



41 

0U - ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʘʪʨʠʤʫʶʪʴʩʷ ʚʽʜʩʪʽʡʥʠʢʦʤ, 

ʤʤ/ʩ, [1, ʪʘʙʣ.18]; ʚʨʘʭʦʚʫʶʯʠ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ 

ʥʘʷʚʥʽʩʪʶ ʚʙʫʜʦʚʘʥʦʾ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ [1, ʪʘʙʣ.18, ʪʘ ʧ. 6.56], 

ʛʽʜʨʘʚʣʽʯʥʘ ʢʨʫʧʥʽʩʪʴ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 0,45+0,45*0,15=0,52 ʤʤ/ʩ; 

 -ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, 

 =1,3 [9]. 

ɼʣʷ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ: 

𝐹з =
27162

3,6 × 0,52
× 1,3 = 1886,3м2 

ɼʣʷ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ: 

𝐹л =
3048,9

3,6 × 0,52
× 1,3 = 2117,3 м2 

ʐʠʨʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

NНV

q
В

срср 
=

6.3 , (3.35) 

ʜʝ ʩʨV -ʩʝʨʝʜʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʫ ʚʽʜʩʪʽʡʥʠʢʫ, ʩʨV =7ʤʤ/ʩ 

[9]; 

срН -ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʟʦʥʠ ʦʩʘʜʞʝʥʥʷ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ срН =3,0 ʤ [9]; 

N - ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʩʪʽʡʥʠʢʽʚ, ʧʨʠʡʤʘʻʪʴʩʷ N =5 ʰʪ. 

𝐵 =
3048,9

3,6 × 7 × 3 × 5
= 8,1м 

ʐʠʨʠʥʘ ʚʽʜʩʪʽʡʥʠʢʘ ʧʨʠʡʤʘʻʪʴʩʷ 8 ʤ. 

ɼʦʚʞʠʥʘ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 NBFL = / , (3.36) 

𝐹л = 2117,3/9 × 5 = 47м 
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ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʠʡʤʘʶʪʴʩʷ ʨʦʟʤʽʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ: L = 47 

ʤ; B = 8 ʤ. ʂʦʞʥʠʡ ʚʽʜʩʪʽʡʥʠʢ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʩʘʤʦʩʪʽʡʥʦ ʜʽʶʯʽ ʩʝʢʮʽʾ 

ʰʠʨʠʥʦʶ 4,5 ʤ [1, ʧ.6.68], ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ - 10 ʰʪ. 

ʆʩʘʜ ʟ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʜʘʣʷʻʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʠʤ ʩʧʦʩʦʙʦʤ [3, ʧ.6.69]. ʆʙôʻʤ 

ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʦʩʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

qN
)(

.


−
=

осввp

ос

МCqT
W , (3.37) 

ʜʝ рТ -ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʚʽʜʩʪʽʡʥʠʢʘ ʤʽʞ ʩʢʠʜʘʤʠ ʦʩʘʜʫ, ʛʦʜ; ʧʨʠʡʤʘʻʪʴʩʷ рТ =72 

ʛʦʜ [1]; 

вС -ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʽʜʩʪʽʡʥʠʢʘ, ʛ/ʤ3; 

осв
М -ʢʽʣʴʢʽʩʪʴ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʚʽʜʩʪʽʡʥʠʢʘ, 

осв
М

=8 ʛ/ʤ3; 

 -ʩʝʨʝʜʥʷ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʦʩʘʜʞʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʦʩʘʜʫ, ʛ/ʤ3; ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʘʣʘʤʫʪʥʦʩʪʽ ʚʦʜʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ 

ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʩʢʠʜʘʤʠ ʦʩʘʜʫ  =40000 ʛ/ʤ3 [1]. 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

вапккв ВЦДКМС +++= 25,0 , (3.38) 

ʜʝ кК -ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʯʠʩʪʦʪʠ ʢʦʘʛʫʣʷʥʪʫ, ʧʨʠʡʤʘʻʪʴʩʷ 

кК =0,5 [1, ʧ.6.65]; 

вапВ -ʢʽʣʴʢʽʩʪʴ ʥʝʨʦʟʯʠʥʝʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʥʦʩʷʪʴʩʷ ʟ ʚʘʧʥʦʤ [9]: 

в

в

в
вап Д

К

Д
В −=  (3.39) 

ʜʝ вК -ʚʤʽʩʪ ʉʘʆ ʫ ʚʘʧʥʽ, ʜʦʣʽ ʦʜʠʥʠʮʽ. 

Ввап =
2,7

0,67
− 2,7 ≈ 1,3 мг/л 
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Св = 140 + 0,5 × 37 + 0,25 × 85 + 1,3 = 181,1 мг/л 

𝐹л =
72 × 3048,9 × (181,1 − 8)

8 × 40000
= 118,7 м3 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

LіННН нсрвід +++= ʙʫʜh  (3.40) 

ʜʝ нН -ʚʠʩʦʪʘ ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ, ʤ; 

ʙʫʜh - ʚʝʣʠʯʠʥʘ ʟʘʚʠʱʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʚʠʩʦʪʠ ʥʘʜ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʨʽʚʥʝʤ ʚʦʜʠ, 

ʤ, ʧʨʠʡʤʘʻʪʴʩʷ ʙʫʜh =0,35ʤ [9]; 

і-ʧʦʟʜʦʚʞʥʽʡ ʫʭʠʣ ʜʥʘ ʚʽʜʩʪʽʡʥʠʢʘ, ʧʨʠʡʤʘʻʪʴʩʷ ʽ=0,005 [9]. 

ɺʠʩʦʪʘ ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

0

..

F

W
Н чос

н =  (3.41) 

ʜʝ 0F -ʧʣʦʱʘ ʦʜʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ, ʤ2. 

ʇʣʦʱʘ ʦʜʥʽʻʾ ʩʝʢʮʽʾ ʚʽʜʩʪʽʡʥʠʢʘ ʩʢʣʘʜʘʻ: 

 2
0 5,2205,449BLF м===  (3.42) 

НН =
118.7

220.5
= 0.54 м 

𝐻від = 3 + 0,54 + 0,35 + 0,005 × 49 = 4,1 м 

ʉʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʚʦʜʠ ʫ ʚʽʜʩʪʽʡʥʠʢʫ: 

 2
L

++=
і

ННН нср

ср

вод  (3.43) 

𝐻вод
ср

= 3,0 + 0,54 +
0,005 × 49

2
= 3,7 м 
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ʈʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ 

ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʨʘʟʦʤ ʟ ʦʩʘʜʦʤ, ʫ % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʠʪʨʘʪʠ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,100
Tq

W

p

ʦʩ.ʯ.





=

рк
Р  (3.44) 

ʜʝ  pk - ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʙʘʚʣʝʥʥʷ, ʧʨʠʡʤʘʻʪʴʩʷ pk =1,5 [1, ʧ.6.74]. 

𝑃 =
1.5 × 118,7

3048,9 × 72
× 100 = 0,081% 

ɼʣʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟ 

ʧʝʨʬʦʨʦʚʘʥʠʭ ʪʨʫʙ ʟ ʦʪʚʦʨʘʤʠ ʜʽʘʤʝʪʨʦʤ ммd 250 = . 

ɼʥʦ ʚʽʜʩʪʽʡʥʠʢʘ ʤʽʞ ʪʨʫʙʘʤʠ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʦʩʘʜʫ ʧʨʠʡʤʘʻʪʴʩʷ 

ʧʨʠʟʤʘʪʠʯʥʠʤ ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ ʛʨʘʥʝʡ 450 [9]. 

ʂʽʣʴʢʽʩʪʴ ʪʨʫʙ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ ʟ ʦʜʥʽʻʾ ʩʝʢʮʽʾ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

ʪʨʪʨ B/ln = , (3.45) 

ʜʝ ʪʨl  - ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʷʤʠ ʪʨʫʙ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʜʥʠʱʘ ʪʨl

=3,0 ʤ [9]. 

2/35,4n ʪʨ = ʰʪ. 

ʂʽʣʴʢʽʩʪʴ ʦʩʘʜʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʞʥʫ ʪʨʫʙʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

сбтр

чос
остр

tn

W
q


= ..

..  (3.46) 

ʜʝ ʩʙt  - ʯʘʩ ʩʢʠʜʫ ʦʩʘʜʫ, ʛʦʜ; ʧʨʠʡʤʘʻʪʴʩʷ ʩʙt =20 ʭʚ=0,33ʛʦʜ [1]. 

𝑞тр.ос. =
118.7

2 × 0,33
= 179,8

м3

год
≈

50л

с
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ɼʣʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʦʩʘʜʫ ʫ ʢʽʥʮʽ ʪʨʫʙ ʥʝ ʤʝʥʰʝ 1,0 ʤ/ʩ [9] ʧʨʠʡʤʘʻʪʴʩʷ 

Дтр.ос.=200 ʤʤ; v=1,46 ʤ/ʩ; 1000ʽ=17,4 [9]. 

ʈʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ 

ʆʩʚʽʪʣʝʥʘ ʚʦʜʘ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʚʽʜʩʪʽʡʥʠʢʫ ʟʙʠʨʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʩʪʝʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʜʠʨʯʘʩʪʠʭ ʪʨʫʙ. 

ɼʦʚʞʠʥʘ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

ʧʠʪʢʦʣ/qql = ,  (3.47) 

ʜʝ ʢʦʣq  - ʚʠʪʨʘʪʘ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʫ ʢʦʣʝʢʪʦʨʽ ʩʠʩʪʝʤʠ, ʣ/ʩ; 

ʧʠʪq - ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʥʘ 1 ʤ ʪʨʫʙ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ ʚʦʜʠ, 

ʣ/ʩ*ʤ [ 1 ], ʧʨʠʡʤʘʻʪʴʩʷ ʧʠʪq =5,0 ʣ/ʩ*ʤ. 

ɺʠʪʨʘʪʘ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʚ ʢʦʣʝʢʪʦʨʽ ʩʠʩʪʝʤʠ: 

 6.3/ = колкол Nqq  (3.48) 

𝑞кол =
3048,9

10
× 3,6 = 84,7 л/с 

ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʚʦʜʠ ʫ ʢʽʥʮʽ ʢʦʣʝʢʪʦʨʘ 0,6é0,8ʤ/ʩ [9] ʧʨʠʡʤʘʻʪʴʩʷ 

Дтр.ос.=400 ʤʤ; v=0,64 1000ʽ=1,52 [3]. 

ɼʦʚʞʠʥʘ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

вн

колДВ −−= ʩʪʨ.ʪʨ. l2l  (3.49) 

ʜʝ ʩʪl  - ʚʽʜʩʪʘʥʴ ʚʽʜ ʢʽʥʮʷ ʨʦʟʧʦʜʽʣʴʯʦʾ ʪʨʫʙʠ ʜʦ ʩʪʽʥʠ ʚʽʜʩʪʽʡʥʠʢʘ, ʤ; 

ʧʨʠʡʤʘʻʪʴʩʷ ʩʪl =0,1 ʤ [ 1]. 

вн

колД - ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʦʣʝʢʪʦʨʘ. ʧʨʠʡʤʘʻʪʴʩʷ 
вн

колД .=426ʤʤ [9]. 

м9,3426,01,025,4lʨ.ʪʨ. =−−=  

ʇʨʠʡʤʘʻʪʴʩʷ 5 ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ 

ʢʦʣʝʢʪʦʨʘ. 

ɺʠʪʨʘʪʘ ʦʜʥʽʻʾ ʨʦʟʧʦʜʽʣʴʯʦʾ ʪʨʫʙʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 
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ʨ.ʪʨ.ʢʦʣʨ.ʪʨ. n/2qq =  (3.50) 

𝑞р.тр. =
84,7

2 × 5
= 8,5 л/с 

ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙʘʭ 0,6é0,8 ʤ/ʩ [1] ʧʨʠʡʤʘʻʪʴʩʷ 

Дтр.ос.=125 ʤʤ; v=0,61; 1000ʽ=6,12 [ 3 ]. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʷʤʠ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ: 

.... / тррсисттрр nLt = , (3.51) 

 ʜʝ систL  - ʜʦʚʞʠʥʘ ʜʽʣʷʥʢʠ, ʥʘ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ, ʤ. 

ʉʠʩʪʝʤʘ ʚʠʜʘʣʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʜʽʣʷʥʮʽ, ʱʦ 

ʜʦʨʽʚʥʶʻ 2/3 ʚʽʜ ʜʦʚʞʠʥʠ ʚʽʜʩʪʽʡʥʠʢʘ, ʪʦʙʪʦ 

 L/4=систL  (3.52) 

ʤ 33
3
249 ==систL  

мt трр 3.84/33.. ==  

3.5 ʈʦʟʨʘʭʫʥʦʢ ʢʘʤʝʨ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ 

ɼʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʚʙʫʜʦʚʘʥʽ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʦʯʘʪʢʫ ʚʽʜʩʪʽʡʥʠʢʽʚ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʤʧʦʥʫʚʘʥʥʷ ʟ 

ʚʽʜʩʪʽʡʥʠʢʘʤʠ ʧʨʠʡʤʘʶʪʴʩʷ ʪʠʧʦʚʽ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ ʫ ʢʽʣʴʢʦʩʪʽ 10 ʰʪ 

ʟ ʨʦʟʤʽʨʘʤʠ ʦʜʥʽʻʾ ʢʘʤʝʨʠ: ʰʠʨʠʥʘ Вк=4,5 ʤ, ʜʦʚʞʠʥʘ Lк=9,0 ʤ. 

ɺʠʪʨʘʪʘ ʚʦʜʠ ʜʣʷ ʦʜʥʽʻʾ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ: 

kk q/Nq = . (3.53) 

𝑞𝑘 =
3048.9

10
= 304.9

м3

год
= 84,7

л

с
 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚ ʦʜʥʽʡ ʢʘʤʝʨʽ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( )3600/ = kkkk LBqV , (3.54) 
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𝑉𝐾 =
304.9

4.5 × 9 × 3600
= 0.0021

м

с
= 2,1

мм

с
 

ɺʠʩʦʪʘ ʚʦʜʠ ʚ ʢʘʤʝʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

hHcp +=kh , (3.55) 

ʜʝ cpH - ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʟʦʥʠ ʦʩʘʜʞʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ, ʤ. 

ʧʨʠʡʤʘʻʪʴʩʷ мHcp 0.3= [9]; 

h -ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʢʘʤʝʨʽ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ, ʤ. ʧʨʠʡʤʘʶʪʴʩʷ h =0,4 ʤ[9] 

м4,34,00,3h k =+=  

ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʫ ʢʘʤʝʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 60/ = kk Vht  (3.56) 

𝑡 =
3.4

0.0021 × 60
= 27 хв 

ʈʦʟʧʦʜʽʣ ʚʦʜʠ ʧʦ ʢʘʤʝʨʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʽʨʥʠʭ 

ʧʝʨʬʦʨʦʚʘʥʠʭ ʪʨʫʙ ʟ ʦʪʚʦʨʘʤʠ, ʥʘʧʨʘʚʣʝʥʠʤʠ ʫʥʠʟ ʧʽʜ ʢʫʪʦʤ 450 [9]. 

ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʥʘ ʧʦʯʘʪʢʫ ʢʘʤʝʨʠ ʧʨʠʡʥʷʪʠ 0,5é0,6 ʤ/ʩ  [9], 

ʪʦ ʜʣʷ ʚʠʪʨʘʪʠ ʚʦʜʠ 𝑞𝑘 = 84,7
л

с
  ʧʨʠʡʤʘʻʪʴʩʷ ʜʽʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʣʷ ʧʽʜʚʦʜʫ 

ʚʦʜʠ Дпід=450 ʤʤ; v=0,5; 1000ʽ=0,83 [ 3 ]. 

ɺ ʢʦʣʝʢʪʦʨʽ ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʚʦʜʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʧʦʪʦʢʠ. ɺʠʪʨʘʪʘ 

ʚʦʜʠ ʚ ʢʦʣʝʢʪʦʨʽ ʩʪʘʥʦʚʠʪʴ: 

 2/qʢ=колq  (3.57) 

𝑞𝑘ол =
84,7

2
= 42,4 

л

с
 

ɼʣʷ ʢʦʣʝʢʪʦʨʫ ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʤʘʻʪʴʩʷ Дкол=300 ʤʤ; v=0,55; 

1000ʽ=1,69 [ 3 ]. 

ʂʽʣʴʢʽʩʪʴ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ: 

штnтр 32/5,4 =  
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ɺʠʪʨʘʪʘ ʚʦʜʠ ʜʣʷ ʢʦʞʥʦʾ ʨʦʟʧʦʜʽʣʴʯʦʾ ʪʨʫʙʠ ʩʢʣʘʜʝ: 

84,7/3;28,2 ʣ/ʩ 

ɼʣʷ ʢʦʞʥʦʾ ʨʦʟʧʦʜʽʣʴʯʦʾ ʪʨʫʙʠ ʧʨʠʡʤʘʻʪʴʩʷ Дтр=250 ʤʤ; v=0,53; 1000ʽ=1,96 

ɼʦʚʞʠʥʘ ʨʦʟʧʦʜʽʣʴʯʦʾ ʪʨʫʙʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

вн

колстkтр ДtLl −−=  (3.58) 

ʜʝ стt - ʚʽʜʩʪʘʥʴ ʚʽʜ ʨʦʟʧʦʜʽʣʴʯʦʾ ʪʨʫʙʠ ʜʦ ʩʪʽʥʢʠ ʢʘʤʝʨʠ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ стt =1 

ʤ [9]; 

вн

колД - ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʦʣʝʢʪʦʨʫ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ: 

вн

колД =325ʤʤ=0,325ʤ [ 3 ]. 

мlтр 68,7325,00,10,9 =−−=  

ɿ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʫ ʚʦʜʘ 

ʚʽʜʚʦʜʠʪʴʩʷ ʥʘʜ ʟʘʪʦʧʣʝʥʠʤ ʚʦʜʦʟʣʠʚʦʤ. ɺʝʨʭ ʩʪʽʥʢʠ ʚʦʜʦʟʣʠʚʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ 

ʥʠʞʯʝ ʨʽʚʥʶ ʚʦʜʠ ʥʘ ʚʠʩʦʪʽ: 

kвkв BVqh /=  (3.59) 

ʜʝ вV - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʥʘʜ ʚʦʜʦʟʣʠʚʦʤ, ʤ/ʩ; ʧʨʠʡʤʘʻʪʴʩʷ вV =0,05ʤ/ʩ 

[1,ʧ.6.58]. 

ℎв

0,085

0,05
× 4,5 =  0,4 м 

ʅʘ ʚʭʦʜʽ ʚʦʜʠ ʫ ʚʽʜʩʪʽʡʥʠʢ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʝʨʝʛʦʨʦʜʢʘ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʽʜ ʚʦʜʦʶ ʥʘ ʚʽʜʩʪʘʥʽ ı ʚʽʜ ʚʠʩʦʪʠ ʚʽʜʩʪʽʡʥʠʢʘ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʤʽʞ 

ʩʪʽʥʢʦʶ ʪʘ ʧʝʨʝʛʦʨʦʜʢʦʶ ʧʨʠʡʤʘʻʪʴʩʷ 0,03 ʤ/ʩ [9]. 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʨʦʟʧʦʜʽʣʴʯʽʡ ʩʠʩʪʝʤʽ: 

g2g2

22


+


=

тркол
vv

h  , (3.60) 

ʜʝ  - ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. 
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ɼʣʷ ʢʦʣʝʢʪʦʨʫ ʟ ʚʽʜʛʘʣʫʞʝʥʥʷʤʠ ʟ ʢʨʫʛʣʠʤʠ ʦʪʚʦʨʘʤʠ ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʦʧʦʨʫ: 

1/2,2 2 += пК  (3.61) 

ʜʝ пК - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʬʦʨʘʮʽʾ, ʧʨʠʡʤʘʻʪʴʩʷ пК =0,3 [1]. 

4,2513,0/2,2 2 =+=  

41,0
81,92

53,0
81,92

55,0
4,25

22

=


+


=h  

ɺʪʨʘʪʠ ʥʘʧʦʨʫ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (2.71), ʚʽʜʧʦʚʽʜʘʶʪʴ  ʧʨʠʡʥʷʪʠʤ ʨʘʥʽʰʝ 

ʚʪʨʘʪʘʤ ʥʘʧʦʨʫ ʟʘ [9]. 

3.6 ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ 

3.6.1 ʈʦʟʨʘʭʫʥʦʢ ʤʦʜʫʣʴʥʠʭ ʙʣʦʢʽʚ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʽ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ: ʜʦʚʞʠʥʘ L=47 ʤ, ʰʠʨʠʥʘ В=8 ʤ, ʨʦʙʦʯʘ ʛʣʠʙʠʥʘ 

Нр=2,7 ʤ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ v=7 ʤʤ/ʩ, 

ʛʽʜʨʘʚʣʽʯʥʘ ʢʨʫʧʥʽʩʪʴ ʨʝʯʦʚʠʥ u=058÷0,63 ʤʤ/ʩ. ʊʦʥʢʦʰʘʨʦʚʽ ʤʦʜʫʣʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ ʚʠʩʦʪʦʶ hn = Hp ʟ ʧʣʘʩʪʠʥʘʤʠ, ʥʘʭʠʣʝʥʠʤʠ 

ʧʽʜ ʢʫʪʦʤ 600 ʜʦ ʛʦʨʠʟʦʥʪʫ, ʚʠʩʦʪʘ ʥʝʧʨʦʪʽʯʥʦʾ ʯʘʩʪʠʥʠ hв=0,5 м. ɺʽʜʩʪʘʥʴ ʤʽʞ 

ʧʣʘʩʪʠʥʘʤʠ вп = 0,04 м, ʤʘʪʝʨʽʘʣ ʧʣʘʩʪʠʥ ï ʩʢʣʦ ʪʦʚʱʠʥʦʶ в1=0,004м. ʄʦʥʪʘʞʥʽ 

ʟʘʟʦʨʠ ʤʽʞ ʧʘʢʝʪʘʤʠ ʽ ʩʪʽʥʢʘʤʠ t = 0.2м. 

ɻʦʜʠʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ ʜʦ ʡʦʛʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ: 

𝑄від = 𝐹 × 𝑣, (3.62) 

ʜʝ F ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

𝑄від = 8 × 2,7 × 0,007 × 3600 = 544,32 м3/год. 

ʋ ʚʽʜʩʪʽʡʥʠʢʫ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʚʘ ʧʘʢʝʪʘ ʧʣʘʩʪʠʥ ʟʘʛʘʣʴʥʦʶ ʚʠʩʦʪʦʶ hn 

= 1,7 м, ʧʘʢʝʪʠ ʥʘʭʠʣʝʥʽ ʧʽʜ ʢʫʪʦʤ 600 ʜʦ ʛʦʨʠʟʦʥʪʫ. 

ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ Ln, ʷʢʘ ʙʫʜʝ ʟʘʡʥʷʪʘ ʧʣʘʩʪʠʥʘʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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 𝐿𝑛 = 𝐿 − 2ℎ𝑛 × 𝑡𝑔300 − 2𝑡. (3.63) 

𝐿𝑛 =52-2Ĭ1,7Ĭ0,57735-2Ĭ0,2=49,6 ʧʨʠʡʤʘʻʪʴʩʷ 50 ʤ. 

= 18-2*1.6*0.57735-2*0.2 = 16.55ʤʇʘʢʝʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʚʽʢʦʥʥʦʛʦ ʩʢʣʘ 

ʪʦʚʱʠʥʦʶ в1 = 0,004 ʤ. ʇʨʠʡʤʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʭʫ ʧʘʢʝʪʘ ʜʦ ʚʝʨʭʥʴʦʾ 

ʢʨʦʤʢʠ ʧʣʘʩʪʠʥ ʩʪʘʥʦʚʠʪʴ hв = 0,5 ʤ. ɺ ʧʣʘʩʪʠʥʘʭ ʜʦʚʞʠʥʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ʩʪʘʥʦʚʠʪʴ: 

𝐿1 = (ℎп − ℎв)/ 𝑐𝑜𝑠 3 00 (3.64) 

𝐿1 =(1,7ï0,5)/сos300=1,39 м. 

ʂʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʚʽʜʩʪʽʡʥʠʢʫ 

𝑛 = 𝐿𝑛/(в𝑛 + в1). (3.65) 

𝑛 =50/(0,04+0,0004)=1146 ʰʪ. 

ʊʨʠʚʘʣʽʩʪʴ ʚʽʜʩʪʦʶʚʘʥʥʷ ʫ ʧʘʢʝʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ 

𝑇 = вп × 1000/(𝑠𝑖𝑛 3 00 × 𝑢) (3.66) 

𝑇 =0,04Ĭ1000/(0,5Ĭ0,58)=138 ʩ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚ ʧʘʢʝʪʽ 

𝑣макс = 𝐿1/𝑇. (3.67) 

𝑣макс =1,39/138=0,010 ʤ/ʩ. 

3.6.2 ɸʥʘʣʽʟ ʨʝʞʠʤʫ ʚʽʜʩʪʦʶʚʘʥʥʷ  

ʇʽʩʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʦʜʠʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

𝑄від

/
= (3600 × 𝑣макс/𝑘) × 2 × 0.755 × 𝑛 × 𝐵 × вп, (3.68) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ, 5.25.1 =k . 

𝑄від

/
= (3600 × 0.008/1.7) × 2 × 0.755 × 1064 × 1,5 × 0.04 = 1633м3/год 

Q/
від=(3600×0,010/1.7)×2×0,755×1146×1,5×0,04=2198,7м3/год 

ɿʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

 𝑄від

𝑄від
=

2198,7

340.2
= 6,5 (3.69) 
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ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ ʜʦ ʪʘ ʧʽʩʣʷ ʡʦʛʦ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʥʢʦʰʘʨʦʚʠʭ ʤʦʜʫʣʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʮʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 6,5 ʨʘʟ.  

ʗʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʠʰʠʪʠ ʥʝʟʤʽʥʥʠʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʪʨʠʤʘʥʥʷ ʤʝʥʰʠʭ ʯʘʩʪʠʥʦʢ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʚ ʧʘʢʝʪʘʭ ʜʦ ʚʝʣʠʯʠʥʠ 

 𝑣макс = 𝑄від × 1000 × 1.7/(2 × 0.755 × 𝑛 × 𝐵 × вп × 3600) (3.70) 

𝑣макс =340,3Ĭ1000Ĭ1,7/(2Ĭ0,755Ĭ1146Ĭ1,5Ĭ0,04Ĭ3600)=1,54 ʤʤ/ʩ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦ ʌʨʫʜʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʪʠ ʚʽʜʩʪʽʡʥʠʢʘ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 𝐹𝑟 = 𝑣макс
2 /(𝑔 × 𝑅) ≥ 10−5   (3.71) 

, 

ʜʝ R ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ, ʤ. 

 𝑅 =
𝐵×вп

2×(𝐵+вп)
. (3.72) 

R=(1,5Ĭ0,04)/(2Ĭ(1,5+0,04)=1,95Ĭ10-2 

ʊʦʜʽ: 

Fr = 0.00172/(9.81 × 1.95 × 10-2) = 1,5 × 10-5 

Fr=0.001542/(9.81×1.95×10-2)=1.24×10-5/ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʽʢ ʙʫʜʝ ʟʘʣʠʰʘʪʠʩʷ ʩʪʽʡʢʠʤ, ʪʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʯʠʱʝʥʥʷ ʟʘʣʠʰʠʪʴʩʷ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ. 

3.7 ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ 

ɼʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʰʚʠʜʢʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʤʘʻ ʜʚʦʰʘʨʦʚʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ: ʚʝʨʭʥʽʡ ʰʘʨ ʚʠʩʦʪʦʶ 0,5 ʤ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʝʨʝʥ ʧʦʜʨʽʙʥʝʥʦʛʦ 

ʘʥʪʨʘʮʠʪʫ ʢʨʫʧʥʽʩʪʶ 0,8é1,8 ʤʤ, ʘ ʥʠʞʥʽʡ ʰʘʨ ʚʠʩʦʪʦʶ 0,8 ʤ ʽʟ ʟʝʨʝʥ ʧʽʩʢʫ 

ʢʨʫʧʥʽʩʪʶ 0,5é1,2 ʤʤ. ɺʦʜʘ ʥʘʜʭʦʜʠʪʴ ʜʦ ʬʽʣʴʪʨʽʚ ʧʦ ʞʦʣʦʙʘʤ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʥʘʜ ʬʽʣʴʪʨʫʶʯʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ. 
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ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʬʽʣʴʪʨʘ 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ[9]:

нст

повн
ф

vnqnТ

Q

−−
=

ʧʨʧʨʧʨʧʨʥv
F

 , (3.73) 

ʜʝ ʧʦʚʥQ - ʢʦʨʠʩʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ3/ʜʦʙ, ʧʦʚʥQ =73173 ʤ3/ʜʦʙ; 

стТ -ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʥʘ ʧʨʦʪʷʟʽ ʜʦʙʠ, ʛʦʜ, стТ =24 ʛʦʜ; 

ʥv -ʨʦʟʨʘʭʫʥʢʦʚʘ ʰʚʠʜʢʽʩʪʴ  ʬʽʣʴʪʨʫʚʘʥʥʷ, ʤ/ʛʦʜ, ʥv =10 ʤ/ʛʦʜ[9] 

ʧʨn - ʯʠʩʣʦ ʧʨʦʤʠʚʦʢ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʥʘ ʜʦʙʫ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨn =2; 

ʧʨq - ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʫ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ, ʤ3/ʤ2; 

пр -ʯʘʩ ʧʨʦʩʪʦʶ ʬʽʣʴʪʨʘ ʫ ʟʚôʷʟʢʫ ʟ ʧʨʦʤʠʚʢʦʶ, ʛʦʜ, ʜʣʷ ʬʽʣʴʪʨʽʚ, ʱʦ 

ʧʨʦʤʠʚʘʶʪʴʩʷ ʚʦʜʦʶ, ʧʨʠʡʤʘʻʪʴʩʷ 0.33 ʛʦʜ [9]. 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʫ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 прпр tWq = , (3.74) 

ʜʝ W - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʤʠʚʢʠ, ʣ/(ʩ*ʤ2), ʧʨʠʡʤʘʻʪʴʩʷ  16 ʣ/(ʩ*ʤ2) [9]; 

прt

- ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʤʠʚʢʠ, ʩ, ʧʨʠʡʤʘʻʪʴʩʷ прt = 6ʭʚ =0,1ʛʦʜ = 360 ʩ  

 

 

𝐹ф =
73173

24 × 9 − 2 × 5.76 − 2 × 0,33 × 0,9
= 368,6 м2 

 

ʂʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ʬF0.5N = , (3.75) 

𝑁 = 0,5√𝐹ф = 0,5√368,6 = 10 шт. 

23 /76,51000/36016 ммqпр ==
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ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʣʷ ʬʦʨʩʦʚʘʥʦʛʦ ʨʝʞʠʤʫ: 

 
1

v
NN

N
vнф

−
= , (3.76) 

ʜʝ 1N - ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ, ʱʦ ʨʝʤʦʥʪʫʶʪʴʩʷ, ʧʨʠʡʤʘʻʪʴʩʷ 1N =1 [1,ʧ.6.95]. 

𝑉ф = 9
10

10 − 1
= 10

км

год
 

 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠ ʬʦʨʩʦʚʘʥʦʤʫ ʨʝʞʠʤʫ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 12 ʤ/ʛʦʜ [1, ʪʘʙʣ.21], ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʘʜʦʚʦʣʴʥʷʻ 

ʮʽʡ ʚʠʤʦʟʽ. 

ʇʣʦʱʘ ʯʘʨʫʥʢʠ ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

 NFфф /F = , (3.77) 

𝐹ф =
386.6

10
≈ 36м2 

ʇʨʠʡʤʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʨʦʟʤʽʨʠ ʯʘʨʫʥʢʠ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʫ ʫ ʧʣʘʥʽ: 

ʜʦʚʞʠʥʘ L=6 ʤ, ʰʠʨʠʥʘ B=6ʤ. 

ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʬʽʣʴʪʨʫ ʥʘ ʚʠʩʦʪʫ 0,8 ʤ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʽʜʪʨʠʤʫʶʯʠʤ 

ʰʘʨʦʤ ʛʨʘʚʽʶ ʽʟ ʟʝʨʥʘʤʠ ʢʨʫʧʥʽʩʪʶ 2é40 ʤʤ [1,ʪʘʙʣ.22]. ɿʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʚʩʴʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ ʩʢʣʘʜʘʻ 0,5+0,8+0,8=2,1 ʤ. ɺʠʩʦʪʘ ʰʘʨʫ ʚʦʜʠ ʥʘʜ 

ʧʦʚʝʨʭʥʝʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ 2,0 ʤ, ʧʝʨʝʚʠʱʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʚʠʩʦʪʠ 

ʥʘʜ ʨʽʚʥʝʤ ʚʦʜʠ 0,5 ʤ [9]. 

ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʬʽʣʴʪʨʘ 

ʌʽʣʴʪʨ ʧʨʦʤʠʚʘʻʪʴʩʷ ʟʚʦʨʦʪʥʠʤ ʪʦʢʦʤ ʚʦʜʠ ʟ ʈʏɺ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʟʥʠʟʫ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ: ʧʨʦʤʠʚʥʘ ʚʦʜʘ ʧʽʜ ʪʠʩʢʦʤ ʧʦʜʘʻʪʴʩʷ ʜʦ ʜʨʝʥʘʞʥʦʛʦ 

ʫʣʘʰʪʫʚʘʥʥʷ, ʘ ʟ ʥʴʦʛʦ ʯʝʨʝʟ ʨʦʟʧʦʜʽʣʴʯʫ ʩʠʩʪʝʤʫ ʬʽʣʴʪʨʘ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʪʨʘʪʘ ʚʦʜʠ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʤʠʚʢʠ ʦʜʥʽʻʾ ʯʘʨʫʥʢʠ ʬʽʣʴʪʨʫ: 

 qпром = Fф Wпр (3.78) 

qпром = 36 16=576 л/с 
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ʇʽʜ ʯʘʩ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ ʟʛʽʜʥʦ [1, ʧ.6.106] ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʚʦʜʠ ʥʘ ʧʦʯʘʪʢʫ ʢʦʣʣʝʢʪʦʨʘ ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ 0,8é1,2 ʤ/ʩ. ɼʣʷ 

ʢʦʣʣʝʢʪʦʨʘ ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʤʘʻʪʴʩʷ ʪʨʫʙʦʧʨʦʚʽʜ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ 

ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʜʽʘʤʝʪʨʦʤ Дкол=800 ʤʤ; v=1,13; 1000ʽ=1,86 [ 3 ]. 

ʇʣʦʱʘ ʯʘʨʫʥʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʚʽʜʛʘʣʫʞʝʥʥʶ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 ʦʩ.. l
2 







 −
=

зов

кол
вб

ДВ
f , (3.79) 

ʜʝ ʦʩl -ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʷʤʠ ʪʨʫʙ ʚʽʜʛʘʣʫʞʝʥʴ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ ʦʩl =300ʤʤ=0,3 ʤ 

[1,ʧ.6.105]; 

кол
зовД - ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʦʣʝʢʪʦʨʘ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ кол

зовД =820 ʤʤ=0,82ʤ[ 

3]. 

2
.. 0,78³0,3

2
82,00.6

=






 −
=âáf  

ɺʠʪʨʘʪʘ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʦʜʥʝ ʙʦʢʦʚʝ ʚʽʜʛʘʣʫʞʝʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 Wfq вбвб = ....  (3.80) 

𝑞б.в. = 0,78 × 16 = 12,5 л/хв 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʚ ʪʨʫʙʘʭ ʚʽʜʛʘʣʫʞʝʥʴ ʟʛʽʜʥʦ [9] ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ 

ʤʝʞʘʭ 1,6é2,0 ʤ/ʩ, ʜʣʷ ʫʣʘʰʪʫʚʘʥʥʷ ʚʽʜʛʘʣʫʞʝʥʴ ʧʨʠʡʤʘʻʪʴʩʷ ʪʨʫʙʦʧʨʦʚʽʜ 

ʜʽʘʤʝʪʨʦʤ Дкол=80 ʤʤ; v=1,76; 1000ʽ=71,0 [3]. 

ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʚʽʜʛʘʣʫʞʝʥʴ ʧʽʜ ʢʫʪʦʤ 450 ʜʦ ʚʝʨʪʠʢʘʣʽ ʚʠʢʦʥʫʶʪʴʩʷ 

ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ d0=10 ʤʤ=0.01 ʤ. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʚʩʽʭ ʦʪʚʦʨʽʚ ʫ ʚʽʜʛʘʣʫʞʝʥʥʷʭ 

ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʟʛʽʜʥʦ [1,ʧ.6.105] ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ 0,25é0,5% ʚʽʜ ʨʦʙʦʯʦʾ 

ʧʣʦʱʽ ʬʽʣʴʪʨʘ.  

ʇʣʦʱʘ ʚʩʽʭ ʦʪʚʦʨʽʚ ʫ ʚʽʜʛʘʣʫʞʝʥʥʷʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

100/25.00 чарFF =   (3.81) 
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𝐹0 = 0.25 ×
36

100
= 0.09 м2 

ʇʣʦʱʘ ʦʜʥʦʛʦ ʦʪʚʦʨʫ: 

 4/f 2
00 d=   (3.82) 

22
0 00008.04/01.014.3f м==  

ʂʽʣʴʢʽʩʪʴ ʦʪʚʦʨʽʚ ʫ ʨʦʟʧʦʜʽʣʴʯʽʡ ʩʠʩʪʝʤʽ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ: 

000 / fFn =  (3.83) 

𝑛0 =
0.09

0.00008
= 1125 од. 

ɼʦʚʞʠʥʘ ʦʜʥʦʛʦ ʚʽʜʛʘʣʫʞʝʥʥʷ: 

 






 −
=

2
l

зов

колДВ
 (3.84) 

𝐿 = (
6 − 0.82

2
) = 2.6 м  

ʂʽʣʴʢʽʩʪʴ ʚʽʜʛʘʣʫʞʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʬʽʣʴʪʨʽ ʩʪʘʥʦʚʠʪʴ: 

2
..

.. =
вб

вб
t

L
n ,  (3.85) 

ʜʝ L -ʜʦʚʞʠʥʘ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʘ, ʤ; 

..вбt - ʢʨʦʢ ʚʽʩʽ ʚʽʜʛʘʣʫʞʝʥʴ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ ..вбt = 0,3ʤ. 

𝑛б.в. = 2 ×
6,0

0,3
= 40 од. 

ʈʦʟʨʘʭʫʥʦʢ ʫʣʘʰʪʫʚʘʥʴ ʜʣʷ ʟʙʦʨʫ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʚʦʜʠ ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ 

ɼʣʷ ʟʙʦʨʫ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʚʣʘʰʪʦʚʫʶʪʴʩʷ ʞʦʣʦʙʘ ʟ 

ʧôʷʪʠʢʫʪʥʠʤ ʧʝʨʝʪʠʥʦʤ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʷʤʠ ʞʦʣʦʙʽʚ жt =2 ʤ [9], ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʽʩʽ ʢʨʘʡʥʽʭ 



56 

ʞʦʣʦʙʽʚ ʜʦ ʩʪʽʥʢʠ - 1 ʤ, ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʠʥ ʞʦʣʦʙ ʩʪʘʥʦʚʠʪʴ жq =576/3=192 

ʣ/ʩ. 

ʐʠʨʠʥʘ ʞʦʣʦʙʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

5
3

2

)57,1( ж

ж

жж
а

q
kB

+
= , (3.86) 

ʜʝ жq -ʚʠʪʨʘʪʘ ʚʦʜʠ ʧʦ ʞʦʣʦʙʫ, см /3 ; 

жа -ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʧʨʷʤʦʢʫʪʥʦʾ ʯʘʩʪʠʥʠ ʞʦʣʦʙʘ ʜʦ ʧʦʣʦʚʠʥʠ ʡʦʛʦ 

ʰʠʨʠʥʠ, ʧʨʠʡʤʘʻʪʴʩʷ жа =1,5 ʤ [1,ʧ.6.111]; 

ʞk - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʧôʷʪʠʢʫʪʥʠʭ  ʞʦʣʦʙʽʚ Kʞ=2,1[2,ʧ.6.111]. 

ʂʽʣʴʢʽʩʪʴ ʞʦʣʦʙʽʚ: 

 жtBn /= , (3.87) 

ʜʝ жt - ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʷʤʠ ʞʦʣʦʙʽʚ, жt =2 ʤ. 

штn 32/8.5 ==  

Вж = 0.25 × √
0,1922

(1,57 + 1,5)3

5

= 0,87м  

ɺʠʩʦʪʘ ʧʨʷʤʦʢʫʪʥʦʾ ʯʘʩʪʠʥʠ ʞʦʣʦʙʘ: 

 жпр Вh = 75,0  (3.88) 

ℎпр = 0,75 × 0,87 = 0,65 м 

ʂʦʨʠʩʥʘ ʚʠʩʦʪʘ ʞʦʣʦʙʫ: 

 ʞB1.25h =  (3.89) 

h=1,25*0,65=0,82 ʤ 

ɺʽʜʩʪʘʥʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʢʨʦʤʦʢ ʞʦʣʦʙʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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 3,0
100

+


= зз

ж

аН
Н  (3.90) 

ʜʝ зН -ʚʠʩʦʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ (ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ),ʤ; ʧʨʠʡʤʘʻʪʴʩʷ 0,5+0,8=1,3 ʤ 

[1,ʪʘʙʣ.21]; 

за -ʚʽʜʥʦʩʥʝ ʨʦʟʰʠʨʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, %; ʧʨʠʡʤʘʻʪʴʩʷ за =50% 

[1,ʪʘʙʣ.23]. 

мН ж 95,03,0
100

503,1
=+


=  

ɺʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʫ % ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʚʠʪʨʘʪʠ ʬʽʣʴʪʨʘʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 100



=

Tq

NW
P

пром

ср , (3.91) 

ʜʝ ʧʨʦʤW - ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʦʜʥʫ ʧʨʦʤʠʚʢʫ, 3м ; 

q - ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ, годм /3 ; 

T - ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʤʠʚʢʠ, ʛʦʜ. 

ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʦʜʥʫ ʧʨʦʤʠʚʢʫ: 

1000
60tq

W ʧʨʧʨʦʤ
ʧʨʦʤ


= , (3.92) 

𝑊пром =
576 × 6 × 60

1000
= 207,4 м3 

ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʬʽʣʴʪʨʫ ʤʽʞ ʧʨʦʤʠʚʢʘʤʠ: 

 
),(

n
TT

ʧʨ

ʩʪ
прпрt +−=

 (3.93) 

ʜʝ cʪT - ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ, ʛʦʜ, cʪT =24 ʛʦʜ. 

год57,11)33,01,0(
2
24T =+−=  

𝑃ср =
207,4 ∗ 10

3048,9 ∗ 11,57
∗ 100 ≈ 5,9% 
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ʈʦʟʨʘʭʫʥʦʢ ʟʙʽʨʥʦʛʦ ʢʘʥʘʣʫ 

ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʧʦʨʫ ʥʘ ʚʠʭʦʜʽ ʚʦʜʠ ʽʟ ʞʦʣʦʙʽʚ 

ʚʣʘʰʪʦʚʫʻʪʴʩʷ ʟʙʽʨʥʠʡ ʢʘʥʘʣ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʣʦʱʘ ʯʘʨʫʥʢʠ ʬʽʣʴʪʨʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 40 2м , ʚʣʘʰʪʦʚʫʻʪʴʩʷ ʙʦʢʦʚʠʡ ʟʙʽʨʥʠʡ ʢʘʥʘʣ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʜʥʘ 

ʞʦʣʦʙʘ ʜʦ ʜʥʘ ʢʘʥʘʣʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʦʶ ʟʘ ʚʝʣʠʯʠʥʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

2,073,1 3
2

2

+


=
кан

кан

кан
Bg

q
H  (3.94) 

ʜʝ ʢʘʥq - ʚʠʪʨʘʪʘ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʫ ʟʙʽʨʥʦʤʫ ʢʘʥʘʣʽ, ʤ3/ʩ 

ʢʘʥq = ʧʨq =576 ʣ/ʩ=0,576 ʤ3/ʩ 

канВ - ʰʠʨʠʥʘ ʢʘʥʘʣʫ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ канВ =0,7 ʤ [9]. 

Вж = 1,73 × √
0,5762

(9,81 × 0,7)2

3

+ 0,2 = 0,91 м 

ʇʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʢʘʥʘʣʫ ʩʪʘʥʦʚʠʪʴ: 

канканкан HBF = , (3.95) 

𝐹кан =0,7*0,91=0,64 ʤ2 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʫ ʢʽʥʮʽ ʢʘʥʘʣʫ: 

 канканкан Fqv /=  (3.96) 

𝑣кан =
0.576

0.64
= 0.9 м/с 

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [9] ʤʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʫ ʢʽʥʮʽ ʟʙʽʨʥʦʛʦ 

ʢʘʥʘʣʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʦʶ ʟʘ 0,8 ʤ/ʩ, ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ канv  ʚʽʜʧʦʚʽʜʘʻ 

ʮʽʡ ʫʤʦʚʽ. 
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3.8 ʄʝʨʝʞʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʠ ʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ  

ʊʘʙʣʠʮʷ 3.1ï ɺʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʚ 
ʪʨʫʙʦʧʨʦʚʦʜʽ ɼ, ʤʤ ʈʝʢʦʤʝʥʜʦʚʘʥʘ 

ʰʚʠʜʢʽʩʪʴ, ʤ/ʩ 

ʌʘʢʪʠʯʥʝ 
ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ 
1 2 3 4 

1.ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ ʚʦʜʠ ʥʘ 
ʟʤʽʰʫʚʘʯʽ 

ʥʘ ʦʜʠʥ ʟʤʽʰʫʚʘʯ 

 
900 
450 

1,2é1,5 
 

1,32 
1,24 

2.ɺʽʜʚʝʜʝʥʥʷ ʚʦʜʠ: 
ʚʽʜ ʫʩʽʭ ʟʤʽʰʫʚʘʯʽʚ 

ʚʽʜ ʦʜʥʦʛʦ ʟʤʽʰʫʚʘʯʘ 

 
1200 
600 

0,6é1,0 
 

0,75 
0,705 

3.ʇʦʜʘʯʘ ʚʦʜʠ ʥʘ ʚʽʜʩʪʽʥʠʢʠ: 
ʟʘʛʘʣʴʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 

ʥʘ ʦʜʠʥ ʚʽʜʩʪʽʡʥʠʢ 

 
1400 
450 

0,5é0,6 
 

0,55 
0,50 

4.ʇʦʜʘʯʘ ʚʽʜʩʪʦʷʥʦʾ ʚʦʜʠ: 
ʥʘ ʬʽʣʴʪʨʠ (ʟʘʛʘʣʴʥʠʡ) 
ʚʽʜ ʦʜʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

 
1200 
400 

0,6é0,9 
 

0,75 
0,64 

5.ʊʨʫʙʦʧʨʦʚʽʜ ʚʽʜʚʝʜʝʥʥʷ ʦʩʘʜʫ: 
ʚʽʜ ʦʜʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

ʟʘʛʘʣʴʥʠʡ 

 
200 
1400 

ʅʝ ʤʝʥʰʝ 1 ʤ/ʩ 
 

1,14 
1,46 

6.ʊʨʫʙʦʧʨʦʚʽʜ ʧʽʜʚʝʜʝʥʥʷ ʚʦʜʠ ʥʘ 
ʦʩʚʽʪʣʝʥʥʷ: 

ʥʘ ʚʩʽ ʬʽʣʴʪʨʠ 
ʥʘ ʦʜʠʥ ʬʽʣʴʪʨ 

 
 

900 
300 

1é1,5 

 
 

1,32 
1,12 

7.ʊʨʫʙʦʧʨʦʚʽʜ ʚʽʜʚʝʜʝʥʥʷ 
ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ: 

ʚʽʜ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ 
ʟʘʛʘʣʴʥʠʡ 

 
300 
900 

1é1,5 
 

1,12 
1,32 

8.ʊʨʫʙʦʧʨʦʚʽʜ ʥʘʜʭʦʜʞʝʥʥʷ 
ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ (528 ʣ/ʩ) 800 0,8é1,2 1,13 

9. ɺʽʜʚʝʜʝʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 800 0,8é1,2 1,13 

 

3.9 ʈʦʟʨʘʭʫʥʦʢ ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ 

ʅʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ 

ʨʝʛʫʣʶʶʯʦʾ ʪʘ ʟʘʧʘʩʥʦʾ ʻʤʥʦʩʪʽ.  

ʇʦʚʥʠʡ ʦʙôʻʤ ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 пфшрегРЧВ WWWW ++= .. , (3.97) 

ʜʝ регW - ʨʝʛʫʣʶʶʯʠʡ ʦʙôʻʤ ʈʏɺ, 3м ; 

..фшW - ʦʙôʻʤ ʚʦʜʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ, 3м ; 
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пW - ʦʙôʻʤ ʥʝʜʦʪʦʨʢʘʥʦʛʦ ʧʦʞʝʞʥʦʛʦ ʟʘʧʘʩʫ, 3м . 

ʈʝʛʫʣʶʶʯʠʡ ʦʙôʻʤ ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ 

ʦʙôʻʤʫ ʚʦʜʦʥʘʧʽʨʥʦʾ ʙʘʰʪʠ.  

 
ʊʘʙʣʠʮʷ 3.2 - ɺʠʟʥʘʯʝʥʥʷ ʨʝʛʫʣʶʶʯʦʛʦ ʦʙ'ʻʤʫ ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ 

ɻʦʜʠʥʠ 
ʜʦʙʠ 

ɺʽʜʙʽʨ 
ʥʘʩʦʩʘʤʠ,% 

ʅʘʜʭʦʜʞʝʥʥʷ ʟ 
ʦʯʠʩʥʠʭ 
ʩʧʦʨʫʜ,% 

ʅʘʜʭʦʜʞʝʥʥʷ ʚ 
ʈʏɺ, % 

ɺʽʜʙʽʨ ʟ 
ʈʏɺ,% 

ɿʘʣʠʰʦʢ ʫ 
ʈʏɺ,% 

1 2 3 4 5 6 
0-1 2,73 4,17 1,44   1,44 
1-2 2,62 4,17 1,55   2,99 
2-3 2,41 4,17 1,76   4,75 
3-4 2,44 4,17 1,73   6,48 
4-5 3,56 4,17 0,61   7,09 
5-6 4,02 4,17 0,15   7,24 
6-7 4,9 4,17   0,73 6,51 
7-8 5,33 4,17   1,16 5,35 
8-9 5,13 4,17   0,96 4,39 
9-10 5,2 4,17   1,03 3,36 
10-11 4,98 4,16   0,82 2,54 
11-12 4,93 4,16   0,77 1,77 
12-13 4,51 4,16   0,35 1,42 
13-14 4,41 4,16   0,25 1,17 
14-15 4,5 4,16   0,34 0,83 
15-16 4,62 4,16   0,46 0,37 
16-17 4,93 4,16   0,77 -0,4 
17-18 5,18 4,16   1,02 -1,42 
18-19 5,09 4,17   0,92 -2,34 
19-20 4,9 4,17   0,73 -3,07 
20-21 4,32 4,17   0,15 -3,22 

1 3,54 4,17 0,63   -2,59 
22-23 3,17 4,17 1   -1,59 
23-24 2,58 4,17 1,59   0 

ɺʩʴʦʛʦ 100 100 10,46 10,46   

регW = /-3,22/+7,24=10,46%, ʪʦʙʪʦ 7359,4 3м  

Qʧ =3(40+5)+*0,5*(10+20)=150 ʣ/ʩ. 

ʆʙôʻʤ ʥʝʜʦʪʦʨʢʘʥʦʛʦ ʧʦʞʝʞʥʦʛʦ ʟʘʧʘʩʫ: 

 −+= 1QQQtW макспожп , (3.98) 

ʜʝ пожQ - ʧʦʚʥʘ ʧʦʞʝʞʥʘ ʚʠʪʨʘʪʘ, 3м : 

 1000
m3600 пож

пож

q
Q


= , (3.99) 



61 

ʜʝ m -ʯʠʩʣʦ ʦʜʥʦʯʘʩʥʠʭ ʧʦʞʝʞ, m =2; 

пожQ =40ʣ/ʩ - ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʥʘ ʟʦʚʥʽʰʥʻ ʧʦʞʝʞʦʛʘʩʽʥʥʷ; 

t - ʪʨʠʚʘʣʽʩʪʴ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, 3 ʛʦʜ. 

𝑄пож =
3600 × 3 × 40

1000
= 432м3 

 максQ - ʩʫʤʘʨʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʟʘ ʪʨʠ ʩʫʤʽʞʥʠʭ ʛʦʜʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʤ3; 

1Q - ʚʠʪʨʘʪʘ ʚʦʜʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 tQQ = 17.41  (3.100) 

𝑄1 = 4.17 × 70358 ×
3

100
= 8802м3 

ʆʙôʻʤ ʚʦʜʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 2 ʧʨʦʤʠʚʦʢ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʫ: 

 60tq2W ʧʨ =  (3.101) 

W=2*0.576*6*60=414,7 ʤ3 

ʊʦʜʽ:  

пW =3*432+3449,62+3752,15+3610,73-8802=3306,5 ʤ3 

W=7359,4+414,7+3306,5=11080,6 ʤ3 

ʇʨʠʡʤʘʶʪʴʩʷ 3 ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ ʻʤʥʽʩʪʶ 3780 3м  ʟ ʨʦʟʤʽʨʘʤʠ 

30*30ʤ ʪʘ ʚʠʩʦʪʦʶ 4,2 ʤ(ʚʠʩʦʪʘ ʰʘʨʫ ʚʦʜʠ 4,1 ʤ). 

3.10 ʇʽʩʢʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʢʘʨôʻʨʥʦʛʦ ʧʽʩʢʫ ʜʣʷ ʧʝʨʰʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʜʣʷ ʱʦʨʽʯʥʦʛʦ ʾʭ ʜʦʟʘʚʘʥʪʘʞʝʥʥʷ ʫ ʨʦʟʤʽʨʽ 10% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ  ʧʽʱʘʥʦʛʦ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʩʢʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʆʙôʻʤ ʧʽʩʢʫ, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ: 

 пчарп hFNW = , (3.102) 

ʜʝ пh - ʚʠʩʦʪʘ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ ʧʽʩʢʫ, ʤ; пh =0,8ʤ [9]. 
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𝑊𝑛 = 10 × 36 × 0.8 = 288 м3 

ʇʦʪʨʝʙʘ ʫ ʢʘʨôʻʨʥʽʡ ʩʠʨʦʚʠʥʽ ʧʝʨʝʜ ʧʫʩʢʦʤ ʩʪʘʥʮʽʾ: 

 п/100WW ʧ
/
ʧ = , (3.103) 

ʜʝ п - ʢʽʣʴʢʽʩʪʴ ʧʽʩʢʫ ʫ ʢʘʨ'ʻʨʥʽʡ ʩʠʨʦʚʠʥʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ, %; ʧʨʠʡʤʘʻʪʴʩʷ п =55%. 

𝑊п = 288 ×
100

55
= 523,6 м3 

ʑʦʨʽʯʥʘ ʧʦʪʨʝʙʘ ʫ ʢʘʨôʻʨʥʽʡ ʩʠʨʦʚʠʥʽ ʜʣʷ ʾʾ ʜʦʟʘʚʘʥʪʘʞʝʥʥʷ ʫ ʰʚʠʜʢʽ 

ʬʽʣʴʪʨʠ ʩʪʘʥʦʚʠʪʴ 39 3м . ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʽʩʢʫ: 523,6+52,4=576 ʤ3. ɼʣʷ ʧʽʩʢʫ 

ʧʨʠʡʤʘʻʪʴʩʷ ʘʩʬʘʣʴʪʦʚʘʥʠʡ ʤʘʡʜʘʥʯʠʢ ʨʦʟʤʽʨʦʤ 21 *21 ʤ, ʪʦʙʪʦ ʧʣʦʱʝʶ 441 2м

. ʉʦʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʤʠʚ ʧʽʩʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʢʣʘʩʠʬʽʢʘʪʦʨʘʭ ʊʂʇ-4 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 5ʤ3/ʛʦʜ ʟʘ ʚʠʭʽʜʥʦʶ ʩʠʨʦʚʠʥʦʶ. ʋ ʧʨʠʤʽʱʝʥʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʯʠʩʪʠʡ ʚʽʜʩʦʨʪʦʚʘʥʠʡ ʧʽʩʦʢ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʻʤʥʦʩʪʷʭ. 

3.11 ʈʦʟʨʘʭʫʥʦʢ ʩʧʦʨʫʜ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʚʥʠʭ ʚʦʜ 

3.11.1 ɺʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʧʨʦʤʠʚʥʠʭ ʚʦʜ 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʫ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.74): 

 qʧʨ=16*360/1000 = 5,76ʤ3/ʤ2  

ɺʠʪʨʘʪʘ ʚʦʜʠ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʤʠʚʢʠ ʦʜʥʽʻʾ ʯʘʨʫʥʢʠ ʬʽʣʴʪʨʘ 

ʚʠʟʥʘʯʝʥʘ ʧʦ ʬʦʨʤʫʣʽ (2.78): 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʽʻʾ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʘ 0,1 ʛʦʜ=360ʩ, ʘ ʟʘ 

ʜʦʙʫ ʢʦʞʥʠʡ ʬʽʣʴʪʨ ʧʨʦʤʠʚʘʻʪʴʩʷ 2 ʨʘʟʠ, ʪʦ ʥʘ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʰʚʠʜʢʦʛʦ 

ʬʽʣʴʪʨʘ ʟʘ ʜʦʙʫ ʚʠʪʨʘʯʘʻʪʴʩʷ: 
372,414360576,02 м=  

3.11.2 ʈʦʟʨʘʭʫʥʦʢ ʧʨʠʡʤʘʣʴʥʠʭ ʢʘʤʝʨ 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʩʪʘʥʮʽʾ ʟʘʧʣʘʥʦʚʘʥʦ ʩʧʦʨʫʜʠ 

ʜʣʷ ʦʙʨʦʙʢʠ ʧʨʦʤʠʚʥʠʭ ʚʦʜ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʩʣʷ ʨʦʙʦʪʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ. 
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ɿʛʽʜʥʦ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ ʦʙʨʦʙʢʠ, ʧʝʨʝʜʙʘʯʝʥʦ ʪʘʢʽ ʩʧʦʨʫʜʠ: ʧʨʠʡʤʘʣʴʥʘ 

ʢʘʤʝʨʘ, ʧʽʩʢʦʚʣʦʚʣʶʚʘʯ, ʚʽʜʩʪʽʡʥʠʢ, ʟʛʫʱʫʚʘʯ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯ. 

ʇʨʦʤʠʚʥʽ ʚʦʜʠ ʟʽ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʥʘʜʭʦʜʷʪʴ ʜʦ ʧʨʠʡʤʘʣʴʥʦʾ ʢʘʤʝʨʠ, 

ʨʦʟʤʽʨ ʷʢʦʾ ʚʠʟʥʘʯʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʢʽʣʴʢʦʩʪʽ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʾʭ ʜʽʘʤʝʪʨʘ [9]. 

ʇʽʩʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʧʨʦʤʠʚʥʘ ʚʦʜʘ ʫ ʢʽʣʴʢʦʩʪʽ 

слqпром /576=  ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʪʘʥʮʽʶ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʧʦ ʜʚʦʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʜʽʘʤʝʪʨʦʤ   500  ʤʤ ʢʦʞʥʠʡ. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʠʧʦʚʘ ʧʨʠʡʤʘʣʴʥʘ ʢʘʤʝʨʘ ʇʂ-3-

80 ʟ ʨʦʟʤʽʨʘʤʠ: 1800*3000*1600: ʜʦʚʞʠʥʘ ɸ= 1800 ʤʤ ; ʰʠʨʠʥʘ ɺ= 3000 ʤʤ ; 

ʛʣʠʙʠʥʘ ʅ=1600 ʤʤ. 

3.11.3 ʈʦʟʨʘʭʫʥʦʢ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʽʚ 

ɿ ʧʨʠʡʤʘʣʴʥʦʾ ʢʘʤʝʨʠ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯ. ʇʨʠʡʤʘʻʪʴʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯ ʟ ʧʨʷʤʦʣʽʥʽʡʥʠʤ ʨʫʭʦʤ ʚʦʜʠ ʥʘ ʜʚʘ ʨʦʙʦʯʠʭ 

ʚʽʜʜʽʣʝʥʥʷ (ʦʜʥʝ ʚʽʜʜʽʣʝʥʥʷ ʨʝʟʝʨʚʥʝ) [9]. ʇʣʦʱʘ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʢʦʞʥʦʛʦ 

ʚʽʜʜʽʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ: 

 
nV

q
w


= , (3.104) 

ʜʝ q -ʚʠʪʨʘʪʘ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯ, ʤ3/ʩ; 

V -ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ, ʤ/ʩ [9]. ; 

n -ʯʠʩʣʦ ʚʽʜʜʽʣʝʥʴ ʫ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʽ [8]. 

𝑤 =
4 × 0.576

0.3 × 2
= 3.84 м2 

ɻʣʠʙʠʥʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʡʤʘʻʪʴʩʷ мh 7.0= [9]. ʐʠʨʠʥʘ ʚʽʜʜʽʣʝʥʥʷ: 

 𝐵 =
𝑤

ℎ
=

3.84

0.8
= 4,8 м 

   (3.105) 

ɼʦʚʞʠʥʘ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
oU

1000VhkL 
= , (3.106) 

ʜʝ k -ʢʦʝʬʽʮʽʻʥʪ, ʧʨʠʡʥʷʪʠʡ ʧʦ [9], k =1,3; 

oU -ʛʽʜʨʘʚʣʽʯʥʘ ʢʨʫʧʥʽʩʪʴ ʧʽʩʢʫ, ʤʤ/ʩ ʧʦ [9] oU =24,2 ʤʤ/ʩ. 
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ì8.12
2.24

10000,30,81,3L =


=  

ɼʦʚʞʠʥʘ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʘ ʧʨʠʡʤʘʻʪʴʩʷ 15 ʤ. 

ʊʦʜʽ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʚ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʽ: 

 ñùîcVLT 30,503.0/15/ ===  (3.107) 

ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ [9]. 

ɻʝʦʤʝʪʨʠʯʥʘ ʛʣʠʙʠʥʘ ʧʽʩʢʦʣʦʚʢʠ ʧʨʠʡʤʘʻʪʴʩʷ: 

 𝐻𝑛 = ℎ1 + ℎ𝑛 + 0.7 = 0.7 + 0.4 + 0.7 = 1.8 м (3.108) 

ʆʙôʻʤ ʯʘʩʪʠʥʠ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʘ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ: 

 TVW = , (3.109) 

ʜʝ V -ʦʙôʻʤ ʧʽʩʢʫ, ʱʦ ʟʘʪʨʠʤʫʻʪʴʩʷ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʝʤ ʟʘ ʜʦʙʫ: 

 365/oWV = , (3.110) 

ʜʝ oW ʨʽʯʥʝ ʜʦʚʘʥʪʘʞʝʥʥʷ ʧʽʩʢʫ ʫ ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ, ʤ3/ʨʽʢ. 

ʈʽʯʥʘ ʧʦʪʨʝʙʘ ʚ ʜʦʜʘʪʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ ʧʽʩʢʫ (10%-ʜʦʟʘʚʘʥʪʘʞʝʥʥʷ ʧʣʶʩ 

ʘʚʘʨʽʡʥʝ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʦʜʥʦʛʦ ʬʽʣʴʪʨʫ): 

 NWWW ппo /1.0 += , (3.111) 

ʜʝ пW ïʦʙôʻʤ ʧʽʩʢʫ, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ: 

 ..ʬʧ FNW шфН=  (3.112) 

ʜʝ ..шфН -ʚʠʩʦʪʘ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ, ʤ, ..шфН =1,3 ʤ. 

𝑊п = 10 × 36 × 1,3 = 468 м3 

𝑊0 = 0.1 × 468 +
468

10
= 93.6 м3 

𝑉 =
93.6

365
= 0.26 м3/доб; 

−T ʧʝʨʽʦʜ ʤʽʞ ʯʠʱʝʥʥʷʤʠ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʽʚ, ʧʨʠʡʤʘʻʪʴʩʷ −T 2 ʜʦʙ; 

𝑊 = 0.26 × 2 = 0.52 м3 

ɺʠʩʦʪʘ ʯʘʩʪʠʥʠ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʘ ʜʣʷ ʧʨʠʡʤʘʥʥʷ ʦʩʘʜʫ: 

 
LBn

W


=h  (3.113) 
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ℎ =
0,52

2 × 1,2 × 15
= 0,014м = 14 мм 

3.11.4 ʈʦʟʨʘʭʫʥʦʢ ʟʛʫʱʫʚʘʯʽʚ 

ʆʙôʻʤ ʟʛʫʱʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ....3.1W чосорзг WK = , (3.114) 

ʜʝ ..орK - ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʙʘʚʣʝʥʥʷ ʦʩʘʜʫ, ..орK =1,5 [9]. 

..чосW ï ʦʙôʻʤ ʦʩʘʜʫ, ʤ3. 

ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʽʟ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 80% 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʪʦʨʥʦ, ʘ 20% ʩʢʠʜʘʻʪʴʩʷ ʟ ʦʩʘʜʦʤ. ɿʛʽʜʥʦ [9] ʯʠʩʣʦ 

ʟʛʫʱʫʚʘʯʽʚ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʽʦʜʠʯʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʦʩʘʜʫ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʟʛʫʱʝʥʥʷ. ʊʦʜʽ ʢʽʣʴʢʽʩʪʴ ʚʽʜʩʪʦʷʥʦʾ ʚʦʜʠ, ʱʦ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʥʘ 

ʧʦʚʪʦʨʥʫ ʦʯʠʩʪʢʫ ʩʪʘʥʦʚʠʪʴ: 

 𝑄1 = 𝑞 × 0.8 = 414.72 × 0.8 ≈ 332 м3 (3.115) 

ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʢʘʯʫʚʘʥʥʷ годхв 25,015t1 == . 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʽʚ: 

 𝑞1 =
𝑄1

𝑡1
=

332

0.25
= 1328 м3/год (3.116) 

ʇʨʠʡʤʘʶʪʴʩʷ 3ʥʘʩʦʩʠ (2 ʨʦʙʦʯʠʭ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ) ʤʘʨʢʠ ɼ800-28 [9]. 

ʆʩʘʜ ʚ ʦʙôʻʤʽ: 

𝑄2 = 414.72 × 0.2 = 82.9 м3 

ʧʦʜʘʻʪʴʩʷ ʫ ʟʛʫʱʫʚʘʯ. 

ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʢʘʯʫʚʘʥʥʷ годхв 33,020t 2 == , ʪʦʜʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʫ: 

 𝑞2 =
𝑄2

𝑡2
=

82.9

0.33
= 251.3 м3/год (3.117) 

ɼʣʷ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʦʩʘʜʫ ʧʨʠʡʤʘʻʪʴʩʷ ʜʚʘ ʥʘʩʦʩʠ ʤʘʨʢʠ ʉɼ 250/14 (1 

ʨʦʙʦʯʠʡ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ) [9]. 

𝑊ос.ч. = 1,3 ∗ 1,5 ∗ (118,7 + 89,2) = 393,12 м3 

ʇʨʠʡʤʘʶʪʴʩʷ 2 ʟʛʫʱʫʚʘʯʘ ʜʽʘʤʝʪʨʦʤ 9,0ʤ; ʛʣʠʙʠʥʦʶ 3,9 ʤ. ʋʭʠʣ ʜʥʘ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʠʷʤʢʘ ʩʪʘʥʦʚʠʪʴ 80.ʊʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʟʛʫʱʝʥʥʷ ʜʣʷ ʚʦʜ ʩʝʨʝʜʥʴʦʾ 

ʤʫʪʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 8 ʛʦʜ, ʩʝʨʝʜʥʷ ʚʦʣʦʛʽʩʪʴ ʟʛʫʱʝʥʦʛʦ ʦʩʘʜʫ - 96,8-97,3 % [9]. 
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3.11.5 ʈʦʟʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ɿʛʫʱʝʥʠʡ ʦʩʘʜ ʚʠʚʦʟʠʪʴʩʷ ʜʦ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ï ʩʧʣʘʥʦʚʘʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ 

ʛʣʠʙʠʥʦʶ 2 ʤ, ʦʙʚʘʣʦʚʘʥʠʭ ʛʨʫʥʪʦʤ, ʥʘ ʧʨʠʨʦʜʥʽʡ ʦʩʥʦʚʽ. ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ 

ʧʦʜʘʯʽ ʦʩʘʜʫ ʚ ʥʘʢʦʧʠʯʫʚʘʯʽ ʧʨʠʡʤʘʻʪʴʩʷ 5 ʨʦʢʽʚ [9]. ʆʙôʻʤ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʚʠʟʥʘʯʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ (2.127): 

])100/(1...)100/(1)100/(1[876.0W nn21  осососвнак PPPCq −++−+−=  (3.118) 

ʜʝ q ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʤ3/ʛʦʜ; 

n21 ...; ососос PPP -ʚʽʜʧʦʚʽʜʥʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʫ ʚʽʜʩʦʪʢʘʭ ʧʝʨʰʦʛʦ, 

ʜʨʫʛʦʛʦ, n-ʛʦ ʨʦʢʫ ʫʱʽʣʴʥʝʥʥʷ ʦʩʘʜʫ [9]; 

n21 ...;  -ʛʫʩʪʠʥʘ ʦʩʘʜʫ ʧʝʨʰʦʛʦ; ʜʨʫʛʦʛʦ, n-ʛʦ ʨʦʢʫ ʫʱʽʣʴʥʝʥʥʷ, ʧʨʠʡʤʘʻʪʴʩʷ 

ʟʘ [9]; 
n -ʧʝʨʽʦʜ ʧʦʜʘʯʽ ʦʩʘʜʫ ʚ ʥʘʢʦʧʠʯʫʚʘʯ, ʜʦʨʽʚʥʶʻ 5 ʨʦʢʽʚ; 

вC -ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʯʘʪʢʦʚʽʡ ʚʦʜʽ, ʛ/ʤ3, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

 лмгСв /18008525,0375,0140 =+++=  (3.119) 

( ) ( ) ( ) ( ) ( ) 17,173100/116,174100/115,176100/114,178100/11,183100/1
1809,3048876,0W

−+−+−+−+−


=íàê   

Wнак = 1892,8 м3 

ʇʨʠʡʤʘʻʪʴʩʷ  ʯʦʪʠʨʠʩʝʢʮʽʡʥʠʡ ʥʘʢʦʧʠʯʫʚʘʯ (ʦʙôʻʤ ʩʝʢʮʽʾ 473,2 ʤ3), ʨʦʟʤʽʨ 

ʦʜʥʽʻʾ ʩʝʢʮʽʾ ʫ ʧʣʘʥʽ 18*18*1,5ʤ. 

3.12 ʈʦʟʨʘʭʫʥʦʢ ʩʧʦʨʫʜ ʜʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ 

ɿʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʭʣʦʨʥʦʶ ʚʦʜʦʶ ʧʝʨʝʜ ʟʤʽʰʫʚʘʯʘʤʠ ʪʘ 

ʧʝʨʝʜ ʈʏɺ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʛʦʜʠʥʘ ʚʠʪʨʘʪʘ ʭʣʦʨʫ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʭʣʦʨʫʚʘʥʥʷ: 

 241000
ɼQ

Q
/
ʭʣʜʦʙ/

ʭʣ



=  (3.120) 

ʜʝ /
хлД - ʜʦʟʘ ʭʣʦʨʫ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ  ʭʣʦʨʫʚʘʥʥʷ, ʤʛ/ʣ, /

хлД =3 ʤʛ/ʣ [9]. 
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𝑄хл
′ =

73173 × 3

1000 × 24
9,1 мг/л 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʛʦʜʠʥʘ ʚʠʪʨʘʪʘ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʭʣʦʨʫʚʘʥʥʷ: 

 241000
ɼQ

Q
//
ʭʣʜʦʙ//

ʭʣ



=  (3.121) 

ʜʝ /
хлД ï ʜʦʟʘ ʭʣʦʨʫ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ  ʭʣʦʨʫʚʘʥʥʷ, ʤʛ/ʣ, /

хлД =1 ʤʛ/ʣ [9] 

𝑄хл
′′ =

73173 × 1

1000 × 24
= 3,05 мг/л 

ɺ ʭʣʦʨʘʪʦʨʥʽʡ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʘʢʫʫʤʥʽ ʭʣʦʨʘʪʦʨʠ ʃʆʅʀʀ-100 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 4,5 ʢʛ/ʛʦʜ  ʫ ʢʽʣʴʢʦʩʪʽ 3 ʰʪ. (2 ʨʦʙʦʯʠʭ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ) ʜʣʷ 

ʧʝʨʚʠʥʥʦʛʦ ʭʣʦʨʫʚʘʥʥʷ ʪʘ ʪʨʠ ʭʣʦʨʘʪʦʨʘ (2 ʨʦʙʦʯʠʭ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ)  

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1,5 ʢʛ/ʛʦʜ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʭʣʦʨʫʚʘʥʥʷ. 

ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʭʣʦʨʫ ʩʪʘʥʦʚʠʪʴ: 

 ///
хлхлхл QQQ +=   (3.122) 

𝑄хл = 9,1 + 3,05 = 12,2 мг/л 

ʂʽʣʴʢʽʩʪʴ ʚʠʪʨʘʪʥʠʭ ʭʣʦʨʥʠʭ ʙʘʣʦʥʽʚ: 

 балхлбал SQn /= , (3.123) 

ʜʝ балS - ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʫ, ʷʢʠʡ ʤʦʞʥʘ ʚʟʷʪʠ ʟ ʦʜʥʦʛʦ ʙʘʣʦʥʫ ʻʤʥʽʩʪʶ 40 ʣ 

ʙʝʟ ʰʪʫʯʥʦʛʦ ʧʽʜʽʛʨʽʚʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ С016 ; ʧʨʠʡʤʘʻʪʴʩʷ балS =0,7 ʢʛ/ʛʦʜ [6] 

𝑛бал =
12,2

0,7
≈ 18 шт. 

ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʜʽʞʦʢ ï ʚʠʧʘʨʶʚʘʯʽʚ ʜʣʷ ʭʣʦʨʫ: 

 )/( діждіжхлдіж FSQn = , (3.124) 

ʜʝ діжS - ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʫ, ʷʢʠʡ ʤʦʞʥʘ ʚʟʷʪʠ ʟ  1 2м ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʦʜʥʽʻʾ 

ʜʽʞʢʠ ʧʨʠʡʤʘʻʪʴʩʷ діжS =3,0 ʢʛ/ʛʦʜ [9]; 
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діжF ï ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ  ʜʽʞʢʠ ï ʚʠʧʘʨʶʚʘʯʘ, ʤ2; ʧʨʠʡʤʘʻʪʴʩʷ 

діжF =4,7 2м [9]. 

штnдіж 1)7,43/(3.10 =  

ɿʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʙʘʣʦʥʽʚ ʟʘ ʜʦʙʫ: 

 24= балбал nN  (3.125) 

штNбал 3602415 ==  

ʇʦʨʷʜ ʟ ʭʣʦʨʘʪʦʨʥʦʶ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʠʤʽʱʝʥʥʷ, ʚ ʷʢʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ 3-

ʜʦʙʦʚʠʡ ʟʘʧʘʩ ʙʘʣʦʥʽʚ. 

3.13 ʈʦʟʨʦʙʢʘ ʚʠʩʦʪʥʦʾ ʩʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ  

ʇʦ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʦʜʘ ʨʫʭʘʻʪʴʩʷ ʩʘʤʦʧʣʠʚʦʤ. ʇʦʟʥʘʯʢʠ 

ʨʽʚʥʽʚ ʚʦʜʠ ʚ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʟʥʘʯʦʢ ʨʽʚʥʶ ʟʝʤʣʽ. 

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʯʠʩʪʦʾ ʚʦʜʠ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ 0,5 ʤʝʪʨʘ ʚʠʱʝ 

ʧʦʟʥʘʯʢʠ ʟʝʤʣʽ, ʪʦʙʪʦ: 

𝑍рчв. = 65,0 + 0,5 = 65,5 м 

ɺʝʣʠʯʠʥʠ ʚʪʨʘʪ ʥʘʧʦʨʫ ʚ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ ʽ ʢʦʤʫʥʽʢʘʮʽʷʭ ʧʨʠʡʤʘʶʪʴʩʷ 

ʟʛʽʜʥʦ ʽʟ [1, ʧ.6.219]. 

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʚ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ: 

1.. h+= РЧВфш ZZ , (3.126) 

ʜʝ 1h - ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘ ʰʣʷʭʫ ʚʽʜ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʜʦ 

ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ, ʤ; 1h =0,5 ʤ [9]. 

𝑍ш.ф. = 65,5 + 0,5 = 66 м 

ɺʨʘʭʦʚʫʶʯʠ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʧʨʠʡʤʘʻʪʴʩʷ =..фшZ 54,0 ʤ. 

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʘʭ: 

 32.... hhZZ фшвг ++=  (3.127) 
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ʜʝ 2h - ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ, ʤ; 2h =3,0 ʤ [1, ʧ.6.219]; 

3h - ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘ ʰʣʷʭʫ ʚʽʜ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʜʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ, ʤ; 1h =0,5 ʤ [1, ʧ.6.219]. 

𝑍г.в. = 66 + 3,0 + 0,5 = 69,5 м 

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʫ ʢʘʤʝʨʘʭ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ: 

 4.... hZZ вгпк += , (3.128) 

ʜʝ 4h - ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʘʭ, ʤ; 4h =0,7ʤ  

[ 1,ʧ.6.219]. 

𝑍к.п. = 69,5 + 0,7 = 70,2 м 

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʫ ʟʤʽʰʫʚʘʯʘʭ: 

 65... hhZZ пкзм ++= , (3.129) 

ʜʝ 5h - ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʢʘʤʝʨʘʭ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ, ʤ; 5h =0,5ʤ [9]; 

3h - ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘ ʰʣʷʭʫ ʚʽʜ ʢʘʤʝʨ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ ʜʦ 

ʟʤʽʰʫʚʘʯʽʚ, ʤ; 1h =0,4 ʤ [1, ʧ.6.219]. 

𝑍зм = 70,2 + 0,5 + 0,4 = 71,1 м 

ɺʨʘʭʦʚʫʶʯʠ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʧʨʠʡʤʘʻʪʴʩʷ ìZçì 0.76. =  

ɺʠʩʦʪʥʘ ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʚ ʛʨʘʬʽʯʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ (ʣʠʩʪ ˉ 4 ). 

 

3.14 ʈʦʟʨʦʙʢʘ ʝʣʝʤʝʥʪʽʚ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ 

3.14.1 ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʩʦʩʽʚ 

ʅʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʧʨʘʮʶʻ ʫ ʜʚʦʩʪʫʧʝʥʝʚʦʤʫ ʨʝʞʠʤʽ. ɻʦʜʠʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʥʦʾ 

ʩʪʘʥʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʧʝʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 Qiн.ст=Qдоб*Рi/100, (3.130) 

ʜʝ Q Рi- ʧʦʜʘʯʘ i-ʛʦ ʩʪʫʧʝʥʷ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʜʦʙʦʚʦʾ ʚʠʪʨʘʪʠ ʽ 3м  ʚʽʜʧʦʚʽʜʥʦ. 
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ɼʣʷ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ: 

Q1=70358*3/100=2111ʤ3/ʛʦʜ=586 ʣ/ʩ; 

ʜʣʷ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ: 

2Q  =70358*4,75/100=3342ʤ3/ʛʦʜ=928 ʣ/ʩ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʚʦʤʘ ʥʘʩʦʩʘʤʠ, ʥʘ 

ʜʨʫʛʦʤʫ ʩʪʫʧʝʥʶ ʧʨʘʮʶʶʪʴ ʯʦʪʠʨʠ ʧʘʨʘʣʝʣʴʥʦ ʧʽʜʢʣʶʯʝʥʽ ʥʘʩʦʩʠ.  

ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʧʦʜʘʯʘ ʦʜʥʦʛʦ ʥʘʩʦʩʫ ʧʨʠʡʤʘʻʪʴʩʷ: 

 Qн=(0,55-0,6)*Q1 (3.131) 

Qʥ=0,55*2111=1161ʤ3/ʛʦʜ. 

 

3.14.2 ɺʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʚʦʜʦʚʦʜʽʚ 

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [9] ʢʽʣʴʢʽʩʪʴ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʣʽʥʽʡ  ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʠʭ 

ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʷʭ ɯ ʽ ɯɯ ʢʘʪʝʛʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʛʨʫʧ ʥʘʩʦʩʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʧʦʞʝʞʥʽ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʜʚʦʭ, ʧʨʠ ʚʠʤʠʢʘʥʥʽ ʦʜʥʽʻʾ ʣʽʥʽʾ 

ʟʘʣʠʰʦʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʧʨʦʧʫʩʢ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʚʠʪʨʘʪʠ ʜʣʷ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʾ 

ɯ ʽ ɯɯ ʢʘʪʝʛʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ. 

ɺʩʤʦʢʪʫʚʘʣʴʥʽ ʣʽʥʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ ʩʪʘʣʝʚʠʭ ʪʨʫʙ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪ ʢʦʞʥʦʛʦ ̔ ʟ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 Qвс.в=Qмакс. н. ст./(nвс-1) (3.132) 

ʜʝ Qмакс. н. ст ïʤʘʢʩʠʤʘʣʴʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ, ʣ/ʩ; 

nвс ïʢʽʣʴʢʽʩʪʴ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʽʚ 

Qʚʩ.ʚ=928 /(2-1)=928 ʣ/ʩ 

ʇʨʠʡʤʘʶʪʴʩʷ ʚʦʜʦʚʦʜʠ ʜʽʘʤʝʪʨʦʤ ɼ=1000 ʤʤ, v=1,17 ʤ/ʩ, 1000i=1,47 [3], 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ [1].  

ʏʠʩʣʦ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʽʚ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 2 [1. ʧ.7.6]. ʈʦʟʨʘʭʫʥʢʦʚʘ 

ʚʠʪʨʘʪʘ ʚʦʜʠ ʧʦ ʢʦʞʥʦʤʫ ʽʟ ʚʦʜʦʚʦʜʽʚ: 

 Qʥ.ʚ=Qʤʘʢʩ. ʥ. ʩʪ./nʥ (3.133) 

ʜʝ nʥ ï ʢʽʣʴʢʽʩʪʴ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʽʚ. 
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Qʥ.ʚ= 928 /2=464 ʣ/ʩ 

ʇʨʠʡʤʘʶʪʴʩʷ ʩʪʘʣʝʚʽ ʥʘʧʽʨʥʽ ʚʦʜʦʚʦʜʠ ʜʽʘʤʝʪʨʦʤ ɼʥ=600 ʤʤ, v=1,55 ʤ/ʩ, 

1000i=4,84 [3], ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ [ 1].  

 

3.14.3 ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʦʨʫ ʥʘʩʦʩʽʚ 

ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʠʡ ʥʘʧʽʨ ʥʘʩʦʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 мвнвдмснвв hhhhhHH
ст

+++++= .....  (3.134) 

ʜʝ 
ст

H - ʩʪʘʪʠʯʥʠʡ ʥʘʧʽʨ, ʤ; 

..снh - ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʽ ʥʘʧʽʨʥʠʭ ʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘʩʦʩʥʦʾ 

ʩʪʘʥʮʽʾ, hк -2,0 ʤ; 

 ввh .  - ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʘʭ ʜʣʷ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʦʜʠ, ʷʢʫ ʧʝʨʝʢʘʯʫʻ ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ, ʤ; 

в дмh - ʚʪʨʘʪʠ ʫ ʚʦʜʦʤʽʨʽ, ʟh =1,5 ʤ; 

..внh - ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʘʭ ʜʣʷ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ, ʷʢʫ 

ʧʝʨʝʢʘʯʫʻ ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ, ʤ; 

мh -ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʤʝʨʝʞʽ ʧʨʠ ʧʦʜʘʯʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ, ʤ 

ʉʪʘʪʠʯʥʠʡ ʥʘʧʽʨ: 

 12Z ZНст −= , (3.135) 

ʜʝ 2Z - ʘʙʩʦʣʶʪʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʟʥʘʯʢʘ ʧʽʜʡʦʤʫ ʚʦʜʠ, ʤ; 

1Z - ʘʙʩʦʣʶʪʥʘ ʤʽʥʽʤʘʣʴʥʘ ʧʦʟʥʘʯʢʘ ʚ ʈʏɺ ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʤ. 

Hм = 120,96 − 62,6 = 58,4 м 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʘʭ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʽ: 

 ввh . =1,1*i*l, (3.136) 

ʜʝ i- ʧʠʪʦʤʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ; 
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l- ʜʦʚʞʠʥʘ ʚʦʜʦʚʦʜʫ. 

ввh . =1,1*0,00147*45=0,1 ʤ; 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʘʭ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʽ: 

внh . =1,1*0,00484*2500=13,3 м; 

3.753.135.10.21.04.58 =++++=H ʤ. 

 
3.14.4 ɸʥʘʣʽʟ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠ ʧʦʞʝʞʦʛʘʩʽʥʥʽ 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʦʜʘʯʘ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠ ʧʦʞʝʞʽ: 

 
п

Q
стн

QстнQ += ...
/

 (3.137) 

ʜʝ ..стн
Q ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʦʜʘʯʘ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʜʣʷ ʛʦʜʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ, =928 ʣ/ʩ; 

п
Q ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʥʘ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, = 150 ʣ/ʩ 

..стн
Q  =928+150=1078 ʣ/c 

ʅʘʧʽʨ ʥʘʩʦʩʽʚ ʧʨʠ ʧʦʞʝʞʦʛʘʩʽʥʥʽ: 

 пН =Zн.т.+Hв+hв.п+ hм.п.-Zр (3.138) 

ʜʝ Zн.т-ʘʙʩʦʣʶʪʥʘ ʧʦʟʥʘʯʢʘ ʥʝʚʽʛʽʜʥʦʾ ʪʦʯʢʠ ʧʨʠ ʧʦʞʝʞʽ, Zн.т=68,0 ʤ; 

Hв-ʚʽʣʴʥʠʡ ʥʘʧʽʨ ʚ ʥʝʚʠʛʽʜʥʽʡ ʪʦʯʮʽ ʧʨʠ ʧʦʞʝʞʽ, Hсв=10 ʤ; 

hв.п- ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʦʜʦʚʦʜʘʭ ʧʨʠ ʧʦʞʝʞʽ,  

hв.п =1,1*0,00656*2500=18 ʤ; 

hм.п- ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʤʝʨʝʞʽ ʚʽʜ ʥʝʚʠʛʽʜʥʦʾ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ ʧʽʜʢʣʶʯʝʥʥʷ 

ʚʦʜʦʚʦʜʽʚ ʜʦ ʤʝʨʝʞʽ, hм.п=21,3 ʤ; 

Zр-ʘʙʩʦʣʶʪʥʘ ʧʦʟʥʘʯʢʘ ʜʥʘ ʨʝʟʝʨʚʫʘʨʫ, Zр=61,4 ʤ. 

пН =68,0+10+18+21,3-61,4=55,9 м 

Н   Нп, ʪʦ рʝʞʠʤ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʫ ʚʠʧʘʜʢʫ ʧʦʞʝʞʽ ʤʦʞʝ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʠʡ ʥʘʩʦʩʘʤʠ, ʧʽʜʽʙʨʘʥʠʤʠ ʜʣʷ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʾʭ ʥʘʧʦʨʫ. 
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3.14.5 ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʥʘʩʦʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʇʦʜʘʯʘ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ 1Q , 2Q ʪʘ ʥʘʧʦʨʠ рН /
, рН //

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʨʦʙʦʪʦʶ ʥʘ ɯ ʩʪʫʧʝʥʽ ʜʚʦʭ, ʘ ʥʘ ɯɯ ʩʪʫʧʝʥʽ ʧʘʨʘʣʝʣʴʥʦʶ ʨʦʙʦʪʦʶ 

ʪʨʴʦʭ ʥʘʩʦʩʽʚ ʤʘʨʢʠ ɼ1600-90 (n=1450 ʦʙ/ʭʚ) . 

ɺ ʤʘʰʠʥʥʦʤʫ ʟʘʣʽ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 3 ʨʦʙʦʯʠʭ ʪʘ ʜʚʘ 

ʨʝʟʝʨʚʥʠʭ ʥʘʩʦʩʠ ʤʘʨʢʠ ɼ1600-90. ʈʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʽʚ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ. 

ʇʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʠʚʦʜʫ ʥʘʩʦʩʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
пHн

HQqр  = 1000/ ,  (3.139) 

ʜʝ  - ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, ʨʽʚʥʠʡ 1.1; 

   ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤ3,  = 1000ʢʛ/ʤ3; 

Q ï ʧʦʜʘʯʘ ʥʘʩʦʩʫ, 
Hм

QкQ=  ʤ3/ʩ[ 4 ],  

39,025,1 ==
Hì

QêQ =0,49 см /3 ; 

Н ï ʥʘʧʽʨ ʥʘʩʦʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ Q,,  Н=75ʤ. [4,5] ;  

Н
 -ʂʂɼ ʥʘʩʦʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ Q , 

Н
 =0,80 [4,5]; 

п
 -ʂʂɼ ʧʝʨʝʜʘʯʽ, п

 =1 [4 ]; 

êÂòð
í

2.49518,01000/7549,08,910001,1 ==  
 

ʇʨʠʡʤʘʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʤʘʨʢʠ ɸ12-41-4 (ʃʠʚʛʠʜʨʦʤʘʰ) ʧʦʪʫʞʥʽʩʪʶ 

N-500 ʢɺʪ [9]. 

 

3.14.6 ɺʠʟʥʘʯʝʥʥʷ ʧʦʟʥʘʯʦʢ ʚʽʩʽ ʥʘʩʦʩʽʚ ʽ ʜʦʣʫ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʛʣʠʙʦʢʠʡ ʨʽʚʝʥʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʢʦʨʧʫʩ ʥʘʩʦʩʽʚ ʥʘʩʦʩʥʦʾ 

ʩʪʘʥʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʽʜ ʟʘʣʠʚʦʤ ʚʽʜ ʨʽʚʥʷ ʧʦʞʝʞʥʦʛʦ ʟʘʧʘʩʫ 

ʚʦʜʠ ʫ ʨʝʟʝʨʚʫʘʨʽ. 

ʇʦʟʥʘʯʢʘ ʚʝʨʭʘ ʥʘʩʦʩʫ: 

 Zʚ.ʥ=Zʧʦʞ.-0,5, (3.140) 

ʜʝ Zʧʦʞ - ʧʦʟʥʘʯʢʘ ʧʦʞʝʞʥʦʛʦ ʨʽʚʥʶ ʫ ʈʏɺ, ʤ, Zʧʦʞ=79,8 ʤ; 
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Zв.н=62,6-0,5=62,1 м 

ʇʦʟʥʘʯʢʘ ʚʽʩʽ ʥʘʩʦʩʫ: 

 Zвс=Zв.н.-A (3.141) 

ʜʝ А-ʚʠʩʦʪʘ ʥʘʩʦʩʫ ʚʽʜ ʚʝʨʭʘ ʜʦ ʚʽʩʽ,ʤ. 

Zвс=62,1-0,5=61,6 м 

ʇʦʟʥʘʯʢʘ ʚʝʨʭʘ ʬʫʥʜʘʤʝʥʪʫ: 

 Zф= Zвс-Ал, (3.142) 

ʜʝ ɸʣ- ʚʠʩʦʪʘ ʥʘʩʦʩʫ ʚʽʜ ʚʽʩʽ ʜʦ ʣʘʧ, ʤ 

Zф=61,5-0,7=60,8 м 

ɺʠʩʦʪʘ ʬʫʥʜʘʤʝʥʪʫ ʧʨʠʡʤʘʻʪʴʩʷ-0,5 ʤ, ʪʦʜʽ ʚʽʜʤʽʪʢʘ ʧʽʜʣʦʛʠ: 

Zп=60,6-0,5=60,3м 

ʄʽʥʽʤʘʣʴʥʝ ʟʘʛʣʠʙʣʝʥʥʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʦʚʠʥʥʦ ʩʢʣʘʜʘʪʠ: 

h=65-60,3=4,7 м 

ɺ ʜʠʧʣʦʤʥʦʤʫ ʧʨʦʝʢʪʽ ʟʘʛʣʠʙʣʝʥʥʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ 4,8 ʤ. 

 

3.14.7 ɺʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ 

ʄʽʥʽʤʘʣʴʥʘ ʚʠʩʦʪʘ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 Н=h1+h2+h3+h4+h5+0,5, (3.143) 

ʜʝ h1 ï ʚʠʩʦʪʘ ʤʦʥʦʨʝʣʴʩʫ, h1 =0,38 ʤ [4,9], ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 0,1 ʤ ʜʦ 

ʥʠʟʫ ʧʝʨʝʢʨʠʪʪʷ; 

 h2 - ʤʽʥʽʤʘʣʴʥʘ ʚʠʩʦʪʘ ʚʽʜ ʢʨʶʢʘ ʜʦ ʥʠʟʫ ʤʦʥʦʨʝʣʴʩʫ, h2 =0,755 ʤ; 

 h3 - ʚʠʩʦʪʘ ʩʪʨʦʧʦʚʢʠ ʚʘʥʪʘʞʫ, h3 =1 ʤ; 

 h4 - ʚʠʩʦʪʘ ʚʘʥʪʘʞʫ, ʤ, h4  =3,29ʤ; 

 h5 - ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, h5 =2,27ʤ. 

Н=0,38+0,755+1+3,29+2,27+0,5 =8,2 м 

ɿʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʚʠʩʦʪʘ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ ʧʨʠʡʤʘʻʪʴʩʷ 8,4 ʤ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʛʦʣʦʚʥʘ ʤʘʩʘ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ m=1000-5000ʢʛ, ʚ ʷʢʦʩʪʽ ʧʽʜʡʦʤʥʦïʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʢʨʘʥ-ʙʘʣʢʘ ʟ ʨʫʯʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ [9]. 
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3.15 ɽʢʦʣʦʛʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʡʤʠʱʘ ʪʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪʠ ʚʦʜʠ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʩʪʘʥʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʩʧʦʨʫʜʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʦʯʠʱʝʥʫ ʩʢʠʜʥʫ ʚʦʜʫ 

ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ ʟʘ ʨʽʢ ʩʪʘʥʦʚʠʪʴ: 

 1000/365.... = добпрфш WQ   (3.144) 

..добпрW  ï ʜʦʙʦʚʠʡ ʦʙ'ʻʤ ʚʦʜʠ ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ, ʤ3 (9, 

ʧ.2.3.1): 

 𝑊пр.доб. = 414 × 10 = 414 м3/доб 

𝑄ш.ф. = 414 ×
365

1000
= 151 тис. м3/рік 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʨʫʜ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 

ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʩʢʠʜʘʥʥʶ ʢʦʘʛʫʣʷʥʪʘ ɸ12(Sʆ4)3 ʫ ʚʦʜʦʡʤʫ, ʫ ʢʽʣʴʢʦʩʪʽ 

 1000/... кфшкоагул ДQQ =  (3.145) 

ʜʝ ɼʢ ï ʜʦʟʘ ʢʦʘʛʫʣʷʥʪʫ ɸ12(Sʆ4)3, ɼʢ=49,3 ʛ/ʤ3. 

𝑄коагул. = 151000 ×
49.3

1000
= 7449кг ≈ 7,5 т. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʫʟʣʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 

ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ, ʷʢʽ ʩʢʠʜʘʶʪʴ ʫ ʚʦʜʦʡʤʫ, ʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʚʦʜʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʩʪʘʥʮʽʾ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʱʦ ʜʘʻ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ. 
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ʈʆɿɼɯʃ 4 ɽʂʆʅʆʄɯʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ 

4.1 ɽʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ 

ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʤʽʩʪʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʤʽʞ ʩʦʙʦʶ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ, ʚʠʭʦʜʷʯʠ ʟ ʥʦʨʤʘʪʠʚʥʦʛʦ ʪʝʨʤʽʥʫ 

ʦʢʫʧʥʦʩʪʽ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʧʦʨʽʚʥʷʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ʇʽ= ʉʽ + ɽʥ  ʂ ʽ (4.1) 

ʜʝ ʇʽ - ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʧʦ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ, ʛʨʥ.; 

ʉʽ - ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʧʦ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ, ʪʠʩ. ʛʨʥ. 

ʂʽ - ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʦ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ, ʪʠʩ. ʛʨʥ. 

ɽʥ - ʢʦʝʬʽʮʽʻʥʪ ʧʦʨʽʚʥʷʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ: ɽʥ= 0,15 ï ʜʣʷ 

ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʦʯʠʩʪʢʠ ʚʦʜʠ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʜʚʽ 

ʤʦʞʣʠʚʽ ʩʭʝʤʠ ʦʙʨʦʙʢʠ ʚʦʜʠ (ʨʠʩ. 4.1). 

ɿʤʽʰʫʚʘʯ ɻʨʠʟʦʥʪʘʣʴ
ʥʠʡ  

ʚʽʜʩʪʽʥʠʢ

ʐʚʠʜʢʠʡ 
ʬʽʣʴʪʨ

ʈʝʟʝʨʚʫʘʨ 
ʯʠʩʪʦʾ ʚʦʜʠ

ɿʤʽʰʫʚʘʯ
ʆʩʚʽʪʣʶʚʘʯ ʽʟ 

ʰʘʨʦʤ 
ʟʘʚʠʩʣʦʛʦ 

ʦʩʘʜʫ

ʐʚʠʜʢʠʡ 
ʬʽʣʴʪʨ

ʈʝʟʝʨʚʫʘʨ 
ʯʠʩʪʦʾ ʚʦʜʠ

ʈʠʩʫʥʦʢ 6.1-ʇʨʦʝʢʪʥʽ ʚʘʨʽʘʥʪʠ ʪʝʭʥʦʣʦʛʽʾ 
ʦʯʠʩʪʢʠ ʚʦʜʠ

 
ʈʠʩʫʥʦʢ 4.2ï ʇʨʦʵʢʪʥʽ ʚʘʨʽʘʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʦʜʠ  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʢʘʧʽʪʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʘʨʪʦʩʪʽ ʩʧʦʨʫʜ ʦʯʠʩʪʢʠ ʚʦʜʠ ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ 

ʦʯʠʩʪʢʠ ʚʦʜʠ ʩʪʘʥʦʚʣʷʪʴ: 

ɿʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʧʠʪʦʤʠʤ ʚʠʪʨʘʪʘʤʠ: 

 - ʜʣʷ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʦʯʠʩʪʢʠ: ʉ1= 17160 ʪʠʩ. ʛʨʥ., ʂ1= 476520 ʪʠʩ. ʛʨʥ 

ʪʦʜʽ, 

ʇ1= 17160 + 0,15 * 476520= 88638 ʪʠʩ. ʛʨʥ 

- ʜʣʷ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʘ ʦʯʠʩʪʢʠ: ʉ2= 17160 ʪʠʩ. ʛʨʥ., ʂ2= 423720 ʪʠʩ. ʛʨʥ 

ʪʦʜʽ, 
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ʇ2= 17160 + 0,15 * 423720 = 80718 ʪʠʩ. ʛʨʥ. 

ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʠʟʥʘʥʦ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ ʟʘʚʜʷʢʠ 

ʤʽʥʽʤʘʣʴʥʠʤ ʧʨʠʚʝʜʝʥʠʤ ʚʠʪʨʘʪʘʤ. ʊʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʜʝʪʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙʨʘʥʦ ʩʠʩʪʝʤʫ ʦʯʠʱʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʽ 

ʚʽʜʩʪʽʡʥʠʢʠ ʪʘ ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ. 

4.2 ʈʦʟʨʘʭʫʥʦʢ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ 

ʇʣʘʥʫʚʘʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʦʙʨʘʥʦʛʦ ʚʘʨʽʘʥʪʫ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ, ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʢʨʠʪʝʨʽʻʤ ʥʘʡʤʝʥʰʠʭ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ. ɺʦʥʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪʘʭ ʜʣʷ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ ʪʘ ʤʝʨʝʞʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʚʦʜʷʪʴ ʜʦ ʪʘʙʣ. 4.1 
ʊʘʙʣʠʮʷ 4.1ï ʈʦʟʨʘʭʫʥʦʢ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ 

ˉ 
ʧ/ʧ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʂʽʣʴʢʽʩʪʴ 
ʎʽʥʘ ʟʘ ʦʜʠʥʠʮʶ,  

ʪʠʩ. ʛʨʥ. 

ʉʫʤʘʨʥʘ 
ʚʘʨʪʽʩʪʴ, ʪʠʩ. 

ʛʨʥ. 
1 2 3 4 5 

ɹʫʜʽʚʣʽ 

1 
 
 
 
 
 
 
 
 
 
 

2 

-ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ ʩʫʤʽʱʝʥʘ 
ʟ ʚʦʜʦʟʘʙʽʨʥʦʶ ʩʧʦʨʫʜʦʶ 

1 30000,000 30000,000 

-ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ 1 36000,000 36000,000 
-ʛʦʣʦʚʥʘ ʙʫʜʽʚʣʷ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 1 66000,000 66000,000 

-ʨʝʘʛʝʥʪʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 1 6000,000 6000,000 
ɹʫʜʽʚʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʧʦʨʫʜ ʜʣʷ ʧʨʦʤʠʚʥʠʭ 

ʚʦʜ 
1 54600,000 54600,000 

-ʩʢʣʘʜ ʭʣʦʨʫ 1 234,000 234,000 
-ʤʘʡʩʪʝʨʥʷ 1 84,000 84,000 
-ʢʦʪʝʣʴʥʷ 1 1080,000 1080,000 
-ʧʨʦʭʽʜʥʘ 1 12,600 12,600 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ   194 010,60 
ʆʩʥʦʚʥʽ ʩʧʦʨʫʜʠ 

-ʟʤʽʰʫʚʘʯ 4 24,000 96,000 
- ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʚʽʜʩʪʽʡʥʠʢʠ ʽʟ 

ʚʤʦʥʪʦʚʘʥʠʤʠ ʢʘʤʝʨʘʤʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ 
 

10 108,000 1080,000 

- ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ 
 

10 30,000 300,000 

- ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ 
 

3 21,600 64,800 

- ʙʘʢʠ ʜʣʷ ʧʽʩʢʫ 
 

2 4,200 8,400 

- ʙʘʢ ʜʣʷ ʢʦʘʛʫʣʷʥʪʫ 8 3,600 28,800 
- ʙʘʢ ʜʣʷ ʚʘʧʥʘ 2 4,560 9,120 

- ʧʨʠʡʤʘʣʴʥʘ ʢʘʤʝʨʘ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 
 

2 2,160 4,320 
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- ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʽʩʢʦʣʦʚʢʠ 

 
2 21,600 43,200 

 
- ʟʛʫʱʫʚʘʯʽ 

 
2 24,000 48,000 

 ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ   243,72 1 682,64 
3 ʆʩʥʦʚʥʝ ʦʙʣʘʜʥʘʥʥʷ 
 -ʥʘʩʦʩ ɼ1600-90 6 180,000 1080,000 
 -ʥʘʩʦʩ ɼ2000-21 2 132,000 264,000 
 -ʥʘʩʦʩ ɼ2000-34 4 138,000 552,000 
 -ʢʨʘʥ-ʙʘʣʢʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 3,2 ʪ 2 480,000 960,000 

 
-ʢʨʘʥ ʤʦʩʪʦʚʠʡ ʨʘʜʽʘʣʴʥʠʡ 
ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 5,0 ʪ 

1 
600,000 600,000 

 
-ʢʨʘʥ-ʙʘʣʢʘ ʟ ʨʫʯʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 5,0 ʪ 
3 

588,000 1764,000 
 ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ   5 220,00 

4 ʄʝʨʝʞʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ   14400,000 
 ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʦ ʩʠʩʪʝʤʽ ʚ ʮʽʣʦʤʫ   227,140 

 

4.3 ʈʦʟʨʘʭʫʥʦʢ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ 

ʈʽʯʥʽ ʧʦʪʦʯʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ   ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 С = 
=

N

іі

іC
1

  (4.2) 

ʜʝ 
=

N

іі

іC
1

- ʨʽʯʥʘ ʩʫʤʘ ʚʠʪʨʘʪ ʟʘ ʩʪʘʪʪʷʤʠ ʢʘʣʴʢʫʣʷʮʽʾ, ʛʨʥ. 

ʂʘʣʴʢʫʣʷʮʽʷ ʨʽʯʥʠʭ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟʘ ʦʩʥʦʚʥʠʤʠ ʩʪʘʪʪʷʤʠ: 

ʨʝʘʛʝʥʪʠ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ, ʘʤʦʨʪʠʟʘʮʽʡʥʽ 

ʚʽʜʨʘʭʫʚʘʥʥʷ, ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ, ʽʥʰʽ ʚʠʪʨʘʪʠ. 

 
=

N

іі

іC
1

 = С1 + С2 + С3 +… С5  (4.3)  

ʜʝ ʉ1 - ʧʨʷʤʽ ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ;  

ʉ2 - ʧʨʷʤʽ ʚʠʪʨʘʪʠ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ; 

ʉ3 - ʽʥʰʽ ʧʨʷʤʽ ʚʠʪʨʘʪʠ; 

ʉ4 - ʟʤʽʥʥʽ ʟʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ ʪʘ ʧʦʩʪʽʡʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ 

ʚʠʪʨʘʪʠ. 

ɼʦ ʮʽʻʾ ʩʪʘʪʪʽ ʚʢʣʶʯʝʥʦ ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʪʨʝʙ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʩʷʛʽʚ ʧʽʜʡʦʤʫ ʪʘ 

ʧʦʜʘʯʽ ʚʦʜʠ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʜʙʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ 
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ʪʘ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ, ʪʦʜʽ ʷʢ ʚʠʪʨʘʪʠ ʥʘ ʟʘʢʫʧʽʚʣʶ ʚʦʜʠ ʟ ʽʥʰʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʮʴʦʤʫ ʧʨʦʻʢʪʽ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ. ʆʙʩʷʛ ʮʠʭ ʚʠʪʨʘʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʧʣʘʥʦʚʘʥʠʭ ʦʙʩʷʛʽʚ ʧʦʜʘʯʽ ʚʦʜʠ, ʜʦʟ ʨʝʘʛʝʥʪʽʚ, ʾʭʥʴʦʾ ʚʘʨʪʦʩʪʽ ʚ 

ʧʣʘʥʦʚʘʥʦʤʫ ʧʝʨʽʦʜʽ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʟʘʛʦʪʽʚʝʣʴʥʠʭ ʚʠʪʨʘʪ. ʇʦʪʨʝʙʘ ʚ ʨʝʘʛʝʥʪʘʭ 

ʨʦʟʨʘʭʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ, ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʯʠʥʥʠʤ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʚʦʜʠ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʦʯʠʱʝʥʥʷ ʪʘ 

ʬʘʢʪʠʯʥʠʭ ʚʠʪʨʘʪ ʨʝʘʛʝʥʪʽʚ ʫ ʧʦʧʝʨʝʜʥʽ ʨʦʢʠ. 

 

4.3.1 ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʩʠʨʦʚʠʥʫ ʽ ʤʘʪʝʨʽʘʣʠ 

ɺʠʟʥʘʯʝʥʽ ʚʠʪʨʘʪʠ ʥʘ ʨʝʛʝʥʪʠ ʪʘ ʤʘʪʝʨʽʘʣʠ, ̫ ʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʦʯʠʩʪʢʠ ʚʦʜʠ. (ʩʫʣʴʬʘʪ ʘʣʶʤʽʥʽʶ, ʚʘʧʥʦ, ʬʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ, 

ʭʣʦʨ). 

ɺʠʪʨʘʪʘ ʨʝʘʛʝʥʪʽʚ ʚ ʥʘʪʫʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʩʧʝʮʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʝʢʪʫ, ʚʘʨʪʽʩʪʴ ʨʝʘʛʝʥʪʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ ʜʘʥʠʤʠ ʚ ʩʫʯʘʩʥʠʭ ʮʽʥʘʭ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʚ 

ʚʘʨʪʽʩʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʥʘ ʨʝʘʛʝʥʪʠ ʪʘ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʙʣ. 4.2: 
ʊʘʙʣʠʮʷ 4.2 ï ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʤʘʪʝʨʽʘʣʠ (ʨʝʘʛʝʥʪʠ)  

ˉ 

ʧ/ʧ 
ʄʘʪʝʨʽʘʣʠ 

ʈʽʯʥʘ ʚʠʪʨʘʪʘ ʨʝʘʛʝʥʪʫ, 

ʤʘʪʝʨʽʘʣʫ 

ʪ/ʨʽʢ 

ɺʘʨʪʽʩʪʴ 1ʪ 

ʤʘʪʝʨʽʘʣʫ, ʛʨʥ. 

ʈʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʤʘʪʝʨʽʘʣʠ, 

ɻʨʥ. 

1 ʂʦʘʛʫʣʷʥʪ 2956,5 (8,1ʪ/ʜʦʙ365) 3360,000 9933840,00 
2 ɺʘʧʥʦ 91,25(0,25ʪ/ʜʦʙ365) 1272,000 116070,00 
3 ʇʽʩʦʢ 52,4 (ʪ/ʨʽʢ) 204,600 10721,04 

4 ʍʣʦʨ 
106,9(12,2 ʢʛ/ʛʦʜ 

24365) 2412,000 257842,80 

 Всього : 3207,05  10 318 473,84 
 

ɺʠʪʨʘʪʠ ʥʘ ʩʠʨʦʚʠʥʫ ʽ ʤʘʪʝʨʽʘʣʠ ʩʪʘʥʦʚʣʷʪʴ 10 318 473,84 ʛʨʥ. 

 

4.3.2 ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʧʘʣʠʚʦ ʽ ʝʥʝʨʛʽʶ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʮʽʣʽ 

ɺʠʟʥʘʯʝʥʽ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʫʩʪʘʪʢʫʚʘʥʥʷʤ. 
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 ʆʩʥʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ̫ ʢʝ ʩʧʦʞʠʚʘʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʜʣʷ 

ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʻ ʥʘʩʦʩʥʽ ʘʛʨʝʛʘʪʠ. 

ɼʣʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʩʦʩʠ ɼ2000-

34 ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ: 

  = (0,00273*ʅ)/  (4.4) 

ʜʝ ʅ ï ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʚʦʜʠ, ʤ  

- ʂʂɼ ʥʘʩʦʩʫ, 

ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʩʧʝʮʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ: 

- ʜʣʷ ʥʘʩʦʩʽʚ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ ʅ1=26,2ʤ 

- = 75% 

ɼʣʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʝʨʰʦʛʦ ʧʽʜʦʡʤʫ: 

1 = (0,00273*ʅ)/  = 0,00273*26,2/0,75 =0,095 ʢɺʪ ʛʦʜ/ʤ3 

ɼʣʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ɯɯ ʧʽʜʡʦʤʫ ʩʝʨʝʜʥʷ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʦʙʯʠʩʣʶʻʪʴʩʷ: 

 ʩʝʨ.= 0,01  (ʈʽ *ʽ), (4.5)  

ʜʝ ʈʽ- ʧʦʛʦʜʠʥʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʽʚ, % ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪʘ ʥʘ ʜʦʙʫ. 

ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʩʧʝʮʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ (ʩʪʫʧʝʥʝʚʠʤ ʛʨʘʬʽʢʦʤ ʧʦʜʘʯʽ): ʜʣʷ 

ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʈ1=3,5 %, ʜʣʷ ʜʨʫʛʦʾ - ʈ11=5,1 % 

ʽ- ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʜʘʥʫ ʛʦʜʠʥʫ. 

 ʽ =  N / Q, (4.6) 

 N ï ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʶʯʠʭ ʜʚʠʛʫʥʽʚ, ʢɺʪ; 

Q - ʩʫʤʘʨʥʘ ʧʦʜʘʯʘ ʚʦʜʠ ʥʘʩʦʩʘʤʠ, ʤ3/ ʛʦʜ 

ɼʣʷ ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʧʨʠ ʨʦʙʦʪʽ ʜʚʦʭ ʦʜʥʦʛʦ ʥʘʩʦʩʫ ʟ ʧʦʜʘʯʝʶ 2250 ʤ3/ʛʦʜ:  

1 = 2*500/2250 = 0,44 ʢɺʪ ʛʦʜ/ʤ3 

ɼʣʷ ʜʨʫʛʦʾ ʩʪʫʧʝʥʽ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʨʦʙʦʪʽ 4 -ʭ ʥʘʩʦʩʽʚ ʟ ʩʫʤʘʨʥʦʶ ʧʦʜʘʯʝʶ 

3420 ʤ3/ʛʦʜ: 

11 = 4*500/3420= 0,58 ʢɺʪ ʛʦʜ/ʤ3 

ʩʝʨ.= 0,01* (3,5 * 0,44 + 5,1 * 0,68)=0,05 ʢɺʪ ʛʦʜ/ʤ3 

ʈʽʯʥʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ: 

  ɽʨ = Q ʜʦʙ*n*ʩʝʨ, (4.7) 
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ʜʝ Qʜʦʙ.- ʜʦʙʦʚʝ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʠʤ ʧʫʥʢʪʦʤ, ʤ3/ ʜʦʙʫ 

n ï ʯʠʩʣʦ ʜʥʽʚ ʨʦʙʦʪʠ ʥʘʩʦʩʽʚ ʟʘ ʨʽʢ. 

ʈʽʯʥʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʧʨʦʤʠʚʢʫ ʬʽʣʴʪʨʽʚ ʥʘʩʦʩʘʤʠ ʤʘʨʢʠ ɼ 2000-

21 ʚʠʟʥʘʯʘʶʪʴʩʷ: 

 )102/(2,1 = фпромпрпромпромр NntНqЕ  (4.8) 

ʜʝ 1,2- ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʧʦʪʫʞʥʦʩʪʽ, 

промq  - ʚʠʪʨʘʪʘ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ, 
промq = 576 ʣ/ʩ = 2073 ʤ3/ʛʦʜ 

промН  - ʥʘʧʽʨ ʧʨʦʤʠʚʥʠʭ ʥʘʩʦʩʽʚ ʟʘ ʨʦʟʨʘʭʫʥʢʦʤ, ʤ 
промН =15 ʤ 

прt - ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʤʠʚʢʠ, ʛʦʜ 
прt  = 6 ʭʚ =0,1 ʛʦʜ 

промn - ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʠʚʦʢ ʟʘ ʨʽʢ, 
промn = 2*365= 730 

 - ʂʂɼ ʧʨʦʤʠʚʥʦʛʦ ʥʘʩʦʩʫ, =0,76 

фN - кількість фільтрів, 
фN = 10  

ɽʨ= 1,2*2073*15*0,1*730*10/(102*0,76)=341385,2 ʢɺʪ ʛʦʜ / ʨʽʢ 

ɺʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʽʢ : 

 ʕʨ= ɽʨ.* ʎ , (4.9) 

ʜʝ ɽʨ - ʨʽʯʥʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʢɺʪ ʛʦʜ ʟʘ ʨʽʢ. 

ʎ - ʮʽʥʘ 1 ʢɺʪ ʛʦʜ, ʛʨʥ. ʈʦʟʨʘʭʫʥʦʢ ʨʽʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʪʨʝʙʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 4.3. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʥʘʩʦʩʘʤʠ -

ʜʦʟʘʪʦʨʘʤʠ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ):  

1,3*32,669 =42,47 ʪʠʩ. ʛʨʥ. 

ʉ1= 10318473+42470000=52 788 473 ʛʨʥ. 
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ʊʘʙʣʠʮʷ 4.3 ï ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʅʘʡʤʝʥʫʚ
ʘʥʥʷ 

ʚʠʪʨʘʪ 

ʏʠʩʣʦ 
ʨʦʙʦʯʠʭ 
ʥʘʩʦʩʽʚ 

ʇʦʪʫʞʥʽ
ʩʪʴ 

ʜʚʠʛʫʥʘ 
ʢɺʪ 

ʈʝʞʠ
ʤ 

ʨʦʙʦʪ
ʠ 

ʥʘʩʦʩʽ
ʚ 

ʏʠʩʣʦ 
ʜʥʽʚ 

ʨʦʙʦʪʠ 
ʘʛʨʝʛʘʪʽʚ 

ʟʘ ʨʽʢ, 
ʜʥʽʚ 

ʇʠʪʦʤʘ 
ʚʠʪʨʘʪʘ 
ʝʣʝʢʪʨʦʝ

ʥʝʨʛʽʾ, 
ʢɺʪ ʛʦʜ 

/ ʤ3 

ɼʦʙʦʚʘ 
ʚʠʪʨʘʪʘ 
ʚʦʜʠ, 

ʤ3/ʜʦʙʫ 

ʈʽʯʥʘ ʚʠʪʨʘʪʘ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 
ʢɺʪ ʛʦʜ ʟʘ ʨʽʢ 

ɺʘʨʪʽʩʪʴ 
ʝʣʝʢʪʨʦʝʥʝʨ
ʛʽʾ ʛʨʥ., ʟʘ 1 

ʂʚʪ ʛʦʜ 

ʈʽʯʥʘ ʚʘʨʪʽʩʪʴ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʪʠʩ. ʛʨʥ 

ʅʘʩʦʩʥʘ 
ʩʪʘʥʮʽʷ I 
ʧʽʜʡʦʤʫ: 
- ɼ2000-

34 

2 255 
ʨʽʚʥʦ
ʤʽʨʥʠ

ʡ 
365 0,095 77500,0 2233800 

9 

20104,398 

ʅʘʩʦʩʥʘ 
ʩʪʘʥʮʽʷ II 
ʧʽʜʡʦʤʫ: 
-ɼ1600-

90 
-ɼ2000-

21 

3 
1 

500 
250 

ʩʪʫʧʽ
ʥʯʘʪʠ

ʡ. 
365 0,05 77500,0 1396125 12565,125 

ɺʩʴʦʛʦ: 3 629 925,00  32 669,52 
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4.3.3 ʈʦʟʨʘʭʫʥʦʢ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ 

ɺ ʮʶ ʩʪʘʪʪʶ ʚʢʣʶʯʝʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʩʥʦʚʥʫ ʽ ʜʦʜʘʪʢʦʚʫ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʦʨʤ ʧʨʘʮʽ (ʥʦʨʤ ʯʘʩʫ, 

ʚʠʨʦʙʽʪʢʫ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ), ʪʘʨʠʬʥʠʭ ʩʪʘʚʦʢ (ʦʢʣʘʜʽʚ), ʚʽʜʨʷʜʥʠʭ ʨʦʟʮʽʥʦʢ ʜʣʷ 

ʨʦʙʽʪʥʠʢʽʚ ʪʘ ʧʦʩʘʜʦʚʠʭ ʦʢʣʘʜʽʚ ʜʣʷ ʢʝʨʽʚʥʠʢʽʚ, ʬʘʭʽʚʮʽʚ, ʪʝʭʥʽʯʥʠʭ ʩʣʫʞʙʦʚʮʽʚ. 

4.4 ɺʠʪʨʘʪʠ ʥʘ ʦʩʥʦʚʥʫ ʽ ʜʦʜʘʪʢʦʚʫ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ: 

ɺʠʪʨʘʪʠ ʥʘ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʨʽʯʥʦʛʦ ʬʦʥʜʫ ʦʩʥʦʚʥʦʾ ʽ 

ʜʦʜʘʪʢʦʚʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʦʯʠʭ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʚ ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʝʢʪʫ.  

ʆʩʥʦʚʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ ʩʪʘʥʦʚʠʪʴ: 

1 443 395,2 ʛʨʥ.; 

ʜʦʜʘʪʢʦʚʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ:  

1 331 157,76 ʛʨʥ. 

ʉ2=1 443 395,2 + 1 331 157,76 = 2 774 552,76 ʛʨʥ. 

 

4.4.1 ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʩʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷ 

ɺ ʮʶ ʩʪʘʪʪʶ ʚʭʦʜʷʪʴ ʚʥʝʩʢʠ ʥʘ ʟʘʛʘʣʴʥʦʦʙʦʚ'ʷʟʢʦʚʝ ʜʝʨʞʘʚʥʝ ʩʦʮʽʘʣʴʥʝ 

ʩʪʨʘʭʫʚʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ɺʥʝʩʢʠ ʥʘ ʟʘʛʘʣʴʥʦʦʙʦʚ'ʷʟʢʦʚʝ ʜʝʨʞʘʚʥʝ ʩʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʜʣʷ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʧʨʠʡʥʷʪʽ ʚ ʨʦʟʤʽʨʽ 38% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʬʦʥʜʫ ʦʧʣʘʪʠ 

ʧʨʘʮʽ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʦʯʠʭ ʽ ʩʪʘʥʦʚʣʷʪʴ: 

ʉ3=1 100 0000,38 = 418 000 ʛʨʥ. 

 

4.4.2 ɺʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ɺʝʣʠʯʠʥʘ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʥʦʨʤʘʤʠ ʘʤʦʨʪʠʟʘʮʽʾ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʙʘʣʘʥʩʦʚʦʾ ʚʘʨʪʦʩʪʽ ʦʙ`ʻʢʪʫ ʜʣʷ: 

- ʙʫʜʦʚ, ʩʧʦʨʫʜ ʪʘ ʧʝʨʝʜʘʪʦʯʥʠʭ ʧʨʠʩʪʨʦʽʚ - 5%, 

- ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʪʨʘʥʩʧʦʨʪʫ - 25%, 

- ʜʨʫʛʠʭ ʪʠʧʽʚ ʦʙʣʘʜʥʘʥʥʷ - 15%. 
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ʈʦʟʨʘʭʫʥʦʢ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʽʪʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ʈʦʟʨʘʭʫʥʦʢ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʙʣ. 4.4. 

ʊʘʙʣʠʮʷ 4.4 ʈʦʟʨʘʭʫʥʦʢ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ 

ˉ ʆʩʥʦʚʥʽ ʬʦʥʜʠ 

ʇʝʨʚʽʩʥʘ 
(ʙʘʣʘʥʩʦʚʘ) ʚʘʨʪʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ, 
ʪʠʩ. ʛʨʥ. 

ɸʤʦʨʪʠʟʘʮʽʡʥʽ 
ʚʽʜʨʘʭʫʚʘʥʥʷ, 

ʅʦʨʤʘ, % ʉʫʤʘ, ʪʠʩ. 
ʛʨʥ. 

1 ɹʫʜʽʚʣʽ 10317,6 5 9700,53 
2 ʉʧʦʨʫʜʠ 14685,84 5 734,292 
3 ʆʙʣʘʜʥʘʥʥʷ 4040 15 606 

4 ʄʝʨʝʞʽ ʪʘ 
ʢʦʤʫʥʽʢʘʮʽʾ 14400 15 2160 

ʈʘʟʦʤ: 227 136,44  13 200,82 
 

4.4.3 ɿʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ 

ɺʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʨʝʤʦʥʪ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʫʪʨʠʤʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ 

ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʨʦʟʤʽʨʽ (10% ʥʘ ʫʪʨʠʤʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ + 6% ʥʘ ʨʝʤʦʥʪ) 

ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʘʤʦʨʪʠʟʘʮʽʶ, ʫʪʨʠʤʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ ʩʢʣʘʜʘʶʪʴ: 

ʉ4=13 200,82*1,16=15312,95 ʛʨʥ. 

ɺʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʝʨʩʦʥʘʣʫ 

ɿʘʨʦʙʽʪʥʘ ʧʣʘʪʘ (ʦʩʥʦʚʥʘ, ʜʦʜʘʪʢʦʚʘ), ʘ ʪʘʢʦʞ ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʩʦʮʽʘʣʴʥʝ 

ʩʪʨʘʭʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʽʪʥʠʢʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ, 

ʩʪʘʥʦʚʣʷʪʴ: 

1 443 395,2 +1 331 157,76 +0,38(1 443 395,2 +1 331 157,76)=3 828 881,76 ʛʨʥ . 

Тоді витрати на утримання і експлуатацію обладнання складуть: 

ʉ5 = 3 828 881,76  + 15312,95 = 3 844 194,71 ʛʨʥ. 

ɺʠʪʨʘʪʠ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ 

ɺʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ ʧʨʠʡʤʘʶʪʴʩʷ ʟ 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʚ ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʝʢʪʫ.  

ɺʠʪʨʘʪʠ ʥʘ ʦʭʦʨʦʥʫ ʧʨʘʮʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʨʦʟʤʽʨʽ 400-500 

ʛʨʥ. ʥʘ 1 ʨʦʙʽʪʥʠʢʘ - (400-500 ʛʨʥ) : 
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200000+132000000,16+(45097)=2187650,4 ʛʨʥ. 

4.4.4 ɯʥʰʽ ʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ 

ʎʽ ʚʠʪʨʘʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʽʦʜʠʯʥʦʶ ʧʝʨʝʚʽʨʢʦʶ ʷʢʦʩʪʽ ʚʦʜʠ ʽ ʧʨʠʡʤʘʶʪʴʩʷ 

ʫ ʨʦʟʤʽʨʽ 1% ʚʽʜ ʩʫʤʠ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʦʯʠʭ ʪʘ ʚʠʪʨʘʪ ʥʘ 

ʫʪʨʠʤʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ:  

ʉ5 = 0,01 (1 443 395,2 +14054064,1)=144235,6 ʛʨʥ. 

4.4.5 ɺʠʟʥʘʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 1ʤ3 ʚʦʜʠ ʫʩʽ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʩʪʘʪʪʷʤʠ 

ʢʘʣʴʢʫʣʷʮʽʾ ʟʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣ. 4.5. 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ʉ 1ʤ
3

 = В/П, (4.10) 

ʜʝ ʇ ï ʨʽʯʥʠʡ ʦʙʩʷʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ , ʤ3/ʨʽʢ, ʇ= 87807*365=32049774 

ʤ3/ʜʦʙ. 
ʊʘʙʣʠʮʷ 4.5 ï ʂʘʣʴʢʫʣʷʮʽʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʉʪʘʪʪʷ ʚʠʪʨʘʪ ʆʜʠʥʠʮʷ 
ʚʠʤʽʨʫ 

ʉʫʤʘ ʚʠʪʨʘʪ 
ʅʘ ʨʽʯʥʠʡ 

ʦʙôʻʤ 
ʚʦʜʠ 

ʥʘ ʢʘʣʴʢʫʣʷʮʽʡʥʫ 
ʦʜʠʥʠʮʶ 

ʇʨʷʤʽ ʚʠʪʨʘʪʠ ʛʨʥ. 14422728,2 0,54 
ʇʨʷʤʽ ʚʠʪʨʘʪʠ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ ʛʨʥ. 2 774 552,76 0,0242 

ɯʥʰʽ ʧʨʷʤʽ ʚʠʪʨʘʪʠ ʛʨʥ. 144235,6 0,01 

ɿʤʽʥʥʽ ʟʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ ʪʘ ʧʦʩʪʽʡʥʽ 
ʨʦʟʧʦʜʽʣʝʥʽ ʟʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ 

ʚʠʪʨʘʪʠ 
ʛʨʥ. 15333369,4 0,611 

ɺʩʴʦʛʦ ʚʠʪʨʘʪ ʛʨʥ. 15 477 605,00 1,19 
 

ʉ 1ʤ
3

 =15 477 605,00 /32049774  = 0,48ʛʨʥ. 
 

4.4.6 ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

ʘʙʩʦʣʶʪʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʫʛ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ . 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʘʙʩʦʣʶʪʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ : 

ɽʘ= (ʎ-ʉ)Q /ʂ= (ʇ*Q)/ʂ (4.11) 
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ʜʝ ʎ- ʮʽʥʘ ʟʘ ʧʦʩʣʫʛʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘ 1ʤ3, ʛʨʥ., ʎ=25 ʛʨʥ.- ʜʣʷ ʥʘʩʝʣʝʥʥʷ, 

ʎ=60 ʛʨʥ.- ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ; 

ʉ- ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʦʩʣʫʛʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘ 1ʤ3, ʛʨʥ., ʉ=5 ʛʨʥ/ʤ3; 

ʇ- ʩʫʤʘ ʧʨʠʙʫʪʢʫ ʟ 1ʤ3, ʛʨʥ. 

ʂ- ʩʫʤʘ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʛʨʥ., ʂ=189283700 ʛʨʥ.  

Q - ʨʽʯʥʠʡ ʦʙôʻʤ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʤ3; ʜʣʷ ʥʘʩʝʣʝʥʥʷ ï 2180456 ʤ3/ʨʽʢ, 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ï 9012288 ʤ3/ʨʽʢ. 

ɽʘ= ((25-5)21804516+(4,0-1,19) 21804516)/ 227140000 = 2,1 

ɿʘʧʣʘʥʦʚʘʥʠʡ ʧʨʠʙʫʪʦʢ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

ʇ=((25-5)21804516+(4,0-1,19)21804516) = 49707037,7 ʛʨʥ. 

ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ: 

ʊ= 1/ ɽʘ = ʂ / (ʇ *Q) 

ʊ=1/2,1= 0,47 ʨʦʢʫ 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ɽʥ ʽ ʊʥ., ʷʢʽ ʜʣʷ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʦʨʽʚʥʶʶʪʴ:  

ɽʥ  =0,15, ʊʥ=1/0,15=6,7 ʨʦʢʠ 

ɸʙʩʦʣʶʪʥʘ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʦʨʤʘʪʠʚʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʦʢʫʧʘʶʪʴʩʷ ʯʝʨʝʟ 4,8 ʨʦʢʠ, ɦ ʦ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ 

ʚʠʤʦʛʘʤ. ɽʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.6. 
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ʊʘʙʣʠʮʷ 4.6 ï ʆʩʥʦʚʥʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ˉ ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 
ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ʧʦʢʘʟʥʠʢʽʚ ɿʥʘʯʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʜʣʷ ʥʘʪʫʨʘʣʴʥʦʛʦ 
ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʣʷ ʚʘʨʪʽʩʥʦʛʦ 
ʚʠʤʽʨʶʚʘʥʥʷ 

ʚ ʥʘʪʫʨʘʣʴʥʦʤʫ 
ʚʠʤʽʨʶʚʘʥʥʷ 

ʚ ʚʘʨʪʽʩʥʦʤʫ 
ʚʠʤʽʨʶʚʘʥʥʽ 

1. 
ʆʙôʻʤ ʚʽʜʧʫʱʝʥʦʾ ʚʦʜʠ: 

- ʜʣʷ ʥʘʩʝʣʝʥʥʷ 
- ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʊʠʩ. ʤ3/ʨʽʢ 
 

ʊʠʩ. ʤ3/ʨʽʢ 

ʊʠʩ. ʛʨʥ./ʨʽʢ 
 

ʊʠʩ. ʛʨʥ./ʨʽʢ 

21804,516 545112,9 

9012,288 540737,28 
2. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʦʯʠʱʝʥʦʾ ʚʦʜʠ ʊʠʩ. ʤ3/ʨʽʢ ʊʠʩ. ʛʨʥ./ʨʽʢ 30816,804 1 085 850,18 
3. ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ  ʊʠʩ. ʛʨʥ./ʨʽʢ  2271,4 

4. 
ʈʽʯʥʽ ʧʦʪʦʯʥʽ ʚʠʪʨʘʪʠ, ʚ ʪʦʤʫ ʨʘʟʽ: 

-  ʥʘ ʨʝʘʛʝʥʪʠ ʪʘ ʤʘʪʝʨʽʘʣʠ 
- ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

 
ʪ/ʨʽʢ 

ʢɺʪ ʛʦʜ/ʨʽʢ 

 
ʊʠʩ. ʛʨʥ./ʨʽʢ 
ʊʠʩ. ʛʨʥ./ʨʽʢ 

3207,05 10031,7 

3629,00 32266,9 

5. ʉʦʙʽʚʘʨʪʽʩʪʴ ʦʯʠʩʪʢʠ ʪʘ ʧʦʜʘʯʽ ʚʦʜʠ 
  ʛʨʥ.  5 

6. 
ʊʘʨʠʬ ʥʘ ʧʦʩʣʫʛʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 
ɺ ʪʦʤʫ ʨʘʟʽ: - ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ 
- ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

 
 

ʛʨʥ. 
ʛʨʥ. 

 25 

 60 
7. ʈʽʯʥʠʡ ʟʘʧʣʘʥʦʚʘʥʠʡ ʧʨʠʙʫʪʦʢ  ʪʠʩ. ʛʨʥ.  497,000 

8. ʂʦʝʬʽʮʽʻʥʪ ʘʙʩʦʣʶʪʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ 
ʝʬʝʢʪʠʚʥʦʩʪʽ  .

)/.(
грн

рікгрн   2,1 

9. ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʨʦʢʽʚ  0,5  
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ɺʀʉʅʆɺʂʀ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʘ ʪʝʤʫ "ʈʦʟʨʦʙʢʘ 

ʨʝʩʫʨʩʦʦʱʘʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ" ʙʫʣʠ ʟʨʦʙʣʝʥʽ 

ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ. ɺʠʷʚʣʝʥʦ, ʱʦ 

ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʟʥʘʯʥʽ ʥʝʜʦʣʽʢʠ, ʟʦʢʨʝʤʘ ʚʠʩʦʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, 

ʚʝʣʠʢʝ ʩʧʦʞʠʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʪʘ ʥʠʟʴʢʫ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʨʝʩʫʨʩʦʦʱʘʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ: 

• ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

• ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ; 

• ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ; 

• ʧʨʠʨʦʜʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ; 

• ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʚʥʠʭ ʚʦʜ ʫ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʚʦʜʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ 20-

30% ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. 

ɺʠʢʦʥʘʥʠʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʦʜʦʧʽʜʛʦʪʦʚʢʫ ʥʘ 15-

20%, ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʷ 

ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ, ʟʤʝʥʰʫʶʯʠ ʦʙʩʷʛʠ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

 ʈʦʟʨʦʙʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʩʣʽʜ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚ ʥʝʚʝʣʠʢʠʭ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʘʭ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ, ʟʙʝʨʝʞʝʥʥʶ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʝʢʦʩʠʩʪʝʤʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʝʩʫʨʩʦʦʱʘʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ ʧʠʪʥʦʾ ʚʦʜʠ ʫ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ 
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ʨʦʟʨʦʙʣʝʥʠʭ ʟʘʭʦʜʽʚ ʩʧʨʠʷʪʠʤʝ ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ ʪʘ 

ʟʤʝʥʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

  



90 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ 

1. ɸʛʘʜʞʘʥʦʚ ɻ. ʂ. ɽʢʦʥʦʤʽʢʘ ʚʦʜʦʧʨʦʚʽʜʥʦ-ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ: ʥʘʚʯ. ʧʦʩʽʙ. ʍ.: ʍʅɸʄɻ, 2010.  392 ʩ. URL: 

https://core.ac.uk/download/pdf/11325175.pdf 

2. ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʦʾ ʨʝʛʣʘʤʝʥʪʘʮʽʾ ʫ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʽ / ʃ. ɻ. ɿʘʩʠʧʢʘ, ɸ. ʄ. ʂʽʣʴʜʠʰʝʚʘ, ʆ. ɺ. ʐʚʘʣʦʚʘ, ɯ. ʄ. 

ʂʣʽʤʝʥʪʴʻʚ // ɺʦʜʘ ʽ ʚʦʜʦʦʯʠʩʥʽ ʪʝʭʥʦʣʦʛʽʾ. 2008. ˉ 4 (28).  ʉ. 28ï29.  

3. ɹʣʘʛʦʜʘʨʥʘ ɻ. ɯ. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ ʚʦʜʦʧʨʦʚʽʜʥʦ-ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʩʠʩʪʝʤ : ʢʦʥʩʧʝʢʪ ʣʝʢʮʽʡ ʜʣʷ ʩʪʫʜʝʥʪʽʚ 1 

ʢʫʨʩʫ ʦʩʚʽʪʥʴʦ-ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʨʽʚʥʷ çʤʘʛʽʩʪʨè ʫʩʽʭ ʬʦʨʤ ʥʘʚʯʘʥʥʷ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 194 ï ɻʽʜʨʦʪʝʭʥʽʯʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʚʦʜʥʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʚʦʜʥʽ 

ʪʝʭʥʦʣʦʛʽʾ) / ɻ. ɯ. ɹʣʘʛʦʜʘʨʥʘ ; ʍʘʨʢʽʚ. ʥʘʮ. ʫʥ-ʪ ʤʽʩʴʢ. ʛʦʩʧ-ʚʘ ʽʤ. ʆ. ʄ. ɹʝʢʝʪʦʚʘ.  

ʍʘʨʢʽʚ : ʍʅʋʄɻ ʽʤ. ʆ. ʄ. ɹʝʢʝʪʦʚʘ, 2019. 149 ʩ. URL: 

https://eprints.kname.edu.ua/52425/1/2019%2058%D0%9B_%D0%A0%D0%86%D

0%9E%D0%A1%D0%92%D0%9A%D0%A1.pdf 

4. ɺʝʨʛʫʥ ʆ. ʄ. ɸʥʘʣʽʟ ʘʢʪʫʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʜʞʝʨʝʣ 

ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] / ʆ. ʄ. ɺʝʨʛʫʥ, ɭ. ʆ. ʗʢʦʚʣʝʚ // ʇʨʦʙʣʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʛʽʜʨʘʚʣʽʢʠ. ï 2013. ï ɺʠʧ. 22. ï ʉ. 30ï38. URL: 

http://nbuv.gov.ua/UJRN/PVVG_2013_22_5 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 27.11.2024).  

5. ɺʝʯʝʨʠʥʩʴʢʠʡ, ɯ. ʇʨʦʙʣʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ / ɯ. 

ɺʝʯʝʨʠʥʩʴʢʠʡ, ɸ. ʇʦʥʦʤʘʨʝʥʢʦ // ʌʽʥʘʥʩʦʚʠʡ ʢʦʥʪʨʦʣʴ. 2012. ˉ 1 (72). ʉ. 30ï

33. 

6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʢʨʘʾʥʘʭ ɭʉ: 

ʜʦʩʚʽʜ ʜʣʷ ʋʢʨʘʾʥʠ. ɸʥʘʣʽʪʠʯʥʘ ʟʘʧʠʩʢʘ.  URL: http://tinyurl.com/5yrvxsp3 

ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷè URL:  

https://zakon.rada.gov.ua/laws/show/74/94-%D0%B2%D1%80#Text 

7. ɻʦʥʯʘʨʫʢ ɺ. ɺ. ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʡ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʧʠʪʥʦʾ ʚʦʜʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ɺ. ɺ. ɻʦʥʯʘʨʫʢ, ɸ. ʄ. 

ɹʘʡʜʘʯʥʠʡ, ɼ. ɼ. ʂʫʯʝʨʫʢ, ʄ. ʄ. ɹʘʣʘʢʽʥʘ // ʅʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾ. 2015. ʊ. 11, ˉ 1.  

https://core.ac.uk/download/pdf/11325175.pdf
https://eprints.kname.edu.ua/52425/1/2019%2058%D0%9B_%D0%A0%D0%86%D0%9E%D0%A1%D0%92%D0%9A%D0%A1.pdf
https://eprints.kname.edu.ua/52425/1/2019%2058%D0%9B_%D0%A0%D0%86%D0%9E%D0%A1%D0%92%D0%9A%D0%A1.pdf
http://tinyurl.com/5yrvxsp3
https://zakon.rada.gov.ua/laws/show/74/94-%D0%B2%D1%80#Text


91 

ʉ. 86ï91.  ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʩʫʨʩʽʚ ʅʘʫʢʦʚʦʾ ʙʽʙʣʽʦʪʝʢʠ ʽʤ. ɺ. ɯ. 

ɺʝʨʥʘʜʩʴʢʦʛʦ : http://nbuv.gov.ua/UJRN/scinn_2015_11_1_15 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

18.11.2024).  

8. ɻʫʩʷʪʠʥʩʴʢʘ, ʅ. ɸ. ʆʯʠʱʝʥʥʷ ʚʦʜʠ ʤʝʤʙʨʘʥʥʠʤʠ ʤʝʪʦʜʘʤʠ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʅ. ɸ. ɻʫʩʷʪʠʥʩʴʢʘ, ʊ. ʇ. ʇʦʜʦʨʦʛʘ // ɺʽʪʯʠʟʥʷʥʘ ʥʘʫʢʘ ʥʘ 

ʟʣʘʤʽ ʝʧʦʭ: ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ : ʤʘʪʝʨʽʘʣʠ ʍʍʍ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ : ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ.  ʇʝʨʝʷʩʣʘʚ-

ʍʤʝʣʴʥʠʮʴʢʠʡ, 2017.  ɺʠʧ. 30. ʉ. 6ï9. URL: 

http://dspace.nuft.edu.ua/handle/123456789/25167 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 25.11.2024).  

9. ɼɹʅ ɺ.2.5 ï 74:2013. ɺʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʦʚʥʽʰʥʽ ʤʝʨʝʞʽ ʪʘ 

ʩʧʦʨʫʜʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ. [ʏʠʥʥʠʡ ʚʽʜ 2014-01-01] ɺʠʜ. 

ʦʬʽʮ. ʂʠʾʚ: ʄʽʥʨʝʛʽʦʥ ʋʢʨʘʾʥʠ, 2013. 172 ʩ. URL: 

www.minregion.gov.ua/.../DBN_V.2.5-74_2013 

10. ɼʝʨʞʘʚʥʘ ʝʢʦʣʦʛʽʯʥʘ ʽʥʩʧʝʢʮʽʷ ʋʢʨʘʾʥʠ. ɼʝʨʞʘʚʥʘ ʝʢʦʣʦʛʽʯʥʘ 

ʽʥʩʧʝʢʮʽʷ ʋʢʨʘʾʥʠ. URL: https://www.dei.gov.ua/posts/2408 

11. ɼʦʙʨʦʚʦʣʴʩʴʢʘ ʆ.ɻ., ʅʦʚʘʢʦʚʩʴʢʠʡ ʄ.ʖ. Енергоощадність. 

Збалансоване природокористування: ʟʙ. ʪʝʟ ʜʦʧ. IX ʄʽʞʥʘʨʦʜʥʦʛʦ ʤʦʣʦʜʽʞʥʦʛʦ 

ʢʦʥʛʨʝʩʫ, ʤ. ʃʴʚʽʚ, 28-29 ʙʝʨʝʟʥʷ 2024. ʂʠʾʚ, 2024. ʉ.71. 

URL: https://science.lpnu.ua/sites/default/files/attachments/2024/feb/33847/zbirnykix

mizhnarodnyymolodizhnyykongres28-29032024fin.pdf  

12. ɼʦʣʠʥʘ ʃ.ʌ., ʄʘʰʠʭʽʥʘ ʇ.ɹ., ʂʦʟʘʯʠʥʘ ɺ.ɸ. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ: ʄʦʥʦʛʨʘʬʽʷ. ɼʥʽʧʨʦ: ɾʫʨʬʦʥʜ, 2021. 220 ʩ. 

URL: https://tinyurl.com/537tkp3j 

13. ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʽ ʪʘ ʢʘʥʘʣʽʟʘʮʽʾ. 

URL:https://patriot-nrg.com/uk/content/energozberezhennya-u-vodopostachanni-

ta-kanalizaciyi 

14. ɽʧʦʷʥ ʉ.ʄ. ɿʚʦʨʦʪʥʽ ʪʘ ʙʝʟʩʪʽʯʥʽ ʩʠʩʪʝʤʠ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ : ʢʦʥʩʧʝʢʪ ʣʝʢʮʽʡ. : ʍʅʋʄɻ ʽʤ. ʆ. ʄ. ɹʝʢʝʪʦʚʘ, 2022. 

113 ʩ. URL:https://tinyurl.com/456arjw5 

http://www.minregion.gov.ua/.../DBN_V.2.5-74_2013
https://science.lpnu.ua/sites/default/files/attachments/2024/feb/33847/zbirnykixmizhnarodnyymolodizhnyykongres28-29032024fin.pdf
https://science.lpnu.ua/sites/default/files/attachments/2024/feb/33847/zbirnykixmizhnarodnyymolodizhnyykongres28-29032024fin.pdf
https://tinyurl.com/537tkp3j
https://patriot-nrg.com/uk/content/energozberezhennya-u-vodopostachanni-ta-kanalizaciyi
https://patriot-nrg.com/uk/content/energozberezhennya-u-vodopostachanni-ta-kanalizaciyi
https://tinyurl.com/456arjw5


92 

15. Запольський А.К.  Водопостачання, водовідведення та якість води : 

підручник. Київ : Вища школа, 2005. 672 с. 

URL: http://files.znu.edu.ua/files/Bibliobooks/Inshi73/772934.pdf. 

16. Касьянова Н.В. Впровадження стратегії енергозбереження на 

промислових підприємствах. Ефективна економіка № 2, 2017 [Електронний 

ресурс]. URL: http://www.economy.nayka.com.ua/?op=1&z=5916 

17. Ковалко М. П. Енергозбереження – пріоритетний напрямок 

державної політики України / М. П.Ковалко, С. П. Денисюк. К. : УЕЗ, 1998. 506 

с.  

18. Методи підвищення ефективності змішування води з реагентом на 

очисних спорудах водопостачання / В. А. Яркін, С. М. Епоян, С. П. Бабенко 

// Науковий вісник будівництва. 2017. Т. 90, № 4. С. 153-157. 

19. Мєшкова-Клименко Н.А., Косогіна І.В. Толстопалова 

Н.М.Технологія та обладнання одержання питної та технічної води : конспект 

лекцій. Київ : КПІ ім. Ігоря Сікорського, 2018. 141 с. URL: 

http://tnr.kpi.ua/images/Metodichki/OSV.pdf 

20. Новітні технології й устаткування для отримання високоякісної 

питної води [Електронний ресурс] / В. В. Гончарук, А. М. Байдачний, Д. Д. 

Кучерук, М. М. Балакіна // Наука та інновації. 2015. Т. 11. № 1.  С. 86–91.: URL: 

http://dspace.nbuv.gov.ua/handle/123456789/116273 (дата звернення: 19.11.2024).   

21. Орлов В. О., Тугай Я. А., Орлова А. М. Водопостачання та 

водовідведення : підручник. Київ : Знання, 2011. 359 с. 

22. Пашкевич М. Переосмислення ступеню відповідальності перед 

майбутнім: Національна доповідь з питань реалізації державної політики у 

сфері енергоефективності за 2009 рік / та інші. К., НАЕР-НАУ, 2010.  254 с. 

URL: https://saee.gov.ua/documents/nationalna_dopovid_2010-11.pdf 

23. Продуктивні сили України: аналіз і короткостроковий прогноз 

розвитку / Рада з вивчення продуктивних сил України НАН України. К., 1999. Т. 

1.240 с. 

http://files.znu.edu.ua/files/Bibliobooks/Inshi73/772934.pdf
http://www.economy.nayka.com.ua/?op=1&z=5916
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9669382
http://tnr.kpi.ua/images/Metodichki/OSV.pdf
https://saee.gov.ua/documents/nationalna_dopovid_2010-11.pdf


93 

24. Сашко В.О., Терещенко Т.М. Водопостачання : навчальний 

посібник. Київ : Ресурсний центр ГУРТ, 2019 рік. 114 с. URL: 

https://tinyurl.com/2xftubkn 

25. Сухенко Ю.Г., Серьогін О.О., Сухенко В.Ю., Рябоконь Н.В. Ре-

сурсозберігаючі технології в харчових і переробних виробництвах: [Підручник] 

/ За ред. проф. О.О.Серьогіна. К.: ЦП «КОМПРИНТ», 2016. 338 с.  

26. Технологія питної води та водопідготовки харчових виробництв 

[Електронний ресурс] : наук.-допом. бібліогр. покажч. [упоряд. Олабоді О.В.] ; 

Нац. ун-т харч. технол., Наук.-техн. б-ка. – Київ, 2021. 191 с. 

27. Толстопалова Н.М., Літинська М.І., Обушенко Т.І.  Технологія та 

обладнання одержання питної та технічної води. Практикум. Частина 1. 

[Електронний ресурс]: навчальний посібник. Київ : КПІ ім. Ігоря Сікорського, 

2019. 101 с. 

28. Хільчевський В. К., Забокрицька М. Р., Кравчинський Р. Л., Чунарьов 

О. В. Основні засади управління якістю водних ресурсів та їхня охорона : навч. 

Посібник. К. : ВПЦ «Київський університет», 2015. 172 с. : URL: 

http://tinyurl.com/jembjaxu 

29. Щербина О.М. Енергія для всіх : техн. довід. з енергоощад. та 

відновних джерел енергії / Олександр Щербина. – Вид. 4-е, доп. і перероб. –

Ужгород: Вид-во Валерія Падяка, 2007. 336 с. 

30. Яроцька О. Інноваційні напрями сталого розвитку 

водогосподарських систем України. URL:  https://zhatk.zt.ua/wp-

content/uploads/2020/10/zbirnik-statej-voda-2016.pdf 

 

http://tinyurl.com/jembjaxu
https://zhatk.zt.ua/wp-content/uploads/2020/10/zbirnik-statej-voda-2016.pdf
https://zhatk.zt.ua/wp-content/uploads/2020/10/zbirnik-statej-voda-2016.pdf

