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ɺɺɽɼɽʅʀɽ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʪʳ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʘʢʚʘʨʠʫʤʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʦʥʠʤʘʥʠʝ ʨʦʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʘʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʝ ʧʦʟʚʦʣʷʝʪ 

ʥʘʭʦʜʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ ʨʝʛʫʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʦʨʛʘʥʠʟʤʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ-ʪʨʝʪʴʠʭ, ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʠ ʣʶʙʠʪʝʣʝʡ ʘʢʚʘʨʠʫʤʠʩʪʦʚ,  

ʨʝʛʫʣʷʮʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ï ʦʙʠʪʘʪʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ. ʅʘʧʨʠʤʝʨ, ʚ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʧʨʦʩʪʳʭ, ʤʘʣʦʪʦʢʩʠʯʥʳʭ, ʜʝʰʝʚʳʭ ʠ 

ʜʦʩʪʫʧʥʳʭ ʩʨʝʜʩʪʚ - ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʢʦʨʘʪʠʚʥʳʭ, 

ʥʘʫʯʥʳʭ ʘʢʚʘʨʠʫʤʦʚ, ʚ ʧʨʫʜʦʚʳʭ ʭʦʟʷʡʩʪʚʘʭ ʠ ʪ.ʧ.. 

ʇʨʦʙʣʝʤʘ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʦʩʪʦʷʥʠʝʤ ʙʠʦʪʳ ʚ ʘʢʚʘʨʠʫʤʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʶʪ çʚʩʧʳʰʢʠè 

ʙʝʩʢʦʥʪʨʦʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʚʦʜʦʨʦʩʣʝʡ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʫʛʥʝʪʝʥʠʝ ʨʦʩʪʘ ʠ ʛʠʙʝʣʴ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ɸʢʚʘʨʠʫʤ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʦʨʦʩʣʝʡ ʚʳʛʣʷʜʠʪ ʥʝ ʵʩʪʝʪʠʯʥʦ, ʦʙʠʪʘʪʝʣʠ ʧʣʦʭʦ ʩʝʙʷ 

ʯʫʚʩʪʚʫʶʪ ʠ ʤʦʛʫʪ ʧʦʛʠʙʥʫʪʴ. ʀʟʤʝʥʷʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʚʦʜʳ: ʥʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ, ʚʳʜʝʣʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʚ ʧʨʦʮʝʩʩʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʘʢʪʝʨʠʡ ï ʧʨʦʠʩʭʦʜʷʪ ʨʝʟʢʠʝ ʩʢʘʯʢʠ ʨʅ ʩʨʝʜʳ ʠ ʪ.ʜ. ʅʘʯʠʥʘʶʪ ʛʠʙʥʫʪʴ 

ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʘʢʚʘʨʠʫʤ 

çʫʤʠʨʘʝʪè. 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʠʟʫʯʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ 2.2-2.7 % 

ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʝ ʩʨʝʜʩʪʚʦ çʉʘʡʜʝʢʩè) ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʞʠʚʳʝ ʦʙʲʝʢʪʳ ʚ ʘʢʚʘʨʠʫʤʝ.  ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ï ʧʦʜʘʚʣʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʜʥʠʭ ʦʨʛʘʥʠʟʤʦʚ (ʧʨʦʢʘʨʠʦʪʳ ʠ ʥʠʟʰʠʝ 

ʨʘʩʪʝʥʠʷ) ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʫʛʠʭ (ʚʳʩʰʠʭ 

ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ). ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʢʘʢ ʘʥʪʠʩʝʧʪʠʢʘ ʷʚʣʷʝʪʩʷ ʱʘʜʷʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪʳ. ɽʛʦ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʤ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. ɼʣʷ ʘʢʚʘʨʠʫʤʠʩʪʦʚ ʨʘʩʪʚʦʨ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʤʘʣʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ ʠ ʧʦʟʚʦʥʦʯʥʳʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘ 

ʨʝʛʫʣʷʮʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʙʠʦʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʘʢʚʘʨʠʫʤʘ ʚ 

ʧʦʣʴʟʫ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ, ʨʘʟʚʠʪʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʚʳʩʰʠʭ 

ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ. 

 

ɿʘʜʘʯʠ: 

 

1. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʘʢʚʘʨʠʫʤʘ. 

2. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘ ʜʠʥʘʤʠʢʫ 

ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʬʣʦʨʳ ʪʦʣʱʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʩʫʙʩʪʨʘʪʘ ʘʢʚʘʨʠʫʤʘ. 

3. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘ ʜʠʥʘʤʠʢʫ 

ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʫ ʥʠʟʰʠʭ ʠ ʚʳʩʰʠʭ ʚʦʜʥʳʭ 

ʨʘʩʪʝʥʠʡ ʘʢʚʘʨʠʫʤʘ. 

4. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʧʦʟʚʦʥʦʯʥʳʭ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʙʠʪʘʪʝʣʝʡ ʘʢʚʘʨʠʫʤʘ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ɸʢʚʘʨʠʫʤ ʢʘʢ ʵʢʦʩʠʩʪʝʤʘ 

 

ɺʦʜʥʘʷ ʵʢʦʩʠʩʪʝʤʘ (ʦʟʝʨʦ, ʨʝʢʘ, ʧʨʫʜ) - ʵʪʦ ʢʦʤʧʣʝʢʩ ʚʩʝʭ ʦʨʛʘʥʠʟʤʦʚ 

ʠ ʥʝʞʠʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ ʚʦʜʝ,  ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʪʦʨʳʭ ʧʦʪʦʢʦʤ ʵʥʝʨʛʠʠ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʩʦʟʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 

ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚ. 

ɸʢʚʘʨʠʫʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʦʝʛʦ ʨʦʜʘ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʙʠʦʛʝʦʮʝʥʦʟʘ ʚʦʜʦʝʤʦʚ, ʪʘʢ ʢʘʢ ʚ ʘʢʚʘʨʠʫʤʝ ʝʩʪʴ 

ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʛʝʦʮʝʥʦʟʘ: ʘʙʠʦʛʝʥʥʳʝ (ʛʨʫʥʪ, ʚʦʜʘ, ʩʚʝʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʪ. ʜ.) ʠ ʙʠʦʛʝʥʥʳʝ (ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʝ, ʛʨʠʙʳ ʠ ʙʘʢʪʝʨʠʠ) [11]. ɸʢʚʘʨʠʫʤ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʤʥʦʛʠʝ ʟʘʢʦʥʳ ʞʠʟʥʠ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʦʝʤʘ. ɹʣʘʛʦʧʦʣʫʯʠʝ 

ʚʩʝʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ, ʢʘʢ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ, ʪʘʢ ʠ 

ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʪʦʡ ʤʦʜʝʣʠ ʧʨʠʩʫʱʠ 

ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ, ʪʘʢʠʝ ʢʘʢ ʜʠʥʘʤʠʢʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʍʘʨʘʢʪʝʨʠʟʫʷ 

ʜʠʥʘʤʠʢʫ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʦʩʠʩʪʝʤʘ ʘʢʚʘʨʠʫʤʘ  ʢʘʢ ʤʦʜʝʣʴ 

ʙʠʦʛʝʦʮʝʥʦʟʘ ʞʠʚʝʪ, ʨʘʟʚʠʚʘʝʪʩʷ ï ʧʨʦʭʦʜʠʪ ʧʝʨʠʦʜ ʩʪʘʥʦʚʣʝʥʠʷ, ʤʦʣʦʜʦʩʪʠ, 

ʟʨʝʣʦʩʪʠ, ʩʪʘʨʦʩʪʠ ï ʜʝʛʨʘʜʠʨʫʝʪ ʠ ʛʠʙʥʝʪ. ʀʟʤʝʥʝʥʠʷ ʚ ʘʙʠʦʪʠʯʝʩʢʦʡ ʩʨʝʜʝ 

ʤʦʛʫʪ ʫʩʢʦʨʠʪʴ ʠʣʠ ʟʘʤʝʜʣʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʩʪʘʜʠʠ ʚ ʨʘʟʚʠʪʠʠ ʥʘʰʝʡ ʤʦʜʝʣʠ. 

ʀʟʤʝʥʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʞʠʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʦʞʝ 

ʨʝʛʫʣʠʨʫʶʪ ʩʢʦʨʦʩʪʴ ʞʠʟʥʠ ʙʠʦʛʝʦʮʝʥʦʟʘ. ʅʘʧʨʠʤʝʨ, ʘʢʪʠʚʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʷʜʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠʚʝʜʝʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʚʩʝʭ ʨʘʩʪʝʥʠʡ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ ï ʩʦʢʨʘʱʘʝʪʩʷ ʠʭ ʨʘʟʤʥʦʞʝʥʠʝ, ʠ ʥʘʯʠʥʘʝʪʩʷ ʠʭ ʛʠʙʝʣʴ, ʯʪʦ ʚʝʜʝʪ 

ʢ ʨʦʩʪʫ ʯʠʩʣʘ ʙʘʢʪʝʨʠʠ ʠ ʛʨʠʙʦʚ, ʘ ʵʪʦ ʩʥʠʞʘʝʪ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ ʩʨʝʜʳ, ʚʦʜʘ 

ʥʘʩʳʱʘʝʪʩʷ ʩʝʨʦʚʦʜʦʨʦʜʦʤ, ʤʝʪʘʥʦʤ... ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʠʦʛʝʦʮʝʥʦʟ 

ʧʦʛʠʙʘʝʪ ʠʣʠ ʧʝʨʝʨʦʞʜʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʘʢʚʘʨʠʫʤʝ, 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʠʪʝʣʴʥʦʷʜʥʳʭ ʞʠʚʦʪʥʳʭ, ʚʦʟʥʠʢʘʝʪ ʤʝʞʚʠʜʦʚʘʷ 

ʢʦʥʢʫʨʝʥʮʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʠ ʚʠʜʳ ʛʠʙʥʫʪ, ʘ ʜʨʫʛʠʝ ʥʘʯʠʥʘʶʪ 
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ʧʨʝʦʙʣʘʜʘʪʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʥʝʪ ʩʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ, ʙʘʢʪʝʨʠʡ. ʕʪʦ ʙʫʜʝʪ ʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʠʟʥʘʯʘʣʴʥʦʛʦ 

ʙʠʦʛʝʦʮʝʥʦʟʘ. 

ɼʨʫʛʘʷ ʯʝʨʪʘ ʤʦʜʝʣʠ ï ʫʩʪʦʡʯʠʚʦʩʪʴ. ʅʘʰʘ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ 

ʧʝʨʝʛʨʝʚ ʥʝ ʩʢʘʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʘʢʚʘʨʠʫʤʘ, 

ʪʦʛʜʘ ʢʘʢ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʠʣʠ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʝʛʨʝʚ ʨʘʟʨʫʰʠʪ ʵʢʦʩʠʩʪʝʤʫ ʠ 

ʧʨʠʚʝʜʝʪ ʢ ʝʝ ʛʠʙʝʣʠ. ʀʣʠ ʧʝʨʝʢʦʨʤ ʞʠʚʦʪʥʳʭ, ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝ 

ʩʲʝʜʝʥʥʦʛʦ ʢʦʨʤʘ ʦʢʘʞʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʙʘʢʪʝʨʠʡ ʚ ʘʢʚʘʨʠʫʤʝ, ʙʦʣʴʰʝʝ ʞʝ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʤʘ ʚʳʟʦʚʝʪ ʙʫʨʥʳʡ ʨʦʩʪ ʠ ʨʘʟʤʥʦʞʝʥʠʝ ʙʘʢʪʝʨʠʡ, ʥʘʯʥʝʪ 

ʨʘʟʣʘʛʘʪʴʩʷ, ʚʩʝ ʵʪʦ ʚʳʟʦʚʝʪ ʩʙʦʡ ʚ ʩʠʩʪʝʤʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ[8]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʦʨʤʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʙʠʦʛʝʦʮʝʥʦʟʘ ʚʦʟʤʦʞʥʘ, ʢʦʛʜʘ 

ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʚʟʘʠʤʥʦ ʫʨʘʚʥʦʚʝʰʝʥʳ, ʢʦʛʜʘ ʤʦʜʝʣʴ ʙʠʦʛʝʦʮʝʥʦʟʘ ʤʦʞʝʪ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɼʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʘʢʚʘʨʠʫʤʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʦʙʲʝʤ ʚʦʜʳ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʨʝʛʫʣʷʨʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʧʦʜʢʦʨʤʢʫ ʨʘʩʪʝʥʠʡ, ʢʦʨʤʣʝʥʠʝ 

ʦʙʠʪʘʪʝʣʝʡ, ʧʨʦʚʦʜʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʯʠʩʪʢʫ ʘʢʚʘʨʠʫʤʘ ʦʪ ʧʨʦʜʫʢʪʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʠʦʛʝʦʮʝʥʦʟʘ 

ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ, ʯʝʤ ʙʦʣʴʰʝ ʦʙʲʝʤ, ʪʝʤ ʫʩʪʦʡʯʠʚʝʝ ʩʠʩʪʝʤʘ.  

 

1.2. ʆʙʠʪʘʪʝʣʠ ʘʢʚʘʨʠʫʤʘ 

 

ʇʨʠ ʧʦʜʙʦʨʝ ʞʠʚʦʪʥʳʭ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʠʪʘʥʠʷ ʚ ʘʢʚʘʨʠʫʤʝ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʩʦʚʤʝʱʝʥʳ ʚ ʘʢʚʘʨʠʫʤʝ, ʪʝʤ ʪʨʫʜʥʝʝ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʦʙʠʪʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʞʠʚʦʪʥʳʝ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʞʠʚʫʪ ʧʨʠ 

ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʚ 
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ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʫʩʣʦʚʠʷʤ, ʦʪʣʠʯʥʳʤ ʦʪ 

ʦʧʪʠʤʘʣʴʥʳʭ[3].  

 

1.3. ʈʦʣʴ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʵʢʦʩʠʩʪʝʤʝ ʘʢʚʘʨʠʫʤʘ 

 

ɸʢʚʘʨʠʫʤʥʳʝ ʨʘʩʪʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ. ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʶʪ ʚ ʭʦʜʝ ʬʦʪʦʩʠʥʪʝʟʘ ʢʠʩʣʦʨʦʜ, 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʚʩʝʤʫ ʞʠʚʦʤʫ ʚ ʘʢʚʘʨʠʫʤʝ. ʇʨʦʠʟʚʦʜʠʪʝʣʷʤ ʢʠʩʣʦʨʦʜʘ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʶʪʩʷ ʝʛʦ ʧʦʛʣʦʪʠʪʝʣʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʪʝʥʠʷ, ʥʘʭʦʜʷʱʠʝʩʷ ʙʝʟ ʦʩʚʝʱʝʥʠʷ, ʥʦ ʠ ʨʳʙʳ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. 

ɿʜʦʨʦʚʳʝ ʨʘʩʪʝʥʠʷ ʢ ʪʦʤʫ ʞʝ ʩʧʦʩʦʙʥʳ ʢ ʘʢʪʠʚʥʦʤʫ 

ʢʦʨʥʝʦʙʨʘʟʦʚʘʥʠʶ: ʦʥʠ ʥʘʩʳʱʘʶʪ ʢʠʩʣʦʨʦʜʦʤ ʥʝ ʪʦʣʴʢʦ ʚʦʜʫ, ʥʦ ʠ ʧʦʯʚʫ, 

ʦʙʝʟʟʘʨʘʞʠʚʘʶʪ ʝʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ ʚʧʠʪʳʚʘʶʪ ʧʠʪʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ. ʉ ʪʘʢʦʡ ʘʢʪʠʚʥʦʡ ʨʘʙʦʪʦʡ ʢʦʨʥʝʡ ʩʚʷʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ 

ʧʦʯʚʳ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʢʠʩʣʦʨʦʜʘ. 

ʄʥʦʛʠʝ ʥʘʫʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʜʘʯʘ ʢʠʩʣʦʨʦʜʘ 

ʙʦʣʦʪʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʚ ʧʦʯʚʫ ï ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʯʠʩʪʢʠ 

ʚʦʜʦʝʤʦʚ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʨʷʜʦʤ ʩ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ 

ʙʘʢʪʝʨʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʦ ʨʘʟʚʠʪʠʝ ʙʘʢʪʝʨʠʡ ʚʘʞʥʦ, ʪ.ʢ. ʦʥʠ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʠʥʝʨʘʣʠʟʫʷ ʠ ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ 

ʛʫʤʫʩʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ[4]. ʅʘʨʷʜʫ ʩʦ ʩʚʦʡʩʪʚʦʤ ʚʳʜʝʨʞʠʚʘʪʴ ʩʠʣʴʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʤʥʦʛʠʝ ʙʦʣʦʪʥʳʝ ʨʘʩʪʝʥʠʷ ʩʣʫʞʘʪ ʧʦʩʪʦʷʥʥʳʤʠ 

ʧʦʛʣʦʪʠʪʝʣʷʤʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. 

ɺ ʘʢʚʘʨʠʫʤʝ ʙʝʟ ʨʘʩʪʝʥʠʡ ʙʘʢʪʝʨʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʞʝʣʘʝʤʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ. ʇʦʵʪʦʤʫ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʫʱʠʝ ʨʘʩʪʝʥʠʷ ʦʩʦʙʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ. ʈʘʩʪʝʥʠʷ ʦʢʘʟʳʚʘʶʪ 

ʨʝʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʝʝ ʢʘʯʝʩʪʚʦ. ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ 
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ʚʣʠʷʶʪ ʥʘ ʧʦʷʚʣʷʶʱʠʝʩʷ ʚ ʘʢʚʘʨʠʫʤʝ ʙʘʢʪʝʨʠʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʝʩʪʴ ʠ 

ʚʨʝʜʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʫʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʦʪʥʳʝ ʨʘʩʪʝʥʠʷ ʦʙʣʘʜʘʶʪ ʘʥʪʠʙʠʦʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʘ ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ ʙʘʢʪʝʨʠʠ [4]. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʭʦʨʦʰʠʡ 

ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʚ ʘʢʚʘʨʠʫʤʝ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ 

ʨʳʙ, ʧʦʵʪʦʤʫ ʟʘʙʦʣʝʚʘʥʠʷ ʨʳʙ ʚ ʛʫʩʪʦ ʟʘʩʘʞʝʥʥʦʤ ʘʢʚʘʨʠʫʤʝ ʚʦʟʥʠʢʘʶʪ 

ʨʝʞʝ, ʯʝʤ ʚ ʥʝ ʜʦʩʘʞʝʥʥʳʭ ʝʤʢʦʩʪʷʭ, ʛʜʝ ʦʙʳʯʥʦ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʤʠʢʨʦʙʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ.  

ʅʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʨʘʩʪʝʥʠʷ ʩʣʫʞʘʪ ʜʣʷ ʤʥʦʛʠʭ ʨʳʙ ʠʩʪʦʯʥʠʢʦʤ 

ʧʠʱʠ. ɻʫʩʪʳʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʩʦʟʜʘʶʪ ʚ ʘʢʚʘʨʠʫʤʝ ʜʣʷ ʨʳʙ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʢʨʳʪʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ɸʢʚʘʨʠʫʤʥʳʝ ʨʘʩʪʝʥʠʷ ʩʣʫʞʘʪ ʪʝʤ ʩʘʤʳʤ ʥʝ ʪʦʣʴʢʦ ʜʝʢʦʨʘʮʠʝʡ, ʦʥʠ 

ʚʥʦʩʷʪ ʚ ʘʢʚʘʨʠʫʤʥʫʶ ʩʨʝʜʫ ʩʚʦʡ ʥʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʟʜʦʨʦʚʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʩʝʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʝʛʦ ʥʘʩʝʣʷʶʱʠʭ[4]. 

 

1.4. ɺʦʜʦʨʦʩʣʠ ʚ ʵʢʦʩʠʩʪʝʤʝ ʘʢʚʘʨʠʫʤʘ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ʏʘʱʝ ʚʩʝʛʦ ʚ ʘʢʚʘʨʠʫʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʨʘʟʤʥʦʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʦʪʜʝʣʳ ʚʦʜʦʨʦʩʣʝʡ: ʟʝʣʝʥʳʝ, ʩʠʥʝ-ʟʝʣʝʥʳʝ, ʟʦʣʦʪʠʩʪʳʝ, ʜʠʘʪʦʤʦʚʳʝ, ʞʝʣʪʦ-

ʟʝʣʝʥʳʝ, ʧʠʨʨʦʬʠʪʦʚʳʝ, ʵʚʛʣʝʥʦʚʳʝ, ʢʨʘʩʥʳʝ ʠ ʙʫʨʳʝ. ʂʘʞʜʳʡ ʚʠʜ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʨʝʜʝ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʞʝʩʪʢʦʩʪʠ ʠ 

ʨʅ ʚʦʜʳ. 

 

ʆʪʜʝʣ ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ï Chlorophyta 

 

ʕʪʦ ʦʜʥʦʢʣʝʪʦʯʥʳʝ, ʢʦʣʦʥʠʘʣʴʥʳʝ, ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ ʠ ʥʝʢʣʝʪʦʯʥʳʝ 

ʬʦʨʤʳ. ʄʥʦʛʦʢʣʝʪʦʯʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʠʪʯʘʪʳʤʠ 
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ʚʦʜʦʨʦʩʣʷʤʠ. ʅʝʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, 

ʥʘʧʦʤʠʥʘʶʱʠʤ ʚʥʝʰʥʝ ʚʳʩʰʠʝ ʨʘʩʪʝʥʠʷ. ʀʤʝʶʪ ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ, ʦʜʥʘʢʦ 

ʢʨʦʤʝ ʟʝʣʝʥʦʛʦ ʭʣʦʨʦʬʠʣʣʘ ʚ ʭʨʦʤʘʪʦʬʦʨʘʭ ʩʦʜʝʨʞʘʪ ʞʝʣʪʳʝ ʧʠʛʤʝʥʪʳ ï 

ʢʘʨʦʪʠʥ ʠ ʢʩʘʥʪʦʬʠʣʣ. ʂʣʝʪʦʯʥʘʷ ʦʙʦʣʦʯʢʘ ʩʦʩʪʦʠʪ ʠʟ ʢʣʝʪʯʘʪʢʠ; 

ʭʨʦʤʘʪʦʬʦʨʳ ʩ ʧʠʨʝʥʦʠʜʘʤʠ. ʈʘʟʤʥʦʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʝʛʝʪʘʪʠʚʥʳʤ, 

ʙʝʩʧʦʣʳʤ ʠ ʧʦʣʦʚʳʤ ʧʫʪʝʤ. ɺʝʛʝʪʘʪʠʚʥʦʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʣʝʥʠʝʤ ʦʨʛʘʥʠʟʤʘ 

ʥʘ ʯʘʩʪʠ. ɹʝʩʧʦʣʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʚʠʞʥʳʤʠ ʟʦʦʩʧʦʨʘʤʠ ʩʦ ʞʛʫʪʠʢʘʤʠ 

ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʳ (ʦʙʳʯʥʦ ʠʭ 2-4) ʠʣʠ ʘʧʣʘʥʦʩʧʦʨʘʤʠ ï ʥʝʧʦʜʚʠʞʥʳʤʠ 

ʩʧʦʨʘʤʠ; ʧʨʠ ʧʦʤʦʱʠ ʟʦʦʩʧʦʨ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʥʝ ʪʦʣʴʢʦ ʨʘʟʤʥʦʞʘʶʪʩʷ, 

ʥʦ ʠ ʨʘʩʩʝʣʷʶʪʩʷ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʶʪʩʷ ʭʣʘʤʠʜʦʤʦʥʘʜʘ, 

ʩʧʠʨʦʛʠʨʘ, ʭʣʦʨʝʣʣʘ, ʫʣʦʪʨʠʢʩ, ʢʣʘʜʦʬʦʨʘ, ʢʣʦʩʪʝʨʠʫʤ ʠ ʜʨ. ʂʣʝʪʢʠ ʠʭ 

ʦʙʳʯʥʦ ʩʦʩʪʦʷʪ ʠʟ ʦʙʦʣʦʯʢʠ, ʮʠʪʦʧʣʘʟʤʳ, ʷʜʨʘ, ʚʘʢʫʦʣʠ ʠ ʭʨʦʤʘʪʦʬʦʨʘ, 

ʠʤʝʶʱʝʛʦ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ [2]. 

 

ʉʠʥʝ-ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ï Cyanophyta 

 

ʆʜʥʦʢʣʝʪʦʯʥʳʝ, ʢʦʣʦʥʠʘʣʴʥʳʝ ʠ ʥʠʪʯʘʪʳʝ ʬʦʨʤʳ. ʀʤʝʶʪ ʩʠʥʝ-

ʟʝʣʝʥʫʶ, ʞʝʣʪʦ-ʟʝʣʝʥʫʶ, ʦʣʠʚʢʦʚʦ-ʟʝʣʝʥʫʶ ʠ ʜʨʫʛʫʶ ʦʢʨʘʩʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣʘ, ʬʠʢʦʮʠʘʥʘ (ʩʠʥʝʛʦ ʮʚʝʪʘ), 

ʬʠʢʦʵʨʠʪʨʠʥʘ (ʢʨʘʩʥʦʛʦ) ʠ ʢʘʨʦʪʠʥʘ (ʞʝʣʪʦʛʦ). ʋ ʵʪʠʭ ʚʦʜʦʨʦʩʣʝʡ ʥʝʪ 

ʦʬʦʨʤʣʝʥʥʦʛʦ ʭʨʦʤʘʪʦʬʦʨʘ ʠ ʷʜʨʘ; ʞʛʫʪʠʢʦʚʳʝ ʩʪʘʜʠʠ ʠ ʧʦʣʦʚʦʡ ʧʨʦʮʝʩʩ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʂ ʩʠʥʝ-ʟʝʣʝʥʳʤ ʚʦʜʦʨʦʩʣʷʤ ʦʪʥʦʩʷʪʩʷ ʦʩʮʠʣʣʷʪʦʨʠʷ, ʥʦʩʪʦʢ, 

ʛʣʝʦʪʨʠʭʠʷ, ʘʥʘʙʝʥʘ ʠ ʜʨ [2]. 

 

ɿʦʣʦʪʠʩʪʳʝ ʚʦʜʦʨʦʩʣʠ ï Chrysophyta 

 

ʆʜʥʦʢʣʝʪʦʯʥʳʝ ʠ ʢʦʣʦʥʠʘʣʴʥʳʝ ʬʦʨʤʳ. ʉʦʜʝʨʞʘʪ ʭʣʦʨʦʬʠʣʣ ʠ 

ʬʠʢʦʭʨʠʟʠʥ, ʵʪʠʤ ʦʙʫʩʣʦʚʣʝʥʘ ʠ ʦʢʨʘʩʢʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʡ ʛʨʫʧʧʳ ï 
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ʟʦʣʦʪʠʩʪʦ ï ʠʣʠ ʙʫʨʦʚʘʪʦ-ʞʝʣʪʘʷ. ʂʣʝʪʢʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʛʦʣʳʝ ʠʣʠ ʦʜʝʪʳʝ 

ʩʣʘʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʧʨʦʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ. ɺʩʪʨʝʯʘʶʪʩʷ 

ʟʦʣʦʪʠʩʪʳʝ ʚʦʜʦʨʦʩʣʠ, ʪʝʣʦ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʝʥʦ ʚ ʧʘʥʮʠʨʴ, ʠʣʠ çʜʦʤʠʢè. 

ʆʜʥʠ ʬʦʨʤʳ ʧʦʜʚʠʞʥʳ ʠ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʞʛʫʪʠʢʦʚ, ʜʨʫʛʠʝ 

ʥʝʧʦʜʚʠʞʥʳ. ʈʘʟʤʥʦʞʘʶʪʩʷ ʜʝʣʝʥʠʝʤ ʠʣʠ ʟʦʦʩʧʦʨʘʤʠ. ʉʧʦʩʦʙʥʳ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʮʠʩʪʳ ʜʣʷ ʧʝʨʝʥʝʩʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ. ʇʦʣʦʚʦʝ 

ʨʘʟʤʥʦʞʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ. ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʵʪʦʛʦ ʪʠʧʘ 

ʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʶʪʩʷ ʤʘʣʣʦʤʦʥʘʜʘ, ʜʠʥʦʙʨʠʦʥ, ʭʨʠʟʘʤʝʙʘ  ʠ ʜʨ. [2].  

 

ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ï Bacillariopliyta  

 

ʆʜʥʦʢʣʝʪʦʯʥʳʝ ʠ ʢʦʣʦʥʠʘʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ ʩ ʦʢʨʝʤʥʝʣʳʤ ʧʘʥʮʠʨʝʤ, 

ʩʦʩʪʦʷʱʠʤ ʠʟ ʜʚʫʭ ʩʪʚʦʨʦʢ. ʍʨʦʤʘʪʦʬʦʨ ʫ ʥʠʭ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ 

ʥʝʤ ʙʫʨʦʛʦ ʧʠʛʤʝʥʪʘ ʜʠʘʪʦʤʠʥʘ. ʈʘʟʤʥʦʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʝʣʝʥʠʝʤ 

ʢʣʝʪʦʢ, ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʞʛʫʪʠʢʦʚʳʭ 

ʟʦʦʩʧʦʨ; ʠʟʚʝʩʪʥʦ ʠ ʧʦʣʦʚʦʝ ʨʘʟʤʥʦʞʝʥʠʝ. ʂ ʜʠʘʪʦʤʦʚʳʤ ʚʦʜʦʨʦʩʣʷʤ 

ʦʪʥʦʩʷʪʩʷ ʧʠʥʥʫʣʷʨʠʷ, ʥʘʚʠʢʫʣʘ, ʧʣʝʨʚʦʩʠʛʤʘ, ʛʦʤʬʦʥʝʤʘ, ʩʠʥʝʜʨʘ, 

ʤʝʣʦʟʠʨʘ ʠ ʜʨ[2].  

 

ɾʝʣʪʦ-ʟʝʣʝʥʳʝ, ʠʣʠ ʨʘʟʥʦʞʛʫʪʠʢʦʚʳʝ, ʚʦʜʦʨʦʩʣʠ ï Xanthophyta   

(Heterocontae) 

 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʦʜʥʦʢʣʝʪʦʯʥʳʝ, ʢʦʣʦʥʠʘʣʴʥʳʝ, ʥʠʪʯʘʪʳʝ ʠ 

ʥʝʢʣʝʪʦʯʥʳʝ ʬʦʨʤʳ. ɺʩʝ ʦʥʠ ʩʦʜʝʨʞʘʪ ʢʨʦʤʝ ʭʣʦʨʦʬʠʣʣʘ ʞʝʣʪʳʝ ʧʠʛʤʝʥʪʳ 

ʢʩʘʥʪʦʬʠʣʣ ʠ ʢʘʨʦʪʠʥ; ʦʢʨʘʩʢʘ ʠʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʚʝʪʣʦʡ ʜʦ ʪʝʤʥʦʡ ʞʝʣʪʦ-

ʟʝʣʝʥʦʡ. ʈʘʟʤʥʦʞʘʶʪʩʷ ʧʨʦʜʦʣʴʥʳʤ ʜʝʣʝʥʠʝʤ ʢʣʝʪʦʢ, ʟʦʦʩʧʦʨʘʤʠ (ʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʞʛʫʪʠʢʦʚ ʥʝʨʘʚʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʨʘʟʥʦʛʦ 

ʩʪʨʦʝʥʠʷ), ʘʚʪʦʩʧʦʨʘʤʠ. ʀʟʚʝʩʪʥʦ ʠ ʧʦʣʦʚʦʝ ʨʘʟʤʥʦʞʝʥʠʝ [2]. 
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ʇʠʨʨʦʬʠʪʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ï Pyrrophyta  

 

ʆʜʥʦʢʣʝʪʦʯʥʳʝ ʠ ʢʦʣʦʥʠʘʣʴʥʳʝ ʬʦʨʤʳ. ʂʨʦʤʝ ʭʣʦʨʦʬʠʣʣʘ ʩʦʜʝʨʞʘʪ 

ʧʠʛʤʝʥʪ ʧʠʨʨʦʬʠʣʣ, ʯʪʦ ʧʨʠʜʘʝʪ ʠʤ ʙʫʨʫʶ ʠ ʙʫʨʦʚʘʪʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ. 

ʂʣʝʪʢʠ ʛʦʣʳʝ ʠʣʠ ʧʦʢʨʳʪʳ ʧʘʥʮʠʨʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ. ʈʘʟʤʥʦʞʘʶʪʩʷ 

ʜʝʣʝʥʠʝʤ ʢʣʝʪʦʢ, ʟʦʦʩʧʦʨʘʤʠ, ʘʚʪʦʩʧʦʨʘʤʠ; ʦʙʨʘʟʫʶʪ ʮʠʩʪʳ. ʇʦʣʦʚʦʝ 

ʨʘʟʤʥʦʞʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʜʢʦ. ʂ ʧʠʨʨʦʬʠʪʦʚʳʤ ʚʦʜʦʨʦʩʣʷʤ ʦʪʥʦʩʷʪʩʷ 

ʧʝʨʠʜʠʥʠʫʤ, ʮʝʨʘʪʠʫʤ ʠ ʜʨ. [1]. 

 

ʕʚʛʣʝʥʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ï Euglenophyta 

 

ʆʜʥʦʢʣʝʪʦʯʥʳʝ ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʩ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ ʞʛʫʪʠʢʘʤʠ, 

ʠʥʦʛʜʘ ʙʝʟ ʥʠʭ; ʢʣʝʪʢʠ ʛʦʣʳʝ, ʨʦʣʴ ʦʙʦʣʦʯʢʠ ʚʳʧʦʣʥʷʝʪ ʥʘʨʫʞʥʳʡ ʩʣʦʡ 

ʧʨʦʪʦʧʣʘʟʤʳ, ʠʥʦʛʜʘ ʢʣʝʪʢʘ ʥʘʭʦʜʠʪʩʷ ʚ çʜʦʤʠʢʝè. ɹʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʨʦʩʣʝʡ 

ʠʤʝʝʪ ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ, ʠʥʦʛʜʘ ʩʚʝʪʣʦ-ʟʝʣʝʥʫʶ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʢʩʘʥʪʦʬʠʣʣʘ. 

ʈʘʟʤʥʦʞʘʶʪʩʷ ʧʨʦʜʦʣʴʥʳʤ ʜʝʣʝʥʠʝʤ ʢʣʝʪʦʢ. ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʵʚʛʣʝʥʦʚʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʶʪʩʷ ʵʚʛʣʝʥʘ ʠ ʬʘʢʫʩ[2]. 

 

ʂʨʘʩʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʠʣʠ ɹʘʛʨʷʥʢʠ ï Rhodophyta 

 

ʆʙʠʪʘʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʤʦʨʷʭ, ʣʠʰʴ ʥʝʤʥʦʛʠʝ ʞʠʚʫʪ ʚ ʧʨʝʩʥʳʭ 

ʚʦʜʘʭ. ʂʨʘʩʥʘʷ ʦʢʨʘʩʢʘ ʵʪʠʭ ʚʦʜʦʨʦʩʣʝʡ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʢʨʦʤʝ 

ʭʣʦʨʦʬʠʣʣʘ ʧʠʛʤʝʥʪʦʚ ʬʠʢʦʵʨʠʪʨʠʥʘ ʠ ʬʠʢʦʮʠʘʥʘ. ɹʝʩʧʦʣʦʝ ʨʘʟʤʥʦʞʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʧʣʘʥʦʩʧʦʨʘʤʠ. ʇʦʣʦʚʦʡ ʧʨʦʮʝʩʩ ʦʯʝʥʴ ʩʣʦʞʥʳʡ. (ɺ.ʉ. 

ɾʜʘʥʦʚ. ɸʢʚʘʨʠʫʤʥʳʝ ʨʘʩʪʝʥʠʷ)[2]. 
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1.5. ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʵʢʦʩʠʩʪʝʤʳ ʘʢʚʘʨʠʫʤʘ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʚʠʜʳ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ, ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʦʪʜʘʯʝ ʵʣʝʢʪʨʦʥʦʚ. ɺʘʞʥʝʡʰʘʷ ʧʦʜʛʨʫʧʧʘ 

ʣʠʪʦʪʨʦʬʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʜʦʥʦʨʳ 

ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢʠʝ, ʢʘʢ ʚʦʜʦʨʦʜ, ʘʤʤʠʘʢ, ʩʝʨʦʚʦʜʦʨʦʜ, ʩʝʨʘ, ʤʦʥʦʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ ʠʣʠ ʞʝʣʝʟʦ (Fe
2+
). ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚ ʬʦʨʤʝ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ. 

ʕʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʬʠʢʩʘʮʠʠ ʫʛʣʝʨʦʜʘ, ʤʦʞʝʪ ʧʦʩʪʘʚʣʷʪʴ ʩʚʝʪ 

(ʬʦʪʦʘʚʪʦʪʨʦʬʠʷ).  ɼʨʫʛʠʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ (ʭʝʤʦʘʚʪʦʪʨʦʬʠʷ, ʠʣʠ ʭʝʤʦʣʠʪʦʪʨʦʬʠʷ). ʊʘʢ  

ʧʠʪʘʶʪʩʷ ʥʠʪʨʠʬʠʢʘʪʦʨʳ  ʠ ʜʝʥʠʪʨʠʬʠʢʘʪʦʨʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʙʘʢʪʝʨʠʡ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʛʝʪʝʨʦʪʨʦʬʘʤ. ʊʘʢ ʞʝ ʢʘʢ ʠ ʧʨʠ ʘʚʪʦʪʨʦʬʠʠ, ʜʣʷ 

ʛʝʪʝʨʦʪʨʦʬʠʠ ʚʘʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʭʘʨʘʢʪʝʨ ʧʝʨʝʜʘʯʠ 

ʵʣʝʢʪʨʦʥʦʚ. ɺʘʞʥʝʡʰʘʷ ʛʝʪʝʨʦʪʨʦʬʥʘʷ ʛʨʫʧʧʘ ʙʘʢʪʝʨʠʡ ï 

ʜʝʥʠʪʨʠʬʠʮʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʫʛʣʝʨʦʜ ʠʟ ʪʘʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʮʝʣʣʶʣʦʟʘ, ʤʝʣʘʩʩʘ ʠʣʠ 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ. ʄʠʢʩʦʪʨʦʬʘʤʠ ʥʘʟʳʚʘʶʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʫ ʢʦʪʦʨʳʭ 

ʩʥʘʙʞʝʥʠʝ ʵʥʝʨʛʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʘ 

ʫʛʣʝʨʦʜʦʤ ï ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [13]. 

 

1.6. ɸʙʠʦʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʢʦʩʠʩʪʝʤʳ ʘʢʚʘʨʠʫʤʘ 

 

1.6.1. ɺʦʜʘ ʘʢʚʘʨʠʫʤʘ 

 

ɺ ʘʢʚʘʨʠʫʤʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʭʦʜʠʪʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʠʣʠ 

ʢʦʣʦʜʝʟʥʦʡ ʚʦʜʦʡ, ʢʦʪʦʨʘʷ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʘ. ɺ ʚʦʜʝ 

ʨʘʩʪʚʦʨʝʥʳ ʤʥʦʛʠʝ ʚʝʱʝʩʪʚʘ (ʢʠʩʣʦʨʦʜʘ 21%, ʘʟʦʪʘ 76%, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

0,3%). ɺʦʜʘ, ʩʦʧʨʠʢʘʩʘʷʩʴ ʩ ʛʨʫʥʪʦʤ, ʨʘʩʪʝʥʠʷʤʠ, ʨʳʙʦʡ, ʩ ʧʨʦʜʫʢʪʘʤʠ 
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ʛʥʠʝʥʠʷ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ. 

ɺʦʜʘ ʚ ʘʢʚʘʨʠʫʤʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʦʙʦʜʥʘ ʦʪ ʧʨʠʤʝʩʝʡ ʣʶʙʳʭ 

ʤʝʪʘʣʣʦʚ, ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʝʡ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ 

ʠ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʚʨʝʜʥʳʭ ʜʣʷ ʦʙʠʪʘʪʝʣʝʡ ʘʢʚʘʨʠʫʤʘ.  

ʇʦʣʥʦʩʪʴʶ ʤʝʥʷʶʪ ʚʦʜʫ ʚ ʘʢʚʘʨʠʫʤʝ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ: ʧʨʠ 

ʟʘʥʝʩʝʥʠʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʷʚʣʝʥʠʠ ʛʨʠʙʢʦʚʦʡ ʩʣʠʟʠ, 

ʙʫʨʥʦʤ ʮʚʝʪʝʥʠʠ ʚʦʜʳ, ʥʝ ʧʨʝʢʨʘʱʘʶʱʝʤʩʷ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʟʘʪʝʤʥʝʥʠʠ 

ʘʢʚʘʨʠʫʤʘ, ʠ ʧʨʠ ʙʦʣʴʰʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʛʨʫʥʪʘ. ʆʪ ʧʦʣʥʦʡ ʩʤʝʥʳ ʚʦʜʳ 

ʨʘʩʪʝʥʠʷ ʩʪʨʘʜʘʶʪ: ʧʨʦʠʩʭʦʜʠʪ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ 

ʦʪʤʠʨʘʥʠʝ ʣʠʩʪʴʝʚ. ɽʩʣʠ ʘʢʚʘʨʠʫʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦ ʟʘʩʝʣʝʥ, ʪʦ 

ʨʘʩʪʝʥʠʷ, ʨʳʙ rʠ ʙʘʢʪʝʨʠʠ ʚ ʧʦʯʚʝ ʠ ʚʦʜʝ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʭʦʨʦʰʠʡ ʬʠʣʴʪʨ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʠʟʙʳʪʦʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ (ʧʨʦʩʪʝʡʰʠʝ, ʙʘʢʪʝʨʠʠ 

ʠ ʪ.ʧ.)  ʚ ʘʢʚʘʨʠʫʤ ʟʘʩʝʣʷʶʪ ʜʘʬʥʠʡ,  ʤʘʣʝʥʴʢʠʭ ʛʦʣʦʚʘʩʪʠʢʦʚ ʠʣʠ ʜʦʙʘʚʣʷʶʪ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʜʘ ʚ ʘʢʚʘʨʠʫʤʝ 

ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʩʪʘʣʴʥʦ ʯʠʩʪʦʡ. ʂ ʚʦʜʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʪʝʧʝʥʠ 

ʞʝʩʪʢʦʩʪʠ ʠ ʨʅ. ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʵʪʠ ʜʘʥʥʳʝ ʦ ʚʦʜʝ ʥʘ ʨʦʜʠʥʝ ʨʘʩʪʝʥʠʡ, ʪʦ 

ʤʦʞʥʦ ʚʩʝʛʜʘ ʦʧʨʝʜʝʣʠʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʨʘʩʪʝʥʠʷʤ ʚʦʜʘ ʚ ʘʢʚʘʨʠʫʤʝ [16]. 

 

1.6.2. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʳ 

 

ɺʦʜʘ ʠʟ ʚʦʜʦʧʨʦʚʦʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʟʘʣʠʚʢʠ ʚ ʘʢʚʘʨʠʫʤ, 

ʧʨʦʟʨʘʯʥʘ ʠ ʙʝʩʮʚʝʪʥʘ. ʇʦʩʣʝ ʟʘʣʠʚʢʠ ʚʦʜʳ ʚ ʘʢʚʘʨʠʫʤ ʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʝʝ 

ʩ ʛʨʫʥʪʦʤ, ʚ ʥʝʡ ʥʘʯʠʥʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʙʘʢʪʝʨʠʠ ʠ ʧʨʦʠʩʭʦʜʷʪ ʩʣʦʞʥʳʝ 

ʧʨʦʮʝʩʩʳ. ɺʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʞʥʦ-ʛʦʣʫʙʦʡ, ʟʘʪʝʤ ʙʝʣʦʚʘʪʦ-ʤʫʪʥʦʡ ʠ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ, ʘ ʠʥʦʛʜʘ ʠ ʥʝʜʝʣʴ ʧʦʩʣʝ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʨʝʞʠʤʘ, ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʟʨʘʯʥʦʡ ʩ ʞʝʣʪʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ 

ʘʢʚʘʨʠʫʤ ʤʦʞʥʦ ʟʘʩʝʣʷʪʴ ʨʘʩʪʝʥʠʷ ʠ ʞʠʚʦʪʥʳʭ. 

ʈʘʩʪʝʥʠʷ, ʨʳʙʳ ʠ ʜʨʫʛʠʝ ʦʙʠʪʘʪʝʣʠ ʘʢʚʘʨʠʫʤʘ ʤʝʥʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ. ʇʨʠʨʦʜʫ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʦʜʳ ʨʳʙʘʤʠ ʠ 
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ʨʘʩʪʝʥʠʷʤʠ ʪʦʯʥʦ ʝʱʝ ʥʝ ʟʥʘʶʪ, ʥʦ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʘʷ ʚʦʜʘ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʨʳʙ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʙʦʣʝʚʘʥʠʷ ʠʭ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʡ.  

ʅʝʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳ ʠʤʝʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʘʢʚʘʨʠʫʤʝ ʤʫʪʠ, ʚʳʟʚʘʥʥʦʡ ʨʘʟʚʠʪʠʝʤ ʤʠʢʨʦʬʣʦʨʳ ʚʟʚʝʰʝʥʥʳʭ ʚ ʚʦʜʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ʇʦʤʫʪʥʝʥʠʝ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥʦ ʠ ʜʨʫʛʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʥʘʧʨʠʤʝʨ ʨʘʟʚʠʪʠʝʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʚʦʜʦʨʦʩʣʝʡ (ʮʚʝʪʝʥʠʝʤ ʚʦʜʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʚʝʪʥʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʚʦʜʳ ʟʘʚʠʩʠʪ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ.  

ɺ ʭʦʨʦʰʦ ʫʩʪʨʦʝʥʥʦʤ ʠ ʟʘʩʘʞʝʥʥʦʤ ʨʘʩʪʝʥʠʷʤʠ ʘʢʚʘʨʠʫʤʝ ʚʦʜʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʟʘʧʘʭ ʩʚʝʞʝʡ ʪʨʘʚʳ[16].  

 

1.6.3. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜ r

 

1.6.3.1. ʊʝʤʧʝʨʘʪʫʨʘ 

 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚʦʜʳ ʚ ʘʢʚʘʨʠʫʤʝ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʝʤʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʨʘʩʪʘʣʠ ʨʘʩʪʝʥʠʷ. ʉʦʣʥʝʯʥʳʡ 

ʩʚʝʪ, ʧʨʦʥʠʢʘʷ ʚ ʚʦʜʫ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦ. ʏʝʤ ʙʦʣʴʰʝ ʩʚʝʪʘ, ʪʝʤ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦ ʫ ʚʦʜʳ ʥʝʚʝʣʠʢʘ, ʥʦ ʚʩʝ ʞʝ, ʩʣʦʠ ʚʦʜʳ ʚ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʘʭ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʝʝ ʚʳʨʘʚʥʠʚʘʝʪʩʷ. ɺ 

ʛʣʫʙʦʢʠʭ ʚʦʜʦʝʤʘʭ ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ ʠ ʥʠʞʥʠʤʠ ʩʣʦʷʤʠ ʩʫʱʝʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʦ ʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʘ, ʥʝ 

ʠʤʝʝʪ ʨʝʟʢʠʭ ʩʢʘʯʢʦʚ ʠ ʤʝʥʷʝʪʩʷ ʧʣʘʚʥʦ. ʂ ʪʘʢʠʤ ʧʣʘʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʞʠʚʦʪʥʳʝ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ.  

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʘʢʚʘʨʠʫʤʝ ʷʚʣʝʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʦʝ, ʘ ʝʝ 

ʨʝʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʦʙʱʝ ʥʝʜʦʧʫʩʪʠʤʳ, ʧʦʵʪʦʤʫ ʚʦʜʫ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʳʙ ʠ ʨʘʩʪʝʥʠʡ, ʥʫʞʥʦ ʚʩʝ ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʪʴ ʩ 
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ʧʦʤʦʱʴʶ ʘʵʨʘʮʠʠ. ʄʝʜʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ 2-4 Á ʉ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʥʷ ʠ ʥʦʯʠ, ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʚʩʝʭ ʨʘʩʪʝʥʠʡ.  

ɺʦʜʘ ʚ ʘʢʚʘʨʠʫʤʝ ʥʝ ʜʦʣʞʥʘ ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʦʣʴʰʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ. ʆʙʳʯʥʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʘʢʚʘʨʠʫʤ ʫʩʪʘʥʦʚʣʝʥ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʢʥʘ, ʠʣʠ 

ʥʘ ʧʦʜʦʢʦʥʥʠʢʝ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʦ, ʝʩʣʠ ʦʢʥʦ ʦʙʨʘʱʝʥʦ ʚ ʩʪʦʨʦʥʫ ʶʛʘ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʝʟʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʦʚ, ʧʨʠʚʦʜʷʪ ʢ ʦʩʣʘʙʣʝʥʠʶ 

ʞʠʟʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʪʝʥʠʡ. ʀʩʢʣʶʯʝʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʝʥʠʷ, ʞʠʚʫʱʠʝ 

ʚ ʚʦʜʘʭ ʩ ʨʝʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʨʘʩʪʝʥʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʥʠʤ. ʈʘʩʪʝʥʠʷ ʠʥʦʛʜʘ ʦʩʪʘʚʘʣʠʩʴ ʞʠʚʳʤʠ, 

ʢʦʛʜʘ ʦʥʠ ʧʨʦʤʝʨʟʘʣʠ ʚʦ ʣʴʜʫ (ʥʘʧʨʠʤʝʨ, ʨʷʩʢʘ ʤʘʣʘʷ).  

ɼʣʷ ʨʘʟʚʠʪʠʷ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʰʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ, ʘ 

ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ. ʋʢʘʟʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʛʘʟʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʢʠʩʣʦʪʳ 

ʥʝʢʦʪʦʨʳʤ ʨʘʩʪʝʥʠʷʤ ʥʝ ʭʚʘʪʘʝʪ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ 

ʨʘʟʚʠʪʠʠ. ʕʪʠʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʚʠʪʠʝ ʤʥʦʛʠʭ ʚʦʜʦʨʦʩʣʝʡ ʚʝʩʥʦʡ ʠ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʠʭ ʣʝʪʦʤ, ʘ ʪʘʢʞʝ ʚʪʦʨʠʯʥʦʝ ʧʦʷʚʣʝʥʠʝ ʠʭ ʦʩʝʥʴʶ. 

ʇʦʩʪʦʷʥʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʘʢʚʘʨʠʫʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ[13].  

 

1.6.3.2. ɼʘʚʣʝʥʠʝ ʚʦʜ  r

 

ɺʦʜʘ ʜʘʚʠʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʪʝʥʢʠ ʘʢʚʘʨʠʫʤʘ, ʥʦ ʠ ʥʘ ʣʶʙʦʝ ʪʝʣʦ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʥʘ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʪʦʣʱʝ ʚʦʜʳ. ʈʳʙʳ ʠ ʜʨʫʛʠʝ 

ʚʦʜʥʳʝ ʞʠʚʦʪʥʳʝ ʠ ʨʘʩʪʝʥʠʷ ʧʨʝʢʨʘʩʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʵʪʦʤʫ ʜʘʚʣʝʥʠʶ. 

ʊʢʘʥʠ ʨʘʩʪʝʥʠʡ ʥʘʧʦʣʥʝʥʳ ʚʦʜʦʡ, ʚʦʜʘ ʩʥʘʨʫʞʠ ʜʘʚʠʪ ʥʘ ʚʦʜʫ ʚʥʫʪʨʠ ʠ ʦʥʠ 
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ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʏʝʤ ʛʣʫʙʞʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ 

ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ, ʪʝʤ ʙʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ ʦʥ ʠʩʧʳʪʳʚʘʝʪ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ 

ʙʦʣʴʰʝʝ ʚʥʫʪʨʝʥʥʝʝ çʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝè ʦʥ ʜʦʣʞʝʥ ʠʤʝʪʴ, ʠʥʘʯʝ ʚʦʜʘ ʝʛʦ 

ʨʘʟʜʘʚʠʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʠʤ ʞʠʟʥʝʥʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ, ʚʦʜʥʳʝ 

ʦʨʛʘʥʠʟʤʳ ʚʳʙʠʨʘʶʪ ʜʣʷ ʦʙʠʪʘʥʠʷ ʠʤʝʥʥʦ ʪʦʪ ʩʣʦʡ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʠʤ ʥʫʞʝʥ 

[13]. 

 

1.6.4. ʆʩʚʝʱʝʥʠʝ ʘʢʚʘʨʠʫʤʘ 

 

ɺʳʙʦʨ ʤʝʩʪʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʘʢʚʘʨʠʫʤʘ ʩʚʷʟʘʥ ʩ ʝʛʦ ʦʩʚʝʱʝʥʠʝʤ, ʪʘʢ ʢʘʢ 

ʩʚʝʪ ʚ ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʩʚʝʪʝ ʫ 

ʨʘʩʪʝʥʠʡ ʨʘʟʣʠʯʥʘʷ: ʦʜʥʠ ʨʘʩʪʝʥʠʷ ʣʶʙʷʪ ʤʥʦʛʦ ʩʚʝʪʘ, ʜʨʫʛʠʝ ʤʝʥʝʝ 

ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʥʝʤʫ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠʭ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɻʣʘʚʥʘʷ ʨʦʣʴ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʜʘʶʪ ʞʠʟʥʴ ʨʘʩʪʝʥʠʶ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʪʝʥʠʝʤ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʢʘʥʝʡ ʩʚʦʝʛʦ ʪʝʣʘ. ʈʘʩʪʝʥʠʝ ʧʦʛʣʦʱʘʝʪ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ 

ʚʩʝʤ ʪʝʣʦʤ, ʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʣʠʩʪʴʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ. ʆʯʝʥʴ 

ʨʝʟʢʦ ʩʚʝʪʦʚʳʝ ʫʩʣʦʚʠʷ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʠ ʛʦʜʘ ʢʦʣʝʙʣʶʪʩʷ ʠʟ-ʟʘ ʥʝʧʦʩʪʦʷʥʩʪʚʘ 

ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ.  

ɺʩʝ ʚʘʞʥʝʡʰʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʦʩʪ, 

ʨʘʟʚʠʪʠʝ, ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʟʘʚʠʩʷʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʣʫʯʠʩʪʦʡ 

ʵʥʝʨʛʠʠ, ʣʝʞʘʱʝʡ ʚ ʧʨʝʜʝʣʘʭ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ 400 ʜʦ 700 ʤʤʢ. ʄʘʢʩʠʤʘʣʴʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʣʘʜʘʶʪ ʦʨʘʥʞʝʚʦ-

ʢʨʘʩʥʳʝ, ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ï ʩʠʥʝ-ʬʠʦʣʝʪʦʚʳʝ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ï ʟʝʣʝʥʳʝ 

ʣʫʯʠ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʥʘʟʳʚʘʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʨʘʜʠʘʮʠʝʡ. ʆʥʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʘʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ. ʇʨʷʤʘʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʜʦʭʦʜʠʪ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚ ʚʠʜʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ʈʘʩʩʝʷʥʥʘʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʧʦʧʘʜʘʝʪ ʥʘ 

ʟʝʤʣʶ ʧʦʩʣʝ ʨʘʩʩʝʠʚʘʥʠʷ ʝʝ ʚ ʘʪʤʦʩʬʝʨʝ.  
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ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʫʶʪ ʥʘ ʧʨʷʤʫʶ ʠ 

ʨʘʩʩʝʷʥʥʫʶ ʩʦʣʥʝʯʥʫʶ ʨʘʜʠʘʮʠʶ. ɿʘ ʜʥʝʚʥʦʡ ʧʝʨʠʦʜ ʩʫʪʦʢ ʨʘʩʪʝʥʠʷ 

ʧʦʣʫʯʘʶʪ ʨʘʩʩʝʷʥʥʦʡ ʨʘʜʠʘʮʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʷʤʦʡ. ʇʨʦʮʝʩʩ ʘʩʩʠʤʠʣʷʮʠʠ 

ʫʛʣʝʨʦʜʘ ʫʩʠʣʠʚʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʝ ʜʦʩʪʠʛʘʝʪ 

ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʳ ʚʝʣʠʯʠʥʳ ʧʨʷʤʦʛʦ ʧʦʣʫʜʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ.  

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʩʠʣʝʥʠʝʤ ʬʦʪʦʩʠʥʪʝʟʘ. ʇʦʵʪʦʤʫ ʚʳʩʦʢʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ 

ʧʦʣʫʜʝʥʥʳʝ ʯʘʩʳ ʥʝ ʧʨʠʥʦʩʠʪ ʧʦʣʴʟʳ, ʨʘʙʦʪʘ ʨʘʩʪʝʥʠʷ ʨʝʟʢʦ ʧʘʜʘʝʪ ʠ ʜʘʞʝ 

ʧʦʯʪʠ ʩʦʚʩʝʤ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʂ ʢʦʥʮʫ ʜʥʷ ʫʩʚʦʝʥʠʝ ʫʛʣʝʢʠʩʣʦʪʳ ʥʘʯʠʥʘʝʪ 

ʚʦʟʨʘʩʪʘʪʴ ʠ ʜʦʩʪʠʛʘʝʪ ʧʦʯʪʠ ʪʘʢʦʛʦ ʞʝ ʨʘʟʤʝʨʘ, ʢʘʢ ʠ ʚ ʥʘʯʘʣʝ ʜʥʷ. ʂ ʚʝʯʝʨʫ 

ʦʥʦ ʧʘʜʘʝʪ, ʠ ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʪʝʤʥʦʪʳ ʧʨʝʢʨʘʱʘʝʪʩʷ.  

ɺ ʫʩʣʦʚʠʷʭ ʧʦʤʝʱʝʥʠʷ ʚʩʝʛʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ ʩʚʝʪʘ, ʯʝʤ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ. ʉʫʤʤʘ ʩʚʝʪʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʩʪʝʥʠʷ ʚ ʩʚʝʪʝ. ʉʦʣʥʝʯʥʳʡ ʩʚʝʪ, 

ʧʘʜʘʶʱʠʡ ʥʘ ʩʪʝʢʣʘ ʦʢʥʘ, ʘʢʚʘʨʠʫʤʘ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʦʪʨʘʞʘʝʪʩʷ, ʠ ʪʦʣʴʢʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʝʛʦ ʧʨʦʥʠʢʘʝʪ ʚ ʚʦʜʫ. ɺʝʣʠʯʠʥʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ 

ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʚʳʙʦʨʝ 

ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʘʢʚʘʨʠʫʤʘ.  

ɼʣʠʪʝʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʩʣʝʡ, ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʧʝʨʝʛʨʝʚ ʠ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ. ɺʩʝ ʵʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʠʪʘʪʝʣʷʭ ʘʢʚʘʨʠʫʤʘ. ʀʩʢʫʩʩʪʚʝʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʘʢʚʘʨʠʫʤʘ ʣʘʤʧʘʤʠ ʥʘʢʘʣʠʚʘʥʠʷ ʚ ʧʣʦʭʫʶ ʧʦʛʦʜʫ ʣʝʪʦʤ ʠʣʠ ʚ 

ʟʠʤʥʝʝ ʚʨʝʤʷ ʚ ʪʝʯʝʥʠʝ 3ï5 ʯ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ 

[2].  

 

 

 

 



18 
 

1.6.5.  ʉʫʙʩʪʨʘʪ ʘʢʚʘʨʠʫʤʘ (ʛʨʫʥʪ) 

 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʥʦʨʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʨʘʟʤʥʦʞʝʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʘʢʚʘʨʠʫʤʝ, ʷʚʣʷʝʪʩʷ ʛʨʫʥʪ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʛʨʫʥʪ 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʠʙʨʝʞʥʫʶ ʬʣʦʨʫ ï ʦʥʠ 

ʧʦʣʫʯʘʶʪ ʠʟ ʥʝʛʦ ʥʝʦʙʭʦʜʠʤʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʈʘʩʪʝʥʠʷ ʜʨʫʛʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʥʠʤ, ʪʘʢ ʢʘʢ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʠ 

ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʦʯʝʥʴ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ ʛʨʫʥʪ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʢʨʝʧʣʝʥʠʷ, ʚ ʥʝʤ 

ʨʘʩʪʝʥʠʷ ʫʢʦʨʝʥʷʶʪʩʷ, ʨʘʟʚʠʚʘʝʪʩʷ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ. ɺ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʦʝʤʘʭ, ʛʜʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʨʘʩʪʝʥʠʷ, ʩʦʩʪʘʚ ʛʨʫʥʪʘ ʨʘʟʣʠʯʥʳʡ, ʥʦ ʯʘʱʝ 

ʚʩʝʛʦ ʨʘʩʪʝʥʠʷ ʨʘʩʪʫʪ ʚ ʠʣʠʩʪʦʤ, ʛʣʠʥʠʩʪʦʤ ʠʣʠ ʪʦʨʬʷʥʠʩʪʦʤ ʛʨʫʥʪʝ. ɺ 

ʫʩʣʦʚʠʷʭ ʘʢʚʘʨʠʫʤʘ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʠʜʘ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʛʨʫʥʪʘ: ʧʝʩʦʢ ʠʣʠ 

ʤʝʣʢʠʡ ʛʨʘʚʠʡ. ʇʦʜ ʵʪʠʤ ʚʝʨʭʥʠʤ ʩʣʦʝʤ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʡ ʩʫʙʩʪʨʘʪ.  

ʂ ʛʨʫʥʪʫ ʧʨʝʜʲʷʚʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: ʥʝʦʙʭʦʜʠʤʘʷ 

ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ, ʩʪʨʫʢʪʫʨʘ ʛʨʫʥʪʘ ʧʦʨʠʩʪʘʷ, ʦʥ ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʚʝʩʪʢʦʚʳʭ ʧʦʨʦʜ, ʚ ʥʝʤ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʷʜʦʚʠʪʳʭ 

ʚʝʱʝʩʪʚ, ʮʚʝʪ ʪʝʤʥʳʡ, ʪʘʢ ʢʘʢ ʩʚʝʪʣʳʡ ʛʨʫʥʪ ʦʪʨʘʞʘʝʪ ʩʚʝʪ. ʆʪʨʘʞʝʥʠʝ ʩʚʝʪʘ 

ʦʪ ʛʨʫʥʪʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʛʨʫʥʪʦʤ. 

ɻʨʫʥʪ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʘʢʚʘʨʠʫʤʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʚʝʩʪʢʦʚʳʭ ʧʦʨʦʜ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʚʳʰʝʥʠʷ 

ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ. 

 ɼʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʜʦʟʘʭ [17].  
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1.7. ʍʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʩʠʩʪʝʤʳ ʘʢʚʘʨʠʫʤʘ 

 

1.7.1. ɾʝʩʪʢʦʩʪʴ ʚʦʜʳ ʚ ʵʢʦʩʠʩʪʝʤʝ ʘʢʚʘʨʠʫʤʘ 

 

ɺʦʜʘ, ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʚ ʧʨʠʨʦʜʝ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʠʤʝʝʪ ʨʘʟʥʫʶ ʞʝʩʪʢʦʩʪʴ, 

ʦʧʨʝʜʝʣʷʝʤʫʶ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʝʡ. ɺ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʛʨʫʥʪʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʚʦʜʘ, ʠ ʚ 

ʥʝ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʦʪ ʩʝʟʦʥʥʦʩʪʠ. ɺ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ ʥʘʰʝʡ ʩʪʨʘʥʳ ʥʘ 

ʠʩʭʦʜʝ ʟʠʤʳ, ʥʘʧʨʠʤʝʨ, ʞʝʩʪʢʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ, ʘ ʚʦ ʚʨʝʤʷ ʪʘʷʥʠʷ ʩʥʝʛʘ 

ʩʥʠʞʘʝʪʩʷ. ɾʝʩʪʢʦʩʪʴ ʚʦʜʳ ʠʤʝʝʪ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ. 

ɺ ʈʦʩʩʠʠ ʚ ʧʨʦʤʳʩʣʦʚʦʤ ʠ ʘʢʚʘʨʠʫʤʥʦʤ ʨʳʙʦʚʦʜʩʪʚʝ ʞʝʩʪʢʦʩʪʴ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʫʩʩʢʠʭ ʠʣʠ ʥʝʤʝʮʢʠʭ ʛʨʘʜʫʩʘʭ. ʈʳʙʳ ʠ ʨʘʩʪʝʥʠʷ ʞʠʚʫʪ ʚ ʚʦʜʝ 

ʨʘʟʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʠʭ ʧʨʠʨʦʜʝ[16]. 

 

1.7.2. ʈʅ ʚʦʜʳ ʚ ʵʢʦʩʠʩʪʝʤʝ ʘʢʚʘʨʠʫʤʘ 

 

ʇʦʢʘʟʘʪʝʣʴ ʨʅ ʚʦʜʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʚ ʥʝʡ ʩʚʦʙʦʜʥʦʡ 

ʫʛʣʝʢʠʩʣʦʪʳ ï ʧʨʦʜʫʢʪʘ  ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʳʙ ʠ ʨʘʩʪʝʥʠʡ (ʯʝʤ ʝʝ ʙʦʣʴʰʝ, 

ʪʝʤ ʚʦʜʘ ʢʠʩʣʝʝ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ), ʘ ʪʘʢʞʝ ʦʪ ʨʘʩʧʘʜʘ 

(ʜʠʩʩʦʮʠʘʮʠʷ) ʥʘ ʯʘʩʪʠ ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʦʜʝ, 

ʨʅ ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʴʥʘ, ʢʦʣʝʙʣʝʪʩʷ ʜʘʞʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʅʘʧʨʠʤʝʨ, ʢ ʫʪʨʫ 

ʨʅ ʚ ʘʢʚʘʨʠʫʤʝ ʩʠʣʴʥʦ ʧʦʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʥʘʢʦʧʣʝʥʠʷ ʚ ʚʦʜʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʚʳʜʝʣʷʝʤʦʛʦ ʨʘʩʪʝʥʠʷʤʠ ʠ ʨʳʙʘʤʠ, ʘ ʢ ʚʝʯʝʨʫ, ʥʘʧʨʦʪʠʚ, ʧʦʚʳʰʘʝʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʫʩʠʣʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʝʛʦ ʨʘʩʪʝʥʠʷʤʠ.  

ʅʘʠʣʫʯʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʨʅ, ʦʪ 5 ʜʦ 8. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʳʙ ʪʨʝʙʫʝʪʩʷ 

ʨʅ ʦʪ 5, 5 ʜʦ 7, 5. 

ʂʠʩʣʘʷ ʠ ʩʠʣʴʥʦʢʠʩʣʘʷ, ʪʘʢ ʞʝ ʢʘʢ ʱʝʣʦʯʥʘʷ ʠ ʩʠʣʴʥʦʱʝʣʦʯʥʘʷ ʚʦʜʘ, 

ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʘʢʚʘʨʠʫʤʥʳʭ ʨʳʙ. ɹʦʣʴʰʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ pH 

ʦʪ ʥʦʨʤʳ ʦʢʘʥʯʠʚʘʝʪʩʷ ʛʠʙʝʣʴʶ ʥʝʢʦʪʦʨʳʭ ʨʳʙ [16]. 
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1.7.3. ʉʆ2 ʚ ʵʢʦʩʠʩʪʝʤʝ ʘʢʚʘʨʠʫʤʘ 

 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚʣʠʷʝʪ ʥʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʳ 

(ʞʝʩʪʢʦʩʪʴ, pH, ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ), ʦʥ ʜʝʡʩʪʚʫʝʪ ʥʘ ʨʳʙ ʠ 

ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʘʢʚʘʨʠʫʤʥʳʭ 

ʨʘʩʪʝʥʠʡ. ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20ÁC ʚ 

100 ʛ ʚʦʜʳ ʤʦʞʝʪ ʨʘʩʪʚʦʨʠʪʴʩʷ 87,8 ʤʣ, ʠʣʠ 172 ʤʛ CO2. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʪʘʢʠʭ ʛʘʟʦʚ, ʢʘʢ ʢʠʩʣʦʨʦʜ, ʚʦʜʦʨʦʜ, ʘʟʦʪ. 

ʈʘʩʪʚʦʨʝʥʠʝ CO2 ʚ ʚʦʜʝ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ (H2ʉO3). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʦʮʠʘʮʠʠ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʦʥʦʚ H+ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʆʅȤ ʠ ʩʨʝʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʢʠʩʣʫʶ 

ʨʝʘʢʮʠʶ (pH < 7). ʂʨʦʤʝ ʉʆ2 ʚʦʟʜʫʭʘ ʜʨʫʛʠʤ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ 

ʘʢʚʘʨʠʫʤʝ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʷʝʤʳʡ ʧʨʠ ʜʳʭʘʥʠʠ. ʇʨʦʮʝʩʩʳ ʜʳʭʘʥʠʷ ʠ 

ʬʦʪʦʩʠʥʪʝʟʘ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ɽʱʝ ʦʜʠʥ ʠʩʪʦʯʥʠʢ CO2 ʚ ʘʢʚʘʨʠʫʤʝ ï ʚʳʜʝʣʝʥʠʝ  ʝʛʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

(ʛʥʠʝʥʠʠ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʘʭ) ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʩʪʘʨʳʭ 

ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ, ʦʩʪʘʥʢʦʚ ʨʳʙ, ʠʟʙʳʪʢʘ ʢʦʨʤʘ ʠ ʪ. ʧ.). ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʢʚʘʩʠʩʪʝʤʳ ʢʦʥʮʝʥʪʨʘʮʠʷ CO2 ʚ ʘʢʚʘʨʠʫʤʥʦʡ ʚʦʜʝ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 40 ʤʛ/ʣ.  

ɺʘʞʥʘʷ ʨʦʣʴ CO2 ʚ ʛʠʜʨʦʭʠʤʠʠ ʘʢʚʘʨʠʫʤʘ ʩʦʩʪʦʠʪ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʫʛʣʝʢʠʩʣʦʪʥʦ-ʠʟʚʝʩʪʢʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʕʪʦ ʨʘʚʥʦʚʝʩʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ; ʢʦʥʮʝʥʪʨʘʮʠʝʡ CO2 ʚ 

ʚʦʜʝ, ʟʥʘʯʝʥʠʷʤʠ pH ʠ ʢʘʨʙʦʥʘʪʥʦʡ ʞʝʩʪʢʦʩʪʠ dKH. ʂʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ 

CaCO3 ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ (7 ʤʛ ʚ 1 ʣ), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2Á ʞʝʩʪʢʦʩʪʠ. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ CO2 ʚ ʚʦʜʝ ʢʘʨʙʦʥʘʪʳ, ʢʦʪʦʨʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʛʨʫʥʪʝ, ʥʘʯʠʥʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ: 
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CaCO3 + CO2 + H2O = Ca(HCO3)2 

ʅʘʩʳʱʘʷ ʚʦʜʫ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ (ʞʝʩʪʢʦʩʪʴ ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʜʦ 50 OdGH). ɽʩʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʚʦʜʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ 

ʧʨʦʮʝʩʩ; 

Ca(HCO3)2 = CaCO3 + CO2 + H2O 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝʤ pH ʚ ʘʢʚʘʨʠʫʤʥʦʡ ʚʦʜʝ.  

ʋʛʣʝʢʠʩʣʦʪʥʦ-ʠʟʚʝʩʪʢʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚʦʜʳ ʚ ʘʢʚʘʨʠʫʤʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

1. ʆʙʲʝʤ (ʚʤʝʩʪʠʤʦʩʪʴ ʘʢʚʘʨʠʫʤʘ). ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʘʢʚʘʨʠʫʤʘʭ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʘʚʥʦʚʝʩʥʳʝ ʧʨʦʮʝʩʩʳ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ. 

2. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʘʢʚʘʨʠʫʤʘ (ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ, ʚʳʩʦʪʳ ʠ 

ʰʠʨʠʥʳ). ɺ ʘʢʚʘʨʠʫʤʝ ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʣʫʯʰʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʘʟʦʦʙʤʝʥ ʩ ʚʦʟʜʫʭʦʤ. 

3. ʂʦʣʠʯʝʩʪʚʦ ʨʳʙ ʠ ʜʨʫʛʠʭ ʘʢʚʘʨʠʫʤʥʳʭ ʞʠʚʦʪʥʳʭ, ʚʳʜʝʣʷʶʱʠʭ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʨʠ ʜʳʭʘʥʠʠ. 

4. ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ ʚ ʘʢʚʘʨʠʫʤʝ, ʢʦʪʦʨʳʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚʳʜʝʣʷʶʪ ʠʣʠ ʧʦʛʣʦʱʘʶʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. 

5. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, ʚʣʠʷʶʱʘʷ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʘʢʚʘʨʠʫʤʥʳʭ ʨʘʩʪʝʥʠʡ. 

6. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ, ʥʘʣʠʚʘʝʤʦʡ ʚ ʘʢʚʘʨʠʫʤ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʡ 

ʬʘʢʪʦʨ ï ʢʘʨʙʦʥʘʪʥʘʷ ʞʝʩʪʢʦʩʪʴ (dKH). 

7. ʈʝʞʠʤ ʢʦʨʤʣʝʥʠʷ ʨʳʙ. ʈʘʟʣʘʛʘʶʱʠʡʩʷ ʠʟʙʳʪʦʯʥʳʡ ʢʦʨʤ ʩʪʘʥʦʚʠʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

8. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ. ɺʣʠʷʝʪ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʨʙʦʥʘʪʦʚ, 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʥʘ ʩʢʦʨʦʩʪʴ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

9. ɻʨʫʥʪ. ʆʪ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʚ ʛʨʫʥʪʝ ʟʘʚʠʩʠʪ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʚʦʜʳ. 
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10. ɼʚʠʞʝʥʠʝ ʚʦʜʳ ʟʘ ʩʯʝʪ ʘʢʚʘʨʠʫʤʥʳʭ ʬʠʣʴʪʨʦʚ, ʤʠʢʨʦ 

ʢʦʤʧʨʝʩʩʦʨʦʚ, ʧʦʤʧ. ɺʣʠʷʝʪ ʥʘ ʥʘʩʳʱʝʥʠʝ ʚʦʜʳ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʠʟ 

ʚʦʟʜʫʭʘ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʨʙʦʥʘʪʦʚ. 

ʈʦʣʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʝʤʫ. ʅʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʩʚʷʟʘʥʥʦ  ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ 

(ʘʩʩʠʤʠʣʷʮʠʷ ʉʆ2). ɿʘʙʠʨʘʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠʟ ʚʦʜʳ, ʨʘʩʪʝʥʠʷ ʩʘʤʠ 

ʫʭʫʜʰʘʶʪ ʫʩʣʦʚʠʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʩʤʝʱʘʷ ʨʅ ʚ ʱʝʣʦʯʥʫʶ ʩʪʦʨʦʥʫ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʠʜʨʦʬʣʦʨʳ ʧʨʠʩʧʦʩʦʙʠʣʠʩʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ 

ʚʦʜʝ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦʛʣʦʱʘʪʴ CO2 ʠʟ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ 

ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʚʨʝʤʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ. ʇʨʠ ʵʪʦʤ 

ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʠʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʅ ʩʨʝʜʳ[16]. 

 

1.7.4. ɸʟʦʪ ʚ ʵʢʦʩʠʩʪʝʤʝ ʘʢʚʘʨʠʫʤʘ 

 

ɸʟʦʪ ï ʢʦʤʧʦʥʝʥʪ ʤʥʦʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʜʥʳʭ ʦʙʠʪʘʪʝʣʝʡ, ʊʘʢ, ʦʥ ʚʭʦʜʠʪ ʚ ʞʠʚʦʪʥʳʝ 

ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʙʝʣʢʠ.  

ʈʘʩʪʝʥʠʷ ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ ʘʟʦʪ ʚ ʚʠʜʝ ʧʨʦʩʪʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʘʤʤʠʘʢ, ʥʠʪʨʠʪʳ, ʥʠʪʨʘʪʳ) ʠ ʧʨʝʚʨʘʱʘʪʴ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ (ʘʤʠʥʦʢʠʩʣʦʪʳ, ʙʝʣʢʠ). ɾʠʚʦʪʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʳʙʳ, 

ʧʦʛʣʦʱʘʶʪ ʘʟʦʪ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ï 

ʙʝʣʢʦʚ) ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʣʠ ʠʟ ʪʢʘʥʝʡ ʜʨʫʛʠʭ ʞʠʚʦʪʥʳʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʵʢʩʢʨʝʤʝʥʪʦʚ ʨʳʙ ʠ ʜʨʫʛʠʭ ʘʢʚʘʨʠʫʤʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʦʩʪʘʪʢʦʚ ʢʦʨʤʘ ʠ ʨʘʩʪʝʥʠʡ, ʧʦʛʠʙʰʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʙʨʘʟʫʝʪʩʷ 

ʘʤʤʠʘʢ NH3, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ. 

ɸʤʤʠʘʢ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ï ʦʯʝʥʴ ʪʦʢʩʠʯʥʦʝ ʚʝʱʝʩʪʚʦ. ʈʳʙʳ 

ʦʱʫʱʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʤʤʠʘʢʘ ʚ ʚʦʜʝ 0,2 ʤʛ/ʣ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 1 ʤʛ/ʣ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʢʚʘʨʠʫʤʥʳʭ ʨʳʙ ʩʤʝʨʪʝʣʴʥʘ. 
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ɸʤʤʠʘʢ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʠʦʥʘʤʠ ʚʦʜʦʨʦʜʘ 

H
+
, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʚʦʜʝ, ʠʣʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʦʙʨʘʟʫʷ ʠʦʥʳ ʘʤʤʦʥʠʷ 

NH4
+
: 

NH3 + H
+
 = NH4

+
 

NH3 + H2O = NH4
+
 + ʆʅȤ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʭʠʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʘʤʤʠʘʢʘ ʠ ʠʦʥʘʤʠ ʘʤʤʦʥʠʷ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ NH3 ʠ 

NH4
+
 ʚ ʚʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʢʠʩʣʦʪʥʦʩʪʠ: ʚ ʢʠʩʣʦʡ ʚʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʘʤʤʠʘʢ; ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ NH3 ʝʩʪʴ, ʦʜʥʘʢʦ, 

ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ NH4
+
 ʚʩʝ ʝʱʝ ʥʝʚʳʩʦʢʦ; ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʤʤʠʘʢʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ.   

ʀʦʥʳ ʘʤʤʦʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳ, ʯʝʤ ʘʤʤʠʘʢ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʨʘʚʣʝʥʠʷ ʨʳʙ ʘʤʤʠʘʢʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʠʩʣʷʪʴ ʚʦʜʫ 

(ʝʩʣʠ ʵʪʦ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʦʙʠʪʘʪʝʣʝʡ) ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ pH ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 6 ʜʦ 

7.  

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʤʠʘʢ ʠ ʠʦʥʳ ʘʤʤʦʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ. ʄʦʣʝʢʫʣʳ NH3 ʠ ʠʦʥʳ 

NH4+ ʤʦʛʫʪ ʦʢʠʩʣʷʪʴʩʷ, ʧʨʠʯʝʤ ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʘ ʵʪʘʧʘ. ɺʥʘʯʘʣʝ 

ʦʙʨʘʟʫʶʪʩʷ ʥʠʪʨʠʪ-ʠʦʥʳ NO2Ȥ: 

NH3 + 3/2O2 = NO2Ȥ + H
+
 + H2O 

ʠʣʠ 

NH4
+
+ 3/2O2 = NO2Ȥ + 2H

+
 + H2O 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʠʪʨʠʪ-ʠʦʥʳ ʦʢʠʩʣʷʶʪʩʷ ʜʘʣʝʝ ʜʦ ʥʠʪʨʘʪ-ʠʦʥʦʚ NO3Ȥ: 

NO2Ȥ + 1/2O2 = NO3Ȥ 

ʇʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ ʠ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ 

ʢʠʩʣʦʨʦʜʘ), ʦʜʥʘʢʦ ʪʘʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʤʝʜʣʝʥʥʦ. ɿʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
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ʙʘʢʪʝʨʠʡ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʘʢʚʘʨʠʫʤʝ. ɹʘʢʪʝʨʠʠ ʨʦʜʘ Nitrosomonas 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʮʝʩʩ 

NH3 (NH4
+
) Ÿ NO2Ȥ 

ʘ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Nitrobacterð ʧʨʦʮʝʩʩ  

NO2Ȥ ŸNO3Ȥ 

ʅʠʪʨʠʪʳ ʠ ʥʠʪʨʘʪʳ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʘ ʪʦʢʩʠʯʥʦʩʪʴ ʥʠʪʨʠʪʦʚ. ʆʥʘ ʜʘʞʝ ʚʳʰʝ, ʯʝʤ ʫ 

ʘʤʤʠʘʢʘ: ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʳʙ ʧʦʛʠʙʘʝʪ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ 

NO2Ȥ0,5 ʤʛ/ʣ. ɼʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʨʳʙ ʚ ʚʦʜʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʠʪʨʠʪ-

ʠʦʥʦʚ ʙʦʣʝʝ 0,1 ʤʛ/ʣ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʣʝʪʘʣʴʥʦʤʫ ʠʩʭʦʜʫ. ʆʜʥʘʢʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʠʪʨʠʪʳ ʥʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʚʦʜʝ ʠʟ-ʟʘ 

ʠʭ ʦʢʠʩʣʝʥʠʷ ʜʦ ʥʠʪʨʘʪʦʚ. 

ʅʠʪʨʘʪʳ ï ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ, ʯʝʤ ʘʤʤʠʘʢ 

ʠ ʥʠʪʨʠʪʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ NO3Ȥ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20 ʤʛ/ʣ ʠ ʜʘʞʝ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʨʳʙʳ ʞʠʚʫʪ ʚ ʚʦʜʝ ʩ ʪʘʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʠʪʨʘʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ ʠ ʙʝʟ ʚʠʜʠʤʦʛʦ ʫʱʝʨʙʘ ʜʣʷ ʟʜʦʨʦʚʴʷ. ɾʝʣʘʪʝʣʴʥʦ, 

ʯʪʦʙʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʚ ʘʢʚʘʨʠʫʤʥʦʡ ʚʦʜʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 20 ʤʛ/ʣ.  

ʈʝʛʫʣʷʨʥʳʡ ʫʭʦʜ ʟʘ ʘʢʚʘʨʠʫʤʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ[16]. 

ɺʩʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʘʟʦʪʘ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʘʢʚʘʨʠʫʤʝ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʭʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ 1. ʂʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʚ ʘʢʚʘʨʠʫʤʝ. 

 

 

1.7.5. ʆʢʠʩʣʷʝʤʦʩʪʴ ʚʦʜʳ ʚ ʵʢʦʩʠʩʪʝʤʝ ʘʢʚʘʨʠʫʤʘ 

 

ʆʢʠʩʣʷʝʤʦʩʪʴ ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʫʜʠʪʴ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ, ʠ ʥʝʢʦʪʦʨʳʭ, ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʢʠʩʣʷʝʤʳʭ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʘʢʚʘʨʠʫʤʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʵʢʩʢʨʝʤʝʥʪʳ ʨʳʙ ʠ ʥʝ 

ʩʲʝʜʝʥʥʳʡ ʢʦʨʤ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʩʝʨʦʚʦʜʦʨʦʜ, ʥʠʪʨʠʪʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ. ʊʦ ʝʩʪʴ ʦʢʠʩʣʷʝʤʦʩʪʴ ï 
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ʵʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʘʨʘʤʝʪʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʫʜʠʪʴ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʜʳ ʚ 

ʮʝʣʦʤ. 

ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʘʢʚʘʨʠʫʤʝ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ 

ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʚʳʰʝ ʦʢʠʩʣʷʝʤʦʩʪʴ 

ʚʦʜʳ, ʪʝʤ ʙʦʣʴʰʝ ʢʠʩʣʦʨʦʜʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʦʢʠʩʣʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʚ ʚʦʜʝ 

ʚʝʱʝʩʪʚ, ʠ ʪʝʤ ʤʝʥʴʰʝ ʝʛʦ ʜʦʩʪʘʝʪʩʷ ʨʳʙʘʤ ʜʣʷ ʜʳʭʘʥʠʷ.  

ɽʩʣʠ ʢʠʩʣʦʨʦʜʘ ʨʘʩʭʦʜʫʝʪʩʷ ʙʦʣʝʝ 15 ʤʛ ʥʘ 1 ʣ ʘʢʚʘʨʠʫʤʥʦʡ ʚʦʜʳ (ʵʪʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʢʠʩʣʷʝʤʦʩʪʠ), ʪʦ ʨʳʙʘʤ ʙʫʜʝʪ ʦʯʝʥʴ ʪʨʫʜʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʚʳʞʠʪʴ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ. ʍʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʟʥʠ ʙʫʜʫʪ 

ʠʤʝʪʴ ʤʝʩʪʦ, ʝʩʣʠ ʥʘ ʦʢʠʩʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚ ʨʘʩʭʦʜʫʝʪʩʷ 4-

10 ʤʛ ʢʠʩʣʦʨʦʜʘ (ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʦʢʠʩʣʷʝʤʦʩʪʠ). ɺ ʚʦʜʝ ʩ ʦʢʠʩʣʷʝʤʦʩʪʴʶ 

10-15 ʤʛ*ʆ/ʣ (ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ) ʝʱʝ ʤʦʛʫʪ ʚʳʞʠʪʴ ʥʝʧʨʠʭʦʪʣʠʚʳʝ 

ʨʳʙʢʠ [18]. 

 

1.8. ʄʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʚʦʜʦʨʦʩʣʷʤʠ 

 

ɺ ʘʢʚʘʨʠʫʤʝ ʚʦʜʦʨʦʩʣʠ ʷʚʣʷʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʤʦʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʭ ʥʘʥʦʩʷʪ ʙʦʣʴʰʦʡ ʚʨʝʜ ʚʳʩʰʠʤ ʨʘʩʪʝʥʠʷʤ: ʧʨʦʠʟʨʘʩʪʘʷ ʥʘ 

ʣʠʩʪʴʷʭ, ʩʥʠʞʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʠʭ ʢ ʘʩʩʠʤʠʣʷʮʠʠ. ʇʦʩʝʣʷʷʩʴ ʥʘ ʩʪʝʢʣʘʭ 

ʘʢʚʘʨʠʫʤʘ, ʦʥʠ ʫʤʝʥʴʰʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʘ ʢ ʚʳʩʰʠʤ 

ʨʘʩʪʝʥʠʷʤ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʟʦʨ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʘʢʚʘʨʠʫʤʘ, ʤʝʰʘʷ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʞʠʟʥʴʶ ʚ ʥʝʤ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʚʠʜʦʚ ʨʦʜʘ 

ʭʣʘʤʠʜʦʤʦʥʘʜʘ ʠ ʨʦʜʘ ʦʩʮʠʣʣʷʪʦʨʠʷ, ʨʘʟʚʠʚʘʷʩʴ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, 

ʚʳʟʳʚʘʶʪ ʮʚʝʪʝʥʠʝ ʚʦʜʳ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʪʳ ʠ ʷʜʦʚʠʪʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʥʝ ʪʦʣʴʢʦ ʚ 

ʘʢʚʘʨʠʫʤʝ, ʥʦ ʠ ʚ ʚʦʜʦʝʤʘʭ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʛʠʙʝʣʴ ʨʳʙ, ʘ ʠʥʦʛʜʘ ʠ ʚʳʩʰʝʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɼʘʞʝ ʪʘʢʠʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʙʝʟʚʨʝʜʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʚʠʜʦʚ ʨʦʜʘ ʢʣʘʜʦʬʦʨʘ, ʢʘʢ ʚʦʣʦʢʥʠʩʪʳʝ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʨʘʟʚʠʚʘʷʩʴ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʧʨʫʜʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ ʨʳʙ, ʧʨʠʥʦʩʷʪ 
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ʚʨʝʜ, ʪʘʢ ʢʘʢ ʤʘʣʴʢʠ ʟʘʧʫʪʳʚʘʶʪʩʷ ʚ ʛʫʩʪʳʭ ʥʠʪʷʭ ʚʦʜʦʨʦʩʣʝʡ ʠ 

ʧʦʛʠʙʘʶʪ[17]. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʚʦʜʦʨʦʩʣʷʤʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ.  

 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ: 

 

1) ʧʨʠ ʧʦʤʦʱʠ ʨʳʙ ʧʠʪʘʶʱʠʭʩʷ ʚʦʜʦʨʦʩʣʷʤʠ; 

2) ʧʨʠ ʧʦʤʦʱʠ ʤʦʣʣʶʩʢʦʚ ʧʠʪʘʶʱʠʭʩʷ ʚʦʜʦʨʦʩʣʷʤʠ; 

3) ʯʘʩʪʳʝ ʧʦʜʤʝʥʳ ʚʦʜʳ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʣʠʰʢʦʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ; 

4) ʚʥʝʩʝʥʠʝ ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ, ʢʘʢ ʢʦʥʢʫʨʝʥʪʦʚ ʧʠʪʘʥʠʷ 

ʚʦʜʦʨʦʩʣʝʡ. 

 

ʌʠʟʠʯʝʩʢʠʝ: 

 

1) ʟʘʪʝʥʝʥʠʝ ʘʢʚʘʨʠʫʤʘ; 

2) ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ 

ʜʥʷ; 

3) ʟʘʤʝʥʘ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʩ ʜʨʫʛʠʤ ʩʧʝʢʪʨʦʤ ʠʟʣʫʯʝʥʠʷ; 

4) ʬʠʟʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ ʩʢʦʧʣʝʥʠʷ ʚʦʜʦʨʦʩʣʝʡ; 

5) ʧʨʠʤʝʥʝʥʠʝ ʋʌ ʦʙʣʫʯʝʥʠʷ ʠ ʦʟʦʥʘ. 

 

ʍʠʤʠʯʝʩʢʠʝ: 

 

1) ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʙʠʦʪʠʢʦʚ; 

2) ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Cu
2+

); 

3) ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʷʜʦʚ (ʘʣʴʛʠʮʠʜʦʚ); 

4) ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʳ, 

ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʩʪʠ ʠ ʨʝʛʫʣʷʨʥʦʩʪʠ; ʟʘʯʘʩʪʫʶ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʨʠʤʝʥʠʤʳ ʢ ʢʘʢʦʤʫ-ʪʦ ʢʦʥʢʨʝʪʥʦʤʫ ʦʪʜʝʣʫ ʚʦʜʦʨʦʩʣʝʡ ʠ ʥʝ ʩʦʚʤʝʩʪʠʤʳ 

ʧʨʠ ʠʟʙʘʚʣʝʥʠʠ ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʚʤʝʩʪʝ ʚ ʦʜʥʦʤ ʘʢʚʘʨʠʫʤʝ. ʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʦʨʦʛʦʩʪʦʷʱʠʝ, ʧʨʠ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʳ ʜʣʷ ʯʝʣʦʚʝʢʘ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʣʠʙʦ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ, ʣʠʙʦ ʜʝʡʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʚʦʜʦʨʦʩʣʠ, ʥʦ ʠ ʥʘ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʬʘʫʥʫ ʘʢʚʘʨʠʫʤʘ, 

ʚʳʟʳʚʘʷ ʠʭ ʛʠʙʝʣʴ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ  ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʭ ʫʜʘʣʝʥʠʝ ʠʟ 

ʘʢʚʘʨʠʫʤʘ ʠ ʦʙʨʘʙʦʪʢʫ ʧʨʦʠʟʚʦʜʠʪʴ ʙʝʟ ʥʠʭ, ʣʠʙʦ ʚ ʦʪʜʝʣʴʥʦʤ ʩʦʩʫʜʝ, ʯʪʦ ʥʝ 

ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. ʅʦ ʧʨʦʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ ʠ ʙʳʩʪʨʦʪʘ ʵʬʬʝʢʪʘ ʟʘʯʘʩʪʫʶ 

ʦʧʨʘʚʜʳʚʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʙʳʩʪʨʦʪʳ ʨʝʛʫʣʷʮʠʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʝʧʘʨʘʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʘʢʪʠʚʥʦʝ ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ - ʛʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ.  

 

1.9.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʛʦ ʘʣʴʜʝʛʠʜʘ ʢʘʢ ʘʣʴʛʠʮʠʜʘ ʚ 

ʙʠʦʛʝʦʮʝʥʦʟʝ ʘʢʚʘʨʠʫʤʘ 

 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʤʥʦʛʠʭ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ 

ʷʚʣʷʝʪʩʷ ʧʨʝʧʘʨʘʪ ʘʤʝʨʠʢʘʥʩʢʦʡ ʬʠʨʤʳ Seachem Laboratories çSeachem 

flourish excelè, ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʛʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ. 

ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʘʣʴʜʝʛʠʜʦʚ ʷʚʣʷʶʪʩʷ ʱʘʜʷʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʦʙʲʝʢʪʳ ʠ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʭ ʚʠʜʦʚ ʠ ʬʦʨʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʟʘ ʩʯʝʪ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦ-, ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ 

ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʦʪʝʠʥʦʚ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ 

ʧʦʜʘʚʣʝʥʠʷ ʩʠʥʪʝʟʘ ʧʦʩʣʝʜʥʠʭ[15]. ɻʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʘʤʠʥʦʛʨʫʧʧʦʡ ʩʪʝʥʢʠ ʢʣʝʪʦʢ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʥʥʦʡ ʤʦʩʪʠʢʦʚʦʡ ʩʚʷʟʠ. ɺ 

ʢʠʩʣʦʡ ʩʨʝʜʝ ʛʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʚ 
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ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʅ 7,5-8,5) ʦʥ ʙʳʩʪʨʦ 

ʨʝʘʛʠʨʫʝʪ ʩ ʚʥʝʰʥʠʤʠ ʩʣʦʷʤʠ ʢʣʝʪʦʢ, ʧʨʝʢʨʘʱʘʷ ʠʭ ʜʝʣʝʥʠʝ[12]. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʩʢʣʝʠʚʘʥʠʷ ʢʣʝʪʦʢ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʜʝʢʘʥʪʘʮʠʠ ʢʣʝʪʦʢ. ʋʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 

ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʛʦʤʝʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʪʠʧʘ ʘʣʴʜʦʣʷ. 

 

ɻʃɸɺɸ 2. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʢʚʘʨʠʫʤʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʦʙʲʝʤʦʤ, 

ʦʩʚʝʱʝʥʠʝʤ, ʪʝʤʧʝʨʘʪʫʨʦʡ, ʩʫʙʩʪʨʘʪʦʤ, ʥʦ  ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ 

ʨʘʩʪʝʥʠʡ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ 

(ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ, ʥʠʪʨʠʪʳ, ʥʠʪʨʘʪʳ, ʬʦʩʬʘʪʳ). ʆʧʳʪʥʳʤʠ ʷʚʣʷʣʠʩʴ 

ʘʥʘʣʦʛʠʯʥʳʝ ʘʢʚʘʨʠʫʤʳ, ʚ ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʣʩʷ 2.5 % ʨʘʩʪʚʦʨ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʚ ʜʦʟʠʨʦʚʢʝ 30 ʤʣ ʥʘ 100 ʣ.  

 

ʉʭʝʤʘ ʦʧʳʪʘ. 

 

ʂʦʥʪʨʦʣʴ 1 ï ʘʢʚʘʨʠʫʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʙʝʟ ʚʥʝʩʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ.  

ʆʧʳʪ 1 ï ʘʢʚʘʨʠʫʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʚʥʝʩʝʥʠʝʤ 

ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ.  

ʂʦʥʪʨʦʣʴ 2 ï ʘʢʚʘʨʠʫʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʙʝʟ 

ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ.  

ʆʧʳʪ 2 - ʘʢʚʘʨʠʫʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʚʥʝʩʝʥʠʝʤ 

ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. 
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ɸʢʚʘʨʠʫʤʳ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʜʠʥʘʢʦʚʳʤ ʦʙʲʝʤʦʤ, ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʦʜʠʥʘʢʦʚʳʤ ʦʩʚʝʱʝʥʠʝʤ, 

ʠʤʝʪʁ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʨʳʙ ʠ ʠʜʝʥʪʠʯʥʳʝ ʚʠʜʳ ʚʦʜʦʨʦʩʣʝʡ. 

 

ʆʧʠʩʘʥʠʝ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʥʪʦʚ ʢʦʥʪʨʦʣʴ 1 ʠ ʦʧʳʪ 1 

 

ʂʦʥʪʨʦʣʴ 1. 

 

ʆʙʲʝʤ ʘʢʚʘʨʠʫʤʘ ʩʦʩʪʘʚʣʷʝʪ 100 ʣ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚʦʜʳ ʦʪ 24Áʉ ʫʪʨʦʤ ʜʦ 26Áʉ ʚʝʯʝʨʦʤ. 

ʆʩʚʝʱʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 70 W. 

ʆʙʠʪʘʪʝʣʷʤʠ ʘʢʚʘʨʠʫʤʘ ʷʚʣʷʶʪʩʷ: ʚʳʩʰʠʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʨʳʙʳ, 

ʥʠʟʰʠʝ ʨʘʩʪʝʥʠʷ (ʚʦʜʦʨʦʩʣʠ), ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʠʢʨʦʬʣʦʨʳ. 

 

ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ. 

 

ɺʘʣʣʠʩʥʝʨʠʷ ʩʧʠʨʘʣʴʥʘʷ (Vallisneria spiralis) ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, ʠʣʠ 

ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ (ANGIOSPERMAE) 

ʉʝʤʝʡʩʪʚʦ: ɺʦʜʦʢʨʘʩʦʚʳʝ (Hydrocharitaceae) (ʈʠʩ.2). ʈʘʩʧʨʦʩʪʨʘʥʝʥʘ ʢʘʢ ʚ 

ʪʨʦʧʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʚʩʝʛʦ ʟʝʤʥʦʛʦ ʰʘʨʘ. ɺʦʜʘ: 24-

28Áʉ, dH ʜʦ 15Á, ʨʅ 6-7,5[5].  
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ʈʠʩ.2. ɺʘʣʣʠʩʥʝʨʠʷ ʩʧʠʨʘʣʴʥʘʷ. 

 

ɺʘʣʣʠʩʥʝʨʠʷ ʘʤʝʨʠʢʘʥʩʢʘʷ (Vallisneria americana) ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, 

ʠʣʠ ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ (ANGIOSPERMAE) 

ʉʝʤʝʡʩʪʚʦ: ɺʦʜʦʢʨʘʩʦʚʳʝ (Hydrocharitaceae) (ʈʠʩ.3). ʈʘʩʪʝʪ ʚ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʉ. ɸʤʝʨʠʢʠ. ɺʦʜʘ: 15-30Üʉ, dH ʜʦ 15Á, ʨʅ 6,5-8[5]. 

 

 

ʈʠʩ.3. ɺʘʣʣʠʩʥʝʨʠʷ ʘʤʝʨʠʢʘʥʩʢʘʷ. 
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ʇʝʨʠʩʪʦʣʠʩʪʥʠʢ ʢʨʘʩʥʳʡ (ʄyriophyllum mattogrossense) ʆʪʜʝʣ 

ʮʚʝʪʢʦʚʳʝ, ʠʣʠ ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ 

(ANGIOSPERMAE) ʉʝʤʝʡʩʪʚʦ: ʉʣʘʥʦʷʛʦʜʥʠʢʦʚʳʝ (Haloragaceae) (ʈʠʩ.4).  

ʈʘʩʪʝʪ ʚ ʖ. ɸʤʝʨʠʢʝ. ɺʦʜʘ: 22-28Ü ʉ, dH ʜʦ 15Á, ʨʅ 6-7,2[5]. 

 

ʈʠʩ.4. ʇʝʨʠʩʪʦʣʠʩʪʥʠʢ ʢʨʘʩʥʳʡ.  

 

ʂʫʚʰʠʥʢʘ ʪʠʛʨʦʚʘʷ (Nymphaea spec. "Lotus") ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, ʠʣʠ 

ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ (ANGIOSPERMAE) 

ʉʝʤʝʡʩʪʚʦ: ʢʫʚʰʠʥʢʦʚʳʝ (Nymphaeaceae) (ʈʠʩ.5).  ʈʦʜʠʥʘ ʥʠʤʬʝʠ ɿʘʧʘʜʥʘʷ 

ɸʬʨʠʢʘ. ɺʦʜʘ: 24-28Ü ʉ, dH ʜʦ 5Á, ʨʅ 6-6,8[5]. 

 

 

ʈʠʩ.5. ʂʫʚʰʠʥʢʘ ʪʠʛʨʦʚʘʷ. 
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ʂʨʠʧʪʦʢʦʨʠʥʘ ɺʝʥʜʪʘ (Cryptocoryne wendtii) ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, ʠʣʠ 

ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ (ANGIOSPERMAE) 

ʉʝʤʝʡʩʪʚʦ: ɸʨʦʥʥʠʢʦʚʳʝ ʠʣʠ ɸʨʘʠʜʥʳʝ (Araceae) (ʈʠʩ.6).  ʈʘʩʪʝʪ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʠ ʥʘ ʦʩʪʨʦʚʘʭ ʶʛʦ-ʚʦʩʪʦʢʘ ɸʟʠʠ. ɺʦʜʘ: 24-28Áʉ, dH 4-

10Á, ʨʅ 6,5-7,4[5]. 

 

ʈʠʩ.6. ʂʨʠʧʪʦʢʦʨʠʥʘ ɺʝʥʜʪʘ. 

 

ɸʥʫʙʠʘʩ ʥʘʥʘ (Anubias barteri var. nana) ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, ʠʣʠ 

ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ (ANGIOSPERMAE) 

ʉʝʤʝʡʩʪʚʦ: ɸʨʦʥʥʠʢʦʚʳʝ ʠʣʠ ɸʨʘʠʜʥʳʝ (Araceae) (ʈʠʩ.7).  ʈʘʩʪʝʪ ʚ ʪʨʦʧʠʢʘʭ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʬʨʠʢʠ. ɺʦʜʘ: 24-28Áʉ, dH 2-16Á, ʨʅ 6-8 [5]. 

 

 

ʈʠʩ.7. ɸʥʫʙʠʘʩ ʥʘʥʘ. 
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ɺʦʜʦʨʦʩʣʠ. 

 

ʆʪʜʝʣ ï ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (CHLOROPHYTA) ʂʣʘʩʩ ʉʦʙʩʪʚʝʥʥʦ 

ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (Chlorophyceae) ʇʦʨʷʜʦʢ ʉʠʬʦʥʦʢʣʘʜʚʳʝ (Siphocladales) 

ʉʝʤʝʡʩʪʚʦ ʂʣʘʜʦʬʦʨʦʚʳʝ (Cladophoraceae) ʈʦʜ ʂʣʘʜʦʬʦʨʘ (Cladophora) 

(ʈʠʩ.8). ʆʥʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʝʩʪʘʭ ʩʦ ʩʪʦʷʯʝʡ ʚʦʜʦʡ ʠ ʠʣʠʩʪʳʤ ʛʨʫʥʪʦʤ. 

ʈʘʟʤʥʦʞʘʝʪʩʷ ʢʣʘʜʦʬʦʨʘ ʧʦʣʦʚʳʤ ʠ ʙʝʩʧʦʣʳʤ ʩʧʦʩʦʙʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ: 

ʠʤʝʶʪ ʮʝʣʴʥʫʶ, ʜʚʫʭʩʣʦʡʥʫʶ ʦʙʦʣʦʯʢʫ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʪʦʥʢʠʡ, ʚʥʝʰʥʠʡ 

ï ʪʦʣʩʪʳʡ, ʩʥʘʨʫʞʠ ʧʦʢʨʳʪ ʦʙʚʝʨʪʢʦʡ ʠʟ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ[1]. 

 

 

ʈʠʩ.8. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʨʦʜ ʂʣʘʜʦʬʦʨʘ. 
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ʆʪʜʝʣ ï ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (CHLOROPHYTA) ʂʣʘʩʩ ʉʦʙʩʪʚʝʥʥʦ 

ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (Chlorophyceae) ʇʦʨʷʜʦʢ ʋʣʦʪʨʠʢʩʦʚʳʝ (Ulothichales) 

ʉʝʤʝʡʩʪʚʦ ʋʣʦʪʨʠʢʩʦʚʳʝ (Ulothrichaceae) ʈʦʜ ʋʣʦʪʨʠʢʩ (Ulotricx) (ʈʠʩ.9).  

ʅʠʪʯʘʪʘʷ ʚʦʜʦʨʦʩʣʴ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʨʦʜʘ ʞʠʚʫʪ ʚ ʙʳʩʪʨʦʪʝʢʫʱʠʭ 

ʨʝʢʘʭ ʙʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʆʩʦʙʝʥʥʦʩʪʠ: ʠʤʝʶʪ ʮʝʣʴʥʫʶ, ʜʚʫʭʩʣʦʡʥʫʶ 

ʦʙʦʣʦʯʢʫ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʪʦʥʢʠʡ, ʚʥʝʰʥʠʡ ï ʪʦʣʩʪʳʡ, ʩʥʘʨʫʞʠ ʧʦʢʨʳʪ 

ʦʙʚʝʨʪʢʦʡ ʠʟ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ [1]. 

 

 

ʈʠʩ.9. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʨʦʜ ʋʣʦʪʨʠʢʩ. 

 

ʆʪʜʝʣ ï ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (CHLOROPHYTA) ʂʣʘʩʩ ʉʦʙʩʪʚʝʥʥʦ 

ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (Chlorophyceae) ʇʦʨʷʜʦʢ ʍʝʪʦʬʦʨʦʚʳʝ (Chaetophorales) 

ʉʝʤʝʡʩʪʚʦ ʂʦʣʝʦʭʝʪʦʚʳʝ (Coleochaetaceae) (ʈʠʩ.10).  ʉʣʦʝʚʠʱʝ ʠʭ ʩʣʘʛʘʝʪʩʷ 

ʠʟ ʦʜʥʦʷʜʝʨʥʳʭ ʥʠʪʝʡ, ʥʦ ʥʠʪʠ ʵʪʠ ʚʝʪʚʷʪʩʷ, ʠ ʚʩʝ ʩʣʦʝʚʠʱʝ 
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ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʦ ʥʘ ʩʠʩʪʝʤʫ ʩʪʝʣʶʱʠʭʩʷ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ʥʠʪʝʡ. ʕʪʦ - ʧʨʝʩʥʦʚʦʜʥʳʝ ʦʨʛʘʥʠʟʤʳ. ʆʩʦʙʝʥʥʦʩʪʠ: ʪʘʣʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʠʪʠ, ʪʝʩʥʦ ʩʤʳʢʘʶʱʠʝʩʷ ʙʦʢʦʚʳʤʠ 

ʩʪʦʨʦʥʘʤʠ ʚ ʦʜʥʦʩʣʦʡʥʫʶ ʧʣʘʩʪʠʥʢʫ[1]. 

 

 

ʈʠʩ.10. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʩʝʤʝʡʩʪʚʦ ʂʦʣʝʦʭʝʪʦʚʳʝ. 

 

ʆʪʜʝʣ ï ʉʠʥʝ-ʟʝʣʝʥʳʝ , ʠʣʠ ʮʠʘʥʦʚʳʝ, ʚʦʜʦʨʦʩʣʠ (CYANOPHYTA) 

ʂʣʘʩʩ ɻʦʨʤʦʛʦʥʠʝʚʳʝ (Hormogoniophyceae). ʇʦʨʷʜʦʢ ʆʩʮʠʣʣʘʪʦʨʠʝʚʳʝ 

(Oscillatoriales). ʉʝʤʝʡʩʪʚʦ ʆʩʮʠʣʣʘʪʦʨʠʝʚʳʝ (Oscillatoriaceae). ʈʦʜ 

ʆʩʮʠʣʣʘʪʦʨʠʷ (Oscillatoria) (ʈʠʩ.11).  ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ 

ʨʦʜʘ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʩʠʥʝ-ʟʝʣʝʥʳʝ ʧʣʝʥʢʠ. ʆʩʮʠʣʣʘʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʣʠʥʥʳʝ ʥʠʪʠ.  ʆʩʦʙʝʥʥʦʩʪʠ: ʢʣʝʪʦʯʥʳʝ ʦʙʦʣʦʯʢʠ ʦʢʨʫʞʝʥʳ ʩʣʠʟʠʩʪʳʤʠ 

ʦʙʚʝʨʪʢʘʤʠ[1]. 
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ʈʠʩ.11. ʉʠʥʝ-ʟʝʣʝʥʳʝ  ʚʦʜʦʨʦʩʣʠ ʨʦʜ ʆʩʮʠʣʣʘʪʦʨʠʷ (ʙʫʨʳʡ ʥʘʣʝʪ ʥʘ 

ʣʶʜʚʠʛʠʠ ʧʦʣʟʫʯʝʡ). 

 

ʆʪʜʝʣ -  ʂʨʘʩʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʙʘʛʨʷʥʢʠ (Rhodophyta). ʂʣʘʩʩ ɹʘʥʛʠʝʚʳʝ 

ʚʦʜʦʨʦʩʣʠ (Bangiophyceae).   ʇʦʨʷʜʦʢ ʂʦʤʧʩʦʧʦʛʦʥʦʚʳʝ (Compsopogonales) 

(ʈʠʩ.12).ʇʨʝʩʥʦʚʦʜʥʳʝ, ʚʦʜʦʨʦʩʣʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʯʠʩʪʳʭ 

ʧʨʦʪʦʯʥʳʭ ʚʦʜʦʝʤʘʭ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʠ ʪʨʦʧʠʯʝʩʢʠʭ ʰʠʨʦʪ. ʆʩʦʙʝʥʥʦʩʪʠ: 

ʜʚʫʭʩʣʦʡʥʘʷ ʦʙʦʣʦʯʢʘ ʠʟ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʮʝʣʣʶʣʦʟʘ ʦʪʩʫʪʩʪʚʫʝʪ[1]. 
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ʈʠʩ.12. ʂʨʘʩʥʳʝ ʚʦʜʦʨʦʩʣʠ ʧʦʨʷʜʦʢ ʂʦʤʧʩʦʧʦʛʦʥʦʚʳʝ. 

 

ʈʳʙʳ. 

 

 ɻʫʧʧʠ (Poecilia reticulata) ʆʪʨʷʜ: ʂʘʨʧʦʟʫʙʦʦʙʨʘʟʥʳʝ 

(Cyprinodontiformes)  ʉʝʤʝʡʩʪʚʦ: ʇʝʮʠʣʠʝʚʳʝ (Poeciliidae). ʅʘʩʝʣʷʶʪ ʶʛʦ-

ʚʦʩʪʦʢ ʉʐɸ, ʎʝʥʪʨʘʣʴʥʫʶ ɸʤʝʨʠʢʫ, ʩʝʚʝʨʥʫʶ ʠ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʠ 

ʖ.ɸʤʝʨʠʢʠ. ɼʝʨʞʘʪʩʷ ʚ ʩʧʦʢʦʡʥʳʭ ʚʦʜʦʝʤʘʭ ʩ ʧʨʝʩʥʦʡ ʚʦʜʦʡ, ʘ ʪʘʢʞʝ ʚ 

ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ ʫʩʪʴʝʚ ʨʝʢ ʠ ʣʘʛʫʥ. ɺʦʜʘ: dH ʜʦ 25Á; pH - 6,5-8,5; t 20-

26Áʉ[6]. 
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ʄʠʢʨʦʬʣʦʨʘ. 

 

ʆʙʥʘʨʫʞʝʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩʣʝʜʫʶʱʠʭ ʩʝʤʝʡʩʪʚ: Bacillaceae, 

Enterococcus ï ʚ ʪʦʣʱʝ ʚʦʜʳ; Nitrobacter, Nitrozomonas ï ʚ ʩʫʙʩʪʨʘʪʝ.  

ʂʣʘʩʩ: Bacilli. ʆʪʨʷʜ: Bacillales.  ʉʝʤʝʡʩʪʚʦ: Bacillaceae[7].  

ʇʘʣʦʯʢʦʚʠʜʥʳʝ ʘʥʘʵʨʦʙʥʳʝ ʠ ʘʵʨʦʙʥʳʝ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, 

ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʝʨʤʦʫʩʪʦʡʯʠʚʳʝ ʩʧʦʨʳ ʵʥʜʦʛʝʥʥʳʤ ʧʫʪʝʤ.  

ʂʣʘʩʩ: Bacilli. ʆʪʨʷʜ: Lactobacillales. ʉʝʤʝʡʩʪʚʦ: Enterococcaceae. 

ʇʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ[7].    

ʂʣʘʩʩ: Alphaproteobacteria. ʆʪʨʷʜ: Rhizobiales. ʉʝʤʝʡʩʪʚʦ: 

Bradyrhizobiaceae. ʈʦʜ: Nitrobacter. ɻʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, ʷʚʣʷʶʪʩʷ 

ʦʙʣʠʛʘʪʥʳʤʠ ʘʵʨʦʙʘʤʠ[7].   

ʂʣʘʩʩ: Betaproteobacteria. ʆʪʨʷʜ: Nitrosomonadales. ʉʝʤʝʡʩʪʚʦ: 

Nitrosomonadaceae. ʈʦʜ: Nitrosomonas. ɻʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, 

ʷʚʣʷʶʪʩʷ ʦʙʣʠʛʘʪʥʳʤʠ ʘʵʨʦʙʘʤʠ [7].   

 

ʍʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʳ. 

 

ʂʦʥʪʨʦʣʴ 1 ʠ ʦʧʳʪ 1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʠʩʭʦʜʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʦʜʳ: 

 

ʨʅ = 7.16 

NH3/NH4
+ 
= 0.43 ʤʛ/ʣ 

NO2
- 
= 0.047 ʤʛ/ʣ 

NO3
- 
= 0.163 ʤʛ/ʣ 

CO2 = 9.2 ʤʛ/ʣ 

PO4
3- 

= 1.14 ʤʛ/ʣ 

Fe=0.12 ʤʛ/ʣ 

ʇʝʨʤʘʥʛʘʥʘʪʥʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ ʚʦʜʳ = 5.4 ʤʛ*ʆ/ʣ 
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ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ (ʉʘ
2+

, Mg
2+

) = 3.8 ʤʛ*ʵʢʚ/ 

 

ʆʧʳʪ 1. 

 

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩ ʢʦʥʪʨʦʣʝʤ 1 ʧʦ 

ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚʦʜʳ ʠ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʙʠʦʪʳ. ʆʪʣʠʯʝʥ ʦʪ 

ʢʦʥʪʨʦʣʷ 1 ʧʷʪʠʜʥʝʚʥʳʤ ʚʥʝʩʝʥʠʝʤ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ 

ʜʦʟʠʨʦʚʢʝ 30 ʤʣ ʥʘ 100 ʣ. 

 

ʆʧʠʩʘʥʠʝ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʨʠʘʥʪʦʚ ʢʦʥʪʨʦʣʴ 2 ʠ ʦʧʳʪ 2 

 

ʂʦʥʪʨʦʣʴ 2 

 

ʆʙʲʝʤ ʘʢʚʘʨʠʫʤʘ ʩʦʩʪʘʚʣʷʝʪ 100 ʣ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚʦʜʳ ʦʪ 24Áʉ ʫʪʨʦʤ ʜʦ 26Áʉ ʚʝʯʝʨʦʤ. 

ʆʩʚʝʱʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 70 W. 

ʆʙʠʪʘʪʝʣʷʤʠ ʘʢʚʘʨʠʫʤʘ ʷʚʣʷʶʪʩʷ: ʚʳʩʰʠʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʨʳʙʳ, 

ʥʠʟʰʠʝ ʨʘʩʪʝʥʠʷ (ʚʦʜʦʨʦʩʣʠ), ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʠʢʨʦʬʣʦʨʳ. 

 

ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ. 

 

ʂʨʠʧʪʦʢʦʨʠʥʘ ɺʝʥʜʪʘ (Cryptocoryne wendtii) ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, ʠʣʠ 

ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ (ANGIOSPERMAE) 

ʉʝʤʝʡʩʪʚʦ: ɸʨʦʥʥʠʢʦʚʳʝ ʠʣʠ ɸʨʘʠʜʥʳʝ (Araceae). ʈʘʩʪʝʪ ʚ ʧʨʠʙʨʝʞʥʳʭ 

ʨʘʡʦʥʘʭ ʠ ʥʘ ʦʩʪʨʦʚʘʭ ʶʛʦ-ʚʦʩʪʦʢʘ ɸʟʠʠ. ɺʦʜʘ: 24-28Áʉ, dH 4-10Á, ʨʅ 6,5-

7,4[5]. 

ɸʥʫʙʠʘʩ ʥʘʥʘ (Anubias barteri var. nana) ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, ʠʣʠ 

ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ (ANGIOSPERMAE) 
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ʉʝʤʝʡʩʪʚʦ: ɸʨʦʥʥʠʢʦʚʳʝ ʠʣʠ ɸʨʘʠʜʥʳʝ (Araceae). ʈʘʩʪʝʪ ʚ ʪʨʦʧʠʢʘʭ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʬʨʠʢʠ. ɺʦʜʘ: 24-28Áʉ, dH 2-16Á, ʨʅ 6-8[5]. 

ʈʷʩʢʘ ʤʘʣʘʷ (Lemna minor) ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, ʠʣʠ ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ 

(MAGNOLIOPHYTA), ʠʣʠ (ANGIOSPERMAE) ʉʝʤʝʡʩʪʚʦ: ʈʷʩʢʦʚʳʝ 

(Lemnaceae) (ʈʠʩ.13).  ʈʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦ ʚʩʝʤʫ ʟʝʤʥʦʤʫ ʰʘʨʫ. ɺʦʜʘ: 12-

30Áʉ, dH ʠ ʨʅ ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʶʪ[5]. 

 

 

ʈʠʩ.13. ʈʷʩʢʘ ʤʘʣʘʷ 

 

ʃʶʜʚʠʛʠʷ ʧʦʣʟʫʯʘʷ (Ludwigia repens ʠʣʠ Ludwigia natans) ʆʪʜʝʣ 

ʮʚʝʪʢʦʚʳʝ, ʠʣʠ ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), ʠʣʠ 

(ANGIOSPERMAE) ʉʝʤʝʡʩʪʚʦ: ʦʥʘʛʨʠʢʦʚʳʝ (Onagraceae) (ʈʠʩ.14).   ʈʘʩʪʝʪ ʚ 

ʙʦʣʦʪʘʭ ʠ ʚʦʜʦʝʤʘʭ ʧʦʯʪʠ ʧʦ ʚʩʝʡ ɿʝʤʣʝ. ɺʦʜʘ: 20-26Áʉ, dʅ 2-12Á, ʨʅ 6-

7,5[5]. 
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ʈʠʩ.14. ʃʶʜʚʠʛʠʷ ʧʦʣʟʫʯʘʷ 

 

ʅʦʤʘʬʠʣʘ ʧʨʷʤʘʷ ʠʣʠ ʃʠʤʦʥʥʠʢ (Nomaphila stricta ʠʣʠ Nomaphila 

corymbosa) ʆʪʜʝʣ ʮʚʝʪʢʦʚʳʝ, ʠʣʠ ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (MAGNOLIOPHYTA), 

ʠʣʠ (ANGIOSPERMAE) ʉʝʤʝʡʩʪʚʦ: ɸʢʘʥʪʦʚʳʝ (Acanthaceae) (ʈʠʩ.15).  

ʈʘʩʪʝʪ ʚ ʙʦʣʦʪʘʭ ʠ ʧʦʜ ʚʦʜʦʡ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʶʛʦ- ʚʦʩʪʦʯʥʦʡ ɸʟʠʠ. 

ɺʦʜʘ: 24-28Áʉ, dʅ 8-15Á, ʨʅ 7-8,5[5]. 

 

 

ʈʠʩ.15. ʅʦʤʘʬʠʣʘ ʧʨʷʤʘʷ ʠʣʠ ʃʠʤʦʥʥʠʢ 
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ɺʦʜʦʨʦʩʣʠ. 

 

ʆʪʜʝʣ ï ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (CHLOROPHYTA) ʂʣʘʩʩ ʉʦʙʩʪʚʝʥʥʦ 

ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (Chlorophyceae)ʇʦʨʷʜʦʢ ʉʠʬʦʥʦʢʣʘʜʚʳʝ (Siphocladales) 

ʉʝʤʝʡʩʪʚʦ ʂʣʘʜʦʬʦʨʦʚʳʝ (Cladophoraceae) ʈʦʜ ʂʣʘʜʦʬʦʨʘ (Cladophora) ʆʥʘ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʝʩʪʘʭ ʩʦ ʩʪʦʷʯʝʡ ʚʦʜʦʡ ʠ ʠʣʠʩʪʳʤ ʛʨʫʥʪʦʤ. 

ʈʘʟʤʥʦʞʘʝʪʩʷ ʢʣʘʜʦʬʦʨʘ ʧʦʣʦʚʳʤ ʠ ʙʝʩʧʦʣʳʤ ʩʧʦʩʦʙʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ: 

ʠʤʝʶʪ ʮʝʣʴʥʫʶ, ʜʚʫʭʩʣʦʡʥʫʶ ʦʙʦʣʦʯʢʫ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʪʦʥʢʠʡ, ʚʥʝʰʥʠʡ 

ï ʪʦʣʩʪʳʡ, ʩʥʘʨʫʞʠ ʧʦʢʨʳʪ ʦʙʚʝʨʪʢʦʡ ʠʟ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ[1]. 

ʆʪʜʝʣ ï ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (CHLOROPHYTA) ʂʣʘʩʩ ʉʦʙʩʪʚʝʥʥʦ 

ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (Chlorophyceae) ʇʦʨʷʜʦʢ ʋʣʦʪʨʠʢʩʦʚʳʝ (Ulothichales) 

ʉʝʤʝʡʩʪʚʦ ʋʣʦʪʨʠʢʩʦʚʳʝ (Ulothrichaceae) ʈʦʜ ʋʣʦʪʨʠʢʩ (Ulotricx). ʅʠʪʯʘʪʘʷ 

ʚʦʜʦʨʦʩʣʴ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʨʦʜʘ ʞʠʚʫʪ ʚ ʙʳʩʪʨʦʪʝʢʫʱʠʭ ʨʝʢʘʭ ʙʣʠʟ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʆʩʦʙʝʥʥʦʩʪʠ: ʠʤʝʶʪ ʮʝʣʴʥʫʶ, ʜʚʫʭʩʣʦʡʥʫʶ ʦʙʦʣʦʯʢʫ. 

ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʪʦʥʢʠʡ, ʚʥʝʰʥʠʡ ï ʪʦʣʩʪʳʡ, ʩʥʘʨʫʞʠ ʧʦʢʨʳʪ ʦʙʚʝʨʪʢʦʡ ʠʟ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ[1]. 

ʆʪʜʝʣ ï ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (CHLOROPHYTA) ʂʣʘʩʩ ʉʦʙʩʪʚʝʥʥʦ 

ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (Chlorophyceae) ʇʦʨʷʜʦʢ ʍʝʪʦʬʦʨʦʚʳʝ (Chaetophorales) 

ʉʝʤʝʡʩʪʚʦ ʂʦʣʝʦʭʝʪʦʚʳʝ (Coleochaetaceae) (ʈʠʩ.16).  ʉʣʦʝʚʠʱʝ ʠʭ ʩʣʘʛʘʝʪʩʷ 

ʠʟ ʦʜʥʦʷʜʝʨʥʳʭ ʥʠʪʝʡ, ʥʦ ʥʠʪʠ ʵʪʠ ʚʝʪʚʷʪʩʷ, ʠ ʚʩʝ ʩʣʦʝʚʠʱʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʦ ʥʘ ʩʠʩʪʝʤʫ ʩʪʝʣʶʱʠʭʩʷ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ʥʠʪʝʡ. ʕʪʦ - ʧʨʝʩʥʦʚʦʜʥʳʝ ʦʨʛʘʥʠʟʤʳ. ʆʩʦʙʝʥʥʦʩʪʠ: ʪʘʣʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʠʪʠ, ʪʝʩʥʦ ʩʤʳʢʘʶʱʠʝʩʷ ʙʦʢʦʚʳʤʠ 

ʩʪʦʨʦʥʘʤʠ ʚ ʦʜʥʦʩʣʦʡʥʫʶ ʧʣʘʩʪʠʥʢʫ[1]. 
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ʈʠʩ.16. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʩʝʤʝʡʩʪʚʦ ʂʦʣʝʦʭʝʪʦʚʳʝ 

 

ʆʪʜʝʣ ï ʉʠʥʝ-ʟʝʣʝʥʳʝ, ʠʣʠ ʮʠʘʥʦʚʳʝ, ʚʦʜʦʨʦʩʣʠ (CYANOPHYTA) 

ʂʣʘʩʩ ɻʦʨʤʦʛʦʥʠʝʚʳʝ (Hormogoniophyceae) ʇʦʨʷʜʦʢ ʆʩʮʠʣʣʘʪʦʨʠʝʚʳʝ 

(Oscillatoriales) ʉʝʤʝʡʩʪʚʦ ʆʩʮʠʣʣʘʪʦʨʠʝʚʳʝ (Oscillatoriaceae) ʈʦʜ 

ʆʩʮʠʣʣʘʪʦʨʠʷ (Oscillatoria). ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʨʦʜʘ 

ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʩʠʥʝ-ʟʝʣʝʥʳʝ ʧʣʝʥʢʠ. ʆʩʮʠʣʣʘʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʣʠʥʥʳʝ ʥʠʪʠ.  ʆʩʦʙʝʥʥʦʩʪʠ: ʢʣʝʪʦʯʥʳʝ ʦʙʦʣʦʯʢʠ ʦʢʨʫʞʝʥʳ ʩʣʠʟʠʩʪʳʤʠ 

ʦʙʚʝʨʪʢʘʤʠ[1]. 

ʆʪʜʝʣ -  ʂʨʘʩʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʙʘʛʨʷʥʢʠ (Rhodophyta) ʂʣʘʩʩ ɹʘʥʛʠʝʚʳʝ 

ʚʦʜʦʨʦʩʣʠ (Bangiophyceae)   ʇʦʨʷʜʦʢ ʂʦʤʧʩʦʧʦʛʦʥʦʚʳʝ (Compsopogonales) 

(ʈʠʩ.17). ʇʨʝʩʥʦʚʦʜʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʯʠʩʪʳʭ 

ʧʨʦʪʦʯʥʳʭ ʚʦʜʦʝʤʘʭ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʠ ʪʨʦʧʠʯʝʩʢʠʭ ʰʠʨʦʪ. ʆʩʦʙʝʥʥʦʩʪʠ: 

ʜʚʫʭʩʣʦʡʥʘʷ ʦʙʦʣʦʯʢʘ ʠʟ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʮʝʣʣʶʣʦʟʘ ʦʪʩʫʪʩʪʚʫʝʪ[1].  
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ʈʠʩ.17. ʂʨʘʩʥʳʝ ʚʦʜʦʨʦʩʣʠ ʧʦʨʷʜʦʢ ʂʦʤʧʩʦʧʦʛʦʥʦʚʳʝ 

 

ʈʳʙʳ. 

 

ɻʫʧʧʠ (Poecilia reticulata) ʆʪʨʷʜ: ʂʘʨʧʦʟʫʙʦʦʙʨʘʟʥʳʝ 

(Cyprinodontiformes)  ʉʝʤʝʡʩʪʚʦ: ʇʝʮʠʣʠʝʚʳʝ (Poeciliidae) (ʈʠʩ.18).  

ʅʘʩʝʣʷʶʪ ʶʛʦ-ʚʦʩʪʦʢ ʉʐɸ, ʎʝʥʪʨʘʣʴʥʫʶ ɸʤʝʨʠʢʫ, ʩʝʚʝʨʥʫʶ ʠ ʚʦʩʪʦʯʥʫʶ 

ʯʘʩʪʠ ʖ.ɸʤʝʨʠʢʠ. ɼʝʨʞʘʪʩʷ ʚ ʩʧʦʢʦʡʥʳʭ ʚʦʜʦʝʤʘʭ ʩ ʧʨʝʩʥʦʡ ʚʦʜʦʡ, ʘ ʪʘʢʞʝ 

ʚ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ ʫʩʪʴʝʚ ʨʝʢ ʠ ʣʘʛʫʥ. ɺʦʜʘ: dH ʜʦ 25Á; pH - 6,5-8,5; t 20-

26Áʉ[6]. 

 

 

ʈʠʩ.18. ɻʫʧʧʠ. 
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ʄʠʢʨʦʬʣʦʨʘ. 

 

ʆʙʥʘʨʫʞʝʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩʝʤʝʡʩʪʚ: Bacillaceae, Enterococcus ʚ 

ʪʦʣʱʝ ʚʦʜʳ; Nitrobacter, Nitrozomonas ʚ ʩʫʙʩʪʨʘʪʝ[7].   

ʂʣʘʩʩ: Bacilli ʆʪʨʷʜ: Bacillales ʉʝʤʝʡʩʪʚʦ: Bacillaceae. ʇʘʣʦʯʢʦʚʠʜʥʳʝ 

ʘʥʘʵʨʦʙʥʳʝ ʠ ʘʵʨʦʙʥʳʝ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, ʩʧʦʩʦʙʥʳʝ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʝʨʤʦʫʩʪʦʡʯʠʚʳʝ ʩʧʦʨʳ ʵʥʜʦʛʝʥʥʳʤ ʧʫʪʝʤ[7].   

ʂʣʘʩʩ: Bacilli ʆʪʨʷʜ: Lactobacillales ʉʝʤʝʡʩʪʚʦ: Enterococcaceae. 

ʇʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ[7].    

ʂʣʘʩʩ: Alphaproteobacteria ʆʪʨʷʜ: Rhizobiales ʉʝʤʝʡʩʪʚʦ: 

Bradyrhizobiaceae ʈʦʜ: Nitrobacter. ɻʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, ʷʚʣʷʶʪʩʷ 

ʦʙʣʠʛʘʪʥʳʤʠ ʘʵʨʦʙʘʤʠ[7].   

ʂʣʘʩʩ: Betaproteobacteria ʆʪʨʷʜ: Nitrosomonadales ʉʝʤʝʡʩʪʚʦ: 

Nitrosomonadaceae ʈʦʜ: Nitrosomonas. ɻʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, 

ʷʚʣʷʶʪʩʷ ʦʙʣʠʛʘʪʥʳʤʠ ʘʵʨʦʙʘʤʠ[7].   

ʉʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʵʢʦʩʠʩʪʝʤʫ ʘʢʚʘʨʠʫʤʘ, 

ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠ: 

 

ʍʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʳ. 

 

ʂʦʥʪʨʦʣʴ 2 ʠ ʦʧʳʪ 2 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʠʩʭʦʜʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʦʜʳ: 

 

ʨʅ = 7.5 

NH3/NH4
+ 
=1.23 ʤʛ/ʣ 

NO2
- 
= 0.23 ʤʛ/ʣ 

NO3
- 
= 0.33 ʤʛ/ʣ 

CO2 = 6.0 ʤʛ/ʣ 
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PO4
3- 

= 2.14 ʤʛ/ʣ 

Fe=0.12 ʤʛ/ʣ 

ʇʝʨʤʘʥʛʘʥʘʪʥʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ ʚʦʜʳ = 15.4 ʤʛ*ʆ/ʣ 

ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ (ʉʘ
2+

, Mg
2+
) = 3.8 ʤʛ*ʵʢʚ/ʣ 

 

ʆʧʳʪ 2. 

 

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩ ʢʦʥʪʨʦʣʝʤ 2 ʧʦ 

ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚʦʜʳ ʠ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʙʠʦʪʳ. ʆʪʣʠʯʝʥ ʦʪ 

ʢʦʥʪʨʦʣʷ 2 ʧʷʪʠʜʥʝʚʥʳʤ ʚʥʝʩʝʥʠʝʤ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ 

ʜʦʟʠʨʦʚʢʝ 30 ʤʣ ʥʘ 100 ʣ. 

 

ʅʘʤʠ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘ ʚʩʝ 

ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʘʨʘʤʝʪʨʳ ʵʢʦʩʠʩʪʝʤʳ ʘʢʚʘʨʠʫʤʦʚ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʢʘʞʜʦʜʥʝʚʥʦʝ ʚʥʝʩʝʥʠʝ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʚ ʦʧʳʪʥʳʝ ʘʢʚʘʨʠʫʤʳ (ʦʧʳʪ1 ʠ ʦʧʳʪ 2)  ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʷʪʠ ʩʫʪʦʢ 

ʚ ʜʦʟʠʨʦʚʢʝ 30 ʤʣ ʥʘ 100 ʣ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʥʠʟʰʠʭ ʨʘʩʪʝʥʠʡ (ʚʦʜʦʨʦʩʣʝʡ), ʤʠʢʨʦʬʣʦʨʳ ʠ ʟʘʤʝʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʥʦʡ 

ʩʨʝʜʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʘʢʚʘʨʠʫʤʘʭ ʚ ʪʝʯʝʥʠʝ ʩʝʤʠ 

ʜʥʝʡ ʜʦ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʚ ʧʝʨʠʦʜ ʝʛʦ ʚʥʝʩʝʥʠʷ ʠ 

ʧʷʪʴ ʜʥʝʡ ʧʦʩʣʝ (ʪʘʙʣ. 1.).  
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ʊʘʙʣ.1. ʉʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʪʳ ʠ ʟʘʤʝʨʦʚ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʡ ʩʨʝʜʳ 

ʘʢʚʘʨʠʫʤʦʚ 

 

ʠʩʩʣʝʜʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʜʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʜʦ ʚʥʝʩʝʥʠʷ ʨ-ʨʘ ɻɸ ʚʥʝʩʝʥʠʝ ʨ-ʨʘ ɻɸ ʧʨʝʢʨʘʱʝʥʠʝ 

ʚʥʝʩʝʥʠʷ ʨ-ʨʘ ɻɸ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

ɺʈ +      +  +        + 

ʅʈ +   +   + + + + + + +  +  + 

ʤ/ʦ +   +   + + + + +  +  +  + 

t + + + + + + + + + + + + + + + + + 

pH +   +   + + +  +  +  +  + 

NH3/NH4
+
 +   +   +  +  +  +  +  + 

NO
2-
 +   +   +  +  +  +  +  + 

NO
3-
 +   +   +  +  +  +  +  + 

CO2 +   +   +  +  +  +  +  + 

ʇʆɺ +   +   +  +  +  +  +  + 

ʆɾ +   +   +  +  +  +  +  + 

PO4
3-
 +   +   +  +  +  +  +  + 

Fe +   +   +  +  +  +  +  + 

 

 

ɹʳʣ ʦʧʨʝʜʝʣʝʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦ 

ʩʧʨʘʚʦʯʥʠʢʫ ʂʘʩʝʣʴʤʘʥ, ʥʠʟʰʠʭ ʨʘʩʪʝʥʠʡ (ʚʦʜʦʨʦʩʣʝʡ) ʧʦ ʩʧʨʘʚʦʯʥʠʢʫ 

ɺʘʩʩʝʨʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ  ʤʠʢʨʦʬʣʦʨʳ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ 

ʦʢʨʘʰʠʚʘʥʠʝʤ ʧʦ ɻʨʘʤʫ [14], ʠ ʧʦʩʝʚʘʤʠ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-



49 
 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʨʝʜʳ ɻʠʩʩʘ [7].  ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠ ʪʝʤʧʦʚ 

ʨʦʩʪʘ ʚʳʩʰʠʭ ʠ ʥʠʟʰʠʭ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʝʡʢʫ ʠ ʚʠʟʫʘʣʴʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʇʨʦʚʝʨʷʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʣʠʩʪʘ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ 

ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʠʭ ʢ ʧʣʘʟʤʦʣʠʟʫ 1 ʤʦʣʷʨʥʳʤ  ʨʘʩʪʚʦʨʦʤ KNO3 ʧʨʠ ʧʦʤʦʱʠ 

ʤʠʢʨʦʩʢʦʧʘ (ɹʠʦʣʘʤ-70). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʠʟʰʠʭ 

ʨʘʩʪʝʥʠʡ (ʚʦʜʦʨʦʩʣʠ) ʧʦʣʴʟʦʚʘʣʠʩʴ ʤʠʢʨʦʩʢʦʧʦʤ (ɹʠʦʣʘʤ-70). 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ ʪʦʣʱʠ ʚʦʜʳ ʠ ʩʫʙʩʪʨʘʪʘ 

ʧʨʦʠʟʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʢʦʣʦʥʠʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʤ ʘʛʘʨʝ[9].   

 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʥʦʡ ʩʨʝʜʳ 

ʘʢʚʘʨʠʫʤʘ. 

 

ɿʘʤʝʨʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʥʦʡ ʩʨʝʜʳ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʠʨʪʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. 

ʇʦʢʘʟʘʪʝʣʠ ʨʅ ʩʨʝʜʳ  ʟʘʤʝʨʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʠʦʥʦʤʝʪʨʘ ʀ-160ʄ. 

ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʠ ʘʤʤʠʘʢʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ ʘʤʤʦʥʠʷ (ʧʨʠʚʝʜʝʥ ʚ ɻʆʉʊ 

4192) ʦʩʥʦʚʘʥ ʥʘ ʝʛʦ ʨʝʘʢʮʠʠ ʩ ʨʝʘʢʪʠʚʦʤ ʅʝʩʩʣʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʢʨʘʰʝʥʥʦʛʦ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʚ ʞʝʣʪʳʡ ʮʚʝʪ ʩʦʝʜʠʥʝʥʠʷ Hg2OJNH2[10].   

ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʪ-ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʠʪ-ʘʥʠʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ɻʆʉʊ 4192. 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ ʚ ʩʨʝʜʝ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʩ 

ʨʝʘʢʪʠʚʦʤ ɻʨʠʩʩʘ (ʩʤʝʩʴʶ ʩʫʣʴʬʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 1-ʥʘʬʪʠʣʘʤʠʥʘ) [10].   

ʄʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ ʚ ʚʦʜʝ ʷʚʣʷʣʩʷ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠ ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʚʠʟʫʘʣʴʥʦʤ ʩʨʘʚʥʝʥʠʠ ʦʢʨʘʩʢʠ ʧʨʦʙʳ 
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ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʰʢʘʣʦʡ ʦʙʨʘʟʮʦʚ ʦʢʨʘʩʢʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ[10].   

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʱʝʣʦʯʴʶ 

(NaOH) ʜʦ ʟʥʘʯʝʥʠʡ ʨʅ 8,2ï8,4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʥʦʣʬʪʘʣʝʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʢʘʪʦʨʘ[10].   

ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʦʥʘʪ- ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʘʥʠʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʠ ʦʩʥʦʚʘʥʦ ʥʘ ʠʭ ʨʝʘʢʮʠʠ ʩ ʚʦʜʦʨʦʜʥʳʤʠ ʠʦʥʘʤʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʥʦʣʬʪʘʣʝʠʥʘ[10].   

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪ ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ɻʆʉʊ 18309, ʀʉʆ 6878) ʧʦ ʨʝʘʢʮʠʠ ʩ 

ʤʦʣʠʙʜʘʪʦʤ ʘʤʤʦʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ[10].   

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʠ. 

ʄʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʞʝʣʝʟʘ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊ 4011) 

ʷʚʣʷʣʩ̫ ʚʠʟʫʘʣʴʥʦ-ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ, ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʪʠʦʥʘ 

ʞʝʣʝʟʘ (II) ʚ ʠʥʪʝʨʚʘʣʝ pH 3ï9 ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʦʨʪʦ-ʬʝʥʘʥʪʨʦʣʠʥʦʤ 

ʢʦʤʧʣʝʢʩʥʦʝ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ[10].   

ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ 

ʂʫʙʝʣʷ[10].   

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ ʧʨʦʠʟʚʦʜʠʣʠ  

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʝʡ[10].   

 

ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

3.1. ʈʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ 

 

ɺ ʢʦʥʪʨʦʣʝ 1 (ʙʝʟ ʚʥʝʩʝʥʠʷ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) ʚ 

ʪʝʯʝʥʠʝ ʩʝʤʥʘʜʮʘʪʠ ʜʥʝʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʯrʥʳʡ 

ʨʦʩʪ ʚʩʝʭ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ:   
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 1) ʫ ʚʘʣʣʠʩʥʝʨʠʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʨʦʩʪ ʚ ʜʣʠʥʫ ʩʘʤʦʛʦ ʙʦʣʴʰʦʛʦ ʣʠʩʪʘ 

ʩʦʩʪʘʚʠʣ 45 % (ʩ 16.5 ʩʤ ʜʦ 24 ʩʤ), ʨʦʩʪ ʵʪʦʛʦ ʞʝ ʣʠʩʪʘ ʚ ʰʠʨʠʥʫ ʩʦʩʪʘʚʠʣ 25 

% (ʩ 0.8 ʩʤ ʜʦ 1.0 ʩʤ);  

2) ʫ ʚʘʣʣʠʩʥʝʨʠʠ ʩʧʠʨʘʣʴʥʦʡ ʧʨʠʨʦʩʪ ʩʘʤʦʛʦ ʙʦʣʴʰʦʛʦ ʣʠʩʪʘ  ʚ ʜʣʠʥʫ 

ʩʦʩʪʘʚʠʣ 21 % (ʩ 24 ʩʤ ʜʦ 29 ʩʤ), ʧʨʠʨʦʩʪ ʚ ʰʠʨʠʥʫ ʩʦʩʪʘʚʠʣ 37 % (ʩ 0.8 ʩʤ 

ʜʦ 1.1 ʩʤ);  

3) ʧʨʠʨʦʩʪ ʚ ʜʣʠʥʝ ʛʣʘʚʥʦʛʦ ʧʦʙʝʛʘ ʫ ʧʝʨʠʩʪʦʣʠʩʪʥʠʢʘ ʢʨʘʩʥʦʛʦ 

ʩʦʩʪʘʚʠʣ 60 % (ʩ 10 ʩʤ ʜʦ 16 ʩʤ); 

4)  ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʣʠʩʪʴʝʚ ʫ ʥʠʤʬʝʠ ʪʠʛʨʦʚʦʡ ʩʦʩʪʘʚʠʣʦ 33 % (ʩ 15  

ʜʦ 20).   

ɺ ʦʧʳʪʥʳʭ ʘʢʚʘʨʠʫʤʘʭ (ʦʧʳʪ 1) ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʠʟʤʝʥʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʫ ʚʘʣʣʠʩʥʝʨʠʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʣʠʩʪʴʷ ʧʦʪʝʨʷʣʠ 

ʮʝʣʦʩʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʩʪʘʣʠ ʨʘʩʧʘʜʘʪʴʩʷ ʠ  ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʣʠʩʴ, 

ʥʝʠʟʤʝʥʥʳʤʠ ʦʩʪʘʣʠʩʴ ʢʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ; 

 2) ʫ ʚʘʣʣʠʩʥʝʨʠʠ ʩʧʠʨʘʣʴʥʦʡ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʣʠʩʪʴʷ ʧʦʪʝʨʷʣʠ 

ʮʝʣʦʩʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʩʪʘʣʠ ʨʘʩʧʘʜʘʪʴʩʷ ʠ  ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʣʠʩʴ, 

ʥʝʠʟʤʝʥʥʳʤʠ ʦʩʪʘʣʠʩʴ ʢʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ; 

 3) ʫ ʧʝʨʠʩʪʦʣʠʩʪʥʠʢʘ ʢʨʘʩʥʦʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ 

ʛʣʘʚʥʦʛʦ ʧʦʙʝʛʘ ʥʘ 85 % (ʩ 10 ʩʤ ʜʦ 18.5 ʩʤ), ʵʪʦ ʚʳʰʝ ʯʝʤ ʧʦʢʘʟʘʪʝʣʠ 

ʢʦʥʪʨʦʣʷ 1; 

 4) ʢʦʣʠʯʝʩʪʚʦ ʯʠʩʣʘ ʣʠʩʪʴʝʚ ʫ ʥʠʤʬʝʠ ʪʠʛʨʦʚʦʡ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 33 %  

(ʩ 15 ʜʦ 20), ʧʨʠ ʵʪʦʤ ʥʘ ʜʚʝʥʘʜʮʘʪʳʝ ʩʫʪʢʠ (ʧʦʩʣʝʜʥʠʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) ʦʪʤʝʯʝʥʘ ʯʘʩʪʠʯʥʘʷ ʥʝʢʨʦʪʠʟʘʮʠʷ ʩʪʘʨʳʭ 

ʣʠʩʪʴʝʚ, ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ ʧʨʠʚʝʣʦ ʢ ʠʭ ʛʠʙʝʣʠ. 

ɺ ʢʦʥʪʨʦʣʝ 2 (ʙʝʟ ʚʥʝʩʝʥʠʷ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) ʚ 

ʪʝʯʝʥʠʝ ʩʝʤʥʘʜʮʘʪʠ ʜʥʝʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʯrʥʳʡ 

ʨʦʩʪ ʚʩʝʭ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ:   
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1) ʫ ʣʠʤʦʥʥʠʢʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʳ 

ʥʘ 79 % (ʩ 6.7 ʩʤ ʜʦ 12.0 ʩʤ), ʘ ʰʠʨʠʥʳ ʥʘ 30% (ʩ 2.6 ʩʤ ʜʦ 3.4 ʩʤ); 

2) ʨʷʩʢʘ ʤʘʣʘʷ ʫʚʝʣʠʯʠʣʘ ʟʘʥʠʤʘʝʤʫʶ ʧʣʦʱʘʜʴ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʘʢʪʠʚʥʦʛʦ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʥʘ 225 % (ʩ 468 ʩʤ
2
 ʜʦ 1524 ʩʤ

2
); 

3) ʧʨʠʨʦʩʪ ʛʣʘʚʥʦʛʦ ʧʦʙʝʛʘ ʫ ʣʶʜʚʠʛʠʠ ʧʦʣʟʫʯʝʡ ʩʦʩʪʘʚʠʣ 28% (ʩ 11.5 

ʩʤ ʜʦ 14.8 ʩʤ). 

ɺ ʦʧʳʪʥʳʭ ʘʢʚʘʨʠʫʤʘʭ (ʦʧʳʪ 2) ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʠʟʤʝʥʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1)  ʫ ʣʠʤʦʥʥʠʢʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʳ 

ʥʘ 79 % (ʩ 6.7 ʩʤ ʜʦ 12.0 ʩʤ), ʘ ʰʠʨʠʥʳ ʥʘ 30% (ʩ 2.6 ʩʤ ʜʦ 3.4 ʩʤ), ʪʝʤʧʳ 

ʨʦʩʪʘ, ʢʘʢ ʠ ʚ ʢʦʥʪʨʦʣʝ 2; 

2) ʨʷʩʢʘ ʤʘʣʘʷ ʧʨʝʢʨʘʪʠʣʘ ʚʝʛʝʪʘʪʠʚʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʥʘ ʜʝʩʷʪʳʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫ ʨʷʩʢʠ 

ʦʪʧʘʣʠ ʢʦʨʥʠ; 

3) ʧʨʠʨʦʩʪ ʛʣʘʚʥʦʛʦ ʧʦʙʝʛʘ ʫ ʣʶʜʚʠʛʠʠ ʧʦʣʟʫʯʝʡ ʩʦʩʪʘʚʠʣ 35 % (ʩ 11.5 

ʩʤ ʜʦ 15.5 ʩʤ). 

 ʅʘʨʷʜʫ ʩ ʦʧʠʩʘʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʚʦ ʚʩʝʭ ʘʢʚʘʨʠʫʤʘʭ ʧʨʦʠʟʨʘʩʪʘʣʠ 

ʢʨʠʧʪʦʢʦʨʠʥʘ ɺʝʥʜʪʘ ʠ ʘʥʫʙʠʘʩ ʥʘʥʘ, ʪ.ʢ. ʜʘʥʥʳʝ ʨʘʩʪʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʤʝʜʣʝʥʥʦ ʨʘʩʪʫʱʠʤʠ, ʪʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʠʤʠ ʚʝʣʠʩʴ ʚʠʟʫʘʣʴʥʦ, ʥʘ ʩʣʫʯʘʡ 

ʛʠʙʝʣʠ ʨʘʩʪʝʥʠʡ ʠʣʠ ʠʭ ʯʘʩʪʝʡ. ɿʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʤʧʳ ʨʦʩʪʘ ʚʦ ʚʩʝʭ 

ʘʢʚʘʨʠʫʤʘʭ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ, ʦʪʤʠʨʘʶʱʠʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. 

 

3.2. ʈʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʥʠʟʰʠʭ ʨʘʩʪʝʥʠʡ (ʚʦʜʦʨʦʩʣʠ) ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 

 

ɺ ʢʦʥʪʨʦʣʝ 1 (ʙʝʟ ʚʥʝʩʝʥʠʷ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) ʚ 

ʪʝʯʝʥʠʝ ʩʝʤʥʘʜʮʘʪʠ ʜʥʝʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʩʝ ʚʦʜʦʨʦʩʣʠ ʥʝ 
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ʧʨʦʷʚʣʷʣʠ ʧʨʠʟʥʘʢʦʚ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʦʥʠʡ ʠ ʢʘʢʠʭ ʣʠʙʦ ʜʨʫʛʠʭ ʧʨʠʟʥʘʢʦʚ 

ʧʣʦʭʦʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ ʠ ʛʠʙʝʣʠ.  

ɺ ʦʧʳʪʥʳʭ ʘʢʚʘʨʠʫʤʘʭ (ʦʧʳʪ 1) ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʨʦʩʪ ʚʦʜʦʨʦʩʣʝʡ ʠʟʤʝʥʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʫ ʟʝʣʝʥʳʭ ʥʠʪʯʘʪʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ ʢʣʘʜʦʬʦʨʘ ʠ ʨʦʜʘ ʫʣʦʪʨʠʢʩ ʥʘ 

ʜʝʚʷʪʳʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʯʘʩʪʠʯʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʭʨʦʤʘʪʦʬʦʨʦʚ(ʈʠʩ.19).  ʂ ʦʢʦʥʯʘʥʠʶ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (ʥʘ 12-ʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ 

ʥʘʙʣʶʜʝʥʠʠ ʦʢʦʣʦ 80 % ʚʦʜʦʨʦʩʣʝʡ ʜʘʥʥʳʭ ʨʦʜʦʚ ʧʨʠʦʙʨʝʣʠ ʙʫʨʫʶ ʦʢʨʘʩʢʫ, 

ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʝʡ ʙʳʣʦ ʨʘʟʨʫʰʝʥʦ, ʜʨʫʛʘʷ 

ʯʘʩʪʴ ʠʤʝʣʘ ʨʘʟʨʫʰʝʥʥʳʝ ʭʨʦʤʘʪʦʬʦʨʳ. ʅʘ ʧʷʪʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʦʜʦʨʦʩʣʠ 

ʧʦʛʠʙʣʠ; 

 

 

 



54 
 

 

ʈʠʩ.19. ʄʠʢʨʦʩʢʦʧʠʷ ʟʝʣʝʥʳʭ ʥʠʪʯʘʪʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ ʢʣʘʜʦʬʦʨʘ ʠ 

ʨʦʜʘ ʫʣʦʪʨʠʢʩ ʥʘ ʜʝʚʷʪʳʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. 

ʈʘʟʨʫʰʝʥʠʝ ʭʨʦʤʘʪʦʬʦʨʦʚ. 

 

 2) ʫ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩʝʤʝʡʩʪʚʘ ʢʦʣʝʦʭʝʪʦʚʳʝ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʫ 

ʟʝʣʝʥʳʭ ʥʠʪʯʘʪʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ ʢʣʘʜʦʬʦʨʘ ʠ ʨʦʜʘ ʫʣʦʪʨʠʢʩ, ʥʘ ʜʝʚʷʪʳʡ 

ʜʝʥɹ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʯʘʩʪʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʭʨʦʤʘʪʦʬʦʨʦʚ(ʈʠʩ.20).  ʂ ʢʦʥʮʫ ʜʚʝʥʘʜʮʘʪʳʭ ʩʫʪʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘ,  ʢʦʣʦʥʠʠ 

ʩʝʤʝʡʩʪʚʘ ʢʦʣʝʦʭʝʪʦʚʳʝ ʧʨʠʦʙʨʝʣʠ ʙʫʨʫʶ ʦʢʨʘʩʢʫ, ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʣʦʥʠʠ ʠ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʢ 

ʚʦʜʦʨʦʩʣʝʡ. ʅʘ ʧʷʪʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʦʜʦʨʦʩʣʠ ʧʦʛʠʙʣʠ; 
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ʈʠʩ.20. ʄʠʢʨʦʩʢʦʧʠʷ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩʝʤʝʡʩʪʚʘ ʢʦʣʝʦʭʝʪʦʚʳʝ ʥʘ 

ʜʝʚʷʪʳʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʈʘʟʨʫʰʝʥʠʝ 

ʭʨʦʤʘʪʦʬʦʨʦʚ. 

 

3) ʩʠʥʝ-ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʨʦʜʘ ʦʩʮʠʣʣʷʪʦʨʠʷ ʥʘ ʜʝʚʷʪʳʡ ʜʝʥʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʫʤʝʥʴʰʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʠʟʠʩʪʦʡ 

ʧʣʝʥʢʠ ʧʦʢʨʳʚʘʶʱʝʡ ʢʦʣʦʥʠʠ, ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʟʘʤʝʪʥʦ, ʯʪʦ ʙʦʣʝʝ ʪʨʝʪʠ 

ʚʦʜʦʨʦʩʣʝʡ ʧʦʪʝʨʷʣʦ ʦʢʨʘʩʢʫ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ  ʨʘʟʨʫʰʝʥʠʠ 

ʭʨʦʤʘʪʦʬʦʨʦʚ(ʈʠʩ.21).  ʅʘ ʜʚʝʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʚʦʜʦʨʦʩʣʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʣʠʩʴ ʠ ʠʩʯʝʟʣʠ; 
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ʈʠʩ.21. ʄʠʢʨʦʩʢʦʧʠʷ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ ʦʩʮʠʣʣʷʪʦʨʠʷ ʥʘ 

ʜʝʚʷʪʳʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʈʘʟʨʫʰʝʥʠʝ 

ʭʨʦʤʘʪʦʬʦʨʦʚ. 

 

 4) ʢʨʘʩʥʳʝ ʚʦʜʦʨʦʩʣʠ  ʧʦʨʷʜʢʘ ʢʦʤʧʩʦʧʦʛʦʥʦʚʳʝ, ʢ ʢʦʥʮʫ ʚʦʩʴʤʦʛʦ ʜʥʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʦʙʨʝʣʠ ʢʨʘʩʥʫʶ ʦʢʨʘʩʢʫ, ʥʘ ʜʝʚʷʪʳʡ ʜʝʥʴ ʦʢʦʥʯʘʥʠʷ 

ʚʦʜʦʨʦʩʣʝʡ ʩʪʘʣʠ ʧʨʦʟʨʘʯʥʳʤʠ, ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʚʠʜʥʦ ʨʘʟʨʫʰʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʢʣʝʪʦʢ(ʈʠʩ.22).  ʅʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʚʥʝʩʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (ʜʚʝʥʘʜʮʘʪʳʝ ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʧʨʠ 

ʚʠʟʫʘʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʪʘʣʣʦʤ ʧʦʣʥʦʩʪʴʶ ʧʨʦʟʨʘʯʥʳʡ, ʥʝ ʠʤʝʝʪ ʧʨʦʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʧʨʠʢʦʩʥʦʚʝʥʠʠ, ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʳʚʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʛʦ ʣʠʙʦ ʩʦʜʝʨʞʠʤʦʛʦ ʚ ʢʣʝʪʢʘʭ, ʪʦʣʴʢʦ ʦʜʥʘ ʦʙʦʣʦʯʢʘ. ʅʘ 

ʧʷʪʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʦʜʦʨʦʩʣʠ ʧʦʛʠʙʣʠ. 
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ʈʠʩ.22. ʄʠʢʨʦʩʢʦʧʠʷ ʢʨʘʩʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʜʝʚʷʪʳʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʈʘʟʨʫʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ 

ʢʣʝʪʦʢ. 

 

ɺ ʢʦʥʪʨʦʣʝ 2 (ʙʝʟ ʚʥʝʩʝʥʠʷ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) ʚ 

ʪʝʯʝʥʠʝ ʩʝʤʥʘʜʮʘʪʠ ʜʥʝʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʩʝ ʚʦʜʦʨʦʩʣʠ ʥʝ 

ʧʨʦʷʚʣʷʣʠ ʧʨʠʟʥʘʢʦʚ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʦʥʠʡ ʠ ʢʘʢʠʭ ʣʠʙʦ ʜʨʫʛʠʭ ʧʨʠʟʥʘʢʦʚ 

ʧʣʦʭʦʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ ʠ ʛʠʙʝʣʠ.  

ɺ ʦʧʳʪʥʳʭ ʘʢʚʘʨʠʫʤʘʭ (ʦʧʳʪ 2) ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʨʦʩʪ ʚʦʜʦʨʦʩʣʝʡ ʠʟʤʝʥʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʫ ʟʝʣʝʥʳʭ ʥʠʪʯʘʪʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ ʢʣʘʜʦʬʦʨʘ ʠ ʨʦʜʘ ʫʣʦʪʨʠʢʩ ʥʘ 

ʜʝʩʷʪʳʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʯʘʩʪʠʯʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʭʨʦʤʘʪʦʬʦʨʦʚ. ʅʘ ʜʚʝʥʘʜʮʘʪʳʡ ʜʝʥʴ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ 

ʥʘʙʣʶʜʝʥʠʠ ʦʢʦʣʦ 80 % ʚʦʜʦʨʦʩʣʝʡ ʜʘʥʥʳʭ ʨʦʜʦʚ ʧʨʠʦʙʨʝʣʠ ʙʫʨʫʶ ʦʢʨʘʩʢʫ, 
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ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʝʡ ʙʳʣʦ ʨʘʟʨʫʰʝʥʦ, ʜʨʫʛʘʷ 

ʯʘʩʪʴ ʠʤʝʣʘ ʨʘʟʨʫʰʝʥʥʳʝ ʭʨʦʤʘʪʦʬʦʨʳ(ʈʠʩ.23). ʅʘ ʧʷʪʥʘʜʮʘʪʳʡ ʜʝʥʴ 

ʚʦʜʦʨʦʩʣʠ ʧʦʛʠʙʣʠ; 

 

 

ʈʠʩ.23. ʄʠʢʨʦʩʢʦʧʠʷ ʟʝʣʝʥʳʭ ʥʠʪʯʘʪʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ ʢʣʘʜʦʬʦʨʘ ʠ 

ʨʦʜʘ ʫʣʦʪʨʠʢʩ ʥʘ ʜʚʝʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ. ʈʘʟʨʫʰʝʥʥʳʝ ʭʨʦʤʘʪʦʬʦʨʳ. 

 

2) ʫ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩʝʤʝʡʩʪʚʘ ʢʦʣʝʦʭʝʪʦʚʳʝ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʫ 

ʟʝʣʝʥʳʭ ʥʠʪʯʘʪʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ ʢʣʘʜʦʬʦʨʘ ʠ ʨʦʜʘ ʫʣʦʪʨʠʢʩ, ʥʘ ʜʝʩʷʪʳʡ 

ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʯʘʩʪʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʭʨʦʤʘʪʦʬʦʨʦʚ. ʂ ʢʦʥʮʫ ʜʚʝʥʘʜʮʘʪʳʭ ʩʫʪʦʢ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ,  ʢʦʣʦʥʠʠ ʩʝʤʝʡʩʪʚʘ ʢʦʣʝʦʭʝʪʦʚʳʝ ʧʨʠʦʙʨʝʣʠ ʙʫʨʫʶ ʦʢʨʘʩʢʫ, ʧʨʠ 

ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʣʦʥʠʠ ʠ ʧʦʣʥʦʝ 
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ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʝʡ(ʈʠʩ.24).  ʅʘ ʧʷʪʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʦʜʦʨʦʩʣʠ 

ʧʦʛʠʙʣʠ; 

 

 

ʈʠʩ.24. ʄʠʢʨʦʩʢʦʧʠʷ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩʝʤʝʡʩʪʚʘ ʢʦʣʝʦʭʝʪʦʚʳʝ ʥʘ 

ʜʚʝʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʇʦʢʘʟʘʥʳ 

ʧʦʛʠʙʰʠʝ ʢʣʝʪʢʠ.  

 

 3) ʩʠʥʝ-ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʨʦʜʘ ʦʩʮʠʣʣʷʪʦʨʠʷ ʥʘ ʜʝʩʷʪʳʡ ʜʝʥʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʫʤʝʥʴʰʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʠʟʠ 

ʧʦʢʨʳʚʘʶʱʝʡ ʢʦʣʦʥʠʠ, ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʟʘʤʝʪʥʦ, ʯʪʦ ʪʨʝʪʴ ʚʦʜʦʨʦʩʣʝʡ 

ʧʦʪʝʨʷʣʦ ʦʢʨʘʩʢʫ. ʅʘ ʜʚʝʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʚʦʜʦʨʦʩʣʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʣʠʩʴ ʠ ʠʩʯʝʟʣʠ; 

 4) ʢʨʘʩʥʳʝ ʚʦʜʦʨʦʩʣʠ  ʧʦʨʷʜʢʘ ʢʦʤʧʩʦʧʦʛʦʥʦʚʳʝ ʥʘ ʜʝʚʷʪʳʡ ʜʝʥʴ 

ʚʥʝʩʝʥʠʷ ʈʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʨʠʦʙʨʝʣʠ ʢʨʘʩʥʫʶ ʦʢʨʘʩʢʫ, ʥʘ 
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ʜʝʩʷʪʳʡ ʜʝʥʴ ʦʢʦʥʯʘʥʠʷ ʚʦʜʦʨʦʩʣʝʡ ʩʪʘʣʠ ʧʨʦʟʨʘʯʥʳʤʠ, ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʠ 

ʚʠʜʥʦ ʨʘʟʨʫʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʢʣʝʪʦʢ. ʂ ʦʢʦʥʯʘʥʠʶ ʚʥʝʩʝʥʠʷ 

ʈʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʥʘ ʜʚʝʥʘʜʮʘʪʳʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʠ 

ʚʠʟʫʘʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʪʘʣʣʦʤ ʧʦʣʥʦʩʪʴʶ ʧʨʦʟʨʘʯʥʳʡ, ʥʝ ʠʤʝʝʪ ʧʨʦʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʧʨʠʢʦʩʥʦʚʝʥʠʠ, ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʳʚʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʛʦ ʣʠʙʦ ʩʦʜʝʨʞʠʤʦʛʦ ʚ ʢʣʝʪʢʘʭ, ʪʦʣʴʢʦ ʦʜʥʘ 

ʦʙʦʣʦʯʢʘ(ʈʠʩ.25).  ʅʘ ʧʷʪʥʘʜʮʘʪʳʡ ʜʝʥʴ ʚʦʜʦʨʦʩʣʠ ʧʦʛʠʙʣʠ. 

 

 

ʈʠʩ.25. ʄʠʢʨʦʩʢʦʧʠʷ ʢʨʘʩʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʜʚʝʥʘʜʮʘʪʳʡ ʜʝʥʴ 

ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʇʫʩʪʳʝ ʢʣʝʪʦʯʥʳʝ ʦʙʦʣʦʯʢʠ 

 

 

 



61 
 

3.3. ʈʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʬʣʦʨʳ ʘʢʚʘʨʠʫʤʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ 

 

ɺ ʢʦʥʪʨʦʣʝ 1 (ʙʝʟ ʚʥʝʩʝʥʠʷ 2.5 % ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) ʚ 

ʪʝʯʝʥʠʝ ʩʝʤʥʘʜʮʘʪʠ ʜʥʝʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʆʄʏ ʪʦʣʱʠ ʚʦʜʳ 

ʢʦʣʝʙʘʣʦʩʴ ʚ ʥʝʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ 750-800 ʂʆɽ/1 ʤʣ. (ʈʠʩ.27) ʆʄʏ 

ʩʫʙʩʪʨʘʪʘ 5250-5641 ʂʆɽ/1 ʤʣ. (ʈʠʩ.26). 

  

 

ʈʠʩ.26. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʆʄʏ ʪʦʣʱʠ ʚʦʜʳ ʠ ʩʫʙʩʪʨʘʪʘ ʚ 

ʢʦʥʪʨʦʣʝ1. 
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ʜʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʆʄʏ ʪʦʣʱʠ ʚʦʜʳ ʂʆɽ/1 ʤʣ ʆʄʏ ʩʫʙʩʪʨʘʪʘ ʂʆɽ/1 ʤʣ 
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ʈʠʩ.27. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʝʚ ʥʘ ʯʘʰʢʝ ʇʝʪʨʠ ʧʨʦʙʳ ʪʦʣʱʠ ʚʦʜʳ 

ʢʦʥʪʨʦʣʷ 1. 

 

ɺ ʦʧʳʪʥʳʭ ʘʢʚʘʨʠʫʤʘʭ (ʦʧʳʪ 1) ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʆʄʏ ʠʟʤʝʥʠʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʆʄʏ ʪʦʣʱʠ ʚʦʜʳ ʥʘ ʤʦʤʝʥʪ ʚʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʨʝʟʢʦ ʫʧʘʣʦ, ʟʘʪʝʤ ʥʘʯʘʣʦ ʨʘʩʪʠ, ʧʨʝʚʳʩʠʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʧʦʜ ʢʦʥʝʮ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʣʘʚʥʦ ʧʦʰʣʦ ʥʘ ʫʙʳʣʴ(ʈʠʩ.28); 


