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ʈʝʟʠʤʝ: 

ʀʩʪʨʘʞʠʚʘˁʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ  ʬʦʢʫʩʠʨʘ ʥʘ ʤʦʜʝʣʠʨʘˁʝ ʦʜʘʙʨʘʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʩʘ ʮʠˀʝʤ 

ʢʨʝʠʨʘˁʘ ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʦʩʥʦʚʝ ʟʘ ʧʨʦʮʝʥʫ ˁʠʭʦʚʦʛ 

ʫʪʠʮʘʿʘ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ. ɼʠʩʝʨʪʘʮʠʿʘ ʦʙʫʭʚʘʪʘ ʘʥʘʣʠʟʫ 

ʧʨʦʮʝʩʘ ʛʝʥʝʨʠʩʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʢʘʦ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʢʨʦʟ ʢʦʿʝ 

ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʧʨʦʣʘʟʝ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʘ ʠ ʫ ʨʝʮʠʧʠʿʝʥʪʫ. 

ʂʨʦʟ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʤʦʜʝʣʠʨʘˁʝ ʩʪʦʧʝ ʤʠʛʨʘʮʠʿʝ ʠ 

ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʘ ʟʘʪʠʤ ʿʝ ʠʟʚʨʰʝʥʘ ʠ ʢʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ 

ʠʟʤʝʹʫ ʢʦʣʠʯʠʥʝ ʠ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ (ʨʝʘʣʥʦ 

ʩʪʘˁʝ ʩʘ ʟʘʰʪʠʪʥʦʤ ʙʘʨʠʿʝʨʦʤ) ʠ ʥʘ ʥʝʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ 

(ʘʢʮʠʜʝʥʪʥʦ ʩʪʘˁʝ ʙʝʟ ʟʘʰʪʠʪʥʝ ʙʘʨʠʿʝʨʝ).  

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʩʦʬʪʚʝʨ LandSim ʢʦʿʠ ʿʝ ʥʘʤʝˁʝʥ ʟʘ 

ʤʦʜʝʣʠʨʘˁʝ ʩʘʩʪʘʚʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʩʠʤʫʣʘʮʠʿʫ 

ʢʨʝʪʘˁʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʜʦ ʧʨʠʿʝʤʥʦʛ ʚʦʜʥʘ ʪʝʣʘ. 

ʇʨʦʨʘʯʫʥ ʢʚʘʣʠʪʘʪʠʚʥʝ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʩʧʝʮʠʬʠʯʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ 

ʜʝʧʦʥʠʿʝ ʠʟʚʨʰʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ʩʪʦʧʝ ʠʥʬʠʣʪʨʘʮʠʿʝ ʥʘ ʜʝʧʦʥʠʿʠ, 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʰʪʠʪʥʠʭ ʙʘʨʠʿʝʨʘ ʠ ʚʝʣʠʯʠʥʝ ʪʝʣʘ ʜʝʧʦʥʠʿʝ. 

ɽʣʝʤʝʥʪʠ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʧʦ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ ʩʫ ʠʟʚʦʨ 

ʥʘʩʪʘʥʢʘ ʟʘʛʘʹʝˁʘ (ʜʝʧʦʥʦʚʘʥʠ ʦʪʧʘʜ), ʥʝʧʨʦʧʫʩʥʝ (ʟʘʰʪʠʪʥʝ) 

ʙʘʨʠʿʝʨʝ ʠ ʨʝʮʠʧʠʿʝʥʪ. 

ʅʘʫʯʥʠ ʠ ʜʨʫʰʪʚʝʥʠ ʜʦʧʨʠʥʦʩ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʦʛʣʝʜʘ ʩʝ ʫ 

ʤʦʜʝʣʠʨʘˁʫ ʧʝʨʬʦʨʤʘʥʩʠ ʨʘʜʘ ʜʝʧʦʥʠʿʘ, ʫ ʢʦʥʪʝʢʩʪʫ ʜʘ ʜʝʧʦʥʠʿʝ ʙʝʟ 

ʟʘʰʪʠʪʥʝ ʙʘʨʠʿʝʨʝ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʪʥʦ ʚʠ ʝh ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʢʦʤʧʦʥʝʥʪʠ ʫ ʧʨʦʮʝʜʥʦʿ ʚʦʜʠ, ʩʘ ʟʥʘʯʘʿʥʠʤ ʫʪʠʮʘʿʝʤ ʥʘ ʨʝʮʠʧʠʿʝʥʪʝ 

ʫ ʦʜʥʦʩʫ ʥʘ ʜʝʧʦʥʠʿʝ ʩʘ ʟʘʰʪʠʪʥʦʤ ʙʘʨʠʿʝʨʦʤ. ɼʝʬʠʥʠʩʘˁʝʤ ʩʪʦʧʝ 

ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʠ ʥʝʩʘʥʠʪʘʨʥʠʤ 

ʜʝʧʦʥʠʿʘʤʘ, ʥʝʜʚʦʩʤʠʩʣʝʥʦ ʿʝ ʜʦʢʘʟʘʥʦ ʜʘ ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ 

ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʧʨʦʣʘʟʠ ʢʨʦʟ ʜʥʦ ʥʝʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʘʥʠʪʘʨʥʫ ʜʝʧʦʥʠʿʫ. 
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ʜʠʩʝʨʪʘʮʠʿʝ ʫ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʘˁʘ ʦʜʘʙʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ 
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ʅʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ, ʚʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʤʝʥʪʦʨʫ ʜʨ ɼʝʿʘʥʫ ɺʘʩʦʚʠ˂ʫ ʢʘʢʦ 

ʥʘ ʩʪʨʫʯʥʦʿ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʦʿ ʪʘʢʦ ʠ ʥʘ ʤʦʨʘʣʥʦʿ ʧʦʜʨʰʮʠ ʢʦʿʫ ʤʠ ʿʝ ʧʨʫʞʘʦ ʪʦʢʦʤ 

ʠʟʨʘʜʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʊʘʢʦʹʝ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʜʨ ɱʘʩʤʠʥʠ ʈʘʜʦʩʘʚˀʝʚʠ˂ ʥʘ ʩʚʠʤ ʢʦʨʠʩʥʠʤ ʩʘʚʝʪʠʤʘ 

ʢʦʿʠ ʩʫ ʫʥʘʧʨʝʜʠʣʠ ʢʚʘʣʠʪʝʪ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʩʚʠʤ ʯʣʘʥʦʚʠʤʘ ʂʦʤʠʩʠʿʝ ʥʘ ʩʫʛʝʩʪʠʿʘʤʘ ʢʦʿʝ ʩʫ ʤʠ ʧʫʥʦ ʧʦʤʦʛʣʝ 

ʫ ʪʦʢʫ ʠʩʪʨʘʞʠʚʘˁʘ. 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ɹʨʘʪʠʤʠʨʫ ʅʝʰʠ˂ʫ ʠ ʅʝʣʠ ʎʚʝʪʢʦʚʠ˂ ʢʦʿʠ ʩʫ ʩʘ ʤʥʦʤ 

ʥʝʩʝʙʠʯʥʦ ʧʦʜʝʣʠʣʠ ʩʚʦʿʝ ʧʨʘʢʪʠʯʥʦ ʟʥʘˁʝ, ʠʩʢʫʩʪʚʦ ʠ ʪʝʭʥʠʯʢʫ ʜʦʢʫʤʝʥʪʘʮʠʿʫ ʢʦʿʘ ʿʝ 

ʟʥʘʪʥʦ ʜʦʧʨʠʥʝʣʘ ʢʚʘʣʠʪʝʪʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

ɿʘʭʚʘʣʥʘ ʩʘʤ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ, ˂ʝʨʢʠ ʅʘʹʠ ʠ ʩʫʧʨʫʛʫ ʅʝʤʘˁʠ, ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʦʿ 

ˀʫʙʘʚʠ, ʧʘʞˁʠ ʠ ʧʦʜʨʰʮʠ ʢʦʿʫ ʤʠ ʩʚʘʢʦʜʥʝʚʥʦ ʧʨʫʞʘʿʫ, ʯʠʤʝ ʩʫ ʟʘʩʣʫʞʥʠ ʟʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʅʘ ʢʨʘʿʫ, ʦʚʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʩʚʝ˂ʫʿʝʤ ʞʝʥʠ ʢʦʿʘ ʿʝ ʙʠʣʘ ʤʦʿ ʩʪʫʙ ʪʦʢʦʤ 

ʮʝʣʦʛ ʤʦʛ ʞʠʚʦʪʘ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʢʘʨʠʿʝʨʝ, ʤʦʿʦʤ ʤʘʤʠ. 
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1. ʋɺʆɼ 

1.1. ʇʨʝʜʤʝʪ ʥʘʫʯʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ʋ ʧʨʦʙʣʝʤʘʪʠʮʠ ʟʘʰʪʠʪʝ ʚʦʜʘ, ʧʦʨʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʜʠʬʫʟʥʠʭ (ʧʦˀʦʧʨʠʚʨʝʜʘ, 

ʨʫʜʘʨʩʪʚʦ) ʠ ʪʘʯʢʘʩʪʠʭ ʠʟʚʦʨʘ ʟʘʛʘʹʝˁʘ (ʥʘʩʝˀʘ, ʠʥʜʫʩʪʨʠʿʘ) ʧʦʩʝʙʘʥ ʧʨʦʙʣʝʤ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʪʧʘʜʥʝ ʚʦʜʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ. 

ʂʚʘʥʪʠʪʝʪ ʠ ʢʚʘʣʠʪʝʪ ʦʚʘʢʚʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʟʘʚʠʩʠ ʦʜ ʚʠʰʝ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ (ʢʣʠʤʘ, 

ʢʦʣʠʯʠʥʘ ʠ ʩʘʩʪʘʚ ʦʪʧʘʜʘ, ʭʠʜʨʦ-ʛʝʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʣʦʢʘʮʠʿʝ ʜʝʧʦʥʠʿʝ, ʪʝʭʥʠʢʘ 

ʜʝʧʦʥʦʚʘˁʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ...). ʀʘʢʦ ʥʘʿʯʝʰ˂ʝ ʤʘʣʦʛ ʟʘʧʨʝʤʠʥʩʢʦʛ ʧʨʦʪʦʢʘ, 

ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʘʥ ʠʟʚʦʨ ʟʘʛʘʹʝˁʘ ʧʦʚʨʰʠʥʩʢʠʭ ʠ 

ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, ʟʙʦʛ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʨʛʘʥʩʢʠʭ ʠ ʥʝʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ, ʛʜʝ 

ʧʦʩʝʙʘʥ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʝʨʟʠʩʪʝʥʪʥʠ ʦʨʛʘʥʩʢʠ ʧʦʣʫʪʘʥʪʠ (Persistent Organic 

Pollutants - POPs). ɼʝʧʦʥʠʿʩʢʘ ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʧʨʝʜʩʪʘʚˀʘ ʟʘʛʘʹʝʥʫ ʪʝʯʥʦʩʪ ʢʦʿʘ ʧʨʦʣʘʟʠ 

ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʧʨʠ ʯʝʤʫ ʝʢʩʪʨʘʭʫʿʝ ʨʘʩʪʚʦʨˀʠʚʝ, ʢʦʣʦʠʜʥʝ ʠ ʩʫʩʧʝʥʜʦʚʘʥʝ ʤʘʪʝʨʠʿʝ 

ʠʟ ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜʘ. ʇʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥʫ, ʭʝʪʝʨʦʛʝʥʫ ʩʤʝʰʫ ʚʨʣʦ ʧʨʦʤʝˁʠʚʦʛ 

ʩʘʩʪʘʚʘ, ʢʦʿʘ ʩʝ ʫʛʣʘʚʥʦʤ ʩʘʩʪʦʿʠ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʦʨʛʘʥʩʢʠʭ ʠ ʥʝʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ ʘʣʠ 

ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ. ʉʘʩʪʘʚ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘʿʯʝʰ˂ʝ ʟʘʚʠʩʠ ʦʜ ʩʘʩʪʘʚʘ ʦʪʧʘʜʘ 

ʢʦʿʠ ʿʝ ʦʜʣʦʞʝʥ ʥʘ ʜʝʧʦʥʠʿʫ, ʢʘʦ ʠ ʦʜ ʩʪʘʨʦʩʪʠ ʜʝʧʦʥʠʿʝ. ʊʦʢʦʤ ʨʘʜʥʦʛ ʚʝʢʘ ʜʝʧʦʥʠʿʝ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʦʧʝʨʘʪʠʚʥʝ ʬʘʟʝ ʠ ʬʘʟʝ ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʢʦʥʪʨʦʣʠʩʘʪʠ 

ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʘʦ ʠ ʧʦʚʨʰʠʥʩʢʝ ʪʦʢʦʚʝ ʫ ʙʣʠʟʠʥʠ ʜʝʧʦʥʠʿʘ, ʢʘʢʦ ʙʠ ʩʝ 

ʚʨʰʠʦ ʤʦʥʠʪʦʨʠʥʛ ʤʠʛʨʘʮʠʿʘ ʠ ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʥʝʧʦʩʨʝʜʥʝ ʤʝʜʠʿʫʤʝ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ. ʅʘʿʥʦʚʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʥʝʪʨʝʪʠʨʘʥʝ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʘʥ ʦʜ ʥʘʿʩʣʦʞʝʥʠʿʠʭ ʠʟʚʦʨʘ ʟʘʛʘʹʝˁʘ. ɼʝʧʦʥʠʿʩʢʝ 

ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʧʘʜʘʿʫ ʫ ʥʘʿʧʨʦʙʣʝʤʘʪʠʯʥʠʿʝ ʚʨʩʪʝ ʦʪʧʘʜʥʠʭ ʚʦʜʘ, ʧʦʩʤʘʪʨʘʥʦ ʙʠʣʦ ʩʘ 

ʘʩʧʝʢʪʘ ʪʦʢʩʠʯʥʦʩʪʠ, ʙʠʣʦ ʫ ʩʤʠʩʣʫ ʠʟʙʦʨʘ ʘʜʝʢʚʘʪʥʠʭ ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʧʨʝʯʠʰ˂ʘʚʘˁʝ. 

ʆʩʥʦʚʥʠ ʠʟʚʦʨ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʿʝʩʫ ʘʪʤʦʩʬʝʨʩʢʝ ʧʘʜʘʚʠʥʝ ʢʦʿʝ ʜʦʣʘʟʝ ʥʘ 

ʧʦʚʨʰʠʥʫ ʜʝʧʦʥʠʿʝ ʠ ʧʨʦʮʝʹʫʿʫ ʩʝ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʦʙʘ ʛʦʜʠʥʝ ʠʣʠ 

ʫʦʧʰʪʝ ʦʜ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʪʘ ʢʦʣʠʯʠʥʘ ʤʦʞʝ ʙʠʪʠ ʨʘʟʣʠʯʠʪʘ ʠ ʪʠʤʝ 

ʨʘʟʣʠʯʠʪʦ ʫʪʠʮʘʪʠ ʥʘ ʢʦʣʠʯʠʥʫ ʚʦʜʝ ʢʦʿʘ ˂ʝ ʩʝ ʫ ʜʘʪʦʤ ʧʝʨʠʦʜʫ ʧʨʦʮʝʜʠʪʠ ʢʨʦʟ ʪʝʣʦ 

ʜʝʧʦʥʠʿʝ. ɼʝʦ ʚʦʜʝ ʦʪʠʯʝ ʢʘʦ ʧʦʚʨʰʠʥʩʢʘ ʦʮʝʜʥʘ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʝ, ʜʝʦ ʩʝ ʚʨʘ˂ʘ ʫ 

ʘʪʤʦʩʬʝʨʫ ʠʩʧʘʨʘʚʘˁʝʤ ʩʘ ʛʦʨˁʝ ʧʦʚʨʰʠʥʝ ʜʝʧʦʥʠʿʝ ʠʣʠ ʚʝʛʝʪʘʮʠʿʝ 

(ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ), ʘ ʦʩʪʘʪʘʢ ʩʝ ʟʘʜʨʞʘʚʘ ʫ ʛʦʨˁʝʤ ʩʣʦʿʫ ʜʝʧʦʥʠʿʘ, ʧʨʠ ʯʝʤʫ ʜʦʣʘʟʠ 

ʜʦ ʧʦʚʝ˂ʘˁʝ ʚʣʘʛʝ ʫ ʦʪʧʘʜʫ. ʇʦʨʝʜ ʦʩʪʘʣʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʙʠʣʘʥʩ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ ʟʘʚʠʩʠ ʦʜ ɸb ï  ʙʘʟʘ ʜʝʧʦʥʠʿʝ, ɸs ï  ʧʦʚʨʰʠʥʘ ʜʝʧʦʥʠʿʝ, Vfd ï ʩʣʦʙʦʜʥʘ ʢʦʣʠʯʠʥʘ 
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ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʘ ʩʝ ʢʨʝ˂ʝ ʫʥʫʪʘʨ ʤʘʩʝ ʦʪʧʘʜʘ ʠ Wt  ï ʫʢʫʧʥʘ ʚʠʩʠʥʘ ʜʝʧʦʥʦʚʘʥʦʛ 

ʦʪʧʘʜʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʆʜʥʦʩʥʦ, ʙʠʣʘʥʩ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʯʠʥʝ 

ʜʝʧʦʥʠʿʝ, ʢʦʣʠʯʠʥʘ ʚʦʜʘ ʢʦʿʝ ʩʝ ʢʨʝ˂ʫ ʫʥʫʪʘʨ ʜʝʧʦʥʠʿʝ ʠ ʚʠʩʠʥʝ ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜʘ. 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣʠʨʘˁʝ 

ʧʘʨʘʤʝʪʘʨʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʩʘ ʩʚʨʭʦʤ ʢʨʝʠʨʘˁʘ ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʦʩʥʦʚʝ ʟʘ ʧʨʦʮʝʥʫ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʧʨʝ ʩʚʝʛʘ ʥʘ 

ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ, ʦʜʥʦʩʥʦ ʘʢʚʘʪʠʯʥʝ ʝʢʦʩʠʩʪʝʤʝ. ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘʪʘ 

ʤʦʜʝʣʠʨʘˁʝ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ, ʙʠʦʣʦʰʢʠʭ ʠ ʦʩʪʘʣʠʭ ʧʘʨʘʤʝʪʘʨʘ ʜʝʧʦʥʠʿʩʢʠʭ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʘ ʛʝʥʝʨʠʩʘˁʘ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ 

ʜʝʛʨʘʜʘʮʠʿʝ ʙʠʦʨʘʟʛʨʘʜʠʚʠʭ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ, ʢʘʦ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʢʨʦʟ ʢʦʿʝ 

ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʧʨʦʣʘʟʝ ʫ ʪʝʣʫ ʩʘʥʠʪʘʨʥʠʭ ʠ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ. ʂʨʦʟ 

ʨʝʘʣʠʟʦʚʘʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʦʙʨʘʹʝʥ ʿʝ ʧʨʦʮʝʩ ʥʘʩʪʘʥʢʘ ʚʣʘʛʝ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ, ʢʘʦ ʠ 

ʟʘʚʠʩʥʦʩʪ ʢʦʣʠʯʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʫʪʠʮʘʿʥʝ ʧʘʨʘʤʝʪʨʝ. ʂʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʚʣʘʛʝ ʧʨʝʹʝ 

ʤʘʢʩʠʤʘʣʥʠ ʩʪʝʧʝʥ ʟʘʩʠ˂ʝˁʘ ʦʪʧʘʜʘ ʚʣʘʛʦʤ, ʥʘʩʪʘʿʝ ʧʨʦʮʝʹʠʚʘˁʝ ʚʠʰʢʘ ʚʦʜʝ ʢʨʦʟ 

ʩʣʦʿʝʚʝ ʦʪʧʘʜʘ. ʄʘʢʩʠʤʘʣʥʠ ʩʪʝʧʝʥ ʟʘʩʠ˂ʝˁʘ ʦʪʧʘʜʘ ʚʣʘʛʦʤ ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ 

ʢʦʣʠʯʠʥʫ ʚʣʘʛʝ ʢʦʿʘ ʤʦʞʝ ʙʠʪʠ ʟʘʜʨʞʘʥʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʙʝʟ ʢʦʥʪʠʥʫʠʨʘʥʦʛ 

ʛʨʘʚʠʪʘʮʠʿʩʢʦʛ ʧʨʦʮʝʹʠʚʘˁʘ ʚʦʜʝ. 

ʄʠʛʨʘʮʠʿʘ ʚʦʜʝ ʢʨʦʟ ʦʪʧʘʜ jʝ ʪʘʢʦʹʝ ʘʥʘʣʠʟʠʨʘʥʘ ʫ ʜʠʩʝʨʪʘʮʠʿʠ. ʄʠʛʨʘʮʠʿʘ ʚʦʜʝ ʢʨʦʟ 

ʦʪʧʘʜ ʟʘʚʠʩʠ ʦʜ ʧʦʨʦʟʥʦʩʪʠ ʦʪʧʘʜʘ, ˁʝʛʦʚʝ ʚʣʘʞʥʦʩʪʠ, ʜʝʙˀʠʥʝ, ʢʘʦ ʠ ʧʨʦʤʝʥʘ 

ʭʝʤʠʿʩʢʦʛ ʠ ʤʦʨʬʦʣʦʰʢʦʛ ʩʘʩʪʘʚʘ ʦʪʧʘʜʘ ʫ ʫʥʫʪʨʘʰˁʠʤ ʩʣʦʿʝʚʠʤʘ ʜʝʧʦʥʠʿʘ ʢʦʿʠ ʩʫ 

ʫʟʨʦʢʦʚʘʥʠ ʩʪʘʨʝˁʝʤ ʜʝʧʦʥʠʿʘ. ʋʥʫʪʨʘʰˁʠ ʩʣʦʿʝʚʠ ʜʝʧʦʥʠʿʝ ʩʫ ʟʥʘʯʘʿʥʠ ʿʝʨ ʤʦʛʫ ʜʘ 

ʬʦʨʤʠʨʘʿʫ ʥʝʧʨʦʧʫʩʥʝ ʙʘʨʠʿʝʨʝ ʠ ʘʢʫʤʫʣʘʮʠʦʥʝ ʟʦʥʝ ʫ ʦʪʧʘʜʫ. ʂʦʣʠʯʠʥʘ ʩʘʢʫʧˀʝʥʝ 

ʚʦʜʝ ʫ ʩʣʦʿʝʚʠʤʘ ʦʪʧʘʜʘ ʜʦ ʤʦʤʝʥʪʘ ʧʦʩʪʠʟʘˁʘ ʤʘʢʩʠʤʘʣʥʦʛ ʩʪʝʧʝʥʘ ʟʘʩʠ˂ʝˁʘ ʚʣʘʛʦʤ, 

ʧʨʝʜʩʪʘʚˀʘ ʢʘʧʘʮʠʪʝʪ ʟʘʜʨʞʘʚʘˁʘ ʚʣʘʛʝ ʫ ʦʪʧʘʜʫ. ʅʘʢʦʥ ʬʘʟʝ ʤʘʢʩʠʤʘʣʥʦʛ ʟʘʩʠ˂ʝˁʘ 

ʚʣʘʛʘ ʠʟ ʦʪʧʘʜʘ ʧʦʯʠˁʝ ʜʘ ʬʦʨʤʠʨʘ ʜʝʧʦʥʠʿʩʢʫ ʧʨʦʮʝʜʥʫ ʚʦʜʫ. ɼʝʧʦʥʠʿʩʢʘ ʧʨʦʮʝʜʥʘ 

ʚʦʜʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʩʘʤʦ ʢʘʦ ʧʨʦʜʫʢʪ ʙʠʦʣʦʰʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ ʦʪʧʘʜʘ 

ʧʨʘʢʪʠʯʥʦ ʿʝ ʥʝʟʥʘʪʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʩʪʘʣʠʤ ʠʟʚʦʨʠʤʘ, ʦʩʠʤ ʫ ʟʝʤˀʘʤʘ ʩʘ ʩʫʚʦʤ 

ʢʣʠʤʦʤ. ɿʙʦʛ ʪʦʛʘ jʝ ʫ ʬʦʢʫʩʫ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʘʥʘʣʠʟʘ ʫʟʨʦʯʥʦ-ʧʦʩʣʝʜʠʯʥʝ ʟʘʚʠʩʥʦʩʪʠ 

ʠʟʤʝʹʫ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʢʦʿʘ ʜʦʣʘʟʠ ʥʘ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʫ ʚʠʜʫ ʧʘʜʘʚʠʥʘ, ʜʦʪʦʢʘ, 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʬʠʣʪʨʘʪʘ ʠ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʢʦʿʘ ʠʟʣʘʟʠ ʠʟ ʠʣʠ ʩʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʫ ʬʦʨʤʠ 

ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ. 
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ʊʦʢʦʤ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟʚʨʰʝʥʦ ʿʝ ʤʦʜʝʣʠʨʘˁʝ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʦʿʠ ʩʝ ʤʝˁʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʨʦʟ ʢʦʿʫ ʬʘʟʫ ʙʠʦʣʦʰʢʝ ʨʘʟʛʨʘʜˁʝ ʦʨʛʘʥʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʦʪʧʘʜʘ 

ʜʝʧʦʥʠʿʩʢʘ ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʧʨʦʣʘʟʠ. ɼʝʧʦʥʠʿʩʢʘ ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʩʘʜʨʞʠ ʛʦʪʦʚʦ ʩʚʝ 

ʨʘʩʪʚʦʨˀʠʚʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʩʘʩʪʘʚʫ ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜa, ʢʘʦ ʠ ʧʨʦʜʫʢʪʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʦʜʨʝʹʝʥʠʭ ʦʨʛʘʥʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ. ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʝʥʘ je ʧʨʦʮʝʩʫ 

ʩʪʘʨʝˁʘ ʜʝʧʦʥʠʿʘ, ʿʝʨ ʩʝ ʩʘʩʪʘʚ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʤʝˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʩʪʘʨʦʩʪʠ ʜʝʧʦʥʠʿʝ, ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʩʫ ʠ ʜʘˀʝ ʦʧʝʨʘʪʠʚʥʠ ʨʘʜʦʚʠ ʫ ʪʦʢʫ ʠʣʠ ʿʝ ʜʝʧʦʥʠʿʘ 

ʟʘʪʚʦʨʝʥʘ. ʇʨʦʮʝʜʥʝ ʚʦʜʝ ʜʝʧʦʥʠʿʘ ʩʪʘʨʦʩʪʠ ʜʦ ʧʝʪ ʛʦʜʠʥʘ, ʩʘʜʨʞʝ ʚʠʩʦʢ ʫʜʝʦ 

ʙʠʦʨʘʟʛʨʘʜʠʚʠʭ ʤʘʪʝʨʠʿʘ, ʜʦʢ ʢʦʜ ʩʪʘʨʠʿʠʭ ʩʘʜʨʞʝ ʤʘˁʝ ʦʨʛʘʥʩʢʠʭ, ʘ ʚʠʰʝ ʪʦʢʩʠʯʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ. ʊʘʢʦʹʝ, ʢʦʣʠʯʠʥʘ ʠ ʩʘʩʪʘʚ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʢʘʦ ʠ ʩʘʤ ʫʪʠʮʘʿ 

ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ʜʝʧʦʥʠʿʘ ʩʘʥʠʪʘʨʥʘ 

ʠʣʠ ʥʝʩʘʥʠʪʘʨʥʘ. ʂʨʦʟ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʟʚʨʰʝʥʘ ʿʝ 

ʢʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʠʟʤʝʹʫ ʢʦʣʠʯʠʥʝ ʠ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʠ ʥʘ 

ʥʝʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ. ɼʘ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʦ ʦʙʠʤ ʫʪʠʮʘʿʘ 

ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ, ʢʘʢʦ ʥʘ ʩʘʥʠʪʘʨʥʠʤ, ʪʘʢʦ ʠ ʥʘ 

ʥʝʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ, ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʩʣʦʚˀʘʚʘʿʫ ʧʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ 

ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʢʨʝʪʘˁʝ ʦʚʠʭ ʚʦʜʘ ʠ ʪʦʢʩʠʯʥʦʩʪ.  

ʋ ʧʨʦʮʝʩʫ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʨʠʤʝˁʝʥ ʝʿ ʩʦʬʪʚʝʨ LandSim ʢʦʿʠ ʿʝ ʥʘʤʝˁʝʥ ʟʘ ʤʦʜʝʣʠʨʘˁʝ 

ʩʘʩʪʘʚʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʩʠʤʫʣʘʮʠʿʫ ʢʨʝʪʘˁʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʠ ʘʥʘʣʠʟʫ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ. ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʦʛ ʩʦʬʪʚʝʨʩʢʦʛ 

ʧʘʢʝʪʘ ʠʩʪʨʘʞʝʥʘ ʿʝ: ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠʤʘ 

ʩʝ ʜʝʬʠʥʠʰʝ ʧʨʦʮʝʩ ʬʦʨʤʠʨʘˁa ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʢʦʣʠʯʠʥʘ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, 

ʢʘʦ ʠ ʫʩʣʦʚˀʝʥʦʩʪ ʢʦʣʠʯʠʥʝ ʠ ʩʘʩʪʘʚʘ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʜʘ 

ʣʠ ʿʝ ʜʝʧʦʥʠʿʘ ʩʘʥʠʪʘʨʥʘ ʠʣʠ ʥʝʩʘʥʠʪʘʨʥʘ. ʇʨʦʨʘʯʫʥʠ ʢʚʘʣʠʪʘʪʠʚʥʝ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ 

ʩʧʝʮʠʬʠʯʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʜʝʧʦʥʠʿʝ, ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʠʟʚʨʝhʥʠ ʩʫ ʥʘ 

ʦʩʥʦʚʫ ʩʪʦʧʝ ʠʥʬʠʣʪʨʘʮʠʿʝ ʥʘ ʜʝʧʦʥʠʿʠ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʨʝʥʘʞʥʦʛ ʩʠʩʪʝʤʘ (ʢʘʜʘ 

ʧʦʩʪʦʿʠ) ʠ ʚʝʣʠʯʠʥʝ ˂ʝʣʠʿʘ ʜʝʧʦʥʠʿʝ. ɽʣʝʤʝʥʪʠ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʢʦʿʠ ʩʫ ʦʙʨʘʹʝʥʠ ʫ 

ʦʢʚʠʨʫ ʩʦʬʪʚʝʨʘ ʩʫ ʠʟʚʦʨ ʥʘʩʪʘʥʢʘ ʟʘʛʘʹʝˁʘ (ʜʝʧʦʥʦʚʘʥʠ ʦʪʧʘʜ), ʥʝʧʨʦʧʫʩʥʝ (ʟʘʰʪʠʪʥʝ) 

ʙʘʨʠʿʝʨʝ ʠ ʛʝʦʩʬʝʨʘ (ʫʥʫʪʨʘʰˁʠ ʩʣʦʿʝʚʠ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʢʦʿʠ ʤʦʛʫ ʜʘ ʬʦʨʤʠʨʘʿʫ 

ʥʝʧʨʦʧʫʩʥʝ ʙʘʨʠʿʝʨʝ ʠ ʘʢʫʤʫʣʘʮʠʦʥʝ ʟʦʥʝ ʫ ʦʪʧʘʜʫ). 
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1.2. ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʜʤʝʪʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʦʧʰʪʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʫʥʘʧʨʝʹʝˁʝ 

ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʘʦ ʠ ʤʝʪʦʜʦʣʦʛʠʿʝ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʩʘ ʩʘʥʠʪʘʨʥʠʭ ʠ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ. ʆʩʪʚʘʨʠʚʘˁʝ 

ʧʦʩʪʘʚˀʝʥʦʛ ʦʧʰʪʝʛ ʮʠˀʘ ʟʘʭʪʝʚʘ ʜʝʬʠʥʠʩʘˁʝ ʠ ʨʝʘʣʠʟʘʮʠʿʫ ʧʦʩʝʙʥʠʭ ʮʠˀʝʚʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʢʨʦʟ: 

¶ ʆʧʠʩ ʩʪʘˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʩʘʥʠʪʘʨʥʠʭ ʠ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʠ ʠʟʨʘʹʠʚʘˁʝ ʢʘʪʘʩʪʨʘ 

ʩʘʥʠʪʘʨʥʠʭ ʠ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, ʩʘ ʘʩʧʝʢʪʘ ʙʠʣʘʥʩʘ ʚʦʜʘ, 

¶ ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʫ ʨʝʮʠʧʠʿʝʥʘʪʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, 

¶ ʉʠʩʪʝʤʘʪʠʟʘʮʠʿʫ ʬʘʢʪʦʨʘ ʝʢʦʣʦʰʢʦʛ ʨʠʟʠʢʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʠ ʥʝʩʘʥʠʪʘʨʥʠʤ 

ʜʝʧʦʥʠʿʘʤʘ, 

¶ ʂʦʤʧʘʨʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʠ ʥʝʩʘʥʠʪʘʨʥʠʤ 

ʜʝʧʦʥʠʿʘʤʘ, 

¶ ʄʦʜʝʣʠʨʘˁʝ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʘ ʩʦʬʪʚʝʨʩʢʠʤ ʘʣʘʪʦʤ LandSim ʠ 

¶ ʉʠʩʪʝʤʘʪʠʟʘʮʠʿʫ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʘ ʜʝʧʦʥʠʿʝ. 

1.3.  ʍʠʧʦʪʝʟʝ ʠʩʪʨʘʞʠʚʘˁʘ 

ʆʩʥʦʚʥʘ ʭʠʧʦʪʝʟʘ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ: ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʥʠʚʦʫ ʦʧʪʝʨʝ˂ʝˁʘ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ ʩʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʩʘʥʠʪʘʨʥʫ ʜʝʧʦʥʠʿʫ. ʇʦʩʪʘʚˀʘˁʝʤ ʦʩʥʦʚʥʝ 

ʭʠʧʦʪʝʟʝ, ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʠ ʧʦʩʝʙʥʝ ʭʠʧʦʪʝʟʝ ʠʩʪʨʘʞʠʚʘˁʘ: 

¶ ʇʨʦʮʝʜʥʝ ʜʝʧʦʥʠʿʩʢʝ ʚʦʜʝ ʥʘ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ ʠʤʘʿʫ ʥʠʞʠ ʥʠʚʦ ʦʧʪʝʨʝ˂ʝˁʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʥʝʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ, 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʤʝˁʘ ʩʝ ʪʦʢʦʤ ʬʘʟʘ 

ʩʪʘʨʝˁʘ ʜʝʧʦʥʠʿʝ, 

¶ ʂʦʣʠʯʠʥʘ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʘʜʘʚʠʥʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʢʦʣʠʯʠʥʫ ʜʝʧʦʥʠʿʩʢʠʭ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, 

¶ ʇʨʠʩʫʩʪʚʦ ʨʘʟʣʠʯʠʪʠʭ ʩʠʩʪʝʤʘ ʧʦʢʨʠʚʘˁʘ ʜʝʧʦʥʠʿʝ, ʨʘʟʣʠʯʠʪʦ ʫʪʠʯʝ ʥʘ ʢʦʣʠʯʠʥʫ 

ʚʦʜʝ ʢʦʿʘ ˂ʝ ʜʦʩʧʝʪʠ ʫ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, 

¶ ʇʨʦʤʝʥʝ ʫ ʜʨʝʥʘʞʥʠʤ ʩʠʩʪʝʤʠʤʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʜʦʚʦʜʝ ʜʦ ʧʨʦʤʝʥʘ ʫ 

ʧʨʦʪʦʢʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, 

¶ ʄʠʛʨʘʮʠʿʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʘ ʧʦʜʟʝʤʥʠʤ ʚʦʜʘʤʘ ʠ ʟʝʤˀʠʰʪʫ ʟʘʚʠʩʠ ʦʜ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʰʪʘʯʢʠʭ ʛʝʦ-ʭʠʜʨʦʣʦʰʢʠʭ ʙʘʨʠʿʝʨʘ (ʛʝʦʤʝʤʙʨʘʥʝ, 
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ʛʝʦʩʠʥʪʝʪʠʯʢʘ ʛʣʠʥʝʥʘ ʧʦʜʣʦʛʘ, ʥʝʧʨʦʧʫʩʥʘ ʤʠʥʝʨʘʣʥʘ ʙʘʨʠʿʝʨʘ) ʠ ʭʠʜʨʘʫʣʠʯʢʝ 

ʧʦʨʦʟʥʦʩʪʠ ʟʝʤˀʠʰʪʘ. 

1.4. ʆʯʝʢʠʚʘʥʠ ʨʝʟʫʣʪʘʪʠ 

ʆʩʥʦʚʥʠ, ʦʯʝʢʠʚʘʥʠ ʜʦʧʨʠʥʦʩ ʠ ʨʝʟʫʣʪʘʪ ʥʘʫʯʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʫ ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ, 

ʿʝ: 

¶ ɼʝʬʠʥʠʩʘˁʝ ʦʧʰʪʠʭ ʠ ʩʧʝʮʠʬʠʯʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʨʘʜʘ ʜʝʧʦʥʠʿʘ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 

¶ ɼʝʪʘˀʥʘ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʜʝʧʦʥʠʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʢʨʦʟ ʚʠʰʝ ʚʨʝʤʝʥʩʢʠʭ 

ʠʥʪʝʨʚʘʣʘ, ʦʜʥʦʩʥʦ ʬʘʟʘ ʩʪʘʨʝˁʘ ʜʝʧʦʥʠʿʘ, 

¶ ɼʝʬʠʥʠʩʘˁʝ ʤʝʭʘʥʠʟʘʤʘ ʢʨʝʪʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʠ ʥʘ 

ʥʝʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ, 

¶ ʄʦʜʝʣʠʨʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʜʥʫ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, ʫ ʦʢʚʠʨʫ 

ʥʝʟʘʩʠ˂ʝʥʝ ʟʦʥʝ (ʜʝʦ ʧʦʨʦʟʥʝ ʛʝʦʣʦʰʢʝ ʿʝʜʠʥʠʮʝ ʢʦʿʠ ʿʝ ʠʟʥʘʜ ʥʠʚʦʘ ʚʦʜʝ) ʠ 

ʚʝʨʪʠʢʘʣʥʠʭ ʧʫʪʝʚʘ ʢʘ ʧʦʜʟʝʤʥʠʤ ʚʦʜʘʤʘ ʠ ʧʦʚʨʰʠʥʩʢʠʤ ʚʦʜʘʤʘ. 

ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʦʥʠ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ 

ʧʨʚʝʥʩʪʚʝʥʦ ʧʨʠ ʧʣʘʥʠʨʘˁʫ ʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʭʠʜʨʦ-ʛʝʦʣʦʰʢʠʭ ʘʩʧʝʢʘʪʘ ʥʦʚʠʭ 

ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʢʦʤʫʥʘʣʥʦʛ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʘʣʠ ʠ ʧʨʦʿʝʢʪʠʤʘ ʩʘʥʘʮʠʿʝ ʠ 

ʨʝʤʝʜʠʿʘʮʠʿʝ ʧʦʩʪʦʿʝ˂ʠʭ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ. 

1.5. ʇʨʠʤʝˁʝʥʝ ʥʘʫʯʥʝ ʤʝʪʦʜʝ 

ʅʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʦʛ ʧʨʝʜʤʝʪʘ ʥʘʫʯʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʘ ʨʘʜʠ ʦʩʪʚʘʨʠʚʘˁʘ 

ʧʦʩʪʘʚˀʝʥʠʭ ʮʠˀʝʚʘ ʠ ʟʘʜʘʪʘʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʤʝʝˁʥʝ ʩʫ ʦʧʰʪʝ ʥʘʫʯʥʝ ʤʝʪʦʜʝ ʠ ʫ 

ʦʢʚʠʨʫ ˁʠʭ ʧʦʩʝʙʥʝ ʤʝʪʦʜʝ.   

ʋ ʦʢʚʠʨʫ ʦʧʰʪʠʭ ʤʝʪʦʜʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ ʠ ʩʠʥʪʝʟʝ ʩʘ ʮʠˀʝʤ ʫʪʚʨʹʠʚʘˁʘ 

ʚʝʟʝ ʠʟʤʝʹʫ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʝʜʤʝʪʘ ʠ ʮʠˀʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʄʝʪʦʜʘ ʘʥʘʣʠʟʝ ʢʦʨʠʩʪʠ ʩʝ ʟʘ 

ʘʥʘʣʠʟʫ ʨʝʣʝʚʘʥʪʥʠʭ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʫ ʜʘʪʦʿ ʦʙʣʘʩʪʠ. ʄʝʪʦʜʦʤ ʩʠʥʪʝʟʝ ʠʟʚʨʝhʥʘ 

ʿʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʿʘ ʧʦʩʪʦʿʝ˂ʝʛ ʥʘʫʯʥʦʛ ʟʥʘˁʘ ʧʦ ʟʘʢʦʥʠʪʦʩʪʠʤʘ ʬʦʨʤʘʣʥʝ ʣʦʛʠʢʝ ʢʦʿʘ 

ʪʨʝʙʘ ʜʘ ʦʤʦʛʫ˂ʠ ʧʦʩʪʘʚʢʫ ʥʦʚʠʭ ʪʝʦʨʝʪʩʢʠʭ ʩʘʟʥʘˁʘ ʢʦʿʘ ʩʫ ʫ ʚʝʟʠ ʩʘ ʧʨʦʮʝʥʦʤ ʫʪʠʮʘʿʘ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʇʦʨʝʜ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ ʠ ʩʠʥʪʝʟʝ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʠ 

ʜʝʜʫʢʪʠʚʥʘ ʤʝʪʦʜʘ ʢʦʿʦʤ ʩʝ ʫʪʚʨʜʠʦ ʥʠʚʦ ʫʪʠʮʘʿʘ ʠʟʚʦʨʘ ʟʘʛʘʹʝˁʘ (ʦʪʧʘʜʘ), ʧʨʦʧʫʩʥʦʩʪʠ 

ʦʪʧʘʜʘ, ʧʦʨʦʟʥʦʩʪʠ ʦʪʧʘʜʘ, ʚʣʘʞʥʦʩʪʠ ʦʪʧʘʜʘ, ʟʘʧʨʝʤʠʥʝ ʦʪʧʘʜʘ, ʤʠʛʨʘʮʠʿʘ ʚʦʜʝ ʫ 

ʫʥʫʪʨʘʰˁʠʤ ʩʣʦʿʝʚʠʤʘ ʜʝʧʦʥʠʿʝ ʥʘ ʬʦʨʤʠʨʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʜʝʧʦʥʠʿʠ. 

ʌʫʥʢʮʠʦʥʘʣʥʘ ʘʥʘʣʠʟʘ ʠʤʘʣʘ ʿʝ ʟʘ ʮʠˀ ʜʘ ʧʨʠʤʝʥʦʤ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʜʝʧʦʥʠʿʘ ʫ 
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ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ, ʫʪʚʨʜʠ ʢʦʤʙʠʥʘʮʠʿʫ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʝʣʝʤʝʥʘʪʘ ʜʝʧʦʥʠʿʘ (ʟʦʥʘ 

ʧʨʠʿʝʤʘ, ʟʦʥʘ ʜʝʧʦʥʦʚʘˁʘ, ʟʘʰʪʠʪʥʘ ʟʦʥʘ) ʧʨʠ ʢʦʿʦʿ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ 

ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʧʨʠʿʝʤʥʦ ʚʦʜʥʦ ʪʝʣʦ. ʇʨʠʤʝʥʦʤ ʫʟʨʦʯʥʦ-ʧʦʩʣʝʜʠʯʥʝ 

ʘʥʘʣʠʟʝ ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʫʪʚʨʹʠʚʘˁʝ ʫʟʨʦʯʥʦ-ʧʦʩʣʝʜʠʯʥʝ ʚʝʟʝ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʠʭ 

ʢʦʤʙʠʥʘʮʠʿʘ ʝʣʝʤʝʥʘʪʘ ʩʘ ʢʦʣʠʯʠʥʦʤ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ. 

ʇʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʤʦʜʝʣʠʨʘˁʘ, ʘ ʫ ʬʫʥʢʮʠʿʠ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ, ʠʟʚʨʠhʣʝ ʩʫ ʩʝ ʥʫʤʝʨʠʯʢʝ ʠ ʛʨʘʬʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ 

ʧʨʠʤʝʥʦʤ ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ LandSim, ʥʘ ʦʩʥʦʚʫ ʨʘʟʤʘʪʨʘˁʘ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ 

ʩʘʥʠʪʘʨʥʠʭ ʠ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʢʘʦ ʰʪʦ ʩʫ ʩʘʩʪʘʚ ʦʪʧʘʜʘ, ʜʠʤʝʥʟʠʿʝ ˂ʝʣʠʿʘ 

ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜʘ, ʜʨʝʥʘʞʥʠ ʩʠʩʪʝʤ, ʩʪʘʨʦʩʪ ʜʝʧʦʥʠʿʝ, ʛʝʦ-ʭʠʜʨʦʣʦʰʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʧʘʜʘʚʠʥʝ, ʚʠʩʠʥʘ ʜʝʧʦʥʠʿʝ, ʠʪʜ. ʉʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʧʨʠʤʝˁʝʥ ʿʝ ʠ ʟʘ 

ʢʨʝʠʨʘˁʝ ʢʚʘʣʠʪʘʪʠʚʥʝ ʧʨʦʮʝʥʝ ʝʢʦʣʦʰʢʦʛ ʨʠʟʠʢʘ ʦʜ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ 

ʮʠˀʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʤʝʨʘ ʟʘʰʪʠʪʝ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ, ʢʨʦʟ ʤʦʜʝʣʠʨʘˁʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʜʝʧʦʥʠʿʩʢʠʤ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ, ʜʝʬʠʥʠʩʘˁʘ 

ʪʦʢʦʚʘ ʤʠʛʨʘʮʠʿʝ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, ʦʮʝʥʫ ʝʬʠʢʘʩʥʦʩʪʠ 

ʜʨʝʥʘʞʥʦʛ ʩʠʩʪʝʤʘ ʠ ʛʝʦ-ʭʠʜʨʦʣʦʰʢʠʭ ʙʘʨʠʿʝʨʘ. ʉʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ LandSim ʧʨʠʤʝʥʠʦ 

ʩʝ ʥʘ ʤʠʢʨʦʣʦʢʘʮʠʿʩʢʦʤ ʥʠʚʦʫ (ʩʘʥʠʪʘʨʥʘ ʠ ʥʝʩʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ). ʋʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʫ 

ʤʦʜʝʣʠʤʘ ʢʦʿʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ: 

¶ ɼʠʤʝʥʟʠʿʘ ʧʦʜʨʫʯʿʘ ʠ ʩʘʤʦʛ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, 

¶ ʂʦʣʠʯʠʥʘ ʠʥʬʠʣʪʨʠʨʘʥʝ ʚʦʜʝ ʫ ʧʦʚʨʰʠʥʩʢʠ ʩʣʦʿ ʦʪʧʘʜʘ, 

¶ ʂʦʣʠʯʠʥʘ ʠʥʬʠʣʪʨʠʨʘʥʝ ʚʦʜʝ ʢʨʦʟ ʦʙʦʜʥʠ ʩʣʦʿ ʜʝʧʦʥʠʿʝ, 

¶ ɼʠʟʘʿʥ ʧʦʢʨʠʚʥʦʛ ʩʣʦʿʘ ʜʝʧʦʥʠʿʝ, 

¶ ɺʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʨʘʜʘ ʜʝʧʦʥʠʿʝ, 

¶ ɼʠʤʝʥʟʠʿʝ ˂ʝʣʠʿʘ ʫʥʫʪʘʨ ʜʝʧʦʥʠʿʝ, 

¶ ɼʝʙˀʠʥʘ ʩʣʦʿʘ ʦʪʧʘʜʘ, 

¶ ʇʦʨʦʟʥʦʩʪ ʦʪʧʘʜʘ ʫ ʬʨʘʢʮʠʿʘʤʘ, 

¶ ʉʘʩʪʘʚ ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜʘ. 

1.6. ʅʘʫʯʥʠ ʠ ʜʨʫʰʪʚʝʥʠ ʜʦʧʨʠʥʦʩ ʠʩʪʨʘʞʠʚʘˁʘ 

ʅʘʫʯʥʠ ʠ ʜʨʫʰʪʚʝʥʠ ʜʦʧʨʠʥʦʩ ʠʩʪʨʘʞʠʚʘˁʘ ʦʛʣʝʜʘ ʩʝ ʫ ʜʝʪʘˀʥʦʤ ʧʨʠʩʪʫʧʫ ʧʨʦʮʝʥʠ 

ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʧʨʝ ʩʚʝʛʘ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ 

ʪʝʣʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʜʦʧʨʠʥʦʩʠ ʨʘʟʫʤʝʚʘˁʫ ʩʣʦʞʝʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʫʥʫʪʘʨ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, 

ʛʝʥʝʨʠʩʘˁʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ, ˁʠʭʦʚʫ ʩʪʦʧʫ ʤʠʛʨʘʮʠʿʝ, ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ 
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ʚʦʜʘ ʠ ʫʪʠʮʘʿʫ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ, ʫʟ ʧʨʠʤʝʥʫ 

ʥʘʧʨʝʜʥʠʭ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʘˁʘ ʠ ʘʥʘʣʠʟʝ. 

ʅʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʜʠʩʝʨʪʘʮʠʿʝ ʫʩʤʝʨʝʥ ʿʝ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʠ ʢʚʘʣʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ 

ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ ʫʟ ʧʦʤʦ˂ ʜʝʪʘˀʥʝ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʠʪʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʦʿʘ ʜʦʧʨʠʥʦʩʠ ʙʦˀʝʤ ʨʘʟʫʤʝʚʘˁʫ ˁʠʭʦʚʦʛ ʥʝʛʘʪʠʚʥʦʛ 

ʫʪʠʮʘʿʘ ʥʘ ʚʦʜʥʝ ʝʢʦʩʠʩʪʝʤʝ. ʊʘʢʦʹʝ, ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʦʛʣʝʜʘ ʩʝ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ 

ʬʘʢʪʦʨʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʮʠʤʘ ʦʜ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫʢˀʫʯʫʿʫ˂ʠ 

ʘʥʘʣʠʟʫ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ, ʩʘʩʪʘʚʘ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ ʠ ʛʝʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʝʧʦʥʠʿʘ. 

ʋ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʠʩʪʨʘʞʠʚʘˁʘ ʫʢˀʫʯʝʥ ʿʝ ʠ ʨʘʟʚʦʿ ʠ ʧʨʠʤʝʥʘ ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ 

ʩʪʦʧʝ ʤʠʛʨʘʮʠʿʝ ʠ ʩʘʩʪʘʚʘ ʛʝʥʝʨʠʩʘʥʠʭ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʢʦʨʠʰ˂ʝˁʝʤ 

ʩʦʬʪʚʝʨʘ LandSim, ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʮʠʟʥʠʿʝ ʤʦʜʝʣʠʨʘˁʝ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, ʟʘʰʪʠʪʥʝ ʜʝʧʦʥʠʿʩʢʝ ʩʣʦʿʝʚʝ ʠ ʧʨʝʜʚʠʹʘˁʝ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ 

ʦʢʦʣʥʝ ʚʦʜʦʪʦʢʦʚʝ. 

ʊʘʢʦʹʝ, ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʛʫ ʩʣʫʞʠʪʠ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʩʪʚʘʨʘˁʝ ʝʬʠʢʘʩʥʠʿʠʭ 

ʩʪʨʘʪʝʛʠʿʘ ʠ ʧʨʦʪʦʢʦʣʘ ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʥʦʚʠʭ ʜʝʧʦʥʠʿʘ ʩʘ ʮʠˀʝʤ ʤʠʥʠʤʠʟʘʮʠʿʝ 

ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

ɼʨʫʰʪʚʝʥʠ ʜʦʧʨʠʥʦʩ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝʩʪʝ ʧʦʜʩʪʠʮʘˁʝ ʪʝʭʥʦʣʦʰʢʠʭ ʠʥʦʚʘʮʠʿʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʤʦʜʝʨʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ ʢʘʦ ʰʪʦ ʿʝ LandSim ʟʘ ʩʠʤʫʣʘʮʠʿʫ 

ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʨʘʟʚʦʿ ʥʦʚʠʭ ʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ 

ʢʦʿʠ ʤʦʛʫ ʙʠʪʠ ʧʨʠʤʝˁʝʥʠ ʥʘ ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ. 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʛʫ ʧʦʤʦ˂ʠ ʫ ʫʥʘʧʨʝʹʝˁʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ 

ʨʠʟʠʢʘ ʦʜ ʟʘʛʘʹʝˁʘ ʚʦʜʘ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ, ʰʪʦ ʿʝ ʧʦʩʝʙʥʦ ʚʘʞʥʦ ʟʘ ʟʘʰʪʠʪʫ ʟʜʨʘʚˀʘ 

ˀʫʜʠ ʠ ʦʯʫʚʘˁʝ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ. ɼʠʩʝʨʪʘʮʠʿʘ ʜʦʧʨʠʥʦʩʠ ʙʦˀʝʤ ʨʘʟʫʤʝʚʘˁʫ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʮʝʩʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ, ʘʣʠ ʧʨʫʞʘ ʠ ʩʤʝʨʥʠʮʝ ʟʘ ʧʨʘʚʠʣʥʦ ʫʧʨʘʚˀʘˁʝ 

ʧʨʦʮʝʜʥʠʤ ʜʝʧʦʥʠʿʩʢʠʤ ʚʦʜʘʤʘ ʠ ˁʠʭʦʚʦʤ ʥʝʛʘʪʠʚʥʦʤ ʫʪʠʮʘʿʫ ʫ ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ 

ʧʝʨʠʦʜʫ. ʊʘʢʦʹʝ, ʜʦʧʨʠʥʦʩʠ ʧʨʘʢʪʠʯʥʠʤ ʘʩʧʝʢʪʠʤʘ ʨʝʤʝʜʠʿʘʮʠʿʝ ʠ ʩʘʥʘʮʠʿʝ ʧʦʩʪʦʿʝ˂ʠʭ 

ʜʝʧʦʥʠʿʘ ʢʘʦ ʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʥʦʚʠʭ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ, ʢʨʦʟ ʜʝʪʘˀʥʫ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ 

ʠ ʩʦʬʪʚʝʨʩʢʦ ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʙʦˀʝ ʫʧʨʘʚˀʘˁʝ ʝʢʦʣʦʰʢʠʤ 

ʨʠʟʠʮʠʤʘ ʥʘ ʜʫʞʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʠ ʜʝʪʘˀʥʠʿʫ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʘ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ. 
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2. ʇʈɽɻʃɽɼ ɼʆʉɸɼɸʐɳʀʍ ʀʉʊʈɸɾʀɺɸɳɸ ɼɽʇʆʅʀɱʉʂʀʍ 

ʇʈʆʎɽɼʅʀʍ ɺʆɼɸ  

 

ʀʩʪʨʘʞʠʚʘˁʘ ʦ ʫʪʠʮʘʿʠʤʘ ʠ ʧʦʩʣʝʜʠʮʘʤʘ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʝ ʠ ʥʘʩʪʘʥʢʫ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʧʦʯʝʣʘ ʩʫ ʫ 80-ʪʠʭ ʛʦʜʠʥʘ XX ʚʝʢʘ. ʊʝʦʨʠʿʩʢʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʤʝʪʦʜʝ ʧʨʦʨʘʯʫʥʘ ʠ 

ʤʦʜʝʣʠ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʩʧʨʦʚʝʜʝʥʘ ʩʫ ʫ ʤʥʦʛʠʤ 

ʩʪʫʜʠʿʘʤʘ [1]  [2][3][4][5][6] ʠʪʜ. 

Joʰ 1984. ʛʦʜʠʥʝ, ʟʙʦʛ ʨʘʩʪʘ ʿʘʚʥʝ ʠ ʜʨʞʘʚʥʝ ʟʘʙʨʠʥʫʪʦʩʪʠ ʩʪʘʥʦʚʥʠʰʪʚʘ ʫ ɸʤʝʨʠʮʠ ʫ 

ʚʝʟʠ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ, ɸʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʿʝ ʠʟʜʘʣʘ ʤʦʜʝʣ ʟʘ 

ʭʠʜʨʦʣʦʰʢʫ ʝʚʘʣʫʘʮʠʿʫ ʧʝʨʬʦʨʤʘʥʩʠ ʜʝʧʦʥʠʿʝ The hygrological evaluation of landfill 

performance (HELP). ʆʧʰʪʠʥʩʢʘ ʠʩʪʨʘʞʠʚʘʯʢʘ ʣʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʨʘʟʚʠʣʘ 

ʿʝ ʦʚʘʿ ʤʦʜʝʣ ʠ ʪʠʤʝ ʦʙʝʟʙʝʜʠʣʘ ʥʦʚʫ ʠ ʧʦʙʦˀʰʘʥʫ ʪʝʭʥʦʣʦʛʠʿʫ ʠ ʩʠʩʪʝʤʝ ʟʘ ʩʧʨʝʯʘʚʘˁʝ, 

ʧʨʝʯʠʰ˂ʘʚʘˁʝ ʠ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʥʠʤ ʚʦʜʘʤʘ ʢʦʿʝ ʩʫ ʠʩʧʫʰʪʝʥʝ ʠʟ ʯʚʨʩʪʦʛ ʠ ʦʧʘʩʥʦʛ 

ʦʪʧʘʜʘ ʠʟ ʦʧʰʪʠʥʩʢʠʭ ʠ ʜʨʫʰʪʚʝʥʠʭ ʠʟʚʦʨʘ, ʟʘ ʦʯʫʚʘˁʝ ʠ ʪʨʝʪʠʨʘˁʝ ʩʥʘʙʜʝʚʘˁʘ ʿʘʚʥʝ 

ʚʦʜʝ ʟʘ ʧʠ˂ʝ ʠ ʟʘ ʩʤʘˁʝˁʝ ʥʝʛʘʪʠʚʥʠʭ ʝʢʦʥʦʤʩʢʠʭ, ʜʨʫʰʪʚʝʥʠʭ ʠ ʟʜʨʘʚʩʪʚʝʥʠʭ ʝʬʝʢʘʪʘ 

ʟʘʛʘʹʝˁʘ [7]. 

ʍʠʜʨʦʣʦʰʢʘ ʝʚʘʣʫʘʮʠʿʘ ʧʨʦʛʨʘʤʘ ʧʝʨʬʦʨʤʘʥʩʠ ʜʝʧʦʥʠʿʘ ʨʘʟʚʠʿʝʥʘ ʿʝ ʢʘʢʦ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʘ ʙʨʟʘ, ʝʢʦʥʦʤʠʯʥʘ ʧʨʦʮʝʥʘ ʢʨʝʪʘˁʘ ʚʦʜʝ ʧʨʝʢʦ, ʥʘ, ʢʨʦʟ ʠ ʚʘʥ ʜʝʧʦʥʠʿʘ [8], [9]. 

ʂʘʜʘ ʿʝ ɼʠʨʝʢʪʠʚʘ ʦ ʜʝʧʦʥʠʿʘʤʘ (1999/31/ɽɿ) ʩʪʫʧʠʣʘ ʥʘ ʩʥʘʛʫ 16. ʿʫʣʘ 1999. ʛʦʜʠʥʝ, 

ʟʘʧʦʯʝʣʦ ʩʝ ʠ ʩʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʠ ʫ ɽʚʨʦʧʠ. ɼʠʨʝʢʪʠʚʘ ʿʝ ʠʤʘʣʘ ʟʘ ʮʠˀ 

ʧʦʙʦˀʰʘˁʝ ʩʪʘʥʜʘʨʜʘ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʰʠʨʦʤ ɽʚʨʦʧʝ ʧʦʩʪʘʚˀʘˁʝʤ 

ʩʧʝʮʠʬʠʯʥʠʭ ʟʘʭʪʝʚʘ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʠ ʨʘʜ ʜʝʧʦʥʠʿʘ ʠ ʦʛʨʘʥʠʯʘʚʘˁʝ ʚʨʩʪʝ ʦʪʧʘʜʘ ʢʦʿʝ 

ʩʝ ʤʦʛʫ ʦʜʣʦʞʠʪʠ ʥʘ ʜʝʧʦʥʠʿʝ. ɸʛʝʥʮʠʿʘ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʿʝ ʠʟʨʘʜʠʣʘ ʥʠʟ ʩʤʝʨʥʠʮʘ 

ʢʘʢʦ ʙʠ ʧʦʤʦʛʣʠ ʫ ʥʘʯʠʥʫ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ [6].  

O ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʩʘ ʜʝʧʦʥʠʿʘ ʢʦʤʫʥʘʣʥʦʛ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʝʤʠʥʝʥʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʧʦʯʝʣʘ ʩʫ ʜʘ ʩʝ ʩʧʨʦʚʦʜʝ ʦʜ 2001. ʛʦʜʠʥʝ ʫ ʢʦʿʠʤʘ ʩʝ ʛʦʚʦʨʠʣʦ ʦ ʪʦʤʝ ʜʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ 

ʩʘʜʨʞʝ ʰʠʨʦʢʫ ʤʝʰʘʚʠʥʫ ʭʝʤʠʿʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʨʠʟʠʢʝ ʟʘ ʪʝʣʘ ʧʦʚʨʰʠʥʩʢʠʭ ʠ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʠ ʧʨʝʜʩʪʘʚˀʘʣʠ ʩʫ ʩʝ ʥʘʯʠʥʠ ʠ ʤʝʨʝ ʟʘ 

ʩʤʘˁʝˁʝ ʰʪʝʪʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ [6], [10], [11], 

[12], [13], [14]. 
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ʊʝʭʥʦʣʦʛʠʿʘ ʦʜʣʘʛʘˁʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʜʦʞʠʚʝʣʘ ʿʝ ʟʥʘʯʘʿʘʥ ʥʘʧʨʝʜʘʢ ʫ ʧʦʩʣʝʜˁʠʭ ʧʘʨ 

ʜʝʮʝʥʠʿʘ ʠ ʝʚʦʣʫʠʨʘʣʘ ʦʜ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠʭ ʥʝʩʘʥʠʪʘʨʥʠʭ ʠ ʜʠʚˀʠʭ ʜʝʧʦʥʠʿʘ ʜʦ ʚʠʩʦʢʦ 

ʧʨʦʿʝʢʪʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʨʘʜʠ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʋʧʨʢʦʩ ʦʚʠʤ ʧʦʤʘʮʠʤʘ, 

ʰʠʨʦʤ ʩʚʝʪʘ ʿʝ ʦʙʿʘʚˀʝʥʦ ʜʘ ʯʘʢ ʠ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ, ʢʦʿʝ ʩʫ ʫʦʙʠʯʘʿʝʥʦ ʧʨʠʩʫʪʥʝ ʫ 

ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʠ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʧʦ ʧʨʦʮʝʜʫʨʠ, ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣ ʜʘ 

ʟʘʛʘʹʫʿʫ ʧʦʜʟʝʤʥʝ ʠ ʧʦʚʨʰʠʥʩʢʝ ʚʦʜʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʦʧʘʩʥʦʩʪ ʟʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ ʠ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ [10],[15], [16], [17], [18]. 

ʈʘʟʣʠʯʠʪʝ ʩʪʫʜʠʿʝ ʩʫ ʠʩʪʨʘʞʠʚʘʣʝ ʪʨʘʥʩʧʦʨʪ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʜʦ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ [3] [11], 

[19],[20] ʠ ʫ ʦʚʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʪʨʘʥʩʧʦʨʪ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ 

ʜʝʧʦʥʠʿʘʤʘ ʠ ˁʠʭʦʚʦ ʤʦʜʝʣʠʨʘˁʝ ʦʙʠʯʥʦ ʫʢˀʫʯʫʿʝ ʜʚʘ ʢʦʨʘʢʘ: ʧʨʚʦ, ʩʪʚʘʨʘˁʝ ʧʨʦʮʝʜʥʝ 

ʚʦʜʝ ʠ ˁʝʥʫ ʤʠʛʨʘʮʠʿʫ ʢʨʦʟ ʜʝʧʦʥʠʿʩʢʝ ʙʘʨʠʿʝʨʥʝ ʦʙʣʦʛʝ ʠ ʜʨʫʛʦ, ʪʨʘʥʩʧʦʨʪ ʠ ʤʠʛʨʘʮʠʿʘ 

ʟʘʛʘʹʫʿʫ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ ʜʦ ʨʝʮʠʧʠʿʝʥʪʘ [17], [21], [22].  

Iquabal et al., ʩʫ ʩʧʨʦʚʝʣʠ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʇʘʢʠʩʪʘʥʫ ʦ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʥʦʚʝ ʩʘʥʠʪʘʨʥʝ 

ʜʝʧʦʥʠʿʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ˀʫʜʝ. ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʟʘ ˀʫʜʝ ʠʟʚʨʰʝʥʘ ʿʝ ʫʪʚʨʹʠʚʘˁʝʤ 

ʟʘʛʘʹʝʥʦʩʪʠ ʚʦʜʝ ʟʘ ʧʠ˂ʝ ʢʦʿʘ ʿʝ ʜʦʰʣʘ ʫ ʢʦʥʪʘʢʪ ʩʘ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʩʘ ʜʝʧʦʥʠʿʝ, ʜʦʢ 

ʿʝ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʙʠʣʘ ʩʧʨʦʚʝʜʝʥʘ ʦʪʢʨʠʚʘˁʝʤ ʠʥʜʝʢʩʘ 

ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʝʢʦʣʦʰʢʦʛ ʨʠʟʠʢʘ ʠ ʫʢʫʧʥʦʛ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ ʝʤʠʩʠʿʝ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʚʦʜʘ ʟʘ ʧʠ˂ʝ ʟʘʛʘʹʝʥʘ ʪʝʰʢʠʤ ʤʝʪʘʣʠʤʘ ʫ ʨʘʜʠʿʫʩʫ ʦʜ 2 km ʦʜ ʣʦʢʘʮʠʿʝ. 

ɸʨʩʝʥ ʠ ʢʘʜʤʠʿʫʤ ʠʤʘʿʫ ʥʘʿʚʝ˂ʫ ʩʪʦʧʫ ʦʧʘʩʥʦʩʪʠ ʦʜ 1,36 ʦʜʥʦʩʥʦ 1,53. ʋʢʫʧʥʠ ʠʥʜʝʢʩ 

ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʨʠʟʠʢʘ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʤʝʪʘʣʘ ʿʝ ʪʘʢʦʹʝ ʙʠʦ ʚʠʩʦʢ (312,49) ʰʪʦ ʿʝ 

ʙʠʣʦ ʠʟʫʟʝʪʥʦ ʜʝʛʨʘʜʠʨʘʿʫ˂ʝ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ [23]. 

ɹʨʦʿʥʠ ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣʠ ʩʫ ʨʘʟʚʠʿʝʥʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʜʝʧʦʥʠʿʝ ʠ ʪʨʘʥʩʧʦʨʪ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ ʫ ʧʦʜʟʝʤʥʝ ʚʦʜʝ [21] [24], [25], [26], [27], [28] ʠʪʜ. 

Lopez et al ʩʧʨʦʚʝʣʠ ʩʫ ʠ ʠʩʪʨʘʞʠʚʘˁʝ ʥʘ ʜʝʧʦʥʠʿʠ ʯʠʿʠ ʿʝ ʨʘʜʥʠ ʚʝʢ ʟʘʚʨʰʝʥ ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʤʝʨ ʢʘʢʦ, ʯʘʢ ʠ ʢʘʜʘ ʠ ʫʟ ʜʦʩʪʫʧʥʝ ʧʦʜʘʪʢʝ ʧʦʩʪʦʿʝ ʥʝʩʠʛʫʨʥʦʩʪʠ ʫ ʚʝʟʠ 

ʩʘ ʩʤʝʨʥʠʮʘʤʘ ʠ ʦʜʣʫʢʘʤʘ ʦ ʧʨʦʮʝʜʫʨʘʤʘ ʥʘ ʜʝʧʦʥʠʿʠ ʥʘʢʦʥ ˁʝʥʦʛ ʟʘʪʚʘʨʘˁʘ, ʘʣʘʪʠ ʟʘ 

ʤʦʜʝʣʠʨʘˁʝ ʤʦʛʫ ʙʠʪʠ ʦʜ ʚʝʣʠʢʝ ʢʦʨʠʩʪʠ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʪʠʤʝ ʩʝ ʤʦʛʫ 

ʩʤʘˁʠʪʠ ʝʢʦʥʦʤʩʢʠ ʠ ʚʨʝʤʝʥʩʢʠ ʪʨʦʰʢʦʚʠ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʧʨʝʜʚʠʜʝʣʦ ʤʠʛʨʘʮʠʿʫ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ ʜʝʧʦʥʠʿʝ ʠ ʧʨʝʜʣʘʞʝ ʩʪʨʘʪʝʛʠʿʫ ʫʧʨʘʚˀʘˁʘ ʧʨʦʮʝʜʥʠʤ 

ʚʦʜʘʤʘ ʫ ʥʘʨʝʜʥʠʤ ʛʦʜʠʥʘʤʘ. ʋ ʪʫ ʩʚʨʭʫ ʢʦʨʠʰ˂ʝʥ ʿʝ ʤʘʪʝʤʘʪʠʯʢʠ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ 

MODUELO 4.0 ʢʦʿʠ ʩe ʢʦʨʠʩʪʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʜʝʧʦʥʠʿʘ. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʧʦʢʘʟʫʿʫ 
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ʜʘ ʩʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘʛʘʹʫʿ ʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʫ ʧʦʨʘʩʪʫ ʪʦʢʦʤ ʧʝʨʠʦʜʘ 

ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ ʜʝʧʦʥʠʿʝ [26]. 

ʅʝʢʦʣʠʢʦ ʝʤʠʥʝʥʪʥʠʭ ʩʪʫʜʠʿʘ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʢʦʨʠʩʪʝ˂ʠ ʩʠʤʫʣʘʮʠʦʥʠ 

ʤʦʜʝʣ LandSim, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʩʘʩʪʘʚʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, 

ʩʠʤʫʣʘʮʠʿʫ ʢʨʝʪʘˁʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʘʥʘʣʠʟʫ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʧʨʠʿʝʤʥʘ 

ʚʦʜʥʘ ʪʝʣʘ [2], [29], [30], [31], [32] [33]. 

LandSim ʤʦʜʝʣ ʿʝ ʧʨʚʦʙʠʪʥʦ ʨʘʟʚʠʿʝʥ ʠʟʤʝʹʫ 1993. ʠ 1996. ʛʦʜʠʥʝ ʠ ʙʠʦ ʿʝ ʫ ʫʧʦʪʨʝʙʠ ʠ 

ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʘʥ ʦʜ ʩʝʧʪʝʤʙʨʘ 1996. ʄʦʜʝʣ ʩʝ ʢʦʨʠʩʪʠʦ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʠ 

ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʚʨʭʝ ʧʦʚʝʟʘʥʝ ʩʘ ʧʨʦʿʝʢʪʦʚʘˁʝʤ, ʧʣʘʥʠʨʘˁʝʤ ʠ ʠʟʜʘʚʘˁʝʤ ʜʦʟʚʦʣʘ ʟʘ ʨʘʜ 

ʜʝʧʦʥʠʿʘ [2]. 

Plimmer et al. [3] ʩʫ ʜʝʤʦʥʩʪʨʠʨʘʣʠ LandSim ʩʠʤʫʣʘʮʠʿʫ ʥʘ ʜʝʧʦʥʠʿʠ Burntstump ʠ 

ʧʨʝʜʣʦʞʠʣʠ ʩʫ ʩʤʝʨʥʠʮʝ ʟʘ ʧʨʦʮʝʥʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʨʠʟʠʢʘ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʦʜ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʘ (Probabilistic risk assessment - PRA), ʢʦʿʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʠ ʢʨʦʟ 

ʜʠʩʝʨʪʘʮʠʿʫ. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʢʘʦ ʠ ʜʠʩʝʨʪʘʮʠʿʠ, ʧʨʦʫʯʘʚʘʣʠ ʩʫ ʩʝ ʥʝʛʘʪʠʚʥʠ 

ʫʪʠʮʘʿʫ ʜʝʧʦʥʠʿʘ ʥʘ ʩʧʝʮʠʬʠʯʥʝ ʨʝʮʝʧʪʦʨʝ ʢʨʦʟ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʨʝʮʝʧʪʦʨʘ, ʢʘʦ ʠ 

ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʥʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿʠ ʤʠʥʠʤʘʣʠʟʫʿʫ. ʋ ʨʘʜʫ ʩʝ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʧʦʩʚʝʪʠʣʘ 

ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ˁʠʭʦʚʦ ʤʦʜʝʣʠʨʘˁʝ ʫ ʩʦʬʚʝʨʫ LandSim. 

Jagloo ʿ ʝ ʠʩʧʠʪʠʚʘʣʘ ʪʨʘʥʩʧʦʨʪʥʠ ʤʝʭʘʥʠʟʘʤ ʢʦʥʪʘʤʠʥʘʮʠʿʝ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʩʘ 

ʜʝʧʦʥʠʿʝ ʢʦʨʠʩʪʝ˂ʠ LandSim ʤʦʜʝʣ ʠ ʧʦʢʘʟʘʦ je ʤʝʪʦʜʦʣʦʛʠʿʫ ʨʘʜʘ ʜʝʧʦʥʠʿʝ ʥʘ 

ʄʘʫʨʠʮʠʿʫʩʫ [11]. Kao ʠ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʫ ʩʧʨʦʚʝʜʝʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ 

ʠʜʝʥʪʠʬʠʢʦʚʘʣʝ ʩʫ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʟʘʛʘʹʫʿʫ˂ʝ ʢʦʤʧʦʥʝʥʪʝ ʠʟ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʪʦ ʪʝʰʢʠ 

ʤʝʪʘʣʠ ʠ ʦʨʛʘʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ. ʂʦʨʠʰ˂ʝˁʝʤ ʛʝʦʣʦʰʢʠʭ, ʭʠʜʨʦʛʝʦʣʦʰʢʠʭ ʠ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʘʥʘʣʠʟʘ ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʜʝʧʦʥʠʿʝ ʥʘ ʦʢʦʣʥʝ ʚʦʜʦʪʦʢʦʚʝ, 

ʰʪʦ ʿʝ ʠʟʚʨʰʝʥʦ ʠ ʜʠʩʝʨʪʘʮʠʿʠ. 

Hall et al. [34], ʩʫ ʠʟʚʨʰʠʣʠ ʦʧʩʝʞʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʩʦʬʪʚʝʨʫ LandSim ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ 

ʫʧʨʘʚˀʘˁʘ ʜʝʧʦʥʠʿʦʤ ʥʘʢʦʥ ˁʝʥʦʛ ʟʘʪʚʘʨʘˁʘ. ʋ ʨʘʜʫ ʩʝ ʚʨʰʠʣʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʦʪʨʝʙʥʦʛ 

ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦʛ ʫʧʨʘʚˀʘˁʘ ʜʝʧʦʥʠʿʦʤ, ʧʨʠ ʯʝʤʫ ʩʫ ʜʦʰʣʠ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʿʝ ʚʝʣʠʢʠ 

ʜʝʦ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʩʫʪʘʥ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʠ ʥʘʢʦʥ 2000 ʛʦʜʠʥʘ ʦʜ ʧʦʯʝʪʢʘ ʨʘʜʘ 

ʜʝʧʦʥʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʟʘʢˀʫʯʝʥʦ ʠ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 

ʀ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʿʝ ʩʧʨʦʚʝʦ Slack et al. [12], ʩʠʤʫʣʠʨʘʥʘ ʩʫ ʢʨʝʪʘˁʘ ʢʦʤʧʦʥʝʥʘʪʘ ʠʟ 

ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʫ ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ʂʘʦ ʠ ʫ ʜʠʩʝʨʪʘʮʠʿʠ, ʤʦʜʝʣʠʨʘʥʠ ʩʫ 
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ʨʘʟʣʠʯʠʪʠ ʩʮʝʥʘʨʠʿʠ ʜʝʧʦʥʠʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʘʩʧʦʥʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʠʟʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʘʣʘʪʫ LandSim. ʉʠʤʫʣʘʮʠʿʘ ʿʝ 

ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʢʦʤʧʦʥʝʥʪʝ ʠʟ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʝ˂ʫ 

ʢʨʦʟ ʪʣʦ ʠ ʜʦʩʪʠʞʫ ʜʦ ʚʦʜʦʪʦʢʦʚʘ, ʯʠʤʝ ʫʛʨʦʞʘʚʘʿʫ ʢʚʘʣʠʪʝʪ ʚʦʜʝ. ʈʝʟʫʣʪʘʪʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫʢˀʫʯʫʿʫ ʦʪʢʨʠ˂ʘ ʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʨʩʝʥʘ, ʭʨʦʤʘ, ʞʠʚʝ ʠ ʢʘʜʤʠʿʫʤʘ 

ʧʨʝʣʘʟʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʘ ʟʘ ʧʠʿʘ˂ʫ ʚʦʜʫ ʦʜʨʝʹʝʥʝ ʩʪʘʥʜʘʨʜʠʤʘ ɽʋ ʠ ʉɸɼ-ʘ.  

ʇʨʚʘ ʩʚʝʦʙʫʭʚʘʪʥʘ ʩʪʫʜʠʿʘ ʙʠʣʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʩʘ ʜʝʧʦʥʠʿʘ ʥʘ ʧʦʜʟʝʤʥʝ ʚʦʜʝ ʧʦʤʦ˂ʫ LandSim ʩʦʬʪʚʝʨʘ ʦʜ ʩʪʨʘʥʝ Slack et al. [35]. ʋ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʩʠʤʫʣʘʮʠʿʝ ʤʦʜʝʣʘ ʧʦʢʘʟʘʣʝ ʩʫ ʜʘ ʥʘʢʦʥ ʧʨʝʩʪʘʥʢʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʧʦʥʠʿʘ, 

ʥʠʚʦ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʟʘʰʪʠʪʥʦʿ ʙʘʨʠʿʝʨʠ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ ʨʘʩʪʝ ʠ ʦʩʪʘʿʝ ʠʩʧʦʜ 

ʤʘʢʩʠʤʘʣʥʝ ʜʫʙʠʥʝ ʦʪʧʘʜʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʤʦʜʝʣʠʨʘˁʘ ʦʜ 20,000 ʛʦʜʠʥʘ.  

Butt et al., ʩʫ 2011. ʛʦʜʠʥe ʧʨʝʜʣʦʞʠʣʠ ʠʥʪʝʛʨʠʩʘʥʠ ʠ ʭʦʣʠʩʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʧʨʦʮʝʥʫ 

ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʧʦʜʟʝʤʥʝ ʚʦʜʝ ʠ ʫʢʘʟʘʣʠ ʥʘ ʟʥʘʯʘʿ LandSim ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʫ ʧʦʜʟʝʤʥʠʤ ʚʦʜʘʤʘ [36]. 

Palmeri et al., ʠʟʚʝʣʠ ʩʫ ʘʥʘʣʠʟʫ ʨʠʟʠʢʘ ʦʜ ʥʘʩʪʘʥʢʘ ʢʘʥʮʝʨʦʛʝʥʠʭ ʦʙʦˀʝʥʘ ˀʫʜʠ ʟʙʦʛ 

ʫʜʠʩʘˁʘ ʠʩʧʘʨˀʠʚʠʭ ʿʝʜʠˁʝˁʘ ʧʨʠʩʫʪʥʠʭ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ɸʫʪʦʨʠ ʩʫ ʪʚʨʜʠʣʠ ʜʘ ʩʝ 

LandSim ʤʦʜʝʣ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʥʪʝʛʨʠʩʘʥʠ ʘʣʘʪ ʟʘ ʧʦʤʦ˂ ʜʦʥʦʩʠʦʮʠʤʘ ʦʜʣʫʢʘ ʫ 

ʫʪʚʨʹʠʚʘˁʫ ʧʨʠʦʨʠʪʝʪʘ ʧʨʠʣʠʢʦʤ ʩʘʥʘʮʠʿʝ. ʉʚʝ ʦʚʝ ʩʪʫʜʠʿʝ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʠ ʦ ˁʠʤʘ ʩʝ 

ʠʟʚʝʰʪʘʚʘʣʦ ʜʦ 2015. ʠ ʧʨʚʝʥʩʪʚʝʥʦ ʩʫ ʙʠʣʝ ʬʦʢʫʩʠʨʘʥʝ ʥʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʦʜ 

ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʧʦʜʟʝʤʥʝ ʚʦʜʝ [20]. 

Mishra et al., ʧʨʝʜʣʦʞʠʣʠ ʩʫ ʠʥʪʝʛʨʠʩʘʥʠ ʧʨʠʩʪʫʧ ʟʘ ʢʚʘʥʪʠʬʠʢʦʚʘˁʝ ʥʝʠʟʚʝʩʥʦʩʪʠ ʢʦʿʘ 

ʿʝ ʩʚʦʿʩʪʚʝʥʘ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ. ʆʢʚʠʨ ʿʝ ʫʩʧʝʰʥʦ ʜʝʤʦʥʩʪʨʠʨʘʥ ʥʘ 

ʜʝʧʦʥʠʿʠ ʊʫʨʙʭʝ ʫ ʀʥʜʠʿʠ, ʘ ʥʝʠʟʚʝʩʥʦʩʪʠ ʫ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʦʜ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ 

ʜʝʧʦʥʠʿʠ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ ʩʫ ʢʚʘʥʪʠʬʠʢʦʚʘʥʠ ʫʟ ʧʦʤʦ˂ ʩʦʬʪʚʝʨʘ LandSim [29].  

Mishra et al., ʩʧʨʦʚʝʣʠ ʩʫ ʩʪʫʜʠʿʫ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʨʠʟʠʢʘ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ ʟʙʦʛ 

ʢʦʥʪʘʤʠʥʘʮʠʿʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʯʚʨʩʪʠʤ ʦʪʧʘʜʦʤ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʢʦʨʠʩʪʝ˂ʠ ʚʠʰʝ 

ʩʠʤʫʣʘʮʠʿʘ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ LandSim ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʠʩʪʝʤʝ ʦʙʣʦʛʘ ʢʦʿʝ ʧʦʩʪʦʿʝ ʫ 

ʪʝʣʫ ʜʝʧʦʥʠʿʝ [30]. ʅʘʠʤʝ, ʫ ʨʘʜʫ ʩʫ ʦʧʠʩʘʥʠ ʨʘʟʣʠʯʠʪʠ ʩʠʩʪʝʤʠ ʦʙʣʦʛʘ ʠ ʩʪʦʧʘ 

ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ˁʠʭ, ʰʪʦ ʿʝ ʠʟʚʨʰʝʥʦ ʠ ʫ ʜʠʩʝʨʪʘʮʠʿʠ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʩʠʩʪʝʤʠ ʙʘʨʠʿʝʨʘ ʜʥʘ ʜʝʧʦʥʠʿʝ ʩʘ ʢʦʤʧʦʟʠʪʥʦʤ ʦʙʣʦʛʦʤ ʟʥʘʯʘʿʥʦ ʤʘˁʫ 

ʢʦʣʠʯʠʥʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʧʨʦʧʫʰʪʘ ʦʜ ʩʮʝʥʘʨʠʿʘ ʛʜʝ ʥʝʤʘ ʙʘʨʠʿʝʨʥʠʭ ʦʙʣʦʛʘ, ʰʪʦ ʿʝ ʠ 

ʿʝʜʘʥ ʦʜ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 
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Madear et al., ʩʫ ʢʨʦʟ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʝʜʣʦʞʠʣʠ ʨʝʰʝˁʝ ʟʘ ʠʟʙʦʨ ʩʠʩʪʝʤʘ ʦʙʣʦʛʘ ʫ ʪʝʣʫ 

ʜʝʧʦʥʠʿʘ ʠ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ [37]. 

ʀʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʩʝ ʪʠʮʘʣʘ ʙʘʨʠʿʝʨʥʠʭ ʩʠʩʪʝʤʘ ʦʙʣʦʛʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʘ ʠ ˁʠʭʦʚʦʛ 

ʟʥʘʯʘʿʘ ʟʘ ʧʨʦʪʠʮʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʫ ʩʝ ʩʧʨʦʚʦʜʠʣʘ ʦʜ 1989. ʛʦʜʠʥʝ ʢʘʜʘ ʿʝ ʟʘʧʦʯʝʪʦ 

ʠʩʪʨʘʞʠʚʘˁʝ ʦ ʪʦʤʝ ʜʘ ʩʫ ʜʝʧʦʥʠʿʝ ʥʘʧʨʘʚˀʝʥʝ ʪʘʢʦ ʜʘ ʩʪʚʘʨʘʿʫ ʙʘʨʠʿʝʨʫ ʠʟʤʝʹʫ ʯʚʨʩʪʦʛ 

ʦʪʧʘʜʘ ʠ ʦʢʦʣʠʥʝ. ʇʨʦʿʝʢʪʦʚʘʥʠ ʩʠʩʪʝʤ ʙʘʨʠʿʝʨʘ (ɽɹʉ) ʟʘ ʧʦʚʨʰʠʥʩʢʦ ʠ ʧʦʜʟʝʤʥʦ 

ʩʢʣʘʜʠʰʪʝˁʝ ʦʪʧʘʜʘ ʩʘʜʨʞʠ ʢʦʤʧʦʥʝʥʪʝ ʧʨʦʿʝʢʪʦʚʘʥʝ ʜʘ ʟʘʜʨʞʝ, ʢʦʥʪʨʦʣʠʰʫ ʠ 

ʫʩʧʦʨʘʚʘʿʫ ʤʠʛʨʘʮʠʿʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʧʨʝʤʘ ʧʦʜʟʝʤʥʠʤ ʚʦʜʘʤʘ  [1], [31], [38], [39], [40], 

[41]. 

Giroud et al. ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʧʦʩʪʦʿʘˁʝ ʜʝʬʝʢʘʪʘ ʫ ʛʝʦʤʝʤʙʨʘʥʩʢʦʤ ʦʤʦʪʘʯʫ ʠ ʫʪʚʨʜʠʣʠ ʜʘ 

ʿʝ 8ï10 ʨʫʧa (ʧʫʢʦʪʠʥʘ) ʛʦʜʠʰˁʝ ʪʠʧʠʯʥʦ ʧʨʠʩʫʪʥʦ ʟʘ ʛʝʦʤʝʤʙʨʘʥʫ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ, 

ʘ ʦʢʦ 17 ʨʫʧʘ ʛʦʜʠʰˁʝ ʿʝ ʦʙʠʯʥʦ ʧʨʠʩʫʪʥʦ ʢʦʜ ʛʝʦʤʝʤʙʨʘʥe ʥʠʩʢʦʛ ʢʚʘʣʠʪʝʪʘ. ʀ ʢʘʜʘ ʿʝ 

ʛʝʦʤʝʤʙʨʘʥʘ ʚʨʭʫʥʩʢʦʛ ʢʚʘʣʠʪʝʪʘ ʧʦʩʪʦʿʘˁʝ, 1-2 ʨʫʧʝ ʿʝ ʥʝʠʟʙʝʞʥʦ. ʉʚʦʿʩʪʚʘ HDPE 

ʟʘʚʠʩʝ ʦʜ ʬʫʥʢʮʠʿʝ ʚʨʝʤʝʥʘ, ʧʘ ʪʘʢʦ ʩʘ ʦʜʤʠʮʘˁʝʤ ʚʨʝʤʝʥʘ ʜʦʣʘʟʠ ʠ ʜʦ ʜʝʛʨʘʜʘʮʠʿʝ 

ʦʙʣʦʛʝ ʦʜ ʧʦʣʠʝʪʠʣʝʥʘ ʚʠʩʦʢʝ ʛʫʩʪʠʥʝ HDPE. ʇʨʝʜʣʦʞʠʣʠ ʩʫ ʩʢʫʧ ʿʝʜʥʘʯʠʥʘ ʟʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʙʨʟʠʥe ʠ ʧʨʦʮʝʥʘʪ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʦʰʪʝ˂ʝʥʫ ʛʝʦʤʝʤʙʨʘʥʫ 

[1]. 

Carey et al. ʩʫ ʧʨʝʧʦʨʫʯʠʣʠ ʤʠʥʠʤʘʣʥʫ ʜʝʙˀʠʥʫ ʧʨʚʦʛ ʩʣʦʿʘ ʦʙʣʦʛʝ ʦʜ 2 mm ʢʘʢʦ ʙʠ ʩʝ 

ʦʙʝʟʙʝʜʠʣʘ ʚʝ˂ʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʨʦʜʦʨ ʧʦʣʫʪʘʥʘʪʘ ʠ ʧʦʚʝ˂ʘʦ ʦʪʧʦʨ ʦʙʣʦʛʝ ʥʘ ʢʠʜʘˁʝ ʠ 

ʧʨʦʙʠʿʘˁʝ [4].  

Katsumi et al. ʩʫ ʩʧʨʦʚʝʣʠ ʠʩʪʨʘʞʠʚʘˁʝ ʦ ʢʦʤʧʦʟʠʪʥʦʤ ʩʣʦʿʫ ʦʙʣʦʛʝ ʢʦʿʠ ʩʘʜʨʞʠ 

ʛʝʦʤʝʤʙʨʘʥʫ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʛʣʠʥʝʥʦʤ ʦʙʣʦʛʦʤ ʠ ʢʦʨʠʩʪʠ ʧʨʝʜʥʦʩʪʠ ʠ ʿʝʜʥʦʛ ʠ ʜʨʫʛʦʛ 

ʩʣʦʿʘ ʦʙʣʦʛʝ. ɻʝʦʤʝʤʙʨʘʥʘ ʦʛʨʘʥʠʯʘʚʘ ʧʦʜʨʫʯʿʝ ʢʨʦʟ ʢʦʿʝ ʧʨʦʣʘʟʠ ʧʨʦʮʝʜʥʘ ʚʦʜʘ, ʘ 

ʦʙʣʦʛʘ ʦʜ ʛʣʠʥʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʠʩʧʦʜ ʛʝʦʤʝʤʙʨʘʥʝ ʤʠʥʠʤʠʟʠʨʘ ʮʫʨʝˁʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ 

ʢʨʦʟ ˁʝʥʝ ʜʝʬʝʢʪʝ. ʇʨʝʜʣʦʞʠʣʠ ʩʫ ʜʚʘ ʧʨʠʤʘʨʥʘ ʤʝʭʘʥʠʟʤʘ ʟʘ ʪʨʘʥʩʧʦʨʪ ʟʘʛʘʹʫʿʫ˂ʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʢʨʦʟ ʛʝʦʤʝʤʙʨʘʥʝ, ʮʫʨʝˁʝʤ ʢʨʦʟ ʨʫʧʝ ʠ ʜʠʬʫʟʠʿʦʤ ʢʨʦʟ ʛʝʦʤʝʤʙʨʘʥʫ. ʈʫʧʝ 

ʠ ʜʝʬʝʢʪʠ ʫ ʛʝʦʤʝʤʙʨʘʥʠ ʩʫ ʫʛʣʘʚʥʦʤ ʫʟʨʦʢʦʚʘʥʝ ʥʝʜʦʩʪʘʮʠʤʘ ʫ ʛʝʦʤʝʤʙʨʘʥʩʢʠʤ 

ʰʘʚʦʚʠʤʘ, ʜʦʢ ʩʫ ʧʫʢʦʪʠʥʝ ʧʨʦʫʟʨʦʢʦʚʘʥʝ ʦʜ ʦʰʪʨʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʠʩʧʦʜ 

ʛʝʦʤʝʤʙʨʘʥʩʢʝ ʦʙʣʦʛʝ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʩʝ ʜʦʰʣʦ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʩʫ ʢʦʤʧʦʟʠʪʥʠ ʣʠʥʠʿʩʢʠ 

ʩʠʩʪʝʤʠ ʦʙʣʦʛʘ ʝʬʠʢʘʩʥʠʿʠ ʫ ʟʘʜʨʞʘʚʘˁʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʦʜ ʪʨʘʥʩʧʦʨʪʘ ʫ ʧʦʜʟʝʤʥʝ ʚʦʜʝ 

ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʙʠʣʦ ʢʦʿʠʤ ʧʦʿʝʜʠʥʘʯʥʠʤ ʩʣʦʿʝʤ ʛʣʠʥʝ ʠʣʠ ʛʝʦʤʝʤʙʨʘʥʝ [5].  
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Foose et al. ʩʫ ʦʙʿʘʩʥʠʣʠ ʜʘ ʩʝ ʧʨʦʪʦʢ ʢʨʦʟ ʢʦʤʧʦʟʠʪʥʝ ʩʠʩʪʝʤʝ ʦʙʣʦʛʘ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ 

ʧʨʦʮʝʩʘ [42]: 

1. ʢʨʝʪʘˁʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʨʦʟ ʜʝʬʝʢʪ ʫ ʛʝʦʤʝʤʙʨʘʥʠ,  

2. ʧʨʦʪʦʢ ʢʨʦʟ ʤʝʹʫʬʘʟʥʫ ʧʦʚʨʰʠʥʫ ʟʦʥʘ ʠʟʤʝʹʫ ʛʝʦʤʝʤʙʨʘʥʝ ʠ ʣʠʥʠʿʝ ʪʣʘ, ʠ  

3. ʧʨʦʪʦʢ ʢʨʦʟ ʣʠʥʠʿʫ ʪʣʘ.  

Bonaparte et al. ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ ʰʝʤʫ ʠʜʝʘʣʠʟʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʟʘʜʨʞʘʚʘˁʝ ʯʚʨʩʪʦʛ 

ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʠ. ɽɹʉ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʢʦʥʪʨʦʣʫ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ 

ʜʝʧʦʥʠʿʩʢʠʭ ʛʘʩʦʚʘ. ɽɹʉ ʢʦʤʧʦʥʝʥʪʝ ʩʘʜʨʞʝ ʜʦˁʝ ʙʘʨʠʿʝʨʝ, ʧʦʢʨʠʚʘʯʝ ʠ ʙʦʯʥʝ ʙʘʨʠʿʝʨʝ 

ʠ ʜʠʟʘʿʥʠʨʘʥʝ ʟʘ ʢʦʥʪʨʦʣʫ ʤʠʛʨʘʮʠʿʝ ʘʜʚʝʢʪʠʚʥʠʭ ʟʘʛʘʹʫʿʫ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ. ʆʙʣʦʛʝ ʩʫ 

ʧʨʝ ʩʚʝʛʘ ʥʘʤʝˁʝʥʝ ʩʧʨʝʯʘʚʘˁʫ ʠʥʬʠʣʪʨʘʮʠʿʝ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ ʫ ʦʪʧʘʜ ʠ ʯʠʥʝ ʦʪʧʘʜ 

ʤʘˁʝ ʰʪʝʪʥʠʤ ʟʘ ˀʫʜʝ ʠ ʝʢʦʩʠʩʪʝʤ ʜʝʩʝʪʠʥʘʤʘ ʩʪʦʪʠʥʘ ʠʣʠ ʭʠˀʘʜʘ ʛʦʜʠʥʘ [43]. 

ʇʨʠʤʘʨʥʘ ʩʚʨʭʘ ʣʠʥʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʙʘʨʠʿʝʨʘ ʿʝ ʠʟʦʣʘʮʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʦʜ ʦʢʦʣʠʥʝ ʠ ʟʙʦʛ ʟʘʰʪʠʪʝ ʪʣʘ, ʧʦʚʨʰʠʥʝ, ʠ ʟʘʛʘʹʝˁʘ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ 

[44]. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʩʝ ʜʦʣʘʟʠ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʙʣʦʛʝ ʟʘ ʜʝʧʦʥʠʿʫ 

ʤʦʨʘ ʙʠʪʠ ʜʠʟʘʿʥʠʨʘʥ ʥʘ ʦʩʥʦʚʫ ʣʦʢʘʮʠʿʝ, ʛʝʦʣʦʛʠʿʝ, ʜʫʙʠʥʝ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, ʚʨʩʪʝ 

ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʫ ʠ ʨʝʛʠʦʥʘʣʥʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʦʜʘʪʘʢʘ, ʢʦʿʠ 

ʫʢˀʫʯʫʿʫ ʧʘʜʘʚʠʥʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʨʫʛʝ ʚʨʝʤʝʥʩʢʝ ʧʘʨʘʤʝʪʨʝ.  

ʇʨʚʠ ʩʣʦʿ ʦʙʣʦʛʝ ʪʨʝʙʘ ʜʘ ʠʤʘ ʥʠʩʢʫ ʧʦʧʫʩʪˀʠʚʦʩʪ ʠ ʬʠʟʠʯʢʫ ʩʥʘʛʫ ʜʘ ʠʟʜʨʞʠ ʠ 

ʢʨʘʪʢʦʪʨʘʿʥʘ ʠ ʜʫʛʦʪʨʘʿʥʘ ʤʝʭʘʥʠʯʢʘ ʥʘʧʨʝʟʘˁʘ [45].  

Mishra et al. ʩʫ ʩʧʨʦʚʝʣʠ ʩʪʫʜʠʿʫ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʨʠʟʠʢʘ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ ʟʙʦʛ 

ʢʦʥʪʘʤʠʥʘʮʠʿʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʯʚʨʩʪʠʤ ʦʪʧʘʜʦʤ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʢʦʨʠʩʪʝ˂ʠ ʚʠʰʝ 

ʩʠʤʫʣʘʮʠʿʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʠʩʪʝʤʝ ʦʙʣʦʛʘ. ɼʘ ʙʠ ʩʝ ʢʚʘʥʪʠʬʠʢʦʚʘʣʝ ʚʘʨʠʿʘʮʠʿʝ ʫ 

ʟʜʨʘʚʩʪʚʝʥʠʤ ʨʠʟʠʮʠʤʘ ʟʘ ʧʦʪʨʦʰˁʫ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʟʘ ʜʝʮʫ ʠ ʦʜʨʘʩʣʫ ʧʦʧʫʣʘʮʠʿʫ, 

ʦʜʘʙʨʘʥʘ ʿʝ ʜʝʧʦʥʠʿʘ Navi Mumbai ʫ ʀʥʜʠʿʠ. ʄʦʜʝʣ LandSim, ʢʦʨʠʰ˂ʝʥ ʿʝ ʟʘ ʩʠʤʫʣʘʮʠʿʫ 

ʜʝʧʦʥʠʿʩʢʠʭ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʤʝʥʩʢʝ ʧʝʨʠʦʜʝ ʠ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʧʦ ʟʜʨʘʚˀʝ 

ˀʫʜʠ ʦʜ ʦʜʘʙʨʘʥʠʭ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʧʨʦʮʝʜʥʦʿ ʚʦʜʠ. ʅʘ ʩʣʠʮʠ 2.1 

ʧʨʠʢʘʟʘʥʦ ʿ ʝ ʧʦʨʝʹʝˁʝ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʩʠʩʪʝʤʠʤʘ ʦʙʣʦʛʘ (ʢʘʜʘ 

ʥʝʤʘ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ, ʩʘ ʿʝʜʥʠʤ ʩʣʦʿʝʤ ʛʣʠʥʝʥʝ ʦʙʣʦʛʝ, ʩʘ HDPE ʦʙʣʦʛʦʤ ʠ 

ʢʦʤʧʦʟʠʪʥʦʤ ʦʙʣʦʛʦʤ) [30]. 
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ʉʣʠʢʘ 2.1 ʇʦʨʝʹʝˁʝ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʩʠʩʪʝʤʘ ʦʙʣʦʛʘ 

[30] 

ʅʘ ʩʣʠʮʠ 2.2. ʧʨʠʢʘʟʘʥʝ ʩʫ ʫʧʦʨʝʜʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʤʝʪʘʣʘ 

ʫ ʪʦʢʫ ʚʨʝʤʝʥʘ ʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʩʠʩʪʝʤʘ ʦʙʣʦʛʘ. 

 

ʉʣʠʢʘ 2.2. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʠʩʪʝʤʘ ʦʙʣʦʛʘ [30] 
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ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʩʠʩʪʝʤʠ ʦʙʣʦʛʘ ʙʠʣʠ ʠʟʫʟʝʪʥʦ ʝʬʠʢʘʩʥʠ ʫ 

ʩʧʨʝʯʘʚʘˁʫ ʧʨʦʪʦʢʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʜʦ ʧʝʨʠʦʜʫ ʢʦʥʪʨʦʣʝ ʫʧʨʘʚˀʘˁʘ ʜʝʧʦʥʠʿʦʤ (30 

ʛʦʜʠʥʘ). ʄʝʹʫʪʠʤ, ʜʫʛʦʨʦʯʥʦ, ʤʠʛʨʘʮʠʿʘ ʢʨʦʟ ʛʣʠʥʝʥʠ ʦʤʦʪʘʯ, HDPE ʦʙʣʦʛʫ ʠ 

ʢʦʤʧʦʟʠʪʥʫ ʦʙʣʦʛʫ ʜʦʩʪʠʛʣʘ ʿʝ ʥʘʿʚʝ˂ʫ ʚʨʝʜʥʦʩʪ ʥʘʢʦʥ 120, 150 ʠ 180 ʛʦʜʠʥʘ, 

ʨʝʩʧʝʢʪʠʚʥʦ.  

Madear et al. ʩʫ ʫ ʩʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʜʣʦʞʠʣʠ ʨʝʰʝˁʝ ʟʘ ʠʟʙʦʨ ʩʠʩʪʝʤʘ ʦʙʣʦʛʘ ʫ ʪʝʣʫ 

ʜʝʧʦʥʠʿʘ ʠ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ɻʝʥʝʨʠʩʘʥʝ ʢʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʫ 

ʠʟʨʘʯʫʥʘʪʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʦ ʣʦʢʘʣʥʠʤ ʧʘʜʘʚʠʥʘʤʘ ʢʦʨʠʩʪʝ˂ʠ ʥʘʧʨʝʜʥʠ ʩʦʬʪʚʝʨ 

LandSim ʟʘ ʭʠʜʨʦʣʦʰʢʦ ʤʦʜʝʣʠʨʘˁʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ ʜʝʧʦʥʠʿʘ ʠ ʧʨʦʮʝʥʫ ʧʦʪʝʥʮʠʿʘʣʥʦʛ 

ʧʨʦʮʝʹʠʚʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʧʦʜʟʝʤʥʝ ʚʦʜʝ. ʄʦʜʝʣʠ ʩʫ ʧʨʝʜʚʠʜʝʣʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ 

ʧʨʠʦʨʠʪʝʪʥʠʭ ʧʦʣʫʪʘʥʘʪʘ ʊʉɽ - ʪʨʠʭʣʦʨʦʝʪʝʥ ʠ ʘʤʦʥʠʿʫʤ ʿʦʥʘ ʢʘʦ ʧʨʠʢʣʘʜʥʝ. ʊʘʯʢʘ 

ʧʨʦʜʦʨʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʟʘ ʩʫʧʩʪʘʥʮʫ ʪʨʠʭʣʦʨʦʝʪʝʥ ʥʘʣʘʟʠʣʘ ʩʝ ʫ ʦʩʥʦʚʠ ʚʝʨʪʠʢʘʣʥʦʛ 

ʧʫʪʘ. ʊʘʯʢʘ ʧʨʦʜʦʨʘ ʟʘ ʩʫʧʩʪʘʥʮʫ ʘʤʦʥʠʿʫʤ ʿʦʥ ʿʝ 100 m ʥʠʟ ʠʚʠʮʫ ʦʪʧʘʜʘ ʫʥʫʪʘʨ 

ʜʝʧʦʥʠʿʝ. ʈʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʧʦʢʘʟʘʣʠ ʩʫ ʠ ʜʘ ʿʝ ʩʧʨʝʯʝʥʦ ʜʠʨʝʢʪʥʦ ʠʩʧʫʰʪʘˁʝ 

ʩʫʧʩʪʘʥʮʝ ʩʘ ʣʠʩʪʝ 1 ( TCE ï trichloroethene) ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʫ 

ʧʦʜʟʝʤʥʝ ʚʦʜʝ. ʈʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʟʘ ʩʫʧʩʪʘʥʮʝ ʩʘ ʣʠʩʪʝ 2 (ʘʤʦʥʠʿʫʤ ʿʦʥ) ʫ 

ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʠʩʪʝʤʠ ʦʙʣʦʛʘ (HDPE) ʥʘ ʜʝʧʦʥʠʿʠ ʩʧʨʝʯʘʚʘʿʫ 

ʟʘʛʘʹʠʚʘˁʝ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ [37]. 

Sun et al. ʩʫ ʩʧʨʦʚʝʣʠ ʠʩʪʨʘʞʠʚʘˁʝ ʢʘʢʦ ʙʠ ʫʪʚʨʜʠʣʠ ʫʪʠʮʘʿ ʩʪʘʨʝˁʘ ʛʝʦʤʝʤʙʨʘʥʝ ʥʘ 

ʜʫʛʦʨʦʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʜʝʧʦʥʠʿʘ ʦʧʘʩʥʦʛ ʦʪʧʘʜʘ ʫ ʿʫʛʦʟʘʧʘʜʥʦʿ ʂʠʥʠ ʢʦʨʠʩʪʝ˂ʠ 

ʢʦʤʙʠʥʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ HELP ʠ LandSim ʤʦʜʝʣʠʤʘ. ʊʝʨʝʥʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ 

ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʛʝʦʤʝʤʙʨʘʥʘ ʧʦʯʝʣʘ ʜʘ ʩʪʘʨʠ ʥʘʢʦʥ ʜʚʝ ʛʦʜʠʥʝ ʨʘʜʘ ʜʝʧʦʥʠʿʝ. ɼʘˀʘ 

ʩʠʤʫʣʘʮʠʿʘ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʟʙʦʛ ʜʝʛʨʘʜʘʮʠʿʝ ʧʝʨʬʦʨʤʘʥʩʠ ʛʝʦʤʝʤʙʨʘʥʝ ʢʦʿʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ 

ʩʪʘʨʝˁʝʤ ʤʘʪʝʨʠʿʘʣʘ ʠ ʨʘʟʚʦʿʝʤ ʜʝʬʝʢʘʪʘ, ʮʫʨʝˁʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʧʦʚʝ˂ʘʥʦ ʿʝ ʩʘ 0,05 m3/d 

ʫ ʧʦʯʝʪʢʫ ʥʘ 13,6 m3/d ʫ ʩʨʝʜʠʰˁʝʤ ʧʝʨʠʦʜʫ ʠ 32,5 m3/d ʜʫʛʦʨʦʯʥʦ (ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 

2.3) [31]. 
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ʉʣʠʢʘ 2.3 ʉʪʦʧʘ ʮʫʨʝˁʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ (3,5,10,30 ʠ 100 

ʛʦʜʠʥʘ ʨʘʜʘ ʜʝʧʦʥʠʿʝ) [31] 

ʋʪʠʮʘʿ ʮʫʨʝˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʦʢʦʣʥʝ ʧʦʜʟʝʤʥʝ ʚʦʜʝ ʙʠʦ ʿʝ ʢʨʘʪʢʦʨʦʯʥʦ ʤʘʣʠ, ʩʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʢʦʤʧʦʥʝʥʪʠ ʙʣʠʟʫ 0, ʠ ʧʦʯʝʦ ʜʘ ʨʘʩʪʝ ʫ ʩʨʝʜʠʰˁʝʤ ʧʝʨʠʦʜʫ, ʢʘʜʘ ʿʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘʛʘʹʝˁʘ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ 200 m ʧʨʝʤʘʰʠʣʘ 80%, ʠʘʢʦ ʿʝ ʥʘ 400 m ʦʩʪʘʣʦ 

ʙʣʠʟʫ 0. ʋʪʠʮʘʿ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʝ ʥʘʩʪʘʚʠʦ ʧʦʚʝ˂ʘʚʘʪʠ ʥʘ ʜʫʞʠ ʨʦʢ, ʢʘʜʘ ʿʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘʛʘʹʝˁʘ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʫ ʪʘʯʢʠ ʫʜʘˀʝʥʦʩʪʠ 1000 m ʜʦʩʪʠʛʣʘ ʯʘʢ 100%. 

ʄʝʪʦʜʘ ʟʘ ʘʥʘʣʠʟʫ ʜʠʩʧʝʨʟʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʠʟʘʟʚʘʥʠʭ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʥʘ 

ʜʝʧʦʥʠʿʠ ɱʘʮʘʨʝʟʠʥʭʦ (Jacarezinho) ʨʘʟʚʠʿʝʥa ʿʝ ʫ ʯʝʪʠʨʠ ʢʦʨʘʢʘ [27]. ʇʨʚʦ ʿʝ 

ʫʩʧʦʩʪʘʚˀʝʥʘ ʚʝʟʘ ʠʟʤʝʹʫ ʪʦʧʦʛʨʘʬʩʢʠʭ, ʭʠʜʨʦʣʦʰʢʠʭ, ʛʝʦʣʦʰʢʠʭ ʠ ʭʠʜʨʦʛʝʦʣʦʰʢʠʭ 

ʧʦʜʘʪʘʢʘ, ʩʘ ʧʦʜʘʮʠʤʘ ʩʘ ʠʩʧʠʪʠʚʘʥʦʛ ʧʦʜʨʫʯʿʘ. ʋ ʜʨʫʛʦʿ ʬʘʟʠ ʿʝ ʨʘʟʚʠʿʝʥ ʥʫʤʝʨʠʯʢʠ 

ʤʦʜʝʣ ʢʨʦʟ ʩʦʬʪʚʝʨ MODFOLOW ʠ MTZDMS. ʋ ʪʨʝ˂ʦʿ ʬʘʟʠ, ʫʩʧʦʩʪʘʚˀʝʥ ʿʝ ʤʦʜʝʣ 

ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʠ ʚʘʣʠʜʘʮʠʿʝ. ʋ ʧʦʩʣʝʜˁʦʿ ʬʘʟʠ ʿʝ ʠʟʚʨʰʝʥʘ ʩʠʤʫʣʘʮʠʿʘ, ʫʪʚʨʹʫʿʫ˂ʠ 

ʫʪʠʮʘʿ ʜʠʩʧʝʨʟʠʿʝ ʠ ʨʘʟʨʘʹʫʿʫ˂ʠ ʠʟʚʝʰʪʘʿ ʠ ʢʨʠʪʠʯʢʫ ʘʥʘʣʠʟʫ ʨʝʟʫʣʪʘʪʘ ʤʦʜʝʣʠʨʘˁʘ. 

ʄʝʪʘʣʠ ʭʨʦʤʘ, ʦʣʦʚʘ, ʙʘʢʨʘ ʠ ʮʠʥʢʘ ʙʠʣʠ ʩʫ ʧʨʠʩʫʪʥʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʠʟ ʦʪʧʘʜʥʠʭ 

ʚʦʜʘ ʜʝʧʦʥʠʿʝ ʫ ɱʘʮʘʨʝʟʠʥʭʫ ʠ ʤʦʜʝʣʠʨʘʥʠ ʩʫ ʧʫʪʝʤ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʤʦʜʝʣʘ ʢʦʿʠ ʿʝ ʫʟʝʦ 

ʫ ʦʙʟʠʨ ʩʪʚʘʨʥʝ ʧʘʨʘʤʝʪʨʝ ʭʠʜʨʦʣʦʛʠʿʝ, ʛʝʦʣʦʛʠʿʝ, ʪʦʧʦʛʨʘʬʠʿʝ ʠ ʭʠʜʨʦʛʝʦʣʦʛʠʿʝ. 

ʈʝʟʫʣʪʘʪʠ ʩʫ ʜʦʙʠʿʝʥʠ ʨʘʯʫʥʩʢʦʤ ʥʫʤʝʨʠʯʢʦʤ ʩʠʤʫʣʘʮʠʿʦʤ ʫ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ 

ʦʜ 1, 5, 10, 25 ʠ 50 ʛʦʜʠʥʘ ʥʘ ʜʚʝ ʦʩʤʘʪʨʘʯʢʝ ʪʘʯʢʝ, ʇ1 ʠ ʇ2 (ʩʣʠʢʘ 2.4). ʋ ʧʦʩʣʝʜˁʝʤ 

ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ, ʦʜ 50. ʛʦʜʠʥʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʨʝʮʠ ʆʫʨʦ ɻʨʘʥʜʝ (ʇ2) 

ʙʠʣʝ ʩʫ ʫ ʧʨʦʩʝʢʫ 0,006% ʦʜ ʧʦʯʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʥʘʹʝʥʝ ʫ ʠʟʚʦʨʫ.  
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ɼʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʥʘʿʚʝ˂ʠ ʧʦʨʘʩʪ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʢʦʤʧʦʥʝʥʪʠ ʿʘʚˀʘ ʠʟʤʝʹʫ 5. ʠ 10. 

ʛʦʜʠʥʝ ʠ ʜʦʣʘʟʠ ʜʦ ʥʘʿʤʘˁʝʛ ʧʦʚʝ˂ʘˁʘ ʠʟʤʝʹʫ 25. ʠ 50. ʛʦʜʠʥʝ. ʄʘʩʝʥʠ ʧʨʦʪʦʢ ʮʠʥʢʘ 

ʠʟʥʦʩʠʦ ʿʝ 0,004 kg ʛʦʜʠʰˁʝ, ʰʪʦ ʿʝ ʦʟʥʘʯʘʚʘʣʦ ʩʝʜʘʤ ʧʫʪʘ ʚʝ˂ʠ ʧʨʦʪʦʢ ʦʜ ʦʩʪʘʣʠʭ 

ʘʥʘʣʠʟʠʨʘʥʠʭ ʢʦʤʧʦʥʝʥʪʠ. 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʦʜʨʝʹʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʜʝʧʦʥʠʿʘʤʘ, ʧʨʦʮʝʜʥʠʤ 

ʚʦʜʘʤʘ ʠ ˁʠʭʦʚʦʤ ʩʘʩʪʘʚʫ. 

ɴʘʣʠ˂ ʠ ʩʘʨʘʜʥʠʮʠ ʩʫ ʚʨʠhʣʠ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʠʤʝʥʦʤ TCLP ʤʝʪʦʜʝ (Toxicity 

Characteristic Leaching Procedure) ʫʟʦʨʘʢʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʝ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ 

ʢʦʿʠ ʩʫ ʙʠʣʠ ʦʜʣʦʞʝʥʠ 6, 12 ʦʜʥʦʩʥʦ 24 ʤʝʩʝʮʘ ʧʨʝ ʫʟʦʨʢʦʚʘˁʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʦʜʨʝʹʠʚʘʦ 

ʩʪʝʧʝʥ ʟʘʛʘʹʝˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʦʪʧʘʜʦʤ ʢʦʿʠ ʿʝ ʦʜʣʦʞʝʥ ʥʘ ʜʝʧʦʥʠʿʫ. ʋ 

ʨʘʜʫ ʩʝ ʫʪʚʨʹʠʚʘʣʦ ʤʝˁʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʝʧʝʥʘ 

ʨʘʟʛʨʘʜˁʝ ʦʪʧʘʜʘ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʝʢhʠʭ ʤʝʪʘʣʘ (Cu, Cd, 

Pb, Zn), ʭʣʦʨʠʜʘ, ʩʫʣʬʘʪʘ, ʘʤʦʥʠʿʘʢʘ, ʥʠʪʨʘʪʘ ʠ ʥʠʪʨʠʪʘ ʙʠʣʝ ʥʠʩʢʝ, ʠ ʥʠʩʫ ʩʝ ʟʥʘʪʥʦ 

ʨʘʟʣʠʢʦʚʘʣʝ ʟʘ ʫʟʦʨʢʝ ʨʘʟʣʠʯʠʪʝ ʩʪʘʨʦʩʪʠ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʝ  

ʚʨʝʜʥʦʩʪ pH ʠ  HPK (ʭʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁ ʘ ʢʠʩʝʦʥʠʢʘ) ʤʝˁʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘʨʦʩʪʠ 

ʠʩʧʠʪʠʚʘʥʦʛ ʦʜʣʦʞʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʥʦʩʥʦ ʜʦʩʪʠʛʥʫʪʦʛ ʩʪʝʧʝʥʘ ʩʪʘʙʠʣʠʟʘʮʠʿʝ [46]. 

ɺʫʿʠ˂ ʿʝ ʩʧʨʦʚʝʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʦʢʚʠʨʫ ʌʘʢʫʣʪʝʪʘ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ ʫ ʅʦʚʦʤ ʉʘʜʫ ʫ ʢʦʤʝ 

ʩʫ ʠʩʧʠʪʘʥʝ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʚʨʰʠʣʘ ʩʝ  

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʩʪʘʪʫʩʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʥʘ ʚʠʰʝ ʣʦʢʘʣʠʪʝʪʘ ʢʦʿʝ ʩʫ ʥʘ 

ʪʝʨʠʪʦʨʠʿʠ ɸʇ ɺʦʿʚʦʜʠʥʝ. ʊʘʢʦʹʝ ʠʩʧʠʪʠʚʘˁʝ ʿʝ ʜʦʧʨʠʥʝʣʦ ʠ ʫ ʜʦʥʦʰʝˁʫ  ʟʘʢˀʫʯʘʢʘ  

ʟʥʘʯʘʿʥʠʭ  ʟʘ  ʫʩʧʦʩʪʘʚˀʘˁʝ  ʢʦʥʪʠʥʫʘʣʥʦʛ  ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʛʨʘʤʘ ʫ  ʫʧʨʘʚˀʘˁʫ 

ʜʝʧʦʥʠʿʘʤʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ɸʇ ɺʦʿʚʦʜʠʥʝ. ɸʥʘʣʠʟʘ  ʫʟʦʨʘʢʘ  ʜʝʧʦʥʠʿʩʢʠʭ  ʧʨʦʮʝʜʥʠʭ  ʚʦʜʘ  

ʩʘ  ʩʚʠʭ  ʠʩʧʠʪʠʚʘʥʠʭ  ʣʦʢʘʣʠʪʝʪʘ  ʫʢʘʟʠʚʘʣʘ ʿʝ  ʥʘ  ʚʝʣʠʢʦ  ʦʧʪʝʨʝ˂ʝˁʝ  ʚʦʜʘ  ʦʨʛʘʥʩʢʠʤ  

ʤʘʪʝʨʠʿʘʤʘ,  ʰʪʦ  ʟʘ  ʧʦʩʣʝʜʠʮʫ  ʠʤʘ  ʥʠʩʢʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʢʠʩʝʦʥʠʢʘ ʨʘʩʪʚʦʨʝʥʦʛ ʫ ʚʦʜʠ 

ʠ ʫʩʧʦʩʪʘʚˀʘˁʝ ʘʥʘʝʨʦʙʥʠʭ ʫʩʣʦʚʘ ʩʨʝʜʠʥʝ [47]. 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ 2015. ʛʦʜʠʥʝ ʩʝ ʛʦʚʦʨʠʣʦ ʦ ʪʝʭʥʦʣʦʰʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʫ ʜʝʧʦʥʠʿʘ 

[48]. ʂʨʦʟ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʜʘʪ ʧʨʝʛʣʝʜ  ʠ  ʘʥʘʣʠʟʘ  ʜʝʧʦʥʠʿʘ  ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, ʦʧʠʩʘʥʠ 

ʩʫ ʟʥʘʯʘʿʥʠ ʝʣʝʤʝʥʪʠ ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʿʝʢʪʦʚʘˁʘ  ʩʘʚʨʝʤʝʥʠʭ  ʜʝʧʦʥʠʿʘ  ʢʦʿʠ  ʫʢˀʫʯʫʿʫ 

ʧʨʦʮʝʜʫʨʝ ʜʝʧʦʥʦʚʘˁʘ, ʦʙʝʟʙʝʠ́ʚʘˁʝ ʧʨʘʚʠʣʥʠʭ ʙʘʨʠʿʝʨʥʠʭ ʩʠʩʪʝʤʘ ʦʙʣʦʛʘ ʧʨʝʢʨʠʚʥʦʛ 

ʩʣʦʿʘ, ʧʨʘʚʠʣʘʥ ʥʘʯʠʥ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʪʨʝʪʤʘʥ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʥʘ ʢʨʘʿʫ ʩʘʢʫʧˀʘˁʝ, 

ʪʨʝʪʤʘʥ ʠ ʠʩʢʦʨʠʰ˂ʝˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ. ʋ ʨʘʜʫ ʿʝ ʢʦʥʩʪʘʪʦʚʘʥʦ ʜʘ ʧʦʩʪʦʿʝ˂ʝ, 

ʩʘʚʨʝʤʝʥʝ ʜʝʧʦʥʠʿʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʦʿʝʢʪʦʚʘʥʝ ʫ ʩʢʣʘʜʫ ʩʘ 
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ʧʨʦʧʠʩʠʤʘ ʠ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʘ ˁʠʭʦʚʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ. ʋ  ʠʩʪʨʘʞʠʚʘˁʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ 

ʠ  ʩʤʝʨʥʠʮʝ  ʟʘ  ʪʝʭʥʦʣʦʰʢʦ  ʧʨʦʿʝʢʪʦʚʘˁʝ  ʜʝʧʦʥʠʿʘ ʧʦ ʧʨʦʮʝʜʫʨʘʤʘ ʢʦʿʝ  ʩʫ  ʫ ʬʫʥʢʮʠʿʠ 

ʠʩʧʫˁʘʚʘˁʘ ʟʘʭʪʝʚʘ ʠ ʧʨʝʧʦʨʫʢʘ ʥʘʮʠʦʥʘʣʥʠʭ ʠ ʝʚʨʦʧʩʢʠʭ ʧʨʦʧʠʩʘ. 

ɫʦʛʦ ʿʝ ʚʨʰʠʣʘ ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʦʙʫʭʚʘʪʘ ʫʟʦʨʢʦʚʘˁʝ ʠ ʘʥʘʣʠʟʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, 

ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ ʠ ʟʝʤˀʠʰʪʘ ʩʘ 10 ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʣʦʢʘʮʠʿʘ ʜʝʧʦʥʠʿʘ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ, ʥʘ ʧʦʜʨʫʯʿʫ ɸʇ ɺʦʿʚʦʜʠʥʝ. ʉʚʝ ʣʦʢʘʣʠʪʝʪʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ 

ʢʘʨʘʢʪʝʨʠʩʘʦ ʥʝʩʠʩʪʝʤʘʪʠʯʘʥ ʠ ʥʝʫʨʝʹʝʥ ʩʠʩʪʝʤ ʫʧʨʘʚˀʘˁʘ ʧʦʩʝʙʥʠʤ ʪʦʢʦʚʠʤʘ ʦʪʧʘʜʘ. 

ʈʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʘʥʘʣʠʟʦʤ  ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ  ʠ  ʥʝʦʨʛʘʥʩʢʠʭ  ʧʘʨʘʤʝʪʘʨʘ  ʫ  

ʧʨʦʮʝʜʥʦʤ ʚʦʜʘʤʘ  ʧʦʢʘʟʫʿʫ  ʥʠʟʘʢ  ʥʠʚʦ ʪʦʢʩʠʯʥʝ ʩʬʝʨʝ ʥʘ ʠʩʪʨʘʞʝʥʠʤ ʜʝʧʦʥʠʿʘʤʘ.  

ʀʩʧʠʪʠʚʘʥʝ ʣʦʢʘʮʠʿʝ  ʙʠʣʝ ʩʫ  ʫ  ʤʝʪʘʥʦʛʝʥʦʿ  ʬʘʟʠ  ʟʘ ʢʦʿʫ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ  ʩʧʦʨʘ 

ʙʠʦʣʦʰʢʘ ʨʘʟʛʨʘʜˁʘ ʦʨʛʘʥʩʢʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʥʠʟʘʢ ʥʠʚʦ BPʂ5  ʠ HPʂ ʚʨʝʜʥʦʩʪʠ [49]. 

ɷʦʣʝʚ ʿʝ ʫ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʩʪʨʘʞʠʚʘʦ ʝʥʝʨʛʝʪʩʢʦ ʠʩʢʦʨʠʰ˂ʝˁʝ 

ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʩʘ ʨʝʮʠʨʢʫʣʘʮʠʿʦʤ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʛʜʝ ʿʝ 

ʠʟʚʝʜʝʥ ʿʝʜʘʥ ʦʜ ʟʘʢˀʫʯʘʢʘ ʜʘ ʨʝʮʠʨʢʫʣʘʮʠʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʤʦʞʝ ʜʘ ʠʤʘ ʥʝʛʘʪʠʚʘʥ  

ʫʪʠʮʘʿ  ʥʘ  ʧʨʦʜʫʢʮʠʿʫ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ ʫ ʩʣʫʯʘʿʫ ʧʘʜʘ ˁʝʛʦʚʝ pH ʚʨʝʜʥʦʩʪʠ. ʇʘʜ  pH 

ʚʨʝʜʥʦʩʪʠ  ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ  ʤʦʛʘʦ  ʿʝ  ʝʚʝʥʪʫʘʣʥʦ  ʜʘ  ʠʟʘʟʦʚʝ  ʧʦʨʝʤʝ˂ʘʿ   ʤʝʪʘʥʦʛʝʥʠʭ  

ʧʨʦʮʝʩʘ  ʠ ʩʤʘˁʝˁʝ   ʧʨʦʜʫʢʮʠʿʝ   ʜʝʧʦʥʠʿʩʢʦʛ   ʛʘʩʘ,   ʢʘʦ   ʰʪʦ   ʙʠ   ʧʦʚʝ˂ʘˁʝ   pH   

ʚʨʝʜʥʦʩʪʠ  ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʝʚʝʥʪʫʘʣʥʦ ʤʦʛʣʦ ʜʘ ʠʤʘ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʧʦʚʝ˂ʘˁʝ 

ʧʨʦʪʦʢʘ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʢʠʩʝʣʘ ʩʨʝʜʠʥʘ ʥʠʿʝ ʧʦʛʦʜʥʘ ʟʘ 

ʨʘʟʚʦʿ  ʤʝʪʘʥʦʛʝʥʠʭ ʙʘʢʪʝʨʠʿʘ [50].  

ʂʨʯʤʘʨ ʿʝ 2018. ʛʦʜʠʥʝ ʠʟʚʨʰʠʦ ʠʩʪʨʘʞʠʚʘˁʝ  ʦ ʢʚʘʣʠʪʝʪʫ ʧʦʜʟʝʤʥʠʭ ʠ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʛʨʘʜʩʢʝ ʜʝʧʦʥʠʿʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ. ʇʨʠʤʝʥʦʤ LWPI ʠ Nemerow-ʦʛ ʠʥʜʝʢʩʘ 

ʫʩʪʘʥʦʚˀʝʥ ʿʝ ʪʨʝʥʜ ʩʤʘˁʝˁʘ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʛʨʘʜʩʢʝ ʜʝʧʦʥʠʿʝ ʥʘ ʧʦʜʟʝʤʥʝ ʚʦʜʝ ʠ 

ʧʨʠʤʝʥʦʤ LPI i Nemerow-ʦʛ ʠʥʜʝʢʩʘ ʫʩʪʘʥʦʚˀʝʥ ʧʦʨʘʩʪ ʩʘʜʨʞʘʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ 

ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʜʝʧʦʥʠʿʝ. ʇʨʝʛʣʝʜʦʤ  ʜʦʙʠʿʝʥʠʭ  ʚʨʝʜʥʦʩʪʠ  ʢʦʨʠʰ ʝ˂ʥʠʭ ʠʥʜʝʢʩʘ ʫ 

ʨʘʜʫ ʩʝ ʜʦʣʘʟʠ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ  ʩʝ  ʫʩʧʦʩʪʘʚˀʘˁʝʤ  ʢʦʥʪʨʦʣʝ  ʟʘʛʘʝ́ˁʘ  ʩʘ  ʜʝʧʦʥʠʿʝ  ʤʦʞʝ  

ʫ  ʨʝʣʘʪʠʚʥʦ  ʢʨʘʪʢʦʤ  ʧʝʨʠʦʜʫ  ʩʤʘˁʠʪʠ  ʥʝʛʘʪʠʚʥʠ  ʫʪʠʮʘʿ  ʥʘ  ʧʦʜʟʝʤʥʫ  ʚʦʜʫ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʿʦʤ  ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ  ʧʦʣʫʪʘʥʘʪʘ  ʧʦʜʟʝʤʥʝ  ʚʦʜʝ  ʧʦʜ  ʫʪʠʮʘʿʝʤ  ʜʝʧʦʥʠʿʝ  

ʠ  ʜʝʧʦʥʠʿʩʢʝ  ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʤʦʛʫʝ˂   ʿʝ   ʠʟʜʚʦʿʠʪʠ   ʧʘʨʘʤʝʪʨʝ   ʢʦʿʝ   ʿʝ   ʧʦʪʨʝʙʥʦ   

ʫʯʝʩʪʘʣʠʿʝ   ʧʨʘʪʠʪʠ   ʢʦʥʪʠʥʫʘʣʥʠʤ ʤʦʥʠʪʦʨʠʥʛʦʤ [51]. 

Toġiĺ et al. ʩʫ ʠʟʚʝʣʠ ʠʩʪʨʘʞʠʚʘˁʝ ʦ ʪʨʝʪʤʘʥʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʤʝʪʦʜʦʤ ʨʝʚʝʨʩʥʝ ʦʩʤʦʟʝ 

ʥʘ ʜʝʧʦʥʠʿʠ ɾʝˀʢʦʚʘʮ. ʋ ʨʘʜʫ ʩʝ ʠʩʧʠʪʫʿʝ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʯʠʰ˂ʘʚʘˁʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʠ 
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ʧʨʠʢʘʟʫʿʫ ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʥʝ ʧʨʝʣʘʟʝ ʜʦʟʚʦˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʙʠʣʦ ʢʦʤ ʩʝʛʤʝʥʪʫ. ʄʝʪʦʜʘ 

ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʩʘ ʚʝʦʤʘ ʚʠʩʦʢʠʤ ʥʠʚʦʦʤ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʯʠʰ˂ʘʚʘˁʘ ʠ ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ 

ʿʝ ʦʚʘ ʚʨʩʪʘ ʤʝʪʦʜʝ ʪʨʝʪʤʘʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʧʨʠʭʚʘʪˀʠʚʘ ʠ ʧʨʠʤʝˁʠʚʘ ʥʘ ʙʠʣʦ ʢʦʿʫ 

ʚʨʩʪʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʚʨʩʪʫ ʢʦʥʪʘʤʠʥʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʰʪʦ ʥʠʿʝ ʩʣʫʯʘʿ 

ʩʘ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤʘ [52]. 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ,  Petroviĺ et al. [32], ʩʫ 2023. ʛʦʜʠʥʝ ʠʟʚʝʣʠ ʠʩʪʨʘʞʠʚʘˁʝ ʫ 

ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ LandSim ʢʦʿʝ ʿʝ ʠʤʘʣʦ ʟʘ ʮʠˀ ʜʘ ʧʨʫʞʠ ʫʚʠʜ ʫ ʧʦʜʘʪʢʝ ʦ ʤʠʛʨʘʮʠʿʠ, 

ʩʘʩʪʘʚʫ ʠ ʚʨʝʤʝʥʫ ʧʫʪʦʚʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʢʘʦ ʠ ʜʘ ʫʢʘʞʝ ʥʘ ʟʥʘʯʘʿ EBS (ɽngineered 

Barrier Systems ï ʩʠʩʪʝʤʝ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ) ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʪʠ 

ʫ ʧʨʦʮʝʜʥʦʿ ʜʝʧʦʥʠʿʩʢʦʿ ʚʦʜʠ ʥʘ ʙʘʟʠ ʥʝʟʘʩʠ˂ʝʥʝ ʟʦʥʝ ʠ ʠʟʚʘʥ ˁʝ, ʟʘ ʨʝʘʣʥʠ ʩʮʝʥʘʨʠʦ ʩʘ 

ʢʦʤʧʦʟʠʪʥʠʤ ʦʙʣʦʛʘʤʘ (EBS) ʠ ʥʘʿʛʦʨʠ ʩʮʝʥʘʨʠʦ ʙʝʟ ʦʙʣʦʛʘ (NO EBS) ʢʘʦ ʩʣʫʯʘʿ 

ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ, ʢʦʨʠʩʪʝ˂ʠ LandSim ʩʦʬʪʚʝʨ ʟʘ 30, 100, 1000 ʠ 20000 ʛʦʜʠʥʘ ʫ 

1000 ʠʪʝʨʘʮʠʿʘ. ʊʘʢʦʹʝ, ʦʚʘʿ ʨʘʜ ʠʤʘʦ ʿʝ ʟʘ ʮʠˀ ʜʘ ʘʥʘʣʠʟʠʨʘ ʤʠʛʨʘʮʠʿʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʢʨʦʟ ʦʪʧʘʜ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʤʝʥʩʢʝ ʠʥʪʝʨʚʘʣʝ ʠ ʨʘʟʣʠʯʠʪʝ ʫʥʫʪʨʘʰˁʝ ʩʣʦʿʝʚʝ ʩʘ ʩʚʨʭʦʤ 

ʩʪʚʘʨʘˁʘ ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʦʩʥʦʚʝ ʟʘ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʙʠʿʝʥʠ ʤʦʜʝʣʠʨʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ ʨʝʘʣʥʦʛ 

ʩʣʫʯʘʿʘ ʥʘ ʜʝʧʦʥʠʿʠ ɻʠʛʦʰ, ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ ʢʦʣʠʯʠʥʘ ʮʫʨʝˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʦʢʦ 340 

ʧʫʪʘ ʤʘˁʘ ʢʘʜʘ ʿʝ EBS ʧʨʠʩʫʪʘʥ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʦʪʘ, ʭʣʦʨʠʜʘ, ʘʨʩʝʥʘ, ʦʣʦʚʘ, ʮʠʿʘʥʠʜʘ 

ʠ ʞʠʚʝ ʫ ʥʘʿʛʦʨʝʤ ʩʮʝʥʘʨʠʿʫ (NO EBS) ʧʨʝʣʘʟʝ ʜʦʟʚʦˀʝʥʝ ʛʨʘʥʠʮʝ ʧʨʝʤʘ ʟʘʢʦʥʠʤʘ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

ʇʦʨʝʜ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, 2024. ʛʦʜʠʥʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʠ ʘʥʘʣʠʟʘ ʢʦʿʘ 

ʩʝ ʙʘʚʠ ʟʥʘʯʘʿʝʤ ʧʦʙʦˀʰʘˁʘ ʦʙʨʘʟʦʚʥʠʭ ʧʣʘʥʦʚʘ ʠ ʧʨʦʛʨʘʤʘ ʫ ʦʙʣʘʩʪʠ ʫʧʨʘʚˀʘˁʘ 

ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʩʘ ʜʝʧʦʥʠʿʘ, ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʠʥʪʝʛʨʘʮʠʿʫ ʠʥʦʚʘʪʠʚʥʠʭ ʘʣʘʪʘ 

ʧʦʧʫʪ ʩʦʬʪʚʝʨʘ LandSim. ʎʠˀ ʦʚʝ ʘʥʘʣʠʟʝ ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ LandSim-a, 

ʜʝʤʦʥʩʪʨʠʨʘʿʫ˂ʠ ʢʘʢʦ ʦʚʘʿ ʘʣʘʪ ʧʦʚʝʟʫʿʝ ʩʪʝʯʝʥʘ ʪʝʦʨʠʿʩʢʘ ʟʥʘˁʘ ʩʘ ʧʨʘʢʪʠʯʥʠʤ. 

ʀʥʪʝʛʨʘʮʠʿʦʤ LandSim-a ʫ ʥʘʩʪʘʚʥʠ ʧʣʘʥ ʠ ʧʨʦʛʨʘʤ, ʜʦʙʠʿʘ ʩʝ ʧʨʠʩʪʫʧ ʫʯʝˁʫ ʢʦʿʠ ʿʝ 

ʚʠʰʝ ʠʩʢʫʩʪʚʝʥ ʠ ʝʬʠʢʘʩʘʥ, ʧʨʠʧʨʝʤʘʿʫ˂ʠ ʩʪʫʜʝʥʪʝ ʟʘ ʨʝʘʣʥʝ ʠʟʘʟʦʚʝ ʫ ʫʧʨʘʚˀʘˁʫ 

ʞʠʚʦʪʥʦʤ ʩʨʝʜʠʥʦʤ [53]. 

ʋ ʪʘʙʝʣʠ 2.1 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʝʛʣʝʜ ʝʤʠʥʝʥʪʥʝ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ 

ʢʦʨʠʩʪʠʣʘ ʩʠʤʫʣʘʮʠʦʥʝ ʤʦʜʝʣʝ. 
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ʊʘʙʝʣʘ 2.1 ʇʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʠ ʩʠʤʫʣʘʮʠʦʥʠʭ ʤʦʜʝʣʘ 

ɻʦʜʠʥʘ ʏʘʩʦʧʠʩ ɸʫʪʦʨʠ ʉʦʬʪʚʪʝʨ ɻʣʘʚʥʠ ʜʦʧʨʠʥʦʩʠ ʠʩʪʨʘʞʠʚʘˁʘ 

1999. 

Chemical 

Containment of 

Waste in the 

Geosphere 

Plimmer et 

al 
LandSim 

ʆʚʘ ʩʪʫʜʠʿʘ ʩʝ ʝʢʩʧʣʠʮʠʪʥʦ ʬʦʢʫʩʠʨʘʣʘ ʥʘ ʪʝʦʨʠʿʫ ʠʟʘ LandSim ʩʠʤʫʣʘʮʠʿʝ, 

ʧʦʩʝʙʥʦ ʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʠ ʤʦʛʘʦ ʙʠ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʩʤʝʨʥʠʮʘ ʟʘ ʚʝʨʦʚʘʪʥʦ˂ʫ 

ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʢʦʨʠʩʪʝ˂ʠ LandSim ʤʦʜʝʣ 

2002. 
Royal Inst. of 

Technology 
Jagloo LandSim 

ʋ ʦʚʦʿ ʩʪʫʜʠʿʠ ʿʝ ʧʨʦʮʝˁʝʥʦ ʭʝʤʠʿʩʢʦ ʩʪʘˁʝ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, ʥʘʢʦʥ ʯʝʛʘ ʿʝ 

ʩʧʨʦʚʝʜʝʥ ʠ ʙʠʣʘʥʩ ʚʦʜʝ ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʜʚʠʜʝʣʘ ʢʦʣʠʯʠʥʘ ʛʝʥʝʨʠʩʘˁʘ ʧʨʦʮʝʜʥʝ 

ʚʦʜʝ. ɼʘˀʝ, ʪʨʘʥʩʧʦʨʪ ʢʦʥʪʘʤʠʥʠʨʘʥʝ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʠʟ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ 

ʜʝʧʦʥʠʿʝ ʠʟʨʘʯʫʥʘʪ ʿʝ ʧʦʤʦ˂ʫ LandSim -ʘ. 

2006. 
Environmental 

Technology 
Hall et al LandSim 

ʉʪʫʜʠʿʘ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʬʦʢʫʩʠʨʘʣʘ ʥʘ ʦʙʠʤ ʥʝʦʧʭʦʜʥʠʭ ʧʨʦʮʝʜʫʨʘ ʫ ʧʝʨʠʦʜʫ 

ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ ʜʝʧʦʥʠʿʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ. ʆʚʘʿ ʨʘʜ ʩʫʛʝʨʠʰʝ ʜʘ ʧʝʨʠʦʜ 

ʫʧʨʘʚˀʘˁʘ ʧʦʩʣʝ ʟʘʪʚʘʨʘˁʘ ʜʝʧʦʥʠʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʜʫʞʠ ʦʜ 1000 ʛʦʜʠʥʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘˁʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ. 

2007. 
Environmental 

Pollution 
Slack et al LandSim 

ʋ ʨʘʜʫ ʩʝ ʧʨʠʢʘʟʫʿʝ ʧʨʠʤʝʥʘ LandSim ʤʦʜʝʣʠʨʘˁʘ ʟʘ ʧʨʦʮʝʥʫ ʟʘʛʘʹʝʥʦʩʪʠ 

ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʦʜ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʢʨʦʟ ʜʝʧʦʥʠʿʫ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ. ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʚʫ ʦʧʩʝʞʥʫ 

ʩʪʫʜʠʿʫ ʥʘ ʢʦʿʦʿ ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʧʦʜʟʝʤʥʝ ʚʦʜʝ 

ʢʦʨʠʩʪʝ˂ʠ LandSim ʩʦʬʪʚʝʨ. 

2011. 

Environmental 

Progress and 

Sustainable 

Energy 

Butt et al LandSim 

ʆʚʘʿ ʨʘʜ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʬʦʢʫʩʠʨʘʦ ʥʘ ʠʥʪʝʛʨʠʩʘʥʠ ʠ ʭʦʣʠʩʪʠʯʢʠ ʦʢʚʠʨ ʧʨʦʮʝʥʝ 

ʠʟʣʦʞʝʥʦʩʪʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ. ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʪʘʢʦʹʝ 

ʥʘʛʣʘʩʠʦ ʫʧʦʪʨʝʙʫ LandSim ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ 

ʤʘʪʝʨʠʿʘ ʫ ʧʦʜʟʝʤʥʠʤ ʚʦʜʘʤʘ. 

2012. 

Chemical 

Engineering 

Transaction 

Palmeri et al LandSim 

ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʦʙʘʚˀʘʥʦ ʥʘ ʩʪʘʨʦʿ ʜʝʧʦʥʠʿʠ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʢʦʨʠʰ˂ʝˁʝʤ 

LandSim ʩʠʤʫʣʘʮʠʦʥʦʛ ʤʦʜʝʣʘ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʜʫʛʦʨʦʯʥʦʛ ʨʠʟʠʢʘ ʟʘʛʘʹʝˁʘ 

ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ. ʉʚʨʭʘ ʿʝ ʙʠʣʘ ʜʦʙʠʿʘˁʝ ʠʥʪʝʛʨʠʩʘʥʦʛ ʘʣʘʪʘ ʟʘ ʧʦʤʦ˂ ʫ 

ʬʦʨʤʠʨʘˁʫ ʧʨʠʦʨʠʪʝʪʘ ʟʘ ʩʘʥʘʮʠʿʫ ʜʝʧʦʥʠʿʝ. 

2018. 

Environmental 

Science and 

Pollution Research 

Mishra et al LandSim 

ʉʪʫʜʠʿʘ ʧʨʠʢʘʟʫʿʝ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʨʠʟʠʢʘ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ ʟʙʦʛ ʢʦʥʪʘʤʠʥʘʮʠʿʝ 

ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʯʚʨʩʪʠʤ ʦʪʧʘʜʦʤ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʢʦʨʠʩʪʝ˂ʠ ʚʠʰʝ ʩʠʤʫʣʘʮʠʿʘ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ɽɹʉ ʫ LandSim ʤʦʜʝʣʫ. 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʩʠʩʪʝʤʠ ʦʙʣʦʛʘ ʙʠʣʠ ʠʟʫʟʝʪʥʦ 

ʝʬʠʢʘʩʥʠ ʫ ʩʧʨʝʯʘʚʘˁʫ ʧʨʦʪʦʢʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʧʝʨʠʦʜʫ ʢʦʥʪʨʦʣʝ ʫʧʨʘʚˀʘˁʘ 

ʜʝʧʦʥʠʿʦʤ (30 ʛʦʜʠʥʘ). ʄʝʹʫʪʠʤ, ʫ ʜʫʛʦʨʦʯʥʦ, ʮʫʨʝˁʝ ʢʨʦʟ ʛʣʠʥʝʥʠ ʦʤʦʪʘʯ, 

HDPE ʦʙʣʦʛʫ ʠ ʢʦʤʧʦʟʠʪʥʫ ʦʙʣʦʛʫ ʜʦʩʪʠʛʣʘ ʿʝ ʥʘʿʚʝ˂ʫ ʚʨʝʜʥʦʩʪ ʥʘʢʦʥ 120, 150 

ʠ 180 ʛʦʜʠʥʘ, ʨʝʩʧʝʢʪʠʚʥʦ. 
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2018. 

Annals of the 

University of 

Petroĸani, Mining 

Engineering 

Madear et al LandSim 

ʋ ʨʘʜʫ ʩʫ ʧʨʝʜʣʦʞʝʥʘ ʨʝʰʝˁʘ ʟʘ ʠʟʙʦʨ ʩʠʩʪʝʤʘ ʦʙʣʦʛʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʘ ʠ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ɻʝʥʝʨʠʩʘʥʝ ʢʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʫ 

ʠʟʨʘʯʫʥʘʪʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʦ ʣʦʢʘʣʥʠʤ ʧʘʜʘʚʠʥʘʤʘ ʢʦʨʠʩʪʝ˂ʠ ʥʘʧʨʝʜʥʠ 

ʩʦʬʪʚʝʨ LandSim ʟʘ ʭʠʜʨʦʣʦʰʢʦ ʤʦʜʝʣʠʨʘˁʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ ʜʝʧʦʥʠʿʘ ʠ ʧʨʦʮʝʥʫ 

ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʧʨʦʮʝʹʠʚʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʧʦʜʟʝʤʥʝ ʚʦʜʝ. 

2019. 
Journal of Cleaner 

Production 
Sun et al 

HELP ʠ 

LandSim 

ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʫʪʠʮʘʿ ʩʪʘʨʝˁʘ ʛʝʦʤʝʤʙʨʘʥʝ ʥʘ 

ʜʫʛʦʨʦʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʜʝʧʦʥʠʿʘ ʦʧʘʩʥʦʛ ʦʪʧʘʜʘ ʢʦʨʠʩʪʝ˂ʠ ʢʦʤʙʠʥʘʮʠʿʫ 

ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʫ HELP ʠ LandSim ʤʦʜʝʣʠʤʘ. 

ʊʝʨʝʥʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʛʝʦʤʝʤʙʨʘʥʘ ʧʦʯʝʣʘ ʜʘ ʩʪʘʨʠ ʥʘʢʦʥ ʜʚʝ 

ʛʦʜʠʥʝ ʨʘʜʘ ʜʝʧʦʥʠʿʝ 

2021. 
Journal of Cleaner 

Production 
Nai et al. 

LandSim, 

HELP 

Oʚʘ ʩʪʫʜʠʿʘ ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʦʮʝˁʫʿʝ ʨʠʟʠʢʝ ʥʘ ʣʦʢʘʮʠʿʠ ʢʦʨʠʩʪʝ˂ʠ ʘʥʘʣʠʟʫ 

ʫʟʦʨʘʢʘ ʠ ʩʠʤʫʣʘʮʠʿʫ ʤʦʜʝʣʘ ʧʨʦʮʝʩʘ ʢʘʢʦ ʙʠ ʧʨʝʜʚʠʜʝʣʘ ˁʝʛʦʚʫ ʜʫʛʦʨʦʯʥʫ 

ʝʚʦʣʫʮʠʿʫ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ 93% ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʩʧʠʨʘˁʘ ʦʪʧʘʜʘ ʙʠʣʦ 

ʰʪʝʪʥʦ ʠ ʜʘ 66% ʦʪʧʘʜʘ ʥʠʿʝ ʙʠʣʦ ʧʦʛʦʜʥʦ ʟʘ ʜʠʨʝʢʪʥʫ ʫʧʦʪʨʝʙʫ ʟʝʤˀʠʰʪʘ ʟʘ 

ʫʨʙʘʥʠʟʦʚʘʥʦ ʟʝʤˀʠʰʪʝ ʥʘʢʦʥ ʛʦʪʦʚʦ 20 ʛʦʜʠʥʘ ʠʩʧʠʨʘˁʘ ʠ ʜʝʛʨʘʜʘʮʠʿʝ. 

2023. 

Environment 

Protection 

Engineering 

Petroviĺ N, 

et al 
LandSim 

ʀʩʪʨʘʞʠʚʘˁʝ ʧʨʫʞʘ ʫʚʠʜ ʫ ʧʦʜʘʪʢʝ ʦ ʤʠʛʨʘʮʠʿʠ, ʩʘʩʪʘʚʫ ʠ ʚʨʝʤʝʥʫ ʧʫʪʦʚʘˁʘ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʢʘʦ ʠ ʜʘ ʫʢʘʞʝ ʥʘ ʟʥʘʯʘʿ EBS (ɽngineered Barrier Systems ï 

ʩʠʩʪʝʤʝ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ) ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ 

ʜʝʧʦʥʠʿʠ ʥʘ ʙʘʟʠ ʥʝʟʘʩʠ˂ʝʥʝ ʟʦʥʝ ʠ ʠʟʚʘʥ ˁʝ, ʟʘ ʨʝʘʣʥʠ ʩʮʝʥʘʨʠʦ ʩʘ ʢʦʤʧʦʟʠʪʥʠʤ 

ʦʙʣʦʛʘʤʘ (EBS) ʠ ʥʘʿʛʦʨʠ ʩʮʝʥʘʨʠʦ ʙʝʟ ʦʙʣʦʛʘ (NO EBS) ʢʘʦ ʩʣʫʯʘʿ ʥʝʩʘʥʠʪʘʨʥʠʭ 

ʜʝʧʦʥʠʿʘ 

2024. 
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Petroviĺ N, 

et al 
LandSim 

ʎʠˀ ʨʘʜʘ ʿʝ ʧʦʙʦˀʰʘˁʝ ʦʙʨʘʟʦʚʥʠʭ ʧʣʘʥʦʚʘ ʠ ʧʨʦʛʨʘʤʘ ʫ ʦʙʣʘʩʪʠ ʫʧʨʘʚˀʘˁʘ 

ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʩʘ ʜʝʧʦʥʠʿʘ, ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʠʥʪʝʛʨʘʮʠʿʫ 

ʠʥʦʚʘʪʠʚʥʠʭ ʘʣʘʪʘ ʧʦʧʫʪ ʩʦʬʪʚʝʨʘ LandSim.  

ʀʥʪʝʛʨʘʮʠʿʦʤ LandSim-a ʫ ʥʘʩʪʘʚʥʠ ʧʣʘʥ ʠ ʧʨʦʛʨʘʤ, ʜʦʙʠʿʘ ʩʝ ʧʨʠʩʪʫʧ ʫʯʝˁʫ 

ʢʦʿʠ ʿʝ ʚʠʰʝ ʠʩʢʫʩʪʚʝʥ ʠ ʝʬʠʢʘʩʘʥ, ʧʨʠʧʨʝʤʘʿʫ˂ʠ ʩʪʫʜʝʥʪʝ ʟʘ ʨʝʘʣʥʝ ʠʟʘʟʦʚʝ ʫ 

ʫʧʨʘʚˀʘˁʫ ʞʠʚʦʪʥʦʤ ʩʨʝʜʠʥʦʤ. 

 



 

42 

 

3. ʋʇʈɸɺɲɸɳɽ ʏɺʈʉʊʀʄ ʂʆʄʋʅɸʃʅʀʄ ʆʊʇɸɼʆʄ ʂɸʆ 

ʇʆʃɸɿʅɸ ʆʉʅʆɺɸ ɿɸ ʋʇʈɸɺɲɸɳɽ ʇʈʆʎɽɼʅʀʄ 

ɼɽʇʆʅʀɱʉʂʀʄ ɺʆɼɸʄɸ 

ʏʚʨʩʪʠ ʦʪʧʘʜ ʿʝ ʩʚʘʢʠ ʥʝʧʦʪʨʝʙʘʥ ʠʣʠ ʩʫʚʠʰʘʥ ʧʨʝʜʤʝʪ ʦʜʥʦʩʥʦ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʥʘʩʪʘʿʝ ʫ 

ʪʦʢʫ ʧʨʦʠʟʚʦʜʥʝ, ʫʩʣʫʞʥʝ ʠʣʠ ʥʝʢʝ ʜʨʫʛʝ ʜʝʣʘʪʥʦʩʪʠ, ʢʘʦ ʠ ʦʪʧʘʜʥʝ ʤʘʪʝʨʠʿʝ ʢʦʿʝ ʩʫ 

ʥʘʩʪʘʣʝ ʫ ʧʦʪʨʦʰˁʠ ʠ ʢʦʿʝ ʩʘ ʘʩʧʝʢʪʘ ʧʨʦʠʟʚʦʹʘʯʘ, ʦʜʥʦʩʥʦ ʧʦʪʨʦʰʘʯʘ ʥʠʩʫ ʟʘ ʜʘˀʫ 

ʫʧʦʪʨʝʙʫ ʠ ʤʦʨʘʿʫ ʩʝ ʦʜʙʘʮʠʪʠ [54]. 

ʇʦʜʝʣʘ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʩʝ ʚʨʰʠ ʥʘ ʦʩʥʦʚʫ [55]: 

¶ ʩʘʩʪʘʚʘ, 

¶ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

¶ ʤʝʩʪʘ ʥʘʩʪʘʥʢʘ 

ʏʚʨʩʪʠ ʦʪʧʘʜ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʚʘʣʠʪʘʪʠʚʥʦʛ ʩʘʩʪʘʚʘ, ʤʦʞʝ ʙʠʪʠ ʦʜ ʩʪʘʢʣʘ, ʧʘʧʠʨʘ, ʢʘʨʪʦʥʘ, 

ʧʣʘʩʪʠʢʝ, ʤʝʪʘʣʘ, ʛʫʤʝ, ʦʪʧʘʜʥʠʭ ʫˀʘ, ʤʘʟʠʚʘ, ʙʦʿʝ, ʭʝʤʠʢʘʣʠʿʘ, ʜʨʚʘ, ʠʪʜ. 

ʅʘ ʦʩʥʦʚʫ ʪʦʢʩʠʯʥʦʩʪʠ ʯʚʨʩʪʠ ʦʪʧʘʜ ʤʦʞʝ ʙʠʪʠ ʦʧʘʩʘʥ, ʥʝʦʧʘʩʘʥ ʠ ʠʥʝʨʪʘʥ. 

ʇʨʝʤʘ ʤʝʩʪʫ ʥʘʩʪʘʥʢʘ ʯʚʨʩʪʠ ʦʪʧʘʜ ʤʦʞʝ ʙʠʪʠ ʢʦʤʫʥʘʣʥʠ, ʠʥʜʫʩʪʨʠʿʩʢʠ, ʘʤʙʘʣʘʞʥʠ, 

ʧʦˀʦʧʨʠʚʨʝʜʥʠ ʠ ʙʘʰʪʝʥʩʢʠ ʦʪʧʘʜ, ʛʨʘʹʝʚʠʥʩʢʠ ʦʪʧʘʜ, ʠʪʜ. 

ʏʚʨʩʪʠ ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜ ʯʠʥʠ ʦʪʧʘʜ ʠʟ ʜʦʤʘ˂ʠʥʩʪʚʘ, ʥʝʦʧʘʩʘʥ ʯʚʨʩʪʠ ʦʪʧʘʜ ʠʟ 

ʠʥʜʫʩʪʨʠʿʩʢʠʭ, ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʠ ʿʘʚʥʠʭ ʫʩʪʘʥʦʚʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʙʦʣʥʠʮʝ) ʠ ʦʪʧʘʜ ʩʘ ʿʘʚʥʠʭ 

ʧʦʚʨʰʠʥʘ [56]. ʂʦʤʫʥʘʣʥʠ ʦʪʧʘʜ ʧʨʝʤʘ ʩʚʦʤ ʩʘʩʪʘʚʫ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʩʣʦʞʝʥʠʿʠ ʭʝʪʝʨʦʛʝʥʠ 

ʩʠʩʪʝʤ ʢʦʿʠ ʩʘʜʨʞʠ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘ ʦʨʛʘʥʩʢʦʛ ʠ ʥʝʦʨʛʘʥʩʢʦʛ ʧʦʨʝʢʣʘ 

[57]. 

ʋʧʨʘʚˀʘˁʝ ʯʚʨʩʪʠʤ ʢʦʤʫʥʘʣʥʠʤ ʦʪʧʘʜʦʤ ʦʜʥʦʩʠ ʩʝ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʧʨʝʚʝʥʮʠʿʫ ʩʪʚʘʨʘˁʘ 

ʦʪʧʘʜʘ, ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʘ, ʦʜʚʦʿʝʥʦ ʩʘʢʫʧˀʘˁʝ ʠ ʩʦʨʪʠʨʘˁʝ ʦʪʧʘʜʘ, ʪʨʘʥʩʧʦʨʪ 

ʦʪʧʘʜʘ, ʪʨʝʪʤʘʥ ʦʪʧʘʜʘ ʢʘʦ ʠ ʤʦʥʠʪʦʨʠʥʛ ʩʚʠʭ ʥʘʚʝʜʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ [58], [59] [60], [61], 

[62]. ʋʧʨʘʚˀʘˁʝ ʢʦʤʫʥʘʣʥʠʤ ʦʪʧʘʜʦʤ ʤʦʞʝ ʙʠʪʠ ʦʜʨʞʠʚʦ ʿʝʜʠʥʦ ʘʢʦ ʩʝ ʩʧʨʦʚʦʜʠ ʫ ʩʢʣʘʜʫ 

ʩʘ ʟʘʢʦʥʩʢʠʤ ʦʢʚʠʨʦʤ ʠ ʜʨʫʰʪʚʝʥʠʤ ʥʦʨʤʘʤʘ ʨʘʜʠ ʟʘʰʪʠʪʝ ʟʜʨʘʚˀʘ ˀʫʜʠ ʠ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ [63]. 
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[63] ʈʝʣʝʚʘʥʪʥʘ ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʫʧʨʘʚˀʘˁʘ 

ʦʪʧʘʜʦʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʦʙʫʭʚʘʪʘ ʟʘʢʦʥʝ, ʧʨʘʚʠʣʥʠʢʝ ʠ ʫʨʝʜʙʝ ʠ ʪʦ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ [64], ʥʘ ʟʘʰʪʠʪʫ ʚʦʜʘ [65] [66], ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ ʠ ʦʜʣʘʛʘˁʫ 

ʦʪʧʘʜʘ [55], [67] [68], ʢʦʥʪʨʦʣʫ ʟʘʛʘʹʝˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ [69] ʠ ʥʘ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʟʘʛʘʹʫʿʫ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʚʦʜʘʤʘ [70], [71], [72]. 

ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ʉʚʝʪʩʢʝ ʙʘʥʢʝ, ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʛʝʥʝʨʠʩʘˁʝ ʦʪʧʘʜʘ ʥʘ ʩʚʝʪʩʢʦʤ ʥʠʚʦʫ 

ʧʦʨʘʩʪʠ ʟʘ 70% ʜʦ 2050. ʛʦʜʠʥʝ, 2,01 ʤʠʣʠʿʘʨʜʘ ʪʦʥʘ ʦʪʧʘʜʘ, ʢʦʿʘ ʩʝ ʪʨʝʥʫʪʥʦ ʩʪʚʘʨʘ ʰʠʨʦʤ 

ʩʚʝʪʘ, ˂ʝ ʩʝ ʧʦʚʝ˂ʘʪʠ ʥʘ 3,4 ʤʠʣʠʿʘʨʜʝ ʫ ʥʘʨʝʜʥʠʭ 30 ʛʦʜʠʥʘ. ʈʘʟʚʠʿʝʥʝ ʜʨʞʘʚʝ ʯʠʥʝ 15% 

ʩʚʝʪʩʢʝ ʧʦʧʫʣʘʮʠʿʝ ʠ ʛʝʥʝʨʠʰʫ 34% ʩʚʝʪʩʢʦʛ ʦʪʧʘʜʘ [73]. 

ʉʪʦʧʘ ʩʪʚʘʨʘˁʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʧʦ ʩʪʘʥʦʚʥʠʢʫ ʥʘ ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ ʿʝ 1,2 kg ʜʥʝʚʥʦ, ʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ˂ʝ ʜʦ 2025. ʛʦʜʠʥʝ ʪʘ ʢʦʣʠʯʠʥʘ ʧʦʨʘʩʪʠ ʥʘ 1,4 kg ʧʦ ʩʪʘʥʦʚʥʠʢʫ 

ʜʥʝʚʥʦ. ʇʦʚʝ˂ʘˁʝ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʘ ʿʝ ʥʝʨʘʩʢʠʜʠʚʦ ʧʦʚʝʟʘʥʦ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ 

ʩʪʘʥʦʚʥʠʢʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʫʨʙʘʥʠʟʘʮʠʿʝ ʠ ʜʨʫʰʪʚʝʥʦ-ʝʢʦʥʦʤʩʢʦʛ ʨʘʟʚʦʿʘ ʟʝʤʘˀʘ. 

ʉʿʝʜʠˁʝʥʝ ɸʤʝʨʠʯʢʝ ɼʨʞʘʚʝ ʧʨʝʜˁʘʯʝ ʧʦ ʢʦʣʠʯʠʥʠ ʛʝʥʝʨʠʩʘʥʦʛ ʦʪʧʘʜʘ (ʦʢʦ 621.000 ʪʦʥʘ 

ʜʥʝʚʥʦ), ʘ ʩʣʝʜʠ ʂʠʥʘ ʫ ʢʦʿʦʿ ʩʝ ʜʥʝʚʥʦ ʛʝʥʝʨʠʰʝ ʦʢʦ 521.000 ʪʦʥʘ ʦʪʧʘʜʘ [74] [75]. 

ʋ ʟʝʤˀʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ, ʢʦʤʫʥʘʣʥʠ ʯʚʨʩʪʠ ʦʪʧʘʜ ʯʠʥʠ ʧʨʠʙʣʠʞʥʦ 10% ʫʢʫʧʥʦʛ 

ʛʝʥʝʨʠʩʘʥʦʛ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ [76]. ʇʦʩʪʦʿʝ ʚʝʣʠʢʝ ʚʘʨʠʿʘʮʠʿʝ ʫ ʪʨʝʥʜʦʚʠʤʘ ʫ ʢʦʣʠʯʠʥʘʤʘ 

ʛʝʥʝʨʠʩʘʥʦʛ ʦʪʧʘʜʘ ʠʟ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʰʠʨʦʤ ɽʚʨʦʧʝ, ʠʘʢʦ ʿʝ ʧʨʦʩʝʯʥʘ ʢʦʣʠʯʠʥʘ ʢʦʤʫʥʘʣʥʦʛ 

ʦʪʧʘʜʘ ʧʦ ʦʩʦʙʠ ʫ ɽʚʨʦʧʠ ʦʩʪʘʣʘ ʨʝʣʘʪʠʚʥʦ ʢʦʥʩʪʘʥʪʥʘ ʠʟʤʝʹʫ 2005. ʠ 2020. ʛʦʜʠʥʝ (ʩʣʠʢʘ 

3.1). ʅʘʿʚʠʰʝ ʧʨʦʠʟʚʦʜʠ ɼʘʥʩʢʘ (845 kg ʛʦʜʠʰˁʝ ʧʦ ʛʣʘʚʠ ʩʪʘʥʦʚʥʠʢʘ), ʜʦʢ ʈʫʤʫʥʠʿʘ 

ʧʨʦʠʟʚʦʜʠ ʥʘʿʤʘˁʝ ï ʩʘʤʦ 282 kg ʛʦʜʠʰˁʝ ʧʦ ʛʣʘʚʠ ʩʪʘʥʦʚʥʠʢʘ.  
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ʉʣʠʢʘ 3.1 ʂʦʣʠʯʠʥʝ ʛʝʥʝʨʠʩʘʥʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ɽʋ ʟʘ 2005. ʠ 2020. ʛʦʜʠʥʫ [77] 

ʇʨʠʢʘʟʘʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʥʝ ʫʢʘʟʫʿʫ ʩʘʤʦ ʥʘ ʨʘʟʣʠʢʝ ʫ ʦʙʨʘʩʮʠʤʘ ʧʦʪʨʦʰˁʝ ʠ 

ʙʦʛʘʪʩʪʚʫ ʩʚʘʢʝ ʜʨʞʘʚʝ, ʚʝ˂ ʪʘʢʦʹʝ ʟʘʚʠʩʝ ʦʜ ʪʦʛʘ ʢʘʢʦ ʩʝ ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜ ʧʨʠʢʫʧˀʘ ʠ ʢʘʢʦ 

ʩʝ ˁʠʤʝ ʫʧʨʘʚˀʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʢʘʢʦ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʧʦʜʘʮʠ ʦ ʢʦʤʫʥʘʣʥʦʤ ʦʪʧʘʜʫ.  

ʋ ɽʚʨʦʧʩʢʦʿ ʋʥʠʿʠ ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ ʫ ʦʙʣʘʩʪʠ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʦʙʫʭʚʘʪʘ ʩʣʝʜʝ˂ʝ 

ʟʘʢʦʥʩʢʝ ʘʢʪʝ [78]: 

¶ ʆʢʚʠʨʥʫ ʜʠʨʝʢʪʠʚʫ ʦ ʦʪʧʘʜʫ (2008/98/EC), 

¶ ɼʠʨʝʢʪʠʚʫ ʦ ʜʝʧʦʥʠʿʘʤʘ (1999/31/ɽʉ), 

¶ ʆʢʚʠʨʥʫ ʜʠʨʝʢʪʠʚʫ ʦ ʚʦʜʘʤʘ (2000/60/ɽʉ), 

¶ ɼʠʨʝʢʪʠʚʫ ʦ ʧʨʝʯʠʰ˂ʘʚʘˁʫ ʢʦʤʫʥʘʣʥʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ (91/271/ɽɽʉ). 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʿʝ ʫ 2020. ʛʦʜʠʥʠ ʩʪʚʦʨʝʥʦ 2,95 ʤʠʣʠʦʥʘ ʪʦʥʘ ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ 

ʦʪʧʘʜʘ (ʪʘʙʝʣʘ 3.1). ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ɸʛʝʥʮʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʩʘʢʫʧˀʝʥʦ ʿʝ ʠ 

ʦʜʣʦʞʝʥʦ ʫʢʫʧʥʦ 2,34 ʤʠʣʠʦʥʘ ʪʦʥʘ, ʜʦʢ ʿʝ ʦʜ ʫʢʫʧʥʝ ʢʦʣʠʯʠʥʝ ʦʜʣʦʞʝʥʦ 558.568 t ʦʪʧʘʜʘ 

ʥʘ ʨʝʛʠʦʥʘʣʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʫ ʪʦʢʫ 2020. ʛʦʜʠʥʝ, ʦʜʥʦʩʥʦ 19% ʛʝʥʝʨʠʩʘʥʦʛ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ [79]. 
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ʊʘʙʝʣʘ 3.1. ʂʦʣʠʯʠʥʝ ʛʝʥʝʨʠʩʘʥʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʫ ʧʝʨʠʦʜʫ 2011-2021. 

ʛʦʜʠʥʝ [80]  

 

ʋʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʛʝʥʝʨʠʩʘʥʦʛ ʦʪʧʘʜʘ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ ʿʝ ʫ ʤʘʣʦʤ ʧʦʨʘʩʪʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʪʭʦʜʥʫ ʛʦʜʠʥʫ. ʇʨʦʠʟʚʦʜˁʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ʉʨʙʠʿʠ ʩʤʘˁʝʥʘ ʿʝ ʩʘ 2,71 ʤʠʣʠʦʥʘ 

ʪʦʥʘ ʛʝʥʝʨʠʩʘʥʦʛ ʦʪʧʘʜʘ ʫ 2011. ʥʘ 1,84 ʤʠʣʠʦʥʘ ʪʦʥʘ ʫ 2015. ʛʦʜʠʥʠ, ʘʣʠ ʿʝ ʧʦʪʦʤ ʧʦʨʘʩʣʘ 

ʥʘ 2,83 ʤʠʣʠʦʥʘ ʪʦʥʘ ʫ 2019. ʛʦʜʠʥʠ. ʇʨʦʠʟʚʝʜʝʥʝ ʢʦʣʠʯʠʥʝ ʦʜʛʦʚʘʨʘʿʫ 363 ʢʛ ʧʦ 

ʩʪʘʥʦʚʥʠʢʫ ʫ 2010. ʠ 338 ʢʛ ʧʦ ʩʪʘʥʦʚʥʠʢʫ, ʫ 2019. ʛʦʜʠʥʠ. 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʝ 86,4% ʛʝʥʝʨʠʩʘʥʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʩʘʢʫʧˀʘ, ʦʜ ʯʝʛʘ ʩʝ 15,45% 

ʨʝʮʠʢʣʠʨʘ. ʋʢʫʧʥʦ 79,45% ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʿʝ ʦʜʣʦʞʝʥʦ ʥʘ ʜʝʧʦʥʠʿʝ ʠ ʥʝ ʧʦʩʪʦʿʠ 

ʥʠʢʘʢʘʚ ʪʨʝʪʤʘʥ ʦʪʧʘʜʘ ʧʨʝ ˁʝʛʦʚʦʛ ʦʜʣʘʛʘˁʘ. ʉʨʝʜˁʘ ʜʥʝʚʥʘ ʢʦʣʠʯʠʥʘ ʛʝʥʝʨʠʩʘʥʦʛ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʠʟʥʦʩʠ 1,17 kg ʧʦ ʩʪʘʥʦʚʥʠʢʫ, ʦʜʥʦʩʥʦ 0,43 

t/ʛʦʜʠʰˁʝ. ʊʘʙʝʣʘ 3.2. ʧʨʠʢʘʟʫʿʝ ʢʦʣʠʯʠʥʝ ʩʪʚʦʨʝʥʦʛ ʦʪʧʘʜʘ ʫ 2020. ʛʦʜʠʥʠ ʠ ʢʦʣʠʯʠʥʝ 

ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʪʨʝʪʠʨʘʦ ʫ ʠʩʪʦʿ ʛʦʜʠʥʠ.  
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ʊʘʙʝʣʘ 3.2. ʂʦʣʠʯʠʥʝ ʩʪʚʦʨʝʥʦʛ ʠ ʪʨʝʪʠʨʘʥʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ 2020. ʛʦʜʠʥʠ [79]  

 

ʂʘʢʦ ʩʝ ʞʠʚʦʪʥʦʛ ʩʪʘʥʜʘʨʜʘ ʛʨʘʹʘʥʘ ʤʝˁʘ ʠ ʨʘʩʪʝ ʙʨʦʿ ʩʪʘʥʦʚʥʠʢʘ, ʢʨʦʟ ʇʨʦʛʨʘʤ 

ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʟʘ ʧʝʨʠʦʜ 2022-2031. ʛʦʜʠʥʝ, ʠʟʚʨʰʝʥʘ ʿʝ 

ʧʨʦʿʝʢʮʠʿʘ ʢʦʣʠʯʠʥʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʢʦʿʠ ˂ʝ ʩʝ ʛʝʥʝʨʠʩʘʪʠ ʜʦ 2030. ʛʦʜʠʥʝ ʥʘ ʥʠʚʦʫ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʇʦʜʘʮʠ ʦ ʧʨʦʿʝʢʪʦʚʘʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʦʪʧʘʜʘ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʧʝʨʠʦʜ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 3.3. 

ʊʘʙʝʣʘ 3.3. ʇʨʦʿʝʢʪʦʚʘʥʝ ʢʦʣʠʯʠʥʝ ʩʪʚʦʨʝʥʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ ʫ ʧʝʨʠʦʜʫ 

ʦʜ 2022. ʜʦ 2030. ʛʦʜʠʥʝ [79] 
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3.1 ʆʩʦʙʠʥʝ ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ 

ʆʩʦʙʠʥʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʢʨʦʟ ʢʦʿʝ ʩʝ ʤʦʛʫ ʜʝʬʠʥʠʩʘʪʠ ʩʘʩʪʘʚ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʚʨʩʪʦʛ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʩʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ,  ʩʫ [54]: 

¶ ʤʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʦʪʧʘʜʘ, 

¶ ʚʣʘʞʥʦʩʪ ʦʪʧʘʜʘ, 

¶ ʩʨʝʜˁʘ ʛʫʩʪʠʥʘ ʦʪʧʘʜʘ, 

¶ ʪʦʧʣʦʪʥʘ ʤʦ˂ ʦʪʧʘʜʘ ʠ 

¶ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʦʪʧʘʜʘ. 

ʄʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʩʝ ʦʜʨʝʹʫʿʝ ʢʘʦ ʤʘʩʝʥʠ ʫʜʝʦ ʧʦʿʝʜʠʥʠʭ 

ʚʨʩʪʘ ʦʪʧʘʜʘ ʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤ ʫʟʦʨʢʫ [57]. ʉʣʠʢʘ 1.1  ʧʨʠʢʘʟʫʿʝ ʤʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʫ ʪʦʢʫ 2020. ʛʦʜʠʥʝ.  

 

 

ʉʣʠʢʘ 3.2. ʄʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʤʝʰʦʚʠʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ 2020. ʛʦʜʠʥʝ 

[79] 

ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʧʨʫʞʘ ɸʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ 

ʜʘ 46% ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʧʨʝʜʩʪʘʚˀʘ ʙʠʦʨʘʟʛʨʘʜʠʚʠ ʦʪʧʘʜ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʇʘʧʠʨ ʠ ʢʘʨʪʦʥ

6%

ʉʪʘʢʣʦ

11%

ɹʠʦʨʘʟʛʨʘʜʠʚʠ ʦʪʧʘʜ

46%

ʄʝʪʘʣ-ʘʣʫʤ. 

ʢʦʥʟʝʨʚʝ

7%

ʇʣʘʩʪʠʯʥʝ ʢʝʩʝ

4%

ʇɽʊ ʘʤʙʘʣʘʞʘ

4%

ʊʝʢʩʪʠʣ

3%

ʄʝʪʘʣ-

ʦʩʪʘʣʦ1%

ʂʦʤʧʦʟʠʪʥʠ ʤʘʪʝʨʠʿʘʣʠ

3%

ʌʠʥʠ 

ʝʣʝʤʝʥʪʠ4%

ʇʣʘʩʪʠʢʘ-ʦʩʪʘʣʦ7%

ʆʩʪʘʣʦ4%
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ʙʘʰʪʝʥʩʢʦʛ ʦʪʧʘʜʘ ʠ ʦʪʧʘʜʘ ʦʜ ʭʨʘʥʝ. ɺʨʩʪʝ ʦʪʧʘʜʘ ʢʦʿʝ ʩʫ ʤʘˁʝ ʟʘʩʪʫʧˀʝʥʝ ʩʫ: ʪʝʢʩʪʠʣ, 

ʜʨʚʦ, ʢʘʙʘʩʪʠ ʦʪʧʘʜ, ʙʘʪʝʨʠʿʝ ʠ ʦʩʪʘʣʠ ʦʪʧʘʜ. 

ʊʘʙʝʣʘ 3.4. ʇʨʦʩʝʯʘʥ ʤʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʤʝʰʦʚʠʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʫ 

2020. ʛʦʜʠʥʠ [79] 

 

ʂʦʤʧʦʥʝʥʪʝ ʦʪʧʘʜʘ ʠʟ ʩʫʚʝ ʬʨʘʢʮʠʿʝ ʢʦʿʝ ʿʝ ʤʦʛʫ˂ʝ ʨʝʮʠʢʣʠʨʘʪʠ ʩʫ ʧʘʧʠʨ ʠ ʢʘʨʪʦʥ (13%), 

ʧʣʘʩʪʠʢʘ (12,1%), ʤʝʪʘʣʠ (5,2%) ʠ ʩʪʘʢʣʦ (4,1%).  

ʋʜeo ʙʠʦʦʪʧʘʜʘ ʢojʠ ʩe ʢʦʥʢʨʝʪʥʦ ʙʘʟʠʨʘ ʥa ʙaʰʪeʥʩʢʦʤ oʪʧaʜʫ ʠ oʪʧaʜʫ oʜ ʭʨaʥe ˂e ʧʨeʤa 

ʧʨʝʜʠʢʮʠʿʘʤʘ ʙʠʪʠ ʩʤaˁeʥ ʥa 34,7% ʫ 2030. ʛoʜʠʥʠ, ʫʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ˂ʝ ʩʝ ʫʚʝʩʪʠ 

ʢʦʥʪʝʿʥʝʨʠ ʟʘ ʢʦʤʧʦʩʪʠʨʘˁʝ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ, ʢʦʤʧʦʩʪʘʥʘ ʟʘ ʟʝʣʝʥʠ ʦʪʧʘʜ, ʥʘ ʢʦʿʝ ʛʨʘʹʘʥʠ 

ʤʦʛʫ ʜʘ ʜʦʧʨʝʤʘʿʫ ʟʝʣʝʥʠ ʦʪʧʘʜ, ʠʪʜ. 
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ʉʣʠʢʘ 3.3. ʇʨojeʢʪoʚaʥʠ ʩaʩʪaʚ ʛeʥeʨʠʩaʥoʛ oʪʧaʜa ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠjʠ ʫ ʧeʨʠoʜʫ oʜ 2022. ʜo 

2030. ʛoʜʠʥe (%) [79] 

ʅʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʧʨeʜʚʠʹa ʩʝ ʠ ʜa ˂e 2030. ʛoʜʠʥe ʢʦʣʠʯʠʥʝ ʧaʧʠʨa ʠ ʢaʨʪoʥa ʙʠʪʠ 14%, 

ʩʪaʢʣa 5,3%, ʧʣaʩʪʠʢe 13,8% ʠ ʤeʪaʣa 6,7%, ʜoʢ ˂e ʩʚe ʦʩʪʘʣʝ ʚʨʩʪʝ oʪʧaʜa ʠʤaʪʠ 25,5% 

ʫʜʝʣʘ ʫ oʜʥoʩʫ ʥa ʫʢʫʧʥʫ ʢʦʣʠʯʠʥʫ. 

ʄʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʦʪʧʘʜʘ ʫ ɽʚʨʦʧʩʢʦʿ ʋʥʠʿʠ ʨʘʟʣʠʢʫʿʝ ʩʝ ʤʝʹʫ ʜʨʞʘʚʘʤʘ ʯʣʘʥʠʮʘʤʘ, ʧʘ 

ʿʝ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʪʝʰʢʦ ʦʜʨʝʜʠʪʠ ʿʝʜʠʥʩʪʚʝʥʫ ʩʪʨʫʢʪʫʨʫ ʦʪʧʘʜʘ. ʋ ʤʦʨʬʦʣʦʰʢʦʤ ʩʘʩʪʘʚʫ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ʨʘʟʚʠʿʝʥʠʿʠʤ ʟʝʤˀʘʤʘ ʯʣʘʥʠʮʘʤʘ (ʐʚʝʜʩʢʘ, ʅʝʤʘʯʢʘ, ʌʨʘʥʮʫʩʢʘ) 

ʜʦʤʠʥʠʨʘʿʫ ʧʣʘʩʪʠʢʘ, ʢʘʨʪʦʥ ʠ ʧʘʧʠʨ, ʜʦʢ ʿʝ ʫʜʝʦ ʦʨʛʘʥʩʢʦʛ ʦʪʧʘʜʘ ʥʠʟʘʢ. ʅʘ ʩʣʠʮʠ 3.3. 

ʧʨʠʢʘʟʘʥ ʿʝ ʤʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ɽʚʨʦʧʩʢʝ ʋʥʠʿʝ 

ʫ 2016. ʛʦʜʠʥʠ. 



 

50 

 

 

ʉʣʠʢʘ 3.4. ʄʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ɽʋ  [76] 

 ʋ ʦʩʪʘʣʠʤ ʜʨʞʘʚʘʤʘ ʯʣʘʥʠʮʘʤʘ, ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ, ʈʫʤʫʥʠʿʠ, ɹʫʛʘʨʩʢʦʿ, ʢʦʿʝ ʧʦ ʝʢʦʥʦʤʩʢʠʤ 

ʧʦʢʘʟʘʪʝˀʠʤʘ ʧʨʠʧʘʜʘʿʫ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ, ʫ ʤʦʨʬʦʣʦʰʢʦʤ ʩʘʩʪʘʚʫ ʦʪʧʘʜʘ ʜʦʤʠʥʠʨʘ 

ʦʨʛʘʥʩʢʘ ʬʨʘʢʮʠʿʘ [81] 

ʇʦ ʝʢʦʥʦʤʩʢʠʤ ʧʦʢʘʟʘʪʝˀʠʤʘ ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʪʘʢʦʹʝ ʧʨʠʧʘʜʘ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ, ʧʘ 

ʩʭʦʜʥʦ ʪʦʤʝ ʫ ʤʦʨʬʦʣʦʰʢʦʤ ʩʘʩʪʘʚʫ ʦʪʧʘʜʘ ʪʘʢʦʹʝ ʜʦʤʠʥʠʨʘ ʦʨʛʘʥʩʢʠ ʦʪʧʘʜ. 

ɺʣʘʞʥʦʩʪ ʦʪʧʘʜʘ  ʠʟ ʜʦʤʘ˂ʠʥʩʪʚʘ ʟʘʚʠʩʠ ʦʜ ʚʨʩʪʝ ʦʪʧʘʜʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʮʝʣʦʢʫʧʥʦʿ ʤʘʩʠ 

ʦʪʧʘʜʘ ʢʘʦ ʠ ʦʜ ˁʝʛʦʚʦʛ ʩʘʜʨʞʘʿʘ ʚʣʘʛʝ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʣʦʢʘʣʠʪʝʪʘ ʧʨʠʢʫʧˀʘˁʘ ʦʪʧʘʜʘ 

ʢʘʦ ʠ ʦʜ ʛʦʜʠʰˁʝʛ ʜʦʙʘ, ʚʣʘʞʥʦʩʪ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʤʦʞʝ ʙʠʪʠ ʨʘʟʣʠʯʠʪʘ. ʉʘʜʨʞʘʿ ʚʣʘʛʝ 

ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʪʘʙʝʣʠ 3.5. 
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ʊʘʙʝʣʘ 3.5 ʉʘʜʨʞʘʿ ʚʣʘʛʝ ʢʦʜ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ [54] 

 

ʉʨʝʜˁʘ ʛʫʩʪʠʥʘ ʦʪʧʘʜʘ ʟʘʚʠʩʠ ʦʜ ʩʨʝʜˁʝ ʛʫʩʪʠʥʝ ʧʦʿʝʜʠʥʠʭ ʬʨʘʢʮʠʿʘ ʦʪʧʘʜʘ, 

ʤʦʨʬʦʣʦʰʢʦʛ ʩʘʩʪʘʚʘ ʦʪʧʘʜʘ ʠ ʚʣʘʞʥʦʩʪʠ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ. ɻʫʩʪʠʥʝ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʠ ʟʘʚʠʩʝ ʦʜ ʥʠʚʦʘ ʧʨʝʪʭʦʜʥʝ ʧʨʝʨʘʜʝ, ʦʙʣʠʢʘ 

ʦʪʧʘʜʘ ʠ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʧʘʜʘ. ʆʩʥʦʚʥʠ ʢʨʠʪʝʨʠʿʫʤʠ ʧʨʝʤʘ ʢʦʿʠʤʘ ʩʝ 

ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʚʨʝʜʥʦʩʪ ʩʨʝʜˁʝ ʛʫʩʪʠʥʝ ʩʫ: ʙʨʦʿ ʩʪʘʥʦʚʥʠʢʘ, ʥʘʯʠʥ ʩʪʘʥʦʚʘˁʘ ʠ ʩʘʜʨʞʘʿ 

ʣʘʢʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʢʘʦ ʰʪʦ ʩʫ ʧʘʧʠʨ, ʢʘʨʪʦʥ ʠ ʩʣ. ɻʫʩʪʠʥʝ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʯʚʨʩʪʦʛ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 3.6. 

ʊʘʙʝʣʘ 3.6. ɻʫʩʪʠʥʘ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ [54] 

 

ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʿʝ ʚʝʦʤʘ ʟʥʘʯʘʿʘʥ ʟʙʦʛ ʤʦʛʫ˂ʥʦʩʪʠ ʚʠʩʦʢʦʛ ʨʠʟʠʢʘ 

ʜʝʛʨʘʜʘʮʠʿʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (ʦʮʝʹʠʚʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʚʦʜʥʘ ʪʝʣʘ), ʘ ʫ ʮʠˀʫ ʠʟʙʦʨʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʪʦʜʝ ʟʘ ˁʝʛʦʚ ʪʨʝʪʤʘʥ. ʍʝʤʠʿʩʢʘ ʘʥʘʣʠʟʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ 

ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʪʘʙʝʣʠ 3.7. 
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ʊʘʙʝʣʘ 3.7 ʍʝʤʠʿʩʢʘ ʘʥʘʣʠʟʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʩʘ ʜʝʧʦʥʠʿʘ [57] 

 

ʋʟ ʧʦʤʦ˂ ʢʚʘʣʠʪʘʪʠʚʥʝ ʘʥʘʣʠʟʝ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʤʦʛʫ˂ʝ ʿʝ ʟʘʰʪʠʪʠʪʠ 

ʚʦʜʥʘ ʪʝʣʘ, ʟʝʤˀʠʰʪʝ ʠ ʚʘʟʜʫʭ ʢʘʦ ʠ ʫʪʚʨʜʠʪʠ ʩʪʝʧʝʥ ʩʪʠʰˀʠʚʦʩʪʠ ʦʪʧʘʜʘ. 

3.2 ʊʨʝʪʤʘʥ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ 

ʇʦʜʘʮʠ ʦ ʪʨʝʪʤʘʥʫ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ʟʝʤˀʘʤʘ ɽʋ ʜʦʩʪʫʧʥʠ ʩʫ ʩʘ ʢʦʣʠʯʠʥʦʤ 

ʨʝʮʠʢʣʠʨʘʥʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʢʦʿʘ ʨʘʩʪʝ ʩʘ 37 ʤʠʣʠʦʥʘ ʪʦʥʘ (87 kg ʧʦ ʩʪʘʥʦʚʥʠʢʫ) ʫ 

1995. ʛʦʜʠʥʠ ʥʘ 107 ʤʠʣʠʦʥʘ ʪʦʥʘ (241 kg ʧʦ ʛʣʘʚʠ ʩʪʘʥʦʚʥʠʢʘ) ʫ 2020. ʛʦʜʠʥʠ. ʉʚʝʫʢʫʧʥʦ, 

ʫʜʝʦ ʨʝʮʠʢʣʠʨʘʥʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʧʦʨʘʩʪʘʦ ʿʝ ʩʘ 19% ʫ 1995. ʛʦʜʠʥʠ ʥʘ 48% ʫ 2020. 

ʛʦʜʠʥʠ [82]. 
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ʉʣʠʢʘ 3.5. ʈʝʮʠʢʣʘʞʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫ ɽʋ [77] 

ʄʝʹʫʪʠʤ, ʧʦʩʪʦʿʠ ʦʛʨʦʤʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʟʝʤʘˀʘ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʨʝʮʠʢʣʘʞʘ ʢʦʤʫʥʘʣʥʦʛ 

ʦʪʧʘʜʘ: ʅʝʤʘʯʢʘ ʚʦʜʠ ʩʘ ʩʪʦʧʦʤ ʦʜ 67%, ʘ ʩʘʤʦ ʩʝʜʘʤ ʜʨʫʛʠʭ ʟʝʤʘˀʘ ʿʝ ʧʦʩʪʠʛʣʦ ʮʠˀʥʫ 

ʩʪʦʧʫ ɽʋ ʦʜ 50% (ʉʣʦʚʝʥʠʿʘ, ɸʫʩʪʨʠʿʘ, ʍʦʣʘʥʜʠʿʘ, ɹʝʣʛʠʿʘ, ʐʚʘʿʮʘʨʩʢʘ, ɼʘʥʩʢʘ ʠ ʀʪʘʣʠʿʘ)  

ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʟʝʤˀʝ ʢʘʦ ʰʪʦ ʩʫ ʈʫʤʫʥʠʿʘ, ʊʫʨʩʢʘ, ʄʘʣʪʘ ʠ ʎʨʥʘ ɻʦʨʘ ʨʝʮʠʢʣʠʨʘʿʫ ʤʘˁʝ 

ʦʜ 20% ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ɽʚʨʦʧʩʢʝ ʘʛʝʥʮʠʿʘ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠʟ 2021. 

ʛʦʜʠʥʝ [77]. 

ʉʧʘˀʠʚʘˁʝ ʦʪʧʘʜʘ ʫ ɽʚʨʦʧʠ ʥʘʛʣʦ ʨʘʩʪʝ, ʧʦʩʝʙʥʦ ʩʧʘˀʠʚʘˁʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ. ʀʟʤʝʹʫ 

1995. ʠ 2018. ʛʦʜʠʥʝ ʩʧʘˀʠʚʘˁʝ ʦʪʧʘʜʘ ʿʝ ʧʦʨʘʩʣʦ ʟʘ 117% ʩʘ 32 ʤʠʣʠʦʥʘ ʪʦʥʘ (67 kg ʧʦ 

ʛʣʘʚʠ ʩʪʘʥʦʚʥʠʢʘ) ʫ 1995. ʥʘ 70 ʤʠʣʠʦʥʘ ʪʦʥʘ (136 kg ʧʦ ʛʣʘʚʠ ʩʪʘʥʦʚʥʠʢʘ) ʫ 2018. ʆʚʦ 

ʧʦʚʝ˂ʘˁʝ ʿʝ ʫʛʣʘʚʥʦʤ ʫʟʨʦʢʦʚʘʥʦ ʩʤʘˁʝˁʝʤ ʢʦʨʠʰ˂ʝˁʘ ʜʝʧʦʥʠʿʝ [83]. 

ʊʘʢʦʹʝ ʿʝ ʜʦʰʣʦ ʜʦ ʧʦʚʝ˂ʘˁʘ ʩʧʘˀʠʚʘˁʘ ʦʪʧʘʜʘ ʟʘ ʜʦʙʠʿʘˁʝ ʝʥʝʨʛʠʿʝ ʛʜʝ ʩʝ ʝʥʝʨʛʠʿʘ 

ʧʨʦʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ/ʠʣʠ ʪʦʧʣʦʪʝ ʠʟ ʩʘʛʦʨʝʚʘˁʘ ʢʦʤʫʥʘʣʥʦʛ ʠ ʜʨʫʛʦʛ 

ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʠʟ ʜʦʤʘ˂ʠʥʩʪʘʚʘ. ʐʝʩʪ ʟʝʤʘˀʘ ï ʅʝʤʘʯʢʘ, ʌʨʘʥʮʫʩʢʘ, ʍʦʣʘʥʜʠʿʘ, ʐʚʝʜʩʢʘ, 

ʀʪʘʣʠʿʘ ʠ ʋʿʝʜʠˁʝʥʦ ʂʨʘˀʝʚʩʪʚʦ ï ʯʠʥʝ ʪʨʠ ʯʝʪʚʨʪʠʥʝ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʩʧʘˀʠʚʘˁʝ ʫ ɽʋ. 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʩʫ ʢʦʣʠʯʠʥʝ ʪʨʝʪʠʨʘʥʦʛ ʦʪʧʘʜʘ ʿʝʜʥʘʢʝ 

ʢʦʣʠʯʠʥʘʤʘ ʩʘʢʫʧˀʝʥʦʛ ʦʪʧʘʜʘ. ɽʬʠʢʘʩʥʦʩʪ ʩʘʢʫʧˀʘˁʘ, ʪʿ. ʦʜʥʦʩ ʧʨʠʢʫʧˀʝʥʝ ʢʦʣʠʯʠʥʝ 

ʦʪʧʘʜʘ ʠ ʫʢʫʧʥʝ ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʝʜʝʥʦʛ ʦʪʧʘʜʘ, ʧʦʨʘʩʣʘ ʿʝ ʩʘ 71 % ʫ 2010. ʛʦʜʠʥʠ ʥʘ 86 % 
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ʫ 2019. ʛʦʜʠʥʠ [84]. ʄʝʪʦʜʝ ʪʨʝʪʤʘʥʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʤʦʛʫ ʙʠʪʠ: ʨʝʮʠʢʣʘʞʘ, 

ʠʥʩʠʥʝʨʘʮʠʿʘ, ʢʦʤʧʦʩʪʠʨʘˁʝ, ʦʩʪʘʣʠ ʧʦʩʪʫʧʮʠ ʪʨʝʪʤʘʥʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ (ʧʠʨʦʣʠʟʘ, 

ʛʘʩʠʬʠʢʘʮʠʿʘ, ʧʣʘʟʤʘ ʧʨʦʮʝʩ ʠʪʜ.) ʠ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ. 

ʇʨʝʤʘ ɿʘʢʦʥʫ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ, ʧʦʜʘʮʠ ʦ ʪʨʝʪʤʘʥʫ ʦʪʧʘʜʘ ʦʙʫʭʚʘʪʘʿʫ ʫʢʫʧʥʫ 

ʢʦʣʠʯʠʥʫ ʨʝʮʠʢʣʠʨʘʥʦʛ ʠ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ. ʆʚʝ ʧʦʜʘʪʢʝ ʜʘʿʫ ʿʘʚʥʘ ʢʦʤʫʥʘʣʥʘ ʧʨʝʜʫʟʝ˂ʘ 

(ɱʂʇ) ʥʘ ʦʩʥʦʚʫ ʩʚʦʿʠʭ ʛʦʜʠʰˁʠʭ ʠʟʚʝʰʪʘʿʘ. ʀʟʤʝʹʫ 2015. ʠ 2019. ʛʦʜʠʥʝ ʧʨʠʿʘʚˀʝʥʝ 

ʢʦʣʠʯʠʥʝ ʪʨʝʪʠʨʘʥʦʛ ʦʪʧʘʜʘ ʧʦʨʘʩʣʝ ʩʫ ʟʘ 47 %, ʜʦʢ ʿʝ ʢʦʣʠʯʠʥʘ ʛʝʥʝʨʠʩʘʥʦʛ ʦʪʧʘʜʘ 

ʧʦʨʘʩʣʘ ʟʘ ʩʘʤʦ 28 % ʫ ʠʩʪʦʤ ʪʦʤ ʧʝʨʠʦʜʫ. ʂʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʨʝʮʠʢʣʠʨʘ ʦʩʪʘʣʘ ʿʝ 

ʩʪʘʙʠʣʥʘ [85]. 

3.2.1 ʆʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ 

ʆʜʣʘʛʘˁʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʝ ʫ ɽʚʨʦʧʠ ʦʧʘʣʦ ʟʘ 58% ʠʟʤʝʹʫ 1995. ʠ 2020. 

ʛʦʜʠʥʝ, ʜʦ ʪʘʜʘ ʿʝ ʩʘʤʦ 23% ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʦʜʣʘʟʠʣʦ ʥʘ ʜʝʧʦʥʠʿʫ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ 61 % 

ʫ 1995. ʛʦʜʠʥʠ [82]. ʄʝʹʫʪʠʤ, ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜ ʯʠʥʠ ʩʘʤʦ ʦʢʦ 8% ʫʢʫʧʥʦʛ ʦʪʧʘʜʘ ʥʘʩʪʘʣʦʛ 

ʫ ɽʋ ʠ ʢʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʩʘʚ ʪʨʝʪʠʨʘʥʠ ʦʪʧʘʜ (ʦʩʠʤ ʠʟʚʦʟʘ, ʘʣʠ ʫʢˀʫʯʫʿʫ˂ʠ ʫʚʦʟ), ʪʘʜʘ ʩʢʦʨʦ 

40% ʦʪʧʘʜʘ ʩʝ ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʫ [86]. 

ʋ ʐʧʘʥʠʿʠ, ʇʦʨʪʫʛʘʣʫ, ɻʨʯʢʦʿ ʠ ʚʝ˂ʠʥʠ ʟʝʤʘˀʘ ʠʩʪʦʯʥʝ ɽʚʨʦʧʝ, ʜʝʧʦʥʠʿʘ ʿʝ ʠ ʜʘˀʝ 

ʧʨʝʦʚʣʘʹʫʿʫ˂ʠ ʦʙʣʠʢ ʪʨʝʪʤʘʥʘ ʦʪʧʘʜʘ [83]. ʀʟʚʝʰʪʘʿ ɽʚʨʦʧʩʢʝ ʢʦʤʠʩʠʿʝ ʩʫʛʝʨʠʩʘʦ ʿʝ ʜʘ ʙʠ 

ʪʘʢʩʝ ʥʘ ʜʝʧʦʥʠʿʝ ʤʦʛʣʝ ʢʦʨʠʩʪʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʜʘ ʜʝʧʦʥʠʿʘ ʥʝ ʙʫʜʝ ʥʘʿʿʝʬʪʠʥʠʿʘ 

ʦʧʮʠʿʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʨʠʤʦʨʘʣʘ ʟʝʤˀʝ ɽʋ ʜʘ ʧʨʝʹʫ ʥʘ ʘʣʪʝʨʥʘʪʠʚʥʝ ʤʝʪʦʜʝ.  

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʦʜʣʘʛʘˁʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʚʨʰʠ ʩʝ ʥʘ ʩʘʥʠʪʘʨʥʠʤ, ʥʝʩʘʥʠʪʘʨʥʠʤ ʠ 

ʜʠʚˀʠʤ ʜʝʧʦʥʠʿʘʤʘ. ʉʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ ʿʝ ʧʨʦʩʪʦʨ ʢʦʿʠ ʿʝ ʩʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʢʠ ʫʨʝʹʝʥ ʠ ʥʘ 

ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʯʚʨʩʪʠ ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜ ʢʦʿʠ ʥʝʤʘ ʩʚʦʿʩʪʚʘ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ, ʢʦʿʠ ʩʝ ʥʝ 

ʤʦʞʝ ʩʝ ʧʨʝʨʘʹʠʚʘʪʠ ʠʣʠ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʥʜʫʩʪʨʠʿʩʢʘ ʩʠʨʦʚʠʥʘ ʠʣʠ ʝʥʝʨʛʝʪʩʢʦ ʛʦʨʠʚʦ, ʘ 

ʢʦʿʝ ʥʘʩʪʘʿʝ ʥʘ ʿʘʚʥʠʤ ʧʦʚʨʰʠʥʘʤʘ, ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ, ʫ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠʤ ʦʙʿʝʢʪʠʤʘ, 

ʪʨʛʦʚʠʥʠ ʠ ʧʨʝʜʫʟʝ˂ʠʤʘ ʢʦʿʘ ʩʫ ʥʠʩʫ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʢʘʨʘʢʪʝʨʘ [54]. ʅʝʩʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʣʦʢʘʮʠʿʫ ʛʜʝ ʿʝʜʠʥʠʮʝ ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ ʜʝʧʦʥʫʿʫ ʩʚʦʿ ʦʪʧʘʜ, ʫ ʪʘʢʦʟʚʘʥʠʤ, 

ʧʦʣʫʢʦʥʪʨʦʣʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ, ʢʦʿʠʤ ʫʧʨʘʚˀʘʿʫ ɱʂʇ ʠ ʢʦʿʝ ʠʤʘ ʩʚʦʿʫ ʧʨʝʜʦʜʨʝʹʝʥʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʜʦʢ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʥʠʿʝ ʧʨʦʿʝʢʪʦʚʘʥʦ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʦʧʠʩʠʤʘ ʢʦʿʠʤ ʩʝ 

ʫʨʝʹʫʿʝ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʝ ʧʦ ʧʨʦʮʝʜʫʨʠ- ʥʝʤʘ ʟʘʰʪʠʪʥʫ ʙʘʨʠʿʝʨʫ, ʜʨʝʥʘʞʥʠ 
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ʩʠʩʪʝʤ ʟʘ ʢʘʥʘʣʠʩʘˁʝ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʘ ʠʪʜ. ɼʠʚˀʘ ʜʝʧʦʥʠʿʘ ʿʝ ʤʝʩʪʦ ʠʣʠ ʿʘʚʥʘ 

ʧʦʚʨʰʠʥʘ ʥʘ ʢʦʿʦʿ ʩʝ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦ ʦʜʣʘʞʫ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʦʪʧʘʜʘ ʠ ʢʦʿʝ ʥʝ ʠʩʧʫˁʘʚʘ 

ʥʠʢʘʢʚʝ ʫʩʣʦʚʝ ʢʦʿʠ ʩʫ ʫʪʚʨʹʝʥʠ ʧʨʦʧʠʩʦʤ ʢʦʿʠʤ ʩʝ ʫʨʝʹʫʿʝ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʝ 

[55]. 

ʉʚʘʢʝ ʛʦʜʠʥʝ ʢʦʣʠʯʠʥʘ ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʩʝ ʧʦʚʝ˂ʘʚʘ. ɺʝʣʠʢʠ 

ʜʝʦ ʥʘʩʪʘʣʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʦʜʣʘʞʝ ʩʝ ʥʘ ʥʝʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʢʦʿʝ ʩʫ ʚʘʥ 

ʢʦʥʪʨʦʣʝ ɱʂʇ, ʿʝʨ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʿʝʬʪʠʥʠʿʫ ʤʦʛʫ˂ʥʦʩʪ. ʋ ʪʦʢʫ 2018. ʛʦʜʠʥʝ ʧʨʦʮʝʥʦʤ ʩʝ 

ʟʘʢˀʫʯʠʣʦ ʜʘ ʿʝ 25% ʦʪʧʘʜʘ ʜʝʧʦʥʦʚʘʥʦ ʥʘ ʥʝʢʫ ʦʜ ʧʦʩʪʦʿʝ˂ʠʭ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ, 45% ʿʝ 

ʜʝʧʦʥʦʚʘʥʦ ʥʘ ʪʨʝʥʫʪʥʦ ʨʝʛʠʩʪʨʦʚʘʥʠʤ, ʘʣʠ ʥʝʩʘʥʠʪʘʨʥʠʤ ʦʧʰʪʠʥʩʢʠʤ ʜʝʧʦʥʠʿʘʤʘ, ʘ ʦʢʦ 

30% ʫʢʫʧʥʦʛ ʦʪʧʘʜʘ ʜʝʧʦʥʦʚʘʥʦ ʿʝ ʥʘ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠʤ (ʜʠʚˀʠʤ) ʜʝʧʦʥʠʿʘʤʘ [84]. ʋ 

ʉʨʙʠʿʠ ʧʦʩʪʦʿʠ 12 ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʠ ˁʠʭʦʚʝ ʣʦʢʘʮʠʿʝ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 3.6.  

 

ʉʣʠʢʘ 3.6 ʄʘʧʘ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ [87] 

ʅʘʮʠʦʥʘʣʥʘ ʩʪʨʘʪʝʛʠʿʘ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʠʟ 2003. ʛʦʜʠʥʝ ʠ 2010. ʛʦʜʠʥʝ ʧʨʝʜʚʠʜʝʣʘ ʿʝ 

ʟʘʪʚʘʨʘˁʝ ʠ ʨʝʢʫʣʪʠʚʘʮʠʿʫ ʪʨʝʥʫʪʥʦ ʧʦʩʪʦʿʝ˂ʠʭ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʠ ʠʟʛʨʘʜˁʫ 29 
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ʤʦʜʝʨʥʠʭ ʨʝʛʠʦʥʘʣʥʠʭ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ, ʢʦʿʝ ʙʠ ʠʤʘʣʝ ʩʚʦʿ ʮʝʥʪʘʨ ʟʘ ʩʝʧʘʨʠʩʘˁʝ 

ʨʝʮʠʢʣʘʙʠʣʥʦʛ ʦʪʧʘʜʘ ʠ ʩʚʦʿʫ ʪʨʘʥʩʬʝʨ ʩʪʘʥʠʮʫ. 

ʋ ʪʘʙʝʣʠ 3.8 ʿʝ ʧʨʠʢʘʟʘʥʘ ʢʦʣʠʯʠʥʘ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʫ ʧʝʨʠʦʜʫ 

ʦʜ 2015-2021. ʛʦʜʠʥʝ. 

ʊʘʙʝʣʘ 3.8 ʂʦʣʠʯʠʥʘ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 2015.-2021. 

ʛʦʜʠʥʝ ʠʟʨʘʞʝʥʘ ʫ ʪʦʥʘʤʘ [80] 

 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʠʟ ʪʘʙʝʣʝ 3.8, ʩʚʘʢʝ ʛʦʜʠʥʝ ʜʦʣʘʟʠ ʜʦ ʦʜʨʝʹʝʥʦʛ ʧʦʚʝ˂ʘˁʘ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʘ 

ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʠ ʘʢʦ ʩʝ ʠ ʜʘˀʝ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʘ ʦʜʣʘʞʫ 

ʠ ʥʘ ʥʝʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ. 

ʅʘ ʩʣʠʮʠ 3.7 ʧʨʠʢʘʟʘʥʘ ʿʝ ʢʦʣʠʯʠʥʘ ʦʜʣʦʞʝʥʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ 

ʜʝʧʦʥʠʿʘʤʘ ʜʦ 2020. ʛʦʜʠʥʝ. 
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ʉʣʠʢʘ 3.7 ʇʨʠʢʘʟ ʦʜʣʦʞʝʥʠʭ ʢʦʣʠʯʠʥʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʜʦ 2020. ʛʦʜʠʥʝ ʠʟʨʘʞʝʥʝ ʫ ʪʦʥʘʤʘ [80] 

ʉʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʠ ʜʘˀʝ ʥʝ ʨʘʜʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʫ ʩʢʣʘʜʫ ʩʘ ʫʩʣʦʚʠʤʘ ʥʘʚʝʜʝʥʠʤ ʫ 

ɼʠʨʝʢʪʠʚʠ ɽʋ ʦ ʜʝʧʦʥʠʿʘʤʘ. ʇʦʨʝʜ 12 ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ, ʫ ʉʨʙʠʿʠ ʧʦʩʪʦʿʠ ʠ ʦʢʦ 100 

ʥʝʩʘʥʠʪʘʨʥʠʭ ʦʧʰʪʠʥʩʢʠʭ ʜʝʧʦʥʠʿʘ ʠ ʚʠʰʝ ʦʜ 3.000 ʜʠʚˀʠʭ ʜʝʧʦʥʠʿʘ [59]. 

ʋ ʯʚʨʩʪʦʤ ʢʦʤʫʥʘʣʥʦʤ ʦʪʧʘʜʫ ʥʘʿʚʝ˂ʠ ʧʨʦʮʝʥʘʪ ʠʤʘ ʙʠʦʨʘʟʛʨʘʜʠʚʠ ʦʪʧʘʜ. ʅʘ 12 

ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʫ 2021. ʛʦʜʠʥʠ ʦʜʣʦʞʝʥʦ ʿʝ ʯʘʢ 850 000 t ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʰʪʦ 

ʦʙʫʭʚʘʪʘ 42% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʩʪʘʥʦʚʥʠʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʂʘʢʦ ʿʝ 2016. ʛʦʜʠʥʝ 

ʧʨʠʩʪʫʧʘʯʥʦʩʪ ʩʪʘʥʦʚʥʠʰʪʚʘ ʩʘʥʠʪʘʨʥʦʤ ʜʝʧʦʥʦʚʘˁʫ ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ, 

ʠʟʥʦʩʠʣʦ ʩʘʤʦ 14%, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʩʘʜʘ ʦʚʘʿ ʧʨʦʮʝʥʘʪ ʤʥʦʛʦ ʚʝ˂ʠ. ʅʘ ʩʣʠʮʠ 3.8 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʦʙʫʭʚʘ˂ʝʥʦʩʪ ʩʪʘʥʦʚʥʠʰʪʚʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. 
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ʉʣʠʢʘ 3.8 ʆʙʫʭʚʘ˂ʝʥʦʩʪ ʩʪʘʥʦʚʥʠʰʪʚʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ [80] 

ʀʘʢʦ ʿʝ ʝʚʠʜʝʥʪʘʥ ʚʝʣʠʢʠ ʥʘʧʨʝʜʘʢ ʫ ʧʨʠʩʪʫʧʘʯʥʦʩʪʠ ʩʪʘʥʦʚʥʠʰʪʚʘ ʜʦ ʩʘʥʠʪʘʨʥʠʭ 

ʜʝʧʦʥʠʿʘ ʿʦʰ ʫʚʝʢ ʩʝ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʠʧʘʢ ʦʜʣʘʞʝ ʥʘ ʥʝʩʘʥʠʪʘʨʥʝ ʠʣʠ ʜʠʚˀʝ 

ʜʝʧʦʥʠʿʝ.  

 

ʉʣʠʢʘ 3.9 ʄʘʧʘ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ [87] 
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ʆʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ, ʥʘ ʦʢʦ 85% ʩʝ ʦʪʧʘʜ ʘʢʪʠʚʥʦ ʦʜʣʘʞʝ. ʅʘ 50 

ʜʝʧʦʥʠʿʘ ʚʨʰʠ ʩʝ ʨʝʜʦʚʥʦ ʧʨʝʢʨʠʚʘˁʝ ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜʘ ʠʥʝʨʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ, ʘ ʥʘ 70 

ʜʝʣʠʤʠʯʥʦ ʧʨʝʢʨʠʚʘˁʝ. ʊʘʢʦʹʝ, 23 ʜʝʧʦʥʠʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʧʦʧʣʘʚʥʦʤ ʧʦʜʨʫʯʿʫ, ʰʪʦ ʤʦʞʝ 

ʟʥʘʯʘʿʥʦ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʦʚʨʰʠʥʩʢʝ ʠ ʧʦʜʟʝʤʥʝ ʚʦʜʝ. ɸʥʘʣʠʟʦʤ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʿʝ ʟʘ 

16 ʜʝʧʦʥʠʿʘ ʧʨʝʜʚʠʹʝʥʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʫ ʥʘʨʝʜʥʝ ʪʨʠ ʛʦʜʠʥʝ, ʟʘ 19 ʜʝʧʦʥʠʿʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 

ʪʨʠ ʜʦ ʧʝʪ ʛʦʜʠʥʘ, ʘ ʟʘ 50 ʜʝʧʦʥʠʿʘ ʚʠʰʝ ʦʜ ʧʝʪ ʛʦʜʠʥʘ. ɿʘ ʦʩʪʘʣʝ ʜʝʧʦʥʠʿʝ ʿʝ ʧʨʝʜʚʠʹʝʥʦ 

ʭʠʪʥʦ ʟʘʪʚʘʨʘˁʝ ʠ ʩʘʥʠʨʘˁʝ [87]. 

ɿʘ 60 ʜʝʧʦʥʠʿʘ ʩʝ ʥʝ ʚʦʜʠ ʝʚʠʜʝʥʮʠʿʘ ʧʨʠʿʝʤʘ ʦʪʧʘʜʘ, ʜʦʢ ʩʝ ʟʘ ʦʩʪʘʣʠʭ 75 ʜʝʧʦʥʠʿʘ ʚʦʜʠ 

ʝʚʠʜʝʥʮʠʿʘ. ɿʘ 81 ʥʝʩʘʥʠʪʘʨʥʫ ʜʝʧʦʥʠʿʫ ʿʝ ʫʨʘʹʝʥ ʧʨʦʿʝʢʘʪ ʩʘʥʘʮʠʿʝ, ʟʘʪʚʘʨʘˁʘ ʠ 

ʨʝʢʫʣʪʠʚʘʮʠʿʝ, ʦʜ ʢʦʿʠʭ 66 ʠʤʘ ʩʘʛʣʘʩʥʦʩʪ. ɿʘ 55 ʣʦʢʘʮʠʿʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʨʘʜʠʪʠ ʥʦʚʠ ʠʣʠ 

ʘʞʫʨʠʨʘʪʠ ʧʦʩʪʦʿʝ˂ʠ ʧʨʦʿʝʢʘʪ. ʉʘʤʦ ʥʘ 24 ʜʝʧʦʥʠʿʝ ʩʝ ʨʘʜʦʚʠ ʠʟʚʦʜʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʦʿʝʢʪʦʤ. 

ɿʥʘʯʘʿʥʝ ʢʦʣʠʯʠʥʝ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ ʧʨʝʜʩʪʘʚˀʘ ʦʪʧʘʜ ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʤʝʰʘʥʠ ʢʦʤʫʥʘʣʥʠ 

ʦʪʧʘʜ, ʦʩʪʘʪʢʝ ʩʘ ʿʘʚʥʠʭ ʧʦʚʨʰʠʥʘ ʠ ʢʘʙʘʩʪʠ ʦʪʧʘʜ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʫ ʠʟʥʦʩʫ ʦʜ 962 ʭʠˀʘʜʝ 

ʪʦʥʘ, ʟʘʪʠʤ ʦʪʧʘʜ ʦʜ ʧʨʝʨʘʜʝ ʰˀʘʢʝ ʠʟ ʪʝʨʤʠʯʢʠʭ ʧʨʦʮʝʩʘ, ʦʪʧʘʜʥʘ ʟʝʤˀʘ ʠ ʢʘʤʝʥ, 

ʤʝʰʘʚʠʥʝ ʠʣʠ ʧʦʿʝʜʠʥʘʯʥʝ ʬʨʘʢʮʠʿʝ ʙʝʪʦʥʘ, ʮʠʛʣʝ, ʮʨʝʧʘ ʠ ʢʝʨʘʤʠʢʝ ʠ ʦʩʪʘʣʠ ʤʝʰʘʥʠ 

ʛʨʘʹʝʚʠʥʩʢʠ ʦʪʧʘʜ. 

ʄʝʰʦʚʠʪʠ ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʝ ʙʝʟ ʧʨʝʪʭʦʜʥʦʛ 

ʪʨʝʪʤʘʥʘ ʠ ʪʦ ʿʝ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʠʟʚʦʨʘ ʟʘʛʘʹʝˁʘ ʧʦʚʨʰʠʥʩʢʠʭ ʠ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ  (Toġiĺ, 

et al., 2020). ʂʘʜʘ ʜʝʧʦʥʠʿʝ ʥʠʩʫ ʪʝʭʥʠʯʢʠ-ʩʘʥʠʪʘʨʥʦ ʫʨʝʹʝʥʝ, ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ 

ʮʫʨʝˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠʟ ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʢʦʿʠ ʩʘʜʨʞʠ ʰʠʨʦʢʫ ʤʝʰʘʚʠʥʫ 

ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ. ʇʨʦʮʝʜʥʝ ʚʦʜʝ ʩʫ ʚʦʜʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʧʨʦʮʝʩʫ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ 

(ʨʘʩʧʘʜʘˁʝʤ ʦʪʧʘʜʘ) ʠ ʜʝʣʦʚʘˁʝʤ ʚʦʜʘ ʢʦʿʝ ʜʦʩʧʝʚʘʿʫ ʫ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, ʠʟʜʚʘʿʘʿʫ ʩʝ ʥʘ ʜʥʦ 

ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʠ ʦʜʚʦʜʝ ʩʝ ʧʦʩʝʙʥʠʤ ʩʠʩʪʝʤʠʤʘ ʠʟʚʘʥ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʠʣʠ ʩʝ ʜʝʣʠʤʠʯʥʦ 

ʟʘʜʨʞʘʚʘʿʫ ʫ ˁʝʤʫ [67]. ʎʫʨʝˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʤʦʞʝ ʠʤʘʪʠ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʚʦʜʥʘ 

ʪʝʣʘ, ʚʦʜʝʥʝ ʦʨʛʘʥʠʟʤʝ, ʟʝʤˀʠʰʪʝ, ʙʠˀʢʝ, ʠ ʟʜʨʘʚˀʝ ˀʫʜʠ. ʄʠʛʨʘʮʠʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ 

ʜʝʧʦʥʠʿʘ ʠ ʧʦʩʣʝʜʠʯʥʘ ʢʦʥʪʘʤʠʥʘʮʠʿʘ ʪʣʘ ʠ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʦʜ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʩʫ ʟʘʙʝʣʝʞʝʥʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʿʦʰ ʦʜ 1993. ʛʦʜʠʥʝ [88],[10], [89], [12] 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, ʥʘʫʯʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʥʝʛʘʪʠʚʥʠʤ ʫʪʠʮʘʿʠʤʘ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ 

ʚʦʜʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ˁʠʭʦʚ ʩʘʩʪʘʚ, ʤʠʛʨʘʮʠʿʘ, ʚʨʝʤʝ ʧʨʦʪʠʮʘˁʘ, ʧʦʯʝʣʘ ʩʫ ʜʘ ʩʝ 

ʩʧʨʦʚʦʜʝ ʪʝʢ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ [48] [50], [52] [32]. 
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3.3.  ʀʥʪʝʨʘʢʮʠʿʘ ʜʝʧʦʥʠʿʘ ʩʘ ʧʨʠʿʝʤʥʠʤ ʚʦʜʥʠʤ ʪʝʣʠʤʘ 

ʇʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʘʢʦ ʚʘʞʥʝ ʨʝʩʫʨʩʝ ʢʦʿʠ ʩʫ ʦʩʥʦʚʘ 

ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʚʦʜʦʤ, ʘʛʨʠʢʫʣʪʫʨʫ, ʠʥʜʫʩʪʨʠʿʫ ʠ ʟʜʨʘʚʫ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ɻʝʥʝʨʘʣʥʦ ʚʦʜʥʘ 

ʪʝʣʘ ʫʢˀʫʯʫʿʫ ʨʝʢʝ, ʿʝʟʝʨʘ ʠ ʧʦʜʟʝʤʥʝ ʚʦʜʝ [90]. ʄʝʹʫ ʥʘʿʟʥʘʯʘʿʥʠʿʠʤʘ ʩʫ ʨʝʢʝ ʢʘʦ ʰʪʦ ʩʫ 

ɼʫʥʘʚ, ʉʘʚʘ, ʊʠʩʘ, ɺʝʣʠʢʘ ʄʦʨʘʚʘ, ɱʫʞʥʘ ʠ ɿʘʧʘʜʥʘ ʄʦʨʘʚʘ, ʘʣʠ ʠ ʤʘˁʝ ʨʝʢʝ ʧʦʧʫʪ ʅʠʰʘʚʝ, 

ʊʘʤʠʰʘ, ɫʝʪʠˁʝ ʠʪʜ [91]. 

ɿʥʘʯʘʿ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ ʿʝ ʚʝʣʠʢʠ ʿʝʨ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʙʝʟʙʝʹʠʚʘˁʝ ʚʦʜʝ ʟʘ ʧʠ˂ʝ ʘʣʠ ʠ 

ʟʘʜʦʚʦˀ ʘʚʘʿʫ ʠʥʜʫʩʪʨʠʿʩʢʝ ʠ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʦʪʨʝʙʝ. ʊʘʢʦʹʝ, ʚʦʜʥʘ ʪʝʣʘ ʢʘʦ ʩʪʘʥʠʰʪʘ 

ʙʠˀʘʢʘ ʠ ʞʠʚʦʪʠˁʘ, ʦʜʨʞʘʚʘʿʫ ʙʠʦʜʠʚʝʨʟʠʪʝʪ ʠ ʝʢʦʣʦʰʢʫ ʨʘʚʥʦʪʝʞʫ ʯʠʤʝ ʟʥʘʯʘʿʥʦ 

ʜʦʧʨʠʥʦʩʝ ʝʢʦʣʦʰʢʦʤ ʟʥʘʯʘʿʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʋ ʝʢʦʥʦʤʩʢʦʤ ʧʦʛʣʝʜʫ ʚʦʜʥʘ ʪʝʣʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʥʝ ʧʫʪʝʚʝ ʟʘ ʪʨʘʥʩʧʦʨʪ, ʨʠʙʦʣʦʚ ʠ ʪʫʨʠʟʘʤ [90]. 

ʋʜʘˀʝʥʦʩʪ ʚʦʜʥʠʭ ʪʝʣʘ ʦʜ ʜʝʧʦʥʠʿʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʘ ʿʝʨ ʦʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʮʠʧʠʿʝʥʪʝ ʟʘ 

ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʘ ʢʦʿʝ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ ʰʠʨʦʢ ʜʠʿʘʧʘʟʦʥ 

ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʝ ʤʦʛʫ ʫʛʨʦʟʠʪʠ ʢʚʘʣʠʪʝʪ ʚʦʜʥʠʭ ʪʝʣʘ. ɿʘʪʦ ʿʝ ʚʘʞʥʦ ʜʘ ʩʝ ʜʝʧʦʥʠʿʝ 

ʩʪʨʘʪʝʛʠʿʩʢʠ ʧʣʘʥʠʨʘʿʫ ʪʘʢʦ ʜʘ ʙʫʜʫ ʥʘ ʘʜʝʢʚʘʪʥʦʿ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʚʦʜʥʠʭ ʪʝʣʘ ʠ ʜʘ ʠʤʘʿʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʘʰʪʠʪʥʝ ʤʝʨʝ. 

ʇʦʜʘʮʠ ʦ ʫʜʘˀʝʥʦʩʪʠʤʘ ʜʝʧʦʥʠʿʘ ʦʜ ʚʦʜʝʥʠʭ ʪʝʣʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʫʢʘʟʫʿʫ ʥʘ ʚʨʣʦ 

ʟʘʙʨʠˁʘʚʘʿʫ˂ʝ ʯʠˁʝʥʠʮʝ. ʆʪʧʨʠʣʠʢʝ 15.2% ʜʝʧʦʥʠʿʘ, ʰʪʦ ʿʝ 25 ʦʜ ˁʠʭ, ʥʘʣʘʟʠ ʩʝ ʥʘ 

ʫʜʘˀʝʥʦʩʪʠ ʤʘˁʦʿ ʦʜ 50 m ʦʜ ʦʙʘʣʝ ʨʝʢʘ, ʿʝʟʝʨʘ, ʧʦʪʦʢʘ ʠʣʠ ʘʢʫʤʫʣʘʮʠʿʘ. ʀʟ ʦʚʝ ʛʨʫʧʝ, 14 

ʜʝʧʦʥʠʿʘ ʿʝ ʣʦʮʠʨʘʥʦ ʜʠʨʝʢʪʥʦ ʥʘ ʩʘʤʠʤ ʦʙʘʣʘʤʘ ʠʣʠ ʯʘʢ ʫ ʚʦʜʥʦʤ ʪʝʣʫ. ʊʘʢʦʹʝ, 32 

ʦʧʰʪʠʥʝ (20% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ) ʥʠʩʫ ʜʦʩʪʘʚʠʣʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʫʜʘˀʝʥʦʩʪʠʤʘ ʩʚʦʿʠʭ 

ʜʝʧʦʥʠʿʘ ʦʜ ʚʦʜʝʥʠʭ ʪʝʣʘ [90]. 

ʐʪʦ ʩʝ ʪʠʯʝ ʩʧʝʮʠʬʠʯʥʝ ʙʣʠʟʠʥʝ ʜʝʧʦʥʠʿʘ ʠʟʚʦʨʠʰʪʠʤʘ ʚʦʜʦʩʥʘʙʜʝʚʘˁʘ, 11 ʜʝʧʦʥʠʿʘ 

(6.7%) ʩʝ ʥʘʣʘʟʠ ʥʘ ʫʜʘˀʝʥʦʩʪʠʤʘ ʤʘˁʠʤ ʦʜ 500 m ʦʜ ʟʦʥʝ ʚʦʜʦʩʥʘʙʜʝʚʘˁʘ, ʜʦʢ ʩʝ 28 

ʜʝʧʦʥʠʿʘ (12.2%) ʥʘʣʘʟʠ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʤʘˁʦʿ ʦʜ 1000 m. ʆʚʠ ʧʦʜʘʮʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 

3.10 ʠ ʫʢʘʟʫʿʫ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʠʩʦʢ ʨʠʟʠʢ ʦʜ ʟʘʛʘʹʝˁʘ ʚʦʜʝʥʠʭ ʪʝʣʘ, ʰʪʦ ʤʦʞʝ ʫʛʨʦʟʠʪʠ 

ʟʜʨʘʚˀʝ ʠ ʙʝʟʙʝʜʥʦʩʪ ʩʪʘʥʦʚʥʠʰʪʚʘ, ʢʘʦ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 
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ʉʣʠʢʘ 3.10 ʋʜʘˀʝʥʦʩʪ ʜʝʧʦʥʠʿʘ ʦʜ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ [92] 

ʅʘ ʣʦʢʘʮʠʿʘʤʘ ʛʜʝ ʩʝ ʥʘʣʘʟʝ ʜʝʧʦʥʠʿʝ ʠ ˁʠʭʦʚʠʤ ʛʝʦʣʦʰʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʪʣʘ, ʧʦʩʪʦʿʠ 

ʟʥʘʪʥʘ ʨʘʟʥʦʚʨʩʥʦʩʪ ʫ ʚʝʟʠ ʩʘ ˁʠʭʦʚʠʤ ʫʪʠʮʘʿʝʤ ʥʘ ʚʦʜʥʘ ʪʝʣʘ. ɺʝʣʠʢʠ ʙʨʦʿ ʜʝʧʦʥʠʿʘ ʩʝ 

ʟʘʧʨʘʚʦ ʥʘʣʘʟʠ ʫ ʙʣʠʟʠʥʠ ʚʦʜʦʪʦʢʦʚʘ ʠʣʠ ʯʘʢ ʠʤʘʿʫ ʨʝʛʠʩʪʨʦʚʘʥ ʚʦʜʦʪʦʢ ʫ ʩʚʦʿʠʤ ʪʝʣʠʤʘ. 

ʊʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʫ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʜʠʨʝʢʪʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʠʟʤʝʹʫ ʜʝʧʦʥʠʿʘ ʠ ʚʦʜʥʠʭ 

ʪʝʣʘ ʧʫʪʝʤ ʧʨʦʪʦʢʘ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʠʣʠ ʜʦ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ.  

ʊʘʢʦʹʝ, ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʘʥ ʙʨʦʿ ʜʝʧʦʥʠʿʘ ʢʦʿʠ ʩʫ ʫ ʧʦʧʣʘʚʥʦʤ ʧʦʜʨʫʯʿʫ ʠʣʠ ˁʠʭʦʚʦʿ ʙʣʠʟʠʥʠ. 

ʆʚʦ ʧʨʝʜʩʪʘʚˀʘ ʜʦʜʘʪʥʠ ʠʟʘʟʦʚ ʫ ʫʧʨʘʚˀʘˁʫ ʜʝʧʦʥʠʿʘʤʘ ʠ ʦʪʧʘʜʥʠʤ ʚʦʜʘʤʘ, ʧʦʩʝʙʥʦ ʫ 

ʩʣʫʯʘʿʫ ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʜʦʛʘʹʘʿʘ ʢʘʦ ʰʪʦ ʩʫ ʧʦʧʣʘʚʝ. ʋ ʪʘʙʝʣʠ 3.9 ʧʨʠʢʘʟʘʥʝ ʩʫ ʚʨʩʪʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʜʝʧʦʥʠʿʘ ʠ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ. 

ʊʘʙʝʣʘ 3.9 ɺʨʩʪʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʜʝʧʦʥʠʿʘ ʠ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ  [92] 

 

ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʨʝʮʠʧʠʿʝʥʘʪʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʿʝ ʚʘʞʘʥ 

ʩʝʛʤʝʥʪ ʿʝʨ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʢʘʢʦ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʠʟ ʜʝʧʦʥʠʿʘ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʦʢʦʣʥʝ ʚʦʜʥʝ 

ʨʝʩʫʨʩʝ. ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʨʝʮʠʧʠʿʝʥʘʪʘ ʫʢˀʫʯʫʿʝ ʚʠʰʝ ʬʘʢʪʦʨʘ ʢʦʿʠ ʩʫ ʙʠʪʥʠ ʟʘ ʧʨʦʮʝʥʫ 

ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʦʜʥʦʩʥʦ ʥʘ ʧʨʠʿʝʤʥʘ ʚʦʜʥʘ ʪʝʣʘ. ʇʨʝ ʩʚʝʛʘ, ʚʘʞʥʦ ʿʝ 
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ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʨʝʮʠʧʠʿʝʥʪʝ ʠ ʘʥʘʣʠʟʠʨʘʪʠ ˁʠʭʦʚʝ ʬʠʟʠʯʢʝ, ʭʝʤʠʿʩʢʝ, ʛʝʦʛʨʘʬʩʢʝ ʠ 

ʭʠʜʨʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʢʘʢʦ ʩʝ ʙʦˀʝ ʠʟʚʨʰʠʣʘ ʦʮʝʥʘ ʨʠʟʠʢʘ ʜʝʧʦʥʠʿʘ ʥʘ ʧʨʠʿʝʤʥʘ 

ʚʦʜʥʘ ʪʝʣʘ [90], [93], [94]. ʋ ʪʘʙʝʣʠ 3.10 ʧʨʠʢʘʟʘʥʠ ʩʫ ʭʝʤʠʿʩʢʠ ʠ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠ 

ʧʘʨʘʤʝʪʨʠ ʦʮʝʥʝ ʝʢʦʣʦʰʢʦʛ ʩʪʘʪʫʩʘ ʚʦʜʥʠʭ ʪʝʣʘ ʪʠʧʘ 2. 

ʊʘʙʝʣʘ 3.10  ʍʝʤʠʿʩʢʠ ʠ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʦʮʝʥʝ ʝʢʦʣʦʰʢʦʛ ʩʪʘʪʫʩʘ ʚʦʜʥʠʭ ʪʝʣʘ ʪʠʧʘ 

2 [95] 

 

ʅʝʢʘ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʚʦʜʥʠʭ ʪʝʣʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʣʠʢʝ ʨʝʢʝ ʢʘʦ ʰʪʦ 

ʩʫ ɼʫʥʘʚ, ʊʠʩʘ, ʉʘʚʘ, ɺʝʣʠʢʘ ʄʦʨʘʚʘ, ɱʫʞʥʘ ʠ ɿʘʧʘʜʥʘ ʄʦʨʘʚʘ ʢʦʿʝ ʩʫ ʠʥʜʠʨʝʢʪʥʦ ʫ 

ʧʦʪʝʥʮʠʿʘʣʥʦʿ ʠʥʪʝʨʘʢʮʠʿʠ ʩʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ 

ʧʦʤʝʥʫʪʠʭ ʚʦʜʥʠʭ ʪʝʣʘ. 

ʈʝʢʘ ɼʫʥʘʚ ʿʝ ʜʨʫʛʘ ʧʦ ʚʝʣʠʯʠʥʠ ʨʝʢʘ ʫ ɽʚʨʦʧʠ, ʩʘ ʧʨʦʩʝʯʥʠʤ ʧʨʦʪʦʢʦʤ ʦʜ ʦʢʦ 6500 m3/s ʩʘ 

ʰʠʨʠʥʦʤ ʢʦʿʘ ʿʝ ʠ ʧʨʝʢʦ 1 km ʫ ʦʜʨʝʹʝʥʠʤ ʜʝʣʦʚʠʤʘ ʠ ʜʫʙʠʥʦʤ ʠ ʜʦ 8 m [94]. ʇʨʦʪʠʯʝ ʢʨʦʟ 

10 ʟʝʤʘˀʘ ʠ ʩʣʫʞʠ ʢʘʦ ʪʨʘʥʩʧʦʨʪʥʠ ʢʦʨʠʜʦʨ ʠʟʤʝʹʫ ʟʘʧʘʜʥʝ ʠ ʠʩʪʦʯʥʝ ɽʚʨʦʧʝ. ʈʝʢʘ ʿʝ 

ʧʦʛʦʜʥʘ ʟʘ ʚʦʜʦʩʥʘʙʜʝʚʘˁʝ, ʧʦˀʦʧʨʠʚʨʝʜʫ, ʝʥʝʨʛʝʪʠʢʫ ʠ ʝʢʦʩʠʩʪʝʤʝ ʫ ʨʝʛʠʦʥʫ. ʀʤʘ ʚʝʣʠʢʫ 

ʫʣʦʛʫ ʫ ʦʯʫʚʘˁʫ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ ʠ ʧʨʫʞʘ ʩʪʘʥʠʰʪʘ ʟʘ ʤʥʦʛʝ ʙʠˀʢʝ ʠ ʞʠʚʦʪʠˁʝ. 

ʇʨʦʪʦʢ ɺʝʣʠʢʝ ʄʦʨʘʚʝ ʚʘʨʠʨʘ ʠ ʫ ʧʨʦʩʝʢʫ ʠʟʥʦʩʠ ʦʢʦ 100 m3/s ʠ ʩʘ ʫʤʝʨʝʥʦʤ ʰʠʨʠʥʦʤ ʦʜ 

50-100 m [94]. ʆʥʘ ʿʝ ʥʘʿʚʝ˂ʘ ʨʝʢʘ ʫ ʮʝʥʪʨʘʣʥʦʿ ʉʨʙʠʿʠ ʠ ʚʨʣʦ ʿʝ ʚʘʞʘʥ ʚʦʜʥʠ ʧʫʪ. ɿʥʘʯʘʿʥʘ 

ʟʘ ʧʦˀʦʧʨʠʚʨʝʜʫ ʨʝʛʠʦʥʘ, ʢʘʦ ʠ ʟʘ ʚʦʜʦʩʥʘʙʜʝʚʘˁʝ ʠ ʨʠʙʦʣʦʚ. 

ʇʨʦʪʦʢ ɱʫʞʥʝ ʄʦʨʘʚʝ ʧʨʦʤʝʥˀʠʚ, ʘʣʠ ʿʝ ʫ ʧʨʦʩʝʢʫ ʦʢʦ 40 m3/s ʠ ʩʘ ʰʠʨʠʥʦʤ ʠʟʤʝʹʫ 50 ʠ 

100 m [94]. ʇʨʦʪʦʢ ʨʝʢʝ ɱʫʞʥʝ ʄʦʨʘʚʝ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʠ ʪʦʢʦʤ ʧʨʦʣʝ˂ʥʠʭ ʤʝʩʝʮʠ ʠ ʚʝ˂ʝ 

ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ, ʧʘ ʪʘʜʘ ʠʟʥʦʩʠ ʠ ʧʨʝʢʦ 130 m3/s. ʆʚʘ ʨʝʢʘ ʿʝ ʚʘʞʥʦ ʚʦʜʥʦ ʪʝʣʦ ʟʘ 
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ʿʫʛʦʠʩʪʦʯʥʫ ʉʨʙʠʿʫ ʿʝʨ ʩʣʫʞʠ ʢʘʦ ʚʘʞʥʘ ʠʟʚʦʨ ʚʦʜʝ ʟʘ ʧʦˀʦʧʨʠʚʨʝʜʫ ʠ ʠʥʜʫʩʪʨʠʿʫ ʫ 

ʨʝʛʠʦʥʫ. ʇʨʦʪʦʢ ɿʘʧʘʜʥʝ ʄʦʨʘʚʝ ʪʘʢʦʹʝ ʚʘʨʠʨʘ, ʩʘ ʧʨʦʩʝʢʦʤ ʦʜ ʦʢʦ 55 m3/s ʠ ʩʘ ʥʝʰʪʦ 

ʤʘˁʦʤ ʰʠʨʠʥʦʤ ʢʦʿʘ ʠʟʥʦʩʠ ʠʟʤʝʹʫ 40 - 80 m [94]. ɼʫʙʠʥʘ ʨʝʢʝ ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʛʦʜʠʰˁʝʛ ʜʦʙʘ ʠ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ. ɿʘʧʘʜʥʘ ʄʦʨʘʚʘ ʠʤʘ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʟʘ ʧʦˀʦʧʨʠʚʨʝʜʫ 

ʫ ʟʘʧʘʜʥʦʿ ʉʨʙʠʿʠ. ʆʥʘ ʪʘʢʦʹʝ ʜʦʧʨʠʥʦʩʠ ʙʠʦʜʠʚʝʨʟʠʪʝʪʫ ʨʝʛʠʦʥʘ ʠ ʩʣʫʞʠ ʢʘʦ ʩʪʘʥʠʰʪʝ ʟʘ 

ʤʥʦʛʝ ʚʨʩʪʝ ʨʠʙʘ ʠ ʜʨʫʛʠʭ ʚʦʜʝʥʠʭ ʦʨʛʘʥʠʟʘʤʘ. 

ʇʨʦʪʦʢ ʨʝʢʝ ʉʘʚʝ ʫ ɹʝʦʛʨʘʜʫ ʿʝ ʦʢʦ 1580 m3/s, ʠʤʘ ʫʤʝʨʝʥʫ ʰʠʨʠʥʫ ʜʦ 200 m ʠ ʧʨʦʤʝʥˀʠʚʝ 

ʿʝ ʜʫʙʠʥʝ. ʉʘʚʘ ʿʝ ʨʝʢʘ ʢʦʿʘ ʿʝ ʿʘʢʦ ʚʘʞʥʘ ʟʘ ɿʘʧʘʜʥʠ ɹʘʣʢʘʥ, ʧʨʦʣʘʟʝ˂ʠ ʢʨʦʟ ʉʣʦʚʝʥʠʿʫ, 

ʍʨʚʘʪʩʢʫ, ɹʦʩʥʫ ʠ ʍʝʨʮʝʛʦʚʠʥʫ ʠ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ. ʆʥʘ ʠʤʘ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʟʘ ʧʨʠʚʨʝʜʫ, 

ʧʦʩʝʙʥʦ ʟʘ ʪʨʘʥʩʧʦʨʪ, ʪʫʨʠʟʘʤ, ʧʦˀʦʧʨʠʚʨʝʜʫ ʠ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

ʂʘʪʝʛʦʨʠʿʘ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ ʟʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ, ʩʫ ʟʥʘʯʘʿʥʦ 

ʠʟʤʝˁʝʥʘ ʚʦʜʥʘ ʪʝʣʘ ʠ ʧʨʠʧʘʜʘʿʫ ʪʠʧʫ 2, ʦʜʥʦʩʥʦ ʚʝʣʠʢʠʤ ʨʝʢʘʤʘ ʩʨʝʜˁʝʛ ʥʘʥʦʩʘ [96].  

ʆʢʚʠʨʥʝ ʫʜʘʝˀʥʦʩʪʠ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʦʜ ʚʝʣʠʢʠʭ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ ʧʨʠʢʘʟʘʥʝ ʩʫ 

ʫ ʪʘʙʝʣʠ 3.11. 

ʊʘʙʝʣʘ 3.11 ʆʢʚʠʨʥʝ ʫʜʘˀʝʥʦʩʪʠ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʦʜ ʚʝʣʠʢʠʭ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ 

 

ʆʚʝ ʫʜʘˀʝʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʢʚʠʨʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʤʦʛʫ ʙʠʪʠ ʜʨʫʛʘʯʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʩʧʝʮʠʬʠʯʥʝ ʣʦʢʘʮʠʿʝ ʜʝʧʦʥʠʿʘ ʠ ʪʘʯʥʝ ʨʫʪʝ ʜʦ ʨʝʢʘ. 

ʄʘˁ ʘ ʚʦʜʥʘ ʪʝʣʘ ʢʦʿʘ ʠʤʘʿʫ ʨʝʣʘʪʠʚʥʦ ʜʠʨʝʢʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʩʫ 

ʨʝʢʘ ʊʘʤʠʰ, ʢʦʜ ʂʠʢʠʥʜʝ. ʆʥʘ ʿʝ ʧʨʠʪʦʢʘ ʨʝʢʝ ɼʫʥʘʚ. ʊʝʯʝ ʢʨʦʟ ʈʫʤʫʥʠʿʫ ʠ ʈʝʧʫʙʣʠʢʫ 
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ʉʨʙʠʿʫ, ʧʨʝ ʫʣʠʚʘˁʘ ʫ ɼʫʥʘʚ ʫ ʙʣʠʟʠʥʠ ʇʘʥʯʝʚʘ. ʊʘʢʦʹʝ, ʨʝʢʘ ɫʝʪʠˁʘ ʿʝ ʥʘʿʙʣʠʞʘ ʨʝʢʘ 

ʜʝʧʦʥʠʿʠ Ăɼʫʙʦʢʦñ ʢʦʜ ʋʞʠʮʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʪʦʢʫ ɿʘʧʘʜʥʝ ʄʦʨʘʚʝ.  

ʅʘʿʙʣʠʞʘ ʨʝʢʘ ʜʝʧʦʥʠʿʠ Ăɾʝʢˀʦʚʘʮñ ʢʦʜ ʃʝʩʢʦʚʮʘ ʿʝ ʨʝʢʘ ɺʝʪʝʨʥʠʮʘ. ʆʥʘ ʧʨʦʪʠʯʝ ʢʨʦʟ 

ʃʝʩʢʦʚʘʮ ʠ ʫʣʠʚʘ ʩʝ ʫ ɱʫʞʥʫ ʄʦʨʘʚʫ.  

ɼʝʧʦʥʠʿʘ ʄʫʥʪʠʥʘ ʇʘʜʠʥʘ ʩʝ ʥʘʣʘʟʠ ʫ ʙʣʠʟʠʥʠ ʇʠʨʦʪʘ. ʅʘʿʙʣʠʞʘ ʨʝʢʘ ʢʦʿʘ ʿʝ ʧʦʜʣʦʞʥʘ 

ʥʝʛʘʪʠʚʥʠʤ ʫʪʠʮʘʿʠʤʘ ʜʝʧʦʥʠʿʝ ʿʝ ʨʝʢʘ ʅʠʰʘʚʘ. ʅʠʰʘʚʘ ʧʨʦʪʠʯʝ ʢʨʦʟ ʇʠʨʦʪ ʠ ʜʘˀʝ ʪʝʯʝ 

ʢʘ ʥʠʞʠʤ ʜʝʣʦʚʠʤʘ ʉʨʙʠʿʝ, ʫʣʠʚʘʿʫ˂ʠ ʩʝ ʫ ɱʫʞʥʫ ʄʦʨʘʚʫ.  

ɼʝʧʦʥʠʿʘ ʫ ʉʫʙʦʪʠʮʠ ʩʝ ʥʘʣʘʟʠ ʫ ʙʣʠʟʠʥʠ ʨʝʢʝ ʂʨʠʞ. ʆʚʘ ʨʝʢʘ ʿʝ ʤʘˁʠ ʚʦʜʦʪʦʢ ʢʦʿʠ 

ʧʨʦʪʠʯʝ ʢʨʦʟ ʦʚʘʿ ʜʝʦ ɺʦʿʚʦʜʠʥʝ, ʘʣʠ ˁʝʥʦ ʟʘʛʘʹʝˁʝ ʙʠ ʠ ʜʘˀʝ ʤʦʛʣʦ ʠʤʘʪʠ ʥʝʛʘʪʠʚʥʝ 

ʧʦʩʣʝʜʠʮʝ ʥʘ ʣʦʢʘʣʥʠ ʝʢʦʩʠʩʪʝʤ.  

ɼʝʧʦʥʠʿʘ ɺʫʿʘʥ ʩʝ ʥʘʣʘʟʠ ʫ ʙʣʠʟʠʥʠ ɻʦʨˁʝʛ ʄʠʣʘʥʦʚʮʘ. ʅʘʿʙʣʠʞʘ ʟʥʘʯʘʿʥʘ ʨʝʢʘ ʢʦʿʝ ʿʝ 

ʧʦʜʣʦʞʥʘ ʥʝʛʘʪʠʚʥʠʤ ʫʪʠʮʘʿʠʤʘ ʜʝʧʦʥʠʿʝ ʿʝ ʨʝʢʘ ɼʝʩʧʦʪʦʚʠʮʘ. ʈʝʢʘ ɼʝʩʧʦʪʦʚʠʮʘ ʿʝ 

ʧʨʠʪʦʢʘ ʨʝʢʝ ʄʦʨʘʚʠʮʝ. ʄʦʨʘʚʠʮʘ ʜʘˀʝ ʪʝʯʝ ʢʘ ɿʘʧʘʜʥʦʿ ʄʦʨʘʚʠ, ʢʦʿʘ ʿʝ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ 

ʚʦʜʦʪʦʢʘ ʫ ʩʠʩʪʝʤʫ ɺʝʣʠʢʝ ʄʦʨʘʚʝ. 

ʅʘ ʦʩʥʦʚʫ ʧʨʠʢʘʟʘʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʠ ʧʨʠʿʝʤʥʠʭ ʚʦʜʥʠʭ ʪʝʣʘ, 

ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫʩʤʝʨʝʥʘ ʩʫ ʥʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʘ ʥʘ ʧʨʠʿʝʤʥʘ 

ʚʦʜʥʘ ʪʝʣʘ, ʘ ʢʦʠʿ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʛʝʥʝʨʠʩʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʢʦʿʝ 

ʤʦʛʫ ʤʠʛʨʠʨʘʪʠ ʫ ʧʦʜʟʝʤʥʝ ʠ ʧʦʚʨʰʠʥʩʢʝ ʚʦʜʝ ʠ ʪʠʤʝ ʫʛʨʦʟʠʪʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ.  
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4. ʇʈʆʎɽɼʅɽ ɺʆɼɽ ʅɸ ɼɽʇʆʅʀɱɸʄɸ ʏɺʈʉʊʆɻ ʂʆʄʋʅɸʃʅʆɻ 

ʆʊʇɸɼɸ 

ʇʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʜʝʧʦʥʠʿa ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʦ ʪʝʯʥʠ ʝʬʣʫʝʥʪʠ 

ʢʦʿʠ ʥʘʩʪʘʿʫ ʧʨʦʮʝʹʠʚʘˁʝʤ ʘʪʤʦʩʬʝʨʩʢʠʭ ʚʦʜʘ ʢʨʦʟ ʯʚʨʩʪʠ ʦʪʧʘʜ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ 

ʜʝʧʦʥʠʿʫ, ʦʜ ʚʣʘʛʝ ʢʦʿʘ ʿʝ ʧʨʠʩʫʪʥʘ ʫ ʦʪʧʘʜʫ ʠ ʦʜ ʧʨʦʜʫʢʘʪʘ ʢʦʿʠ ʩʫ ʩʝ ʨʘʟʛʨʘʜʠʣʠ ʦʜ 

ʦʩʪʘʪʘʢʘ ʦʪʧʘʜʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ [21], [22], [97], [98], [99], [100]. ʇʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥʫ, 

ʭʝʪʝʨʦʛʝʥʫ ʤʝʰʘʚʠʥʫ ʚʝʦʤʘ ʧʨʦʤʝʥˀʠʚʦʛ ʩʘʩʪʘʚʘ, ʢʦʿʘ ʩʝ ʫʛʣʘʚʥʦʤ ʩʘʩʪʦʿʠ ʦʜ ʨʘʟʣʠʯʠʪʠʭ 

ʦʨʛʘʥʩʢʠʭ ʠ ʥʝʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ, ʢʘʦ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ, ʧʘ ʩʫ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ 

ʟʥʘʯʘʿʘʥ ʠʟʚʦʨ ʟʘʛʘʹʝˁʘ ʧʦʚʨʰʠʥʩʢʠʭ ʠ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ [27]. 

ʆʪʧʘʜʥʠ ʤʘʪʝʨʠʿʘʣ ʩʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʜʝʧʦʥʫʿʝ, ʤʦʞʝ ʦʧʰʪʝ 

ʧʦʜʝʣʠʪʠ ʥʘ ʙʨʟʦ ʨʘʟʛʨʘʜʠʚʠ, ʯʠʿʘ ʨʘʟʛʨʘʜˁʘ ʪʨʘʿʝ ʦʜ 3 ʤʝʩʝʮʘ ʜʦ 5 ʛʦʜʠʥʘ ʠ ʩʧʦʨʦ 

ʨʘʟʛʨʘʜʠʚʠ ʤʘʪʝʨʠʿʘʣ, ʯʠʿʘ ʨʘʟʛʨʘʜˁʘ ʪʨʘʿʝ 50 ʠ ʚʠʰʝ ʛʦʜʠʥʘ [101]. ʊʦʢʦʤ ʩʪʘʿʘˁʘ ʯʚʨʩʪʦʛ 

ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʠ, ʨʘʟʣʘʞʝ ʩʝ ʠ ʤʦʜʠʬʠʢʫʿʝ ʧʦʜ ʜʝʿʩʪʚʦʤ ʬʠʟʠʯʢʠʭ, ʭʝʤʠʿʩʢʠʭ ʠ 

ʙʠʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ. ʇʨʚʦ ʩʝ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʦʜʠʛʨʘʚʘʿʫ ʬʠʟʠʯʢʝ ʧʨʦʤʝʥʝ, ʪʿ. ʜʦʣʘʟʠ ʜʦ 

ʢʦʤʧʨʝʩʠʿʝ ʦʪʧʘʜʘ ʘ ʟʘʪʠʤ ʩʝ, ʧʦʩʣʝ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʦʜʚʠʿʘ ʢʦʥʪʠʥʫʘʣʥʦ 

ʩʣʝʛʘˁʝ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʢʦʥʩʦʣʠʜʘʮʠʿʝ ʠ ˁʝʛʦʚʦʛ ʙʠʦʣʦʰʢʦʛ ʨʘʟʛʨʘʹʠʚʘˁʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ 

ʚʠʩʠʥʘ ʜʝʧʦʥʦʚʘʥʦʛ ʩʣʦʿʘ ʩʝ ʤʦʞʝ ʩʤʘˁʠʪʠ ʟʘ ʦʢʦ 30% [102]. 

ʋ ʧʨʚʦʤ ʩʣʦʿʫ ʥʘʩʫʪʠʭ ʦʪʧʘʜʘʢʘ, ʜʦʢ ʿʦʰ ʠʤʘ ʢʠʩʝʦʥʠʢʘ ʫ ʰʫʧˀʠʥʘʤʘ, ʦʜʚʠʿʘʿʫ ʩʝ 

ʪʘʢʦʟʚʘʥʠ ʘʝʨʦʙʥʠ ʧʨʦʮʝʩʠ. ʂʘʩʥʠʿʝ, ʧʦ ʫʪʨʦʰʢʫ ʢʠʩʝʦʥʠʢʘ ʜʦʣʘʟʠ ʜʦ ʘʥʘʝʨʦʙʥʦʛ 

ʨʘʟʣʘʛʘˁʘ ʯʚʨʩʪʠʭ ʦʪʧʘʜʘʢʘ, ʟʙʦʛ ʙʠʦʪʝʨʤʠʯʢʦʛ ʨʘʩʧʘʜʘˁʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʢʘʦ ʧʨʘʪʝ˂ʝ ʧʦʿʘʚʝ 

ʿʘʚˀʘʿʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʠ ʛʘʩʦʚʠ, ʫʩʣʝʜ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʩʣʝʛʘˁʘ ʜʝʧʦʥʠʿʘ [47]. 

ʅʘʿʯʝʰ˂ʝ ʩʝ ʨʘʟʣʘʛʘˁʝ ʦʪʧʘʜʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʜʝʧʦʥʠʿʠ ʦʜʚʠʿʘ ʫ ʧʝʪ, ʤʘˁʝ ʚʠʰʝ 

ʩʫʢʮʝʩʠʚʥʠʭ ʬʘʟʘ [4]: 

1. ʬʘʟʘ ʧʦʯʝʪʥʦʛ ʧʨʠʣʘʛʦʹʘʚʘˁʘ; 

2. ʧʨʝʣʘʟʥʘ ʬʘʟʘ; 

3. ʬʘʟʘ ʘʮʝʪʦʛʝʥʝʟʝ; 

4. ʬʘʟʘ ʤʝʪʘʥʦʛʝʥʝʟʝ ʠ 

5. ʦʢʩʠʜʘʮʠʦʥʘ ʬʘʟʘ. 
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ʉʚʠ ʦʚʠ ʧʨʦʮʝʩʠ ʩʫ ʜʠʥʘʤʠʯʢʠ ʠ ʩʚʘʢʘ ʬʘʟʘ ʟʘʚʠʩʠ ʦʜ ʫʩʣʦʚʘ ʦʢʦʣʠʥʝ, ʢʘʦ ʠ ʦʜ ʩʪʝʧʝʥʘ ʠ 

ʙʨʟʠʥʝ ʦʜʚʠʿʘˁʘ ʧʨʝʪʭʦʜʥʝ ʬʘʟʝ. ʉʪʝʧʝʥ ʟʘʛʘʹʝˁʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʦʨʛʘʥʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ, 

ʤʦʞʝ ʩʝ ʧʨʘʪʠʪʠ ʧʨʝʢʦ ʙʠʦʭʝʤʠʿʩʢʝ ʧʦʪʨʦʰˁʝ ʢʠʩʝʦʥʠʢʘ (BPK), ʭʝʤʠʿʩʢʝ ʧʦʪʨʦʰˁʝ 

ʢʠʩʝʦʥʠʢʘ (HPK) ʠʣʠ ʧʨʝʢʦ ʫʢʫʧʥʦʛ ʦʨʛʘʥʩʢʦʛ ʫʛˀʝʥʠʢʘ. ʉʘ ʨʘʟʣʘʛʘˁʝʤ ʦʜʣʦʞʝʥʦʛ 

ʦʨʛʘʥʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʤʝˁʘ ʩʝ ʠ ʩʘʩʪʘʚ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʝʛ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ 

ʬʘʟʘ ʨʘʟʣʘʛʘˁʘ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ ʜʝʧʦʥʦʚʘʥʠ ʤʘʪʝʨʠʿʘʣ [32]. ʌʘʟʝ ʨʘʟʣʘʛʘˁʘ ʦʪʧʘʜʘ 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 4.1. 

 

ʉʣʠʢʘ 4.1  ʌʘʟʝ ʨʘʟʣʘʛʘˁʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ [4] 
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ʋ ʬʘʟʠ ʧʦʯʝʪʥʦʛ ʧʨʠʣʘʛʦʹʘʚʘˁʘ (ʬʘʟʘ 1), ʦʨʛʘʥʩʢʝ ʙʠʦʨʘʟʛʨʘʜʠʚʝ ʢʦʤʧʦʥʝʥʪʝ ʠʟ ʯʚʨʩʪʦʛ 

ʦʪʧʘʜʘ ʧʦʜʣʝʞʫ ʤʠʢʨʦʙʠʦʣʦʰʢʦʿ ʨʘʟʛʨʘʜˁʠ ʧʦ ʩʪʘʚˀʘˁʫ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʫ ʠ ʫʙʨʟʦ ʧʦʩʣʝ 

ʜʝʧʦʥʦʚʘˁʘ. ʋ ʪʦʿ ʧʨʚʦʿ ʬʘʟʠ ʩʝ ʙʠʦʣʦʰʢʘ ʨʘʟʛʨʘʜˁʘ ʦʜʚʠʿʘ ʧʦʜ ʘʝʨʦʙʥʠʤ ʫʩʣʦʚʠʤʘ, ʿʝʨ ʿʝ 

ʠʟʚʝʩʥʘ ʢʦʣʠʯʠʥʘ ʢʠʩʝʦʥʠʢʘ ʦʩʪʘʣʘ ʟʘʨʦʙˀʝʥʘ ʫ ʜʝʧʦʥʠʿʠ. ʆʩʥʦʚʥʠ ʠʟʚʦʨ ʘʝʨʦʙʥʠʭ ʠ 

ʘʥʘʝʨʦʙʥʠʭ ʦʨʛʘʥʠʟʘʤʘ ʢʦʿʠ ʩʫ ʦʜʛʦʚʦʨʥʠ ʟʘ ʨʘʟʣʘʛʘˁʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʿʝ ʧʨʝʢʨʠʚʥʠ 

ʤʘʪʝʨʠʿʘʣ, ʢʦʿʠ ʩʝ ʥʘʥʦʩʠ ʢʘʦ ʜʥʝʚʥʘ ʠ ʬʠʥʘʣʥʘ ʧʨʝʢʨʠʚʢʘ [27]. 

ɿʘ ʧʨʝʣʘʟʥʫ ʬʘʟʫ (ʬʘʟʘ 2) ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʜʘ ʧʦʯʠˁʫ ʜʘ ʩʝ ʨʘʟʚʠʿʘʿʫ ʘʥʘʝʨʦʙʥʠ ʫʩʣʦʚʠ, 

ʿʝʨ ʿʝ ʫ ʦʚʦʿ ʬʘʟʠ ʩʘʜʨʞʘʿ ʢʠʩʝʦʥʠʢʘ ʚʝʦʤʘ ʤʘʣʠ. ʂʘʢʦ ʫʩʣʦʚʠ ʧʦʩʪʘʿʫ ʘʥʘʝʨʦʙʥʠ, ʩʫʣʬʘʪʠ ʠ 

ʥʠʪʨʘʪʠ ʢʦʿʠ ʫʛʣʘʚʥʦʤ ʠʤʘʿʫ ʫʣʦʛʫ ʘʢʮʝʧʪʦʨʘ ʝʣʝʢʪʨʦʥʘ ʫ ʧʨʦʮʝʩʠʤʘ ʙʠʦʣʦʰʢʝ ʢʦʥʚʝʨʟʠʿʝ 

ʩʝ ʯʝʩʪʦ ʨʝʜʫʢʫʿʫ ʜʦ ʚʦʜʦʥʠʢ-ʩʫʣʬʠʜʘ ʠ ʛʘʩʦʚʠʪʦʛ ʘʟʦʪʘ. ʊʘʜʘ ʪʘʢʦʹʝ ʧʦʯʠˁʝ ʠ ʢʦʥʚʝʨʟʠʿʘ 

ʩʣʦʞʝʥʦʛ ʦʨʛʘʥʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ ʫ ʦʨʛʘʥʩʢʝ ʢʠʩʝʣʠʥʝ ʠ ʜʨʫʛʝ ʠʥʪʝʨʤʝʜʠʿʘʨʥʝ ʧʨʦʜʫʢʪʝ. ʋ 

ʬʘʟʠ 2, pH ʚʨʝʜʥʦʩʪʠ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʧʦʯʠˁʫ ʜʘ ʦʧʘʜʘʿʫ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ 

ʠ ʫʪʠʮʘʿʘ ʧʦʚʝ˂ʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO2 ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ [47]. 

ʋ ʬʘʟʠ 3, ʢʦʿʘ ʩʝ ʪʘʢʦʹʝ ʥʘʟʠʚʘ ʠ Ăʢʠʩʝʣʘ ʬʘʟʘñ, ʤʠʢʨʦʙʠʦʣʦʰʢʘ ʘʢʪʠʚʥʦʩʪ ʢʦʿʘ ʿʝ ʟʘʧʦʯʝʪʘ 

ʫ ʬʘʟʠ 2 ʩʝ ʫʙʨʟʘʚʘ ʫʟ ʧʨʦʜʫʢʮʠʿʫ ʟʥʘʪʥʝ ʢʦʣʠʯʠʥʝ ʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ ʠ ʤʘˁʝ ʢʦʣʠʯʠʥʝ 

ʚʦʜʦʥʠʢʘ. ʋ ʧʨʚʦʤ ʩʪʝʧʝʥʫ ʦʜʠʛʨʘʚʘ ʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʝʥʟʠʤʘ- ʭʠʜʨʦʣʠʟʘ, ʢʦʿʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʠˁʝˁʘ ʚʝʣʠʢʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ (ʣʠʧʠʜʠ, ʧʦʣʠʩʘʭʘʨʠʜʠ, ʧʨʦʪʝʠʥʠ ʠ 

ʥʫʢʣʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ) ʫ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʫ ʧʦʛʦʜʥʘ ʟʘ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʝ ʢʘʦ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ ʠ 

˂ʝʣʠʿʩʢʦʛ ʫʛˀʝʥʠʢʘ.  

ɼʨʫʛʠ ʩʪʝʧʝʥ ʫ ʦʚʦʤ ʧʨʦʮʝʩʫ ʫʢˀʫʯʫʿʝ ʤʠʢʨʦʙʠʦʣʦʰʢʫ ʢʦʥʚʝʨʟʠʿʫ ʿʝʜʠˁʝˁʘ ʥʘʩʪʘʣʠʭ ʫ 

ʧʨʚʦʤ ʢʦʨʘʢʫ ʫ ʠʥʪʝʨʤʝʜʠʿʘʨʝ ʤʘˁʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ, ʢʘʦ ʰʪʦ ʿʝ ʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ. ʋʛˀʝʥ-

ʜʠʦʢʩʠʜ ʿʝ ʦʩʥʦʚʥʠ ʛʘʩ ʢʦʿʠ ʥʘʩʪʘʿʝ ʪʦʢʦʤ ʬʘʟʝ 3. ʄʠʢʨʦʦʨʛʘʥʠʟʤʠ ʫʢˀʫʯʝʥʠ ʫ ʢʦʥʚʝʨʟʠʿʫ, 

ʦʧʠʩʘʥʠ ʢʘʦ ʥʝʤʝʪʘʥʦʛʝʥʠ, ʩʘʩʪʦʿʝ ʩʝ ʦʜ ʬʘʢʫʣʪʘʪʠʪʠʚʥʠʭ ʠ ʘʥʘʝʨʦʙʥʠʭ ʙʘʢʪʝʨʠʿʘ. ʆʚʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʩʝ ʯʝʩʪʦ ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʘʚʦʜʝ ʢʘʦ Ăʩʪʚʘʨʘʯʠ ʢʠʩʝʣʠʥʘñ. ɺʨʝʜʥʦʩʪʠ pH 

ʧʘʜʘʿʫ ʥʘ 5 ʠʣʠ ʥʠʞʝ, ʟʙʦʛ ʧʨʠʩʫʪʥʠʭ ʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ ʠ ʧʦʚʠʰʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO2 

ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ [47]. ɹʠʦʣʦʰʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ (BPK), ʭʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ 

(HPK) ʠ ʧʨʦʚʦʜˀʠʚʦʩʪ ʧʨʦʮʝʜʥʦʛ ʬʠʣʪʨʘʪʘ ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘ ʟʘ ʚʨʝʤʝ ʬʘʟʝ 3, ʟʙʦʛ 

ʨʘʩʪʚʘʨʘˁʘ ʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ ʫ ʧʨʦʮʝʜʥʦʤ ʬʠʣʪʨʘʪʫ. ʊʘʢʦʹʝ, ʟʙʦʛ ʥʠʩʢʠʭ ʚʨʝʜʥʦʩʪʠ pH 

ʚʝʣʠʢʠ ʙʨʦʿ ʥʝʦʨʛʘʥʩʢʠʭ ʩʘʩʪʦʿʘʢʘ, ʫʛʣʘʚʥʦʤ ʪʝʰʢʠʭ ʤʝʪʘʣʘ, ʩʝ ʨʘʩʪʚʘʨʘ ʟʘ ʚʨʝʤʝ ʦʚʝ ʬʘʟʝ. 
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ʋ ʬʘʟʠ 4 (ʬʘʟʘ ʬʝʨʤʝʥʪʘʮʠʿʝ ʤʝʪʘʥʘ) ʧʦʩʪʘʿʝ ʧʨʝʜʦʤʠʥʘʥʪʥʘ ʜʨʫʛʘ ʛʨʫʧʘ ʤʠʢʨʦʨʛʘʥʠʟʘʤʘ 

ʢʦʿʘ ʚʨʰʠ ʢʦʥʚʝʨʟʠʿʫ ʩʠʨ˂ʝʪʥʝ ʢʠʩʝʣʠʥʝ ʠ ʚʦʜʦʥʠʢʘ ʫ ʢʠʩʝʣʦʿ ʬʘʟʠ ʫ ʤʝʪʘʥ ʠ ʫʛˀʝʥ-

ʜʠʦʢʩʠʜ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʦʚʠ ʦʨʛʘʥʠʟʤʠ ʧʦʯʠˁʫ ʜʘ ʩʝ ʨʘʟʚʠʿʘʿʫ ʠ ʢʨʘʿʝʤ ʬʘʟʝ 3. 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʠ ʦʜʛʦʚʦʨʥʠ ʟʘ ʦʚʫ ʢʦʥʚʝʨʟʠʿʫ ʩʫ ʩʪʨʠʢʪʥʦ ʘʥʘʝʨʦʙʥʠ ʠ ʥʘʟʠʚʘʿʫ ʩʝ 

ʤʝʪʘʥʦʛʝʥʠ. ʋ ʬʘʟʠ 4 ʠ ʤʝʪʘʥ ʠ ʢʠʩʝʣʠʥʝ ʥʘʩʪʘʿʫ ʩʠʤʫʣʪʘʥʦ, ʠʘʢʦ ʿʝ ʙʨʟʠʥʘ ʥʘʩʪʘʿʘˁʘ 

ʢʠʩʝʣʠʥʘ ʥʝʰʪʦ ʩʤʘˁʝʥʘ [56]. pH ʫʥʫʪʘʨ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʨʘʩʪʝ ʜʦ ʥʝʫʪʨʘʣʥʦʛ ʦʧʩʝʛʘ 6,8-8, 

ʜʦʢ BPʂ, HPʂ ʠ ʧʨʦʚʦʜˀʠʚʦʩʪ ʦʧʘʜʘʿʫ. ʇʨʠ ʚʠʰʠʤ pH ʚʨʝʜʥʦʩʪʠʤʘ, ʩʘʤʦ ʥʝʢʦʣʠʢʦ 

ʥʝʦʨʛʘʥʩʢʠʭ ʩʘʩʪʦʿʘʢʘ ʦʩʪʘʿʝ ʫ ʨʘʩʪʚʦʨʫ, ʧʘ ʩʝ ʩʪʦʛʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʰʢʠʭ ʤʝʪʘʣʘ 

ʧʨʠʩʫʪʥʠʭ ʫ ʨʘʩʪʚʦʨʫ ʨʝʜʫʢʫʿʝ. 

ʌʘʟʘ 5 (ʬʘʟʘ ʩʘʟʨʝʚʘˁʘ) ʩʝ ʦʜʠʛʨʘʚʘ ʢʘʜʘ ʩʫ ʜʦʩʪʫʧʥʝ ʙʠʦʨʘʟʛʨʘʜʠʚʝ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ 

ʢʦʥʚʝʨʪʦʚʘʥʝ ʫ CH4 ʠ CO2 ʪʦʢʦʤ ʬʘʟʝ 4. ʂʘʢʦ ʚʣʘʛʘ ʥʘʩʪʘʚˀʘ ʜʘ ʤʠʛʨʠʨʘ ʢʨʦʟ ʦʪʧʘʜ, ʜʝʦ 

ʙʠʦʨʘʟʛʨʘʜʠʚʦʛ ʦʪʧʘʜʘ ʢʦʿʠ ʨʘʥʠʿʝ ʥʠʿʝ ʙʠʦ ʜʦʩʪʫʧʘʥ ˂ʝ ʙʠʪʠ ʢʦʥʚʝʨʪʦʚʘʥ. ɹʨʟʠʥʘ 

ʥʘʩʪʘʿʘˁʘ ʛʘʩʘ ʟʥʘʪʥʦ ʦʧʘʜʘ ʫ ʬʘʟʠ 5, ʿʝʨ ʩʫ ʤʥʦʛʠ ʜʦʩʪʫʧʥʠ ʥʫʪʨʠʿʝʥʪʠ ʥʘʧʫʩʪʠʣʠ ʪʝʣʦ 

ʜʝʧʦʥʠʿʝ ʩʘ ʧʨʦʮʝʜʥʠʤ ʬʠʣʪʨʘʪʦʤ ʟʘ ʚʨʝʤʝ ʧʨʝʪʭʦʜʥʠʭ ʬʘʟʘ ʠ ʩʫʧʩʪʨʘʪ ʢʦʿʠ ʿʝ ʟʘʦʩʪʘʦ ʿʝ 

ʩʧʦʨʦ ʙʠʦʨʘʟʛʨʘʜʠʚ. ʆʩʥʦʚʥʠ ʜʝʧʦʥʠʿʩʢʠ ʛʘʩʦʚʠ ʢʦʿʠ ʩʝ ʠʟʜʚʘʿʘʿʫ ʫ ʬʘʟʠ 5 ʩʫ ʤʝʪʘʥ ʠ 

ʫʛˀʝʥʜʠʦʢʩʠʜ. 

ʊʨʘʿʘˁʝ ʠʥʜʠʚʠʜʫʘʣʥʠʭ ʬʘʟʘ ʫ ʨʘʟʣʘʛʘˁʫ ʦʨʛʘʥʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘʚʠʩʠ ʦʜ ʜʠʩʪʨʠʙʫʮʠʿʝ 

ʦʨʛʘʥʩʢʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʜʝʧʦʥʠʿʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʥʫʪʨʠʿʝʥʘʪʘ, ʩʘʜʨʞʘʿʘ ʚʣʘʛʝ ʫ ʦʪʧʘʜʫ, 

ʧʫʪʘˁʝ ʚʣʘʛʝ ʪʦʢʦʤ ʧʦʧʫˁʘʚʘˁʘ ʜʝʧʦʥʠʿʝ ʠ ʩʪʝʧʝʥʘ ʧʦʯʝʪʥʦʛ ʢʦʤʧʘʢʪʠʨʘˁʘ. ɹʨʟʠʥʘ 

ʨʘʟʛʨʘʜˁʝ ˂ʝ ʙʠʪʠ ʟʥʘʪʥʦ ʩʤʘˁʝʥʘ ʘʢʦ ʥʠʿʝ ʜʦʩʪʫʧʥʦ ʜʦʚʦˀʥʦ ʚʣʘʛʝ. ʇʦʚʝ˂ʘʚʘˁʝ ʛʫʩʪʠʥʝ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʿʝ ʜʝʧʦʥʦʚʘʥ, ʦʜʥʦʩʥʦ ʢʦʤʧʘʢʪʠʨʘˁʝʤ, ʩʤʘˁʫʿʝ ʩʝ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʚʣʘʛʘ 

ʜʦʩʧʝ ʫ ʩʚʝ ʜʝʣʦʚʝ ʦʪʧʘʜʘ, ʯʠʤʝ ʩʝ ʨʝʜʫʢʫʿʝ ʙʨʟʠʥʘ ʙʠʦʨʘʟʛʨʘʜˁʝ ʠ ʢʦʣʠʯʠʥʘ ʥʘʩʪʘʣʦʛ ʛʘʩʘ. 

ʇʨʦʤʝʥʝ ʫ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʦʛ ʬʠʣʪʨʘʪʘ ʢʨʦʟ ʬʘʟʝ ʨʘʟʣʘʛʘˁʘ ʦʪʧʘʜʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 

4.2. 
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ʉʣʠʢʘ 4.2 ʇʨʦʤʝʥʝ ʫ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʨʦʟ ʬʘʟʝ ʨʘʟʣʘʛʘˁʘ ʦʪʧʘʜʘ [102] 

ʅʘ ʩʣʠʮʠ 4.2. ʩʝ ʿʘʩʥʦ ʤʦʞʝ ʚʠʜʝʪʠ ʧʨʦʤʝʥʘ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ, ʪʿ. 

ʤʘʢʩʠʤʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʩʫʧʩʪʘʥʮʠ ʠ pH ʚʨʝʜʥʦʩʪʠ ʫ ʦʢʚʠʨʫ 5 ʩʫʢʮʝʩʠʚʥʠʭ ʬʘʟʘ ʫ 

ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ. ʅʘʿʚʝ˂ʝ ʧʨʦʤʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʭʣʦʨʠʜʘ, ʪʝʰʢʠʭ ʤʝʪʘʣʘ, ʤʘʩʥʠʭ 

ʢʠʩʝʣʠʥʘ ʠ HPK, ʫ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʝ ʿʘʚˀʘʿʫ ʫ ʬʘʟʠ 2 ʠ 3, ʜʦʢ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

aʤʦʥʠʿʘʢʘ ʠ ʙʠʦʨʟʛʨʘʜʠʚʝ ʮʝʣʫʣʦʟʥʝ ʬʨʘʢʮʠʿʝ ʥʘʿʚʝ˂ʫ ʧʨʦʤʝʥʫ ʫ ʩʘʩʪʘʚʫ ʧʦʢʘʟʫʿʫ ʫ ʬʘʟʠ 3 

ʠ 4. ɺʨʝʜʥʦʩʪʠ pH ʫ ʬʘʟʠ 4 ʠ 5 ʧʦʩʪʘʿʫ ʢʦʥʩʪʘʥʪʥʝ. 

4.1. ʉʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ɺʦʜʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʯʚʨʩʪʦʤ ʦʪʧʘʜʫ, ʢʘʦ ʠ ʚʦʜʝ ʢʦʿʝ ʩʝ ʠʥʬʠʣʪʨʠʨʘʿʫ ʫ ʜʝʧʦʥʠʿʫ ʬʦʨʤʠʨʘʿʫ 

ʤʝʜʠʿʫʤ ʫ ʢʦʤʝ ʩʝ ʨʘʩʪʚʘʨʘʿʫ ʩʚʝ ʨʘʩʪʚʦʨˀʠʚʝ ʩʫʧʩʪʘʥʮʝ ʠ ʢʦʿʠ ʫʟʨʦʢʫʿʝ ʢʨʝʪʘˁʝ 

ʥʝʨʘʩʪʚʦʨʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʥʘʥʠʞʝ, ʢʘ ʜʥʫ ʜʝʧʦʥʠʿʝ ï ʧʨʦʮʝʜʥʘ ʚʦʜʘ [32] [16], [103]. 

ʅʘ ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʫʪʠʯʝ ʙʠʦʣʦʰʢʘ ʨʘʟʛʨʘʜˁʘ ʙʠʦʨʘʟʛʨʘʜʠʚʠʭ 

ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ, ʧʨʦʮʝʩʠ ʭʝʤʠʿʩʢʝ ʦʢʩʠʜʘʮʠʿʝ ʠ ʨʘʩʪʚʘʨʘˁʝ ʦʨʛʘʥʩʢʠʭ ʠ ʥʝʦʨʛʘʥʩʢʠʭ 

ʤʘʪʝʨʠʿʘ ʫ ʦʪʧʘʜʫ [104]. ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʨʝʘʢʮʠʿʝ ʠʟʤʝʹʫ ʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ ʠ ʤʝʪʘʣʘ ʜʘʿʫ 

ʿʦʥʝ ʤʝʪʘʣʘ ʠ ʩʦʣʠ, ʘ ʫʛˀʝʥʜʠʦʢʩʠʜ ʧʦʩʣʝ ʜʝʿʩʪʚʘ ʚʦʜʝʥʦʛ ʤʝʜʠʿʫʤʘ ʨʘʩʪʚʘʨʘ ʢʘʣʮʠʿʫʤ ʠ 

ʤʘʛʥʝʟʠʿʫʤ ʰʪʦ ʠʟʘʟʠʚʘ ʧʦʚʝ˂ʘˁʝ ʪʚʨʜʦ˂ʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ (ʬʠʣʪʨʘʪʘ). 
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ɺʝʦʤʘ ʿʝ ʪʝʰʢʦ ʧʨʝʜʚʠʜʝʪʠ ʩʪʚʘʨʥʠ ʩʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʿʝʨ ʦʥ ʟʘʚʠʩʠ ʦʜ ʥʠʟʘ 

ʧʨʦʤʝʥˀʠʚʠʭ ʬʘʢʪʦʨʘ ʢʘʦ ʰʪʦ ʩʫ : ʩʘʩʪʘʚ ʦʪʧʘʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʘʜʨʞʘʿ ʚʣʘʛʝ, ʧʫʪʘˁʘ 

ʪʝʯʥʦʩʪʠ, ʜʝʙˀʠʥʘ ʜʝʧʦʥʠʿʝ, ʬʘʟʝ ʨʘʟʣʘʛʘˁʘ ʦʪʧʘʜʘ, ʤʦʛʫ˂ʥʦʩʪ ʤʝʹʫʩʣʦʿʝʚʘ ʜʘ ʘʧʩʦʨʙʫʿʫ ʠ 

ʫʢʣʦʥʝ ʟʘʛʘʹʝˁʝ ʢʘʦ ʠ ʢʚʘʣʠʪʝʪ ʚʦʜʝ ʢʦʿʘ ʩʝ ʠʥʬʠʣʪʨʠʨʘ ʫ ʪʝʣʦ ʜʝʧʦʥʠʿʝ [21],[22]. 

4.1.1. ʉʘʩʪʘʚ ʦʪʧʘʜʘ 

ʆʜ ʤʦʨʬʦʣʦʰʢʦʛ ʩʘʩʪʘʚʘ ʦʪʧʘʜʘ ʢʦʿʠ ʿʝ ʦʜʣʦʞʝʥ ʥʘ ʜʝʧʦʥʠʿʫ ʫ ʤʥʦʛʦʤʝ ʟʘʚʠʩʠ ʠ ʩʘʩʪʘʚ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʦʿʠ ʩʝ ʧʨʦʮʝʹʫʿʝ ʢʨʦʟ ʜʝʧʦʥʠʿʫ [99] .  

ʇʘʧʠʨ ʩʝ ʧʦʜ ʜʝʿʩʪʚʦʤ ʚʦʜʝʥʦʛ ʤʝʜʠʿʫʤʘ ʨʘʟʣʘʞʝ ʠ ʫ ʧʨʦʮʝʜʥʠ ʬʠʣʪʨʘʪ ʧʨʝʣʘʟʝ 

ʫʛˀʝʥʜʠʦʢʩʠʜ, ʘʣʜʝʭʠʜʠ, ʦʨʛʘʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʬʝʥʦʣʠ, ʘʤʦʥʠʿʘʢ, ʥʠʪʨʠʪʠ ʠ ʥʠʪʨʘʪʠ. ʋ ʪʝʣʫ 

ʜʝʧʦʥʠʿʝ ʦʩʪʘʿʫ ʘʤʦʥʠʿʘʢ, ʦʜʥʦʩʥʦ ʘʟʦʪ, ʫʛˀʝʥʠʢ, ʬʦʩʬʦʨ ʠ ʩʫʤʧʦʨ ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʫ 

ʤʠʢʨʦʙʠʦʣʦʰʢʫ ʧʨʦʪʦʧʣʘʟʤʫ. ɼʝʦ ʫʛˀʝʥʜʠʦʢʩʠʜʘ, ʠʩʧʘʨˀʠʚʝ ʢʠʩʝʣʠʥʝ, ʚʦʜʦʥʠʢʩʫʣʬʠʜ, 

ʤʝʨʢʘʧʪʘʥʠ, ʘʟʦʪ ʠ ʜʝʦ ʘʤʦʥʠʿʘʢʘ ʩʝ ʠʟʜʚʘʿʘʿʫ ʫ ʚʠʜʫ ʛʘʩʦʚʘ. 

ʊʝʢʩʪʠʣʥʠ ʧʨʦʠʟʚʦʜʠ ʟʘʛʘʹʫʿʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʫʛˀʝʥʜʠʦʢʩʠʜʦʤ, ʘʣʜʝʭʠʜʠʤʘ, ʢʝʪʦʥʠʤʘ, 

ʦʨʛʘʥʩʢʠʤ ʢʠʩʝʣʠʥʘʤʘ, ʩʫʣʬʘʪʠʤʘ, ʬʦʩʬʘʪʠʤʘ, ʘʤʦʥʠʿʘʢʦʤ, ʥʠʪʨʠʪʠʤʘ ʠ ʥʠʪʨʘʪʠʤʘ. ʋ 

ʤʠʢʨʦʙʠʦʣʦʰʢʦʿ ʧʨʦʪʦʧʣʘʟʤʠ ʫ ʩʘʤʦʤ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʦʩʪʘʿʝ: ʜʝʦ ʘʤʦʥʠʿʘʢʘ, ʫʛˀʝʥʠʢ, 

ʬʦʩʬʦʨ ʠ ʥʘʪʨʠʿʫʤ. 

ʆʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ ʩʝ ʧʦʜ ʜʝʿʩʪʚʦʤ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʨʘʟʣʘʞʫ ʥʘ ʧʨʦʩʪʠʿʘ ʿʝʜʠˁʝˁʘ 

(ʫʛˀʝʥʜʠʦʢʩʠʜ, ʘʣʜʝʭʠʜʝ, ʢʝʪʦʥʝ, ʦʨʛʘʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʬʝʥʦʣ, ʘʤʦʥʠʿʘʢ, ʥʠʪʨʠʪʝ, ʥʠʪʨʘʪʝ, 

ʩʫʣʬʘʪʝ, ʬʦʩʬʘʪʝ ʠ ʢʘʨʙʦʥʘʪʝ) ʢʦʿʘ, ʢʘʦ ʨʘʩʪʚʦʨʥʘ ʧʨʝʣʘʟʝ ʫ ʚʦʜʝʥʠ ʤʝʜʠʿʫʤ. ɼʝʦ 

ʘʤʦʥʠʿʘʢʘ, ʫʛˀʝʥʠʢ, ʬʦʩʬʦʨ ʠ ʢʘʣʠʿʫʤ ʦʩʪʘʿʫ ʫʛʨʘʹʝʥʠ ʫ ʤʠʢʨʦʙʠʦʣʦʰʢʦʿ ʧʨʦʪʦʧʣʘʟʤʠ 

[99]. 

ʄʝʪʘʣʠ ʩʝ ʨʘʩʪʚʘʨʘʿʫ ʠ ʧʨʝʣʘʟʝ ʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʘʦ ʢʘʣʮʠʿʫʤ, ʤʘʛʥʝʟʠʿʫʤ ʩʫʣʬʘʪ, 

ʙʠʢʘʨʙʦʥʘʪ ʛʚʦʞʹʘ, ʢʘʣʮʠʿʫʤ ʠ ʤʘʛʥʝʟʠʿʫʤ ʙʠʢʘʨʙʦʥʘʪ ʠ ʦʢʩʠʜʠ ʢʘʣʘʿʘ, ʮʠʥʢʘ ʠ ʙʘʢʨʘ [105]. 

ʇʣʘʩʪʠʯʥʝ ʤʘʩʝ, ʩʠʥʪʝʪʠʯʢʝ ʪʢʘʥʠʥʝ ʠ ʩʠʥʪʝʪʠʯʢʘ ʛʫʤʘ ʩʫ ʫʛʣʘʚʥʦʤ ʠʥʝʨʪʥʝ ʤʘʪʝʨʠʿʝ, 

ʘ ʧʨʠʨʦʜʥʘ ʛʫʤʘ ʩʝ ʨʘʟʣʘʞʝ ʨʝʣʘʪʠʚʥʦ ʩʧʦʨʦ. 

ʀʟ ʢʦʞʝ ʩʝ ʫ ʚʦʜʝʥʠ ʤʝʜʠʿʫʤ ʠʥʬʠʣʪʨʠʨʘʿʫ ʫʛˀʝʥʜʠʦʢʩʠʜ, ʘʤʦʥʠʿʘʢ, ʥʠʪʨʠʪʠ ʠ ʥʠʪʨʘʪʠ, ʘ 

ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʦʩʪʘʿʝ ʜʝʦ ʘʤʦʥʠʿʘʢʘ, ʨʝʜʫʢʦʚʘʥʘ ʩʫʤʧʦʨʥʘ ʿʝʜʠˁʝˁʘ, ʫʛˀʝʥʠʢ, ʬʦʩʬʦʨ ʠ 

ʥʘʪʨʠʿʫʤ. 
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ʀʟ ʜʨʚʝʪʘ, ʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʧʨʝʣʘʟʝ ʫʛˀʝʥʜʠʦʢʩʠʜ, ʘʣʜʝʭʠʜʠ, ʥʠʪʨʠʪʠ ʠ ʥʠʪʨʘʪʠ, ʘ ʫ 

ʤʠʢʨʦʙʠʦʣʦʰʢʦʿ ʧʨʦʪʦʧʣʘʟʤʠ ʦʩʪʘʿʝ ʜʝʦ ʘʤʦʥʠʿʘʢʘ, ʫʛˀʝʥʠʢ, ʬʦʩʬʦʨ ʠ ʢʘʣʠʿʫʤ. 

4.1.2 ʉʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʦʪʧʘʜʫ 

ʆʜ ʩʘʩʪʘʚʘ ʦʪʧʘʜʘ ʟʘʚʠʩʠ ʠ ʢʦʣʠʢʠ ˂ʝ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʙʠʪʠ ʫ ʦʜʣʦʞʝʥʦʤ ʦʪʧʘʜʫ. ʉʪʘʢʣʦ, 

ʧʘʧʠʨ, ʧʣʘʩʪʠʢʘ, ʤʝʪʘʣʠ ʠ ʧʝʧʝʦ ʠʤʘʿʫ ʥʠʟʘʢ ʧʦʯʝʪʥʠ ʩʘʜʨʞʘʿ ʚʣʘʛʝ, ʜʦʢ ʦʪʧʘʜ ʢʦʿʠ ʿʝ 

ʦʨʛʘʥʩʢʠ ʢʘʦ ʰʪʦ ʩʫ ʭʨʘʥʘ ʠʣʠ ʙʘʰʪʝʥʩʢʠ ʦʪʧʘʜ, ʠʤʘʿʫ ʚʠʩʦʢ ʧʦʯʝʪʥʠ ʩʘʜʨʞʘʿ ʚʣʘʛʝ. 

ʋʢʫʧʥʠ ʧʦʯʝʪʥʠ ʩʘʜʨʞʘʿ ʚʣʘʞʥʦʩʪʠ ʫʥʫʪʘʨ ʩʘʙʠʿʝʥʦʛ ʦʪʧʘʜʘ ʩʝ ʧʨʦʮʝˁʫʿʝ ʜʘ ʠʟʥʦʩʠ ʦʢʦ 

20% [54]. ʇʨʦʩʝʯʥʘ ʚʣʘʞʥʦʩʪ ʠ ʩʘʩʪʘʚ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʫʥʘʣʥʦʛ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʠʟʨʘʞʝʥʠ ʫ 

ʧʨʦʮʝʥʪʠʤʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 4.1. 

ʊʘʙʝʣʘ 4.1. ʇʨʦʩʝʯʥʘ ʚʣʘʞʥʦʩʪ ʠ ʩʘʩʪʘʚ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʫʥʘʣʥʦʛ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʠʟʨʘʞʝʥʠ ʫ 

ʧʨʦʮʝʥʪʠʤʘ [54] 

 

ʅʘ ʢʨʝʪʘˁʝ ʚʣʘʛʝ ʫʥʫʪʘʨ ʜʝʧʦʥʠʿʝ, ʧʦʨʝʜ ʚʣʘʞʥʦʩʪʠ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ, ʫʪʠʯʫ ʠ ʧʨʦʮʝʩʠ 

ʠʥʬʠʣʪʨʘʮʠʿʝ ʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʯʠʤʝ ʩʝ ʠʟʥʦʚʘ ʨʘʩʧʦʨʝ́ ʫʿʝ ʚʣʘʞʥʦʩʪ, ʠ ʤʝˁʘ ʩʝ ʙʠʣʘʥʩ 

ʚʦʜʝ ʫʥʫʪʘʨ ʪʝʣʘ ʜʝʧʦʥʠʿʝ [47]. 

ʀʥʬʠʣʪʨʘʮʠʿʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʫʣʘʟ ʚʦʜʝ ʫʥʫʪʘʨ ʟʝʤˀʠʰʥʦʛ ʧʨʦʬʠʣʘ [54]. ʂʘʧʘʮʠʪʝʪ 

ʟʝʤˀʠʰʪʘ ʜʘ ʠʥʬʠʣʪʨʠʨʘ ʚʦʜʫ ʧʨʝʩʪʘʚˀʘ ʚʘʞʘʥ ʧʘʨʘʤʝʪʘʨ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʨʝʛʫʣʠʰʝ ʢʦʿʘ 

ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʢʦʿʘ ˂ʝ ʦʪʠʮʘʪʠ, ʘ ʢʦʿʘ ˂ʝ ʙʠʪʠ ʘʧʩʦʨʙʦʚʘʥʘ ʫʥʫʪʘʨ ʟʝʤˀʠʰʪʘ. 

ʀʥʬʠʣʪʨʘʮʠʿʘ ʤʦʞʝ ʟʘʚʠʩʠʪʠ ʦʜ: ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʪʝʨʝʥʘ, ʦʙʨʘʩʣʦʩʪʠ ʪʝʨʝʥʘ ʚʝʛʝʪʘʮʠʿʦʤ, 

ʛʝʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʝʥʘ, ʠʥʪʝʥʟʠʪʝʪʘ ʧʘʜʘʚʠʥʘ, ʠʪʜ [106]. ʀʥʬʠʣʪʨʘʮʠʿʘ ʥʝ 

ʦʟʥʘʯʘʚʘ ʩʘʤʦ ʚʦʜʫ ʦʜ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʘʜʘʚʠʥʘ ʚʝ˂ ʦʥʘ ʫʢˀʫʯʫʿʝ ʠ [107]: 
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¶ ʜʦʪʦʢ ʚʦʜʘ ʠʟ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, 

¶ ʧʨʠʩʫʩʪʚʦ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, 

¶ ʜʦʧʨʠʥʦʩ ʦʜ ʪʝʯʥʦʛ ʦʪʧʘʜʘ ʦʜʣʦʞʝʥʦʛ ʥʘ ʜʝʧʦʥʠʿʫ. 

ɼʝʧʦʥʠʿʩʢʠ ʤʘʪʝʨʠʿʘʣ ʩʝ ʧʦʥʘʰʘ ʢʘʦ ʚʝʣʠʢʠ ʩʫʥʹʝʨ, ʫ ʢʦʤʝ ʩʝ ʚʦʜʘ ʢʨʝ˂ʝ, ʠ ʠʟ ʢʦʿʝʛ ʩʝ ʚʦʜʘ 

ʤʦʞʝ ʦʩʣʦʙʦʜʠʪʠ ʫ ʧʦʜʟʝʤʥʝ ʚʦʜʝ, ʫ ʘʪʤʦʩʬʝʨʫ ʫ ʚʠʜʫ ʚʦʜʝʥʝ ʧʘʨʝ ʠʣʠ ʤʦʞʝ ʠʩʪʠʮʘʪʠ ʢʘʦ 

ʬʠʣʪʨʘʪ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ. 

ɹʨʟʠʥʘ ʩʪʚʘʨʘˁʘ ʧʨʦʮʝʜʥʦʛ ʬʠʣʪʨʘʪʘ ʟʘʚʠʩʠ ʦʜ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʦʜʥʦʩʥʦ ʚʣʘʛʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ 

ʫ ʦʪʧʘʜʫ ʢʘʦ ʠ ʦʜ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʢʦʿʝ ʜʦʩʧʝʿʫ ʥʘ ʜʝʧʦʥʦʚʘʥʝ ʦʪʧʘʪʢʝ [108]. ʊʘʢʦʹʝ, 

ʢʣʠʤʘ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʙʨʟʠʥʫ ʩʪʚʘʨʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʪʦ ʪʘʢʦ ʰʪʦ ʿʝ ʢʦʣʠʯʠʥʘ ʦʚʠʭ 

ʚʦʜʘ ʤʥʦʛʦ ʚʝ˂ʘ ʫ ʟʦʥʠ ʚʠʩʦʢʠʭ ʧʘʜʘʚʠʥʘ, ʦʜ ʦʥʠʭ ʫ ʟʦʥʠ ʩʘ ʤʘʣʠʤ ʧʘʜʘʚʠʥʘʤʘ [104]. 

ʊʦʧʦʛʨʘʬʠʿʘ ʪʣʘ ʫʪʠʯʝ ʥʘ ʩʤʝʨ ʢʨʝʪʘˁʘ ʙʫʿʠʮʝ ʢʘʦ ʠ ʥʘ ʢʦʣʠʯʠʥʫ ʚʦʜʝ ʢʦʿʘ ʫʣʘʟʠ ʠ ʠʟʣʘʟʠ 

ʠʟ ʟʦʥʝ ʜʝʧʦʥʠʿʝ, ʟʙʦʛ ʯʝʛʘ ʜʝʧʦʥʠʿʝ ʪʨʝʙʘ ʧʨʦʿʝʢʪʦʚʘʪʠ ʪʘʢʦ ʜʘ ʰʪʦ ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʠʟ 

ʦʢʦʣʥʝ ʟʦʥʝ ʜʦʩʧʝʚʘ ʫ ˁʫ, ʰʪʦ ʩʝ ʨʝʰʘʚʘ ʦʙʦʜʥʠʤ ʢʘʥʘʣʠʤʘ ʦʢʦ ʪʝʣʘ ʜʝʧʦʥʠʿʝ. 

ʆʜʨʝʹʠʚʘˁʝ ʢʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʿʝ ʢʨʠʪʠʯʘʥ ʧʨʦʿʝʢʪʥʠ ʧʘʨʘʤʝʪʘʨ, ʿʝʨ ʢʦʣʠʯʠʥʘ ʠ 

ʟʘʛʘʹʝˁʝ ʩʪʚʦʨʝʥʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʟʥʘʪʥʦ ʫʪʠʯʫ ʥʘ ʪʨʦʰʢʦʚʝ ʨʘʜʘ ʜʝʧʦʥʠʿʘ, ʥʘʨʦʯʠʪʦ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʧʨʝʜʚʠʹʘ ʩʘʢʫʧˀʘˁʝ ʠ ʪʨʝʪʤʘʥ ʦʚʠʭ ʚʦʜʘ. 

ʋ ʧʨʘʚʠʣʥʦ ʣʦʮʠʨʘʥʠʤ ʠ ʠʩʧʨʦʿʝʢʪʦʚʘʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʠʩʧʨʘʚʥʦ 

ʩʘʥʠʪʘʨʥʦ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ, ʧʨʦʮʝʜʥʠ ʬʠʣʪʨʘʪ ʩʝ ʩʪʚʘʨʘ ʧʨʝ ʩʚʝʛʘ ʦʜ ʧʘʜʘʚʠʥʘ ʢʦʿʝ ʧʘʜʥʫ 

ʥʘ ʪʝʣʦ ʜʝʧʦʥʠʿʝ. 

ʅʘ ʩʣʠʮʠ 4.3 ʿ ʝ ʜʘʪ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʙʠʣʘʥʩʘ ʢʨʝʪʘˁʘ ʚʦʜʘ ʥʘ ʪʝʣʫ ʜʝʧʦʥʠʿʝ, ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ 

ʩʝ ʤʦʛʫ ʜʝʬʠʥʠʩʘʪʠ ʢʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʝ ʩʝ ʧʨʦʮʝʜʝ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ. 
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ʉʣʠʢʘ 4.3 ʂʨʝʪʘˁʝ ʚʦʜʝ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ  [102] 

ɸʢʦ ʩʝ ʧʨʘʪʠ ʩʠʣʘʟʥʦ ʢʨʝʪʘˁʝ ʚʦʜʝ ʪʦʢʦʤ ʜʨʝʥʠʨʘˁʘ ʚʦʜʝ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ (ʩʠʣʘʟʥʘ 

ʛʨʘʚʠʪʘʮʠʦʥʘ ʜʨʝʥʘʞʘ), ʚʦʜʘ ʩʝ ʢʨʝ˂ʝ ʧʦʜ ʫʪʠʮʘʿʝʤ ʢʘʧʠʣʘʨʥʠʭ ʝʬʝʢʘʪʘ ʠʣʠ ʢʘʦ ʚʦʜʝʥʘ 

ʧʘʨʘ. ɼʝʧʦʥʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʚʠʰʝʩʣʦʿʥʦ ʪʝʣʦ, ʥʘʩʪʘʣʦ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʫ 

ʭʦʨʠʟʦʥʪʘʣʥʠʤ ʩʣʦʿʝʚʠʤʘ ʠ ʧʨʝʢʨʠʚʘˁʝʤ ʥʘ ʢʨʘʿʫ ʩʚʘʢʦʛ ʜʘʥʘ ʩʘ ʭʦʨʠʟʦʥʪʘʣʥʠʤ 

ʟʝʤˀʠʰʥʠʤ ʩʣʦʿʝʚʠʤʘ. ʆʚʘ ʩʪʨʫʢʪʫʨʘ ʫʪʠʯʝ ʥʘ ʢʨʝʪʘˁʝ ʚʣʘʛʝ ʫʥʫʪʘʨ ʟʝʤˀʠʰʪʘ. ɺʦʜʘ ʩʝ ʥʝ 

ʢʨʝ˂ʝ ʫʚʝʢ ʫ ʜʠʨʝʢʪʥʦʤ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ, ʚʝ˂ ʤʦʞʝ ʧʨʘʪʠʪʠ ʙʦʯʥʝ, ʨʘʟʫʹʝʥʝ ʢʘʧʠʣʘʨʥʝ 

ʧʨʦʩʪʦʨʝ. ʉʣʦʿʝʚʠ ʟʘ ʧʨʝʢʨʠʚʘˁʝ ʦʪʧʘʜʘ ʬʦʨʤʠʨʘʿʫ ʧʨʠʦʨʠʪʝʪʥʝ ʪʦʢʦʚʝ, ʢʦʿʠ ʤʦʛʫ 

ʦʛʨʘʥʠʯʠʪʠ ʚʨʝʤʝ ʢʦʥʪʘʢʪʘ ʚʦʜʝ ʩʘ ʦʪʧʘʜʦʤ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʛʨʘʥʠʯʠʪʠ ʠ ʢʦʣʠʯʠʥʫ 

ʝʢʩʪʨʘʭʦʚʘʥʠʭ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ. ʅʘ ʜʥʫ ʜʝʧʦʥʠʿʝ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʦʿʘʚˀʫʿʝ ʦʜʨʝʹʝʥʘ 

ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʟʘʛʘʹʝʥʠʭ ʚʦʜʘ (ʛʣʘʚʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ) [32], ʢʦʿʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʞʝ 

ʫʛʨʦʟʠʪʠ ʢʚʘʣʠʪʝʪ ʧʦʚʨʰʠʥʩʢʠʭ ʠ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, ʫʢʦʣʠʢʦ ʜʦʧʨʝ ʜʦ ˁʠʭ [47]. 

ʄʘʜʘ ʩʝ ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʤʦʞʝ ʧʨʝʜʚʠʜʝʪʠ ʥʘ ʦʩʥʦʚʫ ʙʠʣʘʥʩʘ ʢʨʝʪʘˁʘ ʚʦʜʘ, ʚʨʝʤʝ 

ʧʦʪʨʝʙʥʦ ʜʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʪʠʛʥʫ ʜʦ ʜʥʘ ʜʝʧʦʥʠʿʝ, ʿʝ ʥʝʧʨʝʜʚʠʜʠʚʦ. ʅʘʠʤʝ, ʪʦʢʦʤ ʧʦʯʝʪʥʦʛ 

ʧʝʨʠʦʜʘ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘʢʘ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʯʚʨʩʪʠʤ ʦʪʧʘʮʠʤʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʚʝ ʜʦʢ ʩʝ ʥʝ 

ʜʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʥʘ ʤʦʛʫ˂ʥʦʩʪ ʫʧʠʿʘˁʘ. ɺʣʘʛʘ ʿʝ ʿʘʢʦ ʙʠʪʘʥ ʬʘʢʪʦʨ ʟʘ ʦʧʩʪʘʥʘʢ ʙʘʢʪʝʨʠʿʘ. 

ʀʜʝʘʣʥʠ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʿʝ ʦʥʘʿ ʙʣʠʟʘʢ ʟʘʩʠ˂ʝˁʫ. ʄʝʹʫʪʠʤ, ʦʚʦ ʤʦʞʝ ʜʘ ʙʫʜʝ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ 

ʬʘʢʪʦʨ ʟʘ ʙʠʦʣʦʰʢʫ ʨʝʘʢʮʠʿʫ ʘʢʦ ʧʘʜʥʝ ʠʩʧʦʜ 55-60%, ʟʙʦʛ ʯʝʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʚʨʝʤʝʥʦ 

ʢʚʘʩʠʪʠ ʜʝʧʦʥʠʿʫ ʫ ʩʫʰʥʠʤ ʧʝʨʠʦʜʠʤʘ [102]. ʇʨʦʤʝʥʝ ʫ ʢʦʣʠʯʠʥʘʤʘ ʧʘʜʘʚʠʥʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʠʤʘʿʫ ʟʘ ʨʝʟʫʣʪʘʪ ʚʝʣʠʢʝ ʬʣʫʢʪʫʘʮʠʿʝ ʫ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. 
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4.2. ʂʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ 

ʆʜʨʝʹʝʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʿʘʚˀʘ ʩʝ ʟʙʦʛ ʰʫʧˀʠʥʘ ʢʦʿʝ ʩʝ ʩʪʚʘʨʘʿʫ ʫ ʦʪʧʘʜʫ, 

ʘ ʢʘʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʥʠ ʢʘʧʘʮʠʪʝʪ ʫʧʠʿʘˁʘ, ʛʝʥʝʨʠʩʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʧʦʩʪʘʿʝ 

ʢʦʥʪʠʥʫʘʣʥʦ. 

ɺʨʝʤʝ ʩʪʠʟʘˁʘ ʦʚʝ ʚʦʜʝ ʜʦ ʜʥʘ ʜʝʧʦʥʠʿʝ, ʟʘʦʩʪʘʿʝ ʟʘ ʚʨʝʤʝʥʦʤ ʥʘʩʪʘʥʢʘ ʧʘʜʘʚʠʥʘ ʠ ʪʦ ʟʘ 

ʧʝʨʠʦʜ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʧʘʜʘʢʘ ʜʘ ʟʘʜʨʞʝ ʚʣʘʛʫ ʫ ʩʝʙʠ [104]. 

ʂʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʝ ʩʤʘˁʫʿʝ ʧʨʠ ʧʦʚʝ˂ʘʥʦʤ ʧʦʚʨʰʠʥʩʢʦʤ ʦʪʠʮʘˁʫ ʚʦʜʝ, 

ʠʥʪʝʥʟʠʚʥʠʿʝʤ ʠʩʧʘʨʘʚʘˁʫ ʩʘ ʧʦʚʨʰʠʥʝ ʜʝʧʦʥʠʿʝ ʠ ʩʤʘˁʝˁʝʤ ʚʣʘʛʝ ʫ ʧʨʝʢʨʠʚʥʠʤ 

ʩʣʦʿʝʚʠʤʘ ʟʝʤˀʝ [109]. 

ʆʜʨʝʹʠʚʘˁʝ ʢʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ (ʬʠʣʪʨʘʪʘ), ʙʘʟʠʨʘ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠʤ ʧʨʝʪʧʦʩʪʘʚʢʘʤʘ 

[106]: 

¶ ʀʟʚʦʨʠ ʠʥʬʠʣʪʨʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʧʨʦʮʝʹʠʚʘˁʘ ʩʫ ʧʘʜʘʚʠʥʝ ʢʦʿʝ ʜʦʩʧʝʿʫ ʥʘ ʪʝʣʦ 

ʜʝʧʦʥʠʿʝ ʠ ʚʦʜʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʢʘʦ ʧʨʦʠʟʚʦʜ ʭʝʤʠʿʩʢʠʭ ʠ ʙʠʦʣʦʰʢʠʭ ʨʝʘʢʮʠʿʘ ʨʘʟʛʨʘʜˁʝ 

ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ; 

¶ ʉʚʘ ʧʦʚʨʰʠʥʩʢʘ ʜʦʪʠʮʘˁʘ ʚʦʜʝ ʩʘ ʪʝʨʝʥʘ ʢʦʿʠ ʦʢʨʫʞʫʿʝ ʢʦʤʧʣʝʢʩ ʜʝʧʦʥʠʿʝ 

ʢʦʥʪʨʦʣʠʩʘʥʦ ʩʝ ʦʜʚʦʜʝ ʦʙʦʜʥʠʤ ʢʘʥʘʣʠʤʘ; 

¶ ʇʦʜʟʝʤʥʝ ʚʦʜʝ ʩʝ ʥʝ ʤʦʛʫ ʠʥʬʠʣʪʨʠʨʘʪʠ ʫ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʥʠ ʩʘ ʙʦʯʥʠʭ ʩʪʨʘʥʘ, ʥʠ ʩʘ 

ʜʥʘ, ʪʿ. ʧʦʜʪʣʘ; 

¶ ʂʨʝʪʘˁʘ ʚʦʜʝ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʩʫ ʫʩʤʝʨʝʥʘ ʚʝʨʪʠʢʘʣʥʦ ʥʘʥʠʞʝ. 

ʅʘʛʠʙ ʪʝʨʝʥʘ ʿʝ ʙʠʪʘʥ ʯʠʥʠʣʘʮ ʢʦʜ ʧʨʦʨʘʯʫʥʘ ʢʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʿʝʨ ʠʥʜʠʨʝʢʪʥʦ 

ʜʠʢʪʠʨʘ ʢʦʝʬʠʮʠʝʿʥʪ ʘʧʩʦʨʧʮʠʿʝ ʧʘ ʿʝ ʥʘ ʩʣʠʮʠ 4.4 (ʘ ʠ ʙ), ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟʘʥʘ ʟʘʚʠʩʥʦʩʪ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʘʜʩʦʨʧʮʠʿʝ ʦʜ ʥʘʛʠʙʘ ʪʝʨʝʥʘ. 

ʘ) ʂʦʜ ʜʝʧʦʥʠʿʘ ʢʦʿʝ ʩʫ ʧʦʜ ʥʘʛʠʙʦʤ, 60-70% ʧʘʜʘʚʠʥʘ ʠʩʧʘʨʘʚʘ ʩʘ ʧʦʚʨʰʠʥʝ ʜʝʧʦʥʠʿʘ, ʦʢʦ 

25% ʫʯʝʩʪʚʫʿʝ ʫ ʙʠʦʪʝʨʤʠʯʢʠʤ ʧʨʦʮʝʩʠʤʘ ʢʦʿʠ ʩʝ ʜʝʰʘʚʘʿʫ ʫ ʩʣʦʿʫ ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜʘ ʥʘ 

ʜʫʙʠʥʠ ʦʜ 0,5-2,0 m. ʆʩʪʘʪʘʢ ʧʘʜʘʚʠʥʘ, ʪʿ. 5-15%, ʢʘʦ ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʧʨʦʣʘʟʠ ʜʦ ʜʥʘ 

ʜʝʧʦʥʠʿʝ, ʦʜʘʢʣʝ ʩʝ ʦʜʚʦʜʠ ʥʘ ʧʨʝʯʠʰ˂ʘʚʘˁʝ. 
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ʙ) ʂʦʜ ʨʘʚʥʠʭ - ʭʦʨʠʟʦʥʪʘʣʥʠʭ ʜʝʧʦʥʠʿʘ ʩʘ ʧʦʚʨʰʠʥʝ ʠʩʧʘʨʘʚʘ ʥʝʰʪʦ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ 

ʧʘʜʘʚʠʥʘ, ʪʿ. 65-75%, ʠʩʪʘ ʢʦʣʠʯʠʥʘ ʦʜ 25% ʫʯʝʩʪʚʫʿʝ ʫ ʙʠʦʪʝʨʤʠʯʢʠʤ ʧʨʦʮʝʩʠʤʘ ʠ ʩʘʤʠʤ 

ʪʠʤ ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ, 1-10% ʧʨʦʣʘʟʠ ʜʦ ʜʥʘ ʜʝʧʦʥʠʿʝ ʢʘʦ ʧʨʦʮʝʜʥʘ ʚʦʜʘ. 

 

ʉʣʠʢʘ 4.4 ɿʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʘʧʩʦʨʙʮʠʿʝ ʦʜ ʥʘʛʠʙʘ ʪʝʨʝʥʘ (ʘ) ʪʝʨʝʥ ʫ ʥʘʛʠʙʫ, ʙ 

(ʨʘʚʘʥ ʪʝʨʝʥ) [102] 

ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʨʝʤʘ 

ʿʝʜʥʘʯʠʥʠ [54]: 

                                                                         ὗ                                                                      (1) 

ɻʜʝ ʿʝ: 

  ὗ - ʜʥʝʚʥʘ ʢʦʣʠʯʠʥʘ ʧʨʧʮʝʜʥʠʭ ʚʦʜʘ (m3/ʜʘʥ), 

ʂ- ʢʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʨʧʮʠʿʝ ʚʣʘʛʝ ʠ ʠʩʧʘʨʘʚʘˁʘ ʦʪʧʘʜʘ ; ɿʘ ʜʝʧʦʥʠʿʝ ʥʘ ʨʘʚʥʦʤ 

ʪʝʨʝʥʫ ʂ= 0.1, ʟʘ ʜʝʧʦʥʠʿʝ ʧʦʜ ʥʘʛʠʙʦʤ ʂ= 0.15, 

P- ʫʢʫʧʥʘ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʘʜʘʚʠʥʘ ʥʘ ʧʦʚʨʰʠʥʫ ʜʝʧʦʥʦʚʘʥʦʛ 

ʦʪʧʘʜʘ (m3/ʛʦʜ), 

Q- ʫʢʫʧʥʘ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʢʦʿʘ ʩʝ ʨʘʩʧʦʨʝʜʠ ʧʦ ʧʦʚʨʰʠʥʠ ʜʝʧʦʥʦʚʘʥʦʛ 

ʦʪʧʘʜʘ. 

ʊʘʢʦʹʝ, ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʠ ʧʨʝʤʘ ɼʘʨʩʠʿʝʚʦʿ ʿʝʜʥʘʯʠʥʠ: [110] 

ὗ Ͻὑ                                                                      (2) 

ɻʜʝ ʿʝ: 

 ὗ - ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ (l/s), 
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- ʭʠʜʨʘʫʣʠʯʢʠ ʛʨʘʜʠʿʝʥʪ, ʿʝʜʥʘʢ ʿʝ 0.5, 

ʂ- ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʦʧʫʩʥʦʩʪʠ ʧʨʝʢʨʠʚʥʦʛ ʩʣʦʿʘ. 

4.3 ʉʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʤʦʛʫ ʩʝ ʨʘʟʣʠʢʦʚʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʝʤʝʥʘ 

ʢʦʿʝ ʿʝ ʧʨʦʰʣʦ ʦʜ ʢʘʜʘ ʿʝ ʦʪʧʘʜ ʦʜʣʦʞʝʥ, ʩʪʝʧʝʥʘ ʩʘʙʠʿʝʥʦʩʪʠ ʦʪʧʘʜʘ, ʢʦʣʠʯʠʥʝ ʦʜʣʦʞʝʥʦʛ 

ʦʪʧʘʜʘ, ʭʝʤʠʿʩʢʦʛ ʠ ʙʠʦʣʦʰʢʦʛ ʩʘʩʪʘʚʘ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ, ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ ʥʘ ʣʦʢʘʮʠʿʠ 

ʜʝʧʦʥʠʿʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠ ʧʘʜʘʚʠʥʝ) ʠ ʧʦʣʦʞʘʿʘ ʜʝʧʦʥʠʿʝ [22] [111]. ɺʠʩʦʢʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʣʫʪʘʥʘʪʘ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ, ʢʦʿʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʫ ʫʛʨʦʟʠʪʠ ʧʦʜʟʝʤʥʝ 

ʚʦʜʝ, ʧʦʚʨʰʠʥʩʢʝ ʚʦʜʝ, ʟʝʤˀʠʰʪʝ ʠ ʥʘ ʢʨʘʿʫ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ, ʿʘʚˀʘʿʫ ʩʝ ʫʛʣʘʚʥʦʤ ʢʘʦ 

ʧʦʩʣʝʜʠʮʘ ʩʪʘʨʝˁʘ ʜʝʧʦʥʠʿʝ. ʇʨʝʪʭʦʜʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫʪʚʨʜʠʣʦ ʩʝ ʜʘ ʩʫ ʫ ʧʨʦʮʝʜʥʠʤ 

ʚʦʜʘʤʘ ʚʝʦʤʘ ʯʝʩʪʦ ʧʨʠʩʫʪʥʠ ʬʝʥʦʣʠ, ʘʟʦʪ (ʩʘ ʩʚʦʿʠʤ ʿʝʜʠˁʝˁʠʤʘ), ʬʦʩʬʦʨ, ʮʠʿʘʥʠʜʠ, 

ʩʫʣʬʘʪʠ, ʬʣʫʦʨʠʜʠ ʢʘʦ ʠ ʪʝʰʢʠ ʤʝʪʘʣʠ [112], [113], [114], [115], [116]. 

ʌʝʥʦʣʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʪʝʥʮʠʿʘʣʥʠ ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤ ʟʙʦʛ ˁʠʭʦʚʦʛ 

ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʆʥʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʢʘʦ ʨʝʟʫʣʪʘʪ ʠʥʜʫʩʪʨʠʿʩʢʦʛ 

ʧʨʦʮʝʩʘ, ʧʨʠ ʨʘʬʠʥʝʨʠʿʠ ʥʘʬʪʝ, ʧʨʦʠʟʚʦʜˁʠ ʧʣʘʩʪʠʢʝ ʠ ʭʝʤʠʢʘʣʠʿʘ, ʠʣʠ ʢʘʦ ʜʝʦ ʦʨʛʘʥʩʢʦʛ 

ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʝ. ʌʝʥʦʣʠ ʩʫ ʪʦʢʩʠʯʥʠ ʟʘ ʘʢʚʘʪʠʯʥʝ ʝʢʦʩʠʩʪʝʤʝ ʠ ʤʦʛʫ 

ʫʛʨʦʟʠʪʠ ʞʠʚʠ ʩʚʝʪ, ʫʢˀʫʯʫʿʫ˂ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʝ, ʨʠʙʝ ʠ ʜʨʫʛʝ ʚʦʜʝʥʝ ʦʨʛʘʥʠʟʤʝ. ʏʘʢ ʠ ʫ 

ʤʘʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʬʝʥʦʣʠ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʝ ʠ ʙʠʦʭʝʤʠʿʩʢʝ ʧʨʦʮʝʩʝ ʫ 

ʚʦʜʝʥʠʤ ʦʨʛʘʥʠʟʤʠʤʘ [115]. 

ʋʢʫʧʥʠ ʘʟʦʪ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʪʘʢʦʹʝ ʤʦʞʝ ʠʤʘʪʠ ʥʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ 

ʠ ʘʢʚʘʪʠʯʥʝ ʝʢʦʩʠʩʪʝʤʝ. ɺʝʣʠʢʠ ʜʝʦ ʘʟʦʪʘ ʫ ʜʝʧʦʥʠʿʘʤʘ ʧʦʪʠʯʝ ʦʜ ʦʨʛʘʥʩʢʦʛ ʦʪʧʘʜʘ [99]. 

ʆʚʦ ʫʢˀʫʯʫʿʝ ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜ, ʢʘʦ ʰʪʦ ʩʫ ʦʩʪʘʮʠ ʭʨʘʥʝ, ʧʦˀʦʧʨʠʚʨʝʜʥʠ ʦʪʧʘʜ, ʬʝʢʘʣʥʠ 

ʦʪʧʘʜ ʠ ʙʠʦʨʘʟʛʨʘʜʠʚʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʦʪʧʘʜ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ, ʘʟʦʪ ʩʝ ʯʝʩʪʦ 

ʧʨʝʪʚʘʨʘ ʫ ʥʝʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ ʠ ʪʦ ʫ ʿʦʥʠʟʦʚʘʥʦʤ ʠ ʥʝʿʦʥʠʟʦʚʘʥʦʤ ʦʙʣʠʢʫ. ʈʘʩʪʚʦʨʝʥʠ 

ʛʘʩ ʘʤʦʥʠʿʘʢ (NH3) ʠ ʿʦʥʠ ʘʤʦʥʠʿʘʢʘ (NH4
+) ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʣʘʚʥʝ ʦʙʣʠʢʝ ʘʟʦʪʘ ʫ ʧʨʦʮʝʜʥʠʤ 

ʚʦʜʘʤʘ. ɸʤʦʥʠʿʘʢ ʤʦʞʝ ʙʠʪʠ ʦʢʩʠʜʦʚʘʥ ʫ ʥʠʪʨʘʪʝ (NO3
-) ʠ ʥʠʪʨʠʪʝ (NO2

-) ʠ ʪʦ ʿʝ ʧʨʦʮʝʩ 

ʧʦʟʥʘʪ ʢʘʦ ʥʠʪʨʠʬʠʢʘʮʠʿʘ [117]. ʆʚʠ ʦʙʣʠʮʠ ʘʟʦʪʘ ʩʫ ʪʘʢʦʹʝ ʨʘʩʪʚʦʨˀʠʚʠ ʫ ʚʦʜʠ ʠ ʤʦʛʫ 

ʙʠʪʠ ʧʨʠʩʫʪʥʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ʇʦʚʝ˂ʘʥʘ ʢʦʣʠʯʠʥʘ ʘʟʦʪʘ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ 

ʜʦʧʨʠʥʦʩʠ ʝʫʪʨʦʬʠʢʘʮʠʿʠ ʚʦʜʥʠʭ ʪʝʣʘ, ʰʪʦ ʚʦʜʠ ʜʦ ʧʨʝʢʦʤʝʨʥʦʛ ʨʘʩʪʘ ʚʦʜʝʥʠʭ ʙʠˀʘʢʘ ʠ 

ʘʣʛʠ ʠ ʩʤʘˁʝˁʘ ʢʠʩʝʦʥʠʢʘ, ʯʠʤʝ ʰʪʝʪʠ ʚʦʜʝʥʠʤ ʦʨʛʘʥʠʟʤʠʤʘ [113]. ʆʚʝ ʧʨʦʤʝʥʝ ʤʦʛʫ 
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ʫʪʠʮʘʪʠ ʥʘ ʭʝʤʠʿʩʢʫ ʨʘʚʥʦʪʝʞʫ ʫ ʘʢʚʘʪʠʯʥʠʤ ʝʢʦʩʠʩʪʝʤʠʤʘ, ʫʪʠʯʫ˂ʠ ʥʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪ ʠ 

ʢʚʘʣʠʪʝʪ ʚʦʜʝ. ɺʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʦʪʘ ʪʘʢʦʹʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʠʟʠʢ ʟʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ 

ʢʘʜʘ ʢʦʥʪʘʤʠʥʠʨʘʿʫ ʧʦʜʟʝʤʥʝ ʠ ʧʦʚʨʰʠʥʩʢʝ ʚʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʠ˂ʝ, ʘ ʧʦʩʝʙʥʦ ʩʫ 

ʪʦʢʩʠʯʥʝ ʫ ʦʙʣʠʢʫ ʥʠʪʨʘʪʘ [116] 

ʂʦʣʠʯʠʥʘ ʬʦʩʬʦʨʘ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʯʝʩʪʦ ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʧʘʜʘ ʥʘ 

ʜʝʧʦʥʠʿʠ. ʆʨʛʘʥʩʢʠ ʦʪʧʘʜ, ʢʘʦ ʰʪʦ ʩʫ ʙʠʦʨʘʟʛʨʘʜʠʚʠ ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜ ʠ ʬʝʢʘʣʥʠ ʦʪʧʘʜ, 

ʩʘʜʨʞʠ ʧʨʠʤʝʪʥʝ ʢʦʣʠʯʠʥʝ ʬʦʩʬʦʨʘ. ʌʦʩʬʦʨ ʩʝ ʫ ʧʨʠʨʦʜʠ ʯʝʩʪʦ ʥʘʣʘʟʠ ʫ ʬʦʨʤʠ ʦʨʛʘʥʩʢʠʭ 

ʠ ʥʝʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ [117]. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ ʫ ʜʝʧʦʥʠʿʠ, ʦʨʛʘʥʩʢʠ ʦʙʣʠʮʠ 

ʬʦʩʬʦʨʘ ʤʦʛʫ ʜʘ ʩʝ ʤʠʥʝʨʘʣʠʟʫʿʫ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʧʨʝʪʚʦʨʝ ʫ ʥʝʦʨʛʘʥʩʢʝ ʦʙʣʠʢʝ, ʰʪʦ 

ʧʦʚʝ˂ʘʚʘ ˁʠʭʦʚʫ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʠ ʤʠʛʨʘʮʠʿʫ. ʌʦʩʬʦʨ ʧʨʝʜʩʪʘʚʘˀ ʚʘʞʘʥ ʥʫʪʨʠʿʝʥʪ ʢʦʿʠ 

ʪʘʢʦʹʝ ʧʦʜʩʪʠʯʝ ʨʘʩʪ ʘʣʛʠ ʠ ʚʦʜʝʥʠʭ ʙʠˀʘʢʘ ʫ ʧʨʠʨʦʜʥʠʤ ʚʦʜʦʪʦʮʠʤʘ. ʆʚʦ ʤʦʞʝ ʜʦʚʝʩʪʠ 

ʜʦ ʟʥʘʯʘʿʥʠʭ ʝʢʦʣʦʰʢʠʭ ʧʨʦʙʣʝʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʩʤʘˁʝˁʝ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ ʠ ʩʤʘˁʝˁʝ 

ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ. ʌʦʩʬʦʨ, ʪʘʢʦʹʝ, ʤʦʞʝ ʜʘ ʩʝ ʘʢʫʤʫʣʠʨʘ ʫ ʩʝʜʠʤʝʥʪʠʤʘ ʚʦʜʝʥʠʭ ʪʝʣʘ ʧʦʧʫʪ 

ʨʝʢʘ, ʿʝʟʝʨʘ ʠʣʠ ʧʦʪʦʢʘ, ʰʪʦ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʜʫʛʦʨʦʯʥʫ ʧʣʦʜʥʦʩʪ ʠ ʭʝʤʠʿʩʢʫ ʩʪʨʫʢʪʫʨʫ 

ʩʝʜʠʤʝʥʪʘ [115]. 

ʉʫʣʬʘʪʠ ʫ ʜʝʧʦʥʠʿʩʢʠʤ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʥʘʩʪʘʿʫ ʫʛʣʘʚʥʦʤ ʢʨʦʟ ʙʠʦʣʦʰʢʝ ʠ ʭʝʤʠʿʩʢʝ 

ʧʨʦʮʝʩʝ. ʆʨʛʘʥʩʢʠ ʦʪʧʘʜ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʧʦʜʣʝʞʝ ʙʠʦʣʦʰʢʦʿ ʨʘʟʛʨʘʜˁʠ, ʧʨʠ ʯʝʤʫ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʨʘʟʣʘʞʫ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ, ʰʪʦ ʤʦʞʝ ʫʢˀʫʯʠʚʘʪʠ ʠ ʧʨʦʠʟʚʦʜˁʫ ʩʫʣʬʘʪʘ 

[116]. ʆʩʠʤ ʪʦʛʘ, ʦʢʩʠʜʘʮʠʿʘ ʩʫʣʬʠʜʥʠʭ ʤʠʥʝʨʘʣʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʠʨʠʪ, ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʥʘʣʘʟʠ ʫ 

ʦʪʧʘʜʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ, ʪʘʢʦʹʝ ʜʦʚʦʜʠ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʩʫʣʬʘʪʘ. ʂʘʜʘ ʩʫʣʬʘʪʠ ʫʹʫ ʫ ʚʦʜʥʝ 

ʝʢʦʩʠʩʪʝʤʝ, ʤʦʛʫ ʠʤʘʪʠ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ɺʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʩʫʣʬʘʪʘ ʫʪʠʯʫ ʥʘ ʢʚʘʣʠʪʝʪ ʚʦʜʝ, ʰʪʦ ʿʝ ʯʠʥʠ ʥʝʧʦʛʦʜʥʦʤ ʟʘ ʧʠ˂ʝ ʠ ʢʦʨʠʰ˂ʝˁʝ ʫ 

ʧʦˀʦʧʨʠʚʨʝʜʠ. ʉʫʣʬʘʪʠ ʪʘʢʦʹʝ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʨʘʩʪ ʦʜʨʝʹʝʥʠʭ ʚʨʩʪʘ ʘʣʛʠ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʜʠʩʙʘʣʘʥʩʘ ʫ ʚʦʜʝʥʠʤ ʝʢʦʩʠʩʪʝʤʠʤʘ. ʆʩʠʤ ʪʦʛʘ, ʫ 

ʥʝʢʠʤ ʫʩʣʦʚʠʤʘ, ʩʫʣʬʘʪʠ ʤʦʛʫ ʙʠʪʠ ʧʨʝʪʚʦʨʝʥʠ ʫ ʩʫʣʬʠʜʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʚʝʦʤʘ ʪʦʢʩʠʯʥʠ 

ʚʦʜʦʥʠʢ-ʩʫʣʬʠʜ, ʰʪʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʚʦʜʝʥʝ ʦʨʛʘʥʠʟʤʝ ʠ ʢʚʘʣʠʪʝʪ ʚʦʜʝ [117]. 

ʌʣʫʦʨʠʜʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʠʟ ʜʝʧʦʥʠʿʘ ʥʘʿʯʝʰ˂ʝ ʥʘʩʪʘʿʫ ʠʟ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ 

ʩʘʜʨʞʝ ʬʣʫʦʨ, ʢʘʦ ʰʪʦ ʩʫ ʠʥʜʫʩʪʨʠʿʩʢʠ ʦʪʧʘʮʠ, ʦʩʪʘʮʠ ʠʟ ʧʨʦʠʟʚʦʜˁʝ ʬʦʩʬʘʪʥʠʭ ʹʫʙʨʠʚʘ, 

ʩʪʘʢʣʝʥʘ ʠ ʢʝʨʘʤʠʯʢʘ ʠʥʜʫʩʪʨʠʿʘ, ʢʘʦ ʠ ʦʜʨʝʹʝʥʠ ʙʠʦʨʘʟʛʨʘʜʠʚʠ ʦʪʧʘʜ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ 

ʨʘʟʣʘʛʘˁʘ ʠ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʫʥʫʪʘʨ ʜʝʧʦʥʠʿʝ, ʬʣʫʦʨʠʜʠ ʤʦʛʫ ʙʠʪʠ ʦʩʣʦʙʦʹʝʥʠ ʠ 
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ʨʘʩʪʚʦʨʝʥʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ɳʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʤʦʞʝ ʙʠʪʠ ʚʝʣʠʢʠ, 

ʧʦʩʝʙʥʦ ʘʢʦ ʩʝ ʬʣʫʦʨʠʜʠ ʫ ʚʝʣʠʢʠʤ ʢʦʣʠʯʠʥʘʤʘ ʜʦʩʧʝʿʫ ʫ ʚʦʜʝʥʝ ʝʢʦʩʠʩʪʝʤʝ. ɺʠʩʦʢʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʬʣʫʦʨʠʜʘ ʤʦʛʫ ʙʠʪʠ ʰʪʝʪʥʝ ʟʘ ʚʦʜʝʥʝ ʦʨʛʘʥʠʟʤʝ, ʫʪʠʯʫ˂ʠ ʥʘ ˁʠʭʦʚ ʨʘʩʪ ʠ 

ʨʝʧʨʦʜʫʢʮʠʿʫ [117]. ʊʘʢʦʹʝ, ʬʣʫʦʨʠʜʠ ʤʦʛʫ ʠʤʘʪʠ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʢʚʘʣʠʪʝʪ ʧʠʿʘ˂ʝ ʚʦʜʝ 

ʠ ʘʛʨʘʨʥʘ ʟʝʤˀʠʰʪʘ. 

ʎʠʿʘʥʠʜʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʥʘʿʯʝʰ˂ʝ ʧʦʪʠʯʫ ʠʟ ʦʜʨʝʹʝʥʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʦʪʧʘʜʘ, ʢʘʦ ʰʪʦ 

ʩʫ ʦʪʧʘʜʥʠ ʤʘʪʝʨʠʿʘʣʠ ʠʟ ʧʨʦʮʝʩʘ ʨʫʜʘʨʩʪʚʘ ʠ ʤʝʪʘʣʫʨʛʠʿʝ, ʧʦʩʝʙʥʦ ʫ ʦʙʨʘʜʠ ʟʣʘʪʘ ʠ ʩʨʝʙʨʘ, 

ʛʜʝ ʩʝ ʮʠʿʘʥʠʜʠ ʢʦʨʠʩʪʝ ʟʘ ʠʟʚʣʘʯʝˁʝ ʤʝʪʘʣʘ [118], [119]. ʆʚʠ ʦʪʧʘʜʥʠ ʤʘʪʝʨʠʿʘʣʠ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʩʘʜʨʞʝ ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʮʠʿʘʥʠʜʥʠʭ ʿʝʜʠˁʝˁʘ ʢʦʿʘ, ʢʘʜʘ ʩʝ ʥʘʣʘʟʝ ʫ 

ʜʝʧʦʥʠʿʠ, ʤʦʛʫ ʙʠʪʠ ʦʩʣʦʙʦʹʝʥʘ ʫ ʦʢʦʣʥʝ ʨʝʢʘ, ʿʝʟʝʨʘ ʠ ʧʦʪʦʢʝ, ʢʨʦʟ ʧʨʦʮʝʜʥʝ ʚʦʜʝ. ʋʪʠʮʘʿ 

ʮʠʿʘʥʠʜʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʿʝ ʟʥʘʯʘʿʘʥ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʝʦʤʘ ʰʪʝʪʘʥ, ʿʝʨ ʩʫ ʮʠʿʘʥʠʜʠ 

ʠʟʫʟʝʪʥʦ ʪʦʢʩʠʯʥʠ ʟʘ ʚʦʜʝʥʝ ʦʨʛʘʥʠʟʤʝ, ʯʘʢ ʠ ʫ ʚʨʣʦ ʤʘʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ. ʆʥʠ ʤʦʛʫ 

ʫʟʨʦʢʦʚʘʪʠ ʩʤʘˁʝˁʝ ʙʠʦʨʘʟʥʦʚʨʩʥʦʩʪʠ ʫ ʚʦʜʝʥʠʤ ʝʢʦʩʠʩʪʝʤʠʤʘ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʠʟʠʢ ʟʘ 

ʧʠʿʘ˂ʫ ʚʦʜʫ [120], [114]. 

ʊʝʰʢʠ ʤʝʪʘʣʠ ʧʨʝʩʪʘʚˀʘʿʫ ʦʧʘʩʥʝ ʟʘʛʘʹʫʿʫ˂ʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʫ ʨʘʩʧʨʦʩʪʨʘˁʝʥʝ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʤʝʜʠʿʠʤʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ [105], [121]. ʅʘʩʪʘʿʫ ʢʘʦ ʩʠʨʦʚʠʥʘ ʨʘʟʣʠʯʠʪʠʭ 

ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʛʨʘʥʘ ʠ ʪʦ ʠʟ ʨʫʜʥʠʢʘ, ʠʟ ʧʨʦʠʟʚʦʜˁʝ ʠ ʪʦʧˀʝˁʘ ʤʝʪʘʣʥʠʭ ʨʫʜʘ, ʩʘʛʦʨʝʚʘˁʘ 

ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ. ʊʘʢʦʹʝ, ʩʪʦʯʘʨʩʪʚʦ ʠ ʧʦˀʦʧʨʠʚʨʝʜʘ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʝ ʟʘʛʘʹʠʚʘˁʫ ʚʦʜʘ 

ʪʝʰʢʠʤ ʤʝʪʘʣʠʤʘ ʪʘʢʦ ʰʪʦ ʩʝ ʩʘ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʧʦˀʘ ʧʘʜʘʚʠʥʘʤʘ ʩʧʠʨʘʿʫ ʧʝʩʪʠʮʠʜʠ, 

ʹʫʙʨʠʚʦ ʠ ʦʩʪʘʣʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ [117]. 

ʇʨʠʩʫʩʪʚʦ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʿʝ ʿʘʢʦ ʯʝʩʪʘ ʠ ʦʧʘʩʥʘ ʧʦʿʘʚʘ. ʊʝʰʢʠ ʤʝʪʘʣʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʝʙʥʫ ʚʨʩʪʫ ʧʦʣʫʪʘʥʘʪʘ, ʧʨʝ ʩʚʝʛʘ, ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʿʘʢʦ ʜʫʛʦ ʟʘʜʨʞʘʚʘʿʫ ʫ 

ʧʨʦʮʝʥʠʤ ʚʦʜʘʤʘ ʠ ʟʘʪʦ ʰʪʦ ʠ ʤʠʥʠʤʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʤʦʛʫ ʚʝʦʤʘ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ [97], [122].  

ɸʨʩʝʥ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʜʝʧʦʥʠʿʘ ʧʦʪʠʯʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʠʥʜʫʩʪʨʠʿʩʢʠ ʦʪʧʘʜ, ʧʝʩʪʠʮʠʜʝ, ʢʦʥʟʝʨʚʘʥʩʝ ʟʘ ʜʨʚʦ ʠ ʦʜʨʝʹʝʥʝ ʤʠʥʝʨʘʣʝ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ 

ʨʘʟʣʘʛʘˁʘ ʠ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʫ ʜʝʧʦʥʠʿʠ, ʘʨʩʝʥ ʩʝ ʤʦʞʝ ʦʩʣʦʙʦʜʠʪʠ ʠ ʨʘʩʪʚʦʨʠʪʠ ʫ 

ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ʋʪʠʮʘʿ ʘʨʩʝʥʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʤʦʞʝ ʙʠʪʠ ʥʝʛʘʪʠʚʘʥ, ʿʝʨ ʿʝ ʘʨʩʝʥ 

ʚʠʩʦʢʦ ʪʦʢʩʠʯʘʥ ʠ ʢʘʥʮʝʨʦʛʝʥ ʟʘ ˀʫʜʝ ʠ ʞʠʚʦʪʠˁʝ. ʋ ʘʢʚʘʪʠʯʥʠʤ ʝʢʦʩʠʩʪʝʤʠʤʘ, ʘʨʩʝʥ 

ʤʦʞʝ ʰʪʝʪʠʪʠ ʚʦʜʝʥʠʤ ʦʨʛʘʥʠʟʤʠʤʘ ʠ ʥʘʨʫʰʠʪʠ ʝʢʦʣʦʰʢʫ ʨʘʚʥʦʪʝʞʫ. ɸʨʩʝʥ ʫ ʧʠʿʘ˂ʦʿ 
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ʚʦʜʠ ʧʨʝʜʩʪʘʚˀʘ ʦʟʙʠˀʘʥ ʟʜʨʘʚʩʪʚʝʥʠ ʨʠʟʠʢ, ʘ ʜʫʛʦʪʨʘʿʥʦ ʠʟʣʘʛʘˁʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ 

ʭʨʦʥʠʯʥʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʨʘʢ ʢʦʞʝ, ʧʣʫ˂ʘ ʠ ʙʝʰʠʢʝ [30]. 

ʍʨʦʤ ʫ ʧʨʦʮʝʜʥʠʤ ʜʝʧʦʥʠʿʩʢʠʤ ʚʦʜʘʤʘ ʥʘʩʪʘʿʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʢʘʦ ʰʪʦ ʩʫ 

ʠʥʜʫʩʪʨʠʿʩʢʠ ʦʪʧʘʜ (ʧʦʩʝʙʥʦ ʠʟ ʤʝʪʘʣʫʨʰʢʝ ʠ ʪʝʢʩʪʠʣʥʝ ʠʥʜʫʩʪʨʠʿʝ), ʦʪʧʘʜ ʢʦʿʠ ʩʘʜʨʞʠ 

ʙʦʿʝ ʠ ʧʠʛʤʝʥʪʝ, ʢʘʦ ʠ ʦʜʨʝʹʝʥʠ ʚʠʜʦʚʠ ʙʘʪʝʨʠʿʘ ʠ ʝʣʝʢʪʨʦʥʩʢʦʛ ʦʪʧʘʜʘ [112]. ʋ ʜʝʧʦʥʠʿʘʤʘ, 

ʭʝʤʠʿʩʢʝ ʠ ʙʠʦʣʦʰʢʝ ʨʝʘʢʮʠʿʝ, ʢʘʦ ʠ ʧʨʦʮʝʩʠ ʨʘʟʣʘʛʘˁʘ ʤʦʛʫ ʦʩʣʦʙʦʜʠʪʠ ʭʨʦʤ ʫ ʦʢʦʣʠʥʫ. 

ʍʨʦʤ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʧʦʩʝʙʥʦ ʫ ʬʦʨʤʠ ʭʨʦʤʘ 

(VI), ʢʦʿʠ ʿʝ ʪʦʢʩʠʯʘʥ ʠ ʢʘʥʮʝʨʦʛʝʥ [117]. ʆʚʘʿ ʦʙʣʠʢ ʭʨʦʤʘ ʟʘʛʘʹʫʿʝ ʚʦʜʥʘ ʪʝʣʘ, ʰʪʝʪʝ˂ʠ 

ʚʦʜʝʥʠʤ ʦʨʛʘʥʠʟʤʠʤʘ ʠ ʩʤʘˁʫʿʫ˂ʠ ʙʠʦʜʠʚʝʨʟʠʪʝʪ. 

ɻʚʦʞʹʝ ʠ ʤʘʥʛʘʥ ʫ ʧʨʦʮʝʜʥʠʤ ʜʝʧʦʥʠʿʩʢʠʤ ʚʦʜʘʤʘ ʥʘʩʪʘʿʫ ʢʘʦ ʨʝʟʫʣʪʘʪ ʭʝʤʠʿʩʢʝ ʨʘʟʛʨʘʜˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʘʜʨʞʝ ʛʚʦʞʹʝ, ʢʘʦ ʰʪʦ ʩʫ ʛʨʘʹʝʚʠʥʩʢʠ ʦʪʧʘʜ, ʩʪʘʨʠ 

ʤʝʪʘʣʥʠ ʧʨʝʜʤʝʪʠ ʠ ʠʟ ʨʘʟʛʨʘʜˁʝ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʘʜʨʞʝ ʤʘʥʛʘʥ, ʢʘʦ ʰʪʦ ʩʫ 

ʙʘʪʝʨʠʿʝ, ʩʪʘʢʣʦ, ʢʝʨʘʤʠʢʘ ʠ ʨʘʟʣʠʯʠʪʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʦʪʧʘʜ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʨʘʟʣʘʛʘˁʘ ʫ 

ʜʝʧʦʥʠʿʠ, ʛʚʦʞʹʝ ʠ ʤʘʥʛʘʥ ʤʦʛʫ ʙʠʪʠ ʦʩʣʦʙʦʹʝʥʠ ʠ ʨʘʩʪʚʦʨʝʥʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ʀʘʢʦ 

ʦʚʠ ʤʝʪʘʣʠ ʩʘʤʠ ʧʦ ʩʝʙʠ ʥʠʩʫ ʚʠʩʦʢʦ ʪʦʢʩʠʯʥʠ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ˁʠʭʦʚ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʫ 

ʚʦʜʘʤʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʨʦʙʣʝʤʘ ʢʘʦ ʰʪʦ ʩʫ ʟʘʤʫ˂ʝˁʝ ʠ ʧʨʦʤʝʥʘ ʙʦʿʝ ʚʦʜʝ, ʰʪʦ ʤʦʞʝ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʬʦʪʦʩʠʥʪʝʟʫ ʫ ʚʦʜʝʥʠʤ ʝʢʦʩʠʩʪʝʤʠʤʘ [30]. ʊʘʢʦʹʝ, ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ 

ʛʚʦʞʹʘ ʠ ʤʘʥʛʘʥʘ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʨʘʟʚʠʿʘˁʝ ʦʜʨʝʹʝʥʠʭ ʚʨʩʪʘ ʙʘʢʪʝʨʠʿʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ 

ʩʤʘˁʝˁʘ ʥʠʚʦʘ ʢʠʩʝʦʥʠʢʘ ʫ ʚʦʜʠ, ʫʛʨʦʞʘʚʘʿʫ˂ʠ ʚʦʜʝʥʝ ʦʨʛʘʥʠʟʤʝ. 

ʆʣʦʚʦ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʥʘʩʪʘʿʝ ʫʛʣʘʚʥʦʤ ʠʟ ʦʪʧʘʜʘ ʢʦʿʠ ʩʘʜʨʞʠ ʦʣʦʚʦ, ʢʘʦ ʰʪʦ ʩʫ 

ʝʣʝʢʪʨʦʥʩʢʠ ʦʪʧʘʜ, ʙʘʪʝʨʠʿʝ, ʙʦʿʝ, ʥʝʢʠ ʚʠʜʦʚʠ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʦʪʧʘʜʘ ʠʣʠ ʦʪʧʘʜ ʠʟ 

ʩʪʨʝˀʘʯʢʠʭ ʚʝʞʙʘʣʠʰʪʘ. ʂʘʜʘ ʩʝ ʦʚʘʿ ʦʪʧʘʜ ʨʘʟʣʘʞʝ ʠʣʠ ʢʘʜʘ ʜʦʹʝ ʜʦ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʫ 

ʦʢʚʠʨʫ ʜʝʧʦʥʠʿʝ, ʦʣʦʚʦ ʩʝ ʤʦʞʝ ʨʘʩʪʚʦʨʠʪʠ ʠ ʦʩʣʦʙʦʜʠʪʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ʆʣʦʚʦ ʿʝ 

ʚʠʩʦʢʦ ʪʦʢʩʠʯʘʥ ʤʝʪʘʣ ʢʦʿʠ ʤʦʞʝ ʠʤʘʪʠ ʥʝʛʘʪʠʚʥʝ ʫʪʠʮʘʿʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʪʘʢʦ ʰʪʦ 

ʦʰʪʝ˂ʫʿʝ ʚʦʜʝʥʝ ʝʢʦʩʠʩʪʝʤʝ, ʫʛʨʦʞʘʚʘʿʫ˂ʠ ʟʜʨʘʚˀʝ ʚʦʜʝʥʠʭ ʦʨʛʘʥʠʟʘʤʘ ʠ ʨʠʙʘ, ʠ ʤʦʞʝ 

ʢʦʥʪʘʤʠʥʠʨʘʪʠ ʚʦʜʦʪʦʢʦʚʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʨʠʟʠʢ ʟʘ ʧʠʿʘ˂ʫ ʚʦʜʫ ʠ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ. ɿʙʦʛ 

ʩʚʦʿʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʩʝ ʘʢʫʤʫʣʠʨʘ ʫ ʙʠʦʣʦʰʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʦʣʦʚʦ ʤʦʞʝ ʠʟʘʟʚʘʪʠ 

ʜʫʛʦʨʦʯʥʝ ʝʢʦʣʦʰʢʝ ʧʨʦʙʣʝʤʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʙʠʦʘʢʫʤʫʣʘʮʠʿʫ ʫ ʭʨʘʥʠ ʠ ʪʨʦʬʠʯʥʠʤ ʣʘʥʮʠʤʘ 

[115]. 



 

80 

 

ɾʠʚʘ ʧʨʝʜʩʪʘʚˀʘ ʭʝʤʠʿʩʢʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʥʠʿʝ ʙʠʦʨʘʟʛʨʘʜʠʚ ʠ ʢʦʿʠ ʩʝ ʘʢʫʤʫʣʠʨʘ ʫ ʚʦʜʠ, 

ʟʝʤˀʠʰʪʫ ʠ ʫ ʞʠʚʠʤ ʦʨʛʘʥʠʟʤʠʤʘ. ʋ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʥʘʩʪʘʿʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʦʪʧʘʜʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʘʜʨʞʝ ʞʠʚʫ, ʫʢˀʫʯʫʿʫ˂ʠ ʙʘʪʝʨʠʿʝ, ʝʣʝʢʪʨʠʯʥʝ ʫʨʝʹʘʿʝ, ʦʜʨʝʹʝʥʝ ʚʨʩʪʝ 

ʣʘʤʧʠ, ʪʝʨʤʦʤʝʪʨʝ ʠ ʥʝʢʝ ʠʥʜʫʩʪʨʠʿʩʢʝ ʦʪʧʘʜʝ. ʄʦʞʝ ʩʝ ʥʘ˂ʠ ʫ ʝʣʝʤʝʥʪʘʨʥʦʤ ʩʪʘˁʫ, ʘʣʠ ʠ 

ʫ ʩʚʦʿʠʤ ʿʝʜʠˁʝˁʠʤʘ, ʢʘʦ ʿʝʜʥʦʚʘʣʝʥʪʥʘ ʠʣʠ ʜʚʦʚʘʣʝʥʪʥʘ. ʂʦʿʠ ʦʙʣʠʢ ʞʠʚʝ ˂ʝ ʩʝ ʥʘ˂ʠ ʫ 

ʚʦʜʝʥʦʿ ʩʨʝʜʠʥʠ ʜʝʬʠʥʠʰʝ ʧʨʦʮʝʩ ʘʜʩʦʨʧʮʠʿʝ-ʜʝʩʦʨʧʮʠʿʝ ʩʘ ʩʫʩʧʝʥʜʦʚʘʥʠʤ ʯʝʩʪʠʮʘʤʘ. 

ɾʠʚʘ ʩʝ ʚʝʟʫʿʝ ʟʘ ʩʫʩʧʝʥʜʦʚʘʥʝ ʯʝʩʪʠʮʝ ʫ ʚʦʜʝʥʦʿ ʩʨʝʜʠʥʠ ʠ ʩʘ ˁʠʤʘ ʤʠʛʨʠʨʘ ʠʣʠ ʩʝ ʪʘʣʦʞʠ, 

ʘʣʠ ʩʝ ʥʝ ʨʘʟʛʨʘʹʫʿʝ. ʋ ʩʣʫʯʘʿʫ ʘʢʮʠʜʝʥʪʥʠʭ ʩʪʘˁʘ ʠ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʢʦʿʘ ʩʘʜʨʞʠ 

ʞʠʚʫ, ʫ ʦʢʦʣʠʥʫ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʪʨʘʿʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʟʜʨʘʚˀʝ 

ˀʫʜʠ [123]. ɾʠʚʘ ʠ ˁʝʥʘ ʿʝʜʠˁʝˁʘ ʩʫ ʦʪʨʦʚʥʘ ʠ ʠʤʘʿʫ ʤʫʪʘʛʝʥʦ ʜʝʿʩʪʚʦ, ʘʣʠ ʧʨʝʤʘ 

ʧʨʝʪʭʦʜʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʪʨʦʚʘˁʝ ʞʠʚʦʤ ʧʫʪʝʤ ʚʦʜʝ ʟʘ ʧʠ˂ʝ ʩʝ ʿʘʢʦ ʨʝʪʢʦ ʜʝʰʘʚʘʿʫ 

[117]. 

ʋ ʪʘʙʝʣʘʤʘ 4.2. ʠ 4.3., ʧʨʠʢʘʟʘʥʠ ʩʫ ʧʦʜʘʮʠ ʦ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʪʠʧʠʯʥʠʭ 

ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ (ʉɸɼ, ʈʫʩʠʿʘ, ɽʚʨʦʧʘ), ʢʘʦ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ 

ʠʩʧʠʪʠʚʘˁʝʤ ʦʪʧʘʜʘ ʩʘ ʜʝʧʦʥʠʿʝ "ɺʠʥʯʘ". ʇʦʜʘʮʠ ʦ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʘ 

Ăɺʠʥʯʘñ ʩʝ ʟʥʘʪʥʦ ʨʘʟʣʠʢʫʿʫ ʦʜ ʧʦʜʘʪʘʢʘ ʉɸɼ, ʈʫʩʠʿʝ, ʠ ɽʚʨʦʧʝ, ʰʪʦ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ 

ʧʦʩʣʝʜʠʮʘ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ ʧʦʜʘʮʠ ʩʘ ʜʝʧʦʥʠʿʝ "ɺʠʥʯʘ" ʜʦʙʠʿʝʥʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ 

ʫʩʣʦʚʠʤʘ, ʜʦʢ ʩʫ ʩʚʠ ʦʩʪʘʣʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʜʠʨʝʢʪʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

(ʬʠʣʪʨʘʪʘ) ʩʘ ʧʦʩʪʦʿʝ˂ʠʭ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ. 
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ʊʘʙʝʣʘ 4.2. ʇʦʜʘʮʠ ʦ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʫ ʉɸɼ ʠ ʈʫʩʠʿʠ, ʢʘʦ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʩʘ 

ʜʝʧʦʥʠʿʝ Ăɺʠʥʯʘñ [102] 

 

1 ʄʨ ɹʨʘʥʠʩʣʘʚ ʉ.ʊʘʥʘʩʠ˂, ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʩʘʚʨʝʤʝʥʠʭ ʧʦʩʪʫʧʘʢʘ ʟʘ ʥʝʫʪʨʘʣʠʟʘʮʠʿʫ ʢʫ˂ʥʦʛ ʩʤʝ˂ʘ, ɺʦʜʦʧʨʠʚʨʝʜʘ, 1982. 
2 Dr Jeffey M.Zauria, Ashifillis and Leachate, Waste age, November 1986. 
3 Phil O'Zeary and Berrin Tansel, Leachate control and treatment, Waste age, May 1986. 
4 ʄʨ ʄʠʣʠʿʘ ɱʦʚʠʯʠ˂, ʈʘʟʚʦʿ ʧʨʦʮʝʩʘ ʫ ʜʝʧʦʥʠʿʘʤʘ ʢʦʤʫʥʘʣʥʦʛ ʩʤʝ˂ʘ, ʉʘʚʝʪʦʚʘˁʝ ʫ ɹʝʦʛʨʘʜʫ, ʜʝʮʝʤʙʘʨ 1991. 
5 V.M.Perelegin i V.V.Raznoġļik, Gipļena poļvi i sanitarija oļistka naseljenih mest, Medicina, Moskva, 1977. 
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ʊʘʙʝʣʘ 4.3. ʇʦʜʘʮʠ ʦ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʠ ʛʨʘʜʩʢʝ ʢʘʥʘʣʠʟʘʮʠʿʝ ʟʘ 

ʛʨʘʜ Bad Hall ʫ ɸʫʩʪʨʠʿʠ [102] 

 
 

ʇʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʫ ʪʦʢʫ ˁʠʭʦʚʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʦʜʚʝʜʫ 

ʜʦ ʤʝʩʪʘ ʟʘ ˁʠʭʦʚ ʢʦʥʘʯʘʥ ʪʨʝʪʤʘʥ. ɿʘ ʝʚʘʢʫʘʮʠʿʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʧʨʦʿʝʢʪʫʿʫ ʩʝ ʜʨʝʥʘʞʥʠ 

ʩʠʩʪʝʤʠ ʢʦʿʠ ʩʝ ʧʦʣʘʞʫ ʫ ʚʠʰʝ ʩʣʦʿʝʚʘ ʧʦ ʚʠʩʠʥʠ, ʘ ʟʘ ʟʘʰʪʠʪʫ ʧʦʜʟʝʤʥʠʭ ʠ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ 

ʦʜ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʧʨʦʿʝʢʪʫʿʫ ʩʝ ʩʠʩʪʝʤʠ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ (Engineered 

Barrier System- EBS), ʩʘ ʮʠˀʝʤ ʩʧʨʝʯʘʚʘˁʘ ʧʨʦʜʦʨʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʥʠʞʝ ʩʣʦʿʝʚʝ ʟʝʤˀʝ. 
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5.  ʇʈʆɱɽʂʊʆɺɸɳɽ ɼɽʇʆʅʀɱɸ ʂʆʄʋʅɸʃʅʆɻ ʆʊʇɸɼɸ 

 

ʉʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʩʪʦʨ ʢʦʿʠ ʿʝ ʩʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʢʠ 

ʫʨʝʹʝʥ ʠ ʥʘ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʯʚʨʩʪʠ ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜ ʢʦʿʠ ʥʝʤʘ ʩʚʦʿʩʪʚʘ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ, 

ʢʦʿʠ ʩʝ ʥʝ ʤʦʞʝ ʩʝ ʧʨʝʨʘʹʠʚʘʪʠ ʠʣʠ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʥʜʫʩʪʨʠʿʩʢʘ ʩʠʨʦʚʠʥʘ ʠʣʠ ʝʥʝʨʛʝʪʩʢʦ 

ʛʦʨʠʚʦ, ʘ ʢʦʿʝ ʥʘʩʪʘʿʝ ʥʘ ʿʘʚʥʠʤ ʧʦʚʨʰʠʥʘʤʘ, ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ, ʫ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠʤ 

ʦʙʿʝʢʪʠʤʘ, ʪʨʛʦʚʠʥʠ ʠ ʧʨʝʜʫʟʝ˂ʠʤʘ ʢʦʿʘ ʩʫ ʥʠʩʫ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʢʘʨʘʢʪʝʨʘ [54], [55]. 

ʇʨʦʿʝʢʪʦʚʘˁʝ ʠ ʠʟʛʨʘʜˁʘ ʜʝʧʦʥʠʿʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʫ ʩʢʣʘʜʫ ʩʘ ʤʝʹʫʥʘʨʦʜʥʠʤ ʠ ʥʘʮʠʦʥʘʣʥʠʤ 

ʧʨʦʧʠʩʠʤʘ. ʋ ɽʚʨʦʧʩʢʦʿ ʋʥʠʿʠ, ɼʠʨʝʢʪʠʚʘ ʦ ʜʝʧʦʥʠʿʘʤʘ, ʜʝʬʠʥʠʰʝ ʮʠˀʝʚʝ ʢʦʿʝ ʪʨʝʙʘ 

ʠʩʧʫʥʠʪʠ ʜʦʢ ʫʿʝʜʥʦ ʧʨʝʜʩʪʘʚˀʘ ʠ ʥʘʿʙʦˀʝ ʜʦʩʪʫʧʥʫ ʪʝʭʥʠʢʫ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʜʝʧʦʥʠʿʘ  

[124] [125] [126]. 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ je ʥʘ ʩʥʘʟʠ ʋʨʝʜʙʘ ʦ ʦʜʣʘʛʘˁʫ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʝ, ʢʦʿʘ ʿʝ ʜʦʥʝʪʘ ʧʦ 

ʫʛʣʝʜʫ ʥʘ ɼʠʨʝʢʪʠʚʫ [67]. 

ʆʚʦʤ ʋʨʝʜʙʦʤ ʙʣʠʞʝ ʩʝ ʧʨʦʧʠʩʫʿʫ ʫʩʣʦʚʠ ʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʣʦʢʘʮʠʿʝ, ʪʝʭʥʠʯʢʠ 

ʠ ʪʝʭʥʦʣʦʰʢʠ ʫʩʣʦʚʠ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ, ʠʟʛʨʘʜˁʫ ʠ ʨʘʜ ʜʝʧʦʥʠʿʘ ʦʪʧʘʜʘ, ʚʨʩʪʝ ʦʪʧʘʜʘ ʯʠʿ ʝ 

ʿʝ ʦʜʣʘʛʘˁʝ ʥʘ ʜʝʧʦʥʠʿʠ ʟʘʙʨʘˁʝʥʦ, ʢʦʣʠʯʠʥʝ ʙʠʦʨʘʟʛʨʘʜʠʚʦʛ ʦʪʧʘʜʘ ʢʦʿʝ ʩʝ ʤʦʛʫ 

ʦʜʣʦʞʠʪʠ, ʢʨʠʪʝʨʠʿʫʤʠ ʠ ʧʨʦʮʝʜʫʨʝ ʟʘ ʧʨʠʭʚʘʪʘˁʝ ʠʣʠ ʥʝʧʨʠʭʚʘʪʘˁʝ, ʦʜʥʦʩʥʦ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʫ, ʥʘʯʠʥ ʠ ʧʨʦʮʝʜʫʨʝ ʨʘʜʘ ʠ ʟʘʪʚʘʨʘˁʘ ʜʝʧʦʥʠʿʝ, ʩʘʜʨʞʘʿ ʠ ʥʘʯʠʥ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʜʘ ʜʝʧʦʥʠʿʝ, ʢʘʦ ʠ ʥʘʢʥʘʜʥʦʛ ʦʜʨʞʘʚʘˁʘ ʧʦʩʣʝ ʟʘʪʚʘʨʘˁʘ ʜʝʧʦʥʠʿʝ. 

ʇʣʘʥʠʨʘˁʝ ʠ ʠʟʛʨʘʜˁʘ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʫ ʧʨʦʮʝʩʫ ʠʥʪʝʛʨʘʣʥʦʛ 

ʫʧʨʘʚˀʘˁʘ ʯʚʨʩʪʠʤ ʦʪʧʘʜʦʤ ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʪʨʝʪʠʨʘˁʝ ʦʪʧʘʜʘ ʦʜ ʥʘʩʪʘʥʢʘ, ʧʨʝʢʦ 

ʤʠʥʠʤʠʟʘʮʠʿʝ ʢʦʣʠʯʠʥʘ, ʩʝʣʝʢʮʠʿʝ, ʨʝʮʠʢʣʘʞʝ, ʧʨʠʢʫʧˀʘˁʘ, ʪʨʘʥʩʧʦʨʪʘ ʠ ˁʝʛʦʚʦʛ 

ʢʦʥʘʯʥʦʛ ʦʜʣʘʛʘˁʘ. 

ʀʟʛʨʘʜˁʘ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʯʚʨʩʪʦʛ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʦʙʫʭʚʘʪʘ ʚʠʰʝ ʬʘʟʘ [54]: 

¶ ʠʟʙʦʨ ʣʦʢʘʮʠʿʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ, 

¶ ʬʦʨʤʠʨʘˁʝ ʫʩʣʦʚʘ ʟʘ ˁʝʥʦ ʧʨʘʚʠʣʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ, 

¶ ʠʟʨʘʜʫ ʪʝʭʥʠʯʢʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ ʟʘ ʠʟʛʨʘʜˁʫ ʜʝʧʦʥʠʿʝ ʢʦʿʘ ʦʙʫʭʚʘʪʘ: ʧʨʠʧʨʝʤʫ 

ʧʦʜʣʦʛʝ ʜʝʧʦʥʠʿʝ, ʙʨʘʥʝ (ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʠ), ʩʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ, 
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ʩʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʜʘˀʠ ʪʨʝʪʤʘʥ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ, ʩʠʩʪʝʤ ʟʘ 

ʩʘʢʫʧˀʘˁʝ ʘʪʤʦʩʬʝʨʩʢʠʭ ʚʦʜʘ ʠ ʢʦʥʪʨʦʣʫ ʟʘ ˁʠʭʦʚʦ ʦʪʠʮʘˁʝ ʠ 

¶ ʠʟʛʨʘʜˁʫ ʜʝʧʦʥʠʿʝ. 

ʊʘʢʦʹʝ, ʧʨʦʿʝʢʘʪ ʜʝʧʦʥʠʿʝ ʜʝʬʠʥʠʰʝ ʠ ʥʘʯʠʥ ʨʘʜʘ ʜʝʧʦʥʠʿʝ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʝʧʦʥʠʿʝ, 

ʥʘʯʠʥ ʧʦʧʫˁʘʚʘˁʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, ʢʦʥʪʨʦʣʫ ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʠ ʙʫʥʘʨʘ, 

ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ ʠ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ.  

ʇʨʠʤʘʨʥʠ ʮʠˀ ʧʨʦʿʝʢʪʦʚʘˁʘ ʜʝʧʦʥʠʿʝ ʿʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʝ ʝʬʠʢʘʩʥʝ ʤʝʨʝ ʢʦʥʪʨʦʣʝ ʟʘ 

ʩʧʨʝʯʘʚʘˁʝ ʠʣʠ ʩʤʘˁʝˁʝ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʘʪʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʫ ʥʘʿʚʝ˂ʦʿ ʤʦʛʫ˂ʦʿ ʤʝʨʠ, 

ʧʦʩʝʙʥʦ ʟʘʛʘʹʝˁʘ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ, ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, ʟʝʤˀʠʰʪʘ ʠ ʚʘʟʜʫʭʘ, ʢʘʦ ʠ ʦʜ 

ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʧʦ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ [4]. 

ʂʦʥʮʝʧʪ ʜʠʟʘʿʥʘ ʜʝʧʦʥʠʿʝ ʟʘʚʠʩʠ ʦʜ ʣʦʢʘʮʠʿʝ ʜʝʧʦʥʠʿʝ, ʫʩʣʦʚʘ ʪʝʨʝʥʘ, ʛʝʦʣʦʰʢʠʭ ʠ 

ʭʠʜʨʦʛʝʦʣʦʰʢʠʭ ʫʩʣʦʚʘ ʣʦʢʘʮʠʿʝ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

ɽʬʠʢʘʩʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʜʝʧʦʥʠʿʝ ʫʟ ʤʠʥʠʤʘʣʥʝ ʪʨʦʰʢʦʚʝ ʦʤʦʛʫ˂ ʘʚʘ ʩʝ ʫʟ ʢʦʥʬʠʛʫʨʘʮʠʿʫ 

ʣʦʢʘʮʠʿʝ ʜʝʧʦʥʠʿʝ ʩʘ ʧʦʤʦ˂ʥʠʤ ʦʙʿʝʢʪʠʤʘ ʠ ʧʨʠʣʘʟʥʠʤ ʧʫʪʝʚʠʤʘ. ʊʝʭʥʠʯʢʦ ʪʝʭʥʦʣʦʰʢʝ 

ʮʝʣʠʥʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʥʘ ʣʦʢʘʮʠʿʠ ʜʝʧʦʥʠʿʝ ʩʫ ʩʣʝʜʝ˂ʝ [54]: 

1. ʇʨʠʿʝʤʥʦ ʦʪʧʨʝʤʥʘ ʟʦʥʘ, 

2. ʈʘʜʥʘ ʟʦʥʘ, 

3. ɿʦʥʘ ʜʝʧʦʥʦʚʘˁʘ- ʧʨʦʩʪʦʨ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ, 

4. ʉʝʨʚʠʩʥʠ ʧʨʦʩʪʦʨ. 
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ʉʣʠʢʘ 5.1 ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ [4] 

ʇʨʚʘ ʟʦʥʘ ʤʦʞʝ ʜʘ ʦʙʫʭʚʘʪʘ ʢʦʣʩʢʫ ʚʘʛʫ, ʧʦʨʪʠʨʥʠʮʫ, ʧʣʘʪʦ ʟʘ ʧʨʘˁʝ ʚʦʟʠʣʘ, ʫʧʨʘʚʥʫ 

ʟʛʨʘʜʫ, ʧʘʨʢʠʥʛ ʤʝʩʪʘ, ʤʘʥʠʧʫʣʘʪʠʚʥʠ ʧʨʦʩʪʦʨ ʠʪʜ. ʇʨʠʿʝʤʥʦ ʦʪʧʨʝʤʥʘ  ʟʦʥʘ ʩʣʫʞʠ ʟʘ 

ʧʨʠʿʝʤ ʚʦʟʠʣʘ ʢʦʿʘ ʚʦʟʝ ʦʪʧʘʜ. ʆʩʪʘʪʘʢ ʧʨʦʩʪʦʨʘ ʟʘʫʟʠʤʘʿʫ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ. ʄʘʥʠʧʫʣʘʪʠʚʥʠ 

ʧʨʦʩʪʦʨ ʫ ʦʚʦʿ ʟʦʥʠ ʩʣʫʞʠ ʟʘ ʢʨʝʪʘˁʝ ʧʫʥʠʭ ʠ ʧʨʘʟʥʠʭ ʚʦʟʠʣʘ ʢʘʦ ʠ ʧʨʦʩʪʦʨ ʟʘ ˁʠʭʦʚʦ 

ʧʘʨʢʠʨʘˁʝ. ʅʘ ʫʣʘʟʫ ʫ ʦʚʫ ʟʦʥʫ ʿʝ ʢʦʣʩʢʘ ʚʘʛʘ ʢʦʿʘ ʤʝʨʠ ʦʪʧʘʜ ʢʦʿʠ ʩʝ ʦʪʧʨʝʤʘ ʥʘ ʜʝʧʦʥʠʿʫ. 

ʋ ʦʚʦʿ ʟʦʥʠ ʩʝ ʪʘʢʦʹʝ ʥʘʣʘʟʠ ʫʧʨʘʚʥʘ ʟʛʨʘʜʘ ʛʜʝ ʩʫ ʢʘʥʮʝʣʘʨʠʿʝ, ʣʘʙʦʨʘʪʦʨʠʿʝ, ʢʫʧʘʪʠʣʘ ʠ 

ʩʣ. ʊʘʢʦʹʝ, ʟʘ ʥʝʩʤʝʪʘʥ ʨʘʜ ʥʘ ʜʝʧʦʥʠʿʠ ʣʦʢʘʮʠʿʘ ʜʝʧʦʥʠʿʝ ʫ ʦʚʦʿ ʟʦʥʠ ʠʤʘ ʠ ʦʙʿʝʢʪʝ ʠ 

ʠʥʩʪʘʣʘʮʠʿʫ ʟʘ ʨʘʩʚʝʪʫ, ʟʘ ʜʦʿʘʚʫ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʘ, ʚʦʜʦʚʦʜ ʠ ʢʘʥʘʣʠʟʘʮʠʿʫ, ʇʊʊ ʠ 

ʠʥʪʝʨʥʝʪ ʤʨʝʞʫ ʠ ʛʨʦʤʦʙʨʘʥʩʢʫ ʠʥʩʪʘʣʘʮʠʿʫ. 

ɼʨʫʛʘ ʟʦʥʘ ʤʦʞʝ ʠʤʘʪʠ ʨʝʮʠʢʣʘʞʥʦ ʜʚʦʨʠʰʪʝ, ʪʨʘʥʩʧʦʨʪʥʠ ʮʝʥʪʘʨ, ʧʦʛʦʥ ʟʘ ʨʝʮʠʢʣʘʞʫ 

ʦʪʧʘʜʘ, ʛʘʩʥʫ ʩʪʘʥʠʮʫ, ʢʦʤʧʦʩʪʠʰʪʝ, ʧʦʩʪʨʦʿʝˁʝ ʟʘ ʧʨʝʯʠʰ˂ʘʚʘˁʝ ʦʪʧʘʜʥʠʭ ʚʦʜʘ, 
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ʧʦʩʪʨʦʿʝˁʝ ʟʘ ʄɹʆ ʦʪʧʘʜʘ, ʠʪʜ. ʋ ʨʝʮʠʢʣʘʞʥʦʤ ʜʚʦʨʠʰʪʫ ʤʦʛʫ ʩʝ ʩʢʫʧˀʘʪʠ ʧʘʧʠʨ, ʩʪʘʢʣʦ, 

ʢʘʙʘʩʪʠ ʦʪʧʘʜ, ʇɽʊ ʘʤʙʘʣʘʞʘ, ʤʝʪʘʣʠ ʠ ʜʨ. 

ʊʨʝ˂ʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʜʝʧʦʥʠʿʩʢʠ ʧʨʦʩʪʦʨ ʛʜʝ ʩʝ ʦʜʣʘʞʝ ʦʪʧʘʜ, ʢʦʿʠ ʿʝ ʥʘʿʯʝʰ˂ʝ 

ʦʨʛʘʥʠʟʦʚʘʥ ʧʦ ʬʘʟʘʤʘ. 

ʏʝʪʚʨʪʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʩʝʨʚʠʩʥʠ ʧʨʦʩʪʦʨ ʦʢʦ ʜʝʧʦʥʠʿʝ ʢʦʛʘ ʤʦʞʝ ʯʠʥʠʪʠ ʟʝʣʝʥʠ ʧʦʿʘʩ, 

ʟʘʰʪʠʪʥʘ ʟʦʥʘ ʠ ʦʛʨʘʜʘ [127], [128]. ɺʝʛʝʪʘʮʠʦʥʠ ʧʦʿʘʩ ʧʦʜʠʞʝ ʩʝ ʩʘ ʮʠˀʝʤ ʩʧʨʝʯʘʚʘˁʘ 

ʨʘʟʥʦʰʝˁʘ ʧʨʘʰʠʥʝ ʠ ʣʘʢʠʭ ʬʨʘʢʮʠʿʘ ʦʪʧʘʜʘ ʩʘ ʜʝʧʦʥʠʿʝ ʥʘ ʚʝ˂ʘ ʨʘʩʪʦʿʘˁʘ. ʇʦʿʘʩ ʩʝ 

ʧʦʩʪʘʚˀʘ ʦʢʦ ʮʝʣʝ ʜʝʧʦʥʠʿʝ ʫ ʰʠʨʠʥʠ ʦʜ 15-30 m, ʟʙʦʛ ʝʩʪʝʪʩʢʦ-ʩʘʥʠʪʘʨʥʠʭ ʠ ʙʝʟʙʝʜʥʦʩʥʠʭ 

ʫʩʣʦʚʘ. 

ʇʨʘʚʠʣʥʦ ʧʨʦʿʝʢʪʦʚʘˁʝ ʜʝʧʦʥʠʿʝ ˂ʝ ʩʧʨʝʯʠʪʠ, ʠʣʠ ʢʦʣʠʢʦ ʛʦʜ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, ʩʤʘˁʠʪʠ 

ʥʝʛʘʪʠʚʥʝ ʫʪʠʮʘʿʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʢʘʦ ʠ ʨʠʟʠʢʝ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ ʢʦʿʠ ʥʘʩʪʘʿʫ 

ʦʜʣʘʛʘˁʝʤ ʦʪʧʘʜʘ. 

5.1 ɿʦʥa ʜʝʧʦʥʦʚʘˁʘ 

ɿʦʥa ʜʝʧʦʥʦʚʘˁʘ ʦʪʧʘʜʘ je ʩʧʝʮʠʬʠʯʥʠ ʩʝʢʪʦʨ ʫʥʫʪʘʨ ʜʝʧʦʥʠʿʩʢʦʛ ʧʨʦʩʪʦʨʘ ʛʜʝ ʩʝ ʦʪʧʘʜ 

ʦʜʣʘʞʝ. ʉʚʘʢʘ ʜʝʧʦʥʠʿʘ ʤʦʞʝ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʝ ʟʦʥʝ ʢʦʿʝ ʩʫ ʜʠʟʘʿʥʠʨʘʥʝ ʟʘ ʩʧʝʮʠʬʠʯʥʝ 

ʩʚʨʭʝ ʠ ʚʨʩʪʝ ʦʪʧʘʜʘ. ʆʩʥʦʚʥʠ ʜʝʣʦʚʠ ʟʦʥʝ ʟʘ ʜʝʧʦʥʦʚʘˁʝ ʦʪʧʘʜʘ ʩʫ [54]: 

¶ ʟʘʰʪʠʪʥʘ ʥʝʧʨʦʧʫʩʥʘ ʧʦʜʣʦʛʘ, 

¶ ʩʠʩʪʝʤ ʟʘ ʜʨʝʥʘʞʫ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, 

¶ ʩʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ, 

¶ ʩʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʘʜʘʚʠʥʘ, 

¶ ʩʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ, 

¶ ʜʝʧʦʥʠʿʩʢʝ ʙʨʘʥʝ ʠ  

¶ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʫʥʫʪʘʨ ʟʦʥʝ. 

ʉʚʘʢʘ ʜʝʧʦʥʠʿʘ ʤʦʨʘ ʙʠʪʠ ʧʘʞˀʠʚʦ ʧʣʘʥʠʨʘʥʘ ʠ ʧʨʦʿʝʢʪʦʚʘʥʘ ʢʘʢʦ ʙʠ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʙʠʣʦ 

ʩʠʛʫʨʥʦ ʠ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʦ. ɿʦʥʠʨʘˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʧʨʦʩʪʦʨʘ ʧʦʤʘʞʝ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ 

ʠ ʢʦʥʪʨʦʣʠ ʧʨʦʮʝʩʘ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ. 
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5.1.1 ɿʘʰʪʠʪʥʘ ʥʝʧʨʦʧʫʩʥʘ ʧʦʜʣʦʛʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ (Engineered barrier system-

EBS)  

ʌʦʨʤʠʨʘˁʝ ʜʥʘ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʫʢˀʫʯʫʿʝ ʧʘʞˀʠʚʦ ʧʣʘʥʠʨʘˁʝ ʠ ʠʟʛʨʘʜˁʫ ʟʘʰʪʠʪʥʠʭ 

ʩʣʦʿʝʚʘ ʫ ʜʥʦ ʠ ʢʦʩʠʥʝ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʩʪʚʦʨʠʣʘ ʯʚʨʩʪʘ, ʥʝʧʨʦʧʫʩʥʘ ʙʘʟʘ ʢʦʿʘ 

ʩʧʨʝʯʘʚʘ ʧʨʦʜʠʨʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʜʝʧʦʥʠʿʩʢʠʭ ʛʘʩʦʚʘ ʫ ʟʝʤˀʠʰʪʝ ʠ ʧʦʜʟʝʤʥʝ ʚʦʜʝ [5], 

[27], [37], [44], [129]. ʇʨʝ ʩʚʝʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʧʨʠʧʨʝʤʫ ʪʝʨʝʥʘ ʦʜʘʙʠʨʦʤ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʣʦʢʘʮʠʿʝ ʟʘ ʩʘʥʠʪʘʨʥʫ ʜʝʧʦʥʠʿʫ, ʟʘʪʠʤ ʩʝ ʧʦʚʨʰʠʥʘ ʪʝʨʝʥʘ ʯʠʩʪʠ ʦʜ ʚʝʛʝʪʘʮʠʿʝ 

ʠ ʜʨʫʛʠʭ ʧʨʝʧʨʝʢʘ ʢʘʢʦ ʙʠ ʩʝ ʩʪʚʦʨʠʦ ʨʘʚʥʠ ʪʝʨʝʥ ʟʘ ʠʟʛʨʘʜˁʫ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʧʦʩʪʘʚˀʘʿʫ 

ʥʝʧʨʦʧʫʩʥʠ ʩʣʦʿʝʚʠ ʯʠʤʝ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʬʦʨʤʠʨʘ ʜʥʦ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ [130]. 

ʅʝʧʨʦʧʫʩʥʝ ʧʦʜʣʦʛʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʦʩʪʘʚˀʘʿʫ ʩʣʝʜʝ˂ʠʤ ʨʝʜʦʤ: ʤʠʥʝʨʘʣʥʘ ʧʦʜʣʦʛʘ, 

ʩʠʥʪʝʪʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ (ʙʝʥʪʦʬʠʢʩ), ʛʝʦʤʝʤʙʨʘʥʝ (HDPE ʬʦʣʠʿʘ), ʛʝʦʪʝʢʩʪʠʣ ʠ ʰˀʫʥʘʢ 

[54] ʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 5.2. 

 

ʉʣʠʢʘ 5.2 ʇʨʠʧʨʝʤʘ ʧʦʜʣʦʛʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ [54] 

1.ɻʣʠʥʝʥʘ ʧʦʜʣʦʛʘ; 2. ɹʝʥʪʦʬʠʢʩ; 3. HDPE ʛʝʦʤʝʤʙʨʘʥʘ; 4. ɿʘʰʪʠʪʘ ʩʘ ʉʝʢʫʪʝʢʩʪʦʤ; 5. ʉʠʩʪʝʤ ʟʘ 

ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ; 6 ʦʪʧʘʜ 

ʄʠʥʝʨʘʣʥʘ ʧʦʜʣʦʛʘ ï ʯʝʩʪʦ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʧʦʧʫʪ ʛʣʠʥʝ, ʧʝʩʢʘ, ʰˀʫʥʢʘ ʠʣʠ ʜʨʫʛʝ 

ʤʠʥʝʨʘʣʥʝ ʩʤʝʩʝ ʢʦʿʘ ʠʤʘ ʜʦʙʨʫ ʜʨʝʥʘʞʫ ʠ ʩʧʦʩʦʙʥʦʩʪ ʩʧʨʝʯʘʚʘˁʘ ʧʨʦʜʠʨʘˁʘ ʪʝʯʥʦʩʪʠ 

ʢʨʦʟ ʟʝʤˀʠʰʪʝ [37], [45], [129], [131]. ʄʠʥʝʨʘʣʥʘ ʧʦʜʣʦʛʘ ʪʘʢʦʹʝ ʤʦʞʝ ʧʦʤʦ˂ʠ ʫ ʨʘʚʥʦʪʝʞʠ 
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ʪʣʘ ʠ ʧʦʜʨʞʘʪʠ ʩʣʦʿʝʚʝ ʠʟʥʘʜ ˁʝ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʤʠʥʝʨʘʣʥʘ ʧʦʜʣʦʛʘ ʥʘ ʜʥʫ ʪʝʣʘ 

ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʿʝ ʛʣʠʥʘ ʧʨʦʧʫʩʪˀʠʚʦʩʪʠ ʂÒ10-9 m/s. ɻʣʠʥʝʥʘ ʧʦʜʣʦʛʘ ʿʝ ʦʙʠʯʥʦ 

ʜʝʙˀʠʥʝ ʦʜ 0.50-1m [45], [54]. ʆʚʘʿ ʪʠʧ ʦʙʣʦʛʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʦʙʝʟʙʝʜʠ ʧʦʫʟʜʘʥʝ ʭʠʜʨʘʫʣʠʯʥʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʿʝ ʤʦʛʫ ʫʙʣʘʞʠʪʠ ʤʠʛʨʘʮʠʿʫ ʠ ʩʤʘˁʠʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʢʦʥʪʘʤʠʥʠʨʘʥʠʭ 

ʪʝʯʥʦʩʪʠ ʫ ʧʦʜʟʝʤʥʫ ʚʦʜʫ. ʄʝʹʫʪʠʤ, ʭʠʜʨʘʫʣʠʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʛʣʠʥʝ ʟʘʚʠʩʝ ʦʜ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʤʝʪʦʜ ʧʦʩʪʘʚˀʘˁʘ ʠ ʟʙʠʿʘˁʘ, ʤʠʥʝʨʦʣʦʛʠʿʫ ʠ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ 

ʛʣʠʥʝ/ʧʨʦʮʝʜʥʝ ʚʦʜʝ. ʋ ʦʢʨʫʞʝˁʫ ʜʝʧʦʥʠʿʝ, ʛʣʠʥʘ ʿʝ ʠʟʣʦʞʝʥʘ ʨʘʟʣʠʯʠʪʠʤ ʫʪʠʮʘʿʠʤʘ ʢʦʿʠ 

ʙʠ ʤʦʛʣʠ ʥʘʨʫʰʠʪʠ ʩʪʘʙʠʣʥʦʩʪ ʛʣʠʥʝ ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ, ʠ/ʠʣʠ ʧʨʦʤʝʥʠʪʠ ˁʠʭʦʚ ʬʠʟʠʯʢʠ, 

ʤʠʥʝʨʘʣʥʠ ʠ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ. ʂʘʢʦ ʩʝ ʦʜ ʛʣʠʥʝ ʦʯʝʢʫʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʘʜʝʢʚʘʪʥʝ 

ʭʠʜʨʘʫʣʠʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ, ʠʟʣʘʛʘˁʝ ʠʩʫʰʠʚʘˁʫ ʥʘʢʦʥ ʠʟʛʨʘʜˁʝ ʤʦʞʝ ʦʙʨʥʫʪʦ ʫʪʠʮʘʪʠ ʥʘ 

ʭʠʜʨʘʫʣʠʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʛʣʠʥʝʥʝ ʧʦʜʣʦʛʝ. ɼʦ ʠʩʫʰʠʚʘˁʘ ʤʦʞʝ ʜʦ˂ʠ ʫ ʿʝʜʥʦʤ ʠʣʠ ʚʠʰʝ 

ʦʜ ʦʚʘ ʪʨʠ ʩʮʝʥʘʨʠʿʘ [45]: 

1. ʥʘʢʦʥ ʠʟʛʨʘʜˁʝ ʠ ʧʨʝ ʫʛʨʘʜˁʝ ʛʝʦʤʝʤʙʨʘʥʝ, 

2. ʥʘʢʦʥ ʧʦʩʪʘʚˀʘˁʘ ʛʝʦʤʝʤʙʨʘʥʝ ʠ ʧʨʝ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ, ʠ 

3. ʥʘʢʦʥ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʠ ʧʨʦʠʟʚʦʜˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ/ʪʦʧʣʦʪʝ. 

ʇʦʨʝʜ ʠʩʫʰʠʚʘˁʘ, ʥʘʨʫʰʘʚʘˁʝ ʢʚʘʣʠʪʝʪʘ ʤʠʥʝʨʘʣʥʝ ʦʙʣʦʛʝ ʤʦʞʝ ʙʠʪʠ ʠ ʫʩʣʝʜ [132]: 

¶ ʛʨʘʹʝʚʠʥʩʢʠʭ ʥʝʜʦʩʪʘʪʘʢʘ, 

¶ ʭʝʤʠʿʩʢʝ ʠʥʪʝʨʘʢʮʠʿʝ, 

¶ ʩʣʝʛʘˁʝ ʧʫʢʦʪʠʥʘ. 

ɿʘ ʦʧʪʠʤʘʣʥʝ ʧʝʨʬʦʨʤʘʥʩʝ, ʛʣʠʥʘ ʩʝ ʦʙʠʯʥʦ ʭʠʜʨʠʨʘ ʠ ʩʘʙʠʿʘ ʥʘ 2-4% ʚʣʘʞʥʦʩʪʠ ʦʜ ʩʚʦʛ 

ʦʧʪʠʤʘʣʥʦʛ ʩʘʜʨʞʘʿʘ ʚʣʘʛʝ. ʆʚʘʢʘʚ ʧʦʩʪʫʧʘʢ ʦʤʦʛʫ˂ʘʚʘ ʨʘʟʙʠʿʘˁʝ ʛʨʫʜʚʠʮʘ ʛʣʠʥʝ ʠ 

ʩʤʘˁʝˁʝ ʟʘʧʨʝʤʠʥʝ ʰʫʧˀʠʥʘ ʰʪʦ ʥʘ ʢʨʘʿʫ ʨʝʟʫʣʪʠʨʘ ʥʠʞʦʤ ʭʠʜʨʘʫʣʠʯʢʦʤ 

ʧʨʦʚʦʜˀʠʚʦʰ˂ʫ ʛʣʠʥʝ ʢʘʦ ʧʦʜʣʦʛʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ. 

ʉʠʥʪʝʪʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ (Bentofix)- ɹʝʥʪʦʬʠʢʩ ʿʝ ʨʫʧʠʯʘʩʪʠ, ʦʿʘʯʘʥ ʢʦʤʧʦʟʠʪ ʢʦʿʠ 

ʢʦʤʙʠʥʫʿʝ ʜʚʘ ʠʟʜʨʞˀʠʚʘ ʩʧʦˀʥʘ ʩʣʦʿʘ ʛʝʦʪʝʢʩʪʠʣʘ ʠ ʿʝʜʥʦʣʠʢʦ ʿʝʟʛʨʦ ʦʜ ʥʘʪʨʠʿʫʤ 

ʙʝʥʪʦʥʠʪ ʛʣʠʥʝ ʫ ʧʨʘʭʫ ʩʘ ʚʠʩʦʢʠʤ ʬʘʢʪʦʨʦʤ ʙʫʙʨʝˁʘ. ʆʚʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʬʦʨʤʠʨʘ 

ʭʠʜʨʘʫʣʠʯʥʫ ʙʘʨʠʿʝʨʫ ʦʪʧʦʨʥʫ ʥʘ ʩʤʠʮʘˁʝ ʩʘ ʩʘʤʦʟʘʧʪʠʚʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ. ʂʘʜʘ ʜʦʹʝ 

ʫ ʢʦʥʪʘʢʪ ʩʘ ʚʦʜʦʤ, ʙʝʥʪʦʥʠʪ ʙʫʙʨʠ ʠ ʧʦʚʝ˂ʘʚʘ ʩʚʦʿʫ ʟʘʧʨʝʤʠʥʫ ʯʘʢ 15 ʧʫʪʘ ʚʠʰʝ ʦʜ 

ʟʘʧʨʝʤʠʥʝ ʢʦʿʫ ʠʤʘ ʫ ʩʫʚʦʤ ʩʪʘˁʫ ʠ ʬʦʨʤʠʨʘ ʩʣʦʿ ʛʝʣʘ ʥʠʩʢʝ ʧʨʦʧʫʩʪˀʠʚʦʩʪʠ, ʯʠʿʝ ʩʫ 
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ʭʠʜʨʘʫʣʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʿʝʜʥʘʢʝ ʠʣʠ ʙʦˀʝ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʟʙʠʿʝʥʠʭ ʛʣʠʥʝʥʠʭ ʦʙʣʦʛʘ 

[133]. ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʥʪʝʪʠʯʢʝ ʛʣʠʥʝ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 5.1.  

ʊʘʙʝʣʘ 5.1 ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʥʪʝʪʠʯʢʝ ʛʣʠʥʝ [134] 

 

ɻʣʘʚʥʠ ʜʝʦ ʧʦʩʪʘʚˀʘˁʘ ʙʝʥʪʦʬʠʢʩʘ ʿʝ ʧʨʠʧʨʝʤʘ ʧʦʜʣʦʛʝ ʠ ʢʦʩʠʥʘ, ʿʝʨ ʿʝ ʧʦʪʨʝʙʥʦ 

ʥʘʧʨʘʚʠʪʠ ʦʜʨʝʹʝʥʦ ʧʨʝʢʣʘʧʘˁʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ʩʚʦʿʩʪʚʘ ʭʠʜʨʦʠʟʦʣʘʮʠʦʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ. ʇʦʩʪʘʚˀʘ ʩʝ ʨʘʟʘʩʪʠʨʘˁʝʤ ʧʨʝʢʦ ʛʣʠʥʝ ʢʦʿʘ ʿʝ ʩʘʙʠʿʝʥʘ ʠ ʫʛʣʘʯʘʥʘ ʠ ʧʦʪʧʫʥʦ 

ʩʫʚʘ. ʋʛʨʘʜˁʘ ʙʝʥʪʦʬʠʢʩʘ ʤʦʞʝ ʙʠʪʠ ʨʫʯʥʘ ʠʣʠ ʫʟ ʧʦʤʦ˂ ʤʘʰʠʥʘ, ʩʘ ʪʠʤ ʰʪʦ ʩʝ ʩʚʝ 

ʢʦʨʝʢʮʠʿʝ ʥʘ ʧʨʝʢʣʦʧʠʤʘ ʦʙʘʚˀʘʿʫ ʨʫʯʥʦ. ɺʝʦʤʘ ʿʝ ʚʘʞʥʦ ʧʨʝʢʣʦʧʝ ʙʝʥʪʦʥʠʪʥʦʛ ʩʣʦʿʘ 

ʫʨʘʜʠʪʠ ʢʚʘʣʠʪʝʪʥʦ ʢʘʢʦ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʦʜʦʨʘ ʚʦʜʝ ʜʦ ʛʣʠʥʝ.  

ʇʨʝʜʥʦʩʪ ʙʝʥʪʦʥʠʪʥʠʭ ʧʦʜʣʦʛʘ ʿʝʩʪʝ ʦʜʩʫʪʥʦʩʪ ʥʝʜʦʩʪʘʪʘʢʘ ʠʣʠ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʫ 

ʚʝʟʘʥʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʘʟʣʠʢʝ ʠ ʝʢʦʣʦʰʢʫ ʩʠʛʫʨʥʦʩʪ. ɸʢʦ ʿʝ ʤʝʭʘʥʠʯʢʠ ʦʰʪʝ˂ʝʥ, 

ʙʝʥʪʦʬʠʢʩ ʥʝ ʛʫʙʠ ʩʚʦʿʘ ʩʚʦʿʩʪʚʘ. ɸʢʦ ʿʝ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʢʦʿʫ ʿʝ ʧʨʠʯʚʨʰ˂ʝʥʘ, ʤʝʭʘʥʠʯʢʠ 

ʦʰʪʝ˂ʝʥʘ, ʧʦʜʣʦʛʘ ʥʠ ʪʘʜʘ ʥʝ ʛʫʙʠ ʩʚʦʿʩʪʚʘ ʠ ʥʘʩʪʘʚˀʘ ʜʘ ʙʫʜʝ ʥʝʧʨʦʧʫʩʥʘ ʟʘ ʪʝʯʥʦʩʪʠ. 

ɹʝʥʪʦʬʠʢʩ ʠʤʘ ʚʝʣʠʢʠ ʢʘʧʘʮʠʪʝʪ ʠʟʜʫʞʠʚʘˁʘ ʠ ʟʘʪʦ ʧʦʢʘʟʫʿʝ ʠ ʜʫʛʦʪʨʘʿʥʫ ʩʧʦʩʦʙʥʦʩʪ ʜʘ 

ʩʝ ʧʨʠʣʘʛʦʜʠ ʜʝʬʦʨʤʘʮʠʿʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʨʘʟʥʘ ʫʣʝʛʥʫ˂ʘ ʪʣʘ. 

ɻʝʦʤʝʤʙʨʘʥʘ (HDPE) ï ɻʝʦʤʝʤʙʨʘʥʝ ʩʫ ʚʦʜʦʥʝʧʨʦʧʫʩʥʝ ʬʦʣʠʿʝ, ʭʝʤʠʿʩʢʠ ʦʪʧʦʨʥʝ ʥʘ 

ʫʪʠʮʘʿʝ ʢʦʿʝ ʤʦʛʫ ʜʘ ʠʤʘʿʫ ʭʝʤʠʿʩʢʝ ʩʫʧʩʪʘʥʮʝ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ [31], [41], [135]. 

ɻʝʦʤʝʤʙʨʘʥʝ ʩʫ ʦʙʠʯʥʦ ʠʟʨʘʹʝʥʝ ʦʜ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛ ʧʦʣʠʝʪʠʣʝʥʘ ʚʠʩʦʢʝ ʛʫʩʪʠʥʝ (High 

Density Polyethene- HDPE), ʧʦʣʠʧʨʦʧʠʣʝʥʘ (PP), ʭʨʦʤʠʨʘʥʠʭ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (CPE), 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ (PVC) ʠ ʜʨʫʛʠʭ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʦʩʪʘʚˀʘʿʫ ʩʝ ʥʘ ʪʣʦ ʜʝʧʦʥʠʿʝ 

ʧʨʝʢʦ ʩʠʥʪʝʪʠʯʢʝ ʧʦʜʣʦʛʝ, ʢʘʢʦ ʙʠ ʩʪʚʦʨʠʣʝ ʥʝʧʨʦʧʫʩʥʫ ʙʘʨʠʿʝʨʫ ʠʟʤʝʹʫ ʦʪʧʘʜʘ ʠ ʦʢʦʣʠʥʝ. 

HDPE ʬʦʣʠʿʫ ʦʜʣʠʢʫʿʝ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʥʦ ʧʦʩʪʘʚˀʘˁʝ ʠ ʢʚʘʣʠʪʝʪ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. 

ɺʘʨʝˁʝ ʩʝ ʚʨʰʠ ʩʧʝʮʠʿʘʣʥʦʤ ʘʧʘʨʘʪʫʨʦʤ ʠ ʦʙʠʯʥʦ ʩʝ ʧʨʘʚʠ ʚʘʨ ʰʠʨʠʥʝ 5 cm ʠ ʧʨʠʢʘʟʘʥʦ 

ʿʝ ʥʘ ʩʣʠʮʠ 5.3.  
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ʉʣʠʢʘ 5.3 ɺʘʨʝˁʝ ʠ ʧʦʩʪʘʚˀʘˁʝ HDPE ʬʦʣʠʿʝ 

https://www.srem-macva.rs/galerija/izgradnja-deponije/ 

 

ʄʝʤʙʨʘʥʝ ʩʝ ʧʨʦʠʟʚʦʜʝ ʫʛʣʘʚʥʦʤ ʫ ʜʝʙˀʠʥʘʤʘ ʦʜ 0.5-3 mm, ʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʥʘ ʜʥʦ ʜʝʧʦʥʠʿʝ 

ʧʦʩʪʘʚˀʘʿʫ ʫ ʜʝʙˀʠʥʠ ʦʜ 2- 2.5 mm. ʅʘ ʩʣʠʮʠ 5.4 ʿʝ ʧʨʠʢʘʟʘʥʦ ʧʦʩʪʘʚˀʘˁʝ ʛʝʦʩʠʥʪʝʪʠʯʢʝ 

ʛʣʠʥʝʥʝ ʦʙʣʦʛʝ (ʘ) , HDPE ʤʝʤʙʨʘʥʝ ʩʪʨʫʢʪʫʨʠʨʘʥʝ 1,5 ʠ 2,5 mm (ʙ) ʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ 

ʜʨʝʥʘʞʥʦʛ ʢʦʤʧʦʟʠʪʘ (ʚ) ʥʘ ʜʝʧʦʥʠʿʠ ʎʨʢʚʠʰʪʝ ʫ ʍʨʚʘʪʩʢʦʿ. 

 

                  ʘ                                                      ʙ                                                    ʚ 

ʉʣʠʢʘ 5.4 ʇʦʩʪʘʚˀʘˁʝ ʧʦʜʣʦʛʘ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ [136] 

ɻʝʦʤʝʤʙʨʘʥʝ ʤʦʛʫ ʙʠʪʠ ʛʣʘʪʢʝ ʠ ʭʨʘʧʘʚʝ (ʿʝʜʥʦʩʪʨʘʥʦ ʠ ʜʚʦʩʪʨʘʥʦ). ɻʣʘʪʢʝ ʤʝʤʙʨʘʥʝ ʩʝ 

ʧʦʩʪʘʚˀʘʿʫ ʥʘ ʪʝʨʝʥʠʤʘ ʛʜʝ ʥʝʤʘ ʚʝʣʠʢʦʛ ʪʨʝˁʘ ʠʟʤʝʹʫ ʧʦʜʣʦʛʝ ʠ ʤʝʤʙʨʘʥʝ, ʜʦʢ ʩʝ ʭʨʘʧʘʚʝ 

ʧʦʩʪʘʚˀʘʿʫ ʪʘʤʦ ʛʜʝ ʿʝ ʪʨʝˁʝ ʧʦʚʝ˂ʘʥʦ. ɿʘ ʟʘʰʪʠʪʫ ʛʝʦʤʝʤʙʨʘʥʝ ʦʜ  ʤʝʭʘʥʠʯʢʦʛ ʦʰʪʝ˂ʝˁʘ 

ʧʨʝʜʤʝʪʠʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʟʝʤˀʠ, ʢʦʨʠʩʪʠ ʩʝ ʥʝʪʢʘʥʠ ʠ ʢʦʤʧʦʟʠʪʥʠ ʛʝʦʪʝʢʩʪʠʣ 

(Depotex ʠ Secutex). ʋ ʪʘʙʝʣʠ 5.2. ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘʿʯʝʰ˂ʝ ʪʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ HDPE 

ʛʝʦʤʝʤʙʨʘʥʩʢʝ ʬʦʣʠʿʝ. 

https://www.srem-macva.rs/galerija/izgradnja-deponije/izgradnja-deponije-varenje-izolacione-folije
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ʊʘʙʝʣʘ 5.2 ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ HDPE ʛʝʦʤʝʤʙʨʘʥʩʢʝ ʬʦʣʠʿʝ [134] 

 

 
 

ʋ ʜʫʛʦʪʨʘʿʥʠʤ ʫʩʣʦʚʠʤʘ, ʠ ʧʦʨʝʜ ʟʘʰʪʠʪʝ, HDPE ʬʦʣʠʿʘ ʥʘʠʣʘʟʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ 

ʜʝʛʨʘʜʘʮʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʢʨʫʞʝˁʘ. ʆʚʦ ʨʝʟʫʣʪʠʨʘ ʩʤʘˁʝʥʦʤ ʦʪʧʦʨʥʦʰ˂ʫ ʥʘ ʪʨʘʿʥʘ 

ʟʘʪʝʟʥʘ ʥʘʧʨʝʟʘˁʘ. ʇʨʝʤʘ ʪʦʤʝ, ʜʝʛʨʘʜʠʨʘʥʠ ʜʦˁʠ ʩʣʦʿ ʤʝʤʙʨʘʥʝ ʤʦʞʝ ʜʘ ʧʨʦʧʘʜʥʝ ʧʦʜ 

ʟʘʪʝʟʥʠʤ ʥʘʧʦʥʠʤʘ ʤʘˁʠʤ ʦʜ ˁʝʛʦʚʝ ʢʨʘʪʢʦʨʦʯʥʝ ʤʝʭʘʥʠʯʢʝ ʯʚʨʩʪʦ˂ʝ ʫʩʣʝʜ Ăʧʫʮʘˁʘ ʧʦʜ 

ʥʘʧʨʝʟʘˁʝʤñ. Abdelaal et al. ʩʫ ʜʦʢʘʟʘʣʠ ʜʘ ʩʪʘʨʘ ʛʝʦʤʝʤʙʨʘʥʘ ʤʦʞʝ ʨʘʟʚʠʪʠ ʢʨʭʢʝ ʨʫʧʪʫʨʝ 

ʢʘʜʘ ʿʝ ʧʦʜʚʨʛʥʫʪʘ ʧʨʠʪʠʩʮʠʤʘ ʧʨʝʚʝʣʠʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ [40]. 

ʀʘʢʦ ʩʝ ʩʤʘʪʨʘʿʫ ʥʝʧʨʦʧʫʩʥʠʤ, ʛʝʦʤʝʙʨʘʥʝ ʤʦʛʫ ʧʦʧʫʩʪʠʪʠ ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ ʦʰʪʝ˂ʝˁʘ 

ʪʦʢʦʤ ʪʨʘʥʩʧʦʨʪʘ ʠ ʫʛʨʘʜˁʝ, ʜʝʬʝʢʪʥʦʛ ʠʟʛʣʝʜʘ ʣʠʩʪʦʚʘ ʢʦʿʠ ʬʦʨʤʠʨʘʿʫ ˂ʝʣʠʿʩʢʫ ʦʙʣʦʛʫ ʠ 

ʦʰʪʝ˂ʝˁʘ ʤʝʤʙʨʘʥʝ ʧʨʠʣʠʢʦʤ ʧʦʩʪʘʚˀʘˁʘ ʜʨʝʥʘʞʥʦʛ/ʟʘʰʪʠʪʥʦʛ ʩʣʦʿʘ ʠʟʥʘʜ ʤʝʤʙʨʘʥʝ 

[137], [138], [139]. 

ɻʝʥʝʨʘʣʥʦ, ʦʰʪʝ˂ʝˁʘ HDPE ʤʝʤʙʨʘʥʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʫʩʣʝʜ [132]: 

¶ ʥʝʧʨʘʚʠʣʥʦʛ ʨʫʢʦʚʘˁʘ, 

¶ ʜʝʬʝʢʘʪʘ ʰʘʚʦʚʘ, 

¶ ʜʝʬʦʨʤʘʮʠʿʝ ʟʙʦʛ ʥʘʧʨʝʟʘˁʘ, 

¶ ʧʫʮʘˁʘ ʟʙʦʛ ʥʘʧʨʝʟʘˁʘ, 

¶ ʭʝʤʠʿʩʢʠʭ ʫʪʠʮʘʿʘ, 

¶ ʦʰʪʨʠʭ ʧʨʝʜʤʝʪʘ, 

¶ ʦʰʪʝ˂ʝˁʘ ʦʜ ʛʣʦʜʘʨʘ, 

¶ ʚʘʥʜʘʣʠʟʘʤ. 

ɹʨʦʿʥʘ ʣʠʪʝʨʘʪʫʨʘ ʫʢʘʟʫʿʝ ʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʢʘ ʪʨʘʿʘˁʘ ʛʝʦʤʝʙʨʘʥʝ ʠ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʪʨʘʿʫ 

ʧʨʦʩʝʯʥʦ ʠʟʤʝʹʫ 150-300 ʛʦʜʠʥʘ [30], [31], [41], [140]. 
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ɻʝʦʪʝʢʩʪʠʣ- ʩʠʥʪʝʪʠʯʢʠ ʛʝʦʪʝʢʩʪʠʣ ʩʝ ʧʦʩʪʘʚˀʘ ʥʘʢʦʥ ʩʣʦʿʘ ʍɼʇɽ ʤʝʤʙʨʘʥʝ ʩʘ ʮʠˀʝʤ 

ˁʝʥʝ ʟʘʰʪʠʪʝ ʘʣʠ ʠ ʟʘʰʪʠʪʝ ʩʚʠʭ ʧʦʜʣʦʛʘ ʢʦʿʝ ʩʫ ʧʨʝʪʭʦʜʥʦ ʧʦʩʪʘʚˀʝʥʝ. ʊʝʭʥʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʝʦʪʝʢʩʪʠʣʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 5.3. 

ʊʘʙʝʣʘ 5.3 ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʥʪʝʪʠʯʢʦʛ ʛʝʦʪʝʢʩʪʠʣʘ [134] 

 

ʉʠʥʪʝʪʠʯʢʠ ʛʝʦʪʝʢʩʪʠʣ ʩʝ ʧʦʩʪʘʚˀʘ ʫʟ ʧʦʤʦ˂ ʤʘʰʠʥʘ ʠʣʠ ʨʫʯʥʦ. ʅʘʢʦʥ ʧʦʩʪʘʚˀʘʥʘ ʚʨʰʠ 

ʩʝ ʟʘʚʨʰʥʘ ʢʦʥʪʨʦʣʘ ʧʨʝʢʣʦʧʘ ʠʣʠ ʝʚʝʥʪʫʘʣʥʠʭ ʦʰʪʝ˂ʝˁʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʛʝʦʪʝʢʩʪʠʣ ʧʦʩʠʧʘ 

ʰˀʫʥʢʦʤ. ʐˀʫʥʘʢ ʩʝ ʧʦʩʪʘʚˀʘ ʢʘʦ ʬʠʣʪʨʠʨʘʿʫ˂ʠ ʩʣʦʿ ʟʘ ʧʨʦʮʝʜʥʝ ʜʝʧʦʥʠʿʩʢʝ ʚʦʜʝ ʠ 

ʰʪʠʪʠ ʜʨʝʥʘʞʥʝ ʮʝʚʠ ʠ ʚʦʜʦʥʝʧʨʦʧʫʩʥʫ ʧʦʜʣʦʛʫ ʦʜ ʤʝʭʘʥʠʟʘʮʠʿʝ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʧʦʩʪʘʚˀʘ 

ʰˀʫʥʘʢ ʛʨʘʥʫʣʘʮʠʿʝ 16/32 mm ʜʝʙˀʠʥʝ ʦʜ 30-50 cm. ʅʘ ʩʣʠʮʠ 5.5 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʝʩʝʢ ʢʨʦʟ 

ʪʝʣʦ ʜʝʧʦʥʠʿʝ. 
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ʉʣʠʢʘ 5.5 ʇʨʝʩʝʢ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ [141] 

ʐˀʫʥʘʢ ʤʦʨʘ ʙʠʪʠ ʙʠʦʣʦʰʢʠ, ʬʠʟʠʯʢʠ ʠ ʭʝʤʠʿʩʢʠ ʧʦʩʪʦʿʘʥ. ʇʦ ʩʨʝʜʠʥʠ ʩʚʘʢʝ ʩʝʢʮʠʿʝ 

ʫʛʨʘʹʫʿʝ ʩʝ ʜʨʝʥʘʞʥʘ ʧʝʨʬʦʨʠʨʘʥʘ ʮʝʚ, ʧʦ ʜʫʞʠʥʠ ʠ ʧʦʜ ʥʘʛʠʙʦʤ ʚʝ˂ʠʤ ʦʜ 1%, ʩʘ ʮʠˀʝʤ 

ʩʘʢʫʧˀʘˁʘ ʠ ʦʜʚʦʹʝˁʘ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ. ʎʝʚʠ ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʫ ʦʚʝ ʩʚʨʭʝ 

ʩʫ ʧʝʨʬʦʨʠʨʘʥʝ HDPE ʮʝʚʠ, ʧʨʝʯʥʠʢʘ 250 mm. 

5.1.2. ʉʠʩʪʝʤ ʟʘ ʜʨʝʥʘʞʫ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ 

ʅʘ ʦʩʥʦʚʫ ʭʠʜʨʦʛʝʦʣʦʰʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ ʜʘ ʣʠ ʫ ʟʦʥʠ ʜʝʧʦʥʦʚʘˁʘ 

ʧʦʩʪʦʿʝ ʧʦʜʟʝʤʥʝ ʚʦʜʝ ʠ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ˁʠʭʦʚʦʤ ʜʨʝʥʘʞʦʤ ʦʜʥʦʩʥʦ 

ʦʜʚʦʜˁʘʚʘˁʝʤ.  

ʆʩʥʦʚʥʠ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʘ ʟʘ ʜʨʝʥʘʞʫ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 5.6. 
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ʉʣʠʢʘ 5.6 ʆʩʥʦʚʥʠ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʘ ʟʘ ʜʨʝʥʘʞʫ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ 

(1. ʀʟʣʠʚ ; 2. ɻʣʘʚʥʠ ʢʘʥʘʣ ʟʘ ʜʨʝʥʘʞʫ; 3. ɼʨʝʥʘʞʥʠ ʢʦʣʝʢʪʦʨʠ- ʩʣʫʞʝ ʟʘ ʩʘʢʫʧˀʘˁʝ ʚʦʜʝ ʠʟ 

ʩʘʙʠʨʥʦ ʨʝʛʫʣʘʮʠʦʥʝ ʤʨʝʞʝ; 4. ʉʘʙʠʨʥʦ ʨʝʛʫʣʘʮʠʦʥʘ ʤʨʝʞʘ ʦʙʫʭʚʘʪʘ ʜʨʝʥʘʞʥʝ ʮʝʚʠ ʠʣʠ ʜʫʙʦʢʝ 

ʢʘʥʘʣʝ ʟʘ ʜʨʝʥʘʞʫ ʚʦʜʝ)  [142] 

 

ʀʟʣʠʚ ʧʨʝʜʩʪʘʚˀʘ ʛʨʘʚʠʪʘʮʠʦʥʫ ʠʣʠ ʮʨʧʥʫ ʩʪʘʥʠʮʫ ʢʦʿʘ ʿʝ ʥʠʩʢʦʛ ʧʦʪʠʩʢʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʪʦʛʘ ʢʦʣʠʢʠ ʿʝ ʥʠʚʦ ʚʦʜʝ ʫ ʚʦʜʦʧʨʠʿʝʤʥʠʢʫ. ɻʣʘʚʥʠ ʜʨʝʥʘʞʥʠ ʢʘʥʘʣ ʩʝ ʧʦʩʪʘʚˀʘ ʥʘ 

ʥʘʿʥʠʞʠʤ ʢʦʪʘʤʘ ʩʠʩʪʝʤʘ ʟʘ ʜʨʝʥʘʞʫ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʠ ʫ ˁʝʛʘ ʩʝ ʫʣʠʚʘʿʫ ʢʘʥʘʣʠ ʟʘ ʜʨʝʥʘʞʫ 

ʚʠʰʝʛ ʨʝʜʘ ʢʦʿʠ ʩʘʢʫʧˀ ʘʿʫ ʚʦʜʫ ʠʟ ʢʦʣʝʢʪʦʨʘ ʟʘ ʜʨʝʥʘʞʫ. ɿʘʜʘʪʘʢ ʜʨʝʥʘʞʥʠʭ ʢʦʣʝʢʪʦʨʘ 

ʿʝʩʪʝ ʜʘ ʩʘʢʫʧˀʘʿʫ ʚʦʜʫ ʠʟ ʩʘʙʠʨʥʦ ʨʝʛʫʣʘʮʠʦʥʝ ʤʨʝʞʝ. ʉʘʙʠʨʥʦ ʨʝʛʫʣʘʮʠʦʥʘ ʤʨʝʞʘ 

ʦʙʫʭʚʘʪʘ ʩʘʙʠʨʥʠʢʝ ʥʘʿʚʠʰʝʛ ʨʝʜʘ, ʮʝʚʠ ʟʘ ʜʨʝʥʘʞʫ ʠʣʠ ʜʫʙʦʢʝ ʢʘʥʘʣʝ ʟʘ ʜʨʝʥʘʞʫ ʫ ʢʦʿʝ ʩʝ 

ʩʘʢʫʧˀʘ ʚʦʜʘ. 

ɽʣʝʤʝʥʪʠ ʩʘʙʠʨʥʦ ʨʝʛʫʣʘʮʠʦʥʝ ʜʨʝʥʘʞʥe ʤʨʝʞe ʩʫ [142]: 

¶ ʭʦʨʠʟʦʥʪʘʣʥʠ ʩʠʩʪʝʤʠ ʜʨʝʥʘʞʝ ʠ  

¶ ʜʫʙʦʢʠ ʢʘʥʘʣʠ ʟʘ ʜʨʝʥʘʞʫ. 
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ʉʣʠʢʘ 5.7  ʇʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʩʠʩʪʝʤʘ ʟʘ ʜʨʝʥʘʞʫ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ  

d- ʚʠʩʠʥʘ ʧʦʜʟʝʤʥʝ ʚʦʜʝ ʠʟʥʘʜ ʜʨʝʥʘ, D- ʧʨʝʯʥʠʢ ʜʨʝʥʘ; L- ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʜʨʝʥʦʚʘ, hd- 

ʨʘʩʪʦʿʘˁʝ ʜʨʝʥʘ ʜʦ ʚʦʜʦʥʝʧʨʦʧʫʩʥʝ ʧʦʜʣʦʛʝ, æH- ʚʠʩʠʥʘ ʜʝʧʨʝʩʠʿʝ, hs ʚʠʩʠʥʘ ʩʥʠʞʘʚʘˁʘ ʥʠʚʦʘ 

ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, [142] 

ʍʦʨʠʟʦʥʪʘʣʥʘ ʜʨʝʥʘʞʘ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʧʦʩʪʘʚˀʘ ʩʝ ʫ ʠʩʢʦʧʘʥʝ ʨʦʚʦʚʝ ʠ ʤʦʞʝ ʙʠʪʠ 

ʦʪʚʦʨʝʥʦʛ ʠʣʠ ʟʘʪʚʦʨʝʥʦʛ ʪʠʧʘ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʧʦʩʪʘʚˀʘ ʦʪʚʦʨʝʥʠ ʪʠʧ ʜʨʝʥʘʞʝ ʢʦʿʠ ʠʤʘ 

ʦʛʨʘʥʠʯʝʥʫ ʜʫʙʠʥʫ ʧʦʣʘʛʘˁʘ ʦʜ 5-8 m [54].  

ʉʘʢʫʧˀʘˁʝ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʚʨʰʠ ʩʝ ʫʟ ʧʦʤʦ˂ ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ. ɼʨʝʥʘʞʥʝ ʮʝʚʠ ʩʝ ʠʟʨʘʹʫʿʫ 

ʦʜ ʢʝʨʘʤʠʢʝ, ʙʝʪʦʥʘ, ʘʨʤʠʨʘʥʦʛ ʙʝʪʦʥʘ, ʘʟʙʝʩʪʮʝʤʝʥʪʘ ʠ ʧʦʣʠʝʪʠʣʝʥʘ.  ʂʦʿʠ ˂ʝ ʤʘʪʝʨʠʿʘʣ 

ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ ʙʠʪʠ ʟʘʚʠʩʠ ʦʜ ʩʨʝʜʠʥʝ ʫ ʢʦʿʫ ʩʝ ʮʝʚʠ ʧʦʣʘʞʫ, ʫʩʣʦʚʘ ʪʝʨʝʥʘ, ʜʫʙʠʥʝ 

ʧʦʣʘʛʘˁʘ ʠʪʜ. ʅʘ ʩʣʠʮʠ 5.8 ʧʨʠʢʘʟʘʥʦ ʿʝ ʧʦʩʪʘʚˀʘˁʝ ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ ʥʘ ʜʝʧʦʥʠʿʠ. 

 

ʉʣʠʢʘ 5.8 ʇʦʩʪʘʚˀʘˁʝ ʮʝʚʠ ʟʘ ʜʨʝʥʘʞʫ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʥʘ ʜʝʧʦʥʠʿʠ 

http://www.srem-macva.rs/galerija/izgradnja-deponije/izgradnja-deponije-drenaza-podzemnih-voda 

http://www.srem-macva.rs/galerija/izgradnja-deponije/izgradnja-deponije-drenaza-podzemnih-voda
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ʅʘʩʠʧ ʦʢʦ ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʠ ʜʚʘ ʩʣʦʿʘ ʬʠʣʪʨʘʮʠʦʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʦ ʟʘ 

ʩʧʦˀʘʰˁʠ ʩʣʦʿ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠʨʦʜʥʠ ʧʝʩʘʢ, ʘ ʟʘ ʫʥʫʪʨʘʰˁʠ ʩʣʦʿ ʩʝ ʢʦʨʠʩʪʠ ʥʘʿʯʝʰ˂ʝ 

ʰˀʫʥʘʢ ʘʣʠ ʩʝ ʢʦʨʠʩʪʝ ʠ ʧʝʩʘʢ ʠʣʠ ʪʫʮʘʥʠʢ. 

5.1.3 ʉʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʢʘʥʘʣʠʩʘˁʝ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʘʜʘʚʠʥʘ 

ɸʪʤʦʩʬʝʨʩʢʝ ʚʦʜʝ, ʢʦʿʝ ʧʦʚʨʰʠʥʩʢʠʤ ʦʪʠʮʘʿʝʤ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʫ ʜʘ ʜʦʹʫ ʥʘ ʜʝʧʦʥʠʿʫ, 

ʫʪʠʯʫ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʜʝʧʦʥʠʿʝ ʠ ʧʦʚʝ˂ʘʿʫ ʢʦʣʠʯʠʥʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʘ ʩʝ ʩʪʚʘʨʘ ʫ ʪʝʣʫ 

ʜʝʧʦʥʠʿʝ [54]. ʉʧʨʝʯʘʚʘˁʝ ʧʨʦʜʦʨʘ ʚʦʜʝ ʩʘ ʦʢʦʣʥʦʛ ʪʝʨʝʥʘ ʫ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʧʦʩʪʠʞʝ ʩʝ 

ʠʟʛʨʘʜˁʦʤ ʩʠʩʪʝʤʘ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʝʚʘʢʫʘʮʠʿʫ ʚʦʜʘ ʧʦ ʦʙʦʜʫ ʟʦʥʝ ʜʝʧʦʥʦʚʘˁʘ. 

ɸʪʤʦʩʬʝʨʩʢʝ ʚʦʜʝ ʩʘ ʜʝʧʦʥʠʿʝ, ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʠ ʧʣʘʪʦʘ ʩʝ ʦʜʚʦʜʝ ʧʫʪʝʤ ʦʙʦʜʥʠʭ ʢʘʥʘʣʘ ʢʦʿʠ 

ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʠʟʥʘʜ ʠ ʦʢʦ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʠ ʪʘʢʦ ʯʠʥʝ ʩʠʩʪʝʤ ʘʪʤʦʩʬʝʨʩʢʝ ʢʘʥʘʣʠʟʘʮʠʿʝ.  

 

ʉʣʠʢʘ 5.9 ʆʙʦʜʥʠ ʢʘʥʘʣʠ ʥʘ ʜʝʧʦʥʠʿʠ [54] 

ʅʘ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ ʤʦʞʝ ʧʦʩʪʦʿʘʪʠ ʚʠʰʝ ʪʨʘʩʘ ʦʙʦʜʥʠʭ ʢʘʥʘʣʘ ʢʦʿʠ ʦʜʚʦʜʝ 

ʘʪʤʦʩʬʝʨʩʢʝ ʚʦʜʝ ʩʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ. ʊʨʘʩʝ ʦʙʦʜʥʠʭ ʢʘʥʘʣʘ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʢʘʥʘʣʠʩʘˁʝ 

ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʘʜʘʚʠʥʘ ʤʦʛʫ ʙʠʪʠ ʧʨʘʚʦʣʠʥʠʿʩʢʝ ʠʣʠ ʙʣʘʛʦ ʟʘʢʨʠʚˀʝʥʝ ʢʘʢʦ ʥʝ ʙʠ ʜʦʣʘʟʠʣʦ 

ʜʦ ʪʘʣʦʞʝˁʘ ʥʘʥʦʩʘ ʥʘ ʚʝ˂ʠʤ ʢʨʠʚʠʥʘʤʘ ʠ ʜʦ ʠʟʣʠʚʘˁʘ ʚʦʜʝ ʠʟ ʢʘʥʘʣʘ [57]. 

ɺʦʜʝ ʩʘ ʩʣʠʚʥʠʭ ʧʦʚʨʰʠʥʘ ʩʝ ʤʦʛʫ ʩʘʢʫʧˀʘʪʠ ʧʨʝʢʦ ʫʣʠʯʥʠʭ ʩʣʠʚʥʠʢʘ. ɿʘ ʤʨʝʞʫ 

ʢʘʥʘʣʠʩʘˁʘ ʢʦʨʠʩʪʝ ʩʝ ʪʚʨʜʝ ʢʘʥʘʣʠʟʘʮʠʦʥʝ ʮʝʚʠ ʢʦʿʝ ʩʝ ʧʦʣʘʞʫ ʫ ʨʦʚʫ ʫ ʩʣʦʿʫ ʧʝʩʢʘ 
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ʥʘʿʯʝʰ˂ʝ ʜʝʙˀʠʥʝ 10 cm. ʆʢʦ ʠ ʠʟʥʘʜ ʮʝʚʠ ʩʝ ʪʘʢʦʹʝ ʫʛʨʘʹʫʿʝ ʧʝʩʘʢ. ʄʨʝʞʘ ʩʘ ʢʘʥʘʣʠʩʘˁʝ 

ʘʪʤʦʩʬʝʨʩʢʠʭ ʚʦʜʘ ʧʦʩʪʘʚˀʘ ʩʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʧʘʜʫ ʧʨʝʤʘ ʠʟʣʠʚʫ [102].  

ʇʣʘʥʠʨʘˁʝ ʚʝʣʠʯʠʥʝ ʢʘʥʘʣʘ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʦ ʜʥʝʚʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʧʘʜʘʚʠʥʘ 

ʜʦʙʠʿʝʥʠʭ ʦʜ ʈʝʧʫʙʣʠʯʢʦʛ ʍʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʦʛ ʟʘʚʦʜʘ ʉʨʙʠʿʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʦʤʦʛʫ˂ʘʚʘ 

ʧʨʦʧʫʩʪ ʩʚʠʭ ʢʦʣʠʯʠʥʘ ʚʦʜʘ ʢʦʿʘ ʜʦʩʧʝ ʫ ʢʘʥʘʣʝ. 

5.1.4 ʉʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ 

ɼʝʧʦʥʠʿʩʢʠ ʛʘʩʦʚʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʟʙʦʛ ʨʘʟʣʠʯʠʪʠʭ ʬʠʟʠʯʢʠʭ, ʙʠʦʣʦʰʢʠʭ, ʭʝʤʠʿʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʨʝʘʢʮʠʿʘ, ʢʦʿʝ ʩʫ ʨʝʟʫʣʪʘʪ ʨʘʟʛʨʘʜˁʝ ʦʨʛʘʥʩʢʦʛ ʦʪʧʘʜʘ ʫ ʘʝʨʦʙʥʠʤ ʠ ʘʥʘʝʨʦʙʥʠʤ ʫʩʣʦʚʠʤʘ. 

ʅʝʢʦʣʠʢʦ ʬʘʢʪʦʨʘ ʫʪʠʯʝ ʥʘ ʢʦʣʠʯʠʥʫ ʠ ʩʘʩʪʘʚ ʛʘʩʦʚʘ ʥʘ ʜʝʧʦʥʠʿʠ, ʦʜ ʢʦʿʠʭ ʥʘʿʚʠʰʝ [57]: 

¶ ʪʠʧ ʠ ʩʪʘʨʦʩʪ ʦʪʧʘʜʘ ʟʘʪʨʧʘʥʦʛ ʥʘ ʜʝʧʦʥʠʿʠ, 

¶ ʢʦʣʠʯʠʥʘ ʠ ʚʨʩʪʘ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ ʫ ʦʪʧʘʜʫ, 

¶ ʨʘʜ ʜʝʧʦʥʠʿʝ ʠ 

¶ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʧʘʜʘ, ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ ʣʦʢʘʣʥʝ ʢʣʠʤʝ. 

ʅʘʢʦʥ ʰʪʦ ʩʝ ʦʪʧʘʜ ʜʝʧʦʥʫʿʝ ʠ ʩʘʙʠʿʝ, ʚʘʟʜʫʭ ʫ ʰʫʧˀʠʥʘʤʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʧʦʣʘʢʦ ʥʝʩʪʘʿʝ 

ʿʝʨ ʧʦʯʠˁʝ ʜʘ ʩʝ ʧʨʦʠʟʚʦʜʠ ʜʝʧʦʥʠʿʩʢʠ ʛʘʩ. ʅʘʢʦʥ ʦʚʝ ʧʦʯʝʪʥʝ ʬʘʟʝ, ʧʦʯʠˁʝ ʢʦʥʩʪʘʥʪʥʘ 

ʧʨʦʠʟʚʦʜˁʘ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ ʫ ʧʝʨʠʦʜʫ ʦʜ ʦʪʧʨʠʣʠʢʝ 20 ʛʦʜʠʥʘ. ʂʘʢʦ ʩʝ ʚʝ˂ʠ ʦʨʛʘʥʩʢʝ 

ʤʘʪʝʨʠʿʝ ʨʘʩʧʘʜʘ, ʪʘʢʦ ʩʝ ʠ ʧʨʦʠʟʚʦʜˁʘ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ ʧʦʩʪʝʧʝʥʦ ʩʝ ʩʤʘˁʫʿʝ. ʋʢʦʣʠʢʦ ʩʝ 

ʦʪʧʘʜ ʜʦʙʨʦ ʢʦʤʧʘʢʪʫʿʝ ʠ ʘʢʦ ʿʝ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʧʨʠʣʠʯʥʦ ʚʝʣʠʢʦ (2-5 m ʠ ʚʠʰʝ), ʘʥʘʝʨʦʙʥʠ 

ʫʩʣʦʚʠ ˂ʝ ʩʝ ʚʝʦʤʘ ʩʪʚʦʨʠʪʠ ʿʘʢʦ ʙʨʟʦ. ʋʢʦʣʠʢʦ ʦʪʧʘʜ ʥʠʿʝ ʜʦʙʨʦ ʢʦʤʧʘʢʪʦʚʘʥ ʠ ʘʢʦ ʿʝ ʪʝʣʦ 

ʜʝʧʦʥʠʿʝ 5 m ʠʣʠ ʤʘˁʝ, ʚʝ˂ʠʥʘ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ ʠʟ ʦʪʧʘʜʘ ˂ʝ ʩʝ ʨʘʩʧʘʩʪʠ ʫ ʘʝʨʦʙʥʠʤ 

ʫʩʣʦʚʠʤʘ. ʋ ʪʘʢʚʦʤ ʩʣʫʯʘʿʫ, ʧʨʦʠʟʚʦʜ ʨʘʩʧʘʜʘˁʘ ʩʫ H2ʆ ʠ Cʆ2 ʠ ʜʝʧʦʥʠʿʩʢʠ ʛʘʩ ʫʦʧʰʪʝ 

ʥʝ˂ʝ ʥʘʩʪʘʪʠ ʠʣʠ ˂ʝ ʛʘ ʙʠʪʠ ʫ ʤʠʥʠʤʘʣʥʦʿ ʢʦʣʠʯʠʥʠ [57]. 

ʅʘʿʚʝ˂ʠ ʜʝʦ ʜʝʧʦʥʠʿʩʢʠʭ ʛʘʩʦʚʘ ʯʠʥʝ ʤʝʪʘʥ (CH4) ʠ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ (Cʆ2), ʘʣʠ ʩʝ ʫ ˁʠʤʘ 

ʤʦʛʫ ʥʘ˂ʠ ʠ ʿʝʜʠˁʝˁʘ ʩʫʤʧʦʨʘ, ʘʟʦʪʘ ʠ ʜʨ. ɼʝʧʦʥʠʿʩʢʠ ʛʘʩʦʚʠ ʜʦʚʦʜʝ ʜʦ ʩʪʚʘʨʘˁʘ 

ʥʝʧʨʠʿʘʪʥʠʭ ʤʠʨʠʩʘ, ʦʩʣʦʙʘʹʘˁʘ ʦʜʨʝʹʝʥʝ ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ, ʩʣʝʛʘˁʘ ʪʣʘ ʜʝʧʦʥʠʿʝ ʠ 

ʩʣʠʯʥʠʭ ʥʝʞʝˀʝʥʠʭ ʧʦʩʣʝʜʠʮʘ. ʉʪʚʘʨʘˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʫʟʨʦʢʫʿʝ: 

¶ ʠʩʧʘʨʘʚʘˁʝ, 

¶ ʤʠʢʨʦʙʠʦʣʦʰʢʘ ʨʘʟʛʨʘʜˁʘ ʠ 

¶ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʧʦʥʝʥʪʠ ʦʪʧʘʜʘ. 
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ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʿʘʢʦ ʿʝ ʚʘʞʥʦ ʧʨʘʚʠʣʥʦ ʧʨʦʿʝʢʪʦʚʘʪʠ ʩʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʪʨʝʪʤʘʥ 

ʜʝʧʦʥʠʿʩʢʠʭ ʛʘʩʦʚʘ. 

ʉʘʚʨʝʤʝʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʧʨʦʿʝʢʪʫʿʫ ʩʠʩʪʝʤ ʟʘ ʜʝʛʘʟʘʮʠʿʫ ʩʘ ʩʣʝʜʝ˂ʠʤ ʝʣʝʤʝʥʪʠʤʘ 

[143]: 

¶ ʤʨʝʞʘ ʭʦʨʠʟʦʥʪʘʣʥʠʭ ʮʝʚʠ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ ʜʦ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʪʨʝʪʤʘʥ, 

¶ ʦʧʨʝʤʘ ʟʘ ʧʦʚʝʟʠʚʘˁʝ ʙʠʦʪʨʥʦʚʘ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʠ ʮʝʚʦʚʦʜ, 

¶ ʘhʭʪ ʟʘ ʠʟʜʚʘʿʘˁʝ ʢʦʥʜʝʥʟʘʪʘ, 

¶ ʝʿʜʠʥʠʮʘ ʟʘ ʩʧʘˀʠʚʘˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ, 

¶ ʢʦʛʝʥʝʨʘʪʠʚʥʦ ʧʦʩʪʨʦʿʝˁʝ. 

ʅʘ ʩʣʠʮʠ 5.10 ʧʨʠʢʘʟʘʥ ʿʝ ʜʝʦ ʘʢʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ. 

  

ʉʣʠʢʘ 5.10 ɼʝʦ ʘʢʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʜʝʧʦʥʠʿʩʢʦʛ ʛʘʩʘ  [57] 

5.1.5 ʉʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʘ 

ʇʨʦʮʝʜʥʘ ʜʝʧʦʥʠʿʩʢʘ ʚʦʜʘ ʧʨʝʜʩʪʘʚˀʘ ʪʝʯʥʦʩʪ ʢʦʿʘ ʩʝ ʬʠʣʪʨʠʨʘ ʢʨʦʟ ʩʣʦʿʝʚʝ ʜʝʧʦʥʦʚʘʥʦʛ 

ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʠ ʩʘ ʩʦʙʦʤ ʩʘʢʫʧˀʘ ʠʟʜʚʦʿʝʥʝ, ʨʘʩʪʚʦʨʝʥʝ ʠ ʩʫʩʧʝʥʜʦʚʘʥʝ ʯʝʩʪʠʮʝ [32].  ɿʘ 

ʧʨʘʚʠʣʥʦ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʧʦʪʨʝʙʥʦ ʿʝ ʫʪʚʨʜʠʪʠ ʙʠʣʘʥʩ 

ʚʦʜʘ ʜʝʧʦʥʠʿʝ.  ʋ ʚʦʜʥʠ ʙʠʣʘʥʩ ʜʝʧʦʥʠʿʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ ʫʣʘʟʝ [144]: 

¶ ʧʘʜʘʚʠʥʝ,  

¶ ʧʦʚʨʰʠʥʩʢʠ ʦʪʠʮʘʿ, 

¶ ʚʣʘʛʘ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʠ ʧʦʢʨʠʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ,  
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¶ ʠʩʧʘʨʘʚʘˁʝ ʩʘ ʧʦʚʨʰʠʥʝ, 

¶ ʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʨʦʟ ʧʦʢʨʠʚʥʫ ʚʝʛʝʪʘʮʠʿʫ ʠ  

¶ ʦʪʠʮʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʝ. 

ʇʨʦʮʝʜʥʘ ʚʦʜʘ ʢʦʿʘ ʚʝʨʪʠʢʘʣʥʦ ʤʠʛʨʠʨʘ ʢʨʦʟ ʤʝʜʠʿʫʤ, ʫ ʛʦʨˁʠʤ ʩʣʦʿʝʚʠʤʘ ʜʝʧʦʥʠʿʝ 

ʦʜʛʦʚʘʨʘ ʧʘʜʘʚʠʥʘʤʘ ʢʦʿʝ ʩʝ ʠʥʬʠʣʪʨʠʨʘʿʫ ʢʨʦʟ ʧʦʢʨʠʚʥʝ ʩʣʦʿʝʚʝ. ʋ ʥʠʞʠʤ ʩʣʦʿʝʚʠʤʘ 

ʜʝʧʦʥʠʿʝ, ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʢʦʿʘ ʤʠʛʨʠʨʘ ʚʝʨʪʠʢʘʣʥʦ ʧʨʝʜʩʪʘʚˀʘ ʚʦʜʫ ʢʦʿʘ ʿʝ ʧʨʠʨʦʜʥʦ 

ʧʨʠʩʫʪʥʘ ʫ ʦʜʣʦʞʝʥʦʤ ʦʪʧʘʜʫ, ʢʘʦ ʠ ʚʦʜʘ ʢʦʿʘ ʿʝ ʘʧʩʦʨʙʦʚʘʥʘ ʠʟ ʘʪʤʦʩʬʝʨʝ ʠʣʠ ʦʜ ʧʘʜʘʚʠʥʘ. 

ʊʘʢʦ ʙʠʣʘʥʩ ʚʦʜʝ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʣʠʯʠʥʫ ʚʦʜʝ ʢʦʿʘ ʫʣʘʟʠ ʥʘ ʜʝʧʦʥʠʿʫ, ʫʤʘˁʝʥʫ 

ʟʘ ʚʦʜʫ ʫʪʨʦʰʝʥʫ ʫ ʭʝʤʠʿʩʢʠʤ ʨʝʘʢʮʠʿʘʤʘ ʠ ʥʘ ʠʩʧʘʨʘʚʘˁʝ.  ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ, ʙʠʣʘʥʩ ʚʦʜʘ ʥʘ 

ʜʝʧʦʥʠʿʠ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ [54]: 

                                                        ὡ ὍὊ ὗ ὉὝ Ὓ                                                  (5.1) 

ʀʣʠ ʿʝʜʥʘʯʠʥʘ: 

                                                      ɫὗ ὡ ɫὖ ɫὙ ɫ%4 3                                     (5.2) 

ɻʜʝ ʿʝ: W- ʧʦʯʝʪʥʠ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫʥʫʪʘʨ ʦʪʧʘʜʘ, 

IF- ʠʥʬʠʣʪʨʘʮʠʿʘ, 

QO- ʦʪʠʮʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠʟ ʜʝʧʦʥʠʿʝ, 

ɽʊ- ʠʩʧʘʨʘʚʘˁʝ (ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ), 

S- ʤʘʩʘ ʚʦʜʝ ʢʦʿʫ ʘʧʩʦʨʙʫʿʝ ʦʪʧʘʜ, 

P- ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ, 

RO- ʧʦʚʨʰʠʥʩʢʠ ʦʪʠʮʘʿ. 

 

ʇʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʝ ʩʫ ʥʘʩʪʘʣʝ ʦʜ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʘʜʘʚʠʥʘ ʠ ʚʦʜʝ ʚʝʟʘʥʝ ʫ ʦʜʣʦʞʝʥʦʤ ʦʪʧʘʜʫ 

ʧʨʠʭʚʘʪʘʿʫ ʩʝ ʩʠʩʪʝʤʦʤ ʟʘ ʝʚʘʢʫʘʮʠʿʫ [145]: 

¶ ʜʨʝʥʘʞʥʠʤ ʩʣʦʿʝʤ ʰˀʫʥʢʘ ʠ  

¶ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʮʝʚʥʦʤ ʜʨʝʥʘʞʦʤ.  

ʍʦʨʠʟʦʥʪʘʣʥʠ ʩʠʩʪʝʤ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʪʨʘʥʩʧʦʨʪ ʧʨʦʮʝʜʥʝ ʜʝʧʦʥʠʿʩʢʝ ʚʦʜʝ ʧʦʩʪʘʚˀʘ ʩʝ ʫ 

ʥʘʿʥʠʞʝʤ ʜʝʣʫ ʜʥʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ. ʋ ʦʢʚʠʨʫ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʤʦʞʝ ʙʠʪʠ 

ʧʨʦʿʝʢʪʦʚʘʥʦ ʚʠʰʝ ʜʨʝʥʘʞʥʠʭ ʧʦˀʘ ʟʘ ʧʨʠʢʫʧˀʘʥʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. ʋ ʩʨʝʜʠʥʠ ʩʚʘʢʦʛ ʧʦˀʘ 

ʧʦʩʪʘʚˀʘ ʩʝ ʢʦʣʝʢʪʦʨʩʢʘ HDPE ʜʨʝʥʘʞʥʘ ʮʝʚ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʜʫʞʠʥʝ ʠ ʧʨʝʯʥʠʢʘ.  
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ʉʣʠʢʘ 5.11  ʀʟʛʣʝʜ ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ ʟʘ ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ [54] 

ɼʨʝʥʘʞʥʝ ʮʝʚʠ ʩʫ ʦʙʠʯʥʦ ʧʝʨʬʦʨʠʨʘʥʝ ʧʦ 2/3 ʦʜ ʩʚʦʛ ʦʙʠʤʘ. ɼʨʝʥʘʞʥʝ ʮʝʚʠ ʩʝ ʤʦʛʫ 

ʧʦʩʪʘʚʠʪʠ ʨʘʟʛʨʘʥʘʪʦ, ʧʘʨʘʣʝʣʥʦ ʠ ʣʝʧʝʟʘʩʪʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 5.12. 

ɼʨʝʥʘʞʥʠ ʢʦʣʝʢʪʦʨ ʩʝ ʧʦʩʪʘʚˀʘ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʧʘʜʦʤ ʦʙʠʯʥʦ ʦʢʦ 5%, ʘ ʧʦʧʨʝʯʥʠ ʧʘʜʦʚʠ 

ʜʥʘ ʜʝʧʦʥʠʿʝ ʛʨʘʚʠʪʠʨʘʿʫ ʢʘ ʢʦʣʝʢʪʦʨʫ ʠʟʥʦʩʝ ʤʠʥʠʤʘʣʥʦ 3,0% [145]. ɼʫʞʠʥʝ ʜʨʝʥʘʞʥʠʭ 

ʢʦʣʝʢʪʦʨʘ  ʠ ʪʠʧ ʩʠʩʪʝʤʘ ʟʘ ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʦʢʚʠʨʫ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʩʫ 

ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʝ, ʟʘʚʠʩʥʦ ʦʜ ʧʦʣʦʞʘʿʘ ʫʥʫʪʘʨ ʪʝʣʘ ʜʝʧʦʥʠʿʝ. 

  

                ʘ                                                                 ʙ 
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(ʚ) 

ʉʣʠʢʘ 5.12 ʀʟʛʣʝʜ ʩʠʩʪʝʤʘ ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʪʨʘʥʩʧʦʨʪ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʜʦ 

ʢʦʣʝʢʪʦʨʘ; ʈʘʟʛʨʘʥʘʪʠ ʪʠʧ (ʘ), ʣʝʧʝʟʘʩʪʠ ʪʠʧ (ʙ); ʧʘʨʘʣʝʣʥʠ ʪʠʧ (ʚ) 

1. ʰʘʭʪ ʛʜʝ ʩʝ ʚʦʜʘ ʩʘʢʫʧˀʘ ʠ ʢʘʩʥʠʿʝ ʦʜʚʦʜʠ ʜʦ ʤʝʩʪʘ ʟʘ ʪʨʝʪʤʘʥ, 2. ʩʘʙʠʨʥʝ ʧʝʨʬʦʨʠʨʘʥʝ ʮʝʚʠ 

[54] 

ʂʦʜ ʣʝʧʝʟʘʩʪʦʛ ʪʠʧʘ ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ ʛʨʘʜʝ ʩʝ ʨʝʚʠʟʠʦʥʠ ʦʪʚʦʨʠ ʥʘ ʨʘʩʪʦʿʘˁʫ ʦʜ 50 m. ɸʢʦ 

ʩʝ ʮʝʚʠ ʧʦʩʪʘʚˀʘʿʫ ʫ ʚʠʰʝ ʩʣʦʿʝʚʘ, ʦʥʜʘ ʩʝ ʧʦʜʣʦʛʘ ʩʚʘʢʦʛ ʧʨʝʢʨʠʚʥʦʛ ʩʣʦʿʘ ʧʨʠʧʨʝʤʘ ʥʘ 

ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ ʟʘ ʮʝʚʠ ʢʦʿʝ ʩʫ ʥʘʿʥʠʞʝ ʧʦʩʪʘʚˀʝʥʝ ʮʝʚʠ ʟʘ ʜʨʝʥʘʞʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. 

ʈʝʚʠʟʠʦʥʠ ʰʘʭʪʦʚʠ ʟʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʫ HDPE ʢʦʥʩʪʨʫʢʮʠʿʝ, ʫʥʫʪʨʘʰˁʠ ʧʨʝʯʥʠʢ 

ʨʝʚʠʟʠʦʥʦʛ ʰʘʭʪʘ ʠ ʜʝʙˀʠʥʘ ʟʠʜʘ ʦʜʨʝʹʫʿʝ ʩʝ ʥʘ ʦʩʥʦʚʫ  ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʧʦʜʥʝʩʝ. 

ʐʘʭʪʦʚʠ ʩʝ ʠʟʨʘʹʫʿʫ ʩʘ ʩʚʠʤ ʧʦʪʨʝʙʥʠʤ ʧʨʠʢˀʫʯʮʠʤʘ ʟʘ ʮʝʚʦʚʦʜʝ ʠ ʦʩʪʘʣʠʤ ʝʣʝʤʝʥʪʠʤʘ 

ʟʘ ʧʨʠʤʝʥʫ ʢʦʜ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. ʄʦʛʫ˂ʘ ʿʝ ʠ ʚʘʨʠʿʘʥʪʘ ʩʘ ʘʨʤʠʨʘʥʦʙʝʪʦʥʩʢʠʤ ʰʘʭʪʦʚʠʤʘ. 

ʇʨʦʮʝʜʥʘ ʚʦʜʘ, ʩʘʢʫʧˀʝʥʘ ʜʨʝʥʘʞʥʠʤ ʩʠʩʪʝʤʦʤ ʠ ʜʦʚʝʜʝʥʘ ʜʦ ʨʝʚʠʟʠʦʥʠʭ ʰʘʭʪʦʚʘ ʟʘ 

ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʧʦʩʝʙʥʠʤ ʛʣʘʚʥʠʤ ʢʦʣʝʢʪʦʨʦʤ ʟʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʝ ʪʨʘʥʩʧʦʨʪʫʿʝ ʜʦ 

ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʪʨʝʪʤʘʥ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʦʜʥʦʩʥʦ ʜʦ ʣʘʛʫʥʘ ʟʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ. ʋʢʦʣʠʢʦ ʿʝ 

ʛʣʘʚʥʠ ʢʦʣʝʢʪʦʨ ʥʘ ʥʝʧʨʠʩʪʫʧʘʯʥʦʤ ʤʝʩʪʫ ʠʣʠ ʿʝ ʙʣʠʟʫ ʛʨʘʥʠʮʝ ʢʦʤʧʣʝʢʩʘ ʜʝʧʦʥʠʿʝ, ʧʘ 

ʪʠʤʝ ʧʦʩʪʦʿʠ ʥʝʤʦʛʫ˂ʥʦʩʪ ʠʟʛʨʘʜˁʝ ʣʘʛʫʥʝ, ʪʘʜʘ ʩʝ ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʧʨʝʧʫʤʧʘʚʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʧʫʤʧʦʤ ʠ ʧʦʪʠʩʥʠʤ ʮʝʚʦʚʦʜʦʤ ʜʦ ʧʫʤʧʥʝ ʩʪʘʥʠʮʝ ʦʜʘʢʣʝ ʩʝ ʧʨʦʮʝʜʥʘ ʚʦʜʘ 

ʚʦʜʠ ʜʦ ʤʝʩʪʘ ʛʜʝ ʿʝ ʣʘʛʫʥʘ ʠʟʛʨʘʹʝʥʘ. ʅʘ ʩʣʠʮʠ 5.13 ʧʨʠʢʘʟʘʥ je ʧʨʠʥʮʠʧ ʪʨʝʪʤʘʥʘ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. 
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ʉʣʠʢʘ 5.13 ʉʠʩʪʝʤ ʪʨʝʪʤʘʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ [146] 

ʃʘʛʫʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʠʦʣʦʰʢʝ ʙʘʟʝʥʝ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʧʨʦʮʝʩ ʘʝʨʘʮʠʿʝ ʠ ʤʝʰʘˁʘ 

ʧʨʦʮʝʜʥʝ ʜʝʧʦʥʠʿʩʢʝ ʚʦʜʝ. ʋʟ ʧʦʤʦ˂ ʘʝʨʘʮʠʿʝ ʥʘʜʦʢʥʘʹʫʿʝ ʩʝ ʢʠʩʝʦʥʠʢ ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʘʥ, ʘ 

ʫʟ ʧʦʤʦ˂ ʤʝʰʘˁʘ ʩʝ ʜʦʙʠʿʘ ʙʦˀʠ ʢʦʥʪʘʢʪ ʭʨʘʥˀʠʚʠʭ ʤʘʪʝʨʠʿʘ ʩʘ ʤʠʢʦʨʦʨʛʘʥʠʟʤʠʤʘ, ʘ 

ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʫ ʥʘʩʪʘʣʠ ʩʝ ʨʘʟʛʨʘʹʫʿʫ ʙʨʞʝ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʜʦ ʣʘʛʫʥʝ ʧʦʩʪʘʚˀʘ ʠ ʪʘʣʦʞʥʠʢ 

ʛʜʝ ʥʘʩʪʘʿʝ ʧʨʦʮʝʩ ʙʠʩʪʨʝˁʘ ʜʦʚʝʜʝʥʝ ʚʦʜʝ ʠ ʜʦʣʘʟʠ ʜʦ ʠʟʜʚʘʿʘˁʘ ʘʢʪʠʚʥʦʛ ʤʫˀʘ ʥʘ ʩʘʤʦʤ 

ʜʥʫ ʪʘʣʦʞʥʠʢʘ. ʂʘʜʘ ʩʝ ʮʝʣʦʢʫʧʘʥ ʧʨʦʮʝʩ ʟʘʚʨʰʠ, ʮʝʚʠʤʘ ʟʘ  ʨʝʮʠʨʢʫʣʘʮʠʿʫ, ʤʦʛʫ˂ʝ ʿʝ ʚʦʜʫ 

ʚʨʘʪʠʪʠ ʥʘ ʪʝʣʦ ʜʝʧʦʥʠʿʝ. 

ʈʝʮʠʨʢʫʣʘʮʠʿʦʤ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʧʦʩʪʠʞʝ ʩʝ ʧʦʚʝ˂ʘˁʝ ʠʩʧʘʨʘʚʘˁʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʠ ʪʠʤʝ ʩʝ 

ʩʤʘˁʫʿʝ ˁʝʥʘ ʟʘʧʨʝʤʠʥʘ. ʊʘʢʦʹʝ, ʚʨʘ˂ʘˁʝʤ ʧʨʦʯʠʰ˂ʝʥʝ ʚʦʜʝ ʥʘ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʩʝ 

ʫʥʘʧʨʝʹʫʿʝ ʧʨʦʮʝʩ ʨʘʟʛʨʘʹʠʚʘˁʘ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ. ʋʢʦʣʠʢʦ ʩʝ ʧʨʦʮʝʩ ʨʝʮʠʨʢʫʣʘʮʠʿʝ 

ʧʨʠʤʝˁʫʿʝ ʥʘ ʜʝʧʦʥʠʿʠ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʢʦʥʩʪʘʥʪʥʦ ʤʝʨʝ ʧʘʜʘʚʠʥʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʣʦʢʘʮʠʿʠ ʜʝʧʦʥʠʿʝ, ʜʘ ʩʝ ʚʦʜʠ ʝʚʠʜʝʥʮʠʿʘ ʦ ʜʥʝʚʥʠʤ ʠ ʥʝʜʝˀʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʜʘ 

ʩʝ ʚʨʰʠ ʢʦʥʪʨʦʣʘ ʤʠʨʠʩʘ. ʊʘʢʦʹʝ ʧʦʪʨʝʙʥʦ ʿʝ ʠ ʧʨʠʜʨʞʘʚʘʪʠ ʩʝ ʧʨʘʚʠʣʘ ʜʘ ʩʝ 

ʨʝʮʠʨʢʫʣʘʮʠʿʘ ʥʝ ʚʨʰʠ ʜʦʢ ʩʫ ʫ ʪʦʢʫ ʧʘʜʘʚʠʥʝ ʠʣʠ ʿʝ ʦʪʧʘʜ ʩʫʚʠʰʝ ʚʣʘʞʘʥ, ʢʘʦ ʠ ʜʦʢ ʚʠʩʠʥʘ 

ʦʪʧʘʜʘ ʥʝ ʧʨʝʹʝ 2,5 m. ʇʨʝʜʥʦʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʫ ʙʨʦʿʥʝ [54]: ʧʦʚʝ˂ʘˁʝ 

ʚʣʘʞʥʦʩʪʠ ʜʝʧʦʥʠʿʝ, ʩʤʘˁʝˁʝ ʟʘʧʨʝʤʠʥʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʘ ʩʝ ʪʨʝʪʠʨʘ, ʚʝ˂ʘ ʧʨʦʜʫʢʮʠʿʘ 

ʙʠʦʛʘʩʘ, ʫʿʝʜʥʘʯʘʚʘˁʝ ʢʦʣʝʙʘˁʘ ʫ ʙʠʦʣʦʰʢʠʤ ʠ ʭʝʤʠʿʩʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ, ʠʪʜ. ʅʝʜʦʩʪʘʮʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʫ: ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʨʦʮʝʹʠʚʘˁʝ ʚʦʜʘ 
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ʢʨʦʟ ʩʪʨʘʥʠʮʝ ʜʝʧʦʥʠʿʝ, ʛʦʤʠʣʘˁʝ ʤʝʪʘʣʘ, ʩʦʣʠ ʠ ʜʨʫʛʠʭ ʥʝʞʝˀʝʥʠʭ ʩʘʩʪʦʿʘʢʘ ʫ ʧʨʦʮʝʜʥʠʤ 

ʚʦʜʘʤʘ, ʧʦʚʝ˂ʘˁʝ ʢʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʫʢʦʣʠʢʦ ʿʝ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʚʝ˂ʘ ʦʜ 

ʠʩʧʘʨʘʚʘˁʘ. 

ʀʩʧʠʪʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʩʘ ʜʝʧʦʥʠʿʝ ʚʨʰʝ ʩʝ 

ʫ ʘʢʨʝʜʠʪʦʚʘʥʠʤ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ. ʃʘʙʦʨʘʪʦʨʠʿʝ ʩʝ ʤʦʛʫ ʥʘʣʘʟʠʪʠ ʥʘ ʩʘʤʦʿ ʣʦʢʘʮʠʿʠ 

ʜʝʧʦʥʠʿʝ ʠʣʠ ʥʘ ʥʝʢʦʤ ʜʨʫʛʦʤ ʤʝʩʪʫ ʛʜʝ ʩʝ ʜʦʧʨʝʤʘʿʫ ʫʟʦʨʮʠ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ [54]. 

ʀʩʧʠʪʠʚʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʧʦʪʨʝʙʥʦ ʿʝ ʚʨʰʠʪʠ ʨʝʜʦʚʥʦ ʧʦʩʣʝ ʩʚʘʢʝ ʧʘʜʘʚʠʥʝ. ʂʘʜʘ ʩʝ 

ʫʟʠʤʘʿʫ ʫʟʦʨʮʠ ʧʨʝ ʩʚʝʛʘ ʩʝ ʨʝʛʠʩʪʨʫʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʜʥʝ ʚʦʜʘ, ˁʝʥ ʧʨʦʪʦʢ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʧʨʠ ʫʟʠʤʘˁʫ ʫʟʦʨʢʘ. ʋ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʦʧʨʝʤˀʝʥʠʤ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʘʥʘʣʠʟʠʨʘʿʫ ʩʝ ʩʣʝʜʝ˂ʠ ʝʣʝʤʝʥʪʠ: pH, BPK5, HPʂ, 

ʩʫʩʧʝʥʜʦʚʘʥʝ ʤʘʪʝʨʠʿʝ, ʬʝʥʦʣʠ, ʭʣʦʨʠʜʠ, ʮʠʿʘʥʠʜʠ, ʬʦʩʬʘʪʠ, ʩʫʣʬʘʪʠ, ʢʘʣʠʿʫʤ, ʢʘʣʮʠʿʫʤ, 

ʛʚʦʞʹʝ, ʤʘʥʛʘʥ, ʥʘʪʨʠʿʫʤ, ʘʟʦʪ, ʞʠʚʘ, ʘʨʩʝʥ, ʥʠʢʣ, ʭʨʦʤ, ʦʣʦʚʦ, ʥʠʪʨʘʪʠ, ʥʠʪʨʠʪʠ, ʠʪʜ. 

ʇʨʘʚʥʦʤ ʨʝʛʫʣʘʪʠʚʦʤ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʫʩʪʘʥʦʚˀʝʥʝ ʩʫ ʤʘʢʩʠʤʘʣʥʝ ʜʦʟʚʦˀʝʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʧʦʜʟʝʤʥʠʤ, ʧʦʚʨʰʠʥʩʢʠʤ, ʦʪʧʘʜʥʠʤ ʚʦʜʘʤʘ ʠ ʫ ʧʠʿʘ˂ʠʤ 

ʚʦʜʘʤʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʫʩʪʘʥʦʚˀʘʚʘ ʜʘ ʣʠ ʥʝʢʝ ʩʫʧʩʪʘʥʮʝ ʧʨʝʣʘʟʝ ʜʦʟʚʦˀʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʠ ʧʨʝʜʣʘʞʫ ʥʘʨʝʜʥʠ ʢʦʨʘʮʠ ʢʘʢʦ ʙʠ ʩʝ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʟʘʰʪʠʪʠʣʘ ʦʜ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʦʣʫʪʘʥʘʪʘ [70], [72].  

5.1.6 ɹʨʘʥʝ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ 

ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʣʦʢʘʮʠʿʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʫ ʥʘʛʠʙʫ, ʧʨʦʿʝʢʪʫʿʫ ʩʝ ʙʨʘʥʝ ʢʘʢʦ ʙʠ ʩʝ 

ʩʘʢʫʧʠʣʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʧʦ ʧʨʦʮʝʜʫʨʠ ʠ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʘ ʩʪʘʙʠʣʥʦʩʪ 

ʤʘʩʝ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ. ʋʢʦʣʠʢʦ ʿʝ ʜʝʧʦʥʠʿʘ ʚʝ˂ʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ʫ ʥʘʛʠʙʫ ʿʝ ʤʦʞʝ ʩʝ 

ʧʨʦʿʝʢʪʦʚʘʪʠ ʚʠʰʝ ʙʨʘʥʘ ʩʘ ʤʘˁʦʤ ʚʠʩʠʥʦʤ ʠʟʤʝʹʫ 4 m ʠ 5 m ʠʣʠ ʘʢʦ ʩʝ ʧʨʦʿʝʢʪʫʿʝ ʿʝʜʥʘ 

ʙʨʘʥʘ ʫ ʧʦʜʥʦʞʿʫ ʜʝʧʦʥʠʿʝ ˁʝʥʘ ʚʠʩʠʥʘ ʙʠ ʪʨʝʙʘʣʦ ʙʠʪʠ ʤʘʢʩʠʤʘʣʥʦ 30 m. ʅʘ ʩʣʠʮʠ 5.14 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʙʨʘʥʘ ʥʘ ʜʝʧʦʥʠʿʠ ʢʦʿʘ ʿʝ ʫ ʥʘʛʠʙʫ. 
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ʉʣʠʢʘ 5.14 ɹʨʘʥʘ ʥʘ ʜʝʧʦʥʠʿʠ ʢʦʿʘ ʿʝ ʫ ʥʘʛʠʙʫ  (4. ʟʘʰʪʠʪʥʠ ʢʘʥʘʣʠ ʟʘ ʢʠʰʫ, 5. ʪʝʣʦ ʜʝʧʦʥʠʿʝ, 8. 

ʙʨʘʥʘ, 9. ʦʜʚʦʜ ʜʨʝʥʘʞʥʠʭ ʚʦʜʘ, 11. ʜʥʝʚʥʠ ʧʨʝʢʨʠʚʥʠ ʩʣʦʿ ʤʘʪʝʨʠʿʘʣʘ, 12. ʟʘʚʨʰʥʠ ʧʨʝʢʨʠʚʥʠ 

ʩʣʦʿ) [54] 

ɹʨʘʥʝ ʩʝ ʦʙʠʯʥʦ ʛʨʘʜʝ ʦʜ ʟʝʤˀʝ ʠ ʧʦʞʝˀʥʦ ʿʝ ʢʦʨʠʩʪʠʪʠ ʣʦʢʘʣʥʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ 

ʫ ʙʣʠʟʠʥʠ ʜʝʧʦʥʠʿʝ. ʂʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʘ ʬʠʣʪʨʘʮʠʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʠʩʧʦʜ 

ʪʝʣʘ ʙʨʘʥʝ, ʿʝʟʛʨʦ ʙʨʘʥʝ ʩʝ ʫʢʦʧʘʚʘ ʤʠʥʠʤʘʣʥʦ 0.5 m ʫ ʚʦʜʦʥʝʧʨʦʧʫʩʥʠ ʩʣʦʿ [54]. 

5.2 ɼʝʧʦʥʦʚʘˁʝ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ 

ʆʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ ʤʦʞʝ ʙʠʪʠ ʨʘʟʣʠʯʠʪʦ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ 

ʢʘʢʚʘ ʩʫ ʛʝʦʤʦʨʬʦʣʦʰʢʘ ʠ ʭʠʜʨʦʛʝʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʪʝʨʝʥʘ, ʢʘʢʚʘ ʿʝ ʛʝʦʣʦʰʢʘ ʛʨʘʹʘ ʪʝʨʝʥʘ 

ʠ ʢʘʢʚʝ ʩʫ ʛʝʦʜʠʥʘʤʠʯʢʝ ʧʦʿʘʚʝ ʥʘ ʪʝʨʝʥʫ. ʇʨʝʤʘ ʪʦʤʝ, ʜʝʧʦʥʦʚʘˁʝ ʦʪʧʘʜʘ ʤʦʞʝ ʙʠʪʠ:  

¶ ʧʦʚʨʰʠʥʩʢʦ,  

¶ ʢʘˁʦʥʩʢʦ,  

¶ ʨʦʚʦʚʩʢʦ. 

ʇʦʚʨʰʠʥʩʢʦ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʚʨʰʠ ʩʝ ʢʘʜʘ ʿʝ ʣʦʢʘʮʠʿʘ ʜʝʧʦʥʠʿʝ ʪʘʢʚʘ ʜʘ ʟʙʦʛ ʚʠʩʦʢʦʛ ʥʠʚʦʘ 

ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, ʠʩʢʦʧʘʚʘˁʝ ʨʦʚʦʚʘ ʥʠʿʝ ʧʦʛʦʜʥʦ 

ʈʦʚʦʚʩʢʠ ʥʘʯʠʥ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʢʘʜʘ ʥʠʚʦ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʥʘ ʣʦʢʘʮʠʿʠ 

ʜʦʟʚʦˀʘʚʘ ʠʩʢʦʧʘʚʘˁʝ ʨʦʚʦʚʘ. ɼʫʙʠʥʘ ʠʩʢʦʧʘʥʦʛ ʨʦʚʘ ʟʘʚʠʩʠ ʦʜ ʫʩʣʦʚʘ ʪʝʨʝʥʘ ʘʣʠ ʿʝ 

ʦʙʠʯʥʦ ʦʢʦ 2,5 m, ʜʦʢ ʿʝ ʰʠʨʠʥʘ ʨʦʚʦʚʘ ʫʛʣʘʚʥʦʤ ʦʜ 7 m ʜʦ 15 m [54]. 

ʂʘˁʦʥʩʢʠ ʪʠʧ ʜʝʧʦʥʦʚʘˁʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ ʣʦʢʘʮʠʿʘʤʘ ʛʜʝ ʧʦʩʪʦʿʝ ʚʝ˂ʝ ʢʦʩʠʥʝ ʜʝʧʦʥʠʿʝ 

ʠʣʠ ʩʪʨʘʥʠʮʝ ʜʝʧʦʥʠʿʝ, ʧʘ ʪʠʤʝ ʜʝʧʦʥʦʚʘˁʝ ʤʦʞʝ ʙʠʪʠ ʠ ʢʦʤʙʠʥʦʚʘʥʦ. ʇʘʜʦʚʠ ʢʦʩʠʥʘ 

ʧʨʠʣʠʢʦʤ ʜʝʧʦʥʦʚʘˁʘ ʦʪʧʘʜʘ ʙʠ ʪʨʝʙʘʣʦ ʤʘʢʩʠʤʘʣʥʦ ʜʘ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪ 1:4, ʘ ʤʠʥʠʤʘʣʥʦ 

1:2. 
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ʆʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʣʘʥʠʨʘ ʟʘ ʛʦʜʠʥʫ ʜʘʥʘ, ʘʣʠ ʩʝ ʨʘʜʠ ʠ ʤʝʩʝʯʥʠ ʠ ʥʝʜʝˀʥʠ 

ʧʣʘʥ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʠ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʩʝ ʨʝʘʣʠʟʫʿʝ ʫ ʥʝʢʦʣʠʢʦ ʬʘʟʘ. ʇʦʚʨʰʠʥʝ ʟʘ 

ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʩʫ ʢʦʜ ʤʘˁʠʭ ʜʝʧʦʥʠʿʘ ʦʜ 10 m ʜʦ 15 m, ʜʦʢ ʢʦʜ ʚʝ˂ʠʭ ʜʝʧʦʥʠʿʘ ʰʠʨʠʥʘ 

ʤʦʞʝ ʙʠʪʠ ʠ ʜʦ 50 m. 
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6. ʄɽʊʆɼɽ ʄʆɼɽʃʀʈɸɳɸ ʇɸʈɸʄɽʊɸʈɸ ʄʀɻʈɸʎʀɱɽ 

ɼɽʇʆʅʀɱʉʂʀʍ ʇʈʆʎɽɼʅʀʍ ɺʆɼɸ 

ʇʨʦʨʘʯʫʥʠ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʘʞʘʥ ʘʩʧʝʢʪ ʫ ʦʙʣʘʩʪʠ 

ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʠ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʄʝʪʦʜʝ ʧʨʦʨʘʯʫʥʘ ʧʦʤʘʞʫ ʫ ʧʨʦʮʝʥʠ 

ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʢʚʘʣʠʪʝʪ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ ʠ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʫʦʧʰʪʝ [17], [21], [56], [112], [147] [148], [149].  

Mʝʪʦʜe ʟʘ ʧʨʦʨʘʯʫʥ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʤʦʛʫ ʙʠʪʠ [36]: 

1. ʍʠʜʨʦʛʝʦʣʦʰʢʦ ʤʦʜʝʣʠʨʘˁʝ  

¶ ʄʦʜʝʣʠ ʙʠʣʘʥʩʘ ʚʦʜʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʢʦʿʘ ʫʣʘʟʠ, 

ʩʢʣʘʜʠʰʪʠ ʩʝ ʠ ʥʘʧʫʰʪʘ ʜʝʧʦʥʠʿʫ. ʆʚʘʢʚʠ ʪʠʧʦʚʠ ʤʦʜʝʣʘ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ 

ʧʘʜʘʚʠʥʝ, ʝʚʘʧʦʨʘʮʠʿʫ, ʠʥʬʠʣʪʨʘʮʠʿʫ ʠ ʧʦʚʨʰʠʥʩʢʦ ʦʪʠʮʘˁʝ.  

¶ ʄʦʜʝʣʠ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʢʨʝʪʘˁʘ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʜʝʧʦʥʠʿʫ ʠ ʦʢʦʣʥʫ ʩʨʝʜʠʥʫ. ʆʚʠ ʤʦʜʝʣʠ ʫʢˀʫʯʫʿʫ 

ʜʠʬʫʟʠʿʫ, ʘʜʚʝʢʮʠʿʫ ʠ ʜʠʩʧʝʨʟʠʿʫ ʢʦʥʪʘʤʠʥʘʥʘʪʘ. 

2. ɻʝʦʭʝʤʠʿʩʢʦ ʤʦʜʝʣʠʨʘˁʝ  

¶ ɸʥʘʣʠʟʘ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ï ʚʨʰʠ ʩʝ ʧʨʦʮʝʥʘ ʢʚʘʣʠʪʝʪʘ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ ʫ ʧʦʛʣʝʜʫ pH ʚʨʝʜʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʥʪʘʤʠʥʘʥʘʪʘ ʠ ʜʨʫʛʠʭ 

ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ.  

¶ ʄʦʜʝʣʠʨʘˁʝ ʠʥʪʝʨʘʢʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʟʝʤˀʠʰʪʝʤ -  ʧʨʦʮʝʜʥʝ ʚʦʜʝ 

ʤʦʛʫ ʨʝʘʛʦʚʘʪʠ ʩʘ ʟʝʤˀʠʰʪʝʤ ʠ ʩʪʝʥʘʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʘʜʩʦʨʧʮʠʿʫ ʠ ʢʘʪʿʦʥʩʢʫ 

ʨʘʟʤʝʥʫ. 

3. ʄʝʭʘʥʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ  

¶ ʄʦʜʝʣʠʨʘˁʝ ʬʠʟʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʧʦʥʠʿʝ ʢʦʿʝ ʫʢˀʫʯʫʿʝ ʘʥʘʣʠʟʫ 

ʩʪʨʫʢʪʫʨʝ ʜʝʧʦʥʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ ʙʘʨʠʿʝʨʥʠ ʩʣʦʿʝʚʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʩʘʢʫʧˀʘˁʝ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʤʠʛʨʘʮʠʿʫ ʚʦʜʘ.  

¶ ʉʠʤʫʣʘʮʠʿʘ ʧʨʦʧʫʰʪʘˁʘ ʠ ʧʨʝʢʠʜʘ ʨʘʜʘ ʟʘʰʪʠʪʥʠʭ ʙʘʨʠʿʝʨʘ ï ʚʨʰʝ ʩʝ 

ʧʨʦʨʘʯʫʥʠ ʟʘ ʩʮʝʥʘʨʠʿʝ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʦʰʪʝ˂ʝˁʘ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʫ 

ʟʘʰʪʠʪʥʠʤ ʩʣʦʿʝʚʠʤʘ ʜʥʘ ʜʝʧʦʥʠʿʝ ʢʦʿʠ ʤʦʛʫ ʫʟʨʦʢʦʚʘʪʠ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦ 

ʧʨʦʧʫʰʪʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. 
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4. ʉʧʝʮʠʿʘʣʠʟʦʚʘʥʠ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ ï MODUELO, HELP, MODFLOW, HYDRUS, 

LandSim ʠ ʜʨ. -  ʩʦʬʪʚʝʨʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʝʣʠʨʘˁʝ ʭʠʜʨʦʛʝʦʣʦʰʢʠʭ ʠ 

ʛʝʦʭʝʤʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʥʘ ʜʝʧʦʥʠʿʘʤʘ. 

ʋʟ ʧʦʤʦ˂ ʨʘʟʣʠʯʠʪʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ ʩʪʚʘʨʘ ʩʝ ʜʝʪʘˀʥʠʿʠ ʫʚʠʜ ʦ ʪʦʤʝ ʢʘʢʦ ʧʨʦʮʝʜʥʝ 

ʚʦʜʝ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʢʘʢʦ ʥʘʿʙʦˀʝ ʫʧʨʘʚˀʘʪʠ ʨʠʟʠʮʠʤʘ ʢʦʠʿ ʧʨʦʮʝʜʥʝ 

ʚʦʜʝ ʤʦʛʫ ʜʦʥʝʪʠ. ʇʨʠʤʝʥʘ ʦʚʠʭ ʤʝʪʦʜʘ ʦʤʦʛʫ˂ʘʚʘ ʝʢʩʧʝʨʪʠʤʘ ʫ ʦʙʣʘʩʪʠ ʫʧʨʘʚˀʘˁʘ 

ʦʪʧʘʜʦʤ ʜʘ ʨʘʟʚʠʿʫ ʝʬʠʢʘʩʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʤʠʥʠʤʠʟʠʨʘˁʝ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʜʝʧʦʥʠʿʩʢʠʭ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ [53]. 

6.1. ʄʝʪʦʜʘ ʧʨʦʨʘʯʫʥʘ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʦʬʪʚʝʨʦʤ MODUELO 

4.0 

MODUELO 4.0 ʿʝ ʧʨʦʛʨʘʤ ʨʘʟʚʠʿʝʥ ʥʘ ʦʩʥʦʚʫ ʧʨʝʛʣʝʜʘ ʧʦʩʪʦʿʝ˂ʠʭ ʤʦʜʝʣʘ, ʧʨʠʣʘʛʦʹʘʚʘʿʫ˂ʠ 

ʠʭ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʠʢʘʟʫ ʜʝʧʦʥʠʿʝ ʩʘʩʪʘʚˀʝʥʦʤ ʦʜ ʩʣʦʿʝʚʘ ʩʘʯʠˁʝʥʠʭ ʦʜ ˂ʝʣʠʿʘ 

ʢʚʘʜʨʘʪʥʦʛ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʧʨʝʩʝʢʘ. MODUELO 4.0 ʧʨʦʮʝˁʫʿʝ ʜʥʝʚʥʝ ʧʦʜʘʪʢʝ ʦ ʢʦʣʠʯʠʥʠ 

ʚʣʘʛʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ ʜʝʧʦʥʠʿʝ, ʟʘʧʨʝʤʠʥʠ ʠ ʩʘʩʪʘʚʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʪʦʢʦʚʠʤʘ ʚʦʜʝ 

ʢʨʦʟ ʦʢʦʣʠʥʫ, ʢʦʣʠʯʠʥʠ ʠ ʩʘʩʪʘʚʫ ʛʘʩʘ ʢʦʿʠ ʩʝ ʩʪʚʘʨʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ [150]. 

ʅʘ ʩʣʠʮʠ 6.1 ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʦʧʰʪʝʛ ʘʣʛʦʨʠʪʤʘ ʩʦʬʪʚʝʨʘ. ʂʦʨʠʩʥʠʢ ʫʥʦʩʠ ʧʦʜʘʪʢʝ ʦ 

ʤʦʨʬʦʣʦʛʠʿʠ ʜʝʧʦʥʠʿʝ, ʦʙʣʠʢʫ ʨʘʜʘ, ʣʦʢʘʣʥʠʤ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ ʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʜʝʧʦʥʦʚʘʥʦʛ ʦʪʧʘʜʘ. ʉʘ ʦʚʠʤ ʠʥʬʦʨʤʘʮʠʿʘʤʘ, ʧʨʦʛʨʘʤ ʩʠʤʫʣʠʨʘ ʨʘʩʪ ʠ 

ʨʘʜ ʜʝʧʦʥʠʿʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, ʭʠʜʨʦʣʦʰʢʝ ʧʦʿʘʚʝ ʥʘ ʧʦʚʨʰʠʥʠ ʠ ʫʥʫʪʘʨ ʦʪʧʘʜʘ, ˁʝʛʦʚʫ 

ʙʠʦʨʘʟʛʨʘʜˁʫ ʠ ˁʝʛʦʚʦ ʩʣʝʛʘˁʝ ʩʘʙʠʿʘˁʝʤ ʠ ʜʝʛʨʘʜʘʮʠʿʦʤ. ʂʘʦ ʨʝʟʫʣʪʘʪ, ʝʚʦʣʫʮʠʿʘ 

ʜʝʧʦʥʠʿʝ ʩʝ ʤʦʞʝ ʘʥʘʣʠʟʠʨʘʪʠ ʪʦʢʦʤ ˁʝʥʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ. 
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ʉʣʠʢʘ 6.1 ʐʝʤʘ ʦʧʰʪʝʛ ʘʣʛʦʨʠʪʤʘ ʧʨʦʨʘʯʫʥʘ ʩʦʬʪʚʝʨʘ MODUELO 4.0  [150] 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʧʘʨʘʤʝʪʨʝ ʦ ʜʝʧʦʥʠʿʠ ʠ ʤʝʪʝʦʨʦʣʦʰʢʝ ʧʦʜʘʪʢʝ, ʚʨʰʠ ʩʝ ʧʦʚʨʰʠʥʩʢʘ 

ʭʠʜʨʦʣʦʰʢʘ ʨʘʚʥʦʪʝʞʘ ʠ ʩʠʤʫʣʠʨʘ ʩʝ ʭʠʜʨʦʣʦʰʢʠ ʪʦʢ ʫʥʫʪʘʨ ʜʝʧʦʥʠʿʝ ʢʘʢʦ ʙʠ ʩʝ 

ʠʟʨʘʯʫʥʘʣʘ ʚʣʘʞʥʦʩʪ ʦʪʧʘʜʘ ʫ ʩʚʘʢʦʿ ˂ʝʣʠʿʠ ʠ ʧʨʦʪʦʢ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʘ ʩʝ ʩʪʚʘʨʘ ʥʘ 

ʜʥʝʚʥʦʤ ʥʠʚʦʫ. 

ʀʥʬʠʣʪʨʘʮʠʿʘ 

ɿʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʠʥʬʠʣʪʨʘʮʠʿʝ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ, ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʧʘʜʘʚʠʥʝ ʠ ʦʪʠʮʘˁʝ, ʢʦʨʠʩʪʠ 

ʩʝ ʍʦʨʪʦʥʦʚʘ ʬʦʤʫʣʘ [151]: 

Ὢ Ὢ Ὢ Ὢ Ὡz ᶻ                                          ( 6.1) 

ɻʜʝ ʿʝ: 
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f - ʢʘʧʘʮʠʪʝʪ ʠʥʬʠʣʪʨʘʮʠʿʝ ʪʣʘ (mm/h), 

t - ʚʨʝʤʝ ʧʨʦʪʝʢʣʦ ʦʜ ʧʦʯʝʪʢʘ ʧʘʜʘʚʠʥʘ (h), 

fc - ʤʠʥʠʤʘʣʥʠ ʢʘʧʘʮʠʪʝʪ ʠʥʬʠʣʪʨʘʮʠʿʝ ʪʣʘ, ʜʦʩʪʠʛʥʫʪ ʥʘʢʦʥ ʦʜʨʝʹʝʥʦʛ ʚʨʝʤʝʥʘ 

(mm/h), 

fo- ʤʘʢʩʠʤʘʣʥʠ ʠʥʠʮʠʿʘʣʥʠ ʢʘʧʘʮʠʪʝʪ ʠʥʬʠʣʪʨʘʮʠʿʝ ʪʣʘ, ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʢʘʜʘ ʧʦʯʥʫ 

ʧʘʜʘʚʠʥʝ (mm/h), 

e- ʧʦʨʦʟʥʦʩʪ ˂ʝʣʠʿʝ (ʟʘʧʨʝʤʠʥʘ ʚʘʢʫʫʤʘ / ʫʢʫʧʥʘ ʟʘʧʨʝʤʠʥʘ). 

 

ʇʨʦʪʦʢ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʝʢʩʪʨʘʭʦʚʘʥʝ ʧʦ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʠʟ ʩʚʘʢʝ ˂ʝʣʠʿʝ, ʧʨʦʮʝˁʫʿʝ ʩʝ ʥʘ 

ʦʩʥʦʚʫ ʚʠʩʠʥʝ ʩʣʦʙʦʜʥʝ ʧʦʚʨʰʠʥʝ ˂ʝʣʠʿʝ ʠ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʬʦʨʤʫʣʦʤ [151]:  

ὗ “Ͻὑ
 ϳ

                                                    (6.2) 

ʛʜʝ ʿʝ: 

Q - ʧʨʦʪʦʢ ʧʨʦʮʝʜʥʝ ʚʦʜʝ (m3/s) 

h0- ʚʠʩʠʥʘ ʩʣʦʙʦʜʥʝ ʧʦʚʨʰʠʥʝ ˂ʝʣʠʿʝ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʨʝʟʝʨʚʦʘʨʘ (m) 

hp- ʚʠʩʠʥʘ ʥʠʚʦʘ ʚʦʜʝ ʫ ʨʝʟʝʨʚʦʘʨʫ (m) 

rp- ʧʦʣʫʧʨʝʯʥʠʢ ʨʝʟʝʨʚʦʘʨʘ (m) 

KH- ʟʘʩʠ˂ʝʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʧʝʨʤʝʘʙʠʣʥʦʩʪ ʦʪʧʘʜʘ (m/s) 

r0- ʨʘʜʠʿʫʩ ʫʪʠʮʘʿʘ, ʫʟʝʪ ʢʘʦ ʧʦʣʫʧʨʝʯʥʠʢ ʨʝʟʝʨʚʦʘʨʘ ʯʠʿʘ ʩʝ ʧʦʚʨʰʠʥʘ ʧʦʢʣʘʧʘ ʩʘ 

ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʦʚʨʰʠʥʦʤ ˂ʝʣʠʿʝ (m) 

 

ʇʨʦʪʦʢ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʿʝʜʥʘʢ ʿʝ ʚʠʩʠʥʠ ʚʦʜʝ ʘʢʫʤʫʣʠʨʘʥʝ ʥʘ ʥʝʧʨʦʧʫʩʥʦʤ ʜʥʫ ʜʝʧʦʥʠʿʝ.  

ɿʘʧʨʝʤʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ [151]: 

ὠέὰ“Ͻὑ Ͻὶ
ȟ Ͻ

 
Ўὸ                                              (6.3) 

ʛʜʝ ʿʝ: 

Vol- ʟʘʧʨʝʤʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ (m3),  

Hlibre - ʚʠʩʠʥʘ ʚʦʜʝ ʘʢʫʤʫʣʠʨʘʥʝ ʥʘ ʜʥʫ ˂ʝʣʠʿʝ (m), 

æt - ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʧʨʦʨʘʯʫʥʘ. 

 

ʆʚʠ ʧʦʜʘʮʠ ʩʣʫʞʝ ʢʘʦ ʧʦʣʘʟʥʘ ʪʘʯʢʘ ʟʘ ʧʨʦʨʘʯʫʥʝ ʙʠʦʨʘʟʛʨʘʜˁʝ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ 

ʧʦʣʫʪʘʥʪʥʠʤʘ ʢʦʿʝ ʥʦʩʠ ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʠ ʛʝʥʝʨʠʩʘʥʠ ʙʠʦʛʘʩ. ʉʣʝʛʘˁʘ ʩʝ ʪʘʜʘ ʠʟʨʘʯʫʥʘʚʘ ʥʘ 

ʦʩʥʦʚʫ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʠ ʛʫʙʠʪʘʢʘ ʤʘʩʝ. ʂʦʥʘʯʥʦ, ʫʩʧʦʩʪʘʚˀʘ ʩʝ ʨʘʚʥʦʪʝʞʘ ʫʧʨʘʚˀʘˁʘ 
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ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʩʪʨʘʪʝʛʠʿʦʤ ʩʢʣʘʜʠʰʪʝˁʘ ʠʣʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ [151]. 

ʉʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʥʝʤʘ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ 

ʥʘ ʢʦʣʠʯʠʥʫ ʠ ʤʠʛʨʘʮʠʿʫ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʟʘʩʠ˂ʝʥʫ ʠ ʥʝʟʘʩʠ˂ʝʥʫ ʟʦʥʫ. 

6.2. ʄʝʪʦʜʘ ʧʨʦʨʘʯʫʥʘ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʦʬʪʚʝʨʦʤ HELP 

HELP (Hydrologic Evaluation of Landfill Performance) ʿʝ ʢʚʘʟʠ-ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ 

ʭʠʜʨʦʣʦʰʢʠ ʤʦʜʝʣ ʟʘ ʘʥʘʣʠʟʫ ʤʠʛʨʘʮʠʿʝ ʚʦʜʝ ʥʘ ʜʝʧʦʥʠʿʘʤʘ. ʄʦʜʝʣ ʧʨʠʭʚʘʪʘ ʧʦʜʘʪʢʝ ʦ 

ʢʣʠʤʘʪʦʣʦʛʠʿʠ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʟʝʤˀʠʰʪʘ ʠ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʜʝʧʦʥʠʿʝ [152]. 

ʋʟʠʤʘ ʫ ʦʙʟʠʨ ʝʬʝʢʪʝ ʢʘʦ ʰʪʦ ʩʫ ʧʦʚʨʰʠʥʩʢʦ ʩʢʣʘʜʠʰʪʝˁʝ, ʦʪʘʧʘˁʝ ʩʥʝʛʘ, ʧʦʚʨʰʠʥʩʢʦ 

ʦʪʠʮʘˁʝ, ʠʥʬʠʣʪʨʘʮʠʿʘ, ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ, ʨʘʩʪ ʙʠˀʘʢʘ, ʩʢʣʘʜʠʰʪʝˁʝ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ, 

ʧʦʜʟʝʤʥʘ ʙʦʯʥʘ ʜʨʝʥʘʞʘ, ʨʝʮʠʨʢʫʣʘʮʠʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʚʝʨʪʠʢʘʣʥʘ ʜʨʝʥʘʞʘ ʫ 

ʥʝʟʘʩʠ˂ʝʥʦʤ ʪʦʢʫ ʠ ʮʫʨʝˁʝ ʢʨʦʟ ʟʝʤˀʫ ʠʣʠ ʛʝʦ-ʤʝʤʙʨʘʥʝ [153]. ʇʨʦʛʨʘʤ ʦʤʦʛʫ˂ʘʚʘ ʘʥʘʣʠʟʫ 

ʚʦʜʥʠʭ ʙʠʣʘʥʩʘ ʠ ʧʨʦʮʝʥʫ ʦʪʠʮʘˁʘ, ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ, ʜʨʝʥʘʞʝ, ʩʘʢʫʧˀʘˁʘ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ ʠ ʮʫʨʝˁʘ ʧʦ ʦʙʦʜʫ ʫ ʨʘʜʫ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʜʝʧʦʥʠʿʘ [151].  

ʀʥʬʠʣʪʨʘʮʠʿʘ ʚʦʜʝ ʩʘ ʧʦʚʨʰʠʥʝ ʜʝʧʦʥʠʿʝ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ [25] 

Ὅ ὖ Ὁ ὙέὪὪ                                                        (6.4) 

ʛʜʝ ʿʝ: 

I- ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʢʦʿʘ ʫʣʘʟʠ ʫ ʪʝʣʦ ʜʝʧʦʥʠʿʝ (m3),  

P- ʧʘʜʘʚʠʥe (m3), 

ɽ - ʠʩʧʘʨʘʚʘˁʝ (m3), 

Roff - ʧʦʚʨʰʠʥʩʢʦ ʦʪʠʮʘˁʝ ʩʘ (m3). 

 

ʂʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ - ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʝ ʢʨʝʪʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʜʝʧʦʥʠʿʝ ʜʝʰʘʚʘ 

ʩʘʤʦ ʫ ʟʘʩʠ˂ʝʥʠʤ ʫʩʣʦʚʠʤʘ, ʢʘʜʘ ʠʥʬʠʣʪʨʠʨʘʥʘ ʚʦʜʘ ʠ ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʦʪʧʘʜʫ ʧʨʝʤʘʰʫʿʫ 

ʢʘʧʘʮʠʪʝʪ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦʤ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ [25]: 

ὒ Ὅ ὡ Ὂὅ                                                              (6.5) 

ʛʜʝ ʿʝ: 

L- ʂʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ (m3), 

Wm- ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʦʪʧʘʜ , 
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FC- ʢʘʧʘʮʠʪʝʪ ʪʝʣʘ ʜʝʧʦʥʠʿʝ. 

 

ɹʠʣʘʥʩ ʚʦʜʝ ʥʘ ʜʝʧʦʥʠʿʠ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʿʝʜʥʘʯʠʥʦʤ [144]: 

ὒ ὖ ὉὝὥὙ Ὀ ЎὛ                                                  (6.6) 

ʛʜʝ ʿʝ: 

L - ʙʨʟʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ (m3),  

P ï ʧʘʜʘʚʠʥʝ (m3),  

ɽʊʘ - ʩʪʚʘʨʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ (m3),  

ʈ ï ʦʪʠʮʘˁʝ (m3),  

D - ʙʦʯʥʘ ʜʨʝʥʘʞʘ (m3),  

æS - ʧʨʦʤʝʥʘ ʩʘʜʨʞʘʿʘ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ (mm/ʛʦʜ). 

 

ʂʘʢʦ ʦʚʘʿ ʤʦʜʝʣ ʥʝʤʘ ʦʢʚʠʨ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʜʘ ʩʧʝʮʠʬʠʮʠʨʘ ʢʨʠʪʠʯʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʟʘʛʘʹʫʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʜʘ ʙʠ ʩʝ ʢʘʩʥʠʿʝ ʫʧʦʨʝʜʠʣʝ ʩʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 

ʟʘʛʘʹʫʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʫʣʘʟʝ ʫ ʮʠˀʥʦ ʪʝʣʦ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʦʚʘʿ ʤʦʜʝʣ ʩʝ ʿʘʢʦ ʯʝʩʪʦ 

ʢʦʨʠʩʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʩʦʬʪʚʝʨʠʤʘ [154]. 

 

ʉʣʠʢʘ 6.2 HELP ʠ LandSim ʤʦʜʝʣʠ, ʧʘʨʘʤʝʪʨʠ ʠ ʧʨʦʮʝʩʠ ˁʠʭʦʚʦʛ ʧʦʚʝʟʠʚʘˁʘ [31] 

ɿʘ ʧʨʝʜʚʠʹʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, HELP ʤʦʜʝʣ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ  ʟʘ ʧʨʝʜʠʢʮʠʿʫ 

ʠʥʬʠʣʪʨʘʮʠʿʝ ʧʨʝʤʘ ʩʮʝʥʘʨʠʿʫ ʧʨʦʿʝʢʪʦʚʘˁʘ. ɼʦʙʠʿʝʥʠ ʧʦʜʘʮʠ ʠʟ ʦʚʦʛ ʤʦʜʝʣʘ ʩʝ ʤʦʛʫ 

ʢʦʨʠʩʪʠʪʠ ʟʘʿʝʜʥʦ ʩʘ LandSim ʤʦʜʝʣʦʤ ʢʦʿʠʤ ʩʝ ʜʦʙʠʿʘʿʫ ʜʨʫʛʠ ʧʨʦʿʝʢʪʥʠ ʧʘʨʘʤʝʪʨʠ ʟʘ 
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ʩʠʤʫʣʘʮʠʿʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʝʤʠʩʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʢʘʦ ʠ ʤʠʛʨʘʮʠʿʝ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʟʘʩʠ˂ʝʥʠʤ ʠ ʥʝʟʘʩʠ˂ʝʥʠʤ ʟʦʥʘʤʘ ʥʘʢʦʥ ʮʫʨʝˁʘ [31]. 

6.3. ʄʝʪʦʜʘ ʧʨʦʨʘʯʫʥʘ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʦʬʪʚʝʨʦʤ LandSim 

LandSim ʿʝ ʤʦʜʝʣ ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʦʿʠ ʢʦʨʠʩʪʠ ʪʝʭʥʠʢʫ ʄʦʥʪʝ ʂʘʨʣʦ ʩʠʤʫʣʘʮʠʿʝ ʟʘ ʥʘʩʫʤʠʯʘʥ 

ʦʜʘʙʠʨ ʠʟ, ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʦʛ, ʦʧʩʝʛʘ ʤʦʛʫ˂ʠʭ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ ʜʘ ʙʠ ʩʝ ʢʨʝʠʨʘʣʠ 

ʧʘʨʘʤʝʪʨʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʤʦʜʝʣʘ [132]. 

LandSim ʿʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥ ʩʦʬʪʚʝʨʩʢʠ ʘʣʘʪ ʥʘʤʝˁʝʥ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʠ ʫʧʨʘʚˀʘˁʝ 

ʫʪʠʮʘʿʠʤʘ ʜʝʧʦʥʠʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʆʚʘʿ ʩʦʬʪʚʝʨ ʩʝ ʢʦʨʠʩʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʘʟʘʤʘ 

ʨʘʟʚʦʿʘ ʠ ʫʧʨʘʚˀʘˁʘ ʜʝʧʦʥʠʿʘʤʘ, ʧʨʫʞʘʿʫ˂ʠ ʜʝʪʘˀʥʝ ʘʥʘʣʠʟʝ ʠ ʧʨʦʛʥʦʟʝ ʫʪʠʮʘʿʘ. LandSim 

ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʧʨʠʣʠʢʦʤ [155]: 

¶ ʧʨʦʿʝʢʪʦʚʘˁʘ ʥʦʚʠʭ ʜʝʧʦʥʠʿʘ - ʫ ʨʘʥʠʤ ʬʘʟʘʤʘ ʧʣʘʥʠʨʘˁʘ ʜʝʧʦʥʠʿʘ, ʦʤʦʛʫ˂ʘʚʘ 

ʢʦʨʠʩʥʠʮʠʤʘ ʜʘ ʤʦʜʝʣʫʿʫ ʨʘʟʣʠʯʠʪʝ ʩʮʝʥʘʨʠʿʝ ʠ ʧʨʦʮʝʥʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʫʪʠʮʘʿʘ 

ʜʝʧʦʥʠʿʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, 

¶ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ - ʫ ʦʢʚʠʨʫ ʧʨʦʮʝʥʘ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ, LandSim ʧʨʫʞʘ ʧʦʜʘʪʢʝ ʦ ʧʦʪʝʥʮʠʿʘʣʥʦʤ ʰʠʨʝˁʫ ʢʦʥʪʘʤʠʥʘʥʘʪʘ, 

ʧʦʤʘʞʫ˂ʠ ʫ ʠʟʨʘʜʠ ʠʟʚʝʰʪʘʿʘ ʦ ʫʪʠʮʘʿʫ, 

¶ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚˀʘˁʘ ʜʝʧʦʥʠʿʘʤʘ - ʟʘ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʝ ʜʝʧʦʥʠʿʝ, LandSim 

ʧʦʤʘʞʝ ʫ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʘʥʘʣʠʟʠ ʪʨʝʥʫʪʥʠʭ ʫʪʠʮʘʿʘ, ʢʘʦ ʠ ʫ ʨʘʟʚʦʿʫ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 

ˁʠʭʦʚʦ ʫʙʣʘʞʘʚʘˁʝ. 

LandSim ʧʨʫʞʘ ʜʝʪʘˀʘʥ ʫʚʠʜ ʫ ʧʨʦʮʝʩʝ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʫʥʫʪʘʨ ʠ ʦʢʦ ʜʝʧʦʥʠʿʘ, ʩʘ 

ʤʦʛʫ˂ʥʦʰ˂ʫ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʤʦʜʝʣʘ ʩʧʝʮʠʬʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʣʦʢʘʮʠʿʝ. ʀʤʘ ʠʥʪʝʨʘʢʪʠʚʥʠ 

ʛʨʘʬʠʯʢʠ ʠʥʪʝʨʬʝʿʩ, ʯʠʤʝ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʦ ʫʥʦʰʝˁʝ ʧʦʜʘʪʘʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ, 

ʰʪʦ ʧʦʤʘʞʝ ʫ ʠʥʪʝʨʧʨʝʪʘʮʠʿʠ ʠ ʨʘʟʫʤʝʚʘˁʫ ʩʣʦʞʝʥʠʭ ʧʦʜʘʪʘʢʘ.  

ɺʨʝʤʝ ʿʝ ʚʘʞʘʥ ʬʘʢʪʦʨ ʢʦʿʠ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʠʟʨʘʜʝ ʩʮʝʥʘʨʠʿʘ ʟʘ ʜʝʧʦʥʠʿʫ. 

ʋʪʠʮʘʿ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʝ ʜʝʰʘʚʘʿʫ ʫ ʥʦʚʦʠʟʛʨʘʹʝʥʦʤ ʦʙʿʝʢʪʫ ˂ʝ ʚʝʨʦʚʘʪʥʦ ʙʠʪʠ ʧʨʠʣʠʯʥʦ 

ʜʨʫʛʘʯʠʿʠ ʦʜ ʫʯʠʥʢʘ ʠʩʪʦʛ ʦʙʿʝʢʪʘ, ʨʝʮʠʤʦ, 50 ʛʦʜʠʥʘ ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ. ɺʨʝʤʝ ʤʦʞʝ ʜʘ 

ʫʪʠʯʝ ʥʘ ʠʥʬʠʣʪʨʘʮʠʿʫ (ʘʢʦ ʧʦʢʨʠʚʢʘ ʧʦʜʣʝʛʥʝ ʦʰʪʝ˂ʝˁʫ), ʥʘ ʩʠʩʪʝʤʩʢʝ ʧʘʨʘʤʝʪʨʝ (ʢʘʦ 

ʥʧʨ. ʩʪʝʧʝʥ ʫ ʢʦʤʝ ʿʝ ʜʨʝʥʘʞʥʠ ʧʦʢʨʠʚʘʯ ʧʦʜʣʝʛʘʦ ʦʰʪʝ˂ʝˁʫ) ʠ ʩʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. 
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ʈʘʟʫʤʥʘ ʧʨʦʮʝʥʘ ʦ ʪʦʤʝ ʢʘʢʦ ʨʠʟʠʢ ʦʜ ʜʝʧʦʥʠʿʝ ʤʦʞʝ ʝʚʦʣʫʠʨʘʪʠ ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʘʥʘʣʠʟʦʤ 

ʩʠʩʪʝʤʘ ʧʦʜ ʪʨʠ ʩʝʪʘ ʦʢʦʣʥʦʩʪʠ: 

¶ ʧʨʝ ʟʘʪʚʘʨʘˁʘ; 

¶ ʦʜʤʘʭ ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ ʠ ʨʝʢʫʣʪʠʚʘʮʠʿʝ; 

¶ 50 ʛʦʜʠʥʘ ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ. 

ʇʦʚʝʟʘʥʠ ʝʬʝʢʪʠ ʩʘ ʚʨʝʤʝʥʦʤ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 6.1. 

ʊʘʙʝʣʘ 6.1 ʇʦʚʝʟʘʥʠ ʝʬʝʢʪʠ ʥʘ ʜʝʧʦʥʠʿʠ ʫ ʪʦʢʫ ʚʨʝʤʝʥʘ [155] 

ɺʨʝʤʝ ʉʮʝʥʘʨʠʦ ɿʘʭʚʘ˂ʝʥʠ ʧʘʨʘʤʝʪʨʠ 

ʆʧʝʨʘʪʠʚʥʘ ʬʘʟʘ ʜʝʧʦʥʠʿʝ 

ʧʨʝ ʟʘʪʚʘʨʘˁʘ 

ʇʨʦʿʝʢʪʦʚʘʥʠ ʠ ʠʟʛʨʘʹʝʥʠ 

ʩʠʩʪʝʤʠ ʨʘʜʝ ʢʘʢʦ ʿʝ 

ʧʨʝʜʚʠʹʝʥʦ 

ʉʚʠ ʧʘʨʘʤʝʪʨʠ ʠʤʘʿʫ 

ʠʥʠʮʠʿʘʣʥʝ ʚʨʝʜʥʦʩʪʠ 

ʆʜʤʘʭ ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ 

ʜʝʧʦʥʠʿʝ 

ʇʦʢʨʠʚʢʘ ʥʘ ʤʝʩʪʫ ʩʤʘˁʫʿʝ 

ʠʥʬʠʣʪʨʘʮʠʿʫ, ʧʫʤʧʘˁʝ ʠ 

ʧʨʝʯʠʰ˂ʘʚʘˁʝ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ ʩʝ ʥʘʩʪʘʚˀʘ, ʜʝʦ 

ʜʨʝʥʘʞʥʦʛ ʩʠʩʪʝʤʘ ʙʣʦʢʠʨʘʥ 

ʤʠʛʨʘʮʠʿʦʤ ʩʠʪʥʠʭ ʯʝʩʪʠʮʘ. 

ʉʪʦʧʘ ʠʥʬʠʣʪʨʘʮʠʿʝ 

ʆʪʢʘʟʠʚʘˁʝ ʮʝʚʠ 

ʍʠʜʨʘʫʣʠʯʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ 

ʜʨʝʥʘʞʥʦʛ ʧʦʢʨʠʚʘʯʘ 

50 ʛʦʜʠʥʘ ʥʘʢʦʥ ʟʘʪʚʘʨʘˁʘ 

ʜʝʧʦʥʠʿʝ 

ʇʦʢʨʠʚʢʘ ʥʘ ʤʝʩʪʫ, ʘʣʠ 

ʤʦʛʫ˂ʝ ʜʝʛʨʘʜʠʨʘʥ, ʧʦʙʦˀʰʘʥ 

ʢʚʘʣʠʪʝʪ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, 

ʚʝʣʠʢʦ ʙʠʦʣʦʰʢʦ ʟʘʛʘʹʠʚʘˁʝ 

ʉʪʦʧʘ ʠʥʬʠʣʪʨʘʮʠʿʝ 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ 

ʆʪʢʘʟʠʚʘˁʝ ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ 

ʍʠʜʨʘʫʣʠʯʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ 

ʜʨʝʥʘʞʥʦʛ ʧʦʢʨʠʚʘʯʘ 

 

6.3.1. LandSim ʠʥʪʝʨʬʝʿʩ 

ʇʨʦʨʘʯʫʥʠ ʩʧʝʮʠʬʠʯʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʜʝʧʦʥʠʿʝ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʚʨʰʝ ʩʝ 

ʥʘ ʦʩʥʦʚʫ ʩʪʦʧʝ ʠʥʬʠʣʪʨʘʮʠʿʝ ʥʘ ʜʝʧʦʥʠʿʠ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʨʝʥʘʞʥʦʛ ʩʠʩʪʝʤʘ (ʘʢʦ 

ʧʦʩʪʦʿʠ) ʠ ʚʝʣʠʯʠʥʝ ˂ʝʣʠʿʘ ʜʝʧʦʥʠʿʝ. ɽʣʝʤʝʥʪʠ ʟʘ ʧʨʦʮʝʥʫ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʦʿʠ 

ʩʝ ʦʙʨʘʹʫʿʫ ʫ ʦʢʚʠʨʫ ʩʦʬʪʚʝʨʘ ʩʫ: 

¶ ʠʟʚʦʨ ʥʘʩʪʘʥʢʘ ʟʘʛʘʹʝˁʘ (ʜʝʧʦʥʦʚʘʥʠ ʦʪʧʘʜ),  

¶ ʥʝʧʨʦʧʫʩʥʝ (ʟʘʰʪʠʪʥʝ) ʙʘʨʠʿʝʨʝ ʠ  

¶ ʛʝʦʩʬʝʨʘ (ʫʥʫʪʨʘʰˁʠ ʩʣʦʿʝʚʠ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʢʦʿʠ ʤʦʛʫ ʜʘ ʬʦʨʤʠʨʘʿʫ ʥʝʧʨʦʧʫʩʥʝ 

ʙʘʨʠʿʝʨʝ ʠ ʘʢʫʤʫʣʘʮʠʦʥʝ ʟʦʥʝ ʫ ʦʪʧʘʜʫ). 

ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ, ʜʝʪʘˀʥʠʿʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ LandSim ʤʦʜʝʣʘ ʜʝʬʠʥʠʰʫ: 

¶ ʛʝʦʤʝʪʨʠʿʫ ʜʝʧʦʥʠʿʝ, 
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¶ ʠʥʬʠʣʪʨʘʮʠʿʫ ʥʘ ʣʦʢʘʮʠʿʠ, 

¶ ʜʨʝʥʘʞʥʠ ʩʠʩʪʝʤʘ, 

¶ ʪʠʧ ʧʨʦʿʝʢʪʦʚʘʥʝ ʟʘʰʪʠʪʥʝ ʙʘʨʠʿʝʨʝ (ɽɺS) ʠ 

¶ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ.  

ɻʝʦʤʝʪʨʠʿʘ ʜʝʧʦʥʠʿʝ- LandSim ʤʦʜʝʣʠʨʘ ʜʝʧʦʥʠʿʫ ʠʣʠ ʬʘʟʫ ʢʘʦ ʙʨʦʿ ʠʜʝʥʪʠʯʥʠʭ ˂ʝʣʠʿʘ. 

ɺʘʞʥʦ ʿʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʙʨʦʿ ʧʦʿʝʜʠʥʘʯʥʠʭ ˂ʝʣʠʿʘ ʥʘ ʜʝʧʦʥʠʿʠ ʿʝʨ ʪʦ ʫʪʠʯʝ ʥʘ ʧʨʦʩʝʯʥʫ 

ʫʜʘˀʝʥʦʩʪ ʜʦ ʨʝʟʝʨʚʦʘʨʘ ʟʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʰʪʦ ʟʘʫʟʚʨʘʪ ʫʪʠʯʝ ʠ ʥʘ ʚʠʩʠʥʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ 

ʢʦʿʘ ʩʝ ʩʪʚʘʨʘ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ. LandSim ʧʨʝʪʧʦʩʪʘʚˀʘ ʦʨʪʦʛʦʥʘʣʥʫ ʛʝʦʤʝʪʨʠʿʫ ʟʘ ʦʙʣʠʢ 

˂ʝʣʠʿʝ ʢʦʿʠ ʩʝ ʜʝʬʠʥʠʰʝ. ʇʦʚʨʰʠʥʘ ʙʘʟʝ ˂ʝʣʠʿʝ ʩʝ ʘʫʪʦʤʘʪʩʢʠ ʠʟʨʘʯʫʥʘʚʘ ʥʘ ʦʩʥʦʚʫ ʜʫʞʠʥʝ 

ʫʣʘʟʥʝ ʩʪʨʘʥʝ ʝ˂ʣʠʿʝ. ʆʚʘ ʦʙʣʘʩʪ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʿʝʜʥʘʢʘ ʧʦʜʨʫʯʿʫ ʢʨʦʟ ʢʦʿʝ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʜʦʣʘʟʠ ʜʦ ʚʝʨʪʠʢʘʣʥʦʛ ʮʫʨʝˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. ɸʢʦ ʿʝ ʧʦʚʨʰʠʥʘ ʙʦʯʥʠʭ ʥʘʛʠʙʘ 

ʟʘʥʝʤʘʨˀʠʚʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʚʨʰʠʥʦʤ ʭʦʨʠʟʦʥʪʘʣʥʝ ʦʩʥʦʚʝ ʜʝʧʦʥʠʿʝ, ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ 

ʭʦʨʠʟʦʥʪʘʣʥʝ ʜʠʤʝʥʟʠʿʝ ʦʩʥʦʚʝ. ʄʝʹʫʪʠʤ, ʘʢʦ ʧʦʚʨʰʠʥʘ ʙʦʯʥʠʭ ʢʦʩʠʥʘ ʥʠʿʝ ʟʘʥʝʤʘʨˀʠʚʘ 

ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʙʘʟʦʤ ˂ʝʣʠʿʝ, ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʫʢʫʧʥʘ ʧʦʚʨʰʠʥʘ ʢʦʿʘ ʙʠ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʣʘ ʜʘ ʩʘʜʨʞʠ ʧʨʦʮʝʜʥʫ ʚʦʜʫ. 

ʀʥʬʠʣʪʨʘʮʠʿʘ ʢʦʿʫ ʟʘʭʪʝʚʘ ʤʦʜʝʣ ʿʝ ʝʬʝʢʪʠʚʥʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ, ʘʣʠ ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʩʝ 

ʫʟʤʫ ʫ ʦʙʟʠʨ ʠ ʧʨʠʣʠʚʠ ʪʝʯʥʦʩʪʠ ʫ ʜʝʧʦʥʠʿʫ ʦʩʠʤ ʝʬʝʢʪʠʚʥʠʭ ʧʘʜʘʚʠʥʘ. ʊʦ ʤʦʞʝ 

ʫʢˀʫʯʠʚʘʪʠ: 

¶ ʜʦʪʦʢ ʧʦʜʟʝʤʥʝ ʚʦʜʝ ʫ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, 

¶ ʨʝʮʠʨʢʫʣʘʮʠʿʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ 

¶ ʜʦʧʨʠʥʦʩʝ ʦʜ ʟʙʨʠˁʘʚʘˁʘ ʪʝʯʥʦʛ ʦʪʧʘʜʘ. 

ɼʨʝʥʘʞʥʠ ʩʠʩʪʝʤ ʦʤʦʛʫ˂ʘʚʘ ʜʝʬʠʥʠʩʘˁʝ ʧʨʝʜʣʦʞʝʥʦʛ ʤʝʭʘʥʠʟʤʘ ʟʘ ʩʘʢʫʧˀʘˁʝ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʥʘ ʜʝʧʦʥʠʿʝ. ʂʦʥʬʠʛʫʨʘʮʠʿʝ ʜʨʝʥʘʞʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʨʘʟʤʦʪʨʠʪʠ ʩʫ 

ʜʝʧʦʥʠʿʝ ʙʝʟ ʧʨʦʿʝʢʪʦʚʘʥʝ ʜʨʝʥʘʞʝ, ʜʝʧʦʥʠʿʝ ʩʘ ʜʨʝʥʘʞʥʠʤ ʧʦʢʨʠʚʘʯʝʤ ʠ ʮʝʚʥʠ ʜʨʝʥʘʞʥʠ 

ʩʠʩʪʝʤ.  

ʋ ʩʣʫʯʘʿʫ ʤʦʜʝʣʠʨʘˁʘ ʥʝʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ, ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʜʝʧʦʥʠʿʝ ʙʝʟ ʧʨʦʿʝʢʪʦʚʘʥʝ ʜʨʝʥʘʞʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʚʠʩʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ 

ʩʝ ʨʘʯʫʥʘ ʢʨʦʟ: 

¶ ʭʠʜʨʘʫʣʠʯʢʫ ʧʨʦʚʦʜˀʠʚʦʩʪ ʦʪʧʘʜʘ ʫ m/s ʠ 
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¶ ʥʘʛʠʙ ʙʘʟʝ ʜʝʧʦʥʠʿʝ ʧʨʝʤʘ ʨʝʟʝʨʚʦʘʨʫ ʟʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ. 

ʆʩʥʦʚʥʠ ʥʘʛʠʙ ʿʝ ʜʝʬʠʥʠʩʘʥ ʢʘʦ ʥʘʛʠʙ ʥʠʟ ʢʦʿʠ ʪʝʯʝ ʧʨʦʮʝʜʥʘ ʚʦʜʘ. 

ʂʘʜʘ ʜʝʧʦʥʠʿʘ ʠʤʘ ʧʨʦʿʝʢʪʦʚʘʥ ʜʨʝʥʘʞʥʠ ʧʦʢʨʠʚʘʯ, ʚʠʩʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ 

ʩʝ ʨʘʯʫʥʘ ʢʨʦʟ: 

¶ ʧʨʦʚʦʜˀʠʚʦʩʪ ʜʨʝʥʘ ʫ m/s; 

¶ ʜʝʙˀʠʥʘ ʧʦʢʨʠʚʘʯʘ ʫ m; 

¶ ʥʘʛʠʙ ʙʘʟʝ ʜʝʧʦʥʠʿʝ ʧʨʝʤʘ ʨʝʟʝʨʚʦʘʨʫ ʟʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ. 

ɿʘ ʜʝʧʦʥʠʿʝ ʩʘ ʜʨʝʥʘʞʥʠʤ ʩʠʩʪʝʤʠʤʘ ʩʘ ʮʝʚʦʚʦʜʠʤʘ, ʧʦʩʪʦʿʝ ʜʚʘ ʪʠʧʘ ʢʦʥʬʠʛʫʨʘʮʠʿʝ: ʩʘ 

ʛʨʝʙʝʥʘʩʪʠʤ ʥʘʛʥʫʪʠʤ ʦʩʥʦʚʘʤʘ ʠ ʦʥʝ ʩʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʢʦʩʠʤ ʦʩʥʦʚʘʤʘ ʋ ʩʣʫʯʘʿʫ 

ʛʨʝʙʝʥʘʩʪʠʭ ʢʦʩʠʭ ʦʩʥʦʚʘ, ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʩʝ ʦʜʚʦʜʠ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʮʝʚʥʠʭ ʜʨʝʥʘʞʘ ʢʘʦ ʰʪʦ 

ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 6.3ʘ. ʋ ʩʣʫʯʘʿʫ ʿʝʜʥʦʩʪʘʚʥʠʭ ʢʦʩʠʭ ʦʩʥʦʚʘ, ʨʘʩʧʦʨʝʜ ʮʝʚʠ ʿʝ ʪʘʢʘʚ ʜʘ 

ʩʝ ʙʘʟʘ ʥʘʛʠʙʘ ʧʨʝʤʘ ʦʩʠ ʩʚʘʢʝ ʮʝʚʥʝ ʮʝʚʠ ʫ ʿʝʜʥʦʤ ʧʨʘʚʮʫ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʢʝ 

6.3ʙ.  

 

  

                                 (ʘ)                                                                                     (ʙ) 

ʉʣʠʢʘ 6.3 ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʟʘ ʦʜʚʦʜˁʘʚʘˁʝ ʩʘ ʛʨʝʙʝʥʠʤ ʙʘʟʥʠʤ ʮʝʚʠʤʘ (ʥʘʛʠʙʠ ʫ ʦʙʘ 

ʩʤʝʨʘ) (ʘ) ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʿʝʜʥʦʩʪʘʚʥʦʛ ʜʨʝʥʘʞʥʦʛ ʩʠʩʪʝʤʘ ʩʘ ʥʘʛʥʫʪʠʤ ʦʩʥʦʚʥʠʤ ʮʝʚʠʤʘ 

(ʥʘʛʠʙʠ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ) (ʙ) [132] 

ʅʘ ʩʣʠʮʠ 6.4 ʧʨʠʢʘʟʘʥ ʿʝ ʩʤʝʨ ʢʨʝʪʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʩʣʫʯʘʿʫ ʥʘʛʠʙʘ ʫ ʦʙʘ ʩʤʝʨʘ (ʘ) ʠ 

ʩʤʝʨ ʢʨʝʪʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʩʣʫʯʘʿʫ ʥʘʛʠʙʘ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ (ʙ). 
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                                      (ʘ)                                                                       (ʙ) 

ʉʣʠʢʘ 6.4 ʉʤʝʨ ʢʨʝʪʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʫ ʩʣʫʯʘʿʫ ʥʘʛʠʙʘ ʫ ʦʙʘ ʩʤʝʨʘ (ʘ) ʠ ʫ ʩʣʫʯʘʿʫ ʥʘʛʠʙʘ ʫ 

ʿʝʜʥʦʤ ʩʤʝʨʫ (ʙ) [132] 

LandSim ʢʦʨʠʩʪʠ ʫʥʦʩ ʧʦʜʘʪʘʢʘ ʫ ʚʝʟʠ ʩʘ ʫʨʝʹʝˁʝʤ ʜʨʝʥʘʞʝ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʘ ʚʠʩʠʥʘ 

ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʜʥʫ ʪʝʣʘ ʜʝʧʦʥʠʿʝ. LandSim ʟʘʪʠʤ ʢʦʨʠʩʪʠ ʚʠʩʠʥʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʜʘ ʙʠ ʩʝ 

ʠʟʨʘʯʫʥʘʣʘ ʩʪʦʧʘ ʮʫʨʝˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʜʝʧʦʥʠʿʝ. 

ʉʠʩʪʝʤ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ (EBS) - ʦʧʮʠʿʘ ʧʨʦʿʝʢʪʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʙʘʨʠʿʝʨʝ (EBS) ʦʤʦʛʫ˂ʘʚʘ 

ʜʘ ʩʝ ʜʝʬʠʥʠʰʝ ʪʠʧ ʩʠʩʪʝʤʘ ʟʘ ʟʘʜʨʞʘʚʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʦʿʠ ʧʦʩʪʦʿʠ ʠʣʠ ʢʦʿʠ ʩʝ 

ʧʨʝʜʣʘʞʝ. 

 

ʉʣʠʢʘ 6.5 ʊʠʧʦʚʠ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ (EBS) [132] 
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ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ 6.5, ʧʦʩʪʦʿʠ ʩʝʜʘʤ ʪʠʧʦʚʘ EBS ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʧʩʝʛ 

ʙʘʨʠʿʝʨʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʤʦʜʝʣʦʚʘʪʠ ʧʦʤʦ˂ʫ LandSim-ʘ ʠ ʪʦ ʩʫ: 

¶ ʩʠʩʪʝʤ ʙʝʟ EBS-ʘ,  

¶ ʩʘ ʿʝʜʥʠʤ ʩʣʦʿʝʤ ʛʣʠʥʝ,  

¶ ʩʘ ʜʚʘ ʩʣʦʿʘ ʛʣʠʥʝ,  

¶ ʢʦʤʧʦʟʠʪʥʘ ʦʙʣʦʛʘ,  

¶ ʿʝʜʥʦʩʪʨʫʢʠ ʤʝʤʙʨʘʥʩʢʠ ʩʣʦʿ,  

¶ ʜʚʦʩʪʨʫʢʠ ʤʝʤʙʨʘʥʩʢʠ ʩʣʦʿ ʠ  

¶ ʜʚʦʩʪʨʫʢʘ ʢʦʤʧʦʟʠʪʥʘ ʦʙʣʦʛʘ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʤʠʥʝʨʘʣʥʫ, ʤʝʤʙʨʘʥʩʢʫ ʦʙʣʦʛʫ ʢʘʦ ʠ 

ʦʙʣʦʛʫ ʦʜ ʛʝʦʩʠʥʪʝʪʠʯʢʝ ʛʣʠʥʝ. 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʿʠ ʪʠʧ ʜʝʧʦʥʠʿʝ ʩʝ ʠʩʪʨʘʞʫʿʝ, ʤʦʞʝ ʩʝ ʦʜʘʙʨʘʪʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ EBS, 

ʥʘ ʧʨʠʤʝʨ ʥʝʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʥʝʤʘʿʫ ʧʨʦʿʝʢʪʦʚʘʥ ʩʠʩʪʝʤ ʙʘʨʠʿʝʨʘ, ʜʦʢ ʩʘʚʨʝʤʝʥʝ 

ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʥʘʿʯʝʰ˂ʝ ʧʨʦʿʝʢʪʫʿʫ ʜʚʦʩʪʨʫʢʫ ʢʦʤʧʦʟʠʪʥʫ ʦʙʣʦʛʫ ʩʘ ʮʠˀʝʤ ʟʘʰʪʠʪʥʝ 

ʜʥʘ ʜʝʧʦʥʠʿʘ. 

ʉʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ï LandSim ʧʨʠʢʘʟʫʿʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʦʿʝ 

ʩʝ ʤʦʛʫ ʤʦʜʝʣʦʚʘʪʠ. ʀʘʢʦ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘʥʦ ʩʤʘʪʨʘ ʜʘ ʩʫ ʫ ʧʨʦʮʝʜʥʦʿ ʚʦʜʠ ʦʜ ʢʦʤʧʦʥʝʥʪʠ 

ʧʨʠʩʫʪʥʠ ʩʘʤʦ ʘʤʦʥʠʿʫʤ (ʢʘʦ ʘʟʦʪ), ʭʣʦʨʠʜʠ ʠ ʞʠʚʘ, ʤʦʛʫ˂ʝ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʢʦʿʝ ʚʨʩʪʝ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʫ ʧʨʠʩʫʪʥʝ ʠʣʠ ʦʜʩʫʪʥʝ ʪʦʢʦʤ ʩʠʤʫʣʘʮʠʿʝ. ʇʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʦʜʘʙʨʘʪʠ 

48 ʚʨʩʪʘ ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʘʣʠ ʥʠʿʝ ʧʨʝʧʦʨʫʯˀʠʚʦ ʫʟʝʪʠ ʫ 

ʦʙʟʠʨ ʩʚʝ ʚʨʩʪʝ ʟʙʦʛ ʦʙʠʤʘ ʩʠʤʫʣʘʮʠʿʝ. LandSim ʟʘʭʪʝʚʘ ʤʠʥʠʤʘʣʥʝ, ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʠ 

ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʫ ʢʦʤʧʦʥʝʥʪʫ. 

ʅʝʟʘʩʠ˂ʝʥʘ ʟʦʥʘ  ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʧʦʨʦʟʥʝ ʧʨʦʧʫʩʥʝ ʛʝʦʣʦʰʢʝ ʿʝʜʠʥʠʮʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ 

ʠʟʥʘʜ ʥʠʚʦʘ ʚʦʜʝ. 

ʅʝʟʘʩʠ˂ʝʥʘ ʟʦʥʘ ʟʘʭʪʝʚʘ ʯʝʪʠʨʠ ʫʣʘʟʥʘ ʧʦʜʘʪʢʘ, ʘ ʪʦ ʩʫ: 

¶ ʛʝʦʣʦʰʢʘ ʿʝʜʠʥʠʮʘ ï ʢʦʿʘ ʩʝ ʥʝ ʢʦʨʠʩʪʠ ʫ ʧʨʦʨʘʯʫʥʠʤʘ, ʘʣʠ ʦʤʦʛʫ˂ʘʚʘ ʠʤʝʥʦʚʘˁʝ ʟʦʥʝ 

ʢʦʿʘ ʬʦʨʤʠʨʘ ʥʝʟʘʩʠ˂ʝʥʠ ʧʫʪ, 

¶ ʛʝʦʤʝʪʨʠʿʘ- ʠʟʨʘʞʘʚʘ ʜʫʞʠʥʫ ʥʝʟʘʩʠ˂ʝʥʦʛ ʧʫʪʘ, ʧʦʨʦʟʥʦʩʪ ʠ ʩʘʜʨʞʘʿ ʚʣʘʛʝ, 

¶ ʭʠʜʨʘʫʣʠʯʢʘ ʧʨʦʚʦʜˀʠʚʦʩʪ- ʥʝʟʘʩʠ˂ʝʥʝ ʟʦʥʩʢʝ ʭʠʜʨʘʫʣʠʯʢʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʥʘʿʙʦˀʝ 

ʩʝ ʜʦʙʠʿʘʿʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʿʝʟʛʘʨʘ ʩʪʝʥʘ, 
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¶ ʤʦʜʝʣ ʧʨʦʪʦʢʘ- ʧʦʩʪʦʿʝ ʜʚʝ ʦʧʮʠʿʝ ʧʨʦʪʦʢʘ ʢʨʦʟ ʩʨʝʜˁʫ ʧʦʨʦʟʥʦʩʪ ʠ ʜʫʘʣʥʫ 

ʧʦʨʦʟʥʦʩʪ. ʇʨʦʪʦʢ ʩʘ ʜʚʦʩʪʨʫʢʦʤ ʧʦʨʦʟʥʦʰ˂ʫ ʤʦʞʝ ʙʠʪʠ ʧʨʠʢʣʘʜʘʥ ʫ ʩʣʫʯʘʿʫ 

ʥʘʧʫʢʥʫʪʝ ʢʨʝʜʝ (fractured ʩhalk) ʛʜʝ ʿʝ ʧʨʦʧʫʩʥʦʩʪ ʥʠʩʢʘ. ʄʝʹʫʪʠʤ, ʪʦ ʿʝ ʥʝʧʨʠʢʣʘʜʥʦ 

ʫ ʩʣʫʯʘʿʫ ʣʦʤˀʝʥʦʛ ʧʝʰʯʘʨʘ (fractured sandstone) ʢʦʿʠ ʪʨʝʙʘ ʤʦʜʝʣʠʨʘʪʠ. 

ʇʨʦʛʨʘʤʩʢʠ ʤʦʜʝʣʠ ʚʨʰʝ ʥʠʟ ʧʨʦʨʘʯʫʥʘ: 

1. ɺʠʩʠʥʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠʥʬʠʣʪʨʘʮʠʿʫ ʠ ʜʨʝʥʘʞʥʠ 

ʩʠʩʪʝʤ; 

2. ɹʨʟʠʥʫ ʧʨʦʪʦʢʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, ʥʘ ʦʩʥʦʚʫ ʚʠʩʠʥʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʠ ʧʨʠʩʫʩʪʚʦ ʙʠʣʦ ʢʦʿʝ ʟʘʰʪʠʪʥʝ ʙʘʨʠʿʝʨʝ; 

3. ɹʨʟʠʥʫ ʤʠʛʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʘʪʘ ʠʩʧʦʜ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʢʨʦʟ ʥʝʟʘʩʠ˂ʝʥʠ ʧʫʪ, ʟʘʩʠ˂ʝʥʠ ʧʫʪ 

ʠ ʧʫʪ ʚʦʜʦʥʦʩʥʦʛ ʩʣʦʿʘ; 

4. ɸʜʚʝʢʪʠʚʥʦ-ʜʠʩʧʝʨʟʠʚʥʠ ʪʨʘʥʩʧʦʨʪ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʩʚʘʢʫ ʢʦʤʧʦʥʝʥʪʫ ʧʨʠʩʫʪʥʫ ʫ 

ʧʨʦʮʝʜʥʦʿ ʚʦʜʠ ʢʨʦʟ ʩʚʘʢʠ ʦʜ ʦʚʠʭ ʧʫʪʝʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ 

ʨʝʮʝʧʪʦʨʠʤʘ. 

ʀʟʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʠʟ LandSim ʩʫ :   

¶ ʉʪʦʧʘ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ (l/dan); 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʢʦʤʧʦʥʝʥʪʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʥʘ ʜʥʫ ʜʝʧʦʥʠʿʝ (mg/l); 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʢʦʤʧʦʥʝʥʪʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʥʘ ʨʝʮʠʧʠʿʝʥʪʫ (mg/l). 

ʇʨʦʨʘʯʫʥ ʤʠʛʨʘʮʠʿʝ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʦʬʪʚʝʨʩʢʠʤ ʧʘʢʝʪʦʤ LandSim ʩʧʨʦʚʦʜʠ ʩʝ 

ʧʦʤʦ˂ʫ ʩʠʤʫʣʘʮʠʿʘ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ  ʤʘʪʝʤʘʪʠʯʢʠʤ ʤʦʜʝʣʠʤʘ ʠ ʿʝʜʥʘʯʠʥʘʤʘ ʢʘʢʦ ʙʠ ʩʝ 

ʜʦʙʠʣʠ ʠʟʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʦ ʩʘʩʪʘʚʫ ʠ ʤʠʛʨʘʮʠʿʠ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ. 

6.3.2 ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʧʨʦʨʘʯʫʥʘ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʫ 

ʩʦʬʪʚʝʨʫ LandSim 

ʀʥʬʠʣʪʨʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʟʥʘʯʘʿʥʠʿʠʭ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʢʘʩʥʠʿʝ ʜʝʬʠʥʠʰʝ 

ʚʠʩʠʥʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʜʥʫ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʠ ʜʘˀʝ ʧʨʦʤʝʥʝ ʢʦʿʝ ʩʝ ʜʝʰʘʚʘʿʫ ʩʪʘʨʝˁʝʤ 

ʜʝʧʦʥʠʿʝ. LandSim ʠʥʬʠʣʪʨʘʮʠʿʫ ʜʝʬʠʥʠʰʝ ʿʝʜʥʘʯʠʥʦʤ [132]: 

Ὅὸ Ὕ Ὕ Ὅ                                                (6.7) 

ʛʜʝ ʿʝ: 
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¶ Ig - ʠʥʬʠʣʪʨʘʮʠʿʝ ʦʢʦʣʥʦʛ ʧʦʜʨʫʯʿʘ (l/dan), 

¶ Id- ʠʥʬʠʣʪʨʘʮʠʿʘ ʫ ʧʦʢʨʠʚʥʠ ʩʣʦʿ (l/dan), 

¶ Tf- ʚʨʝʤʝ ʧʦʪʧʫʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʢʨʠʚʥʦʛ ʩʣʦʿʘ (god), 

¶ Ti- ʚʨʝʤʝ ʧʦʯʝʪʢʘ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʢʨʠʚʥʦʛ ʩʣʦʿʘ (god), 

¶ Te- ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʩʠʤʫʣʘʮʠʿʝ (god). 

ʊʠʧʠʯʥʦ, ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʜʝʧʦʥʠʿʝ, ʬʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʮʝʜʥʝ 

ʚʦʜʝ, ʢʦʿʘ ʩʝ ʛʝʥʝʨʠʰʝ, ˂ʝ ʩʝ ʧʨʦʤʝʥʠʪʠ. ʂʘʜʘ ʩʝ ʧʨʦʤʝʥʝ ʥʘ ʜʝʧʦʥʠʿʠ ʧʨʦʫʯʘʚʘʿʫ ʥʘʢʦʥ 

ʜʫʛʠʭ ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ, ʢʘʦ ʰʪʦ ʿʝ ʥʝʢʦʣʠʢʦ ʩʪʦʪʠʥʘ ʛʦʜʠʥʘ, ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʜʝʧʦʥʠʿʝ 

ʢʘʦ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʫʣʘʟʥʦʛ ʠʟʚʦʨʘ ʤʦʞʝ ʙʠʪʠ ʧʨʝʚʠʰʝ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʘ. ɱʝʜʘʥ ʦʜ ʨʘʟʣʦʛʘ 

ʟʘ ʧʨʦʤʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʿʝ ʠʩʧʠʨʘˁʝ ʧʦʣʫʪʘʥʘʪʘ ʜʦʢ ʪʝʯʥʦʩʪ ʦʜ 

ʠʥʬʠʣʪʨʘʮʠʿʝ ʧʨʦʣʘʟʠ ʢʨʦʟ ʜʝʧʦʥʠʿʫ. ɼʘ ʙʠ ʩʝ ʦʙʿʘʩʥʠʦ ʦʚʘʿ ʧʨʦʮʝʩ, ʫ LandSim ʿʝ ʫʢˀʫʯʝʥ 

ʤʦʜʝʣ ʦʧʘʜʘʿʫ˂ʝʛ ʠʟʚʦʨʘ ʟʘʛʘʹʝˁʘ. ʆʚʦ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʦʣʫʪʘʥʘʪʘ ʫ ʙʠʣʦ 

ʢʦʤ ʪʨʝʥʫʪʢʫ ʧʦʚʝʟʘʥʘ ʩʘ ˁʝʛʦʚʦʤ ʧʦʯʝʪʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʧʨʝʤʘ ʬʫʥʢʮʠʿʠ [132]: 

      ὅ ὅ                                                            (6.8) 

ʠ 

‗
Ͻ

                                                       (6.9) 

ʛʜʝ ʿʝ: 

¶ Ct- ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʪʨʝʥʫʪʢʫ t [mg/l], 

¶ ʉ0- ʧʦʯʝʪʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ [mg/l], 

¶ t - ʚʨʝʤʝ [god], 

¶ i- ʠʥʬʠʣʪʨʘʮʠʿʘ [m/god.], 

¶ Wthickness - ʚʠʩʠʥʘ ʦʪʧʘʜʘ [m], 

¶ Wfc - ʢʘʧʘʮʠʪʝʪ ʧʦˀʘ ʟʘ ʦʪʧʘʜ [-]. 

ʈʝʰʝˁʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʠʩʠʥʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʝ ʤʦʛʫ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʘʥʘʣʠʪʠʯʢʠʤ 

ʬʫʥʢʮʠʿʘʤʘ ʠ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʟʘ ʩʚʝ ʚʝʨʦʚʘʪʥʝ ʛʝʦʤʝʪʨʠʿʝ ˂ʝʣʠʿʘ ʧʫʪʝʤ ʣʠʥʝʘʨʥʝ 

ʠʥʪʝʨʧʦʣʘʮʠʿʝ ʠʣʠ ʝʢʩʪʨʘʧʦʣʘʮʠʿʝ. ɺʠʩʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʜʥʫ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʩʝ 

ʠʟʨʘʯʫʥʘʚʘ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ [132]: 

ὣ                                                                           (6.10) 
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ʛʜʝ ʿʝ: 

¶ Y- ʙʝʟʜʠʤʝʥʟʠʦʥʘʣʥʘ ʚʘʨʠʿʘʙʣʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ ʚʠʩʠʥʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ; 

¶ z- ʚʠʩʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʠʟʥʘʜ ʟʘʰʪʠʪʥʝ ʙʘʨʠʿʝʨʝ ʠʣʠ ʙʘʟʝ ʦʪʧʘʜʘ [m] 

¶ L- ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʜʫʞʠʥʘ [m]. ʆʚʦ ʿʝ ʧʦʢʘʟʘʪʝˀ ʧʨʦʩʝʯʥʝ ʫʜʘˀʝʥʦʩʪʠ ʢʦʿʫ ˂ʝ ʧʨʝ˂ʠ 

ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʜʦ ʪʘʯʢʝ ʦʜʚʦʜʘ ʠ ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʜʨʝʥʘʞʝ. 

ʂʘʜʘ ʥʘ ʜʝʧʦʥʠʿʠ ʥʝʤʘ ʧʨʦʿʝʢʪʦʚʘʥʝ ʟʘʰʪʠʪʥʝ ʙʘʨʠʿʝʨʝ, ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʥʘ ʤʥʦʛʠʤ 

ʩʪʘʨʠʿʠʤ ʜʝʧʦʥʠʿʘʤʘ, LandSim ʠʟʨʘʯʫʥʘʚʘ ʩʪʦʧʫ ʮʫʨʝˁʘ ʢʦʨʠʩʪʝ˂ʠ ɼʘʨʩʠʿʝʚ ʟʘʢʦʥ [132]:  

ὗ ὑϽὭϽὃ                                                                    (6.11) 

ʛʜʝ ʿʝ: 

¶ Q- ʉʪʦʧʘ ʮʫʨʝˁʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʧʦ ˂ʝʣʠʿʠ (m3/s) 

¶ ʂ - ʭʠʜʨʘʫʣʠʯʢʘ ʧʨʦʚʦʜˀʠʚʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʥʝʟʘʩʠ˂ʝʥʝ ʟʦʥʝ ʜʠʨʝʢʪʥʦ ʠʩʧʦʜ ʦʪʧʘʜʘ 

(m/s); 

¶ i - ʩʨʝʜˁʠ ʚʝʨʪʠʢʘʣʥʠ ʭʠʜʨʘʫʣʠʯʥʠ ʛʨʘʜʠʿʝʥʪ (-); 

¶ ɸ - ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ˂ʝʣʠʿʝ (m2). 

ʀʟʙʦʨ ʭʠʜʨʘʫʣʠʯʢʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʟʘ ʥʝʟʘʩʠ˂ʝʥʫ ʟʦʥʫ ʥʠʿʝ ʿʝʜʥʦʩʪʘʚʘʥ, ʿʝʨ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ 

ʟʘʚʠʩʠ ʦʜ ʩʘʜʨʞʘʿʘ ʚʣʘʛʝ. ʆʚʦ ˂ʝ ʩʝ ʟʥʘʯʘʿʥʦ ʧʨʦʤʝʥʠʪʠ ʢʘʢʦ ʩʝ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ ʣʦʢʘʮʠʿʝ 

ʧʦʩʪʝʧʝʥʦ ʚʣʘʞʠ. 

ʍʠʜʨʘʫʣʠʯʢʘ ʧʨʦʚʦʜˀʠʚʦʩʪ ʢʦʤʧʦʟʠʪʥʠʭ ʦʙʣʦʛʘ ʢʦʥʪʨʦʣʠʰʝ ʩʝ ʢʚʘʣʠʪʝʪʦʤ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʣʠʤʦʚʘ ʠ ʦʥʠʤ ʰʪʦ ʩʝ ʜʝʰʘʚʘ ʥʘʢʦʥ ʧʦʩʪʘʚˀʘˁʘ ʟʘʰʪʠʪʥʝ 

ʧʦʜʣʦʛʝ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʘʥʘʣʠʪʠʯʢʦʛ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʨʘʜʘ, ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʩʣʝʜʝ˂ʘ 

ʿʝʜʥʘʯʠʥʘ ʟʘ ʮʫʨʝˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʢʦʤʧʦʟʠʪʥʝ ʧʦʜʣʦʛʝ [132]: 

ή ὅϽὭ ϽὬȢϽὥȢϽὑȢ                                                     (6.12) 

ʛʜʝ ʿʝ: 

¶ q - ʩʪʦʧʘ ʮʫʨʝˁʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʧʦ ʜʝʬʝʢʪʫ (m3/s); 

¶ Cd - ʢʦʥʩʪʘʥʪʘ ʢʦʿʘ ʦʧʠʩʫʿʝ ʢʚʘʣʠʪʝʪ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ ʤʝʤʙʨʘʥʝ ʠ ʩʣʦʿʝʚʘ ʠʩʧʦʜ; 

¶ iav - ʧʨʦʩʝʯʘʥ ʚʝʨʪʠʢʘʣʥʠ ʭʠʜʨʘʫʣʠʯʥʠ ʛʨʘʜʠʿʝʥʪ; 

¶ h - ʚʠʩʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʜʝʬʝʢʪʫ (m); 

¶ ʘ - ʧʦʚʨʰʠʥʘ ʜʝʬʝʢʪʘ (m2); 
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¶ ʂ - ʭʠʜʨʘʫʣʠʯʢʘ ʧʨʦʚʦʜˀʠʚʦʩʪ ʥʝʟʘʩʠ˂ʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʜʠʨʝʢʪʥʦ ʠʩʧʦʜ ʤʝʤʙʨʘʥʝ 

(m/s). 

ʂʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʠʟʣʘʟʥʠ ʧʘʨʘʤʝʪʘʨ ʩʠʤʫʣʘʮʠʿʘ ʫ LandSimʫ 

ʜʦʙʠʿʘ ʩʝ ʩʣʝʜʝ˂ʦʤ ʬʦʨʤʫʣʦʤ [132]: 

╛

═╫ ═╫
╥█▀

╦◄
═▼ ═╫

═▼ ═╫ ╦◄ϳ
                                                   (6.13) 

 

ʛʜʝ ʿʝ: 

¶ ὃb - ʙʘʟʘ ʜʝʧʦʥʠʿʝ (m2), 

¶ ɸs - ʇʦʚʨʰʠʥʘ ʜʝʧʦʥʠʿʝ (m2), 

¶ Vfd - ʂʦʣʠʯʠʥʘ ʩʣʦʙʦʜʥʝ ʚʦʜʝ ʫ ʤʘʩʠ ʦʪʧʘʜʘ (mg/l), 

¶ Wt - ɺʠʩʠʥʘ ʜʝʧʦʥʦʚʘʥʦʛ oʪʧʘʜʘ (m). 

ʀʟʨʘʯʫʥʘʚʘˁʝ ʟʘʧʨʝʤʠʥʝ ʚʦʜʦʥʦʩʥʦʛ ʩʣʦʿʘ ʢʨʦʟ ʢʦʿʠ ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʪʝʯʝ ʫ ʪʨʝʥʫʪʢʫ ʧʨʦʜʦʨʘ 

ʫ ʨʝʮʝʧʪʦʨ [132]: 

ὠ “ϽὶϽά                                                               (6.14) 

ʛʜʝ ʿʝ: 

¶ V - ʟʘʧʨʝʤʠʥʘ ʧʨʦʪʦʢʘ (m3), 

¶ r - ʨʘʩʪʦʿʘˁʝ ʜʦ ʨʝʮʝʧʪʦʨʘ (m), 

¶ m - ʜʝʙˀʠʥʘ ʟʦʥʝ ʤʝʰʘˁʘ (m). 

 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ LandSim ʟʘ ʠʩʪʨʘʞʠʚʘˁʝ ʢʨʝʪʘˁʘ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, ˁʠʭʦʚ ʢʚʘʣʠʪʝʪ, ʦʜʥʦʩʥʦ ʢʦʣʠʯʠʥʝ ʦʜʘʙʨʘʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ 

ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ, ʚʨʝʤʝʥʩʢʠ ʪʦʢ ʢʨʝʪʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʩʠʩʪʝʤ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ 

(ɽɺS), ʨʘʟʣʠʢʝ ʫ ʢʦʣʠʯʠʥʘʤʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʩʠʩʪʝʤʝ ʟʘʰʪʠʪʥʠʭ ʦʙʣʦʛʘ, 

ʢʘʦ ʠ ʩʪʦʧʝ ʤʠʛʨʘʮʠʿʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. 
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7. ʄɽʈɽɳɽ ʀ ʆɼʈɽɫʀɺɸɳɽ ʉɸʉʊɸɺɸ ʇʈʆʎɽɼʅʀʍ ɺʆɼɸ ʅɸ 

ɼɽʇʆʅʀɱɸʄɸ ʏɺʈʉʊʆɻ ʂʆʄʋʅɸʃʅʆɻ ʆʊʇɸɼɸ 

ʉʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ 

ʜʝʧʦʥʠʿʫ, ʚʨʝʤʝʥʘ ʜʝʧʦʥʦʚʘˁʘ, ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ. ʉʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ 

ʚʦʜʘ ʤʦʛʫ ʜʘ ʢʘʨʘʢʪʝʨʠʰʫ [156]: 

ʆʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ - ʦʥʝ ʩʫ ʟʥʘʯʘʿʘʥ ʜʝʦ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ. ʋʢˀʫʯʫʿʫ ʙʠʦʜʝʛʨʘʜʘʙʠʣʥʝ 

ʩʫʧʩʪʘʥʮʝ ʢʘʦ ʰʪʦ ʩʫ ʫʛˀʝʥʠ ʭʠʜʨʘʪʠ, ʤʘʩʪʠ, ʧʨʦʪʝʠʥʠ ʠ ʤʘˁʝ ʙʠʦʜʝʛʨʘʜʘʙʠʣʥʝ ʠʣʠ 

ʥʝʦʪʦʧʠʚʝ ʦʨʛʘʥʩʢʝ ʩʫʧʩʪʘʥʮʝ. ʆʚʝ ʤʘʪʝʨʠʿʝ ʤʦʛʫ ʜʦʧʨʠʥʝʪʠ ʚʠʩʦʢʦʤ BPK (ʙʠʦʭʝʤʠʿʩʢʦʿ 

ʧʦʪʨʦʰˁʠ ʢʠʩʝʦʥʠʢʘ) ʠ HPK (ʭʝʤʠʿʩʢʦʿ ʧʦʪʨʦʰˁʠ ʢʠʩʝʦʥʠʢʘ), ʫʢʘʟʫʿʫ˂ʠ ʥʘ ʚʝʣʠʢʫ 

ʢʦʣʠʯʠʥʫ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ ʢʦʿʘ ʤʦʞʝ ʙʠʪʠ ʨʘʟʣʦʞʝʥʘ. 

ʅʝʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ - ʫʢˀʫʯʫʿʫ ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʿʫʤ, ʠ ʜʨ., ʢʦʿʠ ʩʫ ʯʝʩʪʦ ʧʨʠʩʫʪʥʠ ʫ 

ʦʙʣʠʢʫ ʿʦʥʘ. ɸʟʦʪ ʩʝ ʤʦʞʝ ʥʘʣʘʟʠʪʠ ʫ ʦʙʣʠʢʫ ʘʤʦʥʠʿʫʤʘ (NH4
+), ʥʠʪʨʘʪʘ (NO3

-) ʠ ʥʠʪʨʠʪʘ 

(NO2
-). ɺʠʩʦʢʠ ʥʠʚʦʠ ʘʟʦʪʘ ʤʦʛʫ ʙʠʪʠ ʟʘʙʨʠˁʘʚʘʿʫ˂ʠ ʟʙʦʛ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʝʫʪʨʦʬʠʢʘʮʠʿʩʢʦʛ 

ʫʯʠʥʢʘ ʥʘ ʚʦʜʝʥʘ ʪʝʣʘ. 

ʊʝʰʢʠ ʤʝʪʘʣʠ - ʫʢˀʫʯʫʿʫ˂ʠ ʦʣʦʚʦ (Pb), ʢʘʜʤʠʿʫʤ (Cd), ʭʨʦʤ (Cr), ʘʨʩʝʥ (As), ʞʠʚʫ (Hg), ʠ 

ʜʨ., ʤʦʛʫ ʙʠʪʠ ʠʟʫʟʝʪʥʦ ʪʦʢʩʠʯʥʠ ʯʘʢ ʠ ʫ ʤʘʣʠʤ ʢʦʣʠʯʠʥʘʤʘ. ʊʝʰʢʠ ʤʝʪʘʣʠ ʫ ʧʨʦʮʝʜʥʠʤ 

ʚʦʜʘʤʘ ʤʦʛʫ ʧʦʪʠʮʘʪʠ ʠʟ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʦʪʧʘʜʘ, ʝʣʝʢʪʨʦʥʩʢʦʛ ʦʪʧʘʜʘ ʠ ʜʨʫʛʠʭ ʠʟʚʦʨʘ. 

ʇʘʪʦʛʝʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ - ʙʘʢʪʝʨʠʿʝ, ʚʠʨʫʩʠ, ʧʨʦʪʦʟʦʝ ʠ ʧʘʨʘʟʠʪʠ ʤʦʛʫ ʙʠʪʠ ʧʨʠʩʫʪʥʠ ʫ 

ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ʆʚʦ ʫʢˀʫʯʫʿʝ ʦʨʛʘʥʠʟʤʝ ʢʦʿʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʨʘʟʥʝ ʙʦʣʝʩʪʠ ʘʢʦ ʩʝ ʚʦʜʘ 

ʥʝ ʪʨʝʪʠʨʘ ʘʜʝʢʚʘʪʥʦ. 

ʌʘʨʤʘʮʝʫʪʩʢʠ ʧʨʦʠʟʚʦʜʠ ʠ ʣʠʯʥʘ ʙʨʠʛʘ ʦ ʧʨʦʠʟʚʦʜʠʤʘ - ʧʨʠʩʫʩʪʚʦ ʬʘʨʤʘʮʝʫʪʩʢʠʭ 

ʧʨʦʠʟʚʦʜʘ, ʭʦʨʤʦʥʘ, ʢʦʟʤʝʪʠʯʢʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʜʨʫʛʠʭ ʭʝʤʠʢʘʣʠʿʘ ʤʦʞʝ ʙʠʪʠ 

ʟʘʙʨʠˁʘʚʘʿʫ˂ʝ. ʆʚʝ ʩʫʧʩʪʘʥʮʝ ʩʝ ʯʝʩʪʦ ʥʝ ʫʢʣʘˁʘʿʫ ʫʦʙʠʯʘʿʝʥʠʤ ʤʝʪʦʜʘʤʘ ʧʨʝʯʠʰ˂ʘʚʘˁʘ 

ʚʦʜʘ ʠ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʚʦʜʝʥʠ ʝʢʦʩʠʩʪʝʤ. 

ʈʘʩʪʚʘʨʘʯʠ ʠ ʧʝʩʪʠʮʠʜʠ - ʭʝʤʠʿʩʢʠ ʧʨʦʠʟʚʦʜʠ, ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʥʘʣʘʟʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʠ 

ʧʦˀʦʧʨʠʚʨʝʜʥʦʤ ʦʪʧʘʜʫ, ʤʦʛʫ ʙʠʪʠ ʪʦʢʩʠʯʥʠ ʟʘ ʚʦʜʝʥʠ ʞʠʚʠ ʩʚʝʪ. 
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ʋ ʪʘʙʝʣʠ 7.1 ʧʨʠʢʘʟʘʥ ʿʝ ʩʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ 

ˁʠʭʦʚʦʤ ʩʘʩʪʘʚʫ ʥʘ ʪʠʧʠʯʥʠʤ ʩʘʥʠʪʘʨʥʠʤ ʜʝʧʦʥʠʿʘʤʘ. 

ʊʘʙʝʣʘ 7.1 ʉʘʩʪʘʚ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ˁʠʭʦʚʦʤ ʩʘʩʪʘʚʫ 

[102] 

 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʠʟʚʨʰʝʥʦ 

ʫʟʦʨʢʦʚʘˁʝʤ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠʟ ʘʝʨʘʮʠʦʥʠʭ ʣʘʛʫʥʘ, ʧʨʝ ʪʨʝʪʤʘʥʘ ʠ ʪʦ ʩʘ ʣʦʢʘʮʠʿʘ 

ʨʝʛʠʦʥʘʣʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ ʠ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ Ăʄʝʪʝʨʠʩñ ʫ 

ɺʨʘˁʫ. ʋʟʦʨʢʦʚʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʚʨʰʠʣʦ ʩʝ ʢʚʘʨʪʘʣʥʦ ʫ ʧʝʨʠʦʜʫ ʦʜ ʧʝʪ ʛʦʜʠʥʘ ʠ ʪʦ ʦʜ 

2018. ʛʦʜʠʥʝ ʜʦ 2022. ʛʦʜʠʥʝ. ɸʥʘʣʠʟʝ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʚʨʰʠʣʝ ʩʫ ʩʝ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ 

ʟʘ ʘʥʘʣʠʟʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʎʝʥʪʘʨ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ, ĂPWW ɼʝʧʦʥʠʿʘñ 

ʜ.ʦ.ʦ. ɱʘʛʦʜʠʥʘ ʠ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʘʥʘʣʠʟʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʉʘʥʠʨʘʥʦʿ ʜʝʧʦʥʠʿʠ 

Ăʄʝʪʝʨʠʩñ, ʧʨʠ ʀʥʩʪʠʪʫʪʫ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ʫ ɺʨʘˁʫ. 

7.1. ʈʝʛʠʦʥʘʣʥʘ ʩʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 

ɻʨʘʜ ɱʘʛʦʜʠʥʘ ʩʝ ʥʘʣʘʟʠ ʥʘ 43Á 59ô ʩʝʚʝʨʥʝ ʛʝʦʛʨʘʬʩʢʝ ʰʠʨʠʥʝ ʠ 24Á 14ô ʠʩʪʦʯʥʝ ʛʝʦʛʨʘʬʩʢʝ 

ʜʫʞʠʥʝ, ʩʘ ʧʨʦʩʝʯʥʦʤ ʥʘʜʤʦʨʩʢʦʤ ʚʠʩʠʥʦʤ ʦʜ 116 m, ʜʦʢ ʿʝ ʥʘʿʚʠʰʘ ʪʘʯʢʘ ɫʫʨʹʝʚʦ ʙʨʜʦ ʩʘ 

213 m. ʇʨʝʤʘ ʧʦʟʥʘʪʠʤ ʛʝʦʣʦʰʢʠʤ ʠ ʩʝʠʟʤʦʣʦʰʢʠʤ ʧʦʜʘʮʠʤʘ, ʣʦʢʘʮʠʿʘ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ 

ʯʝʩʪʠʤ ʠ ʩʥʘʞʥʠʤ ʩʝʠʟʤʠʯʢʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ, ʩʘ ʩʪʝʧʝʥʦʤ ʩʝʠʟʤʠʯʥʦʩʪʠ ʦʜ 8Á ʄʂʉ. 
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ɱʘʛʦʜʠʥʘ ʿʝ ʩʤʝʰʪʝʥʘ ʫ ʙʣʠʟʠʥʠ ʨʝʢʝ ɺʝʣʠʢʝ ʄʦʨʘʚʝ, ʢʦʿʘ ʿʝ ʜʝʦ ʢʦʨʠʜʦʨʘ 10 ʠ ʧʨʝʜʩʪʘʚˀʘ 

ʛʣʘʚʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʢʦʨʠʜʦʨ ʫ ʨʝʛʠʦʥʫ, ʧʦʚʝʟʫʿʫ˂ʠ ʤʨʝʞʫ ʨʝʛʠʦʥʘʣʥʠʭ ʧʫʪʝʚʘ.. ʅʘ ʩʣʠʮʠ 

7.1. ʧʨʠʢʘʟʘʥ ʿʝ ʧʦʣʦʞʘʿ ʨʝʛʠʦʥʘʣʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ. 

 

ʉʣʠʢʘ 7.1 ʇʦʣʦʞʘʿ ʨʝʛʠʦʥʘʣʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ [32]  

ɼʝʧʦʥʠʿʘ "ɻʠʛʦʰ" ʿʝ ʦʢʨʫʞʝʥʘ ʰʫʤʩʢʠʤ ʟʝʤˀʠʰʪʝʤ ʠ ʜʝʣʦʤ ʟʘʫʟʠʤʘ ʢʘʪʘʩʪʘʨʩʢʫ ʦʧʰʪʠʥʫ 

ʃʘʥʠʰʪʝ, ʧʦʜ ʙʨʦʿʝʤ 1600. ʉʘ ʠʩʪʦʯʥʝ ʩʪʨʘʥʝ ʛʨʘʥʠʯʠ ʩʝ ʩʘ ʧʘʨʮʝʣʦʤ ʧʦʜ ʙʨʦʿʝʤ 1602 ʠʩʪʝ 

ʢʘʪʘʩʪʘʨʩʢʝ ʦʧʰʪʠʥʝ, ʜʦʢ ʿʝ ʩʘ ʟʘʧʘʜʥʝ ʩʪʨʘʥʝ ʦʛʨʘʥʠʯʝʥʘ ʧʘʨʮʝʣʦʤ ʙʨʦʿ 1599. ʅʘ ʿʫʛʫ, 

ʜʝʧʦʥʠʿʘ ʩʝ ʥʘʣʘʟʠ ʫʟ ʧʘʨʮʝʣʝ ʢʦʿʝ ʩʫ ʥʘʤʝˁʝʥʝ ʟʘ ʧʦˀʦʧʨʠʚʨʝʜʫ. 

7.1.1. ʂʣʠʤʘʪʩʢʝ, ʭʠʜʨʦʣʦʰʢʝ ʠ ʛʝʦʤʦʨʬʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʣʦʢʘʮʠʿʝ 

ʅʘ ʧʦʜʨʫʯʿʫ ʛʨʘʜʘ ɱʘʛʦʜʠʥʝ ʨʘʟʚʠʿʝʥʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʝʨʝʥʦ ʢʦʥʪʠʥʝʥʪʘʣʥʝ ʢʣʠʤʝ ʩʘ 

ʭʣʘʜʥʠʤ ʟʠʤʘʤʘ ʠ ʪʦʧʣʠʤ ʣʝʪʠʤʘ, ʫʟ ʤʠʥʦʨʥʘ ʦʜʩʪʫʧʘˁʘ. ʇʨʦʣʝ˂ʘ ʩʫ ʪʦʧʣʠʿʘ ʟʙʦʛ ʚʝ˂ʠʭ 

ʩʪʨʫʿʘˁʘ ʩʘ ʿʫʛʘ ʢʦʿʘ ʫʪʠʯʫ ʥʘ ʙʨʞʝ ʪʦʧˀʝˁʝ ʩʥʝʛʘ, ʧʦʨʘʩʪ ʚʦʜʦʩʪʘʿʘ ʠ ʫʙʨʟʘʥʠ ʨʘʩʪ 

ʚʝʛʝʪʘʮʠʿʝ.  

ʄʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ ʟʘ ʧʦʜʨʫʯʿʝ ɱʘʛʦʜʠʥʝ ʧʨʝʫʟʝʪʠ ʩʫ ʠʟ ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ Meteonorm 

8. ʇʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʿʥʦʚʠʿʠʭ ʜʦʩʪʫʧʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʧʝʨʠʦʜ ʦʜ 2000. 

ʛʦʜʠʥʝ ʜʦ 2019. ʛʦʜʠʥʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ - ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʢʨʝ˂ʝ ʦʜ 11,2ÁC ʜʦ 11,7 ÁC. ʇʨʦʩʝʯʥʝ 

ʤʝʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʚʘʨʠʨʘʿʫ ʦʜ ʤʠʥʠʤʘʣʥʠʭ  -0,2 ÁC ʫ ʿʘʥʫʘʨʫ ʜʦ ʤʘʢʩʠʤʘʣʥʠʭ 
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22,2 ÁC ʫ ʿʫʣʫ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʧʨʦʥʠʮʘˁʘ ʭʣʘʜʥʠʭ ʚʘʟʜʫʰʥʠʭ ʤʘʩʘ ʩʘ ʩʝʚʝʨʘ ʠ ʪʦʧʣʠʭ ʩʘ 

ʿʫʛʘ. ʅʘ ʩʣʠʮʠ 7.2. ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʝʣʘʪʠʚʥʝ 

ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ ʟʘ ʧʦʜʨʫʯʿʝ ɱʘʛʦʜʠʥʝ . 

 

ʉʣʠʢʘ 7.2 ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʝʣʘʪʠʚʥʝ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ ʟʘ ʧʦʜʨʫʯʿʝ 

ɱʘʛʦʜʠʥʝ  

ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫ ʠʟʥʘʜ 10 ÁC ʚʝ˂ ʫ ʘʧʨʠʣʫ ʠ ʦʩʪʘʿʫ ʪʘʢʚʝ ʩʚʝ ʜʦ ʥʦʚʝʤʙʨʘ. 

ʋ ʧʝʨʠʦʜʫ ʦʜ ʘʧʨʠʣʘ ʜʦ ʦʢʪʦʙʨʘ ʧʨʦʩʝʯʥʘ ʤʝʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʣʘʟʠ 10ÁC. ʈʝʣʘʪʠʚʥʘ 

ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʥʘʿʚʝ˂ʘ ʿʝ ʫ ʟʠʤʩʢʦʤ ʧʝʨʠʦʜʫ ʠ ʠʟʥʦʩʠ 81% ʫ ʜʝʮʝʤʙʨʫ, ʘ ʥʘʿʤʘˁʘ ʫ 

ʧʨʦʣʝ˂ʝ ʠ ʣʝʪʦ. ʄʝʩʝʮʠ ʢʦʿʠ ʙʝʣʝʞʝ ʠʩʪʫ, ʤʠʥʠʤʘʣʥʫ, ʚʨʝʜʥʦʩʪ ʨʝʣʘʪʠʚʥʝ ʚʣʘʞʥʦʩʪʠ 

ʚʘʟʜʫʭʘ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʩʫ ʘʧʨʠʣ, ʿʫʣ ʠ ʘʚʛʫʩʪ ʠ ʦʥʘ ʠʟʥʦʩʠ 63%. 

ʇʘʜʘʚʠʥʝ - ʧʨʦʩʝʯʥʝ ʛʦʜʠʰˁʝ ʧʘʜʘʚʠʥʝ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʛʨʘʜʘ ɱʘʛʦʜʠʥʝ ʩʫ 619 mm. ʅʘʿʚʝ˂ʝ 

ʧʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʫ ʤʘʿʫ ʠ ʠʟʥʦʩʝ 83 mm, ʜʦʢ ʩʫ ʥʘʿʤʘˁʝ ʧʨʦʩʝʯʥʝ 

ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʟʘʙʝʣʝʞʝʥʝ ʫ ʿʘʥʫʘʨʫ ʠ ʠʟʥʦʩʝ 45 mm. ʅʘ ʩʣʠʮʠ 7.3. 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʦʩʝʯʥʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʠ ʧʨʦʩʝʯʘʥ ʙʨʦʿ ʜʘʥʘ ʧʘʜʘʚʠʥʘ ʧʦ ʤʝʩʝʮʠʤʘ ʟʘ 

ʛʨʘʜ ɱʘʛʦʜʠʥʫ. 
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ʉʣʠʢʘ 7.3. ʇʨʦʩʝʯʥʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʠ ʧʨʦʩʝʯʘʥ ʙʨʦʿ ʜʘʥʘ ʧʘʜʘʚʠʥʘ ʧʦ ʤʝʩʝʮʠʤʘ ʟʘ ʛʨʘʜ 

ɱʘʛʦʜʠʥʫ 

ɺʝʪʨʦʚʠ- ɼʦʤʠʥʘʥʪʥʠ ʚʝʪʨʦʚʠ ʪʦʢʦʤ ʛʦʜʠʥʝ ʜʫʚʘʿʫ ʠʟ ʧʨʘʚʮʘ ʿʫʛʦʟʘʧʘʜʘ (228Á), ʜʦʢ ʩʝ ʫ 

ʧʝʨʠʦʜʫ ʿʫʥʘ ʠ ʿʫʣʘ ʿʘʚˀʘʿʫ ʯʝʰ˂ʝ ʚʝʪʨʦʚʠ ʠʟ ʧʨʘʚʮʘ ʟʘʧʘʜʘ (278Á). ʇʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ 

ʥʘ ʥʠʚʦʫ ʛʦʜʠʥʝ ʠʟʥʦʩʠ 1,6 m/s. ʅʘʿʚʝ˂ʘ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʿʝ ʪʦʢʦʤ ʤʘʨʪʘ ʤʝʩʝʮʘ ʠ 

ʠʟʥʦʩʠ 1,9 m/s, ʜʦʢ ʿʝ ʤʠʥʠʤʘʣʥʘ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ 1,3 m/s ʪʦʢʦʤ ʘʚʛʫʩʪʘ ʠ ʩʝʧʪʝʤʙʨʘ. 

ʇʨʝʦʚʣʘʹʫʿʫ ʧʝʨʠʦʜʠ ʙʝʟ ʚʝʪʨʘ ʩʘ 60,4%, ʜʦʢ ʚʝʪʨʦʚʠʪʠ ʧʝʨʠʦʜʠ ʯʠʥʝ 39,6%, ʰʪʦ 

ʜʦʧʨʠʥʦʩʠ ʧʨʦʚʝʪʨʘʚʘˁʫ ʢʦʪʣʠʥʝ ʦʜ ʟʘʛʘʹʝʥʦʛ ʚʘʟʜʫʭʘ ʠ ʨʘʩʝʿʘʚʘˁʫ ʤʘʛʣʝ, ʘʣʠ ʠ 

ʤʘʥʠʬʝʩʪʘʮʠʿʠ ʜʨʫʛʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʦʿʘʚʘ. 

ɻʝʦʤʦʨʬʦʣʦʰʢʘ ʠ ʭʠʜʨʦʛʝʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʪʝʨʝʥʘ- ʅʘ ʧʦʜʨʫʯʿʫ ʣʦʢʘʮʠʿʝ ʠʟʚʝʜʝʥʦ ʿʝ 

ʠʩʪʨʘʞʥʦ ʙʫʰʝˁʝ ʪʝʨʝʥʘ ʩʘ 29 ʙʫʰʦʪʠʥʘ ʜʫʙʠʥʝ 8,00-10,00 m ʠ ʠʩʢʦʧʘʥʝ ʩʫ 4 ʠʩʪʨʘʞʥʝ 

ʿʘʤʝ. ɻʝʦʝʣʝʢʪʨʠʯʥʦ ʩʦʥʜʠʨʘˁʝ ʠʟʚʝʜʝʥʦ ʿʝ ʩʘ 15 ʛʝʦʝʣʝʢʪʨʠʯʥʠʭ ʩʦʥʜʠ. ʋʨʘʹʝʥʦ ʿʝ 5 

ʧʠʿʝʟʦʤʝʪʘʨʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʊʘʢʦʹʝ ʿʝ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʠʩʧʠʪʘʥʦ ʫʢʫʧʥʦ 29 ʫʟʦʨʘʢʘ ʠʟ 

ʠʩʪʨʘʞʥʠʭ ʙʫʰʦʪʠʥʘ ʠ 4 ʫʟʦʨʢʘ ʠʟ ʠʩʪʨʘʞʥʠʭ ʿʘʤʘ. 

ʅʘ ʛʝʦʪʝʭʥʠʯʢʠʤ ʧʨʝʩʝʮʠʤʘ ʪʝʨʝʥʘ ʠʟʜʚʦʿʝʥʝ ʩʫ ʯʝʪʠʨʠ ʩʨʝʜʠʥʝ ʠ ʪʦ [157]: 

1. ʥʘʩʠʧ, 

2. ʧʨʘʰʠʥʘʩʪʦ ʧʝʩʢʦʚʠʪʘ ʛʣʠʥʘ,  

3. ʛʨʫʩ ʠ 

4. ʢʨʠʩʪʘʣʘʩʪʠ ʰʢʨʠˀʘʮ. 
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ʇʨʘʰʠʥʘʩʪʦ ʧʝʩʢʦʚʠʪʘ ʛʣʠʥʘ, ʜʝʣʫʚʠʿʘʣʥʘ - ʥʘʩʪʘʣʘ ʧʦʪʧʫʥʦʤ ʜʝʛʨʘʜʘʮʠʿʦʤ ʦʩʥʦʚʥʝ 

ʩʪʝʥʩʢʝ ʤʘʩʝ- ʢʨʠʩʪʘʣʘʩʪʠʭ ʰʢʨʠˀʘʮʘ. ʌʦʨʤʠʨʘʥʘ ʿʝ ʦʜ ʧʦʚʨʰʠʥʝ ʪʝʨʝʥʘ ʜʦ ʧʨʦʤʝʥˀʠʚʠʭ 

ʜʫʙʠʥʘ. ʇʨʝʤʘ ʛʝʦʝʣʝʢʪʨʠʯʥʦʤ ʩʦʥʜʠʨʘˁʫ ʠ ʠʩʪʨʘʞʥʦʤ ʙʫʰʝˁʫ ʜʫʙʠʥʘ ʦʚʦʛ ʩʣʦʿʘ ʩʝ ʢʨʝ˂ʝ 

ʦʜ 0,70-7,50 m. ʀʟ ʦʚʦʛ ʩʣʦʿʘ ʿʝ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʠʩʧʠʪʘʥʦ 15 ʫʟʦʨʘʢʘ ʠ ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʜʘ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʿʩʢʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʩʘʜʨʞʠ 2-4 % ʩʠʪʥʦʛ ʜʦ ʢʨʫʧʥʦʛ ʰˀʫʥʢʘ, ʤʝʩʪʠʤʠʯʥʦ ʠ 

ʩʠʪʥʝ ʦʜʣʦʤʢʝ ʰʢʨʠˀʮʘ. ʉʘʜʨʞʠ ʦʜ 8-66 % ʧʝʩʢʘ, 32-83 % ʧʨʘʰʠʥʝ ʠ 7-14 % ʛʣʠʥʝ. 

ʀʩʧʦʜ ʜʝʣʫʚʠʿʘʣʥʠʭ ʛʣʠʥʘ ʣʝʞʠ ʩʣʦʿ ʛʨʫʩʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʧʘʜʠʥʫ ʦʩʥʦʚʥʝ ʩʪʝʥʩʢʝ 

ʤʘʩʝ-ʰʢʨʠˀʮʘ. ʐˀʫʥʢʦʚʠʪʦ ʧʝʩʢʦʚʠʪʘ ʿʝ, ʜʝʣʦʤ ʧʨʘʰʠʥʘʩʪʘ ʩʘ ʤʘˁʠʤ ʧʨʦʮʝʥʪʦʤ ʛʣʠʥʝ. 

ɼʝʙˀʠʥʘ ʦʚʦʛ ʩʣʦʿʘ ʿʝ ʥʘʿʯʝʰ˂ʝ 1-3 m, ʤʘʜʘ ʧʦʥʝʢʘʜ ʤʦʞʝ ʠʤʘʪʠ ʜʝʙˀʠʥʫ ʠ ʚʝ˂ʫ ʦʜ 5,0 m. 

ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʛʝʦʝʣʝʢʪʨʠʯʥʦʛ ʩʦʥʜʠʨʘˁʘ, ʟʥʘʪʥʦ ʿʝ ʤʘˁʝ ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʪʭʦʜʥʠ ʩʣʦʿ. ʃʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʜʘ ʿʝ ʩʘʜʨʞʠ 7-60 % ʩʠʪʥʦʛ 

ʜʦ ʢʨʫʧʥʦʛ ʰˀʫʥʢʘ, ʢʘʦ ʠ ʩʠʪʥʝ ʦʜʣʦʤʢʝ ʰʢʨʠˀʮʘ. ʉʘʜʨʞʠ ʦʜ 4-66 % ʧʝʩʢʘ, 13-60 % 

ʧʨʘʰʠʥʘ ʠ 1-10 % ʛʣʠʥʝ. 

ʂʨʠʩʪʘʣʘʩʪʠ ʰʢʨʠˀʘʮ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʫ ʩʪʝʥʩʢʫ ʤʘʩʫ ʠ ʧʦʿʘʚˀʫʿʫ ʩʝ ʥʘ ʜʫʙʠʥʠ ʠʟʤʝʹʫ 

2-11 m. 

ɱʘʨʫʛʘ ʥʘ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʧʨʠʢʫʧˀʘ ʠʥʬʠʣʪʨʠʨʘʥʝ ʚʦʜʝ ʫ ʪʝʨʝʥ ʠ ʧʦʚʨʰʠʥʩʢʝ 

ʚʦʜʝ, ʦʜʚʦʜʠ ʠʭ ʫ ʚʝ˂ʫ ʿʘʨʫʛʫ, ʧʘ ʜʘˀʝ ʢʘ ɺʝʣʠʢʦʿ ʄʦʨʘʚʠ. ʅʘ ʧʦʯʝʪʢʫ ʜʫʙʦʢʝ ʿʘʨʫʛʝ ʿʘʚˀʘ 

ʩʝ ʩʪʘʣʥʘ ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʢʦʿʘ ˁʦʤ ʦʪʠʯʝ. ʂʦʣʠʯʠʥʘ ʚʦʜʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʿʘʨʫʟʠ ʚʘʨʠʨʘ 

ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʠ ʪʦʧˀʝˁʘ ʩʥʝʛʘ. ʀʥʬʠʣʪʨʠʨʘʥʝ ʚʦʜʝ ʫ ʪʝʨʝʥ ʩʧʦʨʠʿʝ 

ʩʝ ʧʨʦʮʝʹʫʿʫ ʢʨʦʟ ʩʣʦʿ ʜʝʣʫʚʠʿʘʣʥʝ ʛʣʠʥʝ ʢʘ ʙʦˀʝ ʧʨʦʚʦʜˀʠʚʦʤ ʛʨʫʩʫ ʠ ʢʨʠʩʪʘʣʘʩʪʠʤ 

ʰʢʨʠˀʮʠʤʘ ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʜʨʝʥʠʨʘʿʫ ʢʘ ʿʘʨʫʟʠ. 

ʋ ʧʠʿʝʟʦʤʝʪʨʠʤʘ ʥʠʿʝ ʢʦʥʩʪʘʪʦʚʘʥʘ ʧʦʜʟʝʤʥʘ ʚʦʜʘ. ʄʝʹʫʪʠʤ, ʫ ʛʨʫʩʫ ʿʝ ʠʤʘ ʫ ʤʘˁʠʤ 

ʢʦʣʠʯʠʥʘʤʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʣʠʯʠʥʘ ʠʥʬʠʣʪʨʘʮʠʿʝ.  

ʃʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʬʠʟʠʯʢʦ ʤʝʭʘʥʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʦʿʝʜʠʥʠʭ ʫʟʦʨʘʢʘ ʪʣʘ 

ʜʦʙʠʿʝʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʬʠʣʪʨʘʮʠʿʝ [157]: 

¶ ʧʨʘʰʠʥʘʩʪʦ ʧʝʩʢʦʚʠʪʘ ʛʣʠʥʘ ʿʝ ʩʨʝʜˁʝ ʧʨʦʧʫʩʪˀʠʚʦ ʪʣʦ ʢʦʿʝ ʠʤʘ ʚʨʝʜʥʦʩʪʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʬʠʣʪʨʘʮʠʿʝ: kf = 3,08x10ï7 ï 4,98x10ï4 cm/s; 

¶ ʛʨʫʩ ʿʝ ʨʝʣʘʪʠʚʥʦ ʧʨʦʧʫʩʪˀʠʚʦ ʪʣʦ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʬʠʣʪʨʘʮʠʿʝ: kf = 

1,35x10-2 - 1,65x10-5 cm/s; 
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7.1.2 ʆʧʠʩ ʣʦʢʘʮʠʿʝ ʨʝʛʠʦʥʘʣʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ 

ʂʦʤʧʣʝʢʩ ʨʝʛʠʦʥʘʣʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʫ ɱʘʛʦʜʠʥʠ ʧʨʦʿʝʢʪʦʚʘʥ ʿʝ ʥʘ ʣʦʢʘʮʠʿʠ Ăɻʠʛʦʰñ  

ʢʦʿʘ ʿʝ ʫʜʘˀʝʥʘ 13 km ʩʝʚʝʨʦʟʘʧʘʜʥʦ ʦʜ ʛʨʘʜʘ ɱʘʛʦʜʠʥʝ. ɼʝʧʦʥʠʿʘ ʩʝ ʧʨʦʩʪʠʨʝ ʥʘ ʧʦʚʨʰʠʥʠ 

ʦʜ 11.83 ha ʠ ʥʘʣʘʟʠ ʩʝ ʫ ʿʘʨʫʞʥʦʤ ʧʨʦʩʪʦʨʫ ʠʟʤʝʹʫ ʜʚʘ ʛʨʝʙʝʥʘ, ʜʦʢ ʩʝ ʫ ʦʢʨʫʞʝˁʫ ʥʘʣʘʟʝ 

ʠ ʜʨʫʛʝ ʿʘʨʫʞʥʝ ʤʦʨʬʦʣʦʰʢʝ ʩʪʨʫʢʪʫʨʝ. ʊʝʨʝʥ ʿʝ ʩʪʨʤ ʩʘ ʧʘʜʦʚʠʤʘ ʜʦ 50%. ʅʘʿʥʠʞʘ ʪʘʯʢʘ 

ʢʦʤʧʣʝʢʩʘ ʿʝ ʥʘ ʦʢʦ 165 ʤʝʪʘʨʘ ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ, ʜʦʢ ʥʘʿʚʠʰʘ ʜʦʩʪʠʞʝ ʧʨʠʙʣʠʞʥʦ 284 

ʤʝʪʘʨʘ ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ. ʋ ʙʣʠʟʠʥʠ ʣʦʢʘʮʠʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘʩʝˀʘ: ʅʦʚʦ ʃʘʥʠʰʪʝ ʥʘ 

ʦʪʧʨʠʣʠʢʝ 2.5 km, ʠ ɹʘʛʨʜʘʥ ʥʘ 3 km ʫʜʘˀʝʥʦʩʪʠ. ʈʝʢʘ ɺʝʣʠʢʘ ʄʦʨʘʚʘ ʪʝʯʝ ʥʘ 2 km ʦʜ 

ʣʦʢʘʮʠʿʝ, ʜʦʢ ʩʫ ʞʝʣʝʟʥʠʯʢʘ ʧʨʫʛʘ ʢʦʿʘ ʧʦʚʝʟʫʿʝ ɹʝʦʛʨʘʜ ʠ ʅʠʰ, ʢʘʦ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ 

ʢʦʨʠʜʦʨ 10, ʫʜʘˀʝʥʠ ʦʢʦ 1.5 km. ʍʘʿʜʫʯʢʠ ʧʦʪʦʢ ʥʘʣʘʟʠ ʩʝ ʥʘ ʦʢʦ 150 m ʦʜ ʜʝʧʦʥʠʿʝ ʫ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʠ ʨʝʮʠʧʠʿʝʥʪ ʟʘ ʠʩʧʫʰʪʘˁʝ ʚʦʜʝ ʢʦʿʝ ʩʫ ʦʙʨʘʹʝʥʝ ʥʘ ʣʦʢʘʮʠʿʠ ʜʝʧʦʥʠʿʝ 

Ăɻʠʛʦʰñ. ʆʙʿʝʢʪʠ ʢʫʣʪʫʨʥʦʛ ʟʥʘʯʘʿʘ ʢʘʦ ʰʪʦ ʩʫ ʮʨʢʚʘ ʠ ʤʘʥʘʩʪʠʨ ʊʦʤʠ˂ ʩʫ ʥʘ ʫʜʘˀʝʥʦʩʪʠ 

ʦʜ 1.5, ʦʜʥʦʩʥʦ 2 km. ʃʦʢʘʣʥʠ ʚʝʪʨʦʚʠ ʩʫ ʫ ʦʚʦʤ ʨʝʛʠʦʥʫ ʧʦʚʦˀʥʠ. ʅʘ ʩʣʠʮʠ 7.4 ʧʨʠʢʘʟʘʥʘ 

ʿʝ ʤʘʢʨʦʣʦʢʘʮʠʿʘ ʜʝʧʦʥʠʿʝ ɻʠʛʦʰ. 

 

 

ʉʣʠʢʘ 7.4 ʄʘʢʨʦʣʦʢʘʮʠʿʘ ʨʝʛʠʦʥʘʣʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ[157] 
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ʆʙʣʘʩʪ ʢʦʿʘ ʦʢʨʫʞʫʿʝ ʜʝʧʦʥʠʿʫ ʿʝ ʚʝ˂ʠʥʦʤ ʰʫʤʦʚʠʪʘ, ʩ ʪʠʤ ʜʘ ʩʝ ʿʫʞʥʝ ʠ ʩʝʚʝʨʥʝ ʛʨʘʥʠʮʝ 

ʜʝʣʦʤʠʯʥʦ ʛʨʘʥʠʯʝ ʩʘ ʧʦˀʦʧʨʠʚʨʝʜʥʠʤ ʟʝʤˀʠʰʪʝʤ. ʇʨʠʩʪʫʧ ʦʚʦʿ ʣʦʢʘʮʠʿʠ ʿʝ ʤʦʛʫ˂ ʧʨʝʢʦ 

ʧʫʪʘ ʢʦʿʠ ʚʦʜʠ ʦʜ ʨʝʛʠʦʥʘʣʥʦʛ ʧʫʪʘ ʙʨʦʿ 214, ʥʘ ʨʝʣʘʮʠʿʠ ɱʘʛʦʜʠʥʘ - ɹʘʛʨʜʘʥ, ʠ ʧʨʦʪʝʞʝ ʩʝ 

ʜʦ ʫʣʘʟʘ ʫ ʈʝʛʠʦʥʘʣʥʠ ʮʝʥʪʘʨ. ʇʫʪ ʿʝ ʜʫʛʘʯʘʢ ʦʢʦ 4 km ʠ ʠʟʛʨʘʹʝʥ ʜʦ ʥʠʚʦʘ ʘʩʬʘʣʪʥʦʛ 

ʧʦʢʨʠʚʘʯʘ, ʩʘ ʪʝʤʝˀʝʤ ʦʜ ʪʫʮʘʥʠʢʘ ʠ ʫʨʝʹʝʥʠʤ ʙʘʥʢʠʥʘʤʘ. ʅʘ ʩʣʠʮʠ 7.5 ʧʨʠʢʘʟʘʥ ʿʝ ʠʟʛʣʝʜ 

ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ ʩʘ ʦʢʦʣʠʥʦʤ. 

 

ʉʣʠʢʘ 7.5 ʀʟʛʣʝʜ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ ʩʘ ʦʢʦʣʠʥʦʤ [158] 

ɼʝʧʦʥʠʿʘ "ɻʠʛʦʰ" ʿʝ ʧʦʯʝʣʘ ʩʘ ʨʘʜʦʤ 2010. ʛʦʜʠʥʝ ʠ ʠʤʘ ʢʘʧʘʮʠʪʝʪ ʦʜ 1.500.000 m3, ʰʪʦ ʿʝ 

ʜʦʚʦˀʥʦ ʟʘ 25 ʛʦʜʠʥʘ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ. ʇʨʦʮʝʩ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʿʝ ʧʦʜʝˀʝʥ ʫ ʪʨʠ ʬʘʟʝ ʢʦʿʝ 

ʩʝ ʥʘʜʦʚʝʟʫʿʫ ʿʝʜʥʘ ʥʘ ʜʨʫʛʫ ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʠʩʧʫʥʠ ʢʘʧʘʮʠʪʝʪ ʜʝʧʦʥʠʿʝ. ʅʘʢʦʥ ʪʦʛʘ, ʫ ʧʣʘʥʫ 

ʿʝ ʜʘ ʩʝ ʠʟʚʨʰʠ ʩʘʥʠʨʘˁʝ ʠ ʨʝʢʫʣʪʠʚʘʮʠʿʘ ʮʝʣʝ ʣʦʢʘʮʠʿʝ. ʋ ʧʣʘʥʫ ʿʝ ʪʘʢʦʹʝ ʥʘʚʝʜʝʥʦ ʜʘ ˂ʝ 

ʪʝʣʦ ʜʝʧʦʥʠʿʝ ʠ ʟʘʰʪʠʪʥʠ ʧʦʿʘʩ ʦʙʫʭʚʘʪʠʪʠ ʧʦʚʨʰʠʥʫ ʦʜ 155.271 m3 [158]. ʅʘ ʩʣʠʮʠ 7.6 

ʧʨʠʢʘʟʘʥʦ ʿʝ ʢʘʩʢʘʜʥʦ ʪʝʣʦ ʜʝʧʦʥʠʿʝ ɻʠʛʦʰ. 
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ʉʣʠʢʘ 7.6 ʂʘʩʢʘʜʥʦ ʪʝʣʦ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ [158] 

ʅʘ ʣʦʢʘʮʠʿʠ "ɻʠʛʦʰ" ʜʝʧʦʥʠʿʝ ʥʘʣʘʟʠ ʩʝ [157]: 

¶ ʤʘʥʠʧʫʣʘʪʠʚʥʦ - ʦʧʩʣʫʞʥʠ ʧʣʘʪʦ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʢʦʥʪʝʿʥʝʨʝ, ʩʠʩʪʝʤ ʟʘ ʧʨʘˁʝ ʪʦʯʢʦʚʘ 

ʢʘʤʠʦʥʘ, ʧʘʨʢʠʥʛ ʧʨʦʩʪʦʨ ʟʘ ʚʦʟʠʣʘ, ʧʨʦʩʪʦʨ ʟʘ ʧʨʘˁʝ ʚʦʟʠʣʘ, ʢʘʦ ʠ ʧʘʨʢʠʥʛ ʟʘ 

ʧʦʩʝʪʠʦʮʝ ʠ ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ. ʅʘ ʫʣʘʟʫ ʫ ʢʦʤʧʣʝʢʩ, ʧʦʨʝʜ ʢʘʧʠʿʝ, ʩʤʝʰʪʝʥ ʿʝ ʦʙʿʝʢʘʪ 

ʥʘʤʝˁʝʥ ʦʩʦʙˀʫ, ʢʦʿʠ ʩʘʜʨʞʠ ʧʦʨʪʠʨʥʠʮʫ, ʢʘʥʮʝʣʘʨʠʿʝ ʟʘ ʨʘʜʥʠʢʝ, ʧʨʦʩʪʦʨʠʿʝ ʟʘ 

ʦʜʤʦʨ ʠ ʤʦʢʨʠ ʯʚʦʨ, 

¶ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, 

¶ ʙʨʘʥʘ, 

¶ ʠʥʪʝʨʥʝ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ, 

¶ ʘʝʨʘʮʠʦʥʘ ʠ ʪʘʣʦʞʥʘ ʣʘʛʫʥʘ, ʥʘʤʝˁʝʥʝ ʧʨʝʯʠʰ˂ʘʚʘˁʫ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, 

¶ ʦʙʦʜʥʠ ʢʘʥʘʣʠ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʘʪʤʦʩʬʝʨʩʢʠʭ ʯʠʩʪʠʭ ʚʦʜʘ, 

¶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʦʙʿʝʢʪʠ: ʨʝʟʝʨʚʦʘʨ ʟʘ ʧʨʦʪʠʚʧʦʞʘʨʥʫ ʠ ʩʘʥʠʪʘʨʥʫ ʚʦʜʫ ʩʘ 

ʟʘʧʨʝʤʠʥʦʤ ʦʜ 110 m3, ʪʨʘʬʦ ʩʪʘʥʠʮʘ ʠ ʜʠʟʝʣ ʘʛʨʝʛʘʪ. 

7.1.3 ɼʝʧʦʥʦʚʘˁʝ ʦʪʧʘʜʘ ʥʘ ʣʦʢʘʮʠʿʠ Ăɻʠʛʦʰñ 

ʋ ʎʝʥʪʨʫ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ, ʢʦʿʠ ʿʝ ʦʜ ʜʝʧʦʥʠʿʝ ʫʜʘˀʝʥ 13 km, ʚʨʰʠ ʩʝ 

ʤʝʨʝˁʝ ʦʪʧʘʜʘ ʢʦʿʠ ʧʨʠʩʪʠʞʝ ʥʘ ʜʝʧʦʥʠʿʫ. ʇʨʦʚʝʨʘ ʦʪʧʘʜʘ ʩʝ ʦʙʘʚˀʘ ʧʨʠ ʜʦʣʘʩʢʫ ʫ ʮʝʥʪʘʨ, 

ʠ ʫʢʦʣʠʢʦ ʿʝ ʠʩʭʦʜ ʧʨʦʚʝʨʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ, ʚʦʟʠʣʦ ʩʝ ʫʧʫ˂ʫʿʝ ʥʘ ʤʝʨʝˁʝ. ʅʘʢʦʥ ʤʝʨʝˁʘ, 

ʢʘʤʠʦʥʠ ʩʝ ʰʘˀʫ ʥʘ ʤʘʥʠʧʫʣʘʪʠʚʥʦ- ʦʧʩʣʫʞʥʠ ʧʣʘʪʦ ʛʜʝ ʩʝ ʦʪʧʘʜ ʠʩʪʦʚʘʨʫʿʝ, ʫ ʩʢʣʘʜʫ ʩʘ 

ˁʝʛʦʚʦʤ ʚʨʩʪʦʤ ʠ ʧʨʦʧʨʘʪʥʠʤ ʧʨʦʮʝʜʫʨʘʤʘ ʪʨʘʥʩʧʦʨʪʘ ʟʘ ʧʦʥʦʚʥʦ ʠʩʢʦʨʠʰ˂ʝˁʝ ʠʣʠ 
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ʦʜʣʘʛʘˁʝ. ʆʪʧʘʜ ʢʦʿʠ ʩʝ ʥʝ ʤʦʞʝ ʧʦʥʦʚʦ ʠʩʢʦʨʠʩʪʠʪʠ ʩʝ ʩʘʢʫʧˀʘ ʫ ʧʦʩʝʙʘʥ ʢʦʥʪʝʿʥʝʨ ʠ ʘʢʦ 

ʠʩʧʫˁʘʚʘ ʢʨʠʪʝʨʠʿʫʤʝ ʟʘ ʦʜʣʘʛʘˁʝ, ʦʜʣʘʞʝ ʩʝ ʥʘ ʜʝʧʦʥʠʿʫ. 

ɼʥʝʚʥʘ ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʢʦʿʘ ʩʝ ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʠ "ɻʠʛʦʰ" ʫ ʥʝʩʘʙʠʿʝʥʦʤ ʦʙʣʠʢʫ ʠʟʥʦʩʠ 

372 t/ʜʘʥ, ʠʣʠ 114 m3 ʜʥʝʚʥʦ ʫ ʩʘʙʠʿʝʥʦʤ ʩʪʘˁʫ, ʰʪʦ ʦʪʧʨʠʣʠʢʝ ʠʟʥʦʩʠ 150 t/ʜʘʥ. ʂʦʣʠʯʠʥʝ 

ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰ, ʠʟ ʧʦʩʣʝʜˁʝ ʠʟʚʝʰʪʘʿʥʝ ʛʦʜʠʥʝ, ʫ ʧʝʨʠʦʜʫ ʦʜ 2015. 

ʛʦʜʠʥʝ ʜʦ 2022. ʛʦʜʠʥʝ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʪʘʙʝʣʠ 7.2, ʜʦʢ ʿʝ ʤʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ 

ʦʜʣʘʞʝ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʪʘʙʝʣʠ 7.3. 

ʊʘʙʝʣʘ 7.2 ʂʦʣʠʯʠʥʘ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ʧʝʨʠʦʜʫ ʦʜ 2015-2022. ʛʦʜʠʥʝ [87] 

 

ʊʘʙʝʣʘ 7.3 ʄʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ [102] 

 

ʆʪʧʘʜ ʩʝ ʥʘʢʦʥ ʠʩʪʦʚʘʨʘ ʩʠʩʪʝʤʘʪʩʢʠ ʨʘʩʧʨʦʩʪʠʨʝ ʠ ʠʟʨʘʚʥʘʚʘ ʫ ʩʣʦʿʝʚʠʤʘ ʜʝʙˀʠʥʝ ʦʜ 0,1 

m ʜʦ 0,2 m ʠ ʩʘʙʠʿʘ ʩʝ ʢʦʤʧʘʢʪʦʨʦʤ ʜʦ ʞʝˀʝʥʝ ʛʫʩʪʠʥʝ. ʅʘʢʦʥ ʩʚʘʢʦʛ ʩʘʙʠʿʝʥʦʛ ʩʣʦʿʘ, 

ʙʫʣʜʦʞʝʨʦʤ ʩʝ ʧʦʩʪʘʚˀʘ ʪʘʥʘʢ ʩʣʦʿ ʦʪʧʘʜʘ ʧʨʝʢʦ ʠʟʨʘʚʥʘʥʝ ʧʦʚʨʰʠʥʝ, ʢʦʿʠ ʩʝ ʟʘʪʠʤ ʧʦʥʦʚʦ 

ʩʘʙʠʿʘ ʢʦʤʧʘʢʪʦʨʦʤ. ʆʚʘʿ ʧʦʩʪʫʧʘʢ ʩʝ ʧʦʥʘʚˀʘ ʪʦʢʦʤ ʮʝʣʦʛ ʜʘʥʘ (ʠʣʠ ʪʦʢʦʤ ʧʝʨʠʦʜʘ 

ʜʝʧʦʥʦʚʘˁʘ), ʥʘʢʦʥ ʩʚʘʢʝ ʜʦʚʝʟʝʥʝ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʘ, ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʜʦʩʪʠʛʥʝ ʫʢʫʧʥʘ ʚʠʩʠʥʘ 

ʨʘʜʥʦʛ ʩʣʦʿʘ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ. ʅʘ ʢʨʘʿʫ ʩʝ ʧʨʝʢʦ ʛʦʨˁʝ ʧʦʚʨʰʠʥʝ ˂ʝʣʠʿʝ ʩʪʘʚˀʘ ʩʣʦʿ 
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ʧʦʢʨʠʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʜʝʙˀʠʥʝ 0,2 m, ʜʦʢ ʩʘ ʙʦʯʥʠʭ ʦʪʚʦʨʝʥʠʭ ʩʪʨʘʥʘ ˂ʝʣʠʿʝ ʜʝʙˀʠʥʘ ʩʣʦʿʘ 

ʠʟʥʦʩʠ 0,6 m. 

ʌʦʨʤʠʨʘˁʝ ʩʚʘʢʝ ˂ʝʣʠʿʝ ʟʘʚʨʰʘʚʘ ʩʝ ʥʘ ʢʨʘʿʫ ʨʘʜʥʦʛ ʜʘʥʘ. ʇʨʠʤʝʥʘ ʜʥʝʚʥʠʭ ʧʨʝʢʨʠʚʢʠ ʿʝ 

ʦʙʘʚʝʟʥʘ ʥʝ ʩʘʤʦ ʥʘ ʢʨʘʿʫ ʨʘʜʥʦʛ ʜʘʥʘ, ʚʝ˂ ʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʨʘʜʥʠ ʧʨʦʮʝʩ ʦʜʣʘʛʘˁʘ 

ʧʨʝʢʠʥʝ ʪʦʢʦʤ ʜʘʥʘ. ʉʘʚ ʦʪʧʘʜ ʤʦʨʘ ʙʠʪʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʦʢʨʠʚʝʥ ʥʘ ʢʨʘʿʫ ʩʚʘʢʦʛ ʨʘʜʥʦʛ 

ʜʘʥʘ. 

ɿʘ ʦʜʨʝʹʝʥʝ ʪʠʧʦʚʝ ʦʪʧʘʜʘ ʧʦʪʨʝʙʥʦ ʿʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦ ʨʫʢʦʚʘˁʝ ʥʘ ʨʘʜʥʦʿ ʧʦʚʨʰʠʥʠ. ʋ 

ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʨʠʤʝˁʫʿʫ ʩʝ ʩʣʝʜʝ˂ʠ ʧʦʩʪʫʧʮʠ [158]: 

¶ ʢʘʙʘʩʪʠ ʦʪʧʘʜ, ʧʦʧʫʪ ʩʪʘʨʦʛ ʥʘʤʝʰʪʘʿʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʩʣʦʤʠʪʠ ʠʣʠ ʠʩʝʮʢʘʪʠ, ʩʝ 

ʜʝʧʦʥʫʿʝ ʥʘ ʜʥʦ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ ʠ ʨʘʟʙʠʿʘ ʙʫʣʜʦʞʝʨʦʤ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʝ ˁʝʛʦʚʝ 

ʜʠʤʝʥʟʠʿʝ; 

¶ ʢʘʙʘʩʪʠ ʦʪʧʘʜ ʩʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʨʝʹʫʿʝ ʥʘ ʜʥʫ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ, ʜʦʢ ʩʝ ʜʨʫʛʠ 

ʯʚʨʩʪʠ ʦʪʧʘʜ ʦʜʣʘʞʝ ʧʨʝʢʦ ˁʝʛʘ; 

¶ ʩʧʝʮʠʿʘʣʥʠ ʦʪʧʘʜʠ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʧʦʩʝʙʘʥ ʥʘʯʠʥ ʦʜʣʘʛʘˁʘ ʩʝ ʦʜʣʘʞʫ ʥʘ, ʫʥʘʧʨʝʜ 

ʧʨʝʜʚʠʹʝʥʦʤ, ʧʦʩʝʙʥʦʤ ʜʝʣʫ ʜʝʧʦʥʠʿʝ; 

¶ ʦʪʧʘʜ ʥʠʩʢʝ ʛʫʩʪʠʥʝ, ʢʘʦ ʰʪʦ ʿʝ ʟʝʣʝʥʠ ʦʪʧʘʜ, ʟʘʭʪʝʚʘ ʧʦʩʝʙʘʥ ʪʨʝʪʤʘʥ ʟʙʦʛ ʪʝʰʢʦ˂ʝ 

ʩʘʙʠʿʘˁʘ; ʦʚʘʢʘʚ ʦʪʧʘʜ ʩʝ ʦʜʣʘʞʝ ʫ ʪʘʥʢʠʤ ʩʣʦʿʝʚʠʤʘ ʠ ʧʨʝʢʨʠʚʘ ʩʝ ʩʘ ʜʨʫʛʠʤ 

ʚʨʩʪʘʤʘ ʦʪʧʘʜʘ ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʝʬʠʢʘʩʥʦ ʩʘʙʠʿʘˁʝ ʫʢʫʧʥʝ ʤʘʩʝ ʦʪʧʘʜʘ ʥʘ 

ʨʘʜʥʦʿ ʧʦʚʨʰʠʥʠ. 

ɿʘ ʧʦʢʨʠʚʘˁʝ ʦʪʧʘʜʘ ʥʘ "ɻʠʛʦʰ" ʜʝʧʦʥʠʿʠ ʢʦʨʠʩʪʝ ʩʝ ʨʘʟʣʠʯʠʪʠ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʫ 

ʜʦʩʪʫʧʥʠ, ʘ ʥʘʿʚʠʰʝ ʩʝ ʢʦʨʠʩʪʠ ʤʘʪʝʨʠʿʘʣ ʜʦʙʠʿʝʥ ʦʜ ʠʩʢʦʧʘ. ʆʚʘʿ ʤʘʪʝʨʠʿʘʣ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʧʨʘʰʠʥʘʩʪʠʭ ʛʣʠʥʝ, ʧʝʩʢʦʚʠʪʠʭ ʛʣʠʥʘ ʠ ʰˀʫʥʢʦʚʠʪʠʭ ʛʣʠʥʘ ʠ ʩʤʘʪʨʘ ʩʝ ʚʝʦʤʘ ʜʦʙʨʠʤ 

ʤʘʪʝʨʠʿʘʣʦʤ ʟʘ ʧʦʢʨʠʚʘˁʝ. ʆʚʘʢʘʚ ʪʠʧ ʤʘʪʝʨʠʿʘʣʘ ʩʧʨʝʯʘʚʘ ʧʦʿʘʚʫ ʠʥʩʝʢʘʪʘ, ʫʤʘˁʫʿʝ 

ʧʨʦʜʠʨʘˁʝ ʚʣʘʛʝ ʫ ʪʝʣʦ ʜʝʧʦʥʠʿʝ, ʩʤʘˁʫʿʝ ʥʝʧʨʠʿʘʪʥʝ ʤʠʨʠʩʝ, ʧʨʝʚʝʥʮʠʿʫ ʰʠʨʝˁʘ ʙʦʣʝʩʪʠ 

ʠ ʩʧʨʝʯʘʚʘˁʝ ʢʦʥʪʘʢʪʘ ʧʪʠʮʘ ʠ ʠʥʩʝʢʘʪʘ ʩʘ ʦʪʧʘʜʦʤ [157]. 

ʇʨʠʣʠʢʦʤ ʧʦʢʨʠʚʘˁʘ ʯʚʨʩʪʦʛ ʦʪʧʘʜʘ ʠʥʝʨʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ, ʚʦʜʠ ʩʝ ʨʘʯʫʥʘ ʜʘ ʙʫʜʝ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʨʝʹʝʥ ʠ ʜʦʙʨʦ ʫʪʘʙʘʥ, ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʟʘʩʪʘʿʘˁʝ ʚʦʜʝ ʠ ʝʨʦʟʠʿʘ. 

ɻʨʘʹʝʚʠʥʩʢʠ ʰʫʪ ʢʘʦ ʰʪʦ ʩʫ ʤʘʣʪʝʨ, ʮʠʛʣʘ ʠ ʙʝʪʦʥ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʘʚˀʝˁʝ ʧʫʪʝʚʘ ʥʘ 
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ʜʝʧʦʥʠʿʠ. ʂʘʦ ʧʦʢʨʠʚʥʠ ʤʘʪʝʨʠʿʘʣ ʪʘʢʦʹʝ ʩʝ ʢʦʨʠʩʪʠ ʩʠʪʥʠ ʦʪʧʘʜ ʢʘʦ ʰʪʦ ʩʫ ʟʝʤˀʘ ʠ ʧʝʧʝʦ 

ʜʦʙʠʿʝʥ ʩʝʧʘʨʘʮʠʿʦʤ ʦʪʧʘʜʘ ʫ ʎʝʥʪʨʫ ʟʘ ʩʝʣʝʢʮʠʿʫ ʠ ʩʘʢʫʧˀʘˁʝ ʦʪʧʘʜʘ. 

7.1.4 ʊʝʣʦ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ 

ʊʝʣʦ ʜʝʧʦʥʠʿʝ ʩʝ ʧʨʦʩʪʠʨʝ ʜʫʞ ʮʝʣʝ ʟʘʧʘʜʥʝ ʩʪʨʘʥʝ ʢʦʤʧʣʝʢʩʘ. ʇʦʚʨʰʠʥʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʙʨʘʥʫ, ʥʘʢʦʥ ˁʝʥʦʛ ʟʘʪʚʘʨʘˁʘ, ʧʨʠʙʣʠʞʥʦ ʿʝ 71.000 mĮ. ʉʘ ʩʝʚʝʨʥʝ ʩʪʨʘʥʝ, ʪʝʣʦ 

ʜʝʧʦʥʠʿʝ ʿʝ ʦʛʨʘʥʠʯʝʥʦ ʟʝʤˀʘʥʠʤ ʥʘʩʠʧʦʤ, "ʥʘʩʫʪʦʤ ʙʨʘʥʦʤ", ʯʠʿʘ ʤʘʢʩʠʤʘʣʥʘ ʚʠʩʠʥʘ 

ʜʦʩʪʠʞʝ 30 m. 

ʅʘ ʜʝʧʦʥʠʿʠ "ɻʠʛʦʰ", ʢʘʦ ʥʘʯʠʥ ʢʦʥʪʨʦʣʠʩʘʥʦʛ ʦʜʣʘʛʘˁʘ ʥʝʦʧʘʩʥʦʛ ʦʪʧʘʜʘ, ʧʨʠʤʝˁʝʥʘ ʿʝ 

"ʩʝʥʜʚʠʯ" ʪʝʭʥʦʣʦʛʠʿʘ, ʦʜʥʦʩʥʦ ʩʠʩʪʝʤ ʩʣʦʿ ʧʦ ʩʣʦʿ. ʆʚʘʿ ʩʠʩʪʝʤ ʦʤʦʛʫ˂ʘʚʘ ʢʦʥʘʯʥʫ 

ʜʠʩʧʦʟʠʮʠʿʫ ʦʪʧʘʜʘ ʫʟ ʥʘʿʚʠʰʝ ʩʪʘʥʜʘʨʜʝ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. 

ʀʟʦʣʘʮʠʿʘ ʜʥʘ ʠ ʢʦʩʠʥʘ ʬʦʨʤʠʨʘʥʦʛ ʢʦʨʠʪʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʠʟʚʝʜʝʥʘ ʿʝ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʩʧʨʝʯʠ 

ʤʠʛʨʘʮʠʿʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ ʧʨʦʜʠʨʘˁʘ ʛʘʩʦʚʘ ʠʟ ʜʝʧʦʥʠʿʝ ʫ ʟʝʤˀʠʰʪʝ ʠ ˁʠʭʦʚʦ 

ʥʝʢʦʥʪʨʦʣʠʩʘʥʦ ʦʩʣʦʙʘʹʘˁʝ ʫ ʦʢʦʣʠʥʫ. ʅʝʢʦʥʪʨʦʣʠʩʘʥʦ ʦʩʣʦʙʘʹʘˁʝ ʦʚʠʭ ʩʫʧʩʪʘʥʮʠ ʤʦʛʣʦ 

ʙʠ ʜʦʚʝʩʪʠ ʜʦ ʟʘʛʘʹʝˁʘ ʟʝʤˀʠʰʪʘ, ʧʦʜʟʝʤʥʠʭ ʠ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ, ʢʘʦ ʠ ʜʦ ʤʦʛʫ˂ʥʦʩʪʠ 

ʩʪʚʘʨʘˁʘ ʛʘʩʦʚʘ ʫ ʝʢʩʧʣʦʟʠʚʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ. 

7.1.4.1 ʉʠʩʪʝʤʠ ʟʘʰʪʠʪʝ ʣʦʢʘʮʠʿʝ Ăɻʠʛʦʰñ  

ʉʠʩʪʝʤ ʟʘʰʪʠʪʥʠʭ ʙʘʨʠʿʝʨʘ ʜʥʘ ʜʝʧʦʥʠʿʩʢʦʛ ʪʝʣʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʩʣʝʜʝ˂ʠʭ ʩʣʦʿʝʚʘ : 

1. ʩʣʦʿʘ ʩʠʥʪʝʪʠʯʢʝ ʛʣʠʥʝ (ʙʝʥʪʦʥʠʪ) ʧʦ ʜʥʫ ʠ ʢʦʩʠʥʘʤʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, 

2. ʩʣʦʿʘ HDPE ʬʦʣʠʿʝ, ʦʙʦʩʪʨʘʥʦ ʭʨʘʧʘʚʝ, 

3. ʩʣʦʿʘ ʛʝʦʪʝʢʩʪʠʣʘ ʧʨʦʠʟʚʦʹʘʯʘ CETCO ʠ 

4. ʩʣʦʿ ʢʘʤʝʥʦʛ ʘʛʨʝʛʘʪʘ ʬʨʘʢʮʠʿʝ 16-32 mm ʜʝʙʠˀʥʝ d= 50 cm 

ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʥʪʝʪʠʯʢʝ ʛʣʠʥʝ ʩʫ ʩʣʝʜʝ˂ʝ [158]: 

¶ ʜʝʙˀʠʥʘ- 7 mm, 

¶ ʤʘʩʘ ʧʦ ʿʝʜ. ʧʦʚʨʰʠʥʝ- 4,670 g/m2, 

¶ ʠʥʜʝʢʩ ʙʫʙʨʝˁʘ- 24 ml/2g, 

¶ ʛʫʙʠʪʘʢ ʬʣʫʠʜʘ- 18 ml/2g, 

¶ ʤʘʢʩʠʤʘʣʥʘ ʩʠʣʘ ʠʩʪʝʟʘˁʘ-12.0 kN/12.0 m, 

¶ ʠʟʜʫʞʝˁʘ ʧʨʠ ʢʠʜʘˁʫ-10.0/6.0%, 
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¶ ʭʠʜʨʘʫʣʠʯʢʘ ʧʨʦʚʦʜʠˀʚʦʩʪ 2x10-11 m/s. 

ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʦʿʘ HDPE ʬʦʣʠʿʝ ʩʫ ʩʣʝʜʝ˂ʝ [158]: 

¶ ʜʝʙˀʠʥʘ- 2 mm, 

¶ ʛʫʩʪʠʥʘ- 0.945 g/cm2, 

¶ ʘʧʩʦʨʧʮʠʿʘ ʚʦʜʝ- <0.1%, 

¶ ʯʚʨʩʪʦ˂ʘ ʧʦ ʠʟʜʫʞʝˁʫ- 5%>1100 N/50mm, 

¶ ʩʘʚʠʪˀʠʚʦʩʪ ʥʘ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ- t<-20 Áʉ, 

¶ ʛʨʘʥʠʮʘ ʨʘʟʚʣʘʯʝˁʘ- l6N/mm2, 

¶ ʠʟʜʫʞʝˁʝ ʧʦ ʢʠʜʘˁʫ - 800%, 

¶ ʟʘʪʝʟʥʘ ʯʚʨʩʪʦ˂ʘ- 30N/mm2. 

ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʦʿʘ HDPE ʬʦʣʠʿʝ ʩʫ ʩʣʝʜʝ˂ʝ [158]: 

¶ ʛʨʘʤʘʞʘ- 1.200 g/cm2, 

¶ ʜʝʙˀʠʥʘ- 7,5 mm, 

¶ ʦʪʧʦʨʥʦʩʪ ʥʘ ʣʦʥʛʠʪʫʜʠʥʘʣʥʦ ʠʩʪʝʟʘˁʝ- 21.5 kN/m, 

¶ ʦʪʧʦʨʥʦʩʪ ʥʘ ʪʨʘʥʩʬʝʨʟʘʣʥʦ ʠʩʪʝʟʘˁʝ- 40,0 kN/m, 

¶ ʜʦʟʚʦˀʝʥʦ ʣʦʥʛʠʪʫʜʠʥʘʣʥʦ ʠʟʜʫʞʝˁʝ- 130%, 

¶ ʜʦʟʚʦʝˀʥʦ ʪʨʘʥʩʬʝʨʟʘʣʥʦ ʠʟʜʫʞʝˁʝ- 95%, 

¶ ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʨʦʙʠʿʘˁʝ- CDR 5 500 N. 

ʅʘ ʜʝʧʦʥʠʿʠ "ɻʠʛʦʰ", ʠʟʥʘʜ ʜʨʫʛʦʛ ʩʣʦʿʘ ʛʝʦʪʝʢʩʪʠʣʘ ʧʦʩʪʘʚˀʝʥ ʿʝ ʜʨʝʥʘʞʥʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ 

ʩʣʫʞʠ ʢʘʦ ʬʠʣʪʨʠʨʘʿʫ˂ʠ ʩʣʦʿ ʟʘ ʧʨʦʮʝʜʥʝ ʜʝʧʦʥʠʿʩʢʝ ʚʦʜʝ. ʐˀʫʥʘʢ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʟʘʰʪʠʪʫ 

ʜʨʝʥʘʞʥʠʭ ʮʝʚʠ ʠ ʭʠʜʨʦʠʟʦʣʘʮʠʦʥʝ ʧʦʜʣʦʛʝ ʦʜ ʦʰʪʝ˂ʝˁʘ ʢʦʿʘ ʙʠ ʤʦʛʣʘ ʥʘʩʪʘʪʠ ʫʩʣʝʜ 

ʫʧʦʪʨʝʙʝ ʤʝʭʘʥʠʟʘʮʠʿʝ. ʅʘ ʩʣʠʮʠ 7.7. ʧʨʠʢʘʟʘʥ ʿʝ ʜʝʪʘˀ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʜʨʝʥʘʞʥʦʛ ʨʦʚʘ. 
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ʉʣʠʢʘ 7.7 ɼʝʪʘˀ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ[159]  

ʅʘ ʢʦʩʠʥʘʤʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʩʣʦʿʝʚʠ ʙʝʥʪʦʬʠʢʩʘ, ʧʨʝʢʦ ʢʦʿʠʭ ʿʝ ʜʦʜʘʪ ʩʣʦʿ 

ʰˀʫʥʢʘ, ʢʦʿʠ ʩʝ ʧʨʠʜʨʞʘʚʘ ʫʟ ʧʦʩʪʘʚˀʘˁʝ ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʛʫʤʘ. ʇʨʝʢʦ ʩʣʦʿʘ ʰˀʫʥʢʘ ʩʝ 

ʟʘʪʠʤ ʦʜʣʘʞʝ ʦʪʧʘʜ. ʅʘ ʩʣʠʮʠ 7.8 ʧʨʠʢʘʟʘʥ ʿʝ ʜʝʪʘˀ ʟʘʰʪʠʪʥʠʭ ʩʣʦʿʝʚʘ ʜʥʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ. 

 

ʉʣʠʢʘ 7.8 ɼʝʪʘˀʠ ʟʘʰʪʠʪʥʠʭ ʩʣʦʿʝʚʘ ʜʥʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ [157]  
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ʆʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ "ɻʠʛʦʰ" ʜʝʧʦʥʠʿʠ ʚʨʰʠ ʩʝ ʧʦʚʨʰʠʥʩʢʠʤ ʤʝʪʦʜʦʤ, ʦʜʥʦʩʥʦ ʦʪʧʘʜ ʩʝ 

ʨʘʩʧʦʨʝʹʫʿʝ ʧʦ ʧʦʚʨʰʠʥʠ ʧʨʠʧʨʝʤˀʝʥʦʛ ʪʝʨʝʥʘ. 

7.1.4.2 ɼʨʝʥʘʞʥʠ ʩʠʩʪʝʤ ʣʦʢʘʮʠʿʝ Ăɻʠʛʦʰñ 

ʅʘ ʢʦʤʧʣʝʢʩʫ ʜʝʧʦʥʠʿʝ ʧoʩʪʦʿʝ ʪʨʠ ʦʜʚʦʿʝʥʝ ʤʨʝʞʝ ʟʘ ʢʘʥʘʣʠʩʘˁʝ: 

1. ʘʪʤʦʩʬʝʨʩʢʝ ʚʦʜʝ, 

2. ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʠ 

3. ʩʘʥʠʪʘʨʥʦ-ʬʝʢʘʣʥʝ ʚʦʜʝ. 

ɸʪʤʦʩʬʝʨʩʢʝ ʚʦʜʝ ʢʦʿʝ ʩʝ ʘʢʫʤʫʣʠʨʘʿʫ ʥʘ ʜʝʧʦʥʠʿʠ, ʢʘʦ ʠ ʥʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘʤʘ ʠ 

ʤʘʥʠʧʫʣʘʪʠʚʥʦ-ʦʧʩʣʫʞʥʦʤ ʧʣʘʪʦʫ, ʦʜʚʦʜʝ ʩʝ ʧʨʝʢʦ ʜʚʘ ʦʙʦʜʥʘ ʢʘʥʘʣʘ, K1 ʠ K2. ʂʘʥʘʣ K1 

ʩʘʢʫʧˀʘ ʚʦʜʝ ʩʘ ʧʣʘʪʦʘ ʟʘ ʧʨʘˁʝ ʚʦʟʠʣʘ, ʢʦʿʝ ʩʝ ʟʘʪʠʤ ʧʨʝʢʦ ʰʘʭʪʝ 10 ʠ ʩʝʧʘʨʘʪʦʨʘ ʤʘʩʪʠ ʠ 

ʫˀʘ, ʠʩʧʫʰʪʘʿʫ ʫ ʍʘʿʜʫʯʢʠ ʧʦʪʦʢ, ʢʦʿʠ ʧʨʠʧʘʜʘ ʩʣʠʚʫ ɺʝʣʠʢʝ ʄʦʨʘʚʝ ʠ ʢʣʘʩʠʬʠʢʦʚʘʥ ʿʝ ʢʘʦ 

ʂʣʘʩʘ II ʢʚʘʣʠʪʝʪʘ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ. ʀʩʧʫʰʪʘˁʝ ʦʚʠʭ ʚʦʜʘ ʩʝ ʚʨʰʠ ʧʨʝʢʦ ʠʩʧʫʩʪʘ 1. 

ɸʪʤʦʩʬʝʨʩʢʝ ʚʦʜʝ ʢʦʿʝ ʩʝ ʩʘʢʫʧˀʘʿʫ ʩʘ ʧʨʠʩʪʫʧʥʠʭ ʧʫʪʝʚʘ ʠ ʠʟ ʦʢʦʣʥʦʛ ʧʦʜʨʫʯʿʘ ʦʜʚʦʜʝ ʩʝ 

ʢʘʥʘʣʦʤ K2 ʠ ʠʩʧʫʰʪʘʿʫ ʫ ʠʩʪʠ ʧʦʪʦʢ ʧʨʝʢʦ ʰʘʭʪʠ 12 ʠ 13, ʢʘʦ ʠ ʧʨʝʢʦ ʠʩʧʫʩʪʘ 2, ʘʣʠ ʙʝʟ 

ʧʨʝʪʭʦʜʥʦʛ ʧʨʦʣʘʩʢʘ ʢʨʦʟ ʩʝʧʘʨʘʪʦʨ ʤʘʩʪʠ ʠ ʫˀʘ. ʆʚʝ ʚʦʜʝ ʩʝ ʦʜʚʦʜʝ ʢʨʦʟ ʦʙʦʜʥʝ ʢʘʥʘʣʝ ʜʦ 

ʘʨʤʠʨʘʥʦʙʝʪʦʥʩʢʦʛ ʢʦʣʝʢʪʦʨʘ, ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʤʝʭʘʥʠʯʢʠ ʪʨʝʪʤʘʥ ʥʝʦʨʛʘʥʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ 

ʢʘʦ ʰʪʦ ʿʝ ʧʝʩʘʢ, ʟʝʤˀʘ ʠ ʤʫˀ, ʧʫʪʝʤ ʛʨʘʚʠʪʘʮʠʦʥʦʛ ʪʘʣʦʞʝˁʘ, ʧʨʝ ˁʠʭʦʚʦʛ ʢʦʥʘʯʥʦʛ 

ʠʩʧʫʰʪʘˁʘ ʫ ʍʘʿʜʫʯʢʠ ʧʦʪʦʢ. 
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ʉʣʠʢʘ 7.9 ʉʠʪʫʘʮʠʿʘ ʦʜʚʦʹʝˁʘ ʚʦʜʘ ʩʘ ʢʦʤʧʣʝʢʩʘ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ [102] 

ʇʨʦʮʝʜʥʝ ʚʦʜʝ ʩʝ ʩʘʢʫʧˀʘʿʫ ʩʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʫ ʥʘʿʥʠʞʦʿ ʢʘʩʢʘʜʠ ʢʦʿʘ ʿʝ ʥʘ ʥʘʜʤʦʨʩʢʦʿ 

ʚʠʩʠʥʠ ʦʜ 88,34 m. ʆʜʘʪʣʝ ʩʝ ʦʚʝ ʚʦʜʝ ʧʨʝʥʦʩʝ ʧʝʨʬʦʨʠʨʘʥʠʤ ʮʝʚʠʤʘ ʨʘʩʧʦʨʝʹʝʥʠʤ ʫ 

ʦʙʣʠʢʫ ʨʠʙˀʝ ʢʦʩʪʠ ʜʦ ʤʝʩʪʘ ʛʜʝ ʚʦʜʘ ʧʨʦʜʠʨʝ, ʧʘ ʩʝ ʧʦʪʦʤ ʛʨʘʚʠʪʘʮʠʦʥʦ ʧʨʝʚʦʜʝ ʜʦ 

ʧʫʤʧʥʝ ʩʪʘʥʠʮʝ ʇʉ4 ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʥʘʿʥʠʞʦʿ ʪʘʯʢʠ ʣʦʢʘʮʠʿʝ ʥʘ ʢʦʪʠ ʦʜ 184,00 ʤʝʪʘʨʘ. 

ɿʘ ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʜʥʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʚʦʜʘ ʩʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, ʧʨʦʿʝʢʪʦʚʘʥʘ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ 

ʜʨʝʥʘʞʥʘ ʤʨʝʞʘ, ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʜʝʣʘ [158]: 
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1. ɼʨʝʥʘʞʥʘ ʤʨʝʞʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ: ʦʚʘ ʤʨʝʞʘ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʠ ʩʣʫʞʠ 

ʟʘ ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʜʥʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʚʦʜʘ. ʇʨʦʿʝʢʪʦʚʘʥʘ ʿʝ ʫʛʨʘʜˁʘ HDPE ʮʝʚʠ 

ʧʨʝʯʥʠʢʘ 200 mm. ʄʨʝʞʫ ʯʠʥʝ ʪʨʠ ʢʘʥʘʣʘ, ʧʦʩʪʘʚˀʝʥʘ ʥʘ ʩʪʨʘʪʝʰʢʠʤ ʤʝʩʪʠʤʘ. 

ʇʦʜʫʞʥʠ ʢʘʥʘʣ D10-D5 ʜʨʝʥʘʞʥʝ ʢʘʥʘʣʠʟʘʮʠʿʝ ʧʦʩʪʘʚˀʝʥ ʿʝ ʜʫʞ ʥʘʿʥʠʞʠʭ ʢʦʪʘ ʜʥʘ 

ʧʨʚʦʛ ʧʣʘʪʦʘ ʜʝʧʦʥʠʿʝ ʫ ʜʫʞʠʥʠ ʦʜ 30 ʤʝʪʘʨʘ. ʋ ʯʚʦʨʫ D5 ʧʨʝʜʚʠʹʝʥʘ ʿʝ ʫʛʨʘʜˁʘ 

ʜʫʧʣʝ ʨʘʯʚʝ Ï200/200, ʧʨʝʢʦ ʢʦʿʝ ʩʝ ʚʨʰʠ ʧʨʠʢˀʫʯʘʢ ʙʦʯʥʠʭ ʢʨʘʢʦʚʘ ʜʨʝʥʘʞʝ D5-

D1 ʠ D5-D6 ʠ ʦʜʚʦʜ ʢʘʥʘʣʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʜʦ ʧʫʤʧʥʝ ʩʪʘʥʠʮʝ PS4. 

2. ɼʨʝʥʘʞʥʠ ʩʠʩʪʝʤ ʟʘ ʢʘʥʘʣʠʩʘˁʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʦʜ ʯʚʦʨʘ D5 ʜʦ PS4: ʧʨʦʮʝʜʥʝ 

ʜʝʧʦʥʠʿʩʢʝ ʚʦʜʝ ʦʜʚʦʜʝ ʩʝ ʜʦ ʧʫʤʧʥʝ ʩʪʘʥʠʮʝ PS4 ʢʨʦʟ ʢʘʥʘʣʠʟʘʮʠʦʥʝ HDPE ʮʝʚʠ 

Ø200mm ʢʦʿʝ ʠʤʘʿʫ ʜʫʞʠʥʫ 101.45 m. ɼʨʝʥʘʞʥʘ ʮʝʚʠ ʩʫ ʧʦʩʪʘʚˀʝʥʝ ʫ ʨʦʚʫ ʩʘ ʧʘʜʦʤ 

ʧʨʝʤʘ ʠʟʣʠʚʫ ʫ PS4. ʎʝʚʠ ʩʫ ʧʦʩʪʘʚˀʝʥʝ ʥʘ ʩʣʦʿʫ ʧʝʩʢʘ, ʘ ʟʘʪʨʧʘʥʝ ʩʫ ʤʘʪʝʨʠʿʘʣʦʤ 

ʟʘ ʥʘʩʠʧʘˁʝ ʙʨʘʥʝ. 

ʊʘʢʦʹʝ, ʧʦʩʪʦʿʠ ʠ ʤʦʛʫ˂ʥʦʩʪ ʠʩʧʠʨʘˁʘ ʜʨʝʥʘʞʥʦʛ ʩʠʩʪʝʤʘ ʧʨʝʢʦ ʙʦʯʥʠʭ ʢʘʥʘʣʘ. 

ʅʘ ʩʣʠʮʠ 7.10  ʿʝ ʧʨʠʢʘʟʘʥ ʜʝʪʘˀ ʢʘʥʘʣʘ ʜʨʝʥʘʞʥʝ ʤʨʝʞʝ, ʩʘ ʯʚʦʨʦʚʠʤʘ D10-D5, D5-D1 ʠ 

D5-D6 ʠ ʦʜʚʦʜ ʦʜ D5 ʜʦ PS4. 



 

139 

 

 

ʉʣʠʢʘ 7.10 ɼʝʪʘˀ ʢʘʥʘʣʘ ʜʨʝʥʘʞʥʝ ʤʨʝʞʝ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʣʦʢʘʮʠʿʠ [102] 

ʉʘʥʠʪʘʨʥʦ-ʬʝʢʘʣʥʝ ʚʦʜʝ ʩʘ ʜʝʧʦʥʠʿʝ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʫ ʘʨʤʠʨʘʥʠ ʙʝʪʦʥʩʢʠ ʩʝʧʪʠʯʢʠ 

ʨʝʟʝʨʚʦʘʨ ʢʦʿʠ ʧʝʨʠʦʜʠʯʥʦ ʦʜʚʦʟʝ ʮʠʩʪʝʨʥʝ JKʇ ʫ ʛʨʘʜʩʢʫ ʢʘʥʘʣʠʟʘʮʠʿʫ. 

7.1.5 ʄʦʥʠʪʦʨʠʥʛ ʨʘʜʘ ʜʝʧʦʥʠʿʝ 

ʄʦʥʠʪʦʨʠʥʛ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ- ʤʝʨʝˁʘ ʧʘʨʘʤʝʪʘʨʘ ʚʨʰʝ ʩʝ ʫ ʜʝʧʦʥʠʿʩʢʦʿ 

ʣʘʙʦʨʘʪʦʨʠʿʠ ʠʣʠ ʩʝ ʧʨʝʫʟʠʤʘʿʫ ʦʜ ʥʘʿʙʣʠʞʝ ʤʝʪʝʦʨʦʣʦʰʢʝ ʩʪʘʥʠʮʝ. ʇʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʝ 

ʤʝʨʝ ʩʫ:  

¶ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ (ʜʥʝʚʥʦ),  

¶ ʪʝʤʧʝʨʘʪʫʨʘ (ʤʠʥ, ʤʘʢʩ. ʫ 14:00),  

¶ ʙʨʟʠʥʘ ʠ ʩʤʝʨ ʚʘʟʜʫʰʥʠʭ ʩʪʨʫʿʘˁʘ, 

¶ ʠʩʧʘʨʘʚʘˁʝ ʠ  
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¶ ʘʪʤʦʩʬʝʨʩʢʘ ʚʣʘʞʥʦʩʪ (ʫ 14:00). 

ʄʦʥʠʪʦʨʠʥʛ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ-  ʥʘ ʧʦʜʨʫʯʿʫ ʜʝʧʦʥʠʿʝ ʚʨʰʠ ʩʝ ʢʦʥʪʨʦʣʘ ʠʟʜʚʘʿʘˁʘ ʛaca ʢʨʦʟ 

ʧpa˂eˁe ˁʝʛʦʚʦʛ ʩʘʩʪʘʚʘ ʠ ʢʦʣʠʯʠʥʝ, ʧʦʩʝʙʥʦ ʤʝʪʘʥʘ CH4, ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʉʆ2, ʠ 

ʢʠʩʝʦʥʠʢʘ ʆ2. 

ʄʦʥʠʪʦʨʠʥʛ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ - ʥʘ ʧʦʜʨʫʯʿʫ ʜʝʧʦʥʠʿʝ ʤʝʨʠ ʩʝ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʥʘ 

ʢʦʤʧʣʝʢʩʫ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, ʥʘ ʧʦʜʨʫʯʿʫ ʦʙʿʝʢʘʪʘ ʜʝʧʦʥʠʿʝ ʠ ʫ ˁʝʥʦʿ ʟʦʥʠ ʟʘʰʪʠʪʝ.  

ʄʦʥʠʪʦʨʠʥʛ ʩʪʘʙʠʣʥʦʩʪʠ ʪʝʣʘ ʜʝʧʦʥʠʿʝ- ʥʘ ʧʦʜʨʫʯʿʫ ʜʝʧʦʥʠʿʝ ʚʨʰʠ ʩʝ ʤʦʥʠʪʦʨʠʥʛ 

ʩʪʘʙʠʣʥʦʩʪʠ ʜʝʧʦʥʠʿʝ ʢʨʦʟ ʧpa˂eˁe ʧʦʜʘʪʘʢʘ : 

¶ ʩʪʨʫʢʪʫʨʘ ʠ ʩʘʩʪʘʚ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ï ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ ʜʝʧʦʥʠʿʝ, ʧʦʚʨʰʠʥʘ ʢʦʿʫ ʟʘʭʚʘʪʘ 

ʦʜʣʦʞʝʥ ʦʪʘʜ, ʢʦʣʠʯʠʥʘ ʠ ʤʦʨʬʦʣʦʰʢʠ ʩʘʩʪʘʚ ʦʜʣʦʞʝʥʦʛ ʦʪʧʘʜʘ, ʚʨʩʪʘ ʜʝʧʦʥʦʚʘˁʘ, 

ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʜʝʧʦʥʦʚʘˁʘ ʦʪʧʘʜʘ, ʧʨʝʦʩʪʘʣʠ ʢʘʧʘʮʠʪʝʪ ʜʝʧʦʥʠʿʝ ʟʘ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʘ ʠ 

¶ ʦʩʦʙʠʥʝ ʩʣʝʛʘˁʘ ʥʠʚʦʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ. 

ʄʦʥʠʪʦʨʠʥʛ ʟʘʰʪʠʪʥʠʭ ʩʣʦʿʝʚʘ ʜʥʘ ʜʝʧʦʥʠʿʝ- ʧʨʘ˂ʝˁʝ ʟʘʰʪʠʪʥʠʭ ʙʘʨʠʿʝʨʘ ʢʨʦʟ 

ʠʩʧʠʪʠʚʘˁʘ ʢʚʘʣʠʪʝʪʘ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ. 

ʄʦʥʠʪʦʨʠʥʛ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ - ʧʨʘ˂ʝˁʝ ʩʘʩʪʘʚʘ ʚʦʜʝ ʍʘʿʜʫʯʢʦʛ ʧʦʪʦʢʘ, ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ 

ʫ ʙʣʠʟʠʥʠ ʣʦʢʘʮʠʿʝ ɻʠʛʦʰ, ʛʜʝ ʿʝ ʛʣʘʚʥʠ ʠʩʧʫʩʪ ʘʪʤʦʩʬʝʨʩʢʠʭ ʚʦʜʘ. ʋʟʨʦʢʦʚʘˁʝ ʚʦʜʘ 

ʩʧʨʦʚʦʜʠ ʩʝ ʥʘ ʤʠʥʠʤʫʤ ʜʚʝ ʣʦʢʘʮʠʿʝ, ʫʟʚʦʜʥʦ ʠ ʥʠʟʚʦʜʥʦ ʦʜ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, ʿʝʜʥʦʤ ʫ 

ʛʦʜʠʥʫ ʜʘʥʘ. ʂʚʘʣʠʪʝʪ ʦʚʠʭ ʚʦʜʘ ʧʨʝ ʠʩʧʫʰʪʘˁʘ ʫ ʍʘʿʜʫʯʢʠ ʧʦʪʦʢ ʩʝ ʤʝʨʠ ʥʘ ʦʙʘ ʠʩʧʫʩʪʘ. 

ʄʦʥʠʪʦʨʠʥʛ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ï ʚʨʰʠ ʩʝ ʢʨʦʟ ʧʝʪ ʧʠʿʝʟʦʤʝʪʘʨʘ ʢʦʿʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʥʘ 

ʜʫʙʠʥʠ ʦʜ 20 - 27 m. ʊʨʝʥʫʪʥʦ ʩʝ ʢʦʨʠʩʪʝ 4 ʧʠʿʝʟʦʤʝʪʨʘ, ʦʜ ʢʦʿʠʭ ʿʝʜʘʥ ʧʨʝʜʩʪʘʚˀʘ 

ʨʝʬʝʨʝʥʪʥʠ ʧʠʿʝʟʦʤʝʪʘʨ, ʧʦʩʪʘʚˀʝʥ ʿʝ ʠʟʚʘʥ ʣʦʢʘʮʠʿʝ ʜʝʧʦʥʠʿʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʝʥʦ ʿʝ 

ʧʨʘ˂ʝʥʝ ʫʪʠʮʘʿ ʜʝʧʦʥʠʿʝ ʥʘ ʦʢʦʣʥʝ ʧʦʜʟʝʤʥʝ ʚʦʜʝ. ʅʘ ʩʣʠʮʠ 7.11 ʧʨʠʢʘʟʘʥʝ ʩʫ ʣʦʢʘʮʠʿʝ 

ʧʠʿʝʟʦʤʝʪʘʨʘ ʥʘ ʧʦʜʨʫʯʿʫ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ. 
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ʉʣʠʢʘ 7.11 ʃʦʢʘʮʠʿʝ ʧʠʿʝʟʦʤʝʪʘʨʘ ʥʘ ʧʦʜʨʫʯʿʫ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ 

ʄʦʥʠʪʦʨʠʥʛ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʚʨʰʠ ʩʝ ʫʟʠʤʘˁʝʤ ʫʟʦʨʘʢʘ ʠʟ ʧʠʿʝʟʦʤʝʪʘʨʘ ʢʦʿʠ ʩʫ 

ʧʦʩʪʘʚˀʝʥʠ ʪʘʢʦ ʜʘ ʧʨʘʪʝ ʢʨʝʪʘˁʝ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ. ʀʩʧʠʪʠʚʘˁʘ ʩʝ ʚʨʰʝ ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ 

ʝʚʝʥʪʫʘʣʥʠʭ ʘʢʮʠʜʝʥʪʥʠʭ ʩʠʪʫʘʮʠʿʘ ʫ ʟʘʰʪʠʪʥʠʤ ʩʣʦʿʝʚʠʤʘ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, ʦʜʥʦʩʥʦ 

ʫʪʚʨʹʠʚʘˁʘ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʫʣʠʚʘˁʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʢʦʿʝ ʩʫ ʩʝ ʧʨʦʮʝʜʠʣʝ ʢʨʦʟ ʪʝʣʦ ʜʝʧʦʥʠʿʝ 

ʠ ʪʠʤʝ ʥʘʨʫʰʠʣʝ ʢʚʘʣʠʪʝʪ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ. 

 

7.1.6 ʈʝʟʫʣʪʘʪʠ ʢʦʣʠʯʠʥʝ ʠ ʩʘʩʪʘʚʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ 

ʇʨʦʮʝʩ ʛʝʥʝʨʠʩʘˁʘ, ʢʦʣʠʯʠʥʝ ʠ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʣʦʢʘʮʠʿʠ ʩʝ ʢʦʥʪʨʦʣʠʰʫ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʠ ʜʝʧʦʥʠʿʝ. ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʜʝʧʦʥʠʿʝ ʩʧʨʦʚʦʜʠ ʩʝ ʥʘ ʩʚʘʢʦʤ 

ʣʦʢʘʣʠʪʝʪʫ ʛʜʝ ʩʝ ʧʨʦʮʝʜʥʘ ʚʦʜʘ ʦʜʚʦʜʠ ʩʘ ʜʝʧʦʥʠʿʝ ʥʘ ʧʦʪʧʫʥʦ ʢʦʥʪʨʦʣʠʩʘʥ ʥʘʯʠʥ. 

ʂʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʝ ʤʝʨʠ ʤʝʩʝʯʥʦ, ʜʦʢ ʩʝ ʩʚʝ ʦʩʪʘʣʝ ʘʥʘʣʠʟʝ ʚʨʰʝ ʢʚʘʨʪʘʣʥʦ. 

ʇʘʨʘʤʝʪʨʠ ʟʘ ʧʨʦʨʘʯʫʥ ʫʢʫʧʥʦʛ ʭʠʜʨʘʫʣʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʩʫ [102]: 
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¶ ʇʦʚʨʰʠʥʘ ʟʘ ʧʨʦʨʘʯʫʥ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, 

¶ ʂʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʨʧʮʠʿʝ ʟʘ ʛʦʜʠʰˁʝ ʧʘʜʘʚʠʥʝ ï ʢ1 = 0.09, 

¶ ʂʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʨʧʮʠʿʝ ʟʘ ʤʝʩʝʯʥʝ ʧʘʜʘʚʠʥʝ- ʢ2 = 0.02. 

ʇʦʚʨʰʠʥʘ ʜʝʧʦʥʠʿʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʚʨʝʤʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʠʟʥʦʩʠ ʫʢʫʧʥʦ 66 

127 m2. ʇʨʦʮʝʩ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʧʣʘʥʠʨʘʥ ʿʝ ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʬʘʟʝ. ɿʘ ʧʦʪʨʝʙʝ ʧʨʦʨʘʯʫʥʘ 

ʢʦʣʠʯʠʥʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ, ʢʘʦ ʨʝʣʝʚʘʥʪʥʘ ʦʙʣʘʩʪ ʫʩʚʘʿʘ ʩʝ ʪʨʝ˂ʠʥʘ ʫʢʫʧʥʝ ʧʦʚʨʰʠʥʝ 

ʜʝʧʦʥʠʿʝ: 

ὊȾ
    

ςς πτς ά                                          (7.1) 

ʇʨʦʩʝʯʥʘ ʜʥʝʚʥʘ ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʩʘ ʧʦʚʨʰʠʥʝ ʪʝʣʘ ʜʝʧʦʥʠʿʝ, ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʥʘ 

ʦʩʥʦʚʫ ʛʦʜʠʰˁʠʭ ʧʘʜʘʚʠʥʘ. ʂʦʣʠʯʠʥʘ ʛʦʜʠʰˁʠʭ ʧʘʜʘʚʠʥʘ ʟʘ ʣʦʢʘʮʠʿʫ Ăɻʠʛʦʰñ je i1 = 619 

mm/ʛʦʜ. 

ʇʨʦʩʝʯʥʘ ʜʥʝʚʥʘ ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʣʦʢʘʮʠʿʠ Ăɻʠʛʦʰñ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ [102]: 

ὗ
ϽϽ Ȣ Ͻ   ϽȢ  Ⱦ

σȢσφ ά ȾὨὥὲ             (7.2) 

ʄʘʢʩʠʤʘʣʥʘ ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʩʘ ʧʦʚʨʰʠʥʝ ʪʝʣʘ ʜʝʧʦʥʠʿʝ ʥʘ ʜʥʝʚʥʦʤ 

ʥʠʚʦʫ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʤʘʢʩʠʤʘʣʥʠʭ ʜʥʝʚʥʠʭ ʧʘʜʘʚʠʥʘ ʟʘ ʣʦʢʘʮʠʿʫ Ăɻʠʛʦʰñ. 

ʄʘʢʩʠʤʘʣʥʝ ʜʥʝʚʥʝ ʧʘʜʘʚʠʥʝ ʩʫ i2=0.083 m/dan. 

ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ ʢʦʣʠʯʠʥʘ ʧʨʦʮʝʜʥʝ ʜʝʧʦʥʠʿʩʢʝ ʚʦʜʘ ʢʦʿʘ ʩʝ ʛʝʥʝʨʠʰʝ ʥʘ ʜʝʧʦʥʠʿʠ 

Ăɻʠʛʦʰñ ʜʦʙʠʿʘ ʩʝ ʬʦʨʤʫʣʦʤ [102]: 

ὗ ὯϽὊϽὭ πȢπςϽςς πτς ά ϽπȢπψσ σφȢφ ά ȾὨὥὲ      (7.3) 

ʃʘʙʦʨʘʪʦʨʠʿʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠ ʘʥʘʣʠʟʠ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ, ʫ ʢʦʿʦʿ ʩʝ ʚʨʰʠ ʪʝʩʪʠʨʘˁʝ 

ʫʟʦʨʘʢʘ ʫʟʝʪʠʭ ʩʘ ʣʦʢʘʮʠʿʝ, ʥʘʣʘʟʠ ʩʝ ʫ ʎʝʥʪʨʫ ʟʘ ʩʘʢʫʧˀʘˁʝ ʠ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ, ʟʘ ʢʦʿʠ ʿʝ 

ʥʘʜʣʝʞʥʘ ʢʦʤʧʘʥʠʿʘ "PWW ɼʝʧʦʥʠʿʘ" ʜ.ʦ.ʦ. ɱʘʛʦʜʠʥʘ. ɸʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʧʨʦʮʝʜʥʠʭ 

ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʇʨʘʚʠʣʥʠʢʘ [66], ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʢʚʘʣʠʪʝʪ ʦʪʧʘʜʥʠʭ 

ʚʦʜʘ. ʉʧʨʦʚʦʹʝˁʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʜʥʠʭ ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʨʝʬʝʨʝʥʪʥʠʭ ʤʝʪʦʜʘ ʟʘ [134]: 
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1. ʬʠʟʠʯʢʦ- ʭʝʤʠʿʩʢʝ ʧʘʨʘʤʝʪʨʝ: 

¶ SRPS H.Z1.111: 1987- ʦʚʦʤ ʤʝʪʦʜʦʤ ʚʨʰʠ ʩʝ ʤʝʨʝˁʝ pH ʚʨʝʜʥʦʩʪʠ ʠ ʪʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠ, 

¶ SRPS EN 872:2008 ʠ SRPS H.Z1.160: 1987 - ʤʝʪʦʜʝ ʟʘ ʤʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʤʘʪʝʨʠʿʘ ʬʠʣʪʨʠʨʘˁʝʤ ʢʨʦʟ ʬʠʣʪʝʨʝ ʩʪʘʢʣʝʥʠʤ ʚʣʘʢʥʠʤʘ ʠ ʟʘ 

ʛʨʘʚʠʤʝʪʨʠʿʩʢʠ, 

¶ SRPS EN 27888:1993- ʤʝʪʦʜʘ ʟʘ ʢʦʥʜʫʢʪʦʤʝʪʨʠʿʩʢʦ ʤʝʨʝˁʝ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜˀʠʚʦʩʪʠ; 

2. ʦʨʛʘʥʩʢʝ ʧʘʨʘʤʝʪʨʝ: 

¶ SRPS EN 1899-1:2009 ʠ SRPS EN 1899-2:2009- ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ BPK5  

ʨʘʟʨʝʹʠʚʘˁʝʤ ʠ ʤʝʪʦʜʦʤ ʟʘ ʥʝʨʘʟʙʣʘʞʝʥʝ ʫʟʦʨʢʝ, 

¶ SRPS ISO 6060:1989- ʤʝʪʦʜʘ ʪʠʪʨʘʮʠʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʭʝʤʠʿʩʢʝ ʧʦʪʨʦʰˁʝ 

ʢʠʩʝʦʥʠʢʘ HPK; 

3. ʥʝʦʨʛʘʥʩʢʝ ʧʘʨʘʤʝʪʨʝ: 

¶ SRPS EN ISO 17294-2:2009- ICP-MS, ʤʝʪʦʜʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʘʨʩʝʥʘ, ʘʥʪʠʤʦʥʘ, ʙʘʢʨʘ, ʙʘʨʠʿʫʤʘ, ʮʠʥʢʘ, ʭʨʦʤʘ, ʢʘʜʤʠʿʫʤʘ, ʥʠʢʣʘ, ʛʚʦʞʹʘ, 

ʤʘʥʛʘʥʘ, ʤʦʣʠʙʜʝʥʘ, ʦʣʦʚʘ, ʩʝʣʝʥʘ ʠ ʞʠʚʝ ʠ ʪʦ ʠʥʜʫʢʦʚʘʥʦʤ ʢʫʧʣʦʚʘʥʦʤ 

ʧʣʘʟʤʦʤ ʩʘ ʤʘʩʝʥʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʿʦʤ, 

¶ SRPS EN 1233:2008- AAS,  ʤʝʪʦʜʘ ʘʪʦʤʩʢʦ ʘʧʩʦʨʧʮʠʦʥʝ ʩʧʝʢʪʨʦʤʝʪʨʠʿʝ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʭʨʦʤʘ, 

¶ SRPS EN ISO 11885:2011- ICP-AES, ʤʝʪʦʜʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʘʨʩʝʥʘ, ʘʥʪʠʤʦʥʘ, ʙʘʢʨʘ, ʙʘʨʠʿʫʤʘ, ʮʠʥʢʘ, ʭʨʦʤʘ, ʢʘʜʤʠʿʫʤʘ, ʥʠʢʣʘ, ʛʚʦʞʹʘ, 

ʤʘʥʛʘʥʘ, ʤʦʣʠʙʜʝʥʘ, ʦʣʦʚʘ, ʩʝʣʝʥʘ, ʞʠʚʝ ʠ ʪʦ ʠʥʜʫʢʦʚʘʥʦʤ ʢʫʧʣʦʚʘʥʦʤ ʧʣʘʟʤʦʤ 

ʩʘ ʘʪʦʤʩʢʦ-ʝʤʠʩʠʦʥʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʿʦʤ, 

¶ SRPS ISO 12846:2013- AAS ï ʤʝʪʦʜʘ ʟʘ ʘʪʦʤʩʢʦ ʘʧʩʦʨʧʮʠʦʥʫ ʩʧʝʢʪʨʦʤʝʪʨʠʿʫ 

ʞʠʚʝ, ʩʘ ʠ ʙʝʟ ʦʙʦʛʘ˂ʠʚʘˁʘ, 

¶ SRPS EN 12338:2008-  ʤʝʪʦʜʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʮʝʪʨʘʮʠʿʝ ʞʠʚʝ ʦʙʦʛʘ˂ʠʚʘˁʝʤ 

ʘʤʘʣʛʘʤʠʨʘˁʘ, 

¶ SRPS EN 12260:2008-  ʋʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʘʟʦʪʘ ʦʜʨʝʹʫʿʝ ʩʝ ʤʝʪʦʜʦʤ ʦʢʩʠʜʘʮʠʿʝ 

ʜʦ ʦʢʩʠʜʘ ʘʟʦʪʘ, 
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¶ SRPS EN 26777:2009- ʦʜʨʝʹʠʚʘˁʝ ʥʠʪʨʠʪʥʠʭ ʘʟʦʪʘ ʚʨʰʠ ʩʝ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʝ, 

¶ SRPS EN ISO 10304-1:2009- ʤʝʪʦʜʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʝ ʩʘ ʩʫʣʬʦ-ʩʘʣʠʮʠʣʥʦʤ 

ʢʠʩʝʣʠʥʦʤ, ʟʘ ʦʜʨʝʹʠʚʘˁʝ  ʥʠʪʨʘʪʥʠʭ ʘʟʦʪʘ, 

¶ SRPS EN ISO 14403-1:2013 ʠ SRPS H.Z1.139:1984- ʤʝʪʦʜʘ ʟʘ ʤʝʨʝˁʝ ʫʢʫʧʥʠʭ 

ʮʠʿʘʥʠʜʘ ʧʨʦʪʦʯʥʦʤ ʘʥʘʣʠʟʦʤ ʦʜʥʦʩʥʦ ʩʧʝʢʪʦʬʦʪʦʤʝʪʨʠʩʿʢʠ. 

¶ SRPS ISO 9297-1:2007- ʤʝʝʪʦʜʘ ʟʘ ʤʝʨʝˁʝ ʭʣʦʨʠʜʘ ʘʨʛʝʥʪʦʤʝʪʨʠʿʩʢʦʤ 

ʪʠʪʨʘʮʠʿʦʤ, 

¶ SRPS EN ISO 6878:2008- ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʘ ʤʝʪʦʜʘ ʩʘ ʘʤʦʥʠʿʫʤ-

ʤʦʣʠʙʜʘʪʦʤ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʫʢʫʧʥʦʛ ʬʦʩʬʦʨʘ. 

ɸʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʘʪʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʚʨʰʠʣʘ ʩʫ ʩʝ ʢʚʘʨʪʘʣʥʦ 

ʧʝʪ ʛʦʜʠʥʘ ʟʘ ʨʝʜʦʤ ʦʜ 2018. ʛʦʜʠʥʝ ʜʦ 2022. ʛʦʜʠʥʝ. ʀʟʤʝʨʝʥʦ ʿʝ ʫʢʫʧʥʦ 36 ʧʘʨʘʤʝʪʘʨʘ ʠ 

ʪʦ: ʦʧʰʪʠ ʧʘʨʘʤʝʪʨʠ, ʥʫʪʨʠʿʝʥʪʠ, ʩʘʣʠʥʠʪʝʪ, ʤʝʪʘʣʠ ʠ ʦʨʛʘʥʩʢʝ ʩʫʧʩʪʘʥʮʝ ʧʨʠʩʫʪʥʝ ʫ 

ʧʨʦʮʝʜʥʦʿ ʜʝʧʦʥʠʿʩʢʦʿ ʚʦʜʠ. 

ʋʟʦʨʢʦʚʘʥʝ ʩʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʜʝʧʦʥʠʿʝ ʧʨʝ ʫʣʘʩʢʘ ʫ ʘʝʨʘʮʠʦʥʫ ʣʘʛʫʥʫ. ʋ ʪʘʙʝʣʠ 7.4 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʘʪʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ 

ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ.  
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ʊʘʙʝʣʘ 7.4 ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʘʪʘ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʥʘ ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ [160], [161], [162], [163], [164] 

ɻʦʜʠʥʘ 2018. 2019. 2020. 2021. 2022. 
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ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʝ, ÁC 
7.9 21.5 16 / 10.6 / 25.7 11.3 9.2 20.9 24.5 7.8 8.6 24.2 19 4.3 4.2 21 20.1 10.8 

pH 9 8 8.60 / 7.6 / 8.5 8.6 8.5 8.5 8.7 8.7 8.6 8.7 8.7 8.7 8.6 8.7 8.4 8.1 

ʉʫʩʧʝʥʜʦʚʘʥʝ 

ʤʘʪʝʨʠʿʝ 
27 18 122 / 452 / 102 76 104 267 200 254 110 162 214 58 116 326 244 136 

ʊʘʣʦʞʥʝ 

ʤʘʪʝʨʠʿʝ ʥʘʢʦʥ 

10 ʤʠʥ 

<0.2 <0.2 n.a.x / <0.2 / <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 2 <0.2 <0.2 <0.2 

BPK5, mg O2/l 1300 1800 1880 / 1700 / 2300 3700 1100 2350 3628 3045 2396 980 970 2230 1850 2951 1652 2240 

HPK 5 mg O2/l 3661 6157 5250 / 4217 / 7850 13150 3620 6846 1354 9166 7265 2940 3395 6700 5643 12397 5381 4091 

ʋʢʫʧʥʠ 

ʦʨʛʘʥʩʢʠ 

ʫʛˀʝʥʠʢ (TOC) 

871 1737 1190 /  / 2163 3910 2477 3305 4271 3361 2773 984 988 2369 4321 5221 5221 3006 
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ʋʢʫʧʘʥ ʘʟʦʪ, 

mg N/l 

66 1176 16 / 641 / 606 1209 720 13 49 391 267 272 386 297 324 39.6 410 410 

ʅʠʪʨʠʪʠ,mgNʆ2-

/l 
<0.03 <0.03 <0.03 / <0.03 / <0.01 <0.03 <0.03 4.70 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 

ʅʠʪʨʘʪʠ,mgNʆ3-

/l 
<0.05 5.20 <0.05 / <0.05 / 0.64 <0.05 0.4 0.31 7 1.1 3.5 3.8 8 32 66 5.3 16.6 4.9 

ɸʤʦʥʠʿʫʤ ʿʦʥ, 

mg NH4-N/l 

59 921 14 / 434 / 476 997 541 5.5 35 208 187 179 266 176 178 23 264 21 

ʋʢʫʧʘʥ ʬʦʩʬʦʨ, 

mg P/l 
1.70 1.10 2.30 / 1.7  25 18 11 16 17 18 27 17 14 13 15 13 14 7.8 

ʍʣʦʨʠʜʠx 512 1933 2730 / 2417 / 3951 752 3405 5694 4900 4858. 2900 4361 4538 5013 2481 2493 2837 5318 

ʉʫʣʬʘʪʠx 63 88 3.6 / 56 / 527 191 27 407 720 318 920 865 938 256 366 461 1374 2230 

ʉʫʣʬʠʜʠ <0.5 <0.5 198 / 0.89 / 4 1 2.1 3.6 2.6 4 3.20 1.80 2.90 0.80 <0.05 <0.05 <0.05 <0.05 

ʌʣʫʦʨʠʜʠ,  F-x <0.05 <0.05 <0.05 / <0.05 / <0.05 <0.05 2.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

ɽʣʝʢʪʨʦʧʨʦʚʦʜˀ

ʠʚʦʩʪ,  µS/cm 
11560 10658 14500 / 20540 / 22910 27040 19500 27500 33570 31490 18525 32310 42700 24640 21380 27540 38820 46400 

ʎʠʿʘʥʠʜʠ <0.01 <0.01 0.15 / <0.01 / 2.10 <0.01 <0.01 0.05 <0.01 <0.01 <0.01 0.03 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 

ʋʢʫʧʥʘ 

ʤʠʥʝʨʘʣʠʟʘʮʠʿʘ 

mg/l 

4960 10230 10040 / 12324 / 12716 16224 11730 14500 20100 19349 11496 8993 39068 18582 11614 21580 23958 27980 
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ɸʨʩʝʥ, Asx 0.07 0.16 0.17 / 0.26 / 0.32 0.44 0.37 0.41 0.56 <0.02 0.25 0.44 0.49 0.3 0.39 0.39 0.4 0.92 

ɸʥʪʠʤʦʥ,Sbx <0.05 <0.05 <0.05 / <0.05 / <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

ɹʘʢʘʨ, Cux 0.02 0.18 0.06 / 0.06 / 0.13 0.17 <0.01 0.1 0.25 <0.01 0.1 0.16 0.2 0.1 0.07 0.05 0.08 0.21 

ɹʘʨʠʿʫʤ, Bax 0.25 0.72 0.80 / 0.82 / 1.1 1 0.87 1.3 1.4 <0.1 0.85 0.7 0.72 0.72 0.9 1 1 1 

ʎʠʥʢ, Znx <0.05 0.32 0.20 / 0.16 / 0.21 0.39 0.23 0.27 0.38 <0.05 0.23 0.31 0.33 0.3 0.37 0.27 0.3 0.72 

ʍʨʦʤ ʫʢʫʧʥʠ, Cr 0.22 1.30 1.10 / 1.6 / 1.9 2.1 1.7 2.4 4.4 0.15 1 1.9 2 1.8 1.8 1.8 1.8 3.7 

ʂʘʜʤʠʿʫʤ, Cdx 
<0.00

05 

<0.00

05 

<0.00

5 
/ 

<0.00

5 
/ 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

<0.00

5 

ʅʠʢʣ, Nix 0.06 0.33 0.30 / 0.42 / 0.44 0.54 0.44 0.47 0.78 0.04 0.33 0.71 0.69 0.47 0.42 0.42 0.58 0.95 

ɻʚʦʞʹʝ ʫʢʫʧʥʦ, 

Fe 
1.30 3.40 16 / 12 / 11 15 5.6 16 18 0.65 4.5 11 16 11 8.1 8 11 13 

ʄʘʥʛʘʥ ʫʢʫʧʥʠ, 

Mn 
0.18 0.26 1.2 / 1.2 / 1.5 1.3 1 1 1 0.08 0.84 0.9 1.1 1.2 0.1 0.1 1.1 1.4 

ʄʦʣʠʙʜʝʥ,Mox 0.01 <0.05 0.01 / 0.14 / 0.12 0.24 0.21 0.24 0.71 0.02 0.13 0.30 0.41 0.17 0.2 1.1 0.14 0.12 

ʆʣʦʚʦ, Pbx <0.02 <0.01 <0.02 / <0.02 / <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 0.03 0.07 0.07 0.28 

ʉʝʣʝʥ, Sex <0.02 <0.02 <0.02 / <0.02 / <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

ɾʠʚʘ, Hgx 
<0.00

1 

<0.00

1 
0.002 / 

<0.00

05 
/ 

<0.00

05 
0.001 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 

<0.00

05 
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*ʇʘʨʘʤʝʪʨʠ ʫ ʩʢʣʘʜʫ ʩʘ ʀʥʪʝʛʨʠʩʘʥʦʤ ʜʦʟʚʦʣʦʤ [158] 

ʥ.ʘ.x- ʥʠʿʝ ʘʥʘʣʠʟʠʨʘʥʦ ʟʙʦʛ ʮʨʥʝ ʙʦʿʝ ʨʘʩʪʚʦʨʘ 

/ -ʥʝʤʘ ʜʦʩʪʫʧʥʠʭ ʧʦʜʘʪʘʢʘ 

ʌʝʥʦʣʠ 0.06 0.05 0.38 / 
<0.00

1 
/ 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

<0.00

1 

ʄʠʥʝʨʘʣʥʘ ʫˀʘ <0.01 <0.01 <0.1 / <0.1 / <0.1 0.70 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

ɸʜʩʦʨʙʦʚʘʥʘ 

ʭʣʦʨʦʚʘʥʘ 

ʦʨʛʘʥʩʢʘ 

ʿʝʜʠˁʝˁʘ, ɸʆʍ, 

µg/l 

<0.01 <0.01 <0.01 / <0.5 / <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.01 <0.01 <0.01 <0.01 <0.01 
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ʋ ʪʘʙʝʣʠ 7.4 ʧʨʠʢʘʟʘʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ 36 ʢʦʤʧʦʥʝʥʪʠ ʜʝʧʦʥʠʿʩʢʝ ʧʨʦʮʝʜʥʝ ʚʦʜʝ ʩʘ ʜʝʧʦʥʠʿʝ 

Ăɻʠʛʦʰñ. ʋ 2018. ʛʦʜʠʥʠ ʥʝʤʘ ʜʦʚʦˀʥʦ ʧʦʜʘʪʘʢʘ ʦ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʤʧʦʥʝʥʪʠ ʫ 4. ʢʚʘʨʪʘʣʫ 

ʠ ʪʘʢʦʹʝ ʫ 2019. ʛʦʜʠʥʝ ʥʝʤʘ ʜʦʚʦˀʥʦ ʧʦʜʘʪʘʢʘ ʦ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʤʧʦʥʝʥʪʠ ʟʘ 2. ʢʚʘʨʪʘʣ. 

ɿʘ ʜʘˀʫ ʘʥʘʣʠʟʫ ʩʘʩʪʘʚʘ ʜʝʧʦʥʠʿʩʢʠʭ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʠʟʘʙʨʘʥ ʿʝ ʜʝʦ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʠʤʘ ʟʘʙʝʣʝʞʝʥʫ ʚʝʣʠʢʫ ʟʥʘʯʘʿʥʦʩʪ ʠ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ [14], [16], 

[28], [149], [165].  

ʌʝʥʦʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʦʤʘ ʪʦʢʩʠʯʥʝ ʩʫʧʩʪʘʥʮʝ ʟʘ ʚʦʜʝʥʝ ʦʨʛʘʥʠʟʤʝ. ɳʠʭʦʚʦ ʧʨʠʩʫʩʪʚʦ ʫ 

ʚʦʜʠ ʿʝ ʿʘʢʦ ʥʝʧʦʞʝˀʥʦ ʠ ʯʘʢ ʠ ʫ ʤʘʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʤʦʛʫ ʜʘ ʤʝˁʘʿʫ ʦʨʛʘʥʦʣʝʧʪʠʯʢʝ 

ʦʩʦʙʠʥʝ ʚʦʜʝ [117]. ʅʝʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ ʧʦʧʫʪ ʥʠʪʨʘʪʘ ʠ ʥʠʪʨʠʪʘ ʩʫ ʪʘʢʦʹʝ ʧʨʠʩʫʪʥʘ ʫ 

ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ. ʋ ʚʦʜʦʥʦʩʥʠʤ ʩʣʦʿʝʚʠʤʘ ʘʟʦʪʥʘ ʿʝʜʠˁʝˁʘ ʩʝ ʿʘʢʦ ʜʫʛʦ ʟʘʜʨʞʘʚʘʿʫ, ʿʝʨ 

ʥʝʤʘ ˁʠʭʦʚʠʭ ʧʦʪʨʦʰʘʯʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʛʦʨʰʘʚʘˁʘ ʩʪʘˁʘ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ. ʂʦʥʢʨʝʪʥʦ 

ʥʠʪʨʘʪʠ ʧʦʢʘʟʫʿʫ ʚʝʣʠʢʫ ʤʦʙʠʣʥʦʩʪ ʫ ʚʦʜʝʥʦʿ ʩʨʝʜʠʥʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʬʦʩʬʦʨʘ ʩʫ ʪʘʢʦʹʝ ʚʝʦʤʘ ʚʘʞʥʝ ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ 

ʜʝʧʦʥʠʿʩʢʠʭ ʚʦʜʘ, ʿʝʨ ʧʦʚʝ˂ʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʦʞʝ ʜʘ ʫʢʘʟʫʿʝ ʥʘ ʨʘʟʣʘʛʘˁʝ ʚʨʣʦ ʩʣʦʞʝʥʠʭ 

ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʟʘʛʘʹʝˁʝ ʘʢʚʘʪʠʯʥʠʭ ʝʢʦʩʠʩʪʝʤʘ. ʉʫʣʬʘʪʠ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʿʝʨ ʩʝ ʩʫʣʬʘʪʥʠ ʿʦʥ ʫ ʘʥʘʝʨʦʙʥʠʤ 

ʫʩʣʦʚʠʤʘ ʨʝʜʫʢʫʿʝ ʜʦ ʚʦʜʦʥʠʢ-ʩʫʣʬʠʜʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʿʘʢʦ ʪʦʢʩʠʯʥʫ ʛʘʩʦʚʠʪʫ ʩʫʧʩʪʘʥʮʫ 

[117]. ʌʣʫʦʨʠʜʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʘʢʦʹʝ ʿʝʜʘʥ ʦʜ ʚʘʞʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʘʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ 

ʢʚʘʣʠʪʝʪ ʚʦʜʝ, ʿʝʨ ʩʝ ʩʤʘʪʨʘ ʜʘ ʠ ʥʠʩʢʘ ʢʦʣʠʯʠʥʘ ʬʣʫʦʨʠʜʘ ʤʦʞʝ ʠʤʘʪʠ ʥʝʛʘʪʠʚʥʝ 

ʧʦʩʣʝʜʠʮʝ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ. 

ɸʥʘʣʠʟʘ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʿʝ ʚʝʦʤʘ ʟʥʘʯʘʿʥʘ ʧʨʠʣʠʢʦʤ ʫʪʚʨʹʠʚʘˁʘ ʩʘʩʪʘʚʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʠ 

ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʇʨʠʩʫʪʥʦʩʪ ʤʝʪʘʣʘ ʫ ʚʦʜʝʥʠʤ ʩʨʝʜʠʥʘʤʘ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʨʘʟʣʠʯʠʪʠʭ ʙʠʦʣʦʰʢʠʭ, ʬʠʟʠʯʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ ʧʨʦʤʝʥʘ. ɺʨʣʦ ʿʝ ʚʘʞʥʦ ʧʦʤʝʥʫʪʠ 

ʜʘ ʪʦʢʩʠʯʥʦʩʪ ʤʝʪʘʣʘ ʥʝ ʟʘʚʠʩʠ ʠʩʢˀʫʯʠʚʦ ʦʜ ˁʝʛʦʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʚʝ˂ ʠ ʦʜ ˁʝʛʦʚʦʛ 

ʭʝʤʠʿʩʢʦʛ ʦʙʣʠʢʘ ʫ ʢʦʤʝ ʿʝ ʧʨʠʩʫʪʘʥ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʠʿʝ ʜʦʚʦˀʥʘ ʩʘʤʦ ʢʦʥʪʨʦʣʘ ʢʦʣʠʯʠʥʝ 

ʤʝʪʘʣʘ ʫ ʚʦʜʘʤʘ ʧʨʝʤʘ ʜʝʬʠʥʠʩʘʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʧʨʠʩʫʪʥʦʩʪʠ ʤʝʪʘʣʘ ʫ ʧʨʦʮʝʜʥʦʿ ʚʦʜʠ ʚʝ˂ 

ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʠ ʫʩʚʘʿʘˁʝ ʢʦʥʮʝʧʪʘ ʥʫʣʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʫ ʚʦʜʘʤʘ ʢʘʦ ʿʝʜʘʥ 

ʦʜ ʥʘʿʩʠʛʫʨʥʠʿʠʭ ʚʠʜʦʚʘ ʢʦʥʪʨʦʣʝ ʠ ʦʯʫʚʘˁʘ ʘʢʚʘʪʠʯʥʠʭ ʝʢʦʩʠʩʪʝʤʘ. ʅʘʿʯʝʰ˂ʝ ʧʨʠʩʫʪʥʠ 

ʤʝʪʘʣʠ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʩʫ ʦʣʦʚʦ, ʞʠʚʘ, ʤʘʥʛʘʥ, ʭʨʦʤ, ʘʨʩʝʥ, ʥʠʢʣ ʠ ʛʚʦʞʹʝ. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʘʥʘʣʠʟʠʨʘʥʦ 14 ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʠʟ ʛʨʫʧʝ:  

1. ʦʨʛʘʥʩʢʠʭ ʩʫʧʩʪʘʥʮʠ: 
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¶ ʬʝʥʦʣʠ; 

2. ʥʫʪʨʠʿʝʥʘʪʘ: 

¶ ʫʢʫʧʥʠ ʘʟʦʪ, 

¶ ʥʠʪʨʘʪʠ, 

¶ ʥʠʪʨʠʪʠ. 

3. ʩʘʣʠʥʠʪʝʪʘ: 

¶ ʩʫʣʬʘʪʠ,  

¶ ʮʠʿʘʥʠʜʠ, 

¶ ʬʣʫʦʨʠʜʠ. 

4. ʤʝʪʘʣʘ: 

¶ ʘʨʩʝʥ, 

¶ ʭʨʦʤ ʫʢʫʧʥʠ,  

¶ ʥʠʢʣ, 

¶ ʛʚʦʞʹʝ,  

¶ ʤʘʥʛʘʥ,  

¶ ʦʣʦʚʦ ʠ 

¶ ʞʠʚʘ. 

ʀʟʘʙʨʘʥʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʜʦʩʪʫʧʥʠ ʟʘ ʣʦʢʘʮʠʿʝ ʨʝʛʠʦʥʘʣʥʝ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ Ăɻʠʛʦʰñ ʠ 

ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ Ăʄʝʪʝʨʠʩñ, ʢʘʦ ʠ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ LandSim ʫ ʢʦʤʝ ʩʫ ʩʠʤʫʣʠʨʘʥʠ 

ʧʨʝʜʠʢʮʠʦʥʠ ʤʦʜʝʣʠ ʜʝʧʦʥʠʿʘ. ɸʥʘʣʠʟʘ ʧʘʨʘʤʝʪʘʨʘ ʚʨʰʠʣʘ ʩʝ ʫʧʦʨʝʹʠʚʘˁʝʤ ʛʨʘʥʠʯʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʠ ʤʘʢʩʠʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʜʦʙʠʿʝʥʠʭ ʫ ʪʦʢʫ ʠʟʚʝʰʪʘʿʥʠʭ 

ʛʦʜʠʥʘ. 

7.1.6.1. ɸʥʘʣʠʟʘ ʢʦʥʮʝʪʨʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ ʥʘ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ 

ʀʟʤʝʨʝʥʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʦʤʧʦʥʝʥʘʪʘ ʫʧʦʨʝʹʠʚʘʣʝ ʩʫ ʩʝ ʩʘ 

ʛʨʘʥʠʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʝʤʠʩʠʿʝ ʧʨʝʤʘ ʋʨʝʜʙʠ [70], ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʝʤʠʩʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʜʦʩʧʝʚʘʿʫ ʫ ʚʦʜʝ. ʇʨʘ˂ʝʥʝ ʩʫ ʧʨʦʤʝʥʝ ʢʦʥʮʝʪʨʘʮʠʿʝ 

ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʦʜ 2018. ʛʦʜʠʥʝ ʜʦ 2022. ʛʦʜʠʥʝ. ʀʟʤʝʨʝʥʝ ʤʘʢʩʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʫ ʧʦʤʝʥʫʪʦʤ ʧʝʨʠʦʜʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 7.5.  
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ʊʘʙʝʣʘ 7.5 ʄʘʢʩʠʤʘʣʥʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ 

ʇʦʿʝʜʠʥʝ 

ʢʦʤʧʦʥʝʥʪʝ 

ʧʨʦʮʝʜʥʠʭ ʚʦʜʘ 

ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ɻɺɽ 

2018 2019 2020 2021 2022 

ʋʢʫʧʥʠ ʘʟʦʪ  1176 1209 720 297 410 70 

ʅʠʪʨʠʪʠ <0.03 <0.03 4.7 <0.03 <0.03 2 

ʅʠʪʨʘʪʠ 5.2 0.64 7 32 66 70 

ʌʣʫʦʨʠʜʠ 0,05 0,05 2,2 0,05 0,05 50 

ʉʫʣʬʘʪʠ 88 527 720 938 2230 400 

ʎʠʿʘʥʠʜʠ 0.15 2.10 0.05 0.04 0.01 0,2 

ʌʝʥʦʣʠ 0.38 0.001 0.001 0.001 0.001 50 

ɸʨʩʝʥ 0.17 0.44 0.56 0.49 0.92 0.1 

ʍʨʦʤ 1.3 2.1 4.4 2 3.7 0,5 

ʅʠʢʣ 0.33 0.54 0.78 0.71 0.95 1 

ɻʚʦʞʹʝ 16 15 18 16 11 200 

ʄʘʥʛʘʥ 1.2 1.5 1 1.2 1.4 5 

ʆʣʦʚʦ 0.02 0.02 0.02 0.03 0.07 0.5 

ɾʠʚʘ 0.002 0.0005 0.0005 0.0005 0.0005 0.05 

 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʦʛ ʘʟʦʪʘ- ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫʢʫʧʥʦʛ ʘʟʦʪʘ ʠʟʤʝʨʝʥʘ ʿʝ ʫ 

2019. ʛʦʜʠʥʠ ʠ ʪʘʜʘ ʿʝ ʠʟʥʦʩʠʣʘ 1209 mg/l. ʇʨʝʤʘ ʋʨʝʜʙʠ [70],  ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ 

ʦʚʝ ʢʦʤʧʦʥʝʥʪʝ ʿʝ 70 mg/l. ʂʘʢʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 7.12, ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʧʨʝʤʘʰʫʿʫ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʫ ʩʚʠʤ ʠʟʚʝʰʪʘʿʥʠʤ 

ʛʦʜʠʥʘʤʘ.  

 

ʉʣʠʢʘ 7.12 ʄʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʦʛ ʘʟʦʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʥʘ 

ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 
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ʋ 2018. ʛʦʜʠʥʠ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʦʛ ʘʟʦʪʘ ʿʝ ʚʠʰʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ 16,8 ʧʫʪʘ, ʫ 2019. ʛʦʜʠʥʠ 17,3 ʧʫʪʘ, ʫ 2020. ʛʦʜʠʥʠ 10,3 ʧʫʪʘ, ʫ 

2021. 4,3 ʧʫʪʘ ʠ 2022. ʛʦʜʠʥʝ ʿʝ ʚʠʰʘ 5,8 ʧʫʪʘ. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʦʛ ʘʟʦʪʘ ʥʘʢʦʥ 2020. 

ʛʦʜʠʥʝ ʧʦʢʘʟʫʿʫ ʪʨʝʥʜ ʦʧʘʜʘˁʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʪʠʤʝ ʜʘ ʫ ʟʨʝʣʦʿ ʬʘʟʠ ʜʝʧʦʥʠʿʝ, ʢʘʜʘ 

ʩʝ ʘʢʪʠʚʥʦʩʪ ʨʘʟʛʨʘʜˁʝ ʩʤʘˁʠ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫʢʫʧʥʦʛ ʘʟʦʪʘ ʤʦʞʝ ʧʦʯʝʪʠ ʜʘ ʦʧʘʜʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʬʣʫʦʨʠʜʘ- ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʬʣʫʦʨʠʜʘ ʠʟʤʝʨʝʥʘ ʿʝ ʫ 2020. 

ʛʦʜʠʥʠ ʠ ʠʟʥʦʩʠ 2,2 mg/l. ʇʨʝʤʘ ʋʨʝʜʙʠ [70], ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʬʣʫʦʨʠʜʘ ʿʝ 50 

mg/l. ʅʘ ʩʣʠʮʠ 7.13 ʧʨʠʢʘʟʘʥʝ ʩʫ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʬʣʫʦʨʠʜʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ. 

 

 

ʉʣʠʢʘ 7.13 ʄʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʬʣʫʦʨʠʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʥʘ 

ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 

ʂʘʢʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 7.13 ʥʠ ʿʝʜʥʘ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʥʝ 

ʧʨʝʣʘʟʠ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʥʠ ʫ ʿʝʜʥʦʿ ʠʟʚʝʰʪʘʿʥʦʿ ʛʦʜʠʥʠ. ʋ 2018., 2019.,2021. ʠ 

2022. ʛʦʜʠʥʠ ʠʟʤʝʨʝʥʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʬʣʫʦʨʠʜʘ ʠʟʥʦʩʝ 0,05 mg/l, 

ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʢʦʥʩʪʘʥʪʘʥ ʪʨʝʥʜ ʦʚʝ ʢʦʤʧʦʥʝʥʪʝ. 

ʅʠʪʨʠʪʠ- ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʠʪʨʠʪʘ ʠʟʤʝʨʝʥʘ ʿʝ ʫ 2020. ʛʦʜʠʥʠ ʠ ʠʟʥʦʩʠ 4.7 mg/l. 

ʇʨʝʤʘ ʋʨʝʜʙʠ [70], ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʥʠʪʨʠʪʘ ʿʝ 2 mg/l. ʅʘ ʩʣʠʮʠ 7.14 ʧʨʠʢʘʟʘʥʝ 
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ʩʫ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʥʠʪʨʠʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʝʤʠʩʠʿʝ. 

 

ʉʣʠʢʘ 7.14 ʄʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʠʪʨʠʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʥʘ 

ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 

ʉʣʠʢʘ 7.14 ʧʨʠʢʘʟʫʿʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʥʠʪʨʠʪʘ ʢʦʿʝ 

ʧʨʝʤʘʰʫʿʫ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʫ ʿʝʜʥʦʿ ʦʜ ʧʝʪ ʠʟʚʝʰʪʘʿʥʠʭ ʛʦʜʠʥʘʤʘ. ɺʨʝʜʥʦʩʪʠ 

ʄɺʂ ʥʠʪʨʠʪʘ ʫ 2018.,2019.,2021. ʠ 2022. ʛʦʜʠʥʠ ʩʫ ʫ ʜʦʟʚʦˀʝʥʠʤ ʛʨʘʥʠʮʘʤʘ ʠ ʠʟʥʦʩʝ 0.03 

mg/l. ʉʘʤʦ ʫ 2021. ʛʦʜʠʥʠ ʄɺʂ ʥʠʪʨʠʪʘ ʧʨʝʤʘʰʫʿʝ ʜʦʟʚʦˀʝʥʫ ʚʨʝʜʥʦʩʪ ʠ ʪʦ 2.35 ʧʫʪʘ. 

ʅʠʪʨʘʪʠ- ʥʠ ʿʝʜʥʘ ʄɺʂ ʥʠʪʨʘʪʘ ʫ ʠʟʚʝʰʪʘʿʥʠʤ ʛʦʜʠʥʘʤʘ ʥʝ ʧʨʝʣʘʟʠ ʜʦʟʚʦˀʝʥʫ ʚʨʝʜʥʦʩʪ 

ʦʜ 70 mg/l. ʋ 2022. ʛʦʜʠʥʠ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘʿʚʠʰʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʠʪʨʘʪʘ ʦʜ 66 mg/l. ʅʘ 

ʩʣʠʮʠ 7.15 ʧʨʠʢʘʟʘʥʝ ʩʫ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʥʠʪʨʘʪʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ. 
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ʉʣʠʢʘ 7.15 ʄʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʠʪʨʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʥʘ 

ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 

ʅʘ ʩʣʠʮʠ 7.15 ʩʝ ʿʘʩʥʦ ʚʠʜʠ ʜʘ ʩʫ ʢʦʥʮʝʪʨʘʮʠʿʝ ʥʠʪʨʠʪʘ ʫ ʜʦʟʚʦˀʝʥʠʤ ʛʨʘʥʠʮʘʤʘ ʧʨʝʤʘ 

ʋʨʝʜʙʠ [70], ʟʘ ʩʚʠʭ ʧʝʪ ʠʟʚʝʰʪʘʿʥʠʭ ʛʦʜʠʥʘ ʠ ʠʟʥʦʩʝ 5.2 mg/l, 0.64 mg/l, 7 mg/l, 32 mg/l ʠ 

66 mg/l, ʨʝʩʧʝʢʪʠʚʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʥʠʪʨʘʪʘ ʧʦʢʘʟʫʿʫ ʪʨʝʥʜ ʨʘʩʪʘ, ʰʪʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ 

ʪʦ ʜʘ ʩʝ ʫ ʪʝʣʫ ʜʝʧʦʥʠʿʝ ʿʦʰ ʫʚʝʢ ʦʜʚʠʿʘʿʫ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʧʨʠ ʢʦʿʠʤʘ ʜʦʣʘʟʠ ʜʦ 

ʦʩʣʦʙʘʹʘˁʘ ʥʠʪʨʘʪʘ.  

ʉʫʣʬʘʪʠ- ʫ 2022. ʛʦʜʠʥʠ ʠʟʤʝʨʝʥʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʫʣʬʘʪʘ ʦʜ 2230 mg/l. 

ʋʨʝʜʙʘ [70], ʦʜʨʝʹʫʿʝ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʩʫʣʬʘʪʘ 400 mg/l. ʅʘ ʩʣʠʮʠ 7.16 ʧʨʠʢʘʟʘʥʝ 

ʩʫ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʩʫʣʬʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʝʤʠʩʠʿʝ. 
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ʉʣʠʢʘ 7.16 ʄʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʩʫʣʬʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʥʘ 

ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 

ʉʣʠʢʘ 7.16 ʧʨʠʢʘʟʫʿʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʫʣʬʘʪʘ ʢʦʿʝ 

ʧʨʝʤʘʰʫʿʫ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʫ ʯʝʪʠʨʠ ʦʜ ʧʝʪ ʠʟʚʝʰʪʘʿʥʠʭ ʛʦʜʠʥʘ. ɺʨʝʜʥʦʩʪ ʄɺʂ 

ʩʫʣʬʘʪʘ ʫ 2018. ʛʦʜʠʥʠ ʿʝ ʫ ʜʦʟʚʦˀʝʥʠʤ ʛʨʘʥʠʮʘʤʘ ʠ ʠʟʥʦʩʠ 88 mg/l. ʆʜ ʪʘʜʘ ʩʝ ʿʘʚˀʘ ʪʨʝʥʜ 

ʧʦʨʘʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʫʣʬʘʪʘ. ʋ 2019. ʛʦʜʠʥʠ ʠʟʤʝʨʝʥʘ ʄɺʂ ʩʫʣʬʘʪʘ ʠʟʥʦʩʠ 527 mg/l, ʫ 

2020. ʛʦʜʠʥʠ ʠʟʥʦʩʠ 720 mg/l, ʫ 2021. ʛʦʜʠʥʠ ʠʟʥʦʩʠ 938 mg/l ʠ ʫ 2022. ʛʦʜʠʥʠ ʠʟʥʦʩʠ 2230 

mg/l, ʰʪʦ ʿʝ 1.3, 1.8, 2.3 ʠ 5.6 ʧʫʪʘ ʨʝʩʧʝʢʪʠʚʥʦ ʚʠʰʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʘʥʠʯʥʫ 

ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʩʫʣʬʘʪʘ. ʈʘʟʣʦʛ ʪʨʝʥʜʘ ʧʦʨʘʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʫʣʬʘʪʘ ʤʦʞʝ ʙʠʪʠ ʟʙʦʛ 

ʧʨʦʮʝʩʘ ʩʪʘʨʝˁʘ ʜʝʧʦʥʠʿʝ ʠ  ʜʦ ʩʤʘˁʝˁʘ ˁʝʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʜʘ ʬʠʣʪʨʠʨʘ ʠ ʥʝʫʪʨʘʣʠʰʝ 

ʢʦʥʪʘʤʠʥʘʥʪʝ. ʊʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʚʝ˂ʝʛ ʦʩʣʦʙʘʹʘˁʘ ʩʫʣʬʘʪʘ ʫ ʧʨʦʮʝʜʥʝ ʚʦʜʝ. 

ʎʠʿʘʥʠʜʠ- ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʮʠʿʘʥʠʜʘ ʠʟʤʝʨʝʥʘ ʿʝ ʫ 2019. ʛʦʜʠʥʠ ʠ ʠʟʥʦʩʠ 2,1 

mg/l. ʇʨʝʤʘ ʋʨʝʜʙʠ [70], ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʮʠʿʘʥʠʜʘ ʿʝ 0,2 mg/l. ʅʘ ʩʣʠʮʠ 7.17 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʮʠʿʘʥʠʜʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ. 
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ʉʣʠʢʘ 7.17 ʄʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʮʠʿʘʥʠʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʥʘ 

ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 

ʅʘ ʩʣʠʮʠ 7.17 ʩʫ ʧʨʠʢʘʟʘʥʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʢʦʥʮʝʪʨʘʮʠʿʘ ʮʠʿʘʥʠʜʘ ʢʦʿʝ 

ʥʝ ʧʨʝʤʘʰʫʿʫ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ, ʦʩʠʤ ʄɺʂ ʫ ʠʟʚʝʰʪʘʿʥʦʿ ʛʦʜʠʥʠ 2019. ɺʨʝʜʥʦʩʪ 

ʄɺʂ ʮʠʿʘʥʠʜʘ ʫ 2018. ʛʦʜʠʥʠ ʿʝ ʫ ʜʦʟʚʦˀʝʥʠʤ ʛʨʘʥʠʮʘʤʘ ʠ ʠʟʥʦʩʠ 0,15 mg/l. ʋ ʠʟʚʝʰʪʘʿʥʠʤ 

ʛʦʜʠʥʘʤʘ 2020, , 2021 ʠ 2022 ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʮʠʿʘʥʠʜʘ ʧʦʢʘʟʫʿʫ ʪʨʝʥʜ 

ʧʘʜʘ, ʥʥʞʝ ʩʫ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʠ ʠʟʥʦʩʝ 0.05 mg/l, 0.04 mg/l ʠ 0.01 mg/l, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʌʝʥʦʣʠ- ʠʟʤʝʨʝʥʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʬʝʥʦʣʘ ʫ ʧʨʦʮʝʜʥʠʤ ʚʦʜʘʤʘ ʫ ʩʚʠʤ ʠʟʚʝʰʪʘʿʥʠʤ 

ʛʦʜʠʥʘʤʘ ʩʫ ʚʨʣʦ ʥʠʩʢʝ ʠ ʫ ʛʨʘʥʠʮʘʤʘ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʅʘ ʩʣʠʮʠ 7.18 

ʩʫ  ʧʨʠʢʘʟʘʥʝ ʠʟʤʝʨʝʥʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʢʦʿʘ ʧʨʝʤʘ ʋʨʝʜʙʠ ʠʟʥʦʩʠ 

50 mg/l. 
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ʉʣʠʢʘ 7.18 ʄʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʬʝʥʦʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʥʘ 

ʨʝʛʠʦʥʘʣʥʦʿ ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 

ʀʟʤʝʨʝʥʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʬʝʥʦʣʘ ʩʫ 0,38 mg/l ʫ 2018. ʛʦʜʠʥʠ ʠ ʫ ʦʩʪʘʣʠʤ 

ʠʟʚʝʰʪʘʿʥʠʤ ʛʦʜʠʥʘʤʘ ʧʦʢʘʟʫʿʫ ʢʦʥʩʪʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʦʜ 0,001 mg/l. 

ɸʨʩʝʥ-  ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʨʩʝʥʘ ʧʦʢʘʟʫʿʫ ʪʨʝʥʜ ʧʦʨʘʩʪʘ ʢʨʦʟ 

ʠʟʚʝʰʪʘʿʥʝ ʛʦʜʠʥʝ. ʅʘʿʚʝ˂ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʨʩʝʥʘ ʠʟʤʝʨʝʥʘ ʿʝ ʫ 2022. ʛʦʜʠʥʠ ʠ ʠʟʥʦʩʠ 0,92 

mg/l. ʇʨʝʤʘ ʋʨʝʜʙʠ [70], ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ ʘʨʩʝʥʘ ʫ ʦʪʧʘʜʥʠʤ ʚʦʜʘʤʘ ʿʝ 0,1 mg/l. 

ʅʘ ʩʣʠʮʠ 7.19 ʩʫ ʧʨʠʢʘʟʘʥʝ ʠʟʤʝʨʝʥʝ ʄɺʂ ʘʨʩʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ. 

 

ʉʣʠʢʘ 7.19 ʄʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʨʩʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻɺɽ ʥʘ ʨʝʛʠʦʥʘʣʥʦʿ 

ʩʘʥʠʪʘʨʥʦʿ ʜʝʧʦʥʠʿʠ Ăɻʠʛʦʰñ ʫ ɱʘʛʦʜʠʥʠ 






















































































































































































































































































































































































